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...........ϸϹЛЮϜ ϣгЯЪ 

 ǏǄƵ ˥˻˸ǃƓƶǃå æï ǊǄǃ ˗˸˲ǃå Ɠ˹ǀƼā ÿá ïå˗ƮǗ ì˕ƴǁäƲƨƑ˭ǁä ˗˳Ƴ  ˥ǆ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä
ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ  Ɠ˹˯˹ǒ˗ǆ ˥ǆ ï˦Ʈ Ɇ˸˲ ǃ ǊƼǚƹ Ɠǈ̇ ˯Ƥá ɏ˘ǃå ā  Ɨ ˻ˮ˲ǃåơɀîƑ˭ǁä ƕƴǆƑƬ 

 ɍïƑƸ˷Ɠ  Ǐˬ˹ǂǁä ú̠ ǁ˳ä æ̠ƟƑƨ  ÿå ǊǄǃå ýƋ˴ǈ Ǒ˯ǃå āƓǌǄǋå üïƓ ɂā ƓǌḪïƓ ǒ. 
 ˣǄþä ýˤǂƴ˶ǁä ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä  Ǒǋ ˥Ƶ ï̠˶ ƙ Ǒ˯ǃå èĊǚ˱ ǃ˸å Ɏ̠ơã

 ç˘ƙƓƪǙå ˥ǆ ƗƵ˦˸˱ǆ ˗ǒ ǏǄƵ Ǌ˴ ƪƋƙ ˤƙ  ɏ˘ǃå èƓƪåï˗ǃåā é˦˲ Ǆǃ Ɨ ˹ǀ˯ǃåā þ˦Ǆƶǃå ˚Ḫ̇ ǆ
˚˻˸ ǃ˸å Ǒ˸Ǆƶǃå ɉƓ˵˹ǃåā ç̇˳ˮ ǃå ɏāî ˥˻˻˹ƽǃåā  ƴ ˱˵˯ǃå èǙƓ˱ǆ ǑƼ ˥˻˸˯ǌ˸ǃå ā éƓĊ˲ǃ

Ɨ ʿ ˮˠ˯ǃåā Ɨ ƪ˗˹ǌǃå þ˦Ǆƶǃå Ɨ ˹ǀ˯ǃå ā ǏǄƵ  èƓ˟Ɠ˵˹ǃåā Ɨ ˸Ǆƶǃå èƓƪåï˗ǃåā éƓ˲ȺǕƓȺ þƓ ʿǃå
 ʕǌ˱ƑƓ˯ǈ ̇ ǈ˵ā Ɨ˸Ǆƶǃå èå̇˸ƙ˓˸ǃå ā èåā̠˹ǃå ƗǆƓƿƎḪ Ɏ̇ƤǙå Ɨ˸ǄƶǃåèƓ˲ƽƮ ǏǄƵ  ǉ˘ǋ

ƗǄ˱˸ǃå èåïƓ ˯ƤǙå ƝƑƓ˯ǈā èƓǈƓ ˮǃå ā èƓǆ˦Ǆƶ˸ǃå ˙˻Ƽ˦ƙ ā ˤȻ˗ǀ˯ǃ ƓǌǃǚƤ ˥ǆ Ǐƶ˴ǈ Ǒ˯ǃåā Ü
Ɨ ƪ˗˹ǌǃå þ˦Ǆƶǃå æǚˠǃ Ɨ˲ ˲˶ǃå Ɨ ˸Ǆƶǃå  ā ˤǌƙƓƪåïí ýƓ˸ḧ˯ƪå ˤǌ˹ɜ˸Ȼ Ǐ˯ơ Ɨ ʿ ˮˠ˯ǃå ā

Ɨ ˸ǄƵ ˛ƪå ǏǄƵ ˤǌƛƓ˲Ⱥå Ɨ˲ ˲Ʈ. 
ɔǂ˞˷˶ǁä ä˖ǉ ˣǄ Ā  ïā˗Ʈ Ɨɂïå̇ ˸˯ƪå ǏǄƵ ˤƑå˗ǃå ƓǌƮ̇ ơ í˗˱ƙ ƗǄ˱˸ǃå ˙ɂ̇ ˲ƙ Ɨ˭˻ǋ ÿƎƼ

 ǑƼ Ɨ˸Ċɜ˲ ǃ˸å Ɨ˸Ǆƶǃå ̝ ǃ˻ƓƪǕå ÷ƓƙƎȺ xǃîā Ǒ˸Ǆƶǃå ̟ ǃ˲å ǑƼ Ɨ˱ǌ˹ǆ ā ƗǈƓƮ̇ƕ ƗǄ˱˸ǃå
Ɨǆ˗ǀ˸ǃå Ɨ ˸Ǆƶǃå é˦˲ ǃå ˤ ˻ǀƙ  ǑƼ ˥˻˶˶˳ ǆ˯ ç̆ƙƓƪá úå̇ƬƎȺ éƓĊ˲ǃå ā ç̆ƙƓƪǕå ˥ǆ

 Ɨ˸Ǆƶǃå èǚ˱ ǃ˸å ǑƼ Ɨƶ˯ ǃ˸å û̇ ǃɣå ïƓ˯ƵǙå ǑƼ ˥ǒ̆Ƥà  ÜƗ˹ǀ˯ǃå ā þ˦Ǆƶǃå ÷ā̇Ƽ ƴ˸ƞ
.ýƓ˱˸ǃå å˘ǋ ǑƼ Ɨǀɂ̇ ƶǃå 

ƕ ƨƑ˷˶ǁä Ǉ˖ǊȿĀ  ā éƓĊ˲ǃå ƴ˸ƞ í˦ǌƞ ĄƓǃƓƵ ˥˸˰ƙ ÿá ƗǄ˱˸ǃƓȺ ̇ɂ̇˲ ǃ˯å Ɨ˭˻ǋ ̇ Ȼ˴
 āïƓ˯Ƥå ˥ǒ˘ǃå ˥˻˸˯ǌ˸ǃå ç˘ƙƓƪǕå ÜƗ ˸Ǆƶǃå ˤǌƿåïāá ā ˤǌƛƓ˲Ⱥá ˙˵˹ǃ ƗǄ˱˸ǃå ǉ˘ǋ èƓ˲ƽƮ å

 é˦˲ ǃå  Ɨƶƞå̇ ǆ ā ˙ɂ̇ ˲ƙ ǑƼ ˤǋƓƪ ˥ǆ Ɇḧǃ ÿƓƼ̇ ƶǃå ā ˙ɜ˵ǃå Ɇɂ̊ ˱Ⱥ þ˗ǀ˯ƙ Ɠǌǈá Ɠ˸ǂ
 í˦ƞ˦Ǆǃ Ǒ˸Ǆƶǃå ë̇ ˶ǃå å˘ǋ ˤȻ˗ǀƙā  ƗǄ˱˸Ǆǃ Ɨǆ˗ǀ˸ǃå 

˗ɀ˗˰˭ǁä ƕ˫˹ǉ 
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:ƕƨäî˕ǁä ˛˱ǂǄ 
 Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå ˚ɂ̊ ƶƙ ǑƼ ƓǌƙƓǀ ˮˠƙā èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ïāí ñƓ ʾ Ǐǃã Ɨƪåï˗ǃå ǉ˘ǋ ˕Ƽ˗ǋ

 Ɨƪåïí Ǒǋā Ü Ɨ ˮ˻Ǆǃå ƗǆƓƶǃå Ɨ ʼ̇ ˶˸ǃå èƓ˴ƪ˓˸Ǆǃ ˖ơƓ ǃå Ɠǌ˻Ƽ þ˗˳˯ƪå Ɨ ʽƮā Ɨ Ǆ˻Ǆ˲ƙ
 ÷˦ ư˦˸Ⱥ Ɨƿǚƶǃå èåî Ɨ ˸Ǆƶǃå ɆƑƓƪ̇ ǃåā ƴƞå̇ ˸ǃåā ˔˯ḧǃå ǑƼ ƗǄ˰˸˯˸ǃå Ɨɂ˦ǈƓ˰ǃå ïíƓ˶˸ǃå
 Ɠƶ˸ƞ ïā̠ƙ ƗǄ˭ƪǕå ˥ǆ í̠Ƶ ǏǄƵ ɏ˦˯˲ƙ ÿƓˮ˯ƪå çïƓ˸˯ƪå ʕ˸˶ƙ ʕƙ xǃ̆Ḫā Ɨƪåï̠ǃå

.ƗƶȺƓ˯ǃåā ƗǄǀ˯˴˸ǃå Ɨƪåï˗ǃå èå̇ ˻ƺ˯ǆ ǏǄƵ 
 úïƓ˶˸ǃå ǏǄƵ Ɨƪåï˗ǃå è̊ Ḫï ˗ƿā Ǒǋā ƗǆƓƶǃå Ɨ ˮ˻Ǆǃå5  ßåï˗ǆ ïƓ ˯Ƥå ˤƙā ÜúïƓ˶ǆ

 Ɨ˭ƽǃå ˤǋïƓ ˯ƵƓȺ Ɨƪåï˗Ǆǃ Ɨ˹˻ƶḪ þƓ˴ƿǕå ßƓƪâïā çïåíǗå ßåï˗ǆā ˤǋā˗ƵƓ˴ǆā úïƓ˶˸ǃå
) ƴɂð˦ƙ ʕƙā ÜƗƪåï̠ǃå ÷˦ư˦ ǃ˸ ĄƓǂåïíɀā ĄƓ˸ǌƼ ̇ ǂ˰Ǖå70 Ɠǌ˹ǆ ˕ƶƞï ÿƓ ˮ˯ƪå çïƓ˸˯ƪå (

)56˥ǆ í˗Ƶ Ǐǃã ˖ơƓ ǃå ɆƮ˦ƙ ˗ƿā ÜƗƪåï˗Ǆǃ Ɨ˲ǃƓƮ çïƓ˸˯ƪå (  ˥ǆ Ǒ˯ǃåā èƓ Ʈ˦˯ǃå
 Ɨ ˹ǀƙ ǊȺ þ˦ǀƙ ɏ˘ǃå ïā˗ǃå ǏǄƵ Ɨ ƕƓ˱Ȼã ˤǌƙƓǋƓ˱ƙå ˕ǈƓḪ Ɨƪåï˗ǃå èåí̇ ƽǆ ˔Ǆƹá ÿá Ɠǌ˸ǋå
 Ɨƪåï˗ǃå ˗˻ƿ Ɨ ʼ̇ ˶˸ǃå èƓ˴ƪ˓˸Ǆǃ Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå ˚ɂ̊ ƶƙ ǑƼ ƓǌƙƓǀ ˮˠƙā èƓǆ˦Ǆƶ˸ǃå
ƶɂ̇ ˴ǃå èǚɂ˦˲˯ǃåā ÜǑǃǓå úå̇ ˶ǃåā èƓ ǈā˙˯ḧǃǗå Ɨ ɜ ˯ƪǚˮǃå èƓƿƓˠ ǃå ǑƼ ƗǄ˰˸˯˸ǃåā ÜƗ

mailto:m.alkrdmen@zu.edu.ly
mailto:m.alkrdmen@zu.edu.ly
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 êƓǆíƎȺ Ɨ ʼ̇ ˶˸ǃå èƓ˴ƪ˓˸ǃå ˙ɂ˦ˠƙ ǏǄƵ Ɇ˸ƶǃå çïā˙˷Ⱥ ˖ơƓ ǃå ǏƮāá ˗ƿā Ɠǋ̇ ˻ƹā
 ˥ǆ ǑǈƓƶȻ ɏ̆ǃå ÿ˦Ɂ̊Ǆǃ ÿǓå ǊǄƵ Ǒǋ Ɠ˸ǆ Ɇ˷ Ƽá èƓǆ̠Ƥ ɖ˻ǀ˲ƙā Ɠǋ̇ɂ˦ɣ ǃ˯ Ɨ˹ǀ˯ǃå ǉ̆ǋ

.èƓǆ˗˳ǃå ǉ˘ǋ Ǒǈ˗ƙ 
Abstract: 

This study aimed to measure the role of information technology 

and its applications in enhancing the competitive advantage of the 

Libyan public banking institutions, a descriptive analytical study in 

which the researcher used the secondary sources of books, 

references and scientific theses related to the subject of the study. 

Independent and follow-up study. 

The study focused on the Libyan public banks, which are 5 banks. 

The directors of the banks, their assistants, the directors of the 

department and the heads of the departments were selected as the 

sample of the study as the most comprehensible category of the 

study. 70 questionnaires were distributed and 56 questionnaires 

were valid. A number of recommendations, most importantly that 

most of the study vocabulary trends were positive on the role 

played by information technology and its applications in enhancing 

the competitive advantage of the banking institutions under study, 

namely, plastic cards, electronics, ATM, fast transfers, and The 

researcher recommended the need to work on the development of 

banking institutions by integrating this technology to develop them 

and achieve better services than it is now for the customer who 

suffers from the decline of these services. 
: ƕǄ˕ƾǄ 

 Ɨɣ ǈ˵Ǖå ʕǋá ˥ǆ þ˦˻ǃå Ɨ̓̇˶ ǃ˸å èƓ˴ƪ˓ ǃ˸å ̠ĄƶƙƗ˸Ƶå˗ǃå èƓȻíƓ˶˯ƿǙ  Ü Ɠǋ˦ ˸ǈā ýā˗ǃå
å èåï˦ˠ˯ǃå èíá ˗ƿā Ɨǀơǚ˯˸ǃå Ɨ ˸ǃƓƶǃǏǃã  ˙ɂ˦ˠƙā ǑƼ̇ ˶˸ǃå ɉƓ˵˹ǃƓȺ þƓ˸˯ǋǙå ˗ǒå̊ ƙ

 ǊƙƓǆ˗ƤƗǆ˗ǀ˸ǃå  Ü ç̇ ƮƓƶ˸ǃå èƓ ˹ǀ˯ǃå ˤǋá ˥ǆ ç˗ơåā èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ǑƙƋƙā Ü ï˦ǌ˸˱Ǆǃ
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 ƴ˹˸ƙ íā˗ơ Ǚā ˚ƞå˦ơ ǚƼ Ü ç̇ ˻ƺƮ Ɨɂ̇ ƿ ƓǌǄ˷ƽȺ ˤǃƓƶǃå þ˦˻ǃå èƓȺ Ǒ˯ǃåýƓǀ˯ǈå  èƓǆ˦Ǆƶ˸ǃå
ƓǌǃƓ ʿ˯ƪåā  èƓǆ˦Ǆƶ˸ǃå Ɨɜ Ƭ ˙ˮƵ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ˕ǀǀơ ˗ǀǃ .ÿƓǆðā ÿƓɜǆ ɆḪ ǑƼ

 Ɏíá ɏ˘ǃåā ÜǑ˸ǃƓƶǃå èǙƓ˶ƙǙå þƓˢǈ ǑƼ ƗǄƑƓǋ èå̊ ƽƿ Ɨ˰ǒ˗˲ǃå Ɨ ƪ˦˲ǃå Ɨ˸ˢǈáā Ɨ ǃā˗ǃå
 Ǐǃã ǉïā˗ƕôƓƽ˳ǈå  Ɇ˻ˮƪ ǑƼ Üï˦ǌ˸˱ǃå Ɠǋ˗ˮḧ˯ǒ ÿƓḪ Ǒ˯ǃå ˥ǆ̊ ǃåā ˗ǌ˱ǃåā ˃ ǃƓḧ˯ǃå ǑƼ

 Ơ Ʈá ˗ǀƼ ˣǃ˘ǃā Ü èƓǆ˗˳ǃå ǏǄƵ Ǌǃ˦˶ơåƓǌǆå˗˳˯ƪ  ƗƮƓƤā ç̇ ƮƓƶ˸ǃå èƓ˸ˢ˹˸ǃå Ɨ˸ƪ
 ǑƼ ɏï̆ƞ ̇ƺ˻ƙ ǑǌƼ Ü Ɠǌ˯ǌƕƓ˱ǆ ˥ɜ˸Ȼ Ǚ Ɨ˴ƼƓ˹ƙ çï̠ƿ ˥ǆ Ɠǌ˯˹ɜǆ Ɇƕ Ü Ɠǌ˹ǆ Ɨ̓̇˶ ǃ˸å
 ƗƼƓḪā èƓǆ˦Ǆƶ˸ǃåā ýå˦ǆǕå Ɇǀǈ ˥ǆ ÜƓǌǃƓ˸ƵǕ Ɨ ʼ̇ ˶˸ǃå èƓ˴ƪ˓˸ǃå ƗƪïƓ˸ǆ Ɨǀɂ̇ ˟

.Ɏ̇ƤǕå Ɨ̓̇˶ ǃ˸å ýƓ˸ƵǕå 
 ï˦ˠ˯ǃå å˘ǋ ɏí˓ǒ ÿá ˗Ḫ˓˸ǃå ˥ǆāǏǃã ˗ǃå ƴƞå̇ ƙ Ǐǃåā ÜƗǃƓ˸ǃå èƓǆ̠˳ ǃå ǑƼ ɏ̇ ǃ˵å ïā

 ˤƑƓǀǃå èƓƵ˦Ƽ˗˸ǃå þƓˢǈā ˗ƶȺ ˥Ƶ Ɨ ǃƓ˸ǃå èƓǆ˗˳ǃåā Ɨ ǈā˙˯ḧǃǗå èƓ˱˯˹˸ǃå ǑƼ ˙˻ˮḪ ˦˸ǈ
.˕ǈ̇ ˯ǈǗå ǏǄƵ 

 Ɠ ˮ˻ǃ ˗ƶƙ Ǒ˯ǃåā ýā˗ǃå ˥ǆ ˗ǒ˗ƶǃå Ɏ˗ǃ ɏ˗˻Ǆǀ˯ǃå ǑǃƓ˲ǃå Ɠǌƶư˦ƕ Ɨ ʼ̇ ˶˸ǃå ƗƵƓ˹˶ǃå ÿã
å úïƓ˶˸ǃå ÿǙ Ü˙˸˯˴ƙ ÿá Ɠǌǃ ˥ɜ˸Ȼ Ǚ Ü Ɠǌ˹ǆ ç˗ơåā ˥ǆ ǑưƓ˸ǃå ǑƼ Ɠǌ˲Ɂï ˕ǀǀơ Ǒ˯ǃ

 ɌƼƓ˲ƙā Ɠǌƶ˸˱ ƙ í˦ǀǈ Ǌ̓ ÿ˦ɜȻ ˥ǃ ƴư˦ƕ Ǌƞå˦˯ƪ ÜƓǌưå̇ƿɀā ÜƓǌsƽơā Üí˦ǀ˹ǃå ƴ˸ƞ
 Ɇ˲ƙā ÜƗȻíƓƶǃå í˦ǀ˹ǃå Ǒƽ˯˳˯ƪ ˖˻ơ Üɏ˗ǀ˹ǃå ˙˻ƹ ƴ˸˯˱˸ǃå Ǐǃå Ɇǀ˯˹ƙ Ɠǆ˗˹Ƶ Ǚã ÜƓǌ˻ǄƵ
˯˳˯ƪ ˣǃ˘Ɂā Ɠǌ˯ǒƓ˸ơā ýå˦ǆǕå ƴ˸˱ǃ úïƓ˶˸ǃå êƓ˯˲ƙ ˥ǃā ÜƗ ǈā˙˯ḧǃǗå í˦ǀ˹ǃå ƓǌǄ˲ǆ Ǒƽ

 Ɇǀǈ èåïƓ ƪā ƗȻ˗ǒ˗ơ ÿƓ ˷ƿā ÜƗ˹˶˲ǆ Ɨ ˹ƕá ˥ǆ Ɠǌ˻ǄƵ Ɠǈí˦ƶƙ Ǒ˯ǃå úïƓ˶˸ǃå ˙ǋƓˢǆ
 ɏá ˥ǆ ̇ƙ˦ˮ˻ ḧ˸ǃå ç̊ǌƞá ýǚƤ ˥ǆ Ɇƕ ÜƓ˶ Ƭ˳ ÿ˦ɜȻ ˥ǃ ɆǆƓƶ˯ǃå ÿã Ɠ˸Ḫ ÜƗ˲ƽ˶ǆ

.ÿƓǆð ɏá ǑƼā ÜÿƓɜǆ 
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 Ɇǀƛá ɏ˘ǃåā Ü Ɠ ˮ˻ǃ ǑƼ ǑƼ̇ ˶˸ǃå ßåíǕå ˙ɂ˦ˠ˯ǃ Ɨ ǆå̇ ǃå í˦ǌ˱ǃå ˥˸ư Ɨƪåï˗ǃå ǉ˘ǋ ǑƙƋƙ
ǃå ǊƙƓǆ˗˳Ⱥ ˙˻ƕå˦˟ ǑƼ ƗǄɂ˦˟ èƓƵƓ˴ǃ ɄǀȻ þ˦˻ǃå èƓɁā Ü ï˦ǌ˸˱ǃå ɆǋƓḪ Ɨ ǈ˗˯˸ïƓˢ˯ǈǙå 

 .èƓǆ˗˳ǃå Ǐǈíá ǏǄƵ ý˦˶˲Ǆǃ 

:ƕƨäî˕ǁä ƕ ǁƑɚƪâ 
 Ɨˠ˵ǈǕåā ýƓ˸ƵǕå ýƓ˱ǆ ǑƼ Ɨƶɂ̇ ˴ǃå èåï˦ˠ˯ǃå ˥ǆ Ɨǀơǚ˯˸ǃå èƓƞ˦˸ǃå èíáƗȻíƓ˶˯ƿǙå 
ǃåā ôā̇ƶǃå ˥ǆ ̠ǒ̠ƶǃå ÿ˦ǌƞå˦ǒ ˥ƑƓɁ̊ǃå ƠƮá ƓǌǄ˷ƽȺ Ǒ˯ǃåā Ü ƓǌƙƓ˹ǀƙā ç̊ ˻˸˸ǃå èƓǆ˗˳

Üèåï˦ˠ˯ǃå ˣǄƙ Ɨ ǂå˦˸Ⱥ Ɨ˴ƼƓ˹˸ǃåā ßƓǀ ǃå ǑƼ Ɨ ʺå̇ ǃå ýƓ˸ƵǕå èƓ˴ƪ˓ǆ þå̊ ǃã Ǐǃã Ü  Ɇƕ
 ƗơƓ˴ǃå ü̇ƙā êā̇˳ ǃåā ßƓ˶ƿǗƓȺ ÿ˦ǌƞå˦˻ƪ ʕǌǈƋƼ Ǚɀā Ü ɆƹƓ˵ǃå ʕǌǄƺƬ þ˦˻ǃå ̞ƙƓȺ

.Ɠǌ˯ˮǂå˦ǆ ǑƼ ˕˲˱ǈā ˙˟Ɠ˳˸ǃå ˕Ḫïíá Ǒ˯ǃå ˤǌƙå̇ ˻ˢ˹ǃ 
 å̇ ˢǈāˡƓƶ˯˸ǃå ïā˗Ǆǃ ʕ ǊǄ˰˸ƙ ˕ƙƓȺ ɏ˘ǃåÜèƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ˯ǃå ïƓƛǓåāǑ  ƓǌƙƓǀ ˮˠƙ Ɠǌƙð˙Ƽá

 Ǚ Ɨ ˴ƼƓ˹ƙ çï˗ǀǃ Ɠǌ˹ǆ Ɨ ʼ̇ ˶˸ǃå Ɠ˸ ƪ Ǚā ç˗ƵƓ˶ǃå ƗȻíƓ˶˯ƿǙå èƓ˴ƪ˓˸ǃå æƓ˴˯ǂå ǏǄƵ
 Ǒ˯ǃå ç̊ ˻˸˸ǃå èƓǆ˗˳ǃå ƗǄ˻ɜ˵ƙ Ɨˠƪå˦ƕ ˣǃîā Ü ˤǃƓƶǃå ýāí ˥ǆ ˗ǒ˗ƶǃå ǑƼ Ɠ˯ǌƕƓ˱ǆ ˥ɜ˸Ȼ

ÜƓǋï˦ǌ˸˱ǃ Ɠǌǆ˗ǀƙ ˙˻ƹ ˘ǃåā Ɠ ˮ˻ǃ ǑƼ úïƓ˶˸ǃå ÷Ɠˠƿ ÿá Ɨɣ ǈ˵Ǖå ̇ ǂ˰á ˥ǆ ̠ƶĈȻ ɏ
ÜɏíƓ˶˯ƿǙåā ǑƵƓ˸˯ƞǙå ˥ǒ˗˻ƶ˶ǃå ǏǄƵ Ɨ ˸ǋá ƗȻíƓ˶˯ƿǙå  Ǒǃ˦ǒ ˤǃ ýå̊ ǒ ǙǊǆƓ˸˯ǋå 

 Ü èǙƓ˶ƙǙåā èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ Ɠǌ˸ǋáā Ü ƓǌƙƓǆ˗Ƥ ˙ɂ˦ˠ˯ǃ Ɨ˰ǒ˗˲ǃå èƓ ˹ǀ˯ǃƓȺ ǑƼƓḧǃå
 ˥ǆ ƗǃƓơ ý˦˶ơ Ǐǃã Ɏíá Ɠ˸ǆ Ü Ɨ ǃā˗ǃå èƓǆ˦Ǆƶ˸ǃå Ɨɜ Ƭ èƓǆ˗Ƥ ˙Ƽ˦ƙ ƴǆ ƗƮƓƤā

üƓɁïǗå  āýǚ˯ƤǙå  Ǐǃã ǉïā̠ƕ Ɏíá ɏ̆ǃåā Üï˦ǌ˸˱ Ǆǃ Ɨǆ̠ǀ˸ǃå ƓǌƙƓǆ̠Ƥ çí˦ƞ Ɏ˦˯˴ǆ ǑƼ
 ˖˲ ǃåā Ü úïƓ˶˸ǃå ˣǄƙ ǑƼ ˤǌƙƓȺƓ˴ơ ɆƽǀȺ ˙˻ḧƽ˯ǃå ǑƼ ßǚ˸ƶǃå Ɇˮƿ ˥ǆ ˙ˢ˹ǃå çíƓƵã

.ƗǃƓ˸ǃå èƓǆ̠˳ ǃå ˥ǆ ƗˀƓ˹˯ǆ ̇˻ƹ èåïƓƤ ʕǌǃ ̇Ƽ˦ƙ Ɏ̇Ƥá úïƓ˶ǆ ˥Ƶ 
 ˚˻Ḫ̇ ˯ǃå Ɨ ˮ˻Ǆǃå úïƓ˶˸ǃå ǏǄƵ ô̇ ƽȻ Ü Ɨ˴ƼƓ˹˸ǃå ɏ˗˲ƙ Ɨǌƞå˦ǆ ÿƋƼ þ˗ǀƙ Ɠǆ ß˦ ư ǑƼā
 Ɨ ǃƓƵ Ɨƞïí ǏǄƵ èƓǆ˗Ƥ ˤȻ˗ǀƙ ǑƼ ˙˻ḧƽ˯ǃå çíƓƵã ýǚƤ ˥ǆ Ɨ ˴ƼƓ˹˯ǃå Ɠǌƙï˗ƿ çíƓɂð ǏǄƵ
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 èå˦˹ƿā Ɠǌ˯˱ǆ̇ Ɂā ƓǌǄǀǈ Ɨ˸ˢǈáā èƓǆ˦Ǆƶ˸ǃå èƓ ˹ǀƙ Ɠ˸ ƪ Ǚā ÜƓǌ˹ƑƓɁ̊ ǃ Ɨ ǄƵƓƽǃåā çí˦˱ǃå ˥ǆ
 Ɨǌƞå˦˸ǃ Ɠǌ˸Ȼ˗ǀƙ.Ɨ˴ƼƓ˹˸ǃå Ɏ˦ƿ 

 ˤǃƓƶǆ ˙ǌˢƙ Ɠ˹ǋ ˥ǆƗ ǃƓɜƬǗå ˥ǆ Ɠǌ˱ǃƓƶǈ Ǒ˯ǃå ÜýǚƤ : ǑǃƓ˯ǃå ɏ̇ǋ˦˱ ǃå ýâƓ˴˯ǃå 
 þƓ˴ƿǕå ßƓƪâïā ÿ˦ǆƓƶǃå ßåï̠˸ǃåā ƗˮǄ˻ǃå ƗǆƓƶǃå ƗɂïƓ˱˯ǃå úïƓ˶ ǃ˸å ßåï̠ǆ üï̠ǒ Ɇǋ.

ǃå ɖ˻ǀ˲ƙ ǑƼ Ɠǋïāíā èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ Ɨ ˸ǋá Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸Þ 
 ýâƓ˴˯ǃå ˥ǆ ÷̇ ƽ˯ƙāǑ˴ Ƒ̇ ǃå Ɠ˴˯ǃå: Ɨ ǃƓ˯ǃå Ɨ ʸ̇ ƽǃå èǙâ 

1-  ˙ˮƵ ǊƑǚ˸ƶǃ ú̇ ˶˸ǃå Ɠǌǆ˗ǀȻ Ǒ˯ǃå èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ˥˻ƕ Ɨƿǚƶǃå Ǒǋ Ɠǆ
 Ɨ ǈā˙˯ḧǃǗå Ɨ ɜ ˯ƪǚˮǃå èƓƿƓˠ ǃå ǏǄƵ ˗ƑƓƶǃå çíƓɂð) ú̇ ˶˸ǃå Ɨ ˲Ɂïā

.(ïƓ˸˰˯ƪǙåÞ 
2-  ˙ˮƵ ǊƑǚ˸ƶǃ ú̇ ˶˸ǃå Ɠǌǆ˗ǀȻ Ǒ˯ǃå èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ˥˻ƕ Ɨƿǚƶǃå Ǒǋ Ɠǆ

ʽ˳ƙā ˕ǈ̇ ˯ǈǗå Ɨɜ Ƭ çíƓɂðā ɆǆƓƶ˯ǃå ˃ ǃƓḧƙ ˞ú̇ ˶˸ǃå ƴǆ ˥˻ǄǆƓƶ˯˸ǃå í˗Ƶ Þ 
3-  ɄƙƓǌǃå ˙ˮƵ ú̇ ˶˸ǃå Ɠǌǆ˗ǀȻ Ǒ˯ǃå èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ˥˻ƕ Ɨƿǚƶǃå Ǒǋ Ɠǆ

Þ ˤȻ˗ǀ˯ǃå Ɨǀɂ̇ ˟ úǚ˯Ƥå āá ɄǄ˯˳ǆ ˦ǋ Ɠǆ ˤȻ˗ǀƙ ǑƼ ˚˻˸˯ǃåā ýƓǀ˹ǃå ɄƙƓǌǃåā 

3- : ƕƨäî˕ǁä ùä˕ǉà 
-  Ǒ˸ǄƵ ɏ̇ ǈs ïƓ˟ã ʕȻ̠ǀƙƗˠƪå˦ƕ ˤˢ˹ǆ  èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀ˯ǃ ƗƺǃƓ ǃå Ɨ ˸ǋǕå Ɨƪåïí 
- Ǆǃ Ɨƪåï˗ǃå ˗˻ƿ èƓ˴ƪ˓˸ǃå ɖ˻ǀ˲ƙç̊ ˻˸ ƓȺ ɖ˻ƛā Ɇɜ˵Ⱥ Ɋ ƙ̇ ǆ Ɨ ˴ƼƓ˹˯ǃåǙ þå˗˳˯ƪ

ƓǋíƓƶȺá ɆɜȺ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀ˯ǃ ˗˻˱ǃå. 
-   ˤǋá ðå̇ ƕãïåāíǕå Ɨ ˱ ƙå̇ ˯ƪǗå ǃå ɖ˻ǀ˲ƙ ǑƼ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀ˯ǃç̊ ˻˸ Ɨ ˴ƼƓ˹˯ǃå 

˴ƪ˓˸ǄǃèƓ  Ɨƪåï˗ǃå ˗˻ƿ Ɨ ʼ̇ ˶˸ǃå 
- ǃå èƓǀ ˮˠƙ ˥ǆ ƓǌƙíƓƽ˯ƪå Ɏ˗ǆā Ɨ ˮ˻Ǆǃå Ɨ ʼ̇ ˶˸ǃå èƓ˴ƪ˓˸ǃå ƴƿåā ǏǄƵ ú˦ƿ˦

 èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ 
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-  ƗȺƓƞǗå ˗Ƶāá èƓ ư̇ ƽǃå Ɨ˲Ʈ ïƓ ˯Ƥåā Ɨơā˙ˠ˸ǃå èǙâƓ˴˯ǃå ǏǄƵ  þ Ɠǌ˯˲Ʈ
Ǌǃ˦ơ ï˦˶ƙ ˤȻ˗ǀƙā ǑǃƓ˲ǃå ƴư˦ǃå Ǐǃã çïƓƬǗå ýǚƤ ˥ǆ 

-  ˥ǆ ƗƵ˦˸˱ǆ ˤȻ˗ǀƙèƓơ̇ ˯ǀ˸ǃå ˴ƪ˓˸Ǆǃ Ɨ ʿ ˮˠ˯ǃå Ɨƪåï˗ǃå ß˦ ư ǑƼ èƓ
 ˚ɂ̊ ƶ˯ǃ ƗǃāƓ˲˸Ḫ Ɨ ˮ˻Ǆǃå Ɨ ʼ̇ ˶˸ǃåƓǌƙ̊ ˻ǆ Ɨ ˴ƼƓ˹˯ǃå. 

4- : ƕƨäî˕ǁä ƕ ˶ǉà 
 ˚ƑƓḪ̇ ǃå ˤǋá ˗ơá Ɇɜ˵ƙ þ˦˻ǃå ˕ƙƓȺ Ǒ˯ǃå ƴ ưå˦˸ǃå ˗ơǕ ƓǌǃāƓ˹ƙ ǑƼ Ɨƪåï˗ǃå Ɨ ˸ǋá ï˦˲˸˯ƙ

 ï˦ˠƙ ǑƼ Ɨ˴ Ƒ̇ ǃåèƓȻíƓ˶˯ƿå  ˚ɂ̊ ƶƙā ǊƙƓ˴ƪ˓ǆā ˤǃƓƶǃåƓǌƽƿ˦ǆ  ɄǄ˯˳ǆ ǑƼ ÜǑ˴ƼƓ˹˯ǃå
 ǑƼ ɏíƓɂ̇ ǃå Ɠǋïāíā èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ˦ǋā ÜƗ ǃƓ˸ǃå èƓ˴ƪ˓˸ǃå ǑƼ ƗƮƓƤā ÜƗˠ˵ǈǕå
 Ɨ˴ƼƓ˹˸Ǆǃ ˥ǆƓ˷ǃå ÿƓǆǕå þƓ˸Ʈ þ˦˻ǃå ˕ƙƓȺ Ǒ˯ǃå ç̇ ƮƓƶ˸ǃå èƓȻ˗˲˯ǃåā èå̇ ˻ƺ˯ǃå Ɨǌƞå˦ǆ
 ÷Ɠˠƿ ǑƼ ƗǄǆƓƶǃå ˣǄƙ Ɠ˸ ƪ ç̇ ˻ˮḧǃå ýƓ˸ƵǕå èƓ˴ƪ˓ǆ ˥˻ƕ þ˗˯˲˸ǃå ÷å̇ ˶ǃå ǑƼ ßƓǀ ǃåā

˸ƵǕå .ǑǃƓ˸ǃå ýƓ 

5- ƕƨäî˕ǁä çƑ Ʈ˗ƺ 
 Ɨƪåï˗ǃå èǙâƓ˴ƙ ˥ǆ ƓƿǚˠǈåƓǌ˻ǃã ïƓ˵˸ǃå ư̇ ƽǃå ƗƹƓ Ʈ ˥ɜ˸Ȼ Ɨ ˴ Ƒ̇ ǃå Ɨ:Ɨ ǃƓ˯ǃå  

-  Ɨ ˴ƼƓ˹˯ǃå çï˗ǀǃå ˚ɂ̊ ƶƙā èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ˥˻ƕ Ɨ ƑƓ˶ơã ƗǃǙí èåî ƗƿǚƵ ˗ƞ˦ƙ Ǚ
.Ɨƪåï˗ǃå ˗˻ƿ Ɨ ˮ˻Ǆǃå Ɨ ʼ̇ ˶˸ǃå èƓ˴ƪ˓˸ǃ 

 Ɨ ˴ Ƒ̇ ǃå Ɨ ư̇ ƽǃå ˥ǆ ɖ˰ˮ˹ƙā: Ɨ ǃƓ˯ǃå Ɨ ʸ̇ ƽǃå èƓ ư̇ ƽǃå 

:ǍǁĀǓä ƕ Ʈ˗ƻǁä 
 ˙ˮƵ ú̇ ˶˸ǃå Ɠǌǆ˗˳˯˴Ȼ Ǒ˯ǃå èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ˥˻ƕ Ɨ ƑƓ˶ơã ƗǃǙí èåî ƗƿǚƵ ˗ƞ˦ƙ Ǚ

 Ɨ ǈā˙˯ḧǃǗå Ɨ ɜ ˯ƪǚˮǃå èƓƿƓˠ ǃå ā˙˶˹ƶǃ ƓǀƼā Ɨƪåï˗ǃå ˗˻ƿ úïƓ˶˸Ǆǃ Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå 
.(ïƓ˸˰˯ƪǙå ǏǄƵ ˗ƑƓƶǃå çíƓɂð) 



 

ϸϹЛЮϜ  19Volume  

 ϽϠнϧЪϜ 2019 October  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   мм 

 
 

:ƕ ǆƑˮǁä ƕ Ʈ˗ƻǁä 
˗ƞ˦ƙ Ǚ ƗƿǚƵ  ˙ˮƵ ú̇ ˶˸ǃå Ɠǌǆ˗˳˯˴Ȼ Ǒ˯ǃå èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ˥˻ƕ Ɨ ƑƓ˶ơã ƗǃǙí èåî

˕ǈ̇ ˯ǈǗå Ɨɜ Ƭ ƓǀƼā Ɨƪåï˗ǃå ˗˻ƿ Ɨ ʼ̇ ˶˸ǃå èƓ˴ƪ˓˸Ǆǃ Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃåā )˙˶˹ƶǃ ˞ ʽ˳ƙ
 çíƓɂðā ɆǆƓƶ˯ǃå ˃ ǃƓḧƙú̇ ˶˸ǃå ƴǆ ˥˻ǄǆƓƶ˯˸ǃå í˗Ƶ( 

:ƕˮǁƑˮǁä ƕ Ʈ˗ƻǁä 
èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ˥˻ƕ ƗƿǚƵ ˗ƞ˦ƙ Ǚ  ˗˻ƿ Ɨ ʼ̇ ˶˸ǃå èƓ˴ƪ˓˸Ǆǃ Ɨ ˴ƼƓ˹˯ǃå çï˗ǀǃå ɖ˻ǀ˲ƙā

 Ɨƪåï˗ǃå ýƓǀ˹ǃå ɄƙƓǌǃåā ɄƙƓǌǃå ˙ˮƵ) ˙˶˹ƶǃ ƓǀƼā āá ɄǄ˯˳ǆ ˦ǋ Ɠǆ ˤȻ˗ǀƙ ǑƼ ˚˻˸˯ǃå
 ˤȻ˗ǀ˯ǃå Ɨǀɂ̇ ˟ úǚ˯Ƥå( 

6- : ƕƨäî˕ǁä ìĀ˕Ɵ 
 ˛Ǆƕå̇ ˟ Ɨ˹ǒ˗ǆ ǑƼ Ɨƶƿå˦ǃå ƗǆƓƶǃå ƗɂïƓ˱˯ǃå úïƓ˶˸ǃå ǑƼ Ɨƪåï˗Ǆǃ Ɨ ǈƓɜ˸ǃå íā˗ơ Ɇ˰˸˯ƙ

) Ɠǋí˗Ƶā6ǆ ( Ɠʿɂ̇Ƽá ýƓ˸Ƭā ɏïƓ˲˶ ǃåā ç̠ơ˦ǃåā ɏïƓ˱˯ǃåā Ɨɂï˦ǌ˸˱ ǃå Ǒǋā Ü úïƓ˶
 þƓƶǃå ˥ǆ ǑǈƓ˰ǃå Ʉ˶˹ǃå ǑƼ Ɨƪåï˗ǃå ǉ˘ǋ ßå̇ ƞã ˤƙ ˗ǀƼ Ɨ ˹ǆ̊ ǃå íā˗˲ǃå Ɠǆá Ü Ɨơå˦ǃåā

) ǑǃƓ˲ǃå2019.( þ 

7-ƑǊƗäìàĀ Ûƕƨäî˕ǁä ƛǊ˷Ǆ : 
  ǏǄƵ íƓ˸˯ƵǙå ˤ˯˻ƪ Ü ǊƙƓ ư̇ Ƽ Ɨ˲Ʈ Ɏ˗ǆ èƓ ƛåā ˖˲ ǃå èƓ ǃƓɜƬã ǏǄƵ ƗȺƓƞǗå Ɨ ʻȺ

 ɖƑƓǀ˲ǃå ÿƓˮǃ Ɠ˸Ƒǚǆ ǉïƓ˯ƵƓȺ Ü ɏ̇ˢ˹ǃå ̝ǈƓ˱ǃå ̋ Ȼ˳ Ɠ˸ ̓ǑǄ˻Ǆ˲˯ǃå ǑƽƮ˦ǃå Ɲǌ˹˸ǃå
 Ɲǌ˹ǆ ǏǄƵ íƓ˸˯ƵǙå ˤ˯˻ƪ Ɠ˸˹˻ƕ Ü ǉíƓƶȺá Ɇ˻Ǆ˲ƙā ǊƙƓǈ˦ɜǆ ˤǌƼā Ü Ɨƪåï˗ǃå ÷˦ ư˦˸ǃ Ɨ ˸Ǆƶǃå

˳Ȼ Ɠ˸ ʼ ƗǃƓ˲ǃå Ɨƪåïí ýǚƤ ˥ǆ ˣǃîā Ü Ǒǈå˗˻˸ǃå ˔ǈƓ˱ǃå ˝ ÷ǚˠ˯ƪǙ ǊǈƓ ˯ƪå ˤ ˸˶ƙ
 ßƓƪâïā Ɠǌƙåïåíã ßåï˗ǆā Ɨƪåï˗ǃå Ɇ˲ǆ úïƓ˶˸ǃå ßåï˗ǆ ßåïàƓǌǆƓ˴ƿá  ñƓ ʿǆ ýǚƤ ˥ǆ
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) ƴɂð˦ƙ ˤƙ ˖˻ơ ÜǑƪƓ˸˳ǃå è̇ ɜ ǃ70) íåí̇ ˯ƪå ˤƙ ˗ƿā ǊǈƓ ˯ƪå (56 Ɠǌ˹ǆ ǊǈƓ ˯ƪå (
) Ɠǋïå˗ǀǆ Ɨɂ˦˭ǆ Ɨ ˴˹Ɂā83%( 

8 - : ƕƾȸƑ˲ǁä çƑƨäî˕ǁä 
¶ :Ɇ˻ƵƓ˸ƪã)Ɨƪåïí2007ǃåā Ǒǈā˙˯ḧǃǙå ǑƼ̇ ˶˸ǃå ɖɂ˦˴˯ǃå " ÿå˦˹ƶȺ (þç̊ ˻˸ 

Ɨ ǈíïǕå úïƓ˶˸Ǆǃ Ɨ ˴ƼƓ˹˯ǃå "  úïƓ˶˸Ǆǃ Ɨ ˴ƼƓ˹˯ǃå çï˗ǀǃå ñƓ ʾ Ǐǃã Ɨƪåï˗ǃå ǉ˘ǋ ˕Ƽ˗ǋ
 Ɨ ʼ̇ ˶˸ǃå èƓǆ˗˳ǃå ǏǄƵ ˚˻Ḫ̇ ˯ǃå ýǚƤ ˥ǆ Ɨ ˴ƼƓ˹ƙ ç̊ ˻ǆ Ǒù˹ˮƙ ǑƼ Ɠǋïāíā Ɨ ǈíïǕå

ǚùǀơ ƓǋïƓ ˯ƵƓȺ ƗǀƼå̇ ˸ǃå Ɨ ǈā˙˯ḧǃǗå  Ɨƪåïí ˤƙ ˗ƿā ÜÜƗ˰ǒ˗˲ǃå Ɨ ʿɂ˦˴˯ǃå ƗƼ̇ ƶ˸ǃå ý˦ǀơ ˥ǆ
) Ɠǋí˗Ƶ ƸǃƓ ǃåā ÿíïǕå ǑùƼ ƗùǄǆƓƶǃå Ɨ ˴ Ƒ̇ ǃå úïƓ˶˸ǃå ƴ ˸ƞ16 ƓƼ̇ ˶ǆ( ˤƙ ˖˻ơ Ü

ɆǆƓ˵ǃå Ơ˴ù˸ǃå Ɨùǀɂ̇ ˠȺ úïƓ˶˸ǃå ǉ˘ǋ ƴ ˸ƞ Ɨƪåïí.   Ɲǌ˹˸ǃå ˖ơƓ ǃå þ˗˳˯ƪå ˗ƿā
 ƴƞå̇ ˸ǃå ˥ǆ Ɨɂ̇ ˢ˹ǃå çíƓ˸ǃå ƴ˸ƞ ǏǄƵ ˗˸˯ƶȻ ɏ˘ǃå ɆǆƓ˵ǃå Ǒ˲˴˸ǃå ÜƗǀȺƓ˴ǃå èƓƪåï˗ǃåā

Ɨƪåï˗ǃå ÷˦ ư˦ǆ ý˦ùơ úïƓ˶ù˸ǃå ǑùƼ ˥˻ǄǆƓùƶǃå ˙ˢǈ èƓǌƞā Ɇ˻Ǆ˲ƙ ˣǃ˘Ḫā. 42  ˗ƿā
 ǏǄƵ Ɠùǌƕ ƗƮƓƤ Ɨ ǈā˙˯ḧǃã ƴƿå˦ǆ ˗˸˯ƶƙ Ɨ ǈíïǕå úïƓ˶˸ǃå Ɨ ˮǃƓƹ ÿá Ǐǃã ˖ơƓ ǃå ɆƮ˦ƙ
 ƓǌƙƓǆ˗ù˳Ⱥ ßǚ˸ƶǃå ˃ɂ̇ ƶƙ Ǐǃã ƗƼƓưã Ɠǌǃ ƗƶȺƓ˯ǃå ÷ā˙ƽǃåā Ɠǌ˴ƽ˹ƕ ˃ɂ̇ ƶ˯Ǆǃ ˕ǈ̇ ˯ǈǗå Ɨɜ Ƭ

˯ǃå ǏǄƵ ˙˶˯ǀƙ Ǒ˯ǃåā ɖɂ̇ ˠǃå ƗȻå˗ƕ ǑƼ ˕ǃåð Ɠǆ Ǒ˯ǃåā Ɨƶưå˦˯˸ǃå Ɨ ǈā˙˯ḧǃǗåā ƗȻ˗˻Ǆǀ
 ǑùǃǓå úå̇˶ ǃå Üɏ˦Ǆ˳ǃå x˹ˮǃå Üɖ˟Ɠ˹ǃå x˹ˮǃå ÜƗǈā̇˯ḧǃǗå Ɨɜ˯ƪǚˮǃå èƓƿƓɣǃå ˞ ùƶȺ

Ɨƶɂ̇ ˴ǃå èǙå˦ù˲ǃåā.  ÿá Ɠǌ˸ǋá ˥ǆ Ǒ˯ǃåā èƓ Ʈ˦˯ǃå ˥ǆ í˗Ƶ Ǐǃã ˖ơƓ ǃå ˝ǄƤ ˗ƿā
 ÿá Ɨ ǈíïǕå ü˦˹ˮǃå ÿƓɜǆƎȺ ç̊ù˻˸ǃå ýǚùƤ ˥ǆ ǑǄ˲˸ǃå Ɏ˦˯˴˸ǃå ǏǄƵ Ɠǌ˹˻ƕ Ɠ˸ ̨̓ ƼƓ˹˯ƙ

 úïƓ˶˸ǃå ˛ƼƓ˹˯ǃ Ɠǌ˻Ƽ ƴƪ˦˯ǃåā ƓǌƑǚ˸Ƶ Ɨǆ˗˳ǃ Ɨ ǈā˙˯ḧǃǗå ɆƑƓùƪ˦ǃå þå˗˳˯ùƪƓȺ Ɨ ˴ùƼƓ˹˯ǃå
 ÜƗǄǆƓḧ˯ǆ èƓǆ̠Ƥ ʕȻ̠ǀ˯ƕ Ɨˮ˴˹ǃå ç̊˸˻ǃå ýǚƤ ˥ǆ Ǒ˸ǄƿǗå Ɏ˦˯˴ù˸ǃå ǏùǄƵ ĄƓùƶǆ Ɨù˻ǈíïǕå

ƪā ˥ùùƵ ˖ùù˲ ƙ ýƓ˶ƙǙå çï˦ƛ ÿá ˖˻ơ ɆƑƓù Ɏ̇Ƥá ƴ ˠ˯˴ƙ  ý˦ù˶˲ǃåā ˛ƼƓù˹˯ǃå ƓùǌǃǚƤ ˥ùǆ
 ƝƑƓù˯ǈ ǏùǄƵɆ˷Ƽá  ˖ùơƓ ǃå ˝ùǄƤ ˗ùƿāǏǃã ÿá Ɨ ˮǃƓƹ  úïƓ˶˸ǃåƗ ǈíïǕå  ǏùǄƵ ˗˸˯ƶƙ
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 ˕ùǈ̇ ˯ǈǙå Ɨɜ ùƬ ǏùǄƵ Ɠùǌƕ ƗùƮƓƤ Ɨù˻ǈā˙˯ḧǃå ƴùƿå˦ǆ˃ɂ̇ ƶ˯Ǆǃ  Ɨù˻ǀȺ ƴùǆ ɆùǆƓƶ˯ǃåā Ɠǌù˷ƶ ƕ
 ÷ā˙ùƽǃåƗƼƓưã Ǐǃã ˃ɂ̇ ƶƙ  ƓǌƙƓǆ˗ù˳Ⱥ ßǚù˸ƶǃå˯ǃåƗȻ˗˻Ǆǀ Ɨ ǈā˙˯ḧǃǗåā  ɆùƮ˦ƙ ˗ùƿā Ɨƶùưå˦˯˸ǃå
 ˖ùơƓ ǃåǏǃã  ˥ùùǆ í˗ùùƵèƓ Ʈ˦˯ǃå  Ɠùù˸ǋåÿƓɜǆƎȺ  ü˦ùù˹ˮǃåƗ ǈíïǕå ÿá  ˛ƼƓùù˹ƙƓ˸ ʼ  Ɠùùǌ˹˻ƕāá 

 ü˦ùù˹ˮǃå ƴùùǆ Ɏ̇ƤǕå  ýǚùƤ ˥ùǆ ǑùǄ˲˸ǃå Ɏ˦ù˯ù˴˸ǃå ǏùùǄƵç̊ ˻˸ǃå Ɨ ˴ƼƓ˹˯ǃå  ɆƑƓùùƪā þå˗˳˯ùùƪƓȺ
Ɨ ǈā˙˯ḧǃå  ÿåā ƓùùǌƑǚ˸Ƶ Ɨùùǆ˗˳ǃ Ɏ˦ù˯˸˴ǃå ǏùùǄƵ ̨ƼƓùù˹ƙǑ˸ ǄƿǗå  ýǚùƤ ˥ùǆç̊ ˻˸ǃå  Ǌ ˮù˴˹ǃå
ˤȻ˗ǀ˯ƕ  èƓǆ˗ùƤƗǄǆƓḧ˯ǆ  ˖ùù˻ơÿá  èƓǆ˗˳ǃå ˥ùùǆ ˕ùǄƶƞ èǙƓù˶ƙǙå çï˦ùƛƗ ǈā˙˯ḧǃǙå 

å̇ ǆá Ɨ ʼ̇ ˶˸ǃå  ĄƓ˸ʾô̇ ƽ ƪ ǑƼ Ǌ˴ƽǈ: 
¶  Ɨǆ˗˳ǃå ˙ɂ˦ˠƙ èƓ Ǆˠ˯ǆā ǑƼ̇ ˶˸ǃå ˙ɂ̇ ˲˯ǃå "ÿå˦˹ƶȺ ïíƓǀǃå ˗ˮƵ ˜ɂ̇ ƕ Ɨƪåïí

 çíƓɂðā Ɨ ʼ̇ ˶˸ǃåǃåç̊ ˻˸  Ü˙˻˻˴˯ǃå þ˦ǄƵ ǑƼ ǉåï˦˯Ḫí Ɨơā˙˟á ÜƗɂ̇ Ƒå̊ ˱ǃå ü˦˹ˮǄǃ Ɨ ˴ƼƓ˹˯ǃå
 Ü˙Ƒå̊ ˱ǃå ƗƶǆƓƞ ÜƗ ǃƓǆā í˦ǀǈ ˝˶˳ƙ2002ǚƤ ˥ǆ ˖ơƓ ǃå ú˗ǋāÜý  Ǐǃã Ǌ˯ƪåïí

 ˗ǒ˗˲ƙèƓ ǃà  Ɇˡ ǑƼ Ɨ˴ƼƓ˹˸ǃå ǏǄƵ çïíƓƿ Ɨ ˹˟ā Ɨ ʼ̇ ˶ǆ Ɨǆ˦ˢ˹ǆ ßƓƪïã ˥ɜ˸ƙ Ǒ˯ǃå
ƙ Ǒ˯ǃå èåï˦ˠ˯ǃåā èå̇ ˻ƺ˯˸ǃåƓǋ˗ǌ˵ Ɨ ʼ̇ ˶˸ǃå Ɨ˭˻ˮǃå  ÿá Ǐǃã ˖ơƓ ǃå ɆƮ˦ƙ ˖˻ơ ÜƗ ˸ǃƓƶǃå

å èåï˦ˠ˯ǃå Ǌ˯ư̇ Ƽ ǑƼ̇ ˶˸ǃå ˙ɂ̇ ˲˯ǃå ƗƪƓ ƪ Ǒ˹ˮƙǙ Ɨƞ˦ǆ ƗƮƓƤ ÜƗ ˸ǃƓƶǃå ƗȻíƓ˶˯ƿ
å ˙ɂ̇ ˲˯ǃåɏíƓ˶˯ƿǙ  ˕Ǆ˸Ƭ Ǒ˯ǃå ǑƼ̇ ˶˸ǃåāƓȻíƓ˶˯ƿǙåè Ɨ ǂå̇ ˯ƬǙå  ý˦˲˯ǃå ˕˹ˮƙ Ǒ˯ǃå
 ˦˲ǈíƓ˶˯ƿå  ûƓƪ ǑƼ ßƓƞ ƗƪƓ˴ǃå ǉ̆ǌǃ ̇Ƒå̊˱ǃå Ǒ˹ˮƙ ÿá ̟ ơƓǃå ̠ƞāā Üû˦ ǃ˴å
åèƓơǚƮǗ Ǚå ÿ̇ǀǃå ˥ǆ èƓ˹˻ƶ˴ǃ˯å ƴǄɣǆ ƴǆ Ɠǌƙ̇ƬƓǆ ʕƙ Ǒ˯ǃå Ɨ̓̇ ˶˸ǃå ā ƗȻíƓ˶ ƿ˯

 þƓˢǈ ˥ǆ ý˦˲˯ǃå ú˗ǌƕ ÜǑưƓ˸ǃåǙå Ǒ˹ˮƙ Ǐǃã Ǌƞ˦˸ǃå íƓ˶˯ƿèƓ ǃà çï˦ˠ˯ǆ ƗȻíƓ˶˯ƿå. 
Ɨƪåïí ÜɆǆå̊ ǃå )2003 ( ˴ƼƓ˹˸ǃå ǏǄƵ ïíƓƿ ǑɁ̇ Ƶ ƴ˸˯˱˸ǃ ƗƼ̇ ƶ˸ǃå çïåíã ÿå˦˹ƶȺƗ Ƽ˗ǋ ̞

ǏǄƵ ú̇ ƶ˯ǃå Ǐǃã Ɨƪåï˗ǃå ǉ˘ǋ  ǑƙƓǆ˦Ǆƶǆ ƴù˸˯˱ǆ ˛ùƪá ßƓùƪïã ǑùƼ ƗùƼ̇ ƶ˸ǃå çïåíã ïāí
 ƗƼ̇ ƶ˸ǃå çïåíã ˥˻ùƕ ɊɁ̇ ƙ Ǒ˯ǃå Ɨƿǚƶǃå ǏǄƵ ú̇ ƶ˯ǃåā ÜǑɁ̇ ƶǃå ˤǃƓƶǃå ǑƼ Ɨ˴ƼƓ˹˸ǃå ǏǄƵ ïíƓƿ
 ˥Ƶ ç̇ ƮƓƿ ˕ǃåð Ɠǆ Ɨ Ɂ̇ ƶǃå èƓƶ˸˯˱˸ǃå ÿá Ǐǃã Ɨƪåï˗ǃå ˕ǄƮ˦ƙ ˗ƿā ÜèƓǆ˦Ǆƶ˸ǃå çïåíɀā
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 êƓǆíã½ƗƼ̇ ƶ˸ǃå çïåíã ­Ɠ ǃƓƶƼ ǑƼ ɆǆƓḪ Ɇɜ˵Ⱥ ˙˻˰ḧǃå üƓ˹ǋ ÿá ā ÜƗ ʹ˸˯˱˸ǃå Ɠǌƙåïå̇ ƿā Ɠǌƙ
 ǏùǄƵ ɖùǄɣƙ ÿá ÿāí ˥ùǆ Ɏ̇ƤƋùƕ āá çï˦˶ Ⱥ ƗƼ̇ƶ˸ǃå çïåíã ñïƓ˸ƙ Ǒ˯ǃå èƓƶ˸˯˱˸ǃå ˥ǆ
 ǑƼ ýƓƶƼ ā ˙˻ˮḪ ïāí Ɠǌǃ ƗƼ̇ ƶ˸ǃå çïåíã ÿá "Ɇǆå̊ ǃå" ˕˹˻ƕ ā ÜƗ ˸˴˯ǃå ǉ˘ǋ ƓǌƙƓƪïƓ˸ǆ

ǃ˦˹ḧƙ ƓǋïƓḧ˯ƕå ýǚƤ ˥ǆ ǑɁ̇ ƶǃå ƴ˸˯˱˸ǃå ǑƼ Ǒ˴ƼƓ˹ƙ þ˗ǀƙ ɖù˻ǀ˲ƙ ā Üç˗ùǒ˗ƞ èƓ ƞ˦
 ǑǃƓù˯ǃƓɁā ˃ ǃƓḧ˯ǃå ˞ ʽ˳ƙ ǑƼ ˤǋƓ˴ƙ ÿá ƓǌǈƋƬ ˥ǆ ç˗ǒ˗ƞ Ɇ˸Ƶ ˔˻ǃƓƪáā êƓù˯ǈã ɆƑƓùƪā
 ˥ǆ (èƓǆ˦Ǆƶ˸ǃå āá èƓǈƓ ˮǃå) ßƓ ƬǕå ƴǆ ɆǆƓƶ˯ǃå ÿá ˕˲ưāā ÜëƓùɁïǕå çíƓùɂð

ƗƼ̇ ƶǆ çïåíã ˦ǋ ˙˵ ǃå ƴǆ ɆǆƓƶ˯ǃåā ÜèƓùǆ˦Ǆƶ˸ǃå çïåíã óƓ˶ù˯Ƥå.  

-  ˁɀ˗ƴƗ: ƕ ʺ˗˴˶ǁä çƑ˲ƨˑ˶ǁä 
 ÜçíƓ˯ƶǆ Ɨƽ˶Ⱥ þ˦ǀƙ Ǒ˯ǃå Ɨ ǃƓ˸ǃå èƓ˴ƪ˓˸ǃå ˣǄƙ Ɠǌǈã ǏǄƵ Ɨ ʼ̇ ˶˸ǃå èƓ˴ƪ˓˸ǃå ú̇ ƶǈ
 ǑǄƤå˗ǃå Ɇɂ˦˲˯ǃå èƓ Ǆ˸Ƶ ýāå̊ ƙā Üçí˗˲ǆ ýƓƞǕ ˔Ǆˠǃå ˗˹Ƶ ƴƼ˗ƙ ÜƴƑåí˦ǃå ý˦ˮǀȺ
 .êïƓ˳ǃåā ɆƤå˗ǃå ǑƼ ǑǃƓ˸ǃå ïƓ˸˰˯ƪǙåā ïƓƤíǙå Ɨ ˸˹ƙ èƓ Ǆ˸Ƶ ˙ƬƓ ƙ Ɠ˸Ḫ ÜǑƞïƓ˳ǃåā

˸ǃå Ɠ ˮ˻ǃ ú̇ ˶ǆ ˙ɂ̇ ǀƙ Ü Ɨˠ ʿǈ) Ü ɏ̊Ḫ̇2014: ó þ73( 

10- éíˤ˶ǆ ƕƨäî˕ǁä: 
 Ɠ˸ ʼ  Ɨƪåï˗ǃå êî˦˸ǈ ǑǄǒ) ˤƿï Ɇɜ˵ǃå1 ( Ơư˦ǒ ɏ˘ǃåèå̇ ˻ƺ˯˸ǃå  Ɨ ˴ Ƒ̇ ǃå ƗǄǀ˯˴˸ǃå

ƴȺƓ˯ǃå ˙˻ƺ˯˸ǃåā  ā.Ɨƪåï˗ǃå ǉ˘ǋ ǑƼ ƓǋïƓ ˯Ƥå ˤ˯ǒ ú˦ƪ Ǒ˯ǃå 

 
) ˤƿï Ɇɜ˵ǃå1 ( Ơư˦ǒ ɏ˘ǃåèå̇ ˻ƺ˯˸ǃå  Ɨ ˴ Ƒ̇ ǃå ƗǄǀ˯˴˸ǃåƴȺƓ˯ǃå ˙˻ƺ˯˸ǃåā 
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 Ƒ ǆƑƙ-  ɍ̠ˠ˷ǁä s˲ ƾǁä: ƕ ǁƑ˭ǁä Ʋ Ʈäˤ˶ǁä ǈ ʺ üĀƑ˷˭˷ƨĀ Û 
-  èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ 
- Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå 
- .Ɨ ʼ̇ ˶˸ǃå èƓ˴ƪ˓˸Ǆǃ Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå ǑƼ Ɠǋ̇ ƛáā èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ 
1- Ɨ ˹ǀƙ èƓǆ˦Ǆƶ˸ǃå:  
á- :èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ þ˦ǌƽǆ 
 ˲Ȼ ˤǃˢƙ þ˦ǌƽǆ ǏƗ ˹ǀ  Ɇƕ Ü˗ơåā þ˦ǌƽ˸Ⱥ ç˗ǒ˗˱ǃå èƓ˲Ǆˠ˶˸ǃå ˥ǆ ǉ̇ ˻ƺḪ èƓǆ˦Ǆƶ˸ǃå

ƽɂ̇ ƶ˯ǃå ǉ˘ǋ èí˗ƶƙèƓ ÜƓǌǃ ˗ơåā ɆḪ Ɨɂâ˙ǃ Ɠƶ ƙ ˕Ƶ˦˹ƙā  ˙ˢ˹ǃå èƓǌƞā Ǒƿ ˥ǒƓ ˯ǃå ˤƹïā
 èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ þ˦ǌƽǆ ÿá Ǐǃã ˙˻˵Ȼ ƓǌˮǄƹá ÿá ˙˻ƹ Ü ˔ƪƓ˲ǃå þå˗˯ƪå Ɨ˹˹ɜǆ ǏǄƵ þ˦ǀȻ
åā Ɠǌ˹ɂ̊ ˳ƙ ˖˻ơ ˥ǆ Ü èƓǆ˦Ǆƶ˸ǃå ýāƓ˹ƙ ǑƼ ǑǃǓå èƓ ˹ǀ˯ǃå ǉ˘ǋ ˥˸˷˯ƙ îã Ü ƓǌƵƓƞ̇ ˯ƪ

 þǚ˯ƪǙå ˔˻ǃƓƪá ˥Ƶ ǚ˷Ƽ Ü çßå̇ ǀǃåā ƗƵƓ ˠǃåā ˥ɂ̊ ˳˯ǃå ˔˻ǃƓƪáā Ü ǊƵå˦ǈƋȺ æ˦ƪƓ˲ǃå
 Ɠƿǚˠǈåā Ü ƓǌƙƓǀ ˮˠƙā èƓ ˱ǆ̇ ˮǃå Ɨ˸ˢǈáā ˛ǂƓƽǃå ˣǃ˘Ḫā Ü Ɠǌ˯˱ǃƓƶǆā èƓǆ˦Ǆƶ˸Ǆǃ ýíƓ ˯ǃåā

: èƓƽɂ̇ ƶ˯ǃå ˣǄƙ ˥ǆ ˞ƶȺ ˤȻ˗ǀƙ ˥ɜ˸Ȼ ˣǃî ˥ǆ 
-  Ü êƓ˲ǃå ) ú̇ ƶȻ2006 þ :196 ˥ɜ˸Ȼ Ɠǆ ɆḪ " Ɠǌǈá ǏǄƵ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ (

 Ɇ˸˵ƙā Ü èå˗ƶǆā ç̊ ǌƞáā èåāíá ˥ǆ èƓǆ˦Ǆƶ˸ǃå Ɨ˱ǃƓƶǆ ǑƼ ÿƓ˴ǈǗå Ǌǆ˗˳˯˴Ȼ ÿá
.÷Ɠƞ̇ ˯ƪǙåā ˥ɂ̊ ˳˯ǃåā ˤ ˢ˹˯ǃåā ƣ˴˹ǃåā Ɇ˻˱˴˯ǃåā Ɨ˱ǃƓƶ˸ǃå 

- ÜǑ˸ǃƓ˴ǃå ) ƓǌƼ̇ ƶɂā2003:þ27ƓǌǈƋȺ Ü :(  çï˦ˠ˯˸ǃå èƓ ˹ǀ˯ǃå ɆḪ ˥Ƶ çïƓ ʸ
ɂ˦˲ƙ ǑƼ þ˗˳˯˴ƙ Ǒ˯ǃå ƓǌƵå˦ǈá ɄǄ˯˳˸Ⱥ èƓǆ˦Ǆƶǆ Ǐǃã ƓǌǃƓɜƬá ɄǄ˯˳˸Ⱥ èƓǈƓ ˮǃå Ɇ

çƓ ˲ǃå èǙƓ˱ǆ ƗƼƓḪ ǑƼ ˥ǒ˗˻ƽ˯˴˸ǃå ˥ǆ þ˗˳˯˴ƙ Ǒ˯ǃåā.  
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Ü ˥ ƪ˻ƓȻ) Ɏ̇ǒ Ɠ˸ǂ2002:þ107(  āá èƓǈ˦ɜ˸ǃåā èåï˗ǀǃå ˥ǆ ƴƪåā ûƓˠǈ ": Ɠǌǈá
 èƓǈƓ ˮǃå ƴɂð˦ƙā ˥ɂ̊ ˳ƙ ā Ɨ˱ǃƓƶǆ ǑƼ Ɨǆ˗˳˯˴˸ǃå ƗƵ˦˹˯˸ǃå ˙ƮƓ˹ƶǃåƗƼƓưǗƓȺ  Ɠǋïāí Ǐǃã

 ǑƼƶ˸ǃå ɖǄƤƗƼ̇. 
ÜǑƼ̇ ˻˶ǃå) ÿá ˗˻ƕ2008:þ32ƓǌƼ̇ ƶȻ ( áƕ èƓǆ˦Ǆƶǆ ˖ƕ Ü˥ɂ̊ ˳ƙ ÜƗ˱ǃƓƶǆ ÜçðƓ ơ :Ɠǌ˹

 ˔ƪƓ˲ǃå ˥ǆ Ɲɂ̊ ǆ Ɨˠƪå˦ƕ Ɨ ˸ƿïā ÜƗ˹˻˯ǆ Üçï˦˶ǆ ÜƗˡ˦ƽǄǆǑǈā˙˯ḧǃǗå ÜèǙƓ˶ƙǙåā 
 Ɨ ḧǄ˴ǃåƗ ḧǄƪǚǃåā ñƓƪá ǏǄƵ Ǐ˹ˮǆā ÜƓ ǈā˙˯ḧǃǙåè Ɨǀ ʾ˗ǃå. 
˥ǆā ɖƕƓ˴ǃå ô̇ ƶǃå Ǆǃ ˯̇ ƶƽɂèƓ  èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ÿá ˗˱ǈ Ɠǌ˻ǃã Ɠ˹ƿ̇ ˠƙ Ǒ˯ǃå ˥ǆ ÿ˦ḧ˯ƙ

: Ɨ ǃƓ˯ǃå ˙ƮƓ˹ƶǃå 
-  ˥ǆ Ɨƶƪåā ƗǄ˻ɜ˵ƙ èƓ ˱ǆ̇ ˮǃåā ˔˻ƪå˦˲ǃå Ɠǌǆ˗˳˯˴ƙ èƓǈƓ ƕ ˗Ƶå˦ƿā ƓǌƙƓǀ ˮˠƙā

èƓ Ǆ˸Ƶ ǑƼ èƓ˸ˢ˹˸ǃå ÷Ɠƞ̇ ˯ƪå èƓǆ˦Ǆƶ˸ǃå ýƓƪïɀā .Ɠǌ˯˱ǃƓƶǆā  
- Ɠǆ˦Ǆƶ˸ǃå Ɨɜ Ƭ Ɨˠƪå˦Ɂā ˔˻ƪå˦˲ǃå ˥ǆ Ɨƶƪå˦ǃå ƗǄ˻ɜ˵˯ǃå ǉ˘ǋ ÿá Ɨ˸ ʾ ɖǀ˲ƙ Ɨ ǃā˗ǃå è

 Ɠ˸ ƪ Ǚā èƓ˸ˢ˹˸Ǆǃ ɖǀ˲ƙ ÜèƓǀ ˮˠƙā èƓ ˹ǀƙ ˥ǆ ǊȺ ˚˻˸˯ƙ Ɠ˸ǃ ˣǃîā ÜƗǄƑƓǋ ƗȻíƓǆ
.ýƓ˸ƵǕå Ɨ˭˻ƕ ǑƼ ßƓǀ ǃå ˥ǆ Ɠǌ˹ɜ˸ƙ Ɨ ˴ƼƓ˹ƙ çï˗ƿ Ü Ɨ ʼ̇ ˶˸ǃå 

-  îƓ˳ƙå èƓ Ǆ˸Ƶ ˤƵí ǑƼ ˙˻ˮḪ Ɇɜ˵Ɂā ýƓ˸ƵǕå èƓ˸ˢ˹ǆ èƓ ˹ǀ˯ǃå ǉ˘ǋ Ɠ˷Ȼá ˗ƵƓ˴ƙ
 .èåïå̇ ǀǃå 

 ùùùƕ- ƙ èƓǀ ˮˠƙ :ˤǋá:Ɨ ʼ̇ ˶˸ǃå èƓ˴ƪ˓˸ǃå ǑƼ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀ 
 ƗƼƓưãǏǃã  èƓǆ˗˳ǃåā èƓ Ǆ˸ƶǃå ˥ǆ ˗ǒ˗ƶǃå ˣǃƓ˹ǋ ÜƗȻ˗˻Ǆǀ˯ǃå ü˦˹ˮǃå Ɠǌǆ˗ǀƙ Ǒ˯ǃå èƓ Ǆ˸ƶǃå

 ü˦˹ˮǄǃ ˥ɜ˸Ȼ Ǚ Ǒ˯ǃåā ÜƗ ǈā˙˯ḧǃǗå ü˦˹ˮǃå Ɠǌƕ þ˦ǀƙ Ǒ˯ǃå ç˗ǒ˗˱ǃåā Ɨƛ˗˲˯˴˸ǃå Ɨ ʼ̇ ˶˸ǃå
 :èƓ Ǆ˸ƶǃå ǉ˘ǋ ˤǋá ˥ǆā ÜƓǌǆ˗ǀƙ ÿá ƗȻ˗˻Ǆǀ˯ǃå 

1- í˦ǀ˹ǃå  Ɨ ǈā˙˯ḧǃǗå í˦ǀ˹ǃå ú̇ ƶƙ :Ɨ ǈā˙˯ḧǃǗå(Electronic Cash) ƗƵ˦˸˱ǆ ƓǌǈƋȺ
 Ɇ˲ǆ Ɠ ǄƶƼ Ɇ˲ƙ ÿá Ɨ ǈā˙˯ḧǃǗå ƗǃƓƪ̇ Ǆǃ Ơ ˯ƙ Ǒ˯ǃå Ɨ ˸ƿ̇ ǃå èƓƶ ʾ˦˯ǃåā èǙ˦ Ḫ˦ƙā˙ˮǃå ˥ǆ
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 ƗǄ˻ƪ˦ǃå ǑǌƼ å˘ǃ ƗȻ˗˻Ǆǀ˯ǃå í˦ǀ˹Ǆǃ Ǒǈā˙˯ḧǃǗå ƐƼƓɜ˸ǃå ǑǌƼ å˘ǃ ÜƗȻ˗˻Ǆǀ˯ǃå èǚ˸ƶǃå ýíƓ ƙ
 ƴƼ˗Ǆǃ Ɨ ǈā˙˯ḧǃǗå Üëā˗˸ǆ Ǒǌ˻ˮ˹˱ǃå ā í˦˸˲ǆ ÜǑǌ˻ˮ˹˱ǃå)2005 ó ó Ü47-50.(  

2-  Ɨ˸ ǃʿå ÿ˦ḧƙ ÜƓǀ˴ǆ ƗƵ˦Ƽ̠˸ǃå èƓƿƓɣǃå Ǒǋā :Ɨɣ ƺ˹˸˸ǃå Ɨɜ˯ƪǚˮǃå èƓƿƓɣǃå
 ˥ǆ Ɠǋ̇ ˻ƹā ˕ǈ̇ ˯ǈǗå ˙ˮƵ ƴƼ˗Ǆǃ èƓƿƓˠ ǃå ǉ˘ǋ þå˗˳˯ƪå ˥ɜ˸ɂā ÜƓǌ˻Ƽ Ɨǈ̊ ˳ǆ Ɨ ǃƓ˸ǃå

˯ǃå ƴ ˮǃå ɉƓǀǈ ǑƼ ƴƼ˗Ǆǃ Ɠǌǆå˗˳˯ƪå ˥ɜ˸Ȼ Ɠ˸Ḫ ÜèƓɜ ˵ǃå ƗȻ˗˻Ǆǀ(Point of Sales) .
(Cox, and Koelzer, 2004, P: 91)ƓǌƙƓ ˸˴ǆ úǚ˯Ƥå ǏǄƵ èƓƿƓˠ ǃå ˤ˴ǀ˹ƙā Ü- 

 ÿƓ˸˯Ƒå ƗƿƓˠȺ Ɠǌǈá ǏǄƵ ƗƶƑƓ˵ǃå Ɨ ˸˴˯ǃå ˥ǆ ˤƹ̇ ǃå ǏǄƵĲ Ǐǃã ˤ˴ǀ˹ƙ Ɠǌǈá Ǚã ÷å˦ǈá Ɨƛǚƛ 
Ǒǋ : 
-  ˤ˶˳ǃå èƓƿƓˠȺDebit Card ˸ ʾ Ɠǌ˹ǆ ˤ˶˳ƙ ƗɂïƓƞ èƓȺƓ˴˲Ⱥ ƗƿƓˠ ǃå ǉ˘ǋ Ɋ ƙ̇ ƙā Ɨ

 Ɇ˻˸ƶǃå æƓ˴ơ ˗˻Ʈï ǏǄƵ ƗƿƓˠ ǃå þå˗˳˯ƪå Ʉƿ˦˯ɂā ÜƗƿƓˠ ǃå þå˗˳˯ƪå ýƓơ èƓɂ̇ ˯˵˸ǃå
 ˙Ƽå˦˯˸ǃå æƓ˴˲ǃå ˗˻Ʈï Ɨ Ǆ˸ƶǃå ƸǄˮǆ ðāƓ˱ƙ åîã ƗƿƓˠ ǃå ˞Ƽï ˤ˯ǒ ˖˻ơ Üˣ˹ˮǃå Ɏ˗ǃ

Ɇ˻˸ƶǄǃ.(Awad E., 2002, P:225)  
-  ɏ̇ǌ˵ǃå íå̠˴ǃå ƗƿƓɣȺCharge Card Ɠɂ̇ ǌƬ ƓǈƓ˸˯Ƒå ƓǌǄǆƓơ ƗƿƓˠ ǃå ǉ˘ǋ Ơ˹˸ƙ : 

 èƓɁ˦˲˴ǃå ǑǃƓ˸ƞã ˗˻ǀȻ ˙ǌƬ ɆḪ ƗȻƓǌ˹Ɂā ÜƗƿƓˠ ǃå ï˗˶ǆ ˣ˹ˮǃå Ɇˮƿ ˥ǆ í˗˱˯ǆ ˙˻ƹ
 þå˗˳˯ƪå Ɨɂïå̇ ˸˯ƪå ÿƓ˸˷ǃ Ɨ˸ ʿǃå ɆǆƓḪ íå˗˴Ⱥ þ̊ ˯Ǆɂā ÜƗƿƓˠ ǃå ɆǆƓơ Ɇ˻˸ƶǃå æƓ˴ơ ǏǄƵ

 Üÿā̇Ƥàā ʕ å̇ˀƕå Ü̞ ǂ˵) ƗƿƓɣǃå2005 :ó Ü223.( 
- Ɨ ǈƓ˸˯ƑǙå ƗƿƓˠ ǃåCredit Card ɜǆã ƓǌǄǆƓ˲ǃ Ơ ˯ƙ ƗƿƓˠȺ Ǒǋā èƓɁ˦˲ƪ ˗ǒ˗˴ƙ Ɨ ǈƓ

 ˗ƶȺ Üçí˗˴˸ǃå ˙˻ƹ ƸǃƓ ˸ǃå ǏǄƵ Ɨɂ̇ ǌƬ ˗Ƒå˦Ƽ ßƓƽ ˯ƪå ƴǆ ÜƗɂ̇ ǌƬ èƓƶƼí ǏǄƵ ƗƿƓˠ ǃå
 Ɇ˶ƙ ˗ƿ Ǒ˯ǃåā ëƓ˸˴ǃå ç̇ ˯Ƽ ïƓ ˯ƵǙå ˥˻ƶȺ ˘ƤǕåǏǃã )51 ˗ơ ˗ǒ˗˱ƙ ˤ˯ɂā ÜƓǆ˦ǒ (

 ƗƿƓˠ ǃå æƓ˴˲ǃ èƓƶƼí ˥ǆ ç˗ǒ˗˴ƙ ˤ˯ǒ Ɠǆ ï˗ǀȺ (ˣ˹ˮǃå ˥ǆ í˗˲˸ǃå Ʉǀ˴ǃå) ÿƓ˸˯ƑǙå
Ǚå íā˗ơ ˥˸ư Üÿā̇Ƥàā ʕ å̇ˀƕå Ü̞ ǂ˵) ÿƓ˸˯Ƒ2005 :ó Ü223.( 
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3 Ǒ˶˳˵ǃå ˙ƙ˦˻ˮ˸ḧǃå ǏǄƵ Ɠǌ˯˻ˮ˰ƙ ˥ɜ˸Ȼ Ɨ Ḫî ƗƿƓˠȺ Ǒǋā :Ɨ ˱ǆ̇ ˮǃå Ɨ ǈā˙˯ḧǃǗå í˦ǀ˹ǃå .
 āá Ǌ˹ǆ) ƗǃƓ˸ǃå Ɨ˸ ǃʿå Ɇǀǈ ʕ˯ǃ˻ ÿ̇ ǃ˸å ó ǀ̇ǃå Ɨ˲Ƽ˯ ǑƼ ǊǃƓƤíã ˥ɜ˸Ȼ Ɠǈ̇ǆ ƓƮ̇ƿ ÿ˦ḧƙ āá

 Ɨ˲ɂ̇ ˵Ⱥ çíā˚ǆ Ɨ Ḫ˘ǃå ƗƿƓˠ ǃåā Ü˕ǈ̇ ˯ǈǗå ˙ˮƵ (Ǌ ǃã(Chips)  ǏǄƵ çïíƓƿ Ǒǋā Ɨ ƕƓ˴ơ
.Ɨˠ˹ƺ˸˸ǃå Ɨ ɜ ˯ƪǚˮǃå ƗƿƓˠ ǃå Ǌǈ̊ ˳ƙ ÿá ˥ɜ˸Ȼ Ɠǆ Ʉƶư ƗƑƓ˸˴˸Ƥ ýíƓƶƙ èƓǈƓ ƕ ˥ɂ̊ ˳ƙ 

4-  ˣ˶ǃåā ÜƗȻ˗˻Ǆǀ˯ǃå Ɨ ïʾ˦ǃå ü˦ɜ˶Ǆǃ Ǒǈā˙˯ḧǃǗå ƐƼƓɜ˸ǃå Ǒǋā :Ɨ ǈā˙˯ḧǃǗå ü˦ɜ˶ǃå
ǃå ˤǄ˯˴ǆ Ǐǃå ˣ˶ǃå ï˗˶ǆ ƓǌǄƪ̇ ǒ Ɨ˹ǆ˓ǆā Ɨǀƛ˦ǆ Ɨ ǈā˙˯ḧǃã ƗǃƓƪï ˦ǋ Ǒǈā˙˯ḧǃǗå ˣ˶

 Ɇɂ˦˲˯ƕ ú̇ ˶˸ǃå þ˦ǀ ǃ ˕ǈ̇ ˯ǈǗå ˙ˮƵ Ɇ˸ƶȻ ɏ˘ǃå ú̇ ˶˸Ǆǃ Ǌǆ˗ǀɂā ǉ˗˸˯ƶ ǃ (ǊǄǆƓơ)
 ǊƙíƓƵɀā ˣ˶ǃå ßƓƺǃƎȺ þ˦ǀȻ ˣǃî ˗ƶɁā Üˣ˶ǃå ɆǆƓơ æƓ˴ơ Ǐǃå Ɨ ǃƓ˸ǃå ˣ˶ǃå Ɨ˸ ʾ

 .ú̇Ʈ ̠ƿ Ǌǈå ǏǄƵ ǚ˻ǃí ÿ˦ɜǃ (ǊǄǆƓơ) x˶ǃå ʕǄ˯˴ǆ Ǐǃå Ɠǈā̇˯ḧǃã 
5-  :Ɨ ǈā˙˯ḧǃǗå èƓɜ ˵ǃåElectronic Checks  ˦ǋā Ɨ ïʾ˦ǃå èƓɜ ˵Ǆǃ ƐƼƓɜ˸ǃå

 Ɨ˹ǆ˓ǆā Ɨǀƛ˦ǆ Ɨ ǈā˙˯ḧǃã ƗǃƓƪï ˦ǋ Ǒǈā˙˯ḧǃǗå ˣ ˵ǃåā ÜƓǌƕ ɆǆƓƶ˯ǃå Ɠǈ˗˯Ƶå Ǒ˯ǃå ƗȻ˗˻Ǆǀ˯ǃå
 ˣ ˵ǃå ï˗˶ǆ ƓǌǄƪ̇ ǒǏǃã  ˣ˹ˮǃå þ˦ǀ ǃ ˣ˹ˮǄǃ Ǌǆ˗ǀɂā ǉ˗˸˯ƶ ǃ (ǊǄǆƓơ) ˣ ˵ǃå ˤǄ˯˴ǆ

 ɀā ˣ ˵ǃå ßƓƺǃƎȺ þ˦ǀȻ ˣǃî ˗ƶɁā ˣ ˵ǃå ɆǆƓơ æƓ˴˲ǃ Ɨ ǃƓ˸ǃå ˣ ˵ǃå Ɨ˸ ʾ Ɇɂ˦˲˯ƕ ǊƙíƓƵ
 Ɠ ǈā˙˯ḧǃãǏǃã  ǊƼ̇Ʈ ʕƙ ̠ƿ Ǌǈå ǏǄƵ ǚ˻ǃí ÿ˦ɜǃ (ǊǄǆƓơ) x ǃ˵å ʕǄ˯˴ǆ(Strauss, J. 

and Others, 2006, P:181). 
6-  :Ɨ Ḫ˘ǃå ƗƿƓˠ ǃåSmart Card  Ơ˸ Ȼ˴ ɖ˻ƿí ƝǃƓƶǆ ɏ˦ ƙ˲ ƗƿƓɣȺ ˥Ƶ çïƓy Ǒǋā

 Ǚā èå̇ ƙ˦˻ˮ˸ḧǃå Ɨ ʿȺ ƴǆ ɆǆƓƶ˯ǃå ƴ ˠ˯˴ƙā ÜƗ ˹ǆǕå Ɨ˱ǆ̇ ˮǃå ýǚƤ ˥ǆ ýå˦ǆǕå ˥ɂ̊ ˳˯ƕ
 .ƴƑƓǄǃ ɏ̇˯˵˸ǃå ˥ǆ ýå˦ǆǕå Ɇǀǈ Ɇƞå ˥ǆ ƗƿƓɣǃå ƗơǚƮ ̠˻ǂƋƙ āá ˞ ɂ˦ƽƙ ̝ Ǆɣ˯ƙ

(Turban, E. and Others, 2004, P:497). 
1- 7-  ýƓǀ˹ǃå ɄƙƓǌǃå ˣ˹ƕ(WAP) èƓ ˹ǀ˯ǃå é˗ơå ˥ǆ ǑƼ̇ ˶˸ǃå æå˦ǃå Ɨǆ˗Ƥ ˙ˮ˯ƶƙ .

 ý˦Ʈ˦ǃå ˣ˹ˮǃå ßǚ˸ƶǃ Ơ ˯ƙ Ǒǋā Üü˦˹ˮǃå Ɠǌǆ˗ǀƙ Ǒ˯ǃåǏǃã  ÜƗ ʼ̇ ˶˸ǃå ˤǌƙƓȺƓ˴ơ
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 ǏǄƵā ÿƓɜǆ ɏá ǑƼ ÜÿƓǆáā ̇ ƕ˴ ɏ˦Ǆ˳ǃå ɄƙƓǌǃå ç̊ǌƞá ̇ Ƶˮ ʕǌƙǚǆƓƶǆ ßå̇ƞɀā
 ïå˗ǆ24 ǃå :Ɇ˰ǆ ç˗ǒ˗Ƶ èƓǆ˗Ƥ ˥ǆ çíƓƽ˯ƪǚǃ ýƓ˱˸ǃå ˤǌǃ Ơ ˯ƙ Ɠ˸Ḫ ÜƗƵƓƪ Ɇɂ˦˲˯

 ǑǃƓ˸ǃå Ɇɂ˦˲˯ǃå Üˣ˹ˮǃå ɆƤåí èƓȺƓ˴ơ ˥˻ƕ Ɠǆ ǑǃƓ˸ǃåǏǃã  Üˣ˹ˮǃå ǑƼ ˙Ƥà Ɇ˻˸Ƶ
 ç˗Ʈïá ˥Ƶ ïƓ˴ƽ˯ƪǙå ÜæƓ˴˲ǃå ǏǄƵ ˕˸ƙ Ǒ˯ǃå èƓ Ǆ˸ƶǃå ƗƼ̇ ƶǆ ÜÜ˙˻ƙå˦ƽǃå ˗ǒ˗˴ƙ
 ˔Ǆ˟ Ü˝˳Ǆǆ æƓ˴ơ Ʉ˵Ḫ ǏǄƵ ý˦˶˲ǃå ÜƴƑåí˦ǃåā ˙˻Ƽ˦˯ǃåā ƗɂïƓ˱ǃå ˤǌƙƓȺƓ˴ơ

 ƗƼƓưã .ÿƓ˸˯Ƒå ƗƿƓˠȺ ˔Ǆ˟ā ÜèƓɜ Ƭ ˙˯ƼíǏǃã  úïƓ˶˸ǃå Ɠǌǆ˗ǀƙ Ǒ˯ǃå èƓǆ˗˳ǃå
 ç̇ ˻˶ǀǃå ɆƑƓƪ̇ ǃå Ɨǆ˗Ƥ ýǚƤ ˥ǆ Ɨ ǈā˙˯ḧǃǗå(SMS) ÜǑǃǓå úå̇ ˶ǃå Ɨǆ˗Ƥ Ü

 Üˤ ˀå̇ ƕå Ü˕˵ǂ) ǑƼ̇ ˶˸ǃå ˣ˹ˮǃå ɄƙƓǋ ýǚƤ ˥ǆ ɖ˟Ɠ˹ǃå ˣ˹ˮǃå Ɨǆ˗Ƥā2005 Ü
 .ó ó243-245 .((Joseph, P.T., 2004, P: 290) 

2-  : ƕ ˲ƺƑ˷˭ǁä æ̆ ˹˶ǁä 
 èƓƼå̇ ˲ǈǙå ˥ǆ ˙˻˰ḧǃå Ɨ˱ǃƓƶǆ ú˗ǌ˯˴ƙ ç̇ ˸˯˴ǆ Ɨ ɜ ǆƓ˹ǒí Ɨ Ǆ˸Ƶ Ǒǋ Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå
 Ɏ̇ƤǕå úïƓ˶ ǃ˸å ǑƿƓȺ ǏǄƵ ú̇˶˸Ǆǃ ̇˸˯˴ ǃ˸å û˦ƽ˯ǃå ɖ˻ǀ˲˯ǃ ƗƞïƓ˳ǃåā ƗǄƤå̠ǃå
 Ǌ˹ḧǃā Ɏ̠ ǃ˸å ̇˻ ƿ˶ ̞ƿ˦ǃ āá ̞ƿ˓ǆ ̨ ǃ û˦ƽ˯ǃå ɆǆƓƵ ɖ˻ǀ˲ƙ ÿƎƼ ʕƛ ˥ǆā ÜƓǌǃ Ɨ˴ƼƓ˹˸ǃå

 ̇˶ ǃ˸å ÿðå˦ƙ Ɍƽ˲ǃ Ɨ˸Ƒåí ƗǃāƓ˲ǆ ǑƼ çí˦ƞ˦˸ǃå Ɏ̇ƤǕå ƗǃƓ˸ǃå èƓ˴ƪ˓ ǃ˸å ǉƓ˱ƙ ú
 ǏǄƵā ÜƓǌ˻ǄƵ ú̇ƶ˯ǃå ýāƓ˲˹ƪ Ɨ˴ƼƓ˹˯ǃå ç̊˸˻ǃå Ɠǌƕ ƴ˯˸ ƙ˯ Ǒ˯ǃå Ɨ˸ǋǖǃ Ɨ˱ ǈ˯ā Üû˦ ǃ˴å

ˣǃ˘Ḫā Ɠǌ˶ƑƓ˶Ƥ  .ƓǌƙƓǈ˦ɜǆā ƓǋíƓƶȺá 
1- : ƕ ˲ƺƑ˷˭ǁä æ̆ ˹˶ǁä ˁɀ˗ƴƗ 

ǑǄǒ Ɠǆ Ɠǌ˹ǆ ˙Ḫ˘ǈ Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃƓȺ ƗƮƓ˳ǃå èƓƽɂ̇ ƶ˯ǃå ˥ǆ ˗ǒ˗ƶǃå üƓ˹ǋ:   
  āá ˥˻ƶǆ æ˦ǄƪƋȺ ßåíǕå ɖ˻ǀ˲ƙ ǏǄƵ ú̇ ˶˸ǃå çï˗ƿ Ɠǌǈá ǏǄƵ Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå ú̇ ƶƙ

 ˕ƿ˦ǃå ǑƼ ˥˻˴ƼƓ˹˸ǃå Ɇˮƿ ˥ǆ ßåíǕå å˘ǋ ˗˻Ǆǀƙ ǑƼ ƗɁ˦ƶƮ üƓ˹ǋā çí˗ƶ˯ǆ ˔˻ǃƓƪá
 .˙ưƓ˲ǃå 



 

ϸϹЛЮϜ  19Volume  

 ϽϠнϧЪϜ 2019 October  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нл 

 
 

 ā Üíïå˦˸ǃå ˙˵ǈ ɉƓ˸ǈá ɖɂ̇ ˟ ˥Ƶ ÜǊ ˴ƼƓ˹ǆ ɆƕƓǀǆ ú̇ ˶˸ǃå ï˦ˠƙ Ɠǌǈá ǏǄƵ ˣǃ˘Ḫ ú̇ ƶƙ
þƓˢǈ ˥ɂ˦ḧƙ Ǒǋ ˙Ƥá Ǐ˹ƶ˸Ⱥ āá  ñƓƪǕåā ˥˻˴ƼƓ˹˸ǃå ǑƿƓȺ ǏǄƵ ç̊ ˻˸˯ǆā çí̇ ƽ˹ǆ ƓȻå̊ ǆ ˣǄ˸Ȼ

 .ƗƪƓ˹ǆā ç̠˻ƞ Ɨǀɂ̇ɣȺ ÿ˦Ɂ̊Ǆǃ Ɨ˸  ʾɖǄƤ ˦ǋ 
 ˦ƙï˦ƕ ú̇ ƶȻ Ɠ˸ǂM.Porter  úƓ˵˯ǂå Ǐǃã ú̇ ˶˸ǃå ɆƮ˦ƙ Ɠǌǈá ǏǄƵ Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå

 ʕǋïā̠ǀ˸Ⱥ ÿ˦ɜȻ Ǐ˯ơ Ü˥˻ Ƽ˴Ɠ˹˸ǃå Ɇˮƿ ˥ǆ ƗǄ˸ƶ˯˴ ǃ˸å xǄƙ ˥ǆ ƗǃƓƶƼ ̇ǂ˰á ç̠ǒ̠ƞ û̇˟
.ƴƪå˦ǃå Ǌǆ˦ǌƽ˸Ⱥ ÷å˗ƕǗå Ɨ Ǆ˸Ƶ Ǐǃã ý˦Ʈ˦ǃå ɏá Ɠ ǈå˗˻ǆ úƓ˵˯ǂǙå å˘ǋ ˗˻˴˱ƙ 

ƙ̇ ƙ Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå ÿá ý˦ǀǃå ˥ɜ˸Ȼ ƗǀȺƓ˴ǃå èƓƽɂ̇ ƶ˯ǃå ß˦ ư ǑƼā ˥˻˴ƼƓ˹˸ǃå ˥˻ƕ Ɋ
 ýƓ˸ƵǕƓȺ þƓ ʿǃå ýǚƤ ˥ǆ ǑƙƋƙ ƓǌƕƓ˴˯ǂå Ɨ Ǆ˸Ƶ ÿáā Üǚˮǀ˯˴ǆ ˥˻ƶƿ˦˯˸ǃåā ˥˻˻ǃƓ˲ǃå
 èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ˥Ƶ Ɨ˱ƙƓ˹ǃå Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå Ɠǆá ÜýƓ˱˸ǃå ǑƼ Ɨ ƪƓ˹˸ǃåā ç̊ ˻˸˸ǃå Ɨ ʼ̇ ˶˸ǃå

 ̇ ƶƙ ˥ɜ˸ ʼɂƺȺ ˗Ƒåï Ɇɜ˵Ⱥ èǙƓ˶ƙǙåā èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ɖ˻ˮˠƙ Ɠǌǈá ǏǄƵ Ɠǌƽ ˦ ƽ˯ǃå ô̇ û 
 .˥˻˴ƼƓ˹˸ǃå ǏǄƵ 

2- : ƕ ˲ƺƑ˷˭ǁä æ̆ ˹˶ǁä ˛ƏƑ˴Ƣ 
-ǑǄǒ Ɠ˸ ʼ Ɇ˰˸˯ƙ ÜƗ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå ǑƼ ˝ƑƓ˶Ƥ ç˗Ƶ ˙Ƽ˦˯ƙ]6:[  
 - .ßǚ˸ƶǃå èƓƞƓơā èƓ ï̋ ˥ǆ ɖ˯˵ƙ 
 -  .˥˻ Ƽ˴Ɠ˹˸ǃå ǏǄƵ ƗǄ˷ƼǕåā û˦ƽ˯ǃå ɆǆƓƵ ɖǀ˲ƙ 
 -  .ǊƙƓǆ˗˳ǃ ú̇ ˶˸ǃå ßåíá çßƓƽḪ ǑƼ ˛ɜƶ˹ƙ 
 - ǖǃ ˤǌǂåïíã ǑƼ ßǚ˸ƶǃå ǏǄƵ ˙ƛ˓ƙ .èƓǆ˗˳ǃå ˔Ǆ˟ ǏǄƵ ˤǋ̊ ƽ˲ƙ å˘Ḫā Ɨ Ǆ˷Ƽ 
-  ɖƼā ̇ ɂ˴ā Ɨǃ˦ǌƪ ɆɜȺ Ɏ̇Ƥá Ɨ˴ƼƓ˹ƙ ç̊˻ǆ ÿƓɜǆ ç̊˻ǆ ýǚơã Ǐ˹ƶ˸Ⱥ ÜƗǈā̇˸ǃƓȺ ̊˻˸˯ƙ

Ɨ ǈƓƛ Ɨǌƞ ˥ǆ ú̇ ˶˸ǃå íïå˦ǆā èåï˗ƿā Ɨǌƞ ˥ǆ Ɨ ƞïƓ˳ǃå Ɨ˭˻ˮǃå èƓ ˠƶǆ]13[ 
- ǊȺƓ˵ƙ ǏǄƵ ˕˴ ǃā úǚ˯Ƥå ǏǄƵ Ǐ˹ˮƙ ÜƗǀǄˠǆ ˕˴ ǃā Ɨ ˮ˴ǈ ˙ˮ˯ƶƙ]31[  
- ˸ǃ í˗˲˯ƙƓǋ˗˻Ǆǀƙ āá Ɠǋ˗ǒ˗˱ƙ ÜƓǋ̇ ɂ˦ˠƙ ˤ˯ǒ Ɠǆ˗˹Ƶ ƗƵ̇ ˴Ⱥ ýā˚ƙā ƗǄɂ˦˟ ç˗]9[ 
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3-  : ƕ ʺ˗˴˶ǁä ƕ ˲ƺƑ˷˭ǁä æ̆ ˹˶ǁä ìƑƴȸà 
 ǑǄǒ Ɠ˸Ḫ Ɠ˸ǋ Üÿå˗ƶȺ úïƓ˶˸ǃå ǑƼ Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸Ǆǃ ˤ ˀƓƽǆ ˥ǆ íïā Ɠǆ ˥ǆ Ɲ˯˹˯˴ǈ

 Ü ï˦˶˹ǆ)2006ó: þ304( 
- : ǏǂƢä˕ǁä ˕ƴ ǁä 

 Ǌ ǄƵ Ǐ˹ˮƙ ɏ˘ǃå ñƓƪǕå ˦ǋā ú̇ ˶˸Ǆǃ Ɨ ǄƤå˗ǃå èåïƓǌ˸ǃåā èåï˗ǀǃå ǑƼ ˚˻˸˯ǃå ǊȺ ˗˶ǀȻ
 Ɠǌ˸ ʸ˗˯ǃ Ɠǌ˻ǄƵ ú̇ ƶ˯ǃå Ɇƞá ˥ǆ ïå̇ ˸˯ƪƓȺ ú̇ ˶˸ǃå Ɇ˸ƶȻ ɏ˘ǃåā Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå

 .Ɠǋ̇ ɂ˦ˠƙā 
- : ǏƜîƑ˱ǁä ˕ƴ ǁä 

 ï˗ǀǃå Ǌǃ ÿƓḪ åîã Ǚã úïƓ˶˸ǃå ǑƿƓȺ ˥Ƶ Ɨ ˴ƼƓ˹ƙ ç̊ ˻ǆ Ǌǃ Ɠǆ ú̇ ˶ǆ ÿƋȺ ý˦ǀǃå ˥ɜ˸Ȼ Ǚ ç
 Ɨ˯ƕƓƛā Ɨƶƪåā çï˦˶Ⱥ Ǌƶǆ ˥˻ǄǆƓƶ˯˸ǃå èƓƞƓơ Ɨ ˮǄƙ ýǚƤ ˥ǆ ˣǃîā Ü˥˻˴ƼƓ˹˸ǃå ˤ˱ǃ ǏǄƵ
 Ɠǋ˗˱ǈ å˘ǃ ÜúïƓ˶˸ǃå ǑƼ Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå ˤ ʸ˗ƙ ñƓƪá ˥ǒ˗ƶ ǃå ˥ǒ˘ǋ ïƓ ˯ƵƓȺ ç̇ ˠ ˴ǆā
 çíƓɂð ǑǃƓ˯ǃƓɁā ú̇ ˶˸Ǆǃ Ɨ ʾ˦˴ǃå Ɨ˶˲ǃå çíƓɂð ˤƛ ˥ǆā Ɠǌǀ ʿ˲˯ǃ Ɠǌƶƪ˦ƕ Ɠǆ ɆḪ Ɇ˸ƶƙ

 ïå̇ ǀ˯ƪå ɖ˻ǀ˲ƙā ǊơƓɁïá.ǉ 

4- : ƕ ʺ˗˴˶ǁä çƑ˲ƨˑ˶ǂǁ ƕ ˲ƺƑ˷˭ǁä æ̆ ˹˶ǁäĀ ɔ˹ƾ˰Ɨ Ǐƺ ƑǉîĀìĀ çƑǄˤǂƴ˶ǁä ƕ ˷ƾƗ 
 çïåíã ýƓ˱ǆ ǑƼ çï˦ƛ Ǐǃã Ɨ˸ˢǈǕåā èƓǆ˦Ǆƶ˸ǃå ƴ˸ƞ èåāíá ǑƼ ɆƑƓǌǃå Ǒ˹ǀ˯ǃå þ˗ǀƙ Ɏíá
 ÜƗ ǃƓ˲ǃå Ɨ ʼ̇ ˶˸ǃå èƓǆ˗˳ǃå ˥˻˴˲˯ƕ ɊǀƼ þ˦ǀƙ Ǚ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀ˯Ƽ ÜƗ ʼ̇ ˶˸ǃå èƓǆ˗˳ǃå

˙˻˰ḧǃ ï˗˶ǆ Ɠ˷Ȼá Ɠǌ˹ḧǃā  Ɨ˸ˢǈá ˕˲˯Ƽ ˗ƿā Üç˗ǒ˗˱ǃå Ɨ ʼ̇ ˶˸ǃå èƓǆ˗˳ǃå ˥ǆ
 ÜƓǌ˹ǆ èƓǆ˗˳ǃå ˥ǆ ˗ǒ˗ƞā ɆǆƓḪ ÷Ɠˠǀǃ ýƓ˱˸ǃå èƓǈƓ ˮǃå ˗Ƶå˦ƿ Ɨ˸ˢǈáā èƓǆ˦Ǆƶ˸ǃå
 ʕȻ̠ǀƙ ýƓ˱ǆ ǑƼ ĄƓƮ˦ Ƥ˶ā Üçï˦ɣ ˯˸ǃå ç̠ǒ̠˱ǃå Ɠƞ˦ǃ˦˹ḧ˯ǃåā Ɨ̓̇˶ ǃ˸å èƓǆ̠˳ ǃå

˱ǃå Ɨǆ˗˳ǃå ɖɂ˦˴ƙ ˤ ˀƓƽ˸Ⱥ ˗ǒ˗˱ǃå ˕ƼƓưá Ɠǋïā˗ƕ Ǒ˯ǃå ï˦ǌ˸˱Ǆǃ èƓùǆ˦Ǆƶ˸ǃå ˙ǆǕå Üç˗ǒ˗
 ǏǄƵ ˤǌ˸ Ǆƶƙā ˤǌˮɂï˗ƙā ßǚ˸ƶǃå Ǐǃã ç˗ǒ˗˱ǃå ˤ ˀƓƽ˸ǃå ˣùǄƙ ýƓ˶ùǒã Ǐùǃã êƓù˯˲Ȼ ɏ˘ǃå
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.èƓǆ˗˳ǃå ˥ǆ ǉ̇ ˻ƹā ɖ˟Ɠ˹ǃå ˣ˹ˮǃåā ǑǃǓå úå̇ ˶ùǃå Ɨǆ˗˳Ḫ ÜèƓǆ˗˳ǃå ˣǄƙ þå˗˳˯ƪå Ɨ ʽ ǂ 
 ā þå̠˳ ù˯ƪƓȺ ÿï˦ùƿ Ɠùǆ åîã ûï˦ùǃå þå̠˳ ƪ˯ƓȺ èƓǄ˸ƶǃå ɄǄ˯˳ǆ ̆˻ƽ˹ƙ ˥ ƕ˻ ƴƪåā û̇Ƽ üƓ˹ǋ

ùƪ˦ǃå ǏǄƶƼ ˥ǆ̊ǃåā Ü˃ ǃƓḧ˯ǃå ǑƼ ̇˻ Ḫˮ û̇Ƽ í˦ƞā xǃ̆Ḫā ÜɎ̇Ƥá Ɨǌƞ ˥ǆ Ɨǈā̇˯ḧǃǗå ɆƑƓ
 ÜèƓɜ ˵ǃå ú̇ Ʈ Ɇơå̇ ǆ ɄǄ˯˳ǆ ˘˻ƽ˹ƙ ǑƼ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ þå˗˳˯ƪå ÿá ˗˱ǈ ýƓ˰˸ǃå Ɇ˻ˮƪ
 þå˗˳˯ƪƓȺ ƗǈïƓǀǆ Ü˥ɜ˸ǆ ˗ơ Ǐǈíá Ǐǃã Ɨù˻Ǆ˸ƶǃå ǉ˘ǌƕ ˥˻ƮƓ˳ǃå ˥ǆ̊ ǃåā ˃ ǃƓḧ˯ǃå ˞ƽ˳Ȼ

˗˸˯ƶƙ Ǒ˯ǃå ƗȻ˗˻Ǆǀ˯ǃå ɖƑå̇ ˠǃå Ƶ çāǚƵ Üûï˦ǃå þå̠˳ ƪ˯å ǏǄƵǏǄ  èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ÿƎƼ ˣǃî
 ˔˻ƪå˦˲ǃå Ɨù˸ˢǈá þå˗˳˯ùƪå Ɨù˱ ˯ǈ ƓǌƙßƓƽḪ ƴƼïā Ɨ ʼ̇ ˶˸ǃå èƓǆ˗˳ǃå ˙ɂ˦ˠƙ ǏǄƵ Ɇ˸ƶƙ
 ƗƵ˦˸˱ǆ āá Ɨǆ˗Ƥ íƓ˱Ȼã ƓǌǃǚƤ ˥ǆ ˥ɜ˸Ȼ Ǒ˯ǃå Ɨ ǃā˗ǃå èƓǆ˦Ǆƶ˸ǃå Ɨɜ Ƭ ˙ˮƵ çï˦ˠ˯˸ǃå
 úïƓ˶ ǃ˸å ˥ƕ˻ çï˦ɣ ǆ˯ èǙƓ˶ƙå Ɨ˸s ǈá þå̠˳ ƪ˯å ÿá ˥Ƶ Ąǚ˷ Ƽ ÜƗ̓̇˶ ǃ˸å èƓǆ̠˳ ǃå ˥ǆ

˳˸Ⱥ ˞ ʽ˳ƙ ǏǄƵ Ɇ˸ƶȻ ÿá ǊǈƋƬ ˥ǆ èƓǆ˗˳ǃå ˣùǄƙ ƴùɂð˦ƙ ɉƓùǀǈā ÜƗǌƞ ˥ǆ ƓǌƵā˙Ƽ ɄǄ˯
çï˦ˠ˯˸ǃå Ɨ ʼ̇ ˶˸ǃå èƓǆ˗˳ǃå ǉ˘ǋ ˃ ǃƓḧƙ.  

 ÿã :ý˦ǀǃå ˥ɜ˸ɂā Ɨ ʼ̇ ˶˸ǃå èƓ˴ƪ˓˸ǃƓȺ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ Ɲǆí ü˦˹ˮǄǃ ˙Ƽ˦ǒ Ɨ˰ǒ˗˲ǃå
Ɨ ƙǓå èå̊ ˻˸ǃå ɖ˻ǀ˲˯ǃ ó̇ ƽǃå Ü ˤƪƓƿ)2012 Üþ645(. 

1- ˶ ǃ˸å û˦ƪ èƓȻ̠˲ƙ Ɨǌƞå˦ǆç̇ ˡƓ˹˸ǃå úïƓ  : 
 ýƓƤíƎḪ èƓǆ̠˳ ǃå ô Ƶ̇ ǑƼ ç̠ǒ̠˱ǃå ̝ ǃ˻ƓƪǕåā û̇ ǃɣå ˥Ƶ ̇˸ ˯˴˸ǃå úïƓ˶ ǃ˸å ̟ Ⱥ˲ ÿã
 ɖ˻ǀ˲ƙ ǏǄƵ ˗ƵƓ˴Ȼ Ǒǈā˙˯ḧǃǗå ǑƼ̇ ˶˸ǃå Ɇ˸ƶǃå Ɠǌ˱ǆ˗ƕ Ɨ˰ǒ˗˲ǃå Ɨ ƞ˦ǃ˦˹ḧ˯ǃå ˔˻ǃƓƪǕå
 ç˗ǒ˗ƞ ûå˦ƪá Ơ˯Ƽ ǏǄƵ ˗ƵƓ˴Ȼ ǉïā˗ƕ å˘ǋā Ü˥˻˴ƼƓ˹˸ǃå ˥Ƶ Ɨǆ˗˳ǃå ˤȻ˗ǀƙ ǑƼ ˚˻˸˯ǃå ƗƽƮ

ǃå Ɨ˶˲ǃå ˤƵ˗ƙ .ƗǈƓɜǆ ǏǄƵ ɋƓƽ˲ǃå ˤƛ ˥ǆā Ɨ ʾ˦˴ 

2-: ƕ˰ƜƑ˷ǁä çƑ˶ˠ˷˶ǁä ˕ǐ˕˰˭ǁ îƑ ʷǄ 
 á ƓǌƙƓǀ ˮˠƙā èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ Ǌƙ̇ Ƽā ɏ˘ǃå èƓǆ˦Ǆƶ˸Ǆǃ Ǒǈā˙˯ḧǃǗå ýíƓ ˯ǃå þƓˢǈ í˦ƞā ÿ

 èƓ ˠƶ˸ǃå ɆḪ Ɇƶ˱Ȼ Ɠ˸ǆ Üˤǌ˹˻ƕ Ɠ˸ ʼ ýƓ˶ƙǙå ƗƵ̇ ƪ ˥˻ǄǆƓƶ˯˸ǃåā úïƓ˶˸ǃå ǏǄƵ Ɇǌƪ
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 Ɨưā˙ƶ˸ǃå èƓǆ˗˳ǃå ˥Ƶ ˙˴Ȼ ɆɜɁā Ɨ˲ưåā Üû˦ ǃ˴å ǑƼ Ɠǌƶưāā ƗǃƓ˸ǃå Ɠǌ˯ǃƓơ ˥Ƶā
 ˤƛ ˥ǆā ÜƓ Ǆƶǃå ˔ƙå̇ ˸ǃå Ǐǃã ý˦Ʈ˦Ǆǃ Ǌƙï˗ƿ Ɏ˗ǆ ðå̇ ƕã ú̇ ˶˸ǃå ƴ ˠ˯˴Ȼ ˣǃî ýǚƤ ˥ǆā
 ƓǌǈƎƼ Ǚɀā Ɨ ˸˯ơ çïā˙ư ˕˲ Ʈá Ɨ˰ǒ˗˲ǃå èƓ ƞ˦ǃ˦˹ḧ˯ǃå Ɲǆí ˦˲ǈ úïƓ˶˸ǃå Ǌƞ˦ƙ ÿƎƼ

.ǏƬǚ˯ƙā Ɇ˲˸˷˯ƪ 

: ƕ ǂ˹Ƹ˳˭ǁä æÞƑƻḥǁä ˘ɀ˘ƴƗ 
å Ɨ ˴ƼƓ˹˯ǃå ƓȻå̊ ˸ǃå ˗ơá ˥ǆ ƓǌƙƓǀ ˮˠƙā èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ Ɲǆí ßåïā ˥ǆ úïƓ˶˸Ǆǃ Ɨ ˴ Ƒ̇ ǃ

 ßåíƋȺ ú̇ ˶˸ǃå þƓ ʾ ýǚƤ ˥ǆ ɖǀ˲˯ƙ Ǒ˯ǃåā Ɨ Ǆ˻ƺ˵˯ǃå çßƓƽḧǃå ɖ˻ǀ˲ƙ ˦ǋ ɉƓ˵˹ǃå ǑƼ
 çßƓƽḧǃå èƓ Ǆˠ˯ǆ ˤǋá ˝ ˳Ǆƙ ˥ɜ˸ɂā ÜƗ ǃƓƵ çßƓƽḪ èåî Ɨǀɂ̇ ˠɁā ƗƽǄḧƙ ɆƿƋȺ ǊƙƓ Ǆ˸Ƶ

 Ɇɜ˵ǃå ǑƼ Ɨ Ǆ˻ƺ˵˯ǃå) ˤƿï2(  : 

 
) ˤƿï ɆɜƬ2 (. Ɨ Ǆ˻ƺ˵˯ǃå çßƓƽḧǃå èƓ Ǆˠ˯ǆ ˤǋá 

 



 

ϸϹЛЮϜ  19Volume  

 ϽϠнϧЪϜ 2019 October  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нп 

 
 

2- Source ;Élaboréparl'étudiante : James A. O'Brien ; Op. 

Cit . 

 ɖ˻ǀ˲ƙ ǑƼ ýƓƶƼ ïāí Ɠǌǃ èǙƓ˶ƙǙåā èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ÿá Ɍơǚǈ Ɇɜ˵ǃå ýǚƤ ˥ǆ
 úïƓ˶˸ǃå ɊɁï ýǚƤ ˥ǆ Ǌˢơǚǈ Ɠǆ å˘ǋā ÜƗ Ǆ˻ƺ˵˯ǃå çßƓƽḧǄǃ ƗƶɁïǕå èƓ Ǆˠ˯˸ǃå

 Ɨ ǆ˦˻ǃå èƓ Ǆ˸ƶǃå ƴǆ úïƓ˶˸ǃå ɊɁï ǏǄƵ ˗ƵƓ˴ƙ Ǒ˯ǃå èƓǆ˦Ǆƶ˸ǃå Ɨ˸ˢǈá ˥ǆ Ɨɜ ˵Ⱥ
 ÜƗǌƞ ˥ǆ Ɨǆ˗˳ǃå ǏǄƵ ý˦˶˲ǃå ǑƼ ÿƓɜǆ ɏá ˥ǆā ˕ƿā ɏá ǑƼ ˥˻˴ƼƓ˹˸ǃåā ˥˻ǄǆƓƶ˯˸ǃå
 Ɨǌƞ ˥ǆ èåïå̇ ǀǃå îƓ˳ƙå ǑƼ ú̇ ˶˸ǃå Ɠǋ˗˸˯ƶȻ Ǒ˯ǃå èƓǆ˦Ǆƶ˸ǃå ǏǄƵ ý˦˶˲ǃå ǑƼā

ǚƤ ˥ǆ èǙƓ˶ƙǙåā èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀ˯ǃ úïƓ˶˸ǃå Ǒ˹ˮƙ ÿîã ÜƗ ǈƓƛ ɉƓ˵˹ǃå ˦˲ǈ Ɠǌǌƞ˦ƙ ý
 ˝ƑƓ˶˳ǃå ˥ǆ í˗Ƶ ɖ˻ǀ˲ƙ ǏǄƵ Ɠǋ˗ƵƓƪ ÜǊ˹ǆ Ǒǈā˙˯ḧǃǗå ƗƮƓƤā ˗ƶȺ ˥Ƶ ǑƼ̇ ˶˸ǃå

ǑǄǒ Ɠ˸ ʼ Ɠǌƞåïíã ˥ɜ˸Ȼ]32:[  
-  : ƕɀîä̠ ˶˭ƨǗä ˗˴˷Ƴ 
-  ˙ɂ̇ ˲ƙ ˥ǆ ˗ƶȺ ˥Ƶ Ɨ ʼ̇ ˶˸ǃå èå˦˹ǀǃå ˥ɜ˸ƙ ýǚƤ ˥ǆ Ɨ ƮƓ˳ǃå ǉ˘ǋ ˙ǌˢƙ

 Ɇ˸ƶǃå ɖ˻ǀ˲ƙ Ɨ ǈƓɜǆɀā ÿƓǆ̊ ǃåā ÿƓɜ˸ǃå í˦˻ƿ ˥ǆ Ɇ˻˸ƶǃå ˤƑå˗ǃå24 ƓƪƗƵ /24 ƓƪƗƵ 
ā7/7 .þ˦ǒ 
-  : ƕǄ˕˱ǁä Þäìà Ǐƺ ƕƳ̠ ˲ǁä 
  āá Ɨ˹ǆ̊ǃå í˦˻ǀǃå í˦ƞā ÿā̠ƕ Ɨ̓̇ ˶˸ ǃå èƓǆ̠˳ ǃå ǏǄƵ ý˦˶ ǃ˲å ǑƼ ˥˻ǄǆƓƶ˯˸ǃå Ɨ̋ï ÿã

 Ǒ˹ˮƙ ÿá Ɍơǚǈ å̆ǃ Ü̇Ƥá ǏǄƵ ú̇ ǆ˶ û˦ƽƙ ð̇ƙˮ Ǒ˯ǃå èå̊˸˻ǃå ʕǋá ̠ơá ̇ˮ ƶ˯ƙ ƗǈƓɜ˸ǃå
ǆ ˗ƕ Ǚ Ɨ ˸˯ơ Ơ Ʈá ˗ƶȺ ˥Ƶ ǑƼ̇ ˶˸ǃå ɉƓ˵˹ǃå Ɨƿ˗ǃåā ƗƵ̇ ˴ǃå ɆǆƓƶǃ Ɠǋ̇ ˻Ƽ˦˯ǃ Ɨ˱ ˯ǈ Ɠǌ˹

 Ɇ˸ƶǃå ˔˱Ȼ ç̊ ˻˸ǃå ǉ˘ǋ ǏǄƵ ƗˢƼƓ˲ǆ úïƓ˶˸ǃå Ǐǀ ƙ Ǐ˯ơā ÜƗǆ˗˳ǃå ǏǄƵ ý˦˶˲ǃå ǑƼ
 ú˗ǌƕ Üˣǃî ǑƼ ƗǄ˸ƶ˯˴˸ǃå ˤˢ˹ǃåā ç̊ ǌƞǕå ÜɆƑƓƪ˦ǃå ɄǄ˯˳ǆ ˙ɂ˦ˠƙ ǏǄƵ ˙˸˯˴˸ǃå

 .Ɨǆ˗˳ǃå ǏǄƵ ý˦˶˲Ǆǃ Ɇǀ˹˯ǃåā ïƓˢ˯ǈǙå ˙˻ƕå˦˟ ǏǄƵ ßƓ˷ǀǃå 
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-  : ƕƻǂḥ˭ǁä 
 Ü˥˻˴ƼƓ˹˸ǃå ïƓƶƪá ˥Ƶ Ɇǀƙ ïƓƶƪƋȺ Ɨ ʼ̇ ˶ǆ èƓǆ˗Ƥ ô̇ Ƶ ˦ǋ ˙˶˹ƶǃå å˘ǋ ñƓƪá
 ǑƼ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ˕˸ǋƓƪ ˗ǀǃā Üú̇ ˶˸Ǆǃ Ɨ ʾ˦˴ǃå Ɨ˶˲ǃå çíƓɂð ǏǄƵ ˗ƵƓ˴Ȼ å˘ǋā
 ˝ Ǆǀƙ ˣǃî ǏǄƵ ýƓ˰ǆ ˙˻Ƥā ÜƗǆ˗˳ǃå ˙˻Ƽ˦ƙ ǑƼ Ɨɂïā˙˷ǃå ˙˻ƹ ˃ɂïƓ˶˸ǃå ˝ Ǆǀƙ

ýå˦ǆǕå Ɇɂ˦˲ƙ ˃ɂïƓ˶ǆ å˘Ḫā ÜûåïāǕƓȺ ɆǆƓƶ˯ǃå ˤ˱ơ  ƗƮƓƤ ÜæƓ˴ơ Ǐǃã æƓ˴ơ ˥ǆ
 .ú̇ ˶ǆ ˥ǆ ˙˰ǂá ǑƼ ˤ˯ƙ Ǒ˯ǃå Ɨ ǃƓ˸ǃå èƓ Ǆ˸ƶǃå ƗǃƓơ ǑƼ 

- : ìîäˤ˶ǂǁ ˕˹˯ǁä üǘƸ˭ƨǗä 
- ɆƑƓƪ˦ǃ Ɠǋ̇ ˻Ƽ˦ƙ ýǚƤ ˥ǆ íïå˦˸Ǆǃ ˗˻˱ǃå ýǚƺ˯ƪǙå ɖ˻ǀ˲ƙ ǑƼ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ˤǋƓ˴ƙ

 ˦ ǆǕå ˃ ˡ˦ƙ ǑƼ ç˗˻Ƭ̇ ǃå èåïå̇ ǀǃå ǏǄƵ ý˦˶˲Ǆǃ Ɠǌ˯˱ǃƓƶǆā èƓǆ˦Ǆƶ˸ǃå ƴ˸ƞ èåāíáā .ýå 
- : ƕ ʺ˗˴˶ǁä ƕǄ˕˱ǁä ˣ˹˲˰Ɨ 
  èåï˦ˠ˯ǃå ˔ǂå˦˸ǃåā ˗ǒ˗˱ǃå ˥Ƶ Ɠ˸Ƒåí úïƓ˶˸ǃå ƴǆ ˥˻ǄǆƓƶ˯˸ǃå èƓ˭Ƽ ˔Ǆƹá ˖˲ ƙ

 èƓǆ˗˳ǃå ƗƮƓƤā èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ Ɲǆí ǏǄƵ ˕Ǆ˸Ƶ úïƓ˶˸ǃå ˗˱ǈ å˘ǃ Üç̇ ƮƓƶ˸ǃå
 Ɨǆ˗˳ǃå ˥˻˴˲ƙ ñƓƪá ÿǕ ÜƓǌƙƓǆ˗Ƥ ˥˻˴˲ƙ ǑƼ ç̇ ˻ˮḪ Ɨƞï˗ƕ Ɠǌƙ˗ƵƓƪ Ǒ˯ǃå Ɨ ǈā˙˯ḧǃǗå

Ɠ Ƭã ˦ǋ ˥˻˴˲ƙ ǑƼ ïå̇ ˸˯ƪǙå ǑǃƓ˯ǃƓɁā Ɇ˻˸ƶǄǃ Ɨ ˹˸˷ǃåā ç̇ ǋƓˢǃå èƓƶƿ˦˯ǃåā èƓƞƓ˲ǃå ÷
 ǑƼ û˦ƽƙ ǏǄƵ ý˦˶˲ ǃå ʕƛ ˥ǆā ˥Ǆ˻ǆƓƶ˯˸ǃå Ɨǀƛ ̝ ḧ˴ǃ ɏïā̇ư ̇˶ Ƶ˹ ̇ˮ ƶ˯Ȼ èƓǆ̠˳ ǃå

Ɇɂ˦ˠǃåā ˙˻˶ǀǃå ˗ǆǕå.  

 ƑˮǁƑƙ-ƕ ǆä˕˹˶ǁä ƕƨäî˕ǁä: 
м- : Ƒ ˬ˹ǁ Ǐƺ ƕɀîƑ˯˭ǁä ùîƑ˴˶ǁä ǍǂƳ æ˖ˬǆ 

ǃå ƗɂïƓ˱˯ǃå úïƓ˶˸ǃå í˗Ƶ ƸǄƕ) Ɠ ˮ˻ǃ ǑƼ ƗǄǆƓƶ16 í˗Ƶ Ǐǃã ƗƼƓưã ƓƼ̇ ˶ǆ (520  ƓƵ̇ Ƽ
) þƓƶǃå ƗȻƓǌǈ Ǐ˯ơ Ü Ɠǌǃ ƗƶȺƓƙ ƗǃƓḪāā2014 Ǐǃã ƗɂïƓ˱˯ǃå úïƓ˶˸ǃå ˤ˴ǀ˹ƙā Ü (þ

 ɎïƓ˲˶ ǃåā ç̠ơ˦ǃåā ɏïƓ˱˯ǃåā Ɨɂï˦ǌ˸˱ ǃå : Ǒǋā ƗǆƓƵ ƗḧǄǆ èåî ç̇ˮ˻Ḫ ƗɂïƓ˱ƙ úïƓ˶ǆ
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 óƓ˳ǃå ÷ƓˠǀǄǃ ƗƶȺƓƙ úïƓ˶˸ǃå ǑƿƓȺ ÿá ˥˻ơ ǑƼ Ü Ɠ ʿɂ̇ Ƽá ýƓ˸Ƭā ˞ƶȺ ˕ǄƤí ˗ƿā Ü
 ƗḧǄ˸ǃå û˦ǀơ ǑƼ Ɨˮƞ˹áā ƗɁ̇Ƶ úïƓ˶ǆ ƴǆ Ɨ˱ ƙå̇˯ƪã Ɨǂå̇Ƭ ǑƼ ç̇ˮ˻ḧǃå úïƓ˶ ǃ˸å

 Ü ɏ̊Ḫ̇˸ǃå Ɠˮ˻ǃ ̇˶ ǆ èƓǈƓƕ).ƗḧǄ˸ǃå2014 ó:þ3 .( 

2-: þƑ ˬ˭ƨǗä æîƑ˶˭ƨä ˢ ˶˴Ɨ 
  ˔ǈƓ˱ǃå ˥ǆ ǊƮǚ˳˯ƪå ˤƙ Ɠǆ ýǚƤ ˥ǆ ǑƑ˗ˮǆ Ɇɜ˵Ⱥ ÿƓ ˮ˯ƪǙå çïƓ˸˯ƪå ˤ ˸˶ƙ ˤƙ ˗ǀǃ

 Ǐǃã ÿƓˮ˯ƪǙå çïƓ˸˯ƪå ʕ ǀ˴ƙ çïā̇ư ̟ơƓǃå Ɏ̇ɂā Ɨƪåï̠ǃå ǉ̠ǌǃ ɏ̇ˢ˹ǃå ˕ƪ èƓƵ˦˸˱ǆ
 Ǒǋā ƗǄ˭ƪǕå ˥ǆ Ɨ ˴ ƑïǑƙǙƓḪ :- 

 :ǍǁĀǓä ƕƳʕ ˶˯˶ǁä-  ˤ˷ƙā6  Ü˛˹˱ǃå ÜƗƽ˶ǃå ÜɆ˸ƶǃå ÿƓɜǆ Ɇ˸˵ƙā Ɨ ˶˳Ƭ ƗǄ˭ƪá
å.ç̇ ˮ˳ǃå èå˦˹ƪā ˝˶˳˯ǃå ÜǑ˸Ǆƶǃå Ɇǋ˓˸ǃ 

:ƕ ǆƑˮǁä ƕƳʕ ˶˯˶ǁä- Ɇ˸˵ƙā5 èåïƓ ʸ ɖǄƶ˯ƙ  Ɨ ˸ǋƋȺ Ɨƪåï˗ǃå ƴ˸˯˱ǆ üåïíã Ɏ˗˸Ⱥ ɖ˻ˮˠƙ
ƕ ɚ ˭ƨǘˬǁä çƑƽƑ˞ ǁä ˗ˬƳ çƑǄˤǂƴ˶ǁä ƕ ˷ƾƗ  èƓ˴ƪ˓˸ǃå Ɏ˗ǃ Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå ɖ˻ǀ˲ƙ ǑƼ

Ɨ ˮ˻Ǆǃå Ɨ ʼ̇ ˶˸ǃå 
:ƕˮǁƑˮǁä ƕƳʕ ˶˯˶ǁä-  Ɇ˸˵ƙā4 èåïƓ ʸ ɖǄƶ˯ƙ  Ɨ ˸ǋƋȺ Ɨƪåï˗ǃå ƴ˸˯˱ǆ üåïíã Ɏ˗˸Ⱥ ɖ˻ˮˠƙ

˕ǈ̇ ˯ǈǙå Ɨɜ Ƭ ˙ˮƵ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ.  èƓ˴ƪ˓˸ǃå Ɏ˗ǃ Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå ɖ˻ǀ˲ƙ ǑƼ
Ɨ ˮ˻Ǆǃå Ɨ ʼ̇ ˶˸ǃå 
:ƕƴȸä̠ ǁä ƕƳʕ ˶˯˶ǁä-  Ɇ˸˵ƙā5  èåïƓ ʸɖǄƶ˯ƙ  Ɨ ˸ǋƋȺ Ɨƪåï˗ǃå ƴ˸˯˱ǆ üåïíã Ɏ˗˸Ⱥ ɖ˻ˮˠƙ

ýƓǀ˹ǃå ɄƙƓǌǃåā ɄƙƓǌǃå ˙ˮƵ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ˻ǀ˲ƙ ǑƼ èƓ˴ƪ˓˸ǃå Ɏ˗ǃ Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå ɖ
Ɨ ˮ˻Ǆǃå Ɨ ʼ̇ ˶˸ǃå  Ɏ˦˯˴ǆ ý˦ơ ɖ˻ˮˠƙ 

:ƕ˲ǄƑ˱ǁä ƕƳʕ ˶˯˶ǁä-  Ʉ˶˳ƗĀ6 ǁä Ɍʕ˭˲Ǆ üʕƟ çäîƑʁƕ ˲ƺƑ˷˭ǁä æ̆ ˹˶. 
 ßåï˗ǆā ßåï˗˸ǃå ƴ ˸ƞ ǏǄƵ ÿƓ ˮ˯ƪå çïƓ˸˯ƪå ƴɂð˦˯ƕ ˖ơƓ ǃå þƓƿ Ɇǒ˗ƶ˯ǃå Ɨ Ǆ˸Ƶ ˗ƶɁā

 Ɠ ˮ˻ǃ ǑƼ Ɨ˴ Ƒ̇ ǃå úïƓ˶˸ǃƓȺ þƓ˴ƿǕå ßƓƪâïā èåïåíǗåǏǄƵ ý˦˶˲ǃå ˤƙ ç̇ ˯Ƽ ˗ƶɁā56 
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) ˤƿï ýā˗˱ǃåā Ɇ˻Ǆ˲˯Ǆǃ Ɨ˲ǃƓƮ ÿƓ ˮ˯ƪå çïƓ˸˯ƪå1 ƗƵð˦˸ǃå èåïƓ˸˯ƪǙå í˗Ƶ ˥˻ˮǒ (
 ƗǄƕƓǀǃå èåïƓ˸˯ƪǙå Ɨ ˴ǈā Ǌ ǄƵ Ɇ˶˲˯˸ǃåā èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ.Ɇ˻Ǆ˲˯Ǆǃ 

) ˢƽî üĀ˕Ɯ1Ʉ˹ǂ˰˭ǂǁ ƕǂƓƑƾǁä çäîƑ˶˭ƨǗä ƕ ˲ǆĀ ƕƴƜ˗˭˲˶ǁäĀ ƕƳïˤ˶ǁä çäîƑ˶˭ƨǗä ì˕Ƴ ( 

ù˗˴˶ǁä ä ì˕ƳƕƳïˤ˶ǁä çäîƑ˶˭ƨǗ  çäîƑ˶˭ƨǗä ì˕Ƴ
ƕƴƜ˗˭˲˶ǁä 

 ƕ ˲ǆ
ƲƜ˗˭˲˶ǁä
% 

 ɍîƑ˰˴ ǁä ù̠ Ǆ˴ 10 8 80.00 
ƕɀîˤǊ˶˯ǁä ù˗˴Ǆ 13 11 84.62 
Ƒ ʽɀ˗ƺà üƑ˶ƪ ù˗˴Ǆ 10 7 70.00 
æ˕Ɵˤǁä ù˗˴Ǆ 12 9 75.00 
 ɍîƑ˯˭ǁä ù̠˴˶ǁä 15 13 86.67 
ƕƟäˤǁä ù˗˴Ǆ 10 8 80.00 
öʕ ˶˯˶ǁä 70 56 80.00 
) ˤƿï ýā˗˱ǃå ˥ǆ1(  Ɇ˻Ǆ˲˯Ǆǃ ƗǄƕƓǀǃå èåïƓ˸˯ƪǙå í˗Ƶ Ɨ ˴ǈ ÿá Ɍơǚǈ80%  í˗Ƶ ˥ǆ

.ç̇ ˻ˮḪ Ɨ ˴ǈ Ǒǋā ƗƵð˦˸ǃå èåïƓ˸˯ƪǙå 
:Ƒ ǆƑƙ- ƕƨäî˕ǁä çƑ Ʈ˗ƺ îƑ ˭ƢäĀ çƑǆƑ ˬǁä Ʉ˹ǂ˰Ɨ 
 èåïƓ˸˯ƪå ƴ ˸˱ƙ ˗ƶȺ  èƓǈƓ ˮǃå ˚˻ǆ̇ ƙ ǑƼ Ɨ ˸ƿ̇ ǃå Ɨǀɂ̇ ˠǃå ˖ơƓ ǃå þ˗˳˯ƪå ÿƓ ˮ˯ƪǙå

 Ɠ˸Ḫ èƓȺƓƞǗå ˚˻ǆ̇ ƙ ˤƙ ˖˻ơǑǃƓ˯ǃå ýā˗˱ǃƓȺ ) ˤƿï2(. 

)ˢƽî üĀ˕Ɯ2 ǍǂƳ çƑƜî˕ǁä ƲɀïˤƗ (ǏƨƑ˶˱ǁä ðƑ ʽ˶ǁƑȸ ƕƾǂƴ˭˶ǁä çƑȸƑƜǕä 

ƕȸƑƜǕä  ɔƺäĀà Ǘ
ƑǄƑ˶Ɨ 

ɔƺäĀà Ǘ ˕ǐƑ˰Ǆ ɔƺäĀà  ɔƺäĀà
ƑǄƑ˶Ɨ 

ƕƜî˕ǁä 1 2 3 4 5 
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 ) ˤƿï ýā˗˱ǃå ýǚƤ ˥ǆ2 ) ƗǀƼå˦˸ǃå Ɨƞïí Ɋƪ˦ǆ˯ ÿ˦ɜȻ (3  Ɨƞïí Ɋƪ˦˯ǆ ÿƓḪ åîƎƼ .(
 )˥Ƶ Ɠɂ˦˹ƶǆ ˗ɂ̊ ǒ Ɨ˹˻ƶǃå èåí̇ ƽǆ èƓȺƓƞã3  åîã Ɠǆá .ƗǀƼå˦˸ǃå Ɨƞïí ÷Ɠƽƙïå ǏǄƵ ý˗˻Ƽ (

 )˥Ƶ Ɠɂ˦˹ƶǆ ɆǀȻ Ɨ˹˻ƶǃå èåí̇ ƽǆ èƓȺƓƞã Ɨƞïí Ɋƪ˦˯ǆ ÿƓǂ3 ôƓƽ˳ǈå ǏǄƵ ý˗˻Ƽ ( 
ƓḪ åîã ˥˻ơ ǑƼ Ü ƗǀƼå˦˸ǃå Ɨƞïí Ɠɂ˦˹ƶǆ ɄǄ˯˳ƙ Ǚ Ɨ˹˻ƶǃå èåí̇ ƽǆ èƓȺƓƞã Ɨƞïí Ɋƪ˦˯ǆ ÿ

 ) ˥Ƶ3 ÿá ǏǄƵ ý˗˻Ƽ ( Ɨˠƪ˦˯ǆ ƗǀƼå˦˸ǃå ƗƞïíÛ  ÿƓḪ åîã Ɠǆ ïƓ ˯Ƥå ˤ˯ǒ ú˦ƪ ǑǃƓ˯ǃƓɁā
 ) ˥Ƶ Ɠɂ˦˹ƶǆ ɄǄ˯˳ƙ ƗǀƼå˦˸ǃå Ɨƞïí Ɋƪ˦˯ǆ3  ˚˻ǆ̇ ƙ ˥ǆ ßƓǌ˯ǈǙå ˗ƶɁā .Ǚ þá (

Ɠ ˱ǆ̇ ˮǃå Ɨǆ̊ ơ þå˗˳˯ƪƓȺ Ɨ ǃāǕå èƓǈƓ ˮǃå ýƓƤíã ā èƓȺƓƞǗå ) ç̊ ǋƓ˱ǃå èSPSS (
Statistical Package for Social Science)(  Ɇ˻Ǆ˲ƙ ǑƼ Ɨǆ̊ ˲ǃå ǉ˘ǋ þå˗˳˯ƪå ˤƙ 

 çƑ Ʈ˗ƺ îƑ ˭Ƣää ƕƨäî˕ǁ: 
- :ǍǁĀǓä ƕ Ʈ˗ƻǁä 
- 0  Ɠǌǆ˗˳˯˴Ȼ Ǒ˯ǃå èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ˥˻ƕ Ɨ ƑƓ˶ơã ƗǃǙí èåî ƗƿǚƵ ˗ƞ˦ƙ Ǚ

 Ɨ ǈā˙˯ḧǃǗå Ɨ ɜ ˯ƪǚˮǃå èƓƿƓˠ ǃå ˙ˮƵ ú̇ ˶˸ǃå ā ç̊ ˻˸ǃå ˗˻ƿ úïƓ˶˸Ǆǃ Ɨ ˴ƼƓ˹˯ǃå
˙˶˹ƶǃ ƓǀƼā Ɨƪåï˗ǃå .(ïƓ˸˰˯ƪǙå ǏǄƵ ˗ƑƓƶǃå çíƓɂð) 

 ˥ǆ çïƓ ʸ ɆḪ ǏǄƵ ƗǀƼå˦˸ǃå Ɨƞïí Ɨɂ˦˹ƶǆ ïƓ ˯ƤǙƗǀǄƶ˯˸ǃå èåïƓ ʹǃå ïā˗ƕ  ƕ ˷ƾƗ
çƑǄˤǂƴ˶ǁä ƕ ˲ƺƑ˷˭ǁä æ̆ ˹˶ǁä ɔ˹ƾ˰Ɨ Ǐƺ  ƕ ɚ ˭ƨǘˬǁä çƑƽƑ˞ ǁä ˗ˬƳ þå˗˳˯ƪå ˤƙ îƑ ˭Ƣä
 þʕ Ḩ˲ʕḥǁĀ ) ñƓ ʿ˸ǃå Ɋƪ˦˯ǆ ý˦ơ3) ˤƿï ýā˗˱ǃå ǑƼ Ɠ˸Ḫ ƝƑƓ˯˹ǃå ˕ǈƓḧƼ (10(. 
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) ˢƽî üĀ˕Ɯ10 ǍǂƳ ƕƨäî̞ǁä ƕ˷˹Ƴ çäì̠ƻǄ çƑȸƑƜâ çƑ˞ƨʕ Ǆ˭ üʕƟ þʕ Ḩ˲ʕḥǁĀ îƑ˭Ƣä ƛƏƑ˭ǆ (
ƕƾǂƴ˭˶ǁä çäîƑ ʷǁä  ƕƨäî˕ǁä Ʋ˶˭˯Ǆ ûäîìâ Ɍ˕˶ȸ Ɍʕ˭˲ ȸ˶  çƑƽƑ˞ ǁä ˗ˬƳ çƑǄˤǂƴ˶ǁä ƕ ˷ƾƗ ɔ˹ˬ˞Ɨ
ƕ ɚ ˭ƨǘˬǁä  ɔ˹ƾ˰Ɨ Ǐƺ ǇîĀìĀƕƨäî˕ǁä ˕˹ƽ ùîƑ˴˶ǂǁ ƕ ˲ƺƑ˷˭ǁä æ̆ ˹˶ǁä  

ý æîƑ ʷǁä Ɉƨˤ˭˶ǁä 
 ùä̠ ˰ǆǗä
 ɍîƑ̫ ǁ˶ä 

 ǏƏƑ˴Ɵâ
îƑ ˭ƢǗä 

 ƕǁǗ˕ǁä
ƕȿˤ˲˰˶ǁä 

1  ǑǃǓå úå̇ ˶ǃå ˗ƵƓ˴Ȼ
(ATM)  í˗Ƶ çíƓɂð ǏǄƵ

 ƴǆ ˥˻ǄǆƓƶ˯˸ǃå ßǚ˸ƶǃå
ú̇ ˶˸ǃå 

4.25 .8990 - 5.731 .0000 

2 èƓƿƓˠȺ ú̇ ˶˸ǃå Ơ˹ǆ 
(MasterCard) 
 ǑƼ ˤǌ˴Ȼ ǊƑǚ˸ƶǃ
 ú̇ ˶˸ǃå æƓ˴ǂã
.í˗ƞ ßǚ˸ƶǃ 

4.52 0.539 - 6.662 0.000 

3  ƗƮ̇ ƽǃ ú̇ ˶˸ǃå ˙˻Ƽ˦ƙ
 ǏǄƵ ý˦˶˲ǃå

 ˥ǆ ôā˙ǀǃå èǚ˻ǌ˴ƙ
 èƓƿƓˠ ǃå ýǚƤ

 Ɨ ǈā˙˯ḧǃǗå Ɨ ɜ ˯ƪǚˮǃå
 ßǚ˸ƶǃå ßǙā ˥ǆ ˗ɂ̊ ǒ

.˥˻˻ǃƓ˲ǃå 

4.05 0.840 - 5.603 0.000 

4  ú̇ ˶˸ǃå ˤȻ˗ǀƙ4.11 .7310 - 6.033 0.000 
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ý æîƑ ʷǁä Ɉƨˤ˭˶ǁä 
 ùä̠ ˰ǆǗä
 ɍîƑ̫ ǁ˶ä 

 ǏƏƑ˴Ɵâ
îƑ ˭ƢǗä 

 ƕǁǗ˕ǁä
ƕȿˤ˲˰˶ǁä 

 Ɨ ǈƓ˸˯ƑǙå èǚ˻ǌ˴˯Ǆǃ
 èƓƿƓˠ ǃå ýǚƤ ˥ǆ
 Ɨ ǈā˙˯ḧǃǗå Ɨ ɜ ˯ƪǚˮǃå
 ǑƼ ú̇ ˶˸ǃå ˗ƵƓ˴Ȼ
í˗ƞ ßǚ˸Ƶ æ˘ƞ 

5  èƓǆ˗Ƥ ïƓ˵˯ǈå
 ǑƼ ǑǃǓå úå̇ ˶ǃå
 ˥ǆ ɆǄǀȻ Ɨƶƪåā ɖ˟Ɠ˹ǆ
 þƓơíðǙå ç̇ ǋƓˡ
úïƓ˶˸ǃƓȺ 

4.48 .8310 - 6.207 .0000 

) ˤƿï ýā˗˱ǃå ýǚƤ ˥ǆ10 ) Ɨɂ˦˹ƶ˸ǃå ɏ˦˯˴ǆ ˥ǆ Ɇƿá ƗɁ˦˴˲˸ǃå èǙǙ̠ǃå ÿá Ɍơǚǈ (
0.05 ) ñƓ ʿ˸ǃå Ɋƪ˦˯ǆ ˥Ƶ ˗ɂ̊ ƙ Ɨƪåï˗ǃå Ɨ˹˻Ƶ èåí̇ ƽǆ èƓȺƓƞã èƓˠƪ˦˯ǆā (3 (

 Ɏ˦˯˴˸Ⱥ ƗǀǄƶ˯˸ǃå èåïƓ́ǃå ƴ˸ ǃ˱ Ɨ ɜ ˯ƪǚˮǃå èƓƿƓˠ ǃå ˙ˮƵ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ɖ˻ˮˠƙ .
èåïƓ́ǃå ǉ̆ǋ ǏǄƵ ƗǀƼå˦˸ǃå èƓƞïí ǑƼ ɏ˦ƶ˹ǆ ÷Ɠƽƙïå í˦ƞā ǏǄƵ ý̠ǒ å̆ǌƼ 

 ƗǀǄƶ˯˸ǃå ǏǃāǕå Ɨ ʸ̇ ƽǃå Ɨ ư̇ ƽǃå ïƓ ˯ƤǙā Ɏ˦˯˴˸Ⱥ ý˦ơ Ɨƪåï˗ǃå Ɨ˹˻Ƶ ƗǀƼå˦ǆ  ɖ˻ˮˠƙ
Ɨ ɜ ˯ƪǚˮǃå èƓƿƓˠ ǃå ˙ˮƵ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ  Ɨ˹˻Ƶ èåí̇ ƽǆ èƓȺƓƞã èƓˠƪ˦˯ǆ íƓ˱Ȼã ˤƙ

Ɨ ư̇ ƽǃå ǉ˘ǌƕ ƗǀǄƶ˯˸ǃå èåïƓ ʹǃå ƴ ˸ƞ ǏǄƵ Ɨƪåï˗ǃå Û) ïƓ ˯Ƥå þå˗˳˯ƪåāZ (  ý˦ơ
) ñƓ ʿ˸ǃå Ɋƪ˦˯ǆ3) ˤƿï ýā˗˱ǃƓȺ Ɠ˸Ḫ ƝƑƓ˯˹ǃå ˕ǈƓḧƼ (11 .( 
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) ˢƽî üĀ˕˯ǁä11 )îƑ ˭Ƣä ƛƏƑ˭ǆ (Z  ǍǂƳ ƕƨäî˕ǁä ƕ˷˹Ƴ çäì˗ƻǄ çƑȸƑƜǕ ýƑƴǁä Ɉƨˤ˭˶ǁä üˤƟ (
 Ɍʕ˭˲ ȸ˶ ƕƾǂƴ˭˶ǁä çäîƑ̫ǁä Ʋ˶Ɯ îĀ˕Ɠ ƕƨäî˕ǁä ƕ˷˹Ƴ ƕƾƺäˤǄ çƑǄˤǂƴ˶ǁä ƕ ˷ƾƗ ɔ˹ˬ˞Ɨ  æ̆ ˹˶ǁä Ǐƺ

ùîƑ˴˶ǂǁ ƕ ˲ƺƑ˷˭ǁä ƕ ɚ ˭ƨǘˬǁä çƑƽƑ˞ ǁä ˗ˬƳ  

þƑ ˬǁä 
 Ɉƨˤ˭˶ǁä
ýƑƴǁä 

 ùä̠ ˰ǆǗä
 ɍîƑ̫ ǁ˶ä 

 ǏƏƑ˴Ɵâ
îƑ ˭ƢǗä 

 çƑƜîì
ƕɀ˗˰ǁä 

 ƕǁǗ˕ǁä
ƕȿˤ˲˰˶ǁä 

 Ɍʕ˭˲Ǆ  ƕ ˷ƾƗ ɔ˹ˬ˞Ɨ
 çƑƽƑ˞ ǁä ˗ˬƳ çƑǄˤǂƴ˶ǁä

ƕ ɚ ˭ƨǘˬǁä 
4.2821 .491050 19.539 55 .0000 

) ˤƿï ýā˗˱ǃå ýǚƤ ˥ǆ1) ïƓ ˯ƤǙå ǑƑƓ˶ơã Ɨ˸ ʾ ÿá Ɍơǚǈ (19.539  ƗǃǙ˗ƕ (
 ) ƗɁ˦˴˲ǆ0.000  ) Ɨɂ˦˹ƶ˸ǃå Ɏ˦˯˴ǆ ˥ǆ Ɇƿá Ǒǋā (0.05  í˦ƞā Ǐǃã ˙˻˵Ȼ å˘ǋā .(
ǑƼ ÷Ɠƽƙïå ý Ɏ˦ƪ˯ Ɨ ɜ ˯ƪǚˮǃå èƓƿƓˠ ǃå ˙ˮƵ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ɖ˻ˮˠƙ :ÿá ˖˻ơ- 

1.  ǑǃǓå úå̇ ˶ǃå ˗ƵƓ˴Ȼ(ATM)  ƴǆ ˥˻ǄǆƓƶ˯˸ǃå ßǚ˸ƶǃå í˗Ƶ çíƓɂð ǏǄƵ
ú̇ ˶˸ǃå 

2. èƓƿƓˠȺ ú̇ ˶˸ǃå Ơ˹ǆ (MasterCard) ˸ƶǃ ú̇ ˶˸ǃå æƓ˴ǂã ǑƼ ˤǌ˴Ȼ ǊƑǚ
.í˗ƞ ßǚ˸ƶǃ 

3.  èƓƿƓˠ ǃå ýǚƤ ˥ǆ ôā˙ǀǃå èǚ˻ǌ˴ƙ ǏǄƵ ý˦˶˲ǃå ƗƮ̇ ƽǃ ú̇ ˶˸ǃå ˙˻Ƽ˦ƙ
.˥˻˻ǃƓ˲ǃå ßǚ˸ƶǃå ßǙā ˥ǆ ˗ɂ̊ ǒ Ɨ ǈā˙˯ḧǃǗå Ɨ ɜ ˯ƪǚˮǃå 

4.  Ɨ ɜ ˯ƪǚˮǃå èƓƿƓˠ ǃå ýǚƤ ˥ǆ Ɨ ǈƓ˸˯ƑǙå èǚ˻ǌ˴˯Ǆǃ ú̇ ˶˸ǃå ˤȻ˗ǀƙ
 ßǚ˸Ƶ æ˘ƞ ǑƼ ú̇ ˶˸ǃå ˗ƵƓ˴Ȼ Ɨ ǈā˙˯ḧǃǗåí˗ƞ 

5.  þƓơíðǙå ç̇ ǋƓˡ ˥ǆ ɆǄǀȻ Ɨƶƪåā ɖ˟Ɠ˹ǆ ǑƼ ǑǃǓå úå̇ ˶ǃå èƓǆ˗Ƥ ïƓ˵˯ǈå
úïƓ˶˸ǃƓȺ. 
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 : ƕ ǆƑˮǁä ƕ Ʈ˗ƻǁä 
- ˗ƞ˦ƙ Ǚ ƗƿǚƵ  Ɠǌǆ˗˳˯˴Ȼ Ǒ˯ǃå èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ˥˻ƕ Ɨ ƑƓ˶ơã ƗǃǙí èåî

˕ǈ̇ ˯ǈǗå Ɨɜ Ƭ ˙ˮƵ ú̇ ˶˸ǃå  Ɨƪåï˗ǃå ˗˻ƿ Ɨ ʼ̇ ˶˸ǃå èƓ˴ƪ˓˸Ǆǃ Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃåā
ƓǀƼā )˙˶˹ƶǃ çíƓɂðā ɆǆƓƶ˯ǃå ˃ ǃƓḧƙ ˞ ʽ˳ƙú̇ ˶˸ǃå ƴǆ ˥˻ǄǆƓƶ˯˸ǃå í˗Ƶ 

 ˥ǆ çïƓ ʸ ɆḪ ǏǄƵ ƗǀƼå˦˸ǃå Ɨƞïí Ɨɂ˦˹ƶǆ ïƓ ˯ƤǙƗǀǄƶ˯˸ǃå èåïƓ ʹǃå  Ɏ˦˯˴˸Ⱥ Ɨ ˹ǀƙ ɖ˻ˮˠƙ
 ˕ǈ̇ ˯ǈǙå Ɨɜ Ƭ ˙ˮƵ èƓǆ˦Ǆƶ˸ǃå ñƓʿ˸ǃå Ɋƪ˦ǆ˯ ý˦ơ ÿ˦ Ḫ˴˦ḧǃā ïƓ˯Ƥå þå̠˳ ƪ˯å ʕƙ

)3) ˤƿï ýā˗˱ǃå ǑƼ Ɠ˸Ḫ ƝƑƓ˯˹ǃå ˕ǈƓḧƼ (12.( 
 î üĀ˕Ɯ) ˢƽ2 ǍǂƳ ƕƨäî̞ǁä ƕ˷˹Ƴ çäì̠ƻǄ çƑȸƑƜâ çƑ˞ƨʕ Ǆ˭ üʕƟ þʕ Ḩ˲ʕḥǁĀ îƑ˭Ƣä ƛƏƑ˭ǆ (

ƕƾǂƴ˭˶ǁä çäîƑ ʷǁä  Ɍʕ˭˲ ȸ˶˓ǆ˗˭ǆǗä ƕɚ ƪ ˗ˬƳ çƑǄˤǂƴ˶ǁä ƕ ˷ƾƗ ɔ˹ˬ˞Ɨ 
ý æîƑ ʷǁä Ɉƨˤ˭˶ǁä  ùä̠ ˰ǆǗä

 ɍîƑ̫ ǁ˶ä 
 ǏƏƑ˴Ɵâ
îƑ ˭ƢǗä 

 ƕǁǗ˕ǁä
ƕȿˤ˲˰˶ǁä 

1  ƕǄ˕˱ǁ ù˗˴˶ǁä ˢȹ˕ƾƗ
 ƕƴɀ˗˲ǁä çǗäˤ˰ǁä /˓ƻɀˤƨ

ï˘ƴȹ  Ǐƺ üĀä˕˭ǁä ˢ˯Ɵ ˣǄ
ù˗˴˶ǁä 

4.32 .6060 - 6.489 .0000 

2  ˕ǐ˕˲Ɨ ƕǄ˕˱ǁ ù˗˴˶ǁä ˢȹ˕ƾƗ
 ÞƑȿ˗ǊḥǁäĀ ÞƑ˶ǁä ˗˹Ɨäˤƺ
 æìƑɀï Ǐƺ ˢǉƑ˲ȹ ɂƗƑǊǁäĀ
 îƑ˶ˮ˭ƨǗä ǍǂƳ ˕ƏƑƴǁä

ù˗˴˶ǂǁ 

4.16 .7810 - 5.900 .0000 

3  ˕˹ˬƨ ƕǄ˕˱ǁ ù˗˴˶ǁä ˢȹ˕ƾƗ
 ñƑǀ(Speed Cash) 
ȹ Þǘ˶ƴǁä ˣǄ ˕ǐ˕ƴǁä Ʋ˯˳

ƲǄ ˣ˹ǂǄƑƴ˭˶ǁä  ùîƑ˴˶ǁä
 üˤ˰˭ǁä ǍǂƳ ƕ˲ƺƑ˷˶ǁä
ù˗˴˶ǁä ƲǄ ɄǄƑƴ˭ǁäĀ 

3.73 .9240 - 4.433 .0000 
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ý æîƑ ʷǁä Ɉƨˤ˭˶ǁä  ùä̠ ˰ǆǗä
 ɍîƑ̫ ǁ˶ä 

 ǏƏƑ˴Ɵâ
îƑ ˭ƢǗä 

 ƕǁǗ˕ǁä
ƕȿˤ˲˰˶ǁä 

4  ƕ ˷ƾƗ çƑƾ ˬ˞ƗçƑǄˤǂƴ˶ǁä 
 ç˕ƳƑƨ ù˗˴˶ǁä ƑǊǄ˕ƾȹ Ǐ˭ǁä
 þʕȿ̆ǁä üʕ Ɵ˴ Ʉ˹Ǌ˲Ɨ Ǐƺ
 ǈƏǗĀ æìƑɀïĀ çƑǄ˕˱ǁä ǍǂƳ

ù˗˴˶ǂǁ 

4.00 0.809 - 5.612 .0000 

) ˤƿï ýā˗˱ǃå ýǚƤ ˥ǆ12 ) Ɨɂ˦˹ƶ˸ǃå ɏ˦˯˴ǆ ˥ǆ Ɇƿá ƗɁ˦˴˲˸ǃå èǙǙ̠ǃå ÿá Ɍơǚǈ (
0.05 ) ñƓ ʿ˸ǃå Ɋƪ˦˯ǆ ˥Ƶ ˗ɂ̊ ƙ Ɨƪåï˗ǃå Ɨ˹˻Ƶ èåí̇ ƽǆ èƓȺƓƞã èƓˠƪ˦˯ǆā (3 (

 èåïƓ ʹǃå ƴ ˸˱ǃƗǀǄƶ˯˸ǃå  Ɏ˦˯˴˸Ⱥ  ý˦ơ Ɨƪåï˗ǃå ƴ˸˯˱ǆ ƗǀƼå˦ǆ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ɖ˻ˮˠƙ
˕ǈ̇ ˯ǈǙå Ɨɜ Ƭ ˙ˮƵ å ˚ɂ̊ ƶƙ ǑƼ ǉïāíāú̇ ˶˸Ǆǃ Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃ í˦ƞā ǏǄƵ ý˗ǒ å˘ǌƼ .

èåïƓ́ǃå ǉ̆ǋ ǏǄƵ ƗǀƼå˦˸ǃå èƓƞïí ǑƼ ɏ˦ƶ˹ǆ ÷Ɠƽƙïå 
ƗǀǄƶ˯˸ǃå Ɨ ǈƓ˰ǃå Ɨ ʸ̇ ƽǃå Ɨ ư̇ ƽǃå ïƓ ˯ƤǙā  Ɏ˦˯˴˸Ⱥ ïāí ǏǄƵ Ɨƪåï˗ǃå Ɨ˹˻Ƶ ƗǀƼå˦ǆ  ɖ˻ˮˠƙ
 ˕ǈ̇ ˯ǈǙå Ɨɜ Ƭ ˙ˮƵ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ Ü Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå ɖ˻ǀ˲ƙ ǑƼ èƓˠƪ˦˯ǆ íƓ˱Ȼã ˤƙ

ȺƓƞãƗ ư̇ ƽǃå ǉ˘ǌƕ ƗǀǄƶ˯˸ǃå èåïƓ ʹǃå ƴ ˸ƞ ǏǄƵ Ɨƪåï˗ǃå Ɨ˹˻Ƶ èåí̇ ƽǆ èƓ Û þå˗˳˯ƪåā
) ïƓ ˯ƤåZ ( ) ñƓ ʿ˸ǃå Ɋƪ˦˯ǆ ý˦ơ3) ˤƿï ýā˗˱ǃƓȺ Ɠ˸Ḫ ƝƑƓ˯˹ǃå ˕ǈƓḧƼ (13 ( 

) ˢƽî üĀ˕˯ǁä13 )îƑ ˭Ƣä ƛƏƑ˭ǆ (Z  ǍǂƳ ƕƨäî˕ǁä ƕ˷˹Ƴ çäì˗ƻǄ çƑȸƑƜǕ ýƑƴǁä Ɉƨˤ˭˶ǁä üˤƟ (
 Ɍʕ˭˲ ȸ˶ ƕƾǂƴ˭˶ǁä çäîƑ̫ǁä Ʋ˶Ɯ˓ǆ˗˭ǆǗä ƕɚ ƪ ˗ˬƳ çƑǄˤǂƴ˶ǁä ƕ ˷ƾƗ ɔ˹ˬ˞Ɨ  Ǐƺ ƑǉîĀìĀ

˲ƺƑ˷˭ǁä æ̆ ˹˶ǁä ɔ˹ƾ˰Ɨƕ 

þƑ ˬǁä 
 Ɉƨˤ˭˶ǁä
ýƑƴǁä 

 ùä̠ ˰ǆǗä
 ɍîƑ̫ ǁ˶ä 

 ǏƏƑ˴Ɵâ
îƑ ˭ƢǗä 

 çƑƜîì
ƕɀ˗˰ǁä 

 ƕǁǗ˕ǁä
ƕȿˤ˲˰˶ǁä 

 Ɍʕ˭˲Ǆ ɔ˹ˬ˞Ɨ ƕ ˷ƾƗ
 ƕɚ ƪ ˗ˬƳ çƑǄˤǂƴ˶ǁä

˓ǆ˗˭ǆǗä 
4.0536 .521610 15.115 55 .0000 
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) ˤƿï ýā˗˱ǃå ýǚƤ ˥ǆ13) ïƓ ˯ƤǙå ǑƑƓ˶ơã Ɨ˸ ʾ ÿá Ɍơǚǈ (15.115  ƗǃǙ˗ƕ (
 ) ƗɁ˦˴˲ǆ0.000  ) Ɨɂ˦˹ƶ˸ǃå Ɏ˦˯˴ǆ ˥ǆ Ɇƿá Ǒǋā (0.05  èƓȺƓƞǗ þƓƶǃå Ɋƪ˦˯˸ǃåā (

) Ɨƪåï˗ǃå Ɨ˹˻Ƶ èåí̇ ƽǆ4.0536 ) ñƓ ʿ˸ǃå Ɋƪ˦˯ǆ ˥Ƶ ˗ɂ̊ ǒ ˦ǋā (3 Ǐǃã ˙˻˵Ȼ å˘ǌƼ Ü(
 Ɏ˦˯˴ǆ ǑƼ ÷Ɠƽƙïå í˦ƞā˕ǈ̇ ˯ǈǙå Ɨɜ Ƭ ˙ˮƵ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ɖ˻ˮˠƙ :ÿá ˖˻ơ- 

1.  ˤ˱ơ ˥ǆ ð˚ƶȻ Ɨƶɂ̇ ˴ǃå èǙå˦˲ǃå /˕ƽɂ˦ƪ Ɨǆ˗˳ǃ ú̇ ˶˸ǃå ˤȻ˗ǀƙ
ú̇ ˶˸ǃå ǑƼ ýāå˗˯ǃå 

ßƓ˸ǃå ˙˻ƙå˦Ƽ ˗ǒ˗˴ƙ Ɨǆ˗˳ǃ ú̇ ˶˸ǃå ˤȻ˗ǀƙ 
2.  ˗ǒ˗˴ƙ Ɨǆ˗˳ǃ ú̇ ˶˸ǃå ˤȻ˗ǀƙ ˤǋƓ˴Ȼ ɄƙƓǌǃåā ßƓɁ̇ ǌḧǃåā ßƓ˸ǃå ˙˻ƙå˦Ƽ

ú̇ ˶˸Ǆǃ ïƓ˸˰˯ƪǙå ǏǄƵ ˗ƑƓƶǃå çíƓɂð ǑƼ 
3.  òƓḪ ˗˻ˮƪ Ɨǆ˗˳ǃ ú̇ ˶˸ǃå ˤȻ˗ǀƙ(Speed Cash) Ȼ ˗ǒ˗ƶǃå ƴ˱˵

 ƴǆ ɆǆƓƶ˯ǃåā ý˦˲˯ǃå ǏǄƵ Ɨ˴ƼƓ˹˸ǃå úïƓ˶˸ǃå ƴǆ ˥˻ǄǆƓƶ˯˸ǃå ßǚ˸ƶǃå ˥ǆ
ú̇ ˶˸ǃå 

4.  Ɇ˻ǌ˴ƙ ǑƼ è˗ƵƓƪ ú̇ ˶˸ǃå Ɠǌǆ˗ǀȻ Ǒ˯ǃå èƓǆ˦ƶ˸ǃå Ɨ ˹ǀƙ èƓǀ ˮˠƙ
ú̇˶˸Ǆǃ ǊƑǙā çíƓɂðā èƓǆ̠˳ǃå ǏǄƵ ÿ˦Ɂ̊ǃå ý˦˶ơ 

- :ƕˮǁƑˮǁä ƕ Ʈ˗ƻǁä 
- èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ˥˻ƕ ƗƿǚƵ ˗ƞ˦ƙ Ǚ  èƓ˴ƪ˓˸Ǆǃ Ɨ ˴ƼƓ˹˯ǃå çï˗ǀǃå ɖ˻ǀ˲ƙā

 Ɨƪåï˗ǃå ˗˻ƿ Ɨ ʼ̇ ˶˸ǃå ýƓǀ˹ǃå ɄƙƓǌǃåā ɄƙƓǌǃå ˙ˮƵ) ˙˶˹ƶǃ ƓǀƼā Ɠǆ ˤȻ˗ǀƙ ǑƼ ˚˻˸˯ǃå
 ˤȻ˗ǀ˯ǃå Ɨǀɂ̇ ˟ úǚ˯Ƥå āá ɄǄ˯˳ǆ ˦ǋ( 

 Ɨɂ˦˹ƶǆ ïƓ ˯ƤǙ ˥ǆ çïƓ ʸ ɆḪ ǏǄƵ ƗǀƼå˦˸ǃå ƗƞïíƗǀǄƶ˯˸ǃå èåïƓ ʹǃå  Ɏ˦˯˴˸Ⱥ  ɖ˻ˮˠƙ Ɨ ˹ǀƙ
 ýƓǀ˹ǃå ɄƙƓǌǃåā ɄƙƓǌǃå ˙ˮƵ èƓǆ˦Ǆƶ˸ǃå Ɋƪ˦ǆ˯ ý˦ơ ÿ˦ Ḫ˴˦ḧǃā ïƓ˯Ƥå þå̠˳ ƪ˯å ʕƙ

 ) ñƓ ʿ˸ǃå3) ˤƿï ýā˗˱ǃå ǑƼ Ɠ˸Ḫ ƝƑƓ˯˹ǃå ˕ǈƓḧƼ (14.( 
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) ˢƽî üĀ˕Ɯ14 ǍǂƳ ƕƨäî̞ǁä ƕ˷˹Ƴ çäì̠ƻǄ çƑȸƑƜâ çƑ˞ƨʕ Ǆ˭ üʕƟ þʕ Ḩ˲ʕḥǁĀ îƑ˭Ƣä ƛƏƑ˭ǆ (
ƕƾǂƴ˭˶ǁä çäîƑ ʷǁä  Ɍʕ˭˲ ȸ˶ îĀ˕Ɠ ƕƨäî˕ǁä ƕ˷˹Ƴ ƕƾƺäˤǄ  ɔ˹ˬ˞Ɨ ɂƗƑǊǁä ˗ˬƳ çƑǄˤǂƴ˶ǁä ƕ ˷ƾƗ
üƑƾ˷ǁä ɂƗƑǊǁäĀ ƕƨäî˕ǁä ˕˹ƽ ùîƑ˴˶ǂǁ ƕ ˲ƺƑ˷˭ǁä æ̆ ˹˶ǁä ɔ˹ƾ˰Ɨ Ǐƺ 

ý æîƑ ʷǁä Ɉƨˤ˭˶ǁä  ùä̠ ˰ǆǗä
Ƒ ʷ˶ǁä ɍî 

îƑ ˭ƢǗä ǏƏƑ˴Ɵâ  ƕǁǗ˕ǁä
ƕȿˤ˲˰˶ǁä 

1  çƑḨ̠ ˰ǁä ƕ˶ƏƑƽ üƑƨîâ
 üǘƢ ˣǄ Þǘ˶ƴǁä åƑ˲˰ǁ
 Ǐƺ ˕ƳƑ˲ȹ üƑƾ˷ǁä ɂƗƑǊǁä
ì˕Ɯ Þǘ˶ƴǁ ù˗˴˶ǁä åƑ˲ǀâ 

4.27 .7740 - 6.143 .0000 

2  îƑƴƨà ù˗˴˶ǁä üƑƨîâ
 üǘƢ ˣǄ çǘ˶ƴǁäĀ ˕Əäˤƻǁä
 Ǎǁâ ɍìˑǐ æ̠ ˹˴ƾǁä ɄƏƑƨ˗ǁä
.ì˕Ɯ Þǘ˶Ƴ å˖Ɯ 

3.89 1.003 - 4.852 .0000 

3  ˣǄ ˡ˷ˬǂǁ ƕ ʽɀˤ˲˭ǁä ƛǄä̠ ˬǁä
 æ̠ ˹˴ƾǁä ɄƏƑƨ̠ ǁä üǘƢ

 æ̆ ˹Ǆ ˡ˷ˬǁä åƑ˲ǀâ Ǐƺ ˢǉƑ˲Ɨ
ƕ ˲ƺƑ˷Ɨ 

4.16 .7080 - 6.132 .0000 

4  üƑƾ˷ǁä ɂƗƑǊǁä ˡ˷ˬǁä ý˕˱˭˲ȹ
 çƑǄ˕˱ǁƑȸ ˁɀ˗ƴ˭ǂǁ ƕǂ˹ƨˤǀ

ƕ ʺ˗˴˶ǁä 
3.91 .9200 - 5.064 .0000 

5  ˣ˹˭˹ǉƑ˷˭˶ǁä ƕƳ̠ ˲ǁäĀ ƕƽ˕ǁä
 ƕǂƨ̠ ˶ǁä çƑǄˤǂƴ˶ǂǁ ˣƏƑȿ̆ ǂǁ

æ̠ ˹˴ƾǁä ɄƏƑƨ̠ ǁä ˗ˬƳ 
3.91 .9400 - 5.034 .0000 

) ˤƿï ýā˗˱ǃå ýǚƤ ˥ǆ14 ) Ɨɂ˦˹ƶ˸ǃå ɏ˦˯˴ǆ ˥ǆ Ɇƿá ƗɁ˦˴˲˸ǃå èǙǙ̠ǃå ÿá Ɍơǚǈ (
0.05 ) ñƓ ʿ˸ǃå Ɋƪ˦˯ǆ ˥Ƶ ˗ɂ̊ ƙ Ɨƪåï˗ǃå Ɨ˹˻Ƶ èåí̇ ƽǆ èƓȺƓƞã èƓˠƪ˦˯ǆā (3 (
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èåïƓ ʹǃå ƴ ˸˱ǃ ƗǀǄƶ˯˸ǃå  Ɏ˦˯˴˸Ⱥ  ɖ˻ˮˠƙ ˙ˮƵ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ɄƙƓǌǃåā ɄƙƓǌǃå
ýƓǀ˹ǃåèåïƓ́ǃå ǉ̆ǋ ǏǄƵ ƗǀƼå˦˸ǃå èƓƞïí ǑƼ ɏ˦ƶ˹ǆ ÷Ɠƽƙïå í˦ƞā ǏǄƵ ý̠ǒ å̆ǌƼ. 

 Ɏ˦˯˴˸Ⱥ ƗǀǄƶ˯˸ǃå Ɨ˰ǃƓ˰ǃå Ɨy ƽ̇ǃå Ɨư̇ƽǃå ïƓ˯ƤǙā Ɨ ˸ǋá ǏǄƵ Ɨƪåï˗ǃå Ɨ˹˻Ƶ ƗǀƼå˦ǆ  ɖ˻ˮˠƙ
˙ˮƵ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ  ˙ˮƵ ƗɂïƓ˱˯ǃå úïƓ˶˸Ǆǃ Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå ɖ˻ǀ˲ƙ ǑƼ ɄƙƓǌǃå

å ɄƙƓǌǃåā ýƓǀ˹ǃ èåïƓ ʹǃå ƴ ˸ƞ ǏǄƵ Ɨƪåï˗ǃå Ɨ˹˻Ƶ èåí̇ ƽǆ èƓȺƓƞã èƓˠƪ˦˯ǆ íƓ˱Ȼã ˤƙ
) ïƓ ˯Ƥå þå˗˳˯ƪåā ÜƗ ư̇ ƽǃå ǉ˘ǌƕ ƗǀǄƶ˯˸ǃåZ ( ) ñƓ ʿ˸ǃå Ɋƪ˦˯ǆ ý˦ơ3 ƝƑƓ˯˹ǃå ˕ǈƓḧƼ (

) ˤƿï ýā˗˱ǃƓȺ Ɠ˸ǂ15.( 
) ˢƽî üĀ˕˯ǁä15 )îƑ ˭Ƣä ƛƏƑ˭ǆ (Z  ƕ˷˹Ƴ çäì˗ƻǄ çƑȸƑƜǕ ýƑƴǁä Ɉƨˤ˭˶ǁä üˤƟ (
˶Ɯ ǍǂƳ ƕƨäî˕ǁä Ɍʕ˭˲ ȸ˶ ƕƾǂƴ˭˶ǁä çäîƑ̫ǁä Ʋ  ɔ˹ˬ˞Ɨ ɂƗƑǊǁä ˗ˬƳ çƑǄˤǂƴ˶ǁä ƕ ˷ƾƗ
üƑƾ˷ǁä ɂƗƑǊǁäĀ  

þƑ ˬǁä 
Ɉƨˤ˭˶ǁä 
ýƑƴǁä 

ùä̠ ˰ǆǗä 
 ɍîƑ̫ ǁ˶ä 

 ǏƏƑ˴Ɵâ
îƑ ˭ƢǗä 

 çƑƜîì
ƕɀ˗˰ǁä 

 ƕǁǗ˕ǁä
ƕȿˤ˲˰˶ǁä 

 Ɍʕ˭˲Ǆ  ɔ˹ˬ˞Ɨ ƕ ˷ƾƗ
 ɂƗƑǊǁä ˗ˬƳ çƑǄˤǂƴ˶ǁä
üƑƾ˷ǁä ɂƗƑǊǁäĀ 

4.0286 .617830 12.458 55 .0000 

ýǚƤ ˥ǆ ) ˤƿï ýā˗˱ǃå15) ïƓ ˯ƤǙå ǑƑƓ˶ơã Ɨ˸ ʾ ÿá Ɍơǚǈ (12.458  ƗǃǙ˗ƕ (
 ) ƗɁ˦˴˲ǆ0.000  ) Ɨɂ˦˹ƶ˸ǃå Ɏ˦˯˴ǆ ˥ǆ Ɇƿá Ǒǋā (0.05  èƓȺƓƞǗ þƓƶǃå Ɋƪ˦˯˸ǃåā (

) Ɨƪåï˗ǃå Ɨ˹˻Ƶ èåí̇ ƽǆ4.0286 ) ñƓ ʿ˸ǃå Ɋƪ˦˯ǆ ˥Ƶ ˗ɂ̊ ǒ ˦ǋā (3 Ǐǃã ˙˻˵Ȼ å˘ǌƼ (
 Ɏ˦˯˴ǆ ǑƼ ÷Ɠƽƙïå í˦ƞā  ɖ˻ˮˠƙ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙýƓǀ˹ǃå ɄƙƓǌǃåā ɄƙƓǌǃå ˙ˮƵ :ÿá ˖˻ơ- 

1.  ǑƼ ˗ƵƓ˴Ȼ ýƓǀ˹ǃå ɄƙƓǌǃå ýǚƤ ˥ǆ ßǚ˸ƶǃå æƓ˴˲ǃ èƓḪ̇ ˲ǃå Ɨ˸ƑƓƿ ýƓƪïã
í˗ƞ ßǚ˸ƶǃ ú̇ ˶˸ǃå æƓ˴ǂã 
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2.  Ǐǃã ɏí˓ǒ ç̇ ˻˶ǀǃå ɆƑƓƪ̇ ǃå ýǚƤ ˥ǆ èǚ˸ƶǃåā ˗Ƒå˦ƽǃå ïƓƶƪá ú̇ ˶˸ǃå ýƓƪïã
.í˗ƞ ßǚ˸Ƶ æ˘ƞ 

3.  ç̇ ˻˶ǀǃå ɆƑƓƪ̇ ǃå ýǚƤ ˥ǆ ˣ˹ˮǄǃ Ɨ ʿɂ˦˴˯ǃå Ɲǆå̇ ˮǃå ˣ˹ˮǃå æƓ˴ǂã ǑƼ ˤǋƓ˴ƙ
Ɨ ˴ƼƓ˹ƙ ç̊ ˻ǆ 

4. Ɨ ʼ̇ ˶˸ǃå èƓǆ˗˳ǃƓȺ ˃ɂ̇ ƶ˯Ǆǃ ƗǄ˻ƪ˦Ḫ ýƓǀ˹ǃå ɄƙƓǌǃå ˣ˹ˮǃå þ˗˳˯˴Ȼ 
5.  ç̇ ˻˶ǀǃå ɆƑƓƪ̇ ǃå ˙ˮƵ ˥ƑƓɁ̊ Ǆǃ ƗǄƪ̇ ˸ǃå èƓǆ˦Ǆƶ˸Ǆǃ ˥˻˯˻ǋƓ˹˯˸ǃå ƗƵ̇ ˴ǃåā Ɨƿ˗ǃå 

1-  ƕǄƑƳ æîʕ ȸ˴ çƑǄʕǂƴ˶ǁä ƕ˷ƾƗ ɔ˹ˬ˞Ɨ Ɍʕ˭˲Ǆ 
 Ɍʕ˭˲ ȸ˶ ƕƾǂƴ˭˶ǁä ƕƮ̠ƻǁä îƑ˭ƢǗ îĀ˕Ɠ ƕƨäî˕ǁä ƕ˷˹Ƴ ˕˹ǐƉƗĀ ƕƾƺäˤǄ  ƕ ˷ƾƗ ɔ˹ˬ˞Ɨ

 ƕǄƑƳ æîˤ˴ȸ çƑǄˤǂƴ˶ǁä ƴ ˸ƞ ǏǄƵ Ɨƪåï˗ǃå Ɨ˹˻Ƶ èåí̇ ƽǆ èƓȺƓƞã èƓˠƪ˦˯ǆ íƓ˱Ȼã ˤƙ
Ɨ ư̇ ƽǃå ǉ˘ǌƕ ƗǀǄƶ˯˸ǃå èåïƓ ʹǃå ) Ǐƺ ƕǂˮ˶˭˶ǁäĀ ̇ˮƵ èƓǆ˦Ǆƶ˸ǃå Ɨ˹ǀƙ ɖ˻ˮ ƙɣ Ɏ˦˯˴ǆ

Ɨ ɜ ˯ƪǚˮǃå èƓƿƓˠ ǃå ÛǗå ƗƬ ̇ Ƶˮ èƓǆ˦Ǆƶ˸ǃå Ɨ˹ǀƙ ɖ˻ˮ ƙɣ Ɏ˦˯˴ǆ Ɏ˦˯˴ǆā ̞ ǈ̇˯ǈ
 ˙ˮƵ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ɖ˻ˮˠƙɄƙƓǌǃå ) ïƓ ˯Ƥå þå˗˳˯ƪåā( ýƓǀ˹ǃå ɄƙƓǌǃåāZ (  ý˦ơ

) ñƓ ʿ˸ǃå Ɋƪ˦˯ǆ3) ˤƿï ýā˗˱ǃƓȺ Ɠ˸Ḫ ƝƑƓ˯˹ǃå ˕ǈƓḧƼ (16(.  
) ˢƽî üĀ˕˯ǁä16 )îƑ ˭Ƣä ƛƏƑ˭ǆ (Z  ǍǂƳ ƕƨäî˕ǁä ƕ˷˹Ƴ çäì˗ƻǄ çƑȸƑƜǕ ýƑƴǁä Ɉƨˤ˭˶ǁä üˤƟ (

 Ɍʕ˭˲ ȸ˶ ƕƾǂƴ˭˶ǁä çäîƑ̫ǁä Ʋ˶Ɯ ƕǄƑƳ æîˤ˴ȸ çƑǄˤǂƴ˶ǁä ƕ ˷ƾƗ ɔ˹ˬ˞Ɨ 

þƑ ˬǁä 
 Ɉƨˤ˭˶ǁä
ýƑƴǁä 

 ùä̠ ˰ǆǗä
 ɍîƑ̫ ǁ˶ä 

 ǏƏƑ˴Ɵâ
îƑ ˭ƢǗä 

ƕɀ˗˰ǁä çƑƜîì 
 ƕǁǗ˕ǁä
ƕȿˤ˲˰˶ǁä 

 ƕ˷ƾƗ ɔ˹ˬ˞Ɨ Ɍʕ˭˲Ǆ
ƕǄƑƳ æîˤ˴ȸ çƑǄˤǂƴ˶ǁä 

4.1263 .433730 19.432 55 .0000 

) ˤƿï ýā˗˱ǃå ýǚƤ ˥ǆ16) ïƓ ˯ƤǙå ǑƑƓ˶ơã Ɨ˸ ʾ ÿá Ɍơǚǈ (19.432 ƗǃǙ˗ƕ (
 ) ƗɁ˦˴˲ǆ0.000  ) Ɨɂ˦˹ƶ˸ǃå Ɏ˦˯˴ǆ ˥ǆ Ɇƿá Ǒǋā (0.05  èƓȺƓƞǗ þƓƶǃå Ɋƪ˦˯˸ǃåā (
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) Ɨƪåï˗ǃå Ɨ˹˻Ƶ èåí̇ ƽǆ4.1263) ñƓ ʿ˸ǃå Ɋƪ˦˯ǆ ˥Ƶ ˗ɂ̊ ǒ ˦ǋā (3 Ǐǃã ˙˻˵Ȼ å˘ǌƼ (
:ÿá ̟ ơ˻ ƗǆƓƵ çï˦˶ Ⱥ èƓǆ˦Ǆƶ˸ǃå Ɨ˹ǀƙ ɖ˻ˮ ƙɣ Ɏ˦˯˴˸Ⱥ ǑƼ ÷Ɠƽƙïå í˦ƞā- 

1 Ɏ˦˯˴ǆ ǑƼ ÷Ɠƽƙïå üƓ˹ǋ.ç̊ ˻˸ǃå ɖ˻ǀ˲ƙ  ˗˹Ƶ ƗɂïƓ˱˯ǃå úïƓ˶˸Ǆǃ Ɨ ˴ƼƓ˹˯ǃå Ɨ ˹ǀƙ ɖ˻ˮˠƙ
Ɨ ɜ ˯ƪǚˮǃå èƓƿƓˠ ǃå ˙ˮƵ èƓǆ˦Ǆƶ˸ǃå 

2 Ɏ˦˯˴ǆ ǑƼ ÷Ɠƽƙïå üƓ˹ǋ.. ïā˗ƕ Ɨƪåï˗ǃå Ɨ˹˻Ƶ ƗǀƼå˦ǆ  èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ɖ˻ˮˠƙ ǑƼ
 Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå ɖ˻ǀ˲ƙ ˕ǈ̇ ˯ǈǗå Ɨ Ƭ ˙ˮƵ 

3 Ɏ˦˯˴ǆ ǑƼ ÷Ɠƽƙïå üƓ˹ǋ.. ïā˗ǃ Ɨƪåï˗ǃå Ɨ˹˻Ƶ ˗˻ǒƋƙ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ɖ˻ˮˠƙ  ɖ˻ǀ˲ƙ ǑƼ
Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå  ˙ˮƵɄƙƓǌǃå ýƓǀ˹ǃå ɄƙƓǌǃåā 

-  : ƕƴȸä̠ ǁä ƕ Ʈ˗ƻǁä ƕ˲ ƺƑ˷˭ǁä æî̞ƾǁä ̆ɀ̆ƴƗ Ɍʕ˭˲Ǆ 
 ˥ǆ çïƓ ʸ ɆḪ ǏǄƵ ƗǀƼå˦˸ǃå Ɨƞïí Ɨɂ˦˹ƶǆ ïƓ ˯ƤǙƗǀǄƶ˯˸ǃå èåïƓ ʹǃå  çï̠ǀǃå ̊ɂ̊ƶƙ Ɏ˦˯˴˸Ⱥ

å Ɋƪ˦ǆ˯ ý˦ơ ÿ˦ Ḫ˴˦ḧǃā ïƓ˯Ƥå þå̠˳ ƪ˯å ʕƙ Ɨ˴ƼƓ˹˯ǃå ) ñƓ ʿ˸ǃ3 Ɠ˸Ḫ ƝƑƓ˯˹ǃå ˕ǈƓḧƼ (
) ˤƿï ýā˗˱ǃå ǑƼ17 Ü( 

) ˢƽî üĀ˕Ɯ17 ǍǂƳ ƕƨäî̞ǁä ƕ˷˹Ƴ çäì̠ƻǄ çƑȸƑƜâ çƑ˞ƨʕ Ǆ˭ üʕƟ þʕ Ḩ˲ʕḥǁĀ îƑ˭Ƣä ƛƏƑ˭ǆ (
ƕƾǂƴ˭˶ǁä çäîƑ ʷǁä ǁä ̆ɀ̆ƴƗ Ɍʕ˭˲ ȸ˶ æ̆ ˹˶ƕ ˲ƺƑ˷˭ǁä 

ý æîƑ ʷǁä Ɉƨˤ˭˶ǁä 
 ùä̠ ˰ǆǗä
 ɍîƑ̫ ǁ˶ä 

 ǏƏƑ˴Ɵâ
îƑ ˭ƢǗä 

 ƕǁǗ˕ǁä
ƕȿˤ˲˰˶ǁä 

1 
 æìƑɀï Ā üĀä˕˭ǁä ˢ˯Ɵ êƑȿîǓä ˤ˶ǆ

ƕɀˤ˷˲ǁä 
4.27 .646 - 6.365 .000 

2 
 ù˗˴˶ǂǁ ƕ ʼˤ˲ǁä ƕ˴˰ǁä ˤ˶ǆ
.æ˕ǐ˕Ɯ úäˤƨà ùä˕Ǌ˭ƨäĀ 

4.11 .755 - 5.956 .000 

3  Ǐƺ ƕ˲ƺƑ˷˶ǁä ǍǂƳ ù˗˴˶ǁä æî˕ƽ3.82 .855 - 4.971 .000 



 

ϸϹЛЮϜ  19Volume  

 ϽϠнϧЪϜ 2019 October  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   оф 

 
 

ý æîƑ ʷǁä Ɉƨˤ˭˶ǁä 
 ùä̠ ˰ǆǗä
 ɍîƑ̫ ǁ˶ä 

 ǏƏƑ˴Ɵâ
îƑ ˭ƢǗä 

 ƕǁǗ˕ǁä
ƕȿˤ˲˰˶ǁä 

.ƕȿ̠ƴǁäĀ ƕǂ˰˶ǁä úʕ ǁ˲ä 

4 
 çƑǄˤǂƴ˶ǁä ƕ ˷ƾƗ çƑƾ ˬ˞Ɨ öʕ ˷ƗĀ ì˕ƴƗ

 ƑǊǄ˕ƾȹ Ǐ˭ǁäù˗˴˶ǁä 
3.91 .745 - 5.689 .000 

5 ù˗˴˶ǁä Ǐƺ ƕɀ˗˳ ǁä ìîäˤ˶ǁä æÞƑƻǀ 4.32 .876 - 5.828 .000 

6 
 ƕ ƓƑ˯ȹǕä ƕƽˤ˞˷˶ǁä ƕ˶ǂḥǁäworld 

of mouth  ù˗˴˶ǁä ˣƳ Ǐƺ
ƕ ˶ ǂƽǕäĀ ƕ ǂ˰˶ǁä úäˤƨǓä 

3.57 .970 - 3.504 .000 

) ˤƿï ýā˗˱ǃå ýǚƤ ˥ǆ17 ) Ɨɂ˦˹ƶ˸ǃå ɏ˦˯˴ǆ ˥ǆ Ɇƿá ƗɁ˦˴˲˸ǃå èǙǙ̠ǃå ÿá Ɍơǚǈ (
0.05 ) ñƓ ʿ˸ǃå Ɋƪ˦˯ǆ ˥Ƶ ˗ɂ̊ ƙ Ɨƪåï˗ǃå Ɨ˹˻Ƶ èåí̇ ƽǆ èƓȺƓƞã èƓˠƪ˦˯ǆā (3 (

 èåïƓ ʹǃå ƴ ˸˱ǃƗǀǄƶ˯˸ǃå  Ɨ˴ƼƓ˹˯ǃå çï̠ǀǃå ̊ɂ̊ƶƙ Ɏ˦˯˴˸Ⱥ 
ǃå ̊ɂ̊ƶƙ Ɏ˦˯˴˸Ⱥ ƗǀǄƶ˯˸ǃå Ɨy ƽ̇ǃå Ɨư̇ƽǃå ïƓ˯ƤǙā ç̊ ˻˸ èƓˠƪ˦˯ǆ íƓ˱Ȼã ˤƙ Ɨ ˴ƼƓ˹˯ǃå

Ɨ ư̇ ƽǃå ǉ˘ǌƕ ƗǀǄƶ˯˸ǃå èåïƓ ʹǃå ƴ ˸ƞ ǏǄƵ Ɨƪåï˗ǃå Ɨ˹˻Ƶ èåí̇ ƽǆ èƓȺƓƞã Û þå˗˳˯ƪåā
) ïƓ ˯ƤåZ ( ) ñƓ ʿ˸ǃå Ɋƪ˦˯ǆ ý˦ơ3) ˤƿï ýā˗˱ǃƓȺ Ɠ˸Ḫ ƝƑƓ˯˹ǃå ˕ǈƓḧƼ (17 Ü( 

) ˢƽî üĀ˕˯ǁä17 )îƑ ˭Ƣä ƛƏƑ˭ǆ (Z Ƴ ƕƨäî˕ǁä ƕ˷˹Ƴ çäì˗ƻǄ çƑȸƑƜǕ ýƑƴǁä Ɉƨˤ˭˶ǁä üˤƟ ( Ǎǂ
ǁä ̆ɀ̆ƴƗ Ɍʕ˭˲ ȸ˶ ƕƾǂƴ˭˶ǁä çäîƑ̫ǁä Ʋ˶Ɯ æ̆ ˹˶ƕ ˲ƺƑ˷˭ǁä 

þƑ ˬǁä 
 Ɉƨˤ˭˶ǁä
ýƑƴǁä 

 ùä̠ ˰ǆǗä
 ɍîƑ̫ ǁ˶ä 

 ǏƏƑ˴Ɵâ
îƑ ˭ƢǗä 

 çƑƜîì
ƕɀ˗˰ǁä 

 ƕǁǗ˕ǁä
ƕȿˤ˲˰˶ǁä 

 ̆ɀ̆ƴƗ Ɍʕ˭˲Ǆ
ƕ ˲ƺƑ˷˭ǁä æî˕ƾǁä 

4.000 .54680 13.686 55 .0000 
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) ˤƿï ýā˗˱ǃå ýǚƤ ˥ǆ17) ïƓ ˯ƤǙå ǑƑƓ˶ơã Ɨ˸ ʾ ÿá Ɍơǚǈ (13.686  ƗǃǙ˗ƕ (
 ) ƗɁ˦˴˲ǆ0.000  ) Ɨɂ˦˹ƶ˸ǃå Ɏ˦˯˴ǆ ˥ǆ Ɇƿá Ǒǋā (0.05  èƓȺƓƞǗ þƓƶǃå Ɋƪ˦˯˸ǃåā (

) Ɨƪåï˗ǃå Ɨ˹˻Ƶ èåí̇ ƽǆ4.0000 ) ñƓ ʿ˸ǃå Ɋƪ˦˯ǆ ˥Ƶ ˗ɂ̊ ǒ ˦ǋā (3 Ǐǃã ˙˻˵Ȼ å˘ǌƼ (
 ǑƼ ÷Ɠƽƙïå í˦ƞāǁä ̆ɀ̆ƴƗ Ɍʕ˭˲ ȸ˶æ̆ ˹˶  ƕ ˲ƺƑ˷˭ǁäƗƪåï˗ǃå ˗˻ƿ èƓ˴ƪ˓˸Ǆǃ 

Ƒƴȸäî- çƑ Ƭˤ˭ǁäĀ ƛƏƑ˭˷ǁä 

1-  ƛƏƑ˭˷ǁä 
ơƓ ǃå Ɠǌ˻ǃã ɆƮ˦ƙ Ǒ˯ǃå ƝƑƓ˯˹ǃå ýǚƤ ˥ǆ ̟ƓǀƼā Ɨ˹˻ˮ˸ǃåā  Ɨƪåï˗ǃå èƓ ư̇ Ƽ Ɇ˻Ǆ˲ƙ ƝƑƓ˯˹ǃ

: ǑǄǒ Ɠǆ ˥˻ˮƙ ˗ǀƼ Ü 
1-  Ɏ˦˯˴ǆ ǑƼ ÷Ɠƽƙïå ̠ƞ˦ǒ ïāí ǏǄƵ Ɨƪåï˗ǃå Ɨ˹˻Ƶ ƗǀƼå˦ǆ  Ɨ ˹ǀƙ ɖ˻ˮˠƙ

 èƓǆ˦Ǆƶ˸ǃå ˥ɜ˸ɂā Ü Ɨ ˮ˻Ǆǃå Ɨ ʼ̇ ˶˸ǃå èƓ˴ƪ˓˸Ǆǃ Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå ˚ɂ̊ ƶƙ ǑƼ
ǑƼ ˣǃî ëƓ˷Ȼã  Ɨ ǃƓ˯ǃå ɉƓǀ˹ǃå:- 

-  èƓǆ˦Ǆƶ˸ǃå Ɨ˹ǀƙ ɖ˻ˮ ƙɣ Ɏ˦˯˴˸ǃ ƗƑƓ˶ơã ƗǃǙí āî (̝ƞ˦ǆ) ɏí̇˟ ïāí ̠ƞ˦ǒ
ǃå ̊ ɂ̊ƶƙ Ɏ˦˯˴ǆ ǏǄƵ Ɨɜ˯ƪǚˮǃå èƓƿƓɣǃå ̇ Ƶˮç̊ ˻˸ Ɨ ˴ƼƓ˹˯ǃå  èƓ˴ƪ˓˸Ǆǃ

ÜƗ ʼ̇ ˶˸ǃå ÿá ˖˻ơ33.87%  í˦ƶȻ Ɨ˴ƼƓ˹˯ǃå çï̠ǀǃå ̊ɂ̊ƶƙ Ɏ˦˯˴ǆ ǑƼ ̇ƺ˻˯ǃå ˥ǆ
å Ɨ˹ǀƙ ɖ˻ˮ ƙɣ Ɏ˦˯˴ǆ ǑƼ ̇ ƺ˻˯ǃå Ǐǃã ˤǃ åîã Ɨ ɜ ˯ƪǚˮǃå èƓƿƓˠ ǃå ˙ˮƵ èƓǆ˦Ǆƶ˸ǃ

 ̇ˮƵ èƓǆ˦Ǆƶ˸ǃå Ɨ˹ǀƙ ɖ˻ˮ ƙɣ Ɏ˦˯˴˸Ⱥ Ǚã Ɨ˴ƼƓ˹˯ǃå çï̠ǀǃå ̊ɂ̊ƶƙ Ɏ˦˯˴ǆ ̇ƛƋ˯ǒ
 Ɨ ɜ ˯ƪǚˮǃå èƓƿƓˠ ǃå 

-  èƓǆ˦Ǆƶ˸ǃå Ɨ˹ǀƙ ɖ˻ˮ ƙɣ Ɏ˦˯˴˸ǃ ƗƑƓ˶ơã ƗǃǙí āî (̝ƞ˦ǆ) ɏí̇˟ ïāí ̠ƞ˦ǒ
˖˻ơ Ɨ˴ƼƓ˹˯ǃå çï̠ǀǃå ̊ɂ̊ƶƙ Ɏ˦˯˴ǆ ǏǄƵ ̞ǈ̇˯ǈǗå ƗɜƬ ̇Ƶˮ  ÿá21.16%  ˥ǆ

 Ɨ˹ǀƙ ɖ˻ˮ ƙɣ Ɏ˦˯˴ǆ ǑƼ ̇ƺ˻˯ǃå Ǐǃã í˦ƶȻ Ɨ˴ƼƓ˹˯ǃå çï̠ǀǃå ̊ɂ̊ƶƙ Ɏ˦˯˴ǆ ǑƼ ̇ƺ˻˯ǃå
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 Ǚã Ɨ˴ƼƓ˹˯ǃå çï̠ǀǃå ̊ɂ̊ƶƙ Ɏ˦˯˴ǆ ̇ƛƋ˯ǒ ʕǃ åîã ̞ ǈ̇˯ǈǗå ƗɜƬ ̇ Ƶˮ èƓǆ˦Ǆƶ˸ǃå
 .̞ǈ̇˯ǈǗå ƗɜƬ ̇ˮƵ èƓǆ˦Ǆƶ˸ǃå Ɨ˹ǀƙ ɖ˻ˮ ƙɣ Ɏ˦˯˴˸Ⱥ 

-  ˦ ˯˴˸ǃ Ɨ ƑƓ˶ơã ƗǃǙí āî (˔ƞ˦ǆ) ɏí̇ ˟ ïāí ˗ƞ˦ǒ èƓǆ˦Ǆƶ˸ǃå Ɨ˹ǀƙ ɖ˻ˮ ƙɣ Ɏ
ǃå ̊ɂ̊ƶƙ Ɏ˦˯˴ǆ ǏǄƵ ýƓǀ˹ǃå ɄƙƓǌǃåā ɄƙƓǌǃå ̇ Ƶˮç̊ ˻˸  ÿá ˖˻ơ Ɨ ˴ƼƓ˹˯ǃå

31.70%  ǑƼ ̇ ƺ˻˯ǃå Ǐǃã í˦ƶȻ Ɨ˴ƼƓ˹˯ǃå çï̠ǀǃå ̊ɂ̊ƶƙ Ɏ˦˯˴ǆ ǑƼ ̇ ƺ˻˯ǃå ˥ǆ
 Ɏ˦˯˴ǆ ̇ƛƋ˯ǒ ʕǃ åîã ýƓǀ˹ǃå ɄƙƓǌǃåā ɄƙƓǌǃå ̇Ƶˮ èƓǆ˦Ǆƶ˸ǃå Ɨ˹ǀƙ ɖ˻ˮ ƙɣ Ɏ˦˯˴ǆ

ǃå ˚ɂ̊ ƶƙç̊ ˻˸ Ǚã Ɨ ˴ƼƓ˹˯ǃå ɄƙƓǌǃåā ɄƙƓǌǃå ̇ Ƶˮ èƓǆ˦Ǆƶ˸ǃå Ɨ˹ǀƙ ɖ˻ˮ ƙɣ Ɏ˦˯˴˸Ⱥ 
 .ýƓǀ˹ǃå 
-  èƓǆ˦Ǆƶ˸ǃå Ɨ˹ǀƙ ɖ˻ˮ ƙɣ Ɏ˦˯˴˸ǃ ƗƑƓ˶ơã ƗǃǙí āî (̝ƞ˦ǆ) ɏí̇˟ ïāí ̠ƞ˦ǒ

ǃå ̊ɂ̊ƶƙ Ɏ˦˯˴ǆ ǏǄƵ ƗǆƓƵ çï˦˶ Ⱥ ç̊ ˻˸ ÿá ˖˻ơ Ɨ ˴ƼƓ˹˯ǃå45.968%  ˙˻ƺ˯ǃå ˥ǆ
ǃå ̊ɂ̊ƶƙ Ɏ˦˯˴ǆ ǑƼç̊ ˻˸  Ɨ˹ǀƙ ɖ˻ˮ ƙɣ Ɏ˦˯˴ǆ ǑƼ ̇ ƺ˻˯ǃå Ǐǃã í˦ƶȻ Ɨ˴ƼƓ˹˯ǃå

ǃå ̊ɂ̊ƶƙ Ɏ˦˯˴ǆ ̇ƛƋ˯ǒ ʕǃ åîã ƗǆƓƵ çï˦˶ Ⱥ èƓǆ˦Ǆƶ˸ǃåç̊ ˻˸  Ɏ˦˯˴˸Ⱥ Ǚã Ɨ˴ƼƓ˹˯ǃå
 .ƗǆƓƵ çï˦˶Ⱥ èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀƙ ɖ˻ˮˠƙ 

çƑ Ƭˤ˭ǁä : 
 Ǒ˯ǃåā Ɨ ˮ˻Ǆǃå úïƓ˶˸Ǆǃ ƗǆƓǌǃå èƓ Ʈ˦˯ǃå ˥ǆ í˗Ƶ ˤȻ˗ǀƙ ˥ɜ˸Ȼ Ɨƪåï˗ǃå ƝƑƓ˯ǈ ß˦ ư ǑƼ

˸ ʼ ƓǌǄ˸ƞƋƪ :ǑǄǒ Ɠ 
-   Ɨ ˹ǀƙ èƓǀ ˮˠƙ ƴ ˸ƞ Ɇ˸˵˯ǃ Ɨ ʼ̇ ˶˸ǃå èƓǆ˗˳ǃå ˙ɂ˦ˠƙ ǑƼ ƴƪ˦˯ǃå çïā˙ư

.Ɨ ʼ̇ ˶˸ǃå èƓǆ˦Ǆƶ˸ǃå 
-  èǙƓ˶ƙǙåā Ü èƓǆ˦Ǆƶ˸ǃå Ɨ ˹ǀ˯ǃ Ɨ ˮɂï˗˯ǃå Ɲǆå̇ ˮǃå ˤȻ˗ǀƙ ǑƼ ƴƪ˦˯ǃå çïā˙ư

 úïƓ˶˸Ǆǃ ˥ƑƓɁ̊ ǃå ï˦ǌ˸ƞ Ǐ˯ơ Ɇ˸˵˯ǃÜ Ɨ ǃā˗ǃå èƓǆ˦Ǆƶ˸ǃå Ɨɜ Ƭ ˙ˮƵ Ɨ ǈā˙˯ḧǃǙå
.ƗɂïƓ˱˯ǃå 
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-  ˥ǆ ˃ ˰ḧ˯ǃå Ɨ ʼ̇ ˶˸ǃå èƓǆ˦Ǆƶ˸ǃå èƓ ˹ǀƙ ˙ˮƵ Ɨǆ˗ǀ˸ǃå èƓǆ˗˳Ǆǃ Ɨ ʸ˦˯ǃå Ɲǆå̇ ƕ
 Ɠǌ˯˻˸ǋá Ɨƞïí ˚ɂ̊ ƶƙā Ɠǌƕ ˃ɂ̇ ƶ˯Ǆǃ Ü ˥ƑƓɁ̊ ǃå ï˦ǌ˸˱ǃ Ü ƗơƓ˯˸ǃå þǚƵǕå ɆƑƓƪā ˙ˮƵ

 .Ɨ ʼ̇ ˶˸ǃå èƓǆ˗˳ǃå ˤȻ˗ǀƙ ǑƼ Ɠǌ˯˻ǄƵƓƼā 
-   Ɨƪåïí ǏǄƵ ɏ˦ˠ˹ǒ ɏ̆ǃå ßǚ˸ƶǃå ˦˲ ǈ Ǌƞ˦˯ǃå þ˦ǌƽǆ ɖ˻ˮˠ˯ƕ þƓ˸˯ǋǙå çïā̇ư

èƓ ï̋ā èƓƞƓơ  æ˦ǄƪƋȺ Ɨ ʼ̇ ˶ǆ èƓǆ˗Ƥ ˤȻ˗ǀ˯ǃ ßǚ˸ƶǃåCustomized  þßǚ˯ƙ
ƗḪï˗˸ǃå Ɨ˸ ʿǃ ˤǌǂåïíã ƴǆ ɖƽ˯ƙā ˤǌƙƓ ï̋ā ˤǌƙƓƞƓơ ƴǆ  Û èƓǆ˗˳ǃå ƗƮƓƤā

Ɨ ǈā˙˯ḧǃǙå 
-  ɏ̊Ḫ̇˸ǃå ú̇˶˸ǃå Ɠǌƪáï ǏǄƵā Ɨǃā̠ǃå ç̊ǌƞǕ ƗǃƓƶƼ èƓƪƓƪā ɊɣƤ ƴưā

 Ɨ ʼ̇ ˶˸ǃå èƓǆ˗˳Ǆǃ èƓơǚƮǗå Ɲǆå̇ ƕ ǑƼ ƴƪ˦˯Ǆǃ Ûǚ˸ǃå Ɨ˭˻ˮǃå ɖǄƤā ɖ˻ǀ˲˯ǃ Ɨ˸Ƒ
.èƓơǚƮǗå ˣǄƙ 

:ƲƜä̠ ˶ǁä ƕ˶ƏƑƽ 

ƕ ȿ̠ ƴǁä ƲƜä̠ ˶ǁä 
]1[  ïå˗ǃå ÜƗ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå ɖ˻ǀ˲˯ǃ ɆƤ˗ǆ Ɨɂ̇ ˵ ǃå íïå˦˸ǃå Üí˦˸˲ǆ Ǐƽˠ˶ǆ ˙ɜȺ ˦ƕá

 ÜƗɂï˗˹ɜƪǗå ÜƗ ʹǆƓ˱ǃå2007 ó Ü1415. 
]2[  ) ÜëǚƮ ÜþƓǆã ā ˗˻Ƭïå ÜǑ˸ ˸ƙ2002 èƓ ǈƓɜǆã ǏǄƵ ƓǌƙƓƪƓɜƶǈåā Ɨ˸ǃ˦ƶǃå" Ü(

 ˙˸ƙ˓˸ǃ Ɨǆ˗ǀǆ Ɇ˸Ƶ Ɨƿïā ÜƗ Ǆ˻Ǆ˲ƙ Ɨƪåïí "ǑɁ̇ ƶǃå ǑƼ̇ ˶˸ǃåā ǑǃƓ˸ǃå ÷Ɠˠǀǃå ˙ɂ˦ˠƙ
 ÜÿíïǕå Üü˦ǆ̇˻ǃå ƗƶǆƓƞ ÜɏïƓ˸˰ƪ˯Ǚåā ǑǃƓ˸ǃå ìƓ˹˸ǃå2931 .ýāǕå ˥ɂ̇ ˵ƙ 

]3[ Ǒǌ˻ˮ˹ƞ ā ˙˻˹ǆ ÜǑǌ˻ˮ˹ƞ ) Üëā˗˸ǆ2005ü˦˹ˮǃå" Ü(  ˙ḧƽǃå ïåí Ü"Ɨ ǈā˙˯ḧǃǗå
.Ɨɂï˗˹ɜƪǗå ÜǑƶǆƓ˱ǃå 

]4[ Ƶ ÜǑ˸ǃƓ˴ǃå ˗˻˸ơǑǄ åā èƓǆ˦Ǆƶ˸ǃå Ɠ ƞ˦ǃ˦˹ḧƙ Üûåð˙ǃå ˗ˮƵèǙƓ˶ƙǙ ɆƑåā ïåí Ü
 ÜÿƓ˸Ƶ Ü˙˵˹Ǆǃ3227 óÜ02. 2 ˗ƶƪ 
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]5[ ǑƙƓ ˮǃå í˦˸˲ǆ /í  ǑƑƓ˶ơǗå ƝǆƓǈ̇ ˮǃå þå˗˳˯ƪƓȺ Ɨ ƑƓ˶ơǗå èƓǈƓ ˮǃå Ɇ˻Ǆ˲ƙ /
SPSS Ĳ  ǏǃāǕå Ɨƶ ˠǃåĲ  ˗ǆƓ˲ǃå ïåíĲ ˸Ƶ ÿƓ )2005 ( ) ó49 ɏ˗ǌǆ( 

]6[  Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå ɖ˻ǀ˲ƙ ǑƼ ǉïāíā ßǚ˸ƶǃå Ɠưï " Ü˥˻˹˸˯Ƭ Ǒǆåï-  Ɨ ʿ ˮˠƙ Ɨƪåïí
 Üɖ˵ǆí ƗƶǆƓƞ ÜýƓ˸ƵǕå çïåíã ˤ˴ƿ Ü˙˻˯˴ƞƓǆ ƗǃƓƪï Ü" Ɇǀ˹ǃå èƓǆ˗Ƥ ÷Ɠˠƿ ǑƼ

2008-2009. 
]7[  ǑƼ Ɨ ʿ ˮˠƙ Ɨƪåïí Ɨ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå ɖ˻ǀ˲ƙ ǑƼ ǉïāíā ßǚ˸ƶǃå Ɠưï " Ü˥˻˹˸˯Ƭ Ǒǆåï

 Üɖ˵ǆí ƗƶǆƓƞ ÜýƓ˸ƵǕå çïåíã ˤ˴ƿ Ü˙˻˯˴ƞƓǆ ƗǃƓƪï Ü" Ɇǀ˹ǃå èƓǆ˗Ƥ ÷Ɠˠƿ
20082009 ó Ü90. 

]8[  ) Ü˙ƽƮ íƓ˸Ƶ ÜÿƓ˸ǃƓƪ2005 ǑƼ ßåíǙå ï˦˲ǆ :ɖɂ˦˴˯Ǆǃ Ɨ˰ǒ˗˲ǃå èƓǋƓ˱ƙǙå Ü(
.Ɨɂï˗˹ɜƪǗå ÜúïƓƶ˸ǃå çƋ˵˹ǆ ÜƗȻíƓ˶˯ƿǙå èƓƞƓǆ˗ǈǙåā èƓǈƓ ḧǃå 

]9[  Ḫā íïå˦˸ǃ ýƓƶƽǃå ̇˻˻˴ ǃ˯å ïāí " Üɏāå̠ǃå ƣ˵ ǃå ç̊ ˻˸ǃå ɖ˻ǀ˲ƙ ǑƼ Ɨ ˸ƪ˦˸ǃå èåßƓƽ
 Ü˙Ƒå̊ ˱ǃå ÜƗǄƿïā ƗƶǆƓƞ ÜƗ ˴ƼƓ˹˯ǃå2003ó Ü321. 

]10[  ɖ˻ǀ˲ƙ ǑƼ Ɨ˸ƪ˦ ǃ˸å èåßƓƽḪā íïå˦˸ǃ ýƓƶƽǃå ̇˻˻˴ ǃ˯å ïāí " Üɏāå̠ǃå ƣ˵ ǃå
 Ü˙Ƒå̊ ˱ǃå ÜƗǄƿïā ƗƶǆƓƞ ÜƗ ˴ƼƓ˹˯ǃå ç̊ ˻˸ǃå2003. 

]11[ ) Ü˗˻ǃā ÜþƓ Ʈ2002 ÿƓ˸Ƶ ƗƮï˦ƕ ßåíá èå̇ Ƭ˓ǆ ǑƼ ˦˸˹ǃå èǙ˗ƶǆ ñƓ ʾ" Ü(
Ⱥ ìƓ˹˸ǃå ˙˸ƙ˓˸ǃ Ɨǆ˗ǀǆ Ɇ˸Ƶ Ɨƿïā Ü"Ǒǈā˙˯ḧǃǗå ýāå˗˯ǃå þƓˢǈ ýƓƤíɀā Ɠǌ˰ǒ˗˲ƙ ˗ƶ

 ÜÿíïǕå Üü˦ǆ̇˻ǃå ƗƶǆƓƞ ÜɏïƓ˸˰ƪ˯Ǚåā ǑǃƓ˸ǃå2931 .ýāǕå ˥ɂ̇ ˵ƙ 
]12[  ) ÜǑǈƓǋ Üï˦˸˷ǃå2003 ÜÿƓĊ˸Ƶ Ü̇˵ Ǆ˹ǃ ɆƑåā ïåí ÜèƓǆ̠˳ ǃå ɖɂ˦˴ƙ Ü(

.ÿíïǕå 
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]13[  Ü˛ɂïíã Ǒ˲ Ʈ ˗˸˲ǆ ɆƑåā ÜǑˮǃƓƺǃå ï˦˶˹ǆ ˥˴˲ǆ ˙ǋƓ˟ çïåíǗå"
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2009ó Ü304 
]14[  çïåíǗå" Ü˛ɂïíã Ǒ˲ Ʈ ˗˸˲ǆ ɆƑåā ÜǑˮǃƓƺǃå ï˦˶˹ǆ ˥˴˲ǆ ˙ǋƓ˟
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]15[  ) ÜɆ˻ƵƓ˸ƪã Üíå̇ ˟2002å" Ü( "Ɠƶƿåā Ơ Ʈå ɏ˘ǃå Ɇˮǀ˯˴˸ǃå Ɨ ǈā˙˯ḧǃǗå ü˦˹ˮǃ
 ÜÿíïǕå Üü˦ǆ̇˻ǃå ƗƶǆƓƞ ÜɏïƓ˸˰ƪ˯Ǚåā ǑǃƓ˸ǃå ìƓ˹˸ǃå ̇ ƙ˸˸˓ǃ Ɨǆ̠ǀǆ Ɇ˸Ƶ Ɨƿïā

2931 .ýāǕå ˥ɂ̇ ˵ƙ 
]16[  ) ÜƠǄƽǆ ÜɆǀƵ2006 ˙˵˹Ǆǃ ǑɁ̇ ƶǃå ƴ˸˯˱˸ǃå Ɨ ˯ɜǆ Ü"Ɨ ʼ̇ ˶ǆ ˙ˢǈ èƓǌƞā Ü(

.ÿƓĊ˸Ƶ Üƴɂð˦˯ǃåā 
]17[ å˗ǃãå èƓǆ˦Ǆƶ˸ǃå ˤˢǈ èƓ ƪƓƪá Ü˥˻ƪƓȻ ˔ǃƓƹ ïåí ÜèƓǆ˦Ǆƶ˸ǃå Ɠ ƞ˦ǃ˦˹ḧƙā Ɨɂï

 Üÿí̇ ǃáå ÜÿƓ˸Ƶ ÜƝǋƓ˹˸ǃå9002óÜ107.  
]18[  ǑƼ ƗȻíƓ˶˯ƿǙå èƓƵā˙˵˸ǃå Ɇɂ˦˸ƙ ǑƼ ƗɂïƓ˱˯ǃå úïƓ˶˸ǃå ïāí Ü Ɨˠ ʿǈ Ǒ˲˯Ƽ

.Ɠ ˮ˻ǃ Ü çï˦˵˹ǆ ˙˻ƹ ˙Ǆ˻˯˴˱Ǆǆ ƗǃƓƪï Ü Ɠ ˮ˻ǃ 
]19[  ) Üÿā̇Ƥàā Üʕ å̇ˀƕå Ü̞ Ḫ˵2005 ÜƗ ʼ̇ ˶˸ǃå ýƓ˸ƵǕå Ǐǃå ˥˻˻ǈ˦ǈƓǀǃå Ɇ˻ǃí Ü(

ǈíïǕå ˣ˹ˮǃå.ÿƓ˸Ƶ ÜƗ ˹˟˦ǃå Ɨ ˯ɜ˸ǃå ç̇ Ƒåí ÜǑ˯ɂ˦ḧǃå Ǒ 
]20[ ) Üÿā̇Ƥàā Üʕ å̇ˀƕå Ü̞ ǂ˵2005 ÜƗ ʼ̇ ˶˸ǃå ýƓ˸ƵǕå Ǐǃå ˥˻˻ǈ˦ǈƓǀǃå Ɇ˻ǃí Ü(

ÿƓ˸Ƶ ÜƗ ˹˟˦ǃå Ɨ ˯ɜ˸ǃå ç̇ Ƒåí ÜǑ˯ɂ˦ḧǃå ǑǈíïǕå ˣ˹ˮǃå 
]21[ ) Üÿā̇Ƥàā Üʕ å̇ˀƕå Ü̞ ǂ˵2005 ÜƗ ʼ̇ ˶˸ǃå ýƓ˸ƵǕå Ǐǃå ˥˻˻ǈ˦ǈƓǀǃå Ɇ˻ǃí Ü(

 ç̇ Ƒåí ÜǑ˯ɂ˦ḧǃå ǑǈíïǕå ˣ˹ˮǃåÿƓ˸Ƶ ÜƗ ˹˟˦ǃå Ɨ ˯ɜ˸ǃå 
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]22[   ó Üǉ̇ Ḫí ɖˮƪ ƴƞ̇ ǆ ÜèƓǆ˦Ǆƶ˸ǃå Ɠ ƞ˦ǃ˦˹ḧƙ çïåíã ÜǑƼ̇ ˻˶ǃå ˗˸˲ǆ32. 
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]23[  ) ÜǑƞƓǈ Üǚƶǆ2001 Ɠǌǆ˗ǀƙ Ǒ˯ǃå Ɨ ʼ̇ ˶˸ǃå èƓǆ˗˳ǃå çí˦ƞ ñƓ ʾ" Ü(
.ÿƓĊ˸Ƶ ÜƗ˹˟˦ǃå Ɨ˯ɜ˸ǃå ç̇Ƒåí Ü"ƗǈíïǕå ƗɂïƓ˱˯ǃå úïƓ˶ ǃ˸å 
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ƕ ˬ˹ǂǁä ƕƳƑ˷˴ǁä öƑ˞ƽ Ǐƺ ƕ˯Ǆ˗ˬ˶ǁä ƕǆƑ ˴ǁä Þä̠ Ɯâ çäʕ ˞˱ǁ ƕƨäîì 

éíˤ˶ǆ) ǍǂƳ ƕƨäî˕ǁä  ƕ ˷˝ˤǁä ƕḨ˗˳ǁä(çäîˤ˞ƾ˶ǂǁ 
 

.àɍ˕øǊɀˤ˳ǁä ǏøøøøøǂƳ ìˤ˶˰Ǆ ÛǏøƨˤ˲ǁä ǍøøǆƑ ˹˳ǁä üìƑøƳ .à .ñ˗øøøø˯˶ǁä ˕øø˶˰Ǆ ˕øø˶Ɵà .à 
Ǒǈ˗˸ǃå ÿå̇ ˻ˠǃå Ɨ Ǆǂ- Ǌƙå̇ ˶ǆ 

mhmud.alshwehdi@gmail.com 
: ˛˱ǂ˶ǁä 

 ˙ɂ˦ˠƙ ǑƼ ýƓƶƼ Ɇɜ˵Ⱥ ˤǌ˴ƙ Ǒ˯ǃå Ɨ ˱ ƙå̇ ˯ƪǙå èƓƵƓˠǀǃå ˤǋá ˥ǆ ƗƵƓ˹˶ǃå ÷Ɠˠƿ ˗ƶȻ
 ˦ ǃå íƓ˶˯ƿǙå ɖǄƤā ǑǄ˲˸ǃå ƝƙƓ˹ǃå ǑƼ ǊǆƓǌƪɀā ǑƵƓ˹˶ ǃå ÷Ɠɣǀǃå Ɨ˸ǋǕ Ąå̇sǈā ÜǑ˹˟

.ƗɂïƓ˸˰˯ƪǙå ó̇ ƽǃå Ɠǌ˻Ƽ ˙Ƽå˦˯ƙ Ɨǈðå˦˯ǆ ƗȻíƓ˶˯ƿå ç˗ƵƓƿ 
 ˥ǆā ÜƗ Ǆɂ˦˲˯ǃå èƓƵƓ˹˶ǃå èƓḪ̇ Ƭ ǏǄƵ ˖˲ ǃå å˘ǋ ǑƼ ˚˻Ḫ̇ ˯ǃå ˤƙ ˗ǀƼ Üˣǃî ɖ˻ǀ˲˯ǃā

 ƴǄƪ êƓ˯ǈã ǑƼ Ɨ˶˶˳˯ǆ ˙ˮ˯ƶƙ Ǒ˯ǃå èåï˦ˠǀ˸Ǆǃ Ɨ ˹˟˦ǃå ƗḪ̇ ˵ǃå Ɠǌ˹˻ƕ ˤǋƓ˴ƙ Ɨ ƪƓƪá
 üåïíã þ˗Ƶ ˔ˮ˴Ⱥ ïƓ ˯ƤǙå ÿƓḪā ÜɆƤ˗ǃå ƴɂ˦˹˯ǃ ïíƓ˶ǆ ɖǄƤā ÜɏíƓ˶˯ƿå íāí̇ ǆ ǑƼ
 èƓ Ǆ˸ƶǃ Ǒ˱ ƙå̇ ˯ƪǙå Ɋ ˠ˳˯Ǆǃ Ơ ˲˶ǃå Ǒ˸Ǆƶǃå þ˦ǌƽ˸ǃƓȺ ƗḪ̇ ˵ǃå ǉ˘ǋ ǏǄƵ ˥˻˸ƑƓǀǃå
èíá ƗƑƓ˱Ƽ Ɨ˹Ƽ ýƓɣƵá ˥ǆ Ɨ˱ǆ̇ˮ ǃ˸å ̇˻ƹ ƗǈƓ˶ ǃå ɍāƓ˴ǆ ˥ǆ ̠˲Ǆǃ Ɨ˱ǆ̇ˮ ǃ˸å ƗǈƓ˶ ǃå 

 Ǐǃå ˦ ƙ èƓƵƓƪ ÷Ɠƽƙïå.Ɨ˱ǆ̇ ˮ˸ǃå ˙˻ƹ êƓ˯ǈǙå Ʉƿ 
 èƓ Ǆ˸Ƶ Ɋ ˠ˳˯ǃ Ǒ˸Ǆƶǃå þ˦ǌƽ˸ǃå ë˦ ưā Ɏ˗ǆ ǏǄƵ ú̇ ƶ˯ǃå Ǐǃã Ɨƪåï˗ǃå ǉ˘ǋ ˕Ƽ˗ǋ Ɠ˸ǂ
 ǑƼ Ǌǆå˗˳˯ƪå Ɨƞïíā Ǌ˯˻˸ǋáā ƗḪ̇ ˵ǃå ßåï˗ǆ Ɏ˗ǃ Ǌ˯ƼƓǀƛ ïƓ˵˯ǈå Ɏ˗ǆā Ɨ˱ǆ̇ ˮ˸ǃå ƗǈƓ ˶ǃå
 Ɨ˱ǆ̇ ˮ˸ǃå ƗǈƓ ˶ǃå èƓ Ǆ˸ƶǃ Ɨ ˱ ƙå̇ ˯ƪǙå Ɨˠ˳ǃå ƴưā ǑƼ ƗḪïƓ˵˸ǃå Ɨƞïíā ƗḪ̇ ˵ǃå ǉ˘ǋ

 ā ˗˹Ƶ ïƓ ˯ƵǙå ǑƼ ˘Ƥ˓ƙ Ǒ˯ǃå Ɨ ƞïƓ˳ǃåā Ɨ ǄƤå˗ǃå Ɨ ˭˻ˮǃå èå̇ ˻ƺ˯˸ǃå ƴǆ ˃ ḧ˯ǃå ǏǄƵ çï˗ǀǃå
.Ɋˠ˳ǃå ǉ˘ǋ ƴưā 

mailto:mhmud.alshwehdi@gmail.com
mailto:mhmud.alshwehdi@gmail.com
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 Ɨ ǃāǕå èƓǈƓ ˮǃå ƴ˸ƞā ǑƞƓ˯˹˯ƪǙá ǑǄ˻Ǆ˲˯ǃå Ɲǌ˹˸ǃå íƓ˸˯Ƶå ˤƙ Ɨƪåï˗ǃå úå˗ǋá ɖ˻ǀ˲˯ǃā
˙˻ƛƋƙ ƗƿǚƵ Ɨƪåï˗ǃ ƗȻíƓ˶˯ƿå ýāå˗ƞ íå˗Ƶã ˤƙ ˗ǀƼ ÜƗƪåï˗ǃå Ɇ˲ǆ ƗḪ̇ ˵ǃƓȺ ç̇ Ƽ˦˯˸ǃå 
 ɏ̇ ǈs ˥˻ˮǈƓƞ ǏǄƵ Ɨƪåï̠ǃå íƓ˸˯ƵƓȺ ƗƞƓ˯ǈǙå çßƓƽḧǃå ǏǄƵ Ɨ˱ǆ̇ˮ ǃ˸å ̇ ƹ˻ èƓƽƿ˦˯ǃå

.Ǒǀ ˮˠƙ ǑǄ˸Ƶā 
 ˞ƶɁā èƓɂïāíā ˔˯Ḫ ˥ǆ Ɨ ˸Ǆƶǃå ƴƞå̇ ˸ǃå ǏǄƵ íƓ˸˯ƵǙƓȺ Ɨƪåï˗ǃå ÷˦ ư˦ǆ Ɨ ˠƺƙ ˤƙ ˗ƿā
 Ɇ˻Ǆ˲ƙā ÜƗḪ̇ ˵ǃƓȺ ç̇ Ƽ˦˯˸ǃå èƓǈƓ ˮǃå ƴ ˸˱ƙ ˣǃ˘Ḫā Ü˖˲ ǃå ÷˦ ư˦˸Ⱥ èƓƪåï˗ǃåā ˙ɂïƓǀ˯ǃå

 èƓǈƓ ˮǃå.Ɨ˱ǆ̇ ˮ˸ǃå ˙˻ƹ Ʉƿ˦˯ǃå èƓƵƓ˴ǃ èå̇ Ƭ˓˸ǃåā 
Abstract:  

The industrial Sector is one most important strategic Sector that 

effectively contributes in developing the national economy. 

Due to the significance of the industrial its contribution to G D P, 

The national trailer Company was selected focusing on a problem 

can identified as the inefficient investment of available resources 

by local industry firm and weak market share in the maintenance 

planning processing compared with the unplanned maintenance. 

The study aimed to clarify the scientific concept of strategic 

planning and the extent of its culture among the managers of this 

company, its significance and degree of utilization in this firm. 

Furthermore, the degree of participation in the development of 

strategic plans and the ability to adapt to internal and external 

environmental changes, which have to be considered to develop 

this plan. 

In order to achieve the objectives of the study, a descriptive 

analytical method and   a comprehensive survey method were 

adopted, prepared economical schedules and spreadsheets, to 

studying the effects of the unplanned equipment's layover. 
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The research concluded that, the managers of this industrial 

company unaware with the scientific concept of strategic planning 

in the company, but they have positive attitudes towards its 

advantages. 

Due to lack abilities, skills and unreadiness to develop the strategic 

planning and its implementation in industrial company. 

The study recommended that, the need to adopt of concept of 

strategic planning as a modern management method to help the 

company to adapt to its internal and external environment, and 

using planned system yearly precede maintenance processing, due 

to the discretionary budget for planning and controlling direct and 

indirect costs. 

ƕǄ˕øƾǄ: 

 èƓ˴ƪ˓˸ǃå ɉƓ˵ǈ ýƓ˱ǆā ˤ˱ơ úǚ˯ƤƓȺ ƗǈƓ ˶ǃå èƓ Ǆ˸Ƶ Ɋ ˠ˳ƙ Ɨ ˸ǋá ɄǄ˯˳ƙ
 ˝˶˳˯ǃå ˥ǆ ç̇ ˻ˮḪ Ɨƞïí ǏǄƵ Ɠǌ˹ǆ ÜƓǌƕ þ˦ǀƙ Ǒ˯ǃå Ɨ ƞƓ˯ǈǙå Ɨ Ǆ˸ƶǃå Ɨƶ ˮ˟ā Ɨ ʸƓ˹˶ǃå
 Ɇ˷ƽƙ ˣǃ˘ǃ Ü Ɨ˹ɜ˸ǆ ˃ ǃƓḧƙ Ɇƿáā çßƓƽḪ ˙ˮǂƋȺ ƓǌƑåíá ˥˻ǄǆƓƶǃå ǏǄƵ ˔ƶ˶Ȼ ˖˻˲Ⱥ

 ÿá Ɨ ʸƓ˹˶ǃå èƉ˵˹˸ǃå ˞ƶȺ Ɨˠ ˴ ǃå èƓơǚƮǗå ǏǄƵ Ɠǌ˻Ƽ ƗǈƓ ˶ǃå ˤ˴ƿ þƓǌǆ ˙˶˯ǀƙ
 ǉ˘ǋ ˥˻ƕ ˥ǆā Ü Ɨ˶˶˳˯˸ǃå Ɨ ƞïƓ˳ǃå èƓḪ̇ ˵ǃå ˞ƶȺ Ǒǃå ç̇ ˻ˮḧǃå èƓơǚƮǗƓȺ ˗ǌƶɂā Ü
 úå̇ ƬƎȺ þ˦ǀƙ Ɠǋïā˗ƕ Ǒ˯ǃå Ɨƪåï˗ǃå Ɇ˲ǆ èåï˦ˠǀ˸Ǆǃ Ɨ ˹˟˦ǃå ƗḪ̇ ˵ǃå Ɨ ʸƓ˹˶ǃå èƉ˵˹˸ǃå

. Ɨƽ ʽ˳ǃå èƓơǚƮǙå ˘˻ƽ˹ƙā 

˵˯ǃå Ɏ˦˯˴˸ǃå ǏǄƵ ƗsƼƓ˲˸Ǆǃā Ɲǆ̇ ˮǆā Ɋˠ˳ǆ þƓˢǈ Ǒǃå ƗƞƓ˲ǃå èƋ˵ǈ ÜɆ˰ǆǕå ǑǄ˻ƺ
 æƓ ƪá ˗ǒ˗˲ƙā Ɇ˻Ǆ˲ƙ ǏǄƵ Ɇ˸ƶƙ Ɨƪåï˗ǃå Ɇ˲ǆ ƗḪ̇ ˵ǃå ɆƤåí ƗǈƓ ˶ǃå èƓ Ǆ˸Ƶ ɖ˻ˮˠ˯ǃ
 ˙˻ǒƓƶǆ ɖƼā Ɨ ƞƓ˯ǈǙå ç˗ơ˦ǃå ßåíá çßƓƽḪ ˥ǆ ˗˲ƙ Ǒ˯ǃå Ɨ ˹ƽǃå ɆǂƓ˵˸ǃåā èƓɁ˦ƶ˶ǃå
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ǈ˯Ǚå èƓƿƓɣǃå ɖ˻ǀ˲˯ǃ ʕ Ǆ˴ǃå Ɋɣ ˳˯ǃå çßƓƽḪā ƗȻíƓ˶ ƿ˯Ǚå Ɏā̠˱ ǃå ˞ ʽ˳ƙā Ɨ ƞƓ
.Ɨ ǃƓ˸ƞǙå ˃ ǃƓḧ˯ǃå 

 ƕǂɚ˳Ǆ:˔˰ ǁä 

:Ɨ ǃƓ˯ǃå èǙâƓ˴˯ǃå ǑƼ Ɨƪåï˗ǃå ƗǄɜ˵ǆ ƗƹƓ Ʈ ˥ɜ˸Ȼ 

¶  èƓ ˸ḧǃå ǏǄƵ ƗḪ̇ ˵ǃå ǑƼ Ɨǆ˗˳˯˴˸ǃå èǙǔǃ èƓƽƿ˦˯ǃå āá ýƓˠƵǕå ˙˻ƛƋƙ Ɏ˗ǆ Ɠǆ
ÞƗ ƞƓ˯ǈǙå 

¶  èƓƵƓ˴Ⱥ ƗǈïƓǀǆ Ɨˠˠ˳˸ǃå ˙˻ƹ ƗǈƓ ˶Ǆǃ Ʉƿ˦˯ǃå èƓƵƓƪ ÷Ɠƽƙïå ˥ǆ ˔ƙ̇ ˯˸ǃå ˙ƛǕå Ɠǆ
 Ʉƿ˦˯ǃåÞú˗ǌ˯˴˸ǃå ɖ˻ǀ˲ƙā Ɨ˱˯˹˸ǃå èƓ ˸ḧǃå ǏǄƵ Ɨˠˠ˳˸ǃå ƗǈƓ ˶Ǆǃ 

¶  Ɨ ˹˟˦ǃå ƗḪ̇ ˵ǃå Ɠǌˮ˹˱˯ƙ ÿå ˥ɜ˸Ȼ Ǒ˯ǃå Ɨ˱ǆ̇ ˮ˸ǃå ˙˻ƹ Ʉƿ˦˯ǃå èƓƵƓƪ ƗƽǄḧƙ Ɠǆ
ÞƗˠˠ˳˸ǃå ƗǈƓ ˶ǃå ɖ˻ˮˠƙ ƗǃƓơ ǑƼ èåï˦ˠǀ˸Ǆǃ 

˔˰ ǁä ƕ ˶ǉà 
:˖˲ ǃå å˘ǋ Ɨ ˸ǋá ˥˸ḧƙ 

¶ .ƗǈƓ ˶ǃå ƴƿåā ǏǄƵ ß˦ ˷ǃå Ɋ Ǆ˴ƙ ƗǃāƓ˲ǆ 
¶ å ǑƼ ˝ǀ˹ǃå ˥ǆ ß̊ ƞ ˗ƪ Ɲǆå̇ ƕ Ɋ ˠ˳ƙ ÷˦ ư˦ǆ ý˦ơ Ɨ ʿ ˮˠ˯ǃå é˦˲ ǃåā èƓƪåï˗ǃ

.ƗǈƓ ˶ǃå 
¶ .Ɨ˱ǆ̇ ˮ˸ǃå ƗǈƓ ˶ǃå èƓȻíƓ˶˯ƿå ǏǄƵ ú̇ ƶ˯ǃå Ɨ ǈƓɜǆå 

˔˰ ǁä ùä˕ǉà: 
 ɖ˻ǀ˲ƙā Ɨ˱ǆ̇ ˮ˸ǃå ƗǈƓ ˶ǃå èƓ Ǆ˸ƶǃ ɏíƓ˶˯ƿǙå ˗ƶ ǃå Ǒǃå ý˦Ʈ˦ǃå Ǒǃå Ɨƪåï˗ǃå ú˗ǌƙ

 ƗḪ̇ ˵ǃå ɖ˻ˮˠƙ ýǚƤ ˥ǆ ƗȻíƓ˶˯ƿǙåā Ɨ ˹ƽǃåā Ɨ ʸƓ˹˶ǃå èåï˦Ƽ˦ǃå Ɲǆå̇ ˮǃåā Ɨ˸ˢǈǖǃ
:ǑǃƓ˯ǃå ɖ˻ǀ˲˯ƕ ˣǃîā ÜƗǈƓ ˶Ǆǃ Ɨ˲ ˲˶ǃå 
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¶  ǑƵƓ˹˶ǃå ÷Ɠˠǀǃå èƓḪ̇ Ƭ Ɏ˗ơƎȺ ƗǈƓ ˶ǃå èƓ Ǆ˸Ƶ ƴƿåā ǏǄƵ ú̇ ƶ˯Ǆǃ Ɨƪåï˗ǃå ú˗ǌƙ
.Ɨ ƞƓ˯ǈǙå çßƓƽḧǃå ǏǄƵ Ɠǋ̇ ƛáā 

¶  ǏǄƵ Ɠǋ̇ ˻ƛƋƙā Ɨ˱ǆ̇ ˮ˸ǃå ˙˻ƹā Ɨ˱ǆ̇ ˮ˸ǃå ƗǈƓ ˶Ǆǃ Ʉƿ˦˯ǃå èƓƵƓƪ ˥˻ƕ ƗǈïƓǀǆ ßå̇ ƞã
.Ɨ ƞƓ˯ǈǙå ƗƿƓˠǃå 

¶ ƪå ëå̇ ˯ƿå Ɨ ƑƓ˱ƽǃå èƓƽƿ˦˯ǃå ˥ǆ Ɇ˻Ǆǀ˯ǃåā Ɨ ƞƓ˯ǈǙå ƗƿƓˠǃå ˥˻˴˲ƙ ÿƋ˵Ⱥ èƓ Ʈ˦ƙā ˔˻ǃƓ
.Ɠǌǃ Ɋˠ˳˸ǃå ˙˻ƹ 
:˔˰ ǁä ƕ ˯Ǌ˷Ǆ 

 Ü˖˲ ǃå ßå̇ ƞã ǑƼ ǑƞƓ˯˹˯ƪǙå ǑǄ˻Ǆ˲˯ǃå ǑƽƮ˦ǃå Ɲǌ˹˸ǃå ÷Ɠ ƙå ˤƙ Ɨƪåï˗ǃå úå˗ǋá ɖ˻ǀ˲˯ǃ
.̟ ǃ˲å úå̠ǋáā Ɨƶˮ  ˟ƴǆ Ɲǌ˹˸ǃå å̆ǋ ƗƪƓ˹˸ǃ Ąå̇sǈ 

:˔˰ ǁä ìĀ˕Ɵ 

Ɨ ǈƓɜ˸ǃå íā˗˲ǃå.ǑƵƓ˹˶ǃå ÷Ɠˠǀǃå èƓḪ̇ Ƭ Ɏ˗ơã èåï˦ˠǀ˸Ǆǃ Ɨ ˹˟˦ǃå ƗḪ̇ ˵ǃå : 

 :Ɨ ǈƓǆ̊ ǃå íā˗˲ǃå2000 Ĳ 2005 úƓǀȻå Ɇˮƿ) þ  .(êƓ˯ǈǙå 

å:ƕɀ˗ˠ˷ǁä ƕƴƜä̠ ˶ǁ 

Ǚ ÜƗ ƑƓƿā Ɨ˱ǆ̇ ˮǆ ɊˠƤ ƴư˦ƙ Ɨ ƞƓ˯ǈǙå Ɇơå̇ ˸ǃå ǑƼ ƗǈƓ ˶Ǆǃ ɆǆƓḧ˯ǆ æ˦Ǆƪá íƓ˱Ȼ
.Ɨɂ˓ˮ˹ƙā Ɨ ƞǚƵ 

 ƴ˹ǆ Ǒ˹ƶȻ Ǚ Ü(ĄƓ˰ǒ̠ơ) Ɨ˱ǆ̇ˮ ǃ˸å Ɨɣˠ˳ ǃ˸å āá (ĄƓ˸Ȼ̠ƿ) ƗƑƓƿ˦ǃå ƗǈƓ˶ ǃƓȺ ̆ƤǕå ÿå
 āá æïƓ˲ƙā ˓ˮ˹˯ǃå ˥ǆ ñƓƪá ǏǄƵ ʕƑƓƿ ˥ Ƶ˻˹˦ǃå ˥ǆ ƓȻá ÿå xǃî ÜĄƓǆƓ˸ƙ Ɨ˹ƽǃå éíå˦˲ǃå
 ÜƓǌƛā˗ơ þ˗Ƶ ˥ǆ ÿƓ˸˷ǃåā ˗˻ǂƋ˯ǃå þƓ˸ƙ Ǒ˹ƶƙ Ǚ Ɠǌ˯ƿí ˕ǈƓḪ Ɠ˸ǌǆ Ǒ˯ǃå ǑưƓ˸ǃå ƝƑƓ˯ǈ

éā˗ơ ýƓ˸˯ơå ÿƓƼ ˣǃ˘ǃā  ƗƼƓḧǃ Ɋɣ ǈ˳ ÿá ʕǌ˸ǃå ˥ǆ å̆ǃ ÜɎ̇ƤǕ āá Ɨ˴ ƕ˹ ʕƑƓƿ ýƓɣƵǕå
 .èƓɂ˦ǃāǕå ˔˴ơā èǙƓ˸˯ơǙå 
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Ɉ ˞˱Ɨ ƕ˯Ǆ˗ȿĀ çƑ ǂ˶Ƴ ƕǆƑ ˴ǁä 

ǏƵå̇ ɂā ˗˹Ƶ ß˗ˮǃå ǑƼ íå˗Ƶã Ɋ ˠ˳ƙ èƓ Ǆ˸Ƶ ÜƗǈƓ ˶ǃå ƗƼ̇ ƶǆ èǙƓ˲ǃå Ɨ ǃƓ˯ǃå: 

ƕǁƑ˰ǁä ǍǁĀǓä :í˦ƞā Ɨƞïí Ɨ ǃƓƵ ˥ǆ ƗȻíƓ˸˯ƵǙå ˥˻ƕ ÜèǙǓå ˖˻ơ ˥ɜ˸Ȼ ÿá ɏí˓ǒ 
Ʉƿ˦ƙ Ɨǃà Ɨ˹˻ƶǆ Ǒǃå Ʉƿ˦ƙ èǙǓå  Ɏ̇ƤǕå. 

ƕǁƑ˰ǁä ƕ ǆƑˮǁä :ÿå Ɇǂ Ɨǃà Ɇ˸ƶƙ Ɇɜ˵Ⱥ Ɇǀ˯˴ǆ ˥Ƶ èǙǓå ÜɎ̇ƤǕå ɏá ˙ˮ˯ƶƙ ç˗ơā 
ç˗ơåā ÜƗǄǀ˯˴ǆ ǑǃƓ˯ǃƓɁā ÿƓƼ Ʉƿ˦ƙ Ɠǋå˗ơå Ǚ ɏí˓ǒ Ǒǃå Ʉƿ˦ƙ Ɨ ʿȺ èǙǓå èå˗ƶ˸ǃåā. 

 ƕǁƑ˰ǁä ƕˮǁƑˮǁä :Ǒǋā ƗǃƓơ ßå̊ ƞǕå èƓǈ˦ɜ˸ǃåā Ɨ ʸ̇ ƽǃå ƗǌƕƓ˵˯˸ǃå èǙǔǃ Üèå˗ƶ˸ǃåā 
˙ˮ˯ƶƙā ç˗ơā ç˗ơåā . 

 ˥ɜ˸ɂā ˤ ˴ǀƙ Ɋ ˠ˳ƙ Ɲǆå̇ ƕ Ɨˠ˵ǈá ƗǈƓ ˶ǃå Ǒǃå éǚƛ ɊˠƤ  : 

 Ɉ˞Ƣ ƕǂɀˤ˝ Ɍ˕˶ǁä  :˙ˮ˯ƶȻ Ɋ ˠ˳˯ǃå Ɨ ǃ˦˭˴ǆ Ɨ ƪƓƪá çïåíǘǃ Ɠ Ǆƶǃå Ǒ˯ǃå ýāƓ˲ƙ ƴưā 
úå˗ǋǕå èƓƪƓ ˴ǃåā Ɋˠ˳ǃåā ƗǆƓƶǃå Ü Ǒ˯ǃåā ëāå̇ ˯ƙ ˥ǆ ˛˸Ƥ Ǒǃå ˙˵Ƶ èå˦˹ƪ. 

 Ɉ˞Ƣ ƕ˞ƨˤ˭Ǆ Ɍ˕˶ǁä  :˗ù˯˸Ȼ å˘ǋ ÷˦ ˹ǃå ˥ǆ Ɋ ˠ˳˯ǃå ç˗˸ǃ ëāå̇ ˯ƙ ˥ǆ Ɨ˹ƪ Ǒǃå Ü˥˻˯˹ƪ 
Ɠǌ˻Ƽā ʕ˯ǒ íå˗ùƵã ɊˠƤ ƗǈƓ ˶ǃå Ɨ ƑƓƿ˦ǃå ˗ǒ˗˲ƙā ˥˻Ƽ̇ ˵˸ǃå ǏǄƵ Ɠǋ˘˻ƽ˹ƙ ˙ǒ˗ǀƙā 

èƓǆ̊ Ǆ˯˴˸ǃå Ɨǆðǚǃå þƓ ʿǄǃ Ɨˠ˵ǈƋȺ ƗǈƓ ˶ǃå Ü  ĄçíƓƵā ˗ǌƶȻ ǊȺ Ǒǃå çïåíǙå ƗȻ˘˻ƽ˹˯ǃå. 

Ɉ˞Ƣ æ̠ ˹˴ƽ Ɍ˕˶ǁä  :ˤ˯ǒ  å˘ǋ ÷˦ ˹ǃå ˥ǆ Ɋ ˠ˳˯ǃå Ɠǆå  ɏ̇ǌƬ āá ǑƵ˦ˮƪá āá ÜǑǆ˦ǒ ˦ǋā 
Ǒ˹˻ƙāï ǑƼ Ǌ˯ƶ ˮ˟ ˗ùǌƶɂā ǊȺ ˥˻ǃ˦˭˴˸ǃå çï˦˶Ⱥ ç̇ ƬƓ ǆ ǏǄƵ ýƓ˸Ƶá ƗǈƓ ˶ǃå. 
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:ƕǆƑ ˴ǁä öäˤǆà 

 
) бЦϼ ЭЫІ1(: ϣжϝуЋЮϜ ИϜнжϒ СузЋϦ 

 

 çäîˤ˞ƾ˶ǂǁ ƕ ˷˝ˤǁä ƕḨ˗˳ǁä ƲƽäĀ(ƕƨäî˕ǁä Ʉ˰Ǆ) 

 þƓƵ ǑƼ ˕˴ƪƋƙā ÜƗƵƓ˹˶ǃå çïåð˦ǃ ɆǆƓḧǃƓȺ ƗḪ˦Ǆ˸ǆ Ɨ ˹˟˦ǃå èƓḪ̇ ˵ǃå Ɏ˗ơã Ǒǋ 
1980 Ɠǌƕ ˥˻ǄǆƓƶǃå í˗Ƶ ÿɀā Ü(ïƓ˹ǒí Ʉǃá ƗƑƓ˸˯ƪā ˥˻ǒǚǆ Ɨƶ ƪ) ǉï˗ƿ ýƓǆ ñá̇ ƕ þ
) Ǒǃå˦ơ300.˥˻˻˹Ƽā ˥˻ɂïåíå ˥ǆ ( 

1- :ƕḨ˗˳ǁä ɇƑ˳ǆ  :Ɨ ǃƓ˯ǃå Ɨ ƞƓ˯ǈǙå ɉ˦ˠ˳ǃå ǑƼ ƗḪ̇ ˵ǃå ɉƓ˵ǈ Ɇ˰˸˯ǒ- 
-  ɖǒíƓ˹Ʈ êƓ˯ǈǗ ɊƤ.ƗȺǚǀǃåā Ɨ˯ƕƓ˰ǃå èƓ˹ơƓ˵ǃå 
- .èåï˦ˠǀ˸ǃå ǉƓ Ƭáā èåï˦ˠǀ˸ǃå êƓ˯ǈǗ ɊƤ 
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-  .èƓ˹ơƓ˵ǃå ǏǄƵ Ɨǃ˦˸˲˸ǃå èƓƞǚ˰ǃå êƓ˯ǈǗ ɊƤ 
- .æ̇ ˵ǃå ǉƓ ǆ Ɇǀ˹ǃ èƓǈå̊ Ƥ êƓ˯ǈǗ ɊƤ 
- .ßåí˦˴ǃå ïƓȺǓå Ɋƽ˵ǃ èƓǈå̊ Ƥ êƓ˯ǈǗ ɊƤ 
- .ɏïƓ˱˸ǃå x Ǆ˴˯ǃ èƓǈå̊Ƥ êƓ˯ǈǗ ɊƤ 
2- çƑ ǂ˶ƴǁä Ǐƺ ƕǄ˕˱˭˲˶ǁä çä˕ƴ˶ǁäĀ çǗǑä öäˤǆà :ƕ ƜƑ˭ǆǗä - 
- .Ɨ ǈ˗ƶ˸ǃå ƠƑƓƽ˶ǃå Ǒ˹ƛ èǙà 
- .Ɨ ǈ˗ƶ˸ǃå ƠƑƓƽ˶ǃå ƴˠƿ èǙà 
- .Ɨ ǈ˗ƶ˸ǃå ƠƑƓƽ˶ǃå ƗǄƼïí èǙà 
- .þƓ˲Ǆǃå èå˗ƶǆā èǙà 
-  ç˦ ƿ ƗˠƹƓư èǙà400Ü200 .˥˟ 
- ǑƑƓǌ˹ǃå ê˦ ˯˹˸ǃå ˔ǒ˗ǌƙā ˝ƿ èå˗ƶǆā èǙà 
- .ßǚˠǃƓȺ ƗƮƓƤ èå˗ƶǆ 
-  .Ɨ Ḫ˦Ƭā Ɨɂ˦ǄƵ èƓƶƼåï 
3- ƕḨ˗˳ǁƑȸ ƕƴ ˭˶ǁä ƕǆƑ ˴ǁä ƕƨƑ ƨ :-  Ɨƽ˶Ⱥ Ɋ ˠ˳˯ǃå ïāí æƓ ʺ ˥ǆ ƗḪ̇ ˵ǃå ǑǈƓƶƙ

 ǑǄƵ ǑˮǄ˴ǃå ˙ƛǕå Ǌǃ å˘ǋ ÜƗƮƓƤ Ɨƽ˶Ⱥ ƗǈƓ ˶ǃå èƓ Ǆ˸ƶǃ Ɲǆ̇ ˮ˸ǃå Ɋ ˠ˳˯ǃå ā ƗǆƓƵ
 ñáï ˙˸Ƶ ǑǄƵ ˙ƛ˓ɂā ÜƗ ƞƓ˯ǈǗå ƗƿƓˠǃå ˥ǆ ú˗ǌ˯˴˸ǃåā Ɨ ƞƓ˯ǈǗå èǙ˗ƶ˸ǃå ɖ˻ǀ˲ƙ

.ê˦ ˯˹˸ǃå ˃ ǃƓḧƙ ÷Ɠƽƙïåā Ɨ˱ǆ̇ ˮ˸ǃå ˙˻ƹ Ʉƿ˦˯ǃå èƓƵƓƪ ÷Ɠƽƙïå ˔ˮ˴Ⱥ ýƓ˸ǃå 
 ā ßƓ˹ƛá ƗǈƓ ˶ǃå ƗƪƓ ƪ ǑƼ ï˦˶ƿ í˦ƞā ˥˻ˮƙ ƗḪ̇ ˵ǃƓȺ Ɨƶ ˯˸ǃå ƗǈƓ ˶ǃå ýāå˗ƞ ýǚƤ ˥ǆ

.Ɨ ƞƓ˯ǈǗå ɉ˦ˠ˳ǃå ɆƤåí èå˗ƶ˸ǃåā èǙǔǃ Ɨ˱ǆ̇ ˮ˸ǃå ˙˻ƹ èƓƽƿ˦˯ǃå 

 Ɨ ƑƓ˱ƽǃå ƗǈƓ ˶ǃå æ˦Ǆƪá ǏǄƵ ǑǄḪ íƓ˸˯Ƶå ˗˸˯ƶƙ ƗḪ̇ ˵ǃƓȺ Ɨƶ ˯˸ǃå ƗǈƓ ˶ǃå ÿáā
ǑƼ ˘ƤǕå ˥˻ǄǋƓ˱˯ǆ Ɇˠƶǃå éā˗ơ ˗˹Ƶ ɏá Ɨɂïå̇ ˠưǙåā  Ɨ˱ǆ̇ ˮ˸ǃå ƗǈƓ ˶ǃåā ïƓ ˯ƵǙå
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 Ɨ ƑƓ˱ƽǃå èƓƽƿ˦˯ǃå ɏíƓƽ˯ǃ Ɨɂ˓ˮ˹˯ǃåā Ɨ ƞǚƶǃåā Ɨɂïā˗ǃå ƗǈƓ ˶ǃå ǑƼ ƗǄ˰˸˯˸ǃåā Ɨˠˠ˳˸ǃåā
.èå˗ƶ˸ǃåā èǙǔǃ Ɨ˱ǆ̇ ˮ˸ǃå ˙˻ƹ 

 ƗˠƤ ƴưā ǑƼ ˥ɜ˸ƙ ƴ˹˶˸ǃå ɆƤåí èå˗ƶ˸ǃåā èǙǓå ƓǌƞƓ˯˲ƙ Ǒ˯ǃå ƗǈƓ ˶ǃå ÷å˦ǈƋƼ
˯˴˸ǃå ɖ˻ǀ˲˯ǃ Ɨ˱ǆ̇ ˮ˸ǃå ƗǈƓ ˶ǃå èƓ Ǆ˸ƶǃ Ɨ˸ Ǆƪ ú˗ǌ 

çƑ øøøƬˤ˭ǁäĀ ƛƏƑø˭˷ǁä Ʉ˹ǂ˰Ɨ 

ƛøƏƑø˭˷ǁä :ăǗĀà 

 ƗƪƓ ƪ ǑƼ ï˦˶ƿ í˦ƞā ˥˻ˮƙ Ü ƗǈƓ ˶ǃå ˤ˴ƿ ǑƼ ˤǌƕ ý˦˸ƶ˸ǃå ýāå˗˱ǃå ýǚƤ ˥ǆ
 Ü êƓ˯ǈǙå ɉ˦ˠƤ ǑƼ èå˗ƶ˸ǃåā èǙǔǃ Ɨ˱ǆ̇ ˮ˸ǃå ˙˻ƹ èƓƽƿ˦˯ǃå ýǚƤ ˥ǆ ƗǈƓ ˶ǃå

 Ɨ˸ ʾā Ɨ ˸Ḫ ˙ǒ˗ǀƙ ˕ǄǋƓ˱ƙ ƗḪ̇ ˵ǃå ÿå Ɠ˸Ḫ Ü Ɇ˻ƺ˵˯ǃå èƓƵƓ˴Ⱥ ƗǈïƓǀǆ êƓ˯ǈǙå ǑƼ ˗ƿƓƽǃå
 êā˙˳ǃå Ǌƶǆ ï˘ƶ˯ǒ ɏ˘ǃå ˙ǆǕå Ü Ɨɂïå̇ ˠưǙå ɏá Ɨ˱ǆ̇ ˮ˸ǃå ˙˻ƹ èƓƽƿ˦˯ǃå ˥Ƶ ˤƞƓ˹ǃå
 Ǌƙåî ̠ơ ǑƼ Ąå̇Ƭ˓ǆ êƓ˯ǈǙå ˥ǆ ̠ƿƓƽǃå Ɨ˸Ḫ Ɇ˰˸ƙ îã Ü ̝ǈƓ˱ǃå å̆ǋ ý˦ơ ç̠˻ƞ èå̇Ƭ˓ Ⱥ˸
 êƓ˯ǈǘǃ Ɨ˯ƕƓƛ ƗˠƤ í˦ƞā þ˗Ƶ ˣǃ˘Ḫā Ü ƗǈƓ ˶ǃå Ɋ ˠ˳ƙ Ɲǆå̇ ˮƕ þƓ˸˯ǋǙå þ˗Ƶ ǏǄƵ

 çíƓƽ˯ƪǚǃ Ɠǆ å˘ǋā Ü êƓ˯ǈǙå ˥ǆ ú˗ǌ˯˴˸ǃå ɖ˻ǀ˲˯ǃā Ü ƗǈƓ ˶ǃå èƓ Ǆ˸Ƶ Ɋ ˠ˳ƙ ǑƼ Ɠǌ˹ǆ
 þ˗Ƶ Ǒǃå ƴƞ̇ ǒ Ü ɖǀ˲˸ǃå êƓ˯ǈǙå Ɨ ˸Ḫ ôƓƽ˳ǈå ÿå ǏǄƵ ˝˹ƙ Ǒ˯ǃå Ɨ ư̇ ƽǃå Ǌ˯ǀǀơ

.ƗǈƓ ˶ǃå èƓ Ǆ˸ƶǃ Ɨ˸ Ǆƪ ƗˠƤ ƴưā ˥ǆ ƗḪ̇ ˵ǃå çïåíå ˥ɜ˸ƙ 

˱ǃƓȺ Ơư˦ǆ ˦ǋ Ɠ˸ǃ ƓǀƼā Ɨ ǃƓ˯ǃå èå̇ Ƭ˓˸ǃå Ɇ˻Ǆ˲ƙ ˤƙ ˗ǀƼ ˣǃî ɖ˻ǀ˲˯ǃā) ˤƿï ýā˗1( 

Á .Ɇ˻ƺ˵˯ǃå èƓƵƓƪ ǑǃƓ˸ƞã Ǒǃå Ʉƿ˦˯ǃå èƓƵƓƪ ǑǃƓ˸ƞã Ɨ ˴ǈ 
 Ǒǃå˦ơ ˕ƺǄƕ48%  Ɨ˹ƪ ǑƼ2002 ǉ˘ǋ ǑƼ ïƓ ʻǃå ƴˠƿ ˙˻Ƽ˦ƙ ƗɁ˦ƶƮ ˔ˮ˴Ⱥ .þ

 ǑƼ ÷Ɠƽƙïå Ǒǃå Ɏíá ɏïƓ˱˯ǃå ú̇ ǃ˶å ̇ƶ˴ǃ ƐƞƓƽ˸ǃå ÷ƓƽƙïǙå Ǒǃå ƴƞåï ÜƗ˹˴ǃå
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 Ɨ˹ƪ ǑƼ Ɠ˸˹˻ƕ ÜïƓƶƪǙå2000 Ǒǃå˦ơ ˕ƺǄƕ Ɨ ˴ǈ Ɇƿá ˕ǈƓḪ þ19%  Ü Ɨ ˸Ḫ Ɇƿáā
.ú̇ ǃ˶å ̇ƶƪ ̠˻ơ˦ƙ Ɇˮƿā ïƓ̒ǃå ƴɣƿ ˥ǆ ÿā̊˳ ǆ í˦ƞā ̝ˮ˴Ⱥ êƓ˯ǈǙå ǑƼ ̠ƿƓƼ 

Á .Ʉƿ˦˯ǃå èƓƵƓƪ ǑǃƓ˸ƞǗ Ɨ˱ǆ̇ ˮ˸ǃå ˙˻ƹ Ʉƿ˦˯ǃå èƓƵƓƪ Ɨ ˴ǈ 
 Ɨ˹ƪ ǑƼ Ɠǌǃ Ɨ˸ ʾ ǏǄƵá Ɨ ˴˹ǃå ǉ˘ǋ ˕ƺǄƕ2004 Ǒǃå þ84% í˦ƞā ˥Ƶ ƝƙƓǈ Ü

ƙ̇ ƙ ɏ˘ǃå ˙ǆǕå ÜïƓƶƪǙå ßǚƹ ˔ˮ˴Ⱥ ïƓ ʻǃå ƴˠƿ ˙˻Ƽ˦ƙ ǑƼ èƓɁ˦ƶƮ Ǌ ǄƵ ˔
.Ɨ ƞƓ˯ǈǙå çßƓƽḧǃå ǑƼ Ǒǈ˗ƙ Ǒǃå ˙˻˵ɂā ÜƗˠˠ˳˸ǃå ƗǈƓ ˶ǃå Ɇơå̇ ǆ ɖ˻ˮˠƙ ƗɁ˦ƶƮ 

Á .ú˗ǌ˯˴˸ǃå êƓ˯ǈǙå Ǒǃå ɖǀ˲˸ǃå êƓ˯ǈǙå Ɨ ˴ǈ 
 Ǒ˯˹ƪ ǑƼ Ɠǌǃ Ɨ˸ ʾ ǏǄƵá ˕ƺǄƕ2000ā þ2003 Ɨ˹ƪ ǑƼ Ɠǌǃ Ɨ˸ ʼ Ɇƿáā Üþ2004 þ

˳˸ǃå ßƓǌ˯ǈå ˗ƶȺ ïƓ ʻǃå ƴˠƿ ˙˻Ƽ˦ƙ ǑƼ èƓɁ˦ƶƮ ˥ǆ ƗḪ̇ ˵ǃå Ǌ˯ǌƞåā Ɠǆ ˔ˮ˴Ⱥ ÿā̊
.Ǒ˸ƪ̇ ǃå ú̇ ˶ǃå ˙ƶ˴Ⱥ íï˦˸ǃå ÜǑ˟Ɠ ˯ơǙå 

Á ÜƗḪ̇ ˵ǃå Ɠǌˮ˹˱˯ƙ ÿå ˥ɜ˸Ȼ Ǒ˯ǃå Ɨ˱ǆ̇ ˮ˸ǃå ˙˻ƹ Ʉƿ˦˯ǃå èƓƵƓƪ 
 Ɨ˹ƪ ǑƼ Ɠǌǃ Ɨ˸ ʾ ǏǄƵá ˕ƺǄƕ2004) Ǒǃå˦ơ þ610 ÿå ˥ɜ˸Ȼ Ɨ ˸ḧǃå ǉ˘ǋā ÜƗƵƓƪ (

 ôƓƽ˳ǈå ÿå ˖˻ơ ÜƗǈƓ ˶ǃå èƓ Ǆ˸Ƶ Ɨǃā˗ƞā Ɋ ˠ˳˯ƕ ƓǌǆƓ ʾ ßå̇ ƞ ƗḪ̇ ˵ǃå Ɠǌˮ˹˱˯ƙ
 ǏǄƵ ý˗ǒ ˙Ƭ˓˸ǃå å˘ǋ Ɨ˱ǆ̇ ˮǃ ƗˠƤ ƴưā ˕ƵƓˠ˯ƪå ƗḪ̇ ˵ǃƓȺ ƗǈƓ ˶ǃå çïåíå ÿå

 þ˗Ƶā ÜƗǈƓ ˶ǃå Ɋ ˠ˳ƙ Ɇ˵Ƽā Ʉƶư ǏǄƵ ý˗ǒ ǊƵƓƽƙïå Ɠǆá ÜƗǈƓ ˶ǃå èƓ Ǆ˸Ƶ Ɨˠ˵ǈá
 ǑƼ ˗ƿƓƽǃå Ɨ ˸Ḫ ÷Ɠƽƙïå ǑƼ Ɨ ˮ˴ǆ ƗǈƓ ˶ǃå èƓ Ǆ˸Ƶ ˘˻ƽ˹ƙā Ɋ ˠ˳˯ǃ Ɨ˸ Ǆƪ Ɲǆå̇ ƕ í˦ƞā

 .êƓ˯ǈǙå 
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) ˢƽî üĀ˕Ɯ1 Ǐƺ ˕ƽƑƻǁäĀ ˁʼˤ˭ǁä çƑƳƑƨ éíˤ˶ǆ :(éƑ˭ǆǕä 

 
î˕˴˶ǁäèåï˦ɣ ǀ˸Ǆǃ Ɨ˹˟˦ǃå ƗḪ̇˵ ǃƓȺ èƓǆ˦Ǆƶ˸ǃåā ɖ˻ƛ˦˯ǃå ̝ ɜ˯ǆ Ǐǃã ĄåíƓ˹˯ƪå Ü̟ơƓǃå íå̠Ƶã ˥ǆ : 
 

 
) бЦϼ ЭЫЇЮϜ2ϤϜϼнГЧгЮϜ ϣЪϽІ ЙзЋгЮ ϣϯвϽϡгЮϜ ϽуОм ϣϯвϽϡгЮϜ СЦнϧЮϜ ϤϝКϝЂ :( 
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:ăƑǆƑƙ   çƑøøø˹Ƭˤ˭ǁä 

:Ǒǋā èƓƮ˦ ǃ˯å ˞ ƶȺ ʕȻ̠ǀƙ Ɏ̇ǈ Ɨƪåï̠ǃå ƝƑƓ˯ǈ ǏǄƵ ĄßƓ˹ƕ 

1.  ǏǄƵ ƗḪ̇˵ǃå ̠ƵƓ˴Ȼ ̟ ơ˻ Üɏïåíå æ˦ǄƪƋḪ Ǒ˱ ƙå̇˯ƪǙå Ɋɣ ˳˯ǃå þå̠˳ ƪ˯å
.Ɠǌ˯˻ƞƓ˯ǈå ˙ɂ˦ˠƙā ˥˻˴˲ƙ 

2.  ƓǌǈƋƬ ˥ǆ Ǒ˯ǃå ÜƗǈƓ ˶ǃå ýƓ˸ƵǕ Ɋ ˠ˳˯ǃå Ɨ Ǆ˸ƶǃ Ɨ ǃƓ˸ǃå íïå˦˸ǃå ˙˻Ƽ˦ƙ çïā˙ư
 ǑƼ þ˗ǀ˯ǃåā ßƓˠƶǃå ǏǄƵ ˥˻ǄǆƓƶǃå ˚ƽ˲ƙā èƓ ˱ ƙå̇ ˯ƪǙåā Ɋˠ˳ǃå ˙ɂ˦ˠƙ ˥ǆ Ɇǌ˴ƙ ÿå

Ɠ˹˶ǃå ÷Ɠˠǀǃ þƓˢǈ ßƓ˹ƕ.þ˗ǀ˯ǆ Ǒ˹ǀƙ ƗƵ 
3.  í˦˹ƕ ǑƼ ƓǌƼ̇ Ʈ þ˗Ƶ ǏǄƵ ˗˻ǂƋ˯ǃåā ÜƗǈƓ ˶ǃå ýƓ˸Ƶá ô̇ ƺǃ Ɨ ǈå̊ ˻ǆ ˝ ˶˳ƙ

.èƓǈå̊˸˻ǃå ǑƼ Ɏ̇Ƥá 
4.  ǏǄƵ ƗȺƓƿ̇ ǃåā Ɋ ˠ˳˯Ǆǃ Ɠǌ˹ǆ çíƓƽ˯ƪǚǃ ƗḪ̇ ˵Ǆǃ Ɨɂ̇ ǒ˗ǀ˯ǃå èƓ ǈå̊ ˻˸ǃƓȺ þƓ˸˯ǋǙå

.ƗǈƓ ˶ǃå ˃ ǃƓḧƙ 
5. Ɠ˶ ǃå Ɲǆå̇ƕ ÷Ɠƙå ǏǄƵ ̊ Ḫ˻˯̇ǃåā ƗǈƓ˶ Ǆǃ ɖˮ˴ ǆ ɏ˦ƪ˹ Ǒɣ ˠ˳ƙ þƓsǈ ßå̇ƞã Ɨǈ

.Ɨ ƑƓƿ˦ǃå 
6.  Ơ ˲˶ǃå Ɇ˻ƺ˵˯ǃƓȺ ƗǀǄƶ˯˸ǃå èå˗ƶ˸ǃåā èǙǔǃ ƗǈƓ ˶ǃå èƓ˸ Ǆƶƙā ýāå˗ƞ ÷Ɠ ƙå

.Ɨɂïā˗ǃå ƗǈƓ ˶ǃåā 
7.  ɖƽ˯ƙ Ǒ˯ǃåā ƗǈƓ ˶ǃå úå˗ǋá ɖ˻ǀ˲ƙ Ɇƞá ˥ǆ ƗǈƓ ˶ǃå Ɨǆ˦ˢ˹ǆ ƴǆ êƓ˯ǈǙå Ɨǆ˦ˢ˹ǆ ɊɁï

.ƗḪ̇ ˵ǃå úå˗ǋá ƴǆ 
8.  ǑƼ ̆ƤǕåā èåāíǕåā èå̠ƶ˸ǃåā ïƓ̒ǃå ƴɣƿ ˥ǆ ̠˻ƞ ÿā̊˳ ǆ ˥ɂ˦ḧƙ Ɨˠǀǈ ïƓ ˯ƵǙå

 ƗƶȺƓ˯˸Ⱥ Ɨ ƑƓ˱ƽǃå èƓƽƿ˦˯ǃå éā˗ơ ƴ˹ǆā Ɨˠˠ˳˸ǃå ƗǈƓ ˶ǃå Ɲǆå̇ ƕ ˘˻ƽ˹˯ǃ ˔Ǆˠǃå çíƓƵã
.˥ɂ̊ ˳˯ǃåā üǚǌ˯ƪǙå èǙ˗ƶǆ ˥˻ƕ Ɨƿǚƶǃå 

9. .ƗǈƓ ˶ǃå ýƓ˸Ƶá ǏǄƵ úå̇ ƬǙåā ˜ ˯ƽ˯ǃå Ɨǃíá ƴư˦ƕ þƓ˸˯ǋǙå 
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10.  Ǒ˯ǃåā Üçíï˦˸ǃå èƓḪ̇ ˵ǃå ˥ǆ èå˗ƶ˸ǃåā èǙǔǃ Ɨ ˹ƽǃå ɖƑƓƛ˦ǃå ˙˻Ƽ˦ƙ çïā˙ư
˯ƙ èƓ Ǆ˸ƶǃ ƗǀǄƶ˯˸ǃå Ɨ ˹ƽǃå èƓƽƮå˦˸ǃåā Ɨ ˹ƽǃå ɊƑå̇ ˳ǃåā èƓǆ˦ƪ̇ ǃåā ˤ ǆƓ˶˯ǃå ǑƼ Ɇ˰˸

.ƗǈƓ ˶ǃå 
11.  ýƓ˱ǆ ǑƼ ï˦ˠ˯ǃå Ɨ ǂå˦˸ǃ Ɨ˰ǒ˗˲ǃå èƓ ˹ǀ˯ǃå ǏǄƵ ƗǈƓ ˶ǃå ˤ˴ǀȺ ˥˻ǄǆƓƶǃå ˔ɂï˗ƙ
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˛˱ǂ˶ǁä 
Ɨɂðå̊ ˯ǋã çïƓƬã Ɇ˻Ǆ˲˯ǃ ÜƗƶɂ̇ ˴ǃå ˙˻ɂï˦Ƽ Ɨ ˹ǀƙ ô̇ ƶǃ Ɨƿï˦ǃå ǉ˘ǋ ú˗ǌƙ  ñā̇ƙ ûā̠˹ ǃ˶

ÜǊȺ ɆɣƵ éå̠ơã ̠ƶɁā ʕǄƪ ÿ˦ɜȻ Ɠǆ̠˹Ƶ  ˥ǆ ƗǄ˱ƶǃå ˛˱ǆ Ɨˠƪå˦ƕ èåßå̇ ǀǃå ƴ˸˱˸ƙ ˗ƿ
ÜƓǌ˻Ǆ˻Ǆ˲ƙā ïƓ ˯ƤǗå Ɨǆ˦ˢ˹ǆ ǑƼ Ɨɂðå̊ ˯ǋǗå çïƓƬǗå Ɨƶƪ ÿá ƝƑƓ˯˹ǃå ˥ǆ Ɍơ˦ǃ  ýƓ˱˸ǃå

Ǒ˹ǆ̊ ǃå  Ɨ ˹ǀƙ þå˗˳˯ƪã ˗˹Ƶā ÜɆˠƶǃå ˝ ˳˵ƙ ˔ƶ˶ǃå ˥ǆ ˥ḧǃā Ɇˠƶǃå í˦ƞ˦ƕ íåí̊ ƙ
 Ɍơ˦ǃ ƴɂ̇ ˴ǃå ˙˻ɂï˦Ƽ Ɠ˸ǆ Ǌǃ Ɨ ˮǈƓƞ èåíí̇ ƙ ï˦ǌˡā Üɖ˻˵ƶ˯ǃå íí̇ ƙ Ɨƶƪ çíƓɂð ë˦ ư˦ƕ

Ɨƪåï˗ǃå ǉ˘ǋ ˥ǆ Ɲ˯˹˯ƪåā Üñā˙˯ǃå ǑƼ ɆˠƵ í˦ƞā ǏǄƵ ýí ÿƋȺ  ƴɂ̇ ˴ǃå ˙˻ɂï˦Ƽ Ɨ ˹ǀƙ
.Ɠǌ˯ǃ˦ǌƪā Ɠǌ˯Ƶ̇ ˴Ⱥ ˚˻˸˯ƙā ñā˙˯ǃå ǑƼ ýƓˠƵǕå ˝ ˳˵ƙā Ʉ˵ḧǄǃ ˗˻ƞ ˙Ƭ˓ǆ ˙ˮ˯ƶƙ 

ABSTRACT 

The aim of this paper is to introduce Fast Fourier's technique to 

analyze the vibration signal of a gearbox, when it is on good 

condition and after malfunctioning. It was observed that the 

amplitude of the vibration signal in the time domain increased with 

the failure, but it is difficult to diagnose the fault directly. When 

using the Fourier technique, the amplitude of the related frequency 

- mesh frequency - was clearly observed and the side frequencies 

showed a fault in the gears. Fast Fourier's is a quick and easy 
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technique, it is a good indicator of detection and diagnosis of faults 

in the gears.  

Keywords: Condition monitoring, vibration analysis, Fast Fourier 

technique. 

ƕǁä˕ǁä çƑ˶ǂḥǁä :.ƴɂ̇ ˴ǃå ˙˻ɂï˦Ƽ Ɨ ˹ǀƙ Üèåðå̊ ˯ǋǗå Ɇ˻Ǆ˲ƙ ÜɆ˻ƺ˵˯ǃå úā˙ˡ Ɨ ʾå̇ ǆ 
1. ƕǄ˕ƾ˶ǁä 

 ûā̠˹Ʈ ǑƼ Ɠǌ˶ ˳˵ƙ ā ýƓɣƵǕå Ʉ˵ ḧǃ åïƓ˵˯ǈå èƓ˹ǀ˯ǃå ̇ǂ˰á ˥ǆ èåðå̊˯ǋǗå Ɇ˻Ǆ˲ƙ
 Ɨˠƪå˦ƕ ƗƪƓǀ˸ǃå èåðå̊ ˯ǋǗå çïƓƬã Ɨ ʾå̇ ǆ ǏǄƵ ˗˸˯ƶƙā Üñā˙˯ǃå˛˱ǆ  ßƓˠƹ ǏǄƵ ˖ˮ˯ǆ

 Ɨ́ ˮɣǃå Ɇ˻ƺ˵ǃ˯å úā̇l  ƗǃƓơ ǑƼ .Ɇ˻˸˲˯ǃå Ǒƪå̇Ḫ ßƓɣƹ ǏǄƵ āá ñā̇˯ǃå ûā̠˹Ʈ
ƓƬã ñā̇˯ǃå ûā̠˹Ʈ èƓǈ˦ɜǆ ̠ǃ˦ƙ Ʉƿ˦˯ƙ èåíí̇ ƙ ƗƵ˦˸˱ǆ ˥ǆ ɄǃƋ˯ƙ Ɨ Ḫ̇ ǆ Ɨɂðå̊ ˯ǋã çï

 çïƓƬǙå xǄƙ ǑƼ Ɠǈ̠ǃå èåíí̇˯ǃå Üñā̇˯ǃå ûā̠˹Ʈ ǑƼ ïåāí ß̊ƞ Ɇḧǃ Ǒǈåïā̠ǃå íí̇˯ǃå ǏǄƵ
 ñā̇˯ǃå ɖ˻˵ ƶƙ ˥Ƶ Ɨ˱ƙƓǈ ƓǄƶǃå èåíí̇˯ǃå Ɠ˸˹ƕ˻ ÿåïā̠ǃå ïāƓ˲ǆ ˥Ƶ Ɨ˱ƙƓǈ ÿ˦ḧƙ

] Ɇ˻˸˲˯ǃå Ǒƪå̇ ɜḪ èƓǈ˦ɜ˸ǃå Ɨ ʿ ǃ ˤǌ˹˻ƕ Ǒ˯ǃå èåíí̇ ˯ǃåā1 .[ ǑƼ ˔˻Ƶ ɏá ï˦ǌˡ ˗˹Ƶ
 çïƓƬǗå ˥Ƶ ƓǌƙƓ˸ƪ ˞ ƶȺ ǑƼ ɄǄ˯˳ƙ Ɨɂðå̊˯ǋã çïƓƬã ̠ǃ˦˯˯ƪ ñā̇˯ǃå ûā̠˹Ʈ èƓǈ˦ɜǆ
 ß̊ ˱ǃå íí̇ ƙ Ɨƶƪ ǑƼā çïåíǗå í˦˸Ƶ íí̇ ƙ Ɨƶƪ ǑƼ Ɠ ǃƓƹ èƓƼǚ˯ƤǙå ˙ǌˢƙā ÜƗ ʹ ˮˠǃå
 ƓǋïƓ˵˯ǈå ā Ɠǌƶư˦˸ƙ ˥ǂƓǆá ā Ɠ˸ǌǃ  Ɨ ơƓ˶˸ǃå Ɨ ʿƼå˦˯ǃå èåíí̇ ˯ǃå Ɨƶƪā æƓƶ˸ǃå

]3Ü2Ü1 .[ǚ˯Ƥå ǑƼ ƴư˦˸˯ǃå ā Ɨƶ˴ǃå ú íí̇ ˯ǃ Ɨ ʿƼå˦˯ǃå èåíí̇ ˯ǃåā Ɨ ˮǈƓ˱ǃå èåíí̇ ˯ǃå
 ˥ǆ Ǒǋā Ɨɂ̊ Ḫ̇ ǆǚǃåā çåîƓ˲˸ǃå þ˗Ƶā ÿå̊ ƙǗå þ˗Ƶ ɆǂƓ˵ǆ Ǐǃã ˙˻˵ƙ Ɠǆ çíƓƵ çïåíǗå í˦˸Ƶ

]ñā˙˯ǃå ýƓˠƵá ïíƓ˶ǆ ˤǋá4 èåíí̇ ˯ǃå ā Ɨ ʿƼå˦˯ǃå èåíí̇ ˯ǃåā ɖ˻˵ƶ˯ǃå íí̇ ƙ ÿá Ɠ˸Ḫ .[
ǃå ˤǋá ˥ǆ ɖ˻˵ƶ˯ǃå íí̇ ˯ǃ Ɨ ˮǈƓ˱ǃå Üñā˙˯ǃå ǑƼ ýƓˠƵǕå ˝ ˳˵ƙā Ʉ˵ḧǃ èå̇ Ƭ˓˸

 Ɨƶƪ ˥ǆ ǏǄƵá ÿ˦ɜȻ ɖ˻˵ ƶ˯ǃå íí̇ƙ Ɨƶƪ ÿƎƼ ç̠˻ƞ ƗǃƓơ ǑƼ ñā̇˯ǃå ÿ˦ḧƙ Ɠǆ̠˹ƶƼ
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 ƴư˦˸˯ƙā Ɨ ˮǈƓ˱ǃå èåíí̇ ˯ǃå ˥ǆ ç˗ơåā ƗƵ˦˸˱ǆ ˙ǌˢƙ Ɠǆ çíƓƵā Ǌǃ Ɨ ʿƼå˦˯ǃå èåíí̇ ˯ǃå
]ñ̇ ƙ Ɇḧǃ ïåā˗ǃå í˦˸Ƶ íí̇ ƙ ˗˹Ƶ5-10 .[ 

ɖ˻˵ƶ˯ǃå íí̇ ƙ Ɨƶƪ ǑƼ ˙˻ƺ˯ǃå ÿá ˖˻ơ  Ąǚ˰˸Ƽ Üñā̇˯ǃå ÿƓ˹ƪá ɆɜƬ ǑƼ ǉ˦˵ƙ ǏǄƵ ý̠ǒ
 çíƓɂ̊ Ɂā ÜǊǃ Ɨ ʿƼå˦˯ǃå èåíí̇ ˯ǃåā ɖ˻˵ƶ˯ǃå íí̇ ƙ Ɨƶƪ çíƓɂð ˔ˮ˴Ȼ ñā˙˯ǃå ÿƓ˹ƪá ǑƼ ɆǂƋ˯ǃå

] Ɨ ǃƓƶǃå èåíí̇ ˯ǃå èåî ƗƮƓƤā Ɨ ʿƼå˦˯ǃå èåíí̇ ˯ǃå Ɨƶƪ íåí̊ ƙ ɆǂƋ˯ǃå5-10 ÿá Ɠ˸Ⱥ Ü[
 Ɨ ˮǈƓƞ èåíí̇ ƙ Ǌ˹Ƶ Ɲ˯˹ǒ ÿƓ˹ƪǕå ˥˻ƕ þíƓ˶ƙ ˗ǃ˦ǒ ɆǂƋ˯ǃå Ɨƶƪ ÿá ˖˻ơ ɖ˻˵ƶ˯ǃå íí̇ ˯ǃ

]Ɇˠƶǃå ï˗˶ǆ ǏǄƵ ý˗ƙ Ɠ˸ǌ˹˻ƕ ƗƼƓ˴˸ǃåā ɆˠƶǄǃ ˙Ƭ˓ǆ Ǒˠƶƙ Ɨ ˮǈƓ˱ǃå èåíí̇ ˯ǃå5-
10 ÿá ɏïā̇˷ ǃå ˥ǆ ̨ ǃ ɖ˻˵ ƶ˯ǃå íí̇ƙ Ɨƶƪ çíƓɂð ÿá ý̠ǈåï Ɲ˯˹ ƪ˯ã Ɏ̇Ƥà Ɨɂāåð ˥ǆā .[

 Ǌǃ Ɨ ˮǈƓ˱ǃå èåíí̇ ˯ǃå ˕ǈƓḪ åîã ƓƮ˦˶Ƥā ñā˙˯ǃå ǑƼ ƗǄɜ˵ǆ í˦ƞ˦ǃ ˙˻˵ƙ
]Ɨ˷ƽ˳˹ǆ11 ˙ǒ˗˱ǃå .[ ˥ǆ Ɠ˷Ȼá ˙ˮ˯ƶƙ èåðå̊ ˯ǋǗå Ɨƶƪ ǑƼ ôƓƽ˳ǈã ÿá ˙Ḫ˘ǃƓȺ

ñā˙˯ǃå ƗȺǚƮ ǑƼ ôƓƽ˳ǈã ǏǄƵ ý˗ƙā Ɨ˸ǌ˸ǃå èå̇ Ƭ˓˸ǃå ˥ƪ ßƓ˹˲ǈã Ǌ˹Ƶ Ɲ˯˹ǒ Ɠ˸ǆ Ü
] ñ̇ ˯ǃå12.[ ûā̠˹Ʈ ü̇ Ȼ˲ ɏ̆ǃå ü̇˲˸ǃå ǑƼ ̇ƛ˓ǒ ÿƓ˹ƪǕå ñƓ˸ƙ Ɇ˸ơ ǑƼ ̇ ƺ˻˯ǃå

˻˵ƶ˯ǃå íí̇ƙ ̇Ċ˻ƺƙ  xǃ̆ǃ Ɠƶƙā ÿåïā̠ǃå ƗƵ̇ƪ ̇ƺ˻ƙ ǑƼ ̝ˮ˴Ȼ Ɠ˸ǆ ñā̇˯ǃå] ɖ9-12 .[
 ýƓˠƵǕå ˝ ˳˵ƙā Ʉ˵ḧǄǃ Ɠǌ˻ǀ ˮˠƙā Ɨƶɂ̇ ˴ǃå ˙˻ɂï˦Ƽ Ɨ ˹ǀƙ ô̇ ƶǃ Ɨƪåï˗ǃå ǉ˘ǋ ú˗ǌƙ

.ñā˙˯ǃå ǑƼ 
2. Ʋɀ˗˲ǁä ˗˹ɀîˤƺ ƕ ˷ƾƗ 

 Ʉ˵ḧǄǃ ç˗˻ƽǆ çåíƋḪ ˕˯ˮƛá ˗ƿā Üðå̊ ˯ǋǗå çïƓƬã Ɇ˻Ǆ˲ƙ ǑƼ Ɨ˸ǌ˸ǃå èƓ ˹ǀ˯ǃå ˥ǆ ˙ˮ˯ƶƙ
] çïåā˗ǃå èǙǓå ǑƼ ýƓˠƵǕå ˝ ˳˵ƙā14Ü13 āá Ɇɂ˦˲ƙ ˤ˯ǒ Ɨ ˹ǀ˯ǃå ǉ˘ǋ þå˗˳˯ƪƎɁā .[

 ˙˰ǂá ƗȻíí̇ ƙ èƓǈ˦ɜǆ ç˗Ƶ Ǐǃã å˗˻ǀƶƙ ˙˰ǂǕå Ǒ˹ǆ̊ ǃå ýƓ˱˸ǃå ǑƼ ðå̊ ˯ǋǗå çïƓƬã ˤ ˴ǀƙ
 ˚˻Ḫ̇ ˯ǃå ˥˻ǄǄ˲˸ǃå ǏǄƵ Ɇǌ˴ǃå ˥ǆ ˣǃ˘ǃ ÜæƓƶ˸ǃå ñ̇ ˯ǃå ˥Ƶ Ʉ˵ḧǃåā ˗ǒ˗˲ƙ ǑƼ Ɠơ˦ưā

 ˙ˮ˯ƶƙ Ǒ˯ǃå Ɨ ˹ǀ˯ǃå ǉ˘ǋ ǏǄƵ Ɨƿ˦ƛ˦˸ǃå èƓ ˹ǀ˯ǃå ˥ǆ ýƓˠƵǕå ˝ ˳˵ƙ ǑƼ ˙ˮ˯ƶƙ Ɠ˷Ȼá .
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Üƴɣǀ˯˸ǃå ̇ ɂ˻ï˦Ƽ Ɇɂ˦˲ƙ æƓ˴˲ ǃ çïĊ˦ɣǆ Ɨǆðïå˦Ƥ ) ƗǃíƓƶǆ1 Ǐǃã êƓ˯˲ƙ Ǒ˯ǃå (
ὔÌÏÇὔ  ˥ǆ ý˗ƕὔ ] ƴˠǀ˯˸ǃå ˙˻ɂï˦Ƽ Ɇɂ˦˲ƙ ǑƼ13 ˔˱Ȼ ƓǌǃƓ˸ƶ˯ƪã ˗˹Ƶā .[

 èåíí̇ ˯ǃå ǑƼ ç̇ ˻ƺ˶ǃå èå̇ ˻ƺ˯ǃå ɉƓǀ˯ǃã ˥ǆ ˥ɜ˸˯ǃ Ɨ ƪƓ˹˸ǃå íí̇ ˯ǃå Ɨƿí ïƓ ˯ƵǗå ǑƼ ˘ƤǕå
]14.[ 

ὢὯ ὼὲὩ Ⱦ ȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣ ρ 

:˖˻ơ 
ὢὯ Üíí̇ ˯ǃå ýƓ˱ǆ ǑƼ çïƓƬǗå  :N ÜèƓ˹˻ƶǄǃ ǑǄḧǃå í˗ƶǃå :k íí̇ ˯ǃå èƓǈ˦ɜǆ : 
 )Ὧ πȟρȟςȟȣὔ ρ Ü(x(n) Ü˥ǆ̊ ǃå ûƓˠǈ ǑƼ çïƓƬǗå Ɇ˴Ǆ˴ƙ :n  í˗Ƶ :

 Ü˥ǆ̊ ǃå ûƓˠǈ ǑƼ èƓ˹˻ƶǃåj     ǑǄ˻˳ƙ í˗Ƶ :Ὦ Ѝ ρ. 

3. ƕȿ̠ ˯˭ǁä ɂƬĀ 
 çïƓƬǗå Ɠǌ˻˸ ˸˶ƙ ˤƙ ƗɁ̇ ˱ƙ ˥ǆ Ɠǌ˻ǄƵ Ɇ˶˲˯ǆ Ɨƪåï˗ǃå ǉ˘ǋ ǑƼ ƗǄ˸ƶ˯˴˸ǃå Ɨɂðå̊ ˯ǋǗå

˗Ǆ˻ƽǈå̇ Ḫ ƗƶǆƓƞ ǑƼ ƓǌǄ˻ƺ˵ƙā  þ̠ǀ˯˸ǃå ̊Ḫ̇˸ǃå ˥ǆ ɆǆƓǋ ˥ƕ í˦˸ ǆ˲ .í ƴǆ ÿāƓƶ˯ǃƓȺ
Ɨ ˹ǀ˯Ǆǃ .ïƓ ˯ƤǙå Ɨˠ˲ǆ  Ü˔˹˱ǃ Ɠ ˹ƞ ˥˻˟˦Ɂ̇ ǆ ˥˻ǄƛƓ˸˯ǆ ñā˙ƙ Ǒƿā˗˹Ʈ ˥Ƶ çïƓ ʸ

ǃå Ɇ˰˸Ȼ ̇ƤǓåā ïƓ˯ƤǗå ûā̠˹Ʈ Ɇ˰˸Ȼ Ɠ˸ǋ̠ơá ˦ǋ Ɠ˸Ḫ Ɇ˸ ǃ˲å çƓǂƓ˲˸ǃ ƴȺƓ˯ǃå ûā̠˹˶
) ˤƿï Ɇɜ˵ǃƓȺ Ơư˦ǆ1) ˤƿï Ɇɜ˵ǃåā (2ˤƪ̇ ǃå Ơư˦ǒ (  Ɨǈ˦ɜ˸ǃå ßå̊ ƞǖǃ Ǒˠ ˠ˳˯ǃå

.˥˻ƿā˗˹˶Ǆǃ 

 Ɨ Ǆ˸Ƶ ˥ǆ Ɇ˻Ǆǀ˯ǃā Ü˔Ǆ˶ǃå ˗ǒ˗˲ǃå ˥ǆ ƗƵ˦˹˶ǆ Ɨ ˮǃ˦ǃ ñā˙ƙ ǏǄƵ ÿƓɂ˦˯˲ȻüƓḧ˯ơǙå 
) Ɇ˻Ɂ˦ǆ è˦ɂð ˕ǆ˗˳˯ƪáMobil Gear oil 632) ˤƿï ýā˗˱ǃåā Ü(1Ʈå˦ǆ Ơư˦ǒ ( èƓƽ
.Ɨǆ˗˳˯˴˸ǃå ñā˙˯ǃå 
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) Ɇɜ˵ǃå1]ïƓ ˯ƤǙå Ɨǆ˦ˢ˹ǆ (14[ 

 

) Ɇɜ˵ǃå2ˤƪ̇ ǃå Ơư˦ǒ (  Ǒˠ ˠ˳˯ǃåïƓ ˯ƤǙå Ɨǆ˦ˢ˹ǆ 
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) üĀ˕˯ǁä1]ƕǄ˕˱˭˲˶ǁä ðĀ˗˭ǁä çƑƻƬäˤǄ (14[ 
ЀмϽϧЮϜ ϤϝУЊϜнв  ϹϚϝЧЮϜ ЀϽϧЮϜ1  ϸϝЧгЮϜ ЀϽϧЮϜ2 

 дϝзЂцϜ ϸϹК(NT) 51 70 

  ХуЇЛϧЮϜ ϸϸϽϦὪ ὔὝz ‫  ὔὝz ‫  

(ϣтϽϚϜϹЮϜ ϢнГϷЮϜ ЀнЫЛв) езЧгЮϜ 3 mm 3 mm 

еЃЮϜ ЌϽК 25.1 mm 25.1 mm 

ϢнГϷЮϜ ϢϽϚϜϸ ϽГЦ 160.65 mm 220.50 mm 

ϢнГϷЮϜ ϢϽϚϜϸ ев еЃЮϜ Ѐϒϼ ИϝУϦϼϖ 3 mm 3 mm 

ϢнГϷЮϜ ϢϽϚϜϸ ев еЃЮϜ ϼϻϮ ХгК 3.75 mm 3.75 mm 
 

 Ǌƙï˗ƿ ǑƑƓɁ̇ ǌḪ ü̇ ˲˸Ⱥ ƗǄ˶˯ǆ Ɨǆ˦ˢ˹˸ǃåā1.1  ƗƵ̇ ˴Ɂā èåā˦Ǆ˻Ḫ ÿåïāí3600  ǑƼ çïāí
) ÷˦ ǈ ƗǄ˱ƶǃå ˛˱ǆ þå˗˳˯ƪƎȺ èåßå̇ ǀǃå è˗Ƥá .Ɨǀ ʾ˗ǃåISOBASE 236 Endevco (

 ƗƵ̇˴ Ɂā èƓƵƓƪ Ɨ˴ Ƥ˸ ç̠˸ǃ ɆɣƵ ÿā̠ƕ Ɨǆ˦s ˹˸ǃå ̞ǄƺƬ .Ɇ˻˸˲˯ǃå Ǒƪå̇Ḫ ǏǄƵ ̟ˮ˯ǆ
.ƗƽǄ˯˳ǆ èå̇ ˯Ƽ ǑƼ èåßå̇ ǀǃå è˘Ƥáā Üïå̇ ǀ˯ƪǗå ƗǃƓơ Ǐǃã Ɇ˶˯ǃ Ɨ˯ƕƓƛ ) ˤƿï Ɇɜ˵ǃåā3 (

ˤƪ̇ ǃå Ơư˦ǒ  Ǒˠ ˠ˳˯ǃåðå̊ ˯ǋǙå çïƓƬå Ɇɂ˦˲ƙ Ɇơå̇ ˸ǃ. 

) Ɇɜ˵ǃå3ˤƪ̇ ǃå( Ǒˠ ˠ˳˯ǃå ðå̊ ˯ǋǙå çïƓƬå Ɇɂ˦˲ƙ Ɇơå̇ ˸ǃ 

 Ɇ˻ˠ˯˴ǆ ɖ˻˸Ƶ ò˗Ƥ ˥Ƶ çïƓ ʸ ˦ǋā ɆˠƵ ßƓ˵ǈã ˗ƶȺ èå˦ˠ˳ǃå ˛ƽ˹ƕ ƗɁ̇ ˱˯ǃå è˗˻Ƶá
) ˤƿï Ɇɜ˵ǃƓȺ Ơư˦ǆ ˦ǋ Ɠ˸Ḫ Ɇɜ˵ǃå4.( 
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) Ɇɜ˵ǃå4ƶǃå (Ɇˠ ]ñ̇ ˯ǃå ǑƼ14[ 

4. Ā ƛƏƑ˭˷ǁä ƕ˳ƽƑ˷˶ǁä 
 çïƓƬǗåƗɂðå̊ ˯ǋǙå  Ɇ˻˸˲˯ǃå Ǒƪå̇ Ḫ ßƓˠƹ ǏǄƵ ˕ˮ˰˸ǃå ƗǄ˱ƶǃå ˛˱ǆ ˥ǆ Ɠǌ˻ǄƵ Ɇ˶˲˯˸ǃå

) ʕƿï Ɇɜ˵ǃå ǑƼ Ɨ˲ư˦ ǃ˸å (ǏǃāǕå ƗǃƓ˲ǃå) ʕǄ˴ǃå ñā̇˯ǃå ûā̠˹˶ǃ5) ˤƿï Ɇɜ˵ǃå .(6 (
.(ƗǈƓ˰ǃå ƗǃƓ˲ǃå) ñā̇˯ǃå ûā̠˹Ʈ ǑƼ Ɇɣƶǃå éå̠ơã ̠ƶȺ Ɨɂðå̊˯ǋǗå çïƓƬǗå ô ƶ̇Ȼ 

 
) Ɇɜ˵ǃå5 Ǒ˹ǆ̊ ǃå ýƓ˱˸Ǆǃ Ɨɂðå̊ ˯ǋǗå çïƓƬǗå (Ǆʕ˴ǃå ñā̇˯ǃå ûā̠˹ ǃ˶ 
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) Ɇɜ˵ǃå6Ɇˠƶǃå ˗ƶȺ Ǒ˹ǆ̊ ǃå ýƓ˱˸Ǆǃ Ɨɂðå̊ ˯ǋǗå çïƓƬǗå ( 

Ǆɜ˵ǃå ˥ǆ Ɍơǚǒ˥˻ )5  Ü6(  ǏǃāǕå ƗǃƓ˲ǃå ˥ǆ ˙ˮǂá Ɨ ǈƓ˰ǃå ƗǃƓ˲ǃå ǑƼ ðå̊ ˯ǋǗå Ɨƶƪ ÿã
 ç˗Ƶ üƓ˹ǋ ÿá Ɠ˸Ḫ ÜæƓƶ˸ǃå ß̊ ˱ǃå ˗ǒ˗˲ƙ ˔ƶ˶ǃå ˥ǆ ˥ḧǃā ɆˠƵ í˦ƞā ǏǄƵ ý˗ǒ Ɠ˸ǆ

] ǚ˰ǆ ̞ɂ̊ǃå Ɨy ǈ˦ ā Ɇ˸ ǃ˲å ̇˻ƺ˯Ḫ ðå̊˯ǋǙå Ɨƶƪ ǑǄƵ ̇ƛ˓ƙ Ɏ̇Ƥá Ɇǆå˦Ƶ14Ü11 .[ 
˹ǀƙ ˕ǆ˗˳˯ƪá èåíí̇ ƙ ƗƵ˦˸˱ǆ ˥ǆ Ɨ Ḫ̇ ǆā ç˗ǀƶǆ çïƓƬǗå ÿǕā ƴɂ̇ ˴ǃå ˙˻ɂï˦Ƽ Ɨ

) ˤƿï ˥˻Ǆɜ˵ǃå .ƗȻíí̇ ƙ èƓǈ˦ɜǆ ç˗Ƶ Ǐǃã çïƓƬǗå Ɇɂ˦˲˯ƕ þ˦ǀƙ Ǒ˯ǃå ā ÜƓǌ˻Ǆ˻Ǆ˲˯ǃ7  Ü8 (
 ǏǄƵ Ɨ ǈƓ˰ǃåā ǏǃāǕå ƗǃƓ˲ǃå ǑƼ Ɨɂðå̊ ˯ǋǗå çïƓƬǘǃ ðå̊ ˯ǋǗå Ɨƶƪā íí̇ ˯ǃå Ɋˠ˳ǆ ÿƓư̇ ƶȻ

Ǒǃå˦˯ǃå. 

 
) Ɇɜ˵ǃå7 ûā̠˹ ǃ˶ ƴɂ̇˴ǃå ̇˻ɂï˦Ƽ Ɨ˹ǀƙ þå̠˳ ƪ˯ƎȺ ðå̊˯ǋǗå ˃  ˟(ˤ Ǆ˴ǃå ñā˙˯ǃå 
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) Ɇɜ˵ǃå8æƓƶ˸ǃå ñā̇˯ǃå ûā̠˹ ǃ˶ ƴɂ̇˴ǃå ̇˻ɂï˦Ƽ Ɨ˹ǀƙ þå̠˳ ƪ˯ƎȺ ðå̊˯ǋǗå ˃  ˟( 

 Ɨƶƪ ˣǃ˘Ḫā ÜǏǃāǕå ƗǃƓ˲ǃå ˥ǆ ˙ˮǂá Ɨ ǈƓ˰ǃå ƗǃƓ˲ǃå ǑƼ ïåā˗ǃå í˦˸Ƶ íí̇ ƙ Ɨƶƪ ÿá Ɍơǚǒ
) ïåā˗ǃå í˦˸Ƶ íí̇ ˯ǃ Ɨ ˮǈƓƞ èåíí̇ ƙ ˙ǌˢƙ Ɠ˸Ḫ .Ǌǃ Ɨ ơƓ˶˸ǃå Ɨ ʿƼå˦˯ǃå èåíí̇ ˯ǃå60 

 (˚ƙ̇ ǋ ˥ǆ Ɨƪåï̠ǃå Ɨ˸ǋá Ơ˷ ƙ˯ā .ñā̇˯ǃå ûā̠˹Ʈ ǑƼ ƗǄɜ˵ǆ í˦ƞā ǏǄƵ ý̠ǒ Ɠ˸ǆ
 ˘Ƥá ý˗ƶǆ çíƓɂð ˔˱Ȼ Ɇˠƶǃå ˔ˮƪ ˗ǒ˗˲˯ǃ ý˦Ʈ˦Ǆǃā Ɇˠƶǃå í˦ƞā ˥Ƶ Ʉ˵ḧǃå ýǚƤ
 ˗˻ƞ ˙Ƭ˓ǆ ƴɂ̇ ˴ǃå ˙˻ɂï˦Ƽ Ɨ ˹ǀƙ ˙ˮ˯ƶƙ ɖǄˠ˹˸ǃå å˘ǋ ˥ǆā .ɖ˻˵ƶ˯ǃå íí̇ ƙ ðāƓ˱˯˻ǃ èƓ˹˻ƶǃå

 ˥Ƶ Ɨ ˹ǀ˯ǃå ǉ˘ǋ ˚˻˸˯ƙā ýƓˠƵǗå ˝ ˳˵ƙā Ʉ˵ḧǄǃ ƓǌǈƋȺ ˥ǆ̊ ǃå ýƓ˱ǆ Ɇ˻Ǆ˲ƙ Ɨ ˹ǀƙ
 Ǌ˶ ˳˵ƙā Ɇˠƶǃå ˗ǒ˗˲ƙ ˥ǆ ˥˻ǄǄ˲˸Ǆǃ ˥ɜ˸Ȼ çïƓƬǗå ǑƼ Ɨ ʽ˳ǆ óå˦Ƥ ïƓǌˡã ƴ ˠ˯˴ƙ

.Ɨǃ˦ǌ˴Ⱥ 
5. éƑ˭˷˭ƨǕä 

 ǑƼ ýƓˠƵǕå ˝ ˳˵ƙā Ʉ˵ḧǄǃ Ɨƿï˦ǃå ǉ˘ǋ ǑƼ ƴɂ̇ ˴ǃå ˙˻ɂï˦Ƽ Ɨ ˹ǀƙ ˕Ǆ˸ƶ˯ƪá
 éå̠ơã ̠ƶɁā ʕǄƪ ˥˻˯ǃƓơ ǑƼ ñā̇ƙ ûā̠˹˶ǃ Ɨɂðå̊˯ǋã çïƓƬã ǏǄƵ Ɠǌǀˮɣ ƙ ʕƙā Üñā̇˯ǃå

 ÿã ƝƑƓ˯˹ǃå ˥ǆ Ɍơ˦ǃ .ǊȺ ɆˠƵɆˠƶǃå í˦ƞā  ɖ˻˵ƶ˯ǃå íí̇ ˯ǃ èåðå̊ ˯ǋǗå Ɨƶƪ ˥ǆ ˗ɂ̊ ǒ
 ˗ɂ̊ ǒ Ɠ˸Ḫ ÜǊǃ Ɨ ˮǈƓƞ èåíí̇ ƙ ï˦ǌˡ ˣǃ˘Ḫā èåíí̇ ˯ǃå Ɨƶƪā ïåā˗ǃå í˦˸Ƶ íí̇ ƙ Ɨƶƪ ˥ǆ
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 èå̇ Ƭ˓˸ǃå ˥ǆ ƴɂ̇ ˴ǃå ˙˻ɂï˦Ƽ Ɨ ˹ǀƙ ÿá Ɨƪåï˗ǃå ǉ˘ǋ ˥ǆ Ɲ˯˹˯˴ǈā .Ǌǃ Ɨ ˮǈƓ˱ǃåā Ɨ ʿƼå˦˯ǃå
.Ɠǌ˯ǃ˦ǌƪā Ɠǌ˯Ƶ̇ ˴Ⱥ ˚˻˸˯ƙā ñā˙˯ǃå ǑƼ ýƓˠƵǕå ˝ ˳˵ƙā Ʉ˵ḧǃ ç˗˻˱ǃå 
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) ƕȿ˗˭ǂǁ ƕ ƨ˕˷Ǌǁä òäˤ˱ǁä ˣ˹˲˰ƗAı3ˣ˹˞ǁä ƕƺƑƮƌȸ ( 

ɔɀîï ìʕǁʕǄ ɍ̠˹Ƣ .à 
ϣтмϜϿЮϝϠ ϣузЧϧЮϜ м анЯЛЯЮ сЮϝЛЮϜ ϹлЛгЮϜ 

khiryzr958@gmail.com 

˛øøøøøøø˱ǂ˶ǁä 
 ƗɁ̇ ˯ǃå)AĲ3 ( Ɠǌǈá ˖˻ơ Ɠ ɜ ǈƓɜ ǆ ƓḪ˦Ǆƪ Ɠǋá˦ƪá ā Ɨ Ǆǆ̇ ǃå ƗɁ̇ ˯ǃå ÷å˦ǈá ˗ơå Ǒǋ
 ˙ƺ˶Ⱥ ˚˻˸˯ƙ ˤ˱ơ ƗǄǌƪ ƓǌǄƶ˱Ȼ Ɠ˸ǆ ƓǌɜƪƓ˸ƙ þ˗Ƶ ā Ɠǌƞï˗ƙ þƓˢ˯ǈå ā ƓǌƙƓ ˻ˮơ

 å˘ǋ ïƓ˵˯ǈǙ å̇ ˢǈ ā Ü ǉƓ ˸ǃå ā ëƓɂ̇ ǃƓḪ ƗƽǄ˯˳˸ǃå Ɨ ʹ ˮˠǃå Ɇǆå˦ƶǃƓȺ Ɨɂ̇ ƶ˯ǃå ā úå̇ ˱ǈǙå
ƶǆ ǑƼ ƗɁ̇ ˯ǃå ˥ǆ ÷˦ ˹ǃåˢ ̇ ƺǃå ß̊ ˱ǃå ɖ˟Ɠ˹ǆ ˤ ɖ˟Ɠ˹˸ǃå Ǒǋ ā Ɠ ˮ˻ǃ ˥ǆ ǑɁ˙˰ǂǕå  ƓǆƓơíðå

 ā Ɨ ǈå̇ ˸Ƶ ā ƗȻíƓ˶˯ƿå èƓ˟Ɠ˵ǈ ˗ǌ˵ƙ ˖˻ơ ÿƓɜ˴ǃƓȺå ˥ǆ ˗ɂ̊ ǒ Ɠ˸ǆ ç̇ ˻ˮḪ ā ƗƶƪƗ ˸ǋá 
. ƗɁ̇ ˯ǃå ˥ǆ ÷˦ ˹ǃå å˘ǋ ˝ƑƓ˶Ƥ ǑƼ ˖˲ ǃå  ā ßƓ˹ˮǃå íå˦˸ǃ ǑǈƓ˰ǃå Ǒ˹˟˦ǃå ˙˸ƙ˓˸ǃå ǑƼ

Ɨƪ˗˹ǌǃå Ɨ ƑƓ˵ǈǗå ƪ˗˹ǌǃå óå˦˳ǃå Ɨƪåïí ý˦ơ ˥˻˯˻˸ǄƵ ˥˻˯ƿïā ˙˵ǈ ˤƙ ƗɁ̇ ˯Ǆǃ Ɨ)AĲ3( 
 āƗ ǈƓɜǆã  ƗǄơ̇ ˸Ḫ óå˦˳ǃå ǉ˘ǋ ˥˻˴˲˯ǃ Ɨ ƪƓ˹ǆ Ɨǀɂ̇ ˟ í˦ƞāǏǃāá  ƝǆƓǈ̇ ˮǃå ˥ǆ

 . ƗɁ̇˯ǃå ǉ̆ǋ Ɨƪåï̠ǃ Ǌƶưā ʕƙ ɏ̆ǃå ɏïƓ˯ƤǙå  ā ˖˲ ǃå å˘ǌǃ ïå̇ ˸˯ƪå Ǒǋ Ɨƿï˦ǃå ǉ˘ǋ
 Ɨƪåï˗Ǆǃ Ɨ Ǆ˸ƶ˸ǃå ƝƑƓ˯˹ǃå þ˗ǀƙ Ǒǋ˙˻ƛƋƙ ƗƼƓưã  ˥˻ˠǃåǃ ƗɁ̇ ˯Ǆ)AĲ3Ü (  ˖˻ơÿá ƗƼƓưã 

ƶǆ ˔˴˹ƕ ˥˻ˠǃå Ɨ˹˻Ǒǋ ā )0%  Ü5%  Ü10%  Ü15% Ü20% (  ˥˻˴˲ƙ ǏǄƵ Ɇ˸ƶȻ
 ƓǌǄƶ˱Ȼ Ɠ˸ǆ ƗɁ̇ ˯ǃå èƓ ˻ˮơ ˥˻ƕ ˣƪƓ˸˯ǃå Ɨ ƮƓƤ˙˰ǂá  Ɇǆå˦Ƶ ƗǆāƓǀǆ ǏǄƵ çï˗ƿ ā ƓƙƓ ƛ
 ǏǄƵ Ɨ Ǆ˸ƶ˸ǃå ƝƑƓ˯˹ǃå ˕ǃí . Ɨɂ̇ ƶ˯ǃå ā úå̇ ˱ǈǙåƗ ǈƓɜǆã  Ɨ ˹ǀƙ˦˻˱ǃå óå˦˳ǃå ˥˻˴˲ƙ

ƗɁ̇ ˯Ǆǃ )AĲ3( Ü  ˗ƞā ˖˻ơÿá  Ɨ ǄƕƓƿåƗɁ̇ ˯ǃ )AĲ3( Ǆǃ ˥˴˲˯ƙ ˣǆ˗ƗƼƓưƎȺ  çí˗˲ǆ ˔˴ǈ
 ˥˻ˠǃå ˥ǆƓǌ˻ǃã  ˗ƞā Ɠ˸Ḫ . ƗƼƓ˷˸ǃå çíƓ˸ǃå Ɨ ˴ǈ çíƓɂ̊ ƕ íåí̊ ƙ ƗƼƓ˱ǃå ƗƼƓ˰ḧǃå ÿƓƼ ˣǃ˘Ḫ ā

ÿá Ḫ Ɇ˻˸˲ƙ Ɨ ˴ǈ Ɨ˸ ʾƓƓ ǈï˦ƽ ǃ  )CBR ( (California Bearing Ratio)  íåí̊ ƙ
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˥˻ˠǃå ˥ǆ Ɨ˹˻ƶǆ ˔˴ǈ çíƓɂ̊ ƕ ɋ˦˲Ǆǆ Ɇɜ˵Ⱥ Ǐǃã  ƗɁ̇ ˯ǃå)AĲ3(  ïƓ ˯Ƥå ƝƑƓ˯ǈ ˕ǃí Ɠ˸Ḫ
 ǏǄƵ ˙ƬƓ ˸ǃå ˝ǀǃåÿá  Ɠǌǃ ˛ ǃ ˥˻ˠǃå Ɨ ˴ǈ˙˻ƛƋƙ  üƓḧ˯ơǙå Ɨɂāåð ǏǄƵ ñ˦˸Ǆǆ)ǳÜ ( 

Ɠ˸˹˻ƕ èïƓƬá  ƝƑƓ˯˹ǃåǏǃã Ɨ ǈƓɜǆã ƗɁ̇ ˯Ǆǃ ˣƪƓ˸˯ǃå Ɨ ƮƓƤ ˥˻˴˲ƙ )C(  āÿá  ǉ˘ǋƗ ƮƓ˳ǃå 
 ˗˸˯ƶƙƓƪƓƪá ˤ˱ơ ǏǄƵ ā úƓ˷˸ǃå ˥˻ˠǃå Ɨ ˴ǈ ïå˗ǀǆ ā ÷˦ ǈ ǏǄƵ ā ƙ èƓ ˻ˮơ êï˗˯
ƗɁ̇ ˯ǃå.    
   ƕǁä˕ǁä çƑ˶ǂḥǁä    ƗɁ̇ ˯ǃå :)AĲ3( Ĳ   ˥˻ˠǃå-   Ɨ ƪ˗˹ǌǃå óå˦˳ǃå-  ƗƼƓ˱ǃå ƗƼƓ˰ḧǃå 

1       ƕǄ˕ƾ˶ǁä 
 ǑƼ ƓǌǃƓ˸ƶ˯ƪǙ Ɠǌ˯˻ơǚƮ ˖˻ơ ˥ǆ ƗɁ̇ ˯ǃå ÷å˦ǈá í˦ƞá ˥ǆ ˙ˮ˯ƶƙ Ɨ Ǆǆ̇ ǃå ƗɁ̇ ˯ǃå
 Ɨ ƪ˗˹ǌǃå ƓǌƮå˦Ƥ ˗˸˯ƶƙ ā ƗɜƪƓ˸˯ǆ ˙˻ƹ ā Ɨ˹˵Ƥ Ɨ ˮ˻ˮơ ƗɁ̇ ƙ Ǒǋ ā ßƓ˹ˮǃå ôå̇ ƹá

 ǏǄƵ ] Ɨ ˮ˴˹ǃå Ɠǌ˯ƼƓ˰Ḫ ǏǄƵ ā ƓǌƙƓ ˻ˮ˲ǃ Ɨ ˸˱˲ǃå ˝ƑƓ˶˳ǃå1  Ü2  ƗƼƓ˰ḧǃå ā Ü [
 ƗƼƓ˰ḧǃå èíåð ƗƼƓ˱ǃå ƗƼƓ˰ḧǃå èíåð Ɠ˸ǄḪ Ǌǈå ˖˻ơ ƗɁ̇ ˯Ǆǃ ƗƼƓ˱ǃå ƗƼƓ˰ḧǃå ǏǄƵ ˗˸˯ƶƙ Ɨ ˮ˴˹ǃå
 ˗˸˯ƶƙ Ǒ˯ǃå Ɨ ɜ ǈƓɜ ˸ǃå óå˦˳ǃå Ɠǌ˸ǋá ˥ǆ ā Ɨ ƪ˗˹ǌǃå ƓǌƮå˦Ƥ ˥˻˴˲ƙ ǑǃƓ˯ǃƓȺ ā Ɨ ˮ˴˹ǃå

üƓḧ˯ơǙå ƗǆāƓǀǆ ǏǄƵ ] èƓ ˻ˮ˲ǃå ˥˻ƕ 2  ƗƽǄ˯˳˸ǃå Ɨ Ǆǆ̇ ǃå ƗɁ̇ ˯ǃå ÷å˦ǈǕ ˙ˢ˹ǃå ˗˹Ƶ ā  .[
 ƗɁ̇ ˯ǃå ÿá ˗˱ǈ Ɠǌ˹˻ƕ ƗǈïƓǀ˸ǃå ā)AĲ3(  ˣǃî ā Ɨ ɜ ǈƓɜ ˸ǃå ƓǌƮå˦Ƥ Ɨ ơƓǈ ˥ǆ çí˦ƞ ƓǌǄƿå

. ƗɜƪƓ˸˯ǆ ˙˻ƹ ā Ɨ ƑƓƪ ƓǌƙƓ ˻ˮơ ā êï˗˯ǃå Ɨ˭ǒíï Ɨ˸ƵƓǈ Ɨ Ǆǆï ƗɁ̇ ƙ ƓǌǈǕ   å˘ǋ ǑƼ
 Ɨ ǈƓɜǆã Ɨƪåïí ˤ˯˻ƪ ˖˲ ǃåå ˥˻˴˲ƙ ƗɁ̇ ˯Ǆǃ Ɨ ƪ˗˹ǌǃå óå˦˳ǃ)AĲ3 (˥˻ˠǃå ƗƼƓưƎȺ  Ɠǌ˻ǃã

 Ǒǋ ā çí˗˲ǆ ˔˴˹ƕ )0%Ü 5%Ü 10%Ü 15%Ü 20% (.    

2      ìäˤ˶ǁäǄ˕˱˭˲˶ǁäƕ  ƕƨäî˕ǁä Ǐƺ 
2 ı 1    )   ƕȿ̠ ˭ǁäA- 3( 

 ā Ɨ Ɂ̇ ƺǃå Ɨǀˠ˹˸Ǆǃ Ɨ ǄơƓ˴ǃå Ɋɂ̇ ˵ǃå ý˦˟ ǏǄƵ ç̇ Ƽ˦ƕ ˗ƞå˦˯ǆ ƗɁ̇ ˯ǃå ˥ǆ ÷˦ ˹ǃå å˘ǋ
 ā Ɨ˴ Ƒ̇ǃå û̇ ǃɣå ā ƴɂïƓ˵˸ǃå ʕs ƶ˸ǃ ñƓƪǕå ƗɁ̇ƙ Ɇɜ˵Ȼ ā Ü çïƓƽ˱ǃå Ɇǌƪ íå̠˯ǆå ǏǄƵ
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 ƴɂïƓ˵˸ǃå Ɇƞ ÿá ˙Ḫ˘ǃƓȺ ˙ǒ˗˱ǃå ā Ü ɖ˟Ɠ˹˸ǃå ˣǄ˯ƕ ç̇ ˵˯˹˸ǃå Ɨ ʸåï˚ǃå ā Ɨ ʸ̇ ƽǃå
Ɨ ˱ ƙå̇ ˯ƪǙå ǆ Ɨ ˮ˻Ǆǃå Ɨǃā˗Ǆǃ ƗɁ̇˯ǃå û̇˯˳Ȼ ƗȻ̠ǒ̠˲ǃå Ɨɜ˴ǃå ɊƤ Ɇ˰)AĲ3 ( ˥ǆ ˙˻˰Ḫ ǑƼ

.çï˦Ḫ˘˸ǃå ɖ˟Ɠ˹˸ǃå 
 Ʉ˹˶ƙ ā êï˗˯ǃå Ɨ˸ˢ˯˹ǆ Ɨ˸ƵƓǈ Ɨ Ǆǆï ƗɁ̇ ƙ Ǒǋ Ɨƪåï˗ǃå ǉ˘ǋ ǑƼ Ɨǆ˗˳˯˴˸ǃå ƗɁ̇ ˯ǃå

 ƗɁ̇ ƙ Ɠǌǈá ǏǄƵ)AĲ3(  ˃ ˹˶ƙ þƓˢ˹ǃ Ɠǀ ˟(AASHTO) 

(American Association of State Highway and Transportation 

Officials ) 

 êï˗˯ǃå Ɨ˭ǒíï Ɨ Ǆǆï ƗɁ̇ ƙ ā(SP) ˗ơ˦˸ǃå ˃ ˹˶˯ǃå þƓˢ˹ǃ Ɠǀ ˟ (USCS)  

 (The Unified Soil Classification System) 
  Ɨ˴ǈ ǏǄƵ ɏ˦˯˲ƙ Ǒǋ ā3 %  Ɇ˳ ǆ˹ ˥ǆ ̇ ƙ˸ ɏá Ɨ˸ƵƓ˹ǃå íå˦˸ǃå ˥ǆ ÿð˦ǃƓȺ200 

 ˙ˠƿ)0.075 (˙˯˸Ǆǆ  ˥Ƶ Ɇǀƙ Ǚ Ɨ ˴ǈ ǏǄƵā Ü98%  Ɇ˳˹ǆ ˥ǆ ˙˸ƙ100  ˙ˠƿ )
0.150 (˙˯˸Ǆǆ  ýā˗˱ǃå ā Ü1 . Ɨƪåï˗ǃå ƗɁ̇ ˯ǃ Ɨ ˹ǀƙ˦˻˱ǃå óå˦˳ǃå ǑˠƶȻ 

 ЬмϹϮ1  ϣЂϜϼϹЮϜ ϣϠϽϧЮ ϣузЧϦнуϯЮϜ ЈϜнϷЮϜ ϱЎнт 

ϣуЊϝϷЮϜ ϣгуЧЮϜ 

ϣгКϝзЮϜ ϸϜнгЮϜ ϣϡЃж  ЭϷзв ев ϽгϦ200  ) ϽГЦ0.075 (ϽϧгЯв 3 % 

ϣгКϝзЮϜ ЭвϽЮϜ ϣϡЃж 95% 

 ϝлУузЋϦ СузЋϦ аϝЗзЮ ϝЧϡА ( AASHTO) )Aï3( 

 ϝлУузЋϦ ϹϲнгЮϜ СузЋϧЮϜ аϝЗзЮ ϝЧϡА( USCS ) ( SP ) 

 ϬϼϹϧЮϜ СЊм ̭рϸϼ 

 ϣТϝϮ ϣТϝϫЪ пЋЦϒ 1.7бЂ/аϜϽϮ3 

 ЭϫвъϜ сϚϝгЮϜ онϧϳгЮϜ 11.5% 

 ) сЯ϶ϜϹЮϜ ШϝЫϧϲъϜ ϣтмϜϾÏ  ( 35Ü  

 ) ЩЂϝгϧЮϜ ϢнЦC ( ϽУЊ 

 ) ϝужϼнУуЮϝЪ ЭугϳϦ ϣϡЃжCBR  ̭ϝгЮϜ сТ ϽгПЮϜ ЭϡЦ ( 27 

 ) ϝужϼнУуЮϝЪ ЭугϳϦ ϣϡЃжCBR  (ϹЛϠ ̭ϝгЮϜ сТ ϽгПЮϜ 21 
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2 - 2    ƕ ˷˹˞ǁä ƕȿ̠ ˭ǁä( ƕƺƑ˵˶ǁä æìƑ˶ǁä ) 
 ƗƵƓ˹Ʈ ǑƼ Ɨǆ˗˳˯˴˸ǃå ƗɁ̇ ˯ǃå ˛ƽǈ Ǒǋ Ɨƪåï˗ǃå ǉ˘ǋ ǑƼ Ɨǆ˗˳˯˴˸ǃå Ɨ ˹˻ˠǃå ƗɁ̇ ˯ǃå

Ƥ ˗ǒ˗˲ƙ ˤƙ ˗ƿ ā ïā˚˹˱Ⱥ ˙ƞǕå ƴ˹˶˸Ⱥ Ɨƹ̇ ƽ˸ǃå ˔ǃå˦ǀǃåƓ˶Ƒ ˥˻ˠǃå å˘ǌǃ Ɨǈā˗Ǆǃå ˝
 ÿá ˗ƞā ˖˻ơ) Ɨǃ˦˻˴ǃå ˗ơ Ɋƪ˦˯ǆLL ˦ǋ (54% ) Ɨǈā˗Ǆǃå ˗ơ Ɋƪ˦˯ǆ āPL ɏāƓ˴Ȼ (

26%  ) Ɨǈā˗Ǆǃå ˙Ƭ˓ǆ ÿá ɏáPI (28%  ˔˴ơ Ʉ˹˶ƙ ƗɁ̇ ˯ǃå ÿƓƼ å˘ǋ ǏǄƵ ßƓ˹ƕ ā
˗ơ˦˸ǃå ˃ ˹˶˯ǃå þƓˢǈ (USCS)  ˚ǆ̇ ǃƓȺ Ɠǌǃ ˚ǆ̇ ǒ ā Ɨǈā˗Ǆǃå Ɨ ǃƓƵ ƗɁ̇ ƙ Ɠǌǈá ǏǄƵ

)CH ˃ ˹˶ƙ þƓˢ˹ƕ ā Ü (( AASHTO)  ) ǑǌƼA- 7- 6 ưã ˤƙ ˗ƿ ā .( ˥˻ˠǃå ƗƼƓ
 ƗɁ̇ ˯ǃå Ǐǃã)AĲ3(  Ǒǋ Ɨ ǃƓ˯˯ǆ Ǌ ǈðā ˔˴˹ƕ ) 0%  Ü5% Ü10%  Ü15%  Ü20% .( 

3     ƕǄ˕˱˭˲˶ǁä çä̆ ˹Ǌ˯˭ǁäĀ ƕ ǂ˶ƴ˶ǁä åîƑ˯˭ǁä 
Ɠ˹˸ƿ Ⱥ èåïƓ ˯ƤǙå ˥ǆ ƗƵ˦˸˱ǆ ßå̇ ƞƎ Ɨ Ǆ˸ƶ˸ǃå Ɨ ǈƓɜǆã Ɨƪåï˗ǃ Ɨ ˸ ˸˶˯ǃå èƓˠǄ˳Ǆǃ

ƗɁ̇ ˯Ǆǃ Ɨ ƪ˗˹ǌǃå óå˦˳ǃå ˥˻˴˲ƙ )AĲ3 ) ƗƽǄ˯˳˸ǃå Ɠǌˮ˴˹ƕ ˥˻ˠǃå ƗƼƓưƎȺ  (0%  Ü5% 
 Ü10%  Ü15%  Ü20%  (ƓȺ ƗɁ̇ ˯ǃå Ɇ˸ƶ˸Ⱥ èåïƓ ˯ƤǙå ßå̇ ƞã ˤƙ ˖˻ơ сЮϝЛЮϜ ϹлЛгЮ

ϣтмϜϿЮϝϠ ϣузЧϧЮϜ м анЯЛЯЮ  Ɠǋâå̇ ƞã ˤƙ ǑƙǕå èåïƓ ˯ƤǙå ā èƓ˹˻ƶǃå ǏǄƵǋǑ  Ɇ˻Ǆ˲˯ǃå ïƓ ˯Ƥå
ǃåǑǄ˳˹˸ ˣǆ˗ǃå ïƓ ˯Ƥå Ü ) Ɠ ǈï˦ƽ ǃƓḪ Ɇ˻˸˲ƙ Ɨ ˴ǈ ïƓ ˯Ƥå ÜCBRÜ(  ˝ǀǃå ïƓ ˯Ƥå

˙ƬƓ ˸ǃå. 

3  .1   Ʉ˹ǂ˰˭ǁä îƑ ˭ƢäǁäǏǂ˱˷˶ 
 Ɨǀɂ̇ ˠȺ ˣǃî ā ( Ɨ ˸ ˸˶˯ǃå èƓˠǄ˳ǃå ) èƓ˹˻˻ƶǃå ƴ ˸ƞ ǏǄƵ ïƓ ˯ƤǙå å˘ǋ ßå̇ ƞã ˤƙ ˗ǀǃ

Ɨ ƪƓ ʿǃå Ɨǀɂ̇ ˠǄǃ Ɠǀ ˟ Ɇ˴ƺǃå )(ASTM D422- 63- 2000 ]3Ü[  ˥ǆ ô̇ ƺǃå ā
 Ɠǌˮ˴˹ƕ Ɋ Ǆ˳ǃå ƗɁ̇ ˯ǃå èƓ ˻ˮ˲ǃ Ɨ ˸˱˲ǃå ˝ƑƓ˶˳ǃå ˗ǒ˗˲ƙ ˦ǋ ïƓ ˯ƤǙå å˘ǋ ßå̇ ƞã
 ā ɉ˦Ǆ˳ǆ Ɇḧǃ Ɨ˸ƵƓ˹ǃå íå˦˸ǃå Ɨ ˴ǈ ā èƓ ˻ˮ˲ǃå êï˗ƙ ā ˤ˱ơ ǑƼ Ɇ˰˸˯ƙ Ǒ˯ǃå ā ƗƽǄ˯˳˸ǃå
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 ˗ǀǄƼ ô̇ ƺǃå å˘ǌƕ þƓ ʿǄǃ ā . Ɨ ƪƓƪǕå Ɨ ƪ˗˹ǌǃå Ɠǌ˶ƑƓ˶Ƥ ˙ǒ˗ǀƙ ā Ɠǌƽ ˹˶ƙ ˥ɜ˸Ȼ ˣǃ˘ƕ
˱ǆ þå˗˳˯ƪå ˤƙ ˙ƺƮǕå ˤƛ ˙ˮǂǕå ƓǌƙƓ˲˯Ƽ ˤ˱ơ ˔˴ơ Ɨ ƙ̇ ǆ ɆƤƓ˹˸ǃå ˥ǆ ƗƵ˦˸

 ýā˗˱ǃƓȺ Ɠ˸Ḫ Ǒǋ ƓǌƙƓ˲˯Ƽ ïƓˠƿá ā ɆƤƓ˹˸ǃå ǉ˘ǋ ā Ǒǃå˦˯ǃå ǏǄƵ ˙ƺƮǕƓƼ2  ǑƼ ā Ü
 Ɇ˳˹˸ǃå ˥ǆ çïƓ˸ǃå Ɨ˸ƵƓ˹ǃå íå˦˸ǃå Ǌ ʼ ƴ˸˱˯ƙ ˖˻˲Ⱥ ßƓƵ˦ǃå ƴư˦ǒ ɆƤƓ˹˸ǃå ǉ˘ǋ Ɇƽƪá

200. 

 ЬмϹϮ2  ϱЎнтϤϝϳϧТ ϼϝГЦϒ м аϝЦϼϒ  Э϶ϝзгЮϜсТ ϣвϹϷϧЃгЮϜ  ЭуЯϳϧЮϜ ϼϝϡϧ϶ϜЮϜсЯϷзг 

ЭϷзгЮϜ бЦϼ 10 20 40 60 100 200 

ϽϧгуЯгЮϝϠ ЭϷзгЮϜ ϣϳϧТ ϽГЦ 2 0.85 0.425 0.25 0.15 0.075 

 
3  ø2  ǏƨƑ ʽǁä ˡǄ˕ǁä îƑ ˭Ƣä 

 ā ǑƑƓ˸ǃå Ɏ˦˯˲˸ǃå ˥ ƕ˻ Ɨƿǚƶǃå Ǐ˹˲ ǆ˹ íƓ˱Ȼã ˦ǋ ïƓ˯ƤǙå å̆ǋ ßå̇ƞã ˥ǆ ô ƺ̇ǃå
 ˗ǒ˗˲ƙ ˥ɜ˸Ȼ ǊǃǚƤ ˥ǆ ɏ˘ǃå ( Ɨ ˸ ˸˶˯ǃå èƓˠǄ˳ǃå ) èƓ˹˻˻ƶǃå Ɇḧǃ ƗƼƓ˱ǃå ƗƼƓ˰ḧǃå
 Ɏ˦ ǀ˶ǃå ƗƼƓ˱ǃå ƗƼƓ˰ḧǃå ā Ɇ˰ǆǕå ǑƑƓ˸ǃå Ɏ˦˯˲˸ǃå Ɠ˸ǋ ā xǆ̠Ǆǃ Ɨ˴ Ƒ̇ǃå ̋ ƑƓ˶ ǃ˳å

Ɠ ˯ƤǙå å˘ǋ ßå̇ ƞã ˤƙ ˗ƿā ÜèƓ˹˻˻ƶǄǃ Ɨ ɜɂ̇ ǆǕå Ɨ ƪƓ ʿǃå èƓƽƮå˦˸Ǆǃ Ɠǀ ˟ ï
)(ASTMD698- 00]4 [. 
3  .3  ) Ƒ ǆîˤƻ ǁƑḨ Ʉ˹˶˰Ɨ ƕ ˲ǆ îƑ ˭ƢäCBR  (     
   Ɏ˗ǆ ñƓ ʾ ā ˙ǒ˗ǀƙ ǑƼ þ˗˳˯˴ƙ Ǒ˯ǃå Ɨ Ǆ˸ƶ˸ǃå èåïƓ ˯ƤǙå ˥ǆ ïƓ ˯ƤǙå å˘ǋ ˙ˮ˯ƶȻ

 ƗƼ̇ ƶ˸ǃ Ɨƪåï˗ǃå ǉ˘ǋ ǑƼ ïƓ ˯ƤǙå å˘ǋ þ˗˳˯ƪå ā Ɠǌ˻ǄƵ ƗˠǄ˴˸ǃå ýƓ˸ơǖǃ ƗɁ̇ ˯ǃå ƗǆāƓǀǆ
) ƗɁ̇ ˯ǃå Ǐǃã Ɨ˹˻ƶǆ ˔˴˹ƕ ˥˻ˠǃå ƗƼƓưã ˙˻ƛƋƙ Ɏ˗ǆAĲ3 ƗɁ̇ ˯ǃå ǉ˘ǋ ƗǆāƓǀǆ ǏǄƵ (

˻˻Ƶ ïƓ ˯Ƥå ˤƙ ˖˻ơ Ü ûå̇ ˯Ƥǚǃ Ɠǀ˟ çï˦˸ƺǆ ̇ƹ˻ Ɏ̇Ƥá ā þƓȻá ƴɁïá ç̠˸ǃ çï˦˸ƺǆ èƓ˹
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  Ɨ ɜɂ̇ ǆǕå Ɨ ƪƓ ʿǃå Ɨǀɂ̇ ˠǄǃ)(ASTM D1883- 99 ] 5 [  Ɠǌɜǆí ā Ɠǋíå˗Ƶã ˗ƶȺ
.ƓǀȺƓƪ Ǌ ǃã ïƓ˵˸ǃå ǑƪƓ ʿǃå ˣǆ˗ǃå Ɨǀɂ̇ ˟ ˔˴ơ 

3  .4  ˛ƾǁä îƑ ˭Ƣä˗ƪƑ ˶ǁä  
ǀǃå Ɏ˦ǀǃ ƗɁ̇˯ǃå ƗǆāƓǀ˸ǃ Ɨ˴ Ƒ̇ǃå ïāƓ˲˸ǃå ̠ǒ̠˲ ǃ˯ þ̠˳ ˯˴Ȼ ïƓ˯ƤǙå å̆ǋ Ɠ˸ǋ ā ˝

) ǑǄƤå˗ǃå üƓḧ˯ơǙå Ɨɂāåðǳ) ˣƪƓ˸˯ǃå ç˦ ƿ ā (C ƗƪƓ˹˸ǃå û̇ ǃɣå ˥ǆ ̇ˮ˯ƶȻ ˦ǋ ā (
 óå˦˳ǃå ˞ƶȺ Ɨƪåï˗ƕ ˝˯˳Ȼ ˖˲ ǃå å˘ǋ ÿá ˖˻ơ ā Ü Ɨ Ǆǆ̇ ǃå ƗɁ̇ ˯ǃå ïƓ ˯ƤǙ

) ƗɁ̇ ˯ǃå ɉ˦Ǆ˳˸ǃ Ɨ ɜ ǈƓɜ ˸ǃåAĲ3 å˘ǋ þ˗˳˯ƪå ˗ƿ ā Ɨ˹˻ƶǆ ˔˴˹ƕ ˥˻ˠǃå Ɠǌ˻ǃã ƓƼƓ˷ǆ (
˸˱ǃ ˝ǀǃå Ɨɂāåð ñƓ ʿǃ ïƓ ˯ƤǙå Ɨǀɂ̇ ˠǃå èå˦ˠƤ ÷Ɠ ƙƎȺ ˣǃî ā Ɨ ˸ ˸˶˯ǃå èƓˠǄ˳ǃå ƴ

 Ɨ ɜɂ̇ ǆǕå Ɨ ƪƓ ʿǃå)(ASTM D3080- 01 ]6[ ƗƼƓƞ Ɏ̇Ƥá ā ßƓ˸ǃƓȺ çï˦˸ƺǆ èƓ˹˻˻Ƶ .
.ǑƪƓʿǃå xǆ̠ǃå Ɨǀɂ̇ɣǃ Ɠǀ˟ Ɏ˦ ǀ˶ǃå ƗƼƓ˱ǃå ƗƼƓ˰ḧǃå Ɏ˦˯˴ǆ ̠˹Ƶ Ɠǌɜǆí ̠ƶȺ ƓǋïƓ˯Ƥå ʕƙ 

4    ƑǊ˭˳ƽƑ˷Ǆ Ā ƕ ǂ˶ƴ˶ǁä çäîƑ ˭ƢǗä ƛƏƑ˭ǆ ó˗Ƴ 
4-1     ƕ ˶˯˰ǁä ˛ƏƑ˴˱ǁä( Ǐˬ˹ˬ˰ǁä éî˕˭ǁä )  ƕȿ̠ ˭ǁä çƑ ˹ˬ˰ǁ 

 ǏǄƵ ˙ƛ˓ƙ Ǒ˯ǃå Ɇǆå˦ƶǃå ˤǋá ˥ǆ Ɨ Ǆ˶ǃå èƓ ˻ˮ˲Ǆǃ Ɨ ˸˱˲ǃå ˝ƑƓ˶˳ǃå ˙ˮ˯ƶƙ
 Ü ƗƮƓƤ Ɨƽ˶Ⱥ Ɨ Ǆǆ̇ ǃå ƗɁ̇ ˯ǃå ǏǄƵ ā ƗǆƓƵ Ɨƽ˶Ⱥ ƗɁ̇ ˯Ǆǃ Ɨ ƪ˗˹ǌǃå óå˦˳ǃåÿã  ā ɄƮā

 ˥ǆ ÷˦ ǈ ɏá ˃ ˹˶ƙ÷å˦ǈá  Ǌǀ ʿ˲ƙ ˥ɜ˸Ȼ Ǚ ƗɁ̇ ˯ǃåǙã å ˝ƑƓ˶˳ǃå ƗƼ̇ ƶ˸Ⱥ  .ƗɁ̇ ˯Ǆǃ Ɨ ˸˱˲ǃ
Ɇɜ˵ǃå )1 ( ƗɁ̇ ˯ǃå ɉ˦Ǆ˳˸ǃ Ǒˮ˻ˮ˲ǃå êï˗˯ǃå èƓ ˹˲˹ǆ Ơư˦ǒ)AĲ3( ˥˻ˠǃå ƴǆ  Ǌ ˴˹ƕ

 èƓ ˹˲˹˸ǃå ǉ˘ǋ ýǚƤ ˥ǆ Ɍơǚǈ .ƗƽǄ˯˳˸ǃåÿá  ǊȺƓ˵˯ǆ ā æïƓǀ˯ǆ èƓ ˹˲˹˸Ǆǃ þƓƶǃå Ɇɜ˵ǃå
 ˗ƞ˦ǒ Ǚ ā˙˻ƛƋƙ  ˖˻ơ ƗƽǄ˯˳˸ǃå èƓˠǄ˳Ǆǃ Ǒˮ˻ˮ˲ǃå êï˗˯ǃå ǑǄƵ Ơưåāÿá  ˥ǆ ïƓ˸ǃå Ɨ ˴ǈ
 Ɇ˳˹˸ǃå100  )0.15  ˥Ƶ Ɇǀƙ Ǚ ( ˤǄǆ98%  ā èƓˠǄ˳ǃå ƴ ˸ƞ ǑƼ) Ǐǀ ƙ  ( ˚˱˲ƙ

 Ɇ˳˹˸ǃå ǏǄƵ Ɠǌ˸ˢƶǆ200  )0.075 ( ˤǄǆ Ü  ǏǄƵ ƓǌƽƮā ˥ɜ˸Ȼ èƓ ˹˲˹˸ǃå ɆḪƓǌǈá 
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 .êï˗˯ǃå Ɨ˸ˢ˯˹ǆ ƗɁ̇ ƙ ĄƓ˷Ȼá  Ɨˢơǚǆ ˥ɜ˸Ȼÿá  Ɇ˳˹˸ǃå ˥ǆ ïƓ˸ǃå Ɨ ˴ǈ200  ǏǄƵ íåí̊ ƙ
ǑƼ Ǒǃå˦˯ǃå .ƗƼƓ˷˸ǃå çíƓ˸ǃå Ɨ ˴ǈ ïå˗ǀ˸Ⱥ èƓˠǄ˳ǃå ɆḪ 

 

 ЭЫІ1  ϣϠϽϧЮϜ АнЯϷгЮ ϬϼϹϧЮϜ Ϥϝузϳзв ϱЎнт)3ïA( еуГЮϜ Йв ϣУЯϧϷгЮϜ йϡЃзϠ 

 

4-2     ˡǄ˕ǁä ƕ ƬƑƢ  

 ƓǌǄƿå ā ƗɁ̇ ˯Ǆǃ Ɨ ƪ˗˹ǌǃå óå˦˳ǃå ˥˻˴˲˯ǃ Ɨǀɂ̇ ˟ Ɇ˷Ƽá ˥ǆ ˙ˮ˯ƶȻ ƗɁ̇ ˯ǃå ˣǆí ÿã
ǑǃƓ˯ǃƓȺ ā Ɠǌ˹˻ƕ ßå˦ǌǃå èƓƹå̇ Ƽ Ɇ˻Ǆǀƙ ā ƗɁ̇ ˯ǃå ƗƼƓ˰Ḫ çíƓɂð ǏǄƵ Ɇ˸ƶȻ Ǌǈå ˖˻ơ ƗƽǄḧƙ  çíƓɂð

Ǐǃå ɏí˓ǒ Ɠ˸ǆ Ɠǌ˯ƼƓ˰ǂ  ā Ɠǌ˯˻˟Ɠƺ˷ǈå Ɨ ǈƓɜǆã ˥ǆ Ɇ˻Ǆǀ˯ǃå ā ˝ǀǃå ç˦ ǀǃ Ɠǌ˯ǆāƓǀǆ íƓȻíðå
Ɇɜ˵ǃå ǑƼ . ƓǌƙƓ ƛ çíƓɂð ā Ɨ Ǆ˻˸˲˯ǃå Ɠǌƙï˗ƿ ˥˴˲ƙ ˤƛ ˥ǆ )2 (  ˣǆ˗ǃå èƓ ˹˲˹ǆ Ơư˦ǒ

 ƗɁ̇ ˯ǃå ɉ˦Ǆ˳˸ǃ)AĲ3( . ƗƽǄ˯˳˸ǃå Ɠǌˮ˴˹ƕ ˥˻ˠǃå  ƴǆ 
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ɆɜƬ 2 Ơư˦ǒ èƓ ˹˲˹ǆ ˣǆ˗ǃå ɉ˦Ǆ˳˸ǃ ƗɁ̇ ˯ǃå )AĲ3 (ƴǆ  ˥˻ˠǃå Ɠǌˮ˴˹ƕ ƗƽǄ˯˳˸ǃå 

 ˖˻ơ Ơưåā Ɇɜ˵Ⱥ ˕˹˴˲ƙ ˣǆ˗Ǆǃ ƗɁ̇ ˯ǃå Ɨ ǄƕƓƿ ÿá Ơ˷˯ǒ Ɇɜ˵ǃå å˘ǋ ýǚƤ ˥ǆ
) ƗɁ̇ ˯ǃå ǏǃāǕå Ɨ ˸ ˸˶˯ǃå ƗˠǄ˳Ǆǃ ˣǆ˗ǃå Ǐ˹˲˹ǆ ˗˱ǈAĲ3   ) (0%  Ɨ Ƭ ( ˥˻˟

 Ɨ ˸ ˸˶˯ǃå ƗˠǄ˳ǃå Ǐ˹˲˹ǆ ˗˱ǈ Ɠ˸˹˻ƕ Ɨ˲ưåā ( çāïî ) Ɨ˸ƿ Ǌǃ ˗ƞ˦ǒ Ǚ ā Ơˠ˴ǆ
 ) Ɨ˴ǆƓ˳ǃå20%  Ǐ˹˲˹˸Ⱥ ˣǃî Ǐǃã ƗƼƓưã  Üå˗ƞ Ɨ˲ưåā ( çāïî ) Ɨ˸ƿ Ǌǃ ( ˥˻˟

 ïƓ˴ ǃå ˥ǆ ƗƼƓ˱ǃå ƗƼƓ˰ḧǃå ǑƼ çíƓɂ̊ ǃå ý˗ƶǆ ë˦ ưā Ɨ˴ǆƓ˳ǃå Ɨ ˸ ˸˶˯ǃå ƗˠǄ˳Ǆǃ ˣǆ˗ǃå
Ɠ˰Ḫ ˝ƿá Ǐ˯ơ ˥˻˸ ǃå Ǐǃã ƗƼƓƞ ƗƼˤƛ  Ǐǃã ïƓ˴ ǃå ˥ǆ ƗƼƓ˱ǃå ƗƼƓ˰ḧǃå ǑƼ ˝ǀ˹ǃå ý˗ƶǆ

) ƗɁ̇ ˯ǃå ǏǃāǕå Ɨ ˸ ˸˶˯ǃå ƗˠǄ˳ǃƓȺ ƗǈïƓǀǆ ƗƼƓƞ ƗƼƓ˰Ḫ ˝ƿá ˗ƶȺ ˥˻˸ ǃåAĲ3 ) (0% 
 Ɇɜ˵ǃå ˥ǆ ā .( ˥˻˟3  Ɇ˰ǆǕå ǑƑƓ˸ǃå Ɏ˦˯˲˸ǃå ǏǄƵ Ơưåā ̇ƛ˻Ƌƙ ̠ƞ˦ǒ Ǚ Ǌǈå Ɍơǚǈ

) ƗɁ̇ ˯ǃå Ǐǃã ˥˻ˠǃå ƗƼƓưƎȺAĲ3çíƓ˸ǃå Ɨ ˴ǈ ÿǙ ˣǃî ā (  Ɠ˸˹˻ƕ   .Ɠ ˮ˴ǈ ƗǄ˻Ǆƿ ƗƼƓ˷˸ǃå
 Ɇɜ˵ǃå ýǚƤ ˥ǆ Ɍơǚǈ4  ƗƼƓ˷˸ǃå çíƓ˸ǃå Ɨ ˴ǈ çíƓɂ̊ ƕ íåí̊ ƙ ƗƼƓƞ ƗƼƓ˰Ḫ Ǐ˶ƿá ÿá
 Ǒǃå˦ơ ˥ǆ íåí̊ ƙ ˖˻ơ1.7ˤƪ/þå̇ ƞ3  ) ƗɁ̇ ˯ǃå ǏǃāǕå Ɨ ˸ ˸˶˯ǃå ƗˠǄ˳ǄǃAĲ3   Ǒǃã (

 Ǐǃã Ɇ˶ƙ ÿá2 ˤƪ/þå̇ ƞ3   )  ƗɁ̇ ˯ǃå Ɨ˴ǆƓ˳ǃå Ɨ ˸ ˸˶˯ǃå ƗˠǄ˳ǄǃAĲ3   (ƴǆ  ƗƼƓưã
 )20% .( ˥˻˟   
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ЭЫІ 3 ϱЎнт ϣЦыЛЮϜ еуϠ ϣϡЃж еуГЮϜ ϣТϝЏгЮϜ м онϧϳгЮϜ сϚϝгЮϜ ЭϫвцϜ  АнЯϷгЮ ϣϠϽϧЮϜ )Aï

3 (Йв  еуГЮϜ 

 

 

 ЭЫІ4  ϱЎнт онЋЧЮϜ ϣТϝϯЮϜ ϣТϝϫЫЮϜ м ϣТϝЏгЮϜ еуГЮϜ ϣϡЃж еуϠ ϣЦыЛЮϜ  ϣϠϽϧЮϜ АнЯϷгЮ)Aï

3( еуГЮϜ  Йв 
 

4-3      ) Ƒ ǆîˤƻ ǁƑḨ Ʉ˹˶˰Ɨ ƕ ˲ǆCBR ( 
 Ɇɜ˵ǃå ýǚƤ ˥ǆ5  Ǐǃã ˥˻ˠǃå ƗƼƓưã ÿã Ɍơǚǈ) ƗɁ̇ ˯ǃåAĲ3(  ˙˻ˮḪ ˙˻ƛƋƙ Ɠǌǃ

 Ǐǃã ƴƞ̇ ǒ å˘ǋ ā Ü çï˦˸ƺ˸ǃå ˙˻ƹ ā çï˦˸ƺ˸ǃå èƓ˹˻ƶǄǃ Ɠ ǈï˦ƽ ǃƓḪ Ɇ˻˸˲ƙ Ɨ ˴ǈ Ɨ˸ ʾ ǏǄƵ
 ā ƗƼƓ˱ǃå ƗƼƓ˰ḧǃå çíƓɂ̊ ƕ ˣǃî ā Ɠǌ˹˻ƕ èƓƹå̇ ƽǃå Ɇ˻Ǆǀƙ ā ƗɁ̇ ˯ǃå èƓ ˻ˮơ ˥˻ƕ ɆƤå˗˯ǃå çíƓɂð

 ǑƼ Ɨ˲ưåā çíƓɂ̊ǃå ÿ˦ḧƙ Ǐǃã ˕ǄƮā ˖˻ơ çï˦˸ƺ˸ǃå ˙˻ƹ èƓ˹˻ƶǃå ƗǃƓơ96%  ƗˠǄ˳Ǆǃ
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)  ƗɁ̇ ˯ǃå Ɨ˴ǆƓ˳ǃå Ɨ ˸ ˸˶˯ǃåAĲ3   (ƴǆ  ) ƗƼƓưã20% ( ˥˻˟  ˕ǈƓḪ ˥˻ơ ǑƼ26%  
Ǆǃ) ƗɁ̇ ˯ǃå ǏǃāǕå Ɨ ˸ ˸˶˯ǃå ƗˠǄ˳AĲ3 ) (0% .( ˥˻˟   

4-4     ̨ ƾǁä Ɍʕƾǁ ƕȿ̠˭ǁä ƕǄĀƑƾǄ ̨ ƏƑ˴Ƣ 
 ÿǚɜ˵ǃå ýǚƤ ˥ǆ6  Ü7  ˻ƕ Ɨƿǚƶǃå Ơư˦ǒ ÿå˘Ǆǃå íƓǌƞã ā ɏí˦˸ƶǃå íƓǌƞǗå ˥

  çï˦˸ƺǆ Ɏ̇Ƥá ā çï˦˸ƺǆ ̇˻ƹ èƓ˹˻ƶǃ ̋ ǀǃåƗɁ̇ ˯ǃå ɉ˦Ǆ˳˸ǃ )AĲ3( ƴǆ ˥˻ˠǃå  Ơ˷˯ǒ  Ü
 ƗɁ̇ ˯ǃå Ǐǃã ˥˻ˠǃå ƗƼƓưã ÿá)AĲ3(  éā˗ơ ƴǆ üƓḧ˯ơǙå Ɨɂāåð ǏǄƵ å̇ ˻˰Ḫ ˙ƛ˓ƙ Ǚ

 Ɨ˸ ʾ ÿá ˖˻ơ çï˦˸ƺ˸ǃå ˙˻ƹ èƓ˹˻ƶǃå ƗǃƓơ ǑƼ ˣƪƓ˸˯ǃå Ɨ ƮƓƤ ǏǄƵ ˥˴˲˯ǃå ˞ƶȺ
 ˣƪƓ˸˯ǃå) ƗɁ̇ ˯ǃå ɉ˦Ǆ˳˸ǃAĲ3( ˥˻ˠǃå  ƴǆ ) ɏāƓ˴ƙ ̞ Ʈ˲áKN/m2  20  ˗˹Ƶ (
 ˥˻˟ Ɨ ˴ǈ20%  ǃ ̇ƽƮ ɏāƓ˴ƙ ɏá Ɨǆā̠ƶǆ ̞ǈƓḪ Ɠ˸˹ƕ˻) ƗɁ̇ ˯ǄAĲ3(  ƗƼƓưã ÿā̠ƕ

 ǑƼ ˝ǀǃå ƗǆāƓǀǆ óå˦ Ƥ ǏǄƵ ˥˻ˠǃå Ɨ ˴ǈ ˙˻ƛƋƙ þ˗Ƶ Ǐǃã ƝƑƓ˯˹ǃå èïƓƬá Ɠ˸Ḫ Ü˥˻˟
 á ˥ǆ ā Ɇǆå˦Ƶ ç˗ƶǃ ˣǃî ˙˻˴ƽƙ ˥ɜ˸Ȼ . çï˦˸ƺ˸ǃå èƓ˹˻ƶǃå ƗǃƓơ ˥˻ˠǃå Ɨ ˴ǈ ˙ƺƮ Ɠǌ˸ǋ

.Ɠǌƞï˗ƙ ß˦ ƪ ā èƓ ˻ˮ˲ǃå Ɨǆ˦ƶǈ ā ƗƼƓ˷˸ǃå  

 

 ЭЫІ5  ϱЎнт ) ϝужϼнУуЮϝЪ ЭугϳϦ ϣϡЃж м ϣТϝЏгЮϜ еуГЮϜ ϣϡЃж еуϠ ϣЦыЛЮϜCBR  ϤϝзуЛЯЮ  (

 ϢϼнгПгЮϜ ϽуО м ϢϼнгПгЮϜ ϣϠϽϧЮϜ АнЯϷгЮ)Aï3( еуГЮϜ  Йв 
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 ЭЫІ6  ϱЎнт ϢϼнгПв ϽуО ϤϝзуЛЮ ЉЧЮϜ ϸϝлϮϖ м рϸнгЛЮϜ ϸϝлϮшϜ еуϠ ϣЦыЛЮϜ ϣϠϽϧЮϜ АнЯϷгЮ

)Aï3( еуГЮϜ  Йв 
 

 
 ЭЫІ7  ϱЎнт ϢϼнгПв ϤϝзуЛЮ ЉЧЮϜ ϸϝлϮϖ м рϸнгЛЮϜ ϸϝлϮшϜ еуϠ ϣЦыЛЮϜ ϣϠϽϧЮϜ АнЯϷгЮ  

)Aï3( еуГЮϜ  Йв 
 

5     çƑ Ƭˤ˭ǁä Ā çƑƜƑ˭˷˭ƨǗä 
 Ɇ˶˲˯˸ǃå Ɨ Ǆ˸ƶ˸ǃå ƝƑƓ˯˹ǃå ýǚƤ ˥ǆù :  Ɨ ǃƓ˯ǃå ɉƓǀ˹Ǆǃ ɆƮ˦˯ǃå ˥ɜ˸Ȼ Ɠǌ˻ǄƵ 

1 ǃ Ɨ ƪ˗˹ǌǃå óå˦˳ǃå ˥˻˴˲ƙ Ɨ ǈƓɜǆã í˦ƞā ǏǄƵ ˗Ḫ˓ƙ Ɨ Ǆ˸ƶ˸ǃå ƝƑƓ˯˹ǃå ù ƗɁ̇ ˯Ǆ
)AĲ3 (ƗƼƓưƎȺ  ˥˻ˠǃå . Ɨ˹˻ƶǆ ˔˴˹ƕ ƗɁ̇ ˯ǃå ˥ǆ ÷˦ ˹ǃå å˘ǋ Ǐǃã 
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2  Ǐǃã úƓ˷ ǃ˸å ˥˻ɣǃå Ɨ˴ǈ çíƓɂ̊ƕ ç̇ˮ˻Ḫ Ɨ˴ ƕ˹ íåí̊ƙ Ɏ˦˶ǀǃå ƗƼƓ˱ǃå ƗƼƓ˰ḧǃå ù
) ƗɁ̇ ˯ǃåAĲ3 ( ˻ơ ̟ Ǐǃã Ɠǌ˻Ƽ çíƓɂ̊ ǃå Ɨ ˴ǈ Ɇ˶ƙ15%  ǑƑƓ˸ǃå Ɏ˦˯˲˸ǃå ̇ƛƋ˯ǒ Ǚ Ɠ˸˹ƕ˻ Ü

ƗƼƓưƎȺ å̇ ˻˰Ḫ Ɇ˰ǆǕå  ˥˻ˠǃå  ˥˻ˠǃå ƗƼƓưƎȺ ˥˴˲˯ƙ ˣǆ˗Ǆǃ ƗɁ̇ ˯ǃå Ɨ ǄƕƓƿ ÿƓƼ Ǌ ǄƵ ā .
 Ǐǃã) ƗɁ̇ ˯ǃåAĲ3(. 

3 ) Ɠ ǈï˦ƽ ǃƓḪ Ɇ˻˸˲ƙ Ɨ ˴ǈ íåí̊ ƙ ùCBR ( ˥˻ˠǃå ) ƗƼƓ˷˸ǃå çíƓ˸ǃå Ɨ ˴ǈ çíƓɂ̊ ƕ (
 ā çíƓɂ̊ǃå ÿ˦ḧƙ ̟ ơ˻ Ü ˥ǆ ˔ɂ̇ ƿ Ǐǃã ɄƵƓ˷ƙ îã çï˦˸ƺ˸ǃå ˙˻ƹ èƓ˹˻ƶǃå ƗǃƓơ ǑƼ Ɨ˲ưå
ǃå ˥˻ƕ úƓƶưá ƴɁïá) ƗɁ̇ ˯ǃå ǏǃāǕå Ɨ ˸ ˸˶˯ǃå ƗˠǄ˳AĲ3) (0% (˥˻˟ å ā ƗˠǄ˳ǃ

) ƗɁ̇ ˯ǃå Ɨ˴ǆƓ˳ǃå Ɨ ˸ ˸˶˯ǃåAĲ3 ( ƴǆ ) ƗƼƓưã20% ( ˥˻˟. 

4 ǃ ˣƪƓ˸˯ǃå Ɨ ƮƓƤ ˥˻˴˲ƙ Ɨ ǈƓɜǆã Ǐǃã ƝƑƓ˯˹ǃå ˙˻˵ƙ ù) ƗɁ̇ ˯ǄAĲ3 ( ƗƼƓưƎȺ
ƶưā ˥˻ˠǃå æ˦˻Ƶ ð˙ƕå ˥ǆ ˙˯ƶȻ Ɨ ƮƓ˳ǃå ǉ˘ǋ Ʉ ƗɁ̇ ˯ǃå)AĲ3 ˗˸˯ƶȻ ˥˻˴˲˯ǃå å˘ǋ ā (

.úƓ˷˸ǃå ˥˻ˠǃå Ɨ ˴ǈ ā ÷˦ ǈ ǏǄƵ 

5  ǉ˘ǋ ǑƼ þ˗˳˯˴˸ǃå ˥˻ˠǃå ÷˦ ǈ ā Ɨ ˴ǈ ÿá Ơ˷˯ǒ ƗǀȺƓ˴ǃå ƝƑƓ˯˹ǃå ýǚƤ ˥ǆ ù
 å˘ǋ ǑƼ ïå̇ ˸˯ƪǙå ǏǄƵ ˗Ḫ˓ƙ ƝƑƓ˯˹ǃå ǉ˘ǋ ÿƓƼ Ǌ ǄƵ ā Ɠǌǀơ Ɨƪåï˗ǃå Ǒˠƶƙ ˤǃ Ɨƪåï˗ǃå

 .˥˻ ƙˮ Ɇƿå ā ̇ˮǂå ̝˴˹ƕ ā ˥˻ ǃɣå ˥ǆ Ɏ̇Ƥá ÷å˦ǈá þå̠˳ ƪ˯ƓȺ ̟ ǃ˲å 

 ƲƜä̠ ˶ǁä 
]1[  ëǚƮ ñ˗˹ǌ˸ǃå Ü ɏǚ˶ǃå ˗˸˲ǆ ˙˻˵Ⱥ ï˦˯Ḫ˗ǃå Ü Ǒǆ˦˯ǃå ÿå̇ ˸Ƶ ɏíƓǌǃå ï˦˯Ḫ˗ǃå

 ƗɁ̇ ˯Ǆǃ Ɨ ƪ˗˹ǌǃå óå˦˳ǃå ˞ƶȺ ǑƼ ˥ǒƓ ˯ǃå Ü Ɇ˻Ƥí ˗˸˲ǆ)AĲ3  (  ˙˸ƙ˓˸ǃå Ü
 Ü ˔ƿ̇ ˸ǃå ƗƶǆƓƞ Ɨƪ˗˹ǌǃå Ɨ ǄḪ Ü Ɨ ƑƓ˵ǈǗå Ɨƪ˗˹ǌǃå ā ßƓ˹ˮǃå íå˦˸ǃ ǑǈƓ˰ǃå  Ǒ˹˟˦ǃå

˲Ⱥǖǃ ýāǕå ˗Ǆ˱˸ǃå Ü Ɠ ˮ˻ǃ Ü ˛˸˳ǃå Ɨ˹ǒ˗ǆ) èƓ˲ƽ˶ǃå Ü Ɨ ˸Ǆƶǃå éƓ153 Ĳ 59.( 
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]2[   ñ˗˹ǌ˸ǃå Ü Ǒǆ˦˯ǃå ÿå̇ ˸Ƶ ɏíƓǌǃå ï˦˯Ḫ˗ǃå Ü ɏǚ˶ǃå ˗˸˲ǆ ˙˻˵Ⱥ ï˦˯Ḫ˗ǃå
å óå˦Ƥ ˥˻˴˲ ƙ Ü ɖɂïð í˦ǃ˦ǆ ɏ̇Ƥ˻) ƗɁ̇ ˯ǃAĲ3  ( ƗƼƓưƎȺ  ˥ɂ˦ḧƙ ˙ƞƓ˲ǆ èƓƽǄ˳ǆ

 Ɨƪ˗˹ǌǃå Ɨ ǄḪ Ü Ɨ ƑƓ˵ǈǗå Ɨƪ˗˹ǌǃå ā ßƓ˹ˮǃå íå˦˸ǃ ǑǈƓ˰ǃå  Ǒ˹˟˦ǃå ˙˸ƙ˓˸ǃå Ü òïƓƿ̇ ƿ
å ƗƶǆƓƞ    èƓ˲ƽ˶ǃå Ü Ɨ ˸Ǆƶǃå éƓ˲Ⱥǖǃ ýāǕå ˗Ǆ˱˸ǃå Ü Ɠ ˮ˻ǃ Ü ˛˸˳ǃå Ɨ˹ǒ˗ǆ Ü ˔ƿ̇ ˸ǃ
 )160 Ĳ 169 .( 
]3[  ) íå˦˸ǃå ā èåïƓ ˯Ƥǚǃ Ɨ ɜɂ̇ ǆǕå Ɨ ʹ˸˱ǃåASTM  ( Ɇ˻Ǆ˲˯ǃå ïƓ ˯Ƥåǃå  ǑǄ˳˹˸

)(ASTM D422- 63 Ü  ß̊ ˱ǃå Ü ßƓ˹ˮǃå ïƓ˱ơá ā ï˦˳˶ǃå ā ƗɁ̇ ˯ǃå19   
1981.    

]4[ èåïƓ ˯Ƥǚǃ Ɨ ɜɂ̇ ǆǕå Ɨ ʹ˸˱ǃå  ) íå˦˸ǃå āASTM  ( ïƓ ˯Ƥå ā ƗƼƓ˰ḧǃå ˥˻ƕ Ɨƿǚƶǃå
 ƗɁ̇˯Ǆǃ ǑƑƓ˸ǃå Ɏ˦˯˲˸ǃå)(ASTM D698- 00Ü  ßƓ˹ˮǃå ïƓ˱ơá ā ï˦˳˶ǃå ā ƗɁ̇ ˯ǃå

 ß̊ ˱ǃå Ü19   1981.    
]5[  ) íå˦˸ǃå ā èåïƓ ˯Ƥǚǃ Ɨ ɜɂ̇ ǆǕå Ɨ ʹ˸˱ǃåASTM  ( Ɠ ǈï˦ƽ ǃƓḪ Ɇ˻˸˲ƙ Ɨ ˴ǈ ïƓ ˯Ƥå

)(ASTM D1883- 99Ü  ïƓ˱ơá ā ï˦˳˶ǃå ā ƗɁ̇ ˯ǃå ß̊ ˱ǃå Ü ßƓ˹ˮǃå19   
1981.    

]6[  ) íå˦˸ǃå ā èåïƓ ˯Ƥǚǃ Ɨ ɜɂ̇ ǆǕå Ɨ ʹ˸˱ǃåASTM ( ˙ƬƓ ˸ǃå ˝ǀǃå ïƓ ˯Ƥå
)(ASTM D3080- 01 Ü  ß̊ ˱ǃå Ü ßƓ˹ˮǃå ïƓ˱ơá ā ï˦˳˶ǃå ā ƗɁ̇ ˯ǃå19   

1981.    
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 þƑ˞ǂƨ ǏǂƳ ˢ ɚ˰ǁä ˕ˬƳ 
çïåíã Ɨ ˸Ǆƶǃå é˦˲ ǃå -   Ǒ˹ǀ˯ǃå ˚Ḫ̇ ˸ǃå ǑǃƓƶǃå ā ˔ɂï˗˯ǄǃêƓ˯ǈǗå 

A.sultan@tpc.ly 

˛˱ǂǄ 
 ˤ ˸˶˯ǃ Ɨ Ǆ˸Ƶ èå˦ˠƤ ˖˲ ǃå å˘ǋ þ˗ǀȻïƓ ˯Ƥåā ˘˻ƽ˹ƙā  ƴùˠǀǃå ç˦ ùǀȺ ˓ùˮ˹˯Ǆǃ þ˗˳˯ù˴ǆ Ɨǌƞåā

 ˤùùƙ ˗ùùǀǃ .Ɨùù ǈā˚Ǆ˲ǃå Ɨ ǈå˦ˠùùƪǙå ǑˮǈƓùù˱ǃå ˚ùùɂ̇ ƽ˯ǃå çåíá þå˗˳˯ùùƪƓȺ ˚ùùɂ̇ ƽ˯ǃå Ɨùù Ǆ˸Ƶ ˥ùùǆ Ɨùù˱ƙƓ˹ǃå
 ˘ù˻ƽ˹˯ǃå ā ˤ ˸ù˶˯ǃå Ɨ Ǆ˸Ƶ è˗˸˯Ƶåā æǚƙƓ˸ǃå ƝǆƓǈ̇ ƕ þå˗˳˯ƪƓȺ Ɨǌƞå˦ǃå ǉ˘ǋ ˘˻ƽ˹ƙā ˤ ˸˶ƙ

 ǑǄƵæ˦ǄƪǕå  ǑǄƵ ˗˸˯Ƶå ɏ˘ǃå ā ƴˠǀǃå ç˦ ǀȺ ˓ˮ˹˯Ǆǃ Ǒɜ ǈƓɜ ˸ǃå ƴùˠǀ˸ǃ Ɨù ˢ˲Ǆǃå ƗơƓù˴˸ǃå
 ƴ˟Ɠǀǃå ˗˲Ǆǃ ǑǄưƓƽ˯ǃå ý˦ˠǃå ǑǄƵā ÷˦ ˠǀ˸ǃå ˜Ƒå̇ ǃå çåíǕ  ƴǆ ˚ɂ̇ ƽ˯ǃå˘ƤǕå  ïƓù ˯ƵǙå ǑùƼ

ƴ˟Ɠùùǀǃå ˗ùù˲ǃå ˕ùùƕå˦ƛ ā ƴùùˠǀǃå ˕ùùƕå˦ƛ  ýǚùùƤ ˥ùùǆ Ǒùùˮɂ̇ ˱ƙ Ɇɜùù˵Ⱥ ˤǌ˻ùùǄƵ ý˦ùù˶˲ǃå ˤùùƙ ˥ǒ˘ùùǃå

http://www.doi.org/10.62341/124537114
http://www.doi.org/10.62341/124537114
mailto:A.sultan@tpc.ly
mailto:A.sultan@tpc.ly
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 ˛ùƽǈ þå˗˳˯ƪƓȺ ˕˸ƙ Ɨ ʿ ʿơ ˚ɂ̇ ƽƙ èƓ Ǆ˸Ƶ çåíá  ˖ù˻ơ í˗ù˲ǆ ÿ˗ùƶǆ ǑùǄƵā ˚ùɂ̇ ƽ˯ǃåÿá  ǉ˘ùǋ
ǃå ÷˦ ùùùǈ ǑùùùǄƵ ˣǃ˘ùùùḪā ÷˦ ùùùˠǀ˸ǃå ÿ˗ùùùƶ˸ǃå ÷˦ ùùùǈā ˚ùùùɂ̇ ƽ˯ǃå çåíǕ Ǒùùùƪ˗˹ǌǃå Ɇɜùùù˵ǃƓȺ ˙ƛƋùùù˯ƙ ˕ùùùƕå˦˰

 ā Ɨùùù ʿ ʿơ ˚ùùùɂ̇ ƽƙ èƓùùù Ǆ˸Ƶ Ɨˠùùùƪå˦ƕ Ɨùùùǌƞå˦ǃå ǉ˘ùùùǋ ïƓùùù ˯Ƥå ˤùùùƙ .þ˗˳˯ùùù˴˸ǃå ˗ùùùɂ̇ ˮ˯ǃå æ˦Ǆùùùƪá
è̇ ǌˡá  Ɨùǌƞå˦ǃå Ɨˠùƪå˦ƕ ƗɁ˦ù˴˲˸ǃå ƴˠǀǃå ç˦ ƿ èƓ Ḫ̇ ǆ ˥˻ƕ ˥ɂ̇ ˻ˮḪ æïƓǀƙā ɖƕƓˠƙ ƝƑƓ˯˹ǃå

ǚùùƤ ˥ùùǆ ƗùùƪƓǀ˸ǃå ç˦ ùùǀǃå èƓùù Ḫ̇ ǆā ˓ùùˮ˹˯Ǆǃ Ɨùùǌƞå˦ǃå ǉ˘ùùǋ þå˗˳˯ùùƪå ˥ùùɜ˸Ȼ .˚ùùɂ̇ ƽ˯ǃå èƓùù Ǆ˸Ƶ ý
 þ˗˳˯˴ƙ ˚ɂ̇ ƽƙ Ɨ Ǆ˸Ƶ ɏå ˥ǆ Ɨ˱ƙƓ˹ǃå ƴˠǀǃå ç˦ ǀȺ çåíá  ÷˦ ˹ǃå ˛ƽǈ ˥ǆ Ɨ ǈā˚Ǆơ Ɨ ˮǈƓƞ ˚ɂ̇ ƽƙ

 ïƓù ˯ƵǙå ǑùƼ ˘ùƤ˓ǒ ˖ù˻˲ȺíƓùƶȺá  çåíǕå  ƴùˠǀǃå úā˙ùˡā Ǒùƪ˗˹ǌǃå ƓǌǄɜùùƬ ā Ɏ̇ùƤǕå ˣǃ˘ùùḪ .
 èƓ Ǆ˸Ƶ ˙ɂ˦ˠƙā ˥˻˴˲˯ǃ Ɨǌƞå˦ǃå ǉ˘ǋ þå˗˳˯ƪå ˥ɜ˸Ȼ çíƓɂðā ˚ɂ̇ ƽ˯ǃåƗ ƞƓ˯ǈǗå  çí˦ùƞ ƴƼïā

 ˙ǒ˗ùùǀƙ èƓȺƓùù˴ơ ā èƓùù˯ˮ˰˸ǃå ˤ ˸ùù˶ƙ èƓȺƓùù˴ơ ǑùùƼ ƓùùǌƙƓǈƓ ƕ þå˗˳˯ùùƪå ˥ùùɜ˸Ȼ Ɠùù˸Ḫ ÜèƓùù˱˯˹˸ǃå
 ǑǄƶƽǃå ˙˸ƶǃå èƓȺƓ˴ơ ā ǊȺƓ˵˸ǃå ˚ɂ̇ ƽ˯ǃå èƓ Ǆ˸Ƶ ðƓ˱ǈǙ Ɨǆðǚǃå çï˗ǀǃåèåāíǕ  .˚ɂ̇ ƽ˯ǃå 

 çƑøø˶ǂḥǁä:ƕøøǁä˕ǁä ˓ùùˮ˹˯ǃå Üƴùùˠǀǃå ç˦ ùùǀȺ ÜƗ ǆ˦ùùƪ̇ ǃå þ˗˳˯ùù˴˸ǃå Ɨùǌƞåā Ƶ ÜǑˮǈƓùù˱ǃå ˚ùùɂ̇ ƽ˯ǃå Ɨùù Ǆ˸
 çåíá  ÜƗ ǈā˚Ǆ˲ǃå ǑˮǈƓ˱ǃå ˚ɂ̇ ƽ˯ǃåæ˦ǄƪǕå .Ǒɜ ǈƓɜ ˸ǃå 

Abstract 

This paper presents practical steps to design, implement, and test a 

Graphical User Interface (GUI) which is used to predict cutting 

forces of end-milling operations where helical cylindrical end-

mills are used. The MATLAB software was used to design and 

implement the GUI that has been designed based on a mechanical 

istic approach of cutting force prediction. The mechanical istic 

approach considers an instantaneous area of undeformed chip and 

a differential length of the cutting edge in cutting force prediction. 

The mechanistic approach also relies on cutting force and edge 

force coefficients which were obtained from real end-milling 

operations using the same end-milling tool to cut the same metal 

under the same cutting condition since these coefficients are 
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affected by the geometry of the end-mill geometry, the type of 

metal to be cut, and the type of the applied cooling approach.  

The developed GUI was verified by real end-milling operations 

and the results showed a great convergence (small error) between 

the predicted (theoretical)cutting forces and particle cutting forces 

obtained from the real end-milling operations.  

This GUI can be used to predict the cutting forces of any end-

milling operations as long as similar helical end-mills are used to 

cut the same material under the same condition. The GUI can also 

be used to develop jigs and fixtures, to increase end-milling 

productivity, and to improve end-milling quality. 

 
ïˤǄ˗ǁä ƕ˶ƏƑƽ 
˘Ǆ˗ǁä ɂƬˤǁä 

aa Ʋ˞ƾǁä ɔ˶Ƴ 
ada  (Ǐƽ˗ƻǁä Ʋ˞ƾǁä ɔ˶Ƴ) ˘ɀ˗ƻ˭ǁä æäìǓ ǏƮä̠ ˭ƺǗä ò˗ƾǁä ˡ˶ƨ 

b Ʋ˞ƾǁä ó˗Ƴ 
sn  Ʋ˞ƾǁä æäìǓ ƕ ǆäîĀ˕ǁä ƕƳ̠ ˲ǁä 
f Ʋ˞ƾǁä æäìǓ ƕȹ˖Ƹ˭ǁä ƕ˶ ʼ 
i ǏƮä̠ ˭ƺǗä ò˗ƾǁä ˢƽî 
j  Ʋ˝Ƒƾǁä ˕˰ǁä ˢƽî 
ɾ  æäìǓä îˤ˰Ǆ ˣƳ Ʋ˞ƾǁä ìĀ˕Ɵ þǘ˹Ǆ ƕɀĀäï) (þĀ̆ǂ˰ǁä ƕɀĀäï 

tF  ǏƨƑ˶˶ǁä Ʋ˞ƾǁä æˤƽ ˒Ḩ˗Ǆ 
aF   ɍîʕ˰˶ǁä Ʋ˞ƾǁä æʕƽ ˒Ḩ̠Ǆ 
rF  ɍ̠˞ ƽ ɂ˴ ǁ˷ä Ʋ˞ƾǁä æʕƽ ˒Ḩ̠Ǆ 
tN Ʋ˞ƾǁä ìĀ˕Ɵ ì˕Ƴ 
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ijP  Ʋ˞ƾǁä ìĀ˕Ɵ ǏǂƳ ƕ Əäˤ˳Ƴ ƕ˞ƾǆ 
░  ƕ˞ƾ˷ǂǁ ɍîʕ˰˶ǁä ̞ƴǁäijP 
♥░▒  ƕ˞ƾ˷ǂǁ Ǐ˞ ˰˶ǁä ˕ƴ ǁäijP 
░ɲ▒

 ƕ˞ƾ˷ǂǁ (Ǐˬ˞ƾǁä Ǐƙä˕ƟǗä) ƕɀ˗˞ƽ ɂ˴˷ǁä ƕɀĀä̆ ǁä ijP 
▬ɲ  æäìà Ʋ˞ƽ ìĀ˕Ɵ ˣ˹Ɠ ƕɀĀä̆ ǁä) æˤ˞˱ǁä ƕɀĀäïˬǆƑ˯ǁä ˘ɀ˗ƻ˭ǁäǏ (ƕ ǆĀ˘ǂ˰ǁä 
╡ɲ░▒  ƕ˞ƾ˷ǂǁ (Ǐˠ˰ǂǁä Ǐˬ˞ƾǁä Ǐƙä˕ƟǗä) ƕɀ˗˞ƽ ɂ˴˷ǁä ƕḨ˗˰ǁä ƕɀĀäïijP 

▓►╬Ü▓╪╬Ü ▓◄╬ 
 ɍ̠˞ ƽ ɂ˴ ǁ˷äĀ ɍîʕ˰˶ǁäĀ ǏƨƑ˶˶ǁä çƑǉƑ˯ƗǗä Ǐƺ Ʋ˞ƾǁä çǘǄƑƴǄ

Ǐǁäˤ˭ǁä ǍǂƳ 

▓►▄Ü▓╪▄Ü ▓◄▄ 
 ɂ˴ ǁ˷äĀ ɍîʕ˰˶ǁäĀ ǏƨƑ˶˶ǁä çƑǉƑ˯ƗǗä Ǐƺ Ʋ̋Ƒƾǁä ̞ ǁ˰ä çǘǄƑƴǄ

Ǐǁäʕ˭ǁä ǍǂƳ ɍ̠˞ ƽ 
tdF ÛadF Û 

rdF 
 ɂ˴ ǁ˷ä Ā ɍîʕ˰˶ǁä Ā ǏƨƑ˶˶ǁä çƑǉƑ˯ƗǗä Ǐƺ ƕǂƮƑƻ˭ǁä æʕƾǁä çƑḨ̠Ǆ

.Ǐǁäʕ˭ǁä ǏǂƳ ɍ̠˞ ƽ 

tF ÛaF ÛrF  
 ɍ̠˞ ƽ ɂ˴ ǁ˷ä Ā ɍîʕ˰˶ǁä Ā ǏƨƑ˶˶ǁä çƑǉƑ˯ƗǗä Ǐƺ æʕƾǁä çƑḨ̠Ǆ

.Ǐǁäˤ˭ǁä ǏǂƳ 
xF ÛyFÛzF ) îĀƑ˰˶ǁä çƑǉƑ˯Ɨä Ǐƺ æˤƾǁä çƑ Ḩ˗Ǆ XÛYÛZ( 

F ) æˤƾǁä çƑ Ḩ˗Ǆ ƕǂ˴˰ǄX F  ÛyFÛZ F( 
ds Ʋ˝Ƒƾǁä ˕˰ǂǁ ǏǂƮƑƻ˭ǁä üˤ˞ǁä 
ἰ╬░▒ ä̠ ǁä ˡ˶ƨƏǏǂƮƑƻ˭ǁä ˚ 
█◄ ) ˣƨ Ʉḥǁ ƕȹ˖Ƹ˭ǁä ƕ˶ ʼmm/tooth( 

Ἧ ╡ɲ░▒ ƕ ˝˗ƪ ƕǁäì 

ƕǄ˕ƾǄ 
 Ɨùùƿíā ƗƵ̇ ùùƪā ˤù˱ơ íƓùùȻíðåā æ˦ùùƪƓ˲ǃå èƓù ˱ǆ̇ ƕ ǑùùƼ Ɇǋ˘ùǆ ï˦ùùˠƙ ˥ùùǆ ˤǃƓùƶǃå ǉ˗ǌùùƬ Ɠùǆ ÿå

 Ɨùù ǆ˗˳ǃåā Ɨ ʸƓ˹ùù˶ǃå Ɨ ùùƪ˗˹ǌǃå èƓùùƵƓˠǀǃå ƴ˱ùùƬ èƓùùǈƓ ˮǃå Ɨùù˱ǃƓƶǆǏùùǃã  æ˦ùùƪƓ˲ǃå þå˗˳˯ùùƪå
 èƓùùǂƓ˲ǆ ǑùƼƓùùǌ˯˸ˢǈá  èíƓƽ˯ùùƪå ˗ùùǀǃ .ƓùùǌƙƓƞ̇ ˳˸Ⱥ ˓ùˮ˹˯ǃåā ƗùùƽǄ˯˳ǆ Ɇ˻ƺùù˵ƙ úā˙ùùˢȺ ƗùƽǄ˯˳˸ǃå
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ƴ ˹ùùù˶˯ǃå Ɨùù˸ˢǈá å˘ùùǋ ˥ùùùǆ ˙ùùù˻ˮḪ Ɇɜùùù˵Ⱥ  çïåíã ǑùùùƼ æ˦ùùùƪƓ˲ǃå þå˗˳˯ùùùƪå íåíðå ˖ùùù˻ơ ï˦ùùùˠ˯ǃå
Ɨ ʸƓ˹ùù˶ǃå Ɨùù˸ˢǈǕå  èƓùùùǄ˸Ƶ ÿå .íā̠ùù˲ǆā Ɋùù˴Ⱥ ïāí Ǌùùùǃ ÿƓùùḪ ÿå ̠ùùƶȺ ÿā̊ùùù˳˸ǃå çïåíã ā

 ˕ǆ˗˳˯ùùùùƪå ˖ùùùù˻ơ ˔˻ùùùùƪå˦˲ǃå èƓǆå˗˳˯ùùùùƪå ǑùùùùǄƵ ˙ùùùù˻ˮḪ Ɇɜùùùù˵Ⱥ è˗ùùùù˸˯Ƶå ÿíƓùùùùƶ˸ǃå Ɇ˻ƺùùùù˵ƙ
 ƴ ˹ùù˶˯ǃå èǙƓùùȺ ƓơǚˠùùƮå Ɠùùǌ˻ǄƵ ɖùùǄ˟á Ɠùùǆ Ǒùùǋā ƴ ˹ùù˶˯ǃå èǙƓùùȺ ˤɜ˲˯ùùǃå ǑùùƼ ˔˻ùùƪå˦˲ǃå

) Ǒùùùù˸ƿ̇ ǃå ˤɜ˲˯ùùùùǃå èåîComputerized numerical control- CNC Ɠùùùù˸Ḫ Ü(
Ɨù˸ˢǈá ǑùƼ ˔˻ùƪå˦˲ǃå ˕ǆ˗˳˯ùƪå ) ƴ ˹ù˶˯ǃåā ˤ ˸ù˶˯ǃåComputer aided design 

and Computer aided manufacturing-  CAD/CAM (Ɨù ʾå̇ ǆ Ɨù˸ˢǈáā  çí˦ù˱ǃå
 ˤù˱ơ ˙ǒ˗ǀƙā æƓ˴ơā Ɨ ƞƓ˯ǈǗå çßƓƽḧǃå çíƓɂðāǃåƹā ƗùɁ˦Ǆˠ˸ǃå þƓù˳ǃå íå˦ù˸ èƓù Ǆ˸Ƶ ˥ùǆ Ɠùǋ̇ ˻

Ǐùǃã ƴ ˹ù˶˯ǃå Ɇơå̇ ǆ æ˦ƪƓ˲ǃå þå˗˳˯ƪå ðāƓ˱ƙ ˗ǀǃ .ƴ ˹˶˯ǃå  èƓù Ǆ˸Ƶ ǑùƼ Ɨùǆ˗ǀ˯ǆ Ɇùơå̇ ǆ
 Ɨùù ʾå̇ ˸ǃåā ç̇ ˠ ùù˴ǃåƗ ʸƓ˹ùù˶ǃå Ɨùù˸ˢǈǖǃ  ïāí ǑǂƓùù˲ƙā ɏí˓ùùƙ èƓùùƙ˦Ɂā˙ǃå ˕˲ ùùƮƋƼÿƓùù˴ǈǗå 

 ɆùùǄƿ Ɠùù˸ǆ Ɠǌƛā˗ùùơ Ɇùùˮƿ éíå˦ùù˲ǃåā ßƓùùˠƤǕƓȺ Ƌùù ˹˯ƙāïå̇ ùùưǕå  ˗ùù˯ǆå ÿǓå  .ƗùùȻíƓ˸ǃåā Ɨɂ̇ ùù˵ ǃå
Ɠ˲ǃå ïāíǏùùùǃã æ˦ùùùƪ Ǐùùùǃã ɆùùùƮā ˖ùùù˻ơ ˣùùùǃî ßåïā Ɠùùùǆ  Ɇùùù˻Ǆ˲ƙèåíƓùùùǌ˯ƞǙå  ýƓɜùùùƬƋȺ ˓ùùùˮ˹˯ǃåā

 ˓ùˮ˹˯ǃåā ƓǌǄ˻ƺù˵ƙ úā˙ùˡ çƓùǂƓ˲ǆā íå˦ù˸ǃå ïƓù ˯Ƥå ǑùƼ ç˗ƵƓ˴˸ǃåā ÜǊƛā˗ơ Ɇˮƿ Ɇ˵ƽǃå ƴƿå˦ǆā
 èƓùùùƶƿ˦˯ǃå ɆùùùḪ èðāƓùùù˱ƙ Ǒùùù˯ǃå ƗùùùǄǋ̆˸ǃå èåï̠ùùǀǃå ˥ùùùǆ ̇ùùù˻˰ḧǃåā ƓǌǄ˻ƺùùù˵ƙ ˥ùùùƵ Ɨùùù˱ƙƓ˹ǃå ɏ˦ǀǃƓùùȺ

˲ǃå þå˗˳˯ùùùƪå ÿå .èåï˦ùùù˶˯ǃå ƴùùù ˸ƞ ˕ùùùƿƓƼā Ɇ˻ƺùùù˵˯ǃå èƓùùù Ǆ˸Ƶ Ɨùùù ʾå̇ ǆā èƓùùùǂƓ˲˸ǃ ˔˻ùùùƪå˦
 ïƓùùƮ Ɠùùǌ˹Ƶ Ɨùù˱ƙƓ˹ǃå ɏ˦ùùǀǃå æƓùù˴ơā Ąå̇ùùǆá  Ɠùùǌǃ ÿíƓùùƶǆ Ɇ˻ƺùù˵ƙ ˗ùù˹Ƶ Ɠ˸ ùùƪǙ Ɠɂïā˙ùùưā ƓùùǆƓǋ

Ɨùùù ǄƕƓƿ ) þ˦˻ǈƓùùù˯˻˯ǃå Ɇùùù˰ǆ Ɨùùù˷ƽ˳˹ǆ Ɇ˻ƺùùù˵ƙTitanium) Ɇùùù˻ǈ˦ḧǈǙåā (Inconel ˖ùùù˻ơ Ü(ÿá 
ǃå ɖù˸Ƶ Ɇù˰ǆ ƴùˠǀǃå úā˙ùˡ ïƓ ˯Ƥå ˗˹Ƶ ˗ǒ˗˵ǃå ó̇ ˲ǃå ˔Ǆˠ˯ǒ ÿíƓƶ˸ǃå ǉ˘ǋ Ɇ˻ƺ˵ƙ ƴùˠǀ

 .˔ùùƪƓ˹˸ǃå ˗ùùɂ̇ ˮ˯ǃå Ɋùùƪā ÷˦ ùùǈ ˣǃ˘ùùḪā ƴùùˠǀǃå ƗƵ̇ ùùƪā ƗùùȻ˘ƺ˯ǃåāÿã  ǉ˘ùùǋ ïƓùù ˯Ƥå ǑùùƼ ûƓùùƽƤǗå
 ɏ˦ùǀǃå ̝ ùˮ˴Ⱥ ƴùɣǀǃå çåíǕ ǑùǄƶƽǃå ̇ù˸ƶǃå ̇ù˶ƿ Ɠùǌ˸ǋá Ɨ˸Ƥā ̝ƿå˦Ƶ ǊǄƵ ̝ƙ̇˯ǒ úā̇s ǃå

 ÷˦ ˠǀ˸ǃå Ơˠ˴ǃå çí˦ƞ ï˦ǋ˗ƙā Ɨ˟̇ ƽ˸ǃå(Sultan & Okafor, 2015) ˗ǀǃ .Ơ ùƮá  ˥ùǆ
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 Ɇ˻ƺùù˵˯ǃå èƓùùǄ˸Ƶ ˥ùùǆ Ɨùù˱ƙƓ˹ǃå ƴùùɣǀǃå ɏ˦ùùǀȺ ˓ùùˮ˯˹Ǆǃ ƗǄ˻ùùƪā í˦ùùƞā ɏïā̇ùù˷ǃå˗ùùǂƋ˯ǃåā  åîã Ɠùùǆ
 .Ǚ þå ˔ùùƪƓ˹ǆ Ɇɜùùù˵Ⱥ è̇ ùù˻˯Ƥå ˗ùùƿ ƴùùˠǀǃå úā˙ùùˡ ˕ùùǈƓǂÿã  èƓùùùǄ˸ƶǃ ƴùùɣǀǃå ɏ˦ùùǀȺ ˓ùùˮ˯˹ǃå

Ǐùùùǃã í˦ùùùǀƙ Ǒùùù˯ǃå çïå̇ ùùù˲ǃåā èåðå̊ ùùù˯ǋǙåā éíå˦ùùù˲ǃå ˔ùùù˹˱ƙ ǏùùùǄƵ ˗ƵƓùùù˴Ȼ Ɇ˻ƺùùù˵˯ǃå  üǚǌ˯ùùùƪǙå
 ƴɂ̇ ùùù˴ǃåèåāíǕ Ɠùùù˸Ḫ Ü ƴùùùˠǀǃå  ˥ùùùɜ˸Ȼ ĄƓùùù˷Ȼá  ïƓùùù ˯Ƥå ǑùùùƼ ƴùùùˠǀǃå ç˦ ùùùǀȺ ˓ùùùˮ˹˯ǃå ˥ùùùǆ çíƓƽ˯ùùùƪǙå

) èƓùù˯ˮ˰˸Ǆǃ ˔ùùƪƓ˹˸ǃå ˤ ˸ùù˶˯ǃåFixtures and jigs ßå̇ ùùƞǗ ƗùùɁ˦Ǆˠ˸ǃå çï˗ùùǀǃå ˗ùùǒ˗˲ƙā (
 ǉ˘ùùǌǃ .Ɇ˻ƺùù˵˯ǃå Ɨùù Ǆ˸ƵæƓ ùùƪǕå  éå̠˲ ù˯ùƪǙ ɏ̇ùù˱ƙā è̇ùùƞ Ǒùù˯ǃå é˦ùù˲ǃå ˥ùùǆ ̇ùù˻˰ḧǃå ̠ùù˱ǈ

Ɨ ʸƓ˹ùùùù˶ǃå èƓùùùù Ǆ˸ƶǄǃ ƴùùùùˠǀǃå ç˦ ùùùùǀȺ ˓ùùùùˮ˹˯Ǆǃ Ɨ Ɂ˦ùùùùƪƓơ Ɨùùùù ˸ƿï ɆƑƓùùùùƪā þ˗˳˯ùùùù˴˸ǃå èƓùùùùǌƞåā .
 Ɨùù ˸ƿ̇ ǃå ɆƑƓùùƪ˦ǃå ɏ˗ùùơå Ǒùùǋ Ɨ ǆ˦ùùƪ̇ ǃå .Ɠǌǃǚƺ˯ùùƪåā ̇ɂ˦ùùɣƙ ǑùùƼ ̟ùù˲ǃå ƓǀȺƓùùƪ ɏ̇ùùƞ Ǒùù˯ǃå
ù˴ȻíƓ ǈ˦ˠǈá þƓùƿ ýƓù˰˸ǃå Ɇ˻ˮùƪ ǑùǄƵ ÿā̇Ƥå˦(Antoniadis, Vidakis , & Bilalis , 

2004)  ˥˻ù˷˲ƙ Ɨù Ǆ˸Ƶ èƓùǂƓ˲˸ǃ ǑùưƓɂï ˤ˯ɂïƓùƹ˦ǃ ˘ù˻ƽ˹˯ǃ Ɨ ˸ƿï þ˗˳˯˴ǆ Ɨǌƞåā ˙ɂ˦ˠ˯ƕ
 ÿ˗ùùƶ˸Ǆǃ Ǒùùƪ˗˹ǌǃå Ɇɜùù˵ǃå ǑùùǄƵ åíƓùù˸˯Ƶå Ɠùùǌ˹ǆ Ɨùù˱ƙƓ˹ǃå ƴùùˠǀǃå ç˦ ùùƿ èƓùù Ḫ̇ ˸Ⱥ ˓ùùˮ˹˯ǃåā ñā˙ùù˯Ǆǃ

ǑǈƓùƹ þ˗ùƿ ˣǃ˘ùḪ .(˜Ƒå̇ ùǃå) ÷˦ ùˠǀ˸ǃå  ÿā̇ùƤàā(Ghani, Rizal, Nuawi, & Che 
Haron, 2012) íùˮ˯˹Ǆǃ Ɨù˸ƿï þ̠˳ ˯˴ǆ Ɨǌƞåā ̇ɂ˦ɣƙ ˥˸ ˷ƙ˯ Ɏ̇Ƥá Ɨƪåï ˓ ɏ˘ùǃå ǑǄˮǃƓùȺ
 ƴˠǀǃå ç˗ƶǃ é˗˲ȻßƓ˹ƛá  ā ˣù˵ ǌƕå þƓùƿ Ɠ˸Ḫ ÷˦ ư˦˸ǃå ˛ƽǈ ǑƼ .Ɇ˻ƺ˵˯ǃå èƓ Ǆ˸Ƶ ÿā̇ùƤà 

(Abhishek, Kishore , Prakashkumar, & Akshay , 2018)  þå˗˳˯ùƪƓȺ
ˤ˯ɂïƓùùùƹ˦ǃ ˙ɂ˦ùùùˠ˯ǃ æǚƙƓùùù˸ǃå ƝǆƓùùùǈ̇ ƕ ùùùˮ˹˯Ǆǃ þ˗˳˯ùùù˴ǆ Ɨùùùǌƞåā ˕ùùù˲ƙ Ɇùùù˸ƶȻ ǑùùùưƓɂï ˓˙˻ƛƋùùù˯ƕ 

 ÿ˦ùùùɁ̇ḧǃå ˞ ƽ˳˹ùùǆ ̝ǄùùƮ Ɨùù˟å̇Ƥ ˥ùùǆ Ɨùù˱ƙƓ˹ǃå ƴùùɣǀǃå ç˦ùùƿ èƓùùḪ̇ǆ ǑùùǄƵ ƴùùɣǀǃå èå̇ùù˻ƺ˯ǆ
 ÿƓˠǄùƪ ā ï˦ƼƓùḪāå .Ɨù ǃƓƶǃå èƓƵ̇ ù˴ǃå ˔ǄùƮ ˥ùǆ ƗƵ˦˹ù˶ǆ ç˗ùƵ þå˗˳˯ùƪƓȺ(Sultan & 

Okafor, 2015)  æǚƙƓùù˸ǃå ƝǆƓùǈ̇ ƕ Ɨˠùƪå˦ƕ ǊùƙƓǂƓ˲ǆ ā ǑùưƓɂï ˤ˯ɂïƓùƹ˦ǃ ˙ɂ˦ùùˠ˯ƕ ƓùǆƓƿ
ùùùˮ˹˯Ǆǃ ˓ ǑˮǈƓùùùù˱ǃå ˚ùùùɂ̇ ƽ˯ǃå çåíá þå˗˳˯ùùùƪƓȺ ǑˮǈƓùùù˱ǃå ˚ùùùɂ̇ ƽ˯ǃå Ɨùùù Ǆ˸Ƶ ˥ùùùǆ Ɨùùù˱ƙƓ˹ǃå ƴùùùˠǀǃå ç˦ ùùùǀȺ

Ǐǃã ƗƼƓưã  .Ɨƞ˦˸˯˸ǃå ƴˠǀǃå íā˗ơ èåî Ɨ ǈā˚Ǆ˲ǃå  èƓùƪåï̠ǃå ˥ùǆ ̠ùǒ̠ƶǃå xùǃƓ˹ǋ Ü̇ǂĈî Ɠǆ
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ǆ˴ èƓǌƞåā ̇ɂ˦ɣ ƕ˯ ̞˸˯ǋå Ǒ˯ǃå Ɏ̇ƤǕåùˮ˹˯Ǆǃ þ˗˳˯ ˓ ā ƗùƽǄ˯˳ǆ ƴùˠƿ èƓù Ǆ˸ƶǃ ƴùˠǀǃå ç˦ ùǀȺ
 Ɨùùùùù ˮɂ̇ ˱˯ǃå ˔˻ǃƓùùùùùƪǕå :Ǒùùùùùǋā Ɨ ùùùùù˴ Ƒï ˔˻ǃƓùùùùùƪá éǚùùùùùƛ ǑùùùùùǄƵ èƓùùùùùƪåï˗ǃå ǉ˘ùùùùùǋ è˗ùùùùù˸˯Ƶå ˗ùùùùƿ

Experimental approaches)(Ɨ Ǆ˻Ǆ˲˯ǃå ˔˻ǃƓƪǕåā Ü ĉ)Analytical pproachesÜ( 
Ɨù ɜ ǈƓɜ ˸ǃå ˔˻ǃƓùƪǕåā )Mechanistic approaches ((Gradisek, Kalveram, 

& Weinert, 2004). èƓùǌƞåā ˙ɂ˦ùˠƙ ÷˦ ùư˦ǆ ýå̊ ùǒ Ǚ Ü éƓù˲Ⱥá ˥ùǆ ˙Ḫî Ɠǆ ɆḪ ˤƹ̇ ƕ
˥˻˰ơƓ ǃå Ɇˮƿ ˥ǆ ˙˻ˮḪ þƓ˸˯ǋƓȺ Ǐˢ˲Ȼ Ɨ ʸƓ˹˶ǃå èƓ Ǆ˸ƶǃå èƓǂƓ˲˸ǃ þ˗˳˯˴ǆ. 

 þ˗˳˯ù˴ǆ Ɨùǌƞåā ïƓù ˯Ƥåā ˘ù˻ƽ˹ƙā ˤ ˸ù˶˯ǃ æǚƙƓù˸ǃå ƝǆƓùǈ̇ ƕ þå˗˳˯ùƪå ǏùǄƵ ˖ù˲ ǃå å˘ǋ þ˦ǀȻ
) Ɨ ǆ˦ƪïGraphical User Interface- GUI ç˦ ùƿ ƗǄù˶˲ǆā èƓù Ḫ̇ ˸Ⱥ ˓ùˮ˹˯Ǆǃ þ˗˳˯˴ƙ (

) Ɨù ǈā˚Ǆ˲ǃå ǑˮǈƓù˱ǃå ˚ɂ̇ ƽ˯ǃå èåāíƋȺ ǑˮǈƓ˱ǃå ˚ɂ̇ ƽ˯ǃå èƓ Ǆ˸Ƶ ˥ǆ Ɨ˱ƙƓ˹ǃå ƴˠǀǃåHelical 
end-mills þå˗˳˯ƪå ǑǄƵ Ɨǌƞå˦ǃå ǉ˘ǋ ˗˸˯ƶƙā Ü(æ˦ǄƪǕå  ƴùˠǀǃå ç˦ ùǀȺ ˓ùˮ˹˯Ǆǃ Ǒɜ ǈƓùɜ ˸ǃå
)Mechanistic approachùùƪå ˥ùùɜ˸Ȼ .( ˚ùùɂ̇ ƽƙ èƓùù Ǆ˸Ƶ èƓùùǂƓ˲˸ǃ Ɨùùǌƞå˦ǃå ǉ˘ùùǋ þå˗˳˯

èåāíƋùùȺ  Ɠùùǌ˹ǆ Ɨùù˱ƙƓ˹ǃå ç˦ ùùǀǃå èƓùù Ḫ̇ ˸Ⱥ ˓ùùˮ˹˯ǃåā ƗùùƽǄ˯˳ǆ ƴùùˠƿ úā˙ùùˢȺ Ɨùù ǈā˚Ǆơ Ɨùù ˮǈƓƞ ˚ùùɂ̇ ƽƙ
Ǐùùǃã ƗùùƞƓ˲ǃå ÿāí ßå̇ ùùƞã  þå˗˳˯ùùƪǙå ƗǄǌùùƪ ƗǄ˻ùùƪā Ɨùùǌƞå˦ǃå ˙ùùˮ˯ƶƙ ā ÜƗùù ǄƶƼ ˚ùùɂ̇ ƽƙ èƓùù Ǆ˸Ƶ

ǒ ɏ˘ǃå ýƓ˸ǃåā ˗ǌ˱ǃåā ˕ƿ˦ǃå ˥ǆ ˙˻˰ḧǃå ˙Ƽ˦ƙā Ɨƶɂ̇ ƪ ƝƑƓ˯ǈ Ǒˠƶƙ èƓù Ǆ˸Ƶ ǑùƼ çíƓùƵ ï˗ǌ
 ĄƓ˷Ȼá  ̠ƵƓ˴ƙ Ɠ˸Ḫ ÜƓǌǃ ƗƪƓ˹˸ǃå ƴɣǀǃå úā̇l  ïƓ˯Ƥåā í̠ƶǃå ïƓ˯ƤåèƓù Ǆ˸Ƶ ǑùƼ  ˙ɂ˦ùˠƙ

 èƓ˯ˮ˰˸ǃåā í˗ƶǃåƗǃƓ˟ɀā  ˗ƵƓù˴ƙ ˖ù˻ơ Ɠǌǆå˗˳˯ùƪå ˥ùǆ ƝƙƓù˹ǃå Ơˠù˴ǃå çí˦ƞ ˥˻˴˲ƙā Ɠǋ̇ ˸Ƶ
Ǐùùùǃã Ɨùùù˱ƙƓ˹ǃå ƴùùùˠǀǃå ç˦ ùùùƿ Ɇùùù˻Ǆǀƙ ǑùùùƼ ƓǌƙƓɂ˦˯ùùù˴ǆ Ǒùùùǈíå ƴùùùˠǀǃå ç˦ ùùùƿ ÿƓùùùƼ ɖˮùùùƪ Ɠùùù˸˺ǃã ƗƼƓùùùưã .

Ɠ˹ǃå Ɨùù Ǆ˸Ƶ ɏá ðƓùù˱ǈǙ ƗùùɁ˦Ǆˠ˸ǃå çï˗ùùǀǃå ˙ǒ˗ùùǀƙ ǑùùƼ Ɠǌǆå˗˳˯ùùƪå ˥ùùɜ˸Ȼ Ɨùùǌƞå˦ǃå ǉ˘ùùǋ ˥ùùǆ Ɨùù˱ƙ
 .ÿ˗ùƶ˸ǃå ˛ùƽǈ ǑùǄƵ çåíǕå ˛ƽǈ þå˗˳˯ƪå ɉ̇ Ƭ ˚ɂ̇ ƽƙ ƓùǆƓǋ åïāí èå˓ùˮ˹˯ǃå ǉ˘ùǋ ˔ùƶǄƙ ˣǃ˘ùḪ

 éíå˦˲ǃå ˔˹˱ƙ ǑƼèƓȺƓƮǗåā  Ɨ˟̇ ƽ˸ǃå ɏ˦ǀǃå ˥ǆ Ɨ˱ƙƓ˹ǃåßƓ˹ƛá  .˚ɂ̇ ƽ˯ǃå èƓ Ǆ˸Ƶ 
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 ˤùùƙ ˖ùù˻ơ Ɇùùơå̇ ǆ ǑùùǄƵ Ɨùùǌƞå˦ǃå ǉ˘ùùǋ ˙ɂ˦ùùˠƙ ˤùùƙ ˗ùùǀǃ ĄǙāá  Ǒùùƪ˗˹ǋ ǑùùưƓɂï êî˦ùù˸ǈ ˙ɂ˦ùùˠƙ
 Ɇ˻˰˸˯ǃ çåíá  ˚ɂ̇ ƽ˯ǃåǑˮǈƓ˱ǃå  ˙ɂ˦ùˠƙ ˤùƛ ÜƗù ˮˠǀǃå ā Ɨùɂ̊ ˻ƙïƓḧǃå èƓ ƛå˗ơǗå þå˗˳˯ƪƓȺ Ɠ ƪ˗˹ǋ

 ÿåïāí ƗùùḪ̇ ơ ǑǂƓùù˲ ǃ ǑùùưƓɂ̇ ǃå êî˦ùù˸˹ǃå ǑùùǄƵ ˗ùù˸˯ƶȻ Ǒɜ ǈƓùùɜ ǆ êî˦ùù˸ǈ çåíá  çïā˗ùùǃ ˚ùùɂ̇ ƽ˯ǃå
) ƗǄǆƓǂ2ʌ˸ǃå æƓ˴ơā ( ƴùˠǀǃå ç˦ ùǀǃ Ɨùƛǚ˰ǃå èƓ Ḫ̇ çåíǕ  ā Ɨùɂï˦˲˸ǃå ā Ɨ ùƪƓ˸˸ǃå :˚ùɂ̇ ƽ˯ǃå

) Ɨùùɂ̇ ˠƿ Ʉùù˶˹ǃåtF  āaF  ārFǑǃå˦ùù˯ǃå ǑùùǄƵˤùùƛ Ü( Ǒɜ ǈƓùùɜ ˸ǃå êî˦ùù˸˹ǃå þ˦ùùǀȻ  ǉ˘ùùǋ ɉƓǀùùƪƎȺ
Ɠùǌ˻ǄƵ úïƓùƶ˯˸ǃå Ɨùƛǚ˰ǃå ïāƓ˲˸ǃå ǑǄƵ èƓ Ḫ̇ ˸ǃå Ɨùǃǔǃ  )x  āy āz ç˦ ùǀǃå èƓù Ḫ̇ ǆ Ɲ˯ù˹˻ǃ (

) ïāƓùù˲˸ǃå ǉ˘ùùǋ èƓùùǋƓ˱ƙå ǑùùƼxF  āyF  āzF ˣǃ˘ùùḪ .( Ǒɜ ǈƓùùɜ ˸ǃå êî˦ùù˸˹ǃå þ˦ùùǀȻ æƓùù˴˲Ⱥ
) ƗǄ˶˲˸ǃåRF .éǚ˰ǃå ç˦ ǀǃå èƓ Ḫ̇ ˸ǃ ( Ąå̇ù˻Ƥá  Ɨùǌƞå˦ǃå þ˦ùǀƙ ïƓùǌˡƎȺ èƓù Ḫ̇ ǆ éǚ˰ùǃå ç˦ ùǀǃå
 ƗǄ˶˲˸ǃåāǏǄƵ  ˗ơåā Ɋˠ˳ǆǑǈƓ ƕ Ɇɜ˵Ⱥ. 

 
 

ǏˬǆƑ˯ǁä ˘ɀ˗ƻ˭ǁä çƑ ǂ˶Ƴ 
 ˥ǆ ǑˮǈƓ˱ǃå ˚ɂ̇ ƽ˯ǃå èƓ Ǆ˸Ƶ ˙ˮ˯ƶƙˤǋá  Ơ˯ƽǃ þ˗˳˯˴ƙ ˖˻ơ ÿíƓƶ˸ǃå ƴˠƿ èƓ Ǆ˸Ƶ

  æ˦˻˱ǃå Ƹɂ̇ƽƙā ɏïƓ˱˸ǃå ā ˥ǆ Ɠǋ̇ ˻ƹýƓ˸Ƶá  .Ɇ˻ƺ˵˯ǃåÿã á˗ˮǆ  ǑˮǈƓ˱ǃå ˚ɂ̇ ƽ˯ǃå Ɨ Ǆ˸Ƶ
˚ɂ̇ ƽƙ çåíá ǏǄƵ þ˦ǀȻ  ƗḪ̇ ˲Ⱥ Ɠǋï˦˲ǆ ý˦ơ ïā˗ƙ ƴˠǀǃå íā˗ơ çí˗ƶ˯ǆ Ɨ ǈā˚Ǆơ Ɨ ǈå˦ˠƪå

Ǒ˸˴ƙ Ɨ ˠƤ ƗḪ̇ ơ Ɨǃ˦ƺ˵˸ǃå ü̇ ˲˯ƙ Ɠ˸˹˻ƕ ƴˠǀǃå ƗḪ̇ ơ Ǒ˸˴ƙ çí˗˲ǆ Ɨ ǈåïāí  ƗḪ̇ ơ
 ÿ̠ƶ˸ǃå ƴǆ ɆƤå̠˯ƙ ƴɣǀǃå íā̠ơ Ɇƶ˱Ȼ Ɠ˸ǆ çåíǕå ǉƓ˱ƙå ǑƼ ƗḪ̇˲ǃå ǉ̆ǋ ÿ˦ḧƙā ƗȻ̆ƺ˯ǃå

 Ǌǀɂ̊ ˸ƙ ǏǄƵ þ˦ǀƙāǊ˯ǃåðɀā  Ǒ˸˴ƙ ƠƑå̇ Ƭ çï˦Ʈ ǑƼ) Ɇɜ˵ǃƓȺ ˙ǌˢȻ Ɠ˸Ḫ .˜Ƒå̇ ǃå1.( 
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) ɆɜƬ1ǑˮǈƓ˱ǃå ˚ɂ̇ ƽ˯ǃå èƓ Ǆ˸Ƶ .( 

Āà åƑ˲Ɵ Ʋ˞ƾǁä æʕ ƾȸ ˑˬ˷˭ǁä 
 ˗ƞ˦ǒ˥˻Ɂ˦Ǆƪá  ˥ǆ˔˻ǃƓƪá   :ǑǄǒ Ɠ˸Ḫ ˚ɂ̇ ƽ˯ǃå èƓ Ǆ˸Ƶ ˥ǆ Ɨ˱ƙƓ˹ǃå ƴˠǀǃå ç˦ ǀȺ ˓ˮ˹˯ǃå 

 .áæ˦ǄƪǕå  ǑǄ˻Ǆ˲˯ǃå)Analytical approach( 
 .ææ˦ǄƪǕå  Ǒɜ ǈƓɜ ˸ǃå)Mechanistic approach( 
 ˗˸˯ƶȻæ˦ǄƪǕå  ƴˠǀǃå Ɨǀˠ˹˸Ⱥ é˗˲ƙ Ǒ˯ǃå Ɨ ƑƓɂ̊ ˻ƽǃå ˙ǋå˦ˢǃå ɆḪ çƓǂƓ˲ǆ ǑǄƵ ǑǄ˻Ǆ˲˯ǃå
ßƓ˹ƛá  ˔ˮ˴Ⱥ ˥ḧǃ ā Üƴˠǀǃå úā˙ˡ ƴǆ Ɠǌ˱ƑƓ˯ǈ ɊɁïā Ɠ ưƓɂï ƓǌǄ˻Ǆ˲ƙā ˚ɂ̇ ƽ˯ǃå Ɨ Ǆ˸Ƶ

 èǙ˗ƶǆ Ɇ˰ǆ ˚ɂ̇ ƽ˯ǃå Ɨ Ǆ˸Ƶ ˔ơƓ˶ƙ Ǒ˯ǃå Ɨ ƑƓɂ̊ ˻ƽǃå èå̇ ˻ƺ˯ǃå ˞ƶȺ èå˗˻ǀƶƙíƓǌƞǗå 
 Ɨƶƽƙ̇ ˸ǃå çïå̇ ˲ǃå èƓƞïíā Ɨ ǃƓƶǃå ˥ǒ̆ǃå ÿ̠Ǆǃåā ÿ̇˸ǃå ǉ˦˵ ǃ˯åā Ü̊ɂ̇ƽ˯ǃå ƗǄ˸Ƶ ÿ˦ơˮƓ˶Ȼ

 å˘ǋ ˙ˮ˯ƶȻæ˦ǄƪǕå Ƶ ïíƓƿ ˙˻ƹ ƓǌƙǚƤ˗ǆā ƴˠǀǃå ƗǃƓơ ɄƮāā Ɨƪåïí ǏǄ(Jayaram, 
Kapoor, & Devor, 2001)  ç˦ ƿ æƓ˴ơ Ǌ ʼ ˤ˯˻Ƽ Ǒɜ ǈƓɜ ˸ǃå æ˦Ǆƪǖǃ Ɨ ˴˹ǃƓȺ  .

 ā ýåā˙ƕƓƮ ÿƓ˸ǃƓƶǃå Ɠǋï˦˟ Ɨɂ̇ ˢǈ ǏǄƵ åíƓ˸˯Ƶå ƴˠǀǃå˙ƞ̇ ˮ˴ḧ˹ɂ˦Ḫ(Koenigsberger 
& Sabberwal, 1961)   Ǒ˯ǃå ā ǏǄƵ ˝˹ƙÿá  ˗˲ǃå ǑǄƵ Ɠǆ Ɨˠǀǈ ˗˹Ƶ ƴˠǀǃå ç˦ ƿ
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˙˻ƺǃå ˜Ƒå̇ ǃå ƴˠǀǆ ƗơƓ˴ǆ ƴǆ ƓȻí̇ ˟ ˔ƪƓ˹˯ƙ çåíǖǃ ƴ˟Ɠǀǃå ÷˦ ˠǀ˸ǃå1 .Ɨˠǀ˹ǃå ˣǄƙ ˗˹Ƶ
 èǚǆƓƶǆ éǚ˰ƕ þ˦ɜ˲ǆ ˔ƪƓ˹˯ǃå å˘ǋ ÿåƗ ƪƓƪá ) ƴˠǀǃå èǚǆƓƶ˸Ⱥ Ǒ˸˴ƙCutting 

force coefficients) ð˦ǆ̇ ǃƓȺ Ɠǌǃ ˚ǆ̇ ɂā Ü(rck Üack Ütck˻ơ ( ÿå ˖rc k ˕ƕƓƛ ˦ǋ
 ā Üɏ̇ ƿɣ Ʉ˶ ǃ˹å ǉƓ˱ƙǙƓȺ ƴɣǀǃåÿåack ā ɏï˦˲ ǃ˸å ǉƓ˱ƙǙƓȺ ƴɣǀǃå ̞ƕƓƛ ˦ǋ ÿåtck ˦ǋ

 ƴ˟Ɠǀǃå ˗˲Ǆǃ Ǒƿ̇ ƽǃå ý˦ˠǃå ˥˸˷˯˯ǃ Ɨɂ̇ ˢ˹ǃå ǉ˘ǋ èï˦ˠƙ .ǑƪƓ˸˸ǃå ǉƓ˱ƙǙƓȺ ƴˠǀǃå ˕ƕƓƛ
˯ǃƓȺ āƓǃ Ǒ ˤƙƗƼƓưã  èǚǆƓƶǆ éǚƛƗ ʼƓưã ǌǃ ˚ǆ̇ ǒ ā ƴ˟Ɠǀǃå ˗˲ǃå èǚǆƓƶ˸Ⱥ Ǒ˸˴ƙ ˤ

) ð˦ǆ̇ ǃƓȺrek Üaek Ütek˖˻ơ (  ÿåre kā Üɏ̇ ƿɣ Ʉ˶ ǃ˹å ǉƓ˱ƙǙƓȺ ƴ˟Ɠǀǃå ̠˲ǃå ̞ƕƓƛ ˦ǋ 
ÿåaek ā ɏï˦˲ ǃ˸å ǉƓ˱ƙǙƓȺ ƴ˟Ɠǀǃå ̠˲ǃå ̞ƕƓƛ ˦ǋ  ÿåtek  ǉƓ˱ƙǙƓȺ ƴ˟Ɠǀǃå ˗˲ǃå ˕ƕƓƛ ˦ǋ

 ǑƪƓ˸˸ǃå(Fu, Devor, & Kapoor, 1984)(Gradisek, Kalveram, & 
Weinert, 2004)(Sultan & Okafor, 2015) ˙Ḫ˘ǃå ǑƽǃƓƪ ˥˻Ɂ˦ǄƪǕå ˥˻ƕ ˥ǆ .

 ˦ǋ Ǒɜ ǈƓɜ ˸ǃå æ˦ǄƪǕå ˙ˮ˯ƶȻ÷̇ ƪǕå Ǐǃã ƗƼƓưã ˘˻ƽ˹ƙ ˥ǆðā ƗƽǄḪ ɆƿǕåā  Ɨ ǃƓƶǃå Ɨƿ˗ǃå
ǊƙƓƞ̇ ˳ǆ Ɠǌƕ Ʉ˶˯ƙ Ǒ˯ǃåÜ ˔ˮ˴ǃå å˘ǌǃā .Ɨƪåï˗ǃå ǉ˘ǋ ǑƼ Ǌ ˹ˮƙ ˤƙ 

ƨǓäƲ˞ƾǁä æʕ ƾȸ ˑˬ˷˭ǂǁ Ǐɚ ǆƑɚ ˶ǁä åˤǂ 
 ˙ǌˢȻȺ) Ɇɜ˵ǃƓ2 ƴˠƿ ɖ˸ƶȺ Ɠǆ ÿ˗ƶ˸ǃ ˚ɂ̇ ƽƙ Ɨ Ǆ˸ƶȺ þ˦ǀƙ Ɨ ǈā˚Ǆơ ǑˮǈƓƞ ˚ɂ̇ ƽƙ çåíá (
) ɏāƓ˴Ȼaa) ɏāƓ˴Ȼ ƴɣƿ ô Ƶ̇ā (b .(Ⱥ þƓ ʿǄǃ çåíǕå ïā˗ƙ ÿå ˔˱Ȼ Ü˚ɂ̇ ƽ˯ǃå Ɨ Ǆ˸ƶ

) Ɠǋïå˗ǀǆ Ɨ ǈåïāí ƗƵ̇ ˴Ⱥsn çåíá ǉƓ˱ƙå ǑƼ ǑˠƤ Ɇɜ˵Ⱥ Ɨǃ˦ƺ˵˸ǃå ü̇ ˲˯ƙ Ɠ˸˹˻ƕ( ƴˠǀǃå
) ɏāƓ˴ƙ Ɠǌ˯˸ āʾ (ƗȻ̆ƺ˯ǃå ƗƵ̇ƪ āå) ƗȻ̆ƺ˯ǃå Ǒ˸ ƙ˴ ƗɣƤ ƗƵ̇˴ Ɂāf Ơ˷˯ǒ Ɇɜ˵ǃå ˥ǆ .(

ÿá ) ƴˠǀǃå ɖ˸Ƶ ǉí˗˲Ȼ ɏ˘ǃåā ƴˠǀǃå íā˗ơ ˥ǆ ß̊ ƞaa ƴˠǀǃå Ɨ Ǆ˸Ƶ ɏí˓ǒ ˥ǆ ɊǀƼ ˦ǋ (
 ǑǃƓ˯ǃƓɁāƴˠƿ ç˦ ƿ ˗ǃ˦˻ƪ ˥ǆ ɊǀƼ ˦ǋ. Ⱥǋ ǑƼ ɆƑƓǆ ƴˠƿ í˦ƞā ˔ˮ˴Ɨ Ǆ˸ƶǃå ǉ˘  ç˦ƿ ˕ǈ˦ḧƙ
 ǑƼ ƴˠƿƛǚƛƗ ǆ èƓ Ḫ̇ ǆ :Ǒǋā èƓǋƓ˱ƙǙåā ˤ ʿǃå ƗƽǄ˯˳ǆā ˞ƶ ǃå Ɠǌ˷ƶȺ ǑǄƵ ç˗ǆƓƶ˯

                                                           
1) инЇϧЮϜ ЭϡЦ сзЛт ИнГЧв ϽуПЮϜ ЅϚϜϽЮϜ ЙГЧв ϣϲϝЃвUndeformed chip area( 
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) ǑƪƓ˸˸ǃå ç˦ ǀǃå ˔Ḫ̇ ǆtF) ɏï˦˲ ǃ˸å ç˦ǀǃå ̝Ḫ̇ǆā (aF ɏ̇ ƿɣ Ʉ˶ ǃ˹å ç˦ǀǃå ̝Ḫ̇ǆā (
)rF èƓ Ḫ̇ ǆ ˥ǆ ƗƵ˦˸˱ǆ ɆǆƓḧƙ ˥Ƶ ƝƙƓǈ ˙Ḫ˘ǃå ƗƽǃƓƪ ç˦ ǀǃå èƓ Ḫ̇ ǆ ˥ǆ ˔Ḫ̇ ǆ ɆḪ .(

) Ɨ ǄưƓƽ˯ǃå ç˦ ǀǃåDifferential cutting force components˘ǌǃ(˔Ḫ̇ ˸ǃå å Ɨ˭ƬƓ˹ǃåā Ü
 ƴǀƙ çí˗ƶ˯ǆ ɉƓǀǈ ˗˹Ƶ ǑǄƵ ɆḪǃå íā˗ơ ƴˠǀǃåǄƤå˗Ɨ  ˙ǌˢȻ Ɠ˸Ḫ ƴˠǀǃå Ɨ Ǆ˸Ƶ ǑƼ Ɠ ǄƶƼ

) Ɇɜ˵ǃƓȺ3.( 
˔Ḫ̇ ǆ Ɠ˹ǒ˗ǃ Üˣǃ˘ǃ ) ǑƪƓ˸˸ǃå ǉƓ˱ƙǙå ǑƼ ǑǄưƓƽ˯ǃå ç˦ ǀǃåtdF ǑǄưƓƽ˯ǃå ç˦ ǀǃå ˔Ḫ̇ ǆā Ü(

) ɏï˦˲ ǃ˸å ǉƓ˱ƙǙå ǑƼadF) ɏ̇ ƿɣ Ʉ˶ ǃ˹å ǉƓ˱ƙǙå ǑƼ ǑǄưƓƽ˯ǃå ç˦ǀǃå ̝Ḫ̇ǆā (rdF .(
ƛǚ˰ǃå Ɨ ǄưƓƽ˯ǃå ç˦ ǀǃå èƓ Ḫ̇ ǆ Ɨ˸ ʾ æƓ˴˲ǃ ā Ɨ ˔ƞ ĄǙāá  ˙ɂ˦ˠƙā Ɠ ƪ˗˹ǋ çåíǕå ˃ɂ̇ ƶƙ

 çåíǕå Ɇ˰˸ ǃ ǑưƓɂï êî˦˸ǈƓ ʺå̇ Ƽ(Gradisek, Kalveram, & Weinert, 
2004)(Ameen, 2014)(Sultan & Okafor, 2015) 
 

 
) ɆɜƬ2ÿ˗ƶ˸ǃå ˥ǆ Ɨƶˠǀǃ ˚ɂ̇ ƽƙ Ɨ Ǆ˸ƶȺ þ˦ǀƙ Ɨ ǈā˚Ǆơ ǑˮǈƓƞ ˚ɂ̇ ƽƙ çåíá .( 

ƕ ǆĀ˘ǂ˰ǁä ǏˬǆƑ˯ǁä ˘ɀ˗ƻ˭ǁä æäìǓ Ǐƨ˕˷Ǌǁä éíˤ˶˷ǁä 
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 ˤ ˴ǀƙ ˥ɜ˸Ȼèåāíá Ǐǃã ÷˦ ˹ǃå ˖˻ơ ˥ǆ Ɨ ǈā˚Ǆ˲ǃå ǑˮǈƓ˱ǃå ˚ɂ̇ ƽ˯ǃå  : ˥˻˸˴ƿýāǕå  Ǒ˸˴Ȼ
 ā Ɨ˱ǆ˗˸ǃå çåíǕƓȺǑǋ  ɏ˦ ƙ˲ā í̠˲ǆ ÿ̠ƶǆ ˥ǆ ƗƵ˦˹˶ǆ ç̠ơåā ƗǄ˯Ḫ ˥Ƶ çïƓy˗ǒíƓƤá āá 

 
) ɆɜƬ3 ǑˮǈƓ˱ǃå ˚ɂ̇ ƽ˯ǃå Ɨ Ǆ˸ƶǃ Ɨ ǄưƓƽ˯ǃå ç˦ǀǃå èƓ Ḫ̇ ǆ .( 

) Ɨ ǈā˚Ǆơ ƴˠƿ íā˗ơHelical cutting edges Ǒǋā çåíǕå ˤ˴ƞ ǑƼ Ɨ˱ǆ˗ǆ ( Ǒ˯ǃå
þ˦ǀƙ  .ƴˠǀǃå Ɨ Ǆ˸ƶȺƓǆá  ǑǌƼ ǑǈƓ˰ǃå ÷˦ ˹ǃåèåāíá ǒ̠íƓƤá ɏ˦ ƙ˲  Ɨ ǈā˚Ǆơ ĄƓ˷Ȼá ˥ǆ ˥ḧǃ ā 

 ˛ ǃ ƴˠǀǃå Ɨ Ǆ˸ƶȺ þ˦ǀȻ˗ǒíƓƤǕå ā Ɠ˸ǈã  Ɨƶ˟Ɠǀǃå ˤǀǄǃƓȺ Ǒ˸˴ƙ ç̇ ˻ƺƮ ˤǀǃ (inserts) 
 ˣǄƙ ǏǄƵ Ɨ˯ˮ˰ǆ˗ǒíƓƤǕå  Ɠ˸Ḫ ƗƽǄ˯˳ǆ ƗɜǈƓɜǆ û̇ Ⱥɣ Ɨǈā̊Ǆ˲ǃåƓǌǈá  íå˦ǆ ˥ǆ ƴ˹˶ƙ

) Ɇɜ˵ǃå .çåíǕå ˤ˴ƞ ˥Ƶ ƗƽǄ˯˳ǆ4 ˙ǌˢȻ (èåāíá  ˥ǆ Ɨ ǈā˚Ǆ˲ǃå ǑˮǈƓ˱ǃå ˚ɂ̇ ƽ˯ǃå
 :Ɨ ǈā˚Ǆ˲ǃå ǑˮǈƓ˱ǃå ˚ɂ̇ ƽ˯ǃå èåāíá ˥ǆ ÿƓƵ˦ǈ ˗ƞ˦ǒ ƴˠǀǃå íā˗ơ ǉƓ˱ƙǙ Ɨ ˴˹ǃƓȺ .˥˻Ƶ˦˹ǃå
 û̇ ā˟ ƴɣǀǃå íā̠ơ ǉƓ˱ƙå ˥Ƶ ̇ˢ˹ǃå ˞ ƺȺ .ƗɂïƓ˴Ȼ ̊ɂ̇ƽƙ èåāíáā Ɨ˹˻˸Ȼ ̊ɂ̇ƽƙ èåāíá

 çåíǕå ˃ɂ̇ ƶ˯ǃ ÜçåíǕƓȺ ƓǌǄ˻ɜ˵ƙ 
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                    ƕ˯Ǆ˕Ǆ æäìà (à)                      ƕƴ˝Ƒƽ ˢƾǁ çäí æäìà (å) 

) ɆɜƬ4(. Ɨ ǈā˚Ǆ˲ǃå ǑˮǈƓ˱ǃå ˚ɂ̇ ƽ˯ǃå çåíá 
ÜƓ ƪ˗˹ǋ Ǐǃã Ɠɂï˦˲ǆ çåíǕå ˤ ˴ǀƙ ˔ƞā  ó̇ ƿ ɆḪ ˙ƺ˶ǃƓȺ Ɨ ˀƓ˹˯ǆ óå̇ ƿá ƗƵ˦˸˱ǆ

) ˤƿ̇ ǃå Ɇ˸˲ȻI ) ˖˻ơ (I =1,2,3Ľnd) Ɇɜ˵ǃƓȺ ˙ǌˢȻ Ɠ˸Ḫ (3 Ɨˠǀǈ è̇ ˻˯Ƥå ˤƛ Ü(
) Ɨ Ƒå˦˵ƵijP)ǑƑå˦˵Ƶ ó̇ ƿ ǑǄƵ (i āÜ(ǃå ˗˲ǃå) ƴ˟Ɠǀj ˤƙ Ɠ ƪ˗˹ǋ Ɨˠǀ˹ǃå ǉ˘ǋ ˃ɂ̇ ƶ˯ǃ .(
) Ɋ˴Ⱥunfold˻ǃ çåíǖǃ ǑƞïƓ˳ǃå Ɋ ˲˸ǃå (ā˗ˮ ) Ɇɜ˵ǃƓȺ Ɠ˸Ḫ5 íā˗ơ Ǌ ʼ ˙ǌˢƙ ɏ˘ǃåā (

) Ɨ ǈā˚Ǆ˲ǃå ƴˠǀǃå3j, 2j, 1j(NtjĽ Ǐǃã Ǒǈā˚Ǆ˲ǃå Ɇɜ˵ǃå ˥ǆ è̇ ˻ƺƙ ˗ƿ  Ɨ˸ ʿ˯˴ǆ ɉ˦ˠƤ
) ÿā̊Ǆ˲ǃå Ɨɂāåð Ǒ˸ ƙ˴ Ɨɂāå̊ƕ çåíǕå ï˦˲ ǆ ˥Ƶ ƗǄƑƓǆHelix angleā ( ǏɣƵąá  ˚ǆ̇ ǃå Ɠǌǃ

)ɾ) Ɨɣǀ˹Ǆǃ ɏ̊ƙ˻ïƓḧǃå Ǒƛå̠ơǙå ̠ǒ̠˲ƙ ʕƙ xǃî ̠ƶȺ .(ijP ǏǄƵ Ɨƶƿå˦ǃå Ɨˠǀ˹ǃå ïƓ ˯Ƥå ˗ƶȺ (
) ó̇ ƿ ýāåi =1 (ýāáā ) ƴ˟Ɠƿ ˗ơj=1 ÿ˦ḧ˯ǒ .Ɠƪ̠ǋ˹ çåíǕå ˃ ɂ̇ƶ˯ǃ Ɨ́ƞ̇ǆ Ɨɣǀ˹Ḫ (

Ǆǃ Ɨ˴ ǃ˹ƓȺ .Ǒɣ ˲˸ǃå ̠ƶǃå ā ɏï˦˲ ǃ˸å ̠ƶǃå : ˥ǒ̠ƶȺ ˥ǆ ɏ̊ƙ˻ïƓḧǃå Ǒƛå̠ơǙå ˗ƶ
) ƗƑå˦˵ƶǃå Ɨɣǀ˹ǃå ā Ɨ́ƞ̇˸ǃå Ɨɣǀ˹ǃå ˥ ƕ˻ ƗƼƓ˴˸ǃå ˦ǋ ɏï˦˲ ǃ˸åijP ɏðå˦ǆ ÿ˦ɜɂā (

) Ɇɜ˵ǃå ˥ǆ  .çåíǕå ï˦˲˸ǃ5 Ơ˷˯ǒ (ÿá ) Ɨˠǀ˹ǃåijP(  Ɨ ʹƞ̇ ˸ǃå Ɨˠǀ˹ǃå ˥Ƶ ˗ƶ ƙ
) ƗƼƓ˴ǆ Ɠɂï˦˲ǆʊ) Ɨƿǚƶǃå ˥ǆ ƓǌƕƓ˴ơ ˥ɜ˸Ȼ Ǒ˯ǃåā (1 :ǑǄǒ Ɠ˸Ḫ ( 

 
Ὥ Ὠὥ   =‚                                                                                      )ρ(  

 ˖˻ơÿá )ada) ā Ǒưå̇ ˯ƼǙå ó̇ ǀǃå ˣ˸ƪ ˦ǋ (Ὥ.ó̇ ǀǃå ˤƿï ˦ǋ ( 
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Ɠǆá ) Ɨˠǀ˹Ǆǃ Ǒˠ ˲˸ǃå ˗ƶ ǃåijP ā ƴˠǀǃå íā˗ơ ǑǄƵ Ɨˠǀ˹ǃå ǉ˘ǋ ƴƿ˦ǆ ǑǄƵ ˗˸˯ƶ ʼ (
óå̇ ƿǕå ˥˻ƕ Ɨ ˠ˳ǃå ƗƼƓ˴˸ǃå ˦ǋā Ü Ɨˠǀ˹ǃå)ijP ˗ƶ ǃå æƓ˴ơ ˥ɜ˸ɂā Ɨ ʹƞ̇ ˸ǃå Ɨˠǀ˹ǃåā (

) Ɨƿǚƶǃå þå˗˳˯ƪƓȺ Ǒˠ ˲˸ǃå2) ó̇ ǀǃå ƴƿ˦ǆ ñƓƪá ǑǄƵ (i˗˲ǃå ˤƿïā ( ) ƴ˟Ɠǀǃåj (
) ÿā̊Ǆ˲ǃå Ɨɂāåðāɾ) çåíǕå ˙ˠƿ Ʉ˶ǈā (r:ǑǄǒ Ɠ˸Ḫ ( 

ÔÁÎ‎ Ὥ Ὠὥ ᶮ Ὦ ρ     =                   (2) 

 
)ɆɜƬ5 Ɋ˴ ˹˸ǃå Ɇɜ˵ǃå .()Unfolded viewƗ ǈā˚Ǆ˲ǃå ǑˮǈƓ˱ǃå ˚ɂ̇ ƽ˯ǃå çåíǕ ( 

 ˖˻ơÿá )D( ) ā ˚ɂ̇ ƽ˯ǃå çåíá ˙ˠƿ ˦ǋ ) Ɨˠǀ˹Ǆǃ Ǒˠ ˲˸ǃå ˗ƶ ǃå Ǒǋ (ijP.( 
) ƗƿǚƶǃƓȺ Ɨ ǃƓ˴ǃå çïƓƬǘǃ Ɨ ˴˹ǃƓȺ2 ˖˻˲Ⱥ ˚ɂ̇ ƽ˯ǃå çåíá ƴˠƿ íā˗ơ ǉƓ˱ƙå ˗ǒ˗˲˯ǃ ɊǀƼ Ǒǋ (

 ÜǉƓ˱ƙǙå Ɨ˹˻˸Ȼ çåíǕå ÿ˦ḧƙ Ɠǆ̠˹Ƶ ƗǃƓƪā ǉƓ˱ƙǙå ƗɂïƓ˴Ȼ çåíǕå ÿ˦ḧƙ Ɠǆ̠˹Ƶ Ɨƞ˦ǆ ÿ˦ḧƙ
Ɠǆá ) ç˦ ˠ˳ǃå Ɨɂāåðᶮ) Ɨƿǚƶǃå ˥ǆ ˔˴˲˯Ƽ (3:ǑǄǒ Ɠ˸Ḫ ( 

 ɲ                                                  (3) 
) Ɨɣǀ˹Ǆǃ ɏ̊ƙ˻ïƓḧǃå Ǒƛå̠ơǙå æƓ˴ơ ̠ƶȺijP Ɨƿǚƶǃå Ɨˠƪå˦ƕ Ǒˮˠǀǃå Ǒƛå˗ơǙå æƓ˴ơ ˤƙ(

)4:ǑǄǒ Ɠ˸ǂ( 
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          ᶮ                                                 (4) 
 ) Ɨƿǚƶǃå ˕ǆ˗˳˯ƪå4 ƗǄƤå˗ǃå çåíǕå ƴˠƿ íā˗ơ ɆḪ ǏǄƵ Ɨƶƿå˦ǃå ɉƓǀ˹ǃå ɆḪ ˃ɂ̇ ƶ˯ǃ (

) ƓǌƼ˦ƽƮ í˗Ƶ ƗƼ˦ƽ˶ǆ ˣǃî ˥Ƶ Ɲ˯ǈā ƴˠǀǃå Ɨ Ǆ˸Ƶ ǑƼ ƗǄƤå˗ǃå ˙˻ƹādn í˗Ƶ ˦ǋā (
 í˗Ƶā óå̇ ƿǕåƓǌƙ˗˸Ƶá )tN( ) ƗƿǚƶǃƓȺ Ơư˦ǆ Ɠ˸Ḫ ƴˠǀǃå íā˗ơ í˗Ƶ ˦ǋā5 ǉ˘ǋā (

ǃå çåíǕ Ǒƪ˗˹ǌǃå Ɇ˻˰˸˯ǃå Ǒǋ ƗƼ˦ƽ˶˸ǃåƗ ǈā˚Ǆ˲ǃå ǑˮǈƓ˱ǃå ˚ɂ̇ ƽ˯(Sultan & Okafor, 
2015) . 

     ὭɲὮ

ρɲρ Ễ ρɲὔὸ

ể Ệ ể

ὲɲὨρ
Ễ ὲɲὨὔὸ

                                      (5) 

 

Ǐɚ ǆƑɚ ˶ǁä åˤǂƨǓä ýä˕˱˭ƨƑȸ Ʋ˞ƾǁä æʕ ƽ åƑ˲Ɵ 
 Ɨ˱ ˯ǈ ˗ǃ˦˯ƙ ˚ɂ̇ ƽ˯ǃå èƓ Ǆ˸Ƶ ˥ǆ Ɨ˱ƙƓ˹ǃå ƴˠǀǃå ç˦ ƿ ÿå ƗǀȺƓƪ èƓƪåïí è̇ ḪîÿƓ˯˻ǃà  Ɠ˸ǋ

) ˝ǀǃå Ɨ ǃàShearing mechanism) ó˦ƺǃå Ɨ ǃàā (Ploughing 
mechanism ƴˠǀǃå èǚǆƓƶǆ Ɠ˸ǋ èǚǆƓƶ˸ǃå ˥ǆ ˥˻Ƶ˦ǈ ǑǄƵ ÿå˗˸˯ƶƙ ÿƓ˯Ǆǃåā Ü(

)cutting force coefficients) ƴ˟Ɠǀǃå ˗˲ǃå èǚǆƓƶǆā (edge force 
coefficients ((Gradisek, Kalveram, & Weinert, 2004)Ü(Adetoro & 

Wen, 2010)Ü(Gonzalo, Jauregi, Uriarte, & Lopez de lacalle, 
2009)Ü(Sultan & Okafor, 2015) èƓƪåï˗ǃå ˛ƽǈ è̇ Ḫî . ĄƓ˷Ȼá  ƴˠǀǃå ç˦ ƿ ÿå

 ßå̇ ƞå Ɇˮƿ ˜Ƒå̇ ǃå ƴˠǀ˸ǃ Ɨ ˢ˲Ǆǃå ƗơƓ˴˸ǃå ƴǆ ƓȻí̇ ˟ ˔ƪƓ˹˯ƙ èƓ Ǆ˸ƶǃå ǉ˘ǋ ˥ǆ Ɨ˱ƙƓ˹ǃå
ƴˠǀǃå Ɨ Ǆ˸Ƶ2 )undeformed chip areaÜ(  .ƴ˟Ɠǀǃå ˗˲Ǆǃ Ǒƿ̇ ƽǃå ý˦ˠǃå ƴǆ ˣǃ˘Ḫā

ǑƼ ˤƙ å˘ǌǃ ā ɆƑƓǆ ƴˠƿ Ɨ Ǆ˸Ƶ Ǒǋ ǑˮǈƓ˱ǃå ˚ɂ̇ ƽ˯ǃå Ɨ Ǆ˸Ƶ ÿå  ç˦ ƿ Ɇ˻Ǆ˲ƙ Ɨƪåï˗ǃå ǉ˘ǋ
                                                           

2ЙГЧЮϜ ϣуЯгК ϣϯуϧж ЅтϜϽЯЮ инЇϦ ϨмϹϲ ЭϡЦ рϒ 
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Ǐǃã Ɨ˱ƙƓ˹ǃå ƴˠǀǃå ) Ɨɂ̇ ˠƿ Ʉ˶˹ǃåā Ɨɂï˦˲˸ǃåā Ɨ ƪƓ˸˸ǃå :Ǒǋ Ɨ ƪƓƪá èƓ Ḫ̇ ǆ ƗƛǚƛtF 
 āaF  ārF èƓ Ḫ̇ ˸ǃå ˥ǆ ƗƵ˦˸˱˸ǃ ɆǆƓḧƙ Ǒǋ Ɨƛǚ˰ǃå èƓ Ḫ̇ ˸ǃå ǉ˘ǋ .(Ǒǃå˦˯ǃå ǏǄƵ Ü

 Ɨ ǄưƓƽ˯ǃå)tFd  āadF  ārdF Ɨ Ƒå˦˵ƶǃå Ɨˠǀ˹ǃå ˗˹Ƶ ƴˠǀǃå ç˦ ǀǃ ()ijP( ˗ƿ ā Ü ˕ǆ˗˳˯ƪå
) Ɨƿǚƶǃå6( :ǑǄǒ Ɠ˸Ḫ Ɨ ǄưƓƽ˯ǃå èƓ Ḫ̇ ˸ǃå æƓ˴˲ǃ 

ὨὊὭȟὮ Ὧ  ὨὛ    ËÈ ȢὨὥ 
ὨὊ ὭȟὮ Ὧ  ὨὛ Ὧ È  ȢὨὥ 

ὨὊὭȟὮ Ὧ  ὨὛ    Ë È  ȢὨὥ     (6)     
 

 Ɍùùơǚǈÿá  ˔ùùǈƓ˱ǃå˥ùù˸ȻǕå ) Ɨùùƿǚƶǃå ˥ùùǆ6 ( ǑùùƼ ˘ùùƤåÿƓùù˯˻ǃǓå ïƓùù ˯ƵǙå  ƓǀȺƓùùƪ ÿƓƙï˦Ḫ˘ùù˸ǃå
 èǚǆƓùùùùƶǆ Ɨùùùùƛǚƛ ˥˸ùùùù˷ƙā Ɨ ùùùùƪƓƪá) ƴùùùùˠǀǃå èǚǆƓùùùùƶ˸Ⱥ Ǒ˸ùùùù˴ƙcutting force 

coefficients ) ð˦ǆ̇ ǃƓȺ Ɠǌǃ ˚ǆ̇ ɂā (Ὧ āὯ āὯ èƓùǋƓ˱ƙå ˛ƽǈ ƓǌǄƙǚǆƓƶ˸ǃå ǉ˘ǋā (
ƿ Ʉùù˶˹ǃåā Ɨùùɂï˦˲˸ǃåā Ɨ ùùƪƓ˸˸ǃå Ǒùùǋ ƓùùǌƙƓǋƓ˱ƙå ÿå ɏá Ɨùùƛǚ˰ǃå Ɨ ǄùùưƓƽ˯ǃå èƓùù Ḫ̇ ˸ǃå Ɨùùɂ̇ ˠ

.Ǒǃå˦ùù˯ǃå ǏùùǄƵ  ÷˦ ùùǈā ƴùùˠǀǃå ç˗ùùƵ ÿ˗ùùƶǆ ÷˦ ùùǈā ÷˦ ùùˠǀ˸ǃå ÿ˗ùùƶ˸ǃå ÷˦ ùù˹ƕ èǚǆƓùùƶ˸ǃå ǉ˘ùùǋ̇ ƛƋ˯ƙ
 ƗùƵ˦˸˱ǆ ßå̇ ƞƋùȺ Ɠù ˮɂ̇ ˱ƙ ƓǌƕƓù˴ơ ˤ˯ùɂā ˚ùɂ̇ ƽ˯ǃå Ɨù Ǆ˸Ƶ ǑùƼ þ˗˳˯˴˸ǃå ˕˻ɂ̊ ˯ǃåā ˗ɂ̇ ˮ˯ǃå Ɋƪā

Ɠǌƙåî ƴˠǀǃå ç˗Ƶ þå˗˳˯ƪƓɁā ÿ˗ƶ˸ǃå ˛ƽǈ ǑǄƵ Ɨ Ǆƶƽǃå ˚ɂ̇ ƽ˯ǃå æïƓ˱ƙ ˥ǆ. 
 ĄƓùùù˷Ȼá ˥ùùù˸ȻǕå ̝ùùùǈƓ˱ǃå ˥˸ùùù˷ƙȺ ú̇ ùùùƶȻ Ɠùùùǆ) ƴ˟Ɠùùùǀǃå ˗ùùù˲ǃå èǚǆƓùùùƶ˸edge force 

coefficients) ð˦ǆ̇ ǃƓùȺ Ɠùùǌǃ ˚ùǆ̇ ɂā (Ὧ ā Ὧ ā Ὧ ý˦ˠǃƓùùȺ èǚǆƓùùƶ˸ǃå ǉ˘ùǋ ˙ƛƋùù˯ƙā (
Ɠùùǌǃ èǚǆƓùùƶ˸ǃå ǉ˘ùùǋ .ƴ˟Ɠùùǀǃå ˗ùù˲Ǆǃ ǑǄùùưƓƽ˯ǃå  ĄƓùù˷Ȼá  Ɨ ǄùùưƓƽ˯ǃå èƓùù Ḫ̇ ˸ǃå èƓùùǋƓ˱ƙå ˛ùùƽǈ

 Ʉùùù˶˹ǃåā Ɨùùùɂï˦˲˸ǃåā Ɨ ùùùƪƓ˸˸ǃå Ǒùùùǋ ƓùùùǌƙƓǋƓ˱ƙå ÿå ɏá Ɨùùùƛǚ˰ǃå.Ǒǃå˦ùùù˯ǃå ǏùùùǄƵ Ɨùùùɂ̇ ˠƿ ˗ùùùǀǃ 
 ɖƕƓùùùƪ ˖ùùù˲Ⱥ ǑùùùƼ ƓǌƕƓùùù˴ơ ˤùùùƙ èǚǆƓùùùƶǆ ˕ǆ˗˳˯ùùùƪå(Ameen, 2014) ˗ùùù˻ǂƋ˯ǃ  ƝƑƓùùù˯ǈ
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 Ɨ˸˸˶˸ǃå Ɨǌƞå˦ǃåå˘ǋ ǑƼ ˖˲ ǃåǑǄùưƓƽ˯ǃå ý˦ùˠǄǃ Ɨ ù˴˹ǃƓȺ . )ὨὛ ( ɏ˘ùǃå ā ƴ˟Ɠùǀǃå ˗ù˲Ǆǃ
) ƗƿǚƶǃƓȺ ˙ǌˢȻ6) Ɨƿǚƶǃå þå˗˳˯ƪƓȺ ǊȺƓ˴ơ ˤƙ ˗ǀƼ (7.( 

 
ὨὛ

 
                                                      (7) 

) Ɨƿǚƶǃå ˗˸˯ƶƙ6 ( ĄƓ˷Ȼá ) ǑǄưƓƽ˯ǃå ˜Ƒå̇ ǃå ˣ˸ƪ ǑǄƵÈ( ) Ɨùˠǀ˹ǃå ˗ù˹ƵijP( ˗ùƿ ā  ˤùƙ
 ǊȺƓ˴ơ)Ɨƿǚƶǃå þå˗˳˯ƪƓȺ8.( 

(8)È Ὢ z ίὭὲɲὙ ȢÇ Ὑɲ  
) ˤƿï ƗǃíƓƶ˸ǃå ǑƼ8 ˚ǆ̇ ǃå (Ὢ    ɏāƓ˴˯ǃ å̇sǈ ā çåíǕƓȺ ƴ˟Ɠƿ ̠ơ Ɇḧǃ ƗȻ̆ƺ˯ǃåïå̠ǀǆ Ɇ˰˸Ȼ
) ç˦ ˠ˳ǃå Ɨɂāåðᶮ) Ɨƿǚƶǃå Ɨˠƪå˦ƕ ˤƙ ˙˻ƺ˯˸ǃå å˘ǋ æƓ˴ơ ÿƓƼ (9.( 

Ὢ                                                            (9) 
 ˚ǆ̇ Ǆǃ Ɨ ˴˹ǃƓȺὙɲ) Ɨùˠǀ˹Ǆǃ Ɨù ˮˠǀǃå Ɨɂāå̊ ǃå Ɇ˰˸Ȼ ˦ǋijP ƓǌƕƓù˴ơ ˤùƙ Ǒù˯ǃåā (þå˗˳˯ùƪƓȺ 
) Ɨƿǚƶǃå10 .( 

Ὑɲ ᶮ ᶮ                                            (10) 
) Ɨƿǚƶǃå ÿå Ɍơǚ˸ǃå10 ÿå ˙ǌˢƙ (Ὑɲ  Ǒƪ˗˹ǌǃå Ɇ˻˰˸˯ǃå ƓǋïƓ ˯Ƶå ǑƼ è˘Ƥå

 çåíǖǃ)ᶮ) çåíǕå ÿåïāí Ɨɂāåðā ƓǀȺƓƪ ƓǋíƓ˱Ȼå ˤƙ Ǒ˯ǃå ƗƼ˦ƽ˶˸ǃå Ǒǋā (ᶮ Ɨɂāåð Ǒǋā (
Ǐǃã çåíǕå ƗḪ̇ ơ ˥ǆ ƗǄǆƓḪ çïāí ˤ ˴ǀƙ ˤƙ ˖˻ơ Ɠ ǈåïāí çåíǕå Ɠǌ˻Ƽ ü̇ ˲˯ƙ ç̇ ǆ ɆḪ ˙˻ƺ˯ƙ 

˹Ƶ ç˦ ǀǃå èƓ Ḫ̇ ǆ æƓ˴ơ ˤƛ èå˦ˠƤ ̠.Ɠ ǈƓ ƕ Ɠǌ˸ƪï ā èå˦ˠ˳ǃå ǉ˘ǋ ˥ǆ ç˦ ˠƤ ɆḪ 
 ) Ɇɜ˵ǃå Ơư˦ǒ6 Ɨ Ƒå˦˵ƶǃå Ɨˠǀ˹Ǆǃ Ɨ ˢ˲Ǆǃå Ɨɂāå̊ ǃå ()ijPǏǃã Ɨ ˴ǈ Ɠ˸Ƒåí ñƓǀƙ Ǒ˯ǃåā ( 

 Ǒƶƞ̇ ǆ ɊƤƗȻ˘ƺ˯ǃå ƗḪ̇ ơ ǉƓ˱ƙå ǏǄƵ ɏí˦˸Ƶā çåíǕå ˚Ḫ̇ ˸Ⱥ ˙˸Ȼ3. 

                                                           
3) ЭЫЇЮϜ сТ сЛϮϽгЮϜ БϷЮϜ6) ϼнϳгЮϜ нк (y( 
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 Ɨǃå˗Ǆǃ Ɨ ˴˹ǃƓȺÇ Ὑɲ ) Ɨƿǚƶǃå ǑƼ8 ÿƓɜǆ ˥Ƶ Ʉ˵ḧǃå ˦ǋ Ɠǋïāíā Ɨ ˟̇ Ƭ Ɨǃåí Ǒǋ (
) Ɨˠǀ˹ǃå  í˦ƞāijP ÿƓɜǆ ÿƓḪ åîƓƼ Üɏ˦ǀǃå èƓḪ̇ǆ Ɠǌ˻Ƽ ̝˴˲ƙ Ǒ˯ǃå Ɨs Ǆ˲ǃå ̨ƽǈ ̠˹Ƶ (
) Ɨˠǀ˹ǃå Ɠǋí˦ƞāijP ý˦Ƥ˗ǃå Ɨɂāåð ˥˻ƕ ɏå ƴˠǀǃå Ɨǀˠ˹ǆ ˥˸ư (ᶮ  Ɨɂāåðā

)êā˙˳ǃåᶮ ƗǃƓơ ǑƼ Ɠǆå Ü̇Ḫ̆ǃå ƗƽǃƓ˴ǃå èƓƿǚƶǃå ǑǄƵ ßƓ˹ƕ ɏ˦ǀǃå èƓḪ̇ǆ æƓ˴˯ơå ʕ˯ǒ (
 Ɠǌ˹Ƶ ˞ɂ˦ƶ˯ǃå ˤ˯ǒ Ɠ˸ǈåā ˔˴˲ƙ Ǚ ç˦ ǀǃå èƓ Ḫ̇ ǆ ÿƓƼ ƴˠǀǃå Ɨǀˠ˹ǆ êïƓƤ Ɠǋí˦ƞā

 Ɨ ˟̇ ˵ǃå Ɨǃå˗ǃå ÿå Ɲ˯˹˯˴Ȼ å˘ǋ ˥ǆ .ïƓƽƮƓȺÇ Ὑɲ ˸ƶƙ) Ɨƿǚƶǃå ɖƼā Ɇ11 Ɠ˸Ḫ (
:ǑǄǒ 
   Ɠǆåᶮ Ὑɲ ᶮ              ÿ˦ḧƙÇ Ὑɲ ρ    
 āåᶮ Ὑɲ āåɲὙ ᶮ Ç Ὑɲ π      ÿ˦ḧƙ )11( 

) ƴɣǀǃå ç˦ǀǃ Ɨʾ̇ƽǃå èƓḪ̇˸ǃå ÿ˦ḧƙ å̆ǌƕtFd  āadF  ārdF ( ɆḪ ǑǄƵ Ɨˠǀǈ ɆḪ ˗˹Ƶ
 ƓǌƕƓ˴ơ ˤƙ ˗ƿ ƴˠǀǃå Ɨǀˠ˹ǆ ǑƼ Ɠ ǄƶƼ ƗǄƤå˗ǃå ˚ɂ̇ ƽ˯ǃå çåíá íā˗ơ(Sultan & Okafor, 

2015) . ïāƓ˲ǆ ǑǄƵ Ɠǌ˟Ɠǀƪå ˤƙ èƓ Ḫ̇ ˸ǃå ǉ˘ǋƗǃǓå ƛǚ˰ǃå) Ɨx,y,z ( ˙ǌˢȻ Ɠ˸ǂ
) Ɇɜ˵ǃƓȺ7(  ˗ƿā) Ɨƿǚƶǃå ˕ǆ˗˳˯ƪå12 (ɉƓǀƪǗ  ïāƓ˲ǆ ǑǄƵ èƓ Ḫ̇ ˸ǃå ǉ˘ǋƗǃǓå  Ü

(Gradisek, Kalveram, & Weinert, 2004) 
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) ɆɜƬ6) Ɨˠǀ˹Ǆǃ Ɨ ˮˠǀǃå Ɨɂāå̊ ǃå .(ijP çåíǖǃ Ǒƪ˗˹ǌǃå Ɇ˻˰˸˯ǃåā ÿåïā˗ǃå Ɨɂāåð ā (ßƓ˹ƛá  èƓǂƓ˲ǆ

˚ɂ̇ ƽ˯ǃå Ɨ Ǆ˸Ƶ 
ὨὊὼ

ὨὊώ

ὨὊᾀ

ÃÏÓɲὙὭὮ ÓÉÎɲὙὭὮ π

ÓÉÎɲὙὭὮ ÃÏÓɲὙὭὮ π

π π ρ

ὨὊὸ

ὨὊὶ

ὨὊὥ

     (12) 

) Ɨƿǚƶǃå ˥ǆ Ɨ˱ƙƓ˹ǃå Ɨ ʾ̇ ƽǃå èƓ Ḫ̇ ˸ǃå Ɇḧǃ Ǒ˸ƿ̇ ǃå ɆǆƓḧ˯ǃå ßå̇ ƞå Ǒǋ ç˦ ˠƤ ˙Ƥå12 (
 ˕˸ƙ ɆǆƓḧ˯ǃå Ɨ Ǆ˸Ƶ .˚ɂ̇ ƽ˯ǃå çåíǕ Ɨ ʹư˦ǃå ǉ˘ǋ ˗˹Ƶ Ɨ Ǆḧǃå ç˦ ǀǃå èƓ Ḫ̇ ǆ ǏǄƵ ý˦˶˲ǃ

) Ɨƿǚƶǃå Ɨˠƪå˦ƕ13ǑǄǒ Ɠ˸Ḫ ( (Jayaram, Kapoor, & Devor, 2001): 

      

Ὂ Ὑɲ В ᷿ ὨὊ Ὑɲ ȢὨὥ

Ὂ Ὑɲ В ᷿ ὨὊ Ὑɲ ȢὨὥ

Ὂ Ὑɲ В ᷿ ὨὊ Ὑɲ ȢὨὥ

                       (13)   
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) ɆɜƬ7 ïāƓ˲ǆ ǑǄƵ Ɨƛǚ˰ǃå ƴˠǀǃå ç˦ƿ èƓ Ḫ̇ ǆ ɉƓǀƪå (ƗǃǓå 

 
ÿá ) ƗǃíƓƶ˸ǃƓȺ ƗɁ˦˴˲˸ǃå ƴˠǀǃå ç˦ ƿ èƓ Ḫ̇ ǆ13 ( Ơư˦ǒ ǑǈƓ ƕ Ɋˠ˳ǆ ǏǄƵ ƓǌǄ˻˰˸ƙ ˤƙ

) çåíǖǃ  ÿåïā˗ǃå Ɨɂāåð ˥˻ƕ Ɨƿǚƶǃåᶮ)Ǒ˹˻ ǃ˴å ɏï˦˲ ǃ˸å ƓǌǄ˰˸Ȼ Ǒ˯ǃåā Ɨǌƞ ˥ǆ (axis-x (
 ˥ǒ˘ǃåā ƗǄ˶˲˸ǃåā Ɨƛǚ˰ǃå ƴˠǀǃå ç˦ ƿ èƓ Ḫ̇ ǆā) Ǒ˹˻ƶǃå ï˦˲˸ǃå ˤǌǄ˰˸Ȼz- axis .(ƛ ˤ

ç˦ƿ èƓ Ḫ̇ ˸ǃ  Ɋˠ˳ǆ ǑǄƵ ý˦˶˲ǃå ˤƙ å˘ǌƕ ā ƗǄǆƓḪ çïāí ɏ˗ǆ ǏǄƵ Ɨ Ǆ˸ƶǃå ǉ˘ǋ ïå̇ ḧƙ 
ƴˠǀǃå  ƗǄ˶˲˸ǃå ā Ɨƛǚ˰ǃå ɏ˘ǃå ˦ǋā) Ɇɜ˵ǃƓȺ ˙ǌˢȻ8 (ǉƓǈíá. 

 
) ɆɜƬ8 Ɨƛǚ˰ǃå ƴˠǀǃå ç˦ƿ èƓ Ḫ̇ ǆ (çïā˗ǃ ƗǄ˶˲˸ǃåā  ǑˮǈƓƞ ˚ɂ̇ ƽƙ çåíƋȺ ˚ɂ̇ ƽƙ Ɨ Ǆ˸ƶǃ ƗǄǆƓḪ

ǄơƗ ǈā˚ 
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ƕ Ǆˤƨ˗ǁä ý˕˱˭˲˶ǁä ƕǊƜäĀ 
ǌƞåāƗ  ô̇ Ƶ ˥Ƶ çïƓ ʸ Ǒǋā æǚƙƓ˸ǃå ƝǆƓǈ̇ ƕ èƓǀ ˮˠƙ Ɏ˗ơã Ǒǋ Ɨ ǆ˦ƪ̇ ǃå þ˗˳˯˴˸ǃå

 þƓǌǆ ßåíƋȺ Ɇƺ˵ ǃ˸å ƓǌǃǚƤ ˥ǆ þ˦ǀȻ èƓǈ˦ɜ˸ǃå ˥ǆ ƗƵ˦˸ ǆ˱ ɏ˦˯˲Ȼ ǑƑ̇ǆāá  ɄƑƓˡā
Ǐǃã ƗƞƓ˲ǃå ÿāí çí̠˲ǆ ƗǄƵƓƽƙ  ˙ǆåāá ƗȺƓ˯ǂāá  ó˦˶ǈāá  ˥Ƶ Ɇ˻ƮƓƽ˯ǃå ƗƼ̇ ƶǆ Ǐ˯ơ

 þƓǌ˸ǃå ǉ˘ǋ Ɠǌƕ ɏí˓ƙ Ǒ˯ǃå Ɨǀɂ̇ ˠǃåāá ] ɄƑƓˡ˦ǃå )Knight Ü2000( )The 
mathworks  Ü2004( Ɠǌ˸ ˸˶ƙ ˤƙ Ɨ ǆ˦ƪï þ˗˳˯˴ǆ Ɨǌƞåā ˖˲ ǃå å˘ǋ þ˗ǀȻ .[

 çƓǂƓ˲˸Ⱥ þ˦ǀ˯ǃ æǚƙƓ˸ǃå ƝǆƓǈ̇ ƕ þå˗˳˯ƪƓȺ Ɠǋ˘˻ƽ˹ƙā çåíá þå˗˳˯ƪƓȺ ǑˮǈƓ˱ǃå ˚ɂ̇ ƽ˯ǃå Ɨ Ǆ˸Ƶ
 ˚ɂ̇ ƽ˯ǃå Ɨ Ǆ˸Ƶ ˥ǆ Ɨ˱ƙƓ˹ǃå ƴˠǀǃå ç˦ ƿ ǉƓ˱ƙåā ïå˗ǀ˸Ⱥ ˓ˮ˹˯ǃåā Ɨ ǈā˚Ǆ˲ǃå ǑˮǈƓ˱ǃå ˚ɂ̇ ƽ˯ǃå

.ƓǀȺƓƪ Ɇ˻˶ ƽ˯ǃƓȺ Ǌǃ û̇ˠ˯ǃå ʕƙ ɏ̆ǃå ǑɜǈƓɜ˸ǃå æ˦ǄƪǕå ǏǄƵ åíƓ˸˯Ƶå ǑˮǈƓ˱ǃå 
ý˕˱˭˲˶ǁä ƕǊƜäĀ ÞƑ˷Ɠ ˗ƬƑ˷Ƴ 

˙ƮƓ˹Ƶ Ɨƛǚƛ ˥ǆ þ˗˳˯˴˸ǃå Ɨǌƞåā  ßƓ˹ƕ ˤƙ  ç˘ƼƓǈ :Ǒǋā Ɨ ƪƓƪáǃå Ɨǌƞå˦Figure) (
) èƓǈ˦ɜ˸ǃåāComponents) èåßƓƵ˗˯ƪǙåā (Callbacks.( 
ˢ ˶˴˭ǁä æ˖ƺƑǆ 

 ɏ˘ǃå ǑƑ̇ ˸ǃå ïƓ˟Ǘå Ǒǋā˹ƙ Ǌ˹˸ư êï˗ǃåíƓƶȺƋȺ ç˘ƼƓǈ ˤ ˸˶ƙ ˤƙ ˗ƿā èƓǈ˦ɜ˸  çí˗˲ǆ
˔Ƶ˦˯˴ƙ ˖˻˲Ⱥ ƴ ˸ƞ  íå̇ ˸ǃå èƓǈ˦ɜ˸ǃåƓǌǄƤíå  ÿ˦ǃ ïƓ˯Ƥå ĄƓ˷Ȼá ʕƙ Ɠ˸Ḫ ÜƗǌƞå˦ǃƓȺ

 .ë˦ ư˦ƕ Ɠǌ˻ǄƵ ï˦ǌˢǃƓȺ èƓǈ˦ɜ˸Ǆǃ Ơ˸˴Ȼ Ɠ˸ǆ Ɨǌƞå˦ǃå Ɨ ʽǄ˳ǃ ˔ƪƓ˹ǆ 
çƑǆˤɚ˶ǁä 

 ˥ɜ˸˯ǒ ƓǌǃǚƤ ˥ǆ Ǒ˯ǃåā ç˘ƼƓ˹ǃå ɆƤåí ˕ƶưā Ǒ˯ǃå ˙ƮƓ˹ƶǃå ˥ǆ ƗƵ˦˸˱ǆ Ǒǋā Ɇƺ˵˸ǃå
ǉ˘ǌǃ ƗƽǄ˯˳˸ǃå Ɨ ǄƵƓƽ˯ǃå ɄƑƓˡ˦ǃƓȺ þƓ ʿǃå ˥ǆ Ɨǌƞå˦ǃå Ü ˤƙ ˖˻ơƗƼƓưã ˥ǆ í˗Ƶ ɜ˸ǃå èƓǈ˦

 çí˗ƶ˯ǆ ɄƑƓˡā ɏí˓˯ǃǑǄǒ Ɠ˸Ḫ Ǒǋā(Knight, 2000): 
1. ) ˤɜ˲˯ǃå èƓǈ˦ɜǆUicontrol( 
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2. ) Ɨǀ˰ˮ˹˸ǃå ˤɜ˲˯ǃå ˤƑå˦ƿUicontextmenu( 
3. ) ˤƑå˦ǀǃåUimenu( 
4.  ô̇ ƶǃå èƓơ˦ǃāá ) ïāƓ˲˸ǃåAxes( 

çäÞƑƳ˕˭ƨǗä 
 ˤƙ Ɨǌƞå˦ǃå Ɇ˸ƶƙ ǑḧǃƗƼƓưã Ǐǃã Ɨ ˱ǆ̇ ˮǃå ýåā˗ǃå ˥ǆ ƗƵ˦˸˱ǆ ) Ɨǌƞå˦ǃå ɄǄǆM- file (

˥˻Ƶ˦ǈ Ǒǋā:  ˝˯˳ƙ ýåāí Ǒǋ ýāǙå ÷˦ ˹ǃå Ɨǌƞå˦Ǆǃ þƓƶǃå Ɇɜ˵ǃƓȺƓǋíƓƶȺáā ýƓɜƬáā  íƓƶȺáā
) ßƓ˵ǈǗå ýåā˗ƕ Ǒ˸˴ƙ ǉ˘ǋā Ɠǌƕ Ǒ˯ǃå èƓǈ˦ɜ˸ǃåCreate functions(Ü Ɠǆá  ǑǈƓ˰ǃå ÷˦ ˹ǃå

˸˴˯Ƽ èåßƓƵ˗˯ƪǙå ýåā˗ƕ Ǒ(Callbacks)  ýåāí Ǒǋā ßƓƵ˗˯ƪå æǚƙƓ˸ǃå ˥ǆ ˔Ǆˠƙ
 èƓǈƓ ˮǃå ǉ˘ǋ ǏǄƵ çí˗˲ǆ Ɨ ưƓɂï èƓ Ǆ˸ƶȺ þƓ ʿǃåā çí˗˲ǆ Ɨǌƞ ˥ǆ Ɨ˹˻ƶǆ èƓǈƓ ƕêå̇ Ƥɀā 

 ƝƑƓ˯˹ǃå ô̇ ƶȺ ƗƮƓƤ èƓǈ˦ɜǆ ǑǄƵ ƝƑƓ˯˹ǃå(Knight, 2000) (The mathworks , 
2004) . 

 ɄƟä̠ ǄÞƑ˳ǆâ  ý˕˱˭˲˶ǁä ƕǊƜäĀƕ Ǆˤƨ˗ǁä 
 ǑƼ Ɨǌƞå˦ǃå ˕˭˵ǈáɆơå̇ ǆ Ɨƛǚƛ Ǒǋ ƗǄơ̇ ǆ :ßƓ˵ǈã ç˘ƼƓ˹ǃåÜ  ƗǄơ̇ ǆāƗƼƓưã èƓǈ˦ɜ˸ǃåÜ  ā

.èåßƓƵ˗˯ƪǙå Ɨ˱ǆ̇ ƕ ƗǄơ̇ ǆ 

 ƕǂƟ̠ ǄÞƑ˳ǆâ æ˖ƺƑ˷ǁä 
 Ɨ Ǆ˸Ƶ ƗǄơ̇ ˸ǃå ǉ˘ǋ ˥˸˷˯ƙßƓ˵ǈã  ˙˻˻ƺƙā Ɨǌƞå˦Ǆǃ Ɨ ƪƓƪǕå ç˘ƼƓ˹ǃåíƓƶȺá ˥ǆ Ɠǌ˶ƑƓ˶Ƥ 

æ˦Ǆˠ˸ǃå Ɇɜ˵ǃå ˔ƪƓ˹˯ǃ ÿå˦ǃá āɆɜ˵ǃƓȺ ˙ǌˢƙ Ǒ˯ǃå çï˦˶ǃƓȺ ç˘ƼƓ˹ǃå ˤ ˸˶ƙ ˤƙ ˗ƿā Ü 
)9.( 
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) ɆɜƬ9 Ɨ ǆ˦ƪ̇ ǃå þ˗˳˯˴˸ǃå Ɨǌƞåā ç˘ƼƓǈ .( 

çƑǆˤɚ˶ǁä ƕƺƑƮâ ƕǂƟ̠ Ǆ 
˕ƽ ưá  Ɨ ʿ ˴˹˯ǃå èƓơ˦Ǆǃå ˥ǆ ƗƵ˦˸˱ǆpanels) Ɇǌ˴ ǃ ƓǌǄƤå˗ƕ èƓǈ˦ɜ˸ǃå æƓƶ ˯ƪǙ (

 Ɋ ưā Ɠǌɜɂ̇ ˲ƙƓǋíƓƶȺá ˣǃî ǑǄƙ ÜƗƼƓưã Ǐǃã Ɨ ƪƓƪǕå èƓǈ˦ɜ˸ǃå  ǉ˘ǋ˖˻ơ Ɨǌƞå˦ǃå 
˕ƽ ưá  ɖǒíƓ˹ƮýƓƤíǗå )edit text) Ɨ ˸˴˯ǃå ɖǒíƓ˹Ʈā (Static text ˤƑå˦ǀǃåā(

ɖǒíƓ˹˶ǃ Ɨ ˴˹ǃƓȺ .ô̇ ƶǃå èƓơ˦ǃā Ɇ˻ƺ˵˯ǃå Ơ ƙƓƽǆā Ɨǃ˗˴˹˸ǃå ýƓƤíǗå  ɖǒíƓ˹Ʈ Ǒǋ
Ǐǃã èƓǈƓ ˮǃå ýƓƤíǗ þ˗˳˯˴ƙ ˙ɂ̇ ˲˯Ǆǃ ƗǄƕƓƿ Ɨ ˶ǈ Ɨǌƞå˦ǃå  ˖˻ơÿá  ƴˠǀǃå ç˦ ƿ æƓ˴ơ

 ˔Ǆˠ˯ǒýƓƤíã  ˚ɂ̇ ƽ˯ǃå çåíƋȺ ƴˠǀǃå íā˗ơ í˗Ƶā ƗȻ˘ƺ˯ǃåā ƴˠǀǃå ɖ˸Ƶ Ɇ˰ǆ èǚƤ˗˸ǃå ˞ƶȺ
 ʕƙ Ɠ˸ ơ˴ ǑɜǈƓɜ˸ǃå êî˦˸ Ǆ˹ǃ ƗɁ˦Ǆɣ˸ǃå Ɨ˯˴ǃå ̞ƕå˦˰ǃåā ƴɣǀǃå íā̠˲ ǃ ÿā̊Ǆ˲ǃå Ɨɂāåðā

Ǌ˲ ư˦ƙ  Ǒ˯ǃå èƓǈ˦ɜ˸ǃå ˥˸ư ˥ǆ .ƓǀȺƓƪ˕ƽ ưá  ĄƓ˷Ȼá  ɖǒíƓ˹Ʈ Ǒǋā Ɨ ˸˴˯ǃå ɖǒíƓ˹Ʈ
ǃ þ˗˳˯˴ƙ ˙ɂ̇ ˲˯Ǆǃ ƗǄƕƓƿ ˙˻ƹ Ɨ˹ǂƓƪ Ɨ ˶ǈ ɖǒíƓ˹Ʈ Ɇ˰ǆ Ɏ̇ƤǕå ̇ƮƓ˹ƶǃå Ǌ˸˴˯ýƓƤíǗå 

 ˣǃ˘Ḫ .Ɠǋ̇ ˻ƹā Ɨǃ˗˴˹˸ǃå ˤƑå˦ǀǃå ā ô̇ ƶǃå èƓơ˦ǃā˕ƽ ưá  ˥˻˯ǃ˗˴˹ǆ ˥˻˯˸ƑƓƿǏǃāǕå 
 þƓs˹ǃå ā ɏ̇˯˸ǃå þƓs˹ǃƓȺ ƴɣǀǃå ç˦ǀȺ ˓ˮ˹˯ǃƓȺ Ɨǌƞå˦ǃå þ˦ǀƙ ̟ ơ˻ ƗƪƓ˹˸ǃå ç̠ơ˦ǃå ïƓ˯ƤǙ

 Üɏ̊Ǆ˻˱ǈǙåƓǆá ƤǙ þ̠˳ ˯˴ƙ Ɏ̇ƤǕå Ɨǃ̠˴˹˸ǃå Ɨ˸ƑƓǀǄǃ Ɨ˴ ǃ˹ƓȺ ƴˠǀǃå íā˗ơ ǉƓ˱ƙå ïƓ ˯
 Ǒ˯ǃå ̇ƮƓ˹ƶǃå ˥ ư˸ ˥ǆ .ɏïƓ˴ɂā Ǒ˹˻ Ȼ˸ ƴɣǀǃå íā̠˲ ǃ ˥ ǋ˻Ɠ˱ƙå ̠ƞ˦ǒ ̟ ơ˻˕ƽ ưá 
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) Ɇ˻ƺ˵˯ǃå Ơ ƙƓƽǆ ˣǃ˘ǂPush Buttons ˙ƮƓ˹Ƶ Ǒǋā (Ɨ ƪƓƪá  ˥ǆ Ɇƺ˵˸Ǆǃ Ơ˸˴ƙ
 ƓǌǃǚƤïå˗ƮƎȺ ˙ǆåāǕå ýƓƪïɀā  .ç˗ơåā Ɨˠƺ˷Ⱥ èåðƓƶȻǙå˕ƽ ưá  Ơ ƙƓƽ˸ǃå ˥ǆ ˗ǒ˗ƶǃå

 ˔˴ơ ǚǂƗƽ ˡ˦ǃå Ǆˠ˸ǃå ˖˻ơ ƗɁ˦˃ ưá ) Ɇ˻ƺ˵ƙ ëƓ˯ƽ˸ǃåRun Ɨ Ǆ˸ƶȺ þ˦ǀȻ ɏ˘ǃåā (
 Ǒǋā ô̇ ƶǃå èƓơ˦ǃ ǑƼ ƗǄ˶˲˸ǃåā ç˦ ǀǃå èƓ Ḫ̇ ǆ ˤƪï ā çƓǂƓ˲ǆ ĄƓ˷Ȼá  èƓǈ˦ɜ˸ǃå ˥ǆ

 ˕˸ƙ Ǒ˯ǃåƓǌ˯ƼƓưã  ç˗ƶǃå Ɇ˻˰˸˯ǃ Ɠǌ˹ǆ ÿƓ˹ƛå ô̇ Ƶ èƓơ˦ǃ éǚƛ ˗ƞ˦ƙ ˖˻ơ Ɨǌƞå˦ǃå ǉ˘ǌǃ
 Ɨƛǚƛ ǑƼā ˥ǒ˗ƶȺ ǑƼ) Ɠ ƪ˗˹ǋíƓƶȺá Ü(Ɠǆá ǃƓ˰ǃå ô̇ ƶǃå Ɨơ˦ǃ ǑǌƼ Ɨ˰ïƓǌˡǗ  èƓ Ḫ̇ ǆ

 Ǒ˯ǃå Ơ ƙƓƽ˸ǃå ˥˸ư ˥ǆ .˚ɂ̇ ƽ˯ǃå çåíǕ ƗǄǆƓḪ çïāí ɏ˗ǆ ǑǄƵ ƴˠǀǃå ç˦ ǀǃ ƗǄ˶˲˸ǃåā ç˦ ǀǃå
˕ƽ ưá  ĄƓ˷Ȼá ) ˤƪ̇ ǃå ëƓ˯ƽǆplot Ǌ˯ƽ ˡā ëƓ˯ƽǆ ˦ǋā (ïƓǌˡã  ˥ǒ˗ƶȺ ǑƼ Ǒƪ˗˹ǌǃå Ɇɜ˵ǃå

å ǑˠƵå Ɠ˸ǋ˗ơå ˥˻ơƓ˯ƽǆ ƗƼƓưã ˤƙ ˣǃ˘Ḫ Ü íƓƶȺå ƗƛǚƛāˤƪǙ ) "˗ǒ˗ƞ"New þ˗˳˯˴Ȼ ā (
ç˗ǒ˗ƞ çƓǂƓ˲ǆ Ɨ Ǆ˸Ƶ ǑƼ ß˗ˮǃå ˗˹Ƶ ô̇ ƶǃå èƓơ˦ǃā ýƓƤíǙå ɖǒíƓ˹Ʈ ˃ ˢ˹˯ǃÜ  Ɠǆå

 ëƓ˯ƽ˸ǃå˙ƤǕå ǑˠƵƋƼ ) "˃ ˢ˹ƙ" ˤƪǙåClear .ɊǀƼ ô̇ ƶǃå èƓơ˦ǃ ˃ ˢ˹˯ǃ þ˗˳˯˴ɂā (
) "̇ǒ̠˶ ƙ" ëƓ˯ƽǆ ƗƼƓưã ĄƓ˷Ȼá ʕƙExport ç˦ ƿ èƓ Ḫ̇ ǆ èƓǈƓ ƕ ˙ǒ˗˶˯ǃ ˝˶Ƥ ˗ƿā (

Ǐǃã Ɠ ˸ƿï ƗǄ˶˲˸ǃåā ƴˠǀǃå  ǑƞïƓƤ Ɇ˴ǂå ɄǄǆ ɏ˘ǃåā Ǒƙåî Ɇɜ˵Ⱥ ǊƑƓ˵ǈƎȺ Ɨǌƞå˦ǃå þ˦ǀƙ
) ˙ɂ̇ ǀƙ " ˤƪǙå Ǌǃ Ɨ ˠƶǆreport ƗǃƓơ ǑƼ ɄǄ˸ǃå å˘ǋ Ơ˴˸Ⱥ ëƓ˯ƽ˸ǃå ˛ƽǈ þ˦ǀȻ Ɠ˸Ḫ (

 "ƗƵƓ ˟" ëƓ˯ƽ˸ǃå ƗƼƓưã ˤƙ ˣǃ˘Ḫ Ü Ɨǌƞå˦ǃƓȺ óƓ˳ǃå þƓˢ˹ǃå ˗Ǆ˱ǆ ǑƼ ǉí˦ƞā
)printǏǃã Ɠǌ˱ƑƓ˯ǈā Ɨǌƞå˦ǃå ƗƵƓ ˟ Ǌ˯ƽ ˡāā( ƓȺ ƗǄƮ˦˸ǃå ƗƶȺƓˠǃå ˤƙ å̇ ˻Ƥå .æ˦ƪƓ˲ǃ

) "êā˙Ƥ" ëƓ˯ƽ˸ǃå ƗƼƓưãExit èƓǈ˦ɜ˸ǃå ˥ǆ ÿ˦ɜǆ Ɇḧǃ .ƓǌǄƽƿā Ɨǌƞå˦ǃå ˥ǆ êā̇˳ Ǆǃ (
 Ǒ˯ǃå˕ƽ ưá  ˤƙßƓˠƵã ) ˤƪātag å˘ǋ ɊɁ̇ ǃ ç˗˻ơ˦ǃå ƗǄ˻ƪ˦ǃå ˦ǋ ˤƪ˦ǃå å˘ǋā óƓƤ (

 ƴǆā Ɏ̇ƤǕå èƓǈ˦ɜ˸ǃå ƴǆ ÿ˦ɜ˸ǃåƗǌƞå˦ǃå  ýǚƤ ˥ǆ) èƓƑƓƵ˗˯ƪǙåcallbacks Ǒǋā(
 ˦ ǃå Ɇ˸Ƶ ˤˢ˹ƙ Ǒ˯ǃå Ɇɜ˵ǃå ˥˻ˮǒ  .Ɠǌư̇ Ƶ èƓơ˦ǃ ǑǄƵ èƓƞ̇ ˳˸ǃå êå̇ ƤƓȺ þ˦ǀƙā Ɨǌƞå

)10 þ˗˳˯˴˸ǃå Ɨǌƞåā ( ĄƓ˷Ȼá ˥˻ ǒˮ Ɠ˸Ḫ Ɠǌ˻˸˶ƙ ʕƙ Ǒ˯ǃå.Ɠǌǃ ˕ƽ ưá Ǒ˯ǃå èƓǈ˦ɜ˸ǃå 
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) Ɇɜ˵ǃå10ǑƑƓǌ˹ǃå ƓǌǄɜƬ ǑƼ ƓǌƙƓǈ˦ɜǆ ƴǆ Ɨ ǆ˦ƪ̇ ǃå þ˗˳˯˴˸ǃå Ɨǌƞåā .( 

çäÞƑƳ˕˭ƨǗä ìä˕Ƴâ ƕǂƟ̠ Ǆ 
 ˙ˮ˯ƶƙ ƗǄơ̇ ˸ǃå ǉ˘ǋˤǋǕå  Ǒ˯ǃå èƓǈ˦ɜ˸ǃå Ɇ˻ƶƽƙ ˤƙ Ɠǌ˻Ƽā Ɨǌƞå˦ǃå íå˗Ƶã Ɇơå̇ ǆ ˥˻ƕ

 èƓǈ˦ɜ˸ǃå ƗƼƓưã ˥ǆ ßƓǌ˯ǈǙå ˗ƶȺ .ƓǌƙåßƓƵ˗˯ƪå Ɇ˻ƶƽƙ ýǚƤ ˥ǆ Ɨǌƞå˦ǃå ç˘ƼƓ˹ǃ ˕ƽ ưá
 æǚƙƓ˸ǃå ƝǆƓǈ̇ ƕ þƓƿ ˥ɂ̊ ˳˯ǃå ˗˹Ƶā í˗˲ǆ ˤƪå ˕˲ƙ Ɠǌ˹ɂ̊ ˳ƙ ˤƙ Ɨǌƞå˦ǃå ç˘ƼƓ˹ǃßƓ˵ǈƎȺ 

) Ǒ˶ǈ Ǒ˱ǆ̇ ƕ ɄǄǆm- file ýåā̠ǃå ˥ǆ ˥Ƶ˻˦ǈ ɏ˦ Ȼ˲ ( èåßƓƵ˗˯ƪå ýåāí ā ßƓ˵ǈã ýåāí
 ǑǂƓ˲ƙ Ǒ˯ǃå Ɨ˱ǆ̇ˮǃå Ɇ˸ ǃ˱å ˥ǆ ƗƵ˦˸ ǆ˱ ˥Ƶ çïƓy Ǒǋ ÿ˦ɜ˸Ǆǃ ßƓ˵ǈǗå Ɨǃåí ÿå .
 ÿ˦Ǆǃåā ʕ˱ ǃ˲å ˥˸˷ ƙ˯ā èƓǈ˦ɜ˸ǃå ƗƼƓưã ƗǄơ̇ǆ ǑƼ ÿ˦ɜ˸ǃå xǃ̆ǃ è̇˻˯Ƥå Ǒ˯ǃå óå˦˳ǃå

 .Ɠǋ̇ ˻ƹā ƴƿ˦˸ǃåāƓǆá  Ǒḧǃ Ɨ ˱ǆ̇ ˮǃå Ɇ˸˱ǃå ˞ƶȺ ƗƼƓưã ˤƙ Ɠǌ˻ƽƼ èåßƓƵ˗˯ƪǙå ýåāí
 Ĉƙ˥ɜ˸  ʕǋå ǑǄƵ Ɠ˹ǋ ̊Ḫ˻˯̇ǃå ʕ˯ ƪ˻ .̝ƪƓ˹ǆ Ɇɜ˵Ⱥ (ǊƽƑƓlā āå) Ǌ˯ƽlā ßåíá ˥ǆ ÿ˦ɜ˸ǃå

) Ɇ˻ƺ˵˯ǃå ëƓ˯ƽǆ ˦ǋā Ɨǌƞå˦ǃƓȺ ëƓ˯ƽǆrun Ɇ˸Ƶ Ɨ ʽ ḧǃ ɆǆƓƬ Ơ ư˦ƙ þ˗ǀ˹ƪā (
Ǐǃã û̇ˠ˯ǃå ÿāí Ɨǆ˦ƪ̇ǃå Ɨǌƞå˦ǃå ǉ̆ǌƕ ëƓ˯ƽ˸ǃå å̆ǋ èåßƓƵ̠ƪ˯å  Ǒ˯ǃå èå̇ ƽ ˵ǃå Ɇ˻ƮƓƽƙ

.˕ƽ ưá 
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ǊƜäˤƓ Ʉ˹Ƹ˳˭ǁä êƑ˭ƻǄ Ʉ˶Ƴ ƕƾɀ˗˝ƕ Ǆˤƨ˗ǁä ý˕˱˭˲˶ǁä ƕ 
) Ɇ˻ƺ˵˯ǃå ëƓ˯ƽǆ þ˦ǀȻrun ǑƞïƓ˳ǃå Ɇɜ˵ǃå ǑǂƓ˲Ȼ ɏ˘ǃå Ǒƪ˗˹ǌǃå êî˦˸˹ǃå ˘˻ƽ˹˯ƕ Ǚāá (

 ˤƙ Ɨ ǆðïå˦Ƥ þå˗˳˯ƪƓȺ Ɠ ˸ƿï çƓǂƓ˲˸ǃå Ɨ Ǆ˸Ƶ ˤ˯ƙā Ü˚ɂ̇ ƽ˯ǃå çåíǕƓǌƑƓ˵ǈã  ƝǆƓǈ̇ ƕ Ɨˠƪå˦ƕ
 æǚƙƓ˸ǃåƓǌƞåïíɀā ˤƪ̇ ǃå ëƓ˯ƽǆā Ɇ˻ƺ˵˯ǃå ëƓ˯ƽ˸Ⱥ ƗƮƓ˳ǃå èåßƓƵ˗˯ƪǙå ˕˲ƙ . Ĉƙƽ˹ ǉ˘ǋ ˘

 :ǑǄǒ Ɠ˸Ḫ Ɨ˴ Ƒï þƓǌǆ Ɨ˴˸Ƥ ǑƼ Ɨ ǆðïå˦˳ǃå ǑƼ) Ɨ˸ǌ˸ǃå1 ˤ˯ǒ (ýƓƤíã  èǚǆƓƶ˸ǃå
) çåíǕå ˙ˠƿ :Ǒǋā Ɨ ƪƓƪǕåD) ƴˠǀǃå íā˗ơ í˗Ƶā (tN) ƴˠǀǃå ɖ˸Ƶā (aa ˣ˸ƪā (

) Ǒưå̇ ˯ƼǙå ó̇ ǀǃåaad) ÿā̊Ǆ˲ǃå Ɨɂāåðā(ɾóå̇ ƿǕå í˗Ƶā ( ) çåíǖǃ Ɨ ưå̇ ˯ƼǙånd .(
Ǐǃã Ɠ˹ǋ çïƓƬǗå ï˗˱ƙ ÿá  Ɨ Ǆ˸ƵýƓƤíǗå  ɖǒíƓ˹Ʈ ýǚƤ ˥ǆ ˤ˯ƙýƓƤíǗå  ɆɜȺ ƗƮƓ˳ǃå

 å˘ǌǃā ɆƤ˗ǆ ā) ˤƪ˦ǃå ýǚƤ ˥ǆ ɖǒíƓ˹˶ǃå ǉ˘ǋ ˃ɂ̇ ƶƙ ˔ƞtag˹ǆ ɆɜȺ óƓ˳ǃå (Ɠǌ .
) Ɨ˸ǌ˸Ǆǃ Ɨ ˴˹ǃƓȺ2 íā˗ơ ˥˻ƕ Ɨɂ̇ ˠƿ Ʉ˶˹ǃå Ɨɂāå̊ ǃå āá ç˦ ˠ˳ǃå Ɨɂāåð æƓ˴ơ Ɠǌ˻Ƽ ˤ˯˻Ƽ (

) ˤƿï ƗǃíƓƶ˸ǃå ˕ǆ˗˳˯ƪå ˗ƿā ˚ɂ̇ ƽ˯ǃå çåíǕ ƴˠǀǃå3 å˘ǌǃ (ô̇ ƺǃåȺ.) Ɨ˸ǌ˸ǃƓ3 Ɇ˻˰˸ƙ å˗ˮǒ (
˥ǒ˗ƶȺ ǑƼ ˚ɂ̇ ƽ˯ǃå çåíǕ ƴˠǀǃå íā˗ơ)   ) ƗǃíƓƶ˸ǃå ˕ǆ˗˳˯ƪåā2 ˤƙ Ɠ˸Ḫ (Ǌ˲ ư˦ƙ 
 ɆḪ ƴǆ Ɨ Ǆ˸ƶǃå ǉ˘ǋ ï˙ḧ˯ƙā ƓǀȺƓƪóå̇ ƿǕå  ßƓ˵ǈã ˤ˯ǒ ÿƓ˺ǃã ƴˠǀǃå íā˗ơ ƴ ˸ƞ ǑǄƵā
) ƗƿǚƶǃƓȺ Ɨ˲ư˦˸ǃå ƗƼ˦ƽ˶˸ǃå5) Ɨ˸ǌ˸ǃƓȺ . (4ơ ˤƙ Ǒ˯ǃå èƓƼƓ˴˸ǃå Ɇɂ˦˲ƙ ˤ˯ǒ ( ƓǌƕƓ˴

) Ɨ˸ǌ˸ǃƓȺ3Ǐǃã ( èƓ ƛå˗ơã Ɨ ˮˠƿ)  ‰ǃå çƓǂƓ˲ǆ ƗǄơ̇ ǆ Ǒǌ˯˹ƙ å˘ǌƕ ā êî˦˸˹ Ǒƪ˗˹ǌǃå
˚ɂ̇ ƽ˯ǃå çåíǕ ɂā˯ ɊǀƼ ǑǀïƓǌˡã  å˘ǋ êî˦˸˹ǃå ǑƼ˯ơ˦ǃǑ ô̇ ƶǃå ǊȺ ˥˻˯ƮƓ˳ǃå  ˤ˯ǒ ɏ˘ǃåā
) Ɨ˸ǌ˸ǃå ǑƼ5) Ɇɜ˵ǃå .(11˙ǌˢȻ (  ǑƕƓ ˴ǈå Ɋˠ˳ǆ Ơư˦ǒ Ɨ Ǆ˸Ƶǃå çƓǂƓ˲˸ǃ êî˦˸˹Ǆ
Ǒƪ˗˹ǌǃå ˙ǌˢȻ Ɠ˸Ḫ  Ĉî Ǒ˯ǃå Ɨ˴˸˳ǃå þƓǌ˸ǃå.ƓǀȺƓƪ è̇ ǂ 



 

ϸϹЛЮϜ  19Volume  

 ϽϠнϧЪϜ 2019 October  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   ммм 

 
 

 
) ɆɜƬ11ǃå .( Ɋˠ˳˸ǙåǑƕƓ ˴ǈ ˚ɂ̇ ƽ˯ǃå çåíǕ Ǒƪ˗˹ǌǃå êî˦˸˹ǃå èƓǂƓ˲˸ǃ 

Ʋ˞ƾǁä æʕ ƽ çƑ Ḩ˗˶ȸ ˑˬ˷˭ǁäĀ Ǐɚ ǆƑɚ ˶ǁä åˤǂƨǓä æƑǀƑ˰Ǆ 
 ƴˠǀǃå ç˦ ƿ ƗǄ˶˲ǆā èƓ Ḫ̇ ǆ æƓ˴ơā Ǒɜ ǈƓɜ ˸ǃå æ˦ǄƪǕå çƓǂƓ˲ǆ ˤƙ Ɨǌƞå˦ǃå ǉ˘ǋ ǑƼ

 þå˗˳˯ƪƓȺǃå ˗ƿā "Ɇ˻ƺ˵ƙ" ëƓ˯ƽ˸ Ɨ ǆðïå˦˳Ⱥ ëƓ˯ƽ˸ǃå å˘ǌƕ ƗƮƓ˳ǃå èåßƓƵ˗˯ƪǙå Ɨǃåí èíāð
Ǐǃã ƗƼƓưã Ɨƽ ˡ˦ǃå ǉ˘ǋ ßåíǕ  æ˦ǄƪǕå çƓǂƓ˲ǆ Ɨ Ǆ˸Ƶ ÿå .Ǒƪ˗˹ǌǃå êî˦˸˹ǃå Ɨ ǆðïå˦Ƥ

 Ɨ ǈåïāí ƗḪ̇ ơ ü̇ ˲˯ƙ ˚ɂ̇ ƽ˯ǃå çåíá ÿå ñƓƪá ǏǄƵ ˤ˯ƙ Ǒɜ ǈƓɜ ˸ǃåǀ˸Ⱥå̠ï çïāí ) ƗǄǆƓḪ2ʌ (
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˕˴ ǃā Ɨƶɣǀ˯ǆ ƗḪ̇˲ǃå ǉ̆ǋ ÿ˦ḧƙ ̟˻˲Ⱥ Ɠǋï˦˲ ǆ ý˦ơ  ǑǄƵ ïā˗ƙ çåíǕå ÿå ɏá Üç̇ ˸˯˴ǆ
) èå˦ˠƤ ɆɜƬsteps) ɏāƓ˴ƙ ç˦ɣƤ ɆḪ (Ὠɲ úǚƤ Ɠƶ ˟ å˘ǋā Ɨɂ̇ ˠƿ Ʉ˶ǈ Ɨɂāåð (

ɜ˸˯ǃ ƗḪ̇ ˲ǃå ǉ˘ǋ è̇ ˻˯Ƥå ˗ƿā .Ɨ ʹƿå˦ǃå ˚ɂ̇ ƽ˯ǃå èƓ Ǆ˸Ƶ ǑƼ çåíǕå Ǌ ǄƵ Ɠǆ˻ ˥ǆ Ɨǌƞå˦ǃå ˥
ǉƓ˱ƙåā Ɨ˸ ʾ æƓ˴ơ ) ƴˠǀǃå ç˦ƿ èƓ Ḫ̇ ǆtFÜaF ÜrF) ƗǄ˶˲˸ǃåā (RFç˦ˠƤ ɆḪ ˗˹Ƶ ( 

Ɨǌƞå˦ǃå þ˦ǀƙ .Ɠ ǈƓ ƕ Ɠǌ˸ƪïā çåíǕå ƓǌḪ̇ ˲˯ƙ  çåíǕå ƓǌḪ̇ ˲˯ƙ ç˦ ˠƤ ɆḪ ˗˹Ƶ Ɨ ǆ˦ƪ̇ ǃå
 ƴˠǀǃå Ɨǀˠ˹ǆ ǑƼ Ɠ ƪåï ƗǄƤå˗ǃå ƴˠǀǃå íā˗ơ Ɇḧǃ ƴˠǀǃå ç˦ ƿ ƗǄ˶˲ǆā èƓ Ḫ̇ ǆ æƓ˴˲Ⱥ

ƴˠǀǃå ɖ˸Ƶ ˥˸ư Ɨƶƿå˦ǃå ƴˠǀǃå íā˗ơ) aa - èƓ Ḫ̇ ǆ ɆḪ íƓƶ ˯ƪƓȺ Ɨǌƞå˦ǃå þ˦ǀƙ ˤƛ Ü(
 ā˗ơ Ɇḧǃ ƗǄ˶˲˸ǃåā ƴˠǀǃå ç˦ ƿ˗˯˸˸ǃå ýƓ˱˸ǃå ˥˸ư ƴǀƙ Ǚ Ǒ˯ǃå ƴˠǀǃå í  Ɨɂāåð ˥˻ƕ

)ý˦Ƥ˗ǃås‰) êā˙˳ǃå Ɨɂāåðā (e‰Ⱥ Ɠǌ˹Ƶ ˞ɂ˦ƶ˯ǃåā (ƋƽƮƓ æƓ˴ơ ˥ǆ ßƓǌ˯ǈǙå ˗ƶȺ .ï
 Ɨơ˦Ǆƕ ɖƼ̇ ǆ ǑǈƓ ƕ Ɋˠ˳ǆ ǑǄƵ ˤ ʿǃå ǉ˘ǋ Ɇ˻˰˸˯ƕ Ɨǌƞå˦ǃå þ˦ǀƙ ƗǄ˶˲˸ǃåā èƓ Ḫ̇ ˸ǃå

ô̇ ƺǃå å˘ǌƕ ƗƮƓ˳ǃå ô̇ ƶǃåÜ ) Ǒ˹˻ ǃ˴å :˥ɂï˦˲ ǆ ˥ǆ ÿ˦ḧ˯ǒ Ɋɣ˳˸ǃå å̆ǋāX ˦ǋā (
 ï˦˲˸ǃåǑǀƼǕå  Ɨɂāå̊ ǃå Ɇ˰˸ɂāᶮƓǆá . ) Ǒ˹˻ƶǃå ï˦˲˸ǃåZ Ɇ˰˸ ʼ Ǒƪå̇ ǃå ï˦˲˸ǃå ˦ǋā (

å Ɨ ǃƓƪ) ç˦ ǀǃå çïƓƬã ýǚƤ ˥ǆ ǉƓ˱ƙǙå í˗˲ɂā Ü ƓǌǋƓ˱ƙåā ç˦ ǀǃå ïå˗ǀǆā  ˤ˯ƙ .(Ɨ ƞ˦ǆ
Ȼ Ɠ˸Ḫ þƓǌǆ Ɨ˯ƪ ǑƼ Ǒɜ ǈƓɜ ˸ǃå êî˦˸˹Ǆǃ çƓǂƓ˲˸ǃå Ɨ Ǆ˸Ƶ ǑƕƓ ˴ǈǙå Ɋˠ˳˸ǃƓȺ ˙ǌˢ

) Ɇɜ˵ǃƓȺ Ơư˦˸ǃå12 :ǑǃƓ˯ǃƓḪ Ǒǋā () ƕ˶Ǌ˶ǁƑȸ1 ( ƗɁ˦Ǆˠ˸ǃå èǚƤ˗˸ǃå ɆḪ ˃ɂ̇ ƶƙ ˤ˯ǒ
 .ƓǀȺƓƪ ǊƙƓǂƓ˲ǆ ˕˸ƙ ɏ˘ǃå Ǒƪ˗˹ǌǃå êî˦˸˹ǃå ˣǃî ǑƼ Ɠ˸Ⱥ) ƕ˶Ǌ˶ǁƑȸ2(  æƓ˴ơ Ɠǌ˻Ƽ ˤ˯ǒ

 ÜƗȻ˘ƺ˯Ǆǃ Ɨ Ǆḧǃå Ɨ˸ ʿǃåā ƴˠǀǃå íā˗ơ í˗Ƶ ǏǄƵ ˗˸˯ƶȻ å˘ǋā ƴ˟Ɠƿ ˗ơ Ɇḧǃ ƗȻ˘ƺ˯ǃå Ɨ˸ ʾ
Ɠ˸ǂ  íā̠˲ ǃ ÿā̊Ǆ˲ǃå Ɨɂāåð ǏǄƵ ̠˸ ƶ˯Ȼ ɏ̆ǃåā ƴ˟Ɠǀǃå ̠˲Ǆǃ Ǒƿ̇ƽǃå ý˦ ǃɣå æƓ˴ơ ĄƓ˷Ȼá ʕ˯ǒ

 .ƴˠǀǃå) ˢƽî ƕ˶Ǌ˶ǁä3 ( Ɨʾ̇ƽǃå Ɨ˸ ǃʿå æƓ˴ơ Ɠǌ˻Ƽ ʕǒ˯ Ɨɂïå̇ḧƙ ƗǀǄơ ǏǄƵ ɏ˦˯˲ƙ
ƛǚ˰ǃå ƴˠǀǃå ç˦ ƿ èƓ Ḫ̇ ˸ǃƗ  Üƴ˟Ɠǀǃå ˗˲ǃå ý˦˟ ǏǄƵƓǆá ) ƕ˶Ǌ˶ǁä4( Ƽ ƗǀǄơ ɏ˦˯˲˯

) Ɨ˸ǌ˸ǃå ïå̇ḧ˯ƕ þ˦ǀƙ Ɏ̇Ƥá Ɨɂïå̇ḧƙ3 .ƴˠǀǃå ûƓˠǈ ˥˸ư Ɨƶƿå˦ǃå ƴˠǀǃå íā˗ơ ɆḪ ƴǆ (
Ⱥ) Ɨ˸ǌ˸ǃƓ5 ˤ˯ǒ (ɉƓǀƪã ) ïāƓ˲˸ǃå ǏǄƵ ƓǀȺƓƪ ƓǌƕƓ˴ơ ˤƙ Ǒ˯ǃå ç˦ ǀǃå èƓ Ḫ̇ ǆx,y,z (

) ˤƿï Ɨ˸ǌ˸ǃå .Ɨ Ǆḧǃå Ɨ˸ ʿǃå ǏǄƵ ý˦˶˲Ǆǃ Ɠǌƶ˸ƞā5 Ɨɂïå̇ḧƙ ƗǀǄơ ǏǄƵ ĄƓ˷Ȼá ɏ˦˯˲ƙ (



 

ϸϹЛЮϜ  19Volume  

 ϽϠнϧЪϜ 2019 October  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   ммо 

 
 

˗ǃå Ɨ Ǆ˸ƶȺ þ˦ǀƙ) ɏāƓ˴ƙ Ɨɂāå̊Ɂā çåíǖǃ ÿåïāᶮ) ˥˻˯˸ǌ˸ǃå ïå̇ ḧƙā (3)ā (4 .( ˢƽî ƕ˶Ǌ˶ǁä
)6( ˤǌ˻ǄƵ ý˦˶˲ǃå ˤƙ ˥ǒ˘ǃå ƗǄ˶˲˸ǃåā è˦ǀǃå èƓ Ḫ̇ ǆ ˤƪ̇ ǃ ˕˶˶Ƥ. 

 
) ɆɜƬ12 èƓ Ḫ̇ ǆ æƓ˴ơ ā Ǒɜ ǈƓɜ ˸ǃå æ˦ǄƪǕå çƓǂƓ˲ǆ Ɨ Ǆ˸Ƶ Ɇ˰˸Ȼ ǑƕƓ ˴ǈå Ɋˠ˳ǆ .(

 ˚ɂ̇ ƽ˯ǃå Ɨ Ǆ˸Ƶ ˥ǆ Ɨ˱ƙƓ˹ǃƓƶˠǀǃå ç˦ƿ ƗǄ˶˲ǆāƗ ǈā˚Ǆơ çåíƋȺ ǑˮǈƓ˱ǃå 
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ƕ Ǆˤƨ˗ǁä ý˕˱˭˲˶ǁä ƕǊƜäĀ îƑ ˭Ƣä 
 Ɨƿí ïƓ ˯Ƥå ˤƙßåíá  ˚ɂ̇ ƽƙ çåíƋȺ Ɨ ǄƶƼ ˚ɂ̇ ƽƙ èƓ Ǆ˸ƶȺ þƓ ʿǃå ýǚƤ ˥ǆ Ɨ ˸ƿ̇ ǃå Ɨǌƞå˦ǃå ǉ˘ǋ

 Ɨ˱ƙƓ˹ǃå ƴˠǀǃå ç˦ ƿ èƓ Ḫ̇ ǆ ñƓ ʾ ˤƛ çí˗˲ǆ ƴˠƿ úā˙ˡ ˕˲ƙā Ɨ ǈā˚Ǆơ ǑˮǈƓƞ ǑƼ .Ɠǌ˹ǆ
 ˤƙ ˕ƿ˦ǃå èåî ǑǄƵ ƴˠǀǃå úā˙ˡ ˛ƽǈ ɖ˻ˮˠƙ Ɨ Ǆ˸Ƶ çƓǂƓ˲˸ǃ Ɠǌǆå˗˳˯ƪåā Ɨǌƞå˦ǃå

.Ɨ˱ƙƓ˹ǃå ƴˠǀǃå ç˦ ƿ èƓ Ḫ̇ ˸Ⱥ ˓ˮ˹˯ǃåā ˚ɂ̇ ƽ˯ǃå  Ɠǌƙå̇ ˻ˢ˹ƕ Ɨ Ǆ˸ƶǃå ƝƑƓ˯˹ǃå ƗǈïƓǀǆ ˤƙ å̇ ˻Ƥå
ǉƓǂƓ˲˸ǃå Ɨ Ǆ˸Ƶā ˚ɂ̇ ƽ˯ǃå Ɨ Ǆ˸Ƶ : ˥˻˯˻Ǆ˸Ƶ ïƓ ˯ƤǙå Ɨ Ǆ˸Ƶ ˕˹˸˷ƙ .Ɨɂ̇ ˢ˹ǃå ƝƑƓ˯˹ǃå 

 ˘ɀ˗ƻ˭ǁä ƕ ǂ˶Ƴ 
÷˦ ǈ ƗȻí˦˸Ƶ ˚ɂ̇ ƽƙ Ɨǃå Ɨˠƪå˦ ƕ ˚ɂ̇ ƽ˯ǃå Ɨ Ǆ˸Ƶ è̇ ƞ   ɏ̇ƕƓƪ ÿā̇ǂǚ˻ǆ Ɇ˻ǈ˦ḧǈå750  çíā˚ǆ

 ˣ ƙƓǆå̇ ǂå ÷˦ ǈ ˥ǆ ˤɜ˲ƙ þƓˢ˹ƕ2100 ) ç˦ ǀǃå ñƓ ʾ ðƓǌƞ Ɠǌ˻ǄƵ ˕ˮ˰ǆādynamometer ˥ǆ (
 ˙Ǆ˴Ḫ ÷˦ ǈ9272  āîƴɁïá ) èƓ Ḫ̇ ǆ4- components Ĉƛ .(ˮ˯ ïƓ ˯ƤǙå Ɨƶˠƿ ˕ Ǒǋā ÿ˗ƶǆ ˥ǆ
 Ɇ˻ǈ˦ḧǈǙå718 íƓƶȺǙƓȺ15037.5 x  75 x ˚ɂ̇ ƽ˯ǃå Ɨ Ǆ˸Ƶ è̇ ƞ ā ǑˮǈƓ˱ǃå  çåíá þå˗˳˯ƪƓȺ
 ˚ɂ̇ ƽƙǃå ǑˮǈƓ˱ǃå ˥ǆ ƗƵ˦˹˶ǆ Ɨ ǈā˚Ǆ˲ ÿ˗ƶǆ ˗˻Ɂ̇ ḧǃå Ǒ˯ǃåā ɏāƓ˴Ȼ Ɠǋ̇ɣ ƿmm20  ā ƓǌɁƗƶɁïá 

 ɏāƓ˴ƙ (ÿā̊Ǆ˲ǃå Ɨɂāåð) Ɨɂāå̊ƕ çåíǕå ï˦˲ ǆ ˥Ƶ íā̠˲ ǃå ǉ̆ǋ Ɇ˻˸ƙ ƴɣƿ íā̠ơ30 .² Ɨ ˴˹ǃƓȺ
úā˙ˢǃ ƴˠǀǃå = ƴˠǀǃå ɖ˸Ƶ :ǑǃƓ˯ǃå ˦˲˹ǃå ǑǄƵ ˕ǈƓḧƼmm20Ɨ ǈåïā˗ǃå ƗƵ̇ ˴ǃåā Ü 
=rev/min700  =ý˦Ƥ˗ǃå Ɨɂāåðā0²= êā˙˳ǃå Ɨɂāåð āÜ20 ² ƗȻ˘ƺ˯ǃå Ɨ˸ ʾ ˕ǈƓḪ Ɠ˸˹˻ƕ
=mm/min15ǃå èǚǆƓƶ˸ǃ Ɨ ˴˹ǃƓȺ .ƪƓ ˯ƿå ˤ˯Ƽ ƴ˟Ɠǀǃå ˗˲ǃå èǚǆƓƶǆā ƴˠǀˤǌ  ˥ǆ

 ˥˻˰˲ ǃå(Ameen, 2014)(Sultan & Okafor, 2015)  ÿå˘ǋ ǑƼ ˕ǆ˗˳˯ƪå ˖˻ơ
æƓ˴ơ ˤƙā ÿ˗ƶ˸ǃå ˛ƽǈ ƴˠǀǃ çåíǕå ˛ƽǈ ÿƓ˰˲ ǃå  ˗˲ǃå èǚǆƓƶǆā ƴˠǀǃå èǚǆƓƶǆ

 ýā˗˱ǃƓȺ ˙ǌˢƙ Ǒ˯ǃå ƴ˟Ɠǀǃå)1( ˚ɂ̇ ƽ˯ǃå Ɨ Ǆ˸Ƶ ˥ǆ Ɨ˱ƙƓ˹ǃå ç˦ ǀǃå èƓ Ḫ̇ ǆ ñƓ ʾ ˤƙ.
 ɆɜƬ ǑǄƵ ˕ǈƓḪā ˙˯˻ǆ˦ǆƓ˹ǒ˗ǃå Ɨˠƪå˦ƕèåïƓƬã  Ɨ ƑƓɁ̇ ǌḪƛ ˤƓǌ˯˻ƽ˶ƙ  ˤƛ Ɠǌ˸ ˳˷ƙ ā

 ˤƪåï þå˗˳˯ƪƓȺ  Ɠǌ˸ƪï ā ƓǌǄ˻Ǆ˲ƙçïƓƬǗåǏǃã ç˦ ǀǃå ˣǄƙ èƓǈƓ ƕ ˙ǒ˗˶ƙ ˤƙ ˤƛ .  æ˦ƪƓ˲ǃå
 ƝǆƓǈ̇ ƕ Ǐǃã ƓǌǄǀǈā Ɠǌ˹ɂ̊ ˳˯ǃ .ƗǈïƓǀ˸Ǆǃ æǚƙƓ˸ǃå 
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) üĀ˕Ɯ1Ʋ˝Ƒƾǁä ˕˰ǁä çǘǄƑƴǄ Ā Ʋ˞ƾǁä çǘǄƑƴǄ .( 

 ˚ǆï
ɆǆƓƶ˸ǃå 

Ɨ˸ ʿǃå ç˗ơ˦ǃå 

tek 53.63 )N/mm( 
rek 33.48- )N/mm( 
aek 1.38- )N/mm( 
tck 4978.3 )2N/mm( 
rck 5797.6- )2N/mm( 
ack 1768.7- )2N/mm( 

 
 ˘ɀ˗ƻ˭ǁä ƕ ǂ˶Ƴ æƑǀƑ˰Ǆ 

˸ǃå ƴˠǀǃå úā˙ˡ ˛ƽǈ ɖ˻ˮˠƙ ˤƙ Ɨ Ǆ˸ƶǃå æïƓ˱˯ǃå ǑƼ Ɨǆ˗˳˯˴Ɨǌƞå˦ǃå ˕ǆ˗˳˯ƪåā 
 èƓ Ḫ̇ ˸Ⱥ ˓ˮ˹˯ǃåā ˚ɂ̇ ƽ˯ǃå Ɨ Ǆ˸Ƶ èƓǂƓ˲˸ǃ Ɨ ˸ƿ̇ ǃåç˦ ƿ ƗǄ˶˲ǆā Ɨ˱ƙƓ˹ǃå ƴˠǀǃå  ƗǈïƓǀǆ ˤƛ

 ˥ǆ ǚǂƝƑƓ˯˹ǃå  Ɨ Ǆ˸ƶǃå Ɨɂ̇ ˢ˹ǃåāǏǄƵ .ƗƮƓƤ èƓˠˠ˳ǆ 
 

çƑ˳ƽƑ˷˶ǁäĀ ƛƏƑ˭˷ǁä 
) Ɇɜ˵ǃå ô̇ ƶȻ13) ƴˠǀǃå ç˦ ǀǃ èƓ Ḫ̇ ǆ Ɨƛǚ˰ǃ Ɋˠ˳ǆ (Fx  ā Fy āFz(  ˣǃ˘Ḫā
) ƗǄ˶˲˸ǃåF) Ɇɜ˵ǃå ô̇ ƶȻ ˣǃ˘Ḫ ÜǉƓǂƓ˲˸ǃå Ɨ Ǆ˸Ƶ ˥ǆ Ɨ˱ƙƓ˹ǃå (14 - ) ā (á14- 

(æ  ) ā14-ǀǃå ç˦ ƿ èƓ Ḫ̇ ǆ ˥˻ƕ ƗǈïƓǀǆ(ê Ɠǋ̇ ƑƓˢǈ ā çƓǂƓ˲˸ǃå Ɨ Ǆ˸Ƶ ˥ǆ Ɨ˱ƙƓ˹ǃå ƴˠ
) Ɇɜ˵ǃå ýǚƤ ˥ǆ .Ɨ Ǆ˸ƶǃå èåïƓ ˯ƤǙå ˥ǆ Ɨ˱ƙƓ˹ǃå14 ɏ˗ǆ Ɠ˲ưåāā Ɠ Ǆƞ ˙ǌˢȻ (

 ˥˻ƕ ˙˻ˮḧǃå æïƓǀ˯ǃåǃå ƝƑƓ˯˹ ƴɣǀǃå ɏ˦ƿ èƓḪ̇˸ǃ Ɨɂ̇s ǃ˹åƝƑƓ˯ǈā èåïƓ ˯ƤǙå  å˘ǋ ā Ɨ Ǆ˸ƶǃå
 ƝƑƓ˯ǈ ƴǆ Ɠǌ˱ƑƓ˯ǈ æïƓǀƙā Ɨǌƞå˦ǃå Ɇ˸Ƶ Ɨƿí ˗Ḫ˓ǒèåïƓ ˯Ƥå .Ɨ ʿ ʿ˲ǃå ˚ɂ̇ ƽ˯ǃå 
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) ɆɜƬ13 Ɨǌƞåā þå˗˳˯ƪƓȺ çƓǂƓ˲˸ǃå Ɨ Ǆ˸Ƶ ˥ǆ Ɨ˱ƙƓ˹ǃå ƴˠǀǃå ç˦ ƿ ƗǄ˶˲ǆ ā èƓ Ḫ̇ ǆ .(

 þ˗˳˯˴˸ǃå 
 

 
) Ɇɜ˵ǃå14 - ç˦ ǀǃå ˔Ḫ̇ ˸ǃ ǑǄ˸ƶǃå ïƓ ˯ƤǙå ƝƑƓ˯ǈ ā çƓǂƓ˲˸ǃå ƝƑƓ˯ǈ ˥˻ƕ ƗǈïƓǀǆ (á(Fx)  
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) Ɇɜ˵ǃå14 -  ïƓ ˯ƤǙå ƝƑƓ˯ǈ ā çƓǂƓ˲˸ǃå ƝƑƓ˯ǈ ˥˻ƕ ƗǈïƓǀǆ (æç˦ ǀǃå ˔Ḫ̇ ˸ǃ ǑǄ˸ƶǃå(Fy)  

 

 
) Ɇɜ˵ǃå14 Ĳ  çƓǂƓ˲˸ǃå ƝƑƓ˯ǈ ˥˻ƕ ƗǈïƓǀǆ (êïƓ ˯ƤǙå ƝƑƓ˯ǈā ç˦ ǀǃå ˔Ḫ̇ ˸ǃ ǑǄ˸ƶǃå(Fz)  

 

ƕƬǘ˱ǁä 
 ˤ ˸˶ƙ ˤƙ ˖˲ ǃå å˘ǋ ǑƼïƓ ˯Ƥåā ˘˻ƽ˹ƙā  þ˦ǀ˯ǃ æǚƙƓ˸ǃå ƝǆƓǈ̇ ƕ þå˗˳˯ƪƓȺ þ˗˳˯˴ǆ Ɨǌƞåā
 ƴˠǀǃå ç˦ ƿ èƓ Ḫ̇ ˸Ⱥ ˓ˮ˹˯ǃƓȺƗ˱ƙƓ˹ǃå ƗǄ˶˲˸ǃåā  çåíá þå˗˳˯ƪƓȺ ǑˮǈƓ˱ǃå ˚ɂ̇ ƽ˯ǃå Ɨ Ǆ˸Ƶ ˥ǆ

 Ɨǌƞå˦ǃå ǉ˘ǋ ïƓ ˯Ƥå ˤƙ Ɠ˸Ḫ  .Ɨ ǈā˚Ǆ˲ǃå ǑˮǈƓ˱ǃå ˚ɂ̇ ƽ˯ǃå˗ǂƋ˯Ǆǃ  Ɨƿí ˥ǆƓǋßåíá ǉ˘ǋ .
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:Ɨ ǃƓ˯ǃå ɉƓǀ˹ǃå ˝Ǆ˳˯˴ǈ ˖˲ ǃå å˘ǋ ýǚƤ ˥ǆ 
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 è˦ùˮǃå æ˦Ǆùƪá ɖù˻ˮˠƙā æ˘ù˱ǃ Ɨù˸Ƒǚǆ Ɨ ưïá í˦ƞā Ɨƪåï˗ǃå ƝƑƓ˯ǈ è̇ ǌˡáā .ǑƞƓ˯˹˯ƪǙåā
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Abstract 

The study aimed to propose a framework to implement the Build, 

Operate, and Transfer Contracts for Libya reconstruction. In order 

to achieve the study goals the analytic descriptive and induction 

approach were adopted. The study concluded that there is a 

suitable land to attract the investors and implementing the B.O.T 

system in Libya, the B.O.T Contracts are the accepted choice and 

attractive to reconstruction the infrastructure in Libya such as: 

Energy Projects, Transportation Projects, Water and Gas supplies. 

The most applicable projects in B.O.T system are Energy, water 

desalination, Transportation, and water supplies. The B.O.T 

Contracts are the optimum solution to develop the infrastructure in 

Libya, the lack of knowledge in Legislations and mechanism of 

implementation are the negative factors that reduce opportunity of 

the B.O.T Contracts utilization. Eventually, the study a framework 

to implement the Build, Operate, and Transfer Contracts for Libya 

reconstruction.    

1- ƕǄ˕ƾǄ 
 ÿãæ˦ǄƪƋȺ ˗ƿƓƶ˯ǃå ßƓ˹ˮǃå Ɇ˻ƺ˵˯ǃåā  Ɨ ḧǄ˸ǃå ɆǀǈāƶȻ (è˦ùùˮǃå) ˗˥ǆ èåāíǕå ç̇ ƮƓƶ˸ǃå 

ɖ˻ˮˠ˯ǃå ǑƼ ǑǄ˸ƶǃåÜ  ˕˻ơ ˙˵˯ǈå Ɇ˸ƶǃå ǊȺ ˘˹ǆ Ǒǃå˦ơ ˥˻ǈ̇ ƿ ˥ǆ ˥ǆ̊ ǃå ǑƼ  ÿå˗Ǆˮǃå
 ÜƗ Ɂ̇ ƺǃå ˘ƤƋƼ  è˦ùùùùˮùùùǃå ˤƪå(B.O.T) ) ßƓ˹ˮǄǃ ĄåïƓ˶ Ƥ˯åBuild) Ɇ˻ƺ˵˯ǃåā (Operate (

Ɨ ḧǄ˸ǃå Ɇǀǈ/çíƓƵɀā )Transfer of ownership Ü(Ǖå ˙ǌ˯Ƭåā æ˦Ǆƪ ˤƪƎȺ ˗ǀƵ
]è˦ˮǃå1[ . ÿã ˕˻ơāɆ˸ƶƙ æ˦ǄƪǕå å˘ǋ ǊȺ  á ýāí ˔ǄƹǑƼ ˤǃƓƶǃå ßƓ˵ǈã ƴɂïƓ˵˸ǃå 

 èƓˠ˲ǆā èåïƓˠ˸ǃå ýƓ˰˸ǃå Ɇ˻ˮƪ ǏǄƵ ƗǆƓƶǃå ƴǈƓ˶˸ǃåā ßƓɁ̇ ǌḧǃåï˦˴˱ǃåā ˗˻ˮƶƙā 
 û̇ ǃɣåÜ  āǕå ˙˻Ƽ˦ƙ Ɨǃā˗ǃå ˥ǆ ˔Ǆˠ˯ǒ æ˦ǄƪǙå å˘ǋ þå˗˳˯ƪå ˝ Ƥå̇ ˯ǃå ƗƼƓḪā Ǒưåï

ǉƓ ˸ǃåā ƗƿƓˠǃå ïíƓ˶ǆā ˕˻ơ Ý ĉèƓǌ˱ǃå ç˦Ƶí ʕ˯ǒ Ɨ˶˶˳˯˸ǃå ˤȻ˗ǀƙ Ǐǃã Ɠǌưā˙Ƶ 
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˔˴ơ èƓƽƮå˦˸ǃå ɉā˙˵ǃåā Üçí˗˲˸ǃå þ˦ǀƙā ˣǄƙ Ɨǌ˱ǃå ßƓ˹ˮƕ ÷ā˙˵˸ǃå ÜûƓƽƙǙå ˔˴ơ 
Ɠǌ˲˹˸ƙā Ɨǃā˗ǃå  ĄåðƓ˯ǆå Ɇ˻ƺ˵˯ǃ ÷ā˙˵˸ǃå çíƓƽ˯ƪǙåā ǉ˗ƑƓƶȺ ýǚƤ ç˗˸ǃå ɖƽ˯˸ǃå  ÜƓǌ˻ǄƵ
˗ƶɁā ßƓ˷ǀǈå ǉ˘ǋ ç˗˸ǃå þ˦ǀƙ ˣǄƙ Ɨǌ˱ǃå Ɇǀ˹ƕ Ɨ ḧǄǆ ÷ā˙˵˸ǃå Ǐǃã ÜƗǃā˗ǃå ɉ̇ ˯˵ɂā ÿá 

÷ā̇˵ ǃ˸å ÿ˦ɜȻ ǑƼ ƗǃƓơ ]Ɨ ǃƓƵ ƗɂïƓ˸˰˯ƪå ˗Ƒå˦Ƶ Ǌǃā ç˗˻ƞ2.[ 

˔˰ ǁä ƕǂɚ˳Ǆ 
Ɠ ˮ˻ǃ ǑƼÜ  ǑƼ ˙˰ƶ˯ǃå ˔ˮ˴Ⱥ ÜÿǓå Ǐ˯ơā í˦ǀƵ ˘˹ǆ ç˗Ƶ ɆǂƓ˵ǆ ǑǈƓƶƙ Ɨ ˯˲˯ǃå Ɨ ˹ˮǃå

 ˙˻ˮḪ ï˙ư ˥ǆ íǚˮǃå ɖ˲ǃ Ɠǆā Ɨɂ˦˸˹˯ǃå ƴɂïƓ˵˸ǃå ˥ǆ ˙˻˰ḧǃå éå˗ơá ßå̇ ƞ ˙˻ˮḪ ï˙ư
Ɠ˸ǆ ƓǌƙƓ ʸå˗ƙā ˙ǒå̇ ˮƼ ˥ǆ ˙˵Ƶ ƴȺƓ˴ǃåÜ  Ɨ˸ ƞ˴ Ąåïå̇ưá ̝ ƪˮǃ ÜƗ ˯˲˯ǃå Ɨ ˹ˮǃå ƴɂïƓ˵˸
ˤ˯ƙ ʕǃ Ǒ˯ǃå ƴɂïƓ˵˸ǃå ˥Ƶ ĄǚƮá x Ɠˀǈ  ïƓ ǌǈå Ɠǌ˹ǆ  ÜƗ ưƓ˸ǃå í˦ǀƶǃå ƗǄ˻˟ Ɠǌ˯˱ǃƓƶǆ

 ƴɂïƓ˵˸ǃå ĄƓƮ˦ Ƥ˶ Ɨ˯˲˯ǃå Ɨ˹ǃˮå ƴɂïƓ˵ǆ Ɇɂ˦˸ƙ ˥Ƶ Ɨǃā̠ǃå èåíå̇ǒã ̊˱ Ƶā Ɨ˯˲˯ǃå Ɨ˹ǃˮå
 èåïƓ Ǆ˸ǃå ɄǄḧƙ Ǒ˯ǃåā Ɠǋ̇ ˻ƹā ƗȻ˗ǒ˗˲ǃå Ɨɜ˴ǃåā ƗƿƓˠǃåā èåïƓˠ˸ǃå ƴɂïƓ˵˸Ḫ Ɨ ˱ ƙå̇ ˯ƪǙå

ƓǋðƓ˱ǈǗ Ý êƓ˯˲Ȼ ɏ˘ǃå ˙ǆǕååþƓˢǈ ýƓƤíã ǑƼ ˙˻ḧƽ˯ǃ  ƴɂïƓ˵ǆ ˘˻ƽ˹ƙ ú˗ǌƕ Ü˗ǒ˗ƞ ɏ˗ƿƓƶƙ
.ƴ˸˯˱˸ǃå èƓƞƓ ˯ơå Ɨ ˮǄ˯ǃ Ɨ ˯˲˯ǃå Ɨ ˹ˮǃå  ýå˓˴ǃå ˥Ƶ ƗùƕƓƞǗå Ɨùƪåï˗ǃå ǉ˘ǋ ýāƓ˲˯ƪ å˘ǃ

 çíƓƵã ǑƼ Ɨ ḧǄ˸ǃå  Ɇǀǈā Ɇ˻ƺ˵˯ǃåā ßƓ˹ˮǃå æ˦Ǆƪá þå˗˳˯ƪå Ɨ ǄƵƓƼ Ɏ˗ǆ Ɠǆ :ǑǃƓ˯ǃå ˛ Ƒ̇ ǃå
:Ɨ ǃƓ˯ǃå Ɨ ʸ̇ ƽǃå ƗǄ˭ƪǕå Ǌ˹ǆ ÷̇ ƽ˯ɂā ÜƓ ˮ˻ǃ ïƓ˸Ƶã 

1. ˱˯ǃå ðå̇ ƕã.Ɨ ḧǄ˸ǃå Ɇǀǈā Ɇ˻ƺ˵˯ǃåā ßƓ˹ˮǃå þƓˢ˹ǃ Ɨ ˸ǃƓƶǃå æïƓ 
2.  ǑƼ Ɨ ḧǄ˸ǃå Ɇǀǈā Ɇ˻ƺ˵˯ǃåā ßƓ˹ˮǃå þƓˢǈ ɖ˻ˮˠ˯ǃ Ɨ ƪƓ˹˸ǃå ûå˦ƪǕå ǏǄƵ ú̇ ƶ˯ǃå

.Ɠ ˮ˻ǃ 
3. Ɨ ˹ˮǃå ƴɂïƓ˵ǆ ƗǆƓƿǗ êî˦˸ǈá ëå̇ ˯ƿå Ɨ ˯˲˯ǃå þƓˢ˹ƕ  Ɨ ḧǄ˸ǃå Ɇǀǈā Ɇ˻ƺ˵˯ǃåā ßƓ˹ˮǃå 

.Ɠ ˮ˻ǃ ǑƼ 
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˔˰ ǁä ùä˕ǉà 
1. ôå̇ ƶ˯ƪå  .è˦ùùùˮǃå  ƴɂïƓ˵ǆ ˘˻ƽ˹ƙ ǑƼ Ɨ˲ƞƓ˹ǃå Ɨ ˸ǃƓƶǃå æïƓ˱˯ǃå ǏǄƵ 
2. Ɨù ˹ˮǃå ƴɂïƓù˵ǆ ƗùǆƓƿǗ Ɨ ùƪƓ˹˸ǃå ûå˦ùƪǕå ǏǄƵ ú̇ ƶ˯ǃå Ɨù ˯˲˯ǃå þƓùˢ˹ƕ  Ɇ˻ƺù˵˯ǃåā ßƓù˹ˮǃå

.Ɨ ḧǄ˸ǃå Ɇǀǈā  
3. Ɨùù ˹ˮǃå ƴɂïƓùù˵ǆ ƗùùǆƓƿǗ  êî˦ùù˸ǈá ëå̇ ùù˯ƿå Ɨùù ˯˲˯ǃå þƓùùˢ˹ƕ  Ɨùù ḧǄ˸ǃå Ɇùùǀǈā Ɇ˻ƺùù˵˯ǃåā ßƓùù˹ˮǃå 

.Ɠ ˮ˻ǃ ǑƼ  

˔˰ ǁä ƕ ˯Ǌ˷Ǆ 
 Ǒ˳ɂïƓ˯ǃåā ǑƞƓ˯˹˯ƪǙåā ǑǄ˻Ǆ˲˯ǃå ǑƽƮ˦ǃå Ɲǌ˹˸ǃå ÷Ɠ ƙå ˤƙ Ɨƪåï˗ǃå ú˗ǋá ɖ˻ǀ˲˯ǃ ǑƼ

˘ǋ Ɨ ƪƓ˹˸ǃ å̇ ˢǈ Ɨƪåï˗ǃå ßå̇ ƞã ǉ˹ù˸ǃåƓƗùƶ ˮ˟ ƴùǆ Ɲǋ .Ɨƪåï˗ǃå úå˗ǋáā 
 

2- ƕƾȸƑ˲ǁä çƑƨäî˕ǁä 
 ǑùùƼ Ɇùùǀ˹ǃåā Ɇ˻ƺùù˵˯ǃåā ßƓùù˹ˮǃå í˦ùùǀƵ þå̠˳ ù˯ùƪå ˥ùùǆ ƗùùǆƓ˹ǃå ýā̠ùùǃå ˥ùùĉĊḧć˸ĈȻ ɆùùǆƓḧ˯ǆ þƓùùsǈ ßƓùù˹ˮǃ

 ˗˻˻ùùùùùù˵ƙ ǉ˘ùùùùùùǌƕ ƗùùùùùùǀǄƶ˯˸ǃå èåïå̇ ùùùùùùǀǃå îƓùùùùùù˳ƙå ǑùùùùùùƼ Ɠǌƙ˗ƵƓùùùùùù˴ǆā Ɨ ùùùùùùƪƓƪǕå Ɨùùùùùù ˹ˮǃå èƓƵā˙ùùùùùù˵ǆ
 ÜǑǃǚ˱ǃå) ë̇ ˯ƿå Ü˗ƑƓƵ Ǐ˶ƿá Ɠǌǃ ˥˸˷Ȼ Ɠ˸Ⱥ èƓƵā˙˵˸ǃå1992](3 ĄƓùǆƓsǈ Ǌ˯ùƪåïí ǑùƼ [

 ƗȻíƓù˶˯ƿǙå Ɨ˭˻ˮǃå ßƓ˹ƕ çïā˙ư ˕˹˸˷ƙ ƗȻ˗˻ǌ˸ƙ ç˦ ˠ˳Ⱥ ˕Ǆǌ˯ƪå èå˦ˠƤ Ɨƛǚƛ ˥ǆ ɄǃƋ˯ǒ
 ā˗ùùùùùǃå ǑùùùùùƼ Ɨ ùùùùùƪƓ˹˸ǃå ƗùùùùùɂïåíǗåā Ɨùùùùù ǈ˦ǈƓǀǃåā þƓùùùùùƵ Ɇɜùùùùù˵Ⱥ Ɨùùùùù ˮ˹ƞǕå èåïƓ˸˰˯ùùùùùƪǙå ƴ ˱ùùùùù˵˯ǃ ý

 ɏíƓùùƬ̇ ˯ƪå êî˦ùù˸ǈ ëå̇ ùù˯ƿå Ǐùùǃã Ɨùùƪåï˗ǃå ƝƑƓùù˯ǈ ˕ùù˶ǄƤā .óƓùùƤ Ɇɜùù˵Ⱥ è˦ùùˮǃå èåïƓ˸˰˯ùùƪåā
 Ɨùùùùùƪåïí è̊ ùùùùùḪïā .˗˻˻ùùùùù˵˯ǃå í˦ùùùùùǀƵ ˥ùùùùùǆ Ɨùùùùù˹ɜ˸˸ǃå ýƓɜùùùùùƬǕå ôå̇ ƶ˯ùùùùùƪåā ÷ā˙ùùùùù˵˸ǃå Ɨùùùùù ʾƓƽƙǙ

 ÜèƓƽȻ˗ù˵ǃå)2010](4Ɇùɂ˦˸ƙ ǏùǄƵ [ èƓƵā˙ù˵ǆ ÿƓù ƕ Ǐùǃã ˕Ƽ˗ùǋ ˖ù˻ơ Üè˦ùˮǃå þ˦ùǌƽǆ 
ùùɂ˦˸ƙɆ èƓƵā˙ùù˵˸ǃå Ɨ ùùƪƓƪǕå þƓùùˢ˹ƕ  ǑƑå̇ ǀ˯ùùƪǙå Ɲǌ˹ùù˸ǃå Ɨùùƪåï˗ǃå ˕ǆ˗˳˯ùùƪåā Üè˦ùùˮǃå

 Ɨù ǈƓɜǆå þ˗ùƵ Ɨùƪåï˗ǃå ƝƑƓù˯ǈ è̇ ùǌˡáā .ǑùǄ˻Ǆ˲˯ǃåā ï˦ù˶ƙ í˦ùƞā èƓƵā˙ù˵ǆ þƓùˢ˹ƕ è˦ùˮǃå 
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 ÿāí í˦ùƞā ïíƓù˶ǆ Ɇùɂ˦˸ƙ  ÿáā ÜƓùǌǃ ïíƓù˶ǆ Ɇùɂ˦˸˯ǃå ǏùǄƵ úǚ˯ùƤå ÜƓùǌƵå˦ǈá  ĄƓù˹Ḫï ̠ùƶƙ 
 ĄƓùƪƓƪá ǑùƼ þƓùˢ˹ǃå ǑǃƓù˸ǃå èƓƵā˙ù˵˸Ǆǃ  ˥ùǆ ĄǚùḪ Ɨùƪåïí Ɠùǆá ..è˦ùˮǃå þƓùs˹ƕMubin & 

Ghaffar, 2008) ]5[  ǑùƼ Ɨù ḧǄ˸ǃå çíƓùƵɀā Ɇ˻ƺù˵˯ǃåā ßƓù˹ˮǃå í˦ùǀƵ ɖù˻ˮˠƙ ˙ùƛá ǙāƓù˹ƙ ˗ùǀƼ
 ɖù˻ˮˠƙ Ǐùǃã ƗùƞƓ˲ǃå Ɨ ˸ǋá ðå̇ ƕã Ɠ˸ǌ˯ƪåïí ˕Ƽ˗ǋ ˖˻ơ ÜÿƓ˯˴ǂƓȺ ǑƼ Ɨ ˯˲˯ǃå Ɨ ˹ˮǃå ˙ɂ˦ˠƙ

˯ǃå Ɨùù ˹ˮǃå ˙ɂ˦ùùˠ˯ǃ Ɨùù ḧǄ˸ǃå Ɇùùǀǈā Ɇ˻ƺùù˵˯ǃåā ßƓùù˹ˮǃå í˦ùùǀƵ æ˦Ǆùùƪá ˤùùùƛ ˥ùùǆā Ɨ ǈƓ˯ùù˴ǂƓ ǃå Ɨùù ˯˲
 .ÿƓ˯˴ǂƓȺ ǑƼ è˦ˮǃå í˦ǀƵā ƴɂïƓ˵˸ǃ ǑƑå̇ ƞã êî˦˸ǈ ˙ɂ˦ˠƙ 

Ɨù ˹ˮǃå ƴɂïƓ˵ǆ ˘˻ƽ˹˯ǃ ǏǄƵ Ɠǋ̊ ˻Ḫ̇ ƙ ˖˻ơ ˥ǆ ƗǀȺƓ˴ǃå èƓƪåï˗ǃå ˥Ƶ ɄǄ˯˳ƙ Ɨ ǃƓ˲ǃå Ɨƪåï˗ǃå 
Ɨ ˯˲˯ǃå þƓˢ˹ƕ  Ɨ ḧǄ˸ǃå Ɇǀǈā Ɇ˻ƺ˵˯ǃåā ßƓ˹ˮǃå (B.O.T)  ƗƼƓùưǗƓȺ ÜƓù ˮ˻ǃ ïƓù˸Ƶã çíƓùƵã ǑùƼ

 ǉ˘ùùǋ ˚ùù˻˸Ȼ Ɠùùǆ ˤùùǋá ˣǃ˘ùùḪ .˗ùùǒ˗˱ǃå ɏ˗ùùƿƓƶ˯ǃå þƓùùˢ˹ǃå ɖùù˻ˮˠ˯ǃ Ɨùù˸Ƒǚ˸ǃå ûå˦ùùƪǕå ƗùùƼ̇ ƶǆ Ǐùùǃã
 Ɨù ˯˲˯ǃå Ɨù ˹ˮǃå èƓƵā˙ù˵ǆ ÿã ˖ù˻ơ Üɖù˻ˮˠ˯ǃå úǚ˯ùƤå ˦ùǋ ƗǀȺƓù˴ǃå èƓùƪåï˗ǃå ˥ùƵ Ɨùƪåï˗ǃå

 .èǙƓ˱˸ǃå ǑƼ úǚ˯ƤǙåā ƗƮ˦˶ ǃ˳å ˥ǆ ĄƓ˭˻Ƭ Ɠǌ˲˹˸Ȼ Ɠ˸ǆ ç̠ɂ̇Ƽ Ɨƶˮ  ˟Ɠǌǃ   
 

3- ƕɀ˗ˠ˷ǁä ƕƴƜä̠ ˶ǁä 
 ƕḥǂ˶ǁä ɄƾǆĀ Ʉ˹Ƹ˳ ǁ˭äĀ ÞƑ˷ˬǁä ìʕƾƳ îʕ Ɨ˞Ā ýʕǊƻǄ :ăǗĀà(B.O.T): 

 Ɨù˱˯ǈ Ąǚ˻ùǄƿ ǑùưƓ˸ǃå ÿ̇ùǀǃå Ʉù˶˯˹ǆā èƓȻå̠ùƕ ǑùƼ í˦ǀƶǃå ˥ǆ Ɋ˸ ǃ˹å å̆ǋ þå̠˳ ƪ˯å Ɇl ̠ǀǃ
 ˙˲ǃå íƓ˶˯ƿǙå Ǐǃã ýā˗ǃå ý˦˲ƙ-  û˦ù˴ǃå íƓù˶ƿ˯å-  ˥ɂ̇ù˵ƶǃå ÿ̇ùǀǃå èƓù˹˻ǈƓ˸ƛ ƗùȻå̠ƕ ǑùƼ

 ç̇ ùùùǆ ÷˦ ùùùƞ̇ ǃå ˤùùùƙ ßƓùùù˹ˮǃå ̠ùùùǀƵ ǑùùùƼ Ɇùùù˰˯˸ ǃ˸å ̟ǒ̠ùùù˲ǃå ƓǌǄɜùùùƬ ǑùùùƼ þå̊ùùù˯ǃǙå í˦ùùùǀƵ Ǐùùùǃã Ɏ̇ùùùƤá
 Ǐ˸ù˴ǆ ˙ǌ˯ùƬå ˖ù˻ơ Ü˙ƛ˗ù˹ǒ íƓùḪ ÿá ˗ùƶȺ Ǌù ǃã ïƓùˢǈǕå ˕Ƽ̇ ù˶ǈåā ÜƗù ḧǄ˸ǃå Ɇùǀǈā Ɇ˻ƺ˵˯ǃåā

ƓơǚˠùùƮå Ơ ùùƮáā Ü(è˦ùùˮǃå)  ǉï˦ùùǌl ̠ùùƶȺ ĄƓƶƑƓùùƬ ƗùùȻå˗ƕ ǑùùƼ þƓùùƵ 1980 ˛ ùùƑï ˗ùùǒ ǏùùǄƵ þ
  ɖƕƓ˴ǃå ǑḪ̇ ˯ǃå ßåïð˦ǃå)ýåðāá è˦ƿï˦ƙÜ( Ʈá ˖˻ơ ïƓ˵Ȼ Ơ Ǐǃã ˙ù˻˰Ḫ ǑƼ ƠǄˠ˶˸ǃå å˘ǋ

 ƗùùǃíƓƶ˸Ⱥ Ɨùù˶˶˳˯˸ǃå èƓùùȺƓ˯ḧǃå ˥ùùǆ āáýåðāá ƗƽùùƮā )Ozal Formula](7ú̇ ùùƶɂā .[ 
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 ƠǄˠù˶ǆB.O.T ǊùǈƋȺ ïƓù˶˯Ƥå  ƠǄˠù˶˸ǃBuild, Operate and Transfer ɏá 
ßƓù˹ˮǃå āá ˗˻˻ù˵˯ǃå ßƓù˵ǈǗåā ʕùƛ Ɇ˻ƺù˵˯ǃå ʕùƛ Ɇùǀǈ Ǐù˹ƶ˸Ⱥ ÜƗù ḧǄ˸ǃå ÿá ˗ùǌƶƙ Ɨùǃā˗ǃå ı  ç̇ ù˯ƽǃ
çíā˗ù˲ǆ ˥ùǆ ˥ǆ̊ ùǃå ı ˗ùơá èåíƓù˲ƙǙå Ɨù ǃƓ˸ǃå  ƗùƮƓ˳ǃå(Consortium) āá ˗ùǀƵ ˥ɂ˦ùḧƙ 
 íƓ˲ƙå(Joint Venture) āá ˗ǀƵ èåßƓ˵ǈǗå þƓˢ˹ƕ ˤ Ǆ˴ƙ  ëƓ˯ƽ˸ǃå(Turnkey)ƗǆƓƵā Ü 
ɖǄˠȻ Ɠǌ˻ǄƵ "Ǌ˲˹˸ƙ "÷ā˙˵˸ǃå ƗḪ̇ Ƭ  Ɨǃā˗ǃå  ĄåðƓ˯ǆå Ɨƪåï˗ǃ ˙ɂ˦ùˠƙā ˘ù˻ƽ˹ƙā ÷ā˙ù˵ǆ ˥˻ùƶǆ 
Ǌơ̇ ˯ǀƙ Ɨǃā˗ǃå ƗḪ̇ Ƭ āá Ü÷ā˙˵˸ǃå þ˦ǀƙā ƗḪ̇ Ƭ ÷ā˙˵˸ǃå Ǌ˸ ˸˶˯ƕ ǊƑƓ˹Ɂā ǊḧǄ˸ƙā ǊǄ˻ƺ˵ƙā 
Ǌùƙïåíɀā Ǌǃǚƺ˯ùƪåā í̠ùƶǃ ĄƓùɂïƓ˱ƙ ˥ùǆ ç̇ ù˯Ƽ) èå˦˹ù˴ǃå  ÿ˦ùḧƙ (ðƓù˯ǆǙå Ɨù ʼƓǂ í̇ ˯ù˴˯ǃ ƗḪ̇ ù˵ǃå 
˃ ǃƓḧƙ ßƓ˹ˮǃå ˔ǈƓ˱Ⱥ ɖ˻ǀ˲ƙ Ɨ ƪƓ˹ǆ ëƓɁïá ˥ǆ èå˗ƑƓƵ Ɇ˻ƺ˵ƙ Ü÷ā˙˵˸ǃå ǑƼā ƗȻƓǌǈ ç̇ ù˯Ƽ 
ðƓ ˯ǆǙå Ɇǀ˹ƙ Ɨ ḧǄǆ ÷ā˙˵˸ǃå Ǐǃã Ɨùǆ˦ɜ˲ǃå ƗùȻá ÿāí ƗùƽǄḧƙ āá ɆùƕƓǀǆ ƗùƽǄḧƙ Ɨ ùƪƓ˹ǆ  ÿ˦ùɜȻ 
˗ùƿ ʕùƙ ûƓùƽƙǙå Ɠùǌ˻ǄƵ Ɠǀ ù˴ǆ ßƓù˹ƛá ƗùǄơ̇ ǆ ôāƓùƽ˯ǃå ǏùǄƵ ðƓù ˯ǆå Ơ˹ùǆ ]÷ā˙ù˵˸ǃå1 Ɠù˸Ḫ .[

 Ɨù ˹ˮǃå èƓƵā˙ù˵ǆ ƗùǆƓƿɀā ƗɂïƓ˸˰˯ùƪǙå èƓƵā˙˵˸ǃå ƗǆƓƿǗ þ˗˳˯˴Ȼ ɏ˗ƿƓƶƙ þƓˢǈ ǊǈƋȺ ú̇ Ƶ
 Ɨùùùùǃā˗ǃå Ơ˹ùùùù˸ƙ ǉƓùùùù˷˯ǀ˸Ɂā ÜóƓùùùù˳ǃå ÷Ɠùùùùˠǀǃå ˥ùùùùǆ Ɇùùùùɂ˦˸˯ǃå ǏùùùùǄƵ ˗ùùùù˸˯ƶɂā ÜƗ ùùùùƪƓƪǕå ˗ùùùùơá

 āá Ɠùùùǆ Ć÷ā̇ùùù˵ǆ ƗùùùǆƓƿǗ ĄåðƓùùù˯ǆå (÷ā̇ùùù˵˸ǃå ƗḪ̇ùùùƬ ǊùùùǄƵ ɖùùùǄɣȻ) óƓùùù˳ǃå ÿ˦ǈƓùùùǀǃå óƓ˳ùùùƬá
 ǊǄ˻ƺùùùù˵ƙā ǊùùùùḧǄ˸ƙā ǉ˘ùùùù˻ƽ˹ƙā Ǌ˸ ˸ùùùù˶ƙā ÷ā˙ùùùù˵˸ǃå Ɨùùùùƪåï˗ƕ (÷ā˙ùùùù˵˸ǃå ƗḪ̇ ùùùùƬ) þ˦ùùùùǀ˯Ƽ ǉ̇ ɂ˦ùùùùˠƙ
 ƗùƽǄḧƙ ÿāí Ɨùǃā̠ǃå Ǐùǃã ǊùƙðƓơ āá ÷ā̇˵ ǃ˸å Ɇǀ˹ƕ ðƓ˯ǆǙå ƗȻƓǌǈ ǑƼ èå˦˹ƪ ç̠ƶǃ Ǌǃǚƺ˯ƪåā

Ǚå ˤ˯ùùǒ ƗùùƽǄḧƙ ɆùùƕƓǀǆ āá]ĄƓǀùù˴ǆ Ɠùùǌ˻ǄƵ ûƓùùƽƙ3 Ɨùù˶˳˶Ƥ) ˔˻ǃƓùùƪá ˥ùùǆ æ˦Ǆùùƪá ˦ùùǋ  Ǌùùǈáā .[
 Ǌùùùùƙïåíɀā ɖùùùùƼ̇ ˸ǃå ßƓùùùù˵ǈã Ɨùùùù˸ǌǆ óƓùùùù˳ǃå ÷Ɠùùùùˠǀǃå Ǐùùùùǃã ǊùùùùǃǚƤ ˥ùùùùǆ çïåíǗå ˗˯ùùùù˴ƙ Ü(çïåíǗå

]Ɨǃā˗ǃå Ǐǃã ɖƼ̇ ˸ǃå ýā˓ǒ ðƓ ˯ǆǙå ƗȻƓǌ˹Ɂā Ǌǃǚƺ˯ƪåā Ǌ˯ǈƓ Ʈā8.[ 
 çʕ ǁˬä ìʕƾƳ öäʕǆà :ăƑǆƑƙB.O.T: 
) ˤƿï ýā˗ƞ ˝˳Ǆǒ1 è˦ˮǃå í˦ǀƵ ÷å˦ǈá ˕˲ƙ êï˗˹ƙ Ǒ˯ǃå ƗƽǄ˯˳˸ǃå èƓ ˻ƙ̇ ˯ǃå (B.O.T: 
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) üĀ˕Ɯ1 ìˤƾƴǁ ƕƻǂ˭˱˶ǁä ƕȹ˕ƽƑƴ˭ǁä çƑ˶ ˠ˷˭ǁä :(B.O.T]1[ 

ƗȻ˗ƿƓƶ˯ǃå èƓ ˻ƙ̇ ˯ǃå  ƠǄˠ˶˸ǃå
˙˶˯˳˸ǃå Ɨ Ɂ̇ ƶǃå ƗƺǄǃƓȺ Ɨɂ̊ ˻Ǆ˱ǈǙå ƗƺǄǃƓȺ 

Ɇǀ˹ǃåā Ɇ˻ƺ˵˯ǃåā ßƓ˹ˮǃå Build, Operate and Transfer BOT 

Ɇǀ˹ǃåā üǚ˯ǆǙåā ßƓ˹ˮǃå Build, Own and Transfer BOT 
Ɇ˻ƺ˵˯ǃåā üǚ˯ǆǙåā ßƓ˹ˮǃå Build, Own Operate BOO 

ðƓ ˯ǆǙå ˗ǒ˗˱ƙā Ɇ˻ƺ˵˯ǃåā ßƓ˹ˮǃå Build, Operate and Renewal 
of Concession 

BOR 

 Ɇ˻ƺ˵˯ǃåā üǚ˯ǆǙåā ßƓ˹ˮǃå
Ɇǀ˹ǃåā 

Build, Own, Operate and 
Transfer 

BOOT 

Ɇǀ˹ǃåā ˙˻ƞƋ˯ǃåā ßƓ˹ˮǃå Build, Lease and Transfer BLT 
Ɇǀ˹ǃåā ˙˻ƞƋ˯ǃåā ßƓ˹ˮǃå Build, Rent and Transfer BRT 

Ɇǀ˹ǃåā ßƓ˹ˮǃå Build and Transfer  BT 
Ɇ˻ƺ˵˯ǃåā Ɇǀ˹ǃåā ßƓ˹ˮǃå Build, Transfer and Operate  BTO 

 Ɇɂ˦˸˯ǃåā ßƓ˹ˮǃåā ˤ ˸˶˯ǃå
Ɇ˻ƺ˵˯ǃåā 

Design, Build, Finance and 
Operate 

DBFO 

 çïåíǗåā ˗˻˻˵˯ǃåā ˤ ˸˶˯ǃå
Ɇɂ˦˸˯ǃåā 

Design, Construct, Manage 
and Finance 

DCMF 

 Ɇ˻ƺ˵˯ǃå/üǚ˯ǆǙåā ˖ǒ˗˲˯ǃå
Ɇǀ˹ǃåā 

Modernize, Own/Operate and 
Transfer 

MOOT 

 üǚ˯ǆǙåā Ɇ˻ǋƋ˯ǃå çíƓƵã
Ɇ˻ƺ˵˯ǃåā 

Rehabilitate, Own and 
Operate 

ROO 

 çíƓƵãɆǀ˹ǃåā üǚ˯ǆǙåā Ɇ˻ǋƋ˯ǃå Rehabilitate, Own and 
Transfer 

ROT 

í˦ǀƵ  ÜɆ˻ƺ˵˯ǃåā ÜßƓ˹ˮǃå
 Ɇɂ˦˲˯ǃåā Ü˔ɂï˗˯ǃåā 

Build, Operate, Train and 
Transfer 

B.O.T.T 
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 :ăƑˮǁƑƙ ƕ ḥǂ˶ǁä ɄƾǆĀ Ʉ˹Ƹ˳˭ǁäĀ ÞƑ˷ˬǁä ýƑˠ˷ǁ ƕ ˶ǁƑƴǁä åîƑ˯˭ǁäB.O.T: 
 ƕɀ̠˴ ǁ˶ä ƕȿ̠˯ ǁ˭ä :ăǗĀà 

ƙƶ  ˙ùùùˮ˯ çƓùùù˹ƿ ßƓùùù˵ǈã ÷ā̇ùùù˵ǆ Ɇùùù˰ǆ Üè˦ùùùˮǃå þƓùùùsǈ ̞ǆ̠˳ ù˯ùùƪå Ǒùùù˯ǃå ýāĈ̠ùùùǃå ɆùùùƑåāá ˥ùùùǆ ̇ùùù˶ǆ
 çƓùù˹ǀǃ Ɨùù ˸ǃƓƶǃå ƗḪ̇ ùù˵ǃå) çƓùù˹ǀǃå ˙ùùƽ˲Ⱥ þƓùù ʿǄǃ Ɨùù ˸ǃƓƵ Ɨ˸ǋƓùù˴ǆ ƗḪ̇ ùùƬ ßƓùù˵ǈã ˤ˯ùùƼ  Ü˛ɂ˦ùù˴ǃå

 Ü(Ɨùùùɂ̇ ˲ ǃå ˛ɂ˦ùùù˴ǃå āùùùǌ˹ǆ ˙ùùù˶ǆ ǑùùùƼ þƓùùùˢ˹ǃå å˘ùùùǌƕ èƓƵā˙ùùù˵˸ǃå ˥ùùùǆ ˗ùùùǒ˗ƶǃå ɖùùù˻ˮˠƙ ˤùùùƙƓ 
˙ùùɂ̇ Ḫ ɏ˗˻ùùƪ ˗ùù˻ǃ˦ƙ Ɨùùˠ˲ǆ ˗˻˻ùù˵ƙ èƓƵā˙ùù˵ǆ  āùùˠ˲ǆ Ü˛ɂ˦ùù˴ǃå Ɲ ùùǄƤ Ɨ ā ï˦ùùƕ û̇ùùƬ Ɨùùɣ˲ǆ

˗˻ƶƪ]7[. 
:ƕɀ˘˹ǁƑ˶ǁä ƕȿ̠ ˯˭ǁä 

 Ǌùǃ˦˟ ĄƓƶɂ̇ƪ ɖɂ̇˟ þƓs˹ǃå å̆ǌǃ ĄƓǀ˟ Ɨɂ̊˻ǃƓ˸ǃå Ɨǆ˦ɜ˲ǃå ̞ǆƓƿá772  íǚˮùǃå ɊɁ̇ ùǒ ˙˯ǆ˦ùǄ˻Ḫ
 ƗḪ̇ ù˵Ǆǃ èƓǈƓ˸ưā èǚ˻ǌ˴ƙ ç˗Ƶ Ɨɂ̊ ˻ǃƓ˸ǃå Ɨǆ˦ɜ˲ǃå ˕ǆ˗ƿ ˗ǀǃā Üçï˦ƼƓƺ˹ƪ Ǐǃã ˗ǈǚǒƓƙ ˥ǆ

÷ā˙˵˸Ǆǃ ç˘ƽ˹˸ǃå].5[: 
 ƕȿ̠ ˯˭ǁäƕ ǁä̠ ˭ƨǓä: 

 ǏƵ˗ùƙ Ɠ ǃå̇ ˯ùƪå ǑùƼ Ɨù Ǆ˲˸ǃå ˗˻˻ù˵˯ǃå èƓḪ̇ Ƭ ˗ơá ˕˲˹ǆ ˗ǀǃ  ǑùƼ Ǒǈ˗˻ùƪ ßƓù˹˻ǆ çƓù˹ƿ ƗḪ̇ ùƬ
) Ɨù ǈƓȺƓȻ ˗˻˻ù˵ƙ ƗḪ̇ ùƬ ˥˻ùɁā Ɠùǌ˹˻ƕ Ɨǂå̇ Ƭ ïƓ˟ãKumagai Gumi & Transfiled ˗ùǀƵ (

÷ā˙ùùù˵ǆ ýāá ÿƓùùùùḪā Ü Ɨ ǃå̇ ˯ùùùƪǕå Ɨùùùǆ˦ɜ˲ǃå Ɇùùùˮƿ ˥ùùùǆ ðƓùùù ˯ǆå  (è˦ùùùƕ) ƴɂïƓùùùù˵ǆ ˙ùùùˮǂá ˗ùùùơáā
 ˤƙ óƓ˳ǃå ÷ƓˠǀǃåƓ ǃå̇ ˯ƪƋȺ Ǒǈ˗˻ƪ ßƓ˹˻ǆ çƓ˹ƿ ßƓ˵ǈã ú˗ǌƕ  ç̇ ˯ƽǃå ˣǄƙ ǑƼ Ǌǀ ˮˠƙ]9[. 

˯˭ǁäƕ ˷˹˴ǁä ƕȿ̠: 
 ɏ̊ḧǈ˦Ḫ Ɨƶ˟Ɠǀǆ èƓ˭˻ǋ ̞˲˹ǆ (Guangxi)  Ɨ˹ùƪ ǑùƼ Ɨ ˮƶù˵ǃå ˥˻ù˶ǃå Ɨɂï˦ǌ˸˱Ⱥ1996 
 Ǒùùù˴ǈ̇ ƽǃå ßƓùùɁ̇ ǌḧǃå þ˦˻ƙï˦ùù˴˹ǂ(EDF) Electricite de France   ƗùùùǆƓƶǃå ƗḪ̇ ùù˵ǃåā

  ßƓɁ̇ ǌḧǄǃALSTHOM GEC ǃ ðƓù ˯ǆå ˗ǀƵ ç˗ù˸18  Ɇ˸ù˵ƙā Ü˘ù˻ƽ˹˯ǃå ç̇ ù˯Ƽ Ɠùǌ˻Ƽ Ɠù˸Ⱥ Ɨ˹ùƪ
) ßƓɁ̇ ǌḪ Ɨˠ˲˸ǃ Ɇ˻ƺ˵˯ǃåā ˘˻ƽ˹˯ǃā Ɇɂ˦˸˯ǃå ðƓ ˯ǆǙå Ɨ ʾƓƽƙå2x360MVLabin 'B'(]9[. 
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:ƶǆˤḥǆˤǉ ƕȿ̠ ˯Ɨ 
 ˥ɂïƓùḪ ˛ƙƓùƙ çƓù˹ƿ ƗḪ̇ ùƬ èðƓùƼ(Tates Carin Company)  Ǒ˯Ḫ̇ ùƬ íƓù˲ƙå ïƓù˟ã ǑùƼ

(Gammon and Nishimatsu)  Ü˥ɂïƓùùùḪ ˛ƙƓùùùƙ çƓùùù˹ƿ ÷ā˙ùùù˵ǆ ˘ùùù˻ƽ˹ƙ ðƓùùù ˯ǆå ˗ùùùǀƶȺ
 ˥ɂïƓùùùùḪ ˛ƙƓùùùùƙ çƓùùùù˹ƿ ÷ā˙ùùùù˵˸ǃ ðƓùùùù ˯ǆǙå ç̇ ùùùù˯Ƽ è̇ ˸˯ùùùùƪåā30 Ɨ˹ùùùùƪ ˖ùùùù˻ơ Ý Ǒ˯Ḫ̇ ùùùùƬ ˕ƶùùùùưā

Gammon and Nishimatsu  çƓùù˹ƿ ÷ā˙ùù˵ǆ Ɨù ḧǄǆ Ɇùùǀǈā Ɇ˻ƺùù˵ƙā ßƓù˹ƕ Ɇùùˮƿ Ɠùùǌơ̇ ˯ǀǆ
 ˥˻ǃāƓùùǀ˸ǃå ç˦ùùƵí ǏùùǄƵ Ɨùùǆ˦ɜ˲ǃå ċèć̠ùùĉ˸ćƵ Ɨùùơ˦˯ƽǆ Ɨùù˶ƿƓ˹ǆ ë̇ùù˟ ýǚùùƤ ˥ùùǆā Ü˥ɂïƓùùḪ ̨ƙƓùùƙ

ǃåā Ǒ˯Ḫ̇ ùƬ íƓù˲ƙå ǊùȺ èðƓƼ Ǒ˯Gammon and Nishimatsu  Ǌù ǄƵā ÜïƓùḧ˯ƕǙå Ɨùǀɂ̇ ˠȺ
 Ǐǃã ˗ǀƶǃå ˘˻ƽ˹ƙ ç˗ǆ ˝ Ǆǀƙ ßƓ˹ƛá íƓ˲ƙǙå å˘ǋ ðƓƼ37  ˥ǆ ĄǙ̠ƕ Ąå̇ǌƬ54  Ąå̇ǌƬ]10[. 

 
4- ƕ ˷ˬǁä ƲɀîƑ˳Ǆ ƕǄƑƽǕ  éíˤ˶ǆà ê̠ ˭ƾǄ ƕ ˭˰˭ǁä ýƑˠ˷Ɠ  ɄƾǆĀ Ʉ˹Ƹ˳˭ǁäĀ ÞƑ˷ˬǁä

 ƕ ḥǂ˶ǁä (B.O.T) Ƒ ˬ˹ǁ Ǐƺ 
 Ɨƶƞå̇ ǆ ˗ƶȺ èå˘ƕ èƓ Ʈ˦ƙ ˥ǆ ˕ǆ˗ƿ Ɠǆā Ɠǌ˹Ƶ ˕˱˯ǈ Ɠǆā ƗǀȺƓ˴ǃå èƓƪåï˗Ǆǃ Ɨ˷ ʽ˯˴ǆ

 Ɨ˲ƑǙ þƓɜơá ǏǄƵ ÷ǚ˟Ǚå ˣǃ˘Ḫ ÜƗ ǃƓ˲ǃå Ɨƪåï˗ǃå èƓ Ʈ˦ƙā ƝƑƓ˯ǈ ǊȺ ˕ƞ̇ Ƥ Ɠǆā ÜÿƋ˵ǃå
 ïå̇ǀǃƓȺ (ĄƓǀȺƓƪ) ƗǆƓƶǃå Ɨˮƶ˵ǃå Ɨ˹˱Ǆǃå ˥Ƶ çïíƓ˶ǃå ÜƓˮ˻ǃ ǑƼ Ɠǌƕ ý˦ ƶ˸˸ǃå ƗɂïåíǗå í˦ǀƶǃå

) ˤƿï563 Ɨ˹˴ǃ (2007Ǒ˯ǃåā Ü í˦ǀƶǃå çïåíǗ Ǒƶɂ̇ ˵˯ǃå ïƓ˟Ǘå ˗ƶƙ]8[ ˤǋƓƪ ˣǃî ɆḪ .
 ïƓ˸Ƶã ýƓ˱ǆ ǑƼ ïå̇ ǀǃå ǑƶǈƓƮ ˥˻ƕ ÿƓ˴˲˯ƪǙåā ý˦ˮǀǃå ǏǀǄƙ ƓǌǄƶǃ ƗƹƓ Ʈ íå˗Ƶã ǑƼ
 Ɨǈå̊˻ǆ ßƓyá ˥ǆ Ʉƽ˳Ȼ ƗḧǄ˸ǃå Ɇǀǈā Ɇ˻ƺ˵ ǃ˯åā ßƓ˹ˮǃå æ˦Ǆƪá ɖ˻ˮ ƙɣ ÿá ĄƓƮ˦˶Ƥ Ɠˮ˻ǃ

ǆ Ǒǈ˗˯ǃ Ɨ˱ ˯ǈ þ˦˻ǃå ƗȻíƓ˶˯ƿå ƗǆðƋȺ ˙˸ƙ Ǒ˯ǃåā Ɨǃā˗ǃå .ǉïƓƶƪáā Ɋƽ˹ǃå êƓ˯ǈã èƓɂ˦˯˴ 
 Ɨ ḧǄ˸ǃå Ɇǀǈā Ɇ˻ƺ˵˯ǃåā ßƓ˹ˮǃå ÷ā˙˵˸ǃ Ǒǈ˦ǈƓǀǃåā Ǒ˹ƽǃå íå˗ƵǗå ƗƼ̇ ƶ˸ǃ Ɨơ̇ ˯ǀǆ ƗƹƓ Ʈ ǉ˘ǋ

)B.O.T.( 
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çʕ ǁˬä åʕǂƨƉȸ ̞ƽƑƴ˭ǁä îƑ˲Ǆ :ăǗĀà 
 æ˦ǄƪƋȺ ƴɂïƓ˵˸ǃå Ɠ˸ ƪ Ǚ ÜƗ ƪƓƪǕå Ɨ ˯˲˯ǃå Ɨ ˹ˮǃå ƴɂïƓ˵ǆ ƗǆƓƿǗ Ɨ ʿˠ˹˸ǃå ƗȻå˗ˮǃå Ɇ˰˸˯ƙ

 ßƓ˹ˮǃå ƗǆƓƿǗ æ˦ǄƪǕå å˘ǋ Ɨ˸Ƒǚǆā çïā˙ư Ɏ˗ǆ ˗ǒ˗˲ƙ ǑƼ Ɨ ḧǄ˸ǃå Ɇǀǈā Ɇ˻ƺ˵˯ǃåā
 Ɇ˻ƺ˵˯ǃåā ßƓ˹ˮǃå æ˦Ǆƪá ˗ǒ˗˲ƙā ǉïƓ ˯Ƥåā ÷ā˙˵˸ǃå ˗ǒ˗˲ƙ ǑǄɂā Ü˘˻ƽ˹˯ǃƓȺ Ǐǃāá ˥˻ƶǆ ÷ā˙˵ǆ
 ÷ā̇˵ ǃ˸å Ɏā̠ƞ Ɨƪåïí ƗǄơ̇ǆ Ǒǋā ÜƗ˸ǋǕå ƗȻƓƹ ǑƼ ƗǄơ̇ǆ ǊƑƓ˵ǈǗ ƗḧǄ˸ǃå Ɇǀǈā

˸ǃå ëƓ˱ǈ Ɇǆå˦Ƶ ˤǋá Ɇƶǃā Ýë̇ ˯ǀ˸ǃå ç˗ƿƓƶ˯˸ǃå ƗˠǄ˴ǃå þ˗ǀƙ ÿá ˦ǋ è˦ˮǃå æ˦ǄƪƋȺ ƴɂïƓ˵
 ïƓƛǓå ɏíƓƽƙ ˗˶ƿ ÜƗƪāï˗ǆā Ɨ˸ Ǆƪ Ɨǀɂ̇ ˠȺ Ɨ˲ưå˦ǃå Ǌ˟ā˙˵Ⱥ ÷ā˙˵˸ǃå ɄǄǆ íå˗ƵƎȺ
 å̆ǌǃ ƗǄ˻˶ ƽ˯ǃå èå˦ɣ ǃ˳å Ǐǃã û̇ˠ˯ǃå ʕƙ Ɠ˹ǋā .̠ƿƓƶ˯Ǆǃ ÷ƓƼ̠ǈǙå ˥Ƶ Ɨ˸ƞƓ˹ǃå ƗˮǄ˴ǃå

:íå˗ƵǗå 
1. Ƹ˳˭ǁäĀ ÞƑ˷ˬǁä åˤǂƨƉȸ Ǉ˖˹ƻ˷Ɨ ƲǄ˘˶ǁä öĀ˗˳˶ǁä ˕ǐ˕˰Ɨ:ƕ ḥǂ˶ǁä ɄƾǆĀ Ʉ˹ 

 ç̇˯ƽǃå ýǚƤ Ɨ˯˲˯ǃå Ɨ˹ǃˮå ƴɂïƓ˵ǆ èƓǆ̠Ƥ ǏǄƵ ̝Ǆɣǃå ̇ǒ̠ǀ˯ƕ ç˦ɣ ǃ˳å ǉ̆ǋ ĄçíƓƵ ɍ̠˯ˮƙ
 ˗ǒ˗˲ƙā ƴɂïƓ˵˸ǃå ǉ˘ǋ ˥ǆ ÷ā˙˵ǆ ɆḪ èƓǆ˗Ƥ ǑƼ Ɨƶƿ˦˯˸ǃå ˚˱ƶǃå Ɨ ˴ǈ ˗ǒ˗˲ƙ ˤƛ ÜƗǄˮǀ˸ǃå

ǃ˸å āá ƴɂïƓ˵˸ǃå ïƓ˯Ƥå āá ̠ǒ̠˲ƙ ˥ɜ˸Ȼ xǃ̆ǃ ĄƓǀƼāā ÜƓǌ˻ǃã ƗƞƓ˲Ǆǃ Ɨ˴ ǃ˹ƓȺ èƓɂ˦ǃāǕå ÷ā˙˵
 Ɨƪåïí Ɠǋ̠ƶȺ ʕ˯ ǃ˻ ÝƗ˹Ƽā ƗȻíƓ˶ ƿ˯åā Ɨ˸ǄƵ ̨ ƪáā èƓƪåïí ǏǄƵ ĄßƓ˹ƕ Ü̆˻ƽ˹˯ǃƓȺ ǏǃāǕå
.Ǌǃ Ɨ˸Ƒǚ˸ǃå ƗȻ˗ƿƓƶ˯ǃå Ɨƺ ˶ǃå ˗ǒ˗˲ƙā í˗˲˸ǃå ÷ā˙˵˸ǃå ƗǆƓƿǗ ƗơƓ˯˸ǃå Ɨ Ǆɂ˦˸˯ǃå èåïƓ ˳ǃå 

2. :öĀ̠˳ ǁ˶ä ɌĀ̞Ɯ ƕƨäîì 
ǚǃå Ɇɂ˦˸ ǃ˯å ïíƓ˶ǆ ǏǄƵ ÷ā̇˵ ǃ˸å ƗḪ̇Ƭ ý˦˶ ǃ˲ ɏïā̇ư ̇ǆá Ɏā̠˱ ǃå Ɨƪåïí ÿã ÜƗǆð

 ̠˶ ƿ Ü÷ā̇˵ ǃ˸å èƓǀƼ̠ƙ ˥Ƶ Ʉ˵ ḧǄǃ Ɏā̠˱ ǃå èƓƪåïí ˥ǆ ɖǀ˲˯ƙ Ɨư̇ǀ˸ǃå èƓ˴ƪ˓ ǃ˸å ÿǕ
 Ɨ˶ƿƓ˹˸ǃå ǑƼ ˥˻ḪïƓ˵˸ǃå þ̊ Ǆƙ ˥˻ǈå˦ƿ üƓ˹ǋ ÿá Ü˙Ḫ˘ǃƓȺ ˙ǒ˗˱ǃåā .Ɠǌ˷Ƽï āá Ɠǌǃ˦ˮƿ ÿǚƵã
 ɄƮāā ÷ā̇˵ Ǆ˸ǃ ɆǆƓƬ Ơ˴ǆ ˥˸˷ ǒ˯ Ü÷ā̇˵ ǃ˸å Ɏā̠ƞ Ɨƪåïí ˥Ƶ ̇ɂ̇ǀ˯ƕ ʕǌˮǄ˟ ûƓƼïƎȺ
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 Ɨ ˹ƽǃåā Ɨ ƪ˗˹ǌǃå Ǒơå˦˹Ǆǃ ÷ā˙˵˸Ǆǃ ǑǃƓǆ Ɇ˻Ǆ˲ƙ ˣǃî Ǐǃã úƓ˷Ȼ ÜƗǆ˗˳˯˴˸ǃå Ɠ ƞ˦ǃ˦˹ḧ˯ǃåā
.Ɇɂ˦˸˯ǃå Ɇɜ āˀ ÜɆ˻ƺ˵˯ǃåā ïƓ˸˰˯ƪǙå ˃ ǃƓḧƙ Ɇ˸˵Ȼ 

3. :˕ƽƑƴ˭ǂǁ ƕ ǁĀǓä ɔƏƑƙˤǁä ìä˕Ƴâ 
 Ǐǃã ɏí˓ƙ Ü˞ ʽ˯˴ǆ ˦˲ǈ ǏǄƵ èå˗˹˯˴ǆā ɖƑƓƛā íå˗Ƶã Ɨ Ḫ̇ ˸ǃå (è˦ˮǃå) Ɨƶ ˮ˟ ˔Ǆˠ˯ƙ

ǃå ˣǃî ǑƼ Ɠ˸Ⱥ Ü÷ā˙˵˸Ǆǃ Ɨ ˹ƽǃå ˔ǈå˦˱ǃå ƗƼƓḪ Ɨ ˠƺƙ ɖƑƓƛāā ˗ƿƓƶ˯Ǆǃ ǑǃāǕå Ɋˠ˳˸
 ˥˸˷˯ƙ Ɠ˸Ḫ ÜƓǋíå˗Ƶã ÿƋ˵Ⱥ èƓ˸ Ǆƶ˯ǃå ƗƼƓḪā èƓơå̇ ˯ƿǙå ˤȻ˗ǀƙ ˔Ǆ˟ā ÜǑǃāǕå ïƓ ˯ƤǙå
 āá è˦ˮǃå Ɨ ʾƓƽƙǙ Ɨ Ƒ˗ˮ˸ǃå Ɨƺ ˶ǃå Ɠǌ˻Ƽ Ɠ˸Ⱥ ÜƗ˴ Ƒ̇ ǃå èƓ ʾƓƽƙǙå ƗƼƓḪ ǏǄƵ èå˗˹˯˴˸ǃå

˥˻ƕ Ɨƿǚƶǃå ˤ ˢ˹ƙ ˤ˯ǒ ƓǌƪƓƪá ǏǄƵ Ǒ˯ǃå ˙˻ǒƓƶ˸ǃåā Ü÷ā˙˵˸ǃå ûƓƽƙå çí˦˴ǆ  Ɨǌ˱ǃå
 èåßå̇ ƞã çßƓƽḪ ˥˸˷Ȼ Ɠǆ ˦ǋā ÜƗ ʿƙ̇ ˸ǃå ÷ā˙˵˸ǃå ƗḪ̇ Ƭā Ü˝ Ƥ̇ ˯ǃå Ɨ˲ǈƓǆ Ɨ ǆ˦ɜ˲ǃå
 ÿ˦ḧƙ ÿáā ÜƗǃā̠ǃå ̇ ǒ˻Ɠƶ˸Ǆǃ ĄƓǀƼā ƗǃāǕå ɖƑƓƛ˦ǃå øƓ˶ƙ ÿá ̠ƕǚƼ ÝƓǌ˯˻ƼƓƽƬā ïƓ˯ƤǙå
 Ɨ ˸ǃƓƶǃå èƓḪ̇ ˵ǃå Ɨǀ˰ƕ Ǐ˷˲˯ǃ Ü÷ā˙˵˸ǃå ƗḪ̇ Ƭ ƠǃƓ˶ǆ ƓǋïƓ ˯Ƶå ǑƼ ˘ƤƋƙ çí˗˲ǆā Ɨǀ ʾí

.Ɨ˶˶˳˯˸ǃå 
4.  ê̠ ˝:˕ƽƑƴ˭ǂǁ öĀ˗˳˶ǁä 

 ˗ƿƓƶ˯Ǆǃ ÷ā˙˵˸ǃå ë̇ ˠǃ þ̊ Ǆǒ Ɠ˸Ⱥ ÷ā˙˵˸Ǆǃ Ǒǈ˦ǈƓǀǃåā Ǒ˹ƽǃå íå˗ƵǗå ˗ƶȺ Ɨ ǆ˦ɜ˲ǃå Ɨǌ˱ǃå þ˦ǀƙ
 Ɇ˰ǆ æƓ̋ ̠˹Ƶā ÜƗǃā̠ǃå ǑƼ è˦ ǃˮå ÿ˦ǈƓƿ Ɠǌ˻ǄƵ Ɠǌ˻Ǆ˸Ȼ Ǒ˯ǃå èåßå̇ƞǗå xǃî ǑƼ Ɨƶ˯ǆ
 úå̠ǋǕå ɖ˻ǀ˲ƙ Ǐǃã ƗǆƓƵ çï˦˶ Ⱥ Ǒ˷ ǀƙ Ǒ˯ǃå èåßå̇ƞǗå ǏǄƵ íƓ˸˯ƵǙå ʕ˯ǒ ÿ˦ǈƓǀǃå å̆ǋ

 å˦ǀǄǃ Ɨ ƪƓƪǕå ë̇ ˟ Ɇƞá ˥ǆā ÜƗ ǈǚƵā Ɨ˴ƼƓ˹ǆ ˥ǆ Ɨ ǆ˦˸ƶǃå í˦ǀƶǃå ßƓƪïǗ Ɨǆðǚǃå ˗Ƶ
 ƓǋïƓ ˯ƵƓȺ ƗɂïåíǗå í˦ǀƶǃå Ɨ˲ƑǙ Ǐǃã ÷˦ ƞ̇ ǃå ˥ɜ˸Ȼ ÜƓ ˮ˻ǃ Ɇ˰ǆ Ɨǃāí ǑƼ ˗ƿƓƶ˯Ǆǃ ÷ā˙˵˸ǃå
 ǑƼ ƗǆƓƶǃå ƗˠǄ˴ǃå ƴ ˯ƙā .ƗƽǄ˯˳˸ǃå çïåíǗå í˦ǀƵ þå̇ ƕã Ɨ ʽ Ḫ ÿƓ ƕ ǑƼ ǑƪƓƪǕå ƴɂ̇ ˵˯ǃå

ǄƵ ˝˹ƙ Ǒ˯ǃå Ɇˮ˴ǃå Ɠǋ˗ƿƓƶƙ Ɨ ˴ƼƓ˹˯ǃå ˔˻ǃƓƪǕå ˥˻ƕ ëāå̇ ˯ƙ Ǒ˯ǃåā Ɨ ˹˟˦ǃå ˥˻ǈå˦ǀǃå Ǌ
  .ƗǄɜƬ èåßå̇ƞƎȺ ̠˻ǀ˯ǃå ÿāí Ü̠ƿƓƶ˯Ǆǃ ̇ƬƓ˸ǃå ûƓƽƙǙå Ɇ˻ˮƪ ǏǄƵ íƓ˸˯ƵǙƓȺ āá ÜƗ˸s ˹˸ǃå 
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5. ˕ƽƑƴ˭ǁä Ʉ˹ˬ˲Ḩ öĀ˗˳˶ǁä ǍǂƳ ˙ƺƑ˷˭ǂǁ æʕ Ƴ˕ǁä: 
ƤǙ Ɨ ˴ƼƓ˹˯ǃå èåßå̇ ƞǗå ýƓ˸ƶ˯ƪå (è˦ˮǃå) ƴɂïƓ˵˸Ⱥ ƗƮƓ˳ǃå ˥˻ǈå˦ǀǃå ˔Ǆƹá ˔Ǆˠ˯ƙ ïƓ ˯

 ßƓ˵ǈã ÿƋ˵Ⱥ èåðƓ ˯ǆǙå Ơ˹˸ǃ Ɨ˸ˢ˹˸ǃå Ɨ ˮ˻Ǆǃå èƓƶɂ̇ ˵˯ǃå Ǐǃã ÷˦ ƞ̇ ǃƓɁā Ü÷ā˙˵˸ǃå ƗḪ̇ Ƭ
 ÿāí ÜƗ˴ƼƓ˹˸ǃå ïƓ˟ã ǑƼ ̇˸˰˯˴˸ǃå ïƓ˯Ƥå ̝Ǆɣ˯ƙ ĄƓ˷Ȼá Ɠǋ̠˱ ǈ ÜƴɂïƓ˵˸ǃå ˞ ƶȺ Ɇ˻ƺ˵ƙā
 Ɨ˲ƑǙ ǑƼ Ɠǌ˻ǄƵ ó˦˶˹˸ǃå ˔˻ǃƓƪǕå ÷Ɠ ƙƓȺ í˦ǀƶǃå ǉ˘ǋ þå̇ ƕƎȺ Ɨ ǆ˦ɜ˲ǃå Ɨǌ˱ǃå þ̊ Ǆƙ ÿá

ɂïåíǗå í˦ǀƶǃå êïƓƤ í̠˲ƙ ̠Ƶå˦ǀǃ ĄƓǀƼā ÷ā̇˵ ǃ˸å ƗḪ̇Ƭ ïƓ˯Ƥå ƗǈƓɜǆã Ǒ˹ƶȻ Ɠǆ ˦ǋā ÜƗ
.Ɨ˲Ƒǚǃå ǉ˘ǋ ûƓˠǈ 

 ˥˻Ǆǋ˓˸ǃå ˥ɂ̇˸˰˯˴ ǃ˸å þ̠ǀ˯˻ǃ Ü(ĄǙāá) Ɨ˶ƿƓ˹˸ǃå ˥Ƶ ÿǚƵǗå ǏǄƵ íƓ˸˯ƵǙå ĄƓǃƓƹ ʕɂ˯ā
 .èƓơå̇˯ƿǙå Ɇ˷ Ƽá ïƓ˯ƤǙ Ɠǌ˸ ǀ˻ƙ ʕ˯ǒ Ǒ˯ǃåā Ü(ĄƓǈƓƛ) ʕǌƙåßƓɣƶȺ 

 
ƨà ƲƮĀ ǍǂƳ úƑƻƗǗä :ăƑǆƑƙçˤˬǁä ˕ƾƴǁ ǏǆˤǆƑƽ ðƑ 

1.  :çˤˬǁä ìƑƾƴǆǗ ƕȹ˕˹Ǌ˶Ɨ ƕǂƟ̠ Ǆ ƕ ǆˤǆƑƾǁä çƑƮĀƑƻ˶ǁä Ɨ˵ƿƓ˹˸Ⱥ ôāƓƽ˯ǃå ƗǄơ̇ ǆ á˗ˮƙ
 ú̇ ˟ ɆḪ èƓƞƓ ˯ơå ß˦ ư ǑƼ ƗǈƓ ˶ǃåā Ɇ˻ƺ˵˯Ǆǃ ƗˠƤ ë̇ ˟ā ÷ā˙˵˸Ǆǃ Ǒ˹ƽǃå ˔ǈƓ˱ǃå
 ǏǄƵ ˙˶˯ǀƙ ÿá Ǒƺ ˹ǒ Ǒ˯ǃåā Ü˙ƤǓå ú̇ ˠǃå èƓ Ǆˠ˯˸ǃ ƗȺƓ˱˯ƪǙå ǏǄƵ Ǌƙï˗ƿ Ɏ˗ǆā

ǃå Ɇ˻ƮƓƽ˯ǃå ˗ǒ˗˲ƙ Ɠǌƶưā Ǒ˯ǃå Ɨǃ˦ǀƶ˸ǃå èƓ˟å̇ ˯ƬǙå Ɨ ˮǄƙā ÜƗǀƽ˶ǃå èå˗˹˯˴˸ǃ Ɨ ƑƓǌ˹
 Ǚ Ǒ˯ǃå ɉƓǀ˹ǃå ɄǄ˯˳ǆ ǏǄƵ ôāƓƽ˯ǃå ˤ˯ǒ Ɠ˸Ḫ ÜïƓ ˯ƤǙå Ǌ ǄƵ ƴƿā ɏ˘ǃå ô̇ ƶǃå þ˗ǀǆ

 .ǑƑƓǌ˹ǃå ˙ƶ˴ǃå Ɠǌ˻Ƽ Ɠ˸Ⱥ ÜƗ˶ƿƓ˹˸ǃå ɄǄǆ ǑƼ Ɠǌ˯ƹƓ Ʈ ˥ɜ˸Ȼ 
2.  :çˤˬǁä öĀ˗˳˶ǁ ǏǆˤǆƑƽ ðƑƨà öĀ˗˳˶ǁä ƕ ʼƑƻƗä÷ā˙˵˸ǃå Ɨ ʾƓƽƙå ˙ˮ˯ƶƙ  ƗǄ˻ƪ˦ǃå

 ƗḪ̇ ˵Ⱥ ç˗ƿƓƶ˯˸ǃå ƗˠǄ˴ǃå ɊɁ̇ ƙ Ǒ˯ǃå ç̇ ƬƓ ˸ǃå Ɨƿǚƶǃå ýƓ˱˸ǃå Ơ˯ƽƙ Ǒ˯ǃå Ɨ ǈ˦ǈƓǀǃå
 ƗʾƓƽƙå çí˦˴ǆ ÿ˦ḧƙ ÿá ɏïā̇˷ ǃå ˥ǆ å̆ǃ Ý÷ā̇˵ ǃ˸å ƗḪ̇˵Ⱥ ̠ƿƓƶ˯Ǆǃ ÷ā̇˵ ǃ˸å
 Ɨ ʾƓƽƙå ˥ǆ èåïƓ ˯ƵǙå ǉ˘ǋ Ɇƶ˱ƙ .˗ƿƓƶ˯Ǆǃ ÷ā˙˵˸ǃå ë̇ ˟ Ɇˮƿ ç̊ ǋƓƞ ÷ā˙˵˸ǃå

Ɠ ˹ƕ ɏǕ Ǒǈ˦ǈƓǀǃå ñƓƪǕå ÷ā˙˵˸ǃå ÷ā˙˵˸ǃå çïåíã ǑƼ ˤɜ˲˯ǃå ˙˶˹Ƶā Üɏ˗ƿƓƶƙ ÿ
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 ÿƎƼ ˣǃ˘ǃ ÜǊǃ Ɨ ǃƓ˸ƞǗå úå˗ǋǕå ɖ˻ǀ˲ƙā ǊƙßƓƽḪ ÿƓ˸˷ǃ ÜǊ ǄƵ ƗǄƮå˦˯˸ǃå ƗȺƓƿ̇ ǃåā
.ýƓ˱˸ǃå å˘ǋ ǑƼ ˥˻˶˶˳˯ǆ ßå̇ ˮƤ Ǐǃã êƓ˯˲Ȼ ˤ Ǆƪ Ɇɜ˵Ⱥ Ɠǌ˯ƹƓ Ʈ 

3.  :öĀ˗˳˶ǁä ƕ ʼƑƻƗä ˣƳ ɔˮˬ˷˶ǁä ǏƽƑƻƗǗä Ʉɚ Ǌǁä ƴ ʾ˦˯ǃå ˗ƶȺ ƗƮƓ˳ǃå ƗḪ̇ ˵ǃå Ǐǃ˦˯ƙ
ƽƙå ǏǄƵ ýƓƽƿǘǃ ĄǙ˦Ʈā Ɨǆðǚǃå ôā̇ǀǃåā ßƓ˷ƵǕå èƓ˸ǋƓ˴ǆ ƴ˸ ƙ˱ Ü÷ā̇˵ ǃ˸å ƗʾƓ

 ǊȺ ̊˻˸˯ƙ ɏ̆ǃå ̠ǒ̠˵ǃå ̠˻ǀƶ˯Ǆǃ Ąå̇sǈā Ü÷ā̇˵ ǃ˸å ̆˻ƽ˹ƙ ƗǄơ̇ǆ ǑƼ ý˦Ƥ̠ǃå ̠˶ ƿ ÝǑǃƓ˸ǃå
 ǑƼ  Ɋƙ̇ƙ çí̠ƶ˯ǆ ƗȻ̠ƿƓƶƙ èƓ˻ƙ̇ƙ ǑƼ ý˦Ƥ̠ǃå ɏïā̇˷ ǃå ˥ǆ ǊǈƎƼ Üè˦ ǃˮå í˦ǀƵ

 Ąå̆˻ƽ˹ƙ þ̇ˮĈƙā ÷ā̇˵ ǃ˸å ƗʾƓƽƙƓȺ Ɠǋ̇ǋ˦ƞ ˗ǀƵā ÜɆɂ˦˸˯ǃå ˗ǀƵ :ǑƼ Ɇ˰˸˯ƙā Üè˦ˮǃå ˗ǀƶǃ
.˥˻ǆƋ˯ǃå ˗ǀƵ ÜƗǆ˗˳ǃå ßå̇ Ƭ ˗ǀƵ Ü˗ɂï˦˯ǃå ˗ǀƵ ÜƗǈƓ ˶ǃåā Ɇ˻ƺ˵˯ǃå 
:æ̞ƽƑƴ˭˶ǁä ƕ˞ǂ˲ǁä çƑǄä̆˭ǁäĀ úʕƾƟ :ăƑˮǁƑƙ 

1.  :çˤˬǁä ƲɀîƑ˳Ǆ üƑ ʽ˭ƨǗ ˢƏǘ˶ǁä ǏǆˤǆƑƾǁä ëƑ˷˶ǁä ˗˹ƺˤ˭Ɠ ƕǁĀ˕ǁä çƑǄä̆ ˭ǁä þ̊ ˯Ǆƙ
ƴɂïƓ˵ǆ ëƓ˱ǈɀā ˙ɂ˦ˠƙ ǑƼ Ɨ ʺå̇ ǃå Ɨǃā˗ǃå  ˥ɂ̇ ˸˰˯˴˸ǃå Ɏ˗ǃ Ɨǀ˰ǃå ˚ɂ̊ ƶ˯ƕ è˦ˮǃå

 ƴưā ɖɂ̇˟ ˥Ƶ ÜʕƑǚǆ ɏïƓ˸˰ƪ˯å ìƓ˹ǆ ̇˻Ƽ˦ƙ ýǚƤ ˥ǆ Ǚã xǃî ǏƙƋ˯ǒ Ǚā Ü̝ǈƓƞǕå
.Ǌƙ˗ƑƓƵ Ɇ˻˶˲ƙ Ɇƽɜɂā ÜóƓ˳ǃå ïƓ˸˰˯ƪǙƓȺ Ơ˸˴Ȼ ˤɜ˲ǆ Ǒǈ˦ǈƓƿ ïƓ˟ã 

2.  :˕ƾƴǁä ˖˹ƻ˷Ɨ ǍǂƳ öĀ˗˳˶ǁä ƕḨ˗ƪ æ˕ƳƑ˲˶ȸ æ˕ƽƑƴ˭˶ǁä ƕ˞ǂ˲ǁä ýä̆ ˭ǁä ǏǄƵ ˔˱Ȼ
ƕ þ̊ ˯Ǆƙ ÿá Ɨǃā˗ǃå ̋ ǈ ̠ƞĈā Ɠǆ åîɀā ÜƗƑíƓǋ çðƓơ ǊƙðƓơā ƗḪ̇˵Ǆǃ ÷ā̇˵ ǃ˸å ƴƿ˦ǆ ʕǄ˴˯

 ƗḧǄ˸ǃå Ɇǀǈ Ɠǌ˻ǄƵ ̝ƞā Ü÷ā̇˵ ǃ˸å ƗḪ̇˵ǃ ôïǕå ƗḧǄǆ Ɇǀ˹ƕ Ɨǃā̠ǃå þ̊ǄĈǒ ̠ǀƶǃå ǑƼ
 ƗḧǄǆ Ɇǀ˹ƕ ÷ā̇˵ ǃ˸å ƗḪ̇Ƭ þ˦ǀƙ ÿá ǏǄƵ Üxǃ̆ǃ Ɨ˸s ˹˸ǃå ˥ ǈ˻å˦ǀǃåā ó˦˶ Ǆ˹ǃ ĄƓǀƼā

ô̇ ƺǃå ɖ˻ǀ˲ƙā ÷ā˙˵˸ǃå ßƓǌ˯ǈå ˗ƶȺ Ɨǃā˗Ǆǃ ôïǕå  .Ǌ˹ǆ 
3.  :öĀ˗˳˶ǁä ƕḨ˗˳ǁ ƕ ʺƑḥǁä ƕȹƑ˶˰ǁä ˗˹ƺˤ˭Ɠ ƕǁĀ˕ǁä ýä̆ ˭ǁä ïƓ˸˰˯ƪǙå èƓƶɂ̇ ˵ƙ èí˗ƶƙ

 ïƓ˸˰˯ƪǚǃ Ǒˮ˻Ǆǃå ÷̇ ˵˸ǃå ç̇ ˢǈ ˛ɜƶƙ Ǒ˯ǃåā ÜƓ ˮ˻ǃ ǑƼ èï˗Ʈ Ǒ˯ǃåĲ  ˝ƤǕƓȺ
 Ǌ˹ǆ Ǒˮ˹ƞǕå-  ̠ƶɂā .Ɠǌ˻Ƽ ïĈ̠ćƮ Ǒ˯ǃå ƗǄơ̇˸ǃå ˥Ƶ ̇ ƶˮȻ ƴȺƓ˟ Ɠǌ˹ǆ Ɇḧǃ ÿƓḪā
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] ʕƿï ÿ˦ǈƓǀǃå9 [ Ɨ˹˴ǃ2010ƿ Ɨ˭˻ƕ "Ɠ ˮ˻ǃ ǑƼ è˦ˮǃå þƓˢǈ ˘˻ƽ˹˯ǃ Ɨ ǈ˦ǈƓ  ˕ǃāƓơ Ǒ˯ǃåā
.ç˗ǒ˗˱ǃå ƗȻíƓ˶˯ƿǙå èå̇ ˻ƺ˯˸ǃå ƴǆ ɆǆƓƶ˯ǃå 

4.  :çˤˬǁä ˕ƾƳ ǍǂƳ ƕȸƑƽ˗ǁä Ǐƺ æ˕ƽƑƴ˭˶ǁä ƕ˞ǂ˲ǁä ɔƟ ƓǌƙíƓ ƪ ïƓ˟ã ǑƼ Ɨǃā˗ǃå ƴ˯˸˯ƙ
 ɆḪ ǑƼ ˣǃîā ÜƗ ˸ ǄƿǗå Ɠǋíā˗ơ ɆƤåí ç̊ ˱˹˸ǃå Ɨ ˮ˹ƞǕå èåïƓ˸˰˯ƪǙå ǏǄƵ ƗȺƓƿ̇ ǃå ƗˠǄ˴Ⱥ

å Ɨ Ǆ˸Ƶ Ɇơå̇ ǆ Ɨɂ˦˸˹˯ǃå ƓǌƼå˗ǋá ɖ˻ǀ˲˯ǃ èåïƓ˸˰˯ƪǙå Ǌ ƞ˦ƙ ˦ǋ ˣǃî ˥ǆ ú˗ǌǃåā ÜïƓ˸˰˯ƪǙ
.Ɨ ǆ˦˸ƶǃå Ɨ˲Ǆ˶˸ǃåā 

öĀ̠˳ ǁ˶ä ƕḨ̠ƪ úʕƾƟĀ çƑǄä̆˭ǁä :ăƑƴȸäî 
1. .ǊƑƓ˵ǈɀā ǊǄɂ˦˸ƙā ɖƼå̇ ˸ǃå ˤ ˸˶˯ƕ ÷ā˙˵˸ǃå ƗḪ̇ Ƭ èƓǆå̊ ˯ǃå  
2.  .˘˻ƽ˹˯ǃå í˗˸Ⱥ ÷ā˙˵˸ǃå ƗḪ̇ Ƭ þå̊ ˯ǃå 
3. .Ɠǌ˴ƽ˹ƕ ˘˻ƽ˹˯ǃƓȺ ÷ā˙˵˸ǃå ƗḪ̇ Ƭ þå̊ ˯ǃå Ɏ˗ǆ 
4. .ƗǈƓ ˶ǃåā Ɇ˻ƺ˵˯ǃƓȺ ÷ā˙˵˸ǃå ƗḪ̇ Ƭ þå̊ ˯ǃå 
5.  ý˦˶˲ǃå ǑƼ ÷ā˙˵˸ǃå ƗḪ̇ Ƭ ɖơç˗ƿƓƶ˯˸ǃå ƗˠǄ˴ǃå Ǐǃã ÷ā˙˵˸ǃå Ɨ ḧǄǆ Ɇǀ˹ƕ þå̊ ˯ǃǙå

ǑǃƓ˸ǃå ɆƕƓǀ˸ǃå ǏǄƵ 
 

çʕ ǁˬä ìʕƾƳ Ǐƺ çƑǄä̆˭ǁǗƑȸ üǘƢǕä Þä̆Ɯ :ăƑ˲ǄƑƢ. 
 Ɨǃå̠ƶǃå èåïƓ˯Ƶå Ǌ˷ ǀ˯ƙ ĄƓǈ˦ǈƓƿ ĄƓƞåā ̠ǀƶǃå ˥Ƶ Ɨ˭ƬƓ˹ǃå ǊƙƓǆå̊˯ǃǙå ̠ƿƓƶ˯˸ǃå ̆˻ƽ˹ƙ ̠ƶȻ
 Ü˗ǀƶǃå Ɠǌˮƙ̇ ǒ Ǒ˯ǃå èƓǆå̊ ˯ǃǙå ˥ǆ ɏƋȺ ˥˻Ƽ̇ ˠǃå ˗ơá ýǚƤã ÿƎƼ ˣǃ˘ǃ ÜƗ ˹ǃå ˥˴ơ á˗ˮǆā
 Ǌ˱˯ǒ ˗ƿ Ɠ˸Ḫ ÜƗȻ˗ǀƶǃå Ɨ ǃā˓˴˸ǃå çï˦Ʈ ǑƼ í̇ ǒ ˗ƿ ɏ˘ǃå ßå̊ ˱ǃå ƴ ʾ˦ƙ Ǌ ǄƵ ˔ƙ̇ ˯ǒ

 Ǐǃã úå̇ ˟Ǖå .ƗȻ˗ǀƶǃå ƗƿǚƶǄǃ ˗ơ ƴưā 
 çʕ ǁˬä ýƑɣǆ Ǐƺ ƕ˷ƴ˶ǁä ùä̠̋Ǔä :ăƑƨìƑƨB.O.T: 

 ç˗ùùùƶȺ ˞ƶ ùùùǃå Ɠǌùùù˷ƶȺ ƴùùùǆ Ɋ ƙ̇ ùùùƙ úå̇ ùùù˟Ǖå ǉ˘ùùùǋā çí˗ùùùƶ˯ǆ Ɨ ùùùƪƓƪá úå̇ ùùù˟á è˦ùùùˮǃå þƓùùùˢ˹ǃ
:Ɠǌ˹ǆ ƗǄ˶˯ǆ ƗȻ˗ƿƓƶƙ èƓƿǚƵ 



 

ϸϹЛЮϜ  19Volume  

 ϽϠнϧЪϜ 2019 October  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   моп 

 
 

Á  ƗḪ̇ ùùùùùƬā Ɠùùùùùǌƙåïåðā Ɏ˗ùùùùùơã āá Ɨùùùùùǆ˦ɜ˲ǃå ˥˻ùùùùùƕ Ɠùùùùùǌƶ ʾ˦ƙ ˤ˯ùùùùùǒ ÷ā˙ùùùùù˵˸ǃå ˘ùùùùù˻ƽ˹ƙ Ɨùùùùù ʾƓƽƙå
.÷ā˙˵˸ǃå 

Á  Ɨùùù ʾƓƽƙå ˥˻ùùùɁā Ɨùùùǌƞ ˥ùùùǆ ÷ā˙ùùù˵˸ǃå ƗḪ̇ ùùùƬ ˥˻ùùùƕ þ̇ ùùùˮƙā ÜƗùùù ǆ˦ɜơ èƓùùù˭˻ǋ Ǌùùùǆ ƗùùùƮƓƤ
.÷ā˙˵˸ǃƓȺ Ɨˠ ƙ̇ ˸ǃå Ɨ ǆ˦ɜ˲ǃå èƓ˭˻ǌǃå ˞ƶȺ 

Á  þ˦˻ƙï˦ùùù˴ǈ˦ḧǃå) èƓḪ̇ ùùù˵ǃå íƓùùù˲ƙå Ɨùùù ʾƓƽƙå(Consortium  ƗùùùƵ˦˸˱ǆ ˥˻ùùùƕ ˤ˯ùùùƙā Ü
.÷ā˙˵˸ǃå ƗḪ̇ Ƭ ˥ɂ˦ḧƙ ˙ˮƵ ÷ā˙˵˸ǃå ˘˻ƽ˹˯ǃ ç˗˲˯˸ǃå èƓḪ̇ ˵ǃå 

Á å ïíƓ˶ǆā ÷ā˙˵˸ǃå ƗḪ̇ Ƭ ˥˻ƕ ÜɆɂ˦˸˯ǃå ˗ǀƵ.ƗƮƓ˳ǃå Ɇɂ˦˸˯ǃ 
Á .èåĊ̠ƶ˸ǃåā èǙǓå íï˦ǆā ÷ā̇˵ ǃ˸å ƗḪ̇Ƭ ˥˻ƕ Ǌƶʾ ƙ˦ ʕ˯ɂā ÜèåĊ̠ƶ˸ǃå ̠ɂï˦ƙ ̠ǀƵ 
Á .èƓǈƓ˸˷ ǃåā ˥˻ǆƋ˯ǃå í˦ǀƵā ƗǈƓ˶ ǃåā Ɇ˻ƺ˵ǃ˯å Ɇ˰ǆ Ɏ̇Ƥá í˦ǀƵ 

 þƓˢǈ ǑƼ ü̇ ˯˵ɂāB.O.T :Ǒǋ Ɨ˴ Ƒï úå̇ ˟á ç˗Ƶ 
1. ƕƻ ˵˶ǁä ƕǄˤɚ˰ǁä : ˗˹Ƶ Ɨǆ˦ɜ˲ǃå ƓǌˮƶǄƙ ÿá ˔˱Ȼ Ǒ˯ǃå ïåāíǕå ˥ǆ  í˗Ƶ ˗ƞ˦ǒ

:Ɠǌ˸ǋá è˦ˮǃå æ˦ǄƪƋȺ ÷ā˙˵ǆ ßƓ˵ǈƎȺ ƓǌǆƓ ʾ 
Á  èƓƶɂ̇ ˵ƙ ˥˸˷˯ɂā ÜǊƿƓˠǈ ǑƼ ÷ā˙˵˸ǃå Ɇ˸ƶȻ ɏ˘ǃå Ǒǈ˦ǈƓǀǃå ïƓ˟Ǘå íå˗Ƶã

 ÜëƓɁïǕå èǚɂ˦˲ƙ Üç̇ ˱ǌǃåā Ɇ˸ƶǃå ˥˻ǈå˦ƿ ÜǑˮɂ̇ ˷ǃå ßƓƽƵǗƓȺ ƗǀǄƶ˯ǆ
.Ǒˮ˹ƞǕå ˙˸˰˯˴˸ǃå ƗȻƓ˸ơā ÜüïƓ˸˱ǃå 

Á  ā̇ùùùùù˵˸Ǆǃ ƗùùùùùƽǄ˯˳ ǃ˸å ̝ùùùùùǈå˦˱ǃå Ơùùùùùư˦ƙ Ɨùùùùùǈå̠˻ǆ Ɏā̠ùùùùùƞ Ɨùùùùùƪåïí íå̠ùùùùùƵã ë̇ ùùùùù˟ā Ü÷
 .ƗùǆƓƵ Ɨù˶ƿƓ˹ǆ ǑùƼ ÷ā˙ù˵˸ǃå ëƓù˱ǈ ÿƋùȺ çïƓùƬǗå ï˗ù˱ƙā èƓƵā˙ù˵˸ǃå  Ʉùƿ˦˯ǒ

ǏùǄƵ ˙ɂ˦ùˠƙ èƓùǆ˦ɜ˲ǃå ïƓù˟Ǘ Ǒǈ˦ǈƓùƿ ɆùǆƓḧ˯ǆ Ɨùƪåïí íå˗ùƵɀā  Ɏā̠ùƞ Ɨù Ƒ˗ˮǆ 
÷ā˙˵˸Ǆǃ þå̇ ƕɀā èƓ ʾƓƽƙå Ɨ˲ưåā ǊǈƋ˵Ⱥ. 

Á  èƓǆå̊˯ǃǙåā û˦ǀ˲ǃå ƗƼƓḪ Ơư˦ƙ ƴǆ ÷ā̇˵ ǃ˸å ƗḪ̇Ƭ ƴǆ ðƓ˯ǆå ƗʾƓƽƙå þå̇ƕã
 .ú̇ ˟ Ɇḧǃ 

Á .˗ǀƶǃå í˦˹ƕ ˘˻ƽ˹ƙ ˔ƿå̇ ǒ þƓƶǃå ÷Ɠˠǀǃå ˥Ƶ Ɇ˰˸ǆ ˥˻˻ƶƙ 
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Á  ˦ǋ Ɠ˸Ḫ ÜƓǌƙƓ˱˯˹ǆ ßå̇ ˵ǃ ÷ā˙˵˸ǃå ƗḪ̇ Ƭ ƴǆ Ɨ ʾƓƽƙå þå̇ ƕã ˙ǆǕå ˔Ǆˠ˯ǒ ˗ƿ
.Ąǚ˰ǆ ƗƿƓɣǃå ̠˻ǃ˦ƙ èƓɣ˲ ǆ ǑƼ ýƓ˲ǃå 

2. :öĀ˗˳˶ǁä ƕḨ˗ƪ ƗḪ̇ Ƭ þ˦ǀƙ ÷ā˙˵˸ǃå ôå̇ ˯ƿǙå èƓ Ǆ˸ƶȺ þå̇ ùƕɀā í˦ùǀƶǃå ƴùǆ úå̇ ù˟Ǖå 
Ɨ ˹ƶ˸ǃå Ɇ˰ǆ  þƓùƶǃå ÷Ɠùˠǀǃå èƓḪ̇ ùƬā èǙāƓùǀ˸ǃå ɏíï˦ùǆā ˙ùˮ˯ƶƙā .Ɨù ǃāǕå íå˦ù˸ǃå Ǒùǋ 
Ɨǃā˓˴˸ǃå ˥Ƶ íå˗ƪ Ɨǆ˗Ƥ ǒ˥Ċ̠ǃå þƓǆá úïƓ˶˸ǃå. 

3.  :ÞƑ˷ˬǁäĀ ƕ ƨ˕˷Ǌǁä üƑ˶ƳǓä üĀƑƾǄ˔ù˱Ȼ ǏùǄƵ ýāƓùǀǆ ÿá ßƓù˹ˮǃå ˗ù˸˯ƶȻ ǏùǄƵ èƓḪ̇ ùƬ 
ƴù˯˸˯ƙ Ɨùǀ˰ǃƓȺ çßƓùƽḧǃåā ç̇ ùˮ˳ǃåā Ɨù ǃƓƶǃå ç˦ ùǀǃåā Ɨù ǃƓ˸ǃå ɖˮùƪā ˘ù˻ƽ˹ƙ Ǌùǃ  .ƗùǄƛƓ˸ǆ ƴɂïƓù˵ǆ
˙ˮ˯ƶɂā ˗ǀƶǃå ˥˻ƕ ýāƓǀ˸ǃå ƗḪ̇ Ƭā ÷ā˙˵˸ǃå ˗ǀƵ ˤ ˸˶ƙ ßƓ˹Ɂā ˙ƶ˴Ⱥ ˕ƕƓƛ.   

4.  :çäĉ̞øƴ˶ǁä ĀìîʕǄɆù˷ƽȻ ǑùƼ èƓƵā˙ù˵˸ǃå ƗùǆƓǀ˸ǃå  æ˦ǄùƪƋȺB.O.T  íƓù˸˯ƵǙå ǏùǄƵ 
Ɠù ƞ˦ǃ˦˹ḧ˯ǃå ƗùɁ̇ ˱˸ǃå  Ąå̇ùsǈ ÿǕ èå˗ùƶ˸ǃå Ǒù˯ǃå ˗ù˸˯ƶƙ ǏùǄƵ Ɠù ƞ˦ǃ˦˹ḧƙ ÜƗùɁ̇ ˱ǆ ˙ù˻ƹ 
Ɇ˸˲ƙ  Ąåï̠ƿ ˥ǆ ç̇ ˟Ɠ˳˸ǃå Ɨ ˴˹ǃƓȺ Ɇḧǃ ˥ǆ Ɨǆ˦ɜ˲ǃå ˥˻ư̇ ǀ˸ǃåā. 

5.  :ƕǆƑ ˴ǁäĀ Ʉ˹Ƹ˳˭ǁä ƕḨ˗ƪ ĄƓǃƓƹ Ɠǆ ƴƿ˦ƙ ÷ā˙˵˸ǃå ƗḪ̇ Ƭ  Ąå̠ǀƵ ƴǆ ýāƓǀǆ ˥ǆ ˥˟Ɠù ǃå 
˥ǆ Ɇƞá Ɇ˻ƺ˵˯ǃå ƗǈƓ ˶ǃåā ɆƤ˗ùɂā .÷ā˙˵˸Ǆǃ Ɨǆðǚǃå å˘ùǋ ýāƓùǀ˸ǃå ǑùƼ ÷ā˙ù˵˸ǃå ǑùƼ 
ƗǄơ̇ ǆ ç̇ ɜ ǆ ˘˻ƽ˹˯ǃ èƓ Ʈ˦˯ǃå ýǚƤ ƗǄơ̇ ǆ ÿƓ˸˷ǃ ˤ ˸˶˯ǃå ÿá ç˗ơ˦ǃå ʕ˯ ǒ ƓǌǄ˻ƺù˵ƙ 
ǏǄƵƋȺ çßƓƽǂ .Ɨ˹ɜ˸ǆ 

6.  :Ʉøɀˤ˶˭ǁä çƑø˲ƨˑǄˤǋƓù˴ƙ ÷ā˙ù˵˸ǃå ƗḪ̇ ùƬ ˔˻ù˶˹ƕ ˙ù˻ˮǂ ˥ùǆ ÜɆùɂ˦˸˯ǃå Ɠù˸˹˻ƕ ǑƙƋùȻ 
ß̊ ˱ǃå Ǒǀ ˯˸ǃå ˥ǆ úïƓ˶˸ǃå èƓ˴ƪ˓˸ǃåā ƗɂïƓ˱˯ǃå Ɨ ǃƓ˸ǃå Ɨ ǃā˗ǃå ˥Ƶ ɖɂ̇ ˟ èƓ ʾƓƽƙå 
ôå̇ ƿǗå Ɨ ƑƓ˹˰ǃå. 

) ˤƿï ɆɜƬ ˥˻ˮɂā1 è˦ˮǃå ˗ǀƶǃ Ǒ˸ ˢ˹˯ǃå Ɇɜ ǌǃå (B.O.T: 
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) ɆɜƬ1 è˦ˮǃå ˗ǀƶǃ ɏ˗ƿƓƶ˯ǃå Ɇɜ ǌǃå :(B.O.T 

:çƑƜƑ˭˷˭ƨǗä 
1. .Ɠ ˮ˻ǃ ǑƼ è˦ˮǃå æ˦Ǆƪá ɖ˻ˮˠƙā æ˘˱ǃ Ɨ˸Ƒǚǆ Ɨ ưïá í˦ƞā 
2.  Ɨù˹ˮǃå ƴɂïƓ˵ǆ ßƓ˵ǈǗ ĄƓȺå̆ƞā ĄǙ˦ˮǀǆ ĄåïƓƤ ƗḧǄ˸ǃå Ɇǀǈā Ɇ˻ƺ˵ǃ˯åā ßƓ˹ˮǃå í˦ǀƵ ÿá

.ðƓƺǃåā ÜǉƓ ˸ǃåā ÜɆǀ˹ǃåā ÜƗƿƓˠǃåā ƗƵƓ˹˶ǃå Ɇ˰ǆ Ɨ ˯˲˯ǃå 
3. Ɠ˵˸ǃå ˙˰ǂá ÿáā ǉƓù˸ǃå ƗùǄ˲ƙā ƗƿƓɣǃå ̠˻ǃ˦ƙ ƴɂïƓ˵ǆ Ǒǋ ɖ˻ˮˠ˯ǃå ǑƼ Ąåï˦˷ ơ ƴɂï

.Ɇǀ˹ǃåā 
4. .Ɨ ˯˲˯ǃå Ɨ ˹ˮǃå ƴɂïƓ˵ǆ ˙ɂ˦ˠ˯ǃ Ɇ˰ǆǕå ɏíƓ˶˯ƿǙå Ɇ˲ǃå ˗ƶƙ è˦ˮǃå í˦ǀƵ ÿáā 
5.  Ɇùùùǀǈā Ɇ˻ƺùù˵˯ǃåā ßƓùù˹ˮǃå æ˦Ǆùùùƪá ɖùù˻ˮˠƙ èƓùù ǃàā èƓƶɂ̇ ùùù˵˯ǃå ǑùùƼ ƗùùƼ̇ ƶ˸ǃå ƗùùǄƿ ÿáā

 ˥ǆ ˗˲ƙ Ǒ˯ǃå Ɨ ˮǄ˴ǃå Ɇǆå˦ƶǃå ˤǋá ˗ƶƙ Ɨ ḧǄ˸ǃå.è˦ˮǃå í˦ǀƵ þå˗˳˯ƪå 
6.  Ɇùùùùǀǈā Ɇ˻ƺùùùù˵˯ǃåā ßƓùùùù˹ˮǃå í˦ùùùùǀƵ ɖùùùù˻ˮˠ˯ǃ ƗƹƓ ùùùùƮ ëå̇ ùùùù˯ƿå Ǐùùùùǃã Ɨùùùùƪåï˗ǃå ˕ùùùù˶ǄƤā

Ɠ ˮ˻ǃ ïƓ˸Ƶã çíƓƵã ǑƼ Ɨ ḧǄ˸ǃå. 
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:çƑ Ƭˤ˭ǁä 
1.  Ɨùùƶƞå̇ǆā Ɨùùʾå̇ǆ Ǐǃ˦ùù˯ǒ ƗȻíƓùù˶ƿ˯Ǚå ƗùùǆƓƶǃå ɖùùƼå̇˸ǃå ɆùùƤåí ǑƕƓùùƿï ɏïåíã ðƓùùǌƞ ßƓùù˵ǈã

ǈƓù˶ǃå Ɲǆå̇ùƕ Ɨùƶƞå̇ǆā Ɏā̠ù˱ǃå èƓùƪåïí íå̠ùƵɀā ̠ƿƓƶ˯ǃå èåßå̇ƞã Ǒù˯ǃå èƓƵā˙ù˵˸Ǆǃ Ɨ
  .Ơưåā Ǒ˸ ˢ˹ƙ Ɇɜ ˀ ïƓ˟ã ǑƼ ǊƙƓˠǄƪā Ɨ ǃā˓˴ǆ ˗ǒ˗˲ƙā è˦ˮǃå æ˦ƪƋȺ ˘ƽ˹ƙ 

2.  ǏùùùǄƵ ý˦ùùù˶ ǃ˲å û̇ùùù˟ Üʕùùù˻ǀ˯ǃå ïƓùùù́ǆ :Ɇùù˰ǆ è˦ùùùˮǃå ƴɂïƓùùù˵˸Ⱥ ƗùùùƮƓƤ ̇˻ǒƓùùùƶǆ ̠ùùǒ̠˲ƙ
 .è˦ˮǃå ƴɂïƓ˵ǆ ˘˻ƽ˹ƙ ǑƼ Ɨǆ˦ɜ˲ǃå ˤƵíā ïāíā ÜèåßƓˠƶǃå 

3.  Ɇù˰ǆ Ɨ˸ǃƓƶǃå èƓ˴ƪ˓ ǃ˸å ïāí ˥ǆ Ɏ˦˶ǀǃå çíƓƽ˯ƪǙå(UNIDO)  ˘ù˻ƽ˹ƙā ˤ ˸ù˶ƙ ǑùƼ
 ˔ɂï˗ùùùƙā ƗùùùƼ̇ ƶ˸ǃå ˗ùùùɂā˚ƙ ˣǃ˘ùùùḪ ÜǊùùùȺ Ɨùùùˠ ˲˸ǃå ƗȻíƓùùù˶˯ƿǙå ˔ùùùǈå˦˱ǃåā è˦ùùùˮǃå ƴɂïƓùùù˵ǆ

.˥˻˻ǈ˦ǈƓǀǃåā Ü˥˻˻ǃƓ˸ǃåā ˥˻ƪ˗˹ǌ˸ǃå ˥ǆ Ɨɂ̇ ˵ ǃå ˙ƮƓ˹ƶǃå 
4.  óƓùù˳ǃå ÷Ɠùùˠǀǃå Ɠùùǌ˻Ƽ üïƓùù˵Ȼ Ǒùù˯ǃå èƓƵā˙ùù˵˸ǃå ǑùùƼ ˙˟Ɠùù˳˸ǃå çïåíǗ ƝǆƓùùǈ̇ ƕ ƴùùưā

.Ǒˮ˹ƞǕå 
5.  Ɨùù ʽ ʿ˰˯ǃå èåïā˗ùùǃåā èåïāí Ɇùù˸ƶȺ þƓùù ʿǃå ƗùùǀǄƶ˯˸ǃå ˔ùùǈå˦˱ǃåā è˦ùùˮǃå þƓùùˢǈ þ˦ùùǌƽǆ ë̇ ùù˵ǃ

 .ǊȺ 
6.  ˥ùǆ Ɠùǌ˻ǃã ÷˦ ùƞ̇ ǃå Ɇǌù˴Ȼ ƴùƞå̇ ǆ ɖǄ˳ǃ ýƓ˱˸ǃå å˘ǋ ǑƼ ˃ ǃƋ˯ǃåā ƗȺƓ˯ḧǃå Ǒ˹ˮƙā ƴ ˱˵ƙ

.˥˻˸˯ǌ˸ǃåā óƓ˶ Ƥ˯Ǚå ɏāî Ɇˮƿ 
7.  ˥Ƶ ˞ɂ˦ƶ˯ǃå ˃ ǃƓḧƙ Ɨǃā˗ǃå Ɇ˸˲ƙ þ˗ƶȺ è˦ˮǃå í˦ǀƵ ǑƼ Ơưåā ˝ǈ í˦ƞā çïā˙ư

ǃå ýƓơ ǑƼ èåßƓˠƶǃå ɖƑƓƛā íå˗Ƶã ƗȺƓ˱˯ƪǙå.Ǌǆ˗Ƶ ˥ǆ ð˦ƽ 
8.  èƓ˟å̇ ˯ùƬǙå ƴùưāā ÜþƓùƶǃå ƠǃƓù˶ǃå èåïƓ ˯Ƶå çƓƵå̇ ǆ í˦ǀƶǃå ˥ǆ ÷˦ ˹ǃå å˘ǋ þå̇ ƕã ˔˱Ȼ

 ˔ùù˱Ȼ Ɠùù˸Ḫ .Ɇ˻ƺùù˵˯ǃåā ˘ùù˻ƽ˹˯ǃå ǏùùǄƵ úå̇ ùùƬǗå ˥ùùǆ çïåíǗå ˥ùùɜ˸ƙ Ǒùù˯ǃå ƗùùȻ˗ƿƓƶ˯ǃåā Ɨùù ˹ƽǃå
 ç˗ùùù˻ƞ ƗùùùǃƓơ ǑùùùƼ ɖùùùƼå̇ ˸ǃå ˤ Ǆùùù˴˯ƕ çïåíǘùùùǃ Ơ˸ùùù˴ƙ Ɨùùùǃ˦ǀƶǆ ýǚƺ˯ùùùƪå ç˗ùùùǆ ǏùùùǄƵ ûƓùùùƽƙǙå

.˙ɂ˦ˠ˯Ǆǃ ƗǄƕƓƿā 
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ƽ:ƲƜä̠ ˶ǁä ƕ˶ƏƑ 
]1[ ǑǄƵ í˦˸˲ǆā ÜƗǆ˦ɜơ ˥ƕ ˗˸ơá Ǐƽˠ˶ǆ ïƓ˸Ƶ )2012 Ü( ƕȹ˕ƽƑƴ˭ǁä çƑ˶ ˠ˷˭ǁä

 ÞƑ˷ˬǁä åˤǂƨƉȸ ƲɀîƑ˳˶ǁä ˖˹ƻ˷Ɨ ˤ˰ǆ ƕˮǐ˕˰ǁä çƑǊƜˤ˭ǁäĀ ˕˹˹˳˭ǁä ƲɀîƑ˳Ǆ Ǐƺ
 ƕ ḥǂ˶ǁä ɄƾǆĀ Ʉ˹Ƹ˳˭ǁäĀ(B.O.T) ˙˵˹ǃåā ƗƵƓ ˠǄǃ ßƓ˴ƽ ˴ƽǃå ïåí :˛Ǆƕå̇ ˟ Ü

 .ƴɂð˦˯ǃåā 
]2[ ) ˗˻ƶƪ ÿƓ˸˰Ƶ2006 Ü( çƑƳĀ̠˳ ǄĀ çƑƳĀ̠˳ ǁ˶ä ɌĀ̞Ɯ çƑƨäîìB.O.T  ˣ˹Ɠ

ɔ˹ˬ˞˭ǁäĀ ƕɀ˗ˠ˷ǁäƗ ʹǆƓ˱ǃå ïå˗ǃå :Ɨɂï˗˹ɜƪǗå Ü ˙˵˹Ǆǃ. 
]3[ ) Ǒǃǚ˱ǃå ɏðƓƹ ̠˸ ǆ˲1992 Ü( ÞƑ˷ˬǁä ìˤƾƳ ýä˕˱˭ƨǗ ɄǄƑḥ˭Ǆ ýƑˠǆ ÞƑ˷Ɠ ˤ˰ǆ

ƕ ǄƑ˷ǁä üĀ˕ǁä Ǐƺ ƕ ƨƑƨǓä ƕ ˷ˬǁä çƑƳĀ˗˳Ǆ ˕˹˹˳Ɨ Ǐƺ Ʉƾ˷ǁäĀ Ʉ˹Ƹ˳˭ǁäĀ Ɨơā˙˟á Ü
ǀǆ çï˦˵˹ǆ ˙˻ƹ ǉåï˦˯Ḫí ˥˻Ƶ ƗƶǆƓƞ ÜƗƪ˗˹ǌǃå Ɨ ǄḪ ÜƗ ƑƓ˵ǈǗå Ɨƪ˗˹ǌǃå ˤ˴Ƽ Ǐǃã Ɨǆ˗

.˛˸Ƭ 
]4[ Ɇ˶ ʼ ÿƓ ǄƵ ) èƓƽȻ˗˵ǃå ñƓ ǃå2010 Ü(Ʉɀˤ˶Ɨ çƑƳĀ˗˳Ǆ ƕǂ˯Ǆ Û"çˤˬǁä ƕƴǄƑƜ 

ɔ˳Ǆì ýˤǂƴǂǁ ƕȹìƑ˴˭ƽǗä ƕ ǆˤǆƑƾǁäĀ Ü ] ˗Ǆ˱˸ǃå26 Ü[ ] í˗ƶǃå1.Ɠɂï˦ƪ Ü[ 
[5] S. Mubin and A. Ghaffar (2008), BOT Contracts: 

Applicability in Pakistan for Infrastructure  Development, 

Pak. J. Eng. & Appl. Sci. Vol. 3. 

]6[ ) þǚƪ ˗˸ơá2004 Ü( ƕ ḥǂ˶ǁä Ʉɀˤ˰ƗĀ æîäìǕäĀ ÞƑ˳ǆǕä ˕ƾƳB.O.T  üƑ˯Ǆ Ǐƺ
ƕ ǁĀ˕ǁä çƑƽǘƴǁä.˙˵˹ǃåā ƗƵƓ ˠǄǃ Ɨ Ɂ̇ ƶǃå Ɨ˷ǌ˹ǃå çïåí :ç̇ ǋƓǀǃå Ü 

]7[ ) Ǒƪ̇ ǆ ɆǆƓḪ ˚˯ƶǆ2003 Ü(ƺ ˗˴Ǆ ÞƑȿ̠ ǊḨ ƕ˫˹ǉ ƕȿ̠ ˯Ɨ çäÞƑ˳ǆǕä ìˤƾƳ Ǐ
ǏǁĀ̞ǁä ɍîƑ˯˭ǁä sɚ˰ǂ˭ǁ Ǐ˶ ǂƽǗä ̆Ḩ̠˶ǁä :æ̠ǉƑƾǁä ÛɄɀʕ˰ ǁ˭äĀ Ʉ˹Ƹ˳ ǁ˭äĀ ˙˸ƙ˓ǆ Ü
) ç̇˯ƽǃå ǑƼ èƓƵðƓ˹˸ǃå ʕ˴˲ǃ Ɏ̇ƤǕå Ɨ˸Ǆ˴ǃå ɆƑƓƪ˦ǃåā Ǒǃā̠ǃå ʕɜ˲ǃ˯å8-12 (

.˙˶ǆ Üç̇ ǋƓǀǃå ƗƶǆƓƞ ÜɆɂ̇ ƕá 
]8[ Ƒ ˬ˹ǁ Ǐƺ ƕɀîäìǕä ìˤƾƴǁä ƕ˰ƏǗ Ɠƪ) ƗǆƓƶǃå Ɨ ˮƶ˵ǃå Ɨ˹˱Ǆǃå ˥Ƶ çïíƓ˶ǃå ïå̇ǀǃƓȺ (ĄƓǀȺ

) ˤƿï563 Ɨ˹˴ǃ (2007. 
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[9] S. Mubin and A. Ghaffar (2008), BOT Contracts: 

Applicability in Pakistan for Infrastructure  Development , 

Pak. J. Eng. & Appl. Sci. Vol. 3. 

[10] Ngee L., Tiong, R.L.K., and Alum (1997). Automated 

Approach to Negotiation of B.O.T Contracts, Journal of 

Computing in Civil Engineering 11(2). 
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 ƞ ˷˯ǁä  ǏǂƳ ƲƏƑǄ þƑɀ˗Ɯ ˗˹ƙƉƗ ƕƨäîìNASA4412  ƛǄƑǆ˗Ɠ ýä˕˱˭ƨƑȸ
ƕ ƓƑ˲˰ǁä ƲƏäˤ˶ǁä Ƒɚ ǄƑ˷ǐì 

1*ɍ˕˹ǂ˯ǁä ˕˶˰Ǆ ˣǐ˕ǁäÞǘƳ 2 Ǉ̠ ɀ˗ƽ ɍ˕Ǌ˶ǁä Ǐ˷˲Ɵ 

alaeddin.ejledi@tpc.com hosnigrera@yahoo.com 

3ɍ˕˷ƾƜ ýǘ˲ǁä ˕ˬƳ ˕ǁƑƢ 4˗ǉƑ˞ǁä åƑǉʕ ǁä˕ˬƳ ˕˶˰Ǆ 

g.m@tpc.ly mohamed.altaher@tpc.ly 

)4Ü3Ü1( êƓ˯ǈǗåā ˔ɂï˗˯Ǆǃ ǑǃƓƶǃå Ǒ˹ǀ˯ǃå ˚Ḫ̇ ˸ǃå. (2,1)˛Ǆƕå̇ ˟ Ɨ ƪ˗˹ǌǃå èƓ ˹ǀ˯Ǆǃ ǑǃƓƶǃå ˗ǌƶ˸ǃå 

 
˛˱ǂ˶ǁä 
    ëƓ˹ƞ ƴˠǀǆ ǏǄƵ ƴƑƓ˸ǃå  ÿƓɂ̇ ƞ ˙˻ƛƋƙ Ɨƪåïí Ɨƿï˦ǃå ǉ˘ǋ ǑƼ ˤƙNASA 4412 

 ƓɜǆƓ˹ǒí ƝǆƓǈ̇ƕ Ɨɣƪå˦ƕ ɏí̠ƶǃå Ɇ˻Ǆ˲˯ǃå ā ƗƕƓ˴˲ ǃå û̇ ǃɣå þå̠˳ ƪ˯ƓȺÜ ̠ƶǃå ǑƑƓ˹ƛ
  Ɨ ƕƓ˴˲ǃå ƴƑå˦˸ǃåCFD  ƴˠǀǆ  ǏǄƵ Ǒɜ ǆƓ˹ǒíā˙ǒǙå  ßåíǙå èǚǆƓƶ˸Ⱥ ˓ˮ˹˯Ǆǃ ˣǃîā

) ƗƽǄ˯˳ǆ þ˦˱ǋ ƓȻåāð ˗˹Ƶ  ëƓ˹˱ǃå0Ü3Ü6Ü9.(  ƴƼ̇ǃå Ɏ˦ƿ ǑƼ ƗǄ˰˯˸ ǃ˸å ƗɜǆƓ˹ǒ̠ǃå ɏ˦ǀǃå
 ƓȻåāð  ˙˻ƺ˯ƕ ç̇ ˻ƺ˯ǆ ˤ ʾ Ǒǋā ëƓ˹˱Ǆǃ Ǐɜ ǆƓ˹ǒíā˙ǒǙå ßåíǙå ɆǆƓƶǆ ˥Ƶ ˙ˮƶƙ ˔˲˴ǃåā
 ǑƼ û̇ƽǃå íåð þ˦˱ǌǃå Ɨɂāåð   èƓƞïí ïå̠ǀǆ íåð Ɠ˸ǄḪ Ǌǈå ƝƑƓ˯˹ǃå è̇ǌlå ̟ ơ˻ þ˦˱ǌǃå

ǒ  xǃ̆ƕ ā ǑǄƽ˴ǃåā ɏ˦Ǆƶǃå Ơ˹ ǃ˱å Ǒ˲ ƪɣ ǏǄƵ Ɋƺ˷ǃå ɆǆƓƶǆ ǉ˘ǋā ÜƴƼ̇ ǃå ɆǆƓƶǆ íå̊
  þå˗˳˯ƪƓȺ ˕ɂ̇ ƞå Ǒ˯ǃå èƓƪåïíā Ɨ Ǆ˸ƶ˸ǃå æïƓ˱˯ǃå ƝƑƓ˯ǈ ƴǆ ˗˻ƞ Ɇɜ˵Ⱥ ƗǀƼå˦˯ǆ ƝƑƓ˯˹ǃå

 êî˦˸ǈ ý˦ơ ç̇ Ƽå˦˯˸ǃå  ɏí˗ƶǃå Ɇ˻Ǆ˲˯ǃåNASA4412   û̇ ǃɣƓȺ ýǙ̠ƪ˯Ǚå ˥ɜ˸Ȼ ǊǄƵÜ
 ßåíǙå èǚǆƓƶǆ ˝ƑƓ˶Ƥ íƓ˱ȻǗ Ɨ ƕƓ˴˲ǃå ƴƑå˦˸ǃå Ɠɜ ǆƓ˹ǒí ƝǆƓǈ̇ ˮǃ Ɨ ƕƓ˴˲ǃå
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˹ǒíā˙ǒǙå ßå̇ ƞå ǑƼ ëƓɂ̇ ǃå ɖƽǈ ǏǄƵ íƓ˸˯ƵǙå ˥ǆ ɆǄǀƙ ÿå ˥ɜ˸˸ǃå ˥ǆ Ǒ˯ǃåā  Ǐɜ ǆƓ
.  ˕ƿ˦ǃåā ýƓ˸ǃå ˙Ƽ˦ƙ ƓǌǈƋƬ ˥ǆ Ǒ˯ǃåā èåïƓ ˯ƤǙå 

 :ƕ ƟƑ˭ƻ˶ǁä çƑ˶ǂḥǁä   ÜƗ ƕƓ˴˲ǃå ƴƑå˦˸ǃå Ɠɜ ǆƓ˹ǒíNASA 4412  Ü ƴƼ̇ ǃå ɆǆƓƶǆ Ü
. ˔˲˴ǃå ɆǆƓƶǆ 

ABSTRACT 

In this paper, the effect of fluid flow on the NASA 4412 2D wing 

section was studied, using numerical analysis by CFD software to 

predict aerodynamic performance coefficients on the wing section 

at different attack angles (0,3, 6,9). 

The dynamic forces represented by the lifting and drag forces 

express the airfoils aerodynamic performance coefficient, which 

are variable values by changing the attack angles. The results show 

that the higher the angle of attack, the greater the difference in the 

pressure coefficient on the upper and lower airfoil surfaces. With 

the results of laboratory experiments and numerical analysis 

available on the NASA4412 model, it can be inferred by the 

computational methods of the computational fluid dynamics 

program to find the characteristics of aerodynamic performance 

coefficients that can reduce the dependence on wind tunnel for 

testing. Rat and that will save money and time. 

Keywords: Computational fluid dynamics, NASA 4412, lift 

coefficient, drag coefficient. 

1. ƕǄ˕ƾ˶ǁä. 
  ƴƑå˦˸ǃå Ɠɜ ǈƓɜ ǆ ˝˶˳ƙ ñï˗ǒ  ƗƵ̇ ˴ǃå Ɇ˰ǆ ÜƴƑå˦˸ǃƓȺ ƗƮƓ˳ǃå Ɨ ƑƓɂ̊ ˻ƽǃå èƓ ˸ḧǃå

ÜɖƼ˗˯ǃå ý˗ƶǆā Ɨƞā˚Ǆǃå Üçïå̇ ˲ǃå Ɨƞïí Ü ƗƼƓ˰ḧǃå Ü Ɋƺ˷ǃå Ü ɏ˦ǀǃå Ǐǃå ƗƼƓưǗƓȺ
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 Ɠǆ ˤ˴ƞ ý˦ơ ƴƑƓ˸ǃå ɖƼ˗ƙ ˥ǆ Ɨ˱ƙƓ˹ǃå[1]  èƓƪåïíā éƓ˲ȺǙå è˗˸˯Ƶå ɖƕƓ˴ǃå ǑƼ  Ü
ƶ˸ǃå æïƓ˱˯ǃå ā Ɨ ưƓɂ̇ ǃå èǙíƓƶ˸ǃå ǏǄƵ  Ɨ Ƒå˦ǌǃå èƓ ɜ ǆƓ˹ǒ˗ǃå ɖƽǈ þå˗˳˯ƪƓȺ Ɨ Ǆ˸

 ëƓɂ̇ ǃå ƓǋðƓ˱ǈǗ èå˗ƶ˸ǃåā ˙˻˷˲˯ǃå ˥ǆ ˙˻˰ḧǃå êƓ˯˲ƙ Ǒ˯ǃåā[2]   ƓǀơǙ è̇ ǌˡ  ˖˻ơ
 ƴƑå˦˸ǃå Ɠɜ ǈƓɜ ˸Ⱥ ƗǄ˶˯˸ǃå ɆƑƓ˴˸Ǆǃ ý˦Ǆơ íƓ˱ȻǗ Ɨ˰ǒ˗ơ Ɨ ƕƓ˴ơ èƓǀ ˮˠƙ

 Ü Ɨ Ƒå˦ǌǃå èƓ ɜ ǆƓ˹ǒ˗ǃåā ɆƑƓ˴˸ǃå Ɇ˲ǃ èƓǆðïå˦˳ǃåā ƗȻí̠ƶǃå û̇ ǃɣå þ̠˳ ˯˴ƙ Ǒ˯ǃåā
å ÿƓɂ̇ ƪ ˥˸˷˯ƙ Ǒ˯ǃåƴƑå˦˸ǃ  ƴƑå˦˸ǃå èƓ ɜ ǆƓ˹ǒí ˣǃ˘ƕ Ǒ˹ƶ˸ǃå ˝˶˳˯ǃå Ǐ˸˴ɂā

Ɨ ƕƓ˴˲ǃå   )CFD)(Computational Fluid Dynamics ƓǋïƓ ˯Ƶå ˤƙā ( 
)CFD ǑƼ ̇˻˻ƺ˯ǃå Ɇ˻Ǆ˲˯ǃ ā çƓǂƓ˲˸ǃ Ɠǌƕ û˦ƛ˦˸ǃåā Ɨǀʾ̠ǃåā Ɨƶɂ̇˴ǃå û̇ ǃɣå ˥ǆ (

) èá˗ƕ ˖˻ơ . ƗƽǄ˯˳ǆ ýƓɜƬá èåî Ơˠƪá ǑǄƵ ƴƑå˦˸ǃå ɖƼ˗ƙCFD þƓƵ ɆƑåāá ǑƼ (
1970  Ǒǃāå ˗ƿā Ü ƴƑå˦˸ǃå Ɠɜ ǆƓ˹ǒí ɆǂƓ˵ǆ Ɇ˲ǃ Ɨƿǚ˸ƶǃå ˙ƙ˦˻ˮ˸ḧǃå ç̊ ǌƞá þå˗˳˯ƪƓȺ

 Ɨˮ˴˹ǃå ƗḪ̇˲ǃå ü˦Ǆƪ Ɨƪåï̠ƕ å̇ˮ˻Ḫ ƓǆƓ˸˯ǋå  ßå˦ǌǃå ƓɜǆƓ˹ǒí ýƓ˱ǆ ǑƼ ÿ˦ơ˰Ɠǃå
    þå˗˳˯ƪƓȺ  èƓ˹˻ƕ ï˦˯ǃå ˜ɂïā èå̇ ƑƓˠǃå Ɨ˲˹ƞå Ơˠƪå ǏǄƵ  ßå˦ǌǃå èƓ˭ɂ̊ ˱ǃ

Ɠ˹˱Ǆǃ Ǒư̇ ƶǃå ƴˠǀ˸ǃå Ơ ˹˱ǃå ˤƪƓȺ ú̇ ƶȻ ɏ˘ǃåā  ëairfoil   ˙˻ˮḪ ˗˲ǃ ýā˓˴ǆ  ˦ǌƼ
 ā ƴƼ̇ǃå Ɏ˦ǀȺ ɏ˦ǀǃå ǉ̆ǋ ú̇ƶƙāÜ ç̇ƑƓɣǃå ɖ˻Ǆ˲ƙ ǏǄƵ ɌƼƓ˲ƙ Ǒ˯ǃå ɏ˦ǀǃå êƓ˯ǈå ǏǄƵ
 ýƓ˱ǆ ǑƼ ÿ˦ơ˰Ɠǃå ɏ̠ƕå ̟ ơ˻Ü  ßå˦ǌǃå ÿƓɂ̇ƞ ƗƵ̇ƪ ǏǄƵ ̠˸ ƶ˯ƙ Ǒ˯ǃåā ̝˲˴ǃå ɏ˦ƿ

Ɠ˶˯ǃå ǏǄƵ ç˗Ƶ èåïƓ ˯Ƥå ßå̇ ƞƎȺ ˤǌǆƓ˸˯ǋå ßå˦ǌǃå Ɠɜ ǆƓ˹ǒí  ˣǃîā Ơ ˹˱Ǆǃ  ƗƽǄ˯˳˸ǃå ˤ ǆ
.ÿå̇ ˻ˠǃå ßƓ˹ƛåā ç̇ ƑƓˠǃå ÷ǚƿå ßƓ˹ƛå  ˔˲ƪ ç˦ƿ Ɇƿåā ƴƼï ç˦ ƿ Ɇ˷Ƽå ǏǄƵ ý˦˶˲Ǆǃ 

  ) Ɨ ˮɂ̇ ˱˯ǃå ç̇ ƑƓˠǄǃ ç̇ ɜ ˸ǃå èƓơƓ˱˹ǃå ˗ơá ÿƓḪāHimat NACA   Ǒǋā (
 ǑƼ ˕ɂ̇ ƞá Ǒ˯ǃå èåïƓ ˯ƤǙå ƝƑƓ˯ǈ è̇ ǌˡá ˖˻ơ çïāƓ˹˸ǃå Ɨ ǃƓƵ  èå̇ ƑƓˠǃå Ɠ ƞ˦ǃ˦˹ḧƙ

˶˯ǃ ëƓɂ̇ ǃå ɖƽǈ) ˤ ˸Himat) ̝˲˴ǃå Ɏ˦ǀǃ Ɨǃ˦ˮǀǆ ̇ƹ˻ ƝƑƓ˯ǈ (Drag Force  (
 ̠ƿ ÿ˦ḧƙ xǃ̆Ɂā . è˦ ǃ˶å ƗƵ̇ƪ ˥ǆ Ɨɂ̇ƿ èƓɂ˦˴˯ ǃ˸ ßå˦ǌǃå ƴƼí ƗƵ̇ƪ ý˦Ʈā ̠˹Ƶ
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) þå˗˳˯ƪƓȺ ïƓ ˯ƤǙåā ˤ ˸˶˯ǃå çíƓƵã  ˥ḧǃā. ƗɁ̇ ˱˯ǃå ˕Ǆ˵ƼCFD ƗƽǄḧƙ ˥ǆ ɆǄƿ ˗ƿ (
. ç̇ ˻ˮḪ Ɨ ˴˹ƕ ïƓ ˯ƤǙå çíƓƵã[3] 

ǃå ǏǄƵ Ơ ˹˱ǃå ˝ƑƓ˶Ƥ ˗˸˯ƶƙ ʕƙ Ǒ˯ǃåā ̝˲˴ǃåā ƴƼ̇ǃå Ɏ˦ǀǃ Ɨ˲ ư˦ ǃ˯å èƓɣɣ ˳˸
 ˖˻ơ  ƗƽǄ˯˳ǆ þ˦˱ǋ ƓȻåā˚ƕ Ơ ˹˱ǃå ǏǄƵ ƴƑƓǆ ÿƓɂ̇ ƞ Ɋ Ǆ˴ƙ ˥ǆ Ɠǌ˻ǄƵ ý˦˶˲ǃå
 ā ëƓɂ̇ ǃå ɖƽǈ þå˗˳˯ƪƓȺ Ɨ Ǆ˸ƶ˸ǃå æïƓ˱˯ǃå ˥ǆ Ɠǌ˻ǄƵ Ɇ˶˲˯˸ǃå ƝƑƓ˯˹ǃå ƗǈïƓǀǆ ˥ɜ˸Ȼ

 þå˗˳˯ƪƓȺ ɏí˗ƶǃå Ɇ˻Ǆ˲˯ǃåCFD ǆƓ˶ƙ ǏǄƵ èƓƪåï˗ǃå ˥ǆ ˗ǒ˗ƶǃå ˕ɂ̇ ƞå Ɠǆ˦˸Ƶ ˤ
 Ơ ˹˱ǃå  Ɨƪåïí ˗˹Ƶ āÜ ƗƽǄ˯˳ǆ Ɨ˲˹ƞå ƴ˟ƓǀǆNasa 0015  ƴƼ̇ǃå Ɏ˦ƿ  ÿå  è̠ƞā

 Ɠǋ˗˹Ƶ å˗ˮǒ Ǒ˯ǃå  Ɨƞ̇ ˲ǃå þ˦˱ǌǃå Ɨɂāåð ÿå Ɍơ˦ǃā þ˦˱ǌǃå Ɨɂāåð çíƓɂ̊ ƕ íåí̊ ƙ ˔˲˴ǃåā
  Ǒǋ Ơ ˹˱ǃå Ơˠƪ ˥Ƶ ýƓ˶ƽǈǙƓȺ ßå˦ǌǃå16  Ǌǃ ßåíå Ɇ˷Ƽå êî˦˸˹ǃå ˙ǌˡåā Ɨƞïí

 þ˦˱ǋ Ɨɂāåð ˗˹Ƶ8  èƓƞïí[4]ǈ è̇ ǌˡå . ˥ǆ ɆƛƓ˸˯ǆ êî˦˸˹ǃ  ɏí˗ƶǃå Ɇ˻Ǆ˲˯ǃå ƝƑƓ˯
 Ơ ˹˱ǃåNasa 4412 &Nasa4415  Ɨɂāåð çíåð Ɠ˸ǄḪ íåí̊ ǒ ƴƼ̇ ǃå ɆǆƓƶǆ ÿå

 þ˦˱ǌǃå Ɨɂāåð ˗ƶȺ ˝ƿƓ˹˯ǃå ǑƼ å˗Ɂā  þ˦˱ǌǃå15  Ɨƞïí[5]. 

 Ơ ˹ƞ   êî˦˸ǈ ǏǄƵ ƴƑƓ˸Ǆǃ æ̇ ˠ˷˸ǃå ɖƼ˗˯ǃå ˙˻ƛƋƙ ƗǈïƓǀ˸ȺNasa7420   ˖˻ơ
 ˦ ˱ǋ Ɨɂāåð ˗˹Ƶ ƴƑƓ˸ǃå ɖƼ˗ƙ  ÿå ˗ƞā þ40  Ǐǋā  ƗƵ̇ ˴ǃåā Ɋƺ˷Ǆǃ Ɨ ƪƓ˹ǆ Ɨƞïí

 Ɨɂāåð ̠˹Ƶ ƴƑƓ˸ǃå ƴƼ̠ƙ Ɠ˸˹ƕ˻  è˦ ǃ˶å ƗƵ̇ƪ ÿāí ƴƑƓ˸ǃå ɖƼ̠˯ǃ Ɨ˹ǆǙå íā̠˲ ǃå ˥ ư˸
 þ˦˱ǋ50  ˔˲˴ǃå ç˦ ƿ ˗ɂ̊ ƙ Ɨɂāå̊ ǃå ǉ˘ǋ ˗˹Ƶ Ǌǈå Ǚå  Ɠǆ ˗˲ǃ Ɠ˷Ȼå Ɨ ǃƓ˰ǆ ˙ˮ˯ƶƙ Ɨƞïí

 āåð Ɨɂāåð ɖǀ˲ƙ ˤǃ Ɠ˸˹˻ƕ ƴƼ˗ǃå ç˦ ƿ çíƓɂ̊ ǃ ü̇ ˲˸ǃå ƗƵ̇ ƪ çíƓɂð ˔ƞ˦ǒ Ɠ˸ǆ þ˦˱ǌǃå Ɨɂ
60  ̟ ơ˻ è˦ ǃ˶å ɏ˦˯˴ǆ ̞ ƙ˲ ƴƑƓ˸ǃå ɖƼ̠ƙ úā̇l  ǑƼ ƗɁ˦Ǆɣ˸ǃå ƝƑƓ˯˹ǃå Ɨƞïí

 ˙˻ƹ ƗǄơïā èƓȺå̇ ˠưå éā˗ơ ǑƼ ˗ƵƓ˴Ȼ Ɠ˸ǆ ëƓ˹˱ǃå ǏǄƵ Ɋƺư ɖ˟Ɠ˹ǆ ˕Ǆɜ˵ƙ
  Ɨ˲ɂ̇ ǆ[6] . 
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 Ơ ˹ƞ ǏǄƵ ɖƼ˗ƙ Ɨƪåï˗Ɂā0012  Ɨɂāåð çíƓɂ̊ ƕ ƓȻí̇ ˟ íåí̊ ǒ ƴƼ̇ ǃå ɆǆƓƶǆ ÿå ˗ƞā
 Ǐǃå þ˦˱ǌǃå Ɨɂāåð Ɇ˶ƙ Ǐ˯ơ þ˦˱ǌǃå16  Ǐǃå ƴƼ̇ ǃå ɆǆƓƶǆ Ɠǌ˻Ƽ Ɇ˶Ȼ Ǒ˯ǃåā Ɨƞïí

 Ɏ˦ƿ ˥ǆ Ɇ˻Ǆǀ˯ǃƓȺ Ơ˹ Ǆ˱ǃ ɏ˦Ǆƶǃå Ơɣ ǃ˴å ǏǄƵ ǏɜƙƓ˯ƪǙå Ɋƺ˷ǃå Ɠǋ̠ƶȺ å̠˯ˮǃ  ǉƓ˶ƿå
 ̝˲˴ǃå  Ɏ˦ƿ çíƓɂðā ƴƼ̇ǃå[7]  . 

 Ơ ˹ƞ ǏǄƵ ƴƑƓ˸ǃå ɖƼ˗ƙ ˝ƑƓ˶˳ǃ Ɨƪåïí ǑƼāNASA 4415  ð˗ǃ˦˹ɂï ˤƿï ˗˹Ƶ
54 x 10.2   ˥ǆ þ˦˱ǋ ƓȻåāð ǏǄƵ0  Ǐǃå10  Ɠ˱ɂï̠ƙ íåí̊ƙ ƴƼ̇ǃå Ɏ˦ƿ  èƓƞïí

 þ˦˱ǌǃå Ɨɂāåð Ǐǃå Ɇ˶ƙ Ǐ˯ơ10  ç˦ƿ ïƓ ǌǈåā ˗ǒå̊ ˯ǃƓȺ ˔˲˴ǃå ç˦ ƿ Ɠǋ˗˹Ƶ å˗ˮ˯ǃ èƓƞïí
  Ơ ˹˱ǃå Ơˠƪ ˥Ƶ ƴƑƓ˸ǃå ýƓ˶ƽǈǙ Ɨ˱ ˯ǈ Ɠ ˱ɂï˗ƙ ƴƼ̇ ǃå[8]  . 

Ɨ˵ƿƓ˹ǆ ˤ˯˻ƪ Ɨƿï˦ǃå ǉ˘ǋ ǑƼā ƙ  óå˦Ƥ ǏǄƵ þ˦˱ǌǃå Ɨɂāåð ˙˻ƛƋƙ óå˦Ƥ ƴƑƓ˸ǃå ɖƼ˗
 Ơ ˹ƞ ý˦ơNASA 4412  Ɠɜ ǆƓ˹ǒí ƝǆƓǈ̇ ƕ ýƓ˸ƶ˯ƪƓȺ ˔˲˴ǃåā ƴƼ̇ ǃå ɆǆƓƶǆ íƓ˱Ȼåā

Ɨ ƕƓ˴˲ǃå ƴƑå˦˸ǃå  ƗȻí̠ƶǃå û̇ ǃɣå þ̠˳ ˯˴ƙ Ǒ˯ǃå ƴƑå˦˸ǃå ƓɜǈƓɜǆ ÷ā̇Ƽ ɏ̠ơá Ǒǋā
 ˤ˯ǒ.çƓǂƓ˲˸ǃå ƝƑƓ˯ǈ Ɇ˻Ǆ˲ƙā ÜƴƑå˦˸ǃå ÿƓɂ̇ ƪ ˥˸˷˯ƙ Ǒ˯ǃå ɆƑƓ˴˸ǃå Ɇ˲ǃ èƓ˸ɂðïå˦˳ǃåā

 ßå̇ ƞǗ ˔˻ƪå˦˲ǃå þå˗˳˯ƪå ˙˻ƛƋ˯ǃåā ɆƵƓƽ˯ǃå çƓǂƓ˲˸ǃ Ɨǆðǚǃå èƓȺƓ˴˲ǃå ˥˻ǒǚǆ
.ƗȻíā˗˲ǃå ɉā˙˵ǃƓȺ ú̇ ƶƙ Ǒ˯ǃåā ƗƽǄ˯˳˸ǃå ƠˠƪǕåā ƴƑå˦˸ǃå ˥˻ƕ ýíƓ ˯˸ǃå 

ƴƼ̇ ǃå ɆǆƓƶǆ) LLift Coefficient  (C :-  ƴƼ̇ǃå Ɏ˦ƿ ǏǄƵ ̠˸ ƶ˯Ȼ ɏ̠ƶȺ Ǚ ɆǆƓƶǆ
 Ơ ˹˱ǃå ý˦ơ ƴƑƓ˸ǃå ɖƼ˗˯ǃ Ǐɜ ǆƓ˹ǒ˗ǃå Ɋƺ˷ǃå  ā ÜƠ ˹˱ǃå Ɨˠƪå˦ƕ ç˗ǃ˦˯˸ǃå ƗơƓ˴˸ǃåā 

 ὅ  
  

   Lift force (L) = ὅ    ” ὠ ὃ        )1] (3[ 

 ˔˲˴ǃå ɆǆƓƶǆ)DDrag Coefficient (C ƗȻ˗ƶȺ Ǚ Ɨ˸ ʾ Ǒǋā : 
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ὅ  
   

  , Drag Force (D) = ὅ    ” ὠ ὃ           

     (2) ]3[ 

 )þ˦˱ǌǃå ƗɂāåðŬ  ( Angle of attack  ā Ơ ˹˱ǃå ˙ƙā ɊƤ ˥˻ƕ Ɨ˭ƬƓ˹ǃå Ɨɂāå̊ ǃå Ǒǋā :
 ïƓ˸ǃå ßå˦ǌǃå ïƓ ƙ 

2 ɍì˕ƴǁä Ʉ˹ǂ˰˭ǁäĀ ƕɀ˗ˠ˷ǁä  . 
      Ơ ˹˱ǃå ˙˻˯ƤåNASA4412   Ǒɜɂ̇ǆǙå Ǒ˹˟ ǃ˦å ɏïƓ˵˯ƪǙå ̨ Ǆ˱˸ǃå ǉï˦˟  ɏ̆ǃåā

Ɨƿï˦ǃå ǉ˘ǋ ǑƼ ÿå̇ ˻ˠǄǃ ]9[   ƴƑå˦˸ǃå Ɠɜ ǆƓ˹ǒ˗ǃ  ɏí˗ƶǃå Ɇ˻Ǆ˲˯ǃå þå˗˳˯ƪǙ ÷˦ ư˦ǆ
 Ɨ ƕƓ˴˲ǃåCFD  Ü Ơ ˹˱ǃå ý˦ơ ƴƑƓ˸ǃå ÿƓɂ̇ ƞ Ɨƪåï˗ǃ  Ɠǀ ˟ èƓ ƛå˗ơǙå ˕ƞïíá

 Ơ ˹˱ǃå èƓƽƮå˦˸ǃnasa 4412  ƝǆƓǈ̇ ƕ þå˗˳˯ƪƓȺGambit 2.4.6   ǏǄƵ Ɇ˶˲˯˹ǃ
  ǑƼ Ɇ˰˸˯ƙ ˖˻ơ ˤ ˸˶˯ǃå12%  Ɨ ˴˹ƕ ˣ˸ƪ30%  ˗ơåā Ǌǃ˦˟ ɏ˘ǃå ˙ƙ˦ǃå ý˦˟ ˥ǆ

 ā  ˙˯ǆ4%  Ǐǃå ëƓ˹˱ǃå ñ˦ǀƙ ˥ǆ40% ) ɆɜƬ ˙ƙ˦ǃå ý˦˟ ˥ǆ1. ( 

 
) Ɇɜ˵ǃå1 Ơ ˹ƞ (NASA 4412  ƝǆƓǈ̇ ƕ þå˗˳˯ƪƓȺ èƓ ƛå˗ơǙå Ɨ˱ǃƓƶǆ ˗ƶȺGambit 

2.1  : ǏƓƑ˲˰ǁä üƑ˯˶ǁä 
 Ɠǋ̇ɣ ƿ Ʉ˶ ǈ  ç̇Ƒåí Ʉ˶ ǈ ˥ǆ ǑǆƓǆǙå Ʉ˶ ǃ˹å ˥ǆ ǑƕƓ˴˲ ǃå ýƓ˱˸ǃå ÿ˦ḧ˯ǒ12.5 c 

  ˖˻ơc Ɇ˻ˠ˯˴˸ǃå ˥ǆ ǑƽǄ˳ǃå Ʉ˶˹ǃå íƓƶȺåā Ơ ˹˱ǃå ˙ˠƿ ý˦˟x 12.5 c   c20   
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 ˥ǆ æ̇ ǀǃƓȺ Ơ ˹˱ǃå ƴǀɂāƗ ʸƓɁ̇ ǃå Ɨɜ ˵ǃå  ˕ǆ˗˳˯ƪåā ç̇ Ƒå˗ǃå Ʉ˶ǈ ˚Ḫ̇ ǆ) 
(quadrilaterals  ǑǃƓ˸ƞå í˗ƶȺ 12405  ā ç˗ǀƵ12150  ˕˻ǃāå Ɠ˸Ḫ  Ɨ ʸƓɁï Ɨ ǄƤ

 ˖˻ơ ƗȻ˗˲ǃå Ɨǀ ˠǃå Ɇ˻ƮƓƽƙ Ɨ ˠƺ˯ǃƗɜ ˵Ǆǃ ˙ˮǂå å̊ ˻Ḫ̇ ƙ Ơ ˹˱ǃå Ơˠƪ ˥ǆ Ɨ ɂ̇ ǀǃå Ɨǀˠ˹˸ǃå
ɜ˵ǃå ˥˻ˮǒ Ɠ˸Ḫ  Ü Ɨƿí ˙˰ǂå ƝƑƓ˯ǈ ǏǄƵ ý˦˶˲Ǆǃ Ɨƽ ˰Ḫ  Ɨɜ ˵ǃå ˕ǈƓǂ) Ɇ2 Ɨɜ Ƭ (á

) ā ǑƕƓ˴˲ǃå ýƓ˱˸ǃå2.ǑƕƓ˴˲ǃå ûƓˠ˹ǃå(æ 

  
) ɆɜƬ2ǑƕƓ˴˲ǃå ýƓ˱˸ǃå Ɨɜ Ƭ (á 

 

) ɆɜƬ2ǑƕƓ˴˲ǃå ûƓˠ˹ǃå (æ 
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2.2   ƕȹìĀ˕˰ǁä ɇĀ˗˳ǁä 
 ɏ̇Ƒåí Ʉ˶ ǃ˹å ǑǆƓǆǙå Ơɣ ǃ˴å ˥ǆ ǚḪ ̇ˮ˯Ƶåinlet   Ɇ˻ˠ˯˴˸ǃå ˥ǆ ǑƽǄ˳ǃå ƴǄ˷ǃå ā

ßå˦ǌǄǃ Ɠƞ̇ ˳ǆ outlet   ˔ǄƮ ïå˗ƞ ëƓ˹˱ǃå Ơˠƪ āwall  èǚǆƓƶǆ æƓ˴ơ ˤ˯˻ƪ ā
) ýā˗˱ǃå Ɨ ǃƓ˯ǃå Ɨɂ˦˱ǃå úā˙ˢǃå ˗˹Ƶ ˔˲˴ǃåā ƴƼ̇ ǃå1 èå̇ ˻ƺ˯ǆā óå˦Ƥ Ơư˦ǒ  (

.ƴƑƓ˸ǃå 

 üĀ˕˯ǁä)1ƞƮˤǐ ( ƲƏƑ˶ǁä çä̠ ˹Ƹ˭ǄĀ òäˤƢ 
101,325  Pa Pressure 

31.255  kg/m Density 
288.16  oK   Temperature 
1.4607e- 5  m2/s Kinematic viscosity v 

50 m/s velocity 
 

3.  ƕ˳ƽƑ˷˶ǁäĀ ƛƏƑ˭˷ǁä 
 Ơ ˹˱Ǆǃ  Ɋƺ˷ǃå ɆǆƓƶǆ ƴɂð˦ƙnasa4412  ) þ˦˱ǋ ƓȻåā˚ǃ0,90,60,300 ˥ɜ˸Ȼ (

) Ɇɜ˵ǃå ǑƼ Ǌ˯ˢơǚǆ3 þ˦˱ǌǃå Ɨɂāåð ˗˹Ƶ Ɍơǚǈ (íÜêÜæÜá00  ˥ɜ˸Ȼ Ɠǆ ǑǄƵå Ɋƺ˷ǃå
) ƴƑƓ˸ǃå í˦˸ƞ Ǌˠǀ˹ƕ ú̇ ƶƙ Ǌˠǀǈ ˗˹Ƶ Ơ ˹˱Ǆǃ Ɨ ǆƓǆǙå ƗƼƓ˲ǃå ˗˹Ƶstagnation 

point ƗƿƓɣǃå Ɠǌ˻Ƽ ý˦˲˯ƙ ̟ ơ˻ ̇ƽ˶ǃå ɏāƓ˴ƙ āå æ̇ ǀ˯ƙ ɖƼ̠ƙ ƗƵ̇ƪ Ɠǋ̠˹Ƶ Ǒ˯ǃåā (
 í˦˸˱ǃå Ɨˠǀǈ æ̇ ˯ǀƙ þ˦˱ǌǃå Ɨɂāå̊ ǃ Ɨ ƞ˦˸ǃå çíƓɂ̊ ǃå ƴǆā Ɠ ǄḪ Ɨ˹ǆƓḪ ƗƿƓ˟ Ǐǃå Ɨ Ḫ̇ ˲ǃå
  Ɠ˱ɂï̠ƙ Ơ˹ Ǆ˱ǃ ɏ˦Ǆƶǃå Ơɣ ǃ˴å ̠˹Ƶ Ɋƺ˷ǃå  ɆǆƓƶǆ ɆǀȻ āÜ Ơ˹ Ǆ˱ǃ ǑǄƽ˴ǃå Ơɣ ǃ˴å ˥ǆ

 ˟Ɏ˦Ǆƶǃå Ơɣ ǃ˴å ǏǄƵ ƗƵ̇˴ ǃå íåí̊ƙā Ơˠ˴Ǆǃ Ɋƺ˷ǃå æ̇ ˯ǀȻ ˖˻ơ . Ǒǃ˦ǈ̇ ƕ ƗǃíƓƶ˸ǃ Ɠǀ
 ˥ǆ Ɇǀ˯˹ǒ āå ü̇˲˯ǒ ʕ˴ ǃ˱å ÿƓƼ Ǒǃ˦ǈ̇ƕ Ɨɂ̇s ǃ˹ Ɠǀ˟ā ɏ˦ ǃ˱å Ɋƺ˷ǃå ˥ǆ ǑƽǄ˴ǃå 
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. ƴƼ̇ ǃå ɆǆƓƶǆ Ɠ˵˹ǒ ˣǃ˘Ɂā Ɋƺư ɆƿǙå Ɨǀˠ˹˸ǃå Ǒǃå Ɠˠƺư ˙˰ǂǙå Ɨǀˠ˹˸ǃå 

  
)ɆɜƬ3  þ˦˱ǌǃå Ɨɂāå̊ ǃ Ɋƺ˷ǃå ɆǆƓƶǆ ( á00 

 

 

  
) ɆɜƬ3 Ɋƺ˷ǃå ɆǆƓƶǆ ( æ þ˦˱ǌǃå Ɨɂāå̊ ǃ03 
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ɆɜƬ )3 ê  (ɆǆƓƶǆ Ɋƺ˷ǃå Ɨɂāå̊ ǃ þ˦˱ǌǃå 60 

 

  
Ɇɜ˵ǃå ǑǈƓ ˮǃå)3 í  (ɆǆƓƶǆ Ɋƺ˷ǃå Ɨɂāå̊ ǃ þ˦˱ǌǃå 90 

 

4. ƕ˶ƗƑ˱ǁä 
  Ɇ˲ǃ ɏí˗ƶǃå Ɇ˲ǃå þå˗˳˯ƪå ÿá Ɨƪåï˗ǃå ǉ˘ǋ ǑƼ Ɠǌ˻ǄƵ ý˦˶˲ǃå ˤƙ Ǒ˯ǃå ƝƑƓ˯˹ǃå è̇ ǌˡá
 ˦ǋ Ɨ˲˹ƞǙå ƴ˟Ɠǀ˸ǃ Ǒɜ ǆƓ˹ǒíā˙ǒǙå ßåíǕƓȺ ˓ˮ˹˯ǃå Ǒǃå ƗƼƓưǗƓȺ ɖƼ˗˯ǃå ɆǂƓ˵ǆ ˤǌƼā
 Ơ ˹˱Ǆǃ Ɠ˹ǆå˗˳˯ƪƓɁā . ƴƑå˦˸ǃå Ɠɜ ǆƓ˹ǒí èƓǀ ˮˠƙ ǑƼ Ǌ ǄƵ íƓ˸˯ƵǙå ˥ɜ˸ɂā Ơ ˲Ʈ Ɲǌǈ

Nasa 4412 ˯˴ǈ ÿå ˥ɜ˸Ȼ ǑǄƽ˴ǃå ß̊ ˱ǃå ǑƼ Ɍơ˦ǃ ˗ƿ ǑǃƓƶǃå Ɋƺ˷ǃå ɆǆƓƶǆ ÿå  Ɲ˯˹
 û̇ƽǃå ʕl Ɠƶ˯ɂā Ɇƿå Ɠɣƺư ̇ǌlå Ơ˹ ǃ˱å ˥ǆ ɏ˦Ǆƶǃå Ơɣ ǃ˴å ÿå ˥ơ˻ ǑƼ Ü Ơ˹ ǃ˱å ˥ǆ
 ƗƼƓ˲ǃå ǏǄƵ Ɋƺ˷ǃå ɆǆƓƶǆ ǑƼ û̇ƽǃå ÿƓḪð þ˦˱ǌǃå Ɨɂāåð èíåð Ɠ˸ǄḪ Ɋƺ˷ǃå ǑƼ
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å Ǐǃå ˙˻˵Ȼ Ɠ˸ǆ Ɨ ʽǄ˳ǃå ƗƼƓ˲ǃå ǑƼ Ǌ˹Ƶ ˙˻˰ɜȺ ˙ˮǂå Ơ ˹˱Ǆǃ Ɨ ǆƓǆǙå Ơ ˹˱ǃå ƴƼï ç˦ ƿ ÿ
 Ɨ ǆƓǆǙå ƗƼƓ˲ǃå ˥ǆ ǑƪƓƪå Ɇɜ˵Ⱥ ǑƙƋƙ 
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˛ǂ˱˭˲˶ǁä  
 Ɨƪåï˗ǃå ǉ˘ǋ ˕Ƽ˗ǋǏǃã çßƓƽḪ Ɏ˗ǆ ˤ ˻ǀƙ ˞ƶȺ  çíïƓ ǃå Ɨ ƑƓ˸ǃå Ɨ ƙƓ ˹ǃå èƓ˶Ǆ˳˯˴˸ǃå

 ˙˯Ƶ̊ ǃå èƓƙƓ ǈ ûåïāǕThymus capitatus ûåïāáā  ïƓ ʿǃå èƓ ǈCapparis 
spinosa L.   ˙˻˳ǃå˦ƕå Ʉ˹Ʈ Ơ˸ǀǃå ïā˘ˮǃ ƗǀƼå̇ ˸ǃå èƓɂ̇ ˠƽǃå ˞ƶȺ ˦˸ǈ ǏǄƵ
 èƓ ˹Ǆǃ Ɨư̇ ˸˸ǃåā ) ˥ɂ̊ ˻Ḫ̇ ˯ǃå ˗˹Ƶ5  Ü10 %  ïā˘ˮǃå ƗǄǆƓƶǆ ˗˻ˮ˸Ⱥ ƗǈïƓǀǆ  (  Raxil 

 ɏ̇˷˳ ǃåā ɏï̆˱ ǃå ÷˦˸˱˸Ǆǃ Ɨƞ˦ǃ˦Ƽï˦˸ǃå èƓƽ˶ǃå ˞ ƶȺ ǏǄƵ ̊Ḫ˻˯̇ǃå ̨ƽǈ ̠˹Ƶ ˖˻ơ
è̇ ǌˡá  ˞ ƶȺ ˥˻˴˲ ƙ ǑƼ ïƓʿǃå èƓǈ ǏǄƵ ̇ Ƶ˯̊ǃå èƓǈ ̋ Ǆ˳˯ ǆ˴ û˦ƽ˯ƕ ƝƑƓ˯˹ǃå

˯˴˸ǃƓȺ ƗǄǆƓƶ˸ǃå ïā˘ˮǃå èƓ ǈå Ɨ ˴ǈ çíƓɂð ˣǃ˘Ḫā Ü èƓƽ˶ǃå û˦ƽƙ ̟ ơ˻ ˥ ˻˶Ǆ˳
 ˝Ǆ˳˯˴ǆûåïāá  ) ˚˻Ḫ̇ ˯ǃå ˗˹Ƶ ïƓ ʿǃå10 %  ) èƓ ǈå Ɨ ˴˹ƕ (100 % Ü  (  Ɠ˸˹˻ƕ

 ) ˚˻Ḫ̇ ƙ ˗˹Ƶ Ɨƪåï˗ǃå ˕Ǆ˱ƪ5 %  ) Ɠǋï˗ƿ èƓ ǈå Ɨ ˴˹ƕ (97.7 %   (  ˝Ǆ˳˯˴ǆ Ǌ Ǆǒ
˙˯Ƶ̊ ǃå èƓ ǈ ˥ɂ̊ ˻Ḫ̇ ˯ǃå ˗˹Ƶ  ) Ɨ ˴˹Ɂā91.1 %  ƠḪ ǑƼ ɏ̇ ƽɣǃå ̠˻ˮ˸ǃå û˦ƽƙ Ɠ˸Ḫ (
èƓȺƓƮǗå Ɠɂðā Ɨɂ̇ ˠƽǃå Ɨ ˴ǈ çíèƓ ǈã  ̇ ˯ǃå ˗˹Ƶ ïā˘ˮǃåå ) ˚˻ǂ5  Ü10 % ˗ƶ˸Ⱥ ( èǙ
Ɠǋï˗ƿ  )91.1 Ü68.8 % ) ˗ǋƓ˵ǃå ƗǄǆƓƶ˸Ⱥ ƗǈïƓǀǆ (88.8 %  ý˦˟ çíƓɂðā Ü (

Radicle  ) ý˗ƶ˸Ⱥ9.8  ) ˗ǋƓ˵ǃå ƗǄǆƓƶ˸Ⱥ ƗǈïƓǀǆ ( ˤƪ7.5  ˙˻ƛƋƙ ƗƼ̇ ƶǆ ˗˹Ƶā Ü ( ˤƪ
èƓ˶Ǆ˳˯˴˸ǃå ç̇ ˮ˯˳˸ǃå  ˙ˠƼ ˦˸ǈ ǏǄƵCladosporium spp ˯ǃå ˗˹Ƶ ƗǄ˸ƶ˯˴˸ǃå ˚˻ǂå̇

mailto:farhatabouzkhar@gmail.com
mailto:farhatabouzkhar@gmail.com
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 ) ̊ Ḫ˻˯̇ǃå ̠˹Ƶ ̇ Ƶ˯̊ǃå èƓǈ ̋ Ǆ˳˯ ǆ˴ û˦ƽ˯ƕ ƝƑƓ˯˹ǃå ̞˹˻ƕ10 %  ˦˸ǈ Ɋ ˮ˰ƙ ǑƼ  (
 ) Ɨ ˴˹Ɂā ˙ˠƽǃå46 %  ) ˗ǋƓ˵ǃƓȺ ƗǈïƓǀǆ   (100 % . ( 

 çƑ˶ǂǀƕ ǂ˹ǁì : ôå̇ ǆá  Ü Ɨ ƙƓ ˹ǃå èƓ˶Ǆ˳˯˴˸ǃå Ü ïā˘ˮǃåCladosporium sp 

 ƕǄ˕ƾ˶ǁäIntroduction  
 Ơ˸ǀǃå ý˦˶˲ǆ ˗ƶȻTriticum aestivum L  Ɨ Ǆ˻˱˹ǃå ƗǄƑƓƶǄǃ ƴȺƓ˯ǃåā 

 fa graminaceae  ˥ǆˤǋá  ] ˤǃƓƶǃå ǑƼ æ˦ˮ˲ǃå Ɇ˻ƮƓ˲ǆ1  ƗǈƓɜ˸ǃå Ɇ˯˲ɂā .[ǏǃāǕå 
 ƗƵāï˚˸ǃå èƓơƓ˴˸ǃå ˖˻ơ ˥ǆ ˤǃƓƶǃå ǑƼêƓ˯ǈǗåā   èƓƶƿ˦˯ǃå ˙˻˵ƙāƗ ƑƓ˶ơǗå Ǐǃã ÿá 

êƓ˯ǈǗå  Ɇ˶Ȼ ú˦ƪ Ǒ˸ǃƓƶǃåǏǃã Ǒǃå˦ơ 700.80  þƓƵ ˥  ˟ÿ˦Ǆ˻ǆ2015 ]2[ ƴƞ̇ ƙā .
 èƓ˹˻ƙā˙ˮǃå ˥Ƶ ýƓ˷Ƽ èåï˗˻ǋ˦Ɂ̇ ḧǃå ǏǄƵ ƓǌƑå˦˯ơå Ǐǃã  Ơ˸ǀǃå æ˦ˮ˲ǃ Ɨ Ƒå˘ƺǃå Ɨ˸ ʿǃå

 þ˦˻˴ ˹ƺ˸ǃåā ï˦ƽ˴ƽǃåā þ˦˻˴ǃƓḧǃå Ɇ˰ǆ Ɨ Ƒå˘ƺǃå ˙ƮƓ˹ƶǃå ˞ƶɁā èƓ˹˻ƙ˦Ǆḧǃåā]3[ . ā Ɇƺ˵ɂ
 èƓ˭˻ˮǃå ǑƼ ˃ ḧ˯ǃå ǏǄƵ Ɨ ǃƓƶǃå Ǌƙï˗ǀǃ å̇ ˢǈ Ɇ˻ƮƓ˲˸Ǆǃ Ɨ ˴˹ǃƓȺ ƗƵāï˚ǆ ƗơƓ˴ǆ ˙ˮǂá

Ɨǃ˗˯ƶ˸ǃå Ü  ā ˥ǆ ˙˰ǂá ƗȻ˘ƺƙ êƓ˯ǈǗ Ɨ ǃāǕå çíƓ˸ǃå Ǌǈ˦Ḫ ǑƼ ý˦˶˲˸ǃå å˘ǋ Ɨ ˸ǋá ǏǄ˱˯ƙ
Ɨ˸˴ǈ ïƓ Ǆǆ  ýíƓƶȻ Ɠǆ āá35 % ˤǃƓƶǃå ÿƓɜƪ ˥ǆ  āÜ ƴǆ ê˦ ˯˹˸ǃå å˘ǋ Ɨ ˸ǋá íåí̊ ƙçíƓɂð 

 û̇  ˟˥Ƶ ̟ ǃ˲å ǏƵ̠ƪ˯å Ɠ˸ǆ ƗƑå̆ƺǃå ʕǌƙƓƞƓ˯ơå ǑǆƓ˹ƙ ā ʕǃƓƶǃå ǑƼ ÿƓɜ˴ǃå í̠Ƶ
 ƴƼ̇ ǃ ç˗ǒ˗ƞèƓ Ǆ˸Ƶ ƴƼïā Ǌ˯˻ƞƓ˯ǈã ˯ǈǗåêƓ āÜƵåïð ˚Ḫ̇ ˸˯ƙƠ˸ǀǃå Ɨ  ˙˲ ǃå ɖ˟Ɠ˹ǆ ǑƼ

 Ɋƪ˦˯˸ǃå ˞ ƕǕå ā Ǐǃã xǃî ƴƞ̇ǒ ā Üê˦ù˯˸˹ǃå å̆ùǌǃ íå̇˯˻ùƪå û˦ƪ ̇ ǂˮá Ɇ˰˸ƙ Ǒ˯ǃå
 ] Ɨ ˠƪ˦˯˸ǃå Ɨǀˠ˹˸ǃå æ˦ƶƬ ú̇ ˟ ˥ǆ Ơ˸ǀǄǃ ˙˻ˮḧǃå üǚǌ˯ƪǙå4 Ü5 ˙ˮ˯ƶƙ ˖˻ơ .[

ã ˙Ƥà Ǒǃã ÿƓɜǆ ˥ǆ Ɨ ư̇ ˸ǃå èƓ ˮ˴˸ǃå Ɇǀǈ ɆƑƓƪā ˤǋá ˥ǆ Ɠǌ˹ǆ Ɨƛ˦Ǆ˸ǃå æ˦ˮ˲ǃå ˤƙƉǆ åî
ǑƵåï̊ǃå ̇ ˱˲ǃå èƓƶɂ̇˵ƙā ˥ ǈ˻å˦ƿ çƓƵå̇ǆ ÿāí Ɠǋíå̇˯˻ƪå  èƓɂ̇ ˠƼ ð˙ƽƙ ˖˻ơ

Aspergillus flafus  ɏí˓ƙ Ǒ˯ǃåā èƓƙƓ ˹ǃå ýāƓ˹ƙ ˗˹Ƶā æ˦ˮ˲ǃå ǏǄƵ þ˦˸˴ǃå ˞ƶȺ
 Ɇ˰ǆ Ɨ ǈƓ˟̇ ˴ǃå ôå̇ ǆǕå Ɠǌ˹˻ƕ ˥ǆ ç̇ ˻ˠƤ ôå̇ ǆá ï˦ǌˡ Ǐǃã   Aflatoxin]7Ü8Ü24 .[

˗ƿā ˕ǃí èƓƪåï˗ǃå ïā˘ˮǃå ÿå ǏǄƵ åïíƓǈ Ɠǆ  ÿ˦ḧƙ ƗȺƓ˶ǆ èƓɂ̇ ˠƽȺ  ÿ̊ ǃ˳å Ǒǋā ǑƼ 
Ɇǀ˲ǃå ˣǃ˘ǃ ˤˢƶǆ èƓȺƓƮã ïā˘ˮǃå  ÿ˦ɜȻ ǉï˗˶ǆ  ÿðƓ˳˸ǃåāá ßƓ˹ƛá Üýāå˗˯ǃå ˗ǀƼ é˦Ǆ˯ƙ 
 ç̊ ǌƞáɆǀ˹ǃå ˗˹Ƶ Ƹɂ̇ ƽ˯ǃå ˥˲˵ǃåā íåí̊ ƙā  åîã ƗȺƓƮǗåƓǆ ˕ǈƓǂ  ˥ɂ̊ ˳˯ǃå úā˙ˡƗ˸Ƒǚǆ 
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˥ǆ çïå̇ ơ ƗɁ˦ ï˟ā Ǐ˯ơ ˦ǃ ˕ǈƓǂ Ɨƞïí é˦Ǆ˯ǃå Ɨˠ ˴Ⱥ èƓɂ̇ ˠƽȺ  ÿ̊ ǃ˳å ÿƓƼ Ɠǌǃ Ɨ ǄƕƓǀǃå 
Ɨƶɂ̇ ˴ǃå ǏǄƵ ˙ƛƓḧ˯ǃå åîã Ɠǆ è̇ Ƽ˦ƙ Ɠǌǃ úā˙ˢǃå ÜƗ˸Ƒǚ˸ǃå  ˙ƛ˓ƙā ǏǄƵ  Ɨ ƞƓ˯ǈã

 ɏí˓ƙ ˗ƿ Ǒ˯ǃå çï˦ˢ˹˸ǃå Ɇǆå˦ƶǃå ˥ǆ ˗ƶƙ Ǒ˯ǃåā Ơ˸ǀǃå Ɠǌ˹ǆā Ɠǋ˦˸ǈā ƗƽǄ˯˳˸ǃå Ɇ˻ƮƓ˲˸ǃå
 ̇ƛ˓ƙ çï˦s ǆ˹ ̇˻ƹ Ɏ̇Ƥá Ɇǆå˦Ƶ üƓ˹ǋ ˥ḧǃā ÜɆ˻ƮƓ˲˸ǃå êƓ˯ǈɀā ˦˸ǈ ï˦ǋ̠ƙ āá çíƓɂð Ǐǃã
 Ɠǋð˙ƽƙ Ǒ˯ǃå íå˦˸ǃå ˙˻ƛƋƙ Ɠǌ˹˻ƕ ˥ǆā ƓȺƓ˱Ȼã āá Ɠ Ǆƪ ßå˦ƪ Ɠǌ˯˻ƞƓ˯ǈɀā Ɠǋ˦˸ǈ ǑƼ Ɠ˷Ȼá

Ƽ èƓƙƓ ˹ǃå ̇ƬƓ˸ǃå ̇ƹ˻ āá ̇ƬƓ˸ǃå ̇ƛ˻Ƌ˯ǃå ç̇ǋƓl Ǐ˸ ƙ˴ā  Ɏ̇Ƥá èƓƙƓǈ ˦˸ǈ Ǒā   Ǒ˯ǃå
ǑƙƓ ˲ǃå íƓ˷˯ǃå ç̇ ǋƓˢȺ èƓƙƓ ˹ǃå Ɠǋð˙ƽƙ Allelopathy  ]9Ü10.[  èǚǆƓƶ˸ǃå ˔ƶǄƙā

 ̠ǒ̠˲ƙ ǑƼ Ɠ˸ǌǆ åïāí Ɠǌƶɂ̇˴ƙā èƓǈǙå Ɋ˵ ƙ˹ Ɨ̒Ⱥ Ɠǌ˯Ƶåïð Ɇˮƿ ïā̆ˮǃå ǏǄƵ ɏ̇ ƙ˱ Ǒ˯ǃå
] Ɨ ƙƓ ǈǙå Ɠǌ˶ƑƓ˶Ƥ39 Ü40[  . 

 ā ç̠ƑƓƼ èåî ƗƑƓ˸Ḫ èƓḪ̇ǆ ǏǄƵ Ɨˮ ǃɣåā Ɨɂ̇ˮǃå æƓ˵ƵǙå èƓƙƓǈ ˞ ƶȺ ɏ˦˯˲ƙƗ ˸ǋáā 
 Ɨǆ˦˸Ȼí ôå̇ƹǕ þ̠˳ ˯˴ƙ ÜèƓ˹ǃå ɆƤåí ˞ ȻǙå èƓǄ˸Ƶ ˥ǆ Ɨɂ˦ǈƓƛ Ɲƙå˦ǈ ÿ˦ḧƙ ç̇ˮ˻ǂ

 ƓǌƙƓ ơāá  Ɨ ơ èƓ˹ƑƓḪ ˗ư ÷ƓƼ˗ǃåā ƗȻƓ˸˲ǃå Ɏ̇Ƥá ˥ɜ˸Ȼ .ÿá  Ɠǌ˻ǄƵ ɖǄˠȻ Ɠǆ Ą Ǐ˸˴ƙ
 Ɨ ʹ ˮˠǃå Ɲùƙå˦˹ǃƓȺāá Ɨɂ˦ǈƓ˰ǃå āá  ƗǃƓƶƽǃå íå˦˸ǃå Ɠ ǃƓƹā Ɨ ư̇ ƶǃå(active ingredients  

   ˙˻ƿƓǀƶḪ (þƓƤ èƓ˶Ǆ˳˯˴ǆ Ɇɜ˵Ⱥ ) èƓ Ḫ̇ ˸ǃå ǉ˘ǋ ˕ǆ˗˳˯ƪå þ˗ǀǃå ˘˹ǆāǙã ÿá  Ɨ ʿ˹ƙ
Ǚ Ǒƞ˦ǃ˦ǒƓ ǃå ˙˻ƛƋ˯ǃå èåî ƗǃƓƶƽǃå íå˦˸ǃå ǉ˘ǋ ˥ǆ ˗ǒ˗ƶǃå ˝ ˳˵ƙā  ßƓ˸ǄƵ Ɇƺ˵Ȼ ýå̊ ǒ

çƓ ˲ǃå þ˦ǄƵā ßƓ ˸ ḧǃåā Ɨǃ˗˻˶ǃå Ü  èƓ ˹ǃå èƓ˶Ǆ˳˯˴ǆ ˙˻ƛƋƙ ˦˲ǈ þƓ˸˯ǋǙå ˔˶ǈå ˖˻ơ
 ˣǃ˘Ḫā .Ɨư̇ ˸˸ǃå Ɨɂ̇ ˠƽǃåā Ɨɂ̇ ˻˯ɜ ǃå èǙǚ˴ǃå ˥ǆ í˗Ƶ ǏǄƵ þƓ˳ǃåíƓ˱ȻǗ  āå Ɨǀɂ̇ ˟

 ˥˻ƕ û̇ ǃɣå ǉ̆ǋ ̇ǒƓƺ˯ƙ ̟ ơ˻ ƗǃƓƶƽǃå íå˦˸ǃå óǚ˳ ƪ˯Ǚ ̠˸ ƶ˯Ȼ í̠˲ǆ óǚ˳ ù˯ƪå þƓsǈ
Ɨ ƑƓǆ èƓ˶Ǆ˳˯˴ǆ]26[  . ā èƓƪåï˗ǃå ˥ǆ ˗ǒ˗ƶǃå èïƓƬåǏǃã  ˗ƞå˦ƙ985  ǑƼ Ɠ ƙƓ ǈ ƓƵ˦ǈ

 Ɠǌ˹ǆ Ɋƪ˦˯˸ǃå ˞ ƕǙå ˙˲ ǃå Ɨǀˠ˹ǆ406  Ɠ ˮ˟ ƓƵ˦ǈ Ü ˥ǆ ɆƑƓǌǃå ˤḧǃå å˘ǋ ˗ƞå˦ƙ ÿåā
 êƓ˯˲ƙ èƓƙƓ ˹ǃå ǉ˘ǋǏǃã  Ɠǌƙå̇˻ƛƋƙā ǑƑƓ˸ḧǃå Ɠǋå˦˲˯ ǆ ƗƼ̇ƶ˸ǃ ćǚˮǀ˯˴ǆ èƓƪåï̠ǃå ˥ǆ ̠ɂ̊˸ǃå

 Ɨ ˮˠǃåÜ ǃåā Ɨ ˮˠǃå èƓƙƓ ˹ǃƓȺ Ɨ ˹ƺǃå ɖ˟Ɠ˹˸ǃå ˥ǆ Ɠ ˮ˻ǃ ǑƼ Ɨƪ˦ƽǈ Ɇˮƞ Ɨǀˠ˹ǆ ˗ƶƙā Ɨɂ̇ ˠƶ
 Ɨɂ˦˻ơ èå˗˻ˮ˸Ḫ Ɠǌǆå˗˳˯ƪå ˥ɜ˸Ȼ Ǒ˯ǃåƗ˹ǆá  Ɨ˭˻ˮǃå ǏǄƵÿƓ˴ǈǗåā Ɨɂ̇ ˮǃå çƓ ˲ǃåā ]11 [

. ïƓ ʿǃå èƓ ǈ ˗ƶɂāCapparis spinosa L  ƴȺƓ˯ǃå  ç̇ ˸ƶ˸ǃå èå̇ ˻˱˵ǃå ˥ǆǏǃã  ƗǄƑƓƶǃå



 

ϸϹЛЮϜ  19Volume  

 ϽϠнϧЪϜ 2019 October  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   мрр 

 
 

 ƗɂïƓ ʿǃåCapparidaceae    ÿƓȺ ˗ǀ˯ƶɂāǊ˹˟˦ǆ  ˞ ƕǙå ˙˲ ǃå ô˦ơ ǑǄƮǙå
 ǑƼ ĄƓǃ̠˯ǆ ˦˸˹ǒ ̟ ơ˻ Ɋƪ˦˯˸ǃå íå˦ǆ ǏǄƵ ɏ˦˯˲ɂā Ɨ˸Ȼ̠ǀǃå ïå˦ƪǙåā ƗǄˮ˱ǃå ɖ˟ Ɠ˹˸ǃå

 ˣ ˯ɜ ǃåā ü̇ ƕƓḧǃå ˞˸ơā ˣ ƙ˦˯ɂ̇ ǃåā ˚˻ǈā˙˻˸ǃå ˤɂ̊ ǈåā ˥˻ƙā˙ǃå ˗˻ƪ˦ɜ Ǆƞ Ɠǌ˸ǋå Ɨ ǃ˦˹˻Ƽ
 çïƓ ˟ èƓ Ḫ̇ ǆā èƓɂ̇ ɜƪā ˥ɂï˗˻ǂƓ˯˴ǃå ˗ɂ˦Ǆƿā]12[ .  êǚƵ ǑƼ Ɠ ˮ˟ èƓ ˹ǃå þ˗˳˯˴ɂā

 ôå̇ ǆǕå ˞ƶȺϤϼлДϒ ЂϜϼϸЮϜ ϭϚϝϦж ϝлϠ аϝЦ сϦЮϜϣ  ]от  [ϢϸтϸІ ϣтЯКϝТ ϸмϮм сТ  ϸЎ

 ϞтЊϦ сϦЮϜ ϤϝтϼАУЮϜ дϝЂжшϜ ϸЯϮ Dermatophytes ϝтжтϦЮϜ ЬϪв capitis Tinea  Йжв Ϩтϲ

 ϣϠЂжϠ рϼАУЮϜ мвжЮϜ фпΦп % . 

  ˙˯Ƶ̊ ǃå èƓ ǈ ˙ˮ˯ƶȻ Ɠ˸ḪThymua capitatus(L)  ƗǄƑƓƶǄǃ ƴȺƓ˯ǃå Ɨ ˮ˵ƶǃå èƓƙƓ ˹ǃå ˥ǆ
 Ɨɂ˦ƽ˵ǃåLamiaceae ˟Ɠ˹˸ǃå ǑƼ ˦˸˹ǒ Ǒ˯ǃå íå˦˸ǃå ǏǄƵ Ǌ˻Ḫ̇ƙ ǑƼ ɏ˦˯˲Ȼ ā ƗǄˮ˱ǃå ɖ

] Ɨ ˹˻ǈƓƙā Ɨ ˱˯ǈåï íå˦ǆā ýā˙ḧƼïƓḪ çíƓǆā ý˦˸ ˰ǃå Ɠǌ˸ǋåā Ɨ ǃ˦˹˻ƽǃå13.[  èƓ ǈ ˤ˷ɂā
 ˥ùǆ ˙ù˰ǂá ˙˯Ƶ̊ ǃå350  Ɨùɂ̇ɣƶǃå ̋ ƑƓùùùù˶ ǃ˳å ÿā  ʕǃƓùƶǃå ßƓù˲ǈá ƗùƼƓḪ ǑùƼ ̇ù˵˹˯ƙ ƓùƵ˦ǈ
˛˹ù˱Ǆǃ Ɨù˻ˮˠǃåā Thymus  ˥ùǆ Ǌù˯Ǆƶƞ˙ǌƬá å ǑùƼ èƓùƙƓ ˹ǃåˤǃƓùƶǃ  ˕ɂ̊ ǃå þ˗˳˯ùù˴ɂā

 Ɨù˸ƶ˟ǖǃ Ɨùɂ̇ɣƵ èƓƼƓù˷ Ḫ˸ā Ǒˮù˵Ƶ ɏƓù˵Ḫ èƓ˹ǃå ïƓǋðáā ûåïāá èƓ˶Ǆ˳˯ ǆ˴ā ɏ̇ ƶɣǃå
 ˙ùǌˠǆā ˥ḧù˴ǆ Ǌùǈ˦ɜȺ ˙ù˯Ƶ̊ ǃå ðƓ˯˸Ȼ Ǒˮ˟ èƓ ˹Ḫā Ɇ˻˸˱˯ǃå íå˦ǆā Ɨ ǈǙ˗˻ù˶ǃå íå˦ù˸ǃåā

èåðƓùƺǄǃ íïƓù˟ā ï˗ùǆ ā ýƓƶù˴Ǆǃ Ʉùƽ˳ǆ ā ƴù˵ǀǆā 
 ] Ơưāáā27 ßå˗ƺǄǃ ƗˢƼƓơ Ɨ ʹ ˮ˟ çíƓ˸Ḫ ˙˯Ƶ̊ ǃå èƓ ǈ ˕ɂð ýƓ˸ƶ˯ƪå ˥ɜ˸Ȼ ǊǈƋȺ [

 . èƓɁā˙ɜ ˸Ǆǃ çíƓ˷ǆā 
 þå̠˳ ƪ˯å ̠˻Ƭ̇ƙā ÜƗɂ˦˷ ƶǃå èƓƵåï̊ǃå þå̠˳ ƪ˯å Ǐǃå Ąå̠ǋƓƞ þ˦˻ǃå Ǐƶ˴Ȼ ʕǃƓƶǃå  ÿá ʕƹ̇ǃƓɁā

 èå˗˻ˮ˸ǃåíƓ˱Ȼɀā  ûå˦ƪǙå ǑƼ Ɠɂ˦˹ƪ ë̇ ˠƙ ˕ǃåðǙ Ɨ ˸ǃƓƶǃå èƓḪ̇ ˵ǃå ÿå Ǚå Ɨɂ˦˻ơ ɆƑå˗ƕ
 ˥ǆ ƗǆāƓǀǆ èǙǚƪ ï˦ǌˡ  ˕ˮˮƪ Ǒ˯ǃåā Ü ïā˘ˮǃå ƗǄǆƓƶǆ  èå˗˻ˮǆ ˥ǆ ˗ǒ˗ƶǃå Ɨ ˸ǃƓƶǃå

 èå˗˻ˮ˸Ǆǃ Ɨư̇ ˸˸ǃå èƓ˹ƑƓḧǃå]14[ ǑƼ ƓĄǃƓơ ëƓ˱˹ƕ þ̠˳ ˯˴ƙ Ǒ˯ǃå Ɨ˲ƼƓɜ˸ǃå û̇  ˟˥ǆā.
 ƗǆāƓǀ˸ǃå û̇  ˟˥Ƶ ç̠Ƶåā ɆƑå̠ˮḪ Ɨù˻ƙƓ˹ǃå èƓ˶Ǆ˳˯˴˸ǃå Ɨư̇ ǃ˸å èƓˮ˴ ǃ˸å ƗǆāƓǀǆ

ǌ˹ǆ ˗ǒ˗ƶǃå ˕ˮƛå îå Ɨ ƑƓ ˸ ḧǃå Ɠǌǈ˦ḧǃā Ɠǋ̇ ˻ƹā Ɨɂ̇ ˠƽǃå èƓ ˮ˴˸ǃå ƗǆāƓǀǆ ǑƼ Ɠǌ˯˻ǄƵƓƼ Ɠ
 ˥˸˰ǃå Ɨ˶ ƤïƗ˹ǆàā  Ǐùǃå ƗƼƓưǗƓȺ èƓùƙƓ ˹ǃå ǏǄƵ Ɨ ˸ƪ èƓ ʿ ˯ǆ ɏá ü̇ ˯ƙ Ǚā þå˗˳˯ƪǙå

Ɨƶ ˮˠǃå ǑƼ ç̇ ˰ɜȺ Ɠǋ̇ Ƽ˦˯ǃ Ɠǌ˻ǄƵ ý˦˶˲ǃå Ɨǃ˦ǌƪ]15 [  Ǒ˯ǃå Ɨɂ̇ ˠƽǃå èå˗˻ˮ˸ǃå ˥ǆā .



 

ϸϹЛЮϜ  19Volume  

 ϽϠнϧЪϜ 2019 October  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   мрс 

 
 

ǃå ç̇ ˻ƤǕå èå̇ ˯ƽǃå ǑƼ ïå˘ˮǃå ˤ ʿƶƙ ǑƼ ˕ǆ˗˳˯ƪå āî ˦ǋ Ɠǆ Ɠǌ˹ǆ Ǒ˯ǃåā  Ɨɂ˦˷ƶǃå èƓ Ḫ̇ ˸
 èå̠ˮ˻ǆ Ɠǌ˹ǆā Üïå̆ˮǃå Ơɣƪ ǏǄƵ Ǐǀƙ Ǒ˴ǆǚƙ ɏ̇ƛƋƙǊɂðƓǌƞ  ïå˘ˮǃå  ƗȻƓ˸ơ ǏǄƵ Ɇ˸ƶƙ

  ǚǆƓḪ ô ƺ̇ǃƓȺ Ǒǀƙ Ǒḧǃ ƓĈǄƤåíā ĈƓ˲ ƪɣ Ɨǃ˦˸˲˸ǃå èƓɂ̇ɣƽǃå ˥ǆ]16[ ˗˻ˮǆ ˙ˮ˯ƶɂā.
Raxil ǃå ÿƓƽƵåā èåïíƓ ǃå Ɨ˲ƽǃ ôå̇ ǆå Ɨ˲ƼƓɜǆ ǑƼ Ɨǆ˗˳˯˴˸ǃå èå˗˻ˮ˸ǃå ˥ǆ ïā˘˱

] ßåí˦˴ǃå ƗȺ˗˹ǃåā17 ˗˻ˮ˸Ⱥ ˙˻ƶ˵ǃå ïā˘ƕ ƗǄǆƓƶǆ ÿå ˗ƞā ˕˻ơ .[Raxil Ɏíá  ˞ƽƤ Ǐǃå
èåïíƓ ǃå Ɨ˲ƽǃ ô̇ ǆ ]18[Ü  ɆƑå˗ƕ þå˗˳˯ƪå ˥Ƶ Ɠ ˮ˻ǃ ǑƼ Ɨ ˰˲ ǃå èƓƪåï˗ǃå ƗǄǀǃ å̇ ˢǈā

 ǉ˘ǋ ˕Ƽ˗ǌ˯ƪå ˗ǀƼ Ɨƪåï˗ǃå Ɨǀˠ˹ǆ ǑƼ Ɨɂ̇ ˠƶǃåā Ɨ ˮˠǃå èƓƙƓ ˹ǃå ˙Ƽ˦ƙā Ɨ ƑƓ ˸ ḧǃå èå˗˻ˮ˸Ǆǃ
ô̇ ƺǃ  Ɨƪåï˗ǃå  ˙˻ƛƋƙ Ɨƪåïí ā Ü ˙˻˳ǃå˦ƕå Ʉ˹Ʈ Ơ˸ǀǃå ïā˘ˮǃ ƗǀƼå̇ ˸ǃå èƓɂ̇ ˠƽǃå ý̊ Ƶ :

 ç̇ ˮ˯˳˸ǃå èƓɂ̇ ˠƽǃå ˞ƶȺ ˦˸ǈ ǏǄƵ Ɨ ƙƓ ˹ǃå èƓ˶Ǆ˳˯˴˸ǃå ˞ƶ ǃ Ɨ ˠ ˮ˰˯ǃå Ɨ ǃƓƶƽǃå
 èƓ ˹Ǆǃ Ɨư̇ ˸˸ǃåā ǑƼ æ˦ˮ˲ǃå êƓ˯ǈå ƴɂïƓ˵ǆ ǑƼ Ɨǆ˗˳˯˴˸ǃå èå˗˻ˮ˸ǃå ˗ơƋȺ Ɠǌ˯ǈïƓǀǆā

 Ɠ ˮ˻ǃ ˣǃ˘Ḫāƽ˶ǃå ˞ƶȺ ǏǄƵ Ɠ˸ǋ̇ ˻ƛƋƙ  ƗƼ̇ ƶǆ. Ơ˸ǀǃå ïā˘ˮǃ Ɨ ƞ˦ǃ˦Ƽï˦˸ǃå èƓ 

 ̝ ø˰øøøøøøøøǁä ú̠øøø̋Ā ìäʕ˶øøøøøøøøǁä Materials and Methods  
 ƕƨäî˕ǁä ƲƽˤǄ 

 ÿƓ˯ǈ̊ ǃå ƗƶǆƓƞ /  þ˦Ǆƶǃå Ɨ ǄḪ Ü èƓ ˹ǃå ˤ˴ƿ Ɇ˸ƶǆ ǑƼ Ɨ Ǆ˸ƶ˸ǃå Ɨƪåï˗ǃå ǉ˘ǋ ˕ɂ̇ ƞá, 
 þƓƵ ýǚƤ .Ɠ ˮ˻ǃ2016  . 

  îĀ˖ˬǁä î˕˴Ǆ 
 Ɠƽ˹Ʈ Ɨƪåï˗ǃå ǉ˘ǋ ǑƼ ˕ǆ˗˳˯ƪå ɏ̇ ǃɣå Ơ˸ǀǃå æ˦ ơˮ  ˥ǆ Ąå̠ơåā ˙˻˳ǃå˦ƕå Ʉ˹ƮAbou 

 lkheir  ôå̇ ƹǖǃ  þ˗˳˯˴˸ǃåā ˗˻ƞ Ɇɜ˵Ⱥ ƗɁ̇ ƙǙåā ˔Ƒå˦˵ǃå ˥ǆ çƓǀ˯˹˸ǃåā ˃ ˢ˹ǃå
 Ɨɣ ǆ˲ ˥ǆ çíïå˦ǃåā ÿ̇ƽȻ Ɨ˹ǒ̠˸Ⱥ Ɨyåï̊ǃå é˦ Ǆ˲ǃ ̞ ƽ˻Ʈ Ɨɣ ǆ˲ ǑƼ  Ɨ˰ ǃ˲å ƗƵåï̊ǃå

 ǑƵåï˚ǃå ˤƪ˦˸ǃå ýǚƤ Ɲ˯˹˸ǃåā Ɨ ʸåï˚ǃå é˦˲ Ǆǃ Ǌƙå̇ ˶ǆ2014 ]22[ . 
 îĀ˖ˬǂǁ ƕƾƺä̠ ˶ǁä çƑɀ˗˞ƻǁä ü˘Ƴ 

 ɏ̇ƞá ïƓ ˯Ƥå Ɨǆǚƪ  Ʉ˹Ʈ Ơ˸ǀǃå ïā˘ƕ˙˻˳ǃå˦ƕå   Ǒƛåï˦ǃå Ǌ ˴ǈā Ǌ ˻Ḫ̇ ƙPedigree 
 ˕ǆ˗˳˯ƪå èƓɂ̇ ˠƽǃå ý̊ ƶǃā Ɨ ɜ ǈƓɜ ˸ǃå ïå̇ ưǕå ˥ǆ Ɠǋ˦ǄƤ ˥ǆ ˗ǂƋ˯Ǆǃ Ɠǌ˶˲ƼƗǀɂ̇ ˠǃå 

ç˗˸˯ƶ˸ǃå ˥ǆ Ɇˮƿ Ɨ ʹ˸˱ǃå Ɨ ˸ǃƓƶǃå  ïā˘ˮǃå ˝˲ƽǃ 
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International Seed Testing Association ]19  Ü20 Ü21. [ 
  ƕ ˲ǆ åƑ˲ƟƕȸƑƬâ  îĀ˖ˬǁä çǘǄƑƴ˶ǁä ƕƺƑƮâ Ʉˬƽ 
   ˙˻ƹ èåïíƓ ǃåā Ɨ ʹ ˮˠǃå èåïíƓ ǃåā ( Ɨ ǆƓǈ ˙˻ƹ ) Ɨ˹ƽƶ˯˸ǃå ïā˘ˮǃå Ɨ ˴ǈ æƓ˴ơ ˤƙ

] Ɨǀɂ̇ ˠǃ ƓǀƼā  Ɨ ʹ ˮ˟25 Ü28[  Ɠ˸Ḫ  Ɨɂ̇ ˠƽǃå ñƓ˹ƞǕå íí̇ ˯ǃ Ɨɂ˦˭˸ǃå Ɨ ˴˹ǃå ˕ˮ˴ơā
: ǑǄǒ 

ì˕Ƴ  = ˙˷˯ǁä ìì˗Ɨ ƕ ˲ǆ   Ǐǂḥǁä çä̠ ˶ƴ˭˲˶ǁä ì˕Ƴ /  ˙˷˯ǁä çä̠ ˶ƴ˭˲Ǆ Â100 .  

 = çƑ ǆǖǁ ƕɀˤ˫˶ǁä ƕ ˲˷ǁä = çƑ ǆǖǁ ƕɀˤ˫˶ǁä ƕ ˲˷ǁä ˡǁ˖ḨĀ  
Ɨ˰ƕƓ˹ǃå ïā˘ˮǃå í˗Ƶ
ïā˘ˮǄǃ ǑǄḧǃå í˗ƶǃå

 

 ƕ ƗƑ ˷ǁä çƑ˴ǂ˱˭˲˶ǁä ˗˹˵˰ƗĀ çƑƗƑ ˷ǁä Ʋ˶Ɯ 
 ˕ƶ˸ƞûåïāá  ˥ǆ Ɨ ǃƓ˳ǃå èƓƙƓ ˹ǃåèƓȺƓƮǗå ˗ǆ ˥ǆ  Ɨɂ̇ ˵˲ǃåā Ɨ ư̇ ˸ǃå Ɠˮ˻Ǆƕ ÿ̇ƽȻ Ɨ˹ǒ

 ˙ˮ˸˯ˮƪ ˙ǌƬ ýǚƤ2016  ǑƼ ̞ƶưā ̟ ơ˻ èƓǈ Ɇḧǃ þå̇ƞ˦Ǆ˻Ḫ ÿð˦ƕ þñƓ ǂá   Ɨƽ ˢǈ
 ̞Ǆ˶Ƽ ʕƛ  ÜýƓ˸ƶ˯ƪǙå ˥˻˲ǃ ÿ˦ǄǒƓ˹ǃå ˥ǆßå̊ ƞǕå  ˕Ǆ˴ƹā ˞ƶ ǃå Ɠǌ˷ƶȺ ˥Ƶ Ɨ ƙƓ ˹ǃå

 èƓ˸ḧǃå ̞ƽƽƞ ʕƛ ˥ǆā Ɠǌ˻ǄƵ ƗǀǃƓƶǃå ïƓ̒ǃåā ƗɁ̇ƙǕå ˥ǆ ̋ Ǆ˳˯Ǆǃ ɏïƓ˱ǃå ßƓ˸ǃƓȺ å̠˻ƞ
 ˥˻˲ǃå ˥ ƕ˻ Ɠǌ˻Ḫ̇˲ ƙ ʕƙā Ü ɆǄ˷ǆ ÿƓɜǆ ǑƼ ̞ƶưāā ƠƬ̇ǃ˯å ûï˦ƕ ç̇˯ˮ˳˸ǃå˙ƤǕåā  

 ˕ǀ˲ƪ ˤƛ  Ɠ ƑƓǌǈ ƓǌƼƓƽƞ  ˥˻ơ Ǐǃåā Ɠǌ˹ƽƶƙ ƴ˹˸ǃßå̊ ƞǕå ˹˲ˠǆ Ɨˠƪå˦ƕ Ɨ ƙƓ ˹ǃå Ɨ
 ǑƼ èƓ˹˻ƶǃå ̞ƶưā ʕƛ èƓƙƓ˹Ǆǃ ʕƵƓǈ û˦˲˴ǆ ǏǄƵ ý˦˶ Ǆ˲ǃ ̨ ḧ˹˻ǃ˦ǆ ÷˦ǈ ƗƑƓɁ̇ǌǂ

ñƓ ǂá ] Ɨǀɂ̇ɣǃ ƓǀƼā ƓǌƮǚ˳ ƪ˯å ˥˻˲ǃ ̞ ƽsơā ÿ˦ǄǒƓǈ23 ˤƛ [˕Ǆƪïá  ˙ˮ˯˳˸ǃå Ǐǃå
 Ü ýā˗˱ǃå ) Ɨƪåï˗ǃå ô̇ ƺǃ1  ] ƴƞå̇ ˸Ǆǃ åíƓ˹˯ƪå èƓƙƓ ˹ǃå ˕Ƽ̇ Ƶā (29  Ü30 .[ 

 üĀ˕Ɯ1 ˷ǁä Þ̆ ˯ǁäĀ ƕƨĀî˕˶ǁä çƑƗƑ ˷ǁä  . òǘ˱˭ƨǘǁ ý˕˱˭˲˶ǁä ǏƗƑ 
 ˢƨǗä
Ǐǂ˰˶ǁä 

 

 ɍ̆ǂ˹ḥǆǗä sƨǗä 
 

Ǐ˶ǂƴǁä ˢƨǗä 
 

 ƕǂ˹˴ƻǁäFamily  ý˕˱˭˲˶ǁä Þ̆ ˯ǁä
 Ʋ˶˯ǁä ơɀîƑƗĀ 

Part Use 

˗˭Ƴ̆ ǁä Thyme Thymus capitatus Lamiaceae úäîĀǓä  îƑǉïǓäĀ 

îƑ ʽǁä Caper 
bush 

Capparis spinosa L. Cappraceae   úäîĀǗä 
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 ˓ƽĀ˕Ƣà   ƕ˷˹ƴǁä 
 ˗ƶƙûåïāá  ˕ƿ˦ǃå ɄǄ˯˳Ȼ ā Ɨɂ˦˷ƶǃå íå˦˸ǃå ɖ˻Ǆ˳˯ǃ Ǒ˴ Ƒ̇ ǃå ÿƓɜ˸ǃå Ǒǋ èƓƙƓ ˹ǃå

 ûåïāǙå ƴ˸˱ǃ ˔ƪƓ˹˸ǃå ˕ƿ˦ǃƓƼ ûåïāǖǃ Ɨ ˴˹ǃƓȺ Ɨ˶Ǆ˳˯˴˸ǃå ƗǃƓƶƽǃå íå˦˸ǃå úǚ˯ƤƓȺ
 Ơ˯ƽƙ ß˗ƕ ˥ǆ ç̇ ˯ƽǃå ǑƼ ƴǀȻ ƗǆƓƵ Ɨƽ˶ȺïƓǋðǕå  ǑƽƼ ƓǌǃƓ˸˯ǂå ƗȻå˗ƕ Ǐ˯ơā èƓ ˹ǃå ǏǄƵ

 ç̇ ˯ƽǃå ǉ˘ǋ ßƓ˹ƛå ǑƼ ƗǃƓƶƽǃå çíƓ˸ǃå ˗ƞ˦ƙ ˦˸˹ǃå ˥ǆǏǄƵá  ˦˸˹ǃå Ɇơå̇ ǆ ˥ǆ Ɠǌǃ ý˗ƶǆ
 ƗƽǄ˯˳˸ǃå ]31 [  . 

 æìîƑ ǁä ƕ ƏƑ˶ǁä ƕ ƗƑ ˷ǁä çƑ˴ǂ˱˭˲˶ǁä ˗˹˵˰Ɨ 
 Preparation of plants Extracts 

 ˙ˮ˸˯ˮƪ ˙ǌƬ ýǚƤ Ɨƪāï˗˸ǃå èƓƙƓ ˹Ǆǃ  çíïƓ ǃå Ɨ ƑƓ˸ǃå èƓ˶Ǆ˳˯˴˸ǃå è̇ ˷ơ2016  þ
 ˘ƤƋȺ ˣǃîā.300  ɆḪ ˥ǆ þå̇ ƞ  ßå̊ ƞå Ɨƛǚƛ Ǐǃå ˤ˴ƿā Ɨƪåï˗ǃå ˗˻ƿ ǑƙƓ ǈ ˝Ǆ˳˯˴ǆ
  ˗Ƥå ˖˻ơ10  ̞ƶưāā Ɠǀ˴ǆ ç̊ǌ˱ ǃ˸å ƗǄǀ˲ǃå èƓƙƓ˹ǃå ˥ǆ Ɨ˹˻Ƶ ɆḪ û˦˲˴ǆ ˥ǆ þå̇ƞ

 Ǐǃå ʕ˱ ǃ˲å Ɇ˸ǂåā Ɨ˸ǀƶǆ ƗƞƓƞð ûïåāí ǑƼ100  ) Ɨ ˴˹ƕ íïƓ ǃå ˤǀƶ˸ǃå ßƓ˸ǃå ˥ǆ Ɇǆ
1:1  ) ˚˻Ḫ̇ ˯ƕ ɏá (5 %ā Ü ýāǙå ˚˻Ḫ̇ ˯Ǆǃ  ˗˻ƞ Ɇɜ˵Ⱥ ˕ˠǄƤā  (10  Ɇḧǃ þå̇ ƞ200 

 ) Ɨ ˴˹Ɂā  ǑǈƓ˰ǃå ˚˻Ḫ̇ ˯Ǆǃ ˤǀƶǆ ˙ˠǀǆ ßƓǆ / Ɇǆ1  :2  ) ˚˻Ḫ̇ ˯ƕ ɏá  (10 %  Ü (
 òƓ˵ǃå ˥ǆ ƴˠƿ Ɨˠƪå˦ƕ Ɨ ƙƓ ˹ǃå èƓ˶Ǆ˳˯˴˸ǃå ˕˲Ƭï ˤƛ ǑƙƓ ǈ ˝Ǆ˳˯˴ǆ Ɇḧǃā

ā ˤǀƶ˸ǃåā ˃ ˢ˹ǃå  ç̠˸ǃ ɏ̊Ḫ̇˸ǃå í̇ɣǃå ðƓǌ˱Ⱥ Ɇ˶ ƽǄǃ ƠƬå̇ǃå ̠Ƥá15  ƗƵ̇ ˴Ⱥ ) Ɨǀ ʾí
3000  Ü ( Ɨǀ ʾ˗ǃƓȺ çïāí ąáā˗˻Ƶ  ʕƿï  ƠƬ̇ǃ˯å ûïā Ɨɣƪå˦ƕ Ɠǌ˲Ƭ̇ƙ1  ˔ƪå̇ ǃå Ɇ˸ǋå ˤƛ

 Ɨƞïí ˗˹Ƶ úǚḪ˦ƙāǙå ðƓǌƞ ǑƼ èƓ˶Ǆ˳˯˴˸ǃå ˕˸ǀƵÜ121  ç˗˸ǃā þ20  ˘Ƥá . Ɨǀ ʾí
 Ɨƞïí ǏǄƵ Ɨƞǚƛ ǑƼ ̞ ƽsơā ÿ˦Ǆǃå Ɨ˸˯ƶǆ èƓƞƓƞð ǑƼ ƴưāā èƓǈ Ɇḧǃ  ƠƬå̇ǃå

 çïå̇ ơ1³4 þ0    Ɨǀɂ̇ ˠǃ ƓǀƼā þå˗˳˯ƪǙå ˥˻˲ǃ]32[   ˙ɂ˦˲˯ǃå ˞ƶȺ ƴǆ  è̇ ˸ƹ ˤƛ
 Ɨ ƙƓ ˹ǃå èƓ˶Ǆ˳˯˴˸Ǆǃ ƗƽǄ˯˳˸ǃå ˚˻ǂå̇ ˯ǃƓȺ ç̇ ˮ˯˳˸ǃå úƓ˹Ʈǖǃ ïā˘ˮǃåÜ   ƴǀ˹ƕ ˣǃîā20 
 ï˙ɜǆ ɆḪ ǑƼā èåï˙ɜǆ Ɨ˴˸Ƥ í˗ƶǃ ˙ˮ˯˳˸ǃå Ʉ˹˶ǃå ˥ǆ  çï˘ƕ20  ç˗ơåā ƗǄǆƓƶǆā  Ɨ ơ

 ˕Ƶðāā  Ü Ơ Ƭ̇ ˯ǃå Ɨƿïā Ơˠƪ ǏǄƵ Ɠ Ƒå˦ǋ Ʉ˱˯ǃ ïā˘ˮǃå ˕Ḫ̇ ƙ ˤƛ ƗƵƓƪ ç˗˸ǃā ˗ǋƓ˵Ǆǃ
Ƭ̇ ˯ǃå ûåïāå Ơˠƪ ǏǄƵ  ɏ̇ƕ˯ ûƓ˟å ɆƤåí ʕǀƶ˸ǃå ̇ ǀɣ˸ǃå ßƓ˸ǃƓȺ ƗǄǄˮ˸ǃåā Ɨƽs ǃ˹å Ơ
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  Ɠǋ̇ ˠƿ9  çïå̇ ơ Ɨƞïí ǏǄƵ ǑƑƓɁ̇ ǌḧǃå ÿƓ˷˲ǃå ɆƤåí ˕˹˷ơā  Üˤƪ25 þ0  ÷˦ ˮƪå ç˗˸ǃ
 ïā˘ˮǃå Ɨ ʾå̇ ǆ ˤƙā˃ ưáā Ɠǌ˻ǃã  ˤǀƶ˸ǃå ˙ˠǀ˸ǃå ßƓ˸ǃåçïā˙˷ǃå ˗˹Ƶ  ƗɁ˦˟̇ ǃå ˙˻Ƽ˦˯ǃ

 íí̇ ˯ǃ Ɨɂ˦˭˸ǃå Ɨ ˴˹ǃå æƓ˴ơ ˤƙā Ü èƓ ǈǘǃ ƗǆðǙå: ǑǄǒ Ɠ˸Ḫ  Ɨɂ̇ ˠƽǃå ñƓ˹ƞǕå 
  Ǐǂḥǁä çä̠ ˶ƴ˭˲˶ǁä ì˕Ƴ /  ˙˷˯ǁä çä̠ ˶ƴ˭˲Ǆ ì˕Ƴ  = ˙˷˯ǁä ìì˗Ɨ ƕ ˲ǆ Â100 .  

 ç̇ ˵Ƶ ˗ƶȺ èƓ ǈǘǃ Ɨɂ˦˭˸ǃå Ɨ ˴˹ǃå ˣǃ˘ḪāþƓȻá Ü ˥˻˷˲˯ǃå ˥ǆ 

 = çƑ ǆǖǁ ƕɀˤ˫˶ǁä ƕ ˲˷ǁä Ā  xƗ˰ƕƓ˹ǃå ïā˘ˮǃå í˗Ƶ
ïā˘ˮǄǃ ǑǄḧǃå í˗ƶǃå

  

 Ɨǀɂ̇ɣǃ ĈƓǀƼā ƗɁ̇˱ ǃ˯å è̆ƽǈ]20[ ǑƼ èǚǆƓƶ˸Ǆǃ  æ˦ˮ˲ǃå ƗȺƓ˱˯ƪå ˙Ƭ˓ǆ ˔˴ơ ˤƙ Ɠ˸Ḫ .
  èƓ ǈǙå ç̇ ˯Ƽ ƗȻƓǌǈResponse Index ) ] (33Ɠ˸Ḫ [ ǑǄǒ  

 = çƑ ǆǖǁ ƕȸƑ˯˭ƨǗä ˗ƪˑǄ 
ǑƼƗǄǆƓƶ˸ǃå Ɨ ǆƓ˹ǃåïā˘ˮǃå  í˗Ƶ
 ǑƼƗǈïƓǀ˸ǃå Ɨ ǆƓ˹ǃå  ïā˘ˮǃå í˗Ƶ

  

 åîɀā  ˥ǆ ˙ˮǂå  ˥˻ƕ ƴǀƙ ˙Ƭ˓˸ǃå Ɨ˸ ʾ ˕ǈƓḪĲ 1  ÿ˦ɜȻ ̇ƛ˻Ƌ˯ǃå ÿƋƼ  ̇ƽ˶ǃå ˥ǆ ̇ǂˮåā
  Ǒˠ ˮ˰ƙåîɀā  ˥ǆ Ɇƿåā ˙ƽ˶ǃå ˥ǆ ˙ˮǂå ˥˻ƕ ƴǀƙ Ɨ˸ ʿǃå ˕ǈƓḪ1 .  Ǒƶ ˱˵ƙ ˙˻ƛƋ˯ǃå ÿƋƼ 

( sƨ ) ɍî̟˯ ǁäĀ ɍ̠˵˱ ǁä xƳ˹˶ʕ ˯˶ǁä üäʕ̋ä ðƑ̓ 
Ɠƿ ˥ǆ Ɨ˵ɂā˙ǃå ñƓ ʾ ˤƙ ˖˻ơ ïā˘ˮǃå èƓ ǈå ˥ǆ  ÷˦ ˮƪå ˗ƶȺ ƓǌƕƓ˴ơ ˤƙ ƗȻƓƺǃā ûƓ˴ǃå ç˗Ƶ

ý˦˟á  ˙˯˸ ˯˹˴ǃƓȺ Ɨ˸ƿ̇ ǆ Ɨ ɜ ˯ƪǚƕ ç̇ ˠ˴ǆ Ɨˠƪå˦ƕ ï˙ɜǆ ɆḪ ˥ǆ èƓƙƓ ǈ Ɨƛǚƛ í˗ƶǃ Ɨƿïā
 ý˦  ˟Ɋƪ˦ǆ˯ ñƓʿȺ ʕ˯Ƽ ɏï̆˱ ǃå ÷˦˸˱˸ǃå Ɠǆå Ü ƗǄǆƓƶ˸ǃå ˥ ư˸ èåïíƓǃå ý̠ƶǆ ̆Ƥå ʕƛ Ü

 ˙ǒ˘˲ǃåRadicle  āSeminal roots   coleoptile ˔˴ơ ˤƛ Ɠǌǃ˗ƶǆ ˘Ƥáā Ɨ˯ˮǈ Ɇḧǃ
  ý˗ƶǆ˙ˮ˯˳˸ǃå Ʉ˹˶Ǆǃ  ç˗ơå˦ǃå ƗǄǆƓƶ˸ǃå ˥˸ư  èåïíƓ ǃå ]33 [ . 

   ˗˞ƻǂǁ ˤ˶˷ǁä ǍǂƳ ƕ ƏƑ˶ǁä çƑ˴ǂ˱˭˲˶ǁä ˗˹ƙƉƗ ƕƨäîì 
 ˙ˠƼ Ɨƪåï˗ǃå ǉ˘ǋ ǑƼ þ˗˳˯ƪå ,Cladosporium spp    ïā˘ƕ  ˥ǆ Ǌǃ̊ Ƶ ˤƙ ɏ˘ǃå

   ̇˻˳ǃå˦ƕå Ʉ˹Ʈ ɏ̇ ǃɣå Ơ˸ǀǃåAbou lkier   ˥ǆ ˦ǋā ƗȻ˘ƺ˸ǃå ɉƓƪāǙå Ɨǀɂ̇ ˠȺ
 ̇ ˸˸ǃå èƓɂ̇ ˠƽǃåèƓ ˹Ǆǃ Ɨư  ǏǄƵ ç̇ ˮ˯˳˸ǃå èƓƙƓ ˹Ǆǃ Ɨ ƙƓ ˹ǃå èƓ˶Ǆ˳˯˴˸ǃå ˙˻ƛƋƙ ƗƼ̇ ƶ˸ǃ

 ßå˘ƺǃå Ɨǀɂ̇ ˟ þ˗˳˯ƪåā ƗƼƓ˱ǃå èƓ˶Ǆ˳˯˴˸ǃå ˥ǆ ƗƽǄ˯˳ǆ ˚˻ǂå̇ ƙ ˙˻˷˲ƙ ˤƛ Ü ˙ˠƽǃå ˦˸ǈ
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 þ˦˸˴˸ǃåFood Poison Technique     èƓ ǈ ïƓǋðåā ûåïāǕ ç̇ ˮ˯˳˸ǃå èƓƙƓ ˹Ǆǃ
˙˯Ƶ̊ ǃåThymus capitatus ïƓ ʿǃå èƓ ǈ ûåïāåā  Ü Capparis spinosa L ˗˻ˮ˸ǃåā
 ˙ˠƽǃåRaxil   ˘Ƥáā Ü ƗǈïƓǀ˸Ǆǃ10  Ǌƶưāā Ɨƪåï̠Ǆǃ ƴưƓƤ ǑƙƓǈ û˦˲˴ǆ ɆḪ ˥ǆ þå̇ƞ
 ÜǑƼ100 Ü200  ˙˸˯˴˸ǃå ˣɂ̇ ˲˯ǃå ƴǆ ˥˻˯ƵƓƪ ç˗˸ǃā íïƓȺ ˤǀƶǆ ˙ˠǀǆ ßƓǆ Ɇǆ

 ) ˚˻ǂå̇ ˯ǃå ˙˻˷˲˯ǃ5  Ü10 %  Ơ Ƭ̇ ˯ƕ Ɨ Ǆ˶ǃå íå˦˸ǃå ˥ǆ ˝Ǆ˳˯ǃå ˤƙā .(
˙ˮƵ Ɨ ƙƓ ˹ǃå èƓ˶Ǆ˳˯˴˸ǃå  ƠƬ̇ǃ˯å ûïā Quality type GF]34 ˙ɂ˦˲˯ǃå ˞ƶȺ ƴǆ [

÷˦ǈ ˥ǆ ɏ̊Ḫ̇˸ǃå í̇ɣǃå ðƓǌƞ ǑƼ ƗƙƓ˹ǃå èƓ˶Ǆ˳˯˴˸ǃå ̊˻ǂå̇ƙ ̞ƶưā ʕƛ ˥ǆāHettich 
 EBA ,D7200  ƗƵ̇ ˴Ɂā3000 Ƥå ˤƛ ÜɖƑƓƿí ç̇ ˵Ƶ ç˗˸ǃ Ɨǀ ʾ˗ǃå ǑƼ çïāí ̆ ƠƬå̇ ǃå

ƶ˯ƪǙå ˥˻˲ǃ Ɨƞǚ˰ǃå ǑƼ ̞ ƽsơā ÿ˦Ǆǃå Ɨ˸˯ƶǆā Ɨ˸ǀƶǆ ǑǈƓ˹ƿ ǑƼ ƴưāā ˤƙ ˗ƿā å˘ǋ ÜýƓ˸
 ) ˚˻ǂå̇ ˯ǃå ˙˻˷˲ƙ5  Ü10  ƠƬå̇ ǃå ˥ǆ Ɨ ƪƓ˹ǆ Ɨ ˸Ḫ ˘ƤƋȺ ˣǃîā ˝Ǆ˳˯˴ǆ ɆḪ ˥ǆ % (

 ƴƿå˦ƕ40  Ǐǃå ˕ƽ ưá Ɇǆ150  ǑƑå˘ƺǃå Ɋƪ˦ǃå ˥ǆ Ɇǆ PDA ðƓǌƞ ǑƼ ˤ ʿƶ˯ǃå  ˤƙā
 ç˗˸ǃ úǚḪ˦ƙāǙå20  çïå̇ ơ Ɨƞïí ǏǄƵ ˗ɂ̇ ˮ˯ǃå ˗ƶɁā Ü Ɨǀ ʾí40 þ0   íƓ˷˸ǃå ˃ ưá

 ɏ˦˻˲ǃå Amoxicilline 250 mg ˚˻ǂå̇ ˯ǃå ˕Ƶðā ˤƙ Ü Ɠ Ƒå˦ ǋ ǑƑå˘ƺǃå Ɋƪ˦ǃå ˗ɂ̇ ˮƙ ˗ƶȺ
  ƴƿå˦ƕ ɏ̇ƕ˯ ûƓ˟å ɆƤåí10  Ɇ˻˴ǂåï ˗˻ˮ˸ǃå ƗǄǆƓƶǆ Ɠǆå  Üɖˮ˟ Ɇḧǃ ɆǆRaxil  çíƓǆ

 ƗǃƓƶƼ Tubuconazole ˃ ưå ˗ǀƼ ÜƗ ǈƓ˸ǃǙå ˙ǒƓȺ ƗḪ̇ Ƭ  êƓ˯ǈå ˥ǆ10  ˗˻ˮ˸ǃå ˥ǆ Ɇǆ
 Ǐǃå100  ˚˻ǂå̇ ƙ Ǌ˹ǆ ˙˷ơā ˙ˠǀǆ ßƓǆ Ɇǆ5  Ü10 % ǃå ˥ǆ ǑƑå˘ƺǃå Ɋƪ˦ǃå ƴǆ ˗˻ˮ˸

PDA  Ɠǋ̇ɣ ƿ ɏ̇ƕ˯ ûƓ˟å ǑƼ ̞ ɜˮƪ ʕƛ9  ǏǄƵ ˕˹˸˷ƙ ˗ǀƼ ƗǈïƓǀ˸ǃå ƗǄǆƓƶǆ Ɠ˸˹˻ƕ Üˤƪ
 ǑƑå̆ƺǃå Ɋƪ˦ǃå ǏǄƵ ƗɂāƓơ ɏ̇ƕ˯ ûƓ˟åPDA  ÿå ˗ƶɁā Ü èƓƼƓưå ɏá ˙˻ƹ ˥ǆ ɊǀƼ

 ˙ˠƽǄǃ ç̇ ˮ˯˳˸ǃå Ɨɂ̇ ˠƽǃå ÷ïå̊ ˸ǃƓȺ ûƓ ˟Ǚå ˕˲ǀǃ Ü ûƓ ˟Ǚå ǑƼ ɉƓƪāǙå ˕ˮǄ˶ƙ 
Cladosporium spp  ˙ˠǀȺ ˗ơåā ó̇ ƿ ˘Ƥå ˤƛ ˖˻ơ ƓǀȺƓƪ ˚ǌ˱˸ǃå ā ÷˦ ˮƪå ǉ̇ ˸Ƶ

0.5  Ǒ˹˻ǄƼ ˔ƿƓƛ Ɨˠƪå˦ƕ ˤƪCork borer  ƗǄơ̇ ǆ ɆḪ ǑƼ Ǌ˸ ʿƶƙ ˗ƶȺ ( ɖˮ˟ Ɇḧǃ )
 èǚǆƓƶǆ ˕Ḫ̇ ƙ Ɠ˸˹˻ƕ  Ü ƗǄǆƓƶǆ Ɇḧǃ èåï˙ɜǆ Ɨƛǚƛ ƴƿå˦ƕ  ɖˮ˟ ɆḪ Ʉ˶˯˹ǆ ǑƼ ƴưāā

çïå̇ơ Ɨƞï̠ƕ Ɨ˹ưƓ˲ǃå ǑƼ ûƓ˟Ǚå ̞ƶưā  Ü èƓƼƓưå ɏá ÿā̠ƕ ̠ǋƓ˵ǃå 25  Ɇḧǃ  þ
 ɆḪ ñƓʾ ʕƙ Ü ƗǈïƓǀ˸ǃå ƗǄǆƓƶǆ ǑƼ ̇ ƽɣǃå ˦˸ǈ ýƓ˸˯ǂå ̠ƶɁā Ü ĄƓǆ˦ǒ Ɠǌ˯ˮƿå̇ǆā  ûƓ˟Ǚå
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 ˥ǒ˗ǆƓƶ˯ǆ ˥ɂ̇ ˠƿ ]35 [  ý˗ƶǆ ˘ƤƋȺ ˣǃîā  Ü èƓɂ̇ ˠƽǄǃ ǑƵƓƶ˵ǃå ˦˸˹ǃå èǙ˗ƶǆ ˔˴ơ ā
 ƝƙƓ˹ǃå ˤ˴ƿā æ˦Ǆǀ˸ǃƓȺ Ɨ ɜ ˯ƪǚƕ ñƓ ʾ ç̇ ˠ˴˸Ⱥ ) ˥ǒ˗ǆƓƶ˯ǆ ˥˻ǋƓ˱ƙå ǑƼ ç̇ ˸ƶ˯˴˸ǃå ˙ˠƿ

 ǏǄƵ2  (  ý˗ƶǆ  = Ɋ ˮ˰˯ǃå %  : Ɨ ƙǙå  ƗǃíƓƶ˸ǃå þå˗˳˯ƪƓȺ Ɋ ˮ˰˯ǃå Ɨ ˴ǈ ˕ˮ˴ơ ˤƛ
 ƗǈïƓǀ˸ǃå ûƓ ˟å ǑƼ ˙ˠƽǃå ç̇ ˸ƶ˯˴ǆ ïƓˠƿåĲ   ûƓ ˟å ǑƼ ˙ˠƽǃå ç̇ ˸ƶ˯˴ǆ ïƓˠƿå ý˗ƶǆ

  ƗǈïƓǀ˸ǃå ûƓ ˟å ǑƼ ˙ˠƽǃå ç̇ ˸ƶ˯˴ǆ ïƓˠƿå ý˗ƶǆ  / ƗǄǆƓƶ˸ǃå  Ã100  ]36[ . 

ƕ˳ƽƑ˷˶ǁäĀ ƛƏƑ˭˷ǁä Results and Discussion 
 îĀ˖ˬǂǁ ƕƾƺä̠ ˶ǁä çƑɀ˗˞ƻǁä ü˘Ƴ 

 èƓ˹˻ƶǃå ƗȺƓƮåā é˦Ǆƛ Ǐǃå ïā˘ˮǃå èƓ˹˻Ƶ ˥ǆ èƓɂ̇ ˠƽǃå  ý̊ Ƶ èƓ Ǆ˸Ƶ ƝƑƓ˯ǈ ˕˹˻ƕ
ƙƓɂ̇ ˠƽǃå ˥ǆ ƗƽǄ˯˳ǆ ÷å˦ǈƋȺ ç̇ ˮ˯˳˸ǃå ïā˘ˮǃå ) ýā˗˱2  Ü3  ǏǄƵ ï˦ˠƽǃå ˕˸ǈ ˖˻ơ (

ïā˘ˮǄǃ Ɨ ƞïƓ˳ǃå ƠˠƪǙå]37 [   ) ɆɜƬ1 ( 
 

ýā˗ƞ2  .ɀ˗˞ƻǁä ˕ƜäˤƗ ƕøøøøøøøøøˬ˲ǆ ˣ˹ˬǐ ƞ˞ƨ ǍǂƳ çƑ çƑ˴ǂ˱˭˲˶ǁƑȸ ƕǂǄƑƴ˶ǁä Ʉˬƽ îĀ˖ˬǁä
 . ƕ ƗƑ ˷ǁä 

 РϝжЊϜ
ϱвЧЮϜ 

Variety 

% ϼмϺϠЮϜ ϱАЂ пЯК ϣЮмвϲвЮϜ Ϥϝтϼ̮̮̮̮̮̮̮̮̮АУЮϜ 

Rhizopusstolonifer 
Pencillium 
spp 

Fusarium 
spp 

Aspergillus 
calvatus 

  рϼА ϱвЦ
ϼт϶ЮϜ мϠϜ 

33.4 66.6 - - 

ýā˗ƞ3  . îĀ˖ˬǁä ɄƢäì çƑɀ˗˞ƻǁä ˕ƜäˤƗ ƕøøøøøøøøøˬ˲ǆ ˣ˹ˬǐ  . ƕ ƗƑ ˷ǁä çƑ˴ǂ˱˭˲˶ǁƑȸ ƕǂǄƑƴ˶ǁä Ʉˬƽ 

ϱвЧЮϜ РϝжЊϜ 
Variety 

% ϼмϺϠЮϜ ϱАЂ пЯК ϣЮмвϲвЮϜ Ϥϝтϼ̮̮̮̮̮̮̮̮̮АУЮϜ 

Cladosporium 
spp 

Stemphylium 
spp 

Fusarium 
spp 

Aspergillus 
niger 

 мϠϜ  рϼА ϱвЦ
ϼт϶ЮϜ 

19.2 7.6 38.4 3.8 
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 ƞ˶ƾǁä îĀ˖Ɠ çƑ ǆä ǍǂƳ ƕ ƗƑ ˷ǁä çƑ˴ǂ˱˭˲˶ǁä ˣǄ ƕƻǂ˭˱˶ǁä çǘǄƑƴ˶ǁä ˗˹ƙƉƗ 
 ûā̇Ƽ í˦ƞ˦ƕ Ɨƪåï̠ǃå ƝƑƓ˯ǈ ̞ ư˲āåƗ˹ǒƓ ˯ǆ  ˗˹Ƶ èǚǆƓƶ˸ǃå ƴ ˸ƞ èƓˠƪ˦˯ǆ ǑƼ
˝Ǆ˳˯˴ǆ Ɇ˱ƪ ˖˻ơ ˚˻ǂå̇ ˯ǃå úǚ˯Ƥå èƓ ǈ ïƓǋðåā ûåïāå  ) ˚˻ǂå̇ ˯ǃå ˗˹Ƶ ˙˯Ƶ̊ ǃå5  Ü

10 %  ) Ɠǋï˗ƿ èƓ ǈå Ɨ ˴ǈ (91.1  Ü91.1 %  ( ˕ǈƓḪ Ɠ˸˹˻ƕ Ü Ǒǃå˦˯ǃå ǏǄƵ
˝Ǆ˳˯˴˸ǃ èƓ ǈ ûåïāå  ) ïƓ ʿǃå97.7  Ü100 %  Ɇ˻˴ǂå̇ ǃå ˗˻ˮ˸ǃā Ǒǃå˦˯ǃå ǏǄƵ  (

 ) ˔˴˹ƕ Ɇ˱ƪ91.1  Ü68.8 %  ) ˗ǋƓ˵ǃƓȺ ƗǈïƓǀǆ Ǒǃå˦˯ǃå ǏǄƵ (88.8 % . ( 
ƴǆ Ɨƪåï˗ǃå ǉ˘ǋ ˕ǀƽƙåā ]38  [  ǑƼ ƗƵ˦ǀ˹˸ǃå Ơ˸ǀǃå æ˦ˮơ èƓ ǈå Ɨ ˴ǈ ÷Ɠƽƙïå ǑƼ
Ǚå èƓƙƓ ǈ èƓ˶Ǆ˳˯˴ǆ Ɨ ˴˹ƕ Ɨɂ̇ ˲ ǃå æƓ˵Ƶ30 %  .  ˤǃ Ơ˸ǀǃå èƓ ǈå Ɨ ˴ǈ ÿåā
 ˥ǆ Ɇƿå Ǐǃå ˞ƽ˳˹ǒ90 %   ç˗ƞā Ɠǆ ƴǆ ɖƽ˯ǒ å˘ǋā ]42 [ ˛˸˵ǃå ç̇ ǋð ˝Ǆ˳˯˴ǆ ÿƓȺ

 ) ˚˻ǂå̇ ˯ǃå ˗˹Ƶ Ơ˸ǀǃå ïā˘ƕ èƓ ǈå Ɨ ˴ǈ çíƓɂð ǏǄƵ ˕Ǆ˸Ƶ5  Ü10 %  ˥ǒƓ ˯ǃå å˘ǋ ÿåā (
ǃ˸å ˥ǆ ˥˻˶Ǆ˳˯˴˸ǃå Ɏ˦˯˲ǆ úǚ˯Ƥå Ǐǃå ƴƞ̇ǒ èƓǈǙå ̝ ǈ˴ ǑƼ ƗǃƓƶƽǃå íå˦ ]43 [  

 ˔˴ǈ ÿå Ɨƪåï˗ǃå ˕˹˻Ɂā.èƓ ǈå  Ɨǆ˗˳˯˴˸ǃå  èƓ˶Ǆ˳˯˴˸ǃå ˚˻ǂå̇ ƙ çíƓɂ̊ ƕ èíåð ïā˘ˮǃå
 èƓɂ̇ ˠƽǃå ˦˸ǈ ˗ư èƓ˶Ǆ˳˯˴˸Ǆǃ ƗǃƓƶƽǃå íå˦˸ǃå ˙˻ƛƋƙ ˥ǆ ˗ɂ̊ ƙ ˚˻ǂå̇ ˯ǃå çíƓɂð ÿǙ ˣǃîā

 ǉ˗ƞā Ɠǆ ǏǄƵ ɖƽ˯ǒ å˘ǋā æ˦ˮ˲Ǆǃ ƗǀƼå̇ ˸ǃå]36  [˻Ḫ̇ ƙ çíƓɂ̊ ƕ ˙˻ƶ˵ǃå æ˦ˮơ èƓ ǈå çíƓɂ̊ ƕ ˚
 Ɠǋ̇ ˻ƛƋ˯ƕ ƗƼā˙ƶ˸ǃå ƗȻ˗ɂ˦Ǆǀǃå íå˦˸ǃå ǏǄƵ èƓ˶Ǆ˳˯˴˸ǃå ǉ˘ǋ ßå˦˯ơǙ ˣǃîā èƓ˶Ǆ˳˯˴˸ǃå

 æ˦ˮ˲Ǆǃ Ɨ ơƓ˶˸ǃå èƓɂ̇ ˠƽǃå ˦˸˹ǃ Ǒˠ ˮ˰˯ǃå]44 [  ǉ˗ƞā Ɠǆ ƴǆ ɖƽ˯ƙā.]45 [ Ɨ ˴ǈ çíƓɂ̊ ƕ.
 Ɠǆ ƴǆā  . ̊ǂ˻å̇˯ǃå çíƓɂð ̠˹Ƶ ñ˦ ǃ˴å û̇Ƶ èƓǈ ïā̆˱ Ⱥ ƗǄǆƓƶ˸ǃå Ɨɣ˹˲ǃå ïā̆ƕ èƓǈå

  ǉ˗ƞā ]46   [ ÿƋȺ ˥ǆ Ɇƿá ˞ƽ˳˹ƙ ˤǃ Ɨˠ˹˲ǃå ïā˘ƕ èƓ ǈå Ɨ ˴ǈ90 %  ) ˚˻ǂå̇ ˯ǃå ǑƼ
2.5  Ü5  Ü10 %  Ü ˛˸˵ǃå ç̇ ǋð ˝Ǆ˳˯˴ǆ  þå˗˳˯ƪå ˗˹Ƶ (ƴƞ̇ ƙā  èƓ ǈ Ɨ ǃƓƶƼ
 ïƓ ʿǃåCapparisspinosa ǉßå˦˯ơå Ǐǃå Ɇ˰ǆ Ɨ ƞ˦ǃ˦˻ƕ èƓ Ḫ̇ ǆ ǏǄƵAlkaloids 

,glycosides,Tannins ,Phenolics Flavonoids ,Triterpenoids 
steroids,Carbohydrates ,Saponins     Ǐǃåā Ü Ɨ ǈ˗ƶ˸ǃå ˙ƮƓ˹ƶǃå ǏǄƵ ˣǃ˘Ḫā

 èƓ ǈǙå ǏǄƵ  ç̇ ƛ˓˸ǃå Ɨ ƪƓƪǙå Ɇǆå˦ƶǃå ˥ǆ Ǒǋā ê ˥˻ǆƓ˯˻Ƽ ˥ǆ Ɨ ǃƓƵ Ɨ ˴ǈ í˦ƞā ]47  Ü

48  Ü49 [ïƓǋðåā ûåïāå ˝Ǆ˳˯˴ǆ ɖǀơ Ɠ˸Ḫ .  å˘ǋā ïā˘ˮǃå èƓ ǈå Ɨ ˴ǈ ǑƼ çíƓɂð ˙˯Ƶ̊ ǃå
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 ǏǄƵ èƓ ˹ǃå ßå˦˯ơå Ǐǃå ƴƞ̇ ǒƗ ǃ˦˹˻Ƽ íå˦ǆ Ɨ ˱˯ǈåï íå˦ǆā ýā˙ḧƼïƓḪ çíƓǆā ý˦˸ ˰ǃå Ɠǌ˸ǋå
 èƓ ǈǙå èƓ Ǆ˸Ƶ ˕ƶ˱Ƭ Ǒ˯ǃåā Ɨ ˹˻ǈƓƙā]49[ èƓ ǈǘǃ ƗȺƓ˱˯ƪǙå ˙Ƭ˓˸Ⱥ ɖǄƶ˯ǒ Ɠ˸ ʼ Ɠǆå.

 ) ýā˗ƞ5 ˸Ǆǃ ǑǈƓ˰ǃåā ýāǙå ˚˻Ḫ̇ ˯ǃå ˗˹Ƶ ǉǚƵå ƸǄƕ ˗ǀƼ  ( Ɇƿå Ɠ˸˹˻ƕ Ü Ɨ ƙƓ ˹ǃå èƓ˶Ǆ˳˯˴
 ǏǄƵ Ɠ́˱˵ƙ ̠˻ˮ˸ǃå ̇ƛ˻Ƌƙ ÿ˦ɜȻ xǃ̆Ɂā ǑǈƓ˰ǃå ̊Ḫ˻˯̇ǃå ̠˹Ƶ Ɇ˻˴ ǂå̇ǃå ̠˻ˮ˸Ǆǃ ÿƓḪ ̇Ƭ˓ǆ

 ïā˘ˮǃå èƓ ǈå иϸЪϜ ϝв ϜϺкм мвжЮϜ ϤϜϾУϲв ЌЛϠ пЯК ϤϝϦϝϠжЮϜ ̭ϜмϦϲϜ мϜ]пм[   ϸжК ïā˘ƕ ƴǀǈ
 ɏ̇ ǃ˲å ̋ Ǆ˳˯˴˸ǃƓȺ ïƓ˳ǃå x Ĳ Olego  ƗƵ̇ ƪā Ɨ ˴ǈ çíƓɂð Ǐǃå ɎíåǗåèƓ ǈ  Ɏ̊Ƶā

 ǏǄƵ ˝Ǆ˳˯˴˸ǃå å˘ǋ ßå˦˯ơå Ǐǃå ˔ˮ˴ǃåèƓ˹˻˴ḪāǙå  èƓ˹˻˹ǒƓḪ˦˯ǒƓ˴ǃåāôƓ˸ơǕåā 
Ɨ ˹˻ǆǕå  ǏǄƵ Ɠǌƶ ˸ƞ Ɇ˸ƶƙ ˖˻ơ÷å̇ ƪǗå ˥˻˹˱ǃå ï˦ˠƙā ˦˸ǈ ǑƼ. 

 ˗˞ƻǁ  ǏƳƑƴƪǗä ˤ˶˷ǁä ǍǂƳ æìîƑ ǁä ƕ ƏƑ˶ǁä çƑ˴ǂ˱˭˲˶ǁä ˗˹ƙƉƗCladosporium . 
spp    ăƑǂ˶ƴǄ 

 ˙ˠƽǃå ˦˸ǈ ǏǄƵ Ɨ ƑƓ˸ǃå èƓ˶Ǆ˳˯˴˸ǃå ˙˻ƛƋƙ ƝƑƓ˯ǈ è̇ ǌˡåCladosporium spp  
   ) ɆɜƬ5  Ü6  ˙ˠƽǃå ˦˸ǈ ǏǄƵ Ɨ˹ǒƓ ˯ǆ èƓˠ ˮ˰ƙ í˦ƞā ƗǄ˸ƶ˯˴˸ǃå ˚˻ǂå̇ ˯ǃå ˗˹Ƶ (

 ɏāƓ˸ḧǃå ̠˻ˮ˸ǃƓȺ ƗǈïƓǀǆ Raxil ƗǄǆƓƶǆ ǑƼ þƓȻå Ɨ˯ƪ ˗ƶȺ ɆǆƓḧǃƓȺ Ɠ˸ǈ ˗ƿ ˙ˠƽǃå ÿåā
 ) Ɨ ˴˹Ɂā ƗǈïƓǀ˸ǃå100 %  Ɠ˸˹˻ƕ Ü (  Ɨ ƑƓ˸ǃå èƓ˶Ǆ˳˯˴˸ǃå ˕Ǆ˱ƪThymus 

capitatus Ü Capparis spinosa L Ü ) ˚˻Ḫ̇ ˯ǃå ˗˹Ƶ5 %   ) Ɠǋï˗ƿ Ɋ ˮ˰ƙ Ɨ ˴ǈ (
36.7   Ü3.3 % ˗˻ˮǆ Ɇ˱ƪ Ɠ˸Ḫ Ü Ǒǃå˦˯ǃå ǏǄƵ   (Raxil    ) Ɠǋï˗ƿ Ɋ ˮ˰ƙ Ɨ ˴ǈ95 
%  ) ˚˻Ḫ̇ ˯ǃå ˗˹Ƶā Ü  (10 %  ) Ɨ ˴˹ƕ ˕Ǆ˱ƪ (46  Ü6.7 %  ɏāƓ˸ḧǃå ̠˻ˮ˸Ǆǃā  (
 )98.9 %  Ǒ˯ǃå Ɨƪåï˗ǃå ƴǆ ɖƽ˯ǒ ˙˯Ƶ̊ ǃå èƓ ǈ ˝Ǆ˳˯˴ǆ ˙˻ƛƋƙ ÿåā  . Ǒǃå˦˯ǃå ǏǄƵ  (

 Ɠǌƕ þƓƿ]50[ )  ˚˻ǂå̇ ˯ƕ  ˙˯Ƶ̊ ǃå èƓ ˹ǃ ǑƑƓ˸ǃå ˝Ǆ˳˯˴˸Ǆǃ Ǒˠ ˮ˰˯ǃå ˙˻ƛƋ˯ǃå Ɨƪåïí ˗˹Ƶ 5 
 Ü10ˤƪ / ˤƺǄǆ3  ˙ˠƼ ˦˸ǈ ǏǄƵ   (Geotrichum candidum    Ɋ ˮ˰ƙ ˔ˮƪ ɏ˘ǃåā

 ) Ɨ ˴˹ƕ ˙ˠƽǃå ˦˸ǈ42.4  Ü56  % ßå˦˯ơå Ǐǃå Ɋ ˮ˰˯ǃå ˔ˮƪ í˦ƶɂā Ǒǃå˦˯ǃå ǏǄƵ (
 ý˦˸ ˰ǃƓḪ èǙ˦ ˹˻ƽǃå ǏǄƵ  ˙˯Ƶ̊ ǃå èƓ ǈ ûåïāåThymol    ýā˙ǂƓƼïƓḧǃåāCarvacrol  

Ɨɂ̇ ǌ˱˸ǃå ßƓ ơǖǃ ƗǄƙƓǀǃå āå Ɨˠ ˰˸ǃå ]51[ .  ûåïāǕ ǑƑƓ˸ǃå ˝Ǆ˳˯˴˸ǃå ˙˻ƛƋƙ ƗǄƿ ÿåā
 ) ˚˻Ḫ̇ ˯ǃå ˗˹Ƶ ˙˯Ƶ̊ ǃå5 %  ǏǄƵ ǑƑƓ˸ǃå ˝Ǆ˳˯˴˸ǃå çï˗ǀǆ  Ʉƶư Ǐǃå ƴƞ̇ ǒ  ˗ƿ (
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 ˙˻ƛƋƙ Ɠǌǃ Ǒ˯ǃå ( Ɠǋ̇ ˻ƹā èå˗˻ǈ˦Ƽǚƽǃåā èƓ˹˻Ɂ̇ ˯ǃåā Ɨ ǃ˦˹˻ƽǃå ) ƗǃƓƶƽǃå íå˦˸ǃå ˔Ǆƹå Ɨ ǃǚ˲ǈå
Ɠƶƽǃå íå˦˸ǃå Ɨ ˴ǈ ôƓƽ˳ǈå Ǐǃå āå  èƓƼǓå ˦˸ǈ ǑƼ Ɋ ˰ǆ ˗˹Ƶ Ɨ˷ƽ˳˹˸ǃå ˚˻ǂå̇ ˯ǃå ǑƼ Ɨǃ

 ƗȺåîå ǏǄƵ ç̇ ˻ˮḧǃå çï˗ǀǃå Ǌǃ ɏ˘ǃåā ( Ǒǃ˦ǈƓ˰ǒǙå Ɇ˲˸ǃå ) Ɨɂ˦˷ƶǃå èǚ˲˸ǃƓȺ Ɠǌ˯ǈïƓǀǆ
 èƓƙƓ ˹ǃå ǑƼ çí˦ƞ˦˸ǃå ƗǃƓƶƽǃå íå˦˸ǃå ˥ǆ ˙˻˰ǂ]52 [ ûåïāå ˝Ǆ˳˯˴ǆ ˙˻ƛƋ˯ǃ Ǌ˯ƪåïí ˗˹Ƶ

 ˥ɂ̇ ˠƽǃå ˦˸ǈ ǏǄƵ ˙˯Ƶ̊ ǃåFusarium oxysporium , Alternaria alternate Ƶ ˗˹
 ) ˚˻ǂå̇ ˯ǃå50  Ü100  Ü200  Ü300  Ɋ ˮ˰ƙ ˔˴ǈ ˝Ǆ˳˯˴˸ǃå ǏˠƵå ˖˻ơ ( þå̇ ˱ Ǆǆ

  ) Ɋ ˮ˰˯ǃå  ˔˴ǈ èï˗ƿ ˖˻ơ ˥ɂ̇ ˠƽǃå ǉƓ˱ƙå Ɨ˷ƽ˳˹ǆ4.59   Ü16.24  Ü24.12  Ü
33.29 %  èƓƙƓ ǈ èƓ˶Ǆ˳˯˴ǆ Ɨ ǄƵƓƼ ˥˻˰ơƓ ǃå ˥ǆ ˗ǒ˗ƶǃå ˕ˮƛá ˗ƿā . Ǒǃå˦˯ǃå ǏǄƵ (

 ˥˻ƕ ˗ǀƼ .ï˦ˠƽǃå ˦˸ǈ Ɋ ˮ˰ƙ ǑƼ ˙˯Ƶ̊ ǃå ]53[ ǏǄƵ ɏ˦˯˲Ȼ ̇˯Ƶ̊ǃå èƓǈ ÿácaffeic acid  
  èƓ ǈ ûåïāå ˝Ǆ˳˯˴ǆ  ˙˻ƛƋƙ ƗǄƿ ÿåā Üï˦ˠƽǃå ǏǄƵ Ɋ ˰ǆ ˙˻ƛƋƙ Ǌǃ ɏ˘ǃåCapparis 

spinosa L.   ˚˻˹˻ƪā˙ǒƓ˸ǃå ˤɂ̊ ǈå ǏǄƵ èƓ ˹ǃå ßå˦˯ơå Ǐǃå ƴƞ̇ ǒ ˗ƿ ˙ˠƽǃå ˦˸ǈ ǏǄƵ
Myrosinase   ˞ǆƓơāRutic acid   āCaproic acid   āPectic acid Ǒ˯ǃå

 ˥ɂ̊ ˻Ḫ̇ ˯ǃå ˗˹Ƶ ˙ˠƽǃå ˦˸ǈ ǏǄƵ ˕ƶ˱Ƭ]54[  ǏǄƵ Ɨ ʸƓƼ˗ǃå  çï˗ǀ˸ǃå Ǌǃ ˙ˠƽǃå ÿå Ǐǃå āå
 èƓ˶Ǆ˳˯˴˸ǃå ǑƼ ƗǃƓƶƽǃå èƓ Ḫ̇ ˸ǃå ˤ ˠ˲ƙ ǏǄƵ çïíƓƿ Ɨɂ̇ ˠƼ þ˦˸ƪā èƓ˸ɂ̊ ǈå ðå̇ Ƽå
 ÿ˦ḧƙ ̠ƿ āå ç̇˯ˮ˳˸ǃå èƓɂ̇ɣƽǃå ˦ ǈ˸ ǏǄƵ èƓ˶Ǆ˳˯˴˸ǃå ǉ̆ǋ ̇ƛ˓ƙ Ǚ ǑǃƓ˯Ɂā ƗƙƓ˹ǃå

ɂāƓ˸ ḧǃå Ɨɂ˦˷ƶǃå íå˦˸ǃå Ɠǌ˻ǄƵ Ɨƽ ʹư èå̇ ˻ƛƋƙ Ɠǌǃ Ɨ]55[  Ɇ˻˴ǂåï ˗˻ˮǆ  ï˦ǌˡ ÿåā.
Raxil  ˙ˠƼ ˦˸ǈ Ɋ ˮ˰ƙ ǑƼ Ɨ ǃƓƵ çßƓƽɜȺCladosporium spp   )   Ɨ ˴˹Ɂā95   Ü
98.9 %  ) ýā˗ƞ ǑƼ Ơư˦ǆ ˦ǋƓ˸Ḫ Ǒǃå˦˯ǃå ǏǄƵ ˥ɂ̊ ˻Ḫ̇ ˯ǃå ǚḪ ˗˹Ƶ (2  ƴǆ ɖƽ˯ǒ (

 Ɠǌƕ þƓƿ Ǒ˯ǃå Ɨƪåï˗ǃå]56[ ˗˻ˮǆ çßƓƽḪ Ɏ˗ǆ ˙ǒ˗ǀƙ ˗˹ƵRaxil  ˯ƕ ) ˚˻ǂå̇0  Ü10  Ü20  Ü
30  Ü40  èƓɂ̇ ˠƼ ˦˸ǈ ǏǄƵ  ( ˙˯ǃ / ˤƺǄǆFusarium graminearum 

,F.moniliforme ,Bipolaris spp Rhizoctonia spp , Ulocladium spp  
 Ü  Ɠ Ǆ˸ƶǆ ç̇ ˮ˯˳˸ǃå èƓɂ̇ ˠƽǃå ˦˸ǈ Ɋ ˮ˰ƙ ǑƼ ƗɁïƓǀ˯ǆ  Ɨ ǃƓƵ çßƓƽḪ ˙ǌˡå ˗ƿ ˗˻ˮ˸ǃå ÿƋȺ

Ƶ Ɇ˸ƶȻ Ǌǈ˦ɜȺ ˗˻ˮ˸ǃå Ɨ ǃƓƶƼ ɆǄƵā ïå˗ƞ ˔˻Ḫ̇ ƙ ǑƼ ɆƤ˗ƙ Ǒ˯ǃå ýā˙˯˴ǃå çíƓǆ Ɋ ˮ˰ƙ ǏǄ
 ) ˗ǋƓ˵ǃƓȺ ƗǈïƓǀǆ Ɨɂ˦˹ƶǆ Ɨƞï˗Ɂā Ɨɂ̇ ˠƽǃå Ɨ Ǆ˳ǃå100 %  .  ( 
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  ɍî̟˯ ǁäĀ ɍ̠˵ ǁ˱ä xƳ˹˶ʕ ˯˶ǁä üʕ˝ 
 ǑƼ ̊ƽ˻˲ƙ í˦ƞā ̟ ơ˻ ˥ǆ ɏ̇˷˳ ǃå ÷˦˸˱˸ǃå ý˦  ˟ƗƽƮ ƴǆ Ɨƽ˶ǃå ǉ̆ǋ ü˦Ǆƪ ǊȺƓ˵ƙ

 ) ɆɜƬ ïā˘˱ǃå ˦˸ǈ1  Ü2 ) ýā˗ƞ Ơưāåā  (2(  )  ïƓ ʿǃåā ˙˯Ƶ̊ ǃå èƓƙƓ ǈ ˚˻ǂå̇ ƙ ÿå
5  Ü10 %   ɏï̆˱ ǃåā ɏ̇˷˳ ǃå ÷˦˸˱˸ǃå ý˦  ˟̊ ƽ˻˲ƙ ǑƼ ĈƓɂ˦˹ƶǆ å̇˻ƛƋƙ Ɠǌǃ ̞ǈƓḪ  (

 Ü ˗ǋƓ˵ǃƓȺ ƗǈïƓǀǆ  ç̇ ˮ˯˳˸ǃå  Ơ˸ǀǃå ïā˘ˮǃ ˚˻ƽ˲ƙ é˗˲Ȼ ˤǃāSeminal 
Roots ) ýā˗ƞ ƗǄ˸ƶ˯˴˸ǃå ˚˻ǂå̇ ˯ǃå ˗˹Ƶ ˗ǋƓ˵ǃå ƗǄǆƓƶ˸Ⱥ ƗǈïƓǀǆ ˥˻˶Ǆ˳˯˴˸Ǆǃ4  ÿåā  (
˹ǃå ǉ˘ǋ  ïƓƬå Ɠǆ Ɠǋ˗ɂ˓ǒ Ɨ˱ ˯ ]57   [ ÷ā˙˳ǃåā ñƋ ǃå èƓƙƓ ˹ǃ ǑƑƓ˸ǃå ˝Ǆ˳˯˴ǆ ÿƓȺ

 ƗǄǆƓƶ˸Ⱥ ƗǈïƓǀǆ ̇ƶ˻˵ǃå èƓ˹ǃ ɏï̆˱ ǃå ÷˦˸˱˸ǃå ý˦  ˟˞ ƽƤ ǑƼ Ɠɂ˦˹ƶǆ è̇ƛå Ɇ˻ˮ ǈ˱̊ǃåā
 ǏǄƵ Ɇ˸ƶƙ Ɨ ƙƓɁ˦˻ǃå Ɨ ƑƓ ˸ Ḫ íå˦ǆ ǏǄƵ èƓ˶Ǆ˳˯˴˸ǃå ßå˦˯ơå Ǐǃå í˦ƶȻ å˘ǋā ç̇ ˠ ˴ǃå

 . Ɠǋ˦˸ǈ èǙ˗ƶǆ  Ɋ ˮ˰ƙƽ˲ƙ é˗˲Ȼ ˤǃā ˚˻Seminal Roots  ˚˻Ḫ̇ ˯ǃå ˗˹Ƶ10 % 
 ɏ̇ ƽɣǃå ̠˻ˮ˸Ǆǃ ˙ˮ˯˳˸ǃå  èǙ˗ƶ˸Ⱥ ý˦ˠǃå ǑƼ çíƓɂð Ɨ ƙƓ ˹ǃå èƓ˶Ǆ˳˯˴˸ǃå ˕ˮˮƪ Ɠ˸˹˻ƕ
 ) Ɠǋï˗ƿ6  Ü5.8  ) ˗ǋƓ˵ǃƓȺ ƗǈïƓǀǆ ( ˤƪ5.1  èƓ ǈ ûåïāå ˝Ǆ˳˯˴ǆ Ɇ˸ƵƓ˸Ḫ Ü  ( ˤƪ

ý˦˟ çíƓɂð ǏǄƵ ïƓ ʿǃå Coleoptile ) ǉï˗ƿ ý˗ƶ˸Ⱥ11.6  ) ˗ǋƓ˵ǃƓȺ ƗǈïƓǀǆ ( ˤƪ10.4 
 ˙Ḫî ˖˻ơ . ( ˤƪ]58[  èƓƵ̇ ƽ˯ǃå ƴ ˱˵ƙ ǏǄƵ Ɇ˸ƶƙ Ɨ ƙƓ ˹ǃå èƓ˶Ǆ˳˯˴˸ǃå ˞ƶȺ ÿå

 ɏ˘ǃå  ˥˻˻ǈƓḪ˦˯ǒƓ ˴ǃå çíƓǆ  ǏǄƵ ƓǌƑå˦˯ơå ýǚƤ ˥ǆ (ïā˘˱ǃå ïƓ˵˯ǈå) Ɨ ˮǈƓ˱ǃå Ɨɂï˘˱ǃå
 ˙ƮƓ˹ƶǃåā íå˦˸ǃå Ɇǀǈ ǑƼ ïā˘˱ǃå ǉ˘ǋ Ǌ ʹǄƙ ɏ˘ǃå ïā˗ǃåā Ɨ ˮǈƓ˱ǃå ïā˘˱ǃå ˦˸ǈ ˚ƽ˲ƙ

Ⱥ èƓ ˹ǃå ɆƤåí Ɨ Ƒå˘ƺǃå ƗǄǆƓƶ˸ǃå èƓƙƓ˹Ǆǃ ɏ̇˷˳ ǃå ˦˸ ǃ˹å ý̠ƶǆ ˥ǆ ̠ɂ̊ǒ Ɠ˸ǆ ̇ǂˮå Ɇɜ˵
 èƓ˶Ǆ˳˯˴˸ǃƓȺÜ  ˔ˮ˴ƙ Ǚ ˗ƿ Ǒ˯ǃå Ɨ˷ƽ˳˹˸ǃå ˚˻ǂå̇ ˯ǃå ÿå Ǐǃå í˦ƶȻ ˗ƿ ü˦Ǆ˴ǃå å˘ǋ ÿåā

 ƗȻ˘ƺ˸ǃå ˙ƮƓ˹ƶǃå óƓ˶˯ǆǙ ƗƿƓƵåƓǌ˯ˢƼƓ˲ǆā  ïā˘˱ǃå ˚˻ƽ˲˯ƕ ïā˘˱ǃå ɉƓ˵ǈ ǏǄƵ
ǃå íå˦˸ǃå ˞ƶȺ çíƓɂð ƴǆ ý˦ˠǃåā í˗ƶǃå ˖˻ơ ˥ǆ Ɨɂ˦ǈƓ˰ǃå çí˗ƶ˯˸ǃåā Ɨ ƑƓ˹˰ǃå ƗƮƓƤā Ɨ ǃ˦˹˻ƽ

 Ɠǋ̇ Ḫî Ǒ˯ǃå èƓƪï˗ǃå ˞ƶȺ ǉ̇ ˴Ƽ Ɠǆ å˘ǋā]59 [ ǏǄƵ ɌƼƓ˲ƙ Ɨǃ˦˻˹ƽǃå íå˦˸ǃå ǉ̆ǋ ÿ˦ḧǃ
 ˔ˮ˴ƙ Ǒ˯ǃå ƗȻíƓơǙå èǙ˦ ˹˻ƽǃå ˛ɜƶȺ ƗǃƓˠ˯ƪǙåā þƓ˴ǀǈǙå ǑƼ Ɠǌ˟Ɠ˵ǈ ˤȻ˗ƙā èƓ˹˻˴ḪāǙå

 þƓ˴ǀǈǙƓȺ Ǌ˯˻ǃƓƶƼ ǉ˗ǀƽȻ Ɠ˸ǆ ˥˻˴ǂǚǃ ɆǄ˲˸ǃå Ǒ˸ɂ̊ ǈǙå ɉƓ˵˹ǃå çíƓɂð ÿåā Ü  ƗǃƓˠ˯ƪǙåā
 ˦˸˹ǃåā èƓ ǈǙå èƓ Ǆ˸Ƶ ˚ƽ˲Ȼ ˚˻Ḫ̇ ƙ Ɇƿå ˗˹Ƶ èƓƙƓ ˹Ǆǃ Ɨ ƑƓ˸ǃå èƓ˶Ǆ˳˯˴˸ǃå ýƓ˸ƶ˯ƪå
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 Ɇ˸ƶȻ ̟ ơ˻ ɏï̆˱ ǃå ÷˦˸˱˸ǃå ý˦  ˟ǑƼā èƓǈǙå Ɨ˴ǈ ǑƼ ƴ˱ ɂ˵ā  Ɇ˻ƮƓ˲˸ǃå ɄǄ˯˳ ǃ˸
 ā̆ˮǃå ˦˸ǈ Ɋ˵ ƙ˹ Ɠƞ˦ǃ˦˻ƕ Ɨɣ˵˹ǆ èƓḪ̇ǆ ûǚ˟åā êƓ˯ǈå ǏǄƵ ̇˯Ƶ̊ǃå èƓǈ û˦˲˴ǆï]60 Ü

61  Ü62 [˘ǃåā ̇ Ḫî ɏè  ˦˸ǈ  èƓ Ǆ˸Ƶ Ɇ˻Ǆǀƙ ǏǄƵ Ɇ˸ƶƙ Ɨ ƑƓ˸ǃå èƓ˶Ǆ˳˯˴˸ǃå ÿƋȺ
 ˗˹Ƶ ˙˯Ƶ̊ ǃå ûåïāå ˝Ǆ˳˯˴ǆ ˔ˮƪ ˕˻ơ ˚˻ǂå̇ ˯ǃå ǏǄƵå ǑƼ ˕ǆ˗˳˯ƪå Ɠǆ åîå Ɇ˻ƮƓ˲˸ǃå

 ˚˻Ḫ̇ ˯ǃå10 %  ˦˸ǈ Ɇ˻Ǆǀƙ ǑƼColeoptile   ) ǉï˗ƿ ý˗ƶ˸Ⱥ9   ˗ǋƓ˵ǃƓȺ ƗǈïƓǀǆ ( ˤƪ
10.4  Ɇ˻˴ǂå̇ ǃå ˗˻ˮǆ ɖǀơ Ɠ˸Ḫ Ü ˤƪRaxil  èƓ ǈå ˥˻˴˲ƙ ǑƼ Ɨ ǃƓƵ çßƓƽḪ  Ɠ Ǆ˸ƶǆ

 ˙ǒ˘˱ǃå ý˦˟ çíƓɂðā ïā˘ˮǃåRadicle  ˚˻Ḫ̇ ƙ ˗˹Ƶ10 %  ) ý˗ƶ˸Ɂā9.8  Ɨƞï˗Ɂā  ( ˤƪ
 ) ˗ǋƓ˵ǃƓȺ ƗǈïƓǀǆ Ɨɂ˦˹ƶǆ7.3  ) ɆɜƬ  ( ˤƪ3  è̇ ǌˡå Ǒ˯ǃå Ɨƪåï˗ǃå ǉ˘ǋ  ˗Ḫ˓ƙā  . (

 ɏ̇ ƽɣǃå ̠˻ˮ˸Ǆǃ ƗǃƓƵ çßƓƽǂRaxil ǆ ÿå Ǚå èƓƙƓ ˹ǃå ˦˸ǈ èƓƽƮå˦ǆ ˥˴˲ƙ ǑƼ ˤˢƶ
 ƗǄǒ˗ƕ ɆƑƓƪā íƓ˱Ȼå ǏǄƵ ˗˸˯ƶƙ Ɨư̇ ˸˸ǃå ï˦ˠƽǃå Ɨ˲ƼƓɜǆ ýƓ˱ǆ ǑƼ Ɨ˰ǒ˗˲ǃå èƓ Ʈ˦˯ǃå

. Ɨ ƙƓ ˹ǃå èƓ˶Ǆ˳˯˴˸ǃå þå˗˳˯ƪå Ɠǌ˹ǆā Ɨ ƑƓ ˸ ḧǃå Ɨ˲ƼƓɜ˸Ǆǃ 

 

 
 . ˤƿï Ɇɜ˵ǃå1  èƓ ǈ ˝Ǆ˳˯˴ǆ ˙˻ƛƋƙ .Capparis spinosa  ˚˻Ḫ̇ ƙ ˗˹Ƶ5 %  èƓ ǈå ǏǄƵ

ǃå ïƓ˴Ȼ ˗ǋƓ˵ǃƓȺ ƗǈïƓǀǆ çï˦˶ǃå ˥˻˸Ȼ èåïîƓ ǃå.  çï˦˶ 
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 . ˤƿï Ɇɜ˵ǃå2  èƓ ǈ ˝Ǆ˳˯˴ǆ ˙˻ƛƋƙ .Capparis spinosa  ˚˻Ḫ̇ ƙ ˗˹Ƶ10 %  èƓ ǈå ǏǄƵ

.  çï˦˶ǃå  ˥˻˸Ȼ ƗǈïƓǀǆ çï˦˶ǃå ïƓ˴Ȼ èåïîƓ ǃå 

 
 . ˤƿï Ɇɜ˵ǃå3 . ç̇ ˮ˯˳˸ǃå èåïíƓ ǃå ˦˸ǈ ǏǄƵ Ɇ˻˴ǂåï ˗˻ˮǆ ˙˻ƛƋƙ  . 

 
 . ˤƿï Ɇɜ˵ǃå4  ˙ˠƽȺ Ơ˸ǀǃå ïā˗ƕ è˦Ǆƙ  .Cladosporium spp 
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 .  ˤƿï Ɇɜ˵ǃå5  ˙ˠƼ ˦˸ǈ .Cladosporium spp  ǑƑå˘ƺǃå Ɋƪ˦ǃå ǏǄƵPDA  ɆɜƬ ǏǄƵ

Ɨɂ̇ ˠƼ èå̇ ˸ƶ˯˴ǆ 
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. ˤƿï Ɇɜ˵ǃå6  ˙ˠƽǃ ƗȻ˗˻ǈ˦ḧǃå ˤ ƛå̇ ˱ǃå .Cladosporium spp 

  ƕ ƗƑ ˷ǁä çƑ˴ǂ˱˭˲˶ǁƑȸ ƕǂǄƑƴ˶ǁä îĀ˖ˬǁä Ǐƺ ƕɀ˗˞ƻǁä ðƑ˷ƜǗä ìì˗Ɨ 
 ç̇ ˮ˯˳˸ǃå úƓ˹Ʈǖǃ ïā˘ˮǃå Ơˠƪ ǏǄƵ ïā˘ˮǃå èƓɂ̇ ˠƼ íí̇ ƙ Ɨ ˴ǈ ƗǄƿ ƝƑƓ˯˹ǃå ˕˲ưāå
 ýā̠ƞ  Ǒ˹ˮǃå ÿ˦Ǆǃå Ǐǃå  èåïíƓǃå ÿ˦ǃ ǑƼ ̇˻ƺƙ Ɨ˸ǆ̇˯ ǃ˸å èƓɂ̇ɣƽǃå ̞ˮˮƪ ̞ ơ˻ ƗǄǆƓƶ˸ǃå

 )5  Ü6   èƓɂ̇ ˠƼ ˦˸ǈ ǏǄƵ Ɨ ƑƓ˸ǃå èƓ˶Ǆ˳˯˴˸ǃå ˙˻ƛƋƙ þ˗Ƶ ÿåā .(Rhizopus 
,   sppnaria Alter sppPencillium ,  stollnifer Ɨƪåïí ƴǆ ɖƽ˯ǒ ]63[  í˦ƞā þ˗ƶȺ

 èƓ ǈ ˝Ǆ˳˯˴˸ǃ Ǒˠ ˮ˰ƙ ˙˻ƛƋƙArtemisiaabsinthium  ˙ˠƼ ˦˸ǈ ǏǄƵAspegillus 
fumigatus ,A.terrus ,A.niger  Ɨ ǄƤ ïå˗ƞ èƓǈ˦ɜǆ ƗǆāƓǀǆ Ǐǃå ˣǃî ƴƞ̇ ǒ Ɠ˸Ɂïā

 Ǌ˯ǆāƓǀǆ ˥ǆ ˗ɂ̊ ƙ ˗ƿ ˙ˠƽǃå Ɠǋð˙ƽȻ èƓ˸ɂ̊ ǈå í˦ƞ˦ǃ āå ǑƙƓ ˹ǃå ˝Ǆ˳˯˴˸Ǆǃ ˙ˠƽǃå íå˦˸Ǆǃ
. æ˦Ǆˠ˸ǃå ˙˻ƛƋ˯ǃå éå˗ơǗ Ɨǆ˗˳˯˴˸ǃå ˚˻ǂå̇ ˯ǃå ƗȻƓƽḪ þ˗Ƶ āå ƗǃƓƶƽǃå 
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 üĀ˕Ɯ4 ˗˹˱ǁä ˤƓä ˗ˬ˭˱˶ǁä ɂ˷˴ǂǁ ƕɀ˗ǉƑˠǁä çƑƻ˴ǁä ǍǂƳ ƕ ƗƑ ˷ǁä çƑ˴ǂ˱˭˲˶ǁä ˗˹ƙƉƗ  . 
ƕǂǄƑƴ˶ǁä ˕ƴȸ . 

 
 

  üĀ˕Ɯ5  ƕ ƗƑ ˷ǁä çƑ˴ǂ˱˭˲˶ǁƑȸ ƕǂǄƑƴ˶ǁä îĀ˖ˬǁä Ǐƺ ƕɀ˗˞ƻǁä ðƑ˷ƜǗä ìì˗Ɨ ƕ ˲ǆ ˣ˹ˬǐ  .
 ˘˹Ḩ˗˭ǁä ˕˷Ƴ ƕƻǂ˭˱˶ǁä5 %  . ƕɀĀƑ˶ ḥǁä çä˕˹ˬ˶ǁä ɍ˕ƟƉȸ ƕǆîƑƾǄ  ƞ ƪ˗˭ǁä úäîĀä ƕƾɀ˗˞ȸ 

 

  ƕ ƗƑ ˷ǁä çƑ˴ǂ˱˭˲˶ǁä
Plants extracts 

% ƕɀ˗˞ƻǁä ðƑ˷ƜǗä 

Rhizopusstolonifer Pencillium 
spp Alternaria spp 

 îƑ ʽǁä çƑ ǆ úäîĀä
Capparis spinosa 

100 - - 

 ˗˭Ƴ̆ ǁä çƑ ǆ úäîĀä
Thymus capitatus 

100 2.2 4.4 

 ˕˹ˬǄRaxil 0.00 0.00 0.00 
Control 100 - 46.7 
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  ýā˗ƞ6  Ɨ ƙƓ ˹ǃå èƓ˶Ǆ˳˯˴˸ǃƓȺ ƗǄǆƓƶ˸ǃå ïā˘ˮǃå ǑƼ Ɨɂ̇ ˠƽǃå ñƓ˹ƞǙå íí̇ ƙ Ɨ ˴ǈ ˥˻ˮǒ   .
 ˚˻Ḫ̇ ˯ǃå ˗˹Ƶ ƗƽǄ˯˳˸ǃå10 %  . ƗɂāƓ˸ ḧǃå èå˗˻ˮ˸ǃå ɏ˗ơƋȺ ƗǈïƓǀǆ  Ơ Ƭ̇ ˯ǃå ûåïāå Ɨǀɂ̇ ˠȺ 

çƑ˴ǂ˱˭˲˶ǁä ƕ ƗƑ ˷ǁä 

% ƕɀ˗˞ƻǁä ðƑ˷ƜǗä 

Rhizopusstolonifer Pencillium 
spp Alternaria spp 

 îƑ ʽǁä çƑ ǆ úäîĀä
Capparis spinosa 

100 - 33.3 

 ˗˭Ƴ̆ ǁä çƑ ǆ úäîĀäThymus 
capitatus 

33.4 2.2 - 

 ˕˹ˬǄRaxil 0.00 0.00 0.00 
Control 100 - 46.7 

 
 ýā˗ƞ7  . çíïƓ ǃå Ɨ ƑƓ˸ǃå èƓ˶Ǆ˳˯˴˸ǃƓȺ ƗǄǆƓƶ˸ǃåā Ɨ ǆƓ˹ǃå ïā˘ˮǃå ˙Ƭ˓ǆ Ɋƪ˦˯ǆ ˥˻ˮǒ . 
 

ƕ ƗƑ ˷ǁä çƑ˴ǂ˱˭˲˶ǁä 
 ) ƕȸƑ˯˭ƨǗä ˗ƪˑǄ( R 
 ˘˹Ḩ˗Ɨ ˕˷Ƴ5 % 

 ) ƕȸƑ˯˭ƨǗä ˗ƪˑǄ( R 
 ˘˹Ḩ˗Ɨ ˕˷Ƴ10 % 

 îƑ ʽǁä çƑ ǆ úäîĀäCapparis 
spinosa 

0.100 0.126 

 ˗˭Ƴ̆ ǁä çƑ ǆ úäîĀäThymus 
capitatus 

0.025 0.025 

 ˕˹ˬǄRaxil 0.025 0.22- 
 

 çƑƜƑ˭˷˭ƨǗä 
 þå˗˳˯ƪƓȺ Ơ˸ǀǃå èƓƙƓ ǈ ǑƼ ˦˸˹ǃå ˥˻˴˲ƙ ÿƓɜǆǗƓȺ Ǌǈå Ɨƪåï˗ǃå ǉ˘ǋ ˥ǆ Ɲ˯˹˯˴ǈ
 ˥ǆ Ǚ˗ƕ Ɨ ʹ ˮ˟ èƓ˶Ǆ˳˯˴ǆ ƓǋïƓ ˯ƵƓȺ èƓƙƓ ˹ǃå Ǒǀƪā ïā˘ˮǃå ƴǀ˹ƕ Ɨ ƙƓ ˹ǃå èƓ˶Ǆ˳˯˴˸ǃå
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 ˥ǆ Ɠǌǃ Ɠ˸ǃ Ɨ ʸƓ˹˶ǃå Ɨ ƑƓ ˸ ḧǃå èƓ Ḫ̇ ˸ǃå þå˗˳˯ƪå. ÿƓ˴ǈǙå Ɨ˲Ʈ ǏǄƵ çïƓư èå̇ ˻ƛƋƙ 
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˛˱ǂ˶ǁä 
å ï˦ˠƙ Ǐǃã èíá èƓǆ˦Ǆƶ˸ǃå ˥ǆá Ɨ ˸ǋáǊǈå ˖˻ơ ˙˻ƽ˵˯ǃ  ßƓǀȺ ǏǄƵ ɋƓƽ˲ǃå Ǐǃã ú˗ǌǒ

 ˙ƽ˵ǆ ˝ǈ Ǐǃã ɏíƓƶǃå ˝˹ǃå Ɇɂ˦˲ƙ Ɨ Ǆ˸Ƶ ˦ǋ ˙˻ƽ˵˯ǃå ÿå ˖˻ơ Ü Ɨɂ̇ ƪ èƓǆ˦Ǆƶ˸ǃå
 ̇Ƽ˦ǒ ā Ü̇ƽ˵˸ǃå ̋ ǃ˹å ˥ǆ ƗǄƮǕå ƗǃƓƪ̇ǃå çíƓƶ˯ƪǙ Ɏ̇ ƙ˱ ƗǄ˸Ƶ ˦ǋ ̇ ƽ˻˯˵ǃå xƼā

.ïƓḧǈǙå þ˗Ƶā Ɨǋå̊ ˹ǃåā ƗƿíƓ˶˸ǃå ˣǃ˘Ḫā Ü Ɨɂ̇ ˴ǃå ˙˻ƽ˵˯ǃå 
þƓˢǈ ç˦ ƿ ˗˸˯ƶȻ ā  ˣƼ ā ˙˻ƽ˵˯ǃå Ɨ Ǆ˸Ƶ ǑƼ þ˗˳˯˴˸ǃå ëƓ˯ƽ˸ǃå ǏǄƵ ˙˻ˮḪ Ɇɜ˵Ⱥ ˙˻ƽ˵˯ǃå

ëƓ˯ƽ˸ǃå ˤ˱ơ ÿå ˖˻ơ Ü˙˻ƽ˵˯ǃå  Ü Ɨ˸ƬƓƺǃå Ɏ˦ǀǃå þ˦˱ǋ ̠ư ƗȻƓ˸˲ǃå ǑƼ ̇˻ˮḪ ïāí Ǌǃ
 ˥ɜ˸Ȼ ā Ü èƓ ǆðïå˦˳ǃå ˗˻ǀƶƙ ˥ǆ ˗ɂ̊ ɂā Ɨ˱ǃƓƶ˸ǃå ç˦ ƿ ˥ǆ ˗ɂ̊ ˸ǃå ˔Ǆˠ˯ǒ å˘ǋ Ü ˣǃî ƴǆā

å ñƓƪá ǏǄƵ Ɨǀ ˠ˸ǃå ˙˻ƽ˵˯ǃå Ɨ˸ˢǈá ˙Ƽ˦ƙ ÿá ÿƓǆǕå Ɏ˦˯˴ǆ ̨ƽǈ Ɨ˱ ǄǋǗå èƓ˹˲ ˹˸ǃ
.˙ƺƮá Ơ ƙƓƽǆ þƓ˱ơƋȺ ˥ḧǃā 

Ɨɂ̇ ˢǈ ǏǄƵ ç˗˸˯ƶǆ ˙˻ƽ˵ƙ èƓ ǆðïå˦Ƥ Ɨƿï˦ǃå ǉ˘ǋ þ˗ǀƙ  ƴǆ Ɠǌ˯ǈïƓǀǆā Ǒ˱Ǆ˻ǄǋǙå Ǐ˹˲˹˸ǃå
 Ǐǃã ÿå˗˹˯˴ƙ ˥˻ƙ˗ǒ˗ƞ ˥˻˯˻ǆðïå˦ƤElliptic Curve Diffie- Hellman Key 

Exchange . 
 Ɠǌ˻ǄƵ Ɇ˶˲˯˸ǃå ƝƑƓ˯˹ǃå è̇ ǌˡå ˖˻ơ ßåíǕå ǑƼ Ɨć˸Ċʾ èƓ˹˴˻ ƙ˲ Ɨơ̇˯ǀ˸ǃå èƓǆðïå˦˳Ǆǃ
.çí˦ƞ˦˸ǃå èƓ ǆðïå˦˳ǃå ˞ƶ ƕ ƗǈïƓǀǆ  
 Ɨƺǃ þå˗˳˯ƪƓȺ ɖ˻ˮˠƙ ßƓ˹ƕ ˤƙ ˖˻ơjava  ƝǆƓǈ̇ ƕ āNetbeans ƝƑƓ˯˹ǃå ǏǄƵ ý˦˶˲Ǆǃ. 
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Abstract 

The importance of information security led to the evolution of 

cryptography. Cryptography aims a keeping information secure. 

Encryption is the process of converting a plain text into cipher text 

and decryption is the process of getting back the original message 

from the cipher text. Cryptography provides confidentiality, as 

well as authentication, integrity and non-repudiation.  

   The strength of a cryptosystem relies heavily on the key used in 

the encryption/decryption process. It is the key size that makes it 

difficult to perform a brute force attack. However, this requires 

more processing power and increases the complexity of the 

algorithm. Cryptosystems implemented based on elliptic curves 

can provide the same level of security but with smaller key sizes. 

    This paper introduces two cryptographic algorithms using 

elliptic curve and compares them with  two novel algorithms that 

base on Elliptic Curve DiffieïHellman Key Exchange. Our 

experimental results of the proposed algorithms show valuable 

improvements in the performance compared to those algorithms 

pervious proposed. Where a simulation program will be written 

using Java platform and using Netbeans integrated development 

environment (IDE) to get results. 

1. Introduction   
Cryptography enables you to store sensitive information or 

transmit it across insecure networks (like the Internet) so that it 

cannot be read by anyone except the intended recipient. 

   Cryptography has been an important tool in securing transactions 

for thousands of years.  It was originally intended to disguise 

messages so that adversaries could not acquire or alter sensitive 

information.  Cryptography involves encryption, which is the 

conversion of plaintext to an unreadable format known as 
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ciphertext.  If the cryptosystem is secure; only an entity with the 

secret key can decrypt the ciphertext and convert it back to 

plaintext. Since its origination, cryptography has been divided to 

include two types of cryptosystems: symmetric and asymmetric. 

These terms define whether the cryptosystem uses a single key or a 

pair of keys for encryption and decryption. 

   The discrete logarithm problem (DLP) is said to be difficult in 

addition to being the hard direction of a one-way function [1]. It 

involves the mathematical structure of groups, of which the 

simplest definition is a nonempty set G together with a binary 

operation.  Let g be an element of group G.  If g is a generator of 

G. This means that repeated exponentiation of g (g*g*g) will yield 

all elements of G. Cryptography commonly uses the group Z*p, a 

finite and multiplicative group of integers modulo a prime number 

p.  The DLP is characterized by these elements under the following 

condition: 

Given a generator g of the multiplicative group Z*p, a prime 

integer p, and another element h Zɴ*p, find the unique integer  j in 

the interval [1, p -1] such that h = gj mod p [1]. 

   The inverse operation of exponentiation on gj mod p can be 

computed efficiently, but it is not practical to calculate gj mod pfor 

large values.  This is why the DLP is a one-way function and 

considered a hard problem. 

  Elliptic Curve Discrete Logarithm Problem (ECDLP) based on 

the infeasibility of computing discrete logs on elliptic curves over 

finite fields, the elliptic curve discrete logarithm problem is the 

security behind elliptic curve cryptography. Cryptosystems based 

on the computational complexity of this mathematical problem 

include ECDSA, ECElGamal, and elliptic curve Diffie-Hellman 

(ECDH).  ECDLP is similar to the aforementioned discrete 
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logarithm problem and can be thought of as an analogue to DLP.  

In the ECDLP, however, the subgroup Z*p is replaced by the group 

of points on an elliptic curve over a finite field. ECDLP is 

considered to be significantly harder than the DLP, thus giving 

elliptic curve cryptosystems a greater strength-per-key-bit than 

their non-analogue discrete logarithm counterparts. 

2. ELLIPTIC CURVE CRYPTOSYSTEMS  

Elliptic curves have been studied for many years and there is an 

enormous amount of literature on the subject. In 1985, Neal 

Koblitz and V. S. Miller independently proposed using them for 

public-key cryptosystems. They did not invent a new 

cryptographic algorithm with elliptic curves over finite fields, but 

they implemented existing public-key algorithms, like Diffie-

Hellman, using elliptic curves [2]. Elliptic curves are interesting 

because they provide a way of constructing ñelementsò and ñrules 

of combiningò that produce groups. These groups have enough 

familiar properties to build cryptographic algorithms. 

   Definition: The (ECDLP) is: given an elliptic curve E defined 

over a finite field Fp, a point 0ɴ %&Ð of order n,and a point 1ᶰ

0, find the integer Ìɴ πȟÐ ɀ ρ such that 1  Ì0[3]. 

   Elliptic Curves over &Ð The finite field &Ð, referred to as a 

prime field, consists of integers in the interval πȟÐ ρ where Ð 

is a prime number.  The arithmetic of this field is modulo Ð so that 

any calculation results will fall into the finite space defined [3].  

    An elliptic curve % &Ð over a finite field &Ð is defined by the 

following equation: 

9ς  Øσ  Á Ø  Â ÍÏÄ Ð ééééé(1) 
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where ὥȟὦ ɴ  Ὂ and the condition τ Áσ  ςχ Âς  π ÍÏÄ Ð, 

together with an imaginary point of infinity O, create a group on 

the curve. 

    Addition of points within an elliptic curve group will give 

another point on the curve, and all multiples of points within the 

group are also contained on the elliptic curve.  There are three 

rules that addition of points within an elliptic curve group adhere 

to [4]: 

¶ O + O = O  

¶ (x, y) + O = (x, y) 

¶ (x, y) + (x, -y) = O  

The elliptic curve includes all points (x, y) which satisfy the 

elliptic curve equation modulo p (where x and y are numbers in 

Fp). 

     ECDLP Given is an elliptic curve E. We consider a primitive 

element P and another element T. The DLP is finding the integer d, 

where 1 Ò d Ò #E, such that:  

P + P + éé + P = dP = T       d times 

where #E denotes the number of points on the curve. 

    In cryptosystems, d is the private key which is an integer, while 

the public key T is a point on the curve with coordinates 4 

 Ø4ȟÙ4. In contrast, in the case of the DL problem in &ᶻ, both 

keys were integers [4]. 

a.  Diffie ï Helman key exchange system 

This system is merely a method for exchanging key. no massages 

are included. The following algorithm illustrates this system Key 
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exchange using elliptic curves can be done in the following 

manner. First pick a large integer Ñ, which is either a prime 

number Ð , and elliptic curve parameters Á and Â). This defines the 

elliptic group of points % ÁȟÂ. Next, pick a base point ' 

 ØȟÙ  in Ep(a, b) whose order is a very large value n. The order 

Î of a point G on an elliptic 

curve is the smallest positive integer n such that nG = 0 and G are 

parameters of the cryptosystem known to all participants. 

 Suppose two communication parties, Amina and Bashir, want to 

agree upon a key. 

    They first fix a finite field &, an elliptic curve % defined over it 

and a base point "ᶰ%. To generate a key, first Amina chooses a 

random Áɴ &. which she keeps secret. Next, she calculates Á"ɴ

% that is public and sends it to Bashir. Bashir does the same steps, 

he chooses a random integer Â (secret) and calculates Â", which is 

sent to Amina. Their secret common key is then0  ÁÂ"ɴ% [1]. 

The following algorithm illustrates this system [3].` 

b. The Algorithm of Diffie ï Helman key exchange system 

Amina and Bashir first choose a finite field & and an elliptic curve 

E defined over it %& . 

 They publicly choose a random base point "ᶰ%. 

- Amina chooses a secret random integer Å. she then computes 

Å"ɴ %. In addition, send it to Bashir . 

- Bashir chooses a secret random integer d. She then computes 

Ä"ɴ %. And send it to Amina . 

-  Then Å" and Ä" are public and Å and Ä are secret. 

-  Amina  computes the secret key ÅÄ"  ÅÄ"Ȣ 
-  Bashir computes the secret key ÅÄ"  ÄÅ". 

There is no fast way to compute edB if only knows B, eB and dB, 

this is ECDLP (Elliptic Curve Discrete Logarithm Problem). 
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3. Previous proposed of Encryption 

In 2009 a research [5] by Sadkhan and Hameed introduced 

proposed to development of algorithms for elliptic curve 

Cryptosystem. In these algorithms they have tried to benefit from 

the Diffie -Hellman Key Exchange to use this key of the encryption 

and decryption as follows: 

a. Sadkhan and Hameed Algorithm [5] PA1  

Suppose Amina wants to send a message - ɴ & to Bashir. 

Amina and Bashir Compute ÅÄ"  3  Óρ ȟÓς . 

(using Diffie ï Hellman Scheme) 

Amina sends a message -ᶰ% to Bashir as follows: 

Compute 3 z 3 ÍÏÄ .  +. 

Compute +z -  #, and send # to Bashir. 

Bashir receives # and decrypts it as follows: 

Compute 3 z 3 ÍÏÄ .  +. 

Compute + ÍÏÄ .Ȣ×ÈÅÒÅ .  Π% 

+ #z  + +zz -  -. 

b. Sadkhan and Hameed Algorithm [5] PA2  

Amina and Bashir Compute  ÅÄ"  3  Ó ȟÓ . 

(Using DiffieīHellman Scheme) 

Amina sends a message -ᶰ% to Bashir as follows: 

Compute Ó   ÍÏÄ . + (Such that 

gcdÓ ȟ. ρ). 

Compute + z-  # , and send # to Bashir. 
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Bashir receives # and decrypts it as follows: 

ī Compute   Ó   ÍÏÄ . +. 

Compute +  ÍÏÄ . . 

 + #z   + +zz - -. 

The public keys are eB and dB where B is the base point on 

%&  and the secret keys for Amina and Bashir are e and d 

respectively.  

c. Our Algorithm I:  

Amina  and Bashir Compute  ÅÄ"  3  Ó ȟÓ  . 

(Using DiffieīHellman Scheme) 

- Amina  sends a message - ɴ Π% to Bashir as follows: 

- Compute Ὓ  Ὓ   άέὨ ὔ ὑ (Such that gcdὛ  Ὓ ȟ
ὔ ρ). 

- Compute + z-  # , and send # to Bashir. 

- Bashir receives # and decrypts it as follows: 

- Compute   Ὓ  Ὓ   ÍÏÄ . +. 

- Compute +  ÍÏÄ . . 

-  + ὅz   + ὑz ὓz ὓ. 

Example:  

Let E be an elliptic curve define over Fp where  p = 3023 

and a = 1, b = 2547 where (4a3 + 27b2) mod p = 2027. and #E = 

3083. Therefore, let G = (2237, 2480) be a point on E. 

To apply this system test using (Our Algorithm I), at first we must 

apply Diffie-Hellman Exchanging key 

- Amina chooses a secret random integer e = 2313. 

Å = 2313 (2237 , 2480) = (934 , 29) 

And send (934, 29) to Bashir . 

- Bashir chooses a secret random integer Ä= 1236. 
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dB =1236 (2237 , 2480) = (1713, 1709) 

And send (1713 , 1709) to Amina 

- Amina computes the secret key e (dB) = 2313 (1713, 1709). 

edB = (2537 , 1632) = S 

-  Bashir computes the secret key d (eB) =1236 (934, 29). 

deB = (2537 , 1632) = S 

Now, Amina and Bashir have the same point S = (2537, 1632). 

Encryption:  

Amina represent the message M = (1111). 

Amina computes: 

+ 3  3  ςυσχ ρφσς ÍÏÄ σπψσ, 

 + ρπψφȢ 

 # +z  - ρπψφzρρρρ ÍÏÄ  σπψσ 

 # ρπωσ. 

Amina sends to Bashir the encrypted message: 

C = (ρπωσ). 

Decryption:  

Bashir computes: 

-  + #z ÍÏÄ Ð. 

      = 599 * ρπωσ mod 3083 = 1111, 

Thus, Bashir recovers the message  M = (1111). 

d. Our Algorithm II:  

Amina and Bashir Compute  ὩὨὄ  Ὓ  ί ȟί  . 

(Using DiffieīHellman Scheme) 
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- Amina  sends a message - ɴ Π% to Bashir as follows: 

- Compute Ὓ  Ὓ   άέὨ ὔ ὑ (Such that 

gcd Ὓ  Ὓ ȟὔ ρ). 

- Compute + -  # , and send # to Bashir. 

- Bashir receives # and decrypts it as follows: 

- Compute   Ὓ  Ὓ   ÍÏÄ . +. 

- ὅ ὑ   + ὓ + ὓ. 
 

Example:  

Let E be an elliptic curve define over Fp where  p = 3023 

and a = 1, b = 2547 where (4a3 + 27b2) mod p = 2027. and #E = 

3083. Therefore, let G = (2237, 2480) be a point on E. 

To apply this system test using (Our Algorithm I), at first we must 

apply Diffie-Hellman Exchanging key 

- Amina chooses a secret random integer e = 2313. 

Å = 2313 (2237, 2480) = (934 , 29) 

And send (934, 29) to Bashir. 

- Bashir chooses a secret random integer Ä= 1236. 

dB =1236 (2237 , 2480) = (1713, 1709) 

And send (1713 , 1709) to Amina 

- Amina computes the secret key e (dB) = 2313 (1713, 1709). 

edB = (2537 , 1632) = S 

-  Bashir computes the secret key d (eB) =1236 (934, 29). 

deB = (2537 , 1632) = S 

Now, Amina and Bashir have the same point S = (2537, 1632). 

 Encryption: 

Amina represent the message M = (1111). 

Amina computes: 
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ὑ Ὓ  Ὓ  ςυσχ ρφσς ÍÏÄ σπψσ, 

 ὑ ρπψφȢ 

 ὅ ὑ  ὓ ρπψφρρρρ άέὨ  σπψσ 

 ὅ ςρωχ. 

Amina sends to Bashir the encrypted message: 

C = ςρωχ. 

Decryption:  

Bashir computes: 

ὓ  ὅ ὑ άέὨ ὴ. 

      = ςρωχ- (1632 + 2537) mod 3083. 

       = ςςυχ- (1086) mod 3083= 1111, 

Thus, Bashir recovers the message  M = (1111). 

4. Experimental Results and Discussion 

In this section we will graphically present the execution time of 

each algorithm for the sake of performance evaluation for 

encryption and decryption, where the time required by algorithm to 

complete the operation depends on processor speed, less the time 

algorithm takes to complete its operation better it is. 

a. Execution Time of Encryption 

Figure (1) shows the difference in execution time (Milliseconds) 

for encryption between our proposal algorithms (algorithm I, 

algorithm II) and Sadkhan and Hameedôs algorithm ( PA1, PA2), 

where the result based on the execution time of  the encryption 

with size 16 and 32 KB of   Figure 1 shows the result based on the 

execution time of the encryption with size 16 and 32 KB of text 
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files. It shows that the execution time for our proposal algorithm I 

approximately gives similar results to PA1and PA2 algorithms, 

whereas algorithm IIôs proposal took less time when it compared 

to those of  PA1, PA2  algorithms and our algorithm I. 

b. Execution Time of Decryption 

Execution time (Milliseconds) for decryption to our proposal 

algorithms and PA1, PA2 algorithms is shown in Fig. (2). 

Where the result based on the execution time of the decryption 

with size 16 and 32 KB of text files. and shows that the algorithms 

I performance closely toPA1 and PA2 algorithms, while algorithm 

II took less execution time from PA1, PA2 Algorithm.  

 

Fig. 1.  Encryption execution times 

 

Fig. 2.  Decryption execution time in milliseconds. 
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c. Execution Time of Encryption and Decryption 

Execution time (Milliseconds) for encryption and decryption to the 

algorithms PA1, PA2 and algorithm I  are shown in Fig. (3).  

As seen the result based on the total execution time for encryption 

and decryption with size 16 and 32 KB of text files. 

And the total execution time is minimum for Algorithm II when 

compared to thosePA1, PA2 algorithms and algorithm I. 

 

Fig. 3.  Total execution time in milliseconds 
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proposed in this paper, algorithm I and algorithm II. we attempted 

to make the algorithms more efficient and reduce the execution 

time for encryption and decryption.  

Based on that, the algorithm II has less execution time in 
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and PA2 performance badly because three of them use the 
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invers operation which takes extra time in every decryption 

process, on the other hand; algorithm I does not include it. 
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ABSTRACT 

In this paper, the Constrained Hierarchical Agglomerative 

Clustering (CHAC) algorithm was proposed to increase the 

applicability of the Hierarchical Agglomerative Clustering (HAC) 

algorithm. Depending on this algorithm, the well-designed 

program was implemented to produce a proper final exam 

timetable at the College of Industrial Technology (CIT). The 

results of the produced final exam timetables for the last two 

semesters were accepted, and no conflicts between courses were 

discovered. 

Keywords: HAC, CHAC, timetable, hierarchical, agglomerative, 

clustering, constrained. 
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 èƓǈƓ˲˯ǆǙå ýā̠ƞ êƓ˯ǈǗ Ɨơ̇˯ǀ˸ǃå ç̠ǒ̠˱ǃå Ɨǆðïå˦˳ǃå ǑǄƵ ĈåíƓ˸˯Ƶå ǑɁ˦ƪƓơ ƝǆƓǈ̇ƕ
çðƓ˯˸ǆ ƝƑƓ˯˹ǃå ˕ǈƓḪ ˗ƿā Ü˥˻ǃƓ˯˯ǆ ˥˻Ǆ˶ƽǃ Ɨƙå̇ ˶˸Ⱥ Ɨ ʸƓ˹˶ǃå Ɨ ˹ǀ˯ǃå Ɨ ǄɜȺ Ɨ ƑƓǌ˹ǃåÜ 

˳˯ƪå Ɨ ǆðïå˦˳ǃå ˕ƵƓˠ˯ƪå ˖˻ơǙå ýā˗ƞ êå̇ ɏá ÿā̠ƕ èƓǈƓ˲˯ǆèƓưïƓƶƙ. 

1 Introduction  

Most academic institutions aspect the problem of scheduling both 

courses and examinations every semester or term [1]. 

Implementing proper final exam timetable is a difficult problem, 

and there are many types of research about, as well as there are 

many methods and algorithms used to solve it [2]. The reason for 

the difficulty of finding proper final exam timetable is due to the 

constraints required in the design of the table, such as shared 

courses between students, the number of rooms, the number of 

students per day and the duration of examinations. What is 

required is the distribution of courses so that there is no conflict 

between the courses, in the sense that the student is not allowed to 

take two exams on the same day and this is the basic constraint. 

Data mining is a method of mining and extracting useful 

information from large data repositories [3]. There are several 

methods in data mining such as classification, clustering, 

regression, association, and sequential pattern matching. 

Clustering tries to assemble the set of data items into clusters of 

similar identity.  There are many types of clustering and the most 

influential ones can be divided into partitioning, hierarchical, 

density-based, grid-based and model-based. In a hierarchal 

method, separate clusters are finally joined into one cluster. 

Generally, hierarchical clustering algorithms can be divided into 

two categories: Divisive and Agglomerative [3][4]. 
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Data mining techniques play an important role in many domains. 

This paper proposes the use of Hierarchical Agglomerative 

Clustering (HAC) with constraints to generate a feasible final 

exam timetable. 

2 Hierarchical Agglomerative Clustering (HAC) 

Hierarchical Agglomerative clustering performs the bottom-up 

strategy, in which it initially considers each data point as a 

singleton cluster [5]. After that, it continues by merging all those 

clusters until all points are combined into a single cluster. This 

algorithm is based on a matrix called the resemblance matrix. The 

matrix initially contains the attributes between every two elements. 

The algorithm collects every two elements with most resemblance 

attributes and places them in one group (sub-cluster) and a 

different matrix with smaller dimensions and updated attributes 

values are extracted. The process of aggregation will continue until 

all the elements and sub-clusters have been grouped in one cluster 

[6]. The aggregation process of the HAC algorithm is shown in 

figure 1. 

 

 

Figure 1. HAC aggregation process. 
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3 Constrained Hierarchical Agglomerative Clustering (CHAC) 

In the classic Hierarchical Agglomerative Clustering (HAC) 

algorithm, the process of clustering is continuing until all the data 

are grouped into a single cluster [7]. For the algorithm to be more 

useful, the process of clustering is forced to stop when a certain 

condition is obtained. Therefore, the process of clustering is 

constrained by the clustering condition, and the process will 

continue only if the clustering condition is satisfied. 

In our case, the components and the attributes of a resemblance 

matrix are course names and number of students in joint courses 

respectively. The clustering condition will group courses with each 

other if the students do not study the same courses, which means 

that there are no conflicts between students. To understand the 

algorithm, let us assume that there are six available courses c1, c2, 

c3, c4, c5, and c6, and there are eight students' s1, s2, s3, s4, s5, s6, 

s7, and s8 have the right to enroll in a maximum of three courses. 

Table 1 shows the students and the courses in which they were 

enrolled. 

TABLE 1 . Students with their courses 

Student 
Number of 

courses 

First 

course 

Second 

course 

Third 

course 

s1 2 c5 c6 - 

s2 1 c6 - - 

s3 1 c1 - - 

s4 3 c5 c3 c6 

s5 2 c2 c4 - 

s6 2 c6 c2 - 

s7 3 c4 c1 c2 

s8 1 c3 - - 

s = student & c = course 
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The resemblance matrix is a symmetric square matrix, where the 

number of rows and columns is equivalent to the number of 

courses. The matrix main diagonal represents the number of 

students in each course, the rest of the cells in the matrix represent 

the number of students studying the two joint courses (row and 

column). The existence of zero in the cell indicates that there are 

no students sharing in the two courses (no conflict). Table 2 

represents the resemblance matrix that is obtained from table 1 

data. 

TABLE 2. Resemblance matrix  

 c1 c2 c3 c4 c5 c6 

c1 2 1 0 1 0 0 

c2 1 3 0 2 0 1 

c3 0 0 2 0 1 1 

c4 1 2 0 2 0 0 

c5 0 0 1 0 2 2 

c6 0 1 1 0 2 4 

c = course 

4 Algorithm 

The CHAC algorithm is started with grouping the first two non-

conflicting courses (0 in the shared cell) into sub-cluster and a 

newly updated resemblance matrix with lesser dimensions and an 

updated number of students is achieved. Then, the process of 

combining non-conflicting sets (courses or sub-clusters) is 

continued until the final updated resemblance matrix with no 

conflicts is gained. The process of implementing the CHAC 

algorithm is illustrated in the algorithm flowchart as shown in 

figure 2. 
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Figure 2. CHAC algorithm flowchart 

The steps of executing the CHAC algorithm can be summarized in 

the following points: 

a. From the first row of the matrix depicted in table 2, the c1 and 

c3 courses which have zero in the shared cell are combined 

into c1, c3 sub-cluster. Then, the new matrix called the first 
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updated resemblance matrix is obtained with a new number of 

students values as shown in table 3. 

 

TABLE 3. 1st updated resemblance matrix 

 c1,c3 c2 c4 c5 c6 

c1,c3 4 1 1 1 1 

c2 1 3 2 0 1 

c4 1 2 2 0 0 

c5 1 0 0 2 2 

c6 1 1 0 2 4 

c = course 

b. From the second row of the matrix illustrated in table 3, the c2 

and c5 courses which have zero in the shared cell are combined 

into c2, c5 sub-cluster. Then, the new matrix called the second 

updated resemblance matrix is obtained with a new number of 

students values as shown in table 4. 

 

TABLE 4. 2nd updated resemblance matrix 

 c1,c3 c2,c5 c4 c6 

c1,c3 4 2 1 1 

c2,c5 2 5 2 3 

c4 1 2 2 0 

c6 1 3 0 4 

c = course 

c. From the third row of the matrix demonstrated in table 4, the 

c4 and c6 courses which have zero in the shared cell are 

combined into c4, c6 sub-cluster. Next, the newly updated 

resemblance matrix is obtained with no zero number of 
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student's values. At this point, the process of combination is 

stopped and the final updated resemblance matrix is gained as 

shown in table 5. 

 

TABLE 5: Final updated resemblance matrix 

 c1,c3 c2,c5 c4,c6 

c1,c3 4 2 2 

c2,c5 2 5 5 

c4,c6 2 5 6 

c = course 

d. In the end, the six courses are grouped into three sub-clusters. 

The curses of each group will be placed on a separate day, and 

the final exam timetable can be included in three days without 

any conflicts between students. 

5 Final exam timetable application 

The proposed CHAC algorithm was selected to implement a 

proper final exam timetable application. The application was 

designed to run under the Windows operating system. The 

software and its interfaces were developed by visual C# 

programming language under the development environment of 

Microsoft Visual Studio 2012. The SQL database has been 

selected to construct database tables, relationships, and queries. 

Figures 3 and 4 show snapshots of the application main interface 

and the produced final exam timetable respectively. The designed 

application was applied to produce the final exam timetable for 

both spring 2016-2017 and autumn 2017-2018 semesters. The 

results weresatisfying and no conflicts between courses were 
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discovered, and all of the students haven't more than one exam per 

day.  

 

Figure 3. The main interface 

 

 

Figure 4. The final exam timetable 
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6 Conclusions and future work 

This paper proposed the CHAC algorithm, which is based on the 

clustering concept of HAC algorithm with an addition of a suitable 

stop condition, illustrated the algorithm flowchart, summarized the 

steps of generating and updating the resemblance matrix, and 

applied the proposed algorithm to produce feasible final exam 

timetable for two consecutive semesters at the CIT. The execution 

process of the algorithm shows that the main diameter cells of the 

generated resemblance matrix contain the total number of students 

enrolled in all exams, and this number stays constant in the next 

updated resemblance matrices. 

This algorithm is simple in concept and computation and can be 

easily adapted to include other final exam timetable constraints 

such as the gap between exams, exam difficulty distribution, and a 

number of students per day. In addition, the algorithm can be 

extended to generate a study course timetable at the educational 

institutions. 
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˛˱ǂ˶ǁä 
ǆƓ˸˯ǋå ƗƿƓˠǃå ˙˻Ƽ˦˯ǃ ÿã ĄƓ  çßƓùƽḧǃ ʕùǌǆ ̇ùƬ˓ǆ ƗùƑƓɁ̇ǌḧǃå ʕs ù˹ǃå ǑùƼ çï̠ùǀǃå ɆùǆƓƶǆā ÜĄƓù˸ǃƓƵ
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 ǑùǄḧǃå ïƓù ˯ǃåā ï˗ù˶˸ǃå ˗ùǌƞ ˥ùǆ Ɨù˹˻Ƶ ˘ùƤá ǏùǄƵ Ǒù˹ˮǆ þƓùˢ˹ǃå ˤ ˸ù˶ƙ .þƓˢ˹ǃå çï˗ƿ çßå̇ ƿ

 ̇ ùùƼ ñƓùù ʿȺ ǉ˗ùùǒ˗˲ƙ ˤ˯ùùǒ çï˗ùùǀǃå ɆùùǆƓƶǆ  .çï˗ùùǀǃå ɆùùǆƓƶǆ ñƓùù ʿǃ ˣùùǃîā ï˗ùù˶˸Ǆǃ ˥˻ùùƕ ï˦ùùɣǃå û
 Ɨƺ ùùù˶ǃå ýǚùùùƤ ˥ùùùǆ ƗùùùɁ˦Ǆˠ˸ǃå Ɨƶùùù˴ǃå Ɨùùù˸ ʾ æƓùùù˴ơ ˤ˯ùùùǒ ˤùùùƛ ˥ùùùǆā .ïƓùùù ˯ǃåā ˗ùùùǌ˱ǃå Ǒ˯ƞ˦ùùùǆ
 ǏùǄƵ ƗǄù˶˯˸ǃå èƓƽ˰ɜ˸ǃå ƗƵ˦˸˱ǆ Ɋ ư ˤ˯ǒ ˣǃî ˗ƶɁā .˖˲ ǃå å˘ǋ ǑƼ Ɨǀ˯˵˸ǃå Ɨ ưƓɂ̇ ǃå
 ɖùùùɂ̇˟ ˥ùùùƵ Ɠùùùǌƕ ʕɜ˲ù˯ùù˸ǃå ƠƙƓùùùƽ˸ǃå ƗùùùƵ˦˸ ǆ˱ ɖùùùɂ̇˟ ˥ùùùƵ Ɠùùùǌƕ ʕɜ˲ù˯ùùǃå ʕ˯ùùùǒ Ǒùùù˯ǃåā ɏðå˦ùùù˯ǃå

ƙ ˗ƿā .Ɨǀ ʾ˗ǃå èƓ˸ǂƓ˲ǃå ƗɁ˦ù˴˲ ǃ˸å xùǄ˯ǃ ƗùǀȺƓɣǆ èåßå̇ùǀǃå ̞ùǈƓḪā ÜþƓùs˹ǃå çƓǂƓ˲ǆ ĄƓ˷Ȼá ʕ
 .Ɨǀ˯˵˸ǃå ç˗ǒ˗˱ǃå èǙíƓƶ˸ǃå þå˗˳˯ƪƓȺ 

 

Abstract 

Power saving is a global concern. In electrical systems, power 

factor is a crucial indicator of the efficiency of the system. 

Correction of power factor brings additional benefits to the power 

supplier and the consumer too. In this work, simplified formulas to 

calculate power factor, the required capacitance for correction, and 

the total drawn current before and after correction have been 

mailto:farnana@uoz.edu.ly
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driven. A new complete Automatic Power Factor Correction 

APFC system has been proposed, which is capable of monitoring 

power. The design of the system is based on tacking samples of the 

supply voltage and the total current of the system to measure 

power factor (PF). PF is determined by measuring the phase shift 

between the voltage and the current. Then the required capacitance 

is calculated using the driven formula. After that a capacitor bank 

is switched through a relay module according to the capacitance 

required using microcontroller. The system has been simulated, 

and the results were identical to those were calculated using the 

driven formulas. 

 

I. Introduction  

Electrical energy has a great concern, and efficient managing of it 

is an important issue. Power factor (PF) indicates how the 

electrical load is efficient to convert the power delivered from the 

source into useful work, and it ranges from zero to unity. PF is 

defined as the ratio between True power P and apparent power S, 

True power or active power is a power dissipated in a pure 

resistive load, and measured in watt. While apparent power is a 

vector sum of True power and reactive power Q, and measured in 

volt-ampere VA. Whereas reactive power is power dissipated in 

reactive load (Capacitor or Inductor) and measured in volt ampere 

reactive VAR [1,3].  

The higher PF the lower current drawn from a power 

supply while a load still receive the same current because it still 

subject to the same terminal voltage, the supply voltage. When 

power factor equals unity, the supply provides only True power; in 

this case all the power supplied by the source is completely 

absorbed. This provides many advantages to the system that 

reflects several commercial benefits to the power supplier and to 

the consumer. Any effort made to reducing the current to 

minimum will significantly reduce the losses in cables which 

proportional to current squared, this leads to reduce the cost of 

cables, switch-gear, transformers and generators. In addition, it 
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reduces electricity bills for the consumer by eliminating charges on 

reactive power; this makes extra power available at power supply. 

Because of these reasons, power suppliers impose tax on PF lower 

than a certain level to encourage consumers to operate at satisfied 

high PF [1-3]. 

Low power factor arise when a reactive load is applied. Most of 

industrial loads are inductive such as a.c motors, arc welding 

machines, and so on. Because of that most industrial loads have a 

PF not exceeding 0.8, which is considered low. Poor PF happen 

when inductive loads operate at no load or less than full load, this 

occurs for example when a circular saw spinning only with no 

cutting work [2-4]. 

Considering a voltage across a load of   Ὑ Ὦὢ is ὺὸ
ὠÓÉÎ‫ὸ ὠ , and the current through it is Ὥὸ ὍÓÉÎ‫ὸ
—ὃ . Power factor can calculates as follow: 

  ὖὊ
ὝὶόὩ ὖέύὩὶ ὖ

ὃὴὴὥὶὩὲὸ ὖέύὩὶ Ὓ

ὠὍÃÏÓ—

ὠὍ
ÃÏÓ—

Ὑ

ὤ
                ρ   

Where   ὠ ὠ ὠ Ѝςϳ , 

And    Ὅ Ὅ Ὅ Ѝςϳ  

The process of connecting a reactive element in parallel to the load 

in aim to make PF closer to unity is called power factor correction 

(PFC). Because most of loads are inductive, the correction is done 

by adding a capacitor which is the only element have this property. 

The capacitor compensates the lagging of current and makes it 

closer to voltage. If an optimal capacitor value is used, it will push 

the lagging current to be in phase with voltage [4].  

Automatic PFC schemes can be used to correct PF in industrial 

and power distribution systems to increase stability and efficiency 

[3]. There are several methods of PFC nowadays, but the use of 

capacitor bank is still popular and practiced worldwide for its low 

cost of installation and maintenance, and its ease of use. This 
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method is more reliable because it provides the required 

capacitance with very precise step setting [3,4].  

II.  Calculations 

Considering a load with impedance of  ᾀ  Ὑ Ὦὢ  ὤ —᷁, 

supplied with source of ὺ ὠ ίὭὲ‫ὸ. A capacitor connected 

in parallel with the load to form total impedanceᾀ, as shown in 

Figure 1 below. 
 

 
Figure 1: Load and capacitor connected in parallel 

 

 

Total impedance equalsᾀ Ὦ᷆ὢ  as follow: 

ὤ
Ὑ Ὦὢ Ȣ ὐὢ

Ὑ Ὦὢ ὐὢ

ὐὙὢ ὢὢ

Ὑ ὐὢ ὢ

ὐὙὢ ὢὢ

Ὑ ὐὢ ὢ
ᶻ
Ὑ ὐὢ ὢ

Ὑ ὐὢ ὢ
 

ὤ
Ὑὢὢ Ὑὢ ὢ ὢ ὐὙὢ ὢὢ ὢ ὢ

Ὑ ὢ ὢ
   ς 

Ḉ ȿὤȿ
Ὑὢὢ Ὑὢ ὢ ὢ

Ὑ ὢ ὢ

Ὑὢὢ Ὑὢὢ Ὑὢ

Ὑ ὢ ὢ

Ὑὢ

Ὑ ὢ ὢ
  ὕὬάί 
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And; 

— ὸὥὲ
Ὑὢ ὢὢ ὢ ὢ

Ὑ ὢ ὢ
ᶻ

Ὑ ὢ ὢ

Ὑὢὢ Ὑὢ ὢ ὢ
 

       ὸὥὲ
Ὑὢ ὢὢ ὢ ὢ

Ὑὢὢ Ὑὢ ὢ ὢ
 

       ὸὥὲ
Ὑὢ ὢὢ ὢ ὢ

Ὑὢὢ Ὑὢ ὢ ὢ
 

Ḉ — ὸὥὲ
Ὑ ὢ ὢ ὢ

Ὑὢ
                                            σ 

And,   ὖὊ ÃÏÓ—  

When   ὖὊ ρ  , this means that — π , or the imaginary part of 

ὤ  equals zero, which means that: 

Ὑὢ ὢὢ ὢ ὢ π          Ὑ ὢ ὢ ὢ π     

    Ὑ ὢ ὢὢ π    

ὢ
Ὑ ὢ

ὢ
         ‫ὅ

‫ὒ

Ὑ ὢ
 

Ḉ ὅ
ὒ

ὤ
    ὊὥὶὥὨ                                                                              τ 

 

Which show that the capacitor value increase with decreasing of 

inductance. This means the required capacitance increase with 

increase of inductive loads, and this is also applied to resistive 

loads in presence of inductive loads in series. Figure 2 below 

shows a curve illustrates the relationship between PF and 

capacitance for load of  φ Ὦψ ɱ . 
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Figure 2: Power factor versus capacitance 

 

The capacitance can be a function of PF as follow: 

 ὅ
ὒ

ὤ

ὢ

ὤ ‫

ὤÓÉÎ—

ὤ ‫

ÓÉÎ—

ὤ ‫

Ѝρ ὧέί—

ὤ ‫

Ѝρ ὖὊ

ὤ ‫
                                                                υ 

 

Equation (5) represents the capacitance as a function of power factor 

and the magnitude load impedance. The load impedance can be 

calculated by dividing the source voltage by the load current. 

III.  Simulation 

The schematic diagram of the proposed automatic power factor 

correction APFC and power monitoring system is illustrated in 

Figure 3 below. 

A step down potential transformer PT (10:1) is used to take a 

sample of voltage source. Its output is processed by zero crossing 

detector ZCD-1, this detector converts the sinusoidal wave into 
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square wave of ὠ ρς ὠ  (from   π ὠ  to ρς ὠ ). A step down 

current transformer CT (100:1) is used to take a sample of the 

source current. 

 
Figure 3: Schematic diagram of the APFC system 

 

The output from CT is connected to current controlled voltage 

source CCVS, then to zero crossing detector ZCD-2, which 

converts the sinusoidal wave into square wave. The both square 

waves are input to AND Gate. The Gate output is a square wave 

with duration represents the time when voltage and current waves 

are both positive. AND gate output and ZCD-1 output are 

connected to microcontroller digital input through a voltage 

divider to drop the peek value to 5 V. Microcontroller computes 

duration of each wave, duration of AND-Gate output and duration 

of ZCD-1 are Ὕ and Ὕ respectively, time difference between the 

two durations is Ὕ Ὕ Ὕ . Then the phase shift— between the 

voltage and current waves can be calculated using the formula  

— ᶻ  ὶὥὨ  or  — ρzψπ  ὨὩὫὶὩὩ                         φ 

After that, power factor can be calculated where  ὖὊ ÃÏÓ—. 

According the   ὖὊ value, microcontroller switches the relay 

module to correct the PF. Microcontroller calculates capacitance 
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value using equation (5), where   ὅ  depends on phase angle 

—or  ὖὊ  . And the magnitude of load impedance is calculated by 

measuring load current. Load current is measured by an ammeter; 

the ammeter output is supplied to analog input pin of 

microcontroller. By applying the relationship ὤ
ὠ
Ὅ

ςςπ
Ὅ  in case of source voltage is  ςςπ ὠ  the magnitude of load 

impedance is calculated. After determining ὤ,   Ὑ  and ὢ can be 

calculated as follow: 

ὢ ὤ ÓzÉÎ—  And Ὑ ὤ ÃzÏÓ— ὤ ὖzὊ                           χ 

The used capacitor bank is formed from several capacitors 

connected in parallel. Their values are ὅ ς ‘Ὂ      ȟ       ὲ

πȟρȟςȟσ ȟȣ  to form maximum value of   В ς  ‘Ὂ . In practice, a 

standard values can be used (1, 2, 4, 8.2, 16, 33, 63, 130 é). As it 

is clear from figure 2 that PF is not sensitive much to change in C 

in the vicinity of that value in which the ὖὊ ρ . For load of  φ

Ὦψ ɱ, the exact capacitance for ὖὊ ρ is  ὅ ςυυ ‘Ὂ . If 

capacitance value used is in the range of  ςπυ ‘Ὂ to  σπυ ‘Ὂ, this 

means that error in C value is  υπ ‘Ὂ or 20%, which seems large 

error, but PF sill more than πȢωφ  .So, capacitors with small values 

less than  ψ ‘Ὂ can be eliminated to save relays and 

microcontroller output pins. 

The complete system is simulated as demonstrated in Figure 4 

below. 
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Figure 4: Simulation of the APFC system 

IV.  Results and Discussion 

Considering a load of  φ Ὦψɱ ρπυ᷁σȢρσɱ ȟὒ ςυȢτχ άὌ, 

supplied with  ςςππ᷁ὠ voltage source, the load current will be 

ςς υ᷁σȢρσ. The exact capacitor value required to correct power 

factor to unity is calculated by equation (4), ὅ ὒὤϳ

πȢπςυτχρπϳ υρπ ‘Ὂ . 

Before correction (without capacitors or all switches off), 

duration of ZCD-1 signal Ὕ ρπ άί  , while AND-Gate signal 

duration Ὕ χ άί  . So, time difference between them is Ὕ

Ὕ Ὕ ρπ άί χ άί σ άί . By applying equation (6) to 

calculate phase shift  —
 

 
ρzψπυτ. Figure 5 below 

shows the both signals. 
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Figure 5: ZCD-1 & AND Gate outputs before correction for 6+j8ɋ load 

 

And the voltage and current curves experience the same phase shift 

as they should be. Figure 6 shows both waves. 

 
Figure 6: Voltage and current waves of the supply before correction for 

6+j8 load 

 

And after correction, both signals are in phase. The outputs of  

AND Gate and RCD-1 output are shown in Figure 7. The period of 

each signal is   Ὕ ςπ άί  Ὢ υπὌᾀ. 
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Figure 7: ZCD-1 & AND Gate outputs after correction for 6+j8ɋ load 

The voltage and current curves are in phase too, as shown in 

Figure 8. At the beginning, current still not in phase with voltage, 

as it is clear in figure below. This is due to the fact that the 

capacitor has no charge at the beginning. 

 

Figure 8: Voltage and current waves of the supply after correction for 

6+j8ɋ load 

ὅὅὠὛ ὖὝ 
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Three different loads are tested. The simulation results and the 

calculations have been done depending on the new formulas. 

TABLE 1 below shows these simulation results compared with the 

calculations.Ὅ is calculated using the equation   Ὅ
ὠ
ὤὃ. And 

apparent power is calculated using the relationship  Ὓ ὍȢ ᶻ

ὠȢ Ѝ
ᶻ
Ѝ

Ὅὠ ς ρρπ Ὅϳ . The exact capacitor 

value required to correct power factor to unity can be calculated by 

equation (4),  ὅ ὒὤϳ . 

TABLE 1: Calculated and Simulation Results of Source Current and 

Total Apparent Power Before and After Correction for Three Loads 

 Load 1 Load 2 Load 3 

Load Impedance 
3+j4=5᷁ 53.13o 

L=12.74 mH 

6+j8=10᷁ 53.13o 

L=25.47 mH 

6+j10=11.66᷁ 59o 

L=31.84 mH 

Voltage Supply 220᷁ 0o /  50 Hz 220᷁ 0o /50 Hz 220᷁ 0o/ 50 Hz 

Power Factor 0.6 0.6 0.51 

Required 

Capacitance 
510 ɛF 254.7 ɛF 234 ɛF 

Calculated | IS 

|Before correction 
44 A 22 A 18.87 A 

Simulated |IS |   

before correction 
43.97 A 21.99 A 18.87 A 

Calculated | IS 

|after correction 
26.40 13.20 A 9.71 A 

Simulated |IS |  

after correction 
26.38 A 13.19 A 9.70 A 

Calculated S 

before correction 
4840 VA 2420 VA 2076 VA 

Calculated S 

after correction 
2904 VA 1452 VA 1068 VA 
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It is clear from TABLE 1 that apparent power and load current 

have been reduced significantly after correction. Also, the total 

current is much less after correction. 

V. Conclusion 

The new formulas has been proven, and they are helpful for 

designing the system and reliable for programming the 

microcontroller. The proposed APFC system is also full power 

monitor, and user friendly, but it is still economical and easy to 

install and maintain. The system is able to set directly the required 

capacitance for correction, because it relies on equations to 

determine the capacitor value. So, it switches the relays only once 

every time the load changes and this leads to longevity of 

capacitor's life. 
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˛˱ǂ˶ǁä 
 Ɨ˹˟˦ǃå ƗḪ̇˵ǃå ƴǆå˦˶ Ⱥ ÿåðāǕå ñƓʾ ǑƼ ʕɜ˲ǃ˯å Ɨ˸s ǈá þ̠ǀǃ èƓƽƿ˦˯ǃåā ɆǂƓ˵˸Ǆǃ åĄ̇sǈ

 ƴǆå˦Ʈā ˛Ǆƕå̇ ˟ ßƓ˹˻˸Ⱥ úǚƵǕåā ˥ơƓˠ˸ǄǃƗǀˠ˹˸ǃå  ˥˻˯Ḫ̇ ˵ǃå þ̊ ǃá ˗ǀƼ ÜƗƙå̇ ˶ǆ ç̇ ˲ǃå
Ʉƿ˦ƙ Ɇˮƿ Ɨ ǃƓ˲ǃå Ɠǌ˯˸ˢǈá ˖ǒ˗˲ƙ ˦˲ǈ çíƓƞ èå˦ˠƤ îƓ˳ƙå ǏǄƵ  ƓǌǆƓˢǈ ɆǆƓḪ

 æ˦ˮ˲ǃå ˥ɂ̊ ˳ƙā ýƓ ʿ˯ƪå ƴǆå˦Ʈ Ǒǋ êƓ˯ǈǗå þƓˢǈ ǑƼ ǏǃāǕå Ɨˠ˲˸ǃå .ǑƞƓ˯ǈǙå
 ǉ˘ǋ Ɇˮǀ˯˴ƙ .Ɨ ˮ˻Ǆǃå Ɨɂ̇ ˲ ǃå Ɛǈå˦˸ǃƓȺèƉ˵˹˸ǃå  Ɠǌǈðā ˤ˯˻ǃ ˥ƽ˴ǃå ˥ǆ Ɨ ƑƓ˴ǃå æ˦ˮ˲ǃå

 í˦ƞā þ̠Ƶā .ƓĄǀơǙ êƓ˯ǈǗå ƴǈƓ˶ǆ ǏǄƵ Ɠǌƶɂð˦ƙ ʕ˯ ǃ˻ ˥ɂ̊˳ ǃ˯å ƴǆå˦Ʈ ǑƼ Ɠǌ˹ɂ̊˳ƙā
íā Ɨǃà ÿðā Ɨ˸s ǈá˗ǒ˗ǌƙā êƓ˯ǈã Ɨ˭ˠ ƙ Ǐǃå ɏí˓ǒ ˗ƿ  ƴǆå˦˶ǃå ǉ˘ǌƕ Ɨǀ ʾ  ǉ˘ǋ ëƓɁïá

 ɖ˻ƿíā ǑɜƙƓǆ˦ƙāá ÿðā þƓsǈ ̆˻ƽ˹ƙā ʕ˸˶ ƕ˯ Ɠ˹˸ƿ ÜɆǂƓ˵˸ǃå ǉ̆ǋ ǏǄƵ ̝Ǆƺ˯Ǆǃā .èƓḪ̇˵ǃå
 èƓƮ˦ ǃ˯ ĄƓǀ˟ Ɨ˸s ǈǕå ǉ̆ǋ ̆˻ƽ˹ƙā ʕ˸˶ ƙ ʕƙ ̠ƿ .Ɨƙå̇˶ ǆā ̨ Ǆƕå̇˟ ǑƑƓ˹˻ǆ ƴǆå˦˶ Ⱥ

Ɨ ǈ˦ǈƓǀǃå Ɠ ƞ˦ǃā˙˯˸Ǆǃ Ɨ ǃā˗ǃå Ɨ˸ˢ˹˸ǃå OIML  íƓ˸˯Ƶã ˤƙ Ɨɂïā˗ǃå èƓƼ˦˵ḧǃåā æïƓ˱˯ǃå ˗ƶɁā
 ĄƓɂïƓ˱ƙ ǊȺ Ɇ˸ƶǄǃ ƗˮǄ˻ǃå ç̇ǒƓƶ˸ǃå èƓ˴ƪ˓ǆ Ɇˮƿ ˥ǆ þƓs˹ǃå. 

Abstract 

Due to the problems and stops encountered of using the aging 

control systems of the most of the National Company for Flour 

Mills and Feed plants, the company was urged to take serious steps 

toward maintaining or upgrading their existing systems before a 

total collapse of their entire production system. The first node of 

the company supplying systems is the grain storage and weighing 

systems at the Libyan seaports. These facilities receive grains from 
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bulk ships and then weighs and store it in their storage silos to be 

distributed later. The absence of the accurate weighing system at 

the seaport risks the company's total manufacturing profit. To 

address this challenge, we designed and implemented a complete 

automatic bulk hopper weigh system for Tripoli and Misrata 

seaports. The systems comply with the International Organization 

of Legal Metrology OIML recommendations and also were 

certified by the Libyan standard authority. 

Keywords: Automatic weighing, OIML, weighing instruments. 

I. Introduction  

Weighing is an essential part of any seaport operation, providing 

statistics and the data needed to bill accurately and guarantee the 

safe unloading of the ships. Tripoli and Misrata seaports are multi-

cargo ports which handle all types of payloads. Grain is one of the 

portôs major bulk imports. With each ship carrying up to ten of 

thousands of tons, the seaport must find a way to accurately weigh 

and discharge the grain without slowing down the portôs operation. 

The accumulative hopper weigh is an automatic weighing 

instrument that weighs a bulk of grain by dividing it into discrete 

loads, determining the weight of each load in sequence, summing 

the weighing results and delivering the discrete loads to the 

discharge hopper. Accumulative hopper weigh are often used to 

provide better accuracy than that of belt weighers [1]. 

The earlier weighing systems, which used a conveyor and a 

mechanical weigh hopper solution to transfer grain from the 

vessels to the various grain silos, were not performing accurately. 

Moreover, the manual intervention is required at various weight 

intervals; the system has inefficient data storage, which obliged all 

the weighing data had to be manually written and compiled. This 

time-consuming process was encountered by the fact that the 

supplier is incapable of offering any maintenance or calibration 

service on the ship scales. 
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By converting the existing mechanical weigh hopper and installing 

load cells and a digital indicator, we presented an accurate 

automated weighing solution that can offer correct data and 

statistics of the importing grain process. The weight indicator was 

accompanied by a PC with customized software to automate the 

grain unloading process and to produce useful grain transfer 

reports. The computer software stores weight data, date, time, type 

of grain and the names of the ship and storage silo, along with 

batch cycles count and the accumulated weight, speeding up 

processes and allowing the administration to access to the valuable 

data.  

The readers are referred to [1-3] for more comprehensive 

metrological terminologies and standards of the accumulative 

weigh hopper systems. 

II. System Components 

The presented automatic weighing solution composes of different 

mechanical, electronic and software components as shown in 

Figure 1. They all work together to achieve the maximum 

throughput. 

A. Hopper Scale 

In principle the hopper scale consists of a feed section with two 

segments type feed gates and a weigh hopper with one segment 

type discharge gate. Feeding and discharging gates are electro-

pneumatically controlled. The weigh hopper is located between the 

upper feed section called Feed Hopper and the lower discharge 

section called Discharge Hopper. The three hoppers are equipped 

with level sensors.   

After the feed gates have been opened the product flows from the 

upper hopper in the weigh hopper. After reaching the target batch 

weight, the feeding gates are closed and the control unit (computer 

program) determines the weight of the product in the weigh hopper 

(Filled weight). Then, the discharge gate is opened to discharge the 

batch from the weigh hopper into the lower discharge hopper. The 
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feed hopper is equipped with level sensor to indicate that the 

product is exists and ready for feeding. 

The weigh hopper is also equipped with an overfill sensor that 

cause the feeding gates to close, activate an alarm, and pause the 

weighing operation until the overfill condition has been corrected. 

The overfill sensor in the discharge hopper is to confirm that the 

hopper is empty and ready to receive the material from the weigh 

hopper. 

  

 

  
Figure 1. The components of the proposed bulk weighing system 

 

 

B. Weight indicator  

Weight indicator is a device that reads the small electric current 

produced by the load cell when weight is applied. The indicator 
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will amplify this electric signal and convert it to a readable digital 

weight. We used in our design a Laumas W100 which is connected 

to the PC via a serial interface RS-485. This standard specifies 

differential signaling on two lines rather than single-ended with a 

voltage referenced to ground. Due to its lower logic voltage levels 

and the differential connection, the data rates can exceed 10 

Mbits/s depending on cable length. Maximum cable length is 

commonly defined as 1200 meters. 

 

C. Input Output Module  

The data acquisition card used here is the Advantech PCI-1762 

DAS which has a 16-channel relay actuator and 16-ch isolated 

digital input connected to the PC via the PCI bus. Its sixteen on-

board Single Pole Double Throw (SPDT) relays are ideal for 

applications such as device ON/OFF control or small power 

switched. The PCI-1762ôs sixteen optically-isolated digital input 

channels are ideal for digital input in noisy environments. 

Additionally, in the industrial applications the high voltage is 

always presented in the around devices, thus, the isolated digital 

input interface between high-voltage signals from sensors and 

lower voltages found in industrial control equipment such as PC is 

important. The Figure 2. shows the connection between the 

external input source to one of the sixteen isolated input channels 

of the Advantech PCI-1762. 

 

 
Figure 2. Isolated Digital Input Connection 
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D. System Controller 

The industry nowadays attempts to develop and standardize 

reusable, hardware-independent control software. This led to the 

inventions of the programmable automation controllers (PAC) and 

the industrial PCs (IPC). In point of fact, the industrial applications 

have been using PC-based control systems in various forms for as 

long as PCs themselves. However, there is a still misapprehension 

about the reliability and capability of the Industrial PC (IPC) for 

real-time control applications. In fact, the PC-based control 

systems provide a wide range of capability advantages among the 

other control systems [4,5]. The usage of the high-level and object-

oriented programming languages became possible within industrial 

control systems.  

The industrial automation requires a real-time system to perform 

specific tasks concurrently and on time. To utilize the PC as a real-

time system, the control software must satisfy the two properties, 

schedulability and determinism. The Schedulability indicates a 

systemôs ability to satisfy all deadlines. Determinism lets an 

observer predict the systemôs next state at any time given its 

current state and a set of inputs [6]. With the introduction of the 

Microsoft .NET Framework 4.0 and the multithreading APIs, 

system timers and the task parallel library, it become achievable to 

use programming language like the object-oriented language C# to 

produce a control system that can run in real-time environment and 

execute several tasks concurrently. Figure (3) Shows a screenshot 

of the control software in a real working state along with the main 

system parameters.  

 

III. System Operation 

An overview of the sequence of operation of the system is shown 

in Figure 4. The system is considered to be a discontinuous 

accumulating automatic weighing device as it follows a 

predetermined program of automatic processes characteristic of the 

instrument. The product is weighed by individual load cells, which 

are totalized to determine the new product weight. All plant 
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equipment, including the weigh indicator and load cell 

combination must also be functioning correctly. When these 

prerequisites are satisfied and the downstream plant is running in 

sequence, the weigh batch is able to start its operating cycle. The 

weighing process will stop if a fault is detected on any piece of 

equipment. 

 

 
Figure 3. Screenshot of the control software 
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Figure 4. Weighing operation sequence  

 

 

A. System Parameters 

All of the legal for trade weighing systems must meet the country 

national regulations. The Libyan national metrology authority 
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follows the International Organization of Legal Metrology OIML 

recommendations. These recommendations are the most accepted 

standards in legal metrology worldwide. The system was designed 

to follow the OIML R 107-1  - Discontinuous totalizing automatic 

weighing instruments - Metrological and technical requirements 

[2]. 

The recommendations have been made for the accumulative weigh 

hopper to attain the maximum performance with less error. 

Table 1 shows the installed system parameters according to OIML 

recommendations, 

 
Table 1. System Parameters 

 

B. Starting and Operating Conditions 

The program will check status of all the conditions below before 

every batch start. If any of the conditions fails the system will not 

start until it is corrected. Moreover, if during operating, i.e., 

feeding, weighing or discharging, if any of the conditions fails, the 

system will pause until the condition changes its status or the 

operator resume manually. 

 

Parameter value 

Load cell 

Keli SQB  
Class III 

Accuracy class 2 

Maximum capacity  2000 kg 

Minimum capacity 400 kg 

Totalization scale interval  Ὠ 1 kg 

Value of minimum totalized load, ×min  400 kg 

Maximum permissible error ±1.5 kg 

Condition Starting Status 

Emergency Stop switch not activated 

Air pressure high 

Feed and discharge gates closed 

Feed hopper sensor 

(i.e. product exists ) 
active 
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C. Calculation of The 

Automatic Free Fall 

Compensation 

Automatic free fall 

compensation is the ability to reduce a filling error in batch 

weighing. The weigh hopper has a certain increase in the weight 

value after the feeding gates are closed. This increase is called a 

Free Fall ὪὪ. To perform weighing with small error, the free fall 

setting for the setpoint must be equal to an actual free fall. To 

overcome this issue, we used a technique to automatically update 

the next free fall setpoint using the last four actual free falls. The 

actual free fall and the next target weight setpoints are expressed 

by the following formulas. 

 

ὪὪ Ὢύ  ὸύ (1) 

 

Where ὪὪ  is the Free Fall , Ὢύ is the Filled Weight, ὸύ is the 

Target weight and Ὥ is the cycle number of the current cycle.  

The next target weight setpoint is then set by this formula, 

 

ὸύ  ὸύ
ὪὪ

τ
 (2) 

      

Automatic free fall compensation mentioned above is very 

effective when the actual free fall does not change. It should be 

noted here that there are factors that can affect the calculation of 

the actual free fall this method, such as, viscosity of the weighed 

substance and inconstant flow rate due to a change of water 

pressure. In such environment the fuzzy automatic free fall 

compensation method can be very effective. 

We should also note that one of the reviewers ask how we derived 

the formula in Equation 2. The OIML R-107 recommendations do 

not specify a standard procedure to calculate the free fall 

Weigh hopper sensor 

(i.e. hopper is empty and  ready to receive 

products) 

inactive 

Discharge hopper sensor 

(i.e. hopper is empty and ready to receive products) 
inactive 
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compensation. The international standard for calibration 

laboratories ISO17025 allowed the use of non-standard procedures 

when necessary. Therefore, we derived the free fall formula in 

Equation 2. based on several practical experiments with different 

grains. This formula was approved by the customer and has been 

validated appropriately before use as stated in ISO 17025. 

 

D. Coarse and Fine Filling 

To minimize the weighing error and reduce the free fall values, the 

system uses two filling techniques, coarse (fast) and fine (slow). 

During the coarse filling, both of the feeding gates are opened, 

until the weight reaches the predetermined value then one of the 

gate will be closed (in our system the left gate). At this point, the 

coarse filling phase is ended and the fine filling phase is started as 

only one of the feeding gates is still opened. As soon as the weight 

reaches the target weight ὸύ the other gate will close (right gate) 

signaling the end of the fine filling phase and accordingly ending 

the whole feeding process. 

 

E. System Operation Sequence: 

 (a) A normal start of the weighing cycle occurs following a 

process system start, or immediately following the completion 

of a previous cycle.  

(b) At the start of the weighing cycle, the main parameters are set 

in the batching program: The target batch weight, zero range, 

the wait times in seconds after feeding and discharging 

occurred in order to stabilize the scale. Generally these are 

fixed values and will not vary between cycles. 

(c) The weigh hopper is then filled by opening both the coarse and 

fine feed hopper gates. The PC program utilizes the readings 

from the weighing indicator until reaching the Coarse filling 

weight to close the left gate, and reaching Target Weight (ὸύ) 
to close the right gate. Once the gates are closed, and the weigh 

hopper indicator provides a stable unchanging reading for 2 
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seconds (default value), the Filled Weight (Ὢύ) and the Free 

Fall values of the current cycle are recorded, where  ὪὪ 
 Ὢύ ὸύ. 

(d) The discharge hopper sensor is then checked to guarantee that 

it has sufficient room to allow the product in the weigh hopper 

to discharge. 

(e) The weigh hopper gates are opened to discharge the product 

into the discharge hopper below. To achieve an efficient cycle 

time (system throughput), the system uses an óZero Range, 

determined from discharge weight in previous cycles. Once the 

óZero Rangeô is reached, this activate closing of the weigh 

hopper doors. 

(f) Once the doors are closed, and the weighing indicator shows a 

stable unchanging reading for 2 seconds (default value), the 

Empty Weight (Ὡύ) is recorded, along with the cycle number, 

time and date. 

 (g) The Net Weight (ὲύ) value for cycle is calculated as follows,  

ὲύ   Ὢύ  Ὡύ (3) 

The Accumulated Weight (ὥύ) for all previous cycles is computed 

as follows,  

ὥύ    ὥύ   ὲύ  (4) 

(h) If the batching process has stopped or errors are occurred, the 

PC program ceases the weighing cycle until a further decision 

is initiated by the plant operatorôs control system. Otherwise 

the batch weighing cycle is continued at step (b) above. 

 

Figure 5. shows a sequence diagram of the weight setpoints 

required for the weighing sequence, where the chosen parameters 

are given in Table 1. and the initial parameters are given in Table 

2. 
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Figure 5. Sequential Operation for one cycle 

 
Table 2. Initial Parameters 

Parameter Default Value 

Empty Weight  Ὡύ (Tare) +/- 20 kg 

Stabilization time  ὸ ὸ 2 seconds 

Coarse filling 600 kg 

Target Weight  ὸύ (Fine 

filling)  

1300 kg 

Free Fall 0 kg 

 

 

IV. Results 

Since the implementation of the system in 2016, more than 88 

grain bulk ships were received  by the weighing facilities with total 

of  949,325 Tons and 951,538 batches. Table 3. shows a sample of 

the unloaded data of two ships carrying wheat and corn. 

 
Table 3. Samples of the unloaded grains from two different ships. 

Ship name Shipping Cargo Start Date 



 

ϸϹЛЮϜ  19Volume  

 ϽϠнϧЪϜ 2019 October  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   ноп 

 
 

Company 

Constanza Ashima Wheat 
2019-08-19  

11:31   

End Date No. batches 
Accumulated 

weight kg 

Avg. batch 

weight kg 

2019-08-25  

14:55 
4,454 5,892,641 1,323 

 

 

Ship name 
Shipping 

Company 
Cargo Start Date 

SEA 

BRIDLE 
Int. Rouban Corn 

2019-08-03  

12:22 

End Date No. batches 
Accumulated 

weight kg 

Avg. batch 

weight kg 

2019-08-08  

12:10 
5,370 7,201,173 1,341 

 

Although the two materials have different densities, the average 

weight of the single bulk batch is almost equal.  

The system is annually checked by a calibration body to ensure its 

legal-for-trade specifications. Figure 6 shows the accepted 

permissible errors of the weigh hopper readings. This figure was 

taken from the calibration certificate issued to the facility to use as 

legal-for-trade instrument by a third party under the Libyan 

authority. 
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Figure 6. Percentage of scale error reading differences (calibration 

certificate -2019). 

 

V. Conclusion 

A complete automatic accumulative weigh hopper system for 

Tripoli and Misrata seaports was designed and implemented. The 

system proved to be accurate and efficient for unloading various 

types of grains. All the system components including the control 

software were carefully chosen and programmed to comply with 

the OIML recommendations. As a result of that fact, for all the 

past years the system has passed the inspection and issued a 

calibration certificate by the local authority. 

  

 

References 

[1] R. Schwartz "Automatic Weighing ï Principles, Applications 

& Developments", Proceedings of XVI IMEKO World 

Congress -Vienna, 2000. 

[2] International Recommendation OIML R 107-1: Discontinuous 

Totalizing Automatic Weighing Instruments (Totalizing 

Hopper Weighers), Part 1: Metrological And Technical 

Requirements - Tests. OIML, Paris, 2007.  



 

ϸϹЛЮϜ  19Volume  

 ϽϠнϧЪϜ 2019 October  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нос 

 
 

[3] L. Birdseye, Recommendations for automatic weighing 

instruments. In: Lectures of the OIML Seminar "Weighing 

towards the year 2000", Maison de la Mécanique, Paris, 1995.  

[4] J. Ottenhof "10 Reasons To Choose PC-Based Control", 

Manufacturing Automation Magazine, issue  Jan./Feb. 2015. 

[5] B. Galloway and G. P. Hancke, "Introduction to Industrial 

Control Networks," IEEE Communications Surveys & 

Tutorials, vol. 15, no. 2, pp. 860-880, 2013. 

[6] M. Lutz and P. Laplante, "C# and the .NET Framework: 

Ready For Real Time?,"  IEEE Software, vol. 20, no. 1, pp. 

74-80, Jan.-Feb. 2003. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

ϸϹЛЮϜ  19Volume  

 ϽϠнϧЪϜ 2019 October  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нот 

 
 

Effect of different loading ratios of silicon 

dioxide/nitrile butadiene rubber particles to PMMA 

denture base composite on the mechanical properties 

Ahmed O Alhareb1, Saad O Alsharif1, Hazizan M Akil 2, Zainal A 

Ahmad2* 

 
1The Faculty of Medical Technology, Elmergib University, Libya. 
2School of Materials and Mineral Resources Engineering, Universiti 

Sains Malaysia, Malaysia. 

 

ahmed_ahmed32710@yahoo.com 

˛˱ǂ˶ǁä 
) Ɨǆ˗˶ǃå ç˦ ƿ ˤ ˻ǀƙ Ǐǃã Ɨ ǃƓ˲ǃå Ɨƪåï˗ǃå ˕Ƽ˗ǋIS) ˙˴ḧǃå ƗȺǚƮā (ICK èƓ˭ɂ̊ ˱ǃ (

 ɉƓˠǆ) Ɇɂ̇ ˯˹ǃå ˥˻ǒíƓƙ˦ˮǃåNBR ÿ˦ɜǄ˻˴ǃå ̠˻ ǂ˴á ǑǈƓƛ èƓ˭ɂ̊˱Ⱥ Ɠƞā̊˸ǆ () 2SiO (
 çïå̇ ˲ǃƓȺ ƝǃƓƶ˸ǃå èǚɂ̇ ǂƓ˰˻ǆ Ɇ˻˰˻ǆ Ǒǃ˦ˮǃ çíƓ˸ǃ ð˚ƶ˸ǂPMMA) Ɨ ƪƓƪǕå çíƓ˸ǃå (

 û˦˲˴ ǃ˸å èƓǈ˦ɜǆ ̞ǈƓḪ .ÿƓ˹ƪǕå ʕǀ˟ǕPMMA Ü ˗ǒƓ˴Ḫā˙˻ƕ Ɇɂā˚˹ˮǃå Ü5 NBRĖ  ā
10Ė  ÿ˦ɜǄ˻˴ǃå ̠˻ ǂ˴á ǑǈƓƛā ÿð˦ǃƓȺ5Ė  ā10Ė  .ÿð˦ǃƓȺ ā ƗǄƑƓ˴ǃå èƓǈ˦ɜ˸ǃå ˕ǈƓḪ
90Ė ) èǚɂ̇ ǂƓ˰˻ǆ Ɇ˻˰˻ǆMMA ā (10Ė  ˕ɂ̇ ǂƓ˰˻ǆ ǑƑƓ˹ƛ ý˦ɜ Ǆƹ ˥˻Ǆ˻˰ǒã
)EGDMA ˤ ʾ ˥˻˴˲ƙ ˤƙ Ǌǈá ƝƑƓ˯˹ǃå è̇ ǌˡá .(IS  āICK  ùǃPMMA  íå˦˸ǃå þå˗˳˯ƪƓȺ

 .çð˚ƶ˸ǃå ā ˥˻ƕ û̇ƽǃå ÿƓḪPMMA   ā ð˚ƶ˸ǃå ˙˻ƹPMMA ˤ ʾ ǑƼ ð˚ƶ˸ǃåIS   āICK 
 ƗƽǄ˯˳ǆ Ɠ ƑƓ˶ơã0.05<P Ɨ˸ ʾ ˕ǄƮā.IS Ɨ ˴˹ƕNBR Ė2/10SiO Ė5 ùǃ7.63 

2kJ/m  Ɨ˸ ʾ ˕ǄƮāāICK Ɨ ˴˹ƕNBR Ė2/5SiO Ė5 ùǃ1/22.38MPa.m   ƗǈïƓǀ˸ǃƓȺ
 ƴǆPMMA  ƗƼƓưã ˕˸ǋƓƪ .ð˚ƶ˸ǃå ˙˻ƹNBR/2SiO  ǏǄƵ ǑƕƓ˱Ȼã Ɇɜ˵Ⱥ ˙˻ƛƋ˯ǃå ǑƼ

çíƓ˸ǃ Ɨ ɜ ǈƓɜ ˸ǃå óå˦˳ǃå ÿƓ˹ƪǕå ˤǀ˟á  Ɨ ƪƓƪǕåPMMA  ƴɂð˦ƙ ˗˹Ƶ2SiO  āNBR 
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Ƽ ˛ǈƓ˱˯ǆ Ɇɜ˵ȺƓǌ˻ ÿƓ˹ƪǕå ˤǀ˟Ǖ Ɨ ƪƓƪǕå çíƓ˸ǃå ÿƎƼ Üå˘ǌǃā .PMMA  çð˚ƶ˸ǃå
 èƓ˭ɂ̊ ˱ȺNBR  ùƕ Ɨƞā˚˸˸ǃå2SiO .ÿƓ˹ƪǕå ˔˟ èƓǀ ˮˠ˯ǃ ǑǃƓ˰ǆ Ɇɜ˵Ⱥ Ɨ ƪƓ˹ǆ 

Abstract 

 The aims of the present study were to evaluate the impact 

strength (IS) and fracture toughness (KIC) of nitrile butadiene 

rubber (NBR) particles mixed with silicon dioxide (SiO2) particles 

reinforced heat-cured poly (methyl methacrylate) (PMMA) denture 

base material. The powder components were PMMA, benzoyl 

peroxide, NBR 5% and 10 wt% and silicon dioxide 5% and 10 

wt%. The liquid components were 90% methyl methacrylate 

(MMA) and 10% ethylene glycol dimethacryate (EGDMA).The 

results showed that the IS and KIC values of PMMA were 

improved with using reinforced materials. The difference between 

unreinforced PMMA andreinforced PMMA in IS and KIC values 

was statistically significant different P<0.05. The IS value with 

10% NBR/5% SiO2 reached to 7.63 kJ/m2 and KIC value with 5% 

NBR/5% SiO2 reached to 2.38 MPa.m1/2 when compared with 

unreinforced PMMA. The addition of SiO2/NBR had contributed 

positively effect on the mechanical properties of PMMA denture 

base material when SiO2 and NBR were homogeneously 

distributed in PMMA. However, PMMA denture base reinforced 

by NBR particles mixed with silicon dioxide are ideally suited for 

dentistry applications. 

Keywords: PMMA denture base; impact strength; fracture 

toughness; nitrile butadiene rubber; Silicon dioxide. 

 

Introduction  

 PMMA is commonly used material to fabricate denture 

base by heat-curing technique since 1940s (Souza et al., 2009). In 
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dentistry, removable dentures are one of the most widely utilized 

means to replace missing teeth (Jancar et al., 2009). It has been 

successfully used as denture base material because of their ease of 

processing, low cost, light weight, color matching ability, easy to 

finishing and polishing. However, the denture base material is low 

in strength and brittle (Ellakwa et al, 2008). The patient needs a 

denture, in many cases, the most important one as the alveolar 

ridges which must bear an increased occlusion force since the bone 

has generally been resorbed the force and it becomes thin due to 

the occlusion stress or masticatory pressure is not softened by a 

hard resin denture base but is directly transmitted to the alveolar 

bone. The fracture of dentures is a commonly clinical problem 

which usually occurs due to heavy occlusal forces or accidental 

damage. Most dentures fractures are caused by a combination of 

fatigue and impact failure, whereas for mandibular dentures, 80% 

of fractures are caused by impact and this requires large spending 

worldwide annually for repair works (Hari Prasad et al., 2011). In 

1997, it was estimated that over one million denture repairs were 

required in the UK alone due to poor fracture and impact strength 

of the material used. Hence, the dental technicians need for precise 

understanding on the causes and mechanisms of fracture as well as 

the development of improved materials (McCabe and Walls, 

2008). Basically, adequate impact strength and fracture toughness 

are the most important requirement for denture-based resins (Puri 

et al., 2008).  

 Several researchers attempted to solve these problems by addition 

filler into PMMA denture base to improving its properties. The 

addition of different concentration of types of ceramic fillers to 

improve the PMMA denture base strength such as ZrO2 (Ayad et 

al., 2008 &Asar et al., 2013), SiO2 (Alnamel and Mudhaffer, 

2014), TiO2 (Asar et al., 2013) and Al2O3 (Asar et al., 2013), or 
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two ceramic fillers together Al2O3/ZrO2 (Alhareb and Ahmad, 

2011); and ZrO2/TiO2 (Asar et al., 201). Research done by Ayad et 

al. (2008) reported that impact strength of high-impact PMMA 

resin was reduced when reinforced with 5 wt.% and 15 wt.% of 

ZrO2 particles. Another work has reported by addition 3% and 5% 

of SiO2 in PMMA denture base significantly increased in impact 

strength compared to addition 7% of SiO2 (Alnamel and 

Mudhaffer, 2014). Also, Asar et al. (2013) found that by using 

ZrO2, Al2O3, and TiO2, the fracture toughness and impact strength 

is slightly increased. The need to produce stronger and more 

fracture-resistant denture base materials has resulted in the use of 

impact modifiers, usually rubberlike substances which are added to 

acrylic resins (Zappini et al., 2003). Synthetic rubber (styrene-

butadiene copolymer, SBR) acted as an impact modifier which 

absorbs the energy during the application of fracture load 

(Andreopoulos and Papanicolaou, 1987). Although various 

researches have been done, the remaining issues on fracture 

toughness and impact strength is considered requires further 

improvement for an ideal denture base properties.  

 The NBR acted as impact modifier whiles SiO2 important for the 

toughening mechanisms of the PMMA composite. Through the 

best combination between NBR with SiO2 filler, the PMMA 

denture base properties will be improved. In literature, no data 

have been reported using NBR reinforced PMMA denture base. 

Therefore the present study aimed to addition ofdifferent ratios of 

NBR particles mixed with different ratios of SiO2 to improve the 

impact strength and fracture toughness of PMMA denture base 

material. 
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Materials and Methodology 

Materials 

 The materials that were used in this s study were:  PMMA 

powder (Mw, 996.000 g/mol; Sigma Aldrich USA), benzoyl 

peroxide (BPO) (Merck chemical, Darmstadt, Germany), MMA 

monomer (Fluka UK), EGDMA (Sigma-Aldrich, USA), 99% 

purity SiO2 particles (4.28 ɛm average particle size and density 

2.33 g/cm3), and NBR particles (Genzo Scientific Ent., Malaysia) 

are less than 150 ɛm and density 0.81 g/cm3). 

 

Samples preparation 

 The samples were prepared using PMMA powder, NBR as impact 

modifier particles, BPO as initiator (fixed at 0.5 wt%) (Hargreaves, 

1969), and SiO2 particles was used at 5 and 10 wt%. There were 

four different mixtures were used as shown in (Table 1). The liquid 

medium was comprises of 10 wt% EGDMA as cross-link agent 

and 90 wt% MMA as activator containing 0.025 % hydroquinone 

as inhibitor (Chow et al., 2008). Murakami et al., (1988) and Chow 

et al., (2008) reported that the mixing of powder mixture to liquid 

medium P/L ratio was set at 2.5:1 according to standard dental 

laboratory usage. The composite was left until reached dough stage 

for easy forming of the paste around 15 min, then the composite 

was packed into the specific mould (impact strength and fracture 

toughness moulds). After that, the mould was pressed under 14 

MPa using hydraulic press (Mestra 48150 Sondika-Bilbao, Spain) 

maintained under pressure for 30 min. The curing process is 

carried out by placing the mould in a water bath at 78 °C for 90 

min. This procedure is in accordance to the (ISO 1567:2001 

dentistry-denture base polymer) standard method for preparing 

conventional denture base in a dental laboratory (McCabe and 

Walls, 2008). 
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Table 1. The powder mixture ratios (wt%) between nitrile rubber 

(NBR) and SiO2 particles in PMMA denture base. 

Sample Code PMMA 

(%)  

BPO 

(%)  

NBR 

(%)  

SiO2 

(%)  

PMMA matrix  99.5 0.5 - - 

 

PMMA/NBR/SiO 2 

89.5 

84.5 

84.5 

79.5 

0.5 

0.5 

0.5 

0.5 

5.0 

10.0 

5.0 

10.0 

5.0 

5.0 

10.0 

10.0 

 

Impact strength test 

 The impact strength was measured using a Zwick pendulum 

impact tester as shown in Figure 1.The prepared samples were kept 

at 37 °C for 24h prior to the impact strength test. The dimensions 

of samples were 80 mm x 10 mm x 4 mm (Length, width and 

thickness respectively) according to ISO 179-1 (2005). Ten 

specimens for each ratio were prepared and the specimens were 

prepared on the V-notch length 0.25 mm ± 0.05 mm radius and 

span support 62 ± 0.5 mm. The impact strengthvalue was 

calculated according to Alhareb et al., (2017). 

Fracture toughness test 

 The fracture toughness test was determined using the single edge 

span notch bending test (SEN-B) and the specimens were prepared 

according to ISO 13586 (2000). The dimensions of the specimens 

were fixed as follows; 100 mm x 20 mm x 5 mm, (Length, width 

and thickness, respectively). The specimens were tested using 

Instron (3366, 10 KN)as shown in Figure 2 at a crosshead speed of 

1.00 mm/min, notch length a 0.5 mm and the span length 4 mm. 

Ten specimens for each ratio was prepared. The KIC value was 

calculated according to Alhareb et al., (2017). 
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Figure 1.Zwick pendulum Figure 2.Instron 3366 

 

 

Statistical analyses 

 The data were subjected to statistical analysis using 

Statistical Package for the Social Sciences (SPSS) version 20. The 

level of significance was set at P<0.05. The comparisons between 

groups were done with one-way ANOVA followed by Tukey's 

post hoc test. 

 

Results and discussion 

 Figure 3 indicates the IS values for the PMMA reinforced 

with different ratios of NBR particles with SiO2 particles. PMMA 

without filler has the lowest IS due to its brittle property according 

to Akin et al. (2014). The IS values for PMMA reinforced with 

different ratios of NBR together with SiO2 particles are higher than 

unreinforced PMMA. This is may be due to the reduction of brittle 

phase PMMA which was contributed by the increasing amount of 
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NBR particles. The PMMA reinforced with 10 wt% of NBR 

particles together with 5 wt% of SiO2 particles was increased 

compared to PMMA reinforced with 10 wt% of SiO2 particles. 

This is may be attributed to the addition of toughening particles 

SiO2 in the PMMA composite and reduce absorb of the sample for 

the impact force. The IS of the PMMA reinforced by different 

ratios of NBR together with 5 wt% of SiO2 particles is higher than 

10 wt% of SiO2particles. Based on ANOVA analysis, the IS values 

were significantly differences between the PMMA without filler 

compared to both 5 wt% and 10 wt% of SiO2 particles reinforced 

PMMA(P<0.05). 

  

 
 

Figure 3. Impact strength of PMMA denture base reinforced with 

NBR/SiO2 particles compared to unreinforced PMMA material. 

 

Therefore, 5 wt% SiO2 particles when added together with 10 

wt% NBR particles showed superior IS value (7.63 KJ/m2) 

compared to the unreinforced PMMA value (5.27 KJ/m2). The 

improvement in the IS values maybe attributed to the impact 

resistance and excellent energy absorption capability by NBR 

5.27

6.87
7.63

6.12
6.45

0

1

2

3

4

5

6

7

8

PMMAwithout

filler

5%NBR/5%

SiO2

10%NBR/5%

SiO2

5% NBR/10%

SiO2

10% NBR/10%

SiO2

Im
p

a
c
t 

S
tr

e
n

g
th

 (
K

J/M
2

) 



 

ϸϹЛЮϜ  19Volume  

 ϽϠнϧЪϜ 2019 October  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нпр 

 
 

along with the SiO2 particles which can help to resist the 

occurrence of fracture in PMMA denture base. The increasing in 

IS value when PMMA matrix reinforced with the addition SiO2 

micro-filler maybe attributed to more compatible with NBR 

particles and can enhance the IS of PMMA composites. While the 

use 10 wt% SiO2 particles together with NBR particles reduced the 

IS value, it may be due to poor distribution of SiO2 particles in the 

composite. According to Zhang et al. (2014) the PMMA denture 

base composite produced was homogenous and improves the 

mechanical properties when mixing with micro-fillers. 

Figure 4 indicates the KIC for the PMMA reinforced with 

different ratios of NBR particles with SiO2 particles. The KIC value 

has increased from 1.6 to 2.38 MPa.m1/2 when reinforced with 5 

wt% of NBR particles with 5 wt% SiO2 particles compared to 

unreinforced PMMA material. Statistically, K IC values were 

significantly improved P<0.05. 

  

 
 

Figure 4. Fracture toughness of PMMA denture base reinforced with 

NBR/SiO2 particles compared to unreinforced PMMA material. 
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   This is maybe due to NBR particles acted as an impact modifier, 

absorbing the energy during the application of fracture load. In 

reality, the denture base is exposed to force and stress of the teeth 

in the mouth. Normally, dentures fracture takes place due to stress 

concentration and increased flexing (Franklin et al., 2005). Due to 

biting and mastication forces have a deforming effect during 

function; any factor that increases the deformation of the base and 

changes the stress distribution may lead to denture fracture (Beyli 

and Von Fraunhofer, 1981).Dispersion of rubber-based composite 

particles within the PMMA matrix allows the tension generated by 

impact to propagate through the material and improve the 

rubber/PMMA interface. This result showed that the concentration 

of added rubber was directly proportional to the resistance to 

fracture. The addition of rubber to PMMA increases the ability to 

absorb energy and overcomes the possibility of fracture property, 

which in turn prevents mechanical failure of the prosthetic (Souzaa 

et al., 2009). However, at the highest amount 10 wt% of NBR and 

SiO2 particles slightly reduced the KIC to 1.81 MPa.m1/2 compared 

to other ratios and unreinforced PMMA denture base. From 

ANOVA analysis, the KIC values were statistically significant 

P<0.05. These findings may be attributed to different particles size 

of fillers SiO2 and NBR and incompatibility of SiO2 particles in the 

PMMA matrix. Also may be attributed to the adhesion of small 

particles of SiO2 around the large particle of NBR in the composite 

and poor dispersion of the SiO2 particles. Wetzel et al., (2006) 

reported that rubber beads with ceramic particles filled epoxy led 

to improvement in the toughness, strength and stiffness of the 

composites. Increment of the KIC showed transition from brittle to 

ductile character with increase in the poly (n-butyl acrylate-PBA) 

rubber content in the PMMA matrix and ceramic fillers adhered 

well on the PBA rubber particles (Cho et al., 1998). However, the 
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role of NBR to improve KIC can be explained similar to other 

works (Stafford et al., 1980 &Asar et al., 2013). According to Cho 

et al., (1998) the reduction in KIC value was due to increasing in 

the NBR content and also microsize of NBR particles. In previous 

studies it was also reported that, the strength of PMMA depends on 

the proportion of addition of a cross-linking agent such as ethylene 

glycol dimethacrylate bead polymer into the acrylic resin, and also 

by reinforcement of denture base polymer with rubber phase 

(Hamza et al., 2004 & Fernanda et al., 2009). 

 

Conclusion 

 The essential requirements of the PMMA denture base could be 

easily adjusted through the addition of different ratios of NBR and 

SiO2 filler. The addition of NBR and SiO2 particles to PMMA has 

effectively improved the PMMA denture base properties. The ratio 

of 10 wt% NBR/5 wt% SiO2particles produced the best in IS 7.63 

KJ/m2 and the ratio of 5 wt% NBR/5 wt% SiO2 particlesproduced 

the best in KIC 2.38 MPa.m1/2. During these results, it can be 

concluded that the IS and KIC is more affected by filler loading. 

Therefore, incorporation of a certain amount of composite filler 

could enhance the properties of the composite. 
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Enhancing Libyan grid by using hybrid system for 

remote area 

 

Abstract   

Wind energy is considered as one of the most alternative energy 

source, and the environmental friendly. In this study, a hybrid 

system combine is presented as an alternative solution to the power 

system generation in remote area, where it is a consort of wind 

energy generator and diesel generator. (Marseet), is one of the 

rural areas in Libya, and it has been chosen to test the behaviors of 

the hybrid system in order to find a possible solution that can 

replace the available diesel system. 

In order to investigate the behavior of hybrid system, two cases 

study are presented and simulated in the Matlab (Simulink) 

environment. The simulation results show the ability of the hybrid 

system combine to produce an efficient stable energy to the remote 

areas.  
˛˱ǂ˶ǁä 

 ǉ˘ǋ ǑƼ .Ɨ˭˻ˮǄǃ ƗǀȻ˗˶ǃåā ƗǄǒ˗ˮǃå ƗƿƓˠǃå ïíƓ˶ǆ ˙˰ǂá ˥ǆ ç˗ơåā ëƓɂ̇ ǃå ƗƿƓ˟ ˙ˮ˯ƶƙ
 ˖˻ơ ÜƗ ƑƓ˹ǃå ɖ˟Ɠ˹˸ǃå ǑƼ ƗƿƓˠǃå ˗˻ǃ˦˯ǃ Ɇǒ˗ƕ Ɇ˲Ḫ Ɲǆ˗ǆ ˥˻˱ǋ þƓˢǈ ˤȻ˗ǀƙ ˤƙ ÜƗƪåï˗ǃå

Ɋ ƪ̇ ǆ Ɨɂ̇ ƿ .(˥˻˱ǋ) ý̊ ǒ˗ǃå ˗ǃ˦ǆā ëƓɂ̇ ǃå ˥ǆ ƗƿƓ˟ ˗ǃ˦ǆ ˥˻ƕ ü̇ ˯˵ǆ Ǌǈá (Marseet) 
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 þƓˢ˹ǃå Ɨ ǄƵƓƼ ïƓ ˯ƤǙ ƓǋïƓ ˯Ƥå ˤƙ ˗ƿā ÜƓ ˮ˻ǃ ǑƼ Ɨ ʽɂ̇ ǃå ɖ˟Ɠ˹˸ǃå ˥ǆ ç˗ơåā Ǒǋ
í˦ƞ˦˸ǃå ý̊ǒ̠ǃå þƓs˹ǃ Ɇǒ̠ƕ íƓ˱Ȼã Ɇƞá ˥ǆ é̠˲˯˴ Ĉ˸ǃå. 

ǏǄƵ Ɇ˸ƶǃå ʕƙ Üé̠˲˯˴ Ĉ˸ǃå þƓs˹ǃå ü˦Ǆƪ ˥ǆ ɖǀ˲˯ǃå Ɇƞá ˥ǆ ā  ˥˻˯ƮƓƤ ˥˻˯ǃƓơ Ɨƪåïí
Ɨ˭˻ƕ ǑƼ Ɠ˸ǌƙƓǂƓ˲ǆā Matlab (Simulink)   þƓˢ˹ǃå çï˗ƿ çƓǂƓ˲˸ǃå ƝƑƓ˯ǈ è̇ ǌˡá ˖˻ơ

.ƗƑƓ˹ǃå ɖ˟Ɠ˹˸Ǆǃ ƗǃƓƶƼ ç̇ǀ˯˴ǆ ƗƿƓ˟ êƓ˯ǈã ǏǄƵ é̠˲˯˴ Ĉ˸ǃå 
 Keywords: hybrid system, MATLAB/Simulink, Wind speed,     

Fossil fuel   

Introduction   

Renewable energy is generally well-defined as energy that comes 

from resources which are naturally replenished on a human time 

scale such as sunlight, wind, rain, tides, waves and geothermal 

heat.[1] Renewable energy replaces conventional fuels in four 

distinct areas: electricity generation, hot water/space heating, 

motor fuels, and rural (off-grid) energy services. Renewable 

energy resources exist over wide geographical areas, in contrast to 

other energy sources, which are concentrated in a limited number 

of countries [2].  

In remote and isolated areas far from the grid, it may not be an 

economically viable option to supply electric power from the grid, 

due to the high cost of transmission line and higher transmission 

losses in the distribution when the generation is centralized. The 

deregulation has made it possible for the hybrid to be installed as 

isolated units or grid-connected units acting as distributed 

generation (DG) sources. DGs come in different forms such as on-

site diesel engine, micro turbines, small hydro, wind turbines and 

fuel cells. 

Libya is one of the countries that has a vast area, where some 

remote areas suffering from a lack of supply electric power 

http://en.wikipedia.org/wiki/Renewable_energy#cite_note-UNEP-4
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services, such as (Marseet), which located in Western Mountain, 

about 70 km South Mezdah. According to an information which 

collected by visiting the Marseet village, there are approximately 

30 families living in this area depending on rural grazing activity. 

The rate of their power consumption is about 170 KW. A solar cell 

station system has been installed before few years to supply these 

areas with electricity, but due to some obstacles which faced the 

project such as; neglecting and high maintenance costs these 

factors caused the station failure. After that, two diesel generators 

with a total capacity of 325 KVA were installed consumes 40,000 

liters of diesel monthly to supply this area with electricity. 

The study seeks to find alternative solutions through generating 

electricity by using wind energy. This can lead to reducing the 

high cost and pollution and contributes in using a clean energy for 

Marseat area to replace the available diesel system. Two test cases 

are used to study the dynamic performance of the hybrid system 

with load and wind speed. The Mat lab simulation is modified and 

used in order to determine the average wind speed and the wind 

power during a certain full year for the city.  

History of wind energy 

Intensive researches on the behavior of wind turbines occurred 

during 1950's. Where, the concept of high tip speed ratio-low 

solidity turbines got introduced during this period. For example, 

light-weight constant-speed rotors were developed in Germany in 

1968. They had fiber glass blades attached to simple hollow towers 

supported by guy ropes. The largest of this breed was of 15 m 

diameter with a rated output of 100 kW. During the oil crisis in 

1973, however, the scientists, engineers and policy makers had 

been forced to have a second thought on the fossil fuel 

dependence. They realized that political tampering can restrict the 



 

ϸϹЛЮϜ  19Volume  

 ϽϠнϧЪϜ 2019 October  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нрр 

 
 

availability and escalate the cost of fossil fuels. Moreover, it was 

realized that the fossil fuel reserve would be exhausted one day or 

the other. 

Recently, some policy frameworks are formulated to reduce 

emissions and provide adequate energy to the developing world, 

efforts are being made to supplement our energy base with 

renewable sources to ensure that it will play an impressive role in 

the future energy scenario. For example, the European Union 

targets to meet 22 % of their demand from renewables in 2010. 

Wind, have been the commercially viable and economically 

competitive renewable source, it shows that it is the worldôs fastest 

growing energy source today and it has retained this position 

consecutively for the last years.  

The global wind power capacity has increased by a factor of 6.2 

during the last six years. The total global installed capacity is 

39434 Mw in 2004. The installed capacity in different regions 

Over 73 per cent of the global installations are in Europe. Germany 

is the European leader, followed by Spain and Denmark. The five 

countries, leading in wind energy generation are listed in Table (1). 

 

Table (1):  Global leaders in wind energy generation 

Country  Installed capacity, MW 

Germany 14609 

United States of America 6352 

Spain 6202 

Denmark 

 

3115 

India  2120 

 

In tune with the growth of the industry, the wind energy 

technology is also changing. One apparent change is the shift 
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towards offshore installations. Several ambitious offshore projects 

are in the pipeline. For example, 20 offshore projects are installed 

in the UK by 2006, with a total capacity of 1400 Mw [3]. In 

Germany, around 30 offshore projects worth 60,000 Mw are in 

various stages of processing. In United States also, the offshore 

activities are intensifying processing. In United States also, the 

offshore activities are intensifying. Figure (1) shows design of 

modern wind turbines. 

 
Figure 1. Design of modern wind turbines [1] 

In 2013, the renewable energy developments were positive, where 

Markets, manufacturing, and investment expanded further across 

the developing world, and it became increasingly evident that 

renewable sources are no longer dependent upon a small handful 

of countries. The most significant growth occurred in the power 

sector, with global capacity exceeding 1,560 '× , up more than 

8% over 2012. Annually, over the past five years, wind power has 

added the most capacity of all renewable technologies over the 

same period. In 2013, renewables accounted for more than 56% of 

net additions to global power capacity and represented far higher 

shares of the capacity added in several countries. The Wind 
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Energy Association expected that, by 2020 the installed capacity 

may reach a level of 1.2 million Mw [4]. 

Wind Energy Conversion Systems 

The wind energy conversion system (WECS), which is shown in 

Figure (2), is a complex system in which knowledge from a wide 

array of fields comprising of aerodynamics, mechanical, civil and 

electrical engineering come together. The principle components of 

a modern wind turbine are the tower, the rotor and the nacelle, 

which accommodates the transmission mechanisms and the 

generator. The wind turbine captures the wind's kinetic energy in 

the rotor consisting of two or more blades mechanically coupled to 

an electrical generator. A self-excited induction generator (SEIG) 

is used as a generator for electrical power generation. More 

explanation can be found in [5]. The main component of the 

mechanical assembly is the gearbox, which transforms the slower 

rotational speeds of the wind turbine to higher rotational speeds on 

the electrical generator side. The rotation of the electrical generator 

shaft driven by the wind turbine generates electricity, whose output 

is maintained as per specifications, by employing suitable control 

and supervising techniques                            [6]. 

 

Figure 2.  Power transfer in a wind energy converter  
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Wind Turbine Modeling   

The output power or torque of a wind turbine is determined by 

several factors like wind velocity, size and shape of the turbine. A 

dynamic model of the wind turbine, involving these parameters to 

understand behavior of a wind turbine over its region of operation. 

By studying its modeling, it is possible to control a wind turbineôs 

performance to meet a desired operational characteristic.  

The inputs and output variables of wind turbine can be broken into 

the following: 

¶ The independent input quantity wind speed, determines the 

energy input to the wind turbine. 

¶ Machine-specific input quantities, arising particularly from 

rotor geometry and arrangement.  

¶ Turbine speed, rotor blade tilt, and rotor blade pitch angle are 

arising from the transmission system of the wind energy 

conversion system. 

¶ Turbine output quantities, namely Power or Drive torque, 

which may be controlled by varying the above three input 

quantities. 

The relation between the power and wind speed is derived as 

follows [6]: 

The kinetic energy in air of mass ά  moving with speed ὠ is 

given by the following: 

Kinetic energy =   άz ὠz   joules                                (1)              

 The power in the moving air flow is the flow rate of kinetic 

energy per second. 

Power =  z mass flow rate per second *  6                     (2) 

The actual power extracted by the rotor blades is the difference 

between the upstream and the downstream wind powers. 

Therefore, equation (2) results in   
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ὖ πȢυz άὥίί Ὢὰέύ ὶὥὸὩ ὴὩὶ ίὩὧέὲὨᶻὠ ὠ       (3) 

Where:  

ὖ   is the mechanical power extracted by the rotor in watts. 

ὠ  is the upstream wind velocity at the entrance of the rotor blades 

in m/s. 

6 is the downstream wind velocity at the exit of the rotor blades 

in m/s. 

Let ” be the air density in (kg/m3) and ὃ is the area swept by the 

rotor blades in (- ) 

Then, the mass flow rate of air through the rotating blades is given 

by multiplying the air density with the average velocity: 

Mass flow rate    ʍz !z                                       (4) 

From (3) and (4), the mechanical power extracted by the rotor is 

given by: 

0 = ᶻʍȢɚ Ȣ ᶻ6  6                                       (5) 

After algebraic rearrangement of the terms, we have: 

P= ʍzz ɚz 6 #z                                                        (6) 

Where #is the power coefficient of the roter (rotor efficiency): 

#                                                    (7)   

Is the fraction of the upstream wind power, which is captured by 

the rotor blades and has a theoretical maximum value of 0.59. It is 

also referred as the power coefficient of the rotor or the rotor 

efficiency. According to Mukund R. Patel (1999), a maximum ὅ 

can be achieved in a practical designs is between 0.4 and 0.5 for 

high-speed, two-blade turbines and between 0.2 and 0.4 for slow-

speed turbines with more blades [56]. The power absorption and 

operating conditions of a turbine in equation (6)  are determined by 

the effective area of the rotor blades, wind speed, and wind flow 



 

ϸϹЛЮϜ  19Volume  

 ϽϠнϧЪϜ 2019 October  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нсл 

 
 

conditions at the rotor. Thus, the output power of the turbine can 

be varied by effective area and by changing the flow conditions in 

the rotor system, which forms the basis control of WECS. 

Typical Wind T urbine Operating Systems 

There are mainly two kinds of wind energy conversion systems in 

operation; fixed speed (constant speed wind turbines) and variable 

speed wind turbines. 

 Where, fixed speed wind turbine operates at a nearly constant 

speed, predetermined by the generator design and gearbox ratio. 

The overall operating strategy determines how the various 

components are controlled. For example, the rotor torque can be 

controlled to maximize energy capture, or pitch angle control can 

help control the power output at high wind speeds. Have no 

options for control input. In these turbines the turbine blades are 

designed with fixed pitch to operate near the optimal at a specific 

wind speed. As wind speed Fixed-speed stall-regulated turbines 

increases, so, too, does the angle of attack, and an increasingly 

large part of the blade, starting at the blade root, enters the stall 

region resulting in the reduced rotor efficiency and limitation of 

the power output. A variation of the stall regulated concept 

involves operating the wind turbine at two distinct constant 

operating speeds, by either changing the number of poles of the 

electrical generator or changing the gear ratio. The principal 

advantage of stall control is its simplicity, but there are significant 

disadvantages; for instance, the stall regulated wind turbine will 

not be able to capture wind energy in an efficient manner at wind 

speeds other than that it is designed for. Fixed-speed pitch-

regulated turbines typically use pitch regulation for start-up, and 

after start-up it is only used to control the power above the rated 

wind speed of the turbine. Variable speed wind turbines typically 
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use generator torque control for optimization of power output. 

They use pitch control to control the output power, only above 

their rated wind speed. With variable speed, there will be 20-30% 

increase in the energy capture compared to the fixed-speed 

operation [7]. 

Typical curves for a constant speed and variable speed wind 

turbine are as shown in Figure (3) 

 

Figure 3.  Typical curves for a constant speed, stall-controlled (dotted) 

and variable speed pitch controlled (solid) wind turbine  

In a constant speed, stall-controlled wind turbine the turbine output 

power peaks somewhat higher than the rated limit, then decreases 

until the cut-out speed is reached. This feature provides an element 

of passive power output regulation, ensuring that the generator is 

not overloaded as the wind speed reaches above nominal values 

[8].  

Remote Isolated Power Network Simulations 

 Variable wind speed- fixed load and, fixed wind speed- variable 

loads, are two test cases that used to study the dynamic 

performance of the hybrid system. These two cases are matching 

some conditions in remote area in Libya. 
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 Some analysis regarding wind data for Marseet village were 

collected from the Libyan Centre of Meteorology and 

Environmental Studies, and analyzed using (MATLAB/ Simulink) 

in order to determine the average wind speed and the wind power 

during full year. The wind speed data available at the Libyan 

Centre is for year 2005, which measured by using a tower rise of 

50m for twelve months each 10 minutes for a 24 hour average.  

Figure (4) shows the change in wind speed throughout an entire 

full year. It is necessary to note that the maximum value for wind 

speed is around 22m/s. While calculating the arithmetic average of 

wind speed found equal to approximately 7.2m/s 

. 

 
Figure 4. Change in wind speed during an entire year 

The wind power throughout a full year is shown in Figure (5), and 

it is interesting to notes the wind power increases and decreases 

when the wind speed increases. 
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Figure 5.  Change in mechanical power one year (kw/m2) 

For February 2005, the highest wind power value is during the 

middle of the month as seen in Figure (6),  

 
Figure 6.  Change in wind power (kw/ὓ  ) In February 

And it can be calculated using the following equation: 

ʍ = 
ᶻ

                                                                              (8) 
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Where, ʍ is air density, ὖ is wind pressure, Ὕ is temperature, Ὑ

πȢςψφ  KJ/ (Kg/k) for the air. 

 The wind power density is derived using:  

πȢυz ʍz 6                                                                    (9) 

Where, P is power, A is the area, and V is the wind speed. Power 

that will be extracted by the wind turbine is derived using:  

 # πzȢυz ʍz 6                                                              (10) 

Where # is the power coefficient of the rotor. 

Load Demand for village     

The consumerôs loads data are collected by using two general 

methods, direct loads reading for 24 hours, or building space 

calculation (see [5] ).  

Matlab results for consumption of thirty homes are shown in figure 

(7). The peak load was 170 kw. The variations of the loads are 

observed during an average day where, the daily energy 

consumption is relatively low during times day. Significant 

variations are between the daytime peak loads and the minimum 

night-time loads.  
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Figure 7.  Daily load curve of the village 

Test system description 

Figure (8) shows a typical high penetration HWDS. The idea is to 

supply the maximum portion of the load requirements from the 

intermittent source of wind, while supplying quality electrical 

power. 

 
Figure 8. Block diagram of the hybrid generation system 

Case 1: Change in wind speed with a constant load 

The data of changing wind speed were applied, while the load is 

fixed and close to the highest value (170kw) which supplied by 

using diesel source until wind energy system connected after 4 

seconds. Figure (9) shows the changes in wind velocity, where it 

was 8m/s in the 5th second and rose to reach 8.3m/s after wards. In 

the second 13th the wind speed decreased to 5.6 m/s. Then it is 

increased again to its highest value which is 9.3 m/s in the 22th 

seconds. At the second 24th the wind speed decreases to 8.6m/s. 
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Then the wind speed increased again to about 8.9m/s and remained 

as a non-fixed speed. 

 
  Figure 9. Wind speed input to the hybrid system (case 1) 

In Figure (10), its shown that the wind turbines output with a wind 

velocity of 8m/s is about 105kw, while at 5.7m/s it is around 

40kw. When the wind speed is at 9.3m/s, the power is about 

157kw. After that, the wind speed at 8.8m/s has an output of about 

147kw, and the last wind speed of 9m/s has a power of around 150 

kw. When there is not enough wind, the wind energy conversion 

systemôs output will be below its rated power and the remaining 

power will be provided by the diesel system in order to maintain 

the grid frequency at 50 Hz. When the wind speed reaches 10 m/s, 

the wind energy conversion system is supplying the total load 

demand, and the synchronous generator just plays the role of a 

synchronous condenser providing only reactive power. 
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Figure 10. The real power differences between a diesel and wind energy 

system  

 

The reactive power variation between the diesel and the wind 

energy conversion systems for the given wind conditions are 

shown in Figure (11). It can be noticed that the reactive power 

required by the induction generator and the inductive components 

of the AC load is provided by the wind generator and diesel 

system. Therefore, the required Supplement is met by the 

synchronous generator of the diesel system and when there is 

sufficient wind, the induction generator is driven by the wind 

turbine and this supply the active load. 
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Figure 11. The diesel systemôs and wind energy systemôs reactive power 

variations 

Figure (12) shows a slight decrease in the voltage when the wind 

speed is at 5.6 m/s. The wind speed is not constant, but the voltage 

value remains approximately constant. When the wind energy 

conversion system is switched into the hybrid system, a large 

voltage dip of approximately 80% occurs which is due to induction 

machine present in the wind energy system.  

 
Figure 12. Hybrid system voltage 
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Figure (13) shows how the frequency increases when the load 

demand is lower than the power output of the hybrid system. By 

this time, the additional load absorbs some of the power and this is 

dependent on the frequency error signal received by the frequency 

regulator from the system in order to push back the frequency to its 

set point of 50 Hz. The additional load will increase or decrease 

depending on the Pre signal received from the frequency regulator. 

This is done in order to complement the total system load that 

matches the systemôs frequency. We can also notice that the 

frequency regulation may depend on the loading of the induction 

machine and that is determined by the level of penetration of the 

wind energy in the hybrid system. 

 
Figure 13. Hybrid system frequency 

Case 2: Constant Wind Speed and Changes in the Load 

In this section, the wind speed are constant, while the load is 

varying between the highest value and the lowest value as shown 

in Figure (14).The input wind velocity remains constant at 7.2 m/s 

and load demand changes from 40kw but increases gradually to 

reach 100 kw. Again, the load will increase to reach 170kw. There 

is a variation between the daytime peak loads and the minimum 
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night-time loads. The diesel supplies the total load demand along 

with the wind turbine.  

 
Figure 14. Daily Load  

Figure (15) represents the drop in the real power output of the 

diesel system, when the wind turbine is connected and starts 

supplying some of the load at t= 4 seconds. As the wind speed of 

7.2 m/s, the wind turbine is capable of producing an output power 

of 78.3kw. The remaining load is supplied by the diesel. As the 

load demand increases from 40 to 170 kw at t= 20seconds, the 

diesel picks up the rest and the load and its output reaches to about 

91.7 kw. While the wind turbines output is constant, the additional 

load increases a little bit so that the frequency can be maintained at 

50 Hz. When the load is at 40kw, the diesel outputôs real power is 

0kw and the wind turbine still keeps its output constant at 78.3kw 

and is supplying the load demand, as the wind speed is kept 

constant at 7.2m/s. 
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Figure 15. The diesel and wind energy systemôs real power output with 

load variations 

Figure (16) shows the reactive power supplied by the diesel and 

the wind energy systems to the load. Whenever the reactive power 

required by the wind energy system is higher, then the difference is 

supplied by the diesel. 

 
Figure 16. The hybrid systemôs reactive power with load variations 
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Figure (17) shows the voltage at the AC load terminals which is at 

its reference value of 400 volts, except changing load conditions, 

when there is drop voltage. 

 
Figure 17. The hybrid systemôs voltage at load terminals 

In Figure (18), the frequency remains at its reference value of 50 

Hz, except during the switching ON of the wind energy system 

which occurs in parallel with the diesel system at t = 4 seconds. At 

this time, the load shared by the wind energy system causes an 

increase in the diesel speed which was previously at its rated 

output power. The frequency there by increases, but it comes back 

rapidly to 50 Hz, which is its set point, due to the frequency 

regulator that increases the varying additional load respective to 

the frequency error signal. In t =8 seconds, the load increases from 

40 kw to 100 kw and then to 170kw. At this point, the frequency 

regulator notices that there is a slight decrease in the systemôs 

frequency, and asks the varying additional load to decrease its 

resistive load correspondingly in order of the frequency to recover 

to its set value. At t = 18 seconds, the load increases to 50 kw, and 
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is supplied by the wind energy system and diesel. When more than 

0.60% of its output is occurring at a wind speed condition of 

5.6m/s, the frequency tends to decrease, but it is drawn back by the 

frequency regulator to its reference value of 50 Hz. 

 

 
Figure 18. The hybrid systemôs grid frequency  

 

Conclusion  

In this paper, an alternative solution to fossil fuel system for 

remote area is introduced, where the hybrid system that combined 

different electrical power energy is chosen as a possible solution. 

The simulation results show that the hybrid generation system can 

be considered as a reliable power source. In particular, the ability 

of the wind energy conversion system in picking up the load 

whenever the wind is exhibited, and the ability of the diesel system 

as a backup generator in meeting the load whenever there is not 

sufficient wind. Also the simulation results show that the 

frequency regulator can maintain the system frequency at the 
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prescribed value (50Hz) during almost the entire period of 

operation. This paper concludes that wind energy is a promising 

choice to reduce the dependence on oil in Libya. It is also 

preferable because it reduces the inside expense in the country.  
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:˛˱ǂ˶ǁä 
  ç̊ ǌƞǕå ç̇ ˻ƤǕå ƗǈāǓå ǑƼ è̇ ˵˯ǈå Ɠ ƞ˦ǃ˦˹ḧ˯ǃå ˤǃƓƵ ǑƼ é˗˲ƙ Ǒ˯ǃå èåï˦ˠ˯ǃå ƴǆ Ɠ˹ǆå̊ ƙ

ƗƽǄ˯˳˸ǃå ƴ˸˯˱˸ǃå èƓ˭Ƽ ˥˻ƕ Ɨ Ḫ˘ǃå  ˗ƵƓƪ .Ɨ ǆ˦˻ǃå Ɠ˹ƙƓ ơ ǑƼ þå˗˳˯ƪǙå ƗƶƑƓƬ èïƓƮā
 ǏǄƵ ˚˻Ḫ̇ ˯ǃå ˤƙ Üˣǃ˘ǃ .ƴƿå˦˸ǃåā Ɨǆ˗˳˯˴˸ǃå èƓǀ ˮˠ˯Ǆǃ ƴɂ̇ ˴ǃå ï˦ˠ˯ǃå ǏǄƵ ïƓ˵˯ǈǙå å˘ǋ

Ɨ ʽ ǂ  ˤ ˸˶ƙ ǑƼ ˤǌƶǆ ɆƵƓƽ˯ǃåā ˥˻ǆ˗˳˯˴˸ǃå ˥ǆ í˗Ƶ ˙˰ǂá æ˘˱ǃ þ˗˳˯˴˸ǃå èƓǌƞåā
 ˥˻˸˸˶˸ǃå Ǌ ƞ˦˯ƕ ˙ƙ˦˻ˮ˸ḧǃåā ÿƓ˴ǈǗå ˥˻ƕ ɆƵƓƽ˯ǃå Ɨ ʹ˸ƞ þ˦ǀƙ ˔ˮ˴ǃå å˘ǌǃ .˥˻ƶǆ Ɋ˸ǈ
 ǑƼ Ɨ ǈƓ˴ǈǗå ˤ ʿǃå Ɨƪåïí Ɨ ˸ǋá ˤǌƼ ÿã .ǊƙƓ Ǆˠ˯ǆ ˤǌƼā þ˗˳˯˴˸ǃå èƓƞƓ ˯ơå ˙˻Ƽ˦˯ǃ

Ǘå ˥˻ƕ ɆƵƓƽ˯ǃå ýƓ˱ǆ ǑƼ ƗƮƓƤā ÜƗ ƪ˦˲ǃå) æ˦ƪƓ˲ǃåā ÿƓ˴ǈHCI Üˤ ˸˶˯ǃå Ɨǀɂ̇ ˟ā (
 å˘ǋ ǑƼ Ǒ˴ Ƒ̇ ǃå ýå˓˴ǃå .Ɨ ƪƓ˹˸ǃå Ɨǀɂ̇ ˠǃƓȺ þ˗˳˯˴˸ǃå èƓƞƓ ˯ơå ˙˻Ƽ˦ƙ ǑƼ ˤǌ˴ ƪ
 Ɨ ǈƓ˴ǈǗå ˤ ʿǃå ïƓ˟ã ǑƼ Ɇ˷Ƽá ˤ ˸˶ƙ Ǐǃã ɆƮ˦˯ǃå ˥˻˸˸˶˸Ǆǃ ˥ɜ˸Ȼ ˃ Ḫ ˦ǋ ˖˲ ǃå
 èƓǆ˦Ǆƶǆ Ɨƿï˦ǃå ǉ˘ǋ ˥˸˷˯ƙ Üˣǃî Ǐǃã ƗƼƓưǗƓȺ .Ɨ˸Ǆˢ˸ǃå ɉƓ˸ǈǕå ˥Ƶ íƓƶ˯ƕǙåā
 .ƗƽǄ˯˳˸ǃå ƓǌƵå˦ǈáā Ɠǌ˯˻˱ ƙå̇ ˯ƪåā Ɠǌ˳ɂïƓƙā Ɠǌƽɂ̇ ƶƙ Ɇ˰ǆ Ɨ˸Ǆˢ˸ǃå ɉƓ˸ǈǕå ˥Ƶ Ɨ ƪƓƪá

˙˻ƛƋ˯ǃå Ɨ˵ƿƓ˹˸Ⱥ Ɠ˹˸ƿ Üˣǃî ǏǄƵ çāǚƵ  ǏǄƵ ß˦ ˷ǃå Ɋ Ǆ˴ƙā Ɨ˸Ǆˢ˸ǃå ɉƓ˸ǈǖǃ ˙˻ˮḧǃå
 ƗǈƓ˴ǈǗå ʕ ǃʿå ïƓ˟ã ǑƼ Ɇ˷ Ƽá ÿ˦ḧƙ ÿá ˥ɜ˸Ȼ Ǒ˯ǃå þ̠˳ ˯˴˸ǃå Ɨǌƞåā ßƓ˵ǈã Ɨ̔ǂ

˯˴˸ǃå èƓ Ǆˠ˯ǆ ǏǄƵ ˚˻Ḫ̇ ˯ǃƓȺ Ǒ˯ǃå Ɨ ˴ Ƒ̇ ǃå ɉƓǀ˹ǃå ƴư˦ƕ Ɠ˹˸ƿ ˣǃî Ǐǃå ƗƼƓưǗƓȺ .þ˗˳
 Üʕǌ˸ǆƓ˶ƙ ˥Ƶ ÿ˦ǃā˓˴ ǆ å˦ǈ˦ɜȻ ÿá ̝ Ȼ˱ ˃ Ḫā ÿ˦˸˸˶ ǃ˸å Ɠǌƶ˯ǒ ÿá Ǒƺ˹ǒ ʕ˯˯˳Ĉƙā

mailto:nmohd08@yahoo.com
mailto:elarafia@gmail.com


 

ϸϹЛЮϜ  19Volume  

 ϽϠнϧЪϜ 2019 October  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   нтс 

 
 

èƓơ̇ ˯ǀ˸ǃå ˞ƶ ƕ Ɨƪåï˗ǃå  ƗʾǚƤǕå ʕ ǃʿå ïƓ˟ã ̞ ƙ˲ ÿ˦ɜȻ ʕ˸˶ ƙ ßƓ˵ǈã ǑƼ ʕǌ˴ƙ Ǒ˯ǃå
.þ˗˳˯˴˸ǃå èƓ Ǆˠ˯ǆ ǏǄƵ ßƓ˹ƕ 

Abstract  

Smart devices have become commonly used in peopleôs daily life. 

Systems, apps, and websites are growing every day. Therefore, 

user interfaces are designed to attract and interact with the user in a 

specific pattern. Thatôs why the human-computer interaction 

(HCI)community has committed to guiding the user experience 

and user interface(UX/UI) designer to deliver the userôs needs. 

Understanding of the importance of studying human values in 

computing especially HCI area and UX/UI designing level will 

contribute to providing userôs needs in an ethical way. The key 

question of this research is how designer can come up with a better 

design under the human valuesô framework. This paper includes 

background info of dark pattern such as its history, strategy, and 

different types.  Moreover, it briefly covers and talks about the 

big-picture influence of dark patterns and highlights how creating 

user interface could be better under human values framework by 

focusing on userôs need. We identify how designers should be 

responsible for their actions then we describe the factors that 

contribute to an ethical design by focusing on the role of the 

designers that are playing and addressing ethical concerns. 

Keywords: dark pattern, human value, Ethics,UX/UI design, HCI. 

Introduction   

     In todayôs life, people spend most of their time in front of the 

screen of computers or smart devices interacting with the online 

world. With huge growth of websites, people are not aware of 

underlying design that used to direct the attention to what 

companies want which means by other word dark patterns (Maier, 
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2019). A dark pattern tricks a user into performing unintended and 

unplanned actions depend on a perverting interface pattern design. 

More generally speaking, a dark pattern depicts a determined 

solution for investing and cheating users in a generic 

form.  Additionally, lately, there are many studies on a human 

value in computing (VIC) in the area of human-computer 

interaction (HCI) which supports the importance of the value in the 

computing world. Value can be defined as anything influences our 

decision. Schwartz defined value as ñcore conceptions of the 

desirable within individuals and society that serve as standards or 

criteria to guide not only action, but also judgment, argument, 

evaluation, and choiceò (Schwartz, 2005). Therefore, in this paper, 

we argue that why the designer isnôt aware of the human values in 

the process of designing and developing the user interface by 

studying and reviewing previous research done in this topic. 

Background knowledge   

Dark pattern Definition  

Dark patterns are the misleading of the user in UX and UI 

interaction, this way makes the users do what they do not need to 

do. The term dark Patterns was first defined by HarryBrignull who 

was the London ïbased UX designer (PhD Cognitive Science) in 

August 2010(Arushi, 2018). According to the registration of dark 

patterns organization website, He defined it as, ña user interface 

that has been carefully crafted to trick users into doing things, such 

as buying insurance with their purchase or signing up for recurring 

billsò(Harry, 2010). 

Companies and dark patterns 

 Dark patterns quickly spread widely in the world of UI/UX 

design. Most of the companies have become dependent on it to 

https://www.90percentofeverything.com/about/
https://uxdesign.cc/@arushijaiswal?source=follow_footer--------------------------follow_footer-
https://www.90percentofeverything.com/about/
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make money by attracting users and misleading them to do things 

they do not want to do.  Said Maier about how the companies trick 

users, they ñdirect the attention to whatever a company wants the 

user to see or alternatively distract the attention from things meant 

to stay hiddenò (Maier, 2019).  

Types of dark patterns 

Designers may use different types of dark patterns depend on how 

they want to trick users;these types are shown in table1.  

 

Table1. Types of Dark Patterns, quoted from(Harry , 2015) 

 

https://www.90percentofeverything.com/about/
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Dark patterns strategy 

The five categories which are nagging, obstruction, sneaking, 

interface interference, and forced action as shown in figure1. Each 

pattern category has a specific task for instants, the obstruction 

category is defined as ñmaking a process more difficult than it 

needs to be, with the intent of dissuading an actionò (Gray, 2018). 

Then, tasks are deliberately made harder for the user. 

 
Figure1. Dark Patterns strategy, quoted from (Gray, 2018). 

Related work  

     Over the last view years, design research has primarily 

focused on conceptual understanding of dark patterns, the dark 

side of design and approach to improve privacy protection on 

designing. 
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User-centered Design is a method or design process in which 

the designer focuses on usersô needs (Mulvenna, 2017). In this 

method, the users are involved in every design process to create a 

high-quality product that takes into account the user's need. 

However, the designer focuses more on the companyôs needs. 

ñMany of the UCD (User Centered Design) concepts have since 

made their way into usability standards certified by ISO5, IEC6 

and the FDA7, which are used to disseminate best practice 

principles and, in some cases, enforce UCD adoption. While these 

types of perspectives are useful for creating more functional 

designs, they do not explicitly consider how to consider or 

incorporate ethical aspectsò (Mulvenna, 2017). 

Ethical considerations 

Ethics and values are an important part of the field of human-

computer interaction (HCI). Moreover, the awareness of its 

importance is increasing very rapidly. Even Though designers are 

aware of the value of design ethics, they are experiencedifficulties 

in accommodate the ethical guidelines(Mulvenna, 2017).  

According to Mulvenna ñAn understanding of ethical 

implications in system engineering is crucial as there have been 

many cases where ethical norms have been violated to manipulate 

the behavior of users through approaches based on nudge theory or 

persuasive technologiesò (Mulvenna, 2017). 

Focusing on ethical awareness and design education based on 

the concept of ethical mediation is needed. In the field of HCI not 

only design study is increasing but also the study of values and 

ethics is rapidly increased. 

Even though, everybody is aware of ethical design importance 

ñlittle research describes the ethical engagement of design 

practitioners on the ground and on its own termsò (Colin, 2019). 
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In addition, explained Colin about ethical engagement with 

design ñthe pragmatic and situational role of ethics is still 

underdetermined and undertheorized in the design and HCI 

literatureò (Colin, 2019). 

     As Friedmanetal (Chivukula, 2019) have mentioned a list of 

ethically-focused human values, such as ownership, privacy, 

accountability, freedom from bias, trust, autonomy, usability, 

informed consent, and human welfare. These values present a 

significant beginning step for future objective work on the ethical 

nature of design practice. Currently, certain methods provide 

designers support for dealing with values in the design such as 

Value-Sensitive Design (VSD), Values at Play, Value Levers, and 

In-Action.  The Value-Sensitive Design (VSD) is the most 

inclusive frameworks developed to address the case of values in 

design practice (Fansher, 2018). Batya Friedman is defined (VSD) 

as ña theoretically grounded approach to the design of technology 

that accounts for human values in a principled and comprehensive 

manner throughout the design processò (Gray, 2018). However, in 

the VSD record, there is a critiquing because of its inappropriate 

leading in informing value classiýcations, selecting appropriate 

empirical instruments, and ordering of the design process. But, 

continually interesting by using this method is still showing to 

build value-discovery and posterior act into the design stages in 

computer human interaction. VSD look the best methodology 

however it is empty in terms of real implementation. Various 

methods provide designers support for dealing with 

values Nevertheless ñfew of these methods or approaches provide 

insight into designò (Chivukula, 2019). 
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Privacy and Dark Patterns 

     One of the humans' values aspects is trusting, so the user 

needs to interact with security and privacy online patterns. As 

(Bºsch, 2016) mention ñAnalogously to privacy patterns, privacy 

dark patterns can be collected in special repositories to facilitate 

easy access and retrievability for users and to develop 

countermeasures. Patterns are usually documented in a formalized 

template to enable system developers to easily reference and use 

them. Common fields in such a template include the name of the 

pattern, the problem the pattern is solving and references to related 

patterns.ò 

Thus, prevalent building blocks that are used by service 

providers to trick and betray their users exist. Some service 

providers deal with recurring patterns to gather the collection of 

personal data from their users. Moreover, these building blocks are 

used unintentionally, simply shaping usage of privacy anti-

patterns, but without any malignant intent (Bösch, 2016). 

 For example, bad default in dark pattern is used in social 

networks or applications that provide a form of a user account. 

Like these accounts that users creating at a service provider, the 

default choices are most often unconsciously picked up and 

sometimes the users do not look through all the options. Therefore, 

they are sharing their personal information without knowing. The 

graph in figure2 shows an example on bad default on Facebook. 
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Figure 2: Facebook default settings from 2010. The graph shows 

which information can by default be accessed by you, your Friends, 

Friends of Friends (FoF), all Facebook users (FBU), and the whole 

Internet (Inet). For the source and more details, we refer to 

http://mattmckeon.com/facebook-privacy/quoted from (Bösch, 2016). 

 

Our Approach  

To suggest a framework for the value of UI/UX design away 

from dark patterns, this framework is based on a literature review. 

We consider the problem from different angles as a part of a 

holistic approach. First, we survey existing literature review on 

dark pattern design, reverse dark pattern strategies, adapt some of 

these ideas and extend them. Second, we include a point of view 

on ethical design concepts. Previous work that was done by (Gray, 

2018) in his paper(The dark (patterns) side of UX design   ), he 

has identified different frameworks for interacting with ethics and 

values (e.g., VSD) However, these frameworks have not any effect 

on the designersô work. The motivation of this study is that human 
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values should be successfully translated into UX/UI design. We 

seek to provide an account of ethical considerations in UI/UX 

designer, depending on these previous studies and efforts to more

  fully describe the rich contexts in which ethical concerns 

emerge design processes. Our goal is to disclose and describe the 

factors that contribute to the ethical design by focusing on the role 

of the designers that are playing and addressing ethical concerns. 

We propose the following principles that must be considered as the 

sustainable points for ethical design: putting user needs first Which 

are summarized in the following, security and privacy for user 

data, practicing honest design, respect, users have the right to 

understand the product and choose whether they are going to 

interact with the product or not and finally make everything clear 

to the user and no cheating. Ethical design principles guard 

designers against dark pattern phenomena and it'sthe designer's 

responsibility to take care of it. We have outlined the user needs 

that should be emphasized as a framework for values in 

UI/UX design in real practice in the following hierarchical model. 

 

Figure 3: shows the userôs need, most fundamental needs at the 

bottom of the hierarchy 
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 This hierarchy that shown in figure 3 illustrates the most 

fundamental needs of the user that must be taken in consideration 

when designing user interface and user experience to avoid dark 

pattern. We have put the privacy in the bottom of the hierarchy to 

emphasis on the importance of it to the user as the first need. 

Reliability, the design must be intended to function what is 

required without trick. Usability is an important part of userôs need 

means the design must be easy to use, understood and clear. 

Convenient, making the design saves the user time and effort is the 

last but not least elements in the hierarchical that represents the 

usersô needs.  

Thus, when the designers consider ethics and values in the 

designing process the dark patterns will be white patterns that help 

and guide users instead of tricking them. The benefit may not only 

be for the user but it can be beneficial to everyone the company 

and users as understanding their needs more. Consequently, in this 

manner, we can call it a white pattern. The white pattern can make 

more money too but in an ethical way. 

Discussion and Conclusion 

     We have described the content of ethics in designing that 

had been done in previous studies. Potentially, these examples 

would be mined for ethics education in HCI.Synthetic work is 

needed to compare the ethical phenomena impacting UI/UX design 

and extant methods or ethical frameworks to identify deficits or 

opportunities for further research. 

Even Though there are remarkable gaps in involving for value 

discovery, guidelines for a better understanding of relevant values 

and exploration of specific values, proposed several methods and 

developed values framework might guide us to how the studying 
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values and ethics have been necessarily developing the design of 

user interface. 

Privacy dark patterns are very important when users set their 

personal information while they are creating accounts in a certain 

app. We believe that a value like trust is the most important value 

that most users consider or care about it, especially when they 

interacted with websites, apps and social networks every day. 

 While we have begun this process by identifying dark patterns, 

its type and strategy that used in dark pattern in this and prior 

work, more research is needed to determine actionable methods to 

activate ethical awareness in everyday UX/UX design. Through 

our research there are many studies mention and raise awareness of 

ethical considerations in the design, however, this awareness has 

not generally led to increased ability on the part of UI/UX designer 

to work or act in an ethically-aware manner, despite numerous 

existing methods and frameworks. 

In this research, we have examined previous work regarding 

ethics in UX/UI design. Based on our exploring in the previous 

studies, dark patterns are in a huge conflict with the concepts the 

designers believe. Some responsibility is not only in the users but 

also on the designer not because they are bad designer but because 

they are doing their task the best defines to be aware of them. The 

designers need to pay attention to their clientsô business objectives, 

making sure they are not contrary to the principles of ethics. 
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:˛˱ǂ˶ǁä 
 ÿ˦ḧ˯ǃ xǃ̆Ḫā èƓḪ̇˵Ǆǃ ƗɂïƓ˱˯ǃå û˦ ǃ˴å ǑƼ ïå̇˸ƪ˯Ǚåā Ɨ˴ƼƓ˹˸ǃå Ɇƞá ˥ǆçïíƓƿ ƗḪ̇ ˵ǃå 

 Ɠǌƙå̇ ˻ˢǈ ˥˻ƕ Ɨ˴ƼƓ˹˸ǃå ô̇ ˯ƶƙ Ǒ˯ǃå èƓ ʿƶǃå ƴ ˸ƞ ǏǄƵ ˔Ǆƺ˯ǃåā ˙˻˻ƺ˯ǃåā ˙ɂ˦ˠ˯ǃå ǏǄƵ
 ÿā˓Ƭ çïåíã ǑƼ ̠ǌ˱ǃå ˥ǆ ̠ɂ̊˸ǃå ý̆ƕ Ǒƺ˹ǒ úå̠ǋǕå ǉ̆ǋ ɖ˻ǀ˲˯ǃ Ü û˦ ǃ˴å ǑƼ

ǃƓȺ Ɨɂ̇ ˵ ǃå íïå˦˸ǃåā ˥˻ƽˡ˦˸ǃå ǏǄƵ ɋƓƽ˲Ǆǃā ƗḪ̇ ˵ǃƓȺ ǑƼ ˙ɂ˦ˠ˯ǃå ƗǄƮå˦˸ǃ ˣǃ˘ǃ .ƗḪ̇ ˵
 Ɨ˸˹˯ǃ xǃîā çï˦ɣ ǆ˯ Ɨˮɂï̠ƙ Ɲǆå̇ƕ Ǒ˹ˮƙ ƗḪ̇˵ǃå ǏǄƶƼ ̨ƼƓ˹ǃå û˦ ǃ˴å ǑƼ ƗḪ̇˵ǃå ƗǈƓɜǆ
 úå˗ǋǕå ɖ˻ǀ˲ƙ ǑƼ ƗḪ̇ ˵ǃå ˗ƵƓ˴ƙ èåïƓǌǆ Ɠǌ˻ƽˡ˦ǆ æƓ˴ǂɀā ƗḪ̇ ˵ǃƓȺ Ɨɂ̇ ˵ ǃå íïå˦˸ǃå

ǒ˗˲ǃå ˔˻ǃƓƪǕå ǏǄƵ Ɨƿï˦ǃå ǉ˘ǋ ˚Ḫ̇ ƙ ú˦ƪ .Ɠǌƕ Ɨ˟Ɠ˹˸ǃå Ɨɂ̇ ˵ ǃå íïå˦˸ǃå  ˙ɂ˦ˠ˯ǃ Ɨ˰
. Ɠǌǒ˗ǃ 

 ƗḪ̇ ˵ǃå ÿá Ǚã Ü ƓǌǄ˸Ƶ ýƓ˱ǆ ǑƼ Ɨ ɜ ǈƓɜ ǆā˙˯ˮǃå èƓ ˹ǀ˯ǃå ƗḪ̇ Ƭ ëƓ˱ǈ ˥ǆ ˤƹ̇ ǃå ǏǄƵ
.Ɨɂ̇ ˵ ǃå íïå˦˸ǃå çïåíã èǙƓ˱ǆ ˞ƶȺ ǑƼ ˥˻˴˲ƙā ˙ɂ˦ˠƙ Ǐǃã êƓ˯˲ƙ 

ABSTRACT:  

ñIn order to survive and continue in the commercial market for 

companies to be able to develop, change and overcome all 

obstacles to compete, to achieve these goals should make further 

efforts in the management of personnel and human resources. To 

continuing development in these companies and to maintain the 
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levels it has adopted the efficiency of the training programs and 

development of human resources to train its staff to acquire the 

skill. This paper will concentrate on implement the approaches of 

human resource to improve the current situation of the Petro-

Mechanical Technology Company (PTC).ò 

ñAlthough PTC is successfully in many ways, the company also 

lacks in some areas  of Human Resources Management need 

improvement.  

Keywords: Human Resources, Leadership, Training, Motivation,  

Introduction:  

Human Resource Management (HRM) is the strategic and 

coherent approach to the management of an organization's most 

valued assets the people working there who individually and 

collectively contribute to the achievement of the objectives of the 

business. In simple case sense, HRM means employing people, 

developing their resources, utilizing, Maintaining and 

compensating their services in tune with the job and organizational 

requirement. 

Petro-Mechanical Technology Company is a medium size 

manufacturing company in Libya providing services to Libyan 

industrial sectors since 1997. The company has about 150 

employees and uses up-to-date machinery technology. However 

the company faces some human recourses issues which is cause 

company poor productivity and people immigration, the primary 

HRM problems that the company faces are motivation and 

selection & training.  As it pertains to motivation, also luck of trust 

between employees and the company    leadership. 
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This study will focus three concepts of Human Resource 

management at PTC particularly leadership, teamwork, training 

and motivation as a way to approach the company goals and 

objectives. 

 

LITERATURE REVIEW:  

Human Resource Management Concept 

ñHuman Resource management refers to the administration of 

human resources firms. Although all managers are involved in 

supervising people the human resource manager has the primary 

responsibility for coordinating the firm's human resource activities. 

These activities are expected to contribute to the survival and 

effectiveness of the organization.ò (Cherrington 1995) 

According to (William R. Tracey), in The Human Resources 

Glossary defines as: "The people that staff and operate an 

organization", as Contrasted with the financial and material 

resources of an organization. Human Resources is also the 

organizational function that deals with the people and issues 

related to people such as compensation, hiring, performance 

management, and training. A Human Resource is a single person 

or employee within your organization. 

  1- Leadership and team work 

1-1 Leadership  

Leadership is the process in which an individual influences other 

group members towards the attainment of group or organization 

goals. 

According to Alan Keith of Genentech who said "Leadership is 

ultimately about creating a way for people to contribute to making 

something extraordinary will happen."   

 (Kouzes, J., and Posner, B.2007) 
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 There are many factors that should be present in any organization 

in order to get success, such as communication, motivation, 

employee's skilléetc., but all of these factors will moved out 

without good leadership. 

Leadership and team working are very important and affected 

elements, in organization successful. Employees are influenced by 

their leader's behaviors and usually try to follow their leader's 

behaviors. Leader's tasks are control, advice and lead the 

employees in their organization in order to achieve the company's 

goal. A different leader has different vision, so from that the better 

leader who is better or more competent of dealing with the new 

and immediate situation.   (HT Graham & Bennet, 1992) 

1-1-1 Leadership Behaviour 

Four main leadership styles of behaviour are: 

Concern for task: The extent, to which the leader emphasises high 

levels of productivity, organises and defines group activities in 

relation to the group's task objectives. 

Concern for people: The extent, to which the leader is concerned 

about his or her subordinates as people- their needs, interests, 

problems, developmentéetc.-rather than simply treating them as 

unit of production. 

Directive leadership: The extent to which the leader makes all the 

decisions concerning group activities him-or herself and expects 

subordinates simply to follow instruction. 

Participative leadership: The extent to which the leader shares 

decision making concerning group activities with subordinates. 

(Barbara Senior, 2002). 
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Figure (1) :(Leadership Functions (module notes) 

 

1-2 Team work 

ñThe team work is the definition of cooperative members of a 

same group working together to obtain the same goal.ò  

(businessknowledgesource.com, 2010) 

ñAll teams are groups, but groups do not necessarily behave as 

teams. The defining characteristic of a team is that its members co-

ordinate their work in order to achieve group objectives. Within a 

team there will be a high degree of group cohesion, much 

interaction, mutual support and shared perception of issues. Team 

members will be willing to interchange roles, share workloads and 

generally help each other out. Typically, each team member will 

hold other members in high regard, and will experience much 

satisfaction from belonging to the team.ò   (Graham &Bennett, 

1998) 

http://www.businessknowledgesource.com/blog/what_is_the_definition_of_team_work_021673.html
http://www.businessknowledgesource.com/
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There are several benefits which the company gains from team 

work, the benefits are; 

Team work maximizes the organizationôs human resources. Each 

member of the team is coached, helped, and led by all the other 

members of the team.  

There are superior outputs against all odds. This due to the 

synergistic effect of a team-a team can normally outperform a 

group of individuals. 

There is continuous improvement. No one knows the job, tasks, 

and goals better than the individual team members. To get real 

change, you need their knowledge, skills, and abilities.  

Personal motives will be pushed to the side to allow the team 

motive to succeed. 

 

 
Figure (2): (The Need for Real Teams (module notes) 
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2- Training and development  

Training is the systematic development of the knowledge, skills 

and attitudes required by an individual to perform adequately a 

given task or job. Systematic training is training which is 

specifically designed to meet defined needs. (Michael Armstrong, 

1988) 

2-1 The benefits of training  

The speed of learning, systematic training should achieve reduced 

learning time and higher skills levels thereby reducing learning 

cost 

Improved performance of existing employee, Job incumbent can 

through training can up- date and improve their work performance 

Decreased supervision, A well trained work force should require 

less supervision and allow increased delegation 

A more flexible workforce, Training can increase the range of 

skills of its employees so that employees can cover for absent or 

sick colleague or rotate jobs for various purposes 

To ensure for succession, To prepare people within organisation to 

fulfil l its future needs for supervisory and managerial succession at 

all levels 

Improved company morale,An organisations which views training 

as essential ingredient in caring for developing its employees is 

likely to be one with high morale. (Molander, C. 1989)    

2-2 A systematic approach to training  

ñA systematic approach to training is one which is planned to meet 

defined training objectives. It includes three main steps: 

The assessment phase which focuses on the training needs and 

training objectives of organization. 
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The training development phase which is to do with how the 

training objectives to be achieved 

The evaluation phase which tries to answer two questions. The 

first is how far the original training objective have been achieved 

and the second how valid the original training objectives for the 

needs of organisation.  (Molander, C. (1989 

 

 
 

Figure (3): The sequence of training 

3- Motivation  

ñThe activities of organization can be only achieved through the 

combined efforts of its members. The relationship between the 

organization and its members is controlled by what motivates them 

to work and the fulfillment they gain from it. The managers need 

to understand how to obtain the cooperation of staff and direct 

their performance to achieving the goals and objectives of the 

organization. The manager must know how best to motivate staff 

so that they work willingly and effectivelyò 

 Motivation is the degree to which an individual wants and choose 

to engage in certain specified behavior: 

Motivation is typified as an individual phenomenon. Every person 

is unique and all the major theories of motivation allow for this 

uniqueness to be demonstrated in one way or another. 
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Motivation is described, usually, as intentional. Motivation is 

assumed to be under the worker's control, and behaviours that are 

influenced by motivation. 

Motivation is multifaceted. Arousal and the force of an individual 

to engage in desired behaviour. 

The purpose of motivational theories is to predict behaviour. 

Motivation is not the behaviour itself, and it is not performance. 

Motivation concerns action, and the internal and external forces 

which influence a person's choice of action. 

(Mullins, L,2007)  

 

 
 

Figure (4) :(The Performance Cycle (module notes) 

DISSCATION:  

       The primary PTC problems that the company faces are 

motivation and selection of training.  As it pertains to motivation, 
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the company must work hard to regain the trust of employees.  If 

employees do not trust the leadership, they will not be motivated to 

perform.  Not only do motivated employees to do their best, but 

the productivity of the company will increase with the proper 

motivation because employees have the energy they need to be 

creative and innovative.   

Selection of training programs is also a major factor that PTC must 

address. When there is not proper selection and training the end 

result is usually the production of products that are inferior to the 

products produced by the competition.  These problems are a 

direct result of is not performing well. However, To investigate the 

current situation of PTC company, a SOWT analysis was 

conducted as shown below. The data and information based on 

documented reports from both Quality and Training departments, 

also interviews with the production, quality and training mangers 

departments. 

SWOT Analysis is a ñtechnique for analysing the internal and 

external environments of an organisation through the identification 

and assessment of its Strengths, Weaknesses, Opportunities, and 

Threats. SWOT analysis entails a distillation of the findings of an 

internal and external audit which draws attention, from a strategic 

perspective, to the critical organisational strengths and weaknesses 

and the opportunities and threats facing the organisation.(Kotler et 

al, 2005). 

 

SWOT ANALYSIS OF PTC:  

Strengths:  

¶ The largest company in the field in Libyan market. 

¶ Good workforce experience and equipment in the field. 

¶ The company has strong position in Libyan market. 
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¶ The company has a good distribution channels in Libya. 

 

Weaknesses: 

¶ The company had a problems in management and 

leadership which is made his reputations down.  

¶ Limits to technology changes. 

¶ The company profitability currently is low due the 

management issue . 

¶ Human recourses issues due to motivation rolls and 

training programs  

 

Opportunities:  

¶ Local market trust. 

¶ The company annually invest is large which make chances 

to new developments. 

¶ Libyan government supports.  

¶  

Threats:  

¶ the pricing change in overall  field market. 

¶ Private competitor in the market appears. 

¶ New Libyan government regulation in industrial field.  

¶ Workforce immigration.      

Clearly, much argument was revealed by analyzing the current 

situation of PTC in its human resource management. There were 

many damages that occurred under previous leadership of the 

company and its employees were suffered as a result. The team 

members do not trust one another, moreover,  there is no 

motivation strategy, no desire to create and develop ideas and 

product. Right time in PTC  employee development & training has 

been a tradition, also,  there is not proper selection of training 
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which is  end result is usually the production of products are lower 

to the products produced by the competition. Moreover, The 

danger is that productivity is suffering due to the company people 

feel that they are not receiving the reward that       they deserve. 

 

Results: 

¶ The PTC new leaders should have that behavior mentioned 

above (task, team and individual needs) to achieve the 

company objectives. And to be effective 

¶ The trust and cohesion amongst team members is also 

essential as their entire HRM strategy hinges upon 

teamwork. 

¶ Selection and kind of training is a major factor that TPC 

must address.  Keeping up with new technology, PTC 

today has to add E-learning & virtual classroom  

Pursuing higher education through the degree assistance 

program.   

¶ It is important for the PTC company to assist its employees 

in becoming more intrinsically motivated and utilized its 

rewards in moderation ways which is value their employees 

performing.  

¶ Ensuring communication in all company levels will helps 

the company solving above mentions problems.  

¶ Creating and setting a good work environment in which 

people are enabled to perform to the best of their abilities is 

critical and important task for the company new 

management. 

¶ Empowering people is key factor for top management for 

eliminating some of the company resources issues. 
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¶ Putting forward planning strategies based on internal 

factors and external factors which is involved or influenced 

the company business should be taken into account in order 

for the PTC to maintain a strong position. 

 

Conclusion: 

¶ ñAlthough PTC is extremely successful in their field, the 

company also lacks in some areas of productivity and some 

areas of Human Resources Management need improvement 

due to the leadership behavior. The paper will present clear 

understanding of Human Resource Management and will 

concentrate on implement the approaches of human 

resource to improve the current situation in PTC.ò This 

study is Providing further information and knowledge 

using SWOT tools will help the company top management  

in improving the application of new technologies and 

evaluate its industrial situation compared with its 

competitors.  

¶ Implementing such Human Resources Management aspects 

would play an imperative role in changing PTC culture and 

improving the work environment for both sides top 

management and staff. PTC staff should be provided with 

more knowledge and technical expertise through  

¶ a selection and training programs to enable the company to 

achieve higher quality in this areas including certified 

technical courses programs . in addition, It is important for 

the company to assist employees in becoming more 

intrinsically motivated.  This means that rewards can be 

utilized but they have to be used in moderation in order to 
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prevent its employee form immigration also continue 

competing in the local market. 

¶ Finally, top management should have commitment to 

change the current situation and understand that this change 

will be beneficial for all making great effort to obtain high 

result. 

¶ The company should train and motivate their employees to 

improve their skills to obtain quality improving in order to 

reduce defect and achieve customer loyalty. empowering 

people Communication and skilled staff  should be 

improved in order to gain sharing of information between 

all levels in the company also to achieve its objectives. 
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˛˱ǂ˶ǁä 
ЮϜ ЈϝϷІцϜ аϹϷϧЃтбЫϡЮϜм бЋ ϼϝІшϜ ϣПЮ.Ϣ  ϢϸϹϳвм ϣзуЛв ϤϝЪϽϲ еК ϢϼϝϡК скм

 ϤϜ̭ϝгтшϝϠ РϽЛϦ рϹтцϜ ϽϡКϝлϠ днЯЊϜнϧт сϧЮϜ ϣПЯЮϜ ЭϫгϧЮ. ϣЦϼнЮϜ иϻк РϹлϦ пЮϖ 

 ϣужмϽϧЫЮϖ ϢϿлϮϒ ϽϡК ϣтмϹуЮϜ Ϣ̭ϝгтшϜ ЭтнϳϦпЮϖ Ϝ ЭулЃϧЮ ИнгЃв аыЪ еуϠ ЭЊϜнϧЮ

 ϣЊϝϷЮϜ ϤϝϮϝуϧϲъϜ рмϺм ϻк сТ .ЀϝзЮϜ ϣвϝКϜ  ϱгЃт сЯгК аϝЗж ϽтнГϦ бϦ ϩϳϡЮϜ

 ϾϝлϮ аϜϹϷϧЂϝϠ бЋЮϜ ЈϝϷІчЮЭЊϜнϧЯЮ  ЙвЀϝзЮϜ ϣвϝК ϾϝУЦ ев ϾϝлϯЮϜ днЫϧт ϩуϲ .

 сЫЯЂъмднЫϧт ϾϝУЧЮϜ Ϝϻк  ИϼϝЃϦ ЀϝуЧвм ϣжϽв ϼϝЛЇϧЂϜ ϢϿлϮϒ  евЮ ϤϝЃϯгЮϜ иϻл

 ЁЃϳϧЮм ЙϠϝЊцϜм ϹуЮϜ ϣЪϽϲ бϧт бϪ евХуЦϹЮϜ бЫϳϧгЮϜ ХтϽА еК ϝлϧϯвϽϠ    анЧт рϻЮϜ 

ϠЭтнϳϧ  ϤϜ̭ϝгтшϜ иϻк пЮϖ анЧϦ ЌϽК ϣІϝІ ϹϮнϦ йжϜ ϝгЪ ϣтϿуЯϯжшϜ йПЯЮϝϠ ϤнЊ

 ϣгЯЫЮϜ ϣϠϝϧЫϠ ̪мЮ ϣЮϝЛТ ЬϝЋϦϜ ϣЯуЂм ϾϝлϯЮϜ Ϝϻк ϽТнт бЫϡЮϜм бЋЮϜ ЈϝϷІцϜ ев ЭЫ

лзуϠ ЭЊϜнϧЮϜ ϢнϯТ ЭуЯЧϦм еутϸϝЛЮϜ ЈϝϷІцϜм ϩуϲ б ϹЦм иϼϝϡϧ϶Ϝ бϦ Ϝϻк пГКϒ

.ϢϹуϮ ϭϚϝϧж бугЋϧЮϜ 

Abstract 

people with speech disabilities use sign language based on hand 

gestures with certain movements to represent the language in 

which they speak of gesture in sign language, a movement defined 

by hands, with a cross finger shape. This project aims to turn the 

hand gesture through electronic devices into a conversation to 

make communication between people with special needs and the 
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general public in this paper. A practical system has been developed 

to allow Deaf people to use a device to talk to ordinary people. The 

device consists of a wireless glove with flexible sensors and an 

accelerometer. These sensors feel the movement of the hand and 

fingers ,then programmed by the Arduino uno microcontroller.  

This microcontroller will translate these movements from hand to 

English speech stigmatization and also there is electronic display 

gives text to the corresponding gestures and outputs the sound in 

English. The practical application of the device provides an 

effective means of communication for both the deaf and mute and 

ordinary people and reduce the gap between them where this 

design have been tested and it gives a good results . 

 

 I. INTRODUCTION  

Speech is the basic means of dealing with people and 

communication between them. Therefore, a person who suffers 

from a lack of hearing ability or loss of hearing does not have good 

communication with people, and society naturally which leads to 

isolation, especially those with hearing disabilities if born deaf, 

they do not speak, and therefore cannot express or communicate 

with others where some people imagine when dealing with deaf 

and dumb that their ability to understand less than normal human 

or that their intelligence is less than normal human. a large 

proportion of the deaf and mute have a sharp intelligence and are 

characterized by piety not as many people think that their thinking 

is limited on the contrary ALLAH blessed them with a quick and 

intuitive way to compensate them for the senses they lost it. 

       In recent years, there has been a rapid increase in the number 

of people with hearing loss and inability to speak. When a person 

talks to a normal person, he finds the average person difficult to 

understand and asks him to show gestures to his needs people have 

their own language to communicate with us the only thing is that 

we need to understand their language. The signal which used by 

deaf people, is a communication skill that uses gestures instead of 

sound to convey at the same time the combination of hand shapes, 
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directions, movements of the hands and arms smoothly but in most 

cases ordinary people find it difficult to understand sign language 

and people who cannot speak or lose their ability to speak in some 

cases it becomes difficult for them to convey their message within 

society. With the technological advance of modern times, people 

are increasingly depending on modern coping techniques, or dumb 

people who need to use them to help them overcome everyday 

difficulties and help them integrate socially and professionally. 

Deaf people have been in desperate require various assistance to 

do their work so that they are able to do so more easily and 

accurately. [1] 

      Where technology has become one of the basics human life 

and designers have invented an integrated circuit called Arduino. 

In this technology, everything could be control remotely where 

circuit of Arduino uses some type of programming compatible 

with the remote sensor control. This invented technology allows 

many perspectives for the electronics programmer. Arduino is 

mainly used to design interactive Electronic-projects or designed 

projects to build different environmental sensors. Sign language is 

the only communication tool used by deaf people to communicate 

to each other. However, normal people do not understand sign 

language, and this will create a large communication barrier 

between deaf people and normal people. In addition, sign language 

is also not easy to learn due to its natural differences in sentence 

structure and grammar. Therefore, there is a need to develop a 

system which can help to translate the sign language into text and 

voice to ensure the effective communication can be easily take 

place in this community. However, this paper will introduce a 

design of smart glove that would translate sign language gestures 

into speech and text with high level of accuracy for recognizing 

gestures. Where, the data-glove approach uses a unique assembled 

electronic glove, which has sensors that give us the hand shape. 

Most commercial sign language translation systems use the data-

glove method, as it simple to acquire data on the bending of finger 

and 3D orientation of the hand using gloves. [2][3][4][5]. The rest 



 

ϸϹЛЮϜ  19Volume  

 ϽϠнϧЪϜ 2019 October  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   олт 

 
 

of this paper will be organized as followed: Section II presents 

some previous studies in technology of sign languages. Section III 

explains the designed system with its tools. In section V the 

proposed system setup and implementation will be introduced. 

Also it presents the programs and software's which will be used in 

the designed system. Section IV the results and discussion of the 

proposed system will be explained. Finally, a conclusion and 

future work are given in Section VI. 

 

II. PREVOUS STUDIES 

Based on Image processing technology, a device that enables 

Voice for the mute was made. Basically, the gestures are captured 

using webcam and converted into text using Image processing. 

This text is then converted to speech using text to speech 

convertor. But only alphabets were captured in this device, so 

further research was done to search for better devices [6]. 

The system based on ñTwo Way Wireless Data Communication 

and American Sign Language Translator Glove for Images Text 

and Speech Display on Mobile Phone ñdevelops applicative 

architecture of hand glove. It records the gestures made by a deaf 

and mute people, converts them into a meaningful text and 

transmits them to remote areas with help of Bluetooth, GSM-

CDMA and Internet modules. Then GUI successfully transmits 

them to an authorized mobile phone and simultaneously displays 

the responses transmitted by that phone on the same screen [7]. 

The device ñSign Language Interpreter Using a Smart Gloveò uses 

hand gestures along with the facial expressions and the body 

language to convey the intended message. The smart glove 

recognizes the signing gesture and text representation of the signed 

gesture is created. Then text is converted to audio output [8]. 

The system for ñTwo Way Communication Between Deaf and 

Dumb People and Normal Peopleò uses video processing 

approach. Video processing involves frame formation from videos, 
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finding region of interest (ROI) and mapping of images with 

language knowledgebase. Gestures from real-time video and 

mapping it with human-understandable speech. Then natural 

language was taken as input and mapped with equivalent Sign 

Language animated gestures [9]. 

A hardware based ñSmart Glove with Gesture Recognition Ability 

for the Hearing and Speech Impairedò design and implements a 

low cost wired interactive glove. It is interfaced with a computer 

running MATLAB or Octave, with a high degree of accuracy for 

gesture recognition. The glove maps the orientation of the hand 

and fingers with the help of bend sensors, Hall Effect sensors and 

an accelerometer. The system is modelled for the differently abled 

people to help convert sign language to a more human 

understandable form such as textual messages [10]. 

In [11], authors have utilized of accelerometer glove (which is 

mounted on each finger) and RBG camera to identify sign 

language. The entire limb movement is track with the help of 

additional accelerometer on the limb. The authorôs model isolates 

sign language gestures by using parallel hidden Markov models. 

Efficiency is much more than video sensors. 

SolankiKrunal in [12], has used flex sensor, microcontroller, DC 

and LCD.Movements in handôs finger causes voltage drop which 

is given to the micro controller via ADC.The micro controller 

identifies the signal and process word to word to be displayed on 

LCD screen. For example, BOY, each letter is process at a time 

and it is saved by pressing a button the complete sentence is shown 

on LCD. 

III. PROPOSAL SYSTEM  

A. Block Diagram of the proposed system  
The block diagram of the proposal system is shown in the Figure 

(1) where the gesture vocalizer mainly consists of sensors (flex and 

an accelerometer) placed on the hand of the disabled person and a 
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microcontroller to convert the hand movements into audio and 

visual data through an audio processing unit and LCD display. 

Flex sensors are placed on the glove which converts the parameter 

like finger bend hand position angle into electrical signal. At mega 

328 controller receive the information data from Flex sensors 

where this controller processes these data and then send commands 

according to the particular gestures. There are two flex sensors for 

detecting bending of fingers. each of them is connected with 

ADXL335 which sense the orientation of hand, embedded on the 

glove for gesture recognition. The APR33A3 audio processor chip 

is used for storing voice and playing back audio messages. To 

facilitate communication for people having hearing impairment, an 

LCD display is employed which can display the text messages. 

  
Figure 1 Block Diagram 

B. Main components 

1. Data Glove 
Data glove is a typical hand glove which is associated with two 

adaptable sensors along the fingers and thumb where the sensor is 

appended to the glove by threading.[2] 

 
2.Arduino UNO 

ARDUINO is an open-source computer hardware and software 

company, project and user community that designs and 
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manufactures microcontroller-based kits for building digital 

devices and interactive objects that can sense and control the 

physical world. The project is based on a family of microcontroller 

board designs manufactured primarily by Smart Projects in Italy, 

and also by several other vendors, using various 8-bit Atmel AVR 

microcontrollers or 32-bit Atmel ARM processors. These systems 

provide sets of digital and analog I/O pins that can be interfaced to 

various expansion boards ("shields") and other circuits. The boards 

feature serial communications interfaces, including Universal 

Serial Bus (USB) on some models, for loading programs from 

personal computers. For programming the microcontrollers, the 

Arduino platform provides an integrated development environment 

(IDE) based on the Processing project, which includes support for 

C, C++ and Java programming languages. Arduino Uno (Figure 

2.2) is a microcontroller board based on the ATmega328P. It has 

14 digital input/output pins (of which 6 can be used as Pulse Width 

Modulation (PWM) outputs), 6 analog inputs, a 16 MHz quartz 

crystal, a USB connection, a power jack, an in Circuit Serial 

Programming(ICSP) header and a reset button. It contains 

everything needed to support the microcontroller; simply connect 

it to a computer with a USB cable or power it with a AC-to-DC 

adapter or battery to get started. You can tinker with your UNO 

without worrying too much about doing something wrong, worst 

case scenario you can replace the chip for a few dollars and start 

over again. "Uno" means one in Italian and was chosen to mark the 

release of Arduino Software (IDE) 1.0. The Uno board and version 

1.0 of Arduino Software (IDE) were the reference versions of 

Arduino, now evolved to newer releases. The Uno board is the first 

in a series of USB Arduino boards, and the reference model for the 

Arduino platform; for an extensive list of current, past or outdated 

boards see the Arduino index of boards. [2] Figure (2) shows 

Arduino UNO     
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Figure 2 Arduino UNO 

3. Flex sensors  

The flex sensor is analogue device where patented technology is 

based on resistive carbon thick elements. As a variable printed 

resistor, they are analog sensors, the Flex Sensor achieves great 

form-factor on a thin flexible substrate. When the substrate is bent, 

the sensor produces a resistance output correlated to the bend 

radius where the relation between the bend radius and resistance is 

inverse. Flex sensors are normally attached to the glove using 

needle and thread. They require a 5-volt input and output between 

0 and 5 V, the resistivity varying with the sensorôs degree of bend 

and the voltage output changing accordingly. The sensors connect 

to the device via three pin connectors (ground, live, and output). 

The device can activate the sensors from sleep mode, enabling 

them to power down when not in use and greatly decreasing power 

consumption. The flex sensor as shown in the below changes 

resistance when bent, the resistance increases to 30- 40 kilo ohms 

at 90 degrees. [6]. Figure (3) shows Flex Sensor.  

 

 
Figure 3 Flex Sensor 
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4.VoiceRecord(APR33A3) 

APR33A3 has 8 channels through which audio corresponding to 

each gesture are recorded the address corresponding to each 

channel is sent to the Speaker when the corresponding gesture. The 

APR33A series are powerful audio processor along with high 

performance audio analog to- digital converters (ADCs) and 

digital-to-analog converters (DACs). The APR33A series are fully 

integrated solution offering high performance and unparalleled 

integration with analog input, digital processing and analog output 

functionality. The APR33A series incorporates all the functionality 

required to perform demanding audio/voice applications. high 

quality audio/voice systems with lower bill-of-material costs can 

be implemented with the APR33A series because of its integrated 

analog data converters and full suite of quality-enhancing features 

such as sample-rate convertor. [13] Figure (4) Shows APR33A3 

 

 
Figure 4 APR33A3 

 

5. LCD 16*2 

Liquid Crystal Display screens (LCD) have the ability and 

capacity to show all alphanumeric character  allowing it to 

represent the information generated by any electronic equipment in 

an easy way at  the screen has a matrix of characters (usually 5x8 

points) distributed in one or two or four lines of 16 or 20 or even 

40 characters in each line the most common configuration is two 

lines of 16 characters each ( 16x2 the first digit indicates the 

number of characters per line and the second the number of 

lines.[12] Figure (5) Shows LCD. 

 



 

ϸϹЛЮϜ  19Volume  

 ϽϠнϧЪϜ 2019 October  

International 

 Science and Technology Journal 

ƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
 ϣтжЧϦЮϜм амЯЛЯЮ ϣтЮмϸЮϜ ϣЯϮвЯЮ 

Copyright © ISTJ   омо 

 
 

 
Figure 5 LCD 

 

6. Speaker  

A loudspeaker is a device which converts electrical signal into 

audio signal containing alternating current electrical audio signal is 

applied to its voice coil, a coil of wire suspended in a circular gap 

between the poles of a permanent magnet, the coil is forced to 

move rapidly back and forth due to Faraday's law of induction, 

which causes (usually conically shaped) attached to the coil to 

move back and forth, pushing on the air to create sound waves. 

Besides this most common method, there are several alternative 

technologies that can be used to convert an electrical signal into 

sound. The sound source (e.g., a sound recording or a microphone) 

must be amplified with an amplifier before the signal is sent to the 

speaker. Speaker or driver type (individual units only) ï Full-

range, woofer, tweeter, or mid-range. [13] Fig (6) Shows Speaker 

 
Figure 6 speaker 

7. Accelerometer (ADXL 335) 

Accelerometer (ADXL 335) in the sign talk system is used as 

a tilt detector. It has an analog output which varies from 1.5 

volt to 3.5 volt. ADXL335 is a three-axis analog 
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accelerometer Integrated Circuit (IC), which reads off the X, Y 

and Z acceleration as analog voltages. By measuring the 

amount of acceleration due to gravity, an accelerometer can 

figure out the angle it is tilted at with respect to the earth. [8] 

[14].Figure (7) show ADXL335. 

 
Figure 7 Adxl335 

V. SYSTEM SETUP AND IMPLEMENTATION  

A. Operation principal of the system 

In this paper, flex sensor assumes the significant job the glove is 

fitted with flex sensors. along the length of each forefinger and the 

thumb. The flex sensors give yield as voltage variety that changes 

with level of twist this flex sensor yield is given to the ADC 

channels of microcontroller. It forms the sign and perform simple 

to advanced sign. transformation further the prepared information 

is sent in a remote way to the collector area. in this segment the 

motion is perceived, and the comparing yield is shown on LCD 

and at the same time a discourse yield is play upheld through 

speaker. Figure 8 illustrates Images of the system.[15][16] 
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Figure 8 Images of the system. 

B. Flowchart of the software implementation 

The functional flow of the programme is depicted in the top level 

flowchart. After initialising the peripheral ports of the 

microcontroller, will enter into an infinite loop. It will first acquire 

the analog values from the accelerometer and the set of flex 

sensors. This at first being converted to equivalent digital values is 

then compared with the prefixed values. The previous values have 

been thoroughly researched and experiments on different gestures 

using this prototype system by the Authors. The experimental 

values obtained are studied based on that table which is designed 

to map successful orders with values from 0 to 14. If the 

comparison is a success the system will display the corresponding 

message in the LCD and play the pre-recorded audio message 

through the audio processing unit. Figure (9) shows Flowchart of 

the software implementation.[17] 
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Figure 9 Flowchart of the software implementation 

C. connection Tools with Arduino 

1. Arduino Uno with the flex sensor 

Data glove is equipped with two flex sensors. They are placed on 

the thumb and index finger of the hand glove. Flex sensors are 

sensors that change resistance depending on the amount of bend on 

the sensor. They are analog sensors. They can be made 
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unidirectional or bidirectional. Even a little bend of the finger can 

be detected. Now the bending of each finger is quantized into 10 

levels. At any stage the finger must be at one of these levels and it 

can easily determine how much the finger is bent. The binary data 

from the flex sensor is then sent to ATMEGA328. Next step is to 

combine the movement of each finger and name it a particular 

gesture of the hand. Figure (10) Indicates Arduino uno with the 

flex sensor. 

 

Figure 10 Arduino Uno with the flex sensor 

2. Arduino Uno with accelerometer 

Accelerometer (ADXL 335) in the gesture vocalizer system is used 

as a tilt detector. It has an analog output which varies from 1.5 volt 

to 3.5 volt. ADXL335 is a three-axis analog accelerometer 

Integrated circuit (IC), which reads of X, Y and Z axis acceleration 

as analog voltages. By measuring the amount of acceleration due 

to gravity, an accelerometer can figure out the angle. it is tilted at 

with respect to the earth. By sensing the amount of dynamic 

acceleration, the accelerometer can find out how fast and in what 

direction the device is moving. the basic function of this device is 

to detect the tilting of the hand and sending some binary data 

according to meaningful gestures, to the microcontroller which 

receives the data and saves them. Figure (11) shows Arduino Uno 

with accelerometer. 
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Figure 11 Arduino Uno with accelerometer 

 

3 Arduino Uno with LCD  

     Flex sensor and accelerometer outputs are sent to the LCD 

display (16x2). The microcontroller checks each signal and 

compares it with the already stored value. On the basis of this 

comparison the microcontroller takes the decision about what 

message should be displayed. Having taken the decision, the 

microcontroller sent an 8-bit address to the LCD. This 8-bit 

address is the location of first character in the message that the 

LCD should display.  Figure (12) shows Arduino Uno with LCD 

 

 

Figure 12 Arduino Uno with LCD 

 

4. APR33A3 message recording and playback setup 

Speech synthesis is done by an audio processing unit (APR33A3 

C2), a MIC, an amplifier circuitry and a speaker. The function of 

this unit is to produce voice according to the respective gestures. 
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The microcontroller receives the 8-bit data from the flex sensor 

and the accelerometer compares the 8-bit data with the predefined 

values. On the basis of this comparison, the microcontroller comes 

to know that which gesture the hand makes. The last step of the 

system is to give voice to each gesture. For this purpose, a speech 

synthesizer IC APR33A3 is used.Where this speech synthesizer  

has 8 channels through which audio corresponding to each gesture 

are recorded. The address corresponding to each channel is sent to 

the speaker, when the corresponding gesture. Figure (13) shows 

APR33A3 message recording and playback setup. 

 

Figure 13 APR33A3 message recording and playback setup 

5. Arduino IDE  

The Arduino IDE is an open-source software used to provide 

instructions to micro controller. It provides an environment where 

you can write code and upload it to your micro controller. It is 

available     for     Windows, Linux     and     MAC     operating     

system     based computers. Figure (14) shows Arduino IDE 

 

Figure 14: Arduino IDE 
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IV. RESULTS  

The designed circuit has been connected and tested with many 

Hand gesture where the voice was clear for any gesture as shown 

in the figures bellows, where Figure (15) shows Gesture Hello 

 

Figure (15) Gesture Hello. 

Figure (16) illustrates Gesture Thank You 

 

Figure (16) Gesture Thank You. 

Figure (17) shows Gesture Sorry 

 

Figure (17) Gesture Sorry. 

Figure (18) illustrates Gesture Bye 
























































































