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ABSTRACT 

The principal aim of this research is to study the affecting factors  the 

design of a portable chemical (fertilizers, pesticides, and anti-clogging 

agents) injection unit (CIU) powered with engine, and evaluate the 

designed (CIU) with pressurized irrigation system, for easy operation 

and maintenance of chemigation application to cover growers/irrigation 

designers needs  for efficient (CIU) with independent power supply, using 

an economical materials available in the local market, and to add the 

designed (CIU) as a choice in expert system program help in proper 

selection  of  (CIU) according to field conditions, and to overcome field 

chemigation problems in pressurized irrigation system at many farms 

such as; unavailable power source, limited irrigation quantity and time 

period, long or large main line distance/size and improper field location 

to water source and irrigation pump. In addition, the designed 

chemigation injection unit (CIU) is compared with other fertilizer 

injectors available in the local market.  

The main results in this study can be summarized in the following: 

* Average injection rate ranged from 0.1 to 0.25 m
3
/h, for imported 

injectors, and 0.1 to 1.2 m
3
/h for developed CIU.  Injection pressure 

ranged from 2 to 4 bar. (200 - 400 kPa) and from 0.5 to 4 bar. (50 - 

400 kPa) for imported injector and developed CIU respectively. 

* The average uniformity of injection rate was 99 % during chemigation 

time for developed injection unit . 

* Economical verification of the feasibility of using the developed and 

imported injectors is discussed.  

INTRODUCTION 

ertigation is an effective method of applying chemicals and 

fertilizers to crops via the existing irrigation system. It increases 

efficient use of water and fertilizers, produces higher yields, 
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improvises quality of the production and protects environment. To ensure 

uniform distribution of water and fertilizers, the irrigation system must be 

properly designed. The choice of suitable fertilizers is also very important 

and based on several factors like nutrient form, purity, solubility, and 

cost.  

Janos (1995 ) stated that to inject the fertilizer solution into the irrigation 

system four different fertigators can be used: Venturi, by-pass flow tank, 

pressure differential system or injection pump. The general advantages of 

the injection pump system are: the high degree of control of dosage and 

timing of chemical application, centralized and sophisticated control, 

portability, no serious head loss in the system, labor-saving and relatively 

cheap in operation. With this method the solution is normally pumped 

from an open unpressurized tank, and the choice of type of pump used is 

dependent on the power source. The pump may be driven by water flow, 

by an internal combustion engine, by an electric motor or by a tractor 

power take-off. 

Kranz et al. (1996) found that chemical injection devices (piston, 

diaphragm, and venturi type injection) with the same model number do 

not deliver identical calibration curves, outlet pressure significantly 

affects the slope of the calibration curve, and the manufacturer calibration 

curve may not be appropriate for the operating conditions experienced 

with most center pivot installations, for a series of outlet pressures 

ranging from 207 to 690 kPa (30 to 100 psi).  

Coates et al. (2012) reported that all fertigation techniques performed 

well, with fertilizer distribution uniformities between 0.88 and 0.96. 

Selection of the optimum site-specific fertigation strategy will depend on 

crop needs, scheduling limitations, and system design parameters such as 

emitter type, fluid travel time, and slope. 

Jiusheng et al. (2007) stated that both manufacturing variability of 

emitters and injector types had a very significant effect on the uniformity 

of fertilizer applied, while the uniformity of water application was mainly 

dependent on emitter type.  

Using of positive displacement pump for fertilizer injection with drip 

irrigation system decrease emitter clogging compared with by pass 

pressure mixing tank and venturi injectors. El Gendy et al. (2009). 
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On the middle of 90s some of the farmers inject the fertilizer through the 

irrigation system by the suction pipe of the irrigation water pumps. 

Nowadays in Jordan 39.4% of the farmers are used this method to the 

fertilizer through the irrigation system. EL Zuraiqi. et al. (2004). 

Bakeer (2002 a and b) and. Badr et al. (2006), recommended avoiding 

fertigation devices that depend on the differential pressure between the 

inlet and outlet as much as possible and using hydraulically actuated 

chemigator for saving water, energy and money.  

Kassem and AL-Suker (2009) reported that fertigation using injection 

pump records efficient and highest values of water and nitrogen use 

efficiency for wheat and barley crops, among different methods of 

fertilizer application used, according to the experimental results during 

2006/2007 and 2007/2008 seasons in experimental farm conditions of Al-

Qassim University. 

It is important to develop a portable chemical injection unit for irrigation 

systems, to cover growers/irrigation designers needs  for efficient (CIU) 

with independent power supply, using an economical materials available 

in the local market in order to overcome field chemigation problems in 

pressurized irrigation system at many farms such as; unavailable power 

source, limited irrigation quantity and time period, long or large main line 

distance/size and improper field location to water source and irrigation 

pump. The aims of this research are: 

1. Study the affecting factors on design of a portable chemical injection 

unit (CIU). 

2. Test available materials to develop (CIU),  

3. Evaluate the designed (CIU) in irrigation system,      

4. Conduct field experiments to identify optimum design parameters and 

most appropriate materials, and 

5. Compare the designed (CIU) with other chemical injectors available in 

the local market. 

MATERIALS AND METHODS 

Field experiments: Field experiments were conducted from 2009 to 2012 

seasons to test the durability and designed parameters of developed 

chemical injector unit (CIU) including: 
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(a) Testing developed (CIU) and other imported injector types (available 

in the local market) with irrigation system,   

(b) Identifying technical, hydraulic and engineering characteristic for 

developed and imported injectors for comparison and optimization, 

and  

(c) Comparing the designed (CIU) with other injectors available in the 

local market. 

Components of the developed chemical injection unit (CIU). 

The developed portable chemical injection unit (CIU) can be used for 

localized chemical injection with irrigation system, to control 

overwatering crop.  It has the advantage that overcomes unavailability of 

power source, and chemigation problems in irrigation systems, by using 

an efficient, accurate, and durable positive displacement injection-pump 

powered with a small petrol engine (independent power-supply) to inject 

an agricultural chemicals at a constant rate in proper time regardless of 

flow or pressure changes in the system. The developed portable chemical 

injection unit (CIU) consists of three main-parts (from available materials 

in the local market), as shown in figs. 1 as follows. 

(1) Chassis: The chemical injection unit chassis was designed and 

fabricated from steel beams consisting of four U-shape beams with 

dimensions of “900 x 50 x 100 mm” and “500 x 50 x 100 mm” for each 

two beams and three L-shape beams with dimensions of “400 x 50 x 4 

mm” assembled by welding and fitted for engine and injection-pump 

installation using bolts and nuts.  

(2) Engine: The petrol (gasoline) engine with air cooled has the 

following specs: Net-power output 3.6 kW (4.8 HP) at 3600 rpm, 

maximum torque of 10.3 N.m generated at 2500 rpm  of 

counterclockwise PTO shaft rotation, The engine dimensions of  

“L x W x H"  305  x 341 x 318 mm. The engine has fuel tank capacity of 

3.6 liter, dry mass of 13 kg. The engine was equipped with two V-belt 

and pulleys to transmit the power required at the proper speed for the 

injection pump. 

(3) Injection pump: The injection pump dimensions are 400 x 285 x 365 

mm (length, width, height) made of a heavy duty industrial brass with 

gross dry mass 19 kg, included three stainless-steel pistons and aluminum 
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Fig. 1: Field installation and illustrative views of developed 

chemigation injection unit. 

1 unit chassis 900 x 500 x 

100mm. 

2 Petrol engine. 

3 Injection pump. 

4 Drive belt. 

5 Over flow pipe, 10 mm. 

6 Suction pipe, 25mm., 

with strainer. 

7 Pressure regulator 

valve. 

8 Delivery fertilizer pipe, 

25 mm. 

9 Recycle pipe to 

fertilizer tank, 25 mm. 

10 Pump air chamber. 

11 Pressure gage. 

12 Fertilizer tank, 1000 

liter. 
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pressure die casting connecting rod, equipped with control valve with 

pressure regulator, by-pass as a safety unit. In addition to air chamber to 

minimize output pressure pulse waves. All moving parts are lubricated by 

oil bath. 

The designed (CIU) and two types of imported injectors (as shown in  

fig. 2) were tested according to International Standard for 

Agricultural Engineering equipment-water driven chemical injector 

pumps, BS ISO 13457:2008,  to identifying technical characteristics and 

test the mechanical function such as : identify range of working pressure, 

injection rate and drive water-ratio. 

Chemical injection-rate: 

The injection rate of chemical was measured by recording chemical 

decreasing level in chemical tank with time using measuring tape with 

accuracy of 1 mm.  

Working pressure: A pressure gage range from 0 - 6 bar (0 - 600 kPa) 

with an accuracy of 0.1 bar (10 kPa) was used to measure working 

pressure. 

Injector speed: The peed of the injector and the engine is measured by 

rpm meter directly. 

Chemical injection-unit power requirement: 

The power consumed can be estimated by measuring fuel consumption 

(by record volume required to refill the decrease in fuel level in the fuel 

tank immediately after each test) and using the following equation as 

used by El Nakib et al. (2011): 

FP = ( Fc /3600 ) f  x L€V xth x m  ; ………(1) 

Where:  

FP   : Machine power, kW, 

Fc      : Fuel consumption rate, L/h, 

f      : Density of fuel , kg/L (0.73  kg/L, for gasoline ),  

L€V: Lower calorific value of fuel, kJ/kg (42000), 

th     : Thermal efficiency of the engine (considered  25 % for petrol 

engine), and  

m     : The mechanical efficiency of the engine (considered 80 % for 

petrol engine). 
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(a) Diaphragm drive injection-pump (I). 

 

 

 

 

 

 

(b) Piston drive injection-pump (II). 

Fig. 2: Typical installation diagrams (a & b) of imported hydraulic 

chemical-injector types (diaphragm and piston). 

Specific-power consumption.  

Specific power consumption was calculated according to the following 

equation: 

SPC = P / q…….(2) 

Where: 

SPC : Specific power consumption, kW.h / m
3
, 

P      : Mechanical or hydraulic power-consumed, kW, 

q      : Injected chemicals, m
3
/h. 

 

1.Drive water inlet valve. 
2. Drive water filter. 
3. Regulating valve 
4.Fertilizer injector.  
5. Non-return valve  
6.Suction valve. 
7.Fertilizer filter. 
8. Fertilizer tank. 
9.Fertilizer outlet valve 
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Injection uniformity. 

The uniformity of injection rate was determined using Cheristiansen 

coefficient “CU” (Christiansen , 1942): 

CU = (1-) . 100 

 where : 

CU: Coefficient of uniformity 

: Absolute mean deviation of injection rate on injection time. 

Cost analysis 

The hourly cost for operating the developed and imported injector types 

was estimated using the following formulas (Awady, 1978): 

C = (P/h) ((1/e) + (i/2) + t + r)) + (1.2 w x f x s) + b ……(3) 

C = (P/h) ((1/e) + (i/2) + t + r)) + ((w x s) + z) + b …..…  (4)  

Where: 

C- Hourly cost, L.E/h,  

p- Capital investment (injector-unit price),  

h- Yearly operating hours (144 h.) (According to actual field conditions) 

e- Life expectancy (10 years), 

i- Interest rate/year. (10 %), 

t- Taxes and over heads ratio (3 %), 

r- Repairs and maintenance ratio (18 %), 

f- Specific fuel consumption, (0.85 L/kW.h),  

s- Price of fuel per liter: (1.75 L.E./L).and price of electric-energy (0.25 

L.E /kW.h),  

w- Engine power: (3.6 kW). or consumed hydraulic-power required 

(Power (kW) = ((Pressure head (m) x inject rate including water 

consumed (m
3
/h)) / 270) * 0.75)) inject 0.25 m

3
/h (maximum inject-

rate) for imported injectors type),  

z- Consumed water (exhausted price required for imported injectors 

works (0.2 L.E./m
3
 according to Bakeer (2002 a) and 

b- Hourly labor-wage L.E./h. (6 LE/h).(as 2012 wage price.). 

Injection cost chemicals. The following equation used to estimate cost 

of injected chemicals using different injector types. 

Ic = (1/injector rate ) x V x C. ………….. (5) 

where: 
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Ic :  Injection cost L.E./m
3
. 

V: Required injected-volume, m
3
. 

C: Hourly cost, L.E/h. of injectors from eq. 3 or 4 for developed  or 

imported injectors. 

Correlation between measured and calculated data.  

The following equation used to calculate correlation between measured 

and calculated data. (Nigm, 1993): 

R2 =
∑ 𝑥 − 𝑥   𝑦 − 𝑦  

𝑛 . 𝜎𝑥  . 𝜎𝑦
 

 
Where: R

2
 = correlation between two groups of data, x = data number in 

the first group, x, y = average, y = data number in the second group     

x, y = standard deviation, and n = number of data. 

RESULTS AND DISCUSSION 

Hydraulic characteristics of designed chemical injection-unit (CIU). 

Fig. 3 shows the relation between injection rate and pressure at different 

injector speeds for designed chemical injection unit. It is clear that the 

designed unit has a wide range of operating pressures and injected rates, 

so that it is easy to notice that, about 79 % increase in the average 

chemical injection rate occurred by, increasing of injector speed from 240 

to 864 revolutions per minute (rpm). That give the operator more 

flexibility to chose, an optimum injection rate at proper injector speed for 

a wide rang of field operating conditions. Also it is clear that a slight 

decreasing about) 0.05 %) in injection rate at all injector speeds by 

increasing of pressure from 0 to 300 kPa. due to the injector pump 

efficiency. 

 

 

 

 

Fig. 3 : Developed injector unit characteristic at different 

injector speeds. 
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Injection-rate uniformity during injection time. 

It is clear from fig. 4 that injector speed has a small significant effect on 

injection uniformity for developed injector unit. The injection rate 

uniformity decreased from 99.2 to 98.6 % by increasing injector speed 

from 240 to 864 rpm for average injection rate 667 and 1200 L/h 

respectively. The highest value of injection rate uniformity was recorded 

at the lowest injector speed due to the maximum volumetric efficiency of 

the injector with minimum injector speed. 

 

 

 

 

 

 

 

 

 

Fig. 4: Effect of injector speed on injection-rate uniformity 

and average injection-rate for designed chemical 

injection-unit. 

Injection rate during injection time. 

Fig. 5 reflects the effect of operating time on injector rate for developed 

chemical injection unit. The average of injection rate increased from 667 

to 1200 L/h by increasing injector speed from 240 to 864 rpm during 

injection time.  

Effect of injector speed on fuel consumption, injection rate and 

pressure for developed (CIU).  

As result of increasing injector speed from 240 to 864 rpm, the percentage 

of fuel consumption, injector rate and pressure increased by  115.4 , 80 

and 115.4 %  for developed chemical injection unit as shown in fig. 6. 

Hydraulic characteristics of designed and imported types of chemical 

injectors. 

Fig. 7 shows the relation between injection capacity and pressure of 

imported and designed chemical injection unites ( CIU ).  It is clear that  
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Fig. 5: Effect of injection time on injection rate at 

different injector speeds. 

 

 

 

 

 

 

 

 

 

Fig. 6: Effect of injector speed on injection 

pressure, rate and fuel consumption.  

 

 

 

 

 

 

 

 

 

 

Fig. 7: Hydraulic characteristics of imported (two 

types) and developed chemical injectors. 
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about 380 % increase occurred in allowable average injection rate of 

designed (CIU) compared with imported types. In addition to the 

advantage of chemical injection regardless irrigation system 

characteristics. 

The relation between pressure and injection rate for imported and 

designed (CIU) is expressed in three equations, shown in fig. 7 for each 

injector with acceptable correlation between measured and calculated data 

(93 - 99 %).  

Cost comparison. 

Tables 1 and 2 show that the total initial cost required for designed (CIU) 

and imported injectors types (I and II) were 3150, 3600, and 5400 L.E. 

respectively.  

As a result of using developed chemical injector unit in pressurized 

irrigation systems, a saving of 42 % and 13.5 % was obtained in initial 

cost, also a saving of 81 and 79% was obtained per each cubic meter of 

chemical ejected in irrigation system, compared with using imported 

injector types (I and II). 

Table 1: Cost details and comparison between designed and imported 

chemical-injectors.  

*Material 

 

Cost,  L.E.* 

Designed Imported 

Piston Diaphragm 

Injector 1000 3050 4850 

Engine 1600 0 0 

Valves and filter 150 300 300 

Chassis 150 0 0 

Fertilizer tank 250 250 250 

Total 3150 3600 5400 

*Material cost according to local market price, 2012. 
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Table 2: The hydraulic and engineering characteristic with operating 

economics for details of the developed (CIU) and imported 

injectors. 

Data 

Chemical injector type 

Developed 

Imported types 

(I) 

Diaphragm 

(II)  

Piston 

Pressure 
Minimum 200 kPa. 2000 kPa. 2000 kPa. 

Maximum 400 kPa. 400 kPa. 400 kPa. 

*Injection  rate   (0.01 – 1.2 m
3
/h) (0.01–0.25m

3
/h) (0.01–0.25 m

3
/h) 

**Drive water ratio 0
 

2 3 

Specific power consumption, 

kW.h/ m
3
 . ……. (eq.2) 

2.8 0.24 0.15 

Connection ¾” ¾” ½” 

Total mass 39 kg 5 kg 12 kg 

Construction material 

Brass  and 

natural rubber 

for stainless 

steel  plunger 

seals 

Stainless 

steel, natural 

rubber 

Chemical-

resistant 

engineering 

plastics. 

Operating cost L.E./h  
#
19.4 ##

21.6 
##

17.1 

Injection cost, L.E./m
3
. 

*#
16.2 *

#
86.4 *

#
78.4 

*Injection rate is related to the operating pressure of the irrigation pump for imported injector types. 

** ratio of the volume of drive water to one unit volume of injected chemicals, (Cleaned water using 

filter mesh size, (0.130 mm (130 μm )) required to inject the same unit volume of chemical solution. 

# ,##  Estimated using eq. 1&3  and 1&4.                                     

 *#  ,##  Estimated using eq. 5 

SUMMARY AND CONCLUSION 

 A new chemical injection unit (CIU) was designed and tested with 

irrigation system consisting of three main parts: (1) Chassis, (2) Petrol 

engine, (3) Injection pump. 

The advantages of the developed chemical injector unit are: 

(1) Innovated design for chemical injection in pressurized irrigation 

system with  independent power source, (2) Simple design and 

manufacturing, (3) Fabricated from available materials, (4) Reliable and 
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easy to install and maintain in the irrigation system and (5) High injection 

rate capacity with an economical cost compared with imported injectors.  

Three equations, derived from curve fitting of characteristics curve, can 

be used to get the injection pressure for injected flow rate with a 

acceptable correlation of 94 %, for designed unit(Eq. 6), and 93, 99% for 

imported injector types (Eq. 7 and 8) (diaphragm and piston), respectively 

as following equations: 

P = 4E + 63q
-19.8

-------- )P = 11.480 q
0.638 

 -------- (7 ) 

P = 0.068 q
1.61

-------- ) 

Where: “q” is the rate of injection, L /h, “P” injection pressure , kPa . 

The average of injection rate was 1200 and 250 L/h for designed and 

imported injector types ((I) diaphragm and (II) piston).   

The total initial cost of designed and imported injectors 

(diaphragm(I),piston (II)) for irrigation systems was 3150 and 3600 ,5400 

L.E. respectively. 

The injection rate uniformity for the designed (CIU) ranged from 98.6 to 

99.2 % for injection rate 1200 and 667 L/h at injector speeds 864 and 240 

rpm respectively. 

A savaging of 81 and 79% was obtained per each cubic meter of chemical 

ejected in irrigation system, by using developed injector compared with 

using imported injector types (I and II) respectively.   
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 الملخص العربً

 وحذة متنقلة لحقن الكيماويات لأنظمة الري
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 -اىَثيذاخ -اىنيَاٗياخ اىضساػيح ) أسَذجٗحذج ٍْاسثح ىحقِ ٗ إختثاس  يٖذف اىثحث اىٚ تصَيٌ

تؼَو   اىعغطٚ ّظَح اىشٙلأ (تؼط الاحَاض -ىيْقاغاخ الاّسذاد ٍقاٍٗح ٗػلاجٍشمثاخ 
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ثساغح ىػَييا  اىَصََح حقِ اىنيَاٗياخحذج ى٘ صياّحاىٗ اىتشغيو ٍغ سٖ٘ىح،  يِتَحشك تْض

حذاخ اى٘ىيحاخح ىَثو ٕزٓ اىْ٘ػيح ٍِ  ا  ّظش ، ٍحييح تأسؼاس اقتصاديح خاٍاخ اىتصَيٌ ٗاستخذاً

 اىَشنلاخ اىَتَثيح فٚ ػذً ت٘افش ٍصذس ىيطاقح، تؼطفٚ تؼط اىَضاسع اىتٚ تؼاّٚ ٍِ 

ٍعخاخ  ٍصذس اىَيآ ٗ ٗاىَضسػح  اىَسافح تيِ غ٘هٍْٗاٗتح اىشٙ، ٍحذٗديح مَيح اىشٙ 

فٚ  اىٖيذسٗىيح ٗاىْٖذسيح اىَؤثشج دساسح اىؼ٘اٍو ٗتٌ،   ىط٘ه اىخػ اىشئيسٚ اىشٙ، تالاظافح

 الاّسذاد ٍٗح ٍٗؼاىدحاَشمثاخ ىَقاىتؼط الاحَاض ٗٗاىَثيذاخ ٗ ٗحذج ىحقِ الاسَذج تصَيٌ

 خص اىْتائح فيَا ييٚ:ٗ تتي ،  ّظَح اىشٙ اىذقيقحلأ

 ح اىَصََ ىَؼذلاخ حقِ اىنيَاٗياخ ٍغ ٍيآ اىشٙ ى٘حذج اىحقِ* تٌ اىحص٘ه ػيٚ ٍت٘سطاخ 

فٚ  ( ػيٚ اىتشتية، ساػح/2ً 1.141إى1.011ٚ)ٗ ( ساػح/2ً 0.1إى1.0ٚ)ج ٗاىَست٘سد

ىي٘حذاخ اىتسَيذ اىَست٘سدج  ميي٘تاسناه( 311-111)  خ٘ٙ  3 -1 يتشاٗذ تيِ ظغ٘غ  ٍذٙ

 311-41)  خ٘ٙ 3 -1.41فٚ حيِ تشاٗذ ٍذٙ اىعغ٘غ ى٘حذج اىحقِ اىَصََح تيِ  ،

 . ميي٘تاسناه(

 اى٘حذج اىَصََحىنو ٍِ  اىحقِمذاىح فٚ ٍؼذه  تقذيش ظغػ اىحقِتٌ ت٘فيق ٍؼادىح سياظيح ى* 

، ٗاىتٚ  (  1،2ح )ٍؼادى ((IIٗاىَنثسيح )) (Iج تْ٘ػيٖا )راخ اىغشاء )( ٗاىَست٘سد0)ٍؼادىح 

 ، مَا ييٚ : ػيٚ اىتشتية% 44 ،42،   43 ٖشخ ٍؼاٍو استثاغ خيذ تْسثحأظ

P = 4E + 63 q
-19.8

-------- )  P = 11.480 q
0.638 

 -------- (2) 

P = 0.068 q
1.61

-------- ) 

 ٍؼذه اىحقِ تَثو "q"( تيَْا، kPaت٘حذاخ ميي٘ تاسناه ) ظغػ اىحقِتَثو  "  P"  حيث:

 /ساػح.ىتشت٘حذاخ 

ٗتَيضخ ٗحذج اىتسَيذ اىَصََح تاىت٘فيش فٚ اىَيآ اثْاء ػَييح حقِ اىنيَاٗياخ ٍغ ٍيآ اىشٙ  *

ٗتؼَو تقذسج ٍستقيح ػِ قذسج شثنح اىشٙ ٍقاسّح تاى٘حذاخ اىَست٘سدج اىتٚ تستٖيل ٍِ ٍيآ 

 .اظؼاف مَيح اىسَاد اىَشاد حقْح تاىشثنح 2اىٚ  1اىشٛ ٍِ 

تح٘ىٚ ٗحذاخ اىتسَيذ اىَست٘سدج ػِ  اىحقِتضيادج ٍؼذه ىَصََح ٗحذج اىتسَيذ ا تَيضت* 

ٗحذج اىحقِ تاٍناّيح حقِ الاسَذج ػيٚ ظغ٘غ ٍْخفعح ىشثنح اىشٙ  تَيضت، مَا  281%

 /ساػح 2ً 0.1اىحقِ يصو اىٚ  ىَؼذهٗ تَذٙ ٗاسغ ميي٘ تاسناه(  14خ٘ٛ ) 1.14تثذأ ٍِ 

ىفح/د ٗاىتٚ تصو  853ػْذ % 48.5ٍْيح تئّتظاٍيح ص  ؼذه تصشف ّظاً اىشٍٙىيتْاسة ٍغ 

 ، ٍغ سٖ٘ىح حقِ اىنيَاٗياخ ىفح/ دقيقح 131ػْذ  ساػحىتش/  556% ىَؼذه حقِ  44.1اىٚ 

ىيحقِ فٚ اىَناُ اىَطي٘ب تشثنح اىشٛ ، فٚ حيِ  اىَصََح اٍناّيح ّقو اى٘حذج ٗ اىضساػيح 

( ىتثذأ اى٘حذاخ ميي٘ تاسناه 041خ٘ٛ ) 0.4لا يقو اىعغػ اىلاصً تشثنح اىشٙ ػِ 

 . /ساػح3ً 1.14ٗتَؼذلاخ لا تتداٗص اىَست٘سدج فٚ حقِ الاسَذج 

ٍِ  2ً 0ىحقِ مو    %64،  % 80تت٘فيش ٍقذاسٓ ٗحذج اىحقِ اىَصََح * يتَيض استخذاً  

ٗاىَنثسيح ) (I)راخ اىغشاء )تْ٘ػيٖا  اىَست٘سدٗحذاخ اىحقِ ستخذاً تئ ٍقاسّحاىنيَاٗياخ 

(II)) ) الاتتذائيح ى٘حذج اىتسَيذ اىَصََح ٗاىَست٘سدج  تناىيفاىٗخذ أُ  مَا،  ػيٚ اىتشتية

 خْئ ػيٚ اىتشتية. 4311،2511 ،2041ٕٚ  تْ٘ػيٖا  ((IIٗاىَنثسيح )) (I)راخ اىغشاء )

 


