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ʉʝʨʠʷ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ, ʤʦʜʝʣʝʡ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʰʠʨʦʢʦʤ 

ʩʧʝʢʪʨʝ ʦʙʣʘʩʪʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʈʘʙʦʪʳ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʩʙʦʨʥʠʢʝ, ʚʳʧʦʣʥʷʣʠʩʴ ʢʘʢ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʟʘʜʘʥʠʡ, ʪʘʢ ʠ ʧʨʠ 

ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ. 

ʉʙʦʨʥʠʢ ʘʜʨʝʩʦʚʘʥ ʩʧʝʮʠʘʣʠʩʪʘʤ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ 

ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʠ ʩʪʫʜʝʥʪʘʤ 

ʚʫʟʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ. 
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ɺʚʝʜʝʥʠʝ ééééééééééééééééé 
 
ʄʦʜʝʣʴ QDE ʢʘʢ ʦʩʥʦʚʘ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ éééé.. 
 
ʊʝʭʥʦʣʦʛʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʠʥʪʝʟʘ 
ʩʦʩʪʘʚʥʳʭ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʧʘʪʪʝʨʥʦʚ 
ʩʦʜʝʨʞʘʥʠʷ éééééééééééééééé.. 
 
ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 
ʧʨʦʪʦʢʦʣʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ OLSR ʚ ʩʝʪʝʚʦʤ 
ʩʠʤʫʣʷʪʦʨʝ NS-3 éééééééééééééé 
 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 
ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 
ʙʝʩʧʨʦʚʦʜʥʳʭ ʤʥʦʛʦʰʘʛʦʚʳʭ ʩʝʪʝʡ ééééé.. 
 
ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 
ʤʠʥʝʨʘʣʦʚ ʧʦ ʩʧʝʢʪʨʘʤ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 
ʨʘʩʩʝʷʥʠʷ ééééééééééééééééé. 
 
ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʠʟʫʘʣʠʟʘʮʠʠ 
ʩʪʝʨʝʦʠʟʦʙʨʘʞʝʥʠʡ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ 
ʢʦʥʚʝʨʛʝʥʮʠʠ ééééééééééééééé.. 
 
ʉʣʝʧʦʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʮʠʬʨʦʚʦʛʦ ʚʦʜʷʥʦʛʦ 
ʟʥʘʢʘ ʚ ʠʟʦʙʨʘʞʝʥʠʷʭ ʩ ʧʘʣʠʪʨʦʡ ʙʝʟ 
ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ éééééééééééééé 
 
ʌʦʨʤʠʨʦʚʘʥʠʝ ʫʯʝʙʥʳʭ ʧʣʘʥʦʚ ʚʫʟʦʚ ʢʘʢ 
ʟʘʜʘʯʘ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ééééé 
 
ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ 
ʚ ʢʘʜʨʘʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ ʄʫʨʤʘʥʩʢʦʡ 
ʦʙʣʘʩʪʠ éééééééééééééééééé. 
 
ʇʨʠʤʝʥʝʥʠʝ ʘʜʘʧʪʠʚʥʦʡ ʛʝʦʚʠʟʫʘʣʠʟʘʮʠʠ ʚ 
ʛʝʦʩʦʮʠʘʣʴʥʳʭ ʤʝʜʠʘ ééééééééééé.. 

 
ʈʘʩʯʸʪ ʟʦʥʳ ʧʦʨʘʞʝʥʠʷ ʜʣʷ ʭʠʤʠʯʝʩʢʠ 
ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ ééééééééééééé. 
 
 

ʉʪʨ. 
 

9 
 
 

10 
 
 
 

26 
 
 
 

37 
 
 
 

45 
 
 
 

56 
 
 
 

62 
 
 
 

71 
 
 

80 
 
 
 

94 
 
 

108 
 
 

120 
 
 



 

4 

ʀ.ɽ. ʂʠʨʠʣʣʦʚ 
 
 
 
 

ʀ.ʅ. ʄʦʨʦʟʦʚ 
ʀ.ɽ. ʂʠʨʠʣʣʦʚ 

 
 
 

ɽ.ɸ. ʉʦʪʥʠʢʦʚ 
ʀ.ʅ. ʄʦʨʦʟʦʚ

 

 
 

ʂ.ʉ. ʄʫʟʳʯʝʥʢʦ 
ʀ.ʅ. ʄʦʨʦʟʦʚ 

 
 

ɺ.ɺ. ɹʠʨʶʢʦʚ 
ɸ.ɻ. ʆʣʝʡʥʠʢ 

 

 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʜʘʧʪʠʚʥʦʡ 
ʤʦʜʝʣʠ ʉɸʋ ɻʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʫʯʝʪʦʤ  
ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ 
ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ éééééééé... 
 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ  
ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 
ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʛʦʨʥʦ-
ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ éééééééé. 
 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʧʨʠ 
ʨʘʟʣʠʯʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʪʝʧʣʦʚʳʭ 
ʥʘʩʦʩʦʚ éééééééééééééééééé. 
 
ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪʦʧʠʪʝʣʴʥʳʭ 
ʨʘʜʠʘʪʦʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʝʞʠʤʘʤʠ  
ʨʘʙʦʪʳ ééééééééééééééééé...... 
 
ʅʝʪʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 
ʧʨʦʮʝʩʩʘ ʤʘʛʥʠʪʥʦ ï ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 
ʩʝʧʘʨʘʮʠʠ ééééééééééééééééé 
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The series "Information Technology" represents the research and development 

results in the field of creation and development of methods, models, information 

technology and systems to support of tasks solving in a wide range of activity areas. 

Presented works were performed as within the framework of governmental 

assignments, well as with the support of RFBR grants.  

The series is intended for experts in development and practical application of 

information systems and technologies in various fields of administrative and industrial 

activity, as well as for teachers and students of corresponding specialists of higher 

education. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

7 

 

TRANSACTIONS     
Kola Science Centre 

 

 

                       INFORMATION 
                     TECHNOLOGIES 

                                   Series 7 

 
CONTENTS 
 

 
 
 
 

R.A. Makedonov 
       A.A. Zuenko 

 
P.A. Lomov 

 
 

V.V. Dikovitsky 
I.O. Datyev 

 
A.A. Pavlov 
I.O. Datyev 

 
 

D.G. Stepenshchikov 
A.V. Chernyavsky 

 
V.V. Dikovitskiy 

A.A. Menkova 
 

A.V. Klimenko 
V.N. Gorbachev 

 
A.A. Zuenko 

O.V. Fridman 
 

D.N. Khaliullina 
V.V. Bystrov 

S.N. Malygina 
 

A.V. Vicentiy 
 
 

ɸ.S. Shemyakin 
S.Yu. Yakovlev 

 
 
 
 
 

 
 
Introduction ..ééééééééééé......éééé 
 
Qde-model as a basis for qualitative simulation of 
dynamical systems ééééééééééééé.. 
 
Automation of sythesis of composite content 
ontology design pattern ééééééééééé.. 
 
Features software implementation of routing 
protocols olsr the network simulator NS-3 ééé... 
 
Research of influence the different parameters on 
characteristics data communication of wireless 
multihop networks éééééééééééééé 
 
An application software for raman diagnostics  
of minerals ééééééééééééééééé 
 
Improving quality of visualization of stereo 
images by changing the convergence angle éé.. 
 
The blind detection for palette image 
watermarking without changing the color éééé 
 
Synthesis of university curriculum as 
a constraint satisfaction problem ééééééé.. 
 
Forecasting additional staffing needs of the 
murmansk region economy branches ééééé.. 
 
 
Application of adaptive geovisualization in 
geosocial media éééééééééééééé.. 
 
Calculation of contaminated area for  
chemically hazardous objects ééééééééé 
 

 
 
 
 

Page 
 

9 
 
 

10 
 
 

26 
 
 

37 
 
 
 

45 
 
 

56 
 
 

62 
 
 

71 
 
 

80 
 
 

94 
 
 
 

108 
 
 

120 
 
 
 
 
 



 

8 

I.E. Kirillov 
 
 
 

I.N. Morozov 
I.E. Kirillov 

 
 

ɽ.A. Sotnikov 
I.N. Morozov 

 
K.S. Muzychenko 

I.N. Morozov 
 

V.V. Birukov 
A.G. Oleynik 

 

Development and research adaptive model  
sau electric in view of changes transfer 
function actuator éééééééééééééé 
 
Using the theory of fuzzy sets in construction of 
automated system of managing grinding mining 
and processing enterprises ééééééééé.. 
 
Modeling of temperature fields at various  
technical implementation of heat pumps ..ééé. 
 
Simulation radiators with different modes 
of operation ééééééééééééééé.... 

 
Innovative approaches to modeling of  
processes of magnetic ï gravity separation .éé.. 

 

 
 

132 
 
 
 

141 
 
 

148 
 
 

154 
 
 

157 
 



 

9 

ɺɺɽɼɽʅʀɽ 

ʉʝʜʴʤʦʡ ʚʳʧʫʩʢ ʩʝʨʠʠ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè ʊʨʫʜʦʚ 

ʂʦʣʴʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʤʦʣʦʜʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʅʘʨʷʜʫ ʩ ʜʦʩʪʘʪʦʯʥʦ 

çʥʦʚʘʪʦʨʩʢʠʤʠè ʨʘʙʦʪʘʤʠ, ʧʦʩʚʷʱʝʥʥʳʤʠ ʨʘʟʨʘʙʦʪʢʝ ʦʨʠʛʠʥʘʣʴʥʳʭ 

ʤʝʪʦʜʦʚ, ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʟʥʘʥʠʡ, ʚ ʚʳʧʫʩʢ 

ʚʢʣʶʯʝʥʳ ʩʪʘʪʴʠ, ʠʤʝʶʱʠʝ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ.  

ɼʦʩʪʘʪʦʯʥʦ ʪʨʘʜʠʮʠʦʥʥʳʤ ʜʣʷ ʚʳʧʫʩʢʦʚ ʩʝʨʠʠ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪ ʧʨʠʣʦʞʝʥʠʝ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʘʚʪʦʨʘʤʠ ʧʦʜʭʦʜʳ ʠ ʧʨʠʢʣʘʜʥʳʝ ʨʝʰʝʥʠʷ. ʕʪʦ ʠ 

çʚʥʫʪʨʝʥʥʷʷè ʦʙʣʘʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ï 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʤʥʦʛʦʰʘʛʦʚʳʝ ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ, ʠ 

ʩʠʩʪʝʤʳ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʅʝ 

ʦʩʪʘʚʣʝʥʘ ʙʝʟ ʚʥʠʤʘʥʠʷ ʪʘʢʘʷ ʚʘʞʥʘʷ ʜʣʷ ʪʝʨʨʠʪʦʨʠʡ ʉʝʚʝʨʘ ʧʨʦʙʣʝʤʘ, 

ʢʘʢ ʢʘʜʨʦʚʦʝ ʦʙʝʩʧʝʯʝʥʠʝ.  

ɸʚʪʦʨʘʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʜʨʦʚʳʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʧʨʠʤʝʥʝʥʠʝ ʘʚʪʦʨʩʢʠʭ ʤʝʪʦʜʦʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʢ ʟʘʜʘʯʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʯʝʙʥʳʭ ʧʣʘʥʦʚ 

ʜʣʷ ʚʫʟʦʚ. ʅʝʩʢʦʣʴʢʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ ʪʝʤʘʪʠʢʝ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠ ʦʙʨʘʙʦʪʢʦʡ ʠʟʦʙʨʘʞʝʥʠʡ. ` 
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ʋɼʂ 004.832 

 
ʈ.ɸ. ʄʘʢʝʜʦʥʦʚ, ɸ.ɸ. ɿʫʝʥʢʦ 
ʀʥʩʪʠʪʫʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʂʦʣʴʩʢʦʛʦ ʅʎ ʈɸʅ 

 
ʄʆɼɽʃʔ QDE ʂɸʂ ʆʉʅʆɺɸ ʂɸʏɽʉʊɺɽʅʅʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

ɼʀʅɸʄʀʏɽʉʂʀʍ ʉʀʉʊɽʄ
*
 

 
ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 
ʫʨʘʚʥʝʥʠʡ ï QDE. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʨʘʟʨʘʙʦʪʘʥʘ ʫʧʨʦʱʝʥʥʘʷ ʤʦʜʝʣʴ 
ʨʘʟʚʠʪʠʷ ʪʦʨʛʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʨʠʤʝʥʠʤʘʷ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʘʩʩʫʞʜʝʥʠʡ ʦ 
ʩʚʦʡʩʪʚʘʭ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʠ ʧʨʦʛʥʦʟʘʭ ʝʝ ʨʘʟʚʠʪʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 
ʢʘʯʝʩʪʚʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʜʚʠʞʝʥʠʷ 
ʥʝʦʙʦʩʥʦʚʘʥʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʤʦʜʝʣʠ 
ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʥʪʫʠʪʠʚʥʦ-ʧʦʥʷʪʥʳʤ 
ʜʣʷ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʢʘʯʝʩʪʚʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʟʘʜʘʯʘ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 
ʦʛʨʘʥʠʯʝʥʠʡ. 

 
R.A. Makedonov, A.A. Zuenko 
 

QDE-MODEL AS A BASIS FOR QUALITATIVE SIMULATION OF 
DYNAMICAL SYSTEMS 

 
Abstract 

The article describes the features of qualitative model of differential equations ï 
QDE. Under this approach, we developed a simplified model of the evolution of 
commercial enterprises, applicable for qualitative reasoning about the properties of 
such systems and forecast of its evolution. The use of qualitative models eliminates 
the necessity for unfounded hypothesizing about the unknown parameters of the 
subject domain model and makes the modeling more intuitive for the end user. 

 
Keywords: 

dynamical systems, qualitative modeling, constraint satisfaction problem. 

 
ɺʚʝʜʝʥʠʝ 

ɺ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʙʳʚʘʝʪ ʪʨʫʜʥʦ ʚʳʷʚʠʪʴ ʪʦʯʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʧʝʨʝʤʝʥʥʳʤʠ ʚ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʝ, ʥʦ ʚʩʝ ʝʱʝ ʦʩʪʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʩʪʘʥʦʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʥʠʤʠ [1]. ʂʨʦʤʝ ʪʦʛʦ, 

ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʩʪʨʦʛʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʜʣʷ ʝʝ ʧʨʠʤʝʥʝʥʠʷ ʪʨʝʙʫʝʪʩʷ 

ʟʥʘʪʴ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ, ʠʟʤʝʨʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʩʠʣʴʥʦ 

ʦʩʣʦʞʥʝʥʦ. ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʳʪʘʝʪʩʷ ʟʘʤʝʥʠʪʴ ʟʥʘʯʝʥʠʷ 

ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʥʘʜʝʷʩʴ, ʯʪʦ ʦʥʠ ʥʝ 

ʩʣʠʰʢʦʤ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʩʪʠʥʥʳʭ. ʇʨʠʤʝʥʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦ-

ʣʷʝʪ ʠʟʙʝʞʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʜʚʠʞʝʥʠʷ ʥʝʦʙʦʩʥʦʚʘʥʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ.  

                                                 
*ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪʳ ˉˉ 14-07-00205a,  

 15-07-02757-ʘ, 16-07-00273a, 16-07-00377a, 16-07-00313a, 16-07-00562a). 

http://www.multitran.ru/c/m.exe?t=43373_1_2&s1=%EF%F0%E5%E4%EF%EE%EB%EE%E6%E5%ED%E8%E5
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ʇʨʠ ʨʝʰʝʥʠʠ ʤʥʦʛʠʭ ʟʘʜʘʯ ʪʦʯʥʳʝ ʯʠʩʣʦʚʳʝ ʜʘʥʥʳʝ ʠ ʚʦʚʩʝ ʥʝ 

ʪʨʝʙʫʶʪʩʷ. ʂ ʪʠʧʠʯʥʳʤ ʟʘʜʘʯʘʤ, ʚ ʢʦʪʦʨʳʭ ʢʘʯʝʩʪʚʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ, ʦʪʥʦʩʷʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ, 

ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ çʠʩʭʦʜʥʳʭ ʧʨʠʥʮʠʧʦʚè, ʥʘʧʨʠʤʝʨ, 

ʟʘʢʦʥʦʚ ʬʠʟʠʢʠ [1]. ɿʘʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʩʦʟʜʘʥʠʝʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʦʜʝʣʝʡ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʥʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ. ʉʫʱʝʩʪʚʝʥʥʦʡ ʪʨʫʜʥʦʩʪʴʶ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʢʘʯʝʩʪʚʝʥ-

ʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʠʝʤʣʝʤʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʚʳʯʠʩʣʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʚʦʟʥʠʢʘʶʱʠʝ ʟʘʜʘʯʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ 

ʟʘʜʘʯ ʢʦʤʙʠʥʘʪʦʨʥʦʛʦ ʧʦʠʩʢʘ ʠ ʩʚʷʟʘʥʳ ʩ ʦʙʨʘʙʦʪʢʦʡ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ 

ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚʦʟʥʠʢʘʶʪ ʩʧʝʮʠ-

ʬʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʠʤʝʶʱʠʝ ʚʳʩʦʢʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ. 

ɼʘʣʝʝ ʚ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ï QDE (Qualitative Differential Equation). ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʨʘʟʨʘʙʦʪʘʥʘ ʫʧʨʦʱʝʥʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʟʚʠʪʠʷ ʪʦʨʛʦʚʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʧʨʠʤʝʥʠʤʘʷ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʘʩʩʫʞʜʝʥʠʡ ʦ ʩʚʦʡʩʪʚʘʭ 

ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʠ ʧʨʦʛʥʦʟʘʭ ʝʝ ʨʘʟʚʠʪʠʷ. 

 

ʄʦʜʝʣʴ QDE 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʨʝʜʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʳ ʜʠʩʢʨʝʪʥʳʭ ʩʠʩʪʝʤ, ʪʘʢʠʝ, ʢʘʢ ʜʠʩʢʨʝʪʥʦ-

ʘʨʛʫʤʝʥʪʥʳʝ ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʳ ʩ ʥʝʯʝʪʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʣʦʛʠʢʦ-ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʳ ʥʘ ʢʦʥʝʯʥʳʭ ʤʥʦʞʝʩʪʚʘʭ (ʪ-ʮʝʧʠ). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʠʟʫʯʘʶʪʩʷ ʠ ʛʠʙʨʠʜʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ 

ʛʣʘʜʢʘʷ, ʪʘʢ ʠ ʜʠʩʢʨʝʪʥʘʷ ʯʘʩʪʠ, ʪʘʢʠʝ, ʢʘʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʘʚʪʦʤʘʪʳ, ʤʦʜʝʣʴ 

ʅʝʨʦʜʘ-ʂʦʥʘ, ʤʦʜʝʣʴ ɹʨʦʢʝʪʘ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ [2]. ɺ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʢʠʭ ʧʨʦʪʦʪʠʧʦʚ ʧʨʝʜʣʘʛʘʝʤʳʭ ʚ ʩʪʘʪʴʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʨʘʙʦʪʳ  

ɻ.ʉ. ʆʩʠʧʦʚʘ [3], ʧʦʩʚʷʱʝʥʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ, ʘ 

ʪʘʢʞʝ ʨʘʙʦʪʳ ʨʷʜʘ ʟʘʧʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ (QDE) ʠ ʤʝʪʦʜ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʤʘʰʠʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ QSIM [1]. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʳʙʨʘʥʥʳʭ ʧʨʦʪʦʪʠʧʦʚ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʢʘʞʜʦʝ ʠʟ ʩʦʩʪʦʷʥʠʡ ʦʙʨʘʟʫʝʪʩʷ ʧʫʪʝʤ ʟʘʤʳʢʘʥʠʷ ʥʝʢʦʪʦʨʦʛʦ 

ʧʦʨʦʞʜʘʶʱʝʛʦ ʤʥʦʞʝʩʪʚʘ ʩʦʙʳʪʠʡ ï ʬʘʢʪʦʚ ʠ ʘʢʩʠʦʤ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʧʝʨʝʤʝʥʥʳʝ, ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʳʭ 

ʢʦʥʝʯʥʳ, ʘ, ʟʥʘʯʠʪ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʤʥʦʛʦʤʝʩʪʥʳʭ ʦʪʥʦʰʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʧʨʠʛʦʜʥʦʡ ʜʣʷ 

ʵʪʦʛʦ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʘʷ ʘʙʩʪʨʘʢʮʠʷ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ï QDE, ʛʜʝ ʧʨʝʜʣʦʞʝʥʳ ʢʦʥʢʨʝʪʥʳʝ ʪʠʧʳ ʢʦʥʝʯʥʳʭ 

ʧʨʝʜʠʢʘʪʦʚ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʯʠʩʣʘ 

ʟʘʤʝʥʷʶʪʩʷ ʠʭ ʟʥʘʢʘʤʠ (ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ), 

ʩʠʤʚʦʣʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ (ʠʥʦʛʜʘ ʥʘʟʳʚʘʝʤʳʤʠ ʦʪʤʝʪʢʘʤʠ) ʠʣʠ 

ʠʥʪʝʨʚʘʣʘʤʠ, ʚʤʝʩʪʦ ʪʦʯʥʳʭ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʩʠʤʚʦʣʠʯʝʩʢʠʝ 

ʦʙʦʟʥʘʯʝʥʠʷ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʠ ʠʥʪʝʨʚʘʣʦʚ, ʘ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʚʨʝʤʝʥʠ 

ʫʧʨʦʱʝʥʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʥʘʧʨʘʚʣʝʥʠʡ ʠʟʤʝʥʝʥʠʷ (ʚʦʟʨʘʩʪʘʶʱʝʝ, 
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ʫʤʝʥʴʰʘʶʱʝʝʩʷ ʠʣʠ ʧʦʩʪʦʷʥʥʦʝ). ʂʦʥʢʨʝʪʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʥʝʥʳ ʤʝʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʤʦʥʦʪʦʥʥʳʝ 

ʦʪʥʦʰʝʥʠʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʘʩʩʫʞʜʝʥʠʡ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ 

ʦʧʝʨʘʮʠʠ ʫʧʨʦʱʝʥʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʘʯʝʩʪʚʝʥʥʳʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ 

ʜʝʡʩʪʚʠʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʨʝʟʫʣʴʪʘʪʳ ʢʘʯʝʩʪʚʝʥʥʳʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ 

ʷʚʣʷʶʪʩʷ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚ ʤʦʜʝʣʠ QDE ʧʨʠʚʦʜʠʪʩʷ 

ʪʠʧʠʟʘʮʠʷ ʤʥʦʛʦʤʝʩʪʥʳʭ ʦʪʥʦʰʝʥʠʡ (ʢʦʥʝʯʥʳʭ ʧʨʝʜʠʢʘʪʦʚ), ʪʨʝʙʫʝʤʳʭ ʜʣʷ 

ʥʝʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ 

ʚʠʜʦʚ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ ʚ ʢʘʯʝʩʪʚʝʥʥʫʶ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʫʞʝ ʠʤʝʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ. ɺ QSIM ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʥ ʩʧʦʩʦʙ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʘ ʪʘʢʞʝ ʚʚʝʜʝʥ ʪʠʧ ʦʪʥʦʰʝʥʠʡ ʜʣʷ 

ʟʘʜʘʥʠʷ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ. 

ʅʘ ʧʨʠʤʝʨʝ ʝʤʢʦʩʪʠ c ʚʦʜʦʡ ʨʘʩʩʤʦʪʨʠʤ ʢʘʯʝʩʪʚʝʥʥʦʝ ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʝʜʧʦʣʦʞʠʤ, ʝʤʢʦʩʪʴ ʧʫʩʪʘ, ʚ ʥʝʝ ʥʝʧʨʝʨʳʚʥʦ 

ʧʦʩʪʫʧʘʝʪ ʚʦʜʘ ʠʟ ʢʨʘʥʘ, ʠ ʩʣʠʚ ʟʘʢʨʳʪ, ʧʦʵʪʦʤʫ ʥʝʪ ʦʪʪʦʢʘ ʚʦʜʳ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʫʶ ʤʦʜʝʣʴ ʵʪʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʟʘʪʝʤ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪʳ ʧʦ ʵʪʦʡ ʤʦʜʝʣʠ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʦʣʞʥʘ ʙʳʪʴ 

ʧʦʣʫʯʝʥʘ ʪʘʙʣʠʮʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʳ ʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʅʘʧʨʠʤʝʨ, ʚ ʵʪʦʡ ʪʘʙʣʠʮʝ ʤʦʛʣʦ ʙʳ ʙʳʪʴ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʚʦʜʳ ʜʦʩʪʠʛʥʝʪ ʢʨʘʷ ʝʤʢʦʩʪʠ ʥʘ ʚʳʩʦʪʝ 62,54 ʩʤ ʯʝʨʝʟ 

159,3 ʩʝʢʫʥʜʳ. ʅʦ ʜʣʷ ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʡ ʩʣʦʞʥʳʡ ʦʪʚʝʪ ʥʝ 

ʥʫʞʝʥ. ɼʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʧʦʣʫʯʠʪʴ ʦʪʚʝʪ ʚ ʨʘʤʢʘʭ ʟʜʨʘʚʦʛʦ ʩʤʳʩʣʘ: ñɺ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʫʨʦʚʝʥʴ ʚʦʜʳ ʙʫʜʝʪ ʥʝʧʨʝʨʳʚʥʦ ʧʦʚʳʰʘʪʴʩʷ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʜʦʩʪʠʛʥʝʪ ʢʨʘʷ ʝʤʢʦʩʪʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʦʜʘ ʥʘʯʥʝʪ ʚʳʣʠʚʘʪʴʩʷ ʯʝʨʝʟ ʢʨʘʡ ʠ 

ʚʳʟʦʚʝʪ ʧʦʜʪʦʧʣʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠò. 

ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʫʪʚʝʨʞʜʝʥʠʡ ʠ 

ʠʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʘʙʩʪʨʘʢʮʠʡ. 
 

ɸʙʩʪʨʘʛʠʨʦʚʘʥʠʝ ʯʠʩʣʦʚʳʭ ʜʘʥʥʳʭ ʧʫʪʝʤ ʠʭ ʟʘʤʝʥʳ ʩʠʤʚʦʣʠʯʝʩʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʠ ʠʥʪʝʨʚʘʣʘʤʠ 
 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʂʘʯʝʩʪʚʝʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ 

Level (3.2 s) = 2.6 cm Level (t1) = zero...top 

Level (3.2 s) = 2.6 cm Level (t1) = pos 

d/dt  Level (3.2 s) = 0.12 m/s ʋʨʦʚʝʥʴ Level (t1) ʚʦʟʨʘʩʪʘʝʪ 

Amount = Level *  (Level + 5.7) M
+
 (Amount, Level) 

 

ɺʨʝʤʷ Time ʂʦʣʠʯʝʩʪʚʦ Amount  

0.0 0.00 Amount (start...end) = zero...top / inc 

0.1 0.02  

é é  

159.3 62.54  
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ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 3.2 ʩʝʢʫʥʜʳ ʫʨʦʚʝʥʴ 

ʚʦʜʳ Level ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ 2.6 ʩʤ, ʬʦʨʤʘʣʴʥʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

Level (3.2 s) = 2.6 cm. 

ʂʘʯʝʩʪʚʝʥʥʘʷ ʘʙʩʪʨʘʢʮʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʫʨʦʚʝʥʴ Level ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t1 ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʜʥʦʤ (ʫʨʦʚʝʥʴ zero) ʠ ʢʨʘʝʤ ʝʤʢʦʩʪʠ ʩ ʚʦʜʦʡ 

(ʫʨʦʚʝʥʴ top), ʤʦʞʝʪ ʙʳʪʴ ʫʩʣʦʚʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ: 

Level (t1) = zeroétop. 

ɿʜʝʩʴ ʪʦʯʥʳʝ ʜʘʥʥʳʝ ʦ ʚʨʝʤʝʥʠ 3.2 ʩʝʢʫʥʜʳ ʙʳʣʠ ʟʘʤʝʥʝʥʳ 

ʩʠʤʚʦʣʠʯʝʩʢʠʤ ʦʙʦʟʥʘʯʝʥʠʝʤ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t1. ʇʦʵʪʦʤʫ ʜʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ 

ʥʝ ʟʘʜʘʝʪ ʪʦʯʥʦʝ ʚʨʝʤʷ, ʘ ʩʦʦʙʱʘʝʪ, ʯʪʦ ʝʩʪʴ ʪʘʢʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, 

ʦʙʦʟʥʘʯʝʥʥʳʡ ʢʘʢ t1, ʚ ʢʦʪʦʨʳʡ ʫʨʦʚʝʥʴ Level ʠʤʝʝʪ ʫʢʘʟʘʥʥʦʝ ʢʘʯʝʩʪʚʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ. ɸ ʯʪʦ ʢʘʩʘʝʪʩʷ ʩʘʤʦʛʦ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʪʦ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʚʩʝ 

ʤʥʦʞʝʩʪʚʦ ʯʠʩʝʣ ʦʪ 0 ʜʦ 62.54 ʙʳʣʦ ʩʚʝʨʥʫʪʦ ʚ ʩʠʤʚʦʣʠʯʝʩʢʠʡ ʠʥʪʝʨʚʘʣ 

zeroétop. ɺ ʧʨʦʮʝʩʩʝ ʜʘʣʴʥʝʡʰʝʛʦ ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʦʠʛʥʦʨʠʨʦʚʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʨʘʷ ʝʤʢʦʩʪʠ ʩ ʚʦʜʦʡ ʢʘʢ ʚʘʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ ʫʨʦʚʝʥʴ Level ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1 ʷʚʣʷʝʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʢʦʪʦʨʦʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Level (t1) = pos. 

ɸʙʩʪʨʘʛʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʧʫʪʝʤ ʠʭ ʟʘʤʝʥʳ 

ʦʙʦʟʥʘʯʝʥʠʷʤʠ ʥʘʧʨʘʚʣʝʥʠʡ ʠʟʤʝʥʝʥʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʝʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʧʨʦʠʟʚʦʜʥʦʡ 

ʫʨʦʚʥʷ Level ʧʦ ʚʨʝʤʝʥʠ: 

d/dt  Level (3.2 s) = 0.12 m/s. 

ʂʘʯʝʩʪʚʝʥʥʘʷ ʘʙʩʪʨʘʢʮʠʷ ʵʪʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʫʨʦʚʝʥʴ 

Level ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1 ʧʦʚʳʰʘʝʪʩʷ. 

ɸʙʩʪʨʘʛʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʡ ʧʫʪʝʤ ʟʘʤʝʥʳ ʤʦʥʦʪʦʥʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʝʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ: 

Amount = Level *  (Level + 5.7). 

ɺʤʝʩʪʦ ʥʝʛʦ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʘʷ ʢʘʯʝʩʪʚʝʥʥʘʷ ʘʙʩʪʨʘʢʮʠʷ; 

ʝʩʣʠ ʫʨʦʚʝʥʴ Level Ó 0, ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ Amount ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʫʶ ʬʫʥʢʮʠʶ ʦʪ Level, ʯʪʦ ʬʦʨʤʘʣʴʥʦ ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: M 
+
 (Amount, Level). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʟʥʘʯʝʥʠʷ Level ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʘʢʞʝ ʟʥʘʯʝʥʠʝ Amount ʠ ʥʘʦʙʦʨʦʪ. ɸʥʘʣʦʛʠʯʥʦ, 

ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʶʱʠʝ ʬʫʥʢʮʠʠ, ʦʙʦʟʥʘʯʘʝʤʳʝ M 
ï
. 

ɸʙʩʪʨʘʛʠʨʦʚʘʥʠʝ ʚʦʟʨʘʩʪʘʶʱʠʭ ʚʨʝʤʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ɺʩʷ ʪʘʙʣʠʮʘ, ʩʦʜʝʨʞʘʱʘʷ ʟʥʘʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ Amount ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʦʪ 0 ʜʦ 159,3 ʩʝʢʫʥʜʳ, ʤʦʞʝʪ ʙʳʪʴ 

ʘʙʩʪʨʘʛʠʨʦʚʘʥʘ ʧʫʪʝʤ ʟʘʤʝʥʳ ʝʝ ʦʜʥʠʤ ʢʘʯʝʩʪʚʝʥʥʳʤ ʫʪʚʝʨʞʜʝʥʠʝʤ: ñɿʥʘʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ Amount ʚ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʤʝʞʜʫ start ʠ end ʥʘʭʦʜʠʪʩʷ 

ʤʝʞʜʫ zero ʠ full, ʧʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʚʦʟʨʘʩʪʘʝʪò (ʪʘʙʣ.). ʊʘʢʦʝ ʫʪʚʝʨʞʜʝʥʠʝ 

ʤʦʞʝʪ ʙʳʪʴ ʬʦʨʤʘʣʴʥʦ ʟʘʧʠʩʘʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Amount (startéend) = zero...full / inc. 

ʂʘʯʝʩʪʚʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʠʩʦʢ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʝʨʝʤʝʥʥʳʭ. ʇʝʨʝʤʝʥʥʳʝ ʚ ʢʘʯʝʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ ʤʦʛʫʪ 

ʧʨʠʥʠʤʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟ ʢʦʥʢʨʝʪʥʳʭ ʦʙʣʘʩʪʝʡ ʦʧʨʝʜʝʣʝʥʠʷ. 

ʂʘʯʝʩʪʚʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ʠʤʝʝʪ ʬʦʨʤʫ: 
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Domain: QMag / Dir , 

ʛʜʝ QMag ï ʢʘʯʝʩʪʚʝʥʥʘʷ ʚʝʣʠʯʠʥʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʣʠʙʦ 

ʦʪʜʝʣʴʥʦʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʣʠʙʦ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʜʚʫʤʷ ʩʤʝʞʥʳʤʠ 

ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʢʦʪʦʨʳʡ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ Land1...Land2, ʘ Dir  ï 

ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ, ʚʦʟʤʦʞʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ inc, std, 

dec. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʜʚʘ ʧʨʠʤʝʨʘ ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʝʨʝʤʝʥʥʦʡ Level ʩ 

ʦʙʣʘʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ { zero, top, inf}:  

level: zero / inc; 

level: zero...top / std. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʢʘʯʝʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʠʞʝ ʧʨʠ ʦʧʠʩʘʥʠʠ ʤʦʜʝʣʠ: 

¶ ʆʛʨʘʥʠʯʝʥʠʝ Derive (X, Y). ʉ ʢʘʯʝʩʪʚʝʥʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ Y ï ʵʪʦ 

ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ X ʧʦ ʚʨʝʤʝʥʠ. ʇʨʦʚʝʨʢʘ ʵʪʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʧʨʦʩʪʦʡ ï ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ X ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʟʥʘʢʫ 

ʧʝʨʝʤʝʥʥʦʡ Y. 

¶ ʆʛʨʘʥʠʯʝʥʠʝ M 
+
 (X, Y). ʇʝʨʝʤʝʥʥʘʷ Y ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʥʦʪʦʥʥʦ 

ʚʦʟʨʘʩʪʘʶʱʫʶ ʬʫʥʢʮʠʶ ʦʪ X. ɿʜʝʩʴ X ʠ Y ʠʤʝʶʪ ʬʦʨʤʫ Dx: QmagX / DirX ʠ 

Dy: QmagY / DirY. ʇʨʠ ʵʪʦʤ, ʚʦ-ʧʝʨʚʳʭ, ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʦʛʣʘʩʦʚʘʥʳ: DirX = DirY, ʚʦ-ʚʪʦʨʳʭ, ʜʦʣʞʥʳ ʩʦʛʣʘʩʦʚʳʚʘʪʴʩʷ ʟʘʜʘʥʥʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ. 

¶ ʆʛʨʘʥʠʯʝʥʠʝ M 
ï
 (X, Y). ʇʝʨʝʤʝʥʥʘʷ Y ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʥʦʪʦʥʥʦ 

ʫʙʳʚʘʶʱʫʶ ʬʫʥʢʮʠʶ ʦʪ X. ɿʜʝʩʴ X ʠ Y ʪʘʢʞʝ ʠʤʝʶʪ ʬʦʨʤʫ Dx: QmagX / DirX ʠ 

Dy: QmagY / DirY. ʇʨʠ ʵʪʦʤ, ʚʦ-ʧʝʨʚʳʭ, ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʦʛʣʘʩʦʚʘʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

DirX = inc, DirY = dec, 

DirX = std, DirY = std, 

DirX = dec, DirY = inc, 

ʚʦ-ʚʪʦʨʳʭ, ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. 

¶ ʆʛʨʘʥʠʯʝʥʠʝ Sum (X, Y, Z). ʕʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʨʘʞʝʥʠʶ 

X + Y = Z, ʚ ʢʦʪʦʨʦʤ ʚʩʝ ʧʝʨʝʤʝʥʥʳʝ (X, Y, Z) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʩʦʩʪʦʷʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʚ ʬʦʨʤʝ Domain: Qmag / Dir. ʕʪʦʤʫ ʦʛʨʘʥʠʯʝʥʠʶ 

ʩʫʤʤʠʨʦʚʘʥʠʷ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʡ, ʠ ʢʘʯʝʩʪ-

ʚʝʥʥʳʝ ʚʝʣʠʯʠʥʳ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʦʚʝʨʷʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʠʡ 

ʠʟʤʝʥʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʚʳʨʘʞʝʥʠʝ 

inc + std = inc 

ʷʚʣʷʝʪʩʷ ʠʩʪʠʥʥʳʤ, ʘ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ï ʣʦʞʥʳʤ: 

inc + std = std. 

ɺʦ-ʚʪʦʨʳʭ, ʢʘʯʝʩʪʚʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʧʝʨʝʤʝʥʥʳʭ X, Y ʠ Z ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʦʛʣʘʩʦʚʘʥʳ ʩ ʦʧʝʨʘʮʠʝʡ ʩʫʤʤʠʨʦʚʘʥʠʷ. 

 

ʂʘʯʝʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ ʨʘʟʚʠʪʠʷ ʪʦʨʛʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʈʘʩʩʤʦʪʨʠʤ ʜʠʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ ʪʦʨʛʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ (ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʦʩʪʦ ï ʧʨʝʜʧʨʠʷʪʠʷ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʝʜʥʝʡ ʥʘʮʝʥʢʠ ʥʘ ʪʦʚʘʨʳ. ɺʳʙʝʨʝʤ 

ʩʣʝʜʫʶʱʠʝ ʧʝʨʝʤʝʥʥʳʝ: ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʣʠʯʝʩʪʚʦ 

ʣʠʢʚʠʜʠʨʦʚʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ (ʦʙʘʥʢʨʦʪʠʚʰʠʭʩʷ ʠ ʟʘʢʨʳʪʳʭ), ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʡ, ʩʨʝʜʥʷʷ ʥʘʮʝʥʢʘ ʥʘ ʪʦʚʘʨʳ (ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʩʪʦ ï 
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ʥʘʮʝʥʢʘ), ʩʨʝʜʥʷʷ ʧʨʠʙʳʣʴ ʧʨʝʜʧʨʠʷʪʠʡ ʦʪ ʧʨʦʜʘʞʠ ʪʦʚʘʨʦʚ (ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʦʩʪʦ ï ʧʨʠʙʳʣʴ). 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʩʪʦʷʥʥʦ ʥʘ 

ʢʘʞʜʦʤ ʰʘʛʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʏʠʩʪʳʡ ʧʨʠʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʡ ʚʳʨʘ-

ʞʘʝʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʚʦʟʥʠʢʘʶʱʠʤʠ ʠ ʣʠʢʚʠʜʠʨʦʚʘʥʥʳʤʠ ʧʨʝʜ-

ʧʨʠʷʪʠʷʤʠ. ʄʦʜʝʣʠʨʫʝʤʘʷ ʥʘʤʠ ʩʠʪʫʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʤʫ ʧʨʦʤʝʞʫʪʢʫ 

ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʯʠʩʪʳʡ ʧʨʠʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʪʦ ʝʩʪʴ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝ ʤʝʥʴʰʝ, ʯʝʤ 

ʣʠʢʚʠʜʠʨʦʚʘʥʥʳʭ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʠʟʥʘʯʘʣʴʥʦ ʠʤʝʝʪʩʷ ʦʜʥʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʝ ʧʨʝʜ-

ʧʨʠʷʪʠʝ. 

ʏʪʦʙʳ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ, ʦʧʨʝʜʝʣʠʤ ʢʘʯʝʩʪ-

ʚʝʥʥʫʶ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʯʠʩʣʘ ʧʨʝʜʧʨʠʷʪʠʡ. ʇʝʨʝʯʠʩʣʠʤ ʧʝʨʝʤʝʥʥʳʝ: 

¶ Profit ï ʩʨʝʜʥʷʷ ʧʨʠʙʳʣʴ ʧʨʝʜʧʨʠʷʪʠʡ (ʦʙʱʘʷ ʧʨʠʙʳʣʴ ʧʨʝʜʧʨʠʷʪʠʡ 

ʨʘʟʜʝʣʝʥʥʘʷ ʥʘ ʠʭ ʢʦʣʠʯʝʩʪʚʦ); 

¶ Markup ï ʩʨʝʜʥʷʷ ʥʘʮʝʥʢʘ ʥʘ ʪʦʚʘʨʳ; 

¶ Amount ï (ʦʙʱʝʝ) ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʡ; 

¶ OpenAmount ï ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ (ʚ ʩʠʣʫ ʜʦʧʫʱʝ-

ʥʠʡ, ʧʦʩʪʦʷʥʥʦ ʠ ʨʘʚʥʦ ʟʥʘʯʝʥʠʶ open_amount); 

¶ CloseAmount ï ʢʦʣʠʯʝʩʪʚʦ ʣʠʢʚʠʜʠʨʦʚʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ; 

¶ Delta ï ʧʨʠʨʦʩʪ ʯʠʩʣʘ ʧʨʝʜʧʨʠʷʪʠʡ (Delta = OpenAmount ï CloseAmount). 

ɼʣʷ ʢʘʞʜʦʡ ʧʝʨʝʤʝʥʥʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʝ ʨʘʟʣʠʯʠʤʳʝ ʟʥʘʯʝʥʠʷ, ʥʘʟʳ-

ʚʘʝʤʳʝ ʦʪʤʝʪʢʘʤʠ.  

ɼʣʷ ʩʨʝʜʥʝʡ ʧʨʠʙʳʣʠ Profit ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʙʳʣʠ minp (ʤʠʥʠʤʘʣʴʥʘʷ ʧʨʠʙʳʣʴ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʧʨʝʜʧʨʠʷʪʠʝ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʙʝʟ ʫʙʳʪʢʘ), ʧʦʵʪʦʤʫ ʙʳʣʦ ʨʝʰʝʥʦ ʚʤʝʩʪʦ ʦʪʤʝʪʢʠ 

zero ʚʢʣʶʯʠʪʴ ʚ ʩʦʩʪʘʚ ʦʪʤʝʪʦʢ ʵʪʦ ʟʥʘʯʝʥʠʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠʙʳʣʴ 

ʦʛʨʘʥʠʯʝʥʘ ʩʚʝʨʭʫ (ʚ ʩʠʣʫ ʜʦʧʫʱʝʥʠʷ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʨʠʙʳʣʠ (Profit) 

ʟʘʜʘʥʦ ʩʣʝʜʫʶʱʝʝ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʦʪʤʝʪʦʢ: 

minp Ò Profit Ò maxp. 

ɿʜʝʩʴ minp ʝʩʪʴ ʤʠʥʠʤʘʣʴʥʘʷ ʧʨʠʙʳʣʴ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʩʦʭʨʘʥʷʝʪʩʷ ʠʭ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ. ɺ ʢʘʯʝʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʚʝʩʪʠ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʪʦʯʥʳʤʠ ʯʠʩʣʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 

minp ʜʦ maxp, ʧʦʵʪʦʤʫ ʚʝʩʴ ʠʥʪʝʨʚʘʣ ʩʣʝʜʫʝʪ ʨʘʟʙʠʪʴ ʥʘ ʪʨʠ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʟʥʘʯʝʥʠʷ (ʪʨʠ ñʢʚʘʥʪʘò) ï minp, minpémaxp, maxp. ʂʚʘʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʣʠʙʦ ʪʦʯʢʠ ʯʠʩʣʦʚʦʡ ʧʨʷʤʦʡ, ʣʠʙʦ ʦʪʢʨʳʪʳʝ ʠʥʪʝʨʚʘʣʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʩʴ 

ʠʩʭʦʜʥʳʡ ʠʥʪʝʨʚʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʢʚʘʥʪʦʚ. 

ʂʚʘʥʪʦʚʘʥʠʝ ʠʥʪʝʨʚʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʯʠʩʣʦʚʳʝ ʠʥʪʝʨʚʘʣʴʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ ʚ ʥʝʯʠʩʣʦʚʳʝ (ʢʘʯʝʩʪʚʝʥʥʳʝ). 

ɸʥʘʣʦʛʠʯʥʦ ʧʦʩʪʫʧʠʤ ʠ ʩ ʦʙʣʘʩʪʷʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʣʴʥʳʭ ʠʥʪʝʨ-

ʚʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

ɼʣʷ ʩʨʝʜʥʝʡ ʥʘʮʝʥʢʠ (Markup) ʚʳʜʝʣʠʤ ʩʣʝʜʫʶʱʠʝ ʦʪʤʝʪʢʠ: ʤʠʥʠ-

ʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (minm) ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (maxm): 

minm Ò Markup Ò maxm. 

ʊʘʢ ʢʘʢ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʥʝʪ ʩʤʳʩʣʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʝʜʧʨʠʷʪʠʡ (Amount) ʤʝʥʴʰʝ ʦʜʥʦʛʦ, ʪʦ ʚʚʝʜʝʤ ʦʪʤʝʪʢʫ one, ʢʦʪʦʨʘʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ ʧʨʝʜʧʨʠʷʪʠʡ ʨʘʚʥʦʤʫ ʦʜʥʦʤʫ: 
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one Ò Amount Ò maxa. 

ɸʥʘʣʦʛʠʯʥʦ:  

zero Ò CloseAmount Ò open_amount. 

ɺ ʩʠʣʫ ʜʦʧʫʱʝʥʠʡ, ʧʝʨʝʤʝʥʥʘʷ Delta ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʪʦʣʴʢʦ ʜʚʘ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷ ï zero (ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ) ʠ pos (ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ). ɿʥʘʯʝʥʠʝ zero ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʨʳʪʳʭ ʠ 

ʟʘʢʨʳʪʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʦʜʠʥʘʢʦʚʦ, ʘ ʟʥʘʯʝʥʠʝ pos ï ʢʦʛʜʘ ʦʪʢʨʳʪʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʙʦʣʴʰʝ, ʯʝʤ ʟʘʢʨʳʪʳʭ. 

ʆʧʠʰʝʤ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ ʧʦʚʝʜʝʥʠʝ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʢʦʥʢʫʨʝʥʮʠʷ ʥʘ ʨʳʥʢʝ ʥʠʟʢʘʷ, ʥʘʮʝʥʢʘ ʠ ʧʨʠʙʳʣʴ ʤʘʢʩʠʤʘʣʴʥʳ, 

ʯʠʩʣʦ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʙʦʣʴʰʝ ʯʠʩʣʘ ʣʠʢʚʠʜʠʨʦʚʘʥʥʳʭ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʡ ʚʦʟʨʘʩʪʘʝʪ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʢʦʥʢʫʨʝʥʮʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʶ ʩʨʝʜʥʝʡ ʥʘʮʝʥʢʠ ʠ ʧʨʠʙʳʣʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʩʪʘʥʝʪ ʨʘʚʥʳʤ ʢʦʣʠʯʝʩʪʚʫ ʣʠʢʚʠʜʠʨʦʚʘʥʥʳʭ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʵʪʦ ʧʨʦʠʟʦʡʜʝʪ, 

ʩʠʩʪʝʤʘ ʧʝʨʝʡʜʝʪ ʚ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʡ ʩʪʘʥʝʪ 

ʧʦʩʪʦʷʥʥʳʤ. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʡ ʚʦ ʚʨʝʤʝʥʠ ʚʳʛʣʷʜʠʪ 

ʧʨʠʤʝʨʥʦ ʪʘʢ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. 
 

 
ʈʠʩ. 1. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʡ ʚʦ ʚʨʝʤʝʥʠ 

 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʝʜʧʨʠʷʪʠʡ ʨʘʚʥʦ ʦʜʥʦʤʫ ʠ ʚʦʟʨʘʩʪʘʝʪ, ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʦʟʥʘʯʝʥʠʝʤ: 

Amount = one / inc. 

ʇʦʩʣʝ ʵʪʦʛʦ ʥʘʩʪʫʧʘʝʪ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʝʜʧʨʠʷʪʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ʦʜʥʦʛʦ (one) ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

(maxa) ʠ ʧʨʦʜʦʣʞʘʝʪ ʚʦʟʨʘʩʪʘʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʨʘʚʝʜʣʠʚʘ ʩʣʝʜʫʶʱʘʷ ʟʘʧʠʩʴ: 

Amount = oneémaxa / inc. 

ʆʯʝʨʝʜʥʦʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʡ ʧʝʨʝʩʪʘʝʪ ʨʘʩʪʠ ʠ ʩʪʘʥʦʚʠʪʩʷ ʧʦʩʪʦʷʥʥʳʤ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʠʞʝ. 

Amount = oneémaxa / std 

ʕʪʦ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʩʦʩʪʦʷʥʠʝ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ. 
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ʊʝʧʝʨʴ ʦʧʨʝʜʝʣʠʤ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ ʚ ʤʦʜʝʣʠ. ʕʪʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʟʳʚʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʧʦʩʢʦʣʴʢʫ ʥʘʣʘʛʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʨʝʜʝʣʳ ʥʘ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ. 

ɺ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʜʝʣʠ ʧʨʠʤʝʥʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ, ʪʠʧʠʯʥʳʝ ʜʣʷ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʘʩʩʫʞʜʝʥʠʡ. ʆʜʥʦ ʠʟ ʪʘʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ Amount ʠ Markup ï ʯʝʤ ʙʦʣʴʰʝ ʯʠʩʣʦ ʧʨʝʜʧʨʠʷʪʠʡ, ʪʝʤ 

ʥʠʞʝ ʫʨʦʚʝʥʴ ʥʘʮʝʥʢʠ. ʕʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

M 
ï
 (Amount, Markup). 

ʆʙʦʟʥʘʯʝʥʠʝ M 
ï
 (X, Y) ʫʢʘʟʳʚʘʝʪ, ʯʪʦ Y ï ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʶʱʘʷ ʬʫʥʢʮʠʷ 

ʦʪ X: ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʫʚʝʣʠʯʝʥʠʷ X ʫʤʝʥʴʰʘʝʪʩʷ Y, ʠ ʥʘʦʙʦʨʦʪ. ɼʣʷ ʪʘʢʦʡ ʩʚʷʟʠ 

M 
ï
 (Amount, Markup) ʫʢʘʞʝʤ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

(one, maxm) ï ʝʩʣʠ ʧʨʝʜʧʨʠʷʪʠʝ ʦʜʥʦ, ʪʦ ʩʨʝʜʥʷʷ ʥʘʮʝʥʢʘ ʤʘʢʩʠʤʘʣʴʥʘ 

(ʢʦʥʢʫʨʝʥʮʠʷ ʦʪʩʫʪʩʪʚʫʝʪ); (maxa, minm) ï ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʨʝʜʥʝʡ ʥʘʮʝʥʢʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʫʨʦʚʥʶ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ, ʯʠʩʣʦ ʧʨʝʜʧʨʠʷʪʠʡ ʤʘʢʩʠʤʘʣʴʥʦ; 

ʪʘʢʞʝ ʩʧʨʘʚʝʜʣʠʚʦ (oneémaxa, minmémaxm). 

ʆʛʨʘʥʠʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʫʶ (ʫʙʳʚʘʶʱʫʶ) 

ʬʫʥʢʮʠʶ, ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʫʜʦʙʥʳʤʠ ʠ ʯʘʩʪʦ ʧʦʟʚʦʣʷʶʪ ʥʘʤʥʦʛʦ ʫʧʨʦʩʪʠʪʴ 

ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʠ. ʇʨʠʤʝʥʷʷ ʟʘʧʠʩʴ M 
ï
 (Amount, Markup), ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ 

ʩʨʝʜʥʷʷ ʥʘʮʝʥʢʘ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʢʘʞʜʦʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʡ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʩʣʝ ʫʤʝʥʴʰʝʥʠʷ ʵʪʦʛʦ ʢʦʣʠʯʝʩʪʚʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʜʘʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʦʩʪʘʝʪʩʷ ʩʧʨʘʚʝʜʣʠʚʳʤ ʜʣʷ ʣʶʙʦʡ ʛʨʫʧʧʳ ʪʦʚʘʨʦʚ. ɽʩʣʠ 

ʚʤʝʩʪʦ ʵʪʦʛʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ: 

Markup = f (Amount), 

ʪʦ ʦʥʦ ʟʘʚʠʩʝʣʦ ʙʳ ʦʪ ʩʪʦʠʤʦʩʪʠ ʪʦʚʘʨʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2 (ʛʨʫʧʧʘ ʪʦʚʘʨʦʚ 

ʤʘʣʦʡ ʩʪʦʠʤʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʥʘʮʝʥʢʫ, ʧʦʵʪʦʤʫ ʧʦʪʝʥʮʠʘʣ 

ʩʥʠʞʝʥʠʷ ʥʘʮʝʥʢʠ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʛʨʫʧʧʳ ʪʦʚʘʨʦʚ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʠ). ʅʦ ʩ ʢʘʯʝʩʪʚʝʥʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʥʘʮʝʥʢʦʡ ʠ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷʝʪʩʷ ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʶʱʠʤ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʠʜʘ 

ʪʦʚʘʨʘ. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʤʦʜʝʣʴ, ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʦʜʨʦʙʥʦ ʠʟʫʯʘʪʴ ʬʦʨʤʫ ʟʘʚʠʩʠʤʦʩʪʠ Markup = f (Amount). ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʟʘʜʘʯʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪʩʷ, ʥʦ ʫʧʨʦʱʝʥʥʘʷ, 

ʢʘʯʝʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ ʚʩʝ ʝʱʝ ʦʩʪʘʝʪʩʷ ʧʨʠʝʤʣʝʤʦʡ ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʚʳʷʚʣʝʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʚʘʞʥʳʭ ʩʚʦʡʩʪʚ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ. 
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ʈʠʩ. 2. ʊʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʨʝʜʥʝʡ ʥʘʮʝʥʢʦʡ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʝʜʧʨʠʷʪʠʡ 

ʪʦʨʛʦʚʣʠ ʟʘʚʠʩʠʪ ʦʪ ʩʪʦʠʤʦʩʪʥʦʡ ʛʨʫʧʧʳ ʪʦʚʘʨʦʚ. ʅʦ ʩʨʝʜʥʷʷ ʥʘʮʝʥʢʘ ʚʩʝʛʜʘ 

ʷʚʣʷʝʪʩʷ ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʶʱʝʡ ʬʫʥʢʮʠʝʡ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʡ 

 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʡ ʙʫʜʝʪ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʪʦ 

ʥʘʩʪʫʧʠʪ ʪʘʢʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪ ʫʨʦʚʝʥʴ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʠ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘʯʥʫʪ ʤʘʩʩʦʚʦ ʟʘʢʨʳʚʘʪʴʩʷ. ʇʦʜʦʙʥʦʝ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʚʩʝʭ ʧʨʝʜʧʨʠʷʪʠʡ ʪʦʨʛʦʚʣʠ 

(ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʢʘʢʦʡ ʛʨʫʧʧʦʡ ʪʦʚʘʨʦʚ ʦʥʠ ʪʦʨʛʫʶʪ). 

ʊʘʢʞʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʩʣʦʞʥʳʤ ʪʦʯʥʦʝ ʦʧʠʩʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʩʨʝʜʥʝʡ ʥʘʮʝʥʢʦʡ Markup ʠ ʧʨʠʙʳʣʴʶ Profit. ʅʦ ʩ ʢʘʯʝʩʪʚʝʥʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʦʥʦ ʷʚʣʷʝʪʩʷ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʠʤ. ɿʘʜʘʜʠʤ ʜʣʷ ʩʚʷʟʠ M 
+
(Markup, Profit) 

ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: (minm, minp) ï ʝʩʣʠ ʥʘʮʝʥʢʘ ʤʠʥʠʤʘʣʴʥʘ, 

ʪʦ ʧʦʣʫʯʘʝʤʘʷ ʧʨʠʙʳʣʴ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʦʡ; (maxm, maxp) ï ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʥʘʮʝʥʢʝ ʧʦʣʫʯʘʝʤʘʷ ʧʨʠʙʳʣʴ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ; ʪʘʢʞʝ ʚʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ 

(minmémaxm, minpémaxp). 

ʋʢʘʞʝʤ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʠʝ M 
ï
 (Profit, CloseAmount) ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ 

Profit ʠ CloseAmount: (maxp, zero) ï ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʠʙʳʣʠ ʢʦʣʠʯʝʩʪʚʦ 

ʣʠʢʚʠʜʠʨʦʚʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʨʘʚʥʦ ʥʫʣʶ; (minp, open_amount) ï ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʦʡ ʧʨʠʙʳʣʠ ʢʦʣʠʯʝʩʪʚʦ ʣʠʢʚʠʜʠʨʦʚʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʨʘʚʥʦ 

ʢʦʣʠʯʝʩʪʚʫ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ; ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ minp é. maxp 

ʧʝʨʝʤʝʥʥʦʡ Profit ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʘʟʫ ʜʚʘ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ CloseAmount ï 

open_amount ʠ zeroéopen_amount. 

ʇʨʠʚʝʜʝʤ ʧʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʦʛʨʘʥʠʯʝʥʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʜʝʣʠ: 
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M 
ï
 (Amount, Markup), 

M 
+
 (Markup, Profit), 

M 
ï
 (Profit, CloseAmount), 

Sum(CloseAmount, Delta, OpenAmount), 

Deriv(Amount, Delta), 

OpenAmount = constant = open_amount / std. 

ɿʜʝʩʴ ʠʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ ʥʘʯʠʥʘʶʪʩʷ ʩ ʧʨʦʧʠʩʥʳʭ ʙʫʢʚ, ʘ ʠʤʝʥʘ ʢʦʥʩʪʘʥʪ 

ï ʩʦ ʩʪʨʦʯʥʳʭ. 

ʇʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʜʘʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʘ (ʨʠʩ. 3). ʋʟʣʳ 

ʛʨʘʬʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʝʤʝʥʥʳʤ ʤʦʜʝʣʠ, ʘ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʫʟʣʘʤʠ 

ʦʙʦʟʥʘʯʘʶʪ ʦʛʨʘʥʠʯʝʥʠʷ. 

 
 

ʈʠʩ. 3. ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʦʜʝʣʠ 

 

ʇʨʠʩʪʫʧʠʤ ʢ ʧʨʦʚʝʜʝʥʠʶ ʤʘʰʠʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʤʝʪʦʜʫ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʘʩʩʫʞʜʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 3. 

ɼʣʷ ʵʪʦʛʦ ʙʫʜʝʤ ʧʨʠʤʝʥʷʪʴ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʦʙʦʟʥʘʯʝʥʠʡ. ɿʘʧʠʩʴ 

Amount = one ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ Amount ʨʘʚʥʦ 

ʦʜʥʦʤʫ, ʘ ʟʘʧʠʩʴ Amount = one / inc ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʝʨʝʤʝʥʥʦʡ Amount ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʦ ʨʘʚʥʦ ʦʜʥʦʤʫ, ʘ ʪʝʧʝʨʴ ʚʦʟʨʘʩʪʘʝʪ. 

ʅʘʯʥʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦ ʩʣʝʜʫʶʱʝʛʦ ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ: 

Amount = one. 

ʉ ʫʯʝʪʦʤ ʥʘʣʠʯʠʷ ʦʛʨʘʥʠʯʝʥʠʷ M 
ï
 (Amount, Markup), ʩʚʷʟʳʚʘʶʱʝʛʦ 

ʧʝʨʝʤʝʥʥʳʝ Amount ʠ Markup (ʩʤ. ʨʠʩ. 3), ʩ ʧʦʤʦʱʴʶ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ 

ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ: 

Markup = maxm. 

ʂ ʵʪʦʤʫ ʦʛʨʘʥʠʯʝʥʠʶ ʧʨʠʤʝʥʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ M 
+
 (Markup, Profit), ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʣʦʛʠʯʝʩʢʠ ʚʳʚʝʩʪʠ ʩʣʝʜʫʶʱʝʝ: 

Profit = maxp. 

ɼʘʣʝʝ ʠʟ ʦʛʨʘʥʠʯʝʥʠʷ M 
ï
 (Profit, CloseAmount) ʤʝʞʜʫ Profit ʠ CloseAmount 

ʧʦʣʫʯʘʝʤ CloseAmount = zero. 

ʇʦʩʣʝ ʵʪʦʛʦ ʦʛʨʘʥʠʯʝʥʠʝ Sum(CloseAmount, Delta, OpenAmount) ʠʣʠ 

CloseAmount + Delta = OpenAmount ʢʦʥʢʨʝʪʠʟʠʨʫʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ: 

zero + Delta = open_amount. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ Delta = pos. 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʦʛʨʘʥʠʯʝʥʠʝ Deriv(Amount, Delta) ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ 

Amount ʠ Delta, ʢʦʪʦʨʦʝ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʝ Delta ʨʘʚʥʦ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ 

ʚʨʝʤʝʥʠ ʦʪ Amount. ʇʦʩʢʦʣʴʢʫ Delta = pos, ʩ ʧʦʤʦʱʴʶ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ 
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ʦʧʨʝʜʝʣʷʝʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ Amount ʜʦʣʞʥʦ ʙʳʪʴ ʚʦʟʨʘʩʪʘʶʱʠʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ 

ʥʠʞʝ: 

Amount = one / inc. 

ʇʨʠʤʝʥʷʷ ʢ ʵʪʦʤʫ ʟʥʘʯʝʥʠʶ ʦʛʨʘʥʠʯʝʥʠʷ M 
ï
 ʠ M 

+
, ʧʦʣʫʯʠʤ: 

Markup = maxm / dec, 

Profit = maxp / dec, 

CloseAmount = zero / inc. 

ɿʘʪʝʤ ʦʛʨʘʥʠʯʝʥʠʝ Sum(CloseAmount, Delta, OpenAmount), ʪʦ ʝʩʪʴ 

CloseAmount + Delta = OpenAmount, ʢʦʥʢʨʝʪʠʟʠʨʫʝʪʩʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʠʞʝ: 

zero / inc + Delta = open_amount / std. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʷʣʦʩʴ ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʝ, ʧʝʨʝʤʝʥʥʘʷ Delta 

ʜʦʣʞʥʘ ʠʤʝʪʴ ʩʣʝʜʫʶʱʝʝ ʟʥʘʯʝʥʠʝ: 

Delta = pos / dec. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʩʦʩʪʦʷʥʠʝ ʤʦʜʝʣʠ ʠʤʝʝʪ ʚʠʜ: 

Amount = one / inc, 

Markup = maxm / dec, 

Profit = maxp / dec, 

CloseAmount = zero / inc, 

Delta = pos / dec. 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʳʝ ʧʝʨʝʭʦʜʳ ʚ ʩʣʝʜʫʶʱʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʚʩʝʭ 

ʧʝʨʝʤʝʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ ʷʚʣʷʶʪʩʷ ʛʣʘʜʢʠʤʠ; ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ 

ʟʥʘʯʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʝʨʳʚʥʦ, ʠ ʧʨʦʠʟʚʦʜʥʳʝ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʧʦ ʚʨʝʤʝʥʠ 

ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʨʝʤʝʥʥʘʷ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ, ʥʝ ʤʦʞʝʪ ʩʪʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʡ, ʥʝ ʧʨʠʥʷʚ ʧʝʨʝʜ ʵʪʠʤ ʥʫʣʝʚʦʝ 

ʟʥʘʯʝʥʠʝ. ʇʦʵʪʦʤʫ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʤʦʞʝʪ ʚ ʩʣʝʜʫʶʱʠʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʣʠʙʦ ʦʩʪʘʪʴʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ, ʣʠʙʦ ʩʪʘʪʴ ʨʘʚʥʦʡ ʥʫʣʶ. ɸʥʘʣʦʛʠʯʥʳʤ 

ʦʙʨʘʟʦʤ, ʚʦʟʨʘʩʪʘʶʱʘʷ ʧʝʨʝʤʝʥʥʘʷ ʤʦʞʝʪ ʣʠʙʦ ʧʨʦʜʦʣʞʘʪʴ ʚʦʟʨʘʩʪʘʪʴ, ʣʠʙʦ 

ʦʩʪʘʚʘʪʴʩʷ ʧʦʩʪʦʷʥʥʦʡ. ʅʦ ʦʥʘ ʥʝ ʤʦʞʝʪ ʚʥʝʟʘʧʥʦ ʩʪʘʪʴ ʫʤʝʥʴʰʘʶʱʝʡʩʷ, 

ʧʦʩʢʦʣʴʢʫ ʚʥʘʯʘʣʝ ʵʪʘ ʧʝʨʝʤʝʥʥʘʷ ʜʦʣʞʥʘ ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ 

ʦʩʪʘʚʘʪʴʩʷ ʧʦʩʪʦʷʥʥʦʡ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʝʩʣʠ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ 

ʧʝʨʝʤʝʥʥʦʡ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ ñincò (ʚʦʟʨʘʩʪʘʶʱʘʷ), ʪʦ ʵʪʘ ʧʝʨʝʤʝʥʥʘʷ ʤʦʞʝʪ 

ʣʠʙʦ ʦʩʪʘʚʘʪʴʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ñincò, ʣʠʙʦ ʧʝʨʝʡʪʠ ʚ ʩʦʩʪʦʷʥʠʝ ñstdò (ʥʝʠʟʤʝʥʥʘʷ), 

ʥʦ ʥʝ ʩʨʘʟʫ ʚ ʩʦʩʪʦʷʥʠʝ ñdecò (ʫʤʝʥʴʰʘʶʱʘʷʩʷ). ɽʱʝ ʦʜʥʦ ʦʛʨʘʥʠʯʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʚʦʟʤʦʞʥʳʝ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ, ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʠʟʤʝʥʷʶʱʘʷʩʷ ʧʝʨʝʤʝʥʥʘʷ ʥʝ ʤʦʞʝʪ ʦʙʦʟʥʘʯʘʪʴʩʷ ʙʦʣʴʰʝ ʯʝʤ ʦʜʥʠʤ 

ʵʢʟʝʤʧʣʷʨʦʤ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʟʥʘʯʝʥʠʷ ʦʪʤʝʪʢʠ. ʇʦʵʪʦʤʫ ʧʝʨʝʭʦʜ ʠʟ ʩʦʩʪʦʷʥʠʷ 

ñzero / incò ʚ ʩʦʩʪʦʷʥʠʝ ñzero / incò ʥʝʚʦʟʤʦʞʝʥ. 

ʉ ʫʯʝʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʶʱʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʝʨʝʤʝʥʥʦʡ 

Amount ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ: 

Amount = one..maxa / inc. 

ʕʪʦ ʟʥʘʯʝʥʠʝ ʥʘʨʷʜʫ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʤʦʜʝʣʠ ʥʘ ʨʠʩ. 3 ʦʧʨʝʜʝʣʷʝʪ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʜʨʫʛʠʭ ʧʝʨʝʤʝʥʥʳʭ. ʇʦʵʪʦʤʫ ʦʯʝʨʝʜʥʦʝ ʢʘʯʝʩʪʚʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

Markup = minm..maxm / dec, 

Profit = minp..maxp / dec, 

CloseAmount = zero..open_amount / inc, 

Delta = pos / dec. 
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ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʧʝʨʝʤʝʥʥʦʡ 

Amount. 

1. Amount = one..maxa / inc. 

2. Amount = one..maxa / std. 

3. Amount = maxa / std. 

4. Amount = maxa / inc. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ Amount ʦʩʪʘʝʪʩʷ 

ʪʘʢʠʤ ʞʝ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʦʩʪʦʷʥʠʠ, ʧʦʵʪʦʤʫ ʦʩʪʘʝʪʩʷ ʚ ʩʠʣʝ ʧʨʝʜʳʜʫʱʝʝ 

ʦʧʠʩʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʚʦʜʠʪʴ ʥʦʚʦʡ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʜʥʦ ʠ ʪʦʞʝ ʢʘʯʝʩʪʚʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʚʨʝʤʝʥʠ. 

ʆʩʪʘʣʴʥʳʝ ʪʨʠ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʭʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ 

ʚʘʨʠʘʥʪʘʤ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʦʧʠʩʘʥʳ ʥʠʞʝ. 

1. ʇʝʨʝʤʝʥʥʘʷ Amount ʧʝʨʝʩʪʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʠ ʧʨʠʥʠʤʘʝʪ ʧʦʩʪʦʷʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʦ ʪʦʛʦ, ʢʘʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʡ ʩʨʝʜʥʷʷ ʥʘʮʝʥʢʘ ʠ ʧʨʠʙʳʣʴ ʜʦʩʪʠʛʥʫʪ 

ʩʚʦʠʭ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ʆʛʨʘʥʠʯʝʥʠʷ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. 3, ʧʦʟʚʦʣʷʶʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʨʫʛʠʝ ʧʝʨʝʤʝʥʥʳʝ ʪʘʢʞʝ ʧʨʠʥʠʤʘʶʪ ʧʦʩʪʦʷʥʥʳʝ ʟʥʘʯʝʥʠʷ, 

ʠ ʩ ʪʝʭ ʧʦʨ ʥʝ ʧʨʦʠʩʭʦʜʷʪ ʢʘʢʠʝ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʮʝʩʩʘ ʤʘʰʠʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Amount = one..maxa / std, 

Markup = minm..maxm / std, 

Profit = minp..maxp / std, 

CloseAmount = open_amount / std, 

Delta = zero / std. 

ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʵʪʦ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ, ʥʦ ʵʪʦ ʩʦʦʙʨʘʞʝʥʠʝ ʚ 

ʜʘʥʥʦʤ ʢʘʯʝʩʪʚʝʥʥʦʤ ʦʧʠʩʘʥʠʠ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʤ ʥʝ 

ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ. 

2. ʇʝʨʝʤʝʥʥʘʷ Amount ʧʨʠʥʠʤʘʝʪ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʯʥʦ ʚ ʪʦʪ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʡ ʩʨʝʜʥʷʷ ʥʘʮʝʥʢʘ ʠ ʧʨʠʙʳʣʴ 

ʜʦʩʪʠʛʘʶʪ ʩʚʦʠʭ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʚʦʟʤʦʞʥʘ, ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʥʘ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 

ʤʘʣʦʚʝʨʦʷʪʥʦʡ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʩʝ ʜʨʫʛʠʝ ʧʝʨʝʤʝʥʥʳʝ ʪʘʢʞʝ ʧʨʠʥʠʤʘʶʪ 

ʧʦʩʪʦʷʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʠ ʩʥʦʚʘ ʥʘʩʪʫʧʘʝʪ ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʮʝʩʩʘ 

ʤʘʰʠʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

Amount = maxa / std, 

Markup = minm / std, 

Profit = minp / std, 

CloseAmount = open_amount / std, 

Delta = zero / std. 

3. ʅʘʮʝʥʢʘ ʠ ʧʨʠʙʳʣʴ ʜʦʩʪʠʛʘʶʪ ʩʚʦʠʭ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩ ʵʪʦʛʦ 
ʤʦʤʝʥʪʘ ʧʨʦʜʦʣʞʘʶʪ ʫʙʳʚʘʪʴ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘʯʠʥʘʶʪ ʨʘʙʦʪʘʪʴ ʚ 

ʫʙʳʪʦʢ, ʢʦʣʠʯʝʩʪʚʦ ʙʘʥʢʨʦʪʩʪʚ ʧʨʝʜʧʨʠʷʪʠʡ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʤʦʜʝʣʴ, 

ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩ. 3, ʧʝʨʝʩʪʘʝʪ ʜʝʡʩʪʚʦʚʘʪʴ. ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʨʝʟʢʠʡ ʧʝʨʝʭʦʜ ʚ ʥʦʚʫʶ ʨʘʙʦʯʫʶ ʦʙʣʘʩʪʴ. ɼʣʷ ʵʪʦʡ ʥʦʚʦʡ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ 

ʪʨʝʙʫʝʪʩʷ ʥʦʚʘʷ ʤʦʜʝʣʴ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
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ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʪʘʥʦʚʷʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤʠ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʦʜʦʙʥʳʭ 

ʨʝʟʢʠʭ ʧʝʨʝʭʦʜʦʚ ʥʝʦʙʭʦʜʠʤ ʦʩʦʙʳʡ ʧʦʜʭʦʜ. ʊʘʢʘʷ ʟʘʜʘʯʘ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ 

ʜʘʥʥʦʡ ʩʪʘʪʴʠ. ʇʦʵʪʦʤʫ ʚʳʭʦʜ ʠʟ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ  

ʨʠʩ. 3, ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʝʨʝʭʦʜ ʝʱʝ ʚ ʦʜʥʦ ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ɹʝʟʫʩʣʦʚʥʦ, ʚ ʨʝʘʣʴʥʦʩʪʠ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ 

ʧʦʩʪʦʷʥʥʳʤ ʯʠʩʣʦʤ ʦʪʢʨʳʚʘʶʱʠʭʩʷ ʧʨʝʜʧʨʠʷʪʠʡ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʪʦʣʴʢʦ 

ʦʜʠʥ ʠʟ ʵʪʠʭ ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ ʨʘʟʚʠʪʠʷ ʩʦʙʳʪʠʡ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʢʘʯʝʩʪʚʝʥʥʘʷ 

ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʛʨʫʙʦʡ ʘʙʩʪʨʘʢʮʠʝʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʠʟ 

ʧʨʦʮʝʩʩʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʜʠʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʡ, ʠʩʢʣʶʯʝʥʘ ʚʩʷ 

ʯʠʩʣʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ. ʂʘʯʝʩʪʚʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʳʜʚʠʥʫʪʴ 

ʨʘʟʫʤʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʢʘʢʠʝ ʚʘʨʠʘʥʪʳ ʨʘʟʚʠʪʠʷ ʩʦʙʳʪʠʡ ʷʚʣʷʶʪʩʷ 

ʚʦʟʤʦʞʥʳʤʠ. 

 

ʄʦʜʝʣʴ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 

ʤʘʪʨʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʘʪʨʠʮʝʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ  ï  ʉ-  ʠ  D-ʩʠʩʪʝʤ. ʇʦʜʨʦʙʥʦʝ 

ʦʧʠʩʘʥʠʝ ʩʧʦʩʦʙʦʚ ʬʦʨʤʘʣʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ ʚ ʚʠʜʝ 

ʫʧʦʤʷʥʫʪʳʭ ʤʘʪʨʠʮʝʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [4], ʠʭ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ 

ʧʨʠʚʝʜʝʥʦ ʚ ʥʘʩʪʦʷʱʝʤ ʩʙʦʨʥʠʢʝ [5]. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʘʥʝʝ ʦʛʨʘʥʠʯʝʥʠʡ: 

M 
ï
 (Amount, Markup), 

M 
+
 (Markup, Profit),  

M 
ï
 (Profit, CloseAmount), 

Sum(CloseAmount, Delta, OpenAmount), 

Deriv(Amount, Delta), 

OpenAmount = constant = open_amount / std,  

ʢ ʠʭ ʤʘʪʨʠʯʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ. 

ɼʣʷ ʢʘʞʜʦʡ ʦʧʠʩʘʥʥʦʡ ʨʘʥʝʝ i-ʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚʚʝʜʝʤ ʧʦ ʜʚʘ ʘʪʨʠʙʫʪʘ 

ʤʘʪʨʠʮ ʦʛʨʘʥʠʯʝʥʠʡ: ʧʝʨʚʳʡ Xi ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ ʧʝʨʝʤʝʥʥʦʡ, ʚʪʦʨʦʡ Yi ï 

ʥʘʧʨʘʚʣʝʥʠʶ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ. ʀʪʘʢ, ʧʨʠʚʝʜʝʤ ʫʧʦʤʷʥʫʪʳʝ ʩʦʦʪʚʝʪʩʪʚʠʷ: 

ʧʝʨʝʤʝʥʥʘʷ Amount ï ʘʪʨʠʙʫʪʳ XA ʠ YA; 

ʧʝʨʝʤʝʥʥʘʷ Markup ï ʘʪʨʠʙʫʪʳ XM ʠ YM; 

ʧʝʨʝʤʝʥʥʘʷ Profit ï ʘʪʨʠʙʫʪʳ XP ʠ YP; 

ʧʝʨʝʤʝʥʥʘʷ CloseAmount ï ʘʪʨʠʙʫʪʳ XC ʠ YC; 

ʧʝʨʝʤʝʥʥʘʷ Delta ï ʘʪʨʠʙʫʪʳ XD ʠ YD; 

ʧʝʨʝʤʝʥʥʘʷ OpenAmount ï ʘʪʨʠʙʫʪʳ XO ʠ YO. 

ʗʚʥʦ ʚʳʧʠʰʝʤ ʜʦʤʝʥʳ ʘʪʨʠʙʫʪʦʚ: 

XA ï { one, (one, maxa), maxa};  

XM ï { minm, (minm, maxm), maxm};  

XP ï { minp, (minp, maxp), maxp};  

XC ï { zero, (zero, open_amount), open_amount};  

XD ï { pos, zero};  

XO ï { open_amount};  

YA, YM, YP, YC, YD, YO ï { inc, std, dec}.  

ʇʨʠ ʚʚʦʜʝ ʥʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʥʝʝ 

ʦʛʨʘʥʠʯʝʥʠʡ ʨʘʩʧʘʜʘʶʪʩʷ ʥʘ ʜʚʘ ʦʪʥʦʰʝʥʠʷ, ʟʘʧʠʩʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʘʪʨʠʮ. 
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ʊʘʢ ʦʛʨʘʥʠʯʝʥʠʝ M 
ï
 (Amount, Markup) ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ: 

 

M1 
ï
 [XA, XM] = 

ù
ù
ù

ú

ø

é
é
é

ê

è
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ma

mma

m

minmax

maxminmaxone
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; 

 

M2 
ï
 [YA, YM] =

ù
ù
ù
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é
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é
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è
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}{}{

incdec

stdstd

decinc

. 

 

ʆʛʨʘʥʠʯʝʥʠʝ M 
+
 (Markup, Profit) ʟʘʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʤʘʪʨʠʮ: 

 

M1 
+
 [XM, XP] = 

ù
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é
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è
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M2 
+
 [YM, YP] = 

ù
ù
ù

ú

ø

é
é
é

ê

è

}{}{

}{}{

}{}{

decdec

stdstd

incinc

. 

 

ʇʦ ʘʥʘʣʦʛʠʠ, ʬʦʨʤʠʨʫʝʤ ʤʘʪʨʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʷ M 
ï
 

 (Profit, CloseAmount): 

 

M1 
ï
 [XP, XC] = 

ù
ù
ù
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amountopenmin
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M2 
ï
 [YP, YC]=
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. 

 

ʆʛʨʘʥʠʯʝʥʠʝ  Sum(CloseAmount, Delta, OpenAmount)  ʠʣʠ 

CloseAmount + Delta = OpenAmount ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʪʘʢ: 

 

QSum1[XC, XD] = ù
ú

ø
é
ê

è

}{}_{

}{)}_,(,{

zeroamountopen

posamountopenzerozero
; 
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QSum2 [YC, YD, YO] = 

ù
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. 

 

ɿʜʝʩʴ ʢʦʤʧʦʥʝʥʪʘ ñ*ò ʦʧʠʩʳʚʘʝʪ ʤʥʦʞʝʩʪʚʦ, ʨʘʚʥʦʝ ʜʦʤʝʥʫ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʛʦ ʘʪʨʠʙʫʪʘ. 

ʆʛʨʘʥʠʯʝʥʠʝ Deriv(Amount, Delta) ʧʝʨʝʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

Deriv[YA, XD] =

ù
ù
ù

ú

ø

é
é
é

ê

è
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}{}{

negdec

zerostd

posinc

. 

 

ʆʛʨʘʥʠʯʝʥʠʝ OpenAmount = constant = open_amount / std ʟʘʧʠʩʳʚʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʜʚʫʭ ʤʘʪʨʠʮ: 

OpenAmount[Xo] = [ ]}_{ amountopen ; 

OpenAmount[Yo] = [ ]}{std . 

 

ɺ ʢʘʯʝʩʪʚʝ ñʷʜʨʘò ʦʧʠʩʘʥʠʷ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʜʝʣʠʨʫʝʤʦʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚʳʩʪʫʧʘʶʪ ʘʪʨʠʙʫʪʳ XA ʠ YA, ʜʘʣʝʝ ʠʤʝʶʱʝʝʩʷ ʦʧʠʩʘʥʠʝ 

ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʞʥʦ ʧʦʧʦʣʥʠʪʴ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ 

ʤʘʪʨʠʮ ʦʛʨʘʥʠʯʝʥʠʡ, ʪʦ ʝʩʪʴ ʩʪʨʦʠʪʩʷ ʟʘʤʳʢʘʥʠʝ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʦʩʣʝ 

ʪʦʛʦ, ʢʘʢ ʩʦʩʪʦʷʥʠʝ ʜʦʩʪʨʦʝʥʦ, ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʚ ʜʨʫʛʦʝ ʩʦʩʪʦʷʥʠʝ ʠʣʠ 

ʟʘʚʝʨʰʝʥʠʝ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʟʘʜʘʯʫ ʟʘʤʳʢʘʥʠʷ ʪʝʢʫʱʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʟʘʜʘʯʫ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ [6]. ʈʝʰʝʥʠʝ 

ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʪʨʦʠʪʴ ʥʘ ʦʩʥʦʚʝ ʙʘʟʦʚʳʭ ʤʝʪʦʜʦʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʯʠʩʣʦʚʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʨʘʥʝʝ ʦʜʥʠʤ ʠʟ 

ʘʚʪʦʨʦʚ ʩʪʘʪʴʠ [7-9]: ʦʧʠʩʘʥʠʝ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʧʦʣʥʳʤ, 

ʢʦʛʜʘ ʩʠʩʪʝʤʘ ʦʛʨʘʥʠʯʝʥʠʡ, ʚʳʨʘʞʝʥʥʳʭ ʚ ʚʠʜʝ ʉ - ʠ D-ʩʪʨʫʢʪʫʨ, ʩʪʘʥʦʚʠʪʩʷ 

ʩʦʚʤʝʩʪʥʦʡ. ʆʜʥʘʢʦ, ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʢʨʝʪʥʳʭ ʤʝʪʦʜʦʚ ʧʦʧʦʣʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʣʦʞʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʦʚʦʜʠʪʴ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ QDE. ʆʧʠʩʘʥʘ ʪʝʭʥʦʣʦʛʠʷ 

ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʧʨʠʤʝʨʝ ʨʘʟʚʠʪʠʷ ʪʦʨʛʦʚʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ. 

ɺ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʧʣʘʥʠʨʫʝʪʩʷ 

ʫʜʝʣʠʪʴ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʬʫʥʢʮʠʶ ʟʘʤʳʢʘʥʠʷ ʪʝʢʫʱʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠ ʬʫʥʢʮʠʶ ʧʝʨʝʭʦʜʦʚ, ʧʦʩʢʦʣʴʢʫ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʧʦʩʚʷʱʝʥʥʦʡ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ, ʧʦʜʦʙʥʳʝ ʤʝʪʦʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ. ɸʣʛʦʨʠʪʤʳ, ʨʝʘʣʠʟʫʶʱʠʝ ʜʘʥʥʳʝ ʬʫʥʢʮʠʠ, ʥʝʠʟʙʝʞʥʦ ʦʙʣʘʜʘʶʪ 
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ʚʳʩʦʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ, ʘ ʠʥʦʛʜʘ ʠ ʜʝʣʘʝʪ 

ʥʝʚʦʟʤʦʞʥʳʤ, ʧʨʠʤʝʥʝʥʠʝ ʦʙʦʙʱʝʥʥʳʭ ʩʭʝʤ ʚʳʯʠʩʣʝʥʠʡ, ʛʜʝ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʚ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ ʠ ʥʝ ʫʜʝʣʷʝʪʩʷ 

ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ ʚʦʧʨʦʩʘʤ ʫʩʢʦʨʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ. 
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ʇ.ɸ. ʃʦʤʦʚ 
ʀʥʩʪʠʪʫʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʂʦʣʴʩʢʦʛʦ ʅʎ ʈɸʅ 

 

ʊɽʍʅʆʃʆɻʀʗ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ ʉʀʅʊɽɿɸ ʉʆʉʊɸɺʅʓʍ 

ʆʅʊʆʃʆɻʀʏɽʉʂʀʍ ʇɸʊʊɽʈʅʆɺ ʉʆɼɽʈɾɸʅʀʗ* 
 
ɸʥʥʦʪʘʮʠʷ 

ʆʥʪʦʣʦʛʠʯʝʩʢʠʝ ʧʘʪʪʝʨʥʳ ʷʚʣʷʶʪʩʷ ʬʦʨʤʘʣʠʟʘʮʠʝʡ ʧʨʦʚʝʨʝʥʥʳʭ ʨʝʰʝʥʠʡ, 
ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʦʥʪʦʣʦʛʠʡ. ɺ 
ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʠʥʪʝʟʘ ʩʦʩʪʘʚʥʦʛʦ 
ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʪʪʝʨʥʘ ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʧʨʦʩʘʤʠ 
ʨʘʟʨʘʙʦʪʯʠʢʘ ʦʥʪʦʣʦʛʠʠ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʧʨʠʚʦʜʠʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʡ 
ʪʝʭʥʦʣʦʛʠʠ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʦʡ ʙʠʙʣʠʦʪʝʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʦʜʦʙʨʘʪʴ 
ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʩʠʥʪʝʟʘ ʧʘʪʪʝʨʥʳ ʠ ʦʩʫʱʝʩʪʚʠʪʴ ʠʭ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 

ʦʥʪʦʣʦʛʠʷ, ʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʧʘʪʪʝʨʥʳ, ʦʥʪʦʣʦʛʠʯʝʩʢʠʡ ʠʥʞʠʥʠʨʠʥʛ. 

 
P.A. Lomov 

 
AUTOMATION OF SYTHESIS OF COMPOSITE CONTENT ONTOLOGY DESIGN 
PATTERN 
 
Abstract 

Using of Ontology Design Patterns (ODPs) become useful for development and 
reengineering ontologies. ODPs represent encodings of best practices supporting 
ontology construction by facilitating reuse of proven solution principles. In this paper 
the automate selection of a CDP combination and sub-sequent synthesis of new 
composite CDP is considered. 

 
Keywords:  

ontology, ontology design patterns, ontology engineering. 

 

ɺʚʝʜʝʥʠʝ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ [1-4] ʠ ʪʝʭʥʦʣʦʛʠʡ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ [5-8], 

ʨʘʟʨʘʙʦʪʢʘ ʦʥʪʦʣʦʛʠʡ ʦʩʪʘʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʚʪʦʨʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ (reuse) ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʘʢʪʠʢ ʨʝʰʝʥʠʷ ʢʣʘʩʩʦʚ ʟʘʜʘʯ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ ʧʦʜʭʦʜʦʤ. ʆʜʥʦʡ 

ʠʟ ʝʛʦ ʨʝʘʣʠʟʘʮʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʧʘʪʪʝʨʥʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (Ontology Design Patterns, ODP). ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ ʧʨʠʤʝʥʝʥʠʷ ʧʘʪʪʝʨʥʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʦʥʪʦʣʦʛʠʡ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʘʚʪʦʨʦʤ ʨʘʥʝʝ ʚ ʨʘʙʦʪʝ [9].  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [10] ODP ʧʨʝʜʩʪʘʚʣʷʶʪ ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʪʠʧʦʚʳʭ 

ʧʨʦʙʣʝʤ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʨʘʤʢʘʭ ODP ʜʣʷ ʢʘʞʜʦʛʦ ʪʘʢʦʛʦ 

ʨʝʰʝʥʠʷ, ʧʦʤʠʤʦ ʝʛʦ ʦʧʠʩʘʥʠʷ, ʜʘʝʪʩʷ ʦʙʦʙʱʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʙʣʝʤʥʦʡ 

ʩʠʪʫʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʝʛʦ ʧʨʠʤʝʥʷʪʴ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ 

ʧʦʩʣʝʜʩʪʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʥʝ 

                                                 
*ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ15-07-03321). 
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ʪʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʧʦʠʩʢ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʚʳʙʨʘʪʴ, ʠʩʭʦʜʷ ʠʟ ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʝʨʝʜ ʥʠʤʠ ʟʘʜʘʯʠ, ʠ 

ʨʝʘʣʠʟʦʚʘʪʴ ʚʘʨʠʘʥʪ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʪʝʤ ʠʣʠ ʠʥʳʤ ODP. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʠʤʝʥʝʥʠʝ ODP ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʪʨʫʜʘ ʠ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʦʡ ʚ ʠʪʦʛʝ ʦʥʪʦʣʦʛʠʠ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʦʚʝʨʝʥʥʳʭ ʨʝʰʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʨʘʟʨʘʙʦʪʢʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ODP, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ 

ʨʝʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʟʘʜʘʯ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʧʨʦʙʣʝʤʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʧʘʪʪʝʨʥʦʚ ʩʦʜʝʨʞʘʥʠʷ (Content ontology Design Patterns, CDP), 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʚ ʚʠʜʝ ʥʘʙʦʨʦʚ ʢʣʘʩʩʦʚ ʦʥʪʦʣʦʛʠʠ, ʩʚʷʟʘʥʥʳʭ ʦʪʥʦʰʝʥʠʷʤʠ, ʪʦ ʝʩʪʴ 

ʬʨʘʛʤʝʥʪʦʚ ʦʥʪʦʣʦʛʠʡ. ɼʣʷ ʢʘʞʜʦʛʦ CDP ʟʘʜʘʝʪʩʷ ʦʙʦʙʱʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʠʪʫʘʮʠʠ (General Use Case, GUC), ʚ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʝʛʦ ʧʨʠʤʝʥʷʪʴ. 

ʅʘʧʨʠʤʝʨ, ʫʯʘʩʪʠʝ ʚ ʩʦʙʳʪʠʠ, ʠʩʧʦʣʥʝʥʠʠ ʨʦʣʠ, ʥʘʣʠʯʠʝ ʯʘʩʪʝʡ ʫ ʦʙʲʝʢʪʘ ʠ 

ʜʨʫʛʠʝ. ʀʩʭʦʜʷ ʠʟ GUC, ʜʣʷ ʧʘʪʪʝʨʥʦʚ ʩʦʜʝʨʞʘʥʠʷ ʪʘʢʞʝ ʟʘʜʘʶʪʩʷ ʥʘʙʦʨʳ 

ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʚʦʧʨʦʩʦʚ (Competency questions). ʂʘʞʜʳʡ ʠʟ ʪʘʢʠʭ ʚʦʧʨʦʩʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ ʟʘʧʨʦʩ ʢ ʦʥʪʦʣʦʛʠʠ, ʦʪʚʝʪ ʥʘ ʢʦʪʦʨʳʡ, 

ʛʘʨʘʥʪʠʨʦʚʘʥʦ ʙʫʜʝʪ ʧʦʣʫʯʝʥ ʚ ʩʣʫʯʘʝ ʨʝʘʣʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʘʪʪʝʨʥʘ.  

ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʠʤʝʥʝʥʠʷ ODP ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʧʘʪʪʝʨʥʦʚ ʩʦʜʝʨʞʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʝʭʥʦʣʦʛʠʠ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʥʪʦʣʦʛʠʡ (eXtreme 

Design methodology, XD). ʆʥʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʠʩʢ ʨʘʟʨʘʙʦʪʯʠʢʦʤ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʘʪʪʝʨʥʘ ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʢʘʪʘʣʦʛʝ ʧʦ 

ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ ʠ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʤ ʚʦʧʨʦʩʘʤ, ʠʤʧʦʨʪʠʨʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʝʛʦ ʝʤʫ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʫʶ ʦʥʪʦʣʦʛʠʶ, 

ʧʦʩʣʝʜʫʶʱʘʷ ʝʛʦ ʢʦʥʢʨʝʪʠʟʘʮʠʷ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʩʣʝʜʥʠʢʦʚ ʝʛʦ ʵʣʝʤʝʥʪʦʚ 

ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʦʥʪʦʣʦʛʠʠ. ʈʘʟʫʤʝʝʪʩʷ, ʨʘʟʨʘʙʦʪʯʠʢ 

ʤʦʞʝʪ ʥʝ ʦʙʥʘʨʫʞʠʪʴ ʧʘʪʪʝʨʥʘ, ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʶʱʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ 

ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʝʤʫ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʢʦʤʙʠʥʘʮʠʷ 

ʥʝʩʢʦʣʴʢʠʭ ʠʟ ʥʠʭ. ʅʘʧʨʠʤʝʨ, ʦʧʨʝʜʝʣʝʥʠʝ ʜʝʡʩʪʚʠʷ, ʧʦʨʷʜʦʢ ʠ ʩʦʩʪʘʚ ʵʪʘʧʦʚ 

ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʫʯʘʩʪʥʠʢʦʚ ʪʨʝʙʫʝʪ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʧʘʪʪʝʨʥʦʚ 

ʩʦʜʝʨʞʘʥʠʷ çʋʯʘʩʪʠʝè (Participation), çʏʘʩʪʴè (PartOf), çʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴè 

(Sequence) ʠ çʉʠʪʫʘʮʠʷè (Situation).  

ʇʨʠ ʵʪʦʤ ʟʘʤʝʪʠʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʧʘʪʪʝʨʥʦʚ ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʝ ʩʚʦʜʠʪʩʷ ʢ ʧʨʦʩʪʦʤʫ ʦʙʲʝʜʠʥʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ 

ʬʨʘʛʤʝʥʪʦʚ ʦʥʪʦʣʦʛʠʡ, ʘ ʪʨʝʙʫʝʪ ʠʭ ʧʝʨʝʩʪʨʦʡʢʠ ʠ ʩʚʷʟʳʚʘʥʠʷ ʠʭ ʦʪʥʦʰʝʥʠʷʤʠ 

ʦʩʦʙʳʤ ʦʙʨʘʟʦʤ. ʕʪʦ ʧʨʝʜʲʷʚʣʷʝʪ ʢ ʨʘʟʨʘʙʦʪʯʠʢʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ 

ʥʘʣʠʯʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ. 

ʊʝʤ ʩʘʤʳʤ ʩʥʠʞʘʝʪʩʷ ʧʦʣʴʟʘ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʘʪʪʝʨʥʦʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʞʝ ʚ ʢʘʪʘʣʦʛʝ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ ʢʦʤʙʠʥʘʮʠʡ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚ 

ʚʠʜʫ ʠʭ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʚʦʧʨʦʩʳ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʧʘʪʪʝʨʥʦʚ ʩʦʜʝʨʞʘʥʠʷ ʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ 

ʛʝʥʝʨʘʮʠʠ ʩʦʩʪʘʚʥʦʛʦ ʧʘʪʪʝʨʥʘ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɽʝ ʧʨʠʤʝʥʝʥʠʝ 

ʧʦʟʚʦʣʠʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʦʜʙʦʨ ʢʦʤʙʠʥʘʮʠʡ ʧʘʪʪʝʨʥʦʚ ʠ ʢʦʤʧʦʥʦʚʢʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʠʪʦʛʝ 

ʬʨʘʛʤʝʥʪʘ ʦʥʪʦʣʦʛʠʠ ʩʦʩʪʘʚʥʦʛʦ ʧʘʪʪʝʨʥʘ ʩʦʜʝʨʞʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʦʙʝʩʧʝʯʠʪʴ ʜʦʣʞʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 



 

28 

ʆʥʪʦʣʦʛʠʯʝʩʢʠʝ ʧʘʪʪʝʨʥʳ ʩʦʜʝʨʞʘʥʠʷ ʢʘʢ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘ ʧʦʥʷʪʠʷ 

ʦʥʪʦʣʦʛʠʠ 

ɺ ʦʙʱʝʤ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʘ ʩʦʩʪʘʚʥʦʛʦ ʧʘʪʪʝʨʥʘ ʩʦʜʝʨʞʘʥʠʷ - X ʩʦʩʪʦʠʪ 

ʠʟ ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ:  

1. ʇʦʣʴʟʦʚʘʪʝʣʴ ʚʳʙʠʨʘʝʪ ʥʘʯʘʣʴʥʳʡ ʧʘʪʪʝʨʥ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʤʫ 

ʬʨʘʛʤʝʥʪ ʦʥʪʦʣʦʛʠʠ ʩʪʘʥʦʚʠʪʴʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʨʘʛʤʝʥʪʘ ʜʣʷ 

ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʧʘʪʪʝʨʥʘ X; 

2. ʉʨʝʜʠ ʧʦʥʷʪʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʢʣʘʩʩʘʤʠ ʚ ʦʥʪʦʣʦʛʠʯʝʩʢʦʤ ʬʨʘʛʤʝʥʪʝ 

ʧʘʪʪʝʨʥʘ X, ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʳʙʠʨʘʝʪ ʪʦ, ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʦʛʦ ʦʥ ʭʦʪʝʣ ʙʳ 

ʨʘʩʰʠʨʠʪʴ ʜʨʫʛʠʤʠ ʧʘʪʪʝʨʥʘʤʠ; 

3. ʀʩʭʦʜʷ ʠʟ ʚʳʙʨʘʥʥʦʛʦ ʧʦʥʷʪʠʷ ʠ ʧʘʪʪʝʨʥʘ, ʢ ʢʦʪʦʨʦʤʫ ʦʥʦ ʦʪʥʦʩʠʪʩʷ, 

ʬʦʨʤʠʨʫʝʪʩʷ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʘʙʦʨ ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʘʪʪʝʨʥʦʚ (Set 

of offered patterns, SOP); 

4. ʇʦʣʴʟʦʚʘʪʝʣʴ ʚʳʙʠʨʘʝʪ ʞʝʣʘʝʤʳʡ ʧʘʪʪʝʨʥ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʜʣʷ 

ʜʦʙʘʚʣʝʥʠʷ ʚ ʩʠʥʪʝʟʠʨʫʝʤʳʡ ʧʘʪʪʝʨʥ X; 

5. ʇʦ ʞʝʣʘʶ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʚʪʦʨ ʰʘʛʦʚ 2-4 ʠʣʠ 

ʟʘʚʝʨʰʝʥʠʝ ʧʨʦʮʝʜʫʨʳ ʧʝʨʝʭʦʜʦʤ ʢ ʰʘʛʫ 6; 

6. ʇʦʣʴʟʦʚʘʪʝʣʴ ʦʩʫʱʝʩʪʚʣʷʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʧʨʘʚʢʫ ʧʦʣʫʯʝʥʥʦʛʦ  

ʧʘʪʪʝʨʥʘ X. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʝʨʚʳʡ ʰʘʛ ʧʨʦʮʝʜʫʨʳ ʪʨʝʙʫʝʪ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʙʳʣ 

ʟʥʘʢʦʤ ʩ ʧʘʪʪʝʨʥʘʤʠ ʩʦʜʝʨʞʘʥʠʷ ʜʣʷ ʚʳʙʦʨʘ ʠʟ ʥʠʭ ʧʦʜʭʦʜʷʱʝʛʦ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʩʣʫʯʘʝ ʟʘʪʨʫʜʥʝʥʠʡ ʩ ʪʘʢʠʤ ʚʳʙʦʨʦʤ ʧʦ 

ʫʤʦʣʯʘʥʠʶ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʘʪʪʝʨʥ çɺʠʜʳ ʩʫʱʥʦʩʪʝʡè (Type of entities). ʆʥ ʠʤʝʝʪ 

ʧʨʦʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʦʧʨʝʜʝʣʷʝʪ ʩ ʧʦʤʦʱʴʶ ʢʣʘʩʩʦʚ ʩʚʦʝʛʦ ʬʨʘʛʤʝʥʪʘ 

ʦʥʪʦʣʦʛʠʠ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʩʫʱʥʦʩʪʝʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʪʘʢʠʝ ʢʘʢ çʂʘʯʝʩʪʚʦè 

(Quality), çʆʙʲʝʢʪè (Object), çʉʦʙʳʪʠʝè (Event), çɸʙʩʪʨʘʢʪʥʳʡ ʦʙʲʝʢʪè 

(Abstract). ʆʩʦʙʝʥʥʦʩʪʴʶ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʩʠʥʪʝʟʝ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʦʙʘʚʣʷʪʴ ʦʪʜʝʣʴʥʳʝ ʢʣʘʩʩʳ ʵʪʦʛʦ ʧʘʪʪʝʨʥʘ. ʅʘʧʨʠʤʝʨ, 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʜʦʙʘʚʠʪʴ ʚ ʩʠʥʪʝʟʠʨʫʝʤʳʡ ʧʘʪʪʝʨʥ X ʪʦʣʴʢʦ ʢʣʘʩʩ çʆʙʲʝʢʪè 

ʜʘʥʥʦʛʦ ʧʘʪʪʝʨʥʘ ʠ ʜʘʣʝʝ ʨʘʩʰʠʨʷʪʴ ʵʪʦʪ ʢʣʘʩʩ ʜʨʫʛʠʤʠ ʧʘʪʪʝʨʥʘʤʠ. 

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʙʦʨʘ ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʘʪʪʝʨʥʦʚ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ 

ʫʯʠʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʪʥʦʰʝʥʠʷ [11, 12] ʤʝʞʜʫ ʧʘʪʪʝʨʥʘʤʠ: 

¶ ʆʪʥʦʰʝʥʠʝ çʩʧʝʮʠʘʣʠʟʠʨʫʝʪè (specialization)  ï  ʇʘʪʪʝʨʥ   P2 ʩʧʝʮʠʘʣʠ-

ʟʠʨʫʝʪ ʜʨʫʛʦʡ ʧʘʪʪʝʨʥ P1, ʢʦʛʜʘ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʜʠʥ ʠʟ ʢʣʘʩʩʦʚ ʠʣʠ ʦʜʥʦ ʠʟ 

ʩʚʦʡʩʪʚ ʚ P2 ʷʚʣʷʝʪʩʷ ʧʦʜʢʣʘʩʩʦʤ ʠʣʠ ʧʦʜʩʚʦʡʩʪʚʦʤ ʥʝʢʦʪʦʨʦʛʦ ʢʣʘʩʩʘ ʠʣʠ 

ʩʚʦʡʩʪʚʘ P1. ʇʨʠ ʵʪʦʤ ʚ ʦʩʪʘʣʴʥʦʤ P1 ʠ P2 ʠʜʝʥʪʠʯʥʳ. 

¶ ʆʪʥʦʰʝʥʠʝ çʠʤʝʝʪ ʯʘʩʪʴè (has-components) ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ 

ʩʣʫʯʘʷʭ: 

- ʇʘʪʪʝʨʥ P2 ʨʘʩʰʠʨʷʝʪ (extends) ʧʘʪʪʝʨʥ P1, ʪ.ʝ. ʢʦʛʜʘ P2 ʩʦʜʝʨʞʠʪ P1 
ʮʝʣʠʢʦʤ ʠ ʜʦʙʘʚʣʷʝʪ ʥʦʚʳʝ ʢʣʘʩʩʳ ʠʣʠ ʩʚʦʡʩʪʚʘ; 

- ʇʘʪʪʝʨʥ P3 ʠʥʪʝʛʨʠʨʫʝʪ ʧʘʪʪʝʨʥʳ (integrates) P2 ʠ P1, ʪ.ʝ. ʢʦʛʜʘ P3 
ʚʢʣʶʯʘʝʪ P1 ʠ P2; 

- ʇʘʪʪʝʨʥ P3 ʦʙʲʝʜʠʥʷʝʪ (merges) ʧʘʪʪʝʨʥʳ P2 ʠ P1, ʪ.ʝ. ʢʦʛʜʘ P3 ʚʢʣʶʯʘʝʪ 

P1 ʠ P2 ʠ ʟʘʜʘʝʪ ʭʦʪʷ ʙʳ ʦʜʥʦ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʢʣʘʩʩʘʤʠ ʠʟ P1 ʠ P2. 

¶ ʆʪʥʦʰʝʥʠʝ çʩʦʦʪʥʦʩʠʪʩʷè (related) ʤʝʞʜʫ ʧʘʪʪʝʨʥʘʤʠ P1 ʠ P2 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥʠ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ ʦʙʱʠʝ ʢʣʘʩʩʳ ʠʣʠ 
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ʥʘʩʣʝʜʫʶʪ ʥʝʢʦʪʦʨʳʝ ʢʣʘʩʩʳ ʜʨʫʛ ʜʨʫʛʘ. ʇʨʠ ʵʪʦʤ ʚ ʦʩʪʘʣʴʥʦʤ P1 ʠ P2 

ʨʘʟʣʠʯʥʳ. 

ʋʯʝʪ ʧʨʠʚʝʜʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʙʦʨʘ 

ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʘʪʪʝʨʥʦʚ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʧʘʪʪʝʨʥʘ X ï SOP(X) ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʧʨʘʚʠʣʘʤ: 

Å ʧʨʘʚʠʣʦ ʜʝʪʘʣʠʟʘʮʠʠ ʦʧʠʩʘʥʠʷ ï ɽʩʣʠ ʧʘʪʪʝʨʥ A ʩʧʝʮʠʘʣʠʟʠʨʫʝʪ ʧʘʪʪʝʨʥ 

X, ʪʦ A ʚʢʣʶʯʘʝʪʩʷ ʚ SOP(X); 

Å ʧʨʘʚʠʣʦ ʜʝʪʘʣʠʟʘʮʠʠ ʦʧʠʩʘʥʠʷ ʯʘʩʪʠ ï ɽʩʣʠ ʧʘʪʪʝʨʥ B ʯʘʩʪʴ ʧʘʪʪʝʨʥʘ X, 

ʘ ʧʘʪʪʝʨʥ A ʩʧʝʮʠʘʣʠʟʠʨʫʝʪ ʧʘʪʪʝʨʥ B, ʪʦ ʧʘʪʪʝʨʥ A ʚʢʣʶʯʘʝʪʩʷ ʚ SOP(X); 

Å ʧʨʘʚʠʣʦ ʨʘʩʰʠʨʝʥʠʷ ʦʧʠʩʘʥʠʷ ï ɽʩʣʠ ʧʘʪʪʝʨʥ A ʩʦʦʪʥʝʩʸʥ ʩ ʧʘʪʪʝʨʥʦʤ X 

ʯʝʨʝʟ ʚʳʙʨʘʥʥʦʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʦʥʷʪʠʝ, ʪʦ ʦʥ ʚʢʣʶʯʘʝʪʩʷ ʚʦ ʤʥʦʞʝʩʪʚʦ 

SOP(X); 

Å ʧʨʘʚʠʣʦ ʦʧʠʩʘʥʠʷ ʮʝʣʦʛʦ ï ɽʩʣʠ ʧʘʪʪʝʨʥ A ʩʦʜʝʨʞʠʪ ʧʘʪʪʝʨʥ X ʚ 

ʢʘʯʝʩʪʚʝ ʯʘʩʪʠ, ʪʦ A ʦʥ ʚʢʣʶʯʘʝʪʩʷ ʚ SOP(X). 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʦʚʦʛʦ ʧʘʪʪʝʨʥʘ ʚ ʩʠʥʪʝʟʠʨʫʝʤʳʡ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʥʘ ʚʳʙʦʨ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʜʦʙʘʚʣʝʥʠʷ ʚ ʚʠʜʝ: 

})}{},({{ kjni AConceptEConceptactionAO =  , 

ʛʜʝ {EConceptj} ï ʧʦʜʤʥʦʞʝʩʪʚʦ ʧʦʥʷʪʠʡ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʧʘʪʪʝʨʥʘ ʠ 

{AConceptk} ʧʦʜʤʥʦʞʝʩʪʚʦ ʧʦʥʷʪʠʡ ʜʦʙʘʚʣʷʝʤʦʛʦ ʧʘʪʪʝʨʥʘ, ʥʘʜ ʢʦʪʦʨʳʤʠ 

ʙʫʜʫʪ ʧʨʦʠʟʚʝʜʝʥʦ ʜʝʡʩʪʚʠʝ - action. 

ɼʝʡʩʪʚʠʷ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʧʘʪʪʝʨʥʦʚ ʠ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ 

ʧʝʨʝʠʤʝʥʦʚʘʥʠʝ ʧʦʥʷʪʠʷ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʧʘʪʪʝʨʥʘ ʩ ʫʯʝʪʦʤ ʜʦʙʘʚʣʷʝʤʦʛʦ, 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʙʘʚʣʷʝʤʦʛʦ ʧʦʥʷʪʠʷ ʢʘʢ ʩʫʧʝʨ/ʧʦʜʢʣʘʩʩʘ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʠʣʠ 

ʝʛʦ ʟʘʤʝʱʝʥʠʷ ʠ ʜʨʫʛʠʝ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʧʦʥʷʪʠʷ çʉʦʙʳʪʠʝè (Event) 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʘʪʪʝʨʥʘ çʂʦʣʣʝʢʮʠʷè (Collection) ʩ ʮʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʝʛʦ ʚ 

ʚʠʜʝ ʥʝʢʦʪʦʨʦʛʦ ʤʥʦʞʝʩʪʚʘ, ʙʫʜʝʪ ʧʨʝʜʣʦʞʝʥʦ ʩʤʝʥʠʪʴ ʠʤʷ ʫ ʧʦʥʷʪʠʷ 

çʉʦʙʳʪʠʝè ʥʘ çʂʦʣʣʝʢʮʠʷʉʦʙʳʪʠʝè (EventCollection). 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʘʪʪʝʨʥʦʚ ʧʨʠ ʩʠʥʪʝʟʝ  

ʇʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʢʦʪʦʨʳʭ ʦʙʱʠʭ ʧʘʪʪʝʨʥʦʚ 

ʩʦʜʝʨʞʘʥʠʷ ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʘʪʪʝʨʥʦʚ ʷʚʣʷʝʪʩʷ 

çʉʠʪʫʘʮʠʷè (Situation)[12]. ʊʘʢ ʢʘʢ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ (ʢʘʢ ʯʘʩʪʴ 

ʠ/ʠʣʠ ʧʨʝʜʦʢ) ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʦʙʱʠʭ ʧʘʪʪʝʨʥʦʚ ʩʦʜʝʨʞʘʥʠʷ (ʜʘʣʝʝ ʙʫʜʝʤ 

ʥʘʟʳʚʘʪʴ ʠʭ çʉʠʪʫʘʮʠʦʥʥʳʝ ʧʘʪʪʝʨʥʳè), ʪʦ ʧʨʠʚʝʜʝʥʥʳʝ ʜʘʣʝʝ ʧʨʠʝʤʳ 

ʧʨʠʤʝʥʠʤʳ ʠ ʢ ʥʠʤ. ʉʠʪʫʘʮʠʦʥʥʳʝ ʧʘʪʪʝʨʥʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ n-ʘʨʥʦʛʦ ʦʪʥʦʰʝʥʠʷ (n>2) ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʅʘʧʨʠʤʝʨ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʪʘʪʫʩʘ ʦʙʲʝʢʪʘ, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ 

ʥʝʢʦʪʦʨʦʤ ʩʦʙʳʪʠʠ ʠʣʠ ʥʘʣʠʯʠʝ ʫ ʧʘʮʠʝʥʪʘ ʜʠʘʛʥʦʟʘ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʥʦʰʝʥʠʷ ʙʫʜʝʪ ʪʝʨʥʘʨʥʳʤʠ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʦʧʠʩʘʥʠʷ ʦʥʪʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ 

ʷʟʳʢ ʚʝʙ-ʦʥʪʦʣʦʛʠʡ (Ontology Web Language, OWL)[13], ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʟʘʜʘʚʘʪʴ ʪʦʣʴʢʦ ʙʠʥʘʨʥʳʝ ʦʪʥʦʰʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʪʥʦʰʝʥʠʡ ʙʦʣʴʰʝʡ 

ʘʨʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʦʧʨʝʜʝʣʝʥʠʷ çʨʝʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷè (reified relation). ɼʘʥʥʦʝ çʦʪʥʦʰʝʥʠʝè ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ 

ʢʣʘʩʩʦʤ çʉʠʪʫʘʮʠʷè (Situation), ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʙʠʥʘʨʥʳʝ ʦʪʥʦʰʝʥʠʷ çʟʘʜʘʥ-

ʜʣʷè (isSettingFor) ʩʦ ʚʩʝʤʠ ʫʯʘʩʪʥʠʢʘʤʠ n-ʘʨʥʦʛʦ ʦʪʥʦʰʝʥʠʷ (ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʩʠʪʫʘʮʠʠ) (ʨʠʩ. 1). 
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ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ CDP çʉʠʪʫʘʮʠʷè (Situation) 

 

ɿʘʤʝʪʠʤ, ʯʪʦ ʦʙʳʯʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʧʘʪʪʝʨʥʘ ʦʪʥʦʰʝʥʠʝ 

çʟʘʜʘʥ-ʜʣʷè ʟʘʤʝʥʷʝʪʩʷ ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʳʤ ʦʪʥʦʰʝʥʠʝʤ-ʥʘʩʣʝʜʥʠʢʦʤ, 

ʫʢʘʟʳʚʘʶʱʠʤ ʥʘ ʨʦʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʥʷʪʠʷ ʚ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʪʫʘʮʠʠ ï ʫʯʘʩʪʥʠʢʠ n-ʘʨʥʦʛʦ ʦʪʥʦʰʝʥʠʷ, ʩʚʷʟʘʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ ʦʪʥʦʰʝʥʠʷ ʩ ʧʦʥʷʪʠʝʤ ʩʠʪʫʘʮʠʠ.  

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʠʥʪʝʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʪʫʘʮʠʦʥʥʳʭ ʧʘʪʪʝʨʥʦʚ 

ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʩʣʫʯʘʠ: 

1.  ʉʠʪʫʘʮʠʦʥʥʳʡ ʧʘʪʪʝʨʥ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʧʦʥʷʪʠʶ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ 

ʧʘʪʪʝʨʥʘ ʠ ʧʨʠ ʵʪʦʤ ʚ ʧʦʩʣʝʜʥʝʤ ʥʝʪ ʜʨʫʛʠʭ ʩʠʪʫʘʮʠʦʥʥʳʭ ʧʘʪʪʝʨʥʦʚ, 

ʜʦʙʘʚʣʝʥʥʳʭ ʨʘʥʝʝ; 

2.  ʉʠʪʫʘʮʠʦʥʥʳʡ ʧʘʪʪʝʨʥ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʧʦʥʷʪʠʶ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ 

ʧʘʪʪʝʨʥʘ, ʢʦʪʦʨʦʝ ʫʞʝ ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ ʩʠʪʫʘʮʠʠ, ʟʘʜʘʥʥʦʡ ʜʨʫʛʠʤ 

ʩʠʪʫʘʮʠʦʥʥʳʤ ʧʘʪʪʝʨʥʦʤ; 

3.  ʉʠʪʫʘʮʠʦʥʥʳʡ ʧʘʪʪʝʨʥ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʧʦʥʷʪʠʶ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ 

ʧʘʪʪʝʨʥʘ, ʢʦʪʦʨʦʝ ʥʝ ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ ʩʠʪʫʘʮʠʠ, ʟʘʜʘʥʥʦʡ ʜʨʫʛʠʤ 

ʩʠʪʫʘʮʠʦʥʥʳʤ ʧʘʪʪʝʨʥʦʤ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʠ ʧʘʪʪʝʨʥʦʚ, ʜʦʙʘʚʣʝʥʥʳʭ ʥʘ 

ʧʨʝʜʳʜʫʱʠʭ ʰʘʛʘʭ, ʝʩʪʴ ʩʠʪʫʘʮʠʦʥʥʳʝ. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʣʘʛʘʶʪʩʷ ʥʘ ʚʳʙʦʨ ʥʝʩʢʦʣʴʢʦ 

ʚʘʨʠʘʥʪʦʚ ʜʦʙʘʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʘʢʠʝ ʠʟ ʧʦʥʷʪʠʡ ʩʣʝʜʫʝʪ ʚʢʣʶʯʠʪʴ ʚ 

ʩʠʪʫʘʮʠʶ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʜʦʙʘʚʣʷʝʤʳʤ ʧʘʪʪʝʨʥʦʤ.  

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʚʘʨʠʘʥʪʳ ʜʦʙʘʚʣʝʥʠʷ ʙʫʜʫʪ ʚʢʣʶʯʘʪʴ ʚʳʧʦʣʥʝʥʠʝ: 

-  ʧʦʛʣʦʱʝʥʠʷ (absorption) ʩʠʪʫʘʮʠʠ, ʟʘʜʘʥʥʦʡ ʚ ʜʦʙʘʚʣʷʝʤʦʤ ʩʠʪʫʘ-

ʮʠʦʥʥʦʤ ʧʘʪʪʝʨʥʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʝʝ ʢʦʤʧʦʥʝʥʪʳ ʙʫʜʫʪ ʚʢʣʶʯʝʥʳ ʚ ʩʫʱʝʩʪ-

ʚʫʶʱʫʶ ʚ ʩʠʥʪʝʟʠʨʫʝʤʦʤ ʧʘʪʪʝʨʥʝ; 

-  ʚʢʣʶʯʝʥʠʷ (inclusion) ʩʠʪʫʘʮʠʠ, ʟʘʜʘʥʥʦʡ ʚ ʜʦʙʘʚʣʷʝʤʦʤ ʩʠʪʫʘʮʠʦʥʥʦʤ 

ʧʘʪʪʝʨʥʝ, ʚ ʚʠʜʝ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʚ ʩʠʥʪʝʟʠʨʫʝʤʦʤ ʧʘʪʪʝʨʥʝ. 

ʇʦʛʣʦʱʝʥʠʝ ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʷʪʴ, ʢʦʛʜʘ ʧʨʠ ʙʫʜʫʱʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʥʪʦʣʦʛʠʠ, ʚʢʣʶʯʘʶʱʝʡ ʩʠʥʪʝʟʠʨʫʝʤʳʡ ʧʘʪʪʝʨʥ, ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʳʜʝʣʷʪʴ 

ʦʪʜʝʣʴʥʦ ʢʦʥʪʝʢʩʪ ʩʠʪʫʘʮʠʠ (ʥʘʙʦʨ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʥʠʤʠ) 

ʜʦʙʘʚʣʷʝʤʦʛʦ ʩʠʪʫʘʮʠʦʥʥʦʛʦ ʧʘʪʪʝʨʥʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʚ ʦʥʪʦʣʦʛʠʠ 

ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ-ʩʠʪʫʘʮʠʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʠʩʢʫʩ-

ʩʪʚʝʥʥʳʤʠ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʯʘʩʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʥʷʪʠʷʤ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ.  

ɺʢʣʶʯʝʥʠʝ ʩʠʪʫʘʮʠʠ ʚ ʚʠʜʝ ʢʦʤʧʦʥʝʥʪʘ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʣʝʜʫʝʪ ʚʳʧʦʣ-

ʥʷʪʴ, ʢʦʛʜʘ ʝʝ ʢʦʥʪʝʢʩʪ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʤʳʤ. ʂ ʪʘʢʠʤ ʩʣʫʯʘʷʤ ʦʪʥʦʩʠʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʩʠʥʪʝʟʝ ʧʘʪʪʝʨʥʘ çʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴè (Sequence) ʠʣʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʭ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʧʘʪʪʝʨʥʘ ʤʦʞʥʦ ʟʘʜʘʪʴ ʧʦʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʩʫʱʥʦʩʪʝʡ ʟʘ ʩʯʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ʦʪʥʦʰʝʥʠʡ çʩʣʝʜʫʝʪè 
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(follows), çʩʣʝʜʫʝʪ-ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦè (directlyFollows), çʧʨʝʜʰʝʩʪʚʫʝʪè 

(precedes), çʧʨʝʜʰʝʩʪʚʫʝʪ-ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦè (directlyPrecedes) (ʨʠʩ. 2).   
 

 
 

ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ CDP çʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴè (Sequence)  

 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʝ ʜʘʥʥʦʛʦ ʧʘʪʪʝʨʥʘ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʩʠʪʫʘʮʠʶ ʧʨʦʠʟ-

ʚʦʜʠʪʩʷ ʝʛʦ ʧʨʠʚʝʜʝʥʠʝ ʢ ʩʠʪʫʘʮʠʦʥʥʦʤʫ ʧʘʪʪʝʨʥʫ (ʨʠʩ. 3).  

 

 
 

ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ CDP çʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴè (Sequence), 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʚ ʩʠʪʫʘʮʠʦʥʥʳʡ ʧʘʪʪʝʨʥ 

 

ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʘʜʘʥʥʦʡ ʚ ʥʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ 

ʚʠʜʝ ʢʣʘʩʩʘ-ʩʠʪʫʘʮʠʠ çʉʠʪʫʘʮʠʷʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴè (SequenceSit), ʚʢʣʶʯʘʶ-

ʱʝʡ ʝʜʠʥʩʪʚʝʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ï ʧʝʨʚʳʡ ʵʣʝʤʝʥʪ (FirstSegment), ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʩʩʳʣʘʝʪʩʷ ʯʝʨʝʟ ʦʪʥʦʰʝʥʠʝ çʠʤʝʝʪ-ʩʣʝʜʫʶʱʠʡ-ʩʝʛʤʝʥʪè (hasNextSeg) 

ʥʘ ʩʣʝʜʫʶʱʠʡ ʠ ʥʘ ʫʧʦʨʷʜʦʯʠʚʘʝʤʫʶ ʩʫʱʥʦʩʪʴ (Entity). 

ʇʦʣʫʯʝʥʥʳʡ ʢʣʘʩʩ-ʩʠʪʫʘʮʠʷ çʉʠʪʫʘʮʠʷʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴè (SequenceSit) 

ʩʪʘʥʦʚʠʪʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʤ ʩʫʱʝʩʪʚʫʶʱʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʫʜʘʝʪʩʷ ʩʦʭʨʘʥʠʪʴ ʟʘʜʘʥʥʳʡ ʧʦʨʷʜʦʢ ʥʘ ʵʣʝʤʝʥʪʘʭ. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʪʘʢʞʝ ʚʳʧʦʣʥʷʪʴ ʚʢʣʶʯʝʥʠʝ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʠʪʫʘ-

ʮʠʦʥʥʳʭ ʧʘʪʪʝʨʥʦʚ, ʟʘʜʘʶʱʠʭ ʩʣʦʞʥʳʝ ʩʚʦʡʩʪʚʘ  [14]. ʊʘʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʳʯʥʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʘʪʨʠʙʫʪʳ ʦʙʲʝʢʪʦʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ (ʚʝʨʦʷʪʥʦʩʪʴʶ, ʪʦʯʥʦʩʪʴʶ ʠ ʜʨ.) ʠʣʠ ʚʢʣʶʯʘʶʪ ʥʝʩʢʦʣʴʢʦ 

ʘʩʧʝʢʪʦʚ (ʥʘʧʨʠʤʝʨ, ʢʦʤʧʘʥʠʷ ʠʤʝʝʪ ʝʞʝʤʝʩʷʯʥʫʶ ʧʨʠʙʳʣɹ  1 000 000 ʨʫʙ., 

ʢʦʪʦʨʘʷ ʩʥʠʞʘʝʪʩʷ). ɼʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʧʦʜʢʣʘʩʩʦʚ 

ʢʣʘʩʩʘ çʉʠʪʫʘʮʠʷè, ʠʤʝʶʱʠʭ ʩʧʝʮʠʘʣʴʥʦʝ ʥʘʠʤʝʥʦʚʘʥʠʝ ʚ ʪʝʨʤʠʥʘʭ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ (ʥʘʧʨʠʤʝʨ, çʊʨʝʥʜʀʟʤʝʥʝʥʠʷɼʦʭʦʜʘè). ʕʪʠ ʧʦʜʢʣʘʩʩʳ 

ʙʫʜʝʪ ʧʦʪʝʨʷʥʳ ʚ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʪʘʢʠʭ ʩʠʪʫʘʮʠʡ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ 
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ʩʣʫʯʘʝ ʠʭ ʢʦʤʧʦʥʝʥʪʳ ʩʪʘʥʫʪ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʪʫʘʮʠʠ, ʘ ʦʥʠ 

ʩʘʤʠ ʩʪʘʥʫʪ ʥʝ ʥʫʞʥʳ ʠ ʙʫʜʫʪ ʦʪʙʨʦʰʝʥʳ. ʕʪʦ ʤʦʞʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ 

ʧʦʣʥʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʥʷʪʠʡʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʦʥʪʦʣʦʛʠʠ.  

ɺ ʪʨʝʪʴʝʤ ʩʣʫʯʘʝ ʧʦʣʴʟʦʚʘʪʝʣʶ ʙʫʜʝʪ ʧʨʝʜʣʦʞʝʥʳ ʚʘʨʠʘʥʪʳ ʜʦʙʘʚʣʝʥʠʷ 

ʜʚʫʭ ʚʠʜʦʚ. ʇʝʨʚʳʝ ʙʫʜʫʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʜʦʙʘʚʣʝʥʠʝ ʩʠʪʫʘʮʠʠ ʩ ʚʢʣʶʯʝʥʠʝʤ ʚ 

ʥʝʝ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʧʦʥʷʪʠʡ, ʥʝ ʷʚʣʷʶʱʠʭʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʨʫʛʠʭ 

ʩʠʪʫʘʮʠʡ ʚ ʩʠʥʪʝʟʠʨʫʝʤʦʤ ʧʘʪʪʝʨʥʝ. ɺʪʦʨʳʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʚʦʟʤʦʞʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠʣʠ ʧʦʛʣʦʱʝʥʠʷ ʠʤʠ ʜʦʙʘʚʣʷʝʤʦʡ ʩʠʪʫʘʮʠʠ. 

 

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʠ  

ʈʝʘʣʠʟʘʮʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʨʠʥʮʠʧʦʚ ʧʦʜʙʦʨʘ ʠ ʢʦʤʧʦʥʦʚʢʠ ʧʘʪʪʝʨʥʦʚ 

ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʚʠʜʝ ʙʠʙʣʠʦʪʝʢʠ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java.  

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʱʠʭ ʧʘʪʪʝʨʥʦʚ ʩʦʜʝʨʞʘʥʠʷ 

ʠʟ ʢʘʪʘʣʦʛʘ [14] ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʧʦʩʦʙʘʤʠ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʠ 

ʩʠʥʪʝʟʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ: 

¶ ʇʘʪʪʝʨʥʳ-ʧʝʨʝʯʠʩʣʝʥʠʷ (Enumerated CDP)  ï  ʧʘʪʪʝʨʥʳ, ʧʨʝʜʩʪʘʚ-

ʣʷʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʂ ʜʘʥʥʦʤʫ ʪʠʧʫ 

ʦʪʥʦʩʷʪʩʷ ʧʘʪʪʝʨʥʳ: çʉʫʤʢʘè (Bag), çʂʦʣʣʝʢʮʠʷè (Collection), çʉʧʠʩʦʢè (List), 

çʅʘʙʦʨè (Set); 

¶ ʇʘʪʪʝʨʥʳ-ʩʠʪʫʘʮʠʠ (SyntSitbased CDP) ï ʧʘʪʪʝʨʥʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʧʘʪʪʝʨʥʘ ʉʠʪʫʘʮʠʷ. ʂ ʜʘʥʥʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ʧʘʪʪʝʨʥʳ: 

çʉʠʪʫʘʮʠʷè (Situation), çʈʦʣʴ ʫʯʘʩʪʥʠʢʘè (ParticipantRole), çN-ʘʨʥʦʝ ʫʯʘʩʪʠʝè 

(NaryParticipation); 

¶ ʇʦʟʠʮʠʦʥʥʳʝ ʧʘʪʪʝʨʥʳ (PositionCDP) ï ʧʘʪʪʝʨʥʳ, ʠʤʝʶʱʠʝ ʦʙʱʫʶ 

ʩʪʨʫʢʪʫʨʫ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʣʘʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʷʤʠ. ʂ 

ʜʘʥʥʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ʧʘʪʪʝʨʥʳ: çʆʙʲʝʢʪ-ʨʦʣʴè (ObjectRole), çʉʦʫʯʘʩʪʠʝè 

(Coparticipation), çʋʯʘʩʪʠʝè (Participation). 

ʉʨʝʜʠ ʧʦʟʠʮʠʦʥʥʳʭ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʜʪʠʧʳ: 

- ʇʘʪʪʝʨʥʳ-ʦʪʥʦʰʝʥʠʷ (SinglePropertyCDP) ï ʧʘʪʪʝʨʥʳ, ʧʨʝʜʩʪʘʚʣʷʶ-

ʱʠʝ ʪʦʣʴʢʦ ʝʜʠʥʠʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʦʥʷʪʠʷʤʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʂ 

ʜʘʥʥʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ʧʘʪʪʝʨʥʳ: çʂʦʤʧʦʥʝʥʪè (Componency), 

çʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴè (Sequence), çʏʘʩʪʴè (PartOf); 

- ʇʘʪʪʝʨʥʳ-ʢʦʥʮʝʧʪʳ (SinglePositionCDP) ï ʧʘʪʪʝʨʥʳ, ʚʢʣʶʯʘʶʱʠʝ 

ʝʜʠʥʠʯʥʦʝ ʧʦʥʷʪʠʝ: ʂ ʜʘʥʥʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ʧʘʪʪʝʨʥʳ: çɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣè 

(TimeInterval), çʆʙʣʘʩʪʴè (Region), çɺʠʜʳ ʩʫʱʥʦʩʪʝʡè (TypeOfEntities). 

ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʦʜʪʠʧʦʚ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʘʙʩʪʨʘʢʪʥʳʡ Java-ʢʣʘʩʩ, 

ʚʢʣʶʯʘʶʱʠʡ ʤʝʪʦʜʳ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʩ ʧʘʪʪʝʨʥʘʤʠ ʜʨʫʛʠʭ ʪʠʧʦʚ (ʨʠʩ. 4).  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʛʝʥʝʨʘʮʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʩʦʩʪʘʚʥʦʛʦ ʧʘʪʪʝʨʥʘ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʝʡʩʪʚʠʷ, 

ʩʦʩʪʘʚ ʫʯʘʩʪʥʠʢʦʚ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʚʝʨʦʷʪʥʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ. 

ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʩʦʟʜʘʪʴ ʚ ʦʥʪʦʣʦʛʠʠ 

ʢʣʘʩʩʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʜʝʡʩʪʚʠʝ, ʫʯʘʩʪʥʠʢʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠ ʩʦʝʜʠʥʠʪʴ 

ʠʭ ʦʪʥʦʰʝʥʠʷʤʠ. ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʤʝʞʜʫ ʥʠʤʠ ʪʝʨʥʘʨʥʦʝ ʦʪʥʦʰʝʥʠʝ, 

ʪʝʤ ʩʘʤʳʤ ʦʙʲʝʜʠʥʠʪʴ ʠʭ ʚ ʝʜʠʥʳʡ ʢʦʥʪʝʢʩʪ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʦ ʧʦʟʚʦʣʠʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʚ ʦʥʪʦʣʦʛʠʠ, ʥʘʧʨʠʤʝʨ, ʬʘʢʪʳ ʦ ʨʘʟʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʚʳʧʦʣʥʝʥʠʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʤʠ ʠʩʧʦʣʥʠʪʝʣʷʤʠ. 
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ʈʠʩ. 4. ʉʭʝʤʘ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʧʘʪʪʝʨʥʦʚ ʧʨʠ ʩʠʥʪʝʟʝ  

(ʚʘʨʠʘʥʪʳ ʚʦʟʤʦʞʥʦʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʳ ʩʪʨʝʣʢʘʤʠ) 

 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʧʘʪʪʝʨʥʘ. ɼʘʣʝʝ ʙʫʜʝʪ 

ʨʘʩʩʤʦʪʨʝʥ ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ 

ʠʩʧʦʣʴʟʫʝʤ ʧʘʪʪʝʨʥ çɺʠʜʳ ʩʫʱʥʦʩʪʝʡè (Type of entities). ʀʟ ʜʘʥʥʦʛʦ ʧʘʪʪʝʨʥʘ 

ʚʳʙʝʨʝʤ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʝʛʦ ʢʣʘʩʩ çʉʦʙʳʪʠʝè (Event), ʚ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʜʝʡʩʪʚʠʝ 

(Action), ʢʦʪʦʨʦʝ ʤʳ ʭʦʪʠʤ ʧʨʝʜʩʪʘʚʠʪʴ, ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʝʛʦ ʧʦʜʢʣʘʩʩ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʙʘʚʣʝʥʠʝ ʧʘʪʪʝʨʥʘ çɺʠʜʳ ʩʫʱʥʦʩʪʝʡè (Type of entities) 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʢʣʶʯʝʥʠʝ ʚ ʩʠʥʪʝʟʠʨʫʝʤʳʡ ʢʣʘʩʩʘ çʉʦʙʳʪʠʝè (Event) ʠ ʩʦʟʜʘʥʠʝ 

ʝʛʦ ʧʦʜʢʣʘʩʩʘ - çʇʦʜʉʦʙʳʪʠʝè (SubEvent). ɼʘʥʥʳʡ ʢʣʘʩʩ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʧʘʪʪʝʨʥʘ ʛʝʥʝʨʠʨʫʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʝʛʦ ʠʤʷ ʤʦʞʝʪ ʠʟʤʝʥʝʥʦ ʥʘ ʧʦʩʣʝʜʥʝʤ 

ʰʘʛʝ ʧʨʦʮʝʜʫʨʳ (ʨʠʩ. 5, ʘ). 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʧʦʥʷʪʠʷ çʇʦʜʉʦʙʳʪʠʝè (SubEvent), 

ʧʨʠʥʘʜʣʝʞʘʱʝʝ ʧʦʟʠʮʠʦʥʥʦʤʫ ʧʘʪʪʝʨʥʫ çɺʠʜʳ ʩʫʱʥʦʩʪʝʡè (Type of entities), 

ʚʳʙʠʨʘʝʪʩʷ ʩʠʪʫʘʮʠʦʥʥʳʡ ʧʘʪʪʝʨʥ çN-ʘʨʥʦʝ ʫʯʘʩʪʠʝè (Nary-Participation), ʪʘʢ 

ʢʘʢ ʦʥ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʘʪʨʠʙʫʪʳ ʩʦʙʳʪʠʷ (ʫʯʘʩʪʥʠʢʠ ʠ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴ). ɼʣʷ ʝʛʦ ʜʦʙʘʚʣʝʥʠʷ ʚ ʩʠʥʪʝʟʠʨʫʝʤʦʤʫ ʧʘʪʪʝʨʥʫ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ: 

PositionCDP::add(Nary-Participation,  SubEvent) : SyntSitbasedCDP 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʠʥʪʝʟʠʨʫʝʤʳʡ ʧʘʪʪʝʨʥ ʙʫʜʝʪ ʜʦʙʘʚʣʝʥʘ 

ʩʠʪʫʘʮʠʷ, ʟʘʜʘʥʥʘʷ ʜʦʙʘʚʣʷʝʤʳʤ ʧʘʪʪʝʨʥʦʤ çN-ʘʨʥʦʝ ʫʯʘʩʪʠʝè, ʘ ʢʣʘʩʩ 

çʇʦʜʉʦʙʳʪʠʝè (SubEvent) ʙʫʜʝʪ ʚʢʣʶʯʝʥ ʚ ʥʝʝ. ʉʠʥʪʝʟʠʨʫʝʤʳʡ ʧʘʪʪʝʨʥ ʧʨʠʤʝʪ 

ʚʠʜ (ʨʠʩ. 5, b) 
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  ʈʠʩ. 5. ʇʨʠʤʝʨ ʩʠʥʪʝʟʘ ʩʦʩʪʘʚʥʦʛʦ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʪʪʝʨʥʘ 

 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʧʦʣʫʯʝʥʥʦʤ ʥʘ ʜʘʥʥʦʤ ʰʘʛʝ ʧʘʪʪʝʨʥʝ ʫʞʝ ʠʤʝʝʪʩʷ ʢʣʘʩʩ, 

ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʜʝʡʩʪʚʠʷ ï çɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣè 

(Timeinterval). ʆʜʥʘʢʦ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʫ ï ʝʛʦ ʚʝʨʦʷʪʥʦʩʪʴ. ɼʣʷ ʵʪʦʛʦ ʥʘʜʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʝʱʝ ʦʜʥʦ ʪʝʥʘʨʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʧʘʪʪʝʨʥʘ çʉʠʪʫʘʮʠʷè. ɼʣʷ ʵʪʦʛʦ ʚʳʙʠʨʘʝʤ ʧʦʥʷʪʠʝ 

çɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣè (TimeInterval) ʠ ʨʘʩʰʠʨʷʝʤ ʝʛʦ ʧʘʪʪʝʨʥʦʤ çʉʠʪʫʘʮʠʷè 

(Situation). ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ ʙʠʙʣʠʦʪʝʢʠ: 

SyntSitbasedCDP :: includeSit(Situation, {TimeInterval} ): SyntSitbasedCDP 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʩʠʥʪʝʟʠʨʫʝʤʳʡ ʧʘʪʪʝʨʥ ʙʫʜʝʪ ʜʦʙʘʚʣʝʥʘ ʩʠʪʫʘʮʠʷ ʩ 

ʚʢʣʶʯʝʥʠʝʤ ʚ ʥʝʝ ʧʦʥʷʪʠʷ çɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣè (TimeInterval). ʉʠʥʪʝʟʠ-

ʨʫʝʤʳʡ ʧʘʪʪʝʨʥ ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ (ʨʠʩ. 5, ʩ). 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʴ ʜʦʙʘʚʣʝʥʥʫʶ ʩʠʪʫʘʮʠʶ 

ʧʦʥʷʪʠʝʤ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʦʙʦʟʥʘʯʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʰʠʨʠʪʴ ʧʦʥʷʪʠʝ çʉʠʪʫʘʮʠʷè (Situation) ʩ ʧʦʤʦʱʴʶ ʧʘʪʪʝʨʥʘ çɺʠʜʳ 

ʩʫʱʥʦʩʪʝʡè (Type of entities). ʀʟ ʧʦʩʣʝʜʥʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʜʣʷ ʚʢʣʶ-

ʯʝʥʠ ̫ʧʦʥʷʪʠʝ çɸʙʩʪʨʘʢʪʥʳʡ ʦʙʲʝʢʪè (Abstract), ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʜʝʡʩʪʚʠʡ ʧʨʠʤʝʥʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʡ ʤʝʪʦʜ ʙʠʙʣʠʦʪʝʢʠ: 

SyntSitbasedCDP :: add(TypeOfEntities) : SyntSitbasedCDP 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʠ ʧʨʠ ʧʨʦʰʣʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʘʪʪʝʨʥʘ çɺʠʜʳ 

ʩʫʱʥʦʩʪʝʡè, ʜʣʷ ʢʣʘʩʩʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʚʳʙʨʘʥʥʦʝ ʧʦʥʷʪʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 
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ʩʦʟʜʘʝʪʩʷ ʧʦʜʢʣʘʩʩ ï çʇʦʜɸʙʩʪʨʘʢʪʥʳʡ ʦʙʲʝʢʪè (SubAbstract), ʢʦʪʦʨʳʡ ʠ 

ʜʦʙʘʚʣʷʝʪʩʷ ʚ ʩʠʪʫʘʮʠʶ (ʨʠʩ. 5, d). 

ʉʠʥʪʝʟ ʧʘʪʪʝʨʥʘ ʟʘʚʝʨʰʘʝʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʥʘʠʤʝʥʦʚʘʥʠʡ ʦʪʥʦʰʝʥʠʡ ʠ 

ʢʦʥʮʝʧʪʦʚ (ʨʠʩ. 5, e). ʇʦʣʫʯʝʥʥʳʡ ʧʘʪʪʝʨʥ ʧʦʟʚʦʣʷʝʪ ʦʪʚʝʯʘʪʴ ʥʘ ʢʚʘʣʠʬʠ-

ʢʘʮʠʦʥʥʳʝ ʚʦʧʨʦʩʳ ʧʘʪʪʝʨʥʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʝʛʦ ʩʠʥʪʝʟʘ, ʘ ʪʘʢʞʝ ʥʘ 

ʚʦʧʨʦʩʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʟʘʜʘʥʥʦʡ ʩʠʪʫʘʮʠʝʡ. ʅʘʧʨʠʤʝʨ, çʂʘʢʦʚʘ ʚʝʨʦʷʪʥʦʩʪʴ 

ʜʘʥʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʩ ʵʪʠʤʠ ʠʩʧʦʣʥʠʪʝʣʷʤʠ?è. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʘʪʪʝʨʥ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʝʜʩʪʘʚʣʷʪʴ ʚ ʦʥʪʦʣʦʛʠʠ 

ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʦʧʠʩʘʥʠʷ ʟʥʘʥʠʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 
 

ɿʘʢʣʶʯʝʥʠʝ  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʠʥʪʝʟʘ 

ʩʦʩʪʘʚʥʳʭ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʧʘʪʪʝʨʥʦʚ ʩʦʜʝʨʞʘʥʠʷ ʜʣʷ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʦʙʱʘʷ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʘ, ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʧʦʜʙʦʨʘ ʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʣʫʯʘʠ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʪʪʝʨʥʦʚ ʩʦʜʝʨʞʘʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʚʠʜʝ JAVA-ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʥʩʪʨʫʤʝʥ-

ʪʘʣʴʥʦʛʦ ʩʨʝʜʩʪʚʘ ʨʘʟʨʘʙʦʪʢʠ ʦʥʪʦʣʦʛʠʡ ʥʘ ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʧʘʪʪʝʨʥʦʚ 

ʩʦʜʝʨʞʘʥʠʷ. 
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ɺ.ɺ. ɼʠʢʦʚʠʮʢʠʡ, ʀ.ʆ. ɼʘʪʴʝʚ 
ʀʥʩʪʠʪʫʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʂʦʣʴʩʢʦʛʦ ʅʎ ʈɸʅ 

 
ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʆɻʈɸʄʄʅʆʁ ʈɽɸʃʀɿɸʎʀʀ ʇʈʆʊʆʂʆʃɸ 
ʄɸʈʐʈʋʊʀɿɸʎʀʀ OLSR ɺ ʉɽʊɽɺʆʄ ʉʀʄʋʃʗʊʆʈɽ NS-3 
 
ɸʥʥʦʪʘʮʠʷ 

ʄʥʦʛʦʰʘʛʦʚʳʝ ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 
ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʜʦʨʦʛʦʚʠʟʥʘ 
ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʪʝʩʪʠʨʦʚʘʥʠʷ 
ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 
ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʡ 
ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ OLSR ʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʤ ʚ ʥʘʫʯʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʝʪʝʚʦʤ ʩʠʤʫʣʷʪʦʨʝ NS-3. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 

ʤʥʦʛʦʰʘʛʦʚʳʝ ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ, MANET, NS-3, ʧʨʦʪʦʢʦʣ OLSR. 

 
V.V. Dikovitsky, I.O. Datyev 
 
FEATURES SOFTWARE IMPLEMENTATION OF ROUTING PROTOCOLS OLSR 
THE NETWORK SIMULATOR NS-3 
 
Abstract 

Multihop wireless networks are a promising area of information and communication 
networks. The high cost of full-scale experiments is the main problem of solutions 
evaluating offered in this area. Therefore, the main testing tool of developed 
communication protocols and equipment is a simulation. The article presents the 
features of OLSR routing protocol software implementation in NS-3 network simulator 
that is widely used in scientific research. 

 
Keywords:  

multihop wireless networks, MANET, NS-3, OLSR routing protocol. 

 
ɺʚʝʜʝʥʠʝ 

ʉʝʪʠ MANET ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʣʴʟʫʶʪʩʷ ʙʦʣʴʰʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ: 

ʤʥʦʛʦʰʘʛʦʚʳʝ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʝʩʷ ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ 

ʫʧʨʘʚʣʝʥʠʝʤ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʘ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʤʝʞʜʫ ʜʚʫʤʷ ʫʟʣʘʤʠ ʯʝʨʝʟ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʫʟʣʳ. ʋʟʣʳ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ 

ʪʝʨʤʠʥʘʣʘʤʠ, ʥʦ ʠ ʷʚʣʷʶʪʩʷ ʨʝʪʨʘʥʩʣʷʪʦʨʘʤʠ-ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ, ʨʝʪʨʘʥʩʣʠʨʫʷ 

ʧʘʢʝʪʳ ʜʨʫʛʠʭ ʘʙʦʥʝʥʪʦʚ ʠ ʫʯʘʩʪʚʫʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʤʘʨʰʨʫʪʦʚ ʢ ʥʠʤ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʠ ʩʝʪʠ ʩʧʦʩʦʙʥʳ ʢ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. 
ʊʘʢʠʝ ʩʝʪʠ ʦʪʣʠʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ: 
1) ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ 

ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ; 
2) ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ; 
3) ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʡ ʩʤʝʥʳ ʪʦʧʦʣʦʛʠʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ 

ʰʫʤʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠʣʠ ʚʳʚʦʜʘ ʠʟ ʩʪʨʦʷ ʦʜʥʦʛʦ ʠʟ ʫʟʣʦʚ; 
4) ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʟʚʝʨʪʳʚʘʥʠʷ. 
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ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʙʣʝʤʳ ʤʥʦʛʦʰʘʛʦʚʳʭ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʙʝʩʧʨʦ-

ʚʦʜʥʳʭ ʩʝʪʝʡ: 
1) ʧʨʦʙʣʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ; 
2) ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 
3) ʥʠʟʢʘʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʝʪʠ; 
4) ʧʨʦʙʣʝʤʳ ʧʨʦʪʦʢʦʣʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. 
ʇʨʠʥʷʪʦ ʜʝʣʠʪʴ ʧʨʦʪʦʢʦʣʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʥʘ ʧʨʦʘʢʪʠʚʥʳʝ (ʪʘʙʣʠʯʥʳʝ), 

ʨʝʘʢʪʠʚʥʳʝ (ʟʦʥʜʦʚʳʝ) ʠ ʠʭ ʛʠʙʨʠʜʳ. ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʝʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʦʪʦʢʦʣʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʩʝʪʝʡ MANET ʣʠʙʦ ʥʝ ʨʝʘʣʠʟʦʚʘʥʳ 

ʬʠʟʠʯʝʩʢʠ ʚ ʷʟʳʢʝ ʉ, ʣʠʙʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʪʝʚʳʭ ʨʝʩʫʨʩʦʚ ʧʨʠ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʩʝʪʠ, ʢʦʛʜʘ ʪʦʧʦʣʦʛʠʷ 

ʤʝʥʷʝʪʩʷ ʤʝʜʣʝʥʥʦ ʠʣʠ ʚʦʦʙʱʝ ʥʝ ʤʝʥʷʝʪʩʷ [1]. 
 

ʇʨʦʪʦʢʦʣ OLSR 

ʆʜʥʠʤ ʠʟ ʧʨʦʘʢʪʠʚʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʷʚʣʷʝʪʩʷ OLSR, ʠʩʧʦʣʴʟʫʶʱʠʡ ʦʙʤʝʥ 

ʩʦʦʙʱʝʥʠʷʤʠ ʧʨʠʚʝʪʩʪʚʠʷ ʠ ʢʦʥʪʨʦʣʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʦʧʦʣʦʛʠʠ 

ʩʝʪʠ. ʋʟʣʳ ʠʩʧʦʣʴʟʫʶʪ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ 

(hop) ʚ ʧʫʪʠ ʤʘʨʰʨʫʪʠʟʠʨʫʝʤʦʛʦ ʧʘʢʝʪʘ ʜʘʥʥʳʭ. ʗʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳʭ ʧʨʦʪʦʢʦʣʦʚ. ʇʨʦʪʦʢʦʣ OLSR ʦʩʥʦʚʘʥ ʥʘ ʧʦʥʷʪʠʠ ʤʥʦʛʦʪʦʯʝʯʥʦʡ 

ʨʝʪʨʘʥʩʣʷʮʠʠ MPR (MultiPoint Relay). ʂʘʞʜʳʡ ʫʟʝʣ ʩʝʪʠ m ʚʳʙʠʨʘʝʪ ʥʝʩʢʦʣʴʢʦ 

ʫʟʣʦʚ ʠʟ ʯʠʩʣʘ ʩʚʦʠʭ ʩʦʩʝʜʝʡ (ʪ.ʝ. ʠʟ ʫʟʣʦʚ, ʩ ʢʦʪʦʨʳʤʠ ʫ ʥʝʛʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʩʦʝʜʠʥʝʥʠʝ). ɺ ʠʪʦʛʝ ʚ ʩʝʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʫʟʣʦʚ MPR(m). ʄʥʦʞʝʩʪʚʦ 

ʬʦʨʤʠʨʫʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʚʩʝ ʫʟʣʳ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩʦ ʚʩʝʤʠ ʫʟʣʘʤʠ, ʦʪʩʪʦʷʱʠʤʠ ʦʪ 

ʥʠʭ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʚ 2 ʰʘʛʘ. ʀʥʬʦʨʤʘʮʠʷ ʦʙ MPR ʠʟʤʝʥʷʝʪʩʷ ʢʘʞʜʳʡ ʨʘʟ, ʢʦʛʜʘ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʚ ʫʟʣʘʭ, ʦʪʩʪʦʷʱʠʭ ʦʪ ʜʘʥʥʦʛʦ ʥʘ 1 ʠʣʠ 2 ʰʘʛʘ. 

ʂʘʞʜʳʡ ʫʟʝʣ ʩʝʪʠ ʭʨʘʥʠʪ ʩʚʦʶ ʪʘʙʣʠʮʫ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʢʦʪʦʨʫʶ ʬʦʨʤʠʨʫʝʪ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ. ʆʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʚʩʝʡ ʩʝʪʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʣʫʞʝʙʥʳʭ ʧʘʢʝʪʦʚ ʚʳʙʦʨʘ ʤʘʨʰʨʫʪʘ Topology Control (TC). ɺ 

ʧʝʨʝʩʳʣʢʝ ʊʉ-ʧʘʢʝʪʦʚ ʫʯʘʩʪʚʫʶʪ ʪʦʣʴʢʦ MPR-ʫʟʣʳ, ʦʩʪʘʣʴʥʳʝ ʫʟʣʳ ʧʨʠʥʠʤʘʶʪ 

ʠ ʦʙʨʘʙʘʪʳʚʘʶʪ ʪʘʢʠʝ ʧʘʢʝʪʳ, ʥʦ ʥʝ ʧʝʨʝʩʳʣʘʶʪ ʠʭ ʜʘʣʴʰʝ. ɼʣʷ ʢʘʞʜʦʛʦ MPR 

ʬʦʨʤʠʨʫʝʪʩʷ ʩʧʠʩʦʢ ʩʦʩʝʜʥʠʭ ʫʟʣʦʚ, ʚʳʙʨʘʚʰʠʭ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ MPR, ï ʩʧʠʩʦʢ 

MPR Selectors (MPRS). ʀʥʬʦʨʤʘʮʠʷ ʦ MPRS ʧʝʨʝʜʘʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʭ HELLO-

ʧʘʢʝʪʘʭ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪʩʷ ʪʦʣʴʢʦ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʫʟʣʘʤʠ. ɺ ʩʝʪʴ 

(ʚ ʊʉ-ʧʘʢʝʪʘʭ) ʧʝʨʝʜʘʝʪʩʷ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʩʦʝʜʠʥʝʥʠʡ ʤʝʞʜʫ 

MPR ʠ ʝʛʦ MPRSs. ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʯʠʩʣʦ 

ʧʝʨʝʜʘʯ ʩʣʫʞʝʙʥʳʭ ʧʘʢʝʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʘʚʠʥʥʦʡ ʨʘʩʩʳʣʢʦʡ. ɺ ʧʨʦʪʦʢʦʣʝ 

OLSR ʩʣʫʞʝʙʥʳʝ ʩʦʦʙʱʝʥʠʷ ʩʦʜʝʨʞʘʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʥʦʤʝʨʘ (ʘʥʘʣʦʛ DSN ʚ 

HWMP), ʢʦʪʦʨʳʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʩʦʦʙʱʝʥʠʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʣʫʯʘʪʝʣʴ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʤʦʞʝʪ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩ ʣʝʛʢʦʩʪʴʶ 

ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ, ʜʘʞʝ ʝʩʣʠ ʩʦʦʙʱʝʥʠʷ 

ʧʨʠʰʣʠ ʚ ʦʙʨʘʪʥʦʤ ʧʦʨʷʜʢʝ. OLSR ʨʘʟʨʘʙʦʪʘʥ ʢʘʢ ʩʦʚʝʨʰʝʥʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ 

ʧʨʦʪʦʢʦʣ, ʦʥ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʘʢʠʭ-ʣʠʙʦ ʢʦʨʥʝʚʳʭ ʫʟʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʞʜʳʡ ʫʟʝʣ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʨʘʩʩʳʣʘʝʪ ʢʦʥʪʨʦʣʴʥʳʝ ʧʘʢʝʪʳ, ʧʦʵʪʦʤʫ ʧʨʦʪʦʢʦʣ ʫʩʪʦʡʯʠʚ ʚ 

ʩʣʫʯʘʝ ʧʦʪʝʨʠ ʯʘʩʪʠ ʵʪʠʭ ʩʦʦʙʱʝʥʠʡ, ʯʪʦ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʩʣʫʯʘʝʪʩʷ ʩ 

ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʤʠ ʧʘʢʝʪʘʤʠ ʚ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʷʭ [2, 3]. 

 



 

39 

ʉʝʪʝʚʦʡ ʩʠʤʫʣʷʪʦʨ NS3 

NS3 - ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʩʝʪʝʚʳʤ ʩʠʤʫʣʷʪʦʨʦʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦʜ ʣʠʮʝʥʟʠʝʡ GNU GPLv2. 

ʉʠʤʫʣʷʪʦʨ ʨʝʰʘʝʪ ʦʜʥʫ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʝʡ - ʧʨʦʙʣʝʤʫ 

ʩʪʦʠʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʝʪʝʚʳʝ ʩʠʤʫʣʷʪʦʨʳ ʷʚʣʷʶʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʚʳʧʦʣʥʷʪʴ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʇʨʠʤʝʥʝʥʠʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʥʝ ʨʘʟʚʦʨʘʯʠʚʘʷ ʨʝʘʣʴʥʫʶ ʩʝʪʴ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ, ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʪʷʞʝʥʥʳʤ ʚʦ ʚʨʝʤʝʥʠ 

ʧʨʦʮʝʩʩʦʤ. ɺ NS3 ʨʘʟʨʘʙʦʪʘʥʳ ʤʦʜʝʣʠ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʦʜʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʜʚʠʞʫʱʠʤʠʩʷ ʦʙʲʝʢʪʘʤʠ ʚ 

ʪʨʸʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʘʣʠʟʦʚʘʥʳ ʤʦʜʝʣʠ ʧʨʦʚʦʜʥʳʭ ʠ 

ʩʤʝʰʘʥʥʳʭ ʪʦʧʦʣʦʛʠʡ ʨʘʟʣʠʯʥʦʡ ʩʣʦʞʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ, Mesh-ʩʝʪʝʡ ʥʘ ʦʩʥʦʚʝ 

ʩʪʝʢʘ ʧʨʦʪʦʢʦʣʦʚ 802.11s. ʈʘʟʨʘʙʦʪʘʥ FrameWork ʧʦʜ ʥʘʟʚʘʥʠʝʤ FlowMonitor, 

ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʨʘʟʣʠʯʥʳʝ, ʘ ʛʣʘʚʥʦʝ ʛʠʙʢʠʝ ʤʝʪʦʜʳ ʩʙʦʨʘ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ 

ʧʦʢʘʟʘʥʠʡ ʩ ʤʦʜʝʣʠʨʫʝʤʳʭ ʩʝʪʝʚʳʭ ʫʟʣʦʚ ʠ ʢʘʥʘʣʦʚ ʩʚʷʟʠ. ʉʠʤʫʣʷʪʦʨ çʧʦ 

ʫʤʦʣʯʘʥʠʶè ʥʝ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʦʜʥʘʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʩʨʝʜʩʪʚʘ ʢʘʢ NetAnimator ʠ PyViz, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʚʦʜʠʪʴ 

ʩʭʝʤʫ ʥʘ ʵʢʨʘʥ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʨʘʙʦʪʦʡ ʧʨʦʪʦʢʦʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ NS3 ʧʨʝʚʦʩʭʦʜʠʪ ʤʥʦʛʠʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʠʤʫʣʷʪʦʨʳ [4]. 

 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʪʦʢʦʣʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ OLSR ʚ ʩʝʪʝʚʦʤ ʩʠʤʫʣʷʪʦʨʝ NS3 

ʕʢʩʧʝʨʠʤʝʥʪʳ [5] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʪʦʢʦʣʘ OLSR, 

ʩʚʷʟʘʥʥʳʝ ʩ ʜʦʩʪʘʚʢʦʡ ʧʘʢʝʪʦʚ ʜʘʥʥʳʭ ʫʭʫʜʰʘʶʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʪʝʧʝʥʠ 

ʤʦʙʠʣʴʥʦʩʪʠ ʫʟʣʦʚ.  ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʩʪʴ ʨʘʟʣʠʯʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʰʝʥʠʷ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʥʘʜʝʞʥʳʭ ʩʧʦʩʦʙʦʚ ʜʦʩʪʘʚʢʠ 

ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʭ ʧʘʢʝʪʦʚ, ʨʘʟʚʠʪʠʝ çcross-layerè ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [6] ʚ OLSR 

ʧʨʦʪʦʢʦʣʝ (OLSR-CL). ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 

ʨʝʰʝʥʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʪʝʚʦʡ ʩʠʤʫʣʷʪʦʨ NS3, ʤʦʜʝʣʠʨʫʶʱʠʡ 

ʨʘʟʣʠʯʥʳʝ ʧʨʦʪʦʢʦʣʳ ʠ ʪʦʧʦʣʦʛʠʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʚ ʢʦʪʦʨʦʤ çʧʦ 

ʫʤʦʣʯʘʥʠʶè ʜʦʩʪʫʧʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʨʦʪʦʢʦʣʦʚ, OLSR ʚ ʪʦʤ 

ʯʠʩʣʝ. ɺ NS3 ʧʨʦʪʦʢʦʣ OLSR ʠʩʧʦʣʴʟʫʝʪ IPV4, ʠʭ ʨʝʘʣʠʟʘʮʠʷ ʦʩʥʦʚʘʥʘ ʥʘ RFC 

3626, ʘ ʥʝ ʥʘ RFC 7181 [7]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʝʨʩʠʠ NS2, NS3 ʜʣʷ OLSR ʥʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʄɸʉ-ʫʨʦʚʥʷ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ RFC 3626. 
ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʩʫʱʝʩʪʚʫʶʱʫʶ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʪʦʢʦʣʘ OLSR ʚ ʩʝʪʝʚʦʤ ʩʠʤʫʣʷʪʦʨʝ NS3, ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʨʝʘʣʠʩʪʠʯʥʦʩʪʠ ʩʠʤʫʣʷʮʠʠ ʧʨʦʪʦʢʦʣʘ [8].  

ʈʝʘʣʠʟʘʮʠʷ ʠ ʨʘʙʦʪʘ API (ʘʥʛʣ. application programming interface, 

ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ) ʩʝʪʝʚʦʛʦ ʩʠʤʫʣʷʪʦʨʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʬʘʡʣʝ éexamples/olsr-hna.cc. ʇʨʠʤʝʨ ʛʦʪʦʚʦʛʦ ʧʨʦʪʦʢʦʣʘ ʤʦʜʝʣʠ OLSR 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʘʧʢʝ src/olsr/example ʧʦʜ ʟʘʛʦʣʦʚʢʦʤ point-to-point-olsr.cc 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʪʦʢʦʣʘ, ʥʘ 

ʢʦʪʦʨʦʡ ʫʢʘʟʘʥʦ ʛʜʝ ʠ ʢʘʢʠʝ ʬʫʥʢʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʦʪʦʢʦʣʦʤ OLSR (simple-

point-to-point-olsr.cc), ʥʘʭʦʜʷʪʩʷ. 
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ʈʠʩ. ʉʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʘ OLSR ʚ ʩʝʪʝʚʦʤ ʩʠʤʫʣʷʪʦʨʝ NS3 

 

ʈʘʩʩʤʦʪʨʠʤ ʢʦʜ ʧʨʦʪʦʢʦʣʘ OLSR. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʥʘʤʠ ʬʘʡʣʝ simple-

point-to-point-olsr.cc ʪʘʢ ʞʝ ʠʤʝʶʪʩʷ ʢʨʘʪʢʠʝ ʧʦʷʩʥʝʥʠʷ ʢ ʠʩʭʦʜʥʦʤʫ ʢʦʜʫ. 

LogComponentEnable ʦʪʚʝʯʘʝʪ ʟʘ ʚʳʚʦʜ ʧʨʦʮʝʩʩʘ ʠʩʧʦʣʥʝʥʠʷ ʧʨʦʪʦʢʦʣʘ 

ʚ ʢʦʥʩʦʣʴ.  

ʃʠʩʪʠʥʛ 1.                  

#if  0                         
  LogComponentEnable ("SimpleGlobalRoutingExample",               

LOG_LEVEL_INFO);               
#endif   

 

ʅʘʩʪʨʦʡʢʘ ʨʘʟʤʝʨʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʧʘʢʝʪʘ (PacketSize) ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝ-

ʜʘʯʠ ʜʘʥʥʳʭ (DataRate) ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʃʠʩʪʠʥʛʝ 2. ɼʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ ʚ ʮʝʣʦʤ, ʧʦʵʪʦʤʫ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ. 
ʃʠʩʪʠʥʛ 2.           

  Config::SetDefault ("ns3::OnOffApplication::PacketSize",     

UintegerValue (210));                  
  Config ::SetDefault ("ns3::OnOffApplication::DataRate",       

StringValue ("448kb/s"));   
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ɺʦʟʤʦʞʥʦʩʪʴ ʚʚʦʜʘ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ ʚ ʪʝʨʤʠʥʘʣʝ (--run  çʥʘʟʚʘʥʠʝ 

ʧʨʦʪʦʢʦʣʘè --çʬʫʥʢʮʠʷè), ʟʜʝʩʴ ʪʘʢʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ ʷʚʣʷʶʪʩʷ argc ʠ argv. 

(ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʬʫʥʢʮʠʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʦʬʠʮʠʘʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ [4]). 

ʃʠʩʪʠʥʛ 3.  

  CommandLine cmd;  
  cmd.Parse (argc, argv);  

 

ʃʠʩʪʠʥʛ 4 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʜʢʣʶʯʝʥʠʝ NodeContainer: ʬʫʥʢʮʠʠ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʩʦʟʜʘʶʪʩʷ ʠ ʩʚʷʟʳʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʫʟʣʳ. ʂʦʣʠʯʝʩʪʚʦ 

ʫʟʣʦʚ ʟʘʜʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʬʫʥʢʮʠʠ c.Create ʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʧʨʠʤʝʨʝ ʨʘʚʥʦ  6. ʉʦʝʜʠʥʝʥʠʷ ʫʟʣʦʚ ʟʘʜʘʶʪʩʷ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʢʘʥʘʣʦʚ ʤʝʞʜʫ ʢʦʥʢʨʝʪʥʳʤʠ ʜʚʫʤʷ ʫʟʣʘʤʠ: NodeContainer n (çʫʟʝʣ 

ˉ1è)(çʫʟʝʣˉ2è) é (c.Get (çʥʦʤʝʨ ʥʘʯʘʣʴʥʦʛʦ ʫʟʣʘè), c.Get (çʥʦʤʝʨ 

ʢʦʥʝʯʥʦʛʦ ʫʟʣʘè)); ʝʩʣʠ ʜʣʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʠʟ ʫʟʣʦʚ ʥʝ ʙʫʜʝʪ ʫʢʘʟʘʥʦ ʩʦʝʜʠʥʝʥʠʝ, 

ʪʦ ʦʥ ʧʨʦʩʪʦ ʥʝ ʙʫʜʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʝʪʠ.  

ʃʠʩʪʠʥʛ 4. 

  NodeContainer c;                                                      
  c.Create (6);                                                                                           
  NodeContainer n02 = NodeContainer (c.Get (0), c.Get (2));                                                                
  NodeContainer n12 = NodeContainer (c.Get (1), c.Get (2));                                              
  NodeContainer n32 = NodeContainer (c.Get (3), c.Get (2));                                                                         
  NodeContainer n34 = NodeContainer (c.Get (3), c.Get (4));                                                       
  NodeContainer n54 = NodeContainer (c.Get (5), c.Get (4));  

                                                            

ʇʦʜʢʣʶʯʝʥʠʝ OLSR, Stack ʠ Ipv4 ʧʦʤʦʱʥʠʢʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ʏʝʨʝʟ ʥʠʭ 

ʤʦʞʥʦ ʚʳʟʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ ʠ ʥʘʩʪʨʦʡʢʠ ʧʨʦʪʦʢʦʣʘ, ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ 

ʦʧʠʩʘʥʥʳʝ ʚ ʜʦʢʫʤʝʥʪʘʮʠʠ ʢ NS3 [4]. 
ʃʠʩʪʠʥʛ 5.  

  OlsrHelper  olsr ;        
  Ipv 4StaticRoutingHelper  staticRouting ;                                                       
  Ipv4ListRoutingHelper list;  
  list.Add (staticRouting, 0);  
  lis t.Add (olsr, 10);                                                                                                                     
  InternetStackHelper internet;                                                                                           
  internet.SetRoutingHelper (list);  
  internet.SetRoutingHelper (list);  
  internet.Install (c);        

 

ʇʦʜʢʣʶʯʝʥʠʝ ʧʦʤʦʱʥʠʢʘ p2p (peer-to-peer, ʦʜʥʦʨʘʛʥʦʚʘʷ ʩʝʪʴ) ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. ʉʦʟʜʘʥʠʝ ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʫʟʣʘʤʠ, ʟʘʜʘʯʘ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ p2p.SetDeviceAttribute ... (çʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭè)); ʘ 

ʪʘʢʞʝ ʟʘʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ p2p.SetChannelAttribute ... (çʟʘʜʝʨʞʢʘè)); 

ʜʘʣʝʝ ʥʘʟʥʘʯʝʥʠʝ ʜʘʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʟʣʘʤ - nd02 (n02) ʠ nd12 (n12). ɼʘʣʝʝ 

ʥʘʟʥʘʯʝʥʠʝ ʜʨʫʛʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʜʨʫʛʦʡ ʟʘʜʝʨʞʢʠ ʜʣʷ ʦʩʪʘʣʴʥʳʭ 

ʫʟʣʦʚ.  

ʃʠʩʪʠʥʛ 6. 

  PointToPointHelper p2p;                                               
  p2p.SetDeviceAttribute ("DataRate", StringValue ("5Mbps"));                                        
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  p2p.SetChannelAttribute ("Delay", StringValue ("2ms"));                            
  NetDeviceContainer nd02 = p2p.Install (n02);                                                                                                                      
  NetDeviceContainer nd12 = p2p.Install (n12);                                                                
  p2p.SetDeviceAttribute ("Dat aRate", StringValue ("1500kbps"));          
  p2p.SetChannelAttribute ("Delay", StringValue ("10ms"));                   
  NetDeviceContainer nd32 = p2p.Install (n32);                                     
  NetDeviceContainer nd34 = p2p.Install (n34);                                     
  NetDeviceContainer nd54 = p2p.Install (n54);    
 

ʇʦʜʢʣʶʯʝʥʠʝ Ipv4 ʘʜʨʝʩʥʦʛʦ ʧʦʤʦʱʥʠʢʘ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʦʛʦ ʤʳ 

ʥʘʟʥʘʯʘʝʤ ʥʘʰʠʤ ʫʟʣʘʤ ip-ʘʜʨʝʩʘ 

ʃʠʩʪʠʥʛ 7. 

  Ipv4AddressHelper ipv4;                                              
  ipv4.SetBase ("10.1.1.0", "255.255.255.0");                                                                         
  Ipv4InterfaceContainer i02 = ipv4.Assign (nd02);                                                                                           
  ipv4.SetBase ("10.1.2.0", "255.255.255.0");                                                                         
  Ipv4InterfaceContainer i12 = ipv4.Assign (nd12);                           
  ipv4.SetBase ("10.1.3.0", "255.255.255.0");                            
  Ipv4InterfaceContainer i32 = ipv4.Assign (nd32);                            
  ipv4.SetBase ("10.1.4.0", "255.255.255.0");                            
  Ipv4InterfaceContainer i34 = ipv4.Assign (nd34);                            
  ipv4.SetBase ("10.1.5.0", "255.255.255.0");                            
  Ipv4InterfaceConta iner i54 = ipv4.Assign (nd54);                    
 

ʇʦʜʢʣʶʯʝʥʠʝ OnOffHelper  - ʧʦʤʦʱʥʠʢʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʟʘ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ. ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʝʨʝʟ UDP (ʘʥʛʣ. User 

Datagram Protocol - ʧʨʦʪʦʢʦʣ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʪʘʛʨʘʤʤ). ɿʜʝʩʴ ʧʨʦʠʩʭʦʜʠʪ 

ʩʦʟʜʘʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʪʧʨʘʚʢʠ ʜʘʥʥʳʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʟʜʝʩʴ ʞʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʢʣʶʯʝʥʠʝ PacketSinkHelper -

ʧʦʤʦʱʥʠʢʘ, ʧʦʤʦʛʘʶʱʝʛʦ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʩʝʪʠ, ʠʩʧʦʣʴʟʫʷ 

ApplicationContainer  - ʵʪʦ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʧʨʠʝʤʘ ʜʘʥʥʳʭ. ʇʘʨʘʤʝʪʨ DataRate, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʧʨʠʤʝʨʝ ʚʳʰʝ ʵʪʦ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

(onoff.SetConstantRate (DataRate ("448kb/s")); 

apps.Start (Seconds (çʚʨʝʤʷè)) ʠ apps.Stop (Seconds (çʚʨʝʤʷè)) ï ʚʨʝʤʷ ʤʝʞʜʫ 

ʥʘʯʘʣʦʤ ʧʝʨʝʜʘʯʠ (Start), ʠ ʢʦʥʮʦʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (Stop). ɽʩʣʠ ʚʨʝʤʷ 

ʥʘʯʘʣʘ ï 1.1 ʩʝʢʫʥʜʘ, ʘ ʚʨʝʤʷ ʦʩʪʘʥʦʚʢʠ - 10 ʩʝʢʫʥʜ, ʪʦ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʙʫʜʝʪ 

ʩʦʩʪʘʚʣʷʪʴ 8.9 ʩʝʢʫʥʜ.  

ʃʠʩʪʠʥʛ 8.  

uint16_t port = 9;                                                   
  OnOffHelper onoff ("ns3::UdpSocketFactory",                               
                     InetSocketAddress (i34.GetAddres s (1), port));           
  onoff.SetConstantRate (DataRate ("448kb/s"));                             
  ApplicationContainer apps = onoff.Install (c.Get (0));               
  apps.Start (Seconds (1.0));                                               
  apps.S top (Seconds (10.0));                                              
 PacketSinkHelper sink ("ns3::UdpSocketFactory",                                  
                         InetSocketAddress (Ipv4Address::GetAny (),             

port));                                                                         
  apps = sink.Install (c.Get (3));                                            
  apps.Start (Seconds (1.0));                                                       
  apps.Stop (Seconds (10.0));                                          
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ɺ ʃʠʩʪʠʥʛʝ 9 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ ʩʠʤʫʣʷʮʠʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ 

ʫʟʣʘʤʠ, ʠʩʧʦʣʴʟʫʷ ʧʦʜʢʣʶʯʝʥʥʳʝ ʤʦʜʫʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʃʠʩʪʠʥʛʝ 8. 

ʃʠʩʪʠʥʛ 9.  

onoff.SetAttribute ("Remote",                                                                                           
                      AddressValue (InetSocketAddress (i12.GetAddress 

(0), port)));                                                                                                             
  apps = onoff.Install (c.Get (3));                                                                                                    
  apps.Start (Seconds (1.1));                                                                                                             
  apps.Stop (Seconds (10.0));                                                                                  
  apps = sink.Install (c.Get (1));                                                                
  apps.Start (Seconds (1.1));                                                                                                    
  apps.Stop (Seconds (10.0));  

 

ʇʦʜʢʣʶʯʝʥʠʝ ʧʦʤʦʱʥʠʢʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʩʦʟʜʘʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʬʘʡʣʳ, 

ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚʦ ʚʨʝʤʷ ʠʩʧʦʣʥʝʥʠʷ ʧʨʦʪʦʢʦʣʘ. 

ʃʠʩʪʠʥʛ 10.                                                   
  AsciiTraceHelper ascii;                                                                                  
  p2p.EnableAsciiAll (ascii.CreateFileStream ("simple - point - to - point -          

olsr.tr"));                                                                                                    
  p2p.EnablePcapAll ("simple - point - to - point - olsr");                    

 

ʉʪʘʨʪ ʧʨʦʪʦʢʦʣʘ. 

ʃʠʩʪʠʥʛ 10.                                                             

  Simulator::Run ();                                                              
  Simulator::Destroy ();    

 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ ʣʠʩʪʠʥʛʘʭ ʩʪʘʥʜʘʨʪʥʦʤ ʧʨʠʤʝʨʝ ʨʝʘʣʠʟʘʮʠʠ ʢʦʜʘ 

OLSR ʪʦʧʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʯʥʦʡ, ʦʜʥʘʢʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʝʘʣʴʥʳʭ 

ʩʠʪʫʘʮʠʡ ʟʘʯʘʩʪʫʶ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʦʩʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ 

ʧʝʨʝʤʝʱʝʥʠʷ. 
ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʠʪʴ 

ʩʪʨʫʢʪʫʨʫ ʩʚʷʟʠ ʫʟʣʦʚ ð ʨʝʘʣʠʟʦʚʘʪʴ ʬʫʥʢʮʠʠ ʧʦʠʩʢʘ ʜʨʫʛʠʭ ʫʟʣʦʚ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ, ʝʩʣʠ ʧʨʝʜʳʜʫʱʠʡ ʦʢʘʟʘʣʩʷ ʥʝʜʦʩʪʫʧʝʥ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʟʜʘʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʩʮʝʥʘʨʠʝʚ: ʦʪʢʣʶʯʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʫʟʣʦʚ, ʧʦʜʢʣʶʯʝʥʠʝ 

ʥʦʚʳʭ ʫʟʣʦʚ, ʪ.ʢ. ʚ ʪʝʢʫʱʝʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʘ ʪʦʧʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ 

ʩʪʘʪʠʯʥʦʡ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ʉʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʦʰʘʛʦʚʳʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʜʦʩʪʘʪʦʯʥʦ 

ʰʠʨʦʢʘ. ʊʘʢʠʝ ʩʝʪʠ, ʦʩʦʙʝʥʥʦ ʢʣʘʩʩʘ MANET, ʧʦʣʝʟʥʳ ʧʨʠ ʧʦʠʩʢʦʚʦ-

ʩʧʘʩʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʷʭ, ʚʦ ʚʨʝʤʷ ʚʦʝʥʥʳʭ ʜʝʡʩʪʚʠʡ, ʚ ʤʝʩʪʘʭ ʙʦʣʴʰʦʛʦ 

ʩʢʦʧʣʝʥʠʷ ʣʶʜʝʡ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʫʯʘʩʪʥʠʢʦʚ ʢʦʥʬʝʨʝʥʮʠʡ, 

ʚʳʩʪʘʚʦʢ, ʬʦʨʫʤʦʚ ʠ ʪ. ʜ.), ʠ ʪʘʤ, ʛʜʝ ʥʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳ (ʥʘʧʨʠʤʝʨ, ʚ ʵʢʩʧʝʜʠʮʠʷʭ ʚ ʫʜʘʣʝʥʥʳʝ ʨʝʛʠʦʥʳ). ʇʨʦʪʦʢʦʣʳ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʟʣʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʠ. ʀʤʝʥʥʦ 

ʧʦʵʪʦʤʫ, ʜʣʷ ʚʳʙʦʨʘ ʘʜʝʢʚʘʪʥʳʭ ʧʣʘʥʠʨʫʝʤʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʨʝʰʝʥʠʡ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʉʝʪʝʚʦʡ 
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ʩʠʤʫʣʷʪʦʨ NS3 ʧʦʩʪʦʷʥʥʦ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʢʘʢ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ, ʪʘʢ ʠ 

ʦʙʳʯʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ: ʩʦʟʜʘʶʪʩʷ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʳʭ 

ʧʨʦʪʦʢʦʣʦʚ, ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʥʘ ʦʩʥʦʚʝ 

ʚʳʷʚʣʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʪʦʢʦʣʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ OLSR, ʧʣʘʥʠʨʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠʤʠʪʘʮʠʦʥʥʳʭ 

ʤʦʜʝʣʝʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʘʚʪʦʨʘʤʠ 

ʨʘʟʨʘʙʦʪʦʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʨʠʢʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ.  
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ɸ.ɸ. ʇʘʚʣʦʚ

 1
, ʀ.ʆ. ɼʘʪʴʝʚ

 1,2
 

1ʀʥʩʪʠʪʫʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ  

 ʂʦʣʴʩʢʦʛʦ ʅʎ ʈɸʅ 
2  ʌɻɹʆʋ ɺʆ çʄʫʨʤʘʥʩʢʠʡ ʘʨʢʪʠʯʝʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʈɸɿʃʀʏʅʓʍ ʇɸʈɸʄɽʊʈʆɺ ʅɸ 
ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʇɽʈɽɼɸʏʀ ɼɸʅʅʓʍ ɹɽʉʇʈʆɺʆɼʅʓʍ 
ʄʅʆɻʆʐɸɻʆɺʓʍ ʉɽʊɽʁ 

 
ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʦʜʝʣʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 
ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʢʘʯʝʩʪʚʦ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʙʝʩʧʨʦʚʦʜʥʳʭ ʤʥʦʛʦʰʘʛʦʚʳʭ ʩʝʪʷʭ. 
ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʤʠʪʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʜʝʣʘʥʳ 
ʚʳʚʦʜʳ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʝʪʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 
ʤʝʪʨʠʢ ʠ ʧʨʦʪʦʢʦʣʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  

ʙʝʩʧʨʦʚʦʜʥʳʝ ʤʥʦʛʦʰʘʛʦʚʳʝ ʩʝʪʠ, ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʨʦʪʦʢʦʣʳ 
ʤʘʨʰʨʫʪʠʟʘʮʠʠ, NS-3. 
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RESEARCH OF INFLUENCE THE DIFFERENT PARAMETERS ON 
CHARACTERISTICS DATA COMMUNICATION OF WIRELESS MULTIHOP 
NETWORKS  
 
Abstract 

The article presents the simulation models developed for research the various factors 
influence on multihop wireless networks data transmission. Based on the results of 
simulation experiments the authors have been made conclusions about the necessity 
of taking into account certain factors during the development of the metrics and 
routing protocols. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʝʩʧʨʦʚʦʜʥʳʝ ʤʥʦʛʦʰʘʛʦʚʳʝ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʯʝʥʳʭ ʚʩʝʛʦ ʤʠʨʘ ʠ ʘʢʪʫʘʣʴʥʳʤ ʩʨʝʜʩʪʚʦʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʝʛʠʦʥʘʭ ʩ ʥʝʨʘʟʚʠʪʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠ-

ʢʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ (ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ɸʨʢʪʠʯʝʩʢʠʭ 

ʨʘʡʦʥʦʚ). ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʚʠʜʘʤʠ ʙʝʩʧʨʦʚʦʜʥʳʭ ʤʥʦʛʦʰʘʛʦʚʳʭ ʩʝʪʝʡ 

ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: MANET [1] ï ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʝʩʷ 

ʩʝʪʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ; MESH [2] ï ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ, 

ʦʜʥʦʨʘʥʛʦʚʘʷ, ʷʯʝʠʩʪʘʷ ʩʝʪʴ; LLN [11] ï ʢʣʘʩʩ ʩʝʪʠ, ʚ ʢʦʪʦʨʦʡ ʥʘ ʫʟʣʳ ʩʝʪʠ 

ʥʘʣʦʞʝʥʳ ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ (ʧʘʤʷʪʴ, ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ʟʘʨʷʜ 

ʙʘʪʘʨʝʠ); VANET [12] ï ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʝʩʷ 

ʩʝʪʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ; FANET [3] ï ʪ.ʥ. çʣʝʪʘʶʱʠʝè ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʝʩʷ ʩʝ-

ʪʠ, ʫʟʣʘʤʠ ʢʦʪʦʨʳʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʩʷ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ. 
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ʇʨʠʤʝʨʘʤʠ ʢʦʥʢʨʝʪʥʳʭ ʩʠʪʫʘʮʠʡ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʤʥʦʛʦʰʘʛʦʚʳʭ ʙʝʩʧʨʦ-

ʚʦʜʥʳʭ ʩʝʪʝʡ ʤʦʛʫʪ ʩʣʫʞʠʪʴ: ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʵʢʩʧʝʜʠʮʠʠ (ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʳʝ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ), ʚʦʝʥʥʳʝ ʠ ʩʧʘʩʘʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʦʡ ʪʝʭʥʠʢʠ (ʨʦʙʦʪʳ, ʜʨʦʥʳ), ʦʨʛʘʥʠʟʘʮʠʷ ʩʚʷʟʠ ʥʘ 

ʟʘʢʨʳʪʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʝʪʠ ʪʠʧʘ MANET ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʦʙʱʝʧʨʠʥʷʪʳʭ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʤʝʰʘʶʪ ʠʭ ʰʠʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ: 

¶ ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʩʝʪʠ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ, 
ʚʩʣʝʜʩʪʚʠʝ ʝʝ ʥʝʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ; 

¶ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʨʝʩʫʨʩʘ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʤʦʙʠʣʴʥʳʭ ʫʟʣʦʚ; 

¶ ʩʣʦʞʥʦʩʪʴ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʜʘʥʥʳʭ, ʚʩʣʝʜʩʪʚʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʪʦʧʦʣʦʛʠʠ; 

¶ ʩʣʦʞʥʦʩʪʴ ʩʚʷʟʠ ʫʩʪʨʦʡʩʪʚ, ʧʦʩʨʝʜʩʪʚʦʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʦʚ 

Wi-Fi.  

ɻʨʫʧʧʳ ʫʯʝʥʳʭ ʚʩʝʛʦ ʤʠʨʘ ʟʘʥʠʤʘʶʪʩʷ ʨʝʰʝʥʠʝʤ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʧʨʦʙʣʝʤ. ʅʦ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ, ʢʦʪʦʨʦʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʫʜʝʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ: ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʨʘʟʤʝʨ ʧʘʢʝʪʘ, 

ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ, ʩʢʦʨʦʩʪʴ ʩʠʛʥʘʣʘ ʠ ʜʨʫʛʠʭ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, 

ʥʘ ʢʘʯʝʩʪʚʦ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʙʝʩʧʨʦʚʦʜʥʳʭ ʤʥʦʛʦʰʘʛʦʚʳʭ ʩʝʪʷʭ. ʎʝʣʴʶ ʜʘʥ-

ʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʝ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʢʘʯʝʩʪʚʦ 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʳʭ 

ʤʦʜʝʣʝʡ. 

 

ʇʨʦʪʦʢʦʣʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʜʘʥʥʳʭ 

ɺ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʪʦʢʦʣʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʧʦ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ [4]: 

1. ʇʨʦʘʢʪʠʚʥʳʝ ʠʣʠ ʪʘʙʣʠʯʥʳʝ (ʘʥʛʣ. proactive, table-driven). 

ʇʝʨʠʦʜʠʯʝʩʢʠ ʨʘʩʩʳʣʘʶʪ ʧʦ ʩʝʪʠ ʩʣʫʞʝʙʥʳʝ ʩʦʦʙʱʝʥʠʷ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙʦ 

ʚʩʝʭ ʠʟʤʝʥʝʥʠʷʭ ʚ ʝʝ ʪʦʧʦʣʦʛʠʠ. ʂʘʞʜʳʡ ʫʟʝʣ ʩʪʨʦʠʪ ʪʘʙʣʠʮʫ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, 

ʦʪʢʫʜʘ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʷ ʢʘʢʦʤʫ-ʣʠʙʦ ʫʟʣʫ ʩʯʠʪʳʚʘʝʪʩʷ 

ʤʘʨʰʨʫʪ ʢ ʵʪʦʤʫ ʘʜʨʝʩʘʪʫ. 

2. ʈʝʘʢʪʠʚʥʳʝ ʠʣʠ ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʟʘʧʨʦʩʫ (ʘʥʛʣ. reactive, on-demand). 

ʉʦʩʪʘʚʣʷʶʪ ʤʘʨʰʨʫʪʳ ʜʦ ʢʦʥʢʨʝʪʥʳʭ ʫʟʣʦʚ ʣʠʰʴ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʝʨʝʜʘʯʝ ʠʤ ʠʥʬʦʨʤʘʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʫʟʝʣ-ʦʪʧʨʘʚʠʪʝʣʴ 

ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦ ʨʘʩʩʳʣʘʝʪ ʧʦ ʩʝʪʠ ʩʦʦʙʱʝʥʠʝ-ʟʘʧʨʦʩ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʜʦʡʪʠ 

ʜʦ ʫʟʣʘ-ʘʜʨʝʩʘʪʘ. 

3. ɻʠʙʨʠʜʥʳʝ (ʘʥʛʣ. hybrid). ɼʘʥʥʳʝ ʧʨʦʪʦʢʦʣʳ ʢʦʤʙʠʥʠʨʫʶʪ ʤʝʭʘʥʠʟʤʳ 

ʧʨʦʘʢʪʠʚʥʳʭ ʠ ʨʝʘʢʪʠʚʥʳʭ ʧʨʦʪʦʢʦʣʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʥʠ ʨʘʟʙʠʚʘʶʪ ʩʝʪʴ ʥʘ 

ʤʥʦʞʝʩʪʚʦ ʧʦʜʩʝʪʝʡ, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʧʨʦʘʢʪʠʚʥʳʡ ʧʨʦʪʦʢʦʣ, ʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʥʠʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʘʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

DSDV [13] - ʦʩʥʦʚʘʥ ʥʘ ʠʜʝʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

ɹʝʣʣʤʘʥʘ-ʌʦʨʜʘ ʩ ʥʝʢʦʪʦʨʳʤʠ ʫʣʫʯʰʝʥʠʷʤʠ. DSDV ʧʨʦʘʢʪʠʚʥʳʡ, ʜʠʩʪʘʥ-

ʮʠʦʥʥʦ ʚʝʢʪʦʨʥʳʡ ʘʣʛʦʨʠʪʤ. ʂʘʞʜʳʡ ʫʟʝʣ ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʘʙʣʠʮʫ ʤʘʨʰʨʫ-

ʪʠʟʘʮʠʠ, ʚ ʢʦʪʦʨʦʤ ʧʝʨʝʯʠʩʣʝʥʳ ʚʩʝ ʜʦʩʪʫʧʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ (çʧʨʳʞʢʦʚè) ʜʦ ʢʦʥʝʯʥʦʛʦ ʧʫʥʢʪʘ ʠ ʥʦʤʝʨ ʚʝʨʩʠʠ. ʋʟʣʳ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʝʨʝʜʘʶʪ ʩʚʦʠ ʪʘʙʣʠʮʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʙʣʠʞʘʡʰʠʤ ʩʦʩʝʜʷʤ. 
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ʋʟʝʣ ʪʘʢʞʝ ʧʝʨʝʜʘʝʪ ʩʚʦʶ ʪʘʙʣʠʮʫ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʝʩʣʠ ʚ ʥʝʡ ʧʨʦʠʟʦʰʣʦ 

ʠʟʤʝʥʝʥʠʝ ʩ ʤʦʤʝʥʪʘ ʧʦʩʣʝʜʥʝʛʦ ʦʪʧʨʘʚʣʝʥʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ 

ʘʣʛʦʨʠʪʤʘ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʮʠʢʣʠʯʝʩʢʠʭ 

ʤʘʨʰʨʫʪʦʚ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʦʙʲʝʤʘ ʪʨʘʬʠʢʘ, ʧʨʦʪʦʢʦʣ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʙʤʝʥ 

ʧʦʣʥʳʤʠ ʪʘʙʣʠʮʘʤʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʪʦʣʴʢʦ ʧʨʠ ʩʝʨʴʝʟʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʚ 

ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʪʧʨʘʚʣʷʶʪʩʷ ʙʦʣʝʝ ʤʝʣʢʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʙʥʦʚʣʝʥʠʷ. 

AODV [14] - ʇʨʦʪʦʢʦʣ AODV (Ad hoc On-Demand Distance Vector) 

ʠʩʧʦʣʴʟʫʝʪ ʢʨʠʪʝʨʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ ʤʘʨʰʨʫʪʘ ʧʦ ʪʨʝʙʦʚʘʥʠʶ 

ʘʥʘʣʦʛʠʯʥʦ ʧʨʦʪʦʢʦʣʫ DSR, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤ ʧʦʰʘʛʦʚʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʘʩʩʳʣʢʠ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʭ ʧʦʩʳʣʦʢ-ʟʘʧʨʦʩʦʚ ʢʘʢ ʫ DSDV. 

ʋʟʝʣ-ʠʩʪʦʯʥʠʢ ʧʝʨʝʜ ʦʪʧʨʘʚʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʘʢʝʪʘ ʫʟʣʫ-ʧʦʣʫʯʘʪʝʣʶ 

ʧʨʦʚʝʨʷʝʪ ʩʚʦʠ ʪʘʙʣʠʮʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʥʘ ʥʘʣʠʯʠʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʤʘʨʰʨʫʪʘ 

ʜʦ ʘʜʨʝʩʘʪʘ ʠ ʧʨʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ ʨʘʩʩʳʣʘʝʪ ʚʩʝʤ ʫʟʣʘʤ ʚ ʟʦʥʝ ʚʝʱʘʥʠʷ ʧʘʢʝʪ ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʘʨʰʨʫʪʘ (route request ï RREQ). ʇʨʠ ʵʪʦʤ AODV ʤʠʥʠʤʠʟʠʨʫʝʪ 

ʯʠʩʣʦ ʥʝʦʙʭʦʜʠʤʳʭ ʧʝʨʝʜʘʯ ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʨʰʨʫʪʘ ʥʘ ʦʩʥʦʚʝ ʦʧʨʦʩʘ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʣʥʦʛʦ ʩʧʠʩʢʘ ʤʘʨʰʨʫʪʦʚ, ʢʘʢ ʚ ʘʣʛʦʨʠʪʤʝ DSDV. 

ʆʜʥʘʢʦ ʚ AODV ʚ ʥʘʯʘʣʝ ʢʦʤʤʫʪʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʥʘ ʫʩʪʘʥʦʚʢʫ 

ʤʘʨʰʨʫʪʘ, ʯʝʤ ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʧʨʦʪʦʢʦʣʘʭ. 

OLSR [15] - ʇʨʦʪʦʢʦʣ OLSR (Optimized Link-State Routing) ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʫʤʝʥʴʰʝʥʠʝ ʦʙʱʝʡ ʟʘʛʨʫʟʢʠ ʩʝʪʠ ʧʫʪʸʤ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʨʝʪʨʘʥʩʣʷʮʠʡ 

ʚ ʩʝʪʠ ʟʘ ʩʯʸʪ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʙʦʨʘ ʤʥʦʛʦʪʦʯʝʯʥʳʭ ʫʟʣʦʚ-

ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʢʘʢ ʤʠʥʠʤʫʤ 2 ʫʟʣʘ ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʤʘʨʰʨʫʪʫ. 

ʉʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʘʩʩʳʣʢʠ 

HELLO-ʧʘʢʝʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʚʩʝʭ ʩʦʩʝʜʥʠʭ ʫʟʣʘʭ, ʘ ʪʘʢʞʝ 

ʩʦʩʪʦʷʥʠʝ ʠʭ ʩʚʷʟʝʡ. ʄʘʨʰʨʫʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʭʦʧʦʚ ʜʦ 

ʤʝʩʪʘ ʥʘʟʥʘʯʝʥʠʷ ʯʝʨʝʟ ʤʥʦʛʦʪʦʯʝʯʥʳʝ ʨʝʪʨʘʥʩʣʷʮʠʠ ʚ ʩʝʪʠ, ʧʨʠ ʵʪʦʤ ʠʩʪʦʯʥʠʢ 

ʠʤʝʝʪ ʠʥʬʦʨʤʘʮʠʶ ʪʦʣʴʢʦ ʦ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʧʝʨʝʩʳʣʢʠ ʩʦʦʙʱʝʥʠʷ. 

 

ʄʦʜʝʣʠ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ ʚ ʩʝʪʷʭ 

ʢʣʘʩʩʘ MANET 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʩʨʝʜʝ NS-3 [5]. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ 

ʧʨʦʪʦʢʦʣʘ ʙʳʣ ʚʳʙʨʘʥ ʧʨʦʪʦʢʦʣ OLSR. ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʷʚʣʝʥʠʠ 

ʪʝʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʧʦ ʪʝʭʥʦʣʦʛʠʠ MANET. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʩʴ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʨʘʟʤʝʨ ʧʘʢʝʪʘ, ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ, ʩʢʦʨʦʩʪʴ ʫʟʣʦʚ, 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʨʝʩʧʦʥʜʠʨʫʶʱʠʭ ʧʘʨ. 

ɺʳʙʨʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ ʚ ʢʘʯʝʩʪʚʝ 

ʚʝʣʠʯʠʥ, ʦʢʘʟʳʚʘʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ 

ʤʥʦʛʦʰʘʛʦʚʳʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʷʭ. ɺ ʦʩʥʦʚʥʦʤ ʨʘʙʦʪʳ ʫʯʝʥʳʭ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʩʦʟʜʘʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ [5-10]. 

ʇʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʣʠ ʫʣʫʯʰʝʥʠʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʪʦʢʦʣʦʚ ʠ ʤʝʪʨʠʢ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʠ-

ʨʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘ ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʠʩʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʙʳʣʠ ʚʳʙʨʘʥʳ: 

ʩʨʝʜʥʷʷ ʟʘʜʝʨʞʢʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʧʘʢʝʪʦʚ. 
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                           ʊʘʙʣʠʮʘ 1 

ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ 

 

ʄʦʜʝʣʴ ʉʣʫʯʘʡʥʘʷ, ʣʠʥʠʷ, ʤʘʪʨʠʮʘ 

ʄʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ 5-30 dB 

ʂʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ 15-40 

ʉʢʦʨʦʩʪʴ ʫʟʣʦʚ 2 ï 15 m\s 

ʈʘʟʤʝʨ ʧʘʢʝʪʦʚ 64, 256, 512, 1024, 2000 

ɹʠʪʨʝʡʪ 5000-2000000 bps 

ʉʪʘʥʜʘʨʪ Wi-Fi 802.11b, 802.11n 

ʈʘʟʤʝʨʳ ʪʝʨʨʠʪʦʨʠʡ 1500x1500 m 

ʂʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘʶʱʠʭ ʧʘʨ ʫʟʣʦʚ 1-7 

ʄʦʜʫʣʷʮʠʷ DsssRate11mbps 

ʄʦʜʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ FriisPropagationLossModel 

ʄʦʜʝʣʴ ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʘ ConstantSpeedPropagationDelayModel, 

RandomSpeedPropagationDelayModel 

 

ʄʦʜʝʣʴ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʩʣʫʯʘʡʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʫʟʣʦʚ 

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ 

ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʨʝʘʣʠʟʫʶʱʘʷ ʩʣʫʯʘʡʥʦʝ 

ʜʚʠʞʝʥʠʝ ʫʟʣʦʚ ʩʝʪʠ. ɺʩʝ ʫʟʣʳ ʩʝʪʠ ad-hoc ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʜʠʥʘʢʦʚʳʡ ʧʨʦʪʦʢʦʣ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʧʣʦʱʘʜʢʝ 

1,5 ʢʤ
2
. ʂʨʦʤʝ ʵʪʦʛʦ, ʢʘʞʜʳʡ ʫʟʝʣ ʧʝʨʝʤʝʱʘʣʩʷ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʆʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʠʥʘʢʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʚʝʢʪʦʨʦʚ 

ʧʝʨʝʤʝʱʝʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʩʝʪʠ ʠ ʦʜʥʠʭ ʧʘʨ ʫʟʣʦʚ. 

         ʊʘʙʣʠʮʘ 2 

ʀʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʘ ʧʘʢʝʪʦʚ 

 

ʈʘʟʤʝʨ ʧʘʢʝʪʘ (bytes) ʉʨʝʜʥʷʷ ʟʘʜʝʨʞʢʘ (ms) ʂʦʬɻ-ʪ ʧʦʪʝʨʴ (%) 

64 1247.8 22.2336 

256 675.3 5,69019000 

1024 732.299 43.956 

2000 889.186 62.3656 

   

 
ʈʠʩ. 1. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʟʘʜʝʨʞʢʠ (ʩʣʝʚʘ) ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʪʝʨʷʥʥʳʭ ʜʘʥʥʳʭ (ʩʧʨʘʚʘ) ʦʪ ʨʘʟʤʝʨʘ ʧʘʢʝʪʘ 
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ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʣʫʯʰʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʷʭ 

ʨʘʟʤʝʨʦʚ ʧʘʢʝʪʦʚ. ʇʨʠ ʤʘʣʦʤ ʨʘʟʤʝʨʝ ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʘʢʝʪʦʚ ʚʦʟʨʘʩʪʘʝʪ ʢʘʢ ʩʘʤʦ 

ʢʦʣʠʯʝʩʪʚʦ ʧʘʢʝʪʦʚ, ʪʘʢ ʠ ʦʙʲʝʤʳ ʩʣʫʞʝʙʥʦʛʦ ʪʨʘʬʠʢʘ. ʏʘʩʪʘʷ ʩʤʝʥʘ ʤʘʨʰʨʫʪʘ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʫʟʣʳ ʥʘʭʦʜʷʪʩʷ ʚ ʜʚʠʞʝʥʠʠ (ʩʢʦʨʦʩʪʴ ʫʟʣʦʚ  

27 ʢʤ/ʯ). ʇʦʵʪʦʤʫ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʘʢʝʪʦʚ ʧʨʠʭʦʜʠʪʩʷ ʦʪʩʳʣʘʪʴ ʨʘʟʥʳʤʠ 

ʤʘʨʰʨʫʪʘʤʠ, ʯʪʦ ʩʦʟʜʘʝʪ ʙʦʣʴʰʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʩʝʪʴ. ʇʨʠ ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʝ 

ʧʘʢʝʪʘ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝʝ ʚʨʝʤʷ ʥʘ ʝʛʦ ʧʝʨʝʜʘʯʫ ʠ ʧʨʠʝʤ, ʯʪʦ ʚʣʝʯʝʪ ʩʥʠʞʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʫʟʣʦʚ. ʇʦʵʪʦʤʫ, 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʤʝʱʝʥʠʷ ʫʟʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʠ, ʧʦ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʨʘʟʤʝʨ ʧʘʢʝʪʘ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʠʡ ʜʨʫʛʠʤ ʧʘʨʘʤʝʪʨʘʤ ʩʝʪʠ. 
 

               ʊʘʙʣʠʮʘ 3 

ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʫʟʣʦʚ 
 

ʉʢʦʨʦʩʪʴ ʫʟʣʦʚ (m/s) ʉʨʝʜʥʷʷ ʟʘʜʝʨʞʢʘ (ms) ʂʦʵʬ-ʪ ʧʦʪʝʨʴ (%) 

1,8 1123.08 19.0672 

2.7 921.419 13.1687 

7,5 675.3 5,69019000 

15 746.06 42.524 

 

 

  

 
ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʟʘʜʝʨʞʢʠ (ʩʣʝʚʘ) ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʪʝʨʷʥʥʳʭ ʜʘʥʥʳʭ (ʩʧʨʘʚʘ) ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʫʟʣʦʚ 

 

ɺʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʥʠʟʢʠʭ ʠʣʠ ʩʣʠʰʢʦʤ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ 

ʧʝʨʝʤʝʱʝʥʠʷ ʫʟʣʦʚ ʧʨʦʪʦʢʦʣ OLSR ʧʦʢʘʟʳʚʘʝʪ ʥʘʠʭʫʜʰʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʣʦʭʠʝ 

ʨʝʟʫʣʴʪʘʪʳ OLSR ʢʦʥʢʨʝʪʥʦ ʚ ʵʪʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ 

ʧʝʨʝʤʝʱʝʥʠʷ ʫʟʣʦʚ ʦʙʲʷʩʥʷʶʪʩʷ ʥʘʨʫʰʝʥʠʝʤ ʩʚʷʟʥʦʩʪʠ ʩʝʪʠ, ʚʩʣʝʜʩʪʚʠʝ 

ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ, ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ 

ʧʣʦʱʘʜʠ (1,5 ʭ 1,5 ʢʤ) ʠ ʤʘʣʦʡ ʤʦʱʥʦʩʪʴʶ ʧʝʨʝʜʘʪʯʠʢʦʚ ʵʪʠʭ ʫʟʣʦʚ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʘʠʣʫʯʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘ ʩʢʦʨʦʩʪʠ 

7.5 ʤ/ʩ (27ʢʤ/ʯ). 
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             ʊʘʙʣʠʮʘ 4 

ɺʣʠʷʥʠʝ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʧʝʨʝʜʘʪʯʠʢʘ ʥʘ ʟʘʜʝʨʞʢʫ ʠ ʧʦʪʝʨʠ ʜʘʥʥʳʭ 

 

ʄʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ (dB) ʉʨʝʜʥʷʷ ʟʘʜʝʨʞʢʘ (ms) ʂʦʵʬ-ʪ ʧʦʪʝʨʴ (%) 

5 2531.06 90.2606 

6 2282.08 66.941 

10 675.3 5,69019000 

20 146.566 0 

   

 
ʈʠʩ. 3. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʟʘʜʝʨʞʢʠ (ʩʣʝʚʘ) ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʪʝʨʷʥʥʳʭ ʜʘʥʥʳʭ (ʩʧʨʘʚʘ) ʦʪ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ 
 

ʄʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʧʝʨʝʜʘʪʯʠʢʘ ʦʢʘʟʳʚʘʝʪ ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ 

ʚʣʠʷʥʠʡ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟ ʚʩʝʭ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɿʘ 

ʩʯʝʪ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʧʨʦʡʪʠ ʜʘʥʥʳʝ ʜʦ ʘʜʨʝʩʘʪʘ. ɺ ʩʨʝʜʥʝʤ ʦʪ 6-9 ʰʘʛʦʚ ʜʦ 1-2. ʕʪʦ ʩʠʣʴʥʦ 

ʨʘʟʛʨʫʞʘʝʪ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʝʝ ʠ ʢʘʯʝʩʪʚʝʥʥʝʝ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʜʦ 20 dB ʪʘʢʘʷ ʩʝʪʴ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʩʝʨʴʝʟʥʳʭ ʟʘʜʝʨʞʝʢ ʠʣʠ 

ʧʦʤʝʭ. 

               ʊʘʙʣʠʮʘ 5 

ʀʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨ ʧʝʨʝʜʘʶʱʠʭ ʫʟʣʦʚ 
 

ʂʦʣʠʯʝʩʪʚʦ ʧʘʨ ʉʨʝʜʥʷʷ ʟʘʜʝʨʞʢʘ (ms) ʂʦʵʬ-ʪ ʧʦʪʝʨʴ (%) 

1 633.467 11.206 

2 683.1 8.39419 

3 710.031 21.97925 

   

 
ʈʠʩ. 4. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʟʘʜʝʨʞʢʠ (ʩʣʝʚʘ) ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʪʝʨʷʥʥʳʭ ʜʘʥʥʳʭ (ʩʧʨʘʚʘ) ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʜʘʶʱʠʭ ʧʘʨ ʫʟʣʦʚ 
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ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʜʘʶʱʠʭ ʧʘʨ ʪʘʢ ʞʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʬʠʟʠʯʝʩʢʦʛʦ, ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜʦʚ ʜʦʩʪʫʧʘ 

ʢ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ. 

 

ʄʦʜʝʣʴ çʄʘʪʨʠʮʘè 

ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ, ʨʝʘʣʠʟʫʶʱʘʷ 

ʪʦʧʦʣʦʛʠʶ çʤʘʪʨʠʮʘè. ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʫʟʣʳ ʩʝʪʠ ʨʘʟʤʝʱʘʶʪʩʷ ʧʦʜʦʙʥʦ 

ʵʣʝʤʝʥʪʘʤ ʤʘʪʨʠʮʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 200 ʤʝʪʨʦʚ ʜʨʫʛ ʦʪ ʜʨʫʛʘ (ʢʘʢ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ, 

ʪʘʢ ʠ ʧʦ ʚʝʨʪʠʢʘʣʠ). ʇʨʠ ʪʘʢʦʡ ʪʦʧʦʣʦʛʠʠ, ʢʘʞʜʳʡ ʫʟʝʣ ʠʤʝʝʪ ʥʝ ʙʦʣʝʝ ʚʦʩʴʤʠ 

ʩʚʷʟʝʡ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʩʝʢʪʦʨʦʚ. ɼʘʥʥʘʷ ʪʦʧʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʤʘʨʰʨʫʪʦʚ ʤʝʞʜʫ ʢʦʨʨʝʩʧʦʥʜʠʨʫʶʱʠʤʠ ʧʘʨʘʤʠ. 

ʀʩʪʦʯʥʠʢ ʠʥʬʦʨʤʘʮʠʠ ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʧʨʘʚʦʡ ʥʠʞʥʝʡ ʚʝʨʰʠʥʝ ʧʦʣʫʯʝʥʥʦʡ 

çʤʘʪʨʠʮʳè, ʘ ʧʨʠʝʤʥʠʢ ï ʚ ʚʝʨʭʥʝʡ ʣʝʚʦʡ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʤʘʨʰʨʫʪʦʚ ʤʝʞʜʫ ʢʦʨʨʝʩʧʦʥʜʠʨʫʶʱʝʡ ʧʘʨʦʡ, ʘ ʪʘʢʞʝ 

ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʥʟʠʪʥʳʭ ʫʟʣʦʚ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʧʦʣʦʛʠʠ. 

 

             ʊʘʙʣʠʮʘ 6 

ɺʣʠʷʥʠʝ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʥʘ ʟʘʜʝʨʞʢʫ ʠ ʧʦʪʝʨʠ ʜʘʥʥʳʭ 

 

ʄʦʱʥʦʩʪʴ 

ʩʠʛʥʘʣʘ 

(dBm) 

 

ʉʨʝʜʥʷʷ 

ʟʘʜʝʨʞʢʘ 

(ms) 

ʇʦʪʝʨʠ 

(%) 
 

ʉʨʝʜʥʷʷ 

ʟʘʜʝʨʞʢʘ 

(ms) 

ʇʦʪʝʨʠ 

(%) 
 

ʉʨʝʜʥʷʷ 

ʟʘʜʝʨʞʢʘ 

(ms) 

ʇʦʪʝʨʠ 

(%) 

6 Olsr 0,430404 0 Aodv 0,442038 

0,0305

2 Dsdv 3,54894 0 

7,5 Olsr 0,433148 0 Aodv 0,481576 

0,0343

4 Dsdv 4,71028 0 

20 Olsr 0,430313 0 Aodv 0,430192 0 Dsdv 2,10556 0 

 
ʈʠʩ. 5. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʟʘʜʝʨʞʢʠ ʦʪ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ 

 

ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʨʘʟʥʠʮʘ ʚ ʠʟʤʝʥʝʥʠʠ 

ʚʳʭʦʜʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʦʡ. ʅʦ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʨʝʟʫʣʴʪʘʪʳ ʚʩʸ ʞʝ ʫʣʫʯʰʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ. ʅʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʦʪʦʢʦʣ DSDV. 
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      ʊʘʙʣʠʮʘ 7 

ɺʣʠʷʥʠʝ ʨʘʟʤʝʨʘ ʧʘʢʝʪʘ ʥʘ ʟʘʜʝʨʞʢʫ ʠ ʧʦʪʝʨʠ ʜʘʥʥʳʭ 

 
ʈʘʟʤʝʨ 

ʧʘʢʝʪʘ 

(bytes) 

 

ʉʨʝʜʥʷʷ 

ʟʘʜʝʨʞʢʘ 

(ms) 

ʇʦʪʝʨʠ 

(%) 
 

ʉʨʝʜʥʷʷ 

ʟʘʜʝʨʞʢʘ 

(ms) 

ʇʦʪʝʨʠ 

(%) 
 

ʉʨʝʜʥʷʷ 

ʟʘʜʝʨʞʢʘ 

(ms) 

ʇʦʪʝʨʠ 

(%) 

128 Olsr 2,90626 0,003825 Aodv 3,61412 0,0362 Dsdv 16,1644 0,003815 

1256 Olsr 0,430404 0 Aodv 0,442038 0,0305 Dsdv 3,54894 0 

512 Olsr 0,616321 0 Aodv 0,621865 0,0229 Dsdv 2,3879 0 

 

ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʨʘʟʤʝʨʘ ʧʘʢʝʪʘ ʦʢʘʟʳʚʘʣʦ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʪʦʧʦʣʦʛʠʠ ʤʘʪʨʠʮʘ. ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʥʘʠʣʫʯʰʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ 256 ʠ 512 ʙʘʡʪ. ʉʨʝʜʠ ʪʝʩʪʠʨʫʝʤʳʭ 

ʧʨʦʪʦʢʦʣʦʚ OLSR ʧʦʢʘʟʳʚʘʝʪ ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʩʪʘʪʠʯʥʦʩʪʴʶ ʫʟʣʦʚ (ʢʦʪʦʨʘʷ ʠʟʙʘʚʣʷʝʪ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʧʦʜʜʝʨʞʘʥʠʷ ʪʘʙʣʠʮ ʤʘʨʰʨʫʪʠʟʘʮʠʠ). 

 

ʄʦʜʝʣʴ çʃʠʥʠʷè 

ʄʦʜʝʣʴ çʣʠʥʠʷè ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʘʚʪʦʨʘʤʠ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʪʦʢʦʣʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʨʠ ʙʦʣʴʰʠʭ 

ʜʣʠʥʘʭ ʤʘʨʰʨʫʪʦʚ. ɺʩʝ ʫʟʣʳ ʨʘʟʤʝʱʝʥʳ ʚ ʦʜʥʫ ʣʠʥʠʶ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 200 

ʤʝʪʨʦʚ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɼʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʤʝʞʜʫ ʜʚʫʤʷ ʢʨʘʡʥʠʤʠ ʫʟʣʘʤʠ ʣʠʥʠʠ 

(ʫʟʣʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ). 

 

     ʊʘʙʣʠʮʘ 8 

ɺʣʠʷʥʠʝ ʨʘʟʤʝʨʘ ʧʘʢʝʪʘ ʥʘ ʟʘʜʝʨʞʢʫ ʠ ʧʦʪʝʨʠ ʜʘʥʥʳʭ 

 

ʈʘʟʤʝʨ 

ʧʘʢʝʪʘ 

(bytes) 

 

ʉʨʝʜʥʷʷ 

ʟʘʜʝʨʞʢʘ 

(ms) 

ʇʦʪʝʨʠ 

(%) 
 

ʉʨʝʜʥʷʷ 

ʟʘʜʝʨʞʢʘ 

(ms) 

ʇʦʪʝʨʠ 

(%) 
 

ʉʨʝʜʥʷʷ 

ʟʘʜʝʨʞʢʘ 

(ms) 

ʇʦʪʝʨʠ 

(%) 

64 Olsr 1082,29 87,7594 Aodv 2018,29 84,7235 Dsdv 430,209 92,5979 

128 Olsr 789,501 83,933 Aodv 1654,23 80,2428 Dsdv 1393,04 83,2633 

256 Olsr 1240,13 72,7729 Aodv 1907,11 51,1269 Dsdv 1486,6 70,5954 

512 Olsr 1304,01 58,373 Aodv 1261,8 54,4967 Dsdv 429,2 86,8823 

          

 
ʈʠʩ. 6. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʟʘʜʝʨʞʢʠ (ʩʣʝʚʘ) ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʪʝʨʷʥʥʳʭ ʜʘʥʥʳʭ (ʩʧʨʘʚʘ) ʦʪ ʨʘʟʤʝʨʘ ʧʘʢʝʪʘ 
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ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʧʨʠʤʝʨʝ ʪʦʧʦʣʦʛʠʠ çʣʠʥʠʷè ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʧʨʦʪʦʢʦʣ OLSR ʧʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩ ʨʘʟʤʝʨʦʤ ʧʘʢʝʪʘ 512 

ʙʘʡʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʪʘʣʴʥʳʝ ʧʨʦʪʦʢʦʣʳ ʣʫʯʰʝ ʚʩʝʛʦ çʩʧʨʘʚʣʷʶʪʩʷè ʩ 

ʧʘʢʝʪʘʤʠ ʨʘʟʤʝʨʦʤ 256 ʙʘʡʪ.  

ʊʘʢ ʢʘʢ ʚ ʧʨʦʰʣʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ (ʩʣʫʯʘʡʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʫʟʣʦʚ) ʣʫʯʰʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʪʦʢʦʣʘ OLSR ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʟʥʘʯʝʥʠʠ 256 ʙʘʡʪ, ʪʦ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʧʦʣʦʛʠʠ ʠ 

ʤʦʙʠʣʴʥʦʩʪʠ ʫʟʣʦʚ. 

      ʊʘʙʣʠʮʘ 9 

ɺʣʠʷʥʠʝ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʥʘ ʟʘʜʝʨʞʢʫ ʠ ʧʦʪʝʨʠ ʜʘʥʥʳʭ 
 

ʄʦʱʥʦʩʪʴ 

ʩʠʛʥʘʣʘ 

(dBm) 

 

ʉʨʝʜʥʷʷ 

ʟʘʜʝʨʞʢʘ 

(ms) 

ʇʦʪʝʨʠ 

(%) 
 

ʉʨʝʜʥʷʷ 

ʟʘʜʝʨʞʢʘ 

(ms) 

ʇʦʪʝʨʠ 

(%) 
 

ʉʨʝʜʥʷʷ 

ʟʘʜʝʨʞʢʘ 

(ms) 

ʇʦʪʝʨʠ 

(%) 

6 Olsr 1240,13 72,7729 Aodv 1907,11 51,1269 Dsdv 1486,6 70,5954 

7,5 Olsr 1741,23 78,6958 Aodv NaN 100 Dsdv 1654,43 99,9727 

10 Olsr 942,713 65,1891 Aodv 1003,84 76,7008 Dsdv 1003,7 58,0506 

20 Olsr 360,461 57,7839 Aodv 95,2154 37,7209 Dsdv 185,138 36,3991 

          

 
ʈʠʩ. 7. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʟʘʜʝʨʞʢʠ (ʩʣʝʚʘ) ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʪʝʨʷʥʥʳʭ ʜʘʥʥʳʭ (ʩʧʨʘʚʘ) ʦʪ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ 
 

ʀʟʤʝʥʷʷ ʤʦʱʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʪʦʢʦʣʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ 

ʩʠʛʥʘʣʘ ʧʦʢʘʟʘʪʝʣʠ ʥʘʯʠʥʘʶʪ ʫʣʫʯʰʘʪʴʩʷ, ʥʦ ʢʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʥʝ ʪʘʢ ʩʠʣʴʥʦ, 

ʢʘʢ ʚ ʧʨʝʜʳʜʫʱʝʤ ʘʥʘʣʦʛʠʯʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. ɸ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʡ 

ʪʦʧʦʣʦʛʠʠ ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ ʥʝ ʪʘʢʦʡ ʩʫʱʝʩʪʚʝʥʥʦʡ. ʀʟ ʵʪʦʛʦ ʩʥʦʚʘ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦ-ʨʘʟʥʦʤʫ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

    ʊʘʙʣʠʮʘ 10 

ɺʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʚ ʣʠʥʠʠ ʥʘ ʟʘʜʝʨʞʢʫ ʠ ʧʦʪʝʨʠ ʜʘʥʥʳʭ 
 

ʂʦʣ-

ʚʦ 

ʫʟʣʦʚ 

 

ʉʨʝʜʥʷʷ 

ʟʘʜʝʨʞʢʘ 

(ms) 

ʇʦʪʝʨʠ 

(%) 
 

ʉʨʝʜʥʷʷ 

ʟʘʜʝʨʞʢʘ 

(ms) 

ʇʦʪʝʨʠ 

(%) 
 

ʉʨʝʜʥʷʷ 

ʟʘʜʝʨʞʢʘ 

(ms) 

ʇʦʪʝʨʠ 

(%) 

5 Olsr 414,587 41,8358 Aodv 536,411 32,4864 Dsdv 375,215 38,4367 

10 Olsr 859,343 65,751 Aodv 1274,99 50,9075 Dsdv 836,049 74,3294 

15 Olsr 1240,13 72,7729 Aodv 1907,11 51,1269 Dsdv 1486,6 70,5954 

20 Olsr 1252,93 77,5939 Aodv 2173,99 53,9485 Dsdv 1582,97 68,8103 

25 Olsr 442,216 87,047 Aodv 2426,56 71,2113 Dsdv 466,861 87,5167 

30 Olsr 455,434 87,3043 Aodv 2267,68 66,3813 Dsdv 1991,29 75,9891 
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ʈʠʩ. 8. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʟʘʜʝʨʞʢʠ (ʩʣʝʚʘ) ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʪʝʨʷʥʥʳʭ ʜʘʥʥʳʭ (ʩʧʨʘʚʘ) ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ 

 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʚ ʣʠʥʠʠ ʚʩʝ ʧʨʦʪʦʢʦʣʳ ʥʘʯʠʥʘʶʪ ʪʝʨʷʪʴ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʢʝʪʦʚ, ʥʦ ʚ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʫ ʧʨʦʪʦʢʦʣʘ 

OLSR ʟʘʜʝʨʞʢʘ ʩʦʢʨʘʱʘʝʪʩʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʠʟʥʘʯʘʣʴʥʦ ʧʨʦʪʦʢʦʣ ʜʦʣʛʦ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʦʝʜʠʥʝʥʠʷ ʜʦ ʘʜʨʝʩʘʪʘ ʠ ʧʘʢʝʪʳ ʥʝ ʫʩʧʝʚʘʶʪ çʜʦʙʨʘʪʴʩʷè ʟʘ 

ʦʪʚʝʜʝʥʥʦʝ ʚʨʝʤʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʦʤʝʯʘʶʪʩʷ ʢʘʢ ʧʦʣʥʦʩʪʴʶ ʧʦʪʝʨʷʥʥʳʝ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʩʦʟʜʘʥʳ ʤʦʜʝʣʠ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ çʚʪʦʨʦ-
ʩʪʝʧʝʥʥʳʭè ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʢʘʯʝʩʪʚʦ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʩʝʪʷʭ MANET. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ 
ʨʘʟʤʝʨ ʧʘʢʝʪʘ, ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ, ʩʢʦʨʦʩʪʴ ʫʟʣʦʚ ʠʤʝʶʪ ʥʝ ʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ 
ʢʘʯʝʩʪʚʦ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʯʝʤ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʠʣʠ ʚʳʙʨʘʥʥʳʡ ʧʨʦʪʦʢʦʣ 
ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ʅʝʤʘʣʦʚʘʞʥʳʤ ʦʩʪʘʝʪʩʷ ʠ ʪʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʤʙʠʥʘʮʠʡ ʟʥʘʯʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ, 
ʨʘʩʧʦʣʦʞʝʥʠʝ ʠ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʘʢʪʦʨʳ ʤʦʛʫʪ ʚʣʠʷʪʴ ʠ 
ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ʅʘʧʨʠʤʝʨ, ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʷʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 
ʠʟʤʝʥʝʥʠʝʤ ʨʘʟʤʝʨʘ ʧʘʢʝʪʘ ʜʘʥʥʳʭ, ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʝʩʣʠ ʧʨʦʚʝʩʪʠ ʪʝ ʞʝ 
ʵʢʩʧʝʨʠʤʝʥʪʳ, ʥʦ ʩ ʜʨʫʛʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʠʣʠ ʩʢʦʨʦʩʪʠ ʫʟʣʦʚ. 

ɺʩʝ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʪʦʢʦʣʦʚ ʠʣʠ ʤʝʪʨʠʢ ʤʘʨʰʨʫ-

ʪʠʟʘʮʠʠ ʥʝ ʩʪʦʠʪ ʧʨʝʥʝʙʨʝʛʘʪʴ ʵʪʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʫʯʠʪʳʚʘʪʴ ʠʭ ʚʣʠʷʥʠʝ ʚ 

ʧʣʘʥʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʠ. 
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ʋɼʂ 519.688:549 
 
ɼ.ɻ. ʉʪʝʧʝʥʱʠʢʦʚ, ɸ.ɺ. ʏʝʨʥʷʚʩʢʠʡ 
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʂʦʣʴʩʢʦʛʦ ʅʎ ʈɸʅ 

 

ʇʈʆɻʈɸʄʄʅʓʁ ʂʆʄʇʃɽʂʉ ɼʃʗ ɼʀɸɻʅʆʉʊʀʂʀ ʄʀʅɽʈɸʃʆɺ 
ʇʆ ʉʇɽʂʊʈɸʄ ʂʆʄɹʀʅɸʎʀʆʅʅʆɻʆ ʈɸʉʉɽʗʅʀʗ 
 
ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʧʦ 
ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʨʦʚʦʜʠʪʴ ʧʝʨʚʠʯʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ 
ʤʠʥʝʨʘʣʦʚ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʦʪʢʨʳʪʦʡ ʙʘʟʳ ʜʘʥʥʳʭ RRUFF. ʇʨʦʛʨʘʤʤʘ ʙʳʣʘ 
ʘʧʨʦʙʠʨʦʚʘʥʘ ʚ ɻʝʦʣʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʂʅʎ ʈɸʅ ʠ ʧʦʟʚʦʣʠʣʘ ʧʦʚʳʩʠʪʴ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠ ʘʥʘʣʠʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʤʘʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ 
ʤʠʥʝʨʘʣʦʚ. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʨʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʩʧʝʢʪʨ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 
ʨʘʩʩʝʷʥʠʷ, ʜʠʘʛʥʦʩʪʠʢʘ ʤʠʥʝʨʘʣʦʚ.  

 
D.G. Stepenshchikov, A.V. Chernyavsky 
 

AN APPLICATION SOFTWARE FOR RAMAN DIAGNOSTICS OF MINERALS 
 
Abstract 

In this paper an application software for primary Raman diagnostics of minerals 
involving open database RRUFF is discussed. The program was approved at the 
Geological Institute KSC RAS and has improved analysis of the experimental Raman 
spectra of minerals. 

 
Key words: 

application software, Raman spectroscopy, mineral diagnostics. 

 

ɺʚʝʜʝʥʠʝ 

ʆʪʢʨʳʪʠʝ ʥʦʚʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ ï ʚʘʞʥʝʡʰʘʷ ʟʘʜʘʯʘ ʤʠʥʝʨʘʣʦʛʠʠ. 

ɼʠʘʛʥʦʩʪʠʢʘ ʤʠʥʝʨʘʣʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦ-

ʬʘʟʦʚʦʛʦ ʠ ʣʦʢʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʦʚ. ʆʜʥʘʢʦ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʬʘʟʘʤʠ ʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʥʝʚʦʟ-

ʤʦʞʝʥ, ʘ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʣʦʢʘʣʴʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʪʦʣʴʢʦ 

ʦʮʝʥʦʯʥʳʝ ʜʘʥʥʳʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʆʜʥʦʟʥʘʯʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʪʘʢʠʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʠʥʜʠʚʠʜʦʚ ʪʨʝʙʫʝʪ ʩʚʝʜʝʥʠʷ ʦʙ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ. 

ʀʤʝʥʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪ-

ʨʦʩʢʦʧʠʠ (ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ). 

ʈʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩʦ ʚʨʝʤʝʥ ʦʪʢʨʳʪʠʷ ʷʚʣʝʥʠʷ ʚ ʢʦʥʮʝ 1920-ʭ 

ʛʦʜʦʚ ʪʝʩʥʦ ʚʦʰʣʘ ʚ ʘʨʩʝʥʘʣ ʬʠʟʠʢʦʚ ʠ ʭʠʤʠʢʦʚ. ʋʥʠʢʘʣʴʥʦʩʪʴ ʨʘʤʘʥʦʚʩʢʦʛʦ 

ʩʧʝʢʪʨʘ (ʂʈ ʩʧʝʢʪʨ) ʜʣʷ ʢʘʞʜʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʠʜʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʥʘʜʝʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʠʥʜʠʚʠʜʦʚ ʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʨʘʟʥʦʛʦ 

ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʦʯʝʥʴ 

ʧʨʦʜʫʢʪʠʚʝʥ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʪʦʥʢʦʟʝʨʥʠʩʪʳʭ ʘʛʨʝʛʘʪʦʚ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. 

ʇʨʠʤʝʥʝʥʠʝ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠʚʝʣʦ ʢ ʦʪʢʨʳʪʠʶ ʥʦʚʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ï 

ʢʦʢʯʝʪʘʚʠʪʘ ʠ ʢʘʤʜʳʢʫʣʠʪʘ (ʧʦʣʠʤʦʨʬʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʤʠʢʨʦʢʣʠʥʘ ʠ ʘʣʴʙʠʪʘ, 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʅʝ ʦʪʨʠʮʘʷ ʟʥʘʯʝʥʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʣʦʢʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦ-

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ ʠ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʵʢʩʧʨʝʩʩʥʦʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʂʈ ʩʧʝʢʪʨʦʚ. 

ɼʠʘʛʥʦʩʪʠʢʘ ʤʠʥʝʨʘʣʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʚ 

ʀʥʪʝʨʥʝʪʝ ʵʣʝʢʪʨʦʥʥʳʭ ʙʘʟ ʨʘʤʘʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ. ʅʘʠʙʦʣʝʝ ʦʙʰʠʨʥʦʡ 

ʷʚʣʷʝʪʩʷ ʙʘʟʘ ʜʘʥʥʳʭ ʠʥʪʝʨʥʝʪ-ʧʨʦʝʢʪʘ RRUFF [1]. ʊʘʢʞʝ ʠʤʝʶʪʩʷ ʠ 

ʣʠʪʝʨʘʪʫʨʥʳʝ ʩʧʨʘʚʦʯʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʥʘʧʨʠʤʝʨ [2-4]. 

ʈʘʙʦʪʘ ʩ ʨʘʤʘʥʦʚʩʢʠʤʠ ʩʧʝʢʪʨʘʤʠ (ʜʦʢʫʤʝʥʪʘʮʠʷ, ʩʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʦ ʩʧʨʘʚʦʯʥʳʤʠ ʠ ʪ.ʧ.) ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ ʪʨʝʙʫʝʪ 

ʥʘʣʠʯʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. ʂ ʠʭ ʯʠʩʣʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢʘʢ 

ʚʩʪʨʦʝʥʥʳʡ ʘʧʧʣʝʪ ʫʞʝ ʫʧʦʤʷʥʫʪʦʛʦ ʠʥʪʝʨʥʝʪ-ʧʨʦʝʢʪʘ RRUFF, ʪʘʢ ʠ ʦʪʜʝʣʴʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʥʘʧʨʠʤʝʨ, Spekwin32. ʆʜʥʘʢʦ ʥʘ ʫʨʦʚʥʝ 

ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʦʞʝʣʘʥʠʷ ʢ 

ʠʥʪʝʨʬʝʡʩʫ ʠ ʥʘʙʦʨʫ ʥʝʦʙʭʦʜʠʤʳʭ ʦʧʝʨʘʮʠʡ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʨʦʜʫʢʪʘ, ʧʦʵʪʦʤʫ ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʂʦʣʴʩʢʦʛʦ ʅʎ 

ʈɸʅ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʦʙʩʪʚʝʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʨʝʰʘʶʱʠʡ 

ʥʝʦʙʭʦʜʠʤʳʝ ʟʘʜʘʯʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʵʬʬʝʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

 

ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʠ ʦʧʠʩʘʥʠʝ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʣʦʞʝʥʠʝ, ʨʝʘʣʠʟʦʚʘʥʥʦʝ ʚ 

ʦʪʢʨʳʪʦʡ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʷʟʳʢʝ Object Pascal 

ʜʣʷ ʢʦʤʧʠʣʷʪʦʨʘ Free Pascal (FPC) Lazarus ʚʝʨʩʠʠ 1.1.4. ɼʘʥʥʘʷ IDE ʦʙʣʘʜʘʝʪ, 

ʜʚʫʤʷ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: ʚʦ-ʧʝʨʚʳʭ, ʦʥʘ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʘ, ʘ ʚʦ-ʚʪʦʨʳʭ, 

ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʩʦʟʜʘʚʘʪʴ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʆʙʱʠʡ ʚʠʜ ʠʥʪʝʨʬʝʡʩʘ ʧʨʠʣʦʞʝʥʠʷ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1. 
 

 
 

ʈʠʩ. 1. ʀʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ 
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ɿʘʜʘʯʘ ʢʦʤʧʣʝʢʩʘ ï ʨʘʙʦʪʘ ʩ ʤʘʩʩʠʚʦʤ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ 

ʪʝʢʩʪʦʚʳʝ ʬʘʡʣʳ ʩ ʟʘʧʠʩʘʥʥʳʤʠ ʚ ʥʠʭ ʧʘʨʘʤʝʪʨʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʩʧʝʢʪʨʦʚ, ʘ ʠʤʝʥʥʦ, ʦʪʦʙʨʘʞʝʥʠʝ ʵʪʠʭ ʩʧʝʢʪʨʦʚ, ʦʙʨʘʙʦʪʢʘ ʠ ʩʨʘʚʥʝʥʠʝ ʤʝʞʫ 

ʩʦʙʦʡ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʘʥʥʳʭ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʠ 

ʬʫʥʢʮʠʠ ʧʦʜʨʦʙʥʦ. 

 

1. ɻʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʜʘʥʥʳʭ 

ʆʩʥʦʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʟʘʢʣʶʯʘʣʦʩʴ ʚ ʩʦʙʣʶʜʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʦʙʣʘʩʪʠ ʛʨʘʬʠʢʘ ï ʘʥʘʣʦʛʠʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʶ ʚ ʧʨʦʝʢʪʝ RRUFF, ʪʘʢ ʢʘʢ 

ʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʙʘʟʳ ʫʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʟʘʢʘʟʯʠʢʦʤ, ʠ 

ʝʛʦ ʩʦʙʩʪʚʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʜʦʣʞʥʳ ʙʳʣʠ ʦʪʣʠʯʘʪʴʩʷ ʧʦ 

ʬʦʨʤʘʪʫ. ɼʣʷ ʘʥʘʣʠʟʘ ʤʝʣʢʠʭ ʜʝʪʘʣʝʡ ʩʧʝʢʪʨʘ, ʘ ʪʘʢʞʝ ʚʳʜʝʣʝʥʠʷ ʝʛʦ 

ʜʠʘʧʘʟʦʥʦʚ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʛʨʘʬʠʢʘ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʜʫʙʣʠʨʫʶʱʠʤʠ ʜʨʫʛ 

ʜʨʫʛʘ ʩʧʦʩʦʙʘʤʠ: ʟʘʜʘʥʠʝʤ ʢʨʘʡʥʠʭ ʟʥʘʯʝʥʠʡ ʜʠʘʧʘʟʦʥʘ ʠ ʜʚʫʤʷ ʚʟʘʠʤʦ-

ʩʚʷʟʘʥʥʳʤʠ ʧʦʣʟʫʥʢʘʤʠ. 

 

2. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʧʝʢʪʨʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʟʘʰʫʤʣʝʥʠʝʤ ʧʦʩʪʦʨʦʥʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʳ ʠ ʠʩʢʘʞʝʥʠʝʤ 

ʚʩʣʝʜʩʪʚʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʨʘʟʮʘ. ɼʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʙʳʣʠ 

ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʦʮʝʜʫʨʳ ʩʛʣʘʞʠʚʘʥʠʷ ʠ ʧʨʠʚʝʜʝʥʠʷ ʢ ʙʘʟʦʚʦʡ ʣʠʥʠʠ. 

ʉʛʣʘʞʠʚʘʥʠʝ ʛʨʘʬʠʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʤʝʪʦʜʫ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʙʦʨʘ ʧʝʨʠʦʜʘ ʩʛʣʘʞʠʚʘʥʠʷ, ʘ ʧʨʠʚʝʜʝʥʠʝ ʢ ʙʘʟʦʚʦʡ ʣʠʥʠʠ ï ʩ 

ʧʦʤʦʱʴʶ ʩʧʣʘʡʥʦʚ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ. ʇʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʫʜʘʣʷʪʴ 

ʥʝʥʫʞʥʳʝ ʫʯʘʩʪʢʠ ʩʧʝʢʪʨʘ, ʩʦʜʝʨʞʘʱʠʝ, ʥʘʧʨʠʤʝʨ, ʥʝʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʠʢʠ. 

ʆʩʥʦʚʥʘʷ ʧʨʦʮʝʜʫʨʘ ʦʙʨʘʙʦʪʢʠ ï ʚʳʷʚʣʝʥʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʠʢʦʚ 

ʩʧʝʢʪʨʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʨʫʯʥʦʤ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ 

ʨʝʞʠʤ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʷʝʪ ʨʘʙʦʪʫ, ʪʨʝʙʫʷ ʚʚʝʜʝʥʠʷ ʚʩʝʛʦ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ: 

ʚʳʩʦʪʳ ʧʠʢʘ h, ʠ ʝʛʦ ʛʣʫʙʠʥʳ d. ʇʝʨʚʳʡ ʧʘʨʘʤʝʪʨ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ 

ʪʝ ʧʠʢʠ (ʣʦʢʘʣʴʥʳʝ ʤʘʢʩʠʤʫʤʳ), ʯʴʷ ʚʳʩʦʪʘ ʥʝ ʥʠʞʝ h, ʘ ʚʪʦʨʦʡ ʧʘʨʘʤʝʪʨ 

ʦʪʙʨʘʩʳʚʘʝʪ ʧʠʢʠ, ʫ ʢʦʪʦʨʳʭ ʭʦʪʷ ʙʳ ʦʜʥʘ ʨʘʟʥʠʮʘ ʚʳʩʦʪ ʤʝʞʜʫ ʝʛʦ ʚʝʨʰʠʥʦʡ ʠ 

ʩʦʩʝʜʥʠʤʠ ʣʦʢʘʣʴʥʳʤʠ ʤʠʥʠʤʫʤʘʤʠ ʤʝʥʴʰʝ d (ʨʠʩ. 2). ʈʫʯʥʦʡ ʨʝʞʠʤ ʧʨʝʜ-

ʥʘʟʥʘʯʝʥ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
 

 
 

ʈʠʩ. 2. ɺʳʩʦʪʘ h ʠ ʛʣʫʙʠʥʘ d, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʦʧʨʝʜʝʣʝʥʠʠ ʧʠʢʘ 
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3. ɸʥʘʣʠʟ ʜʘʥʥʳʭ 

ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʧʨʠʣʦʞʝʥʠʷ ï ʜʠʘʛʥʦʩʪʠʢʘ ʤʠʥʝʨʘʣʦʚ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ 

ʩʨʘʚʥʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘ ʩʦ ʩʧʝʢʪʨʘʤʠ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠʚʣʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʚʳʜʘʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʩʧʠʩʦʢ ʵʪʘʣʦʥʥʳʭ ʟʘʧʠʩʝʡ ʠʟ ʙʘʟʳ 

ʜʘʥʥʳʭ, ʩʦʚʧʘʜʘʶʱʠʭ ʩ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʩʧʝʢʪʨʦʤ ʩ ʫʯʝʪʦʤ ʚʳʩʪʘʚʣʝʥʥʳʭ 

ʥʘʩʪʨʦʝʢ. ʅʘʩʪʨʦʡʢʠ ʜʠʘʛʥʦʩʪʠʢʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʘʨʘʤʝʪʨ ʩʛʣʘʞʠʚʘʥʠʷ 

ʩʧʝʢʪʨʦʚ, ʚʳʩʦʪʫ ʠ ʛʣʫʙʠʥʫ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʷʚʣʷʝʤʳʭ ʧʠʢʦʚ, ʘ ʪʘʢʞʝ 

ʧʘʨʘʤʝʪʨʳ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ s ʠ ʨʘʟʣʠʯʠʷ r ï ʜʦʧʫʩʪʠʤʳʝ ʨʘʩʩʪʦʷʥʠʷ ʧʦ ʦʩʷʤ 

Ox ʠ Oy, ʧʨʠ ʢʦʪʦʨʳʭ ʧʠʢʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʠ ʵʪʘʣʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʧʨʠʥʠʤʘʶʪʩʷ 

ʟʘ ʩʦʚʧʘʜʘʶʱʠʝ (ʨʠʩ. 3). ʋʯʝʪ ʜʘʥʥʳʭ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʬʠʣʴʪʨʘʮʠʝʡ: ʚ ʜʠʘʛʥʦʩʪʠʢʫ ʚʢʣʶʯʘʶʪʩʷ ʪʦʣʴʢʦ ʪʝ ʵʪʘʣʦʥʥʳʝ ʟʘʧʠʩʠ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʩʝ ʚʳʙʨʘʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ. 
 

 
 

ʈʠʩ. 3. ʇʘʨʘʤʝʪʨʳ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ s ʠ ʨʘʟʣʠʯʠʷ r, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʧʠʢʦʚ 

 
ʂʘʞʜʘʷ ʵʪʘʣʦʥʥʘʷ ʟʘʧʠʩʴ ʚ ʧʦʣʫʯʝʥʥʦʤ ʠʪʦʛʦʚʦʤ ʩʧʠʩʢʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʯʠʩʣʦʤ p, ʧʦʢʘʟʳʚʘʶʱʠʤ ʧʨʦʮʝʥʪ ʩʦʚʧʘʜʝʥʠʷ. ʆʥʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ a1 ʠ ʘ2 ï ʧʦʣʥʦʝ ʯʠʩʣʦ ʧʠʢʦʚ, c ï ʯʠʩʣʦ ʦʙʱʠʭ ʧʠʢʦʚ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʠ 

ʵʪʘʣʦʥʥʦʛʦ ʩʧʝʢʪʨʦʚ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʩʧʝʢʪʨʝ ʯʠʩʣʦ ʧʠʢʦʚ 

ʨʘʚʥʦ 4 ʠ 6 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʩʧʝʢʪʨʳ ʩʦʚʧʘʜʘʶʪ ʧʦ ʪʨʝʤ ʧʠʢʘʤ, ʧʦʣʫʯʠʤ p = 

60%. ʅʘʩʪʨʦʡʢʠ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʟʚʦʣʷʶʪ ʦʪʩʝʢʘʪʴ ʵʪʘʣʦʥʥʳʝ ʟʘʧʠʩʠ, ʧʨʦʮʝʥʪ 

ʩʦʚʧʘʜʝʥʠʷ ʢʦʪʦʨʳʭ ʥʠʞʝ ʟʘʜʘʥʥʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʆʙʱʠʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʩʣʝʜʫʶʱʠʡ: ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʩʧʝʢʪʨ, 

ʩʦʛʣʘʩʥʦ ʥʘʩʪʨʦʡʢʘʤ, ʩʛʣʘʞʠʚʘʝʪʩʷ, ʠ ʥʘ ʥʝʤ ʚʳʩʪʘʚʣʷʶʪʩʷ ʧʠʢʠ. ʀʟ ʩʧʠʩʢʘ 

ʙʘʟʳ ʜʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʙʠʨʘʶʪʩʷ ʵʪʘʣʦʥʥʳʝ ʟʘʧʠʩʠ, ʠ ʩ ʥʠʤʠ 

ʧʨʦʜʝʣʳʚʘʝʪʩʷ ʪʘ ʞʝ ʧʨʦʮʝʜʫʨʘ. ɿʘʧʠʩʠ ʧʨʠ ʵʪʦʤ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʪ.ʝ. ʩʦʜʝʨʞʘʪʴ ʚʩʝ, 

ʦʪʤʝʯʝʥʥʳʝ ʚ ʬʠʣʴʪʨʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ. ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜʩʯʝʪ 

(ʩʦʛʣʘʩʥʦ ʪʝʤ ʞʝ ʥʘʩʪʨʦʡʢʘʤ) ʩʦʚʧʘʜʘʶʱʠʭ ʧʠʢʦʚ ʫ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʠ 



 

60 

ʵʪʘʣʦʥʥʦʛʦ ʩʧʝʢʪʨʦʚ ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨ p. ɽʩʣʠ ʦʥ ʥʝ ʤʝʥʴʰʝ ʫʩʪʘʥʦʚ-

ʣʝʥʥʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʪʦ ʵʪʘʣʦʥʥʘʷ ʟʘʧʠʩʴ ʜʦʙʘʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴ-

ʪʠʨʫʶʱʠʡ ʩʧʠʩʦʢ, ʢʦʪʦʨʳʡ ʚ ʢʦʥʮʝ ʫʧʦʨʷʜʦʯʠʚʘʝʪʩʷ ʧʦ ʫʙʳʚʘʥʠʶ. 

ʊʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʨʦʮʝʜʫʨʘ ʩʦʭʨʘʥʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʛʨʘʬʠʢʘ 

ʩʧʝʢʪʨʘ ʠ ʜʘʥʥʳʭ ʧʦ ʚʳʷʚʣʝʥʠʶ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʠʢʦʚ. 

 

ɸʧʨʦʙʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʇʦʣʫʯʝʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʦʪʨʫʜʥʠʢʘʤʠ ɻʝʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʂʦʣʴʩʢʦʛʦ ʅʎ ʈɸʅ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʫʣʴʬʠʜʦʚ ʠ ʩʫʣʴʬʦʩʦʣʝʡ, ʩʫʣʴʬʘʪʦʚ ʠ ʪʝʣʣʫʨʘʪʦʚ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʂʦʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ. ɼʠʘʛʥʦʩʪʠʢʘ ʤʠʥʝʨʘʣʦʚ ʧʦ ʨʘʤʘʥʦʚʩʢʠʤ 

ʩʧʝʢʪʨʘʤ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʫʪʝʤ ʠʭ ʩʨʘʚʥʝʥʠʷ ʩ ʠʤʝʶʱʠʤʠʩʷ ʵʪʘʣʦʥʥʳʤʠ 

ʩʧʝʢʪʨʘʤʠ ʙʘʟʳ RRUFF. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʨʷʜ ʤʠʥʝʨʘʣʦʚ, ʥʦʚʳʭ ʜʣʷ 

ʂʦʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠ ʈʦʩʩʠʠ [5]. 

ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʜʠʘʛʥʦʩʪʠʢʠ ʤʠʥʝʨʘʣʘ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʦ ʤʘʢʩʠ-

ʤʘʣʴʥʦʤʫ ʧʨʦʮʝʥʪʫ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʤʘʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ (57%) ʢʘʢ ʜʝʚʠʣʣʠʥ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ (ʯʝʨʥʦʝ) ʠ ʵʪʘʣʦʥʥʳʡ (ʩʝʨʦʝ) ʩʧʝʢʪʨʳ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1. 
 

 
 

ʈʠʩ. 4. ʆʢʥʦ ʜʠʘʛʥʦʩʪʠʢʠ ʩ ʧʨʠʤʝʨʦʤ ʨʝʟʫʣʴʪʘʪʘ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʤʠʥʝʨʘʣʦʚ ʧʦ ʢʦʤʙʠʥʘʮʠʦʥʥʳʤ 

ʩʧʝʢʪʨʘʤ ʨʘʩʩʝʷʥʠʷ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʘʥʥʳʭ ʦʪʢʨʳʪʦʡ ʙʘʟʳ ʠʥʪʝʨʥʝʪ-ʧʨʦʝʢʪʘ 

RRUFF ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʫʩʧʝʰʥʦ ʘʧʨʦʙʠʨʦʚʘʥ ʩʦʪʨʫʜʥʠʢʘʤʠ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʂʦʣʴʩʢʦʛʦ ʅʎ ʈɸʅ.  
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʫʜʘʣʦʩʴ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʤʠʥʝʨʘʣʴʥʳʝ ʚʠʜʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʜʦ ʵʪʦʛʦ ʚ ʩʪʘʪʫʩʝ ʤʠʥʝ-

ʨʘʣʴʥʳʭ ʬʘʟ. ʄʥʦʛʠʝ ʠʟ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʦʢʘʟʘʣʠʩʴ ʫʞʝ ʠʟʚʝʩʪʥʳʤʠ 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʠʜʘʤʠ, ʘ ʥʝʢʦʪʦʨʳʝ ʙʳʣʠ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʂʦʣʴʩʢʦʤ 

ʨʝʛʠʦʥʝ (ʤʝʥʝʛʠʥʠʪ, ʢʦʟʘʣʠʪ) [5]. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 

ʧʦʜʭʦʜ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ: ʜʠʘʛʥʦʩʪʠʢʘ ʤʠʥʝʨʘʣʦʚ ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʩʦ ʩʧʝʢʪʨʘʤʠ ʠʟ ʙʘʟ ʜʘʥʥʳʭ ʠ 

ʩʧʝʢʪʨʘʤʠ ʤʠʥʝʨʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʵʪʘʣʦʥʥʳʭ ʢʦʣʣʝʢʮʠʡ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʦʚ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʦʟʤʦʞʥʘ ʜʦʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʘ ʩ ʫʯʝʪʦʤ ʧʦʞʝʣʘʥʠʡ 

ʧʦʣʴʟʦʚʘʪʝʣʷ (ʥʘʧʨʠʤʝʨ, ʨʘʟʣʦʞʝʥʠʝ ʩʧʝʢʪʨʘ ʥʘ ʛʘʫʩʩʦʚʳ ʢʨʠʚʳʝ, ʦʧʨʝʜʝʣʸʥʥʳʡ 

ʬʦʨʤʘʪ ʚʳʚʦʜʘ ʜʘʥʥʳʭ ʠ ʪ. ʧ.). ʇʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʢʦʤʧʣʝʢʩ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʘʙʦʪʳ ʠ ʩʦ ʩʧʝʢʪʨʘʤʠ ʜʨʫʛʦʡ ʧʨʠʨʦʜʳ, ʥʘʧʨʠʤʝʨ, 

ʜʘʥʥʳʤʠ ʧʦ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 
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ʀʥʩʪʠʪʫʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʂʦʣʴʩʢʦʛʦ ʅʎ ʈɸʅ 
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ɿɸ ʉʏɪʊ ʀɿʄɽʅɽʅʀʗ ʋɻʃɸ ʂʆʅɺɽʈɻɽʅʎʀʀ 
 
ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʤʝʪʦʜʠʢʠ ʩʦʟʜʘʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʪʝʨʝʦʠʟʦʙʨʘʞʝʥʠʡ. 
ʈʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʨʝʭʤʝʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ 
ʧʦʣʴʟʦʚʘʪʝʣʶ ʙʫʜʝʪ ʜʦʩʪʫʧʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʢʪʘ ʬʦʢʫʩʠʨʦʚʢʠ 
(ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʟʨʠʪʝʣʴʥʳʭ ʦʩʝʡ) ʧʫʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 
ʫʛʣʘ ʢʦʥʚʝʨʛʝʥʮʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ 
ʨʘʙʦʪʳ ʤʝʪʦʜʘ. 
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IMPROVING QUALITY OF VISUALIZATION OF STEREO IMAGES 
BY CHANGING THE CONVERGENCE ANGLE 
 
Abstract 

The article describes methods of creating and presenting stereoscopic images, the 
method of representing three-dimensional image, in which the user will be available 
to the possibility of changing the focus of the object (the point of intersection of the 
visual axis) by automated change the convergence angle, experimental results of the 
method. 

 
Keywords:  

virtual reality, stereo pair, binocular vision, convergence, visual axis. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʪʝʭʥʦʣʦʛʠʠ 

ʚʠʨʪʫʘʣʴʥʦʡ, ʨʘʩʰʠʨʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ. ɼʘʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʘʚʠʘʮʠʦʥʥʳʭ ʪʨʝʥʘʞʝʨʘʭ, ʚ ʤʝʜʠʮʠʥʩʢʠʭ 

ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʚ ʦʙʫʯʝʥʠʠ, ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. ɺ ʈʦʩʩʠʠ 

ʝʞʝʛʦʜʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʠʙʥʫʪ ʪʳʩʷʯʠ 

ʣʶʜʝʡ, ʩʦʪʥʠ ʪʳʩʷʯ ʧʦʣʫʯʘʶʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʪʨʘʚʤʳ. ʇʦ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ 

ʟʘ 2015 ʛʦʜ ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʩʪʨʘʜʘʚʰʠʭ ʩ ʫʪʨʘʪʦʡ ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ 

1 ʨʘʙʦʯʠʡ ʜʝʥʴ ʠ ʙʦʣʝʝ ʠ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ ʩʦʩʪʘʚʠʣʘ 28240 ʯʝʣʦʚʝʢ [1].  

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʩʪʨʦʡʩʪʚ ʫʜʘʣʝʥʥʦʛʦ 

ʧʨʠʩʫʪʩʪʚʠʷ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʶʪʩʷ 

ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʚʠʜʝʦʨʷʜʘ ʚʢʫʧʝ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ 

ʧʝʨʝʜʘʯʠ. ʆʜʥʘʢʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʧʘʩʥʳʭ ʜʣʷ ʞʠʟʥʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʩʠʪʫʘʮʠʡ ʥʝʤʘʣʦʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʛʣʫʙʠʥʳ 
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ʠʟʦʙʨʘʞʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʠʢʠ ʩʦʟʜʘʥʠʷ ʩʪʝʨʝʦʠʟʦʙʨʘʞʝʥʠʡ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʫʜʘʣʝʥʥʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ. 

 

ʀʤʠʪʘʮʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʟʨʝʥʠʷ 

ɺʦʩʧʨʠʷʪʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ. 

ɹʝʟ ʵʪʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʙʝʟʦʧʘʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʢʨʫʞʘʶʱʠʤ ʤʠʨʦʤ ʩʪʘʥʝʪ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ. ʏʝʣʦʚʝʢ ʚʦʩʧʨʠʥʠʤʘʝʪ ʚʝʣʠʯʠʥʫ ʠ ʬʦʨʤʫ ʧʨʝʜʤʝʪʦʚ, ʠʭ 

ʦʙʲʝʤʥʦʩʪʴ, ʛʣʫʙʠʥʫ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʆʮʝʥʢʘ ʚʝʣʠʯʠʥʳ ʧʨʝʜʤʝʪʘ ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʥʝʛʦ [8]. ɽʩʣʠ ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʦʮʝʥʠʪʴ ʪʨʫʜʥʦ, ʪʦ 

ʚʝʣʠʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ. ʆʮʝʥʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʧʨʝʜʤʝʪʘ ʠ ʛʣʫʙʠʥʫ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʦʞʥʦ ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʤʦʥʦʢʫʣʷʨʥʦʛʦ ʟʨʝʥʠʷ (ʦʜʠʥ ʛʣʘʟ), ʪʘʢ ʠ ʩ 

ʧʦʤʦʱʴʶ ʙʠʥʦʢʫʣʷʨʥʦʛʦ (ʜʚʘ ʛʣʘʟʘ). ɸʢʢʦʤʦʜʘʮʠʷ ʭʨʫʩʪʘʣʠʢʘ ʛʣʘʟʘ ʠʛʨʘʝʪ 

ʙʦʣʴʰʫʶ ʨʦʣʴ ʧʨʠ ʦʮʝʥʢʝ ʩ ʧʦʤʦʱʴʶ ʤʦʥʦʢʫʣʷʨʥʦʛʦ ʟʨʝʥʠʷ. ʉʦʛʣʘʩʥʦ ʢʥʠʛʝ 

ɼ. ʍʴʶʙʝʣʣʘ çɻʣʘʟ, ʤʦʟʛ, ʟʨʝʥʠʝè ʘʢʢʦʤʦʜʘʮʠʷ ï ʵʪʦ ʩʦʢʨʘʱʝʥʠʝ ʮʠʣʠʘʨʥʦʡ 

ʤʳʰʮʳ ʚʥʫʪʨʠ ʛʣʘʟʘ. ʆʥʦ ʚʳʟʳʚʘʝʪ ʦʢʨʫʛʣʝʥʠʝ ʭʨʫʩʪʘʣʠʢʘ ʧʨʠ ʨʘʩʩʤʘʪʨʠʚʘʥʠʠ 

ʙʣʠʟʢʠʭ ʧʨʝʜʤʝʪʦʚ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʝʜʤʝʪ ʩʪʘʥʦʚʠʪʩʷ ʯʝʪʯʝ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʦʩʧʨʠʥʠʤʘʪʴ ʛʣʫʙʠʥʫ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʧʦʤʦʱʴʶ ʙʠʥʦʢʫʣʷʨʥʦʛʦ 

ʟʨʝʥʠʷ, ʩʫʱʝʩʪʚʫʝʪ ʩʣʝʜʫʶʱʠʡ ʤʝʭʘʥʠʟʤ. ʀʟʦʙʨʘʞʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʧʨʝʜʤʝʪʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʞʜʦʛʦ ʛʣʘʟʘ ʧʦʧʘʜʘʝʪ ʥʘ ʩʝʪʯʘʪʢʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʛʣʘʟʘ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʢʦʨʨʝʩʧʦʥʜʠʨʫʶʱʠʭ ʪʦʯʢʘʭ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʧʘʣʠ ʠʤʝʥʥʦ ʚ ʵʪʠ ʪʦʯʢʠ, ʩʫʱʝʩʪʚʫʝʪ ʢʦʥʚʝʨʛʝʥʮʠʷ ʠ 

ʜʠʚʝʨʛʝʥʮʠʷ. ʂʦʥʚʝʨʛʝʥʮʠʷ ï ʵʪʦ ʩʚʝʜʝʥʠʝ ʟʨʠʪʝʣʴʥʳʭ ʦʩʝʡ, ʛʣʘʟʥʳʝ ʷʙʣʦʢʠ 

ʧʦʚʦʨʘʯʠʚʘʶʪʩʷ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ (ʨʠʩ. 1). ɼʠʚʝʨʛʝʥʮʠʷ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʥʳʤ 

ʧʨʦʮʝʩʩʦʤ, ʟʨʠʪʝʣʴʥʳʝ ʦʩʠ ʨʘʟʚʦʜʷʪʩʷ ʚ ʩʪʦʨʦʥʳ [2]. 

 

 
 

ʈʠʩ. 1. ʂʦʥʚʝʨʛʝʥʮʠʷ, ʜʠʚʝʨʛʝʥʮʠʷ ʠ ʘʢʢʦʤʦʜʘʮʠʷ 
 

ʄʝʪʦʜʳ ʩʦʟʜʘʥʠʷ ʦʙʲʝʤʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ɹʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʦʙʲʝʤʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʦʩʥʦʚʘʥʳ ʥʘ 

ʧʨʠʥʮʠʧʝ ʨʘʟʜʝʣʴʥʦʛʦ ʧʨʦʩʤʦʪʨʘ ï ʢʘʞʜʦʤʫ ʛʣʘʟʫ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʩʚʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ. ʇʦʜʦʙʥʘʷ ʧʘʨʘ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘʟʳʚʘʝʪʩʷ ʩʪʝʨʝʦʧʘʨʦʡ, ʘ ʝʝ 

ʩʦʟʜʘʥʠʝ ï ʩʪʝʨʝʦʩʲʝʤʢʦʡ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʩʪʝʨʝʦʧʘʨʫ ʥʫʞʥʦ ʩʥʷʪʴ ʦʙʲʝʢʪ ʩ 

ʨʘʟʥʳʭ ʪʦʯʝʢ. ʉʫʱʝʩʪʚʫʶʪ ʤʝʪʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʛʦʨʘʢʫʨʩʥʘʷ 



 

64 

ʩʲʝʤʢʘ. ɿʘʜʘʯʘ ʚʩʝʭ ʤʝʪʦʜʦʚ ʩʪʝʨʝʦʩʲʝʤʢʠ - ʧʦʣʫʯʠʪʴ ʧʘʨʫ ʠʣʠ ʩʝʨʠʶ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʥʘ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʘʨʘʣʣʘʢʩ. ʇʘʨʘʣʣʘʢʩ ï ʵʪʦ ʩʤʝʱʝʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʚʳʟʚʘʥʥʦʝ ʠʟʤʝʥʝʥʠʝʤ ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ. 

ʂʦʣʠʯʝʩʪʚʦ ʬʦʪʦʛʨʘʬʠʡ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʢʘʢ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ 

ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʢʘʢʦʡ ʠʟ ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ 

ʩʪʝʨʝʦʠʟʦʙʨʘʞʝʥʠʷ. ʏʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʝ ʪʦʯʢʠ ʩʲʝʤʢʠ, ʧʦ ʧʦʣʦʞʝʥʠʶ 

ʠʤʠʪʠʨʫʶʱʠʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʛʣʘʟ ʯʝʣʦʚʝʢʘ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʩʲʝʤʢʠ 

ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʢʘʜʨʘ ʥʘʟʳʚʘʝʪʩʷ ʙʘʟʠʩʦʤ ʩʪʝʨʝʦʩʲʝʤʢʠ ʠʣʠ ʧʨʦʩʪʦ 

ʩʪʝʨʝʦʙʘʟʠʩʦʤ. ɺʝʣʠʯʠʥʘ ʩʪʝʨʝʦʙʘʟʠʩʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ 

ʥʫʞʥʦʛʦ ʦʙʲʝʢʪʘ ʩʮʝʥʳ. ɽʩʣʠ ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʪʨʝʭ ʜʦ 

ʧʷʪʠ ʤʝʪʨʦʚ, ʪʦ ʤʦʞʥʦ ʟʘ ʚʝʣʠʯʠʥʫ ʩʪʝʨʝʦʙʘʟʠʩʘ ʚʟʷʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʛʣʘʟʘʤʠ, ʘ ʠʤʝʥʥʦ 65-70 ʤʤ. ɽʩʣʠ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʢʘʟʘʪʴ ʦʙʲʝʤ 

ʙʦʣʝʝ ʜʘʣʴʥʝʛʦ ʦʙʲʝʢʪʘ, ʪʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʙʘʟʠʩ 

ʩʲʝʤʢʠ. ʇʨʠʤʝʨʥʦ ʙʘʟʠʩ ʩʲʝʤʢʠ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʜʘʥʥʦʡ ʬʦʨʤʫʣʝ: 

B=0.03*D,              (1) 

ʛʜʝ     B ï ʙʘʟʠʩ ʩʪʝʨʝʦʩʲʝʤʢʠ; 

D ï ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʦʙʲʝʢʪʘ ʩʮʝʥʳ. 

ʂʦʵʬʬʠʮʠʝʥʪ 0,03 ʧʨʦʜʠʢʪʦʚʘʥ ʫʛʣʦʤ ʩʭʦʞʜʝʥʠʷ ʟʨʠʪʝʣʴʥʳʭ ʦʩʝʡ 1-2Ü, 

ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʥʘʙʣʶʜʝʥʠʷ ʩʪʝʨʝʦʵʬʬʝʢʪʘ [3]. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʩʧʦʩʦʙʘ, ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʩʪʝʨʝʦʩʲʝʤʢʫ: 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʠ ʧʘʨʘʣʣʝʣʴʥʳʡ. ʇʨʠ ʥʘʧʨʘʚʣʝʥʥʦʤ ʤʝʪʦʜʝ ʩʲʝʤʢʠ ʢʘʤʝʨʳ 

ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʛʣʦʤ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʛʣʘʚʥʳʡ 

ʦʙʲʝʢʪ ʩʮʝʥʳ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʠʨʫʶʪ ʢʦʥʚʝʨʛʝʥʮʠʶ ʛʣʘʟ ʯʝʣʦʚʝʢʘ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʛʦʪʦʚʫʶ ʩʪʝʨʝʦʧʘʨʫ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ. ʅʦ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʦʙʣʝʤ ʚ ʧʨʠʤʝʥʝʥʠʠ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ. ɺʦ-ʧʝʨʚʳʭ, ʪʝʭʥʠʯʝʩʢʠ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʪʦʯʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʢʘʤʝʨ. ɺʦ-ʚʪʦʨʳʭ, ʦʙʲʝʢʪʳ ʥʘ ʟʘʜʥʝʤ ʧʣʘʥʝ ʙʫʜʫʪ ʩʠʣʴʥʦ ʩʤʝʱʝʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʯʪʦ ʧʦʤʝʰʘʝʪ ʥʦʨʤʘʣʴʥʦʤʫ ʚʦʩʧʨʠʷʪʠʶ ʵʪʠʭ ʦʙʲʝʢʪʦʚ 

ʠ ʚʳʟʦʚʝʪ ʜʠʩʢʦʤʬʦʨʪ. ɺ-ʪʨʝʪʴʠʭ, ʩʘʤʘʷ ʥʝʞʝʣʘʪʝʣʴʥʘʷ ʧʨʦʙʣʝʤʘ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ, ʵʪʦ ʠʩʢʘʞʝʥʠʷ ʦʙʲʝʢʪʦʚ. ʅʘʧʨʠʤʝʨ, ʢʚʘʜʨʘʪ ʚ ʧʝʨʩʧʝʢʪʠʚʝ 

ʠʟʦʙʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʪʨʘʧʝʮʠʠ. ʇʨʠ ʩʲʝʤʢʝ ʥʘʧʨʘʚʣʝʥʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʩʥʠʤʢʝ ʩ 

ʦʜʥʦʡ ʢʘʤʝʨʳ ʙʦʣʴʰʝʡ ʩʪʦʨʦʥʦʡ ʵʪʦʡ ʚʠʜʠʤʦʡ ʪʨʘʧʝʮʠʠ ʦʢʘʞʝʪʩʷ ʦʜʥʘ ʩʪʦʨʦʥʘ, 

ʪʦʛʜʘ ʢʘʢ ʥʘ ʜʨʫʛʦʤ ʩʥʠʤʢʝ ʝʶ ʦʢʘʞʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʩʪʦʨʦʥʘ ʬʠʛʫʨʳ. 

ʊʘʢʞʝ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʘʨʘʣʣʘʢʩʘ. ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʦʝ 

ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʥʝʧʨʠʷʪʥʳʝ ʦʱʫʱʝʥʠʷ ʧʨʠ ʧʨʦʩʤʦʪʨʝ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʤʝʪʦʜʘ ʢʘʤʝʨʳ, ʦʯʝʚʠʜʥʦ, 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ. ʊʝʭʥʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʥʝ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ʅʦ ʧʘʨʘʣʣʝʣʴʥʳʡ ʤʝʪʦʜ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ 

ʥʝʜʦʩʪʘʪʢʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʠ ʧʨʦʩʤʦʪʨʝ ʩʪʝʨʝʦʧʘʨʳ ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʠʪʴ 

ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʡ ʩʜʚʠʛ ʠʟʦʙʨʘʞʝʥʠʡ ʪʘʢ, ʯʪʦʙʳ ʛʣʘʚʥʳʡ ʦʙʲʝʢʪ ʩʮʝʥʳ ʥʝ 

ʜʚʦʠʣʩʷ. ɼʘʥʥʳʡ ʦʙʲʝʢʪ ʙʫʜʝʪ ʢʘʟʘʪʴʩʷ ʫʜʘʣʝʥʥʳʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʦʩʠʪʝʣʷ. 

ʊʦʛʜʘ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʩʮʝʥʝ ʧʦʟʘʜʠ ʠ ʚʧʝʨʝʜʠ ʥʝʛʦ, ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʠ ʙʫʜʫʪ ʢʘʟʘʪʴʩʷ ʫʛʣʫʙʣʝʥʥʳʤʠ ʚ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʚʳʩʪʫʧʘʶʱʠʤʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʚʥʦʛʦ ʦʙʲʝʢʪʘ. ʅʦ ʩʤʝʱʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ 

ʟʘʡʤʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. ʊʘʢʞʝ, ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʩʜʚʠʛʘ, ʯʘʩʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʪʝʨʷʝʪʩʷ, ʦʙʲʝʤʥʦʡ ʙʫʜʝʪ ʪʦʣʴʢʦ ʪʘ ʯʘʩʪʴ, ʢʦʪʦʨʘʷ 

ʧʦʧʘʣʘ ʚ ʟʦʥʫ ʧʝʨʝʩʝʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʩʪʝʨʝʦʧʘʨʳ. ɽʩʣʠ ʥʝ ʩʜʚʠʛʘʪʴ 
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ʠʟʦʙʨʘʞʝʥʠʷ, ʪʦʛʜʘ ʚʩʝ ʦʙʲʝʢʪʳ ʙʫʜʫʪ ʢʘʟʘʪʴʩʷ ʚʳʩʪʫʧʘʶʱʠʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʘʣʴʥʝʛʦ ʬʦʥʘ ʢʘʨʪʠʥʢʠ, ʢʦʪʦʨʳʡ ʥʝ ʙʫʜʝʪ ʜʚʦʠʪʴʩʷ. ʏʘʱʝ ʚʩʝʛʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʣʶʜʝʡ ʚʳʙʠʨʘʶʪ ʧʘʨʘʣʣʝʣʴʥʳʡ ʤʝʪʦʜ ʙʝʟ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʛʦ ʩʜʚʠʛʘ. 

 

ʄʝʪʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʪʝʨʝʦʠʟʦʙʨʘʞʝʥʠʡ 

ʄʝʪʦʜʳ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʠ ʧʝʨʝʢʨʝʩʪʥʦʛʦ ʚʟʛʣʷʜʘ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ 

ʧʦʟʚʦʣʷʶʪ ʥʘʙʣʶʜʘʪʴ ʩʪʝʨʝʦʵʬʬʝʢʪ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʩʧʦ-

ʩʦʙʣʝʥʠʡ, ʘ ʩ ʧʦʤʦʱʴʶ ʜʠʚʝʨʛʝʥʮʠʠ ʠ ʢʦʥʚʝʨʛʝʥʮʠʠ ʟʨʠʪʝʣʴʥʳʭ ʦʩʝʡ (ʨʠʩ. 2, 3). 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʤʝʪʦʜʘ ʩʣʝʜʫʝʪ ʬʦʢʫʩʠʨʦʚʘʪʴʩʷ ʥʘ ʪʦʯʢʝ 

ʜʘʣʴʰʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʝʢʨʝʩʪʥʦʛʦ  ï  ʥʘ ʪʦʯʢʝ ʧʝʨʝʜ 

ʠʟʦʙʨʘʞʝʥʠʝʤ. 

 

 

ʈʠʩ. 2. ʄʝʪʦʜ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʟʛʣʷʜʘ,  

ʬʦʢʫʩʠʨʦʚʢʘ ʜʘʣʴʰʝ ʠʟʦʙʨʘʞʝʥʠʷ 

 

 

ʈʠʩ. 3. ʄʝʪʦʜ ʧʝʨʝʢʨʝʩʪʥʦʛʦ ʚʟʛʣʷʜʘ,  

ʬʦʢʫʩʠʨʦʚʢʘ ʧʝʨʝʜ ʠʟʦʙʨʘʞʝʥʠʝʤ 

 


