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ABSTRACT 

The goal of the article is to present certain uses of the differential subordination the idea on subclasses of 

univalent functions that include certain convolution as a operators. Numerous complicated mathematical 

investigators, such as Euler, Gauss, Riemann, Cauchy, as well as a number of others have grown throughout 

this period. Analysis as well as geometry come together or interact in geometric function theory. The above 

paper's primary goals are to study the dependence principle as well as to add an additional subset over 

polyvalent functions via an additional operator that is connected to derivatives products of higher order. In 

light of the different geometric properties, including coefficient estimation, deformation and expansion 

bounds, radii for strlikeness, convexity, as well as close-to-convexity, the results were significant. As an 

these classes of functions, that we investigate geometric characteristics such as coefficient bounds, 

distortion theorem, as well as radii of starlikeness as well as convexity. The integral operator and extreme 

points have been looked into.       

Key words: Differential Subordination, Univalent Function, Extreme Points, Hadamard Product, Analytic 

Function, Convex and Starlike Functions, Distortion Theorem, Integral Operator. 

 

1. INTRODUCTION  

With the help provided by the Hadamard product that represents the fundamental higher-order products of 

differential subordination for diverse functions, the study's goal is to be able to investigate an additional 

category of multivalent functions referred to as a novel linear operator as well as start examining the fresh 

linear operator. As an higher-order products of variations subordination within the open unit disk, multiple 

outcomes will be obtained by utilizing the universal hypergeometric function as well as the characteristics 

associated with the generalized a byproduct operator. 

The Bieberbach speculation, commonly referred to as the value of the coefficient issue, served as the main 

stimulus over this type of reasoning because it provided a ton of room for advancement between 1916 and 

De Branges's successful resolution of the issue in 1985, resulting in to an enormous number of conclusions 

centered on the speculation. that time then, Geometry Function Theory continues to be treated 

independently. One popular subject was geometric function theory. Regardless of that, it still finds new uses 

in a variety of disciplines, such as contemporary computational physics, medical science, engineering, and 

various other areas, as well as in more conventional physics areas such as fluid mechanics, not linear 

compatible systems theory, as well as the study of partial differential equation theory. The company 

geometric function is a function that's used within complex analysis outlines particular geometries . 

mailto:mustafa8095@uoanbar.edu.iq
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We have demonstrated a correlation between the subclass and higher-order products of diverse functions. 

Results concerning harmonious multivalent functions determined by operators with differential properties 

are very interesting. The investigation of the analyzing univalent function subclass related to the notion of 

variations subordination. We looked at certain outcomes of variations subordination as well as 

superordination including a particular class that focuses upon the domain of univalent meromorphic 

functions within a wide unit disc. 

Particularly, this area has caught the attention of several investigators in practical science within an 

assortment of circumstances. The precise solution over computational modeling, including in the analysis of 

physical, chemical, as well as engineering areas, is also determined in part by these concepts [1-3]. 

Many of the key ideas for complicated evaluation is the notion of harmonically along with analytical [4] 

univalent mathematical functions (bi or multi-types) [5-8]. In order to establish fresh, intriguing categories 

or subclasses of special functions associated to multiple operators [9-12] who could be optimized or 

improve a few actual issues by applying a particular functional household arising about the notion of 

conventional functions by means of specific characteristics of complicated functions [13-16], some special 

components have been described with this framework of theory. 

Take   represent the function class  in the shape of 

 
that serves as analytic within the disk unit  A function  being related to class  

is believed to be starlike (convex) in shape  if: [17-20] 

 

 
 

As an a specific set of analytic functions , we indicate by the 

convolution of  and  according to by: [21-24] 

 
presently, we provide the next operator means, which extends certain well-known operators. 

 

Definition 1.1: In order to  the generalized operator  is defined by  

 

 
when  and .  

 

Examples for this operator's special cases: 

1- The Srivastava- Attiya operator [25]. 

2-  The Salagean operator [26]. 

3-  The Generalized Salagean operator initiated by Al-Oboudi [27-28]. 

 

 

The researchers present a fresh subclass via the operator as shown below: 
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Definition 1.2: In order to   become a function class  in the shape of   

 
as well as meeting the following requirements 

 

 
 

 
2. THE MAIN FINDINGS 

 

On the following subsection, we come a condition that is both required and sufficient over the function  

about the class  

 

Theorem 2.1: The function  in the shape of (4) is enrolled in a class  assuming and only 

assuming 

 
at which  

 
 

Proof: Allow subsequently we're left with 

 
at which  , for each , then 

 
Thus, 

 
 

establishing   
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allowing  , Afterwards we receive the desired result. 

In contrast, demonstrating that 

 
Selecting  we receive 

 

 

 
as a result, we gain  

Now we provide our integral operator assets to identify the class's  extreme points.  

 

Theorem 2.2: Take  with  

 
Following that  if it is possible to express it in a manner 

 
 

Proof: From (10), therefore, 

 
presently, using (10), we receive 

 
 

 
 

The following demonstrates  

However, how about afterwards  

 
Placing  
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and  

 
we receive, 

 
 

Theorem 2.3: A function  specified by 

 
in which  belongs to the class  whether the function , and an is  

number that is real. 

 

Proof: Take 

  

in which,  

 
Then, 

 

 
 

Assuming , it follows that  

The radius of Starlikeness as well as Convexity have provided through the theorem. 

 

Theorem 2.4: The radii of Starlikeness for the class is give by 

 
 

Proof. We need to show that 

 
Subsequently is simple to demonstrate if 

 
and 
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Through (10),  

 
As a result, (17) will be accurate if 

 
or 

 
The outcome is precise for the function 

 
 

Theorem 2.5: Allow a function  for given create (4) in thus it 

 

 
supplied the order 

 
optimistic and not diminishing. Also, 

 

 

 
supplied the order 

 
is beneficial and non-decreasing, (  and  is specified by (7)  

 

Proof. Allow then assumingly, we arrive at 
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and, 

 
For   we achieve 

 

 
 

and  

 
hence ,   if  , though if , we achieve is unfavorable and declining, so 

the situation 

 
and using the identical method, we arrive at the outcome (22). We can use the formulas  and 

 
 

Theorem 2.6: Allow the function  stated by (4) to take the class  we get 

 
and 

 
 

Proof. Using supposition, we've obtained 

 
and 

 
Then, through (4), we're left with 

 
and  
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Further, there is 

 
and  

 
 

Consider the following function to get clarity 

 
 

 
3. CONCLUSIONS 

 

It was found in this paper some applications of the notion of differential subordination as it relates to 

subclasses of univalent functions that use specific convolution as operators. We did examine geometric 

properties of these kinds of functions, including coefficient bounds, distortion theorem, starlikeness and 

convexity radii, among others. Extreme points and the integral operator have both been studied . 

We investigated a few of the characteristics of variations subordination of analytical univalent functions 

over an open unit disc as well as deduced specific subordination as well as superordination properties using 

the characteristics of the broader a byproduct operator. Additionally, it gave insight into geometrical traits 

like coefficient disparities and Hadamard product characteristics. There were installed certain intriguing 

findings for  derivatives differential subordination as well as superordination of analytical univalent 

functions. Then, a few findings of variations subordination that involve linear operators have been presented 

employing the convolution with two linear operators. The convolution operator has been used to deal with a 

number of leads to over  differential subordination within the unit disk with open edges employing broader 

hypergeometric function . 

Through the use of an operator with linearity as well as variations subordination, we arrived at a few 

conclusions as well as a few sandwich theorems. As an a few convolution as a operators, we as a species 

provided a few variations subordination programs towards subclasses about univalent functions. Through 

the application of a straight-line operator, it was possible to achieve certain important outcomes in the 

variations subordination as well as variations superordination about meromorphic analyzing univalent 

functions of the second order. Lastly, we provided a few outcomes over 2nd-order differential subordination 

within the open section disk involving broader hypergeometric function employing the convexity operator. 

 

 

4. UPCOMING STUDY  

 

The next phase of investigation is broken down as follows: 

• The ability to investigate a novel linear operator by employing the Hadamard the item as its 

fundamental hypergeometric function along with to study a novel category of multifaceted functions 

determined by the newly discovered parametric operator. 

• As a 4th order differential subordination within the open unit disk, a number of leads to will be 

obtained through the broader hypergeometric function along with the characteristics associated with the 

broader a byproduct operator. 

• Can create two brand-new bi-univalent function subclasses while getting notions to feed the class about 

functions projections. 
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Abstract 

         Heavy metals that may be hazardous to one's health after consuming contaminated 

foods are lead, cadmium, copper and chromium. Table salt is one of the most widely used 

food additives with a unique position in food consumption. Although purified table salt is 

expected to obtain a lower level of contamination, this study aims to investigate the 

contamination of consumed table salt with heavy metals. Unwashed salt (from soil sites) was 

analyzed using an atomic absorption spectrophotometer to detect toxic heavy metals The 

result was a pb concentration equal to 1.325, 0.592, 0.279, 0.295, a Cd concentration of 

9.103, 10.574, 17.191, and 18.294 for the samples, a Cu concentration of 43.545, 20.534, 

7.182, and 17.693, and a Cr concentration of 11.926. 7.759, 12.389, 9.611 for samples A, B, 

C, D, in order, and in comparing the results of lead concentration (FAO/WHO), we note that 

the values are lower than those of FAO/WHO. Based on the findings, Cd, It was discovered 

that the values are much more than the (FAO/WHO) limit, as well as the concentration of 

Cu, which is a heavy metal and much of its consumption can be hazardous to one's health. 

Keywords:  table salt, atomic absorption spectrometry, heavy materials. 

في ملح الطعام الغير مكرر بواسطة جهاز مطياف الامتصاص الذري  (pb, Cd, Cu, Crالكشف عن العناصر )

(AAS في مواقع الاملاح العراقية ) 

 كعيم غازي  نحنا .مم.                                هادي دويج العتابي        .أ.د

 العلوم كلية/ واسط جامعة                              جامعة واسط /كلية العلوم           

 

 الخلاصة 

 والنحاس  والكادميوم  الملوثة هي الرصاص   الأطعمة  استهلاك  بعد   الصحية  تسبب المخاطر  قد   التي  الثقيلة  المعادن 

  من   الرغم  على.  الغذاء  استهلاك  في  ريدةف   مكانة  مع  الغذائية  استخدامًا المضافات   أكثر  أحد   هو  الطعام  ملح  والكروم يعتبر 
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للحصول  الطعام  ملح  توقع الى  هذه  تهدف  التلوث،  من   أقل  مستوى  على  المنقى    الطعام   ملح  تلوث   في  التحقيق  الدراسة 

الطيفي   الذري الامتصاص  جهاز باستخدام التربة(الملح الغير مغسول )من مواقع  تحليل حيث تم الثقيلة المستهلك بالمعادن

عنللكش تركيز  النتيج وكانت  .  السامة  الثقيلة  المعادن  ف    Cd  وتركيز  0.295,  0.279  ،0.592  ،1.325يساوي    pbة 

 Crوتركيز    Cu  43.545،  20.534  ,7.182  ,17.693وتركيز    18.294,  17.191  ،10.574  ،9.103هي    للعينات 

ا  A،  B، C،  D  للعينات   9.611,  12.389  ،7.759،  11.926  مع  الرصاص   تركيز  نتائج  مقارنة  وفيلترتيب  حسب 

  اما   .FAO/WHO  الخاصة  تلك  من  أقل  القيم  نلاحظ(  FAO/WHO)  العالمية  الصحة  منظمة  /والزراعة  ةالأغذي  منظمة

  أن  يمكن  وكثير  ثقيل  معدن  وهو  Cuتركيز    وكذلك FAO/WHO حد   من  بكثير   أكثر  القيم  أن  لوحظ   النتائج   من  الكادميوم

  عدم   أمكن  إذا  أو  المعدن  هذا  من  أقل  يةكم  على  الملح  يحتوي  أن  المستحسن  من  الإنسان  صحة  على  خطر  تهلاكهاس  يكون

اما  على  احتوائه  حدده  الذي  البشري   الاستهلاك  الأقصى  الحد   من  بكثير  أكبر  في  النتائج  جميع  كانت   الكروم  الإطلاق 

 الغذائي. الدستور

 .ثقيلة د الذري، مواالامتصاص  مطياف الطعام، ملح :المفتاحيةالكلمات 

Introduction 

         Heavy metals may be found in abundance in the Earth's crust, air, water, and a variety 

of man-made items. Heavy metals can be absorbed through the skin or inhaled. 

Contamination of food products with heavy metals makes the food chain and diet a major 

pathway for human exposure to heavy metals. Despite the normal state that foodborne, Food 

poisoning owing to hazardous and heavy metal concentrations should also be considered as 

a result of meals contaminated with microbes. [1, 2]. 

    Salt is considered one of the natural products that emerge from the ground in areas with 

salt deposits in a specific season when the rainy season falls, the winter season in Iraq. When 

the rain water evaporates, the salt comes out naturally from the ground to the surface in the 

month (April, May and June). These months are called the salt harvest season in the central 

and southern regions of Iraq. Saline areas extend along the highway linking Baghdad and 

Basra in southern Iraq. Figure (1) shows a Google Maps satellite snapshot of saline 

locations. 

       Table salt is a major source in daily consumption, as it is included in all human food, 

and table salt is free from pollutants and heavy elements, which is very necessary for human 

health, and for this I found it necessary to reveal the percentage of minerals present in table 

salt. 
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Figure (1) picture from Google Maps of a salinity site in the city of Diwaniyah 

Materials and devices used 

Table salt (sodium chloride)  

          Molecular formula (NaCl) Molar mass 58.44 g/mol Appearance White crystalline 

powder Density 2.16 g/cm3 Melting point 801 °C Boiling point 1465 °C Solubility in water 

36 g/100 ml water. Figure (2) shows the Braves lattice of a sodium chloride crystal, a face-

centered cube (FCC), the length of its sides (a = 5.63 Ǻ). A single cell contains four lattice 

points, each point of which is accompanied by a base consisting of two ions, sodium Na and 

chlorine Cl. They are separated by a distance equal to the radius of the cubic unit cell. With 

the sides and the center of the cube or vice versa, a sodium chloride crystal can be depicted 

as consisting of two FCC-type lattices, one of which is a sodium lattice and the other a 

chlorine lattice, each one displaced from the other by (a = 1/2) [3,4]. 

 

Figure (2) Crystal structure of sodium chloride (table salt) [4] 

Atomic Absorption Spectrometer (AAS) 

        The term atomic spectroscopy is applied to the set of techniques that are used to 

determine the different elements in their atomic state, where the samples are exposed to a 
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thermal or electrical energy source to break the molecular bonds, and once these bonds are 

broken and free atoms are given, the analysis process is done using atomic absorption 

spectroscopy, atomic emission, or atomic fluorescence [5]. Fig. 3 shows an (AAS) device 

based on the principle of atomic absorption, based on the fact that most of the atoms of the 

substance are found in the ground energy level (E ̥    ( that is not excited from the energy levels 

of the atom, and with the presence of a light source with a suitable wavelength λ, the 

electron in the ground energy level absorbs this light beam to move to a higher excited 

energy level. Thus, the intensity of the light beam (I ̥) passing through the atomic fog 

Aerosol will decrease and escape from the fog with intensity I, and this decrease is 

proportional to The number of absorbent atoms has, and this is consistent with the Beer-

Lambert law, where the absorbance is expressed by the symbol A and is given by the 

relationship: - 

A = log (I ̥/I) = ελ.l.C, this relationship is directly linear within a specific range of 

concentrations. 

Where I ̥ is the intensity of the incoming light ray, I is the intensity of the transmitted light 

ray, l is the path length, C is the concentration, ελ is a qualitatively characteristic value of the 

atomic absorption at wavelength λ of the studied element [6,7] . 

   

Figure 3: The Atomic Absorption Spectrometer (AAS) 

Studied Elements 

Lead 

  a chemical element with the symbol Pb and atomic number 82. It belongs to the carbon 

group, which is the fourteenth group on the periodic chart and the fourth group overall. Lead 

is a heavy metal with a high density that is typically seen in the hue bluish-silver. However, 

when exposed to air, this color soon loses its brilliance and turns opaque gray. In addition to 

being a component of many alloys, lead is a soft, malleable metal that is ductile and 
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malleable. It's a stable metal as well, and three of its isotopes are towards the end of the 

decay sequence for radioactive heavy elements. It is a toxic metal, which led to limiting its 

applications in most countries after discovering its toxicity. Lead affects negatively inside 

vital bodies, where its effect is similar to neurotoxins in terms of the ability to harm the 

nervous system and disrupt the functional performance of some vital enzymes, causing 

neurological and movement disorders [8, 9]. 

      The most effective way to find trace quantities of lead is to use AAS, either through a 

graphite or quartz tube. The 4.5 ng/mL lower limit of detection is possible. Typically, lead is 

treated with sodium borohydride to produce volatile lead (II) hydride, which is then 

collected in a lab beaker and electrically heated to temperatures above 900 °C. Lead can then 

be detected using a hollow cathode lamp because it exhibits an absorbance at 283.3 nm. 

[10,11]. 

Cadmium 

It is an element in the periodic table of elements with the chemical symbol Cd, atomic 

number 48, and atomic weight 112.411. The element is poisonous, as are its salts, and Cd 

also endangers the environment. The kidneys, skeletal system, and respiratory system are all 

adversely affected by cd, which is classified as a human carcinogen. Although there are only 

little amounts of it in the environment, human activity has greatly increased those levels. Its 

color is blue to whitish. Cd dissolves in acids and does not dissolve in alkalis. Boiling 

cadmium produces toxic yellow fumes [11,12]. 

Copper 

          Copper (Cu) is characterized by its high conductivity and great ability to conduct heat 

and electricity. It has a reddish-brown color that has become covered with time with a green 

layer as a result of its exposure to moist air. It has an atomic number of 29, an atomic mass 

of (63.54 g/mol), a boiling point of (2567 C̊), a melting point of (1083.4 C̊), and a density of 

(8.96 g/cm3). Copper helps in the synthesis of many enzymes. To extract energy from food 

and to absorb iron, it thus plays a role in preventing anemia, as an increase in its 

concentration in the body leads to many diseases, the most famous of which is Wilson’s 

disease [13,14]. 

Chromium  

              Chromium is a chemical element whose symbol is Cr, and it is of two types, the 

first is trivalent, which is safe for humans, and the second is hexavalent, which is a poison 

that causes health problems.The recommended daily dose (men 0.2-35, women 0.2-25, 

pregnant 29-30) micrograms [11, 15, 16]. 
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Sample preparation and method of work 

           Samples were collected from different salt sites, where the samples were kept in 

polyethylene bags after being exposed to air and sunlight for a week for the purpose of 

drying them from moisture. Salt samples were crushed in the laboratory, then sifted into 80 

mesh, after that they were transferred to sealed glass containers. Four elements were 

detected, namely lead, cadmium, chromium, and copper, by an atomic absorption 

instrument. Figure (4) shows the salt samples that were collected and examined. 

 

             Figure 4 shows the salt samples that were collected and examined 

 Using a desiccant and a previously distilled moisture plate, (0.05 g) of salt was put in an 

oven to determine its moisture content. The dish spent two hours in the oven, which was set 

to 110 degrees Celsius. In a desiccator, it was chilled after heating. This plate was weighed 

after cooling, and the formula below was used to determine the sample's moisture content: 

Weight% Moisture = (A/B) ×100 where: -       A = weight loss in grams after drying.        B 

= weight in grams of the salt sample. 

        Use an AAS with an analytical model (Hitachi Z8000) that contains the details of the 

examined minerals indicated in Table 1. The volume of the sample was made (1 liter) by 

dissolving twice distilled water (DDW) in a 1000 ml beaker, heating this sample solution at 

110 ° C for 15 minutes, and then condensing it for 30 minutes without boiling. The sample 

was made by dissolving (10 ml) of (HNO3) and (5 g) of the sample to make a mixture, and 

this mixture was covered with a glass for 30 minutes. chilling the sample solution, adding 5 

ml of pure HNO3, and then reflowing it For 30 minutes, sample the remedy once again. 

Most of the samples did not emit any brown fumes during reflux, indicating the presence of 

HNO3, but those that did were added to 5 ml of concentrated HNO3 and mixed again for 30 

minutes, until no brown fumes were detected.    

                                   Table (1) Features of Metal AAS 
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Maximum 

lamp current 

Sensitivity Flame gases ʎ(max)nm Metals 

15 20 Air-acetylene 283.3 pb 

8 1.5 Air-acetylene 228.8 Cd 

10 4 Air-acetylene 324.8 Cu 

12 4 Nitrous oxide 367.9 Cr 

 

Results and discussion 

          It is well known that heavy metals have an active role and occupy an important place 

in many biological processes. Table No. (2) and Figure (5) show the results of the analysis 

of four samples of salt collected from different locations, where the sample A and B were 

collected from two different locations in the city of Samawah, and samples C and D were 

collected from two different locations in the city of Diwaniyah in central Iraq. 

Table No. (2) Results of (AAS) analysis in table salt samples 

no Pb(ppm) Cd(ppm) Cu(ppm) Cr(ppm) 

A 1.325 9.103 43.545 11.926 

B 0.592 10.574 20.534 7.759 

C 0.279 17.191 7.182 12.389 

D 0.295 18.294 17.693 9.611 
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Figure (5) Results of (AAS) analysis in table salt samples 

We note in Table (2) that the percentage of lead (pb) in salt was the lowest in all salt 

samples, and in comparing the results of lead concentration with the Food and Agriculture 

Organization / World Health Organization (FAO/WHO) as a result of the analyzes in Table 

(3), we note the values within the limits recommended by FAO/WHO, which is around 2 mg 

kg−1.  As for cadmium from the results, it was noted that the values are much more than the 

FAO/WHO equal 0.5 mg kg-1 [16]. The World Health Organization recommended that the 

maximum content of copper in salt be 2 mg / g. It is a heavy metal and much of its 

consumption can be dangerous to human health. It is recommended that the salt contain a 

smaller amount of this metal or if it is possible not to contain it at all [17]. As for chromium, 

all results were in much greater than the maximum human consumption specified by the 

Codex Alimentarius. 

Table (3) average concentration of heavy metals in salt sites in Iraq compared to the maximum limit 

of the Codex Alimentarius 

Codex maximum limit  Mean ± SD  Tracer 

1.0 0.6227 0.021 pb 

0.25 13.7905 0.002 Cd 

2 22.2385 0.80 Cu 

0.5 10.42125 0.143 Cr 

 

Table (4) Comparing the concentration of heavy metals in salt sites in other countries by a group of 

researchers 
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References Cr  (ppm) Cu (ppm) Cd (ppm) Pb (ppm) location 

7 0.42 0.04 ND 0.06 Himalayan 

18 ND 0.03 0.50   0.36 NIGERIA 

19 ND 1.24 0.91 1.59 Iran 

20 ND 6.88 2.80 0.001 Ghana 

21 ND 0.47 0.22 0.66 Egypt 

9 0.0005 0.0009 0.0002 0.0114 KSA (Riyadh) 

22 ND ND 4.07 ND Sri Lanka 

ND=not detected 

Conclusions 

        The purpose of the current study was to assess chemically unprocessed rock salt at 

significant salt producing sites in Iraq. During the research, the focus was on comparing the 

outcomes with regards to the upper limits set by the Codex Alimentarius Commission, the 

World Health Organization (WHO), and the Food and Agriculture Organization (FAO) for 

human consumption. In Codex the concentration of Cd, Cu and Cr was above their safety 

limits as stipulated in the SON and Codex regulations. These results indicate that some 

metallurgical processes should be performed the samples' salt purity should be increased. To 

increase their degree of purity, samples of unrefined rock salt must go through some sort of 

chemical or physical process. To increase the purity of salt samples to 97%, they must 

additionally go through rigorous refining and metallurgical operations. The mineral content 

just has to be below the limit for human consumption defined by the Codex Alimentarius 

Commission. 
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Abstract 

Another popular swarm intelligence technique for handling optimization issues is the Flower Pollination 

Algorithm (FPA). It has grown in prominence as a result of its straightforward architecture and powerful 

optimization skills. FPA shares some drawbacks with other swarm-based algorithms, including a propensity 

for local optima and slow rate of improvement for high-dimensional global optimization problems. The 

Effective Local Flower Pollination Algorithm (ELFPA), a modified version of FPA, has been offered as a 

solution to these problems. By employing a balanced exploitation and exploration approach, ELFPA seeks 

to improve exploitation capabilities and solution accuracy. In order to avoid local optima, it uses random 

operators. These tactics work best together, which improves FPA performance. Benchmark test functions, 

including those from the CEC 2017 test suite, were evaluated experimentally. The findings of comparing 

the performance of ELFPA to other swarm intelligence algorithms and sophisticated methodologies were 

quite positive and encouraging. 

Keywords: Flower Pollination Algorithm, Swarm intelligence, Metaheuristic algorithm, Local optima, 

Optimization algorithm 

 

1. Introduction 

In a mathematics problem known as an optimization problem, a collection of variables is changed to reduce 

or increase an objective function while satisfying a set of constraints. In other words, it is the challenge of 

identifying the optimum solution from all those that satisfy the given constraints. There are two primary 

types of optimization issues: linear and nonlinear. The objective function and restrictions in linear 

optimization problems are both linear functions. The objective function, the restrictions, or both are 

nonlinear functions in nonlinear optimization problems. Numerous disciplines, including engineering, 

economics, finance, computer science, physics, and many others, encounter optimization issues [1]. 

Common instances of optimization problems include: 

Find the shortest path between any two points on a graph, minimize the error in the regression model, 

maximize the accuracy in the classification model, and optimize the position of objects to minimize 

collisions in a three-dimensional environment. These tasks are all related to finding the minimum cost of 

producing a certain amount of product. Numerous optimization procedures, including graded ratios, 

Newton's method, simulated softening, genetic algorithms, and many others, can be utilized to address 

optimization problems. The particulars of the problem, the traits of the target function, and any constraints 

will determine which algorithm is used. There are numerous categories of optimization algorithms, each 

with a distinct methodology. However, the following are some broad groups of optimization algorithms: [2] 

Deterministic optimization algorithms: These algorithms employ a particular strategy to locate the best 

outcome. Mathematical programming techniques including linear programming, quadratic programming, 

and accurate programming are typically used. Random optimization algorithms: These algorithms look for 

the best answer based on a set of probabilities. The majority of the time, they rely on metaheuristic 

techniques like simulated annealing, genetic algorithms, particle swarm optimization, and ant colony 
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optimization. Algorithms for gradient-based optimization: These algorithms iteratively search for the 

minimum value using the gradient of the target function. They are typically employed for objective 

functions that are smooth and distinct. Derivative-free optimization algorithms: These algorithms are 

capable of handling heterogeneous or non-differentiable objective functions since they do not rely on the 

objective function's derivative. The Nelder-Mead simplex approach, evolutionary algorithms, and pattern 

search are a few examples of methods that are commonly based on research. Algorithms for hybrid 

optimization: These techniques integrate two or more optimization algorithms to boost the potency of each 

and improve performance. An imperative technique and a random method, for instance, might be combined 

in a hybrid algorithm. The goal of cascading algorithms is to handle difficult optimization problems that are 

beyond the scope of conventional mathematical techniques. These algorithms, which are based on heuristics 

and research techniques, don't promise to find the best solution, but rather to do so in an acceptable amount 

of time. 

Metaheuristic algorithms come in a variety of forms, but the following are the most popular: 

Natural selection and evolution are the foundations of genetic algorithms (GAs). They begin with a variety 

of viable answers and then create new ones using genetic elements like intersection and mutation. The best 

solutions are chosen for the following generation [3], Particle Mobilization Optimization (PSO): These 

algorithms are based on the behavior of particle swarms, and solutions are evaluated based on their 

applicability. The Ant Colony Optimization (ACO) algorithms are based on how ants navigate to find the 

shortest path between their colony and a food source. Each particle represents a potential solution and 

moves through the search area, adjusting its position based on its best position and the best position of the 

swarm. These algorithms are based on the physical annealing process, where the material is gradually 

heated and cooled to obtain the least energy state. Each ant symbolizes a potential solution and travels 

across the search space, leaving the pheromones that draw the other ants to follow the same path. To explore 

the search space and escape the local Optima [6], Tabu Search (TS): These algorithms are built on the idea 

of retaining a list of recently visited prohibitions or disallowed solutions. The algorithm starts with a high 

temperature and gradually lowers it. The algorithm traverses the search space, dodging obstacles and 

venturing into uncharted territory. 

2. Preliminaries 

2.1 flower pollination algorithm (FPA) 

One of the metaheuristic optimization algorithms, the flower pollination algorithm (FPA), was first put forth 

by Xin-She Yang, the same researcher who came up with the Firefly method. The Flower Pollination 

Algorithm, also known as FPA, is a brand-new optimization algorithm created based on the pollination 

process carried out by plants. It was first introduced in its paper "Flower Pollination Algorithm for Global 

Optimization," published in the journal "Unconventional Computation and Natural Computation" in 2012 

[7]. This program applies the pollination process to the suggested solutions in each optimization cycle using 

a novel model [8]. The flower pollination algorithm is predicated on the idea that stronger candidates for 

solutions in the current generation tend to have genetic traits that are more likely to be handed down to 

succeeding generations. Since plants are pollinated at random, the algorithm makes use of this notion to 

produce a random pollination process that aids in diversity and encourages exploration throughout the 

solution's potential domain. Numerous example challenges, including concerns with numerical methods, 

performance optimization, data categorization, image analysis, artificial intelligence, and deep learning, can 

be solved using the flower pollination algorithm. The flower pollination algorithm (FPA) is a relatively new 

optimization technique, and Yang's initial algorithm from 2012 has undergone numerous modifications and 

extensions. The Binary Flower Pollination Algorithm (BFPA) is made for tackling binary optimization 

issues and is especially well suited for feature selection tasks. The following are some of the most recent 

versions of FPA along with their references. Implementation of the flower pollination algorithm This paper 

presents a new optimization approach based on the Flower Pollination Algorithm (FPA) to solve the 
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Economic Load Dispatch (ELD) and the Combined Economic Emission Dispatch (CEED) problems in 

power systems. This approach integrates economic and environmental objectives into the optimization 

process using the FPA algorithm. The suggested FPA is a meta-heuristic algorithm that draws inspiration 

from how flowers in nature pollinate one another [11]. The proposed DECD-FPA algorithm offers a 

promising approach for optimizing engineering design problems with multiple objectives and constraints. It 

is a modified version of the FPA algorithm that incorporates a new search strategy to improve its 

performance in solving mechanical engineering design problems. [12]. The invention of an adaptive version 

of the FPA algorithm that integrates self-adaptation techniques to increase its performance in resolving 

software test suite minimization issues is the contribution of this research. A viable method for optimizing 

software testing issues with intricate and sizable software systems is the AFPA algorithm [13]. The 

suggested AFPA algorithm offers a potential strategy for building antenna arrays with increased 

performance and decreased complexity and cost. Synthesis of linear antenna arrays. Other varieties of 

antenna arrays and other optimization issues in the field of antenna design and optimization can be 

addressed using the method [14]. The paper provides insights into the benefits and drawbacks of the FPA 

algorithm, which can help researchers and practitioners choose the best optimization algorithm for their 

particular problem. Flower pollination algorithm: a comprehensive review of the FPA algorithm, its 

variations, and its applications in various fields. The evaluation also identifies the areas that require more 

study if the FPA algorithm is to perform and operate more effectively [15]. The novel flower pollination 

algorithm suggestion is a novel modification of the FPA method that improves the algorithm's performance 

for continuous optimization issues. The suggested IFPA method provides a more effective search space 

exploitation while maintaining population variety, improving optimization results [16]. Tuning the flower 

pollination algorithm's parameters First, it offers a thorough evaluation of the impact of the various FPA 

algorithm's parameters on performance. Second, it suggests a fresh method for parameter adjustment that 

could result in better optimization outcomes [17]. The performance of a modified flower pollination 

algorithm in resolving global optimization issues is enhanced. The suggested approach, a flower pollination 

algorithm with pollination attraction, includes a new mutation operator and a new technique for updating the 

flower population [18]. a thorough examination of the suggested strategy, which compares the new flower 

pollination algorithm, the improved pollination mechanism, and the adaptive learning mechanism to other 

cutting-edge metaheuristic algorithms on a number of benchmark functions [19]. While the adaptive 

learning mechanism updates the step size and aids in balancing exploration and exploitation, the increased 

pollination mechanism enhances the search capability by introducing pollination with random flowers and 

nearby flowers. An improved method for discreate flower pollination was tested on several datasets [20], 

and the findings demonstrate that it performs better than previous algorithms in terms of both solution 

quality and convergence speed [21]. The approach is straightforward, simple to use, and in some 

circumstances outperforms competing optimization algorithms. To acquire the best outcomes for a 

particular optimization problem, it is advised to test out a few different optimization algorithms because it 

may not always be the best option. The flower pollination algorithm (FPA) has several disadvantages in 

addition to its benefits, such as the possibility of a lengthy processing time. The optimal solution may take 

an algorithm longer to find than it does for some other algorithms. The severity of the issue could be 

considerably impacted. Large-scale or high-dimensional problems might be challenging for the algorithm to 

handle, and these situations may necessitate adjusting the algorithm to improve performance. You might not 

always come up with the best answer. In some circumstances, the algorithm might have trouble locating the 

best solution, or it might come close to the best solution but fall short. To enhance its performance, you 

might have to make changes. By making various adjustments, such as modifying the values of some 

parameters or the update method for solutions, the algorithm's performance can be enhanced. You might 

experience the issue of settling for local answers. If the start is bad, the algorithm may struggle to avoid 

falling into local solutions and failing to find the best answer. The Flower Pollination Technique is a 

powerful optimization algorithm that offers a number of benefits, such as: Ease of application: The Flower 

Pollination Algorithm is easily applied to a variety of issues that call for numerical solutions. Speed of 

solution: Because the algorithm is based on the idea of probability and regular movement between options, 

it finds the best solution to the given problem fast and efficiently. A flower pollination algorithm is capable 
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of handling a wide range of issues and, in certain situations, outperforms other algorithms in locating the 

best solutions. Ability to avoid settling for local solutions: The algorithm's ability to settle for local solutions 

is what gives it a better chance of finding the ideal answer. Capacity to enhance existing solutions: The 

algorithm's ability to enhance current solutions rather than only find optimal answers distinguishes it and 

makes it valuable for resolving complicated issues. The algorithm's capacity to learn and adapt to its 

surroundings is used to enhance both its performance and the solutions it provides. The flower pollination 

algorithm, which is regarded as one of the best in the fields of optimization and data analysis, has a wide 

range of advantages and benefits. The local search process in the algorithm was modified in this study in 

order to avoid these flaws and try to discover solutions to them by increasing the randomness inside the 

equation and changing the updating process for the local solution rather than depending on a dominant 

factor. The comprehensive solution has undergone changes. the exploration and exploitation operations by 

including a control factor as a counterbalance in the modernization equation. Original Flower Pollination 

Algorithm There are two main types of pollination: biotic and abiotic. About 90% of flowering plants are 

biopollinated, which means that pollen is spread by pollinators like insects and animals. The remaining 10% 

of flowering plants are pollinated abiotically, which means that no pollinators are needed. With at least 

200,000 different species of pollinators, including insects, bats, and birds, pollinators, also known as pollen 

carriers, can be extremely diverse. A notable example of a pollinator is the honey bee, which has the 

potential to develop a trait known as "flower stability" in which it favors particular flower kinds over others. 

Because it will improve the passage of flower pollen to the same plants and hence increase the reproduction 

of the same flower species, such floral stability has evolutionary benefits. Because pollinators can ensure 

nectar supply with their limited memory and at the lowest possible cost, rather than concentrating on some 

new, unpredictable, and potentially more rewarding flower species, this bloom constancy may also be 

advantageous for pollinators. The stability of flowering may call for a low initial outlay and, most likely, a 

nectar intake that is ensured. Self-pollination is the fertilization of one flower, such as peach flowers, from 

pollen of the same flower or different flowers of the same plant, and frequently takes place when there are 

no pollinators present. Pollination by cross-pollination, self-pollination, or cross-pollination means that 

pollination can occur from flower pollen from a different plant. Pollination can be seen as comprehensive 

because cross-pollination can take place over great distances and because pollinators like bees, bats, birds, 

and flies are capable of flying great distances. Additionally, bees and birds have been known to engage in a 

type of flight behavior known as fibrous flight, in which the steps of the jumping or flying distance are 

subject to a fibrous distribution and the stability of the flower can be used as an upward step by comparing 

or contrasting two flowers. The following four rules can be used to explain the stability of the bloom and the 

behavior of pollinators throughout the pollination process: Abiotic self-pollination is local pollination, but 

biocross-pollination is global pollination because pollinators make a lengthy journey. The likelihood of 

reproduction, which is inversely correlated with the resemblance of two different flowers, might be thought 

of as flower wandering. Additionally, it should be highlighted that A has the potential to influence the 

interaction between universal pollination and local pollination by adjusting p. [0,1] 

 

2.1.1 Mathematical representation of mass vaccination and local pollination  

global and local pollination represented mathematically the two key steps in the flower pollination 

algorithm are bulk and local pollination processes. Pollinators like insects spread pollen in large quantities, 

and since they can probably fly and move quickly, pollen can go great distances. The following is how they 

can be mathematically represented: 
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Whereas,  the solution in the course: ,  the best solution obtained in the course ,   Scaling factor to 

control step size,  levy distribution trace parameter,  the new solution.  

As for local pollination, self-pollination, that is, between flowers on the plant itself, and it can be  

Its mathematical representation is as follows  

 

Whereas,  the current solution at iteration , and  the new solution:  two different solutions  

randomly selected values,  random variable following a uniform distribution 

 

Pseudo-code of Flower pollination algorithm 

Objective min or max ,  

Initialize a population of  flowers /pollen gametes with random solutions 

Find the best solution  in the initial population  

Define a switch probability   

While ( ) 

           For (all  flowers in the population) 

                 If rand<p 

                     Calculate L which obeys a Levy distribution 

                     Global pollination via   =  +  (  ) 

                 Else 

                     Generate  from a uniform distribution in  

                     Randomly choose  and  from   

                     local pollination via  = +  ( -  ) 

                 End if 

                 Evaluate new solutions 

                 Update the best solution 

           End for 

Find the current best solution  

End while 

 

2.2 Proposed method  

The Levy distribution is used to calculate the global search percentage in the original blossoming 

pollination method. This percentage represents the difference between the optimal solution and the current 

solution. By adding qualitative options that are far from the present optimal solution through uncertainty 

and unpredictability, which is given by the ratio that follows the Levy distribution, this update process may 

produce good results, but it may be constrained in variety for far solutions. Since the SSA technique's step 

size is dependent on the factor , we added a step size based on the search space as a third term to the 

original equation to create the proposed approach. As a result, the original algorithm's global search can be 
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improved, and better results are attained. For example, in the equation below, the current solutions can be 

replaced with new solutions that cover a region that is very remote from the current solution and the best 

solution. This increases the likelihood of obtaining promising solutions that enable the algorithm to 

approach the best global solution. 

 

the Levy distribution, and the original flower pollination algorithm updates the current solution by adding 

the proportion of tracking the normal distribution within the interval [0,1] from the difference between two 

sites within the current iteration that are randomly selected within the community, and this step is initially 

intended to aid the algorithm. If the community adopted a method of choosing three random solutions, and 

the percentage of addition between the two random solutions was the same percentage or value that we used 

in the global search process described above,  and this percentage is not added to the current solution but 

added to the third random solution that is chosen, the search process will be faster and more accurate. 

 

 

 

Enhanced Local Flower pollination algorithm 

Objective min or max ,  

Initialize a population of  flowers /pollen gametes with random solutions 

Find the best solution  in the initial population  

Define a switch probability   

While ( ) 

           Compute the value of  by eq(7) 

           Evaluate the objective function of each solution  as  

           For (all  flowers in the population) 

                  

                 If rand<p 

                     Calculate L which obeys a Levy distribution 

                     Global pollination via   

 
                 Else 

                     Generate  from a uniform distribution in  

                     Randomly choose and from   

                     local pollination via   

 
               End if 

               Evaluate the objective function   at the solution  

               If  

                    

               End for 

               Update the best solution 

           End for 

Find the current best solution  
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End while 

 

3. Experimental Results and Analysis 

For replicating real-world issues, a wide range of unique test routines might be quite helpful. These 

functions are consistently used by researchers to gauge how effective random algorithms are. This contrasts 

the performance of the proposed algorithm with a number of sophisticated metaphysical algorithms, 

including as BAT [23], PSO [4], CSO [24], and SCA [25], and WOA [26], MFO [27], HHO [28], and SSA 

[29]. This compares ELFPA's performance with CEC2017 test functions [22]  

Start 

, Search Agents , t Inpu

no.  N,and Maxiter 

Initialize the population of ELFPA  

Set initial iteration   

by eq(7) and generate Compute the  

by eq(2) and eq(3) Compute  

evaluate the Fitness of each 

solution to and determine the 

best solution  

Calculate Fitness value of 
Candidate position 

) 

 X(i,j) =  

 
Return the Best 

solution with 

Best Fitness  

𝑡=𝑡+1 

yes 

End 

No 

yes 

No 

 

by eq(6)  Compute by eq(5) Compute  

yes No 
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in 50 dimensions. Organize the test's setup. Using the CEC2017 test functions with a dimension of 50, 

which are described in Table 1, the effectiveness of the ELFPA algorithm will be evaluated in this section. 

It is intended to demonstrate how the ELFPA algorithm performs well with various test functions by 

evaluating the enhanced algorithm using this collection of test functions. When comparing the ELFPA 

algorithm to other optimization algorithms of the same type, which include Since metaphysical algorithms 

are random, it is best to assess and contrast them unbiasedly to ensure that testing procedures are fair. The 

trials were carried out on an Intel Core i5-7200U (2.50 GHz) processor with 4 GB of main memory, and all 

algorithms were created in Python 3. All forms of functions, including monotony, multimodality, hybridity, 

and compositeness, are covered by the test functions. 

50 dimensions have been used with CEC 2017 issues and test functions as shown in Table.1. We repeat 

each test 30 times, concentrating on each distinct function, to make sure that all of our tests are accurate, 

performed consistently, and fairly. The maximum number of iterations and population size (N) are specific 

to each experiment (maximum). 

Table 1. CEC 2017 benchmark function. 

Type Fun Function name Fmin 

U F1 Shifted and rotated bent cigar function 100 

U F2 Shifted and rotated Zakharov 300 

M F3 Shifted and rotated ROSENBROCKS 400 

M F4 Shifted and rotated restrains 500 

M F5 Shifted and rotated expanded scoffers f6 600 

M F6 Shifted and rotated Lunacek bi -restrains 700 

M F7 Shifted and rotated non-continuous restrains 800 

M F8 Shifted and rotated levy 900 

M F9 Shifted and rotated Schwefels 1000 

H F10 Hybrid function 1 (n=3) 1100 

H F11 Hybrid function 2 (n=3) 1200 

H F12 Hybrid function 3 (n=3) 1300 

H F13 Hybrid function 4 (n=4) 1400 

H F14 Hybrid function 5 (n=4) 1500 

H F15 Hybrid function 6 (n=4) 1600 

H F16 Hybrid function 6 (n=5) 1700 

H F17 Hybrid function 6(n=5) 1800 
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H F18 Hybrid function 6 (n=5) 1900 

H F19 Hybrid function 6(n=6) 2000 

C F20 Composition function 1 (n=3) 2100 

C F21 Composition function 2 (n=3) 2200 

C F22 Composition function 3 (n=4) 2300 

C F23 Composition function 4 (n=4) 2400 

C F24 Composition function 5 (n=5) 2500 

C F25 Composition function 6 (n=5) 2600 

C F26 Composition function 7 (n=6) 2700 

C F27 Composition function 8 (n=6) 2800 

C F28 Composition function9 (n=3) 2900 

C F29 Composition function 10 (n=3) 3000 

 

2. Measure performance and determine parameters 

Metrics must be employed in order to compare and show the effectiveness of the ELFPA algorithm; thus, 

we will use three metrics to assess how well the suggested algorithm performs. The average of the results 

of the improvement is the first metric, and it is determined as follows: 

 

 It stands for the outcome of each development. The improvement outcomes' second measure and standard 

deviation, , are calculated as follows: 

 

In addition to the third scale, the standard deviation and median (MED), in comparison, show how stable 

the method is. A more reliable and adaptable algorithm will have a lower standard deviation, according to 

science. Table 2 lists the parameters for the ELFPA and other algorithms. The comparisons made are 

accurate since each algorithm is set up to operate in a setting that is optimal for its parameters. 

Additionally, the bolded results are the best ones. 

Table 2. Hyperparameter settings 
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Algorithm Parameter range\value 

ELFPA  

Coefficient  

[0, 1] 

[2/e, 2] 

FPA  [0, 1] 

MFO  [-1, 1] 

CSO Phi 0 

BAT Loudness, Pulse rate 

Frequency minimum 

Frequency maximum 

0.5, 0.5 

0 

2 

PSO Inertia weight (wmin, wmax) 

Cognitive coefficient 

0.04, 0.09 

2 

HHO Beta 1.5 

WOA Convergence constant (a) [0, 

2] 

Coefficient (b) 1 

2 

SCA Convergence constant  [0, 2] 

SSA Coefficient  [2/e, 2] 

 

4. Numerical performance evaluation 

The results are shown in the tables, with the best result shown in bold. The ultimate values of win (W), 

draw (T), and loss (L) for each algorithm are shown in the last row of each table. Using the CEC 2017 

standard with 50 dimensions and a focus on the phases of exploration, exploitation, and the capacity to 

avoid local optimal solutions, the efficiency of the ELFPA was compared to the efficiency of various 

improvers. Additionally, the overall performance of ELFPA is contrasted with that of comparable 

algorithms. 

Table 3. Results of Unimodal functions for the ELFPA vs some recent techniques. 

Fu

n 

Criteria CSO SSA PSO WOA BAT HHO SCA MFO FPA ELFPA 

F1 avg 1.81E+12 3.08E+09 1.52E+11 1.16E+10 1.36E+12 7.10E+11 5.28E+11 4.88E+11 2.55E+12 9950.32 

 std 2.192E+11 2.537E+09 4.952E+10 4.472E+09 3.237E+10 7.922E+10 5.719E+10 1.969E+11 3.180E+11 9.664E+03 

 med 1.779E+12 3.430E+09 1.549E+11 1.010E+10 7.765E+10 7.318E+11 5.219E+11 5.181E+11 2.589E+12 4.980E+04 
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4.1 Capabilities for exploitation analyses and exploration 

The test functions F1 and F2 are single-minimum value functions, and the efficiency of the proposed 

algorithm ELFPA is tested in the exploitation process by applying the algorithm to these two functions. The 

results showed the superiority of the algorithm in these functions, which confirms that the algorithm is very 

efficient in exploitation by achieving a strong ability to solve these Problems and reaching the optimal 

solution, and this is evident from Table 3 Also, Figure 2 shows the convergence of the algorithm compared 

to other algorithms. 

As for testing the ability of the algorithm to solve multimodal optimization issues, which are the functions 

that include more than one minimum value, which are the F3_F9 functions, the results of the algorithm were 

very strong, and this can be seen in Table 4 as well as Figure 3, which shows the algorithm’s convergence 

compared to other algorithms, and this shows the strength of the algorithm in exploration and obtaining new 

solutions. 

F2 avg 469217.6 109430.5 163000.6 193137.4 4181579 203536.7 145726.5 300850.9 615757.4 272714 

 Std 1.585E+06 2.506E+04 2.967E+04 6.001E+04 1.505E+04 2.757E+04 2.341E+04 1.047E+05 7.499E+04 5.892E+04 

 med 3.806E+05 1.095E+05 1.616E+05 1.825E+05 8.602E+04 2.003E+05 1.420E+05 2.793E+05 6.229E+05 2.596E+05 

ran

k 

W/T/L 0/0/2 1/0/1 0/0/2 0/0/2 0/0/2 0/0/2 0/0/2 0/0/2 0/0/2 1/0/1 

Fun Criteria CSO SSA PSO WOA BAT HHO SCA MFO FPA ELFPA 

F3 avg 66998.4 800.18 4753.17 1153.63 52324.62 21138.93 8630.45 5358.94 126831.3 587.44 

 std 1.402E+04 9.771E+01 1.296E+03 1.460E+02 4.641E+02 4.230E+03 1.756E+03 3.475E+03 2.009E+04 3.358E+01 

 med 6.602E+04 7.918E+02 4.930E+03 1.123E+03 1.190E+03 2.077E+04 8.607E+03 4.342E+03 1.303E+05 5.969E+02 

F4 avg 1464.14 846.29 973.99 976.4 1176.15 951.15 1091.82 990.8 1704.29 579.93 

 std 6.610E+01 7.137E+01 6.156E+01 7.472E+01 4.057E+01 3.603E+01 3.351E+01 9.151E+01 7.674E+01 1.354E+01 

Fig. 2 ELFPA for F1 and F2 Convergence curves and other traditional algorithms during 2500 iterations 
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Table 4. Results of Multi-unimodal functions for the ELFPA vs some recent techniques. 

As for testing the ability of the algorithm to solve multimodal optimization issues, which are the functions 

that include more than one minimum value, which are the F3_F9 functions, the results of the algorithm were 

very strong, and this can be seen in Table 4 as well as Figure 3, which shows the algorithm’s convergence 

compared to other algorithms, and this shows the strength of the algorithm in exploration and obtaining new 

solutions. 

In addition to testing the strength of the proposed algorithm in the process of exploitation and exploration, 

the capabilities of the algorithm were tested in the process of balancing between these two processes, and 

therefore the functions F10-F19 are the functions designated for this purpose. The results of the algorithm in 

these countries were very excellent compared to other algorithms as in Table 5 And also Figure 4, which 

shows the closeness ratio of the algorithm compared to other algorithms within these functions, which 

confirms the power of the algorithm in the balance between exploitation and exploration. 

 

 

 

 

 

 med 1.486E+03 8.457E+02 9.729E+02 9.589E+02 7.339E+02 9.484E+02 1.095E+03 9.703E+03 1.713E+03 5.671E+02 

F5 avg 769.98 685.59 684.8 718.45 711.76 702.1 699.78 689.39 808.64 604.84 

 std 1.194E+01 1.113E+01 8.197E+00 1.568E+01 1.041E+01 6.522E+00 5.907E+00 1.282E+01 1.147E+01 2.336E+01 

 med 7.734E+02 6.834E+02 6.856E+02 7.190E+02 6.340E+02 7.025E+02 6.981E+02 6.871E+02 8.092E+02 6.050E+02 

F6 avg 4193.63 1461.41 1514.89 1791.32 3002.68 1749.65 1707.13 2173.39 6170.34 857.71 

 std 2.826E+02 1.626E+02 7.016E+01 9.950E+01 1.004E+02 5.799E+01 7.866E+01 5.200E+02 3.970E+02 2.179E+01 

 med 4.111E+03 1.435E+03 1.496E+03 1.780E+03 1.098E+03 1.773E+03 1.714E+03 2.121E+03 6.237E+03 8.516E+02 

F7 avg 1790.8 1182.11 1250.4 1253.28 1745.96 1205.97 1405.86 1403.36 2040.57 879.49 

 std 7.072E+01 7.845E+01 5.276E+01 5.448E+01 8.739E+01 3.710E+01 3.010E+01 7.913E+01 8.556E+01 1.378E+01 

 med 1.774E+03 1.179E+03 1.246E+03 1.255E+03 1.037E+03 1.200E+03 1.411E+03 1.373E+03 2.051E+03 8.788E+02 

F8 avg 70048.41 15780.9 19896.09 28484.07 16486.89 14882.34 25728.7 18673.84 104988 960.79 

 std 1.002E+04 3.043E+03 3.964E+03 8.005E+03 4.102E+03 1.171E+03 4.033E+03 5.450E+03 1.333E+04 3.800E+01 

 med 7.268E+04 1.459E+04 2.026E+04 2.641E+04 1.189E+04 1.463E+04 2.542E+04 1.782E+04 1.043E+05 9.477E+02 

F9 avg 15720.22 8708.89 14571.83 11940.56 11469.7 11395.55 15019.39 8900.26 15272.34 7237.95 

 std 5.936E+02 8.483E+02 7.082E+02 1.400E+03 2.588E+03 1.303E+03 3.663E+02 1.228E+03 5.108E+02 8.830E+02 

 med 1.578E+04 8.008E+03 1.469E+04 1.196E+04 7.076E+03 1.111E+04 1.506E+04 8.895E+03 1.529E+04 7.116E+03 

rank W/T/L 0/0/7 0/0/7 0/0/7 0/0/7 0/0/7 0/0/7 0/0/7 0/0/7 0/0/7 7/0/0 
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Fun Criteri

a 

CSO SSA PSO WOA BAT HHO SCA MFO FPA ELFPA 

F10 avg 50469.2 2449.69 4504.52 2782.58 92218.77 16365.74 8828.7 22276.62 93327.88 1376.93 

 std 1.426E+0

4 

5.261E+0

2 

1.191E+0

3 

6.232E+0

2 

1.923E+0

3 

2.679E+0

3 

1.956E+0

3 

1.646E+0

4 

1.596E+0

4 

6.071E+0

1 

 med 4.817E+0

4 

2.402E+0

3 

4.120E+0

3 

2.677E+0

3 

4.662E+0

3 

1.719E+0

4 

8.579E+0

3 

1.725E+0

4 

9.404E+0

4 

1.387E+0

3 

F11        avg 9.00E+11 2.56E+09 3.76E+10 6.61E+09 7.07E+11 3.84E+11 1.22E+11 6.28E+10 1.13E+12 3.47E+0

8 

 std 2.132E+1

1 

2.641E+0

9 

1.675E+1

0 

3.649E+0

9 

1.301E+1

0 

1.112E+1

1 

2.931E+1

0 

4.455E+1

0 

1.478E+1

1 

3.012E+0

8 

 Med 8.373E+1

1 

1.834E+0

9 

3.448E+1

0 

5.755E+0

9 

5.699E+0

9 

3.967E+1

1 

1.243E+1

1 

4.834E+1

0 

1.160E+1

2 

2.814E+0

8 

F12 avg 5.67E+11 147799.2 5.64E+09 1.8E+08 4.99E+11 1.70E+11 4.21E+10 2.33E+10 6.13E+11 122560.5 

 std 2.047E+1

1 

6.688E+0

4 

3.459E+0

9 

2.499E+0

8 

1.131E+0

9 

1.173E+1

1 

1.563E+1

0 

2.875E+1

0 

7.107E+1

0 

5.854E+0

4 

 med 5.895E+1

1 

9.423E+0

4 

4.518E+0

9 

1.125E+0

8 

1.139E+0

9 

1.409E+1

1 

3.750E+1

0 

7.490E+0

9 

6.323E+0

8 

2.814E+0

8 

F13 avg 1.8E+08 687403 1178547 2291624 1.39E+08 3040895

2 

4859968 2359651 3931085

7 

135729.5 

 std 9.520E+0

7 

7.672E+0

5 

1.201E+0

6 

1.707E+0

6 

8.484E+0

5 

3.166E+0

7 

3.373E+0

6 

4.014E+0

6 

1.400E+0

7 

1.482E+0

5 

 med 1.040E+0

8 

5.727E+0

5 

6.766E+0

5 

2.127E+0

6 

6.438E+0

5 

1.999E+0

7 

3.737E+0

6 

1.033E+0

6 

3.675E+0

7 

1.110E+0

5 

F14 avg 1.64E+11 74358.9 1.03E+08 2669228

9 

1.08E+11 1.94E+10 6E+09 1.53E+09 2.55E+11 94143.94 

 std 6.306E+1

0 

3.138E+0

4 

9.247E+0

7 

4.638E+0

7 

1.330E+0

9 

1.468E+1

0 

2.984E+0

9 

2.910E+0

9 

6.767E+1

0 

4.442E+0

4 

 med 1.464E+1

1 

5.368E+0

4 

6.167E+0

7 

6.974E+0

6 

5.678E+0

6 

1.708E+1

0 

5.575E+0

9 

3.652E+0

5 

2.625E+1

1 

8.261E+0

4 

F15 avg 11158.38 4037.96 4501.68 5515.57 10049.51 7402.1 5858.66 4471.31 12723.78 2805.54 

 std 1.748E+0

3 

5.624E+0

2 

6.527E+0

2 

8.221E+0

2 

5.171E+0

2 

1.753E+0

3 

4.389E+0

2 

5.127E+0

2 

8.793E+0

2 

3.704E+0

2 

 med 1.087E+0

4 

3.842E+0

3 

4.574E+0

3 

5.421E+0

3 

3.145E+0

3 

7.033E+0

3 

5.916E+0

3 

4.468E+0

3 

1.281E+0

4 

2.771E+0

3 

F16 avg 61252.86 3683.91 3426.7 4192.94 148244.1 5216.22 4709.87 4534.96 2791807 2532.01 

 std 1.634E+0

5 

3.799E+0

2 

3.704E+0

2 

4.726E+0

2 

2.495E+0

2 

1.085E+0

3 

2.911E+0

2 

1.526E+0

3 

1.943E+0

6 

2.421E+0

2 

 med 7.325E+0

4 

3.568E+0

3 

3.375E+0

3 

4.113E+0

3 

2.855E+0

3 

4.952E+0

3 

4.716E+0

3 

4.182E+0

3 

2.403E+0

6 

2.527E+0

3 

F17 avg 4.47E+08 5141403 7889465 1632870

7 

4.53E+08 7121286

5 

2754321

7 

1294000

8 

2.54E+08 1762044 

 std 2.342E+0

8 

4.167E+0

6 

5.373E+0

6 

1.274E+0

7 

1.130E+0

7 

4.117E+0

7 

1.397E+0

7 

1.501E+0

7 

9.834E+0

7 

1.464E+0

6 

 med 3.408E+0

8 

4.547E+0

6 

6.203E+0

6 

1.167E+0

7 

3.500E+0

6 

5.392E+0

7 

2.351E+0

7 

9.159E+0

6 

2.455E+0

8 

1.220E+0

6 

F18 avg 6.1E+10 1705361

3 

1.57E+08 2907309

2 

17754.6 7.66E+09 3.74E+09 8.19E+08 1.12E+11 922549.4 

 std 2.695E+1

0 

1.984E+0

7 

2.194E+0

8 

6.049E+0

7 

8.186E+0

7 

8.203E+0

9 

1.666E+0

9 

2.304E+0

9 

2.759E+1

0 

8.978E+0

5 

 med 7.234E+1 8.922E+0 6.868E+0 1.058E+0 5.009E+0 6.083E+0 3.407E+0 3.988E+0 1.187E+1 7.397E+0
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Fig. 3 ELFPA for F3 – F9 Convergence curves and other traditional algorithms during 2500 iterations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 6 7 7 6 9 9 7 1 5 

F19 avg 4560.53 3255.36 3812.37 3765.37 4237.13 3521.72 4007.32 3843.33 4703.76 2734.93 

 std 2.392E+0

2 

2.869E+0

2 

3.241E+0

2 

3.512E+0

2 

4.889E+0

2 

2.806E+0

2 

1.611E+0

2 

2.922E+0

2 

1.384E+0

2 

2.029E+0

2 

 med 4.499E+0

3 

3.235E+0

3 

3.884E+0

3 

3.813E+0

3 

3.144E+0

3 

3.596E+0

3 

4.007E+0

3 

3.797E+0

3 

4.734E+0

3 

2.732E+0

3 

rank w/t/l 0/0/10 1/0/9 0/0/9 0/0/10 1/0/9 0/0/10 0/0/10 0/0/10 0/0/10 8/0/2 
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 Table 5. Results of Hybrid functions for the ELFPA vs some recent techniques. 

Table 6. Results of Composition functions for the ELFPA vs some recent techniques. 

Fun Criteri

a 

CSO SSA PSO WOA BAT HHO SCA MFO FPA ELFP

A 

F20 avg 3394.65 2631.47 2813.24 2959.14 3150.5 3035.39 2908.03 2787.96 3561.62 2375.6

2 

 std 1.339E+0

2 

6.514E+0

1 

4.596E+0

1 

1.013E+0

2 

5.125E+0

1 

8.516E+0

1 

4.460E+0

1 

7.420E+0

1 

1.004E+0

2 

1.291E

+01 

 Med 3.413E+0

3 

2.646E+0

3 

2.819E+0

3 

2.953E+0

3 

2.530E+0

3 

3.014E+0

3 

2.903E+0

3 

2.781E+0

3 

3.576E+0

3 

2.377E

+03 

F21 avg 17427.72 9703.5 15929.13 13273.57 13899.39 13398.6 16654.28 10489.39 17047.9 8449.8

1 

 std 6.786E+0

2 

1.850E+0

3 

1.745E+0

3 

1.324E+0

3 

2.528E+0

3 

1.208E+0

3 

4.319E+0

2 

1.010E+0

3 

3.105E+0

4 

9.450E

+02 

 med 1.746E+0

4 

1.031E+0

4 

1.639E+0

4 

1.348E+0

4 

8.790E+0

3 

1.333E+0

4 

1.674E+0

4 

1.068E+0

4 

1.704E+0

4 

8.517E

+03 

F22 avg 4962.48 3182.71 3442.9 3721.23 4617.8 4233.77 3590 3230.58 4369.76 2813.2

3 

 std 3.582E+0

2 

9.997E+0

1 

8.097E+0

1 

1.883E+0

2 

9.548E+0

1 

2.132E+0

2 

7.492E+0

1 

7.564E+0

1 

7.429E+0

1 

1.830E

+01 

 med 4.972E+0

3 

3.147E+0

3 

3.451E+0

3 

3.751E+0

3 

2.989E+0

3 

4.207E+0

3 

3.578E+0

3 

3.219E+0

3 

4.366E+0

3 

2.811E

+02 

F23 avg 5568.49 3264.89 3663.53 3776.15 4863.85 4496.28 3774.79 3245.59 4246.09 2989.8

5 

 std 5.384E+0

2 

9.187E+0

1 

7.984E+0

1 

1.723E+0

2 

1.376E+0

2 

2.405E+0

2 

6.064E+0

1 

5.091E+0

1 

5.547E+0

1 

2.092E

+01 

 med 5.434E+0

3 

3.270E+0

3 

3.653E+0

3 

3.773E+0

3 

3.165E+0

3 

4.486E+0

3 

3.768E+0

3 

3.243E+0

3 

4.253E+0

3 

2.990E

+03 

F24 avg 32360.55 3308.2 5747.74 3486.85 25086.01 10165.09 7382.41 6354.31 64870.05 3052.4

9 

 std 6.108E+0

3 

8.815E+0

1 

6.977E+0

2 

1.335E+0

2 

4.286E+0

2 

9.735E+0

2 

7.762E+0

2 

3.849E+0

3 

1.022E+0

4 

2.246E

+01 

 med 7.154E+0

4 

6.000E+0

3 

1.169E+0

4 

5.534E+0

3 

4.604E+0

4 

1.981E+0

4 

1.746E+0

4 

1.161E+0

4 

6.396E+0

4 

3.048E

+03 

F25 avg 24868.14 8193.6 10853.3 13984.83 21653.95 14922.57 12815.13 9048.23 22207.85 4637.7

1 

 std 2.820E+0

+ 

2.675E+0

3 

7.221E+0

2 

1.215E+0

3 

7.765E+0

2 

7.011E+0

2 

4.847E+0

2 

8.458E+0

2 

9.439E+0

2 

1.651E

+02 

 med 2.562E+0

4 

8.475E+0

3 

1.081E+0

4 

1.417E+0

4 

6.629E+0

3 

1.479E+0

4 

1.277E+0

4 

8.941E+0

3 

2.235E+0

4 

4.638E

+03 

F26 avg 8032.7 3809.11 4606.11 4285.97 3200.01 6350.56 4578.91 3646.24 5001.54 3432.7

3 

 std 1.113E+0

3 

1.688E+0

2 

1.867E+0

2 

4.691E+0

2 

1.018E+0

2 

9.094E+0

2 

1.743E+0

2 

1.230E+0

2 

2.435E+0

2 

9.904E

+01 

 med 8.130E+0

3 

3.864E+0

3 

4.684E+0

3 

4.151E+0

3 

3.640E+0

3 

6.339E+0

3 

4.608E+0

3 

3.658E+0

3 

4.992E+0

3 

3.416E

+03 
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In addition to the above, it is necessary to test the strength of the algorithm in complex or complex 

functions, and these functions are F20-F29. The results of the proposed algorithm within these countries 

were very superior to other algorithms, which confirms that it is one of the strong algorithms, and this can 

be seen through Table 6 and Figure 5 as well, which Shows the algorithm's affinity compared to other 

algorithms 

 

 

 

 

 

 

 

 

 

 

 

 

 

F27 avg 18662.53 3790.64 5610.76 4264.04 3300.01 9890.64 7309.72 8507.42 17611.1 3358.6

9 

 std 2.195E+0

3 

2.585E+0

2 

5.386E+0

2 

2.741E+0

2 

5.211E+0

2 

8.839E+0

2 

6.693E+0

2 

1.117E+0

3 

1.165E+0

3 

3.264E

+01 

 med 1.847E+0

4 

3.751E+0

3 

5.717E+0

3 

4.245E+0

3 

40404E+0

3 

9.849E+0

3 

7.295E+0

3 

8.865E+0

3 

1.764E+0

4 

3.359E

+03 

F28 avg 437524.5 6309.82 7034.7 8313.3 412148.1 28187.87 8006.84 5752.27 46046.67 4238.8

4 

 std 1.062E+0

6 

7.372E+0

2 

8.103E+0

2 

9.872E+0

2 

3.547E+0

2 

2.448E+0

4 

8.454E+0

2 

6.151E+0

2 

3.324E+0

4 

3.018E

+02 

 Med 2.641E+0

5 

6.215E+0

3 

7.157E+0

3 

8.264E+0

3 

4.812E+0

3 

1.969E+0

4 

7.943E+0

3 

5.622E+0

3 

3.178E+0

4 

4.220E

+03 

F29 avg 1.09E+11 4.84E+08 8.97E+08 5.83E+08 8.86E+10 1.25E+10 6.1E+09 1.87E+09 1.29E+11 882459

92 

 std 4.397E+1

0 

2.303E+0

8 

5.753E+0

8 

3.097E+0

8 

2.399E+0

8 

7.920E+0

9 

1.983E+0

9 

3.894E+0

9 

2.765E+1

0 

3.493E

+07 

 med 9.897E+1

0 

5.117E+0

8 

7.147E+0

8 

5.299E+0

8 

3.399E+0

8 

9.554E+0

9 

6.234E+0

9 

1.181E+0

8 

1.350E+1

1 

7.980E

+07 

Rank w/t/l 0/0/10 0/0/10 0/0/10 0/0/10 2/0/8 0/0/10 0/0/10 1/0/9 0/0/10 8/0/2 
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Fig. 4 ELFPA for F10 – F19 Convergence curves and other traditional algorithms during 2500 iterations 
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Fig. 3 ELFPA for F20 – F29 Convergence curves and other traditional algorithms during 2500 

iterations 
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5. Conclusion and future work 

An improved version of the Flower Pollination Algorithm has been presented, called the ELFPA (Effective 

Local Flower Pollination Algorithm). The ELFPA algorithm effectively addresses the shortcomings of FPA, 

such as premature convergence and a lack of exploration-exploitation balance, by incorporating efficient 

local search mechanisms, such as a parameter balanced between exploitation and exploration, and using the 

mechanism of the random solution. 

 The performance of ELFPA has been extensively evaluated experimentally on benchmark functions, 

including the CEC 2017 test suite, and compared to other cutting-edge metaheuristic algorithms. The results 

show that in terms of convergence speed, ability to escape local optima, and solution efficiency, ELFPA 

beats the original FPA and other methods. The suggested method demonstrates its superiority in handling 

complex global optimization issues, making it a potential optimizer for practical use. 

 The effective use of ELFPA as a feature selection algorithm emphasizes the algorithm's adaptability and 

efficiency in addressing a range of optimization problems. The suggested ELFPA algorithm can be tested 

and used to handle a variety of real-world issues in the future. The study's encouraging findings urge more 

research and possible ELFPA improvements to advance the field of swarm intelligence optimization. 
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Abstract 

The research encompassed the synthesis of 2-(4-nitrophenyl) acetohydrazide through the reaction between ethyl 2-(4-nitrophenyl) 

acetate and hydrazine. Subsequently, Schiff bases were derived from the interaction between 2-(4-nitrophenyl) acetohydrazide 

and various aromatic aldehyde derivatives. Additionally, quinazoline was synthesized by reacting the Schiff bases with 2-

aminobenzoic acid. The structural characterization of the compounds was achieved using an array of analytical techniques 

including melting point determination, color assessment, Nuclear Magnetic Resonance spectroscopy (1H-NMR and 13C-NMR), 

and Fourier-Transform Infrared (FT-IR) spectroscopy. These analyses were conducted to confirm the structural attributes of the 

compounds. Furthermore, the biological activity of the synthesized compounds was evaluated against two bacterial strains, 

namely Escherichia coli and Staphylococcus aureus. 

Keywords: Quinazoline, Hydrazones, Hydrazide, Biological activity. 

 

1. Introduction 

Quinazoline represents a class of bicyclic heterocyclic compounds incorporating a pyrimidine system. 

These compounds are distinguished by their significant biological activities, rendering them of great 

interest. Their diverse medicinal properties have been well-documented, including remarkable effects as 

anticancer agents [1], antioxidants [2], anti-inflammatory agents [3,4], antimalarials [5,6], antiviral agents 

[7], and antimicrobial agents [8]. Hydrazones, classified as pivotal organic compounds, possess the general 

structure (R1R2C=N-NH2), originating from aldehydes and ketones wherein the oxygen atom is replaced 

by the functional group (N-NH2). Typically synthesized through hydrazine-aldehyde/ketone reactions, the 

C=N linkage is crucial for their biological activity. Hydrazones have gained significant attention in 

pharmacy due to their potent biological properties, including antibacterial [9], antifungal [10], anticancer 

[11], anti-inflammatory [12], antioxidant [13], antidiabetic [14], anxiolytic [15], and antimalarial activities 

[16]. Hydrazides, with their versatile nature, serve as valuable precursors in heterocyclic system synthesis. 

In medicinal chemistry, hydrazide-hydrazones continue to captivate interest due to their extensive array of 

biological attributes, spanning antidiabetic [17], antimalarial [18], anticancer [19], antifungal [20], 

antioxidant [21], anti-inflammatory, and anxiolytic [22]. 

 

2. Experimental: 

All chemicals and solvents employed were sourced from Aldrich and Fluka and were used without further 

purification. Melting points were measured using an open capillary tube on a Stuart melting point apparatus. 

Infrared spectra were obtained using a Shimadzu FTIR-8100 spectrophotometer with KBr discs, while 1H 

NMR spectra were acquired on an MHZ spectrometer using DMSO-d6 as the solvent. Reaction monitoring 

and compound purity verification were conducted using thin-layer chromatography (TLC) on silica gel-

coated alumina sheets (type 60 F254 Merck, Darmstadt, Germany). 

2.1. Preparation of Hydrazide: 

A solution of 0.01 mol of the ester (4-nitrophenyl acetate) in 20 ml of absolute ethanol was prepared. To 

this solution, 0.04 mol of aqueous hydrazine was added, and the mixture was heated for 4 hours. After 

cooling, the solution was concentrated by half. The resulting precipitate was filtered and dried [23, 24]. 

2.2. Preparation of Hydrazones: 

Equal moles of the prepared hydrazide compound (AB1) were mixed with an aromatic substituent for 

benzaldehyde in 20 ml of absolute ethanol. A drop of acetic acid was added to the mixture, which was 

stirred continuously for 3 hours. Following this, the solution was concentrated, the precipitate was filtered, 

and recrystallization was carried out using ethanol [25, 26]. Physical properties of the synthesized 

compounds [AB2-AB8] are presented in Table 1. 

2.3. Preparation of Quinazoline: 
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Equal moles of the hydrazone prepared with ortho-aminobenzoic acid were dissolved in 20 ml of absolute 

ethanol. Gradually, 3 drops of triethylamine were added with stirring, and the mixture was allowed to 

escalate for 6 hours in a water bath with continuous stirring. The resulting solution was then treated with 10 

percent sodium bicarbonate. Filtration, drying, and recrystallization steps were performed to obtain 

quinazoline compounds [27, 28]. Table 1 lists the physical properties of the prepared compounds [AB23-

AB29]. 

2.4. Biological Activity Evaluation: 

Biological activity assessment was conducted using the propagation method and the Kirby-Bauer diffusion 

method. In the Kirby-Bauer method, 0.1 ml of bacterial suspension was spread on Mueller-Hinton agar 

plates and allowed to absorb for 5 minutes. Subsequently, wells of 5 mm diameter were created on each 

plate using a cork borer, and 0.1 ml of the prepared solutions was added to the fourth well as the control 

sample using DMSO. The plates were then incubated for 24 hours at 37°C [29, 30]. The diameters of 

inhibition zones around each well were measured in millimeters following the Prescott method. 

 

3. Results and Discussion 

3.1. FT-IR spectrum 

Confirmation of the reaction involving the hydrazide derivatives [AB1] was achieved through the 

observation of alterations in physical characteristics such as melting point and significant color changes. 

The melting point was recorded at (168-170) ºC, and the product displayed a light-yellow hue. A favorable 

yield of 85% was obtained. Moreover, the identity of the hydrazide derivatives [AB1] was established via 

infrared spectra (IR) and nuclear magnetic resonance (1H,13C-NMR) measurements. The infrared spectrum 

of [AB1] revealed absorption bands at (3033) cm-1 for aromatic (CH) bonds, (3188) cm-1 for stretching 

(NH) bonds, and (3305) cm-1 and (3409) cm-1 for (NH2) stretching [31]. A decline in the carbonyl group 

(C=O) frequency, indicating its association with [NH-NH2] groups, was observed at (1656) cm-1. The 

infrared spectrum also displayed bands at (1610) cm-1 and (1413) cm-1 corresponding to (C=C) aromatic 

bonds [32]. 

The identification of prepared hydrazones (AB2-AB8) was based on changes in physical properties, such as 

color and melting point, and supported by infrared spectra (IR) measurements. The IR spectrum displayed 

absorption bands corresponding to (NH) stretching (3180-3247) cm-1 [33], (Ar-H) stretching (3056-3084) 

cm-1, (C=O) stretching (1660-1670) cm-1, and (C=N) stretching (1600-1618) cm-1 [34]. 

The infrared spectrum of quinazoline derivatives (AB23-AB29) exhibited absorption bands corresponding 

to (N-H) stretching (3186-3257) cm-1, (Ar-H) stretching (3058-3076) cm-1, (C=O) stretching (1664-1674) 

cm-1 [35], (C=O) stretching of the quinazoline ring (1604-1616) cm-1, (C=C) aromatic bond stretching 

(1413-1558) cm-1, and (C-N) extension (1223-1267) cm-1. 

3.2. 1H-NMR spectrum 

The proton nuclear magnetic resonance (1H-NMR) spectrum of compound (AB1) displayed signals at 

(3.725) ppm for (CH2) protons [36], (4.31) ppm for a proton (NH2), (9.31) ppm for a proton (NH) [37], and 

multiple signals within (7.53-8.57) ppm attributed to aromatic ring (Ar-CH) protons. 

The proton nuclear magnetic resonance (1H-NMR) spectrum of compound (AB4) indicated signals at (4.2) 

ppm for (CH2) protons, (11.29) ppm for a proton (NH) [38], (8.26) ppm for a proton (N=CH), and (3.014) 

ppm for a proton (CH3), along with multiple signals within (6.77-8.11) ppm related to the aromatic ring (Ar-

CH) protons. 

The proton nuclear magnetic resonance (1H-NMR) spectrum of compound (AB25) displayed signals at 

(4.18) ppm for (CH2) protons, (11.30) ppm for a (NH) proton, (7.53) ppm for a (NH) proton of the 

quinazoline ring, (6.80) ppm for a (CH) proton, and (3.01) ppm for a (CH3) proton, along with signals 

within (7.54-8.27) ppm associated with the aromatic rings (Ar-CH) [39]. 

3.3. 13C-NMR spectrum 

The carbon nuclear magnetic resonance (13C-NMR) spectrum of compound (AB1) showed signals at (39.9) 

ppm for carbon (CH2), (168.9) ppm for carbon (C=O), and multiple signals in the range (123.4-146.7) ppm 

corresponding to carbons in the aromatic ring (Ar-CH) [40]. 
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The carbon nuclear magnetic resonance (13C-NMR) spectrum of compound (AB4) revealed signals at (41.3) 

ppm for carbon (CH2) [41], (151.9) ppm for carbon (CH), (172.2) ppm for carbon (C=O), and signals in the 

range (112.2-146.1) ppm corresponding to carbons in the aromatic ring (Ar-CH). 

The carbon nuclear magnetic resonance (13C-NMR) spectrum of compound (AB25) indicated signals at 

(41.3) ppm for carbon (CH2), (112.3) ppm for carbon (CH) [42], (171.1) ppm for carbon (C=O), (165.3) 

ppm for carbon (C=O) of the quinazoline ring, and (39.3) ppm for carbon (CH3) [43], along with signals 

within the range (121.8-151.9) ppm corresponding to carbons in the aromatic ring (Ar-CH). 

3.6. Evaluation of the biological activity of prepared compounds: 

Compounds with heterocyclic rings are characterized by different biological activity against Gram-positive 

and Gram-negative bacteria, so the biological activity of compounds prepared in this study was evaluated on 

two types of bacteria, which are as follows: Escherichia coli and Staphylococcus aureus. Spreading on Petri 

dishes using Mueller Huntington medium for compounds prepared at concentrations (0.01, 0.001, 0.0001 

mg/ml) and the diameter of the inhibition zone was determined in millimeters [44]. The results were 

compared with a standard antibiotic. When comparing the effect of these compounds, it was noticed that the 

prepared compounds had a clear effect against the first type of bacteria compared to the other type [45]. 

Some of them had a clear effect against the second type of bacteria compared to the other type, which did 

not appear for any of the prepared compounds to affect them, as shown in tables (3). From the table below, 

compounds with strong efficacy and inhibition can treat diseases caused by the aforementioned studied 

bacteria after conducting histological and anatomical studies of the prepared compounds [46]. Antibiotic 

amoxicillin was used as a control sample, depending on what is used in the Ministry of Health laboratories 

and based on the World Health Organization examinations [47]. 

 

Table (1) shows some of the physical properties of (AB2-AB8) and (AB2-AB8). 

Comp. No. Z Molecular Formula M.P ℃ Yield % Color 

AB2 4-F C15H12N3O3F 178-180 80 White 

AB3 2,3-Cl C15H11N3O3Cl2 203-205 78 Yellow 

AB4 4-N(CH3)2 C17H18N4O3 190-192 75 Red 

AB5 4-Cl C15H12N3O3Cl 227-229 75 White 

AB6 4-NO2 C15H12N4O5 240-242 72 White 

AB7 4-Br C15H12N3O3Br 209-211 67 White 

AB8 4-OCH3 C16H15N3O4 219-221 55 Brown 

AB23 4-F C22H17N4O4F 188-190 45 Yellow 

AB24 2,3-Cl C22H16N4O4Cl2 206-208 44 Yellow 

AB25 4-N(CH3)2 C24H23N5O4 208-210 40 Orange 

AB26 4-Cl C22H17N4O4Cl 232-234 42 White 

AB27 4-NO2 C22H17N5O6 230-232 41 White 

AB28 4-Br C22H17N4O4Br 250-252 40 White 
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AB29 4-OCH3 C23H20N4O4 198-200 42 Yellow 

Table (2): Results of the FT-IR spectrum (cm-1) for (AB2-AB8) and (AB2-AB8). 

Comp. Z NH Ar-H C=O C=N C=C Ar C-N Others 

AB2 4-F 3180 3082 1666 1604 1512, 1400 1228 C-F 1014 

AB3 2,3-Cl 3199 3056 1670 1612 1544, 1450 1259 C-Cl 784 

AB4 4-N(CH3)2 3189 3087 1667 1608 1550, 1462 1283 CH3 2842, 2970 

AB5 4-Cl 3194 3078 1668 1613 1555, 1427 1287 C-Cl 781 

AB6 4-NO2 3182 3083 1670 1591 
1515, 1440 

1261 
NO2 

1344, 1392 

AB7 4-Br 3180 3078 1666 1606 1515, 1485 1263  C-Br 676 

AB8 4-OCH3 3247 3074 1674 1604 1546, 1458 1255  C-O-C 1166 

Comp. Z N-H Ar-H C=O C=O cycle  C=C-Ar C-N Others 

AB23 4-F 3257 3072 1674 1604 1544, 1413 1234  C-F 1064 

AB24 2,3-Cl 3197 3058 1670 1616 1544, 1452 1243 C-Cl 864 

AB25 4-N(CH3)2 3205 3054 1667 1613 1543, 1446 1239 CH3 2852, 2968 

AB26 4-Cl 3232 3056 1664 1614 1558, 1477 1267 C-Cl 867 

AB27 4-NO2 3186 3082 1668 1609 1515, 1446 1261  NO2 1344, 1396 

AB28 4-Br 3184 3070 1666 1610 1515, 1487 1265 C-Br 582 

AB29 4-OCH3 3245 3076 1670 1606 1546, 1421 1249 C-O-C 1184 

Table (3): Result of the biological activity test of the selected compounds against bacterial species 

measured in millimeters around the agar pit loaded with chemical compounds. 

for bacterial 

species 

Solution 

number 

S. marscence S. pyogenes E. coli Moraxella 

10-1 10-2 10-3 10-1 10-2 10-3 10-1 10-2 10-3 10-1 10-2 10-3 

AB5 

Niz 

13 0 0 niz Niz 

AB6 15 0 0 19 12 12 12 0 0 

AB23 12 0 0 niz 10 0 0 
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AB25 11 0 0 14 0 0 10 0 0 

Niz 

AB26 10 0 0 13 0 0 Niz 

AB27 12 0 0 13 0 0 Niz 

AB28 
Niz 

12 0 0 11 0 0 

AB29 12 0 0 Niz 
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Figure (1) shows the work plan 
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Figure (2): FT-IR of (AB1). 

 
Figure (3): 1H-NMR of (AB1). 



 Journal of Natural and Applied Sciences URAL                                                   No: 4, Vol: 1\December\ 2023    

184 
 

 
Figure (4): 13C-NMR of (AB1). 

 
Figure (5): FT-IR of (AB2). 

 
Figure (6): FT-IR of (AB7). 
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Figure (7): 1H-NMR of (AB4). 

 
Figure (8): 13C-NMR of (AB4). 

 
Figure (9): FT-IR of (AB28). 
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Figure (10): FT-IR of (AB29). 

 
Figure (11): 1H-NMR of (AB25). 

 
Figure (12): 13C-NMR of (AB25). 
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Figure (13): Evaluation of the biological activity of prepared compounds. 

 
4. Conclusions: The accuracy and validity of the prepared compounds were confirmed through spectral and physical 

measurements, where the infrared spectrum proved the presence of active aggregates accurately, and this confirmation increased 

the nuclear magnetic resonance spectrum of the proton and carbon, which accurately agreed on the validity of the structures of the 

prepared compounds. These compounds are stable at laboratory temperature and do not degrade or change color. The prepared 

compounds showed high and good inhibitory activity against Gram-positive and Gram-negative bacteria, and the results were 

compared with control samples, which are antibiotics. 
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Abstract: A multi-criteria single-machine model is introduced in the presented work. A 

machine scheduling problem (MSP) for n jobs on a single machine was considered for 

minimizing the function of tri-criteria: total earliness , total completion time , and 

maximum tardiness , and is an NP-hard problem. In the theoretical part of this work, 

the mathematical formula for the addressed problem will be presented and then the 

importance regarding dominance rule (DR) that could be applied to the problem in order to 

improve good solutions will be shown. While in the practical part, two exact methods are 

important; a Branch and Bound algorithm (BAB) and a Complete Enumeration method are 

applied to solve the three proposed MSP criteria by finding a set of efficient solutions. The 

experimental results showed that CEM can solve problems for up  tojobs. Two    

approaches of the BAB method were applied: the first approach was BAB without 

dominance rule(DR), and the BAB method uses dominance rules to reduce the number of 

sequences that need to be considered. Also, this method can solve problems for up to 

, and the second approach BAB with dominance rule (DR),  can solve problems for 

up to jobs in a reasonable time to find  efficient solutions to this problem. In 

addition, to find good approximate solutions, two heuristic methods for solving the problem 

are proposed, the first heuristic method can solve up to  jobs, while the second 

heuristic method can solve up to  jobs.  Practical  experiments prove the good 

performance regarding the two suggested approaches. 

 

Keyword: Multi-Criteria, Multi-Objective Function, Exact Methods, Heuristic Methods. 

 

1. The introduction 

         Sheduling problems have gotten a lot of attention in literature since 1954. The 

researchers started out by focusing on just one objective function[1]. The decision-maker is 
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required to select just one objective in practical cases. There is more study being done on 

multi-criteria scheduling problems today. An overview regarding multiple and binary 

scheduling problems was published by Nagar et al.[2]. Hierarchical and concurrent 

minification are the two main structures used to resolve competing criteria[3] .The primary 

criterion is the first, and the secondary criterion is the second. In this scenario, one lowers 

the primary criterion and selects a table with the secondary criterion's minimum value. 

Pareto set will be formed in the second method, and the decision-maker will be the one with 

the optimal composite objective function[4]. In 1956 Smith published the first study on a 

topic of that type[5]. Scheduling  jobs on only one machine could only be handled in this 

study one job at a time, uninterrupted. At time zero, each job becomes accessible for 

processing, necessitating positive processing time. Also, the first and two criteria (bi-

criteria) scheduling problem was actually solved by Smith, where the problem of 

1// . In 1995, Hoogveen and Van  presented an algorithm for finding all effective 

tables for Problem 1// [4]. In 2015, Zainab and Tariq studied the problem 

1//  and fined sub-problem, also solved this problem by branch and bound 

method. In 2017, Hafed and Tariq presented a multi-objective function 

1//  and solved this problem by branch and bound[6]. In 2019, 

Hameed and Chachan attempted to solve a new multi-objective problem 

1// , they suggested the use of the BAB approach for solving the 

aforementioned problem. In 2020 Aseel et al provided a multi-criteria objective function 

1// problem in the SMSP that is solved by BAB[7]. In 2020, Ahmed and Ali 

provided the problems 1// , 1//  in the SMSP solved through 

BAB and certain heuristic approaches [8] [9]. In 2021, Anmar and Adawyia used BAB to 

solved the problem 1//   . 

The following table shows the basic problem codes that were used in the presented 

work. 

 
Table(1): some basic notations and rules for the problem. 

Abbreviations Description 

N Number of jobs  , n: No. of available jobs. 

  Processing time of the job . 

  Due date for Job . 

  Slack time for Job . 
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  Lateness time of job , . 

  Tardiness for job , , : Maximal tardiness  .   

  Earliness time for job , : Total earliness time. 

  Completion time for job , : Total completion time. 

  Objective Function of Problem, : Objective Function of Problem.      

  Multi-Objective Function, : Multi- Criteria Function.                                                   

   Branch and Bound Method With Dominance Rules, where   is the  Dominance Rules.                        

  Branch and Bound Method Without Dominance Rules.                       

SPT Shortest Processing Tim: Jobs are Sequencing in a non-decreasing order of processing times  

, this rule has been well known for minimizing  for problem 1//  [5]. 

EDD Earliest Due Date: Jobs are sequenced in non-decreasing order regarding their due dates 

, this rule utilized for minimizing   for problem 1//  [10]. 

MST Minimum Slack Time: Jobs are sequenced in a non-decreasing order regarding their slack time 

 . For minimizing   with the use of this rule [4]. 

EFSO Efficient Solution [7]: A schedule  is known as efficient solution or Pareto optimal or (non-

dominated) If cannot found another schedule  satisfying , With at least 

one of the above considered a strict disparity. Another way is that  is dominated by  [11]. 

 

This paper introduces three-criteria scheduling problems and starts with some basic 

scheduling concepts for multi-criteria problems. The basic rules are introduced, and the 

dominance rule is described in Section (1). Section (2) provides information on the original 

problem and the formulation and analysis of the sub-problem. In Section(4), the exact and 

approximate methods and algorithms for solving the two problems given in the previous 

section were presented, in addition to that the experimental results of the two problems were 

presented. In Section (4) Results and Discussion. The conclusions and lists of future works 

are given in Section (5). 

 

1.1. Dominance rules in MSP[12] 

The size of search tree (i.e., number of the nodes) grows as the number of (n) 

increases in the (BAB) approach, particularly in the branching scheme. Thus, it is necessary 

to decrease this size by removing irrelevant solutions or choosing intriguing ones. The 

problem is that while the complementary subset of the solutions is being stored, one subset 

of the solutions is being rejected. The goal of dominance rules is for reducing the available 
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research on scheduling problems. Consequently, as a process for reducing search area and 

shorten search period. 

Definition[13]: The graph  depicts a finite number of the vertices or nodes  and a finite 

number of edges joining  vertices; the edge joining a vertex to itself has been referred to as 

the loop. 

Definition[13]: If  vertices make up a graph that is referred to as , then  be 

the matrix (referred to as adjacency matrix), whose  element is 1 if there is at least 

1 edge between 2 vertices  and 0 otherwise, . 

2. The Mathematical Formulation for 1//  Problem. 

The problem considered in this paper is to schedule a set of N of jobs 

 on a one–machine. Every job  has an integer processed time , due 

date .Given  schedule , then for each job  calculate the completion 

time by and  for . The tardiness of job  is defined by 

 and earliness by . Let  be a set of all of the 

feasible solutions (where a feasible schedule means it satisfies all the constraints of problem 

 that minimizes the multi-criteria , and , is a 

schedule in . The mathematical form of the problem  may be written as: 

 
Where   indicate where job  falls in ordering  and  specifies collection of all of the 

schedules. Finding the set of all of the efficient solutions to the problem is 

complicated due to the fact that it is an NP-hard problem (due to the fact that the problem 

1// is NP-hard). The aim is finding a processing order , for 
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problem for minimizing total earliness, the total completion times, and maximal 

tardiness. 

2.1 Sub problem of the  problem. 

For problem , sub-problem can be concluded: The 

1//  problem is referred to as the problem . The objective of the 

problem 1  // is to find the sequence of job processing that will minimize 

. Following is a definition of this sub-problem: 

Suppose that  is any machine schedule that is possible to formulate as follows for 

a given schedule . Assume that  is any schedule which could be 

expressed in the following way for a specific schedule : 

. 

Finding a processing order  for the jobs on one machine that minimizes 

the summation of total completion times, the total earliness, and maximal tardiness 

(where  is the set of all of the feasible solutions), is 

the aim of this problem. 

3.Methodology:  

This section is devoted to examining the approaches for solving the 

problem  and . Of the exact approaches, the BAB is utilized as the main 

approach for solving the problem, 

3.1 Exact Solution for Multi-Criteria and Multi-Objective Function Problems 

A. Complete Enumeration Method(CEM)  

Complete counting can be defined as a simple approach for generating all of 

the feasible tables and after that selects the optimal one, with regard to multi-criteria 

(multi-objective function) problem of  jobs, there are tables of number.    
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B. Branch and Bound(BAB) Approach 

The scheduling problem-solving approach that sees the most use is probably 

the BAB approach. It is an illustration of implicit enumeration method that could identify 

the optimal solution by methodically reviewing sub-sets of alternatives. A search tree 

with nodes matching to such sub-sets describes BAB. 

3.1.1 Using BAB to Solve  Problems  

Through implicitly enumerating every solution in solution set (in other words, the 

testing gradually smaller sub-sets of solution set), BAB finds optimal solutions. Those 

subsets could be thought of as groups of solutions to smaller problems that relate to the main 

problem. In order to accurately find a solution that enhances the (minimum) problem, the 

(BAB) approach is applied. The process for (BAB) is introduced in the present study by 

suggesting a number of the upper and lower bounds, and a number of the dominance rules 

have been introduced in order to lessen the quantity of branching. 

3.1.2 BAB without DRs (classic technology) for Problem . 

This approach could be summarized in the following way: the upper bound (UB) 

utilized depends on MST rule and lower bound (LB) for a non-serial segment per node 

depend on SPT rule. The steps for BAB(WODR) are: 

Algorithm: BAB(WODRs) Algorithm 

ST (1): Input  for . 

ST (2): Let , for any  define   

ST (3): Calculate an upper bound  of the problem  by sorting the jobs in 

 rule. Calculate . Set for   

at the search tree’s parent node.  

ST (4): For every node of search tree of the BAB approach and for every partial 

sequence  of jobs, calculate cost of sequenced jobs + cost of sequence 

jobs that have been obtained by sequence jobs in SPT EDD rule (where . 

ST (5): Branch from each node with .  

ST (6): At the last level of search tree, get a set of solutions, if  the result is 
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indicated,  are added to the set  unless they are dominated by the efficient 

solutions previously obtained in , this process is called  filtering. 

ST (7): Stop. 

 

3.1.3 BAB with DRs Method for Problem  

This approach could be summarized in the following way: UB depend on MST 

rule and LB for un-sequenced part for each one of the nodes will depend upon the SPT and 

EDD rules. This BAB is based on DR to decrease the number of the branched(open) nodes 

which saves time and increases n number of solved problems. The steps of BAB(DR) are as 

follows: 

Algorithm: BAB(WDRs) Algorithm 

 

ST (1): Input  for .Find Adjacency Matrix . 

ST (2): Let , for any  define . 

ST (3): Calculate an upper bound  of the problem  through sorting jobs 

in  rule. Calculate Let  . for   

.search treeat the parent node of the  

ST (4): For each node of the search tree of the BAB method and for each partial 

sequence  of jobs , compute cost of sequenced jobs +cost of 

unsequenced jobs obtained by . 

ST (5): Branch from each node with  and .  

ST (6): At the last level of the search tree, get a set of solutions, if  the result 

is indicated,  are added to the set S unless they are dominated by the efficient 

solutions previously obtained in , this process is called  filtering. 

ST (7): Stop. 
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3.1.4 BAB Without DRs (Classic Technology) and BAB with DRs Method for 

Problem . 

For the  problem, use the same  that is used for the  problem, 

with some modifications indicated by . First, calculate UB for problem 

s.t., , then calculate the LB of 

any node consisting of sequence and non-sequence parts (obtained by SPT rule) s.t., 

, where  is the rule for 

unsequenced jobs. Repeat these steps until an optimal solution is obtained from the root.  

3.2 Heuristic Methods for  Problems.  

Many research academics use approximatively or heuristic algorithms to handle 

scheduling problems fast and efficiently since almost all of them are NP-hard and solving 

them with the use of a CEM and BAB technique could be time-consuming. An algorithm or 

strategy which searches for the optimum or nearly optimum solutions in a reasonable period 

of time without a guarantee of optimality or even to see how close that solution is to an 

optimum one in several circumstances is referred to as a heuristic(or approximation) 

strategy. For problems , new approximation methods for the two problems 

will be proposed, and these methods are discussed in the following: 

3.2.1 The First Heuristic Method for Solving Problems 

 For the first heuristic method since the SPT rule to solve the 1//  problem. First, 

calculate the objective function using the SPT rule. Then put the third job in the second 

position and the other jobs are still ordered based on SPT rule and calculate the objective 

function, etc. until n sequences are obtained, repeat the same procedures when using the 

MST rule. 

Algorithm:  Heuristic Algorithm 

ST (1): input: . 

ST (2): Arrange jobs in the SPT rule  and calculate 

; . 

ST (3): For , put the job  in the first position of  to get  and 
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calculate ; .  

End; 

ST (4): Arrange jobs in the MST rule  and calculate 

; . 

ST (5): For , put the job  in the first position of  to get  and 

calculate ; .  

End; 

ST (6): A filter set   to obtain a set of efficient solutions to the problem . 

ST (7): Output: the set of efficient solutions . 

ST (8): End. 

Where ST=Step 

3.2.2 The Second Heuristic Method for Solving Problems 

The idea of the second heuristic approach is based on dominance rules and is 

summarized by finding a sequence sort with a minimum of , which isn’t 

inconsistent with dominance rules, and calculating objective function. 

algorithms can be summarized in the following steps: 

Algorithm: Heuristic Algorithm  

ST (1): input: . 

ST (2): Apply remark or theorem (1) to find the DRs and corresponding adjacent 

matrix ;  calculate . 

ST (3): Find a sequence  with a non-increasing order of  that does not conflict 

with DR (matrix A), if it is more than 1 job order  by , then  . 

ST (4): Find a sequence  with a non-increasing order of  does not conflict with 

the DR (matrix A), if there is more than 1 job that breaks links arbitrarily order  
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by , then . 

ST (5): Find the dominant sequence set   from . 

ST (6): Calculate  

ST (7): Output: Effective solution set . 

ST (9): End. 

 

Note that the  and proposed in the previous section 

will be used for the problem . 

3.4 Practical Examples of Utilizing the Proposed Methods 

In this subsection, (5) randomly generated examples of  s.t. and 

, provided that , for . 

First, let's define the following abbreviations: 

ACT/S: Average of CPU-Time per second. EX: Example. 

Av: Average. NEFS: Number of efficient Solutions.                  

ANEFS: Average number of efficient solutions.  : The number of jobs, where is the number of problems tested. 

CT/S: CPU-Time per second. RL: 0 < Real < 1.                                                      

  

3.5 The Results of The Comparison of Problem  

The results of applying  BAB(WODR), and BAB(WDR) that were compared to the CEM 

for the problem  have been listed in Table (2), 𝑛 = 4, 5,,,,,11 

Table (2): Comparison between BAB(WODR) and BAB(WDR) with CEM for problem . 

 

EX 

CEM BAB(WODR)LB=SPT, UB=MST BAB(WDR)LB=SPT, UB=MST 

MCF TIME NES MCF TIME NES MCF TIME NES 

  ACT/S ANEFS  ACT/S ANEFS  ACT/S ANEFS 

4 (60.8, 24.2, 2.2) RL 8.2 (59.0, 26.4, 2.5) RL 7.0 (59.0,27.3,1.8) RL 4.6 

5 (90.1, 23.3, 6.5) RL 10.2 (84.5,30.2,7.3) RL 5.0 (100.6,20.3,10.1) RL 4.8 
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6 (89.6, 23.2, 5.5) RL 14.6 (81.5,33.7,7.4) RL 5.6 (120.5,23.6,11.2) RL 12.2 

7 (113.4, 32.4, 9.2) RL 36 (99.1,51.5,12.5) RL 7.2 (126.3,22.4,12.6) RL 22.6 

8 (153.3, 26.1, 16.1) RL 56.2 (137.4,47.9,19.1) RL 3.8 (149.8,29.5,16.2) RL 31.2 

9 (215.1, 19.0, 24.7) 6.8 35.4 (182.5,20.8,17.9)  RL 1.2 (203.1,36.7,27.8) RL 24.8 

10 (210.6, 34.6, 20.4) 71.2 118.6 (185.3,64.8,27.3) RL 1.6 (193.0,38.1,18.1) RL 71.8 

11 (301.8, 20.9, 35.9) 845.3 72.4 (278.4,43.4,39.7) RL 1.2 (286.6,23.9,35.3) RL 29.8 

 

In Table (3) the results of applying BAB without DR and BAB with DR for problem 

, . 

Table (3): Comparison between the BAB without DR and BAB with DR for problem , . 

 

EX 

BAB(WODR) BAB(WDR) 

MCF TIME NES MCF TIME NES 

  ACT/S ANEFS  ACT/S ANEFS 

12 (326.9,55.6,42.2) RL 2.0 (323.7,28.2,37.7) RL 39.2 

13 (344.8,59.8,47.6) RL 1.0 (345.8,30.8,45.6) RL 35.8 

14 (455.3,26.4,62.3) RL 1.6 (453.0,14.9,58.1) RL 21.6 

15 (530.0,52.2,67.3) RL 1.4 (556.8,25.4,66.8) RL 48.6 

16 (498.4,63.6,61.8) RL 1.0 (514.4,31.1,60.9) RL 47.0 

17 (617.5,43.4,73.0) RL 1.4 (631.9,21.4,72.7) RL 33.2 

18 (670.1,82.2,75.7) RL 1.2 (702.0,38.0,74.0) RL 79.6 

19 (712.3,60.6,77.6) RL 1.2 (697.1,33.4,75.7) RL 48.2 

20 (789.8,70.2,80.7) RL 1.4 (827.9,35.5,81.7) RL 55.4 

21 (803.1,66.4,81.3) RL 1.2 (718.3,22.8,69.2) RL 67.2 

22 (1099.1,66.8,106.8) RL 1.2 (1032.8,39.5,100.5) RL 40.2 

23 (1187.0,54.0,107.0) RL 1.0 (1142.3,30.8,101.2) RL 28.0 

24 (1257.2,73.6,116.6) RL 1.0 (1271.5,33.7,115.5) RL 50.0 

25 (1454.8,51.2,125.6) RL 1.0 (1445.1,24.5,123.6) RL 23.2 

30 (1934.4,60.2,146.6) RL 1.0 (2393.2,28.1,148.4) RL 9.8 

40 (3302.2,78.6,199.6) RL 1.0 (4036.1,31.6,203.0) RL 10.6 
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50 (4784.6,91.0,241.0) RL 1.0 (6188.4,29.5,247.8) RL 13.6 

100 (20597.8,96.6,542.4) RL 1.0 (24137.7,24.5,547.2) RL 12.4 

1000 (1935453.8,0,5484.6) 194.9 1.0 (1935453.8,0,5484.6) 43.9 1.0 

2000 (7639198.8,0,10912.0) 1433.1 1.0 (7711677.4,0,10976.6) 358.6 1.0 

3000 - - - (17299485.2,0.0,16444.2) 1290.4 1.0 

 

In Table (4) The results of applying    andthat were compared to    

the CEM for the problem  have been listed in Table (4), 𝑛 = 4,5,…,11. 

Table (4): Comparison between  and.  ,  problemfor with CEM     

 

EX 

CEM   

MCF TIME NES MCF TIME NES MCF TIME NES 

  AT/S ANES  AT/S ANES  AT/S ANES 

4 (57.4,2.5,15.8) RL 6.4 (60.2,25.7,2.9) RL 5.6 (78.5,22.5,6) RL 6.0 

5 (88.2,7.2,12.3) RL 7.2 (91.9,24.4,7.3) RL 5.8 (112.9,26.3,15) RL 7.0 

6 (110.2,11.6,13.4) RL 15.2 (113.7,28.9,11.3) RL 6.8 (132.5,37,13.5) RL 6.0 

7 (128.1,14.2,10.9) RL 25.6 (131.4,24.1,14.4) RL 7.8 (120.5,20,13.8) RL 4.0 

8 (150.9,16, 11.8) RL 20.8 (155.6,32.4,18) RL 8.0 (99.7,52,0.7) RL 3.0 

9 (216.4, 25.9,8.5) 8.2 21.2 (225.3,21.3,27.7) RL 6.8 (194.9,25.7,22.4) RL 7.0 

10 (205,18.3,12.1) 87.2 40.0 (224.5,36.5,23) RL 10.4 (189.8,36.3,14.3) RL 4.0 

11 (301,35.5,8.3) 1800 26.8 (317.7,23.9,37.9) RL 8.8 (296.3,25.5,35) RL 4.0 

 

In Table (5): The results of applying  an  that were compared to 

the BAB(WODR), and BAB(WDR) for the problem  have been listed in Table (5), 

 

Table (5): Comparison between  and  problemfor  BAB(WODR), and BAB(WDR)with    , 𝑛 = 

4,5,…,25. 

 

EX 

 

BAB(WODR)LB=SPT, 

UB=MST 

BAB(WDR)LB=SPT, 

UB=MST 
  

MCF TIME MCF TIME MCF TIME MCF TIME 
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  ACT/S  ACT/S  ACT/S  ACT/S 

4 (59.0, 26.4, 2.5) RL (59.0,27.3,1.8) RL (60.2,25.7,2.9) RL (78.5,22.5,6.0) RL 

5 (84.5,30.2,7.3) RL (100.6,20.3,10.1) RL (91.9,24.4,7.3) RL (112.9,26.3,15.0) RL 

6 (81.5,33.7,7.4) RL (120.5,23.6,11.2) RL (113.7,28.9,11.3) RL (132.5,37.0,13.5) RL 

7 (99.1,51.5,12.5) RL (126.3,22.4,12.6) RL (131.4,24.1,14.4) RL (120.5,20.0,13.8) RL 

8 (137.4,47.9,19.1) RL (149.8,29.5,16.2) RL (155.6,32.4,18.0) RL (99.7,52.0,0.7) RL 

9 (182.5,20.8,17.9)  RL (203.1,36.7,27.8) RL (225.3,21.3,27.7) RL (194.9,25.7,22.4) RL 

10 (185.3,64.8,27.3) RL (193.0,38.1,18.1) RL (224.5,36.5,23.0) RL (189.8,36.3,14.3) RL 

11 (278.4,43.4,39.7) RL (286.6,23.9,35.3) RL (317.7,23.9,37.9) RL (296.3,25.5,35.0) RL 

12 (326.9,55.6,42.2) RL (323.7,28.2,37.7) RL (378.9,31.8,42.9) RL (396.8,27.8,46.8) RL 

13 (344.8,59.8,47.6) RL (345.8,30.8,45.6) RL (415.5,31.8,44.2) RL (429.3,30.3,47.2) RL 

14 (455.3,26.4,62.3) RL (453.0,14.9,58.1) RL (507.7,15.1,58.4) RL (515.8,14.3,58.4) RL 

15 (530.0,52.2,67.3) RL (556.8,25.4,66.8) RL (624.7,26.4,64.8) RL (641.9,22.5,65.7) RL 

16 (498.4,63.6,61.8) RL (514.4,31.1,60.9) RL (601.3,32.4,60.4) RL (628.9,30.8,62.4) RL 

17 (617.5,43.4,73.0) RL (631.9,21.4,72.7) RL (711.5,24.3,72.9) RL (739.1,21.8,72.3) RL 

18 (670.1,82.2,75.7) RL (702.0,38.0,74.0) RL (832.8,40.6,75.2) RL (859.7,35.1,76.8) RL 

19 (712.3,60.6,77.6) RL (697.1,33.4,75.7) RL (880.3,30.2,79.3) RL (917.8,24.7,79.9) RL 

20 (789.8,70.2,80.7) RL (827.9,35.5,81.7) RL (1039.4,31.3,89.1) RL (1090.8,20.6,92.9) RL 

21 (803.1,66.4,81.3) RL (718.3,22.8,69.2) RL (1101.7,33.1,87.0) RL (1133.6,31.5,91.4) RL 

22 (1099.1,66.8,106.8) RL (1032.8,39.5,100.5) RL (1183.6,39.7,92.8) RL (1253.4,31.7,94.1) RL 

23 (1187.0,54.0,107.0) RL (1142.3,30.8,101.2) RL (1203.4,31.4,93.3) RL (1224.1,26.5,96.6) RL 

24 (1257.2,73.6,116.6) RL (1271.5,33.7,115.5) RL (1497.2,39.4,112.7) RL (1560.9,33.2,113.0) RL 

25 (1454.8,51.2,125.6) RL (1445.1,24.5,123.6) RL (1605.0,37.2,112.7) RL (1673.8,35.0,116.0) RL 

 

Table (6) presents the results of applying  and problemfor    

. , for different  

Table (6): Comparison results  and. for different  for problem     

 

EX 

  

MCF TIME NES MCF TIME NES 
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  ACT/S ANEFS  ACT/S ANEFS 

40 (4022.5,32.7,201.1) RL 16.4 (4568.4,23.6,224.9) RL 16.0 

60 (8577.7,32.9,298.0) RL 18.2 (9080.7,22.1,307.6) RL 13.0 

80 (16483.9,37.1,424.9) RL 20.8 (16093.5,27.4,445.8) RL 13.0 

100 (25917.9,38.9,544.9) RL 21.0 (26323.7,35.2,568.4) RL 19.0 

400 (415738.1,34.3,2179.2) 1.1 34.2 (384681.3,0.3,2238.3) RL 3.0 

600 (940295.2,35.0,3258.7) 2.2 38.2 (695900.0,0.0,3266.0) 1.2 1.0 

800 (1688582.7,29.4,4394.1) 3.8 39.0 (1195823.0,0.0,4279.0) 2.3 1.0 

1000 (2637870.0,32.0,5487.0) 5.8 39.2 (1867334.0,0.0,5345.0) 3.4 1.0 

2000 (10547780.3,30.5,10979.9) 102.3 40.2 (7711677.4,0.0,10976.6) 353.6 1.0 

3000 (23709647.0,30.6,16446.7) 289.3 40.4 (17299485.2,0.0,16444.2) 1299.5 1.0 

4000 (42101524.4,30.9,21895.1) 694.7 39.8 - - - 

5000 (65994864.8,36.4,27466.0) 1348.9 40.0 - - - 

 

3.6 The Results of The Comparison of Problem  . 

The results of applying BAB(WODR), and BAB(WDR) that were compared to the CEM 

for the problem  have been depicted in Table (7),  

Table (7): Comparison of BAB(WDR) and BAB(DR) with CEM for problem , . 

 

EX 

CEM BAB(WODR), 

LB=UB=SPT 

BAB(WDR),  

UB=LB=SPT 

MOF TIME MOF TIME MOF TIME 

  ACT/S  ACT/S  ACT/S 

4 84.2 RL 84.2 RL 84.2 RL 

5 116.6 RL 116.6 RL 116.6 RL 

6 141 RL 141.0 RL 141.0 RL 

7 154.2 RL 154.2 RL 154.2 RL 

8 189.6 RL 189.6 RL 189.6 RL 

9 253.8 6.8 253.8 RL 253.8 RL 

10 257.6 72.5 257.6 351.4 257.6 RL 
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11 348 847.9 348.0 145.8 348.0 RL 

12 - - 409.8 628.2 409.8 RL 

13 - - 418.2 1800 418.2 1.1 

14 - - 537.2 254.3 531.4 1.1 

15 - - 629 1800 629.6 97.2 

16 - - - - 607.4 17.0 

17 - - - - 718.2 RL 

 

The results of applyingthe or fthat were compared to the CEM  and   

problem  have been listed in Table (8),  

Table (8): Comparison between  and  with CEM for problem ,  

 

EX 

CEM   

MOF TIME MOF TIME MOF TIME 

  ACT/S  ACT/S  ACT/S 

4 84.2 RL 84.2 RL 85.6 RL 

5 116.6 RL 118.2 RL 117.2 RL 

6 141.0 RL 147.2 RL 144.0 RL 

7 154.2 RL 162.8 RL 163.8 RL 

8 189.6 RL 194.0 RL 196.6 RL 

9 253.8 6.8 267.0 RL 267.6 RL 

10 257.6 72.5 272.4 RL 270.4 RL 

11 348.0 847.9 358.4 RL 361.4 RL 

 

Table (9) presents the results of applying and  for problem  for 

problem , for different . Table (9) also shows the comparison between BAB without 

DR, BAB with DR, and  for problem  for different . 

Table (9): Comparison results between the BAB without DR, BAB with DR,  and  for problem  for 

different . 

 BAB(WODR), BAB(WDR),    
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EX LB=UB=SPT UB=LB=SPT 

MOF TIME MOF TIME MOF TIME MOF TIME 

  ACT/S  ACT/S  ACT/S  ACT/S 

4 84.2 RL 84.2 RL 84.2 RL 85.6 RL 

5 116.6 RL 116.6 RL 118.2 RL 117.2 RL 

6 141.0 RL 141.0 RL 147.2 RL 144.0 RL 

7 154.2 RL 154.2 RL 162.8 RL 163.8 RL 

8 189.6 RL 189.6 RL 194.0 RL 196.6 RL 

9 253.8 RL 253.8 RL 267.0 RL 267.6 RL 

10 257.6 351.4 257.6 RL 272.4 RL 270.4 RL 

11 348.0 145.8 348.0 RL 358.4 RL 361.4 RL 

12 409.8 628.2 409.8 RL 423.4 RL 426.2 RL 

13 418.2 1800 418.2 1.1 450.4 RL 451.2 RL 

14 537.2 254.3 531.4 1.1 548.0 RL 545.6 RL 

15 629 1800 629.6 97.2 648.2 RL 648.4 RL 

16 - - 607.4 17.0 625.2 RL 623.8 RL 

17 - - 718.2 RL 738.6 RL 734.8 RL 

18 - - - - 828.6 RL 828.2 RL 

19 - - - - 854.8 RL 851.0 RL 

20 - - - - 1031.0 RL 1030.0 RL 

40 - - - - 3583.2 RL 3580.4 RL 

60 - - - - 7359.0 RL 7346.8 RL 

80 - - - - 13638.8 RL 13616.0 RL 

100 - - - - 21258.8 RL 21236.8 RL 

400 - - - - 312938.6 1.5 312795.4 1.8 

600 - - - - 697160.0 2.7 697006.6 4.0 

800 - - - - 1245389.8 5.0 1245259.0 9.0 

1000 - - - - 1941079.4 8.2 1940938.4 21.0 

2000 - - - - 7722685.6 46.1 7722683.0 140.8 

3000 - - - - 17315967.4 130.6 17315958.4 496.3 
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4000 - - - - 30700639.2 307.1 30700633.4 1255.7 

A sign (-) indicates unresolved examples. 

4.  Results and Discussion  

Analyze the results by discussing the problem : 

• From Table(2), note that BAB(WODR) starts to give the minimum values for the 

  problem compared to the results for BAB(WDR) and that CEM performs 

better than BAB for , but CEM takes a long time compared to 

BAB(WODR). 

• Fr From Table(3), note that BAB(WDR) starts to give the minimum values for the 

  problem compared to the results for BAB(WODR) for . While, 

BAB(WODR) starts to give the minimum values for the   problem compared to 

the results for BAB(WDR) for .  

• om Table(4), Note that CEM performs better than , and  for 

problem  for n=4:10, and that  performs better than . 

• From Table(5), note that BAB(WODR) starts giving the minimum values for the 

 problem compared to the results for BAB(WDR), while BAB(WDR) gives 

better results than  .Also,  gives better results than 

, for different  . 

• From Table (6), Note that Heuristic  gives better results than 

 for  while,  gives better results than 

 for , for problem   

Regarding the problem  

• From Table(7), note that the application results of  BAB(WODR), BAB(WDR), 

and CEM are identical, but CEM and BAB(WODR) take a long time compared to 

BAB(WDR). The problems are solved using the CEM method for , the 

BAB(WODR) method for , and the BAB(WDR) method for . 

• From Table(8), Note that CEM gives better results than heuristic  and 

 for problem  for .Also, CEM takes a long time compared to 

heuristic methods 

• Note from Table(9), note that the application results of  BAB(WODR) and 

BAB(WDR) are identical, BAB(WODR) takes a long time compared to 

BAB(WDR).   
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• From Table(9), note that Heuristic  gives better results than  for 

problem  for different ,  takes a long time compared to . 

5.  Conclusions and Future Works 

In the present study, a single multipurpose machine function (MSP) with 

dominance rules was considered 1// , and from this problem can be derived 

a subproblem 1// . In this paper, two techniques of BAB methods are 

proposed to solve the two problems  Problems, With and without DR, 

and results demonstrate the accuracy of the BAB results. Suggest  new heuristic methods  

  andwith good efficiency for the two problems that    

have been discussed. 

In the future, it will be interesting to conduct research on the MSPs that are listed. 

1) 1// . 

2) 1// .  

3) 1// . 
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polynomial expansion approximation 
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Abstract 

The inverse problem for the modified Helmholtz equation's linked to heat conduction in fins is considered in this 

paper. The goal of this study is to estimate the boundary temperature and heat flow on a segment of an under-

specified boundary (a portion of the outer border of a given domain) using the known Cauchy data  on the other 

portion. Numerical solutions to this problem are found using a proposed meshless method. In order to test the 

stability, a noise is added to the Cauchy data. 

Key words: Inverse Cauchy Problem, Preconditioned Conjugate Gradient Method (PCG), Polynomial Expansion, 

Modified Helmholtz Equation, and Conjugate Gradient Least Square Method (CGLS). 

                                                                                                                                     

 الخلاصة 

لبحث تم تناول المشكلة العكسية لمعادلة هيلمهولتز المعدلة والمرتبطة بالتوصيل الحراري ذا افي ه 

في الزعانف. الهدف من هذه الدراسة هو تقدير درجة حرارة الحدود وتدفق الحرارة على جزء من حدود  

. تم  الاخرجزء  ى الالمعروفة عل  غير محددة )جزء من الحد الخارجي لمجال معين( باستخدام بيانات كوشي

تم    الاستقرار،مقترحة. من أجل اختبار    ة ي شبك لا  العثور على حلول عددية لهذه المشكلة باستخدام طريقة  

     كوشي إضافة ضوضاء إلى بيانات

 

Introduction 

One of the key applications in the design and optimization of inverse problems is the identification of an unknown 

obstacle and its resistive characteristics. This motivates us to solve an inverse Cauchy problem to get the temperature 

on the inner boundary of an annular region, which is governed by a modified Helmholtz equation. 

In this article, we look at the invers problem, which entails estimating the temperature u at the inner boundary of an 

annular domain from Cauchy data on the outer boundary (boundary temperature and heat flux), under the assumption 

that the steady-state temperature u satisfies the modified Helmholtz equation governing the heat conduction in a fin. 

 

based on the knowledge of the boundary conditions on the boundary of  and the knowledge of the Dirichlet 

temperature data and Neumann heat flux data on the outer half of the boundary of Ω , where is the outward unit 

normal at Lesnic & Bin-Mohsin 1-2..These kinds of problems are ill-posed. In reality, a problem is well-posed in the 

sense of Hadamard if a unique, stable solution exists 3-4. If the solution does not satisfy one of these characteristics, 
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the problem is ill-posed, and an inverse problem must be formulated to solve it 5.. In contrast to direct problems, the 

inverse problem is typically known to be more challenging to solve 6-7.. 

In addition, the inverse problems are unstable Hadamard, meaning that even a minor measurement error in the input 

data might result in a significant inaccuracy in the solution 8.. Inverse problems have recently been considered in a 

number of scientific fields 9.. One of the inverse problem examples is the inverse Cauchy problem, are some 

references to this 10-13.. In this type of problem, the boundary conditions (Dirichlet, Neumann) are only known for a 

portion of the boundary (the accessible portion), while the remaining portion of the boundary has no information, 

which makes it under-specified or inaccessible14-15.. 

In order to avoid the ill-posedness of this kind of problem, a suitable algorithm must be selected for it 16.. The Cauchy 

problem for the Helmholtz equation has been solved using a variety of techniques over the past 20 years 17.. We will 

now briefly review a few of these techniques, including the truncation method, the conjugate gradient method, the 

meshless generalized finite difference method, the Landweber method, and the fractional Tikhonov regularization 

method18-21..  

In fact, the quality of approximation is significantly impacted by the direct Helmholtz equation numerical solutions' 

dependency on the physical parameter; for additional information 22-23.. for some approaches that have been suggested 

to solve the Cauchy Helmholtz equation for some large parameter k. [Jourhmane & Nachaoui, 1996] suggested an 

alternating algorithm based on relaxation of alternating algorithms. In [Berdawood et al, the authors demonstrated that 

an efficient relaxed alternating approach proved the convergence for all values of wave number k in the case of the 

Helmholtz equation and accelerated the convergence in the case of the modified Helmholtz equation 24.. 

In order to approximate the solution of a Cauchy problem for a modified Helmholtz-type equation in a bounded 

domain surrounded by a smooth boundary, the goal of this work is to investigate an approach based on polynomial 

expansion. In this work, the meshless method suggested by Rasheed et al. [Rasheed et al is used to approximate the 

temperature on the inaccessible inner boundary. This approach was well considered by Rasheed et al to solve an 

inverse Cauchy problem and by Jameel et al. in 2022 to solve a Cauchy problem Helmholtz equation 25. 

The paper will be organized as follows: Basic definitions of the inverse Cauchy problem for the modified Helmholtz 

equation are provided in Section 2. Our suggested approximation technique is presented in Section 3. In part 4, 

numerically solving two separate examples of the linear system using CGLS and PCG 

  2- Inverse Cauchy problem for the modified Helmholtz equation 

Have a look at the area with  where 

Ω={(r, ): 0 } 

={(r, ): 0 }  

The domain  has as boundary  with 

 

 

Where  for the modified Helmholtz equation given below, we consider the following inverse Cauchy 

Problem: 
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                                                                                                                                    (1) 

                                                             (2) 

                                                                                              (3) 

A note is made regarding the Cauchy data  and (x,y) on the accessible domain boundary. where the 

functions ( ) and g( ) that are known. The boundary is divided in two portions, the part  is underdetermined and 

the part  is overdetermined. The inverse problem for the modified Helmholtz equation is constructed in order to 

find the temperature  on the underdetermined part of the boundary  

Remembering that Rasheed et al. (2021) and Liu & Kubo (2016) provide the following expressions for the normal 

derivative of u, denoted by : 

                                                                                                    (4)                                                                                                    

                                                                                                                              (5)                                                                                                                                    

We may also express the normal derivative  in terms of  and .  

                          (6) 

3. Approximation of the solution by polynomial expansion 

The solution  can be expressed as a polynomial expansion 

                                                                                                          (7) 

To find cij, the coefficients u(x,y) must be determined. The highest order of the aforementioned polynomial 

is m-1, and the total number of these coefficients is n  

Equation (8) allows us to determine  

                                                                                     (8)                                                                                     

=                                                                                                (9)                                                                                                   

                                                                                                                                            

(10)                                                                                                                                                      

The coefficients in equation (8)  can first be expressed as an n-dimensional vector c with the components 

 When  and  are taken into consideration, the coefficients c_ij 

are actually rearranged, with each index  corresponding to one index  when k . The phrase 

 can be expressed as the vector at with inner product. 
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                           (11) 

We obtain an expression for _n u by substituting (8) and (9) into (6). For each point on the accessible part of the 

boundary , the normal derivative Anu can also be expressed as the inner product of a vector e with c, where the 

 component of e is given by 

    (12) 

for those who used cij to calculate el for , keeping the same coefficients . Now, for each point in the 

domain, the term  can be written as the inner product of a vector  with , where the l-th 

component, , is given by 

                                (13)                               

The boundary condition (2)–(3) is verified by selecting n1 points on boundary , say 

  . We also select  points in the domain , say 

 and  (to meet the equation) (1), 

We now have the linear system as a result                                                                   (14)                                                                                                                                       

Therefore, the vector  is longer. matrix provided in each 

case by 

                             (15)               

  

4 Solving the linear system 

We use the well-known Preconditioned Conjugate Gradient Method (PCG) and the Conjugate Gradient 

Least Squares (CGLS) to solve the linear system . 

4.1 Algorithms of the Preconditioned Conjugate Gradient method (PCG) and the Conjugate Gradient least 

square method (CGLS)    

We will initially define the preconditioned conjugate gradient method as an iterative approach to solving a linear 

system of equations. A positive definite, symmetric,  . 

Preconditioned Conjugate Gradient 

method (PCG) 

 

Conjugate Gradient least 

square method (CGLS) 

 

Algorithm 1: Preconditioned 

Conjugate Gradient method (PCG) 

1. let  

2. let   

Algorithm 2: Conjugate 

Gradient least Square Method 

(CGLS)  
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3. let  

4. let  

5. let  

6. let  

7. repeat the prior actions until 

convergence 

1. let   

2. let   

3. let  

4.  

5. let  

6. let  

7. repeat the prior actions until 

convergence 

 

 

4.2 Stopping criterion and Initial guess 

For any numerical approach, it is essential to know when the algorithm can stop; hence we chose the following 

halting criteria: 

                                                                                                                                    (16) 

                                                                                                                                     (17) 

5.1 Polynomials exact solution.  

Here, we look at a Cauchy problem with an exact polynomial solution and a modified Helmholtz equation. 

Example (1) 

We consider the Cauchy problem for a modified Helmholtz equation with an exact solution 

, defined in an annular domain with constant radius This 

problem is over specified on the following cases of the outer boundary 

Case 1: r( {(0.5)+(0.4(cos ( ))+0.1 (sin(2* ))))/(1+0.7* (cos( )} 

Case 2: r( 0.5 0.4)/sqrt(0.25 ) + 0.16 ( )) 

 

for which we have the following Cauchy data 

    . We study different cases for a 

different physical parameter =  . For the numerical computations , we take 

 we take 2,……,10 .we compare the results obtained by using the both 

algorithms CGLS and PCG with . 

Tables 1 and 2 show the results for the first case of the boundary for the cases  =   = . 
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Table(1): K=  

 No. of Iter Error BY CGLS No. of 

Iter 

Error BY PCG 

2 3 9.73906051E-01 3 9.73906051E-01 

3 7 8.79669444E-01 7 8.79669444E-01 

4 14 1.02721781E+00 14 1.02721781E+00 

5 27 6.17522753E-11 27 5.38786028E-11 

6 52 3.18469866E-09 55 1.84298842E-09 

7 110 2.25113365E-08 119 4.22935870E-10 

8 244 3.09006110E-08 270 3.15870164E-08 

9 579 3.27045307E-07 671 4.85552658E-08 

10 1332 6.52945172E-04 1603 6.50824775E-04 

 

In table.1 , we note that the best accuracy is obtained for for both CGLS and PCG. 

 

In figure 1, the domain for example 1 is given with a comparison between the exact solution and the approximate 

ones. 

  

Fig.1.a: Domain Fig.1.b: Exact and approximate solution 

Figure 1: In fig.1.a the domain for Example.1. In Fig.1.b. a comparison between the exact and the 

approximate solutions calculated with CGLS and PCG. 
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The error for both CGLS and PCG is given in figure 2. 

  

Fig.2.a Error with CGLS Fig.2.b Error with PCG 

Figure 2: In fig.2.a the error for CGLS and in fig.2.b the error for PCG. 

 

Table(2):  

 No. of iter ERROR BY CGLS No. of Iter Error BY PCG 

2 3 9.75178623E-01 3 9.75178623E-01 

3 7 8.81066644E-01 7 8.81066644E-01 

4 14 1.24563990E+00 15 1.24563990E+00 

5 29 5.22910876E-11 29 2.99529892E-11 

6 64 8.26849464E-11 66 3.09130694E-09 

7 131 1.82353839E-08 144 9.87740857E-09 

8 283 2.51246135E-08 345 2.57075318E-07 

9 770 4.28457506E-06 1019 1.43427858E-04 

10 1772 4.47752351E-03 1903 7.18023665E-02 

 

For table 2, we note the same remark as table 1 . In the following the figures in which we present, the domain, a 

comparison between the exact solution and the approximate solution with CGLS and PCG and the error for these 

two methods.  
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Fig.3.a: Domain Fig.3.b: Exact and approximate solution 

Figure 3: In fig.3.a the domain for Example.1. In Fig.3.b. a comparison between the exact and the 

approximate solutions calculated with CGLS and PCG. 

 

The error for both CGLS and PCG is given in figure 2 

  

Fig.4.a Error with CGLS Fig.4.b Error with PCG 

Figure 4: In fig.4.a the error for CGLS and in fig.4.b the error for PCG. 

 

Tables 3 and 4 show the results that were achieved for case 2 of the boundary for the cases  =  . 

.Table(3): k =  

 No. of 

iter 

Error BY CGLS No. of 

iter 

Error BY PCG 

2 3 9.99558107E-01 3 9.99558107E-01 

3 7 9.55310212E-01 7 9.55310212E-01 

4 14 1.01862277E+00 15 1.01862277E+00 

5 29 5.59318029E-12 29 7.66792032E-13 

6 60 3.68183499E-10 63 5.18132718E-10 
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7 127 7.10992390E-09 136 1.70270745E-09 

8 288 5.03971819E-08 309 2.14552063E-06 

9 613 3.09162562E-05 714 3.08840693E-05 

10 1633 4.04151247E-05 2003 4.45837147E-05 

 

In table.3 , we note that the best accuracy is obtained for for both CGLS and PCG. 

  

Fig.5.a: Domain                                       Fig.5.b: Exact and approximate 

 Solution 

Figure 5: In fig.5.a the domain for Example.1. In Fig.5.b. a comparison 

between the exact and the approximate solutions calculated with CGLS 

and PCG. 

 

The error for both CGLS and PCG is given in figure 6 

  

Fig.6.a Error with CGLS Fig.6.b Error with PCG 

Figure 6: In fig.6.a the error for CGLS and in fig.6.b the error for PCG. 

 

Table(4): k =  
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Error BY PCG No. of iter Error BY CGLS No. of iter  

2 3 9.99638455E-01 3 9.99638455E-01 

3 7 9.55431129E-01 7 9.55431129E-01 

4 16 9.68936987E-01 15 9.68936987E-01 

5 32 1.47870984E-13 31 3.43199687E-13 

6 61 3.80264882E-11 61 1.35254817E-09 

7 131 1.02373334E-09 133 2.55791415E-09 

8 303 4.80568455E-09 316 8.14038323E-08 

9 658 2.65454289E-06 728 2.14729247E-06 

10 1231 8.19510989E-04 1403 8.24351431E-04 

 

For table 4, we note the same remark as table 3 . In the following the figures in which we present, the domain, a 

comparison between the exact solution and the approximate solution with CGLS and PCG and the error for these two 

methods.  

In the following the figures in which we present, the domain, a comparison between the exact solution and the 

approximate solution with CGLS and PCG and the error for these two methods.  

  

Fig.7.a: Domain Fig.3.b: Exact and approximate solution 

Figure 7: In fig.7.a the domain for Example.1. In Fig.7.b. a comparison between the exact and the 

approximate solutions calculated with CGLS and PCG. 

 

The error for both CGLS and PCG is given in figure 8. 
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Fig.8.a Error with CGLS Fig.8.b Error with PCG 

Figure 8: In fig.8.a the error for CGLS and in fig.8.b the error for PCG. 

5.2  Non-Polynomial exact solution 

Here, we examine a Cauchy problem with a non-polynomial exact solution arising from a modified Helmholtz 

equation. 

Example (2): The Cauchy issue for a modified Helmholtz equation with an exact solution is taken into 

consideration  defined in an annular domain with the constant radius and . 

This problem is over specified on the following cases of the outer boundary 

Case1: r( {(0.5)+[0.4*(cos( ))+0.1*(sin(2* )))]/(1+0.7* (cos( )} 

Case 2: r( 0.5*0.4)/sqrt(0.25*(cos( ))^2+0.16*(sin( ))^2) 

  

we have the following Cauchy data  ,   . we study different cases for a 

different physical parameter . For the numerical computations, we take  and 

we take m = 2,3,4,………,15 we compare the results obtained by using the both algorithms CGLS and PCG with 

 

Tables 5 and 6 show the results for first  case of the boundary for the cases  =   = . 

Table (5): =  

 No. of 

Iter 

Error BY CGLS No. 

of 

Iter 

Error BY PCG 

2 3 2.18922306E-01 3 2.18922306E-01 

3 7 8.50341732E-02 7 8.50341732E-02 

4 14 1.18281068E-01 14 1.18281068E-01 

5 29 1.22195109E-02 30 1.22195109E-02 

6 57 7.78351097E-02 57 7.78351096E-02 
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7 124 1.81342897E-03 139 1.81342064E-03 

8 281 2.15562382E-02 343 2.15562867E-02 

9 310 4.00931466E-04 400 4.00586008E-04 

10 363 1.39073285E-03 442 1.39019462E-03 

11 408 1.37071013E-03 509 1.36882741E-03 

12 405 1.39630229E-03 581 1.29835797E-03 

13 407 1.32112532E-03 584 1.30783443E-03 

14 426 1.31550201E-03 565 1.31508624E-03 

15 413 1.32666792E-03 452 1.50085569E-03 

  

In table. 5,  we note that the best accuracy is obtained for for both CGLS and PCG. 

  

Fig.9.a: Domain Fig.9.b: Exact and approximate solution 

Figure 9: In fig.9.a the domain for Example.2. In Fig.9.b. a comparison between the exact and the 

approximate solutions calculated with CGLS and PCG. 

The error for both CGLS and PCG is given in figure 10. 

  

Fig.10.a Error with CGLS Fig.10.b Error with PCG 

Figure 10: In fig..a the error for CGLS and in fig.10.b the error for PCG. 
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Table(6): =  

 No. of Iter Error BY CGLS No. of Iter Error BY PCG 

2 3 1.70555296E-01 3 1.70555296E-01 

3 7 4.42631255E-02 7 4.42631255E-02 

4 14 5.13242776E-02 14 5.13242776E-02 

5 28 3.58867653E-03 28 3.58867651E-03 

6 59 3.09779480E-02 60 3.09779480E-02 

7 130 1.02481525E-03 13 1.02481644E-03 

8 248 1.25229052E-02 290 1.25228659E-02 

9 283 3.30076589E-04 233 5.18991030E-04 

10 298 7.10294942E-04 293 6.92124861E-04 

11 266 7.44076232E-04 297 7.43990896E-04 

12 290 7.49020655E-04 319 7.49018456E-04 

13 284 7.45188912E-04 395 6.51084944E-04 

14 309 7.18521148E-04 344 7.18513310E-04 

15 311 7.20690076E-04 357 7.20584837E-04 

 

For table 6, we note the same remark as for table 5 . In the following figures, we present the domain, a comparison 

between the exact solution and the approximate solution with CGLS and PCG, and the error for these two methods.  

In the following figures, we present the domain, a comparison between the exact solution and the approximate 

solution with CGLS and PCG, and the error for these two methods.  
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Fig.11.a: Domain Fig.11.b: Exact and approximate solution 

Figure 11: In fig.11.a the domain for Example.2. In Fig.11.b. a comparison between the exact and the 

approximate solutions calculated with CGLS and PCG. 

 

The error for both CGLS and PCG is given in figure 12. 

 

  

Fig.12.a Error with CGLS Fig.12.b Error with PCG 

Figure 12: In fig.12.a the error for CGLS and in fig.12.b the error for PCG. 

 

Tables  7 and 8 show the results that were achieved for case 2 of the boundary for the cases  =   = . 

.Table (7) : =  

 No. of Iter ERROR BY CGLS  No. of Iter Error BY PCG 

2 3 1.16740998E-01 3 1.16740998E-01 

3 7 1.73110297E-02 7 1.73110297E-02 

4 16 1.79808788E-02 14 1.79808788E-02 

5 30 1.91133785E-03 28 1.91133786E-03 

6 62 5.88344291E-03 61 5.88344294E-03 

7 137 1.02293329E-04 136 1.02293197E-04 

8 190 1.47957911E-03 194 1.47957703E-03 

9 196 3.08577828E-04 198 3.08563701E-04 

10 199 3.37963537E-04 194 3.37996374E-04 

11 203 3.09597055E-04 193. 3.09612452E-04 
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12 198 3.11453226E-04 198 3.11489884E-04 

13 197 3.11073375E-04 194 3.11069280E-04 

14 199 3.11359573E-04 196 3.11381173E-04 

15 197 3.11470542E-04 194 3.11482196E-04 

 

In table 7,  we note that the best accuracy is obtained for for both CGLS and PCG. 

  

Fig.13.a: Domain Fig.13.b: Exact and approximate solution 

Figure 13: In fig.13.a the domain for Example.2. In Fig.13.b. a comparison between the exact and the 

approximate solutions calculated with CGLS and PCG. 

 

The error for both CGLS and PCG is given in figure 14. 

 

  

Fig.14.a Error with CGLS Fig.14.b Error with PCG 

Figure 14: In fig.14.a the error for CGLS and in fig.14.b the error for PCG. 

 

 

Table (8) : =  
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 No. of Iter ERROR BY CGLS No. of Iter Error BY PCG 

2 3 1.00846217E-01 3 1.00846217E-01 

3 7 9.45579760E-03 7 9.45579760E-03 

4 15 9.53529041E-03 14 9.53529041E-03 

5 28 1.01538311E-03 29 1.01538311E-03 

6 65 1.60483645E-03 62 1.60483632E-03 

7 154 3.08380102E-05 136 3.08466318E-05 

8 179 2.91056151E-04 180 2.91062154E-04 

9 163 9.79980560E-05 166 9.79877960E-05 

10 175 1.01537054E-04 174 1.01530971E-04 

11 169 8.40815055E-05 171 8.40422657E-05 

12 180 8.40425645E-05 172 8.40475172E-05 

13 181 8.32397574E-05 168 8.32356726E-05 

14 170 8.32378273E-05 172 8.32391710E-05 

15 172 8.32134185E-05 170 8.31962562E-05 

 

For table 8, we note the same remark as for table 7. In the following figures, we present the domain, a comparison 

between the exact solution and the approximate solution with CGLS and PCG, and the error for these two methods.  

In the following figures, we present, the domain, a comparison between the exact solution and the approximate 

solution with CGLS and PCG, and the error for these two methods.  

  

Fig.15.a: Domain Fig.15.b: Exact and approximate solution 

Figure 15: In fig.15.a the domain for Example.2. In Fig.15.b. a comparison between the exact and the 

approximate solutions calculated with CGLS and PCG. 
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The error for both CGLS and PCG is given in figure 14 

 

  

Fig.16.a Error with CGLS Fig.16.b Error with PCG 

Figure 16: In fig.16.a the error for CGLS and in fig.16.b the error for PCG. 

 

5.3 Stability and effect of a noise 

The inverse problem is a type of issue caused by the collected (measured) data, and these data may contain errors as a 

result of measurement mistakes. The impact of data noise on the approximation of the answer must therefore be 

studied. For this, we apply noise using the following form to the Cauchy data: 

 

For some measurement, error deviation ,  and for a Gaussian random error rand. 

We study the perturbation of Cauchy data by noise for example 1, for a physical parameter  

,   with r( {(0.5)+(0.4(cos ( ))+0.1 (sin(2 ))))/(1+0.7 (cos 

( )} 

 No. of Iteration for 

CGLS 

Error with CGLS No. of Iteration for   

PCG 

Error with PCG 

Without noise 27 6.17522753E-11 27 5.38786028E-11 

0.1 30 1.51541732E-01 31 1.51541732E-01 

0.05 29 6.88828044E-02 29 6.88828046E-02 

0.01 30 7.33304825E-04 31 7.33304770E-04 

0.001 29 2.01073012E-03 31 2.01073004E-03 
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                   Noise parameter                                                          Noise parameter                                          

  

                   Noise parameter                              Noise parameter           

Figure17: Different level of noise for Example 1. 

 

 

We note that for the different levels of noise, the approximate solution obtained still approaches the exact one with 

good accuracy and has the same geometry. 

Conclusion: 

In order to retrieve unknown data on a portion of the boundary from supplied data on the other accessible portion, we 

solve the inverse Cauchy problem of the modified Helmholtz equation. The polynomial expansion of the solution, 

which implies constructing a linear system, is used to transform the inverse Cauchy problem into a direct problem, 

which is then solved by PCG  and CGLS. By resolving a few examples and contrasting the precision of PCG  and 

CGLS, the proposed method is confirmed to be effective in overcoming the ill-posedness of the inverse Cauchy 

Problem. Applying noise to the Cauchy data confirm the investigation of the method's stability. 
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Abstract. In recent years, face recognition algorithms have made great strides thanks to 

the rapid development of deep learning techniques and the availability of large-scale 

face datasets. However, despite these developments, there are still obstacles to reaching 

high accuracy and durability in facial recognition systems in real-world applications. 

Face recognition systems that combine many modalities or algorithms are gaining 

popularity as a means of overcoming these challenges. The goal of this research was to 

compile an overview of hybrid face-based recognition systems, detailing state-of-the-

art methods and their effectiveness in improving face recognition performance. First, 

we talk about why double-mode techniques are preferable, and what benefits they have 

over single-mode ones. This extensive analysis, emphasize the important parameters 

that affect the efficacy of several hybrid face-based identification systems and indicate 

their strengths and limits. We also cover obstacles and potential future research topics, 

such as standardized evaluation methodologies and the incorporation of explainable AI 

methods. Insights and suggestions for the future development of more accurate and 

trustworthy solutions are provided in this review, making it a great resource for 

researchers and practitioners working on face recognition systems. 

Keywords: Biometrics; Indicators Of Individuality; Hybrid ; Face Recognition 

Systems; Review. 

1. Introduction 

Recent years have seen a surge of interest in and tremendous advancements in face recognition 

systems, thanks in large part to the quick development of deep learning techniques, the 

proliferation of large-scale face databases, and the expansion in processing capacity [1], [2]. 

Surveillance, access control, forensic investigation, and even HCI have all found uses for these 

kinds of systems. The technology behind facial recognition has come a long way., but they still 

have a way to go before they can reliably identify a person in a variety of settings, such as 

those with changing lighting, poses, expressions, and occlusions[3], [4]. 

In light of these difficulties, researchers have explored numerous methods for enhancing the 
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performance of face recognition systems. Many researchers are focusing on developing hybrid 

face recognition systems that incorporate features from other modalities or algorithms. When it 

comes to improving identification accuracy, robustness, and generalization, hybrid systems 

integrate the best aspects of different modalities or approaches[5], [6]. Through this research, 

researchers aim to familiarize readers with the state-of-the-art approaches, their contributions, 

and the future challenges associated with hybrid face-based recognition systems by providing a 

detailed analysis of these systems. Multi-modal fusion, multi-algorithm fusion, and multi-level 

fusion are the three categories into which we've placed these architectures. The research was 

conducted to better understand the potential benefits and limitations of hybrid approaches. This 

paper's contributions are summed up as follows.: 

1. Comprehensive analysis of the prior research on hybrid systems, covering topics such 

as their justifications, benefits over traditional methods, and potential effects on 

recognition accuracy. We hope to provide scholars and practitioners with a 

comprehensive grasp of the state-of-the-art methods in this sector by examining the 

various types of hybrid systems. 

2. Analysis of the integration of face images with other biometric modalities, such as 

fingerprints or iris, to enhance recognition accuracy. We examine various fusion 

strategies, including early fusion, late fusion, and decision-level fusion, and evaluate 

their benefits and drawbacks. Additionally, we discuss the challenges associated with 

multi-modal data acquisition and fusion, as well as potential solutions. 

3. Exploration of hybrid systems with different facial recognition methods. Deep neural 

networks, local binary patterns, and sparse representation-based algorithms are 

discussed for hybrid systems. We examine the pros and cons of feature-level, score-

level, and decision-level fusion and their effects on recognition performance. 

4. Investigation of how to combine low-level pixel-based characteristics with high-level 

semantic representations to improve facial recognition's robustness and discriminatory 

power. We talk about combining matching scores or decision outputs, as well as features 

retrieved at various depths. We evaluate the advantages and disadvantages of multi-level 

fusion and suggest directions for future study. 
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The remaining sections of the paper are as follows: The many types of face recognition 

systems, such as feature-based, template-based, and model-based, are discussed in detail in 

Section 2.Section 3 discusses the motivations behind hybrid face-based recognition systems 

and presents their advantages over single-modality systems. In Section 4, we categorize the 

existing hybrid systems into three main groups: multi-modal fusion, multi-algorithm fusion, 

and multi-level fusion, providing detailed explanations of each category. Section 5 presents a 

comparative analysis of the strengths and limitations of different hybrid approaches. The 

difficulties and potential future research areas for hybrid face recognition systems are discussed 

in Section 6. The report finishes in Section 7, where the major findings are recapped and 

suggestions for future research are offered...  

2. Face Recognition Systems 

Identifying people by their faces, as seen in Figure (1). can be broken down into various sub-

types according to the methods and processes that underpin them. The various forms of face 

recognition systems, such as Holistic-based approaches, feature-based methods, model-

based techniques, and Hybrid-based approaches[7], [8], are discussed in detail below (see 

Figure (2)). 

 

FIGURE 1. Structure for facial recognition [9]. 

 

[1] Holistic-based Approach: 

The Holistic method, sometimes called the Global method, takes into account the 

complete face in its analysis. It analyzes the face as a whole and extrapolates features from 

the overall configuration of the face. This is a common application area for statistical image 

analysis techniques like Principal Component Analysis (PCA), Linear Discriminant Analysis 
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(LDA), and others like them. Then, we employ these attributes for identification or 

categorization. Though computationally efficient, holistic-based approaches may struggle 

with factors such as position, illumination, and facial expression fluctuation[10]. 

 

[2] Feature-based Approach: 

The Feature-based method, also known as the local method, is concerned with the 

collection and evaluation of localized aspects of a person's face. This method extracts and 

matches individual facial features, such as the eyes, the nose, the mouth, or local texture 

descriptors, to carry out recognition rather than treating the face as a whole. Methods like 

Local Binary Patterns (LBP), Scale-Invariant Feature Transform (SIFT), Histogram of 

Oriented Gradients (HOG), and Convolutional Neural Networks are frequently utilized for 

feature extraction in this method (CNNs). While feature-based methods may withstand 

shifts in position and lighting, they may falter when confronted with occlusions or a lack of 

data[11]. 

 

[3] Model-based Approach: 

The Model-based method creates a mathematical or statistical representation of the face. 

These models account for individual differences in the face's structure and appearance in 

order to facilitate identification. Active Appearance Models (AAM) are a popular model-

based technique because they combine shape and appearance models to describe the 

face. The Elastic Bunch Graph Matching (EBGM) technique is another good illustration; it 

builds a 3D representation of the face that can adapt to changes in position and lighting. 

Although model-based techniques are robust against shifts in position and lighting, aligning 

face landmarks precisely can be difficult[12]. 

 

[4] Hybrid-based Approach: 

The purpose of the Hybrid-based approach is to boost the efficiency of face recognition 

systems by utilizing a combination of different approaches. To enhance recognition 

precision, robustness, and generalizability, hybrid systems combine the best features of 

multiple methods. Using a global feature representation and local feature descriptors, for 

instance, a hybrid system may combine the holistic and feature-based techniques. To 

improve recognition accuracy, another hybrid method might combine data from different 
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modalities such as fingerprints and iris scans with facial photos. To overcome the 

shortcomings of standalone methods and attain better results in complex settings, hybrid 

approaches hold much promise[13], [14]. 

 

It's important to keep in mind that the lines between these methods aren't always well 

drawn, and that many cutting-edge facial recognition systems use a hybrid approach. 

Examples of deep learning-based systems that mix holistic and feature-based 

representations include Convolutional Neural Networks (CNNs)[15]. As a result of its 

capacity to mix diverse approaches or modalities, hybrid face-based recognition systems 

have garnered a lot of attention in recent years, and we'll be taking a look at some of these 

systems in the sections that follow. 

 

FIGURE 2. 

Methods for Recognizing Faces[16]. 
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3. Hybrid Approach 

Hybrid methods combine local and subspace features to reap the benefits of both 

approaches, which could result in better face recognition system performance. Gabor 

wavelets and linear discriminant analysis (HGWLDA) were employed to develop a 

unique method for face recognition by Fathima et al. [17]. Similarly, the size of the 

grayscale facial image that is an approximation is reduced. The grayscale face image 

goes through a series of Gabor filters, each with a distinct size and orientation. After 

that, they reduce the amount of space that exists within each class by employing the 

subspace technique known as 2D-LDA, while simultaneously expanding the amount of 

space that exists between the classes. For the purposes of classifying and identifying 

the test face image, the k-nearest neighbor classifier is utilized. Comparing each 

individual feature of the test face image to the features of the faces in the training set is 

what the recognition process entails. The experimental results suggest that the 

reliability of this approach remains unaffected by changes in illumination. 

Experimenting with different activation functions (Softmax and Segmod) and 

optimization algorithms; using a convolutional neural network (CNN) architecture for 

feature extraction; using the histogram of oriented gradient (HOG), the scale invariant 

feature transform (SIFT), the Gabor, and the Canny contour detector; Benradi et al. 

[18] developed a novel strategy to improve face recognition accuracy when faced 

with variance or occlusion.Before feeding the results of a feature extraction operation 

using the aforementioned methods into the CNN architecture we were utilizing, we 

preprocessed two of our face databases (ORL and Sheffield faces).Their simulation 

results show that the SIFT+CNN combo performs exceptionally well, with an accuracy 

of up to 100% even when noise is present. 

For 3D face categorization, Dutta et al. [19] employed a PICANet-based composite 

filter network after employing a cascaded linear convolutional network. Some of the 

layers that make up these networks are convolutional layers, nonlinear layers, pooling 

layers, and classification layers. The fundamental advantage of these networks over 

DCNN is the network topology's simplicity and processing efficiency. Three publicly 

available 3D face datasets (Frav3D, GavabDB, and Casia3D) have been used to assess 

the effectiveness of the proposed approach. Recognition rates of 96.7%, 87.7%, and 

89.21% were attained by the system when applied to photos of faces from Frav3D, 

GavabDB, and Casia3D using the proposed hybrid network. 
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Combining probabilistic neural networks (PNNs) with enhanced kernel linear 

discriminant analysis (IKLDA)is the basis of a hybrid approach to face recognition 

proposed by Ouyang et al. [20]First, a PNN approach is used to handle face 

recognition problems by reducing the dimensionality of features from a sample while 

maintaining its relevant information. Both the efficiency and accuracy of computing 

are enhanced by the suggested IKLDA+PNN approach. Since they cover a wide variety 

of facial emotions, facial characteristics, and degrees of scale, the ORL, YALE, and AR 

datasets were used to evaluate the IKLDA+PNN approach to face identification. In 

tests on three different datasets, it was shown to attain recognition accuracies of 

97.22%, 83.84%, and 99.12%, respectively. 

 

Latent dirichlet allocation (LDA), unbiased correction for collinearity in latent classes 

(WCBC), and over-complete least-squares bias correction (OCLBP) were all 

recommended by Barkan et al [21]. Adapting the LBP method allowed for this multi-

scale representation to be created. The LDA method is useful for dealing with the 

many-dimensionality issue. For facial recognition, the final measure learning 

procedure is called within class covariance normalization (WCCN). 

Using high-dimensional Walsh Local Binary Patterns (WLBP) and enhanced correlation 

filters, Juefei et al. [22] developed a periocular-based, single-sample, alignment-

robust face recognition system (WLBP). With this technology, you may quickly and 

easily generate new face images across a wide range of 3D rotations thanks to the 3D 

generic elastic model.The proposed solution outperformed state-of-the-art 

algorithms on the LFW database across all four assessment methods, with an accuracy 

of 89.6 percent. 

A multi-sub-region based correlation filter bank (MS-CFB) is proposed by Yan et al. 

[23] as a risk-free method of gathering data for use in facial recognition systems. Each 

of the face's individual areas can have its own unique set of features extracted using 

MS-CFB. as a risk-free method of gathering data for use in facial recognition systems. 

Each of the face's individual areas can have its own unique set of features extracted 

using MS-CFB. 

Through the utilization of PCA, SIFT, and Fisher vectors, Simonyan et al. [64] 

developed a fresh technique for recognizing people by their faces. As a solution to the 

problem of the Fisher vectors' large dimensionality, the authors advocate for a 
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discriminative dimensionality reduction. The vectors are then linearly projected onto 

a more convenient axis. Using dense SIFT feature descriptors and Fisher vector 

encoding, this method performs exceptionally well on the challenging LFW dataset in 

both confined and unconstrained circumstances. 

Using convolutional neural networks (CNNs) and stacked auto-encoder (SAE) 

techniques, Ding et al. [24] the original holistic face image, the rendered frontal face 

using a 3D face model (representing local facial features), and uniformly sampled 

image patches into a multimodal deep face representation (MM-DFR) framework. The 

proposed MM-DFR framework uses three-layer stacked auto-encoders (SAEs) for 

feature compression and convolutional neural networks (CNNs) for feature extraction 

to construct a low-dimensional representation of the face. Comparison to the LFW 

database is used to gauge how well MM-object DFR detects objects. Figure 3 depicts 

the proposed MM-DFR structure. 

An efficient pose-invariant facial recognition system is provided by Sharma et al. [25], 

which makes use of the PCA method and the ANFIS classifier. Principal component 

analysis (PCA) is used to extract features from images, and an ANFIS classifier is 

created to recognize images regardless of the subject's attitude. Since it is based on 

PCA-ANFIS, the suggested system outperforms ICA-ANFIS and LDA-ANFIS on the face 

recognition challenge. The ORL database is used for decision-making. 

 

The fast facial recognition system developed by Mussa et al. [26]makes use of DCT 

and PCA. In order to streamline the process and get rid of extraneous data, facial 

traits are extracted using a genetic algorithm (GA) approach. Dimensionality reduction 

and feature extraction are also carried out with the aid of the DCT-PCA technique. The 

shortest possible Euclidean distance is used as the criterion (ED). We use many free 

online face databases to demonstrate the efficacy of our strategy. 

Mian et al. [27] In order to efficiently and robustly recognize facial emotions, it is 

necessary to provide a multimodal (2D and 3D) face recognition system based on 

hybrid matching employing principal component analysis (PCA), support vector 

machine (SVM), and iterative closest point (ICP).The transformation makes it easy to 

adjust the 3D location of a face based on the texture of the face. The SIFT descriptor is 

used with a novel 3D spherical face representation (SFR) to build a rejection classifier, 

allowing for effective recognition even in the case of large galleries. To draw a 
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conclusion, we use a modification of the iterative closest point (ICP) technique. Over 

the whole FRGC v2 database, the system achieved a verification rate of 98.6% and an 

identification rate of 96.16%, making it less sensitive to and more resilient in the face 

of facial expressions. 

Cho et al. [28] used principal component analysis, local Gabor binary pattern 

histogram sequence (LGBPHS), and GABOR wavelets to create a hybrid system for 

facial identification. The number of dimensions can be minimized via principal 

component analysis. For recognition, they then employ the local Gabor binary pattern 

histogram sequence (LGBPHS) method, which was developed to lessen the burden of 

the difficulties introduced by the Gabor filters. Recognition rates are shown to 

increase experimentally under different illumination situations compared to PCA and 

Gabor wavelet techniques. Using the Extended Yale Face Database B, we show that 

this technique is effective. 

Sing et al. [29] combine principal component analysis (PCA) and Fisher linear 

discriminant (FLD) to create a novel hybrid approach to face representation and 

recognition. In order to extract local attributes from a picture, segmentation is 

required, while processing the full image at once will yield global characteristics. The 

resulting fused feature vector is then subjected to dimensionality reduction methods 

like principal component analysis (PCA) and Fisher linear discriminant analysis (FLD). 

To do this, they query the CMU-PIE, FERET, and AR databases for facial features. 

 

SPCA–KNN Coupling Principal Component Analysis (PCA) with Kernel Neural 

Networks, Kamencay et al. [30]develop a novel method for facial recognition. The 

SPCA descriptor and the Hessian-Laplace detector are utilized for this purpose. SPCA 

is used for facial recognition. To locate people with similar characteristics, the KNN 

classifier is presented. Using the unsegmented ESSEX database, the experiment was 

successful 92% of the time, whereas using the segmented database, it was successful 

96% of the time (700 training images). 

For sequential human activity recognition, Sun et al. [31] present a CNN-LSTM-ELM 

hybrid deep structure that combines convolutional operations, recurrent units from 

the LSTM network, and the ELM classifier (HAR). On the OPPORTUNITY dataset, they 

tested their suggested CNN-LSTM-ELM system. Each sample represents a sequence, 

and there are a total of 46,495 training samples and 9894 testing samples. Models are 
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trained and tested on GPUs with 1536 processing cores, 1050 MHz clock speeds, and 

8 GB of memory. Using a flowchart representation, Figure 4  depicts the suggested 

CNN-LSTM-ELM architecture. 

 

FIGURE 3. Illustration of the Multimodal Deep Face Representation (MM-DFR) Method in Action [24],  

 

FIGURE 4. The proposed convolutional neural network LSTM ELM[31]. 

 

3.2An Overview of Hybrid Methods 

The various hybrid methods are summed up in Table 3.Recognition systems have been 

given a boost in accuracy and speed thanks to the development of new techniques. 

Combining local and subspace methods produces reliable recognition and dimensionality 

reduction under varied lighting and expressions. It is also implied that these technologies 

are susceptible to noise and resistant to scale and rotation. 
TABLE 1. Hybrid approaches summary. 
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 Discussion on Hybrid Approaches in Face Recognition Systems 

 

As a result of their potential to improve recognition performance and accuracy, hybrid 

approaches have attracted a lot of interest in the field of face recognition systems. These 

algorithms offer a comprehensive and powerful method of face identification by combining 

regional and holistic features. The capacity to successfully manage both local and global 

elements is a major benefit of hybrid systems. Unique traits are best extracted from 

segmented face regions using local feature-based approaches including HOG, LBP, Gabor 

filters, and correlation filters. Facial expressions and occlusions, however, might contribute 
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significant background noise that can hinder their performance. Holistic approaches, on the 

other hand, consider the whole face rather than just the eyes, mouth, and nose. Holistic 

approaches are able to capture the full representation of a face because they treat the 

facial image as a matrix of pixels. On the other hand, they might not distinguish between 

different colors or textures in an image. 

Hybrid approaches can be more effective than either option alone since they combine 

regional and holistic approaches. Improved recognition accuracy and reliability can result 

from combining the strengths of local and holistic approaches. The system's adaptability to 

changes in illumination, facial expression, and stance is improved by utilizing both local and 

global features for analysis of facial recognition. When deciding on the best approach, it is 

vital to take into account the unique circumstances of the application. For instance, face 

recognition systems that employ modestly sized photos may struggle with the accuracy of 

local feature-based techniques. When choosing an algorithm, it is also necessary to take 

into account the amount of training instances that will be needed. By combining the best 

features of local and systemic approaches, hybrid methods provide a solution that can be 

adjusted to meet the needs of a given application. 

Future facial recognition system research should concentrate on improving hybrid 

techniques. Development of 3D face recognition methods, multimodal fusion methods that 

mix data from different sources (such as visible and infrared pictures), and the use of deep 

learning (DL) methods are three intriguing avenues for further investigation. While issues 

with lighting and position fluctuations plague 2D face recognition, 3D data can help, and 

multimodal fusion techniques can boost recognition performance even further. With its 

better accuracy in face recognition tests and its ability to learn high-level abstractions, DL 

has shown considerable promise. As a result of bringing together local and global features, 

hybrid techniques in face recognition systems provide an effective answer. The recognition 

accuracy, robustness, and adaptability of such systems can all be improved by combining 

the best features of both approaches. To further increase face recognition, future research 

should continue to investigate and improve hybrid approaches, with a particular emphasis 

on the creation of 3D face recognition, multimodal fusion techniques, and the application 

of deep learning algorithms.  

5. Conclusions 

In conclusion, the field of face recognition systems has seen considerable developments, 

with many approaches and methodologies being developed and investigated. hybrid 
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techniques, which mix regional and holistic characteristics, have emerged as a potential 

direction in boosting recognition performance and accuracy. these approaches integrate 

regional and holistic properties. these methods offer a complete and robust solution for 

face identification because they capitalize on the capabilities of both locally feature-based 

methods and holistic representations. moving forward, the focus of future research should 

be on further improving hybrid approaches and exploring new directions. for example, the 

development of 3d face recognition techniques, multimodal fusion strategies, and the 

integration of deep learning algorithms are all examples of new directions that could be 

investigated. these advancements will contribute to the continued progress and adoption of 

face recognition systems in a variety of domains, including biometric authentication, 

security, and surveillance. they will do this by addressing the challenges posed by 

changing lighting conditions and changing poses, as well as by improving overall 

recognition capabilities. 
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Abstract 

This research encompasses the preparatory and theoretical investigation of the computational chemistry of a series of chalcones 

utilizing quantum mechanics and molecular mechanics (MM2) methodologies. The investigation involves the evaluation of 

electronic density, total energy of the molecule, heat of formation, atomic charges, bond angles, bond lengths, and various other 

molecular properties. The quantum mechanics approaches employed encompass semi-empirical extended structure theory 

methods, including the AM1 method. Additionally, an assessment of their antibacterial activity was conducted, involving the 

synthesis of novel pyrazoline derivatives through the reaction of 5-chloroidanone with various benzaldehyde substitutes. The 

chemical identity of the synthesized compounds was established via measurements of melting point and spectroscopic techniques 

such as 1H-NMR, 13C-NMR, and FT-IR . 

Keywords: Chalcones, pyrazolines, biological activity, 5-chloroidanone 

 

1. Introduction 

Heterocyclic compounds composed of five atoms, featuring two nitrogen atoms within their structure, are of 

interest in this study. Conversely, pyroxylene is comprised of two hydrogen atoms and possesses a double 

bond. Pyrrolidine, in contrast, consists of four hydrogen atoms and lacks a double bond [1, 2]. 

 
Pyrazoline and its analogues have demonstrated notable pharmacological activity across industrial, medical, 

pharmaceutical, and agricultural domains [3]. Furthermore, they serve as counterparts to various 

heterocyclic compounds such as imidazoles, thiazoles, and oxazoles. Pyrazolines, known for their stability, 

have incited chemists to explore structural modifications aimed at generating diverse compounds with 

distinct pharmacological attributes [4]. The preparation of pyrazoline involves the interaction of chalcones 

with hydrazine or phenylhydrazine under acidic conditions [5]. The presence of double bonds and alkyl 

group attachments contribute to the multiple geometries exhibited by pyrazoline [6]. Solubility variations in 

pyrazolines, linked to solvent polarity changes due to double bond shifts, have been investigated in the 

context of medicinal chemistry [7]. Notably, pyrazole derivatives have been studied since Knorr's 

pioneering synthesis in 1883, leading to the discovery of antipyrene and its derivatives [8]. The initial 

pyrazolone derivative surfaced in 1884 as a treatment for pain, inflammation, and fever, marking a 

significant advancement in the field. Subsequently, pyrazole derivatives have gained recognition for their 

efficacy as anti-inflammatory, analgesic, and antipyretic agents [9]. 

 

2. Materials and Methods 

2.1. Materials Employed: All chemicals utilized in this study were procured from Fluka, Aldrich, and 

BDH Companies. 

2.2. Instrumentation: Solids were fashioned into KBr discs and subjected to Fourier-transform infrared 

spectroscopy (FT-IR) analysis within the range of 400-4000 cm^-1 using a Shimadzu Infrared FT-IR-8300 

instrument. Measurements were conducted at the University of Tikrit - College of Education for Pure 

Sciences - Department of Chemistry. In addition, proton nuclear magnetic resonance (H-NMR) and carbon-

13 nuclear magnetic resonance (C13-NMR) were performed at the University of Tehran using a Bruker 

device and dimethyl sulfoxide (DMSO) solvent. Melting points were determined using an Electrothermal 

melting point apparatus. Tracking of reaction progress and product purity assessment employed 9300 
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fluorescently activated silica gel-G sheets (0.2mm) and various solvents, with iodine serving as revealing 

agent. 

2.3. Preparation of Chalcone  

In a 100 mL round-bottomed flask, 0.01 mol of 5-chloroidanone was dissolved in 10 mL of ethanol, 

followed by the addition of 10 mL of 10% NaOH solution. The mixture was stirred magnetically for 15 

minutes. Subsequently, 0.01 mol of aromatic aldehyde dissolved in 10 mL of ethanol was added, and the 

mixture was stirred for 2-3 hours in a water bath within the temperature range of 20-40℃. Afterward, the 

mixture was refrigerated overnight, resulting in the appearance of a precipitate, which was then collected 

via filtration and recrystallized from ethanol. The progression of the reaction was monitored using thin-layer 

chromatography (TLC) [10, 11]. Table (1) presents selected physical properties of the synthesized 

compounds (IB1-IB8). 

2.4. Preparation of Pyrazoline 

In a round-bottomed flask with a capacity of 100 ml, equimolar quantities (0.00257 mol) of one of the 

chalcones were solubilized in 10 ml of ethanol. Subsequently, 0.00257 mol of hydrazine, dissolved in 5 ml 

of ethanol, was introduced into the solution and stirred for a duration of 10 minutes. Following this, 10 ml 

of a 10% sodium hydroxide solution was added to the mixture. The reaction mixture was allowed to proceed 

for 6-8 hours under continuous stirring. Subsequent to this reaction period, the solution was concentrated, 

cooled, and then gently added to crushed ice. The resulting mixture was neutralized by gradual addition of 

diluted hydrochloric acid (10%) until the pH reached 7. Monitoring of the reaction's progress was 

accomplished using thin-layer chromatography (TLC) [12, 13,14]. Physical properties of the synthesized 

compounds (IB9-IB16) are detailed in Table (1). 

2.5. Measurement of Biological Activity 

Biological activity evaluation was performed through the Agar-well diffusion method. This involved 

inoculating the bacterial cultures across the entire growth medium using a cotton swab. Wells were then 

created in the agar medium employing a sterile puncture tool with a diameter of 6 mm. Subsequently, 100 

microliters of each compound were placed within these wells on separate culture plates, each harboring a 

distinct bacterial strain. This process was replicated across all prepared solutions, encompassing their 

respective concentrations and targeted bacterial strains under study. The antibacterial activity assessment 

was conducted on two distinct bacterial types: the gram-positive Staphylococcus citrus and the gram-

negative E. coli. To ensure the effectiveness of the test, both bacterial species were initially re-cultivated 

and subsequently incubated in a controlled laboratory environment at 37°C for a duration of 18-24 hours. 

This incubation period facilitated the preparation of bacterial inoculums with a concentration of 1.5 x 108 

bacterial cells per ml, calibrated against the McFarland standard set at an optical density of 0.5 [15, 16]. 

 

3. Results and Discussion 

This investigation encompassed several key aspects. Firstly, the reaction involving chalcones and various 

reagents was undertaken to synthesize a series of heterocyclic compounds featuring pyrazoline rings. The 

identification of the synthesized compounds was accomplished through spectroscopic techniques, 

specifically Fourier-transform infrared spectroscopy (FT-IR) and proton and carbon nuclear magnetic 

resonance (1H,13C-NMR) spectroscopy. In addition, thin-layer chromatography (TLC) was employed to 

verify the formation of the prepared compounds. The study further delved into the biological activity of the 

synthesized compounds against two distinct bacterial strains, each yielding diverse responses based on their 

unique biological profiles. 

3.1. Characterization of chalcones 

The utilization of 5-chloroanedanone alongside different aromatic aldehydes in an alkaline medium (NaOH 

10%) served as the foundation for generating varied chalcones and their subsequent ring structures . 

Upon analysis of the FT-IR spectrum of the chalcones, distinct absorption bands were observed, such as the 

absorption at 3026 cm-1 linked to the aromatic (CH) bond stretching [17, 18]. A noticeable reduction in the 

frequency of the carbonyl group (C=O) of ketones was evidenced at 1696 cm-1, indicating its interaction 

with the double bond, manifesting at 1598 cm-1 [19]. Moreover, absorption bands appeared at 1492 cm-1 and 
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1415 cm-1, corresponding to the aromatic bond (C=C). Comparable results were found in literature 

references [20, 21], as in Figure (1). 

When studying the 1H-NMR spectrum of compound [IB1] using DMSO-d6 as the solvent, signals at 4.14 

ppm were attributed to the (-CH2) group adjacent to the benzene ring [22, 23], while signals at 7.12 ppm 

were attributed to the (β-CH) group [24, 25]. Multiple signals ranging from 7.29 to 7.92 ppm denoted the 

protons of the aromatic rings, and a signal at 2.49 ppm was assigned to solvent protons (DMSO-d6) [26, 27], 

as in Figure (2) . 

Likewise, the 13C-NMR spectrum of compound [IB1] showcased signals at 192.09 ppm carbonyl group, 

32.47 ppm (CH2) group adjacent to the benzene ring [28, 29], and (136.60-126.52) ppm carbons of the 

aromatic ring [30, 31]. Signals at 39.97-40.48 ppm were attributed to the DMSO solvent carbon, aligning 

closely with the literature [32, 33], as in Figure (3). 

3.2. Characterization of pyrazoline  

Similarly, the FT-IR spectrum of pyrazoline compounds exhibited characteristic absorption bands: C=N 

bond stretching at 1606-1690 cm-1 and N-H bond stretching at (3380-3310) cm-1 [34]. The spectrum also 

displayed bands indicative of aromatic bond (C=C) stretching at (1530-1591) cm-1 and (1406-1506) cm-1 

[34]. Other features, such as aromatic (Ar-H) bond stretching, were observed within specific ranges. These 

results mirrored prior findings [35, 36], as illustrated in Figure (4). 

3.3. Biological Activity of preparation compounds 

Moving to the biological assessment, the results from the inhibition zone measurements were tabulated 

Table (3). Notably effective solutions were identified, such as (6, 3, and 2), showcasing efficacy against 

both types of bacterial species [37, 38]. The potency of the compounds diminished with lower 

concentrations, with the concentrated solution displaying higher effectiveness [39, 40]. In general, inhibition 

zones varied from 10 mm to 31 mm. Compounds lacking effectiveness were indicated as "niz" denoting the 

absence of inhibition zones [41]. 

3.4. Theoretical Study 

Theoretical calculations were performed using Chem Office 12.0 software, which facilitated the 

determination of key engineering and physical properties for newly prepared chalcones [42]. This 

encompassed bond lengths, atom angle measurements, atom charges, as well as various energy variables, 

including LUMO, HOMO, ηµ, and W. The AM1 method was utilized [43]. 

η=1/2 (E.HOMO + E.LOMO)……(1)    µ=1/2 ( E.LUMO - E.HOMO)….....(2)     w= µ2/2η …….(3) 

Upon examination of Table 6, it's evident that compounds compensated with electron-withdrawing groups, 

like (1, 8, 5), exhibited higher HOMO energies compared to those compensated with electron-donating 

groups such as (4, 6, 7). Compound (2) presented notably high values due to its NO2 group, indicating its 

electrophilic behavior. These energetic relationships between HOMO and LUMO suggest enhanced electron 

transition processes [44, 45]. The presence of withdrawal groups effectively reduces the energy gap and 

increases compound stability [46]. 

The second set of effects, influenced by steric interactions like Van der Waals forces (attractive or 

repulsive) and hydrogen bonding, played a role in determining molecular stability. Various theoretical 

parameters were evaluated in this context, including bond lengths (C=C, C-C), atom angles (C=C-C), 

overlap energies (1.4 VDW and Non-1.4 VDW), heat of formation (Hf), and various energies (Stretch-

Bend, Torsion, Dip-Dip, TE) [47, 48]. Notably, the steric hindrance effect was prominent in compound 

(IB5), as indicated by its increased 1.4 VDW and TE values. Steric hindrance led to elevated compound 

energy, resulting in decreased stability [49]. 
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Scheme (1): Route of prepared compounds (IB1-IB16) 

Table (1): Physical properties of the prepared compounds (IB1-IB16) 

Table (2): FT-IR (cm-1) absorption results for chalcone derivatives [IB1-IB8] 

Others (C=C) 

Arom. 

(C=O) 

(C-Cl) 

(C=C) 

Olphen 

(C-H) 

Aliph. 

(C-H) 

Arom. 

R Comp. 

No. 

----- 1492, 1415 1695, 813 1598 2908, 2837 3026 Cl IB1 

(N-O) 1344 1454, 1421 1708, 846 1595 2937, 2802 3066 NO2 IB2 

(C-F) 952 1465, 1419 1697, 821 1598 2927, 2810 3050 F IB4 

(C-O) 1253 1510, 1461 1693, 815 1600 2920, 2839 3058 OCH3 IB3 

----- 1454, 1421 1700, 827 1596 2960, 2805 3065 2,3-Cl IB5 

(C-Cl) 738 1487, 1461 1708, 875 1596 2968, 2813 3062 2-CH3 IB6 

(C-N) 1311 1523, 1429 1679, 810 1587 2910, 2862 3075 4-N(CH3)2 IB7 

 (C-Br) 667 1488, 1413 1693, 813 1596 2921, 2846 3062 4-Br IB8 

Others (C=C) 

Arom. 

(N-N) 

(C-Cl) 

(C=N) (N-H) (C-H) 

Arom. 

R Comp. 

No. 

----- 1591, 1515 1030, 812 1611 3332 3062 Cl IB9 

 (N-O) 1337 1577, 1510 1042, 815 1633 3324 3070 NO2 IB10 

 (C-F) 954 1506, 1406 1093, 835 1606 3338 3028 F IB11 

 (C-O) 1295 1591, 1475 1071, 819 1608 3352 3048 OCH3 IB12 

----- 1588, 1466 1052, 864 1654 3310 3066 2,3-Cl IB13 

----- 1530, 1467 1100, 870 1690 3377 3058 2-CH3 IB14 

 (C-N) 1317 1557, 1415 1097, 815 1625 3365 3043 4-N(CH3)2 IB15 

 (C-Br) 678 1580, 1479 1085, 819 1606 3380 3064 4-Br IB16 

Table (3): Result of the biological activity test of the selected compounds 

E. coli S. citrus  Bacteria/ number 

10-3 10-2 10-1 10-3 10-2 10-1 IB9 

12 16 20 10 14 17 IB10 

16 17 26 13 19 26 IB11 

0 0 11   niz IB12 

  niz   niz IB13 

Color Yield % m.p. °C Molecular formula R Comp. 

off white 72 208-210 C16H12Cl2O 4-Cl IB1 

Dark brown 80 211-209 C16H10ClNO3 4-NO2 IB2 

Off whit 68 207-205 C16H10ClFO 4-F IB4 

Light White 60 175-173 C17H13ClO2 4-OCH3 IB3 

Whit 83 192-190 C16H9Cl3O 2,3-Cl IB5 

Light White 65 185-187 C17H13ClO 2-CH3 IB6 

orange 62 198-200 C18H16ClNO 4-N(CH3)2 IB7 

Light White 75 220-222 C16H10BrClO 4-Br IB8 

white 70 177-178 C16H12Cl2N2 4-Cl IB9 

Black 78 182-180 C16H12ClN3O2 4-NO2 IB10 

Yellow 67 163-161 C16H12ClFN2 4-F IB11 

brown 53 150-148 C17H15ClN2O 4-OCH3 IB12 

Yellow 75 177-175 C16H11Cl3N2 2,3-Cl IB13 

Light yellow 61 164-166 C17H15ClN2 2-CH3 IB14 

Light orange 57 175-177 C18H16ClN3 4-N(CH3)2 IB15 

White 71 189-190 C16H12BrClN2 4-Br IB16 
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16 17 28 12 13 15 IB14 

  niz   niz IB15 

0 0 11   niz IB16 

*NIZ (No Inhibition Zone) 

Table (4): Theoretically calculated energy variables for chalcones using the (MM2) method 

Comp. E Stretch E Bend E Stretch-

Bend  

E Torsion E Non-1,4 

VDW 

E 1,4 VDW E 

Dipole/Dipole 

TE   

(kcal/mol) 

1 1.002 10.3813 0.0384   -11.0449    0.1854 14.9143 -0.4074 15.0683 

2 1.0958 11.1425 0.0448 -11.0655   1.3804 16.7556 -0.2623 17.1918 

3 0.9701 10.3255 0.0235 -11.0856 0.2826 14.3851 -0.4080 14.4931 

4 1.2056 12.7607 0.0846   -11.0644   0.6786 17.2172 -0.4584 20.4238 

5 2.0178 17.3784 0.2207 -11.6040 3.0533 18.5299 1.9032 31.4994 

6 1.5992 15.5491 0.1029 -6.9033 1.6604 16.2997 -0.4513 27.8567 

7   1.4195 15.3926 0.3392 -13.1270 3.1812 18.0255 -0.5396 24.6913 

8 1.0042    10.4450 0.0475 -11.0289 0.1202 15.0733 -0.4122 15.2490 

Table (5): Theoretically computed values of the physical variables for the bases of chalcones using 

method (AM1) 

Comp. Charge (Coulomb) Bond Length (Å) Angle (Degree)  Hf 

(Kcal/Mol) C1   C2 C3    C1C21C3 

1 -0.1797 -0.044 -0.0585 1.340 1.450 131.1 23.0389 

2 -0.1543 -0.0693 -0.0393 1.340 1.450 131.1 34.4711 

3 -0.1829 -0.0407 -0.074 1.340 1.448 131.0 -15.1673 

4 -0.1954 -0.0279 -0.0991 1.341 1.447 131.3 -8.3085 

5 -0.1529 -0.0618 -0.0275 1.339 1.455 138.5 27.0839 

6 -0.181 -0.0385 -0.0586 1.340 1.457 131.8 27.2942 

7 -0.2091 -0.014 0.1273 1.342 1.444 131.3 38.2252 

8 -0.1759 0.0473 0.0454 1.340 1.450 130.5 35.0667 

Table (6): Theoretically calculated values of energy variables for chalcones using (AM1) 

Comp. HOMO (eV) LUMO (eV) Ƞ (eV) µ (eV) ω (eV) ∆(L-H) (eV) 

1 -0.3465 -0.0486 0.148 -0.197 0.131 0.297 

2 -0.3749 -0.0953 0.139 -0.235 0.198 0.279 

3 -0.3444 -0.0471 0.148 -0.192 0.124 0.297 

4 -0.3324 -0.0398 0.144 -0.186 0.120 0.292 

5 -0.3513 -0.0524 0.146 -0.201 0.138 0.298 

6 -0.3409 -0.0403 0.15 -0.190 0.120 0.300 

7 -0.3008 -0.0267 0.137 -0.163 0.096 0.274 

8 -0.3477 -0.0502 0.148 -0.198 0.132 0.297 
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Figure (1): FT-IR spectrum of compound (IB1) 

 
 

Figure (2): 1H-NMR of (IB1) 

 
Figure (3): 13C-NMR of (IB1) 
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Figure (4): FT-IR of (IB11) 

 
Figure (5): 1H-NMR of (IB11) 

 
Figure (6): 13C-NMR of (IB11) 

 

4. Conclusions: High product percentages can be obtained from fresh chalcones by stirring in a 10% alkaline medium. By using 

chalcone as a raw material for the preparation of heterocyclic rings, a good proportion of the product was obtained, and the 

method is simple and easy, and the product can be obtained directly. Some of the prepared compounds showed moderate activity 

against the tested bacteria. The theoretical results obtained using quantum mechanics methods for chalcone compounds were 
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consistent with the practical part in terms of product percentage, where the compounds substituted with withdrawn groups 

showed more product percentage than the groups compensated with electrons pushing groups.. 
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 الخلاصة
قسم علوم الحياة لغرض اعادة تدوير المتبقيات النباتية وتحويلها الى -كلية التربية  /يت الدراسة في جامعة سامراءاجر      

قطة بمختلف  اذ جُمعت مخلفات النباتات من حدائق الجامعة بواسطة اكياس وتضمنت بقايا الاوراق المتسا عضوي،سماد 
 من بلاستك وغيرها.  ثم فُرزت لإبعاد الأجزاء الغير نباتية الانواع،

الفيزيائية والكيمائية   هصفات من  بعض ال عند حصول تغيرات مع  جيدة،ان السماد كان ذا كفاءة  الدراسةنتائج أظهرت      
-6.5تراوحت بين  س الهيدروجينيإذ سجلت تذبذبات في الا، 2023 شباطولغاية شهر  ,2022 الثانيللمدة من تشرين 

 -23.5في حين قيم المادة العضوية كانت   سم،مايكروسيمنز/  2.5-4صيلية الكهربائية ما بين  التو   تباينت قيمبينما    ،3.5
. في حين سجل 8.44-16.5 قيماً تراوحت ما بين N:Cسجلت نسبة  و  %،70.5-76.4والرطوبة تراوحت  ,% 20.1

 . %  0.12-1.3سجل  الفسفورو  ,%1.4-4.33نتائج ما بين  النتروجين 
ان كفاءة الحوض في اعادة التدوير للمتبقيات النباتية جيدة فضلًا عن كونه سهل الاستخدام وغير  من خلال النتائج تبين 

 مكلف.
 

 بقايا الاوراق. بلاستك، عضوي،سماد  النباتات،مخلفات  تدوير،الكلمات المفتاحية: اعادة 
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Abstract 

     The study was conducted at Samarra University-College of Education- Department of 

Life Sciences for the purpose of recycling plant residues and converting them into organic 

fertilizer . 

The results of the study showed that the fertilizer was of good efficiency, with changes 

occurring in some of its physical and chemical characteristics for the period from November 

2022 to February 2023, as fluctuations were recorded in the pH ranged between 3.5-6.5, 

while the electrical conductivity values varied between 4-2.5 microsiemens/cm, while the 

organic matter values were 23.5-20.1%, the humidity ranged from 70.5-76.4%, and the N:C 

ratio recorded values ranging between 8.44-16.5. While nitrogen recorded results between 

1.4-4.33%, and phosphorous recorded 0.12-1.3%. 

     Through the results, it was found that the basin's efficiency in recycling plant residues is 

good, in addition to being easy to use and inexpensive. 

 

Keywords: recycling, plant waste, organic fertilizer, plastic, leaf residue. 

 introductionالمقدمة 
على         سلبي  تأثير  لها  البشرية  الصناعية    تحقيقالرغم من  . وبوالتربة  والهواء،  لمياه،ا  لتلوث  اذ تعد سبب   ،البيئةالأنشطة  اً نجاحالثورة 
ادت التغيرات    د وق  .(WHO,2019)  الإنسانمضرة بصحة    للهواء والتي تكون   هائلة من الملوثات المنبعثةات  إنتاج  اضافت، إلا أنها  كبيراً 

ب تأثيرات  كذلك  و   المناخالحاصلة  العالمي  الاحترار  على  ال بشكآثار  البيئية  متعددة  قد  ،  النظم  منهامشاكل  ب  يتسببوالذي  سلامة   عديدة 
 (.Marlon et al.,2019) اتاتالنبالعديد من ب اضرار، وإلحاق الحيوانات وقد تنقرض بعض، ذوبان الجليدالأغذية، 

والاحتباس    والأكسدة،ضوئية  تكوين مواد كيميائية  و رة،  يواد النفايات تأثيرًا بيئيًا، حيث إنها تتجمع عادةً في ست مجموعات خطتولد م     
يمكن أن تؤثر مثل هذه   ،والتغذية،  أحيائية، والتحمضاللا  واستنفاد الموارد    المناخ،الطبيعية الناتجة عن تأثير تغير    الانشطةوتعزيز    الحراري،

 2019,كلات الرئيسية المتنوعة ذات الصلة بالمكونات على مراحل إعادة التدوير وتؤدي إلى الضغط في الحفاظ على البيئة الطبيعية )المش
Ali& Ahmed  ) 

ة أخرى, وتعتمد  مواد الملوثة، وفيها تعاد المواد الملوثة الي الشكل الخام تدريجيا وبالإمكان تصنيعها مر الثل عملية إعادة التدوير معالجة  تم     
مغلفات   لعمل  المستخدمة  الأوراق  تدوير  كأعاده  مباشر,  بشكل  استخدامها  يمكن  لا  بعضها  ان  اذ  النفايات،  نوع  على  التدوير  إعادة  عملية 

تي يتم  ي العملية ال، وهعادة التدوير عن طريق الانحلال الحراري ا عملية  الطاقة ب  على يمكن الحصول  ,  وملفات وبطاقات تهنئة وما إلى ذلك
لتوليد سوائل وغازات ومركبات كثيفة  فيها أكسجين  بدون  النفايات  المتعلقة ولقد  . (Recycling,2019) احتراق  الدراسات  العديد من  ركزت 

 ( .Zhao et al, 2021بمؤشرات جودة التربة بشكل أساسي على الخصائص الفيزيائية والكيميائية للتربة واستخدمت لنمو النبات )

الاساسية للزراعة, اذ يتمتع بأهمية أساسية للتخفيف من ظاهرة الاحتباس الحراري,   ه( في التربة احد مركباتSOCكربون العضوي ) يعد ال     
(. وان  Matschullat et al.,2018وان أي انخفاض في نسبته تؤدي الى تأثيرات كبيرة على تركيز ثاني أكسيد الكربون في الغلاف الجوي )



 Journal of Natural and Applied Sciences URAL                                                   No: 4, Vol: 1\December\ 2023    

260 
 

وي النموذجي هو استخدام المواد الدبالية، والتي يمكن استخدامها في الأراضي الزراعية لتعزيز نمو النبات والقدرة على  مصدر الكربون العض
 (. Kanmaz,2019الاحتفاظ بالمياه وكذلك لخصائصها المبيدة للجراثيم والفطريات )

المفرط       الكيميائي  للتخصيب  الضارة  الآثار  ان  السر   تتضمن  اذ  التغذية  للنباتات، وتلو في  الماالث  ييعة    و اسطحية  سواء كانت    ئيةموارد 
الحراري)  ,(Liang et al.,2013جوفية) النيتروجين  , و Zhu et al.,2019)وانبعاثات غازات الاحتباس  للتغييرات في نسبة الكربون /  يمكن 

(C/N ( ملحوظ  بشكل  التربة  في  الميكروبي  التنوع  تعديل   )Sepehri & Sarrafzadeh,2019).   العضوية و الأسمدة  استخدام  بدأ  لقد 
  واستخدام   يعد تطويراذ  والمعدنية، بشكل رئيسي من خلال إعادة تدوير مخلفات المحاصيل أو السماد الطبيعي أو غيرها من الكتل الحيوية،  

تنادًا إلى استخدام المواد المتجددة بمثابة التي لا تعتمد على توافر الموارد المعدنية أو العمليات كثيفة الاستهلاك للطاقة واسو الأسمدة العضوية  
 (.Paungfoo-Lonhienne et al., 2019تقدم كبير نحو الاقتصاد الدائري الذي يعيد دمج النفايات في دورة الإنتاج )

التدويرأن         في  عملية    إعادة  الأساسية لاستخدامها  الخام  المواد  الحفاظ على  في  أق  المستقبل،تساعد  استفادة من اذ يجب تحقيق  صى 
إعادة    كما ان   (.Environment,2020)والتعدين  كاستخراج المواد الخام عن طريق قطع الأشجار    جديدة،الموارد الطبيعية وصنع منتجات  

العضوي    تدوير النفايات العضوية للاستخدامات الزراعية أمرًا ضروريًا للحفاظ على إنتاجية التربة في المناطق التي تكون فيها نسبة الكربون 
 (.Tortosa et al., 2014منخفضة )

 ،(FAO,2019( ضروري للكائنات الحية وهو عامل مقيد في زيادة غلة المحاصيل لإطعام سكان العالم المتزايدين )Nالنيتروجين)يعد       
لاس جدًا  مهم  يعد  لذلك  العالم.  من  كثيرة  أجزاء  في  للزراعة  وفرة  المغذيات  أقل  هو  النتروجين  عنصر   Helfrich et)للمنتج  تقرار  وان 

al.,2020.) 

لتحسين خصوبة        التي تحتوي على مغذيات كبيرة ودقيقة بدلًا من الأسمدة الاصطناعية  الزراعية  النفايات    التربة، يمكن إعادة استخدام 
)كالأبقار(، و  المختلفة  الحيوانات  الزائد من  السماد  استخدام  يتم وعلى نطاق واسع  الحاضر  الوقت  المحاصيل  وفي  الحيوي، ومخلفات  الفحم 

 Qian)أو في شكل مخاليط إلى جانب الذرة والقمح، ويعد الأرز غذاءً أساسياً مهمًا، ويمكن إعادة تدوير بقاياه بطريقة مستدامة    مباشر،بشكل  

et al.,2022  ويمكن استخدام .)Biochar  الحراري  ت الاحتباس  كتعديل للتربة، وتعزيز إمدادات المغذيات وتقليل انبعاثات غازا(Dong et 

al.,2021؛ Melo et al.,2019)  .  سماد النفايات الحيوية( سمادًا قي ِّمًا ومفيدًا كمكيف منزلية  يمكن أن يكون الكومبوست من نفايات  كما(
لتربة  في ا جة الحيوية  ومفيد للمعال  (Awad et al.,2021؛    Carabassa et al.,   ،2020)للتربة، ويوفر المغذيات وكذلك المواد العضوية  

 (. Kalanaki et al.,2020)المتأثرة بالملح خاصة 

الحصاد   نباتية بكميات كبيرة ومتنوعة بسبب عمليات  قد ينتج عنه طرح مخلفات  الزراعي والذي  النشاط  في المحاصيل    واختلافمن خلال 
التي    السنوية، المناطق  البيئة لا سيما  على  اعباء  إضافة  في  قد تسبب  في محيط والتي  قليلة  الدراسات  التدوير، ولكون  إعادة  لعملية  تفتقر 

 عملنا.

النباتية المطروحة من الأراضي   وأمنة بيئياً لإعادة  تكلفة، جاءت دراستنا للبحث عن وسيلة سهلة التطبيق عملياً وبأقل        تدوير المخلفات 
 منها. الزراعية لحماية البيئة 
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 Material and Methodالمواد وطرائق العمل  

سامراء      جامعة  في  الدراسة  التربية   -اجريت  من    -كلية  للفترة  الحياة  علوم    2023\ 2\ 10الى    2022\ 11\ 10قسم 
لغرض اعادة تدوير المتبقيات النباتية وتحويلها الى سماد عضوي اذ جُمعت مخلفات النباتات من حدائق الجامعة بواسطة  

 وغيرها. ثم فُرزت لإبعاد الأجزاء الغير نباتية من بلاستك الانواع، تلف اكياس وتضمنت بقايا الاوراق المتساقطة بمخ
سُحقت       ثم  المستمر  التقليب  مع  تماماً  تجفيفها  حوض )طحنت(,  وتم  واستخدم  المعالجة.  حوض  وضعت في  بعدها 

سفل لتصريف السوائل من التربة ووضع مشبك معدني في الا  أفرغ  ،(الحياةقسم علوم  )العائد لالزراعة في البيت الزجاجي  
الجوانب وذلك لتصريف المياه والسوائل الناتجة من النباتات. يبلغ    أحد فتحة عند القاعدة عند    كما ويوجد ثقب او   الزائدة،

المستخدم  100الحوض  عُرض   والطول  بعد    سم،   300سم  خشبي  قاطع  لحجر  300الـ  وضعَ  وضع   سم  بعد  الاوراق 
نظمن    )لكي  مستمرلتر من الماء مع التقليب بشكل    30% من خلال إضافة  60سبة  النباتات في الحوض وتم ترطيبها بن

بإضافة  %  60-% 50مع ضمان الحفاظ على نسبة الرطوبة في الخليط من    ياً التقليب اسبوع   أستمر  الكامل(،الترطيب  
  ترطيب.من الماء الى الخليط فيما لو كان يحتاج الى  كمية

ومتابعة    عليها، بعض الفحوصات    وإجريت   المقارنة،عينة    الى  بالإضافةة كل اسبوعين  أُخذت عينات منها بواقع عين      
 ( أسابيع لإجراء الفحوصات.6استغرقت العملية ) التحلل،عملية 

 التحاليل الفيزيائية والكيميائية: 
 : pHالأس الهيدروجيني  -1

  100إذ اخذت    (،APHA  (2017,ب  حس  pHالهيدروجيني  الاس  م عمل مستخلص مائي للعينات لغرض قياس  ت     
(  5:(1مل ماء مقطر بنسبة    500غم من كل عينة من السماد العضوي الجاف ووزنت بميزان حساس، ثُمَّ اضيف لها  

 .pHجيداً بالهزاز لمدة ساعتين، ثم رشح المحلول واخذت له قراءات الـ  ورجها
   Electrical Conductivity (EC)  :الكهربائيالتوصيل  -2

 )السماد غم من كل عينة من عينة  100(، إذ تم اخذ Page,1982)قياسها تم عمل مستخلص مائي لغرض      
( وتم رجها بصورة جيدة في الهزاز لمدة ساعتين، بعدها  5: 1مل ماء مقطر بنسبة ) 500لها  الجاف(، وأضيفت العضوي 

 رشح المحلول واخذت القراءات.
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 نسبة الرطوبة: قياس -3       

 : يلي ( وكماPage,1982) وفقسبة الرطوبة قيست ن
 وزن الاناء فارغاً على ميزان حساس )ذو اربعة مراتب(. -أ

 غم من كل عينة من السماد العضوي الرطب في الاناء.   10وضعت  -ب 
 سجل وزن الاناء مع العينة.  -ت 
، ثم سجل  ويثبت  الوزن   ان يستقرساعة الى  24ولمدة  ,°م70وضع الاناء مع العينة في فرن وبدرجة حرارة   -ث 

 بعد التجفيف واستخدم لحساب الفرق القانون الآتي: هاوزن

 ( بعد التجفيف)وزن العينة  -وزن العينة جافة)بالهواء(                         
 X  100                           نسبة الرطوبة =                                    

 عد التجفيف )بالفرن(وزن العينة ب                    
 

 :Determination of Organic Matter (O.M) تقدير المادة العضوية -4   

، إذ أخذت العينات وجففت ووضعت في اواني (,Page  (1982حسبت المادة العضوية بطريقة الفقد بالترميد حسب       
°م لمدة أربع ساعات، ثم بعد إخراجها    450رة  خزفية وتم وزنها، ثم وضع الاواني مع العينات في المرمدة وعلى درجة حرا

إلى أن انخفضت درجة حرارتها، ثم بعد ذلك أخذ وزنها النهائي، وحسب وزن المادة   Desiccativeوضعت في المجفف  
 التالية:العضوية وفق المعادلة 

 وزن الاناء فارغة  -وزن الرماد = وزن الاناء مع الرماد 
 وزن الرماد                                            

 X 100      الرماد =                               
 وزن السماد الجاف

 
 الرماد % -  100المادة العضوية % =  
 

 تحضر ، (Jackson  1958,)قدر باستخدام مايكرو كلدال الموضحة من قبل  :النتروجين -5
 المواد التالية:

 .(مقطرماء ) لتر واحد في غم   40إذابة  يحضر من  Boric Acidحامض البوريك  .1
 مل ماء مقطر. 100غم في    0.2تحضر من إذابة   Blue methylصبغة ازرق المثيل  .2
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بـغم من مسحوق الصبغة    0.125  بوزن تحضر    Red methyl  المثيل  احمر  صبغة .3 كحول مل من    100  واذابته 
 الايثانول. 

 مقطر.ماء من م في لتر واحد غ  400إذابة بيحضر  -: NaOH (10N) هيدروكسيد الصوديوم  .4
 مقطر.ماء مل في لتر واحد  1.16يحضر من إضافة   -HC1 0.014N):حامض الهيدروكلوريك ) .5

مل ويكمل   20مل من المثيل الأزرق، ثم يؤخذ من مخلوط الصبغتين  80ويخلط مع   من احمر المثيلمل    20أخذ        
بإضافة    100الى   التقدير  يتم  البوريك.  بحامض  + من    مل  5مل  الـ    10العينة  من  غرفة    NaOHمل    ، التسخينفي 

  بعد ذلك   يتم التسحيحو الأخضر،  الى  اللون  تغير  ي  الى ان  فوهة المكثف  عند )مخلوط البوريك(    الدليلمل من    10وضع  يو 
 : ة، كما ياتيالكلي  المئوية لنتروجينانسبة صول للون الأصلي للدليل. وتحسب الى الو  HCIالـ ب

 100           لمستخلص الكلي    حجم اN)      الوزن المكافئ لـ) xتة عياري HCl xحجم 
N                  = %                                  X    X                                    

 0.4وزن العينة     (5mlحجم المستخلص المستخدم)                  1000 
 

 ليعطي ناتج النتروجين كنسبة مئوية.  0.49بضرب قراءة السحاحة ×  ،لةالمعاد اختصار هذه ويمكن 
 

 : Pفسفور   -7

بو   قدر      المطياف  الفسفور  جهاز  في  العينة  وبضع  موجي  الضوئي،  وتسجيل    882طول   ,1982)  قراءةالنانومتر 

Sommers   &Olsenثم حسب التركيز الكلي للفسفور ،). 

 50        الحجم الكلي للمحلول ب)مل( 
  X  X= قراءة الجهاز لتر(  الفسفور)ملغم/

 حجم المستخلص بالمل      م(غراوزن التربة الجافة بالهواء)                                 
 الاحصائي: التحليل -8

 .(2000)الراوي وخلف,  حسب   0.05 يةعند مستوى احتمال دنكن، حسب اختبار احصائياً،حللت البيانات      
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 -والمناقشة: لنتائج ا

 -: pH الأس الهيدروجيني -1

 ( الشكل  في  والموضحة  الهيدروجيني  الأس  قيم  عند  (  1بينت  المتعادل  دون  ما  الى  الهيدروجيني  الأس  قيم  انخفاض 
وأقل  الحامضية  باتجاه  كانت  وجميعها  كان معنويا  الارتفاع  وهذا  تدريجيا  الهيدروجيني  قيم الأس  ارتفعت  وثم  التحضير 

بلغت  قيم السادس  3.5ة  الأسبوع  في  اصبحت  لكن  البداية  )  6.5عند  الدوري  نتائج  مع  متفقة  والدوري   (2020وهي 
(2022 .) 

 
 يوضح الاس الهيدروجيني.  (1الشكل )

 -: ECالتوصيل الكهربائي   -2

( الشكل  في  والموضحة  الكهربائي  التوصيل  قيم  زيا(  2ان  عند  ارتفعت  عند  قد  دنكن  اختبار  حسب  التحضين  فترة  دة 
مايكروسمنز/م في الأسبوع    4مايكروسمنز /م في حين أعلى قيمة بلغت    2.5اذا بلغت أقل قيمة  0.05معنوي  مستوى  
 العضوي، ( في تحرير الايونات المغذية خلال عمليات التحلل  2022( والدوري )2021وهي تتفق مع الرملي )  السادس،

 (. (fang & wong,2000وبالتالي تزداد 

 
 . التوصيل الكهربائيقيم يوضح  (2الشكل )
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 :.O.Mالعضوية  المادة -3

اعلى قيمة بعد    ارتفعت وسجلت ثم  %    20.01ان قيم المادة العضوية في بداية التحضين كانت منخفضة اذ بلغت       
كما , و 20.2%, وبعد ست اسابيع انخفضت لتصل الى   22.2ابيع, فيما كانت بعد اربع اس  %23.5اسبوعين اذ بلغت  
بنشاط الأحياء المجهرية, اذ انها تحصل على الطاقة  الحاصلة  الى الزيادة  ويعود سبب انخفاضها  ,  (3موضح في الشكل) 

و  وماء  الكاربون  اوكسيد  ثاني  الى  وتحويله  العضوي  الكاربون  وحرق  اكسده  خلال  المادة من  استهلاك    بالنتيجة 
  2022).)الدوري,، واتفقت النتائج مع(Shyamala & Belagali, 2012)العضوية

 
 . المادة العضويةيوضح  (3الشكل )

 نسبه الرطوبة: -4

والرابع       الثاني  الاسبوع  في  ارتفعت  الرطوبة  نسبة  الشكل)كما    ان  في  الاسبوع  (4موضح  بعد  تقل  بدأت  لكنها   ,
بلغت السادس اذ  التحضين  عند  قيمة  ادنى  وسجلت  بلغت   % 70.5,  اذ  الثاني  الاسبوع  لها عند  قيمة  اعلى  وسجلت   ,
وتتفق النتائج مع  %,  73.1%, وبعد ست اسابيع انخفضت لتصل الى   73.2بينما كانت بعد اربع اسابيع   % ،76.4

الزيادة    ,((2022الدوري   الى  ذلك  التبخر  الحاصلة  ويعزى  النشاط  تحصل مع  التي  و بمعدلات  المجهرية, لزيادة  لأحياء 
السماد, وتكون بكتيريا إزالة النتروجين  ب   العضوية    واد المعلاوة على ذلك، يلعب النشاط الميكروبي دورًا رئيسيًا في تحول  

 (. Ma et al., 2018أكثر نشاطًا في المرحلة المحبة للحرارة، هذه الكائنات الدقيقة حساسة للتغيرات البيئية )
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 يوضح نسبة الرطوبة.  (4الشكل )

 N :C  الى النتروجين الكاربون  -5

بمختلف الانواع(، والتي تلعب    الاوراق)العضوية    مصادر المواد وذلك حسب  العضوية    بالمادةتختلف    N:Cنسبه    ان    
عند   16.5وسجلت اعلى قيمة    (,McCartney and Larsen,2000)دور مهم في التحلل الحاصل بالمادة العضوية  

, و اتفقت الناتج مع  (5موضح في الشكل) , وكما  في الاسبوع السادس من التحضين  8.44التحضين, وادنى قيمة بلغت  
 (. 2020الدوري) 

 
 يوضح قيم الكاربون. (5الشكل )

 color اللون: -6

يتم      التحضين  بداية  عند  اللون  بلونه  ان  للأسبوع    الاصفر،يز  وصولة  عند  الداكن  البني  اللون  الى  تدرج  بعدها  ثم 
النتائج تتفق مع    السادس، ( أي وصول المنتج الى مرحلة 2021)الرملي  أي بعد انتهاء مراحل التحلل للمخلفات وهذه 
 . Abd Elfattah (2013)النضج  
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 :Nالنتروجين   -7

مع        ارتفع  النتروجين  تركيز  معنوي    ادةزيان  مستوى  عند  دنكن  اختيار  حسب  معنويا  التحضين  كما    ,0.05فتره 
في   نسبة    (،6)الشكل  موضح  اعلى  بلغت  بعد   4.33اذ  بلغت    السادس،الاسبوع    %  حين  بداية    أدنىفي  في  قيمة 

  عتمد وي  ضوية،يعود سبب الارتفاع نتيجة ازدياد العمليات في التحرر اثناء التحلل الحاصل للمواد الع  %،  1.4التحضين  
نتائج النتروجين مع    (.Goyal et al.,2005  Beier et al.2008;)  التربةبشكل أكبر على رطوبة    النتروجين واتفقت 

  (.2021)والرملي ( 2020) الدوري 

 
 يوضح قيم النتروجين.  (6الشكل )

 : p  الفسفور -8

بعد   السادس،% بعد الاسبوع    1.3ازدادت اذ بلغت    قيم الفسفوران    ،(7)شكل  الموضحة في  النتائج الفسفور    بينت      
الأول   الاسبوع  في  كانت  مع  0.12ان  النتائج  واتفقت  الفسفور  ,(2022)    والدوري   (2020)  الدوري ,  زيادة  تعود إن 

يمكن  اذ    , العضوية المتحللةلفوسفور المنبعث من المادة  لزيادة اإلى حد كبير    ايضاً   يرجعوقد    ,للذوبان  لانخفاض قابليته
المتاح الفوسفور  يزيد  قد  مما  التربة،  لرطوبة  مناسب  تركيز  تحت  كمذيب  الفوسفور  إذابة  الفسو   للماء  فور  يقلل 

 .(Williams et al., 2018)الكلي
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 يوضح قيم الفسفور. (7الشكل )

 المصادر

 : العربية ر المصاد -1

جامعة  للبنات،كلية التربية  ماجستير،اعادة تدوير متبقيات النباتات بطرق اقتصادية وامنة. رسالة  (.2022)عطوان ال أروه كم الدوري، •
 تكريت. 

اعادة تدوير مخلفات الاغذية وتقويمها سماداً عضوياً في تحسين نمو وانتاج محصول  (.2020) احمد سحر لطف الله  الدوري، •
 جامعة تكريت.  للبنات،لتربية كلية ا  ماجستير،الطماطة. رسالة 

 ،الثانية ةالزراعية، الطبع التجارب  يللوتح يمصمت .(2000) محمد  زيز الع د عب ،خلف اللهو  د مو محع اشخ ،الراوي  •
 .صلمو ال جامعة بعةطم

.  عضوياً في نمو شتلات وحاصل الطماطة وسماداً  وسطاً  والعاقولتقييم كمبوست الشوك  (.2021)محمد نوري حميدي  الرملي، •
 جامعة تكريت.  الزراعة،كلية  دكتوراه،اطروحة  

 المصادر الانكليزية:  -2
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Using the public estuary and evaluating its water during the study of organic and 

inorganic pollutants before and after the treatment station and comparing them with 

international standards. 

Assistant Lecturer: -Ban Khalil Ali / Dhi Qar Education Directorate/Iraq 

     Summary 

  The study included collecting water samples from two stations located on the general downstream river, one of which 
was an untreated station and the other was treated to study organic and inorganic pollutants, and their suitability was 
evaluated by comparison with international standards, whereas samples were taken during the period 2022-2023 (April 
represents the spring season, July represents the summer season, October represents the fall season, and January 
represents the winter season) to observe the locational and temporal changes of the river. Temperature, PH, electrical 
conductivity, total dissolved solids, suspended solids, salinity, turbidity, dissolved oxygen, chloride, carbonates, 
sulfates, phosphates, nitrates, phenols, pesticides, fecal coliform bacteria, bicarbonates, hardness, oils greases, sodium, 
sodium adsorption rate, and concentrations of some heavy metals were measured. The results showed the abundance 
of pollutants and the influence of river water on the climate of the southern rugged region before treatment. However, 
the station that treated the water proved efficient in eliminating all pollutants except pH, dissolved oxygen, nitrates, 
fecal coliform bacteria, and some heavy elements such as copper, lead, and iron, as their percentages were high and 

required further treatment 

وبعد محطة استخدام المصب العام وتقييم مياه خلال دراسة الملوثات العضوية واللاعضوية قبل 

 المعالجة ومقارنتها بالمحددات العالمية 

 ق العرا /مديرية تربية ذي قار /بان خليل علي   -المدرس المساعد:

   -المخلص :

معالجررة  أحداهما محطة غيررر  المصب العام  تقعان على نهرجمع نماذج مياه من محطتين  الدراسة  تضمنت  

عررن طريرر  مرردت صرريحيتها  قيمررتو الملوثررات العضرروية واليعضرروية لدراسررة  والأخرررت تررم معالجتهررا

 الربيررعليمثررم موسررم    نيسرران2022-2023[أخررذت العينررات عنررد ال تررر   حيث  المقارنة بالمحددات العالمية  

ليمثررم موسررم كررانون الثرران  و  الخريرر ليمثررم موسررم وتشرررين الأوم  موسررم الصرري يمثررم ل وتمررو 

الأد الهيرردروجين  وتم قيرراد درجررة الحرررار   التغيرررات الموقعيررة وال مينررر للنهررر لميحظررة ]الشررتا 

،الأوكسررجين   العكررور  الملوحررة    المواد الصررلبة العالقةالمواد الصلبة الذائبة الكليررة التوصيلية الكهربائية   

بكتريا القولررون  المبيدات الحشرية   ال ينولات   ال وس ات النترات   الكبريتات الكاربونات   الكلوريد   المذاب

وتراكيرر بع  نسرربة امت ا الصرروديوم   الصرروديومال يرروت والشحوم   العسررر   كاربونرراتي ، الب البرا يررة 

قبم المعالجررة الجنوبية الوعر  الملوثات وتأثرمياه النهربمناخ المنطقة كثرت    النتائجبينت  و   لثقيلة  االعناصر

الاد الهيرردروجين    الررتخلم مررن الملوثررات كافررر عررداأثبتررت ك ائتهررا فرر     عالجررت  ولكن ف  المحطة الت 

العناصرررالثقيلة النحرراد والرصررام بعرر  و  والاوكسررجين الررذائب والنترررات وبكتريررا القولررون البرا يررة

         المعالجة تتطلب الم يد من  مرت عةقيمها  والحديد كانت  

   Introduction-المقدمة :
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الما  الصالح للشرب ضروري لجميع الكائنررات الحيررة فرر  ظررم التطررورات الترر  يشررهدها العررالم لكررن   يعد

 الحيةلكائنات  المائية بالملوثات السامة وتأثيرها على االبيئة  نيحظ ف  السنوات العشرالأخير  أ داد تلوث  
ومخل ات المجرراري المخل ات الصناعية وربما ت داد بمستويات ت وق المستويات الطبيعية بسبب كثرت    [1]

مياه الانهارمصدرا مهم للمناط  الجافررة الترر   أذ تعد  [2]تدخم للجسم عن طري  الما  بصور  مباشرهالت   

صررر  و لكررن عرردم معالجتهررا  [3]وال راعة والصناعة لمياه الشرب الأنهارتعتمد بصور  رئيسية على تلك 

ورمرر  ]4[الطاقة الحراريررة وطرحهررا بشرركم مترردفقات حررار   لتوليد    واستخدامها  فيها  مياه الصر  الصح 

معالجر مما يجعلها ذات تلوث عال  وملوحررة مرت عررة باةضررافة   نالب م ال راع  بشكم مباشرمن دو مياه  

الأخيررر  اكالريررال والعواصرر  الترابيررة وقلررر   تررر الشررهدها العررراق خرريم الررى العوامررم المناخيررة الررذي 

وعرردم  [6]الميرراه روعيرر مسررتمر بن جعلها فرر  تررردت ماهذا  [5] ف   ياد  التلوث( الت  تعد ربما سبب الأمطار

ذلررك الملوثررة وبينررت    الميرراهأكثرالأمرا  المنقولة عررن طريرر   كانت  حيث    نظي ة  هلتوفير مياوجود حلوم  

و ار   إشررار  الررى ذلررك تقررارير تصريحات و ار  الصحة لهذه السنة وبالأخم الكوليرا التي وئيد  الامبيبا

%(وهررذا ي رروق 30  -%  (90المحافظررات  بررين  تراول  البكترولوج   (أن التلوث  2023-2020البيئية لعام ا

التلوث اكثرأسرربابر السياسررات المائيررة للرردوم المجرراور  للعررراق  ياد        ]7[لمياه الشربالمحددات العراقية  

ال رررات وقلررر  ي دجلررةتركيررا بأنشررا  السرردود الضررخمة علررى نهرررقيررام بعررد ونررذكرعلى وجررر الخصرروم 

السررطحية وعرردم نصررب المشرراريع الضرررورية وتسررريب ميرراه الصررر  الررى الميرراه  [8]الاطيقررات المائيررة

تضررمسرراحات  مررع [9]ت قررد خواصررها ال ي يائيررة والتخلم من التلوث باستمرارهذا ماجعلهررا  هلتدويرالميا

بالتررال  ترروثرعلى جميررع الكائنررات  [10]الملوحررة  شاسعة من المناط  الوسطى والجنوبية بسب أرت اع نسبة  

مع الما  وقلررة الكميررات المترروفر  ليسررتخدام البشررري ولررم تعررد   حقيقية  أ مةوهذا ماجعلنا نعيش ف   الحية  

هررذه   أهميررةوقد بدات محافظة ذي قارترردرك  [11]مع عدد السكان واحتياجاتهم للحيوانات وال راعة  تتناسب  

     ال راعية وج ا  الاهوارالمناط   هجره   هبعد  المخاطر

 المسرراهمة بصررور  فعالررر  الكبرررت  ةمن المشاريع الاروائي   ثالنهرالثالمشروع  أن    -نبذه عن النهر الثالث:

هررومن مرتكرر ات البنرر  التحتيررة لهررا بتصررري  ميرراه البرر م ليراضرر  ال راعيررة و   الأراضرر   إصيلف   

من بداية منطقررة الاسررحاق  فرر    كم(  665احوال بطوم    1992  معا  ه انج اكمم  أالى البحرال راعية بعيدا  

 وخ رر  تراكيرر الاميل  ولر أهمير ف  التخلم من المياه المالحررة  البصر  ب   ورال بيرخ بغداد حتى ينته  ب 

تنتهرر  الترر     المبررا ممن خيم شبكة مررن  وتحسين نوعير مياه النهرين    مليون طن  80)الت  تقدرسنويا با

يررتم و العربرر   الملوحررة الررى منطقررة الخلرريج  بمجرت المصب العام المسووم عن توجر هررذه الميرراه الشررديد   

مناسيب المصررب العررام ف   ال رات ف  الناصرية ونتيجة ليختي  الحاصم  ساي ون تحت نهرالعبرفتحات  

 الأمرريلالررتخلم مررن    لكي يررةف  الناصرية مما يؤدي احيانا الى حصوم تاثيرسررلب   الار   مناسيب  عن  

تطلقها قنا  المصب العام والترر  كانررت الساي ون لا تستطيع ان تمرر كافر التصاري  الت  فتحات  حيث ان  

وهررذا يعررود الررى ضررع   S/3m 140عررن قادر  علررى أن تمررتصرراري  لات يررد  ألانها S/3220mبمقدار

مررن التجررارب يعتبرالنهرالثالررث     تأهيررمد   أعررالتصري  المياه لذلك النهربحاجر ألى    المستعملةاةمكانيات  

لررذلك يجررب الاهتمررام   أت بسب قلر المياه لكنها صالحة فقط لررري الأراضرر  ال راعيررةج والمحاولات الت   
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موردا مهم ومغذي جيد لمحافظة ذي قارأذا تم معالجر ملوحة مياه والتخلم من بمواص اتها النوعية لانها  

أن  1]2-51[للميرراهع المحافظة بأ دياد الكثافررة السرركانية والشررحة الحاصررلة  أثارالملوثات فير باةضافة ال  تمت 

غيرصررالحة لميرراه أنها( و Very poor(والصررن  الخررامد اPoorميرراه النهرتقررع ضررمن الصررن  الرابررع ا

غيررر   لكونهرراة  بالاضاف  للماشية والدواجنعضوية فيها وكذلك  اليالملوثات العضوية و الشرب بسب كثرت  

العالية لتحمم الملوحة الشررديد  وبينررت نتررائج الدراسررة لمحاصيم الت  لها القدر  ا فقط 1]6[لل راعة    ةصالح 

 Selfا الذاتيررةال حوصررات قبررم المعالجررة وبعرردها أن ميرراه النهرغيرقررادر  علررى التنقيررة مررن خرريم 

purification1]7[( بسب كثرت الملوثات وارت اع الجهد العضوي   

   -الملوثات العضوية :

 اةهمررامسيئة على الما  فرر  جميررع الرردوم الترر  تعرران  ها  ملوثات كيمياوية سامر عالية الخطور  أثارأنها  

تتراكم ف  النظام البيئ  تهدد صحة الانسان تنتج غالبا من مياه الصررر  الصررح  الغيرمعالجررة بالاضررافة 

وكثرررت عمليررات  يرراد  الملوثررات  جعررم الميرراه الداخلررة غيرقررادر  علررى التنقيررة الذاتيررة ل  الى  ياد  السكان

 تالأخرت وهذا ماأكدتررر الدراسررات السررابقة فرر  المنرراط  الترر  شررهد  الغا اتحتراق مثم غا  الكلورأو الا

عديررد   مصررادر للتلرروث العضرروي   1]8[ال راعيررة والمن ليررة  يرراد  النموالسرركان  وكثرررت المخل ررات 

وسببها كثرت توليد الطاقة الكهربائية والحراريررر بررالقرب الصناعية ك( Organic pollution sourcesا

المنشأت الصناعية أما ال راعيررة ونذكرالمنطقررة والتوسعة فى بنا   من النهروهذا ماشهدتر محافظة ذي قار

 منهررا وكثرررت أسررتعمام الاسررمد  الثيثيررة والمبيررداتالت  تم الدراسة عليها وانتشارالحيا  الري يررة بررالقرب  

على الاطيق مصادر الصر  الصررح  عررن طريرر  ها  رالكيميائية وبالتال  تنتقم الى المياه واهمها واخط

الطحالب كما روأحتوائها على المغذيات النباتية وبالتال  أ دهارم  المخل ات ومياه المجاري دون معالجة  

         ]19[ لباطح المن شهدت الآونة الأخير  أنتشارأعداد هائلة 

 -الملوثات اللاعضوية:

عررن تغيرررطعم وطبيعررة المررا  الترر  ترر داد أثارهررا ب يرراد  تركي هررا القررادم مررن ذوبرران المركبررات  رمسرروول

كثافررة أكثررر   المعادن الترر  تحترروي  ويقصد بها  ةالعناصرالثقيلوأخطرها تراكي   أهمها  اليعضوية  والأميل

من جرا  العمليررات الجيولوجيررة كالصخوروالترسرربات جد ف  المياه بصور  طبيعير او ت ت   mL/5g(  [20](من

من الصناعات البتروليررة أو ومياه الامطار المحملة بهذه العناصروف  بع  الاحيان يكون نشاطها بشري  

مابينتررر ف  المياه والرواسررب وهررذا تتراكم هذه المعادن حيث أصبحت المبيدات أوطرل ال ضيت المن لية 

بانتظررام مررن الضررروري مراقبررة التلرروث    أصرربحلررذلك  الغذائية    ف  السيسم  تلك العناصرالدراسات انتشار

الحديررد  المنغنيرر   النحاد  الخارصين  المغنيسرريوم  الكررروم   الكوبلررت   النيكررم   وتكون بع  العناصرا

لكن بالحدود المسمول بها    يميةومعظم ال عاليات الان   لها حاجة ضرورية لوظائ  الجسم الطبيعية  ال نك(

تبقى   لأتحلملانها    وسامر  ها خطير أثار   الرصام  ال ئب   ال ضة  الكاميوم(السي يوما  بقية العناصراما  

بعدد مررن أن تراكم المعادن الثقيلة وأنتشارها مرتبط   [21]بتراكمر داخم الكبد والكلى  اوتكمن خطورته  عالقة
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الترر  يررو ع تركي هررا  العوامم البيئية االملوحة  درجة الحرار  والحموضة  الصيبة  الرقم الهيدروجين (

   المائيةبين الطبقات   ودورانها وانتقالها

 -أثارتلوث المياه على الانسان:

تنتقررم مررن الت  تدمرصحتر  المعدية أخطرالأمرا و  النظي ةهناك أرتباط وثي  بين صحة الانسان والمياه 

 ألتهرراب الكبررد الوبررائ    الكوليرا الميريررا  البلهار يا    وه الت  تبدأ بالق  والغثيان والاسهام    تلوث المياه

المنتشررر  لأورام السرررطانية  امثررم    تنتيجة الاشررعاعا  المستعصية  الأمرا وصولا الى  غيرها  الت وئيد و و 

ف  محافظررة ذي   (2023اصي     سجمو   ودقتها  اةصاباتلاتوجد أرقام دقيقر توضح عدد    من تلوث المياه

لان الانسرران  والبيئررة باسررتمرارعلى حمايررة  لجنررة الصررحة    وعملت  المياه  تلوثب   مرتبطة  قارأمرا  عديد 

  [22]نسبة كبير  من المشاكم الصحية الت  يعان  من الانسان تعود الى المياه الملوثة 

Experiment Part -: الجزء العملي وطرائق العمل 

-وصف محطات الدراسة :  

      تقع هذه المحطة عند دخوم المصب العررام لمحافظررة ذي قررار]  الاولى  محطتينمنطقة الدراسة إلى  قسمت    

 35حوال أي نشاط  راع  قريب من النهرلكن على بعد   فيها  ضمن منطقة صحراوية لا يوجدواقعر  أنها 

وهنرراك انبرروب صررر  صررح  محمررم   ببع  الأراض  الم روعة بالحنطة والشعيرلاحظنا أحاطتها  كم    

]أنهررا المحطررة الثانيررة أمررا  [مررن دون اي معالجررة  من النهرمباشرتنا  العينات  أخذتلنهرو بالملوثات يصب با

 كم [    20تقع على أطرا  منطقة ال جرعلى بعد    تهاومعالج  المياهتنقية  على    تعمممحطة تابعة لشركة 

  

 

 

 

 

 

 

 

 خريطة المصب العام  يوضح   ( (1شكم

 -الدراسة:  جمع عينات 
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وضررعت ثررم    ال جاجية والبيستيكية بمسررحوق التنظيرر  والمررا  المقطرعررده مرررات  الأدواتغسلت جميع    

يوم كامررم ثررم غسررلت بالمررا  لمد   %(  10المخ   بتركي  ا  HClالأدوات ف  حو  يحتوي على حام   

 2022 نيسررانشهر من ابتدا جمعت عينات المياه و [  0c60-70المقطروج  ت ب رن تتراول درجة حرار  ]

(مررن 3m-1وعلررى بعررد ا( سررم 30cmا بعمرر من الطبقررة السررطحية للنهر 2023 كانون الثان شهر  ولغاية  

المصررنوعة مررن البررول  القنرران     اسررتخدمتو واخذ المعدم الكل  للقرا ات  حافة النهربواقع ثيث مكررات  

مجانسررة قنرران  ب   تأكرردفوهات القنان  بصور  محكمة لمنع دخوم الهرروا  بعررد أن  غلقت  او (  L5أثيلين سعة ا

وقمنررا بتسررجيم [23]حافظررة  الجمع بما  العينة قبم ملئها وأضافر بضع قطرات من ماد  الكلوروفورم كماد   

واحت ظنررا بالعينررات فرر  درجررة حرررار  منخ ضررة لحررين الوصرروم المعلومررات الي مررة علررى كررم قنينررة 

     عينات أخرتلحين أخذ من ال حوصات غُسلت القنان  جيدا وجُ  ت    الانتها بعد  و برللمخت 

 -تحضيرالمحاليل القياسية : 

 اسررتعملتو   القياسية باذابة الغرامات الي مة من كم ماد   ف  لتررر مررن المررا  المقطررر  متحضير المحالي تم  

   الي مة ال حوصات  لأجرا 

 ()الفيزيائية والكيميائيةللنهر  واللاعضوية  العضويةفحوصات  ال

عررد  العمليررة وكررررت  0م 0)-(100المرردرج ما  باستخدام المحرارال ئبق  والحقلرر  ال درجة حرار قيست 

والتوصيم الكهربائ  للما  تم   pH-meterجها تم قياسر ب   الأد الهيدروجين أما    مرات للتأكد من القرا  

قيسررت و  25عند درجة حرررار Hanna التوصيم الكهربائ  الحقل  من صنع شركة  استخدام جها ب  قياسر

المحلرروم المخصررم للمعرراير  و  Turbidity meterعينات المياه باستخدام جها  قياد العكور  لالعكور  

قرريم وحسرراب (Naلحسررابا طريقررة اةنبعرراث الررذري اللهبرر  تاستخدامو  NTUبوحد   و   المدت المطلوبوب 

 المعادلررة التاليررةكم ف   ( 1953عاماباستخدام المعادلة المقترحة من مختبر الملوحة الأمريك  ف   SARام
]4[2: 

                                                          

                                                                                        

الملوحررة حسرربت بدلالررر التوصرريلية  أماكافئ / لتر( م  بوحدات ا مل   مقاسرحيث أن تراكي الأيونات تكون  

  وقيسرررت المرررواد الصرررلبة العالقرررة(Golterman.et.al,1978افررر والمعادلرررة المرررذكور   الكهربائيرررة

دورق    مم من العينات وجمع الراشح ف  100)بترشيح ا  (TDSوالمواد الصلبة الذائبة الكلية ا(TSSاالكلية

لمد  سرراعتين ثررم يبرررد  (103-105عند درجة حرار  اثم وضع ف  حمام مائ  حتى الج ا    معلوم الو ن

العسررر  الكليررة أما   جهررا  قيرراد الاوكسررجين المررذاب حقليرراب   (Doسررجين المررذاب ااما الاوك  ويو ن بدقة  

 يرردالكلوروقرريد كرردليم  (EBTمع اسررتخدام ا (0.01Nتركي ه ا 2Na- EDTAقدرت بالتسحيح مع محلوم 

    [15] وبالطرق القياسية التسحيح باستعمام نترات ال ضة  طريقةب 

SAR  =                                                                                 

SAR 

=S                                                                                 

SAR = 

]+1[Na 

½]/ 2  ) +2Mg+ +2 [Ca  
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 دليررم ال ينول ثررالينو (0.02Nتم قياد البيكاربونررات بالتسررحيح مررع محلرروم حررام  الكبريتيررك القياسرر  او 

 أيررونو كرردليم لقيرراد تركيرر  الكاربونررات ودليررم المثيررم البرتقررال  كرردليم لقيرراد تركيرر  البيكاربونررات 

 ال وسرر اتو (3No-االنترررات وقيست أيونرراتTurbidimetric Mothed  در( بطريقة الك4So=االكبريتات

-3ا
4oP)    تررم قياسررر والسرريانيد  (بمغلررم /لتررر اباستخدام جها  المطيا  الضرروئ  وكانررت النتررائجوال ينولات

 وقيسررت,الكلوروفررورم كمررذيبواستعمم ما ال يوت والشحوم عينت باستخيصها  بالتقطير والقياد اللون  ا

الموضحة من قبم منظمة ( MPNاحتمالاا الأكثرالعدد  بطريقةFecal Coliformبكتريا القولون البرا ية 

الثقيلة بطريقررة الانبعرراث أيونررات العناصررر  تراكيرر قيسررت  و  APHA,2003)]5[2الصحة العامررة الامريكيررةا

بعررد معرراير  الجهررا   Jeanouyمن صررنع شررركة  Flame photometerباستعمام جها  الذري اللهب  

  APHA,2003)[15]حسب الطرق المذكور  ف  ا  فحصتو بالمحاليم القياسية المصنعة من قبم الشركة 

  Results -: لنتائجا
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وال ئب     ( Cyanidesالسيانيداوهي  ال حوصات كانت منعدمة تماما بقير أما

   (VOCs(وا PCBاو ( Mercuryا

 discussions  -:المناقشة 

 فرر  فصررم الشررتا   (C081بررين ا  قبررم المعالجررة  تراوحررت  درجة حرررار  المررا دراسة أن  نتائج ال  أظهرت   

وهررذا  ( فرر  فصررم الصرري C033وا  الشررتا(ف  فصررم C041ا  بعد المعالجةو   الصي   فصمف     (C043وا

وربما أن يكررون سررببا   شتا اجا  صي ا وبارد ممطر  يعود إلى طبيعة مناخ العراق حيث يكون المناخ حار

رغررم تذبررذب حرررار   الما  سعة حرارية عالية مما يجعررم ميرراه النهرقررادر  ليحت رراظ بحرارتررر  يكت أمهو  

    [26]  المحيط

البكتريررا اثنررا  وهرر  ضرررورية لنشرراط    الخ ي ررة  بالقاعديررةتتميرر   العراقية    هالمياونيحظ من خيم القيم أن  

فرر   (8.3اأعلى قيمة و  خري فصم ال( ف  (6.14قبم المعالجةPH م أقم قيمركانت  حيث عمليات التهوية

 ( فرر  فصررم8.6اأعلررى قيمررة  و   خريرر ( فرر  فصررم ال(6.9اما بعد المعالجة فكانت اقررم قيمرررربيع  ال  فصم

نتيجررة تعررود      فرر  فصررم الربيررع  القيم العاليررة  (8.5-7الحدالم ضم لمياه الشرب بين ايتراول  حيث      ربيعال

لقرريم أأمررا ( وتحلررم البيكاربونررات 2Coغررا اوتقرروم بتحرريتشجع النشرراط الاحيررائ  فأعتدام درجة الحرار   

( وت اعلة مع المررا  2Coارت اع تركي غا اقلت نشاط الاحيا  أو تعود الى  كانت    خري ف  فصم ال  الواطئة

 .  [27] القاعدية  تقليمالحامضية نحو بدور  يدفع الدالر وتكوين حام  الكاربونيك الذي 

شررتا  الفصررم فرر  سررم /ميكروسيمن (1200هرر  ا  ECلتوصرريلية الكهربائيررةا قبم معالجة أقم قيمة سجلتو 

أمررا بعررد  جرردا هررذا مايثبررت أنهررا عاليررة الملوحررة صرري فصم الف   ميكروسيمن /سم  (    1519وأعلى قيمة ا
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 خرريم فصررم ميكروسيمن /سررم ((937هرراوأعي شررتا الفرر  فصررم  ميكروسيمن /سررم (609اأقلهرراالمعالجررة 

وبالتررال   يرراد   هتبخرالميرراؤدي الررى ترر ارت رراع درجررات الحرررار  الررذي  عررود الررىالقرريم العاليررة ت لصرري  ا

   [28] ةباةمطار المتدفقتخ   تراكي الاميل   أما الانخ ا  يرجح الى  تركي الأميل

أمررا اعلررى   خريرر فصررم اللترررخيم  /( ملغم55أقم قيمة سجلت هرر  ا   قبم المعالجة  العكور   دراسة  ونتائج

( ملغم/لترررخيم 13هرر  امسررجلة  أقررم قيمررة  وبعد أجرا  المعالجررة    شتا فصم الملغم/لترخيم    (91قيمر ا

 حركررة ياد  و  سقوط الأمطار  أسبابررت اع  الا  شتا الفصم  (ملغم/لترخيم  21اعلى قيمر او   خري فصم ال

لان  لوجررود الطحالررب والمررواد العضرروية حركررة المررواد العالقررة ترر داد بالتررال و مررع تيارالمررا    باتالترسرر 

    [29]أنخ ا  مناسيب المياه  يع ت الىالانخ ا   أما  المياه الجارية قيمتها بأ دياد العكور  ت داد

هررا وأعي  شررتا اللترررخيم موسررم  /( ملغم6952اأقلهررا    قبررم المعالجررة  الكليررةلمواد الصلبة الذائبة  اوسجلت  

 هرراعيوأالشررتا   ملغم/لترررخيم  (1050اهررا  قلالصرري  بينمررا بعررد المعالجررة أ  ملغم/لترخيم موسم  (8459ا

خرريم موسررم  الى  يرراد  نسرربة المررواد اليعضرروية الذائبررةتعود  التراكي العالية    ف  فصم الصي   (1457ا

أمررا التراكيرر   الحرررار الصرري  والاحتمررام الاكثررر يعررود لررذوبان الأمرريل الررذي يرت ررع بارت رراع درجررات 

 تاكسررد المررواد العضرروية وترسررب اليعضررويةو انخ ا  درجة الحرار  المنخ ضة ف  فصم الربيع نتيجة 
[30]  

الررذي لتر /( غررم6.8االشررتا كانررت فرر  فصررم أقم قيمررة  المعالجة قبم( Salinityا الملوحة نتائج دراسة  أما

 الصرري فصررم فرر  لتر /(غررم8.4ا وأعلررى قيمررةتعود أسبابها الى ن وم الامطررار وأرت ررارع مناسرريب النهر

أما بعد المعالجة نيحظ نسبة الملوحررة انخ ضررت بشرركم يعود الى  ياد  المبا م وانخ ا  مياه النهروذلك  

  [31]غم/ لتر(3.1اف  فصم الصي   اوأعيه  لترغم/(1.2فصم الشتا  اوكانت اقلها ف  كبير

موسررم يم خ لتررر /( ملغم 7.8قيمة ا أعلىقبم المعالجة  Dissolved Oxygen الأوكسجين الذائبنتائج و  

 تكانرر ربيع أما بعد المعالجة نيحظها أرت عررت أعلررى ممررا  لترخيم موسم ال  /( ملغم6.5قيمة ا  قموأشتا   ال

العاليررة خرريم موسررم القرريم و  صرري   فصم الفغم/ لتر(7.2وا شتا ف  فصم الغم/ لتر  (9.8علير لتصبح ا

تناسررب عكسرريا مررع درجررة حرررار  ت  الغا اتذوبان كثرت و الشتا  تع ت الى انخ ا  درجة حرار  المياه  

فرر    أمّا القيم الواطئررةنسبة للتهوية الجيد  والخلط الدائم  المذاب    الاوكسجينقيمر  أرت اع  وهذا مايوكد    الما 

نظرا لارت اع درجررة فصل  الربيع والصي  تعود الى قلر منسوب المياه وكثرت عمليات التحلم العضوي  

      [32] خيم هذه العمليات الحرار  والحاجة العليا لاستهيك الاوكسجين المذاب

-1البيكاربونات اايون    نتائج  وبينت  
3HCO)    خرريم موسررم لتررر/ملغررم  (  220اقم قيمررة ا  عالجةقبم عملية الم

لترخيم موسررم الصرري  /( ملغم380واعلى قيمة ا  بما يعود السبب الى أنخ ا  درجات الحرار رو   ربيعال

 وبعدها سو  يتكون حررام  الكاربونيررك 2O(C(تركي ارت اع بالتال  ارت اع درجة الحرار  و و تع ت الى  

-1ا  الذي يولد أيون البيكاربونات
3HCO)   عند ت ككر وهذا ينطبرر  مررع العديررد مررن الدراسررات بوجررود عيقررة
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ترروثرعلى كميررة حيررث  أوربما أ دهارالنباتررات فرر  الصرري     طردية بين أيون البيكاربونات ودرجة الحرار 

أمررا بعررد المعالجررة قلررت قيمررر البيكاربونررات لتصرربح الموجود ف  الجو وبالتال  تثبيت الكاربون    (2COغا ا

     [33]ف  فصم الصي  ملغم /لتر  (97.7اأعلى قيمة  ف  فصم الربيع و لتر/ملغم   (72.4ا

-2الأيون الكبريتات  تركي   ىلعأ
4SO(  ملغم149ا العينات قبم معالجتها ف )/والررذي  لشررتا ا ف  فصملتر

لررذي تكررون أهررم المليئررر بالنهرا  الطبيعررة الجبسررية للترررب الرسرروبيةونوع  تع ت أسبابر الى كثرت الغبررار

نوعير مياه ل  عودوقد ت خري   اللترخيم موسم    /( ملغم676ا  كانت  قيمة  قموأ  مصادرالكبريتات ف  المياه

( 241اشررتا   أمررا بعررد معالجررة نيحررظ أن أعلررى تركي سررجم فرر  فصررم الوجررر  هررذا التركيرر   المبا م

وانخ ررا  تركي ايررون الكبريتررات فرر  محطررات ( ملغم/لتر154اخريرر   الواقم تركي  ف  فصم  ملغم/لتر

بعمليررات التهويررة   الخاصررة  الأحوا قد تكون أسبابر عمليات الترسيب وتأكسد البع  منر ف   المعالجة  

   [34] من قبم البكتريا الهوائية    استهيكهاب عم  

-3اأيون ال وس ات  ونتائج  
4PO)  تكررون وقد  خري   اللترخيم موسم    /( ملغم29.9ااقم تركي   قبم المعالجة

ال راعررة  لأغرررا الالتصرراق العررال  لهررذا الايررون برردقائ  التربررة ويكررون مهررم هو قلررر التركي   أحد أسباب

لترررخيم /( ملغم33.7اتركيرر وأعلررى  اوأسررتهيكر مررن قبررم الهائمررات النباتيررر  لمحصول  الحنطررة والشعير

ت وكثرررت وطرررل ال ضرريتحلررم الهائمررات النباتيررر  وربمررا أسررباب القرريم العاليررة تعررود الررى لصي موسم ا

كرران أقررم  أما بعررد معالجررة ال وسرر اتوالمسرراحي  الحاويررة علررى مركبررات ال سرر ور أسررتخدام المنظ ررات

وهررذا الانخ ررا    (8.1وأعلى تركي سجم ف  فصم الصي  ا  الخري ( ملغم/ لترخيم موسم  6.5اتركي 

  3]5[بعد عملية المعالجة أسبابر عمليات الترسيب المتكرر   

-1اللنترات      النتائج  كانت  
3NO)  وأعلررى   صرري لترررخيم موسررم ال/( ملغررم  2.24ا  أقررم قيمررة  قبم المعالجة

أمّا القيم الواطئررة نتيجة ليضافات ال راعية  للنتراتلقيم العالية او  ربيعلترخيم موسم ال /( ملغم4.5قيمة ا

أعتبرهررا مغررذيات مررن قبررم الت  تعمررم علررى أسررتهيك النترررات و   أعداد الهائمات النباتيةتع ت الى ا دياد  

 فرر  فصررم( ملغررم /لتر3.8ا  قم تركي فتركي  أيون النترات أرت ع ليصبح أالخييا النباتير أما بعد المعالجة  

وربما ال ياد  ف  تركي أيون النترررات بعررد المعالجررة   الربيع  ف  فصم( ملغم/ لتر6.5وأعلى قيمة االصي   

وباةضررافة الررى   تعود الى تأكسد الرربع  مررن المركبررات الحاويررر علررى النتررروجين وتحويلهررا الررى نترررات

  3]6[  عمليات التهوية الت  تعمم على أكسد  المركبات وتحويلها الى نترات

 يعررود الشررتا لترررخيم موسررم  /( ملغررم721ا أقم قيمررة    قبم المعالجةCl)-1(لأيون الكلوريد    نتائجال  سجلت  

أوكررون الكلوري قررد مررن جرررا  العمليررات ال ي وكيمياويررة   وقلة عمليات تبخرالمياهدرجة الحرار   نخ ا   لا

يرت رراع الررى  يرراد  معرردلات يعررود ل لترررخيم موسررم الصرري  /( ملغررم842وأعلررى قيمررة اوالبايولوجيررة 

 المعالجررة تبررين أن تركي الكلوريررد أنخ رر  ليصرربح ةبعررد عمليرر أما التبخرنسرربة لارت رراع درجررات الحرررار 

    [35] ( ملغم/ لترخيم موسم الصي 183الشتا  وأعلى قيمة ا( ملغم/ لترخيم موسم  112أقما
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خريرر  لترررخيم موسررم ال/( ملغم1275أقم قيمة مسررجلة ا  Total-Hardness  عسر  الكليةال  معالجة  قبم  

خيم لتررر/( ملغم1420وأعلى قيمة ا  تركي كم من ايونات الكالسيوم والمغنيسيوم ف  المياهانخ ا     اسببه

طرررل ال ضرريت ال راعيررة فرر  وهذا قد يعود الى كمية التصاري  وانخ ا  المناسرريب أو    الصي   موسم

وأعلررى  ربيررعملغم/لترررخيم موسررم ال(  215ا  تركيرر   أقررم  وبعد معالجة العسر  قلررت التراكي لتصرربح  المياه

   [35]( ملغم/لترخيم موسم الصي 024اتركي 

فرر  فصررم ملغررم /لتر(1056ا أعلهررا قبررم المعالجررة Total suspended solids للمواد العالقررةكي اتر أما

 (675اأعلررى تركيرر   ف  فصم الربيع أما بعد المعالجة قم التركي  ليصبحملغم /لتر  (996اها  أقلو خري   ال

تراكي المررواد فرر   رت رراعوالأ (ملغررم /لترفرر  فصررم الربيررع406أقررم تركيرر او ملغم /لترف  فصم الخريرر   

ترسررب المررواد   أمررا الانخ ررا  نتيجررة  نتيجة  ياد  ال ضيت الصلبة والمطروحررات السررائلةالصلبة العالقة  

   [36]الصلبة ف  حو  الترسيب

فرر    (0.14)  كانررت  وأقم قيمة  صي ف  فصم الملغم /لتر(0.19اقبم المعالجة   ينولاتسجلت أعلى قيمة لل

(ملغررم 0.0028اأعلى قيمر حوال   قلت لتصبح ضيئلة تماما وكانت  المعالجة  اتبعد عملي لكن    شتا فصم ال

   [37]   تذكرمنهاولاتوجد اي تاثيرات ضارة  ف  فصم الشتا   .0)0018(لترف  فصم الصي  وأقم قيمة  /

 شررتا ف  فصررم الملغم /لتر (3.78)وأقم قيمةخري  لف  فصم املغم /لتر(4.1اأعلى قيمة    وبينت المبيدات

وأقررم   خريرر (ملغررم /لترفرر  فصررم ال0.045أعلررى قيمررةابعد معالجة المبيرردات قلررت التراكيرر  لتصرربح    أما

يكمن الضررررف  كونهررا مركبررات حلقيررة بطيئررة التحلررم ذات سررمية   شتا ملغم/لترف  فصم ال  (0.022)قيمة

فرر  مراحررم مختل ررة ل يرراد  النتروجينيررة وال وسرر اتير  الأسررمد  اسررتخدامفرر   اةسرررا هررذا يوكررد عاليررة 

أما قلتهررا فرر  فصررل  الشررتا  نتيجررة سررقوط الامطرراروالجر  ف  فصم الخري     النموالمحاصيم ال راعية

( خرريم 32.3اسجلت أدنى تركي    Faecal coliformلبكتريا القولون قيمةو    38][ الأسمد المستمر لهذه 

أعلررى قيمررر كانررت بعررد أجرا عمليررات المعالجررة و  خيم موسررم الصرري   (55.4وأعلى قيمة ا  شتا موسم ال

انعرردام وكررد ت  المرت عررر قيمال نلوحظ أ  (50.1وأقلها ف  موسم الشتا  لتسجم ا  (67.9اصي خيم موسم ال

ولايحررد والمغذيات الذائبة فرر  المررا   توفرظرو  ميئمة لنمو البكتريال  الكلورين وارت اع درجات الحرار 

فلررذلك يجررب  الذي ترروفر لهررا كافررر الظرررو سط  حسب الو من نموها موسم انما مرتبط  يادتها ونقصانها ب 

  [39]المواد الكيماوية   أضافرترشيح دقيقة ف  محطات التص ية والابتعاد عن   لياتأجرا  عم

فرر  فصررم ملغم/لتر(0.092ى قيمررةاجلت ادنرر سرر  Oil and Grease  قبررم المعالجررة ل يرروت والشررحوماو 

نيحررظ أقررم قيمررة كانررت   أما بعد المعالجررةف  فصم الصي   ملغم/لتر  (0.099وأعلى قيمة كانت االخري   

ال يرراد   صرري فرر  فصررم ال ملغم/لتر(0.003قيمة سجلت ا ىأما أعل  ف  فصم الخري   ملغم/لتر  (0.001ا

من دون عررن طريرر  رميهررا مباشررر  بررالنهر  ومخل ات الشركات الن طيررةتع ت الى تاثيرالمخل ات المن لية  

   [40]حويم الدهون من مستحلبر الى طافية ت تعود الى عمليات التخ ي  و   أما القيم الوأطئر  جدوت
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بيمنررا   موسررم الخريرر لترررخيم  /( ملغم542أقررم قيمررة ا  قبم المعالجة  (1Na+اعنصرالصوديومنتائج    أما  

وبعد عمليات المعالجة كانت القيمررر الاقررم فرر  فصررم ملغم /لتر  (678أعلى قيمة سجلت ف  فصم الربيع ا

حصرروم الررى  أسرربابرالانخ ررا  ( ملغم/لتر200افرر  فصررم الربيررع  والأعلررى ملغم/لتررر( 101االخريرر 

التاثيرات   الى  يعودأما الارت اع    أوأستهيكة من قبم الاحيا   نتيجة ارت اع مناسيب المياه  عمليات التخ ي 

 .[41]  ال راعية ليراض  المحيطة بالنهر

( 5.28ا أقلهررا قبررم المعالجررةSodium Absorption Ratio امت ا الصرروديومنتررائج دراسررة نسرربة و 

لتروبعررد المعالجررة كانررت /( ملغررم  7.31سررجلت فرر  فصررم الربيررع ا  هرراأعيو موسم الخري   ملغم/لترخيم  

العيقررر تكررون ( ملغم/لتر2.05ا( ملغم/لتروالأعلررى فرر  فصررم الربيررع 1.21االقيمر الاقم ف  فصم الخري 

وتبين ان ميرراه النهرررذات صرروديوم عررال  يت رر  مررع العديررد مررن أيون الصوديوم ونسبة الامت ا   طردير بين

  [41]الدراسات 

ضررررررمن الحرررررردود المسررررررمول بهررررررا  بعررررررد المعالجررررررة اقياسرررررراتهتراكي العناصرررررررالثقيلة أمررررررا 

بعررد كانررت العكررد مرت عررة  اتهرر مقي الاخرررت ف العناصرررو  (Al,As,Ba,Cr,Co,Ni,Zn,Mn,K,Mg,Seا

المجهرية الت  تسررحب كميررة   الأحيا نشاط  أسبابر    نخ ا الاو   (  Pb,Cu,Feا  وانها ذات خطور   معالجتها

أرتبرراط الطحالررب والعناصرررالثقيلة وكي يررر سررحبة مررن   الحديثة  وهذا ماأكدتر الدراسات  مختل ة من المعادن

  ][42مع الرواسب   أوالامتصام  الادمصام  ت لعملي العناصر هذه  وميم الما  وأدمصاصة

                                                                        -:  للشرب مياه النهرصلاحية مدى   

  مدت صيحية مياه النهروقيمت ر لالمواص ات القياسية لمياه الشرب على أهم العناصرالمكونة  اعتمدت

ولر  أنها مقب وكانت نتائج المحطة بعد المعالجة  منظمة الصحة العالميةمع المواص ات المقترحة من قبم 

     4]3[ نوعا ما وتحتاج القليم من الك ا  

 

 

 

 

 

 

 

 

 الصفة  الحد الادنى الحد الاقصى الحدود القياسية 

8.5 -6.5 8.6 6.9 pH 

500-1500 1457 1050 TDS 

0-25 13 21 Turbidity 

<  5 9.8 7.9 DO 

250 192 122 Cl mg /l 

250 241 154 mg4 SO /l 

45 6.5 3.8 mg 3NO/l 

0.4 8.1 6.5 mg 4PO/l 

200 200 101 mg Na /l 

 
    عالميةمع المعايير ال المعالجة بعدنهر مقارنة قيم بع  المحددات البيئية لمياه اليمثم  (  2جدوم ا 
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 -الاستنتاجات :

 فيررر  الاوكسررجين الررذائبنسرربة  أما  7أكثررر مررن  فيهررا  (PHاالدالة الحامضررية  و النهر  ملوحر  أرت اعلاحظنا  1-

    وانها ضمن المدت الطبيع  لنمو الأحيا   ذات تهوير جيد هذا مايجعلها  و ملغم /لتر 5أكبرمن  

كميررات هائلررة  أضررافرالمعالجة بالبكتريا البرا ية وهذا لايعط  مياه صالحة مما يسررتدع    ةتلوث محط  -2

 .الدقيقة   الأحيا من الكلورللقضا على نمو 

بعد المعالجة ولر اثركبيرف  أعاد  تكرروين الاوكسررجين فرر  المررا  لاحظنا  ياد  ف  تركي أيون النترات    3-

يعررود لمررروره بمنرراط   أما تركي  ال وس ات اكثر من الحدود المسررموحة  وخل  ظرو  سامة للبيئة المائية
    النباتيةوالمغذيات   للأسمد عرضر   راعية واسعة م

يتطلررب الامرررفقط و تكاد ان تكون معدومة  معالجة  ف  محطة ال  مستويات التلوث العضوي واليعضوي  4-

 اي مشاكم أخرت  العوال  والشوائب و للتخلم من   ف  العممكثرأ   ياد  المعالجات وك ا 

 -التوصيات : 

المصررب العررام والاسررت اد    علررىأكثرك ررا    محطات معالجررة  انشا   ب تأسيد صنادي  استثمارية تختم    1-

    الملوثةووضع قوانين صارمة للمطروحات   ال راعة والاستهيك البشري  لأغرا منها  

باشررجارقادر  علررى تحمررم الملوحررة ودائمررة محاطة  لتربية الدواجن والاسماكعلى النهرأنشا  محميات  2- 

   التلوثتقليم  لاهميتها ف  الخضارمثم الكالبتو 

بين البصر  والناصرية والاسررت اد  مياه النهرالى البحربم تغير مساره الى الصحرا  الجنوبية  هدرعدم    3-

  بالطرق الحديثة للتغلب على شحة المياه   من الثرو  المائية ومعالجتها

نظي ررة متجرردد  لاتتطلررب الم يررد   اقتصاديةباعتبارها طاقة  الشمسية ف  تحلير مياه النهر  الطاقةاستخدام    -4

   والجهد   من الوقود

  والتخلم منهاأجرا  مسح شامم ودراسات أكثرعمقا لهذا النهرللتعر  على كمية التلوث الحاصلة   -5
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Abstract 

This study in focus was centered on the synthesis of heterocyclic compounds incorporating a seven-

membered ring, specifically 1,3-oxazepine. The initial phase of the synthesis involved the preparation of 

azo compound (1) through the coupling of the diazonium salt of 2,3-dichloroaniline with 4-

bromoacetophenone in an alkaline alcoholic medium. This was then succeeded by the reaction of azo 

compound (1) with 4-nitroaniline and 4-methoxyaniline in absolute ethanol, employing glacial acetic acid as 

a catalyst, resulting in Schiff base derivatives (2) and (3) respectively. Subsequent to this, Schiff base (2) 

was reacted with phthalic anhydride and maleic anhydride, as well ass succinic anhydride in a dehydrate 

benzene environment, leading to the formation of heterocyclic seven-membered compounds (4), (5), and (6) 

respectively. Lastly, Schiff base (3) was subjected to reaction with phthalic anhydride and maleic anhydride, 

as well as succinic anhydride in a dry benzene, resulting in the synthesis of heterocyclic seven-membered 

compounds (7), (8), and (9) respectively. Each of these synthesized compounds underwent characterization 

via FT-IR and 1H-NMR spectroscopic analysis, and the progress of reactions was monitored through Rf and 

TLC techniques. Melting points were recorded as part of the characterization process. Additionally, an 

investigation into the biological activity of these compounds was conducted against both positive and 

negative bacterial strains. 

 

keywords: Schiff bases, oxazepine, azo compounds   

 

Introduction 

          Heterocyclic compounds have shown a great deal of significance in the synthesis of a lot of 

pharmaceutical drugs (1). This has increased its importance in the field of biology (2) , due to its participation 

in important biochemical processes and the formation of basic substances such as DNA and RNA, in living 

cells (3). Heterocyclic compounds have been associated with many anaesthetics and sedatives as basic 

materials for many biomolecules, anti-inflammatories (4), antibacterial, antivirals, antiepileptics, and others. 

One of these important compounds is the heterocyclic oxazepine ring. Azo compound widespread 

compounds used as dyes in addition to their uses in the pharmaceutical industry (5). azo compound can be 
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differentiated by functional group –N=N– the azo group which can be carry on both ends alkyl or aryl group 

(6) . aromatic azo compounds used widely in the chemical industries as dyes, food additives, and as initiators 

in free radical reaction and in drugs industry (7). Schiff bases, prevalent and significant in the realm of 

coordination chemistry due to their mixed donor systems, first found recognition in the 19th century, with 

their synthesis reported by Schiff in 1884. The preparation of these imines was facilitated through the 

condensation of primary amines with an aldehyde or ketone under specific conditions(8) , Schiff bases, due 

to their relatively straightforward preparation, synthetic versatility, and the unique properties of the C=N 

group, are regarded as exceptional chelating agents. It has been discovered that their metal complexes 

display noteworthy biological activities. Oxazepine is a heterocyclic compound featuring a ring that is 

seven-membered that incorporates two heteroatoms - nitrogen and oxygen (9). These oxazepine compounds 

are considered to hold biological as well as medical relevance, and possess various pharmaceutical 

implementations. Moreover, one of their chemical derivatives, the heteropolymer, has demonstrated a 

significant role in combating cancer, exhibiting efficacy against fungi and bacteria. Certain oxazepine 

derivatives have also been purported as medicinal drugs utilized in disease treatment (9,10). 

Materials 

           Fourier-transform infrared (FTIR) spectra, going from 400 to 4000 cm-1, were shown on a 

SHIMADZU FTIR-8400S Fourier transform instrument using samples prepared in a KBr disk. The 

determination of melting points was executed using a Stuart apparatus, located in the UK. Both 13C-NMR 

and 1H-NMR spectral analyses were conducted using a Fourier transition Bruker spectrometer, working at 

400MHz, with deuterated dimethyl sulfoxide (DMSO-d6) serving as the solvent. These measures were 

performed at the Department of Chemistry, Kashan University, Iran. 

 

Methods 

Synthesis Azo Derivative (1) (11,12) 

            The diazonium salt was prepared by dissolving (0.01 mol) of the amino compound   2,3-

dichloroaniline in a solution consisting of 60 ml of distilled water and 4 ml of concentrated HCl. The 

solution were cooled to (0-5) °C inside an ice bath add to it a resolve of 20 mL Distilled water (0.01 mol 

,0.7 g) of sodium nitrite (NaNO2), eventually added with continuous stirring, left then for (20) minutes at a 

temperature of (0-5)°C to end the dizoziation method. Gradually, Then add the formed diazonium salt to the 

component solution from (0.01 mol ,0.797 ml) of   4-bromoacetophenone and 1 g of sodium hydroxide 

dissolved in 130 ml of distilled water and left the mixture for two hours with continuous stirring at PH = 6 

to get a black precipitate that is washed with distilled water and then recrystallized with ethyl alcohol. 
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Synthesis Schiff base compounds (2,3) (13,14) 

            The compounds (2,3)   Schiff base   was   prepared by   reacting (0.0026 mol ) of compound (1) 

dissolved in 10 ml ethanol absolute and put three glacial acetic acid drops with (0.3201 g, 0.0026 mol) of 4-

nitroaniline (compound 2 ) and 4-methoxyaniline (compound 3)  in (10 ml) of ethanol absolute  and reflux 

at (78 0C)  for  (12 – 24 hr) , the solution is then allowed to settle at ambient temperature for 12 to 24 hours, 

after which the precipitate is recrystallized using methanol. 

 

Synthesis oxazepine derivatives (4 ,5 ,6)(15) 

An amalgamation was formed that incorporated 0.001 mol of compound (2) in a medium of 25 ml 

benzene, further supplemented with an equivalent quantity of 0.001 mol of each - phthalic anhydride as well 

as maleic anhydride, and succinic anhydride. This confluence was then treated under reflux conditions for a 

span of 28 hours, maintaining a constant thermal environment of 80°C. Post-reflux, the solution was 

allocated a resting period of 24 hours without interference. Subsequently, it was subjected to a filtration 

process and the extracted product was subjected to recrystallization, employing ethanol as the medium. 

 

Synthesis oxazepine derivatives (7 ,8 ,9)(16) 

In this procedure, 0.001 mol of compound (3) was dissolved in 25 ml of benzene. Subsequently, 0.001 mol 

of each of phthalic anhydride, maleic anhydride, and succinic anhydride were added to the solution. After 

that, this mixture was refluxed for 30 hours at 80°C. The solution was left to stand uninterrupted for 24 

hours after the reflux process was finished. After filtering the solution, the result reconstituted using ethanol. 

Preparation of Microbiology Culture Median 

250 mL of distilled water were used to dissolve 10 g of nutrition agar to create a nutrient agar 

medium.. The mixture was then subjected to sterilization in an autoclave at 170 °C for a duration of 25 

minutes. After the sterilization process, the medium was allowed to cool to a temperature of 37 °C, upon 

which it was poured into Petri dishes, thus rendering it suitable for bacterial streaking. The bacteria strains 

used, specifically Staphylococcus aureus as well as Escherichia coli, were isolated from a hospital 

environment. These strains were subsequently cultured on the prepared plates, which were then incubated at 

a constant temperature of 37 °C for duration of 24 hours to facilitate the growth of the bacteria. 
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Scheme1 : Prepare of some oxazepine derivatives  

 

Schem1: prepare of some oxazepine derivatives 

Results and Discussion 

Compound 1 

FT-IR spectrum data for compound (1) demonstrate band at 1712 cm-1 for (C=O) ,1635 cm-1 for 

(C=C) ,3070cm-1 for(Ar-H) ,2995 cm-1 for  (C-H) of  (CH3) ,1440 cm-1  for (N=N) .1H NMR (DMSO)  

spectrum data of compound (1) show 1.9 ppm (S , 3H , CH3 allyl ) ,  7.7-7.8ppm ( S ,6H , Ar-H ) ,  . The 

13C- NMR (DMSO) data of spectrum compound (1) show : 27 (C14) , 197 (C13) , 136 (C1 , 7) ,130 (C18 , 115-

132 (Caromatic). 

 

 



 Journal of Natural and Applied Sciences URAL                                                   No: 4, Vol: 1\December\ 2023    

298 
 

Fig. 1: FT-IR of compound 1 

 

Fig. 2:  1HNMR of compound 1 

 

Fig. 3: 13CNMR of compound 1 

 

Compound 2 

The Fourier-Transform Infrared (FT-IR) spectroscopic examination of compound (2) demonstrated 

specific absorbance bands at 1658 cm-1 attributed to (C=N), 1416 cm-1 assigned to (C=C), 3000 cm-1 

ascribed to (Ar-H), 2800 cm-1 for (C-H) of (CH3), and 1440 cm-1 for (N=N) vibrations. The signals from 

compound (2)'s proton nuclear magnetic resonance (1H NMR) spectral data appeared at 2.1 ppm (singlet, 

3H, CH3), 3.3 ppm (singlet, 3H, OCH3), and between 6.6-7.9 ppm (multiplet, 10H, Ar-H).. The Carbon-13 

Nuclear Magnetic Resonance (13C-NMR) spectrum inside DMSO for the said compound exhibited peaks at 

the following chemical shifts: 27 (C13), 55 (C20), 132.1 (C2, 3), 132.9 (C10, 7), 131 (C14), and within the 

range of 114-130 (Caromatic). 
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Fig. 4: FT-IR of compound 2 

 

Fig. 5: 1HNMR of compound 2 

 

Fig. 6: 13CNMR of compound 2 

Compound 3 

FT-IR spectrum data to compound (1) express band at 1681 cm-1 for (C=N) ,1620 cm-1 for (C=C) 

,3008cm-1 for (Ar-H) ,2964 cm-1 for  (C-H) of  (CH3) ,1398 cm-1  for (N=N). 1H NMR (DMSO)  spectrum 

data of compound (3) make 2.9 ppm (S , 3H , CH3) ,  7.2-7.9ppm ( M ,10H , Ar-H ) ,  . The 13C- NMR 

(DMSO) spectrum data of compound (3) express: 15 (C20) , 149  (C13) , 135 (C18) , 114-134 (Caromatic) . 
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Fig. 7: FT-IR of compound 3 

 

Fig. 8: 1HNMR of compound 3 

  

Fig. 9: 13CNMR of compound 3 

Compound 4 

FT-IR spectrum data for compound (4) ex express and at 3000cm-1 for(Ar-H) ,  2839 cm-1 for  (C-H) 

of  (CH3) , 1700 cm-1  (C=O) amid , 1600 cm-1 for (C=C) , (1180) cm-1 for (C-O-C) and 1257 cm-1 for (C-N) 

of oxazepine . 1H NMR (DMSO) spectrum data for compound (4) show 2.5 ppm (d , 3H , CH3) ,3.6ppm (q , 
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CH ) ,  6.5-7.8ppm ( M ,14H , Ar-H ) . The 13C- NMR (DMSO) spectrum data of compound (4) make: 27 

(C26) , 55 ( C13) , 166-170 (C14 , 17) , 151(C1 , 7) , 144 (C2 , 3) ,134 (C8) , 139 ( C14) , 114-132 (Caromatic)  . 
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Fig. 10: FT-IR of compound 4 

 

Fig. 11: 1HNMR of compound 4 

 

Fig. 12: 13CNMR of compound 4 

Compound 5 

FT-IR  spectrum data for compound (5) demonstrate band at 3170 cm-1 for(Ar-H) ,  2970 cm-1 for  

(C-H) of  (CH3) , 1624 cm-1  (C=O) amid , 1458 cm-1 for (C=C) , (1180) cm-1 for (C-O-C) and 1157 cm-1 for 

(C-N) oxazepine.1H NMR (DMSO)  spectrum data for compound (5) express 1.2 ppm (S , 3H , CH3) , 4.2 

ppm (S ,4H , CH=CH) ,  7-7.7ppm ( S ,10H , Ar-H ) ,  . The 13C- NMR (DMSO) data spectrum compound 
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(5) show : 14 (C24) , 61 (C13) , 129(C15,16) , 142(C1,7) , 168,169(C14,17) , 137(C21) , 135(C8) , 114 – 131  

(Caromatic)  . 

 

Fig. 13: FT-IR of compound 5 

 

Fig. 14: HNMR of compound 5 

 

Fig. 15: 13CNMR of compound 5 

Compound 6 

FT-IR spectrum data for compound (6) express band at 3170 cm-1 for(Ar-H) ,  2970 cm-1 for  (C-H) 

of  (CH3) , 1700 cm-1  (C=O) amid , 1580 cm-1 of (C=C) , (1180) cm-1 for (C-O-C) and 1157 cm-1 for (C-N) 

for oxazepine . 1H NMR (DMSO)  spectrum data of compound (6) make 1.2 ppm (S , 3H , CH3 allyl ) , 
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3.79,3.72 ppm (t ,4H , CH2-CH2) ,  6. 8-7.9ppm ( M ,10H , Ar-H )  . The 13C- NMR (DMSO) spectrum data 

of compound (6) express : 14(C24) , 55,73 (C15,16) , 22 (C13) , 167,175 (C14,17) , 114-135 (Caromatic)  . 

 

Fig. 16: FT-IR of compound 6 

 

Fig. 17:1HNMR of compound 6 

 

Fig. 18:13CNMR of compound 6 

Compound 7 

FT-IR spectrum data for compound (7) demonstrate band at 3065 cm-1 for (Ar-H), 2970 cm-1 for (C-

H) of (CH3), 1624 cm-1 (C=O) amid, 1458 cm-1 for (C=C), (1180) cm-1 for (C-O-C) and 1157 cm-1 for (C-N) 

for oxazepine. 1H NMR (DMSO) spectrum data of compound (7) make 1.2 ppm (S , 3H , CH3) , 1.99 ppm 



 Journal of Natural and Applied Sciences URAL                                                   No: 4, Vol: 1\December\ 2023    

304 
 

(S , 3H , OCH3) , 5.4 ppm (T ,4H , CH2-CH2) ,  6.5-7.7ppm ( S ,10H , Ar-H ) ,  . The 13C- NMR (DMSO) 

spectrum data of compound (7) express: 163,169 (C14,17), 16(C24), 59(C10), 77,69(C15,16), 100-155 (Caromatic)   
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Fig. 19: FT-IR of compound 7 

 

Fig. 20: 1HNMR of compound 7 

 

Fig. 21: 13CNMR of compound 7 

Compound 8 

FT-IR spectrum data for compound (8) demonstrate band at 3162 cm-1 for (Ar-H), 2930 cm-1 for (C-

H) of (CH3), 1712 cm-1 (C=O) amid, 1512 cm-1 for (C=C), (1172) cm-1 for (C-O-C) and 1030 cm-1 for (C-N) 

for oxazepine. 1H NMR (DMSO) spectrum data of compound (8) express 2 ppm (S, 3H, CH3), 2.55 ppm (S, 

3H, OCH3), 5.5 ppm (d ,2H, CH2=CH2), 6.1-7.8ppm (M ,10H, Ar-H), The 13C- NMR (DMSO) spectrum 

data of compound (8) make: 166,167 (C14,17) , 21(C24) , 55(C13) , 27(C25) , 140(C15,16) , 101-158 (Caromatic)   
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Fig. 22: IR of compound 8 

 

Fig. 23: 1HNMR of compound 8 

 

Fig. 24: 13CNMR of compound 8 

Compound 9 

The Fourier-Transform Infrared (FT-IR) spectroscopic investigation of compound (8) depicted 

characteristic absorption bands at 3062 cm-1 corresponding to (Ar-H), 2931 cm-1 designated for (C-H) of 

(CH3), 1712 cm-1 (C=O) amide, 1635 cm-1 representing (C=C), 1180 cm-1 ascribed to (C-O-C), and 1049 

cm-1 attributed to (C-N) for oxazepine. Spectral study of the proton nuclear magnetic resonance (1H NMR), 

structured in DMSO for compound (9), presented resonances at 1.2 ppm (singlet, 3H, CH3), 1.99 ppm 

(singlet, 3H, OCH3), and a range of 6.5-7.7 ppm (multiple, 10H, Ar-H). The Carbon-13 Nuclear Magnetic 
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Resonance (13C-NMR) spectral data, made in DMSO for compound (9), demonstrated peaks at the 

following chemical shifts: 154,167 (C14,17), 21 (C28), 27 (C28), 54 (C13), and a range of 101-136 (C 

aromatic). 
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Fig. 25: FT-IR of compound 9 

 

Fig. 26:1HNMR of compound 9 

 

Fig. 27:13CNMR of compound 9 

Conclusion 

It may be inferred from the aforementioned research that the synthetic chemicals significantly inhibit 

the growth of the bacteria Escherichia coli and staphylococcus aurous. The findings of the antibacterial 

activity are displayed in fig. 28. The compounds that showed promising action were (3,4,6,9) and (9,10) 
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against staphylococcus aurous and Escherichia coli, 

respectively.  

Fig. 28: Biological activity of compound prepared against Staphylococcus Aurous     

 

Fig. 29: Biological activity of compound prepared Escherichia Coli  

 

 

Table 1: Activity is classified based on the extent of inhibition 

Bacterial species Compounds 

NO. 

E. coli Staph. Aureus  

+  ++ 3 
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_  ++ 4 

+ + 5 

_  ++ 6 

+ _ 7 

+ _ 8 

 +++  +++ 9 

   

 Activity is classified based on the extent of inhibition. Inactivity, denoted as "No inhibition", implies 

no observable effect. "Slightly active" is designated by "+" and corresponds to an inhibition measurement 

ranging between 5-10 mm. "Moderately active", symbolized as "++", refers to an inhibition measurement 

within the range of 11-20 mm. A significantly active state, represented as "+++", corresponds to inhibition 

measurements exceeding 20 mm, indicating good activity. 

 

Table 2: Preparation of Some Oxazepine Derivatives 

No

. 

Name of comp. M.F M.W M.P(C

◦) 

R.f Color % 

1 1-(4-bromo-3-((2,3-

dichlorophenyl)diazenyl)phenyl)ethan-1-one C13H11BrN4O2 

335.1

6 

95 - Dark 

brow

n 

67 

2 1-(2-bromo-5-(2-((4-nitrophenyl)imino) -2-

yl)phenyl)-2-(4-nitrophenyl)diazene 
C21H16BrCl2N4O

2 

507.1

9 

serum 0.12 Dark 

brow

n 

85 

3 1-(2-bromo-5-(2-((4-methoxyphenyl)imino) -2-

yl)phenyl)-2-(2,3-dichlorophenyl)diazene C22H19BrCl2N3O 

492.2

2 

serum 0.57 Dark 

brow

n 

91 

4 3-(4-bromo-3-((2,3-dichlorophenyl)amino)phenyl)-

4-(2,3-dichlorophenyl)-3-methyl-3,4-

dihydrobenzo[e][1,3]oxazepine-1,5-dione 

C28H17BrCl4N2O

3 
 

651.1

6 

180 0.11 Dark 

brow

n 

79 

5 2-(4-bromo-3-((2,3-dichlorophenyl)amino)phenyl)-

3-(2,3-dichlorophenyl)-2-methyl-2,3-dihydro-1,3-

oxazepine-4,7-dione 

C24H15BrCl4N2O

3 
 

601.1

0 

172 0.52 Dark 

brow

n 

91 

6 -(4-bromo-3-((2,3-dichlorophenyl)amino)phenyl)-1-

(N-(2,3-dichlorophenyl) formamido)ethyl 

C23H17BrCl4N2O

3 
 

591.1

0 

140 0.21 Dark 

brow

85 
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n 

7 3-(4-bromo-3-((2,3-dichlorophenyl)amino)phenyl)-

4-(4-hydroxy-6-methylpyrimidin-2-yl)-3-methyl-

3,4-dihydrobenzo [e][1,3]oxazepine-1,5- 

C28H23BrCl2N4O

4 
 

630.3

2 

149 0.42 Dark 

brow

n 

70 

8 2-(4-bromo-3-((2,3-dichlorophenyl)amino)phenyl)-

3-(4-hydroxy-6-methylpyrimidin-2-yl)-2-methyl-

2,3-dihydro-1,3-oxazepine-4,7-dione 

C24H21BrCl2N4O

4 
 

580.2

6 

166 0.03

1 

Dark 

brow

n 

65 

9 22-(4-bromo-3-((2,3-dichlorophenyl)amino)phenyl)-

3-(4-hydroxy-6-methylpyrimidin-2-yl)-2-methyl-

1,3-oxazepane-4,7-dione 

C24H23BrCl2N4O

4 
 

582.2

8 

150 0.77 Dark 

brow

n 

80 
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