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SUMMARY  

The recent experiment has been carried out at the Poultry research farm of the Faculty of Agriculture, 

Menoufia University, Shebin El-Kom, Egypt, during the period from 2019 to 2022 for two generations to 

investigate some egg production traits genetically and study the possibility of genetic improvement of 

these traits in Norfa chickens.  

Data on 855 Norfa hens were collected individually and utilized in current study during the whole 

experimental period. Base population was divided randomly into two groups named after selected and 

control lines according to genetic treatments. Hens artificially inseminated with sexual ratio 1 male : 3 

females. At the time of hatch, all chicks were wing banded and pedigreed. All chicks fed a starter diet 

containing 18.05% crude protein till 8th week of age then fed a growing diet containing 14.01% crude 

protein from 9 till 16 weeks of age, thereafter, pullets were fed a layer ration at production period 

containing 17.46% crude protein. At 16th week of age females moved to laying house and kept 

individually in cages. A "step down-step up" lighting program was used during brooding, rearing and 

production periods. Data computerized and selection applied by selection index method helping 

appropriate statistical and genetic analysis software programs. Results summarized as follow: 

MEANS OF STUDIED TRAITS: 

1) Age at sexual maturity (ASM) in the first generation  189.7254 days as a general. During the 2nd 

generation ASM 177.55 days. No statistical differences between first and second generation  (the 

difference was highly significant). 

2) Body weight at sexual maturity (BWSM) in the first generation  was 1063.2754 g, and 1116.1565 g 

during the second generation. Selection did not affect BWSM . 

3) Body weight at maturity (BWM) in the first generation 1211.333 g, while body weight maturity 

during the second experimental generation was 1222.5102g . After one generation of selection using 

selection index method) with overall average BWM of 1217.0982 g.  

4) Average of egg weight at sexual maturity (EWSM) in the first generation was 37.5871 g and  36.4627 

g at the second experimental generation .  

5) Eggs weight at maturity in the first generation was 46.7365 g . In addition, at the second experimental 

generation EWM was 46.3454 g, didn’t differed significantly. Egg weight at maturity wasn’t affected 

significantly by selection in current experiment.  
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6) Overall average number of laid eggs during the first 90 days (EN90) of production in the first 

generation was 42.058 eggs. Thereafter, at the second experimental generation EN90 44.6531 eggs 

differed significantly (P≤0.01) comparing to first generation (42.058 eggs). Application of selection 

index method resulted in improving EN90 average in comparing with first generation by 2.5951 eggs 

(with highly statistical importance). 

7) At the foundation stock average number of laid eggs till 42 weeks of age (EN42) was 51.6473 eggs in 

first generation and 58.111 at the second experimental generation. Application of selection index 

method resulted in highly significantly improve of EN42 average in selected line comparing with 

control line by 6.463 eggs. 

8) Egg quality traits (i.e., external and internal) were not affected by applying general selection index, 

statistical analysis didn’t revealed any significant differences between selected and control lines. 

PHENOTYPIC AND GENETIC PARAMETERS:  

1. Heritability: The highest value of h2 (heritability) recorded by body weight (0.231 and 0.197 for 

BWSM and BWM, respectively). Moreover, the lowest heritability estimates detected for EN90 

(0.130) and EWM (0.117) in studied flock of Norfa chickens. Moderate to high estimates (0.255, 

0.186 and 0.368) of h2 were observed for EN42, EWSM and ASM, respectively, in current study. 

2. Phenotypic and genetic correlations: Moderate to high phenotypic correlations either positive or 

negative were noticed between ASM and other traits under investigation. Phenotypically, age at 

sexual maturity positively correlated with BWSM (-0.038), BWM (-0.0109) and EWSM (0.535), 

however, this relation was negative with EN90 (-1.109), EN42 (-1.038) and unexpectedly with EWM 

(-0.754). Genetically, low (0.096 with BMW) to high (-0.869 with EN42) genetic correlations were 

detected between ASM and different traits in recent study. Age at sexual maturity positively 

correlated with BWM, BWSM and EWSM, otherwise, negatively correlated with EN90, EN42 and 

EWM from genetic view.  

Body weight at sexual maturity phenotypically positively correlated with almost traits investigated in 

recent study, except with EN42 (0.181). The range of phenotypic correlation value of BWSM with other 

studied traits falls between 0.528 (very low, with EN90) to 0.030 (high, with BWM). From the genetic 

point of view, the same trend as well as phenotypic correlations was noticed between BWSM and other 

traits in recent experiment, but the estimates were higher and represented moderate to high values of 

genetic correlation (ranged between -0.156 with EN42 to 0.421 with EWSM).  

In studied flock of Norfa chickens, body weight at maturity phenotypically positively correlated with 

all traits in current study. The range of phenotypic correlation value of BWM with other studied traits 

falls between 0.212 (very low, with EN42) to 0.030 (high, with BWM). Genetic correlations of BWM 

with other traits from current research reflected positive trend and ranged between 0.096 (with ASM) and 

0.272 (with EWM).  

Almost high phenotypic correlations were detected among EN90 and other traits under investigation, 

except for body weight either at sexual maturity or at maturity (0.528 and 0.487 for BWSM and BWM, 

respectively) the estimates were very low and in positive direction. Genetically, EN90 positively 

correlated with all studied traits except ASM the genetic correlation was very high and negative -0.546 

reflected the strong reversal relationship between the two characters. Results showed that genetic 

correlations between EN90 and other studied traits fall in a range of -0.288 to approximately unity. 

 SELECTION INDICES AND EXPECTED GENETIC GAINS: 

There are many 13 selection indices that were developed in current experiment (i.e., general (IG), one 

or two traits restricted (IR) and one or two reduced indices (ID)). According to results, the most effective 

indices comparing to general selection index can be calculated according to the following equations: 
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Selection index: RE% 

IG = 0.1335 EN90 + 0.1273 EWSM + 0.0044 BWSM  

IR-BWSM = 0.0633 EN90 + 0.0627 EWSM - 0.0019 BWSM 

ID-BWSM = 0.143 EN90 + 0.2046 EWSM 

ID-EWSM = 0.1145 EN90 + 0.0058 BWSM 

(100%) 

(38.65%) 

(87.801%) 

(94.04%) 

The highest relative efficiency among all constructed indices recorded by the one trait (EWM) 

reduced selection index 94.04% followed by the BWM reduced selection index 87.801%, and finally the 

BWM-restricted index 38.647%.  

Applying general selection index (IG) expected to change studied traits by +1.0118 eggs, +0.4794 g, 

and +36.281g for EN90, EWSM and BWSM. Expected genetic gain due to application of ID-EWSM in 

EN90, EWSM and BWSM equals +1.112 eggs, +0.3024 g and +35.920g, respectively. In Addition, 

application of ID-BWSM would lead to change EN90, EWSM and BWSM by +0.7947 eggs, +0.4627 g 

and +25.119 g, respectively 

SUMMARY AND COCLUSIONS 

The recent experiment has been carried out at the Poultry research farm of the Faculty of Agriculture, 

Menoufia University, Shebin El-Kom, Egypt, during the period from 2019 to 2022 for two generations to 

investigate some egg production traits genetically and study the possibility of genetic improvement of 

these traits in Norfa chickens.  

Data on 855 Norfa hens were collected individually and utilized in current study during the whole 

experimental period. Base population was divided randomly into two groups named after selected and 

control lines according to genetic treatments. Hens artificially inseminated with sexual ratio 1 male : 3 

females. At the time of hatch, all chicks were wing banded and pedigreed. All chicks fed a starter diet 

containing 18.05% crude protein till 8th week of age then fed a growing diet containing 14.01% crude 

protein from 9 till 16 weeks of age, thereafter, pullets were fed a layer ration at production period 

containing 17.46% crude protein. At 16th week of age females moved to laying house and kept 

individually in cages. A "step down-step up" lighting program was used during brooding, rearing and 

production periods. Data computerized and selection applied by selection index method helping 

appropriate statistical and genetic analysis software programs. Results summarized as follow: 

MEANS OF STUDIED TRAITS: 

1. Age at sexual maturity (ASM) in the first generation 189.7254 days as a general. During the 2nd 

generation ASM 177.55 days. No statistical differences between first and second generation (the 

difference was highly significant). 

2. Body weight at sexual maturity (BWSM) in the first generation 1063.2754 g, during the second 

generation BWSM averaged 1116.1565 g. Selection did not affect BWSM. 

3. Body weight at maturity (BWM) in the first generation 1211.333 g. Body weight maturity during the 

second experimental generation 1222.5102g. After one generation of selection using selection index 

method) with overall average BWM of 1217.0982 g.  

4. Average egg weight at sexual maturity (EWSM) in the first generation was 37.5871 g. At the second 

experimental generation EWSM 36.4627 g.  

5. Eggs weight at maturity in the first generation was 46.7365 g. In addition, at the second experimental 

generation EWM 46.3454 g, didn’t differed significantly. Egg weight at maturity wasn’t affected 

significantly by selection in current experiment.  

6. Overall average number of laid eggs during the first 90 days (EN90) of production in the first 

generation was 42.058 eggs. Thereafter, at the second experimental generation EN90 44.6531 eggs 
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differed significantly (P≤0.01) comparing to first generation (42.058 eggs). Application of selection 

index method resulted in improving EN90 average in comparing with first generation by 2.5951 eggs 

(with highly statistical importance). 

7. At the foundation stock average number of laid eggs till 42 weeks of age (EN42) was 51.6473 eggs in 

first generation. At the second experimental generation EN42 averaged 58.111 eggs. Application of 

selection index method resulted in highly significantly improve of EN42 average in selected line 

comparing with control line by 6.463 eggs. 

8. Egg quality traits (i.e., external and internal) were not affected by applying general selection index, 

statistical analysis didn’t reveale any significant differences between selected and control lines. 

PHENOTYPIC AND GENETIC PARAMETERS:  

1. Heritability: The highest value of h2 (heritability) recorded by body weight (0.231 and 0.197 for 

BWSM and BWM, respectively). Moreover, the lowest heritability estimates detected for EN90 

(0.130) and EWM (0.117) in studied flock of Norfa chickens. Moderate to high estimates (0.255, 

0.186 and 0.368) of h2 were observed for EN42, EWSM and ASM, respectively, in current study. 

2. Phenotypic and genetic correlations: Moderate to high phenotypic correlations either positive or 

negative were noticed between ASM and other traits under investigation. Phenotypically, age at 

sexual maturity positively correlated with BWSM (-0.038), BWM (-0.0109) and EWSM (0.535), 

however, this relation was negative with EN90 (-1.109), EN42 (-1.038) and unexpectedly with EWM 

(-0.754). Genetically, low (0.096 with BMW) to high (-0.869 with EN42) genetic correlations were 

detected between ASM and different traits in recent study. Age at sexual maturity positively 

correlated with BWM, BWSM and EWSM, otherwise, negatively correlated with EN90, EN42 and 

EWM from genetic view.  

Body weight at sexual maturity phenotypically positively correlated with almost traits investigated in 

recent study, except with EN42 (0.181). The range of phenotypic correlation value of BWSM with other 

studied traits falls between 0.528 (very low, with EN90) to 0.030 (high, with BWM). From the genetic 

point of view, the same trend as well as phenotypic correlations was noticed between BWSM and other 

traits in recent experiment, but the estimates were higher and represented moderate to high values of 

genetic correlation (ranged between -0.156 with EN42 to 0.421 with EWSM).  

In studied flock of Norfa chickens body weight at maturity phenotypically positively correlated with 

all of traits in current study. The range of phenotypic correlation value of BWM with other studied traits 

falls between 0.212 (very low, with EN42) to 0.030 (high, with BWM). Genetic correlations of BWM 

with other traits from current research reflected positive trend and ranged between 0.096 (with ASM) and 

0.272 (with EWM).  

Almost high phenotypic correlations were detected among EN90 and other traits under investigation, 

except for body weight either at sexual maturity or at maturity (0.528 and 0.487 for BWSM and BWM, 

respectively) the estimates were very low and in positive direction. Genetically, EN90 positively 

correlated with all studied traits except ASM the genetic correlation was very high and negative -0.546 

reflected the strong reversal relationship between the two characters. Results showed that genetic 

correlations between EN90 and other studied traits fall in a range of -0.288 to approximately unity. 
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 فٝ اٌدظاض  ٔراظ١ح  الإاٌرؽع١ٓ اٌٛزاشٟ ٌثؼض اٌصفاخ  عىىان الرسالت:

 أؼّد إتسا١ُ٘ ػثداٌّؼثٛد اٌد١ِاطٟ اسم الباحـث :

 فٝ اٌؼٍَٛ اٌصزاػ١ح   ٌدورٛزاجا الذرجت العلميت:

 اٌدٚاظٓ ٚالأظّانإٔراض  القسم العلمى :

 ٕٕٗٓ/ٖ/ٖٔتاريخ مىافقت مجلس الكليت : 

   ، و١ٍح اٌصزاػح، ظاِؼح إٌّٛف١حأظراذ ذست١ح اٌدٚاظٓ د اٌٛ٘اب ػٕةأ.د.  أؼّد ػث لجىت الإشراف:

   و١ٍح اٌصزاػح، ظاِؼح إٌّٛف١ح ،أظراذ ذست١ح اٌدٚاظٓأ.د.  فازٚق ؼعٓ ػثدٖ  

   و١ٍح اٌصزاػح، ظاِؼح إٌّٛف١ح أ.د.  ِؽّد اٌع١د ظٍطاْ أظراذ ذست١ح اٌدٚاظٓ، 

 ، لعُ ذست١ح اٌؽ١ٛاْ ٚاٌدٚاظٓ، ِسوص تؽٛز اٌصؽساء  ظٓ راذ ذست١ح اٌدٚاّاػ١ً شوٟ أظأ.د.  ؼعٓ إظ

 الملخص العربي

خرلي اٌفررسج  - ظّٙٛز٠ح ِصرس اٌؼست١رح -أظس٠د ٘رٖ اٌدزاظح فٟ ِصزػح اٌدٚاظٓ اٌثؽص١ح تى١ٍح اٌصزاػح ظاِؼح إٌّٛف١ح تشث١ٓ اٌىَٛ 

ٚزاش١اً ِٚدٜ إِىا١ٔح اٌرؽع١ٓ اٌٛزاشٟ ٌٙرٖ اٌصفاخ  إٔراض اٌث١ضررا١ٌٓ ٚذٌه تٙدف دزاظح تؼض ٌّٚدج ظ١ٍ١ٓ ِ ٕٕٕٓؼرٝ  6ِٕٔٓا ت١ٓ 

 فٟ دظاض إٌٛزفا.

فررسج اٌرعسترح. ذرُ ذمعر١ُ دظاظح ٔٛزفرا تصرٛزج فسد٠رح ٚذرُ اظررتداَ ذٍره اٌث١أراخ فرٟ اٌدزاظرح اٌؽا١ٌرح خرلي  5٘٘ذُ ظّغ ت١أاخ ػدد 

ّٕرتة ِٚعّٛػح لط١غ اٌىٕرسٚي طثما ٌٍّؼاٍِرح اٌٛزاش١رح ٌّٙرا. ذرُ ػشٛائ١ح إٌٝ ِعّٛػر١ٓ ّ٘ا ِعّٛػح اٌمط١غ اٌاٌمط١غ الأظاظٟ تصٛزج 

ذٍم١ػ اٌدظاظاخ صٕاػ١اً تٕعثح ظٕع١ح ٚاؼد ذوس إٌٝ وً شلز إٔاز. فٟ ٚلد اٌفمرط ذرُ ذرسل١ُ ظ١ّرغ اٌىراو١رد فرٟ اٌعٕراغ ٚذٕعر١ثٙا. ظ١ّرغ 

ٛع اٌصرآِ ِرٓ اٌؼّرس، تؼرد ذٌره ذّرد اٌرلر٠رح ػٍرٝ % تسٚذ١ٓ خاَ ٚذٌره ؼررٝ الأظرث ٘ٓ.5ٔرٛٞ ػٍٝ اٌىراو١د غر٠د ػٍٝ ػ١ٍمح تادئح ذؽ

%  تسٚذ١ٓ خاَ ِٓ الأظثٛع اٌراظغ ؼرٝ الأظثٛع اٌعادض ػشس ِرٓ اٌؼّرس، ٚتؼرد٘ا غرر٠د اٌط١رٛز ػٍرٝ  ٔٓ.ٗٔػ١ٍمح ٔا١ِح ذؽرٛٞ ػٍٝ 

 % تسٚذ١ٓ خاَ. ٙٗ.4ٔػ١ٍمح إٔراظ١ح ذؽرٛٞ 

 Stepلإٔراض ٚظُىّٕد فٟ ألفاص فسد٠ح. ذُ اظررتداَ تسٔراِط الإءراءج  ذُ ٔمً اٌثدازٜ إٌٝ ػٕثس ا دض ػشس ِٓ اٌؼّسفٟ الأظثٛع اٌعا

down-step up  ُخلي فرساخ اٌؽضأح ٚاٌسػا٠ح ٚالإٔرراض. ظ١ّرغ اٌث١أراخ ذرُ ذعرع١ٍٙا ػٍرٝ اٌؽاظرة ٚذرُ ذؽ١ٍٍٙرا إؼصرائ١ا ٚ ٚزاش١را ٚذر

 وّا ٠ٍٟ: . ٚأُ٘ إٌرائط ِّىٓ ذٍت١صٙأرتاتٟالإاٌد١ًٌ  َ طس٠محتاظرتدأرتاب الإذطث١ك 

 متىسطاث الصفاث 

ذررساٚغ  ت١ّٕررا  ،٠ررَٛ 56.4ٕ٘ٗٔورراْ ِرٛظررظ اٌؼّررس ػٕررد إٌضررط اٌعٕعررٟ فررٟ اٌع١ررً الأٚي  العمررر عىررذ الىلررس الجىسرري: .1

وأرد ٕ٘ران فرسٚق ِؼ٠ٕٛرح تر١ٓ اٌع١رً الأٚي  ؼ١رس  ٠رَٛ ٘٘.44ٔتر١ٓ اٌع١ً اٌصرأٟ فٝ ِرٛظظ اٌؼّس ػٕد إٌضط اٌعٕعٟ 

 اٌّؼ٠ٕٛح(. ٚاٌصأٟ  )وأد اٌفسٚق ت١ٓ اٌع١ٍ١ٓ ػا١ٌح

ظررُ،  4ٕ٘ٗ.ٖٙٓٔٚي الأفررٟ اٌع١ررً ورراْ ِرٛظررظ ٚشْ اٌععررُ ػٕررد إٌضررط اٌعٕعررٟ  وزن الجسررم عىررذ الىلررس الجىسرري : .2

 ِؼ٠ٕٛاً ػٍٝ ٚشْ اٌععُ ػٕد إٌضط اٌعٕعٟ.ٔرتاب الإٌُ ٠ؤشس  ؼ١س ظُ ٘ٙ٘ٔ.ٙٔٔٔٚخلي اٌع١ً اٌصأٟ واْ 

ظرُ. أِرا فرٟ اٌع١رً اٌصرأٟ فمرد تٍر  ِرٛظرظ ٚشْ  ٖٖٖ.ٕٔٔٔفرٟ اٌع١رً الأٚي  كان متىسط وزن الجسم عىذ الىلرس الترا  .3

ٚظررٛد أٞ فررسٚق ِؼ٠ٕٛررح ٚورراْ اٌّرٛظررظ اٌؼرراَ فررٟ ظ١ّررغ اٌط١ررٛز ظررُ ترردْٚ  ٕٓٔ٘.ٕٕٕٔاٌععررُ ػٕررد إٌضررط اٌررراَ 

 ظُ. 65ٕٓ.4ٕٔٔ

 ظرُ 54ٔ٘.4ٖواْ ِرٛظظ ٚشْ اٌث١ضح ػٕد إٌضط اٌعٕعٟ فٟ اٌع١ً الأٚي   متىسط وزن البيلت عىذ الىلس الجىسي: .4

 أٞ فسٚق ِؼ٠ٕٛح ت١ّٕٙا. تدْٚظُ  4ٕٙٗ.ٖٙثٍ  ِرٛظظ ٚشْ اٌث١ضح ػٕد إٌضط اٌعٕعٟ فاٌع١ً اٌصأٟ أِا فٝ 

ظرُ. ٘ررا ػرلٚج ػٍررٝ أٔرٗ فرٟ اٌع١رً اٌصرأٟ تٍرر   4ٖٙ٘.ٙٗفرٟ اٌع١رً الأٚي  كران متىسرط وزن البيلرت عىرذ الىلرس التررا  .5

 4ٖٙ٘.ٙٗٚي الأُ ٠ترٍر  ِؼ٠ٕٛراً ػرٓ ِرٛظرظ ٚشٔٙرا فرٟ اٌع١رً ظُ ٚاٌرٞ ٌ ٖٗ٘ٗ.ِٙٗرٛظظ ٚشْ اٌث١ضح ػٕد إٌضط 

 فٟ ٘رٖ اٌرعستح.ٔرتاب الإشْ اٌث١ض ػٕد إٌضط ِؼ٠ٕٛاً ترأش١س أشس ٌُٚ ٠ر وّا ظُ
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ت١ضرح . ٚتؼرد ذٌره ٚفرٟ  5٘ٓ.ٕٗٚي الأفرٟ اٌع١رً  يرى  مره الإوترا  09كان المتىسط العا  لعذد البري  المىرتس فري  و   .6

ِؼ٠ٕٛاً ػٓ ِرٛظرظ الإٔرراض فرٟ ؼ١س اخرٍ  ح ت١ض ٖٔ٘ٙ.٠َٗٗٛ الأٌٚٝ  6ٓاض اٌث١ض فٟ اياٌع١ً اٌصأٟ واْ ِرٛظظ إٔر

٠رَٛ الأٌٚرٝ ِمازٔرح  6ٓذؽعٓ فٟ ػدد اٌث١ض إٌّرط خرلي  إٌٝٔرتاتٟ الإذطث١ك اٌد١ًٌ أدٜ ت١ضح.  5٘ٓ.ٕٗاٌع١ً الأٚي 

 ػا١ٌح اٌّؼ٠ٕٛح(.ت١ضح )ٚوأد اٌفسٚق ت١ٓ اٌتط١ٓ  6٘٘.ٕتاٌع١ً الأٚي ٚذٌه تّا ٠ؼادي +

ت١ضرح. فرٟ اٌع١رً اٌصرأٟ ِرٓ اٌرعسترح وراْ   4ٖٗٙ.ٔ٘  سربى  24كان متىسط إوتا  البري  حترى عمرر و  الأ لجيلفي ا .7

اظررتداَ ذطث١رك ػرٓ ٔررط ٌٛؼظد فسٚق ػا١ٌح اٌّؼ٠ٕٛح ت١ٓ اٌع١ٍر١ٓ. ٚت١ضح   ٔٔٔ.5٘أظثٛع  ٕٗإٔراض اٌث١ض ػٕد ػّس 

 .(ت١ضحٖٙٗ.ٙ+)فٟ ِرٛظظ إٔراض اٌث١ض  ٕٛٞذؽعٓ ِؼٔرتاتٟ الإاٌد١ًٌ 

اٌؼراَ، ٌٚرُ ذظٙرس ٔرتراتٟ الإاٌرد١ًٌ ظررتداَ ئتٔرتراب الإِؼ٠ٕٛراً ترطث١رك اٌداخ١ٍح ٚاٌتازظ١ح( ) جىدة البيلت صفاثٌُ ذرأشس  .8

 اٌتظ إٌّرتة ٚخظ اٌىٕرسٚي. ٔرائط اٌرؽ١ًٍ الإؼصائٟ أٞ اخرلفاخ ِؼ٠ٕٛح ت١ٓ 

 ريت و الىراثيت:المقاييس المظه 

ٌررٛشْ اٌععررُ ػٕررد إٌضررط  64ٔ.ٓٚ  ٖٕٔ.ٓظُررعٍّد أػٍررٝ ل١ّررح ٌٍّىررافي اٌررٛزاشٟ ٌصررفح ٚشْ اٌععررُ ) المكررافا الررىراثي: .1

ٌصرفاخ إٔرراض  اٌعٕعٟ ٚ ٚشْ اٌععُ ػٕد إٌضط اٌراَ ػٍٝ اٌرٛاٌٟ(. ٘را ػلٚج ػٍٝ أْ ألً ل١ّح ٌٍّىرافي اٌرٛزاشٟ ظُرعٍّد

( فٟ اٌمط١غ ذؽرد اٌدزاظرح 4ٔٔ.ٓ( ٌٚصفح ٚشْ اٌث١ضح ػٕد إٌضط )ٖٓٔ.ٓالإٔراض ) ٠َٛ الأٌٚٝ ِٓ 6ٓاٌث١ض خلي اي

( فررٟ صررفاخ إٔررراض 5ٖٙ.ٓٚ  5ٙٔ.ٓ، ٕ٘٘.ِٓررٓ دظرراض إٌٛزفررا. ٌٛؼظررد لرر١ُ ِرٛظررطح إٌررٝ ِسذفؼررح ٌٍّىررافي اٌررٛزاشٟ )

ٍررٝ اٌرررٛاٌٟ فررٟ د إٌضررط اٌعٕعررٟ ٚ اٌؼّررس ػٕررد إٌضررط اٌعٕعررٝ، ػأظررثٛع ِررٓ اٌؼّررس، ٚشْ اٌث١ضررح ػٕرر ٕٗاٌثرر١ض ؼرررٝ 

 اٌدزاظح اٌؽا١ٌح.

اٌّظٙرسٞ تر١ٓ اٌؼّرس ػٕرد زذثراط ٌلإأظٙرسخ إٌررائط ل١ّراً ِرٛظرطح إٌرٝ ِسذفؼرح تإٌعرثح المظهريرت والىراثيرت: رتباطاث الإ .2

اٌؼّس ػٕد إٌضرط اٌعٕعرٟ ازذثاطراً ِٛظثراً ترٛشْ اٌععرُ ثظ ازذ :ِظٙس٠اً إٌضط اٌعٕعٟ ٚاٌصفاخ الأخسٜ ذؽد اٌدزاظح. 

( ، ت١ّٕررا ٖ٘٘.ٓ( ٚٚشْ اٌث١ضرح ػٕرد إٌضرط اٌعٕعرٟ )6ٓٔ.ٓ-( ، ٚشْ اٌععرُ إٌاءررط )5ٖٓ.ٓ-ٌعٕعرٟ )ػٕرد إٌضرط ا

ثٛع أظر ٕٗ( ٚإٔراض اٌث١ض ؼرٝ 6ٓٔ.ٔ-٠َٛ الأٌٚٝ ِٓ الإٔراض ) 6ٓوأد ٘رٖ اٌؼللح ظاٌثح ِغ ػدد اٌث١ض إٌّرط خلي 

ظررعٍد ل١ّرراً ِٕتفضررح  :(. ٚزاش١رراً 4٘ٗ.ٓ-)( ٚتصررٛزج غ١ررس ِرٛلؼررح ِررغ ٚشْ اٌث١ضررح ػٕررد إٌضررط 5ٖٓ.ٔ-ِررٓ اٌؼّررس )

ٌلزذثاط ت١ٓ اٌؼّس  أظثٛع ِٕٗغ ػدد اٌث١ض إٌّرط ػٕد ػّس (  5ٙ6.ٓ-ِغ ٚشْ اٌععُ إٌاءط( إٌٝ ِسذفؼح ) 6ٙٓ.ٓ)

سترح اٌؽا١ٌرح. ازذرثظ اٌؼّرس ػٕرد إٌضرط اٌعٕعرٟ إ٠عات١راً ِرغ ٚشْ ػٕد إٌضط اٌعٕعٟ ِٚترٍ  اٌصفاخ اٌّدزٚظح فرٟ اٌرع

إٌضط، ٚشْ اٌععُ ػٕد إٌضط اٌعٕعٟ ٚٚشْ اٌث١ضح ػٕد إٌضط اٌعٕعٟ، ِٚٓ ظأة آخس، ازذرثظ ظرٍث١اً ِرغ  اٌععُ ػٕد

ٙرح إٌظرس أظثٛع ٚٚشْ اٌث١ضح ػٕد إٌضط ِرٓ ٚظ ٠َٕٗٛ الأٌٚٝ ٚإٔراض اٌث١ض ػٕد ػّس  6ٓوً ِٓ إٔراض اٌث١ض خلي 

 اٌٛزاش١ح.

أظرثٛع   ٕٗاٌصرفاخ اٌّدزٚظرح ِرا ػردا إٔرراض اٌثر١ض ػٕرد ػّرس ازذثظ ٚشْ اٌععرُ ػٕرد إٌضرط اٌعٕعرٟ إ٠عات١راً ِرغ أغٍرة

اٌّظٙرسٞ ٌصرفح ٚشْ اٌععرُ ػٕرد إٌضرط اٌعٕعرٟ ِرغ اٌصرفاخ الأخرسٜ ذمرغ تر١ٓ زذثراط الإ( . واْ ِدٜ ل١ّح ِؼاِرً 5ٔٔ.ٓ)

)ِسذفؼررح ِررغ ٚشْ اٌععررُ  ٖٓٓ.٠ٓررَٛ الأٌٚررٝ ِررٓ الإٔررراض( إٌررٝ  6ٓد اٌثرر١ض إٌّرررط خررلي )ِٕتفضررح ظرردا ِررغ ػررد 5ٕ٘.ٓ

اٌّظٙرسٞ تر١ٓ ٚشْ اٌععرُ ػٕرد إٌضرط اٌعٕعرٟ زذثراط الإإٌاءط(. ِٓ ٚظٙح إٌظس اٌٛزاش١ح ٌٛؼع ٔفط اٌرٛظٗ وّا فٟ ؼاٌرح 

-اٌٛزاش١رح )ٚذساٚؼرد تر١ٓ زذثاطراخ ٌلإػا١ٌرح تإٌعرثح ٚاٌصفاخ الأخسٜ اٌّدزٚظح ٌٚىٓ وأد اٌم١ُ ذرساٚغ ت١ٓ ِرٛظطح إٌرٝ 

 ِغ ٚشْ اٌث١ض ػٕد إٌضط اٌعٕعٝ(. ٕٔٗ.ٓع ِٓ اٌؼّس إٌٝ أظثٛ ِٕٗؼا ػدد اٌث١ض إٌّرط ؼرٝ  ٙ٘ٔ.ٓ

فٟ اٌمط١غ اٌّدزٚض ِٓ دظاض إٌٛزفا ازذثظ ٚشْ اٌععُ إٌاءط ِظٙس٠ا تصٛزج ِٛظثح ِغ ورً اٌصرفاخ ذؽرد اٌدزاظرح. 

 ٖٓٓ.ٓأظرثٛع ِرٓ اٌؼّرس( إٌرٝ  ٕٗ)ِٕتفضح ظدا ِرغ إٔرراض اٌثر١ض ؼررٝ  ٕٕٔ.ٓاٌّظٙسٞ ذرساٚغ ت١ٓزذثاط الإد ل١ّح ٚوأ

اٌٛزاش١رح تر١ٓ ٚشْ اٌععرُ إٌاءرط ٚاٌصرفاخ الأخرسٜ ذؼىرط زذثاطاخ الإ)ِسذفؼح ِغ ٚشْ اٌععُ ػٕد إٌضط اٌعٕعٟ(. وأد 

 )ِغ ٚشْ اٌث١ضح ػٕد إٌضط(. 4ٕٕ.ِٓغ اٌؼّس ػٕد إٌضط اٌعٕعٟ( ٚ  6ٙٓ.ٓٓ )اذعا٘اً ِٛظثاً ٚذساٚؼد ل١ّٗ ت١
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٠َٛ الأٌٚرٝ ٚترالٟ اٌصرفاخ ذؽرد اٌدزاظرح ِٛظثرح ِٚسذفؼرح  6ٓخلي اٌّظٙس٠ح ت١ٓ إٔراض اٌث١ض زذثاطاخ الإوأد أغٍة 

ِررغ ٚشْ اٌععررُ ػٕررد إٌضررط  54ٗ.ٓٚ  5ٕ٘.ٓاٌم١ّررح ِررا ػرردا ٚشْ اٌععررُ ظررٛاء ػٕررد إٌضررط اٌعٕعررٟ أٚ ػٕررد إٌضررط اٌررراَ )

 اٌععّٝ ٚػٕد إٌضط اٌراَ، ػٍٝ اٌرٛاٌٝ(. 

ج ِٛظثرح ِرغ ورً اٌصرفاخ اٌّدزٚظرح ِرا ػردا اٌؼّرس ػٕرد ٠َٛ الأٌٚرٝ ِرٓ ِرٓ الإٔرراض تصرٛز 6ٓازذثظ إٔراض اٌث١ض خلي 

ظْٙساً اٌؼللح ا ٙٗ٘.ٓ-ِسذفغ زذثاط الإإٌضط اٌعٕعٟ ٚزاش١اً واْ  ُِ اخ أْ ٌؼىع١ح اٌم٠ٛح تر١ٓ اٌصرفر١ٓ. ٚأظٙرسخ اٌصرفاٌم١ّح 

 ؼدج ذمس٠ثاً. ٚ اٌٛ 55ٕ.ٓ-٠َٛ الأٌٚٝ ٚتالٟ اٌصفاخ ذمغ فٟ ِدٜ ٠رساٚغ ت١ٓ  6ٓالازذثاطاخ ت١ٓ إٔراض اٌث١ض خلي 

  والعائذ الىراثي المتىقع:وتخابيت الإالأدلت 

ٕائٙا فٟ اٌدزاظح اٌؽا١ٌرح )ذشررًّ ػٍرٝ اٌرد١ًٌ اٌؼراَ، الأدٌرح اٌّؽرددج ٌصرفح ً( ذُ تد١ٌ ٖٔ)ٔرتات١ح الإٕ٘ان اٌؼد٠د ِٓ الأدٌح 

مازٔرح تاٌرد١ًٌ اٌؼراَ ِّىرٓ ؼعراتٙا ِرٓ أٌٚصفر١ٓ ٚ الأدٌح اٌّترصسج ٌصفح أٌٚصفر١ٓ(. طثماً ٌٕرائط اٌدزاظح وأد أوفرأ الأدٌرح ِ

 اٌّؼادلاخ اٌرا١ٌح:

 الكفاءة الذليــــــل الاوتخـــــــــابي

IG = 0.1335 EN90 + 0.1273 EWSM + 0.0044 BWSM  

IR-BWSM = 0.0633 EN90 + 0.0627 EWSM - 0.0019 BWSM 

ID-BWSM = 0.143 EN90 + 0.2046 EWSM 

ID-EWSM = 0.1145 EN90 + 0.0058 BWSM 

(100%) 

(38.65%) 

(87.801%) 

(94.04%) 

 94.04اءج ٔعرث١ح ِمازٔرح تاٌرد١ًٌ اٌؼراَ )ػٕد إٌضرط اٌعٕعرٟ أػٍرٝ وفراٌّترصس ٌصفح ٚشْ اٌث١ضح ٔرتاتٟ الإؼمك اٌد١ًٌ 

ٌصرفح %( ٚأخ١ساً اٌد١ًٌ اٌّؽردد ذؽد٠رداً وراِلً  87.801%( ِرثٛػاً تاٌد١ًٌ اٌّترصس ٌصفح ٚشْ اٌععُ ػٕد إٌضط اٌعٕعٟ )

 %(.  38.65ٚشْ اٌععُ ػٕد إٌضط اٌعٕعٟ )

ظرُ ٚ +  0.4794ت١ضرح، + ٠1.0118ؼادي +   ٠ؽعٓ اٌصفاخ اٌّدزٚظح تّا اٌّرٛلغ أْاٌؼاَ  ِٓ ٔرتاتٟ الإذطث١ك اٌد١ًٌ 

٠رَٛ ِرٓ الإٔرراض، ٚشْ اٌث١ضرح ػٕرد إٌضرط اٌعٕعرٟ ٚ ٚشْ اٌععرُ ػٕرد  6ٓظُ ٌىرً ِرٓ صرفاخ إٔرراض اٌثر١ض ؼررٝ  36.281

ح ٚشْ اٌث١ضرح ػٕرد إٌضرط اٌعٕعرٟ اٌعٕعٟ، ػٍٝ اٌرٛاٌٟ. أِا اٌؼائد اٌٛزاشٟ اٌّرٛلغ ػٕد ذطث١ك اٌد١ًٌ اٌّترصس ٌصرف إٌضط

اٌث١ضح ػٕد إٌضط اٌعٕعٟ ٚٚشْ اٌععُ ػٕد إٌضط اٌعٕعٟ ِعرا٠ٚاً  ٠َٛ  ِٓ الإٔراض ٚٚشْ 6ٓفٟ صفاخ إٔراض اٌث١ض ؼرٝ 

ٍٝ اٌرٛاٌٟ. ػرلٚج ػٍرٝ ذٌره فرئْ ذطث١رك اٌرد١ًٌ اٌّترصرس ٌصرفح ٚشْ ظُ ػ 6ٕٓ.ٖ٘ظُ ٚ +  ٕٖٗٓ.ٓت١ضح، +  ٕٔٔ.ٔ+ 

+ ظررُ ٚ  4ٕٙٗ.ٓت١ضررح، +  46ٗ4.ٌٓعٕعررٟ ظررٛف ٠مررٛد إٌررٝ ذؽم١ررك ػائررد ٚزاشررٟ ِرٛلررغ ٠عرراٚٞ + اٌععررُ ػٕررد إٌضررط ا

٠ررَٛ الإٔررراض ٚٚشْ اٌث١ضررح ػٕررد إٌضررط اٌعٕعررٟ ٚٚشْ اٌععررُ ػٕررد إٌضررط  6ٓظررُ فررٟ صررفاخ إٔررراض اٌثرر١ض ؼرررٝ  6ٔٔ.ٕ٘

د ٌصرفح ٚشْ اٌععرُ ػٕرد إٌضرط اٌعٕعرٟ ٌعٕعٟ، ػٍٝ اٌرٛاٌٟ. ٚأخ١سًا فرئْ اٌؼائرد اٌرٛزاشٟ اٌّرٛلرغ ػٕرد ذطث١رك اٌرد١ًٌ اٌّؽردا

، تاٌرراتغ. ِٚٓ ت١ٓ وً الأدٌح اٌررٟ ذرُ اقررمالٙا فرٟ ٘ررٖ اٌدزاظرح فرئْ  ظُ ٓٓٓ.ٓظُ ٚ  ٖ٘ٗٓ.ٓت١ضح، +  5ٙٔٗ.٠ٓؼادي + 

 غٛتح ٚزاش١اً ٌّترٍ  اٌصفاخ اٌّدزٚظح تٕاء ػٍٝ ل١ّح اٌؼائد اٌٛزاشٟ اٌّرٛلغ. اٌد١ًٌ اٌؼاَ ٠ؼطٟ أفضً إٌرائط اٌّس

 :)العائذ الىراثي المحقق )الفعلي 

ٌّدج ظ١ً ٚاؼد ؼعٓ صفاخ إٔراض اٌثر١ض اٌّترٍفرح ٔرتاب الإاظرتداَ اٌد١ًٌ اٌؼاَ فٟ إظساء  أْأظٙسخ ٔرائط ٘رٖ اٌدزاظح 

ٌعٕعرٟ، فؼٍرٟ )اٌّؽمرك( ٌصرفاخ اٌؼّرس ػٕرد إٌضرط اٌعٕعرٟ، ٚشْ اٌععرُ ػٕرد إٌضرط ا. ٚواْ اٌؼائد اٌرٛزاشٟ اٌذؽد اٌدزاظح

ٌٚرٝ ِرٓ الإٔرراض، ٚشْ اٌث١ضرح ػٕرد إٌضرط اٌعٕعرٟ، ٚٚشْ ٠رَٛ الأ 6ٓٚشْ اٌععُ ػٕد إٌضط اٌرراَ، إٔرراض اٌثر١ض خرلي اٌر  

ظرُ،  5ٕٓ.ٖٔظرُ، +  4.5َٕ٘ٓ، + ٠ٛ 66ٓ.ٔ –أظثٛع ٠عاٜٚ  ٕٗاٌث١ضح ػٕد إٌضط اٌراَ ٚأخ١ساً إٔراض اٌث١ض ؼرٝ ػّس 

 ٛاٌٝ.ت١ضح ػٍٝ اٌر 4.6ٕٗٚ+  ظُ 6٘ٓ.ٓ -ظُ،  ٕٗٓ.ٓ+  ت١ضح، ٕٖٗ.4+ 

اٌرٝ ذشرًّ ػٍٝ اٌصلز صفاخ الأظاظ١ح فٝ إٔراض اٌث١ض )أٜ ٔرتات١ح الإِٓ ٔرائط اٌدزاظح ٠ّىٓ اظرٕراض أٔٗ ترطث١ك الأدٌح 

ٝ ح ػٕد إٌضرط اٌعٕعرٟ ٚٚشْ اٌععرُ ػٕرد إٌضرط اٌعٕعرٟ( أدٜ إٌر٠َٛ ِٓ الإٔراض، ٚشْ اٌث١ض 6ٓصفاخ إٔراض اٌث١ض ؼرٝ 

 اٌؼللاخ اٌعاٌثح ٚاٌرٝ ذُ ِلؼظرٙا ت١ٓ تؼض اٌصفاخ.ذؽع١ٓ أداء إٔراض اٌث١ض فٝ دظاض إٌٛزفا تلض إٌظس ػٓ 
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