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ABSTRACT 

 

This study examined the mechanical loads of guava fruits under different loading conditions at different times. The approach 

will help in predicting the type and magnitude injuries, which will help in minimum losses and assessment of guava quality.It has also a 

significant influence on handling, sorting, storage and processing. Some physical, chemical   and mechanical properties of common 

Egyptian guava variety (Mamora) relevant to the material handling were analyzed. The following properties were considered: 

dimensional size, mass, measured and calculated volumes, real density and sugar content. Mechanical tests (puncture and compression) 

were also considered. The rupture load, rupture deformation and the work done (energy) that caused the rupture of the fruit were 

determined. The maximum force and stress levels for both puncture and compression were greatest at the start of maturity stage 

compared with subsequent maturity stages .At any fruit position and as the stage of fruit maturity increases from start to near the final 

stage, a gradual decrease in the yield force and yield stress was obtained, while, the damaged area and deformation increased.During 

packing and handling guava and based on the above information it may be recommended, to lay the fruits on the major diameter axis 

position, so as it experiences less deformation under loads. It was possible to introduce a factor of safety that may be used in determining 

the number of fruits in a vertical load for packaging guava fruits in containers and transporting them. Based on this concept, the 

maximum number allowable of fruit rows inside a container should be three rows, so as to avoid bruising during fruits packaging and 

handling .Packing was the first step to keep the fruit quality and reduce the handling losses. Further investigations should be done to 

evaluate and test package type, size, and loading height during storage and transportation. 
 

INTRODUCTION 
 

Guava (Psidium guajava L.) is one of the most 

common fruits in the world and Egypt. The fresh fruit is 

very high in vitamin C and good source of vitamin A, 

pectin, calcium, iron, phosphorus and ascorbic acid. 

The medicinal uses of guava are many and varied. 

Guava's can be eaten fresh, used in salads, but are often 

used to flavor drinks, desserts, sauces, preserves, very nice 

jam, jelly, ice cream, toffee and many other food products 

(Admin, 2014). Guava tea, the infusion of dried guava fruit 

and leaves, has recently become popular as a drink in 

Taiwan (Gupta, 2004). 

Guava softens readily and therefore, has a very 

short shelf life, which in turn makes transportation and 

storage difficult (Neelima, 2011).   

The total cultivated area of guava trees increased 

sharply through 1990-2017, from 14000 to 315281 feddans 

and the total production from the fruitful area was 315281 ton 

(Ministry of Agricultural, 2018 "in Arabic").The fresh fruits 

exportation has increased from 3873.7 tons in 2000 to about 

9731.6 tons in 2018 (Ministry of Foreign Trade, 2018 "in 

Arabic"). 

The extent of postharvest handling losses in fruits and 

vegetables in developing countries reveals that in some cases 

losses may be as low as 5% - 25 %, whereas in others they 

may reach a value as high as 50% (Kader, 1992 and Hussein 

et al., 1997 "in Arabic"). In Egypt the value of postharvest 

handling losses in fruits and vegetables may reach 25% (Al-

Giwilly, 1996"in Arabic"). Parshant et al. (2014) reported 

that the maturity index must consistently meet two 

requirements for all growers firstly (it should insure 

minimum acceptable eating quality) and secondly (a long 

storage life). Fruit is generally harvested when the pulp is still 

firm and the colour skin starts changing from dark to light 

green /or to a yellowish colour. Change in colour is the most 

apparent external symptoms of ripening in guava. Judging 

maturity in guava by colour is half mature (beginning  

maturity), full mature(medium maturity) and fully ripen (near 

the end maturity). 

Measurements of mechanical proprieties of fruits 

and vegetables at different maturity stages and under 

different loading conditions should help in predicting the 

type and magnitude of mechanical injuries, which will help 

in minimizing losses (Peleg, 1984). 

Increasing economic importance of food materials, 

together with complexity of modern technology for their 

production, handling, storage, processing, preservation, 

quality evaluation, distribution, marketing, and utilization 

demands a better knowing of the significant physico-

mechanical properties of these materials. Many investigators 

have covered factors affecting physical and mechanical 

properties of fruits . 

Mohsenin (1986), Abdel Maksoud (1992) and 

(Sabbah, 2002"in Arabic")) reported that the mechanical 

behavior could be expressed in terms of force-deformation 

and time; the results can lead to a rheological equation, which 

may predict the behavior of fruit and vegetables material 

under various loading conditions. 

EI-Danasory and EI-Ebabi (1994) studied some 

factors affecting packing damage of different fruits (pear, 

apple, peach, fig, grape and.gouava).They concluded that the 

mean value of the compression load which cause bruise for 

different types of fruits was almost half of the applied load . 

Soliman et al. (1994) reported that the mechanical 

damage of fruit during harvesting, handling, packing and 

transportation is related directly to the mechanical 

properties of the impact forces. The type and magnitude of 

such damages depend on the state of maturity and methods 

and severity of harvesting and handling . 

The mechanical properties are considered one of the 

most important four parameters, which reflect the quality of 

food material (Bourne, 2002). These parameters include 

texture, firmness and chew-ability. 

There are two main forces that affect tomatoes crop 

during their handling after harvesting operation, compression 

and puncture forces. Generally, the compression force is 

actually observed by the whole fruit and the puncture force 

by a specific point on the fruit. Excessive compression force 

results in bruising and breakage. Punctures cause in increase 

respiration rate, enhancing general deterioration and 

decreasing the visual appearance aspects (Allende et al., 

2004). The fresh yield of any agricultural production with a 

high- quality as the consumers demanding increases the 
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necessity for a reliable, rapid, nondestructive, noninvasive 

technique for maturity determination, especially during 

harvest and at the packing site (Mizrach, 2007). 

The objective of the present study was to investigate 

some physical (dimensional, size, mass, measured volume, 

calculated volume, real density, sugar and moisture contents), 

and mechanical properties (puncture, and compression) for 

one common Egyptian guava variety (Mamora). 
 

MATERIALS AND METHODS 
 

Guava variety (Mamora) was used to evaluate their 

physical and mechanical characteristic. This variety is 

considered as exportable variety because of their good 

storage characteristics . 

Experiments and Test Procedures: 

The samples were picked carefully in different 

maturity stages. All fruits were subjected to dimensional 

characteristic measurements. Then the fruits were used to 

prepare the required specimens for physical and mechanical 

tests . 

During the experiments, the following parameters were 

examined : 

-Three stages of maturity (early stage maturity, medium 

stage maturity  and late stage maturity).  

-Three positions (major axis, major diameter, and minor 

diameter)  

Physical Characteristics: 

A random sample of 100 fruits for each maturity 

stage of guava variety was used. Size of each guava fruit 

was determined by measuring the main three dimensions 

of fruit to obtain; the major axis as (fruit length, L), major 

diameter as (fruit major diameter, DM) and minor diameter 

as (fruit manor diameter, Dmusing a digital vernier caliper 

with an accuracy of 0.01 mm)  as shown in plate (1). 
 

 
Plate 1. Main dimensions of guava fruit 

 

The guava fruit is either rounded (i.e. globose), egg- 

shaped (i.e. ovoid) or pear-shaped (i.e. pyriform) and turns 

from green to yellowish in colour as matures (GISD, 2011). 

The measurements of moisture content of guava fruits 

were determined based on the (ASAE standards, 1984) as 

follows: 

Moisture content (wet basis) is determined using the 

convection drying oven method at 103°C for 4 hours as the 

average of three replicates. 

Sugar content is obtained by measuring the total 

soluble sugar in the extracted juice by a refractometer . 

The theoretical volumes and the real density were 

calculated according to (Mohsenin, 1986) and (Sitkei, 1986) 

as follows : 

Vc    = π (L * DM* Dm)  / 6     …………(1) 

p      = M /Vm                       ………….(2) 

Where: L = major fruit axis, cm . 

DM = major fruit diameter, cm . 

Dm = minor fruit diameter, cm . 

Vm = measured volume, cm3 . 

Vc = calculated volume, cm3. 

p = real density of individual fruit, g/cm3 . 

M = mass of guava fruit, g . 

The mass of each fruit was determined using an 

electronic digital balance having a sensitivity of 0.01g. 

The obtained data of the fruit characteristics were 

statistically analyzed to assess the mean value, the maximum 

value, and coefficient of variation (C.V)  

Mechanical properties : 

Penetration test : 

Digital penetration meter (model, Penetrometero St 

308) as shown in plate(2) was used with an accuracy of 0.01 

Newton, a single fruit was pressed by the conical end of the 

appropriate plunger with diameter 8 mm (5/16in) which is 

suitable for guava fruit as described by (Hussien et al., 1997 

"in Arabic")  
 

 
Plate 2. Digital penetration meter 

 

The digital reading was increased with the increase of 

the pressure on the fruit until the fruit was cracked. At this 

point the recorded reading (Peak) is the fruit firmness. Only 

one reading was recorded for each guava fruit. Measurements 

were taken on the three stages of maturities of fruits.  

Force-deformation test: 

An instrone machine model (Universal Tester-

Lloyd x Instrument type LR 5KN load cell) was used for 

the force-deformation test, and compression - expression 

tests. It consists of a mechanical press, force indication 

system, speed controller and recording system. Both the 

crosshead and chart speed were 10 cm/min for all tests. 

The system was provided with a digital controller . 

The force-deformation tests were conducted by 

placing the samples between two parallel plates. The 

sample was placed on the bottom plate while the crosshead 

was just touching the surface of guava at no loading. Force 

was applied to the fruit by the press and force transducer to 

the moveable crosshead . During the test, the cross head 

was moved down at a selected speed deforming the sample 

until failure was achieved. A digital screen showed the 

variations in force as it progressed against the sample and 

the peak force at which sample tissue failed was recorded. 
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RESULTS AND DISCUSSION 
 

Properties: 

Determinations of physical and chemical 

characteristics such as size, volume, etc. of guavas are very 

important for describing their formological characteristics 

in many respects and applications such as sorting, grading, 

and processing .  

Typical mean values obtained from large number of 

observations for the investigated guava given are in Table 

(1), which shows the mathematical means of all samples, 

and other statistical indices for the main dimensions of the 

studied variety . 

The data listed in Table (1) illustrate some physical 

properties for guava fruits under three maturity stages (half 

mature (beginning), full mature (medium) and fully ripen 

(near the end) (Parshant et al., 2014) It is clear that the 

guava variety used in this investigation is considered as 

pear shaped. 
 

Table 1. Physical and chemical characteristics for three maturity stages of guava fruits. 

Maturity 

stage 
Parameters 

L, 

mm 

DM 

mm 

Dm 

mm 

Mass, 

g 

Vm, 

cm3 

Vc, 

cm3 

Real density, 

g/cm 

Sugar brix, 

% 

M.c% 

(w.b) 

Beginning 

Average 3.801 45027 43.18 585050 58801 542018 .0.8 5.  ..  80.21 

Maximum 35.05. 4305 64.5. 124083 145 12.0.2 30.3 5.91 80.96 

Coeff. of variance (C.V %) 40.7 4053 201. 34038 34077 38031 3071 1078 0.641 

Medium 

Average 3.102 4.05. 72083 1.208. 5..07 58508. 30.5 5.82 81.6 

Maximum 35.032 7103. 450. 18.0. 18.0. 12.0.2 3031 6.32 82.8 

Coeff. of variance (C.V %) 40.32 80847 8017 350887 370411 320384 70735 50.71 0.682 

Near the 

end 

Average 3.805. 47071 72 051  154.2 13707 5.804 30.1 6.54 83.1 

Maximum 35202 850.. 670. 734.1 73. 184032 30.8 7.43 84.23 

Coeff. of variance (C.V %) 8035. 7078 70754 340515 380..8 380171 307.7 707. 1.03 
 

It could be noticed that the real density of guava 

variety under study increased as the maturity stage increases 

from early to late stage maturity which was (0.98, 1.02 and 

1.03 g/cm
3
) . 

Usually the densities of biological materials are 

affected by their chemical composition as moisture content, 

sugar content, etc. The average values of sugar brix, 

percentage, in general showed a similar trend to the values of 

the real density gm/cm
3
, which gradually increased as 

maturity stage increased . 

Mean while, the maturity stage has an important 

effect on the fruit volume, mass and density. As maturity 

stage increased, the volume of a specific fruit increased and 

its density also increased, that is due to the biochemical 

change during ripening which consume some of free water 

by plant tissues, resulting in shrinkage of fruit size more than 

the reduction in fruit mass, which in turn causes an increase 

of mass per unit volume, as shown in Table (1). 

A linear correlation equation between the measured 

"Vm" and the calculated "Vc" volume of guava fruits at the 

three maturity stages for variety tested can shows in Fig. (1).  

The relation form shows as follow: 

Vm = a Vc 

 

 
Calculated volum,cm

3
 

Fig. 1. The relationship between measured and calculated volume for guava fruits under three maturity stages. 
 

From the figure it can see the strong relation which 

R
2
 = 0.995, 0.980 and 0.979 respectively at beginning, 

medium and near the end maturity. These relationship 

could be used successfully for predicting fruit volume by 

knowledge of the main dimensions of fruits. 

Mechanical properties : 

Penetration (puncture) test : 
Mechanical properties related to penetration 

(puncture) and compression tests are summarized in Tables 
(2 and 3). It can be seen that the maximum force and stress 
levels for both penetration (puncture) and compression 
varied considerably for both variety and maturity stages . 

The maximum force and stress levels for either 
puncture or compression were greatest at beginning of 
maturity stage compared with other maturity stages . 

This increase in the force and stress levels for 

puncture or compression tests may be attributed to the 

decrease in the moisture content and density of fruit at 

beginning stage than that of other maturity stages.  

On the other hand, the minimum force and stress 

levels for either puncture or compression was found at 

higher maturity stage (near the end maturity) as shown in 

Tables (2 and 3).  
 

Table 2. Statistical indices of penetration (puncture) 

tests of guava fruits at three maturity stages. 

Parameters  

Beginning 

maturity 

Medium 

maturity 

Near the end 

maturity 

Skin hardness 

Force, 

N 

Stress

MP" 

Force,

N 
Stress 

Force,

N 

Stress,

MP" 

Average  46.5 0.92 34.4 0.68 25.9 0.52 

Maximum  54.8 1.09 37.8 0.78 29.9 0.89 

Coeff. of variance(C.v%)  11.82 11.83 9.0 8.99 11.31 11.30 
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Table 3. Summary of mechanical properties of guava fruits at different maturity stage and positions. 

Maturity 

stage 
position 

Compression tests 

At yield point At yield 

work done 

(Energy), Nm 

At maximum point 

Force, 

N 

Deformation 

mm 

Damage 

area, mm2 

Stress, 

MPa 

Force, 

N 

Deformation 

mm 

Damage 

area, mm2 

Stress, 

MPa 

Beginning  

L 65.95 3.965 69.08 0.955 0.1307 159.30 7.57 1071.53 0.149 

D 67.18 3.702 100.48 0.669 0.124 159.90 5.63 1044.05 0.154 

T 57.75 4.661 193.89 0.298 0.135 159.70 7.84 1073.88 0.149 

Medium  

L 61.77 7.178 705.72 0.088 0.222 159.90 12.60 1285.83 0.124 

D 61.36 5.679 489.84 0.125 0.174 159.70 11.29 1544.88 0.103 

T 57.52 8.182 439.60 0.131 0.235 123.70 10.42 1036.20 0.119 

Near  

the  

end  

L 59.13 8.869 681.38 0.087 0.262 86.47 13.16 774.010 0.112 

D 60.72 6.988 659.40 0.0921 0.212 94.06 15.20 1444.40 0.065 

T 53.15 9.089 660.19 0.081 0.215 114.70 15.23 1318.80 0.087 
• L= Longitudinal position,  D= Radial position,  T = Minimum axis. 
  

Data analysis of compression tests:  

Figure (2) shows a typical force-deformation curve 

for a guava loaded with a plate crosshead. In the initial stages 

of the loading, the deformation is proportional to the applied 

load, as shown by line AB on the load deformation diagram. 

At B, the line commences to deviate from the straight, and 

after point B, deformation is no longer proportional to load. 

Point B is therefore known as the limit of direct 

proportionality. As the magnitude of the applied load is 

further increased, the material suddenly appears to be 

stagnant i.e., from C (yield point) to D there is a noticeable 

sudden increase in deformation with little or no increase in 

load. A bioyield point C is an indication of the initial fracture 

in the cell structure of the sample. After point D, the material 

(fruit) shows some recovery effect, and a further increase in 

the applied loading causes further deformation, until at point 

E, the maximum deformation loading is reached which 

causes the split to widen and broken. 
 

 
Figure 2. A typical force-deformation curve for a guava 

fruit. 

Meanwhile, the compression tests on guava fruits 

indicate that the flesh was bruised just before the skin 

failed. However, some fruits were found to have a minor 

bruise without failure of the skin. In other words, the force 

deformation curves for guavas under certain conditions 

deviated from linearity depending mainly upon the cross 

head speed and maturity stage. Therefore, the occurrence 

of a bruise cannot be precisely defined from the force-

deformation curve. Therefore, it was necessary to device a 

procedure to determine an average loading at which 

bruising occurs. 

A number of groups of fruits were subjected to 

different load applications, and the area of bruising in each 

fruit was evaluated. Then the average compression yield 

force for the test was determined. By dividing this average 

yield force by the area, the yield stress of fruit was obtained. 

Average compression yield work (energy) was 

determined by calculating the area under the average force-

deformation curve up to the maximum yield. Data tabulated 

in Table (3) and Fig. (3) show the effect of different 

parameters (cross head load and loading position at different 

maturity stages) on the behavior of compression force 

deformation.  

Generally, guava at three different positions, showed 

a common trend of direct proportionality and non- linear 

relationship between compression force and deformation. 

Inspection of the graphs reveals that at any fruit position and 

as the stage of maturity increased from beginning to near the 

end stage, a gradual decrease in the yield force and yield 

stress was obtained, while, the damaged area and deformation 

increased.  

In other words, the best results for yield force and 

maximum force were always associated with lower values of 

deformation, resulting when loading on the major diameter of 

guava fruit (position, D) at beginning and medium maturity 

stage, which was (67.18 and 159.9 N) and (61.63 and 159.7 

N.) respectively. 

At any loading position of guava fruits, and as 

maturity stage increase from beginning to near the end 

stage, the yield force (N) and stress (MPa) gradually 

decreased meanwhile, the damaged area (rnrn
2
) and 

deformation (mm) were always increased. The values of 

rupture deformation and the rupture energy, in general 

showed a similar trend to the values of rupture force for 

guava, as shown in Table (3).  

The maximum rupture force values for the 

beginning maturity stage averaged from 159.3 to 159.9 N. 

On the other hand, the maximum rupture force of 

beginning maturity was larger than that of near the end 

maturity by about 1.84, 1.7 and 1.39 times, when loading 

position was done on the major axis, major diameter and 

minor diameter (positions L, DM and Dm), respectively.  

The values of rupture energy (work done) of guava 

fruit ranged from (0.124 to 0.135 Nm), (0.174 to 0.235 

Nm), and (0.212 to 0.262 Nm) at beginning,  medium, and 

near the end maturity stage, respectively.  

During packing guava fruits at beginning and 

medium maturity stages, and based on the above information 

it may be recommended, to lay the fruits on the major 

diameter axis, so as it experiences less deformation under 
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different loads. In addition, it may be possible to develop 

good quality in terms of mechanical properties. 
 

 

 

 
Fig. 3. The relationship between the compressive force 

(Load, N) and deformation (mm) under three 

maturity stages and three positions of guava. 
 

In Egypt, most fruits are handled in containers 

made of hard paper, plastic and /or palm tree branches, 

generally in almost similar sizes for different types of 

fruits, thereby a large quantity of fruits are subjected to 

damage. Highest priority should be given to decrease the 

handling damage through modifying and improving the 

protective packaging of the fresh fruits. Therefore, the 

allowable compression loads on the fruits, which are 

always associated with the number of rows of fruits inside 

the container, must be taken into consideration.  

The deformations caused by stacking the 

agricultural materials are partly elastic and partly plastic. 

The degree of elasticity of a material is characterized by 

the ratio of the elastic and the total deformations (sum of 

the elastic and plastic deformations). The plastic 

deformation is due primarily to the presence of pores, 

macroscopic cracks and discontinuities in the texture and 

fruit skin. Consequently, it would be foolish to increase the 

compression loads (due to number of rows inside the 

container), to approach the yield stress or the point where 

permanent deformation may take place.  

A factor of safety (F.s) may therefore, be devised or 

introduced and proposed to be: 

(MPa) point, maximumat  Stress

   (MPa) point, yieldat  stress
  F.s   

That may be used in the design calculations of fruit 

containers. The factor is in reality a margin of safety. Its 

value can range from1.5 to 10, depending on properties of 

the specific materials (fruits) being used (Creamer, 1984). 

As a matter of fact, it may also take into consideration the 

strength of container material as well.  

Under the present study, the factor of safety was 

calculated at highest maturity stage (beginning)and position 

(L), according to the aforementioned definition of the factor 

of safety (F.s) for guava = (0.955/0.149) which was 6.41. 

Therefore, it may be recommended that the 

maximum number allowable of fruits rows inside a 

container should be three rows for guava fruits, so as to 

avoid bruising during fruits packaging and handling. 

Packing was the first step to keep the fruit quality 

and reduce the handling losses. Further investigations 

should be done to evaluate and test package type,size, and 

loading height during storage and transportation should be 

made in the future.  
 

CONCLUSION 
 

The data indicated that as maturity stage 

increased, the volume and the density of the specific 

fruit increased.  

The maximum force and stress levels for both 

puncture and compression were greatest for guava fruits 

and at beginning maturity stage compared with other 

maturity stages.  

At any fruit position and as the stage of fruit maturity 

increased from beginning to near the end stage, a gradual 

decrease in the yield force and yield stress was obtained, 

while, the damaged area and deformation increased.  

The maximum rupture force at the beginning 

maturity was larger than that of near the end maturity by 

about 1.84, 1.7 and 1.39 times for guava fruits, when 

loading position was done on the major axis, major 

diameter and minor diameter (positions L, D and T), 

respectively.  

It may be recommended, to lay the fruits on the 

major diameter axis position during packing guava fruits, 

so as it experiences less deformation under loads. Also, the 

maximum number allowable of fruits rows inside a 

container should be three rows for guava, so as to avoid 

bruising during fruits packaging and handling. 

Packing was the first step to keep the fruit quality 

and reduce the handling losses. Further investigations 

should be done to evaluate and test package type, size, and 

loading height during storage and transportation should be 

made in the future. 
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يؼٓذ ثؾٕس  –" َذٔح ػٍ  أسجبة فغٕح انغزاء فً يظش"  .(6331)انغٌٕهً, أ. أ.

 .انغٍضح –يشكض انجؾٕس انضساػٍخ  –انجسبرٍٍ 

صساػخ  .(1166) ,و. ع. ,لششً ,و. ي.,يشاد ,.أ.فبؽًخ خهٍم ,انششٌف, ع. ػ. 

انجؾٕس  يشكض –يؼٓذ ثؾٕس انجسبرٍٍ  – فٍُخ َششح .ٔأَزبط انغٕافخ

 .انغٍضح –انضساػٍخ 

(. انزمشٌش انفًُ انُٓبئً نهًششٔع انجؾضً دساسخ انخٕاص 1111)انظجبػ ،و. أ. 

ٔانخظبئض انطجٍؼٍخ نجؼغ انًؾبطٍم انضساػٍخ نلأسزفبدح يُٓب فً 

أكبدًٌٍخ  –رظًٍى ٔرطٌٕش َظى ٔيؼذاد انؾظبد انًٍكبٍَكً ٔانزذأل 

 .1111ٌٍَٕٕ  –انجؾش انؼهًً ٔانزكُٕنٕعٍب 

انغٕدح ٔالأيبٌ فً يؾبطٍم  .(6331)و.  ,، ثٓغذ .، لًشح ، ع .ع ,ؽسٍٍ

انذٔسح انزذسٌجٍخ فً يغبل ركُٕنٕعٍب رذأل  –انخؼش ٔانفبكٓخ نهزظذٌش 

انزٕطٍبد نهًؾبفظخ ػهً يٕاطفبد ) .انؾبطلاد انجسزبٍَخ ثؼذ انؾظبد

يششٔع اسزخذاو َٔمم انزكُٕنٕعٍب انضساػٍخ (.انغٕدح ثؼذ انؾظبد

ATUT. 

انذنٍم الأؽظبئً نزسٌٕك انًؾبطٍم (. 1162)ٔصاسح انزغبسح انخبسعٍخ ، 

يؼٓذ ثؾٕس الألزظبد  –لسى ثؾٕس انزسٌٕك –انضساػٍخ فً يظش 

 .يشكض انجؾٕس انضساػٍخ -انضساػً 

 .الإؽظبءاد انضساػٍخ .(1162) ،الأساػً ٔصاسح انضساػخ ٔاسزظلاػ 
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ضح ًٌٔكٍ رؼزجش انغٕافخ ٔاؽذح يٍ أكضش صًبس انفبكٓخ انًفؼهخ فً يظش ٔانذٔل انؼشثٍخ ثم ٔفً عًٍغ دٔل انؼبنى نًب نٓب يٍ يزاق يسزؾت َٔكّٓ يًٍ

أغًُ  (ط)ٔصًبس انغٕافخ غٍُخ عذا ثفٍزبيٍٍ  .ٔكزنك ًٌكٍ أسزخذاو أٔسالٓب كشبي ؽجً .ؽهٕي ٔغٍشْب، عٍهً، ، ػظٍشيشثًل صًبسْب ؽبصعخ أٔ كسلاؽّ، رُبٔ

 60111ٔلذ صادد انًسبؽخ انًُضسػخ يٍ  .("ػشثى" 1166 ,انششٌف ٔآخشٌٔ) ٔانجكزٍٍ ٔانكبنسٍٕو ٔانؾذٌذ ٔانفسفٕس ٔغٍشِ (أ)ٔيظذس نفٍزبيٍٍ يٍ انًٕانؼ 

كغى ٔ لذ ٌظم  21 - 11ٌٔزشأػ يؾظٕل انشغشح  انجبنغخ انجكشٌخ ؽٕانً  ؽٍ  162126َزبط انً نٍظم الإ 1161ؽزً ػبو  6331فذاٌ يٍ ػبو  06223انً 

 3116,1انً  1211,1يٍ يٍ صًبسْب انطبصعخ  صادد انكًٍبد انًظذسح كًب ."ػشثى"(1162 ,ٔصاسح انضساػخ)شغبس انًؼزًُ ثخذيزٓب ٔرشثٍزٓب كغى  نلأ 11انً 

َٔظشا نٓزِ الأًٍْخ فمذ رى دساسخ  (."ػشثى" 1162 ,ٔصاسح انزغبسح انخبسعٍخ) ٔرنك نضٌبدح انطهت ػهٍٓب ثبلأسٕاق انؼبنًٍخ1161ؽزً ػبو  1111يُز ػبو ؽٍ 

رهف فً انضًبس يًب ٌؼشػٓب نلأطبثخ انؾششٌخ أٔ انجٍٕنٕعٍخ أٔ  رأصٍش الأؽًبل انًٍكبٍَكٍخ ػهً صًبس انغٕافخ اصُبء ػًهٍبد انزذأل يًب ٌُزظ ػُّ صمت أٔ شك أٔ

%  12 – 2ٔرمذس َسجخ انفمذ انُٕػً ٔ انكًً فً انضًبس انطبصعخ خلال رذأنٓب يٍ انًضسػخ ؽزً انًسزٓهك يٍ  يًب ٌؤصش ػهً عٕدح انًُزظ ٔلًٍزّ انسؼشٌخ.انفسبد 

%  12ٔرظم َسجخ انفبلذ يٍ انفبكٓخ ٔانخؼش فً يظش انً  .("ػشثى"6331ؽسٍٍ ٔآخشٌٔ ،)ٍخ % فً انذٔل انُبي 21فً انذٔل انًزمذيخ ثًٍُب رظم انً 

ػبنً انغٕدح يٍ أطُبف انغٕافخ انشبئؼخ فً يظش رٔ لًٍخ يؼًٕسح  خزٍبس طُفإٔلذ رى  .("ػشثى"6331 ,غٌٕهًان)يهٍبس عٍُّ سٌُٕب  61ٔرمذس ثؾٕانً 

يًب ٌسبػذ ػهى رمهٍم َسجخ انفبلذ  رأصٍش الأؽًبل انًٍكبٍَكٍخ ػهً رهف صًبس انغٕافخ أصُبء انزذألدساسخ نً إانجؾش ذف ٌٓٔ .َزبعٍخٌٔزًٍض ثضٌبدح الإ رظذٌشٌخ ػبنٍخ

أَست ٔػغ نهضًشح  كزنكدٌٔ ؽذٔس رهف ٔفٕلٓب ألظً ػذد يٍ انضًبس ًٌكٍ أٌ رزؾًهٓب انضًشح  زؾذٌذننك ٔرٔانزبنف يٍ انضًبس خلال يشاؽم انزذأل انًخزهفخ 

رشكٍض  -رشكٍض انسكش –انًؾزٕي انشؽٕثً  –انكضبفخ  –انكزهخ  –انؾغى  –أثؼبد انضًشح )ٔلذ رى دساسخ ثؼغ انخظبئض انطجٍؼٍخ ٔانكًٍٍبئٍخ نهضًبس . م انؼجٕحداخ

ٔ اخزجبس  ,اق انضًبس(لٕح اخزش) س انضمت اخزجب خزجبساد انًٍكبٍَكٍخ ػهً انضًبس يضمٔ أعشٌذ ثؼغ الإ.َؼظ يخزهفخ أؽٕاس صلاصخ خلال (انًٕاد انظهجخ انكهٍخ ثبنضًبس

 انمطش الأطغش ,(DM)انمطش الأكجش ,(L) ثبرغبِ انًؾٕس انطٕنً)ٔػبع انزؾًٍم ٔأؽٕاس انُؼظ انؼغؾ ػهً انضًبس نذساسخ انؼلالخ ثٍٍ انمٕح ٔالاَؼغبؽ لأ

(Dm)  ٔانُمطخ انمظٕي  ٔكزنك رؾذٌذ َمطخ انخؼٕع انؾٌٍٕخ. ٔيسبؽخ انزهفٔيسبفخ انزشِٕ  ػهً انضًبسٔانشغم انًجزٔل نهضًشح( يغ ؽسبة لٕي ٔؽبلخ انزؾًٍم

بٓ انغٕافخ صًبسؽغى  ضٌذؽٕس انُؼظ ٌ أَّ ثضٌبدحًٌٍم انً انشكم انكًضشي ٔ انظُف  انغٕافخ نٓزاأٌ شكم صًبسٔأٔػؾذ انُزبئظ  .َٔمطخ انزظذع انظبْشٌخ  ٔكزهز

ٔكبَذ أكضش  ثضٌبدح ؽٕس انُؼظ ػُذ انزؾًٍم ػهً أي ٔػغ يٍ الأٔػبع انضلاصخانزشِٕ فً انضًبس ٌضٌذٔكزنك .رشكٍض انسكشٌضٌذ ٔثبنزبنً رضٌذ كضبفخ انضًبس ٔ

ٔرؼزجش انزؼجئخ  (.Dانٕػغ ) خزجبس رؾًٍهٓب ػهً انمطش الأكجشإثًٍُب كبَذ ألم انزشْٕبد ػُذ  (Lانٕػغ ) ػهً انًؾٕس انطٕنً خزجبس رؾًٍم انضًبسانزشْٕبد ػُذ إ

ٔرنك  (D)ؼجئخ انضًبس ٔٔػؼٓب داخم انؼجٕح ػهً انمطش الأكجشزنزنك رٕطً انذساسخ ث .لذ انزذألاح نهًؾبفظخ ػهً عٕدح انضًبس ٔنزمهٍم فٕانظؾٍؾخ ًْ أٔل خطٕ

  .ػٍ صلاصخ طفٕف ػذد انظفٕف نهضًبس فٕق ثؼؼٓب داخم انؼجٕحلًٍخ انزشْٕبد انُبرغخ ػُذ رؾًٍهٓب ػهً ْزا انٕػغ, ٔآلا ٌضٌذ  لاَخفبع
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