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ABSTRACT 

 

Background: khat is a plant which is cultivated in Yemen and the horn 

of Africa. The small leaves are chewed by people for their stimulating 

effects. The mental and physical stimulating effects of khat chewing 

are due to the sympathemimetic substances in khat. The most 

important is cathinone.  

Smoking is also an increasing health problem in Yemen. The aims of 

this study, therefore, are to determine the prevalence of khat chewing 

and smoking habit among Yemeni women in Aden governorate and to 

find the association between khat chewing and smoking.  

Methodology: A cross-sectional study was conducted which  involved 

250 women from different sectors of society in Aden governorate.  

Results: The study showed that the life time prevalence of smoking 

was 80% while both life time smokers and chewers was 100%. Thirty 

three percent (33% ) of the life time chewers and 32.7% of the life 

time smokers have duration of khat chewing and smoking from 10 to 

19 years. 15.9% of the ever khat chewers and 19.6% of the ever 

cigarette smokers have had duration from 30 to 39 years. Also, the 

study shows that the habit of khat chewing is a very important risk 

factor in increasing the addiction of smoking with a frequency of 

96.9% of smoking during khat chewing, compared to 3.3% of khat 

chewing without smoking.  

Conclusion: The study demonstrated high prevalence of smoking and 

khat chewing among women in Aden governorate. Also, the study 

demonstrated the high prevalence of cigarette smoking among 

chewers.  

Keywords: Khat chewing, Smoking, Women, Yemen  
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INTRODUCTION 

Tobacco and khat are two of the many habits/drugs to which people can become addicted 

[1]. Chewing khat, a psychotropic plant, is a deeply rooted addictive habit in Yemeni 

society. Khat has been cultivated for use as a stimulant for centuries in Yemen, other parts 

of the Arabian Peninsula as well as the Horn of Africa [2, 3]. The khat chewing habit is 

particularly widespread in Yemen [4,5]. Although the habit was traditionally practiced by 

men, it is now prevalent among women and all socio-economic groups. It has been 

estimated that about 80% of Yemeni men and 60% of women chew  khat [2]. It is 

especially common in social gatherings and ceremonies such as wedding celebrations and 

death  mourning. Many Yemeni men and women also spend most of their afternoons 

chewing khat, owing to the pleasant stimulant action it provides. It is believed that khat 

offers a sense of euphoria, cheerfulness [4,5], relief from fatigue , increased energy levels, 

ability to communicate easily, capacity to associate ideas and to improve self confidence 

[4,5,6]. On the other hand, khat is addictive, and has many negative health consequences 

[7]. It contains several chemical elements, the most important of which is cathinone, a 

stimulant of the central nervous system and is believed to have the same effect as 

amphetamine. Khat chewing leads, therefore, to anxiety, mood disturbances, depression, 

and insomnia [4,5].The nicotine in cigarette smoke is known to have an addictive effect. 

Compulsive use, psycho-active effects, and drug-reinforced behaviour are the primary 

criteria for defining drug addiction [ 8, 9,10]. Cigarette smoking causes lung cancer, athero-

sclerotic cardiovascular diseases, intrauterine growth retardation, spontaneous abortion, 

antepartum haemorrhage, female infertility, peptic ulcer disease, chronic obstructive lung 

disease, sexual dysfunction in men, and many other diseases. Passive smokers can also 

acquire diseases associated with cigarette smoking [10, 11, 12, 13, 14, 15,16]. Habits of 

khat chewing and smoking are major contributors to gross dental staining [17,18]. 

There are no available precise figures on the prevalence of khat usage and smoking 

among Yemeni women in Aden governorate. This study is thus timely to determine the 

prevalence of khat chewing and smoking habit among women in Aden governorate and to 

find the association between khat chewing and smoking.  

 

METHODOLOGY  

A Cross-sectional study was conducted in Aden governorate from 2002 to 2004, which is 

the economic and commercial capital of Yemen, and the most important sea outlet for 

Yemen to the Arabian Sea and the Indian Ocean. 

Aden governorate consists of eight districts and occupies an area of 6980 km
2
, with an 

estimated population of 590,000 inhabitants.  

This cross sectional study involved 250 women from different parts of Aden (societies, 

institutes and colleges). 

Twenty five women from each organization or institutions (Pharmacy, Economic and 

Education collages in Aden University, Yemen Women union association in Aden, 

Development charity association in Aden, Child care association in Aden, Aden University 

staff members, Ministry of Public Health office staff members in Aden, and 25 house wives 

in Aden community) were randomly selected using a convenience method.  

 A structured self-administered questionnaire was employed for data collection. The 

variables included were socio-demographic characteristics, use of khat/cigarettes, 
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motivating factors that initiate people to use khat/ smoking, reasons why people use 

khat/smoking, health hazards of khat chewing/smoking, and attitude towards khat use. 

Ethical clearance and permission were obtained from the Research Committee of Thamar 

University, and before starting the data collection, oral permission was also obtained from 

the individual target women, by explaining the purpose of the study and promising them 

that the information collected would be kept anonymous; and participation was totally 

voluntary.  

 

The operational definitions used:- 

I. Khat chewing: 

(a) Non-user: Person, who has never used khat in any form, (b) Lifetime prevalence of 

chewing: the proportion of the study population who had ever chewed khat in their lifetime, 

(c) Ever chewer: An individual is considered an ever chewer even if she had chewed only 

once in her lifetime.  

II. Smoking  

Non-smoker: Person, who has never used cigarette in any form, (b) Lifetime prevalence 

of smoking: the proportion of the study population who had ever smoked in their lifetime, 

(c) Ever smoker: An individual is considered an ever smoker even if she had smoked only 

once in her lifetime.   

Frequency tables were used for data presentation and the association between khat 

chewing and smoking was considered statistically significant at p <0.05 by using chi-

squared test. Data was analyzed using SPSS version 11.5. 

 

RESULTS 

Two hundred and fifty women were included in this study and the overall response rate was 

214 (85.6%).One hundred and twelve (52.3%) were married, 68 (31.8%) were single, 

12(5.6%) were divorced and 22 (10.3%) were widows (figure 1). 
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Figure (1): marital status of studied women 
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Figure 2 shows the age distribution among women included in this study. About 38.3% of 

the women were in the age group 20-30, the minimum age was 20 years and the maximum 

72.   
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Figure (2): Age distribution among women included in this study. 

 
The life time prevalence of smoking was 80%, while both life time smokers and chewers 

100%, table 1.  

 
Table (1): Prevalence of khat chewing and cigarette smoking among women in Aden 

governorate (gov.) 
 

khat chewing /Smoking status  N0(total n=214) Percent*  

Neither chewer  nor smoker 0 0% 

Life time khat chewer 214 100% 

Life time smoker 172 80% 

Both life time chewer and smoker  172 80 % 

Life time chewer or smoker  214 100% 
*the percentages do not add up to 100% because one category can be included in the other  

 

 

Seventy one (33.2%) of the lifetime chewers and 70 (32.7%) of the lifetime smokers 

have a duration of khat chewing and smoking  from 10 to 19 years .Thirty four (15.9%) of 

the ever khat chewers and 28(19.6%) of the cigarette smokers have had duration from 30 to 

39 years  (Table 2). 
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Table (2): Duration of khat chewing /smoking among women in Aden gov. 

 

Time in years 
Ever khat chewers  

(total n=214; (No (%)) 

Cigarette ever smokers  

(total n=214; (No (%)) 

Less than 1 year (1<) 2 (0.9%) 1(0.5%) 

1-9 71(33.1%) 70(32.7%) 

10-19 70(32.7%) 40(18.7%) 

20-29 37(17.3%) 33(15.4%) 

30-39 34(15.9%) 28(13.1%) 

Non chewers/smokers 0 42(19.6%) 

 
The main reason given for chewing khat or smoking was for relaxation and pleasure 

(72.5%), to keep alert while working were the main reason for starting chewing or 

smoking,( 20,6%). Table 3 shows the reasons for starting khat chewing or smoking. 

 
Table (3): Reasons given by women in Aden for chewing khat and cigarette smoking  

 

Reason 
Khat chewing or cigarette smoking (n=214) 

No (%) 

Relieve stress 15(7%) 

To keep alert while  working 44(20.6%) 

For relaxation and pleasure  155 (72.4%) 

 

On the contrary, many women believe that khat chewing and cigarette smoking have 

health risks. Sleeplessness (35.5%) was the main risk factor for the khat chewing, while the 

addiction mentioned as the main health problem of chewing khat or cigarette smoking 

(30.8%). Table 4 show the main health risks associated with khat chewing and cigarette 

smoking as perceived by the study group. 

 
Table (4): Health risks of khat chewing/smoking mentioned by women in Aden gov. 

 

Health risk N0 (%*) 

Addiction 66(30.8 %%) 

Health risks 51(23.8%) 

Increase susceptibility to many diseases 10(4.7%) 

Gastrointestinal disorders 31(14.5%) 

Sleeplessness 76(35.5%) 

Anxiety 22(10.3%) 

Family problems 37(17.3%) 

Didn’t mention any health risks 103(48.2%) 
NB: *1. The percentages are calculated from the total number of women 

who reported that khat chewing/cigarette smoking has health risk n=214 

 

 

2. The percentages do not add up to 100% because one responder can give more than one 

answer 

The risk of smoking increased with chewing khat (X
2
 = 186.9, P 0.0005), table 5. 
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Table (5): Shows the association between khat chewing and smoking.  

 

Khat chewing 

/smoking status 
Frequency 

Chi-square test  

(X2 ) 

Df (degree of 

freedom ) 
p-value 

Khat chewing with 

smoking 
207(96.7%) 

186.916 1 0.0005 
Khat chewing without 

smoking 
7(3.3%) 

 
DISCUSSION  

This study revealed that 100% of the lifetime prevalence rate is for  khat chewing and 80%  

for smoking among women in Aden governorate. Both life time prevalence rates in this 

study group are higher compared to previous studies done in Ethiopia and Aden  by  

Kebede [1] ,Alkhader Laswer and Hashem [3] respectively .The possible explanation for 

this difference could be that  the previous studies were done among college students. 

The duration of taking khat or smoking ranges from  1 to 39 years among our study 

group. From this finding, possible explanation includes Yemeni social view; with 

increasing age there is an increasing social acceptance of khat chewing . In agreement with 

this statement is that the main reasons mentioned for started chewing khat / smoking were 

relaxation and pleasure (72.5%). To keep alert while working (20.6%) is the second reason 

mentioned by our study group. This is an important indication to direct interventions 

towards decreasing the prevalence of these habits. 

 Many women believe that khat chewing and smoking have health risks. Sleeplessness 

(35.5%) was the main risk factor for khat chewing, while addiction was mentioned as the 

main health problem of khat chewing and cigarette smoking. On the other hand, 48.2% 

didn’t mention any health problems; this indicates that there is a need for health education 

and promotion about khat chewing and cigarette smoking.  

About 20% of the study group were non-smokers, and these are good examples for 

smokers, in that stopping these habits is possible. 

In this study 96.7% declare that they smoke during khat session .This finding indicates 

positive association between smoking and chewing khat (X
2
 = 186.916, df=1, p=0.0005). 

One limitation of this study is that 100% response was not obtained; of course this is 

one of the limitations of self-administered questionnaires. The other limitation could be that 

all women might not give genuine answer to the questions they were asked. This might 

underestimate the prevalence of cigarette smoking. 

 

CONCLUSIONS 

In general the prevalence of khat chewing and cigarette smoking among women in Aden 

governorate were high. Most of women knew the commonest health risks associated with 

khat chewing and cigarette smoking, while some of them didn’t mention any health 

problems.  

The association between smoking and khat chewing is statistically significant  

(X
2
 = 186.916, df=1, p=0.0005). 
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RECOMMENDATIONS  

Based on the finding of this study the following recommendations are made:  

1. Colleges, institutes and women associations should educate their staff members on the 

health problems associated with khat chewing and cigarette smoking.  

2. The mass media should also give emphasis to the problems of khat and cigarette 

smoking. 
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 اَتشار ظاهرج انقاخ وانتذخيٍ تيٍ انُساء 

 في يحافظح عذٌ تانجًهىريح انيًُيح 

 

 
اؽّد ػٍٟ لب٠د صبثذ

1
اٌعسٚزٞ ةػجد اٌس، ظٙبَ  

2
، اؽّد اٌؾعسأٟ 

3
  

 
 اٌّشبزن ،و١ٍخ اٌطت ٚاٌؼٍَٛ اٌصؾ١خ ، عبِؼخ ذِبز  اظزبذ اٌٛثبئ١بد .1

 ، ِؾبفظخ ػدْ  ٌلأد٠ٚخِد٠س ادازح اٌّؼٍِٛبد ٚاٌجؾٛس ، ا١ٌٙئخ اٌؼ١ٍب  .2

 اظزبذ اٌغساؽخ اٌؼبِخ ، زئ١ط عبِؼخ ذِبز  .3

 

 
 

 يهخص

الاصاس  ِآ اعاً اٌؾصاٛي ػٍاٝصاي١سح اٌ ٗأٚزالاإٌابض ٠ّعا  ػابدح ٔجبد اٌمبد  ٠صزع فٟ ا١ٌّٓ ٚاٌمسْ الأفس٠مٟ. ٚ
 ِٚاآ اّ٘ٙااب فااٟ اٌماابد. sympathemimeticsاي ِااٛاد ٌٍماابد ػاآ ٚعااٛد  ا٢صاابز إٌفعاا١خ ٚاٌغعااد٠خ ٚرٕاازظ  اٌزؾف١ااصٞ. 
 اٌزدخ١ٓ ِٓ اٌّشبوً اٌصؾ١خ اٌٙبِخ فٟ ا١ٌّٓ .٠ؼُد  ث١ّٕب  اٌىبص١ْٕٛ.

فاٟ ِؾبفظاخ  بدا١ّٕ١ٌ ٕعبءاٌث١ٓ   رٙدف ٘رٖ اٌدزاظخ إٌٝ رؾد٠د ِدٜ أزشبز اٌزدخ١ٓ ِٚع  اٌمبد  اهذاف انذراسح :
 ث١ٓ ِع  اٌمبد ٚاٌزدخ١ٓ.  اٌؼلالخورا ا٠غبد ػدْ ٚ

 اِااسأح ِاآ ِ زٍااا لطبػاابد اٌّغزّااغ فااٟ ِؾبفظااخ ػاادْ.  250أعس٠ااذ دزاظااخ ِعزؼسظااخ ٚ ااٍّذ   انًُهجيةةح :
ز اٌزادخ١ٓ أزشاب٪ فاٟ ؽا١ٓ أْ  80وابْ ٌٚاٛ ٌّاسح ٚاؽادح فاٟ اٌؼّاس  ٓأظٙسد اٌدزاظخ أْ ِؼادي أزشابز اٌزادخ١ إٌزبئظ : 

 ِاآ٪(  33صلاصااخ ٚصلاصااْٛ فااٟ اٌّئااخ  ٚ ٪.  100ٌٚااٛ ٌّااسح ٚاؽاادح فااٟ اٌؼّااس واابْ  ٓ ١ٚاٌّبظااي اٌّاادخ١ٕٓ ٚاٌماابد ثاا١ٓ 
 15،9 ث١ّٕاب  ػبِاب.  19 ٝؽزاٚ 10 خالاي ِادح   اٌزدخ١ٓ ِٚع  اٌمابد ػبدح  اِبزظٛ ٪ ِٓ اٌّدخ١ٕٓ 32،7ٓ  ١ٚاٌّبظي
 39 ٝؽزاٚ 30ِادح  ػابدح ِعا  اٌمابد ٚاٌزادخ١ٓ خالاي  اِبزظاٛلاد س ٪ ِٓ ِدخٕٟ اٌعغبئ 19،6اٌمبد  ٚ ِٟبظي٪ ِٓ 
 96،9 . ؽ١اش اْ  اٌدزاظخ أْ ػبدح ِع  اٌمبد ػبًِ ُِٙ عدا فٟ ش٠بدح ِ ابغس إدِابْ اٌزادخ١ٓ   ٘رٖوّب اظٙسد  ػبِب.

 . دْٚ ردخ١ٓ ِٓ  اٌمبد ٟظيب٪ ِٓ ِ 3،3ِمبزٔخ ة ٠صداد رٕبٌُٚٙ ٌٍعغبئس دخ١ٓ أصٕبء ِع  اٌمبد ّ٪ ِٓ اٌ
أظٙاسد  وّابأظٙسد اٌدزاظخ ازرفبع ِؼدي أزشبز اٌزدخ١ٓ ِٚع  اٌمابد ثا١ٓ إٌعابء فاٟ ِؾبفظاخ ػادْ.  انخلاصح :

 .ٌمبدا  ِٟبظيث١ٓ   ٓأزشبز اٌزدخ١اٌدزاظخ ازرفبع ِؼدي 
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ABSTRACT 

  

The aim of this study is to evaluate the quality and the degree of 

contamination of local fresh Yemeni rabbit meats collected from Taiz 

markets in the Republic of Yemen, the changes of samples examined 

during storage at zero time and every day. The results illustrate an 

increase in microbial contamination and  a decrease in physical and 

chemical characteristics, until signs of spoilage appeared after four 

days of storage . On other hand, the population of Aerobic, Anaerobic, 

Spore-formers bacteria, Yeast and Moulds, Enterobacteriaceae, Coli 

form groups, Salmonella  spp , Staphylococcus  spp, Streptococcus  

spp, Clostridium spp, Bacillus spp, Enterococcus  spp and Proteolysis 

bacteria increased by the following percentages: 66.10%,  47.92%, 

40.10%,  29.43%,  46.50%,  27.69%,  35.00%,  38.48%, 43.77%,  

25.77%,  28.42%,  43.61% and 48.76%, respectively. The nutrition 

chemical characteristics i.e. [Moisture, Protein and Fat content] 

decreased as shown in these percentages: 0.81%, 0.35% and 0.65%, 

respectively. And the Carbohydrate content increased by 21.33%. The 

chemical indicators of spoilage i.e. [Total volatile nitrogen, Tri methyl 

amine, Ammonia nitrogen, Thiobarabituric acid, Total Energy and 

Water holding capacity] increased as shown in these percentages: 

174.40%, 163.09%, 155.05%, 50.00%, 1.71% and 12.24%, 

respectively. The pH value and Bound water decreased by 1.315% and 

3.126%, respectively, compared with the control samples. In addition, 

isolation and classification Eight species of  Bacillus  species, which 

were identified  in previous samples were isolated and classified. They 

were  Bacillus   subtilus, B. pumilu, B. cireulans, B. megaterium, B. 

lentus, B. sphaerieus, B. macerans, B. cereus,  shown in these 

percentages: 10.52%, 15.78%, 05.26%, 15.78%, 5.30%, 21.05%, 

10.52%  and  15.78%,  respectively.   

Key words : Microbial ,Physical, Chemical, Storage, Rabbit, Meat. 
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INTRODUCTION 

From the earliest civilization, all societies have had two means for ensuring adequate 

supplies of safe and nutritious food to meet the needs of their people ( Kaferstein and Moy 

1999) . The quality of rabbit meat is the reflection of microbiological, physical and 

chemical characteristics before and during storage (Abd El-Latife, 1998 ). Protein plays an 

important role in the life of man and nation. Meat of cows, rabbit and fish is an important 

source of protein in human nutrition. Meat from  fresh chicken, fish and rabbit  is the most 

common source of high protein food (Gamal El-Deen, 2007). In Yemen most of people 

suffer from lack of meat, hence the local consumption decreased daily (day by day). Some 

villages in the Republic of Yemen have no electricity and they sell meat in the open air in 

retail stores. So the meat loses a great deal of its nutritious value. Storage of food (specially 

fresh food like meats) at high temperature also has been reported to cause a loss of 

nutritional value ( Youssef, et al., 2007). The chemical composition of the food and the 

metabolic activities of the organisms growing in the food determine the compounds which 

can be used as indicators ( Sayed, 2002 ), because of the extreme tendency of some 

products to perish; and occasionally decomposed foods get into market channels. Therefore, 

the objective of our present investigation is to evaluate quality parameters of high nutrition 

and anther chemical composition in Yemeni rabbit meats, and to determine different total 

bacterial counts of tested samples. The aims of this study can be stated as follows:-  

1-To find out the degree of bacterial contamination, evaluate the effect of storage at room-

temperature on the different microbiological, physical and chemical quality of local fresh 

rabbit meats.  

2- To find out the chemical nutritional characteristics of the samples under investigation.    

3- To isolate and identify Bacillus species of all tested samples as a selection of rabbit 

meats contamination. 

 

MATERIALS AND METHODS 

1- Preparation and storage of samples: 

Local fresh rabbit meats samples were collected and purchased from different local retail 

stores in Taiz city ( Republic of Yemen ). After the whole rabbit meat flesh  was obtained 

the skin surface slime, dirt, head, legs, viscera and skeleton were immediately removed. 

Any residual blood was also removed. After that the meat was sent to the laboratory in Ice-

box and was cut into small retail severance meat ( each severance meat contain 50 grams ). 

It was immediately stored at room-temperature (28 
o
C). The bacteriological, physical and 

chemical changes of retail severance meat carried out at zero  time ( as control samples ) 

were examined, within 2 hours and day by day ( every day ) and during storage at room-

temperature for four days, until signs of spoilage appeared by the border line of rabbit 

meats.  Acceptability for total microbial count was found to be (  <  10
7
 ) cell/g and 

appearance of putrid smell was as reported by Microbiological Criteria for Arabia and 

Egyptian Standard Food ( El-Shamery, 2001 and Gamal El-Deen, 2007)  . 

 

2-Chemical and physical analysis: 

Moisture content (M.O), Total nitrogen (P.R), Crude Fat, and Ash content were determined   

according to the method described by A.O.A.C, (2002). The total carbohydrate (C.B) was 
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calculated by the differences according to (Egan et al., 1981). The total volatile bases 

nitrogen (T.V.N), Tri-methyl amine nitrogen (T.M.A), and Ammonia nitrogen (A.N) were 

determined according to the method mentioned by A.M.C, (1979) (Mg per/ 100gm sample 

on dry weight basis). Thiobarbituric-acid (T.B.A) was determined as indicated according to 

the method of (Siu and Draper, 1978) mg  monoaldehyde  per 100 gram sample on weight 

basis. The pH  value was measured using the method described by Krilova and 

Liskovskain, (1961). Energy value was calculated using the equation given by Winton and 

Winton, (1958). Water holding capacity (W.H.C), and Water bound (B.W) were measured 

by following the filter press method of (Gram and Hamm, 1957) as described by   Soloviev, 

(1966). 

 

3-Microbiological examination : 

Twenty five grams of random samples  of the rabbit meats were blended with 225 ml of 

0.1% peptone water in a sterile blender jar for 1-2 minutes and decimal dilutions prepared 

for testing. Numbers of viable organisms were determined by the plate count method. One 

ml of each dilution was inoculated with appropriate media for the particular group of 

organisms to be tested as  Colony forming unit per gram (c.f.u/g). The total aerobic 

bacterial count (A.B) was determined according to (A.P.H.A, 1992) using Plate count agar 

medium incubated at 37 
o
C for 3-5 days;Anaerobic bacterial count (A.N.B) was determined 

according to ( A.P.H.A, 1992)  using cooked meat agar medium with Anaerobic Jars (Gas 

pak system by B. BL cockysville marland 21030 USA). Yeasts and Moulds (Y.M) were 

counted on Malt extract agar medium (Oxoid, 1985) incubated at 25-30 
O
C for 3-5 days as 

described by Pitt and Hocking, 1985. Spore-former bacteria count (S.P.O) were determined 

according to method described by  Chalmers, 1955.  The suitable dilution was subjected to 

80 
O
C  at 20 m for 48-72 hrs. Proteolysis bacteria count (P.R.O)  inoculation were made 

TGY to which 10 % ( 10 ml / 100 ml medium ) of  Sterile skim med milk has been added 

just before pouring plates were incubated for 2-3 days at 30 
O
C (A.P.H.A, 1992) . Total 

Streptococcus spp bacterial count (S.T.R) was determined by using Dried brain heart 

infusion agar and MaCconky agar media (Oxoid, 1985) the inoculum was spread on the 

surface of plate, after incubation at 37
o
C for 24-48 hrs as mentioned by   Mossel and 

Tamminge, 1980.  Enterobacteriaceae count (E.N.T) was determined on Violet red blue 

dextrose agar medium after incubation at 37 
O
C for 20-24 hrs as described by Robert et al., 

1995. Bacillus  spp count (B.A.C) was counted by using Mannitol egg yolk-poly myxin 

(MYP) agar and incubation for 16- 24 hrs at 37 
O
C  as described by  Roberts et al ., 1995. 

Salmonella  spp count (S.A.L) was carried out using the most probable number technique 

(M.P.N) according to (ISO, 1982) . After enrichment at 37 
o
C for 24 hrs in Selenite broth, 

the  cultures were streaked on Brilliant green agar and incubated at 37 
o
C  for 24 hrs; then 

colonies were biochemicaly examined in Triple Sugar Iron agar (TSI) and Lysine de 

carbonate broth. Staphylococcus  spp count (S.T.P) was enumerated on Baird–parker 

medium using surface plating technique as recommended by I.A.E.A, 1990, and incubated 

at 37 
O
C for 24 hr. Enterococci spp count (E.N.S) was enumerated on Konamycin aesulin 

azide agar medium (Mossel and Tamminge, 1980). Positive colonies were confirmed by 

microscopic examination for the presence of short  chain streptococci. Coli-form group 

count (C.O.L) was counted used the (M.P.N) method as reported by I.A.E.A, 1990  by 

inoculating MacConkey agar medium incubated at 44 
O
C  for  24-48 hrs. Clostridum  spp 

count (C.L.O) was counted using the Cooked meat agar medium incubated at 37 
O
C  for  24 
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hrs, in anaerobic system using gas generation kit as mentioned by Craven et al., 1979  and  

Oxoid, 1985  . 

 

4-Isolation and identification of Bacillus   species : 

Isolation and identification of Bacillus species were  determined from the total count plates 

(APT) agar (A.P.H.A, 1992) colonies in opposite sectors were picked and transferred to 

agar slants of the same medium. After purification, bacterial grouping according to 

morphological  characteristics and Gram stain was carried out. Gram- positive bacterai 

groups were identified to generic and species level with the aid of [Bergey’s Manual for 

Systematic Bacteriology, 1986; Kotzekidou, 1996 and Bergey’s Manual of  Determinative 

Bacteriology, 1999]. The method of identification adopted for this purpose Genus Bacillus 

with standard tests and classification schemes described by  Smith et al., 1952
 
 in 

conjunction with [Holt et al., 1986] and examination were carried out according to [Holt et 

al ., 1986]. 

 

RESULTS AND DISCUSSION 

A- Chemical and physical analysis of local fresh rabbit meat during storage at  room 

temperature 
Table (1) below shows the effect of storage at room-temperature on Moisture (M.O), 

Protein (P.R), Fat, Ash, Total carbohydrates contents (C.B) and chemical indicator for 

spoilage i.e. pH value, Total volatile bases nitrogen (T.V.N),Tri methyl amine (T.M.A), 

Ammonia nitrogen (A.N), Thiobarbituric acid (T.B.A), Total calories [Energy-value (E.N)] 

and Water-holding-capacity capacity (W.H.C). It determination as abound water (B.W) of  

local fresh rabbit meat for four days of storage at this stage of storage the control samples 

were completely rejected by the border line of rabbit meat acceptability for total microbial 

count in (table, 2) was found to be [ ≥10
7
 ] cell /g and appearance of putrid  smell as 

reported by microbiological and chemical criteria for Arabia and Egyptian Standard Food 

and by  Shady, 1999 ; Abd-El-Daim, 2004  and  Youssef, et al.,2007. From the data in table 

(1) it can be noticed that the moisture (M.O), Protein (P.R), Fat, Ash, Carbohydrate (C.B) 

contents, Total calories [Energy value (E.N)], pH value, Water holding capacity (W.H.C), 

Bound water (B.W), Total volatile nitrogen (T.V.N),Tri methyl amine (T.M.A), Ammonia  

nitrogen (A.N) and Thiobarbituric acid  value (T.B.A) on control samples at  0.0 time of 

storage  have these percentages: 72.00%, 71.251%,  22.857%, 3.928%,  1.964%,  

142.284%,  6.08 pH value,  1.96%,  92.379%,  62.399%,  7.412%,  24.932% and  0.014% 

mg per/ 100g respectively. These results were in agreement with the chemical criteria for 

Arabia and Egyptian Standard Food and within the range of values of fresh rabbit meat as 

reported by  El-Mongy  et al ., 2001   and Gamal El-Deen, 2007. Regarding the room 

temperature storage of the Moisture (M.O), Protein (P.R), Fat contents, Bound-water (B.W) 

and pH value changes  slightly decreased with an increase in the storage time on the first 

day of storage;   72.00%,  71.250%,  22.857%,  92.377%  and  6.08 pH value  of  rabbit 

meat  respectively and slightly decreased through storage to reached at the end of storage to 

71.41%,  70.999%,  22.70%,  89.491% and  6.0 pH value  after four  days of storage for 

rabbit meat samples  respectively. These  results were in agreement with the findings of 

[Bader, 2004]. In other words, the decrease  can be shown in these percentages 0.81% for 

the Moisture, 0.352% for the Protein, 0.65% for the Fat,  3.126% for the Bound water and 

1.315% for the pH value of the above mentioned sample compared with the control sample 
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respectively. This decrease in moisture content of the above sample may be due to 

evaporation of water during storage. This is in line with  Affi and El-Nashaby, 2001 ; 

Sayed, 2002 and  El-Shamery, 2007. The decrease of protein content in the same samples 

may be due to the loss of nitrogen as volatile bases and nitrogenous substances. Moreover, 

the decrease of   protein might be attributed to decomposition of meat by higher load of 

micro-organisms which formed volatile nitrogenous substances and soluble substances by 

the effect of Proteins that scalped from the tissues during storage  [Min et al., 1998 ; El-

Shamery, 2001  and  Nam and Ahn, 2003].  Also, the decrease in Fat content of the above 

samples may be due to oxidation and  hydrolysis by activity of microorganism, leading to 

the conversion of part of lipids into aldehydes, ketenes and other non fatty substances.  

[Anon, 2000; Jenniber et al., 2002 and Lee et al., 2004]. Meanwhile, the decrease in Bound 

water (B.W) of the above samples was attributed to protein denaturalization  [El-Shourbagy 

et al ., 2003 and  Youssef et al., 2007]. Moreover, the decrease of pH value in the above 

meats could be due to the formation of lactic acid and break down of glycogen.  [Gray et 

al., 1996 ; Bassiouny et al., 2002 and Aycicek et al., 2004]. In addition, it is clear from 

table (1) that the Total calorie [Energy value (E.N)], Carbohydrate (C.B), Water holding 

capacity (W.H.C), Total volatile nitrogen (T.V.N),Tri methyl amine (T.M.A), Ammonia 

nitrogen content (A.N) and Thiobarbituric-acid value (T.B.A) changes increased during 

storage at room temperature with the increase of storage time. The changes in the beginning 

[ on the first day of storage ] were 142.29%,  1.965%, 1.96%, 62.50%, 7.50%,  25.0% and 

0.014% mg/100g samples of rabbit meat respectively, and increased through storage to 

reach at the end of storage to 144.727%,  2.384%,  2.20%,  171.20 %, 19.500%,  63.600% 

and  0.021% mg/100g samples after four days of storage for rabbit meat respectively. Such 

results were in agreement with Yilmaz  et al., 2002  and  El-Shamery, 2007 . In other 

words, the increase can be shown in these percentages : 1.71% for Total calories [Energy 

value(E.N)], 21.33% for Carbohydrate content, 12.24% for Water holding capacity, 

174.40% for Total volatile nitrogen, 163.09% for Tri-methyl amine, 155.05% for Ammonia  

nitrogen content and 50.00% for Thiobarbituric acid of the previous samples, compared 

with the control samples. This increase of Energy may be due to an increase in 

Carbohydrate content and evaporation of water from the meat. ( Xiong, 1997; El-Feky, 

2002  and  Redmond et al., 2004).  Also that increase in Carbohydrate during storage at 

room temperature may be due to the natural feeding which resulted to an increase of 

glycogen in muscle;s or it may be due to evaporation of water from the outer surface of 

meat. These results agree with (Zayas,  1997 ; Ali, 2004  and Gamal El-Deen, 2007).  

Moreover, the results of the increase in the Total volatile nitrogen (T.V.N) as an index of 

the degree putrefaction, decomposition and the degree of proteolysis break down as well as 

protein autolysis hand autolysis and breakable decomposition resulted in the high level of 

Total volatile nitrogen (T.V.N) These results were in line with  El-Shamery,  2001  and  

Aycicek et al., 2004. Meanwhile, increasing of Tri methyl amine (T.M.A) in the above 

samples could be due to the breakdown of amino acids, phospholipids as lecithin and 

(T.M.A). These results agree with  Affi and El-Nashaby, 2001 and  El-Shamery, 2007 .   

The increase in Ammonia nitrogen (A.N) may be due to break down of proteins through 

proteolysis and decomposition by higher rate of microorganism as reported by Shady,  

1999 ; El-Shamery,  2001; Lee  et al., 2004  and   Gamal El-Deen , 2007.  
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Table (1): Effect of storage at room-temperature on chemical composition and  physical 

properties of local fresh rabbit meats                                                              
 

Compound 
M.O

% 
P.R% 

FAT

% 

ASH

% 

C.B

% 
E.N% pH 

W.H.

C 

Cm2 

% 

B.W% 
T.V.N

% 

T.M.A

% 
A.N% 

T.B.A

% 

S
a

m
p

le
s 

S
to

r
a
g
e
 

in
 d

a
y

s 

W.W D.W D.W D.W D.W W.W 

V
al

u
e 

W.W W.W W.W W.W W.W W.W 

C
o

n
tr

o
l 

0.0 72.00 71.251 22.85 3.928 1.964 142.284 6.08 1.96 92.379 62.399 7.412 24.932 0.014 

R
a

b
b

it
 m

e
a

t 1 72.00 71.250 22.85 3.928 1.965 142.290 6.08 1.96 92.377 62.500 7.5000 25.000 0.014 

2 71.85 71.100 22.73 3.907 2.263 142.905 6.05 2.01 90.285 87.033 12.433 34.813 0.016 

3 71.61 71.000 22.71 3.909 2.381 143.948 6.06 2.12 89.794 123.22 17.259 54.313 0.019 

4 71.41 70.999 22.70 3.917 2.384 144.727 6.00 2.20 89.491 171.20 19.500 63.600 0.021 
 

W.W = Wet Weight basis % W.H.C = Water holding capacity ( cm2) 

D.W = Dry Weight basis% B.W = Bound water % 

M.O = Moisture Content % T.V.N = Total volatile nitrogen content mg/100g 

P.R = Protein conten % T.M.A = Trim ethyl amine content mg/100g    

C.B = Carbohydrate content % A.N = Ammonia nitrogen content mg/100g 

E.N = Energy value % cal /100g T.B.A = Thiobarbituric  acid value mg/100g 

  
B- Microbiological quality of local fresh rabbit meat during storage at room 

temperature 

The quality of fresh rabbit meat largely depends on its microbial contamination during 

sliding, hanging, handling, marketing and on storage temperature as reported  (Affi and El-

Nashaby, 2001 and Gamal El-Deen, 2007). The results in table (2) showed the effect of  

storage at room temperature on total differential counts of aerobic (A.B), Anaerobic 

(A.N.B), Spore formers bacteria (S.P.O),Yeast and Moulds (Y.M), Enterobacteriaceace 

(E.N.T), Coli form groups (C.O.L), Salmonella spp (S.A.L),  Staphylococcus  spp (S.T.P), 

Streptococcus  spp (S.T.R), Clostridium spp (C.L.O), Bacillus spp (B.A.C), Enterococcus  

spp (E.N.S) and Proteolytic bacteria (P.R.O) as (colony forming unit per gram c.f.u/g) of 

fresh rabbit meat. The data in table [2] show that the initial organism counts of control 

samples [at zero time of storage] were  1.1x10
2
,  4.4x10

1
,  2.5x10

1
,  1.3x10

1
,  1.4x10

1
,  3.0,  

2.5,  1.3x10
1
,  2.8x10

1
,  5.3,  1.1x10

1
,  3.4  and 1.2x10

1
 c.f.u/g  for rabbit meat samples of 

above microbes respectively. This value is within the range of values of fresh rabbit meat 

as reported by Microbiological Criteria for Arabia and Egyptian Standard Food and by  Lee 

et al., 2004 and El-Shamery, 2007. The same data in [table 2] also indicate that the 

differential microbial counts increased gradually during storage with the increase of  

storage time on the first day of storage:  1.3x10
4
, 1.1x10

2
, 4.5x10

1
, 3.5x10

1
, 2.9x10

1
, 3.5,  

2.6, 1.8x10
1
, 5.4x10

1
, 6.1, 2.2x10

1
, 5.7  and 2.5x10

1
 c.f.u/g  and reached to  9.5x10

7
, 

1.2x10
4
,  9.9x10

2
,  9.9x10

1
, 1.0x10

3
,  4.5,  4.0, 2.7x10

2
,  2.2x10

3
,  9.4,  7.1x10

1
,  8.9 and 

1.1x10
3
  c.f.u/g after  four days of storage on rabbit meat samples of above microbes 

respectively. However, the samples were rejected after four days of storage and at this 
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stage, all the other counts of microbial examination were closed. This rejection of samples 

depended upon the total aerobic bacteria counts reached [ ≥10
7
 ] cells /g and appearance of 

putrid smell also by the border line of fresh  rabbit meat. This is acceptable as reported by 

Microbiological Criteria for Arabia and Egyptian Standard Food and by  Gillespie et al., 

2000; Jackson et al., 2001; Eleftheriadou et al., 2002; Ali, 2004  and  El-Shamery, 2007. In 

other words, the increase can be shown in these percentages: 66.10%, 47.92%, 40.10%, 

29.43%, 46.50%, 27.69%, 35.00%, 38.48%, 43.77%, 25.77%, 28.42%, 43.61% and 48.76% 

of Aerobic (A.B), Anaerobic (A.N.B), Spore formers bacteria (S.P.O),Yeast and Moulds 

(Y.M), Enterobacteriaceae (E.N.T),Coli fom-groups bacteria (C.O.L), Salmonella spp 

(S.A.L), Staphylococcus spp (S.T.P), Streptococcus spp (S.T.R), Clostridium spp (C.L.O), 

Bacillus  spp (B.A.C), Enterococcus   spp (E.N.S) and Proteolytic bacteria (P.R.O) 

respectively. This increase in the total bacterial counts during storage at room temperature 

was expected as the fresh rabbit meat is considered to be the most perishable food that is 

highly susceptible to microbial invasion and to direct and indirect effects of higher 

temperature of storage on microorganism, (Davis et al., 1996 ; Bennett, 2001 ; Fang et al., 

2003 ; Aycicek  et al., 2004 ; Lee et al., 2004  and Gamal El-Deen, 2007). In addition, from 

table (2) the Total aerobic bacterial counts  (A.B) were higher than anther bacterial counts 

on control samples. Also the Salmonella  spp (S.A.L), Coli form groups (C.O.L), 

Clostridium   spp (C.L.O) and  Enterococcus  spp (E.N.S) counts were lower levels of 

counts compared with other counts on the control samples or all the anther samples during 

storage extended. The Total aerobic bacterial counts (A.B) and the Proteolytic  bacteria 

counts (P.R.O) counts  were higher than anther bacterial counts during storage compared 

with other counts on all  the samples, these results agree with[Satin, 2002; Gamal El-Deen, 

2007  and   El-Shamery, 2007].  

 

C-Isolation and identification of Bacillus species from local fresh rabbit meat. 

Table (3), indicated that nineteen bacterial isolates which are divided into Eight groups; all 

of these groups are subjected to extensive toxicity studies and classified into different eight 

species.  These  groups  are: Group  one was  Bacillus  subtilus , two species (10.526%) of 

total isolated.  Group two was Bacillus   pumilus  their number of isolate were three species 

by percentage (15.789%). Group three was   Bacillus  cireulans  by percentage (5.263%) of 

total isolated. Group four was three species of  Bacillus  megaterium   by (15.789%).  

Group five obtained one species of   Bacillus  lentus , (5.263%) of totale isolated. Group six 

was four species of Bacillus  phaerieus , by percentage (21.052%) of total isolated. Group 

seven was two species of  Bacillus   macerans  obtained by percentage (10.526%) of total 

isolated. Group eight was three species of  Bacillus  cereus  and isolated by (15.789%) of 

total isolated.  
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Table (2): Effect  of  storage   at room- temperature on microbiological   properties   of  local 

fresh rabbit meats                                                           
 

Microbes 

A
 .

B
 

A
.N

.B
 

S
.P

.O
 

Y
.M

 

E
.N

.T
 

C
.O

.L
 

S
.A
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S
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S
.T

.R
 

C
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B
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.S
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S
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n
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C
o
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n
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C
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n
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C
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n
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C
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C
o
u
n
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C
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n
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C
o
u
n

t/
g
 

C
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/g
 

C
o
u
n

t/
g
 

C
o
u
n

/g
 

C
o
u
n

t/
g
 

C
o

n
tr

o
l 

0.0 

1
.1

x
1
0

2
 

4
.4

x
1
0

1
 

2
.5

x
1
0

1
 

1
.3

x
1
0

1
 

1
.4

 x
1
0

1
 

3.0 2.5 

1
.3

x
1
0

1
 

2
.8

x
1
0

1
 

5.3 

1
.1

x
1
0

1
 

3.4 

1
.2

x
1
0

1
 

R
a

b
b

it
 m

e
a

t 

1 

1
.3

x
1
0

4
 

1
.1

x
1
0

2
 

4
.5

x
1
0

1
 

3
.5

x
1
0

1
 

2
.9

x
1
0

1
 

3.5 2.6 

1
.8

x
1
0

1
 

5
.4

x
1
0

1
 

6.1 

2
.2

x
1
0

1
 

5.7 

2
.5

x
1
0

1
 

2 

2
.6

x
1
0

5
 

5
.1

x
1
0

2
 

7
.3

x
1
0

1
 

6
.6

x
1
0

1
 

9
.8

x
1
0

1
 

4.1 3.2 

2
.9

x
1
0

1
 

9
.2

x
1
0

1
 

7.2 
3

.6
x
1
0

1
 

8.8 

8
.2

x
1
0

1
 

3 

1
.5

x
1
0

6
 

1
.5

x
1
0

3
 

9
.0

x
1
0

1
 

9
.8

x
1
0

1
 

1
.5

x
1
0

2
 

4.2 3.9 

6
.6

x
1
0

1
 

1
.1

x
1
0

2
 

8.8 

5
.5

x
1
0

1
 

8.9 

2
.4

x
1
0

2
 

4 

9
.5

x
1
0

7
 

1
.2

x
1
0

4
 

9
.9

x
1
0

2
 

9
.9

x
1
0

1
 

1
.0

x
1
0

3
 

4.5 4.0 

2
.7

x
1
0

2
 

2
.2

x
1
0

3
 

9.4 

7
.1

x
1
0

1
 

8.9 

1
.1

x
1
0

3
 

A.B = Aerobic  Bacteria S.A.L = Salmonella  spp  Bacteria 

A.N.B = Anaerobic  Bacteria S.T.P = Staphylococcus  spp  Bacteria 

S.P.O = Spore  former  Bacteria S.T.R = Streptococcus  spp  Bacteria 

Y.M = Yeast and Moulds C.L.O = Clostridium  spp  Bacteria 

E.N.T = Enterobacteriaceace  Bacteria B.A.C = Bacillus  spp  Bacteria 
C.O.L = Coli form group  Bacteria E.N.S = Enterococcus  spp  Bacteria 

   P.R.O = Proteolytic  Bacteria 
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Table (3): Numbers of groups , groups of identification, numbers of isolates, percent 

distribution, physiological and biochemical characteristics of the Bacillus species 

isolated from rabbit meat samples. 
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 Bacillus   subtilus G1 2 10.526 + + + ــ + + + + + + + + + + ــ ــ + +

 B. pumilus G2 3 15.789 + + + ــ + + + + + + + ــ + ــ ــ ــ + +

 B. cireulans G3 1 5.263 + + + ــ ــ + ــ ــ ــ + + ــ + ــ ــ ــ + ــ

 B. megaterium` G4 3 15.789 + + + ــ ــ + ــ ــ ــ + + ــ + ــ ــ ــ + ــ

 B. lentus G5 1 5.263 + + + ــ ــ + + + + ــ + ــ ــ + ــ ــ + ــ

 B. sphaerieus G6 4 21.052 + + + ــ ــ ــ ــ ــ ــ + ــ ــ ــ ــ ــ ــ + ــ

 B. macerans G7 2 10.526 + + + + ــ + + + + ــ + + ــ + ــ ــ + +

ــ ــ ــ + + + + + ــ + + +  + + + + + + 15.789 3 B. cereus G8 

 100% 19 Total .No of  Bacillus spp 

(+) = Presente                    ( ــ )  = Absent                      (B.)= Bacillus  
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 نجىدج انًيكروتيىنىجيح وانطثيعيح وانكيًائيح دراساخ عٍ ا

 نهحىو الاراَة انيًُيه انطازجه خلال انتخسيٍ فً يذيُح تعس
   

   

                                                                                                     عّبي اٌد٠ٓ ِؾّد زظبَ اٌش١ّسٜ                                                                                                 

 
 ا١ّٕ١ٌخ اٌغّٙٛز٠خ -رؼص -عبِؼخ رؼـص –و١ٍخ اٌؼٍَٛ -لعُ ا١ٌّىسٚث١ٌٛٛعٝ    

gamalrasam@yahoo.com 

 

 

 يهخص

 ا١ّٕ١ٌااخؼسفااخ اٌغااٛدح ِٚاادٜ اٌزٍااٛس ا١ٌّىسٚثااٝ ٚاٌطج١ؼااٝ ٚاٌى١ااـّبئٝ ٌٍؾااَٛ الازأاات اٌدزاظااخ ٌّ ٘اارٖرٙااد ف         
عّؼذ ػ١ٕبرٙب ِٓ اٌعٛق اٌّؾٍٝ ٌّد٠ٕخ رؼاـص اٌغّٙٛز٠خ ا١ّٕ١ٌاخ( صاُ اعس٠اذ ٌٙاب الاخزجابزاد ػٕاد ٔمطاـخ  ٚاٌزٟاٌطبشعخ 

ٌٍؾاَٛ  ٚا١ٌّىسٚث١اخى١ّبئ١اخ ٚ اٌطج١ؼ١اخ اٌصفس  ٚوً ٠َٛ خالاي  فزاسح اٌز اص٠ٓ ، ٚلاد دٌاذ إٌزابئظ ػٍاٝ راد٘ٛز اٌغاـٛدح اٌ
زثؼااخ  ا٠اابَ ٚوبٔااذ إٌزاابئظ ِمبزٔااـخ  ثؼ١ٕااب د اٌىٕزااسٚي ِّااب  اد ٜ اٌااٝ فعاابد٘ب ثؼااد ا اٌؼاابدٞاٌغااٛ  فااٟالازأاات اٌّ صٔااخ 

   -:وبلارٟ
بء %  ٌٍّا0.81% ٌٍدْ٘ٛ  ٚ 0.65% ٌٍجسٚر١ٓ  ٚ 0.352د اٌى١ّبئ١خ اٌيرائ١خ ثبٌٕعت الار١خ : ٔمصبْ اٌّسوجب -(1  

   ِغ صجب د اٌسِـبد. 21.33%ِغ ش٠بدح اٌّسوـجبد اٌىسث١٘ٛـدزار١ـخ ثٕعجخ 
% ٌما١ُ اٌعاؼخ 12.24 لاخ  ٚ% ٌما١ُ اٌطب1.71ٌٕعات الار١اـخ : ا ٌداٌاخ ػٍاٝ اٌفعابد ثب ؼ١اخ١ٌطجش٠ابدح اٌّسوجابد ا -(2  

% ٌما١ُ الا١ِٔٛاب ١155.05ٓ  ٚ % ٌما١ُ اٌزاساٜ ١ِضب٠اً اِا163.09% ٌم١ُ اٌفٌٛـزب٠ً ٔزسٚع١ٓ اٌىٍاٝ ٚ 174.48اٌّبئ١خ ٚ 
% ٌٚماـ١ُ ازرجابغ اٌّابء ثٕعاجخ 1.315% ٌم١ُ اٌضب٠ٛثبزاث١ٛرس٠ه اظ١د ِغ ٔمصبْ ٌم١ُ اٌؾّٛظخ ثٕعاجخ 50.00ٔزسٚع١ٓ  ٚ 

 % ِمبزٔخ ثبٌىٕزسٚي.3.126
% 47.92ٚ ١اخاٌىٍاٌجىز١س٠اب اٌى١ٍاخ اٌٙٛائ١اخ  ٌلأػاداد% 66.10ش٠بدح اٌؾٌّٛخ ا١ٌّىسٚث١ٌٛٛع١خ ثبٌٕعت الار١اخ:  -(3  

% ٌؼبئٍااخ  46.50 % ٌٍفطس٠اابد ٚاٌ ّاابئس ٚ 29.43اٌّزغسصّااخ ٚ ٌلأػااداد% 40.10 اٌجىز١س٠ااب اٌلا٘ٛائ١ااخ ٚ  ٌلأػااداد
% لاعٕاااب ض 38.48% لاعٕااابض اٌعاااـب١ٌّٔٛلا ٚ 35.00% ٌّغّٛػاااخ اٌمٌٛاااْٛ  ٚ 27.69اٌجىز١س٠اااب اٌّؼ٠ٛاااٗ اٌداخ١ٍاااٗ ٚ 

% لاعٕااب ض 28.42%    لاعٕاب ض اٌىٍٛظازس٠د ٠اُ  ٚ 25.77ٚ  % لاعٕابض اٌعازسثزٛوٛوبض43.77الاظزبف١ٍٛوٛواـط ٚ 
  % ٌٍـجىزس٠بد اٌّؾٍٍخ ٌٍجسٚر١ٓ .48.76% لاعـٕبض الإٔزسٚوٛوبض ٚ 43.61اٌجب ظٍـط ٚ 

:    وابلار١ِٟىسٚثبد صٕفذ  رجؼب لاعٕب ض ثبظٍط ِٓ وبفخ اٌؼ١ٕبد   ا ٌّ زجاسح ٚ٘اُ  صّب١ٔخرُ ػصي ٚرص١ٕا   -(4  
  Bacillus  subtilus,  B. pumilus,  B. cireulans,  B. megaterium,         B. lentus,  B. 

sphaerieus, B. macerans    and  B. cereus.                                                                            
 :               ك وبلارِٝمبزٔخ ثؼدد ػصلارُٙ ِٓ اٌؼ١ٕبد ؽعت اٌزسر١ت اٌعبث ٚوبٔذ ٔعت رٛاعدُ٘

15.78%, 05.26%,   21.05%,  10.52%  and  15.78%. 05.26%,  10.52%,  15.78%,  

mailto:gamalrasam@yahoo.com
mailto:gamalrasam@yahoo.com
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ABSTRACT 

 

Hindgut of Solitary has been into its three regions: ileum, colon, and 

rectum, and each region was studied morphologically, histologically 

and functionally. Ileal structure has been investigated throughout its 

length from pyloric valve ( the border between the midgut and the 

hindgut) to its end ,which marks the border between the ileum and the 

colon. The 6 layers apical wall of circular muscles were fully 

described with the longitudinal muscles. The 12 inner ileal epithelial 

folds consist of columnar cells with microvilli, which suggest that the 

ileum is involved with nutrition absorption. The 12 ileal folds are 

close to the inner wall of the proximal circular muscles, but in another 

locust are projecting inward the lumen centre. But in both structures 

the subintimal space is clear. The 12 ileal folds become reduced to the 

smallest in size and less in count. Their reduction continues to the 

lowest size till they become traces at the end of the ileum. The colon 

structure shows that the diameter becomes small  and the tissue 

between the layer circular muscles and the 4 thick folds of the colon. 

The area between the circulat muscles and the inner columnar cells is 

full of thick longitudinal muscles. The rectal structure shows the 6 

large  rectal papillae and small rectal pads which grow to replace the 

rectal papillae. Rectal papillae are involved with mineral and water re-

absorption. At the middle rectal area structure shows 6 areas occupied 

by rectal pads and 6 reduced between rectal areas, which have 

columnar epithelial cells. Their function is to facilitate the faeces 

evacuation by their contraction and expanding as they do as 

articulation. Rectal pads show different type of cells such principal 

cells, basic cells and junctional cells. Also intrapapillar lumen, 

tracheae, and also the circular and longitudinal muscles are very clear . 
 

 
INTRODUCTION 

The digestive system of insects is divided into foregut, midgut, and hindgut, 

which extended from the bucal cavity to the anal opening. The foregut is also 

divided into its four sub-regins, the Pharynx, Oesophagus, Crop and   

proventriculus, each of which is usually differentiated into two sub-regions 

(e.g. antenirar  pharyrx  and   antenirar    pharyrx   anterior   oesophagus   and 
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posterior  oesophasas, antenirar crop and posterior crop, anterior proventriculus and 

posterior proventriculus,) and that was according to their different histological structure.  

The foregut and the hindgut are lined with ectodermal cuticle, whereas the midget is of 

endodermal origin. The hindgut is generally divided into the pyloric valve, ileum, colon, 

and rectum (Caetano F.H. ( 1984, 1988).; Cane , J.F. ( 1987 ).; Chapman,R.F. (1998). Cruz-

Landim, C.(1985 ,1996 ); Martins, G. F. Neves, C.A., Campos, L.A.O. Serrao, J.E. (2006); 

Melo, M.L.S., Vidal, B.C.(1978),; Snodgrass, R.E. (1956) the pyloric valve and malpighian 

tubules mark the border between the midgut and the hindgut. The malpighian tubules 

usually arise from this exact circle.   Dispite that the Solitary locusta is amongst the insect 

that have symbionts in their hindgut, in which the ileum is expanded to accommodate them, 

such as Solitary locust, which ileum approximately 
1
/9 (one nineth of the whole gut) , and 

the microorganisms of different bacteria had been found 32384091 per one hindgut of 

schistocerca gregaria (Hunt, J. and Charnley, A. K.  1982). In present studies the ileum is 

nearly one ninth of the whole gut. In  bees the ileum is a long tube shows  no clear 

anatomical  specialization at anywhere throughout its length Santose et al, (2006) . In 

termites and scarabas  beetles the ileal cuticle lining chambers is formed into elongated 

denticles serving as attachment to the microosganisms. The same finding is present in the 

cockroaches and crickets  ileal cuticle. In Solitary locusta the ileum consist of 4 - 5 layers 

of circular  musclese in some cases six layers are present.  Also, the ileal twelve folds cosist 

of one layer of columnar or cuboidal cells in their shape. The epithelium is distinct sub-

epithelial space, which is large at the base of the ileal epithelial folds, they are forming 

connective tissue and may be that is  because of the ileum is involved in water and salts 

absorption and regulations, when salts and water intered into the ileum from malpighian 

tubules Figs. C and D and in some  sections the arrangement of ileal folds vary from one to 

another, but in general they consist of the same structure. The Colon is becoming narrower 

in diameter than the ileum and the folds are reduced to less than half that arise in the ileum 

i.e. there are 4 large and a long folding projecting inward the lumen center and the 

connective tissue   occupied a wide area. The colon is the posterior part of the ileum, so if it 

appears different in its histological structure then it can be called colon, but if it resembles 

the ileum in histological structure, then the inner epithelial folds count less than six i.e. 

there are four thicker folds due to the connective tissue which occupied large areas and 

these folds are full of longitudional muscles. The space between these folds reduces to 

nearly a half of the ileal area. The epithetium still has the same cuboidal or columnar cells. 

The columnar cells are less (140) in comparison to that existent in the epithelin of the ileum 

(648), that is 13.5 times. Longitudinal muscles count in great numbers and are large in 

comparison to longitudinal muscles present in ileum. 

 

MATERIALS AND METHODS 

Males and females Solitary locust were collected from the garden of the Sana'a University 

which is full of green grasses and Pelargonium (the habitat in which the Solitary locusts 

exist) and   from different areas of Sana'a province. Animals were placed in special cages 

for 48 hrs with the same food and animals for the experiment. Locusts were killed by 

breaking the cervical membrane at the back of the Pronotum, which severs the ventral never 

cord. The whole guts (Foregut, midgut, and hindgut) were removed and fixed in Harry 

Houdine fluid saturated HgCl2, absolute alcohol 2: v/ v for 24 hrs.  Sections were made at 

5um on a rotary microtom (Swift optical instruments, Trowbridge) and transferred to glass 
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slides. For histological investigation, prepared tissues were dehydrated in series of ethanol, 

embedded in parafin wax. (MP 56 C) by the propan–2–o1/toluene method of Humanson 

(1972). Sections on the slides were stained with gram Twort procedure Ollett with DPX 

mountaint (B.D.H. chemicals). Pyloric valve and malpighian tubules determine the border 

between the midgut and hindgut. The hindguts consist of the ileum, colon and the rectum. 

Each has its own histological structures. 

 

RESULTS 

Hindgut is in general differentiated into pyloric valve, ileum, colon, and rectum. The ileum 

of an insect is corresponded to the tube running back from the midgut to the colon. The 

ileal inner wall throughout its length is lined by cuticular intima. Epithelium consists of 

twelve folds, which project to the lumen center. Structure in the present study was similar 

to those species which had been found by (Phillips  I, II, and III ), and Santose et al (2006), 

with variation in epithelial cells shape  location of nuclei, and in thickness of cuticle  lining. 

Transverse sections show that there are 3 –6 layers of circular muscles each consists of 

several fibers.  

The twelve epithelium folds consist of one layer of columnar cells. The epithelium 

districts sub-epithelial spaces, which is wide at the back of some epithetial folds, it is may 

be because the ileum is involved in water absorption and salts regulation, when water and 

salts inter the ileum from malpighian tubules or may be to form an area to allow  the 

entrance of tracheae   figs. A, B, C, & D. The ileal epithelial cells have cuboidal to 

columnar shape and are lined with   apical plasma membrance throughout its inner folds. 

Nuclei of the ileal epithelial cells are located at the basal side of the cell.  

 

 

       
 
Both pictures A and B are taken through the border of the midgut of Solitary locust at the pyloric valve. Note the 
remain secretory cells of the midgut epithelium SC at the top of the above picture. Observe the7 ileal epithelial 

folds with the microvilli micr ,which are heavily red stained micr 1; note also the count of ileal folds at the above 

picture are 7folds and at the below picture are 9 folds.Circular muscles CM; longitudinal muscles LM; 
malpigighian tubules MT;  A &  B      40  x 
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The above pictures D & E are the third and fourth sections taken in the ileum as a series, which show that the 

sections were taken completely at the whole ileum.Note the 12 ileal epithelial folds  with microvilli. Observe the 

circular muscles CM; longitudinal muscles LM; malpighian tubules MT; and subintimal space. The below picture 

is a sectin taken further townward the colon.Note that nearly half of the ileal folds are becoming reuced in size 
RF.Observe the subintimal space SIS is also reduced to the smallest area. The section is taken through the ileal at 

the area,which show the small reduced folds, which will continue reducing  in size up to yhe luist size(see below ) 

,figs F and on.   D=x  400  ;  E =x 40  

 

            
The above picture F and G taken at the middle area of the ileum, show that the ileal folds reduced to the smallest 
in size and less in count. Note the circular muscles CM;longitudinal muscles LM; and the subintimal space.The 

below picture taken further downward to the colon area.Observe that the lumen becomes wider with thin circular 

muscles.  Both  pictures  F & G  40 x 

            

         
The above sections H and I are taken at the area before the end of the colon region.Note  the reduced   epithelial 

folds in size and count ,circular muscles CM; longitudinal muscles LM; and the wide lumen.The below picture the 
ileal folds are only traces that was compensated by the wide size of the lumen.   Both  G & I    40 x 
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Figs. A - I : a  series of sections taken through  different parts of the ileal epithelium. 

Note the reduction of the ileal folds as they become less in count and smaller in size 

untilthe folds  traces seen very small. Notice the microvilli , columnar cells of the 12  ileal 

folds, circular muscles, longitudinal muscles. Note section A, which just is the end of the 

midgut and the beginning of the of the ileal epithelium, and section E, has small ileal folds. 

Section F, which has less folds:  note also the section G has been   taken at the end of the 

ileum; note the traces of the ileal folds. Sections H & I magnified folds show the columnar 

epithelial cells .Sections B, C , D, E  &  F have very clear microvilli. Figs. No. A , B , C , D 

Scheme A shows the anterior part of the ileum and the arrows show the exact areas, at 

which the sections were taken. And scheme B shows the posterior part of the ileum and the 

arrows show the exact area, at which sections were taken.  
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Rectum: Epithelial columnar cells vary in structure as seen, in which the space of the 

lumen appears to occupy the whole area except that papillar folds are running toward the 

center of the rectal lumen. They extend nearly to the whole area of the rectum. Fig.3 B 

shows the presence of six circular muscles, which is in agreement with the investigations on 

other locust. The cells are columnar in shape. The epithelium between the rectal pads is 

reduced and heavily darkened as was reported by Phillips I but, in the present study the 

interconnecting epithelial cells strap is stained as the whole rectum, but not as the areas in 

which the junction cells are. The whole epitheliual pads and in between structure are 

completely lined with cuticluar intima, the cuticular intima is attached to the pads, but at the 

tips of rectal pads they become loosen which is called subintimal space. Peeling the 

culcular lining off the rectal pads had been reported by Marshal& Hode (1939), Phillips I, 

II, III at small six rectal pads, which stay closely to the outer layer and if sectioning 

continue the large branches of six rectal pads were darkly stained. 

Scheme C of the alimentary tract with detailed of 2 sections pointing at the exact areas 

that were taken: the detailed drawing shows the components of the digestive system in the 

Solitary locusta : Note the pharynx  ph ; oesophagus oes ; crop cr ; gastric caecae ca ; 

proventriculus pr ; midgut mg ; peritrophic membrain pm ; malpighian tubules mt ; ileum il 

; colon c ; and rectum rec. 
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Figure (A): TS taken throught the rectal pads of adult Solitary Locusta. This sectin shows all 

detailed structure : principal cells BC; junctional cells JC; principal cellsPC; 

junctional cells JC, with elongated nuclei N and cuticular round nuclei N; 

intrapapillar lumen PL and lumen; cuticulat lining and folded rectal epithelium 

EP; circular muscles CM; longitudinal muscles LM,    x 400 x 

 

 
Figure (E): Rectal pads show the intrapapillar lumen PL; Observe the all cells types: principal 

cells PC; basic cells BC; junctional cells JC; circular muscles CM; and longitudinal 

muscles LM;  tracheae Tr; and folded rectal epithelium EP; round nuclei N; and 

the lumen. 400 x  
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Figure (B): TS taken through one of the rectal pads shows detailed structure of all type of cells, 

basic cells BC, junctional cells JC principal cells PC. Note the intrapapillar lumen 

PL, the lumen L, round nuclei RN and tracheae TR.  400  x 
 
 

 

 

 
Figure (C): One of the rectal pads with very unusual elongated structure,but despite that the 

three type of cells still have  obvious structures.Note the type cells: principal cells 

PC; basic cells BC; junctional cells JC; and nuclei N. 400   x 
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Figure (D): TS  taken through the area between the neighbouring two rectal pads shows details 

of the cuboidal epithelial cells of reduced area joining  the six folded rectal 

pads.These six reduced areas function as articular valves ,strap-like, facilate the 

feces evacuation by their contraction and expanding the rectal size. Note the 

intrapaoillar lumen PL; and the lumen L .  250  x 

 

 

 
 



Histology of the hindgut of solitary locusta (Orthoptera: Acrididae )                                                 Y. M. Abboud 

 

 

 

 

34 

 
Figure (H): The whole transverse section shows all six rectal Pads .Intrapapillar lumen PL, 

columnar or cuboidal cells. Note the principal cells PC; basic cells BC; junctional 

cells JC; connective tissue CT; longitudinal muscles LM; circular muscles CM; 

cuboidal epitheal cells.   The above drawing resembles the same explained in 

section.  40 x 

 

 
 TS, taken through the rectal papillae, shows the six rectal papillae and between them appear six small rectal pads.  

128 x 
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DISCUSSION 

The Ileum: 

The presence of six layers of circular muscles in Solitary locust investigated have varied 

from that in some species such Apoidea, which has only one layer of curcular muscles   

Santose et al (2006) and in some species of Lepidoptera which has two layers of circular 

muscles (External circular, and inner longitudinal muscles) Levy, S.M. et al (2004). The 

hindgut lumen is lined throughout its length) by a cutcular lining (Figs. ileum, rectum). The 

cuticular lining of the epithelium has not the same thickness throughout its length, it varies 

from a place to another, as seen in the figures. Cells vary in shape and nuclei. Parts of the 

section are large, oval and round, and the cells are located basally and midially as seen in 

the transverse sections, between the rectal pads. The epithelium is considerably reduced and 

highly pigmented as it was investigated by Phillips 1964. The cuticular lining lines the 

inner wall of the hindgut   and not only the areas between the rectal pads. This chitinous 

intima is attached to the epithelium, but at the tips of rectal pads seems to be peeled off 

making a space, which called subintima space. That may be due to rectal pads function, 

which is in fact re-absorption of water from the food residue and returning it into the insect 

body, or it may be due to the fecal scratch during its passage and may be due to the 

elasticity of cuticle and its plasticity. And that is why the cuticular lining seems to be 

thrown away from the tips of rectal pads. Another interpretation might be that it has 

different factors acting together or individually to rolling the feces prior to be thrown away. 

The tracheae filling the epithelial regions between the rectal pads and circular muscles 

nuclei are heavily stained. The function of the hindgut of an insect is to re-absorb the water 

and salts of the primary urine carried by the malpighian tubules into the ileal lumen in from 

NaCl. KCl.  Chapman, R.F. (1998).   The process happens mainly in the rectum, but it starts 

in the ileum which is active in water and ions absorption and regulates the balance of acid-

base and Nitrogen excretion. Also, the crude urine carried by the malpighian  tubules  from  

the hemolymph to the ileum to be transported to the rectum, to be undergo, there to 

reabsorption the water and salts, which are then returned to the body of insects, Bradley. J. 

(1985). The same finding was reported by Irvine, et al   (1988), in bees, cockroaches, 

crickets, Locusts, that have microflora in their hindguts, the ileum of these insects becomes 

larger to accommodate the microflora symbionts, flora. Solitary locusts are amongst insects 

that have symbiotic bacterial flora in their hindgut, the ileum becomes large to 

accommodate these bacteria. Cuticle intima lining these chamber place in which floral 

bacteria live . 

Fig. H: Transverse section taken through the whole rectal papillae of the solitary locusts 

show that the rectal pads consist of different epithelial cell types: epithelial cells, basic 

cells, and juncitional cells and the area between the rectal pads were reduced to a very 

narrow strap of simple rectal cuboidal epithelial cells up to 1/30 of the actual size of the 

rectal periphery, which act as an articular junction joining the rectal pads. Epithelia between 

the rectal pads allow the rectum to evacuate feces by the contracting and expanding the 

inner rectal area (comparing higher animals this movement is called peristaltic 

movement).The loose cuticle over the rectal pads was broken under the stress movement of 

the whole rectum. The reduced areas between the rectal pads are compared with cuboidal 

epithelial cells figs.1 & 2 above the inner wall of the rectal pads and the area between the 

rectal pads are lined with culticular lining. The (interconnecting) areas between the rectal 
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pads are stained light brighter than the other areas of the whole rectum and that was 

contrary to the observation of Phillips (1964). The lining cuticle between the rectal pads is 

firmly attached to the epithelium, but over the rectal pads this chitinus intima has been 

detached and the rectal pads areas underneath are brightly stained than any other parts of 

the rectum.  
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 دراسح َسيجيح نهجراد انًستىطٍ

(Orthoptera: Acrididae ) 

 

 
 ٠ؾٟ ػجٛد

 
 ٠خ ا١ّٕ١ٌخ، عبِؼخ صٕؼبء، اٌغّٙٛزػٍَٛ اٌؾ١بح لعُ 

 

 
 

 يهخص

واً  ذظاادزٚرّاذ اٌمٌْٛٛ ٚاٌّعازم١ُ . ٚ اٌٍفبئفٟ ،ٚاٌّصسع اٌ ٍفٟ   اٌٝ اٌّؼٟ اٌ ٍفٟ ٌٍغساد اٌّعزٛغٓ  ١ُمعرُ ر
اٌّصاسع ِاغ رشاىً  أبث١ات اٌزاٟ أبث١ات ِابٌج١غٟ عصء ِٓ اٌّؼٟ اٌ ٍفٟ دزاظخ ِٛزفٌٛٛع١خ ٚٔع١غ١خ ٚٚظ١ف١خ ِٓ ػٕاد 

اٌزاٟ رشاىً  صاسع اٌ ٍفاٟ  إٌاٝ ٔٙب٠زاٗ،ّرؾماك ِآ ث١ٕاخ اٌٍفابئفٟ ِآ اٌاٌّؼاٟ اٌ ٍفاٟ.  اٌ ٍفٟ ؽدٚد اٌّؼٟ اٌّزٛظاػ ِاغ 
ٌٍٕع١ظ  اٌٍفابئفٟ 12اٌضٕب٠ب ، ٚاٌزٟ ٚظؾذ ِغ اٌؼعلاد اٌط١ٌٛخ غجمبد ٌٍؼعلاد اٌدائس٠خ، 6ٕ٘بن ٚؽدٚدٖ ِٓ اٌمٌْٛٛ. 

اٌضٕب٠ااب ٚ ١ٍااخ اِزصاابم اٌّااٛاد اٌيرائ١ااخرزىااْٛ ِاآ اٌ لا٠ااب اٌؼّٛد٠ااخ ِااغ اٌ ّاالاد ،اٌزااٟ رااٛؽٟ اْ اٌٍفاابئفٟ ِااسرجػ ثااٗ ػّ
ٌىٓ فٟ ثؼط اٌغساد رّزاد ٘ارٖ اٌضٕب٠اب وبعصاجغ ٔؾاٛ  لس٠جخ ِٓ اٌيشبء اٌداخٍٟ ٌطجمبد اٌؼعلاد اٌدائس٠خ، 12اٌٍفبئف١خ اي

غجماخ خلا٠ب إٌع١ظ اٌٍفبئفٟ ِ زٍفخ اٌشىً   ِىؼجخ ، ػّٛد٠خ ( ، ٌٕع١ظ اٌ لا٠اب اٌؼّٛد٠اخ وّب أْ .  ِسوص اٌّؾزٜٛ اٌيرائٟ
اٌٍفبئف١اخ  رازمٍع ػادد٠ب ٚ  12. ِغ ذٌه رجمٝ اٌطجمخ رؾذ إٌعا١غ١خ ٚاظاؾخ.اٌضٕب٠ب اياٌداخٍٟ عداز٘بغشبئ١خ عٍد٠خ ريطٟ 

 اوجاس 4اي  بؽغّب اٌٝ اْ رصً اٌٝ ِب ٠شجٗ الاصبز فٟ  ٔٙب٠خ اٌٍفبئفٟ رظٙس ث١ٕخ اٌمٌْٛٛ الً لطسا ِٓ اٌٍفبئفٟ ٚرجدٚ اٌضٕب٠ا
صٕب٠اب صاي١سح ،اٌزاٟ رىجاس ثادٚز٘ب  6ص١ٕابد وج١اسح اٌؾغاُ ٚ 6  ُاٌط١ٌٛاخ .رظٙاس ث١ٕاخ اٌّعازم١ظّىب ٚ٘اٟ ١ٍِئاخ ثبٌؼعالاد 

ٌزؼٛض اٌضٕب٠ب اٌزٟ رش١خ ٚربٚي اٌٝ اٌصٚاي.اٌضٕب٠ب اٌعزم١ّ١خ ِسرجػ ثٙب اِزصبم اٌّؼبدْ ٚا١ٌّبٖ ِآ فعالاد اٌياراء لجاً 
ؽٍّبد اٌؾٍّبد  ِعزم١ّ١خ  صي١سح راسرجػ ثحؽصِاخ ذاد  6فٟ اٌّمبغغ اٌزب١ٌخ ٠زي١س  ىً اٌضٕب٠ب فزصجؼ   اخساعٙب  وجساش.

خلا٠ب ٔع١غ١خ ػّٛد٠خ ٚظ١فزٙب رع١ًٙ اخساط اٌفعلاد ثزمٍصٙب ٚرّدد٘ب ؽ١ش رؤدٞ ٘رٖ اٌؾسواخ اٌاٝ اخاساط اٌجاساش اٌاٝ 
 .٠ٕؾٕٟ اٌمٌْٛٛ اٌٝ اظفً ٚ ل١خ ثبٌزّٛعٟ ااٌ بزط ػجس اٌفزؾخ الاخساع١خ  ردػٝ ٘رٖ اٌؼ١ٍّخ فٟ اٌؾ١ٛأبد اٌس
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ABSTRACT 

 

The stability assessment of sedimentary rock slopes of the area 

surround Garin Majjed archeological village which lay on cuesta 

shape hill in Wadi Dawa'an - East of Yemen was carried out. All 

important factors affecting slope stability in the area such as 

differential weathering, rainfall and runoff, sewage, discontinuities 

trends and inclinations, slope face orientation, and mechanical 

properties of rocks and joints filling materials were evaluated. Direct 

shear test of joints filling materials showed that the friction angle (Φ) 

values range between 11˚ and 31˚ and cohesion (C) Values between 

0.00 and 0.5 MPa. The compressive strength (cσ) values of the 

nodular limestone rocks is 66 MPa and for shaley marly sandstone it is 

12 MPa. It was found that  rock fall is the main mode of failure in the 

area, while secondary toppling and/ or plane sliding are probable to 

occur. Some remedial measures are proposed to protect the slopes like 

erect well seal drainage path, supporting the toe of the dip slope and 

the overhanging parts, as well as grouting of joints by convenient 

filling material. 
Keywords:  Slope Stability, Garin Majjed,  Archeological Village, 

Cuesta shape, Yemen. 

 

 
1. INTRODUCTION 

The study area is located at Wadi Leimen, the western tributary of Wadi 

Dawa'an which is 600 km to the south – east of Sana’a city; capital of Yemen 

(Fig.1).  Wadi Leimen is U-shape Wadi to mountainous area with hot dry 

climate. The annual average temperature ranges between 9- 42c and the 

annual precipitation ranges between 50-150 mm/year (Al-kharasane, 2005) 

with a considerable vegetative cover. 

This research aims to evaluate the slope stability  of the area surrounding 

Garin Majjed archeological village which is one of the most important tourist 

villages (Photo.1) in Wadi Dawa'an  (Ben Slman, 2007 and General Tourism 

Authority, 1999). 

../../Owner/Desktop/0
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Figure (1): Yemen map showing the location of study area. 

 

 
Photo (1): Side view of Garin Majjed  archeological village. Photo direction south-east 

 

The important factors affecting slope stability in the study area were evaluated. These 

include differential weathering and erosion, rainfall and runoff, sewage, discontinuities 

trends and inclinations, slope face orientation, engineering characteristics of rocks and their 

discontinuities as well as determining the type and direction of failures.  

The engineering characteristics of the rock mass and discontinuities were described 

according to the geological society engineering group working party (Anon, 1972). The 

relationship between slopes faces and beds attitude are classified according to Al-Saadi’s 

slope classification (AL-Saadi, 1981). The inclination of slope (or dip of strata) is indicated 

by two numbers, the one to the left (three digits) represents the direction and the one to the 

right (two digits) represents the dip angle. The symbol (OH) is used for overhanging slopes. 
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Stereographic projection was carried out to show the relationship between slope faces and 

discontinuities using Rock Pack III computer program. 

The laboratory tests include performing a compressive strength test for 6 samples of 

nodular limestone and shaley marly sandstone as well as shear box test for 5 samples of 

discontinuities filling materials to estimate the two shear strength parameters; friction angle 

(Φ) values and cohesion ( C ) values. The tests are carried out in the laboratory of the 

ministry of public works & highway in Sana'a. 

 

2. GEOLOGY OF THE STUDY AREA 

The study area is located to the east of the Arabian shield as a part of the Arabian shelf   

(Beydoun et al., 1998). It is affected by faults and joints which associated with the opening 

of the Gulf of Aden since Oligo- Miocene. The dominant trends of these geological 

structures are NW-SE and NE-SW (Fig. 2). 

 

 
 

The Garin Majjed archeological village stands above cuesta shape hill with a dip (back) 

slope of 295 30/ ,  scarp- overhanging slope (090/OH) and Southern side slope of  

180/80-OH (photo2 & Fig. 3). The average dip of contact between two rock units of the 

cuesta is 270/26.  The upper part of the cuesta shape belongs to the Umm er Radhuma 

Formation (Upper Paleocene) which consists mainly of yellow and grey nodular limestone 

with some marl while the basal part belongs to Mukalla Formation (Cretaceous) which 

consists mainly of sandstone with some shale, silt and marl. Jeza formation (Early Eocene) 

 Figure (2): Geological map of study area (Modified after Robertson Group, 1990) 

 

 
   Garin Majjed archeological village 
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outcrops to the east, south and west of study area. This formation belongs to Hadramawt 

Group and consists of a series of yellow and pink papery shales with beds of marl and 

limestone (Beydoun et al., 1998). 

 

3- ROCK MASS DESCRIPTION AND SLOPE STABILITY ANALYSIS 

The Cuesta shape rock mass outcrop in Garin Majjed archeological village area consists of 

two rock units as mentioned before ( Figure 2 ). In the upper part, a 12 m thick layer is 

exposed. It is grey, fine grained, very thickly bedded, moderately to very widely spaced 

joints, slightly weathered, nodular LIMESTONE, strong with uniaxial compressive strength 

(σc) of 66 MPa.  The 5 m  thick layer in the lower part of slopes  is  light yellowish brown,  

fine to medium grained,  very thinly bedded, closely spaced joints, moderately to highly 

weathered, shaley marly SANDSTONE moderately weak with compressive strength (σc) of 

12 MPa.  

The limestone layers are cut by two main cracks, one in the attitude of 285/62 and the 

other with attitude of 005/86. Stereographic projection of these two main cracks is shown 

on Figure 4D. The horizontal sandstone layers are cut by three sets of joints, S1, S2 and S3. 

The average dip of S1 joints is 265/87 and the joints spacing are of >3 m. The persistence 

is about 2 m on the bedding planes and slope surfaces. The joints are almost close. The 

average dip of S2 joints is 205/90 and the spacing ranges between 0.25-0.60 m while the 

persistence ranges between 0.20-0.40 m on the bedding planes and they are almost close. 

The average dip of S3 joints is 113/90 and the spacing ranges between 0.20-0.40 m, their 

persistence ranges between 0.20-0.70 m on the bedding planes and they are almost close. 

Stereographic projections of S1, S2 and S3 are shown on Figures 4 A and C. 

 

 

 
 

Photo (2): Side view of cuesta shape showing  different slopes around the village. Photo 

direction to the north. 
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 slope 
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Figure (3): Satellite image showing the areal distribution of slopes in study area, (Google earth). 

 

 

The areal distribution of slopes in the study area is shown in Figure 3. It can be divided 

into four main slopes. These are: 

 

(i) Dip (back) slope 
The slope is close to the main road as shown on Photo 2. It is 45 m high and 60 m long 

parallel to its trend. The slope inclination is 295/30 with average dip of 270/26 and it is 

daylighting at right part. According to Al-Saadi’s slope classification this slope is parallel 

slope with 15 divergence angle and left emergent concordance (Fig. 4A & B), 

 

(ii) Scarp slope 

This slope is 15 m high and 20 m long parallel to its trend. The slope inclination is 

088/OH with average dip of 270/26 (fig. 4D). According to Al-Saadi’s slope 

classification, it is a parallel slope with 02 divergence angle, right emergent and 

disconcordance. 
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              A. Dip (back) slope                                                        B. Wet state dip (back) slope with probable plane sliding 

 

     
 

             C. Southern side slope with probable wedge sliding.     D. Scarp slope with probable Rockfall 
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Figure (4):  Stereographic projections showing the relationship between slopes (thick great 

circles), ()contact surface, () cracks, ()  joints S1, S2 & S3, and area of 

potential sliding for friction angle of 31 & 11.  

 

(iii) Southern side slope 
The slope is 45 m high and 60 m long parallel to its trend. The slope inclination is 

180/80-OH) and the average dip of contact between the  two rock units of the cuesta 

shape is 270/26 (Fig. 4C). According to Al-Saadi’s slope classification, it is orthogonal 

slope with 90 divergence angle. 

 

(iv) Northern side slope 

The slope is 45 m high and 60 m long parallel to its trend. The slope inclination is 360/23 

with average dip of 270/26. According to Al-Saadi’s slope classification, it is orthogonal 

slope with (90) divergence angle (AL-Saadi, 1981). 
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4- RESULTS AND DISCUSSIONS 

The laboratory tests include performing of compressive strength as well as shear box tests. 

The average compressive strength of fresh to slightly weather nodular limestone (σc) is 66 

MPa which indicate strong rock. This value decrease rapidly by weathering resulting from 

seasonal rainfall and runoff as well as from local sewage. For fresh to slightly weather 

shaley marly sandstone, the average compressive strength is 12 MPa. This value indicates 

moderately weak strength rock. Evaluation of the two shear strength parameters namely 

friction angle (Φ) and cohesion (C) for unconsolidated filling materials of discontinuities 

indicate Φ = 31˚ and C = 0.22 MPa under 16 % moisture content and Φ = 11˚ and C = 

0.013 MPa. under moisture content of 29%. This mean that the friction angle of 

unconsolidated materials with more moisture content is smaller than sliding plane (contact 

surface) inclination which has dip of 26 
The discontinuities dissected the upper back slope as well as the exfoliation weathering 

of limestone help rainfall and sewage to penetrate inside the rock mass and reach the 

jointed marly sandstone. This resulting in disturb slope stability of the area. The scarp slope 

and southern side slope are strongly affected by this action; therefore, rockfall failure is 

dominant. Stereographic projection indicates wedge sliding along southern side slope but 

due to moderately wide spaceof joints, the rockfall occurs instead of wedge sliding for 

small rock fragments.  

The northern side slop is rather stable. Although the dip (back) slope is stable at present, 

it may reach a critical state of secondary toppling (Hoek, E. & Bray, J.W., 1981) or plane 

sliding in the future if toe cutting by rabid differential weathering resulting from surface 

sewage and seasonal rainfall and runoff continue. 
Because this village is one of the most important tourist villages in Wadi Dawa'an, and 

due to its heritage value, it is necessary to take some construction measures to treat the 

instability problem of the dip (back) slope, southern side slope and scarp slope. The 

following treatment may achieve: 

1- Removing the unstable blocks which are liable to fall in the scarp slope. 

2- Erecting well seal drainage conduit. 

3- Supporting the toe of the dip (back) slope and the overhanging part of the southern 

side slope by retaining wall. 

4- Grouting of discontinuities by convenient filling material like cement in order to 

increase the cohesion of the different parts of the rock mass and to prevent water 

infiltration to the lower part of the slope. 

 

5- CONCLUSIONS 

1- Weathering is the dominant cause of failure in the study area and most of 

discontinuities help to separate the rock blocks out of the slope. 

2- The northern side slop is rather stable. 

3- Rockfall is the main mode of failure that occurs in scarp and southern side slopes.  

4- Sliding and/ or toppling are the probable mode of failure in dip (back) slope. 

5- The treatment must be applied with well aspect. 
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 يهخص

فٟ ٘رٖ اٌدزاظخ رُ رم١١ُ إظزمساز٠خ إٌّؾدزاد اٌص س٠خ اٌّؾ١طخ ثمس٠اخ لاسْ ِبعاد الأصس٠اخ ٚ اٌزاٟ رماغ ػٍاٝ ِسرفاغ 
 ااسق اٌاا١ّٓ.  إذ رااُ رم١اا١ُ ع١ّااغ اٌؼٛاِااً اٌّااؤصسح فااٟ ػاادَ  -ِاآ اٌصاا ٛز اٌسظااٛث١خ ثشااىً اٌى٠ٛعاازب فااٟ ٚادٞ دٚػاآ 

اٌّطس ٚاٌعا١ٛي،  اٌصاسف اٌصاؾٟ،  ارغابٖ ٚ ١ِاً الأمطبػابد،   اعظزمساز٠خ  فٟ إٌّطمخ ِضً اٌزغ٠ٛخ اٌزفبظ١ٍخ، ظمٛغ
إٌّؾدز،  ٚ اٌصفبد ا١ٌّىب١ٔى١خ ٌٍص ٛز ٚ اٌّٛاد اٌّبٌئخ ٌلأمطبػبد.  أظٙسد ٔزبئظ فؾع اٌماع  ٗارغبٖ ٚ أؾداز ٚع

( ثا١ٓ cاٌزّبظاه  ٚ لا١ُ  11  ٚ31( رزاساٚػ ثا١ٓ Φاٌّجب اس ٌٍّاٛاد اٌّبٌئاخ ٌٍفٛاصاً أْ لا١ُ شا٠ٚاخ الاؽزىابن اٌاداخٍٟ  
١ِمبثبظاىبي  ١ِ12مبثبظىبي ٌٍص ٛز اٌغ١س٠خ اٌؼمد٠اخ ٚ  ١ِ66مبثبظىبي. أِب ل١ُ اٌّمبِٚخ الأعيبغ١خ فىبٔذ  0.5ٚ  0.00

ٌٍص ٛز اٌس١ٍِخ اٌّبز١ٌخ اٌطف١ٍخ.  خٍصذ ٘رٖ اٌدزاظاخ إٌاٝ أْ ّٔاػ اٌعامٛغ اٌصا سٞ ٘اٛ الا١ٙٔابز اٌعابئد فاٟ إٌّطماخ 
ا١ٙٔبزاد ِٓ ٔٛع الأملاة اٌضبٔٛٞ ٚ / أٚ الأصلاق اٌّعزٛٞ.  ثٕابءا ػٍاٝ ٔزابئظ  ٘ارٖ اٌدزاظاخ وّب رٛعد اؽزّب١ٌخ ٌؾدٚس 

رُ الزساػ ػدد ِٓ اععساءاد اٌٛلبئ١خ ٌؾّب٠خ ِٕؾدزاد ِٕطمخ اٌدزاظخ ِضً إٔشبء لٕٛاد رصاس٠ا ِجطٕاخ،  رادػ١ُ أظابض 
 ِٕبظجخ.ظفٛػ ِٕؾدز ا١ًٌّ ٚ الأعصاء اٌّؼٍمخ  ٚ ؽمٓ اٌفٛاصً ثّٛاد ِبٌئخ 
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ABSTRACT 

 

A new series of heterocyclic derivatives from 3,5–naphtho-1- 

selenocyclohexane have been prepared (C12 H10 SeX; X=CL Br, I) and 

C12H10 SeRX; R=CH3; X=I) 

The new compounds were characterized by elemental analysis, IR, 

H1NMR and molar conductance. Conductivity measurements of these 

compounds in DMSO solution indicated that they behave as week 

electrolytes  

 

 
INTRODUCTION 

The preparation, characterization and solution properties of heterocyclic 

tellurium and selenium had been described previously [1-9]. 

3,5-naphtho–1-tellurocyclohexane was studied firstly by Anderson et. al. [10] 

who studied the cyclic inversion that occurs in oxygen, sulphur, tellurium and 

selenium cyclic compounds.  

Singh et. al. [11] have prepared 3,5- naphtho–1-tellurocyclohexane and 3, 5-

naphtho–1-selenocyclohexane from 1,8-bis (bromo methyl) naphthalene.  

Radhy [12] prepared charge transfer complexes from quinines. In the present 

work a new heterocyclic selenium compounds based on 3,5- naphtho–1-

selenocycolhexane have been prepared and characterized by physical 

properties and spectroscopic methods.  

 

EXPERIMENTAL 

A) Physical measurements  

All physical measurements were achieved in the University of Basrah. Infra- 

red spectra were recorded as KBr pellets in a range of 4000-400 cm
-1

    on a 

Pye-Uniecam SP300s infrared spectrophotometer. Elemental analysis were 

preformed using EA-1108 Carlo-Erba elemental analyzer. H
1 

NMR spectra 

were recorded in CDCl3 or DMSO-d6 solution containing TMS as  

internal standard using Joel EX-90 instrument 100MHz. Melting points were  
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determined by Gallenkamp apparatus and were uncorrected. Conductivity measurements 

were done with a WTW conductivity meter LBR using a standard conductivity cell with a 

constant of 0.8 cm
-1 

. 

. 

B) Synthesis  

1, 8- bis(bromo methyl)naphthalene C12H12Br2 (I) 

A mixture of (2 g, 50 mmol) of 1,8-dimethylnaphthalene and (6.4 gm, 25mmol) N-

bromosuccinimide (NBS) with (0.25g ,1mmol) from benzoyl chloride in 40 ml CCl4 was 

heated to reflux for 5 hrs. A small quantity of pale yellow crystal was deposited from this 

reaction on cooling. The precipitate was washed with a small amount of water and 

recrystallized from benzene (m.p. 165°C).  

3,5- naphtha-1-selenocyclohexane C12H10Se (II) [11]   

To a well-stirred suspension of selenium (0.12 g) (1.59 mmol) in water, sodium 

borohydride (0.12 gm, 1.59 mmol) was added in water (25ml) at room temperature .The 

selenium was consumed with in 10 min. 1,8-bis (bromomethyl) naphthalene (0.59mmol) in 

toluene (25ml) was there added through a dropping funnel. After addition of a phase–

transfer catalyst, tetrabutylammoniumhydrogensulphate (0.1 g) the temperature was raised 

to 60 °C and kept at 60°C for 8 hrs. The organic layer was separated, washed with 5% 

aqueous sodium carbonate, then evaporated in vacuo to give an orange product. 

Recrystallization from petroleum ether (40–60°C) yielded orange crystals mp. 82°C (lit. 

[9]). 83.5– 84.5°C. 

1, 1–Dibromo- 3,5–naphtha-1-selenocyclohexane C12H10Se Br2 (III). 

A solution of 3,5–naphtha-1-selenocyclohexane (3 mmol) in dry ether was treated dropwise 

with a solution of bromine (3 mmol) in ether. A white precipitate was formed immediately. 

The solution was evaporated and the residue was recrystallized from methanol to give white 

crystals  (m.p. 202-204°C)  

1,1-Dichloro-3,5–naphtha-1-selenocyclohexane (IV).  

In ether was added slowly to a stirred solution of (3 mmol) of 3,5-naphtho-1-

selenocyclohexane in the same solvent at room temperature. A white precipitate was 

formed immediately. The precipitate was washed with water and recrystallized from 

ethanol to give a white crystal (m.p. 200—201°C)    

1,1-diodo-3,5-naphtholselenocyclohexane C12H10SeI2 (V). 

A solution of 3,5-naphto-1-selenocyclohexane (1 mmol) in dry ether (10 ml) was treated 

drop wise with a solution of iodine (0.39 g,1.5 mmol) in ether. A white precipitate was 

formed. The solution was evaporated and the residue was recrystallized from ethanol to 

give white crystals (m.p. 188-200 °C).  

Iodo-1-methyl–3,5-naphho-1-selenocyclohexane C13H13SeI (VI). 

(3 mmol) of freshly distilled iodomethane was introduced with cyclic selenide (3 mmol). 

Recrystallization from ethanol/water (3/1) gave white crystals of m.p. 170-173  ْ °C.   

 

RESULT AND DISCUSSION  

This paper deals with the synthesis of 3,5-naphtho-1-selenocyclo hexane (II) which was 

then converted to dihalo derivatives through the reaction with halogen in 70% yield. Its 

treatment with methyl iodide gave compound C12H10SeCH3I (VI).  

The synthesized compounds and their synthesis modes are shown in Scheme (1).  
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[Scheme-1] 

 

 

    All compounds are soluble in DMSO, their physical properties and elemental analysis are 

listed in Table (1).  

   The infrared spectra (KBr disk) of all compounds show a week to moderate band near 

585-600 cm
-1

 which characteristic of the C-Se stretching [7]. 

    Two strong absorption bands: the first was at 770- 780 cm
-1

 owing to bending stretching 

of C-H; and the second  was at 1620-1590 cm
-1

 owing to aromatic stretching C=C Table(2).  

   In addition to these absorption bands, there is a number of characterization absorption 

such Se-Br, Se-Cl and Se-I stretching at 620, 610 and 605 cm
-1

 , respectively.  

 
Table (1): Analytical and physical properties for compounds (II- VI). 
 

No. Chemical formula Colour M.P. °C Yield % 
Anal. Found (cal.) % 

       C                H 

II C12H10Se Orange 82 70 
61.20 

(61.81) 

4.34 

(4.32) 

III C12H10SeBr2 White  202 – 204 75 
36.10 

(36.67) 

2.51 

(2.56) 

IV C12H10SeCl2 White 200 – 201 70 
47.47 

(47.41) 

2.29 

(3.31) 

V C12H10SeI2 White 188 – 200 70 
29.58 

(29.59) 

2.40 

(2.06) 

VI C12H10SeCH3 I White 170 - 173 75 
41.60 

(41.62) 

3.42 

(3.49) 

  
1
H NMR spectra of compounds (11-V1) were measured in CDCl3 and DMSO-d6. 

Compounds C12H10SeX2 in CDCl3 solvent gave two types of bands the first, singlet signal 

related to methylene protons (2,6) and the second multiple signal at 7-8.2 ppm for aromatic 

protons. Table (2),   
1
H NMR of C12H10SeCHI (V1) shows a quartet signal for methylene proton (2,6) at 5.23 

ppm which are not equivalent as compared with C12H10Se and C12H10SeX2 compounds. 

This result is in agreement with C12H10TeRX  [13] and C12H10SeRX [14]. 
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Table (2): IR and 1HNMR for (II–VI) compounds. 

 
No. Se–C cm-1  C=C cm-1 C-Hben cm-1 δ (ppm) Solvent 

II 585 1580 780 
4.30 s  (H2,6)  

7.70–8.00 (Haromatic) 

DMSO-d6  

2.15 

III 585 1590 775 
4.60 s (H2,6) 

7.20–8.10m(Haromatic) 
CDCl3 

IV 590 1580 770 
4.80 s (H2,6)  

7.20–8.20m(Haromatic) 
CDCl3 

V 590 1620 770 
4.50{S , H (2,6)}  

7.20–8.00m (Haromatic) 
CDCl3 

VI 600 1608 780 

1.20 {S , CH3}  

5.23 {M , H (2,6) } 

7.20–8.20m (Haromatic) 

DMSO-d6 

 

  

 
Figure (1): Molar conductivity versus square root of concentration. 

  

   The molar conductivity for these compounds in DMSO as solvent with concentration 

between 10
-4

–10
-5

 molar were measured. The plots of molar conductance (ohm
-1 

cm
-1

 mole) 

against square root of concentration for compounds showed a typical behavior of week 

electrolyte in DMSO solvent (Fig.1) and this result is in agreement with previous studies 

[12-15].  
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 تحضير وتشخيص تعض يشتقاخ انسهيُيىو غير انًتجاَسح انجذيذج 

  Naphtho–1-Seleoncyclohexane-3,5نـ 
 
 
 

 وبظُٕٚ٘بء  ؼؽٕبْ اٌؾصاَ ، أظبِخ اٌزّبزٞ ، ٔؼ١ُ ف١ٍ

 
 لعُ اٌى١ّ١بء ، و١ٍخ اٌؼٍَٛ ، عبِؼخ اٌجصسح، اٌؼساق

 

 

 يهخص

   ٚ ٘اٟ  naphtho -1- selenocyclohexane–5 ,3اٌّسوات  فٟ ٘رٖ اٌدزاظخ رُ رؾع١س ظٍعٍخ عد٠دح ِٓ ِشزمبد 

C12 H10SeX; X=CL Br, I  و C12H10 SeRX; R=CH3; X=I .  ًٚلد   صذ ٘رٖ اٌّسوجابد ثبظاز داَ اٌزؾ١ٍا

H)( ٚاغ١اابف اٌااس١ٔٓ إٌااٛٚٞ اٌّيٕبغ١عااIRٟالأ ااؼخ رؾاذ اٌؾّااساء   ( ٚاغ١اابفCHNسٞ اٌاادل١ك  اٌؼٕصا
1
-NMR . )

 ( ثبْ اٌّسوجبد ػجبزح ػٓ اٌىزس١ٌٚزبد ظؼ١فخ.DMSOظٍفٛوعب٠د  ٚاصجزذ اٌزٛص١ٍ١خ اٌّٛلاز٠خ فٟ ِر٠ت صٕبئٟ ِض١ً
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ABSTRACT 

 

Twenty five soil samples were collected from various parts of 

uncultivated areas in Iraq including Rabe'a, Mosul, Hatra, Beygee, 

Balad, Radhwnaia, Abu Graib, Wasit, Anbar and Basrah. These 

samples were examined by XRD to determine the mineral 

constituents. Clay fractions were separated for clay mineralogy. 

The results showed that the clay minerals represent about 40% of the 

mineral constituents of the samples, dominated by montmorillonite, 

illite, palygorskite and chlorite having various proportions. The non-

clay minerals are represented by calcite and dolomite which present as 

detrital grains and representing about 32% of the mineral constituents. 

Quartz comes with about 22% and feldspars with about 5%. The 

water-soluble salts in the soil samples varied according to the 

sampling location and represented about 0.3% on average, increasing 

from north to south.  

The study showed the relation of the soil mineralogy with source 

rocks, and the most of the Iraqi soils are the results of erosion, 

weathering and transported by rivers. The authigenic minerals are 

locally precipitated from near-surface saline ground waters.  

 

 
INTRODUCTION 

Quaternary sediments cover most of Iraq and represent most of its soils. It 

includes recent flood plain sediments (Holocene) of Tigris and Euphrates and 

their tributaries, in addition to sediments transported by wind mainly sand 

dunes which spread over the north and north – western parts of the 

sedimentary plain  (Yacoub,1983). Most of these deposits consist of clays 

and mud with sand,  together  with  chemical  deposits of carbonates  and  
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evaporates formed as a result of evaporation. These recent alluvial deposits are different  

from the ancient alluvial deposits of  Pliestocene age. The latter consists of alluvial terraces 

and widespread over the north and northwestern parts of the sedimentary plane forming 

relative highs and showing gradation from pebbles to sands, clays  and mud (Domas, 1983). 

In this study, the term soil is not used in its strict scientific meaning, which is, a 

weathering product. Instead, it is used as a cohesion less friable product, a weathering 

product in situ or a transported material by different erosional agents or a mix of both, 

which represent, most Iraqi soils form in situ. These soils are different in their constituents 

and stages of development from one area to another depending on conditions of weathering, 

transportation and deposition as well as the sort of diagenesis soils undergo. 

Consequently, the mineralogical study of Iraqi soils gained importance and concern of 

several researchers. Al-Rawi, et. al., 1969, studied the mineralogy of Iraqi soils in northern 

and central parts of Iraq. They emphasized the mineralogical nature of soils and minerals of 

flood sediments and river terraces in addition to the mineral variability with soil depth. 

They found that montmrillonite is dominate in addition to other minerals in different 

proportions. Al-Rawi, 1977 studied recent sediments of Diwania region which were 

transported by Euphrates and its tributaries. He found that these sediments are sand, clay, 

mud and the grains of the latter are dominant. Banat and Al-Rawi, 1986; and Abdullah, 

1982 studied the mineralogy of flood sediments of Diwania and Al- Hammar marshland as 

well as the clays along Euphrates is outlines.    Al– Hassani, 1984, studied the 

mineralogical and chemical aspects of sabkha and shura soils in some regions of Iraq and 

found them alike.  

Al–Ani, 1986 studied the geochemistry and sedimentology of sabkha in central and 

southern Iraq. He showed that montmorillonite is the major constituent of plain deposits 

and that these clays are detrital in origin transported by rivers and wind. He considered the 

igneous and metamorphic rocks in the upstream are the main source for these deposits in 

addition to some other sedimentary formations within the country.  

A new outlook to the mineralogical nature of the Iraqi soils is adopted in this paper. It 

emphasises the influence of salinity, climate and source rocks on the type of minerals found 

in soils. The work is conducted on 25 samples selected from different areas of Iraq from 

north to south covered the provinces of  Mosul, Salah – Al Din, Baghdad, Wasit,  Al –

Anbar , and Basrah ( Fig.1).  

 

MATERIALS AND METHODOLOGY 

Twenty five non-cultivated agricultural soil samples were collected from different areas of 

Iraq (Table-1). After removing the upper layer, these samples were taken out by a shovel or 

auger from a depth of 30cm from the cleaned earth surface, and from areas cut by small 

wadis. Each sample was divided into two parts for grain size and mineral composition 

analysis. 

 

Size gradation  

100 grams of soil are taken after drying in an oven of 60C for a period of 24 hours. The 

sample is then washed in a 63 micron size sieve. The coarser part is dried in an oven of 60 

C. The dried coarser part is placed into a sieve of 2 mm. The weights of sand (size 0.063 – 

2.0 mm) and of pebbles (more than 2 mm) are determined. The rest of the sample (less than 

63 microns) is left to settle for 24 hours and then dried.  
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Table (1): The distribution of sample localities and serial numbers.  
 

City area Serial  No. 

Mosul  Mosul 

Rabea 

Hatra 

4 

1 -2 – 3  

5  

Salah Al-Deen  Bayjee  

 Balad 

6  

 7  

Anbar  Kilo-160 

 Rutba 

Akashat 

8 

9 

10 

Baghdad Abu Gharib  

Radhwania  

13- 14-15 -16 -17  

18 -19-20- 21 -22  

Wasit  Wasit 11 – 12  

Basrah  Basrah  23 – 24 – 25  

  

To determine the clays proportions forty grams of Kalcon were taken and dissolved in a 

100 milliliter with continuous stirring for half an hour. The sample now is left for another 

24 hours, which is  then put into a graduated cylinder (holds 1000 ml) and distilled water is 

added up to 1000 ml with continuous stirring. A hydrometer is put inside the cylinder. 

Readings are taken from a quarter of a minute to 24 hours. Then some arithmetic is 

executed to determine the proportions of mud and clays in the samples (Tamar–Agha and 

Mahdi, 1992).  

    

Analysis of minerals 

Samples were analyzed by  X-ray diffraction to determine their mineral contents. Samples 

are grinded   by agate mill and slides are made for  testing. 

Particles of clays were separated according to Jackson, 1958 and Al–Janabi et al, 

1992and then determined and examined by X-ray diffraction. Clay minerals are determined 

and  calculated sub- quantitatively as in Al–Janabi et al., 1992. 

 

RESULTS AND DISCUSSION 

Size gradation  
Size analysis was performed on samples (Table-2) for the purpose of their classification 

depending on textural properties according to (Wentworth1922). Results show that 68 % of 

the samples is clayey mud soils (silty clay). Silt ranged from 29 – 48.4 % (table-2) while 

the clayey part showed a range of 17 – 50.5 % which reflects a transporting agent of low 

energy in the depositional plain region. 24 % of samples fall within the sandy soil type with 

a sand range of 26 – 48.2%. Clayey soils comprised 8 % of the studied samples. 

Rabea is characterized by silty clayey soils with a sand percent not more than 5%. 

Southward of Mosul and Hatra sand percent increases and clay percent decreases, with silt 

percent remains almost constant (table-3). Some pebbles also appear but no more than 

1.5%. The soils of Bayjee are characterized by a higher sand percent reach to 48%, and are 

classified as sandy clay loam. The reason for this is the presence of sand dunes in the region 

which influences the type of soil in these regions. Sands decrease in the southern direction 

in soils fringing Tigris river where clays and silt increase in Baghdad. The soil is classified 

as silty clay where it constitutes around 7.6% while silt content is 45.5 % (table-4) and clay 
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contents 46.4 %, such as the soil samples of Wasit and Basrah which are classified as silty 

clay. In Wasit, sands reach to 2.5 % and clays to 50.5 % which is the highest value in 

studied samples. 

 

 
Figure (1) : Location map of the collected samples (Modified from Iraq Satellite 

Photomap,2003).  
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Table (2): Sieve analysis and classification of soil samples. 
 

Classification 

After Al-Taei,1968 

Texture 
Us Dep. Of 

Agriculture 

% 

Clay 

%  

Silt 

% 

Sand 

% 

*Gravel 
Samples 

Serial 

No . 

Mollie Calciorthids (CM) Clay Silty 53 42 5 - Rabea-1 1 

Mollie Calciorthids (CM) Clay Silty 53 43 4 - Rabe a-2 2 

Mollie Calciorthids (CM Clay Silty 47 47 6 - Rabe a-3 3 

Torrifluvents (TF) Silty Clay 36 48 16 - Mosul 4 

Calciorthids and Lithic Sandy Silty Clay 27 34 36 3 Hatra 5 

Calciorthids (CI) Sandy Silty Clay 29 23 48 - Bayjee 6 

Torrifluvents (TF) Silty Clay 43 53 4 - Balad 7 

Calciorthids (CL3) Sandy Silty Clay 23 24 50 3 AL-Kilo-160 8 

Lithic Paleargids and Lithic 

Calciorthids (PL) 
Sandy Silty Clay 13 13 65 9 Rutba 9 

Paleargids and Lithic 

paleargids (PL) 
Silty Sand 15 50 30 5 Akashat 10 

Salorthids Torrifluvents and 

Torrets (SI) 
Clay Silty 57 41 2 - Wasit  -  1 11 

Torrifluvent(TF) Silty Clay 44 53 3 - Wasit  - 2 12 

Torrifluvent(TF) Silty Clay 41 52 7 - Abu Garib-1 13 

Torrifluvent(TF) Clay Silty 51 46 3 - Abu Garib-2 14 

Torrifluvent(TF) Silty Clay 45 50 5 - Abu Garib-3 15 

Torrifluvent(TF) Clay Silty 49 46 5 - Abu Garib-4 16 

Torrifluvent(TF) Clay Silty 48 48 4 - Abu Garib-5 17 

Torrifluvent(TF) Clay 49 38 13 - Radhwania-1 18 

Torrifluvent(TF) Silty Clay 46 49 5 - Radhwania-2 19 

Torrifluvent(TF) Silty Clay 41 46 13 - Radhwania-3 20 

Torrifluvent(TF) Clay 48 37 15 - Radhwania-4 21 

Torrifluvent(TF) Clay Silty 51 43 6 - Radhwania-5 22 

Salorthids(SI) Silty Clay 48 50 2 - Basrah-1 23 

Salorthids(SI) Silty Clay 45 54 1 - Basrah -2 24 

Salorthids(SI) Silty Clay 41 41 13 - Basrah-3 25 

Gravel: >2.0mm   Sand : 2.0 – 0.063 mm  Silt : 0.063- 0.002 mm  Clay:<0.002 mm 

 
 

Table (3): The soil mean grain size  according to geographical distribution.          
 

Clay %  Silt  % Sand % Gravel % Area  

     51         44         5     -------         Rabea 

     31.5         41        26      1.5   Mosul + Hatra 

      36         38        26     ------- Bayjee + Balad 

      17         29        48.3       5.7 Anbar(Kilo-160+ Rutba + Akashat)  

      50.5         47        2.5      ------ Wasit  

      46.9         45.5        7.5          ------  Baghdad(Abu-Gharib +Radhwania)  

      46.3         48.4        5.3     ------- Basrah  

          
Results also have shown a pebble highest content of 5.7 % in samples of Al-Anbar, in 

addition to the presence of high content of sands which reaches around 17%, classified as 

sand clay loam (Table-3). This is because of in situ origin of these soils and are influenced 

by wadi deposits that occurred by seasonal flash floods which carry clastics of different 

sizes of pebbles and sands.  
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Mineralogy of soil samples  

In the light of X-RD investigation (Fig.2) it is possible to quantitatively estimate minerals 

present in the studied samples (Table-4 and Fig.2). Results show clays are predominant 

among soil minerals under study. Clays are present in about 40% with a range of 55 – 20 % 

(Table-5  and Fig.3A). Montmorillonite dominates in most samples (Fig.2) except Rabea 

and Mosul where mica (illite) or palygorskite comes first and montmorllonite remains the 

principal mineral in the samples of these regions. Also, palygorskite and montmorillonite 

dominate in the samples of Al-Anbar. Chlorite is the second in the samples next to  

montmorillonite inAl- Anbar and most samples of Basrah region. Illite is second in the 

samples of Abu-Gharib. 

Kaolinite is the least distributed clay mineral in the studied samples except with 

individual samples in Basrah and Radhwania  (Table-4). The main source of these minerals 

is the transported sediments by rivers and tributaries during flood seasons which carry 

along weathering products of different types of igneous and metamorphic rocks exposed 

within Tigris and Euphrates headwaters, in addition to sedimentary rocks which enrich Iraqi 

soils with extra clastics rich in clays derived from Injana and Muqdadia Formations. Also, 

few percentages of these minerals are a product of in situ weathering particularly in the 

soils of Al-Anbar. For weathering, chemical and mechanical, is a primary role in 

delineating the produced clay minerals (Degens, 1965),(sadiq,1985). For climate and 

topography, as well, have a long influence on the type of clay minerals   produced. All of 

these lead us to believe that quite adverse mixture of these minerals is present in Iraqi soils. 

Montmorillonite is the primary mineral in all samples which develops as a result of 

weathering of basic igneous and metamorphic rocks rich in iron, magnesium and calcium. 

These rocks are typical in Iraqi rivers headwaters, where they are eroded and transported by 

rivers to where their sediments accumulate. Here, it is noteworthy to mention that the three 

minerals (mica, illite, montmorillonite) do represent a chain of successive weathering 

stages. Micas frequently are a product of igneous and metamorphic rocks; they alter to illite 

by weathering, where part of potassium is replaced by hydrogen and form montmorillonite 

during successive stages of weathering by replacing potassium within the crystalline lattice 

with other ions such as calcium, which causes its increase in water. This reflects content of 

montmorillonite in most Iraqi soils. Climate has also a noticeable role in the formation of 

these minerals which are formed in arid and semiarid climate. In addition, this large 

proportion of montmorillonite is due to diagenesis  which initiated weathering of chlorite as 

a result of sodium concentration particularly in samples of central and southern Iraq, which 

possibly was the major cause of chlorite decrease  in these regions. The increasing of the 

concentration of mica (illite) in soil of Rabea and Mosul, north of Iraq, caused by nearness 

to regions of source rocks in northern and northeastern Iraq, igneous and metamorphic 

rocks rich in mica and may also be due to rock weathering of marl for example.  

It is also noticed that palygorskite existence in the studied samples, considered in situ 

clay mineral, represent the major mineral in samples of western desert. But what explains 

its presence in most samples is the transportation and deposition of clastics derived from 

ancient formations, transported by rivers and wind. Kukal and Saadallah, 1978, Al –

Khattab, 1972, and Buringh, 1960, have pointed out that dust storms, taken place in 

southern and western Iraq most of the year, which transport large quantities of sediments 

for long distances reaching up to hundreds of kilometers. Beside that is the possible 

diagenesis such as the transformation of montmorillonite to palygorskite as a result of 
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uptaking magnesium from soils (Weaver and Pollard, 1975). Climate of arid and semiarid 

dominant in the country is required for the formation of such minerals (Aqrawi, 1993). 

 
Table (4): Mineral percentages and clay minerals in studied samples.  
 

Clay minerals 
Feldspar 

% 
Clays 

% 
Quartz 

% 
Carbonates 

% 
Samples 

Serial 
No . 

Mica, Palygorskite,  Montmorillonite, Chlorite  3.0 47.5 22.0 27.5 Rabea-1 1 

Palygorskite, Montmorillonite, Kaolinite, Mica  ------- 45.0 0.27 28.0 Rabea-2 2 

Mica, Palygorskite, Montmorillonite, Kaolinite  ------- 52.2 20.0 27.5 Rabea-3 3 

Mica, Palygorskite,  Montmorillonite, Chlorite, 
Kaolinite  

------- 44.5 12.0 43.5 Mosul 4 

Palygorskite, Montmorillonite, Kaolinite 5.0 45.5 25.0 24.5 Hatra 5 

Montmorillonite, Chlorite, Mica, Kaolinite  5.0 47.0 18.0 30.0 Bayjee 6 

Palygorrskite,  Mica, Montmorillonite, Chlorite  ------- 36.0 24.0 35.0 Balad 7 

Palygorskite, Montmorillonite, Chlorite 

,Kaolinite  
------- 35.0 30.0 35.0 AL-Kilo-160 8 

Montmorillonite, Palygorskite,  ------- 41.0 33.0 26.0 Rutba 9 

Montmorillonite, Chlorite, Mica, Kaolinite ------- 40.0 18.0 42.0 Akashat 10 

Montmorillonite, Chlorite, Mica, Palygorskite, 
Kaolinite 

------- 44.0 26.0 30.0 Wasit – 1 11 

Montmorillonite, Mica, Palygorskite, Kaolinite 4.0 39.0 25.0 32.0 Wasit  – 2 12 

Montmorillonite, Mixed Plated,  Mica, 

Palygorskite, 
9.0 43.5 21.0 26.5 Abu Gharib-1 13 

Montmorillonite, Mica,  Palygorskite, Kaolinite 8.0 36.0 30.0 26.0 Abu Gharib-2 14 

Montmorillonite, Chlorite, Palygorskite, 

Kaolinite 
8.0 43.5 18.0 30.5 Abu Gharib-3 15 

Montmorillonite, Mixed Plated,  Mica, 
Palygorskite 

18.0 37.0 18.0 27.0 Abu Gharib-4 16 

Montmorillonite, Mica, Palygorskite, Kaolinite 13.0 41.0 20.0 26.0 Abu Gharib-5 17 

Montmorillonite, Chlorite,  Mica, Palygorskite, 

Kaolinite 
8.0 47.0 18.0 27.0 Radhwania-1 18 

Montmorillonite, Chlorite, Palygorskite,  6.0 38.5 26.0 29.0 Radhwania-2 19 

Montmorillonite, Kaolinite, Palygorskite, Mica, 10.0 44.5 19.0 26.0 Radhwania-3 20 

Palygorskite, Montmorillonite, Kaolinite 20.0 40.0 15.0 25.0 Radhwania-4 21 

Montmorillonite, Chlorite, Mica, Kaolinite 
15.0 32.0 25.0 28.0 Radhwania-5 22 

Montmorillonite, Chlorite, Kaolinite 2.0 30.0 20.0 48.0 Basrah-1 23 

Montmorillonite, Chlorite, Kaolinite Trace 35.0 20.0 45.0 Basrah -2 24 

Kaolinite, Montmorillonite Trace 20.0 25.0 55.0 Basrah-3 25 

 

On the other hand, Kaolinite is the least present mineral in the studied samples. This 

reflects a weak chemical weathering upon the source rocks (Wollast, 1967, in Banat, 1980), 

because formation of kaolinite requires a humid equatorial climate, contrary to the existed 

semiarid climate. Moreover, the presence of salt and alkali concentration in some Iraqi soils 

within the depositional plain offers the wrong environment for the formation of kaolinite 

(Grim, et al., 1960). Also, its presence indicates strong heavy rainfall and efficient water 

drainage and high soil permeability. Therefore, the presence of a little proportion of 

kaolinite supports a detrital source carried by rivers from sediments occurring within the 

northern parts of the depositional plain.  
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Figure (2): X-Ray diffractograms for clays separated from some soil samples. 

 
 

 
Table (5): Results of mineral percentages and clay grain size individual studied geographic of 

encountered minerals in areas and their means and ranges. 
 

Clays grain 

size 

Clays XRD 

% 

Feldspar 

% 

Quartz 

% 

Carbonates 

% 

Number of 

samples 
Area 

51 48.2 1.0 23.0 27.7 3 Rabea 

32 45.0 2.5 18.5 34.0 2 Mosul(Mosul – Hatra) 

36 41.5 2.5 21.0 32.5 2  Salah Al-Deen(Bayjee–Balad) 

17 38.7 ----- 27.0 34.3 3 Anbar (Kelo160 +Rutba +Akashat  

47 40.3 11.5 21.0 27.2 10 Baghdad ( Abu- Gharib + Radhwania)  

51 41.5 2.0 35.5 31.0 2 Wasit  

47 28.3 0.7 21.7 49.3 3 Basrah 

17-51 20-47.5 
40.2 

20-0 
5.4 

12-33 
22.2 

24.5-55.0 
32.0 

 
 

Percentage ranges  
Mean percentages  

 

Carbonate minerals (calcite and dolomite) come next in abundance where their average 

in the studied samples is 33% with a range of 24.5 – 55.0 % (table-4). Samples of Basrah 

are characterized by the higher concentration of carbonate minerals where they reach an 

average of 49%, while samples of Rabea and Baghdad are characterized by the least percent 

(~ 27% ). In general, and as shown in fig. 3-B, there is an inverse relationship between 

carbonate mineral content and clay mineral content in the studied samples. These minerals 

are present as rock fragments transported by rivers and wind from nearby rocks particularly 

Musol 

Baghdad  

Basrah 
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Euphrates and Dammam formations widespread in southwestern Iraq. This reflects the 

large proportion of carbonate minerals in the Basra samples, in addition to the possibility of 

their deposition from groundwater of low water table caused by evaporation. As of quartz, 

it represents the third mineral achieving an average of 22% and  a  range of  13 – 23 % .  

The western desert samples are characterized by the  highest quartz content accounting 

for 27 % (table-5), while it occurs with lowest concentration in Mosul samples of 18.5 % 

(fig . 3-C). 

Results show little concentration of feldspar in the studied samples and none in most 

samples of Rabea, Mosul, Bayjee and Anbar, while feldspar is present in all Baghdad 

samples with an average of 5% and a range of 0 – 20%, and show highest concentration 

(table 5 and Fig. 3-D).  

Quartz is present in the studied samples as grains transported by water and wind with 

high percent in the Anbar. The little occurrence of feldspar is due to absence of source rock 

or its little occurrence which is present in acidic igneous rocks such as granite. This little 

proportion of feldspar in Wasit and Baghdad samples is due to the effect of some 

formations such as Injana and Dibdiba which contain relatively high percentage, of clastics 

transported by rivers.  

It is inevitable to indicate presence of different concentrations of evaporate minerals 

especially in the samples of central and southern Iraq (Fig. 2-E). The origin of these 

minerals is due to evaporation of irrigation water and near surface groundwater in areas of 

poor drainage and to type of groundwater (Al-Hazaa,et al., 2009).  

 

CONCLUSIONS 

The study shows that the studied soil samples consist of clay minerals (montmorillonit, 

illite, palygorskite and chlorite with little kaolinite) and carbonate minerals, in addition to 

quartz and feldspar. Clay minerals represent about 40% with their concentrations decrease 

in the samples of Anbar and increase in the samples of Baghdad and southern Baghdad 

soils. Carbonate minerals form about 33% with an increase in soils of Basrah. Quartz 

makes around 22% with a relative increase in the samples of western desert. Feldspar form 

around 5% of the soil mineral constituents. It increases in the samples of Baghdad. The 

study shows that the mineral constituents in most samples are transported detritus from 

eroded regions in the upper Euphrates, Tigris and their tributaries except samples of 

western desert which represent in situ soils.  
As of the evaporate constituent, it has a secondary origin developed within the soil 

through evaporation from ground water and irrigation waters.   
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Figure (3): Mineral percentages of Iraqi soil samples according to geographical distribution 
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 ُي نعيُاخ يٍ انترب انعراقيحسانتركية انًعذ

 

 
غٗ إٌؼ١ّٟ

1
، خٍدْٚ اٌجصبَ

2
، ظٛظٓ اٌٙصاع

3
ٔٛاي اٌعؼدٞٚ 

4
 

 
 لعُ ػٍَٛ الأزض ٚاٌج١ئخ ./  صٕؼبء / ا١ٌّٓ  /عبِؼخ صٕؼبء/ و١ٍخ اٌؼٍَٛ. 1

 ق  .ٚشازح اٌصٕبػخ ٚاٌّؼبدْ / ثيداد / اٌؼسا /زئ١ط اٌشسوخ اٌؼبِخ ٌٍّعؼ اٌغ١ٌٛٛعٟ ٚاٌزؼد٠ٓ 2

 عبِؼخ رىس٠ذ/ و١ٍخ اٌؼٍَٛ/ لعُ اٌغ١ٌٛٛع١ب اٌزطج١م١خ./ رىس٠ذ /  اٌؼساق  3

 اٌشسوخ اٌؼبِخ ٌٍّعؼ اٌغ١ٌٛٛعٟ ٚاٌزؼد٠ٓ/ ثيداد / اٌؼساق   4

 
 

 يهخص

أعس٠ذ ّٔرعخ ٌٍزسثخ ِٓ ِٕبغك غ١س ِصزٚػخ فٟ أٔؾابء ِ زٍفاخ ِآ اٌمطاس ٘اٟ زث١ؼاخ، اٌّٛصاً، اٌؾعاس، ث١غاٟ، 
( ػ١ٕاخ. راُ فؾاع اٌؼ١ٕابد ِؼاد١ٔبس ثٛاظاطخ 25ٛ غس٠ات، ٚاظاػ، الأٔجابز ٚاٌجصاسح ٚثٍا  ػادد اٌؼ١ٕابد ثٍد، اٌسظٛا١ٔخ، أث

 ؽ١ٛد الأ ؼخ اٌع١ٕ١خ ٌزؾد٠د اٌزسو١ت اٌّؼدٟٔ ٌٍزسثخ ٚفصً اٌغصء اٌط١ٕٟ ٌزش ١ع اٌّؼبدْ اٌط١ٕ١خ.
رعااااٛد ف١ٙااااب ِؼاااابدْ % ِاااآ اٌّىٛٔاااابد اٌّؼد١ٔااااخ ٌٍؼ١ٕاااابد 40ٚث١ٕااااذ إٌزاااابئظ أْ اٌّؼاااابدْ اٌط١ٕ١ااااخ رّضااااً ؽااااٛاٌٟ 

 اٌّٛٔزّٛزٌٛٔب٠ذ ٚا٢لا٠ذ ٚاٌجب١ٌيٛزظىب٠ذ ٚاٌىٍٛزا٠ذ ثٕعت ِ زٍفخ ٚؽعت اٌّٛالغ اٌغيساف١خ ٌؼ١ٕبد اٌدزاظخ.
اٌّؼبدْ غ١س اٌط١ٕ١خ رّضٍذ ثبٌىبٌعاب٠ذ ٚاٌادٌِٚٛب٠ذ اٌّٛعاٛدح ثشاىً فزابد صا سٞ ِٕماٛي. ٚثٍا  ِغّاٛع اٌّؼابدْ 

اٌدزاظخ. ٠حرٟ اٌىاٛازرص ثبٌّسرجاخ اٌضب١ٔاخ ِآ ثا١ٓ اٌّؼابدْ غ١اس اٌط١ٕ١اخ ٚثٍا  % وّؼدي فٟ ػ١ٕبد 32اٌىبزث١ٔٛز١خ ؽٛاٌٟ 
%. رجب٠ٕذ ِؼبدْ الأِلاػ اٌرائجخ فٟ اٌّبء فٟ ػ١ٕابد اٌدزاظاخ ؽعات 5% ٚاٌفٍدظجبز وبْ ِؼدٌٗ ؽٛاٌٟ 22ِؼدٌٗ ؽٛاٌٟ 

 غٕٛة.% ٌٚٛؽع ش٠بدح رساو١ص٘ب ِٓ اٌشّبي إٌٝ ا0.3ٌاٌّٛالغ اٌغيساف١خ ٚثٍ  ِؼدٌٙب ؽٛاٌٟ 
ث١ٕذ اٌدزاظخ ػلالخ اٌص ٛز اٌّصدز٠خ ِغ اٌّىٛٔبد اٌّؼد١ٔخ ٌٍزسثخ ؽ١اش أْ ِؼظاُ اٌؼ١ٕابد رّضاً زٚاظات ِٕمٌٛاخ 
ِٚزسظجخ فٟ ث١ئبد ٔٙس٠خ ٚلعُ آخس ِزىْٛ ِٛلؼ١بس ثعاجت ػٛاِاً اٌزغ٠ٛاخ. ٚرّضاً الأِالاػ ِؼابدْ ِزىٛٔاخ ِٛلؼ١ابس ظآّ 

 مس٠جخ ِٓ اٌعطؼ ٚرؼزّد ٔٛػ١زٙب ػٍٝ اٌزسو١ت اٌى١ّ١بئٟ ٌزٍه ا١ٌّبٖاٌؼ١ٍّبد اٌزؾ٠ٛس٠خ ِٚصدز٘ب ا١ٌّبٖ اٌغٛف١خ اٌ
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ABSTRACT 

 

This paper considers the inverse linear goal programming problem of 

multi-objective function in case the change in coefficient of the 

objective function.  

Let S denote the set of feasible solutions points of linear goal 

programming problem of a multi-objective function, and let
 00

d ,d  be the positive and negative deviation variables of the 

maximum and minimum   goals respectively,  w ,w be  a 

specified cost vector,  be given feasible solution vector, and  

00

d ,d  
 

be given tow vectors denoted the feasible positive 

deviation and  the  feasible  negative deviation points of the max or 

min goals, respectively. 

The inverse linear goal programming problem of multi-objective 

function is as follows: 

Consider the change of the cost vectors   w ,w  as less as 

possible such that the vectors feasible solution  becomes an 

optimal solution of LGP of multi-objective function under the new 

cost vectors  and is minimal, where 

is some selected -norm.  

 In this paper, we consider the inverse version ILGP of LGMP. under 

the 
1L -norm where the objective is to 

minimize , with I denoting 

the index set of variables . We show that the inverse version of the 

considered under 
1L -norm reduces to solving a problem for the same 

kind; that is, an inverse multi-objective assignment problem reduces to 

an assignment problem. 

 

1. INTRODUCTION 

An inverse linear goal programming problem of multi-objective function is 

defined as follows: 

mailto:nselwi@hotmail.com
mailto:weber@metu.edu.tr
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Let S  denote the set of feasible solutions points of linear goal programming problem 

LGP of a multi-objective function, and let: 

 : be given the positive weight vector of the positive deviation variables, 

 : be given the negative weight vector of the negative deviation variables, 

 : is the positive deviation variable of the maximum goals, 

 : is the negative deviation variable of the minimum goals, 

 : be given feasible solution vector of LGP of multi-objective function, 

: are given two vectors denoting the feasible positive deviation and the 

feasible negative deviation points of the max or min goals respectively. 

The vectors feasible solution 
00

d  ,d  , 0 x  may or may not be vectors optimal 

solutions of LGP of multi-objective function with respect cost vectors  . 

The inverse linear goal programming problem ILGP of a multi-objective function is as 

follows. 

Consider the change of the cost vectors   as less as possible such that the 

vectors feasible solution 
00

d  ,d  , 0 x becomes an optimal solution of LGP of multi-

objective function. Under the new cost vectors   and 

is minimal, where is some selected -norm.  

Inverse linear programming problem is a relatively new emerged one. In 1996, Zhang 

and Liu presented the earlier trial on this problem in the case of changing coefficient of the 

objective function [11, 12]. 

 Ravindara K. Ahuja and James B. Orlin in 2001 described inverse optimization in the 

following manner [1, 2]: 

Let S  denote the set of feasible solutions of an optimization problem P , let c  be a 

specified cost vector; and be a given feasible solution; that is,  SxcxP  :min . 

The inverse optimization problem is perturb the cost vector c to d so that 
0x  is an optimal 

element of P  with respect to the cost vector d , and 
p

cd    is minimal, where 

p
. denotes some selected -norm . 

Ahuja and Orlin considered inverse optimization problems under -norm, where the 

objective is to minimize 


Jj jjj cdw   and under the weighted L - norm, the 

objective is min max Jjcdw jjj  : . Here, jw are specified weights [2]. 

Ahuja and Orlin (1998a) also provided various references in the area of inverse 

optimization. Compile several applications, and developed algorithms to solve general 

inverse problem [2]. 

Abuja and Orlin  (1998b) specialized their inverse optimization algorithms to inverse 

network flow problem [1]. 
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Saif   (2006) provided the inverse multi-objective linear programming problem within 

two cases [9]: 

(i) Change in the sum of coefficient decision variables. 

(ii) Change in at least one the right-hand side constraint. 

Saif also presented a comparative study of the inverse optimization problems. 

In this paper, we present the derivation of the inverse goal linear programming problem of 

multi-objective function, and its solution under the -norm. Also, we present algorithms 

for solving the inverse versions to study assignment problem. 

 

2. FORMULATING THE INVERSE LINEAR GOAL PROGRAMMING 

PROBLEM OF MULTI-OBJECTIVE FUNCTION     

We consider the inverse version of the following linear goal programming problem of the 

multi-objective function. 

First:  given a multi-objective linear pro ramming problem as follow [3, 4]: 

         (MOLP)    

  

  

 

 

 

   


























0,   x..., ,  x,   x          

                         ,m , ... 2, 1,  j       b     x..., ,  x, x g        

that such             

  x..., ,  x, x f  z min

      

 , x..., ,  x, x f  z min

  , x..., ,  x, x f  z min

n21

jn21j

n21kk

n2122

n2111

            (1)        

 where: 

  x ...,  ,x  ,x n21x  the n-vector of decision variables, 

 k1,2,...,i  Z i  the vector of an objectives according to priority,                                    

   k ..., 2, 1,  i    xf i   the objective function associated with priority, 

   m ..., 2, 1,  j   xg j   the left hand side of the objective function, 

 m ..., 2, 1,  j  b j    the right hand side of the constraint, 

Second: the linear goal programming problem of the above problem is [5, 6]: 

(LGMOP) 
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 

 

 















































(2d)                                                             0,     ,    ,  x          

 (2c)                          ,m1,2,...,j                         b a          

          (2b)                           ,k1,2,...,i       b c          

such that                   

(2a)                                                       min

l

j

n

1l

jl

  i

n

1l

il

ii

l

iil

dd

x

ddx

k

1i
iiii dwdwZ

          (2) 

where: 

    k ..., 2, 1,  i    xc   xf
n

1l
lili 



the left-hand side of the linear objective function; 

    m ..., 2, 1,  j   xa xg
n

1l
ljlj 



the left-hand side of the linear structural constraint; 

   n1,2,...,l m;1,2,...,j k;1,2,...,i  a  , c jlil  constants, 

























k

2

1

i

b

.

.

b

b

b
 : the goals set by the decision maker for the objective  k ..., 2, 1,  i  ,  

























m

1

j

b

.

.

b

b

b
 : the right-hand side bound on the structural constraint  m ..., 2, 1,  j  ,  

  k1,2,..., i       w , w ii 


given positive and negative weights vectors of the positive                                  

and negative deviation variables respectively, 

  

  k1,2,..., i      d , d ii 


tow vectors positive and negative deviation variables of the 

max or min goals, respectively. 

Third: the dual of (LGMOP) is the following [4, 8]: 
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where:  

       mk2,...,k1,kj  ;   k1,2,..., i       y , y ji   are the dual variables with the  

constraint (2b), (2c) respectively. 

Fourth:  let OX  given feasible solution vectors, 

            d  , d oo  given two vectors denote the feasible positive deviation and feasible 

negative deviation points of the max or min goals, respectively, of 

problem (2), 

and let B denote the index set of binding constraints (2b), (2c) with respect to 
OX  where: 
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





                   (4) 

We only care about binding constraints and the dual decision variables y for binding 

constraints. 

Fifth: using condition (4) in problem (3), we can formulate the inverse goal linear 

programming problem of multi-objective function under the -norm according to the set 

of binding constraint B as follows. 

(I LGMOP) 
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 3. THE SOLUTION OF INVERSE LINEAR GOAL PROGRAMMING 

PROBLEM OF MULTI-OBJECTIVE FUNCTION UNDER
 1L

 
-NORM

 

Let us solve the inverse linear goal programming problem of multi-objective in problem (5) 

by following steps: 

Step (1): we use the equation (4) to find the equivalent formulation for the problem (5): 
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where: 

Bib    the value ib  according to B, 

Bjb 
  the value jb  according to B, 

We note that the inactive constraints are cancelled. 

Step (2): we find the dual problem of the problem in equation (6): 
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Step (3):  we find         w       ,   w    
y

i

y

i
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Step (4): find the solution of the inverse goal linear programming of multi-objective 

(optimal value for weight
-λ  , λ 

 ) as follow: 
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4. APPLICATION OF INVERSE LINEAR GOAL PROGRAMMING 

PROBLEM OF A MULTI-OBJECTIVE FUNCTION IN AN 

ASSIGNMENT PROBLEM 

  The previous results for I.L.G.P of multi-objective can be used to study the inverse 

version of the assignment problem. 

The assignment problem is the following multi-objective linear programming  

   Problem [7, 8]: 
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Where: 
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
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xij

 

             
l
i jc    : is denoting to coefficient decision matrix form rank j 

The goal programming of last assignment problem in problem (12) is shown as follows [4]: 
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The dual problem of problem in (13) as follow [7, 8]: 
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 The inverse assignment problem it means change in  

ijij w,w  such that the feasible 

assignment becomes an optimal assignment. 

 Assume that the feasible solution 0X  either 1 or 0, by use problem (5), with respect to 
OX  then the inverse assignment problem as linear goal multi-objective programming 

problem under -Norm as follow: 
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Where: 

 
 0X:j)(i,J

1X:j)(i,J

0
ij

0
ij

-







.
 

Using the result in equations (10), (11) gives us the following optimal cost vectors 
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ijij     for the inverse assignment problem: 
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ABSTRACT 

 

The gate which controls the flow through the dam tunnel is termed as 

lift gate. Such gates are subjected to the hydrostatic and 

hydrodynamics forces, since the flow passes over and beneath the gate 

and produces pressures at the top and bottom of the gate surfaces. The 

differences between these two pressure forces are termed as downpull 

force. The evaluation of this force is very important due to its effects 

on closure of the gate, its positive and / or negative values.                              

The estimation of downpull force requires the determination of top 

and bottom pressure coefficients for wide range of discharges, gate 

openings, velocity, and pressure distribution in many locations .For 

the present research these measurements have prepared for different 

types of gate lip shapes along with laboratory hydraulic tunnel model 

which have been used. Various flow conditions and gate openings 

have been examined .The results concluded from the measurements 

and analysis tend to confirm the effects of the gate lip shapes on the 

values of downpull force, which in case of its negative value will 

prevent the gate to close and make some failures and damages.                                                        

 

 
INTRODUCTION 

Lift gates are among the common types of gates used for regulating the flow 

of water through the large conduits and outlets. One type of such gates is the 

tunnel gates which operate through a shaft located at a distance from the inlet 

of the tunnel and exposed to two main forces. The first one results from the 

flow passing over the gate top surface while the second one produced from 

flow issuing beneath the bottom gate surface.   

     The difference between these two forces induces an unbalanced force 

which may be in the downward direction, called a hydraulic downpull force, 

or in the upward direction termed negative downpull or uplift force.  Since 

the magnitude of the downpull force affects the design of the gate –hoisting 

equipment, about which hydraulic engineers and designers greatly predict.                                                                                          

     The evaluation of hydraulic downpull forces for various relevant 

parameters has been studied by many researchers .Cox et al [1] have 

developed a dimensionless relationship among many hydraulic variables for 

estimating  the  stability  of  the  gate  .Naudascher  et  al  [2]  have conducted  
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experiments on a hydraulic air model to formulate the effects of many parameters on high 

head leaf gates . The formulation can be expressed as follows:                                                                               

)3.......(.....................)]2//()[()./1(

)2.....(........................................).........2//()(

)1.........(........................................2/...).(

2

2

2

dXdBgVYHdBK

gVYHK

VdBKKF

jsib

jstt

jbtd











 

Where: 

Fd: downpull force, 

B: gate width, 

d: gate thickness, 

ρ: water mass density, 

Vj: velocity at the vena contracta beneath the gate, 

Ht: piezometric head on gate on gate top surface, 

Hi: piezometric head at a point on gate bottom surface ,and  

Ys: piezometric head in the contracted jet. 

The downpull force can also be expressed as follows [3]: 

)4......(......................................................................btd FFF   
Or 

)5..(....................5.0/5.0/5.0/
222

jbjtjd AVFAVFAVF    
Where: 

Ft, Fb: forces on the top and bottom gate respectively ,and  

A       : appropriate cross sectional area of the gate. 

The downpull force can also be expressed in terms of upstream head as shown below[8]: 

)6..(....................................................................../ HAFK dd   

Where: 

γ :weight density of water, and 

H: operating head, m . 

     Sagar et al [5]  have reported that the numerous geometrical features of the gate 

influencing the downpull force can be formulated as follows : 

)7.........()........./,/,/,/,,/,/,( 21 drYdddbbdeYYHfFd oo
   

Where: 

H        :operating head, 

Y/Yo  :opening ratio, 

(e/d,θ) : gate bottom geometry, 

b1/b2  :gap width ratio, 

d΄/d     :thickness ratio of the skin plate to the top assembly, 

d/Yo    :gate thickness ratio ,and 

r/d        :curvature radius on upstream bottom portion of the gate. 

     The relation between the maximum downpull force and the operating head has been 

formulated by Poondi research station [4] as follows: 

)8.....(......................................................................3.7 427.0HFd   
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         Uppal and paul [7] indicate that for gate with bottom concave curvature , the 

maximum downpull can be expressed as follows : 

)9.........(............................................................0418.0 625.1HFd   

        In this research the downpull force has been evaluated by using the data obtained from 

experiments conducted on systematic hydraulic model with many types of gate lip shapes 

[6] ,and compared the results with those obtained from previous works.                                                         

 

RESULTS AND DISCUSSION 

The experiments were achieved by the run of hydraulic model included all measurements 

required for evaluating the downpull force , especially the top and bottom piezometric head 

distribution which was necessary for determination the top and bottom pressure coefficients 

(Kt and Kb) .                                                                                                  

     Fig.(1) shows the different types of gate shapes used in the current research . Figures (2 

to 5 ) show the variation of (Kt , Kb) and downpull force  coefficient (Kd) for various gate 

shapes and openings.                      

     It can be seen from Figure (2) that the (Kt) and (Kb) are both high and caused the 

downpull force coefficient (Kd) to be negative in values for gate openings 

(Y/Yo=0.6,0.7,0.8 and 0.9) , this may be because the gate shape is with the lip extension 

.Figure (3) indicates that for gate with curvature upstream bottom (r/d=1),the (Kt) and (Kb) 

differ much in values and tend the values of (Kd) to be positive for all gate openings except 

(Y/Yo=0.8 and Y/Yo=0.9) .Figure (4) shows that for gate lip shape inclined with θ=35º,the 

values of (Kd) are positive for all gate openings. Figure (5) indicates that for gate lip shape 

inclined with θ=45º ,the values of (Kd) are positive for the gate openings 

(Y/Yo=0.2,Y/Yo=0.4,and Y/Yo=0.6 ),then seem to be negative for the remaining gate 

openings ratios.                                                                  

 

CONCLUSIONS 

The comparisons between the gate lip shapes considered in the present research indicate 

that the use of gate lip shape with θ=35º has kept the (Kd) values as minimum and reduced 

the effects of negative downpull. 

 

 
Figure (1): Lip gate shapes adopted in the analysis 
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Figure (2):Variation of Pressure coefficients With Gate Openings.(Shape No.3) 

 

 
Figure (3):Variation of Pressure coefficients With Gate Openings.(Shape No.4) 
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Figure (4): Variation of Pressure Coefficients with Gate Openings.(Shape No.2) 

 

 
Figure (5):Variation of Pressure coefficients With Gate Openings.(Shape No.1) 
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 تأثير تعض أشكال أسفم انثىاتاخ 

 عهً قىي انسحة في أَفاق انسذود
 

 
 ؽّدصبِس ِؾّد أ

 
 ا١ٌّٓ -ذِبز  – عبِؼخ ذِبز -و١ٍخ إٌٙدظخ 

 

 
 يهخص

اٌجٛاثخ اٌزٟ رع١طس ػٍٝ ؽسوخ اٌغس٠بْ فٟ ٔفك اٌعد ٠طٍك ػ١ٍٙب ثٛاثاخ اٌسفاغ. ٘ارا إٌاٛع ِآ اٌجٛاثابد ٠زؼاسض اٌاٝ 
ٚ٘ارٖ اٌؾسواخ رعاجت ؽادٚس ظايٛغ  لٜٛ ظزبر١ى١خ ٚأخسٜ ١٘دزٚد٠ٕب١ِىخ ٔظسا ٌؾسوخ اٌغس٠بْ ِٓ فٛلٙب ِٚآ رؾزٙاب ،

دزاظخ ٘رٖ اٌماٜٛ ِّٙاخ ، وّب إْ اٌفسق ث١ٓ اٌمٛر١ٓ إٌبعّز١ٓ ػٓ ٘رٖ اٌعيٛغ لٜٛ اٌعؾت ٠دُػٝ اٌجٛاثخ ٚرؾزٙب .  فٛق
 غلاق اٌجٛاثبد .إعدا ثبٌٕعجخ ٌزحص١س٘ب ػٍٝ 

٠غبد ل١ُ ِؼبِلاد اٌعيٛغ فٟ اٌعطؼ اٌؼٍٛٞ ٚاٌعطؼ اٌعافٍٟ ٌٍجٛاثاخ خالاي ِادٜ إ ٠غبد ل١ّخ لٜٛ اٌعؾت ٠ٚزطٍت 
فاٟ ٘ارا اٌجؾاش راُ اخزجابز  ل١ُ اٌزصس٠ا ٚظسػخ اٌغس٠بْ ٚرٛش٠غ اٌعيٛغ ِمبثاً لا١ُ ِ زٍفاخ ٌفزؾابد اٌجٛاثاخ .ٚاظغ ِٓ 

أواد  ١٘ادز١ٌٚىٟ ٌٕفاك اٌعاد . ّٔاٛذطِغّٛػخ ِٓ أ ىبي أظفً اٌجٛاثخ خلاي ل١ُ ِ زٍفاخ ِآ اٌغس٠ابْ ٚفزؾابد اٌجٛاثاخ فاٟ 
خصٛصب ٚأْ اٌم١ُ اٌعبٌجخ ظازؤدٞ اٌاٝ  ػٍٝ ل١ُ لٜٛ اٌعؾت ، ٚعٛد رحص١س ٌشىً أظفً اٌجٛاثخػٍٝ رؾ١ًٍ ٔزبئظ اٌم١بظبد 

 زسرت ػ١ٍٗ ِ بغس ٚفشً فٟ اٌعد.زظ ؽ١شغلاق اٌجٛاثخ إِٕغ 
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 يهخــص 
 

ٍؾرٗذٝخ ر٘فصّ اىجٞبّبد ؽ٘ه مَٞخ الإشعبع اىشَػٜ اىنيٜ اىَصرجػ ثْػت رصامٌ اىغٞوً٘ ٍوِ ٍؾتوبد    

اىتوص  يٞوص اىَجبشوصح ىؾػوبثبرٔ ق ٗ سور اغوزدرٍْب  اىصصر اىَْبخٜ فٜ اىَِٞ رػزرعٚ ظصٗشح اغوزدراً

اىتصٝقوخ اىَْٖغٞوخ اىَقزصؽوخ  ٍوِ سجوو اىجوبؽضِٞ ىجٞصىٞبّورسدسط ـ غوصٗمْٞ٘ٛس هست  اىزوٜ رعتوٚ  ٍنبّٞوخ 

اىَز٘اعوورح فووٜ ٍصامووط شووجنخ ضٗاٝووب  nsىؾػووبة ٕووسا الإشووعبع اىشَػووٜ ثبغووزدراً مَٞووخ اىغٞووً٘ اىؾقٞقٞووخ 

5خت٘غ اىعصض ـ اىت٘ه  مو 
o

ىزٜ رزتيت فقػ ثٞبّبد شوٖصٝخ ؽو٘ه ّػوت روصامٌ اىغٞوً٘ ق اىزوٜ ق ا 5×

َٝنووِ تُ رذخووس ٍووِ اىشووجنخ ثرثىووخ  ؽووراصٞبد ضٗاٝووب ختوو٘غ اىتوو٘ه ٗاىعووصض ىيَْتقووخ اىَعْٞووخ ٗ ذُٗ 

 س n1 اىصع٘ع ىَعصفخ اىقٌٞ اىؾقٞقٞخ ىزصامٌ اىغًٞ٘ ىيَ٘سع اىَعْٜ ٍِ ٍصامط اىصصر اىَْبخٜ

ْػجخ اىػْ٘ٝخ ىَعره اّؾصاف مَٞوخ الإشوعبع اىشَػوٜ اىنيوٜ عْور روصامٌ تُ اى  ىٚرشٞص ّزبئظ اىجؾش      

ق عِ مَٞخ الإشوعبع اىشَػوٜ اىؾقٞقوٜ  QRnsاىغًٞ٘ اىَؾػ٘ة ثتصٝقخ ىجٞصىٞبّرسدسط ـ غصٗمْٞ٘ٛسهست 

مَووصاُ ٗ ٗثووصٌٝ ق ٗاىصٝووبُ ق ٗق ىنووو ٍووِ: عوورُ ق  QFاىَووذخ٘ز ٍجبشووصح ٍووِ ٍصامووط اىصصوور اىَْووبخٜ 

ثيغوووذ سووور  اىزووو٘اىٜصوووْعبء عيوووٚ  315A
  311R

ق 11P
ق  38K

ق 

 514S
ثبغوووزدراً اىْزووبئظ اىْلصٝوووخ ى شوووعبع ثوؤ ق ٕٗووٜ ّػوووت ررخووـو فوووٜ ٍغووبه اىَػوووَ٘ػ  

ق فووٜ اىؾػووبثبد   nsغٞووً٘ اىشَػووٜ اىنيووٜ اىَؾػوو٘ة ثَعبذىووخ ىجٞصىٞبّوورسدسط اىَووصرجػ ثَزغٞووص رووصامٌ اى

اىؾصاشٝخ ىزصٌَٞ ٍغَعبد ٗ ٍؾتوبد اىتبسوخ اىشَػوٞخس مَوب رهمور ٕوسٓ اىْزوبئظ  ٍنبّٞوخ اغوزدراً ٍزغٞوص 

 QFلأٛ ٍ٘سوع  ؽوراصٜ فوٜ اىوَِٞ ثورث عوِ  QRn1فٜ ؽػبة الإشوعبع اىشَػوٜ اىنيوٜ  nsرصامٌ اىغًٞ٘ 

 فٜ ٍصامط اىصصر اىَْبخٜ اىَْٜٞس    n1 فٜ ؽبىخ عرً ر٘فصٓ تٗ ر٘فص سَٞخ ٍعبٍو رصامٌ اىغًٞ٘ اىؾقٞقٜ

 : ؽػبة ؽصاشٛ ق الإشعبع اىشَػٜ ق رصامٌ اىغًٞ٘ ق اىَِٞس انكهًاخ انذانح

 

 انًقـذيح

ٍشووونيخ روووذٍِٞ اغوووزَصاشٝخ ٍصوووبذش اىتبسوووخ اىزقيٞرٝوووخ ىزغتٞوووخ ٍزتيجوووبد اىجشوووصٝخ  ُ 

د رعوص ٍب رزصمٔ ٍِ ٍديفوبد ٗ ّفبٝوبٗاىصْبعٞخ ٗاىطشاعٞخ ٗ اثعزَبعٞخ ٍِ عٖخ ق 

روٌ عصظؤ فوٜ ٍوراٗثد  ثبىجٞئخ اىجشصٝخ ٗ اىتجٞعٞخ ٍِ عٖوخ تخوصٙ ق  ظوبفخ  ىوٚ ٍوب

غعوو ٍػوذىخ ٝ مو زىل ً ؽ٘ه الأصص اىػيجٜ ىيتبسخ عيٚ اىجٞئخ2009 ٍهرَص م٘ثْٖبعِ 

 اىَزقورًفٜ ذائوصح إزَوبً موو ذٗه اىعوبىٌ  بٍزقرٍّ باىؾص٘ه عيٚ غبسخ ثرٝيخ رؾزو ٍ٘سع

 ٍِ  ٕبئيخ اؽزٞبغٞبد   ٍِ  غط اىْلص عَب َٝزينٔ اىجعطق ث اءٗاىْبٍٜ عيٚ ؽر غ٘
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 ٍوع الإشوبشح  ىوٚ تُ س[1] اىْفػ ٗ اىغبض اىتجٞعٜ مُ٘ ريل اىَصوبذش سبثيؤ ىيْفوبذ ٗ اىْعو٘ة اىؾزَوٜ 

اىَِٞ ٗ اىَْتقخ اىعصثٞخ ررخو فٜ ذائصح اىرٗه اىزٜ رَزيول تعيوٚ  شوعبع شَػوٜ فوٜ اىعوبىٌ ق  ز رصوو 

W/m 1000ٔ مؾر تسصوٚ  مضبفخ الإشعبع اىشَػٜ فٞ
2

 - 250فوٜ ٍْزصوا اىْٖوبش ٗ ثَز٘غوػ ٍوِ  

300 W/m
2

kW.h/m 6ق تٛ ثَب ٝعبذه  
2
/day [11,18] س 

اىووَِٞ مغٞصٕووب ٍووِ ريوول اىوورٗه رشووعص ثدتوو٘شح اىَووهصصاد اىػووبثقخ ٗ ثووبىقي  ٍووِ اىغوو٘ع اىتووبسٜ ٗ   

ق  [2] لأعو٘اً اىَبظوٞخاىَػزقجيٜ مّٖ٘ب رعبّٜ فعلا ٍِ اّدفبض فوٜ ٍعوره  ّزبعٖوب ٍوِ اىوْفػ خولاه ا

رَينؤ اىوَِٞ ٍوِ  ٍنبّوبد رنْ٘ى٘عٞوخ ٍزبؽوخ رزْجوذ ىٖوب  مو زىول ٝقبثيؤ ذشاغوبد ٗتثؾوبس رشوٞص  ىوٚ ٍوب

ثإشصاك ٍصبذش ٍِ اىتبسخ اىجرٝيوخ ٗ ٍْٖوب اىتبسوخ اىشَػوٞخ ىز٘ىٞور ّػوجخ ٍوِ اىتبسوخ اىنٖصثبئٞوخ اىنيٞوخ 

تٗغوع ثغوزضَبش اىتبسوخ اىشَػوٞخ  جلاس ٍَب ٝفزؼ ٍػزق[5]ً 2020 ثؾي٘ه عبً %12 رصو  ىٚ ؽ٘اىٜ 

   فٖٞب ٗخفط اغزْطاف اؽزٞبغٞبرٖب ٍِ اىَدطُٗ اىْفتٜ اىَهمرس

 

  أهًيح انثحث

رجصض تَٕٞخ اىجؾش فٜ  ٝغبذ سٌٞ ؽػبثٞخ ىنَٞخ الإشعبع اىشَػٜ اىنيٜ ث رْؾصف مضٞصا عوِ سوٌٞ مَٞوخ 

بخٜ اىَْٞٞوخ ثغوزدراٍٖب فوٜ الإشعبع اىشَػٜ اىؾقٞقوٜ اىنيوٜ اىَػوغيخ ثَؾتوبد ٍصاموط اىصصور اىَْو

اىؾػبثبد اىؾصاشٝخ س ٗ َٝنِ تُ رػزعَو ٕسٓ اىقٌٞ اىؾػبثٞخ ثرث عِ اىقٌٞ اىَػغّيخ ى شوعبع اىشَػوٜ 

س غزضَبش رنْ٘ى٘عٞب اىتبسخ اىشَػوٞخاىنيٜ ىزيل اىَْبغ  اىزٜ ىٌ رز٘فص ىٖب ٍضو ريل اىقٌٞ ٗ اىصايجخ فٜ ا

لإشعبع اىشَػٜ اىنيٜ ث٘ع٘ذ اىغًٞ٘ اىَػوغّيخ  فوٜ ٍؾتوبد  ز ٗعرّب تُ  ؽصبئٞخ ثٞبّبد سٌٞ مَٞبد ا

اىؾص٘ه عيٖٞوب تٗ يٞوص ٍزو٘فصح عيوٚ الإغولا  لأييوت  صعجخاىصصر اىَْبخٜ فٜ اىَِٞ  ٍب تُ رنُ٘ 

عصسيوخ ٍجبشوصح  ٝوهذٛ  ىوٚاىَ٘اسع اىفينٞخ اىَْٞٞخ ق ثػجت سيخّ عرذ اىَؾتبد تٗ اىزجبعر فَٞب ثْٖٞبق ٍَب 

شٝع اىتبسخ اىشَػٞخ اىنٖصثبئٞخ تٗ اىؾصاشٝخ خص٘صب فٜ الأشٝبف ٗ اىَْبغ  فٜ رْفٞس اىنضٞص ٍِ ٍشب

 اىْبئٞخ س

 

  يٍ َتائج انثحثذج يانًستفانجهاخ 

الأفصاذ فٜ اىَغزَعبد اىصٝفٞخ ق ٗمسا موو ٍوِ ٗضاشح اىنٖصثوبء ق  ٕسا اىجؾش ّزبئظٍِ ر ٞٝػزفَٝنِ تُ 

شح اىوووْفػ ٗ اىَعوووبذُ عْووور ٗظوووع ختتٖوووب ٗضاشح اىطشاعوووخ ٗ اىوووصٛ ق ٗضاشح اىَٞوووبٓ ٗ اىجٞئوووخ ق ٗضا

تثغزصارٞغٞٔ اىؾبىٞخ تٗ اىَػزقجيٞخ ىز٘ىٞر اىتبسوخ اىؾصاشٝوخ تٗ اىنٖصثبئٞوخ ٍوِ اى٘سو٘ذ اثؽفو٘شٛ ق ٍوِ 

خولاه ذٍووظ ّػووت ٍووِ اىتبسووخ اىنٖصٗشَػووٞخ تٗ اىؾصاشٝوخ ى ّزووبط اىتووبسٜ اىنيووٜ اىزقيٞوورٛ فووٜ اىووَِٞق 

 اىْفػ ٗ اىغبض اىتجٞعٜ ٗؽَبٝخ اىجٞئخ ٍِ اىزي٘س فٖٞبس ىٖرف رصشٞر اثؽزٞبغٜ اىَهمر ىَدطّٖٗب ٍِ 

 

  هذف انثحث

ٖٝرف اىجؾش  ىٚ ٍعبىغخ ٍػوذىخ شوؾّٔ اىؾصو٘ه عيوٚ ثٞبّوبد ى شوعبع اىشَػوٜ اىشوٖصٛ عْور روصامٌ 

ىَ٘سع اّػت ٍِ اىغًٞ٘ رنُ٘ ٍقبشثخ ىنَٞخ الإشعبع اىشَػٜ اىنيٜ اىؾقٞقٜ ىيَْبغ  اىراخيخ فٜ  غبش 

غوزضَبش فوٜ ثب ٝػَؼ ثزؾيٞيٖب ٗ ٍنبّٞخ ٗظعٖب فٜ ٍْؾْٚ ثٞبّٜ غْ٘ٛ ٝػبعر عيوٚ ااىفينٜ ىيَِٞق ٍَ

رنْ٘ى٘عٞب اىتبسخ اىشَػٞخق   ظبفخ  ىٚ ٗظع ٍْٖظ ىؾػبة ٍز٘غػ سٌٞ مَٞخ الإشعبع اىشَػٜ اىنيوٜ 

ث٘ع٘ذ ّػت ٍِ رصامٌ اىغًٞ٘ ث٘اغتخ ٍعبذىوخ ؽػوبثٞخ تؽبذٝوخ اىَزغٞصبّػوت  روصامٌ اىغٞوً٘ت ٗ روصرجػ 

 طٗاٝب خت٘غ اىعصض ـ اىت٘ه لأٛ ٍ٘سع فٜ ىيَِٞ ٗ رؾرٝر صؾخ ّزبئظ عَيٖبس فقػ ث
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  انحانح انًُاخيح وإحذاثياخ انًىقع انًستهذف نهثحث

12-20 اىََزورح ظوَِ ذائصروٜ ضٗاٝوب اىعوصض  ٝػزٖرف اىجؾش مو الأشاظٜ اىَْٞٞخ
o

شوَبث ق ٕٗوسا  

ب ختو٘غ اىتو٘ه اىزوٜ رقوع ظوَِ اىَْتقووخ ٝذخوس ثبثعزجوبش اىَٞوبٓ الإسيَٞٞوخ ىغطٝوصح غوقتصٙ ق ٗ ضٗاٝو

42-)اىطٍْٞخ 
o
) (-54

o
س ٍْبخٔ ٝزرشّط ٍبثِٞ ؽبش شغت ٍٗعزره ٗصوؾصاٗٛ ق رزوصاٗػ غوبعبد  (`5.

غبعخ فٜ اىًٞ٘ ٗ ثَعره غْ٘ٛ ٍِ غبعبد غت٘ع اىشَع ٝصو  ىٚ  7.3-9.1غت٘عٔ اىشَػٜ ثِٞ 

ٞوخ ّػوت روصامٌ اىغٞوً٘ فوٜ غوبعخس ٗرجيوك م03َ-00غبعخ ٗ ٝصو غ٘ه ّٖوبشٓ اىْلوصٛ ٍوبثِٞ  3250

ّقوبغس اىَز٘غوػ اىػوْ٘ٛ ىمٝوبً اىدبىٞوخ  4ّقتخ ٗتؽٞبّب سر رصو فوٜ اىشوزبء  ىوٚ  2-3اىَز٘غػ ٍب ثِٞ 

ٍوِ ٍػوبؽخ اىوَِٞ رقوو ّػوجخ اىغٞوً٘ فٖٞوب عوِ  %70 ُ تمضص ٍوِ  مَبًٝ٘س  200ٍِ اىػؾت تمضص ٍِ 

 س[9,3] 30%
 

  وطرق انثحث يحيُهج

خ اىؾػبثٞخ ٗاىزؾيٞوو الإؽصوبئٜ ىيجٞبّوبد اىْلصٝوخ ٗ اىزتجٞقٞوخ  ىنَٞوخ اشرنط ٍْٖظ اىجؾش عيٚ اىتصٝق

الإشووعبع اىشَػووٜ اىنيووٜ ث٘عوو٘ذ اىغٞووً٘ ٗ ٍعبىغووخ ّزبئغٖووب ٗ رؾرٝوور ذشعووخ اّؾووصاف مَٞووخ الإشووعبع 

  n1 اىَؾػ٘ة ثتصٝقخ رصامٌ اىغًٞ٘ عِ اىؾقٞقٜ اىَصص٘ذ فٜ ٍصاموط اىصصورQRn1 اىشَػٜ اىنيٜ  

اىَوذخ٘ز ٍوِ اىشوجنخ ق ٗ ns اىَؾػ٘ة ثبغزدراً ٍعبٍوو روصامٌ اىغٞوً٘  QRnsثبلإشعبع اىشَػٜ اىنيٜ 

ٍقبشّٔ ذشعخ اّؾصاف مو ٍَْٖب عيٚ ؽورح عوِ مَٞوخ الإشوعبع اىشَػوٜ اىَوذخ٘ز ٍجبشوصح ٍوِ ٍصاموط 

فوٜ اىؾػوبثبد اىؾصاشٝوخ ٗ  QRn1 ٗ QRns ىزؾرٝور ٍورٙ اىػوَبػ ثبغوزعَبه سوٌٞ موو ٍوِ  QFاىصصور 

ٌّ  ىٖووسا اىغووصض اغووزدراً اىَعبذىووخ فووٜ  QFاىزصووََٞٞخ ثوورث سووٌٞ  ؽبىووخ عوورً اىؾصوو٘ه عيٖٞووب ق ٗسوور روو

فٖٞب مَٞوخ روصامٌ  باغزدرٍاىصٝبظٞخ اىَقزصؽخ  ٍِ سجو اىجبؽضِٞ ىجٞصىٞبّرسدسط ـ غصٗمْٞ٘ٛسهست  اىزٜ 

اىَز٘اعورح فوٜ ٍصاموط رقوبغع اىشوجنخ اىعبىَٞوخ اىَصرجتوخ ثطٗاٝوب ختو٘غ اىتو٘ه ـ ns اىغٞوً٘ اىؾقٞقٞوخ 

5خ ٗثفووبش  اىعووصض اىَقػووَ
o

س ٗىنووٜ ّػووزفٞر ٍووِ  ٍنبّٞووبد ثٞبّووبد ٕووسٓ اىشووجنخ  [10]فَٞووب ثْٖٞووب  5×

20-12) ىزغتٞخ ٍزتيجبد اىجؾش سَْب ثبخزٞوبش عوطء ٍْٖوب اىَؾصو٘ش ٍوب ثوِٞ ضٗاٝوب اىعوصض 
o
N) ٗ ق

54-42)ضٗاٝوب اىتو٘ه 
o
.5`E)ت  ٕٗو٘ عجوبشح عوِ  ؽوراصٞبد اىَ٘سوع اىفينوٜ اىوسٛ ٝؾوورذ ت5بق ب عورٗه

تعوو ؽػوبة مَٞوخ غوق٘غ الإشوعبع اىشَػوٜ اىنيوٜ ث٘عو٘ذ ٍِ َٞخ ىيغَٖ٘شٝخ اىَْٞٞخ ق اىَػبؽخ الإسيٞ

 عيووٚ مووو ٍزووص ٍصثووع ٍْوؤ ق  ز تُ ؽػووبة ٕووسا الإشووعبع اىشَػووٜ ثٖووسٓ  nsّػووت ٍووِ رووصامٌ اىغٞووً٘ 

ٗ فٜ ؽبىخ  n1 ق ٝزتيت فقػ ر٘فصّ ثٞبّبد شٖصٝخ ؽ٘ه ّػت رصامٌ اىغًٞ٘ ىيَْتقخ اىَعْٞخ 1 ثبىَعبذىخ 

اىرٗىٞوخ ثرثىوخ رقوبغع  ؽوراصٞبد ختو٘غ ns َنِ تُ رذخس ٕوسٓ اىْػوت ٍوِ شوجنخ روصامٌ اىغٞوً٘ يٞبثٖب ٝ

ضٗاٝووب اىتوو٘ه ـ  اىعووصض فٖٞووب ٗ ٍػووبٗارٖب تٗ ٍقبشثزٖووب ثووبىَ٘سع اىفينووٜ ىووْفع اىَْتقووخ اىَعْٞووخ تٗ 

 اىَػزٖرفخ ىيجؾشس 

ػووبة الإشووعبع اىشَػووٜ ٍووِ رؾيٞيْووب ٗ ذشاغووزْب ىينضٞووص ٍووِ الأثؾووبس ٗ اىرشاغووبد زاد اىعلاسووخ ثؾ     

اىنيٜ عْر رصامٌ اىغًٞ٘ ق اغزْزغْب ثبُ ْٕبك اىنضٞص ٍِ اىتص  اىَْٖغٞخ ٗاىَعبذثد اىَدزيفخ ىؾػوبة 

تٗ اىَْبخٞوخ اىزوٜ يبىجوب ٍوب  خاىفٞطٗؽصاشٝالإشعبع اىشَػٜ اىنيٜ اىَصرجػ ؽيٖب ثبىنضٞص ٍِ اىَزغٞصاد 

َعووبذثد اىؾػووبثٞخ اىَصرجتووخ ثؾػووبة الإشووعبع رنووُ٘ ثٞبّبرٖووب يٞووص ٍزوو٘فصح تٗ ذسٞقووخ س ٍووِ تٕووٌ ريوول اى

اىشَػٜ اىنيٜ ىميوصاض اىزتجٞقٞوخ ٕو٘ ٍوب روٌ ثؾضؤ ٍوِ سجوو ثعوط اىجوبؽضِٞ ٗ اّعنوع فوٜ َّوبزعٌٖ 

اىؾػوبثٞخ يٞوص اىَجبشووصح ٍػوزدرٍِٞ ٍزغٞوص ّػووت رغتٞوخ اىغٞووً٘  ىػوَبء اىَْتقوخ اىَعْٞووخ ٗ يٞوصٓ ٍووِ 

ٕوسا اىَزغٞوص ٝعزجوص ؽػوبة ٕوسا الإشوعبع اىشَػوٜ ق اىَزغٞصاد اىفٞطٗؽصاشٝخ ٗ اىَْبخٞخ اىَوهصصح فوٜ 

خبصوخ فوٜ سَٞوخ  حثصو٘شٍهشص عٞر ىيصصر اىَْبخٜ ٗرنُ٘ سَٞزٔ ٍصرجتخ ثزغٞصاد شرح الإشوعبع  ٗ 

ٍؾصويزٔ  فبىجوبؽضِٞ غوبفْٞ٘ف ـ اّقػوزصٌٝ  اسزصؽوب ٍعبذىوخ ىؾػوبة الإشوعبع اىشَػوٜ اىنيوٜ اىشوٖصٛ 
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رح اغوزَصاشٝخ الإظوبءح اىشَػوٞخ  ظوبفخ  ىوٚ  ذخوبه ثبثعزجبش ظصٗشح ٍعصفخ ٍ آخسِٝث٘ع٘ذ اىغًٞ٘ 

س تٍوب اىعوبىٌ [13]ٍعبٍو رغصٝجٜ ٝصوا  ٍنبّٞوخ اىغٞوً٘ فوٜ رَصٝوص الإشوعبع اىشَػوٜ سصوٞص اىَ٘عوخ 

ؽػبة سَٞخ ٕسا الإشعبع ٝزتيت ٍعصفخ ٍز٘غػ اشرفوبع اىشوَع ىيشوٖص  ىٚ تُ اىجٞصد س ف  فقر تشبش 

 ٞا سًسظ ثذُ سَٞخ اىَعبٍو اىزغصٝجٜ فٜ فصو اىشوزبء ثس فٜ ؽِٞ تٗظؼ اىعبىٌ افصمٞ [14]اىَؾرذ  

  [4]سٌٞ عٞرٓ ّلصا ىعرً ؽػبة اصص اىجٞرٗ ٕٗ٘ ٍب ٝػوزرعٚ  ٝغوبذ ثٞبّوبد  ظوبفٞخ ىَعبىغوخ زىول ٜرعت

ستٍوب ٍعبذىوخ مٞصٝي٘فوبسدسة فزتيوت ٍعصفوخ مَٞوخ اىغٞوً٘ ٗ سوٌٞ اىَعبٍوو اىوسٛ ٝصوا  ظوعبف اىغٞوً٘ 

اسزوصػ ىؾػوبة مَٞوخ الإشوعبع اىشَػوٜ  ثٞصىٞبّر دس طس اىجبؽش [15]ى شعبع اىشَػٜ ٗ ّ٘ع اىغًٞ٘ 

اىنيٜ عْور ٗعو٘ذ اىغٞوً٘ ٍعبذىوخ رزعيو  فقوػ ثَزغٞوص ٗاؽور ٕٗو٘ ٍعبٍوو ّػوت روصامٌ اىغٞوً٘ ٗ ٍعصفوخ 

س مَووب تشووبشد علاسووخ ثووٞظ  ىووٚ تُ  [10]الإؽووراصٞبد اىفينٞووخ ىيَ٘سووع اىَووصاذ اغووزضَبش غبسزوؤ اىشَػووٞخ 

ه اىصثػ ثِٞ مو ٍِ مَٞخ الإشعبع اىشَػٜ خبشط اىغلاف اىغ٘ٛ ٗ عورذ ؽػبثٔ اىشٖصٛ  ٝزٌ ٍِ خلا

س اسزووصػ اىعوبىٌ امصاْٝزػووفٌٞ س ة سٕوـ ٍعبذىووخ [19]غوبعبد غوت٘ع اىشووَع ٗ ذشعوخ ٍعبٍووو اى٘ظو٘ػ 

ىؾػبة سٌٞ الإشعبع اىشَػٜ اىنيٜ اىٍٜٞ٘ ٗ اىشٖصٛ ٗ ىنْٖب رصرجػ ثَرح اغوزَصاشٝخ  ظوبءح اىشوَع 

اسزصؽوب ٍعبذىووخ ىؾػووبة ٕوسا الإشووعبع رووصرجػ  1960ىَووبُ ىٞو٘ ٗ ٝوو٘شذُ عووبً ق اىعب [12]ٗ ثبشرفبعٖوب 

ثعصٗشح ٍعصفخ اشرفبع اىشَع ٗ ضاٗٝخ اّؾصافٖب ٗ غبعخ اى٘سذ  ظبفخ  ىوٚ ٍعوبٍلاد فٞطٗؽصاشٝوخ 

 س[20]ٗ ٍْبخٞخ تخصٙ 
 

ْزغْب ٍِ خلاه ٍْبسشزْب ٗ رؾيٞيْب ىعْبصص ٕسٓ اىَعبذثد اىزٜ رؾػت اثشعبع اىشَػوٜ اىنيوٜ اغوز    

ٍٗدزيفووخ اىرسوّوخ ٍٗصرجتووخ  ٍزعوورذحٍووِ اُ اييجٖووب ٝزتيووت ثٞبّووبد  ؽصووبئٞخ ٍْبخٞووخ ٗ شصوورٝخ مضٞووصح ٗ 

ثْلووبً ذٗشٛ خووبد عْوور اىقٞووبظ ٗ اىصصوور ٗاىزػووغٞو ٍضووو : مَٞووخ اىغٞووً٘ اىَْدفعووخ ٗ رصووْٞفبرٖب ٗ 

شَػٞخ س ٗ ٍوِ عرذ الأٝبً اىصؾ٘ ٗ شجٔ اىصؾ٘ ٗ اىغبئَخ ٗ ٍرح اغزَصاشٝخ الإظبءح اىٗاشرفبعبرٖب ق 

اىَعيً٘ ثبُ اىؾص٘ه عيٚ ٕسٓ اىجٞبّبد ثبىْػجخ ىَصامط اىصصر اىَْبخٜ اىَْٜٞ يبىجب ٍب رنُ٘ ٍؾرٗذح 

 ٌّ عرا تٗ يٞص ٍز٘فصح عيٚ الإغولا  ٍَوب ٝعْوٜ صوع٘ثخ فوٜ اغوزضَبش اىتبسوخ اىشَػوٞخ س ٗ ّزٞغوخ ىَوب رو

ٖب اىجبؽش ثٞصىٞبّر دس ط ىؾػبة مَٞوخ ىَعبذىخ اىزٜ اسزصؽا بخزٞبشث سَْبٍْبسشزٔ ٍِ اىَعبذثد اىػبثقخ 

 ٍنبّٞووخ ىيزتجٞوو  فووٜ اىلووصٗف  الأمضووصالإشووعبع اىشَػووٜ اىنيووٜ عْوور ٗعوو٘ذ اىغٞووً٘ اىزووٜ ّعزقوور ثذّٖووب 

ق و ب رصامٌ اىغًٞ٘ ت رغتٞخ اىغٞوً٘اىَْبخٞخ ىيَ٘سع اىفينٜ ىيَِٞ ق ٗمّٖ٘ب رصرجػ ثَزغٞص ٗاؽر ٕ٘ ٍعبٍ

ؽصوبئٞخ اىْلصٝوخ ٗ اىؾقٞقٞوخ اىغٞورح ىٖوسا اىَزغٞوص ٗ ىفزوصح ٗ ُ اىوَِٞ َٝزيول ثعوط اىجٞبّوبد الإ ثغَٞب

ً ىنو ٍِ ٍرْٝخ عرُ ٗ اىصٝبُ ٕٗ٘ عْصوص تغبغوٜ ٝورخو فوٜ ؽوو ٍعبذىوخ   1941-1970رَزر ٍبثِٞ 

 :[10]ثٞصىٞبّر دس ط ق ٗ رنزت مبٟرٜ 
 

………1   21 bnanQQ oc  

 

Qc ىغًٞ٘ : ٍؾصيخ الإشعبع اىشَػٜ اىنيٜ ث٘ع٘ذ ّػت ٍِ رصامٌ اW/m
2

 س 

Qo  ٍؾصيخ الإشعبع اىشَػٜ اىنيٜ عْر اىػَبء اىصبفٞخ :W/m
2

 س ت3ب؛ عرٗه 

  n ق ٗ ٝعجصّ عْٔ ثغطء ٍوِ اى٘اؽور اىصوؾٞؼ ق  سٞر اىرشاغخ: ٍز٘غػ ّػت رصامٌ اىغًٞ٘ ىػَبء اىَ٘سع

 ٗ ٝقبظ ثبىْقبغ س

a زٌ رعْٞٞوؤ ٍووِ ثٞبّووبد : ٍعبٍووو سَٞزوؤ ٍصرجتووخ ثطاٗٝووخ خووػ اىعووصض اىَ٘سووع اىَعْووٜ ثبىرشاغووخ س ٗ ٝوو

 ق ت0باىغرٗه

 b: ٛٗس ٗ اىَعبٍلاُ  0.38: ٍعبٍو سَٞزٔ رػبa,b     رعّْٞبُ ؽبىخ ٗ رذصٞصاد اىغًٞ٘ س 
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                  [10]. (1) انًستخذيح في انًعادنح  aقيى انًعايم   (:1) جذول
 

10 زاويح خط انعرض
o
 N 15

o 
N 20

o
 N 

 a 0.40 0.39 0.37قيًح انًعايم 

 

 QRnsق فوٜ ؽػووبة مَٞوخ الإشووعبع اىشَػوٜ اىنيووٜ  1ٗلأعوو اىزؾقوّو  ٍوِ صووؾخ اغوزدراً اىَعبذىووخ    

ٌّ اغوزدراً QF ث٘ع٘ذ اىغًٞ٘ لأٛ ٍ٘سع فينٜ فٜ اىَِٞ ٗ ٍقبشّزٖب ثنَٞخ الإشعبع اىشَػٜ اىؾقٞقٜ  ق ر

ثبىْػجخ ىيقٌٞ  1ذىخ ق ىزجِّٞ ذشعخ اّؾصاف سٌٞ اىْزبئظ اىْلصٝخ اىَزؾصّو عيٖٞب ٍِ ؽو اىَعب 2اىَعبذىخ 

اىَذخ٘زح ٍجبشصح ٍوِ ثٞبّوبد ٍؾتوبد اىصصور اىَْوبخٜ  QFاىؾقٞقٞخ ىَؾصيخ الإشعبع اىشَػٜ اىنيٜ 

 اىَْٞٞخ ق اىزٜ رذخس اىص٘شح اىصٝبظٞخ اٟرٞخ :
 

2........%.........100
F

FR

Q

QQ 
  

 

QR  س  1: مَٞخ الإشعبع اىشَػٜ اىنيٜ اىْلصٛ ٗ اىَؾػ٘ة ٍِ اىَعبذىخW/m
2

 س

QF َٞخ الإشعبع اىشَػٜ اىنيٜ اىؾقٞقٜ اىَذخ٘ز ٍجبشصح ٍِ ٍؾتبد اىصصر س: م W/m
2

 

  ّٜػجخ اّؾصاف سٌٞ الإشعبع اىشَػٜ اىني :QR  ق ثبىْػوجخ  1عْر ٗع٘ذ اىغًٞ٘ اىَؾػ٘ة ثبىَعبذىخ

اىَوذخ٘زح ٍوِ اىجٞبّوبد الإؽصوبئٞخ ىَؾتوبد اىصصور اىَْوبخٜ فوٜ  QFىقٌٞ الإشعبع اىشَػٜ اىؾقٞقوٜ 

 َْٞٞخ ساىغَٖ٘شٝخ اى
 

ىقر اغزدرٍْب فٜ اىجؾش صلاس ٍصاؽوو ٍزصاثتوخ :اىَصؽيوخ الأٗىوٚ رعَوو عيوٚ اىؾػوبة ٗ اىَقبشّوخ     

ق ٗ مَٞوخ  n1اىَؾػ٘ة ثبغزدراً ّػت رصامٌ اىغًٞ٘ اىؾقٞقٞخ  QRn1ثِٞ مَٞخ الإشعبع اىشَػٜ اىنيٜ 

اىضبّٞخ فزوصرجػ ثْزوبئظ  ق تٍب اىَصؽيخ QFالإشعبع اىشَػٜ اىَذخ٘ز ٍجبشصح ٍِ ٍصامط اىصصر اىَْبخٜ 

ٍقبشّؤ ثوِٞ مَٞوخ الإشوعبع اىشَػوٜ اىنيوٜ اىَؾػو٘ة ثبغوزدراً ّػوت روصامٌ  ٜٗرعتاىَصؽيخ الأٗىٚ 

اىَؾػو٘ة ثبغوزدراً شوجنخ ّػوت روصامٌ  QRnsٗ مَٞخ الإشعبع اىشَػوٜ اىنيوٜ  QRn1اىغًٞ٘ اىؾقٞقٞخ 

شوعبع اىشَػوٜ اىَوذخ٘ز ٍوِ ٍصاموط ق فٜ ؽِٞ رجِٞ اىَصؽيخ اىضبىضوخ اىَقبشّوخ ثوِٞ مَٞوخ الإ   nsاىغًٞ٘

اىَؾػو٘ة ثبغوزدراً شوجنخ روصامٌ اىغٞوً٘  QRnsٗ مَٞخ الإشعبع اىشَػٜ اىنيوٜ   QF اىصصر اىَْبخٜ

ns س 

ٗرْزٖوٜ مووو ٍصؽيوخ ٍووِ اىَصاؽووو اىوضلاس ثزؾرٝوور ذشعوخ اثّؾووصاف ثووِٞ سوٌٞ مووو ٍوِ مَٞووخ الإشووعبع   

الأٗىووٚ : اىَقبشّووخ ٍووبثِٞ اىَعووره  اىشَػووٜ اىَزؾصووو عيٞوؤ فووٜ مووو ٍصؽيووخ ق ؽٞووش ٝووزٌ فووٜ اىَصؽيووخ

عووِ الإشووعبع اىشَػووٜ  QRn1اىشووٖصٛ ىقووٌٞ ّزووبئظ ذشعووخ اثّؾووصاف الإشووعبع اىشَػووٜ اىَؾػوو٘ة 

% ق ثبغوزدراً اىعلاسوخ اٟرٞوخ : QFاىؾقٞقوٜ اىَصصو٘ذ 
1

1

F

FRn

Q

QQ 
  ٍقبشّزٖوب ثقوٌٞ ّزوبئظ ٗ

3%  : ذشعوخ اثّؾووصاف ىيَصؽيووخ اىضبىضوخ ثبغووزدراً اىعلاسووخ اٟرٞووخ

F

FRns

Q

QQ 
  ق  تٍووب ّزووبئظ
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ٍووِ خوولاه ؽووو اىعلاسووخ QRn1 ثبىْػووجخ ىقووٌٞ    QRns اىَصؽيووخ اىضبّٞووخ فزجووِٞ ذشعووخ اّؾووصاف سووٌٞ

%
1

1

2

Rn

RnRns

Q

QQ 
  س 

ٗثعر رؾيٞو ّزبئظ مو ٍعبٍو اّؾصاف عيٚ ؽرح ٗ اىزذمر ٍِ  ُ ّزبئظ  ذشعوخ ٍعوبٍلاد اثّؾوصاف     

رقع فٜ  غبش اىَػَ٘ػ ىزيل اىَعبذثد ثبثغزدراً ىؾوو اىؾػوبثبد اىؾصاشٝوخ ق  321 اىنَٜ

ُ  تٕوسا ٝعْوٜ ٗ ق  QRnsرقوبشة مَٞوب  QRn1ٗاُ سوٌٞ  QFرقبشة مَٞب  QRn1سٌٞ  ذُثاثغزْزبط  ْبَٞنْف

QF  رقبشة مَٞبQRns  ٔاىجؾوش ق ٗثبىزوبىٜ َٝنوِ اىزذمور ٍوِ  ٍوع ّٖبٝوخ ٕوسإٗ٘ ٍب غ٘ف ّػعٚ لإصجبر

فٜ الأع٘اء اىَْٞٞخ فٜ ؽػبة الإشوعبع اىشَػوٜ اىنيوٜ   nsّٞخ اغزدراً ٍعبٍو ّػت رصامٌ اىغًٞ٘  ٍنب

QRns  ق ثرث عِ سٌٞ الإشعبع اىشَػٜ اىنيٜ اىؾقٞقٜ اىَذخ٘ز ٍجبشصح ٍِ ٍصامط 1 ثبغزعَبه اىَعبذىخ

عيوٚ  حيٞوص ٍ٘عو٘ذتّٖوب عورا تٗ  صوعتق اىزوٜ يبىجوب ٍوب ٝنوُ٘ اىؾصو٘ه عيٖٞوب QF اىصصور اىَْوبخٜ 

 الإغلا  لأييت ٍْبغ  ٍٗرُ ٗ سصٙ اىغَٖ٘شٝخ اىَْٞٞخس
 

 في انيًٍ :n1  ، nsحساب الإشعاع انشًسي انكهي تىجىد َسة يٍ تراكى انغيىو  يُهج

اشرنط ؽػبة ٕسا الإشعبع اىشَػٜ اىنيٜ اىشٖصٛ عيٚ اىَقبشّخ ثِٞ صلاس ٍصاؽو ؽػبثٞخ الأٗىٚ     

ثبغوزدراً اىشوجنخ ىنوو  nsق ٗ اىضبىضخ ٍزغٞص رصامٌ اىغًٞ٘  n1ىغًٞ٘ رػزدرً سٌٞ اىَزغٞص اىؾقٞقٜ ىزصامٌ ا

ثبىْػوجخ  2شٖص ٍوِ تشوٖص اىعوبً ثرثىوخ اىَ٘سوع اىفينوٜ اىَْٞوٜ اىَعْوٜ ثبىرشاغوخ ٗاىَوذخ٘ز ٍوِ عورٗه 

ٌّ اىزعو٘ٝط ثقََٖٞوب فوٜ ٍعبذىوخ  nsىيَعبٍوو   5تٗ اىغورٗه  n1ىيَعبٍو  ق ؽػوت ٍزتيجوبد  1ق ٍٗوِ صو

ىؾػبة مَٞخ الإشعبع اىشَػٜ اىنيٜ عْور ٗعو٘ذ  1زىل ّقً٘ ثزؾيٞو ّزبئظ اىَعبذىخ ّ٘ع اىَصؽيخ ق ثعر

فْزبئغٖب رػزدرً ىؾػبة ذشعخ اّؾصاف الإشعبع اىشَػوٜ اىْلوصٛ 2 ق تٍب اىَعبذىخ n1 تٗ  ns اىغًٞ٘ 

 عِ اىؾقٞقٜ ىنو ٍصؽيخ ٍِ اىَصاؽو اىضلاس عيٚ ؽرح س

 QRnsبُ اغوزدراً سوٌٞ مَٞوخ الإشوعبع اىشَػوٜ اىنيوٜ ختخ اىجؾش رػعٚ ىَعصفخ ٍب  زا مبُ ثبلإٍنو    

اىَوذخ٘ز QF ثرث عِ سٌٞ الإشعبع اىشَػٜ اىنيٜ اىؾقٞقوٜ  nsاىَؾػ٘ة ثبغزدراً ٍزغٞص رصامٌ اىغًٞ٘ 

 فٜ ؽبىخ عرً ر٘فصٕب تً ث ؟ س  حٍجبشصٍِ ٍصامط اىصصر 

ٞوخ الإشوعبع اىشَػوٜ اىنيوٜ ىسا فبُ ّزبئظ اىَصؽيخ الأٗىٚ رهذٛ  ىٚ ٍعصفخ ّػجخ اّؾوصاف سَٞوخ مَ    

ثبىْػوجخ ىقَٞوخ مَٞوخ الإشوعبع اىشَػوٜ اىَؾػو٘ة ثبغوزدراً ٍعبٍوو  QF اىؾقٞقوٜ اىَجبشوص اىَصصو٘ذ 

تٍوب ّزوبئظ اىَصؽيوخ اىضبّٞوخ : فزجؾوش فٖٞوب عوِ ٍعصفوخ ّػوجخ اّؾوصاف سوٌٞ QRn1 رصامٌ اىغٞوً٘ اىؾقٞقوٜ 

ػجخ ىقٌٞ مَٞخ الإشعبع اىشَػوٜ اىنيوٜ ثبىْ n1ثبغزدراً رصامٌ اىغًٞ٘ اىؾقٞقٜ QRn1 الإشعبع اىشَػٜ 

QRns  ثبغزدراً ٍعبٍو رصامٌ اىغًٞ٘ اىَز٘اعر فٜ اىشجنخns  ىوٚس فٜ ؽِٞ رشٞص ّزبئظ اىَصؽيخ اىضبىضخ  

ثبىْػوجخ ىقَٞوخ مَٞوخ الإشوعبع اىشَػوٜ  QFذشعخ اّؾصاف سٌٞ مَٞخ الإشوعبع اىشَػوٜ اىنيوٜ اىؾقٞقوٜ 

ثورث  QRnsٍورٙ  ٍنبّٞوخ اغوزدراً سوٌٞ  ٍٗعصفخ nsاىشجنخ  ثبغزدراً ٍعبٍو رصامٌ اىغٌٞ فQRnsٜ اىنيٜ

 فٜ ؽبىخ عرً ر٘فصٕب س   QFعِ 

رقوع فوٜ ٍغوبه  ,,,, ثعر اىزذمر ٍِ تُ سٌٞ ّػت ٍعوبٍلاد اثّؾوصاف ىيؾوبثد اىوضلاس     

فوٜ ؽوو اىَعوبذثد  ثبغوزدراٍٖبت ٕٜٗ ٍِ اىْػت اىَػوَ٘ػ  6بعرٗه  %15.3 -7.7اّؾصاف ٍبثِٞ 

رقزوصة  غٞخ اىؾصاشٝخ ق ٕٗسا ٝعْٜ تُ ٍعرثد سٌٞ مَٞخ الأشعخ اىشَػٞخ اىراخيوخ فوٜ اىعلاسوخ اىْٖر

ٍَوب ٝعْوٜ ثصو٘شح يٞوص ,  , اثّؾوصاف ٍٜعبٍيٍِ ثععَٖب ٗمسا اىؾبه ثبىْػجخ ىَعرثد سٌٞ 

ٝعْوٜ  ٕٗوساس  QFرقزصة ٍِ سٌٞ مَٞخ الإشعبع اىشَػوٜ  QRns ٍجبشصح  ُ سٌٞ مَٞخ الإشعبع اىشَػٜ 

فوٜ ؽبىوخ  ثغوَٞبق  QRnsٗ اغوزجراىٖب ثقوٌٞ الإشوعبع اىشَػوٜ  QFاٍنبّٞخ اثغزغْبء عوِ سوٌٞ الإشوعبع 
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س د اىَصاذ اغزضَبش غبسزٖب اىشَػٞخىيَْبغ  اىَْٞٞخ اىَؾرذح الإؽراصٞب  QFعرً ر٘فص ثٞبّبد ٍػغّيخ ىـ  

 خ : اىَصاؽو اىضلاس اٟرٞاىَجْٞخ ظَِ دت٘اد اىٗ ٝزٌ زىل ٍِ خلاه  رجبع 
 

  QRn1انًرحهح الأونى : حساب الإشعاع انشًسي انكهي تاستخذاو تراكى انغيىو انحقيقيح 
ثبغووزدراً ٍعبٍووو رغتٞووخ اىغٞووً٘ اىؾقٞقووٜ  QRn1ّؾػووت الإشووعبع اىشَػووٜ اىنيووٜ ث٘عوو٘ذ اىغٞووً٘  *

 QFق ٗ ٍقبشّزٔ ثقَٞوخ الإشوعبع اىشَػوٜ اىؾقٞقوٜ  n1اىَذخ٘ز ٍِ ٍصامط اىصصر اىَْبخٜ فٜ اىَِٞ 

 س ىَذخ٘ز ٍجبشصح ٍِ ٍصامط اىصصر اىَْبخٜ فٜ اىَِٞا

اثّؾوصاف اىنَوٜ  لإٝغوبذ  2اىَعبذىوخ  ثبغوزدراً اىَئو٘ٛ  * ّؾػت ٍعبٍو اثّؾوصاف اىْػوجٜ 

ٗ سوٌٞ الإشوعبع اىشَػوٜ اىنيوٜ  QFثِٞ سٌٞ مو ٍوِ الإشوعبع اىشَػوٜ اىنيوٜ اىَصصو٘ذ باىؾقٞقوٜ ت 

عَبه سٌٞ ّػت روصامٌ اىغٞوً٘ اىؾقٞقٞوخ اىَوذخ٘زح  ٍوِ ٗ ثبغز ت0باىَؾػ٘ة ثبىَعبذىخ  QRn1اىْلصٛ 

ق ىغصض اىَقبشّخ ٍٗعصفخ ذشعخ اثّؾصاف اىنَٜ اىْػجٜ فَٞوب n1ٍصامط اىصصر اىَْبخٜ فٜ اىَِٞ 

ٗ  ؽلاىٖوب  QRn1زىل اثّؾصاف فٜ ٍرٙ اىَغبه اىَػَ٘ػ ثبغزجراه اىقٌٞ اىْلصٝخ ٝقع ٕٗو ق ثَْٖٞب 

 بذثد اىؾػبثٞخ اىؾصاشٝخ ٗ اىْٖرغٞخ  تً ث ؟ فٜ ؽو اىَع QFٍؾو اىقٌٞ اىؾقٞقٞخ 

اثّؾوصاف اىنَوٜ  لإٝغوبذ 2ثبغوزدراً اىَعبذىوخ   * ّؾػت ٍعبٍو اثّؾوصاف اىْػوجٜ اىَئو٘ٛ 

ٗ سووٌٞ الإشووعبع اىشَػووٜ اىنيووٜ  QFباىؾقٞقووٜ ت  اىَػووغوثووِٞ سووٌٞ مووو ٍووِ الإشووعبع اىشَػووٜ اىنيووٜ 

سٌٞ ّػت روصامٌ اىغٞوً٘ اىؾقٞقٞوخ اىَوذخ٘زح  ٍوِ ٗ ثبغزعَبه  ت0باىَؾػ٘ة ثبىَعبذىخ  QRn1اىْلصٛ 

ق ىغصض اىَقبشّخ ٍٗعصفخ ذشعخ اثّؾصاف اىنَٜ اىْػجٜ فَٞوب n1ٍصامط اىصصر اىَْبخٜ فٜ اىَِٞ 

ٗ  ؽلاىٖوب  QRn1ثَْٖٞب ٕٗو زىل اثّؾصاف ٝقع فٜ ٍرٙ اىَغبه اىَػوَ٘ػ ثبغوزجراه اىقوٌٞ اىْلصٝوخ 

 ىؾػبثٞخ اىؾصاشٝخ ٗ اىْٖرغٞخ  تً ث ؟ فٜ ؽو اىَعبذثد ا QFٍؾو اىقٌٞ اىؾقٞقٞخ 

اثّؾوصاف اىنَوٜ  لإٝغوبذ 2ثبغوزدراً اىَعبذىوخ   * ّؾػت ٍعبٍو اثّؾوصاف اىْػوجٜ اىَئو٘ٛ 

ٗ سووٌٞ الإشووعبع اىشَػووٜ اىنيووٜ  QFباىؾقٞقووٜ ت  اىَػووغوثووِٞ سووٌٞ مووو ٍووِ الإشووعبع اىشَػووٜ اىنيووٜ 

روصامٌ اىغٞوً٘ اىؾقٞقٞوخ اىَوذخ٘زح  ٍوِ  ٗ ثبغزعَبه سٌٞ ّػت ت0باىَؾػ٘ة ثبىَعبذىخ  QRn1اىْلصٛ 

ق ىغصض اىَقبشّخ ٍٗعصفخ ذشعخ اثّؾصاف اىنَٜ اىْػجٜ فَٞوب n1ٍصامط اىصصر اىَْبخٜ فٜ اىَِٞ 

ٗ  ؽلاىٖوب  QRn1ثَْٖٞب ٕٗو زىل اثّؾصاف ٝقع فٜ ٍرٙ اىَغبه اىَػوَ٘ػ ثبغوزجراه اىقوٌٞ اىْلصٝوخ 

 اىؾصاشٝخ ٗ اىْٖرغٞخ  تً ث ؟  فٜ ؽو اىَعبذثد اىؾػبثٞخ QFٍؾو اىقٌٞ اىؾقٞقٞخ 

اثّؾوصاف اىنَوٜ  لإٝغوبذ 2ثبغوزدراً اىَعبذىوخ   ّؾػت ٍعبٍو اثّؾوصاف اىْػوجٜ اىَئو٘ٛ * 

ٗ سووٌٞ الإشووعبع اىشَػووٜ اىنيووٜ  QFباىؾقٞقووٜ ت  اىَػووغوثووِٞ سووٌٞ مووو ٍووِ الإشووعبع اىشَػووٜ اىنيووٜ 

اىغٞوً٘ اىؾقٞقٞوخ اىَوذخ٘زح  ٍوِ ٗ ثبغزعَبه سٌٞ ّػت روصامٌ  ت0باىَؾػ٘ة ثبىَعبذىخ  QRn1اىْلصٛ 

ق ىغصض اىَقبشّخ ٍٗعصفخ ذشعخ اثّؾصاف اىنَٜ اىْػجٜ فَٞوب n1ٍصامط اىصصر اىَْبخٜ فٜ اىَِٞ 

ٗ  ؽلاىٖوب  QRn1ثَْٖٞب ٕٗو زىل اثّؾصاف ٝقع فٜ ٍرٙ اىَغبه اىَػوَ٘ػ ثبغوزجراه اىقوٌٞ اىْلصٝوخ 

 ٝخ ٗ اىْٖرغٞخ  تً ث ؟ فٜ ؽو اىَعبذثد اىؾػبثٞخ اىؾصاش QFٍؾو اىقٌٞ اىؾقٞقٞخ 

اثّؾوصاف اىنَوٜ  لإٝغوبذ 2ثبغوزدراً اىَعبذىوخ   * ّؾػت ٍعبٍو اثّؾوصاف اىْػوجٜ اىَئو٘ٛ 

ٗ سووٌٞ الإشووعبع اىشَػووٜ اىنيووٜ  QFباىؾقٞقووٜ ت  اىَػووغوثووِٞ سووٌٞ مووو ٍووِ الإشووعبع اىشَػووٜ اىنيووٜ 

اىؾقٞقٞوخ اىَوذخ٘زح  ٍوِ ٗ ثبغزعَبه سٌٞ ّػت روصامٌ اىغٞوً٘  ت0باىَؾػ٘ة ثبىَعبذىخ  QRn1اىْلصٛ 

ق ىغصض اىَقبشّخ ٍٗعصفخ ذشعخ اثّؾصاف اىنَٜ اىْػجٜ فَٞوب n1ٍصامط اىصصر اىَْبخٜ فٜ اىَِٞ 

ٗ  ؽلاىٖوب  QRn1ثَْٖٞب ٕٗو زىل اثّؾصاف ٝقع فٜ ٍرٙ اىَغبه اىَػوَ٘ػ ثبغوزجراه اىقوٌٞ اىْلصٝوخ 

 ْٖرغٞخ  تً ث ؟ فٜ ؽو اىَعبذثد اىؾػبثٞخ اىؾصاشٝخ ٗ اى QFٍؾو اىقٌٞ اىؾقٞقٞخ 
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اثّؾوصاف اىنَوٜ ثوِٞ  لإٝغوبذثبغزدراً اىَعبذىوخ   * ّؾػت ٍعبٍو اثّؾصاف اىْػجٜ اىَئ٘ٛ 

ٗ سٌٞ الإشوعبع اىشَػوٜ اىنيوٜ اىْلوصٛ  QFباىؾقٞقٜ ت  اىَػغوسٌٞ مو ٍِ الإشعبع اىشَػٜ اىنيٜ 

QRn1 اىَوذخ٘زح  ٍوِ ٍصاموط ٗ ثبغزعَبه سوٌٞ ّػوت روصامٌ اىغٞوً٘ اىؾقٞقٞوخ  ت0ب اىَؾػ٘ة ثبىَعبذىخ

ق ىغصض اىَقبشّخ ٍٗعصفخ ذشعخ اثّؾصاف اىنَٜ اىْػوجٜ فَٞوب ثَْٖٞوب n1اىصصر اىَْبخٜ فٜ اىَِٞ 

ٗ  ؽلاىٖوب ٍؾوو  QRn1ٕٗو زىل اثّؾصاف ٝقع فٜ ٍورٙ اىَغوبه اىَػوَ٘ػ ثبغوزجراه اىقوٌٞ اىْلصٝوخ 

 ً ث ؟ فٜ ؽو اىَعبذثد اىؾػبثٞخ اىؾصاشٝخ ٗ اىْٖرغٞخ  ت QFاىقٌٞ اىؾقٞقٞخ 

 

 حم خطىاخ انًرحهح الأول يتى يٍ خلال الآتي :

i .  ّ٘عوور سَٞووخ اىَز٘غووػ اىشووٖصٛ ٗاىػووْ٘ٛ ىوورشعبد ّػووت رووصامٌ اىغٞووً٘ اىؾقٞقٞووخn1  ٍقبغووب ثبىْقووبغ

ً  ىنوو ٍوِ اىَ٘اسوع اٟرٞوخ : 1941-1970ىجعط ٍصاصر ٍرُ اىغَٖ٘شٝخ اىَْٞٞخ اىَػغيخ ٍوبثِٞ 

ق ٗ ٍِ صٌ ّقػَٖب عيوٚ  2َصاُ س ثبغزدراً ثٞبّبد اىغرٗه صْعبء ٗ مٗصٌٝ ق ٗٝاىصٝبُ ق ٗعرُ ق 

 س ت0بعشصح ٗ اىزع٘ٝط ثٖب فٜ اىَعبذىخ 

ii .  ًّ٘ٞ٘عر سَٞخ الإشعبع اىشَػٜ اىنيٜ ثغٞبة اىغQo  ق ثعر رؾرٝر اىَ٘اسوع اىفينٞوخ ىيَ٘اسوع اىػوبثقخ

15ٗ اىوسٛ ّغورٓ ٝعوبذه ت 3ب ٗ اخزٞبش اسصة ضاٗٝخ ىيعصض ثبىْػجخ ىَ٘اسعٖب اىفينٞخ فٜ اىغورٗه
o

 

 شَبث ٗ ٍْٖب رعِٞ سَٞٔ ىَز٘غتٔ اىشٖصٛ س

iii .  ّ٘عر سَٞخ اىَعبٍوa   ىيَ٘اسع اىَْٞٞوخ اىػوبثقخ ؽػوت ٍ٘اسعٖوب اىفينٞوخ ثبىْػوجخ ىطاٗٝوخ اىعوصض ق

15ٗاىزوٜ ّغورٕب رعوبذه ت 0ب ٍِٗ صٌ اخزٞبش ضاٗٝخ خػ اىعصض الأسوصة ىٖوب فوٜ اىغورٗه
o

شوَبث  

ىؾػوبة مَٞوخ الإشوعبع  1 سٍٗوِ صوٌ ٝوزٌ اىزعو٘ٝط ثقَٞزؤ  فوٜ اىَعبذىوخ  0.39ٗثسىل رنُ٘ سَٞزؤ 

فقَٞزؤ  b  ىٖوسٓ اىَ٘اسوع اىَرشٗغوخ س تٍوب سَٞوخ اىَعبٍوو  n1ث٘عو٘ذ اىغٞوً٘  QRn1اىشَػوٜ اىنيوٜ 

 س 0.38صبثزخ عيٚ اىرٗاً ىغَٞع اىَ٘اسع ٗ رػبٗٛ 

iv .   ًّ٘ٞؾػت سٌٞ الإشعبع اىشَػٜ اىنيٜ عْر ٗع٘ذ اىغ n1تشٖص اىعبً   ىنو QRn1  ًثبغزدرا

ق ٗ زىل ثعر اىزع٘ٝط فٖٞب ثقٌٞ اىعْبصص اٟرٞخ 1ٍعبذىخ ثٞصىٞبّر دسطس ٕٜٗ اىَعبذىخ 

n1;a;b;Qo س ٗرقبظ 1,2,3ق اىراخيخ فٜ رصمٞجٖب ثبغزدراً ثٞبّبد اىغراٗهW/m
2

 س 

v .  ٜرػوغو سووٌٞ الإشوعبع اىشَػووٜ اىنيوQRn1 اىَؾػوو٘ة ثقوٌٞ رووصامٌ اىغٞوً٘ اىؾقٞقٞووخ n1  اىَزؾصووو

 ست4بق ىغَٞع تشٖص اىعبً  ٗ ّػغيٖب فٜ اىغرٗه 1عيٖٞب ٍِ ؽو اىَعبذىخ 

vi .   ىيزذمر ٍِ ٍرٙ صوؾّخ اغوزدراً سوٌٞ ّػوت روصامٌ اىغٞوً٘ اىؾقٞقٞوخn1  ت  فوٜ ؽػوبة  2ب اىغورٗه

ق ٗ ٍعصفووخ ّػووجخ ذشعووخ اىػووَبػ اىزقْووٜ ىٖووب  1ثبغووزدراً اىَعبذىووخ  QRn1الإشووعبع اىشَػووٜ اىنيووٜ 

راً فٜ اىؾػبثبد اىؾصاشٝوخ عْور رصوٌَٞ اىَؾتوبد اىشَػوٞخ ق ٗٝوزٌ اىزعجٞوص عوِ زىول ثَوب ثبثغزد

 س1 ٝػَٚ ثَعبٍو ذشعخ اّؾصاف اىقٌٞ اىؾقٞقٞخ عِ اىؾػبثٞخ   

ٌّ اغزدراً اىَعبذىخ     ىنبفوخ تشوٖص اىعوبً    1ىؾػبة سٌٞ ذشعبد اثّؾوصاف اىنَوٜ    2ٗ عيٞٔ ر

ق ثبىْػووجخ ىنَٞووخ الإشووعبع  1ىَزؾصووو عيٞوؤ ٍووِ اىَعبذىووخ ا QRn1ىنَٞووخ الإشووعبع اىشَػووٜ اىنيووٜ 

 2ٍوِ اىغورٗه  QFاىشَػٜ اىنيٜ اىؾقٞقٜ اىَصص٘ذ ٍجبشصح فٜ ٍؾتبد اىصصر اىَْبخٜ اىَْٞٞخ 

ثوِٞ سوٌٞ مَٞزوٜ الإشوعبع اىشَػوٜ   س ؽٞش  ُ سٌٞ ٕسٓ اىَعبٍو ٝ٘ظؼ اثّؾصاف اىْػجٜ  

ىيَ٘اسوع اىَوسم٘شح ٗ روْعنع سَٖٞوب  QF قٞقوٜ ٗ الإشوعبع اىشَػوٜ اىؾ n1ثرثىخ  QRn1اىَؾػ٘ة 

 س 2,4فٜ ثٞبّبد اىغراٗه 

vii .  ٔٝصغووٌ شوونو  ؽووراصٜ ىنَٞووخ الإشووعبع اىشَػووٜ اىنيووٜ اىػووبسػ عيووٚ ىَرْٝووخ عوورُ رنووُ٘  ؽراصٞبروو

ق  ز ٝلاؽظ  QRn1عِ  QFق ىَعصفخ ٍرٙ اّؾصاف سٌٞ  اىػْخٗاىػْٜٞ تشٖص  QRn1 ق QFاىصبذٛ 

  QRn1 , QFٍػبش اثّؾصاف اىنَٜ خولاه تشوٖص اىعوبً ىنوو ٍوِ سوٌٞ   ُ ق 1ٍِ ٍِ رؾيٞو اىشنو 
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ٍزقبشثخ ٗرقع فٜ ٍغبه اىقٌٞ اىَػوَ٘ػ ثٖوب فوٜ اىْٖرغوخ اىؾصاشٝوخ ٍَوب ٝعْوٜ  ٍنبّٞوخ اغوزدراً سوٌٞ 

QRn1  ٌٞثرث ٍِ س QF فٜ ؽبىخ اىزعسش فٜ اىؾص٘ه عيٚ سوٌٞ الأخٞوصح س  ث  ُ صوع٘ثخ اىؾصو٘ه

ىنبفخ اىَ٘اسع اىَْٞٞخ ٍِ ٍصامط اىصصور اىَْوبخٜ ٝعصسوو  n1مٌ اىغًٞ٘ عيٚ اىقٌٞ اىؾقٞقخ ىْػت رصا

 اىَوذخ٘زح ٍوِ اىشوجنخ ق ٕٗو٘ ٍوب nsثقوٌٞ  n1ق ٗ رؾو ٕسٓ اىَػذىخ ثبغزجراه سٌٞ QRn1 ؽػبة سَٞخ 

 غزهمرٓ ّزبئظ اىَصؽيخ اىضبّٞخس 
 

انًدخخىرج يثاشدرج يدٍ  n1 يقيدح و َسدة تدراكى انغيدىو انحقQF انقديى انحقيقيدح نعشدعاع انشًسدي انكهدي : 2) )جدذول 

W/mيحطاخ انرصذ انًُاخي . 
2

 .، و تانُقاط

                              
 كًراٌ    صُعاء   انرياٌ*  عذٌ*     تريى    

N 
E 
H 

12
 o
.39` 

 43
 o
.24` 

27m   

12
 o
.50`     

45
 o
.02`     

3m     

14
 o
.39 

49
 o
.24 

23m   

15
 o
.31` 

44
 o
.18` 

2190m 

15
 o
.20` 

42
 o
.06` 

6m   
 n1 QF n1 QF n1 QF n1 QF n1 QF 

Jan 2.9 240 4.0 250 2.5 270 1.7 244 2.3 215 

Feb 3.3 260 3.0 288 2.5 296 2.2 285 3.2 256 
Mar 3.0 310 3.0 332 2.5 320 3.3 332 2.3 300 
Apr 3.4 320 3.0 340 2.5 330 3.5 340 3.1 310 
May 3.3 250 2.5 255 2.5 260 1.9 255 3.0 245 

Jun 3.7 330 2.0 331 2.5 340 2.2 331 3.9 300 
Jul 3.9 310 2.5 318 2.5 320 3.0 312 4.3 300 
Aug 3.2 320 2.5 319 2.5 330 4.0 313 2.8 310 
Sep 3.9 320 2.5 324 3 340 2.2 318 4.5 320 
Oct 2.4 300 2.0 317 2 320 1.5 317 2.3 310 
Nov 3.7 280 2.5 286 2 290 1.5 275 1.7 250 
Dec 3.8 270 3.0 260 2.5 280 4.0 260 3.1 210 

: h ً س 1941-1970رعْٜ  ُ اىقٞبظ رٌ ٍوبثِٞ تعو٘اً *  س: شص  ضشاٝخ خػ اىت٘هE ق: شَبه ضاٗٝخ خػ اىعصض N س [8,9,21 ,17,7,6]اىَصرش: 

 س8 – 0ٌٞ ّػت رصامٌ اىغًٞ٘ : رقبظ ثبىْقبغ ق ٗ سَٖٞب رنُ٘ ٍؾص٘شح ٍبثِٞ : ٍز٘غػ س n1اىجؾص ق ثبلأٍزبشس اشرفبع اىَْتقخ عِ ٍػز٘ٙ غتؼ 

 

انسدداقط عهددى  Qo انصددافيح ( انتىزيددع انسددُىش نعشددعاع انشًسددي انكهددي عُددذ )يدداب انغيددىو ) عُددذ انسددًاء(: 3) جددذول

20 – 10انيًُيح انًحصىر ياتيٍ زوايا خطىط انعرض  انًىقع الإحذاثي نهجًهىريح
o
 N  (W/m

2
  ) 

 

10 زاويح خط انعرض 
o
 N 15

o
 N 20

o
 N 

Jan 289 269 248 

Feb 315 303 286 

Mar 337 330 322 

Apr 339 342 344 

May 338 350 359 

Jun 336 350 364 

Jul 337 350 360 

Aug 339 344 317 

Sep 339 334 326 

Oct 321 308 295 

Nov 296 277 257 

Dec 279 257 235 
 س[17] اىَصرش:
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، وقديى الإشدعاع  n1 تاسدتخذاو َسدة تدراكى انغيدىو انحقيقيدحQRn1 يقارَح تيٍ قيى الإشدعاع انشًسدي انكهدي (: 4) لجذو

 ، ns تاسددتخذاو َسددة تددراكى انغيددىو انحقيقيددح يددٍ انشددثكح 1 انًحسددىب تانًعادنددح  QRnsانشًسددي انكهددي 

W/m.      يقاسا
2
  

 

 كًراٌ     صُعاء    رياٌ    عذٌ       تريى      اىَ٘سع

 QRn1 QRns QRn1 QRns QRn1 QRns QRn1 QRns QRn1 QRns 

Jan 230 232 211 212 237 232 248 201 240 232 

Feb 251 233 237 257 237 234 271 215 253 233 

Mar 280 254 345 280 281 254 274 232 294 254 

Apr 282 284 310 338 250 286 279 284 301 286 

May 291 295 317 240 288 295 319 290 297 295 

Jun 281 286 317 337 332 287 313 297 279 286 

Jul 277 284 317 340 340 284 326 284 267 284 

Aug 288 290 312 332 255 290 270 292 296 290 

Sep 264 273 312 348 331 273 290 275 250 276 

Oct 272 298 279 296 318 319 287 295 274 298 

Nov 224 234 251 272 319 234 256 230 256 234 

Dec 205 233 208 235 324 233 200 235 215 190 

 

 
 

انًدخخىر يثاشدرج يدٍ يراكدس انرصدذ انًُداخي و  QFيقارَدح تديٍ كًيدح و يسدار الإشدعاع انشًسدي انحقيقدي (: 1) شكم 

 يُح عذٌ ، انجًهىريح انيًُيح.، نًذ  n1انًحسىب تًعايم تراكى انغيىو انحقيقي  QRn1الإشعاع انشًسي 

 

  QRnsانًرحهح انثاَيح : حساب الإشعاع انشًسي انكهي  تىجىد َسة يٍ تراكى انغيىو 

i . ّٜ٘عر سٌٞ الإشعبع اىشَػٜ اىنيQRn1  سىنبفخ اىَ٘اسع  ّفػٖب 4ثبغزدراً ثٞبّبد اىغرٗه 

ii  . ًّ٘ؾػت سَٞخ الإشعبع اىشَػٜ اىنيٜ ث٘ع٘ذ اىغٞوQRns ثجٞبّوبد ٍصاموط  1ىَعبذىوخ ثبغوزدراً ا ٗ

5اىت٘ه ىزصامٌ اىغًٞ٘  –شجنخ ضٗاٝب خت٘غ اىعصض 
o

ّ٘ض  5ٍوِ عورٗه  حخ٘زذاىَوب  5× ت  ٗ ّعو

س ٗسور اخزصّوب   1,3,5ثٖب ٗ ثقٌٞ اىعْبصص الأخصٙ اىراخيخ فٖٞب ثزيل اىَ٘ع٘ذح فوٜ ثٞبّوبد اىغوراٗه
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5ٍِ ثٞبّبد اىشجنخ اىعبىَٞخ اىَْبخٞخ 
o

ريول اىزوٜ ىٖوب علاسوخ   nsٌ اىغٞوً٘ اىزٜ رؾرذ مَٞوخ روصام 5×

 – 10اىتو٘ه زاد اىعلاسوخ ثوبىَ٘سع اىفينوٜ ىيوَِٞ ٗ اىَؾصو٘ش  ٍوبثِٞ  –ثطٗاٝب خت٘غ اىعوصض 

20
o
 N ّزوبئظ ؽػوبة  4اىغورٗه  ٗٝجوِٞىراخيوخ فٖٞوبق ا ق ٗاىزع٘ٝط ثبىعْبصص   1س ٗثؾو اىَعبذىخ

 س  QRnsالإشعبع اىشَػٜ اىنيٜ 

iii . َّٜؾػت سٌٞ اثّؾصاف اىن  2  ٜلأشٖص اىػْخ  ثوِٞ اىقوٌٞ اىؾقٞقٞوخ ى شوعبع اىشَػوٜ اىنيو

QRn1  ث٘ع٘ذ رصامٌ اىغًٞ٘ اىؾقٞقٞخn1  ٜسٌٞ مَٞوخ الإشوعبع اىشَػوٜ اىنيو ٗQRns  ً٘ث٘عو٘ذ اىغٞو

5ثبغوزدراً ثٞبّوبد شوجنخ 
o

شاظوٜ اىَْٞٞوخ الأعيوٚ  اىتو٘ه ىزوصامٌ اىغٞوً٘  –ىطٗاٝوب اىعوصض   5×

 س6ٕسٓ اىقٌٞ فٜ اىغرٗه  ّٗغرٍِ اىشجنخ ق  nsثبغزدراً سٌٞ 
 

5انطدىل  -انًتىسط انشهرش نكًيح تغطيح انغيىو في أركاٌ شدثكح زوايدا خطدىط انعدرض (: 5) جذول
o

فدي انًىقدع   5× 

 .يقاسا تانُقاط.nsالإحذاثي نهجًهىريح انيًُيح 
 

 Nعرض 

 

  Eانطىل

20
o

 

         

   40
o

 

20 

          

    45 

20     

         

50 

20   

       

  55 

15 

         

     40 

15   

       

 45 

15 

       

   50 

15 

         

     55 

10
o

 

         

    45
o

 

Jan 4.8 2.1 1.9 2.3 4.0 4.5 2.8 2.9 3.8 

Feb 4.0 3.2 2.9 2.8 5.0 5.0 4.2 3.5 5.0 

Mar 4.0 3.9 3.6 3.4 5.0 5.1 4.2 3.8 4.9 

Apr 2.3 2.5 2.5 2.3 2.9 3.3 3.2 2.9 3.2 

May 2.3 2.6 2.4 2.1 3.3 3.3 3.1 3.1 3.9 

Jun 1.5 1.8 2.1 2.7 2.7 3.0 3.5 4.5 4.0 

Jul 2.0 2.8 2.7 3.3 4.5 3.6 3.6 4.2 5.3 

Aug 2.0 2.6 2.6 2.1 3.0 3.0 3.1 3.3 4.7 

Sep 2.0 1.9 2.0 2.6 4.0 4.3 3.5 4.0 4.8 

Oct 0.8 0.7 0.7 1.0 0.9 1.0 0.8 2.6 3.5 

Nov 3.0 2.2 2.1 2.1 3.4 3.3 3.1 3.0 4.3 

Dec 2.0 1.9 1.9 1.8 1.8 1.9 2.0 2.0 2.9 
 [10] اىَصرش: 

 

iv  . ّٜصغٌ شونو ثٞوبّٜ  ؽراصٞبّرؤ اىصوبذٛ َٝضوو مَٞوخ الإشوعبع اىشَػوٜ اىنيوQRns ; QRn1  ٍقبغوب

W/
2

مَٞووخ ٕووسِٝ  ٗ اىػووْٜٞ َٝضووو تشووٖص اىػووْخ ق ىٖوورف ٍقبشّووخ ّػووجخ اثّؾووصاف اىنَووٜ ثووِٞ سووٌٞ 

 ست2باىشعبعِٞ ٗ رؾيٞو ّزبئظ اثّؾصاف ٗ ٍػبشٓ ق اىشنو
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 QRnsو الإشدعاع انشًسدي  n1 انًحسىب تًعايم تراكى انغيىو انحقيقيQRn1  يقارَه تيٍ الإشعاع انشًسي(: 2) شكم

  انيًُيح.انًخخىر يٍ انشثكح انغيىو انذونيح ، نًذيُح عذٌ ، انجًهىريح  nsانًحسىب تًعايم تراكى انغيىو 

 

 . QRns و  QFانًرحهح انثانثح : انًقارَح تيٍ الإشعاع انشًسي انكهي انشهرش 

i .  َّْٜٞ٘عر سٌٞ الإشعبع اىشَػٜ اىؾقٞقٜ اىَصص٘ذ فٜ ٍصامط اىصصر اىَْبخٜ اىQF  ٌٞثبغزدراً س

س ثغووزدراٍٖب فووٜ عَيٞووخ ٍعصفووخ ٍػووز٘ٙ اثّؾووصاف اىنَووٜ ثووِٞ مَٞووخ الإشووعبع  2ثٞبّووبد عوورٗه 

اىَؾػوو٘ة ثتصٝقووخ اىشووجنخ اىَْبخٞووخ ىيزغتٞووخ  QRnsٗ الإشووعبع اىشَػووٜ  QFَػووٜ اىؾقٞقووٜ اىش

 س4اىغًٞ٘ فٜ ٍغبه ؽرٗذ اىَ٘سع اثؽراصٜ ىيغَٖ٘شٝخ اىَْٞٞخ ق عرٗه 

ii  . ًّ٘ٞػزدرً ّفع سٌٞ الإشعبع اىشَػٜ ث٘ع٘ذ اىغQRns  س4 اىَرشعخ فٜ اىغرٗه 

iii.  ّٜؾػوت سوٌٞ اثّؾووصاف اىْػوج  اىػووْخ ق ٍوب ثوِٞ اىقووٌٞ اىؾقٞقٞوخ ى شوعبع اىشَػووٜ  لأشوٖص

ٗ سٌٞ مَٞخ الإشعبع اىشَػٜ اىنيٜ ث٘ع٘ذ اىغًٞ٘ 2 اىَذخ٘زح ٍِ اىغرٗه  QFاىنيٜ ث٘ع٘ذ اىغًٞ٘ 

5ثبغزدراً ثٞبّبد شجنخ 
o

اىػوبسػ عيوٚ تشاظوٜ اىغَٖ٘شٝوخ  QRnsاىتو٘ه  –ىطٗاٝب اىعوصض   5×

 س6فٜ اىغرٗه  س ٗرػغّو ّزبئغٔ 4اىَذخ٘زح ٍِ ثٞبّبد اىغرٗه 

iv  . ّٛصغٌ شنو ثٞبّٜ تلإؽراصٜ اىصبذٛ فٞٔ َٝضوو سوٌٞ مَٞوخ الإشوعبع اىشَػوٜ اىنيوٜ اىشوٖصQF ; 

QRns   ق  ٗالإؽراصٜ اىػْٜٞ َٝضو تشٖص اىػوْخ س ىٖورف اىَقبشّوخ ٗ ٍعصفوخ ٍورٙ ذشعوخ اثّؾوصاف

 ست3ب اىنَٜ فَٞب ثَْٖٞب ٗ ؽرٝر ٍػبشٓ ق شنو
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 QRnsانًددخخىر يثاشددرج يددٍ يراكددس انرصددذ و الإشددعاع انشًسددي  QFشددعاع انشًسددي يقارَددح تدديٍ قدديى الإ(: 3) شددكم 

 .نًذيُح عذٌ ، انجًهىريح انيًُيح. nsانًحسىب تًعايم تراكى انغيىو انًخخىر يٍ شثكح انغيىو 

 

يدح تانُسدثح نقديى كQRn1ً و  QRnsانًعذلاخ انسُىيح نًعايلاخ اَحراف قديى كًيدح الإشدعاع انشًسدي انكهدي (: 6) جذول

انسداقط عهدى يىاقدع انًحطدداخ  QFالإشدعاع انشًسدي انكهدي انحقيقدي انًدخخىر يثاشدرج يدٍ يحطداخ انرصدذ 

           .  %، %،صُعاء و كًراٌ  %وانرياٌ ، وعذٌ ، وانيًُيح : تريى ، 
 

انًعذل انسُىش 

 نًعايم الاَحراف
 2انًعادنح 

 تريى

% 

 عذٌ

% 

 انرياٌ

% 

 صُعاء

% 

 كًراٌ

% 

%
1

F

FRn

Q

QQ 
 12 10.8 8.3 10.7 7.3 

%
1

1

Rn

RnRns

Q

QQ 
 4.5 7.7 6.6 10 6 

%
F

FRns

Q

QQ 
 11 15.3 11.3 14.5 8.3 

 

 

 انُتائج و انًُاقشح 
ؽ٘ه اىَْبؿ ثبُ اىؾصو٘ه عيوٚ الإشوعبع  خاىَْٞٞ خجٞبّبد الإؽصبئٞاىاغزْزغْب ٍِ خلاه اىجؾش فٜ     

ػٜ اىنيٜ ث٘ع٘ذ ّػت ٍِ اىزغٌٞ ىػَبء عًَ٘ اىغَٖ٘شٝوخ يٞوص ٍزو٘فصح تٗ ٍْعرٍوخ ثشونو ٍتيو  اىشَ

ىينضٞص ٍِ اىَ٘اسع الإؽراصٞخّ لأييت ٍرُ ٗ سصٙ ٗ تشٝبف ٍؾبفلبد اىغَٖ٘شٝخ ق ٍَب ٝصثل اىَٖزَوِٞ 

جٞئوخ ٖورف رصشوٞر اى٘سو٘ذ اىنصثوّٜ٘ ٗؽَبٝوخ اىثثَصبذش اىتبسخ اىشَػٞخ ٍِ رْفٞس اىدتوػ ثغوزضَبشٕب 

 س[8]

ّٗزٞغخ ىَب سَْوب ثؤ ٍوِ ٍْبسشوخ ٗ رؾيٞوو ىينضٞوص ٍوِ اىَعوبذثد اىؾػوبثٞخ زاد اىعلاسوخ ثؾػوبة ٕوسا    

ٍِ ثِٞ ريل اىَعبذثد ثػجت اعزَبذٕوب  [10]الإشعبع اىشَػٜق ٗسع اخزٞبشّب ىَعبذىخ ثٞصىٞبّر دسطس  
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ص ىورٙ ثعوط ٍصاموط اىصصور اىَجبشص عيٚ ٍزغٞص ٗاؽر ٕٗ٘ ٍعبٍو ّػجخ رصامٌ اىغًٞ٘ اىسٛ ٕو٘ ٍزو٘ف

ت اىَػغيخ فٜ مو 1970-1941عبً ب  30اىَْبخٜ اىَْٜٞ ٗ ىٔ ثٞبّبد شصر ٍْبخٜ رَزر  ىٚ ؽ٘اىٜ  

ٍِ ٍؾتبد ٍصامط اىصصر اىَْبخٜ فوٜ ٍتوبشٛ عورُ ٗ اىصٝوبُ ق ٗاىوجعط الأخوص ٍوِ ريول اىجٞبّوبد 

ق ٍوع الإشوبشح   [17,7,6]َِ َٝنِ تُ ٝزٌ تخسٓ ٍِ ٍصامط ٍصاصر اىَْبؿ اىعبىَٜ ىعرً ر٘فصٕب فٜ اىٞ

ذسخّ امجص فوٜ اىْزوبئظ ق ٍَوب  ٜرعت ىٚ تُ غ٘ه اىَرح اىطٍْٞخ ىيصصر ىقٌٞ ٍز٘غػ ٍعبٍو رغتٞخ اىغًٞ٘ 

 ٝغعو ؽػبة ٕسا الإشعبع  تمضص اسزصاثب ٍِ اىقٞبغبد اىؾقٞقٞخ س 

 ز ٝجيوك فوٜ  مَب اغزْزغْب ٍوِ تُ اىوَِٞ ٝزَزوع ثصوفٔ عبٍوخ ثَعبٍوو ّػوجخ روصامٌ يٞوً٘ ٍْدفعوخ ق     

ّقووبغ ق مَووب فووٜ عطٝووصح غووقتصٙ ٗ  4ّقتووخ ق ٗ سوور ٝصرفووع  ىووٚ ؽوو٘اىٜ  2-3ٍز٘غووتٔ اىػووْ٘ٛ ٍووبثِٞ 

َ٘اسع فوٜ اىغَٖ٘شٝوخ ق تٍوب عوطش مَوصاُ ٗ ثوصٌٝ ٗعور تُ امجوص مَٞوخ ٍوِ روصامٌ اىغٞوً٘ فٖٞوب اىثعط 

جصس ٗ عيٞؤ َٝنوِ ّقبغ  ثقيٞوو ٗ اسيٖوب رنوُ٘ فوٜ ّو٘ف3َ سر رطٝر تؽٞبّب عِ  ٗرنُ٘ فٜ ٝ٘ىٞ٘ ٗغجزَجص 

ُ اىدبشغووخ اىَْبخٞووخ اىػووْ٘ٝخ ىيووَِٞ ثبىْػووجخ ىزغتٞووخ اىغٞووً٘  رشووٞص  ىووٚ تُ عووطء صووغٞص ٍووِ ثووذاىقوو٘ه 

 ؽٞوشٝشٖر اشرفبع فٜ مَٞبد اىغًٞ٘ ٗ زىل خلاه فصو اىشزبء ٗ %30 ٝطٝر عِ  الأشاظٜ اىَْٞٞخ ث

مَٞوبد اىغٞوً٘  فوٜ ثزغٞص طرزَٞثبسٜ تشٖص فص٘ه اىػْخ و لرّقبغ ق فٜ ؽِٞ  4سر رصو فٜ ْٝبٝص  ىٚ 

 س[8]ث رزعرٙ اىَز٘غػ اىعبً 

 اىَزؾصو عيٖٞب ٍِ ؽو اىَعبذىخ 1,2,3 ٗ الأشنبه 4 رؾيٞو ثٞبّبد اىغرٗه  ٍٍَِب غج  ٍْبسشزٔ ٗ  

 َٝنِ اغزْزبط اىْقبغ اٟرٞخ :   2 اىَزؾصو عيٞٔ ٍِ ؽو ٍعبذىخ  6ٗ اىغرٗه  1

رو٘فص ثٞبّوبد ؽو٘ه الإشوعبع اىشَػوٜ اىنيوٜ ث٘عو٘ذ يطً ٝػوز*  ُ اغزضَبش رنْ٘ى٘عٞب اىتبسخ اىشَػوٞخ 

ٍَوب ٝغعوو اىزفنٞوص فوٜ  قٕسٓ اىجٞبّبد يبىجب ٍب رنُ٘ ٍز٘فصح ثٍبمِ ٍؾرذٓ فقػ فٜ اىوَِٞ ق ٗاىغًٞ٘ 

 اغزضَبش غبسخ اىشَع تمضص صع٘ثخ ٗ اسو ٍصذٗذ س

خلاه تشٖص اىعبً ق * اىَِٞ رَزيل ثٞبّبد ٍؾرٗذح عرا ؽ٘ه الإشعبع اىشَػٜ اىنيٜ عْر ٗع٘ذ اىغًٞ٘ 

 ٍَب ٝعْٜ ظصٗشح اىجؾش عِ غوص  يٞوص رقيٞرٝوخ رقورً ثٞبّوبد رغتوٜ اييوت اىَ٘اسوع اىفينٞوخ اىَْٞٞوخ 

 ٖرف اغزضَبش رنْ٘ى٘عٞب اىتبسخ اىشَػٞخ ٗ ثَصٗذ عبه سث

فٜ ٍصامط شجنخ  nsّزبئظ اىجؾش سرشح ٍعبذىخ ثٞصىٞبّر دسطس ثبغزدراً ثٞبّبد ر٘اعر اىغًٞ٘  د* تظٖص

5اىت٘ه  –ٗاٝب اىعصض رقبغع ض
o

فوٜ ؽػوبة الإشوعبع اىشَػوٜ اىنيوٜ اىػوبسػ عيوٚ تٛ ٍ٘سوع   5×

20 – 10 ؽراصٜ ٍِ الأشاظٜ اىَْٞٞخ اىَؾص٘ش ثِٞ خت٘غ  ضٗاٝب اىعصض  
o
 N  خت٘غ ضٗاٝب ٗ

55 – 40اىتو٘ه اىَؾصو٘شح  ثوِٞ 
o
 E   5ق ثفوبش

o
تق عيوٚ ؽوو ٍػوذىخ زىول 5 فَٞوب ثْٖٞوبب عورٗه  

جٞبّبد ؽ٘ه الإشعبع اىشَػٜ اىنيٜ ث٘ع٘ذ اىغًٞ٘ فٜ ؽبىخ عرً رو٘فصّ سَٖٞوب اىْقص فٜ ر٘فٞص ريل اى

 اىؾقٞقخ ٍِ ٍصامط اىصصر اىَْبخٜس  

* رشٞص ّزبئظ اىَصؽيخ الأٗىٚ ثبىْػجخ ىَرْٝوخ عورُ مّٖ٘وب رَزيول  ؽصوبئٞخ ٍْبخٞوخ عٞورٓ ٍوِ الإشوعبع 

 ره ٍعبٍوو اثّؾوصاف  ت ق  ىٚ تُ سٌٞ ٍعو1941-1970اىشَػٜ اىنيٜ ٗ سٌٞ ّػت رصامٌ اىغًٞ٘ ب

اىَؾػو٘ة  QRn1ثبىْػوجخ ىقوٌٞ الإشوعبع اىشَػوٜ QF ثِٞ سوٌٞ الإشوعبع اىشَػوٜ اىؾقٞقوٜ اىنيوٜ 1

ٝزطاٝر ٍِ شٖص ذٝػَجص ٗ ؽزٚ شٖص ٍبشظ ٗ رزصاٗػ سَٞزؤ ٍوب  n1ث٘ع٘ذ ّػت ٍِ اىغًٞ٘ اىؾقٞقٞخ 

ُ سوٌٞ ٕوسا اىَعبٍوو ق ٕٗسا ٝعْوٜ ت %12-2ٗ فٜ ثبسٜ الأشٖص رزسثسة ثِٞ اىْػت  ق  %20-15ثِٞ 

فوٜ  QRn1عْؤ  ٍنبّٞوخ اغوزدراً  ْٝوزظرقع فٜ ٍغبه اىعَو اىَػَ٘ػ ثٔ فٜ اىْٖرغخ اىؾصاشٝخ ق ٍَب 

فٜ ؽبىخ عرً اىؾص٘ه عيٖٞوب QF اىؾػبثبد اىؾصاشٝخ اىَزعيقخ  ثزقْٞبد اىتبسخ اىشَػٞخ ثرث ٍِ سٌٞ 

 ٍِ ٍصامط ٍؾتبد اىصصر اىَْبخٜ اىَؾيٞخس 

 ثووِٞ مَٞووخ الإشووعبع اىشَػووٜ  ُ سووٌٞ ٍعبٍووو اثّؾووصاف   ىووٚاىضبّٞووخ  * رشووٞص ّزووبئظ اىَصؽيووخ

QRn1ٜثبىْػجخ ىنَٞخ  الإشعبع اىشَػQRns  ٍَب ٝعْٜ  ٍنبّٞخ اغزدراً سوٌٞ  %12-1ثِٞ  رزصاٗػ ٍب
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اىَذخ٘زح ٍِ ثٞبّبد ٍصامط شجنخ اىغًٞ٘ اىَؾص٘شح فٜ  غبش اىَ٘سوع اىفينوٜ    nsّػت رصامٌ اىغًٞ٘

20 – 12ِ ىيَِٞ اىَؾص٘ش ثٞ
o
N  ٚ5اىَقػَخ  ى

o
ٍِ ضٗاٝب خت٘غ  اىت٘ه ـ اىعصض  ثِٞ مو  5×

فوٜ ؽبىوخ عورً اىؾصو٘ه عيٖٞوب ٍوِ  n1ت ثرث عِ سوٌٞ ّػوت روصامٌ اىغٞوً٘ اىؾقٞقٞوخ  5اّلص عرٗه ب

 تست0بٍصامط ٍؾتبد اىصصر اىَْبخٜ اىَْٜٞب عرٗه

سووٌٞ مَٞووخ الإشووعبع اىشَػووٜ  ثووِٞاثّؾووصاف  * رشووٞص ّزووبئظ اىَصؽيووخ اىضبىضووخ  ىووٚ تُ سووٌٞ ٍعبٍووو 

QRns  ٜثبىْػجخ ىنَٞخ الإشعبع اىشَػQF  ٝطٝور عوِ  ٗ ثَز٘غػ غْ٘ٛ ث  %20-6ثيغذ فٜ ؽرٗذ

خولاه تشووٖص اىعووبً ق ٕووسٓ اىْػووجخ رعْووٜ  ُ اىفووبش  اىنَووٜ ثووِٞ مَٞووخ الإشووعبع اىشَػووٜ اىنيووٜ  15%

اىَؾػو٘ة ثَعبذىوخ  QRnsٗ مَٞوخ الإشوعبع اىشَػوٜ اىنيوٜ  QFاىَصص٘ذ ثَصامط اىصصور اىَْوبخٜ 

ق ٝقوع فوٜ ؽورٗذ اىَػوَ٘ػ  nsٍِ شوجنخ اىغٞوً٘  حخ٘زذثٞصىٞبّر دسط ق ثبغزعَبه سٌٞ رصامٌ اىغًٞ٘ اىَ

فوٜ ؽبىوخ   QFفٜ اىؾػوبثبد اىؾصاشٝوخ اىْٖرغوٞخ ثورث عوِ مَٞوخ الإشوعبع اىشَػوٜ  QRnsثبغزدراً 

 رعسش اىؾص٘ه عيٚ الأخٞصح  ٍِ ٍصامط اىصصر اىَْبخٜس

ٍوِ  1/4رطٝور عوِ  ٗ اىزوٜ ث  %15فٜ ثعط ّزبئظ اىجؾش  ىٚ تمضص ٍِ ّؾصاف * اشرفبع ّػجخ اث

رعووطٙ ؽػووت اغووزْزبعْب  ىووٚ اىزْووبسط ثووِٞ ثٞبّووبد اىَصووبذش ٍٗغَووو اىْقووبغ ىيَ٘اسووع اىَرشٗغووخ ق 

 س  [ 18,21 ,9] اىَدزيفخ فٜ رؾرٝر مَٞخ الإشعبع اىشَػٜ اىنيٜ اىؾقٞقٜ 

ٗظوع خوصائػ  عيوٚذسوخ تعيوٚ ىجٞبّبرٖوب ق َٝنوِ تُ رػوبعر * ّزبئظ اىجؾش فٜ ؽبىوخ رت٘ٝصٕوب ٗ رو٘فصّ 

ٍْبخٞووخ رعنووع ٍْؾْٞووبد رػووبٗٛ الإشووعبع اىشَػووٜ اىنيووٜ ث٘عوو٘ذ ّػووت ٍووِ اىغٞووً٘ ثووبىزطاٍِ ٍووع 

ٍْؾْٞبد رػبٗٛ ٍعوبٍلاد رغتٞوخ اىغٞوً٘ ثبىْػوجخ لإؽوراصٞبد ختو٘غ اىتو٘ه ـ اىعوصض اىراخيوخ فوٜ 

 ٍغبه اىَ٘سع اثؽراصٜ ىيغَٖ٘شٝخ اىَْٞٞخ س  
    

 انًراجع :

ق 81ت ق رصرش عِ اىَْلَخ الإسيَٞٞوخ ىؾَبٝوخ اىجٞئوخ اىجصٝوخ ق اىعورذ 2009س اىْشصح اىجٞئخ اىجؾصٝخ سب 1

 س 16-11ٝ٘ىٞ٘ ـ غجزَجص س اىن٘ٝذ س د 

ت ٗضاشح اىووْفػ ٗ اىَعووبذُ ق اىيغْووخ اىفْٞووخ 2008 ,2007س  ؽصووبءاد اىووْفػ ٗ اىغووبض ٗ اىَعووبذُ ب 2

 س22 اىضبٍِ ق اىغَٖ٘شٝخ اىَْٞٞخ ق د ى ؽصبء ق اىعرذ اىػبثع  ٗ 

ت " اىَ٘سعٞووخ الإغووزصارٞغٞخ ىيووَِٞ " ذشاغووخ فووٜ اىغٞ٘ثوو٘ىزنعق ٍغيووخ (2002س اىغصٝووصٛ ق ف س ع  3 

 س 140-124ق د  1اىغَعٞخ اىغغصافٞخ اىَْٞٞخ قصْعبء ق اىعرذ 

ٍ٘غووون٘  ت " عيوووٌ الأشصوووبذ اىَْوووبخٜ " ثبىيغوووخ اىصٗغوووٞخ ق ذاش عبٍعوووخ1951س افٞصمٞٞوووا س ًسظ ب 4

 اىؾنٍ٘ٞخ ىيْشص س ٍ٘غن٘س 

ت " اىتبسووخ اىَزغوورذح ؽيوو٘ه ٍزنبٍيووخ " ٗضاشح اىنٖصثووبء سػووٌ اىتبسووخ 2007ساىغْوور ق عجوور اىػوولاً ب 5

 2007ٍبٝ٘  4اىغرٝرح ٗ اىَزغرذح سصْعبء س ثؾش ٍقرً ىْرٗح اىجٞئخ فٜ عبٍعخ رعط 

صٗغوووٞخس ذاش اىقووورشٗ ىيْشوووصس ت س ثبىيغوووخ اى1984س اىَصعوووع اىَْوووبخٜ اىَدزصوووص ىنبفوووخ ذٗه اىعوووبىٌ ب6

 ىْْٞٞغصاذ س

ت س ثبىيغوخ اىصٗغوٞخ ق ذاش اىقورشٗ ىيْشوص ق ىْْٞٞغوصاذ ق 1977س اىدصبئص اىَْبخٞخ ىينصح الأشظٞخ ب7

 شٗغٞب اثرؾبذٝخ س
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س اىٖٞئخ اىعبٍخ ىيتٞصاُ اىَرّٜ ٗ الأشصبذ اىغ٘ٛ ق صْعبء ق  ذاشح اىَْبؿ ق ثْل اىَعيٍ٘وبد ثٞبّوبد 8

+ ٍصوويؾخ اىتٞووصاُ اىَوورّٜ ب غووبثقبت ٍتووبش عوورُ اىوورٗىٜ ق ثٞبّووبد يٞووص  1994يٞووص ٍْشوو٘شح 

 س1970-1941ٍْش٘شح 

 , 137ت " ٍْبؿ اىَِٞ "ٍصمط عجوبذٛ ىيْشوص س اىوَِٞ س د 1998س غَبعٞو ق عجر اىقبذش عػبط ب  9

 س51

 ت " اىز٘ضٝوووع اىعوووبىَٜ اىنيوووٜ ىنَٞوووبد اىغٞوووً٘ "ثبىيغوووخ1980س ثٞصىٞبّووورس فسه ق غوووزصٗمْٞب سهست ب 10

 س 72اىصٗغٞخ ق ذاش اىقٞرشٗ ىيْشص س ىْْٞٞغصاذ س شٗغٞب اثرؾبذٝخ س د 

ت " رنْ٘ى٘عٞوب رؾيٞؤ اىَٞوبٓ " اىوراش اىغبٍعٞوخ ىيْشوص س اىقوبٕصح  ق 2001س غعر فزؼ ق ؽػِ تىجْوب ب  11

 س 379د 

ت " خصوووبئص ّلوووبً الإشوووعبع اىشَػوووٜ ىيغوووطء اىشوووَبىٜ اىشوووصسٜ 1980س غوووزْرّٞل سةسة ب 12  

 س  86-97س د   444تعَبه ٍهغػخ عٜ عٜ تٗق  ثبىيغخ اىصٗغٞخ ق اىَغير شسٌىػٞجٞصٝب" 

ت " رووورسٞ  غوووص  اىؾػوووبة اىشوووٖصٛ 1974س سوووبىجٞصِٝ سةسً ق شوووْٞرافِٞسكسٛ ق آغوووٞل سةسذ ب  13

ىَؾصوويخ الإشووعبع اىشَػووٜ ثزنصاشٝووخ الأٝووبً اىصووؾ٘ ٗاىغبئَووخ"  تعَووبه ٍهغػووخ ط ستٗ ق ثبىيغووخ 

 س  62 -57س د307اىصٗغٞخ قاىَغير 

ت " امزٍْٞ٘ٞزصٝووب " ثبىيغووخ اىصٗغووٞخ ق ىْْٞٞغووصاذ ق ذاش اىقٞوورش ىيْشووص ق 1965س مّ٘صارٞووا سكسٛ ب 14

 س 691شٗغٞب اثرؾبذٝخ ق  د 

ت " رقٞوٌٞ اصوص اىغٞووً٘ عيوٚ الإشوعبع اىشَػوٜ اىنيووٜ 1977س مٞصٝيي٘فوبسدسس ق اٝقو٘شٗف سةسُ ب  15

ق  398طسستٗ ق ثبىيغوخ اىصٗغوٞخ ق اىَغيور  " تعَبه ٍهغػخ74-ثجٞبّبد اىصصر ىيَهغػخ تسدساسة 

 س 117-112د 

 ت " فٞطٝبء اىغ٘ " ثبىيغخ اىصٗغٞخ ق ذاش اىقٞرش س ىْْٞٞغصاذ س 2000س ٍبرٞٞاسهسد ب16  

ت ثبىيغووخ اىصٗغووٞخ ق ذاش اىقوورشٗ ىيْشووص س 1975س ٍْووبؿ ذٗه آغووٞب ٍووبٗشاء اىؾوورٗذ اىػوو٘فٞزٞخ س ب 17 

 ىْْٞٞغصاذ س شٗغٞب اثرؾبذٝخس  
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Abstract 
In the limitation of gathering actual data of the total amount of solar radiation in the 

presence of clouds from the climatological stations in Yemen, other indirect methods were used to 

calculate them. A systematic method suggested by two researchers in the literature, viz., Liberlyand 

T. G., and Sarukinoi, L. I. were applied to give the possibility of calculating the solar radiation by 

using the actual cloud quantity “ns” available at the stations. This requires only the monthly data of 

the percentage of the cloud quantity that can be taken from the network stations (coordinates) without 

referring to the actual values of the cloud quantity of the specified climatological stations "n1". 
 The results show that the percentage degree of deviation from the total quantity of solar radiation 

“QRns” when the clouds accumulate "ns"  that were calculated using the method introduced by 

Liberlyand and Sarukinoi from the actual quantity of solar radiation “Qf” taken directly from the 

climatological stations  for Aden, Riyan, Perim Island, Kamaran Island and Sana'a was 

 315A , 
 311R , 

 11P , 
 38K  and 

 514S  respectively.  

These percentages are within the allowable ranges for the theoretical calculations in the 

thermal  energy. Consequently, the results give evidence of the possibility for using the total quantity 

of solar radiation calculated from the cloud accumulation variable “ns" with the use of the theoretical 

total solar radiation “QRn1” in any station in Yemen instead of “Qf” if its value cannot be obtained  

or due to the limitation of getting the value of the actual cloud accumulation “n1” in the 

climatological stations. 
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