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FOREWORD 

 

 

IV. International Congress on New Trends in Science, Engineering and Technology (ICONTRENDS) was 

held by "Young Scholars Union" at St.Petersburg/RUSSIA from 7 to 9 July 2020. ICONTRENDS is 

aimed to come together with scientific studies scholars working in different disciplines, to exchange 

knowledge and experiences and thus to prepare the ground for multidisciplinary studies.  

 

A total of 64 papers were submitted. 64 participants from 8 countries in total have attended the congress. 

30 participants from Turkey, 19 participants from Azerbaijan, 7 participants from Serbia, 2 participants 

from Estonia, 2 participants from Lithuania, 2 participants from Pakistan, 1 participant from Kosovo and 1 

participant from Kazakhistan. 

 

XI. IMCOFE organized with the main theme of ñTrend Topics of the fields of science, technology and 

engineering in recent yearsò. We are proud to successfully complete this congress. 

 

This book contains the full text and abstract texts of the papers presented at the congress. The fact that a 

significant portion of the participants are university undergraduate, graduate and doctoral students is 

important in terms of realizing the mission of our union. 

 

Our mission will increasingly continue with the workshops, congresses and conferences to be held next 

year. 

 

In 2020, when many congresses were postponed and canceled due to the pandemic, we held our congress 

without any problems, postponement or cancellation. This has been accomplished with the great effort of 

our members who take part in our union and organizing board. In the light of all these, I would like to 

thank our participants, the scientific and organizing board, our audience, our sponsors and our solution 

partners. 

 

 

 

 

          Dr. Christian Ruggiero 

          Conngress Chairman 

 

 

 

  



IV. ICONTRENDS |  ISBN: 978-625-400-393-6 

 

 

St. Petersburg /Russia ï 2020 

www.icontrends.org 

v 

 

 

Contents 

Polymer Modification of Cement Based Fiber Composites ................................................................................. 1 

ʃʶʙʦʚʴ ʠ ʫʚʘʞʝʥʠʝ ʢ ʨʦʜʥʦʤʫ ʷʟʳʢʫ ï ʢʘʢ ʦʜʥʦ ʠʟ  ʩʨʝʜʩʪʚ ʵʩʪʝʪʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ........................... 3 

Clustering the Countries Affected by COVID-19 Pandemic for a Better Resource Allocation .......................... 4 

Prediction of Glioma Grades using Machine Learning Algorithm Based on Radiomics Features ...................... 6 

Degradation Kinetics of Colour Values in Carrot Jam During Storage ............................................................... 8 

ʅʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʫʜʝʥʪʦʚ. ................................................................ 9 

Antimelanogenic Activity of Novel 2-thiohydantion Derivatives ..................................................................... 11 

Investigation of the Main Quality Parametres of Green and Black Table Olives (Olea Europaea Var. Sativa) 12 

A Study of the Reactions of [Au(ethylenediamine)Cl2]+ Complex with L-Histidine-containing Dipeptides. 

The Influence of N-Terminal Amino Acid on the Peptide Coordination ........................................................... 13 

1H NMR Monitoring of Reactions Between a Thiohydantoin Derivative and Various Palladium(II) Complexes15 

Interaction of The Silver(I) Ion With a Ligand of The Thiohydantoin Moiety .................................................. 17 

The First Application of Organoselenium Reagents in Biginelli Chemistry ...................................................... 19 

Economic and Environmental Aspects of ɓ-dicarbonyl Compounds in the Chemical Treatment of Potable and 

Waste Water ....................................................................................................................................................... 21 

Kinetic and Mehanistic Studies of Pyridine-Catalyzed Selenolaktonization of 2-Cyclopentene-1-Acetic acid 23 

The Role of Civil Society Organizations In the Urban Space Production Process: Diyarbakēr Example .......... 25 

Exergy Analysis of the Performances of Variable Refrigerants on a Two-stage Refrigeration System ............ 27 

The Role of rs26653 Polymorphism in Rheumatoid Arthritis Disease Risk ...................................................... 28 

Kentsel Mek©n ¦retim S¿recinde Siviltoplum Kuruluĸlarēnēn Rol¿: Diyarbakēr ¥rneĵi .................................. 29 

¦mumitᴅhsil Mᴅktᴅblᴅrindᴅ Mᴅdᴅni Tᴅdbirlᴅrin Tᴅĸkili vᴅ Ke­irilmᴅsindᴅ ķagirdlᴅrin H¿quq vᴅ Vᴅzifᴅlᴅri 30 

Annelerin Okul ¥ncesi ¢ocuklarēn Ahlaki Geliĸimi Hakkēndaki Gºr¿ĸleri ...................................................... 31 

ʅʘʫʯʥʘ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʢʘʢ ʬʘʢʪʦʨ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ  ʟʨʝʣʦʩʪʠ ʩʪʫʜʝʥʪʘ ............................ 32 

Sentiment Analysis with Using Machine Learning Algorithms, Depends on Mobile Game Tweets ................ 34 

Prediction of Crack Paths for Inclined Multiple Cracks in Thin Plate Under Uniaxial Loading ....................... 36 

Pontryagin Maximum Principle for one Monlinear Fractional Optimal Control Problem ................................ 37 

ʉʭʝʤʘ ʨʘʟʣʦʞʝʥʠʷ ʜʣʷ ʦʜʥʦʡ ʟʘʜʘʯʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ  ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ .............................. 38 

Optimality Conditions in One Optimal Control Problem ................................................................................... 39 

ʇʨʠʥʮʠʧ ʤʘʢʩʠʤʫʤʘ ʇʦʥʪʨʷʛʠʥʘ ʚ ʟʘʜʘʯʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ....... 41 

Static Analysis of FGM Plate Strip with a Rectangular Hole Under Bending ................................................... 44 



IV. ICONTRENDS |  ISBN: 978-625-400-393-6 

 

 

St. Petersburg /Russia ï 2020 

www.icontrends.org 

vi 

 

 

Obtaining of the Unit Hydrograph by Selecting Appropriate Flood Prediction Method for Designing Filyos 

River Levees ....................................................................................................................................................... 45 

Evaluation of the Seismic Performance of Existing RC Structures Via the Nonlinear Static Pushover Analysis 

Method éééééééééééééééééééééééééééééééééééééé 55 

The Effects of Three Different Additives on Temperature Sensitivity and Rutting Parameter of Bitumen ...... 68 

The Effect of Humanistic Approach on Personality Development in Training Process .................................... 79 

Development of Virtual Learning Environment in Technical Higher Education ............................................... 86 

Gray Level Co-Occurrence Matrix Utilization for Predicting Severity of Parkinsonôs Disease from Gait 

Variability Based on Gender .............................................................................................................................. 96 

Prediction of Electricity Consumption Values for Commercial and Residential Buildings Using Bi-Directional 

LSTMéééééééééééééééééééééééééééééééééééé..ééé   101 

Evaluating Key Performance Indicators for Software Development ............................................................... 110 

ʆ ʚʨʝʜʥʦʤ ʚʣʠʷʥʠʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʦʪʭʦʜʦʚ ʥʘ 

ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ........................................................................................................................................... 117 

Prospects E-Learning ....................................................................................................................................... 124 

ʊʝʭʥʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ................................................................................. 132 

Investigation of Thermal, Mechanical and Surface Properties of PU/PLA Nanofibers ................................... 140 

Performance Analyses of R134a and R124 on a Multistage Compression Refrigeration System ................... 149 

FBMC Transmitter Design and Hardware Application .................................................................................... 160 

Sustainable Technologies for Wastewater Treatment and Hydrogen Energy Production ............................... 166 

A Case Study on the Application of the Water Quality Index (WQI) Method; Antalya (Korkuteli) ............... 173 

Chemical Composition of Anastatica hierochuntica L. Water and Ethanol Extracts and Physiological Effects 

on Caenorhabditis elegans Individuals ............................................................................................................ 183 

Occurence of Pseudorasbora parva (Temminck & Schlegel, 1846) in Kirmir Stream ................................... 190 

Evaluation of Innovative Perspectives of Information Economy by means of Multi-Criteria Analysis Methods195 

Issues Of Multi-Criteria Expert Assessments Of Activity of Innovative Technology Parks ........................... 200 

Increasing Students Engagement Through Training Tests ............................................................................... 205 

Quality Traits Diveristy in Some Alfalfa Cultivars .......................................................................................... 217 

Production of Powdered Soup of Protein Added by Using Vacuum Dried Minced Meat and Determination of 

Sensory Properties of It .................................................................................................................................... 227 

Determination of Thermal Properties of Wax Oleogels by Differential Scanning Calorimeter ...................... 237 

Bending Stress Analysis of Spur Gears with Different Tooth Root Radius ..................................................... 246 

Investigation of the Effect of Different Cutting Parameters on Current and Roughness During Turning of AISI 



IV. ICONTRENDS |  ISBN: 978-625-400-393-6 

 

 

St. Petersburg /Russia ï 2020 

www.icontrends.org 

vii  

 

 

1040 Material ................................................................................................................................................... 256 

Macro and Micro Elements Diversity in Bean Germplasm ............................................................................. 262 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʜʥʦʡ ʦʧʪʠʤʘʣʴʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ Maple269 

Interaction Shallow Tunnels and Structures ..................................................................................................... 276 

 



IV. ICONTRENDS |  ISBN: 978-625-400-393-6 

 

 

St. Petersburg /Russia ï 2020 

www.icontrends.org 

1 

 

 

 

 

Polymer Modification of Cement Based Fiber Composites 

Ceren Duyal 

Dokuz Eyl¿l University 
duyalceren@gmail.com 

Turkey 

 

Abstract 

Purpose 

Plain concrete loses its bearing capacity from the first crack. Engineered Cementitious Composites (ECC), 

is a new generation building material that can exhibit multiple crack behavior under tensile loads and has 

higher energy absorption capacity than plain concrete thanks to the micronized fibers inside. In this paper, 

the behavioor of polymer modified ECC (P-ECC) under tensile load, has investigated. 

Design / Methodology / Approach 

Within the scope of the study, the mixing water of ECC was replaced with different amounts of polymer 

emulsion (50%, 25%, 12.5%). The polymer emulsion used is of ñStyrene Acrylic Rubber (SAR)ò origin. 

Findings 

Tensile strengths of polymer modified ECCôs were increased. Multiple cracking capacities were increased 

to a certain degree due to the percentage of polymer but in the higher usage, it decreased. It has been 

found that the polymer film formed within the composite, after a certain density, increases the crack 

resistance of the matrix and prevents the development of multiple cracks 

Originality  / Value 

The study aims to develop P-ECCs that provide high tensile ductility and high tensile strength together. 

Keywords: Ecc, Polymer Modification, Fiber Composites, Multiple Cracking Behavior 

 

¢imento Esaslē Lifli Kompozitlerin Polimer Modifikasyonu  
 

¥z 

Ama­ 

Beton yarē gevrek bir malzemedir, d¿ĸ¿k y¿kler altēnda lineer-elastik davranēĸ gºsterir. Y¿k arttērēldēĵēnda 

ise ilk ­atlaktan itibaren taĸēma g¿c¿n¿ kaybeder. ñM¿hendislik ¥zellikleri Geliĸtirilmiĸ ¢imento Esaslē 

Kompozit (ECC)ò b¿nyesinde mikronize lifler sayesinde ­ekme gerilmesi altēnda ­oklu ­atlak davranēĸē 

gºsterebilen yeni nesil bir kompozittir. ¢alēĸmada, polimer modifiye edilmiĸ ECCônin (P-ECC) ­ekme 

y¿klemesi altēndaki davranēĸēnēn incelenmesi ama­lanmēĸtēr. 

 

Model / Metodoloji / Yaklaĸēm 

¢alēĸma kapsamēnda, ECCônin karēĸēm suyu farklē oranlarda (%50, %25, %12.5) polimer em¿lsiyonu ile 

ikame edilmiĸtir. Kullanēlan polimer em¿lsiyonu ñStiren Akrilik Kau­uk (SAR)ò kºkenlidir 

 

Bulgular  

Polimer modifikasyonu yapēlmēĸ ECCôlerin (P-ECC) ­ekme dayanēmlarēnda artēĸ gºr¿lm¿ĸ ancak ­oklu 

­atlak oluĸturma kapasitelerinde polimer y¿zdesine baĵlē olarak belli orana kadar artēĸ ve daha y¿ksek 

mailto:duyalceren@gmail.com
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oranlarda kullanēmda ise azalēĸ gºzlenmiĸtir. Kompozit b¿nyesinde meydana gelen polimer filminin belirli 

bir yoĵunluktan sonra, matrisin ­atlamaya karĸē direncini arttērarak ­oklu ­atlak geliĸimini engellediĵi 

tespit edilmiĸtir. 

 

¥zg¿nl¿k 

¢alēĸma, y¿ksek ­ekme d¿ktilitesi ve y¿ksek ­ekme dayanēmēnē birlikte saĵlayan P-ECCôlerin 

geliĸtirilmesini hedeflemektedir. 

 

Anahtar Kelimeler: ECC, polimer modifikasyonu, lifli kompozit, ­oklu ­atlak davranēĸē 
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ʃʶʙʦʚʴ ʠ ʫʚʘʞʝʥʠʝ ʢ ʨʦʜʥʦʤʫ ʷʟʳʢʫ ï ʢʘʢ ʦʜʥʦ ʠʟ  

ʩʨʝʜʩʪʚ ʵʩʪʝʪʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ 
 

ɺʘʬʘ ʏʠʨʘʛʦʚʘ  

ɹʘʢʠʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ 

ɼʦʢʪʦʨ ʬʠʣʦʩʦʬʠʠ ʧʦ ʧʝʜʘʛʦʛʠʢʝ, 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ    

 
ʈɽɿʖʄɽ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ï ʦʜʥʠʤ  ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʨʝʜʩʪʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʩʪʝʪʠʯʝʩʢʦʛʦ ʚʢʫʩʘ ʥʘʨʦʜʘ 

ʷʚʣʷʝʪʩʷ ʨʦʜʥʦʡ ʷʟʳʢ. ʃʶʙʦʚʴ ʢ ʨʦʜʥʦʤʫ ʷʟʳʢʫ ʦʙʲʝʜʠʥʷʶʱʠʡ ʚ ʩʝʙʝ ʥʘʨʦʜʥʫʶ ʜʫʭʦʚʥʦʩʪʴ  ʠ 

ʙʦʛʘʪʩʪʚʦ ï ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʚ ʥʘʰʠ ʜʥʠ. 

 

ɺ ʧʝʨʠʦʜ ʨʫʢʦʚʦʜʩʪʚʘ ʨʝʩʧʫʙʣʠʢʦʡ ʧʨʝʟʠʜʝʥʪʘ ɻʝʡʜʘʨʘ ɸʣʠʝʚʘ ʚ 1978 ʛʦʜʫ  ʩʦʛʣʘʩʥʦ ʧʨʠʥʷʪʦʡ 

ʂʦʥʩʪʠʪʫʮʠʠ ʘʟʝʨʙʘʡʜʞʘʥʩʢʠʡ  ʷʟʳʢ  ʙʳʣ ʦʙʲʷʚʣʝʥ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʷʟʳʢʦʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʘʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʷʟʳʢ ʚʳʧʦʣʥʷʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʩʪʝʪʠʯʝʩʢʦʛʦ ʚʢʫʩʘ ʥʘʨʦʜʘ ʠ 

ʧʨʠʥʷʚ ʩʪʘʪʫʩ ʙʳʣ ʥʝʟʘʚʠʩʠʤʦʛʦ ʦʙʦʛʘʱʝʥ, ʦʙʥʦʚʣʝʥ ʠ ʚʦʩʧʨʠʥʷʪ ʥʘʨʦʜʦʤ. 

 

ʕʩʪʝʪʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʨʦʜʥʦʛʦ ʷʟʳʢʘ, ʝʛʦ ʨʘʟʚʠʪʠʝ ʚʳʧʦʣʥʷʶʪ ʚʦʩʧʠʪʘʪʝʣʴʥʫʶ ʨʦʣʴ ʟʥʘʯʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʨʘʩʪʝʪ ʠ ʨʘʩʰʠʨʷʝʪʩʷ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚ ʩʪʘʪʴʝ çʈʦʜʥʦʡ ʷʟʳʢè ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ  ʢʘʢ 

ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ ʵʩʪʝʪʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʢʦʪʦʨʳʡ ʩʣʝʜʫʝʪ ʣʶʙʠʪʴ, ʙʝʨʝʯʴ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Pʦʜʥʦʡ ʷʟʳʢ, ʵʩʪʝʪʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝ, ʵʩʪʝʪʠʯʝʩʢʠʡ ʚʢʫʩ  
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Clustering the Countries Affected by COVID-19 Pandemic for a Better 

Resource Allocation 
           

Ramazan ¦nl¿ 
Dr., Gumushane University, 

 ramazanunlu@gumushane.edu.tr 

Turkey 

                

Abstract 

 

Purpose 

In this study, it was aimed that the countries affected by COVID-19 outbreak were clustered and revealed 

which countries showed similar characteristics. In this way, it is aimed to make deeper analysis by 

defining those countries where the epidemic is similar in future studies. It will also be able to help more 

effective planning of the flow of resources from countries to other countries where the outbreak is 

expected to end later. 

 

Design / Methodology / Approach 

There are two basic stages in our study. In the first stage, two different methods were applied to determine 

the optimal number of clusters. These methods are elbow technique and hierarchical clustering. We have 

applied commonly used a clustering method called k-means to the total number of cases in all countries 

affected by the epidemic, total number of recovered patients and total mortality from the first day of the 

epidemic to current date. The number of clusters used in these applications is obtained from the elbow 

method and hierarchical clustering method. 

 

Findings 

This section describes the findings of the study. Figure 1 and Figure 2 below provides optimal number of 

clusters according to the Elbow method and Hierarchical clustering method, respectively. 

 

Figure 1: The optimum number of clusters based on Elbow method  

 

 

mailto:ramazanunlu@gumushane.edu.tr
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Figure 2: The optimum number of clusters based on Hierarchical clustering 

 
 

The optimal number of clusters can be taken as 3 according to the both Elbow method and the 

Hierarchical clustering, as shown in Figure 1 and Figure 2. Table 1 below shows the results of K-Means 

algorithm for the top ten countries according to the confirmed cases. 

 

Table 1: The first 5 countries in each cluster based on the result of K-means.  

Cluster 0 Cluster 1 Cluster 2 

Russia UK US 

Chile Spain Brazil 

Iran Italy India 

Turkey Mexico Peru 

Germany France Pakistan 

 

According to the K-means algorithm, geography of the countries is slightly important. It can be concluded 

that those countries close to each other have similar characteristic. Therefore, a better resource allocation 

can be planned within those clusters first. Then a more detailed planning strategy can be applied between 

the cluster of countries to minimize the affect of the pandemic.  

 

Originality  / Value 

According to our literature research, no study has been conducted on clustering countries in terms of 

COVID-19 cases until now. This study will contribute to the literature in order to help future studies. 

 

Keywords: COVID-19, K-means clustering, Source Allocation 

  



IV. ICONTRENDS |  ISBN: 978-625-400-393-6 

 

 

St. Petersburg /Russia ï 2020 

www.icontrends.org 

6 

 

 

Prediction of Glioma Grades using Machine Learning Algorithm Based on 

Radiomics Features 
           

Gºkalp ¢INARER 

Bozok University, 

gokalp.cinarer@bozok.edu.tr 

Turkey 

 

B¿lent G¿rsel Emiroĵlu 

Kērēkkale University,  

bulentgursel@gmail.com 

Turkey 

 

Ahmet Haĸim Yurttakal 

Bozok University 

ahmet.yurttakal@bozok.edu.tr 

Turkey 

 

                

Abstract 

 

Purpose 

Brain tumors can have various features according to the type of cell they are in, their location according to 

their degree. Magnetic Resonance Imaging (MRI) is the most important method used in the detection and 

diagnosis of brain tumors in the analysis of medical findings. The aim of this study is to determine the 

glioma levels correctly in the early treatment of brain tumors. 

 

Design/methodology/approach 

In this study, Glioma Grade II-Grade III MRI images of 121 patients were examined. Tumor areas from 

gliomas belonging to 121 patients were identified by drawing slice by slice with the grow cut 

segmentation algorithm. Radiomic features of tumor areas were removed using 3D (three dimensional) 

wavelet tranform filter. 3D wavelet transform filter have 8 sub-bands; LHH, LLH, LHL, LLL, HLL, HLH, 

HHL and HHH. In this study 88 wavelet-hhh radiomic fetures are used.The obtained quantitative values 

were statistically analyzed with Mann Whitney-U tests and 12 features with significant statistical 

properties p-value < 0.01 were selected from wavelet-hhh features. The radiomics features used belong to 

five different groups: first order, gray level dependence matrix, gray level run length matrix, gray level 

size zone matrix, neighbouring gray tone difference matrix.A total of  twelve quantitative image features 

were evaluated by using generalized relevance learning vector quantization (GRLVQ) machine learning 

algorithms. 

 

Findings 

Glioma grades II and III were classified according to the GRLVQ algorithm; 84.0% accuracy, 83.3% 

sensitivy, 85.7% specifity, 93.7% precision and 88.2% F1 score. When the quantitative features obtained 

from the brain MR images are applied together with classification algorithms, it has been observed that 

successful results can be obtained in distinguishing glioma grades. 

 

Originality/value  

Grade II and Grade III are difficult to distinguish. It is the originality of the study to examine the statistical 

distinctiveness of the quantitative properties extracted after the segmentation and wavelet processes only 

through pixel information and to classify them using the GRLVQ algorithm. 

 

Keywords: Classification, Radiomics, Machine Learning 
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Radyoloji ¥zelliklerine Gºre Makine ¥ĵrenme Algoritmasē Kullanēlarak 

Glioma Derecelerinin Tahmini 
 

¥z 

Ama­ 

Beyin t¿mºrleri bulunduklarē h¿cre tipine, derecelerine gºre konumlarēna gºre ­eĸitli ºzelliklere sahip 

olabilirler. Manyetik Rezonans Gºr¿nt¿leme (MRG), tēbbi bulgularēn analizinde beyin t¿mºrlerinin 

saptanmasēnda ve tanēsēnda kullanēlan en ºnemli yºntemdir. Bu ­alēĸmanēn amacē beyin t¿mºrlerinin 

erken tedavisinde glioma d¿zeylerini doĵru olarak belirlemektir. 

 

Model / Metodoloji / Yaklaĸēm 

Bu ­alēĸmada 121 hastanēn Grade II ve Grade III glioma MRG gºr¿nt¿leri incelendi. 121 hastaya ait 

gliomlardan gelen t¿mºr alanlarē, GrowCut segmentasyon algoritmasē ile dilim dilim ­izilerek 

belirlenmiĸtir. T¿mºr alanlarēnēn radyolojik ºzellikleri 3D (¿­ boyutlu) dalgacēk transform filtresi 

kullanēlarak ­ēkarēldē. 3D dalgacēk dºn¿ĸ¿m filtresi sekiz alt bant ºniĸleme sahiptir: LLL, LLH, LHL, 

LHH, HLL, HLH, HHL ve HHH. Bu ­alēĸmada 88 dalgacēk-hhh radyomik ºzellik kullanēlmēĸtēr. Elde 

edilen nicel deĵerler Mann Whitney-U testleri ile istatistiksel olarak analiz edilmiĸ ve p deĵeri <0,01 olan 

12 ºzellik dalgacēk-hhh ºzelliklerinden se­ilmiĸtir. Kullanēlan radyoloji ºzellikleri beĸ farklē gruba aittir: 

birinci derece, gri seviye baĵēmlēlēk matrisi, gri seviye ­alēĸma uzunluĵu matrisi, gri seviye boyutu bºlge 

matrisi, komĸu gri ton farkē matrisi. Toplam on iki kantitatif gºr¿nt¿ ºzelliĵi, genel anlamlēlēk ºĵrenme 

vektºr¿ nicemleme (GRLVQ) makine ºĵrenme algoritmasē kullanēlarak deĵerlendirildi. 

 

Bulgular  

Glioma dereceleri II ve III, GRLVQ algoritmasēna gºre sēnēflandērēldē. % 84.0 doĵruluk, % 83.3 

hassasiyet, % 85.7 ºzg¿ll¿k, % 93.7 hassasiyet ve % 88.2 F1 puanē elde edildi. Beyin MR gºr¿nt¿lerinden 

elde edilen kantitatif ºzellikler sēnēflandērma algoritmalarē ile birlikte uygulandēĵēnda glioma derecelerinin 

ayērt edilmesinde baĸarēlē sonu­larēn elde edilebileceĵi gºzlenmiĸtir. 

 

¥zg¿nl¿k  

Grade II ile Grade III ayērt edilmesi zor bir problemdir. Bu iĸlemin sadece piksel bilgileri ¿zerinden, 

segmentasyon ve dalgacēk iĸlemlerinden sonra ­ēkarēlan kanitatif ºzelliklerin istatistiki olarak ayērt 

ediciliĵinin incelenmesi ve GRLVQ algoritmasē ile sēnēflandērēlmasē ­alēĸmanēn orjinalliĵidir. 

 

Anahtar Kelimeler: Sēnēflandērma, Radyomik, Makine ¥ĵrenimi 

  



IV. ICONTRENDS |  ISBN: 978-625-400-393-6 

 

 

St. Petersburg /Russia ï 2020 

www.icontrends.org 

8 

 

 

Degradation Kinetics of Colour Values in Carrot Jam During Storage  
           

Yeliz TEKG¦L 

Lec. Dr. Aydēn Adnan Menderes University, 

 yeliz.tekgul@adu.edu.tr 

Turkey 

Ahsen RAYMAN ERG¦N 

Dr, Ege University,  

ahsenrayman@hotmail.com 

Turkey 

                

 

Abstract 

 

Purpose 

Color is an important quality parameter that affects consumer preferences in agriculture and food industry 

products. The color quality of fruit products such as jam may vary depending on processing techniques 

and storage conditions. The main purpose of this study is to determine the degradation kinetics of colour 

values of carrot jams during storage at two different temperatures. 

 

Design / Methodology / Approach 

Carrot jams were prepared according to traditional procedure taking into the limits in Turkish Food 

Codex. The final total soluble soilds value of carrot jams was measured as 68 ÁBx while the pH value was 

adjusted to 3 with citric acid. The color values L
*  

(lightness), a
*
 (redness) and b

*
 (yellowness) of carrot 

jams were obtained using a Minolta chromameter. Samples were stored at 4 ÁC and 25 ÁC. Color 

measurement were carried out after 0, 7, 14, 21 and 28 days of storage. 

 

Findings 

The effects of storage period and temperature on degradation of colour values of carrot jams were 

investigated. According to results L
*
 value decreased significantly (p< 0.05) over 28 days of storage at 4 

ÁC and 25 ÁC. The changes in L
*
, a

*
 and b

*
 values fitted well to the first-order kinetic model. The reaction 

rate constant (k) increased with an increase in the temperature. The color values of jam samples stored at 

low temperatures were better preserved than those stored at high temperatures. 

 

Originality/value  

The datas obtained from this study will contribute the optimizing jam production and storage conditions.  

 

Keywords: Carrot Jam, Color, Kinetics, Degradation, Storage 
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ʅʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʫʜʝʥʪʦʚ. 
 

ʇʨʝʧ. ɻʫʩʝʡʥʦʚʘ ʐ.ɺ. 

ɹʘʢʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

wehla33@gmail.com 

 

ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʥʦ 

ʦʙʦʩʪʨʝʥʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʢʨʘʡʥʝ ʚʘʞʥʘ ʵʢʦʣʦʛʠʟʘʮʠʷ  ʚʩʝʡ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʚʦʩʧʠʪʘʥʠʷ ʧʦʜʨʘʩʪʘʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ. 

 

ʇʦʜ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʥʠʤʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʡ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ, ʚʦʩʧʠʪʘʥʠʷ ʠ 

ʨʘʟʚʠʪʠʷ ʣʠʯʥʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠ 

ʫʤʝʥʠʡ, ʮʝʥʥʦʩʪʥʳʭ ʦʨʠʝʥʪʘʮʠʡ, ʧʦʚʝʜʝʥʠʷ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʪʚʝʪʩʪʚʝʥʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ʢ ʦʢʨʫʞʘʶʱʝʡ ʩʦʮʠʘʣʴʥʦ-ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ ʠ ʟʜʦʨʦʚʴʶ ʣʶʜʝʡ. 

 

ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦ ʩʫʪʠ ʘʢʪʫʘʣʴʥʘʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ, ʧʩʠʭʦʣʦʛʦ-

ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʠ ʛʫʤʘʥʠʪʘʨʥʘʷ ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʨʤ ʦʪʚʝʪʩʪʚʝʥʥʦ-ʥʨʘʚʩʪʚʝʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ 

ʧʨʠʨʦʜʝ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ  ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʙʳʣʦ ʵʬʬʝʢʪʠʚʥʳʤ, ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ 

ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʚʦʩʧʠʪʘʥʠʝ ʥʨʘʚʩʪʚʝʥʥʦʡ ʣʠʯʥʦʩʪʠ, ʮʝʥʥʦʩʪʥʳʭ ʦʨʠʝʥʪʘʮʠʡ ʮʝʣʦʛʦ 

ʨʷʜʘ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʫʤʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʪʚʝʪʩʪʚʝʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʝ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʜʦʣʞʝʥ 

ʙʳʪʴ ʪʘʢʞʝ  ʦʨʠʝʥʪʠʨʦʚʘʥ ʠ ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ  ʫʤʝʥʠʡ ʠ ʟʥʘʥʠʡ ʚ ʩʦʮʠʘʣʴʥʦ-

ʦʙʱʝʩʪʚʝʥʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʚ ʩʬʝʨʝ ʧʨʦʧʘʛʘʥʜʳ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ ʚ ʪʦʤ ʯʠʩʣʝ.  

 

ʎʝʣʴʶ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʟʥʘʥʠʝ ʠ 

ʤʳʰʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʦʩʦʟʥʘʥʥʦʝ ʩʦʙʣʶʜʝʥʠʝ ʥʨʘʚʩʪʚʝʥʥʳʭ ʠ ʧʨʘʚʦʚʳʭ ʧʨʠʥʮʠʧʦʚ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʘʢʪʠʚʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʠʟʫʯʝʥʠʶ, ʦʭʨʘʥʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʩʚʦʝʡ 

ʈʦʜʠʥʳ. 

 

ɼʦʩʪʠʞʝʥʠʝʤ ʵʪʦʡ ʮʝʣʠ ʩʪʘʥʝʪ ʚʦʩʧʠʪʘʥʠʝ  ʚ ʣʶʜʷʭ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ, ʢʘʢ ʚ ʢʘʞʜʦʡ 

ʣʠʯʥʦʩʪʠ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʪʘʢ ʫ ʚʩʝʛʦ ʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ, ʢʘʢ ʬʘʢʪʦʨ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠ 

ʜʫʭʦʚʥʦʛʦ ʦʧʳʪʘ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʝʛʦ ʚʳʞʠʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, 

ʦʙʫʯʝʥʠʝ ʨʘʟʫʤʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʯʝʣʦʚʝʯʝʩʪʚʘ ʩ ʧʨʠʨʦʜʦʡ ʩʦʟʚʫʯʥʦ ʩ ʠʜʝʘʣʦʤ ʚʦʩʧʠʪʘʥʠʷ 

ʚʩʝʩʪʦʨʦʥʥʝ ʨʘʟʚʠʪʦʡ ʣʠʯʥʦʩʪʠ, ʩʧʦʩʦʙʥʦʡ ʞʠʪʴ ʚ ʛʘʨʤʦʥʠʠ ʩ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʦʡ. 

 

ɺʝʜʫʱʫʶ ʨʦʣʴ ʚ ʜʦʩʪʠʞʝʥʠʠ ʜʘʥʥʦʡ ʮʝʣʠ ʠʛʨʘʝʪ ʨʘʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪʳ ʧʦ ʨʘʟʚʠʪʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʟʥʘʥʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʦʩʦʟʥʘʥʠʝ ʠʤʠ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, 

ʧʦʥʠʤʘʥʠʝ ʧʨʠʯʠʥ, ʧʦʨʦʞʜʘʶʱʠʭ ʧʨʦʪʠʚʦʨʝʯʠʷ ʚ ʦʪʥʦʰʝʥʠʷʭ ʯʝʣʦʚʝʢʘ ʠ ʧʨʠʨʦʜʳ: 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʟʘʢʦʥʦʚ ʠ  ʵʚʦʣʶʮʠʦʥʥʦ-ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ; 

ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʦʩʦʟʥʘʥʠʝ ʦʧʘʩʥʦʩʪʠ ʛʣʦʙʘʣʴʥʳʭ, ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʣʦʢʘʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʢʨʠʟʠʩʦʚ ʠ ʠʭ ʥʝʦʙʨʘʪʠʤʦʩʪʠ, ʠʭ ʜʝʡʩʪʚʠʡ. 
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ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝ ï ʵʪʦ ʩʣʦʞʥʳʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʞʠʟʥʝʥʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ, ʦʙʷʟʘʪʝʣʴʥʦʩʪʠ ʚ ʩʦʙʣʶʜʝʥʠʠ 

ʥʨʘʚʩʪʚʝʥʥʳʭ ʠ ʧʨʘʚʦʚʳʭ ʧʨʠʥʮʠʧʦʚ ʨʘʟʫʤʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʜʘʨʘʤʠ ʧʨʠʨʦʜʳ. ʊʘʢʦʛʦ ʨʦʜʘ 

ʚʦʩʧʠʪʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʩʝʤʝʡʥʳʤʠ, ʦʙʱʝʩʪʚʝʥʥʳʤʠ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ, 

ʤʝʞʣʠʯʥʦʩʪʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ ʯʝʣʦʚʝʢʘ, ʜʦʣʞʥʦ ʦʭʚʘʪʳʚʘʪʴ ʚʩʝ ʩʬʝʨʳ ʩʦʟʥʘʥʠʷ. ɼʦʣʞʥʦ 

ʚʳʨʘʙʦʪʘʪʴʩʷ ʩʦʮʠʘʣʴʥʦʝ ʩʦʟʥʘʥʠʝ, ʛʜʝ ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʙʫʜʝʪ ʦʭʚʘʪʳʚʘʪʴ ʧʦʣʠʪʠʯʝʩʢʫʶ, 

ʧʨʘʚʦʚʫʶ, ʠʜʝʦʣʦʛʠʯʝʩʢʫʶ, ʥʘʫʯʥʫʶ, ʥʨʘʚʩʪʚʝʥʥʦ-ʵʩʪʝʪʠʯʝʩʢʫʶ ʠ ʜʨ. ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʛʜʝ 

ʙʝʨʝʞʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʨʝʘʣʴʥʦ ʙʫʜʝʪ ʦʩʦʟʥʘʥʦ ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ.  

 

ɺʝʜʫʱʘʷ ʟʘʜʘʯʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʦʩʧʠʪʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʘʢʪʫʘʣʠʟʠʨʦʚʘʪʴ ʚ 

ʩʦʟʥʘʥʠʠ ʩʪʫʜʝʥʪʦʚ ʞʠʟʥʝʥʥʦ ʚʘʞʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ  ʩʫʱʝʩʪʚʫʶʪ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ, ʟʘʣʦʞʠʪʴ 

ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʠʭ ʫʯʘʩʪʠʷ ʚ ʧʨʠʨʦʜʦʦʭʨʘʥʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʚʦʩʧʠʪʘʥʠʝ, ʩʦʮʠʘʣʴʥʦʝ ʩʦʟʥʘʥʠʝ, ʤʳʰʣʝʥʠʷ. 
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Abstract 

Purpose 

The main purpose of this study was to synthesize novel bioactive molecules based on the 2-thiohydantoin 

moiety and address their antimelanogenic potency and potential for therapeutic application in the 

treatment of skin hyperpigmentation disorders in humans (freckles, chloasma, melasma, senile lentigines, 

ephelides and melanoderma). 
 

Design / Methodology/ Approach 

A series of 2-thiohydantoin derivatives has been tested in the zebrafish model, a powerful and highly 

predictive biotechnological animal platform used for toxicity assessment and biological activity evaluation 

of novel bioactive molecules, simplifying thus the path to clinical trials and reducing the failure at later 

stages of testing. The zebrafish embryos were exposed to six different concentrations of newly synthesized 

2-thiohydantoins at developmental stage of 6 hpf (hours post fertilization), and analysed for toxicity 

(survival, cardiotoxicity, hepatotoxicity and teratogeniciy) and antimelanogenic activity by 120 hpf. Their 

antimelanogenic activity and toxicty were compared to those of Kojic acid and hydroquinone, well-known 

depigmenting agents used for the treatment of skin hyperpigmentation disorders. 
 

Findings 

Out of 11 tested 2-thiohydantoin derivatives, 9 compounds reduced body pigmentation of the tretaed 

zebrafish embryos with different efficacy. Among them, three derivatives exhibited the best 

melanogenesis inhibitory activity, decreasing the body pigmentation at a dose of 5 ÕM, while did not 

cause any adverse effect at the 10-fold higher dose. Moreover, each of these compounds exerted much 

better therapeutic profile than Kojic acid and hydroquinone, the former of which was non-toxic and poorly 

effective and the latter highly effective but extremely toxic. These data indicated that 2-thiohydantoins 

present novel effective and safe depigmenting agents with a potential application for the treatment of skin 

hyperpigmentation disorders in humans. 
 

Originality / Value  

The presented results of biological activity evaluation in vivo clearly demonstrate that compounds with 2-

thiohydantoin moiety could present a novel effective and safe antimelanogenic compounds with a large 

potential for further clinical evaluation and therapeutic application in humans. 

Keywords: 2-Thiohydantoin, Antimelanogenesis, Zebrafish Model 

mailto:petar.stanic@uni.kg.ac.rs
mailto:pavicaleksandarr@gmail.com
mailto:radakovicn@imgge.bg.ac.rs
mailto:mzivkovic@kg.ac.rs
mailto:biljana.smit@uni.kg.ac.rs


IV. ICONTRENDS |  ISBN: 978-625-400-393-6 

 

 

St. Petersburg /Russia ï 2020 

www.icontrends.org 

12 

 

 

Investigation of the Main Quality Parametres of Green and Black Table Olives 

(Olea Europaea Var. Sativa) 
 

 

Ķlkin Shirvanli 

Serbest Araĸtērmacē 

Azerbaijan 

ilkin.shirivanli@gmail.com 

NECLA ¢AĴLARIRMAK 

Manisa Celal Bayar University 

Turkey 

neclacaglarirmak@gmail.com 

 

 

Abstract 

Olives (Olea europaea var. sativa) are consumed directly every day in almost all regions of  Turkey, It is 

also a valuable food that has an important place in Turkish food culture, which is added to various food 

products. 

The aim of this study is to determine and inform the data about the quality values of olives, which are 

important agricultural product and agricultural technology food industry product of our Aegean and 

Maramara regions espacially. 

The physical and chemical analysis of green and black olives obtained by sampling; 10 grain weight, seed 

weight acidity, pH, meat / seed ratio, grain number per kg, color, salt, fat parameters were determined in 

the M. Sc thesis research project. 

Keywords: Green olive, black olive, parameter, physical analysis, chemical analysis, table olives, 

production, quality.  
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Abstract 

Purpose 

Gold(III) complexes have attracted considerable attention of researchers worldwide due to their potential 

use in medicine as antitumor and/or antimicrobial agents. Their possible involvement in the treatment of 

cancer or microbial infections initiates an interest in investigation of the interactions of Au(III) complexes 

with different biologically important molecules, such as L-histidine-containing peptides. 

Design / Methodology / Approach 

The course of the reactions between [Au(en)Cl2]+ complex, in which en is bidentately coordinated 

ethylenediamine, with X-L-His dipeptides (X = Gly, L-Ala, L-Ser, L-Val and L-Leu) was investigated by 

time-dependent 1H NMR spectroscopy. All reactions were performed in aqueous solution at pD range 

3.50 ï 4.50 at ambient temperature, by mixing equimolar amounts of the reactants. 

Findings 

When [Au(en)Cl2]+ complex was incubated with an equimolar amount of X-L-His dipeptide (X = Gly, L-

Ala, L-Ser, L-Val and L-Leu), three 1H NMR detectable Au(III)-dipeptide complexes 1 - 3 were observed 

in solution in the first 10 min. The final product in the investigated reactions was gold(III) complex of the 

general formula [Au(X-L-His-N,Nô,Nôô)Cl]+ (3), in which the corresponding L-histidine-containing 

dipeptide is tridentately coordinated to Au(III) ion through the nitrogen atom of the terminal amino group, 

the deprotonated amide nitrogen and the N3 nitrogen atom of imidazole ring. The other two complexes 1 

and 2 were intermediate species. The complex 1 resulted from the monodentate coordination of the N3 

imidazole nitrogen atom of the dipeptide to Au(III) ion, while in 2, the corresponding dipeptide is 

bidentately coordinated to Au(III) ion and form very stable six-membered chelate ring. The deprotonated 

amide nitrogen in 2 weakens the AuïN(en) bond in the trans position, leading to the displacement of the 

amino group of chelated en ligand by the amino group of N-terminal amino acid of the corresponding 

dipeptide. As a consequence of this substitution reaction, a release of en ligand from Au(III) ion in 

complex 2 was observed, yielding to the complex 3 as the final product in the investigated reactions. The 

suggested reaction pathway is favorable because the number of chelate rings increases and a bidentate 

ligand is being replaced by a tridentate ligand. 
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Originality / Value  

The results obtained from this study could contribute to a better understanding of the quite complicated 

mechanism of reactions occurring between biologically active gold(III) complexes and biomolecules, 

including L-histidine-containing peptides and proteins. 

Keywords: Gold(Iii) Complexes, L-Histidine-Containing Dipeptides, Time-Dependant Nmr Spectroscopy 
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Abstract 

Purpose 

As cancer persists as one of the biggest threats to human health globally, the need for more potent, less 

toxic and harmful anticancer agents rises. The design and testing of such new potential agents has been a 

colaborative effort of chemists, biologist and pharmacologists for decades. 

Thiohydantoins are a large family of drug-based heterocyles with many biological activities and 

applications, including anticancer activity. This pharmacologically interesting moiety has been under the 

radar for anticancer research for quite some time now. 

Ever since the advent of cisplatin, platinum has been the number one metal in anticancer research. A 

number of platinum complexes are now used clinically for anticancer treatment. For investigation of 

chemical interactions, palladuim is often used as a model instead of platinum, because it is cheaper and 

reacts identically. This is a trait that is employed in this study. 

Design / Methodology / Approach 

Reactions of 3-[(phenylethilene)amino]-2-thioxo-4-imadazolidinone with PdCl2, Pd(DMSO)2Cl2 and 

K2PdCl4 were monitored using time-dependent 1H NMR spectroscopy. All reactions were performed at 

ambient temperature in DMSO-d6 as solvent by mixing equimolar amounts of reactants. 

Findings 

Under the given experimental conditions, there was no reaction with K2PdCl4. In both other cases, 

concerning PdCl2 and Pd(DMSO)2Cl2, the signal of the NH proton of the starting thiohydantoin has 

vanished, which indicates coordination in that position. Also, in both cases, the benzylidene double bond 

proton has doubly shifted from 8.30 ppm to 9.19 and 10.08 ppm, indicating that two different complexes 

were formed. This is also backed up by the two shifts of the CH2 proton signals from the thiohydantoin 

ring, shifting from 3.95 ppm to 4.08 and 4.15 ppm. The first one is shifted as a consequence of the NH 

deprotonation and coordination to the N1 thiohydantoin nitrogen, while the other signal is shifted most 

likely due to coordination to the imine nitrogen. These results are promising and the exact structure of 

these complexes will be obtained after their preparative synthesis and X-ray crystallografic analysis. 
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Originality / Value  

The results obtained in this study could contribute to a better understanding of hydantoin chemistry, as 

well as palladium and/or platinum chemistry and mechanisms through which they interact. The results 

might also lead to the synthesis of novel palladium/platinum complexes with potential anticancer 

activities. 

Keywords: Palladium(Ii) Complexes, Thiohydantoin, Nmr Monitoring 
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Abstract 

Purpose 

As the threat of multi-drug resistant strains poses a serious global problem, the search for new 

antibacterial and antifungal therapeutics gains significant importance. Antimicrobial resistance has 

contributed to increases in morbidity, mortality and healthcare expense. The purpose of our study is to 

find new, potent antimicrobial agents which will combat this widespread health issue by discovering new 

compounds with potential activities. 

Silver and its complexes have a huge therapeutic potential due to their bioactivities. Numerous silver(I) 

complexes with nitrogen-, oxygen-, phosphorus- and sulphur-donor ligands have been synthesized and 

evaluated as potential antibacterial and antifungal agents. 

Hydantoins are a large family of structurally diverse drug-based compounds that exhibit a variety of 

different activities and they have found applications in many fields such as medicine, industry, agriculture 

etc. It is documented that the coordination of hydantoins with transition metals often leads to amplification 

of their biological activities. 

 

Design / Methodology / Approach 

In this study, a reaction of AgNO3 with a 2-thiohydantoin derivative, 5-[2-(methylthio)ethyl]-3-(2-propen-

1-yl)-2-thioxo-4-imidazolidinone was monitored by time dependent 1H NMR spectroscopy. All reactions 

were performed in acetone-d6 solutions at ambient temperature, by mixing equimolar amounts of the 

reactants. 

 

Findings 

Silver has several modes of coordination and thiohydantoins have several possible donor atoms. 5-[2-

(methylthio)ethyl]-3-(2-propen-1-yl)-2-thioxo-4-imidazolidinone has two coordination spots that we have 

turned our focus to, the thioether sulphur in the side chain and the NH proton in the thiohydantoin ring. No 

change in the integral values of the NH proton signal was detected in the time dependent 1H NMR 

spectroscopy, while the CH3-S proton signals have shifted from 2.08 to 2.16 ppm. This indicates that 

coordination, in fact, did occur to the side chain thioether sulphur. Additional efforts will have to be made 

towards obtaining monocrystals, so that the complex can be fully characterized. 

 

mailto:petar.stanic@uni.kg.ac.rs
mailto:tina.andrejevic@pmf.kg.ac.rs
mailto:biljana.glisic@pmf.kg.ac.rs
mailto:mzivkovic@kg.ac.rs
mailto:biljana.smit@uni.kg.ac.rs


IV. ICONTRENDS |  ISBN: 978-625-400-393-6 

 

 

St. Petersburg /Russia ï 2020 

www.icontrends.org 

18 

 

 

Originality  / Value 

The results obtained from herein could contribute to a better insight into silver and hydantoin chemistry, 

the mechanisms of their interaction, and also might lead to the synthesis of silver complexes with potential 

antimicrobial activities. 

 
Keywords: Hydantoin Chemistry, Antimicrobial 
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Abstract 

Purpose 

Unfortunately, nowadays, we are witnessing a disruption in the balance of the environment as a result of 

our carelessness towards the nature. We unreservedly consume natural resources, which is the cause of 

increased pollution of air, water and soil, as well as climate changes. Therefore it's not surprising that the 

science community is trying to stop and reduce environmental pollution and especially develop a new 

sustainable methods in the industry. Due to green chemistry and engineering some of that is already 

enabled. The main goal of our research was to develop a method for synthesis bicyclic thiazolo-

pyrimidinones using alternative (green) solvents. 

 

Design / Methodology / Approach 

We managed to accomplish our main goal and developed a sustainable procedure for synthesis Biginelii 

hybrids avoiding use of hazard solvents.(Jankoviĺ, 2018:6) First step was to synthetized 5,6-

dihydropyrimidin-4(3H)-ones (A) by one-pot reaction of aldehydes, Meldrumôs acid and isothioureas 

under solvent-free conditions. Then, we used compounds A for phenylseleno-induced cyclization. All of 

these reactions were performed in 1-hexyl-3-methylimidazolium bis(trifluormethylsulfonyl)imide (Hmim) 

ionic liquid. Hmim had been recycled and used several times. Also, we used SiO2 as a catalyst and 

products - thiazolo-pyrimidinones (B) were obtained in high yields and regioselectivity. 

 

Findings 

Introduced methodology gave an unprecedented regioselective fashion towards targeted compounds with 

excellent purity. 

 

Originality / Value  

Bearing in mind the previous facts, such as eco-friendly reaction conditions, fast and simple experimental 

work and molecular diversity, presented synthetic routes can be considered as a very attractive. In 

addition, obtained compounds could be used for further biological investigations due to similar 

compounds have potential and diverse pharmacological activities. (Cai, 2015:20) 
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Abstract 

Purpose 

Water treatment chemicals are the solid core of water treatment processes, and they have became essential 

for about a hundred years ago, after an expert discussion on the chlorination of potable water as a means 

of preventing waterborne diseases. In addition, even bigger problem nowadays is chemical treatment of 

water that contains many pollutants such as bacteria, viruses, pesticides, herbicides, pharmaceutical waste, 

plastics and heavy metals including mercury, lead and chromium. 

 

Design / Methodology / Approach 

These soluble heavy metals, that have been proved to be highly toxic, could be removed from water by 

treatment with beta-dicarbonyl compounds as chelating agents. These chelates can be used as coagulants 

for removal of broad spectrum of heavy metals such as Cu2+, Fe2+, Co2+, Ni2+, Hg2+, Pb2+, Al3+, 

Cr3+, etc. Also, this coagulants react with mentioned metals in short reaction time (in few seconds), and 

there is no need to set up the pH. These chelating agents can be recycled from appropriate complexes 

trough hydrolysis and can be used again in water treatment, making these compouns very economic for 

use. Additional benefit of these potential water treatment chemicals is their biocompatibility. 

 

Findings 

We have proven that some beta-dicarbonyl compounds are excellent complexing agents for broad 

spectrum of heavy metals, that precipitate heavy metals from water quantitatively, and are non-toxic to 

humans and animals. Also we have investigated that these compounds could be excellent coagulators from 

numerous facts: precipitate heavy metals from water quantitatively, there is no need to set up the pH, 

possess antimicrobial and antibacterial activity, are non-toxic to healthy cells, they are good antioxidants, 

and finally the alkaline salts of the corresponding compounds are soluble in water which makes these 

compounds excellent candidates for chemical treatment of water. (Joksimoviĺ, 2016:45), (Joksimoviĺ, 

2019) and (Joksimoviĺ, 2020:16) 

 

Originality / value 

Broad spectrum of toxic heavy metals will be quantitatively eliminated from water with a single chemical. 

Unlike the conventional coagulants, the applied beta-dicarbonyl compounds are non-toxic to humans and 
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animals. For some of metal complexes, formed in this process, not only we proved that they are not toxic 

on healthy cells they also have excellent antibacterial and antimicrobial properties. Also the advantage of 

this method, compared with precipitation with inorganic compounds, is small volume of waste requiring 

disposal and no needs for driving off excess moisture. 
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Abstract 

Purpose 

In addition to the wide range of reagents that can be used in intermolecular cyclization reactions of 

unsaturated substrates like alcohols, acids and amines, phenylselenyl halides represent very useful 

reagents due to the high stereoselectivity of these reactions as well as mild reaction conditions. (Denmark, 

2006:71). The purpose of this research was to obtain synthetically very useful bicyclic lactone by 

intramolecular cyclization of 2-cyclopentene-1-acetic acetic acid by PhSeCl or PhSeBr as a reagent. Also 

the aim of this study was to improve the reaction yields and selectivity through optimization of reaction 

conditions and investigation of kinetic and mechanism of these reactions. 

 

Design / Methodology / Approach 

The intramolecular cyclization of 2-cyclopentene-1-acetic acid by PhSeCl or PhSeBr was performed in 

variety of solvents, at room temperature and in the presence and absence of some Lewis bases as 

additives. When the reaction conditions were optimized, the kinetic investigation was performed, where 

all reactions were monitored as pseudo-first order reactions in THF as a solvent by UV-Vis 

spectrophotometry at 288K in the presence and absence of pyridine. 

 

Findings 

The study have shown that the best results in terms of yields and selectivity was with the use of PhSeCl as 

a reagent and pyridine as an additive. There is a wide range of suitable solvents that can be use in these 

reactions, among which are THF, chloroform, methylenchlorid, diethyl ether and acetonitrile. The use of 

pyridine as an additive, resulted in almost quantitative yields with pronounced selectivity. Namely, it is 

noticed that course of the reaction goes through the 5-exo-trig cyclization proces while the 6-endo-trig 

product doesn't occur. The obtained values for rate constants have shown that the reactions with PhSeCl 

are almost twice faster than corresponding reactions with PhSeBr as a reagent. Also, the use of pyridine as 
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an additive, significantly accelerates the reactions compared to the reactions performed without the 

presence of additives. 

 

Originality  / Value 

This research have shown the simple and efficient method for preparing the bicyclic compound in high 

yields and with pronounced stereoselectivity. The main gain of this study is the highly modular nature of 

obtained product which can be easily transformed in a wide range of functionalities as the removal of 

organoselenium group is simple with the possibility of formation substitution or elimination product. 

(Tiecco, 2000:41) Likevise, this research have confirmed the general princip of our previous studies on 

unsaturated alkohols. (Divac, 2012:116) 
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Abstract 

The metropolitan city consists of many practices in which sociality takes place. Spatial productions are 

formed by pluralities coming together. In this context, capital, like many other practices, begins to find its 

place in the city and gain. With the globalization process that caused the concept of the city to gain more 

importance, many cities started to take shape around similar spatial productions with similar capital. 

Spatial production is one of the areas where global capital takes place. In this context, construction takes 

an important place among space production practices. 

It is known that many actors directly or indirectly affect the construction process in cities. Actors directly 

affecting this structuring are composed of groups that watch for profit or not. These actors, which directly 

affect urban space production, cause some physical changes in the city in separate / same periods. These 

physical changes, as well as their positive or negative effects on the development of the city, constantly 

repeat themselves throughout the process. 

Actors that directly and indirectly affect the urban space production process include local and central 

governments, build-sell firms, private companies and Civil Society Organizations. 

This is the present-day Turkey in the study of urban space production process in Diyarbakir can be 

counted among the metropolitan cities are usually among the actors who played an indirect role in the 

Chamber of Architects, Civil Society Organizations including the City Council on Trade and Industry 

Chamber is discussed. Determining the role of Civil Society Organizations and their effects in the city are 

the main questions of the study. It was also aimed to question what Civil Society Organizations. see 

themselves as in the space production process and how they relate to other actors (Local Governments, 

Central Management Institutions, Private Companies-Build-sell Companies etc.) 

In the study, face-to-face interview technique was used to understand the responsibilities and duties of 

NGOs in urban space production. Civil Society Organizations interaction network with other actors has 

also been established with some urban space production examples in the city. 

In urban space production, a process in which all actors contribute in view, especially in macro-scale 

projects, but the final decision is made by the implementing actor. Despite the Civil Society Organizations 

desire to actively take an active role in the projects, it was revealed that they were included as more ideas 

in this process. 

Keywords: Urban Space, Diyarbakēr, Urban Actors, Current Architecture, Civil Society Organizations. 
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Kentsel Mek©n ¦retim S¿recinde Sivil Toplum Kuruluĸlarēnēn Rol¿: Diyarbakēr 

¥rneĵi 

 
 

¥z 
Metropol kent, toplumsallēĵēn i­inde bulunduĵu bir­ok pratiklerden oluĸmaktadēr. Mek©nsal ¿retimler, 

­oĵulluklarēn bir araya gelmesiyle oluĸmaktadērlar. Bu baĵlamda bakēldēĵēnda bir­ok pratik gibi sermaye 

de kentte yerini bulmaya ve kazanmaya baĸlamaktadēr. Kent kavramēnēn daha ­ok ºnem kazanmasēna 

neden olan k¿reselleĸme s¿reciyle beraber bir­ok kent benzer sermaye ile benzer mek©nsal ¿retimler 

etrafēnda bi­imlenmeye baĸlamēĸtēr. Mek©n ¿retimi, k¿resel sermayenin kendine yer edindiĵi alanlardan 

biridir. Bu baĵlamda mek©n ¿retimi pratikleri arasēnda yapēlaĸma ºnemli yer tutmaktadēr.  

Kentlerde yapēlaĸma s¿recini doĵrudan veya dolaylē olarak bir­ok aktºr etkilemektedir. Bu yapēlaĸmaya 

doĵrudan etki eden aktºrler, kar gºzeten ya da kar gºzetmeyen gruplardan oluĸmaktadēr. Kentsel mek©n 

¿retiminde doĵrudan etkili olan bu aktºrler, ayrē veya aynē dºnemlerde kentte fiziksel birtakēm 

deĵiĸimlere neden olmaktadērlar. Bu fiziksel deĵiĸimler, kentin geliĸimine olumlu ya da olumsuz etki 

etmekte ve bu s¿re­ i­erisinde s¿rekli kendini yinelemektedir/yenilemektedir. 

Kentsel mek©n ¿retim s¿recine doĵrudan ve dolaylē etki eden aktºrler arasēnda yerel ve merkezi 

yºnetimler, yap-sat firmalarē, ºzel ĸirketler ve Sivil Toplum Kuruluĸlarē (STK) yer almaktadēr.  

Bu ­alēĸma kapsamēna, g¿n¿m¿zde T¿rkiyeôde metropol kentler arasēnda sayēlabilecek Diyarbakērôda 

kentsel mek©n ¿retim s¿recinde genellikle dolaylē rol oynayan aktºrler arasēndan STKôlar alēnmēĸtēr. 

STKôlarēn nasēl bir rol oynadēĵē ve kentte etkilerinin ne olduĵunu saptamak ­alēĸmanēn esas sorularēnēn 

baĸēnda gelmektedir. STKôlarēn mek©n ¿retim s¿recinde kendilerini ne olarak gºrd¿ĵ¿ ve diĵer aktºrlerle 

(Yerel Yºnetimler, Merkezi Yºnetim Kurumlarē, ¥zel ķirketler- Yap-sat Firmalarē vb.) ne kadar iliĸki 

i­inde olduklarēnē da sorgulamak ­alēĸmanēn ama­larēndandēr.  

¢alēĸmada yºntem olarak, STKôlarēn kentsel mek©n ¿retiminde sorumluluklarēnē ve gºrevlerini anlamak 

i­in y¿z y¿ze gºr¿ĸme tekniĵinden faydalanēlmēĸtēr. STKôlarēn diĵer aktºrlerle etkileĸim aĵē da kentte 

yapēlan bazē kentsel mek©n ¿retim ºrnekleri ile ortaya konulmuĸtur.  

Kentsel mek©n ¿retiminde ºzellikle makro ºl­ekli projelerde t¿m aktºrlerin gºr¿ĸ olarak katkē saĵladēĵē 

ancak nihai kararēn uygulayēcē aktºr tarafēndan verildiĵi bir s¿re­ iĸletilmektedir. ¢alēĸmanēn sonucu 

olarak; STKôlarēn fiili olarak projelerde aktif rol alma isteĵine karĸēn bu s¿rece daha ­ok fikir olarak dahil 

edildikleri ortaya ­ēkmēĸtēr.  

Anahtar Kelimeler: Kentsel Mek©n, Diyarbakēr, Kentsel Aktºrler, G¿ncel Mimari, Sivil Toplum 

Kuruluĸlarē. 
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Abstract 

 

One of the important factors in the design of energy systems is exergy analysis. It gives information about 

the extent to which the components of the system should be given importance by determining the limits of 

how to improve the performance of the system components and knowing which component causes exergy 

destruction. Choosing the refrigerant in cooling systems is one of the important factors that determine the 

efficiency of the system, and it is also very important in terms of global heating potential. In this study, 

exergy destruction that will occur in case of using different refrigerants for a two-stage compression 

refrigeration system has been determined both for each component and for the entire system. Four 

different refrigerants have been studied for selection. R134a, R143m, R152a and R227ea are determined 

as the refrigerants to be examined. Evaporator capacity is chosen as 30kW. The changes in the condenser 

and evaporator temperatures and the exergy destructions in each component of the system were examined 

and it was observed that the highest exergy destruction occurred in R227ea and the least destruction 

occurred when R152a was used. It has been observed that with increasing condenser temperature, 

compressor work and exergy destruction increase and both performance coefficient and exergy efficiency 

decrease. 

 

Keywords: Multistage Compression Refrigeration, Exergy analysis, Coefficient of Performance  
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Abstract 

 

Rheumatoid arthritis is one of the most common (1%) autoimmune diseases worldwide. Although the 

mechanism of development of rheumatoid arthritis, a chronic progressive systemic inflammatory disease, 

is not fully known, various genetic factors are known to play a role in the development of the disease. It is 

known that the disease is more common in women, causes significant socio-economic losses in the 

following period and decreases the quality of life. Endoplasmic reticulum aminopeptidase 1 (ER AP1) is 

an aminopeptidase that plays an important role in the inflammatory response and immune response in the 

cell. Studies have shown that ERAP1 polymorphism may play a role in the development of various 

diseases. In this study, the role of ERAP1 rs26653 polymorphism in the development of rheumatoid 

arthritis disease was investigated. The study was conducted with 201 patients diagnosed with rheumatoid 

arthritis and 171 healthy controls. Detection of polymorphic regions was carried out with MALDI-TOF. 

Allele data were evaluated with logistic regression analysis in terms of disease risk (SPSS 24.0). The data 

obtained showed that ERAP1 rs26653 polymorphism was associated with disease risk (p=0.002 / 

OR:2.033 / CI: 1.301-3.178). The risk of the disease is 2 times higher in individuals carrying the C allele. 

 

Keywords: Rheumatoid Arthritis, Genetic Predisposition, Rs26653, Polymorphism  
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¥z 

 

Metropol kent, toplumsallēĵēn i­inde bulunduĵu bir­ok pratiklerden oluĸmaktadēr. Mek©nsal ¿retimler, 

­oĵulluklarēn bir araya gelmesiyle oluĸmaktadērlar. Bu baĵlamda bakēldēĵēnda bir­ok pratik gibi sermaye 

de kentte yerini bulmaya ve kazanmaya baĸlamaktadēr. Kent kavramēnēn daha ­ok ºnem kazanmasēna 

neden olan k¿reselleĸme s¿reciyle beraber bir­ok kent benzer sermaye ile benzer mek©nsal ¿retimler 

etrafēnda bi­imlenmeye baĸlamēĸtēr. Mek©n ¿retimi, k¿resel sermayenin kendine yer edindiĵi alanlardan 

biridir. Bu baĵlamda mek©n ¿retimi pratikleri arasēnda yapēlaĸma ºnemli yer tutmaktadēr. 

Kentlerde yapēlaĸma s¿recini doĵrudan veya dolaylē olarak bir­ok aktºr¿n etkilediĵi bilinmektedir. Bu 

yapēlaĸmaya doĵrudan etki eden aktºrler, kar gºzeten ya da kar gºzetmeyen gruplardan oluĸmaktadēr. 

Kentsel mek©n ¿retiminde doĵrudan etkili olan bu aktºrler, ayrē/aynē dºnemlerde kentte fiziksel birtakēm 

deĵiĸimlere neden olmaktadērlar. Bu fiziksel deĵiĸimler, kentin geliĸimine olumlu veya olumsuz etkisinin 

yanē sēra s¿re­ i­erisinde s¿rekli kendini yinelemektedir. 

Kentsel mek©n ¿retim s¿recine doĵrudan ve dolaylē etki eden aktºrler arasēnda yerel ve merkezi 

yºnetimler, yap-sat firmalarē, ºzel ĸirketler ve Sivil Toplum Kuruluĸlarē (STK) yer almaktadēr. 

Bu ­alēĸma kapsamēna g¿n¿m¿zde T¿rkiyeôde metropol kentler arasēnda sayēlabilecek Diyarbakērôda 

kentsel mek©n ¿retim s¿recinde genellikle dolaylē rol oynayan aktºrler arasēnda olan Mimarlar Odasē, 

Ticaret ve Sanayi Odasē ile Kent Konseyiôni kapsayan STKôlar ele alēnmēĸtēr. STKôlarēn nasēl bir rol 

oynadēĵē ve kentte etkilerinin ne olduĵunu saptamak ­alēĸmanēn esas sorularēnēn baĸēnda gelmektedir. 

STKôlarēn mek©n ¿retim s¿recinde kendilerini ne olarak gºrd¿ĵ¿ ve diĵer aktºrlerle (Yerel Yºnetimler, 

Merkezi Yºnetim Kurumlarē, ¥zel ķirketler- Yap-sat Firmalarē v.b.) ne kadar iliĸki i­inde olduklarēnē 

sorgulamak da ama­landē. 

¢alēĸmada yºntem olarak, STKôlarēn kentsel mek©n ¿retiminde sorumluluklarēnē ve gºrevlerini anlamak 

i­in y¿z y¿ze gºr¿ĸme tekniĵinden faydalanēlmēĸtēr. STKôlarēn diĵer aktºrlerle etkileĸim aĵē da kentte 

yapēlan bazē kentsel mek©n ¿retim ºrnekleri ile ortaya konulmuĸtur. 

Kentsel mek©n ¿retiminde ºzellikle makro ºl­ekli projelerde t¿m aktºrlerin gºr¿ĸ olarak katkē saĵladēĵē 

ancak nihai kararēn uygulayēcē aktºr tarafēndan verildiĵi bir s¿re­ iĸletilmektedir. STKôlarēn fiili olarak 

projelerde aktif rol alma isteĵine karĸēn bu s¿rece daha ­ok fikir olarak dahil edildikleri ortaya ­ēkmēĸtēr. 

 

Anahtar Kelimeler: Kentsel Mek©n, Diyarbakēr, Kentsel Aktºrler, G¿ncel Mimari, Kentsel Dºn¿ĸ¿m 
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X¿lasᴅ 

 

Mᴅqalᴅdᴅ ¿mumitᴅhsil mᴅktᴅblᴅrindᴅ ĸagirdlᴅrin asudᴅ vaxtinin sinifdᴅnxaric vᴅ mᴅktᴅbdᴅnkᴅnar 

formada tᴅĸkilindᴅn bᴅhs olunmuĸdur. Bu tᴅdbirlᴅr uĸaq ĸᴅxsiyyᴅtinin tᴅrbiyᴅsinᴅ yºnᴅldilmᴅklᴅ yanaĸē, 

onun ºz¿n¿dᴅrk, mᴅdᴅniyyᴅt vᴅ ºz¿n¿ifadᴅnin b¿tun metodlarēnē vᴅ formalarēnē ºz¿ndᴅ cᴅmlᴅĸdirir. 

ķagirdlᴅrin asudᴅ vaxt h¿ququ mᴅktᴅb vᴅ valideyinlᴅr tᴅrᴅfindᴅn pozulduĵuna gºrᴅ bu h¿quqlar mᴅqalᴅdᴅ 

x¿susi vurĵulanmēĸdēr. 

 

Keywords: Mϸdϸni Tϸdbirlϸr, Sinifdϸnxaric Iĸ, Yaradici Tϸfϸkk¿r, Uĸaq H¿quqlari 
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¥z 

 

¢ocuklarda ahlakēn ºnemi. Bir ­ocuĵun ahlaki olarak davranabilmesi i­in kendini kontrol edebilmesi ve 

zihinsel geliĸiminin belirli bir seviyeye ulaĸmasē gerekir. Okul ºncesi dºneminde ­ocuklarda ahlak 

geliĸimi doĵru-yanlēĸ, iyi ve kºt¿ doĵrutulsunda geliĸir ve kazandēĵē bilgiler gelecekdeki hayatlarēnda 

ahlaki davranēĸlara ve ahlak kurallarēna temel olur. 

 

Annelerin rol¿. Bu aĸamada, ­ocuĵun zihinsel geliĸiminin olumlu geliĸiminde annenin rol¿ b¿y¿kt¿r. Bu 

nedenle, ebeveynler ­ocuklarēnēn her yaĸta eĵitimine ve yetiĸtirilmesine ºzel dikkat gºstermelidir. 

Jean Piagetôin ahlak geliĸimi kuramē. Piaget, ­ocuklarēn ahlak geliĸimi konusunda ­alēĸan ilk 

araĸtērmacēdēr. Piagetôe gºre ahlak geliĸimi, biliĸsel geliĸime paralellik gºstererek ilerler. 0-6 yaĸēnda 

­ocuklarēn gºrd¿klᴅrinin ne anlama geldigini anlamaz, taklit ettiĵini sºyler. 

Ama­ Bu makaleyi yazmadaki amac 0-6 yaĸēnda ­ocuĵu olan annelerin ahlaki geliĸimi hakkēnda 

gºr¿ĸlerini ºĵrenmektir. 

 

Yºntem olarak literatur taramasē yapēlmēĸ, gºzlem, anket, gºr¿ĸme yºntemlerini kullanēlmēĸdē. 

Sonu­.Annelerin ­ocuklarēnēn ahlaki geliĸimi hakkēnda yeterli bilgiye sahip olmadēĵē ve bu konu ¿zerinde 

­ok fazla kontrole sahip olmadēĵē sonucuna vardēk. 

 

Anahtar Kelimeler: ¢ocuk, Ahlak, Geliĸim, Anne Rol¿  
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ʅʘʫʯʥʘ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʢʘʢ ʬʘʢʪʦʨ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ  

ʟʨʝʣʦʩʪʠ ʩʪʫʜʝʥʪʘ 
 

ʐʠʭʘʣʠʝʚʘ ʀʣʘʭʘ   

ɹʘʢʠʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ 

ɼʦʢʪʦʨ ʬʠʣʦʩʦʬʠʠ ʧʦ ʧʝʜʘʛʦʛʠʢʝ, 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ  

ilashka.sh@gmail.com  

 

ɸʥʥʦʪʘʮʠʷ 

ɺʩʝ ʯʘʱʝ ʤʳ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ ʪʝʤ, ʯʪʦ ʚʝʜʫʱʝʝ ʤʝʩʪʦ ʚʦ ʤʥʦʛʠʭ  ʥʘʫʯʥʳʭ ʦʪʨʘʩʣʷʭ ʟʘʥʠʤʘʶʪ 

ʤʦʣʦʜʳʝ ʩʧʝʮʠʘʣʠʩʪʳ,  ʙʫʢʚʘʣʴʥʦ ʪʦʣʴʢʦ ʯʪʦ ʧʦʢʠʥʫʚʰʠʝ ʩʪʫʜʝʥʯʝʩʢʫʶ ʩʢʘʤʴʶ. ɺʘʞʥʝʡʰʠʤ 

ʬʘʢʪʦʨʦʤ  ʫʩʧʝʭʘ ʷʚʣʷʝʪʩʷ ʪʦ,  ʢʘʢ ʩʤʦʛʣʠ ʨʘʩʢʨʳʪʴ ʠʭ ʥʘʫʯʥʳʡ ʧʦʪʝʥʮʠʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ 

ʥʘʩʪʘʚʥʠʢʠ ï ʧʨʝʧʦʜʘʚʘʪʝʣʠ ɺʋɿʘ. ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʩʪʫʜʝʥʪʦʚ ï ʵʪʦ ʦʜʥʘ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʬʦʨʤ  ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʅʘʫʯʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʢʨʫʞʢʠ, ʩʪʫʜʝʥʯʝʩʢʠʝ ʥʘʫʯʥʳʝ 

ʦʙʱʝʩʪʚʘ ʠ ʢʦʥʬʝʨʝʥʮʠʠ, - ʚʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʫ ʥʘʯʘʪʴ ʧʦʣʥʦʮʝʥʥʫʶ ʥʘʫʯʥʫʶ ʨʘʙʦʪʫ, ʥʘʡʪʠ 

ʝʜʠʥʦʤʳʰʣʝʥʥʠʢʦʚ,  ʩ ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ ʧʦʩʦʚʝʪʦʚʘʪʴʩʷ  ʠ  ʧʦʜʝʣʠʪʴʩʷ  ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʚʦʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʊʘʢ ʠʣʠ ʠʥʘʯʝ,  ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʦʡ  ʟʘʥʠʤʘʶʪʩʷ  ʚʩʝ ʩʪʫʜʝʥʪʳ ʚʫʟʦʚ. ʅʘʧʠʩʘʥʠʝ 

ʨʝʬʝʨʘʪʦʚ, ʢʫʨʩʦʚʳʭ, ʜʠʧʣʦʤʥʳʭ ʨʘʙʦʪ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ  ʢʘʢʠʭ-ʪʦ,  ʧʫʩʪʴ ʩʘʤʳʭ  

ʧʨʦʩʪʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  ʉʪʫʜʝʥʪ, ʟʘʥʠʤʘʶʱʠʡʩʷ  ʥʘʫʯʥʦʡ ʨʘʙʦʪʦʡ, ʦʪʚʝʯʘʝʪ ʪʦʣʴʢʦ ʟʘ ʩʝʙʷ;  

ʪʦʣʴʢʦ ʦʪ ʥʝʛʦ ʩʘʤʦʛʦ ʟʘʚʠʩʷʪ ʫʩʧʝʭ ʠʩʩʣʝʜʦʚʘʥʠʡ,  ʩʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ  ʨʘʙʦʪʳ, ʘ ʪʘʢ ʞʝ, ʯʪʦ 

ʥʝʤʘʣʦʚʘʞʥʦ, ʠ ʙʫʜʝʪ ʣʠ ʚʳʧʦʣʥʝʥʘ ʨʘʙʦʪʘ ʚʦʦʙʱʝ. ɿʘʪʨʘʯʠʚʘʷ ʩʚʦʝ ʣʠʯʥʦʝ ʚʨʝʤʷ, ʩʪʫʜʝʥʪ 

ʨʘʟʚʠʚʘʝʪ ʪʘʢʠʝ ʚʘʞʥʳʝ ʜʣʷ ʙʫʜʫʱʝʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʢʘʯʝʩʪʚʘ, ʢʘʢ ʪʚʦʨʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ, 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʠ ʫʤʝʥʠʝ ʦʪʩʪʘʠʚʘʪʴ ʩʚʦʶ ʪʦʯʢʫ ʟʨʝʥʠʷ.  

ɺʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʢʫʨʩʦʚʳʭ ʨʘʙʦʪ ʩʪʫʜʝʥʪ ʜʝʣʘʝʪ ʧʝʨʚʳʝ ʰʘʛʠ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʥʘʫʯʥʦʤʫ 

ʪʚʦʨʯʝʩʪʚʫ. ʆʥ ʫʯʠʪʩʷ ʨʘʙʦʪʘʪʴ ʩ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʦʡ (ʝʩʣʠ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʪʦ ʠ ʩ ʠʥʦʩʪʨʘʥʥʦʡ), 

ʧʨʠʦʙʨʝʪʘʝʪ ʥʘʚʳʢʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʦʪʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɽʩʣʠ ʥʘ ʧʝʨʚʦʤ 

ʢʫʨʩʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʫʨʩʦʚʦʡ ʨʘʙʦʪʝ ʤʠʥʠʤʘʣʴʥʳ, ʠ ʥʘʧʠʩʘʥʠʝ ʝʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʛʦ ʪʨʫʜʘ 

ʜʣʷ ʩʪʫʜʝʥʪʘ, ʪʦ ʫʞʝ ʥʘ ʩʣʝʜʫʶʱʠʡ ʛʦʜ ʪʨʝʙʦʚʘʥʠʷ ʟʘʤʝʪʥʦ ʧʦʚʳʰʘʶʪʩʷ, ʠ  ʥʘʧʠʩʘʥʠʝ ʨʘʙʦʪʳ 

ʧʨʝʚʨʘʱʘʝʪʩʷ  ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʪʚʦʨʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ɺʳʧʦʣʥʝʥʠʝ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʳ ʠʤʝʝʪ ʩʚʦʝʡ 

ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʚʦʨʯʝʩʢʦʡ ʠ  ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʪʫʜʝʥʪʘ, ʠ ʢʘʢ 

ʟʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʪʘʧ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʘ ʚ ɺʋɿʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʟʘʢʨʝʧʣʝʥʠʝ ʠ ʨʘʩʰʠʨʝʥʠʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠ ʫʛʣʫʙʣʝʥʥʦʝ ʠʟʫʯʝʥʠʝ  ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ. ʅʘ ʩʪʘʨʰʠʭ ʢʫʨʩʘʭ ʤʥʦʛʠʝ 

ʩʪʫʜʝʥʪʳ ʫʞʝ ʨʘʙʦʪʘʶʪ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ, ʠ, ʚʳʙʠʨʘʷ ʪʝʤʫ ʜʣʷ ʢʫʨʩʦʚʦʡ ʠʣʠ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʳ, 

ʫʞʝ ʫʯʠʪʳʚʘʶʪ ʵʪʦʪ ʬʘʢʪ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʢʨʦʤʝ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ, ʚ ʜʠʧʣʦʤʥʫʶ ʨʘʙʦʪʫ ʤʦʞʝʪ 

ʙʳʪʴ ʚʢʣʶʯʝʥ  ʩʦʙʩʪʚʝʥʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʧʦ ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ, ʯʪʦ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʥʘʫʯʥʫʶ ʮʝʥʥʦʩʪʴ ʨʘʙʦʪʳ. 

ʋʩʣʦʚʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ: 

ʋʀʈʉ  -  ʫʯʝʙʥʦ- ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʩʪʫʜʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ 

ʬʦʨʤʘʭ: ʩʦʩʪʘʚʣʝʥʠʝ ʦʙʟʦʨʦʚ, ʨʝʬʝʨʘʪʦʚ, ʚʳʧʦʣʥʝʥʠʝ ʢʫʨʩʦʚʳʭ ʠ ʜʠʧʣʦʤʥʳʭ ʧʨʦʝʢʪʦʚ, 
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ʩʦʜʝʨʞʘʱʠʭ ʵʣʝʤʝʥʪʳ ʅʀʈ. ʊʝʤʳ ʨʝʬʝʨʘʪʦʚ ʠ ʢʫʨʩʦʚʳʭ ʨʘʙʦʪ ʨʘʟʨʘʙʦʪʘʥʳ ʩ  ʫʯʝʪʦʤ ʧʦʠʩʢʘ 

ʥʝʦʨʜʠʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ; 

ʅʀʈʉ -  ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʩʪʫʜʝʥʪʦʚ: 

         - ʫʯʘʩʪʠʝ ʩʪʫʜʝʥʪʦʚ ʚ ʤʝʞʚʫʟʦʚʩʢʠʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ; 

         - ʫʯʘʩʪʠʝ ʚ ʢʦʥʢʫʨʩʘʭ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ;      

         - ʫʯʘʩʪʠʝ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʣʠʤʧʠʘʜʘʭ ʠ ʜʨ. 

 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʩʪʫʜʝʥʪʦʚ ʷʚʣʷʝʪʩʷ  ʜʝʡʩʪʚʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʧʦʚʳʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʧʨʦʚʦʜʠʪʩʷ  ʚ ʪʝʩʥʦʡ ʩʚʷʟʠ ʩ ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤ.  ʉ ʢʘʞʜʳʤ 

ʛʦʜʦʤ ʚ ʚʫʟʘʭ ʨʘʩʪʝʪ ʘʢʪʠʚʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ, ʨʘʩʰʠʨʷʝʪʩʷ 

ʩʧʝʢʪʦʨ ʤʝʨʦʧʨʠʷʪʠʡ, ʨʘʩʪʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʅʀʈʉ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʯʝʙʥʦ- ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ, ʩʪʫʜʝʥʪ, ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩ 
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Abstract 

Purpose 

The increasing amount of social media usage in particularly Twitter has motivated researchers to study in 

this area. Because of the popularity of many of the social media platforms among all of the society in our 

days, these tools have been accepted as distribution channels for peopleôs opinions, ideas, and feelings. 

The increasing amount of social media usage in particularly Twitter has motivated researchers to study in 

this area. 

Design / Methodology / Approach 

In this study, sentiment analysis has been performed by using classification algorithms depends on the 

tweets about mobile games, such as Naive Bayes, Central Based Classifier, Multi Layer Perception 

(MLP), and Support Vector Machines (SVM). According to experiments, we want to see which algorithm 

outperforms with both training and test sets. 

Findings 

The increasing amount of social media usage in particularly Twitter has motivated researchers to study in 

this area. These expressions in the web have been used as important data sources for researches and 

analysis. The process of detection whether these data has any sentimenet and whether these sentiment 

positive, negative, neutral is defined as sentiment analysis. This work resulted in the perspective of mobile 

gaming in Turkey will be put out to be positive or negative. 

Originality  / Value 

According to the sentiment analysis on mobile games tweets, game developers, parents and mobile game 

players will look at mobile games from a new perspective. 

Keywords: Twitter, Sentiment Analysis, Mobile Games 

 

Mobil Oyun Tweetleri ¦zerinde Makine ¥ĵrenim Algoritmalarēnē Kullanarak 

Duygu Analizi 

¥z 

Ama­ 

¥zellikle Twitter'da artan sosyal medya kullanēmē araĸtērmacēlarē bu alanda ­alēĸmaya teĸvik 

etti.G¿n¿m¿zde sosyal medya platformlarēnēn bir­oĵunun t¿m toplumdaki pop¿lerliĵi nedeniyle, bu 

ara­lar insanlarēn fikirleri, fikirleri ve duygularē i­in daĵētēm kanallarē olarak kabul edildi. ¥zellikle 

Twitter'da artan sosyal medya kullanēmē araĸtērmacēlarē bu alanda ­alēĸmaya teĸvik etti. 
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Model / Metodoloji / Yaklaĸēm 

Bu ­alēĸmada, Naif Bayes, Merkezi Tabanlē Sēnēflandērēcē, ¢ok Katmanlē Algē (MLP) ve Destek Vektºr 

Makineleri (SVM) gibi mobil oyunlarla ilgili tweet'lere baĵlē olarak sēnēflandērma algoritmalarē 

kullanēlarak duyarlēlēk analizi yapēlmēĸtēr. Deneylere gºre, hangi algoritmanēn hem eĵitim hem de test 

setleri ile daha iyi performans gºsterdiĵini gºrmek istiyoruz. 

Bulgular  

¥zellikle Twitter'da artan sosyal medya kullanēmē araĸtērmacēlarē bu alanda ­alēĸmaya teĸvik etti. 

Web'deki bu ifadeler, araĸtērmalar ve analizler i­in ºnemli veri kaynaklarē olarak kullanēlmēĸtēr. Bu 

verilerin herhangi bir duyarlēlēĵa sahip olup olmadēĵēnē ve bu duyarlēlēĵēn pozitif, negatif, nºtr olup 

olmadēĵēnē algēlama iĸlemi duyarlēlēk analizi olarak tanēmlanēr. T¿rkiye'de mobil oyun perspektifiyle 

sonu­lanan bu ­alēĸma olumlu ya da olumsuz olarak ortaya konacak. 

¥zg¿nl¿k 

Mobil oyun tweet'lerine iliĸkin duyarlēlēk analizine gºre, oyun geliĸtiricileri, ebeveynler ve mobil oyun 

oyuncularē mobil oyunlara yeni bir perspektiften bakacak. 

Anahtar Kelimeler:  twitter, duygu analizi, mobil oyunlar 

Data Pretreatments for Classification 

Making Data Suitable 

In Sentiment analysis, a training data set is created using textual data (positive - negative- neutral) that 

was previously identified. Later, these data are processed through various pretreatments and cleaned with 

text mining methods, making them suitable for classification. All experiments were carried out using 

Phyton software. Naive Bayes, Center Based Classifier, Multi Layer Perception (MLP), Support Vector 

Machines (SVM) classification algorithms were used on the data set. 
 

Data Set 

Mobile Game reviews were preferred for the experiments. The data set concentrates on distinguishing 

positive and negative emotions and consists of a total of 200000 data, 100000 in the positive class and 

100000 in the negative class. 
 

Data Properties. 

NLTK library prepared in PYTHON environment was used and term lists were created. 

 

Sevindi, in his thesis, tried to determine the poles of Turkish movie interpretations using various machine 

learning methods and compared these methods. Decision Tree (C4.5) used k-Nearest Neighbor (KNN), 

Naive Bayes and Support Vector Machines (SVM) methods and obtained the best result with SVM 

classification algorithm. [1] 
 

RESULTS 

Work continues. After analyzing the data, the results about the perspective of mobile games will be 

obtained and shared. 
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Prediction of Crack Paths for Inclined Multiple Cracks in Thin Plate Under 

Uniaxial Loading 
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Abstract 
 

Fatigue cracks, one of the primary failure mechanisms of structural elements, play a vital role in design 

and performance of modern engineering materials. In many cases structures and machine parts subjected 

to the cyclic stresses may fail below the yield stress of the materials. Therefore, in recent studies related to 

ensure a safe operation of the structures containing cracks have become more important. Structures with 

damage/crack tolerance can be designed by estimating of crack growth surface and life of materials 

accurately and precisely. The crack growth paths under fatigue loads vary depending on the crack shape, 

loading direction and material parameters. In some cases, such as inclined crack problems, cracks can 

propagate in a curvilinear form depending on the geometry, loading and boundary conditions. The 

selection of a convenient damage model has a significant impact on the predicted fatigue crack growth 

surface and live. In this context, fatigue crack propagation analyses were performed for inclined multiple 

cracks in thin plate under uniaxial loading. FRAC3D which is part of Fracture and Crack Propagation 

Analysis System (FCPAS) and a standalone finite element-based fracture analysis program was used to 

compute stress intensity factors. Fatigue crack growth surfaces were predicted using the resulting SIFs 

obtained for each crack propagation steps and the recently developed an equivalent stress intensity factor 

model. The crack growth paths obtained from the analyses were compared with the results reported 

previously in the literature. The results showed that very good agreements were obtained between the 

results for the prediction of crack growth paths. 

 

Keywords: Fatigue Crack Growth, Multiple Crack, Crack Propagation 
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Abstract 

 

In this paper, we consider one fractional optimal control problem for which the productivity index 

is specified by a fractional order integral, and dynamics is an application that defines the fractional 

derivative of Caputo from an alternating state with respect to time [1-5]. 

Let the controlled process be described by a system of linear fractional equations 

Ὀὼὸ Ὢὸȟὼὸȟόὸȟ                                                                           ρ 

with initial condition 

ὼὸ ὼȟ                                                                                         ς 

Where 

Ὀὼὸ ᷿ Ὠ†ȟ    ὲ ‌ ρȟ‌ᶰὙ                      

left fractional derivative of Caputo. 

Here ὼ ὼȟὼȟȣȟὼ 'is the state of the controlled object, where (') means the transpose 

operation, ὼ   is a constant vector, Ὢὸȟὼȟό   is a given n-dimensional vector function, continuous 

together with the partial derivatives with respect to ὼ, όὸ όȟόȟȣȟό  'is an ὶ -dimensional 

partially continuous control function, i.e. 

όὸᶰὟṒὙȟ                                                                              (3) 

here Ὗ is a given nonempty, bounded set. 

We call such control functions admissible. 

The task is to find the minimum value of the terminal functional 

Ὓό •ὼὸ ȟ                                                                                τ 

here •ὼ   is a given continuously differentiable scalar function. 

Using the increment method, the necessary optimality condition is established in the form of the 

Pontryagin maximum principle in the considered control problem (1) - (4) [6-8]. 
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ʉʭʝʤʘ ʨʘʟʣʦʞʝʥʠʷ ʜʣʷ ʦʜʥʦʡ ʟʘʜʘʯʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ  ʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 
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ɹʘʢʠʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ 
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Abstract 

 

One class of dynamic linear programming is considered/ Complexity of the  computer realizasion of the 

problem mainly depends on two factors/ The first factor is the number of the unknown variables and the 

number of restriction/ The second factor is the length T of the time interval [0,T]. Here we study the 

problem? Connected with the second factor. 

 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʟʘʜʘʯʘ  ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʠʜʘ:    

J                                           (1) 

() )1(,0)(),()]([)(max,)(
0

TttxtbtxFtxdttxtcJ

T

¢¢²¢-­=ñ
 

ɿʜʝʩʴ 
ñ+¹

t

dxtHtxtAtxF
0

)(),()()()]([ ttt

 ʠ 

],0[],0[: TLTLF n

r

n

r ­ . ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 
1)( --FE  ʩʫʱʝʩʪʚʫʝʪ ʠ 

0)( 1²- -FE , ʪ.ʝ.  ʝʩʣʠ  ],0[)( TLtx n

rÍ  ʠ ;0)()(0)( 1 ²-Ý² - txFEtx  ʚ 0)( ²tb . 

ɿʘʜʘʯʘ  ʚʠʜʘ (1) ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʨʘʙʦʪʘʭ ]2,1[ . ʇʨʝʜʣʦʞʝʥʘ ʧʨʦʩʪʘʷ ʠʪʝʨʘʪʠʚʥʘʷ ʩʭʝʤʘ ʜʣʷ ʝʝ 

ʨʝʰʝʥʠʷ. ʇʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ]2[ ,ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢʘʢ ʟʘʜʘʯʠ 

ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʅʝʩʤʦʪʨʷ  ʥʘ ʧʨʦʩʪʘʪʳ ʩʭʝʤʳ ʨʝʰʝʥʠʷ, ʙʦʣʴʰʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʩʦʟʜʘʝʪ 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʝ ʧʨʦʙʣʝʤʳ  ]3[  ʚ ʧʨʦʮʝʩʩʝ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʭʝʤʳ. ʕʪʠ ʧʨʦʙʣʝʤʳ ʜʣʷ ]1[  ʚ 

ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʷʪ ʦʪ n  ʠ T . ʏʘʩʪʦ ʟʥʘʯʝʥʠʝ T  ʩʦʟʜʘʝʪ ʧʨʦʙʣʝʤʳ ʚ ʧʨʦʮʝʩʩʝ  ʦʙʨʘʙʦʪʢʠ 

ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɿʜʝʩʴ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ: ʯʝʤ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʝT, ʪʝʤ ʣʝʛʯʝ ʨʝʰʘʝʪʩʷ 

ʟʘʜʘʯʘ ʚʠʜʘ (1). 

ʉʦʙʣʶʜʘʷ ʫʢʘʟʘʥʥʫʶ ʠʜʝʶ, ʨʘʟʙʠʚʘʝʤ ʠʥʪʝʨʚʘʣ ],0[ T : 

1,...,2,1,,...0 121 -==-=<<= + kiLttTttt iik  
 

ʉʦʩʪʘʚʣʷʝʤ  ʥʦʚʳʝ ʟʘʜʘʯʠ ʚʠʜʘ (1) 

() 1,...,2,1],,[),()]([)(max,)(
)1(

)( -=+Í¢-­=ñ
-

kihihihttbtxFtxdttxtcJ ii

ih

hi

ii

 
ʇʦʢʘʟʳʚʘʝʪʩʷ ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʠʭ ʨʝʰʝʥʠʷ ʤʦʞʥʦ ʚʦʩʪʘʥʦʚʣʠʚʘʪʴ ʨʝʰʝʥʠʷ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ(1). 
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Optimality Conditions in One Optimal Control Problem 
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Let the controlled process described by systems of equations 

( ) ( )( )( )( ),1,,,1,,,,1,1 ++=++ xtzxtzxtzxtfxtz                                           (1) 

1,...,1,;1,...,1, 100100 -+=-+= xxxxtttt  

and boundary conditions 

( ) ()
( ) () ,,...,1,,,

,,...,1,,,

1000

000

tttttbxtz

Xxxxxaxtz

+==

+==
                                (2) 

Here, ( )-mlzxtf ,,,,  -n a dimensional vector function, continuous with its second derivatives with 

respect to, ( )mlz ,, , -Xxtt ,,, 010 given numbers, ()tb  -n  dimensional vector function, ()-xa -n  

dimensional vector function, defined as follows: 

()
()
()í

ì
ë

+=

-+=
=

.,...,1,,

1,...,1,,

00

100

Xxxxxd

xxxxxc
xa  

() ()-xdxc , -n dimensional vector functions that are solutions to the following problems, respectively: 

( ) ()()( )
( ) ( ).

,1,...,1,,,,1

00

1001

xaxc

xxxxxuxcxfxc

=

-+==+
                                             (3) 

( ) ()()( )
() ()( ) XxxxxcGxd

xxxxxvxdxfxd

,...,1,

1,...,1,,,,1

0011

1002

+==

-+==+
                                              (4) 

Here, ( )-ucxf ,,1  -n  a dimensional vector function continuous in c along with its second derivatives, and 

a ( )-vdxf ,,2 -n dimensional vector function continuous in d along with its second derivatives. 

()xu  and ()xv -  respectively, and r  and q -dimensional control vector functions with values from given 

nonempty and bounded sets ,, qr RVRU ËË  ʪ.ʝ. 

()
() 1,...,1,,

,1,...,1,,

11

100

-+=Í

-+=Í

XxxxVxv

xxxxUxu
                                                            (5) 

A pair of the above ()()),( xvxu  properties is called an admissible control. 

The problem consists of finding such an admissible control, ()()),( xvxu , which, together with the solution 

of system (1) - (5), would set the minimum value to the functional. 

( ) ()( ) ()( ),, 211 XdxcvuS jj +=                                                         (6) 

This problem is a generalization of the problem considered in [1, 2]. 

An admissible control ()()),( xvxu delivering a minimum value to functional (6) is called optimal control, 

and the corresponding process ()()( )()()),,,,,( xdxcxtzxvxu -is called an optimal process. 

Suppose that () () ( ) () ()),,,,,( 00000 xdxcxtzxvxu  is a fixed admissible process, and the sets 

()( ) ()( ){ }
()( ) ()( ){ }VvvxdxfVxdxf

UuuxcxfUxcxf

Í==

Í==

,,,:,,

,,,,:,,

22

11

bb

aa
                                                 (7) 

are convex. 

Let ( )xt,y , () ()xpxp 21 ,  -n  be dimensional unknown functions. 

We introduce the notation 
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( ) ( ),,,,,,,,,, mlzxtfmlzxtH Ö¡=yy         ( ) ( ),,,,,, 1111 ucxfppucxM ¡= ( ) ( ),,,,,, 2222 vdxfppvdxM ¡=  

( )( )( )( )
( )( )( )( ),1,,1,,,,],[

,1,,1,,,,],[

++¹

++¹

xtztzxtzxtHxtH

xtztzxtzxtHxtH

zzzz

zz
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( )( )( )( ),1,,1,,,,],[

,1,,1,,,,],[

++¹

++¹

xtztzxtzxtHxtH

xtztzxtzxtHxtH

llll

ll
     

( )( )( )( )
( )( )( )( ),1,,1,,,,],[

,1,,1,,,,],[

++¹

++¹

xtztzxtzxtHxtH
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mm ()() ()( )
()() ()( ),,,,][

,,,,][

222
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xpxvxdxMxM
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dd
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¹
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Here the triple of conjugate variables ( ) () ()xpxpxt 21 ,,,y   is a solution of the conjugate system. 

( ) ],1,[],1[],[1,1 -+-+=-- xtHxtHxtHxt mlzy                 

( ) ],,1[1,1 11 xtHxt l -=--y                                                               (16) 

( ) ],1,[1,1 -=-- XtHXt my                                                                                                                                                    

( ) ( ) ],,1[1,1][1 0011 xtHxtxMxp lc ----+=- y             

            ( ) ( ) ],,1[1,1][1 0022 xtHxtxMxp ld ----+=- y                                 

( )
()( )

( )
()( )

.11 1
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11

11
c

xcG
xp

c

xc
xp

µ

µ
--

µ

µ
-=-
j

                                                                             (17)    

 ( )
()( )

( ).1,11 0

2

2 --¡-
µ

µ
-=- Xt

d

Xd
Xp y

j
                                            

Theorem: If the set (7) is convex, then for the optimality of the control ()()( )xvxu ,  in problem (1) - (5) it is 

necessary that the inequality 

() ()ää
-

=

-

=

¢D¢D
1

2

1

1

1

0

1

0

,0][,0][
x

xx

xv

x

xx
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performed for all () ,1,...1, 100 -+=Í xxxxUxu () XxxxVxv ,...,1,, 11 +=Í . 
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ʈʝʟʶʤʝ: ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʦʧʨʦʩ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʩʣʦʚʠʷ ʚ ʚʠʜʝ ʧʨʠʥʮʠʧʘ ʤʘʢʩʠʤʫʤʘ 

ʇʦʥʪʨʷʛʠʥʘ ʚ ʟʘʜʘʯʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʢʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ ʪʠʧʘ ʃʠʦʥʩʘ, ʢʦʪʦʨʘʷ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʦʧʪʠʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʧʨʠʥʮʠʧ ʤʘʢʩʠʤʫʤʘ 

ʇʦʥʪʨʷʛʠʥʘ 

 

The Pontryagin Maximum Principle in the Problem Optimal Control  

 of Ecological Systems 
 

Aytakin Afandiyeva Telman 
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Contents: In this thesis were used ordinary differential equations of the theory of optimal control, 

economic-mathematical modeling, the question of the necessary condition in the form of the Pontryagin 

maximum principle in the optimal control problem for an ordinary second-order differential equation with 

a quality criterion of the Lyons type, which often arises when modeling environmental processes, is 

considered. 

 

Keywords: Ecological Systems, Optimal Control, Pontryagin Maximum Principle 

 
 

 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠʥʮʠʧ ʤʘʢʩʠʤʫʤʘ ʇʦʥʪʨʷʛʠʥʘ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʠʟʫʯʝʥʠʷ 

ʠ ʤʝʪʦʜʦʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʘʢ ʠ ʜʣʷ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ, ʪʘʢ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ 

[1]. ʕʪʦʪ ʧʨʠʥʮʠʧ ʨʘʥʝʝ ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ, 

ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [2] ʠ ʜʨ.  

 ʇʫʩʪʴ ʫʧʨʘʚʣʷʝʤʳʡ ʧʨʦʮʝʩʩ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ: 
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Abstract 

 

In this sudy, a simply supported FGM plate-strip with rectangular hole subjected to bending loadings is 

investigated. Youngôs modulus varies continuously throughout the length and width of the plate-strip 

based on the power-law functions; but the Poisson's ratio and material density are assumed to be constant. 

The classical linear elasticity theory and the generalized plane-strain conditions are assumed for the 

modelling of the theoretical investigations.  The solution of the considered problem is obtained 

numerically with the help of the Finite Element Method (FEM). Finite number of sub-domains (FEs) are 

used for the discretization of the solution domain and the solution in each sub-domain is considered as a 

polynomial function. Employing the Ritz technique, the FEM modelling of the boundary value problem is 

obtained. The solution domain is discretized a certain number of rectangular elements having nine nodes. 

We have used displacement-based finite elements for the FEM modelling. The solutions of the 

displacement and stress concentration are investigated to understand the hole effect on the plate-strip 

made of functionally graded materials. 

 

Keywords:  Functionally Graded Material, Rectangular Hole, Static Analysis, FEM 

 

 
                                        

Dikdºrtgen Delik Ķ­eren Eĵilme Etkisinde FDM ķerit-Plaĵēn Statik Analizi 
 

¥zet 

 

Bu ­alēĸmada, eĵilme kuvveti etkisinde basit mesnetli dikdºrtgen delik i­eren FDM ĸerit plak 

incelenmiĸtir. Young mod¿l¿ ĸerit plaĵēn uzunluĵu ve geniĸliĵi boyunca kuvvet yasasē fonksiyonlarēna 

gºre deĵiĸirken Poisson oranē ve materyal yoĵunluĵu sabit kabul edilmiĸtir. Teorik incelemenin 

modellenmesinde klasik lineer elastisite teorisi ve genelleĸtirilmiĸ d¿zlem-ĸekil deĵiĸtirme koĸullarē ele 

alēnmēĸtēr. Problemin n¿merik ­ºz¿m¿ Sonlu Elemanlar Metodu (SEM) ile elde edilmiĸtir. ¢ºz¿m 

bºlgesinin ayrēklaĸtērēlmasēnda sonlu sayēda alt bºlge kullanēlmēĸtēr ve her alt bºlgedeki ­ºz¿m bir 

polinom fonksiyonu olarak d¿ĸ¿n¿lm¿ĸt¿r. Sēnēr deĵer probleminin SEM modellemesi, Ritz tekniĵi ile 

yapēlmēĸtēr. ¢ºz¿m bºlgesi belirli bir sayēda 9 d¿ĵ¿m i­eren dikdºrtgen elemanlar  ile ayrēklaĸtērēlmēĸtēr. 

SEM modellemesi i­in yer deĵiĸtirme temelli sonlu elemanlar  kullanēlmēĸtēr. Deliĵin FDM ĸerit plaĵēn 

¿zerindeki etkisini anlamak i­in yer deĵiĸtirme ve gerilme yayēlēmlarēnēn sonu­larē incelenmiĸtir. 
 

Anahtar Kelimeler: Fonksiyonel Derecelendirilmiĸ Malzeme, Dikdºrtgen Delik, Statik Analiz, SEM 
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Method for Designing Filyos River Levees 
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Abstract 
 

Purpose 

Due to the fact that there are airports, settlements and agricultural areas close to the Filyos flood basin, it 

is the construction of Filyos levees by obtaining the unit hydrograph by selecting the appropriate flood 

prediction method. 

 

Design / Methodology / Approach 

Floods are one of the most complex and important problems of engineering hydrology. This is a common 

problem in many countries, including Turkey. Floods create a risk for urban areas, infrastructure, 

industrial structures and agriculture. Levees are built along the riverbanks including in Turkey to mitigate 

the effects of flooding due to the overflowing of rivers all over the world and Filyos levees are one of 

them. The fact that it is close to the airport, residential areas and agricultural areas to the flood area has 

been important for the construction of the Filyos levees. Precipitation is very high in the flood area 

downstream of this basin. Several hydrological studies are carried out to identify floods. The hydrograph 

shows the change in flow rate over time in a stream section. Unit hydrograph is the hydrograph of the 

direct flow of residual precipitation at a unit height (1 cm) of constant intensity falling into the basin for a 

certain period of time. Statistical, Rational, Mockus and Synder methods are widely used for flood 

prediction. Each method has some important limited conditions and these methods give different results 

for the same site. The maximum flood flow rate was calculated for the maximum flood where any 

building can remain safe. Deterministic and statistical methods are used for flood flow. In this study, the 

unit hydrograph method (deterministic) is used. Since the basin area is larger than 1000 km
2
, Snyder 

method can use. 

 

Findings 

Snyder method was selected according to the meteorological, hydrological and topographic conditions of 

the Filyos Basin and a unit hydrograph was formed. In the calculation of flood peaks of the Filyos river 

exit basin, which should be repeated 100 years using synthetic methods; precipitation hydrograph peak 

flows were found to be 2120 (m
3
/sec) and peak flow was approximately 31 hours. It was resumed 

approximately 144 hours after the peak flow. 

 

Originality/value  

Flood (peak) flow and unit hydrograph graphic created according to Snyder method can be taken as basis 

in the design of flood protection structures to be created in possible floods in the basin. In addition, a good 

risk and economic analysis should be carried out as floods will cause loss of life and property. Regular and 

continuous measurements should continue, as the risk of flooding is high due to the rainy season in this 

basin. 

Keywords: Flood, Levee, Unit Hydrograph, Deterministic and Statistical Method 
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Filyos Nehri Seddeleri Tasarēmē i­in Uygun Taĸkēn Tahmini Yºntemi 

Se­ilerek Birim Hidrografēn Elde Edilmesi 

 
¥z 

 

Ama­ 

Filyos taĸkēn havzasēna yakēn havalimanē, yerleĸim alanlarē ve tarēm alanlarē olmasē sebebiyle uygun 

taĸkēn tahmini yºntemi se­ilerek birim hidrografin elde edilmesi ile Filyos seddelerinin yapēmēdēr. 

 

Model / Metodoloji / Yaklaĸēm 

Taĸkēnlar m¿hendislik hidrolojisinin en karmaĸēk ve ºnemli sorunlarēndan biridir. T¿rkiye dahil bir­ok 

¿lkede bu yaygēn bir sorundur. Kentsel alanlar, altyapē, end¿striyel yapēlar ve tarēm i­in risk oluĸtururlar. 

T¿rkiyede dahil olmak ¿zere t¿m d¿nyada nehirlerin taĸmasēndan dolayē taĸkēnlarēn etkilerini hafifletmek 

i­in seddeler nehir kenar boyunca inĸaa edilmiĸtir ve Filyos seddeleri bunlardan biridir. Taĸkēn alanēna 

havalimanē, yerleĸim alanlarē ve tarēm alanlarēna yakēn olmasē Filyos seddelerinin yapēmēnē ºnemli 

olmuĸtur. Bu havzanēn akēĸ aĸaĵēsēnda yer alan taĸkēn bºlgesinde yaĵēĸlar olduk­a y¿ksektir. Taĸkēnlarē 

belirleyebilmek i­in ­eĸitli hidrolojik ­alēĸmalar yapēlēr. Hidrograf bir akarsu kesitindeki akēĸ miktarēnēn 

zamanla deĵiĸimini gºsterir. Birim hidrograf havzaya belirli bir s¿re boyunca sabit ĸiddette d¿ĸen birim 

y¿kseklikteki (1 cm) artēk yaĵēĸēn meydana getireceĵi dolaysēz akēĸēn hidrografēdēr. Ķstatistiksel, Rasyonel, 

Mockus ve Synder yºntemleri gibi taĸkēn tahmini i­in yaygēn olarak kullanēlmaktadēr. Her yºntemin bazē 

ºnemli sēnērlē koĸullarē vardēr ve bu yºntemler aynē yer i­in farklē sonu­lar verir. Herhangi bir yapēnēn 

g¿venlikli kalabileceĵi maksimum taĸkēn i­in maksimum taĸkēn debisi hesaplanmēĸtēr. Taĸkēn debisi i­in 

deterministik ve istatistiksel yºntemler kullanēlmaktadēr. Bu ­alēĸmada ise birim hidrografē yºntemi 

(deterministik) kullanēlmēĸtēr. Havza alanē 1000 km
2 
den b¿y¿k olduĵu i­in kullanabileceĵimiz yºntem ise 

Snyder methodudur. 

 

Bulgular  

Filyos Havzasēn meteorolojik, hidrolojik, topogrofik koĸullarēna gºre uygun olaraktan Snyder yºntemi 

se­ilmiĸtir ve birim hidrografē oluĸturulmuĸtur. Filyos nehri ­ēkēĸē havzasēnēn sentetik yºntemlerle 100 yēl 

yinelenmeli taĸkēn piklerinin hesabēnda; yaĵmur hidrografē pik debileri 2120 (m
3
/sn) bulunmuĸ olup 

yaklaĸēk olarak 31 sa s¿rede pik debiye ulaĸmēĸtēr. Pik debiden yaklaĸēk 144 sa sonra eski seviyesini 

almēĸtēr. 

 

¥zg¿nl¿k  

Snyder yºntemine gºre oluĸturulan taĸkēn (pik) debi ve birim hidrograf grafiĵi, havzada olasē taĸkēnlarda 

oluĸturulacak taĸkēn koruma yapēlarēnēn tasarēmēnda esas alēnabilir. Bunun yanēnda taĸkēnlar can ve mal 

kayēplarēna sebep olacaĵēndan iyi bir risk ve ekonomik analiz yapēlmalēdēr. Bu havzada yaĵēĸlarēn her 

mevsim ve sēk olmasē sebebiyle taĸkēn riskinin gºr¿lme olasēlēĵē y¿ksek olduĵundan d¿zenli ve s¿rekli 

ºl­¿mler devam etmelidir.  

 

Anahtar Kelimeler: Taĸkēn, Sedde, Birim Hidrograf, Deterministik ve Ķstatistiksel Yºntemler  

1. Giriĸ 

Taĸkēn bir­ok insanēn ºl¿m¿ne, ­evresel yēkēmlara, ekonomik kayēplara neden olan doĵal bir felakettir bu 

y¿zden kontrol altēna alēnmasē gerekir. Taĸkēnlar ķekil 1ôde gºr¿ld¿ĵ¿ gibi depremlerden ve 

heyelanlardan sonra ger­ekleĸen en fazla doĵal afetlerden br d r. H drol k yapēlarēn tasarēmē ve 
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oluĸab lecek taĸkēnēn modellenmes  gerek r. Bu taĸkēn modellenmes  ­ n taĸkēn deb s n n b l nmes  

h droloj de pek ­ok sorunun ­ºz¿lmes  ­ n gerekmekted r. Yapēlmasē d¿ĸ¿n¿len h drol k yapēya gºre 

bazen toplam hacim, bazen pik debi bazen her ikisi birden bilinmesi gerekmektedir. Bu ­alēĸmanēn amacē 

Filyos ¢ayē havzasēndaki taĸkēn etkisinden koruyacak bir sistem tasarēmē ºnermektedir. Bunun i­inde 

uygun taĸkēn tahmini yºntemi se­ilerek birim hidrografēn elde edilmesidir ve bu hidrograf sayesinde 

taĸkēnlar ve kurak devreler belirlenebilir. Herhangi bir alanda taĸkēn yapēlarēnēn tasarlanmasē i­in pik debi 

seviyesi, b¿y¿kl¿ĵ¿ ve deĵiĸimi, yaĵēĸēn tekrarē belirlenmelidir. Bu parametrelerin belirlenmesi i­in en 

yaygēn kullanēlan denklemler birim hidrograf, stokastik ve istatiksel yºntem, rasyonel, Mac-Math, 

Mockus, SCS, Kirpich, Snyder ve Degree-Day methodlarēdēr. Her yºntemin farklē karakteristikleri ve 

katsayēlarē bulunduĵundan doĵal olarak farklē sonu­lar ­ēkacaktēr. 

 

ķekil 1. Doĵal Felaketlerin Daĵēlēmē (Gulbahar, 2016 ) 

 

1.2. ¢alēĸma Bºlgesi 

 

Filyos nehri yaĵēĸ bºlgesi Batē Karadeniz Havzasē i­erisinde 13 300 km
2
ôlik bir alanē kapsar. (ķekil 2). 

40
o
29ô ve 41

o
36ô kuzey enlemleri ile 31

o
11ô ve 33

o
42ô doĵu boylamlarē arasēnda yer alan Filyos nehri 

yaĵēĸ alanē doĵu-batē doĵrultusunda 203 km, kuzey-g¿ney doĵrultusunda 120 kmôlik konumdadēr. 

¢alēĸma alanē, Filyos nehri yaĵēĸ alanēnēn kuzeyinde yer almaktadēr (ķekil 3). Devrek ¢ayē ve Yenice 

Irmaĵēônēn birleĸim kesiti ile Filyos nehrinin Karadenizôe dºk¿ld¿ĵ¿ yer arasēnda kalan Filyos nehri taĸkēn 

yataĵē kuzey-g¿ney doĵrultusunda yaklaĸēk 34 km uzunluĵundadēr (ķekil 4). Havzada yaĵēĸlē ve ēlēman 

olan Karadeniz iklimi gºr¿lmektedir.  Filyos nehrinin akēĸ aĸaĵēsēnda yer almasē nedeniyle, Filyos nehri 

yaĵēĸ alanēnda h¿k¿m s¿ren iklimin bu bºlgenin akēĸ d¿zenine etkisi yadsēnamayacaĵēndan Filyos nehri 

yaĵēĸ alanē bir b¿t¿n olarak deĵerlendirilmiĸtir. Filyos Havzasē mansap kēsmē taĸkēn koruma sahasēnēn 

b¿y¿k kēsmēnda ¢aycuma ovasēnda bulunur. Ovanēn bitim noktasēndan engebeli araziler baĸlar. Az eĵimli 

yama­ arazilerden bazēlarē tarēm arazisi olarak kullanēlmaktadēr. Filyos akarsu havzasēnēn akēĸ sērasēndaki 

bºlgede yer alan taĸkēn bºlgesinde yaĵēĸlar olduk­a fazladēr. Bu kesim de Temmuz ve Aĵustos aylarēnda 

ani saĵanaklar gºr¿lmektedir. ¢alēĸma alanda Filyos Nehri ve yan kollarēnē Yenice Irmaĵē, Devrek, 

Soĵanlē ve Ara­ ¢aylarē oluĸturur. Filyos Nehriônin ise en b¿y¿k yan kolu Yenice Irmaĵēôdēr. Bolu 

civarēnda Aladaĵôdan doĵan ¢erkeĸ ¢ayē, Gerede ¢ayē ile birleĸmesiyle Soĵanlē (Melen) ¢ayēônē 

oluĸtururlar. Ilgaz daĵlarēnēn Ilgaz ¢ayē adēyla doĵan Ara­ ¢ayēônēn Karab¿k il­e merkezinde Soĵanlē 

¢ayēôyla birleĸmesiyle Yenice Irmaĵē oluĸur. Yenice Irmaĵē kuzeybatē yºn¿nde doĵan, Devrekôin 

kuzeydoĵusundan gelen Devrek ¢ayē ile birleĸir. Devrek ¢ayē Filyos nehriônin Yenice ¢ayēôndan sonra 

gelen ikinci ºnemli yan koludur. (Akdeĵirmen ¥. vd., 2008). 
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ķekil 2. Filyos ¢ayē Havzasē 

 

ķekil 3. Filyos ¢ayē 
 

 

ķekil 4. Filyos Nehri Yan Kollarē 

 

Filyos Nehri akēĸēn da yeralan taĸkēn sahasēnē 1335 no'lu Filyos ¢ayē ï Derecikviran AGĶônu temsil 

etmektedir (ķekil 5). Filyos Nehriônin Devrek ¢ayē kolu ¿zerinde Gºlkºy Barajē bulunmaktadēr. Gºlkºy 
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Barajē iĸletmesinin 1962 yēlēnda tam geliĸtirilmiĸ olduĵu varsayēldēĵēndan 1335 nolu AGĶônun 1962-2006 

yēllarē arasēndaki gºzlemleri kullanēlmēĸtēr. 1335 AGĶônu kesitinde Filyos ¢ayēônēn yēllēk ortalama akēmē 

3085 hmį ót¿r (Akdeĵirmen ¥. vd., 2008). 

 

 

ķekil 5. 1335 nolu  Filyos Nehri ï Derecikviran Akēm Gºzlem Ķstasyonu (DSĶ, 2008) 

 

2. Materyal ve Yºntem 
2.1.Taĸkēn/Pik Debi Tahmin Yºntemleri 

Akarsu ile ilgili hidrolik yapēlarēn projelendirilmesinde belirlenmesi gereken en ºnemli parametrelerden 

biri akarsudaki maksimum debinin bulunmasēdēr. Taĸkēn deb ler n n hesabēnda stat st k yºntemler olumlu 

sonu­lar vermekted r. Yaĵēĸ ï Akēĸ ver ler n n yeters z olmasē veya ver ler n olmamasēnda Determ n st k 

(Sentet k) Yºntemler gel ĸt r lm ĸt r. Ķstat st k  yºntemler ve Determ nstik yºntemler Tablo 1ôde 

listelenmiĸtir. Her taĸkēn metodunun mutlaka bir birim hidrografē vardēr ve birimi m
3
/s/mm olan akēĸ 

kolundaki su seviyesinin zamana karĸē deĵiĸini gºsteren grafiĵe hidrograf denir. Bir birim seviyesindeki 

suyun (mm) akēĸa ge­mesi halinde oluĸacak debinin m
3
 zaman i­erisindeki deĵiĸimi olarak ifade edilir. 

Hidrograf grafiĵi se­ilen methoda gºre deĵiĸkenlik gºsterir (ºrneĵin, DSĶ Sentetik) grafik, ­an eĵrisi 

ĸeklinde oluĸurken bazē yºntemlerde (ºrneĵin, Mockus) ¿­gen birim hidrografē oluĸur. ¥rnek bir 

matematiksel model ile form¿l gºsterimi verilmiĸtir. 

Tablo 1. Ķstatistiki Yºntemler ve Deterministik Yºntemler 

1. Ķstatistiki Yºntemler 2. Deterministik Yºntemler 

Log-Normal (2 ve 3 Parametreli) DSĶ Sentetik Yºntemi 

Ekstrem deĵer (Tip I,II ve III)  Mockus Yºntemi 

Pearson tip III Snyder Yºntemi 

Log-Pearson tip III Lag-Time Yºntemi 

Gama Daĵēlēmlarē Mc Math Yºntemi 

Yapay Sinir Aĵlarē Rasyonel Yºntemi 

Bulanēk Mantēk Kresnik Yºntemi 

 

 

Her hidrograf toplanma, y¿kselme ve al­alma s¿relerine sahiptir. QP (Pik Debi) ise y¿kselme s¿resi 

sonunda birim derinlikteki y¿zey akēĸēnēn oluĸturduĵu en b¿y¿k debiye denir. Pik debi hesabē i­in farklē 

yºntemler kullanēlmaktadēr. Havza alanē 1000 km
2 
den b¿y¿k olduĵu i­in kullanabileceĵimiz tek 

deterministik yºntem Snyder methodudur.  
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Tablo 2. Deterministik Yºntemler 

Deterministik Yºntemler 

(Tasarēm Methodu) 

Drenaj Alanē 

(km2) 

Toplanma Zamanē 

(Tp) 

Y¿kselme Zamanē (Tc) 

DSĶ Sentetik Yºntemi A < 1000 km2 Tp > 2  sa 

Mockus Yºntemi 1<A<10 km2 Tc  < 30 sa 

Snyder Yºntemi A > 1000 km2 Yok 

Rasyonel Yºntemi A < 1 km2 Yok 

2.1.1. Snyder Methodu 

Bu yºntemde birim hidrograflarē elde etmek i­in havzanēn ­eĸitli fiziksel ºzelliklerinden 

yararlanēlmaktadēr. Elimizde yeterli yaĵēĸ ve akēĸ kayētlarē bulunmadēĵē zaman. En ­ok kullanēlan 

methodlardan biri Snyder Yºntemidir. Akarsu havzasēnēn aĵērlēk merkeziyle taĸkēn hidrografēnēn tepe 

noktasē arasēndaki (tp) zaman farkē saat olarak (¢avdar, 1996); 

tp = Ct*(L*L c)
0,3                                                           

  (1.1) 

 

Baĵēntēsē ile bulunur. Burada ; 

Ct: Havza depolama kapasitesi ve eĵimine ait katsayē, 

L : Havza uzunluĵu, (km) 

Lc: Havza alanē aĵērlēk merkezinin havza giriĸ veya ­ēkēĸ noktasēna olan en uzun mesafesidir (km),  

 

ķekil 6ôda ºrnek b r havza ¿zer nde L ve Lc uzunluklarē ĸematik olarak verilmiĸtir. Taĸkēn hidrografēnēn 

tepe noktasē arasēndaki (tp) zaman farkē ve birim hidrografa ait saĵanak s¿resi (tr) bulmak i­in Tablo 4ôde 

zemine baĵlē katsayēlar gºsterilmiĸtir. 

 

 
 

 

 

 

 

ķekil 6. Snyder Yºntemi ķemasē (Sºnmez vd, 2012; ¥zt¿rk  vd, 2012; Doĵan vd, 2012) 

 

Tablo 4. Zemine Baĵlē Katsayēlar (¢elik, 2012) 

Zemin Cinsi Ct Cp 

Kumlu 1,65 0,56 

Bal­ēk 1,50 0,63 

Killi veya kayalēk 1,35 0,69 

 

Birim hidrografa ait saĵanak s¿resi (tr), 1.2 denklemi ile hesap edilmektedir. 

tr = tp / 5.5                          (1.2) 
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Burada;     
tr: Birim hidrografa ait saĵanak s¿resi (saat)  

Feyezan hidrografēnēn tepe noktasēndaki birim feyezan debisi (qp) deĵeri (1.3) denklemi ile elde 

edilmektedir. 

qp = 2760 * Cp / tp (lt/sn/km
2
/cm)                               (1.3)  

Buradan taĸkēn tepe noktasēndaki debi (Qp) deĵeri 1.4 baĵēntēsē ile hesaplanmaktadēr. 

Qp = qp * A * 10
-3
 (m

3
/sn/cm)                         (1.4) 

 

Burada; 

A: Havza alanē (km
2
) 

Daha sonra bulunan bu deĵer, 100 yēllēk olarak alēnan (ha) yaĵēĸ y¿ksekl ĵ  le ­arpēlarak 100 yēllēk taĸkēn 

debisi elde edilmektedir. 

 

2.2.2. Birim Hidrograf ¢izimi 

Birim hidrograf modeli ilk kez 1932 yēlēnda Sherman tarafēndan bulunmuĸtur ve bu yºntem su toplama 

havzasēnē artēk yaĵēĸē (etkin yaĵēĸ) dºn¿ĸt¿ren ve lineer bir sistem olan havza modeline birim hidrograf 

modeli denir. Bir havzada, belirli bir s¿re ve ĸiddette d¿ĸen yaĵēĸtan oluĸan 1 cm derinliĵindeki y¿zeysel 

akēĸ hidrografēna birim hidrograf denir. Birim hidrograf ­izimi qv verim deĵeri yardēmēyla ķekil 7 de, 0,75 

qpôye tekab¿l eden Tw 75 ve 0,50 qpôye tekab¿l eden Tw 50 dir. Hidrograf geniĸliĵini gºsteren deĵerler 

ķekil 7ôden tespit edilir.  

 

ķekil 7. Birim Hidrograf ¢izim Grafiĵi (¢elik, 2012) 
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Bir hidrografta dolaysēz akēĸē gºsteren kēsēmla taban akēĸēnē gºsteren kēsēm birbirinden ayrēlabilir ve 

yaĵēĸēn bitiĸinden ge­iĸ s¿resi kadar bir zaman sonra dolaysēz akēĸ sona erer. B¿y¿k havzalarda ise 

dolaysēz akēĸēn tepe noktasēndan N g¿n sonra sona eriyorsa N deĵeri ķekil 8ôdeki gibidir (Bayezit, 1995). 

 
ķekil 8. Birim Hidrograf ¢izim Grafiĵi (Bayazēt, 1994). 

 

 

3. Araĸtērma Bulgularē 

Filyos Nehri i­in Snyder yºntemine gºre 100 yēllēk taĸkēn debisine gºre oluĸturulan birim hidrograf 

grafiĵi aĸamalarē aĸaĵēdaki gibidir. Temel zemini oluĸturan al¿vyonun ­ok deĵiĸken olmasē sebebiyle Ct= 

1.60, Cp=0.60 alēnmēĸtēr. 

L= 195 km 

Lc=92 km 

tp = Ct*(L*L c)
0,3

 = 30.8 sa 

tr = tp / 5.5 = 5.5 sa    

qp = 2760 * Cp / tp = 54.8 (lt/sn/km
2
/cm) 

Qp = qp * A * 10
-3
 = 72.8 (m

3
/sn/mm) 

N =0.9 A
0,2

  = 6 g¿n 

 

Filyos ¢ayē ¢ēkēĸē Havzasēnēn (F2) Sentetik Yºntemlerle 100 Yēl Yinelenmeli Taĸkēn Pik hesabē Tablo 

5ôde gºr¿lmektedir. 

 

Tablo 5. Filyos ¢ayē ¢ēkēĸē Havzasēnēn (F2) Sentetik Yºntemlerle 100 Yēl Yinelenmeli Taĸkēn Piklerinin Hesabē 

 

Filyos Nehri Hazvasēnēn 100 Yēl Yinelenmeli Taĸkēn Pik Hesabē 

Havzanēn 100 Yēllēk Yaĵēĸē (mm) 85.82 

Kritik Yaĵēĸ S¿resi (sa) 24  

Toplam Akēĸ (mm) 29.12 

 

 

Qp  (m
3/sn/mm) 

 

 

Snyder 

Methodu 

 

 

72.8 

Hidrograf Pik Debi           (m3/sn) 
Snyder 

Methodu 
2120 
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Buna gºre; ķekil 7ôdeki grafiĵe gºre qv deĵeri grafikten okunur ve w70, w50 tekab¿l eden zamanlar 

bulunur. 1/3.Tw50, Tw75; 2/3.Tw50, Tw75 deĵerleri ile Qp deĵerine denk gelen birim hidrograf grafiĵi 

oluĸturulur.  

 

Tw50 = 58 sa     1/3.Tw50 = 19.3 sa     2/3.Tw50 = 38.7 sa 

TW75 = 35 sa    1/3.Tw75 = 12 sa        2/3.Tw75 = 23 sa 

Qp =72.8 m
3
/sn/mm.        

0,75.Qp = 54.6 m
3
/sn/mm   

0,5.Qp = 36.4 m
3
/sn/mm 

 
ķekil 9. Filyos Nehri Birim Hidrografēn Elde Edilmesi 

 

4. Sonu­ ve Tartēĸma 

Snyder yºnteminde havzanēn alanē ve geometrik ĸekli ºnemli parametrelerdir. Taĸkēn debisinin 

hesaplanmasēnda yaĵēĸ miktarlarē, akēĸ ºl­¿leri ve havza karakteristik ºzellikleri iyi tespit edilmelidir. 

Snyder yºntemine gºre ºnce taĸkēn debisi hesaplanmēĸ sonrasēnda birim hidrograf grafiĵi oluĸturulmuĸtur 

neticesince havzanēn 100 yēllēk yaĵēĸ durumunda Qpeak =72.8 m
3
/sn/mm bulunmuĸtur. Bu yºntemine gºre 

­ēkan taĸkēn (pik) debi ve oluĸturulan birim hidrograf grafiĵi, havzada olasē taĸkēnlarda oluĸturulacak 

taĸkēn koruma yapēlarēnēn tasarēmēnda esas alēnabilir ve bunun yanēnda taĸkēnlar can ve mal kayēplarēna 

sebep olacaĵē d¿ĸ¿n¿ld¿ĵ¿nden iyi bir risk ve ekonomik analiz yapēlmalēdēr. Bu havzada yaĵēĸlarēn her 

mevsim ve sēk olmasē sebebiyle taĸkēn riskinin gºr¿lme olasēlēĵē y¿ksek olduĵundan d¿zenli ve s¿rekli 

ºl­¿mler devam etmelidir. Yapay zeka metodlarē yardēmēyla daha uzun s¿reli yinelemeli tasarēmlar 

yapēlabilir ve diĵer metodlar ile bulunan sonu­lar yapay zeka metodlarē yardēmēyla bulununan deĵerler ile 

karĸēlaĸtērēlabilir. 
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Abstract 

 

Evaluation of the seismic resistance of the existing building stock in cities located in earthquake-prone 

regions is an essential issue. Especially when previous earthquakes and active fault lines in the historical 

process considered, this is becoming more critical in some regions, such as Istanbul, which is considered 

to be highly likely to face with an earthquake in the near future. There are many analysis methods related 

to the seismic performance evaluation of existing structures. Quick evaluation methods, linear and 

nonlinear performance analysis methods are examples among those. The expected performance level and 

planned service time are determinant factors in the selection of the appropriate analysis method. If a 

strengthening application is planned for the structure to continue its service, more comprehensive 

nonlinear analyses are recommended. In this context, this study presents a case study related to the 

nonlinear seismic performance analysis of an RC structure which is planned to be strengthened. Initially, a 

field survey was done to identify the structural system, rebar details and concrete quality of the structure. 

Then, the seismic performance analysis of the structure is performed in accordance with the principles 

specified in the ñTurkish Building Seismic Code, 2018ò for nonlinear static pushover analysis method. It 

is believed that modelling techniques, nonlinear material definitions, evaluation of the performance points 

and other technical details in this case study will present an alternative methodology as an example for the 

literature. 

 

Keywords: Seismic Performance, RC Buildings, Nonlinear Analysis 

                                       

Introduction and Background 

The seismic evaluation of the existing building stock in cities located in earthquake-prone regions is 

an essential issue. The variation of the structural properties of the buildings is a challenging parameter in 

the structural evaluation. Although the discovery and use of the reinforced concrete structural system do 

not date back to ancient times, the buildings with this system constitute a significant portion of the 

existing building stock today. The combination of concrete and reinforcement provides a high strength 

under vertical and lateral loads. However, the quality of these structures may not always be at the desired 

level. There are many deficient (low-quality) reinforced concrete structures due to some reasons such as 

the economic and geographical conditions, lack of strong technical background, insufficient structure, 

production and construction knowledge etc. The damages such as rebar corrosion, concrete crushing and 

cracking etc. are also frequently encountered in buildings with such deficiencies. Therefore, it is vital to 

determine the structural safety of the existing reinforced concrete building stock with such defects and 

damages against the earthquakes and other similar effects. Especially in regions where possible 

earthquakes are expected in the near future, this situation becomes more critical, and the seismic 

performance of reinforced concrete structures in these regions should be determined effectively. 

Many kinds of research have been performed to evaluate the seismic performance of existing RC 

buildings with various methods. Aydinoglu (2003) presented a multi-mode nonlinear static procedure 

based on pushover analysis for the performance evaluation of reinforced concrete structures. He proposed 
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the Incremental Response Spectrum Analysis (IRSA) procedure based on the approximate development of 

the modal capacity diagrams, which are defined as the backbone curves of the modal hysteresis loops in 

order to consider the multi-mode response of structures. Zou and Chan (2005) presented an effective 

computer-based technique that incorporates pushover analysis together with numerical optimization 

procedures to automate the pushover drift performance design of reinforced concrete (RC) buildings. An 

optimality criteria technique for solving the specific performance-based seismic design optimization 

problem for RC buildings is shown with two building frame examples to illustrate the efficiency and 

practicality of the proposed method. Kalkan and Kunnath (2007) assessed current nonlinear static 

procedures for seismic evaluation of buildings. They investigated the effectiveness of several nonlinear 

static procedures in predicting the response characteristics of typical steel and reinforced concrete (RC) 

buildings through comparison with benchmark responses obtained from a comprehensive set of nonlinear 

time history analyses. Chaulagain et al. (2013) performed a comparative study of various 

design/construction parameters on the seismic response of current RC buildings in Nepal. They performed 

nonlinear static and dynamic analyses of four structures corresponding to four scenarios of 

design/construction parameters such as, the building that represents the current construction practice, the 

building designed with the Nepal Building Code, the building designed with the Modified Nepal Building 

Code, and a well-designed structure. They compared the results of the safety assessment performed based 

on drift limit proposed by ATC-40 and FEMA-356 and discussed the seismic performance of buildings in 

terms of vulnerability to earthquakes. Rahman et al. (2018) focused on the comparison of several seismic 

design provisions with the seismic performance assessment of reinforced concrete buildings designed 

according to codes in Bangladesh, India and U.S. They designed three geometrically similar commercial 

reinforced concrete buildings in high seismic regions of Bangladesh, India, and the U.S. per the respective 

codes and conducted three-dimensional nonlinear dynamic analyses of the designed structures. After 

obtaining the results, they compared the structural performance of each building in terms of roof 

displacements, inter-story drifts, capacity of beams and columns, and overall energy dissipation 

characteristics. Arslan et al. (2018) investigated the performance of in-plan irregular RC frame buildings 

based on Turkish Seismic Code. They assessed eight different five- and seven-storey RC frame buildings 

with and without beam discontinuity in plan and with various torsional irregularities. The performance 

analysis of these buildings was carried out according to Turkish Seismic Code with different methods such 

as linear elastic method (LEM), nonlinear static procedure (NSP), and nonlinear time history analysis 

(NTA). 

In this study, the seismic performance of an existing reinforced concrete structure is investigated by 

a nonlinear static procedure, namely, the pushover method. The first stage of this study consists of the 

field works. The structural system of the building was examined, and material properties of the concrete 

and the rebars were determined. Then, the structure was modelled in a finite element software, and 

pushover analysis was performed, considering the geometric and material nonlinearity concepts. It is 

believed that the methodology presented within this case study will provide real-case data to the literature 

in terms of determining the seismic performance of existing reinforced concrete structures with advanced 

analysis methods. 

 

DESCRIPTION OF THE STRUCTURE  

The examined building was built in Istanbul in the mid-1980s. The building is composed of two 

basement, one ground, one mezzanine and six standard floors. Plan dimensions of the building are 10.82 

m in x, and 23.50 m in y directions (ground floor), and the area of the building is 255 m2. The measured 

floor height values, which are verified with the original structural design project of the building, are given 

in Table 1. 
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Table 1: Measured and verified floor height values 

Floor 
Measured height 

(m) 

2nd Basement 2.50 

1st Basement 3.30 

Ground 2.70 

Mezzanine 2.70 

Standard (from 1 to 6) 2.80 

Facade and interior views of the building is shown in Figure 1. The structural layout plan of the 

standard floors is presented in Figure 2. Table 2 shows the dimensions of the structural members and rebar 

arrangement specified in the structural design project of the building. Site investigations revealed that the 

locations and dimensions of the structural members are consistent with the original project. No structural 

cracks or damages are observed on the structural members in the site observations. 

 

 
Figure 1: Facade and interior views of the building 
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Figure 2: Structural layout plan of the standard floors (Tuzel, 1984) 

 

 

 

Table 2: Dimensions and rebar details of the structural members (Tuzel, 1984) 

Properties 
Basement / 

Shear walls 
Columns Beams Slabs 

Dimensions 
20 cm  

thickness 

25x50, 25x60, 

25x80, 

25x100, 

30x50, 40x70, 

40x80, 40x90, 

45x60 cm 

20x50, 

25x50, 

30x50, 

50x50  

cm 

32, 15 cm 

thickness 

Longitudinal 

reinforcement 

(diameter) 
f10 f14, f16 

f12, f14, 

f16 

f8, f10, 

f12 

Lateral 

reinforcement 

(diameter/spacing) 
f8/20 f8/20-30 f8/20-30 - 

 

 

MATERIAL AND METHODS  

Modelling 

There are several modelling analysis methods used to obtain the nonlinear behaviour of structures in 

which the geometric and material nonlinearity concepts are considered with the developing computing 

technology. As one of the mentioned methods, the finite element modelling method is an effective one in 

determining the structural behaviour of reinforced concrete structures under vertical and seismic loads, 

and accordingly, the seismic performance level. In the presented study, finite element analyses are 

performed to determine the seismic performance of the building. In the numerical analyses, Midas Gen 

(2020) software is used, which is known as a general-purpose finite element software. The building is 

modelled accurately representing its current condition. In the modelling stage, ñplateò elements are used 

for the basement/shear walls and ñframeò elements are used for the columns and beams. In Figure 3, the 

3D finite element analysis model of the building is presented. 
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Figure 3: 3D Finite element model of the building 

 

 

 

Materials  

A laboratory study is conducted in order to find the actual material strength of the concrete used in 

the building. In total, 18 concrete core samples are collected from different floors of the building, and the 

concrete strength tests are performed on these samples (Hedef, 2013). The test results are evaluated 

according to TBSC-2018, and the unconfined cylinder concrete compressive strength of the structure is 

calculated as 16.36 MPa. The material properties of the rebars used in the building are investigated by 

visual investigations in accordance with TBSC-2018. Firstly, the concrete cover on the structural members 

are stripped off, and the type and corrosion status of the rebars are determined. The material properties of 

the rebars are determined based on the conditions stated in TBSC-2018. As a result of these observations, 

it is determined that S220 class steel plain bars are used as rebars in the structural members. Medium level 

of corrosion damage is found in the rebars. The material properties defined in the finite element analyses 

are given in Table 3. 

 

Table 3: Material properties of concrete and rebars 

Properties Concrete Rebars 

Concrete strength,  

( )'cf MPa  
16.36 - 

Yield strength, ( )yf  MPa  - 220 

Ultimate strength, ( )uf  MPa  - 264 

Elastic modulus, ( ) MPaE  20224 200000 
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Performance Analysis 

In the international codes, different calculation methods are presented for determining the seismic 

performance of existing reinforced concrete structures. In this study, the target performance level and 

performance criteria of the examined building are determined based on the ñTurkish Building Seismic 

Code, TBSC-2018ò. In this code, different performance levels are targeted according to the purpose of 

use, height and importance level of the building. Three different earthquake ground motion levels are 

defined as DD-3, DD-2 and DD-1 for the determination of the seismic performance of structures in TBSC-

2018. The return periods of these earthquakes are given as 72, 475 and 1475 years, respectively. Besides, 

three different structural performance levels are defined in this code for the existing buildings as ñLimited 

Damageò, ñControlled Damageò and ñPrevention of Collapseò. In order to determine these performance 

levels, some cross-sectional damage regions and limits are defined, which are only valid for ductile 

members. These are named as ñLimited (LD)ò, ñControlled (CD)ò and ñPre-Collapse (PC)ò damage 

limits, and ñLimited Damageò, ñSignificant Damageò, ñExcessive Damageò and ñCollapseò regions 

between these limits. ñLimited Damageò stands for a limited inelastic behaviour in the relevant section, 

ñControlled Damageò defines a permissible inelastic behaviour in which the member strength can be 

safely kept, and the ñPre-collapseò condition stands for a high level of inelastic behaviour (TBSC-2018). 

This classification is not valid for the structural members that are damaged with brittle failure. The code 

relates the damage with the internal force and deformation occurred in the critical cross-section of a 

structural member. The damage limits and regions defined on a performance curve is presented in Figure 4 

(TBSC-2018). 

 

 
Figure 4: Section damage limits and regions (TBSC-2018) 

 

The performance targets and assessment approaches of cast-in-place reinforced concrete buildings 

other than tall buildings, according to TBSC-2018, are shown in Table 4. The seismic design class (DTS) 

of the examined building in this study is DTS=1. Accordingly, the target performance level of the building 

is determined as the ñControlled Damageò under the effects of DD-2 earthquake ground motion level, and 

the evaluation method is specified as ñStrain based evaluation/design (SBED)ò. The nonlinear static 

pushover analysis method is selected in order to find the seismic performance of the building. For this 

purpose, fiber hinges are assigned on the reinforced concrete walls, columns and beams in the finite 

element model. After obtaining the results of the analyses, the strain values of the rebar and concrete 

fibers in these members are compared with the threshold values stated in TBSC-2018 Section 5.8.1 for the 

controlled damage definition, and the damage status of these members are determined. 
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Table 4: Performance targets and methods for cast-in-place reinforced concrete buildings 

Earthquake 

Ground 

Motion 

Level 

DTS = 1, 2, 3, 3a, 4, 4a DTS = 1a, 2a 

Normal 

Performance 

Target 

Evaluation / 

Design 

Approach 

 

Advanced 

Performance 

Target 

Evaluation / 

Design 

Approach 

 

DD-3 - - LD SBED 

DD-2 CD SBED - - 

DD-1 - - CD SBED 

 

Buildings that provide the following conditions are considered to ensure the Controlled Damage 

(CD) Performance Level. Brittle damaged members must be strengthened, if any: 

 

¶ Maximum 35% of beams (except for secondary beams that are not part of the main structural 

system) and vertical structural members that are defined in item (b) below on any floor could be in 

Excessive Damage (ED) Region under the applied seismic effects of one direction.  

¶ The total contribution of the vertical structural members in the Excessive Damage (ED) Region to 

the total story shear on each floor must be below 20%. This limit could be increased to 40% at the top 

floor. 

¶ Rest of the structural members must be in the Limited Damage (LD) or Significant Damage (SD) 

Regions. However, if both of top and bottom sections of the vertical members exceed limited damage 

(LD) limit, the ratio of total shear forces carried by these members to the total story shear on any floor 

should not exceed 30%. 

 

Analysis Parameters 

Soil, seismic and structural parameters used in the performance analysis of the building are given in 

Table 5. The parameters are determined in accordance with TBSC-2018 and AFAD-2020, considering the 

characteristics of the region and the soil. The variation of the elastic spectral acceleration values for the 

different ground motion levels without the seismic load reduction factor (Ra = 1) depending on the period 

is presented in  Figure 5. 

 

 

Table 5: The seismic, soil and structural parameters used in the numerical analyses 

Parameter Value/Class 

Local soil class ZD 

Earthquake ground motion level DD-3, DD-2, DD-1 

Spectral acceleration coefficients 

found from the earthquake 

risk map (g) 

DD-3, SS = 0.384, S1 = 0.106 

DD-2, SS = 0.981, S1 = 0.271 

DD-1, SS = 1.707, S1 = 0.478 

Building importance factor, I 1 

Building use class, BKS 3 

Seismic design class, DTS 1 

Building height class, BYS 5 
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Figure 5: Elastic spectrum for different ground motion levels, (Ra=1) 

 

RESULTS AND DISCUSSION 

 

Vertical Load Analysis 

In this section, the results related to the static analysis of the examined building under only vertical 

loads. In addition to the self-weight of the structure, 1.5 kN/m
2
 of floor covering and 2.0 kN/m

2
 of live 

load are applied to the building in accordance with TS-498 (1997). The axial forces formed in the columns 

under vertical loads are presented in Figure 6. The axial force in the column, which has the maximum 

axial stress is found as 1980 kN. 

 

 
Figure 6: Axial forces formed in the columns 

 

Modal Analysis 

The modal characteristics of the structure must first be revealed to determine the nonlinear seismic 

performance. For this purpose, modal analysis is performed using the ñLanczosò method in the finite 

element software. The first four mode shapes and corresponding natural vibration periods of the building 

are shown in Figure 7, respectively. 
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Figure 7: Mode shapes and natural vibration periods of the first four modes of the building (sec) 

 

Pushover Analysis 

Nonlinear static pushover analyses are performed to determine the performance level of the 

structure. The geometric and material nonlinearity concepts are considered within the analyses. Manderôs 

(1988) confined concrete material behaviour model is used to define nonlinear material behaviour of the 

concrete. By using this model, confinement conditions are formed by defining longitudinal rebar and 

stirrup properties of walls, columns and beams in the finite element model. The effects of the confinement 

reflected as an increase in the concrete strength are neglected in the checks for shear forces. ñBilinearò 

material model is used for rebars. In the nonlinear static pushover analysis, the structure must first be 

analyzed under vertical loads. Then, the pushover loading is applied after the vertical loads. ñResponse 

Spectrumò analysis is performed first to create the loading pattern to be used in the pushover analyzes. 

The "Response Spectrum" loading in the x and y directions is converted to nodal loads at floor levels 

using the "Convert to story inertia loads" option, which is a feature of the Midas Gen software. These 

loads are grouped and named as ñPush-xpò and ñPush-ypò considering both directions and applied to the 

structure. After successive vertical and pushover analyses, the lateral displacements in the structure under 

the Push-xp and Push-yp loadings are shown in Figure 8. Besides, the control points where the 

displacement data are monitored during pushover analysis are presented in the figure. 

 

 
Figure 8: Lateral displacements monitored in the structure at the end of Push-xp and Push-yp loadings 

 

In Figure 9a, base shear forces vs roof displacements obtained during the pushover loading are 

presented. This graph shows the performance points calculated for DD-2 earthquake ground motion level 



IV. ICONTRENDS |  ISBN: 978-625-400-393-6 

 

 

St. Petersburg /Russia ï 2020 

www.icontrends.org 

64 

 

 

in xp and yp directions. The related performance points are calculated as 216 and 146 mm, respectively. 

The total lateral force acting on the structure at these performance points are found as 4213 and 5425 kN 

for x and y directions, respectively. The linear behaviour of the structure has already transformed into 

nonlinear behaviour when the performance points calculated for both directions were reached. Spectral 

acceleration vs spectral displacement graph for Push-xp and Push-yp loadings are presented in Figure 9b. 

Initial period lines are drawn, and target spectral displacement points are marked for both directions in this 

graph.  

Performance assessment results of the examined building for DD-2 earthquake are given in Table 6. 

Strain and shear checks of the vertical and horizontal structural members on each floor are made through 

the provisions specified in ñTurkish Building Seismic Code, TBSC-2018. The performance results are 

presented for each floor. As can be seen here, for the vertical structural members, the necessary strain 

conditions are not provided on all floors of the building except the basement floors. The allowable strain 

values for the beams in the ground, mezzanine, 1st and 2nd floors are exceeded. Except for the last two 

floors of the building, there are structural members that are damaged with brittle failure on all other floors. 

As stated in TBSC-2018, there should be no structural member that has brittle failure condition on any 

floor. It is revealed that the strains and shear forces occurred in the examined structure at the performance 

points do not satisfy the criteria of ñControlled Damage, CDò target performance level under the effects of 

the DD-2 earthquake. 

 

 
Figure 9: Performance curves of the structure: (a) Pushover curve, (b) Spectral curve 

 

Table 6: Performance assessment results (DD-2 earthquake) 

Story 

Performance Assessment Target 

Performance 

Level 

(Controlled 

Damage, CD) 

Strain Check
1
 

Strain 

Check
2
 

Brittle Failure Check 

Column Beam
 

Column Column Beam 

2. 

Basement 

ã ã ã ³ ³ ³ 
1. 

Basement 

ã ã ã ³ ³ ³ 
Ground ³ ³ ³ ³ ³ ³ 

Mezzanine ³ ³ ³ ³ ³ ³ 
1. Floor ³ ³ ³ ³ ³ ³ 
2. Floor ³ ³ ³ ³ ³ ³ 
3. Floor ³ ã ³ ³ ³ ³ 
4. Floor ³ ã ³ ã ³ ³ 
5. Floor ³ ã ã ã ã ³ 
6. Floor ³ ã ã ã ã ³ 
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1 
The ratio of shear force carried by vertical members which are in the excessive damage 

region to story shear should not exceed 20% on any floor. Maximum 35% of the beams on 

a floor can be in the excessive damage region (TBSC-2018). 
2 
The ratio of shear force carried by vertical members which have reached the limited 

damage level at their both ends, to story shear should not exceed 30% on any floor 

(TBSC-2018). 
 

The strains formed in concrete and rebar fibers in one of the critical vertical members under Push-

yp loading are shown in Figure 10 as an example. It is visible with  0.0053 mm/mm strain value that the 

steel rebars are yielded at the performance point. On the other hand, the obtained rebar strain value is not 

reached to the strain hardening level yet. The maximum negative strain (shortening) in the concrete fiber 

is found as 0.0035 mm/mm, which is a very close value to the maximum strength. 

 

 
Figure 10: The stress-strain curves of a critical structural member under Push-yp loading 

 

CONCLUSIONS 

In this study, the seismic performance of a reinforced concrete structure built at the end of the 20th 

century was investigated. In this context, firstly, the performance target is determined according to the 

importance, function and economic life of the building. The performance target of the building is 

determined as "Controlled Damage" for the earthquake with a 10% probability of exceedance in 50 years 

(475 years return period). The structural system and material properties are determined by performing 

field inspections in line with this performance target. Then, the structure is modelled in a finite element 

software, and nonlinear performance analyzes are performed. 

As a result of the numerical analyses, it is concluded that the building does not provide the target 

performance level in terms of strains. The strains formed in the vertical and horizontal structural members 

at the performance points are beyond the allowable damage limits given in the related code. The total 

contribution of the shear forces acting on the strain-critical structural members to the story shear on many 

floors is above the threshold value. Moreover, there are some structural members on most of the floors in 
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the building which are suffered from brittle failure. Thus, the structure does not satisfy the conditions of 

the target performance level in terms of both strains and ductility. 

The results showed that the modelling technique and analysis method adopted to determine the 

seismic performance of the building are quite efficient. The seismic performance of the structure is 

determined in a more realistic way with this method in which both geometric and material nonlinearity 

concepts are taken into consideration. The strains formed in concrete and rebars are obtained quickly and 

effectively by defining fiber hinges in the structural members, and the controls demanded by the code are 

done in a more efficient and easier way. Consequently, this case study showed the superiority of this 

methodology, and it is suggested that the seismic performance of existing reinforced concrete buildings 

should be determined using nonlinear analysis methods and fiber hinges. 

 

NOTATION  

The following symbols are used in this paper: 

 

E =  Elastic modulus 

f 'c =  Concrete strength 

fy =  Rebar yield strength 

fu =  Rebar ultimate strength 

BKS =  Building use class 

BYS =  Building height class 

CD =  Controlled damage 

DL =  Dead load 

DTS =  Seismic design class 

I =  Building importance factor 

LL =  Live load 

LD =  Limited damage 

PC =  Pre-Collapse 

Push-xp =  Pushover loading in the x positive direction 

Push-yp =  Pushover loading in the y positive direction    

Ra =  Seismic load reduction factor 

SS =  Mapped spectral acceleration coefficient for the short period 

S1 =  Mapped spectral acceleration coefficient for 1.0 sec. period 
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Abstract 
 

In this study, the effect of triple use of crumb rubber (CR), styrene-butadiene-styrene (SBS) and warm 

mixture additive (Sasobit) on the temperature sensitivity and rutting parameter of bitumen was 

investigated. In addition, it was compared to the results of binders modified by only SBS. Penetration, 

softening point, rotational viscometer and dynamic shear rheometer tests were applied to the binders. 

Penetration index (PI), viscosity-temperature sensitivity (VTS) and penetration-viscosity number (PVN) 

values representing the temperature sensitivity of the binders were calculated. With the use of additives, 

the penetration values of the binders decreased and the softening point values increased. The use of 

additives increased the viscosity values of the pure binder. The additives reduced the temperature 

sensitivity of the pure binder according to PI and VTS values. It was determined that binders containing 

Sasobit are not suitable for the evaluation of temperature sensitivity with PVN. The triple use of additive 

successfully increased the resistance to temperature sensitivity and also the rutting parameter of the 

binders compared to only SBS modification. 

 

Keywords: Bitumen, Crumb Rubber, Sbs, Sasobit, Temperature Sensitivity. 

 

                                        

Bit¿m¿n Sēcaklēk Hassasiyeti ve Tekerlek Ķzi Parametresi ¦zerinde ¦­ Farklē 

Katkēnēn Etkileri 
 

¥z 

 

Bu ­alēĸmada, ºĵ¿t¿lm¿ĸ ara­ lastiĵi (CR), stiren-b¿tadien-stiren (SBS) ve ēlēk karēĸēm katkē (Sasobit) 

malzemelerinin ¿­l¿ kullanēmēnēn bit¿m¿n sēcaklēk hassasiyeti ve tekerlek izi parametresi ¿zerindeki 

etkileri araĸtērēldē. Buna ek olarak, sadece SBS modifiyeli baĵlayēcēlarēn sonu­larē ile karĸēlaĸtērēldē. 

Baĵlayēcēlara penetrasyon, yumuĸama noktasē, dºnel viskozimetre ve dinamik kesme reometre deneyleri 

uygulandē. Baĵlayēcēlarēn sēcaklēk hassasiyetini temsil eden penetrasyon indeksi (PI), viskozite-sēcaklēk 

hassasiyeti (VTS) ve penetrasyon-viskozite sayēsē (PVN) deĵerleri hesaplandē. Katkē maddelerinin 

kullanēmēyla, baĵlayēcēlarēn penetrasyon deĵerleri azaldē ve yumuĸama noktasē deĵerleri arttē. Katkē 

maddelerinin kullanēmē, saf baĵlayēcēnēn viskozite deĵerlerini arttērdē. Katkē maddeleri, saf baĵlayēcēnēn PI 

ve VTS deĵerlerine gºre sēcaklēk hassasiyetini azalttē. Sasobit i­eren baĵlayēcēlarēn PVN ile sēcaklēk 

duyarlēlēĵēnēn deĵerlendirilmesinin uygun olmadēĵē belirlendi. Katkē malzemelerinin ¿­l¿ kullanēmē, SBS 

modifikasyonuna kēyasla sēcaklēk duyarlēlēĵēna direnci ve ayrēca baĵlayēcēlarēn tekerlek izi parametresini 

baĸarēyla artērdē. 

Anahtar Kelimeler: Bit¿m, ¥ĵ¿t¿lm¿ĸ ara­ lastiĵi, SBS, Sasobit, Sēcaklēk hassasiyeti 
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INTRODUCTI ON 

Nowadays, the polymer type additives are widely used in bitumen modification. During the field 

application and laboratory experiments, it has been determined that the resistance to thermal cracking at 

low temperatures and rutting at high temperatures, fatigue life has increased and temperature sensitivity 

has reduced by polymer modification (Aksoy et al., 2005; Lu et al., 2003; Kim et al., 2013; Yama­ 

Erdoĵan et al., 2018). SBS modified bituminous mixtures, with their perfect chain structure in bituminous 

binders, perform better in terms of low temperature thermal cracks and high temperature permanent 

deformations (Polacco et al., 2004) as well as moisture damage (Yēlmaz and ¢eloĵlu, 2013). Mixtures 

modified with SBS at high temperature have higher fatigue resistance than conventional mixtures. 

Moreover, the durability of SBS modified mixtures is higher than conventional mixes (Modarres, 2013). 

In addition to these benefits of polymer modification to bituminous hot mixes, it is a fact that its cost is 

high. It also raises expenses in terms of needing more mixing and compression temperature and high 

compression energy. The fact that it is inefficient in providing support for the protection of nature has 

revealed the use of the pavement together with other additives that will improve their mechanical 

properties as well as their workability properties and in addition to provide ecological benefits. As a result, 

the use of waste vehicle tires, which are becoming more and more exposed in flexible pavements, is one 

of the solutions that prevent environmental concerns in many countries. It has been determined that the 

properties of crumb rubber modified binders such as softening point, penetration and viscosity increase in 

proportion with the amount of CR (Wang et al., 2012; Nejad et al., 2012). Jeong et al. determined that the 

addition of 20% CR to the bitumen increases the viscosity by 550% and the rutting parameter by 225% 

(Jeong et al., 2010). Shen and Amirkhanian determined that 10% CR modification increased bitumen 

performance grade from 64ÁC to 70ÁC while 15% CR modification increased the high temperature 

performance grade from 64ÁC to 76ÁC (Shen and Amirkhanian, 2005). However, Khalid and Artamendi 

have revealed that adding more than 10% CR will increase viscosity excessively and negatively affect 

applicability (Khalid and Artamendi, 2003). The crumb rubber modification improves the mechanical 

properties of the mixes, as well as the polymer modification, without increasing the cost expenses, while 

increasing the viscosity and worsening its process ability. To overcome this negativity, warm mix 

additives have emerged, which have recently developed the ability to process and reduce the viscosity, 

offering the opportunity to produce asphalt pavement at less temperatures. Such additives not only 

improve the workability but also contribute to the performance. Sasobit increases the complex shear 

modulus of the asphalt binder at medium temperatures, softening point and maximum ductility while 

reducing the penetration and breaking point compared to the pure binder (Syroezhko et al., 2011; 

Wasiuddin et al., 2011). Sasobit increases the rutting parameter of the binder regardless of the aging state, 

type and source of the bitumen (Xiao et al., 2012; Biro et al., 2009). As the Sasobit content increases, the 

fatigue parameter value increases. Although aging is slower in Sasobit modified binders, Sasobit amount 

and binder type should be chosen carefully since they are used at lower construction temperatures. The 

advantageous of Sasobit at high and medium temperatures can turn into harmful effects at low 

temperature. In this regard, creep stiffness and physical stiffness concepts are important. Sasobit reduces 

the resistance of the binder to low temperature cracks, increasing its rigidity (Edwards et al., 2006; Liu et 

al., 2011). 

 

In this study, the effect of using polymer (SBS), crumb rubber (CR) and FT-paraffin (Sasobit) on 

the temperature sensitivity and rutting parameter of the bitumen was investigated. In addition, it was 
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compared with binders modified by only SBS. Penetration, softening point, rotational viscosity and 

dynamic shear rheometry tests were applied to the pure and modified bitumen. Moreover, a large-scale 

evaluation was made by calculating the parameters representing the temperature sensitivity.  

 

MATERIALS AND M ETHOD  
In this study, the conventional properties and rutting parameter of bitumen modified with three 

different additives were evaluated. The results of triple usage were compared with pure and only SBS 

modified binder. B 160/220 class bitumen obtained from T¦PRAķ Batman refinery, whose properties are 

given in Table 1, was used as pure bitumen. SBS polymer (Kraton D-1101È) supplied from Shell 

Chemical Factory, ground vehicle tire (CR) supplied from Samsun Akēn Plastik Factory and FT-Paraffin 

(SasobitÈ) supplied from Sasolwax company were used as additives (Figure 1).  

 

Table 1: The Properties of Pure Bitumen 
Properties Standard Results 

Penetration (0.1 mm), 100 g, 5 s ASTM D5 206 

Softening point (ÁC) ASTM D36 42.1 

Penetration index (PI)  1.038 

Specific weight ASTM D70 1.019 

Viscosity (cP, 135ÁC) ASTM D4402 262.5 

Viscosity (cP, 165ÁC) ASTM D4402 100 

 

 

 
Figure 1: Additives 

 

The crumb rubber (CR) used in the study is mostly 0.3-0.6 mm in granular form, obtained from 

automobile tires by mechanical shredding method. In the study, CR was used by sieving through a 0.425 

mm sieve (# 40). 

Modified binders were prepared by mixing at 180 ÜC at 2000 rpm for 1 hour. While 4% CR was 

used by bitumen weight, 2%, 3% and 4% SBS and Sasobit were used. In this way, 7 different types of 

triple binders were prepared. The properties of the triple binders were compared with pure and only 4% 

and 6% SBS modified binders. In the notation representing the triple binders, the first letter indicates the 

CR ratio, the second letter indicates the SBS and the third letter indicates the Sasobit ratio. The binder 423 

refers to the triple binder containing 4% CR + 2% SBS + 3% Sasobit by bitumen weight. 
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EXPERIMENTAL RESULTS  

Penetration Test Results 
Penetration test was carried out in accordance with ASTM D5 standard. The change in the 

penetration of the binders is given in Figure 2. With the use of additives, the penetration value decreases 

significantly compared to the pure binder. Small differences occur between the penetration values of the 

triple binders. The use of 4% SBS reduces the penetration of the pure binder by half, while the value of 

triple binders are half of the 4% SBS modified binder. Increasing Sasobit content in a fixed CR and SBS 

content causes some decrease in penetration value. Sasobit has an effect of increasing the consistency of 

the binder at 25ÁC. 

 

 
Figure 2: The variation of the penetration values of the binders 

 

Softening Point Test Results 

The experiment was carried out in accordance with ASTM D36 standard. The changes in the 

softening point values of the binders are given in Figure 3. The 4% SBS modification increases the 

softening point of the pure binder by 28%. All triple binders, including triple binders with less than 4% 

SBS, give higher softening point values  than only 4% SBS modification. The binder 422 with the lowest 

additive content has 28% more softening points than the 4% SBS modification. The binder 422 can give 

even higher softening point than 6% SBS modification. Increasing Sasobit rate in a fixed CR and SBS 

content significantly increases softening point. The binder 424 gives 22% higher value than the binder 422 

while the binder 434 gives 14% higher value than the binder 432. However, the increase of SBS ratio in a 

fixed CR and Sasobit content does not change much the softening point.  
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Figure 3: The Softening Point Values of Binders 

 

Viscosity Test Results 

The experiment was carried out in accordance with the ASDM 4402 standard. The viscosity values 

of the binders at 135ÁC and 165ÁC are given in Figure 4. 4% SBS modification increases 4.3 times the 

viscosity of the pure binder at 135ÁC and 3.2 times at 165ÁC. SBS content from 4% to 6% increases the 

viscosity approximately 2 times. If SBS is used alone, it significantly affects viscosity with increasing 

additive content. The viscosity of the triple binders with 3% SBS is more than 4% SBS modification. 

Increasing the Sasobit content decreases the viscosity of the triple binders, while increasing the SBS 

content increases the viscosity. The 424 binder has 11% lower viscosity than the 422 binder (Sasobit ratio 

increased by 2% in a fixed CR and SBS content), while the 432 binder has a 46% higher viscosity than 

422 binder (SBS ratio increased by 1% in a fixed CR and Sasobit content). Bituminous mixtures prepared 

with high-viscosity binders can resist rutting, but on the other hand, their workability properties are badly 

affected, as they require high mixing-compaction temperature and longer mixing time in the plant, which 

also affects the low temperature performance of the mixtures. On the other hand, high mixing temperature 

causes the aging of the binder and shortens the pavement life. In this context, 422, 423 and 424 binders 

which give lower viscosity and higher softening point values than 4% SBS modification will show better 

permanent deformation resistance with better workability than 4% SBS modification. The binder 434 is 

similar to the 4% SBS modification in terms of workability, but it has a much higher softening point value 

and offers superior performance against rutting resistance. The binder 434 has lower viscosity and higher 

softening point than 6% SBS modification. 
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Figure 4: The Viscosity Values of Binders 

 
Temperature Sensitivity Results 

Temperature sensitivity of pure and modified binders were evaluated with Penetration Index (PI), 

Penetration Viscosity Number (PVN) and Viscosity Temperature Susceptibility (VTS). 

  

The penetration index value represents a quantitative dimension of the response of asphalt binders 

to temperature changes. The decrease in the penetration index values is an indicator of the increase in 

temperature sensitivity (Erkuĸ et al., 2017). To determine the thermal sensitivity of bituminous binder, the 

penetration index (PI) is determined using the softening point and standard penetration test results in the 

Shell Bitumen Handbook (Saoula et al, 2013), a classical approach that correlated with penetration and 

softening point to obtain penetration index was given as shown in equation (1) 

 

0ÅÎÅÔÒÁÔÉÏÎ ÉÎÄÅØ 0)
 

 
                             1 

 

In the formula, Pen25 indicates the bitumen penetration at 25ÁC and SP indicates the softening 

point temperature of the bitumen. 

 

The variation of the penetration index values of the binders is given in Figure 5. Using 4% SBS 

increases the PI of the pure binder by 72%. In addition, the combined use of the three additives provides a 

very significant increase in the PI value of the binders. The binder 422 with the lowest additive content 

has 87% more PI than 4% SBS modification. The binder 423 shows lower temperature sensitivity than 6% 

SBS modification. 1% increase of Sasobit (423/422) in a fixed CR and SBS content increases the PI value 

by 43% whereas 1% increase of SBS (432/422) in a fixed CR and Sasobit content increases PI by 18%. 

Sasobit is more effective on PI values than SBS additive. The binder 424 is the lowest temperature 

sensitivity among the binders.  
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Figure 5: The PI Values of Binders. 

 

The high susceptibility of a binder to temperature means a rapid viscosity change with the change of 

temperature. High temperature susceptibility is not appropriate for asphalt binders because they are often 

subject to thermal and UV oxidation (Firoozifar et al., 2011). In order to calculate the Viscosityï

Temperature Susceptibility (VTS) the equation (2) is usually used (Rasmussen et al., 2002). 

 

643
   

   
                                                         2 

 

In the formula, T1 and T2 are the binder temperatures at known points in Kelvin and the V1 and V2 

are the respective binder viscosities at known points (cP). The VTS quantity has shown to be directly 

proportionate to the binderôs temperature susceptibility. 

 

The VTS values of the binders are given in Figure 6. Increasing each additive content reduces the 

VTS values and contributes to a lower temperature sensitivity. Using only 4% SBS is the most 

unfavorable situation. The use of CR and Sasobit together with SBS significantly reduces this negativity. 

The binder 433 which contains 3% SBS has similar sensitivity with 6% SBS modification. This indicates 

that the bituminous mixture prepared by triple binders will be more resistant to low temperature cracks. 
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Figure 6: The VTS Values of Binders. 

 

Penetration-Viscosity Number (PVN) is an empirical correlation between asphalt binder factors and 

low temperature pavement cracking experiences. Asphalt binder factors considered in the original 

correlation are penetrations at 25ÁC, viscosity at 135ÁC and equation is proposed for selecting bitumen to 

prevent low temperature cracking of asphalt concrete pavements. The PVN method is used to quantify 

temperature susceptibility of an asphalt binder and estimate its ability to prevent low temperature 

cracking. Lower values of PVN indicate higher temperature susceptibility, and asphalt mixtures 

containing binders with lower temperature susceptibility should be more resistant to cracking (Erdoĵan 

Yama­ et al., 2018). The PVN number of a paving asphalt can be calculated precisely from the equation 

(3) as follows (McLeod, 1976); 

 

06. ρȟυ 
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In the formula, P25 indicates the bitumen penetration at 25ÁC and V indicates the viscosity value at 

135ÁC. 

PVN values of the binders are given in Figure 7. High PVN values indicate low temperature 

sensitivity as PI values. In this context, 6% SBS modified binder is seen as the least temperature sensitive 

binder. PVN values increase with increasing SBS content in use both single and triple, but decrease with 

increasing Sasobit content. This situation contradicts with PI and VTS values. Since the PVN takes into 

account both the viscosity and the penetration value, the values of Sasobit modified binders are low. 

Because Sasobit additive increases the binder consistency at medium temperatures and decreases 
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significantly at high temperatures. For this reason, it is considered that warm mixture additives containing 

paraffin are not suitable for the evaluation of temperature sensitivity with PVN. 

 

 
Figure 7: The PVN Values of Binders. 

 

Dynamic Shear Rheometer (DSR) Test Results 

DSR experiment was carried out in accordance with ASDM 7175 standard. DSR experiment was 

applied to pure and modified binders at 64ÁC at a shear rate of 1.59 Hz. The results obtained are given in 

Figure 8. The 4% SBS modified binder gives 4.9 times more rutting parameters than the pure binder. With 

the increase of each additive content in triple binders, the rutting parameter increases significantly. The 

increase in the rutting parameter becomes more pronounced with the increase of the additive content. The 

binder 424 with the highest PI value gives 71% more rutting parameter than 4% SBS modification. The 

binder 433 has higher rutting parameters than 6% SBS modification. 
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Figure 8: Rutting Parameter Values of Binders. 

 

CONCLUSIONS 

In this study, the effects of triple use of CR, SBS and Sasobit additives on the temperature sensitivity and 

rutting parameter of bituminous binders were investigated. In addition, it was compared to the results of 

binder containing only SBS. Penetration, softening point, rotational viscometer and dynamic shear 

rheometer tests were applied to the binders. The temperature sensitivity of the binders were evaluated by 

penetration index (PI), viscosity temperature susceptibility (VTS) and penetration viscosity number 

(PVN).   

With the use of additives, the penetration values decreased compared to the pure binder. The use of 4% 

SBS reduced the penetration value of the pure binder by half. Increasing Sasobit content in a fixed CR and 

SBS content caused some decrease in penetration value. The use of only 4% SBS increased the softening 

point of the pure binder by 28%. The binder 422 having the lowest additive content from the triple 

modifications gave 28% more softening point value than the 4% SBS modification. The binder 422 which 

contains only 2% SBS gave higher softening point than 6% SBS modification. The use of additives 

increased the viscosity value of the pure binder. Adding only 4% SBS increased 4.3 times the viscosity of 

the pure binder at 135oC and 3.2 times at 165oC. The increase in SBS content from 4% to 6% increased 

the viscosity approximately 2 times. Increasing the Sasobit content decreased the viscosity of the triple 

binders, while increasing the SBS content increased the viscosity. The use of additives increased the 

penetration index values of the pure binder. Adding only 4% SBS to the pure binder increased the PI value 

by 72%. In addition, the combined use of the three additives has led to a significant increase in the PI 

value of the binders. The binder 422 gave 87% more PI than 4% SBS modification. Modification of the 

pure binder reduced VTS values excluding only 4% SBS modification and contributed to a lower 

temperature sensitivity. Based on VTS data, the lowest temperature sensitivity was determined as the 

binder 444. Due to the Sasobit increases the binder consistency at medium temperatures and decreases 

significantly at high temperatures the PVN results contradicts with PI and VTS values. For this reason, it 

is considered that warm mixture additives containing paraffin are not suitable for the evaluation of 

temperature sensitivity with PVN. The use of additives increased the rutting parameter of the pure binder. 

The 4% SBS modified binder gave 4.9 times more rutting parameters than the pure binder. With the 

increase of each additive content in triple binders, the rutting parameters have increased significantly.  
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When the workability, temperature sensitivity and resistance to permanent deformations are evaluated 

together, it is more efficient to use CR and Sasobit with SBS instead of only high SBS modification. 

While CR contributes to the performance of triple mixtures, it also ensures to be reduced the total cost due 

to its low cost. In addition, the use of CR and Sasobit with SBS increases the effectiveness of the additives 

compared to the use of SBS alone. 
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Abstract 

 

It is known that  human- centred education system is the basis of education policies in the world. The 

main purpose of the education system based on humanist principles is to tend to focus on raising 

individuals who think healthy and independently, providing the development of the abilities such as self-

realization, self-assessment, self-understanding and revealing their emotion, potential and needs. 

According to the studies, it is disclosed that the achievement of the certain issues occurs in a humanistic 

and democratic educational environment. The study aims to determine the advantages of student-centred 

education, the humanist principles in teaching activity and teacher-learner relationships. Additionally, 

after Azerbaijan gained independence from Soviet Union in 1991, the steps taken to implement humanism 

policy in the world education system, while preserving its national, spiritual and cultural values. 

Meanwhile, in order to increase the efficiency and quality of Azerbaijan education system, it has been 

taken a series of steps. 
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¥ĵretimde H¿manistik Yaklaĸēmēn ¥ĵrencilerin Kiĸilik Geliĸimi ¦zerindeki 

Etkisi  
 

¥z 

 

D¿nyadakē eĵitim politikalarēnēn temelinde insan merkezli bir eĵitim sistemi olduĵu bilinmektedir. 

H¿manist ilkelere dayanan eĵitim sisteminin temel ama­ē ºzg¿r ve baĵēmsēz d¿ĸ¿nen birey yetiĸtirme; 

bireyin kendini ger­ekleĸtirme, ºzdeĵerlendirme becerilerini inkiĸaf ettirme ve  duygu, ihtiya­ ve 

potansiyellerinin farkēna varma gibi hususlarēndan ibarettir. Araĸtērmalara gºre, belirlenen konularēn 

yerine getirilmesi h¿manist ve demokratik bir eĵitim ortamēnda ger­ekleĸmektedir. Bu ­alēĸmada insan 

odaklē eĵitimin avantajlarē; ºĵretmenlik faaliyetindeki h¿manist ilkeler, ºĵreden-ºĵrenen iliĸkilerindeki 

h¿manizm ile alakadar ºn gºr¿len yaklaĸēmlar; Azerbaycan eĵitim sisteminin kendi milli, manevi ve 

k¿lt¿rel deĵerlerini muhafaza etmek kaydēyla d¿nya eĵitim sistemindeki h¿manizm politikasēnēn 

uygulanmasē ile alakadar atēlan adēmlar yer almaktadēr. Aynē zamanda Azerbaycan eĵitim sisteminin 

etkinlik, verimlilik ve kalitesini artērmak i­in bir dizi adēmlar atēlmēĸ ve atēlmaktadēr. 

 

Anahtar Kelimeler: Eĵitim, h¿manizm, ºĵretmen, ºĵrenci 
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1. Giriĸ 

Ķnsan eĵitilmeye ihtiya­ duyan tek varlēktēr. O eĵitim aracēlēĵēyla kendine ºzg¿ kiĸiliĵinin, d¿ĸ¿ncelerinin, 

tutumlarēnēn, davranēĸlarēnēn, ihtiya­ ve potansiyelinin farkēna varēr. ¥zg¿r ve baĵēmsēz olan bir birey 

olur. Eĵitimin temel ama­larēndan biri de bireyi bilin­lendirme, ºzg¿rleĸtirme ve insanileĸtirmedir. 

Bundan dolayē son y¿z yēlda ortaya ­ēkan felsefi bir kavram olan h¿manizmin ana fikrini insan oluĸturur. 

H¿manizm, insanlēk sevgisini, insanēn y¿celiĵini ama­ ve olgunluk sayan bir ºĵretidir  [Varēĸ, 1994, s.73]. 

H¿manist ilkelere dayanan eĵitimden sºz etmiĸken h¿manist psikolojinin kurucularēndan Abraham 

Maslownun insanē tasvir eden sºyleyiĸini de vurgulamak m¿himdir. A.Maslowa gºre, insanēn deĵiĸmez 

bir i­sel doĵasē vardēr. Ķ­sel doĵanēn bilimsel a­ēdan incelenmesi ve yaratēlmasē deĵil, keĸfedilmesi 

m¿mk¿nd¿r. Yēkēcēlēk, sadizm, gaddarlēk, kin, nefret, vb. insanēn temel ºzellikleri olmayēp, gereksinim, 

duygu ve yeteneklerin engellenmesine karĸē duyulan ĸiddet eĵilimli tepkilerdir. Ķnsanēn doĵasē asla 

d¿ĸ¿n¿ld¿ĵ¿ kadar kºt¿ deĵil, tersine iyi ya da nºtr olduĵundan a­ēĵa ­ēkarēlmasēnēn desteklenmesi 

se­ilecek en iyi yoldur. Kendi yaĸamlarēmēzē yºnetebilme ĸansēna sahip olduĵumuz takdirde daha saĵlēklē, 

¿retken ve mutlu oluruz. Bu temel yapēsē reddedildiĵi ya da baskē altēna alēndēĵē zaman insan saĵlēĵē 

gºr¿l¿r ĸekilde ya da gizliden gizliye, hemen ya da neden sonra bozulacaktēr [Maslow, 2019, s. 9]. 

Bºylelikle, h¿manist eĵitimin temel amacēnēn ilk ºnce her bir bireyi bir ĸahsiyet olarak kabullenmek ve 

onlarēn gizil g¿­lerinin keĸfetmekten ibaret olduĵu belirtilmiĸtir. Nitekim, bu hususun h¿manist bir eĵitim 

ortamēnda ger­ekleĸmesi ka­ēnēlmazdēr. ¥ĵrenci kiĸiliĵini etkileyen olumlu bir ºĵretme ortamēnēn 

oluĸturulmasēnda  ñ¥ĵrenci odaklē eĵitimò kavramēnēn ger­ek duruma getirilmesi ºn ĸartlardan biridir. 

¥ĵrenci odaklē eĵitimde ºĵrenen katēlēmcē, sorumluluk alan, kendini ºĵrenme s¿recinin par­asē olarak 

gºren bir birey; ºĵreten teĸvik edici, g¿d¿leyici, demokratik tutumlara sahip, her bir bireyin h¿r bir varlēk 

olduĵunu idrak eden bir rehberdir. 

 

Eĵitim psikologlarē N.L. Gage ve David C. Berlinere (1991) gºre, h¿manistik eĵitimde 5 temel vardēr. 

¶ Kiĸisel yºnlendirme ve baĵēmsēzlēĵa teĸvik. 

¶ Ne ºĵrenilmesi gerektiĵini se­me sorumluluĵunun verilmesi. 

¶ Yaratēcēlēĵēn geliĸtirilmesi. 

¶ ķ¿phecilik. 

¶ Sanatsallēk. 

Gage ve Berliner e (1991)  gºre, h¿manistik yaklaĸēmēn bu hedeflere ulaĸmasē i­in eĵitim programlarēna 

koyduĵu ilkeler bunlardēr; 

¶ Tam baĵēmsēz birey yetiĸtirmek. 

¶ Zorlama ve direktiv yoktur, ilgi ve saygē vardēr. 

¶ Nasēl ºĵrenileceĵini bilmek ­ok miktarda bilgi almaktan deĵerlidir. 

¶ ¥ĵretim ºĵrencinin ilgi, yetenek ve ihtiya­larēnē temel almalēdēr. 

¶ Kurallarē, kaynaklarē ve uygulamalarē ºĵrenci belirlemelidir. 

¶ D¿ĸ¿ncede ­eĸitlilik ºd¿llendirilir. 

¶ ¥ĵrenci baĸarēsē i­in en anlamlē deĵerlendirme ºĵrencinin ºz deĵerlendirmesidir. 

¶ Duygular da ger­ekler kadar ºnemlidir. 

¶ Tehdidedici olmayan ortamlarda ºĵrenciler daha iyi ºĵrenirler. 
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Eĵitimin insancēllaĸtērēlmasē fikri farklē ¿lkelerde farklē zamanlarda tatbik edilmiĸtir. Bu fikir Avrupa da 

14. ve 15. Y¿zyēllarda oluĸtu. O zamanēn d¿ĸ¿n¿rleri skolastikliĵe ve katē disipline karĸē ­ēktēlar. Her 

ºĵrencinin kiĸiliĵine saygē duymayē; baĵēmsēz d¿ĸ¿nmeye sevk etmeyi; her bireyin kendine ºzg¿ 

yaratēcēlēk ve kabiliyetlerini keĸfetmeyi; fiziksel, biliĸsel, duyuĸsal, sosyal ve estetik yºnlerinden 

geliĸimlerini temin etmek gibi hususlarē vurguladēlar. Aynē zamanda ñºĵrenci ­ok konuĸsun, ºĵretmen 

dinlesinò fikrini ºnerdiler [Fᴅrrux, 2006, s. 288]. 17. Y¿zyēlda yaĸamēĸ okulu ñH¿manizm atºlyesiò 

adlandērmēĸ ¢ek eĵitimcisi Jan Amos Comenius a gºre, ahlakē ve benliĵi etkilemeyen eĵitim sēradan ve 

ºnemsiz bir eĵitimdir. H¿manist eĵitimin ilk amacē, ºnce karakter geliĸimine imkan veren, ahlaklē ve 

erdemli olan iyi bir insan yetiĸtirmek olduĵu fikrine varēlmēĸtēr. T. Roosevelt dediĵi gibi, ñEĵer bir insanē 

akēl yºn¿nden eĵitip de ahlak yºn¿nden eĵitmiyorsanēz, toplumun baĸēna yalnēzca bir bela 

yetiĸdiriyorsunuz demektir.ò  

Diĵer ¿lkelerde olduĵu gibi Azerbaycan da da eĵitimde h¿manizm kavramēna farklē zamanlarda ºzel 

ºnem verilmiĸtir. 12.Y¿zyēlda yaĸamēĸ Azerbaycanlē ĸair ķeyh Nizami Ganjavi h¿manist eĵitimin b¿y¿k 

rol¿n¿n olduĵunu nazara ­attērmēĸtē. Deha ĸair, ºĵrencilerin g¿nlerini zorunlu eĵitim ile ge­irmemeleri 

gerektiĵini, sadece ºnemli bilgileri edinmeleri, yeteneklerini geliĸtirmek i­in gerekli konularē ºĵrenmeleri, 

beceri ve alēĸkanlēklar edinmeleri gerektiĵini belirledi. Nizami Ganjavi ºĵretmeni h¿manist eĵitimin ana 

bileĸeni olarak kabul eder ve ºĵretmenin m¿kemmelliĵi fikrini ortaya koyar. ķair burada m¿kemmellik 

dediĵinde, h¿manizm ve emekseverlik, nezaketlilik, iyilikseverlik, derin bilgi, akēllē ĸekilde ºz denetim, 

insancēl davranēĸ ve iletiĸim gibi nitelikleri kastediyordu [ᴄjdᴅr, 2006, s. 8]. 

 

1.2. H¿manizm Azerbaycan eĵitim politikasēnēn temel ilkesi 

Azerbaycan ēn eĵitim tarihi zor bir yol ge­miĸtir. Yēllar boyu Sovyet eĵitim sistemi bizi atalarēmēzdan 

kalma ge­miĸimizden ayērmēĸ, milli bilincimizi ve kimliĵimizi yok etmeye uĵraĸmēĸ, kendi k¿lt¿r¿m¿z ve 

tarihimiz yerine baĸkalarēnē ºyrenmiĸik. Azerbaycan baĵēmsēzlēk kazandēktan bu yana, eĵitim alanē 

benzersiz bir ĸekilde geliĸti ve ºnemli baĸarēlar elde etti. H¿manist ve demokratik ilkelere dayanan, 

halkēmēzēn ve devletimizin geliĸmesine hizmet eden, ulusal ve milli fikirleri yansētan yeni bir eĵitim 

sistemi oluĸturuldu. ñEĵitim Asrēò adēnē kazanmēĸ 21.Y¿zyēlda, ge­miĸimizin insancēl deĵerleri gºz 

ºn¿nde bulundurularak, eĵitim hakkēnda yasada eĵitim alanēnda h¿manistlik, demokratiklik, milliyet­ilik 

ve laiklik, eĸitlik, niteliklilik, s¿reklilik, liberalleĸme ve entegrasyon gibi ilkeler Azerbaycan devlet 

politikasēnēn temel ilkelerindendir. Eĵitim sisteminin geliĸtirilmesi ile alakadar Azerbaycan 

Cumhurbaĸkanē 11 ķubat 2008 de bºlgelerin sosyo-ekonomik kalkēnmasēna iliĸkin Devlet Programēnēn 

dºrt yēllēk uygulanmasēnēn sonu­larē ¿zerine konferansda yaptēĵē konuĸmasēnda ĸºyle demiĸtir: ñMaddi 

deĵerlerimizi ve ekonomik potansiyelimizi insan sermayesine dºn¿ĸt¿rmeliyiz. ¢¿nk¿ bir kiĸinin eĵitimi 

ve bilgisi gelecekteki yaĸamēnē belirler ve ¿lkenin kapsamlē geliĸimine hizmet eder. Petrol ve gaz 

Tanrē nēn b¿y¿k nimetleridir. Ancak er ya da ge­ bu doĵal kaynaklar t¿kenecek, bilgi ve zeka ¿lkemizin 

yēllar boyu s¿rd¿r¿lebilir kalkēnmasēnē saĵlayacaktēr. En geliĸmiĸ ¿lkelerin deneyimlerine bakarsak, o 

¿lkenin kalkēnmasēnda ºnc¿ rol¿ oynayan petrol ve gaz deĵil, bilgidir, bilimsel ve teknolojik ilerlemedir. 

Biz de bu yolu takip etmeliyiz ve ediyoruz.ò 

Azerbaycan eĵitim sisteminin insancēllaĸtērēlmasē amacēyla 24 Ekim 2013 tarihinde ñAzerbaycan 

Cumhuriyeti nde Eĵitimin Geliĸtirilmesiò ¿zre Devlet Stratejisi imzalanmēĸtēr. Bu stratejinin amacē 

eĵitimin kalitesinin artērēlmasē; ºĵrenci odaklē eĵitimin geliĸtirlimesi; baĵēmsēz fikirli Azerbaycan 

vatandaĸlarēnēn yetiĸdirilmesi; her bir ºĵreneni kapsayan bilik ve becerilerin kazandērēlmasē vs. gibi 

hususlardan ibarettir. 
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 Azerbaycan eĵitim sisteminde insan potansiyelini tetkik eden ve geliĸtirmeye ama­lanan ñºĵrenci odaklē 

eĵitimò kavramēnēn g¿ndeme getirdiĵi ºzellikler aĸaĵēdakē ĸekilde derlenmiĸdi.  

¶ ¥ĵreneni ºzg¿r, baĵēmsēz d¿ĸ¿nen bir ĸahsiyet olarak oluĸturmak; 

¶ Onun ilgi alanlarēnē, yeteneklerini, se­imlerini, ihtiya­larēnē ve gereksinimlerini dikkate almak; 

¶ Kiĸinin duygusal durumunu dinlemek ve ona saygēlē davranmak; 

¶ ¥ĵrencinin bireyselliĵinin, biliĸsel sorunlarēnēn ve kiĸisel ºzelliklerinin geliĸtirilmesi ve bunun 

i­in elveriĸli koĸullarēn oluĸturulmasē; 

¶ ¥ĵrenme s¿recinde ñºĵretmen-ºĵrenciò iliĸkilerinin insancēllaĸtērēlmasēna ºzen gºstermek; 

¶ Eĵitimde baskē, gºzdaĵē verme ve cezalandērma gibi ortamlardan ka­ēnmalē; 

¶ ¥ĵrenenlere sēnēf ortamēnda rekabet etmeksizin iĸbirliĵi yapmaya teĸvik etmek; 

¶ ¥ĵrenme-ºĵretme s¿recinde ºĵrenciye kendini teyit etmek fērsatē vermek vs. 

Bu ºzelliklerin ama­ē ºĵrenenlerin kiĸisel geliĸimine etki saĵlama konusunda avantajlē olduĵu 

belirtilmiĸtir.  

 

1. H¿manist ilkelere dayanan sēnēf ortamēnēn ºĵrenenlerin geliĸmesinde rol¿. 

H¿manist ilkelere dayanan sēnēf ortamēnēn oluĸturulmasē ºĵrencilerin kiĸisel geliĸiminde temel rol¿ olduĵu 

bilinmektedir. ¥ĵrenenin problem ­ºzme, eleĸtirel d¿ĸ¿nme, kendini ºzg¿rce ifade etme, farklē gºr¿ĸler 

ortaya koyma, kendi benini keĸfetme, kendini deĵerlendirme, se­icilik gibi becerilerinin geliĸtirilmesi 

ºĵrenci odaklē sēnēf ortamēnda ger­ekleĸmesi belirtilmiĸdir. Kiĸi odaklē eĵitimden farklē olarak geleneksel 

sēnēf ortamēnda temel ama­ sadece ºĵretmen tarafēndan bilgi verilmesi ve ºĵrenciler tarafēndan 

ezberlenmesidir. ¥ĵrenme s¿recinde ºĵrenci bu s¿recin objesi olarak kabul edilir ve dersde pasif bir rol 

oynar. ¥ĵretmen ise g¿ce sahip olan her ĸeyi bilen bir uzmandēr. Geleneksel ºĵrenme teknolojilerinin 

temel yapēsal elemanlarē aĸaĵēdadēr; 

1. Ge­miĸ konularēn sorgulanmasē. 

2. Deĵerlendirme. 

3. ¥ĵretmenin a­ēklamasē. 

4. Bilgini kuvvetlendirme. 

5. Bir sonraki ­alēĸma i­in ºdevlendirme. 

Geleneksel eĵitimde ºĵrencinin baĵēmsēz ve yaratēcē etkinlik i­in fērsatlarē sēnērlēdēr. [Mᴅcid, 2014, s.119]. 

H¿manist psikolojinin kurucularēndan Carl Rogers geleneksel ve kiĸi odaklē sēnēf ortamēnēn ºzelliklerini 

aĸaĵēdaki ĸekilde mukayese etmiĸtir.  

 

Geleneksel eĵitim 

1. ¥ĵretmenler bilgiye sahiptir, ºĵrencilerin bu bilgileri almalarē beklenir. 

2. Ders ya da sºzl¿ olarak bilgi verme yollarē ºĵrencilere bilgi aktarmanēn baĸlēca yollarēdēr. Sēnav, 

ºĵrencilerin bu bilgileri ne kadar aldēĵēnē ºl­er. Eĵitimin bu t¿r¿n¿n temel ºĵeleridir. 

3. ¥ĵretmenler g¿ce sahiptir, ºĵrenciler bu g¿ce itaat ederler. 

4. Otoritenin hakimiyeti sēnēftakē kabul gºren politikadēr. Yeni ºĵretmenlere genelde ĸu tavsiye 

verilir. ñĶlk g¿nden ºĵrencilerimizi hakimiyetinin altēna almaya dikkat edinizò. Otorite fiquru olan 

ºĵretmen, eĵitimde en ºnemli fiq¿rd¿r. ¥ĵretmen her zaman merkezdedir. 
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5. G¿ven asgari d¿zeydedir. En dikkat ­eken, ºĵretmenin ºĵrencilere g¿vensizliĵidir. 

6. ¥ĵrenciler aralēklē ya da s¿rekli olarak korku ile yºnetilmelidir. 

7. Demokrasi ve deĵerleri, uygulamada yok sayēlēr ve k¿­¿k gºr¿l¿r. 

8. Eĵitim sisteminde b¿t¿n halindeki bireylere yer yoktur, yalnēzca zihinlerine yer vardēr. 

Kiĸi odaklē eĵitim 

1. Ķlk ºzellik, esasēnda bir ºn koĸuldur. Bir ortamdaki fig¿r¿ olarak algēlanan insanlar, kendi i­lerinde ve 

baĸkalarēyla olan iliĸkilerine yeterince g¿vendedirler, baĸkalarēnēn kendileri i­in d¿ĸnme, kendileri i­in 

ºĵrenme kapasitelerine g¿ven duyarlar. Bu ºn koĸul mevcutsa, o zaman aĸaĵēdaki unsurlar olasē hale gelir 

ve uygulanabilir. 

2. Yºnetici kurumundakē insanlar, baĸkalarēyla ïºĵrenciler, muhtemelen velilier ve topluluĵun diĵer 

¿yeleri ile ïºĵrenme s¿recinin sorumluluĵunu paylaĸērlar. Sēnēf kendi m¿fredatēndan sorumlu ola bilir.  

3. Yºneticiler, ºĵrenme kaynaklarē saĵlar ïkendilerinden, kendi tecr¿belerinden, kitaplardan ya da baĸka 

materyallerden ya da toplumun tecr¿belerinden yararlanērlar. 

4. ¥ĵrenciler, kendi baĸlarēna  ya da baĸkalarē ile iĸbirliĵinde bulunarak kendi ºĵrenme programlarēnē 

geliĸtirirler. Kendi ilgilerini keĸfederek, kaynaklarēn bu zenginliĵini gºrerek kendi ºĵrenme istikametleri 

hakkēnda karar verirler bu tercihlerinin sonu­larēnēn sorumluluĵunu taĸērlar. 

5. ¥ĵrenmeyi kolaylaĸtērēcē bir ortam saĵlanēr. Sēnēfda bir sahicilik, ºzen ve anlayarak dinleme havasē 

a­ēk­a gºr¿l¿r. Ve aynē zamanda birbirinden ºĵrenmek, kitaplardan, filmlerden ya da toplu tecr¿belerden 

ºĵrenmek kadar ºnemlidir. 

6. ¥ĵrenme merkezinin odak noktasē, ºncelikle devam etmekte olan ºĵrenme s¿recini desteklemektir. 

¥ĵrenmenin i­eriĵi, ºnemli olsa da, ikinci sēradadēr. Dolayēsēyla bir ders, ºĵrenciler ñbilmeleri gereken 

her ĸeyi ºĵrendikleriò zaman baĸarēyla bitmez, ºĵrenmek istedikleri ĸeyi nasēl ºĵreneceklerini ºĵrenme 

konusunda kayda deĵer bir geliĸme kaydettikleri zaman biter. 

7. ¥ĵrencilerin hedeflerine ulaĸmalarē i­in gerekli disiplin, ºzdisiplindir ve ºĵrenciler tarafēndan bu 

bireysel sorumluluklarē olarak gºr¿l¿r ve kabul edilir. ¥zdisiplin, dēĸ kaynaklē disiplinin yerine ge­er. 

8. Her ºĵrencinin ºĵrenmesinin ºl­¿s¿n¿ ve ºnemini deĵerlendirme, ºncelikle ºĵrenen kiĸi tarafēndan 

yapēlēr, ºzdeĵerlendirme, sēnēfēn diĵer ¿yelerinin ve yºneticinin ºzenli geri bildirimi tarfēndan etkilense ve 

zenginleĸtirilse de. 

9. Geleneksel bir sēnēfta ger­ekleĸen ºĵrenme ile karĸēlaĸtērēldēĵēnda, geliĸimi destekleyen bir ortamda, 

ºĵrenme daha da derinden olur, daha hēzlē devam eder. 

¥ĵrenci merkezli eĵitim ile geleneksel eĵitimin karĸēlaĸtērēlmasē [Kemal, 2015, s. 63] 
Uygulama Geleneksel eĵitim ¥ĵrenci merkezli eĵitim 

Sēnēfta etkinlik ¥ĵretici Etkileĸimli 

¥ĵretmenin rol¿ Bilgi verici Katēlēmcē, teĸvik edici ve g¿d¿leyici 

¥ĵrencinin rol¿ Dinleyici, daima ºĵrenci Katēlēmcē, sorumluluk alan 

Ders aĵērlēĵē Bilgiler Ķliĸkiler 

Bilgi kazanēmē Hatērlama ve ezber bilginin 

birikmesi 

Sorgulama ve buluĸ, bilgilerin yeni 

bilgilere dºn¿ĸ¿m¿ 

Baĸarē Gºstergesi Zamana gºre, miktar S¿rece gºre, performans, kalite 

¥l­me- deĵerlendirme Genel, normlara gºre Bireysel, Kriterlere ve geliĸime gºre 

Teknoloji kullanēmē Tekrar ve uygulama Ķletiĸim, katēlēm, bilgiye eriĸim 

Bu karĸēlaĸtērmadan aydēn olur ki, h¿manist ºĵrenme ortamēnēn olmadēĵē bir sēnēfta ºĵrencilerin 

kendilerini ºzg¿rce ifade etmesi, farklē gºr¿ĸler ortaya koymasē, kendi beninin farkēna varmasē, soru 

sormasē ve ºĵrenilen konularē tartēĸmasē beklenemez. ¥ĵrenci merkezli eĵitim ­er­evesinde ºĵrenci kendi 



IV. ICONTRENDS |  ISBN: 978-625-400-393-6 

 

 

St. Petersburg /Russia ï 2020 

www.icontrends.org 

84 

 

 

kendini ger­ekleĸtirebilme hissini kazanmalēdēr. Baĸkalarēnēn yapēlanmasēna ve yºnlendirmesine gerek 

duymadan kendi istek ve ihtiya­larē doĵrultusunda geliĸimine paralel olarak ºĵrenme ortamē organize 

edip, sonu­larē kendi a­ēsēndan yorumlama becerisi kazanmasē gerekir. [¥zbay, 2004, s 161-162, 164-

165].  

 

2.1.  Kiĸi odaklē sēnēf ortamēnda ºĵrenci-ºĵreden iliĸkisi 

¥ĵretme-ºĵrenme s¿recinde ºĵrencilerin kiĸisel geliĸimi i­in ºĵretmen- ºĵrenci iliĸkilerinin h¿manist 

ilkeler ¿zerinde kurulmasē gerekir. Kiĸi odaklē ºĵretmede ºĵreden ºĵrencilerin duygu, benlik kavramē 

iletiĸim ve kiĸisel deĵerlere ºnem verdiĵi a­ēklanmēĸtēr. ¥ĵrenci merkezli sēnēf ortamēnda ºĵretmen sēnēfta 

iĸbirliĵi ve g¿ven ortamē oluĸturan, ºĵrencilerin ilgi, hedef ve deĵerlerini belirlemelerine yardēm­ē olan, 

ºĵrencilerin kiĸisel farklēlēklarēna uygun ºĵretim yºntemleri, metot ve teknolojileri kullanmaya ­alēĸan, 

bireyin kendi benini ke­fetmeye yardēm­ē olan ve insancēl tutumlara sahip olan g¿d¿leyici bir klavuzdur. 

C. Rogers a gºre, sēnēf atmosferini verimli ve saĵlēklē insan potansiyellerini geliĸtirmeye dºn¿ĸt¿rme 

a­ēēsēndan iletiĸim ºnemli bir faktºrd¿r. Ķletiĸimin ºnemli ºĵelerinden birisi empatik dinleme ve 

anlamadēr. Empatinin ger­ekleĸtirilmesi i­in ºĵrencinin duygu ve d¿ĸ¿ncelerini hatta eylemlerini hangi 

baĵlamada ger­ekleĸtirdiĵi ve bunlara iliĸkin kendisinin de bir i­ gºr¿ kazanmasēnē saĵlayacak bir iletiĸim 

kanalēnē gerektirir. [¥zbay, 2006, s. 116-117] 

Carl Rogers kiĸi odaklē sēnēf ortamēnda ºĵrencilerin kiĸisel geliĸimine katkē saĵlayan ºĵretmen tutumlarēnē 

aĸaĵēdakē ĸekilde sēralamēĸtēr. 

1. Sahicilik 

2. Takdir, kabul, g¿ven 

3. Empati yoluyla anlama 

Sahicilik:  Tutumlarēn en temeli, sahicilik ya da olduĵu gibi olmadēr. ¥ĵreden olduĵu gibi olarak ve bir 

y¿z takēnmadan ºĵrenenlerle iliĸkiye giriyorsa, o zaman yaptēĵē iĸ daha etkili olacaktēr. 

 

Takdir, kabul, g¿ven: Bu tutumun ama­ē her ºĵrenenin ºd¿llendirilmesi, duygularēnēn, d¿ĸ¿ncelerinin 

ve kiĸiliĵinin ºd¿llendirilmesidir. ¥yrenene ºzen gºstermek bu, ancak sahiplenici bir ºzen deĵil. ¥teki 

bireyin ayrē bir insan olarak kabul edilmesi, ºtekinin kendi baĸēna deĵerli olmasē nedeniyle ona duyulan 

saygēdēr. 

 

Empati yoluyla anlama: ¥ĵretmen her ºĵrencinin tepkilerini anlama becerisine sahipse, eĵitim ve 

ºĵrenme s¿recinin ºĵrenciye nasēl gºr¿nd¿ĵ¿n¿n hassas bir bi­imde farkēndaysa, o zaman yine deĵerli bir 

ºĵrenmenin ger­ekleĸme olasēlēĵē artar. Kendini ºĵrencinin yerine koyma, d¿nyayē onun gºzleriyle gºrme 

tutumu, neredeyse sēnēfta hi­ duyulmamēĸ bir ĸeydir. ¥ĵretmenin, ºĵrencilerin, yargēlandēklarēnē ya da 

deĵerlendirildiklerini deĵil de. Anlaĸēldēklarēnē hissetmelerini saĵlayan bir bi­imde davranmasēnēn 

muazzam bir etkisi vardēr. 

 

Aspy and Roebuck e (1977) gºre, ºĵrenci merkezli sēnēf ortamēnēn oluĸturulmasē i­in en iyi ºĵretmen; 

¶ Her fērsatta ºĵrencilerin katēlacaklarē etkinlik ve alacaklarē rolleri kendi se­meleri i­in imkan 

veren, 

¶ Sosyal ve duyuĸsal becerileri geliĸtirmek i­in ºĵrencilerin grup ­alēĸmasēna ve iĸbirliĵi i­inde 

ºĵrenmeye teĸvik eden, 

¶ Uygun olduĵunda grup tartēĸmalarēna imkan veren ve sadece yºnlendirici olarak gºrev yapan, 
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¶ G¿clendirmek istediĵi davranēĸ, inan­ ve huylar i­in rol modeli olan, 

¶ ¥ĵretimle ilgili ºĵrenci gºr¿ĸlerini alan,  

¶ ¥vg¿de bulunan, 

¶ Tebess¿m etmeyi ihmal etmeyen ºĵretmendir. 

 

SONU¢ 

Zamanēmēzēn eĵitim sisteminin temel amacē baĵēmsēz, y¿ksek ahlaki ve insani deĵerlere sahip, yaratēcē ve 

farklē d¿ĸ¿nebilen, cesur, problem ­ºzen, yeniliĵe ve deĵiĸikliĵe a­ēk, sorumlu, kendine ve baĸkalrēna 

saygēlē bir insan yetiĸtirmekdir. T¿m bunlarē ger­ekleĸtirmek i­in kiĸi odaklē eĵitim sisteminin 

oluĸturulmasē, ºĵrenme s¿recinin insancēl ilkeler ¿zerinde inĸa edilmesi, ºĵretmen-ºĵrenci iliĸkilerinde 

h¿manizm modelinin ele alēnmasē ºnemli faktºrler olarak a­ēklanmēĸtēr. Aynē zamanda ĸunu da belirtmek 

isterim ki, bu faktºrler ºĵrencilerin kiĸilik geliĸimine katkē saĵladēĵēnēn kanaatine varēlmēĸtēr. Geleneksel 

eĵitimden farklē olarak, kiĸi odaklē ºĵrenme s¿recinde ºĵretmen sēnēfta ºĵrencileri rekabete deĵil, 

iĸbirliĵine sevk etmeli, kiĸinin benzersizliĵini, gºr¿ĸ farklēlēĵēnē, ilgi alanēnē, se­imlerini, yeteneklerini ve 

farklē geliĸme aĸamasēnē gºz ardē etmemelidir. Onlarē doĵru bir ĸekilde yºnetebilmeli ve 

deĵerlendirmelidir. B¿y¿k fizik­i A. Einstein ēn dediĵi gibi, ñAslēnda herkes dahidir. Ama siz kalkēp bir 

balēĵē, aĵaca tērmanma yeteneĵine gºre yargēlarsanēz, t¿m hayatēnē aptal olduĵuna inanarak ge­irecektirò. 

¥ĵrencilerin kiĸisel geliĸimi i­in h¿manist ºĵretmen her bir ºĵrencinin yeteneklerinin farkēna varmalē, 

keĸfetmeli ve ºĵrencinin de kendi yeteneĵinin farkēna varmasē i­in yardēm etmelidir. Bu ºĵrenci odaklē 

eĵitim sisteminde h¿manist ºĵretmenin temel ilkelerinden biridir. Bir ºĵrencini nesne olarak gºrmenin 

baĸarēlē bir ºĵrenme s¿recine engel olacaĵē a­ēklanmēĸtēr. ¥ĵretmen her bir ºĵrenci ile ilk ºnce insan 

olarak iliĸki kurmalē ve onlarēn her birinin ger­ekliĵinin, benzersizliĵinin farkēna varmalē ve ºzel 

d¿nyalarēna girebilmelidir. 
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Abstract  

Purpose  

Qualitative changes in engineering education are aimed at developing students' ability to navigate design 

and technical documentation, spatial thinking, professional literacy and the desire for self-education. 

Interactive training material created in the framework of the project ñDevelopment of a virtual learning 

environment in technical higher educationò (VirTec) in the form of a virtual house simulator for beginners 

in construction professions without professional knowledge and skills is designed to master the 

professionally significant qualities mentioned above. The paper charts the initial phase of the VirTec 

project, funded by the EU's Erasmus KA2 program for 24 months, starting in October 2018 and including 

five countries: Estonia, Lithuania, Poland, Turkey and Croaria.  

 

Design / Methodology / Approach  

The discussion focuses on selection of set of drawings of the house and computer programms (like 

AutoCAD and Revit), allowing creators to connect parts of the structure into large sets. The mutual 

support of these programs makes it convenient to change and supplement the parts of the structures. 

Animation of 3D model is planned using Python programming.  

 

Findings  

The simulator becomes a very useful assistant for students at the stage of primary vocational education, 

because it has all the functions of specialized programs for viewing a complex object: it is a free web page 

that loads very quickly into the gadget, opens without specialized programs (does not require a license) 

and is easy responds to user requests.  

 

Originality / Value  

This view, based on the visual perception of 3D graphics, is almost impossible to implement with the help 

of natural experiments.  

  

Keywords: 3D Models, Simulator, Digihouse, Construction Specialties, Online Learning, Technology 

Enhanced Learning  
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1. Introduction  

First-year engineering students, as a rule, do not have graphic work experience and are not familiar with 

engineering graphics. In the learning process, they gain knowledge that helps them visualize the concept 

of structures (materials, nodes, drawings). One of the most important issues of the graphic disciplines as 

part of the common core of the curriculum for all industrial technologies and engineering programs is to 

provide students with a three-dimensional structural thinking (Miller and Bertoline, 1991). The 

development of three-dimensional spatial visualization skills is often cited as one of the major goals of 

engineering design graphics education. Most specialists in the fiels of engineering graphics came to the 

conclusion that spatial visualization skills can be improved with the help of experience (Burnet and David, 

1980; Smail, 1983; Lord, 1985; Sorby et al., 2005).   

Some studies have concluded that animation, 3D computer models, and virtual reality technologies in 

combination with appropriate teaching methods are effective and can make a positive contribution to the 

involvement of students in the learning process, thereby improving their academic performance and 

motivation (Gerson et al., 2001; Allessi and Trollip, 2001; Clayton et al., 2002; Maltby and Mackie, 2009; 

Onyancha, 2010; Noordin et al., 2011; Veide et al., 2014).    

At the same time, the educational process in higher technical educational institutions is becoming more 

and more compressed, which means more intensive both classroom and homework. In this case, there is a 

need for educational material, which should be primarily available to learners, that is, without using 

licensed programs, contain the necessary information and functions, while being easy to use.  

The purpose of this paper is to present the initial phase of an EU funded ERASMUS+ project: 

Development of Virtual Learning Environment in Technical Higher Education (VirTec). The purpose of 

the project is to create the digital educational materials for the first year students of construction and 

architectural specialties without professional knowledge and skills in the form of a virtual house 

simulator. To use the simulator, students will not need the knowledge and skills of three-dimensional 

modeling, nor the availability of a licensed program. The training material is designed to help students at 

the initial stage of vocational training better and faster to acquire the necessary knowledge and skills using 

the simulator in any gadgets (mobile phone, tablet). To teach 2D and 3D engineering drawing skills, 

exercises and tests are planned that apply to all parts of the building structure, workbook exercises should 

be on paper so that students acquire the necessary skills for drawing and sketching by hand - thinking with 

a pencil in hand. The project has been funded from October 2018, for 24 months, involves five countries: 

Estonia, Lithuania, Poland, Turkey and Croatia. The latter one became a partner in international 

partnership since September 2019.  

  

Project Approach  

The collection and analysis of information about existing simulators in the construction industry using 

online resources shows that over the past two decades, many simulations have been carried out that cover 

almost every stage of the development of a particular building product, for example, planning, design, 

energy consumption, cost estimation, planning, manufacturing, maintenance and facility management 

(Kamat and Martinez, 2000; Hong et al., 2000). In these cases, training simulators are virtual 

environments with which you can make decisions based on their visual analysis and evaluate the 

effectiveness of actions based on the decisions made (Sampaio et al., 2010).  
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In recent years, training simulators have appeared that demonstrate construction work. Most of them are 

made using the idea of 4D CAD (3D CAD with a timeline as the 4th dimension) and the capabilities of 

virtual reality technology (VR). 3D-modeling and virtual reality methods allow students to visually 

simulate the process of each stage and type of work, and also help in the study of the necessary equipment 

and its operation on site. Computerized simulators use different levels of scenarios and multi-stage 

algorithms, which allows developers to create more accurate and complex models. Applying patterns, 

textures, and colors to a three-dimensional model can greatly simplify students' understanding of the 

material (Strong and Smith, 2001).  

The creation of interactive educational material in the framework of the VirTec project is aimed at earlier 

and more detailed acquaintance with the specialty of first-year students.   

During the first few months of the project, close collaboration was established between partners. A 

communication plan, administrative issues, financial rules and policies were discussed. In addition, 

decisions were made regarding plans for quality assurance, evaluation, distribution, operation and 

publication of results. Finally, working methods and participation in events and the results have been 

clarified. To monitor the project schedule, a Gantt schedule is compiled and tracked.   

In the process of exchanging experience and skills in the field of modeling, programming and compiling 

training materials, the consortium partners discussed the traditional architectural features of the countries, 

parts of the digital home and the possibilities of cooperation with enterprises in the construction industry 

to create training materials. To ensure the identity of the project, templates were developed for the main 

package of documents. All materials will be provided with a logo developed by the project team (see Fig. 

1).  

  

  
Figure 1: The VirTec logo  

The Project Partners  

The project brought together specialists in the field of modelling and design, multimedia education video 

games and advertising from Estonia, Lithuania, Poland, Turkey and Croatia. All partners have experience 

in creating technology-based learning environments and multi-year experience in the use of multimedia 

and interactive smart boards, which make it possible to increase students' motivation and provide visual 

clarity, which contributes to a comprehensive perception and better mastery of the material. The main 

tasks of the partners are the fulfillment of current tasks on modelling and design of spatial models - parts 

of the virtual house designs. Partners have employees to perform these tasks. If necessary, additional 

personnel from partner organizations could participate in the project.  

 

The responsibilities for the project are divided between the partners as follows:  
 

Å TTK UAS, Estonia is the main coordinator and responsible partner, whose tasks include part of the 

modeling and design work, as well as writing scientific articles.  
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Å VGTU, Lithuania is engaged in the bulk of the work on modeling and design, scientific articles are also 

included in their field of activity.  

Å Multikultura, Poland is engaged in the creation of advertising and the promotion of educational material 

in Europe.  

Å Kocaeli Provincial Directorate, Turkey is engaged in modelling, graphic design and promotion of 

teaching material in Turkey and abroad.  

Å Association for Prevention of stigmatization and education through theatre UPSET, Croatia carries out 

advertising and promoting educational material in Europe.  
 

Project Objectives  

The main objective of the project is to conduct a virtual learning environment on the base of the 

component parts of the house and its various modifications in order to increase interest and support the 

participation of students who has no experience in construction industry. Using the latest modelling 

technologies and graphic technologies allow to present more modern virtual models in training, which 

increases the visibility and interactivity of training materials. Planned results of an intellectual project: 
  

Å innovative interactive educational material for students of construction specialties - a digital house 

simulator with two modeling scenarios with various building structures from the foundation to the roof 

and various materials,  

Å a set of worksheets with drawings, for the completion of which it is proposed to use creative solutions,  

Å tests for the repetition and consolidation of the material passed, giving students significant feedback on 

learning outcomes, increasing their educational motivation and level of knowledge,  

Å assessment tests, according to which you need to keep statistics of performance to help the teacher.   

In general, the expected result is an interactive training material that allows students to acquire the 

knowledge and skills necessary for reading and creating construction drawings. The knowledge gained 

will help in the search and development of effective solutions in the production environment for graduates 

of construction specialties. These intellectual results are universal and applicable for all consortium 

partners and take into account the needs of industries of the countries participating in the project.  

 

Target Groups of the Project  

The project plans to create training materials intended for use in different target groups, for people with 

different levels of training. The task of any training material is to ensure the acquisition of knowledge and 

skills, continuity and accessibility of training. The more accessible and interesting the content of the 

training product, the more accurate and clear for the student will be the opportunity to see in the process of 

passing the tests and performing graphic tasks, to what extent the training material has been studied and 

this requires a reexamination. This means a higher value and quality of the created product. The focus will 

be essentially on two main target groups: the direct and the indirect target groups.  

 

Direct target groups:   
 

Å students in construction and architectural specialties from all partner's educational institutions who will be 

more competitive in labor market,  

Å employees attending in executive adult training course, whom competence will raise and who will be also 

more competitive in labor market,  
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Å unemployed, who is retraining alike to prepare to be part of a changing workforce,  

Å industry organizations attending in the project who gather more competence and gather more students due 

to up-to-date programs. Indirect target groups:  

Å companies who achieve employees of the digital era in construction and architectural fields,  

Å higher education institutions who can use the information and experiences of the project for improving 

their curricula in construction and architectural fields.  

  

Materials and Methods 

To simulate a wooden house, developers used a set of drawings from TIMBECO LLC (timbeco.ee) of a 

small house with almost zero-energy consumption. The selected set of house drawings is the result of 

studying the parameters of thermal insulation of building materials, the efficiency of using these materials 

in structures to increase energy saving and reduce the cost of maintaining the building. The front view of 

such a house is presented in Fig. 2  

  

  
Figure 2: The front view of a zero-energy small house  

  

Elements of drawings of one part of structures with a set of materials, physical parameters of this part and 

the connecting part of structures are shown in Fig. 3.  

  
Figure 3: By zero-energy small house drawings set  

 

The task of three-dimensional modeling is the spatial representation of an object in a three-dimensional 

coordinate system, which allows developers to represent its shape, texture, size and color in the most 

informative, accurate and realistic way. To develop a 3D model, specialized three-dimensional modeling 

programs such as AutoCAD and Revit are used. The use of the listed software products for visualization 

of polygonal 3D models allows obtaining high-quality images that can be used in the development of 

illustrations, complex spatial animation, and various types of technical products.  
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To simulate the animation of objects in 3D, programming elements are used. Comparative analysis of 

different programming languages (see the list of articles at http://www.python.org/doc/Comparisons.html) 

shows that they all provide an interactive, flexible, extensible, and built-in scripting environment, but 

there are differences in style, their advantages and disadvantages. The choice between the capabilities of 

various programming languages based on the programming experience of developers was made in favor 

of the Python programming language, which in addition to providing complete control over all the tools of 

the created object (position, design, sliders, switches, buttons, menu) provides access to an extensive 

library of ready-made modules (Langtangen, 2009). Like many other scripting languages, it is free, even 

for commercial purposes and can run on almost any modern computer.   

  

Findings 

Using the drawings and computer programs like AutoCAD and Revit the first test model of the wooden 

house was created. The mutual support of these programs makes it convenient to change and supplement 

the parts of the structures created by the co-work of specialists from different partner organizations and 

countries. After detailed processing of files and clarification of parts of the structures, each part of the 

model is converted into a simple 3D format. This allows creators to connect parts of the structure into 

large sets. Using the CAD converter Exchanger also allows you to 3D-print the necessary structural parts 

for classroom work.  

The Preliminary Model of the Simulator  

After conducting extensive work on testing the compatibility of elements and the selection of color 

solutions, a preliminary model of the house is assembled (see Fig. 4).  
  

  
Figure 4: The preliminary model of the simulator  

  
The first simulator (divided into three parts - foundation, walls and roof) opens very quickly by reference 

and has simple but convenient functions - it allows students to rotate and scale the model of the house for 

viewing from all sides, alternately hide parts of the house for a better view of the components (see Fig. 5).  
  

  
Figure 5: The model of the house with hidden element.  
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The Second Model of the Simulator  

The second model of the simulator has become more complex. The level of detail of the parts was revised 

and, as a result, a drop-down list of items appeared in the menu. The use of material names is in 

accordance with the standard (ISO 13567-1/3, common in Northern Europe). Structural parts such as the 

external and internal stairs were added.   

 

  
Figure 6: The drop-down list of elements  

 

In addition to the already created functions of turns, zooming and the ability to hide parts of the house for 

a better view of the structures, in turn, it was decided to create functions for use of cutting planes. Now 

functions of the simulator made it possible to use cutting planes - one horizontal and two vertical - to 

obtain cuts at the house. This opportunity is a great success for the project and provides students via the 

simulatorô use to learn the basics of the constructionsô structural components.  

  

  
Figure 7: Cross-sections (z- and y-axis, respectively)   

  

The next stage of developing a simulator was provided for combining structural elements into one object, 

which can not only rotate, scale, and sequentially hide individual constructions, but also consider in detail 

the composition of the digital model needed parts. The pink marker on the house corner is linked to a part 

of outer wall construction. This function allows the user to obtain the necessary information about a real 

construction process while viewing a digital house, replacing the need to visit a construction site (see Fig. 

8).   
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Figure 8: The marker to provide a link between the house web pages and the part of the house 

construction  

  

An exploded animation is created to show the relationship between the various components and how their 

fit to each other. Placing parts at an equal distance from their initial positions makes the finished object 

more understandable. When exploded, some parts that are usually hidden by others are fully visible. The 

most informative exploded view shows the object from above and slightly diagonally to the left or right 

(see Fig. 9).  

  

  
Figure 9: The exploded view of wall part  

  

Conclusions and Plans  

The expected effect of the simulatorô use is a first acquaintance with the structures, materials, 

technologies, and the relative position of the elements in a user-friendly viewing mode. In addition, one 

more important task of the simulator is to support an interest in the speciality and the desire to get solid 

professional knowledge. Based on the created 3D model, it is possible to prepare simulators for more 

complex objects, structures, or connection nodes. The simulator becomes a very useful assistant for 

students at the stage of primary vocational education, because it has all the functions of specialized 

programs for viewing a complex object: it is a free web page that loads very quickly into the gadget, 

opens without specialized programs (does not require a license) and is easy responds to user requests.   
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Guidelines for Students  

The use of three-dimensional animation, in contrast to simple illustrations, allows not only to demonstrate 

the investigated object in a static position, but also to demonstrate it for the purpose of its use, 

maintenance and repair, which increases the efficiency of perception. The simulator is quite easy to use 

because it has a logical and user-friendly interface. On the view screen next to the house model, there is a 

menu showing the parts of the building structure. The menu allows students to select different parts of the 

house detailed inspection: foundation, staircase, wall and roof. To use the simulator more effectively, a 

video tutorial will be created for direct target groups, which will provide an overview of the simulator's 

capabilities and step-by-step tutorials.  

Training and Assessment Tests  

3D visualization can be very effectively used as a teaching tool. To get the complete set of educational 

materials for wooden house it is planned to prepare a set of worksheets and tests, thought-out training tests 

and assessment tests. To conduct educational tests in an interactive and engaging learning process, H5P 

capabilities are used. The H5P platform is an open source online development tool for creating interactive 

e-learning content such as presentations, games, and interactive videos. The type of interactive video 

content based on H5P allows developers to add various types of interactions: matching, true/false, 

multiple choice or open-ended questions. All these activities:  questions, quizzes and feedback embedded 

in the videos improve learning and help students to actively participate in learning in open and distance 

learning environments (Uukkivi and Labanova, 2018; Vural, 2013). All activities should be provided with 

immediate feedback, as this is very important during practice tests (Mory, 1996).   

Interdisciplinary Use of the Simulator  

Modern education attaches great importance to interdisciplinary connections. An interdisciplinary 

approach is used in many ways and at all levels of education. This type of learning allows the student to 

learn by establishing links between ideas and concepts across different disciplinary boundaries. The 

possibilities of effective use of the simulator for a professionally oriented approach to teaching 

mathematics and physics are actively being studied.   
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Abstract 

 

In this study, it is aimed to investigate Parkinsonôs disease (PD) and its severity from gait variability 

according to gender by the aid of gray level co-occurrence matrix. Early detection of the disease and 

accurate severity prediction is important for treatment. Time series signals were converted to images, 

which contains textural information, by the aid of fuzzy recurrence plots. In the visualized data, gray level 

co-occurrence matrix were utilized to extract 22 textural features. Extracted features were classified to 

detect PD and to estimate severity of the disease. According to results of the study, gait variability is seem 

to be more discriminative for males rather than females to detect PD. The innovative part of this study is 

assessment of gait variability according to gender with computational methods to predict severity of 

Parkinson's disease. 

 

Keywords: Parkinsonôs Disease, Gray Level Co-Occurrence Matrix, Gait Variability, Machine Learning, 

Decision Support Systems 

 

Gri Seviyeli Eĸ-zamanlēlēk Matrisi Kullanēlarak Parkinson Hastalēĵēnēn 

ķiddetinin Y¿r¿y¿ĸ Deĵiĸkenliĵinden Cinsiyete Baĵlē Olarak Tahmin Edilmesi 

 
¥z 

 

Bu ­alēĸmada, Parkinson hastalēĵēnēn (PH) ve hastalēĵēn ĸiddetinin y¿r¿y¿ĸ deĵiĸkenliĵinden gri seviyeli 

eĸ-zamanlēlēk matrisi kullanēlarak cinsiyete gºre araĸtērēlmasē ama­lanmēĸtēr. Hastalēĵēn erken tespiti ve 

ĸiddetinin doĵru tahmini tedavi a­ēsēndan ºnemlidir. Zaman serisi sinyalleri, bulanēk tekrarlēlēk grafikleri 

yardēmēyla dokusal bilgi i­eren gºr¿nt¿lere dºn¿ĸt¿r¿lm¿ĸt¿r. Gºrselleĸtirilen verilerden gri seviyeli eĸ-

zamanlēlēk matrisi kullanēlarak 22 dokusal ºzellik kullanēlmēĸtēr. Elde edilen ºzellikler PH'yi saptamak ve 

hastalēĵēn ĸiddetini tahmin etmek i­in sēnēflandērēlmēĸtēr. ¢alēĸmanēn sonu­larēna gºre PH'nin 

belirlenmesinde erkekler i­in daha iyi sonu­lar elde edilmiĸtir. Bu ­alēĸmanēn yenilik­i tarafē Parkinson 

hastalēĵēnēn ĸiddetini cinsiyete gºre tahmin etmek i­in hesaplamalē yºntemler kullanarak y¿r¿y¿ĸ 

deĵiĸkenliĵinin deĵerlendirilmesidir. 

 

Anahtar kelimeler: Parkinson hastalēĵē, Gri seviyeli eĸ-zamanlēlēk matrisi, Y¿r¿y¿ĸ deĵiĸkenliĵi, Makine 

ºĵrenmesi, Karar destek sistemleri 
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1. Introduction  

Parkinsonôs disease (PD) degenerate neurons within the brain and impairs people's quality of life. PD 

patients demonstrate motor and non-motor features. Tremor, stiffness, postural instability, depression, and 

anxiety are among the symptoms of the disease. Although there is no cure available yet for the disease, 

some symptoms are handled with various treatments.  PD is clinically diagnosed motor features and also 

with decrease in dopaminergic neurons (Poewe et al., 2017). Besides clinical test, various telemonitoring 

tests to detect PD has been suggested in the literature(Cant¿rk, 2020a, 2020b; Cant¿rk & Karabiber, 2016; 

Khatamino, Cant¿rk, & ¥zyēlmaz, 2018).  

It has been found that people with Parkinsonôs disease exhibit gait abnormality (Frenkel-Toledo et al., 

2005; FrenkelȤToledo et al., 2005). Researchers have tried to detect PD from gait variability with different 

machine learning methods (Abdulhay, Arunkumar, Narasimhan, Vellaiappan, & Venkatraman, 2018; 

Pham, 2017). Previously in (Cant¿rk, 2020b), we statistically revealed the relationship between gait 

variability and severity of PD. Gait signals were converted to binary images and some statistical 

parameters were computed. These parameters were autocorrelation, contrast, correlation, cluster priority, 

cluster shadow, dissimilarity, energy, entropy, homogeneity, and maximum probability. Alterations of the 

some parameters were found to be statistically significant with severity measures of PD.  Utilized severity 

measures for PD were Hoehn&Yahr scale, UPDRS (Unified Parkinsonôs Disease Rating Scale), and 

MDS-UPDRS (Movement Disorder Society-Sponsored Revision of the Unified Parkinsonôs Disease 

Rating Scale). Additionally, it has been stated that correlation of the computed parameters with 

Hoehn&Yahr rating scale produced better results, which means that it is more discriminative. Based on 

the outputs of first study (Cant¿rk, 2020b), we propose a new approach in this study. 

In this study, it is aimed to investigate PD severity from gait variability according to gender. The proposed 

system for the study is given in Figure 1. Gait signals were obtained from a publicly available database 

(https://physionet.org/content/gaitpdb/1.0.0/) (Goldberger AL, 2003). They were collected in (Frenkel-

Toledo et al., 2005; FrenkelȤToledo et al., 2005; Hausdorff et al., 2007; Yogev et al., 2005). There are 

totally 306 gait signals of 93 PD patients (63% men), and 73 healthy subjects (55% men). Gait signals 

were collected with pressure sensors located under the foot.  These signals are one dimensional signals 

and they were visualized with fuzzy recurrence plot method. Time series signals were converted to 

images, which contains textural information, by the aid of fuzzy recurrence plot. In the visualized data, 

gray level co-occurrence matrix were utilized to extract 22 textural features.  

These features were introduced in (Clausi, 2002; Haralick, Shanmugam, & Dinstein, 1973; Soh & 

Tsatsoulis, 1999) and they are as follows: 1.Autocorrelation  2.Contrast  3.Correlation1  4.Correlation2  

5.Cluster Prominence    6.Cluster Shade  7.Dissimilarity  8.Energy  9.Entropy  10.Homogeneity1 

11.Homogeneity2  12.Maximum probability  13.Sum of sqaures  14.Sum average  15.Sum variance  

16.Sum entropy  17.Difference variance  18.Difference entropy  19.Information measure of correlation1 

20.Information measure of correlation2  21.Inverse difference normalized 22.Inverse difference moment 

normalized (Uppuluri, 2020).  Extracted features were classified with machine learning methods (i.e., 

SVM, KNN, LSTM) in several experiments. Firstly, binary classification (i.e., PD and healthy) was 

performed according to gender. Then severity of the disease was predicted by utilizing Hoehn&Yahr 

stages based on gender. We have also utilized several feature selection algorithms (i.e., LASSO, Relief) to 

investigate their contribution to classification accuracy. Utilized machine learning algorithms are very 

popular ones and used in many studies (Cant¿rk & ¥zyēlmaz, 2018; G¦¢KIRAN, Cant¿rk, & 
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¥ZYILMAZ, 2019). In order to validate the results, tenfold cross validation technique was employed in 

all computations. 

 

The innovative part of this study assessment of gait variability according to gender with computational 

methods to predict severity of Parkinson's disease. According to results of the study, gait variability is 

more discriminative for males rather than females to detect PD. 

 

 
 

Figure 1: The proposed system for the study 

 

Results 

Binary classification average accuracy results of the study is given in Figure 2. We have obtained better 

performances for binary classification of the male subjects. The highest average accuracy was obtained 

with KNN and it was 0.81. Binary classification of the female subjects produced the lowest scores of this 

experiment. The highest average accuracy for the females was 0.68. When we tested all subjects, we 

acquired average performances between the scores of the male and female subjects.  

 

 
 

Figure 2: Binary classification average accuracy results 
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Secondly, we have performed multiclass classifications. We have tested the subjects as 4 classes and 3 

classes. Hoehn&Yahr staging of the PD patients within the dataset were at three different levels. 

Therefore, in 4 classes experiment class 1 was healthy subjects, class 2, class3, and class 4 were PD 

patients with different Hoehn&Yahr stages. In 3 classes experiment, we only investigated PD patients and 

discarded class 1.  Average accuracy results of these experiments are given Figure 2. We have obtained 

higher average accuracies for 3 classes experiment.   

 

 
Figure 2: Average accuracy results of multiclass classifications 

 

Lastly, we have repeated second experiment with feature selection algorithms. In 4 classes experiment, 

feature selection algorithms showed similar performances for males and females. In 3 classes experiment 

relief performed a bit better than lasso for gender based classifications.  Since feature subset is not very 

large, feature selection algorithms did not contribute much to classification accuracy.   

 

 
Figure 3: Average accuracy results of multiclass classifications with feature selection algorithms 
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Abstract 

 

It is important to know about the electricity consumption values of the future for institutions to develop 

their budget management and energy efficiency strategies. In this study, a deep neural network model was 

developed with Long-Short Term Memory (LSTM) method which to prediction electricity consumption 

values in the next time series. The data set required to learn the model consists of 43800 data taken from 

meters located at 5 different locations belonging to a commercial residential. This data set was used to 

train the neural network of 80% and to test 20%. Hyperparameters have been determined for the training 

of the LSTM artificial neural network. The results obtained at the end of the training and testing of the 

network were compared with the different methods. As a result, the LSTM model showed its highest 

accuracy with 96,56% for time series predicting. As a result, the LSTM model showed that the highest 

performance in time series predicting with 96.56% accuracy.  In addition, it is thought that the prediction 

of the electricity consumption values for future periods will contribute so that preventions to be taken 

within the scope of the energy efficiency of the institution. 

 

Keywords: Deep Neural Network, Electricity Consumption, Long-Short Term Memory, Time Series 

Prediction. 

                                       

Introduction 

Energy is becoming an increasingly indispensable element in our lives. Energy is also the focus of 

industrial revolutions and technological developments. Increasing the need for energy every day causes 

the world's resources to become increasingly depleted. Energy efficiency and efficient use of energy come 

to the fore when it is considered that non-infinite energy sources will be depleted. Electrical energy is one 

of the most widely used types of energy in the world. As with any type of energy, the use of electrical 

energy has a cost. The efficient use of electrical energy will contribute to the reduction of resource waste 

and environmental pollution as well as economic savings (G¿­l¿ et. al, 2018). 

It is important to adopt and maintain a systematic approach to energy efficiency in 

institutions/organizations and industrial enterprises. For this, energy policy, No. 5627, energy efficiency 

and energy efficiency strategy document, in addition to existing legislation to be carried out in accordance 

with TS-EN-ISO 50001 energy management system complying with energy studies and is born out of the 

necessity to conduct studies to improve energy efficiency (Uzun and Deĵirmen, 2018:15).   

Up-to-Time, the use of these methods in energy studies and energy efficiency studies within the 

framework of advances in artificial intelligence methods will make the operation very effective. The high 
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performance of models established with artificial intelligence methods, especially at time-dependent 

consumption estimates, it will contribute greatly to energy management (Amine et al., 2012). 

It is observed that statistical, artificial intelligence-based and hybrid methods are used for electricity 

consumption demand estimation when historical studies are examined. A probabilistic pre-Day Forecast 

model, which estimates hourly electricity demand from households, has been proposed using data from a 

real smart grid promotion site developed in £vora, Portugal. In the model, smart meter data and 

temperature estimates have been used to make quarterwinds (Gerossier et al, 2017). Mahmutoĵlu et al. 

(2015) used the Box Jenkins method to estimate Turkey's gross electricity consumption between 2015-

2023 (Mahmutoĵlu et al., 2017). 

A comprehensive review of studies using artificial intelligence techniques such as artificial neural 

network, support vector machine, and adaptive Neuro-Fuzzy inference system for short-term electric 

charge estimation by Zor et al has been presented. In other studies, the energy demand of Turkey was 

estimated with artificial neural networks, one of the methods of artificial intelligence (Bayrak and Esen, 

2013; Es et al., 2014)). Australia's long-term electricity demand forecasting for an applied study of deep 

neural networks, stacked auto-encoder, 1-24 months in advance to predict electricity consumption rates 

nationwide, multi-layer perceptronôs multilayer perceptronôs was used in conjunction with forward or 

gradual. According to experimental results, deep structures have been reported to perform better than 

classical neural networks, especially for the 12-month to 24-month forecast horizon (Hamedmoghadam et 

al., 2018). 

Anand and Suganth in studies to improve the estimation of the electricity demand of the state of Tamil 

Nadu in India, artificial neural network, genetic algorithm, and particle swarm optimization algorithms are 

obtained by optimizing with a hybrid algorithm they have used (Anand and Suganth, 2018). In Al-

Musaylh et al. studies, they used data-based multivariate adaptive regression Spline (MARS), Support 

Vector Regression (SVR), and autoregressive integrated moving average (ARIMA) models to estimate 

electricity demand (Al -Musaylh et al, 2018). The electricity consumption data of the city of Chandigarh in 

India with the seasons, day and time period to predict the electricity demand for long-short term memory 

network model (LSTM) and parsing empirical mode (EMD) method that combines the EMD-based deep 

learning approach have been proposed by Bedi and Toshniwal. The proposed (EMD + LSTM) approach 

has been reported to outperform other regression models for electric demand time series prediction(Bedi 

and Toshniwal, 2018). Baĸoglu and Bulut worked on short-term electricity demand forecasting, in which 

artificial neural networks and expert systems are used together, taking into account the market and 

seasonal conditions of Turkey (Baĸoglu and Bulut, 2017). 

Many researchers use Neural Network (NN) because of speed and accuracy issues to estimate electricity 

demand. In addition, NN can be easily implemented in software development (Chen et al., 2017). 

Recently, Deep Learning-based approaches have been particularly under consideration. These are based 

on NN with deep architectures and have attracted the attention of many researchers because of their ability 

to capture data behavior given complex nonlinear patterns and large amounts of data. The LSTM 

technique in particular has gained popularity for time series prediction due to its end-to-end modeling, 

learning complex nonlinear models, and automatic feature extraction capabilities (Bouktif et al., 2017). 

In this study, a deep neural network model was developed using data from the counter located at 5 

different points connected to a commercial institution to predict electricity consumption values in the 
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future time series using Long-Short Term Memory (LSTM) method. It was concluded that the LSTM 

model showed the highest performance in time series predicting with 96.56% accuracy. 

 

LSTM (L ong Short -Term Memory) 

Long short-term memory (LSTM) is a type of repetitive neural network (RNN) specifically designed to 

prevent a given input's neural network output from deteriorating or exploding as it travels in feedback 

loops. A repetitive neural network block diagram is given in Figure 1(a). Traditional RNNs can learn 

complex temporal dynamics by mapping input sequences to a set of hidden States and hidden states to 

outputs by the following repetition equations (Equation 1 and Equation 2) (Donahue et al., 2015). 

() ( )1t hz t hh t hh g W x W h b-= + +            (1) 

() ( )t hz t zz g W h b= +           (2) 

Developed by Sepp and Jurgen, the LSTM incorporates a structure that allows the weights emitted back 

and forth to be maintained across layers, as opposed to RNN, where the case is overwritten at each step 

(Sepp and Jurgen, 1997). In addition, the network is capable of learning long-term dependencies by 

continuing to learn in many time steps while maintaining a more constant error. LSTM networks provide 

better performance compared to other RNN architectures by reducing the so-called absent gradient 

problem (Nvidia, 2020; McNally, 2016). 

The LSTM layer consists of a series of repeated interconnected blocks (Figure 1(b)) known as memory 

blocks. These blocks can be thought of as similar to memory chips in a computer. Each contains three 

units of multiplication: input, output, and forget gates, which provide continuous analogues of write, read, 

and reset operations for one or more repetitive connected memory cells and cells. More precisely, the 

input to cells is multiplied by the activation of the input Gates, the output to the network is multiplied by 

the output gate and the previous cell values are multiplied by the forget gate. The network can interact 

with cells using only gates (Graves and Schmidhuber, 2005). 

 

 
Figure 1: RNN Cell and LSTM Memory Cell Diagram (a) Simple RNN, (b) LSTM (Donahue et al., 

2015) 

 

The first version of the LSTM block (Sepp and Jurgen,1997) contains the cell, entrance and exit doors, but 

does not include the forget gate and peephole connections (Greff et al., 2017). In later versions, the LSTM 
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cell contains forget-and-remember gates that allow the cell to decide what information to block or pass on 

based on its strength and importance. The LSTM unit has four input weights and four repetitive weights. 

Peepholes are extra connections between the memory cell and doors, but they do not improve performance 

much and are often neglected (Nvidia, 2020). 

The LSTM unit formulation was redefined by Donahue et al. (Donahue et al., 2015). Ɇ (x) = (1 + e - x) 

sigmoid nonlinearity that adds revaluated inputs to the range of (0,1) and ű (x) = ex - e - xex + e - x = 2ů 

(2x) - 1 is likewise expressed as the hyperbolic tangent nonlinearity that compresses its inputs to the range 

(ī1, 1). LSTM updates for timeout t; xt, ht  and ct are given in the following Equation 3. 

 

( )itcithitxit bcWhWxWi +++= -- 11
s                   (3) 

( )ftcfthftxft bcWhWxWf +++= -- 11
s  

( )otcothotxot bcWhWxWo +++=
-1

s  

( )cthctxctttt bhWxWicfc +++=
-- 11 tanh  

(),tanh ttt coh =  

 

 

LSTMs include language modelling (Nugaliyadde et al, 2019; Kipyatkova and Karpov, 2020) due to their 

ability to learn long-term dependencies, acoustic modeling of speech(Zeyer et al., 2017), speech 

synthesis(Batista et al., 2019), speech recognition(Soltau et al., 2016; Kim et al., 2017), audio and video 

analysis(Li and He, 2019; Ge et al., 2019), handwriting recognition (Carbune et al., 2020; Stuner et al., 

2020), time series prediction(Elsworth and G¿ttel, 2020; Liu et al., 2019) and in protein secondary 

structure predictions(Hu et al., 2019; Yang et al., 2019) is widely used. 

 

Model Description 

In this study, the deep neural model with LSTM structure was developed to estimate electricity 

consumption values over 1-day periods over a one-year time frame. The data set consists of values read 

from a remote meter reading system previously installed in a commercial institution. Approximately 

43800 electricity consumption values (kWh) taken from the meter system every 5 years and every hour 

were recorded. 4 years of data were used for training the model and 1 year of data was used for Test 

estimates. The architecture of the proposed LSTM model for estimating electricity consumption values is 

given in Figure 2. 
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Figure 2: Model Architecture 

 

Layer 1: A hour input is added to Layer 1. Initial training data is taken as N sample count. Where N 

is the electricity consumption value of 1 hour. Every example is 24 d

trainX R ³Í , where d is the dimension 

of the input trainX . 

 

Layer 2: the first layer is the LSTM. This layer is similar to the encoder layer in the encoder-

decoder layer. the output of 
,t eh  in each T Time interval in this layer is formulated as in Equation 4. 

, 1, ,( )t e t e train th LSTM h X-= -             (4) 

The constant vector is represented by c and is expressed as 
,T ec h=  in the most recent time step. 

 

Layer 3: This layer is the encoder-decoder layer shown in Equation 5. The outputs of Layer 3 serve 

as carriers for transient variables. 

 

, 1,( , )t d t dh LSTM c h-= -                                                                                                                    (5) 

 

Layer 4: In this layer, trainX , 
'

,[ ; ]t train h dX X h=   is combined with the output transferred from 
,t dh  

in Layer 3. Every X is defined as the linear combination of entries in each time interval (Equation 6). 

'

, 1.2.3....24 ,

1

j
n n

t t i j t ij

j

X X w X=

=

= «ä               (6) 

In the training phase, the weight parameters of LSTM are learned by model backpropagation and weight 

update. The weights are then optimized during training. In the final stage, the final prediction (
py ) is 

predicted as ( )p testy Model X= . 
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The optimal parameters and hyperparameters of the LSTM neural network for maximum accuracy in 

training and testing of the model are shown in Table 1. Model training started as e = 0.025, followed by 

epoch=20 as e=0.001. The Model provided maximum accuracy at epoch=20. Hence the total training 

round was fixed at 100. 

 

Table 1: Parameters and Optimum Values of the LSTM Model 
Parameter Value 

Inputs 4 

Neuron 10 

Layers 2 

Outputs 1 

Batch Size 50 

Learning Rate 0.001 

Epochs 100 

 

The Model predicts daily electricity consumption values for 2019 and 2020. In order to see the success 

and performance of the developed model, the data for the year 2019 in the dataset has been saved for test 

data. The forecast data was compared with the 2019 data as seen in Table 2 after the prediction process. A 

monthly comparison found the difference between the actual value and the predicted value. Accordingly, 

an average difference of 3.44% was made in 2019. In the LSTM model annual predict, it provided an 

average accuracy of 96.56%. 

 

Table 2: Comparison of 2019 Data With Forecasted Data Monthly and Display of Changes 
Month 

(for 2019) 

Actual 

value 

(kWh)  

Prediction value 

(kWh)  

Difference 

(%)  

January 75.3 74.1 1,62 

February 77.6 79.3 2,14 

March 60.2 62.6 3,83 

April  60.8 64.8 6,17 

May 57.9 55.4 4,51 

June 56.1 52.2 7,47 

July 65.8 68.3 3,66 

August 69.5 67.5 2,96 

September 55.3 54.6 1,28 

October 56.2 55.2 1,81 

November 63.4 61.8 2,59 

December 72.6 70.3 3,27 

  AVG (%)  3,44 

 

Figure 3 shows the projected predict values for 2019 on a monthly and daily basis. In addition, in the 

monthly notation, actual consumption values and predicted values are given on the same chart. 
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(a)                                                                (b) 

Figure 3: Predict values for 2019 (a) Predict Value of Daily Consumption, (b) Actual and Predicted 

Values of Monthly Consumption 

 

CONCLUSION  

In this study, the consumption values of the next year from daily electricity consumption values from 5 

different locations are predicted using the LSTM algorithm. 4 years of data were used for the training of 

the model and 1 year of data was used for prediction tests. For an assessment of the model's performance, 

data for the year 2019 has been forecast. The results were analyzed by comparing the prediction data with 

the actual data. 

The results of the study are expected to be a guide in the budget planning of daily, monthly and annual 

business activities, as both short-term consumption forecasting and current data sets are used. 
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Abstract 

Purpose 

The article provides information on the professionalism of the staff that develops software, their diversity 

of skills and experience, and their great effect on performance and the role of manager.  

 

Design/methodology/approach 

The article highlights five guidelines for managing a team and proposes a new method for assessing the 

effectiveness of the work of the staff. 

 

Findings 

Due to the lack of accurate methods for quantifying the work of the software development team, the use of 

the proposed method along with expert evaluation gives a positive result. 

 

Originality/value  

Currently, software development is carried out in a team, so it is necessary that experienced managers 

organize the creation of high-quality software and manage the people who work on it. Having an 

experienced manager is just as important as a good team and enterprise in successfully completing a 

software project. Correctly evaluating the work of the team that he leads, the manager can fully use the 

potential of everyone. 

 

Keywords: Software Engineering, Software, Performance, Efficiency, Manager, Effectiveness Indicator, 

Team 

 

 

INTRODUCTION  

The application of advanced technologies is one of the primary factors boosting the economic prosperity 

of any nation. The development of information society in recent period has also increased the demand for 

information communication technologies (ICT), and software managed systems have begun to be applied 

in all sectors. 

Large volume of codes and the growing complexity in terms of architecture and technological solutions 

have necessitated the attraction of large expert staff for the development of such software tools. Individual 

programming of small software tools was abandoned, and it was shifted to the technology of collective 

development of large software complexes by employing modern methods of design. 

mailto:tamilla@iit.science.az
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The presence of a highly skilled and disciplined team is one of the most important conditions in the 

development of complex software systems. The team members identify requirements, write software code, 

perform trials and documentation, track and accompany the implementation of software. Success or failure 

of the project depends on the ideas, professionalism and attitudes of these people (Lavrisheva and 

Petrukhin, 2007:145).  

Hence, one of the factors that contribute to the success of the project is a human factor. Therefore, the role 

and functions of small groups or individuals within the team, and the corresponding relationships between 

them should be properly established (Fishenko, 2011: 3). 

To improve the efficiency of the team, the work of each member of the team should be properly evaluated. 

In general, many assessment methods are available, each of which has its own negative and positive 

aspects. Selection of methods depends on the manager.  

 

TEAM  MANAGEMENT  

Some guidelines for team management are provided below (Boehm, 1983:150): 

¶ Well managed project can be successfully implemented by the team of regular executives; 

¶ Badly managed project cannot be successful even if executed by experts; 

¶ The project with precisely designed architecture can be realized by the team of regular software 

developers; 

¶ The project with badly designed architecture can even confuse executive experts. 

Nowadays, the ability to lead people is a key to success in a competitive marketplace. This is the ability to 

solve complex issues through other people. The manager, whose professionalism and good human 

qualities are recognized by the team, can effectively guide the team. It is important to mention the special 

role of the manager in the organization of the team, since it depends on his/her professionalism, skills and 

ability. Collective results are always more important than the individual ones (Boehm, 1983:150).  

Taking into account the mentioned parameters, personnel evaluation is almost comparing the reality with 

the activity. The personnel evaluation solves the following basic issues (Vesnin, 2009): 

¶ selecting the position and functional role of the evaluated employee in the organizational structure, 

and developing the program for its development; 

¶ defining the salaries according to the established criteria; 

¶ identifying the ways to encourage workers. 

The classical methods for personnel evaluation are set for the following cases (Wilson, Maples, 

Landgrave, 2002): 

¶ stable organizational structure and a stable type of activity of this organization, which is not 

consistent with the frequently changing market and competition pressure; 

¶ evaluation of an employee without taking into account group effects. 

In practice, the above mentioned is not potential, as the other methods and approaches used to assess the 

effectiveness of the team work are required (Zharkova, 2007):  

¶ identifying weak points in the team and reinforcing them in the following projects; 

¶ comparing the effectiveness of work within the team; 

¶ distributing the bonus fund for business efficiency and making it transparent; 
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¶ developing a system to increase the knowledge level of team members; 

¶ developing a system to perfect the project management; 

¶ increasing the number of successful projects and reducing the costs. 

Studies in various fields show that managers have a significant impact on the work of the team and the 

enterprise (Yang, Zhang and Tsui, 2010; Groscurth, 2015).  

Kallaiamvakou et al. conducted empirical experiments at Microsoft to find out which attributes of the 

manager who led the software development team were important. 

Wrong manager choice negatively affects the selection of employees, productivity and quality of results. 

The performance in computer science area has been researched for decades in both academia and industry. 

But few researchers focus on influences of human factors on the programming performance from the 

prospective of programmers. With three statistical analysis: Independent Ttest, Pearson Correlation and 

Regression analysis, conducted by Li et al. (2018), the results showed that personality traits did affect the 

programming performance. 

Unfortunately, modern assessment methods cannot solve the above mentioned issues (Allison Grappone 

and et al, 2017).  

 

METRICS  FOR THE  ASSESSMENT OF THE  EFFECTIVENESS OF TEAM  MEMBERS  

WORKING  ON SOFTWARE 

Statement of problem. Assume that each team member is called as a "resource" and this term is used for 

simplicity in subsequent considerations. Resource efficiency is a universal metric and calculated the same 

for all four sources (coder, tester, manager and etc.). It also means that the resource only deals with the 

issues regarding its own competitiveness and in one field. For example, the development of web 

applications, databases, or computing modes, etc. The basic components of the efficiency metric of the 

resource: 

¶ The time given to complete the task; 

¶ Actual task execution time; 

¶ Number of errors; 

¶ Expert value of the resource efficiency. 

The efficiency metrics of any type of resource E  ᷾(0; 1) summarizes above mentioed components. The 

resource efficiency is calculated as follows: 

E = (Cv + Cf + Cs + Ce)/4,                                            (1) 

where Cv denotes the efficiency coefficient of similar issues (e.g., web applications, databases, or 

computing modules) successfully completed on time; Cf - efficiency coefficient of the resource on the 

performance of the issue; Cs - coefficient of a resource for avoiding errors in regard to other resources; Ce 

- coefficient specifying the expert assessment of the resource efficiency. The highest value of E is 

anticipated. 

Efficiency coefficient on successful outcome of the resource is calculated by the following formula: 

Cv = 1-V2/V1,                                                         (2) 

where V1 = (T1-T2)/Nv is the average value of the implementation time spent on successfully completed 

issues of the resource; Nv - the number of successfully completed issues of the resource in the current 
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project;  T1 - the total implementation time required for successfully completed issues of the resource in the 

current project; T2 - the total duration of interruptions when executing successfully completed issues of the 

resource in the current project; V2 = (T1a-T2a)/Nva - the average value of the implementation time spent on 

successfully completed analogical issues of the resource; Nva - the number of successfully completed 

analogical issues of the resource; T1a - the total implementation time required for successfully completed 

analogical issues of the resource; T2a - the total duration of interruptions when executing successfully 

completed analogical issues of the resource; Cv ᷾ [0;1] and higher value are considered to be better. 

Cf - the efficiency coefficient of the resource for the completion of the issues is calculated by the 

following formula: 

Cf = (a1N1+a2N2+a3N3+a4N4)/N,                                       (3)  

where N1 denotes the number of issues that are timely implemented; N2 - the number of issues 

implemented before the implementation time; N3 - the number of delayed issues; N4 - the number of 

unimplemented issues; N - the total number of issues related to the resource; a1, a2, a3, a4 ï the weight 

coefficients for N1 N2 N3 N4. The values of a1, a2, a3, a4 can vary in different projects and processes based 

on expert assessment. 

A simple variant of  a1, a2, a3, a4   calculations based on expert assessment is shown below. Assume that 

the experts of  ŭ =1,2,3...  number have an estimation on the issues N1, N2, N3, N4  in the ɚ score system. 

Then aj (j=1,..,4) can be calculated as follows: 

ὥ ὴ ,   j=1,....4.                                         (4) 

where ὴ  is an assessment of the i-th expert of the j-th issue. 

For example, the intervals  a1᷾[0,9;1,1], a2᷾[1,2;1,5], a3 ᷾[0,6;0,8], and a4 ᷾[0,2;0,5] can be determined 

for the coefficients a1, a2, a3, and a4 in practical issues. 

The error avoidance coefficient Cs in relation to other resources is calculated by the following formula: 

Cs =1 - Hs/Hu ,                                                    (5) 

where Hs is the total number of errors of the resource occurred in all previously performed issues; Hu - the 

total number of errors occurred on all performed issues. Cs ᷾ [0;1] and the higher value are considered to 

be better. 

ὅ- the coefficient representing the expert assessment of the resource efficiency is calculated by the 

following formula: 

ὅ
ρ

‗‏
ὦȟ                                        φ 

Where ‏ is the number of experts; bi1- the value provided by the i-th expert for the implementation speed 

of the resource in the ɚ score system; bi2 - the value provided by the expert for the quality of resource; bi3  - 

the value provided by the i-th expert for the knowledge and skills of resource; Ce ᷾ [0;1] and the higher 

value are considered to be better. 

To substantiate the metrics we offer, the following experimental values are calculated. For example, 

performances of 3 coders are evaluated. Tables 1, 2, 3, and 4 calculate the coefficients Ce, Cv, Cs and Cf 

for each of them, respectively. Table 5 illustrates the overall efficiency coefficients calculated for the 

performances of each coders, and Figure 1 illustrates a diagram of this data. 
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To show the importance of the coefficients calculated, Table 6 illustrates the average value of all expert 

assessments given to the coders, the total number of problems they handle, and the number of successfully 

handled tasks. Based on these data, the diagrams are provided in Figure 2. The review of these diagrams 

shows that programmer 2 seems to perform better effectiveness than programmer 1. However, Figure 1 

shows the opposite. Because, when calculating the performances of coders based the metrics we offer, 

some important factors as interruptions in the work, the number of failed projects, and the number of 

errors, are taken into account. 

Table 1.  

Name b11 b12 b13 b21 b22 b23 Ce 

Programmer 1 5 4 5 4 4 4 0,648 

Programmer 2 4 5 5 3 4 5 0,630 

Programmer 3 5 5 5 5 5 5 1,000 

 

Table 2.  

Name T1 (day) T2 (day) T1a (day) T2a(day) Nv Nva Cv 

Programmer 1 345 24 194 11 25 12 0,295 

Programmer 2 372 20 305 8 35 24 0,217 

Programmer 3 150 8 250 14 6 15 0,335 

 

Table 3.  

Name Hs Hu Cs 

Programmer 1 12 35 0,657 

Programmer 2 4 35 0,771 

Programmer 3 4 35 0,886 

 

Table 4.  

Name N1 N2 N3 N4 N Cf 

Programmer 1 18 7 3 0 28 1,057 

Programmer 2 26 9 4 1 40 1,033 

Programmer 3 23 8 1 0 32 1,088 

 

Table 5.  

Name E 

Programmer 1 0,664 

Programmer 2 0,663 

Programmer 3 0,827 
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Table 6.  

Name 
Average value of all expert 

assessments 

The total number of 

projects (N) 

The number of successfully 

handled tasks (ὔ ὔ  

Programmer 1 4,3 28 25 

Programmer 2 4,3 40 34 

Programmer 3 5,0 32 31 

 

Figure 1. The results of the calculation 

                     

 

Figure 2.  Number of projects 

  

 

CONCLUSION   

The proposed approach allowed evaluating the performance effectiveness of software executors and 

revealing which of the executors is faster and more effective. The effectiveness of the decisions taken by 

predicting the process of software development was also assessed through proposed approach and 

established imitation model.   
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However, the specifications of the work, the characteristics of the team and the relationships within the 

staff should be taken into account in any case. If the employee is convinced that his/her work is evaluated, 

he/she will try his/her best not only for staff, but for the company. 

The main indicator of success of any company is its revenue. It depends on the efficient use of available 

resources for the production of goods or services and on the proper organization of the staff. 

Consequently, the precise assessment and measurement of the work of employees is a major problem. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʛʨʦʟʳ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʤʝʜʠʮʠʥʩʢʠʝ ʵʣʝʢʪʨʦʥʥʳʝ ʠ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʭ ʦʪʭʦʜ rʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ. ʂʘʢ ʦʙʲʝʢʪ ʫʛʨʦʟʳ, ʠʩʩʣʝʜʫʶʪʩʷ 

ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʬʘʢʪʦʨʳ ʚʝʱʝʩʪʚ ʠ ʢʦʤʧʦʥʝʥʪ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʵʪʠʭ ʦʙʦʨʫʜʦʚʘʥʠʷʭ ʠ ʠʭ ʦʪʭʦʜʘʭ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ, ʘ ʪʘʢʞʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʵʪʠʭ ʬʘʢʪʦʨʦʚ. ʆʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, 

ʦʭʚʘʪʳʚʘʶʱʝʡ ʠʭ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʠ ʙʝʟʦʧʘʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʜʠʮʠʥʩʢʠʝ ʵʣʝʢʪʨʦʥʥʳʝ ʦʪʭʦʜʳ, ʢʦʤʧʴʶʪʝʨʥʳʝ ʦʪʭʦʜʳ, ʚʨʝʜʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ, ʩʘʥʠʪʘʨʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʥʦʨʤʳ, ʧʝʨʝʨʘʙʦʪʢʘ ʦʪʭʦʜʦʚ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʦʪʭʦʜʘʤʠ 

ɺɺɽɼɽʅʀɽ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʙʘʟʦʚʳʤʠ 

ʬʘʢʪʦʨʘʤʠ ʚ ʨʘʟʚʠʪʠʠ ʣʶʙʦʡ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʨʝʜʩʪʚ, ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʜʘʣʝʝ, ʕʆ) ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʥʘʠʙʦʣʝʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʚʠʜʝ. ɺ XX ʚʝʢʝ ʨʝʚʦʣʶʮʠʦʥʥʳʝ ʦʪʢʨʳʪʠʷ ʠ ʠʟʦʙʨʝʪʝʥʠʷ  ʚ ʦʙʣʘʩʪʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʬʠʟʠʢʠ, ʢʦʤʧʴʶʪʝʨʥʦʡ ʠ ʩʝʪʝʚʦʡ ʪʝʭʥʠʢ ʠ ʪʝʭʥʦʣʦʛʠʡ ʜʘʣʠ ʪʦʣʯʦʢ 

ʠʥʪʝʩʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʘʢʪʠʢ ʥʘ ʠʭ ʦʩʥʦʚʝ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʚʝʣʠ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʦʩʪʫ ʧʘʨʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʆʜʥʘʢʦ ʧʝʨʝʯʠʩʣʝʥʥʦʝ ʚʳʰʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʦʟʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ. ʉʫʱʥʦʩʪʴ ʵʪʠʭ ʧʨʦʙʣʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʤʝʜʠʮʠʥʩʢʠʝ ʵʣʝʢʪʨʦʥʥʳʝ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʜʘʣʝʝ, ʄʕʆ) ʠ ʠʭ ʦʪʭʦʜʳ 

(ʜʘʣʝʝ, ʦʪʭʦʜʳ ʤʝʜʠʮʠʥʩʢʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʨʫʜʦʚʘʥʠʡ  ʆʄʕʆ), ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ, ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʭ, ʨʘʜʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʦʧʘʩʥʦʩʪʝʡ, 

ʩʦʟʜʘʶʪ ʫʛʨʦʟʳ ʟʜʦʨʦʚʴ ʁʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

ʇʨʠ ʥʝʩʦʙʣʶʜʝʥʠʠ ʧʨʘʚʠʣ ʵʢʩʧʣʫʘʪʘʮʠʠ ʄʕʆ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ, ʘ 

ʪʘʢʞʝ ʧʨʠ ʫʪʨʘʪʝ ʠʤʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ, ʧʝʨʝʭʦʜʝ ʚ ʨʘʟʨʷʜ ʦʪʭʦʜʦʚ ʠ ʥʝʥʘʜʣʝʞʘʱʝʡ 

ʫʪʠʣʠʟʘʮʠʠ ʆʄʕʆ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʠʩʪʦʯʥʠʢ ʩʝʨʴʝʟʥʳʭ ʫʛʨʦʟ ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʚ ʥʘʠʙʦʣʝʝ ʦʩʪʨʦʤ ʚʠʜʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʪʨʘʥʘʭ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʠ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʕʆ 

(ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ ʦʪʭʦʜʦʚ, ʩʝʣʝʢʪʠʚʥʳʡ ʩʙʦʨ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʠ ʩʢʣʘʜʠʨʦʚʘʥʠʝ, ʧʝʨʚʠʯʥʘʷ ʠ 

ʚʪʦʨʠʯʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ, ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʠʣʠ ʠʭ ʫʥʠʯʪʦʞʝʥʠʝ). ʆʙʨʘʱʝʥʠʝ ʩ ʕʆ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ 

ʢʣʘʩʩʫ ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ ï ʢʣʘʩʩʫ ɻ, ʢʘʢ ʩʦ ʩʤʝʰʘʥʥʳʤʠ ʪʚʝʨʜʳʤʠ ʙʳʪʦʚʳʤʠ ʦʪʭʦʜʘʤʠ, ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ, ʙʫʜʫʯʠ ʚʳʙʨʦʰʝʥʳ ʥʘ ʧʦʣʠʛʦʥʳ, ʦʥʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʩʦʣʥʝʯʥʳʝ ʣʫʯʠ, ʦʩʘʜʢʠ, ʚʝʪʝʨ, ʚʦʟʛʦʨʘʥʠʷ ʠ ʪ.ʧ., ʨʘʟʣʘʛʘʷʩʴ, ʟʘʛʨʷʟʥʷʶʪ ʘʪʤʦʩʬʝʨʫ, ʧʦʯʚʫ, 

ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʠ ʚʦʜʥʳʝ ʙʘʩʩʝʡʥʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʮʝʣʷʤʠ ʥʦʚʦʡ ʩʪʨʘʪʝʛʠʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʩʬʝʨʝ ʦʪʭʦʜʦʚ, ʠʟʣʦʞʝʥʥʦʡ ʚ ʜʦʢʣʘʜʝ ʂʦʤʠʩʩʠʠ ñʅʘʰʝ ʦʙʱʝʝ ʙʫʜʫʱʝʝò ʥʘ 
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ɻʝʥʝʨʘʣʴʥʦʡ ɸʩʩʘʤʙʣʝʝ ʆʆʅ ʚ 1987 ʛ., ʷʚʣʷʶʪʩʷ ʵʢʦʥʦʤʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʩʦʭʨʘʥʝʥʠʝ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ. ʕʪʘ ʩʪʨʘʪʝʛʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ ʟʘʤʢʥʫʪʦʛʦ 

ʮʠʢʣʘ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʛʜʘ ʤʝʪʘʣʣʳ ʠ ʧʨʦʯʠʝ ʧʦʣʝʟʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʤʘʪʝʨʠʘʣʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʚʣʝʯʝʥʳ ʠʟ ʩʦʩʪʘʚʘ ʦʪʭʦʜʦʚ ʠ ʚʥʦʚʴ ʚʚʝʜʝʥʳ ʚ ʭʦʟʷʡʩʪʚʝʥʳʡ ʦʙʦʨʦʪ, ʟʘʤʝʱʘʷ 

ʩʦʙʦʡ ʧʝʨʚʠʯʥʳʝ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ [1]. ʇʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʕʆ, ʢʘʢ 

ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʪʭʦʜʘʤʠ, ʷʚʣʷʝʪʩʷ ʜʣʷ ʢʘʞʜʦʡ ʩʪʨʘʥʳ ʚʝʩʴʤʘ ʚʘʞʥʦʡ ʠ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʶʪʩʷ ʚʣʠʷʥʠʷ ʤʝʜʠʮʠʥʩʢʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ  ʠ ʠʭ ʦʪʭʦʜʦʚ ʥʘ 

ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. 

 

ɺʃʀʗʖʑʀɽ ɺɽʑɽʉʊɺɸ, ʂʆʄʇʆʅɽʅʊʓ ʀ ʌɸʂʊʆʈʓ ʄʕʆ ʀ ʀʍ ʆʊʍʆɼʆɺ 

ɺ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʄʕʆ, ʩ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʩ ʫʯʝʪʦʤ ʢʨʠʪʝʨʠʷ 

ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ ʧʦ ʠʭ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʤʫ, ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʤʫ ʠ ʨʘʜʠʘʮʠʦʥʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ: 

 ʥʝʦʧʘʩʥʳʝ (ʠʥʝʨʪʥʳʝ) ʦʪʭʦʜʳ; 

 ʦʧʘʩʥʳʝ ʦʪʭʦʜʳ; 

 ʯʨʝʟʚʳʯʘʡʥʦ ʦʧʘʩʥʳʝ ʦʪʭʦʜʳ; 

 ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʦʪʭʦʜʳ. 

ʄʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ, ʯʪʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʝʣʝʤʝʜʠʮʠʥʳ, ʤʦʙʠʣʴʥʦʛʦ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʢʦʤʧʴʶʪʝʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʜʨʫʛʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʘʢʪʠʢ ʧʨʠʚʝʜʝʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʛʨʫʧʧ ʠ 

ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʥʦʤʝʥʢʣʘʪʫʨʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʤ ʧʨʘʚʠʣʘʤ ʠ ʥʦʨʤʘʤ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʛʨʦʟ 

ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʰʠʝ ʬʠʟʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʠ ʚʝʱʝʩʪʚʘ ʚ 

ʩʦʩʪʘʚʝ ʄʕʆ. 

 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ (ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝïʕʀ) ʕʀ ʧʨʦʷʚʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ. ʉʣʝʜʫʶʱʠʝ 

ʚʠʜʳ ʕʀ ʩʦʟʜʘʶʪ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʛʨʦʟʳ ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ: 

- ʨʘʜʠʦʚʦʣʥʳ ï 30 ʢɻʮ - 300 ɻɻʮ; 

- ʠʥʬʨʘʢʨʘʩʥʳʝ ʚʦʣʥʳ ï 300 ɻɻʮ- 429 ʊɻʮ; 

- ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ ʚʦʣʥʳ ï 3Ŀ10
5
 ʊɻʮ - 3Ŀ10

7
 ʊɻʮ; 

- ʠʦʥʠʟʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ ï 3Ŀ10
7
 ʊɻʮ -> 6Ŀ10

10
 ʊɻʮ. 

ʇʦʩʣʝʜʥʷʷ ʛʨʫʧʧʘ ʚʦʣʥ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʜʝʣʠʪʩʷ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʝ, ʘʣʴʬʘ, 

ʙʝʪʘ, ʛʘʤʤʘ ʠʟʣʫʯʝʥʠʷ ʠ ʥʝʡʪʨʦʥʥʳʝ ʯʘʩʪʠʮʳ. 

ʈʘʜʠʦʚʦʣʥʳ. ʀʟʣʫʯʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʧʨʦʠʩʭʦʜʠʪ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʙʦʪʝ ʚʘʢʫʫʤʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ 

(ʉɺʏ-ʣʘʤʧʳ, ʤʘʛʥʝʪʨʦʥʳ ʠ ʪ.ʧ.), ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ, Bluetooth-ʫʩʪʨʦʡʩʪʚ, ʩʝʪʝʚʳʭ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʫʩʪʨʦʡʩʪʚ Wi-Fi ʠ ʪ.ʜ. ɺ ʢʘʯʝʩʪʚʝ ʩʘʥʠʪʘʨʥʳʭ ʥʦʨʤ ʧʨʠʥʷʪʳ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 25 ɸ/ʤ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 5 ɻʮ-2ʢɻʮ ʠ 2,5 ɸ/ʤ ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 2 ʢɻʮ-400 ʢɻʮ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 50 ʩʤ ʦʪ ʠʩʪʦʯʥʠʢʘ; ʧʣʦʪʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ 
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250 ʛʊʣ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 5 ɻʮ-2ʢɻʮ ʠ 25 ʛʊʣ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 2ʢɻʮ-400 ʢɻʮ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 500 ɺ. 

ʇʨʝʚʳʰʝʥʠʝ ʩʘʥʠʪʘʨʥʳʭ ʥʦʨʤ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʷʞʝʣʳʭ ʠʦʥʦʚ ʚ ʧʦʤʝʱʝʥʠʠ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʚʳʟʳʚʘʝʪ ʧʦʢʨʘʩʥʝʥʠʝ ʛʣʘʟ, ʛʦʣʦʚʥʳʝ ʙʦʣʠ, ʯʫʚʩʪʚʦ ʫʩʪʘʣʦʩʪʠ, ʚʳʧʘʜʝʥʠʝ ʚʦʣʦʩ, 

ʵʢʟʝʤʫ, ʘʣʣʝʨʛʠʶ ʠ ʜʨʫʛʠʝ ʩʠʤʧʪʦʤʳ. ʈʘʜʠʦʚʦʣʥʳ ʪʘʢʞʝ ʤʝʰʘʶʪ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʝ 

ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʙʦʣʴʥʦʛʦ ʩʝʨʜʮʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʛʝʥʝʨʠʨʫʝʤʦʝ 

ʢʘʨʜʠʦʩʪʠʤʫʣʷʪʦʨʦʤ ʚʳʰʝ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ, ʩʤʝʨʪʝʣʴʥʦ ʦʧʘʩʥʦ [2]. 

 

ʀʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ (ʀʂʀ). ɺ ʤʘʣʳʭ ʜʦʟʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʮʝʣʷʭ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʧʣʦʚʳʤ ʵʬʬʝʢʪʦʤ, ʩʦʟʜʘʚʘʝʤʳʤ ʀʂʀ ʚ ʧʦʜʢʦʞʥʳʭ ʪʢʘʥʷʭ. ʆʜʥʘʢʦ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ 

ʜʦʟʳ ʠ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ ʀʂʀ ʚʳʟʳʚʘʶʪ ʛʣʫʙʠʥʥʳʡ ʧʝʨʝʛʨʝʚ ʪʢʘʥʝʡ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʥʘʨʫʰʝʥʠʷʭ ʚʦʜʥʦ-ʩʦʣʝʚʦʛʦ ʙʘʣʘʥʩʘ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʦʣʝʟʥʷʤʠ ʢʦʞʠ, ʛʣʘʟ, ʤʦʟʛʦʚʳʤʠ 

ʥʘʨʫʰʝʥʠʷʤʠ ʠ ʪ.ʧ. 

 

ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ (ʋʌʀ). ɺ ʤʘʣʳʭ ʜʦʟʘʭ ʋʌʀ ʦʙʣʘʜʘʝʪ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʦʢʘʟʳʚʘʝʪ ʙʣʘʛʦʪʚʦʨʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤʳ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʚʠʪʘʤʠʥʦʚ 

ʛʨʫʧʧʳ D, ʦʜʥʘʢʦ ʧʨʝʚʳʰʝʥʠʝ ʧʨʝʜʝʣʴʥʳʭ ʜʦʟ ʚʳʟʳʚʘʝʪ ʦʞʦʛʠ ʢʦʞʠ, ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢʠ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ, ʢʘʪʘʨʘʢʪʳ ʛʣʘʟ ʠ ʜʨʫʛʠʭ ʙʦʣʝʟʥʝʡ. 

 

ʀʦʥʠʟʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ (ʀʀ). ʀʀ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʦʤ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʡ ʠ ʘʣʴʬʘ, ʙʝʪʘ ʠ ʥʝʡʪʨʦʥʥʳʭ ʯʘʩʪʠʮ ʠʟ ʘʪʦʤʦʚ ʥʝʢʦʪʦʨʳʭ ʚʝʱʝʩʪʚ. 

ʈʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʜʝʣʝʥʠʠ ʘʪʦʤʦʚ ʚʝʱʝʩʪʚʘ ʠ ʩʦʟʜʘʥʠʠ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʀʀ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʨʘʜʠʦʥʫʢʣʠʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʪʦʢʠ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʧʨʦʥʠʢʘʶʪ ʚ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ. ʀʀ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʦʟʘʭ (ʤʦʱʥʦʩʪʴ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ) ʚʳʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʷ ʚ ʷʜʨʘʭ ʘʪʦʤʦʚ 

ʞʠʚʳʭ ʪʢʘʥʝʡ ʠ ʢʘʢ ʧʨʦʜʫʢʪ ʜʝʣʝʥʠʷ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ ʧʨʝʚʨʘʱʘʶʪ ʠʭ ʚ ʟʘʨʷʞʝʥʥʳʝ ʠʦʥʳ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚ ʪʢʘʥʷʭ ʥʘʨʫʰʘʝʪʩʷ ʥʦʨʤʘʣʴʥʦʝ ʪʝʯʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʘ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʦʩʪʨʳʝ ʨʝʘʢʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʧʦʢʨʘʩʥʝʥʠʝ ʢʦʞʠ, ʚʳʧʘʜʝʥʠʝ ʚʦʣʦʩ, ʨʘʜʠʘʮʠʦʥʥʳʝ 

ʦʞʦʛʠ ʠʣʠ ʣʫʯʝʚʦʡ ʩʠʥʜʨʦʤ [3-4]. 

 

ɿʚʫʢ ʠ ʰʫʤʳ ɻʝʥʝʨʠʨʫʶʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʥʝʢʦʪʦʨʳʭ ʄʕʆ. ɺ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʰʫʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʥʝʞʝʣʘʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʘ, ʩʦʟʜʘʶʱʠʡ ʜʠʩʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʯʝʣʦʚʝʢʘ 

[5]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʰʫʤʘ ʚʚʝʜʝʥʳ ʪʘʢʠʝ ʪʝʨʤʠʥʳ ʢʘʢ 

çʘʢʫʩʪʠʯʝʩʢʘ ̫ʵʢʦʣʦʛʠè̫ ʠ çʰʫʤʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝè. 

ɽʩʣʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʟʚʫʢʘ ʚʳʰʝ ʥʦʨʤʳ (ʰʫʤʘ) ʚʳʟʳʚʘʝʪ ʯʫʚʩʪʚʦ ʪʨʝʚʦʛʠ, 

ʜʠʩʢʦʤʬʦʨʪ, ʥʝʨʚʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ, ʪʦ ʜʣʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʳʭ ʰʫʤʦʚ ʚʳʟʳʚʘʝʪ 

ʧʦʚʨʝʞʜʝʥʠʷ ʩʣʫʭʦʚʦʛʦ ʘʧʧʘʨʘʪʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʩʣʫʭʘ (ʛʣʫʭʦʪʝ). ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʰʫʤʳ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʥʦʨʤʘʣʴʥʫʶ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘ ʠ ʦʢʘʟʳʚʘʶʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ (ʥʝʨʚʥʳʝ ʩʨʳʚʳ, ʩʪʨʝʩʩ, 

ʙʝʩʧʦʢʦʡʩʪʚʦ), ʬʠʟʠʯʝʩʢʠʝ (ʧʦʤʝʭʠ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʦʙʱʝʥʠʶ) ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ (ʥʘʨʫʰʝʥʠʷ 
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ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʛʣʫʭʦʪʘ, ʪʠʥʥʠʪʫʩ: ʧʨʠʩʫʪʩʪʚʠʝ ʥʝʩʫʱʝʩʪʚʫʶʱʠʭ ʟʚʫʢʦʚ, ʛʠʧʝʨʘʢʫʟʠʷ: 

ʘʥʦʤʘʣʴʥʦ ʦʩʪʨʳʡ ʩʣʫʭ ʠʣʠ ʙʦʣʝʟʥʝʥʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʩʣʳʰʠʤʳʤ ʟʚʫʢʘʤ ʠ ʜʨ.) ʚʦʟʜʝʡʩʪʚʠʷ.  

ɺ ʩʦʩʪʘʚʝ ʥʝʢʦʪʦʨʳʭ ʄʕʆ ʠʤʝʶʪʩʷ ʪʘʢʠʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦ 

ʩʪʝʧʝʥʠ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʨʘʚʠʣ ʷʚʣʷʶʪʩʷ ʠʥʝʨʪʥʳʤʠ ʠ ʙʝʟʦʧʘʩʥʳʤʠ. ʆʜʥʘʢʦ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʨʘʟʨʷʜ 

ʦʪʭʦʜʦʚ ʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʝʥʘʜʣʝʞʘʱʝʡ ʫʪʠʣʠʟʘʮʠʠ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʤʦʛʫʪ 

ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ ʠʩʪʦʯʥʠʢʠ ʦʧʘʩʥʦʩʪʝʡ. ʇʦ ʩʪʝʧʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʨʷʜ ʵʪʠʭ ʚʝʱʝʩʪʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʪʦʢʩʠʯʥʳʤʠ, ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ, ʢʘʥʮʝʨʦʛʝʥʥʳʤʠ, ʠʥʬʝʢʮʠʦʥʥʳʤʠ, ʪʝʨʘʪʦʛʝʥʥʳʤʠ, 

ʤʫʪʘʛʝʥʥʳʤʠ ʠ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʃʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʧʨʦʬʠʣʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʦʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʨʘʟʫʝʪ ʨʘʟʣʠʯʥʳʝ ʧʦ ʬʨʘʢʮʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ ʦʪʭʦʜʳ. ɺʩʝ 

ʦʪʭʦʜʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʨʘʟʜʝʣʷʶʪʩʷ ʧʦ ʩʪʝʧʝʥʠ ʠʭ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʡ, ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʡ ʠ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʧʘʩʥʦʩʪʠ ʥʘ ʧʷʪʴ ʢʣʘʩʩʦʚ ʦʧʘʩʥʦʩʪʠ [6]: 

 ʢʣʘʩʩ ɸ  ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʝ ʦʪʭʦʜʳ ʧʦ ʩʦʩʪʘʚʫ ʧʨʠʙʣʠʞʝʥʥʳʝ ʢ ʪʚʝʨʜʳʤ ʙʳʪʦʚʳʤ 

ʦʪʭʦʜʘʤ; 

 ʢʣʘʩʩ ɹ  ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʝ ʦʪʭʦʜʳ; 

 ʢʣʘʩʩ ɺ  ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠ ʯʨʝʟʚʳʯʘʡʥʦ ʦʧʘʩʥʳʝ ʦʪʭʦʜʳ; 

 ʢʣʘʩʩ ɻ  ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʝ ʦʪʭʦʜʳ; 

 ʢʣʘʩʩ ɼ  ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʦʪʭʦʜʳ. 

 

ʊʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʝ ʦʪʭʦʜʳ (ʢʣʘʩʩ ɻ), ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦ ʩʪʝʧʝʥʠ ʠʭ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʡ 

ʚʨʝʜʥʦʩʪʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʯʝʪʳʨʝ ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ [7]: 

 ʢʣʘʩʩ 1  ʯʨʝʟʚʳʯʘʡʥʦ ʦʧʘʩʥʳʝ ʦʪʭʦʜʳ; 

 ʢʣʘʩʩ 2  ʚʳʩʦʢʦʦʧʘʩʥʳʝ ʦʪʭʦʜʳ; 

 ʢʣʘʩʩ 3  ʫʤʝʨʝʥʥʦ ʦʧʘʩʥʳʝ ʦʪʭʦʜʳ; 

 ʢʣʘʩʩ 4  ʤʘʣʦʦʧʘʩʥʳʝ ʦʪʭʦʜʳ. 

 

ɿʜʝʩʴ ʪʝʨʤʠʥ ñʚʨʝʜʥʦʝ ʚʝʱʝʩʪʚʦò ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ɻʆʉʊ-ʫ 12.1.007.76, ʢʘʢ ñʚʝʱʝʩʪʚʦ, 

ʢʦʪʦʨʦʝ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʦʨʛʘʥʠʟʤʦʤ ʯʝʣʦʚʝʢʘ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʪʨʘʚʤʳ, 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʠʣʠ ʦʪʢʣʦʥʝʥʠʷ ʚ ʩʦʩʪʦʷʥʠʠ ʟʜʦʨʦʚʴʷ, ʦʙʥʘʨʫʞʠʚʘʝʤʳʝ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ, ʪʘʢ ʠ ʚ ʦʪʜʘʣʝʥʥʳʝ ʩʨʦʢʠ ʞʠʟʥʠ ʥʘʩʪʦʷʱʝʛʦ ʠ 

ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʡò [8]. 

ɺʦ ʚʩʝʭ ʨʘʟʚʠʪʳʭ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ ʦʙʨʘʱʝʥʠʝ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʦʪʭʦʜʘʤʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʩ ʆʄʕʆ, ʚʝʜʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʘʚʘ. 

ʅʘʧʨʠʤʝʨ, ʚ ʩʪʨʘʥʘʭ ɽʉ ʦʙʨʘʱʝʥʠʝ ʩ ʚʨʝʜʥʳʤʠ ʦʪʭʦʜʘʤʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ɼʠʨʝʢʪʠʚʘʤʠ 2012/19/EU 

çʆʙ ʦʪʭʦʜʘʭ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷè (ʧʦʩʣʝʜʥʷʷ ʨʝʜʘʢʮʠʷ) [9], 91/689/EEC 

çʆʙ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚʘʭè [10], 2011/65/EU çʆʛʨʘʥʠʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʦʧʘʩʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʠ ʵʣʝʢʪʨʦʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷʭè (RʦHS) [11] ʠ ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ. ʅʘʧʨʠʤʝʨ, ʧʦʩʣʝʜʥʷʷ ɼʠʨʝʢʪʠʚʘ ʟʘʧʨʝʱʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʠʥʝʮ, ʢʘʜʤʠʡ, ʨʪʫʪʴ, 6-ʪʠ 

ʚʘʣʝʥʪʥʳʡ ʭʨʦʤ, ʧʦʣʠʙʨʦʤʜʠʬʝʥʠʣ ʠ ʝʛʦ ʵʬʠʨʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɿʘʧʨʝʪ ʠʤʧʦʨʪʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʶ ʩʪʨʘʥ ɽʉ ʧʨʦʜʫʢʮʠʠ ʙʝʟ ʩʝʨʪʠʬʠʢʘʪʘ RʦHS-2 (2-ʘʷ ʨʝʜʘʢʮʠʷ), ʧʦʜʪʚʝʨʞʜʘʶʱʝʛʦ 
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ʦʪʩʫʪʩʪʚʠʝ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ, ʜʝʡʩʪʚʫʝʪ ʩ ʷʥʚʘʨʷ 2013 ʛ. Cʦʛʣʘʩʥʦ ʵʪʦʡ ʞʝ ɼʠʨʝʢʪʠʚʝ, ʥʘʯʠʥʘʷ ʩ 22 

ʠʶʣʷ 2014 ʛ. ʧʦ 22 ʠʶʣʷ 2016 ʛ., ʧʦʵʪʘʧʥʦ ʜʣʷ ʛʨʫʧʧ ʦʙʦʨʫʜʦʚʘʥʠʡ, ʧʨʦʧʠʩʘʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ: ʤʘʩʩʘ ʵʪʠʭ ʚʝʱʝʩʪʚ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 0,1% ʦʙʱʝʡ ʤʘʩʩʳ 

ʢʦʥʩʪʨʫʢʮʠʠ (ʜʣʷ ʢʘʜʤʠʷ ʠ ʝʛʦ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʙʦʣʝʝ 0,01%). 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʦʙʦ ʚʨʝʜʥʳʝ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʝʱʝʩʪʚʘ ʚ ʩʦʩʪʘʚʝ ʄʕʆ ʠ 

ʆʄʕʆ. 

 

ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ. Hg (ʨʪʫʪʴ), Cr (ʭʨʦʤ), Cd (ʢʘʜʤʠʡ), ɺʘ (ʙʘʨʠʡ) , Tl, (ʪʘʣʣʠʡ), Bi (ʚʠʩʤʫʪ) ʠ ʜʨ. 

ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʷʜʝ ʤʘʛʥʠʪʥʦ-ʷʜʝʨʥʳʭ ʄʕʆ, ʚ ʪʝʣʝʚʠʟʦʨʘʭ, ʩʤʘʨʪʬʦʥʘʭ, ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ 

ʣʘʤʧʘʭ ʠ ʪ.ʜ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʙʦʣʝʟʥʝʡ 

ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ, ʨʘʢʘ ʣʝʛʢʠʭ ʠ ʣʝʡʢʝʤʠʠ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʪʫʪʠ ʨʝʛʫʣʠʨʫʝʪʩʷ 

ʄʠʥʘʤʘʪʩʢʦʡ ʢʦʥʚʝʥʮʠʝʡ, ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʧʠʩʘʥʳ ʜʝʡʩʪʚʠʷ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʧʦ 

ʩʦʢʨʘʱʝʥʠʶ (ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ ʧʨʝʢʨʘʱʝʥʠʷ) ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʪʫʪʴʩʦʜʝʨʞʘʱʠʭ ʧʨʠʙʦʨʦʚ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʤʝʜʠʮʠʥʩʢʠʭ. ʈʪʫʪʴ ʧʨʠʟʥʘʥʘ ʚʝʱʝʩʪʚʦʤ, ʦʢʘʟʳʚʘʶʱʠʤ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʥʝʚʨʦʣʦʛʠʯʝʩʢʦʝ ʠ ʠʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ, ʧʨʠ ʵʪʦʤ ʚʳʨʘʞʘʝʪʩʷ ʦʩʦʙʘʷ 

ʦʙʝʩʧʦʢʦʝʥʥʦʩʪʴ ʝʝ ʧʘʛʫʙʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʝʱʝ ʥʝ ʨʦʜʠʚʰʠʭʩʷ ʜʝʪʝʡ ʠ ʤʣʘʜʝʥʮʝʚ [12]. 

ɹʨʦʤʦʩʦʜʝʨʞʘʱʠʝ ʚʝʱʝʩʪʚʘ. ɹʨʦʤʦʩʦʜʝʨʞʘʱʠʝ ʚʝʱʝʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʣʠʙʨʦʤʜʠʬʝʥʠʣʴʥʳʝ 

ʵʬʠʨʳ (ʥʘʧʨʠʤʝʨ, ʘʥʪʠʧʠʨʝʥ), ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʦʛʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʢʦʤʧʦʥʝʥʪʘ ʄʕʆ, ʥʘʧʨʠʤʝʨ, ʢʘʙʝʣʝʡ ʠ ʧʨʦʚʦʜʦʚ, ʨʘʟʣʠʯʥʳʭ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʠʟʜʝʣʠʡ. ʇʘʨʳ ʠ ʜʳʤ 

ʵʪʠʭ ʵʬʠʨʦʚ, ʧʦʧʘʜʘʷ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ (ʥʘ ʵʪʘʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʤʦʥʪʘʞʘ ʕʆ), ʦʢʘʟʳʚʘʶʪ 

ʢʘʥʮʝʨʦʛʝʥʥʳʡ ʵʬʬʝʢʪ, ʨʘʟʜʨʘʞʘʶʪ ʩʣʠʟʠʩʪʳʝ ʦʙʦʣʦʯʢʠ ʛʣʘʟ ʠ ʜʳʭʘʪʝʣʴʥʳʝ ʧʫʪʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ 

ʘʣʣʝʨʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʪʦʰʥʦʪʫ, ʨʚʦʪʫ, ʧʦʜʘʚʣʷʶʪ ʜʝʷʪʝʣʴʥʦʩʪʴ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʢʦʞʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʜʠʬʝʥʠʣ ʪʦʢʩʠʯʝʥ ʜʣʷ ʧʦʯʝʢ, ʧʝʯʝʥʠ, 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʠ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤ. 

ʌʪʘʣʘʪʳ. ʕʪʦ ʧʣʘʩʪʠʬʠʢʘʪʦʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʣʘʩʪʠʯʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʇɺʍ, 

ʨʝʟʠʥʳ, ʢʘʫʯʫʢʘ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʘʙʝʣʝʡ, 

ʧʨʦʚʦʜʦʚ ʠ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ. ʆʙʣʘʜʘʶʪ 

ʩʚʦʡʩʪʚʦʤ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ, ʦʪʜʝʣʝʥʠʷ ʦʪ ʠʟʜʝʣʠʷ ʠ ʩʤʝʰʠʚʘʥʠʷ ʩ ʚʦʟʜʫʭʦʤ. 

ʄʦʛʫʪ ʧʨʦʥʠʢʘʪʴ ʚ ʦʨʛʘʥʠʟʤ (ʚ ʬʦʨʤʝ ʤʦʥʦʬʪʘʣʘʪʦʚ) ʯʝʨʝʟ ʚʦʟʜʫʭ, ʚʦʜʫ, ʧʠʱʫ ʠ ʢʦʞʫ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʩɹʷ ʧʦ ʚʩʝʤ ʚʥʫʪʨʝʥʥʠʤ ʦʨʛʘʥʘʤ. ʗʚʣʷʶʪʩʷ ʧʨʠʯʠʥʘʤʠ ʙʦʣʝʟʥʝʡ ʧʦʯʝʢ, ʧʝʯʝʥʠ ʠ 

ʛʦʨʤʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʆʪʥʦʩʷʪʩʷ ʢ II ʢʣʘʩʩʫ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ. 

ʇʦʣʠʚʠʥʠʣʭʣʦʨʠʜ (ʇɺʍ). ʕʪʘ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʤʘʩʩʘ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʄʕʆ ʠ ʢʘʢ ʠʟʦʣʠʨʫʶʱʠʡ ʤʘʪʝʨʠʘʣ ʚ ʢʘʙʝʣʷʭ ʠ ʧʨʦʚʦʜʘʭ 

(ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʥʪʠʧʠʨʝʥʦʚ). ʇʦʜ ʚʣʠʷʥʠʝʤ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʨʠ ʛʦʨʝʥʠʠ 

ʦʙʨʘʟʫʶʪ ʯʨʝʟʚʳʯʘʡʥʦ ʚʨʝʜʥʳʝ (I ʢʣʘʩʩ ʦʧʘʩʥʦʩʪʠ) ʢʘʥʮʝʨʦʛʝʥʥʳʝ ʜʠʦʢʩʠʥʳ. ɼʠʦʢʩʠʥʳ 

ʥʘʨʫʰʘʶʪ ʛʦʨʤʦʥʘʣʴʥʳʡ ʙʘʣʘʥʩ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʳʝ ʬʫʥʢʮʠʠ ʦʨʛʘʥʠʟʤʘ, ʚʳʟʳʚʘʶʪ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɺʃʀʗʖʑʀɽ ʂʆʄʇʆʅɽʅʊʓ ʀ ʌɸʂʊʆʈʓ ʂʆʄʇʔʖʊɽʈʅʆʁ ʊɽʍʅʀʂʀ ʀ ʀʍ 

ʆʊʍʆɼʆɺ 
ʂʦʤʧʴʶʪʝʨʳ. ɼʣʷ ʯʝʣʦʚʝʢʘ ʫʛʨʦʟʫ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʦʥʠʪʦʨ r ʩʪʘʨʦʛʦ ʪʠʧʘ ʥʘ 

ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʪʨʫʙʢʝ (ʕʃʊ), ʩʠʩʪʝʤʥʳʡ ʙʣʦʢ ʠ ʪʦʥʝʨʳ ʢʘʨʪʨʠʜʞʝʡ ʣʘʟʝʨʥʳʭ ʧʨʠʥʪʝʨʦʚ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʘʨʢ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʥʠʪʦʨʦʚ ʦʙʥʦʚʠʣʩʷ ʠ ʝʛʦ ʦʩʥʦʚʫ ʩʦʩʪʘʚʣʷʶʪ ʤʦʥʠʪʦʨʳ ʥʘ 
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ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʘʭ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʡ ʠ ʥʘʛʨʫʟʢʘ ʥʘ ʟʨʝʥʠʝ ʦʪ ʤʦʥʠʪʦʨʦʚ ʥʘ ʞʠʜʢʠʭ 

ʢʨʠʩʪʘʣʣʘʭ ʠ ʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ. ʆʜʥʘʢʦ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʝʱʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʦʧʘʩʥʳʝ ʨʪʫʪʴ, ʢʘʜʤʠʡ, ʦʣʦʚʦ ʠ ʜʨʫʛʠʝ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ. ɺ ʩʣʫʯʘʝ 

ʧʦʣʦʤʢʠ (ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ) ʵʪʠʭ ʤʦʥʠʪʦʨʦʚ ʧʘʨʳ ʨʪʫʪʠ ʤʦʛʫʪ ʩʦʟʜʘʪʴ ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ. 

ʃʘʟʝʨʥʳʝ ʢʘʨʪʨʠʜʞʠ. ʀʩʧʦʣʴʟʫʝʤʳʡ ʚ ʢʘʨʪʨʠʜʞʘʭ ʣʘʟʝʨʥʳʭ ʧʨʠʥʪʝʨʦʚ ʧʦʨʦʰʦʢ- ʪʦʥʝʨ ʧʨʠ 

ʥʝʩʦʙʣʶʜʝʥʠʠ ʧʨʘʚʠʣ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʤ. ʆʩʥʦʚʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʦʥʝʨʘ, ʵʪʦ ʩʘʞʘ ʠ ʤʘʛʥʝʪʠʪ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʩʦʩʪʘʚ 

ʪʦʥʝʨʘ ʜʦʙʘʚʣʷʶʪ ʞʝʣʝʟʦ, ʪʠʪʘʥ, ʦʢʠʩʴ ʘʣʶʤʠʥʠʷ, ʙʝʥʟʦʣ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ - ʜʠʙʫʪʠʣ ʠ 

ʪʨʠʙʫʪʠʣ ʚ ʜʦʧʫʩʪʠʤʳʭ (ʙʝʟʦʧʘʩʥʳʭ) ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʈʘʟʤʝʨʳ ʤʠʢʨʦʯʘʩʪʠʮ ʪʦʥʝʨʘ ʨʘʚʥʳ 3-4 

ʤʠʢʨʦʥʘʤ, ʯʪʦ ʚ 10-15 ʨʘʟ ʤʝʥʴʰʝ ʨʘʟʤʝʨʦʚ ʦʙʳʯʥʦʡ ʧʳʣʠ. ʆʥʠ ʙʝʟ ʟʘʧʘʭʘ ʠ ʥʝʚʠʜʠʤʳ 

ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʚʟʛʣʷʜʦʤ. ʇʨʠ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʢʘʨʪʨʠʜʞʘ ʤʠʢʨʦʯʘʩʪʠʮʳ ʪʦʥʝʨʘ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʧʦ ʚʦʟʜʫʭʫ, ʯʝʨʝʟ ʜʳʭʘʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʧʨʦʥʠʢʘʶʪ ʚ ʣʝʛʢʠʝ ʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ 

ʥʠʭ, ʚʳʟʳʚʘʷ ʪʘʢʠʝ ʙʦʣʝʟʥʠ ʢʘʢ ʘʩʪʤʘ ʠ ʩʠʣʠʢʦʟ [13]. ʉʨʝʜʩʪʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ 

(ʨʝʩʧʠʨʘʪʦʨ ʠ ʧʨʦʪʠʚʦʛʘʟ) ʥʝ ʤʦʛʫʪ ʟʘʜʝʨʞʠʚʘʪʴ ʤʠʢʨʦʯʘʩʪʠʮʳ ʪʘʢʠʭ ʨʘʟʤʝʨʦʚ. 

 

ʍʠʤʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʕʪʦ ʙʘʪʘʨʝʠ ʦʜʥʦʨʘʟʦʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ 

ʤʥʦʛʦʢʨʘʪʥʦ ʟʘʨʷʞʘʝʤʳʝ ʘʢʢʫʤʫʣʷʪʦʨr. ʇʦ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ ʙʘʪʘʨʝʠ ʠ ʘʢʢʫʤʫʣʷʪʦʨʳ ʦʪʥʦʩʷʪ ʢ 

I ʢʣʘʩʩʫ (ʯʨʝʟʚʳʯʘʡʥʦ ʦʧʘʩʥʳʝ ʦʪʭʦʜʳ) ʠ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʘʤʠ ʩʝʨʴʝʟʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ, 

ʚʳʟʳʚʘʝʤʳʭ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʚ ʠʭ ʩʦʩʪʘʚʝ. ɺ ʠʭ ʩʦʩʪʘʚ ʚʭʦʜʷʪ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʦʚ) ʨʪʫʪʴ, 

ʢʘʜʤʠʡ, ʦʣʦʚʦ, ʮʠʥʢ, ʥʠʢʝʣʴ, ʣʠʪʠʡ, ʤʘʨʛʘʥʝʮ, ʱʝʣʦʯʠ. ʊʘʢʞʝ ʧʨʠ ʚʦʟʛʦʨʘʥʠʠ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ 

ʚʳʜʝʣʷʶʪʩʷ ʩʣʦʞʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʛʘʟʦʦʙʨʘʟʥʳʝ ʚʝʱʝʩʪʚʘ, ʥʘʥʦʩʷʱʠʝ ʚʨʝʜ ʯʝʣʦʚʝʢʫ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʦʜʥʦʡ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʙʘʪʘʨʝʝ ʤʦʛʫʪ ʩʜʝʣʘʪʴ 1000 ʤ
3
 ʚʦʜʳ ʥʝʧʨʠʛʦʜʥʦʡ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. ʇʨʠ 

ʟʘʭʦʨʦʥʝʥʠʠ ʙʘʪʘʨʝʡ ʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʥʘ ʧʦʣʠʛʦʥʘʭ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʨʦʟʠʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʵʪʠ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʣʝʛʢʦ ʧʨʦʩʦʯʠʪʴʩʷ ʚ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʪʘʥʦʚʷʪʩʷ ʥʝʧʨʠʛʦʜʥʳʤʠ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʳ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʥʘ ʙʣʠʞʘʡʰʠʭ ʢ ʧʦʣʠʛʦʥʘʤ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ. 

ɺ ɽʉ, ʩʦʛʣʘʩʥʦ ɼʠʨʝʢʪʠʚʝ 2006/66/EC ñʆ ʙʘʪʘʨʝʷʭ ʠ ʘʢʢʫʤʫʣʷʪʦʨʘʭò [14], ʟʘʧʨʝʱʝʥʦ ʚʳʙʨʘʩʳʚʘʪʴ 

ʵʪʠ ʫʩʪʨʦʡʩʪʚʘ ʩʦʚʤʝʩʪʥʦ ʩ ʪʚʝʨʜʳʤʠ ʙʳʪʦʚʳʤʠ ʦʪʭʦʜʘʤʠ. ʇʨʝʜʫʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʘʥʢʮʠʠ ʠʟ-

ʟʘ ʥʘʨʫʰʝʥʠʡ ʧʦʣʦʞʝʥʠʡ ɼʠʨʝʢʪʠʚʳ. 

ʆʙ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʤʝʜʠʮʠʥʩʢʦʡ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝɺ 

ɸʟʝʨʙʘʡʜʞʘʥʝ ʥʝʪ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʤʝʜʠʮʠʥʩʢʠʭ ʠ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʦʙʦʨʫʜʦʚʘʥʠʡ, ʠ ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ʠʭ ʧʨʦʩʪʦ ʟʘʢʘʧʳʚʘʶʪ ʚ ʧʦʣʠʛʦʥʘʭ. ʅʘʧʨʠʤʝʨ, ʧʦ 

ʜʘʥʥʳʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʙʶʣʣʝʪʝʥʷ çʇʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʳʨʴʷè ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʢʦʤʠʪʝʪʘ ʩʪʘʪʠʩʪʠʢʠ ɸʟʝʨʙʘʡʜʞʘʥʘ ʚ 2015 ʛ., ʧʦ ʧʨʠʯʠʥʝ ʦʪʩʫʪʩʪʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ʧʦʣʠʛʦʥʳ ʦʪʭʦʜʦʚ ʙʳʣʠ ʚʳʙʨʦʰʝʥʳ ʙʝʟ ʚʩʷʢʦʡ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 0,2 ʪ ʨʪʫʪʴʩʦʜʝʨʞʘʱʠʭ ʰʣʘʤʦʚ, 3,9 ʪ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʣʘʤʧ, 27 ʪ 

ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʠ ʙʘʪʘʨʝʡ, 717,9 ʪ ʤʝʜʠʮʠʥʩʢʠʭ ʦʪʭʦʜʦʚ (ʧʝʨʝʯʝʥʴ ʥʝ ʨʘʩʢʨʳʚʘʝʪʩʷ) [15]. ʇʦʵʪʦʤʫ, 

ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʕʆ ʫʢʘʟʘʥʥʳʭ ʦʙʦʨʫʜʦʚʘʥʠʡ, ʦʭʚʘʪʳʚʘʶʱʝʡ ʠʭ 

ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʦʪ ʵʪʘʧʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦ ʧʦʣʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʙʝʟʦʧʘʩʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʚ 

ɸʟʝʨʙʘʡʜʞʘʥʝ, ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ. 



IV. ICONTRENDS |  ISBN: 978-625-400-393-6 

 

 

St. Petersburg /Russia ï 2020 

www.icontrends.org 

123 

 

 

ɿɸʂʃʖʏɽʅʀɽ 

ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʠ ʷʚʣʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʨʘʙʦʪʝ 

ʤʝʜʠʮʠʥʩʢʠʭ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʦʙʦʨʫʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʨʝʚʨʘʱʝʥʠʠ ʠʭ ʚ ʢʦʥʮʝ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʚ ʦʪʭʦʜʳ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʤʝʜʠʮʠʥʩʢʦʡ 

ʧʨʘʢʪʠʢʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠ ʚ ʠʭ ʦʪʭʦʜʘʭ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʙʨʘʟʫʶʪʩʷ 

ʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʩʦʝʜʠʥʝʥʠʷ, ʚʣʠʷʶʱʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʠ ʩʦʟʜʘʶʱʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ, 

ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʝ ʫʛʨʦʟʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʟʜʘʥʠʝ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ 

ʨʘʙʦʪʳ ʧʝʨʩʦʥʘʣʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʦ ʩʙʦʨʫ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʵʪʠʭ ʕʆ ʚʝʩʴʤʘ 

ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ. ʆʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʕʆ, 

ʦʭʚʘʪʳʚʘʶʱʝʡ ʠʭ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʦʪ ʵʪʘʧʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦ ʧʦʣʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʙʝʟʦʧʘʩʥʦʡ 

ʫʪʠʣʠʟʘʮʠʠ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ. 
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Abstract 

 

This article describes the influence of information and communication technologies in the education 

process. The importance of informatization of education in improving the quality and accessibility of 

education is revealed. The characteristic of distance learning is given. The principles of distance education 

are determined. The special role of the teacher in the distance learning environment is noted. Modules of 

the information educational platform are offered. The tendencies of organization and distance learning 

technologies are considered. 
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ʇʝʨʩʧʝʢʪʠʚʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 
 

ɸʥʥʦʪʘʮʠʷ 

 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʮʝʩʩ 

ʦʙʨʘʟʦʚʘʥʠʷ. ʈʘʩʢʨʳʚʘʝʪʩʷ ʟʥʘʯʠʤʦʩʪʴ ʠʥʬʦʨʤʘʪʠʟʘʮʠʷ ʩʬʝʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ 

ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ.  ɼʘʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʆʧʨʝʜʝʣʷʶʪʩʷ 

ʧʨʠʥʮʠʧr    ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʆʪʤʝʯʘʝʪʩʷ ʦʩʦʙʘʷ ʨʦʣʴ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʡ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʝ. ʇʨʝʜʣʘʛʘʶʪʩʷ ʤʦʜʫʣʠ  ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ.  

ʈʘʩʩʤʘʪʨʠʚʘʪʁʩ ̫ʪʝʥʜʝʥʮʠʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʡ  ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ, ʜʠʩʪʘʥʮʠʦʥʥʦʝ 

ʧʨʝʧʦʜʘʚʘʥʠʝ, ʪʝʭʥʦʣʦʛʠʠ. 
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ɺɺɽɼɽʅʀɽ 

ɻʣʦʙʘʣʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ ʠ ʧʦʚʩʝʤʝʩʪʥʦʩʪʠ ʀʥʪʝʨʥʝʪ, ʩʪʨʝʤʠʪʝʣʴʥʦ 

ʨʘʩʪʝʪ. ʆʙʫʯʝʥʠʝ ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ ʙʝʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠ ʚʨʝʤʝʥʥʦʛʦ ʙʘʨʴʝʨʘ: ʩʪʫʜʝʥʪʳ,  

ʩʦʪʨʫʜʥʠʢʠ ʨʘʟʥʳʭ  ʤʥʦʛʦʥʘʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʘʥʠʡ,  ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʤʦʛʫʪ ʧʦʩʝʱʘʪʴ ʢʫʨʩʳ ʧʦ 

ʚʩʝʤʫ ʤʠʨʫ, ʠʤʝʪʴ ʜʦʩʪʫʧ ʢ ʫʯʝʙʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʆʙʨʘʟʦʚʘʥʠʝ ʚʦ ʚʩʝʤ ʤʠʨʝ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ 

ʩʠʣʴʥʝʝ ʟʘʚʠʩʝʪʴ ʦʪ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ, ʠ ʧʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʥʦʚʦʤ ʪʳʩʷʯʝʣʝʪʠʠ ʤʳ ʚʩʪʫʧʠʣʠ ʚ ʵʧʦʭʫ, ʢʦʪʦʨʫʶ ʥʘʟʳʚʘʶʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʥʦʚʷʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʚʠʜʦʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʀʥʬʦʨʤʘʪʠʟʘʮʠʷ ʩʬʝʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʠ ʜʦʩʪʫʧʥʦʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ. ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʥʘʨʷʜʫ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʫʯʝʙʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʩʨʝʜʩʪʚʘ ʧʦʜʜʝʨʞʢʠ ʠ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʉʪʨʝʤʣʝʥʠʝ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʠʩʪʝʤʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʠʢʪʦʚʘʥʦ 

ʩʦʮʠʘʣʴʥʳʤʠ, ʧʝʜʘʛʦʛʠʯʝʩʢʠʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ. ɹʣʘʛʦʜʘʨʷ ʩʨʝʜʩʪʚʘʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʫʯʝʥʠʷ ï 

ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʩʪʘʥʦʚʷʪʩʷ ʩʝʛʦʜʥʷ ʟʘʤʝʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ. ɼʠʩʪʘʥʮʠʦʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʩʨʝʜʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʫʩʧʝʰʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ [6].  

ʉʠʩʪʝʤʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʪʝʨʧʝʚʘʝʪ ʚ ʥʘʰʠ ʜʥʠ ʢʘʨʜʠʥʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʘ 

ʠʤʝʥʥʦ ʪʨʝʙʫʝʪʩʷ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʫʯʘʶʱʠʭʩʷ, ʦʙʥʦʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ 

ʢʦʤʧʝʪʝʥʮʠʡ, ʚʥʝʜʨʷʶʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ. ʉʦʚʨʝʤʝʥʥʘʷ ʩʠʩʪʝʤʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʝʤʠʪʩʷ ʢ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʦʡ ʬʦʨʤʳ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ï ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠ.̫ ʉʝʛʦʜʥʷ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ 

ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʯʪʦ-ʪʦ ʝʩʪʝʩʪʚʝʥʥʦʝ, ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʥʦʛʠʝ ʩʪʫʜʝʥʪʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʝʜʧʦʯʠʪʘʶʪ ʪʘʢʫʶ ʬʦʨʤʫ 

ʦʙʫʯʝʥʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʩʠʩʪʝʤʝ ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʫʯʝʥʠʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʞʠʚʘʝʪ ʵʪʘʧ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ. 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠ ̫

ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʩʣʫʛ, ʨʘʟʚʠʚʘʝʪʩʷ ʢʘʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʬʦʨʤʘ ʦʙʫʯʝʥʠʷ ʚ XXI ʚʝʢʝ. 

ʌʦʨʤʘʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʧʦʥʷʪʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ, 

ʦʪʣʠʯʘʝʪʩʷ: 

- ʀʥʪʝʨʥʝʪ-ʦʙʨʘʟʦʚʘʥʠʝ: ʵʪʦ ʤʦʜʝʣʴ ʦʙʫʯʝʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ 

ʀʥʪʝʨʥʝʪ ʠ ʀʥʪʨʘʥʝʪ; 

- ʕʣʝʢʪʨʦʥʥʦʝ ʦʙʫʯʝʥʠʝ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ ʠʥʬʦʨʤʘʮʠʠ (ʀʥʪʝʨʥʝʪ, 

ʀʥʪʨʘʥʝʪ, ʩʧʫʪʥʠʢʦʚʦʝ ʚʝʱʘʥʠʝ, ʚʠʜʝʦ, CD-ROM ʠ ʪ. ʜ.). ʕʪʦ ʤʝʪʦʜ ʦʙʫʯʝʥʠʷ ʩ ʜʦʩʪʘʚʢʦʡ, ʠ 

ʠʥʪʝʨʥʝʪ-ʦʙʨʘʟʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʵʪʦʛʦ; 

- ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ: ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʘʤʦʤ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʠ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʤʝʪʦʜʳ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 
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ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ - ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʣʫʯʝʥʠʝ ʩʪʫʜʝʥʪʦʤ 

ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʤʘ ʠʟʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʫʯʘʝʤʳʭ ʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʩʪʫʜʝʥʪʘʤ ʚʦʟʤʦʞʥʦʩʪʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ 

ʨʘʙʦʪʳ ʧʦ ʦʩʚʦʝʥʠʶ ʠʟʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʧʨʠʯʠʥʳ, ʧʦ ʢʦʪʦʨʳʤ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʧʨʠʯʠʥ 

ʤʦʞʥʦ ʦʙʦʙʱʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

- ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʡ ʧʝʨʝʜʘʯʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʜʘʥʥʳʭ;  

- ʧʦʦʱʨʷʝʪ ʦʙʫʯʝʥʠʝ ʦʙʨʘʟʦʚʘʥʥʦʡ ʨʘʙʦʯʝʡ ʩʠʣʳ;  

- ʞʝʩʪʢʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʚ ʜʝʣʦʚʦʤ ʤʠʨʝ ʧʦʙʫʞʜʘʝʪ ʢʦʤʧʘʥʠʠ ʩʥʠʞʘʪʴ ʨʘʩʭʦʜʳ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝ;  

- ʛʣʦʙʘʣʠʟʘʮʠʷ ʧʦʜʪʘʣʢʠʚʘʝʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʩʦʥʘʣ ʢʦʤʧʘʥʠʡ ʢ ʥʦʚʳʤ 

ʧʦʜʭʦʜʘʤ ʢ ʦʙʨʘʟʦʚʘʥʠʶ; 

- ʚʩʝ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʚʟʨʦʩʣʳʭ ʚʳʥʫʞʜʝʥʳ ʩʪʘʥʦʚʠʪʴʩʷ çʩʪʫʜʝʥʪʘʤʠè;  

- ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ ʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ 

ʜʝʡʩʪʚʠʝʤ;  

- ʙr ʩʪʨʳʡ ʨʦʩʪ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʀʥʪʝʨʥʝʪʘ ʜʝʣʘʝʪ ʝʛʦ ʦʯʝʥʴ ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ;  

- ʚʦʟʨʘʩʪʘʝʪ ʚʘʞʥʦʩʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʠ ʥʝʤʝʜʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ;  

- ɻ ʣʝʢʪʨʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪ ʫʯʘʩʪʠʝ ʩʪʫʜʝʥʪʦʚ; 

- ʥʝʪ ʧʦʪʝʨʠ ʚʨʝʤʝʥʠ ʥʘ ʪʨʘʥʩʧʦʨʪ;  

- ʥʝʪ ʚʨʝʤʝʥʥʳʭ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ;  

- ʩʪʫʜʝʥʪ ʤʦʞʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʙʫʯʝʥʠʷ; 

- ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩ ̫ʨʘʩʭʦʜʳ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʥʘ ʙʘʟʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥ 

ʨʷʜ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʧʣʘʪʬʦʨʤʝ. ɼʘʥʥʘʷ ʧʣʘʪʬʦʨʤʘ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʤʦʜʫʣʠ:  

1. ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʘʚʪʦʨʠʟʘʮʠʠ ʫʯʘʩʪʥʠʢʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ;  

2. ʧʨʝʜʲʷʚʣʝʥʠʷ ʫʯʝʙʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ;  

3. ʪʝʩʪʦʚ, ʧʨʦʚʝʨʷʝʤʳʭ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ;  

4. ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ, ʧʨʦʚʝʨʷʝʤʳʭ ʩʝʪʝʚʳʤ ʫʯʠʪʝʣʝʤ;  

5. ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ;  

6. ʩʦʟʜʘʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʪʯʝʪʦʚ.  
 

ʇʨʠʥʮʠʧʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠ ̫

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠʥʥʦʚʘʮʠʠ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: 

ʚʠʨʪʫʘʣʴʥʳʝ ʫʥʠʚʝʨʩʠʪʝʪʳ ʠ ʢʣʘʩʩʳ; ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʕʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʘʥʳ. ʊʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ï ʤʦʜʝʣʴ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʙʘʟʝ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʢʘʢ ʛʣʘʚʥʦʡ ʬʦʨʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʫʯʠʪʝʣʝʤ ʠ ʦʙʫʯʘʶʱʠʤʩʷ. ʕʪʦ ʷʨʢʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʝʛʦ ʙʘʟʝ ʩʪʘʣʘ ʨʘʟʚʠʚʘʪʴʩʷ ʥʦʚʘʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʬʦʨʤʘ ï ʚʠʨʪʫʘʣʴʥʳʝ 

ʢʣʘʩʩʳ ʠ ʚʠʨʪʫʘʣʴʥʳʝ ʫʥʠʚʝʨʩʠʪʝʪʳ. ʍʦʪʷ ʧʨʠ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʦʙʫʯʝʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʝʜʘʛʦʛʠʢʠ, ʦʜʥʘʢʦ ʦʩʦʙʳʡ ʫʧʦʨ ʜʝʣʘʝʪʩʷ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ. ʄʫʣʴʪʠʤʝʜʠʘ ʠ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ 
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ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚ ʩʠʩʪʝʤʝ 

ʦʙʨʘʟʦʚʘʥʠʷ. ʉ ʨʘʟʚʠʪʠʝʤ ʀʥʪʝʨʥʝʪʘ çʩʦʭʨʘʥʷʪʴ ʜʠʩʪʘʥʮʠʶè ʩʪʘʣʦ ʧʨʦʱʝ, ʠ ʫʞʝ ʩʝʛʦʜʥʷ ʚ 

ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʩʣʫʛʠ, ʥʘʯʠʥʘʷ ʦʪ 

ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʢʫʨʩʦʚ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʟʘʢʘʥʯʠʚʘʷ ʧʦʣʥʦʮʝʥʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ [5]. 

ɺ ʦʩʥʦʚʫ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʥʥʳʭ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʪʦʚ, ʧʦʣʦʞʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʧʨʠʥʮʠʧʳ:  

- ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ (ʦʙʫʯʝʥʠʝ ʚ ʨʝʞʠʤʝ ʜʠʘʣʦʛʘ ʩʦ ʚʩʝʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʫʤʦʚ, ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ, ʠʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʠʡ, ʚʠʨʪʫʘʣʴʥʳʭ 

ʵʢʩʢʫʨʩʠʡ, online ʫʨʦʢʦʚ);  

- ʘʩʠʥʭʨʦʥʥʦʩʪʴ (ʦʙʫʯʘʶʱʠʡ ʠ ʦʙʫʯʘʝʤʳʡ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʦʙʫʯʝʥʠʷ ʠ 

ʫʯʝʥʠʷ ʧʦ ʫʜʦʙʥʦʤʫ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʨʘʩʧʠʩʘʥʠʶ);  

- ʦʪʢʨʳʪʦʩʪʴ ʠ ʤʘʩʩʦʚʦʩʪʴ (ʦʙʫʯʘʶʱʠʝʩʷ ʠʤʝʶʪ ʜʦʩʪʫʧ ʢ ʵʣʝʢʪʨʦʥʥʳʤ ʙʠʙʣʠʦʪʝʢʘʤ, 

ʙʘʟʘʤ ʜʘʥʥʳʭ, ʵʣʝʢʪʨʦʥʥʳʤ ʨʝʩʫʨʩʘʤ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʬʝʨʳ, 

ʫʯʨʝʞʜʝʥʠʡ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ);  

- ʨʘʩʧʨʝʜʝʣʝʥʥʦʩʪʴ (ʩʦʟʜʘʥʠʝ çʚʠʨʪʫʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡè, ʢʦʪʦʨʳʝ 

ʦʙʲʝʜʠʥʷʶʪ ʚ ʝʜʠʥʫʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʧʦʪʝʥʮʠʘʣ ʮʝʣʦʛʦ ʨʷʜʘ ʰʢʦʣ, ʚʫʟʦʚ, ʫʯʨʝʞʜʝʥʠʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ, ʜʦ ʚʫʟʦʚʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ);  

- ʜʦʩʪʫʧʥʦʩʪʴ (ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʤʝʩʪʘ ʧʨʦʞʠʚʘʥʠʷ);  

- ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ (ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʫʯʝʥʠʷ).  

 

ʈʦʣʴ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ 

ɼʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʦʪʚʦʜʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʤʝʩʪʦ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ. ɽʛʦ ʟʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʜʝʡʩʪʚʠʠ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʤʫ ʧʦʛʨʫʞʝʥʠʶ ʦʙʫʯʘʝʤʳʭ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʩʨʝʜʫ, ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘʚʳʢʦʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʧʦʟʥʘʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʨʦʩʪʘ, ʛʦʪʦʚʥʦʩʪʠ ʢ ʨʝʰʝʥʠʶ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ ʠ ʩʠʪʫʘʮʠʡ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ 

ʧʨʦʮʝʩʩ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʫʨʦʚʝʥʴ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʡ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʜʦʣʞʝʥ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʘʢʪʠʚʠʟʘʮʠʠ 

ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʧʨʝʧʦʜʘʚʘʪʝʣʷ 

ʠʤʝʶʪ ʫʨʦʚʥʠ ʘʢʪʠʚʠʟʘʮʠʠ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ, ʢʘʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʮʝʩʩʘ 

ʧʨʝʧʦʜʘʚʘʥʠʷ. ɺʘʞʥʝʡʰʘʷ ʟʘʜʘʯʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ī ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ ʩʪʫʜʝʥʪʘ ʤʦʪʠʚʘʮʠʠ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʧʦʠʩʢʫ, ʦʙʨʘʙʦʪʢʝ ʠ 

ʚʦʩʧʨʠʷʪʠʶ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. ɺʥʠʤʘʥʠʝ ʩʪʫʜʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ ʦʙʫʯʝʥʠʠ. ʀʤʝʥʥʦ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʷ ʦʙʫʯʝʥʠʷ ʩ ʨʘʟʚʠʪʠʝʤ 

ʥʘʚʳʢʦʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʧʨʠʥʮʠʧʦʤ 

ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʉʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ, ʚʢʣʶʯʘʷ ʩʘʤʦʫʧʨʘʚʣʝʥʠʝ, 

ʩʘʤʦʢʦʥʪʨʦʣʴ, ʩʘʤʦʦʮʝʥʢʫ, ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʶ, ʩʘʤʦʤʦʪʠʚʘʮʠʶ, ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʩʝʙʝ, ʚ 

ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ ʠ ʜʨ [4].  

ʆʩʥʦʚʥʦʝ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ī ʩʦʟʜʘʥʠʝ ʤʦʪʠʚʘʮʠʦʥʥʦʛʦ ʥʘʩʪʨʦʷ, ʧʦʜʛʦʪʦʚʢʘ ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʨʫʢʦʚʦʜʩʪʚʘ ʠ ʫʧʨʘʚʣʝʥʠʷ 
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ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʦʡ ʢʘʞʜʦʛʦ ʩʪʫʜʝʥʪʘ ʥʘʜ ʫʯʝʙʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʤʦʪʠʚʘʮʠʦʥʥʦʛʦ ʥʘʩʪʨʦʷ ʩʪʫʜʝʥʪʦʚ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʜʦʣʞʝʥ ʨʘʩʢʨʳʪʴ (ʚʳʷʚʠʪʴ, ʦʙʦʩʥʦʚʘʪʴ, ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ) ʮʝʣʠ ʠʟʫʯʝʥʠʷ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʳ, 

ʧʦʢʘʟʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ, ʧʦʣʝʟʥʦʩʪʴ, ʟʥʘʯʠʤʦʩʪʴ ʦʚʣʘʜʝʥʠʷ ʜʘʥʥʳʤ ʩʦʩʪʘʚʦʤ ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʥʠʡ 

ʠ ʫʤʝʥʠʡ.  

ʈʝʟʫʣʴʪʘʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚ ʩʨʝʜʝ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʥʦʪʳ ʨʝʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ:  

- ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ï ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʩʪʨʫʢʪʫʨʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ ʠ ʧʨʘʚʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʥʝʡ; 

- ʤʝʪʦʜʠʯʝʩʢʠʭ ï ʦʧʨʝʜʝʣʷʶʱʠʭ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʚʥʝʜʨʝʥʠʷ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ 

ʦʙʫʯʝʥʠʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ; ʩʦʜʝʨʞʘʱʠʭ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʧʦ ʩʧʦʩʦʙʘʤ ʠ 

ʤʝʪʦʜʘʤ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ 

ʫʨʦʚʥʷ ʛʦʪʦʚʥʦʩʪʠ ʩʫʙʲʝʢʪʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʛʦʪʦʚʥʦʩʪʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ;  

- ʤʦʪʠʚʘʮʠʦʥʥʳʭ ï ʨʝʘʣʠʟʫʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʤʦʪʠʚʘʮʠʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʩʨʝʜʳ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʦʙʫʯʝʥʠʷ.  

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʟʚʠʪʠʷ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʷʚʣʷʶʪʩʷ ʧʨʠʦʙʨʝʪʝʥʥʳʝ 

ʟʥʘʥʠʷ, ʫʤʝʥʠʷ ʠ ʦʧʳʪ ʚ ʨʝʰʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ: ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ ʢ 

ʫʯʝʙʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠ ʩʦʙʣʶʜʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʜʦʩʪʫʧʘ; ʚʘʨʴʠʨʦʚʘʥʠʝ ʠ ʘʜʘʧʪʘʮʠʷ ʫʯʝʙʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʩʪʫʜʝʥʪʘ; ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʘʝʢʪʦʨʠʠ 

ʠʟʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʘʢʮʠʠ ʦʙʫʯʘʶʱʝʛʦʩʷ [1]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʶ: 

- ʬʦʨʤʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʦʣʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ; 

- ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʦʙʱʝʥʠʝ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʦʙʫʯʝʥʠʠ, ʠʩʧʦʣʴʟʫʷ ʩʝʪʝʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ; 

- ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʧʦʩʪʦʷʥʥʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ); 

-  ʫʯʠʪʳʚʘʪʴ ʧʦʟʥʘʚʘʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ; 

- ʦʙʝʩʧʝʯʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʧʦʜʜʝʨʞʢʫ ʪʨʘʜʠʮʠʡ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʰʢʦʣ; 

- ɻ ʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʵʣʝʤʝʥʪʳ çʦʙʨʘʪʥʦʡ ʩʚʷʟʠè.  

ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʧʦ ʩʚʦʝʡ ʩʫʪʠ, ʥʝ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ, ʥʦ ʠ ʩ ʜʨʫʛʠʤʠ ʧʘʨʪʥʝʨʘʤʠ, ʘ ʪʘʢʞʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʟʥʦʛʦ ʨʦʜʘ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʠ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʮʝʥʢʘ ʫʨʦʚʥʷ 

ʜʦʩʪʠʛʥʫʪʦʡ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʣʝʜʫʶʱʠʭ ʢʨʠʪʝʨʠʝʚ: ʘʜʘʧʪʠʚʥʦʩʪʴ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʥʘʯʘʣʴʥʳʭ 

ʟʥʘʥʠʡ; ʦʮʝʥʢʘ ʫʨʦʚʥʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩʪʫʜʝʥʪʦʚ ʩ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ; ʦʮʝʥʢʘ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ.  

 

ʆʨʛʘʥʠʟʘʮʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʧʦ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ: ʣʝʢʮʠʦʥʥʳʡ ʢʫʨʩ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ (ʵʣʝʢʪʨʦʥʥʳʡ ʚʘʨʠʘʥʪ ʣʝʢʮʠʠ); 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʧʦʠʩʢʦʚʫʶ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩ ʠʥʪʝʨʥʝʪ ʨʝʩʫʨʩʘʤʠ; ʛʨʫʧʧʦʚʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ ʧʨʠ ʨʘʙʦʪʝ ʥʘʜ ʧʨʦʝʢʪʦʤ ʠʣʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʥʠʡ; ʚʳʧʦʣʥʝʥʠʝ 
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ʣʘʙʦʨʘʪʦʨʥʳʭ, ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʦʡ; ʩʦʚʤʝʩʪʥʦʝ 

ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʠʡ ʪʚʦʨʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ; ʢʦʥʩʫʣʴʪʘʮʠʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ; ʧʨʦʤʝʞʫʪʦʯʥʦʝ 

ʪʝʩʪʠʨʦʚʘʥʠʝ [3].  

 

ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʢʘʢ ʪʝʭʥʦʣʦʛʠʷ ʝʩʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʠ ʤʝʪʦʜʠʯʝʩʢʠ ʦʨʛʘʥʠʟʦʚʘʥʥʦʝ 

ʨʫʢʦʚʦʜʩʪʚʦ ʫʯʝʙʥʦ-ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʫʯʘʱʠʭʩʷ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʝ ʧʦʩʨʝʜʩʪʚʦʤ  ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʩʨʝʜʩʪʚ ʩʚʷʟʠ.  

 

ʀʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʷ (ʩʝʪʝʚʘʷ ʪʝʭʥʦʣʦʛʠʷ) ï ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʣʦʙʘʣʴʥʳʭ ʠ 

ʣʦʢʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʘ ʦʙʫʯʘʶʱʠʭʩʷ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʝʪʦʜʠʯʝʩʢʠʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ, 

ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʨʝʘʣʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʤʝʩʪʘ ʥʘʭʦʞʜʝʥʠʷ ʝʛʦ ʩʫʙʲʝʢʪʦʚ [2]. 

 

ʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ (ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʧʫʪʥʠʢʦʚʘʷ) ʪʝʭʥʦʣʦʛʠʷ ï ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʩʤʠʯʝʩʢʠʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʨʝʜʩʪʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ 

ʪʝʣʝʚʝʱʘʥʠʷ, ʘ ʪʘʢʞʝ ʛʣʦʙʘʣʴʥʳʭ ʠ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʙʫʯʘʶʱʠʭʩʷ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʜʦʩʪʫʧʘ ʦʙʫʯʘʶʱʠʭʩʷ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʚʠʜʝ ʮʠʬʨʦʚʳʭ ʙʠʙʣʠʦʪʝʢ, ʚʠʜʝʦʣʝʢʮʠʡ ʠ ʜʨʫʛʠʭ 

ʩʨʝʜʩʪʚ ʦʙʫʯʝʥʠʷ. 

 

ʇʝʜʘʛʦʛʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ï ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʙʱʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʜʠʜʘʢʪʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ.  

 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ï ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ, ʧʝʨʝʜʘʯʠ ʠ 

ʭʨʘʥʝʥʠʷ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ.  

 

ʕʣʝʢʪʨʦʥʥʳʡ ʙʘʥʢ ʟʥʘʥʠʡ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʫʯʝʙʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 

ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤ.  

 

ʀʥʪʝʨʘʢʪʠʚʥʳʡ ʤʫʣʴʪʠʤʝʜʠʘ ʢʫʨʩ ï ʫʯʝʙʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʚʠʜʝ ʛʠʧʝʨʪʝʢʩʪʦʚʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩ ʤʫʣʴʪʠʤʝʜʠʘ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʦʙʝʩʧʝʯʝʥʥʳʡ ʩʠʩʪʝʤʦʡ ʥʘʚʠʛʘʮʠʠ ʧʦ ʢʫʨʩʫ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʝʛʦ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ʂʘʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ. ʉ 

ʚʥʝʜʨʝʥʠʝʤ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʷʚʠʣʠʩʴ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ: ʪʨʘʜʠʮʠʦʥʥʳʝ ʙʠʙʣʠʦʪʝʢʠ ʨʘʩʰʠʨʷʶʪ ʩʚʦʡ ʬʦʥʜ ʟʘ ʩʯʝʪ 

ʵʣʝʢʪʨʦʥʥʳʭ, ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʣʘʙʦʨʘʪʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʟʘʤʝʥʷʝʪʩʷ ʚʠʨʪʫʘʣʴʥʳʤʠ 

ʣʘʙʦʨʘʪʦʨʠʷʤʠ. ʅʘʨʷʜʫ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʦʙʫʯʝʥʠʷ (ʫʯʝʙʥʠʢʠ, ʥʘʛʣʷʜʥʳʝ ʧʦʩʦʙʠʷ ʠ 

ʜʨ.) ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʨʝʜʩʪʚʘ: 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʫʯʝʙʥʠʢʠ ʩ ʤʫʣʴʪʠʤʝʜʠʡʥʳʤ ʩʦʧʨʦʚʦʞʜʝʥʠʝʤ, ʵʣʝʢʪʨʦʥʥʳʝ ʫʯʝʙʥʦ-
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ʤʝʪʦʜʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʚʢʣʶʯʘʶʱʠʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʯʝʙʥʠʢʠ, ʪʨʝʥʠʥʛʦʚʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʧʨʦʛʨʘʤʤʳ, ʢʦʤʧʴʶʪʝʨʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʧʨʘʢʪʠʢʫʤʳ, ʢʦʥʪʨʦʣʴʥʦ-ʪʝʩʪʠʨʫʶʱʠʝ ʧʨʦʛʨʘʤʤʳ, 

ʫʯʝʙʥʳʝ ʚʠʜʝʦʬʠʣʴʤʳ, ʘʫʜʠʦʟʘʧʠʩʠ ʠ ʠʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ.  

ʉʦʟʜʘʚʘʝʤʳʝ ʥʘ ʙʘʟʝ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʝʜʤʝʪʥʦʝ 

(ʩʦʜʝʨʞʘʪʝʣʴʥʦʝ) ʥʘʧʦʣʥʝʥʠʝ ʮʠʬʨʦʚʦʡ ʙʠʙʣʠʦʪʝʢʠ, ʚʚʦʜʷ ʝʛʦ ʚ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʥʘʫʯʥʳʡ ʠ 

ʢʫʣʴʪʫʨʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʦʙʦʨʦʪ. ʉʦʟʜʘʥʠʝ ʮʠʬʨʦʚʦʡ ʙʠʙʣʠʦʪʝʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʧʝʮʠʘʣʠʩʪʘʤ, 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʠ ʩʣʫʰʘʪʝʣʷʤ, ʠʩʧʦʣʴʟʫʶʱʠʤ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʜʦʩʪʫʧ ʢ ʫʢʘʟʘʥʥʳʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʨʝʩʫʨʩʘʤ. ɸ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ - ʧʦʟʚʦʣʷʝʪ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴ ʚ ʩʚʦʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʝʨʝʜʦʚʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʨʝʛʫʣʷʨʥʦ ʦʙʤʝʥʠʚʘʪʴʩʷ ʦʪʯʝʪʘʤʠ ʦ 

ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʢʦʣʣʝʛʘʤʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠ 

ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ.  

 

ɿɸʂʃʖʏɽʅʀɽ 

ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʥʚʝʨʛʝʥʮʠʶ ʥʝʩʢʦʣʴʢʠʭ ʬʘʢʪʦʨʦʚ. ʇʨʠʯʠʥʳ 

ʢʦʥʚʝʨʛʝʥʮʠʠ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ: ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʩʦʮʠʘʣʴʥʳʝ ʬʘʢʪʦʨʳ ʠ 

ʥʦʚʳʝ ʧʘʨʘʜʠʛʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʕʬʬʝʢʪ ʢʦʥʚʝʨʛʝʥʮʠʠ ʨʘʟʚʠʚʘʝʪ ʨʦʩʪ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ 

ʩʝʢʪʦʨʘ, ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʧʨʦʜʦʣʞʘʶʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʤʦʞʝʪ ʩʪʘʪʴ ʩʠʩʪʝʤʥʦʝ ʨʘʟʚʠʪʠʝ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʘʢ ʜʦʧʦʣʥʝʥʠʷ ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʬʦʨʤʘʤ ʦʙʫʯʝʥʠʷ, ʩʦʟʜʘʥʠʝ ʠ 

ʨʘʟʚʠʪʠʝ ʝʜʠʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ ʀʥʪʝʨʥʝʪʘ.  

ɼʘʣʴʥʝʡʰʠʝ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʝʩʧʝʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʥʝ ʩʝʢʨʝʪ, ʯʪʦ ʦʙʫʯʝʥʠʝ ʪʦʣʴʢʦ ʪʦʛʜʘ ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʥʦʮʝʥʥʳʤ, 

ʢʦʛʜʘ ʜʦʩʪʠʛʘʝʪʩʷ ʠʤʠʪʘʮʠʷ ʨʝʘʣʴʥʦʛʦ ʦʙʱʝʥʠʷ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ, ï ʚʦʪ ʢ ʵʪʦʤʫ ʠ ʩʣʝʜʫʝʪ 

ʩʪʨʝʤʠʪʴʩʷ. ʅʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʯʝʪʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʝʜʦʩʪʘʪʦʢ ʣʠʯʥʦʛʦ ʢʦʥʪʘʢʪʘ ʟʘ ʩʯʝʪ ʚʠʨʪʫʘʣʴʥʦʛʦ ʦʙʱʝʥʠʷ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘʭʦʜʷʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʟʘʠʤʦʚʳʛʦʜʥʦʛʦ 

ʩʦʮʠʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʜʦʩʪʠʞʝʥʠʶ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʪʥʝʨʩʢʠʭ ʩʚʷʟʝʡ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʧʝʨʝʦʨʠʝʥʪʘʮʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʩʫʙʲʝʢʪʦʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ, ʧʦʟʚʦʣʠʪ 

ʩʦʭʨʘʥʠʪʴ ʠ ʫʩʠʣʠʪʴ ʩʚʦʠ ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ e-learning ʩʦʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʢʦʥʢʫʨʝʥʮʠʶ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ 

ʠ ʩʪʘʣ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ. ɼʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʫʩʧʝʰʥʳʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʪʝʭʥʦʣʦʛʠʠ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʘʙʦʪʘʪʴ ʩ ʥʠʤʠ ʧʨʦʠʟʚʦʣʴʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʨʝʜʦʩʪʘʚʣʷʷ 

ʭʦʨʦʰʫʶ ʦʙʫʯʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʦʙʟʦʨ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʟʘʨʫʙʝʞʥʳʭ 

ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ, ʪʘʢʠʭ ʢʘʢ: 3D ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʫʯʘʶʱʠʭ 

ʧʨʦʛʨʘʤʤʘʭ, ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʝʨʩʦʥʘʣʠʟʘʮʠʷ ʦʙʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʣʘʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʟʜʘʥʦ ʠ ʚʥʝʜʨʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʨʦʛʨʘʤʤʥʳʭ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ, ʨʝʘʣʠʟʫʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚʥʝʜʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʘʧʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ, ʧʦʟʚʦʣʷʶʱʠʭ ʘʜʘʧʪʠʨʦʚʘʪʴ ʦʙʫʯʘʝʤʦʛʦ ʢ ʫʯʝʙʥʦʤʫ ʤʘʪʝʨʠʘʣʫ, 

ʚʳʙʠʨʘʪʴ ʧʦʜʭʦʜʷʱʠʡ ʤʝʪʦʜ ʫʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʨʝʛʫʣʠʨʦʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ɼʨʫʛʦʡ ʨʘʟʨʘʙʦʪʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ, ʩʪʫʜʝʥʪʘʤ ʠ ʨʫʢʦʚʦʜʠʪʝʣʷʤ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ 

ʧʨʠʦʙʨʝʪʝʥʠʝ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ 

ʢʦʥʪʝʥʪ ʠʟ ʦʙʣʘʢʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʣʶʙʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʥʦʫʪʙʫʢ, ʩʤʘʨʪʬʦʥ, ʧʣʘʥʰʝʪ ʠ ʪ.ʜ.) ʠ ʚ 

ʫʜʦʙʥʦʝ ʜʣʷ ʦʙʫʯʘʶʱʝʛʦʩʷ ʚʨʝʤʷ, ʜʦʩʪʘʪʦʯʥʦ ʠʤʝʪʴ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʠ ʙʨʘʫʟʝʨ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ, 
ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ, ʤʦʙʠʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ, 

ʘʜʘʧʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ. 
 

E-education Management Technologies 
 

Abstract 

 

E-learning constitutes a significant competition to traditional education in many countries and has become 

a major tool for the modernization of education and economic growth. For the development and 

implementation of successful e-learning systems, we need technology that allows working with them for 

an arbitrary number of users, providing a good learning environment. The article provides an overview of 

the technologies used in foreign universities for managing e-learning, such as 3D technology training 

programs, interactive technology, personalization of learning using cloud computing and big data 

technologies. 
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It is shown that for today created and implemented quite a large number of software and hardware 

development, implementing various mechanisms of introduction of information technologies in the 

educational process. One of such developments is the use of adaptive technology in the learning process, 

allowing the student to adapt to training material, choose the suitable method of assimilation of the 

material, adjust the intensity of training at different stages of the learning process. 

Another development of information technology in education is the use of cloud computing, allowing 

access to educational resources for teachers, students, and managers of the education system. It was 

revealed that the use of cloud technology leads to a significant decrease in material costs for the purchase 

of expensive equipment and software, educational content from the cloud can be accessed from any device 

(laptop, smartphone, tablet, etc.) and at a convenient time for the learner, it is enough to have Internet 

connection and a browser. 

 

Keywords:  E-Education, Cloud Computing in E-Learning, Big Data In E-learning, Mobile Technologies 

In E-Learning, Adaptive Technologies In E-Learning. 

 

ɿʘʛʣʘʚʠʝ 

ʕʣʝʢʪʨʦʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʦʙʫʯʘʶʱʠʡʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʟʫʯʘʝʪ ʧʨʝʜʤʝʪʳ, ʠʤʝʷ ʧʨʠ ʩʝʙʝ ʢʦʤʧʣʝʢʪ ʩʧʝʮʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ 

ʦʙʫʯʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʘʢʪʘ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʝʩʧʫʙʣʠʢʝ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, (ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʥʘ ʜʫʰʫ 

ʥʘʩʝʣʝʥʠʷ, ʨʘʟʚʠʪʦʩʪʴ ʠ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʪʝʨʥʝʪ-ʩʝʪʝʡ ʠ ʪ.ʜ.) [1], ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʝʥ ʜʣʷ 

ʧʦʩʪʝʧʝʥʥʦʛʦ ʠ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʟʚʠʪʠʷ ʝ-ʦʙʨʘʟʦʚʘʥʠʷ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘʟʳʚʘʶʪ 

[2-4]:  

¶ ʜʦʩʪʫʧʥʦʩʪʴ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦ ʚʨʝʤʝʥʠ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ;  

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʧʨʦʚʝʨʢʠ ʪʝʩʪʦʚʳʭ 

ʟʘʜʘʥʠʡ ʠ ʭʨʘʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ;  

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ;  

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʩʪʚ ʤʫʣʴʪʠʤʝʜʠʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʛʣʷʜʥʦʩʪʴ 

ʦʙʫʯʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ.  

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ ʦʙʫʯʘʶʱʠʭʩʷ ʥʘʚʳʢʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ ʚʣʘʜʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ - ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ;  

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ ʩ ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ 

ʧʦʜʛʦʪʦʚʢʠ.  

ɺʦ ʚʩʝʤ ʤʠʨʝ ʨʘʟʚʠʪʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ï ʘʢʪʫʘʣʴʥʘʷ ʪʝʥʜʝʥʮʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ 

ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʉʐɸ ʩʪʘʣʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʩʪʨʘʪʝʛʠʝʡ ʚ ʩʠʩʪʝʤʝ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʠ ʜʘʥʥʳʝ 

ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʢʦʥʩʦʨʮʠʫʤʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ñSloanò ʧʦ ʢʦʪʦʨʳʤ, ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ, 
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ʦʩʝʥʴʶ 2014 ʛʦʜʘ 5,8 ʤʣʥ ʩʪʫʜʝʥʪʦʚ ʦʙʫʯʘʣʠʩʴ ʜʠʩʪʘʥʮʠʦʥʥʦ, ʠʟ ʥʠʭ 2,85 ʤʣʥ. ʦʙʫʯʘʣʠʩʴ on-line 

ʧʦ ʚʩʝʤ ʢʫʨʩʘʤ, ʘ 2,97 ʤʠʣʣʠʦʥʘ- ʧʦ ʥʝʢʦʪʦʨʳʤ ʢʫʨʩʘʤ ʧʨʦʛʨʘʤʤʳ ʦʙʫʯʝʥʠʷ.  [5].  

ɺ ʤʠʨʦʚʦʤ ʤʘʩʰʪʘʙʝ ʥʘ ʨʘʟʚʠʪʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 2011 ʛʦʜʫ  ʧʦʪʨʘʯʝʥʦ ʩʝʤʴ 

ʪʨʠʣʣʠʦʥʦʚ ʜʦʣʣʘʨʦʚ ʠ, ʧʦ ʧʨʦʛʥʦʟʫ ʘʥʘʣʠʪʠʢʦʚ,  ʢʘʞʜʳʡ ʧʦʩʣʝʜʫʶʱʠʡ ʛʦʜ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ  

ʝʞʝʛʦʜʥʦ ʥʘ 25% [6]. 

ɺ ʩʪʨʫʢʪʫʨʥʦʤ ʧʣʘʥʝ, ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʩʪʦʠʪ ʠʟ: 

Å ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʝʤ (LMS - learning management system) - ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʤ ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʫʯʨʝʞʜʝʥʠʠ, ʚʢʣʶʯʘʷ ʦʥʣʘʡʥʦʚʦʝ 

ʦʙʫʯʝʥʠʝ, ʧʨʦʚʦʜʠʤʳʝ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ, ʫʧʨʘʚʣʝʥʠʝ ʦʙʫʯʘʶʱʠʤʩʷ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʚʩʝʭ 

ʪʠʧʦʚ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ.  

Å ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤ ʤʘʪʝʨʠʘʣʦʤ (LCMS - Learning Content Management System) ï 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʯʝʙʥʦʛʦ ʢʦʥʪʝʥʪʘ. ʆʥʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʘʚʪʦʨʘʤ, ʜʠʟʘʡʥʝʨʘʤ ʠ ʵʢʩʧʝʨʪʘʤ 

ʩʨʝʜʩʪʚʘ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʟʜʘʥʠʷ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

Å  ʩʨʝʜʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʦʙʫʯʝʥʠʝʤ (MLE - Managed Learning Environment) ï ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʫʯʝʙʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɿʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʯʝʙʥʦʛʦ ʢʦʥʪʝʥʪʘ ʠ ʛʨʘʤʦʪʥʦʛʦ 

ʧʦʩʪʨʦʝʥʠʷ ʫʯʝʙʥʦʛʦ ʢʫʨʩʘ, ʚʦ ʤʥʦʛʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦʡ ʬʦʨʤʳ 

ʦʙʫʯʝʥʠʷ ʥʝ ʫʩʪʫʧʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʥʦʡ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʤ ʦʙʫʯʝʥʠʝʤ. 

ʇʨʠʤʝʯʘʪʝʣʴʥʳʤ ʬʘʢʪʦʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʘʥʠʠ Adobe, ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦʡ ʩʚʦʠʤ 

ʨʝʜʘʢʪʦʨʦʤ ʨʘʩʪʨʦʚʦʡ ʛʨʘʬʠʢʠ Adobe Photoshop - ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ Adobe eLearning Suite, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʨʘʟʚʠʪʠʶ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ [7]. ʉ ʝʛʦ ʧʦʤʦʱʴʶ 

ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʫʯʝʙʥʠʢʠ. ʅʦʚʝʡʰʘʷ ʥʘ ʩʝʛʦʜʥʷ ʚʝʨʩʠʷ ʧʘʢʝʪʘ  - Adobe Creative Suite 

6 ʩʣʫʞʠʪ ʚʝʣʠʢʦʣʝʧʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʜʠʟʘʡʥʘ ʢʦʥʪʝʥʪʘ ʵʣʝʢʪʨʦʥʥʳʭ ʫʯʝʙʥʳʭ ʢʫʨʩʦʚ. ʇʨʠ 

ʧʦʤʦʱʠ ʜʨʫʛʦʛʦ ʧʨʦʜʫʢʪʘ  ʢʦʤʧʘʥʠʠ Adobe - Adobe Connect 9  ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʚʠʨʪʫʘʣʴʥʳʝ 

ʢʦʤʥʘʪʳ, ʚʳʧʦʣʥʷʪʴ ʢʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ ʠ ʧʨʦʚʦʜʠʪʴ ʪʝʩʪʠʨʦʚʘʥʠʝ. 

ʋʩʧʝʰʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʢʫʨʩʘʤʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʷʚʣʷʝʪʩʷ WebCT Campus Edition, ʢʦʪʦʨʘʷ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʜʦʩʪʘʚʢʠ ʢʫʨʩʦʚʳʭ ʠ ʜʨʫʛʠʭ ʥʘʫʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ [9]. 

WebCT - ʷʚʣʷʝʪʩʷ ʙʘʟʦʡ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʝʡ ʤʘʪʝʨʠʘʣʳ ʢʫʨʩʘ ʠ ʩʣʫʞʠʪ ʜʣʷ ʜʦʩʪʫʧʘ ʠ ʦʙʟʦʨʘ ʵʪʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩʪʫʜʝʥʪʘʤʠ. ʕʪʘ ʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ ʯʝʤ 10 ʤʠʣʣʠʦʥʘʤʠ ʩʪʫʜʝʥʪʦʚ ʚ 80 

ʩʪʨʘʥʘʭ ʤʠʨʘ. 

ɼʨʫʛʠʤ ʧʨʦʜʫʢʪʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʠ ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʢʨʫʧʥʝʡʰʠʭ 

ʚʫʟʦʚ ʤʠʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʀʥʜʠʘʥʳ, ʄʘʩʩʘʯʫʩʝʪʩʩʢʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ, 

ʉʪʝʥʬʦʨʜʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʠ ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʄʠʯʠʛʘʥʘ, ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪ Sakai [10]. 

ɺʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʵʪʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʶʪʩʷ: 

¶ ʨʘʟʨʘʙʦʪʢʘ ʢʫʨʩʦʚ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʫʨʩʘʤʠ; 

¶ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʭʦʞʜʝʥʠʝʤ ʜʦʢʫʤʝʥʪʦʚ, ʬʦʨʫʤʳ, ʯʘʪʳ, ʦʥʣʘʡʥ-ʪʝʩʪʠʨʦʚʘʥʠʝ, ʛʣʦʩʩʘʨʠʠ, 

ʦʙʤʝʥ ʬʘʡʣʘʤʠ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʘʢʪʠʚʥʦʛʦ ʚʦʚʣʝʯʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ 

ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʨʦʮʝʩʩʳ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ð ʵʪʦ ʚʦʟʤʦʞʥʦʩʪʴ 
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ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʣʶʙʳʝ ʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ 

ʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ.  

Å ɺ ʵʪʦʡ ʩʚʷʟʠ ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʨʦʩʩʠʡʩʢʫʶ ʨʘʟʨʘʙʦʪʢʫ ʂʦʤʧʘʥʠʠ çɸʪʘʥʦʨè ï 

ʤʝʜʠʘʢʦʤʧʣʝʢʩ ʜʣʷ ʧʨʦʝʢʪʘ çʕʣʝʢʪʨʦʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʈʦʩʩʠʠè [11].  ɺ ʵʪʦʤ ʧʨʦʝʢʪʝ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʦʚʝʡʰʠʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʚʠʜʝʦ ʠ ʫʧʨʘʚʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, 

ʩʠʩʪʝʤʳ ʩʣʝʞʝʥʠʷ ʟʘ ʣʠʮʦʤ ʠ ʩʠʩʪʝʤʩ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʞʝʩʪʦʚ. ɼʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʯʠʪʳʚʘʝʪ 

ʞʝʩʪʳ ʠ ʚʳʧʦʣʥʷʝʪ ʢʦʤʘʥʜʳ ʚʳʩʪʫʧʘʶʱʝʛʦ: ʧʝʨʝʣʠʩʪʳʚʘʪʴ ʩʣʘʡʜʳ, ʩʞʠʤʘʪʴ ʠ ʨʘʩʪʷʛʠʚʘʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʚʦʨʘʯʠʚʘʪʴ 3D ʦʙʲʝʢʪʳ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʦʜʝʨʞʠʤʳʤ ʵʢʨʘʥʘ ʜʦʢʣʘʜʯʠʢʫ ʥʝ 

ʥʫʞʥʦ ʩʢʣʦʥʷʪʴʩʷ ʥʘʜ ʢʣʘʚʠʘʪʫʨʦʡ, ʜʦʩʪʘʪʦʯʥʦ ʜʘʪʴ ʢʦʤʘʥʜʫ ʞʝʩʪʦʤ ʨʫʢʠ. 

Å ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʮʝʣʷʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʘʜʘʧʪʠʚʥʘʷ ʤʦʜʝʣʴ, ʠ ʩʦʛʣʘʩʥʦ ʅ.ʇ. ʂʘʧʫʩʪʠʥʘ ʘʜʘʧʪʠʚʥʦʡ ʷʚʣʷʝʪʩʷ ñʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʢʘʞʜʦʤʫ ʫʯʝʥʠʢʫ ʜʦʩʪʠʯʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʛʦ ʧʨʠʨʦʜʥʳʤʠ   ʟʘʜʘʪʢʘʤʠ ʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠò [12]. ɸʜʘʧʪʘʮʠʷ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ 

ʠʥʬʦʨʤʘʮʠʠ, ʩʦʙʨʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʩ ʫʯʝʪʦʤ ʠʩʪʦʨʠʠ ʦʙʫʯʝʥʠʷ ʢʘʞʜʦʛʦ 

ʩʫʙʲʝʢʪʘ. 

Å ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʢʦʤʧʘʥʠʶ Knewton, ʢʦʪʦʨʘʷ ʦʜʥʦʡ ʠʟ ʠʟ ʧʝʨʚʳʭ ʩʪʘʣʘ 

ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴ ʪʝʭʥʦʣʦʛʠʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ [13]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʡ ʨʘʙʦʪʳ 

ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʦʚʨʝʤʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤ (LMS), ʧʦʟʚʦʣʷʶʱʘʷ ʣʶʙʦʤʫ 

ʫʯʝʙʥʦʤʫ ʟʘʚʝʜʝʥʠʶ ʚʥʝʜʨʠʪʴ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʝ ʦʙʫʯʝʥʠʝ. 

Å ʄʝʪʦʜʦʣʦʛʠʷ Knewton ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʠ ʤʦʜʝʣʠ ʦʙʫʯʘʶʱʝʛʦʩʷ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ ʨʝʘʛʠʨʫʝʪ ʥʘ ʣʶʙʳʝ ʜʝʡʩʪʚʠʷ ʦʙʫʯʘʶʱʝʛʦʩʷ ʚ ʩʠʩʪʝʤʝ.  ʂ ʧʨʠʤʝʨʫ, ʝʩʣʠ ʩʪʫʜʝʥʪ ʧʣʦʭʦ 

ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʫʯʝʙʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʪʦ ʩʠʩʪʝʤʘ ʧʨʝʜʣʘʛʘʝʪ ʝʤʫ ʪʘʢʦʡ ʚʘʨʠʘʥʪ ʢʦʥʪʝʥʪʘ, ʢʦʪʦʨʳʡ 

ʧʦʤʦʞʝʪ ʝʤʫ ʧʦʥʷʪʴ ʠʤʝʥʥʦ ʵʪʠ ʨʘʟʜʝʣʳ ʫʯʝʙʥʦʛʦ ʢʫʨʩʘ. ʕʪʦ ʧʦʤʦʞʝʪ ʩʪʫʜʝʥʪʫ ʫʩʧʝʰʥʦ ʦʩʚʦʠʪʴ 

ʫʯʝʙʥʳʡ ʤʘʪʝʨʠʘʣ, ʘ ʩʠʩʪʝʤʝ ʜʦʩʪʠʯʴ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʦʙʨʘʟʦʚʘʥʠʷ. 

Å ʀʤʝʥʥʦ ʚ ɸʨʠʟʦʥʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʉʐɸ, ʥʘʩʯʠʪʳʚʘʶʱʝʤ ʙʦʣʝʝ 100 ʪʳʩʷʯ ʩʪʫʜʝʥʪʦʚ, 

ʦʩʝʥʴʶ 2011 ʛʦʜʘ ʥʘʯʘʣʩʷ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʫʯʘʩʪʠʝʤ ʢʦʤʧʘʥʠʠ Knewton ʧʦ ʚʥʝʜʨʝʥʠʶ ʘʜʘʧʪʠʚʥʦʛʦ 

ʦʙʫʯʝʥʠʷ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʪʦʛʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ ʫʣʫʯʰʠʣʠʩʴ 

ʥʘ 18% [14].  

Å ɼʨʫʛʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

3D ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʫʯʝʥʠʠ [15]. ʄʥʦʛʦʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʟʫʯʘʝʤʳʭ ʷʚʣʝʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʫʯʘʝʤʦʤʫ ʩʪʘʪʴ ʫʯʘʩʪʥʠʢʦʤ ʜʝʡʩʪʚʠʡ ʚ ʘʙʩʪʨʘʢʪʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʘʭ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʟʘʜʘʪʴ ʢʘʢ ʚʠʨʪʫʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʘʢ ʠ ʚʠʨʪʫʘʣʴʥʳʝ ʦʙʲʝʢʪʳ, ʧʦʜʯʠʥʷʶʱʠʝʩʷ ʵʪʠʤ ʫʩʣʦʚʠʷʤ. ʆʙʫʯʘʝʤʳʡ, ʧʦʧʘʜʘʷ 

ʚ ʚʠʨʪʫʘʣʴʥʳʡ ʤʠʨ, ʧʦʧʘʜʘʝʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʙʦʣʝʝ ʰʠʨʦʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤ, 

ʯʪʦ ʧʨʝʜʣʘʛʘʝʪ ʥʝ ʪʦʣʴʢʦ ʧʣʦʩʢʠʡ ʵʢʨʘʥ ʤʦʥʠʪʦʨʘ, ʥʦ ʠ ʨʝʘʣʴʥʳʡ ʦʢʨʫʞʘʶʱʠʡ ʤʠʨ. ʈʝʘʣʠʟʘʮʠʷ ʚ 

ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʤʥʦʛʦʤʝʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʟʫʯʘʝʤʳʭ ʷʚʣʝʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʷʝʪ 

ʫʯʝʥʠʢʫ ʥʝ ʪʦʣʴʢʦ ʫʩʣʳʰʘʪʴ ʠʟʣʦʞʝʥʠʝ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʝ ʪʦʣʴʢʦ ʫʚʠʜʝʪʴ ʝʛʦ ʪʨʝʭʤʝʨʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʥʦ ʠ ʦʱʫʪʠʪʴ ʩʝʙʷ ʫʯʘʩʪʥʠʢʦʤ ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʵʢʨʘʥʝ ʩʦʙʳʪʠʡ.  ʊ.ʢ. ʯʝʣʦʚʝʢ ʙʦʣʝʝ 

80% ʠʥʬʦʨʤʘʮʠʠ ʧʦʣʫʯʘʝʪ ʯʝʨʝʟ ʟʨʠʪʝʣʴʥʳʝ ʢʘʥʘʣʳ ʠ ʩʧʦʩʦʙʝʥ ʦʩʦʙʝʥʥʦ ʙʳʩʪʨʦ ʚʦʩʧʨʠʥʠʤʘʪʴ, 
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ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ ʧʦʥʠʤʘʪʴ ʠʤʝʥʥʦ ʟʨʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʟʫʘʣʴʥʳʭ 

ʵʬʬʝʢʪʦʚ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʧʦʚʳʩʠʪ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʫʯʝʙʥʦʛʦ ʢʦʥʪʝʥʪʘ ʦʙʫʯʘʝʤʳʤ.  

Å ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 3D ʩ ʝʝ ʙʦʣʝʝ ʙʳʩʪʨʦʡ ʦʙʨʘʙʦʪʢʦʡ 

ʚʠʟʫʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʦʟʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʧʨʦʙʣʝʤʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʦʙʫʯʘʝʤʦʛʦ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʦʚʳʰʘʷ ʵʣʝʤʝʥʪ 

ʥʘʛʣʷʜʥʦʩʪʠ ʚʩʝʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

Å ɺ ʵʣʝʢʪʨʦʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʦʜʥʦʡ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʦʣʞʥʦ ʩʪʘʪʴ ʪʘʢʞʝ ʠ 

ʧʦʥʷʪʠʝ çʤʦʙʠʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡè (ʘʥʛʣ.: mobile technologies) [16]. ʀ ʟʜʝʩʴ ʤʦʞʝʪ ʧʦʥʘʜʦʙʠʪʴʩʷ 

ʧʦʚʩʝʤʝʩʪʥʳʡ ʜʦʩʪʫʧ ʢ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ, ʠʥʩʪʨʫʤʝʥʪʘʤ, ʪʝʭʥʦʣʦʛʠʷʤ, ʚʢʣʶʯʘʷ ʜʦʩʪʫʧ ʢ 

ʵʢʩʧʝʨʪʥʦʤʫ ʩʦʦʙʱʝʩʪʚʫ (ʵʢʩʧʝʨʪʥʳʤ ʛʨʫʧʧʘʤ, ʦʪʜʝʣʴʥʳʤ ʵʢʩʧʝʨʪʘʤ ï ʥʦʩʠʪʝʣʷʤ 

ʫʟʢʦʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʟʥʘʥʠʷ). ʉ ʨʘʩʰʠʨʝʥʠʝʤ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʠʤʝʥʥʦ ʩʨʝʜʩʪʚ 

ʤʦʙʠʣʴʥʦʡ ʪʝʣʝʬʦʥʠʠ (ʩʤʘʨʪʬʦʥʦʚ, ʧʣʘʥʰʝʪʦʚ ʠ ʧʨʦʯʝʝ), ʩʧʫʪʥʠʢʦʚʦʛʦ ʠ ʙʝʩʧʨʦʚʦʜʥʦʛʦ 

ʀʥʪʝʨʥʝʪʘ ʧʦʟʚʦʣʠʪ ʦʙʫʯʘʝʤʦʤʫ ʠʟ ʣʶʙʦʡ ʪʦʯʢʠ ʟʝʤʥʦʛʦ ʰʘʨʘ ʧʦʣʫʯʘʪʴ ʠ ʧʦʩʳʣʘʪʴ ʫʯʝʙʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ. 

ʊʝʭʥʦʣʦʛʠʠ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ɹʦʣʴʰʠʭ ɼʘʥʥʳʭ  

ɺ ʢʦʥʮʝ ʦʢʪʷʙʨʷ 2013 ʛʦʜʘ ʚ ʂʘʪʘʨʝ (ʛ. ɼʦʭʘ) ʧʨʦʰʝʣ ɺʩʝʤʠʨʥʳʡ ʩʘʤʤʠʪ ʠʥʥʦʚʘʮʠʡ ʧʦ 

ʦʙʨʘʟʦʚʘʥʠʶ (WISE) ʩ ʧʨʠʟʳʚʦʤ ʦ ʨʘʜʠʢʘʣʴʥʳʭ ʧʝʨʝʤʝʥʘʭ. ʅʘ ʩʘʤʤʠʪʝ ʫʯʘʩʪʚʦʚʘʣʠ ʚʝʜʫʱʠʝ 

ʧʝʜʘʛʦʛʠ, ʧʦʣʠʪʠʢʠ ʠ ʯʣʝʥʳ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʠʟ ʙʦʣʝʝ ʯʝʤ 100 ʩʪʨʘʥ ʤʠʨʘ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ 

ʩʘʤʤʠʪʘ ʙʳʣ ʧʨʠʟʳʚ ʢ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʢ 

ʤʠʨʫ ʟʘʚʪʨʘʰʥʝʛʦ ʜʥʷ. 

ʅʦ ʦʜʥʘ ʪʝʤʘ, ʢʦʪʦʨʘʷ ʧʨʠʚʝʣʘ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʦʧʪʠʤʠʟʤʫ ʩʨʝʜʠ ʜʝʣʝʛʘʪʦʚ ʙʳʣʠ ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ 

(Big Data). ʈʫʢʦʚʦʜʠʪʝʣʴ ʩʘʤʤʠʪʘ ɼʞʦʥ ʌʵʣʣʦʥ ʚʳʩʢʘʟʘʣ ʤʥʝʥʠʝ, ʯʪʦ ñʙʦʣʴʰʠʝ ʜʘʥʥʳʝ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʠ ʧʨʠʚʝʣʠ ʢ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʪʚʦʨʯʝʩʢʠʭ ʧʝʨʠʦʜʦʚ ʚ ʠʩʪʦʨʠʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʥʦʚʘʮʠʡ. 

ɺʨʝʤʷ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷò [17]. 

Big Data ʦʟʥʘʯʘʝʪ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʦʩʪʫʧʘʝʪ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ 

ʢʘʞʜʫʶ ʩʝʢʫʥʜʫ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʢʘʥʘʣʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʥʣʘʡʥ. ʕʪʦ - ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʤʠ, ʩʣʦʞʥʳʤʠ ʠ ʜʠʥʘʤʠʯʥʳʤʠ. ʀʭ ʦʙʳʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʪʨʫʜʥʦ ʫʣʘʚʣʠʚʘʪʴ ʠ 

ʫʧʨʘʚʣʷʪʴ. ʊʝʨʤʠʥ ʚʦʟʥʠʢ ʚ ʦʪʢʨʳʪʳʭ ʩʝʪʷʭ, ʛʜʝ ʩʧʝʮʠʘʣʠʩʪʳ ʧʳʪʘʣʠʩʴ ʥʘʡʪʠ ʙʳʩʪʨʳʝ ʠ ʙʦʣʝʝ 

ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʦʛʨʦʤʥʳʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ. ɹʣʘʛʦʜʘʨʷ 

ʜʦʩʪʠʞʝʥʠʷʤ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʵʪʠ ʜʘʥʥʳʝ ʪʝʧʝʨʴ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʴʰʫʶ ʧʦʣʴʟʫ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʚ ʩʬʝʨʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. Big Data ʷʚʣʷʝʪʩʷ ʩʚʦʙʦʜʥʦ ʦʧʨʝʜʝʣʷʝʤʳʤ 

ʪʝʨʤʠʥʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʘʩʪʦʣʴʢʦ ʙʦʣʴʰʠʭ ʠ ʩʣʦʞʥʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ, ʯʪʦ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʜʦʙʥʦ ʨʘʙʦʪʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  

ʂʦʥʮʝʧʮʠʠ ɹʦʣʴʰʠʭ ɼʘʥʥʳʭ ʠ ʤʝʪʦʜʳ ʘʥʘʣʠʪʠʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʫʞʝ ʩʝʡʯʘʩ, ʥʘʧʨʠʤʝʨ, ʚ ʩʬʝʨʝ 

ʵʢʦʥʦʤʠʢʠ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʠ ʢ ʨʘʟʣʠʯʥʳʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʤ ʠ ʫʯʝʙʥʳʤ 

ʧʨʠʣʦʞʝʥʠʷʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ, ʬʠʥʘʥʩʦʚʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, 

ʦʪʩʣʝʞʠʚʘʥʠʝ ʦʙʫʯʘʶʱʠʭʩʷ ʠ ʤʦʥʠʪʦʨʠʥʛ ʫʩʧʝʚʘʝʤʦʩʪʠ ʫʯʘʱʠʭʩʷ [18].  

ʅʝ ʪʦʣʴʢʦ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠʣʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʥʦ ʠ ʚ ʣʶʙʦʡ ʙʦʣʴʰʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʠʧʘʭ ʜʘʥʥʳʭ, ʩ ʢʦʪʦʨʳʤʠ ʠʤ ʥʝʦʙʭʦʜʠʤo ʠʤʝʪʴ ʜʝʣʦ. 



IV. ICONTRENDS |  ISBN: 978-625-400-393-6 

 

 

St. Petersburg /Russia ï 2020 

www.icontrends.org 

137 

 

 

ʉʫʱʝʩʪʚʫʶʪ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʜʘʥʥʳʭ: ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳe ʠ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳe. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʪʝʨʤʠʥ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ (ʉɼ) ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ (ɹɼ), ʘ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳe ʜʘʥʥʳe (ʅɼ) ʦʪʥʦʩʷʪʩʷ ʢʦ ʚʩʝʤ ʦʩʪʘʣʴʥʳʤ ʪʠʧʘʤ ʜʘʥʥʳʭ (ʪʝʢʩʪ, ʚʠʜʝʦ, ʟʚʫʢ 

ʠ ʪ.ʜ.). 

Oracle SQL, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ Oracle Big Data Appliance ʠ Oracle Exadata 

Database Machine, ʧʦʟʚʦʣʷʶʪ ʙʝʟ ʧʨʦʙʣʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ SQL ʟʘʧʨʦʩʳ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʙʦʣʴʰʠʤ 

ʜʘʥʥʳʤ, ʭʨʘʥʷʱʠʤʩʷ ʚ Hadoop, ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟax ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʭʨʘʥʠʣʠʱʘʭ NoSQL [19].  

 Big Data ʪʨʝʙʫʝʪ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʠʩʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʊʠʧʠʯʥʦʝ ʭʨʘʥʠʣʠʱʝ ʙʦʣʴʰʠʭ 

ʜʘʥʥʳʭ ʠ ʘʥʘʣʠʟ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʙʫʜʝʪ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʢʣʘʩʪʝʨʥʦʤ ʧʦʜʢʣʶʯʝʥʥʳʤ ʢ ʩʝʪʠ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ (NAS - Network Area Storage). ʂʣʘʩʪʝʨʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ NAS ʪʨʝʙʫʝʪ 

ʥʘʩʪʨʦʡʢʠ ʥʝʩʢʦʣʴʢʠʭ NAS "ʧʝʨʝʭʦʜʥʳʭ ʫʩʪʨʦʡʩʪʚ", ʚʢʣʶʯʘʶʱʠʤ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ 

ʟʘʧʦʤʠʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ NAS ʫʩʪʨʦʡʩʪʚʫ. ʉʝʨʠʷ ʫʩʪʨʦʡʩʪʚ NAS ʟʘʪʝʤ 

ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʯʪʦʙʳ ʧʦʟʚʦʣʠʪʴ ʤʘʩʩʦʚʦʝ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʧʦʠʩʢ ʜʘʥʥʳʭ.  

ʅʝʢʦʪʦʨʳʝ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ, ʠʟ-ʟʘ ʜʦʨʦʛʦʚʠʟʥʳ, ʥʝ ʩʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʩʝʙʝ ʧʨʠʥʷʪʴ ʢʣʘʩʪʝʨʥʫʶ 

ʪʝʭʥʦʣʦʛʠʶ NAS. ʇʦʵʪʦʤʫ, ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʩʚʦʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʩʤʦʛʫʪ 

ʨʘʩʩʤʦʪʨʝʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʷʜʘ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʦʙʣʘʯʥʳʝ 

ʚʳʯʠʩʣʝʥʠʷ ʫʞʝ ʩʝʡʯʘʩ ʩʪʘʥʦʚʷʪʩʷ ʨʝʘʣʴʥʦʩʪʴʶ ʜʣʷ ʤʥʦʛʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʩ ʯʘʩʪʥʳʤʠ ʦʙʣʘʯʥʳʤʠ 

ʨʘʟʤʝʱʝʥʠʷʤʠ. ʆʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʨʝʚʘʶʪ ʠ ʫʩʪʨʘʥʷʶʪ ʧʨʝʧʷʪʩʪʚʠʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʜʘʥʥʳʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʀʊ-ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʜʣʷ ʧʦʜʜʝʨʞʢʠ 

ʜʦʩʪʘʚʢʠ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʨʝʜʧʨʠʷʪʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʩʪʫʱʝʝ ʜʦʚʝʨʠʝ ʚ 

ʜʦʩʪʘʚʢʝ ʦʙʣʘʯʥʳʭ ʤʦʜʝʣʝʡ. 

 

ʆʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ      

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʷʚʣʷʶʪʩʷ ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ [20].  

ʇʦʜ ʦʙʣʘʯʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ (ʘʥʛʣ. ʩloud computing) ʧʦʥʠʤʘʶʪ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʡ ʢʦʤʧʴʶʪʝʨʥʳʝ ʨʝʩʫʨʩʳ ʠ ʤʦʱʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʢʘʢ ʠʥʪʝʨʥʝʪ ʩʝʨʚʠʩ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʪʨʝʙʦʚʘʥʠʡ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ (Big Data) ʧʦ 

ʭʨʘʥʝʥʠʶ ʠ ʚʳʯʠʩʣʝʥʠʶ ʧʨʝʜʣʘʛʘʶʪ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʛʠʙʢʠʝ ʤʦʜʝʣʠ ʜʦʩʪʘʚʢʠ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. 

ɺ ʦʙʣʘʢʘʭ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʥʝ ʧʨʦʩʪʦ ʦʛʨʦʤʥʳʝ ʦʙʲʸʤʳ ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ, ʥʦ ʠ ʜʘʥʥʳʝ ʚ 

ʠʭ ʠʟʥʘʯʘʣʴʥʦʤ ʬʦʨʤʘʪʝ. ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʠʭ ʦʙʨʘʙʦʪʘʪʴ ʪʦʛʜʘ, ʢʦʛʜʘ ʵʪʦ 

ʧʦʪʨʝʙʫʝʪʩʷ. ʅʘʧʨʠʤʝʨ, Hadoop, ʩʦʟʜʘʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʷʟʳʢʘ Java, ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʪʠʢʘʤ ʭʨʘʥʠʪʴ 

ʦʛʨʦʤʥʳʝ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ, ʨʘʟʤʝʱʘʷ ʠʭ ʥʘ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʥʝʜʦʨʦʛʠʭ ʩʝʨʚʝʨʦʚ, ʘ ʟʘʪʝʤ, ʩ 

ʧʦʤʦʱʴʶ MapReduce ʥʘ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʝ Java (JVM), ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ, ʦʙʲʝʜʠʥʷʪʴ ʠ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ. 

 ʊʘʢ, ʟʘʧʫʱʝʥʥʳʡ ʄʘʜʨʠʜʩʢʠʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ IMDEA Networks, 

ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʄʘʜʨʠʜʘ ʠ ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʢʦʨʦʣʷ ʍʫʘʥʘ ʂʘʨʣʦʩʘ ʘʤʙʠʮʠʦʟʥʳʡ 

ʧʨʦʝʢʪ Cloud4BigData [21], ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʢʦʥʚʝʨʛʝʥʮʠʠ ʪʝʭʥʦʣʦʛʠʡ Big Data ʚ 
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ʦʙʣʘʯʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʕʪʦ ʧʨʦʝʢʪ ʧʦʟʚʦʣʷʝʪ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʜʦʩʪʠʛʥʫʪʴ: 

ʛʠʙʢʦʩʪʠ; ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ; ʜʦʩʪʫʧʥʦʩʪʠ; ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʦʩʪʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ; 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ. 

ɼʨʫʛʠʤʠ ʧʨʦʝʢʪʘʤʠ ʪʝʭʥʦʣʦʛʠʠ Hadoop ʷʚʣʷʶʪʩʷ ʧʨʠʣʦʞʝʥʠʷ: Spark Apache ʠ  Apache Storm [22]. 

ʕʪʠ ʧʨʠʣʦʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʣʝʛʢʦ ʠ ʥʘʜʝʞʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ ʧʦʪʦʢʠ ʜʘʥʥʳʭ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ.  

Apache Hadoop ʷʚʣʷʝʪʩʷ ʤʦʱʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʧʣʘʪʬʦʨʤʦʡ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ 

ʜʘʥʥʳʭ. ʕʪʦ ʪʘ ʩʘʤʘʷ ʧʣʘʪʬʦʨʤʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ, Yahoo!, 

Amazon, Facebook, eBay ʠ ʪ.ʜ. ʆʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ Hadoop ʷʚʣʷʝʪʩʷ Hadoop Distributed File 

System (HDFS) ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʩʧʦʩʦʙʥʳʡ 

ʭʨʘʥʠʪʴ ʦʛʨʦʤʥʳʝ ʦʙʲʝʤʳ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʤʘʩʰʪʘʙ ʠ ʭʨʘʥʠʪʴ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʙʝʟ ʧʦʪʝʨʠ ʜʘʥʥʳʭ. 

ʇʦʤʠʤʦ Apache Spark ʠ Storm,  ʜʣʷ Java-ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʝʱʝ ʦʜʠʥ ʧʨʦʝʢʪ -

 DeepLearning4J [23], ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʠʙʣʠʦʪʝʢʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ,  ʜʣʷ Java ʠ 

Scala, ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩ Hadoop ʠ Spark. ʈʘʟʨʘʙʦʪʢʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʝʰʝʥʠʷ 

ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ: 

Å ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʠʣʠ ʠʟʦʙʨʘʞʝʥʠʡ; 

Å ʛʦʣʦʩʦʚʦʡ ʧʦʠʩʢ; 

Å ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ (ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʝʝ ʚ ʪʝʢʩʪ); 

Å ʬʠʣʴʪʨʘʮʠʠ ʩʧʘʤʘ; 

Å ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʤʦʰʝʥʥʠʯʝʩʪʚʘ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ 

Å ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. 

Å  

ɿʘʢʣʶʯʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ ʩʝʛʦʜʥʷ ʦʯʝʥʴ ʥʫʞʜʘʝʪʩʷ ʚ ʦʙʥʦʚʣʝʥʠʠ 

ʤʝʪʦʜʠʢ ʨʘʙʦʪʳ, ʢʘʯʝʩʪʚʝʥʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʧʝʨʝʩʪʨʦʡʢʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʩʨʝʜʩʪʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ 

ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʀʂʊ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʫʚʝʣʠʯʠʚʘʝʪ ʧʝʜʘʛʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʙʫʯʘʝʤʦʛʦ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʀʂʊ ʪʝʭʥʦʣʦʛʠʡ: ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ 

ʧʨʦʮʝʩʩʝ: ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 3D ʪʝʭʥʦʣʦʛʠʡ, ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʜʨ., ʜʣʷ ʯʝʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʚʘʪʴ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʧʦ ʵʪʦʡ 

ʧʨʦʙʣʝʤʘʪʠʢʝ.  
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Abstract 

Among the most widely used renewable materials, Poly (lactic acid) (PLA) is considered to be the 

strongest potential candidate for the replacement of petroleum-based polymers due to its environmentally 

friendly properties such as biodegradability, biocompatibility and renewability. The fact that they can be 

obtained in medical purity, having adjustable physical and mechanical properties and easily adapting to a 

biological environment increased the use of polyurethanes (PU) for biomedical purposes. Polyurethane 

(PU)/Poly(lactic acid)PLA blend is prepared to balance stiffness and toughness between the pure PLA and 

PU. In this study, it was aimed to obtain nonwoven surface fiber tissue by electrospinning method which 

is one of the production methods provided by nanotechnology. Different compositions of PU/PLA blends 

were prepared in suitable solvent medium and fiber was obtained by electrospinning method. The obtained 

fibers were characterized by Scanning Electron Microscope (SEM), Differential Scanning Calorimetry 

(DSC) and tensile test. It was observed that the smooth and homogeneous fiber distribution for 6PU4PLA 

sample in SEM images. The 6PU4PLA nanofiber also showed the highest strength and elongation value in 

tensile analysis. According to diameter measurements obtained from SEM images, the highest fiber 

diameter was determined to belong to the 5PLA5PU nanofiber. When the DSC graphs of the blends were 

examined, the melting values of the soft and hard parts of PU gave a single melting peak and were 

observed around 150
o
C like PLA. According to DSC results, the highest crystallinity rate was found for 

6PU4PLA nanofiber with a rate of 16.46%. As a result, 8PU2PLA, 6PU4PLA and 5PLA5PU blended 

nanofibers generally gave good results due to their bond structures. It is thought that nanofibers obtained 

with PLA/PU blends will find use in a wide range of biomedical application fields, tissue engineering and 

academic studies in the world. 

 

Keywords: Pla/pu Nanofiber, Electrospinning, Poly(lactic acid) / Polyurethane Blends. 
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1. INTRODUCTION  

Poly (lactic acid) (PLA) is considered to be the strongest potential candidate for the replacement of 

petroleum-based polymers due to its environmentally friendly properties such as biodegradability, 

biocompatibility and renewability. One of the most widely used biodegradable polymers is poly (lactic 

acid) produced from renewable resource such as beet sugar or corn starch [1]. PLA has high strength and 

high modulus values. But, its low toughness limits some industrial application area. 

Polyurethanes (PU) are known as highly elastic, blood and tissue compatible polymers and are among the 

leading synthetic polymers used in the medical field [2]. The fact that they can be obtained in medical 

purity, having adjustable physical and mechanical properties and easily adapting to a biological 

environment increased the use of polyurethanes for biomedical purposes. 

Nanotechnology has begun to show interest in renewable materials as pure materials for the production of 

value-added products due to the increasing global energy demand in environmental and energy research. 

The fiber diameter of nanofibers at the nanometer level increases the surface/volume ratio of the material 

and the mechanical properties of the fibers.  

The most efficient method for the production of polymer-based nanofibers is electrospinning.  The 

electrospinning is a multidisciplinary method that includes fluid dynamics, polymer chemistry, basic 

physics, electrical physics, mechanical and textile engineering disciplines. 

PLA/PU polymer blend is made to balance stiffness and toughness in this study. It is seen that 

polyester/polyether or polyol based thermoplastic polyurethanes are preferred in studies to toughen PLA. 

The most important reason for this; PLA is partially compatible with the polyester or polyether group 

forming the PU soft segment [3-8]. To balance the stiffness and toughness, there are few studies on the 

production of PLA/PU polymer blends and few studies on the various uses of the products obtained. 

Hong et al. examined miscibility with PLA/TPU blends in varying ratios. In their study, it was shown that 

the components were partially compatible as a result of dislocation the glass transition temperature of the 

blend [4]. Li et al. studied the toughness of PLA/Poly(ether)urethane blends. They found that increases 

in % elongation and impact strength by increasing the TPU composition in the blend for the TPU 

elastomer toughening PLA blend [5]. In the Han and Huang study, izod impact test and tensile tests of 

PLA/TPU blends prepared by melt blending method showed that toughness properties of PLA based blend 

improved by adding TPU to the blends [9]. 

In this study, it was aimed to obtain PLA/PU nonwoven surface fiber tissue by electrospinning method 

which is one of the production methods provided by nanotechnology. In the previous studies, the PU/PLA 

blend was prepared by the traditional production methods in surface production, but there is no study in 

the literature to obtain the fiber of PU/PLA blend by electrospinning. 

 

2. Experimental Section 

2.1 Materials  

The aromatic polyether-based thermoplastic polyurethane (TPU) was provided from Lubrizol (Velox). 

Also, biodegradable Poly (lactic) acid was supplied from Nature Works. When choosing the polyurethane 

and polylactic acid to be used in the study, attention was paid to be biocompatible, harmless to the human 

body and FDA approved. Dimethylformamide (DMF) and Chloroform (CF) purchased from Merck were 



IV. ICONTRENDS |  ISBN: 978-625-400-393-6 

 

 

St. Petersburg /Russia ï 2020 

www.icontrends.org 

142 

 

 

used as solvents in studies. 

2.2 Method 

2.2.1. Solution Preparation 

PLA and PU granules were dried in an oven at 80ÁC for 12 hours and then were used for solution 

preparation. Pure PU, Pure PLA and PU/PLA blends were prepared in 5 different solutions for studies. 

1 g of pure PLA was dissolved in 8 mL of Chloroform/2 mL of DMF solution with the mouth of the 

beaker covered with aluminum foil covering parafilm and stirring at room temperature for 4 hours. The 

prepared 10% concentration of PLA solution was completely homogeneously dissolved and then it was 

used at the electrospinning. 

1 gr pure PU was treated the same as pure PLA but after 4 hours, the pure PU swelled considerably in the 

solvent and became almost non-solvent. After stirring at room temperature for 4 hours, the PU solution 

was stirred at 120 Á C for 30 minutes with the mouth closed again. Thus, a completely homogeneous 

dissolution process was obtained. The prepared 10% PU solution was completely homogeneously 

dissolved and then used in electrospinning. 

For the preparation of PU/PLA blends, 80%, 60%, 50% of PU ratios were determined. The PU and PLA 

were simultaneously dissolved in a single beaker at determined rates. PU/PLA polymers were mixed at 

room temperature by first covering the mouth of the beaker over aluminum foil until the PLA was 

dissolved. It took 3 hours on average. The solution was then stirred at room temperature for a further 1 

hour to swell the PU polymer in the mixture thoroughly. The PU polymer in the mixture was then 

dissolved at 120 ÁC for 30 minutes. Thus, a homogeneous mixture which is completely dissolved in 

PU/PLA blend solutions was obtained. The prepared solutions and their codes are shown in Table 1. The 

prepared 10% PU/PLA solutions were completely homogeneously dissolved and then used for the 

electrospinning. 

Table 1. Codes of studied samples 
Sample Code PU 

(gr) 

PLA  

(gr) 

Blend 

Ratios (%) 

Pure PU 1 - - 

Pure PLA  - 1 - 

8PU2PLA 0.8 0.2 80 

6PU4PLA 0.6 0.4 60 

5PU5PLA 0.5 0.5 50 

 

 

2.2.2. Electrospinning Treatment 

Electrospinning method was selected for preparation nanofiber production. A simple working principle of 

electrospinning device is shown in Fig 1. Electrospinning system is a visibly open system consisting of 

feeding unit (syringe, polymer solution, spinneret), high voltage (power supply) and collector (conductor 

plate, rotary cylinder etc.). 
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Fig 1. The Simple Working Principle of Electrospinning System  

To obtain nanofiber by this method, it is necessary to provide the appropriate conditions. Solution 

parameters process variables and environmental conditions are effective parameters in electrospinning. 

These parameters were examined one by one in our electrospinning studies to create fiber. 

The prepared solutions were used in electrospinning without waiting. Electrospinning was performed 

primarily for pure PLA and pure PU. Process conditions were determined as 0.5 mL/h feed rate, 20 cm 

distance and 15 kV applied voltage. Each of the PU/PLA blended solutions showed electrospinning ability 

under the same process conditions. Process conditions were determined as 0.5 mL / h feed rate, 20 cm 

distance and 18 kV applied voltage. The codes of the fibers were worked in the same way as those of the 

solutions. In the electrospinning process, a blunt needle tip with a diameter of 0.91mm (20G gauge/inch) 

was used which was suitable for 10% solution concentration. When environmental conditions were 

evaluated, the studies were carried out at room temperature and relative humidity of 65%. The 

electrospinning device used in the studies is shown in Fig 2. 

 

 
Fig 2. Electrospinning Device Used in Studies 
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2.3 Characterization 

In this study, the surface micrographs of the fibers obtained were visualized with QUANTA 400F Field 

Emission branded SEM device. Tensile tests of nanofibers were performed according to ASTM D882 

standard, at room temperature (24
0
C Ñ 2

0
C) at Lloyd Instruments LRX Plus brand pulling device operating 

at 1/10 mm/min pulling speed and 5kN load. Dimensions of nanofiber samples were prepared to be 

50mmx15mm for tensile testing. For each sample, thickness values were measured as an average of 

0.20mm. At least 5 tests were performed for each type of nanofiber and their mean values were reported. 

Differential scanning calorimetry (DSC) analysis of nanofibers in the study was made in a single-stage 

run, the temperature range between -50ÁC and 300ÁC, with a heating rate of 10ÁC/min and during the 

measurements, high purity nitrogen gas was fed to the system at a flow rate of 50 ml/min. The degree of 

crystallinity (Xc) of composites was calculated according to PLA by using thermal properties with the 

following equation (1). 

0*)(
)(%

mf

cm

H

HH
itycrystallinXc

D

D-D
=
w

              (1) 

Where ȹHm is the heat of fusion in each sample, ȹHc is the crystallization enthalpy, ɤf is the weight 

fraction, and ЎὌ  is the heat of fusion of the matrix.  This value for PLA ( ЎὌ ) was taken from literature 

as 93.7 J/g [23]. 

 

 

3. RESULT AND DISCUSSION 

3.1 Surface Appearance of Obtained Fibers by Scanning Electron Microscope (SEM) 

 

The surface images of all nanofibers are homogeneous, smooth and without the bead. SEM micrographs 

of the obtained fibers were given in Fig 3. 

 

 

Pure PLA Pure PU 
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Fig 3. SEM Surface Micrographs of Pure PU, Pure PLA and PU/PLA Nanofibers 

 

The average diameter values of pure PLA, pure PU and PLA/PU nanofibers were also calculated. It was 

determined which the average diameter of pure PLA fibers was 330 nm and the average diameter of pure 

PU fibers were 1025 nm. The presence of PU has shown an effect to increase the fiber diameter values. 

But, an inverse proportion chart was noticed between the 8PU2PLA and 6PU4PLA nanofiber samples, 

where the amount of PU is greater than the amount of PLA until the ratio of PLA is equalized. In diameter 

measurement, it was observed that the thickest fibers were formed on the 5PLA5PU sample. In addition, 

the 6PU4PLA nanofiber closest to the diameter thickness of the 5PU5PLA fiber was found. According to 

all fibers were spun in the same electrospinning process conditions, the factor that directly affects the fiber 

diameter change was seen that the polymer structure is different. Since the molecular weight of PU used in 

this study is higher than that of PLA, their viscosities are different, although their concentrations are the 

same. The viscosity effect on the increased fiber diameter. 

3.2 Differential Scanning Calorimetry (DSC) Analysis of Obtained Fibers 

Two different Tg values were observed for PU/PLA nanofibers.  PLA parts gave the Tg value of pure 

PLA between 59 
o
C and 61 

o
C. Second Tg value was determined between the -14 and -30 

0
C for PU part 

of the blends. While the temperature of melting hard part was not observed from the PU/PLA nanofibers. 

The compatibility of polymer blends can be determined by the deviation of Tg values of the components 

that make up the mixture from their original values and shifting towards each other. If the Tg value was 

not seen in these soft parts, it could be interpreted that these parts disappear completely and blend into the 

8PU2PLA 6PU4PLA 

5PU5PLA 



IV. ICONTRENDS |  ISBN: 978-625-400-393-6 

 

 

St. Petersburg /Russia ï 2020 

www.icontrends.org 

146 

 

 

structure as the hard part, the presence of soft parts in PU, which destroy the hardness of the PLA, has 

been proven in DSC values (Table 2).  

 

Table 2. Values Obtained from DSC Results of Fibers 

 

Crystallinity also was decreased in fibers with decreasing PLA and increasing PU. However, it was 

observed that the highest crystallinity ratio among the samples with high PU content was 6PU4PLA fiber 

with %16,46. Since 100% crystalline melting enthalpy of PU is not observed, no crystallinity has been 

calculated for the pure PU nanofiber in DSC. 

3.3 Tensile Test Results  

The max tensile stress graph of prepared nanofibers was given in Fig. 4, it was seen that the tensile 

strength value of the pure PU nanofiber and the strength value of the 6PU4PLA nanofiber were the highest 

and the same as the nanomaterial. While the hard parts in the structure of PU increase the tensile strength, 

it increases the amount of elongation in the soft parts. The pure PLA nanofiber shows a fragile and non-

durable structure. With the increase in the amount of PU added to the structure, it was observed that 

8PU2PLA and 5PU5PLA nanofibers were also higher than the strength value of the pure PLA nanofiber 

and had similar values between the strength values of pure PU and PLA. This is according to the strength 

value of the blend made of pure PLA when PU was added to the structure, it was observed that PU 

reduces the fragility in the structure of PLA and at the same time provides the improvement of the 

hardness and toughness. According to the Max tensile stress graph, there was no increase in tensile 

strength proportional to the increase of PU amount between nanofibers. It was observed that the increase 

in PU amount did not increase the strength value of PLA/PU nanofibers proportionally. 
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Fig 4. Max Tensile Stress of Pure PLA, Pure PU and PLA/PU Nanofibers 

 

The elongation (%) at break values were shown in Fig.5. The value of tensile strain at max load and 

elongation at breaking of the pure PU nanofiber was found to be similar and extend about 4.5 times the 

initial length. The elasticity property, which is caused by soft segments in the PU structure, was also 

observed in the pure PU nanofiber. Pure PLA nanofiber exhibited significantly lower elongation value 

than pure PU nanofiber. 

It is considered that the elongation at break in pure PLA nanofiber was due to the high value of the break 

amount due to the separation of the fibers at the time of breaking from each other. According to the 

elongation values of 6PU4PLA nanofiber, it was found to be the closest material to the pure PU nanofiber. 

 

 

Fig 5. Tensile Strain at Break (%) of Pure PLA, Pure PU and PLA/PU Nanofibers 

 

4. Conclusion 

The nanofibers from PU/PLA blends were prepared by electrospinning and characterization of all fibers 

were performed in this study. All nanofibers were found to have a very smooth, smooth, homogeneous 

and without bead structure in SEM micrographs. In fiber diameter measurement on the SEM micrographs, 
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5PLA5PU fiber was seen to have the thickest fiber diameter with about 1500 nm value. The 6PU4PLA 

nanofiber was observed to have the smoothest structure. The 6PU4PLA nanofiber also showed the highest 

strength and elongation at break value in tensile analysis. When the DSC graphs of the blends were 

examined, the melting values of the soft and hard parts of PU gave a single melting peak and were 

observed around 150
o
C like PLA. According to DSC results, the highest crystallinity rate was 6PU4PLA 

nanofiber with a rate of 16,46%. As a result, 8PU2PLA, 6PU4PLA and 5PLA5PU blended nanofibers 

generally gave good results in all analysis results due to their bond structures. 
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Abstract 

 

Multi -stage vapor compression refrigeration systems are widely used at very low temperatures, although 

they are not economical compared to conventional single-stage refrigeration cycles. In a multi-stage vapor 

compression refrigeration system, at least two compressors are used. In this study, the performances of 

R134a and R124 refrigerants, which are planned to be used as refrigerants in a two-stage refrigeration 

system, have been compared. Performance Coefficients (COP) based on condenser temperature and 

evaporator temperature were determined. As a result of calculations and comparisons, R124 refrigerant 

was found to be more advantageous in terms of performance coefficient than R134a refrigerant. Within 

the operating range limit, the highest COP value in the system is obtained under 5 ÁC evaporator and 40 

ÁC condenser conditions for refrigerant R124, while the lowest COP value is obtained under -15 ÁC 

evaporator and 40 ÁC condenser conditions that R134a is used. Compressor work is also less if R124 is 

used. In addition, as a result of the calculations, it is seen that the compressor power required for the 

system decreases with increasing evaporator temperature and increases with increasing condenser 

temperature. In a two-stage vapor compression refrigeration cycle, where the condenser temperature 

varies between 30 ÁC and 50 ÁC and the evaporator temperature varies between -15 Á C and 5 ÁC, the COP 

difference is less than 2% when R124 and R134a are used as refrigerant.  

 

Keywords: Multistage Compression Refrigeration, Energy analysis, Coefficient of Performance  

 

                                        

¢ok kademeli Buhar Sēkēĸtērmalē Bir Soĵutma ¢evriminde R124 ve R134a 

Performans Analizi 
 

¥z 

 

¢ok kademeli buhar sēkēĸtērmalē soĵutma sistemleri, geleneksel tek kademeli soĵutma ­evrimlerine 

kēyasla ekonomik olmamasēna raĵmen, ­ok d¿ĸ¿k sēcaklēklarda yaygēn olarak kullanēlmaktadēr. ¢ok 

kademeli buhar sēkēĸtērmalē soĵutma sistemlerinde en az iki kompresºr kullanēlēr. Bu ­alēĸmada iki 

kademeli bir soĵutma sistemlerinde soĵutucu akēĸkan olarak kullanēlmasē planlanan R134a ve R124 

soĵutucu akēĸkanlarēn performanslarē karĸēlaĸtērēlmēĸtēr. Kondenser sēcaklēĵē ve evaporatºr sēcaklēĵēna 

dayalē Performans Katsayēlarē (COP) belirlenmiĸtir. Hesaplamalar ve karĸēlaĸtērmalar sonucunda, R124 

soĵutucu akēĸkanēnēn R134a soĵutucu akēĸkanēna gºre performans katsayēsē a­ēsēndan daha avantajlē 

olduĵu gºr¿lm¿ĸt¿r. ¢alēĸma aralēklarē limiti i­erisinde, sistemde en y¿ksek COP deĵeri soĵutucu akēĸkan 

R124 i­in 5 ÁC evaporatºr ve 40 ÁC kondenser koĸullarēnda elde edilirken, en d¿ĸ¿k COP deĵeri ise, 

R134aônēn kullanēldēĵē -15 ÁC evaporatºr ve 40 ÁC kondenser koĸullarēnda elde edilmiĸtir. R124 
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kullanēlmasē durumunda kompresºr iĸi de daha az gerekmektedir. Ayrēca, hesaplamalar sonucunda sistem 

i­in gerekli kompresºr g¿c¿n¿n artan evaporatºr sēcaklēĵē ile azaldēĵē ve artan kondenser sēcaklēĵē ile 

arttēĵē gºr¿lmektedir. Ķki kademeli buhar sēkēĸtērmalē bir soĵutma ­evriminde, kondenser sēcaklēĵēnēn 30 

ÁC ile 50 ÁC arasēnda, evaporatºr sēcaklēĵēnēn ise -15 ÁC ile 5 ÁC arasēnda deĵiĸtiĵi durumlarda, soĵutucu 

akēĸkan olarak R124 ile R134a kullanēlmasē durumunda COP farkē %2ôden az olmaktadēr.   

 

Anahtar Kelimeler: ¢ok kademeli soĵutma sistemleri, Enerji analizi, Performans katsayēsē 

 

GĶRĶķ 

Tek kademeli soĵutma ­evrimlerinin sēcaklēk farkēnēn y¿ksek olduĵu soĵutma uygulamalarēnda kullanēmē 

esnasēnda bazē zorluklar ile karĸēlaĸēlmaktadēr. Kompresºrde fazla sēkēĸtērma gerektiĵi i­in, kompresºr 

gºvdesinin ēsēnmasē, sistem ka­aklarēnēn artmasē vb. Bu zorluklar, sēkēĸtērma iĸleminin iki ya da daha fazla 

kademede yapēlmasē ile aĸēlabilmektedir. Y¿ksek sēcaklēk farklarēnēn sºz konusu olduĵu durumlarda daha 

yaygēn kullanēlan iki kademeli buhar sēkēĸtērmalē soĵutma ­evrimi ve sºz konusu ­evrimde kullanēlan iki 

farklē soĵutucu akēĸkanēn performans analizleri bu ­alēĸmada konu edilmiĸtir.  Montreal Protokolô¿ne 

gºre, yeni ekipmanlar i­in ¿retimi ve ithalatē 2020 yēlē sonuna; servis, mevcut ekipmanlar ve ihracatē ise 

2030 yēlēna kadar izin verilen (Ashrae.org) ve ozon aĸēndērma potansiyeli (R11ôe gºre) (ODP)=0.022 olan 

R124 ile (Burgucu vd.) soĵutma ­evrimlerinde yaygēn olarak kullanēlan ve ozon t¿kenme potansiyeli sēfēr 

olan soĵutucu akēĸkan R134a i­in performans analizleri yapēlmēĸtēr. Tablo 1ôde fiziksel, kimyasal ve 

­evresel ºzellikleri belirtilen soĵutucu akēĸkanlarēn K¿resel ēsēnma potansiyelleri (GWP) R124 i­in 610 

iken, R134a i­in 1430ôdur.       

 
Tablo 1: Soĵutucu akēĸkanlarēn ºzellikleri 

Soĵutucu 

Akēĸkan 

 

Kimyasal 

Form¿l 

Fiziksel ¥zellikler ¢evresel  

¥zellikler 

Cp  

(kJ/kg ) 
n 

(m3/kg) 

M  

(g/mol)  

NBP 

(ÁC) 

Tc          

(ÁC) 

Pc 

(MPa) 

ALT  

(Yēl) 

ODP 

R124 CHClFCF3 0.7416 0.1746 136.48 -12 122.3 3.63 5.9 0.022 

R134a CH2FCF3 0.8512 0.2349 102.03  -26.1 101.1 4.059 13.4 0.0 

 

Burada, M=molek¿ler aĵērlēk, NBP=Normal kaynama noktasē, Tc=Kritik sēcaklēk, Pc=Kritik basēn­, 

ALT=Atmosferik ºm¿r simgelemektedir.  

 

¢ok kademeli buhar sēkēĸtērmalē soĵutma ­evrimleri ve soĵutucu akēĸkanlar ile ilgili bir­ok ­alēĸma 

yapēlmēĸtēr. Ajayi vd. R134 soĵutucu akēĸkanēnēn Al2O3 nano par­acēk takviyesi ile analizini yapmēĸlardēr 

(Ajayi vd.). Xuan, X. C., ­ok kademeli, exo-tersinir soĵutma sistemlerinin optimum kademe analizini, 

termo-elektrik etkiyi de dikkate alarak tamamlamēĸtēr (Xuan, X.C.). Mafi, M., Naeynian, S. M. M. ve 

Amidpour, olefin tesislerinde kullanēlan d¿ĸ¿k sēcaklēklē, ­ok kademeli, kaskad soĵutma sisteminin ekserji 

analizini yapmēĸlardēr (Mafi vd.). Baakeem, S. S., Orfi, J. ve Alabdulkarem, farklē soĵutucu akēĸkanlar 

i­in ­ok kademeli buhar sēkēĸtērmalē soĵutma ­evrimi sistem optimizasyonu yapmēĸlardēr (Bakeem vd.). 

Anderson, K. R., Gross, T., McNamara, C. ve Gatti, A., ­ok kademeli bir soĵutma ­evrimi ēsēl yºnetim 

analizi yapmēĸlardēr (Anderson vd.). Kanoĵlu, M., doĵal gaz sēvēlaĸtērēlmasēnda kullanēlan ­ok kademeli 

bir soĵutma ­evriminin ekserji analizini yapmēĸtēr (Kanoĵlu, M.).  
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SĶSTEM TANITIMI  

Ķki kademeli buhar sēkēĸtērmalē soĵutma ­evrimi ĸematiĵi ve P-h diyagramē ķekil 1ôde sunulmuĸtur.  

Sistemde soĵutucu akēĸkan debisinin tamamē evaporatºrden ge­memektedir. Flaĸ tankēnda basēncē ve 

sēcaklēĵē ani d¿ĸen soĵutucu akēĸkanēn, buharlaĸan kēsmē ayrēlarak, al­ak basēn­ kompresºr¿nden gelen 

buhar ile birleĸtirilerek y¿ksek basēn­ t¿rbinine ve akabinde kondensere gºnderilir. Flaĸ tankēndaki sēvē 

fazdaki soĵutucu akēĸkan ise ikinci genleĸme vanasēndan ge­irildikten sonra evaporatºre gºnderilir. 

Sistemden ēsē ­ekme gºrevini yerine getiren soĵutucu akēĸkan, buhar fazēna ge­tikten sonra al­ak basēn­ 

kompresºr¿ne gºnderilmektedir.    

  

 
ķekil  1: Ķki kademeli soĵutma ­evrimi ve P-h diyagramē 

 

Belirlenmesi gereken ºnemli bir parametre, ara kademe basēncēdēr. Ara kademe basēncē belirlemesinde ve 

optimizasyonunda bir­ok ­alēĸma mevcuttur (Prasad, M.; Zubair, S. vd.). Yaygēn kullanēlan yºntemlerden 

birisi, evaporatºr basēncē ile kondenser basēn­larēnēn geometrik ortalamasēnēn kullanēlmasēdēr. Bu 

­alēĸmada da bu yºntem kullanēlmaktadēr. Analizlerde ara kademe basēncē Eĸitlik 1ôdeki gibi 

hesaplanmēĸtēr.  

ὖ  ὖϽὖ (1) 

Enerji denklemi geniĸ hali ile Eĸitlik 2ôdeki gibidir.  
2 2( 2 ) ( 2 )in in in out out outQ W m h V gz Q W m h V gz+ + + + = + + + +

 
(2) 

Burada, kinetik ve potansiyel enerji deĵiĸimlerini, sēzēntē nedeniyle ger­ekleĸen debi ka­aklarē vb. ihmal 

edilerek aĸaĵēdaki denklemler t¿retilmiĸtir ve hesaplamalarda bu denklemler kullanēlmēĸtēr.    

Evaporatºr toplam soĵutma y¿k¿ (kW):  

ὗ ά Ὤ Ὤ  (3) 

Kondenserde atēlan ēsē y¿k¿ (kW):  

ὗ ά Ὤ Ὤ  (4) 

Al­ak Basēn­ Kompresºr g¿c¿ (kW): 
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ὡ ά Ὤ Ὤ  (5) 

Y¿ksek Basēn­ Kompresºr g¿c¿ (kW): 

ὡ ά Ὤ Ὤ  (6) 

Toplam Kompresºr G¿c¿: 

ὡ ὡ ὡ  (7) 

Genleĸme Vanasē (1) 

Ὤ Ὤ (8) 

Genleĸme Vanasē (2) 

Ὤ Ὤ (9) 

Sistemin soĵutma performansē:  

ὅὕὖ
ὗ

ὡ
 

(10) 

 

 

SONU¢ 

Sistem tasarēm koĸullarē belirlenirken, ēsē atēlan ortam i­in su, ēsē ­ekilen ortamēn hava olduĵu kabulleri 

yapēlmēĸtēr. 1 atm ­evre basēncēnda, suyun ve havanēn giriĸ-­ēkēĸ sēcaklēklarē arasēndaki fark 5 ÁC 

tasarlanarak, sērasē ile 23-28 ÁC ve 15-10 ÁC kabul edilmiĸtir.  40 ÁC kondenser sēcaklēĵē, -5 ÁC evaporatºr 

sēcaklēĵē ile her iki kompresºr i­in % 85 verim ve sistemin k¿tle debisi 0.2 kg/s ĸartlarēnda hesaplamalar 

tamamlanmēĸtēr.  

Hesaplamalar sonucunda R134a i­in elde edilen analiz sonu­larē Tablo 2ôde gºsterilmektedir.  

 

Tablo 2: R134a i­in analiz sonu­larē 
 P T h □ s x 

1 243,5 -5 247,5 0,1622 0,9343 1 

2 497,7 21,34 264,8 0,1622 0,9432 - 

3 497,7 15,57 259,2 0,03776 0,9241 1 

4 1017 49,31 281,6 0,2 0,948 - 

5 1017 40 108,3 0,2 0,3949 0 

6 497,7 15,57 108,3 0,2 0,4012 0,1888 

7 497,7 15,57 73,13 0,1622 0,2795 0 

8 243,5 -5 73,13 0,1622 0,2841 0,1382 

9 497,7 20,24 263,8 0,2 0,9396 - 

10 101,3 22 92,29 1,658 0,3246 - 

11 101,3 27 113,2 1,658 0,3949 - 

12 101,3 17 290,4 5,623 6,833 - 

13 101,3 12 285,4 5,623 6,815 - 
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ķekil  2: R134a i­in P-h diyagramē 

 

Yapēlan hesaplamalarda, kondenser basēncē 1017 kPa, 243,5 kPa evaporatºr basēncē ve 497,7 kPa ara 

kademe basēncē koĸullarē elde edilmiĸtir. Sistemdeki en y¿ksek sēcaklēk, kondenser giriĸinde 49,31 ÁC 

olmaktadēr. ķekil 2ôde, R134a i­in P-h diyagramē, sistemdeki sēcaklēk ile birlikte gºsterilmektedir. 

Sistemdeki basēn­ kademeleri ise, ķekil 3ôte T-s diyagramēnda R134a i­in sunulmuĸtur. 

 
 

ķekil  3: R134a i­in T-s diyagramē 
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Soĵutucu akēĸkan R124 i­in elde edilen sonu­lar Tablo 3ôte sunulmaktadēr. R134aôya gºre daha d¿ĸ¿k 

mertebelerde basēn­lar sºz konusu olduĵu, sistemde en y¿ksek basēncēn 594,1 kPa olduĵu Tablo 3ôte 4 ve 

5 noktasē (kondenser) i­in gºr¿lmektedir.  

 
Tablo 3: R124 i­in analiz sonu­larē 

 P T h □ s x 

1 135,3 -5 357,1 0,1632 1,586 1 

2 283,5 17,87 370,8 0,1632 1,593 - 

3 283,5 15,55 369 0,03684 1,586 1 

4 594,1 42,57 384,6 0,2 1,598 - 

5 594,1 40 245,1 0,2 1,153 0 

6 283,5 15,55 245,1 0,2 1,157 0,1842 

7 283,5 15,55 217,1 0,1632 1,061 0 

8 135,3 -5 217,1 0,1632 1,064 0,1385 

9 283,5 17,44 370,5 0,2 1,592 - 

10 101,3 22 92,29 1,335 0,3246 - 

11 101,3 27 113,2 1,335 0,3949 - 

12 101,3 17 290,4 4,539 6,833 - 

13 101,3 12 285,4 4,539 6,815 - 

 

R124 soĵutucu akēĸkanēnēn kullanēldēĵē durumda, sistemde en y¿ksek sēcaklēĵēn 42,57 ÁC olarak 

kondenser giriĸinde meydana geldiĵi ve diĵer noktalardaki sēcaklēk daĵēlēmlarēnēn P-h diyagramēnda 

gºsterimi ķekil 4ôte sunulmaktadēr.   

 
 

ķekil  4: R124 i­in P-h diyagramē 
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ķekil 5ôte R124 i­in sistemdeki, evaporatºr basēncē, kondenser basēncē ve ara kademe basēncē T-s 

diyagramē ¿zerinde sunulmaktadēr. Sistemde R134a ile mukayese edildiĵinde daha d¿ĸ¿k basēn­ 

mertebelerinde ­alēĸēldēĵē, en y¿ksek basēn­ olan kondenser basēncēnēn 594,1 kPa olduĵu, evaporatºr 

basēncēnēn ise 135.3 kPa ve ara kademe basēncēnēn da bu basēn­larēn geometrik ortalamasē olan 283,5 kPa 

olduĵu gºr¿lmektedir.  

 

 
 

ķekil  5: R124 i­in T-s diyagramē 
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ķekil  6: Kondenser sēcaklēĵē-COP deĵiĸimi 

 

Kondenser sēcaklēĵēnēn deĵiĸimi ile COP deĵiĸim grafiĵi ķekil 6ôda sunulmaktadēr. Evaporatºr sēcaklēĵē -5 

ÁC sabit tutularak, kondenser sēcaklēĵē 30 ÁCôden 50 ÁCôye kadar deĵiĸtirilerek analizler yapēlmēĸtēr. Her 

iki soĵutucu akēĸkan i­in COP deĵerleri birbirine yakēn olarak deĵiĸmektedir. R124 performans katsayēsē, 

R134aôya gºre az da olsa iyi gºr¿nmektedir. Artan kondenser sēcaklēĵē ile her iki soĵutucu akēĸkanēn da 

COP deĵerlerinin azaldēĵē gºr¿lmektedir. Grafikte her iki soĵutucu akēĸkanēn COP deĵerlerinin aynē 

oranda deĵiĸtiĵi gºr¿lse de, artan sēcaklēk ile aradaki farkēn oransal olarak arttēĵē fakat bu artēĸēn da d¿ĸ¿k 

kaldēĵē sºylenebilir. Aradaki fark, %2ôyi ge­memektedir.  

 



IV. ICONTRENDS |  ISBN: 978-625-400-393-6 

 

 

St. Petersburg /Russia ï 2020 

www.icontrends.org 

157 

 

 

 
ķekil  7: Kondenser Sēcaklēĵē-Kompresºr iĸi deĵiĸimi 

 

Kondenser sēcaklēĵēnēn deĵiĸimi ile kompresºr iĸinin deĵiĸim grafiĵi ķekil 7ôde sunulmaktadēr. Her iki 

soĵutucu akēĸkan i­in, artan kondenser sēcaklēĵē ile kompresºr iĸinin arttēĵē, bu artēĸēn da beklendiĵi 

ĸekilde COP deĵerinin d¿ĸmesinin nedeni olduĵu gºr¿lmektedir. Yine daha az kompresºr iĸine sahip olan 

soĵutucu akēĸkan R124, daha y¿ksek COP deĵerine sahip olduĵu ºnceki ĸekilde de gºr¿lmektedir.  

 

 
ķekil  8: Evaporatºr sēcaklēĵē-COP deĵiĸimi 

 

Kondenser sēcaklēĵē, 40 ÁC deĵerinde sabit tutularak, evaporatºr sēcaklēĵēnēn -15 ÁCôden 5 ÁCôye kadar 

deĵiĸtirilmesi ile elde edilen COP deĵiĸim grafiĵi ķekil 8ôde sunulmaktadēr. Artan evaporatºr sēcaklēĵē ile 
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sistem COP deĵeri de artmaktadēr. COP, eĸitlik 10ôda belirtildiĵi gibi, evaporatºrden ­ekilen ēsēnēn, 

kompresºr iĸine oranē olduĵundan COPônin artmasē i­in ya soĵutma y¿k¿ artmalē ya da kompresºr iĸi 

azalmalēdēr. ķekil 9ôda beklendiĵi ĸekilde kompresºr iĸinin azaldēĵē gºr¿lmektedir.   

 

 
ķekil  9: Evaporatºr sēcaklēĵē-Kompresºr iĸi 

 

 

 

 

TARTIķMA 

1 atm ­evre basēncēnda, suyun ve havanēn giriĸ-­ēkēĸ sēcaklēklarē; fark 5 ÁC tasarlanarak, sērasē ile 23-28 ÁC 

ve 15-10 ÁC kabul edilmiĸtir.  40 ÁC kondenser sēcaklēĵē, -5 ÁC evaporatºr sēcaklēĵē ile her iki kompresºr 

i­in % 85 verim ve sistemin k¿tle debisi 0.2 kg/s ĸartlarēnda, iki kademeli buhar sēkēĸtērmalē bir soĵutma 

­evriminde soĵutucu akēĸkan olarak R124 ve R134a kullanēlmalarē durumunda sistemin performans 

analizleri tamamlanmēĸtēr. Analizler sonucunda; soĵutucu akēĸkan R124 kullanēlmasē durumunda sistemin 

performansēnēn daha y¿ksek olduĵu ve daha az kompresºr iĸi gerektirdiĵi gºr¿lmektedir. K¿resel ēsēnma 

potansiyeli a­ēsēndan da R124 daha d¿ĸ¿k deĵerlere sahiptir. Bununla birlikte, R134 soĵutucu akēĸkanēnēn, 

zarar verme riski olarak tanēmlanabilecek ODP deĵerinin sēfēr olmasē ve R134a kullanēlmasē durumunda 

sistem performansēnda meydana gelecek olan daha fazla kompresºr iĸi ve daha d¿ĸ¿k sistem performansē 

deĵerlerinin %2ôden daha az bir kayba neden olacaĵē deĵerlendirildiĵinde, R134a kullanēmē daha ­evreci 

gºr¿nmekle birlikte, kullanēmē tavsiye edilmektedir.  
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Abstract 

 

Filter Bank Multi Carrier with Offset Quadrature Amplitude Modulation (FBMC/OQAM) is admitted next 

generation candidate for future 5G air interface by recent research projects. FBMC/OQAM indicates better 

spectrum shape and supports mobility when compared with orthogonal frequency-division multiplexing 

(OFDM). Recently, researchers have focused in the fifth generation (5G) wireless communications 

systems due to 5G presents new demands such as a more efficient use of the frequency spectrum than 

existing fourth generation (4G) ones. One of the recommended resolutions to meet this requirement is the 

use of a new waveform, Filter Bank Multicarrier that achieves better spectral efficiency. As FPGAs 

present a good relationship between their flexibility, processing power and power consumption, they are 

admitted as a good structure for the development of a hardware implementation of baseband processors on 

FBMC transmission. In this work we purpose desining a prototype filter and  transmitter  of FBMC using 

HDL codes and execute this in Vivado programming. Resource usage, power usage and its throughput are 

used to measure the performance of the developed implementation. So it is possible to assess the quality of 

the implementation comparing FBMC and OFDM. It is also possible to deduce that FBMC systems obtain 

important results when compared to OFDM systems and that FBMC is admitted a viable candidate 

waveform for 5G systems.  

  

Keywords: FBMC, OFDM, 5G, FPGA, Hardware Application.  

  

Introduction  

 Developing with an explosive rate 5G wireless technology is currently one of the biggest areas of 

research within academia and industries. Signal processing technique plays the important role about   the 

development. Ubiquitous connectivity and seamless service delivery in all circumstances are expected to 

provide next generation mobile communication systems. The increased requirement for important number 

of devices, the coexistence of human-centric and machine type applications will cause changing with large 

diversity to communication scenarios and characteristics [1].   

Researchers are nowadays studied and considered FBMC as a key enabler for the future flexible 5G air 

interface [2]. FBMC has better spectrum shape, enables better spectrum usage and improved mobility 

support when compared to the conventional OFDM. These advantages are possible owing to the Prototype 

Filter which obtains to advance the time and frequency localization properties of the transceiver. The 

orthogonality is maintained with the OQAM scheme in the real domain while opposite to complex 

domain. However Prototype filter selection is very important to obtain effective FBMC structure. 
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Especially the time and frequency localization of a prototype filter effects expressively architecture of the 

communication system and the levels of different performance [3].    

Fast Fourier Transform (FFT) is used to conversion time or space domain to frequency domain while the 

frequency domain to time domain conversion is fulfilled by using the inverse FFT (IFFT) operation [4]. In 

literature, several sort of FFT techniques are introduced such as mixed radix, radix2, radix4 and radix8 [5]. 

Radix2 is easy when compared to the Radix4 operation and also the Radix2 FFT presents low area and 

power compared the radix8 and radix4 operation [6, 7]. 

This paper presents FBMC structure and FBMC implementation in FPGA with VHDL codes, and finally 

implementation results are given with figures and tables.  

 

OFDM  
OFDM uses information bits to generate complex In-phase I and Quadrature Q components cn(m) as seen 

in Fig. 1. After that M length an inverse fast Fourier transform (IFFT) is computed and a M complex 

samples block is composed in time domain. At the input of the IFFT, unused sub-carriers are padded to 

zero. We can write the baseband OFDM modulation in discrete time domain like Equation 1.  

  

                                                            (1)  

  

 

  

  

Figure 1. OFDM structure  

  

In Equation 1, M expresses the overall number of sub-carriers, cn(m) sembolizes the complex valued data 

obtained from a QAM constellation at sub-carrier index m and block index n, s(k) represents  the complex 

output of the OFDM modulation. At the end of a OFDM block, a cyclic prefix (CP) is inserted to cancel 

inter-symbol interference that caused by the delay spread of a multipath channel with considerably higher 

cost in spectral efficiency [8]. 

 

FBMC 

FBMC/OQAM modulation presents similarity to OFDM modulation with two main differences, as shown 

in Fig. 2. First, QAM mapping is realized and followed by an offset of M/2 samples in time domain 

between the I (a2n(m)) and the Q (a2n+1(m)) components of cn(m). The components are multiplied by 

jn+m to provide neighbors of a subcarrier in quadrature. The obtained OQAM mapper presents the 
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orthogonality in the real field. Second a filtering processing through known as Poly Phase Network (PPN) 

is applied after IFFT block. Thanks to this a better time and frequency localization is achieved, without 

cyclic prefix [9]. The discrete-time, FBMC-OQAM modulator output is given in Equation 2 considering 

the length of the prototype filter, L = qM, q natural number.  

  

                        (2)  

In Equation 2, M describes overall number of subcarriers; g describes the prototype filter of length L. In 

Equation 3 and 4, the delay of the filter causes phase component and symbolized with ( 1) qm e j M m .  

  

 

Figure 2. FBMC structure  

  

                     (3)  

                                                                                 (4)  
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Implementation Results 

Prototype filter of FBMC is simulated first in Modelsim 10.4 and filter input and output are given with 

Fig. 3. 

  

Figure 3. Modelsim display of FIR filter  

 

After Modelsim simulation, the prototype filter is realized with Vivado 2017.4 with HDL programming. 

The obtained display of prototype filter schematic is illustrated in Fig.4 that has a complex structure with 

45 cells, 25 I/O ports and 75 nets. At the end of the hardware implementation with xc7z020clg484-1 

FPGA kit, obtained resource utilization is showed in Table 1.    

 

  

Figure 4. Shematic display of FIR filter  
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Table 1. Resource utilization of FBMC transmitter  

  Power 

(Dynamic)  
LUT  FF  IO  DSP  

Prototype Filter  42.817  38  63  50  3  

IFFT  92.123  2862  1586  253  10  

OQAM  13.415  343  77  0  0  

Total  153.936  5068  3482  384  26  

  

FFT/IFFT structure uses Radix 2 algorithm that works  for high throughput applications. Used IFFT 

length is 256 and real and imaginary data are loaded into an internal 256 Ĭ 16 register file. Table 1 

presents resouce utilization of FBMC transmitter for power, LUT, FF, IO and DSP. Maximum power 

consumption is obtained in IFFT application because of its complex structure. Also, utilization of LUT, 

FF I/O port number and DSP are more used for IFFT application. The number of FF for OQAM 

processing is a little higher than prototype filter processing while LUT utilization of OQAM is 343 higher 

than prototype filter.   

Table 2. Resource utilization of OFDM transmitter  

  Power 

(Dynamic)  
LUT  FF  IO  DSP  

IFFT  97  3343  2833  -  16  

OQAM  1  109  20  -  0  

Total  1064  3599  3006  -  109  

  

Take into consideration [8] reference, Table 2 is formed for comparison with our purposed study. In Table 

2, since used IFFT length is 512, processing complexity does not show fair comparison.  Due to structure 

of OFDM prototype filter step isnôt exist in this table naturally and number of I/O is not presented by 

authors. When total case is considered in Table 2, total power constumption, LUT, FF and DSP 

consuming of OFDM are more higher than FBMC for all these reasons we explained.   

 

Conclusion 

This work presents a study investigated on FBMC for next generation communication as a 5G mobil 

candidate. The prototype filter of FBMC is designed and simulated in Modelsim program then the same 

prototype filter is realized in Vivado with HDL codes in FPGA kit. The transmitter of FBMC was realized 

in Matlab in previous studies, so the transmitter of FBMC applicated on FPGA with HDL code 

production. This work concludes with a comparison OFDM application with our purposed study and 

conclusions are given with tables. This work exhibits that FBMC is very strong candidate of 5G for next 

generation communication systems.     
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Abstract 

As a result of increasing population and developing industry-technology, wastewater generation is 

increasing rapidly. The majority of the wastewater formed is water. In addition, wastewater has organic 

content. Due to the increasing need for water and decreasing water resources, it is of great importance that 

the water in wastewater can be converted into useful products as H2 energy etc. or reused as irrigation 

water. It can be used by converting it into energy in organic content. Management of wastewater 

generated is necessary to protect the ecosystem, taking into account environmental health.  

For this reason, in this study, systems that both provide wastewater treatment and produce hydrogen gas 

are discussed. As a result of the literature research, microbial fuel cells, dark fermentation, supercritical 

water gasification and indirect photobioreactors were investigated in detail. Information about the 

operation, advantages and disadvantages of each method is given. In addition, information about the 

number of studies conducted in Web of Science was given. 

 

Keywords: Sustainable Technology, Hydrogen Energy, Microbial Fuel Cells, Supercritical Water 

Gasification, Dark Fermentation, Indirect Photobioreactor 

 

Atēksu Arētēm ve Hidrojen Enerji Eldesi i­in S¿rd¿r¿lebilir Teknolojiler 

 

¥z 

 

Artan n¿fus, geliĸen sanayi ve teknoloji sonucunda atēksu oluĸumu hēzla artmaktadēr. Oluĸan atēksularēn 

b¿y¿k ­oĵunluĵunu su oluĸturur. Ayrēca atēksular organik i­eriĵe sahiptirler. Artan su ihtiyacē ve azalan 

su kaynaklarēndan dolayē da atēksudaki suyun H2 enerjisi gibi faydalē ¿r¿ne dºn¿ĸt¿r¿lmesi ya da sulama 

suyu olarak tekrar kullanēlabilmesi b¿y¿k ºnem arz etmektedir. Organik i­erikte enerjiye dºn¿ĸt¿r¿lerek 

faydalanēlabilmektedir. Oluĸan atēksularēn ­evre saĵlēĵē dikkate alēnarak yºnetimi ekosistemi korumak i­in 

gereklidir. 

 

Bu sebeple de bu ­alēĸmada hem atēksuyun arētēmēnē saĵlayan hem de hidrojen gazē ¿retilen sistemler ele 

alēnmēĸtēr. Literat¿r araĸtērmasē sonucu mikrobiyal yakēt h¿creleri, karanlēk fermantasyon, s¿perkritik su 

gazifikasyonu ve dolaylē fotobiyoreaktºrler detaylē araĸtērēlmēĸtēr. Her bir yºntemin iĸletimi, avantajē ve 

dezavantajē hakkēnda bilgi verilmiĸtir. Ayrēca Web of Scienceôta yapēlmēĸ ­alēĸma sayēlarē hakkēnda bilgi 

verilmiĸtir.  

 

Anahtar Kelimeler: S¿rd¿r¿lebilir Teknoloji, Hidrojen Enerjisi, Mikrobiyal Yakēt H¿creleri, S¿perkritik 

Su Gazifikasyonu, Karanlēk Fermantasyon, Dolaylē Fotobiyoreaktºr 
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GĶRĶķ 

Hēzlē t¿ketim sonucu her ge­en g¿n oluĸan atēksu miktarē artmaktadēr. Oluĸan atēk sularēn ekosistem 

saĵlēĵē a­ēsēndan uygun bir ĸekilde yºnetilmesi gerekirken bir taraftan da deĵerli i­eriĵinden 

faydalanēlmalēdēr. Atēksularēn, b¿y¿k ­oĵunluĵu sudan oluĸmaktadēr. Ayrēca organik i­eriĵi bakēmēndan 

da atēksularēn b¿y¿k ­oĵunluĵu zengindir. Oluĸan atēksularēn hem su hem de organik i­eriĵinden 

faydalanarak hidrojen gazē (H2) elde edilebilir. Atēksular, evsel ve end¿striyel olarak iki gruba ayrēlēr. 

Genellikle de fiziksel, kimyasal ve biyolojik yºntemler ile arētēlmaktadēr. Bazē atēksularēn arētēmē ve arētēm 

sonrasē oluĸan arētma ­amurlarē ise genellikle anaerobik ĸartlarda ­¿r¿t¿lerek metan (CH4) gazēna 

dºn¿ĸt¿r¿lmektedir. Arētēm sonrasē oluĸan ek atēktan CH4 elde etmektense, direkt atēksudan y¿ksek enerji 

i­eriĵine sahip H2 gazē elde edilebilir. Hidrojen, metana kēyasla 2,6 kat yoĵun enerji i­eriĵine sahip olup 

kalorifik deĵeri 120 MJ/kgôdēr (Kºroĵlu, 2019). H2ônin yanmasēndan oluĸan ¿r¿n su olup ­evre ve 

insanlara zararē yoktur (Sabankay, 2012). H2ônin fosil enerji kaynaklarēna alternatif olarak gelecekte 

ºnemli rol oynamasē beklenmektedir. H2 diĵer elementlere (su, hidrokarbonlar, biyok¿tle vb.) baĵlē olarak 

bulunan ve ­ok b¿y¿k rezervi olan kaynaktēr (Kºroĵlu, 2019; Adar, 2018). Atēksudan H2 gazē elde etmek, 

aynē zamanda arētēm maliyetinin azaltēlmasēna ve fosil yakētlara ek yenilenebilir enerji kaynaĵēnēn 

oluĸmasēnē saĵlayabilir. 

Bu ­alēĸmada hem atēksu arētēmē ger­ekleĸtirilen hem de hidrojen enerjisi elde edilen teknolojilerden 

mikrobiyal yakēt h¿cresi (MYH), karanlēk fermantasyon (KF), s¿perkritik su gazifikasyonu (SKSG) ve 

fotobiyoreaktºrler (FBR) literat¿re dayanarak araĸtērēlmēĸtēr. Her bir yºntemin avantaj ve dezavantajlarē 

ele alēnarak karĸēlaĸtērēlmēĸtēr. Ayrēca atēksu arētēmē ile ilgili ger­ekleĸtirilmiĸ ­alēĸmalar sayēsal olarak 

verilmiĸtir. 

 

S¿rd¿r¿lebilir Arētēm ve Hidrojen Eldesi Teknolojileri 

Mikrobiyal Yakēt H¿creleri (MYH) 

Mikrobiyal yakēt h¿creler (MYH), 20. yy baĸlarēndan beri (1912) anaerobik ĸartlarda proton deĵiĸtirici 

membran ve elektrot (anot ve katot) kullanēlan bir teknolojidir (¢etinkaya, 2017). Biyolojik olarak 

ayrēĸabilir atēksular hammadde olarak kullanēlmaktadēr. Bu teknoloji genellikle atmosfer basēncēnda (1 

atm), 30-45
Ǔ
C sēcaklēklarda, nºtre yakēn pHôlarda iĸletilmektedir. Anaerobik ĸartlarda iĸletildiĵi i­in daha 

az ­amur oluĸmaktadēr. H2 ¿retimi iĸletme ĸartlarēna baĵlē olarak %60 ¿zerinde olabilmektedir (Coĸkun, 

2019). Fakat MYH ile arētēlan atēksu deĸarj standartlarēnē saĵlamamaktadēr. Anaerobik ĸartlarda 

ger­ekleĸtiĵi i­in reaksiyon s¿resi uzundur. Elektrot kullanēmē, elektrik t¿ketimi ve membranlar iĸletme 

maliyetinin y¿ksek olmasēna neden olmaktadēr (Trapero vd., 2017). Tam ºl­ekli iĸletimi yoktur. Deĸarj 

standartlarēnē saĵlayabilmek i­in ultrafiltrasyon, mikrofiltrasyon ve ileri osmoz gibi membran prosesleri 

sistemlere dahil edilebilir (Hou, vd., 2016). 

MYH sistemin geliĸimini ve verimini etkileyen faktºrler sērasēyla malzemelerin y¿ksek maliyeti (ºzellikle 

elektrot ve membran), d¿ĸ¿k g¿­ yoĵunluĵu ve ºm¿rlerinin sēnērlē olmasē, ve mikroorganizma t¿r¿, 

karēĸtērma, sēcaklēk, pH, medyatºr, iyonik iletkenlik vb. dir (Coĸkun, 2019). MYHônin arazi ºl­ekli 

kullanēlabilmesi i­in ekonomik ve y¿ksek verimli elektrot ile membranlar ¿retilmelidir.  

 

Karanlēk Fermantasyon (KF) 

Karanlēk fermantasyon anaerobik ĸartlarda mikroorganizmalar (bakteriler ve algler) tarafēndan organik 

i­erikli atēksulardan H2 ¿retimi ger­ekleĸtirilen bir teknolojidir (¥ncel, 2009). Karbonhidrat i­erikli 
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atēksular ­ok uygun hammaddelerdir. Genellikle atmosfer basēncēnda, 30-55ǓC sēcaklēklarēnda, 4-8 pH 

aralēĵēnda iĸletilir. KF ile baĸlēca hidrojen ve az da olsa diĵer gaz bileĸenleri (karbondioksit, metan, 

karbonmonoksit ve hidrojens¿lf¿r) oluĸmaktadēr. H2 ¿retimi y¿ksek olup oluĸan gazēn %60ôēndan 

fazlasēnē oluĸturur (Kºroĵlu, 2019).  

KFônin avantajlarē, kullanēlan sistemin basit olmasē, maliyet a­ēsēndan uygun olmasē, t¿m g¿n 

iĸletilebilmesidir (¥ncel, 2009; Sabankay, 2012). Dezavantajlarē ise arētēm sonrasē deĸarj standartlarēnēn 

saĵlanamamasēdēr. Bu sebeple de ek arētēm gerektirir. Oluĸan gazēn saflaĸtērēlmasē gereklidir. Anaerobik 

ĸartlarda ve biyolojik yolla iĸletildiĵi i­in uzun reaksiyon s¿resi gerektirir (Sabankay, 2012). Organik 

i­eriĵin b¿y¿k ­oĵunluĵu H2ône ve geri kalanē u­ucu yaĵ asidi ve alkole dºn¿ĸmektedir. Asit oluĸumu 

verimi olumsuz etkileyebilmektedir. Ayrēca sistemin verimini sēcaklēk, subsrat miktarē ve bileĸimi, pH, 

hidrolik bekletme s¿resi, biyoreaktºr teknolojisi ve n¿trient bileĸimi (Fe
+2

, Ni
+2
, azot bileĸenleri vb.) de 

etkilemektedir (Kºroĵlu, 2019). 

 

S¿perkritik Su Gazifikasyonu (SKSG) 

S¿perkritik su gazifikasyonu, suyun s¿perkritik ĸartlarēnda ger­ekleĸtirilen bir gazlaĸtērma bir prosesidir. 

Su i­in s¿perkritik ĸartlar 374,15 
o
C ve 22,12 MPaôdēr. Bu ĸartlar altēnda suyun yoĵunluk, viskozite, 

dielektrik sabiti vb. ºzellikleri deĵiĸmektedir ve az miktarda hidrojen baĵēna, d¿ĸ¿k dielektrik sabitine, 

d¿ĸ¿k viskoziteye, y¿ksek dif¿zyon katsayēsēna ve asidik davranēĸa sahiptir. Ortam homojen olmakta ve 

k¿tle transferi engellenmemektedir (Zhang vd., 2010; Xu vd., 2014 ). Su hem reaktant hem de solvent 

gºrevi gºrmektedir (Kruse, 2008). SKSG prosesi ile oluĸan baĸlēca gazlar H2 ve CO2ôtir (Kruse, 2009). 

Oluĸan H2ônin %50ôden fazlasē sudan kaynaklandēĵē ifade edilmiĸtir (Kruse vd., 2003; He vd., 2014). 

SKSG sistemine beslenecek hammaddeler pompalanabilir olmalēdēr (s¿rekli iĸletim i­in) ve inorganik 

i­erik az olmalēdēr. Sistem baĸlēca y¿ksek basēn­lē pompalar, rezistanslar, reaktºr, gaz-sēvē ayērma ¿nitesi 

ve ēsē deĵiĸtiricilerden oluĸmaktadēr (Adar, 2018). 

SKSGônin avantajlarē, tehlikeli/tehlikesiz organik i­erikli atēksularēn susuzlaĸtērma yapēlmadan 

arētēlmasēdēr, arētēm ile H2 gazē elde edilmesidir, oluĸan CO2 sudaki ­ºz¿n¿rl¿ĵ¿nden dolayē sēvē fazda 

kalmasēdēr (Garcia-Jarana vd., 2008). Reaksiyon s¿resi saniyeler mertebesindedir ve gerekli alan ve 

reaktºr hacmi k¿­¿kt¿r (Antal vd., 1993). Tar ve kok oluĸumu azdēr, oluĸan katē ¿r¿n miktarē azdēr ve sēvē 

¿r¿n ise deĸarj standartlarēnē saĵlayabilmektedir. Susuzlaĸtērmaya gerek duyulmayan bir teknolojidir. 

Termal yºntem olmasēna raĵmen dioksin, NOx, SOx, H2S gibi toksik bileĸikler oluĸmamaktadēr (Adar, 

2018). SKSG sisteminin baĸlēca dezavantajlarē ise; iĸletme ĸartlarēndan dolayē maliyetli olmasē ve patlama 

riskinin olmasēdēr. Ayrēca atēksu i­eriĵine gºre hem korozyon hem de tēkanma problemleri 

yaĸanabilmektedir. Fakat bazē inorganikler katalizºr gºrevi gºr¿p sistemin verimini de artērabilmektedir 

(Adar, 2018).  

SKSG sistemine etkileyen parametreler sēcaklēk, basēn­, reaksiyon s¿resi, atēksuyun ºzellikleri (katē 

madde i­eriĵi, protein, inorganik vb.) ve katalizºr (t¿r ve miktar)ôd¿r (Adar, 2018). Tam ºl­ekli iĸletimi 

hen¿z yoktur. Organik maddenin %99 ¿zerinde giderimini saĵlamaktadēr (Yoshida vd., 2003). 

 

Fotobiyoreaktºrler (FBR) 

Fotobiyoreaktºrler, yeĸil ve mavi-yeĸil algler (siyanobakteri) ile suyun fotolizi olayēdēr. Hidrojenaz ve 

nitrojenaz enzimleri kullanēlēr (¥ncel, 2009). Doĵrudan ve dolaylē olarak biyofotoliz 
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ger­ekleĸebilmektedir. Doĵrudan biyofotolizle mikroalgler ve siyanobakteriler hidrojenaz enzimini ve 

g¿neĸten aldēklarē enerjiyi kullanarak suyu H2ôe dºn¿ĸt¿r¿rler. Sistem i­erisinde oksijenin varlēĵē H2 

¿retim verimini olumsuz etkilemektedir (Kºroĵlu, 2019). Dolaylē biyofotoliz ile de fotoheterotrofik 

bakteriler veya siyanobakteriler, nitrojenaz enzimi ve ēĸēk enerjisini kullanarak organik maddeleri H2ôe 

dºn¿ĸt¿r¿rler. Enzimler oksijene duyarlēdēr. B¿y¿k ºl­eklerde sistem veriminin iyi olmasēnē saĵlamak i­in 

anaerobik ĸartlar saĵlanmalē ve uygun ēĸēk ĸiddeti saĵlanmalēdēr. FBRôlerin iĸletme ĸartlarē atmosfer 

basēncē, 5-35ǓC sēcaklēklarē ve 7-9 pH aralēklarēdēr. Hammadde olarak CO2, ēĸēk ve algler kullanēlēr. 

FBRôlerin avantajlarē; oksijenin a­ēĵa ­ēkmamasē, hidrojenin kēsmi basēncēna baĵlē olmadan sistemden 

uzaklaĸtērma yapēlabilmesi (¥ncel, 2009), ortamdaki CO2ôin kullanēlmasē ile k¿resel ēsēnmanēn 

azaltēlmasēdēr. Dezavantajlarē ēĸēĵa baĵlē bir sistem olduĵu i­in s¿rekli iĸletilememektedir. Oluĸan H2 gazē 

bileĸimi %20ôlerin altēndadēr. Verim d¿ĸ¿kt¿r, yavaĸ ger­ekleĸir ve bazē gereksinimler sistemin maliyetli 

olmasēna neden olur (Onaran, 2016). 

Sistem verimini etkileyen parametreler n¿trient miktarē, ēĸēk, pH, t¿rb¿lans, tuzluluk ve sēcaklēktēr. 

Mikroorganizma t¿r¿ne gºre de parametrelerin etkisi deĵiĸmektedir (Sabankay, 2012). Atēksular ile ilgili 

sēnērlē ­alēĸmalar vardēr. FBRôler CO2ôi azaltēr ve enerji elde edilir. Atēksularda alglerin kullanēlmasē, 

tesislerde y¿ksek enerji ve havalandērma ihtiyacēnē azaltēr. Algler, atēksudaki besin maddelerinin 

gideriminde organik karbon ihtiyacēnē karĸēlarlar ve fotosentez ile CO2ôi azaltērlar (Elcik, 2016).  

MYH, KF ve FBR biyolojik yºntemler olup mikrobiyal riske sahiptir. SKSG ise termal bir yºntem olup 

y¿ksek basēn­tan dolayē patlama riskine sahiptir. Vardan yok, yoktan var edilemeyeceĵi i­in her bir 

yºntem sonucunda yºnetilmesi gereken atēk vardēr. Bu a­ēdan da SKSG daha temiz ¿r¿nlerin oluĸmasēna 

neden olan bir yºntemdir.  

 

Teknolojilerin Atēksu Arētēmēnda Kullanēlmasē 

MYH ve atēksu terimleri Web of Scienceôta aratēldēĵēnda, 2000 yēlēnēn baĸlarēnda yapēldēĵē ve her ge­en 

yēl ­alēĸmalarēn arttēĵē gºr¿lm¿ĸt¿r (ķekil 1). 2019 yēlēnda az da olsa bir d¿ĸ¿ĸ olmuĸtur. Bunun sebebi de 

MYHônin tam ºl­ekli geliĸmesi i­in farklē ­alēĸmalara (uygun anot, katot, membran ¿retimi/se­imi) 

yºnelmiĸ olunabilir. Toplamda da 2765 ­alēĸma ger­ekleĸtirilmiĸtir. 

 

 
ķekil 1. Atēksu arētēmēnda MYHônin kullanēmē 
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KF ve atēksu terimleri Web of Scienceôta aratēldēĵēnda, 1998 yēlēndan beri ­alēĸmalarēn ger­ekleĸtirildiĵi 

ve ºzellikle 2019 yēlēnda en ­ok ­alēĸmanēn y¿r¿t¿ld¿ĵ¿ gºr¿lm¿ĸt¿r (ķekil 2). Toplamda da 317 ­alēĸma 

ger­ekleĸtirilmiĸtir. 

 
ķekil 2. Atēksu arētēmēnda KFônin kullanēmē 

 

SKSG ve atēksu terimleri Web of Scienceôta aratēldēĵēnda, 2000 yēlēndan beri ­alēĸmalarēn 

ger­ekleĸtirildiĵi ve ºzellikle 2015 yēlēnda en ­ok ­alēĸmanēn y¿r¿t¿ld¿ĵ¿ gºr¿lm¿ĸt¿r (ķekil 3). 

Toplamda da 132 ­alēĸma ger­ekleĸtirilmiĸtir. 

 

 
ķekil 3. Atēksu arētēmēnda SKSGônin kullanēmē 

 

FBR ve atēksu terimleri Web of Scienceôta aratēldēĵēnda, 1997 yēlēndan beri ­alēĸmalarēn ger­ekleĸtirildiĵi 

ve her lineer bir ĸekilde ­alēĸma sayēsēnēn arttēĵē gºr¿lm¿ĸt¿r (ķekil 4). Toplamda da 263 ­alēĸma 

ger­ekleĸtirilmiĸtir. 
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ķekil 4. Atēksu arētēmēnda FBRônin kullanēmē 

 

DEĴERLENDĶRME VE ¥NERĶLER 

Evrendeki herĸey dºng¿ i­erisinde olup oluĸan atēksularēn s¿rd¿r¿lebilir yºntemler ile kontrol edilmesi 

gereklidir. MYH, KF, SKSG ve FBR yºntemleri tam ºl­ekli deĵildir. Bu yºntemler kullanēlarak atēksu 

arētma ile ilgili ­alēĸmalar son 20 yēlda yapēlmēĸtēr. Bu yºntemlerden FBR hari­ diĵer yºntemler ile 

y¿ksek oranda H2 ¿retimi ger­ekleĸtirilebilmektedir. FBRôēn en b¿y¿k avantajē ise CO2ôi hammadde 

olarak kullanmasēdēr. Tam ºl­eĵe ge­iĸi hēzlandērmak i­in de ºzellikle pilot ºl­ekli ­alēĸmalar 

ger­ekleĸtirilmelidir. Sistem maliyetini minimize etmek i­in de, MYH i­in ekonomik malzemeler (anot, 

katot, membran) ve SKSG i­inde dayanēklē malzemeler ¿retilmelidir.  

Kēsacasē, bu yºntemler ile hem atēksu arētēlmaktadēr hem de fosil yakētlara ek enerji ¿retilmektedir.  
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Abstract 

 

Purpose 

In this study, it was aimed to determine the usage areas by applying the Water Quality Index (WQI) 

method by using the hydrochemical properties of the water resources in the district of Korkuteli in 

Antalya. 

 

Design/methodology/approach 

The most important aquifer in the study area is the granular aquifer consisting of alluvium, slope debris, 

old river terraces and old alluvium and slope debris. In the study, 15 water samples taken from the study 

area during the period of May 2017, in-site measurements and chemical analyzes were carried out in the 

laboratory. The obtained analysis results were evaluated with Piper diagram and water types were 

determined. In the study, the quality of the waters was also evaluated using the water quality index method 

(WQI). 

 

Findings 

According to the results obtained, the dominant water types in the study area are Ca-Mg-HCO3 and Mg-

Ca-HCO3. According to the WQI results, all the waters in the study area are of the ñPoor Waterò type. As 

a result of the evaluations, it is observed that human health can be adversely affected by drinking the 

waters in the study area in the long term. 

 

Originality/value  

Since the water resources in the district center are used for the purposes of irrigation and use by the local 

people, especially for drinking water, carrying out a quality assessment is also important in terms of 

affecting human health. Accordingly, this study is an original study for the health of the region people and 

for the protection of water resources. 

 

Keywords: Water Quality Ķndex (Wqē), Antalya, Groundwater Quality 
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Su Kalite Ķndeksi Yºnteminin Uygulanmasē ¦zerine ¥rnek Bir ¢alēĸma; 

Antalya (Korkuteli)  
 

¥z 

Ama­ 

Bu ­alēĸmada Antalya ili Korkuteli il­esindeki su kaynaklarēnēn hidrokimyasal ºzellikleri kullanēlarak Su 

Kalite Ķndeks (WQI) yºntemi uygulanarake kullanēm alanlarēnēn belirlenmesi ama­lanmēĸtēr. 

 

Metodoloji  

¢alēĸma alanēndaki en ºnemli akifer al¿vyon, yama­ molozu, eski akarsu tara­alarē ve eski al¿vyon ve 

yama­ molozlarēndan oluĸan taneli ortam akiferidir. ¢alēĸmada Mayēs 2017 dºneminde ­alēĸma alanēndan 

alēnan 15 adet su ºrneĵinde yerinde ºl­¿mler ve laboratuvar ortamēnda kimyasal analizleri yapēlmēĸtēr. 

Elde edilen analiz sonu­larē Piper diyagramē ile deĵerlendirilmiĸ ve su tipleri belirlenmiĸtir. ¢alēĸmada 

ayrēca sularēn kalitesi su kalite indeks yºntemi (WQI) kullanēlarak deĵerlendirilmiĸtir. 

 

Bulgular  

Elde edilen sonu­lara gºre ­alēĸma alanēndaki hakim su tipleri Ca-Mg-HCO3 ve Mg-Ca-HCO3ôdēr. WQI 

sonu­larēna gºre ise ­alēĸma alanēndaki sularēn t¿m¿ ñZayēf suò tipindedir. Yapēlan deĵerlendirmeler 

sonucunda ­alēĸma alanēndaki sularēn uzun dºnemde i­ilmesi ile insan saĵlēĵēnēn olumsuz etkilenebileceĵi 

gºr¿lmektedir. 

 

¥zg¿nl¿k  

Ķl­e merkezindeki su kaynaklarēnēn yºre halkē tarafēndan baĸta i­me suyu olmak ¿zere sulama ve kullanma 

ama­larē i­in kullanēlmasē nedeni ile kalite deĵerlendirmesinin yapēlmasē insan saĵlēĵēnē etkilemesi 

a­ēsēndan ayrēca ºnem taĸēmaktadēr. Buna baĵlē olarak yapēlan bu ­alēĸma bºlge halkēnēn saĵlēĵē ve su 

kaynaklarēnēn korunmasē adēna ºzg¿n bir ­alēĸmadēr. 

 

Anahtar Kelimeler: Su kalite indeksi (WQI), Antalya, yeraltēsuyu kalitesi 

 

GĶRĶķ  

Su sadece yaĸamēn ºz¿ deĵil, aynē zamanda insan yaĸamēnēn kalitesini belirleyen en ºnemli faktºrlerden 

biridir. Suyun kalitesi son derece ºnemlidir, ­¿nk¿ yaĸam i­in gereklidir. ķu anda d¿nyanēn% 75'inin 

suyla kaplē olmasē, d¿nyada su sēkēntēsē olmadēĵē fikrini vermektedir, ancak i­me suyu oranē d¿nyadaki 

t¿m sularēn sadece% 0,74'¿d¿r (Akēn ve Akēn 2017: 3). Buna ek olarak, geliĸen iklim deĵiĸiklikleri, 

geliĸen teknoloji ve artan n¿fus g¿n¿m¿zde saĵlēklē suya ulaĸmada en b¿y¿k sorunlardēr. Bu sorunlar 

y¿zey sularēnēn yavaĸ yavaĸ azalmasēna ve kullanēlamaz hale gelmesine neden olmaktadēr. Bunun bir 

sonucu olarak, yeraltē suyu yaygēn olarak kullanēlmaktadēr. Bununla birlikte, yeraltēsuyu sonsuz deĵildir 

ve kullanēm  ama­larē i­in her zaman uygun deĵildir. Bu nedenle, yeraltēsuyu miktarēnē, sularēn kalitesini 

ve kullanēm alanlarēnē belirlemek ­ok ºnemlidir. Ayrēca, yeraltēsuyu ºzelliklerinin jeokimyasal evrimi 

hakkēnda bilgi, su kaynaklarēnēn s¿rd¿r¿lebilir geliĸimi ve etkin yºnetimi i­in ºnemlidir. 

Yeraltēsuyu kirliliĵi, son yēllarda d¿nyadaki en ºnemli ­evre sorunlarēndan birisidir. Yeraltēsuyu kalitesi 

beslenim suyunun, yaĵmurun ve jeokimyasal iĸlemlerin kalitesine baĵlēdēr. Yeraltēsuyunun kalitesi, 
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yeraltēsuyu akēĸ yolu boyunca, yeraltēnēn herhangi bir noktasēnda ger­ekleĸen proseslerin etkisini yansētēr. 

Yeraltēsuyu kimyasēnēn mevsimsel ve mekansal deĵiĸiminden jeokimyasal s¿re­ler sorumludur. Bu 

jeokimyasal s¿re­leri etkileyen faktºrleri jeojenik ve antropojenik olarak ayērmak m¿mk¿nd¿r. Jeojenik 

faktºrler jeolojik, hidrolojik ve hidrojeolojik koĸullarla iliĸkilidir. Yeraltēsuyunun kimyasēnē ve kalitesini 

deĵiĸtiren antropojenik faktºrler evsel, sulama ve end¿striyel kullanēmlarēn sonucudur. Bununla birlikte, 

aynē zamanda yeraltēsuyu kalitesinin bozulmasē i­me, tarēm ve end¿striyel faaliyetlerde kullanēmēnē 

etkilemektedir. G¿n¿m¿zde, t¿m d¿nyadaki hastalēklarēn yaklaĸēk %80'i ve geliĸmekte olan ¿lkelerdeki 

ºl¿mlerin ¿­te biri kirli i­me suyundan kaynaklanmaktadēr (WHO 2004: 6). Bu nedenle, yeraltēsuyu 

kalitesinin belirlenmesi suyun kullanēma uygunluĵu i­in ºnemlidir. 

Bu ­alēĸmada, T¿rkiye'nin g¿neybatēsēnda yer alan Antalya ili Korkuteli il­esi ­alēĸma alanē olarak 

se­ilmiĸtir. Korkuteli il­esinde, yeraltēsuyu insani t¿ketim ve sulama i­in ana su kaynaĵēdēr. Korkuteli 

il­esi, ºzellikle seracēlēk ve hayvancēlēkla ilgili diĵer tarēmsal faaliyetler bakēmēndan Antalya'nēn ºnemli 

bir bºlgesidir. Bu faaliyetler yeraltēsuyunu antropojen olarak kirletmektedir. Bu nedenle, bu alandaki 

yeraltēsuyu kalitesi, ­alēĸma alanēnda suyun i­me, evsel ve tarēmsal ama­lara uygunluĵunu belirleme 

a­ēsēndan ­ok ºnemlidir. Bununla ilgili olarak, tarēmsal faaliyetin bºlgenin su kaynaklarē ¿zerindeki 

etkisinin daha ºnce ayrēntēlē olarak incelenmemiĸ olmasē, ­alēĸma alanē i­in ºnemli bir eksikliktir. Bu 

­alēĸma bu eksikliĵi gidermeyi ama­lamaktadēr ve bºlgedeki su kaynaklarēnēn s¿rd¿r¿lebilir yºnetimi 

konusunda kalite ve kullanēlabilirliĵi belirlemek i­in sonu­lar ºnemlidir. 

 

MATERYAL VE METOD  

¢alēĸma Alanē 

Korkuteli il­e merkezi 37 30 51.9336 ǌ K enlem ve 30 110 47.7132 ǌ D boylam koordinatlarē arasēnda yer 

almaktadēr. (ķekil 1). Yoĵun tarēmsal faaliyet ve yerleĸim alanē nedeniyle ­alēĸma alanē olarak Korkuteli 

il­e merkezi (alan 121 km
2
) se­ilmiĸtir. Ķl­e merkezinin rakēmē 1.020 m'dir. Ķl­ede genel olarak Akdeniz 

iklimi ve karasal iklim hakimdir. Ķl­e merkezinin i­me suyu, ­alēĸma alanēndaki kaynaklardan ve kuyu 

sularēndan saĵlanmaktadēr. Ayrēca sulama sularē kuyudan ve y¿zey akēĸlarēndan beslenmektedir. 

Mayēs 2017'de kuyu, kaynak ve musluk sularēndan toplam 15 su ºrneĵi, majºr ve iz element kimyasal 

ºzelliklerinin belirlenmesi i­in analiz edilmiĸtir. Su ºrnekleri iki plastik ĸiĸede toplandē, her bir ºrnekleme 

noktasēndan% 0.5 nitrik asit (HNO3) ve saf su ile ºnceden yēkandē. ¥rnekleme sērasēnda, majºr katyonlarē 

tespit etmek i­in kullanēlan bir su ºrneĵine birka­ damla HNO3 ilave edildi, ikinci numune 

asitlendirilmedi ve majºr anyonlarē tespit etmek i­in kullanēldē. T¿m numuneler soĵuk zincir ile taĸēndē ve 

analiz i­in 4 Á C'de karanlēkta tutuldu. Hidrojen iyonu konsantrasyonu (pH), elektriksel iletkenliĵi (EC), 

toplam ­ºz¿nm¿ĸ katēlar (TDS), oksidasyon-indirgeme potansiyeli (Eh) ve deĸarj sēcaklēĵē (C) gibi 

fiziksel parametreler gibi yerinde ºl­¿mler ise YSI (YSI 6050) ­oklu parametre ºl­¿m cihazē kullanēlarak 

belirlendi.  
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ķekil 1. ¢alēĸma alanēnēn yer bulduru ve jeoloji haritasē (ķekerci, 2018) 

 

Majºr kimyasal bileĸenler (katyonlar) Bureau Veritas Commodities Canada Ltd'de (ISO 9002 akredite bir 

ĸirket olan ACME Laboratuvarē Vancouver, Kanada) ICP-MS (end¿ktif olarak birleĸtirilmiĸ plazma-k¿tle 

spektrometresi) ile analiz edildi. Bikarbonat (HCO3), karbonat (CO3) konsantrasyonlarē titrimetrik 

yºntemle belirlendi; Hacettepe ¦niversitesi Su Kimya Laboratuvarē'nda (Ankara, T¿rkiye) iyon 

kromatografisi kullanēlarak klor (Cl), s¿lfat (SO4), nitrat (NO3), nitrit (NO2) ve amonyum (NH4) 

belirlenmiĸtir. 
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Methodlar (Su Kalite Ķndeks Yºntemi (WQI)) 

Baĵēl aĵērlēk (Wi), aĸaĵēdaki (1) numaralē denklemden hesaplanmēĸtēr.  

 

Wi = wi / ×
n
i =1 wi         (1) 

 

Burada Wi gºreli aĵērlēk, wi her parametrenin aĵērlēĵēdēr, n ise parametre sayēsēdēr. Bir sonraki adēmda, her 

bir su ºrneĵindeki konsantrasyonu WHO (2011) ve TSI 266 (2005) 'de belirtilen yºnergelere gºre kendi 

standardēna bºl¿nerek her parametre i­in bir kalite derecelendirme ºl­eĵi (qi) atanēr ve sonu­ 100 ile 

­arpēlēr (2): 

 

qi= (Ci/Si) X 100          (2) 

 

Burada qi kalite derecelendirmesi, Ci, her su ºrneĵindeki her kimyasal parametrenin mg / L cinsinden 

konsantrasyonudur. Si, WHO (2011) ve TSI 266 (2005) yºnergelerine gºre her kimyasal parametre i­in 

litre baĸēna miligram cinsinden i­me suyu standardēdēr. WQI hesaplamak i­in, SI ilk olarak her kimyasal 

parametre i­in belirlenir; bu daha sonra WQI' yē aĸaĵēdaki 3 ve 4 numaralē denklemlere gºre belirlemek 

i­in kullanēlēr.  

 

SIi =Wi X qi          (3) 

 

WQI =×SIi          (4) 

 

SIi, i. Parametresinin alt endeksi, qi, i. parametrenin konsantrasyonuna dayanan derecelendirmedir. 

 

BULGULAR  

Jeolojik ve Hidrojeolojik Ortam  

Litolojik birimler ve suyun bu birimlerle etkileĸim s¿resi yeraltēsuyunun kimyasal bileĸimini kontrol 

etmektedir. Bu nedenle, ºncelikle ­alēĸma alanēndaki litolojik birimler incelenmiĸtir. ¢alēĸma alanēndaki 

litolojik birimlerin t¿m¿ otoktondur. Bu birimler Beydaĵlarē otoktonu ve Kuvaterner yaĸlē al¿vyon (Qal), 

yama­ molozu (Qym), eski akarsu tara­alarē (Qt) ve eski al¿vyon yama­ molozu (Q1ym) (ķenel ve 

diĵerleri 1989: 1; ķenel ve diĵerleri 1989: 1; ķekil 1). Beydaĵlarē otoktonu Beydaĵlarē formasyonu (Kb), 

Tekkekºy ¿yesi (Kbt), ¢amlēdere olistostromu (Tp­), K¿­¿kkºy formasyonu (Tek), Karabayēr 

formasyonu (Tmk), Karakuĸtepe formasyonu (Tmkt) ve Kasaba formasyonudur (Tmka) (ķenel ve ark.) 

1989: 1; ķenel 1997: 1). Ayrēca ­alēĸma alanēndaki litolojik birimler hidrojeolojik ºzelliklerine gºre 

deĵerlendirilmiĸtir. Al¿vyon ve Kuvaterner birimleri, ­alēĸma alanēndaki (Aqf-1) en ºnemli taneli akiferi 

temsil eder ve yaklaĸēk 45 km
2
'lik bir alana sahiptir. Kire­taĸlarē ­atlaklarēnda ve erime boĸluklarēnda 

ºnemli miktarda yeraltēsuyu i­erebilir ve suyun hareket etmesine izin verebilir. Bu nedenle neritik 

kire­taĸlarēndan oluĸan Beydaĵlarē formasyonu ve algli  kire­taĸlarēndan oluĸan Karabayēr formasyonu 

ñkarstik akiferò (Aqf-2) olarak tanēmlanmaktadēr. Karstik akifer ­alēĸma alanēndaki diĵer ºnemli akiferdir. 

¢alēĸma alanēndaki su kaynaklarēnēn ­oĵu al¿vyon ve kire­taĸlarēndan boĸalmaktadēr (ķekil 1). 

Konglomeralar ve kumtaĸlarēndan oluĸan Kasaba formasyonu ñaquitardò (Aqt) olarak sēnēflandērēlmēĸtēr. 

¢alēĸma alanēndaki ¢amlēdere olistostromu, Karakuĸtepe formasyonu ve K¿­¿kkºy formasyonu litolojik 

ºzellikleri nedeniyle ñakiferò (Aqj) olarak sēnēflandērēlmēĸtēr (ķekerci, 2018: 28-32). 
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Hidrokimya 

Yeraltēsuyu kimyasē hidrojeokimyasal s¿re­lerle kontrol edilir. Yeraltēsuyunun beslenim alanēndan 

boĸalēm alanēna hareketi sērasēnda bir­ok kimyasal iĸleme maruz kalmaktadēr. Bu iĸlemlerin bazēlarē 

­ºkelme, iyon deĵiĸimi, redoks durumu, zenginleĸme ve ­ºz¿nmeyi i­ermektedir. Suyun kimyasal 

ºzellikleri evsel, end¿striyel veya tarēmsal faaliyetlerin kullanēm durumunu belirlemektedir. Bir­ok 

geliĸmiĸ ve geliĸmekte olan ¿lkede su kirliliĵi, hastalēklarēn ve bebek ºl¿mlerinin en ºnemli faktºrlerinden 

biridir (Kumar ve ark. 2016: 2). Su kirliliĵinin nedenleri doĵal ve antropojenik kaynaklar olarak 

sēnēflandērēlabilir. Bu nedenle, yeraltēsuyunun yºnetimi ve deĵerlendirilmesi i­in suyun kimyasal 

ºzelliklerini ve kalitesini bilmek ºnemlidir (Kumar ve ark. 2016: 2). Bu nedenle bu ­alēĸmada, ­alēĸma 

alanēndaki yeraltēsuyunun fizikokimyasal, kimyasal ºzellikleri ve kalitesi belirlenmeye ­alēĸēlmēĸtēr (Tablo 

1). 

¢alēĸma alanēndaki sularēn pH'ē 8.85 ve 9.60 arasēnda deĵiĸmekte, EC deĵerleri 279.80-809.00 ÕS / cm 

arasēnda ve sēcaklēklarē T (Á C) 11.80-17.80 Á C arasēnda ºl­¿lm¿ĸt¿r. Eh deĵerleri ise 298.90-388.70 mV 

arasēnda ºl­¿lm¿ĸt¿r. 

 

Tablo 1. ¢alēĸma alanēndaki yeraltēsuyu ve musluk sularēnēn fizikokimyasal ºzellikleri 

Parametreler (mg/l) 
Mayēs-2017 Ķ­me Suyu Standartlarē 

Minimum  Maximum Mean Std. D. WHO (2004) WHO (2011) TSI 266 (2005) 

EC (ÕS/cm) 279.80 809.00 595.79 177.09 1500 - -- 

T (ÁC) 11.80 17.80 15.49 1.58 - - - 

pH 8.85 9.60 9.05 .22  6.5-8.5 6.5- 9.5 

Eh (mV) 298.90 388.70 346.77 27.92 - - - 

TDS 181.87 525.85 387.26 115.11 1000 - - 

Ca 62.55 94.96 73.02 9.09 200 - - 

Mg 12.59 79.54 46.03 21.67 150 - - 

Na 4.08 74.48 27.93 21.18 200 200 200 

K 0.45 2.18 1.18 .44 12 - - 

HCO3 234.63 517.80 398.38 101.74 500 - - 

CO3 .00 .00 .00 .00 - - - 

Cl 1.99 27.20 12.74 6.79 600 250 250 

SO4 30.09 155.80 72.47 35.53 250 250 250 

NO2 .00 .00 .00 .00 - 0.2 0.5 

NO3 4.90 52.14 28.81 16.80 45 50 50 

NH4 .00 .13 .02 .04 - 1.5 0.5 

Al  .00 .05 .00 .01 - 0.2 0.5 

As .09 .17 .13 .02 - 0.01 0.01 

Cd .00 .00 .00 .00 - 0.003 0.005 

Cu .00 .87 .07 .22 - 2 2 

Cr .01 .08 .04 .02 - 0.05 - 

Fe .01 .15 .05 .03 - - 0.2 

Mn .00 .00 .00 .00 - 0.4 0.05 

Ni .00 .09 .01 .02 - 0.07 0.02 

Pb .00 .01 .00 .00 - 0.01 0.01 

Zn .00 .00 .00 .00 - - - 

Valid n=15        
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Yeraltēsuyunda bulunan en yaygēn katyonlar Ca ve Mg' dir. Bunlardan baĸka, su bileĸiminde daha az 

miktarda Na ve K iyonlarē bulunur (Tablo 1). Sudaki Ca ve Mgô un ana kaynaklarē genellikle kire­taĸē, 

dolomitik kire­taĸē gibi karbonat bakēmēndan zengin kaya­lardēr. Buna gºre, sularēn Ca iyon 

konsantrasyonlarē 62.55 ve 94.96 mg / L arasēnda deĵiĸmektedir, sularēn Mg iyon konsantrasyonlarē ise 

12.59 ve 79.54 mg / L arasēnda deĵiĸmektedir. Bunlar dēĸēnda sularēn Na iyon konsantrasyonlarē 4.08 ve 

74.48 mg / L arasēnda, K iyon konsantrasyonlarē ise sular 0.45 ve 2.18 mg / L arasēnda deĵiĸmektedir. 

Buna ek olarak, sularēn HCO3 iyon konsantrasyonlarē 234.63 ve 517.80 mg / L arasēnda, Cl iyon 

konsantrasyonlarē 1.99 ve 27.20 mg / L arasēnda, SO4 iyon konsantrasyonlarē 30.09 ve 155.80 mg / L 

arasēnda deĵiĸmektedir. 

¢alēĸmada, kirletici tiplerini ve kaynaklarēnē belirlemek i­in NO2, NO3, NH4 ve aĵēr metal analizleri de 

(Al, As, Cd, Cu, Cr, Fe, Mn, Ni, Pb, Zn) yapēlmēĸtēr (Tablo 1). NO2, NO3 ve NH4, aĵērlēklē olarak y¿ksek 

miktarda azot i­eren tarēm ve end¿striyel atēklardan kaynaklanan kirleticilerdir ve bu da d¿nyadaki 

yeraltēsuyu kirliliĵine en b¿y¿k katkēda bulunanlardan birini oluĸturmaktadēr (Li ve diĵerleri, 2016). 

Analiz sonu­larēna gºre, NO2 konsantrasyonlarē 0 mg / L olarak belirlenmiĸtir. NO3 konsantrasyonu 4.90 

ila 51.00 mg / L arasēndadēr. Ek olarak, NH4 konsantrasyonlarē 0-0.13 mg / L olarak tespit edilmiĸtir 

(Tablo 1). 

Aĵēr metal analizi sonu­larēna gºre, Al konsantrasyonlarē 0-0.05 mg / L arasēnda, Arsenik 

konsantrasyonlar 0.09 ila 0.17 mg / L arasēnda deĵiĸmektedir. Cd konsantrasyonlarē 0 mg / L olarak 

belirlenmiĸtir. Sulardaki Cu konsantrasyonu 0 ila 0.87 mg / L arasēndadēr. Bunun yanē sēra Cr 

konsantrasyonlarēnēn 0.01-0.08 mg / L arasēnda belirlenmiĸtir. Fe konsantrasyonu 0.01 ila 0.12 mg / L 

arasēnda, Mn konsantrasyonu 0 mg / L olarak belirlenmiĸtir. Ni konsantrasyonlarē, 0-0.09 mg / L arasēnda, 

Pb konsantrasyonlarē 0-0.01 mg / L arasēnda belirlenmiĸtir. Son olarak Zn konsantrasyonu ise 0 mg / L 

arasēndadēr (Tablo 1). Buna gºre NO2, NO3, NH4 ve aĵēr metal konsantrasyonlarēnēn yaĵmur suyunun 

yeraltēna s¿z¿lmesi ve tarēmsal faaliyetlerle iliĸkili olduĵu d¿ĸ¿n¿lmektedir. 

 

Hidrojeokimyasal Su Tipleri  

Hidrojeokimyasal su tipleri, sularēn kimyasal ge­miĸini ve kºkenlerini belirlemek i­in kullanēlan yararlē 

bir ara­tēr. Majºr katyonlara ve anyonlara dayanan ve su ºrneklerinin kimyasēndaki benzerlik ve 

farklēlēklar gºstermek i­in kullanēlan bir yºntemdir (Piper 1944: 1). ¢alēĸma alanēndaki sularēn 

hidrojeokimyasal evrimi Mayēs-2017'de majºr katyonlarēn (Ca, Mg, Na ve K) ve anyonlarēn (HCO3, SO4 

ve Cl) konsantrasyonlarē kullanēlarak meq / l' deĵerleri kullanēlarak Piper diyagramē ile hazērlanmēĸ ve 

deĵerlendirilmiĸtir. Piper diyagramēna gºre, ­alēĸma alanēnda Ca-Mg-HCO3, Mg-Ca-HCO3 baskēn su 

tipleri olarak belirlenmiĸtir (ķekil 2). Bu su tipleri, akifer ortamdaki kire­taĸē ve dolomitik kire­taĸēnēn 

­ºz¿nmesinden kaynaklanmēĸtēr. 
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ķekil 2. Mayēs-2017 sonu­larēna gºre hazērlanan Piper diyagramē (Piper 1944) 

 

Su Kalite Ķndeks Yºntemi (WQI) Deĵerlendirmeleri 

Su Kalitesi Ķndeksi (WQI) yºntemi, her su kalitesi parametresinin insani t¿ketim i­in suyun genel kalitesi 

¿zerindeki etkisi olarak tanēmlanmaktadēr (Varol ve Davraz, 2015: 9-10). Su Kalitesi Ķndeksi, su kalitesini 

ve i­me suyuna uygunluĵunu belirlemek i­in ºnemli bir parametredir. Genel olarak, indeksin amacē i­me 

suyunun ana parametrelerinin her birini D¿nya Saĵlēk ¥rg¿t¿ ve ulusal standartlarla karĸēlaĸtērmaktēr 

(Yidana ve ark. 2010). Bu ­alēĸmada WQI ¿­ adēmda hesaplanmēĸtēr. Analiz sonu­larē WHO (2011) ve 

TSE 266 (2005) ile karĸēlaĸtērēlmēĸ ve deĵerlendirilmiĸtir (Tablo 2). 
 

Tablo 2. ¢alēĸma alanēndaki fizikokimyasal parametrelerin baĵēl aĵērlēĵē 
Kimyasal 

Parametreler 

WHO (2011) 

Standartlarē 

T¿rk Ķ­me Suyu Standartlarē (TS 

266) (2005) 

We

ight (wi) 

Relative 

weight (Wi) 

(TDS) 500-1500 1500 5 0.04 

pH 6.5ï8.5 6.5ï9.5 4 0.05 

HCO3 (mg/l) - - 1 0.01 

Cl (mg/l) 250 250 5 0.05 

SO4(mg/l) 250 250 5 0.05 

NO3 (mg/l) 50 50 5 0.05 

NO2
 (mg/l) 3.0 0.50 5 0.05 

NH4 (mg/l) 0 0 5 0.05 

Ca (mg/l) 300 200 3 0.03 

Mg (mg/l) 30 150 3 0.03 

Na (mg/l) 200 200 4 0.04 

K (mg/l) - 12 2 0.02 

As (mg/l) 0.01 0.01 5 0.05 

Cr (mg/l) 0.05 - 5 0.05 

   ×w

i= 57 
×wi= 1 

 

14 parametrenin her birine (pH, TDS, Ca, Mg, Na, K, HCO3, Cl, SO4, NO2, NO3, NH4, As, Cr,) i­me suyu 

olarak kullanēm i­in nispi ºnemine gºre bir aĵērlēk (wi) verilmiĸtir (Tablo 2). Aĵērlēklandērma yapēlērken, 

ºnemli saĵlēk etkileri olan ve belirli konsantrasyon sēnērlarēnēn ¿zerinde olan ve evsel kullanēm ve i­me 

suyu kullanēmēnē sēnērlandērabilecek parametrelere daha fazla aĵērlēk verilmiĸtir (Yidana ve ark. 2010: 11). 

Bu nedenle, bu ­alēĸmada, su kalitesi deĵerlendirmesindeki b¿y¿k ºnemlerinden ºt¿r¿, TDS, Cl, SO4, 

NO3, NO2, NH4, As ve Cr gibi parametrelere maksimum 5 aĵērlēk verilmiĸtir (Srinivasamoorthy ve ark. 

2008: 5- 6). Su kalitesi deĵerlendirmesindeki en az ºnem nedeniyle minimum aĵērlēk deĵeri olan 1 ise 
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HCO3 parametresine verilmiĸtir. PH, Ca, Mg, Na ve K gibi diĵer parametrelere, su kalitesi belirlemedeki 

ºnemlerine baĵlē olarak 1 ile 5 arasēnda aĵērlēk verilmiĸtir. 

Son olarak, hesaplamalardan elde edilen WQI deĵerleri Tablo 3'teki su kalitesi t¿rleri ile birlikte 

deĵerlendirilmiĸtir. Ayrēca, her numune i­in WQI deĵerleri ve t¿rleri ise Tablo 4'te gºsterilmiĸtir. Tablo 

4'e gºre, hesaplanan WQI deĵerleri 103.84 ila 204.00. Buna ek olarak, su ºrneklerinin % 93.33'¿ óóZayēf 

suôô ve % 6.66 óó¢ok Zayēf suò sēnēfēndadēr. Bu durum genel olarak ­alēĸma alanēndaki, su ºrneklerinin 

kalitesinin i­me suyu amacē i­in ­ok kºt¿ olduĵunu gºstermektedir ve sulardaki ºzellikle azot ve eser 

element iyon konsantrasyonlarēnēn artēĸē, tarēm arazilerindeki yaĵmur suyunun sēzmasēyla 

iliĸkilendirilmiĸtir. 
 

Tablo 3. WQI deĵerlerine gºre su tipleri (Sahu and Sikdar 2008) 
Deĵer Su Tipi 

< 50 M¿kemmel Su 

50ï100.1 Ķyi Su 
100ï200.1 Zayēf Su 

200ï300.1 ¢ok Zayēf Su 

> 300 Ķ­me Suyu olarak kullanēma kesinlikle uygun olmayan Su 

 

Tablo 4. ¢alēĸma alanēndaki Mayēs-2017 dºneminde her numune i­in WQI deĵerleri ve su tipleri 

¥rnek No. 
Mayēs-2017 

× SI Su Tipi 

K1 142.85 Zayēf Su 

K2 128.61 Zayēf Su 
K3 103.84 Zayēf Su 
K4 156.38 Zayēf Su 
K5 164.45 Zayēf Su 
K6 106.70 Zayēf Su 
K7 166.60 Zayēf Su 
K8 181.55 Zayēf Su 
K9 166.55 Zayēf Su 
K10 140.34 Zayēf Su 
K11 185.40 Zayēf Su 
K12 177.81 Zayēf Su 
K13 204.00 ¢ok Zayēf Su 

K14 143.11 Zayēf Su 
K15 163.86 Zayēf Su 

 

SONU¢LAR 

Korkuteli il­esindeki su kalitesi ve uygunluĵu, ­alēĸma alanēndaki evsel, tarēmsal ve end¿striyel faaliyetler 

i­in ºnemli bir kaynak olduĵu i­in deĵerlendirilmiĸtir. Araĸtērmada Mayēs-2017'de kuyu, kaynak ve 

musluk sularēndan alēnan toplam 15 su ºrneĵi analiz edilmiĸtir. Korkuteli il­e merkezindeki su 

kaynaklarēnda y¿r¿t¿len hidrojeokimyasal ve su kalitesi ­alēĸmalarē ĸu sonuca varmaktadēr: 

- Ķlk olarak, ­alēĸma alanēndaki su kaynaklarēnēn fiziksel, majºr iyon, aĵēr metal ve azot ve 

t¿revlerinden oluĸan kirletici konsantrasyonlarē deĵerlendirilmiĸtir. Sonu­ olarak, sularēn fiziksel ve majºr 

iyon konsantrasyonlarē deĵiĸiklikler kaya suyu etkileĸimleri ile iliĸkilidir. Bununla birlikte, sudaki aĵēr 

metallerin ve azot t¿revlerinin konsantrasyonlarē ise sulardaki antropojenik girdilerle iliĸkilidir. ¥zellikle 

yaĵēĸ ve sulama sularēnēn yeraltēna sēzmasē konsantrasyon deĵerlerini etkilemiĸtir. 

- Piper diyagramēna gºre ­alēĸma alanēndaki baskēn su tipleri su-kaya etkileĸimi nedeniyle Ca-Mg-

HCO3 ve Mg-Ca-HCO3 olarak belirlenmiĸtir. 
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- ¢alēĸma alanēndaki su ºrneklerinin i­me suyu kalitesini belirlemek i­in Su Kalite Ķndeks (WQI) 

yºntemi uygulanmēĸtēr. WQI'ye gºre, su ºrneklerinin % 93.33'¿ ñZayēf suò, % 6.66 ñ¢ok Zayēf Suò 

sēnēfēndadēr. Bu, su ºrneklerinin kalitesinin genel olarak zayēf olduĵunu gºstermektedir. Bu nedenle, iyon 

konsantrasyonlarēnēn artēĸē, tarēm arazilerindeki yaĵēĸ ve sulama sularēnēn yeraltēna sēzmasēyla iliĸkilidir. 

Ek olarak, azot t¿revleri ve su numunelerinin aĵēr metal konsantrasyonlarē, i­me suyunun kullanēlabilirliĵi 

a­ēsēndan d¿nya saĵlēk ºrg¿t¿ (WHO 2011) tarafēndan belirlenen sēnēr deĵerlerle karĸēlaĸtērēlmēĸ ve 

deĵerlendirilmiĸtir. Buna gºre aĵēr metal ve azot t¿revleri a­ēsēndan i­me suyu olarak kullanēlmasē uygun 

deĵildir. 

 

Teĸekk¿r 

Bu ­alēĸma S¿leyman Demirel ¦niversitesi Araĸtērma Fonu tarafēndan desteklenmiĸtir. Proje numarasē: 

FBY-2018-5205. 

 

KAYNAKLAR  

Akēn M. and Akēn G. (2017). Suyun ¥nemi, T¿rkiye'de Su Potansiyeli, Su Havzalarē ve Su Kirliliĵi. DTCF Dergisi, 47(2). 

Kumar SK,. Babu SH, Rao PE, Selvakumar S, Thivya C, Muralidharan S, Jeyabal G (2016). Evaluation of water quality and 

hydrogeochemistry of surface and groundwater, Tiruvallur District, Tamil Nadu, India. Applied Water Science, DOI 

10.1007/s13201-016-0447-7 

Li P., Wu J., Qian H. (2016). Hydrochemical appraisal of groundwater quality for drinking and irrigation purposes and the major 

influencing factors: a case study in and around Hua County, China, Arab J Geosci 9: 15 

Piper, A.M., (1944). A graphic procedure in the chemical interpretation of water analysis. Am Geophys Union Trans 25:914ï923 

Sahu P., Sikdar P.K., (2008). Hydrochemical framework of the Aquifer in and around East Kolkata Wetlands, West Bengal, India. 

Environ Geol 55:823ï835 

Srinivasamoorthy K., Chidambaram S., Prasanna M. V., Vasanthavihar, M., Peter, J. & Anandhan, P. (2008). Identification of 

major sources controlling groundwater chemistry from a hard rock terrain ï a case study from Mettur taluk, Salem district, 

Tamil Nadu, India. J. Earth Syst. Sci. 117, 49ï58   

ķenel M., Sel­uk H., Bilgin ZR, ķen, AM, Karaman T., Din­er MA, Durukan E., Arbas A., ¥r­en S. and Bilgi C. (1989). ¢ameli 

(Denizli)- Yeĸilova (Burdur)- Elmalē (Antalya) ve kuzeyinin jeolojisi. MTA Rap: 9429 (yayēmlanmamēĸ), Ankara 

ķenel M. (1997). T¿rkiye Jeoloji Haritalarē. Isparta K10 paftasē. MTA Genel M¿d¿rl¿ĵ¿ yayēnlarē 

TSI 266 (2005). Standards for Drinking Waters-266. Turkish Standards Institution, Ankara, Turkey 

Varol S. and Davraz A. (2015). Evaluation of the groundwater quality with WQI (Water Quality Index) and multivariate analysis: 

a case study of the Tefenni plain (Burdur/Turkey), Environ Earth Sci (2015) 73:1725ï1744 

ķekerci, M. (2018). Determēnatēon Of Hydrogeochemical Propertēes And Usabēlēty Of Korkuteli (Antalya) Water Resources. 

Suleyman Demirel University, Graduate School of Natural and Applied Sciences Department of Geological Engineering, 

Master thesis, 103 pages, Isparta-Turkey. 

WHO (2004). Guidelines for drinking water quality, 3rd edn. World Health Organization, Geneva 

WHO (2011). Guidelines for Drinking Water Quality, 4th edn. World Health Organization, Geneva, Switzerland 

Yidana SM, Banoeng-Yakubo B, Akabzaa TM (2010) Analysis of groundwater quality using multivariate and spatial analyses in 

the Keta basin Ghana. J Afr Earth Sci 58(2):220ï234 



IV. ICONTRENDS |  ISBN: 978-625-400-393-6 

 

 

St. Petersburg /Russia ï 2020 

www.icontrends.org 

183 

 

 

Chemical Composition of Anastatica hierochuntica L. Water and Ethanol 

Extracts and Physiological Effects on Caenorhabditis elegans Individuals  
           

H¿lya ¥ZPINAR 

Dr., Cumhuriyet University, 

hulya1177@yahoo.com.tr 

Turkey 

 

Abstract 

Purpose 

In our study, the chemical content of Anastatica hierochuntica L., which is used in the treatment of 

infertility and to facilitate birth, was investigated by GC-MS analysis and the effects of these extracts on 

the number of eggs and physical growth of Caenorhabditis elegans individuals were investigated. 

 

Design/methodology/approach 

Different doses of water and ethanol extracts (0.1 g / 100 ml, 0.05 g / 100 ml, 0.025 g / 100 ml, 0.0125 g / 

100 ml) of the Anastatica hierochuntica species using the whole plant, Nematot Growth Media (NGM), 

which is the standard medium of C. elegans. The N2 (wild type) C. elegans and Escherichia coli OP50 

used in our study were purchased from the University of Minnesota Ceanorhabditis Genetic Center. The 

prepared Nematot Growth Media (NGM) was transferred to petri dishes sufficiently and Escherichia coli 

OP50 strain prepared after solidification was added to NGM and dried in a sterile cabinet. The control 

group was fed on medium where no dry extract was added. For egg count, 25 well-fed L4 C. elegans were 

transferred to each prepared petri dish. After 36 hours, 25 of these were  transferred to a new petri dish, 30 

minutes at 20 ęC. It heated. At the end of the period, eggs were counted with a 20x objective. The eggs 

that did not crack were identified and counted one day after the number of eggs in pets were determined 

and the percentage of hatching was calculated and compared with the control group. 

The chemical content of these extracts was determined by GC-MS analysis and the physical growth of 

C.elegans individuals at the doses studied was also observed. 

 

Findings 

In our study, an increase in the number of eggs at all doses was observed in both the water and ethanol 

extracts prepared from A. hierochuntica plant compared to the control group. It was determined that the 

increase in the number of eggs continued while the amount of the dose decreased. However, when the 

increase in the number of eggs statistically compared with the control group; While water extract was 

significant at doses of 0.025g / 100ml and 0.0125g / 100ml, it was significant in ethanol extract at doses of 

0.05g / 100ml, 0.025g / 100ml, 0.0125g / 100ml (p <0.05).  As a result of GC-MS analysis, high rates of 

local anesthetic agents, Xycaine and Lidocaine, were detected. At all doses studied, no negative effects 

were found on the physical growth of C. elegans individuals. 

 

Originality/value  

In our study, C. elegans individuals, which are very similar to human genes, were used as model 

organisms. Arab countries and Turkey, as well as folk medicine used by plants of A. hierochuntica that are 

mailto:hulya1177@yahoo.com.tr
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associated with infertility are very few studies on. Our work will constitute a step for more 

comprehensive work in the future. 

 

Keywords: A. Hierochuntica, C. Elegans, Infertility, Number Of Eggs, Gc-Ms, Physical Growth 

                                       

Anastatica hierochuntica L. Su ve Etanol Ekstrelerinin Kimyasal 

Komposizyonu ve Caenorhabditis elegans Bireyleri ¦zerindeki Fizyolojik 

Etkileri  
 

¥z 

Ama­ 

¢alēĸmamēzda, halk arasēnda infertilite tedavisinde ve doĵumu kolaylaĸtērmak amacēyla kullanēlan 

Anastatica hierochuntica L.  t¿r¿n¿n su ve ethanol ekstrelerinin GC-MS analiziyle, kimyasal i­eriĵi 

incelenmiĸ ve bu ekstrelerin Caenorhabditis elegans bireylerinin yumurta sayēsē ve fiziksel b¿y¿meleri 

¿zerine olan etkileri araĸtērēlmēĸtēr. 

 

Model / metodoloji / yaklaĸēm 

Anastatica hierochuntica t¿r¿n¿n, t¿m bitkinin kullanēldēĵē su ve ethanol ekstrelerinin farklē dozlarē (0.1 

gr/100 ml, 0.05 gr/100 ml, 0.025 gr/100 ml, 0.0125 gr/100 ml) C. elegans standart besiyeri olan Nematot 

Growth Media (NGM) ya uygulanmēĸtēr. ¢alēĸmamēzda kullanēlan  N2 (yaban tip) C. elegans ve 

Escherichia coli OP50, Minnesota ¦niversitesi Ceanorhabditis Genetik Merkeziônden satēn alēnmēĸtēr. 

Hazērlanan NGM petri kutularēna yeteri kadar aktarēlmēĸ ve katēlaĸtēktan sonar, hazērlanan Escherichia 

coli OP50 suĸu NGMô a eklenerek steril kabinde kurutulmuĸtur. Kontrol grubu hi­ bir kuru ekstre 

eklenmemiĸ besiyerinde beslenmiĸtir. Yumurta sayēmē i­in, hazērlanmēĸ her bir petriye 25 adet iyi 

beslenen L4 C. elegans aktarēlmēĸtēr. 36 saat sonra bunlarēn 25 tanesi yeni bir petriye aktarēlarak, 20 ęCôde 

30 dk. bekletilmiĸtir. S¿re sonunda 20x objektif ile yumurtalar sayēlmēĸtēr. Petrilerdeki yumurta sayēlarē 

belirlendikten bir g¿n sonra ­atlamayan yumurtalar tespit edilerek sayēlmēĸ ve yumurtadan ­ēkma y¿zdesi 

hesaplanarak kontrol grubuyla karĸēlaĸtērēlmēĸtēr.  

Bu ekstrelerin kimyasal i­eriĵi GC-MS analizi ile belirlenmiĸ ve ­alēĸēlan dozlarda C.elegans bireylerinin 

fiziksel b¿y¿meleri de gºzlemlenmiĸtir. 

 

Bulgular  

¢alēĸmamēzda A. hierochuntica bitkisinden hazērlanan su ve ethanol ekstrelerinin her ikisinde de kontrol 

grubuna gºre b¿t¿n dozlarda yumurta sayēsēnda artēĸ gºzlemlenmiĸtir. Dozun miktarē azalērken yumurta 

sayēsēndaki artēĸēn devam ettiĵi saptanmēĸtēr. Ancak, istatiksel olarak yumurta sayēsēndaki artēĸ kontrol 

grubuyla karĸēlaĸtērēldēĵēnda; su ekstresinde, 0.025 gr/100ml ve  0.0125 gr/100mlô lik dozlarda anlamlē 

bulunurken, ethanol ekstresinde ise 0.05 gr/100 ml, 0.025 gr/100 ml, 0.0125 gr/100 mlô lik dozlarda 

anlamlē bulunmuĸtur (p<0,05). Ethanol ekstresinin GC-MS analizi sonucunda, y¿ksek oranlarda lokal 

anestezik maddeler olan Xycaine ve Lidocaine saptanmēĸtēr. ¢alēĸēlan b¿t¿n dozlarda, C. elegans 

bireylerinin fiziksel b¿y¿meleri ¿zerinde herhangi bir olumsuz etki saptanmamēĸtēr. 

 

 



IV. ICONTRENDS |  ISBN: 978-625-400-393-6 

 

 

St. Petersburg /Russia ï 2020 

www.icontrends.org 

185 

 

 

¥zg¿nl¿k  

¢alēĸmamēzda model organizma olarak, genlerinin ºnemli bir kēsmē insan genlerine b¿y¿k benzerlik 

gºsteren C. elegans bireyleri kullanēlmēĸtēr. Arap ¿lkelerinde  ve T¿rkiyeô de halk ilacē olarak kullanēlan 

A. hierochuntica bitkisinin infertilite ¿zerine olan etkileri ile ilgili ­ok az sayēda ­alēĸma bulunmaktadēr. 

Yaptēĵēmēz ­alēĸma, ilerde yapēlacak daha kapsamlē ­alēĸmalar i­in bir basamak oluĸturacaktēr. 

 

Anahtar Kelimeler: A. hierochuntica, C. elegans, Ķnfertilite, Yumurta Sayēsē, GC-MS, Fiziksel B¿y¿me 

 

 

 

INTRODUCTION  

The use of medicinal plants for the solution of health problems is becoming widespread in the world. In 

developing countries, herbal medicines and traditional medicines, cultural features, natural and they are 

relatively popular because they are safe and not considered toxic. However, toxicity of such drugs is yet 

not well understood (Salah et al., 2011:2). Anastatica hierochuntica L. is a well-known medicinal plant 

that grows in Saudi Arabia, Egypt, Jordan, Oman, Libya, Iraq, the United Arab Emirates, Iran, Kuwait and 

North Africa (Ihsanullah, 2012:5048; Abdulfattah, 2013:3).  

Anastatica hierochuntica L. (A. hierochuntica) belongs to the family Brassicaceae, and is the only 

member of the genus Anastatica (Law, 2009:50). It is an annual plant that can grow up to 15 cm and 

produces small white flowers (Ihsanullah, 2012:5048). In While A. hierochuntica is known as Kaff 

Maryam in Arab countries, in Europe, It is known as Fatima's Hand, Maria's Hand, or Rose of Jericho. In 

the ethnobotanical studies, it has been determined that this plant is used in many diseases related to the 

reproductive system in addition to its use in order to facilitate the birth (Zin et al., 2017:611).  

 

 

 
Figure 1. Anastatica hierochuntica  L. 

 

Caenorhabditis elegans (C. elegans ) is an apotogenic nematode living in the soil, about 1mm tall with 

two genders of male and hermaphrodite. Knowing its genetics and each cell from zygote to adult, as well 

as the fact that their genes are 80% homologous with human genes, facilitates scientific studies (Hertweck 

et al., 2003:345.) C. elegans has many advantages as a model organism. These include small size, ease of 

cultivation, low maintenance costs, low production time, transparency, constant cell count and ability to 

reduce gene activity using RNA(Corsi et al., 2015:387)
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Figure 2. Image of C. elegans and its eggs under the microscope 

 

 

In our study, the chemical content of Anastatica hierochuntica L., which is used in the treatment of 

infertility and to facilitate birth, was investigated by GC-MS analysis and the effects of these extracts on 

the number of eggs and physical growth of Caenorhabditis elegans individuals were investigated. 

 

METHODOLOG  

Samples Preparation 

A. hierochuntica L. plants were purchased from Makkah, Saudi Arabia. After the species identification of 

the plant samples obtained from 20 different sales areas was made, they were left to be dried. Dried 

samples are ground into small pieces by grinding in a laboratory type mill. Dried samples are ground into 

small pieces by grinding in a laboratory type mill. Then, floating grams of these samples were weighed 

and ethanol and water were added to them.  

Different doses of water and ethanol extracts (0.1 g / 100 ml, 0.05 g / 100 ml, 0.025 g / 100 ml, 0.0125 g / 

100 ml) of the Anastatica hierochuntica species using the whole plant, Nematot Growth Media (NGM), 

which is the standard medium of C. elegans. The N2 (wild type) C. elegans and Escherichia coli OP50 

used in our study were purchased from the University of Minnesota Ceanorhabditis Genetic Center. The 

prepared Nematot Growth Media (NGM) was transferred to petri dishes sufficiently and Escherichia coli 

OP50 strain prepared after solidification was added to NGM and dried in a sterile cabinet. The control 

group was fed on medium where no dry extract was added. 

Egg counting was applied according to the Koelle et al. (1996:123) protocol. For egg count, 25 well-fed 

L4 C. elegans were transferred to each prepared petri dish. After 36 hours, 25 of these were  transferred to 

a new petri dish, 30 minutes at 20 ęC. It heated. At the end of the period, eggs were counted with a 20x 

objective. The eggs that did not crack were identified and counted one day after the number of eggs in 

petri dishes were determined and the percentage of hatching was calculated and compared with the control 

group. 

The chemical content of these extracts was determined by GC-MS analysis and the physical growth of 

C.elegans individuals at the doses studied was also observed. 

 

FINDINGS 

In our study, an increase in the number of eggs at all doses was observed in both the water and ethanol 

extracts prepared from A. hierochuntica plant compared to the control group. It was determined that the 

increase in the number of eggs continued while the amount of the dose decreased. However, when the 
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increase in the number of eggs statistically compared with the control group; While water extract was 

significant at doses of 0.025g / 100ml and 0.0125g / 100ml, it was significant in ethanol extract at doses of 

0.05g / 100ml, 0.025g / 100ml, 0.0125g / 100ml (p <0.05).  

 

Table 1.  The effect of A. hierochuntica water and ethanol extract on the fertility of C.elegans 

 
 

As a result of GC-MS analysis, high rates of local anesthetic agents, Xycaine and Lidocaine, were 

detected. 

 

Table 2. As a result of GC-MS analysis 

Compound RT % Ethanol 
3-Methyl-oxirane-2-carboxylic acid 3.516 0.14 
Oxirane, tetramethyl- 3.516 0.14 
Propane, 1-ethoxy-2-methyl- 3.516 0.14 
Pentanamide 3.596 0.17 
Butanamide, 3-methyl- 3.596 0.17 
2-Butanol, 3-methoxy- 3.699 0.18 
Ethanamine, N-methyl- 3.699 0.18 
Ethane, 1,2-diethoxy- 3.699 0.18 
Hex-5-En-3-Ol 3.699 0.18 
Oxirane, 3-ethyl-2,2-dimethyl- 3.699 0.18 
Hydroperoxide, 1,1-dimethylethyl... 3.962 0.12 
1,3-Dioxolane, 4-methyl-2-phenyl... 4.271 0.10 
Thiirane 4.271 0.10 

0.1 g / 100 ml 0.05 g / 100 ml 0.025 g / 100 ml 0.0125 g / 100 ml Control

MA W 320 321 413 500 291

MA ET 312 411 452 540 291
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3-Hexanol, 5-methyl- 4.271 0.10 
Benzenesulfonic acid, 4-methyl-, 4.620 0.74 
Silane,dimethoxymethyl- 5.130 0.63 
Acetic acid, 2-benzoylthio 5.130 0.63 
Benzene, 1-chloro-4-methyl- 12.122 0.55 
Xycaine 37.133 1.87 
Lidocaine 37.133 1.87 
4-Hydroxyproline anilide 37.133 1.87 
 

At all doses studied, no negative effects were found on the physical growth of C. elegans individuals. 

 

  
Control                                                0.0125g / 100ml 

 

Figure 3. Comparison of physical growth with the control group 

 

CONCLUSION 

A. hierochuntica L. is powdered and drink as tea in the majority of Arab countries and is known as Kaff 

Maryam. The powdered mixture is mixed with honey to facilitate childbirth and against excessive uterine 

haemorrhage (El-Ghazali et al., 2010:2682). In addition, this herb is used in the treatment of many 

diseases including depression, high blood pressure, headache, malaria, diabetes and infertility (Batanouny 

et al.,1999:207, Sobhy et al., 2011: 24) 

In our study, C. elegans individuals, which are very similar to human genes, were used as model 

organisms. Arab countries and Turkey, as well as folk medicine used by plants of A. hierochuntica that are 

associated with infertility are very few studies on. Our work will constitute a step for more comprehensive 

work in the future. 
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Abstract 

 

Purpose 

The aim of this study is to determine the quantify morphometric characteristic and LWR properties of 

Stone moroko Pseudorasbora parva (Temminck & Schlegel, 1846) from Cyprinidae family in Kirmir 

Stream. 

 

Design/methodology/approach 

The samples, Pseudorasbora parva were collected from Kirmir Stream. The samples were preserved in 

%4 formaldehyde solution and measured weight to the nearest 0.01g and total, fork and standard length to 

the nearest 0.01 mm. The length-weight relationship equation is the traditional calculation method used to 

determine the growth characteristics of fish populations. 

 

Findings 

The present study, total length, fork length, standard length, dorsal distance, dorsal fin base length, dorsal 

fin length, head length, preorbital length, eye diameter, postorbital head length, interorbital length, body 

depth, anal distance, anal fin base length, anal fin length, pectoral fin length, pectoral fin base length, 

ventral fin length, ventral fin base length, caudal peduncle depth, caudal peduncle length and weight of 

specimens were varied between 45-81 mm; 40-74 mm; 36-65 mm, 17-34 mm, 4-8 mm, 7-12 mm, 9-17 

mm, 3-6 mm, 2-3 mm, 4-7 mm, 3-8 mm, 9-17 mm, 23-46 mm, 3-5 mm, 5-9 mm, 5-9 mm, 1-3 mm, 4-11 

mm, 1-2 mm, 6-11 mm, 9-15 mm and 0.889-5.986 g, respectively. LWR were estimated from the formula, 

W = a L
b
, where W is weight (g), L the standard length, fork length and total length (mm), a and b are the 

coefficients of the functional regression between W and L. LWR were found as W=0.00000579 SL
3.3067

 

(rĮ= 0.917), W=0.00000568 FL
3.2197

 (rĮ= 0.920), W=0.0000036 TL
3.2467

 (rĮ= 0.918) for all specimens. The 

condition factor was calculated as 0.8476 and 1.1264 (min and max) for Pseudorasbora parva in Kirmir 

Stream. 

 

Originality/value  

This study describes the area where this fish was found and recorded morphometric data of the population. 

The aim of this was to quantify morphometric characteristic and LWR properties of Pseudorasbora parva 

in Kirmir Stream. It is considered that the data obtained in this study will also contribute to future studies. 

 

Keywords: Pseudorasbora parva, stone moroko, morphometric characters, Kirmir Stream. 
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INTRODUCTION  

The stone moroko Pseudorasbora parva is a small-sized cyprinids fish. Gozlan et al. (2002) reports that 

Pseudorasbora parva originating from Japan, China, Korea and the River Amur catchment. Banarescu 

(1964) was the first autor who made a detailed description of the species, dealing with the morphometrics, 

size, variability, ecology and data regarding the native range of this fish. 

Based on the morphometric analysis of external morphology, in an ontogenetic context, the 

Pseudorasbora parva is considered to be a species with great morphological variability, which can be 

expressed not only in the formation of different adult phenotypes, but also in the way in which phenotypes 

are obtained (Zahorska  et al., 2009). 

The success of Pseudorasbora parva can be explained by many of its biological features: omnivory, short 

generation time, polyphilic ovulation, high reproductive effort and parental care (Rosecchi et al., 2001) 

and broad physiological tolerance (Pollux & Korosi, 2006). Pseudorasbora parva also shows significant 

adaptability in diet (Adamek & Siddiqui, 1997) and habitat use (Asaeda & Manatunge, 2005) and was 

found to be a healthy host of a deadly, nonspecific pathogen that could threaten local fish. The first 

recording was introduced to many European drainage reported from Thrace in Turkey. Pseudorasbora 

parva also met with Antalya Basin, Karacaºren Dam Lake and Geling¿ll¿ Dam Lake from here. It was 

also observed in Filyos-Devrek Creek in 2005 (Innal & Erk'akan, 2006). It is known from the European 

Mediterranean basins and the Anatolian Mediterranean basins (Fricke et al., 2007). 

Various properties of the Pseudorasbora parva were studied by some researchers in the world ( Daszak et 

al., 2000; Bozorgnia et al., 2012; Kērankaya et al., 2014, Fan et al., 2015; Lin et al., 2017; Stavrescu-

Bedivan et al., 2017; Benzer & Benzer, 2020a; Benzer & Benzer, 2020b). 

The field of fishery science has employed many tools such as genetics and morphometric to differentiate 

fish population (Mirr et al., 2013). Morphometric measurements are widely used to identify differences 

between fish populations (Tores et al., 2010). Morphological characters have been commonly used in 

fisheries biology to measure discreteness and relationships among various taxonomic categories (Turan, 

1999). Fish classification systems can facilitate fish counting, stock evaluating ecological impacts, 

monitoring fish behavior (Benson et al., 2009). 

The goal of this study is to evaluate the LWR and morphological characters of Pseudorasbora parva in 

Kirmir Stream. 

 

MATERIALS AND METHODS  

The samples, Pseudorasbora parva were collected from Kirmir Stream. During the study, 10 fish 

specimens were caught in 2016. The samples were preserved in %4 formaldehyde solution. The 

characteristics were measurements for 22 morphometric characteristics were recorded in Table 1. The 

total length of the fish (Figure 1) caught was measured with a sensitivity of 0.1 cm and their body weights 

were weighed with a sensitivity of 0.01 g. 

Kirmir, Turkey's Central Anatolia 40-41 Á north latitude and 32-33 Á east is located between longitude is 

one of about 223 900 hectares and 806 106 m3 of annual water Sakarya River, major tributary of the 

potential (K¿­¿k & Alpbaz, 2008). 
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The length-weight relationship equation is the traditional calculation method used to determine the growth 

characteristics of fish populations. The sex, length and weight values of the species were used for 

relationship. The relations between length (L) and weight (W) for nearly all species of fishes can normally 

be represented by the "length-weight relationship" following equation: 

ὡ ὥ ὒ 

 

W (g) is the weight of fish, L (cm) is the length of fish, ñaò and ñbò are constants. The parameter 'b' has an 

important biological meaning for fisheries, indicating the rate of weight gain relative to growth in length 

or the rate at which weight increases for a given increase in length. The growth is isometric if b=3 and the 

growth is allometric if bÍ3 (negative allometric) (Ricker, 1973). The q and b constants could be estimated 

from linear functions. However, many functional relationships observed in fishery biology such as length-

weight relationships are not linear.  

 

 
Figure 1: Pseudorasbora parva 

 

RESULTS and CONCLUSION 

The samples, Pseudorasbora parva were collected from Kirmir Stream. During the study, 1o fish 

specimens were caught in 2016. The samples were preserved in %4 formaldehyde solution. The 

characteristics were measurements for 22 morphometric characteristics were recorded in Table 1. 

 

Table 1: Morphometric characteristics of Pseudorasbora parva specimens. 

 
min max average SD CI  

margin of 

error  

upper 

bound 
lower bound 

Total Length 45 81 64.5 12.06694 7.479031 28.53925 71.979031 57.0209687 

Fork Length 40 74 58 11.00505 6.820875 23.73734 64.820875 51.1791251 

Standard Length 36 65 51.8 9.51957 5.900182 17.76163 57.700182 45.8998175 

Dorsal Distance 17 34 26.2 5.553777 3.442204 6.0454 29.642204 22.7577963 

Dorsal Fin Base Length 4 8 5.5 1.269296 0.786703 0.315772 6.2867031 4.71329694 

Dorsal Fin Length 7 12 9.9 1.72884 1.071527 0.585811 10.971527 8.82847335 

Head Length 9 17 13.2 2.699794 1.673319 1.428596 14.873319 11.5266809 

Preorbital Length 3 6 4.8 1.032796 0.640122 0.209063 5.4401216 4.15987844 

Eye Diameter 2 3 2.8 0.421637 0.261329 0.034844 3.0613285 2.53867147 

Postorbital Head Length 4 7 5.8 1.032796 0.640122 0.209063 6.4401216 5.15987844 

Interorbital Length 3 8 5.2 1.813529 1.124017 0.64461 6.3240165 4.07598349 

Body Depth 9 17 12.6 2.716207 1.683491 1.446018 14.283491 10.9165087 

Anal Distance 23 46 35.6 7.27553 4.509337 10.37474 40.109337 31.0906628 

Anal Fin Base Length 3 5 3.6 0.843274 0.522657 0.139375 4.1226571 3.07734294 

Anal Fin Length 5 9 7.6 1.429841 0.886208 0.400704 8.4862082 6.71379183 

Pectoral Fin Length 5 9 7.6 1.577621 0.977802 0.487813 8.5778018 6.62219817 

Pectoral Fin Base Length 1 3 2 0.666667 0.413197 0.08711 2.4131967 1.58680331 

Ventral Fin Length 4 11 7.9 2.282786 1.414859 1.021359 9.3148593 6.48514069 
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Ventral Fin Base Length 1 2 1.6 0.516398 0.320061 0.052266 1.9200608 1.27993922 

Caudal Peduncle Depth 6 11 8.5 1.581139 0.979982 0.489991 9.479982 7.52001801 

Caudal Peduncle Length 9 15 12.2 2.097618 1.300093 0.862384 13.500093 10.899907 

Weight 0.889 5.986 3.0304 1.69287 1.049232 0.561688 4.0796323 1.98116773 
SD: Standard Deviation 

 

The present study, total length, fork length, standard length, dorsal distance, dorsal fin base length, dorsal 

fin length, head length, preorbital length, eye diameter, postorbital head length, interorbital length, body 

depth, anal distance, anal fin base length, anal fin length, pectoral fin length, pectoral fin base length, 

ventral fin length, ventral fin base length, caudal peduncle depth, caudal peduncle length and weight of 

specimens were varied between 45-81 mm; 40-74 mm; 36-65 mm, 17-34 mm, 4-8 mm, 7-12 mm, 9-17 

mm, 3-6 mm, 2-3 mm, 4-7 mm, 3-8 mm, 9-17 mm, 23-46 mm, 3-5 mm, 5-9 mm, 5-9 mm, 1-3 mm, 4-11 

mm, 1-2 mm, 6-11 mm, 9-15 mm and 0.889-5.986 g, respectively. 

LWR were estimated from the formula, W = a L
b
, where W is weight (g), L the standard length, fork 

length and total length (mm), a and b are the coefficients of the functional regression between W and L. 

LWR were found as W=0.00000579 SL
3.3067

 (rĮ= 0.917), W=0.00000568 FL
3.2197

 (rĮ= 0.920), 

W=0.0000036 TL
3.2467

 (rĮ= 0.918) for all specimens. The condition factor was calculated as 0.8476 and 

1.1264 (min and max) for Pseudorasbora parva in Kirmir Stream. Length weight relationships equations 

for Pseudorasbora parva are given in Figure 2. 

 

      
 

 
Figure 2: Length weight relationships equations for Pseudorasbora parva. 

 

This study explains the area where Pseudorasbora parva is located and records the morphometric data of 

the population. The findings obtained in this study are very important because previous studies on the 

morphometric properties of Pseudorasbora parva have not been identified. It is considered that the data 

obtained in this article will contribute positively to future studies. 
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Abstract 

The article considers the development of scientific methodological and practical bases for the assessment 

of innovative perspectives of the main sectors of the information economy, formed on the basis of the 

widespread use of ICT in modern times. Multi-criteria analysis methods and expert evaluation methods 

were applied to these issues. Features of the regional and sectoral approach to the assessment of the 

information economy are analyzed. Existing traditional and new scientific sub-sectors of the information 

economy have been identified. An appropriate system of indicators has been proposed for the evaluation 

of innovative perspectives of the information economy by multi-criteria analysis and expert methods. For 

a systematic analysis of the state of formation of the information economy, the features of the assessment 

of the stages of economic development at different levels in terms of functional, national, regional and 

sectoral are studied. Algorithmic stages of expert assessment of innovative perspectives of information 

economy have been developed. Experts were selected and weight coefficients were determined. The 

developed methodology was used to assess the prospects of sub-sectors based on their indicators. As a 

result of processing and analysis of expert assessments, innovative perspectives of the newest sub-sectors 

of the information economy have been adopted. 

 

Keywords: Information Economy, Multi-Criteria Analysis Method, Expert Methods, Weight Coefficients, 

Decision Making, Scientific Fields, Innovative Perspectives 

 

Purpose 

The purpose of the research is to assess the innovative perspectives of the information economy through 

multidisciplinary methods of analysis. The importance of this is to demonstrate and develop 

methodological bases of the improved form of the multi-criteria expert assessment method in this process. 

In addition, it consists of an analysis of the characteristics of the regional and sectoral approach to the 

assessment of the information economy, the identification of traditional and new science-based subsectors 

of the information economy, the identification of new areas of knowledge and technological capacity. 

 

Design / Methodology / Approach 

The article considers the development of appropriate tools for the assessment of innovative perspectives of 

the information economy as an object of research through multi-criteria analysis methods. In accordance 

with the trends of international economic development, the challenges of the 4.0 Industrial Revolution, the 

measurement of economic processes based on information and knowledge was carried out on the basis of 

modern methods and technologies. 

Multi -criteria analysis methods and expert methods were used to assess the innovative perspectives of the 

information economy. Systematic analysis, correlation and regression analysis, mathematical and 
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econometric modeling methods, expert assessment method, measurement theory, theory of fuzzy sets, 

algorithmization and ICT tools were applied to increase methods have been applied to evaluate the 

innovative perspectives of the information economy through multi- criteria analysis methods. 

 

Findings 

Evaluation of innovative perspectives of the information economy by means of multi-criteria analysis on 

the basis of expert methods can be considered as a new approach and methodology for assessing the 

knowledge-based economy in the country. The results of the assessment of innovative perspectives of the 

information economy by means of multi-criteria analysis based on expert methods provide a basis for 

comparing their activities with other innovative and technopark structures and making appropriate 

decisions. 

 

Originality/value  

Assessment of innovative perspectives of the information economy through multi-criteria analysis 

methods based on expert methods can make a significant contribution to improving the efficiency of the 

information-based economy. The effective application of the proposed models and methods can create 

additional opportunities to increase efficiency in the new economic management, diversification and 

reconstruction of the economy, the formation of the non-oil sector. 

 

Introductēon 

Different approaches, indicators, methodologies, indices, etc. are available to assess the level of 

development of the information economy, formed on the basis of the comprehensive application of ICT 

[1-4]. There is retail in comparative analysis. The base groups to be selected for comparison do not fully 

meet the needs and regional characteristics. Therefore, during the systematic analysis of the state of its 

formation at the international and national levels, there is a great need to develop a methodological 

framework for assessing the stages of functional economic development at different levels. From this 

point of view, this article focuses on the application of multi-criteria analysis methods in the assessment of 

the level of formation and development of the sectors of the information economy and the generalization 

of relevant expert assessments and developed a methodology. 

 

Keywords: Information Economy, Multi-Criteria Analysis Method, Expert Methods, Weight Coefficients, 

Decision Making, Scientific Fields, Innovative Perspectives 

 

Features of the regional and sectoral approach to the assessment of the information economy 

It is possible to classify the information economy in order to conduct economic analysis in a more 

compact area in a coordinated manner. Sectoral classification with a broader view of the digital sub-

sectors of the information economy can be formed as follows: Internet; Software engineering and 

automation technologies; Digital content; IT service, Telecommunications; Computing and electronics 

industry; Creative content and digital media; Robotics and Artificial Intelligence; Military industry; 

Aerospace and aviation industry; Management services; Bio, nano and high technology; Business and 

industrial services, Pharmaceutical and Electronic medicine industry; Environment and ecology; Optical 

industry; Transport and communication; Energy sector; Chemicals and petrochemistry, Research, 

development; Scientific and technological service areas; Education; Media sector; Big data; IoT; Cyber-

physical systems; Smart technologies [1]. 
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It is proposed to adopt a functional approach to the assessment of the information economy: 1) agrarian, 2) 

industry, 3) information, 4) knowledge, 5) intellectual. This division should be taken into account during 

the analysis and evaluation [2]. 

In addition, the group of countries of the world selected for comparative analysis and evaluation [3]: 

guided developed countries (G7, G10, G20), post-Soviet, former USSR, CIS countries, regional countries, 

developing countries, countries with similar conditions will be included. From this point of view, the 

group of countries selected for comparison includes the United States, Great Britain, Germany, France, 

Italy, Canada, Japan, China, Russia, India, Korea, Turkey, Switzerland, Sweden, Austria, Iran, Malaysia, 

Singapore, Israel, Ireland, Pakistan, Hungary, Bulgaria, Kazakhstan, Ukraine, Azerbaijan, Belarus, 

Uzbekistan, Georgia, Armenia. At the same time, economic and administrative divisions were adopted at 

the regional levels: Baku, Nakhchivan, Karabakh - Shusha, Sumgayit, Mingachevir, Shirvan, Lankaran, 

Guba, Shamakhi, Gabala, Sheki, Ganja. 

 

Traditional and new science subdivisions of information economy 

It should be noted that the analysis of the information economy should not forget about the traditional 

areas of economics. Therefore, agriculture, industry, metallurgy, transport, construction, oil and gas, 

energy, natural resources, etc. Although they belong to traditional fields, they can also be included in the 

sectoral classification of the information and knowledge economy. 

In addition, it is necessary to include in the analysis process the scientific sub-sectors of traditional 

economic sectors and the emerging economic sectors (table 1). 

 

Information, knowledge, technological, innovation-intensive sub-sectors of traditional economy (SES) [4, 

5]: 

Å Information and communication technologies and tools in management; 

Å Production and service process technologies; 

Å Agrarian machinery and technologies; 

Å Marketing - sales, logistics, service technologies 

 

Table 1. New information, knowledge and technological areas of the economy 

ICT economics Bioeconomics 

Space economy Nanoeconomy 

Medical economics Language economics 

Education economics Science economics 

Cultural economy Creative -Art economy 

Smart technology economy Ecological (green) economy 

Sports economics  Content-data economics 

Alternative energy economy Diaspora economy 

Theological (religious) economy Patent (license) economy 

Behavioral (psychological) economy Digital economy 

 

Multi -criteria analysis and expert assessment in the assessment of innovative perspectives of the 

information economy 

It is proposed to use more expert assessment in the process of assessing the innovative perspectives of the 

information economy sectors [6, 7]. Its main task is the systematic acquisition, structuring, coding, 
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processing and interpretation of knowledge and information related to a particular field from a human 

expert. Expert assessments (EAs) are the only and indispensable tool for solving problems that are not 

formalized in research activities. The current stage of development of EQ is the study of expert systems, 

artificial intelligence, fuzzy logic, vague sets, etc., aimed at explaining difficult formalized processes. is 

associated with the emergence and formalization of modern mathematical theories such as 

In the context of complex work and uncertainty, the solution to the problem of management decision-

making (MFA) has become necessary in many processes, organizations, management levels and 

enterprises. In such cases, methods and tools for multi-criteria analysis of IQG are usually used. Multi-

criteria analysis occurs in the solution of many economic, social, environmental, technical, and social 

processes, both individually and collectively. Its essence and idea is to choose the most advantageous and 

useful set of concrete possible alternatives and present it to the decision-maker (DCG). The main feature 

of multidimensional analysis is that the samples are based on more usefulness and advantages [8-11]. 

The main issues of expert evaluation include 1) determination of the goal or goal tree, 2) expert forecasts, 

3) development scenarios, 4) generation of alternatives, 5) determination of ratings, 6) evaluation systems, 

7) collective decision-making, etc. includes. 

 

Algorithmic stages of expert assessment of innovative perspectives of information economy 

I step. Selection of experts. N number of specialists-experts with some work experience in this 

field, scientific-practical, innovation and achievements in the field of education are involved in the virtual 

survey. The main purpose of the survey is to identify preliminary experts. Each person is evaluated on a 

scale (0, 10). The admission of the first M specialists with the highest scores as experts is discussed and 

confirmed, or the process is repeated in another format. 

Step II. Determination of expert weight coefficients. A group of experts (number N) can act on 2 

scenarios. 

a) Experts have equal weight. 

b) Experts evaluate each other on a scale of (0, 10) and the results are normalized (divided by the 

number of initial experts) by weighing each expert in relation to each other (1, 10) (thousand is equal to 

1). ) is determined. 

Thus, in the first case, the weights of all experts are taken as 1. 

In the second case, the weights are in the coefficients (1, 10) and, as a result, get the same  

10,...,,1 21 ¢¢ nkkk values.  

For the simplicity of the calculation method, it can be assumed that the weight coefficients are equal 

to 1. 

Step III.  Indicators for assessing the prospects of sub-sectors are also determined by experts. 

Relevant indicators are proposed to assess the innovative perspectives of the sub-sectors of the 

information economy [3]. 

In step IV the methodology developed to assess the prospects of sub-areas is applied [4, 5]. 

 

Conclusion 

In recent years, a number of studies have been conducted to measure various aspects of ICT and 

Information Society, including the level of development of the information economy, which has an 

economic base and platform. These studies are mainly conducted by national statistical offices, regulators, 
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international organizations, research institutes, universities, non-governmental organizations, commercial 

companies, etc. carried out by objects. In these studies, they used various search methods, databases and 

measurement tools created by them. However, there is a fragmentation in the comparative analysis. The 

methodologies did not fully meet national needs and regional specifics. Therefore, during the systematic 

analysis of the state of formation of the information economy, there is a great need to develop a 

methodological framework for assessing the stages of economic development at different levels in terms 

of its functional, national, regional and sectoral development. This article also develops the 

methodological basis for assessing the level of formation and development of information economy 

sectors on the basis of multi-criteria analysis methods. 

Preliminary expert assessments on innovation assessment of perspective sub-sectors of the information 

economy have been processed accordingly. The sub-sectors of the information economy have been 

identified by experts as the most promising of the many possible options. Clustering was carried out on 

the basis of expert assessments of 100 sub-areas included in the analysis and evaluation process on the 

relevant indicators. The results were transferred to a relatively small number of aggregation groups and 22 

sub-areas and their corresponding perspective assessments were calculated. 

Thus, as a result of the development of expert assessments, the innovative perspectives of the newest sub-

sectors of the information economy were adopted. 
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Abstract 

 

The features of the creation and management of innovative technology parks as a complex object of 

complex socio-economic management in the provision are analyzed. The directions of specialization of 

technology parks in various fields in accordance with the trends of the industrial revolution 4.0 and the 

problems of managing their activities are shown. The scientific and theoretical foundations and features of 

multi-criteria expert assessments in assessing the activities of technology parks are analyzed. The results 

of the expert assessment of the weight coefficients of composite indices for a comparative assessment of 

the effectiveness of technology parks using the multicriteria method of expert evaluation were processed 

using a software package. Impact assessments given by experts on indices forming a composite index of 

technology parks are summarized and presented in the form of weights. Recommendations were given on 

promising areas for improving the methods of multicriteria expert assessments in assessing the 

effectiveness of technology parks. It was noted that the results of multicriteria expert assessments provide 

an important basis for effective decision-making and their implementation in decision-making processes. 

 

Purpose 

The purpose of the research conducted on the article is to develop the methodological basis of the 

improved form of the method of multi-criteria expert assessments of the activities of innovative 

technology parks. Recommendations on perspective directions of improvement of methods of multi-

criteria expert assessments in increase of efficiency of management of technoparks activity and 

assessment of their activity, application of results of multi-criteria expert assessments in decision-making 

processes allow to obtain important results. 

 

Design/methodology/approach 

Systematic analysis, correlation and regression analysis, mathematical and econometric modeling 

methods, theory of fuzzy sets, method of expert assessments, algorithmization and ICT tools were applied 

in the multi-criteria expert assessments of innovation technoparks. 

 

Findings 

Evaluation of the activity of innovation technoparks on the basis of multi-criteria expert methods can be 

applied in other similar innovative structures. The results of expert assessments of the indicators of 

innovative projects in technology parks, the weight ratios of their proposed criteria can serve as a 

platform, creating a basis for the selection and evaluation of innovative projects. 

mailto:shahverdiyevar@gmail.com
http://bsu.edu.az/en/content/copy_en
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Originality/value  

Evaluation of the performance of innovation technology parks on the basis of multi-criteria expert 

methods can make a significant contribution to improving the efficiency of the information-based 

economy. The application of the proposed methods can create additional opportunities for increasing 

efficiency in the new economic management and the formation of the non-oil sector. 

 

Keywords: Information Economy, Industrial Revolution 4.0, Technopark, Weight Ratio, Multi-Criteria 

Expert Evaluation. 

 

Introduct ion 

At present, most advanced countries operate in accordance with the innovative economic development 

model. New development concepts and strategies are being developed to ensure the sustainability and 

effectiveness of economic reforms in this area. One of the main goals of the Strategic Road Maps adopted 

in our country for the main sectors of the economy [1] is to improve the ICT infrastructure for the 

digitization of the economy and increase the potential of the country's ICT industry. 4.0 One of the main 

goals in building an innovation-oriented, knowledge-based economic system in the Azerbaijani economy, 

formed in accordance with the challenges of the Industrial Revolution [2], is to bring high-quality and 

competitive information technology products to international and local markets, create clusters and high-

tech parks. The study and application of the methodological basis of multi-criteria expert assessments of 

the activities of innovative technoparks is one of the most necessary and urgent issues for the modern era. 

 

Activity management model of technoparks 

In world practice, technoparks have a specialization in certain areas, depending on the purpose of formation 

and the nature of the activity. Data from the official portal of the International Association of Scientific Parks 

(BEPA) [3] show that more than 64% of technoparks are ICT and communication, 35% biotechnology, 31.6% 

computer science and hardware, 29.1% electronics. , 29% operate in software, 27.4% in e-medicine. 

The application of modern, innovative technologies in the activities of technoparks for more effective 

management gives effective results. Modern ICT tools and information technologies (soft computing, cloud 

computing, big data, The Internet of Things (IoT), cyber-physical systems, 4.0 travel revolution, e-library, 

etc.) to improve information provision on the platform of information support system formation in technoparks 

application perspectives were taken as the basis [4]. According to the analysis and research, there are a number 

of problems in the management of technology parks. In order to effectively manage the current and future 

development activities of technology parks, the main recommendations proposed in the Enterprise 

Development Concept adopted by international organizations [5] and the trends of the 4.0 Industrial 

Revolution [2] should be taken into account. 

The model of intellectual management of modern technoparks can consist of the following components [5]: 

additive technology and structures, adaptive technology and structures, increasing the role of the human factor, 

taking into account the development prospects of innovative products, services, customer-oriented, logistics, e-

commerce, marketing, flexible management structure, application of intelligent systems, modern ICT, grid, 

cloud, fog and other technologies, etc. 
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Effective management indicators should also be taken into account for a comparative assessment of the 

performance of technoparks [6]. 

 

Scientific-Theoretical And Methodological Bases Of Multi-Criteria Expert Assessments Ķn 

Ķnnovation Technoparks 

Despite the fact that the current period is characterized by an abundance of information, the field of expert 

assessments of many quantitative and qualitative indicators is becoming a rapidly developing scientific-

practical direction, the subject. Its main task is the systematic acquisition, structuring, coding, processing and 

interpretation of knowledge and information related to a particular field from a human expert. Expert 

assessments are the only and indispensable tool for solving problems that are not formalized in research 

activities. The current stage of development of expert assessments is based on fuzzy logic, uncertain sets, etc., 

aimed at explaining expert systems, artificial intelligence, difficult-to-formalize processes. is associated with 

the emergence and formalization of modern mathematical theories such as [7]. 

The high level of professionalism, competence and knowledge of the expert during the expert assessment in 

solving multi-criteria issues can lead to significant subjective results. Accurate determination of weights in the 

expert assessment in the solution of multi-criteria problems allows to obtain a more reliable result in the 

complex assessment. In order to obtain more accurate indicators, the reduction of differences in the results of 

the assessment is carried out in different ways [8]. One of them is the Delphi method or the Delphi technique 

in expert assessment. 

Determining the quality indicators of innovation technology parks.  

When it is not possible to find the values of quality indicators of technoparks by direct measurement or 

calculation, expert methods are used in their assessment [9]. Weight ratios based on expert assessments are 

also used to assess the level of quality indicators of technoparks. 

Determining the quality indicators of technoparks and their multi-criteria expert assessments can be done 

through a special software package. These expert assessments can be performed using appropriate assessment 

parameters. In order to conduct expert assessments of the activity of technoparks, the organizations, 

specialists, indicators, criteria, sub-sectors, indices, weight indices, impact factors, etc. of the most advanced 

level should be used. In order to determine, the experts were provided with a system of questions, lists, 

information, indicators and criteria relevant to the following content and direction: 1) Expressing attitude to 

the participation of various organizations and enterprises, specialists as experts in economics, ICT, innovation, 

management. 2) Expressing attitude to the expertise and professionalism of the persons nominated as experts 

for examination from the relevant organizations and enterprises. 3) Mutual assessment of the level of 

conformity (weight coefficients) of experts from relevant organizations and enterprises. 4) Assessment of the 

level of use of indicators and criteria in the assessment of various activities of innovative technology parks. 5) 

Assessment of the level of perspective development of innovation technoparks in possible directions according 

to relevant indicators and criteria. 6) Evaluation of criteria and indicators for evaluating the various activities 

of innovation technoparks relative to each other (weight ratios). 

As a concrete case, according to the results of expert assessments of the indicators, proposed criteria and their 

weight coefficients, which had a significant impact on the final price in the selection and evaluation of 

innovative projects in the organization of technoparks, were as follows: Criterion 1 - Level of invention or 

patentability - 1 ; Criterion 2 - scientific novelty and scientific level of the project idea - 2; Criterion 3 - 
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opportunity to attract local and foreign investors to the project - 1.5; Criterion 4 - level of scientific 

qualification and scientific potential of executors -1.5; Criterion 5 - level of justification of the amount of 

funding - 1.7; Criterion 6 - level of scientific and practical significance of the expected results of the project - 

1.8; Criterion 7 - degree of socio-economic significance - 2.3; Criterion 8 - project commercialization potential 

and level of innovation - 2.7. 

 

Multi -criteria expert assessments of innovation technology parks 

Based on this approach, initial indicators have been determined to establish an econometric model for the 

analysis of innovation and science-intensive products or service production in the activity of technoparks 

[10]: Y is a dependent variable and characterizes Gross Product Release in technopark (GPRT-Y) and the 

volume of services (man). Xi independent variables characterize the following indicators in technopark: 

HER-X1 - Heat and energy resources costs, man., applied to the product -service release of the technopark, 

MTR-X2 - Material and technical resource costs, man., SCP-X3 - Costs for the purchase of semi-finished 

and complementary products, man., FFI-X4 - Fundamental funds and infrastructure elements, man., SAF-

X5 - Salary (basic, creative, supplementary) fund, man., INV-X6 - Investment incentives (all sources), 

man., SRE-X7 - Scientific research and education costs, man., ECO-X8 - Environmental protection and 

ecological balance costs, man., SPD-X9 - Social protection and public development costs, man., IRR-X10 - 

Innovative research and perspective research costs, man., BTE-X11 - Expediency degree of "Resource-

production-sales" business environment, assessment of the expert group on the (0, 10) scale, INV-X12 - 

Innovative degree of cycle "Science-education-research innovation-production", assessment of the expert 

group on the (0, 10) scale, HEA-X13 - The ecological and health level of production and environment, 

assessment of the expert group on the (0, 10) scale.  

According to the results of expert assessments, the indices that have the greatest impact on the proposed 

composite index for the comparative assessment of the performance of technoparks and their weight 

coefficients on the scale (0, 10) were as follows: 1)Significance and scalability (SIS) index -1; 

2)Infrastructure and information provision (INF) index -1,5; 3)Favorable business environment (FBE) 

index -2,7; 4)Investment-financial reserves and material-technical resources (IMR) index -3,2; 

5)Innovative potential, activeness and environment (IPA) index -2,9; 6)Human resources and professional 

staff training (HRS) index ï 3,8; 7)Scientific-research, experimental developments and innovative projects 

(SEI) index - 4,7; 8)Innovation products and services (IPS) index ï 5,3; 9)Effective management and 

creative results (EMC) index -6,1; 10)Socio-ecological development (SED) index - 4,2   

 

Conclusion 

The scientific-theoretical bases and features of multi-criteria expert assessments in the assessment of the 

activity of technoparks were analyzed. Using the multi-criteria expert evaluation method, the weights of 

the proposed criteria for innovative projects in technoparks, the proposed criteria for modeling scientific 

and production activities, the weights of the proposed composite indices for comparative evaluation of 

technoparks are implemented in a multi-criteria and multidimensional environment. 

The results of expert assessments of the indicators of innovative projects in the technoparks, the weight 

ratios of the proposed criteria are shown. Indicators for modeling the scientific and production activities of 

technoparks, selection of proposed criteria, indices that have a significant impact on the proposed 
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composite index for comparative assessment of technoparks and their weight ratios in the relevant price 

scale are presented as the results of expert assessments. 
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Abstract  

Purpose  

In recent decades, the problem of student involvement in the educational process has been actively 

explored as the key to solving problems of low achievement, a high level of student boredom, and high 

dropout rates. To increase student engagement in the learning process, teachers can create lessons, 

assignments, or projects that meet students' interests or stimulate their curiosity. For many years, in TTK 

UAS, on the basis of the Moodle platform, dough materials have been developed that are used to control 

students' knowledge. Based on them, in consequence, the idea of  developing training tests came up.  

  

Design / Methodology / Approach  

This paper charts the process of developing various types of test items and approaches to testing students, 

as well as increasing the efficiency of this process by ensuring the variability of tasks. This article 

discusses the degree to which student engagement is associated with the use of educational tests. 

Measurement of involvement was carried out by assessing the amount of time that students freely spent 

on training tests and the number of attempts made.  

  

Findings  

Research has demonstrated that engaging students in the learning process increases their attention and 

focus, motivates them to practice higher-level critical thinking skills, and promotes meaningful learning 

experiences. The use of educational tests expand the opportunities for student involvement, which then 

helps everyone more successfully achieve the objectives of the course.  

  

Originality  / Value  

The paper suggests that considerable attention should be paid to testing, namely, training tests, in which 

the learning process is based on the fact that a certain multi-step sequence of practical actions is 

proposed. Using educational materials, students determine how to complete all the actions so that the 

problem is solved.  

  

Keywords: Higher Education, Mathematical Education, Online Self-Assessment, Test Design  
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INTRODUCTION  

In education, the term student engagement has grown in popularity in recent decades. Student 

engagement can be defined as a combination of physical and mental energy spent on academic 

experience. In this sense, a student with a high degree of involvement is one who devotes a significant 

amount of energy to study, is actively involved in student organizations, and often interacts with teachers 

and other students (Astin, 1984).  

 

The concept of student engagement typically arises when educators discuss or prioritize educational 

strategies and teaching techniques that address the developmental, intellectual, emotional, behavioral, 

physical, and social factors that either enhance or undermine learning for students.  Fostering student 

engagement is of highest relevance for higher education instructors, as it leads to improved learning 

outcomes for students (Bond and Bedenlier, 2019), is linked to improved persistence, retention and 

achievement (Finn, 2006; Kuh et al., 2008). With the additional focus of higher education institutions on 

developing studentsô skills (Claro and Ananiadou, 2009; Oliver and Jorre de St Jorre, 2018), the use of 

educational technology to enhance these skills, as well as student engagement, has received increased 

attention in research and practice (e.g., Redecker, 2017).   

 

Student engagement has three generally accepted dimensions: cognitive, affective and behavioral 

(Fredricks et al., 2004), within each dimension are several indicators (or facets) of engagement and 

disengagement (Bond et al., 2020). Many studentsô behavioral engagement indicators are positively 

associated with educational tests. Frequent tests have been associated with positive learning outcomes 

including increased student achievement, attendance, and confidence (Ruscio, 2001; Wilder, Flood, and 

Stomsnes, 2001), (Smith et al., 2000; Sporer, 2001).  Practice tests help students evaluate their learning 

and focus study effort accordingly (Maki, 1998). online self-tests and online assessment tests are an 

integral part of the learning process. Those provide opportunities for improving feedback and can be 

highly motivating for the students (Rasila et al., 2010).  

This article discusses the degree to which student engagement is associated with the use of training tests. 

In this case Ăstudent engagement ò(or involvement) is understood as an indicator of the time spent on 

training, which allows us to judge the results of training and its quality, the number of attempts made for 

this reason. Some steps in this direction have already been taken (Labanova et al., 2020).  

 

BACKGROUND  

TTK University of Applied Sciences (TTK UAS) is a state professional higher education institution, 

offering competitive professional higher education in the fields of engineering, production, technology, 

architecture and construction. TTK UAS is active in developing of digital technologies. Since 2006 TTK 

UAS learning and teaching of all subjects are supported by a Moodle course with different types of 

theoretical materials, tests, videos and other online activities (Uukkivi and Labanova, 2017), (Uukkivi 

and Labanova, 2018). At the university level, regular courses for teachers are provided to introduce 

methods for creating online tests. During these years in TTK UAS at the Center for Sciences, dough 

materials were developed that were used to control students' knowledge.  
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Redesigned Course Structure  

There is a current trend among institutions of higher education to attempt to do more with less without 

sacrificing the quality of education. As a result, in 2017 the Centre for Sciences had reform in the 

volumes and contents of mathematical subjects and the subjects ñMathematics Iò, ñMathematics IIò, 

ñMathematics IIIò were redesigned into ñApplied Mathematics Iò and ñApplied Mathematics IIò. So, 

academics of the Centre for Science, TTK UAS were forced to review and update the materials of 

courses in mathematics. In the redesigned ñApplied Mathematics Iò course students spent four hours per 

week. There were at least two hours per week of optional help sessions (consultations). Table 1 provides 

the topics in this subject.  

  

Table 1: Redesigned Course ñApplied Mathematics Iò Topics  

Week    Topics  

1    Matrices  

2    Determinants  

3    Inverse matrices  

4-6    Systems of linear equations  

7-8    Vectors  

9-10    Functions and its Derivatives  

11-12    Applications of function Derivatives  

13-14    Integrals (Indefinite/Definite)  

15-16    Applications of Integrals  

  

Structure of Training Tests  

During the reorganization, the idea of developing training tests, which are characterized by a large 

number of questions related to specific topics in order to build knowledge and skills, came up and in the 

online educational process of teaching mathematics in recent years, mainly training tests and formative 

tests have been used.  In present course the training test has been created for each theory lesson, not 

including topics with applications that are studied using online tools such as GeoGebra, Desmos and 

Wolfram Alpha, i.e. 7 training tests have been created. Each test consists of 10-19 questions, depending 

on the topic and the order of questions followed from lightest to complex principle. These tests focus on 

issues with learning difficulties and common mistakes, so the point system is not used. Individualization 

of training is provided due to the fact that students receive individual options for assignments, due to 6-8 

realizations of each question.  

 

Tests are set up so that the number of attempts to solve it is not limited, moreover, the duration of the 

tests is also not limited. The behavior of the questions is interactive with multiple tries, which, in the 

presence of feedback on the mistakes made, gives students the opportunity to analyze the mistakes made, 

evaluate the depth of knowledge gained, identify learning gaps, repeat and study the study material more 

carefully, and then pass a new exam. On the other hand, an unlimited number of attempts allows students 

with different levels of study of new material to pass testing at an individual pace. Tests can be conducted 

by students in a suitable place and time in the Moodle environment. All questions from the tests are kept 

in the question bank by category and can be reused in formative assessment tests, if needed. Close-ended 

and open-ended question types are divided into 6% and 94% of the question bank.   



IV. ICONTRENDS |  ISBN: 978-625-400-393-6 

 

 

St. Petersburg /Russia ï 2020 

www.icontrends.org 

208 

 

 

 

The following types of closed-ended questions were used: ñMultiple Choiceò, ñWord Selectò, 

ñMatchingò, ñDrug and Dropò and ñTrue/Falseò. In compiling all these questions, diagnostic goals were 

followed, that is, incorrect answers were formulated based on "close to the truth", considering expected 

and typical errors (see Fig.1).  

  

Figure 1: ñMultiple Choiceò type of question  

  

Although ñWord Selectò and ñMultiple Choiceò have a similar idea (student must choose an answer from 

a list), it is preferable to use the first type of question to avoid a long list of possible answers and present 

them more compactly (see Fig. 2).  

  

Figure 2: ñWord Selectò type of question  

  

ñMatchingò and ñDrag and Dropò were used to assess homogenous knowledge (see Fig. 3). Training to 

understand and remember theoretical information is also important. ñTrue/Falseò questions were used to 

get quick feedback on student's understanding of theoretical material to measure their ability to recognize 

a correct statement or definition of a term or formulation of a principle.   
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Figure 3: ñMatchingò type of question  

In training tests, the main role is given to open-ended questions in order to avoid random answers for 

students. For this purpose, questions such as "Short answer", "Numerical", "Calculated",  

"Embedded answers", "Gapfill" and ñSTACKò were used. In these tasks, the student can either enter the 

final result, or part of the solution, or complete the solution step by step.  

The first three question types "Short answer", "Numerical" and "Calculated"  provide exactly  one answer 

(see Fig. 4). From the student's point of view, these questions are similar to each other.  

The difference is in the technical part. In the ñShort answerò type of question, the answer must exactly 

correspond to one of the acceptable correct answers, while in the ñnumericalò answers the error in the 

correct answer is allowed. The latter allows you to evaluate the entire fixed range of answers as one  

correct answer. ñCalculatedò questions offer a way to create questions using wildcards (i.e., parameter 

randomization), which are replaced with random values during the test, and allow several 

implementations of the question.  

  

Figure 4: ñCalculatedò type of question  

  

The last the three open-ended questionsô types "Embedded answers", "Gapfill" and ñSTACKò  provide 

one or more answers in one question. It may be one-step problem with several input boxes (see Fig. 5) or 

multi-step problem, asking students a certain logical sequence of mental actions that must be performed 

to solve the task. About a half of questions bank consists of such multi-step tasks.  
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Figure 5: ñGapfillò type of question  

  

The learning process is based on the fact that a specific multi-step sequence (algorithm) of practical 

actions is proposed in the test question. Guided by the instructional instructions, students determine how 

to complete all the actions so that the problem is solved. By completing a series of such test tasks on each 

topic of the course, students master specific teaching material on this topic (from the simplest to 

complex). A large number of realizations of each question in such tasks allows test developers to involve 

all students in the process of active independent and individualized selftraining. The ñEmbedded 

answersò question allows a group of related sub-questions to be presented together as a single task. These 

sub-questions can be in a short answer (see Fig. 6), multiple choice (see Fig. 7),  multi response  or 

numerical format.  

  

Figure 6: ñEmbedded answerò type of question with one type of sub-questions  

  

  

Figure 7:  ñEmbedded answerò type of question with several types of sub-questions  
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The multi-step question, in general, is compiled as a problem with a solution algorithm consisting of 

logically connected sequential steps. The question presented in Fig. 8 sets the sequence of actions for the 

learner when deciding on the degree of mastering the topic ñThe Inverse Matricesò.   

  

Figure 8: Example of multi-step question  

For a deep understanding of the question posed, the student learns a multi-step algorithm of actions with 

the analysis of the phenomena studied. So, the student will be able to answer the questions posed in a 

multi-step question and solve the problem by studying the relevant sections of the discipline, but also 

recalling the previously studied concepts of this discipline. For example, determinant, minor, cofactor, 

transpose matrix  and to check result student must remember a matrix multiplication. Thus, while 

working on the question, the student repeats the training material or studies it anew, learns how to solve a 

whole block of problems on this topic.  

Unfortunately, open-ended assignments often generate several correct, but logically disproportionate 

answers, which is undesirable from the point of view of an unambiguous assessment and technological 

control. To prevent unwanted interpretations, certain agreements with students about the rules for 

entering answers were used, otherwise the system would not have considered the answer correct. 

Sometimes restrictions are added to questions, such as "calculate to the nearest hundredth" or "abs (x)", 

"sqrt (x)", as well as tooltips written using HTML code (see Fig. 9).  



IV. ICONTRENDS |  ISBN: 978-625-400-393-6 

 

 

St. Petersburg /Russia ï 2020 

www.icontrends.org 

212 

 

 

 
 Figure 9: Restriction the input of the correct answer  

An important part in practical tests is the studentôs self-control ability, which is to receive feedback. 

Feedback is given after each question to help students become aware of any gaps that exist between their 

desired goal and their current knowledge, understanding, or skill and guides them through actions 

necessary to obtain the goal (Cowie & Bell, 1996).   

Note that STACK separates two kinds of feedback. The first kind of feedback is associated with the 

syntax of the studentôs answer and gives the student the opportunity to avoid technical errors (Sangwin, 

2006). The second one is the feedback on correct or incorrect responses. In ñApplied Mathematics Iò 

subject this feedback always includes working solution. Feedback on an incorrect response just gives a 

hint as to why the answer is wrong and may remind students of the technique and reasons. If the question 

is not correctly resolved, the student can determine at what step a mistake was made, which part of the 

educational material was not learned (see Fig. 10).  
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Figure 10: Two kinds of Feedback  

METHODOLOGY   

The study conducted on 113 first-year students in the subject ñApplied Mathematics Iò at TTK UAS. This 

subject is compulsory and conducted in the 2019/20 academic year. Teaching methodology implemented 

by the authors was the same to all groups.  

During the course, each student completed seven online training tests. The Moodle learning management 

system is equipped with a convenient test report generation system. The settings bar allows to see all the 

necessary information (time taken to pass the test, answers to each question, number of attempts, etc.) 

about any attempt made by each student. According to the test results, the teacher can find out how 

students have mastered the relevant section of the discipline, analyze the quality of the test tasks and the 

percentage of students who have coped with each of them. Measurement of involvement was carried out 

by assessing the amount of time that students freely spent on training tests and the number of attempts 

made.  

At the end of each semester, at TTK UAS is asked to complete a student feedback questionnaire on the 

subjects passed. The feedback questionnaire is available via web-based learning information system and 

includes series of questions which are divided into sections. All of the questions are 5points Likert scale 

questions. Long-form question leave room for students to elaborate on their thoughts. No personal 

information is required when answering to the questionnaire. Responding to the questionnaire, measuring 

cognitive, affective and behavioral engagement is voluntary. The section which was oriented to 

measuring student behavioral engagement contained the following questions:  

Å The volume of the subject corresponded to the time I spent.  

Å I actively participated in the learning process (including meeting deadlines).  



IV. ICONTRENDS |  ISBN: 978-625-400-393-6 

 

 

St. Petersburg /Russia ï 2020 

www.icontrends.org 

214 

 

 

To each question of this survey students were asked to do a comment. Students comments were used to 

create a word cloud that outlined the frequency of terms used by students. Common words that donôt add 

value, called stop-words (e.g. the, a, at, of, he, she) were removed prior to the analysis.  

 

RESULTS  

The results of the analysis of tests that have passed approbation are presented in the table (Table 2). The 

question analysis was conducted for each test by computing number of attempts and test duration.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Test Results Analysis  

 
 

The total number of questions was  108 (range: 12 ï 19 questions per test) and total number of questions 

with variations was 698 (range: 80ï 128 questions per test), while the number of examinees was 113 

(range: 67 ï 113 examinees per test). All studentsô attempts were taken into account in compiling the 

table, each student was allowed to use more, then one attempt. Some students reattempt tests 5-17 times. 

The average duration of the attempts ranged between 21 and 75 minutes.   

Some students spent 165-474 minutes on tests, improving their knowledge and skills.  

Among 113 students registered for the course 97 responded to survey questions. Most students (72%) 

believe that the volume of the subject corresponds to the time they spent. About 79% of students had no 

difficulties with training test, and they actively participated in the learning process (including meeting 

deadlines). The resulting word cloud is shown in Figure 11.  

Criteria  Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test7   

Number of questions  16  16  14  12  15  19  16   

Number of questionsô realizations  96  128  110  80  86  114  84   

Number of students  113  102  99  98  97  86  67   

Number of attempts  233  191  181  155  156  149  115   

Number of attempts per student, min  1  1  1  1  1  1  1    

Number of attempts per student, max  11  17  10  7  5  7  12   

Duration of one attempt, min (t, min)  30  16  17  40  28  24  12   

Duration of one attempt, max (t, min)  66  93  95  57  90  267  152   

Average duration of one attempt, (t, min)  ~ 46   ~ 47 ~ 43 ~ 53 ~ 75  ~ 60   ~ 

21   

Total duration of all student attempts, min  (t, min)  37  29  28  40  60  58  12   

Total duration of all student attempts, max  (t, min)  414  474  366  243  164  319  236   
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Figure 11: Word cloud from studentsô comments  

CONCLUSION 

Using training tests was an effort to improve student engagement in learning and grades. The main idea 

in the preparation of educational tests for the course "Applied Mathematics": step-by-step tasks, where 

each subsequent step should be associated with continuous tasks that allow you to use test problems for 

teaching and self-study of students. Activation of training on the basis of the described system of 

assignments-tests requires that each student pass an assignment on the topic of the course to each next 

lesson.  

 

Students can perform a series of such training tests for each next lesson, considering such a stage of work 

as preparing for meaningful actions in the next lesson. Moreover, such tests are multifunctional, as they 

contribute to self-control and, if necessary, can be used for formative assessment of knowledge obtained 

from educational material.  

 

The results show that students are interested in training tests, using the possibility of their repeated use. 

They are ready to spend considerable time completing tasks and improving their knowledge and 

computational skills. This means that students are involved in learning process. The analysis revealed that 

students considered training tests a good idea but also felt the need for more examples and some said that 

the intervention of a teacher would be helpful. In general students rate the training tests favorably and 

believe they are helpful in preparing for in-class examinations.  
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Abstract 

Purpose 

Forage quality represents how well animals consume a forage and how efficiently the nutrients in the 

forage are converted into animal products. Alfalfa (Medicago sativa L.) is an important forage crop 

cultivated all parts of the world due to exceptional forage quality, higher yield under wide environments, 

and higher adaptability to different climatic conditions. This study was aimed to investigate the forage 

quality in eight alfalfa cultivars for 12 traits. 

 

Findings 

Experiment was conducted at farmerôs field on 28th April 2017 using rendomized complete block design 

with four replication. Mean values for various quality traits like dry matter contents (90.5%), crude ash 

(9.8%), organic matter contents (89.9%), crude protein (18.8%), crude fiber (26.7%), cruide oil (0.81%), 

acid detergent fiber (ADF) (42%), neutral detergent fiber (NDF) (50.5%) and dry matter consumption 

(2.36%) were observed during this study. Maximum and minimum organic matter contents were resulted 

by Gea and Novasadska cultivars respectively. Correlation analysis revealed the existence of highly 

significant and positive correlation (r=0.91) of ADF with relative feed value. Principal component 

analysis was performed and first five PCs accounted a total of 95.1% variations. Relative feed value, crude 

oil, crude ash, and dry matter were key contributing traits in first four PCs respectively. Prosementi 

cultivar performed better for various quality traits compared to rest of cultivars. 

 

Originality/value  

We are confident that findings of this study will be handful in the understanding of quality characteristics 

of alfalfa cultivars and will be helpful to develop stable alfalfa cultivars.  

 

Keywords: Acid detergent fiber, Crude protein, Cultivars adaptation, Turkey 
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Bazē Yonca ¢eĸitlerinin Kalite ¥zellikleri Bakēmēndan Varyasyonu 
 

¥z 

Ama­ 

Yem kalitesi, hayvanlarēn bir yemi ne kadar iyi t¿kettiĵini ve yemdeki besin maddelerinin hayvansal 

¿r¿nlere ne kadar verimli bir ĸekilde dºn¿ĸt¿r¿ld¿ĵ¿n¿ gºsterir. Yonca (Medicago sativa L.), yem 

kalitesi, y¿ksek verimi ve farklē iklim koĸullarēna gºsterdiĵi y¿ksek adaptasyon kabiliyeti sayesinde 

d¿nyanēn t¿m bºlgelerinde yetiĸtirilebilen ºnemli bir yem bitkisidir. Bu ­alēĸma, 8 farklē yonca ­eĸidinin, 

bazē kalite parametreleri bakēmēndan karĸēlaĸtērēlmasēnē ama­lamaktadēr. 

 

Bulgular  

Araĸtērma, Sivas ekolojik koĸullarēnda ­ift­i tarlasēnda, 28 Nisan 2017 tarihinde tesad¿f bloklarē deneme 

desenine gºre dºrt tekrarlē olarak y¿r¿t¿lm¿ĸt¿r. ¢alēĸmada, farklē yonca ­eĸitleri, kuru madde i­eriĵi (% 

90.5), ham k¿l (% 9.8), organik madde i­eriĵi (% 89.9), ham protein (% 18.8), ham lif  (% 26.7), ham yaĵ 

(% 0.81), asit deterjan lifi (ADF) (% 42), nºtral deterjan lifi (NDF) (% 50.5) ve kuru madde t¿ketimi (% 

2.36) gibi bazē kalite parametreleri bakēmēndan karĸēlaĸtērēlmēĸtēr. Organik madde i­eriĵi bakēmēndan en 

y¿ksek deĵer Gea ­eĸidinden elde edilirken en d¿ĸ¿k deĵer Novasadska ­eĸidinden elde edilmiĸtir. ADF 

ve yem deĵeri arasēnda ºnemli ve pozitif bir iliĸki (r = 0.91) olduĵu saptanmēĸtēr. Ķlk beĸ ana bileĸen 

analizinin toplam varyasyonun % 95.1ôini oluĸturduĵu saptanmēĸtēr. Yem deĵeri, ham yaĵ, ham k¿l ve 

kuru madde ºzelliklerinin, ilk dºrt ana bileĸen i­erisinde ºnemli varyasyona neden olduĵu belirlenmiĸtir. 

Prosementi ­eĸidinin, diĵer ­eĸitlere kēyasla kalite ºzellikleri bakēmēndan daha ¿st¿n performansa sahip 

olduĵu gºr¿lmektedir. 

 

¥zg¿nl¿k  

Araĸtērma sonucunda elde edilen bulgularēn, farklē yonca ­eĸitlerinde bazē kalite ºzellikleri bakēmēndan 

oluĸan varyasyonun, yonca ēslahē ­alēĸmalarēna ve benzer ekolojik koĸullarda yetiĸtirilmesi bakēmēndan 

¿reticiye ēĸēk tutacaĵē d¿ĸ¿n¿lmektedir.   

 

Anahtar Kelimeler:  Asit deterjan lif, Ham protein, ¢eĸit adaptasyon, T¿rkiye 

 

GĶRĶķ 

Yembitkileri; ot­ul beslenen hayvanlarēn yaĸamlarēnē devam ettirebilmeleri, kaliteli ve verimli ¿r¿nler 

verebilmeleri i­in ihtiya­ duyduklarē maddeleri yapēsēnda barēndēran, tarla ve ­ayēr-mera alanlarēnda doĵal 

yoldan yetiĸen veya k¿lt¿re alēnan bitkilerdir (Avcēoĵlu ve ark. 2019;6). S¿rd¿r¿lebilir kalkēnma 

kapsamēnda yaĸam kalitesinin y¿kseltilebilmesinde tarēmēn payē olduk­a b¿y¿kt¿r. Tarēm sayesinde 

geliĸtirilecek bitkisel ve hayvansal ¿retim ve bu ¿retim sonucu elde edilen ¿r¿nler baz alēndēĵēnda; yem 

bitkilerinin ¿lke tarēmē i­in olduk­a ºnemli olduĵu anlaĸēlmaktadēr. Yem bitkileri ile beslenen hayvanlarēn 

¿r¿n veriminin ve kalitesinin b¿y¿k oranda arttēĵē zamanla anlaĸēlan bir ger­ektir. Ayrēca bu bitkiler, 

hayvan beslenmesinde kullanēlabilecek en ucuz ve kaliteli kaba yemlerdendir. Ķnsanlarēn yaĸamlarē 

boyunca saĵlēklē yaĸayabilmesi, nitelikli yemlerle beslenen hayvanlardan elde edilen verimli ve kaliteli 

¿r¿nleri t¿ketmeleriyle saĵlanabilir (Avcēoĵlu ve ark. 2019; 11). Yonca (Medicago sativa L.), tarihsel 

verilere gºre tarēmē yapēlan en eski yem bitkisidir (Avcēoĵlu ve ark. 2019;7). 
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¦lkemizde hayvancēlēk alanēnda ilerleyebilmenin en ºnemli yollarēndan biri, hayvan fizyolojisine uygun, 

maliyeti d¿ĸ¿k ve kaliteli kaba yem ihtiyacēnēn karĸēlanmasēdēr. Bu anlamda gerekli ēslah ­alēĸmalarēnēn 

yapēlmasē, doĵru yºntemlerle kullanēlan ­ayēr ve mera alanlarē ve yem bitkisi tarēmēnēn arttērēlmasē ºnem 

arz etmektedir. Yonca gibi y¿ksek oranda ham protein i­eriĵine sahip olan yem bitkileri, ineklerde s¿t 

verimini olduk­a arttērmaktadēr (Akt: ¦nalp 2015;1). Yonca (Medicago sativa L.), y¿ksek oranda protein 

i­eriĵine sahip olmasē, vitamin ve mineral bakēmēndan zengin olmasē, kºklerindeki rhizobium bakterileri 

sayesinde topraĵē azot bakēmēndan zenginleĸtirebilmesi, diĵer yem bitkilerinden farklē olarak bºlgeden 

bºlgeye deĵiĸebilmekle beraber 3-10 kez bi­ilebilmesi, farklē ­evrelere gºsterdiĵi y¿ksek adaptasyon 

performansē ve ¿lkemizde ve d¿nyada en fazla yetiĸtirilen yem bitkisi olmasē sebebiyle yem bitkilerinin 

krali­esi olarak bilinmektedir. (Akt: A­ēkbaĸ ve ark. 2017;156). 

Yem kalitesi; hayvanlarēn yemi yedikten sonra ¿rettiĵi hayvansal ¿r¿nlerden elde edilen verimdir. Yem 

bitkilerinin kalitesini araĸtērmayē ama­layan ­alēĸmalar sonucunda hayvanlarēn tercih ettiĵi yemleri onlara 

saĵlayabilmek m¿mk¿n olmaktadēr (Avcēoĵlu ve ark. 2019;163). Bitkinin yapēsēndaki protein, 

karbonhidrat, vitamin ve mineral i­eriĵi, yemin sindirilebilirliĵini etkilemektedir. Bu nedenle yem 

bitkilerinde kaliteyi belirlemek amacēyla bir­ok ­alēĸma yapēlmaktadēr.  Asit deterjan lif (ADF) ve nºtr 

deterjan lif (NDF) analizleri yemin sindirilme ve t¿ketilme d¿zeyini ºl­mekte ºnemli kriterlerdir. ADF ve 

NDF; bitkinin h¿cre duvarēndaki sel¿loz, lignin ve ­ºz¿nmeyen protein miktarēnē ifade etmektedir. NDF 

oranē bitkinin geliĸmiĸliĵinin bir gºstergesi olup, bu oran azaldēk­a hayvanēn yem alēmē artmaktadēr. Kuru 

madde t¿ketimi ise NDF oranēna baĵlē olarak tespit edilmektedir. Bu kalite kriterlerine ek olarak ham 

protein oranē; bitkideki t¿m proteini ve azotlu maddeleri kapsamaktadēr. Hayvanlarēn otlatēlmasē doĵru 

zamanda ve uygun ĸekilde yapēldēĵēnda bu proteinden faydalanmalarē saĵlanabilmektedir (Avcēoĵlu ve 

ark. 2019;167).  

¦lkemiz, bir­ok bºlgesinde yabanēl formlarē bulunan yonca baĸta olmak ¿zere, yem bitkileri bakēmēndan 

ºnemli bir gen merkezi konumundadēr. (Karag¿l, 2017;57). ¦lkemizde yem bitkileri ekim alanēnēn 

artērēlmasē ve kaliteli kaba yem ihtiyacēnēn giderilebilmesi i­in kullanēlabilecek bitkilerin en baĸēnda yonca 

gelmektedir. ¦r¿n kalitesini en y¿ksek seviyede tutmak ve bºlgeye uyumlu yeni ­eĸitler geliĸtirmek i­in 

kalite ºzellikleri ¿zerinde yoĵunlaĸēlarak bir­ok ­alēĸma y¿r¿t¿lmektedir. Bu ­alēĸma, 8 farklē yonca 

­eĸidinin, bazē kalite parametreleri bakēmēndan karĸēlaĸtērēlmasēnē ama­lamaktadēr. 

 

 

MATERYAL METOD  

Araĸtērma, 2017, 2018 ve 2019 yēllarēnda Sivas ili ekolojik koĸullarēnda ­ift­i tarlasēnda, tesad¿f bloklarē 

deneme desenine gºre 4 tekrarlamalē olarak y¿r¿t¿lm¿ĸt¿r. Denemede materyal olarak 8 farklē yonca 

­eĸidi (Sunter, Prosementi, Felsy, Planet, Gea, Novosadska, Bilensoy, Kayseri) kullanēlmēĸtēr. Sēra arasē 

20 cm, parsel sēra sayēsē 8, parsel sēra uzunluĵu 5 m, parsel alanē 0.20 x 8 x 5 = 8 m
2
 olacak ĸekilde ekim 

iĸlemi ger­ekleĸtirilmiĸtir. Hasatta birer sēra ve parselin alt ve ¿st kēsmēndan 0.5 m kenar tesiri bērakēlmēĸ 

olup, 0.20 x 6 x 4= 4.8 m
2
'lik alan hasat edilmiĸtir. 

 

Araĸtērmada ekim, bakēm vb. iĸlemlerin tamamē eksiksiz olarak yerine getirilmiĸtir. Bitkilerin yetiĸme 

dºnemi boyunca saf olarak 3 kg/da N, 10-15 kg/da P2O5 verilmiĸtir. Fide dºneminde, elle yolma ve 

­apalama suretiyle 2 kez yabancē otlarla m¿cadele yapēlmēĸtēr. Tesis yēlēnda (2017) gerekli bakēm ve bi­im 

iĸlemleri yerine getirilmiĸ olup, belirtilen veriler 2018 ve 2019 yēlēnda alēnmēĸtēr. Bitkinin geliĸme dºnemi 
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boyunca bi­im zamanēna kadar 5 kez sulama yapēlmēĸtēr. Her iki yēlda da toplam 4 kez bi­im 

ger­ekleĸtirilmiĸtir. Sulama ve diĵer bakēm iĸlemleri iklim koĸullarēna baĵlē olarak gerektiĵinde eksiksiz 

olarak yerine getirilmiĸtir. Her parselde bi­im iĸlemi bitkilerin %10 ­i­eklendiĵi dºnemde yapēlmēĸtēr. Her 

parselden rastgele alēnan 500 g ºrnek 60
o
Côde sabit aĵērlēĵa gelene kadar kurutulmuĸtur. Sabit aĵērlēĵa 

gelene kadar kurutulan ºrnekler ºĵ¿t¿lerek analize hazēr duruma getirilmiĸtir (Hoy ve ark. 2002;66). 

¥ĵ¿t¿len materyallerin ham protein, ADF ve NDF oranlarē Foss NIR Systems Model 6500 Win ISI II 

v1.5 cihazēnda IC-0904FE kalibrasyon programē kullanēlarak belirlenmiĸtir. Elde edilen sonu­lar 

XLSTAT ve JMP 14.1.0 istatistik paket programē kullanēlarak istatistik analize tabi tutulmuĸtur.  

 

TARTIķMA 

Farklē yonca genotiplerinde incelenen; kuru madde (%), ham k¿l (%), organik madde (%), ham protein 

(%), ham yaĵ (%), ham lif (%), nºtral deterjan lif (%), asit deterjan lif (%), kuru madde t¿ketimi (%), kuru 

madde sindirilebilirliĵi (%) ve nispi yem deĵeri (%)ône ait veriler tablo 1ôde gºsterilmiĸtir. 

 

Tablo 1: Yonca ­eĸitlerinde incelenen kalite parametrelerine ait deĵerler* 

¥zellikler Minimum Maximum Ortalama Std. Sapma 

KM 89.80 91.18 90.53 0.457 

HK 8.98 10.40 9.84 0.485 

OM 88.31 90.54 89.95 0.793 

HP 18.33 19.25 18.88 0.353 

HY 0.71 0.91 0.81 0.063 

HL 24.78 28.35 26.75 1.205 

NDF 49.52 52.75 50.52 1.050 

ADF 40.54 42.78 42.04 0.799 

KM-T¿k, % CA 2.28 2.48 2.36 0.063 

KM-Sin, % 50.17 54.12 52.62 1.362 

NYD 91.46 97.24 94.34 2.074 

NYD-sēnēf 2.00 3.00 2.25 0.463 
*KM: Kuru madde (%); HK: Ham K¿l (%); OM: Organik Madde (%); HP: Ham Protein (%); HY: Ham Yaĵ (%); HL: Ham Lif (%); NDF: Nºtral 
Deterjan ­ºzeltisinde ­ºz¿nmeyen lif (%); ADF: Asit Deterjan ­ºzeltisinde ­ºz¿nmeyen lif (%); KM-T¿k: Kuru Madde T¿ketimi (%); KM-Sin: 

Kuru Madde Sindirilebilirliĵi (%); NYD: Nispi Yem Deĵeri (%) 

 

Tablo 1 incelendiĵinde, yonca ­eĸitleri arasēnda kuru madde oranēnēn %89.80-91.18 arasēnda deĵiĸtiĵi ve 

ortalama %90.53 olduĵu saptanmēĸtēr. Denek ve Deniz (2004;117) yonca ­eĸitleriyle yaptēĵē ­alēĸmada 

ortalama kuru madde oranēnē %91.18 olarak, G¿ngºr ve ark. (2008;113), yonca kuru otunu iyi ve kºt¿ 

kaliteli olarak iki sēnēfta deĵerlendirdiĵi ­alēĸmada, iyi kaliteli yoncalar i­in ortalama kuru madde oranēnē 

%92.87, kºt¿ kaliteli yoncalar i­in ortalama kuru madde oranēnē %91.79 olarak bildirmiĸtir. Benzer 

araĸtērmalardan elde edilen veriler bulgularēmēzla ºrt¿ĸmektedir. Farklē yonca genotipleri ile yaptēĵēmēz 

­alēĸmada, ham k¿l ve organik madde oranlarēnēn sērasē ile %8.98-10.40 ve %88.31-90.54 arasēnda 

deĵiĸtiĵi ve ortalama deĵerlerin sērasē ile %9.84 ve %89.95 olduĵu saptanmēĸtēr (Tablo 1). ¦nalp 

(2015;18). yaptēĵē ­alēĸmada yoncanēn ortalama ham k¿l i­eriĵini, ­i­eklenme baĸlangēcēnda %10.06, tam 

­i­eklenme dºneminde %8.93 ve meyve baĵlama evresinde %7.84 olarak belirtmiĸtir. Aksoy ve Yēlmaz 

(2003;442), sekiz yonca varyetesinin organik madde sindirilme derecesinin ve ham k¿l i­eriklerinin 

sērasēyla %39.04-54.21 ve %9.33-10.79 arasēnda deĵiĸtiĵini belirtmiĸlerdir. Yaptēĵēmēz ­alēĸmadan elde 

edilen bulgular, farklē araĸtērmacēlarēn yaptēĵē ­alēĸmalardaki bulgular ile benzerlik gºstermektedir. Tablo 
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1ôe bakēldēĵēnda; ham protein, ham yaĵ ve ham lif oranlarē sērasē ile %18.33-19.25; %0.71-0.91 ve 

%24.78-28.35 arasēnda deĵiĸmiĸ olup, ortalama deĵerler sērasē ile %18.88. %0.81 ve %26.75 olarak 

saptanmēĸtēr. Denek ve Deniz (2004;117) yonca ­eĸitleriyle yaptēĵē ­alēĸmada ortalama ham protein 

oranēnē %15.19 ve ortalama ham yaĵ oranēnē %1.93 olarak bildirmiĸlerdir. G¿ngºr ve ark. (2008;113), 

yonca kuru otunu iyi ve kºt¿ kaliteli olarak iki sēnēfta deĵerlendirdiĵi ­alēĸmada, iyi kaliteli yoncalar i­in 

ortalama ham protein ve ham yaĵ i­eriklerini sērasē ile %20.26 ve %2.33 olarak; kºt¿ kaliteli yoncalar i­in 

ham protein ve ham yaĵ i­eriklerini sērasē ile %12.11 ve %1.47 olarak belirtmiĸlerdir. ¢alēĸmada materyal 

olarak kullandēĵēmēz yonca ­eĸitleri arasēnda NDF oranēnēn %49.52-52.75 arasēnda deĵiĸtiĵi, ortalama 

%50.52 olduĵu saptanmēĸtēr (Tablo 1). ¦nalp (2015;23) yonca ­eĸitleri ile yaptēĵē araĸtērmada NDF 

oranēnēn ­i­eklenme baĸlangēcēnda %46.92-49.11. tam ­i­eklenme dºneminde %49.41-60.85 ve meyve 

baĵlama dºneminde %56.22-61.54 arasēnda deĵiĸim gºsterdiĵini gºzlemlemiĸtir. ¢alēĸmamēzda yonca 

­eĸitlerinin ortalama ADF oranē %42.043 olup, bu oran %40.54-42.78 arasēnda deĵiĸim gºstermiĸtir 

(Tablo 1). G¿ngºr ve ark. (2008;113). yonca kuru otunu iyi ve kºt¿ kaliteli olarak iki sēnēfta 

deĵerlendirdiĵi ­alēĸmada, iyi kaliteli yoncalar i­in ortalama ADF oranēnē %33.52, kºt¿ kaliteli yoncalar 

i­in ortalama ADF oranēnē %39.64 olarak belirtmiĸtir. Benzer araĸtērmalardan elde edilen bulgular, 

araĸtērmamēzēn sonu­larē ile ºrt¿ĸmektedir. ¢alēĸmamēzda, yonca ­eĸitleri arasēnda kuru madde t¿ketimi 

%2.28-2.48 arasēnda deĵiĸirken, kuru madde sindirilebilirliĵi %50.17-54.12 arasēnda deĵiĸim gºstermiĸtir. 

Tablo 1 incelendiĵinde ortalama kuru madde t¿ketimi %2.36 olarak ve ortalama kuru madde 

sindirilebilirliĵi %52.62 olarak saptanmēĸtēr. Nispi yem deĵeri %91.46-97.24 arasēnda deĵiĸim 

gºsterirken, ortalama %94.34 olarak gºzlenmiĸtir (Tablo 1). A­ēkbaĸ ve ark. (2017;158), yonca 

­eĸitleriyle yaptēĵē ­alēĸmada nispi yem deĵerinin %138.1-154.4 arasēnda deĵiĸtiĵini belirtmiĸlerdir. 

Tablo 2: Farklē yonca genotiplerinde incelenen ºzelliklere ait korelasyon katsayēlarē* 

¥zellikler KM HK OM HP HY HL NDF ADF KM-T¿k, % CA 

KM-

Sin, % NYD 

NYD-

sēnēf 

KM 1 

           HK -0.312 1 

          OM -0.342 0.114 1 

         HP -0.350 -0.500 0.275 1 

        HY 0.605** 0.306* 0.017 -0.291 1 

       HL 0.237 -0.366 -0.438 -0.409 -0.486 1 

      NDF -0.130 -0.185 -0.366 -0.104 -0.360 0.591 1 

     ADF 0.202 -0.388 0.399 0.231 0.349 -0.133 0.024 1 

    KM-T¿k, %CA 0.388 -0.267 0.670** 0.111 0.255 -0.077 -0.459 0.492 1 

   KM-Sin, % 0.083 -0.270 0.300 0.702** 0.229 -0.653 -0.375 0.063 0.289 1 

  NYD 0.100 -0.384 0.562** 0.290 0.305 -0.281 -0.036 0.910** 0.493 0.266 1 

 NYD-sēnēf -0.380 -0.132 -0.528 0.201 -0.737** 0.327 0.145 -0.697 -0.592 -0.146 -0.728** 1 

*KM: Kuru madde (%); HK: Ham K¿l (%); OM: Organik Madde (%); HP: Ham Protein (%); HY: Ham Yaĵ (%); HL: Ham Lif (%); NDF: Nºtral 

Deterjan ­ºzeltisinde ­ºz¿nmeyen lif (%); ADF: Asit Deterjan ­ºzeltisinde ­ºz¿nmeyen lif (%); KM-T¿k: Kuru Madde T¿ketimi (%); KM-Sin: 
Kuru Madde Sindirilebilirliĵi (%); NYD: Nispi Yem Deĵeri (%). *,**:Sērasēyla 0.05 ve 0.01 d¿zeyinde ºnemli. 

 

Tablo 2ôde incelenen kalite ºzellikleri arasēndaki korelasyon katsayēlarē verilmiĸtir. Kuru madde (KM)  ile 

ham yaĵ (HY) (0.605**) arasēnda ve ham k¿l (HK) ile ham yaĵ (HY) (0.306*) arasēnda olumlu ve anlamlē 

bir korelasyon saptanmēĸtēr (Tablo 2). Ayrēca organik madde (OM) ile kuru madde t¿ketimi (KM-T¿k) 

(0.670**) ve nispi yem deĵeri (NYD) (0.562**) arasēnda, ham protein (HP) ile kuru madde 

sindirilebilirliĵi (KM-Sin) (0702**) arasēnda ve asit deterjan lifi (ADF) ile nispi yem deĵeri (NYD) 

(0.910**) arasēnda istatistiksel olarak ºnemli ve anlamlē pozitif bir korelasyon belirlenmiĸtir (Tablo 2). 

Tablo 2ôde gºr¿ld¿ĵ¿ ¿zere; kuru madde (KM)  ile nºtral deterjan lifi (NDF) (-0.130) arasēnda negatif 

korelasyon ve organik madde (OM) ile ham yaĵ (HY) (0.017) arasēnda pozitif korelasyon saptanmēĸtēr. 
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*KM: Kuru madde (%); HK: Ham K¿l (%); OM: Organik Madde (%); HP: Ham Protein (%); HY: Ham Yaĵ (%); HL: Ham Lif (%); NDF: Nºtral 
Deterjan ­ºzeltisinde ­ºz¿nmeyen lif (%); ADF: Asit Deterjan ­ºzeltisinde ­ºz¿nmeyen lif (%); KM-T¿k: Kuru Madde T¿ketimi (%); KM-Sin: 

Kuru Madde Sindirilebilirliĵi (%); NYD: Nispi Yem Deĵeri (%). 

ķekil 1: Yonca genotiplerinde incelenen ºzellikler arasē iliĸkiler 
 

Yonca ­eĸitleri arasēnda kalite kriterleri bakēmēndan elde edilen deĵerler arasēndaki iliĸkiler ĸekil 1ôde 

verilmiĸtir. Yonca ­eĸitlerinde, incelenen kalite ºzellikleri arasēnda ºnemli d¿zeyde farklēlēklar oluĸtuĵu 

gºr¿lmektedir (ķekil 1). Kalite parametreleri bakēmēndan oluĸan bu varyasyon, genotipik yapēdan 

kaynaklanabildiĵi gibi, toprak, bitki besleme ve ekolojik koĸullara baĵlē olarak da deĵiĸim 

gºsterebilmektedir. ¢ift­ilerimiz yonca yetiĸtiriciliĵinde her bi­im sonrasēnda sadece sulama yapmakta 

bitkinin ihtiya­ duyduĵu bakēm iĸlemlerini genellikle yerine getirmemektedir. Bu durum hem kaliteli kaba 

yem elde edilmesini hem de yonca tesisinin ekonomik ºmr¿n¿n kēsa olmasēna neden olmaktadēr. 
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Tablo 3: Yonca genotiplerinin Ana Bileĸen Analizi sonu­larē* 

¥zellikler  F1 F2 F3 F4 F5 

KM 0.127 -0.444 -0.113 0.529 0.088 

HK -0.077 -0.129 0.585 -0.333 -0.062 

OM 0.332 0.204 0.073 -0.419 0.345 

HP 0.146 0.551 -0.180 0.166 -0.156 

HY 0.280 -0.357 0.289 0.217 -0.305 

HL -0.274 -0.263 -0.431 -0.042 0.303 

NDF -0.222 -0.098 -0.379 -0.243 -0.428 

ADF 0.360 -0.109 -0.319 -0.193 -0.224 

KM-T¿k, % CA 0.361 -0.071 -0.110 0.034 0.590 

KM-Sin, % 0.259 0.356 0.086 0.426 -0.125 

NYD 0.398 -0.007 -0.267 -0.208 -0.220 

NYD-sēnēf -0.397 0.301 -0.042 0.189 0.119 

¥zdeĵeri 4.284 2.403 2.177 1.489 1.061 

Varyans (%) 35.698 20.022 18.144 12.408 8.838 

K¿m¿latif % 35.698 55.720 73.864 86.272 95.110 
*KM: Kuru madde (%); HK: Ham K¿l (%); OM: Organik Madde (%); HP: Ham Protein (%); HY: Ham Yaĵ (%); HL: Ham Lif (%); NDF: Nºtral 

Deterjan ­ºzeltisinde ­ºz¿nmeyen lif (%); ADF: Asit Deterjan ­ºzeltisinde ­ºz¿nmeyen lif (%); KM-T¿k: Kuru Madde T¿ketimi (%); KM-Sin: 
Kuru Madde Sindirilebilirliĵi (%); NYD: Nispi Yem Deĵeri (%). 

 

Ana Bileĸen Analizi sonucunda elde edilen PC eksenleri ve bunlara ait ºz deĵerleri, varyans ve k¿m¿latif 

varyans oranlarē tablo 3ôte verilmiĸtir. Uygulanan Ana Bileĸen Analizi sonucunda incelenen ºzelliklerle 

ilgili birbirinden baĵēmsēz elde edilen 5 adet ana bileĸen ekseni, 8 adet genotipe ait toplam varyasyonun 

%95.11ôini temsil etmektedir. Ķlk 5 ana bileĸenin ºz deĵerleri 1.061ï4.284 arasēnda deĵiĸim gºstermiĸtir. 

¦­¿nc¿ ana bileĸen ekseni ise varyasyonun %73.864ô¿n¿ karĸēlamaktadēr. Ana Bileĸen Analiziônde 

incelenen ºzelliklerin ana bileĸenlerdeki aĵērlēk deĵerleri Ñ0.3ô¿n ¿zerinde ise ºnemli bir aĵērlēĵa sahip 

olduĵu bilinmektedir (Akt: ¥ten ve Albayrak 2018;227). Birinci PC eksenindeki aĵērlēk deĵerleri 

incelendiĵinde organik madde (OM), asit deterjan lifi (ADF), kuru madde t¿ketimi (KM-T¿k), ve nispi 

yem deĵeri (NYD) Ñ0.3 sayēsēndan daha b¿y¿k deĵer almēĸlardēr. Bu nedenle birinci PC eksenindekiler 

ºnem arz eden ºzellikler olarak ortaya konulmuĸtur. Ķkinci PC ekseninde, kuru madde (KM), ham protein 

(HP), ham yaĵ (HY) ve kuru madde sindirilebilirliĵi (KM-Sin); ¿­¿nc¿ ana bileĸen ekseninde ham k¿l 

(HK), ham lif (HL), nºtral deterjan lifi (NDF) ve asit deterjan lifi (ADF); dºrd¿nc¿ ana bileĸen ekseninde 

kuru madde (KM), ham k¿l (HK), organik madde (OM) ve kuru madde sindirilebilirliĵi (KM-Sin) gibi 

ºzellikler Ñ 0.3 sayēsēndan daha b¿y¿k deĵer almēĸlardēr. Bu nedenle ilk dºrt ana bileĸen ekseninde 

yukarēda belirtilen ºzellikler temsil edilmektedir (Tablo 3). ¥z deĵerinin topladēĵēmēz ve tanēmlamasēnē 

ger­ekleĸtirdiĵimiz 8 adet yonca genotipi i­in 1ôden b¿y¿k olmasē (1.035) ele alēnan ana bileĸen aĵērlēk 

deĵerlerinin g¿venilir ve Cluster analizinin de uygulanabilir olduĵunu gºstermektedir. 
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*KM: Kuru madde (%); HK: Ham K¿l (%); OM: Organik Madde (%); HP: Ham Protein (%); HY: Ham Yaĵ (%); HL: Ham Lif (%); NDF: Nºtral 

Deterjan ­ºzeltisinde ­ºz¿nmeyen lif (%); ADF: Asit Deterjan ­ºzeltisinde ­ºz¿nmeyen lif (%); KM-T¿k: Kuru Madde T¿ketimi (%); KM-Sin: 

Kuru Madde Sindirilebilirliĵi (%); NYD: Nispi Yem Deĵeri (%). 

ķekil 2: Yonca genotiplerinde incelenen kalite parametreleri arasēndaki iliĸki ve ­eĸit-ºzellik 

interaksiyonu* 

 

¢eĸitler ve kalite ºzellikleri arasēndaki iliĸkiyi gºrsel olarak incelemek ve deĵerlendirmek amacēyla 

oluĸturulan biplot grafiĵi ĸekil 2ôde verilmiĸtir.  %35.70ôini PC1ôin (Ana Bileĸen 1) ve %20.02ôsini 

PC2ônin (Ana Bileĸen 2) temsil ettiĵi grafik, varyasyonun toplam %55.72ôsini a­ēklamaktadēr (ķekil 2). 

Ķncelenen ºzelliklerden nºtral deterjan lif (NDF), ham k¿l (HK) ve ham lif (HL) aynē grupta yer almēĸ 

olup, bu grupta yer alan ºzellikler bakēmēndan Sunter, Novasadska ve Prosementi ­eĸitleri ºn plana 

­ēkmēĸtēr (ķekil 2). ķekil 2ôye bakēldēĵēnda, ham protein (HP), kuru madde sindirilebilirliĵi (KM-Sin) ve 

organik madde (OM)ônin yer aldēĵē grupta ºn plana ­ēkan ­eĸitlerin Planet, Felsy ve Gea olduĵu 

saptanmēĸtēr. Son olarak, nispi yem deĵeri (NYD), kuru madde t¿ketimi (KM-T¿k), asit deterjan lifi 

(ADF), ham yaĵ (HY), kuru madde (KM) ºzelliklerinden oluĸan grupta ºne ­ēkan bir ­eĸit 

saptanmamēĸtēr. Baĸbaĵ ve ark. (2018;99), buĵdaygil ­eĸitlerinde incelediĵi kalite parametreleri arasēndaki 

iliĸkiyi tespit etmek i­in biplot analizi yapmēĸ ve farklē gruplarēn oluĸtuĵunu belirtmiĸlerdir. 
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*KM: Kuru madde (%); HK: Ham K¿l (%); OM: Organik Madde (%); HP: Ham Protein (%); HY: Ham Yaĵ (%); HL: Ham Lif (%); NDF: Nºtral 
Deterjan ­ºzeltisinde ­ºz¿nmeyen lif (%); ADF: Asit Deterjan ­ºzeltisinde ­ºz¿nmeyen lif (%); KM-T¿k: Kuru Madde T¿ketimi (%); KM-Sin: 

Kuru Madde Sindirilebilirliĵi (%); NYD: Nispi Yem Deĵeri (%). 

 

ķekil 3: Yonca genotiplerinde incelenen kalite parametreleri arasēnda oluĸan dendogram* 

 

Araĸtērmada kullanēlan ­eĸitler ve incelenen ºzellikler, cluster (k¿me) analizi yoluyla karĸēlaĸtērēlmēĸ ve 

elde edilen dendrogram ķekil 3ôte verilmiĸtir. Bu kapsamda 8 adet yonca ­eĸidi arasēndaki iliĸkiyi 

belirlemek ¿zere uygulanan k¿meleme analizi sonucunda oluĸan dendrogramda 2 adet grubun oluĸtuĵu 

gºr¿lmektedir (ķekil 3).  ¢eĸitler arasēnda Sunter, Novasadska, Prosementi, Bilensoy ve Kayseri I. grupta 

yer alērken; Felsy, Gea ve Planet ­eĸitleri II. grupta yer almēĸtēr. Yapēlan cluster analizinde Felsy ve Gea 

genotipleri analiz edilen ºzellikler bakēmēndan birbirlerine en yakēn, Sunter ve Planet genotiplerinin ise 

incelenen kalite parametreleri bakēmēndan birbirinden farklē genotipler olduĵu belirlenmiĸtir. Mehmet ve 

Albayrak (2018;226), farklē yonca genotipleri ile yaptēĵē ­alēĸmada; k¿meleme analizi sonucunda Aksu2-

Finike2 genotiplerinin birbirine en yakēn, Gazipaĸa1 ve Kumluca1 genotiplerinin ise birbirine en uzak 

­eĸitler olduĵunu saptamēĸlardēr. ¥ten ve ark. (2016;222), yonca pop¿lasyonunun molek¿ler 

karakterizasyonunu araĸtērdēĵē ­alēĸmada k¿meleme analizi sonucunda ­eĸitlerin 0.58 benzerlik 

seviyesinde 2 gruba ayrēldēĵēnē belirlemiĸlerdir. Ķncelenen kalite parametreleri arasēndaki iliĸkiyi 

belirlemek ¿zere uygulanan k¿meleme analizi sonucunda oluĸan dendrogramda 2 adet grubun oluĸtuĵu 

gºr¿lm¿ĸt¿r (ķekil 3). Ķncelenen ºzellikler arasēnda kuru madde (KM), ham yaĵ (HY), organik madde 

(OM), kuru madde t¿ketimi (KM-T¿k), ham protein (HP), kuru madde sindirilebilirliĵi (KM-Sin), asit 

deterjan lifi (ADF) ve nispi yem deĵeri (NYD), I. grupta yer alērken; ham k¿l (HK), ham lif (HL), nºtral 

deterjan lifi (NDF) ve NYD-Sēnēf II. grupta yer almēĸtēr. Yapēlan cluster analizinde asit deterjan lifi (ADF) 

ve nispi yem deĵeri (NYD) ºzellikler bakēmēndan birbirlerine en yakēn, kuru madde (KM) ve NYD-Sēnēf 

birbirinden en farklē ºzellikler olduĵu belirlenmiĸtir. Morfolojiye ve tarēmsal gºzleme dayalē olarak; 

domuz ayrēĵē, susam, lahana ve m¿rd¿m¿kte k¿meleme analizi yapan bir­ok araĸtērmacē, ­alēĸmamēza 

benzer ĸekilde farklē gruplarēn oluĸtuĵunu saptamēĸlardēr (Akt: ¥ten ve ark. 2018;224) 
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SONU¢  

¢alēĸma sonucunda elde edilen bulgular neticesinde, yonca genotiplerinde incelenen organik madde, ham 

protein, nispi yem deĵeri ve diĵer bazē kalite ºzellikleri arasēnda ºnemli d¿zeyde farklēlēklarēn olduĵu ve 

oluĸan bu varyasyonun, genotipik yapēdan kaynaklanabileceĵi gibi, toprak, bitki besleme ve ekolojik 

koĸullara baĵlē olarak da deĵiĸim gºsterebileceĵi belirlenmiĸtir. Prosementi ­eĸidinin, diĵer ­eĸitlere 

kēyasla kalite ºzellikleri bakēmēndan daha ¿st¿n performansa sahip olduĵu saptanmēĸtēr. Farklē yonca 

­eĸitlerinde bazē kalite ºzellikleri bakēmēndan oluĸan varyasyonun, yonca ēslahē ­alēĸmalarēna ve benzer 

ekolojik koĸullarda yetiĸtirilmesi bakēmēndan ¿reticiye ēĸēk tutacaĵē fikrini uyandērmaktadēr. 
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Abstract 

 

Purpose 

Soup is one of the most important dishes of Turkish culinary culture. Nowadays, powdered soups that are 

easy to cook and consume are highly preferred. Dried meat and vegetable pieces are used in powdered 

soup formulations on the market. Meats used in instant soup production are generally dried using 

traditional thermal methods. However, with heat treatment, losses occur in valuable nutrients such as 

vitamins and minerals in the foodstuff. However, with heat treatment, losses occur in valuable nutrients 

such as vitamins and minerals in the foodstuff.  The aim of this study is to dry the minced meat without 

applying heat under vacuum, develop a protein added and nutritious powdered soup formulation by using 

dried minced meat and to examine its sensory properties.  

 

Design/methodology/approach 

In the vacuum drying method, oxidation reactions can be prevented since anaerobic conditions is provided 

in the drying cabinet. In addition, since the drying temperature is kept low, denaturation caused by the 

temperature can be prevented and the color, aroma and nutrients of the product can be better preserved. In 

this study, minced meat was dried by vacuum drying technique at 25 
o
C , -760 mm Hg pressure and used 

in the developed powder soup formulation. Protein and energy value of samples were calculated and 

sensory analysis was performed. 

 

Findings 

It was determined that the protein and energy value of the developed soup was 12,56 g/l and 80,27 

kcal/250 ml respectively and it can be defined as ñprotein source - protein addedò according to Turkish 

Food Codex ñRegulation on Nutrition and Health Declarationsò. In addition, as a result of the studies, it 

has been determined that the color, consistency, taste and smell characteristics of the soup are not 

statistically different from the control sample, and the developed soup is more liked than the control. 

  

Originality/value  

In this study, unlike traditional applications, soup formulation was developed by using minced meat dried 

without heat treatment and consumers were appreciated. Therefore, it is recommended to investigate the 

possibilities of using meats dried with other non-thermal drying methods in the production of instant soup. 

 

Keywords: Vacuum drying, powder soup, sensory evaluation  
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Vakumda Kurutulmuĸ Kēyma Kullanēlarak Protein Ķlaveli Toz ¢orba ¦retimi 

ve Duyusal ¥zelliklerinin Belirlenmesi  
 

¥z 

 

Ama­ 

¢orba, T¿rk mutfak k¿lt¿r¿n¿n en ºnemli yemeklerinden biridir. G¿n¿m¿zde ºzellikle piĸirilmesi ve 

t¿ketimi olduk­a kolay olan toz ­orbalar yoĵun olarak tercih edilmektedir. Piyasada satēĸa sunulan hazēr 

­orba form¿lasyonlarēnda kurutulmuĸ et ve sebze par­alarē kullanēlmaktadēr. Hazēr ­orba ¿retiminde 

kullanēlan etler genellikle geleneksel ēsēl yºntemler kullanēlarak kurutulmaktadēr. Ancak ēsēl iĸlem ile gēda 

maddesinde bulunan vitamin ve mineral gibi deĵerli besin ºĵelerinde kayēplar meydana gelmektedir. Bu 

baĵlamda son zamanlarda dondurarak kurutma, vakum kurutma gibi d¿ĸ¿k sēcaklēklarda kurutmanēn 

m¿mk¿n olduĵu yºntemler ¿zerine ­alēĸmalar artmēĸtēr Bu ­alēĸma ēsēl iĸlem uygulamadan kēymanēn 

vakum altēnda kurutulmasē, kurutulan kēyma ile protein ilaveli ve maksimum besleyici deĵere sahip hazēr 

­orba form¿lasyonunun geliĸtirilmesi ve duyusal ºzelliklerinin incelenmesi ama­lanmēĸtēr.  

 

Model / Metodoloji / Yaklaĸēm 

Vakum kurutma yºnteminde, kurutma kabininde oksijensiz ortam saĵlandēĵēndan oksidasyon 

reaksiyonlarēnēn ºn¿ne ge­ilebilmektedir. Ayrēca kurutma sēcaklēĵē d¿ĸ¿k tutulduĵundan, sēcaklēĵēn neden 

olduĵu denat¿rasyonun ºn¿ne ge­ilebilmekte, ¿r¿n¿n renk, aroma ve besin ºĵeleri daha iyi 

korunabilmektedir. Bu ­alēĸmada kēyma 25 
o
Côde -760 mm Hg basēn­ta vakum kurutma tekniĵi ile 

kurutularak, geliĸtirilen toz ­orba form¿lasyonunda kullanēlmēĸtēr. Numunelerin protein ve enerji deĵeri 

hesaplanmēĸ, duyusal analizi ger­ekleĸtirilmiĸtir.  

 

Bulgular  

Geliĸtirilen ­orbanēn protein deĵerinin 12,56 g/l ve enerjisinin 80,27 kcal/250 ml olduĵu ve T¿rk Gēda 

Kodeksi ñBeslenme ve Saĵlēk Beyanlarē Yºnetmeliĵiòne gºre ñprotein kaynaĵē - protein ilaveliò olarak 

tanēmlanabileceĵi belirlenmiĸtir. Ayrēca yapēlan ­alēĸmalar sonucu geliĸtirilen ­orbanēn renk, kēvam, tat, 

koku ve genel beĵeni ºzelliklerinin kontrol numunesine gºre istatistiksel olarak farklē olmadēĵē,  gºr¿nt¿ 

a­ēsēndan ise kontrole gºre daha ­ok beĵenildiĵi tespit edilmiĸtir.  

 

¥zg¿nl¿k  

Bu ­alēĸmada geleneksel uygulamalardan farklē olarak, ēsēl iĸlem uygulamadan vakumda kurutulan kēyma 

kullanēlarak toz ­orba form¿lasyonu geliĸtirilmiĸ ve t¿keticilerin beĵenisi kazanēlabilmiĸtir. Dolayēsēyla 

ēsēl olmayan baĸka kurutma yºntemleri ile kurutulan etlerin, hazēr ­orba ¿retiminde kullanēm olanaklarēnēn 

araĸtērēlmasē ºnerilmektedir.  

 

Anahtar Kelimeler: Vakum kurutma, hazēr ­orba, duyusal deĵerlendirme 
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1. GĶRĶķ 

Herhangi bir ºĵ¿nde genellikle ilk baĸta t¿ketilmesi tercih edilen ­orbalar, aynē zamanda T¿rk mutfak 

k¿lt¿r¿nde de ºnemli bir yere sahiptir.  Hatta bazē yºrelerde kahvaltēda dahi ­orba t¿ketimi geleneksel 

hale gelmiĸtir. Evde geleneksel ­orba hazērlama yºntemlerinin yanē sēra gēda end¿strisinde de ­eĸitli ­orba 

­eĸitleri mevcuttur. Isētēlarak t¿ketilmeye hazēr ­orba, piĸirilmeye hazēr toz ­orba ya da dakikalar i­inde 

hazērlanabilen instant toz ­orba ­eĸitlerinin t¿ketimi g¿n ge­tik­e artmaktadēr. Hacminin az ve  aĵērlēĵēnēn 

hafif olmasēndan dolayē depolama ve nakliye aĸamalarēnda saĵladēĵē d¿ĸ¿k maliyeti, ayrēca uzun raf ºmr¿ 

gibi avantajlara sahip olan ºzellikle piĸirilmeye hazēr toz ­orbalar gēda end¿strisinde ºnemli bir ¿retim 

potansiyeline sahiptir.  Bunun yanē sēra t¿keticiler i­in de saklanmasē i­in soĵuk zincire gerek olmamasē, 

uzun s¿re yer kaplamadan saklanmasē, hazērlanmasēnēn pratik olmasē gibi avantajlarē da vardēr. 

Dolayēsēyla gēda sektºr¿nde t¿ketici talep ve beĵenileri de dikkate alēnarak, ¿reticiler tarafēndan deĵiĸik 

­orba form¿lasyonlarē geliĸtirilmekte ve ¿retilmektedir (¢oksaygēlē ve Baĸoĵlu, 2011: 87-95). 

Hazēr toz ­orbalar ºzellikle zamanē kēsētlē olan ­alēĸan kesim ve ºĵrenciler tarafēndan ev ya da ev dēĸē 

t¿ketim i­in, askeri birlikler ve bazē yardēm kuruluĸlarē tarafēndan daĵētēm ve t¿ketim i­in sēklēkla 

kullanēlan, y¿ksek katma deĵere sahip bir ¿r¿n haline gelmiĸtir. Aynē zamanda toz formundaki hazēr 

­orbanēn ¿retimi de olduk­a basittir. ¦retilecek ­orbanēn ­eĸidine gºre genellikle ºn iĸlem gºrm¿ĸ ya da 

kurutulmuĸ uygun hammaddelerin (tahēl, bakliyat, sebze, baharat, aroma, yoĵurt tozu, s¿ttozu ya da peynir 

altē suyu tozu vb.) form¿lasyona uygun miktarlarda karēĸtērēlēp, ambalajlanmasē ile ¿retim 

ger­ekleĸtirilebilmektedir  (Apaydēn, 2015:3).   

Hazēr toz ­orbalarēn form¿lasyonundaki hammaddeler kuru ve d¿ĸ¿k su aktivitesine sahip olduĵundan,  

¿r¿n olarak enzimatik ve mikrobiyal bozulmalara karĸē dayanēklēdēr (Raitio vd., 2011: 371-379). Eĵer ¿r¿n 

form¿lasyonunda kurutulmuĸ et kullanēlacaksa, ¿r¿n ºzelliklerini en az oranda etkileyecek bir kurutma 

tekniĵi kullanēlmalēdēr. Et, ºzellikle protein, B vitamini, deĵerli mineraller ve esansiyel yaĵ asitleri gibi 

deĵerli bileĸenler i­erdiĵi i­in, et y¿ksek kaliteli bir gēda olarak nitelendirilmektedir (Djordjevic vd., 

2016:2; Doulgeraki vd., 2012: 130-141). Ancak et ¿r¿nleri, besin ºĵeleri a­ēsēndan zengin ve su aktivitesi 

y¿ksek olduĵundan mikrobiyal bozulmalar a­ēsēndan risklidir (Casaburi vd., 2015: 83-102). Bu nedenle 

ºzellikle kēyma gibi k¿­¿k par­alē ve y¿zey alanē geniĸ et ¿r¿nleri bozulmalara karĸē dayanēklē deĵildir. 

Et ¿r¿nlerine uygun bir kurutma tekniĵi uygulandēĵēnda, azalan su aktivitesi ve mikrobiyal y¿k sayesinde 

bu ¿r¿nlerin muhafaza s¿relerini uzatmak m¿mk¿n olmaktadēr (Modi vd., 2007: 827 - 835). Bunun yanē 

sēra kurutma sonunda ¿r¿n¿n aĵērlēk ve hacmi de azaldēĵēndan, depolama ve sevkiyat masraflarē  

azaltēlabilmektedir (Doymaz vd., 2016: 283-291). Kurutulmuĸ et par­alarē (genellikle dilimlenmiĸ, k¿p ya 

da toz halinde) gēda sektºr¿nde hazēr toz ­orbalar dēĸēnda ­eĸitli soslar, bulyon, noodle gibi hamur ¿r¿nleri 

vb. gēdalarēn duyusal ve besinsel ºzelliklerini geliĸtirmek amacēyla kullanēlmaktadēr (Aykēn Din­er ve 

Erbaĸ, 2019: 472-482). 

Geleneksel kurutma yºntemlerinde kullanēlan sēcak hava ēsēl denat¿rasyona neden olmakta, sonu­ta 

kuruma ve rehidrasyon oranēnēn yanē sēra, ¿r¿nde aroma, tat, renk ve besin ºĵeleri kaybēna (amino asit ve 

vitamin kaybē) neden olabilmektedir (Doymaz vd., 2016: 283-291) Dolayēsēyla et ve et ¿r¿nlerinin 

kurutulmasē amacēyla, ¿r¿n ºzelliklerinin en iyi ĸekilde korunmasēnēn saĵlayacak  kurutma yºntemleri  

tercih edilmelidir (Laopoolkit ve Suwannaporn, 2011: 553-558). 

Vakum kurutma (vacuum drying, VD) yºntemi ile bahsedilen problemler ºnemli ºl­¿de 

ºnlenebilmektedir. Bu yºntemde kurutma prosesinde, d¿ĸ¿k sēcaklēk dereceleri uygulandēĵē ve oksijensiz 
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ortam saĵlandēĵē i­in, VD yºntemi ēsēya ve oksijene karĸē hassas gēdalarēn g¿venli bir bi­imde 

kurutulmasēna olanak saĵlamaktadēr. Bºylece kurutulan ¿r¿nlerin besin ºĵelerinin, renk ve aroma gibi 

bazē ºzelikleri korunabilmektedir.  (Mousa ve Farid, 2002: 2055-2066). 

 

2. MATERYAL -METOT  

2.1. Materyal 

Kurutulacak kēyma ve kontrol olarak kullanēlacak hazēr toz ­orba Ķstanbulôda yerel bir marketten 

satēn alēnmēĸtēr. Kēyma numuneleri, kurutma safhasēna kadar buzdolabē koĸullarēnda muhafaza edilmiĸtir. 

Kurutulmuĸ kēyma dēĸēnda, ­orba ¿retiminde kullanēlan hammaddeler ise Soyyiĵit Gēda San. ve Tic. 

A.ķôden temin edilmiĸtir.  

 

2.2. Metot 

2.2.1. Kēymanēn vakum altēnda kurutulmasē ve nem tayini 

Kēymalarēn kurutulmasē, laboratuvar ĸartlarēnda vakum kurutucu (DaihanWOV-30, G¿ney Kore) 

kullanēlarak ger­ekleĸtirilmiĸtir. Kabindeki vakum, pompa hēzē 2 L/s olan ve 60 mbar basēnca sahip bir 

vakum pompasē (EVP 2XZ-2C, ¢in) saĵlanmēĸtēr (Baĸlar vd., 2014: 182-190).  Kēyma, yapēĸmaz bir 

y¿zey ¿zerine (silikon) 5 mm kalēnlēĵēnda serilerek vakum kurutucu kabini tepsilerle yerleĸtirilmiĸ ve 25 

ÁCôde ve -760 mm Hg basēn­ta vakum kurutucu ­alēĸtērēlmēĸtēr. Kurutma iĸlemine kēymanēn nem i­eriĵi 

yaklaĸēk % 12ôye d¿ĸ¿nceye kadar devam edilmiĸtir.  

Taze ve kurutulmuĸ kēyma numunelerinin nem oranē AOAC 950.46 (2006) yºntemine gºre 105 ÁC 

sēcaklēktaki et¿vde (Memmert UF110, Almanya) iki saat bekletilerek belirlenmiĸtir. 

 

2.2.2. Hazēr toz ­orba ¿retimi, enerji hesabē ve duyusal analiz 

Vakum kurutucuda 25ÁCôde kurutulan kēyma ve hammadde olarak buĵday unu, mēsēr niĸastasē, yaĵ tozu, 

peynir altē suyu tozu, tuz, soĵan tozu, maya ekstraktē, soya gran¿l¿ ve proteini, yoĵurt tozu, guar gum, 

karabiber, beyaz biber ve aroma verici (soĵan, sirke) kullanēlarak ­orba numunesi geliĸtirilmiĸtir. 

Duyusal analiz ºncesi numune ve kontrol toz ­orba karēĸēmlarēnēn 72 gôē, 1 L su i­ine eklenmiĸ ve 

kaynayana kadar kadar karēĸtērēlarak piĸirilmiĸtir. Kaynadēktan sonra 10 dk daha piĸirilerek t¿ketime hazēr 

hale getirilmiĸtir.  

Geliĸtirilen hazēr ­orbanēn enerji hesabē; k¿l (TS 5000), nem (AOAC 950.46), protein (AOAC 981.10), 

yaĵ (AOAC 960.39), diyet lif (AOAC 985.29) ve sel¿loz (TS 6932) analizleri yapēldēktan sonra FAO 

(2003) tarafēndan yayēnlanan metoda gºre hesaplanmēĸtēr. Kontrol ­orbanēn protein ve enerji deĵerleri i­in 

etiket bilgisinden yararlanēlmēĸtēr. 

¢orbalarēn duyusal analizleri 20 panelist aracēlēĵēyla 9 skalalē (1-9 arasē) bir hedonik skala ile 

ger­ekleĸtirilmiĸtir. Piĸirilerek t¿ketime sunulmaya hazēr hale getirilen ­orba numunelerinin, tat, koku, 

kēvam, renk, gºr¿n¿ĸ ve genel beĵeni a­ēsēndan incelenmiĸtir. Deĵerlendirmeler 1 puan aĸērē kºt¿y¿, 9 

puan ise m¿kemmeli refere edecek ĸekilde yapēlmēĸtēr. 

 

2.2.3. Ķstatistiksel analiz  

Analizler iki tekrarlē olacak ĸekilde ger­ekleĸtirilmiĸtir. Verilerin varyans analizi (ANOVA) JMP 9 (SAS, 

Cary, NC, ABD) programē kullanēlarak yapēlmēĸtēr. p<0.05 anlam d¿zeyinde bir farklēlēk tespit edildiĵinde 

ise, Duncan'ēn ¢oklu Aralēk Testi (karĸēlaĸtērma testi) ile ortalama deĵerler ayrēca deĵerlendirilmiĸtir. 
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BULGULAR -TARTIķMA 

3.1. Kēymanēn nem bulgularē 

Baĸlangē­ nemi  % 75,56 olarak tespit edilen kēymanēn nem oranē, vakumda kurutma sonunda %12ôye (Ñ 

%1) kadar d¿ĸ¿r¿lm¿ĸt¿r.  

 

3.2. ¢orba ile ilgili bulgular 

Besin ºĵeleri ve enerji deĵerlerinin gºsterildiĵi Tablo 1ôde belirtildiĵi gibi numunenin protein, yaĵ, 

karbonhidrat, diyet lif ve enerji deĵerleri kontrole gºre daha y¿ksek tespit edilmiĸtir. 

 

Tablo 1: Kontrol ve Numune ¢orbalara Ait Besin ¥ĵeleri ve Enerji Deĵerleri
1
 

Analiz Kontrol  Numune 

Protein (g/l)
2
 7

b
Ñ0,00 12,56

a
Ñ0,22 

Yaĵ
2
 6

 b
Ñ0,00 11,07

a
Ñ0,38 

Karbonhidrat
2
 40

 b
Ñ0,00 55,10

a
 Ñ0,04 

Nem (%) 3,27
a
Ñ0,13 3,36

a
Ñ0,17 

Diyet lif
2
 2

 b
Ñ0,00 3,1

a
Ñ0,03 

Sel¿loz 0,12
a
Ñ0,01 0,11

a
Ñ0,02 

Tuz
2
 8

a
 Ñ0,00 8,20

a
Ñ0,41 

Enerji (kcal/250 ml)
 2
 70

b
Ñ0,02 80,27

a
Ñ0,01 

 

Protein oranlarē incelendiĵinde kontrol ­orbada 7 g/L ve numune ­orbada ise 12,56 g/L olarak tespit 

edilmiĸtir. T¿rk Gēda Kodeksi Beslenme ve Saĵlēk Beyanlarē Yºnetmeliĵiône gºre protein kaynaĵē 

(ilaveli) olarak beyan edilecek bir ¿r¿n¿n enerjisinin en az % 12ôsini proteinden karĸēlanmasē 

gerekmektedir (TGK, 2017). Dolayēsēyla kurutulmuĸ kēyma ile ¿retilen ­orba bu ĸartē saĵladēĵēndan 

(enerjisinin %15,65ôi proteinden gelmektedir), ñprotein kaynaĵē ya da ilaveliò olarak 

deĵerlendirilebilmektedir. Bu durum ­orbanēn fonksiyonel hale getirilmesi a­ēsēndan ºnemli bir adēmdēr. 

¥zellikle yoĵun olarak ­alēĸan kiĸiler tek baĸēna ­orba dahi t¿ketmiĸ olsalar protein a­ēsēndan kaynak bir 

gēda t¿ketmiĸ olacaklardēr.   

¢orbalara ait duyusal deĵerlendirme puanlamalarē Tablo 2ôde gºsterilmiĸtir. ¢orba ­eĸitlerinin  kriterlere 

gºre aldēĵē puanlar ķekil 1ôde belirtilmiĸtir.  Bunun yanē sēra kontrol ve numune ­orbanēn ķekil 2ôde 

gºr¿n¿ĸ¿; ķekil 3ôte tadē, ķekil 4ôte kokusu, ķekil 5ôte rengi, ķekil 6ôda kēvamē ve ķekil 7ôde genel 

beĵenisi ile ilgili yapēlan puanlamalar ve puanlamayē yapan kiĸi sayēsē gºsterilmiĸtir. 

 

Tablo 2: Kontrol ve Numune ¢orbalara Ait Duyusal Deĵerlendirme Puanlamalarē 
Duyusal parametre Kontrol  Numune 

Gºr¿n¿ĸ 7,10
b
Ñ0,00 7,95

a
Ñ0,00 

Tat 7,20
a
Ñ0,00 7,35

a
Ñ0,00 

Koku 7,45
a
Ñ0,00 7,40

a
Ñ0,00 

Renk 7,10
a
Ñ0,00 7,15

a
Ñ0,00 

Kēvam 7,10
a
Ñ0,00 7,10

a
Ñ0,00 

Genel beĵeni 7,85
a
Ñ0,00 7,80

a
Ñ0,00 

Bu ­alēĸma kapsamēnda numune ve kontrol ­orbanēn t¿ketime hazēr halde renk, kēvam, tat, koku, gºr¿n¿ĸ 

ve genel beĵeni unsurlarēna gºre duyusal deĵerlendirmesi yapēldēĵēnda, Tablo 3.2ôde gºr¿ld¿ĵ¿ gibi 
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istatiksel olarak genel beĵeni, kēvam, tat, koku ve renk ºzellikleri arasēnda fark olmadēĵē,  gºr¿nt¿ 

a­ēsēndan ise geliĸtirilen ­orbanēn kontrol ¿r¿ne gºre daha ­ok beĵenildiĵi tespit edilmiĸtir.  

 

 
ķekil 1: ¢orba ­eĸitlerinin  kriterlere gºre aldēĵē puanlar 

 
1
: a-b: 0,05 ºnem d¿zeyinde aynē satēr boyunca aynē harfi taĸēyan ortalamalar birbirinden istatistiksel olarak farklē 

deĵildir, 
2
: Kontrol ­orbanēn etiket bilgileri kullanēlmēĸtēr.   

 

   
ķekil 2: ¢orbalarēn gºr¿n¿ĸ a­ēsēndan puanlamasē      ķekil 3: ¢orbalarēn tat a­ēsēndan puanlamasē  

                  

 
ķekil 4: ¢orbanēn koku a­ēsēndan puanlamasē       ķekil 5: ¢orbalarēn renk a­ēsēndan puanlamasē   
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ķekil 6: ¢orbanēn kēvam a­ēsēndan puanlamasē   ķekil 7:¢orbalarēn genel beĵeni a­ēsēndan puanlamasē 

 

Gºr¿n¿ĸ a­ēsēndan ķekil 2 grafiĵi incelendiĵine en d¿ĸ¿k puanēn 6, en y¿ksek puanēn 9 olduĵu 

gºr¿lmektedir. Kontrol i­in bir kiĸi 6 puan, 15 kiĸi 7 puan, ¿­ kiĸi 8 puan ve 1 kiĸi 9 puan; numune i­in ise 

beĸ kiĸi 7 puan, 13 kiĸi 8 puan ve iki kiĸi 9 puan vermiĸtir. Numune ­orbanēn gºr¿n¿ĸ¿ panelistler 

tarafēndan daha y¿ksek puanla deĵerlendirilmiĸtir.  

ķekil 3ôte puanlamalar tat parametresi i­in incelendiĵinde en d¿ĸ¿k puanēn 6, en y¿ksek puanēn ise 8 

olduĵu gºr¿lmektedir. Kontrol i­in iki kiĸi 6 puan, 12 kiĸi 7 puan ve altē kiĸi 8 puan; numune i­in ise bir 

kiĸi 6 puan, 11 kiĸi 7 puan ve sekiz kiĸi 8 puan olarak deĵerlendirme yapmēĸtēr. 

Koku a­ēsēndan yapēlan deĵerlendirmede ķekil 4ôte en d¿ĸ¿k 6 puan, en y¿ksek 9 puan olarak verilmiĸtir. 

Kontrol i­in bir kiĸi 6 puan, 11 kiĸi 7 puan, altē kiĸi 8 puan ve iki kiĸi 9 puan; numune i­in ise bir kiĸi 6 

puan, 11 kiĸi 7 puan, yedi kiĸi 8 puan ve bir kiĸi 9 puan vermiĸtir. 

ķekil 5ôte gºr¿ld¿ĵ¿ gibi renk parametresi i­in en d¿ĸ¿k puanēn 5, en y¿ksek puanēn ise 8 olarak verildiĵi 

belirlenmiĸtir. Kontrol i­in iki kiĸi 5 puan, iki kiĸi altē puan, sekiz kiĸi 7 puan ve sekiz kiĸi 8 puan; numune 

i­in ise bir kiĸi 5 puan, iki kiĸi 6 puan, on kiĸi 7 puan ve yedi kiĸi 8 puan olarak deĵerlendirme yapmēĸtēr.  

Kēvam a­ēsēndan deĵerlendirmede ķekil 6ôda gºr¿ld¿ĵ¿ gibi en d¿ĸ¿k 5, en y¿ksek 8 puan verilmiĸtir. 

Kontrol i­in iki kiĸi 5 puan, bir kiĸi 6 puan, on kiĸi 7 puan, 7 kiĸi 8 puan; numune i­in ise iki kiĸi 5 puan, 

iki kiĸi 6 puan, sekiz kiĸi 7 puan ve sekiz kiĸi 8 puan vermiĸtir.  

ķekil 7ôde belirtildiĵi gibi genel beĵeni olarak deĵerlendirme yapēldēĵēnda en d¿ĸ¿k 6 puan, en y¿ksek 9 

puan olarak deĵerlendirme yapēlmēĸtēr. Kontrol i­in bir kiĸi 6 puan, dºrt kiĸi 7 puan, 12 kiĸi 8 puan, ¿­ kiĸi 

9 puan; numune i­in ise bir kiĸi 6 puan, altē kiĸi 7 puan, dokuz kiĸi 8 puan ve dºrt kiĸi 9 puan olarak 

deĵerlendirme yapmēĸtēr.  

Literat¿rde ēsēl iĸlem kullanēlmadan kurutulmuĸ et ile ¿retilmiĸ bir ­orbaya rastlanēlmamēĸtēr. Ancak 

­orbanēn duyusal ºzellikleri ile ilgili literat¿rdeki bazē ­alēĸmalara ait ºrneklere aĸaĵēda yer verilmiĸtir.  

Proteince zenginleĸtirilmiĸ aynē marka iki farklē ­orba ­eĸidi (tavuk-noodle ve cheddar-brokoli ­orbasē 

i­in protein oranē sērasēyla 7,5 ve 8,5 g/1 porsiyon), 65 yaĸ ¿st¿ 44 yetiĸkinin katēldēĵē panelde; aroma, 

yapē, tat, genel beĵeni dereceleri ve iki marka arasēndaki tercihleri dikkate alēnarak ve 5 puanlē hedonoik 

skala kullanēlarak deĵerlendirilmiĸtir. Panelistler tarafēndan proteince zengin tavuk noodle ­orbasēnēn 

kabul edilebilirliĵinin daha fazla olduĵu a­ēklanmēĸtēr (Donahue, 2013:27).  

Baĸka bir ­alēĸmada %75,  %65, %55 ve %45 balēk eti tozu kullanēlarak geliĸtirilen proteince zengin 

(%9,4) instant ­orba, 10 panelist tarafēndan 5 puanlē hedanoik skala kullanēlarak duyusal olarak 

0
2
4
6
8

10
12
14
16
18
20

1 2 3 4 5 6 7 8 9

ƪƛǒƛ 
ǎŀȅƤǎƤ 

puan 

YƤǾŀƳ 

ƪƻƴǘΧ

0
2
4
6
8

10
12
14
16
18
20

1 2 3 4 5 6 7 8 9

ƪƛǒƛ 
ǎŀȅƤǎƤ 

puan 

Tat 

kontro
l



IV. ICONTRENDS |  ISBN: 978-625-400-393-6 

 

 

St. Petersburg /Russia ï 2020 

www.icontrends.org 

234 

 

 

deĵerlendirilmiĸtir. Balēk eti tozunu %55 oranēnda i­eren numunenin kabul edilebilirlik, renk, gºr¿n¿m, 

koku, kēvam, tat ve genel beĵeni a­ēsēndan panelistler tarafēndan en y¿ksek puanē aldēĵē belirtilmiĸtir 

(Islam ve diĵ., 2018: 663-675)   

65 yaĸ ¿st¿ kiĸilerin saĵlēklē beslenmesi i­in %15 hidrozalat i­eren sēĵēr ve domuz etinden yapēlan kºfteler 

ile hazērlanan proteince zengin ­orbalarēn duyusal olarak deĵerlendirildiĵi ­alēĸmada (200 g ­orba ve 100 

g kºfte i­erecek ĸekilde sunum yapēlmēĸtēr), t¿ketici a­ēsēndan kabul edilebilir ºzellikte olduklarē ancak 

beĵeni oranēnē y¿kseltmek i­in daha fazla ­alēĸēlabileceĵi belirtilmiĸtir (Stßier ve diĵ., 2015: 1-4) 

Pinto e Silva ve Atzingen (2010: 349-353) tarafēndan yapēlan bir ­alēĸmada protein a­ēsēndan zengin ­orba 

¿retmek i­in sēĵēr, tavuk ve hindi hidrozolatlarē kullanēlmēĸtēr. Hazērlanan ­orba ­eĸitleri 9 puanlē hedanoik 

skala kullanēlarak 40 panelist tarafēndan deĵerlendirildiĵinde, hindi hidrozolatēnēn kullanēldēĵē ­orbanēn en 

fazla beĵenilen ­eĸit olduĵu a­ēklanmēĸtēr.  

Koyun ve domuz kemiklerinden yapēlan ­orbalarēn besleyici ºzellikleri a­ēsēndan kēyaslandēĵē bir 

­alēĸmada, ­orba numuneleri 20 panelist tarafēndan acēlēk ve umami tat a­ēsēndan deĵerlendirilmiĸtir. 

Sonu­ta koyun kemiĵinden yapēlan ­orbanēn, domuz kemiĵinde yapēlan ­orbaya kēyasla daha fazla 

beĵenildiĵi ortaya konulmuĸtur (Zhang ve diĵ., 2014). 

Endonezyaôya ºzg¿ bir balēk (Bonylip barb) etinin  %30 oranda kullanēldēĵē kremalē ­orba, 20 panelist 

tarafēndan renk, aroma, tat ve kēvam a­ēsēndan 9 puanlē hedanoik skala kullanēlarak duyusal olarak 

deĵerlendirilmiĸ ve olumsuz bir yorumla karĸēlaĸēlmamēĸtēr (Karimah ve diĵ., 2019: 146-156). 

Farzana vd. (2016: 911ï920) tarafēndan soya unu, mantar ve moringa yapraĵē kullanēlarak geliĸtirilen 

proteince zengin ­orbalar (protein i­eriĵi %6.92-16.05), 6 ay sonunda 10 panelist tarafēndan 9 puanlē 

hedanoik skala kullanēlarak aroma, tat, yapē, kēvam, renk ve genel beĵeni a­ēsēndan deĵerlendirilmiĸ ve 

¿r¿n ºzelliklerinin korunabildiĵi ifade edilmiĸtir.  

Ticari olarak da proteince zenginleĸtirilmiĸ ­orbalar ºzellikle 55 yaĸ ve ¿st¿ndeki bireyler i­in piyasaya 

sunulmaktadēr. ¥rneĵin 150 mlôsinde 10 gr protein bulunan Carezzo markalē sebze ­orbasē Wageningen 

¦niversitesi ve Araĸtērma Merkeziônde ger­ekleĸtirilen duyusal panelde t¿keticiler tarafēndan 

beĵenilmiĸtir (Anon., 2020).  

 

4. SONU¢ 

Et gibi besin deĵeri y¿ksek gēdalarēn kurutulmasēnda uygulanan sēcaklēk m¿mk¿n olduĵunca d¿ĸ¿k 

tutulmalēdēr. Bu ­alēĸma kapsamēnda kurutma iĸlemi sērasēnda d¿ĸ¿k sēcaklēk uygulandēĵēndan ve kurutma 

kabininde oksijen temasē engellenerek oksidasyonun ºn¿ne ge­ilebildiĵinden, 25ÁCôde VD yºntemi ile 

kurutulan etlerin hazēr toz ­orba ¿retiminde g¿venli bir ingrediyen olarak kullanēlabileceĵi ortaya 

konulmuĸtur. Ayrēca ¿r¿n form¿lasyonundaki et miktarēna gºre, protein kaynaĵē (ilaveli) ­orba ¿retiminin 

m¿mk¿n olduĵu ve yapēlan duyusal deĵerlendirme sonucunda t¿ketici beĵenisini karĸēlayabileceĵi 

gºr¿lm¿ĸt¿r. Hazēr toz ­orba karēĸēmlarēna et ilavesi ­orbanēn besin deĵerini artēracaĵēndan, ēsēl olmayan 

farklē yºntemlerle kurutulan etlerle ­orbalar protein a­ēsēndan zenginleĸtirilebilir ya da bazē fonksiyonel 

ºzelikler kazandērēlabilir. Ancak vakum kurutma tekniĵinde sēcaklēk d¿ĸ¿k olduĵu i­in kuruma s¿resi 

uzundur.  Bu nedenle daha kēsa s¿rede ger­ekleĸtirilebilen ve ēsēl olmayan baĸka kurutma yºntemleri ile 

kurutulan etlerin, hazēr ­orba ¿retiminde kullanēm olanaklarēnēn araĸtērēlmasē ºnerilmektedir. 
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Abstract 

 

Purpose 

Many studies indicated that fats with high saturated fatty acid content could cause health problems such as 

cardiovascular disorders, metabolic syndrome and obesity. Oleogelation or organogelation, is a promising 

technique for structuring oils, have been used in many fields such as pharmacy, food, cosmetics and 

petrÁChemistry. Oleogelation can be simply defined as the prÁCess of converting oils into gel-like 

structure without changing its fatty acid composition. In the solidification prÁCess of liquid oils, the agents 

that ensure the immobilization of the liquid part by forming 3-dimensional network are called 

ñoleogelatorsò. Most common and frequently used oleogelators are plant waxes, monoglycerides, alcohols 

or esters of fatty acids, phospholipids and phytosterols. The main oils used in oleogel production are 

sunflower, corn, hazelnut, olive and canola oil. The aim of this study was to investigate the melting 

profiles of wax oleogels obtained from hazelnut oil, which is rich in unsaturated fatty acids structured by 

sunflower wax, beeswax and their mixtures.  

 

Design / Methodology / Approach 

In our study, vegetable wax oleogels in 20 different concentrations containing 3, 5, 7 and 10% sunflower 

and wax wax were created. The melting profiles of the samples were examined with Differential 

Calorimetry scanning (DSC) device.  

 

Findings 

As a result of the studies, while the melting points of oleogels containing %3, 5, 7 and 10 sunflower wax, 

respectively were determined as74.267 
Ü
C, 75.35 

Ü
C, 75.82 

Ü
C, 76.91 

Ü
C, respectively, and the melting 

profiles of oleogels containing beeswax  at same concentrations were determined as  54.38 
Ü
C, 55.60 

Ü
C, 

56.09 
Ü
C and 58.13 

Ü
C, respectively.   

  

Originality  / Value 

In this study, due to the high melting point of sunflower wax, the oleogels with lower melting points were 

obtained by mixing with beeswax. It was determined that the melting points of sunflower wax and 

beeswax oleogels vary depending on the type and proportion of oleogelators used.  

 

Keywords: Oleogel, Beeswax, Sunflower Wax, Melting Point   

 

                                        

  

mailto:hpehlivanoglu@nku.edu.tr
mailto:gmenesozturk61@gmail.com


IV. ICONTRENDS |  ISBN: 978-625-400-393-6 

 

 

St. Petersburg /Russia ï 2020 

www.icontrends.org 

238 

 

 

Ay­i­ek ve Balmumu Vakslarē ile Hazērlanan Oleojellerin DSC ile  

 Erime Profillerinin Ķncelenmesi  
 

¥z 

 

Ama­ 

Doymuĸ yaĵ i­eriĵi fazla olan katē yaĵlarēn kardiyovask¿ler rahatsēzlēklar, metabolik sendrom ve obezite 

gibi saĵlēk sorunlarēna neden olduĵu bir­ok ­alēĸma ile bildirilmektedir. Son yēllarda yaĵlarēn 

katēlaĸtērēlmasēnda kullanēlmaya baĸlanēlan oleojelasyon ya da organojelasyon ile ilgili ­alēĸmalar 

eczacēlēk, gēda, kozmetik ve petrokimya gibi bir­ok alanda yapēlmaktadēr. Oleojelasyon sēvē yaĵlarēn, 

y¿ksek miktarda doymuĸ yaĵ i­ermeden jel-benzeri katē yaĵlara dºn¿ĸt¿r¿lmesi iĸlemidir. Sēvē yaĵlarēn 

katēlaĸtērēlmasē iĸleminde, 3 boyutlu aĵ yapēyē oluĸturarak sēvē kēsmēn immobilize olmasēnē saĵlayan 

ajanlar ñoleojelatºrò olarak adlandērēlmaktadēr. Bilinen ve sēklēkla kullanēlan oleojelatºrler bitki vakslarē, 

monodigliseritler, yaĵ asitlerinin alkolleri ya da esterleri, fosfolipitler ve fitosterollerdir. Oleojel 

¿retiminde kullanēlan baĸlēca yaĵlar ay­i­ek, mēsēr, fēndēk, zeytin ve kanola yaĵēdēr. Bu ­alēĸmanēn amacē 

ay­i­ek vaksē, balmumu vaksē ve bunlarēn karēĸēmlarē ile doymamēĸ yaĵ asitleri a­ēsēndan zengin fēndēk 

yaĵēndan elde edilen oleojellerin, erime profillerinin incelenmesidir.  

 

Model / Metodoloji / Yaklaĸēm 

¢alēĸmamēzda %3, 5, 7 ve 10 oranlarēnda ay­i­ek ve balmumu vaksē i­eren 20 farklē konsantrasyonda 

bitkisel vaks oleojelleri oluĸturulmuĸtur. ¥rneklerin erime profilleri Diferansiyel Kalorimetreli Tarama 

(DSC) cihazē ile incelenmiĸtir. 

  

Bulgular  

Yapēlan ­alēĸmalar sonucunda, %3, 5, 7 ve 10 oranēnda ay­i­ek vaksē i­eren oleojellerin erime noktalarē 

sērasē ile 74.267 
Ü
C, 75.35 

Ü
C, 75.82 

Ü
C, 76.91 

Ü
C, aynē oranda balmumu vaksē i­eren oleojellerin erime 

profilleri ise 54.38 
Ü
C, 55.60 

Ü
C, 56.09 

Ü
C ve 58.13 

Ü
C olarak tespit edilmiĸtir.  

 

¥zg¿nl¿k  

Bu ­alēĸmada ay­i­ek vaksēnēn y¿ksek erime noktasē nedeniyle balmumu vaksē ile karēĸēmē saĵlanarak 

daha d¿ĸ¿k erime noktasēna sahip oleojeller elde edilmiĸtir. Ay­i­ek vaksē ve balmumu vaksē 

oleojellerinin erime noktalarēnēn ilave edilen oleojelatºrlerin ­eĸidi ve oranēna baĵlē olarak, deĵiĸtiĵi tespit 

edilmiĸtir.  

 

Anahtar Kelimeler: Oleojel, Balmumu, Ay­i­ek vaksē, Erime noktasē 
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1. GĶRĶķ 

T¿m d¿nyada olduĵu gibi ¿lkemizde de bitkisel yaĵlarēn t¿ketimi hēzla artmaktadēr. Doymuĸ yaĵ i­eriĵi 

fazla olan katē yaĵlarēn kardiyovask¿ler rahatsēzlēklar, metabolik sendrom ve obezite gibi saĵlēk 

sorunlarēna neden olduĵu bir­ok ­alēĸma ile bildirilmektedir. Ayrēca doymuĸ ve trans yaĵ asitlerinin 

t¿ketimi, LDL kolesterol oranēnē y¿kseltirken HDL kolesterol oranēnē d¿ĸ¿rerek kardiyovask¿ler hastalēk 

riskini artērmaktadērlar
 
(Vandana ve ark., 2011: 534-541; OôBrein,2004; Stauffer,1996).  Bu nedenle 

g¿n¿m¿zde kahvaltēlēk ve paket margarinlerin t¿ketimi trans yaĵ i­eriĵi nedeniyle her ge­en g¿n 

azalmaktadēr. 2018 yēlē verilerine gºre ¿lkemizde toplam 780.011 ton katē yaĵ t¿ketilmiĸtir. ¦retim 

miktarē ise 664.571 ton olarak bildirilmiĸtir. Bu ¿retimin 115.672 tonu sofralēk katē yaĵ (paket + k©se), 

19.188 tonu yemeklik katē yaĵ, 365.186 tonu ise end¿striyel katē yaĵdan oluĸmaktadēr. (Anon, 2018).  

Son yēllarda yaĵlarēn katēlaĸtērēlmasēnda kullanēlmaya baĸlanēlan oleojelasyon ya da organojelasyon ile 

ilgili ­alēĸmalar eczacēlēk, gēda, kozmetik ve petrokimya gibi bir­ok alanda yapēlmaktadēr. Oleojelasyon 

sēvē yaĵlarēn, y¿ksek miktarda doymuĸ yaĵ i­ermeden jel-benzeri katē yaĵlara dºn¿ĸt¿r¿lmesi iĸlemidir. 

Sēvē yaĵlarēn katēlaĸtērēlmasē iĸleminde, 3 boyutlu aĵ yapēyē oluĸturarak sēvē kēsmēn immobilize olmasēnē 

saĵlayan ajanlar ñoleojelatºrò olarak adlandērēlmaktadēr. Bilinen ve sēklēkla kullanēlan oleojelatºrler bitki 

vakslarē, monodigliseritler, yaĵ asitlerinin alkolleri ya da esterleri, fosfolipitler ve fitosterollerdir. Oleojel 

¿retiminde kullanēlan baĸlēca yaĵlar ise ay­i­ek, mēsēr, fēndēk, zeytin ve kanola yaĵēdēr. (Patel ve 

Dewettinck, 2016:20-29; ¥ĵ¿t­¿ ve Yēlmaz, 2015: 1-1755; Marangoni ve Garti, 2011:1-17; ¥ĵ¿t­¿ ve 

Yēlmaz, 2014; Dassanayake, ve ark 2012: 1-9; Jang ve ark., 2015: 525-529). Oleojellerin genellikle 5 

ºzelliĵe sahip olmasē istenir. Bunlar;  lipofilik ve baĵlanēcē bºl¿mlerinin olmasē, y¿zey aktivitesi, ēsēl-

deĵiĸken karakteristikleri,  doĵal kaynaklardan elde edilmesi ve GRAS olmasē (Generally Recognized as 

Safe) (Grob ve ark., 1994: 286-290; Patel ve ark., 2013: 5324ï5327; Doan ve ark., 2015: 801-811).  

Oleojellere olan ilgi son yēllarda artmēĸtēr. Gēda sektºr¿nde ­ikolata ve t¿revleri, kurabiye, kek vb. ¿r¿nler, 

baharatlē Alman sosisleri, krem peynir ve dondurma gibi bir­ok ¿r¿nde oleojel uygulamalarē 

yapēlmaktadēr (Pehlivanoĵlu ve ark .,2018: 1-12). 

Bu ­alēĸmanēn amacē ay­i­ek vaksē, balmumu vaksē ve bunlarēn karēĸēmlarē ile doymamēĸ yaĵ asitleri 

a­ēsēndan zengin olan fēndēk yaĵēndan elde edilen oleojellerin erime profillerinin incelenmesidir.  

  

2. MATERYAL -METOT  

2.1. Materyal 

Oleojel hazērlanmasēnda kullanēlan fēndēk yaĵē Ķstanbulôda bir s¿permarketten, balmumu ve ay­i­ek vaksē 

ise Ķstanbulôda gēda katkē maddesi tedarik­isi bir firmadan temin edilmiĸtir. Tablo 1ôde verilen modelleme 

konsantrasyonlarē kullanēlarak fēndēk yaĵē ile hazērlanan oleojel numuneleri -20 ÁC de muhafaza edilerek 

analiz edilmiĸtir.  

 

2.2. Metot 

% 3,5,7 ve 10 konsantrasyonlardaki vakslarēn karēĸēm oranlarē Yanēt Y¿zey Yºntemi kullanēlarak elde 

edilmiĸtir.  
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2.2.1. Oloejel hazērlanmasē 

Tablo 1ôde yer alan deĵerlere gºre balmumu vaksē, ay­i­ek vaksē ve fēndēk yaĵēnēn tartēmē yapēlmēĸtēr. 

Fēndēk yaĵē ile vakslarēn homojen karēĸēmēnēn saĵlanmasē i­in su banyosunda fēndēk yaĵē, balmumu vaksē 

ve ay­i­ek vaksē 85 ÁCôye getirilerek vaksēn erimesi saĵlanmēĸ ve yaĵ vaksēn ¿zerine eklenerek IKAÈ 

T18  Ultra Turrax yardēmē ile 5 dakika boyunca  karēĸtērēlmēĸtēr. Ardēndan karēĸēm SELECTAÈ Ultrasonik 

karēĸtērēcēya alēnarak 5 dakika daha karēĸtērēlma iĸlemine devam edilmiĸtir.  Hazērlanan oleojeller falkon 

t¿plere konularak oda sēcaklēĵēnda 1 saat, +4 ÁCôde 1 saat ĸartlandērēldēktan sonra  analizlerde kullanēlmak 

¿zere -20 ÁCôde saklanmēĸtēr (Pehlivanoĵlu ve ark., 2017: S2856-S2867). 

 

 

 
ķekil 1: Oleojel Hazērlanēĸē  
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Tablo 1: Balmumu Vaksēnēn ve Ay­i­ek Vaksēnēn Karēĸēm Oranlarē  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2.2. DSC analizi 

1 g¿n boyunca -20 ÁC
ô
de sēcaklēĵēnda depolamasē yapēlan oleojellerin termal ºzellikleri diferansiyel 

taramalē kalorimetre (DSC) (Shimadzu, DSC-60 Plus Series, USA) cihazē kullanēlarak yapēlmēĸtēr.  

Numuneler 15-20 mg 160 ɛL al¿minyum DSC panlarēna dikkatle tartēlmēĸ ve numuneler 20 ÁC'den 5 ÁC / 

dk s¿reyle 100 ÁCôye ēsētēlmēĸtēr. Elde edilen termogramdan erime olaylarēnēn baĸlangēcē, on-set (Ton), 

erime noktasē (Tpeak), erime entalpileri (ȹH) hesaplanmēĸtēr (Dassanayake ve ark., 2009: 1-9). 

 

3.  

  

¥rnek No Toplam Vaks Miktarē %Balmumu Vaksē %Ay­i­eĵi Vaksē 

1 %3 0,910 2,089 

2 %3 2,089 0,910 

3 %3 0 3 

4 %3 3 0 

5 %3 1,521 1,478 

1 %5 1,419 3,580 

2 %5 3,580 1,419 

3 %5 5 0 

4 %5 0 5 

5 %5 2,502 2,497 

1 %7 7 0 

2 %7 0 7 

3 %7 3,485 3,515 

4 %7 5,783 1,216 

5 %7 1,216 5,783 

1 %10 10 0 

2 %10 0 10 

3 %10 5,050 4,949 

4 %10 3,527 6,472 

5 %10 6,472 3,527 
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BULGULAR -TARTIķMA 

3.1. Balmumu ve ay­i­ek vaksēnēn erime profili  

¢alēĸmamēzda kullanēlan balmumu ve ay­i­ek vaksēnēn termal ºzellikleri erime baĸlangē­ sēcaklēĵē (Ton), 

erime bitiĸ sēcaklēĵē (Tend), erime sēcaklēĵē (Tpeak), erime entalpisi (Hc) deĵerleri Tablo 2ô de verilmiĸtir 

 

Tablo 1: Balmumu ve Ay­i­ek Vaksē Termal Davranēĸē 

 

 

 

 

3.2. %3 Vaks karēĸēmē i­eren oleojellerin erime profili 

%3 vaks i­eren fēndēk yaĵē oleojellerinin termal ºzellikleri erime baĸlangē­ sēcaklēĵē (Ton), erime bitiĸ 

sēcaklēĵē (Tend), erime sēcaklēĵē (Tpeak), erime entalpisi (Hc) deĵerleri Tablo 3ôte verilmiĸtir. %3 

balmumu vaksē ve ay­i­ek vaksē i­eren oleojellerin erime sēcaklēklarē 54,38ÁC ile 74,27 ÁC
 
arasēnda 

deĵiĸtiĵi,  en y¿ksek erime noktasēnēn 74,26 ÁC  ile %3 ay­i­ek vaksē i­eren oleojel, en d¿ĸ¿k erime 

noktasēnēn ise 54,38 ÁC  ile   %3 balmumu vaksē i­eren oleojel olduĵu saptanmēĸtēr. Sºz konusu 

oleojellerin erime entalpileri 0,2-2,88 J/g arasēnda deĵiĸmektedir. Karēĸēm i­eren vakslar incelendiĵinde 

en d¿ĸ¿k erime noktasēnēn 71,10 ÁC, en y¿ksek erime noktasēnēn 73,20 ÁC olduĵu tespit edilmiĸtir. 

Karēĸēm olarak eklenen vakslarēn oranlarēna baĵlē olarak erime noktasēnēn %2,95 oranēnda arttēĵē 

saptanmēĸtēr. Yapēlan bir ­alēĸmada fēndēk yaĵē bazlē balmumu vaksē ile oluĸturulan oleojellerin ēsēl 

davranēĸlarē incelenmiĸtir. Ticari katē yaĵ ¿r¿nlerinin erime sēcaklēĵē 41.86 ÁC iken ve %3 balmumu vaksē 

i­eren oleojel numunesinin erime sēcaklēĵē ise 45.22 ÁC olarak tespit edilmiĸtir (¥ĵ¿t­¿ ve Yēlmaz ve, 

2014). ¢alēĸmamēz ait deĵerlerin y¿ksek olduĵu gºr¿lmektedir. ¢alēĸmamēzdaki balmumu vaksēnēn erime 

sēcaklēĵēnēn y¿ksek olmasēnēn balmumu vaksēnēn orjini ve safsēzlēĵē ile ilgili olduĵu d¿ĸ¿n¿lmektedir.  

 

Tablo 3: %3 Vaks Karēĸēmē Ķ­eren Oleojellerinin Termal Davranēĸē  

 

3.3. %5 Vaks karēĸēmē i­eren oleojellerin erime profili  

%5 vaks i­eren fēndēk yaĵē oleojellerinin termal ºzellikleri Tablo 4ôte verilmiĸtir. %5 vaks ve vaks 

karēĸēmē i­eren oleojellerin erime sēcaklēklarē 55,60 ÁC ile 75,35 ÁC arasēnda deĵiĸmektedir. En d¿ĸ¿k 

erime sēcaklēĵē 55,60 ÁC ile %5 balmumu vaksē i­eren oleojelde tespit edilirken, en y¿ksek erime sēcaklēĵē 

75,35 ÁC olarak %5 ay­i­ek vaksē i­eren oleojelde tespit edilmiĸtir. Ayrēca oleojellerin erime 

entalpilerinin 2,13-4,61 J/g arasēnda olduĵu belirlenmiĸtir. Karēĸēm vakslē oleojeller incelendiĵinde en 

d¿ĸ¿k erime sēcaklēĵē 71,53 ÁC iken, en y¿ksek erime sēcaklēĵē 73,68ÁC olarak tespit edilmiĸtir. Karēĸēm 

 Tpeak (ÁC) Ton (ÁC) Tend (ÁC) æH (J/g) 

Balmumu vaksē 66,75 63,48 68,77 89,82 

Ay­i­ek vaksē 82,68 85,30 87,00 67,45 

 
%3 Vaks Karēĸēmē Termal Davranēĸ 

No 
Balmumu   

vaksē 

Ay­i­ek 

vaksē 
Tpeak (

ÁC
) Ton (

ÁC
) Tend (

ÁC
) æHc (J/g) 

1 0,910 2,089 73,20Ñ4,580 69,04Ñ1,646 76,38Ñ1,42 0,40Ñ0,098 

2 2,089 0,910 71,10Ñ3,963 70,02Ñ1,737 73,69Ñ1,617 0,60Ñ1,117 

3 0 3 74,267Ñ3,084 73,02Ñ1,826 76,99Ñ1,228 0,20Ñ3,634 

4 3 0 54,38Ñ0,050 52,63Ñ1,492 57,63Ñ0,919 2,88Ñ0,615 

5 1,521 1,478 72,67Ñ1,371 72,53Ñ2,609 73,995Ñ1,972 0,29Ñ0,035 
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olarak eklenen vakslarēn oranlarēnēn deĵiĸimiyle erime noktasēnēn % 3 oranēnda arttēĵē tespit edilmiĸtir. 

%3 vaks ve vaks karēĸēmlarē i­eren oleojellere gºre %5 vaks ve vaks karēĸēmlarēnēn hem erime profilinde 

hem de entalpi deĵerlerinde artēĸ gºr¿lm¿ĸt¿r.  

Propolis vaks ve balmumu vaksē ile hazērlanan nar ­i­eĵi yaĵē oleojellerinin termal ºzelliklerinin 

incelendiĵi bir ­alēĸmada, %5 balmumu vaksē i­eren oleojelin erime sēcaklēĵē 51,5 ÁC iken %5 propolis 

vaks i­eren oleojelin erime sēcaklēĵēnēn 49,94 ÁC olduĵu tespit edilmiĸtir (Fayaz ve ark., 2017: 47-55). 

¢alēĸmamēz ait deĵerlerin de benzer olduĵu gºr¿lmektedir.  

 

Tablo 4: %5 Vaks Karēĸēmē Ķ­eren Oleojellerinin Termal Davranēĸē  

 

3.4. %7 Vaks karēĸēmē i­eren oleojellerin erime profili  

%7 vaks i­eren oleojellerin erime sēcaklēklarē Tablo 5ôte verilmiĸtir. Tablo 5 incelendiĵinde %7 vaks 

i­eren oleojellerin erime sēcaklēklarēnēn 56,09 ÁC ile 75,82 ÁC arasēnda deĵiĸtiĵi, en d¿ĸ¿k erime 

noktasēnēn 56,09 ÁC ile %7 balmumu vaksē i­eren oleojelde, en y¿ksek erime noktasēnēn ise 75,82 ÁC ile 

ay­i­ek vaksē i­eren oleojelde olduĵu tespit edilmiĸtir.  Ayrēca oleojellerin erime entalpilerinin 3,14-5,96 

J/g arasēnda olduĵu saptanmēĸtēr. Karēĸēm vakslē oleojellerin ise en d¿ĸ¿k erime sēcaklēĵē 73,36 ÁC, en 

y¿ksek erime sēcaklēĵē 74,66ÁC olarak tespit edilmiĸtir. Ayrēca karēĸēm olarak eklenen vakslarēn 

oranlarēnēn deĵiĸimiyle erime noktasēnēn % 1,77 oranēnda arttēĵē tespit edilmiĸtir. 

 

Tablo 5: %7 Vaks Karēĸēmē Ķ­eren Oleojellerinin Termal Davranēĸē  

 
%7 Vaks Karēĸēmē Termal Davranēĸ 

No Balmumu   

vaksē 

Ay­i­ek                                                   

vaksē 

Tpeak (
ÁC

) Ton (
ÁC

) Tend (
ÁC

) æHc (J/g) 

1 1,216 5,783 74,66Ñ1,388 71,96Ñ1,276 76,94Ñ0,885 3,96Ñ0,346 

2 5,783 1,216 73,36Ñ0,431 71,5Ñ0,014 74,75Ñ0,205 4,88Ñ1,025 

3 0 7 75,82Ñ0,898 71,76Ñ1,110 75,88Ñ0,127 3,14Ñ0,565 

4 7 0 56,09Ñ0,560 55,5Ñ0,369 56,92Ñ1,266 5,960Ñ2,260 

5 3,485 3,515 73,82Ñ0,409 72,34Ñ0,893 80,66Ñ1,382 4,45Ñ0,063 

 

3.5. %10 Vaks karēĸēmē i­eren oleojellerin erime profili 

%10 vaks i­eren fēndēk yaĵē oleojellerinin termal ºzellikleri Tablo 6ôda verilmiĸtir. %10 vaks i­eren 

oleojellerin erime sēcaklēklarē 58,13 ÁC ile 76,91 ÁC arasēndadēr. En d¿ĸ¿k erime sēcaklēĵē 58,13 ÁC olarak 

 
%5 Vaks Karēĸēmē Termal Davranēĸ 

No 
Balmumu      

vaksē 
Ay­i­ek vaksē Tpeak (C

O
) Ton (C

O
) Tend (C

O
) æHc (J/g) 

1 1,419 3,580 73,68Ñ1,97 70,19Ñ1,234 75,55Ñ1,025 2,13Ñ0,113 

2 3,580 1,419 71,53Ñ0,749 70,75Ñ1,378 75,14Ñ1,428 2,17Ñ0,763 

3 0 5 75,35Ñ1,320 74,14Ñ0,905 78,56Ñ1,171 2,24Ñ1,270 

4 5 0 55,60Ñ0,090 53,72Ñ1,350 58,71Ñ1,51 4,61Ñ0,077 

5 2,502 2,497 72,68Ñ0,800 70,84Ñ1,264 74,62Ñ2,078 4,57Ñ1,680 
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%10 balmumu vaksē i­eren oleojelde , en y¿ksek erime sēcaklēĵē 76,91 ÁC ile %10 ay­i­ek vaksē i­eren 

oleojelde tespit edilmiĸtir. Numunelerin erime entalpileri 3,61 ile 5,98 J/g arasēndadēr.  Karēĸēm vakslē 

oleojeller incelendiĵinde en d¿ĸ¿k erime sēcaklēĵē 73,36 ÁC iken, en y¿ksek erime sēcaklēĵē 74,89ÁC olarak 

saptanmēĸtēr. Karēĸēm olarak eklenen vakslarēn oranlarēnēn deĵiĸimiyle, erime noktasēnēn % 2,22 oranēnda 

arttēĵē tespit edilmiĸtir. 

Fayaz vd., (2017: 47-55) propolis ve balmumu vaksē ile hazērlanan nar ­i­eĵi yaĵē oleojellerin ¿zerinde 

yaptēklarē ­alēĸmada, %10 propolis vaks i­eren oleojelin erime sēcaklēĵēnē 53,96 ÁC %10 balmumu vaksē 

i­eren oleojelin erime sēcaklēĵēnē ise 55,23 ÁC olarak saptamēĸlardēr. Ayrēca bu iki vaks kullanēlarak 

hazērlanan oleojelin erime sēcaklēĵē ise 54,03 ÁC olarak tespit edilmiĸtir. Yapēlan diĵer bir ­alēĸmada  %10 

balmumu vaksē i­eren susam yaĵē oleojelinin erime sēcaklēĵē 52,25 ÁC tespit edilmiĸtir (Moghtadaei ve 

ark., 2018: 368-377).  ¥ĵ¿t­¿ ve Yēlmaz(2014) yaptēklarē ­alēĸmada, %10 balmumu vaksē i­eren 

zeytinyaĵē oleojelinin erime sēcaklēĵēnē 40,04 ÁC, %10 ay­i­eĵi vaksē i­eren zeytinyaĵē oleojelinin erime 

sēcaklēĵēnē ise 48,01 ÁC olarak tespit etmiĸtir. 

¢alēĸmamēza ait deĵerlerin literat¿r ­alēĸmalarēndaki deĵerlerden, genellikle y¿ksek olduĵu gºr¿lmektedir.  

Ay­i­ek vaksēnēn erime profili ¿zerine ay­i­eĵin tohum t¿r¿n¿n, vaks prosesinin ve safsēzlēklarēn etkili 

olduĵu d¿ĸ¿n¿lmektedir. 

 

Tablo 6: %10 Vaks Karēĸēmē Ķ­eren Oleojellerinin Termal Davranēĸē 

 

4. SONU¢ ve ¥NERĶLER 

Gēda end¿strisi g¿nden g¿ne hēzla geliĸmektedir. Gēda end¿strisinin geliĸimi ile birlikte bitkisel katē 

yaĵlarēn t¿ketimide aynē oranda artmaktadēr. Bitkisel katē yaĵlardan ºzellikle doymuĸ ve trans yaĵlarēn  

kardiyovask¿ler hastalēklar, diyabet ve obeziteye neden olduĵu bir ­ok ­alēĸma ile bildirilmektedir. Bu 

durum t¿keticiler ¿zerinde saĵlēk kaygēlarēnē arttērmaktadēr. Bu nedenle D¿nya Saĵlēk ¥rg¿t¿ tarafēndan 

doymamēĸ yaĵ asidi i­eriĵi y¿ksek ve trans yaĵ i­ermeyen yaĵlarēn kullanēlmasē ºnerilmektedir. Sēvē 

yaĵlar hidrojenasyon, interesterifikasyon ve fraksiyonlama gibi teknolojiler kullanēlarak 

sertleĸtirilmektedir. Son yēllarda s¿r¿lebilir yaĵlarēn ¿retiminde alternatif bir yºntem olarak vakslar ile 

oleojelasyon yºntemi ­alēĸmalarē aĵērlēk kazanmēĸtēr. Oleojelasyonda jelleĸmenin yanēnda erime profilide 

olduk­a ºnemlidir. Bu ­alēĸmada fēndēk yaĵē kullanarak ay­i­ek vaksē, balmumu vaksē ve bunlarēn 

karēĸēmlarē ile %3 %5 %7 ve %10 vaks i­eren fēndēk yaĵē oleojelleri ¿retilerek DSC ile erime profilleri 

incelenmiĸtir.  

No 

%10 Vaks Karēĸēmē Termal Davranēĸ 

Balmumu  

Vaksē 

Ay­i­ek               

Vaksē 

Tpeak (
ÁC

) Ton (
O
) Tend (

ÁC
) æHc (J/g) 

1 3,527 6,472 74,89Ñ0,304 73,55Ñ0,014 76,21Ñ0,862 0,38Ñ0,466 

2 6,472 3,527 73,36Ñ0,749 71,55Ñ0,720 76,21Ñ0,678 0,08+0,689 

3 0 10 76,91Ñ0,707 73,46Ñ0,424 78,49Ñ0,784 3,61Ñ0,421 

4 10 0 58,13Ñ0,560 56,45Ñ0,369 61,92Ñ1,266 0,960Ñ2,269 

5 5,050 4,949 74,36Ñ0,523 72,5Ñ0,855 75,57Ñ0,261 0,28Ñ0,141 


































































