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ßàĂĕÃ ÊĚĖđ 

 Ąå̠˸ơ ǊǄǃ ̠˸ ǃ˲å  Ɠ˹ǀƼā ā Ɠ˹˸ǌǃá ā Ɠ˹˻ǄƵ Ɠǌƕ ǊǄǃå ʕƶǈá Ǒ˯ǃå Ǌ˯˸ƶǈ ǏǄƵ Ąå̇˰˻Ḫ
 ǊǄǃå ˥ǆ ɖ˻Ƽ˦˯ƕ ˗ǌ˵ǈ ÿá Ɠǈïā˙ƪ ǑƵåāí ˥˸ǃ Ǌǈã ā .Ɇ˸ƶǃå å˘ǋ ðƓ˱ǈǗ

  í˗ƶǃå ïā˗Ʈ þĀ̠ ƴ˳ǁä Ā ðìƑ˲ǁä  ˥ǆƕ ˷ƾ˭ǁäĀ ýˤǂƴǂǁ ƕ ǁĀ˕ǁä ƕǂ˯˶ǁä  ā
 ɏ˘ǃåþ˦Ǆƶǃå ïíƓ˶ǆ ˥ǆ åï̠˶ ǆ ÿ˦ɜȻ ÿå ɆǆƋǈ  ā Ɨ ʿ ˮˠ˯ǃåā Ɨ ƪ˗˹ǌǃå
Ɨ ˹ǀ˯ǃå å Ɠǌ˹ǆ Ɇǌ˹ǒ Ǒ˯ǃåǑƼ ˥˻˸˯ǌ˸ǃå éƓĊ˲ǃ ǉ˘ǋ ǃåǙƓ˱˸è  ā ā ˙˻Ƽ˦˯ǃ

.ƗƼ̇ ƶ˸ǃå ā ˤǄƶǃå æǚˠǃ Ɨ˲ ˲˶ǃå Ɨ˱ ˯˹ǃåā Ɨǆ˦Ǆƶ˸ǃå ßƓˠƵã 

˗ǀǃ ā  ǑƼ çï˦˵ ˹˸ǃå Ɨ˸Ǆƶǃå èƓƿï˦ǃå ƴ˸ƞ ÿ˦ḧƙ ÿá í̠ƶǃå å̆ǋ ǑƼ Ɠ˹Ʈ̇ơ
 ɖǄɣ˹ ǃ˸å å̆ǋ ˥ǆ .Ǒ˸Ǆƶǃå ̟ ǃ˲å Ɨǆ̠˳ ǃ ̠˻ƽ˸ǃå þ̠ǀƙ ÿá ā æ˦Ǆɣ˸ǃå Ɏ˦˯˴˸ǃå
 ƗǄ˱˸ǃå ïā˗Ʈ Ɨɂïå̇ ˸˯ƪå ǏǄƵ ˤƑå˗ǃå ƓǌƮ̇ ơ í˗˱ƙ ƗǄ˱˸ǃå ˙ɂ̇ ˲ƙ Ɨ˭˻ǋ ÿƎƼ
 Ɨ ˸Ǆƶǃå ˔˻ǃƓƪǕå ÷Ɠ ƙƎȺ ˣǃîā Ǒ˸Ǆƶǃå ˖˲ ǃå ǑƼ Ɨ ˱ǌ˹ǆ ā ƗǈƓƮ̇ ƕ
 úå̇ƬƎȺ éƓĊ˲ǃå ā ç̆ƙƓƪǕå ˥ǆ Ɨǆ̠ǀ˸ǃå Ɨ˸Ǆƶǃå é˦ ǃ˲å ʕ ǀ˻ƙ ǑƼ Ɨ˸Ċɜ˲ ǃ˸å
 ïƓ ˯ƵǙå ǑƼ ˥ǒ˘Ƥà Ɨ ˹ǀ˯ǃå ā þ˦Ǆƶǃå ÷ā˙Ƽ ƴ ˸ƞ ǑƼ ˥˻˶˶˳˯ǆ ç˘ƙƓƪá

.ýƓ˱˸ǃå å̆ǋ ǑƼ Ɨǀɂ̇ƶǃå Ɨ˸Ǆƶǃå èǚ˱ ǃ˸å ǑƼ Ɨƶ˯ ǃ˸å û̇ ǃɣå 
 ƴ˸ƞ í˦ǌƞ ĄƓǃƓƵ ˥˸˰ƙ ÿá ƗǄ˱˸ǃƓȺ ̇ɂ̇˲ ǃ˯å Ɨ˭˻ǋ ̇ Ȼ˴ ƗƪƓ˹˸ǃå ǉ̆ǌɁā

ǃå ̇˵ ǃ˹ ƗǄ˱˸ǃå ǉ̆ǋ èƓ˲ƽƮ åāïƓ˯Ƥå ˥ǒ̆ǃå ˥˻˸˯ǌ˸ǃå ç̆ƙƓƪǕå ā éƓĊ˲
 ˥ǆ Ɇḧǃ ÿƓƼ̇ ƶǃå ā ˙ɜ˵ǃå Ɇɂ̊ ˱Ⱥ þ˗ǀ˯ƙ Ɠǌǈá Ɠ˸Ḫ ÜƗ ˸Ǆƶǃå ˤǌƿåïāá ā ˤǌƛƓ˲Ⱥá
 ë̇ ˶ǃå å˘ǋ ˤȻ˗ǀƙā  ƗǄ˱˸Ǆǃ Ɨǆ˗ǀ˸ǃå é˦˲ ǃå  Ɨƶƞå̇ ǆ ā ˙ɂ̇ ˲ƙ ǑƼ ˤǋƓƪ
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 ˒ǁƑƾǁä éíƑ˶ǆ ƞ ǂ˲Ɨ üǘƢ ˣǄ æï˘ƴǄ ƕ ˷Ɠ çäí çƑḨˤˬ˲Ǆ ǍǂƳ üˤ˴˰ǁä
ɄƏƑ˲ǁä îˤ˞ǁƑȸ ˒˴ǁä ÞƑ˷ƙà ǈƜä̆ ˭ǄäĀ 
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çƑƻɀ˗ƴ˭ǁä 
1.  Ü ƗƼ˦ƽ˶˸ǃå Ɨɜ ˮƪ Ɨƪåï˗ǃå ǉ˘ǋ ǑƼ þƓˢ˹ǃå èƓǈ˦ɜ˸Ⱥ ˗˶ǀǈ : þƓˢ˹ǃå èƓǈ˦ɜǆ

. ƗǂƓ ˴ǃå ˔ǃƓƿ Ü êî˦˸˹ǃå ɆƤåí ƗƵāï˚˸ǃå èƓ˸ ˴˱ǃå Ü ˔ǃƓǀǃå êî˦˸ǈ 
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ƪåï̠ǃå ǑƼ Ɠ˸Ḫ Ɠǌ˹˻˴˲ƙ û̇  ˟Ɨƪåï̠ǃ Ɠ˹Ǆ˸Ƶ Ǒ˯ǃåā  Ɋƺ˷ǃå ̞ ƙ˲] Ɨ7. [ 
3. ʉʊ3  : ˗ǒ˗˲ǃå ˥ǆ Ɨɜ ˮƪǃå ˔Ǆ˶ƙ ÿ˦Ɂ̇Ḫ Ɨ˴ǈ ǏǄƵ ɏ˦˯˲0.14-0.22 % 

. Ɨ ˯˻Ƽ˦˴ǃå èƓƽƮå˦˸Ǆǃ Ɠǀ ˟ 
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˔ǄƮ ˗ǒ˗ơ ) Ɨɂ˦ǀ˯ǃå āá ˚ɂ̊ ƶ˯ǃå íå˦ǆ ƓǌǄƤå˗ƕ ƗƼ˦ƽ˶ǆ ( ƣǃå..  ÿ˦Ḫïð Ü
( ƣǃå.. .  

р. ʃɸʂ : . çð˚ƶǆ Ɨɂï˦Ǆƕ Ɨ ˹ƕ èåî ˣƑƓ ƪ 

с. ɸʌ  ɆƤåí ƗƼ˦ƽ˶ǆā ƗƵāï˚ǆ èƓ˸ ˴ƞ ˥Ƶ çïƓ ʸ ˦ǋā ˚ɂ̊ ƶ˯ǃå ï˦˟ :
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7.  ǑơǚɣƮǙå Ǚ ɏ˦ƺǄǃå Ǐ˹ƶ˸ǃå ̟ ǃ˲å å̆ǋ ǑƼ ÿƓ˷ ǀǃƓȺ ̠˶ ǀǈ : ÿƓ˷ ƿ
 ðāƓ˱˯ƙ Ǚ ïƓˠƿå èåî ç̇ ˻ƺƮ Ɨ ǈå˦ˠƪå ýƓɜƬå Ǒ˹ƶȻ ɏ˘ǃåāÜ5  ˤǄǆ Ǚ ýå˦˟áā
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у. ʉʪ20  : Ɨ˴ ƕ˹ ÿ˦Ɂ̇Ḫ ǏǄƵ ɏ˦˯˲ƙ ̝ Ǆ˶ǃå ̠ǒ̠ơ ˥ǆ Ɨɜˮƪ0.17 Ĳ 
0.24% . Ɨ ˯˻Ƽ˦˴ǃå èƓƽƮå˦˸Ǆǃ Ɠǀ ˟ 

9. ßƓ˵ƹ  : Ɨɂ˦ǀƙ ǑƼ Ɨǆ˗˳˯˴˸ǃå ˔Ǆ˶ǃå ˥ǆ èƓɜ Ƭ āå ÿƓ ˷ƿ ˥Ƶ çïƓ ʸ
Ɠǆ ÿ˦ḧƙ ̇ǋ̊ǃå ƴǆ ̇ǋƓ˶ ǃ˯å ̠˹Ƶ Ɨɜˮ ǃ˴å . ˚ƞƓơ āå ßƓ˵ƹ Ǐ˸˴Ȼ 

мл. ʇʛ1; ʇʜ0,5  :Ǚ̇ ˮǃå Ɨ ˴ǈ. Ɨ ˯˻Ƽ˦˴ǃå ˛ ǒƓǀ˸Ǆǃ ƓǀƼā ï˦ˠǃå ǑƼ ˕ǒ 

мм. ʉʪ5 ǃå ˥ǆ Ɨɜ ˮƪ : ˗ǒ˗˲ǃå ˔Ǆ˶ƙ˯˲ Ɨ˴ ƕ˹ ÿ˦Ɂ̇Ḫ ǏǄƵ ɏ˦0.28 Ĳ 
0.37% . Ɨ ˯˻Ƽ˦˴ǃå èƓƽƮå˦˸Ǆǃ Ɠǀ ˟ 

мн. ʏʇɻ .ɏíƓǆ̇ ǃå ˙ǋ̊ ǃå ˗ǒ˗ơ : 

13. ɺʏʐɻ  āî çíǚ˶ǃå ǑǃƓƵ ɆǒƓ˯Ḫ˗ǃå ˗ǒ˗ơ : . ɏā̇ḧǃå ̞ Ƽ˻å̇˱ǃå 
   

 

Abstract:  
This paper is a translation of a study we conducted in the foundry 

laboratories of the Technological Institute of Physics and Alloys of 

Metals of the National Academy of Sciences Ukraine - Kiev. In 

this study, we discussed the possibility of improving the 

mechanical, physical and chemical properties of metal alloys on 

the basis of iron and carbon by cultivating steel particles whose 

diameters do not exceed 5 mm Within the polystyrene models to 

obtain reinforced alloys, where the process requires a broad 

understanding of the technological foundations of metal casting, 

such as studying the microstructure of matrix alloys, reinforcement 

phases and diffusion regions, in addition to the methods of casting, 

cooling, freezing time, impregnation rate and other foundations, 

where the study relied on providing clear criteria for reinforcement 

operations. Where the study was conducted on samples of gray 

cast iron and ductile iron with spheroidal graphite as matrix alloys, 

reinforced with steel bars as reinforcement phases, and a large and 

good diffusion of carbon was found from cast iron to steel iron, 

and this diffusion of carbon was harmful to the difference in 

concentration in the chemical composition of each iron cast iron 

and steel, where the amount of diffusion depends on the contact 
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surface temperature and duration of To solidify the alloy, to get rid 

of unstable chemical bonds and corrosion, the impregnation time is 

increased without violating the cooling speed and freezing rate. 

Based on the microscopic studies that were conducted on the 

samples, it was found that there are no clear boundaries for the 

diffusion zones of heterogeneous minerals, and a difference in 

crystal structure was found between the base metal, the diffusion 

region and the reinforcement metal, and this discrepancy in the 

crystal structure leads to an improvement in some mechanical 

properties. 

 

˛˱ǂ˶ǁä 
 ˗ǌƶ˸ǃå ǑƼ ƗǂƓ ˴ǃå ɆǆƓƶǆ ǑƼ ƓǋƓ˹ɂ̇ ƞá ˗ƿ Ɨƪåï˗ǃ Ɨ˸ƞ̇ ƙ ˥Ƶ çïƓ ʸ Ɨƿï˦ǃå ǉ˘ǋ

 Ɠ ǈå̇ Ḫāá þ˦ǄƶǄǃ Ɨ ˹˟˦ǃå Ɨ ˸ȻíƓǂǕƓȺ ÿíƓƶ˸ǃå ˣƑƓ ƪā ßƓɂ̊ ˻ƽǄǃ Ǒƞ˦ǃ˦˹ḧ˯ǃåĲ  ˗ƿāÜ ˃ ˻Ḫ
å Ɨƪåï˗ǃå ǉ˘ǋ ǑƼ Ɠ˹ǃāƓ˹ƙɜ ǈƓɜ ˸ǃå ˝ƑƓ˶˳ǃå ˥˻˴˲ƙ Ɨ ǈƓɜǆƗ ƑƓɂ̊ ˻ƽǃåāƗ  Ɨ ƑƓ˸ ḧǃåā

 Ǚ ̝ Ǆ˶ǃå ˥ǆ èƓ˸ ƞ˴ ƗƵåï̊ƕ xǃîā ÿ˦Ɂ̇ḧǃåā ̠ǒ̠˲ǃå ñƓƪå ǏǄƵ ÿíƓƶ˸ǃå xƑƓ˴ǃ
 āƓ˱˯ƙð  ƓǋïƓˠƿå5 ˖˻ơ Ü çð˚ƶǆ ˣƑƓ ƪ ǏǄƵ ý˦˶˲Ǆǃ ˥˻Ǆ˻˯ƪå Ǒǃ˦ˮǃå êîƓ˸ǈ ɆƤåí ˤǆ

Ɠƶ˸ǃå ƗǂƓ ˴ǃ Ɨ ƞ˦ǃ˦˹ḧ˯ǃå ˛ƪǖǃ Ɠƶƪåā Ɠ˸ǌƼ Ɨ Ǆ˸ƶǃå ˔Ǆˠ˯ƙ Ɨɂ̇ ǌ˱˸ǃå Ɨ ˹ˮǃå Ɨƪåï˗Ḫ Ü ÿí
 ƗƼ˦ƽ˶˸ǃå ˣƑƓ ˴ǃʄʉ)( ˚ɂ̊ ƶ˯ǃå ïå˦˟åāɸʌ) (  û̇  ˟Ǐǃå ƗƼƓưå ïƓ˵˯ǈǙå ɖ˟Ɠ˹ǆā

 è˗˸˯Ƶå ˖˻ơ Ü ˛ƪǙå ˥ǆ Ɠǋ̇ ˻ƹā ˔ɂ̇ ˵˯ǃå ý˗ƶǆā ˗˻˸˱˯ǃå ç˗ǆā ˗ɂ̇ ˮ˯ǃåā ˔˶ǃå
 èƓ˹˻Ƶ ǏǄƵ Ɨƪåï˗ǃå ˕ɂ̇ ƞå ˖˻ơ ˚ɂ̊ ƶ˯ǃå èƓ Ǆ˸ƶǃ Ɨ˲ưåā ˙˻ǒƓƶǆ ˤȻ˗ǀƙ ǏǄƵ Ɨƪåï˗ǃå

ǋ̊ ǃå ˗ǒ˗ơ ˥ǆ ɏíƓǆ̇ ǃå ˙ʏʇɻ)( ) ɏā̇ḧǃå ̞ Ƽ˻å̇˱ǃå āî ɆǒƓ˯Ḫ̠ǃå ̠ǒ̠ơāɺʏʐɻ( 
 ƗƼ˦ƽ˶ǆ ˣƑƓ ˴ǂʄʉ)(  ) ˔Ǆ˶ǃå ˥ǆ ÿƓ ˷ǀȺ çð˚ƶǆ Üʉʪ20̪ ʉʊ3 ïå˦˟ƋḪ  (

˚ɂ̊ ƶ˯Ǆǃ ɸʌ) (   ̠ǒ̠ơ Ǐǃå ̇ǋ̊ǃå ̠ǒ̠ơ ˥ǆ ÿ˦Ɂ̇ḧǄǃ ̠˻ƞā ̇˻ˮḪ ïƓ˵˯ǈå ̠ƞā ̠ƿā Ü
 Ɇḧǃ ǑƑƓ˸ḧǃå ̝ Ḫ˻˯̇ǃå ǑƼ ̊Ḫ˻˯̇ǃå úǚ˯Ƥå Ǐǃå Ɏîá ÿ˦Ɂ̇ḧǄǃ ïƓ˵˯ǈǙå å̆ǋā Ü ̝Ǆ˶ǃå
 Ơˠƪ çïå̇ ơ Ɨƞïí ǏǄƵ ïƓ˵˯ǈǙå Ɨ ˸Ḫ ˗˸˯ƶƙ ˖˻ơ Ü ˔Ǆ˶ǃå ˗ǒ˗ơā ˙ǋ̊ ǃå ˗ǒ˗ơ ˥ǆ

åā˙ǃå ˥ǆ ˝Ǆ˳˯Ǆǃā Ü Ɨɜ ˮ˴Ǆǃ ˗˸˱˯ǃå ç˗ǆā  ˛ǆǚ˯ǃå ɆǂƉ˯ǃåā ç̇ ǀ˯˴˸ǃå ˙˻ƺǃå Ɨ ƑƓ ˸ ḧǃå ɊȺ
. ̠˻˸˱ǃ˯å ý̠ƶǆā ̠ɂ̇˯ˮǃå ƗƵ̇˴ Ⱥ ýǚƤǙå ÿāí ̝ɂ̇˵ ǃ˯å ç̠ǆ çíƓɂð ʕ˯ǒ 
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 íā˗ơ í˦ƞā þ˗Ƶ ˥˻ˮƙ èƓ˹˻ƶǃå ǏǄƵ Ɠǋâå̇ ƞå ˤƙ Ǒ˯ǃå Ɨɂ̇ ǌ˱˸ǃå èƓƪåï˗ǃå ǏǄƵ ßƓ˹Ɂā
 ˔˻Ḫ̇ ˯ǃå ǑƼ ƓƼǚ˯Ƥå ˗ƞā Ɠ˸Ḫ Ü Ɨ˴ǈƓ˱˯ǆ ˙˻ƺǃå ÿíƓƶ˸Ǆǃ ïƓ˵˯ǈǙå ɖ˟Ɠ˹˸ǃ Ɨ˲ưåā

 ɏï˦Ǆˮǃå  Ɨ ˹ˮǃå ǑƼ ˥ǒƓ ˯ǃå å˘ǋā Ü ˚ɂ̊ ƶ˯ǃå ÿ˗ƶǆā ïƓ˵˯ǈǙå Ɨǀˠ˹ǆā ñƓƪǙå ÿ˗ƶǆ ˥˻ƕ
.Ɨ ɜ ǈƓɜ ˸ǃå ˝ƑƓ˶˳ǃå ˞ƶȺ ǑƼ ˥˻˴˲ƙ Ǐǃå ɏí˓ǒ Ɨɂï˦Ǆˮǃå 

:ƕ ƟƑ˭ƻ˶ǁä çƑ˶ǂḥǁä  ˔Ʈ Ü ð˚ƶ˸ǃå ï˦ˠǃå Üçð˚ƶǆ ƗɁ˦ˮ˶ǆ Ɨ ˹ƕ Ü Ɨ Ḫ̇ ǆ èƓɁ˦ˮ˶ǆ
. Ɨǀ ʾí Ɨ ˹ƕ Ü çí˦ǀƽ˸ǃå ç˦ ƹ̇ ǃå êîƓ˸˹ƕ 

ǁäƕǄ˕ƾ˶ 

 ˔˶ǃå íå˦ǆ ǏǄƵ ý˦˶˲ǃå èåïƓ Ƥ ǑƼ ˙ˢ˹ǃå ˤ˯ǒ Ɨ ʽ ˡ˦ǃå ˝ƑƓ˶˳ǃå èåî Ɨ Ḫ̇ ˸ǃå
îāÿá ̞ ƛˮ ̠ƿā Ü̊ɂ̊ƶ˯ǃå ï˦˟  ƗǄơ̇ǆ Ɨɣƪå˦ƕ ƗƼ˦ƽ˶ ǃ˸å xƑƓƪ ̊ɂ̊ƶƙ û̇  ˟Ɇ˻Ǆ˲˯ƕ xǃ 

 Ɨ ʽ ˡā ˝ƑƓ˶Ƥ èåî íå˦ǆ ˥ɂ˦ḧ˯ǃ Ɨ ǃƓƶƼ ˙˰ǂǕå Ɨǀɂ̇ ˠǃåç˗˻ƞ ˣƑƓ ˴Ǆǃ  ƗȻ˗ǒ˗˲ǃå ā
ƗȻ˗ǒ˗ơ ˙˻ƺǃå  ˥ǆ ˣƑƓ ˴ǃå ǉ˘ǋ ˚ɂ̊ ƶƙ Ǒǋ ÜþƓˢ˹ǃå èƓǈ˦ɜ˸Ⱥ  ɆƑƓ˴ǃå ï˦ˠǃå êå̊ ˯ǆå ýǚƤ
 þå˗˳˯ƪƓȺ ˣǃîāƗ˹˴˲˸ǃå çí˦ǀƽ˸ǃå ç˦ ƹ̇ ǃå êîƓ˸˹ƕ ˔˶ǃå Ɨǀɂ̇ ˟ ǉ˘ǋ þå˗˳˯ƪå ɆǄǀȻ ˖˻ơ Ü

Ɨǀɂ̇ ˠǃå  ˃ɂ˦˱ƙ ǑƼ ˚ɂ̊ ƶ˯ǃå  ï˦˟ ƴƿ˦ǆ ýǚƤ ˥ǆ èƓ Ǆ˸ƶǃå  ˗˻ǀƶƙā Ɇ˸ƶǃå Ɨƶƪ ˥ǆ
 ýǚƤ ˥ǆāÜ êîƓ˸˹ǃå ƴ˹Ʈ ƗǄơ̇ ǆ ǑƼ Ǌ˯˻ˮ˰ƙ ˥ɜ˸˸ǃå ˥ǆ ǊǈǕ Ü êî˦˸˹ǃå ÿá ˗ƞā  ˖˲ ǃå

Ɇɜ˵ǃå ǏǄƵ Ơưåā ˙˻ƛƋƙ Ɠǌǃ çð˚ƶ˸ǃå ïå˦˟Ǚå ˤ˸˶˯ǃå ̋ ƑƓ˶Ƥā ɏï˦Ǆˮǃå  ˣƑƓ ˴ǃ
 ßƓ˹ƛá Ǌǈå ̠ƞā ÜƓǋâå̇ƞã ʕƙ Ǒ˯ǃå Ɨǈ̠ƶ˸ǃå èƓƪåï̠ǃå Ǐǃã åĄíƓ˹˯ƪåā Ü ÿ˦Ɂ̇ḧǃåā ̠ǒ̠˲ǃå

ǏǄƵ ý˦˶˲ǃå  ɏíƓǆ̇ ǃå ˙ǋ̊ ǃå ˗ǒ˗˲ǃå þå˗˳˯ƪå ˤƙ ˖˻ơ) ˤ ˸˶˯ǃå çð˚ƶǆ èƓɁ˦ˮ˶˸ǃå
 Ɨɜ ˮ˴Ḫ ç˦ ǀǃå ǑǃƓƵ íā˗˲ǃå Ɨ˲ưåā ˙˻ƹ Ɨǀˠ˹ǆ (ïƓ˵˯ǈǙå ˗˹Ƶ) Ɠǌ˻Ƽ Ɇǀ˯˹ƙ Ü ( ƗƼ˦ƽ˶ǆ

ÜƗ˹ǒƓ ˯˸ǃå ÿíƓƶ˸ǃå ˥˻ƕ Ɇ˶ƽǃå ƠˠƪǕ ā  Ɨǀ ˠǄǃ Ɨɂ̇ ǌ˱˸ǃå Ɨ ˹ˮǃå ÿƓƼ Ü ƗǃƓ˲ǃå ǉ˘ǋ ǑƼ
 Ü˚ɂ̊ ƶ˯ǃå ï˦˟  Ɨ ˹ƕ ˥Ƶ ɄǄ˯˳ƙ ƗƼ˦ƽ˶˸ǃå Ɨɜ ˮ˴ǃå Ɨ ˹ƕ ǑƼ Ɨ ǃƓǀ˯ǈǙåƼ ýƓ˰˸ǃå Ɇ˻ˮƪ ǏǄƶ

Ɠ ˯ǃå èƓ Ǆ˸ƶǃ Ʉ˰ɜ˸ǃå ɖƼ˗˯ǃå ˔ˮ˴˯ǒ Ü )̊ƞƓơ ƴǆ ̇ǋ̊ǃå ̠ǒ̠˲ǃå ɆƵƓƽƙ ǑƼ ɏïå̇˲ǃå ýí
˥ǆ (ßƓ˵ƹ îǙ˦ ƽǃå ʉʊ3  Ɨ ǃƓǀ˯ǈå Ɨǀˠ˹ǆ Ɇɜ˵˯ƙ ǑǃƓ˯ǃƓɁā Ü ˚ƞƓ˲Ǆǃ ˙˻ˮḪ ÿƓɁāî ǑƼ

 ) å˗ƞ Ɨ˷ɂ̇ Ƶ0.15-0.18  ƴ ˵ƙ üƓ˹ǋā ( ˤǆîā ̇ǋ̊ǃå ̠ǒ̠ơ ÿ˦Ɂ̇ɜȺ ̝Ǆ˶Ǆǃ ̠ǒ̠Ƭ ˣǃ
 ̊ɂ̊ƶƙ ̠˹Ƶ Ü ɏï˦Ǆˮǃå xḧƽ˯ǃå ßƓ˹ƛá ɆƑƓ˴ǃå ï˦ɣ ǃå ǑƼ ÿ˦Ɂ̇ḧǃå ʕǂå̇ƙ ̝ˮ˴Ⱥ ˥ǆ èƓḪ˦ˮ˴˸ǃå
 ˙ˠǀȺ ÿƓ ˷ǀȺ (Ɨɂā˙Ḫ ˕˻Ƽå̇ ƞ) ɆǒƓ˯Ḫ˗ǃå ˗ǒ˗ơā ɏíƓǆ̇ ǃå ˙ǋ̊ ǃå ˗ǒ˗˲ǃå2  ā5  ˥ǆ ˤǄǆ
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 îǙ˦ ƽǃå20  ̠ǒ̠ơ ˥ǆ ÿ˦Ɂ̇ḧǄǃ ̇˻ˮḪ ïƓ˵˯ǈåā Ɠǆ ̠ơ Ǐǃã Ɨǀ˸Ƶ Ɨ˹Ɂ̇Ḫ ǏǄƵ ï˦˰ƶǃå ʕƙ Ü
 ƗǄƑƓ˴ǃå Ɇơå̇ ˸Ǆǃ ˛ǆǚ˯ǃå Ơˠƪ ˗˹Ƶ çïå̇ ˲ǃå Ɨƞïí ǏǄƵ ˗˸˯ƶȻ ɏ˘ǃåā Ü îǙ˦ ƽǃå Ǐǃã ˙ǋ̊ ǃå

 Ɨ Ǆ˶ǃåā˗ɂ̇ ˮ˯ǃå ƗƵ̇ ƪā  āƗḪ˦ˮ˴˸Ǆǃ ˗˸˱˯ǃåëāå̇ ˯ƙā Ü  ïƓ˵˯ǈǙå Ɨǀˠ˹˸ǃ Ɨ ǃƓ˸ƞǗå Ɨ˸ ʿǃå
 (Ɨ ǃƓǀ˯ǈǙå Ɨǀˠ˹˸ǃå)˥ǆ 0.4 - 0.6 .ˤǄǆ 

ǃ ˗ƞā ˗ǀ ˤ˱ơā Ɨɂ̇ ǌ˱˸ǃå Ɨ ˹ˮǃå ˥ɂ˦ḧƙ ÿá Ɨǀˠ˹ǆïƓ˵˯ǈǙå å ˔˻Ḫ̇ ˯ǃƓȺ ÿå̇ ƛƋ˯ǒ ǑƑƓ ˸ ḧǃ
 ā  ƗɁ˦ˮ˶˸ǃå ˣƑƓ ˴ǃǑƼ ƗḪ˦ˮ˴˸ǃå çïå̇ ơ Ɨƞïíā Ü ˚ɂ̊ ƶ˯ǃå ï˦˟  ý˗ƶǆā ƗǄƑƓ˴ǃå ƗǃƓ˲ǃå

 ˗ɂ̇ ˮ˯ǃåǃå ˗˹Ƶ˔˶  Ɨ˸ɜȺ ƓĄ˷Ȼá Ɋƙ̇ǒ ɏ̆ǃåā Üï˦˟ þ˗ǀ˸ǃå ˚ɂ̊ ƶ˯ǃå. 

 ˔˰ ǁä ƕ ˯Ǌ˷Ǆ 
 úā˙ˡ ǏǄƵ åíƓ˸˯Ƶå Ɨ ǃƓƶǃå Ɨ ʽ ˡ˦ǃå ˝ƑƓ˶˳ǃå èåî èƓɁ˦ˮ˶˸ǃå Ǐǃã ƗƞƓ˲ǃå Ƌ˵˹ƙ
 ˥ǆ Ɲɂ̊ ǆ Ü Ɇ˸ƶǃå Ɨǀ ˠǃ ɆǂƉ˯Ǆǃ Ɨ ǃƓƵ ƗǆāƓǀǆ ˕ǈƓḪ ßå˦ƪ Ü èƓ ǃǓåā èǙǔǃ Ɇ˻ƺ˵˯ǃå

ƵƓǈ ˔Ǆƿ ˣ ƙƓ˯ƪāï˗˻ǌǃå Ü òƓ˸ḧǈǙå ƗǆāƓǀǆ Ü ƗȺǚ˶ǃå çíƓɂð Ü Ɨ ǄƮ Ɨ ƞïƓƤ Ɨǀ ˟ ƴǆ ˤ
ƣǃå...Ɨɂïå̇ ˲ǃå Ɨ ǄƮ˦˸ǃå Ü ɆǂƉ˯ǃå ƗǆāƓǀǆ Ü ]1.[  

  Ǒ˯ǃåā Ü ƴƪåā ûƓˠǈ ǏǄƵ ç̇ ˵˯˹ǆ Ɨ Ḫ̇ ˸ǃå ƗɁ˦ˮ˶˸ǃå íå˦˸ǃå ˕˲ Ʈá Ü ç̇ ˻ƤǕå í˦ǀƶǃå ǑƼ
ƓǌƞƓ˯ǈã ˤ˯ǒ îā ɆƑƓ˴ǃå ï˦ɣ ǃå ǑƼ ƗƽǄ˯˳ǆ û̇ Ⱥɣ ˦ ƽ˶˸ǃå ɊɁ̇ ƕ ˣǃ Ɨɂ˦ǀƙ íå˦˸Ⱥ Ɨ ǈ˗ƶ˸ǃå èƓƼ

 üǚƪáā ÿƓ ˷ǀḪ  ýƓɜƬá Ǐǃå ƗƼƓưǗƓȺ Ü èƓ˸ ˴ƞā Ɨǀ ʾí èƓ˭ɂ̊ ƞ ɆɜƬ ǑƼ ç˦ ǀǃå Ɨ ǃƓƵ
èƓɜ Ƭā ƠƑƓƽƮā ëå˦ǃáā úƓ ǃáā  ˖˻ơ Ü Ɨ ˴ Ƒ̇ ǃå Ɨ ƞ˦ǃ˦˹ḧ˯ǃå èƓˠˠ˳˸ǃå ô̇ Ƶ ˤ˯ǒ

] Ɨƪåï˗ǃå ǑƼ Ɨ Ḫ̇ ˸ǃå èƓḪ˦ˮ˴˸ǃå êƓ˯ǈǗ1.[ 
Ɠ ˴ǃå èƓ Ǆ˸ƶǃ ƗǆƓƶǃå ˥˻ǈå˦ǀǃå ǑƼ ˙˷˹ǃå ˗ƶȺ Ü ˔ǃƓǀǃå ǑƼ ï˦ǌ˶˸ǃå ɖƼ˗ƙā Ü Ɨǂ

 Ɨƪåï̠ǃå ǉ̆ǋ ǑƼ ÿ˦ơ˰Ɠǃå ǏƮāá Ü( çð̊ƶǆ ) ƗƽǄ˯˳ǆ ̝ ǂ˻å̇ƙ èåî xƑƓƪ ǏǄƵ ý˦˶ ǃ˲åā
. ƗƽǄ˯˳˸ǃå ˚ɂ̊ ƶ˯ǃå ïå˦˟åā ƗƼ˦ƽ˶˸ǃå ˣƑƓ ƪ þå˗˳˯ƪƓȺ ˝ƑƓ˶˳ǃå ˙ɂ˦ˠƙ ǏǄƵ Ɇ˸ƶǃƓȺ 
ǃå ïå˦˟å ƴɂð˦˯ǃ Ɨǀɂ̇ ˟ ˔˴ǈå ÿƓƼ Ü ˤ ˸˶˯ǃå èå˗˻ǀƶƙ ïƓ ˯ƵƓɁā Ü ý˦ǀǃå å˘ǋ ǏǄƵā ˚ɂ̊ ƶ˯

 þå˗˳˯ƪƓȺ ñƓƪǙå ÿ˗ƶǆ ɆƤåí ƓǌƽƮāǄ˸ƵèƓ  ˔˶ǃå Ɨˠƪå˦ƕ êîƓ˸ǈ Ǒǃ˦ˮǃå ˥ǆ
  ˥˻Ǆ˻˯ƪå)  çí˦ǀƽ˸ǃå ç˦ ƹ̇ ǃå êîƓ˸ǈ( . 
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 ˕ƿǙ ˗ǀǃ èƓ Ǆ˸Ƶ ˥ǆ ˗ǒ˗ƶǃå  þƓ˸˯ǋå Ɠ˸ǌ˲ˠƪá Ɨɂ˦ǀƙā  ˙ǋ̊ ǃå  ā  ˔Ǆ˶ǃå  Ɨɂ˦ǀƙ
˥˻ƪïå˗ǃå  ƓǌƙƓǀ ˟ā èƓḪ˦ˮ˴˸Ǆǃ Ɨ ɜ ǈƓɜ ˸ǃå ˝ƑƓ˶˳ǃå ˥˴˲ƙ Ǐǃã èïƓƬá Ǒ˯ǃåā Ü

.˚ɂ̊ ƶ˯Ǆǃ Ɨ˱ ˯ǈ Ɨ ˲ˠ˴ǃå 
 çíƓɂð Ǐǃã Ɏíá Ɨ˯˯˵ǆ úƓ ǃáā èƓ˭ɂ̊ ƞ Ɨˠƪå˦ƕ æ˦ˮ˶˸ǃå þ˦˻˹ǆ˦ǃǕå ˣƑƓ ƪ Ɨɂ˦ǀƙ ÿã

]  Ɨƪåï˗ǃå ǑƼ Ɠ˸Ḫ Üíå˦˸ǃå çíǚƮā ƗȺǚƮ2. [ 
  ǑƼ ̟ ǃ˲ƓȺ ÿ˦ƽǃ˓˸ǃå þƓƿ˔˻Ḫ̇ ƙ ˸ǃå þ˦˻˹ǆ˦ǃǕå ƗƼ˦ƽ˶ǆð˚ƶ  ÿ˦Ḫï̊ǃƓȺ Ü ǑƼ ˔˶ǃåā

 .ɆǂƉ˯ǃå ƗǆāƓǀǆ Ɨ ƮƓƤ ˥˻˴˲˯ǃ ˣɂ̇ ˲˯ǃå ƴǆ Ɋƺ˷ǃå ˕˲ƙ ˔ǃå˦ƿ 
 ÿ˦ɜǄ˴ǃå ̠ Ɂ˻̇Ḫ ƴǆ þ˦˻ ǆ˹˦ǃǕå xƑƓ˴ǃ ɖ˻ƿ̠ǃå ̊ɂ̊ƶ˯ǃå èƓƪåïí ƝƑƓ˯ǈ ƓĄ˷Ȼá üƓ˹ǋ

 ā ɆǂƉ˯ǃå ƗǆāƓǀǆ ˚ɂ̊ ƶ˯ǃ þ˦˻ǈƓ˯˻˯ǃåā ˞ƶɁ] Ɨ ɜ ǈƓɜ ˸ǃå ˝ƑƓ˶˳ǃå3 .[ 
ǑƼ Ɨƪåï˗ǃå ǉ˘ǋ ˕ɂ̇ ƞá ˖˻ơ ǃ ˦ƺǈ˦Ḫ Ɨ ǄḪ˗˹ǌǃƓȺ āíƓǈ Ɇ˻ǆƓƙ ˤ ǄƿƎȺ Ɨƪ˗˹ǌǄ Ü ā  ˕ǈƓḪ

. ˗˻˱ǃå ɊǄ˳ǃå ÿƓ˸˷ǃ ˥˻˯Ǆơ̇ ǆ ǏǄƵ ˔˶ǃå Ɨ Ǆ˸Ƶ 
ˣ˯ɜƙ˦˻ǃå) Ɏ˦˯˲ǆ ̠Ƶ˹ ̇ǋ̊ǃå ̠ǒ̠˲ǃå ̊ɂ̊ƶ˯ǃ ƗƼā̇ƶ˸ǃå èåïƓ˳ǃå ˥ ư˸ ˥ǆ ÿãÜ ( 

 Ɇƞá ˥ǆ Ǌǈá  ˗ƞā ˗ǀǃ Ü Ɇ˻ɜ˵˯Ǆǃ Ǌ˯˻ǄƕƓƿā ɆǂƉ˯Ǆǃ  Ǌ˯ǆāƓǀǆ ˥˻˴˲˯ǃ  ú̊ ˳ǃå ƗƼƓưƎȺ
Ɠ˸ ˴˱Ǆǃ ˗ơ˦ǆ ƴɂð˦ƙ ÿƓ˸ư ˃ɂ˦˱ƙ ǑƼ xǆå̇˴˻ǃå êåïíã ɏïā̇˷ ǃå ˥ǆ Ü ̝˶ǃå ǑƼ è

èƓḪ˦ˮ˴˸ǃå ƴ ˹˶ƙ ǑƼ ˗˻ǀƶ˯ǃå çíƓɂð Ǐǃã ɏí˓ǒ å˘ǋ ā ˔ǃƓǀǃå [4] . 
Ɨ˲Ǆ˴˸ǃå èƓḪ˦ˮ˴˸ǃå ƴ˹˶ǃ˯ Ɨǆßǚǆ ƗǂƓ˴ǃå û̇  ˟Ɇ˷ Ƽá ÿã  Ɨ ˹ǀƙ Ǒǋ ( ˚ɂ̊ ƶ˯ǃå ƴˠƿ )

ǆ ˚ɂ̊ ƶ˯ǃ Ɨ Ǆ˲˸ǃå èƓ ˹ǀ˯ǃå ˥ǆ ˗ǒ˗ƶǃå üƓ˹ǋ Ü çí˦ǀƽ˸ǃå ç˦ ƹ̇ ǃå êîƓ˸˹ƕ ˔˶ǃå ˔˶ǃå íå˦
ǏǄƵ Ɨ ǈ˗ƶǆ èƓƼ˦ƽ˶ǆ ýƓ˰˸ǃå Ɇ˻ˮƪ ǏǄƵ  Ɠǌ˹ǆ ǃå ñƓƪá ɆǂƉ˯Ǆǃ þāƓǀ˸ǃå ɏïå̇˲ǃå ̠˻Ɂ̇ḧ

îā] ˥ɂ̇ ˯˴ ǃ˦ˮǃå êîƓ˸ǈ ˥ǆ ˔ǃå˦ƿ ǑƼ ˤǌƞåïíƎȺ ˣǃ5.[ 
 .èƓḪ˦ˮ˴˸ǃå ƴ˹ ƙ˶ ǑƼ ƓĄǄ˲ǆ çð̊ƶǆ ɖ˟Ɠ˹ǆ ßƓ˵ǈǗ Ɨơ̇˯ǀ˸ǃå Ɨǀɂ̇ɣǃå þå̠˳ ƪ˯å ˥ɜ˸Ȼ 

 ç˗Ƒå̊ ǃå Ɨɜ ˮ˴ǃå çïå̇ ơ Ɨƞïí Ɨǃåðã ǏǄƵ ɖ˻ƿ˗ǃå ˚ɂ̊ ƶ˯ǃå ï˦˟ ˙˻ƛƋƙ Ɨƪåïí ƝƑƓ˯ǈ üƓ˹ǋ
] ˗ɂ̇ ˮ˯ǃå ý˗ƶǆā6. [ 

  ˗˹Ƶ é˗˲ƙ Ǒ˯ǃå Ɨ ƑƓ ˸ ḧǃå ā  Ɨ ƑƓɂ̊ ˻ƽǃå èƓ Ǆ˸ƶǃå ïƓ ˯ƵǙå ǑƼ ˘ƤƋƙ Ǚ Ɨƿï˦ǃå ˥ḧǃ
þå˗˳˯ƪƓȺ çå˦ǀ˸ǃå  ƗḪ˦ˮ˴˸ǃå ǏǄƵ ý˦˶˲ǃå ˗˹Ƶ Ü ƗƼ˦ƽ˶˸ǃå ˣƑƓ ƪā Ơ Ǆ˴˯ǃå çíƓǆ íā˗ơ 
 Ü ɏ˦ƹ̇ǃå ˥ɂ̇˴˯ ǃ˦ˮǃå êîƓ˸ǈ ǑƼ āá ̝ǃƓǀǃå ˃ ɂ˦˱ƙ ǑƼ ƗƵ˦ư˦ ǃ˸å  Ɨǀʾ̠ǃå èƓ˸˴˱ǃå
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 ÿ˗ƶ˸ǃå" : ˣ ˴˸ǃå èƓ Ǆ˸Ƶ Ɨɂ̇ ˢ˹ǃ èƓǈ˦ɜ˸ǃå çí˗ƶ˯ǆ ç˗ǒ˗ƞ Ɨ˸ˢǈá ˙ǌˢƙĲ  êî˦˸˹ǃåĲ 
 ƗƵāï˚˸ǃå èƓ˸ ˴˱ǃåĲ  ÿ˗ƶ˸ǃå"  ā  " ˔ǃƓǀǃåĲ  ˚ɂ̊ ƶ˯ǃå ï˦˟Ĳ ] " ˔ǃƓǀǃå7.[ 

 Ɇ˻ɜ˵˯ǃ Ɨ ǄƵƓƼ ˙˰ǂǕå Ɨǀɂ̇ ˠǃå ÿã ˣƑƓ ˴Ǆǃ ƗƮƓ˳ǃå Ɨ ʽ ˡ˦ǃå ˝ƑƓ˶˳ǃå èåî íå˦˸ǃå
 ï˦ˠǃå ǑƼ ˤǌƞ̊ ǆ ýǚƤ ˥ǆ ˣƑƓ ˴ǃå ǉ˘ǋ ˚ɂ̊ ƶƙ Ǒǋ ƗȻ˗ǒ˗˲ǃå ˣƑƓ ˴ǃåā ƗȻ˗ǒ˗ơ ˙˻ƺǃå

.þƓˢ˹ǃå èƓǈ˦ɜ˸ǃ ɆƑƓ˴ǃå 
 ǏǄƵ ý˦˶˲ Ǆǃ ƗƪƓƪǕå èƓɣɣ ˳˸ǃå ǑƼ ̇s ǃ˹å ɏïā̇˷ ǃå ˥ǆ Ü ýāǕå þƓǀ˸ǃå ǑƼ ā xǃ̆ǃ

˲ƙ Ǐǃã ƗƼƓưǗƓȺ Ü íå˦˸ǃå ˥ǆ Ɨ˭ƽǃå ǉ˘ǋ Ɇ˰ǆ Ɨ ƞ˦ǃ˦˹ḧ˯ǃå ˙˻ǒƓƶ˸ǃåā Ɨ ƪƓƪǙå ɉā˙˵ǃå ˗ǒ˗
 çð˚ƶ˸ǃå Ɨɂï˦Ǆˮǃå Ǐ˹ˮǃå ˣƑƓ ƪ ǏǄƵ  ý˦˶˲ǃå ˗˹Ƶ )ʃɸʂ.( 

 ƗƵð˦ǆ Ü ƗǄƮ èƓ˻ˮơ ˥ǆ ÿ˦ḧ˯ƙ ÿáā Ɨ˴ǈƓ˱˯ǆ ̇ ƹ˻ íå˦˸ǃå Ɨ˹ƕ ÿ˦ḧƙ ÿá ̝ Ȼ˱
˔˱ ɂā Ü Ɨǈā̇˸ǃå ˞ ƶȺ ɏ˦ ƙ˲ Ɨɜ˯ƪǚƕ ƗƼ˦ƽ˶ǆ ǑƼ ɏāƓ˴˯ǃƓȺ  ƗˠȺåï ǏǄƵ ɋƓƽ˲ǃå

Ɂā ÜèƓǈ˦ɜ˸ǃå ˥˻ƕ ƗǀƮǙ.  íå˦˸ǃå ˣƑƓ ƪ ˚ɂ̊ ƶƙ Ɠ˹˹ɜ˸Ȼ ɊǀƼ èƓ Ǆˠ˯˸ǃå ǉ˘ǌ 

 êîƓ˸ǈ Ɨˠƪå˦ƕ ˔˶ǃå Ɨǀɂ̇ ˠȺ Ɨ˲Ǆ˴˸ǃå èƓḪ˦ˮ˴˸ǃå ƴ ˹˶˯ǃ Ɨ ƞ˦ǃ˦˹ḧ˯ǃå Ɨ Ǆ˸ƶǃå ˘˻ƽ˹ƙ ˤ˯ǒ
:ƗǃƓ˯ǃå èƓɣɣ ˳˸Ǆǃ ƓĄǀƼā çí˦ǀƽ˸ǃå ç˦ƹ̇ǃå 

 -  ˚ɂ̊ ƶ˯ǃå Ɇɜ ˀ ˙˻Ƽ˦ƙ ƴǆ Ü Ơˠ˴ǃå Ɨ ˴ḧƙā ˃ ˢ˹ƙā ç̇ ǒƓƶǆ) èƓǈ˦ɜ˸ǃå ˙˻˷˲ƙ
ǚǃå ˥ɂ˦ḧ˯ǃåā Ɇɜ˵ǃƓȺÝ (˥˻ǆð 

- Ý ˚ɂ̊ ƶ˯ǃå ˙ƮƓ˹Ƶ êƓǆíɀā ˥ɂ̇ ˯˴ ǃ˦ˮǃå ç˦ ƹï êîƓ˸ǈ êƓ˯ǈã 
- Ý ˔ǃƓǀǃå ƴ ˸˱ƙ 
- Ý ˔ɂ̇ ˵˯ǃå Ü  Ɨɜ ˮ˴ǃå ˔Ʈ 
- ÝɆƑƓ˴ǃå  ï˦ˠǃå ˔Ǆ˶ƙ ƣ ƪ̇ ƙ 
- . ˔ǃƓǀǃå ˥ǆ ƗḪ˦ˮ˴˸ǃå Ɨǃåðå 
- .çð˚ƶ˸ǃå èƓ˱˯˹˸Ǆǃ Ɨ ɜ ǈƓɜ ˸ǃå āá Ɨɂïå̇ ˲ǃå Ɨ˱ǃƓƶ˸ǃå 

ǏǄƵ ý˦˶˲ǃå Ɨ Ǆ˸Ƶ ˚˻˸˯ƙ ʃɸʂ  ˦ ǌƪā Ɨ˟Ɠ˴ ǃƓȺ Ɨ ƪƓ ʿǃå êƓ˯ǈǗå úā˙ˡ ǑƼ ˘˻ƽ˹˯ǃå Ɨǃ
 ñáï ôƓƽ˳ǈåā ǑǃǓå Ɇ˻ƺ˵˯ǃå Ɨ ǈƓɜǆɀā Ɨ ƞ˦ǃ˦˹ḧ˯ǃå èå˗ƶ˸ǃåā íå˦˸Ǆǃ ˝ Ƥ̇ ǃå ˙˻˷˲˯ǃåā
 ˗ǀƶǆ ɆɜƬ èåî çð˚ƶǆ èƓɁ˦ˮ˶ǆ ǏǄƵ ý˦˶˲ǃå ƗǃƓ˲˯ƪå æ˦˻ƶǃå Ɇ˸˵ƙā  ÜêƓ˯ǈǗå ýƓǆ
˹Ƶ ƗǄǆƓḪ ˙˻ƹ Ɨ ˹ƕ Ɇ˻ɜ˵ƙā ƗɂðƓƺǃå èƓǆƓ˴˸ǃå í˦ƞā ǑƼ æ˦˻ƶǃå ˞ƶȺ í˦ƞāā Ü ˗

ǏǄƵ ý˦˶˲ǃå ʃɸʂ Ü .ƗǄ˻ƺ˵ǃ˯å èƓǄɣ˯ ǃ˸å ˥ǆ ĆýƓƵ Ɏ˦˯˴ǆ ƴǆ 
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 ñƓƪǖǃ ƓĄ˲ưåā ƓĄ˸ǌƼ çð̊ƶ˸ǃå Ɨ˸s ǈǕå èƓǈ˦ɜǆ  ƴ˸˱ ǃ ƗǃƓ˰ǆ ƝƑƓ˯ǈ ɖ˻ǀ˲ƙ ̝ Ǆɣ˯ǒ
 ̇˻ƺǃå ɆǂƓǌǃå Ɇ˻ɜ˵ƙ ̟ ơ˻ ˥ǆ ßǑƬ ɆḪ Ɇˮƿā ĄǙāá Ü ƴ˸˱˯ǃå å̆ǋ Ɇ˰˸ǃ Ǒƞ˦ǃ˦˹ḧ˯ǃå

ˢ˹ǃå ˙ƮƓ˹Ƶ ɄǄ˯˳ǆ ˥˻ƕ Ɨˠ ˴Ⱥ ɊȺåāï ï˦ǌˡā Ü Ɨ˴ǈƓ˱˯˸ǃå ï˦ǌˡ Ü ˣǃ˘ǃ Ɨ˱ ˯ǈā Ü þƓ
 ˣǃî ɖ˻ǀ˲ƙ ˥ɜ˸Ȼ āÜ ˤǌ˹˻ƕ ýƓ˶ƙǙå íā˗ơ ǏǄƵ ǑƑƓ ˸ ḧǃåā ǑƑƓɂ̊ ˻ƽǃå ɆƵƓƽ˯ǃå èƓ Ǆ˸Ƶ
 ˙˻ƺǃå Ɨ ƑƓ ˸ ḧǃå  ɊȺå̇ ˯ǃå ˥ɂ˦ḧƙ ƴ˹ǆā Ü ˙ƮƓ˹ƶǃå ˥˻ƕ ˔ɂ̇ ˵˯ǃå Ɨ ǄƕƓƿ çíƓɂð ɖɂ̇ ˟ ˥Ƶ
ƗƬƓ˵ǋ ƴ˹ǆā Ü ǑƑƓ ˸ ḧǃå ɆǂƉ˯ǃå ƴ˹ǆā Ü Ɨ˟̇ ƽ˸ǃå ƗǂƓ˸˴ǃå èåî èƓǀ ˠǃå ā ˙ǀ˯˴ǆ 

)ɸʌ( .ƗƼ˦ƽ˶˸ǃå Ɨɜ ˮƪ ƴǆ  ï˦ǌ˶˸ǃå Ơˠƪ ˛ǆǚƙ ßƓ˹ƛá 

 ˔˱Ȼ Ɠ˸Ḫ Ü êƓ˯ǈǙå Ɋ ˠ˳˯ǃ Ɇ˷Ƽá Ɨ ƞ˦ǃ˦˹ḧƙ ƝƑƓ˯ǈ ɖ˻ǀ˲ƙ ˥ɜ˸Ȼ  ɊǀƼ ˦˲˹ǃå å˘ǋ ǏǄƵ
 ǏǄƵā Ü (Ɨɂ̇ ˻˷˲˯ǃå èƓ Ǆ˸ƶǃå ˣǃî ǑƼ Ɠ˸Ⱥ)  ƴ ˸˱˯ǃå èƓ Ǆ˸ƶǃ Ɨ˲ưå˦ǃå ˙˻ǒƓƶ˸ǃå ˤȻ˗ǀƙ

ǏǄƵ ý˦˶˲ǃå ˥ɜ˸Ȼ ˣǃî ʃɸʂ  ˔ǂå˦ƙ Ɨ ǃƓƵ Ɨ Ǆ˻ƺ˵ƙ èƓƽƮå˦˸Ⱥ Ɨǆ˗ǀ˸ǃå èƓ Ǆˠ˯˸ǃå
. íå˦˸ǃå ǉ˘ǋ Ɇ˰˸ǃ ˕ƿ˦ǃå å˘ǋ ǑƼ 

 ˙Ƽ˦ƙ Ǒ˯ǃå  Ɨɂ̇ ǌ˱˸ǃå èƓ ˸ḧǃå ˤȻ˗ǀƙ ˤǌ˸ǃå ˥ǆ Ü ˚ɂ̊ ƶ˯ǃå íå˦ǆ ˝ƑƓ˶Ƥ Ɨƪåïí ˗˹Ƶ
ā˚˻ƽǃå ˝ƑƓ˶˳ǃå- .˚ɂ̊ ƶ˯ǃå ÷˦ ǈā  ˚˻Ḫ̇ ˯ǃåā ýíƓ ˯ǃå Ɨ ˴ǈā èƓǈ˦ɜ˸Ǆǃ  Ɨ ƑƓ ˸ Ḫ 

˙˻ƛƋƙ ý˦ơ èƓǈƓ ˮǃå ˗˻ǂƋƙ Ɇƞá ˥ǆ )ɸʌ( ƽƮ˦ǆā ɆǂƓ ǌǃå Ɇ˻ɜ˵ƙ ǏǄƵ ɆǂƓ ǌǃå èƓ
 ˣƑƓ ƪ ñƓƪá ǏǄƵ ƗɁ˦ˮ˶˸ǃå Ɨ˸Ƶ˗˸ǃå íå˦˸ǃå ǑƼ Ɨ Ǆɜ ˀ èå̇ ˻˻ƺƙ ßƓ˵ǈã ˤƙ Ü çð˚ƶ˸ǃå

˖˻ơ Ü ( ɆǒƓ˯Ḫ̠ǃå ̠ǒ̠ơā ɏíƓǆ̇ǃå ̇ǋ̊ǃå) ÿ˦Ɂ̇ḧǃåā ̠ǒ̠˲ǃå ˚ɂ̊ ƶ˯ǃå ƗǄơ̇ ǆ ǑƼ ˤƙ)ɸʌ( 

ÿƓ ˷ƿ þå˗˳˯ƪå ïƓˠƿƋȺ Ɨ ǈ˗ƶǆ2 ā  ˤǄǆ5  ˣ˸˴Ⱥ ā ˤǆ0.7 îǙ˦ Ƽ ˥ǆ ˤǄǆ20 )ʉʪ20( 

îǙ˦ Ƽ ˥ǆ ƠƑƓƽƮā3 )ʉʪ3( . 

 Ɨƪåïí ßå̇ ƞã ˤƙƗɂ̇ ǌ˱ǆ  ʕƙ Ǒ˯ǃå ÿ˦Ɂ̇ḧǃåā ̠ǒ̠˲ǃå xƑƓƪ ˥ǆ èƓḪ˦ˮ˴˸ǃå ˥ǆ èƓ˹˻Ƶ ǏǄƵ
Ɨ ˹ǀƙ ýƓƤíã ƴǆ ( ˥˻Ǆ˻˯ƪå Ǒǃ˦ˮǃå êîƓ˸ǈ )˙ɂ˦ƺ˯ǃå êîƓ˸ǈ Ɨˠƪå˦ƕ Ɠǌ˻ǄƵ ý˦˶˲ǃå 

)ɸʌ(ǑƑ˦ư ˙ǌ˱ǆ Ɨˠƪå˦ƕ èƓƪåï˗ǃå ˕ɂ̇ ƞá ˖˻ơ Ü ʄʀʄ8-ʄ Ü  ˤ ˻ǀƙ ˤƙ ā
ùǃ ƓĄǀƼā Ɨɂ̇ǌ˱ ǃ˸å Ɨ˹ǃˮå GOST 3443-87 ā  GOST 5639-82 èƓƽƮå˦˸Ǆǃ Ɠǀ ˟ )

ǃåƗ ƪā˙ǃå Ɨ ƪƓ ʿ ( ý˦Ǆ˲ǆ þå˗˳˯ƪå ˤƙ èƓ˹˻ƶǃå íå˗Ƶåā Ơ˴ǆ Ɇƞá ˥ǆā Ü 2Ė ˥ǆ 
3HNO ) .ý˦ǈƓ˰ǒǗå ý˦˲Ḫ  ǑƼ ( ˣɂ̇ ˯˹ǃå ˞˸ơ 

˗˹Ƶ  ÿ˦ḧƙ ÿá ɉ̇Ƭ ßƓƽ˯ƪå ̝ Ȼ˱  ̝Ǆ˶ǃå ˥ǆ ƠƑƓƽƮ ƴǆ ̇ǋ̊ǃå ˥ǆ xƑƓƪ ǏǄƵ Ɇ˸ƶǃå
 Ɨ Ǆ˶ǃå íå˦˸ǃå çïå̇ ơ ƗƞïíƗǄƑƓ˴ǃåā )L+S(    ˔Ǆ˶ǃå çïå̇ ơ Ɨƞïí ˥ǆ Ɇƿá ˙ǋ̊ ǃå ˗ǒ˗˲ǃ
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 ̇ǋ̊ǃå ̠ǒ̠ơ ƗǄ˯Ḫ ðāƓ˱ƙ ÿá ɏá : ƗǄ˯ḧǃå ǏǄƵ ɏïå̇˲ǃå ýíƓ˯ǃå èƓǄ˸Ƶ ˃ ḧ˰ƙ ̇ƛ˓ǒ ̟ ơ˻
 Ü˔Ǆ˶ǃå ƠƑƓƽƮ Ɇơā ƗȺåîǗ Ɨ ʼƓḪ ˙ǋ̊ ǃå ˗ǒ˗ơ çïå̇ ơ ÿƎƼ ˣǃ˘Ɂā Ü ˔Ǆ˶ǃå ƠƑƓƽƮ ƗǄ˯ǂ

Ƽ îǙ˦ ƽǃå ǏǄƵ ˙ǋ̊ ǃå ˗ǒ˗˲ǃå ƗǄ˯Ḫ çíƓɂð ç̊ ˻ǆ ˤǋƓ˴ƙ ɏïå̇˲ǃå ýíƓ˯ǃå èƓǄ˸Ƶ ƗƼƓ˰Ḫ çíƓɂð Ǒ
  Ü Ɨ ƑƓ ˸ ḧǃå ˙ƮƓ˹ƶǄǃ ƗǃƓƶƽǃå ïƓ˵˯ǈǙå èǚǆƓƶǆ ˤ ʾ ǑƼ çíƓɂðā Ɨ ǃƓǀ˯ǈǙå Ɨǀˠ˹˸ǃå ǑƼ
 èǚǆƓƶǆ ˕˷ƽ˳ǈå  Ɠ˸ǄǂÜ ˣ ˴ǃå ˙ƮƓ˹ƶǃ ɊȺå̇ ˯ǃå Ɨƞïí èíåð Ɠ˸ǄḪ Ǌǈá úā˙ƶ˸ǃå ˥ǆ

Ɨǀˠ˹˸ǃå ǑƼ ˣƑƓ ˴ǃå ˙ƮƓ˹Ƶ èåïî ƗḪ̇ ơ ôƓƽ˳ǈå ˔ˮ˴Ⱥ ƗǃƓƶƽǃå ïƓ˵˯ǈǙå . Ɨ ǃƓǀ˯ǈǙå 
ßƓ˵ƹ ƴǆ Ɨɂ̇ǌ˱ǆ Ɨ˹˻ƶǃ ɏ̇˶ǃå ̋ ƽ˲ǃå ̠˹Ƶ 0.3  èƓǋ˦ ˵ƙā  úå̇ ˲ǈå ˙ǌˡá Ü ˤǄǆ

 ˗ƞā ˗ƿā Ü ÿ˗ƶ˸ǃå íå˗ǆã ÿƓɜǆ ǑƼā  ˔ǃƓǀǃå ǑƼ ðƓƺǄǃ Ɨ ɜ ǆƓ˹ǒ˗ǃå èƓǀƼ˗˯ǃå ˙˻ƛƋƙ  ˔ˮ˴Ⱥ
å ̊Ḫ̇ǆ ˥ǆ ̝ɂ̇ƿ ÿ˦ɜȻ ɏ̆ǃåā ßƓ˵ƺǄǃ ɏ˦Ǆƶǃå ß̊˱ǃå ÿá  ƗḪ˦ˮ˴˸ǃæßå˘˯ǒ Ü˥ǂƓǆå ç˗Ƶ ǑƼ 

 Ʉ˶˹ǃå ǑƼ Ɠǆá ô Ƶ̇ ʕƙ .ÿ̠ƶ˸Ǆǃ ÷ïƓ˴˯ ǃ˸å ï˦Ǆˮ˯ǃå ǏǄƵ ƓĄǆƓ˸ƙ ƓsƼƓ˲ǆ ßƓ˵ƺǄǃ ǑǄƽ˴ǃå
ƗȻîǙ˦ Ƽ Ɨ˲ ʽƮ þå˗˳˯ƪƓȺ ç˗˻ƞ ƝƑƓ˯ǈ )ʉʪ3(  ˣ˸˴Ⱥ0.7  ǏǄƵ þƓ˴ƿá ç˗Ƶ ˗Ḫ˓ƙā ÜˤǄǆ

 Ɇɜ˵ǃå)  ßƓ˵ƺǃå ǏǄƵ ɆǆƓḧǃå ɋƓƽ˲ǃå Ɨɜ ˮ˴ǃå ƴˠǀǆ ý˦˟1.(  
ǚƤ ˥ǆ Ɨ ǃƓǀ˯ǈǙå Ɨǀ ˠǃå ç˦ ƿ ˝ƑƓ˶Ƥā ïƓ˵˯ǈǙå ˔Ḫ̇ ǆ çí˦ƞ ˗ǒ˗˲ƙ ˤ˯ǒ Ɨƞïí úā˙ˡ ý

 Ʉ˰ɜ˸ǃå ɖƼ˗˯ǃå ˔ˮ˴˯ǒ ˖˻ơ ÜƗ ˹˻ˮǃå íā˗˲ǃå ǏǄƵ Ɨ ƑƓ ˸ Ḫ ā˚˻ƽǃå èƓ Ǆ˸ƶǃåā çïå̇ ˲ǃå
Ǆ̝˶ǃå þƓ˴ƿá ƴǆ ̇ǋ̊ǃå ̠ǒ̠ơ ɆƵƓƽƙ ǑƼ ɏïå̇˲ǃå ýíƓ˯ǃå èƓǄ˸ƶǃ )ʉʪ3(  ÿƓɁāî ǑƼ

.þƓ˴ƿǙå  ˣǄ˯ǃ ˙˻ˮǂ 
 ) Ɇɜ˵ǃå ýǚƤ ˥ǆ ˣǃî Ǐǃã ïƓ˵Ȼ1 ǑƼ ƗǃƓǀ˯ǈǙå Ɨǀɣ˹ Ǆ˸ǃ ĄƓ̓ƓḪ ĄƓƵƓ˴ƙã Ơư˦ǒ ̟ ơ˻ (

) íā˗ơ0.15-0.18 ā ÜˤǄǆ (ˣǃî   ˥ǆ Ɲ˯ǈ ÜɆƵƓƽ˯ǃå ûƓ ƪ ǑƼˣǃî  ƠƑƓƽ˶ǃ ˃ ˰Ḫ ƴ ˵ƙ
ƕ Ɠǈ˦ɜǆ Ü ̇ǋ̊ǃå ̠ǒ̠ơ ǑƼ í˦ƞ˦˸ǃå ÿ˦Ɂ̇ḧǃƓȺ ̝Ǆ˶ǃåˣǃ˘  ƗˠȺå̇ ˯˸ǃå íā˗˲ǃå ý˦˟ ǏǄƵ

˕ǒǙ̇ ˻ˮǃå ƠƑƓƽƮ ˥ǆ Ɨɂ̇ ǌ˱ǆ Ɨ ˹ƕ )ʇʛ1; ʇʜ0,5( îǙ˦ ƽǄǃ ç̊ ˻˸˸ǃå )ʉʪ5(  ̪ ÿ˦ḧ˯ƙā
 ˗˻Ɂ̇ ḧǃå ƴǆ ˕ǒǙ̇ ˮǃå ñƓƪá ǏǄƵ ˙ǋ̊ ǃå ˗ǒ˗˲ǃ Ɨɂ̇ ǌ˱˸ǃå Ɨ ˹ˮǃå .˕˻Ƽå̇ ƺǃåā  ( ˕˻˯˹˸˴ǃå ) 

 Ǒǋ ç̊ ˻˸˸ǃå Ɨ˸˴ǃå ÿƎƼ Ü èƓǀ ˠǃå çí˗ƶ˯ǆ èƓɁ˦ˮ˶ǆ ǏǄƵ ý˦˶˲ǃå úā˙ˢǃ Ɨ ˴˹ǃƓȺ
Ü ƗǄƑƓ˴ǃå Ɨɜˮ ǃ˴å Ơɣƪ ǏǄƵ ̠˻ ǂ˴Ǖå ˥ǆ Ɨǀɣǃ ɏï˦ƽǃå ˥ɂ˦ḧ˯ǃå  ˙˻ˮḪ Ɇɜ˵Ⱥ ˙˻ƺȻ Ɠ˸ǆ

 ǑƼ .˥˻˯ɜ ˮ˴ǃå ˥˻ƕ ïƓ˵˯ǈǙå ɆƵƓƽƙ ɖ˻ƶɂā Ü ïå˦˟ǖǃ Ɨ ˹˻ˮǃå íā˗˲ǃå ǏǄƵ èƓ Ǆ˸ƶǃå
 ̠˻ ǂ˴á Ɨǀ˟ ýǚƤ ˥ǆ ɆƑƓ˴ǃå ÿ̠ƶ˸Ǆǃ ˥˻˱˴ ǂǕå èåïî û̇˯˳ƙ Ü ˥ ǈ˻̠ƶǆ ɉƓƙïã ƗǄ˸Ƶ
 ÿ˦Ɂ̇ḧǃå ǏǄƵ Ɨɂ˦˲˯ ǃ˸å ƗǃƓ˯ǃå ƗǄƽ˴ǃå Ɨǀɣǃå ƴǆ Ü ɖ˸ƶǃå Ǐǃå ̝Ǆ˶ǃå ÿ̠ƶ˸ǃƓȺ  Ɨǀʾï
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å ǑƼ úā˙ˢǃå ǏǄƵ Ɨ Ǆ˸ƶǃå ǉ˘ǋ ƗƵ̇ ƪ ˗˸˯ƶƙ ā Ü˔Ǆ˶ǃå ÿ˗ƶ˸Ǆǃ Ɨ ˲ˠ˴ǃå Ɨǀ ˠǃ
. ɏðƓƺǃå ï˦ɣ ǃå Ɏ˦˯˲ǆā Ɋƺ˷ǃåā çïå̇˲ǃå Ɨƞïí  : Ɨɂïå̇˲ǃå ƗɜǆƓ˹ǒ̠ǃå 

 ˥ǆ ˗ǒ˗ƶǃå é˗˲ƙ ˔Ǆ˶ǃå ƠƑƓƽƮā ɆƑƓ˴ǃå ÿ˗ƶ˸ǃå ïå˦˟á ˥˻ƕ ƠˠƪǙå íā˗ơ ǑƼ
. ýå̊ ˯ƤǙåā ç˗˴ǂǕå èǚƵƓƽƙ 

 ǋ̊ ǃå ˥˻ƕ ǑƑƓ ˸ ḧǃå ɆƵƓƽ˯ǃå ÿã ƗƵ̇ ˴ǃå úǚ˯ƤƓȺ ɄǄ˯˳Ȼ ˔Ǆ˶ǃå ƠƑƓƽƮ ˥˻Ɂā ɆƑƓ˴ǃå ˙
 ā ƗȻîǙ˦ Ƽ Ɨ˲ ʽƮ ɆƤåí èåï˘Ǆǃ ǑƼƓḧǃå ɆƺǄƺ˯ǃåā  Ɨ ǃƓƶǃåˣǃî  ǑƼ ˙˻ˮḧǃå úǚ˯Ƥǚǃ ˙ˢ˹ǃƓȺ
.  ßƓ˵ƺǃå ƴǆ ƗǈïƓǀǆ ˙ǋ̊ ǃå ˗ǒ˗ơ ƗǄ˯Ḫā ǑƑƓ ˸ ḧǃå  ˔˻Ḫ̇ ˯ǃå 

 

 

 

 

 

 

 

 

 

 

 

 

)Ɇɜ˵ǃå1(- ˥ǆ Ɨ˲ ʽƮ āá ßƓ˵ƹ ƴǆ ˙ǋ̊ ǃå ˗ǒ˗ơ ˥ǆ Ɨɜ ˮ˴ǃ Ɨɂ̇ ǌ˱˸ǃå Ɨ ˹ˮǃå  ˣ˸˴Ⱥ ˔Ǆ˶ǃå
0.7  :ˤǄǆ1- Ý ßƓ˵ƹ2 -  Ý Ɨ ǃƓǀ˯ǈå Ɨǀ ˟3 - ˙ǋ̊ ǃå ˗ǒ˗ơ 

 

 ǑƼ ˙ǋ̊ ǃå ßƓǀȺå Ɇ˻ˠɂā ˤǋƓ˴Ȼ ýå̊ ˯ƤǙåā ç˗˴ǂǕå èƓ Ǆ˸ƶǃ Ɨ ǃƓƶǃå çïå̇ ˲ǃå ˃ ˰ḧƙā Ɋ ˵˹˯ƕ
.ÿ˗ƶ˸ǃå ˗ɂï˦ƙ Ɨˠǀǈ ˗˹Ƶ ƗǄƑƓ˴ǃå ƗǃƓ˲ǃå 

 ÿ˦Ɂ̇ḧǃå ï˦˟  ̠˹Ƶ ƓǄ˲ǆ ʕǂå̇ƙ é̠ Ĉ˲Ȼ ̝Ǆ˶ǃå ßƓ˵ƺǃ Ɨ˲ˠ˴ǃå Ɨǀɣǃå Ɨ˹Ɂ̇Ḫ ÿã  ɆƑƓ˴ǃå
 ǑƼ Ɨɂïå̇ ˲ǃå ƗƿƓˠǃåā ˣ ǆƓ˹ǒíāï˗˻ǌǃå ɖƼ˗˯ǃå ǏǄƵ ˗˸˯ƶǆ Ü ˔ǃƓǀǃå ˙ǆ˗ǒ ǉïā˗ƕ ɏ˘ǃå

.ÿ˗ƶ˸ǃƓȺ ˔ǃƓǀǃå ßɆǆ Ɨ Ǆ˸Ƶ ˗˹Ƶ ï˦ǌ˶˸ǃå 

    3           2               1              2             3
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 ßå̇ ƞã ˗˹ƵƗɂ̇ ǌ˱˸ǃå èƓƪåï˗ǃå ˹˻Ƶ ǏǄƵèƓ ˴ǃƑƓ xɏíƓǆ̇ ǃå ˙ǋ̊ ǃå ˗ǒ˗ơ ˥ǆ çð˚ƶǆ 

)ʏʇɻ(  ɏā̇ḧǃå ̞ Ƽ˻å̇˱ǃå āî ç˦ǀǃå ǑǃƓƵ ɆǒƓ˯Ḫ̠ǃå ̠ǒ̠ơ ā )ɺʏʐɻ( ƴǆ (ɸʌ)  ǏǄƵ
 ˙ˠǀȺ ÿƓ ˷ƿ ɆɜƬ2  ā5 îǙ˦ Ƽ ˥ǆ ˤǄǆ20  ̠ǒ̠ơ ˥ǆ ÿ˦Ɂ̇ḧǄǃ ̠˻ƞā ̇˻ Ḫˮ ïƓ˵˯ǈå ̠ƞā Ü

ð˚ƶ˸ǃå ˔Ǆ˶ǃå ï˦˟ ǑƼ ˙ǋ̊ ǃå)ɸʌ(  ƴ ˵ƙ ÿã Ü ( Ɨ˹Ɂ̇ Ḫ ) ˗˻ƞ ɖ˸ƶɁā)ɸʌ(  

ǑƼ ̇ƮƓ˹ƶǃå ̊ Ḫ˻̇ƙ Ąúǚ˯Ƥå Ǐǃã ǑƪƓƪá Ɇɜ˵Ⱥ ɏí˓ǒ ÿ˦Ɂ̇ḧǃƓȺ   ǑƑƓ ˸ ḧǃå ˔˻Ḫ̇ ˯ǃå
˙ǋ̊ ǃå ˗ǒ˗˲ǃ ƗƼ˦ƽ˶˸ǃå Ɨɜ ˮƪ)  ʄʉ(  îǙ˦ ƽǃåā20 ùǃ(ɸʌ)  ïƓ˵˯ǈǙå Ɨ ˸Ḫ ˗˸˯ƶƙā Ü

 ÜƗɜ ˮ˴Ǆǃ ˗˸˱˯ǃå ç˗ǆā ˔Ǆ˶ǃåā ɆƑƓ˴ǃå ï˦ˠǃå ǑƼ ˛ǆǚ˯ǃå Ơˠƪ ˗˹Ƶ çïå̇ ˲ǃå Ɨƞïí ǏǄƵ
 (Ɨ ǃƓǀ˯ǈǙå Ɨǀˠ˹˸ǃå) ïƓ˵˯ǈǙå Ɨǀˠ˹˸ǃ ǑǃƓ˸ƞǗå ˤ˱˲ǃå ƸǄˮǒ ˖˻ơ0.4 - 0.6  ˤǄǆ

 Ɇɜ˵ǃå)2 .( 
Ƶ çïƓy ̇ǋ̊ǃå ̠ǒ̠ơ ̝ǈƓƞ ǏǄƵ ïƓ˵˯ǈǙå Ɨǀɣ˹ǆ ÿ˦ḧƙƗǂƓ˸˴Ⱥ Ɨǀ ˟ ˥    ˥˻ƕ ëāå̇ ˯ƙ 

0.1 - 0.16 Ɨ ˯ǒǙ̇ ƕ Ɨ ˹ƕ ƴǆ ˤǄǆ  )ʇ100( ǈ̝Ɠƞ ǏǄƵ ïƓ˵˯ǈǙå Ɨǀɣǆ˹ ÿ˦ḧƙ Ɠ˸˹ƕ˻ Ü 

)ɸʌ(  ˣ˸˴Ⱥ ˥˻ƕ ëāå̇ ˯ǒ0.3 - 0.4  ǑƼ ƗɂāƓ˴˯ǆ èƓǀ˟ éǚƛ ˥ǆ ÿ˦ḧ˯ƙā ʕǄǆ
 Ɇɜ˵ǃå) Ɠ ɂ̇ ǀƙ ˤ˱˲ǃå2 - .(æ Ü á 

ƞ˦ǒ Ǚ ̠ íā˗˲ǃå ˣǄƙ æƓ ʺ āá ƗǄƿ Ǐǃå ˙˻˵ƙ Ǒ˯ǃåāÜ ïƓ˵˯ǈǙå Ǒ˯ǀˠ˹ǆ ˥˻ƕ Ɨ˲ưåā íā˗ơ
 ùǃ ˙˳˶ǃå ˕˲ƙ)ɸʌ(  ǑǄƮǕå ÿ˗ƶ˸ǃå ˥˻ƕ ˛ǆǚ˯ǃå ɊƤ Ơưåā Ɇɜ˵Ⱥ ˗ƞ˦ǒ ˥ḧǃāÜ

ā)ɸʌ(  úǚ˯ƤƓȺ Ǌ˲ ư˦ƙ ˥ɜ˸Ȼ ɏ˘ǃåāÜǉƓ˱ƙå Ɨɂï˦Ǆˮǃå Ɨ ˹ˮǃåā  èƓ ˻ˮ˲ǃå ˙˻ƺǃå  ƗɂāƓ˴˯ǆ
 ̊ ƶ˯ǃå ï˦˟ā ˙ǋ̊ ǃå ˗ǒ˗ơ Ɨǌƞ ˥ǆ ˕ǒǙ̇ ˮǄǃ˚ɂ)ɸʌ(  Ɇɜ˵ǃå) Ü2 - .(æ Ü á 

 ƴ ˵ƙ ÿá Ǐǃã ˙˻˵ƙā ˙˻ƺ˯ƙ Ǚ èƓ˹˻ƶǃå ƴ ˸˱ǃ ïƓ˵˯ǈǙå ɖ˟Ɠ˹ǆ ǑƼ Ɨɂï˦Ǆˮǃå èƓǈ˦ɜ˸ǃå Ɇǂ
˗˹Ƶ ïƓ˵˯ǈǙå Ɨǀɣ˹ǆ ǑƼ ÿ˦Ɂ̇ḧǃå )ɸʌ( ùǃ ʉʪ20 ɉƓǀǈ ǑƼ é˗˲Ȼ Ü

˗ɂ˦˯ḧƙ˦˻ǃå)eutectoid( ˗ɂ˦˯ḧƙ˦˻ǃå ˗ƶɁā hypereutectoid)(  Ɨ ˹ƕ ˝ƑƓ˶Ƥ ˥ǆā Ü
 Ɨ ˹ˮǃå Ǐǃå ǑǃƓ˯ǃƓɁā Ü ˗ɂ˦˯Ḫ˦ƙ˦˻ǃå Ɨ ˹ƕ ǑƼ ÿƓɁā˘ǃå Ɨƪǚƪ Ǒǋ ˔Ǆ˶Ǆǃ ˗ɂ˦˯Ḫ˦ƙā˙ˮ˻ǌǃå

ùǃ Ɨ ƪƓƪǙå )ɸʌ( . 

 )Ɇɜ˵Ǆǃ Ɨɜ ˮ˴ǃå Ɨ˹˻Ƶ ǑƼ2- (æ )ɺʏʐɻ   ƴǆ ɸʌ  ùǃ ʉʪ20 ( íā˗ơ í˦ƞā Ɍơ˦ǃ
 Ǐǃã Ɇ˶ƙ ƗǂƓ˸˴Ⱥ Ɨ Ǆ˶ǃå ˕˻Ƽå̇ ˱ǃå0.02  ĄǄ˸Ƶ Ɠ˸˹ƕ˻ ÜƗɜˮ ǃ˴å Ơɣƪ ɆǆƓḪ ǏǄƵ ʕǆ Ǚ Ɠ

ùǃ ïƓ˵˯ǈǙå Ɨǀˠ˹ǆ ǑƼ ˗ƞ˦ƙ )ɸʌ(  Ɇ˶ Ȼ ̞ɂ̇ƽǃå ˥ǆ Ɋɂ̇Ƭ ÿ˦ɜȻ ̇ǋ̊ǃå ̠ǒ̠ơ ǑƼā Ü
 Ǐǃã Ǌɜ˸ƪ0.05  ˥˻ƕ Ǒǈ˗ƶǆ ɊȺåï ˗ƞ˦ǒ Ǚ Ü ā˗ˮǒ Ɠǆ ǏǄƵ Ü ƗǃƓ˲ǃå ǉ˘ǋ ǑƼā ÜˤǄǆ
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ā ƗƼ˦ƽ˶˸ǃå Ɨɜ ˮƪ)ɸʌ(˛ǆǚ˯ǃå Ơˠƪ ǏǄƵ ˕˻Ƽå̇ ˱ǃå  èåðå̇ Ƽã é˗˲ƙ āÜ ʄʉ-ɸʌ  

.Ɇ˴Ǆ˴˯ǆā ˔ƙ̇ ǆ ɆɜƬ ǏǄƵ 

 

 
           ( æ )                                             (  á  ) 
) Ɇɜ˵ǃå2 (- ) ɏíƓǆ̇ ǃå ˙ǋ̊ ǃå ˥ǆ Ɨ˹˻ƶǃ ˛ǆǚ˯ǃå Ơˠ˴ǃ Ɨɂ̇ ǌ˱˸ǃå Ɨ ˹ˮǃå2  ɆǒƓ˯Ḫ˗ǃå ˗ǒ˗ơā (á
)2 ˔ǄƮ ƴǆ Ü(æ20 ï˦ˠǃ á) ˙ˠǀȺ ˚ɂ̊ ƶ˯ǃå-, Ø5mm  æ- ( Ø 2mm  Ü× 400 

 

çƑƜƑ˭˷˭ƨǗä 
ǃ˸å èƓƪåïí ǏǄƵ ĄßƓ˹ƕƗɂ̇ ǌ˱  ˤƙ Ü Ɠǋâå̇ ƞã ˤƙ Ǒ˯ǃåêƓ˯˹˯ƪå :  ǑƙǙå 

1 ƗƼ˦ƽ˶˸ǃå ˣƑƓ ƪ ñƓƪá ǏǄƵ çð˚ƶǆ Ɨ ḧƑƓ ƪ Ɨ ˹ƕ ǏǄƵ ý˦˶˲ǃå ˗˹Ƶ .)ʄʉ ( Ü 
þå˗˳˯ƪå ˤƛ ˖˻ơ ʏʇɻ, ɺʏʐɻ  (ïƓ˵˯ǈǙå Ɨǀˠ˹ǆ) ýƓǀ˯ǈǙå ɖ˟Ɠ˹ǆ ˕ǈƓḪā  ÿā̠ƕ

.Ɨ˴ǈƓ˱˯ǆ ˙˻ƺǃå ÿíƓƶ˸ǃå ˥˻ƕ þƓ˴ǀǈǙå ƠˠƪǕ Ɨ˲ưåā íā˗ơ 
2 Ɨ ˹ƕ ˥Ƶā ƗƼ˦ƽ˶˸ǃå Ɨɜ ˮƪ Ɨ ˹ƕ ˥Ƶ Ɨ ǃƓǀ˯ǈǙå Ɨǀ ˠǄǃ Ɨɂ̇ ǌ˱˸ǃå Ɨ ˹ˮǃå ɄǄ˯˳ƙ .ɸʌ. 
3 ˣƑƓ ˴ǃ ǑƑƓ ˸ ḧǃå ˔˻Ḫ̇ ˯ǃƓȺ Ɨ ǃƓǀ˯ǈǙå Ɨǀˠ˹˸ǃå ˤ˱ơā Ɨɂ̇ ǌ˱˸ǃå Ɨ ˹ˮǃå ˥ɂ˦ḧƙ ˙ƛƋ˯ǒ .

ā ƗƼ˦ƽ˶˸ǃå ɸʌ ɆƑƓ˴ǃå çïå̇ ơ Ɨƞïíā Ü ʄʉ  Ɋ ƙ̇ ǒ ɏ˘ǃåā Ü Ɨɜ ˮ˴ǃå ˗ɂ̇ ˮƙ ƗƵ̇ ƪā Ü
Ɨ˸ɜȺ ƓĄ˷Ȼá ɸʌ Ɨǆ˗ǀ˸ǃå. 
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˛˱ǂ˶ǁä 
 ƗƞƓ˲ǃå ˗˹Ƶ èǙƓ˲ǃå ˤˢƶǆ ǑƼā ÜǏư̇ ˸ǃå çƓ ơ Ǒ˸˲Ȼ ˔ƪƓ˹˸ǃå ˕ƿ˦ǃå ǑƼ þ˗ǃå ˙Ƽ˦ƙ

 ç˗ƵƓƿ ˙Ƽ˦ƙ þ˗ƶǃ ˣǃî ā í˗˲˸ǃå ˕ƿ˦ǃå ǑƼ ǉ̇ ˻Ƽ˦ƙ ˥ɜ˸Ȼ Ǚ þ˗ǃå Ǐǃã Ǐǃã ý˦Ʈ˦Ǆǃ èƓǈƓ ƕ
ǃå ƗǃƓơ ÿ˦ḧƙ Ɠǆ̠˹Ƶ ƗƮƓƤ ̝ƪƓ˹˸ǃå ̞ƿ˦ǃå ǑƼ ˥ Ƶ˻ˮ̇˯˸ǃå ƗƪƓǆ ƗƞƓ˲Ɂā ç̇ ˻ˠƤ ˞ɂ̇ ˸

þ˗ǃå Ǐǃã ô̇ ˸Ḫ Ɨ˭ɁāǕå ˞ƶȺ ˥ǆ ˥˻ƼƓƶ˯˸ǃå ˥ǆ þ˗ǃå Ɠǆðǚˮǃ ƗƞƓ˲ǃå Ǐǃã ƗƼƓưǗƓȺ Ü
) Ɠǈāï˦ḧǃå ñā˙˻ƼCovid 19 ǃå Ɇ˻ǌ˴˯ǃā (þ˗ǃƓȺ ÷̇ ˮ˯ǃå ǑƼ ˥˻ˮƹå̇ ǃå ˥Ƶ ˖˲ ˖˻ơ Ü
 ˦ ǃå ǉ˘ǋ ǑƼ Ɠ˹˸ƿ þ˗ǃå ǑƵ̇ ˮ˯ǆā ǑƞƓ˯˲ǆ ˥˻ƕ ɆƮå˦˯ǃå Ɇ˻ǌ˴˯ǃ ˗ɂāï˗ǈå ɖ˻ˮˠƙ Ɇ˸ƶȺ Ɨƿï

) ƝǆƓǈ̇ ƕ þå˗˳˯ƪƓȺ ɖ˻ˮˠ˯ǃå å˘ǋ ßƓ˹ˮƕ Ɠ˹˸ƿ ˖˻ơAndroid Studio Ɨƺǃ þå˗˳˯ƪƓɁā (
) ƓƼƓƞ Ɨ˱ǆ̇ ˮǃåJava èƓǈƓ ƕ ç˗ƵƓƿ ǏǄƵ íƓ˸˯ƵǙƓɁā  (Google Firebase ˤ˯ǒ ˖˻ơ  .

ç̠Ƶ ýǚƤ ˥ǆ þ̠Ǆǃ ÷̇ˮ˯˸ǃå ā êƓ˯˲ ǃ˸å ˥ǆ ĄɆḪ ɊɁï  èƓ˸ǃƓɜ˸ǃå Ɇ˰ǆ ýƓ˶ƙå ɆƑƓƪā
 ƝǆƓǈ̇ ƕ Ɇ˰ǆ ˕ǈ̇ ˯ǈǙå ˙ˮƵ ɆƮå˦˯ǃå Ɲǆå̇ ƕ ˙ˮƵ āá ç̇ ƬƓ ˸ǃå Ɨ ʽƙƓǌǃå(Whatsapp) .

 ÷̇ ƪá ǑƼ Ɠǋ̇ ˻Ƽ˦ƙ ˤ˯ǒ ˖˻˲Ⱥ Ɨ˹˻ƶǆ þí ƗǄ˻˶ƽǃ ˔Ǆ˟ ƗƼƓưã Ɨ ǈƓɜǆã ɖ˻ˮˠ˯ǃå ˙Ƽ˦ǒ Ɠ˸ǂ
 ˕ƿāÜ˥ɜ˸ǆ  ñā̇˻ƽǃå ˥ǆ ÿ˦ƼƓƶ˯ǒ ˥ǒ̆ǃåā Ɠǈāï˦Ḫ ñā̇˻Ƽ Ǐư̇ǆ ɊɁï Ǐǃã ƗƼƓưǗƓȺ
Ɠƽ˯ƪǚǃ ˖˲ ǃå ǑƼ ˕ƿ˦ǃå Ɇ˻Ǆǀƙā Ɇ˻ǌ˴ƙ Ǐǃã ɖ˻ˮˠ˯ǃå å˘ǋ ú˗ǌǒ .ˤǌǒ˗ǃ þ˗ǃå Ɠǆðǚƕ ˥ǆ çí
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 ßƓ˵ǈã Ǐǃã ƗƼƓưǗƓȺ .˗˻ƽ˯˴˸ǃåā ÷̇ ˮ˯˸ǃå ˥˻ƕ ɆƮå˦˯ǃå Ɇ˻ǌ˴ƙā ƗɁ˦Ǆˠ˸ǃå þ˗ǃå ƗǄ˻˶Ƽ ˥Ƶ
 ˤǌƽƙå˦ǋ þƓƿïá ǏǄƵ ɖ˻ˮˠ˯ǃå Ǒǆ˗˳˯˴ǆ ƗƿíƓ˶ǆ ÿƓ˸˷ǃ ɖ˻ˮˠ˯ǃå Ǒǆ˗˳˯˴˸ǃ Ɨ ˹ǆá ƗƪƓ ƪ

  .Ɨǃ˦˸˲˸ǃå 
Ƒ˭ƻ˶ǁä çƑ˶ǂḥǁäƕ Ɵ .ý˦˸˲˸ǃå ɄƙƓǌǃå èƓǀ ˮˠƙ Ü þ˗ǃƓȺ ÷̇ ˮ˯ǃå Ü ˗ɂāï˗ǈå ƝǆƓǈ̇ ƕ : 

 
Abstract 
The timely availability of blood protects the lives of patients, and 

in most cases when blood is needed, it cannot be provided on time 

because there is no database to reach the donors in time̪  especially 

when the patient's condition is in danger, in addition to Corona 

Virus (Covid 19) patients who are looking for blood plasma from 

recovered people. Where in this paper we made an Android 

application to facilitate communication between the needy of 

blood and blood donors, as we built this application using 

(Android Studio) using the Java programming language (java) and 

based on Google Firebase. Where the needy and the blood donor 

are connected through many communication technologies such as 

direct phone calls or online communication programs such as 

WhatsApp. The application also provides the ability to add a 

request for blood type so that it is provided as quickly as possible ̪

In addition to linking patients with the Coronavirus and those 

recovering with the virus to benefit from their blood plasma.  This 

application aims to facilitate and reduce the time in the search for 

the required blood type and facilitate communication between the 

donor and the beneficiary. In addition to creating a security policy 

for the users of the application to ensure that the users of the 

application authenticate their mobile phone numbers. 

 

1. ƕǄ˕ƾ˶ǁä 
) þ˗ǃå ˣ˹ƕ āá þ˗ǃå ú̇ ˶ǆBlood bank(  ʕ˯ǒ Ǒ˯ǃåā Ü ǊƙƓǈ˦ɜǆā þ̠ǃå Ɍƽơ ÿ̊ ǆ˳ ˦ǋ

 Ɠǌǆå˗˳˯ƪǙ Ɠǌ˻ǄƵ ɋƓƽ˲ǃåā ǊƙƓǈ˦ɜǆā þ˗ǃå ˥ɂ̊ ˳ƙā ƴ˸ƞ ˤ˯ǒ îã Ü ˥˻Ƶ̇ ˮ˯˸ǃå ˥ǆ Ɠǌƶ˸ƞ
 ǑƼ ʕ˴ ƿ Ǐǃã "þ̠ǃå x ƕ˹" ƠǄɣ˶ ǆ ̇˻˵ɂā .þ̠ǃå Ɇǀǈ ̝ Ǆɣ˯ƙ Ǒ˯ǃå èƓǄ˸ƶǃå ǑƼ ƓĄǀơǙ
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Ɠ ˯ƤǙå ßå̇ ƞã ˤ˯ǒ ÿá ˗ƶȺ ǊƙƓ˱˯˹ǆā þ˗ǃå ˥ɂ̊ ˳ƙ ˤ˯ǒ ˖˻ơ èƓ ʽ˵˯˴˸ǃå ˗˲Ǆǃ Ɨǆðǚǃå èåï
) þ˗ǃå Ɇǀ˹ƕ ƗǀǄƶ˯˸ǃå ˙˟Ɠ˳˸ǃå ˥ǆ1.( 

 ÜƗǆ˦˻ǃå Ɠ˹ƙƓơ ǑƼ Ǌ˹Ƶ ßƓ˹ƺ˯ƪǙå ˥ɜ˸Ȼ Ǚ Ąå̇ǆá Ɠƞ˦ǃ˦˹ḧ˯ǃå ̞ Ʈ˲á ǑǃƓ˲ǃå Ɠǈ̇˶ Ƶ ǑƼā
)  Ɨ Ǆ˸ƶǃå ǉ˘ǋ ðƓ˱ǈå ǑƼ Ɠǌ˯˻ǃƓƶƼ þ˗ǃƓȺ ÷̇ ˮ˯ǃå èƓǀ ˮˠ˯Ḫ Ɨ˰ǒ˗˲ǃå èƓ ˹ǀ˯ǃå ˕˯ˮƛå ˗ǀǃā2.( 

ƙ Ɨ ǈƓɜǆå Ɨƿï˦ǃå ǉ˘ǋ ǑƼ ýāƓ˹˯˹ƪ ˖˻ơ ǏǄƵ Ɇ˸ƶȻ ɖ˻ˮˠƙ ýǚƤ ˥ǆ .èƓ ˹ǀ˯ǃå ǉ˘ǋ ˙˻˴
 ɖɂ̇ ˟ ˥Ƶ āá ç̇ ƬƓ ǆ ɄƙƓǌǃƓȺ ýƓ˶ƙǙå ɖɂ̇ ˟ ˥Ƶ þ˗ǃƓȺ ÷̇ ˮ˯˸ǃåā þ˗Ǆǃ êƓ˯˲˸ǃå ˥˻ƕ ɊɁ̇ ǃå
 ˤ˯ǒ ˤǃ þí ƗǄ˻˶Ƽ ˔Ǆ˟ Ɨ ǈƓɜǆã ɖ˻ˮˠ˯ǃå å˘ǋ ˙Ƽ˦ǒ ˖˻ơ .˕ǈ̇ ˯ǈǗå ˙ˮƵ ýƓ˶ƙǙå Ɲǆå̇ ƕ

ǗƓȺ þ˗Ǆǃ ˥˻ƞƓ˯˲˸ǃå Ɇˮƿ ˥ǆ ˥˻Ƶ̇ ˮ˯˸ǃå Ɨ˸ƑƓƿ ǑƼ Ɠǌ˻ǄƵ ý˦˶˲ǃå ǏǄƵ ˥˻˰ơƓ ǃå Ǐǃå ƗƼƓư
) Ɠǈāï˦ḧǃå ñā˙˻Ƽ ô̇ ǆ ˥ǆ ˥˻ƼƓƶ˯˸ǃå ˥ǆ þ˗ǃå ƠƑƓƽƮCovid 19 úā˙ƶ˸ǃå ˥ǆā .(

 þƓƵ ǑƼ Ǌǈå2020 ) Ɠǈāï˦Ḫ ñā˙˻Ƽ ëƓ˯ƞå ÜCOVID- 19 í˗ǌǒ Ơ Ʈåā ǉ̇ ƪƋȺ ˤǃƓƶǃå (
) ˤǃƓƶǃå ßƓ˲ǈå ƴ ˸ƞ ǑƼ ñƓ˹ǃå3 ˥ɜ˸Ȼ Ǚ ˖˻ơ èƓǈƓ ˮǃå Ɨ ˹ǆƋȺ ɖ˻ˮˠ˯ǃå ˚˻˸˯ɂā .(

 Ɇǒ˗ƶ˯ǃå þ˗˳˯˴˸Ǆǃ .þå˗˳˯ƪǙå Ɨǃ˦ǌƪ ˣǃ˘Ḫā Ü ɄƙƓǌǃå ˤƿï ƗǀȺƓˠǆ ˗ƶȺ Ǚã ǊƙƓǈƓ ƕ ǏǄƵ 
 

2. ˔˰ ǁä ƕǂɚ˳Ǆ 
¶  ˥˻ƞƓ˯˲ǆ ˥Ƶ ˖˲ ǃå āá þí ƗǄ˻˶Ƽ ˥Ƶ ˖˲ ǃå ǑƼ ˗ǌ˱ǃåā ˕ƿ˦ǃå ˥ǆ ˙˻˰ḧǃå ÷Ɠ ư

þ˗Ǆǃ. 
¶ ƗɁ˦Ǆˠ˸ǃå þ˗ǃå ƗǄ˻˶Ƽ íƓ˱Ȼã ƗɁ˦ƶƮ. 
¶ þ˗Ǆǃ ˥˻ƞƓ˯˲˸ǃå óƓ˳ƬǕƓȺ ƗȻåï˗ǃå þ˗Ƶ. 
¶ ˥˻ƼƓƶ˯˸ǃå óƓ˳ƬǕå ǏǄƵ ï˦˰ƶǃå ƗɁ˦ƶƮ  ñā˙˻Ƽ ô̇ ǆ Ɇ˰ǆ Ɨ˭ɁāǙå ˞ƶȺ  ˥ǆ

) Ɠǈāï˦ḧǃåCovid 19 Ǐư̇ ǆ êǚƶǃ ˤǌƕ ƗƮƓ˳ǃå þ˗ǃå Ɠǆðǚƕ ˥ǆ çíƓƽ˯ƪǚǃ ˣǃîā (
.ô̇ ˸ǃå å˘ǋ 

3. ƕƾȸƑ˲ǁä çƑƨäî˕ǁä 
) Ɨƿï˦ǃå ǉ˘ǋ ǑƼ4 ˥˻ƕ ɊɁ̇Ǆǃ ̠ɂāï̠ǈá ɖ˻ˮ ƙɣ ˦ǋā Ɏ˦˹˻ǈ ǑƼ þ̠ǃå xƕ˹ ɖ˻ˮ ƙɣ ̇ɂ˦ɣƙ ʕƙ  (

 þ̠ǃå ̝ǃƓɣǃ ˥ɜ˸Ȼ .ûå̇ƶǃƓȺ Ɏ˦˹˻ǈ ƗsƼƓ˲ǆ ǑƼ ÿ˦˵́Ȼ ˥ǒ̆ǃå þ̠ǃå ǑˮǃƓ˟ā þ̠ǃå Ǒ˲ǈƓǆ
 ç̇ ƬƓ ǆ ˤǌƕ ýƓ˶ƙǙåā þ˗ǃå ƗǄ˻˶Ƽ ˛ƽǈ ˤǌǒ˗ǃ ˥ǒ˘ǃå ˥˻Ƶ̇ ˮ˯˸ǃå ƴ ˸ƞ Ɨ˸ƑƓƿ ˥ǆ ˖˲ ǃå

)  ɖ˻ˮ ƙɣ Ɛ˵ ǒ˹ .̟ǃƓƛ ú̇  ˟ɏá ɆƤ̠ƙ ÿāíNINEVEH BLOOD Ǒ˶˳˵ǃå ɄǄ˸ǃå (
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) èƓǈƓ ƕ ç˗ƵƓƿ ýǚƤ ˥ǆ ˔ǃƓˠǃå / ƠǈƓ˸ǄǃGOOGLE FIREBASE 
REALTIME.( 

) Ɠ ˮ˻ǃ þ˗ǃå ˣ˹ƕ ɖ˻ˮˠƙ5 (I ƴƿ˦ǆ ǏǄƵ í˦ƞ˦ǆ ˗ɂāï˗ǈå ɖ˻ˮˠƙ ˥Ƶ çïƓ ʸ ˦ǋ
GooglePlay  ÿ˗˸ǃå ɄǄ˯˳ǆ ˥ǆ þ˗ǃƓȺ ˥˻Ƶ̇ ˮ˯˸ǃå úǙà ˥Ƶ ˖˲ ǃå ǊǃǚƤ ˥ǆ ƴ ˠ˯˴ƙ

 þ˗ǃå ɆƑƓ˶Ƽ ɄǄ˯˳ǆā Ɠ ˮ˻ǃ ǑƼ ýƓƪïɀā ˥ɂ̇ ƤǓå ç˗ƵƓ˴˸ǃ ÷̇ ˮ˯˸Ḫ ˣ˴ƽǈ ƗƼƓưã ˣ˹ɜ˸Ȼ ā
 ý˦Ʈ˦ǃå ˥ǆ þ˗Ǆǃ ˥˻ƞƓ˯˲˸ǃå óƓ˳ƬǙå ǏǄƵ Ɇ˻ǌ˴˯Ǆǃ ˣǃîā ÷̇ ˮ˯ǃå èƓ Ǆ˟ ýƓ ʿ˯ƪåā
 Ɨɂ˦ǋ ˥ǆ ɖǀ˲˯ǃå ˥˸˷ƙ Ǒ˯ǃå ÿƓǆǙå ɆƑƓƪ˦ǃ ˙ǀ˯ƽȻ  ˥ḧǃā ˙˴ɂā Ɨǃ˦ǌƪ ɆɜȺ ˥˻Ƶ̇ ˮ˯˸Ǆǃ

ƓƤ í˗Ƶ ˥ǆ ɖǀ˲˯ǃå āå ç̇ ˠ ˴ǃå þ˗Ƶ Ǐǃå ƗƼƓưǗƓȺ þ˗Ǆǃ ˥˻Ƶ̇ ˮ˯˸ǃå Ʉƙå˦ǌǃå þƓƿïå èƓǈ
 èƓǈƓ ƕ ǑƼ ˙˻˻ƺƙā ˔Ƶǚ˯ǃå ˥ǆ þ˗˳˯˴ǆ ɏǕ ˥ɜ˸Ȼ ˖˻ơ ˥˻ǆ˗˳˯˴˸Ǆǃ ƗǄƤ˗˸ǃå

.˥˻Ƶ̇ ˮ˯˸ǃå 

4. ƕ ˲ Ə˗ǁä ƕ˶ǉƑ˲˶ǁä 
 þ˗ǃå ǑƵ̇ ˮ˯ǆā ǑƞƓ˯˲ǆ ˥˻ƕ ɆƮå˦˯ǃå Ɇ˻ǌ˴˯ǃ ˗ɂāï˗ǈå ɖ˻ˮˠƙ Ɇ˸ƶȺ Ɠ˹˸ƿ Ɨƿï˦ǃå ǉ˘ǋ ǑƼ

) ƝǆƓǈ̇ ƕ þå˗˳˯ƪƓȺ ɖ˻ˮˠ˯ǃå å˘ǋ ßƓ˹ˮƕ Ɠ˹˸ƿ ˖˻ơAndroid Studio˯ƪƓɁā ( Ɨƺǃ þå˗˳
) ƓƼƓƞ Ɨ˱ǆ̇ ˮǃåJava èƓǈƓ ƕ ç˗ƵƓƿ ǏǄƵ íƓ˸˯ƵǙƓɁā  (Google Firebase . 

  ÷ǚ˟Ǚå ˣǃ˘Ḫā ɖ˻ˮˠ˯ǃå Ơ˯Ƽ í̇ ˱˸Ⱥ þ˗ǃå ǑƵ̇ ˮ˯ǆ ƴ ˸˱Ⱥ Ɨ˸ƑƓƿ Ɨɂâï ɖ˻ˮˠ˯ǃå Ơ ˯ǒ ˖˻ơ
) Ɠǈāï˦ḧǃå ñā˙˻Ƽ ˥ǆ ˥˻ƼƓƶ˯˸ǃå Ɨ˸ƑƓƿā çí˗˲ǆ ƗǄ˻˶ƽǃ þ˗ǃå èƓ Ǆ˟ Ɨ˸ƑƓƿ ǏǄƵCovid 

19˖˲ ǃå Ɨ Ǆ˸Ƶ Ɇ˻ǌ˴ƙ ˤƙā (  ÿƓḪ ƗǃƓơ ǑƼā .þ˗ǃå ƗǄ˻˶Ƽ ˔˴ơ ˖˲ ǃå Ɨ ǈƓɜǆƎȺ ˣǃîā
 ÷̇ ˮ˯ǆ) Ɨ ǃƓ˯ǃå èƓƽ˶ǃå ˗ơå ïƓ˯˳Ȼ ÿå ˥ǆ ˗ƕǚƼ ɖ˻ˮˠ˯ǃå ǑƼ Ɇ˻˱˴˯ǃå ˗ɂ̇ ǒ ˗ǒ˗ƞ þ˗˳˯˴ǆ
 ç̊ ˻ǆ ƗƼƓưå ˤƙ ˖˻ơ ǊȺ óƓƤ ɄƙƓǋ ˤƿï ˣǄ˸Ȼ ÿåā (Ɠǈāï˦Ḫ ǑƼƓƶ˯ǆ āå ƗǄ˻˶Ƽ ˔Ǆ˟ āå

ƕ Ɨǆ˗˳ǃå ˥˻˴˲ƙ ǑƼ ˤǋƓ˴ƙ Ǒ˯ǃå þ˗˳˯˴˸ǃå Ɨɂ˦ǋ ˥ǆ ɖǀ˲˯Ǆǃ ˥˻ƞƓ˯˲˸ǃå ā ˥˻Ƶ̇ ˮ˯˸ǃå ˥˻
 Ɨ˯ƪ ˥ǆ ÿ˦ḧ˯ǒ ʕƿï ǏǄƵ ɏ˦˯˲ƙ Ɨ˶ ǈ ƗǃƓƪï ýƓƪïƎȺ xǃîā ç̊˸˻ǃå ǉ̆ǋ ƗƼƓưƎȺ Ɠ˹˸ƿ ̟ ơ˻
 ɄƙƓǌǃå ˤƿï Ɨ ḧǄǆ ˥ǆ ˗ǂƋ˯Ǆǃ ˣǃîā ɖ˻ˮˠ˯ǃå þ˗˳˯˴˸ǃ ǑƑå˦˵Ƶ Ɇɜ˵Ⱥ ǉ˗˻ǃ˦ƙ ˤ˯ǒ èƓǈƓƤ
 ˥˻Ƶ̇ ˮ˯˸ǃå üå̇ ˯ƬǙå êî˦˸˹ǃ ƗǄƤ˗˸ǃå èƓǈƓ ˮǃå Ɨ˲Ʈ ˥ǆ ɖǀ˲˯ǃå Ǐǃå ƗƼƓưǗƓȺ ˝˳˵Ǆǃ

ā  ƗǈƓƤ ǑƼ úā˙˲ǃå ýƓƤíǗ Ơ˸˴Ȼ Ǚā ɄƙƓǌǃå èƓǈƓƤ í˗Ƶ ˥ǆ ɖǀ˲˯ǃå Ɇ˰ǆ ˥˻ƞƓ˯˲˸ǃå
 èƓȺƓ˴ơ èƓǈƓ ƕ ǏǄƵ Ɇǒ˗ƶ˯ǃƓȺ ëƓ˸˴ǃå þ˗Ƶ ƗƼƓưǗƓȺ ýƓ˰˸ǃå Ɇ˻ˮƪ ǏǄƵ ɄƙƓǌǃå
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 ǊȺ ƗƮƓ˳ǃå èƓǈƓ ƕ ǏǄƵ Ɇǒ˗ƶ˯ǃå Ɨ ơǚƮ Ǌǃ ɊǀƼ æƓ˴˲ǃå ˣǄ˸Ȼ ˥˸ǃ Ǚå ˥˻ǆ˗˳˯˴˸ǃå
.æƓ˴˲ǃå Ɨ ḧǄǆ Ɨ˲Ʈ ˥ǆ ˗ǂƋ˯ǃå ˗ƶȺ ˣǃîā 

1.4 ƕ ƓƑ˰˲ǁä ƕ ƨˤ˰ǁä 
 ˥ǆ èƓǈƓ ˮǃå ˥ɂ̊ ˳˯Ḫ Ɨ Ɂ˦ƪƓ˲ǃå Ɨ˸ˢǈǖǃ íïå˦˸ǃå ˞ƶȺ ˙˻Ƽ˦˯ƕ Ɨ ƕƓ˲˴ǃå Ɨ ƪ˦˲ǃå þ˦ǀƙ

) Ɨɜ ˵ǃå ˙ˮƵ ˔Ǆˠǃå ˗˹Ƶ Ɨǆ˗Ƥ ýǚƤ6 Ɨǆ˗Ƥ þå˗˳˯ƪå ˤ˯ǒ .(Firebase  Google 
) Ɨǆ˗Ƥ Ǒǋā þíƓ˳Ḫ Ɇ˸ƶƙ ɏá Ɨ ʽǄ˳Ḫ Ɇ˸ƶƙ Ɨǆ˗˳ǂBackend- as- a- Service 

(BaaS  ƓǌƙƋ˵ǈá Ǒ˯ǃåGoogle  ǑƼ2014 ) ǏǄƵ Ɇ˸ƶƙāGoogle Cloud 
Platform) (6 Ǐǃã ç̠˹˯˴˸ǃå èƓǈƓˮǃå ç̠ƵƓƿ ÿ˦ḧƙ ̟ ơ˻ .(NoSQL  Ɇ˸ƶƙ Ǒ˯ǃåā

) Ɨ ʿƑǚƶǃå èƓǈƓ ˮǃå ˗Ƶå˦ƿ çïåíã ˥Ƶ ɄǄ˯˳ǆ þ˦ǌƽ˸Ⱥrelational database Ǚ ˖˻ơ  (
 ˥ƑƓɜḪ èƓǈƓ ˮǃå ˥ɂ̊ ˳ƙ ˤ˯ɂā ýāå˗˱ǃå ˥˻ƕ ç̇ ƬƓ ǆ èƓƿǚƵ ˗ƞ˦ǒJSON  "ƓĄƙåî ú˦Ʈ˦ǆ"

)7.( 
) ǑǄƶƽǃå ˕ƿ˦ǃå èƓǈƓ ˮǃå ç˗ƵƓƿ þå˗˳˯ƪå ˤ˯ǒReal Time DataBase Ɠǋ̇ Ƽ˦ƙ Ǒ˯ǃå  (

Firebase  Ɇɜ˵Ⱥ ˥˻ǆ˗˳˯˴˸ǃå ƴ ˸˱ǃ èƓǈƓ ˮǃå ƗḪïƓ˵ǆ ç˗ƵƓǀǃå ǉ˘ǋ ƓȻå̊ ǆ  ˥ǆ ˖˻ơ
 ý˦Ḫ˦ƙā˙ƕ  þå˗˳˯ƪƓȺ ˣǃîā  ýƓƶƼā ƴɂ̇ ƪWebSocket  þ̠˳ ˯˴Ĉƙ ̟ ơ˻ èƓǈƓˮǃå Ɇǀǈ ǑƼ

ɏ˘ǃå (ǑǄƶƽǃå ˕ƿ˦ǃå) ç˗ƵƓǀǃå ǉ˘ǋ  ǉ̇ Ƽ˦ǒFirebase  Ü ˥˻ơƓ˯˸ǃå ˥˻Ƶ̇ ˮ˯˸ǃå Ɨ˸ƑƓƿ ˥ɂ̊ ˳˯ǃ
)   Ɠǈāï˦ḧǃå ñā˙˻Ƽ ˥ǆ ˥˻ƼƓƶ˯˸ǃƓȺ Ɨ˸ƑƓƿ Ǐǃå ƗƼƓưǗƓȺ ˥˻ƞƓ˯˲˸ǃå èƓ Ǆ˟āCovid 

19 Ɨ˹ǆå̊˸ǃå ƗǄ˸Ƶ ÿ˦ḧƙ ā þíƓ˳ǃåā Ɇ˻˸ƶǃå ˥˻ƕ ǉƓ˱ƙǙå ƗƑƓ˹ƛ ýƓ˶ƙå çƓ˹ƿ ̇˻Ƽ˦˯ƕ xǃîā .(
 ǑƼWebSocket  ßƓƵ˗˯ƪå ˥ǆ ÷̇ ƪáHTTP Ɠ˵ǈã ˔Ǆˠ˯ƙ Ǚā ç˗ǒ˗ƞ ýƓ˶ƙå Ɨ˴Ǆƞ ß

 ˥ǆ ˛ɜƶǃå ǏǄƵ .þíƓ˳ǃå ā Ɇ˻˸ƶǃå ˥˻ƕ ýƓ˶ƙǙå ßƓ˹ƛá ç̇ ǆ ɆḪ ǑƼHTTP  ˔Ǆˠ˯ǒ ɏ˘ǃå
 ˔Ǆ˟ ßƓ˵ǈãHTTP ) èƓǈƓ ˮǃå ˖ǒ˗˲ƙ Ɠǌ˻Ƽ ˤ˯ǒ ç̇ ǆ ɆḪ ǑƼ8.( 

5.  ýƑˠ˷ǁä ˢ ˶˴ƗĀ Ʉ˹ǂ˰Ɨ 
 Ɨ Ǆɜ ˀ æƓƶ ˯ƪåā ˤǌƼ ǏǄƵ Ɠǈ˗ƵƓ˴ƙ Ǒ˯ǃå èåāíǕå ˥ǆ Ɠ˷ƶȺ þ˗˳˯˴˹ƪ ß̊ ˱ǃå å˘ǋ ǑƼ

Ɨ ʽ Ḫā ɖ˻ˮˠ˯ǃå .þƓˢ˹ǃå ɆƤåí èƓ Ǆ˸ƶǃå ˙˻ƪ 
1.5 ýä˕˱˭ƨǗä çǗƑƟ Ɉ˞˱Ǆ 
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 Ɇ˰˸Ĉƙ ̟ ơ˻ þƓs˹ǃå ƴǆ þ̠˳ ˯˴˸ǃå èǚƵƓƽ˯ǃ ô Ƶ̇ Ɋ˴Ⱥá ˦ǋ þå̠˳ ƪ˯Ǚå ƗǃƓơ Ɋɣ ǆ˳
 ˥˻ƕ èƓƿǚƶǃå ô̇ ƶȻ ˦ǋā ÜƗɂāƓ˷ ƕ ýƓɜƬá āá ˙Ƒåāí ɆɜƬ ǏǄƵ þå˗˳˯ƪǙå èǙƓơ

å Ɋˠ˳˸ǃ ˥ɜ˸Ȼ .Ɠǌ˻Ƽ üïƓ˵Ȼ Ǒ˯ǃå ƗƽǄ˯˳˸ǃå þå˗˳˯ƪǙå èǙƓơā þ˗˳˯˴˸ǃå Ɠ˷Ȼá þå˗˳˯ƪǙ
  .ƗƽǄ˯˳˸ǃå þå˗˳˯ƪǙå èǙƓơā ˥˻ǆ˗˳˯˴˸ǃå ÷å˦ǈá ô̇ ƶȻ ÿá 

: þƓˢ˹ǃå ǑƼ Ɠǌǆå˗˳˯ƪå ˤƙ Ǒ˯ǃå þå˗˳˯ƪǙå èǙƓơ èƓˠˠ˳ǆ ǑǄǒ Ɠ˸ ʼā 
¶ :þ˗˳˯˴˸Ǆǃ þå˗˳˯ƪǙå èǙƓơ Ɋˠ˳ǆ 

) Ɇɜ˵ǃå ǑƼ1 ô̇ Ƶ ɖ˻ˮˠ˯ǃå Ǌǃ Ơ ˯ǒ ˖˻ơ ɖ˻ˮˠ˯ǃå þ˗˳˯˴ǆ þå˗˳˯ƪå èǙƓơ Ơư˦ǒ (
 ô̇ Ƶ ā ˥˻Ƶ̇ ˮ˯˸ǃå èƓǈƓ ƕ ô̇ Ƶ Ǐǃå ƗƼƓưǗƓȺ ƗƽǄ˯˳˸ǃå þ˗ǃå ɆƑƓ˶ƽǃ èƓ Ǆˠǃå èƓǈƓ ƕ

) Ɠǈāï˦Ḫ ñā˙˻Ƽ ˥ǆ ˥˻ƼƓƶ˯˸ǃå èƓǈƓ ƕCovid 19.( 
 

 
) ɆɜƬ1þ˗˳˯˴˸Ǆǃ þå˗˳˯ƪǙå èǙƓơ Ɋˠ˳ǆ ( 

 
¶  :÷̇ ˮ˯˸Ǆǃ þå˗˳˯ƪǙå èǙƓơ Ɋˠ˳ǆ 

) Ɇɜ˵ǃå ǑƼ2 èƓǈƓ ƕ ô̇ Ƶ ɖ˻ˮˠ˯ǃå Ǌǃ Ơ ˯ǒ ˖˻ơ ÷̇ ˮ˯˸ǃå þå˗˳˯ƪå èǙƓơ Ơư˦ǒ (
ưå ā ˥˻Ƶ̇ ˮ˯˸ǃå .ǊƙƓǈƓ ƕ ú˘ơ Ǐǃå ƗƼƓưǗƓȺ ǊƙƓǈƓ ƕ ǏǄƵ Ɇǒ˗ƶ˯ǃåā ÷̇ ˮ˯˸Ḫ Ǌ˴ƽǈ ƗƼƓ 
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) ЭЫІ2 Ϥъϝϲ БГϷв (аϜϹϷϧЂъϜ ИϽϡϧгЯЮ  

¶ : þ˗Ǆǃ ˔ǃƓˠǃ þå˗˳˯ƪǙå èǙƓơ Ɋˠ˳ǆ 
) Ɇɜ˵ǃå ǑƼ3 èƓǈƓ ƕ ô̇ Ƶ ɖ˻ˮˠ˯ǃå Ǌǃ Ơ ˯ǒ ˖˻ơ þ˗ǃ ˔ǃƓˠǃå þå˗˳˯ƪå èǙƓơ Ơư˦ǒ (

 þƓƿ ɏ˘ǃå ˔Ǆˠǃå ú˘ơ ā Ǌ Ǆ˟ ǏǄƵ Ɇǒ˗ƶƙ ā çí˗˲ǆ ƗǄ˻˶ƽǃ ˔Ǆ˟ ƗƼƓưå ā ˥˻Ƶ̇ ˮ˯˸ǃå

  .Ǌ˯ƼƓưƎȺ 
) ЭЫІ3 Ϥъϝϲ БГϷв (аϜϹϷϧЂъϜ Ϝ ϟЮϝГЮаϹЮ  

¶  :Ɠǈāï˦ḧǃå ǑƼƓƶ˯˸ǃ þå˗˳˯ƪǙå èǙƓơ Ɋˠ˳ǆ 
) Ɇɜ˵ǃå ǑƼ4Ơư˦ǒ (  ɖ˻ˮˠ˯ǃå Ǌǃ Ơ ˯ǒ ˖˻ơ Ɠǈāï˦Ḫ ñā˙˻Ƽ ǑƼƓƶ˯˸ǃ þå˗˳˯ƪå èǚơ

) Ɠǈāï˦Ḫ ñā˙˻Ƽ ˥ǆ ˥˻ƼƓƶ˯˸ǃå ƴ ˸ƞ èƓǈƓ ƕ ô̇ ƵCovid 19 ƗƼƓưå ˥ɜ˸Ȼ Ɠ˸Ḫ (
  .Ɠǈāï˦Ḫ ǑƼƓƶ˯ǆ ú˘ơ Ǐǃå ƗƼƓưǗƓȺ ǏƼƓƶ˸ǃå èƓǈƓ ƕ ǏǄƵ Ɇǒ˗ƶ˯ǃå ā  Ɠǈāï˦Ḫ ǑƼƓƶ˯ǆ 



 

ϸϹЛЮϜ 26 

 Volume 26 
 

International Science and 

Technology Journal 

ϣузЧϧЮϜм анЯЛЯЮ ϣуЮмϹЮϜ ϣЯϯгЮϜ 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
ЮЯϣЯϮв  ϣтЮмϸЮϜϣтжЧϦЮϜм амЯЛЯЮ 

 

Copyright © ISTJ   нр 

 

 
) ЬЪІп Ϥъϝϲ АА϶в (аϜϸ϶ϦЂъϜ сТϝЛϦвЮ ЀмϼтТ дмϼмЪЮϜ 

 
2.5 çƑǆƑ ˬǁä æ˕ƳƑƽ üĀä˕Ɯ ˢ ˶˴Ɨ 

 ýā˗˱ǃå Ơư˦ǆ Ɠ˸Ḫ Ǒǋā èƓǈƓ ˮǃå ç˗ƵƓƿ ǑƼ ƓǌƑƓ˵ǈå ˤƙ Ǒ˯ǃå ýāå˗˱ǃå Ơư˦ǈ ǑǄǒ Ɠ˸ ʼ
)1) ýā˗˱ǃå ā ˥˻Ƶ̇ ˮ˯˸ǃå èƓǈƓ ˮǃ Ɨǆ˗˳˯˴˸ǃå ý˦ǀ˲ǃå Ơư˦ǒ ýā˗ƞ (2 Ơư˦ǒ ýā˗ƞ (

) ýā˗˱ǃå ā èƓ Ǆˠǃå èƓǈƓ ˮǃ Ɨǆ˗˳˯˴˸ǃå ý˦ǀ˲ǃå3 Ɨǆ˗˳˯˴˸ǃå ý˦ǀ˲ǃå Ơư˦ǒ ýā˗ƞ (
Ɠ ˮǃ) Ɠǈāï˦Ḫ ñā˙˻Ƽ ˥ǆ ˥˻ƼƓƶ˯˸ǃå èƓǈCovid 19.( 
 

ЬмϹϮ )1 (еуКϽϡϧгЮϜ ЬмϹϮ 

Ʉƾ˰ǁä ˢƨâ Ʉƾ˰ǁä ɂƬĀ çƑǆƑ ˬǁä öʕ ǆ çƑǆƑ˱ǁä ì˕Ƴ ˕˹ƾǁä 
Phone ɄƙƓǌǃå ˤƿï Integer 10 PK 
Btype þ˗ǃå ƗǄ˻˶Ƽ String 3  
Ltime ÷̇ ˮƙ ˙Ƥà Date 20  
Ctype ýƓ˶ƙǙå ƗǄ˻ƪā Integer 1  
Ctime ýƓ˶ƙǙå ˕ƿā String 20  
Today Ɇ˻˱˴˯ǃå ˕ƿāā ƣɂïƓƙ Date & Time 30  
 

ЬмϸϮ )н (ϤϝϠЯАЮϜ ЬмϸϮ 
Ʉƾ˰ǁä ˢƨâ Ʉƾ˰ǁä ɂƬĀ çƑǆƑ ˬǁä öʕ ǆ çƑǆƑ˱ǁä ì˕Ƴ ˕˹ƾǁä 
Ophone ɄƙƓǌǃå ˤƿï Integer 10 PK 
Obtype þ˗ǃå ƗǄ˻˶Ƽ String 3  
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Odtype ÷̇ ˮ˯ǃå ÷˦ ǈ String 20  
Octype ýƓ˶ƙǙå ƗǄ˻ƪā Integer 1  

Oaddress Ɨǀˠ˹˸ǃå String 30  
Onote èƓˢơǚǆ String 60  
Otoday Ɇ˻˱˴˯ǃå ˕ƿāā ƣɂïƓƙ Date & Time 30  
 
ЬмϹϮ )3 (ϝжмϼнЫЮϜ ев еуТϝЛϧгЮϜ ЬмϹϮ 

Ʉƾ˰ǁä ˢƨâ Ʉƾ˰ǁä ɂƬĀ çƑǆƑ ˬǁä öʕ ǆ çƑǆƑ˱ǁä ì˕Ƴ ˕˹ƾǁä 
Cphone ɄƙƓǌǃå ˤƿï Integer 10 PK 
Cbtype þ˗ǃå ƗǄ˻˶Ƽ String 3  
Chtime ßƓƽ˵ǃå ƣɂïƓƙ Date 20  
Cctype ýƓ˶ƙǙå ƗǄ˻ƪā Integer 1  
Cctime ýƓ˶ƙǙå ˕ƿā String 20  
Ctoday Ɇ˻˱˴˯ǃå ˕ƿāā ƣɂïƓƙ Date & Time 30  

6. ɔ˹ˬ˞˭ǁä ƛƏƑ˭ǆĀ ˖˹ƻ˷Ɨ 
 Ɠǌƕ þ˦ǀȻ Ǒ˯ǃå ë̇ ˯ǀ˸ǃå ɖ˻ˮˠ˯ǃå èƓǌƞåā ɄƑƓˡā ˤˢƶǆ ôå̇ ƶ˯ƪå ǑǄǒ Ɠ˸ ʼ ˤ˯ǒ ú˦ƪ

 ˘˻ƽ˹˯ǃå Ɨ Ǆ˸Ƶ ˕˸ƙ ˖˻ơ ɖ˻ˮˠ˯ǃå) ˙ɂ˦ˠ˯ǃå Ɨ˭˻ƕ þå˗˳˯ƪƓȺAndroid Studio (
) èåāíå ƗƵ˦˸˱ǆ ǏǄƵ íƓ˸˯ƵǙƓȺSDK  Software Development Kit Ǒǋā (

 ˥ǆ ˥ɂï˦ɣ ǃ˸å ˥Ċɜ˸ƙ èåāíá ƗƵ˦˸ ǆ˱ ˥Ƶ çïƓy Ǒǋā Ɲǆå̇ˮǃå ̇ɂ˦ɣƙ ƗƵ˦˸ ǆ˱ Ǒ˹ƶƙ
 Ɇ˻ƺ˵˯ǃå þƓˢ˹ǃ èƓǀ ˮˠƙ ßƓ˵ǈãAndroid èƓǀ ˮˠƙ ßƓ˵ǈǗ ƗɁ˦Ǆˠ˸ǃå èƓ ˯ɜ˸ǃå ˥˸˷˯ǒ .

Android  ˙Ƽ˦ƙ ā èƓǀ ˮˠ˯ǃå Ɨ˱ǆ̇ ƕ èƓǌƞåāā Ü ǑǂƓ˲ǆā Ü ßƓˠƤá Ơ˲˶ǆā Ü
 èƓǈƓ ƕ ç˗ƵƓƿ ƴǆ ɆƮå˦˯Ǆǃ ɄƑƓˡ˦ǃå ˥ǆ ƗƵ˦˸˱ǆFireBase  ƗḪ̇ Ƭ Ɠǋ̇ Ƽ˦ƙ Ǒ˯ǃå

Google )4.( 
) Ɇɜ˵ǃå ǑƼ Ơư˦ǆ Ɠ˸Ḫ Ǒǈå˦ƛ ç˗ƶǃ ˔˻ơ̇ ˯ǃå ƗƬƓƬ ˙ǌˢƙ ú˦ƪ ɖ˻ˮˠ˯ǃå Ơ˯Ƽ ˗˹Ƶ5 ˤƛ (

) Ɇɜ˵ǃƓȺ Ơư˦ǆ Ɠ˸Ḫ ˥ Ƶ˻ˮ̇˯˸ǃå ƗƬƓƬ Ơ˯ƽąƙ6 ǏǄƵ ˖˲ ǃå ƓǌǃǚƤ ˥ǆ ˥ɜ˸Ȼ Ǒ˯ǃå (
 ýƓƪïå āå ǑƽƙƓǌǃå ýƓ˶ƙǙƓȺ Ɠǆå ÷̇ ˮ˯˸ǃå ƴǆ ç̇ ƬƓ ǆ ɆƮå˦˯ǃå ˥ɜ˸Ȼ Ɠ˸Ḫ çí˗˲ǆ þí ƗǄ˻˶Ƽ

ƙ þå˗˳˯ƪå ɖɂ̇ ˟ ˥Ƶ āå Ɨ ˶ǈ ƗǃƓƪï ɖ˻ˮˠWhatsapp  ɆƑƓƪā ˔˴ơ ǏǄƵ ƴ ˠǃƓȺ
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 ƗƼƓưå ïð ǏǄƵ Ɋƺ˷ǃå ˥ɜ˸Ȼ Ɠ˸Ḫ ɖ˻ˮˠ˯ǃƓȺ Ɇ˻˱˴˯ǃå ˗˹Ƶ ÷̇ ˮ˯˸ǃå ƓǋïƓ˯Ƥå Ǒ˯ǃå ýƓ˶ƙǙå
 Ɇɜ˵ǃƓȺ Ơư˦ǆ Ɠ˸Ḫ ÷̇ˮ˯˸Ǆǃ (ú̆ ǃ˲åā Ɇǒ̠ƶ˯ǃåā ƗƼƓưǗå) èåïƓ˳ǃå ǏǄƵ ɏ˦˯˲Ȼ ɏ̆ǃå

)7 ï Ɨ ḧǄǆ ǏǄƵ ˗˻ǂƋ˯ƕ Ǚå ƗǀȺƓ˴ǃå èåïƓ ˳ǃå ˥ǆ ïƓ Ƥ ɏá ˘˻ƽ˹ƙ ˥ɜ˸Ȼ Ǚā ( ɄƙƓǌǃå ˤƿ
 þí ƗǄ˻˶Ƽ ˥Ƶ ˖˲ ǃå ˥ǆ Ǌ ǆ˗˳˯˴ǆ ɖ˻ˮˠ˯ǃå ˥ɜ˸Ȼ Ɠ˸Ḫ .þ˗˳˯˴˸ǃå Ɇˮƿ ˥ǆ ɆƤ˗˸ǃå

) Ɇɜ˵ǃƓȺ Ơư˦ǆ Ɠ˸Ḫ çí˗˲ǆ8.( 

  
) ЭЫІ5 (ϣІϝІ ϭвϝжϽϡЮϜ ЭуПЇϦ ) ЭЫІ6 (ϣІϝІ еуКϽϡϧгЮϜ 

 

  
 ЭЫІ)7ЎнϦ (уϤϜϼϝуϷЮϜ ϼϾ ϱ 

 
) ЭЫІ8ЎнϦ (у ϩϳϡЮϜ ϣужϝЫвϖ ϱаϜϹϷϧЂϝϠ 

аϹЮϜ ϣЯуЋТ 
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) ЭЫІ9 (ϣІϝІ ХуϡГϧЮϜ Ьнϲ ) ЭЫІ10(  ϣІϝІИϽϡϧЮϜ АмϽІ ϱЎнϦ 

 

 
) ЭЫІ11 ( ϣІϝІ ϱЎнϦϹϚϜнТ ИϽϡϧЮϜ  

 
 ƗǄ˻˶Ƽ ˔Ǆ˟ ÷˦ ǈ ˥ǆ þ˗˳˯˴˸ǃå ǏǄƵ Ǌǀ ˮˠƙ ˤƙ ÷̇ ˮ˯ǆ ÷˦ ǈ ˥ǆ þ˗˳˯˴˸Ǆǃ ǉ˘˻ƽ˹ƙ ˤƙ Ɠǆā
 ƗƮƓ˳ǃå ƗȻíƓƬïǙå èƓƬƓ˵ǃå ǑǄǒ Ɠ˸ ʼā Ɠǈāï˦Ḫ ǑƼƓƶ˯ǆ ÷˦ ǈ ˥ǆ þ˗˳˯˴ǆ Ǐǃå ƗƼƓưǗƓȺ

 Ǒǆ˗˳˯˴˸Ⱥ) Ɇɜ˵ǃå ÿå ˖˻ơ ɖ˻ˮˠ˯ǃå9) Ɇɜ˵ǃå ā ɖ˻ˮˠ˯ǃå ý˦ơ ƗƬƓƬ Ơư˦ǒ (10 (
) Ɇɜ˵ǃå Ǐǃå ƗƼƓưǗƓȺ ÷̇ ˮ˯ǃå ɉā˙Ƭ ƗƬƓƬ Ơư˦ǒ11.÷̇ ˮ˯ǃå ˗Ƒå˦Ƽ ƗƬƓƬ Ơư˦ǒ ( 

 



 

ϸϹЛЮϜ 26 

 Volume 26 
 

International Science and 

Technology Journal 

ϣузЧϧЮϜм анЯЛЯЮ ϣуЮмϹЮϜ ϣЯϯгЮϜ 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
ЮЯϣЯϮв  ϣтЮмϸЮϜϣтжЧϦЮϜм амЯЛЯЮ 

 

Copyright © ISTJ   нф 

 

7. ƕƬǘ˱ǁä 
 ÿå Ǐǃå Ɠ˹ǄƮ˦ƙ þƓˢ˹ǃå ƗɁ̇ ˱ƙ Ɨ Ǆ˸Ƶ ˕˸ƙ ˗ƶɁā Ɨƿï˦ǃå ǉ˘ǋ ǑƼ Ǌ ǃã Ɠ˹ǄƮ˦ƙ Ɠǆ ýǚƤ ˥ǆ

ƪ ā  þå˗˳˯ƪǙå Ɨǃ˦ǌ˴Ⱥ ˤ˴˯ǒ ɖ˻ˮˠ˯ǃå å˘ǋ èƓǌƞå˦ǃå Ɨ˟Ɠ˴Ⱥ ā èƓǈƓ ˮǃå Ǐǃã ý˦Ʈ˦ǃå ƗƵ̇
 ˥˻˹˟å˦˸ǃå ƴ ˸ƞ þ˗˳ ǃ ǊǄ˸Ƶ ûƓˠǈ Ɨƶƪ˦ƙ ˥ɜ˸Ȼ Ɠ˸Ḫ èƓǈƓ ˮǃå ƴǆ ɆǆƓƶ˯ǃå ǑƼ Ɨǈā˙˸ǃå ā
 ɆƤåí Ɇ˸ƶƙā Ɠ ǃƓơ çí˦ƞ˦˸ǃå èƓǀ ˮˠ˯ǃå ˥ǆ Ɠ˹ǆå ˙˰ǂå ˙ˮ˯ƶȻ Ǌǈå Ǐǃå ƗƼƓưǗƓȺ Ɠ ˮ˻Ǆƕ

ƙ ˤƙ Ǒ˯ǃå èƓǈƓ ˮǃå Ǐǃã ý˦Ʈ˦ǃå Ɨ ǈƓɜǆã Ǐǃå ƗƼƓưǗƓȺ Ɠǈíǚƕ ýƓơ ǑƼ Ɠǀ ˴ǆ ƓǌǄ˻˸˲
 Ɇ˰ǆ ɆƮå˦ƙ ƗǄ˻ƪā ˥ǆ ˙˰ǂå ɖ˻ˮˠ˯ǃå Ǒǆ˗˳˯˴˸ǃ Ơ ˯ǒ Ɠ˸Ḫ ˕ǈ̇ ˯ǈǗƓȺ ýƓ˶ƙǙå ÷Ɠˠǀǈå

 ɖ˻ˮˠƙ þå˗˳˯ƪå āå Ɨ ˶˹ǃå ɆƑƓƪï āå ˙ƬƓ ˸ǃå ýƓ˶ƙǙåWhatsapp .ƗǄƪå̇ ˸Ǆǃ 
 

8. ƲƜä̠ ˶ǁä   
[1] M. N. Sahid Ramadhan, A. Amyus, A. N. Fajar, S. Sfenrianto, 

A. F. Kanz, and M. S. Mufaqih, ñBlood Bank Information 

System Based on Cloud Computing In Indonesia,ò J. Phys. 

Conf. Ser., vol. 1179, p. 012028, Jul. 2019, doi: 

10.1088/1742-6596/1179/1/012028 

[2] A. Casabuena et al., ñBloodBank PH: A Framework for an 

Android-based Application for the Facilitation of Blood 

Services in the Philippines.,ò TENCON 2018 - 2018 IEEE 

Reg. 10 Conf. Jeju, Korea (South)., pp. 1637ï1641, 2018, doi: 

10.1109/TENCON.2018.8650395. 

[3] K. Pagano, M. B., Hess, J. R., Tsang, H. C., Staley, E., 

Gernsheimer, T., Sen, N., ... & Alcorn, ñPrepare to adapt: 

blood supply and transfusion support during the first 2 weeks 

of the 2019 novel coronavirus (COVIDȤ19) pandemic 

affecting Washington State,ò Transfusion, vol. 60, no. 5, pp. 

908ï911, 2020.. 

[4] Ahmed A. Mostfa, Aya A. Alabass and Abdel-Nasser 

Sharkawy ñNineveh Blood: Android Based Blood Donation 

Application for Nineveh Governorate in Iraq ñ, AL-Rafidain 



 

ϸϹЛЮϜ 26 

 Volume 26 
 

International Science and 

Technology Journal 

ϣузЧϧЮϜм анЯЛЯЮ ϣуЮмϹЮϜ ϣЯϯгЮϜ 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
ЮЯϣЯϮв  ϣтЮмϸЮϜϣтжЧϦЮϜм амЯЛЯЮ 

 

Copyright © ISTJ   ол 

 

Journal of Computer Sciences and Mathematics,  Pages 85-96, 

2020.  

[5] ϹϚϝЧЮϜ ϸнгϳв, ñϝуϡуЮ аϹЮϜ ЩзϠò, 2021. [Mobile app]. Available: 

https://play.google.com/store/apps/details?id=libyabloodbank.

mahmoud.com.blood&hl=ar&gl=US. 

[6] M. Armbrust et al., ñA view of cloud computing,ò Commun. 

ACM, vol. 53, no. 4, pp. 50ï58, Apr. 2010. 

[7] L. Moroney, ñFirebase Cloud Messaging,ò in The Definitive 

Guide to Firebase, Berkeley, CA: Apress, 2017, pp. 163ï188. 

[8] I. Fette and A. Melnikov, ñThe WebSocket Protocol,ò Dec. 

2011. doi: 10.17487/rfc6455. 

[9] J. Paul Cardle, ñAndroid App Development in Android 

Studioò , Manchester Academic Publishers , England , 2017. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

https://play.google.com/store/apps/details?id=libyabloodbank.mahmoud.com.blood&hl=ar&gl=US
https://play.google.com/store/apps/details?id=libyabloodbank.mahmoud.com.blood&hl=ar&gl=US


 

ϸϹЛЮϜ 26 

 Volume 26 
 

International Science and 

Technology Journal 

ϣузЧϧЮϜм анЯЛЯЮ ϣуЮмϹЮϜ ϣЯϯгЮϜ 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
ЮЯϣЯϮв  ϣтЮмϸЮϜϣтжЧϦЮϜм амЯЛЯЮ 

 

Copyright © ISTJ   ом 

 

 ƕ Ɨäí ƕǆƑƨ˗ƢĀ ƕȹìƑƴǁä ƕǆƑƨ˗˱ǂǁ ɈƸ˵ǁä ƕǄĀƑƾǄ ǍǂƳ ˢƳƑ˷ǁä ýƑḨ˗ǁä ˗˹ƙƉƗ
ˡǄ˕ǁä 

ǏǆĀ˗˶˰ǁä ˕˶˰Ǆ ƕƻɀ˗ƪ óƑƾ˵ƾǁä ˗˶Ƴ ˒˷ɀï 
 ˛Ǆƕå̇ ˟/Ɨ ˹ǀ˯ǃåā þ˦ǄƶǄǃ ǑǃƓƶǃå ˗ǌƶ˸ǃå  ˛Ǆƕå̇ ˟/Ɨ ˹ǀ˯ǃåā þ˦ǄƶǄǃ ǑǃƓƶǃå ˗ǌƶ˸ǃå 

Ahmed.elhamroni@gmail.com eng.civilz@yahoo.com 

 

     ǏǆĀ˗˶˰ǁä ˕˶˰Ǆä þƑ˶ȹä 
˛Ǆƕå̇ ˟/Ɨ ˹ǀ˯ǃåā þ˦ǄƶǄǃ ǑǃƓƶǃå ˗ǌƶ˸ǃå 
imanelhamruni@gmail.com 

 
˛˱ǂ˶ǁä 

˥˵˳ǃå þƓḪ̇ ǃå  ˖˻ơ Ɋ Ǆ˳ǃå ǑƼ ˤ˱ơ ˙ˮǂá Ɇ˯˲ɂā ƗǈƓƪ̇ ˳Ǆǃ Ɨ ƪƓƪǕå èƓǈ˦ɜ˸ǃå ˗ơá ˦ǋ
) Ǒǃå˦ơ Ɇƺ˵Ȼ70-75 (%  Ɨ ǈƓƪ̇ ˳ǃå ƗˠǄ˳ǃå ˥ǆ]1[.  ˤ ˸˶ƙ ǏǄƵ ˙˻ˮḪ Ɇɜ˵Ⱥ ˙ƛ˓ɂā

˱˲ǃåā Üç˦ ǀǃå Ɇ˰ǆ Ɠǌ˶ƑƓ˶Ƥā ƗǈƓƪ̇ ˳ǃå Ɲɂ̊ ǆ ʕ˘ǃå ßƓ˸ǃå óƓ˶˯ǆåā Ɇɜ˵ǃåā Ǐ˶ƿǕåɏ 
þƓḪ̇ ǃåā ˕˹˸ƪǕå Ɨ ˸Ḫā ÜßƓ˸ǃå ǏǄƵ ˔Ǆˠǃå ǑƼ ˙ƛ˓ǒ .ƗǈƓƪ̇ ˳ǃå Ɋ ǄƤ ǑƼ ˤƵƓ˹ǃå 

 ƗǆāƓǀǆ ǏǄƵ Ɠ Ǆ˻˹ɂ̇ ƞā ƠƑƓ˴ǃå ɏ˗˻ƪā ˥˯˻ǃð Ɇǆï ˙˻ƛƋƙ ƗƼ̇ ƶǆ Ǐǃã Ɨƪåï˗ǃå ǉ˘ǋ ú˗ǌƙā
.ˣǆ˗ǃå Ɨ ƙåî ƗǈƓƪ̇ ˳ǃåā ƗȻíƓƶǃå ƗǈƓƪ̇ ˳Ǆǃ Ɋƺ˷ǃå 

ϣуЯуЮϹЮϜ ϤϝгЯЫЮϜ: ГЯ϶ ̪ϣжϝЂϽϷЮϜϣ нϧϳгЮϜ ̪БПЏЮϜ ϣвмϝЧв ̪ϣужϝЂϽ϶о  ̪сϚϝгЮϜ

рϹжыϦϼнϡЮϜ ϥзгЂцϜ 

ABSTRACT 

Coarse aggregate is one of the basic components of concrete and 

occupies the largest volume in the mixture (70-75) % [1]. 

Therefore, it significantly influences the concrete mixture design 

and properties such as strength, maximum size, shape and water 

absorption which affect the water demand and the amount of fine 

cement and fine aggregate in the concrete mixture. 

This study aims to investigate the effect of utilization of Zliten, 

Sidi-Alsayeh and Greenilia sand on the compressive strength of 

normal and self-compacting concrete. 
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Key boards: Concrete, mixture concrete, compressive strength, 

water content, Portland cement 

 

1. ƕǄ˕ƾ˶ǁä 
ƗǈƓƪ̇ ˳ǃå  þƓḪ̇ ǃå ˦ǋ ÿƓ ˹ˮǃå å˘ǋ ǑƼ ˙ˮǂǕå ß̊ ˱ǃåā íå˦ǆ ç˗Ƶ ˥ǆ ˔Ḫ̇ ˯ƙā ÿƓ ˹ƕ Ǒǋ

 þƓḪ̇ ǃå ÿá ˣǃî ˥ǆ Ơ˷˯ɂā Ɨɂ̇ ˱˲ǃå ƗǄ˯ḧǃƓȺ Ɨǌ˻ˮƬ çï˦Ʈ ǑƼ Ǌ˷ƶȺ ƴǆ ˣƪƓ˸˯ǒ ɏ˘ǃå
 Ǐǃã ƗƼƓưǗƓȺ Ɠˮ˴ǈ Ɨ˶ Ƥï çíƓǆ ̇ˮ˯ƶȻ þƓḪ̇ǃåā .ƗǈƓƪ̇ ǃ˳å ʕ˴ ǃ˱ ǑƪƓƪǕå ÿ˦ɜ˸ǃå ˦ǋ

ƪ̇ ˳Ǆǃ Ǒ˸˱˲ǃå ˙˻ƺ˯ǃå Ɇ˻Ǆǀƙ ǏǄƵ Ɇ˸ƶȻ Ǌǈá .˗Ǆ˶˯ǃåā ˗˵ǃå Ǒ˯˻Ǆ˸Ƶ ˥ǆ ƝƙƓ˹ǃå ƗǈƓ
 ǑƼ Ɠǆá Ɋƺ˷Ǆǃ Ɨ ǃƓƵ ƗǆāƓǀǆ èåî Ɨɂ̇ ˳Ʈ çíƓ˸Ḫ ā˗ˮƙ ç˗Ǆ˶˯˸ǃå ƗǃƓơ ǑƼ ƗǈƓƪ̇ ˳ǃå
æ˦Ǆɣǆ ɏïƓ˸ƶǆ ̝ǃƓƿ ɏá ǑƼ ƓǌǄɜ˵ƕ˯ Ơ˸ ƙ˴ Ǒ˯ǃå Ɨǈā̠Ǆǃå ƗƮƓƤ ƓǌǄƼ ƗƞðƓɣǃå Ɠǌ˯ǃƓơ 

]1[. 
  Ɠ ƞ˦ǃ˦˹ḧƙ ǑƼ èåï˦ˠ˯ǃå ˤǋá ˥ǆ ç˗ơåā ˣǆ˗ǃå Ɨ ƙåî ƗǈƓƪ̇ ˳ǃå ˗ƶƙ ǑƼ ßƓ˹ˮǃåā ƗǈƓƪ̇ ˳ǃå

 ǏǄƵā ˔ǃå˦ǀǃå ǑƼ ˙˲ǃå ɖƼ˗˯ǃå ǏǄƵ ˣǆ˗ǃå Ɨ ƙå˘ǃå ƗǈƓƪ̇ ˳ǃå çï˗ǀǃ ˣǃîā ǑǃƓ˲ǃå ˕ƿ˦ǃå
èåðå̊ǌǃå þå̠˳ ƪ˯å ÿāí ï˦˶ ˲˸ǃå ßå˦ǌǃå í̇˟ ǏǄƵā Ɠǌ˴ƽ˹ƕ Ɠǌ˴ƽǈ óï ]2,3,4 [ ÿáā

 èƓƹå̇ ƽǃå ˥ǆ ˗˲ǃåā Ɨ ǃƓƶǃå ƗƼƓ˰ḧǃå Ɨ˱ ˯ǈ ˦ǋ Ɇ˸˲˯ǃå ǏǄƵ ˣǆ˗ǃå Ɨ ƙåî ƗǈƓƪ̇ ˳ǃå çï˗ƿ
Ɇɜ˵Ⱥ  ˥˻ƕ ɖƮǚ˯ǃå ç˦ ƿ çíƓɂð Ǐǃã ƗƼƓưǗƓȺ Ơ˷˹ǃå ç̇ ǋƓˡ ˥ǆ ˗˲ǃå ˣǃ˘Ḫā ðƓ˯˸ǆ

˻ơ ÜƠ Ǆ˴˯ǃå ˗ǒ˗ơā ƗǈƓƪ̇ ˳ǃå ̟ Ǒˠƶƙ ˣǆ˗ǃå Ɨ ƙåî ƗǈƓƪ̇ ˳ǃå ÿá èåïƓ ˯ƤǙå ˖˯ˮƙá
) Ɨ ˴˹ƕ ǏǄƵá ɖƮǚƙ50-70% Ɠǌɜǆí ˤ˯ǒ Ǒ˯ǃå ƗȻ˗˻Ǆǀ˯ǃå ƗǈƓƪ̇ ˳ǃå ƴǆ ƗǈïƓǀ˸ǃƓȺ (

.Ɨ ǃƓƶǃå ƗǆāƓǀ˸ǃå Ǐǃã ƗƼƓưǗƓȺ ɆǆƓḧǃƓȺ 
˸ǂ ˥ǆā Ɨ ǃƓƵ ƗƼƓ˰Ḫ èåî Ɠǌ˹ḧǃā ƓȻíƓ˶˯ƿå ƗƽǄɜǆ ˙˻ƹ ˣǆ˗ǃå Ɨ ƙåî ƗǈƓƪ̇ ˳ǃå ˙ˮ˯ƶƙ Ɠ

 ɆǄǀƙā ƗȻ˗˻Ǆǀ˯ǃå ƗǈƓƪ̇ ˳ǃå ƗǃƓơ ǑƼ Ɨƶ ˯˸ǃå ˣǆ˗ǃå èƓ Ǆ˸Ƶ ƗƼƓḪ ý̊ ˯˳ƙ ƓǌǈƎƼ ˙Ƥá ˔ǈƓƞ
 Ɨ ǈƓɜǆã ǏǄƵ ˥˻˸˸˶˸ǃå ˗ƵƓ˴ƙ ƗǈƓƪ̇ ˳ǃå ǉ˘ǋ ÿá Ɠ˸Ḫ ÜɆ˸ƶǃå ƴƿ˦ǆ ǑƼ ßƓư˦˷ǃå ˙˻ƛƋƙ

˸ǃå ç˗ǀƶ˸ǃå ýƓɜƬǕå ðƓ˱ǈá ƗǃƓơ ǑƼ èåðå̊ ǌǃƓȺ Ɠǌɜǆí ˔ƶ˶Ȼ Ǒ˯ǃåā Ơ Ǆ˴˯ǃå ˗ǒ˗˲Ⱥ Ɨˢ˯ɜ
 íå˦˸ǃå ïƓ ˯Ƥå ǑƼ ˥ƶ˸˯ǃå ˔˱Ȼ Ɨ ǃƓƵ çí˦˱Ⱥ ƗǈƓƪ̇ Ƥ ǏǄƵ ý˦˶˲Ǆǃ ÜƗȻíƓƶǃå ƗǈƓƪ̇ ˳ǃå

˘ǋā .Ɨ ǈƓƪ̇ ˳ǃå ƗˠǄ˳ǃå ǑƼ å̇ ˻ˮḪ å̊ ˻ơ Ɇƺ˵Ȼ þƓḪ̇ ǃå ÿá ˖˻ơā Ɠǌǃ Ɨǈ˦ɜ˸ǃåǉ  Ɨƪåï˗ǃå
ǃå ǑƼ Ɇ˸ƶ˯˴˸ǃå Ɇǆ̇ ǃå þå˗˳˯ƪå ˙˻ƛƋƙ ƗǈïƓǀǆ ˕Ƽ˗ǌ˯ƪå Ɇǆï ǑƼ ƗǄ˰˯˸ǆ ƗǄ˲˸ǃå û˦˴
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 ƗȻíƓƶǃå Ɨ ǈƓƪ̇ ˳ǃå ƗˠǄ˳Ǆǃ Ɋƺ˷ǃå ƗǆāƓǀǆ ǏǄƵ Ɠ Ǆ˻˹ɂ̇ ƞā ƠƑƓ˴ǃå ɏ˗˻ƪ Ɇǆïā ˥˯˻ǃð
.ˣǆ˗ǃå Ɨ ƙåîā 

ƕƾȸƑ˲ǁä çƑƨäî˕ǁä 
1-  (˥˯˻ǃð Ɨǀˠ˹ǆ) Ɛ˟Ɠ˵ǃå Ɇǆï þå˗˳˯ƪå ˙˻ƛƋƙ ˥˻ƕ ƗǈïƓǀǆ ˕Ƽ˗ǌ˯ƪå ƗǀȺƓƪ Ɨƪåïí ǑƼ

 Ɇǆï ÿá ˕˹˻ƕ Ǒ˯ǃåā ƗǈƓƪ̇ ˳ǃå óå˦Ƥ ǏǄƵ (ƠƑƓ˴ǃå ɏ˗˻ƪ Ɨǀˠ˹ǆ) ƗȻƓǆ̇ ǃå ÿƓ ˰ḧǃå Ɇǆïā
 ˣǃî ˖ơƓ ǃå ƴƞïáā ÜÿƓ ˰ḧǃå Ɇǆï ǑƼ Ɠǌ˹ǆ ǏǄƵá ƗǈƓƪ̇ ˳Ǆǃ Ɋƺư ƗǆāƓǀǆ ǏˠƵá Ɛ˟Ɠ˵ǃå

ǃ Ɇ˷ƼǕå Ǒ˭ɂ̊ ˱ǃå ƴɂð˦˯ǃå Ǐǃã Ɠǌ˸˱ơā èƓ ˻ˮ˲ǃå ɆɜƬ ˣǃ˘Ḫā Ɛ˟Ɠ˵ǃå Ɇǆï èƓ ˻ˮ˲]5[. 
2- ÿāí Ǌƙå̇˶ ǆ Ǌɂāï˦ƕ Ɇǆïā ˥˯˻ǃð Ɇǆï ̇˻ƛƋƙ Ɏ̠ǆ ïƓ˯Ƥå ̞Ƽ̠ǌ˯ƪå Ɏ̇Ƥá Ɨƪåïí ǑƼā

 ˥ḧǃā ƗƙāƓƽ˯ǆ ƝƑƓ˯˹ǃå ̞ǈƓḪ Üxǆ̠ǃå Ɨƙå̆ǃå ƗǈƓƪ̇ ǃ˳å ǑƼ Ɇǆ̇ǃå ˥ǆ Ɏ̇Ƥá ÷å˦ǈá ɏƋȺ ǊɣǄƤ
ǃå) òā˙˱˸ǃå þƓḪ̇ ǃå ƗƼƓưƎȺ ˤƵƓ˹ǃå þƓḪ̇ ǃå Ɨ˱ǃƓƶǆ ˗˹Ƶ ǑƼ ˥˴˲ƙ ˙ǌˡ (Ɠ Ǆ˻˹ɂ̇ ˱

 Ɇ˷ƼǕå ƓǌƕƓ ˴ǈå ÿƓḪ (Ǌɂāï˦ƕ) Ɇǆ̇ ƕ ç˘ƽ˹˸ǃå ƗˠǄ˳ǃå ÿá Ǚã ˥˻˯ˠǄ˳ǃå Ɠ˯ǄḪ ǑƼ æƓ ˴ǈǙå
]6[. 

 ƗǈƓƪ̇ ˳ǃå ǑƼ Ɠ Ǆ˻˹ɂ̇ ˱ǃå þå˗˳˯ƪå ˥ǆ ǚḪ ˙˻ƛƋƙ ˤ ˻ǀƙ ˤ˯ǒ ˤǃ Ǌǈå ˥˻ˮƙ ƗǀȺƓ˴ǃå èƓƪåï˗ǃå ˥ǆ
˻˻Ƶ˦ǈ Ɠ˸ǋā ˣǆ˗ǃå Ɨ ƙå˘ǃå ƗǈƓƪ̇ ˳ǃå ǑƼ ƠƑƓ˴ǃå ɏ˗˻ƪ Ɇǆïā ƗȻíƓƶǃå ǑƼ ÿƓǆ˗˳˯˴ǆ ˥

.ǑǄ˲˸ǃå û˦ ǃ˴å 

äˤ˶ǁäì ƕ ǂ˶ƴ˶ǁä åîƑ˯˭ǁäĀ ƕǄ˕˱˭˲˶ǁä 

ƕǄ˕˱˭˲˶ǁä ìäˤ˶ǁä ǗĀà 
˓˷˶ƨǓä 

ƶǃå ɏ˗ǈǚƙï˦ˮǃå ˕˹˸ƪǕå þå˗˳˯ƪå ˤƙƓ ƗȻíƓƶǃå ƗǈƓƪ̇ ˳Ǆǃ Ɨ ǈƓˠɂ̇ ˮǃå èƓƽƮå˦˸Ǆǃ Ɠǀ ˟ ɏí
ˣǆ˗ǃå Ɨ ƙåî ƗǈƓƪ̇ ˳ǃåā. 

ÞƑ˶ǁä 
˔˱Ȼ  þ˦˲ ǃ˵åā è˦ɂ̊ǃå ˥ǆ ǑǃƓƤ ƗǈƓƪ̇ ǃ˳å ƗɣǄ˳ǃå ǑƼ þ̠˳ ˯˴˸ǃå ßƓ˸ǃå ÿ˦ɜȻ ÿá

 íå˦˸ǃåā èƓɂ˦Ǆǀǃåā ëǚǆǕåā ôƓ˸ơǕåāÜƗɂ˦˷ƶǃå  ˤƙ ˗ƿāþå˗˳˯ƪå  æ̇ ˵Ǆǃ Ɨ˲ǃƓƮ ǉƓ ǆ
 Ɨ˲ǃƓƮ ǑǌƼ ˣǃ˘Ɂāþå˗˳˯ƪǚǃ .Ɨ ǈƓƪ̇ ˳ǃå èƓˠǄ˳ǃå ǑƼ 
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1- ǃå ÿ˦ɜȻ ÿá ̝ ɂ˱ā ƗǈƓƪ̇ ǃ˳å ƗɣǄ˳ǃå ƴ˹˶ ǃ æ̇ ǃ˵å ǉƓǆ þå̠˳ ƪ˯ƓȺ ǑƮ˦ǒ ˤƿ̇
 ˥ǆ íā˗ơ ǑƼ Ɨ ǈƓƪ̇ ˳ǃå ƗˠǄ˳ǃå ǑƼ þ˗˳˯˴˸ǃå ßƓ˸Ǆǃ Ǒ˹˻ƞāï˗˻ǌǃå6  Ǐǃã8. 

2-  íå˦˸ǃåā ëǚǆǕåā èƓɂ˦Ǆǀǃåā ôƓ˸ơǕåā è˦ɂ̊ǃå ˥ǆ ƓǃƓƤā Ɠƽsǈ ßƓ˸ǃå ÿ˦ɜȻ ÿá ̝ Ȼ˱
.ˣǃî Ǐǃã Ɠǆā Ɨɂ˦˷ƶǃå 

3-  èǚƵƓƽƙ ýǚƤ ˥ǆ ƗǈƓƪ̇ ˳ǃå ï˦ǋ˗ƙ āá îǙ˦ ƽǃå ɆǂƋƙ Ǐǃã ɏí˓ǒ ˔Ƒå˦˵ǃå ǉ˘ǋ í˦ƞā
Ɨ ƑƓ ˸ ǂ .ƗƽǄ˯˳ǆ 

ˢƳƑ˷ǁä ýƑḨ˗ǁä 
 éǚƛ þå˗˳˯ƪå ˤƙ ˥ǆ ˔Ǆ˱˯˴˸ǃå Ǒƶ ˮˠǃå ˤƵƓ˹ǃå þƓḪ̇ ǃå :Ǒǋā ˤƵƓ˹ǃå þƓḪ̇ ǃå ˥ǆ ÷å˦ǈá

 ɏ˗˻ƪ Ɨǀˠ˹ǆ ˙ƞƓ˲ǆ ˥ǆ ˔Ǆ˱˯˴˸ǃå Ǒƶ ˮˠǃå ˤƵƓ˹ǃå þƓḪ̇ ǃåā ˥˯˻ǃð Ɨǀˠ˹ǆ ˙ƞƓ˲ǆ
.Ɨƶ ˮƪå ɖˠ˹˸Ⱥ ƠȻ˗ǀǃå ˙ƞƓ˲ǆ ˥ǆ ˔Ǆ˱˯˴˸ǃå (Ɠ Ǆ˻˹ɂ̇ ƞ ) òā˙˱˸ǃå þƓḪ̇ ǃåā ƠȻƓ˴ǃå 

ýƑḨ˗ǁä  ˣ˳˱ǁä 
 ˕˹˸ƪǕåā ßƓ˸ǃå ƴǆ Ɇɜ˵ƙ Ǒǋā Ɨ ǄƮ çíƓǆ ˥˵˳ǃå þƓḪ̇ ǃå Ɨ ƪƓƪǕå èƓǈ˦ɜ˸ǃå Ɇǆ̇ ǃåā

 ̇˻ƹā Üɏ˦ƿā ˃ ǈs þƓḪ̇ǃå ÿ˦ɜȻ ÿå ̝ Ȼ˱ ƗǃƓƵ çí˦ƞ èåî ƗǈƓƪ̇Ƥ ƗɣǄƤ Ɇƞå ˥ǆ
 ˦ ḧƙ Ü˥˻ˠǃå ÷å˦ǈá ˥ǆ ÷˦ ǈ ɏƎȺ Ǐˠƺǆ ÿ Ƽā ÜèƓɂāƓ˸ ḧǃå ˥ǆ Ɨ ǃƓƤ þƓḪ̇ ǃå èƓ˭ɂ̊ ƞǑ  ǉ˘ǋ

 ˥˻˯˹˻Ƶ þå˗˳˯ƪå ˤƙ Ɨƪåï˗ǃå) ˤƿï ˥˵˳ǃå þƓḪ̇ ǃå ˥ǆ1,1.5 ˥ǆ Ɨ ɂ̇ ƿ ˙ƞƓ˲ǆ ˥ǆ (
.˛Ǆƕå̇ ˟ Ɨ˹ǒ˗ǆ 

  ƕ ǂ˶ƴ˶ǁä åîƑ˯˭ǁä 
 Ɏ̇ ƙ˱  Ü˥˯˻ǃð ÜƠƑƓ˴ǃå ɏ˗˻ƪ) Ɇǆ̇ ǃåā ˥˵˳ǃå þƓḪ̇ ǃå ˥ǆ Ɇḧǃ ƗƮƓ˳ǃå èåïƓ ˯ƤǙå

˗ǌƕ (Ɠ Ǆ˻˹ɂ̇ ƞú .ˤǌƮå˦Ƥ ƗƼ̇ ƶǆ 
1- æïƓ˱˯ǃå )˥˵˳ǃå þƓḪ̇ ǃå ǏǄƵ ˕ɂ̇ ƞá Ǒ˯ǃå1ā1.5 þ˗˶ǃå ɆǆƓƶǆ ïƓ ˯Ƥå Ǒǋā (

 ƝƑƓ˯˹ǃåā ǑƵ˦˹ǃå ÿð˦ǃå ïƓ˯Ƥåā þ˦˱ ǃ˲å ç̠ơā ÿðāā óƓ˶ ǆ˯Ǚå Ɨ˴ǈā ʕ ǌ˵˯ǃåā
) ˤƿï ýā˗˱ǃå ǑƼ Ɨ˲ư˦ǆ2) Ü(3.( 

2-  Ǒǋ (Ɠ Ǆ˻˹ɂ̇ ƞ Ü˥˯˻ǃð ÜƠƑƓ˴ǃå ɏ˗˻ƪ) ˤƵƓ˹ǃå þƓḪ̇ ǃå ǏǄƵ ˕ɂ̇ ƞá Ǒ˯ǃå æïƓ˱˯ǃå
 ā Ɨǆ˦ƶ˹ǃå ɆǆƓƶǆ ïƓ ˯Ƥå ǑƼ Ɨ˲ư˦ǆ ƝƑƓ˯˹ǃåā þ˦˱ ǃ˲å ç̠ơā ÿðā ïƓ˯Ƥåā ǑƵ˦˹ǃå ÿð˦ǃå

) ˤƿï ýā˗˱ǃå1.( 
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3-  ßƓ˸ǃå Ɨ ˴ǈ èƓ ƛ ƴǆ Ɇǆ̇ ǃå ÷˦ ǈ úǚ˯ƤƓȺ ƗƽǄ˯˳ǆ Ɨ ǈƓƪ̇ Ƥ èƓˠǄƤ éǚƛ ˤ ˸˶ƙ
 ƓǀƼā Ɨ ǈƓˠɂ̇ ˮǃå Ɨǀɂ̇ ˠǃƓȺ Ɨ ǈƓƪ̇ ˳ǃå èƓˠǄ˳ǃå ˤ ˸˶ƙ ˥ǆ ˕˱˯˹˯ƪå Ǒ˯ǃå ˕˹˸ƪǖǃ

Ɨ ǈƓˠɂ̇ ˮǃå èƓƽƮå˦˸Ǆǃ BS:882,1985)˕ǈƓḪā (  ƗȻíƓƶǃå ƗǈƓƪ̇ ˳ǃå èƓˠǄƤ ǑƼ
)W/C=0.68 ǑƼā ( ˣǆ˗ǃå Ɨ ƙåî ƗǈƓƪ̇ ˳ǃå)W/C=0.45 Ɠ˸Ḫ ( ýāå˗˱ǃå ǑƼ Ơư˦ǆ

) ˤƿï4,5 ƓǋíƓƶȺá Ɨ ǈƓƪ̇ Ƥ èƓ ʹɜ˸ǃ Ɋƺ˷ǃå ƗǆāƓǀǆ Ơư˦ǒ ɏ˘ǃå (
)150*150*150 ˗ƶȺ ˤǄǆ (28 .þ˦ǒ 

ˢƳƑ˷ǁä ýƑḨ˗ǁä 
 ƠƑƓùùù˴ǃå ɏ˗˻ùùùƪā ˥˯ùùù˻ǃð Ɨùùùǀˠ˹ǆ ˙ƞƓùùù˲ǆ ˥ùùùǆ Ǒùùùƶ ˮˠǃå ˤƵƓùùù˹ǃå þƓùùùḪ̇ ǃå þå˗˳˯ùùùƪå ˤùùùƛ Ɇùùùǆïā

 Ɠ Ǆ˻˹ɂ̇ ƞ) ˤƿï ýā˗˱ǃåā1ˤƵƓ˹ǃå þƓḪ̇ Ǆǃ Ɨ ƑƓɂ̊ ˻ƽǃå óå˦˳ǃå Ơư˦ǒ (. 
) ˢƽî üĀ˕Ɯ1ýƑḨ˗ǂǁ ƕ ƏƑɀ˘˹ƻǁä òäʕ ˱ǁä ( ˢƳƑ˷ǁä 

 (ü.ú.ý) ƕ ˬ˹ǂǁä ƕƻƬäˤ˶ǁä
2002:49 

ƛƏƑ˭˷ǁä çäîƑ ˭ƢǗä 

2.6-2.7 2.69 ƞƏƑ˲ǁä ɍ̞ ƨ˹ ɄǄ̠ǁ ǏƳʕǁ˷ä þïʕǁä 
2.6-2.7 2.63 ˣ˭˹ǁï ɄǄ̠ǁ ǏƳʕǁ˷ä þïʕǁä 
2.6-2.7 2.63 Ƒǂ˹˷ɀ̠Ɯ ɄǄ̠ǁ ǏƳʕǁ˷ä þïʕǁä 
1400-1800 1650.5 ƞƏƑ˲ǁä ɍ̞ ƨ˹ ɄǄ̠ǁ ýʕ˯ ǁ˰ä æ̞ƟĀ þïĀ 
1400-1800 1569.5 Ƒǂ˹˷ɀ̠Ɯ ɄǄ̠ǁ ýʕ˯ ǁ˰ä æ̞ƟĀ þïĀ 
1400-1800 1542 ˣ˭˹ǁï ɄǄ̠ǁ ýʕ˯ ǁ˰ä æ̞ƟĀ þïĀ 
1.8-1.4 1.715 ƞƏƑ˲ǁä ɍ˕˹ƨ ɄǄ˗ǁ ƕǄˤƴ˷ǁä ɄǄƑƴǄ 
1.8-1.4 1.49 ˣ˭˹ǁï ɄǄ˗ǁ ƕǄˤƴ˷ǁä ɄǄƑƴǄ 
1.8-1.4 2.427 Ƒ ǂ˹˷ɀ˗Ɯ ɄǄ˗ǁ ƕǄˤƴ˷ǁä ɄǄƑƴǄ 

 
 ýƑḨ˗ǁäˣ˳˱ǁä 

˳ǃå þƓùùḪ̇ ǃå þå˗˳˯ùùƪå ˤùùƙùù˵) ˤùùƿï ˥1,1.5) ˥˻ǃā˗ùù˱ǃåā (2,3 èåïƓùù ˯ƤǙå ƝƑƓùù˯ǈ ÿƓ˲ùùư˦ǒ (
ǃå ˥˵˳ǃå þƓḪ̇ Ǆǃ Ɨ ɜ ǈƓɜ ˸ǃåā Ɨ ƑƓɂ̊ ˻ƽ)1,1.5( 
 
 



 

ϸϹЛЮϜ 26 

 Volume 26 
 

International Science and 

Technology Journal 

ϣузЧϧЮϜм анЯЛЯЮ ϣуЮмϹЮϜ ϣЯϯгЮϜ 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
ЮЯϣЯϮв  ϣтЮмϸЮϜϣтжЧϦЮϜм амЯЛЯЮ 

 

Copyright © ISTJ   ос 

 

) ˢƽî üĀ˕Ɯ2 ˢƽî ˣ˳˱ǁä ýƑḨ̠ ǂǁ ƕ ɚ ǆƑɚ ˶ǁäĀ ƕ ƏƑɀ˘˹ƻǁä çäîƑ ˭ƢǗä ƛƏƑ˭ǆ (1.0 
 (Ь.Ф.а) ϣуϡуЯЮϜ ϣУЊϜнгЮϜ

2002:49 
ϭϚϝϧзЮϜ ϤϜϼϝϡϧ϶ъϜ 

2.6-2.7 2.69 сКнзЮϜ дϾнЮϜ 

1400-1800 1416.6 анϯϳЮϜ ϢϹϲм дϾм 

тϿϦ ъϹ  еК3% 1.7% ЈϝЋϧвъϜ ϣϡЃж 

тϿϦ ъϹ  еК45% 6.87% буЇлϧЮϜ ЭвϝЛв 

тϿϦ ъϹ еК45% 13.28% аϹЋЮϜ ЭвϝЛв 

 
) ˢƽî üĀ˕Ɯ3 ˢƽî ˣ˳˱ǁä ýƑḨ̠ ǂǁ ƕ ɚ ǆƑɚ ˶ǁäĀ ƕ ƏƑɀ˘˹ƻǁä çäîƑ ˭ƢǗä ƛƏƑ˭ǆ (1.5 

 ϣуϡуЯЮϜ ϣУЊϜнгЮϜ

 (Ь.Ф.а)2002:49 
 ϣуϡуЯЮϜ ϣУЊϜнгЮϜ

 (Ь.Ф.а)2002:49 
ϭϚϝϧзЮϜ ϤϜϼϝϡϧ϶ъϜ 

2.6-2.7 2.6-2.7 2.69 сКнзЮϜ дϾнЮϜ 

1400-  1800 

а/бϯЪ3 
1400-1800 1366.6 

 ϢϹϲм дϾм

анϯϳЮϜ 

 тϿϦ ъϹ  еК3% %1.01 ЈϝЋϧвъϜ ϣϡЃж 

 тϿϦ ъϹ  еК45% %5.17 буЇлϧЮϜ ЭвϝЛв 

 тϿϦ ъϹ еК45% %17.52 аϹЋЮϜ ЭвϝЛв 

 
) ˢƽî üĀ˕Ɯ4 ƕǆƑƨ̠ ˱ǂǁ ˒ƴɚ˶ǁä ˗˭˶ǂǁ ƕƻǂ˭˱˶ǁä ƕ ǆƑƨ˗˱ǁä çƑ˞ǂ˱ǁä þäïĀàĀ ˒˲ǆ ƞƮˤǐ (
ƕȹìƑƴǁä 

MIX 
W/C 

Ratio 

C 

Kg/m 

W 

Kg/m 

FA 

Kg/m 

CA (1) 

Kg/m 

CA 

(1.5) 

Kg/m 

M1 

 рϹуЂ Эвϼ

ϱϚϝЃЮϜ 

0.68 1220 600 830 1620 1321 

M2 

еϧуЮϾ Эвϼ 
0.68 330 425 598 850 364 

M3 

ϝуЯузтϽϮ Эвϼ 
0.68 1310 710 810 1715 1420 

= CA (1) ) ʕƿï ˥˵˳ǃå þƓḪ̇Ǆǃ ǑƵ˦˹ǃå ÿð˦ǃå1( 
= CA (1.5)  ð˦ǃå ÿ ) ˤƿï ˥˵˳ǃå þƓḪ̇ Ǆǃ ǑƵ˦˹ǃå1.5 ( 

FA  =дϾм          ЭвϽЮϜC дϾм = ϥзгЂъϜW =иϝугЮϜ дϾм 
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) ˢƽî üĀ˕Ɯ5 ƕǆƑƨ̠ ˱ǂǁ ˒ƴɚ˶ǁä ˗˭˶ǂǁ ƕƻǂ˭˱˶ǁä ƕ ǆƑƨ˗˱ǁä çƑ˞ǂ˱ǁä þäïĀàĀ ˒˲ǆ ƞƮˤǐ (
ˡǄ˕ǁä ƕ Ɨäí 

MIX 
W/C 

ratio 

C 

Kg/m 

W 

Kg/m 

FA 

Kg/m 

CA (1) 

Kg/m 

CA 

(1.5) 

Kg/m 

M1 

еϧуЮϾ Эвϼ 
0.45 433 178 780 1034 1034 

M2 

 рϹуЂ Эвϼ

ϱϚϝЃЮϜ 

0.45 480 206 633 934 934 

M3 

ϝуЯузтϽϮ Эвϼ 
0.45 422 190 880 882 882 

 

 ϣжϝЂϽ϶) ϝуЯузтϽϮ Эвϼ ϣзуЛЮ ϣϪыϫЮϜ ϤϝГЯϷЯЮ аϝтцϜ ϸϹКм БПЏЮϜ ϣвмϝЧв еуϠ ϣЦыЛЮϜ

(ϣтϸϝК 

 
) ˤƿï Ɇɜ˵ǃå1 þƓȻǕå í˗Ƶā Ɋƺ˷ǃå ƗǆāƓǀǆ ˥˻ƕ Ɨƿǚƶǃå Ơư˦ǒ ( Ɇǆï þå˗˳˯ƪƓȺ ƗȻíƓƵ ƗǈƓƪ̇ ˳ǃ

Ɠ Ǆ˻˹ɂ̇ ƞ 
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 Эвϼ ϣзуЛЮ ϣϪыϫЮϜ ϤϝГЯϷЯЮ аϝтцϜ ϸϹКм БПЏЮϜ ϣвмϝЧв еуϠ ϣЦыЛЮϜ еϧуЮϾ ϣжϝЂϽ϶)

(ϣтϸϝК 

 

 
) ˤƿï Ɇɜ˵ǃå2 Ɇǆï þå˗˳˯ƪƓȺ ƗȻíƓƵ ƗǈƓƪ̇ ˳ǃ þƓȻǕå í˗Ƶā Ɋƺ˷ǃå ƗǆāƓǀǆ ˥˻ƕ Ɨƿǚƶǃå Ơư˦ǒ (

˥˯˻ǃð 
 

ϣҶҶЦыЛЮϜ  ϱϚϝҶҶЃЮϜ рϹуҶҶЂ ЭҶҶвϼ ϣҶҶзуЛЮ ϣҶҶϪыϫЮϜ ϤϝҶҶГЯϷЯЮ аϝҶҶтцϜ ϸϹҶҶКм БПҶҶЏЮϜ ϣҶҶвмϝЧв еуҶҶϠ

(ϣтϸϝК ϣжϝЂϽ϶) 
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) ˤùƿï Ɇɜ˵ǃå3 Ɇùǆï þå˗˳˯ùƪƓȺ ƗùȻíƓƵ ƗǈƓùƪ̇ ˳ǃ þƓùȻǕå í˗ùƵā Ɋƺù˷ǃå ƗùǆāƓǀǆ ˥˻ùƕ Ɨùƿǚƶǃå Ơùư˦ǒ (
ƠƑƓ˴ǃå ɏ˗˻ƪ 

) ˢƽî ƕ ǆƑƨ˗˱ǁä ƕ˞ǂ˱ǂǁ ýƑȹǓä ì˕ƳĀ ɈƸ˵ǁä ƕǄĀƑƾǄ ˣ˹Ɠ ƕƽǘƴǁä1ƕ Ɨäí ƕǆƑƨ˗˱ǁ ( 
ˡǄ˕ǁä 

 
 Ɇɜ˵ǃå ˤƿï)4 ˣǆ˗ǃå Ɨ ƙåî ƗǈƓƪ̇ ˳ǃ þƓȻǕå í˗Ƶā Ɋƺ˷ǃå ƗǆāƓǀǆ ˥˻ƕ Ɨƿǚƶǃå Ơư˦ǒ (

) ˤƿï ƗˠǄ˳Ǆǃ1( 
) ˢƽî ƕ ǆƑƨ˗˱ǁä ƕ˞ǂ˱ǂǁ ýƑȹǓä ì˕ƳĀ ɈƸ˵ǁä ƕǄĀƑƾǄ ˣ˹Ɠ ƕƽǘƴǁä2 ƕ Ɨäí ƕǆƑƨ˗˱ǁ (

ˡǄ˕ǁä 

 

) ˤùùƿï Ɇɜùù˵ǃå5 Ɨùù ƙåî ƗǈƓùùƪ̇ ˳ǃ þƓùùȻǕå í˗ùùƵā Ɋƺùù˷ǃå ƗùùǆāƓǀǆ ˥˻ùùƕ Ɨùùƿǚƶǃå Ơùùư˦ǒ ( ˣǆ˗ùùǃå
) ˤƿï ƗˠǄ˳Ǆǃ2( 
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) ˢøøƽî ƕ ǆƑøøƨ˗˱ǁä ƕøø˞ǂ˱ǂǁ ýƑøøȹǓä ì˕øøƳĀ ɈƸøø˵ǁä ƕøøǄĀƑƾǄ ˣ˹øøƓ ƕøøƽǘƴǁä3 ƕøø Ɨäí ƕǆƑøøƨ˗˱ǁ (
 ˡǄ˕ǁä 

 
) ˤƿï Ɇɜ˵ǃå6 ˣǆ˗ǃå Ɨ ƙåî ƗǈƓƪ̇ ˳ǃ þƓȻǕå í˗Ƶā Ɋƺ˷ǃå ƗǆāƓǀǆ ˥˻ƕ Ɨƿǚƶǃå Ơư˦ǒ (

) ˤƿï ƗˠǄ˳Ǆǃ3( 
ƛƏƑ˭˷ǁä ƕ˳ƽƑ˷Ǆ 

1- ) ýƓɜƬǕå ˥ǆ1,2,3(  ˥˯˻ǃð Ɇǆ̇ ǃ Ɋƺ˷ǃå ƗǆāƓǀǆ ˕ǈƓḪ ƗȻíƓƶǃå ƗǈƓƪ̇ ˳ǃå ÿá
 ˗ƶȺ ƝƑƓ˯˹ǃå ǏǄƵá ˕ˠƵá28 ) ˕ǈƓḪā þ˦ǒ38.5.(ýƓɜƪƓȺƓ˱ ǆ 

2- ) ýƓɜƬǕå ˣǆ˗ǃå Ɨ ƙåî ƗǈƓƪ̇ ˳ǃå ǑƼ Ɠ˸˹˻ƕ4,5,6 ǏǄƵá ƠƑƓ˴ǃå ɏ˗˻ƪ Ɇǆï ˕ˠƵá (
 ˗ƶȺ Ɋƺ˷ǃå ƗǆāƓǀǆ ǑƼ ƝƑƓ˯˹ǃå28 ) ˕ǈƓḪā þ˦ǒ50.(ýƓɜƪƓȺƓ˱ ǆ 

3- ɜ ˸ǃå óå˦˳ǃå ƝƑƓ˯ǈ) ˤƿï ˥˵˳ǃå þƓḪ̇ Ǆǃ Ɨ ƑƓɂ̊ ˻ƽǃåā Ɨ ɜ ǈƓ1,1.5 ˥˸ư ˕ǈƓḪ (
) ˤƿï ýā˗˱ǃå ǑƼ Ɨ˲ư˦ǆ Ɠ˸Ḫ èƓƽƮå˦˸ǃå3,2.( 

4-  Ɠ˸Ḫ èƓƽƮå˦˸ǃå ˥˸ư ˕ǈƓḪ ˤƵƓ˹ǃå þƓḪ̇ Ǆǃ Ɨ ƑƓɂ̊ ˻ƽǃåā Ɨ ɜ ǈƓɜ ˸ǃå óå˦˳ǃå ƝƑƓ˯ǈ
) ˤƿï ýā˗˱ǃå ǑƼ Ɨ˲ư˦ǆ1.( 

çƑƜƑ˭˷˭ƨǗä 
ƗǈƓƪ̇ ˳ǃå ǏǄƵ ˕ɂ̇ ƞá Ǒ˯ǃå ƝƑƓ˯˹ǃåā èåïƓ ˯Ƥǚǃ ƓǀƼā  ˝Ǆ˳˯˴Ȼ ˣǆ˗ǃå Ɨ ƙåî :ǑƙǓå- 
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1- ƗȻíƓƶǃå ƗǈƓƪ̇ ˳ǃå ǑƼ þƓḪ̇ ǃå Ɋ ǄƤ ƴǆ ˥˯˻ǃð Ɇǆï Ɋ ǄƤ ǑƼ Ɨ ǃƓƵ Ɋƺ˷ǃå ƗǆāƓǀǆ
.Ɠ Ǆ˻˹ɂ̇ ƞā ƠƑƓ˴ǃå ɏ˗˻ƪ Ɇǆï Ɠǌƕ Ǒ˯ǃå ƗǈƓƪ̇ ˳ǃå Ɋ ǄƤ ˥ǆ ǏǄƵá Ɠǌˠƺư ƗǆāƓǀǆ ɏá 

2-  ƗǈƓƪ̇ ˳ǃå ǑƼ þƓḪ̇ ǃå Ɋ ǄƤ ƴǆ ƠƑƓ˴ǃå ɏ˗˻ƪ Ɇǆï Ɋ ǄƤ ǑƼ Ɨ ǃƓƵ Ɋƺ˷ǃå ƗǆāƓǀǆ
 Ɨ ƙåî ˥˯˻ǃð Ɇǆï Ɠǌƕ Ǒ˯ǃå ƗǈƓƪ̇ ˳ǃå Ɋ ǄƤ ˥ǆ ǏǄƵá Ɠǌˠƺư ƗǆāƓǀǆ ɏá ˣǆ˗ǃå
.Ɠ Ǆ˻˹ɂ̇ ƞā 

3-  ÿƓḪ ˥˯˻ǃð Ɇǆï ǑƼ Ɍơǚ˹Ƽ Ɋƺ˷ǃå ƗǆāƓǀǆ ǑƼ ˙˻ƛƋƙ Ǌǃ ˛ ǃ Ɨǆ˦ƶ˹ǃå ɆǆƓƶǆ
) Ɨǆ˦ƶ˹ǃå ɆǆƓƶǆ1.49 Ɠǌƕ Ǒ˯ǃå Ɨ ǈƓƪ̇ ˳ǃå ƗˠǄ˳ǃå ˥ǆ ǏǄƵá Ɋƺ˷ǃå ƗǆāƓǀǆ ˕ǈƓḪā (

) Ɠǌ˯ǆ˦ƶǈ ɆǆƓƶǆ Ǒ˯ǃå Ɠ Ǆ˻˹ɂ̇ ƞ Ɇǆï2.427.ƗȻíƓƶǃå ƗǈƓƪ̇ ˳ǃå ǑƼ ( 
4-  Ǌ˯ǆ˦ƶǈ ɆǆƓƶǆ ɏ˘ǃå ƠƑƓ˴ǃå ɏ˗˻ƪ Ɇǆ̇ ǃ Ɨ ǈƓƪ̇ ˳ǃå ƗˠǄ˳Ǆǃ Ɋƺ˷ǃå ƗǆāƓǀǆ
)1.715 ɆǆƓƶǆ ɏ˘ǃå Ɠ Ǆ˻˹ɂ̇ ƞ Ɇǆ̇ ƕ Ɨ ǈƓƪ̇ ˳ǃå ƗˠǄ˳Ǆǃ Ɋƺ˷ǃå ƗǆāƓǀǆ ˥ǆ ǏǄƵá (

) Ǌ˯ǆ˦ƶǈ2.427.( 

ƲƜä̠ ˶ǁä 
]1[ ) þƓǆå í˦˸˲ǆ2002 ƗƶǆƓƞ :˙˶ǆ ÜèåïƓ ˯ƤǙåā çí˦˱ǃåā ƗǈƓƪ̇ ˳ǃå óå˦Ƥ Ü(

.çï˦˶˹˸ǃå 
[2] Alireza k, John L et al. Effect of molecular architecture of 

polycarboxylate ethers on plasticizing performance in alkali-

activated slag paste (J). J Mater Sci, 2014(49):2461-2772 

[3] Alone M, Palacios M, et al. compatibility between 

polycarboxylate-based admixtures and blended-cement pastes 

(J). Cement and concrete composites,2013, (35):151-162 

[4] Yamada K, Takahashi T,HaneharaS,et al. Effects of the 

chemical structure on the properties of poly carboxylate-type 

Super plasticizer(J). Cement and concrete 

Research,2000,30)2):197-207. 

[5] S.Alsadey, A.Omran, Effect of the Type of Sand on the 

Properties of Concrete, Journal of Engineering and Applied 
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]с[  Ǒƹā˚˸ǃå Ɨ˸˟ƓƼ)2019 Ü(ˣǆ˗ǃå Ɨ ƙåî ƗǈƓƪ̇ ˳ǃå êƓ˯ǈǗ Ɨ ơƓ˶˸ǃå ɆǂƓ˵˸ǃå Ü
Ɨ ˹ǀ˯ǃåā Ɨ ƪ˗˹ǌǃå þ˦ǄƶǄǃ ǑǈƓ˰ǃå ˙˸ƙ˓˸ǃå: Ǌƙå̇ ˮƮ. 



 

ϸϹЛЮϜ 26 

 Volume 26 
 

International Science and 

Technology Journal 

ϣузЧϧЮϜм анЯЛЯЮ ϣуЮмϹЮϜ ϣЯϯгЮϜ 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
ЮЯϣЯϮв  ϣтЮмϸЮϜϣтжЧϦЮϜм амЯЛЯЮ 

 

Copyright © ISTJ   пн 

 

сзϡгЮϜ ̭Ϝϸϒ ϢϝЪϝϳв ϤϜмϸϒ бкϒ еуϠ ϣжϼϝЧв 

Comparison Between Important Building Performance 

Simulation tools 

Ǐ˰˭ƺ üƑ˵ǆ .ì ˢ ʾä̠ Ɠâ  
˗˹ƻƷà 

 .ìþƑ˶ȹâ ƕ ˞Ƴ ɂƨˤǐ 
ǏƨƑƨ 

  ɍîʕ˭˹ƻǁä ̞˹ƴƨ üƑǄà .ì
çä̠ ˹˲Ɵä 

Ɨ Ǆǂ ïƓ˯˳ ǃ˸å ̇˸Ƶ ƗƶǆƓƞ _ çïƓ˸ƶǃåā ÿ˦ƽ˹ǃå 

Ankara5566@yahoo.com emansasi77@gmail.com ahsairat@gmail.com 
 

 :˛˱ǂ˶ǁä 
 çƓǂƓ˲ǆǏ˹ˮ˸ǃå ßåíá Building Performance Simulation  ˙ɂ˦ˠƙ Ɨ Ǆ˸Ƶ Ǒǋ

þå˗˳˯ƪåā ˗ǀƶǆ þƓˢǈ āî Ǐ˹ˮ˸ǃ Ɋ˴ ǆ êî˦˸ǈ Ɨ ˭˻ˮǃå èå̇ ƛ˓˸ǃå Ɇ˻Ǆ˲˯ǃ êî˦˸˹ǃå  ˥ǆ
Ǒ˸˴ƙ Ɨ˹˻ƶǆ Ɲǆå̇ ˮƕ ˙ƙ˦˻ˮ˸Ḫ ç̊ ǌƞá ǏǄƵ ǉ˘˻ƽ˹ƙ Ɇˮƿ  ƗɁ˦ ï˟ā çïå̇ ơ Ɨƞïíā çßƓưã 

çƓǂƓ˲ǆ èåāíá Simulation Tools   ˥˻ƪ˗˹ǌ˸ǃåā ˥˻ɂïƓ˸ƶ˸ǃå Ɇˮƿ ˥ǆ Ɠǌǆå˗˳˯ƪå ˤ˯ǒ
 ǑƼ ˤǌƙ˗ƵƓ˴ǆ ú˗ǌƕ ˤ ˻ǀ˯ǃåˤ ˸˶˯ǃå Ɨ Ǆ˸Ƶ ßƓ˹ƛá ˘˻ƽ˹˯ǃå Ɇˮƿā  ƴƞ̇ ƙ  çƓǂƓ˲˸ǃå Ɨ ˸ǋá.

èå̇ ƛ˓˸ǃƓȺ ˓ˮ˹˯Ǆǃ Ɠǌǈ˦ƞƓ˯˲Ȼ Ǒ˯ǃå èƓǆ˦Ǆƶ˸ǃå ǑǈƓ ˸ǃå Ǒ˸˸˶˸ǃ ˙Ƽ˦ƙ Ɠǌǈã Ǒǃã Ɨ ˭˻ˮǃå 
ǑǈƓ ˸ǃå ý˦ơā ɆƤåí çïå̇ ˲ǃå Ɇǀǈ èƓ Ǆ˸Ƶā ßå˦ǌǃå  ƗḪ̇ ơ Ɇ˰ǆ Ǐ˹ˮ˸ǃƓȺ Ɨˠ ˲˸ǃå ā  

 ā ìƓ˹˸ǃå ˙˻ƛƋƙ Ɇ˰ǆ ƗȻíā˗˲ǃå úā˙ˢǃåñƓ ʾ  ƗƿƓˠǃå çßƓƽǂEnergy Efficiency 
Ɠˠǃå ïíƓ˶ǆ ƓĄ˷Ȼá çƓǂƓ˲˸ǃå þ̠˳ ˯˴ƙā ßå˦ǌǃå ˃ ḧ˻ƙā Ɨɂ˦ǌ˯ǃåā Ɨ˭Ƽ̠˯ǃå Ɨ˸s ǈáā ƗǄƤå̠ǃå Ɨƿ

Ɨ˰ǒ̠˲ǃå ǑǈƓ˸ǃå Ɇ˰ǆ ̠˻ǀƶ˯ǃå ̠ǒ̠Ƭ Ǐ˹ˮ Ǆ˸ǃ Ǒǀʿ˲ ǃå þƓs˹ǃå ÿ˦ɜȻ Ɠǆ̠˹Ƶ  èƓơƓ˴˸ǃå èåî
 ç̇ ˻ˮḧǃå çƓǂƓ˲˸ǃå èåāíá ˤǋá ô̇ Ƶ Ɨƪåï˗ǃå ǉ˘ǋ ú˗ǋ.Simulation Tools  ƗƶƑƓƬ

ǃå ǑƼ ï˦ˠ˯˸ǃå ˤǃƓƶǃå ǑƼ þå˗˳˯ƪǙå Ɠǌ˯˻˸ǋá ǏǄƵ ß˦ ˷ǃå Ɋ Ǆ˴ƙā Ɠǌư̇ Ƶā ˙ưƓ˲ǃå ˕ƿ˦
 ƗǀȺƓ˴ǃå èƓƪåï˗ǃå Ɇ˻Ǆ˲ƙ ǏǄƵ ˗˸˯ƶƙ Ɨƪåï˗ǃå Ɨ ˱ǌ˹ǆ .ǑƼ  þ˗ǀƙ Ɠ˸Ḫ ǑưƓ˸ǃå ˗ǀƶǃå

˛˸˳ǃ ƗǈïƓǀǆ  çƓǂƓ˲ǆ èåāíáSimulation Tools  þå˗˳˯ƪǙå ƗƶƑƓƬǑƼ  ɆƤåí ˤ ˻ǀ˯ǃå
íǖǃ Ɨ ˮǄ˴ǃåā Ɨ ƕƓ˱ȻǗå ˔ǈå˦˱ǃå ˗ǒ˗˲ƙ ýǚƤ ˥ǆ ˣǃîā ˤ ˸˶˯ǃå Ɨ Ǆ˸Ƶ ú˗ǌƕ èåā

 þå˗˳˯ƪǚǃ çåíá Ɇ˷Ƽá ïƓ ˯Ƥå.þ˗ǀ˯˸ǃå  Ɇ˸˵ƙ Ɠǌ˶˲Ƽ ˤƙ Ǒ˯ǃå èåāíǕå
DesignBuilder  āECOTECT  āHEED  āIES VE  āBSim ƗǈïƓǀ˸ǃå ˗˹˯˴ƙ .
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ƗɁ˦Ǆˠ˸ǃå ç̇ ˮ˳ǃå Ɇ˸˵ƙ ˙˻ǒƓƶǆ Ǐǃã ā  ÿ˦ǆ̠˳ ˯˴˸ǃå ā ˤǄƶ˯ǃå ā ƗƵ̇ ˴ǃå  ā ú˗ǌǃå ÜƗƿ˗ǃå
Ǒ˴ Ƒ̇ ǃå ā Ɨǆ˗˳˯˴˸ǃå Ɲǆå̇ ˮǃå ā ˯ƪǚǃ Ɨ ƕƓ˱Ȼãþå˗˳ ā  Ɨ ˮǄƪā.þå˗˳˯ƪǚǃ  Ɨ˱ ǈ˯ ÿ˦ḧ˯ƪ

 Ɨ˸ǌǆ Ɨƪåï˗ǃå ǉ˘ǋǄǃ Ɨ Ǆ˸Ƶ ßƓ˹ƛá ˤǌ˸ ˸˶ƙ ǑƼ ˤǌƙ˗ƵƓ˴ǆ ú˗ǌƕ ˥˻ƪ˗˹ǌ˸ǃåā ˥˻ɂïƓ˸ƶ˸
 ýƓ˱˸ǃå å˘ǋ ǑƼ ï˦ˠ˯˸ǃå ˤǃƓƶǃå çïƓ˱ǆā  Ɇˮǀ˯˴˸ǃå ǑƼ ˤ ˸˶˯ǃå. 

 : ƕ ƟƑ˭ƻ˶ǁä çƑ˶ǂḥǁäǏ˹ˮ˸ǃå çåíá çƓǂƓ˲ǆ Building Performance Simulation 
_Energy Efficiency  _ çƓǂƓ˲˸ǃå èåāíáSimulation Tools  èåāíá ßƓ˸ƪá_

 çƓǂƓ˲˸ǃåDesign Builder  āECOTECT  āHEED  āIES VE  āBSim 

Abstract:  

Simulation is a method for the implementation of a model over 

time, [1] Performance simulation is "the process of developing a 

simplified model of a complex system and using the model to 

analyze and predict the behavior of the original system."  [2] It is 

using by architects and engineers in the aim to help them in their 

design during the design process. Simulation is used in many 

contexts, for example, it gives building designers information they 

need for detailed prediction of air flow and heat transfer processes 

in and around building spaces ïboundary conditions such as effect 

of climate, internal energy sources. Simulation is also used when 

the real system is very a complex. 

So, this paper will describe some simulation tools which are 

important for advanced studies nowadays. The paper will compare 

five tools which they need for design process. By Defines the 

positive and negative of the tools in the aim to choose the best tool 

for advanced using as result of this paper, so the examined tools 

include Design Builder, ECOTECT, HEED, IES VE and BSim. 

The comparison is based on five criteria including; Expertise 

Required, Users, learn, speed, Accuracy, Main aim, Programs to 

use, Positive to use, and Negative to use. The result for this study 

will be important for architects and engineers in the aim to help 

them in their design during the design process in future. 

Key word: Simulation Tools -Building Performance simulation- 

Design Process- Design Builder, ECOTECT, HEED, IES VE and 

BSim. 
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 : ƕƨäî˕ǁä ƕ ˯Ǌ˷Ǆ 
ǏǄƵ Ɨƪåï˗ǃå Ɨ ˱ǌ˹ǆ è˗˸˯Ƶå ôå̇ ƶ˯ƪå  èƓƪåï˗ǃåƗǈïƓǀǆā Ɨƪåï˗ǃå ÷˦ ư˦˸ǃ ƗǀȺƓ˴ǃå 

 ý˦Ʈ˦Ǆǃ Ɠǌ˱ƑƓ˯ǈǑǃã Ɨƪåï˗ǃƓȺ óƓƤ êƓ˯˹˯ƪå  çƓǂƓ˲˸ǃå èåāíá Ɇ˷Ƽá ǏǄƵ ú̇ ƶ˯Ǆǃ ú˗ǌǒ
 ˙˵˹ǃ ā ç̇ ˻ˮḧǃå Ɠǌƙ˗ƑƓƼ Ɨ˱ ˯ǈ ˤ ˸˶˯ǃå Ɨ Ǆ˸Ƶ ǑƼ Ɠǌǆå˗˳˯ƪå ǏǄƵ ˥˻˶˶˳˯˸ǃå ƴ ˱˵˯ǃ

.ýƓ˱˸ǃå å˘ǋ ǑƼ ƗƼ̇ ƶ˸ǃå 

 : ƕƨäî˕ǁä ˣǄ ù˕Ǌǁä 
Á  ô̇ Ƶˤǋá èåāíá  çƓǂƓ˲˸ǃå Simulation Tools  ƓǌƙƓ ƕƓ˱Ȼå ǏǄƵ ú̇ ƶ˯Ǆǃ

 ̇ ƶ˯ǃåā ƓǌƙƓ ˮǄƪāɂɆǆƓƶ˯ǃå Ɨ ʽ Ḫ ǏǄƵ ˃  Ɠǌƶǆ. 
Á  ƗǈïƓǀǆèåāíá  çƓǂƓ˲˸ǃåSimulation Tools  ǏǄƵ ú̇ ƶ˯Ǆǃˤǋá èåāíǕå  ˥ǆ

 þå˗˳˯ƪǙå Ɨǃ˦ǌƪ Ɨ ơƓǈƓǋ̇ ˰ǂáā  Ɨ˱ǃƓƶǆ .Ɨ˭˻ˮǄǃ 
Á  ˙˶ƶǃå Ɨ ǂå˦ǆǑƼ  þå˗˳˯ƪåèåāíá  çƓǂƓ˲˸ǃåSimulation Tools  çï˦ˠ˯˸ǃå

 Ɇˮƿ Ɠ˭˻ƕ Ǐ˹ˮ ǃ˸å Ɨ˱ǃƓƶǆ û̇  ˟ǏǄƵ ú̇ƶ˯ǃåāǉßƓ˵ǈã  ɏíƓƽ˯ǃɏá  ɏ˘ǃå ˙ǆǕå Ɨ ˭˻ƕ ɆǂƓ˵ǆ
. Ɠɂïå̇ ơ Ɨ˲ɂ̇ ǆā Ɨ˲ƞƓǈ Ɨ ˹ˮǆ Ɨ˭˻ƕ ɖǄƤ ǑƼ ˗ƵƓ˴Ȼ 

ƕƨäî˕ǁä ƕ ˶ǉà : 
Á çƓǂƓ˲˸ǃå èåāíá ˤǋǕ Ɨ˸ǌǆ èƓƽɂ̇ ƶƙ Ɨƪåï˗ǃå ô̇ ƶ˯˴ƙ  Simulation Tools 

 Ɠ ˸ǃƓƵ ƗƼā˙ƶ˸ǃåƗǆ˗˳˯˴˸ǃåā ǑƼ ư˦ƙƗ˭˻ˮǃƓȺ Ǐ˹ˮ˸ǃå ƗƿǚƵ Ơ  Ɨˠ ˲˸ǃå. 
Á ú̇ ƶ˯ǃå Ǒ˭˻ˮǃå ˤɜ˲˯ǃå Ɨ ǈƓɜǆã ˖˻ơ ˥ǆ èåāíǕå ǉ˘ǋ èƓ ǈƓɜǆã ǏǄƵ ýǚƤ ˥ǆ 

Ɨ ƪ˗˹ǋ Ɲǆå̇ ƕ ç˗ƵƓ˴ǆ ǑƼ ˤ ˻ǀƙ  èƓƞïíā Ɨɂ˦ǌ˯ǃåā çßƓưǗåɆˮƿ çïå̇ ˲ǃå ˘˻ƽ˹ƙ Ǐ˹ˮ˸ǃå Ǐ˯ơ 
 ˗ƵƓ˴ȻǑƼ  Ɠ ˭˻ƕ Ơɂ̇ ǆ ǑǄƤåí ßƓ˷Ƽ ɖǄƤ.˥˻ǆ˗˳˯˴˸Ǆǃ 
Á ˗˻ƽƙ  ƗɂïƓ˸ƶ˸ǃå Ɨƪ˗˹ǌǃå ýƓ˱ǆ ǑƼ ˥˻˶˶˳˯˸ǃå Ɨƪåï˗ǃå ǉ˘ǋ ƝƑƓ˯ǈˤǌƼ̇ ƶƙā 

 ƗƼā˙ƶ˸ǃå çƓǂƓ˲˸ǃå èåāíá Ɇ˷Ƽá ǏǄƵ Ɇˮƿ Ǒ˹ˮ˸ǃå ßåíá ˤ ˻ǀƙ ǑƼ Ɨ ǃƓƶǃå Ɠǌ˯˻ǃƓƶƽǃ Ɠ ˸ǃƓƵ
. ˘˻ƽ˹˯ǃå 
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Á  ƴǆ Ɠǌǆå˗˳˯ƪå Ɨǃ˦ǌƪ Ɨ˱ ˯ǈ Ɲǆå̇ ˮǃå ǉ˘ǋ þå˗˳˯ƪå ǏǄƵ ˥˻˶˶˳˯˸ǃå ƴ ˱˵ƙ
 Ɠǌƙ˗ƑƓƼ ˤˢƵǑƼ  çïå̇ ˲ǃå Ɨ ơƓǈ ˥ǆ ˜ ʹǄǃ Ơɂ̇ ǆ ßƓ˷Ƽ ˙˻Ƽ˦ƙƗɂ˦ǌ˯ǃåā çßƓưǗåā.  

1. : ƕǄ˕ƾ˶ǁä 
˕Ƽ̇ Ƶ áí āåè  êî˦˸ǈ ˘˻ƽ˹˯ǃ Ɨǀɂ̇ ˟" ƓǌǈƋȺ çƓǂƓ˲˸ǃå ˘˻ƽ˹˯ǃå Ɇˮƿ Ǒƪ˗˹ǋ  ˕˲ƙ Ǌƶưāā 
Ǚå ïƓ ˯ƤƓ ˭˻ƕ   ƓǀơǙ ƴƿå˦ǃå ôïå ǏǄƵ  ɆǂƓ˵ǆ ɏá ɏíƓƽ˯ǃ] "1 [ Ɨ ˸ǋá ƴƞ̇ ƙā Ü Ɲǆå̇ ƕ

 ˙ưƓ˲ǃå ˕ƿ˦ǃå ǑƼ ƴƪåā ûƓˠǈ ǏǄƵ Ɨǆ˗˳˯˴˸ǃå ƗƿƓˠǃå ßåíá çƓǂƓ˲ǆƓǌǈ˦ḧǃ  èåāíáƗǃƓƶƼ 
å Ɨơå̇ ǃåā ƗƿƓˠǃå ßåíá Ɨƪåï˗ǃ ǏǄƵ çāǚƵ .Ǐ˹ˮ˸ǃå çƓ ơ çïāí ýǚƤ Ɨɂïå̇ ˲ǃÜˣǃî  ƓǌǈƎƼ

 èƓ Ǆ˸Ƶā ßå˦ ǌǃå ɖƼ˗˯ƕ Ɇ˶ƽ˸ǃå ˓ˮ˹˯Ǆǃ Ɠǌǈ˦ƞƓ˯˲Ȼ Ǒ˯ǃå èƓǆ˦Ǆƶ˸ǃå ǑǈƓ ˸ǃå Ǒ˸˸˶˸ǃ ˙Ƽ˦ƙ
 ǑǈƓ ˸ǃå èƓơƓ˴ǆ ý˦ơā ɆƤåí çïå̇ ˲ǃå Ɇǀǈ ā ìƓ˹˸ǃå ˙˻ƛƋƙ Ɇ˰ǆ ƗȻíā˗˲ǃå úā˙ˢǃå

˃ ˻ḧƙā Ɨɂ˦ǌ˯ǃåā Ɨ˭Ƽ˗˯ǃå Ɨ˸ˢǈáā Ɨ ǄƤå˗ǃå ƗƿƓˠǃå ïíƓ˶ǆā  ǉ˘ǋ Ʉ˶ƙ ˣǃ˘ǃ .ßå˦ǌǃå
 Ɇɜ˵Ⱥ Ɠǌ˹˻ƕ ƗǈïƓǀ˸ǃå ú˗ǌƕ ƗƿƓˠǄǃ èåāíá ˛˸Ƥ Ɨƪåï˗ǃå ÜþƓƵ Ɨǀɂ̇ ˟āÜƝǆå̇ ˮǃå þå˗˳˯ƪå 

 ǉ˘ǋ Ɇ˸˵ƙā˕ƿā ƗǈïƓǀ˸ǃå  þå˗˳˯ƪǙåā  í˗ƵÜ˥˻ǆ˗˳˯˴˸ǃå  āú˗ǌǃå ˥ǆ åþå˗˳˯ƪǙ  Ɠ˸Ḫ
.ƓǀơǙ ô̇ ƶ˯˴ǈ ú˦ƪ 

2. : ƕƾȸƑ˲ǁä çƑƨäî˕ǁä 
 :  Ɨƪåï˗ǃå ǉ˘ǋ ǑƼ çïƓ˯˳˸ǃå çƓǂƓ˲˸ǃå Ɲǆå̇ ˮǄǃ Ɨ ʽɂ̇ ƶƙ Ɨǆ˗ǀǆ ôå̇ ƶ˯ƪå 

Á  çƓǂƓ˲˸ǃå èåāíǖǃ ˤǌǆ ôå̇ ƶ˯ƪåSimulation Tools  Ɇ˰ǆDesign 
Builder- ECOTECT- HEED- IES VE- BSim ) Ɇɜ˵ǃƓȺ Ơư˦ǆ Ɠ˸Ḫ1: ( 

Á  Ɨ ˀƓǆā ƝǆƓǈ̇ ˮǃå ú˗ǋā ƝǆƓǈ̇ ˮǃå ˃ɂ̇ ƶƙ ˥Ƶ ƗǀȺƓ˴ǃå èƓƪåï˗Ǆǃ ôå̇ ƶ˯ƪå
 èǚƤ˗˸ǃå èå̊ ˻˸ǆ ˥ǆ ƝǆƓǈ̇ ƕ ɆḪ èƓ ǈƓɜǆã ǏǄƵ ú̇ ƶ˯Ǆǃ þƓƵ Ɇɜ˵Ⱥ èƓƞ̇ ˳˸ǃåā
 .æ˦˻Ƶā 
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) ɆɜƬ1 (èåāíá Ɨƪåï˗Ǆǃ Ɨơā˙ˠ˸ǃå çƓǂƓ˲˸ǃå  (éƓ˲ ǃå ï˗˶˸ǃå ). 

Á ƛǄä̠Ɠ üƑ˶ƴ˭ƨä ú̠˝  : ýƑƳ Ʉɚ˳ȸ æƑǀƑ˰˶ǁä çƓǂƓ˲˸ǃå þ˗˳˯˴ƙ ˔ǃƓƺǃå ǑƼ
:˘˻ƽ˹˯ǃå ƗǄơ̇ ǆ Ɇˮƿ ā ˤ ˸˶˯ǃå ƗǄơ̇ ǆ ýǚƤ 

1. Ɇ˻˸˲ƙ  Ɲǆå̇ ˮǃå ƴ ˸ƞ ÿá ˖˻ơ çƓǂƓ˲˸Ǆǃ ˗ƶ˸ǃå ðƓǌ˱ǃå ǏǄƵ í˗˲˸ǃå ƝǆƓǈ̇ ˮǃå
 .Ɇ˻˸˲˯Ǆǃ ç̇ ˷˲ǆā ˕ǈ̇ ˯ǈǙå Ɨɜ Ƭ ǏǄƵ ç̇ Ƽ˦˯ǆ 

 
) ɆɜƬ2. èǚƤ˗˸ǃå Ɇɂ̊ ˹ƙ Ɇˮƿ ƝǆƓǈ̇ ˮǃå  ƗƬƓƬ ( 
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2.  óƓ˳ǃå þƓƶǃå ìƓ˹˸ǃå ǏǄƵ ú̇ ƶ˯ǃƓȺ ƝǆƓǈ̇ ˮǄǃ Ơ˸˴ǈ Ǐ˯ơ Ǐ˹ˮ˸ǃå ƴƿ˦ǆ ˗ǒ˗˲ƙ
 ç̇ ƬƓ ǆ ƝǆƓǈ̇ ˮǃå þ˦ǀȻ Ǌ ǄƵā ƴƿ˦˸ǃƓȺ ƗƵ̇ ƪ ǚ˰ǆ ƴƿ˦˸Ǆǃ Ɨ ƤƓ˹˸ǃå èƓǈƓ ˮǃå ƗƼƓḪ Ɇɂ̊ ˹˯ƕ

.í˗˲˸ǃå ƴƿ˦˸ǃå ǑƼ Ɨ˹˴ǃå ïå˗ǆ ǏǄƵ Ǒ˴˸˵Ǆǃ Ǌ ƞ˦˯ǃåā  ƗɁ˦˟̇ ǃåā çïå̇ ˲ǃå èƓƞïíā ëƓɂ̇ ǃå 
 

 
) ɆɜƬ3 ƗƵ̇ ƪ ˤ ˻ǀƙ ) ýƓ˰ǆ ǊȺ Ǐ˹ˮ˸ǃå ßåíá ˤ ˻ǀƙ íå̇ ˸ǃå ƴƿ˦˸Ǆǃ ìƓ˹˸ǃå èƓǈƓ ƕ ǏǄƵ ú̇ ƶ˯ǃå (

.( ëƓɂ̇ ǃå 
 
3. ǈ̇ ˮǃå ǏǄƵ Ɠ ƪ˗˹ǋ  Ǐ˹ˮ˸ǃå ˤƪï ˤƪï ˥ǆ ƝǆƓǈ̇ ˮǃå èƓ Ǆˠ˯ǆ ˔˴ơ ïƓ˯˳˸ǃå ƝǆƓ

 ˥˻ǋƓ˱ƙƓȺ Ǐ˹ˮ˸ǃå2D  āå3D 
4.  Ɇḧǃ āá ǉ˗ơ ǏǄƵ ɖƕƓ˟ Ɇḧǃ Ɨ ǄƤå˗ǃå Ɇ˻ƮƓƽ˯ǃåā èƓ˲˯ƽǃå ɆɜƬā ˤ˱ơ ˗ǒ˗˲ƙ

 ƝǆƓǈ̇ ˮǄǃ èǚƤ˗˸Ḫ ç˗ơ ǏǄƵ ßƓ˷ƼInput . 
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) ɆɜƬ4. èƓ˲˯ƽǃå ƴƿå˦ǆ Ơ ư˦˯ǃ ˖ǃƓ˰ǃå ˗ƶ ǃƓȺ ƝǆƓǈ̇ ˮǃå ǏǄƵ Ɠ ƪ˗˹ǋ  Ǐ˹ˮ˸ǃå ˤƪï ( 

 
5.  ßƓˠƵãǑǋā èƓƞ̇ ˳˸ǃå ˙ǌˢƙ ˤƛ ˥ǆā çƓǂƓ˲˸ǃå ɖ˻ˮˠ˯ǃ ƝǆƓǈ̇ ˮǄǃ ˙ǆáOutput  

 ƗḪ̇ ơ āá ýǚˢǃåā ˛˸˵ǃå ƗḪ̇ ơ Ǌ ǄƵ Ơư˦ǒ íƓƶȺǕå Ǒƛǚƛ Ǒƪ˗˹ǋ ˤƪï ɆɜƬ ǏǄƵ
. ëƓɂ̇ ǃå çíïāā çïå̇ ˲ǃå èƓƞï˗ƕ Ɨ ǈƓ ƕ èƓǆ˦ƪïā ýāå˗ƞā ëƓɂ̇ ǃå 
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) ɆɜƬ5(   OutputɆɜƬ Ơ ư˦˯ƕ ƗƮƓ˳ǃå èƓƞ̇ ˳˸ǃå Ǐ˹ˮ˸ǃå ǏǄƵ ˙ƬƓ ˸ǃå Ɠǋ̇ ˻ƛƋƙā ëƓɂ̇ ǃå. 

 
6.  ǑƼǚ˯ǃ ˘˻ƽ˹˯ǃå Ɇˮƿ ˤ ˸˶˯ǃå æ˦˻Ƶ ǏǄƵ ú̇ ƶ˯ǃå ǑƼ ƝƑƓ˯˹ǃå ǉ˘ǋ Ɨ ˸ǋá ƴƞ̇ ƙ

. ǚˮǀ˯˴ǆ Ǐ˹ˮ˸ǃå ˥˻ǆ˗˳˯˴˸ǃ Ɨ˲ɂ̇ ǆ ˙˻ƹ Ɨ ˭˻ƕ ɆǂƓ˵ǆ Ǐǃã ɏí˓ƙ ßƓˠƤá ɏá 
 ýƑƳ Ʉɚ˳ȸ æƑǀƑ˰˶ǁä ƛǄä̠ Ɠ çǘƢ˕˶ǁ Ǐ˰ ƮˤƗ éíˤ˶ǆ(input ) : 
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) ɆɜƬ6 Ǒ˲ ư˦ƙ êî˦˸ǈ (èǚƤ˗˸ǃ  Input þƓƵ Ɇɜ˵Ⱥ çƓǂƓ˲˸ǃå Ɲǆå̇ ƕ . 
 

 
) ɆɜƬ7 ýƓ˰ǆ ( ÷˦ ˹ǃçƓǂƓ˲˸ǃå èåāíá ɖ˻ˮˠƙ ǑƼ ˗ƵƓ˴ƙ Ǒ˯ǃå Ɨ ƪ˗˹ǌǃå Ɲǆå̇ ˮǃå . 
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 ˢƨäƛǄƑǆ˗ˬǁä :  ECOTECT Tool  

: ˘Ǆ˗ǁä  
: ˁɀ˗ƴƗ  ECOTECT ƝǆƓǈ̇ ƕ ˦ǋ  çåíƋḪ ˥˻ɂïƓ˸ƶ˸ǃå ˥˻ƪ˗˹ǌ˸ǃå Ɇˮƿ ˥ǆ þ˗˳˯˴Ȼ ˗ɂ̇ Ƽ
) Ɇ˻Ǆ˲ƙPerformance analysis tools  ýǚƤ Ɠ˷Ȼáā ā ˤ ˸˶˯ǃå èƓȻå˗ƕ ǑƼ (
 Ɇơå̇ ǆ.ˤ ˸˶˯ǃå Ǐ˹ˮ˸Ǆǃ ˖ǃƓ˰ǃå ˗ƶ ǃå ǑƼ ƝǆƓǈ̇ ˮǃå þ˗˳˯˴Ȼ  . Ɇ˻Ǆ˲˯ǃå ˙ǆåāá ˥ǆ í˗Ƶ ƴǆ 

[3]  Ɇ˻Ǆ˲˯ǃ ˙ǆåāǕå ˥ǆ ǊƵ˦˸˱ǆ ƴǆ íƓƶȺǗå Ɨ ƛǚƛ ˤ ˸˶ƙ Ɨǌƞå˦ƕ ƝǆƓǈ̇ ˮǃå ˙ǌˢɂā
íƓƶȺǗå Ɨ ƛǚƛ ǑǈƓ ˸Ǆǃ Ǒ˭˻ˮǃå ßåíǕå 3D building models ˥ǆ  çßƓưǗå ˖˻ơ

çïå̇ ˲ǃåā è˦˶ǃåā .[2] 
ƛǄƑǆ˗ˬǂǁ ǏƨƑƨǓä ù˕Ǌǁä : 

1. :˖˻ơ ˥ǆ íƓƶȺǕå Ɨ ƛǚƛ ǑǈƓ ˸ǃå êîƓ˸ǈ Ɇ˻Ǆ˲ƙ ǑƼ þ˗˳˯˴Ȼ  çßƓưǗå[1]  ā
 ƗƿƓɣǃåā ìƓ˹˸ǃå ̇˻ƛƋƙā Ɇ˻Ǆ˷ ǃ˯åā çßƓưǗåā ɏïå̇˲ǃåā Ǒƙ˦˶ ǃå ßåíǕåā Ɨơå̇ǃå[4] 

2.  ǑƼ ˥˻˶˶˳˯˸ǃå ˗ƵƓ˴Ȼ ƝǆƓǈ̇ ˮǃå ˤ ˸˶˯ǃå èƓ ǈƓɜǆã ƴǆ Ɨǈā˙˸Ⱥ ɆǆƓƶ˯ǃå
ǑǃƓ˰ǆ Ɇơ Ǐǃã ɆƮ˦˯Ǆǃ Ɠ Ǆɜ ˀ Ǐ˹ˮ˸ǃå ïƓ ˯Ƥåā ˤ ˸˶˯Ǆǃ . ˘˻ƽ˹˯ǃå Ɇˮƿ 

3.  Ǐ˹ˮ˸ǃå Ɇɜ ǌǃåā ˤ ˸˶˯ǃå Ɨǆå˗˯ƪå ǏǄƵ ˙ƛ˓ƙ Ǒ˯ǃå ˙ƮƓ˹ƶǃå Ɇ˻Ǆ˲ƙ ǑƼ þ˗˳˯˴Ȼ
 . Ɨ ˭˻ˮǃå ˙˻ǒƓƶ˸ǃå ɖǀ˲ƙ Ǒ˯ǃå ˤ ǆƓ˶˯ǃå Ɇ˷Ƽá Ǐǃã ý˦Ʈ˦Ǆǃ[2] 

çǘƢ˕˶ǁä InputǗå Ǒƛǚƛ  ˤƪï :Ǒ˹ˮ˸Ǆǃ íƓƶȺ3D models   Ǐ˹ˮ˸ǃå Ɇɜ ˀ Ơư˦ǒ
 ˖ǃƓ˰ǃå ˗ƶ ǃå ǑƼ æå˦ƕáā ˘Ƽå˦ǈ ˥ǆ Ǐ˹ˮ˸ǃå Ɇ˻ƮƓƽƙ ƗƼƓḪ ƴǆ êïƓ˳ǃåā ǑǄƤå˗ǃå3D [5]Ü 

ǃ ßåíá ƗƼ̇ ƶ˸  ïå̇ ˲ǃå ÜççïƓǈǗå Üè˦˶ǃå Ǐ˹ˮ˸ǃå ɆƤåí ßå˦ǌǃå ɖƼ˗ƙ ā 
 ) Ɇɜ˵ǃå ˙ˢǈå8:( 
 

 ýƑƳ Ʉɚ˳ȸ æƑǀƑ˰˶ǁä ƛǄä̠ Ɠ çǘƢ˕˶ǁ Ǐ˰ ƮˤƗ éíˤ˶ǆ(input ) : 
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 üĀ˕Ɯ1 ˢ ˹ƾ˭ǁä Ǐƺ ƕǂƢä˕ǁä æ˕ƳƑ˲˶ǁä ƕ ƨ˕˷Ǌǁä ƛǄä̠ ˬǁäĀ ƛǄƑǆ̠ ˬǁä üƑ˶ƴ˭ƨä ƞƮˤƗ : 
 ƕ ƨ˕˷Ǌǁä ƛǄä̠ ˬǁä
æ˕ƳƑ˲˶ǁä 

æƑǀƑ˰˶ǁä ù˕ǉ Tool ƛǄƑǆ˗ˬǁä 

 
Imports 

BIM -CAD
models 

from most 
CAD 

software 

 
äÛ Ǐ˫˹ˬǁä ˢ ˶˴˭ǁ  ìƑƴȸǓä Ǐƙǘƙ éíˤ˶˷ǁä

 Ʉ˹ǂ˰˭ǁäĀ ˢ ˶˴˭ǁä Û (ìƑƴȸǓä Ǐƙǘƙ ˢ ˶˴Ɨ)
 Û ̞ɀ̠ˬǁ˭äĀ x˹˱˲ ǁ˭ä üƑ˶Ɵà Û ɍîä̠˰ǁä
 ƕƽƑ˞ǁä Ǐƺ ˢɚ˰˭ǁä Ü ƕ˰˴ǁä ˣǄ ɔƾ˰˭ǁä
 êƑɀ˗ǁä ɔƺ˕Ɨ Û ˕ƏƑ˲ǁä Û ˢ ˭ƴ˭ǁä Û ƕ ˲˶˳ǁä
 ƕ ʶƑ˷˞ƬǗäĀ ƕ ʷ ˬ˞ǁä æÞƑƮǕä Û ÞäˤǊǁäĀ
 Û æƑ ˰ǁä æîĀì ƕƻǂḥƗ Û æƑ ˰ǁä æîĀì ˢ ˹ƾƗ Û
 Ǐƨ˕˷Ǌǁä ǏƗˤ˴ǁä Ʉ˹ǂ˰˭ǁä Û ƕǁĀ˕˯ǁä

ǏƏƑ˴ƟǕäĀ . 

 
ECOTECT 

 
 
 

 

 
) ɆɜƬ8 ƝǆƓǈ̇ ˮǃå èǚƤ˗ǆ Ǒ˲ ư˦ƙ êî˦˸ǈ (input   Ǐ˹ˮ˸ǃåǑƼ  ˖ǃƓ˰ǃå ǉ˗ƶȺ. 
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 çƑƜ̠ ˱˶ǁä  Output ƗƮƓ˳ǃå ɄƑƓˡ˦ǃå Ɇ˻Ǆ˲˯ǃ  èƓǆ˦Ǆƶ˸ǃå Ɇɂ˦˲ƙ : ECOTECT 
Ɨ ǈƓ ƕ èƓǆ˦ƪï Ǒǃã3D    Ǌǃ˦ǌ˴Ɂā Ɨ ǈƓ ƕ ýāå˗ƞā[5]Ɇɜ˵ǃå ˙ˢǈå Ü  )3:( 

 
) ɆɜƬ9ƝǆƓǈ̇ ˮǃå èƓƞ̇ ˳˸ǃ Ǒ˲ ư˦ƙ êî˦˸ǈ ( 

 
 :èƓƞ̇ ˳˸ǃå  ɆƤåí ßå˦ǌǃå ɖƼ˗ƙ çƓǂƓ˲ǆā è˦˶ǃå ÜçïƓǈǗå Üçïå̇ ˲ǃå çƓǂƓ˲ǆ.Ǐ˹ˮ˸ǃå 

 ˢƨä  : ƛǄƑǆ˗ˬǁäHome Energy Efficient Design )HEED  ( 
ˁɀ˗ƴ˭ǁä : xǃƓǆā ßƓ˹ˮǃåā ɏïƓ˸ƶ˸ǃå ̠ƵƓ˴Ȼ ƗƮƓƤ Ɨ˹ɜ˴ǃå ǑǈƓ˸Ǆǃ ʕ˸˶ǆ ƝǆƓǈ̇ƕ ˦ǋ

 þ˗˳˯˴ɂā ßå˦ ǌǃå ˃ ˻ḧƙ ˥ǆ Ɨ˱ƙƓ˹ǃå ƗƿƓˠǃå ýƓ˸ơá Ɇ˻Ǆǀ˯ǃ Ǐ˹ˮ˸ǃå ˤ ˸˶ƙ Ɨ ʽ Ḫ ǑƼ ý̊ ˹˸ǃå
 Ɨ Ǆ˸Ƶ ƗȻå˗ƕ ǑƼˤ ˸˶˯ǃå. ]6[ 
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ƛǄƑǆ˗ˬǂǁ ǏƨƑƨǓä ù˕Ǌǁä :  ǏǄƵ ú̇ ƶ˯ǃåā Ɨ ˹ɜ˴ǃå ǑǈƓ ˸Ǆǃ ƗƿƓˠǃå ƗƽǄḧƙ ǏǄƵ ú̇ ƶ˯ǃå
  Ǐ˹ˮ˸ǃƓȺ Ɋ ˲˸ǃå ìƓ˹˸Ǆǃ ˤ ˸˶˯ǃå ƗȺƓ˱˯ƪåā Ɨ ǄƤå˗ǃå çïå̇ ˲ǃå Ɨƞïíā ˤ ˸˶˯Ǆǃ ƗǃƓƶƽǃå ƗƿƓˠǃå

[5] 
 çǘƢ˕˶ǁä Input  :  ƴƿ˦˸ǃå Ǒǋā Ɨ ʽ ˡā èƓǆ˦Ǆƶǆ ƴɁïá ˙˻Ƽ˦˯ƕ Ɇ˸ƶȻ  ƝǆƓǈ̇ ˮǃå

 í˗Ƶā èƓ ưïǕå ƗơƓ˴˸ǃ  ǑǄḧǃå ÷˦ ˸˱˸ǃåā. Ǐ˹ˮ˸ǃå ÷˦ ǈā ɖƕå˦ˠǃå[6] 
  

 
) ɆɜƬ10ƝǆƓǈ̇ ˮǃå èǚƤ˗˸ǃ Ǒ˲ ư˦ƙ êî˦˸ǈ ( 
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 çƑƜ̠ ˱˶ǁäOutput:   ƗȻíƓ˸ǃå Ǒ˹ˮ˸ǃå èƓǈ˦ɜ˸ǃ ƗƿƓˠǃå ˗ǀƽǃåā ƗƿƓ˟ ǑƼ ˔˴ḧǃå ˔˴˲Ȼ
ǀƙā  ƣǃå ...èƓ˲˯ƽǃåā ç˗˸ƵǙáā ÿåï˗˱ǃåā èƓ ưïǕåā ɄǀƪǕå Ɇ˰ǆ Ɠ ˭˻ƕ Ǐ˹ˮ˸ǃå ßåíá ˤ ˻

 ç˦ƿā ßå˦ ǌǃå ý˗ƶǆ ǑƼ ˙˻ƺ˯ǃåā Ǐ˹ˮ˸ǃå êïƓƤā ɆƤåí ǑƼ ßå˦ ǌǃå çïå̇ ơ èƓƞïí ƗƼ̇ ƶǆ   Ɇ˰ǆ
 . Ɨ ǈƓ ƕ ýāå˗ƞā Ɨ ǈƓ ƕ èƓǆ˦ƪï ɖɂ̇ ˟ ˥Ƶ ƣǃå ..ßƓɁ̇ ǌḧǃå ƗƽǄḧƙā çßƓưǗå[7] 

 
) ɆɜƬ11(. èƓƞ̇ ˳ǆ  çßƓƽḪā ˥˻˳˴˯ǃåā ˗ɂ̇ ˮ˯ǃå çßƓƽḪ Ɇ˰ǆ Ǒ˹ˮ˸ǃå èƓ ǈƓɜǆã ˤ ˻ǀ˯ƕ ɖǄƶ˯ƙ

 ƗƿƓ˟ ˗˻ǃ˦ƙā ˥ƤƓ˴ǃåā íïƓ ǃå ßƓ˸ǃå ˙ɂā˗ƙ çíƓƵã èƓ ǈƓɜǆɀā ˗ɂ̇ ˮ˯ǃåā Ɨɂ˦ǌ˯ǃåā çßƓưǗå
.Ɇɜ˵ǃƓȺ Ɨ˲ư˦˸ǃå èƓ ǈƓɜǆǗå ˥ǆ ˗ǒ˗ƶǃåā Ɨƽ ˢǈ 
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) ɆɜƬ12 . ƝǆƓǈ̇ ˮǃå èƓƞ̇ ˳˸ǃ Ǒ˲ ư˦ƙ êî˦˸ǈ ( 

 
IES VE Tool ǆ˗ˬǁä ˢƨä : ƛǄƑ  
(Integrated Environmental Solutions, 2011) 

:˘Ǆ˗ǁä  
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: ˁɀ˗ƴƗ  Ǒǃå ƝǆƓǈ̇ ˮǃå ˙ɂ˦ˠƙ ˤƙBSP IES- VE  èƓǀˮɣ ǃ˯å ˥ǆ í̠Ƶ ǏǄƵ ɏ˦˯˲ɂāǑ˯ǃå 
 Ǒƽ ˡ˦ǃå Ɇ˻Ǆ˲˯ǃå Ɇ˸˵ƙßåíǕ  Ǐ˹ˮ˸ǃå ô̇ ƶȻ ƝǆƓǈ̇ ˮǃƓƼ Ǐ˹ˮ˸ǃåǑƼ  ɄƮā ƴǆ ˖ǃƓ˰ǃå ˗ƶ ǃå

ï˦˶ǆ ǑǄ˻˶ƽƙ Ɇɜ˵Ⱥ Ǒ˹ˮ˸ǃå ˙ƮƓ˹ƶǃ. [8] 
ƛǄƑǆ˗ˬǂǁ ǏƨƑƨǓä ù˕Ǌǁä :  ˥ǆ Ɇḧǃ Ɨ ƪƓ ʾ ƝƑƓ˯ǈ êå̇ Ƥã ǏǄƵ ˗ƵƓ˴Ȼ ƝǆƓǈ̇ ˮǃå
ßåíá Ɇ˰ǆ Ɨ ƙǓå èƓ Ǆˠ˯˸ǃå ƗƿƓˠǃå Ü üǚǌ˯ƪå ƗƿƓˠǃå Ü LEED Ü çƓǂƓ˲˸ǃå Ɨɂïå̇ ˲ǃå Ü 

HVAC Ü ß˦ ư ïƓǌ˹ǃå Ü ßåíǕå  ɏïå̇˲ǃå Ü CFD Ü ɖƼ˗ƙ ßå˦ ǌǃå Ü æƓ˴˯ǂå çïå̇ ˲ǃå Ü 
ÿå˗ǀƼ çïå̇ ˲ǃå Ü æƓ˴ơ Ɇ˸˲ǃå Ü Ɇ˻Ǆˢ˯ǃå Ǒ˴˸˵ǃå Ü ƗƼƓ˰ǂ ƗƿƓˠǃå Ɨ ˴˸˵ǃå  ƣǃå..[5] .

 Ɇ˰ǆ ɏ̇Ƥå ƗɂïƓ˸ƶǆā Ɨƪ̠ǋ˹ Ɲǆå̇ƕ ƴǆ Ɇ˸ƶȻ ƝǆƓǈ̇ˮǃå Ü Archi CAD  āAutodesk 
Revit  āGoogle Sketch Up ˖ǃƓ˰ǃå ˗ƶ ǃå ǑƼ Ǐ˹ˮ˸ǃå ï˦˶ƙ ǏƼ Ɠǌǆå˗˳˯ƪǙ[8] 

 çǘƢ˕˶ǁä Input  : ýƓ˸ƶ˯ƪǙå Ɇǌƪ Ɠ˹˻˹ǀƙ ˣǃ˘Ḫ  Ɨƶɂ̇ ƪā ƗǄǌƪ èƓǈƓ ˮǃå ýƓƤíã Ɨ Ǆ˸Ƶ
  ƴǆ ƝǆƓǈ̇ ˮǃå ýƓ˸ƶ˯ƪå ˥ɜ˸Ȼ ˖˻ơ ˥˻˶˶˳˯˸ǄǃSketch- up   Ǐ˹ˮ˸ǃå Ɇ˻ɜ˵ƙ ǑƼ

. Ǐ˹ˮ˸ǃå èƓǈ˦ɜǆā ɄƑƓˡ˦ǃå Ɨ˸ˢǈǕ èåíå˗ƵǗå Ɨ˸ƑƓƿ ƴǆ ˖ǃƓ˰ǃå ˗ƶ ǃå ǑƼ Ɠ ƪ˗˹ǋ[6] 

 

 
) ɆɜƬ13 ƝǆƓǈ̇ ˮǃå èƓƞ̇ ˳˸ǃ Ǒ˲ ư˦ƙ êî˦˸ǈ ( . 
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å çƑƜ̠ ˱˶ǁ Output ïƓǌ˹ǃå ß˦ ˷ǃā ƗƿƓˠǄǃ Ɨ ƑƓ˶ơǗå èƓǈƓ ˮǃå ƝǆƓǈ̇ ˮǃå ˙ǌˢȻ :
 Ü Ǐ˹ˮ˸Ǆǃ Ɨ˱˯˹˯˴˸ǃå Ɇ˻Ǆ˲˯ǃå ɄƑƓˡā ƴ ˸˱ǃ Ɨ ǈƓ ƕ èƓǆ˦ƪïā ýāå˗˱Ḫ Ǒ˴˸˵ǃå Ɇ˻Ǆˢ˯Ǆǃā

ï˦˶ƙā Ɨ ʹƿåā ï˦Ʈ ˙ǌˢȻ ˣǃ˘ǂ Ǒƪ˗˹ǋ Ǒƛǚƛ íƓƶȺǕå  ÿ˦Ǆǆ ƝƑƓ˯˹ǃ Ɇ˻Ǆ˲˯ǃå [5]. 

  

) ɆɜƬ14(  ïƓǌ˹ǃå ß˦ưā ýǚˢǄǃā ƗƿƓˠǄǃ èƓƞ̇ ˳ǆ. 
 

ƛǄƑǆ˗ˬǁä  :Bisim (Danish Building Research Institute) 

˘Ǆ˗ǁä  : 
ˁɀ˗ƴƗ : ) þå˗˳˯ƪǙå ƗǄǌƪ çƓǂƓ˲ǆ ǑǋUser-  friendly simulation  Ɇ˻ƮƓƽ˯ǃ (

.èƉ˵˹˸ǃåā ǑǈƓ ˸ǃå [4]  ǑƙǕƓḪ Ơư˦ǆ ƝǆƓǈ̇ ˮǄǃ ˙Ƥà ˃ɂ̇ ƶƙ ǑƼā Ǒǋ "  çåíá ˙ƙ˦˻ˮ˸ǂ 
˙Ƽ˦ƙ èƓǈƓɜǆã çƓǂƓ˲ǆ Ɨǆ˗ǀ˯ǆ Ǒ˸˸˶˸ǃ ǑǈƓ ˸ǃå ˥˻ƪ˗˹ǌ˸ǃåā ˥˻ɂïƓ˸ƶ˸ǃå ˤǋ̇ ˻ƹā Ü ˗˹Ƶ 

Ɋ ˠ˳˯ǃå āá ˤ ˸˶˯ǃå āá Ɇ˻Ǆ˲ƙ ìƓ˹˸ǃå ǑǄƤå˗ǃå üǚǌ˯ƪåā ƗƿƓˠǃå ɏǕ ÷˦ ǈ ˥ǆ " ǑǈƓ ˸ǃå .
]5[ 
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ƛǄƑǆ˗ˬǂǁ ǏƨƑƨǓä ù˕Ǌǁä : 
Á ïƓǌ˹ǃå ß˦ ư çƓǂƓ˲˸ǃ þ˗˳˯˴Ȼ Daylight  ß˦˷Ⱥ ƗǀǄƶ˯˸ǃå èƓȺƓ˴˲ǃå Ɇ˻˱˴ƙā

˙ƬƓ ˸ǃå ïƓǌ˹ǃå. 
Á   ýǚˢǃå ˗ǒ˗˲ƙShadowing ˛˸˵ǃå ï˦ǌˡ ˕˻ƿ˦ƙā Ǐ˹ˮ˸ǃå ǏǄƵ . 
Á  þ˗˳˯˴ȻƓ˷Ȼá ƝƑƓ˯ǈ ƴưā ǑƼ  çïå̇ ˲ǃå èƓƞïíǑƼ  ßƓ˷ƽǃå ɆƤå˗ǃåThermal 

indoor climate Ɨɂ˦ǌ˯ǃåā ƗɁ˦˟̇ ǃåā Ɏ Ventilation .( ñƓ ʾā Ɇ˻Ǆ˲ƙā ˤ ˸˶ƙ)[4] 
: ƛǄƑǆ˗ˬǁä çǘƢ˕Ǆ Ɇ˸ ƙ˵ā ú̇ƺǃå ɆƤåí ɏïå̇˲ǃå ̇˻ƛƋ˯ǃå èåî ɖ˟Ɠ˹˸Ǆǃ ƓɜǆƓ˹ǒí çƓǂƓ˲˸ǃå

. þ˗˳˯˴˸ǃå þƓˢ˹ǃå ÷˦ ǈā Ǐ˹ˮ˸ǃå èƓǈ˦ɜǆā Ɨǆ˗˳˯˴˸ǃå íå˦˸ǃå[5] 

 
) ɆɜƬ15þ˗˳˯˴˸ǃå þƓˢ˹ǃå ÷˦ ǈā Ǐ˹ˮ˸ǃå èƓǈ˦ɜǆā Ɨǆ˗˳˯˴˸ǃå íå˦˸ǃå : èǚƤ˗˸ǃå ( 
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: ƛǄƑǆ˗ˬǁä çƑƜ̠ ˱Ǆ Ɨ ǈƓ ƕ þ˦ƪï Ǐǃã ɄƑƓˡ˦ǃå Ɇ˻Ǆ˲ƙ ƝƑƓ˯ǈ ô̇ Ƶ Ɇḧǃ ýāå˗ƞ āå
˥ǆ ô̇ ƶǃåā ƣ˴˹Ǆǃ ǊǄƕƓƿ ƝƑƓ˯˹ǃåā Ǐ˹ˮ˸ǃå Ɇ˻ƮƓƽƙ . ˗ǒ˗ƞ[5] 

 
) ɆɜƬ17ƝǆƓǈ̇ ˮǃå èƓƞ̇ ˳˸ǃ êî˦˸ǈ ( 

 
ƛǄƑǆ˗ˬǁä ˢƨä : The DesignBuilder software  

:˘Ǆ˗ǁä  
 :ˁɀ˗ƴ˭ǁäç˗Ƒå̊ ǃå ƗƿƓˠǃå çƓǂƓ˲ǆ Ɇ˻˱˴˯ǃ ˦ǋā í˗˲ǆ ˚ǌ˱ǆ þ˗ǀ˯ǆ ƝǆƓǈ̇ ƕ ˦ǋ   

EnergyPlus .Ǐ˹ˮ˸ǃå Ɇ˻ƺ˵ƙ ßƓ˹ƛá[9] 
ƛǄƑǆ˗ˬǂǁ ǏƨƑƨǓä ù˕Ǌǁä : 

Á  ƗƿƓˠǄǃ Ǐ˹ˮ˸ǃå üǚǌ˯ƪå Ɇ˻˱˴ƙEnergy consumption 
Á  ô̇ ƶ˯ǃå Ɨ ơƓǈ ˥ǆā ˙ǌˢ˸ǃå Ɨ ơƓǈ ˥ǆ Ǐ˹ˮ˸ǃå èƓǌƞå˦Ǆǃ èåïƓ Ƥ ô̇ ƶ˯˴Ȼ

 Ǒ˴˸˵ǃå ÷ƓƶƬǘǃ. 
Á  Ɨɂïå̇ ˲ǃå  çƓǂƓ˲˸ǃå Thermal simulation   Ɨɂ˦ǌ˯ǃå èåî ǑǈƓ ˸Ǆǃ èåî

 Ɨ ʹ ˮˠǃånaturally ventilated 
Á  ˤɜ˲˯Ǆǃ èƓơ̇ ˯ǀǆ ô̇ ƶ˯˴ȻǑƼ ƓǌƕƓ˴ơ Ɨ ʽ Ḫā Ɨ ʹ ˮˠǃå çßƓưǗå . 
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Á Ɨ ƑƓɁ̇ ǌḧǃå ƗƿƓˠǃå üǚǌ˯ƪå ǑƼ ˙˻Ƽ˦˯Ǆǃ èƓơ̇ ˯ǀǆ þ˗ǀȻ  .  
Á Ǒ˴˸˵ǃå Ɇ˻Ǆˢ˯Ǆǃ Ɨǆ˦ƪ̇ ǆ èƓˠˠ˳ǆ þ˗ǀȻ .  
Á æƓ˴ơ ô̇ ƶȻ þƓ˱ơǕ èå˗ƶǆ Ɨ˭Ƽ˗˯ǃå  ˗ɂ̇ ˮ˯ǃåā .[10] 

Ǎ˷ˬ˶ǁä çǘƢ˕Ǆ InputǄ˻Ǆ˲ƙ íå̇ ˸ǃå Ǐ˹ˮ˸ǃå ˥Ƶ èƓǆ˦Ǆƶ˸ǃå Ɇˮǀ˯˴Ȼ : ɖɂ̇ ˟ ˥Ƶ Ɠ ʽ ˡā Ǌ
CAD data . [10] Ɨ ƪ˗˹ǋ Ɲǆå̇ ƕ ƴǆ ˖ǃƓ˰ǃå ˗ƶ ǃå ǑƼ ƗɂïƓ˸ƶ˸ǃå êîƓ˸˹ǃå þ˗˳˯ƪ ˦ǌƼ

ā  ˕˻Ƽå̇ ǃå ƝǆƓǈ̇ ƕ Ɇ˰ǆ ç˗ƵƓ˴ǆsketch up   íƓḧǃå āåRevit, ArchiCAD  .[10] 

 

) ɆɜƬ18 (˖ǃƓ˰ǃå ˗ƶ ǃå ǑƼ Ɨ ƪ˗˹ǌǃå ýƓɜƬǕå : ƝǆƓǈ̇ ˮǃå èǚƤ˗ǆ . 

 



 

ϸϹЛЮϜ 26 

 Volume 26 
 

International Science and 

Technology Journal 

ϣузЧϧЮϜм анЯЛЯЮ ϣуЮмϹЮϜ ϣЯϯгЮϜ 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
ЮЯϣЯϮв  ϣтЮмϸЮϜϣтжЧϦЮϜм амЯЛЯЮ 

 

Copyright © ISTJ   сн 

 

 ƛǄƑǆ˗ˬǁä çƑƜ̠ ˱ǄOutput  : üǚǌ˯ƪǙ èåßå̇ ƿ ô̇ ƶ˯˴Ȼ ƗƿƓˠǃå  çïå̇ ˲ǃå èƓƞïíā
 ýƓǀ˯ǈǙå Ɨ ʽ Ḫā ƴƿ˦˸ǃƓȺ ˛ǀˠǃå ˥Ƶ èƓǈƓ ƕ  þ˗ǀȻ ˣǃ˘Ḫ Ɨɂïå̇ ˲ǃå Ɨơå̇ ǃåā ƗɁ˦˟̇ ǃåā

. ƗǄƤå̠ǃå èåßƓ˷ƽǃå ýǚƤ ßå˦ǌǃå ƗḪ̇ơā ƠɣƪǕåā ÿåï̠˱ ǃå ýǚƤ ˥ǆ ɏïå̇˲ǃå[5] 

 

 
) ɆɜƬ19ƗƿƓˠǃå üǚǌ˯ƪåā  çïå̇ ˲ǃå èƓƞïí  ( 
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) ɆɜƬ20(  output ƝǆƓǈ̇ ˮǃå èƓƞ̇ ˳˸ǃ Ǒ˲ ư˦ƙ ýƓ˰ǆ 

4.  : ƛƏƑ˭˷ǁä 
 Ǒ˯ǃå  ƗǀȺƓ˴ǃå èƓƪåï˗ǃå ˥ǆ Ǌ˱˯˹˯˴ǆ æ˦˻Ƶā èå̊ ˻˸˸Ⱥ êā˙˳Ǆǃ ƝǆƓǈ̇ ƕ Ɇḧǃ Ɨ Ǆ˻Ǆ˲ƙ Ɨƪåïí

:Ǒǋā  Ɇ˰ǆǕå ƝǆƓǈ̇ ˮǃå ˗ǒ˗˲ƙ ǑƼ ˗ƵƓ˴ƙ 
ECOTECT 

:çä̆ ˹˶Ǆ 
Á  ÷˦ ƞ̇ ǃå Ɨ ǈƓɜǆãƠ ˲˶˯ǃåāFeedback  ǑƼ  Ɨ Ǆ˸Ƶ ýǚƤ Ɨ ǃāǕå Ɇơå̇ ˸ǃå

.Ǐ˹ˮ˸ǃå ˤ ˸˶ƙ ]4[ 
Á þ˗ǀȻ ECOTECT  ˤ ˸˶˯ǃå Ɇơå̇ ǆ ƴ ˸ƞ ǑƼ Ɨ ˹ƹ Ɨ Ƒ̇ ǆ ýƓɜƬá]11[ 
Á  ˗ƵƓ˴ȻECOTECT   Ǐ˹ˮ˸ǃå Ɨƪåï˗ǃ Ɨ ǃāǕå Ɇơå̇ ˸ǃå ǑƼ ˥˻ɂïƓ˸ƶ˸ǃå ˥˻ƪ˗˹ǌ˸ǃå

. Ɨ˭˻ˮǃƓȺ Ǐ˹ˮ˸ǃå ƗƿǚƵ ˤǌƼ ǑƼ[11] 
Á ǃāǕå ˤ ˸˶˯ǃå Ɇơå̇ ǆ ǑƼ ˤ˸˶˸ǃå ïƓḧƼá ɖ˻ˮˠƙ Ɇǌ˴ǃå ˥ǆ îƓ˳ƙå ÿ˦ɜɂā Ǐ

.Ɨ ƑƓǌ˹ǃå Ɇơå̇ ˸ǃå ˥ǆ ˙˻˰ɜȺ Ɇǌƪá ïå̇ ǀǃå[5] 
Á þ˗ǀȻ ECOTECT . Ɋ˴ ǆ Ɇɜ˵Ⱥ Ǐ˹ˮ˸ǃå ɄƑƓˡ˦ǃ Ɨ Ǆ˻Ǆ˲ƙ Ɨ ǈƓ ƕ èƓǆ˦ƪï[5] 
Á  ECOTECT Ɲǆå̇ ˮǃå ˙˰ǂá ç˗ƑƓƼ ˔ˮ˴Ⱥ ƗƵ̇ ˴ǃå Ɨǃ˦ǌƪā  .þå˗˳˯ƪǙå]3[ 
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Á . Ɨ ƕƓ˴˲ǃå èƓǈƓ ˮǄǃ Ɨǀ ʾí ƝƑƓ˯ǈ ǑˠƶȻ[2] 
 :åˤ˹ƴǁä 

Á ƶǆ Ɨ ƪ˗˹ǋ ýƓɜƬá ɖǄƤ ƗɁ˦ƶƮ.Ɨ ˹˲˹˸ǃå ÿåï˗˱ǃå ǑƼ ˘Ƽå˦˹ǃå ƴưā Ɇ˰ǆ ç˗ǀ . 
[3] 
Á  Ɇ˻ƺ˵ƙ èƓǄɣ˯ Ⱥ˸ ƗǃƓƵ ƗȻåïí ǏǄƵ ƝǆƓǈ̇ˮǃå å̆ǌǃ ˥ ǆ˻˳̠ ˯˴˸ǃå ÿ˦ɜȻ ÿá ̝ Ȼ˱

.èƓǈƓ ˮǃå[5] 
HEED 
: çä̆ ˹˶˶ǁä 

Á . Ɨ ǃƓƶǃå Ɨƿ˗ǃƓȺ ðƓ˯˸Ȼ[10] 
Á  ýðƓ˹˸ǃå ǑƼ ƗƿƓˠǃå ˙˻Ƽ˦ƙ ǏǄƵ ˗ƵƓ˴ɂā  ˤ ˸˶˯ǃå ƗǄǌƪ Ɠǌǈ˦ḧǃ þå˗˳˯ƪǙå Ɇǌƪ
.[5] 
Á  ˘˳˯ǒ Ǚ ç̇ ˻ƺ˶ǃå ǑǈƓ ˸Ǆǃ ˤ˸˶ǆ Ǌǈ˦ḧǃ ˕ƿ˦ǃå ˥ǆ ˙˻˰ḧǃå Ǒ˹ˮ˸ǃå ˤ ˻ǀƙ ßå̇ ƞá

.  Ɇ˻ƮƓƽ˯ǃå ƗǄǀǃā ƗơƓ˴˸ǃå çíā˗˲ǆ[9] 
: åˤ˹ƴǁä 

Á   çíā˗˲˸ǃå ç̇ ˻ƺ˶ǃå èƓơƓ˴˸Ǆǃ þ˗˳˯˴ȻSingle- zone buildings..[5] 
Å ƝƑƓ˯ǈ êå̇ ƤǗå ˙ǀ˯ƽƙ Ǐǃã èƓƽ˶ǃå Ɨɂ̇ ˶ ǃå] .5[ 
Å ˔ƪƓ˹ǆ ɊǀƼ ƗǄơ̇ ˸Ǆǃ ç̇ ɜ ˸ǃå ˥ǆ Ɨ Ǆ˸Ƶ ˤ ˸˶˯ǃå.[10] 

IES VE 
:çä̆ ˹˶˶ǁä 

Á Ɨ Ǆ˸Ƶ ýƓƤíã èƓǈƓ ˮǃå ƗǄǌƪ Ɨƶɂ̇ ƪā] .10[ 
Á Ơ˸˴Ȼ IES Sketch- Up ˥˻ƪ˗˹ǌ˸Ǆǃ ˥˻ɂïƓ˸ƶ˸ǃå ˛ ǃ ɊǀƼ ˥ɂ˦ḧ˯ƕ  ǑǈƓ ˸ǃå

ÜƓ ƪ˗˹ǋ ˥ḧǃā ƓĄ˷Ȼá ˓ˮ˹˯Ǆǃ ƓǌƑåíƋȺ þå˗˳˯ƪƓȺ Sketch- Up ]5[ 
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Á ɖƼå˦˯ƙ Ɨ˟Ɠ˴Ⱥ Ɨǌƞå˦ǃå Ɨ Ǆ˸Ƶā ýƓƤíã èƓǈƓ ˮǃå ƴǆ Ɨǀɂ̇ ˟ Ɇ˸Ƶ ˥˻ƪ˗˹ǌ˸ǃå 
˥˻ɂïƓ˸ƶ˸ǃå] .5[ 

Á  ĄßƓ˹ƕ ǏǄƵ èǚƤ˗˸ǃå ƗǄ˻Ǆǀǃå Ü Ơ˸˴ƙ ǉ˘ǋ  çåíǕå ˥˻ƪ˗˹ǌ˸Ǆǃ ˥˻ɂïƓ˸ƶ˸ǃå çƓǂƓ˲˸Ⱥ 
˙˻ƛƋƙ èåïƓ Ƥ ˤ ˸˶˯ǃå  ɏïƓ˸ƶ˸ǃå ǏǄƵ ßåíá Ǐ˹ˮ˸ǃå Ü  ÿāí ƗƞƓ˲ǃå Ǐǃã ÷˦ ƞ̇ ǃå Ǐǃã Ɇ˻ǃí .
]5[ 
Á Ơ˸˴Ȼ ƗǈïƓǀ˸Ⱥ ɆƑå˗ˮǃå .Ơ˸˴ƙ  çåíǕå ýƓƤíƎȺ HVAC ˔ƪƓɜǆā ƗƿƓˠǃå Ɨ ˴˸˵ǃå 

Ɇ˻Ǆˢ˯ǃåā Ɨɂ˦ǌ˯ǃåā Ɨ ʹ ˮˠǃå èƓ ˱ ƙå̇ ˯ƪåā ˤ ˯ƶ˯ǃå] .10 [ 
 : åˤ˹ƴǁä 

Á ) æå ˜˯ɜƪ ƝǆƓǈ̇ ƕ  èƓ˸ ˸˶ƙ ǑƼ èåïå̇ ǀǃå Ɇǒ˗ƶƙā ÷˦ ƞ̇ ǃå(Sketch- Up 
 .Ǌ˹ɜ˸ǆ ˙˻ƹ 

Á  ˝ǀǈ ˔ˮ˴Ⱥ ïå̇ ǀǃå îƓ˳ƙå Ɨ Ǆ˸Ƶ ˤƵ˗ƙ Ǚā Ɨ ƪƓ˹ǆ ˙˻ƹ Ɨƞ̇ ˳˯˴˸ǃå ƝƑƓ˯˹ǃå
Ǐ˹ˮ˸Ǆǃ ǑƑ̇ ˸ǃå ï˦˶˯ǃå ˙˻˰ḧǃåā ˥ǆ èƓǆ˦Ǆƶ˸ǃå Ɨ ˶˹ǃå ýāå˗˱ǃåā .[5]  

BSim 
: çä̆ ˹˶˶ǁä 

Á  Ɠɂïå̇ ơ ç˗ǀƶ˸ǃå ǑǈƓ ˸Ǆǃ þ˗˳˯˴Ȼ. 
Á  Ɨ ưƓǆ ƗǄɂ˦˟ èå˦˹˴ǃ ç˗˻˵˸ǃå ǑǈƓ ˸Ǆǃ þ˗˳˯˴Ȼ. 
Á çƓǂƓ˲˸ǃå ǑƼ Ɨ ǃƓƶǃå Ǌƙåï˗ǀǃ ˤǃƓƶǃå ǑƼ ƴƪåā ûƓˠǈ ǏǄƵ þ˗˳˯˴Ȼ Simulation 

capabilities, . 
Á  ƝǆƓǈ̇ ˮǃå Ɇ˻ƺ˵˯ǃ Ǌ ǃƓƵ èåï˗ǀȺ ˥˻˶˶˳˯ǆ Ǐǃã êƓ˯˲Ȼ Ǚā þå˗˳˯ƪǙå Ɇǌƪ . 
Á BSim Ǒǋ  çåíá Ɨǀ ʾí ƗȻƓƺǄǃ çƓǂƓ˲˸ǃ ìƓ˹˸ǃå ǑǄƤå˗ǃå  ɏïå̇˲ǃå ǑƼ  ǑǈƓ ˸ǃå.[5] 

 :åˤ˹ƴǁä 
Á  ç˗ơ˦ǆ ˙˻ƹ ƝƑƓ˯˹ǃå. 
Á  Ǌƶ˸˯˱ǆ ˕ƿ˦ǃå ˛ƽǈ ǑƼ èǚƤ˗˸ǃå ƗƼƓḧǃ çƓǂƓ˲ǆ ˗ƞ˦ǒ Ǚ[5] 
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Design Builder 
: çä̆ ˹˶˶ǁä 

Á Ɨƿ˗ǃå Ɨ ǃƓƵ ƝƑƓ˯ǈ ǑˠƶȻ ƝǆƓǈ̇ ƕ ] .11[ 
Á  ˙Ƽ˦ǒDesignBuilder  êîƓ˸ǈ ƴǆ Ǒ˹˻ˮǃå Ɇ˻ƺ˵˯ǃå Ɨ ǈƓɜǆãBIM  ýǚƤ ˥ǆ

 íå̇ ˻˯ƪå Ɨ ǈƓɜǆãgbXML   ƓǋâƓ˵ǈã ˤƙ íƓƶȺǕå Ɨ ƛǚƛ ƗɂïƓ˸ƶǆ êîƓ˸ǈ íå̇ ˻˯ƪƓȺ ˣǃî Ơ˸˴Ȼ
 ǑƼRevit āá ArchiCAD āá Microstation   ƓǋâƓ˹ƕ ˥ɜ˸Ȼ Ü Ǐ˹ˮ˸ǃå Ɨƪ˗˹ǋ ÜƓ˷Ȼá

] .íƓƶȺǕå Ǒƛǚƛ êî˦˸ǈ þå˗˳˯ƪƓȺ11[ 
Á  ˥˻ɂïƓ˸ƶ˸Ǆǃ èƓǆ˦Ǆƶǆ þ˗ǀȻ ˙ƽƮ ǑǈƓ ǆ ˤ ˸˶˯ǃ Ɨǆå˗˯ƪǙå ǑƼ ˥˻˶˶˳˯˸ǃå

ƗƿƓˠǃå NZEB .[4] 
 :åˤ˹ƴǁä 

Á  ç˗ǀƶ˸ǃå çƓǂƓ˲˸ǃå  Ɲǆå̇ ˮǃå ˥ǆ ˙ˮ˯ƶȻ . 
Á  ɖɂ̇ ˟ ˥Ƶ Ǚá Ɠǌ˯˸ƞ̇ ƙā Ɠǌ˸ǌƼ ˤ˯ǒ Ǚā ƗǄ˶ƽǆ çƓǂƓ˲˸ǃå Ɨ Ǆ˸Ƶ èƓƞ̇ ˳ǆ ƴ ˸ƞ

.˥˻ɂïƓ˸ƶǆ ˥˻˶˶˳˯ǆ 
Á ƝƑƓ˯ǈ èƓƞ̇ ˳˸ǃå Ǚ ˤƵ˗ƙ Ɇɜ˵Ⱥ  ĆúƓǂ Ɨ Ǆ˸Ƶ ƴ˹Ʈ ïå̇ ǀǃå Ɏ˗ǃ ñ˗˹ǌ˸ǃå 

 . ɏïƓ˸ƶ˸ǃå[11] 

5.  ƕ˳ƽƑ˷Ǆ:ƛƏƑ˭˷ǁä 

 ) üĀ˕Ɯ ƕ˳ƽƑ˷Ǆ : ǗĀà1:  æîƑ˭˱˶ǁä ƛǄä̠ ˬǁä ˣ˹Ɠ ǈǄƑƳ ƕǆîƑƾǄ (  
 Ɇḧǃ çåíá āá  ˥ǆ Ɲǆå̇ ˮǃå Ɇ˷Ƽá ǏǄƵ ú̇ ƶ˯ǃå ˤǌ˸ǃå ˥ǆ ˥ḧǃā æ˦˻Ƶā èå̊ ˻˸ǆ ƝǆƓǈ̇ ƕ

 Ǒǋā Ɨ˸ǌ˸ǃå ˙ƮƓ˹ƶǃå ˥ǆ ˗ǒ˗ƶǃå Ơư˦ǒ ýā˗˱ǃå å˘ǋā èå̊ ˻˸˸ǃå ˖˻ơ ƝǆƓǈ̇ ˮǃå ˤƪåÜ 
 . æ˦˻ƶǃåā èå̊ ˻˸˸ǃåā èƓƞ̇ ˳˸ǃåā  èǚƤ˗˸ǃå  þå˗˳˯ƪǙå ú˗ǋÜ þå˗˳˯ƪǙå 

ǗĀà :  ˥ǆ  ýǚƤýā˗˱ǃå Ɇ˻Ǆ˲ƙ ) ˤƿï1( ÿå Ɏ̇ǈ  ƝǆƓǈ̇ ƕECOTECT  ƝǆƓǈ̇ ƕ ˦ǋ
  ˤ ˸˶˯ǃå Ɨ Ǆ˸Ƶ Ɇơå̇ ǆ ýǚƤ  ˗˻ƽǆā ýƓƶƼˤǋá ā  Ǌǈå Ǌƙå̊ ˻˸ǆ˙˰ǂá  Ɲǆå̇ ˮǃå ˥ǆ Ɨƿí
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Ǌǈå Ɠ˸Ḫ Ɏ̇ƤǕå  ˔˻˱˯˴ȻƗƶƞå̇ ˸Ǆǃ  Feedback     ā Ɨ Ǆ˸Ƶ Ǒǋ ÷˦ ƞ̇ ǃåǏǃã  èƓȻå˗ƕ
Ɨǆðǚǃå èǚǒ˗ƶ˯ǃƓȺ þƓ ʿǄǃ ˤ ˸˶˯ǃå ā  èƓ˹ɂ˦ḧ˯ǃå Ɇ˻ɜ˵ƙ Ɨǃ˦ǌ˴Ⱥ ðƓ˯˸Ȼ ƝǆƓǈ̇ ƕ ˗ƶȻ

 ˤǄƶ˯ǃå ƗɁ˦ƶƮ ˤƹï Ɨ ƪ˗˹ǌǃåǑƼ  Ǌƶǆ ɆǆƓƶ˯ǃå èƓȻå˗ƕ  . 

: Ƒ ǆƑƙ ) ýāå˗˱ǃå ˥ǆ Ɍơǚǈ1 ƝǆƓǈ̇ ƕ ÿã (, HEED  ˥ǆ ˙˰ǂá  þå˗˳˯ƪǙå Ɇǌƪ
 ɖƕƓ˴ǃå ƝǆƓǈ̇ ˮǃåECOTECT  ˤ ˻ǀ˯Ǆǃ ˙˻˶ƿ ˕ƿā Ǒǃã êƓ˯˲ɂā Ɨƿ˗ǃå ǑƼ ǊǄƛƓ˸ɂā
 ˥ḧǃā ˤ ˸˶˯ǃå˙ˮ˯ƶȻ ǏƼā ç̇ ˻ˮḧǃå èƓơƓ˴˸ǃå èåî ǑǈƓ ˸Ǆǃ ɊǀƼ ˔ƪƓ˹ǆ ǑƼ þ˗˳˯˴Ȼ  ˕ƿā

 Ɨ ˸ ˸˶˯ǃå Ɨ Ǆ˸ƶǃå ˥ǆ ɊǀƼ ˤ ˸˶˯ǃå èƓȻå˗ƕ ǑƼ Ɇ˰˸˯ƙ Ǒ˯ǃåā ˤ ˸˶˯ǃå Ɇơå̇ ǆ ˥ǆ í˗˲ǆ
 . 

: ƑˮǁƑƙ IES VE èå̊ ˻˸˸ǃå ˥ǆ ˗ǒ˗ƶǃƓȺ ðƓ˯˸Ȼ Ɠǌ˷ƶȺ Ǚå ˗˹Ƶþå˗˳˯ƪ ßƓ˹ƛá   Ɇơå̇ ǆ
 ˤ ˸˶˯ǃå èǚƤ˗˸Ḫ èƓǆ˦Ǆƶ˸ǃå ƴưā ˗˹Ƶ ƓƮ˦˶Ƥ þå˗˳˯ƪǙå ƴɂ̇ ƪā Ɇǌƪ ˙ˮ˯ƶȻ ǚ˰˸Ƽ
Ȼ˗ǃ Ǌǈå Ɠ˸ǂǊ Ɨ ǈƓɜǆá ƝǆƓǈ̇ ƕ ƴǆ þå˗˳˯ƪǙå Sketch- Up   ˗ƵƓ˴Ȼ ǉïā˗ƕ ɏ˘ǃåǑƼ  Ɇ˻Ǆ˲ƙ

 ˤ ˸˶˯ǃå ɄƑƓˡā  í˦ƞā ˥ǆ ˤƹ̇ ǃƓȺ Ɇǌƪ Ɇɜ˵Ⱥ˗ƿ ƗɁ˦ƶƮ  ˗˹Ƶ ˥˻˶˶˳˯˸ǃå Ǌƞå˦ƙ
 îƓ˳ƙå˱ ˯ǈ ïå̇ ǀǃåƗ   í˦ƞā. èƓǆ˦Ǆƶ˸ǃå ˥ǆ ˙˻˰ḧǃå  

: Ƒƴȸäî ˙ˮ˯ƶȻ ) BSim tool (  Ɠɂïå̇ ơ Ɨ ǄƤå˗ǃå èåßƓ˷ƽǃå çƓǂƓ˲ǆ ˗˹Ƶ Ɨƿí Ɲǆå̇ ˮǃå ˙˰ǂá
ç˗ơ˦ǆ ƝƑƓ˯ǈ ˙ɂïƓǀƙ ˗ƞ˦ƙ Ǚ Ü  Ɨ ˸ Ǆƶ˯ǃå Ɲǆå̇ ˮǃå ˥ǆ  ˙ˮ˯ƶɂāEducational user 

interface  . 

: Ƒ˲ǄƑƢ ˯ǃå ç˗˻ƽǆ èƓǆ˦Ǆƶǆ þ˗ǀɂā Ɨ ǃƓƶǃå Ɨƿ˗ǃƓȺ Ɠ˷Ȼå ðƓ˯˸Ȼ ǏƼ ˥˻ɂïƓ˸ƶ˸ǃå ˤƵ˗ƙ Ǒ
 ˥ɂ˦ḧƙ ǏƼ ˤǌǆ Ǌǈå Ɠ˸Ḫ ƗƿƓˠǃå ˙ƽƮ ǑǈƓ ˸ǃå ˤ ˸˶ƙýƓɜƬá Ɨ ƛǚƛ íƓƶȺǕå  Ɲǆå̇ ƕ Ɨˠƪå˦ƕ

Ǒǋ ç˗ƵƓ˴ǆ Revit, ArchiCAD or Microstation . 
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 üĀ˕Ɯ2 Ɯ̠ ˱˶ǁäĀ  çǘƢ˕˶ǁä  ýä˕˱˭ƨǗä ù˕ǉÛ ýä˕˱˭ƨǗä Û ƛǄƑǆ˗ˬǁä ˢƨä ˣ˹ˬǐ : çƑ
 ( èƑ˰ ǁä î˕˴˶ǁä )  åˤ˹ƴǁäĀ çä̆ ˹˶˶ǁäĀ 

ϟЯГϧгЮϜ 

 

ECOTECT 

 

HEED 

IES VE BSim DesignBuilder 

Nu of user 

and 

country 

of users 

 

 ϸϹК

еувϹϷϧЃгЮϜ 

 

Over 2000 

users 

approximately 

60 universities 

mainly in 

Australia, UK 

and USA 

 

 ФнТ2000 аϹϷϧЃв  

 

14,792 users 

16 % of the 

users in 

Southern 

California, 

7% in 

California, 

48% in the 

US, and 29% 

in another 

country 

14.792 аϹϷϧЃв 

 

Global 

User 

 

 

 

 

 

 

 

 ЙЂϜм

аϜϹϷϧЂъϜ 

650 users in 

Denmark 

and 

Germany 

also users in 

Canada, 

Mexico, 

New 

Zealand, 

Japan, 

France, 

Sweden, 

Norway, 

and Iceland 

650 аϹϷϧЃв 

 

Global User 

 

 

 

 

 

 

 

аϜϹϷϧЂъϜ ЙЂϜм 

 

Expertise 

Required 

 ϤϝϡЯГϧв

ϢϽϡϷЮϜ 

 

 

ϸϝЪ ϭвϝжϽϠ 

 

 

 бЯЛϦ ϢϽϡ϶

гЋϧЮϜ ϤϝуЂϝЂϒ бу

ϭвϜϽϡЮϜ пЯК 

 

 

 ЭвϝЪ блТ

ϭвϜϽϠ 

the 

software 

 оϹЮ днЫт дϒ

 еувϹϷϧЃгЮϜ

 ϣТϽЛгЮϜ ЍЛϠ

 еК ϣвϝЛЮϜ

пзϡгЮϜ бугЋϦ 

РϽЋϧϦ СуЪм 

 ̯ϝтϼϜϽϲ сжϝϡгЮϜ

 ̭ϝЇжϖ ЭϮϒ ев

пзϡгЮϜ ϬϺнгж 

 

 

 ϤϝуЂϝЂϒ  блТ

ϭвϝжϽϡЮϜ Design 

Builder  

 

 

Users 

еувϹϷϧЃгЮϜ 

утϼϝгЛгЮϜ еуЂϹзлв е

 еуЂϹзлгЮϜм

 еутϼϝЇϧЂъϜм

сггЋвм еууϛуϡЮϜ 

 ЍЛϠм сжϝϡгЮϜ

еуЫЮϝгЮϜ еуϚϝзϡЮϜ 

еуЃгϳϧгЮϜм. 

 еуггЋв

ЦϝГЮϜ рϼϝЇϧЃвм ϣ

 ϣтϜϼϸ пЯК ̪

 Ϣ̭ϝУЪ ϝтϝЏЧϠ

̪ ϣЦϝГЮϜ 

 ЬϾϝзгЮϜ ϞϝϳЊϒ

ϟϚϜϽЏЮϜ сЛТϜϸм 

 еуЂϹзлгЮϜ

 еутϼϝгЛгЮϜ

еуЂϹзлгЮϜм 

 еуЂϹзлгЮϜ

 еуϫϲϝϡЮϜм

ϞыГЮϜм. 

 еуЂϹзлгЮ

 еутϼϝЇϧЂъϜ

 еуЂϹзлгЮϜм

 аϝЃЦϒм еутϼϝгЛгЮϜ

 сгтϸϝЪцϜ ϩϳϡЮϜ

ЁтϼϹϧЮϜм 

ϞыГЮϜ 

learn 

бЯЛϧЮϜ 

easy-to-

use(difficult for 

new users ) 

 аϜϹϷϧЂъϜ ЭлЂ

 пЯК ϟЛЊ)

ϸϹϯЮϜ еувϹϷϧЃгЮϜ) 

 

easy-to-use 

аϜϹϷϧЂъϜ ЭлЂ 

easy-to-use 

 ЭлЂ

аϜϹϷϧЂъϜ 

easy-to-use 

аϜϹϷϧЂъϜ ЭлЂ 

easy-to-use 

аϜϹϷϧЂъϜ ЭлЂ 

Speed 

ϣКϽЃЮϜ 

v.quick 

ϜϹϮ ЙтϽЂ 

жϸцϜ ϹϳЮϜ ϟЯГϧт п

ев  ̭ϜϽϮш ϥЦнЮϜ

гЋϧЮϜ ϤϝгууЧϦбу  

Quick 

ЙтϽЂ 

Quick 

ЙтϽЂ 

Quick 

ЙтϽЂ 
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Accuracy 

ϣЦϹЮϜ 

High 

ϣЦϹЮϜ сЮϝК 

Accurate 

ХуЦϸ 

Accurate 

ХуЦϸ 

Accurate 

ХуЦϸ 

High 

ϣЦϹЮϜ сЮϝК 

Main aim 

РϹлЮϜ 

 ̪ϣϲϜϽЯЮ аϹϷϧЃϦ

̪ ϣϲϜϽЮϜм  аϜϹϷϧЂϜм

 ϴϝзгЮϜм ̪ ϣЦϝГЮϜ

 ̪ сϛуϡЮϜ иϽуϪϓϦм

 сϦнЋЮϜ ̭ϜϸцϜм

 ̪ рϼϜϽϳЮϜм

уЯЗϧЮϜм ̪ Ϣ̭ϝЎшϜм Э

ϣУЯЫϧЮϜм ̪. 

energy costs, 

for home 

 

 ϣЦϝГЮϜ СуЮϝЫϦ

ЬϿзгЯЮ 

 ̭Ϝϸц аϜϹϷϧЂϜ

 ̪ϣЦϝГЮϜ

 ШылϧЂϜ

 ̪ϣЦϝГЮϜ

LEED  ̪

 ̪ ϣтϼϜϽϳЮϜ

HVAC  ̪

 Ϣ̭ϝЎшϜ

 ̪ ϣтϼϝлзЮϜ

 ϣгЗжцϜ

 ̪ ϣуϡЯЃЮϜ

 ϣтнлϧЮϜ

 ̪ ϣуЛуϡГЮϜ

ϼϝлзЮϜ ̭нЎ 

 ϢϝЪϝϳв бϧуЂ

 ϤϜϹЛгЮϜ

 ЭЫЇϠ ϣгЗжцϜм

Т БЧТ сЫувϝзтϸ с

 ХАϝзгЮϜ

ϣтϼϜϽϳЮϜ. 

Design Builder 

 Ϝ̯Ͼϝϧгв Ϝ̯ϼϝуϧ϶Ϝ

 ϢϽЫϡгЮϜ ϣϮϻгзЯЮ

сжϝϡгЮϜ ϤϝгугЋϧЮ 

 ϤϜϼϝу϶ Ͻϡϧ϶Ϝ

ϣУЯϧϷгЮϜ бугЋϧЮϜ 

 ϣуϛуϡЮϜ ϣϲϜϽЯЮ

 ϣЦϝГЮϜ ШылϧЂϜм

сϚϽгЮϜ ϽлЗгЮϜм 

Programs 

to use 

 Ϭϝϧϳт пЮϖ

ϭвϜϽϠ 

 ϣϳЎнгЮϜ

ЬмϹϯЮϝϠ 

3D CAD 

 

-------- Archie 

CAD, 

Autodesk 

Revit and 

Google 

Sketch Up 

 

Windows 

NT version 

4, SP3, 

Windows 

2000, 

Windows 

XP, or 

Windows 

Vista. 

Archie CAD 

 

Positive to 

use 

ϤϜϿуггЮϜ 

 аϹϷϧЃгЯЮ ϱгЃт

 ϼϝЫТϓϠ "ϟЛЯЮϝϠ"

ϲϜϽгЮϜ сТ бугЋϧЮϜ Э

ϣуЮмъϜ 

 

 пЯК ϿуЪϽϧЮϜ

 сТ ϤϝЗϲыгЮϜ

 ев пЮмцϜ ЭϲϜϽгЮϜ

ϡгЮϜ бугЋϦ ϣуЯгКпз  

 бугЋϦ ϢϜϸϒ ск

 ϣЯлЂм ϣГуЃϠ

ужϝϯвм аϜϹϷϧЂъϜϣ  

 дϒ еЫгт сϧЮϜ

 ϣКϽЃϠ ϟЃϳϦ

ϣЦϝГЮϜ ϽуТнϦ 

 бугЋϦ ЭϚϜϹϠ

 ϢϸϝКϖм ЬϿзгЮϜ

̭ϝзϡЮϜ. 

ХтϽУЮϜ еуЫв 

йЯгЪϓϠ 

 сТ дмϝЛϧЮϜ

 еуЃϳϦ

бугЋϧЮϜ 

 ЭуЯЧϦм

 ШылϧЂϜ

ϣЦϝГЮϜ 

вϜϽϠ ϣжϽв ϭ

 пЯК ЭлЃт)

 аϹϷϧЃгЮϜ

 рϒ пЯК РϽЛϧЮϜ

 ϬϺнгж еϚϝЪ

 ̭ϜϽϮϖм

уЯК ϤϜϽууПϧЮϜй ) 

 ЭуЯϳϧЮ аϹϷϧЃт

 ϣуЯ϶ϜϹЮϜ ϢϼϜϽϳЮϜ

ϢϹЧЛгЮϜ сжϝϡгЯЮ 

Negative to 

use 

ϞнуЛЮϜ 

 ̭ϝЇжϖ ϤϝϠнЛЊ

ϹЧЛв ϣуЂϹзк ЬϝЫІϒϢ  

 сжϝϡгЯЮ аϹϷϧЂϜ

 ϣЧГзгЮϜ ϤϜϺ

ϢϹϲϜнЮϜ. 

сТ ЭЛУЮϜ ϸмϸϼ 

 ϭвϝжϽϠ

бугЋϧЮϜ 

(Sketch-

Up)  ϽуО

] .ϣзЫгв5  

 

 ϣуЮмъϜ ϬϺϝгзЮϜ

ϣЧуЦϸ ϽуО 

 РϝЪ ЭЫЇϠ бКϹϦ ъ

 ϼϜϽЧЮϜ ЙзЊ ϣуЯгК

рϼϝгЛгЮϜ ЀϹзлгЯЮ 

 : Ƒ ǆƑƙ) üĀ˕Ɯ2 ƛǄä̠ ˬǁä ˣ˹Ɠ ýä˕˱˭ƨǗä ƕ ƟƑǆ ˣǄ ƕǆîƑƾǄ (:æîƑ˭˱˶ǁä   

 ïƓ ˯ƤǙå èƓ Ǆˠ˯ǆǑǋ  ç̇ ˮ˳ǃåÜƗɁ˦Ǆˠ˸ǃå Üÿ˦ǆ̠˳ ˯˴˸ǃå  Ɨǀɂ̇ ˟ÜˤǄƶ˯ǃå ÜƗƵ̇ ˴ǃå ÜƗƿ˗ǃå 
 ú˗ǌǃåÜǑ˴ Ƒ̇ ǃå  Ɲǆå̇ ƕÜþå˗˳˯ƪǙå  Ɨ ƕƓ˱ȻãÜþå˗˳˯ƪǚǃ  Ɨ ˮǄƪā.þå˗˳˯ƪǚǃ 



 

ϸϹЛЮϜ 26 

 Volume 26 
 

International Science and 

Technology Journal 

ϣузЧϧЮϜм анЯЛЯЮ ϣуЮмϹЮϜ ϣЯϯгЮϜ 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
ЮЯϣЯϮв  ϣтЮмϸЮϜϣтжЧϦЮϜм амЯЛЯЮ 

 

Copyright © ISTJ   тл 

 

 ) üĀ˕Ɯ3 èƑ˰ ǁä î˕˴˶ǁä ) ýä˕˱˭ƨǗä ƕƾɀ˗˝ Ǐƺ ƛǄä̠ ˬǁä ˣ˹Ɠ ƕǆîƑƾǄ : ( 

 

6. :éƑ˭˷˭ƨǗä 
Á :  æîƑ˭˱˶ǁä ƛǄä̠ ˬǁä ˣ˹Ɠ ǈǄƑƳ ƕǆîƑƾǄ 

ùǃ Ɨ ˴ Ƒ̇ ǃå èƓ˸˴ǃå ECOTECT ˗ƵƓ˴Ȼ ˦ǌƼ Üɖɂ̇ ƽḪ ˥˻˶˶˳˯˸ǃå  êƓǆ˗ǈǙå ǏǄƵ Ɇ˸Ƶ
 ɖɂ̇ ƽḪ ç̇ ɜ ˸ǃå ˤ ˸˶˯ǃå Ɇơå̇ ǆ ǑƼÜ˗ơåā ˥ɜ˸Ȼ Ɠ˸Ḫ  þƓ ʿǃåā ÷˦ ƞ̇ ǃåǑƼ èǚǒ˗ƶ˯ǃƓȺ  Ɇơå̇ ǆ

Üˤ ˸˶˯ǃå  .Ɨ˭˻ˮǃƓȺ Ǌ˯ƿǚƵā Ǐ˹ˮ˸ǃå ˤǌƼ ǏǄƵ ˥˻ɂïƓ˸ƶ˸ǃå ˥˻ƪ˗˹ǌ˸ǃå ˗ƵƓ˴Ȼ Ǌǈá ǏǄƵ çāǚƵ
ÿƎƼ æƓ ƪǕå ǉ˘ǌǃ ECOTECT  Ɲǆå̇ ˮǃå ˥ǆ Ɨ ƕƓ˱Ȼã ˙˰ǂáƗƶɁïǕå  Ɏ̇ƤǕå. 

Á  ˣǄ ƕǆîƑƾǄ ƛǄä̠ ˬǁä ˣ˹Ɠ ýä˕˱˭ƨǗä ƕ ƟƑǆ: æîƑ˭˱˶ǁä 
 çåíƋǂ çƓǂƓ˲ǆECOTECT  ˔Ǆˠ˯ƙCAD  ˤ ˸˶ƙ ƗɁ̇ ˱ƙāÜǑ˭˻ƕ  çåíáECOTECT 

 Ɨ ƪ˗˹ǋ ýƓɜƬá ßƓ˵ǈǗ í˗˱ǃå ˥˻ǆ˗˳˯˴˸Ǆǃ ƗɁ˦ƶƮ ˙˰ǂá .ç˗ǀƶǆ Ɠǌǃ Ü Ɏ̇Ƥá ƗơƓǈ ˥ǆ
 Ǒ˸˸˶ǆā Ü ˥˻˻˭˻ˮǃå ˥˻ɂïƓ˵˯ƪǙåā Ü ˥˻ƪ˗˹ǌ˸ǃåā Ü ˥˻ɂïƓ˸ƶ˸ǃå ˥˻ƪ˗˹ǌ˸Ǆǃ ç̇ ˻ˮḪ ƓȻå̊ ǆ

 ýƓ˰˸ǃå Ɇ˻ˮƪ ǏǄƵ Ü Ɠǌǆå˗˳˯ƪǙ ˥˻ḧǃƓ˸ǃå ˥˻ƑƓ˹ˮǃå ˞ƶɁā Ü ǑǈƓ ˸ǃåÜ ECOTECT 
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Ɨƿ˗ǃå ǑǃƓƵā ƴɂ̇ ƪ Ü  ˤǌǆ ƝǆƓǈ̇ ƕ ˦ǋā ˗ƞå ǈǕ ƗǄǆƓḧ˯˸ǃå Ɨ Ǆ˸ƶǃå ǑƼǊ Ȼ ǏǄƵ ˗ƵƓ˴
ǑƼ ÿāƓƶ˯ǃå  ā Ü ˤ ˸˶˯ǃå Ɨ Ǆ˸Ƶ ǑƼ ǑƵƓ˸˱ǃå Ɇ˸ƶǃåɂ ǑƼ Ɨƶƞå̇ ǃå ƗȻ˘ƺ˯ǃå ǏǄƵ ˚Ḫ̇

 ǑǌƼ ˣǃî ǏǄƵ çāǚƵ Ü Ǐ˹ˮ˸ǃå ˤ ˸˶ƙ Ɨ Ǆ˸Ƶ ˥ǆ ǏǃāǕå Ɇơå̇ ˸ǃåǒ "˔ƶǄǃå" ɖɂ̇ ƽǄǃ Ơ ˯
 ʕ˸˶ ǃ˯å ƗǄ˸ƶǃ åĄ̠ƞ Ɨ˸ǌǆ èå̊˸˻ǃå ǉ̆ǋ . Ɨ˸ Ɠˀƽ˸ǃå Ɇơå̇˸ǃå ǑƼ ʕ˸˶ ǃ˯å ïƓḧƼƋȺ

ÜƗǄǆƓḧ˯˸ǃå  èå̊ ˻˸ǃå ǉ˘ǋ ˕Ǆƶƞ ˣǃ˘ǃ Ɨ˱ ˯ǈā çåíáECOTECT  ǑƼ Ɨ ƕƓ˱Ȼã ˙˰ǂá
.þå˗˳˯ƪǙå 

 ƛǄƑǆ˗ˬǁä çä̆ ˹˶Ǆ ECOTECT: 
Á  ÷˦ ƞ̇ ǃå Ɨ ǈƓɜǆãƠ ˲˶˯ǃåāFeedback   Ɨ Ǆ˸Ƶ ýǚƤ Ɨ ǃāǕå Ɇơå̇ ˸ǃå ǑƼ

.Ǐ˹ˮ˸ǃå ˤ ˸˶ƙ ]4[ 
Á þ˗ǀȻ ECOTECT  .ˤ ˸˶˯ǃå Ɇơå̇ ǆ ƴ ˸ƞ ǑƼ Ɨ ˹ƹ Ɨ Ƒ̇ ǆ ýƓɜƬá]11[ 
Á  ˗ƵƓ˴ȻECOTECT   Ǐ˹ˮ˸ǃå Ɨƪåï˗ǃ Ɨ ǃāǕå Ɇơå̇ ˸ǃå ǑƼ ˥˻ɂïƓ˸ƶ˸ǃå ˥˻ƪ˗˹ǌ˸ǃå

. Ɨ˭˻ˮǃƓȺ Ǐ˹ˮ˸ǃå ƗƿǚƵ ˤǌƼ ǑƼ[11] 
Á  îƓ˳ƙå ÿ˦ɜɂā ǏǃāǕå ʕ˸˶ ǃ˯å Ɇơå̇ǆ ǑƼ ʕ˸˶ ǃ˸å ïƓḧƼá ɖ˻ˮ ƙɣ Ɇǌ˴ǃå ˥ǆ

.Ɨ ƑƓǌ˹ǃå Ɇơå̇ ˸ǃå ˥ǆ ˙˻˰ɜȺ Ɇǌƪá ïå̇ ǀǃå[5] 
Á þ˗ǀȻ ECOTECT . Ɋ˴ ǆ Ɇɜ˵Ⱥ Ǐ˹ˮ˸ǃå ɄƑƓˡ˦ǃ Ɨ Ǆ˻Ǆ˲ƙ Ɨ ǈƓ ƕ èƓǆ˦ƪï[5] 
Á  ECOTECT Ɲǆå̇ ˮǃå ˙˰ǂá ç˗ƑƓƼ ˔ˮ˴Ⱥ ƗƵ̇ ˴ǃå Ɨǃ˦ǌƪā  . þå˗˳˯ƪǙå]3[ 
Á . Ɨ ƕƓ˴˲ǃå èƓǈƓ ˮǄǃ Ɨǀ ʾí ƝƑƓ˯ǈ ǑˠƶȻ[2] 

7. :çƑ Ƭˤ˭ǁä 
Á  èåāíá Ɇ˰ǆ çï˦ˠ˯˸ǃå Ɲǆå̇ ˮǃå ƗƼƓḪ ǏǄƵ ú̇ ƶ˯ǃƓȺ ˥˻ƪ˗˹ǌ˸ǃåā ˥˻ɂïƓ˸ƶ˸ǃå ǑƮ˦ǈ

.ýāå˗˱ǃƓȺ Ɠ˹˲ưā Ɠ˸Ḫ ç˗ǀƶǆ ˕˴ ǃā þå˗˳˯ƪǙå ƗǄǌƪ Ɠǌǈ˦ḧǃ çƓǂƓ˲˸ǃå 
Á ǏƮ˦ǈ çïåðā ˤ Ǆƶ˯ǃå ǑǃƓƶǃå Ǒ˹ǀ˯ǃåā åïíƎȺê Ɇ˰ǆ ǉ˗ǋ Ɲǆå̇ ˮǃå ƝǋƓ˹˸ǃƓȺ Ǒ˸ Ǆƶ˯ǃå 

 Ɨ ƪåï˗ǃå èƓƵƓǀǃå ɆƤåí ǑǄ˸ƶǃå ɖ˻ˮˠ˯ǃåā ˔ɂï˗˯Ǆǃ ɆǆƓƶǆā ƗȻíƓǆ èƓ ǈƓɜǆã ˙˻Ƽ˦ƙā
 . èƓƶǆƓ˱ǃƓȺ 
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Á  ˥ǆ ˗ǒ˗ƶǃå í˦ƞā ˥ǆ ˤƹ̇ ǃƓȺ Ɨƪåï˗ǃƓȺ çƓǂƓ˲ǆ èåāíá ˙ǌƬá  ˛˸Ƥ Ɠ˹ư̇ ƶ˯ƪå
ƙå̊ ˻˸ǆ ǏǄƵ ÷ǚ˟ǙƓȺ ǑƮ˦ǈ èåāíǕå. ˙ɂ˦ˠ˯ǃå ˕˲ƙ Ɠǌ˷ƶȺ ÿǙ ƓǌɁ˦˻Ƶā Ɠǌ 

Á  ƓƮ˦˶Ƥā Ɠ Ǆ˸Ƶ Ɠǌ˱ƑƓ˯ǈ ɖ˻ˮˠƙā ǑǈƓ ˸ǃå ˘˻ƽ˹ƙ Ɇˮƿ Ɲǆå̇ ˮǃå ǉ˘ǋ þå˗˳˯ƪå ˤƙ åîã
 ƗɁ˦˟̇ ǃåā Ɨɂ˦ǌ˯ǃƓȺ ƗǀǄƶ˯˸ǃå Ɨ ˭˻ˮǃå ɆǂƓ˵˸ǃå ˥ǆ ˗ǒ˗ƶǃå ǏƼǚ˯ǈ ú˦ƪ Ɨ ˹ɜ˴ǃå ǑǈƓ ˸ǃå
ǃå ɆǂƓ˵˸ǃå ˥ǆ Ɨ ǃƓƤ Ɨ ˲Ʈ ǑǈƓ ǆ Ǒ˹ˮǈā ˙ǒ˗ǀƙ Ɇƿå ǏǄƵ çßƓưǗåā çïå̇ ˲ǃåā Ɨ ˭˻ˮ

.ǚˮǀ˯˴ǆ 
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 ϣϦϜϽϡЊ ϣзтϹв сТ ϣуЯϳϧЮϜ ϤϝГϳв ЍЛϠ ев ϣϯϦϝзЮϜï ϝуϡуЮ 

˗˶Ƴ ˕˶˰Ǆâ ˕˶˰Ǆ ƕ˶ ǂƟ1Û  ɍ̆ƴǂˬǁä ̠˹˳ǁä xǐ̞ǁä êǘƬ1Û êƑ˭ƻǄ úîƑ̋2 
 æ˕˹ǂƜˤƓä îƑ˴˭ǆä3 ÛìˤǊ˶ƨ ƕɀïˤƺ3ìˤƴ˲Ǆ þƑ˵Ǆî ˣɀ˗ƓƑƬ Û1 

1  èƓ ˹ǃå ˤǄƵ ˤ˴ƿ- þ˦Ǆƶǃå Ɨ Ǆǂ-  ƗƶǆƓƞƗƙå̇ ˮƮ 
1  ßƓ ˸ ḧǃå ˤǄƵ ˤ˴ƿ- þ˦Ǆƶǃå Ɨ Ǆǂ- Ɨƙå̇ ˮƮ ƗƶǆƓƞ 
2  ƗɁ̇ ˯ǃåā ǉƓ ˸Ǆǃ ǑǃƓƶǃå ˗ǌƶ˸ǃåĲ  Ɠ Ǆƶǃå ˗ǋƓƶ˸ǃå çïåíã- Ɠ ˮ˻ǃ 
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 Ɨ˹ƪ ˥ǆ ˦˻ǃ˦ǒ ˙ǌƬ ǑƼ Ɨƪåï˗ǃå ǉ˘ǋ ˕ɂ̇ ƞã2017 ˝ƑƓ˶˳ǃå ˞ƶȺ ˤ ˻ǀ˯ǃ Ü
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 ëǚǆǕå ÜƗ ƑƓɁ̇ ǌḧǃå Ɨ ǄƮ˦˸ǃå ÜǑ˹˻ƞāï˗˻ǌǃå ˤƿ̇ ǃå ) ˕˹˸˷ƙ Ǒ˯ǃåā Ɨ ƑƓ ˸ ḧǃå èåïƓ ˯ƤǙå
) èƓ˹˻ƶǄǃ Ǒ˹˻ƞāï˗˻ǌǃå  ˤƿ̇ ǃå ˤ ʾ ÿã (Ɨ Ǆḧǃå Ɨ Ƒå˘ǃå13 Ü12 Ü11 Ü10 ) Ǒǋ (5.88 

Ü6.09 Ü6.19 Ü6.45 ǑƼ ǊȺ ë˦ ˸˴˸ǃå ǏǈíǕå ˗˲ǃå ˕˲ƙ Ǐǋā ÜǑǃå˦˯ǃå ǏǄƵ (
Ʈå˦˸ǃåƗ ˸ǃƓƶǃåā Ɨ ˮ˻Ǆǃå  Ɨƽ (  WHO )  Ɨ ǄƮ˦˸ǃå ˤ ʾ ðāƓ˱˯ƙ ˤǃ Ɠ˸˹˻ƕ ÜçƋ ʹ˸ǃå ǉƓ ˸Ǆǃ

 Ɨ Ƒå˘ǃå ëǚǆǕå ˤ ʿǃ Ɨ ˴˹ǃƓɁā ÜƓǌƕ ë˦ ˸˴˸ǃå íā˗˲ǃå Ɨƪāï˗˸ǃå èƓ˹˻ƶǃå ƴ ˸˱ǃ Ɨ ƑƓɁ̇ ǌḧǃå
 ) ˥˻ƕ ëāå̇ ƙ Ɨ Ƒå˘ǃå Ɨ Ǆ˶ǃå íå˦˸ǃå ˚˻Ḫ̇ ƙ ÿá ƝƑƓ˯˹ǃå è̇ ǌˡá Ɨ Ǆḧǃå6.11 Ĳ 188.43  (

Ǆƹá ÿ˦ḧƙ xǃ̆Ɂā ÜƗƪāï̠˸ǃå èƓ˹˻ƶǃå ǑƼ ̇ ǃ˯/þå̇˱Ǆǆ ǏǈíǕå ˗˲ǃå ˕˲ƙ èƓ˹˻ƶǃå ˔
Ɨ ˸ǃƓƶǃå Ɨ ƪƓ ʿǃå ƗƽƮå˦˸ǃå ǑƼ ǊȺ ë˦ ˸˴˸ǃå (  WHO )  æ̇ ˵ǃå ǉƓ ˸ǃ Ɨ ˮ˻Ǆǃå ƗƽƮå˦˸ǃåā

 )˦ǋā çƋ ʹ˸ǃå500 ˙˯ǃ/þå̇ ˱ Ǆǆ( 
  çƑ˶ǂḥǁäƕ ǂ˹ǁ˕ǁä :- Ɨ ǈ˦ǃ˦ǀǃå Ɠɂ̇ ˻˯ɜ ǃå  ÜƗ Ǆ˲˯ǃå èƓˠ˲ǆÜ Ɨƙå̇ ˮƮ Ɨ˹ǒ˗ǆ Üæ̇ ˵ǃå ǉƓ ǆ. 
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Abstract: - 

This study was carried out  at July/ 2017, to evaluation of soma 

Physicochemical parameters of drink water output from 

purification station in Sabratha city, the study include (29) of   

drink water samples. The results showed that, the major samples 

were free from bacterial contamination, except (3,5,15) samples 

were found  growing bacteria, and in another side, analysis of the 

physicochemical properties include  (PH, EC, TDS ), show that, 

the (PH) for (10,11,12,13) samples were (6.45, 6.19, 6.09, 5.88) 

respectively, they weren't limits permitted by World Health 

Organization (WHO).furthermore the EC values of all samples 

weren't limits permitted by (WHO), also the TDS values results 

show that, the concentration of TDS between (6.11-188.43 mg/l) in 

all study samples, that means of major samples weren't limits 

permitted by ( WHO)  of drink water (500mg/l) . 

Key words: drink water, Sabratha city, purification station, 

coliform bacteria.  

ƕǄ˕ƾ˶ǁäintroduction  :- 

 ǃåǉƓ ˸ Ǆǃ Ɨ˹ǆǓåæ̇ ˵ Ɠ˸ǂ èßƓƞ ƓǌƼƓƮā ǑƼ ɆƑǙí Üçí˦˱ǃå ÿá ˔˱Ȼ Ǚ  ɏ˦ˠ˹ƙ ǏǄƵ  ɏá
˙˟Ɠ˳ǆ  Ɨƽ ˳ǆǏǄƵ Ɨ˲˶ǃå ˔ˮ˴Ⱥ Ɠǌǂǚǌ˯ƪå Ɏ˗ǆ ÜçƓ ˲ǃå ƴǆ çƓƵå̇ ǆ Ɠǆ ̠ƿ  ɏ˦ˠ˹ƙ  Ǌ ǄƵ
Ɇơå̇ ǆ çƓ ˲ǃå ˥ǆ èƓ ƪƓ˴ơ ɖˮˠ˹ƙā ƗƽǄ˯˳ǆ ɆƑǙí çí˦ƞ ǉƓ ǆ ǏǄƵ æ̇ ˵ǃå ǉƓ ˸ǃå Ǒ˯ǃå 
þ˗ǀƙ ǑƼ èå˦ˮƵ ǏǄƵā ƝǄ˰ǃå ˗ƶ˸ǃå üǚǌ˯ƪǚǃ ǃå Ɨ˸s ǆ˹) ɏ̇ ǃ˵å Ü Ɨ ˸ǃƓƶǃå Ɨ˲˶
2004Ü(  ā ƗƵƓ˹Ʈ èƓƵƓˠƿ ˙˰ǂá ˥ǆ çƋ ʹ˸ǃå æ̇ ˵ǃå ǉƓ ǆ ƗƵƓ˹Ʈ ˗ƶƙ ƗȻ˘ƹǕå

 èƓɁā˙˵˸ǃåā Ɨɜ Ƭ ǉƓ ǆ èƓǆ˗Ƥ ˃ ǃƓḧƙ ƴǆ ƗǈïƓǀ˸ǃƓȺ Ɨ ǃƓƶǃå ƗƽǄḧ˯ǃå ˥ǆ ˤƹ̇ ǃƓȺ Ɨ ɜ ǆƓ˹ǒí
 æā˙˵˸ǃå ƓǌǈƋȺ ɄƮ˦ƙ çƋ ʹ˸ǃå ǉƓ ˸ǃå ˕˲ Ʈáā Ɨ ʸƓ˹˶ǃå ÿ˗˸ǃå ǑƼ Ɠ˸ ƪǙ ƴɂð˦˯ǃå

 ǑƼ å˦˸ǈ ÷̇ ƪǕåˤǃƓƶǃå Ǒƿāï˚ǃå )Ü 2008(Ü  íå˗Ƶá ǑƼ Ɨˡ˦˲Ǆ˸ǃå çíƓɂ̊ ǃå ǉ˘ǋ ɖƼåï ˗ƿā
 Ɨ ʸ˦˹ǃå ǑƼ åíƓơ ƓưƓƽ˳ǈå ɆǆƓƶ˸ǃåÜ Ɨ ʸ˦ ˹ǃå ç̇ ˠ ˴ǃåā ˛ ˻ǀ˯ǃå ðƓǌƞ )1995(  ƗƮƓ˳ǃå

çƋ ʹ˸ǃå æ̇ ˵ǃå ǉƓ ˸ȺÜ ǆ˸ Ɏíá ƓǏǃã  Ǒ˯ǃå ƗɂïƓ˱˯ǃå èƓǆǚƶǃå ˥ǆ ˗ǒ˗ƶǃƓȺ ûå˦ƪǕå ûå̇ ƹã
ƗƮƓ˳ǃå Ɨ ˲˶ǃå èƓƽƮå˦˸Ǆǃ ˙ǀ˯ƽƙ мϹϠ ϣуЂϝуЧЮϜ ϽутϝЛгЮϜ ϣЧϠϝГв ϼϝϡϧКъϜ пЮϖ ϽЗзЮϜ д

  ϣуϲыЊм ϣуКнзЮ ϢϸϹϳгЮϜ  ϣуϚϝтϿуУЮϜм ϣуϚϝугуЫЮϜ ЉϚϝЋϷЮϝϠ аϜϿϧЮъϜ аϹКм ϞϽЇЮϜ иϝугЮ

 иϝугЮϜ иϻк ) рϽувъϜ ̪2013 (Ü   āƓ˸ ʼ ɖǄƶ˯ǒ çí˦˱Ⱥ ǉƓ ˸ǃå ˥ǆ Ɨ ơƓ˹ǃå ÜƗ Ɂā˙ɜ ˸ǃå 
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Ơƞ̇ ǒ ÿá Ɇ˸˵Ȼ ɖǀ˲˯ǃå ßå̇ ƞã ïƓ ˯Ƥå èƓɁā˙ɜ ˸Ǆǃ ˦ǋā ˥˸˷˯ǒ ǑƼ ˤˢƶǆ èǙƓ˲ǃå Ɇ˻Ǆ˲ƙ 
èƓ˹ƑƓḧǃå Ɨ ˲ǃå Ɨǀ ʾ˗ǃå ç̇ ˻˵˸ǃå Ǐǃã é˦Ǆƙ éā˗ơ ÜǑ˲˶ǃå ú̇ ˶ǃå èƓƽǄ˳˸Ⱥ Ǌ˹ḧǃā ̠ƿ 
˥˸˷˯ǒ ƓĄ˷Ȼá ǑƼ ˞ƶȺ úā˙ˢǃå ˙ǒ˗ǀƙ èƓƼƓ˰ǂ Ɇǆå˦Ƶ Ɨ˹˻ƶǆ Ɨư̇ ˸ǆ )  Ɨ˲˶ǃå Ɨ˸ˢ˹ǆ
 ÜƗ ˸ǃƓƶǃå2004 (Ü ÿã ˙˰ǂá ÷å˦ǈá é˦Ǆ˯ǃå  ɏ̇˻˯ɜǃå åïƓ˵˯ǈå Ƌ˵˹ǒ ɉǚ˯Ƥå ˥Ƶ ǉƓ ǆ 
ú̇ ˶ǃå Ǒ˲˶ǃå Ǒ˯ǃå  ɏ˦˯˲ƙ ǏǄƵ ǂ èƓ ˸Ḫç̇ ˻ˮ ˥ǆ Ɠɂ̇ ˻˯ɜ ǃå Ɨ ǈ˦ǃ˦ǀǃå Ɨɂðå̇ ˮǃå  ǊǄǃå˗ˮƵ)
Üÿā̇Ƥàā2007(Ü  ʼ Ɨ ƑƓ ˸ ḧǃå ˝ƑƓ˶˳ǃå Ɠǆá˔˱ ÿá  ɏ˦˯˲ƙ Ǚ  ǏǄƵëǚǆå ƕ˚˻ǂå̇ ˯ 
ǏǄƵ ˙ƛ˓ƙ Ɨ˲Ʈ ˣǄǌ˯˴˸ǃå ƗƼƓưã Ǐǃã ÿá ˣǃî ßƓǆ æ̇ ˵ǃå ˔˱Ȼ ÿá  ÿ˦ɜȻ  ÿ˦Ǆǃ Ɠ˸Ȼ̠Ƶ 
ˤƶˠǃåā  Ɨ˲˶ǃå Ɨ˸ˢ˹ǆ) Ɨ˲Ƒå̇ ǃåāƗ ˸ǃƓƶǃåÜ 2004(Ü  ā ˥ǆƗ ƑƓ ˸ ḧǃå ˙˻ǒƓƶ˸ǃå ˤǋá 
÷˦ ˸˱ǆ) ëǚǆǕå Ɨ Ƒå˘ǃåÜ Ɇ˻Ʈ˦˯ǃå ǑƑƓɁ̇ ǌḧǃåÜ ñǕå Ǒ˹˻ƞāï˗˻ǌǃåÜ (Ɨ Ǆḧǃå ç̇ ˴ƶǃå.  

  āåć̇ˮ˻Ḫ ƓĄƞåāï Ɠˮ˻ǃ ǑƼ çƋ́ ǃ˸å æ̇ ǃ˵å ǉƓǆ ƗƵƓ˹Ʈ ǏǀǄƙÜ  ƗƵƓ˹˶ǃå ǉ˘ǋ ˣǃ˘ƕ ˗ǌ˵ƙā
ƶ˯ƙ æƓƪǕ Ɲ˯˹ ǃ˸å ǏǄƵ ̝ Ǆɣǃå ̠ǒå̊ƙ Ɇl ǑƼ ƓĄƶƪåā åïƓ˵˯ǈå æ̇ ˵ǃå ǉƓ ǆ Ɨ ʸ˦˹ƕ ɖǄ

Ɠǋ̇ Ƽå˦ƙāÜ  ǑƼ ç̇ ˵˯˹˸ǃå Ɨ ʿ˹˯ǃå Ɨˠ˲ǆ Ǒǋ Ɠ ˮ˻ǃ ǑƼ Ɨ˱ǃƓƶ˸ǃå ǉƓ ˸ǃå ƴɂð˦ƙ ˙ǋƓˢǆ ˥ǆā
Ɨ ˮ˻Ǆǃå ÿ˗˸ǃå ßƓƞïãÜ ˴ Ƒ̇ ǃå ƗǆƓƶǃå èƓƿ̇ ˠǃå ǏǄƵƗ Ɨ ʸ̇ ƽǃåāÜ  ñïå˗˸ǃå ˥ǆ æ̇ ǀǃƓɁā

 ̇ƬƓǆ Ɇɜ˵Ⱥ Ɨ˶ ˶˳ ǆ Ǒǋā ˥ ḧ˻Ǆǌ˯˴ ǃ˸å ƗǆƓƶǃ ƗơƓ˯ǆ ÿ˦ḧ˯ǃ ̠ƞƓ˴˸ǃåā ûå˦ƪǕåā
 ƗǆƓƶǃå ǉƓ ˸ǃå Ɨɜ Ƭ ˥Ƶ Ɠǌƕ ˕ưƓƶ˯ƪå Ǒ˯ǃåā Ɨ ǈƓɜ˴ǃå èƓƶ˸˯˱˸ǃå Ɇˮƿ ˥ǆ üǚǌ˯ƪǙ

ƓǌƙïåíƎȺ Ɨǃā˗ǃå þ˦ǀƙ Ǒ˯ǃåÜ  ǏǄƵ ý˦˶˲Ǆǃ Ɨ ˮ˻Ǆǃå ÿ˗˸ǃƓȺ èƓˠ˲˸ǃå ǉ˘ǋ è̇ ˵˯ǈå ˖˻ơ
 ̇ ˵Ǆǃ ƠǃƓ˶ǃå ßƓ˸ǃå ç̊ ǌƞá þ˗˳˯˴ƙ ˖˻ơ Ɨ ǃǓåā ˤ ˸˶˯ǃå ˛ƽ˹ƕ Ɠǌƶ ˸ƞ ˙ǌˢƙā Üæ

 Ü ǑƼ˦˱ǃå ǉƓ ˸ǃå Ǌ Ǆ˲˯ǃ  (˙ƙǚƽǃå) Ǒ˴ɜƶǃå ƠưƓ˹˯ǃåƓ˸Ḫ  èƓˠ˲˸ǃå ǉ˘ǋ Ɇ˰ǆ ïƓ˵˯ǈå ÿá
ɂïƓ˸˰˯ƪå ƴɂïƓ˵ǆ èƓˠ˲˸ǃå ǉ˘ǋ ˙ˮ˯ƶƙ åîã ɏíƓ˸ǃå ˔˴ḧǃå ƴƼå˗ƕ ǑƙƋȻ ÿ˗˸ǃƓȺƗ  Ɠǌƕ þ˦ǀȻ

Ɇˮƿ ˥ǆ Ɨ ˹ƽǃå èƓƮ˦˲ƽǃåā ƗƶȺƓ˯˸Ǆǃ ƴ˷˳ƙā íå̇ Ƽá  íƓȻíðå ƴǆā .ÿ˗˸ǃƓȺ ƗȻ˗Ǆˮǃå ˛ǃƓ˱˸ǃå
 èåïƓ ˯ƤǙå ßå̇ ƞƎȺ þƓ˸˯ǋǙå Ǐǃã ƗƞƓ˲ǃå ǑƵ˗˯˴ƙ æ̇ ˵ǃå ǉƓ ǆ úƓ˹Ʈá ˥ǆ ˙˻˰Ḫ ï˦ǌˡ
 Ɨ ˮ˻Ǆǃå Ɨ ƪƓ ʿǃå ˙˻ǒƓƶ˸ǃåā èƓƽƮå˦˸Ǆǃ Ɠǌ˶ƑƓ˶Ƥ ƗǀȺƓˠǆ Ɏ˗ǆ ˥Ƶ Ʉ˵ḧǄǃ Ɇ˻ǃƓ˲˯ǃåā

Ü Ɨ ƪƓ ʿǃå Ɨ ˮ˻Ǆǃå ƗƽƮå˦˸ǃå  ) Ɨ ˸ǃƓƶǃåā2016.( 

 ƕƾȸƑ˲ǁä çƑƨäî˕ǁäcases studies:- 

  çƋ ʹ˸ǃå ǉƓ ˸ǃå ýƓ˱ǆ ǑƼ ƗǀȺƓ˴ǃå èƓƪåï˗ǃå ˥ǆ ˗ǒ˗ƶǃå ǑǄƵ ÷ǚ˟Ǚå ˤƙ ˗ǀǃ:Ɠǌ˹ǆ- 
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1- ˗ǋåð ) þƓƿÜ 2002çí˦ƞ Ɨƪåï˗ƕ ( ǉƓ ǆ æ̇ ˵ǃå çƋ ʹ˸ǃå Ɨ Ǆ˲˸ǃå ǑƼ çíï˦˯˴˸ǃåā 
ƗḧǄ˸˸ǃå Ɨ Ɂ̇ ƶǃå ˤ ˻ǀƙ ƗȻí˦ƶ˴ǃå çí˦ƞ ǉƓ ǆ 23 ƓƽĄ˹Ʈ ƓĄ˱˹˯ǆ ƓĄǄ˲ǆ ā 7 çíï˦˯˴ǆ úƓ˹Ʈá 
˥ǆ ǉƓ ǆ æ̇ ˵ǃå çƋ ʹ˸ǃå ýǚƤ Ʉ˶˹ǃå ýāǕå ˥ǆ  þƓƵ2001 ǑƼ Ɨ˹ǒ˗ǆ ôƓɂ̇ ǃå 

ƗḧǄ˸˸ǃƓȺ Ɨ Ɂ̇ ƶǃå ÜƗȻí˦ƶ˴ǃå ƝƑƓ˯˹ǃå ƗǈïƓǀǆā èƓƽƮå˦˸Ⱥ ǉƓ ǆ æ̇ ˵ǃå çƋ ʹ˸ǃå çïíƓ˶ǃå ˥Ƶ 
Ɨ˭˻ǌǃå ƗȻí˦ƶ˴ǃå Ɨ Ɂ̇ ƶǃå èƓƽƮå˦˸Ǆǃ ˛ ǒƓǀ˸ǃåā ƗĊ́˸ ǃ˱åā Ɨ ˸ǃƓƶǃå ǉƓ ˸ǃ çƋ ʹ˸ǃå æ̇ ˵ǃå 
çïåíɀā ßå˘ƺǃå ßåā˗ǃåā Ɨ ɜɂ̇ ǆǕåÜ ˥˸˷ƙ ˤ ˻ǀ˯ǃå Ɨ ƑƓɂ̊ ˻ƽǃå ˙˻ǒƓƶ˸ǃå Ɨ ƑƓ ˸ ḧǃåā 

Ɨ ƞ˦ǃ˦˻Ɂā˙ɜ ˸ǃåā Ɨ ǃƓ˯ǃå ˤƿ̇ ǃå Ǒ˹˻ƞāï˗˻ǌǃåÜ çïƓɜƶǃåÜ  íå˦˸ǃå Ɨ Ǆ˶ǃå Ɨ Ƒå˘ǃåÜ  ˙˴ƶǃå 
ǑǄḧǃåÜ þ˦˻˴ǃƓḧǃåÜ þ˦˻˴ ˹ƺ˸ǃåÜ þ˦ǒí˦˶ǃåÜ ˗ǒåï˦ǄƽǃåÜ èå̇ ˯˹ǃåÜ èƓ˯ɂ̇ ˮḧǃåÜ èå˗ɂï˦ǄḧǃåÜ  
˗ǒ˗˲ǃåÜ ˚˻˹˱˹˸ǃåÜ Ɠɂ̇ ˯ɜɁā þï˦ƽ ǃ˦ḧǃå Ɨ ǄḧǃåÜ ˕˹˻ƕ èƓƪƓ ʿǃå ÿá èƓɂ˦˯˴ǆ ˙˻ǒƓƶǆ çí˦ƞ 
ǉƓ ǆ Ɨ Ǆ˲˸ǃå úƓ˹ƮǕå çíï˦˯˴˸ǃåā ˕ǈƓǂ ƗǀȺƓˠǆ èƓƽƮå˦˸Ǆǃ ƗƽǄ˯˳˸ǃå Ɠ˸ ʼ å˗Ƶ  ˤƿ̇ ǃå

Ǒ˹˻ƞāï˗˻ǌǃå ǑƼ Ʉ˹Ʈ ǑǄ˲ǆ Ü˗ơåā ˗ǒåï˦Ǆƽǃåā ǑƼ 15 ƓƽĄ˹Ʈ ƓĄǄ˲ǆÜ ˚˻˹˱˹˸ǃåā ǑƼ 12 
ƓƽĄ˹Ʈ ƓĄǄ˲ǆ ā 6  úƓ˹Ʈá çíï˦˯˴ǆ  Ɠ˸ǂ ÿá ˚˻ǂå̇ ƙ ˗ǒåï˦Ǆƽǃå ǑƼ ˥˻ƽ˹Ʈ ˥˻˻Ǆ˲ǆ ā 6 
úƓ˹Ʈá çíï˦˯˴ǆ ʕǃ  Ɏ˦˯˴˸ǃå ɖǀ˲ƙ ǏǈíǕå ˗ǒåï˦ǄƽǄǃ ǑƼ èƓƽƮå˦˸ǃå ƗȻí˦ƶ˴ǃå. 
2- ) Ɨƪåïí ɏāƓù˶ƶǃåÜ 2007(  ˚˻Ḫ̇ ƙ Ɨƪåï˗ƕ  þƓƿ ˖˻ơëǚǆǕå  ˞ƶ ƕ Ɨ Ƒå˘ǃå Ɨ Ǆḧǃå
÷å˦ǈá Ɋƪ˦˯˸ǃå ̇˲ ǃå ˥ǆ Ɏ̇Ƥáā ÿ˦Ƶ̇ˮƿ ç̇˲˻ Ⱥ ˥ǆ Ɨ˹˻Ƶā çƋ́ ǃ˸å ƗǄ˲˸ǃå ǉƓ˸ǃåÜ  è̇ ǌˡá

èƓ˹˻ƶǄǃ Ɨ Ǆḧǃå Ɨ Ƒå˘ǃå ëǚǆǕå ˤ ʾ ÿã ƝƑƓ˯˹ǃå  ) çƋ ʹǆ ç̇ ƽḧǃå 260 (Ü  ɏïƓƽƪ )çƋ ʹǆ 
65( Ü ) ǃå ƴ ˹ çƋ ʹǆ 40( Ü  )ǃå ÿ̊˸ çƋ ʹǆ 305(Ü Ɠ ʼƓƮ) çƋ ʹǆ  90 (Ü  ǉƓ ǆ)

 ƗȻ˗Ǆˮǃå1100(Ü  ÿ˦Ƶ̇ˮƿ ç̇˲˻ Ⱥ )234500 Ɋƪ˦˯˸ǃå ˞ ƕǕå ˙˲ ǃå)ā (38600.( 
3- ˗ˮƵ ) Ɨƪåïí ǊǄǃå  ̇ ƤàāÜ ÿā2007 (Ü ˤ ˻ǀƙ ˥Ƶ Ǒƞ˦ǃ˦ɂ̇ ˯ɜȺ ˞ƶ ǃ ÷å˦ǈá ǉƓ ǆ 

æ̇ ˵ǃå çƋ ʹ˸ǃå Ɨ˱˯˹˸ǃåā Ɠ Ǆ˲ǆ ïíƓ˶ǆ ǉ˘ǋ èƓ˹˻ƶǃå Ǒǋ ˹˶ǆƴ ǉƓ ǆ ÿå̊ Ƽ- ǌˮƪƓÜ  
ƴ˹˶ǆ ǉƓ ǆ ˦ɁïðƓƙ- ˛Ǆƕå̇ ˟Ü ƴ˹˶ǆ ǉƓ ǆ Ɨơå˦ǃå - ˛Ǆƕå̇ ˟Ü ƴ˹˶ǆ ǉƓ ǆ ßå̇ ǋ̊ ǃå- 
˛Ǆƕå̇ ˟Ü ƴ˹˶ǆ ǉƓ ǆ ƴ ˹ǃå- ˛Ǆƕå̇ ˟Ü ƴ˹˶ǆ Ɠ ǆǉ- ˥˯˻ǃðÜ ƴ˹˶ǆ Ɨ ˻˟- ˛Ǆƕå̇ ˟Ü  ā˗ƿ 
ˤƙ ǑƼ ǉ˘ǋ Ɨƪåï˗ǃå ú̇ ƶ˯ǃå ǏǄƵ í˦ƞā ñƓ˹ƞá Pseudomonas  ,Neisseria 

Moraxella. Staphylococcus ǑƼ ˞ƶȺ èƓ˹˻Ƶ ǉƓ ˸ǃå çƋ ʹ˸ǃåÜ  āƴ ˸ƞ èƓ˹˻ƶǃå 
Ɨƪāï˗˸ǃå ǂ˕ǈƓ Ɨ ǃƓƤ ˥ǆ ƗƵ˦˸˱ǆ  ÿ˦ǃ˦ǀǃå Ɨ Ǆḧǃå ÜƗɂðå̇ ˮǃåā ˤƹ̇ ǃƓȺ ˥ǆ ÷ƓƽƙïǙå ǑƼ 
íå˗ƵǕå Ɨ Ǆḧǃå ˞ƶȺ ǑƼ èƓ˹˻ƶǃå ˥Ƶ èƓƽƮå˦˸ǃå Ɨ ƪƓ ʿǃå Ɨ ˮ˻Ǆǃå. 
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ùä˕ǉà  ƕƨäî˕ǁäObjectives of Study:- 
1-  ā Ɨ ƑƓ ˸ ḧǃå ˝ƑƓ˶˳ǃå ˞ƶȺ ˤ ˻ǀƙǈïƓǀǆƓǌ˯  ǉƓ ˸ǃ Ɨ ˸ǃƓƶǃåā Ɨ Ǆ˲˸ǃå èƓƽƮå˦˸ǃƓȺ

.çƋ ʹ˸ǃå æ̇ ˵ǃå 
2-  Ɠɂ̇ ˻˯ɜȺ í˦ƞā ˥Ƶ Ʉ˵ḧǃå ýǚƤ ˥ǆ Ǒƞ˦ǃ˦ɂ̇ ˯ɜȺ ˤ ˻ǀƙ Escheriachia  Coli. 
3- .Ɨˠ˲˸ǃå ßƓ˵ǈã ˗˹Ƶ Ɠǋ̇ Ƽ˦ƙ ˔ƞå˦ǃå ɉā˙˵ǃƓȺ èƓˠ˲˸ǃå èƓƽƮå˦ǆ ƗǈïƓǀǆ 
  ƲƽˤǄ ƕƾ˞˷Ǆ  ƕƨäî˕ǁä Rejoin of Study:- 

Ɨ˹ǒ˗ǆ Ǌƙå̇ ˮƮ ƴǀƙ ƓȺ ˥˻ˮǆ ˦ǋ Ɠ˸Ḫ Ɠ ˮ˻ǃ æ̇ ƹ ýƓ˸ƬɆɜ˵ǃ ) ˤƿï1( Ü  ý˦˟ ǑˠƤ ˥˻ƕ
)12.8) ā ċ(12.31) ô̇ Ƶ Ǒƙ̇ Ƒåíā Ɠƿ̇ Ƭ ċ(32.27)ā ċ(32.51 ĄǙƓ˸Ƭ ċ(Ü  ˥ǆ Ɠǋ˗˲ɂā

ā ÿƓǆ̇ Ʈ Ǒ˯ǀˠ˹ǆ æ˦˹˱ǃå ˥ǆā Ɋƪ˦˯˸ǃå ˙˲ ǃå ýƓ˸˵ǃå  Ɨǀɣ˹ǆ û̇ ǃ˵å ˥ǆā èǚ˻˱ ƶǃå
) ɆɜƬ ǉïåāð Ɨǀˠ˹ǆ æ̇ ƺǃå ˥ǆā ÿƓǆ̇ Ʈ1(Ü ) ùùƕ Ɠǌ˯ơƓ˴ǆ ï˗ǀƙā610 ʕḪ2(Ü   Ǒǋā

) ƗơƓ˴˸ǃå ˖˻ơ ˥ǆ Ɨ˹ǒƓ ˯ǆ ƗǄ˲ǆ ˙˵Ƶ Ɏ˗ơã Ǐǃã Ɨ˸˴ǀǆ  Üú̇ Ƭá1996(Ü  ƴǄˮǒ
Ɨ˹ǒ˗ǆ ÿƓɜƪ Ɨƙå̇ ˮƮ Ǒǃå˦ơ 0 65,00 ˸˴ǈƗ)  Ü˚ɂ̊ ƶǃå˗ˮƵ2017(Ü ˮǄƹå ˗˸˯ƶȻ ˤǌ ǏǄƵ

Ɨ˹ǒ˗˸ǃå ɖ˟Ɠ˹ǆ ˔Ǆƹå ǑƼ Ɨɂðå˦ƙïǙå ïƓȺǓå ǉƓ ǆ Ɨơ˦Ǆǆ ˔ˮ˴Ⱥ æ̇ ˵Ǆǃ ǉƓ ˸ǃå ǉ˘ǋ. 
 

 
 ) ɆɜƬ1 ˯ǃå èƓˠ˲ǆ ƴɂð˦ƙ (Ɨ Ǆ˲ ƪåï˗Ǆǃ ƗƶưƓ˳ǃåƗ 
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˝Ā ìäˤ˶ǁäɔƏä̠ Ʉ˶ƴǁä Materials and Methods:- 
 Ɨƪåï˗ǃå ˕Ǆ˸Ƭ Ʉ˵ḧǃåǑƞ˦ǃ˦˻ˮǃå  Ɨ ǈ˦ǃ˦ǀǃå Ɠɂ̇ ˻˯ɜ ǃå ˥Ƶ Escheriachia Coli  ˤ ˻ǀƙā

Ɨ ƑƓ ˸ Ḫ˦ɂ̊ ˻ƽǃå ˝ƑƓ˶˳ǃå Ǒ˹˻ƞāï˗˻ǌǃå ˤƿ̇ ǃå )ÜȐƗ ƑƓɁ̇ ǌḧǃå Ɨ ǃƓ˶ȻǗƓÜ (Ɨ Ǆḧǃå ëǚǆǕå  ùǃ
29 èƓˠ˲ǆ ˥ǆ Ɠǌƶ˸ƞ ˤƙ æ̇ ˵ǃå ǉƓ ǆ ˥ǆ Ɨ˹˻Ƶ Ɨ Ǆ˲ƙ  ǉƓ ˸ǃåɆƤåí Ǌƙå̇ ˮƮ Ɨ˹ǒ˗ǆ.  

 

 

 
 

 
 

 ) ɆɜƬ2 Ǌ Ǆ˲ƙ èƓˠ˲ǆ ˞ƶ ǃ êîƓ˸ǈ ( Ɨƙå̇ ˮƮ Ɨ˹ǒ˗˸Ⱥ ç̇ ˵˯˹˸ǃå æ̇ ˵ǃå ǉƓ ǆ 
 

 çƑ˷˹ƴǁä Ʋ˶ƜCollate of Samples:- 
Ɨƶ˯ ǃ˸å Ɨ˸Ǆƶǃå û̇ ǃɣå ɖƼā èƓ˹˻ƶǃå ̞ƶ˸ƞÜ  ˖˻ơ ƴ˸˱ǃ ƗƮƓƤ Ɨ˸ǀƶǆ ǑǈƓ˹ƿ è˘Ƥá

 ßå̇ ƞǗ èƓ˹˻ƶǃå ɏ̇ǌ˱ ǃ˸å Ʉ˵ ḧǃå  Ɨ ǈ˦ǃ˦ǀǃå Ɠɂ̇ ˻˯ɜ ǃå E.ColiÜ  ç˗˸ǃ ï˦ˮ˹˶ǃå Ơ˯ƽȺ ˣǃîā
5 ßƓ˸ǃå ï˦ˮ˹Ʈ Ơ˯Ƽ ˤƛ ǑǄ˻˰ǒǗå ý˦˲ḧǃƓȺ å˗˻ƞ ï˦ˮ˹˶ǃå Ɨǋ˦Ƽ ˤ ʿƶƙ Ɨ Ǆ˸Ƶ Ɇˮƿ ɖƑƓƿí 
ç̇ ǆ  ç˗˸ǃ Ɨ ǈƓƛ5 ɖƑƓƿíÜ  Ɨǋ˦ Ƽ ǏǄƵ çí˦ƞ˦˸ǃå ý˦˲ḧǃå ïƓƛà ˥ǆ ˝Ǆ˳˯ǃå ÿƓ˸˷ǃ

 ˙ƛ˓ƙ Ǚ Ǐ˯ơ ý˦˲ḧǄǃ ïƓƛà ɏã í˦ƞā þ˗Ƶ ÿƓ˸ư ǏǄƵ Ɠ˹Ʈ̇ ơā Ɨ˹˻ƶǃå ßƓ˸Ⱥ ï˦ˮ˹˶ǃå
 ßƓ ơǕå ǏǄƵƗ˹˻ƶǃƓȺ Ɨǀ ʾ˗ǃåÜ  ˤ˯ɂā ˣǃîßƓ˸ǃå ïƓ ƙ ˕˲ƙ Ɨ˹˻˹ǀǃå Ơ˯ƽȺÜ  þƓɜơƎȺ ɖǄƺƙ
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 çïå̇ ơ Ɨƞïí ˗˹Ƶ ˗ɂ̇ ˮƙ ƗˢƼƓơ ǑƼ ƴư˦ƙā4 ˙ˮ˯˳˸ǃå Ǐǃã Ɠǌǃ˦Ʈā Ǐ˯ơ ) Ɇɜ˵ǃå3( Ü 
 Ɠ˸ǂè˘Ƥá ǑƼ ǉƓ ˸ǃå ˥ǆ èƓ˹˻Ƶ ˙ɂïå˦ƿ Ɨ ɜ ˯ƪǚƕ Ʉ˶ǈā ˙˯ǃ ˤ˱˲Ⱥ  ˗ƶȺ  ƓǌǄ˴ƹȺ ßƓ˸

 èå̇ ǆ éǚƛ Ɨ˹˻ƶǃåƴǆ Ɨ˹˻ƶǃå êï þ˗ƵÜ  ÿ˦Ɂ̇ḧǃå ̠˻ ǂ˴á ǑǈƓƛ ˥ǆ ß̊ƞ ßƓ˸ǃå ̠ǀƽȻ Ǚ Ǐ˯ơ
 Ǐǃã Ɠǌǃ˦Ʈā Ǐ˯ơ Ǒ˹˻ƞāï˗˻ǌǃå ˤƿ̇ ǃå ïå˗ǀǆ ǏǄƵ ˙ƛ˓ǒ ɏ˘ǃåā.˙ˮ˯˳˸ǃå 

 

 
) ɆɜƬ3èƓ˹˻ƶǃå ƴ ˸˱ƙ ( 

 
Ƒɀ˗˹˭ɚȸ ˣƳ ɂ˳ḥǁä Escheriachia  Coli  :- þ˗˳˯ƪå åǑƑå˘ƺǃå Ɋƪ˦ǃ  ǑƑƓǀ˯ǈǙå
Compact dry )E. C    ϝтϽуϧЫϠ ϣугзϧЮ (Ecoli.Ü  èå̇ ˸ƶ˯˴˸ǃå ˦˸ǈ Ɨˢơǚǆ ˤƙā

 Ɨɂ̇ ˻˯ɜ ǃå ˗ƶȺ) çïå̇ ơ Ɨƞïí ǑƼ ƗǈƓ˷˲ǃå ǑƼ Ɠǌ˯˻˸˹ƙoC37  ç˗˸ǃ (24 .ƗƵƓƪ 

 
) ɆɜƬ4èƓ˹˻ƶǄǃ ɏ̇ǌ˱ ǃ˸å Ʉ˵ ḧǃå ( 

 
ƕ ƏƑ ˶ ḨĀ˘˹ƻǁä Ʉ˹ǁƑ˰˭ǁäphysicochemical analysis :-  

þ˗˳˯ƪå )ðƓǌƞ Multi meter ˯ǃ (˗ǀ˙ǒ Ɨ ƑƓ ˸ Ḫā˚˻ƽǃå èƓƽ˶ǃå Ǒ˹˻ƞāï˗˻ǌǃå ˤƿ̇ ǃå )Ü 
Ɨ ƑƓɁ̇ ǌḧǃå Ɨ ǃƓ˶ȻǗåÜ  .(Ɨ Ǆḧǃå ëǚǆǕå 
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ƕ˳ƽƑ˷˶ǁäĀ ƛƏƑ˭˷ǁäResult and Discussion  :- 
) ýā˗˱ǃå ˥˻ˮǒ1 (ÜƗɂ̇ ǌ˱˸ǃå èåïƓ ˯ƤǙå ƝƑƓ˯ǈ  ƝƑƓ˯ǈ ˣǃ˘Ḫā Ɨ ƑƓ ˸ Ḫ˦ɂ̊ ˻ƽǃå ˝ƑƓ˶˳ǃå . 
 ) üĀ˕Ɯ1  ƛƏƑ˭ǆ  (ƕ ƏƑ ˶ Ḩˤɀ˘˹ƻǁä ˛ƏƑ˴˱ǁä ϤϝзуЛЯЮ ϣуϮнЮнуϡЮϜм 

 бЦϼϣзуЛЮϜ pH  TDS  mg / l  EC  µs/cm  E .Coli  

W1 7.23  46.81  85.10  -  

W2 6.74 77. 61 141.10 - 

W3 6.77 61.38 111.60 + 

W4 6.69 24.59 44.70 - 

W5 6.53 29.48 53.60 + 

W6 8.01 52.03 94.60 - 

W7 6.80 188.43 342.60 - 

W8 7.1 57.48 104.50 - 

W9 6.5 187.75 325.00 - 

W10 6.45 61.88 112.50 - 

W11 6.19 35.15 63.90 - 

W12 6.09 67.60 122.90 - 

W13 5.88 43.01 78.20 + 

14W 7.70 70.84 128.8   0 - 

15W 7.48 58 106.3 - 

16W 7.55 26.02 47.30 - 

W17 7.13 26.18 47.60 - 

18W 8.26 84.76 154.10 - 

W19 7.23 12.10 22.00 - 

20W 7.29 14.74 26.80 - 

21W 7.13 14.08 25.60 - 

22W 7.22 9.55 17.36 - 

23W 6.99 18.87 34.30 - 

W24 6.89 21.07 38.30 - 

25W 6.94 6.11 11.10 - 

26W 6.62 54.62 99.30 - 

27W 6.65 31.24 56.80 - 

28W 6.57 25.74 46.80 - 

29W 6.64 17.60 32.00 / 

 ϣуϡуЯЮϜ ϣУЊϜнгЮϜЮϜ иϝугЯЮϢϓϡЛг  6.5 ï 8.5  500 -100 ϣгуЦ ϹϮнϦ ъ ϽУЊ 

 ϣугЮϝЛЮϜ ϣϳЋЮϜ ϣгЗзв

(WHO) 

6.5 ï 8.5  500-100 450-1500 - 
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:ǗĀà- ɂ˳ḥǁä ƛƏƑ˭ǆ ƕ˳ƽƑ˷Ǆ  xƳ ɍ̠Ǌ˯ ǁ˶äɀ˗˭ɚȸƑ E. Coli   
 ǑɁā˙ɜ ˸ǃå ˝˲ƽǃå ƗȻƓǌǈ ǑƼƴ ˸˱ǃ ǃå Ǒ˯ǃå èƓ˹˻ƶƓǌƶ ˸˱ƙ ˤƙ ˥ǆ29 Ɨˠ˲ǆ Ɨ ʿ˹ƙÜ  ˥˻ˮƙ

ÿã ) èƓ˹˻ƶǃå3Ü5Ü13 ɏ̇˻˯ɜǃå é˦Ǆ˯ǃå ˥ǆ èƓ˹˻ƶǃå ǑƿƓȺ ˦ǄƤā Ɠɂ̇˯˻ɜǃƓȺ Ɨƛ˦Ǆǆ (E. Coli 
 ˸ǂ Ɠ) ýā˗˱ǃƓȺ1(Ü ā ˗ǒ˗Ƭ é˦Ǆ˯ǃå ÿƓḪå   ǑƼ) Ɨ˹˻ƶǃå5 ( Ɠǌ˻ƕ èå̇ ˸ƶ˯˴˸ǃå í˗Ƶ ÿƓḪ ˖˻ơ
73  Üç̇ ˸ƶ˯˴ǆǃå Ɠ˸˹˻ƕ ˥˻˯˹˻ƶ)3Ü13Ɇƿå Ɠ˯ǈƓḪ ( ƛ˦ǄƙƓ   ) Ɠ˸ǌƕ èå̇ ˸ƶ˯˴˸ǃå í˗Ƶ ÿƓḪ ˖˻ơ
1  ā3  ÜǑǃå˦˯ǃå ǏǄƵ () Ɇɜ˵ǃå5( Ü) Ɨ˹˻ƶǃå ÿã Ɠ˹ǋ ˙Ḫ˘ɂā3) Ɨ˹˻ƶǃåā (5 ˥Ƶ Ɨ˱ƙƓǈ (

 Ɠǌ˻Ƽ ̠ǒå̊˯Ɂā ç̠Ƽå˦ǃå ƗǃƓ˸ƶǃƓȺ Ɨs ɜ˯ǆ Ɨǀɣ˹ǆ Ǒǋā û˦ ǃ˴ƓȺ ú̇ƶƙ Ɨǀɣ˹ǆ ǑƼ ƴǀƙ Ɨʿƙ˹ Ɨɣ ǆ˲
 í˗Ƶ˥ǒ˗Ƽå˦ǃå Ɠǌƕ Ǒǈå̇˸ƶǃå ßƓ˹ˮǃå çíƓɂ̊ǃā ̇˻ˮḪ ǑˮƶƬ û˦ Ⱥ˴ ƓǋïƓǌ˯ƬǙ  þ˗Ƶ Ǌ˹Ƶ Ɲ˯ǈ Ɠ˸ǆ

 Ɠ˸Ḫ èƓˠ˲˸ǃå ǉ˘ǌƕ Ɨ ˠ ˲˸ǃå úā˙ˢǃƓȺ þƓ˸˯ǋǙåƓǈå̊ Ƥ ˥˻ƕ ƗƼƓ˴˸ǃå ÿã ˥˻ˮƙè  ǉ˘ǋ
 )  ßåí˦˴ǃå ïƓȺǓåā èƓˠ˲˸ǃå6  Ɨ˹˻ƶǄǃ (˙˯ǆ5  ) ā11  Ɨ˹˻ƶǄǃ (˙˯ǆ3 æ̇ ǀǃå Ɇɜ˵Ȼ åîã Ü

˗ơã ßåí˦˴ǃå ïƓȺǓå ˥ǆɎ  ̝ˮ˴Ⱥ ɏ̇˻˯ɜǃå é˦Ǆ˯ǃå é̠ Ȼ˲ ̠ƿā Üɏ̇˻˯ɜǃå é˦Ǆ˯ǃå æƓƪÞá ʕǋá
 ˥ɂ̇ ˳˹ǃå ú̇ ˡ ˔ˮ˴Ⱥ āá Ɨˠ˲˸ǃƓȺ èƓ˲Ƭ̇ ˸ǃå çßƓƽḪ þ˗Ƶ ÿā̇Ƥàā ǊǄǃå̠ˮƵ)Ü 2007   .( 

м ϤϼϝІϒ ( Singla et  al, 2014)   Ɠɂ̇ ˻˯ɜȺ  ˗ƞå˦ƙ ÿãColiform   Ǐǃã Ɇ˶ƙ
16.75  ǑƼ4  çƋ ʹ˸ǃå Ɨ˱ǃƓƶ˸ǃå ǉƓ ˸ǃå Ʉ˹Ʈ ˥ǆ èƓ˹˻ƵЀϝуЪцϜ сТ  ǑƼ Ɨǆ˗˳˯˴˸ǃå

. ˗˹ǌǃƓȺ Ǒǌǃí Ɨ˹ǒ˗ǆ  Ɏ˦˯˴ǆ ï˦ǋ̠ƙ ˥Ƶ x Ǆ˵ǃ ýƓ˱ǆ ÷̠ǒ Ɠ˸ǆ ̇˻ɣƤā þƓǋ ̇Ƭ˓ǆ å̆ǋā
ǃ çí˦˱ǃå Ɠǌ˱˯˹ƙ Ǒ˯ǃå æ̇ ˵ǃå ǉƓ ˸ǉ˘ǋ èƓˠ˲˸ǃå 

 
 

) Ɇɜ˵ǃå5 ( ǑƼ ɏ̇˻˯ɜǃå é˦Ǆ˯ǃåƗƛ˦Ǆ˸ǃå ǉƓ ˸ǃå èƓ˹˻Ƶ 
 

 ÿå  ˦ Ǆ˯ǃåɂ̟ ǑɁā˙ɜ ˸ǃå èƓɜ ˵Ǆǃ Ɨɂ̇ ˷˲ǃå  Ɏ̇ḧˮǃå ˥ɜ˸Ȼ ÿá ˔ˮ˴Ȼ èƓ ƬƓƼ Ɨƶƪåā ûƓˠ˹ǃå 
ôå̇ ǆǖǃ Ɨǃ˦˸˲˸ǃå ßƓ˸ǃƓȺÜ ˣǃ˘ǃā Ɇ˰˸Ȼ ÿƓ˸ư çí˦˱ǃå ǑƼ ǉ˘ǋ ˤˢ˹ǃå Ɏ˗ơã èƓɂ˦ǃāǕåÜ 
ƴǆā ˣǃî ÿƎƼ ˤˢƶǆ ÿƓɜƪ ˤǃƓƶǃå  ˦˲ǈ ĔČ Ė ˥ǒ˘ǃå Ǚ ˙Ƽ˦˯ƙ ʕǌǃ èƓǈƓɜǆã ý˦˶˲ǃå 
ǏǄƵ èåíå˗ǆã Ɨ˹˴˲ǆ ˥ǆ ǉƓ ǆ æ̇ ˵ǃå  ÿ˦˸ʿȻ ǑƼ ɖ˟Ɠ˹˸ǃå Ɨ ʽɂ̇ ǃåÜ  ˣǃ˘ǂ ˤǌ˴ƙ 
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èåíå˗ǆã ǉƓ ˸ǃå ç̇ ˻ƺ˶ǃå Ɨ ʹ˸˯˱˸ǃåā Ɨ Ǆ˲˸ǃå ǑƼ ˤˢƶǆ ÿå˗Ǆˮǃå ǏǄƵ ˦˲ǈ ˙˻ƹ ˔ƪƓ˹˯ǆ 
ǑƼ Ɇ˸˱ǆ úāƓ˳˸ǃå Ɨˠ ƙ̇ ˸ǃå çí˦˱Ⱥ ǉƓ ǆ æ̇ ˵ǃåÜ Ǒƺ ˹ɂā ÿá ˘ƤƋȻ ˗ǒ˗˲ƙ èƓɂ˦ǃāǕå 

Ɨ ˹˟˦ǃå Ɨ Ǆ˲˸ǃåā ǑƼ ÿƓ ˴˲ǃå Ɇǆå˦ƶǃå ˥ǆ å˘ǋ Ɇ˻ˮǀǃå. 
: Ƒ ǆƑƙ-  ƕ˳ƽƑ˷Ǆƕ ƏƑ ˶ Ḩˤɀ˘˹ƻǁä Ʉ˹ǁƑ˰˭ǁä ƛƏƑ˭ǆ 
  ˤ ʾ ˕ơāå̇ ƙ  pH) ýā˗˱ǃå ǑƼ1) ˥˻ƕ Ɨƪāï˗˸ǃå èƓ˹˻ƶǃå Ɇḧǃ (5.88Ĳ 8.26 (

 èƓ˹˻ƶǃå ÿƎƼ ǑǃƓ˯ǃƓɁā10 ̪11 ̪12Ü  13 Ɠǌ˸ ʾ ˕ǈƓǂ) 6.45 Ü6.19  Ü 6.09 Ü 
5.88 ǏǄƵ (Ǒǃå˦˯ǃå  Ɨ ˸ǃƓƶǃåā Ɨ ˮ˻Ǆǃå ƗƽƮå˦˸ǃå ǑƼ ǊȺ ë˦ ˸˴˸ǃå ǏǈíǕå ˗˲ǃå ˕˲ƙ Ǐǋā

çƋ ʹ˸ǃå ǉƓ ˸ǄǃÜ Ɠǌƕ ë˦ ˸˴˸ǃå íā˗˲ǃå ˥˸ư èƓ˹˻ƶǃå Ɨ ʿȺ ˕ǈƓḪ ˥˻ơ ǑƼ ïƓƬá ˗ƿā Ü
 ÿā̇Ƥàā ̇˻˳ǃå)Ü 2005  ǑƼ ˙˻ƺ˯ǃå ˦ǋ Ǒ˹˻ƞāï˗˻ǌǃå ñǕå ˙˻ƺƙ æƓ ƪá ˥ǆ ÿã (
çïå̇ ˲ǃå èƓƞïíÜ ϥЯЧжм ϝϲϝϡЊ ϤϝзуЛЮϜ ϥЛгϮ ЩЮϻЮ  ъ ϢϼϜϽϲ ϣϮϼϸ ϹзК ЭгЛгЮϜ пЮϖ

 ϾмϝϯϧϦ25 .ϣтнϛв ϣϮϼϸ 

 Ɨ ƑƓɁ̇ ǌḧǃå Ɨ ǃƓ˶ȻǗå ˥Ƶ Ɠǌ˻ǄƵ Ɇ˶˲˯˸ǃå ƝƑƓ˯˹Ǆǃ Ɨ ˴˹ǃƓɁā ā ƴùùǆ ƝƑƓ˯˹ǃå ƗùùǈïƓǀǆ ˥ǆ 
˸ǃƓƶǃå Ɨùùùù˲˶ǃå Ɨùù˸ˢ˹˸ǃ Ɨù˻ƪƓ ʿǃå èåí˗ùùù˲˸ǃå Ɨ æ èí˗ùùùơ Ǒ˯ǃåā2500  /˚˹˻˸ ƪā˙ɜȻƓǆ 
ˤǃ Ɨƪāï˗˸ǃå èƓ˹˻ƶǃå ƴ ˸ƞ ÿã Ɍơǚǈ ˤƪ ǌƕ ë˦ ˸˴˸ǃå íā˗˲ǃå ðāƓ˱˯ƙƓÜ  ƝƑƓ˯ǈ ˕˹˻Ɂā

 ) ˥˻˯˹˻ƶǃå ÿá èƓ˹˻ƶǃå Ɇ˻Ǆ˲ƙ7  ā9 (  ) Ǒǋ342.60  ā325.00 (  Õs/cm  ǏǄƵ
 ) Ɨ˹˻ƶǄǃ ˕ǈƓḪ Ɨ˸ ʾ Ɇƿå ÿã Ɠ˸Ḫ Ü Ǒǃå˦˯ǃå25 ) Ǒǋā (11.10(  µs/cm  ǏǄƵ ý˗ǒ å˘ǋā

 ˥ǆ Ɨ˹˻ƶǃå Ɏ˦˯˲˸ǃ å̇ƬƓǆ ̇ ƹ˻ å̇Ƭ˓ǆ ˦ǋ ɏ̆ǃå Ǒǈ˦ǒǕå Ɠǋå˦˲˯ ǆ ôƓƽ˳ǈå ëǚǆǕå
.Ɨ Ƒå˘ǃå 

 ˥ǆ èƓ˹˻ƶǃå Ɏ˦˯˲˸ǃ Ɨ˴ ǃ˹ƓȺ Ɠǆá Ɨ Ƒå˘ǃå Ɨ Ǆ˶ǃå íå˦˸ǃå ˔˴˹ǃå ˕ơāå̇ ƙ ˗ǀƼ˥˻ƕ )6.11- 
188.43 þå̇ ˱ ǄǆƗƪāï˗˸ǃå èƓ˹˻ƶǃå ǑƼ (˙˯ǃ/Ü  ) èƓ˹˻ƶǃå ˕ǈƓḪ ˖˻ơ7  ā9  ǑǄƵå (

 ˕ƞāå̊ ƙ Ǒ˯ǃåā ˚˻ǂå̇ ˯ǃå100 þå̇ ˱ Ǆǆ˙˯ǃ/ ˕˲ƙ ƓǌǄḪ ˕ǈƓḧƼ èƓ˹˻ƶǃå ǑƿƓȺ Ɠǆã Ü100 
þå̇ ˱ Ǆǆ˙˯ǃ/ Ü ÿ˦ḧƙ xǃ̆ɁāɆḪ  ˗˲ǃå ˕˲ƙ èƓ˹˻ƶǃåǏǈíǕå  ƗƽƮå˦˸ǃå ǑƼ ǊȺ ë˦ ˸˴˸ǃå
 Ɨ ƪƓ ʿǃåƗ ˸ǃƓƶǃåā Ɨ ˮ˻ǄǃåÜ  ˥˸ư ƴǀƙ èƓ˹˻ƶǃå ɆḪ ÿƎƼ Ɨ ˮ˻Ǆǃå Ɨ ƪƓ ʿǃå ƗƽƮå˦˸ǃå ˔˴˲Ɂā
 ˗˲ǃåǏǄƵǕå  æ̇ ˵ǃå ǉƓ ˸ǃ Ɨ ˸ǃƓƶǃå Ɨ˲˶ǃå Ɨ˸ˢ˹ǆ ˥ǆ ǚùḪ èƓùƽƮå˦˸Ⱥ ǊȺ ë˦ ˸˴˸ǃå

 ̇ ˵ǃå ǉƓ ˸ǃ Ɨ ˮ˻Ǆǃå ƗƽƮå˦˸ǃåā çƋ ʹ˸ǃå ) çƋ ʹ˸ǃå æ500 þå̇ ˱ Ǆǆ.(˙˯ǃ/  Ɨ ˮˠǃå ˙ɂ̇ ǀ˯ǃå ÿá Ǚã
 Ɨƽ ˲Ʈ è̇ Ḫî Ɠ˸Ḫ Ü Ǒ˲Ʈ ˙˻ƹ æ̇ ˵ǃå ǉƓ ˸Ⱥ ëǚǆǕå ý˗ƶǆ ôƓƽ˳ǈå ÿá Ǐǃã ˙˻˵ƙ
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 ) ƣɂïƓ˯ƕ ï˦˵˹˸ǃå Ɠǋí˗Ƶ ǑƼ Ɨ ǈā˙˯ḧǃǙå ÿƓ ˮǃå7  /11 /2009  ëǚǆǕå Ɋƪ˦˯ǆ ÿã (
 Ǐǃã Ɇ˶Ȼ Ɠ ˮ˻ǃ ǑƼ æ̇ ˵ǃå ǉƓ ǆ ǑƼ63 Ȼ ˣǃîā Ü ˙˯Ǆǃå / þå̇ ˱ Ǆǆ Ǌ Ƭ ǉƓ ˸ǃå ǉ˘ǋ ÿá Ǒ˹ƶ

 þ˦˻ ǃ˴Ɠḧǃå ɏ̇˶˹Ƶ ˥ǆ ƗǄ˻Ǆƿ ̝ ǈ˴ ǏǄƵ ɏ˦˯˲ƙ ̟ ơ˻ Ɨ˲˶ǃƓȺ çïƓư Ǒǋā ç̇ɣǀǆ
 ïå̇ ưá Ǐǃã Ɠǌ˶ǀǈ ɏí˓ǒ Ǒ˯ǃåā Üˤ˴˱Ǆǃ Ɨɂïā˙˷ǃå ëǚǆǕå ǑƿƓȺ ˣǃ˘Ḫā þ˦ǒí˦˶ǃåā
 ˗ơ í˦ƞā þ˗Ƶ Ɨ ˻ˮǄǃå ƗƽƮå˦˸ǃå æ˦˻Ƶ ˥ǆ ÿã è̇ Ḫî Ɠ˸Ḫ ÜýƓƽ˟Ǖå Ɏ˗ǃ ƗƮƓƤā Ɨ˲˶ǃƓȺ

 ˥ǆ ǉƓ˸ǃå Ɏ˦˯˲˸ǃ Ǒǈíå Ɏ˦˯˲ǆ ÿåā ƗƑå̆ǃå ëǚǆǕå100  Ǒǈíå ˗˲Ḫ Ü˙˯Ǆǃå / þå̇ ˱ Ǆǆ
 ïƓ ˯Ƶå Ɇ˷ƼǕåā ɖ˻ƿí ˙˻ƹ63  ) ˥˻˯˻˹ƶǃå ÿ˦ḧƙ xǃ̆Ɂā ÜǑǈíå ̠ơ ̇Ǆ˯ǃå/þå̇˱Ǆǆ25 ā (

)22 ̨ƽ˹Ɂā Ü ƓƙƓ˯ƕ æ̇ Ǆ˵ǃ ƗƪƓ˹ǆ ̇ƹ˻ Ǒǋā ƗƑå̆ǃå ëǚǆǕå Ɏ˦˯˲˸ǃ ƓưƓƽ˳ǈå ̇ǂ˰á (
) èƓ˹˻ƶǄǃ ýƓ˲ǃå19 Ü20 Ü21 Ü29 Ü23 Ü24 Ü4 Ü28 Ü5 Ü16 Ü17 Ü16,26 Ü8 Ü

25 Ü3 Ü10 ˥ǆ Ɇƿå Ɠǌǈã Ǚã Ǒǃå˦˯ǃå ǏǄƵ ëǚǆǕå ˚˻Ḫ̇ ƙ Ɠǌ˻Ƽ ƴƽƙ̇ ǒ Ǒ˯ǃå  (63 
) èƓ˹˻ƶǃå èßƓƞā Ü˙˯Ǆǃå/þå̇ ˱ Ǆǆ12 Ü14 Ü2 Ü18 Ü7 Ü9  ˥ǆ ǏǄƵá ˚˻ǂå̇ ˯ƕ (63 

ƝƑƓ˯˹ǃå ǉ̆ǌǃ Ɨ˴ ǃ˹ƓɁā Ü ɏ̇ ǃ˵å üǚǌ˯ƪǚǃ Ɨ˸Ƒǚǆ ̇˰ǂá ÿ˦ḧƙ Ǒ˯ǃåā ̇˯Ǆǃå / þå̇˱Ǆǆ  ƴƞ̇ ǒ
 ˦ ḧƙ ÿá Ɠǌ˹ǆ Ɨ˰ǒ̠˲ǃå Ɇ˸ƶƙ ̟ ơ˻ ç̇˯Ǆƽǃå ˦ǋ ƗǄḧǃå ƗƑå̆ǃå ëǚǆǕå ʕ  ʾôƓƽ˳ǈǙå æƓƪá ÿ

 ǑǃƓ˯ǃƓɁā Ɨ Ƒå˘ǃå ëǚǆǕå ˤˢƶǆ í̇ ˟ ǏǄƵ ƗǈƓ ˶ǃå èƓ Ǆ˸ƶǃ Ɨ˱ ˯ǈ ç˗ǒ˗˱Ⱥ Ɠǌǃå˗ƕã ˤƙ Ǒ˯ǃåā
 Ɨ˰ǒ˗ơ Ǒǋ èƓˠ˲˸ǃå ǉ˘ǋ ˤˢƶǆ ÿã ˕ˢơ˦ǃ ˗ƿā Üç̊ ǌƞǕå ǉ˘ǋ çßƓƽḪ ˥Ƶ Ɨ˱ƙƓǈ Ǒǋ

  ˥ǆ ßƓ˵ǈǗå6  ï˦ǌƬ Ǐǃã3 .èå˦˹ƪ 

 
) Ɇɜ˵ǃå7Ɨƪåï˗ǃå èƓ˹˻ƶǃ Ǒ˹˻ƞāï˗˻ǌǃå ñǕå Ɨ˸ ʾ ˥˻ˮǒ (
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   ) ЭЫЇЮϜ8ϣуϡуЯЮϜ ϣУЊϜнгЯЮ пжϸцϜ ϹϳЮϝϠ ϤϝзуЛЯЮ сзуϮмϼϹулЮϜ ЀцϜ ϣжϼϝЧв еуϡт ( 

 

 
ЬЪІЮϜ )ф (дтϠт ϾтЪϼϦ ϰывцϜ ϣтЯЪЮϜ ϣϠϚϜϺЮϜ ϤϝжтЛϠ ϣЂϜϼϸЮϜ 
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ЬЪІЮϜ  )мл  (дтϠт ϣжϼϝЧв ϾтЪϼϦ ϰывцϜ ϣтЯЪЮϜ ϣϠϚϜϺЮϜ ϤϝжтЛЯЮ ϸϲЮϝϠ пжϸцϜ ϣУЊϜмвЯЮ сϠтЯЮϜ 

ƕ ˰˴ǁä çƑ ǂ˞˭˶ǁä ƛƏƑ˭ǆ -:Results of health requirements 
 ɜ˵ǃå ˥˻ˮǒ) Ɇ8Ü 10å ( ǑƼ Ɇ˵ƽǃ Ɨƪāï˗˸ǃå èƓˠ˲˸ǃå Ɨ ˲˶ǃå èƓ Ǆˠ˯˸ǃå ɖ˻ˮˠ˯ǃ

ˤƿï Ɨ ˮ˻Ǆǃå Ɨ ƪƓ ʿǃå ƗƽƮå˦˸ǃå ǑƼ çíïå˦ǃå 10  Ɨ˹˴ǃ2008  ǉƓ ˸ǃ çïíƓ˶ǃåā çƋ ʹ˸ǃå æ̇ ˵ǃå
˥Ƶ  ˚Ḫ̇ ˸ǃå˙˻ǒƓƶ˸ǃåā èƓƽƮå˦˸Ǆǃ Ǒ˹˟˦ǃåÜ Ɇ˵Ƽ Ɨ ǃƓ˲ǃå Ɨƪåï˗ǃå ƝƑƓ˯ǈ è̇ ǌˡáā 100 
% Ɨ ˲˶ǃå èƓ Ǆˠ˯˸ǃå ɖ˻ˮˠƙ ǑƼ Ɨƪåï˗ǃå ˗˻ƿ èƓˠ˲˸ǃå êîƓ˸ǈ ˥ǆÜ   Ǐǃã ˣǃî í˦ƶɂā

 ßƓ˵ǈǗ Ɨ ˲˶ǃåā ƗǆƓƶǃå èƓ˟å̇ ˯ƬǙå ÷Ɠ ƙã ǑƼ Ɨƪāï˗˸ǃå èƓˠ˲˸ǃå ɆḪ þå̊ ˯ǃå þ˗Ƶ
Ɨˠ˲˸ǃåÜ çƋ ʹ˸ǃå ǉƓ ˸ǃå çí˦ƞ Ɇǆå˦Ƶ Ǐǃã ˙ˢ˹ǃƓɁā  ˙Ƽ˦˯ƙ Ǚ ˗ƿ Ɨˠ ƙ̇ ǆ Ɇǆå˦Ƶ ç˗Ƶ üƓ˹ǋ

èƓˠ˲˸ǃå ǉ˘ǋ Ɇ˰ǆ ǑƼÜ ïƓƬá ˗ǀƼet al ., 2013)  (Malwina  ÜƓǌ˸ǋá ˥ǆ ÿá
ǑƑƓǌ˹ǃå êƓ˯ǈǗåā èƓ Ǆ˸ƶǃåÜ èå˦ˮƶǄǃ Ɨ ǃāǕå ǉƓ ˸ǃå Ɨ ʸ˦ǈā Üèå˦ˮƶǃå ɖǄƹ þƓɜơãÜ  Ɠ˸Ḫ

. ǉƓ ˸ǃå ï˗˶˸Ⱥ ƗƮƓ˳ǃå èƓǆ˦Ǆƶ˸ǃå ˥ǆ ˣǄǌ˯˴˸ǃå ˥˻ɜ˸ƙ Ɨ ˸ǋá Ǐǃã ïƓƬá 

      ǗäçƑƜƑ˭˷˭ƨ conclusion:- 
 ç̇ ˵˯˹˸ǃå Ɨ ʿ˹˯ǃå èƓˠ˲ǆ ǉƓ ˸Ⱥ ƗǄ˰˸˸ǃå Ɨƪåï˗ǃå ǉ˘ǋ ǑƼ Ɠǌ˻ǄƵ Ɇ˶˲˯˸ǃå ƝƑƓ˯˹ǃå ǏǄƵ ßƓ˹ƕ

 ˥˻ˮ˯ǒ Ǌƙå̇ ˮƮ Ɨ˹ǒ˗˸Ⱥ ˤ ʾ Ǐǈ˗ƙëǚǆǕå  Ɠǋ̊ ˻Ḫ̇ ƙ ɆƮā ˗ǀƼ ç̇ ˠƤ èƓɂ˦˯˴˸ǃ Ɨ Ƒå˘ǃå Ɨ Ǆḧǃå
6.11 ˙˯ǃ / ˤ˱ǄǆÜ Ƽ þƓƵ Ǐǈ˗ƙāǑ  ˥Ƶ Ɠǋ̊ ˻Ḫ̇ ƙ100 èƓ˹˻ƶǃå ˔ǄƹƋȺ ˙˯ǃ / ˤ˱ǄǆÜ  
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 ˗˲ǃå ǏǋāǏǈíǕå  ƗƽƮå˦˸ǃå ǏƼ ǊȺ ë˦ ˸˴˸ǃåƗ ˸ǃƓƶǃåÜ  82 %  ˗˲ǃå ˕˲ƙ èƓ˹˻ƶǃå ˥ǆ
ǏǈíǕå  ˚˻Ḫ̇ ˯ǃ ǊȺ ë˦ ˸˴˸ǃåëǚǆǕå  Ǐǃã ˙˻˵Ȼ Ɠ˸ǆ ƗȻí˦ƶ˴ǃå ƗƽƮå˦˸Ǆǃ  Ɨ Ƒå˘ǃå Ɨ Ǆḧǃå

 ˚˻Ḫ̇ ƙ ôƓƽ˳ǈǙ å̇ ˢǈ ǉƓ ˸ǃå ˥ǆ Ɨ ʸ˦˹ǃå ǉ˘ǋ çï˦ˠƤëǚǆǕå  Ɠ˷Ȼáā Ɠǌƕ Ɨ Ƒå˘ǃå Ɨ Ǆḧǃå
 ˤ ʾ ôƓƽ˳ǈåñǕå ǃåǑ˹˻ƞāï˗˻ǌ  èƓ˹˻ƶǃå ˞ƶ ƕ13 %  Ɨ˸ ʿǃå ˕˲ƙ èƓ˹˻ƶǃå ˥ǆ

 ó˦˶˳Ⱥ Ɠǌƕ ë˦ ˸˴˸ǃå pH  ˤ ʿǃå ˕ǄƮā ˗ǀƼ5.8  ā ǉƓ ˸ǃå Ɨư˦˸˲ǃ ˙˻˵Ȼ Ɠ˸ǆ
é˦Ǆ˯ǃå Ɏ˦˯˴ǆ ÷Ɠƽƙïå ǑɁā˙ɜ ˸ǃå  èƓ˹˻ƶǃå ˞ƶ ƕ ÿãé˦Ǆ˯ǃå Ɏ˦˯˴ǆ ÷Ɠƽƙïå ǑƼ  ˞ƶȺ

  èƓ˹˻ƶǃå ÜƓǌ˯ƪåïí ˤƙ Ǒ˯ǃå ǑɁā˙ɜ ˸ǃå é˦Ǆ˯ǃå èå̇ Ƭ˓˸Ⱥ10 %  Ɨƛ˦Ǆǆ èƓ˹˻ƶǃå ˥ǆ
 Ɠɂ̇ ˯ɜ ƕE. coli   é˦Ǆ˯Ǆǃ  ǉƓ ˸ǃå ô̇ ƶƙ āá é˦Ǆǆ ǑƑƓǆ ï˗˶ǆ þå˗˳˯ƪå ǏǄƵ Ɠǆã ý˗ǒ

˹˶˯ǃå Ɇơå̇ ǆ ýǚƤ.ƴ 

çƑ Ƭˤ˭ǁä Recommendation :- 

 é˦Ǆ˯Ǆǃ å̇ ˢǈɏ˘ǃå  ˤƙǉƓ ˸Ⱥ ǉ˗Ʈï ǑƮ˦ƙ Ɨƪåï˗ǃå ÿƎƼ æ̇ ˵ǃå ǉƓ ǆ Ɨ ʿ˹ƙ èƓˠ˲ǆ  : 
1-  ǏǄƵ ƗƶȺƓ˯˸ǃåā ƗȺƓƿ̇ ǃå ˗ǒ˗˵˯ǃ Ɨǆðǚǃå èåßå̇ ƞǗå îƓ˳ƙƓȺ  Ɨƿǚƶǃå èåî èƓǌ˱ǃå þƓ ʾ

Ɨ˶˯˳˸ǃå èƓǌ˱ǃå Ɇˮƿ ˥ǆ Ɠǋ̇ ˻ƹā Ɠ ˸ƪï çðƓ˱˸ǃå æ̇ ˵ǃå ǉƓ ǆ Ɨ˭ˮƶƙ ƴǈƓ˶ǆ ƴ ˸ƞÜ 
 Ɏ˗ǆā êƓ˯ǈǗå Ɨǀɂ̇ ˟ā Ɨ ƞ˦ǃ˦˹ḧ˯ǃå ƓǌƙåïƓ˴ǆā Ɨ ƞƓ˯ǈǗå Ɠǌ˟˦ˠƤ çí˦ƞā çßƓƽḪ ɖ˻ƿ˗ƙā

˲˶ǃå ɉā˙˵Ǆǃ Ɠǌ˯ǀȺƓˠǆ ǑƼ Ɨ˹˻ˮ˸ǃå üǚǌ˯ƪǚǃ Ɨ˲ǃƓ˶ǃå ˙˻ƹ ƗƮƓƤā Ɨǆðǚǃå Ɨ ˹ƽǃåā Ɨ
.Ɨƪåï˗ǃå ǉ˘ǋ 

2-  Ɠǌƙí˦ƞ ˤ ˻ǀƙā èƓ˹˻ƶǃå ƗƶȺƓ˯˸ǃ ˙ˮ˯˳ǆ ßƓ˵ǈƎȺ æ̇ ˵ǃå ǉƓ ǆ êƓ˯ǈã ɆǆƓƶǆ þå̊ ǃã çïā˙ư
.óƓ˶˯ƤǙå èåî èƓǌ˱ǃå ɖ˻ƿ˗ƙā Ɨ ʾå̇ ǆ Ǐǃã ƓǌƵƓ˷Ƥɀā æ̇ ˵Ǆǃ 

 3-  ˴ƺǃ ˥ƑƓɜǆ ˙˻Ƽ˦˯ƕ æ̇ ˵ǃå ǉƓ ǆ Ɨ ʿ˹ƙ ƴǈƓ˶ǆ þå̊ ǃã Ɨǆǚƪ ÿƓ˸˷ǃ èå˦ˮƶǃå ˤ ʿƶƙā Ɇ
 çƋ́ ǃ˸å æ̇ ǃ˵å ǉƓ˸ǃ ƗˮǄ˻ǃå ƗƪƓʿǃå ƗƽƮå˦˸ǃå èí̠ơ îã ÜɎ̇Ƥá ç̇ǆ Ɠǌǆå̠˳ ƪ˯å çíƓƵãÜ 

 ā ƗƪƓ˹ǆā ƗƑå̆ƺǃå íå˦˸ǃå Ɨ˭ˮƶƙā Ɍƽơ ǑƼ ýƓ˸ƶ˯ƪǚǃ ƠǃƓ˶ǃå ÷˦˹ǃå ˥ǆ èå˦ˮƶǃå ÿ˦ḧƙ ÿá
āá ÿ˦ǃ āà ʕƶ˟ ǑƼ ̇˻ ƺ˻ƙ ɏá ̝ˮ˴ƙ Ǚā é˦Ǆ˯ǃå ˥ǆ ƗǃƓƤā ƓǆƓ˸ƙ Ɨƽsǈā .ǉƓ ˸ǃå Ɨ˲Ƒåï 

 4-  þǚƵǗå ɆƑƓƪā ˙ˮƵ ˣǄǌ˯˴˸ǃå ˙ǒ˘˲ƙ ā ˥˻ƽǃƓ˳˸ǃå ɖ˲Ⱥ Ɨ ǈ˦ǈƓǀǃå èåßå̇ ƞǗå îƓ˳ƙå
 ɏ̇ ǃ˵å üǚǌ˯ƪǚǃ Ɨ˲ǃƓ˶ǃå ̇˻ƹ èƓ˱˯˹˸ǃå ˥Ƶ çßā̇ǀ˸ǃåā ƗƵ˦˸ ˴˸ǃåā ƗƑ̇˸ǃå.  
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 ä˛˱ǂ˶ǁ 
 þƓƵ ƗǄǀ˹˯˸ǃå èǙƓ˶ƙǙå ˥ǆ ˛ǆƓ˳ǃå Ɇ˻˱ǃå ɖɂ˦˴ƙ á˗ƕ2019  ǏǄƵ ǉíƓ˸˯Ƶå ƴƿ˦ƙ ƴǆ Üþ

þƓƵ ǑƼ ƴƪåā ûƓˠǈ2021 Ɠǆā þ ˗˻Ƽ˦ǂ) ˗˱˯˴˸ǃå Ɠǈā˙Ḫ ßƓɁ˦ǃ Ɨ˱ ˯ǈ .ǉ˗ƶȺ-19 Ü(
 ƗȻíƋƙ ǏǄƵ ˥˻ƽˡ˦˸ǃå ˥ǆ ˗ǒ˗ƶǃå Ɇˮƿå ˖˻ơ Ü˕ǈ̇ ˯ǈǙå ǏǄƵ èƓḪ̇ Ƭ ˥ǆ ˗ɂ̊ ˸ǃå ˕ǄƤí
 èá˗ƕ ˕ǈ̇ ˯ǈǖǃ ˗ǒå̊ ˯˸ǃå þå˗˳˯ƪǚǃ Ɨ˱ ˯˹Ḫā .˕ǈ̇ ˯ǈǙå ɖɂ̇ ˟ ˥Ƶ ˗ƶȺ ˥Ƶ ˤǌǃƓ˸Ƶá

ǉ˗ơ ˙˰ǂá Ơ Ʈá ɏ˘ǃå ˕ǈ̇ ˯ǈǙå ǏǄƵ ˗ǒå̊ ˯˸ǃå ˔Ǆˠǃå Ɨ ˮǄ˯ǃ Ɨ˲Ǆǆ ƗƞƓ˲ǃå èƓɜ Ƭ ú˗ǌƙ .
 èƓǆ̠˳ ǃå ǑƼ ̇ɂ˦ɣ ǃ˯å ɖ˻ǀ˲ƙā ̨ǆƓ˳ǃå Ɇ˻˱ ǃå ǏǄƵ û˦ƽ˯ǆ ßåíá ̇ Ƽ˻˯˦ǃ ñíƓ˴ǃå Ɇ˻˱ ǃå

 þƓƶǃ ǑḪ˘ǃå èƓǆ˦Ǆƶ˸ǃå ƴ˸˯˱˸ǃ ǑƪƓƪá ˥˻ɜ˸ƙ ɆǆƓƵ ƓǌǄƶ˱Ȼ Ɠ˸ǆ èƓǀ ˮˠ˯ǃåā2030 .þ
 ǑƼ ƗǄ˸˲˯ ǃ˸å ƗƪƓƪǕå èƓ˹ǀ˯Ǆǃ ƓĄ˲˴ǆ þ̠ǀǈ ÜƗƿï˦ǃå ǉ̆ǋ ǑƼ6G Üó˦˶˳ǃå Ǌƞā ǏǄƵ .

ƽǃå ßƓḪ˘ǃå þ˗ǀǈ ú˦ƪ ÜɆ˻˶ƽ˯ǃƓȺ ˚ƙ̇ ˻ǋ å̇ ˻ƙā ÜƗ˰ǒ˗˲ǃå èǙƓ˶ƙǙå èƓ ˹ǀƙā èƓȻ˗˲˯ǃåā Ǒ˹
 Ɏ̇ƤǕå ƗǄ˸˲˯ ǃ˸å èƓ˹ǀ˯Ǆǃ ç̊ƞ˦ǆ Ɨǆ̠ǀǆ ßƓɣƵã ƴǆ. 

   Abstract  

Commercialization of 5G began in 2019, with widespread 

adoption projected by 2021 and beyond. As a result of the COVID-

19 epidemic, more firms went online, ushering in a "New Normal" 

with a global workplace. The increased Internet usage that has 

resulted highlights the need for better connectivity in order to 

fulfill the growing demand for more severe network needs. 6G 

networks are intended to provide performance superior to 5G and 

fulfill developing services and applications, making them a crucial 

enabler for the intelligent information society of 2030. In this 
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paper, we present a survey of potential essential technologies in 

6G. In particular, we will introduce articial intelligence, challenges 

and state -of- the- art, and terahertz communications technologies 

in detail, while giving a brief introduction to other potential 

technologies. 

Keywords: Internet usage, better connectivity, 6G networks, 

intelligent information society 

I.INTRODUCTION  

Due to the advent of gadgets and machine-to-machine (M2M) 

interactions, mobile data traffic has increased exponentially during 

the past 10 years, the exponential expansion of mobile connectivity 

as shown in Figure 1, the global mobile traffic volume is also 

expected to increase 670 times by 2030 compared to 2010 and in 

general, the number of mobile phone subscriptions is expected to 

reach 17.1 billion [1]. 

 

 

Figure 1. ITU Predictions for Global Mobile Data Traffic [1] 

Data-driven adaptive and intelligent approaches have recently 

piqued researchers' interest. The 5G wireless networks will lay the 
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groundwork for intelligent networks that can perform Ai tasks [2]. 

The capacity of 5G is predicted to reach its limit by 2030 [3]. In 

the rest of the paper, we discuss relevant work, important 

difficulties, and state-of-the-art techniques and solutions. 

I I .LITERATURE REVIEW  

A vision of 6G mobile networks is presented in several 

publications, which include enabling technology, prospective uses, 

needs, and problems. The authors of [4] focused on the important 

accomplishments and challenges of earlier mobile networks, 

ranging from 1G to 5G as showing in figure 2.  

 

 

          Figure 2. Shows the evolution of service kinds throughout   wireless 

mobile generations. 

The progression of mobile networks to the 6G network was 

covered in [5]. The authors [6] concentrated on projected 
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architectural changes in 6G networks, such as 3D architecture and 

pervasive Ai. The authors of [7] present a complete picture of 6G, 

including anticipated applications, emerging trends, supporting 

technologies, and open research problems. The authors in [8] 

explored 6G networks from an AI perspective as AI-based mobile 

applications grow more prevalent. The authors of this research 

stated that from the network core to the edge devices, 6G networks 

will be expected to incorporate pervasive AI solutions.[9] 

published one of the most recent studies on 6G networks. The 

writers reviewed 6G requirements and shared their vision of 6G 

networks. Furthermore, they hypothesized on the uses of the 6G 

era and highlighted the main anticipated hurdles. The authors of 

[10] provided a thorough analysis of 6G networks. Their analysis 

includes enabling technologies, possible use case scenarios, 

difficulties, as well as 6G's prospects and progress. Work [11] is 

one of the few papers that thoroughly investigates the fundamental 

services of the 6G network. The authors of [12] presented a list of 

6G requirements based on probable future use cases (for example, 

augmented reality (AR)/virtual reality (VR) for industry and 

biosensors). Last but not least,[13] the authors emphasize the need 

of 6G remaining a human-centric network. In light of this, 6G 

networks will need to provide a high level of security and privacy. 

III . CHALLENGES AND  STATE-OF-THE-ARTS 

 Some tough needs in 6G wireless communication must be met in 

order meet global technology demands. The major challenging 

themes are researched and discussed in this part. The THz band is 

the major issue in the 6G wireless communication technology. 

Despite the high data speeds, the high frequencies make 

overcoming the high path loss a significant challenge. The air 

absorption and propagation loss for long-distance communications 

are quite high. To solve the problem of frequency dispersion, new 

multipath channel models must be created due to the wide 
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bandwidth [14]. For the THz band, conventional modulation and 

coding methods are in sufficient. New transceivers should be 

developed to operate in the high frequency band, with very broad 

bandwidth, high power, high sensitivity, and low noise figure. 

Furthermore, not all wireless communication methods were 

compatible with devices. Devices should also allow users to 

engage with other devices via Device-to-Device D2D 

communication, AI, and XR [15]. Because billions of devices 

other than smartphones will be linked to the 6G network, efficient 

energy transfer techniques, particularly wireless energy transfer 

methods [16], should be explored, and devices connected should 

be designed to enable multiple charging ways. Physical layer 

security techniques and integrated network security strategies [17] 

with low cost, low complexity, and extremely high security should 

be studied. The high-frequency band in THz is supported by 6G 

wireless communication technologies, as well as spectrum and 

resource sharing. Transceivers should be able to support this 

technology if the antenna is constructed with the appropriate size; 

nano scale to micrometre components that meet the holographic 

beam forming criteria as described in [18, 19]. 

IV . THz COMMUNICATIONS  

In general, the low-frequency spectrum band has a better 

propagation characteristic to enable large coverage, but because of 

the comparatively small bandwidth, it achieves a poor transmission 

rate. With the exponential growth of high-data-rate needs, 5G is 

expected to make advantage of the mm Wave spectrum, which can 

provide new bandwidths in the gigahertz range [20].  

V.POTENTIALAPPLICATIONS   

Some of the most important 6G wireless communication 

applications uMUB, uHLSLLC, mMTC, and uHDD services are 

used to describe 6G applications as showing in figure 3.  
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             Figure 3. Depicts a summary of 6G uses. 

Extended reality (XR) services, such as augmented reality (AR), 

mixed reality (MR), and virtual reality (VR), are critical 

components of 6G communication networks. All of these features 

rely on 3D objects and AI as their driving forces. 6G will deliver a 

completely immersive AR/MR/VR experience through 

collaborative design integration and high-quality 6G wireless 

connectivity, in addition to meeting perceptual computing, 

cognition, storage, human senses, and physiological needs [21]. 

Furthermore, when the cellular base station is unavailable or 

malfunctioning, the UAV will be employed to provide wireless 

broadcast and high-rate communications [22]. The brain-computer 

interface (BCI) is a method of controlling the brain. Home 

appliances and medical equipment, in particular, are commonplace 
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in smart societies [23]. In 6G wireless communication, the 

characteristics of uHLSLLC and uMTC will allow the real 

deployment of BCI systems for a smart life. The sensation of touch 

is used in haptic communication, which is a type of nonverbal 

communication. Remote users will be able to enjoy haptic 

sensations through real-time interactive systems thanks to the 

proposed 6G wireless connection [24]. 

VI . AI EMPOWERED WIRELESS COMMUNICATIONS  

AI will be essential in optimizing future 6G networks by solving 

issues that are difficult to describe using closed-form models [25]. 

6G will allow additional applications, as seen in figure 4, by 

utilizing Ai. 

 

Figure 4. A 6G wireless network with AI capabilities and associated applications 

[26]. 

Smart cities, cellular networks, linked autonomous electric cars, 

and unlicensed spectrum access are all examples of intelligent 

systems [27]. To ease large-scale deployment of 6G networks, this 

will justify a demand for the creation of new network designs and 

system models, as well as standardized interfaces, protocols, and 
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data formats [28]. Deep learning, which is regarded as a key 

component of AI technology, is frequently utilized in wireless 

networks [29]. It will be critical in a number of areas, including 

semantic communications, holistic communication management, 

control resource regions, caching, and computing, among others, 

all of which will contribute to the 6G paradigm change. 

VII . CONCLUSIONS 

Wireless communication networks of the sixth generation (6G) are 

planned to give global coverage. We looked at previous studies, 

prospective requirements and trends, enabling technologies, 

potential difficulties, and future research paths related to 6G.A 6G 

networks will rely on new technology to achieve these 

requirements. We have highlighted the potential applications that 

may be utilized for 6G communication in addition to explaining 

the vision and aim of 6G communications. 
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Abstract 

In this paper, the Schrödinger equation for two dimensional finite 

rectangular well potential has been solved numerically. The lower 

angular excited state wave functions and their corresponding 

energy eigenvalues are determined as well. These calculations are 

performed using the finite difference time domain method (FDTD) 

by taking advantage of the symmetric properties of the wave 

functions. Since there are no exact analytical solutions to the finite 

rectangular well potential, so in order to confirm the accuracy of 

our calculations, we studied different values of potential depths 

with certain value of potential area then we compared our results 

to the exact solutions of the infinite well potentials with the same 

area.  

Kew words: finite difference time domain method, finite square 

well potential, finite rectangular well potentials, Schrödinger 

equation  

 ˛˱ǂ˶ǁä 
 Ɇ˻ˠ˯˴ǆ ˙˭ƕ ˗ǌ˱ǃ ˙˱ǈíā˙Ƭ ƗǃíƓƶǆ Ɇơ ˤƙ ˖˲ ǃå å˘ǋ ǑƼíā˗˲ǆ  .ƓĄȻí̠Ƶ ˥ǒ̠ƶȺ ǑƼ

 ˖˻ơƞ˦˸ǃå ýåā˗ǃå ˗ǒ˗˲ƙ ˤƙ ˤƙ .Ɠǌǃ ƗƶȺƓ˯ǃå Ɨ ƙå˘ǃå ƗƿƓˠǃå ˤ ʾā Ɠ ǈ˗ǃå çïƓƛǙå èǙƓ˲ǃ Ɨ
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 Ɇ˻ˠ˯˴˸ǃå ˙˭ˮǃå ˗ǌ˱ǃÜíā˗˲˸ǃå ƙ Ɇƞá ˥ǆ ˣǃ˘ǃ Ɨƿí ˗˻ǂƋÜƓ˹ƙƓȺƓ˴ơ  ˤ ʾ Ɨƪåï˗ƕ Ɠ˹˸ƿ
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 ý˦Ǆ˲ǃƓȺ Ɠ˹˱ƑƓ˯ǈ ƗǈïƓǀ˸Ⱥ Ɠ˹˸ƿ ˤƛ ˗ǌ˱ǃå ƗơƓ˴˸ǃ Ɨ˹˻ƶǆ Ɨ˸ ʾ ƴǆ ˗ǌ˱ǃå ûƓ˸ƵǕ ƗƽǄ˯˳ǆ
ƗơƓ˴˸ǃå ˛ƽǈ Ǌǃ ǑƑƓǌǈǙ ˙˭ƕ ˗ǌ˱ǃ Ɨ Ǆ˻Ǆ˲˯ǃå. 

1. Introduction 

It is well known that solving Schrödinger equation for two 

dimensional finite rectangular well potential cannot be achieved 

analytically, since this potential is not separable potential. 

Therefore, in this case one has to resort the numerical technique.  

The Numerical methods have played an important role for solving 

many physics problems particularly in quantum mechanics. One of 

the most useful and powerful numerical methods is the finite 

difference time domain (FDTD) technique. It is successfully 

applied to obtain the ground state for any given system due to its 

diffusion behavior [1]. By modifying the boundary conditions of 

this method, it is easily employed to obtain some lower excited 

states beside to the ground state [2]. This modification involves 

introducing lines of zeros on the initial guess wave function and its 

second derivative. The only condition to apply this modification is 

that the potential of the studied system is symmetric, and as we 

will show later, the order of the excited states we can get depends 

on the number of symmetry axes of the potential. Therefore, 

applying this technique to the rectangular well potential that 

contains two symmetry axes allows us to extract the first three 

lowest angular excited states, while applying it to the square well 

potential leads to get extra angular excited state due to the diagonal 

symmetry axis of this potential. 

This paper is organized into four sections including the 

introduction section as follows: the general theory section which 

introduces the (FDTD) method scheme in two-dimensions, 

followed by the symmetric modification scheme used to get the 

lowest angular excited states. In the calculations section, we apply 

this procedure to both the finite rectangular well potential and the 

finite square well potential, also the numerical results are 

illustrated and discussed in this section. Finally, the last section 

contains the summary and the conclusion. 
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2. General Theory 

The time dependent Schrödinger equation is given by  

Ὥü
‬ ‪ὶᴆȟὸ

‬ὸ
Ὄ ‪ὶᴆȟὸ ȟ                                ρ 

where Ὄ is the Hamiltonian of the system. The dimensionless form 

of the Hamiltonian in two dimensions is given by 

Ὄ
‬

‬ὼ

‬

‬ώ
ὠὼȟώȢ                         ς 

Applying the (FDTD) method to solve the time dependent 

Schrödinger equation requires transforming it into a diffusion type 

equation as  

Ὄ ‪ὶᴆȟ† 
‬‪ὶᴆȟ† 

‬†
Ȣ                            σ 

This transformation is performed by replacing the real time 

domain to imaginary time domain i.e. †
ü
ὸ. 

The solution of Eq. (3) in two dimensions can be written as a linear 

superposition of stationary states in the following form [1-4],   

‪ὼȟώȟ† ὧ• ὼȟώ ὩὼὴὉ†ȟ              τ 

where ὧ are expansion coefficients, • ὼȟώ and Ὁ are the 

complete set of eigenfunctions and their corresponding energy 

eigenvalues for the time-independent Schrödinger equation,   

Ὄ• ὼȟώ Ὁ• ὼȟώȢ                                 υ 

Since the (FDTD) method involves iterative procedure, so Eq. (4) 

can be rewritten in a convenient form as 

 ‪ὼȟώȟὲЎ† ὧ• ὼȟώ  ὩὼὴὉὲЎ†ȟ         φ 

where Ў† is the imaginary time step and ὲ is an integer represents 

the number of the iterations. Applying the iterative procedure on 

arbitrary initial guess wave function that includes a mixture of all 

possible states will increase the value of the imaginary time 
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domain in each iteration by value equal to Ў† [3]. Therefore, for a 

large imaginary time interval the wave functions with high energy 

eigenvalues damp out quickly because of the factor ὩὼὴὉὲЎ† 

and only the lowest energy state remains which is of course the 

ground state in this initial guess wave function. For an ideal 

process the number of iterative steps n that required to obtain the 

lowest state wave function approaches infinity and Eq.(6) becomes     

ὰὭά
ᴼ
‪ὼȟώȟὲЎ† ὧ• ὼȟώὩὼὴ ὉὲЎ†ȟ          χ 

where Ὁ is the smallest eigenvalue, and ὧὩὼὴὉὲЎ† is just a 

constant factor which can be removed by normalizing the final 

wave function. It should be noted that normalizing of the wave 

function is done after each iteration step.  

In this work, the (FDTD) method is employed to calculate the 

lower angular excited states by using initial guess wave function 

that contains lines of zeros laying on the anti-symmetric axis of the 

desired excited state wave function. The iterative procedure is then 

applied using this technique and numerically maintaining the 

symmetry properties of the desired wave function during the 

iteration, this procedure will eventually result in the appropriate 

lowest excited state. That is applying the iterative procedure 

subjected to the symmetric properties using initial guess wave 

function that includes no lines of zeros will approach to the ground 

state, while applying this procedure with the anti-symmetric 

properties using initial guess wave function that includes one line 

of zero will lead to the first angular excited state and so on.  

Further details of explanation to calculate the energy 

eigenvalues and their corresponding eigenfunctions using 

symmetric properties of the potential wells in two dimensions, and 

the conditions those ensure continuity of symmetry of the applied 

initial guess wave function for both even parity and odd parity can 

be found in [2]. Due to the success of the (FDTD) method in 

applying it to two potentials that include: the simple harmonic 

oscillator and the finite cylindrical well with highly accurate 

results as demonstrated in [2], therefore, the same procedure is also 

applied to study the eigenvalues and eigenfunctions of a 
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rectangular well potential in two dimensions as these potentials 

have no exact analytical solutions. Hence, we expect satisfying 

results will be obtained using similar numerical process.   

In order to perform the iterative procedure involved in (FDTD) 

method, one has to transform the diffusion equation Eq. (3) into 

recursion form as follows; 

Using the notation ‪ȟḳ‪ὭЎὼȟὮЎώȟὲɝ† , the first order time 

derivative can be approximated by using the forward finite 

difference formula to be as   

‬‪ȟ

‬†

‪ȟ ‪ȟ

Ў†
Ȣ                                     ψ 

In terms of the potential operator of the Hamiltonian in Eq. (2) it 

can be written as 

ὠȟ ‪ȟ ὠȟ
‪ȟ ‪ȟ

ς
Ȣ                            ω 

Also, the Laplacian operator can be found in two dimensions by 

using the central finite difference formula as 

​‪ȟ
‪ ȟ ‪ ȟ ς‪ȟ

Ўὼ

‪ȟ ‪ȟ ς‪ȟ

Ўώ
ȟ   ρπ 

Where Ўὼ is the mesh size between adjacent points Ўὼ ὼ
ὼ , and ЎÙ is the mesh size between adjacent points Ўώ ώ
ώ.  

By plugging equations (8), (9) and (10) into Eq. (3) we get the 

recursion form equation  

‪ȟ ‌ȟ‪ȟ ‍ȟ
Ў†

Ўὼ
‪ ȟ ‪ ȟ ς‪ȟ

‍ȟ
Ў†

Ўώ
‪ȟ ‪ȟ ς‪ȟȟ                    ρρ 

Where ‌ȟ is given by 

‌ȟ
ρ Ў†ὠȟ

ρ Ў†ὠȟ
ȟ                                   ρς 

and ‍ȟ is given by 

 ‍ȟ
ρ

ρ Ў†ὠȟ
Ȣ                                   ρσ 
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In General, the success of the FDTD results is subjected by 

choosing suitable parameters of the spatial grid size and the time 

step. These parameters should satisfy the stability condition [5, 6], 

which is a very restricted condition, in order to prevent the 

numerical solution from diverging that is  
Ў

Ў

Ў

Ў
ρ . 

Because of the symmetric properties, the space used in these 

calculations is extended to the unclassical region and it is kept 

small by using the end formula for the second derivative at the 

boundaries which is given by,  

‬‪ ȟ

‬ὼ

ς ‪ ȟ υ‪ ȟ τ‪ ȟ ‪ ȟ

Ўὼ
ȟ   ρτ 

And by, 

‬‪ȟ
‬ώ

ς ‪ȟ υ‪ȟ τ‪ȟ ‪ȟ
Ўώ

ȟ    ρυ 

As stated before, the iterative procedure applied on specific 

initial guess wave function must be subjected to the symmetric 

properties of this initial guess wave function, this can be achieved 

by giving more care in the second order derivative calculations at 

the axis. Therefore, if the axis includes zero line then the second 

derivatives along this axis using anti symmetric property will be 

equal to zero   

‬‪ȟ
‬ὼ

  
‬‪ȟ
‬ώ

πȟ                                      ρφ 

‬‪ȟ

‬ὼ

‬‪ȟ

‬ώ
πȢ                                       ρχ 

If there is no zero line on the axis then the second derivative across 

this axis using symmetric property will be given by   

‬‪ȟ

‬ὼ
   
ς‪ȟ ς‪ȟ

Ўὼ
ȟ                        ρψ 

‬‪ȟ
‬ώ

  
ς‪ȟ ς‪ȟ
Ўώ

Ȣ                         ρω 

Also, introducing zero line on the diagonal axis which presented 

by red points in Fig. 1 allows us to calculate the third angular 

excited state. This condition is performed only for the square well 
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potential. We apply the same mesh size for this case and the 

second derivatives are given by  

‬‪ȟ

‬ὼ

‬‪ȟ

‬ώ
  πȢ                ὭὪ                 Ὥ ὮȢ      ςπ 

For the end points presented in Fig.1 namely ‪ ȟ  and  ‪ ȟ  

the second derivatives with respect to x are calculated by using the 

end formula and anti-symmetric properties as 

‬‪ ȟ

‬ὼ

ς‪ ȟ υ‪ ȟ τ‪ ȟ ‪ ȟ

Ўὼ
ȟ   ςρ 

‬‪ ȟ

‬ὼ

ς‪ ȟ υ‪ ȟ τ‪ ȟ ‪ ȟ

Ўὼ
Ȣ  ςς 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Illustrates the second derivative calculations of the points 

‪ ȟ  and ‪ ȟ  in the grid using the end point formula. 

 

The energy eigenvalues are also calculated numerically by 

evaluating the expectation value of the Hamiltonian for their 

corresponding normalized eigenfunctions as [7, 8] 

Ὁ ὃ ‪ȟ
ᶻὌ ‪ȟЎὼЎώȟ                            ςσ  

‪ ȟ 
 

‪ ȟ  
 

‪ ȟ  

 

‪ ȟ  

 

‪ ȟ  

 

‪ ȟ  

 

‪ ȟ  
 

‪ ȟ  
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where ὃ is a factor depends on the calculation area, in other words 

since the calculations of the first three lowest states are restricted 

to the first quarter of x-y plane then ὃ τ , whereas, the 

calculations of the third excited state are restricted to one eighth of 

x-y plane then ὃ ψ. 

3. Calculations  

 The two dimensional finite well potential is given by, 

ὠὼȟώ
ὠ                 ȿὼȿ ȟȿώȿ

 π                              ὕὸὬὩὶύὭίὩ
 ȟ             ςτ  

where ὠ is the depth of the potential, ὒ and  ὒ are the lengths of 

the potential, so if  ὒ  ὒ we get the rectangular well potential, 

while if  ὒ  ὒ ὒ we get the square well potential. 

In the distance unit ὥ and energy unit 
ü

 the dimensionless 

form of the time independent Schrödinger equation is given by, 

​‪ὼȟώ ὺὼȟώ‪ὼȟώ ‐‪ὼȟώȟ            ςυ 

where ὺὼȟώ
ü
ὠὼȟώ ȟ and  ‐

 

ü
 ȿὉȿ. 

This second order partial differential equation for finite rectangular 

well potential cannot be solved using separation of variables 

technique, therefore no exact results are offered for analytical 

solutions. So, we compare our numerical energy eigenvalues with 

the analytically eigenvalues of the infinite well potentials with the 

same dimensions, which are given in the reduced units by  

‐ ὲȟὲ
ὲ

ὒ

ὲ

ὒ
“     ȟ   ὲȟὲ ρȟςȟσȟȣ      ςφ 

3.1.  The finite rectangular well potential 
Since there are only two symmetric axes on the rectangular well 

potential, then applying the symmetric techniques lead to the three 

lowest angular excited states beside the ground state, their 
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corresponding energy eigenvalues and eigenfunctions are shown in 

the following tables and figures. The simulation is performed using 

an appropriate size of mesh grids ЎὼȟЎώ and the imaginary time 

step Ў†. After enough number of iterations, the exact state 

functions are obtained. Generally, the accuracy of computed 

eigenvalues and eigenfunctions involve small grid space and large 

computational steps. 

Table 1, illustrates the ground state energy eigenvalues 

calculated numerically for the rectangular well potential with five 

values of potential depths corresponding to potential area of ςὢψ. 
For these lengths the exact ground state energy eigenvalue for the 

infinite well potential calculated using Eq. (26) is ‐ ρȟρ 

ςȢφςρφ. The expectation here is that Ў ‐  ‐  ὺ  approaches ‐ 

for large or infinite ὺ. This shift in energy amounts by changing 

the zero reference point to the bottom of the well and Ўʀ is also 

expected to be less than ‐ because of wave function spread. 

TABLE 1. The Numerical Ground State Eigenvalues for Finite 

Rectangular Well Potential with Area 2X8 

The depth The energy eigenvalue Ў ȟ  Ў  

100 -97.9862  2.0138 0.6078 

1000 -997.7742 2.2258 0.3958 

3000 -2997.6811 2.3189 0.3027 

5000 -4997.5941 2.4059 0.2157 

7000 -6997.4897 2.5103 0.1113 

The lowest odd angular excited state energy eigenvalues are 

calculated for the rectangular well potential with well lengths ςὢ8, 

in this case we can set the x-axis or the y-axis as the zero line. The 

numerical results are listed in Tables 2, 3. Using Eq. (26) the exact 

energy eigenvalues for the infinite well potential corresponding to 

this area are ʀ ρȟς σȢπψτσ  for the x-axis zero line and 

‐ ςȟρ ρπȢπςσψ  for the y-axis zero line. 
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TABLE 2. The Numerical First Angular Excited State Eigenvalues 

for Finite Rectangular Well Potential with Area 2X8 for Zero x-axis 

The depth The energy eigenvalue Ⱡ ȟ  Ў  

100 -97.5495 2.4055 0.6788 

1000 -997.3821 2.6179 0.4664 

3000 -2997.2953 2.7047 0.3796 

5000 -4997.2054 2.7946 0.2897 

7000 -6997.0944 2.9056 0.1787 

9000 -8996.9636 3.0364 0.0479 

TABLE 3. The Numerical Second Angular Excited State Eigenvalues 

for Finite Rectangular Well Potential with Area 2X8 for Zero y-axis 

The depth The energy eigenvalue Ⱡ ȟ  Ў  

100 -92.5498 7.4502 2.5736 

1000 -991.7842 8.2138 1.8100 

3000 -2991.5713 8.4287 1.5951 

5000 -4991.4194 8.5806 1.4432 

7000 -6991.2573 8.7427 1.2811 

9000 -8991.0681 8.9319 1.0919 

Finally, the third angular excited state energy eigenvalues 

calculated numerically with five values of potential depth 

corresponding to potential area ςὢψ are shown in table 4. This 

angular excited state contains two perpendicular lines of zeros. For 

these lengths the exact second angular excited state energy 

eigenvalue for the infinite well potential calculated using Eq. (26) 

is ‐ ςȟς ρπȢτψφυ. 

TABLE 4. The Numerical Third Angular Excited State Eigenvalues 

for Finite Rectangular Well Potential with Area 2X8 

The depth The energy eigenvalue Ⱡ ȟ  Ў  

100 -92.1583 7.8417 2.6448 

1000 -991.3923 8.6077 1.8788 

3000 -2991.1861 8.8139 1.6726 

5000 -4991.0317 8.9683 1.5182 

7000 -6990.8635 9.1365 1.3500 

9000 -8990.6663 9.3337 1.1528 

It is clear from the results shown in the previous tables that by 

increasing the potential depth the results converge to the infinite 

well potential results which affirm our calculations. These 
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calculations are performed with  Ў† πȢππρ and  Ўὼ Ўώ πȢρ, 
with these parameters υππ  iterations are sufficient to get 

acceptable results. Numerically, the integral calculations are used 

to norm the wave function and those are used to determine the 

energy eigenvalues are evaluated by using the trapezoidal rule.  

In Fig.2 (a, b, c, d), we show the contour plot of the numerical 

eigenfunctions of the lowest four states for the rectangular well 

potential of depth ρππ and dimensions ς8ψ respectively. 

 
Figure 2. The contour plot of the lowest four states wave functions of 

two dimensional finite rectangular well potential with depth 100 and 

lengths 2X8. 

a. The normalized ground state wave function ⱶȟ ●ȟ◐Ȣ 
b. The normalized first angular excited state wave function 

ⱶȟ ●ȟ◐Ȣ 
c. The normalized second angular excited state wave function 

ⱶȟ ●ȟ◐Ȣ 
d. The normalized third angular excited state wave function 

ⱶȟ ●ȟ◐Ȣ 

3.2. The finite square well potential. 

The usual square well potential could become special case for 

the rectangular well with similar initial conditions. In addition, the 
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same mathematical model was used in order to demonstrate the 

usefulness of the (FDTD) method to study the wave equation of 

the square well potential. Because of the symmetric properties of 

the square well we can extract the third angular excited state 

beside the three lowest states by introducing a diagonal zero line. 

The results in table 5, show the numerically calculated energy 

eigenvalues for the four lowest states for the square well potential 

with depth 100 and length τὢτ which has the same area of the 

previously studied rectangular well potential. 

TABLE 5. The Numerical Lowest Four States Energy Eigenvalues 

for Square Well Potential with Depth 100 and Dimensions 4X4 

The state Energy eigenvalue 

Ground state  (no zero line) -98.9285 

1st angular excited state (one 

line of zero) 

-97.3547 

2nd angular excited state (two 

lines of zero) 

-95.7816 

3rd angular excited state (three 

lines of zero) 

-89.5083 

The contour plots of the numerical normalized wave functions 

associated with the energy eigenvalues presented in table 5 are 

shown in Fig 3. The ground state wave function is presented in Fig 

3a, while Fig 3b. presents the degenerated first angular excited 

state wave function that contains one zero line laying on ώ ὥὼὭί, 

Fig 3c. presents the second angular excited state wave function, 

and Fig 3d. presents the third angular excited state wave function.  



 

 ϸϹЛЮϜ26  

Volume 26 
 

International Science and 

Technology Journal 

 анЯЛЯЮ ϣуЮмϹЮϜ ϣЯϯгЮϜϣузЧϧЮϜм 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
ЮЯϣЯϮв ϣтЮмϸЮϜ Ю ϣтжЧϦЮϜм амЯЛЯ 

 

Copyright © ISTJ   ммф 

 

 
Figure 3. The contour plot of the four lowest states wave functions of 

two dimensional finite square well potential with depth 100 and lengths 

4X4. 

a. The normalized ground state wave function. 

b. The normalized first angular excited state wave function.  

c. The normalized second angular excited state wave function. 

d. The normalized third angular excited state wave function 
 

Conclusion 

In this paper we presented the numerical solutions of the lowest 

angular excited states for a particle trapped in two-dimensional 

finite well potential. These solutions are produced by applying the 

(FDTD) method using the appropriate symmetric arguments, 

because of the symmetry of the potential, the wave functions can 

always be classified into symmetric or anti-symmetric wave 

functions. Also, these symmetry arguments reduce the computing 

cost to 25 % by using only the first quadrant. Further reduction of 

computing cost is obtained by using the end formula for the second 

derivative restricting the calculations to even a smaller region in 

the first quadrant. Two different shapes of the finite well potentials 

are studied in this investigation, the first shape is the rectangular 

well which involves two symmetric axes allowing us to calculate 
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the lowest angular excited states that contain two perpendicular 

axes, either both of them are symmetric axes, or only one of them 

is zero axis, or both of them are zero axes. The second shape is the 

square well which includes four symmetric axes that allows us to 

calculate extra angular excited state that contains diagonal zero 

axis. In the first example we checked our results by comparing it 

with those corresponding to the exact energy eigenvalues of the 

infinite rectangular well potential with the same area, such 

comparison gave us good guide for the accuracy of our numerical 

results.  
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Abstract 

To recognize the validity of plant type for the soils that 

characterized by high salinity, it is important to study how much 

the plants suffered from growth rate at different concentration of 

salt stress. This study was performed on the effect of Indole 

Butyric Acid (IBA) on the growth of Vicia Faba plant under two 

different concentration (4 gm & 9 gm) of sodium chloride and the 

control treatment without (IBA and NaCl2). Shoot and root length 

were effectively improved under the thedifferent levels of indole 3 

acetic acid .The data regarding root length are showed that the 

length of root is significantly affected by IBA at the two different 

levels comparing with the control sample of distilled water. The 

values show that maximum root length at R1 (13.2 cm) for the 

treated samples at concentration (4 gm), while (4.5 cm) for 

untreated samples. On the other hand, R3 display different values, 

whereas, it was  (12.4 cm) for treated samples and (7.5 cm) for 

untreated samples. At the concentration (9 gm) seams to more 

affected by salt stresses, whereas, the root length was (10.9 cm) 

and (6.3 cm) for treated and untreated samples respectively. Also, 

it is obviously that the number of lateral roots have been affected 

by the salty stresses. The obtained results reflect this affecting, 

whereas, R1, R2 and R3 showing variable values for the two 

concentration levels (4 & 9 gm) for both treated and untreated 

samples. The values are (15 & 12), (16& 10), (14 & 13) and (19 & 

9), (14 & 11) and (12 & 8) respectively.  

The obtained measurements exhibit more or less the same behavior 

of leaves lengths. Whereas, the plants more affected at high 

concentration (9 gm) comparing with concentration (4 gm). The 
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highest value was recorded at R2 (2.6 cm) for the treated sample (4 

gm). 

From the obtained results it is observed that, the salinity at 

different concentration causes clear decreasing in the plant growth 

for the investigated samples. 

The changing of measurements parameters mainly related to the 

nature of soil salinity. The results exhibit a wide variation of these 

parameters for both treated and untreated samples. 

Plant growth strongly affected at high concentration of salt stresses 

(9 gm). The increasing of salinity in the soil may be leads to the 

increase of accumulation in plant tissues which affected negatively 

on growth rate.    

Keywords: Vicia Faba, salt stress, IBA, concentration, growth. 

˛˱ǂ˶ǁä 
ƗƼ̇ ƶ˸ǃ Ɏ˗ǆ Ɨ ơǚƮ èƓƙƓ ˹ǃå Ɨ˸Ƒǚ˸ǃå æ̇ ˯Ǆǃ èåî ˶˳ǃå˝ƑƓ Ɨ ˲Ǆ˸ǃå ˗ǀƼ ˕ɂ̇ ƞá ǉ˘ǋ 
Ɨƪåï˗ǃå ǏǄƵ èƓ ǈ ý˦ƽǃå.  Vicia faba 

ƗƼ̇ ƶ˸ǃ Ɏ˗ǆ ˙˻ƛƋƙ íƓǌƞǗå Ǒ˲Ǆ˸ǃå ˗˹Ƶ èå̊ ˻Ḫ̇ ƙ ƗƽǄ˯˳ǆ ǏǄƵ èǙ˗ƶǆ ˦˸˹ǃå ǑƼ ßå̊ ƞá 
èƓ ˹ǃå ƗƽǄ˯˳˸ǃå Ǒ˯ǃå ˕Ǆ˸Ƭ ɆḪ ˥ǆ ý˦˟ ÜƗ˵ɂ̇ ǃå ý˦˟ Ü˙ǒ˘˱ǃå ý˦˟ ÜƗƿï˦ǃå ô̇ Ƶ 
ÜƗƿï˦ǃå ˣǃîā ýǚƤ ç̇ ˯Ƽ Ɨ ˹ǆð ˕ƿ̇ ƺ˯ƪå ƛƗƛǚ .ƴ ƕƓƪá ˖˻ơ ˕Ǆ˸˯Ƭå Ɨƪåï˗ǃå ǏǄƵ 
12Ɨ˹˻Ƶ èƓ ˹ǃ Üý˦ƽǃå 6 Ɠǌ˹ǆ Ɨ˱ǃƓƶǆ ˞ǆƓ˲Ⱥ IBA ā6˙˻ƹ Ɨ˱ǃƓƶǆ ǑƼ éǚƛ èǙƓơ 
Ǒǋā ßƓ˸ǃå ˙ˠǀ˸ǃå ǑǃƓ˳ǃå) ˥ǆ ɏá Ü(èƓƼƓưã ƝǃƓƶ˸ǃåā ˚˻Ḫ̇ ˯ƕ 4 þå̇ ƞ ˙ƤǓåā ƝǃƓƶ˸ǃå 
˚˻Ḫ̇ ˯ƕ 9 þå̇ ƞ è̇ ǌˡá. èƓǈƓ ˮǃå ƗǀǄƶ˯˸ǃå ý˦ˠȺ ï˘˱ǃå ÿá ý˦˟ ï˘˱ǃå ˙ƛƋ˯ǒ ˵ȺɆɜ 
˙˻ˮǂ ùƕ IBA ǏǄƵ ˥˻ɂ˦˯˴ǆ ˥˻ƽǄ˯˳ǆ ƗǈïƓǀǆ Ɨ˹˻ƶȺ ˤɜ˲˯ǃå ˥ǆ ßƓ˸ǃå .˙ˠǀ˸ǃå è̇ ǌˡá 
ˤ ʿǃå ÿá Ǐ˶ƿá ý˦˟ ï˘˱Ǆǃ R1 )13.2 (ˤƪ èƓ˹˻ƶǄǃ Ɨ˱ǃƓƶ˸ǃå ˚˻Ḫ̇ ˯ƕ )4 (ˤƞ Ɠ˸˹˻ƕ 
)4.5 (ˤƪ èƓ˹˻ƶǄǃ ˙˻ƹ .Ɨ˱ǃƓƶ˸ǃå ˥ǆ Ɨ ơƓǈ  Ɏ̇Ƥá è̇ ǌˡá ˤ ʾ R3 ƗƽǄ˯˳ǆ ˖˻ơ ˕ǈƓḪ 
)12.4 (ˤƪ èƓ˹˻ƶǄǃ Ɨ˱ǃƓƶ˸ǃå ā )7.5 (ˤƪ èƓ˹˻ƶǄǃ ˙˻ƹ .Ɨ˱ǃƓƶ˸ǃå ˗˹Ƶ ˚˻Ḫ̇ ˯ǃå )9 
(ˤƞ ˕ǈƓḪ  ˙˰ǂá  Ąå̇ƛƋƙ ɉ˦ƺ˷Ⱥ ƠǄ˸ǃå Ɠ˸˹˻ƕ ÿƓḪ ý˦˟ ï˘˱ǃå )10.9 (ˤƪ ā )6.3 (ˤƪ 

èƓ˹˻ƶǄǃ Ɨ˱ǃƓƶ˸ǃå ˙˻ƹā Ɨ˱ǃƓƶ˸ǃå ǏǄƵ .Ǒǃå˦˯ǃå Ɠ˷Ȼá Ü ˥ǆ Ơưå˦ǃå ÿá í˗Ƶ ïā˘˱ǃå 
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Ɨ ˮǈƓ˱ǃå ̠ƿ ˙ƛƋƙ èåíƓǌƞǗƓȺ .Ɨ˲ǃƓ˸ǃå ƝƑƓ˯˹ǃå Ǒ˯ǃå ʕƙ ý˦˶˲ǃå ƵƓǌ˻Ǆ ˛ɜƶƙ å˘ǋ ˙˻ƛƋ˯ǃå 
Ü Ɠ˸˹˻ƕ è̇ ǌˡá R1 ā R2 ā R3 ƓĄ˸ʾ ç̇ ˻ƺ˯ǆ Ǒɂ˦˯˴˸ǃ ˚˻Ḫ̇ ˯ǃå )4 ā 9 (ˤƞ Ɇḧǃ ˥ǆ 

èƓ˹˻ƶǃå Ɨ˱ǃƓƶ˸ǃå ˙˻ƹā .Ɨ˱ǃƓƶ˸ǃå ˤ ʿǃå Ǒǋ )15 ā 12( ā )16 ā 10( ā )14 ā 
13( ā )19 ā 9( ā )14 ā 11( )ā12 ā 8( ǏǄƵ .Ǒǃå˦˯ǃå 

˙ǌˢƙ èƓƪƓ ʿǃå Ǒ˯ǃå ʕƙ ý˦˶˲ǃå Ɠǌ˻ǄƵ ˛ƽǈ ü˦Ǆƪ ýå˦˟á ûåïāǕå Ǐǃã ˗ơ .Ɠǆ ǑƼ ˥˻ơ 
ÿá èƓƙƓ ˹ǃå ˙˰ǂá å̇ ƛƋƙ ˚˻Ḫ̇ ˯ƕ ýƓƵ )9 (ˤƞ ƗǈïƓǀǆ ˚˻Ḫ̇ ˯ǃƓȺ )4 .(ˤƞ ˕Ǆ˱ƪ ǏǄƵá Ɨ˸ ʾ 
˗˹Ƶ R2 )2.6 (ˤƪ Ɨ˹˻ƶǄǃ ˱ǃƓƶ˸ǃåƗ )4 .(ˤƞ 
˗ǀǃ è̇ ǌˡá ƝƑƓ˯˹ǃå Ɇ˶˲˯˸ǃå Ɠǌ˻ǄƵ ˥Ƶ í˦ƞā ˙˻ƛƋƙ Ơưåā ǑƼ ɆḪ èǚǆƓƶ˸ǃå Ǒ˯ǃå 
˕˸ƙ Ɠǌ˯ƪåïí ǑƼ èǙƓ˲ǃå ƗƽǄ˯˳˸ǃå ǏǄƵ  ĆɆḪ ˥ǆ ý˦˟ Ɨ˵ɂ̇ ǃå ý˦˟ā ˙ǒ˘˱ǃå íƓƶȺáā 
 ˦ ǃåÜƗƿï ˣǃîā  ĄƗǈïƓǀǆ èƓ˹˻ƶǃƓȺ Ǒ˯ǃå ʕǃ ʕ˯ǒ .Ɠǌ˯˱ǃƓƶǆ Ɠ˸Ḫ è̇ ƽƪá Ɨƪåï˗ǃå  ĄƓ˷Ȼá ˥Ƶ çíƓɂð 
˙˻ƛƋƙ èǙ˗ƶǆ ˦˸˹ǃå èƓ ǈǗåā ǏǄƵ èƓ ˹ǃå çíƓɂ̊ ƕ ˚˻Ḫ̇ ˯ǃå ǑƼ ý˦Ǆ˲˸ǃå ˣǃîā ˗˹Ƶ ˚˻Ḫ̇ ˯ǃå 
9 þå̇ ƞ ƗǈïƓǀǆ ˚˻Ḫ̇ ˯ǃƓȺ 4 þå̇ ƞ ǑƼ ƗƼƓḪ èǙƓ˲ǃå ˗˹Ƶ Ɠǌ˯ǈïƓǀǆ èƓ˹˻ƶǃƓȺ ˙˻ƹ .Ɨ˱ǃƓƶ˸ǃå 

˗ƿā ˕˶ ĈǄƤ Ɨƪåï˗ǃå Ǐǃã ÿá ý˗ƶǆ ˦˸˹ǃå ǑƼ ƗƼƓḪ ßå̊ ƞá èƓ ˹ǃå ˙ƛƋ˯ƙ  ĄƓˮǄƪ ƴǆ çíƓɂð 
˚˻Ḫ̇ ˯ǃå Ǒ˲Ǆ˸ǃå ɏ˘ǃåā ǉïā˗ƕ  ÿ˦ɜȻ Ɨ˱ ˯ǈ ˗ǒå̊ ƙ íƓǌƞǗå ǑƼ ƗɁ̇ ˯ǃå ˗˹Ƶ èƓɂ˦˯˴ǆ ˛ ǃ 
ïā˗ǀ˸Ⱥ èƓ ˹ǃå ÜƓǌǄ˸˲ƙ Ǌ ǄƵā ˥˻ƶ˯ǒ ˗ǒ˗˲ƙ ˔˴ǈ Ɨơ˦Ǆ˸ǃå ǑƼ æ̇ ˯ǃå ˣǃîā ïƓ ˯ƤǙ 
èƓƙƓ ˹ǃå Ɨ˸Ƒǚ˸ǃå Ɠǌǃ Ǒ˯ǃå Ɠǌǒ˗ǃ ǃåçï˗ǀ ǏǄƵ Ɇ˸˲ƙ ǉ˘ǋ èåíƓǌƞǗå .Ɨ ˲Ǆ˸ǃå  

èƓ˸Ǆḧǃå :Ɨ ơƓ˯ƽ˸ǃå ÜèƓ ǈǗå ý˗ƶǆ Ü˦˸˹ǃå Ü˚˻Ḫ̇ ˯ǃå íƓǌƞǗå ÜǑ˲Ǆ˸ǃå èƓ˹˻ƶǃå ÜƗǄǆƓƶ˸ǃå 
èƓ˹˻ƶǃå ˙˻ƹ ÜƗǄǆƓƶ˸ǃå .ý˦ƽǃå 

1. Introduction  
Vicia faba is an important food legume crop grown for human and 

animal consumption globally especially in china north African 

countries parts of Europe as well as north and south Americas, is a 

species of flowering plant in the pea and bean family fabaceae. 

In Egypt among the most important legumes faba bean which used 

on a large scale as tradional human diet because it contain high 

percentage of proteins so it is important to increase maximize yield 

of faba bean on the other hand faba bean is important for 
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agriculture because of its high protein content and symbiosis with 

rhizobium bacteria in Egypt mature seeds of faba bean are good 

sources of protein starch cellulose vitamin c and minerals 

biostimulants are an organic material that has been shown to 

influence several metabolic processes such as respiration 

photosynthesis and nucleic acid synthesis and ion uptake and when 

applied in small quantities enhances plant growth and 

development. 

Faba bean is an annual legume botanically known as Vicia faba [8] 

the crop is known by many names most of which refer to a 

particular subgroup rather than the whole species.  faba bean fava 

bean broad bean horse bean windsoe bean tick beans(small types) 

Bakela (Ethiopia) body kumouvje (former USSR) faveira 

(Portugal).[9,10]. 

Indole 3 -butyric acid (IBA) is an auxin precursor that is converted 

to IAA  which considered an important player in controlling the 

growth of lateral roots [1,2]. Moreover, the enlargement of root 

systems is caused by branching via lateral root formation and the 

extent of root branching is dependent on the growth state of the 

plant [3]. IBA has long been used in agriculture to promote root 

initiation growth from plant cutting .However, IBA inhibits 

primary root elongation and stimulates lateral root formation [4].  

It has been established that Indole-3-butyric acid (IBA) is an 

endogenous compound in a variety of plant species when applied 

exogenously, IBA has a variety of different effects on plant growth 

and development, However, the compound of IBA used for the 

induction of adventitious roots (Ludwig- Muller, 2000) [5]. 

Further analysis demonstrate that IBA- derived IAA  plays an 

essential role in root hair and cotyledon cell expansion [6]. The 

discovery of auxin as a plant growth hormone,  its physiological 

effects and practical application attracting story of horticultural 

research [7]. It has been reported that the synthetic Indole-3- 

butyricacid IBA has the capacity of forming roots which more 

effective than IAA  for rooting. All  the growth regulators are not 

equally stable for rooting growth. However, the growth regulators 

Indole Butyric acid is one of the most widely used in order to 

achieve high percentage of rooting growth success for the 
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ornamental species. The current investigation was carried out in 

order to enhance the rooting system ability by using different 

concentration of IBA ( Indole Butyric acid  [7]. The main aim of 

this study is to find out the best concentration of IBA for the 

growth and rooting of beans plant , We aim to investigate the 

mechanisms underlying the growth of lateral roots, which may 

lead to the enhancement of crop agriculture, through the 

production of better yields or by increasing resistance against 

adverse environmental conditions such as low nitrogen, low 

phosphate, and drought. This will  aid in the production of food for 

the growing global population. 

 

2. Objective of Study 

The main target of this study is to investigate the effect of Indole 

Butyric Acid (IBA) on the growth of Vicia Faba Plant under 

different concentration of salt stresses in soils. 

 

3. Materials  and Methods   
An experiment was conducted in the laboratory of the Faculty of 

Science, Department of Botany, University of Tobruk according to 

the method described in [13] This study was carried out through 

December-January months of 2021 year. The experiment was 

performed to know the effect of Indole-3-Butyric acid and sodium 

chloride salt on the rooting and growth of beans (Vicia faba) seeds, 

and the experiment was carried out in a laboratory in plastic pots 

with a diameter of 25 centimeters and a depth of 30 centimeters. 

where each treatment was repeated 3 times and each pot contained 

2 kg of soil after being washed well  by distilled water. 

to get rid of the salts in it, then dried and sterilized under the sun 

for 24 hours to see the effect of soaking the seeds with Indole -3- 

butyric acid IBA at a concentration of (300) ppm for 24 hours and 

another soaked in distilled water. For the same period on the 

germination and growth of seeds in saline media different resulting 

from dissolving quantities of 99.9% NaCl in distilled water and 

distilled water only (watch) (400, 900) ppm, equivalent to (9, 4, 0) 

grams per liter and its efficiency in improving germination and 

seedling growth characteristics under the influence of salt stress of 
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beans. Measurements were taken for the seedling growth stage for 

each pot containing five (5) seeds that were superficially sterilized 

with 5% sodium hydrochlorate solution. 

 

4. Results and Discussion 

The results of the experimental works of four parameters were 

measured the period of the investigation of effect of IBA (Indole 

Butyric Acid) levels on the growth and rooting of Vicia faba plant. 

This study was performed to assessment IBA levels for achieving 

growth at the different concentrations; these concentrations are 

4gm and 9gm at three cases R1, R2 and R3 for treated and 

untreated samples. The obtained results were presented in Table 

(1). 

4.1. Length radical (cm)  

The data regarding root length are presented in Table (1). 

 The results showed that the length of root is significantly affected 

by IBA at the two different levels comparing with the control 

sample of distilled water. The values show that maximum root 

length at R1 (13.2 cm) for the treated samples at  concentration (4 

gm), while (4.5 cm) for untreated samples. On the other hand, R3 

display different values, whereas, it was  (12.4 cm) for treated 

samples and (7.5 cm) for untreated samples. At the concentration 

(9 gm) seams to more affected by salt stresses, whereas, the root 

length was (10.9 cm) and (6.3 cm) for treated and untreated 

samples respectively. This is attributed to the role of indole 3 

acetic acid in viciafaba plant , because it encourages the creation 

of cellular enzymes. It has been proven with certainty that indole 3 

acetic acid encourages the formation of enzymes, and they also 

found that indole 3 acetic acid  encourages the formation of 

enzymes for protein, and that this causes the release of amino 

tryptophan, which is the nucleus or precursor to the formation of 

auxin. This auxin performs its work in the cell wall, and it is found 

that it performs the action of  indole 3 acetic acid in the plant and  

this is in agreement with what was found by [ 11] that 

Treatments at 10ī7 and 10ī9 M IAA  tended to increase the leaf 

number and leaf area compared with other IAA  treatments and the 

control. IAAôs primary efficiency was to stimulate the 
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development of stems and roots, lateral root production, and root 

elongation by extending the new cells in the meristem . 

It was noticed that the concentration of IBA affecting on the root 

length comparing with the control samples. Figure (1) a bar char 

depicted this variation of the results, while Figure ( 2) is a radar 

chart. 

Table1.  Measured values of root length Length  radical 

 
 

 
Fig. 1 Bar chart of root length values 
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Fig. 2 Radar chart of root length values 

 

4.2. Lateral  Roots Number 

Also, it is obviously that the number of lateral roots have been 

affected by the salty stresses. The obtained results reflect this 

affecting, whereas, R1, R2 and R3 showing variable values for the 

two concentration levels (4 & 9 gm) for both treated and untreated 

samples. The values are (15 & 12), (16 & 10), (14 & 13) and (19 & 

9), (14 & 11) and (12 & 8) respectively Table (2). This variation 

more clearly depicted through bar charts in Figure (3)  and radar 

chart in Figure (4). 
 

Table 2 Measured values of lateral roots number 
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Fig. 3 Shows the variation of lateral roots number 

 
Fig. 4 Radar chart for lateral roots number 

 

4.3. Leaf Length 

To recognize so far the salty stresses soil how much affecting on 

the rate of plant growth, the investigation study was conducted on 

the plant leaves. From the reported data it is clearly that the leaf 

length also affected by salty stresses. From Table (3) we can 

observed that at level two of concentration (9 gm) is lower values 

comparing with the concentration (4 gm). The highest value was 
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recorded at (4 gm) for treated sample of R3 (5.2 cm). On the other 

hand, Figure ( 5) 

display the variation between these values through the bar chart 

representation and radar chart in Figure (6).  However,  this an 

argument without results that leaf length and width were increased 

at low IAA  concentration (10ī11 M) compared to the control. 

 
Table 3 Measured values of leaf length 

 

 
 

 
Fig. 5 Depicts the variation of leaf length 
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Fig. 6 Radar chart for leaf length 

 

However, to make sure the affecting of salt stresses on the plant 

growth, leaves wide have been measured. The obtained 

measurements exhibit more or less the same behavior of leaves 

lengths. Whereas, the plants more affected at high concentration (9 

gm) comparing with concentration (4 gm). The highest value was 

recorded at R2 (2.6 cm) for the treated sample (4 gm) as shown in 

Table ( 4). 

 

Table4.  Measured values of leaf wide. 
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Figure (7)  a bar chart gives a clear view for the range of variation 

between the measured data of leaves wide, whereas, Figure 8 of 

radar chart emphasize this variation. In general, this reflected the 

affecting of plant under variable concentration of salt stresses. 

 

 

Fig. 7 Illustrates the variation of leaf wide 

 

Fig. 8 Radar chart for leaf wide 
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5. Conclusion 

From the previous study, the following conclusion can be drawn: 

1. The salinity at different concentration causes clear 

decreasing in the plant growth for the investigated samples. 

2. The changing of measurements parameters mainly related 

to the nature of soil salinity. 

3. The results exhibit a wide variation of these parameters for 

both treated and untreated samples. 

4. Plant growth strongly affected at high concentration of salt 

stresses (9 gm). 

5. The increasing of salinity in the soil may be leads to the 

increase of accumulation in plant tissues which affected 

negatively on growth rate. 
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ABSTRACT 

The aim of the present experimental study is to investigate the 

resistance of little cementitious value-based geopolymer mortars 

subjected to sulfate resistance (3 months) and freeze-thaw cycles 

(150 cycles). Waste material was used as the base material to 

produce geopolymer mortar. Three types of waste material, namely 

Slag (GGBFS), fly ash (FA) and glass powder (GP), all of which 

can be activated with an alkali agent, were selected to study the 

effect of the steam-cured (SC) and water-cured (WC) methods on 

the mechanical proporties of the geopolymer mortar with a 

constant concentration (12M) of sodium hydroxide. Upon the 

analysis of the modulus of sodium silicate (Na2Si03/NaOH = 1) 

and the different proportions amounts of geopolymer in these three 

materials - GGBFS, FA, and GP ï the results indicate that the 

compressive strength value of all specimens was higher than the 

values obtained for them once not subjected to any freeze-thaw 

resistance test, except for those containing GGBS and GP. It can 

be inferred that the investigated geopolymer FA materials possess 

an highly acceptable freeze resistance under water-cured 

conditions. In addition, all these specimens exhibit high levels of 

resistance to magnesium sulfate immersion and again their 

compressive strength values under WC conditions are found to be 

higher than those under SC settings. 

Keywords:  Fly ash, Geopolymer mortar, Sodium silicate, Sodium 

hydroxide, Slag, Compressive strength and flexural strength, 

sulfate exposure. 
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 ˛˱ǂ˶ǁä 
˙˸ ǃ˦Ɂ˦˻˱ǃå Ɨ˹˱Ƶ ƗǆāƓǀǆ  Ɏ˗ǆ ǑƼ ɖ˻ǀ˲˯ǃå Ɨ ˮɂ̇ ˱˯ǃå Ɨƪåï˗ǃå ǉ˘ǋ ú˗ǌƙ  Ɠǋ̇ ˸ƹ ˗˹Ƶ

) ç˗˸ǃ þ˦˻˴ ˹ƺ˸ǃå èƓ˯ɂ̇ ˮḧǃå ý˦Ǆ˲ǆ ǑƼ3  Ǐ˯ơ ÿƓɁā˘ǃå ā ˗˻˸˱˯ǃå èåïāí ˣǃ˘Ḫ ā (˙ǌƬá
)150 ƙ .(çïāí ïƓ ˯Ƥå ˤƙ  ā ˙˸ ǃ˦Ɂ˦˻˱ǃå Ɨ˹˱Ƶ êƓ˯ǈǗ Ɨ ƪƓƪá íå˦˸Ḫ èƓȻƓƽ˹ǃå þå˗˳˯ƪå ˤ

 (êƓƞ̊ǃå û˦˲˴ǆ ā ̇ǒƓɣ˯ ǃ˸å íƓǆ̇ǃåā ̟ˮ˳ǃå ) ǑƼ ƗǄ˰˰˸ ǃ˸å èƓȻƓƽ˹ǃå íå˦ǆ ˥ǆ ÷å˦ǈá Ɨƛǚƛ
 þ˦ǒí˦˶ ǃå ̠˻ Ḫ˴āï̠˻ǋ ǑƼ Ɇ˰˸˰˸ǃå ɏ˦Ǆƿ ɆǆƓƵ þå̠˳ ƪ˯ƓȺ ƓĄƶ˸ƞ Ɠ˸ǌɣ ˵˹ƙ ˥ɜ˸Ȼ Ǒ˯ǃåā

) ˚˻Ḫ̇ ˯ƕ 12 ɏïǙ˦ǆ èƓɜ Ǆ˻ƪ ā ( Ɠ˸ǌ˹˻ƕ Ɨ ˴˹ǃå ā þ˦ǒí˦˶ǃå1:1  ÿƓƵ˦ǈ ïƓ ˯Ƥã ˤƙ ā
 Ɨ ɜ ǈƓɜ ˸ǃå óå˦˲ǃå Ɨƪåïí ā ǉƓ ˸ǃå ǑƼ ˙˸ƺǃå ā ïƓ˳ ǃƓȺ Ɨ˱ǃƓƺ˸ǃå Ɠ˸ǋ ā Ɨ˱ǃƓƶ˸ǃå ˥ǆ
 ˕ǈƓḪ èƓ˹˻ƶǃå ƴ ˸˱ǃ ɉƓƺ˷ǈǙå ƗǆāƓǀǆ Ɨ˸ ʾ ÿá Ǐǃã ƝƑƓ˯˹ǃå ˙˻˵ƙ .˙˸ ǃ˦Ɂ˦˻˱ǃå Ɨ˹˱ƶǃ

ǃ  Ǒ˯ǃå èƓ˹˻ƶǄǃ Ɠǌ˻ǄƵ ý˦˶˲ǃå ˤƙ Ǒ˯ǃå ˤ ʿǃå ˥ǆ ǏǄƵá ā ˗˻˸˱˯ǃå èåïā˗ǃ ƴ˷˳ƙ ˤ
) ǏǄƵ ɏ˦˯˲ƙ Ǒ˯ǃå èƓ˹˻ƶǃå ̠Ƶ Ɠǆ ÿƓɁā̆ǃåêƓƞ̊ǃå û˦˲˴ǆ ā ̟ˮ˳ǃå ÿå ý˦ǀǃå ˥ɜ˸Ȼ .(

 ā ̠˸˱˯ǃå èåïā̠ǃ ƗǃƓƵ ƗǆāƓǀǆ Ɠǌǃ ̇ǒƓɣ˯ ǃ˸å íƓǆ̇ǃå ǏǄƵ ɏ˦˯˲ƙ Ǒ˯ǃå ̇˸ ǃ˦Ɂ˦˱˻ ǃå Ɨ˹˱Ƶ
ǋ ƴ˸ƞ ̇ǌsĈƙ Ü xǃî Ǐǃã ƗƼƓưǗƓȺ . .ǉƓ˸ǃƓȺ ̇ ƺ˸ǃƓȺ Ɠǌ˯˱ǃƓƶǆ ̞ ƙ˸ Ǒ˯ǃå ÿƓȺåā̆ǃå ǉ˘
 ƗǆāƓǀǆ ˤ ʾ ÿá ƴǆ þ˦˻˴ ˹ƺ˸ǃå èƓ˯ɂ̇ ˮḪ ǑƼ ˙˸ƺǄǃ ƗǆāƓǀ˸ǃå ˥ǆ Ɨ ǃƓƵ èƓɂ˦˯˴ǆ èƓ˹˻ƶǃå
 Ɠǌ˯˱ǃƓƶǆ ˕˸ƙ Ǒ˯ǃå ˣǄƙ ˥ǆ ǏǄƵá ˕ǈƓḪ ǉƓ ˸ǃƓȺ ˙˸ƺǃƓȺ Ɨ˱ǃƓƶ˸ǃå ˕˲ƙ ɉƓƺ˷ǈǙå

ïƓ˳ ǃƓȺ. 

INDREDUCTION  

Producing geopolymer mortar can help to decrease negative 

environmental impacts in case of Portland cement (OPC). By 

merely substituting this material, the amount of CO2 released can 

be brought down significantly. To provide an example, making 1 

ton forms roughly the same amount of CO2, which finds its way 

into the atmosphere [1-3], not to mention the need for about  

2800Kg of raw materials apart from fuel and others and the release 

of another 5ï10 percent of airborne dust [4]. 

A number of nations are signatory to the UNôs Framework 

Convention on Greenhouse Gases of 1992 held in Rio. Two years 

later, the Convention was made effective and accepted by 196 

countries, including Turkey, with the aim to decrease greenhouse 
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gas emissions and help to bring down the rate of global warming 

by 2 ° C until the year 2100 [5]. 

For this reason , reducing CO2 emission has become a need and 

can be achieved by developing, for one, different cement folders ï 

for example, ground-granulated blast furnace slag and fly ash 

which is considered very well documented and efficient in order to 

make better mortar from OPC [6, 7]. A benefit of these waste 

materials is that a great number of different alumina-silicate 

sources are formed as industrial residues, such as fly ash, slag, etc., 

able to be activated by adding an amorphous phase (this is myt 

understanding of the original vague statement. Also, numerous 

activators including alkali sulfate, carbonate, hydroxide or silicate 

can be utilized in this process. Alkali, in particular Na or K 

silicates, are ingredients that help to create better-performing 

materials [8, 9] and have significant industrial importance in the 

activation process [10]. 

Considering other research efforts in this respect, one can see that 

geopolymers ahvce so far been primarily based on fly ash class 

F(FA) or ground granulated blast furnace slag (GGBFS). These 

previous attempts have laso been mostly focused on geopolymer 

concrete and mortars as regard the engineering properties of FA 

and GGBFS based-geopolymer concrete [11-13]. Apart from this, 

few defects are associated with the impact of alkaline activating 

ratios (Na2SiO3 / NaOH) on the mechanical properties of  

geopolymer mortar [14, 15]. Yet, studies are rare as far as the 

effects of different types of curing are concerned on the element of 

resistance to freezing-Thawing and sulfate resistance of 

geopolymer mortars.  

Given this background, in the present study, class F (FA), GGBS, 

and (GP) which is rich in silica and alumina are used as primary 

materials for the geopolymer mortar as described in Table 3. The 

motivation behind this experiment is that there has always been a 

future initiative to come up with the best mortars using only 100% 

industrial byproducts at low cost, power consumption, and 
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environmental impact with improved engineering properties and 

superior durability.  

This research primarily focuses on investigating the effect of 

water-cured and steam-cured techniques on the freeze-thaw and 

sulfate resistance of geopolymer mortars based on FA, GGBFS, 

and GP. A major challenge to producing successful geopolymer 

mortars is determining the right mechanics at low temperatures. 

Like Portland cement, the geopolymer interaction is more easily 

achieved at ambient temperatures and, while it may be possible to 

examine test samples at high temperatures under laboratory 

settings, it is more difficult to do so in the site itself. 

Geopolymer materials are regarded as possessing high degrees of 

resistance to sulfate solutions and low temperatures in general 

thanks to high freeze-thaw levels.  Mortar from the materials can 

stand freezing and maintain its properties. Freezing-Thawing 

resistance is quite essential in the construction sector as buildings 

are meant to stay the influence of varying temperatures for 

extended periods of time. Reports are available on freeze work 

applied to waste materials such as F-class FA and GGBFS. 

According to studies, compressive strengths value of geopolymer 

mortar samples after 150 freeze-thaw cycles tend to decrease by 

just 30% before the freeze-thaw cycles test. [18]. 

Sun et al[16] reports on the durability of freeze-thaw in fly ash-

based alkali-activated mortars under normal conditions and sulfate 

and hydrogen sulfate (H2SO4) resistance of fly ash-based 

geopolymer mortars cured under normal conditions. The results 

are compared with OPC mortars, concluding continuous increases 

in mass, dynamic modulus and compressive strength with time as 

well as resistance of FA mortars to 5% Na2SOi4 solution being 

better than that of OPC. 

Thokchom et al. studied the effect of magnesium sulphate solution 

on fly ash-based geopolymer mortar samples.  They immersed the 

samples in 10% by weight MgSO4 solution for 168 days, after 

which period the samples showed very little increase in weight and 
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decrease in compressive strength by about 56%[17]. The results 

show that fly ash has acceptable resisting properties against 

MgSO4 solutions and, thus, may be used in fire-prone 

constructions such as tunnels and skyscrapers. 

EXPERIMENTAL WORK  

Materials:  

At this stage, tested mixtures were based on class F fly ash (FA), 

ground granulated blast-furnace slag (GGBFS), and glass 

powder(GP) and tested as to variations in the proportion of waste 

material  and basic alkali activator (sodium silicate-sodium 

hydroxide) to improve the mechanical properties of the 

geopolymer mortar. 

Fly ash FA: 

Most of the fly ash available worldwide is a low-calcium by-

product obtained from burning anthracite and bituminous coal. The 

substance isconsidered one of the most important source materials 

for geopolymer cement. In general, the value of CaO content is 

less than 10%, while that of SiO2 + Al2O3 +Fe2O3 exceeds 70 %, 

thereby creating the potential for alkali reaction. Most of the fly 

ash consists of coal combustion from a heterogeneous mixture of 

aluminosilicate and fused silica as well as small amounts of 

crystalline materials including molybdate, quartz, hematite and 

magnetite. This degree of heterogeneity means that additional care 

is needed to ensure a perfect mix design and a consistent final 

product. The study was conducted at the ¢atalaĵzi Thermal Power 

Station in Zonguldak, Turkey. The specific gravity of the FA was 

2.39g/cm3 and the fineness was 6000 cm2/g. 

Ground Granulated Blast-Furnace Slag (GGBFS): 

Ground granulated blast furnace slag (GGBFS) is another 

industrial by-product resulting from rapid water cooling of molten 

steel. It is known to have beneficial properties for the concrete 

industry due to being relatively inexpensive, resistance to chemical 

reactions and maintaining excellent thermal properties. In general, 

the value of SiO3 + Al2O3 +Fe2O3 exceeds 84 %. In this study, the 
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GGBFS was provided from the Ereĵli IronïSteel Factory in Oyak, 

Turkey, with a specific gravity (S.G) of 2.81 g/cm3 and a fineness 

of 4250. The chemical composition is shown in Table 1. 

Glass Powder (GP). 

The glass powder is grounded using a Los Angles machine and to 

produce finer ash, further grounded with a small mill. The mean 

diameter of particle size is about 13 ɛm with a specific gravity of 

2.56 g/cm3 and the fineness of 5320 cm2/g. 

Table 1. Chemical composition of GGBFS, GP and FA (%) 
Oxide SiO2 Al2O3 Fe2O3 CaO MgO SO3 K2O Na2O 

GGBFS 36.7 5.20 0.98 32.61 10.12 0.99 0.76 0.42 

FA 61.81 9.54 7.01 1.77 2.56 0.31 0.99 2.43 

GP 72.66 1.57 0.39 11.41 1.24 0.07 0.54 12.89 

 

Standard Aggregate: 

The aggregate used in the study was standard and in accordance 

with the TS EN196-1. The sieve analysis is given in Table 2. 

Table 2.  Sieve analysis 

Sieve Size  (mm) Remaining cumulative (%) 

2,0 0 

1.6 7±5 

1 33±5 

0.5 67±5 

0.16 87±5 

0.08 99±1 

 

Alkali Activator:  

The alkaline activator used in this experiment was a  combination 

of sodium silicate and sodium hydroxide solution. Also, the 

activator from the sodium silicate solution (Na2O = 11%, SiO2 = 

31% and water = 57% by mass) and the sodium hydroxide (NaOH) 

solution was prepared by dissolving small, compressed mass of 

sodium hydroxide in water with a concentration of 12M.  
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Preparation of Specimen Mixtures: 

Blended slag, glass powder and fly ash alkali-activated mortars are 

the subject of tests in this study, where we used standard 

aggregate, GGBFS, GP, FA, water, NaOH, and Na2SiO3 so as to 

achieve conformity with the TS-EN196-1 standards [18]. The 

water-to-binder ratio (W/B) is a well-known factor that affects 

mortar properties. Thus, a constant value of 0.33 was adopted for 

this factor again in accordance with TS-EN196-1[18]. Sodium 

Metasilicate/ binder ratio[S/B] is 0.4 and also standard 

aggregate/binder ratio [A/B] is 1.23. The mortars were cured at 

different temperatures and under two different conditions: In the 

first water-cured (WC) series the specimens were placed into a 

water tank and curing remained to the age of test. The temperature 

of water curing was kept at the range of 20 ± 2°C. This method is 

similar to that used for curing Portland. In the second steam cured 

(SC) series, steam water curing took place at 85 °C for 12h, 

followed by standard curing at 20 ± 3 °C until testing. The design 

of the mixtures was simplified by replacing 5% GGBFS (by 

weight) with FA and GP in order to reach an optimum ratio for 

each curing condition. The ingredients of the mortar mixtures are 

given in Table 3[19]. 

Table 3. Mortar mixture ingredients 

specimens  GGBFS  FA GP 

N0 % % % 

S0 100 0 0 

S1 90 0 10 

S2 85 0 15 

S8 90 10 0 

S12 85 15 0 

S15 70 15 15 

 

Testing: 

Freezing-thawing and sulfate resistance of geopolymer mortar 

specimens were investigated in terms of visual appearance, weight 

loss, and loss of compressive strength. 
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Freezing-Thawing Resistance: 

Freezing-thawing of slag, fly ash and glass powder-based 

geopolymer mortars were carried out to determine weight loss, 

compressive strength, and ultrasonic. Freeze-thaw resistance was 

tested on the 40*40*160 mm specimens after 90 days with two 

types of curing.  In this test, the mortar specimens were put in 

freezer at -20°C for 4h for freezing and in water at room 

temperature for 4 h for the thawing period. The freezing-thawing 

test cycle was repeated for 150 cycles and then a compressive 

strength test was conducted. Also, the same specimens  from each 

type of the mixture were kept at the same curing condition during 

the freezing-thawing test of the other specimens and all mortar 

specimens were tested at the same age. Before starting to test the 

specimens for the freeze and thaw cycles, they are weighed and 

then measured by ultrasonics. The Freeze-thaw specimens after 

these tests are shown in Figures 1 and 2. 

 
Figure 3 Weight loss results after freeze-thaw test with 150 cycles for 

WC. 
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Figure 2.  Geopolymer Mortar after 150 cycles for SC. 

 

The freeze resistance of the geopolymer mortar specimens with 

steam curing were investigated using 150 freezing and thaw 

cycles. As per Figure 2, the mass of the samples did not change ï 

that is, no disintegration occurred - during the freeze and Thaw 

cycles testing. The values of the compressive strength of samples 

were smaller after freeze-thawing cycles as compared with those 

obtained for the samples after 90 days. No damage or deformation 

could be detected after 150 cycles. The strength of the samples 

after 150 Freeze-Thaw cycles is lost between 4% to 27% of that 

determined after the same period of time (Figures 6). Also, except 

for SC8, SC12 the strength of these samples after 150 freezing 

cycles increased to about 13 percent of that determined after the 

same period of time.  It is evident from the results obtained that the 

investigated geopolymer FA materials possess a very high level of 

freeze resistance. From Figure 6, it can be observed that the weight 

losses are ranged from 0.29% to 3.19%.  
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The freeze resistance values of geopolymer mortar specimens with 

WC were investigated using 150 freezing and thaw cycles. The 

mass of the specimens (WC0, WC1, and WC2) was changed and 

surface disintegration occurred. That is, this effect can actually be 

seen in the figure 1. The weight losses were 6.44%, 11.75%, and 

7.52% for WC0, WC1, WC2, respectively where does this fig 3 

belong. The losses of the compressive strength of specimens were 

52%, 42% after freeze-thawing cycles as compared with the values 

obtained for the samples after 90 days for WC1, WC2, respectively 

(see Fig 4). No damage or deformation could be detected after 150 

cycles for other specimens WC8 to WC15. The strength of this 

sample after 150 freezing cycles increased to range from 13% to 

18% of that determined after the same period of time, and the 

maximum compressive strength was 92.1 MPa at WC8.  It is 

evident from the results obtained that the investigated geopolymer 

FA materials possess a very high and promising level of freeze 

resistance. 

 

Figure 3Weight loss results after freeze-thaw test with 150 cycles for 

WC. 
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Figure 4. Compressive strength loss results after freeze-thaw test with 

150 cycles for WC. 

 

Figure 5. Weight loss results after freeze-thaw test with 150 cycles for 

SC. 
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Figure 6. Compressive strength loss results after freeze-thaw test 

with 150 cycles for SC. 

 

Ultrasonic pulse velocity test: 

Ultrasonic pulse velocity (UPV) was used to measure the travel 

time (t) of an ultrasonic pulse passing through the geopolymer 

specimen length (L).   The electronic timing device determines the 

interval between the onset and reception of the pulse electronically 

in ɛs. The sample length between transducer divided by the travel 

time of gives the average velocity (v) of wave propagation. The 

results of the geopolymer specimens UPV measurements are given 

in Table 6. 
Table 6. Results of ultrasonic pulse velocity (UPV) for 150 cycles 

under (SC) and (WC). 
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Accordingly, WC achieved the highest values followed by SC 

which has a higher slag/fly ash+ glass powder ratio). All of the 

steam-cured geopolymer mortar mixes observed lower ultrasonic 

pulse velocities than those water-cured, even with the same or 

higher compressive strength. The results indicate that an increased 

velocity corresponds to the same compressive strength. 

In this section, the UPV values against compressive strength are 

plotted in Figures 7 and 8. The relationship between pulse velocity, 

V (km/sec), and compressive strength after the Freeze-Thaw test 

(MPa) fitted equations as follows: 

For WC:     fc= 54.723V ï 92.186              R2 = 0.908              (4.2) 

For SC:    fc = 20.341V+ 6.3819                R2 = 0.9628            (4.3) 

The equations obtained reveal acceptable correlation values in both 

cases of geopolymer (SC, WC) and UPV in the geopolymer 

mortar.  Therefore, the UPV technique can be successfully used for 

the estimation of the compressive strength of the geopolymer 

mortar mixes made with alkali-activated GGBFS, FA, and GP.  

 

 

Figure 7.   Relationship between Compressive Strength and Ultrasonic 

Pulse Velocity after Freeze-Thaw test with 150 cycles under SC. 
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Figure 8.   Relationship between Compressive Strength and Ultrasonic 

Pulse Velocity after Freeze-Thaw test with 150 cycles under WC 

Sulfate Resistance: 

After de-moulding, the samples were mixed according to the same 

proportion ingredients stated earlier and using the two different 

curing conditions. Then, the specimens were immersed in a 

solution consisting of 10% MgS04 by weight of water for 3 

months. The containers were left in a room controlled at 20°C until 

testing. The solutions in containers were replaced every month. 

Before subjecting the specimens to the MgS04 solution, they are 

weighed. The specimens after end immersion in MgS04 solution 

are seen in Figures 9. 

 
Table 7.  Results of weight losses and compressive strength After 90 

days Exposure to MgSO4 for WC. 
specimen

s No 
losses wt. % 

compr. 

strength 

compressive 

stre. losses in  

  3 month after test  
 at 90 days 

compressive

% 

WC0 0.40 77.9 76.30 2.05 

WC1 -0.20 71.1 74.20 -4.36 

WC2 2.50 58.5 67.06 -14.64 

WC8 0.90 65.75 65.00 1.14 

WC12 -0.10 73.5 66.23 9.90 

WC15 1.40 51.6 72.92 -41.31 

 

y = 54.723x -92.186
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Table 8.  Results of weight losses and compressive strength 90 days 

Exposure to MgSO4 for  SC. 
specimens 

No 

losses wt. 

% 

compr. 

strength 

Compressive 

stre. losses in  

  3 month after test   at 90 days compressive% 

SC0 2.72 56.3 42.71 24.14 

SC1 1.16 61.45 46.20 24.82 

SC2 0.79 54 42.77 20.80 

SC8 1.14 83 78.15 5.84 

SC12 0.38 77.5 75.87 2.11 

SC15 -0.38 84.8 67.42 20.50 

 

 

Figure 9. Geopolymer Mortar After 90 days of Exposure to MgSO4 for 

SC and WC. 

 

 
Figure 10. Geopolymer Mortar After 90 days of Exposure to MgSO4 for 

WC. 
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Figure 11. Weight loss After 90 days of Exposure to MgSO4 for SC 

 

Figure 12. Compressive strength loss after 90 days of Exposure to 

MgSO4 for SC. 



 

 ϸϹЛЮϜ26  

Volume 26 
 

International Science and 

Technology Journal 

 анЯЛЯЮ ϣуЮмϹЮϜ ϣЯϯгЮϜϣузЧϧЮϜм 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
ЮЯϣЯϮв ϣтЮмϸЮϜ Ю ϣтжЧϦЮϜм амЯЛЯ 

 

Copyright © ISTJ   мрм 

 

 
Figure 13. Weight loss after 90 days of Exposure to MgSO4 for WC. 

 
Figure 14. Compressive strength loss after 90 days of Exposure to 

MgSO4 for WC. 

 

According to visual observations steam-cured, fly ash class F, 

GGBFS, and GP-based geopolymer mortar exhibits high resistance 

to magnesium sulfate immersion. Slag/fly ash specimens exposed 

to MgSiO4 for up to six months showed no visual signs of surface 

deterioration, cracking or spalling (see Fig 9). Also, compressive 



 

 ϸϹЛЮϜ26  

Volume 26 
 

International Science and 

Technology Journal 

 анЯЛЯЮ ϣуЮмϹЮϜ ϣЯϯгЮϜϣузЧϧЮϜм 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
ЮЯϣЯϮв ϣтЮмϸЮϜ Ю ϣтжЧϦЮϜм амЯЛЯ 

 

Copyright © ISTJ   мрн 

 

strength values increased up to 10% those obtained after 

immersion (you mean in up to 10% of the specimens after 

immersion). Moreover, weight losses remained nearly equivalent 

to those obtained prior to immersion, measuring less than 0.1 

percent and exceeding 0.9% from initial geometry, as can be seen 

in Figure 11. Also, geopolymer mortar based on slag/glass powder 

specimens, showed no visual signs of surface deterioration, 

cracking or spalling, as Figure 9 depicts. Compressive strength 

losses decreased up to 10% those obtained after immersion. 

Moreover, weight loss remained nearly equivalent prior to 

immersion, measuring less than 0.2 percent and exceeding than 

2.5%, as can be seen from the initial geometry in Figure 12; 

whereas, in WC15 the weight was increased by 1.4% and the 

compressive strength was decreased by 41%.  

Figure 10 shows the compressive strength development of the 

various hardened geopolymer mortar with different percentage of 

glass powder content under WC conditions. From the figure, it is 

observed that the glass powder (GP) has a significant influence on 

compressive strength, which increases with GP content up to 10%. 

Beyond this percentage, the compressive strength begins to 

decrease. The 90-day compressive strength obtained for water-

cured geopolymer mortar was 61MPa, and for 15% content of 

glass powder the compressive strength was 54MPa. The decrease 

in strength was 10.7%. Though, when compared to compressive 

strength at 90 days without immersion in sulfate the values stood 

at 24.8%, which is 20.8% bigger than 90 days compressive 

strength. In this way, the increase in glass powder content is shown 

to have a significant effect on the weight of geopolymer mortar. 

The weight of the specimen decreases under WC conditions with 

the increase in the quantity of GP, whereas it increases under SC 

conditions with the increase in the proportion of GP.  

CONCLUSION 

In this experimental study, we investigated sulfate and freeze-thaw 

resistance of geopolymer mortars using FA, GGBS, and GP. Based 

on the test results, the following conclusions can be reached: 
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¶ Water-curing is better than steam-curing for slag and fly 

ash-based geopolymer mortar. 

¶ No visual signs of surface deterioration, cracking, spalling, 

disintegration, or deformation could be detected after 150 

of freeze-thaw cycles for specimens under steam-cured 

conditions. 

 

¶ The effect of freeze and thaw test on the weight loss of 

GGBFS and GP-based geopolymer mortar is larger than 

that on the weight loss of GGBS- and FA-based 

geopolymer mortars. 

 

¶ The GGBS- and FA- based geopolymer mortar is important 

for water-cured, itôs showed greater compressive strength 

in comparison and after freeze-thaw test.  

¶ The minimum compressive strength was obtained in the 

GGBFS and GP -based geopolymer mortar under water-

cured settings.  

¶ The GGBFS and GP -based geopolymer mortar lost the 

most compressive strength in comparison to the other 

specimens. 

¶  Fly ash class F, GGBFS, and GP-based geopolymer mortar 

exhibits high resistance to magnesium sulfate immersion. 

¶ Sulfate resistance in geopolymer mortars has an effect on 

the weight and compressive strengths of the specimens 

subjected to water-curing.  

¶ Pulse velocity techniques can be successfully used to 

estimate the compressive strength of the geopolymer 

mortar mixes made with alkali-activated. 
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˛˱ǂ˶ǁä 
 ƠˠƪǙå Ɨǈ˦˵Ƥ  ˥˻˴˲ƙ ā Ɨ˱ǃƓƶ˸ǃ ƗƽǄ˯˳ǆ èƓ ˹ǀƙ  ˙˻ƛƋƙ Ɨƪåïí ˤƙ Ɇ˸ƶǃå å˘ǋ ǑƼ

ï˚˻Ǆǃå Ɨ ˹ǀ˯ǃ ƗƼƓưǗå Ɨǀɂ̇ ˠȺ  Ɨƶ˹˶˸ǃå ßå̊ ƞǚǃ   ƗǃǙå þå˗˳˯ƪå  ˤƙ Ɨƪåï˗ǃå ç˘ǋ ǑƼ .
 ) ˦˵ ˹ɂï  ÷˦ ǈ125  é˦ ǃ˲å ̊Ḫ̇ǆ ƴǆ ÿāƓƶ˯ǃƓȺ  (  ɏ̇˯˹Ƽ˦Ḫ ƗȻ̠˸Ⱥ  Ɨy Ɠ˹˶ ǃå 

)MTC þāƓǀ˸ǃå  Ɇ˻˯ƪ ˛ǄǈƓ˯˴ǃå ÿ˗ƶǆ ˥ǆ ƴˠƿ ƴ ˹˶˯ǃ (á˗˶Ǆǃ (ç˗˲˯˸ǃå ƗḧǄ˸˸ǃå )  .
 ƗƼƓ˰Ḫ èåîā Ɨǀ ʾí  íƓƶȺǕå Ɨ ƛǚƛ êîƓ˸ǈ êƓ˯ǈã ǏǄƵ çïíƓƿ Ɨ ˹ǀ˯ǃå ǉ˘ǋ ÿá ˥ǆ ˤƹ̇ ǃå ǑǄƵ

 èƓǈƓ ƕ ˥ǆ ç̇ ƬƓ ǆ  ƗȻ˗˻Ǆǀ˯ǃå ˔˻ǃƓƪǕå ˥ǆ ƗƵ˦˹˶˸ǃå ˣǄ˯ǃ ƗǄƛƓ˸ǆ Ɨ ǃƓƵCAD Ü ÿá Ǚå .
 æ˦˻ƶǃå ˞ƶȺ üƓ˹ǋ Ɨ ˹ǀ˯ǃå ǉ˘ǌƕ  Ɨƶ˹˶˸ǃå ƴˠǀǃå ÿã Ǒǋā ÜƗ ˹ǀ˯ǃå ǉ˘ǋ Ɠǌ˹ǆ ǑǈƓƶƙ Ǒ˯ǃå

 ˥˻ƕ ëāå̇ ˯ƙ Ǒ˯ǃåā ƠˠƪǙå ǑƼ Ɨǈ˦˵Ƥ ˥ǆ ǑǈƓƶƙ10  Ǐǃã45  ˔ˮ˴Ⱥ Ü˙˯ǆā˙ɜ ǆ
 ƗǈïƓǀǆ ˦ǋ Ɇ˸ƶǃå å̆ǋ ˥ǆ ú̠ǌǃå Ɇƶǃā  . ƗǃǙå þå̠˳ ƪ˯Ǘ ƗƼƓɣǃå ɏ˦˯˴ǆ ǑƼ  èå̇˻ƺ˯˸ǃå

 āƓǀ˸ǃå îǙ˦ ƽǃå ˥ǆ Ɨ˱˯˹˸ǃå  ƠˠƪǙå  Ɨǈ˦˵Ƥ ˥˻˴˲ƙ á˗˶Ǆǃ þ316L è̇ ǌˡá ˗ƿā  Ü.
 ǏǄƵ æ˦˻ƶǃå ˞ƶȺ ƴǆ  ƠˠƪǙå Ɨǈ˦˵Ƥ ǑƼ  å˗˻ƞ Ɠ˹˴˲ƙ Ɨǆ˗˳˯˴˸ǃå èƓ ˹ǀ˯ǃå ƴ ˸ƞ

 .Ɨ ƑƓǌ˹ǃå ƝƑƓ˯˹ǃå ǑƼ ˥˻ˮǆ ˦ǋ Ɠ˸Ḫ ƠˠƪǙå úå˦ơ Ɲ ˴ǈ 
 

1- ABSTRACT 

In this work, the effects of different post processing techniques 

on surface texture improvement of additive manufactured parts 

made by Selective Laser Melting powder bed. In this investigation 

Renishawôs SLM 125 was employed to produce 3D parts by using 

stainless steel 316L, at Manufacturing Technology Centre (MTC) 

Coventry (UK).  SLM is techniques capable to produce fully dense 

functional 3D models direct from CAD data, similar with those 

mailto:eswei0077@gmail.com
mailto:moga_kh2001@yahoo.com
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made with traditional methods. On the other, hand the major 

drawback is that the parts have granular poor surface finish, which 

ranges from 10 to 45 µm due to machine adjustment parameters.  

The aim of this work is to compare surface finish improvement of 

SLM parts several post processing methods have been applied 

using Stainless Steel 316L. All techniques showed good 

improvement of surface finish with some drawback on surface 

texture as showed in followed results. 
   Keywords, selective laser melting, surface roughness, pot 

processing   
 

2- Introduction.  
    Additive manufacturing is an overall term that is used to 

describe all the technologies that are used to manufacture parts by 

addition of material in layer by layer to obtain the final model, 

enhanced by using three dimension cad model (CAD) date, as 

opposed to the traditional subtractive methods or processes that 

involved the removal of material according [1]. 
   AM techniques have a challenge of producing parts with a 

stepped surface finish and many researchers have identified this 

problem since the existence of this technology. Metal power bed 

methods such as SLS and SLM are suffering from a granular poor 

surface finish because of powder particle size, layer thickness, 

laser power etc..[2]. 
Figure.1.shows the effect of angle on surface finish 

characterizations, Results show that increase angle lade to decries 

surface finish, many researchers have proved that; surface 

roughens improvement using in process techniques under the 

influence and knowledge of the machine parameters.  

 
Figure 1: Showing poor surface finish 
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Some of the most important variables that can adjusted include 

using fine powder, thin layers, laser energy, incorporating hatch 

spacing, building period of parts, part orientation and scan spacing 

ets. Figure (2) illustrates the basic parameters during additive 

manufacture [3] [4].  

 

Figure 2: Showing in process parameters 

   Over the previous years, several approaches have been put in 

place in order to improve the surface finish of layer manufactured 

components companies such as Best in class, Extrude hone, Taylor 

Hobson, Keyence, Renishaw Plc etc. 
    Several surface modifications methods from other companies 

are being implemented to solve this problem such as re-melting, 

shot peening, hand polishing, laser ablation, sandblasting, 

machining, chemical, thermal processes etc. while, the cost price 

of components manufactured are increasing due to the post 

processing techniques[2][5] [6]  
2.1- Surface finish characterisation and improvement on 

Layer manufactured Parts 

Surface roughness measurement has been described as one of the 

most significant area of study in engineering scope and layer 

manufacturing parts. Thus, a number of surface measurement 

methods and equipment have been entered in this field for period 

of time to be more precise. The worth mentioned in this case there 
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are two way of describe surface data, which namely respectively 

two dimensions and three dimension surface measurement [7]. 
Nowadays, three dimensional is being more preferred because it 

is illustrated more data to describe surface characterizations. The 

equipmentôs for characterization are available in wide range of 

versions such as in laboratories and some of them are also 

portable, to be used in the field. 

 Therefore, there are two techniques currently have been used to 

measure characterization of surface roughness such as:[8]  
¶ Contact (stylus profiling)  

¶ Non-contact (optical) 

 Gnarly, surfaces are normally composed of the following 

features as you showing in figure below. In hence, some are flat, 

some may be afflicted with waviness, some may vary from fine to 

coarse, some may be perfectly smooth etc.[9] [10]. 
Figure (3) shows surface texture connected with additive 

manufacture technique. Generally there are two methods that are 

currently being used to improve the surface finish of layer 

manufactured parts, which respectively namely in process 

techniques and post processing methods.   
 

 

Figure 3:  surface characteristics [11]  

 Most of the parts manufactured by SLM improved by using a 

variety of surface modifications methods available on the market 

today, several mechanical post processing have been completed, in 
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order to improve surface finish of SLM Stainless Steel 316L parts 

and its influenceôs on surface textures[3][12][13]. 
 

3. . Experimental work Plan 

The work was carried out according to the scheme shown in the 

following below (Figure.4) 

 

  

                 

 

 

Figure 4: Experimental methodology flowchart 

3.1- The Benchmark design and manufacture procedure. 
The samples were made on the Renishaw SLM125. The 

experiment was carried out by setting up the machine and 

implementing the optimal parameters as in the following table( 

table.1).  

Table 1: Selected process parameters 

Laser 

power 

layer 

thickness 

Exposure Point Distance 

200W 50µm 50µs 75mm 

    

 Stainless steel powder was used to build the samples, with 

different geometry surfaces and four identical samples were built 

using SS 316L to complete this investigation. 

The benchmark below was designed in to characterize surface 

roughness in different surfaces such as top surface, interior 

surfaces, round; sloping plane etc., then will be used for post 

processing methods as shown in figure .5, and figure.6. 

1- Design of the benchmark 

2-    Printing of the part  

3- Surface characterisation 
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Figure 5: Benchmark model with different views 

 
S 1 

 
S 2 

 
S 3 

 
S 4 

Figure 6: Separated samples from the substrate 
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All the benchmarks were made and removed carefully from the 

substrate using the band saw machine. 

3.2- Surface Roughness and Characterization 
After separating the models from the substrate, the surface finish 

was analysed using contact profilometer , as shown in figure (7). 

 

Figure 7: Surface measuring ï contact method 

4.-  Results and Discussion  

This section shows analysis of the manufactured benchmark 

using 3D digital microscope form Talysurf instrument and 

accuracy using a Vernier caliper. (Figure 8 below) 
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A 
B  

 

C 

E 

 

D 

 

F 

Figure 8: 2D micrographs showing balling on thin sections, on cones, 

holes etc. 
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       Figure 8 shows geometrical features of the benchmark (A) 

internal surfaces are filled with balling and discolouration, (B) is a 

3D view of the hole showing agglomeration and balling, (C) ï 

cone with porosity around the surface, (D) thin walls with 

balling,(E) ï top surface holes with bad edges on different 

diameters and (F) angle planes with stair effect. 

     After building the benchmark, analyses and measured of 

defects on every feature wear been completed as showed in the 

below table. 

Table 2: Results on manufactured sample. 
  Geometry Accuracy Ra Rv Rq Rp Defects 

 

15o 

plane  

 

98% 

 

25.6 

 

83.9 

 

32.7 

 
104.3 

Balling, 

Porosity 

 

30o 

plane 
 

 

100% 

 

21.4 

 

55.3 

 

66.6 

 

66.6 

Balling, 

Porosity 

45o 

plane 

 

 

100% 

 

21.9 

 

58.1 

 

26.4 

 

93.9 

Balling, 

sharp 

edges 

Top 

surface 

 

 

100% 

 

26.5 

 

77.4 

 

33 

 

101 

Balling, 

Over 

melting 

 

Round 

Surface 

 

 

100% 

 

18.3 

 

63.2 

 

24.1 

 

76.5 

Balling, 

Porosity 

 

Side 

Walls 
 

 

99% 

 

17 

 

52.9 

 

21.2 

 

63.8 

 

Porosity 

Internal 

Surface 

 

 

98% 

    Powder 

sticking 
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Thin 

sections 
 

100%     Balling 

 

Small 

features 

 

 

99% 

    Sharp 

edges 

 

Holes 

 

 

98% 

    Powder 

sticking 

 

Pointed 

corners 

 

 

97% 

     

Balling 

 

Cones 

 

 

99% 

 

16.4 

 

35.8 

 

20 

 

51.7 

 

Balling 

 

  

As can be seen the blue area indicates that no surface 

characterisation was done when using contact instrument 

because it was too big to fit into internal surfaces. 

 

5. Selection of the Post Processing Methods 

  There are several post processing techniques available on the 

market today and been one of the important steps required in SLM 

parts. The following methods in Figure 9 were selected to improve 

the surface texture of benchmarks because of the geometry and 

feature complicated of parts.  

 The criteria of methods are to improve the surface texture within 

a low cost and short time. 
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Figure 9: Experimental methodology overview flowchart 2 

  

5.1. Grit Blasting Process 

     This method used an abrasive high pressure in order to smooth 

the surface. The method has some drawbacks due its can destroy 

small features such as sharp corners and small surface. The part 

below was processed by Blast master machine and the process 

took about ten minutes. 

Figure10 shows a comparison of the benchmarks before and after 

the process. It shows that the surface has improved but there are 

some destruction on thin section and plane. 

 
 

 

A 

 

B 

 

Figure 10: A before and B after grit blasting. 

Selection of post processing methods 

Analysis of Results and comparison of processes 

 

Shot blasting Vapour blasting Grit blasting Electro polishing 
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5.2. Vapour Blasting Process 

The technique uses water and glass bead media to polish the 

surface. Gyson blast cleaner machine was used to polish the part 

and the process only took approximately ten minutes.  

      Figure 11 shows a comparison of the two benchmarks before 

and after the process and B shows that the benchmark is well 

polished but there is deformation on plate cones 
 

 
A 

 
B 

 

Figure 11: A before and B after vapour blasting 
 

5.3. Shot Blasting Process 

     The benchmark was post processed at Newtech Powder 

Coaters using pressure pot shot blasting machine. The model was 

ATO 101015 (G, E) and the process took approximately ten 

minutes. Steel shots were used as media for blasting.  

Figure 12 shows a comparison of the benchmark before and after 

the process and B shows some deformation on thin section due to 

high pressure exerted during the process 

  
A 

 
B 

Figure 12: A before and B after shot blasting 
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5.4 Electro Polishing. 

The benchmark was post processed using ionic  liquid for ten 

minutes, then rinsed in water and finally in HCL to remove surface 

oxide.  

After that it was dipped in ionic liquid for electro polishing for 

twenty minutes. 

Figure 13 shows a comparison of the two benchmarks before and 

after electro polishing. B shows that the benchmark is well 

polished and a shiny texture. There is no deformation. 

 

 
A 

 
B 

 

Figure 13: Before electro polishing. 

6. Surface Characterization, Results and Discussions 

This section displays surface roughness results measured on the 

processed benchmarks from four different methods.  Tables, 

graphs and micrographs below shows the results of amplitude 

parameters measured using the Form Talysurf PGI instruments. 

All these amplitude parameters are based on overall height. 

6.1. Shot Blasting Process. 

Table3 shows several surface parameters measured on vertical 

characteristics of the surface deviations at 5*2.5mm cut-offs. The 

table shows parameters Rt, Rv, Rp Rz on the shot blasted 

benchmark measured. It shows the maximum depth and maximum 

height below and above the mean line within the same sampling 

span 
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Amplitude Parameters measured on shot blasted benchmark 

Table 3: Amplitude of parameters measured after shot blasting 

 Top 

surface 

Round 

surface 

Side 

Walls 

15o 

plane 
30o 

plane 
45o 

plane 
Cone/surfa

ce 

R

a 

11.228 9.845 6.260 12.36

5 

11.61

4 

8.228 7.362 

 

Rp 

31.360 31.727 22.114 34.42

0 

37.63

2 

25.103 26.163 

 

Rv 

37.864 28.713 22.470 34.14

9 

42.03

4 

23.904 25.343  

R

t 

93.865 98.435 66.162 90.62

1 

162.7

19 

68.103 51.506 

R

z 

69.225 60.441 44.584 68.56

9 

79.66

6 

49.008 51.506 

R

d 

24.14 21.86 26.89 26.68 27.27 25.10 23.08 

P

q 

14.432 13.209 8.161 15.19

1 

17.02

1 

10.482 9.137 

 

6.2 Vapour Blasting Process 

Table 4 shows several amplitude parameters measured on the 

benchmark on different surfaces from vapour blasting process. 

Side walls shows an average roughness of 3.9µm compared to 30o 

with 109µ 
Amplitude Parameters measured on vapour blasted benchmark 

Table 4: Amplitude of parameters measured after shot blasting 
 Top 

surface 

Round 

surface 

Side 

Walls 

15o 

plane 
30o 

plane 
45o 

plane 
Cone 

/surfa

ce 

Ra 9.815 5.246 3.907 12.17

1 

10.94

5 

6.888 4.388 

 R

p 

28.670 13.919 11.04

5 

29.36

9 

29.29

0 

15.77 11.02 

 R

v 

23.707 12.662 11.27

4 

32.82

3 

29.53

6 

19.756 14.408 

Rt 72.628 41.785 33.77

4 

81.66

4 

109.9

87 

60.444 25.429 

Rz 52.178 26.582 22.32

0 

62.19

2 

58.82

7 

35.348 25.429 

Rd

q 

7.72 5.56 7.36 12.73 9.63 7.73 13.01 

Pq 12.662 6.536 4.899 14.73

2 

15.04

5 

8.937 5.422 
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6.3. Grit Blasting Process 

Table 5 shows all the surface parameters measured on all the 

surfaces of the benchmark as indicated on the table above after 

grid blasting process. 

Amplitude Parameters measured on  grit blasting benchmark 

Table 5: Amplitude of parameters measured after grit blasting 

 Top 

surface 

Round 

surface 

Side 

Walls 

15o plane 30o plane 45o 

plane 

Ra 8.829 7.810 5.508 7.559 7.169 7.565 

 Rp 26.496 23.421 16.814 24.035 22.329 24.832 

 Rv 25.091 27.390 17.993 9.361 28.826 27.483 

Rt 59.240 86..461 50.150 55.513 69.522 83.467 

Rz 51.587 50.812 34.807 47.964 51.156 52.315 

Rdq 24.36 20.57 18.43 24.25 24.57 23.39 

Pq 10.851 10.237 6.999 9.361 9.210 9.992 

 

6.4 Electro Polishing Process 

Table 6 shows a collection of surface results on the benchmark 

after post processing and the minimum Ra is found on the side 

wall surface 5.9 µm as compared to the top surface with 16.5µm. 

This shows that electro polishing does not subtract a lot of 

materials compared to other methods used 

Amplitude Parameters measured on  electro polishing benchmark  

 Table 6: Amplitude of parameters measured after electro polishing. 

 Top 

surface 

Round 

surface 

Side 

Walls 

15o 

plane 
30o 

plane 
45o 

plane 
Cone/surfa

ce 

Ra 16.588 9.965 5.907 17.91

5 

9.231 8.406 5.909 

 Rp 46.958 31.413 11.04

5 

45.72

3 

24.659 26.91

2 

26.931 

 Rv 72.184 40.400 11.27

4 

71.35

6 

31.870 22.27

7 

14.258 

Rt 160.29

3 

176.16

3 

33.77

4 

155.4

3 

97.712 85.62

4 

41.190 



 

 ϸϹЛЮϜ26  

Volume 26 
 

International Science and 

Technology Journal 

 анЯЛЯЮ ϣуЮмϹЮϜ ϣЯϯгЮϜϣузЧϧЮϜм 

 

 ϣДмУϲв ЙϠАЮϜ ФмЧϲ 
ЮЯϣЯϮв ϣтЮмϸЮϜ Ю ϣтжЧϦЮϜм амЯЛЯ 

 

Copyright © ISTJ   мтм 

 

Rz 119.14

2 

71.813 22.32

0 

117.0

7 

56.529 49.18

9 

41.190 

Rd

q 

19.78 15.93 7.36 24.49 11.58 9.29 8.14 

Pq 22.535 14.326 4.899 24.17

5 

11.865 10.74

8 

7.706 

 

6.5 Comparison of Surface Topology 

    As can be seen on the micrographs below, Figure. shows that 

all the blasting methods subtract a substantial amount of material 

as compared to electro polishing technique. From the results found 

electro polishing is not suitable for polishing SLM metal powder 

parts.  

 

 

 
Shot Blasting 

 
Vapour Blasting 

 
Grid Blasting 

Electro Polishing 
 

Figure 14: Surface morphology of the top surface area. 
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From all the post processing methods carried out, they are all 

very effective in surface finishing of SLM parts and the Table 7 

below summarizes some of the data collected. 

Table 7: Comparison table of post processing methods 

.Comparison table of the post processing methods used 

Processes Ra Accuracy Defects Time ï 

(minutes) 

Shot blasting Good Poor Yes 5-10 

Grit/bead 

blasting 

Good Poor Yes 5-10 

Vapour 

polishing 

Better Good Yes 10-15 

Electro 

polishing 

Good Good No 10-20 

 

Figure 15 shows a radar or spider chart used to compare the post 

processing methods used since they are different. Percentages are 

shown in Table 8 

 

Table 8: Table of comparison post processing in percentages 
 

Process Ra% Accuracy 

% 

Defects % Time 

% 

Rt % Rz 

% 

Shot 

blasting 

70 80 80 80 40 65 

Grid 

blasting 

75 70 60 80 80 90 

Vapour 

blasting 

80 90 95 70 60 80 

Electro 

polishing 

65 95 95 60 30 50 
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Figure 15: Radar chart 

7. Conclusion  

The aim of this work was researching on how to improve the 

surface finish of SLM metal powder parts.  

Four benchmark models were built on SLM 125 machine using 

layer by layer method and they were all post processed 

successfully. It is concluded that average roughness (Ra) has been 

improved by the different mention methods. Ra has been reduced 

on side walls from 17 - 3.9µm by vapour blasting process and 

followed by grit blasting with 5.5µm. All the results were carefully 

analysed and presented in the form of figures, tables and graphs. 

Some of the methods also need to consider the geometry of the 

part e.g. complex shapes are very difficult to machine but 

processes like sand blasting and electro polishing are preferred. On 

the other hands, Electro polishing method is not very effective in 

internal surfaces because from the results obtained internal 

surfaces were still very rough and other techniques have their own 

advantages and limitations as well. 

Ra

Accuracy

Defects

Time

Rt

Rz
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20

40
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80

100
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 Although,  Post processing is a very important technique to 

(SLM) parts because it will improve the functionality of the 

components span. Some of the methods are too harsh because they 

destroy thin sections and small features.  
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Abstract 

The main purpose of this study was to investigate whether or not a 

water treatment by magnetic field could change the physical 

properties of water as reported in some scientific literature, the 

properties which were studied such as density, electrical 

conductivity, total dissolved solids, pH value, and NaCl 

concentration. The water sample which tested in this study was 

well water, the magnetically treatment of well water samples was 

by two types of magnets; first type was electromagnet of low fixed 

intensity (900 G=90mT), where the water samples were exposed to 

this magnetic field at various times (5, 10, 15, 20, 25, 30) min. The 

second type was permanent magnet, the exposing time to 

permanent magnetic field was 7 days.      

It was found that these examined physical properties of well water 

samples were changed following the magnetic treatment, the 

changes depend on the magnetization conditions, and the magnetic 

field causes changing in the electrical conductivity due to the 

ability to dissolve and dissociate salts; influence on solubility of 

salts was remarkable. As well as a positive effect on the pH value, 

the water samples become less acidic.  

The results of this study suggested that the magnetic treatment 

improve quality of water, therefore, the magnetization process 

submits improvements on water applications in several areas such 

as industry, agriculture and medicine. 

Keywords: Permanent magnetic field; Electromagnetic field; 

Electrical conductivity; Total dissolved salts; pH. 
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Abbreviations: MF: Magnetic field, PMF: Permanent magnetic 

field, EMF: Electromagnetic field, EC: Electrical conductivity, 

TDS: Total dissolved salts, T: Tesla, G: Gauss.  

 

:ϣЊы϶ЮϜ 

ú˗ǌǃå ˲˯ǃå ˦ǋ Ɨƪåï˗ǃå ǉ˘ǋ ˥ǆ Ǒ˴ Ƒ̇ ǃåÿá ˥ǆ ɖǀ ˸ǃå Ɨ˱ǃƓƶǆ Ǒ˴ ˟Ɠ˹ƺ˸ǃå ýƓ˱˸ǃƓȺ ǉƓ
 ˙˻ƺȻ ÿá ˥ɜ˸Ȼå˦˳ǃå ßƓ˸Ǆǃ Ɨ ƑƓɂ̊ ˻ƽǃå ó éƓ˲ȺǕåā èƓƪåï˗ǃå ˞ƶȺ Ǌ ǃã èïƓƬá Ɠ˸Ḫ

Ɨ ˸Ǆƶǃå Ü ñǕåā ÜƗ Ƒå˘ǃå Ɨ Ǆḧǃå ëǚǆǕåā ÜƗ ƑƓɁ̇ ǌḧǃå Ɨ ǄƮ˦˸ǃåā ÜƗƼƓ˰ḧǃå Ɨƪåïí ˕˸ƙ ˕˻ơ
Ǒ˹˻ƞāï˗˻ǌǃå ā Ü Ɨ ˴ǈþ˦ǒí˦˶ǃå ˗ɂï˦ǄḪ ˚˻Ḫ̇ ƙ  Ɠǌ˻ǄƵ ˕ɂ̇ ƞá Ǒ˯ǃå Ɨ˹˻ƶǃå ÜßƓ˸ǃå ǑƼ

.˙˭ƕ ßƓǆ Ǒǋ Ɨƪåï˗ǃå 
 ˕˸ƙ˹ƺ˸ǃå Ɨ Ǆ˸Ƶ Ǒ˴ ˟Ɠ˹ƺǆā˙ǌḪ ýƓ˱ǆ ýāǕå ÷˦ ˹ǃå Ü˛ ˟Ɠ˹ƺ˸ǃå ýƓ˱˸ǃå ˥ǆ ˥˻Ƶ˦˹ƕ Ɨˠ
Ɨ˯ƕƓƛ Ǌƙ˗Ƭ ˹ǆ) Ɨ˷ƽ˳900  = ñāƓƞ90 (ǚ˴ƙ ǑǄǆ Ü ýƓ˱˸Ǆǃ èƓ˹˻ƶǃå ˕ư̇ Ƶ

Ɨ˹ǆðá ǑƼ Ǒ˴ ˟Ɠ˹ƺǆā˙ǌḧǃå ƗƽǄ˯˳ǆ )5 Ü10 Ü15 Ü20 Ü25 Ü30 ÜƗǀ ʾí (ǃå ǑǈƓ˰ǃå ÷˦ ˹
ˤƑåí Ǒ˴ ˟Ɠ˹ƺǆ ýƓ˱ǆ ýƓ˱˸ǃå ˥ǆ Ü˱˸ǃå å˘ǌǃ èƓ˹˻ƶǃå ˕ư̇ Ƶ ˖˻ơ ç˗˸ǃ ýƓ7  þƓȻá

.ƗǄƮå˦˯ǆ 
  ǑƼ ˙˻ƺƙ Ɍơ˦ǃ Ɠǌ˻ǄƵ Ɇ˶˲˯˸ǃå ƝƑƓ˯˹ǃå ýǚƤ ˥ǆ Ɨ ƑƓɂ̊ ˻ƽǃå óå˦˳ǃå ˗ƶȺ ǉƓ ˸ǃå èƓ˹˻ƶǃ

Ɠ ˴ ˟Ɠ˹ƺǆ Ɠǌ˯˱ǃƓƶǆ ā Ü ˗ǀƼ ÜƗˠ˹ƺ˸ǃå úā˙ˡ ǏǄƵ ˗˸˯ƶƙ èå̇ ˻˻ƺ˯ǃå ǉ˘ǋ ÿå ýƓ˱˸ǃå ˔ˮ˴ƙ
 ǑƼ Ǒ˴ ˟Ɠ˹ƺ˸ǃåǌɜḧƽƙā ëǚǆǕå ƗȺåîã ǏǄƵ Ǌƙï˗ƿ ˔ˮ˴Ⱥ Ɨ ƑƓɁ̇ ǌḧǃå Ɨ ǄƮ˦˸ǃå ˙˻ƺƙ ˗ǀƼ ÜƓ

 ÿƓǂ˙˻ƛƋƙ ýƓ˱˸ǃå ÿƓɁāî ǏǄƵ  Ǐǃã ƗƼƓưǗƓȺ ÜƓĄl˦ Ǆ˲ǆ ëǚǆǕå ̇ ˻ƛƋƙǉ Ǘå ǏǄƵ ǑƕƓ˱Ȼ
Ǒ˹˻ƞāï˗˻ǌǃå ñǕå Üá Ɠ ˴ ˟Ɠ˹ƺǆ Ɨ˱ǃƓƶ˸ǃå ǉƓ ˸ǃƓƼ˲ Ʈ ̞ơ ɆƿáƓ˷ǆ.Ɨ 

Ɨƪåï˗ǃå ǉ˘ǋ ƝƑƓ˯ǈ è̇ ǌˡá ˟Ɠ˹ƺ˸ǃå Ɨ˱ǃƓƶ˸ǃå ÿáǊƙí˦ƞ ˥˻˴˲ƙ ǏǄƵ Ɇ˸ƶƙ ßƓ˸Ǆǃ Ɨ ˴ Ü
ƙ þ˗ǀƙ Ɨˠ˹ƺ˸ǃå Ɨ Ǆ˸Ƶ ÿƎƼ ǑǃƓ˯ǃƓɁā èǙƓ˱˸ǃå ˥ǆ ˗ǒ˗ƶǃå ǑƼ ǉƓ ˸ǃå èƓǀ ˮˠƙ ǏǄƵ èƓ˹˻˴˲
˔ˠǃåā ƗƵåï˚ǃåā ƗƵƓ˹˶ǃå Ɇ˰ǆ. 

1. Introduction  
Water is classified as a diamagnetic substance. A water molecule 

is composed of an oxygen atom and two hydrogen atoms, with the 

chemical formula H2O, they are bonded by covalent bond, via a 
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shared pair of electrons, as an isosceles triangle with its upper 

angle of 104.45º, figure1 shows a molecule of normal water, this is 

because the oxygen atom, carries two pairs of unshared electrons 

[1], where the oxygen is slightly negative, whereas the hydrogen is 

slightly positive.This structure of water molecule will have similar 

qualities of a magnetic dipole. Due to that, water molecules will 

attract each other in the opposite end, by a hydrogen bond, this 

bond allows the water molecules to form a group of water 

molecules (clusters), as seen in figure2. The hydrogen bonds 

between water molecules give water four features; it is denser in 

liquid state than solid state, it has cohesion and a high boiling 

point, it has a good solubility [2].   

 
 

Figure 1. Normal Water molecule 
 

 
 

Figure 2. Structural group of water molecules 
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When water is exposed to MF, magnetization can affect the two 

forces that control the water structure, chemical hydrogen bond 

and Van der Waalôs forces, where magnetization can break 

hydrogen bonds between water clusters, and the water molecules 

will arrange in one direction as illustrated in figure3, this mode of 

arrangement causes reducing the bond angle from 104.45° to 103°, 

leading to decrease in the consolidation degree between water 

molecules, also decrease in clusters sizes by converted into single 

molecules or smaller ones, that is why the magnetic water 

viscosity is less than ordinary water viscosity. These changes in 

water molecules composite cause changes in some physical and 

chemical properties [1-5].  

 

 

Figure 3. Water molecule under effect of MF 

Magnetic water does not mean that it has a magnetic force that can 

attract things. It's water different from ordinary water in its 

properties. It is water which is passed through a MF at specific 

speed, or by placing the magnet inside or near the water, for period 

of time. The magnetization degree of water depends on the 

following parameters [1, 3, 6, 7,8, 9]:  

1. Magnetic field intensity.   

2. Duration of exposing water to MF. 

3. The amount of exposing water to the field. 

4. Velocity of water flow. 

Although the effect of MF on the water is a controversial issue, 

however, magnetic water has several applications in different 

aspects. For example, it can purify wastewater, promote plant 

growth, inhibit the scaling of metallic surfaces and improve the 


































































































































































































































































































































































































