
ʄɯʅɯʉʊɽʈʉʊɺʆ ʆʉɺɯʊʀ ɯ ʅɸʋʂʀ ʋʂʈɸɰʅʀ 

ʆɼɽCʉʔʂɸ ʅɸʎɯʆʅɸʃʔʅɸ ɸʂɸɼɽʄɯʗ ɿɺôʗɿʂʋ ʽʤ. ʆ.ʉ. ʇʆʇʆɺɸ 

 

 

 

 

                                                                                        ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ 

                                                                                           ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ  

 

 

ɸʣ-ɹɸʟʟʘʚʽ ɽʩʩʘ ʄʦʭʘʤʤʝʜ 

ʋɼʂ 621.391 

 

ɼʀʅɸʄʀʏʅɯ ʄʆɼɽʃɯ ɯ ʄɽʊʆɼʀ ʄɸʈʐʈʋʊʀɿɸʎɯɰ ʅɸ ʆʉʅʆɺɯ 

ʈʆɿʇʆɼɯʃʋ ʈɽʉʋʈʉɯɺ ɼʃʗ WIMAX ïʄɽʈɽɾ ʋ ʈɽɾʀʄɯ MESH 

 

05.12.02 ï ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʤʝʨʝʞʽ  

05 çʊʝʭʥʽʯʥʽ ʥʘʫʢʠè 

ʧʦʜʘʻʪʴʩʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ  

 

 

 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʜʝʡ, 

ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʪʝʢʩʪʽʚ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʤʘʶʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ 

____________________ɸʣʴ-ɸʟʟʘʚʽ ɽʩʩʘ ʄʦʭʘʤʤʝʜ 

 

 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɭʚʩʝʻʚʘ ʆʢʩʘʥʘ ʖʨʽʾʚʥʘ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ,  ʧʨʦʬʝʩʦʨ  

 

 

 

 

ʆʜʝʩʘ ï 2017



2 

 

ɿʄɯʉʊ 

 

 

 ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʉʂʆʈʆʏɽʅʔ ...................................................... 5 

 ɺʉʊʋʇ................................................................................................... 7 

 ʈʆɿɼɯʃ 1. ɸʅɸʃɯɿ ʇʈʀʅʎʀʇɯɺ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ 

WIMAX ʄɽʈɽɾ ʋ ʈɽɾʀʄɯ MESH ɯ ʄɽʊʆɼɯɺ 

ʄɸʈʐʈʋʊʀɿɸʎɯɰ ɺ ʅʀʍééééééééééééééé.. 

 

 

13 

1.1. ʆʩʦʙʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ WiMAX mesh-ʤʝʨʝʞééééééé 13 

1.2. ʆʩʦʙʣʠʚʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ WiMAX-ʤʝʨʝʞʽ ʚ ʨʝʞʠʤʽ 

mesh ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ IEEE 802.16d ...................................... 

 

17 

1.3. ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʚʠʤʦʛʠ ʜʦ ʤʝʪʦʜʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʨʦʟʧʦʜʽʣʫ 

ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ WiMAX mesh-ʤʝʨʝʞʽééééééééé 

 

24 

1.4. ɸʥʘʣʽʟ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʡ ʤʘʨʰʨʫʪʥʠʭ ʤʝʪʨʠʢ ʜʣʷ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ mesh-ʤʝʨʝʞ ............................................................. 

 

32 

1.5. ɸʥʘʣʽʟ ʧʨʦʪʦʢʦʣʴʥʠʭ ʨʽʰʝʥʴ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ 

WiMAX mesh-ʤʝʨʝʞʽééééééééééééééééééé 

 

37 

1.6. ɸʥʘʣʽʟ ʢʨʦcʨʚ̔ʥʝʚʠʭ ʨʽʰʝʥʴ ʜʣʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʡ ʨʦʟʧʦʜʽʣʫ 

ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ WiMAX mesh-ʤʝʨʝʞʽéééééééééé 

 

42 

1.7. ʇʦʩʪʘʥʦʚʢʘ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʛʦ ʟʘʚʜʘʥʥʷ ʪʘ ʦʢʨʝʤʽ ʟʘʜʘʯʽ 

ʜʦʩʣʽʜʞʝʥʥʷéééééééééééééééééééééé. 

 

45 

1.8. ɺʠʩʥʦʚʢʠ ʜʦ ʧʝʨʰʦʛʦ ʨʦʟʜʽʣʫééééééééééééééé 46 

 ʈʆɿɼɯʃ 2. ʈʆɿʈʆɹʂɸ ɼʀʅɸʄɯʏʅʀʍ ʄɸʊɽʄɸʊʀʏʅʀʍ 

ʄʆɼɽʃɽʁ ʄɸʈʐʈʋʊʀɿɸʎɯɰ ʅɸ ʆʉʅʆɺɯ ʈʆɿʇʆɼɯʃʋ 

ʈɽʉʋʈʉɯɺ ʋ WIMAX MESH ʄɽʈɽɾɸʍéééééééééé 

 

 

48 

2.1. ɺʠʤʦʛʠ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ WiMAX ʤʝʨʝʞ ʫ ʨʝʞʠʤʽ mesh ...... 48 

2.2. ɸʥʘʣʽʟ ʚʽʜʦʤʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ WiMAX ʤʝʨʝʞ ʫ ʨʝʞʠʤʽ 

meshééééééééééééééééééééééééé.. 

 

49 

2.2.1. ɸʥʘʣʽʟ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʚ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ mesh-ʤʝʨʝʞʘʭ ééééééééééééééé. 

 

49 

2.2.2. ɸʥʘʣʽʟ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʡ ʨʦʟʧʦʜʽʣʫ 

ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ WiMAX mesh-ʤʝʨʝʞʘʭ ............................... 

 

53 

2.2.2.1. ɸʥʘʣʽʟ ʛʨʘʬʦʚʠʭ ʤʦʜʝʣʝʡ ʙʝʟʧʨʦʚʦʜʦʚʠʭ mesh-ʤʝʨʝʞ................ 53 

2.2.2.2. ɸʥʘʣʽʟ ʧʦʪʦʢʦʚʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ WiMAX mesh-ʤʝʨʝʞ é... 56 

2.3. ɹʘʟʦʚʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ WiMAX mesh-ʤʝʨʝʞʽ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ 65 

2.4. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ WiMAX mesh-ʤʝʨʝʞʽ ʟ ʛʘʨʘʥʪʦʚʘʥʦʶ ʷʢʽʩʪʶ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ééééééééééééééé..................... 

 

70 

2.5. ɺʠʩʥʦʚʢʠ ʜʦ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫééééééééééééééé.. 78 

 ʈʆɿɼɯʃ 3. ʈʆɿʈʆɹʂɸ ʄʆɼɽʃɯ ʡ ʄɽʊʆɼʋ ɯɭʈɸʈʍɯʏʅʆɰ  



3 

 

ʄɸʈʐʈʋʊʀɿɸʎɯɰ ʅɸ ʆʉʅʆɺɯ ʈʆɿʇʆɼɯʃʋ ʈɽʉʋʈʉɯɺ ʋ 

ʂʃɸʉʊɽʈʀɿʆɺɸʅɯʁ WIMAX MESH ʄɽʈɽɾɯ .......................... 

 

81 

3.1 ʂʦʥʮʝʧʮʽʷ ʽʻʨʘʨʭʽʯʥʦʾ ʢʨʦcʨʽʚʥʝʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ WiMAX mesh-

ʤʝʨʝʞʽéééééééééééééééééééééééé.. 

 

81 

3.2. ʉʪʨʫʢʪʫʨʥʘ ʤʦʜʝʣʴ ʢʣʘʩʪʝʨʠʟʦʚʘʥʦʾ ʙʝʟʧʨʦʚʦʜʦʚʦʾ mesh-ʤʝʨʝʞʽé. 84 

3.3. ɸʣʛʦʨʠʪʤ ʬʦʨʤʫʚʘʥʥʷ ʧʫʣʽʚ ʩʣʦʪʽʚ ʪʘ  ʾʭʥʴʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʽʞ 

ʢʣʘʩʪʝʨʘʤʠ ʤʝʨʝʞʽééééééééééééééééééé. 

 

87 

3.4. ʄʦʜʝʣʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʢʣʘʩʪʝʨʠʟʦʚʘʥʽʡ IEEE 802.16 mesh-ʤʝʨʝʞʽ 91 

3.5. ɸʣʛʦʨʠʪʤ ʽʻʨʘʨʭʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʫ 

WiMAX mesh-ʤʝʨʝʞʽééééééééééééééééééé 

 

98 

3.6. ɺʠʩʥʦʚʢʠ ʜʦ ʪʨʝʪʴʦʛʦ ʨʦʟʜʽʣʫéééééééééééééé. 106 

 ʈʆɿɼɯʃ 4. ɼʆʉʃɯɼɾɽʅʅʗ ʈʆɿʈʆɹʃʖɺɸɺɸʅʀʍ ʄʆɼɽʃɽʁ 

ʊɸ ʄɽʊʆɼɯɺ ʄɸʈʐʈʋʊʀɿɸʎɯɰ ʊɸ ʇʈɸʂʊʀʏʅɯ 

ʈɽʂʆʄɽʅɼɸʎɯɰ ʑʆɼʆ ɰʍʅʔʆɻʆ ɿɸʉʊʆʉʋɺɸʅʅʗééé. 

 

 

108 

4.1. ʌʦʨʤʘʣʽʟʘʮʽʷ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ WiMAX 

mesh-ʤʝʨʝʞʽ ʫ ʤʝʞʘʭ ʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʤʘʨʰʨʫʪʠʟʘʮʽʾé.. 

 

108 

4.2. ɸʥʘʣʽʟ ʙʘʟʦʚʦʾ ʤʦʜʝʣʽ WiMAX mesh-ʤʝʨʝʞʽ éééééééé.. 111 

4.3. ɸʥʘʣʽʟ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ WiMAX mesh-ʤʝʨʝʞʽ ʟ ʛʘʨʘʥʪʦʚʘʥʦʶ 

ʷʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ................................................................... 

 

119 

4.4. ɸʥʘʣʽʟ ʤʝʪʦʜʫ ʽʻʨʘʨʭʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʫ 

ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ WiMAX mesh-ʤʝʨʝʞʽééééééééé. 

 

130 

4.4.1. ʇʨʠʢʣʘʜ ʽʻʨʘʨʭʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ ʫ WiMAX mesh-ʤʝʨʝʞʽ .................................................... 

 

130 

4.4.2. ɸʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʫ ʽʻʨʘʨʭʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ WiMAX 

mesh-ʤʝʨʝʞʽ .................................................................................... 

 

134 

4.5. ʇʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ 

ʽ ʤʝʪʦʜʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ................................................................ 

 

144 

4.6. ɺʠʩʥʦʚʢʠ ʜʦ ʯʝʪʚʝʨʪʦʛʦ ʨʦʟʜʽʣʫéééééééééééééé. 148 

 ɺʀʉʅʆɺʂʀ ɼʆ ʈʆɹʆʊʀ ééééééééééééééé.. 150 

 ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ éééééééééééééé. 154 

 ɼʦʜʘʪʦʢ ɸ. ɸʢʪʠ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠééééééééééééééééééé. 

 

168 

 

 



4 

 

ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʉʂʆʈʆʏɽʅʔ 

 

ɺʈ ï ʚʝʨʭʥʽʡ ʨʽʚʝʥʴ; 

ʅʈ ï ʥʠʞʥ̔ʡ ʨʽʚʝʥʴ; 

AODV ï Ad-hoc on Demand Distance Vector, ʧʨʦʪʦʢʦʣ ʜʠʩʪʘʥʮʽʡʥʦ-

ʚʝʢʪʦʨʥʦ ʾʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘ ʟʘʧʠʪʦʤ ʜʣʷ mesh-ʤʝʨʝʞ; 

API ï Application Programming Interface, ̔ʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʜʦʜʘʪʢʽʚ; 

AQOR ï Ad-hoc QoS On-demand Routing Protocol, ʧʨʦʪʦʢʦʣ 
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ʜʞʝʨʝʣʘ; 

EBTT ï Election Based Transmission Timing, ʨʦʟʧʦʜʽʣ ʯʘʩʫ ʧʝʨʝʜʘʚʘʥʥʷ 

ʥʘ ʚʠʙʦʨʥʽʡ ʦʩʥʦʚʽ; 
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MAN ï Metropolitan Area Network, ʨʽʚʝʥʴ ʤʽʩʴʢʠʭ ʤʝʨʝʞ;  

MANET ï Mobile Ad hoc Network, ʤʦʙ̔ʣʴʥʘ ad-hoc ʤʝʨʝʞʘ; 

MBS ï Mesh Base Station, ʙʘʟʦʚʘ ʩʪʘʥʮʽ̫  mesh-ʤʝʨʝʞʽ; 

MSS ï Mesh Subscriber Station, ʘʙʦʥʝʥʪʩʢɹʘ ʩʪʘʥʮʽ̫  mesh-ʤʝʨʝʞʽ; 
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OFDM ï Orthogonal Frequency Division Multiplexing, ʦʨʪʦʛʦʥʘʣʴʥʠʡ 

ʯʘʩʪʦʪʥʠʡ ʨʦʟʧʦʜʽʣ ʢʘʥʘʣʚ̔; 

OFDMA ï Orthogonal Frequency-Division Multiple Access, ʤʥʦʞʠʥʥʠʡ 

ʜʦʩʪʫʧ ʥʘ ʦʩʥʦʚ ̔ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʨʦʟʧʦʜʽʣʫ; 

OLSR ï Optimized Link State Routing, ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʧʨʦʪʦʢʦʣ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʩʪʘʥʫ ʢʘʥʘʣʽʚ; 

PMP ï Point-to-Multipoint, ʨʝʞʠʤ çʪʦʯʢʘ-ʙʘʛʘʪʦʯʢʘè; 

PTP ï Point-to-Point, ʨʝʞʠʤ çʪʦʯʢʘ-ʪʦʯʢʘè; 

QAM ï Quadrature Amplitude Modulation, ʢʚʘʜʨʘʪʫʨʥʘ ʘʤʧʣʽʪʫʜʥʘ 

ʤʦʜʫʣʷʮʽʷ; 

QoE ï Quality of Experience, ʩʧʨʠʡʥʷʪʘ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ;  

QoS ï Quality of Service, ̫ ʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

QPSK ï Quadrature Phase Shift Keying, ʢʚʘʜʨʘʪʫʨʥʘ ʬʘʟʦʚʘ ʤʘʥʧ̔ʫʣʷʮʽ̫; 

SDN ï Software Defined Network, ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬ̔ʛʫʨʫʚʘʣʴʥʘ ʤʝʨʝʞʘ; 

SD-WMN Software Defined Wireless Mesh Network, ʧʨʦʛʨʘʤʥʦ-

ʢʦʥʬ̔ʛʫʨʫʚʘʣʴʥʘ ʙʝʟʧʨʦʚʦʜʦʚʘ mesh-ʤʝʨʝʞʘ; 

TCP ï  Transmission Control Protocol, ʧʨʦʪʦʢʦʣ ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʝʜʘʚʘʥʥʷʤ; 

TDMA ï Time Division Multiple Access, ʤʥʦʞʠʥʥʠʡ ʜʦʩʪʫʧ ʟ ʨʦʟʧʦʜʽʣʦʤ 

ʟʘ ʯʘʩʦʤ; 

ULCC ï Upper Level Control Center, ʮʝʥʪʨ ʫʧʨʘʚʣʽʥʥʷ ʚʝʨʭʥʴʦʛʦ ʨ̔ʚʥʷ; 

WiMAX  ï Worldwide Interoperability for Microwave Access, ʛʣʦʙʘʣʴʥʘ 

ʬʫʥʢʮʦ̔ʥʘʣʴʥʘ ʩʫʤʽʩʥʽʩʪʴ  ʜʣʷ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʜʦʩʪʫʧʫ; 

WMN ï Wireless Mesh Networks, ʙʝʟʧʨʦʚʦʜʦʚʘ mesh-ʤʝʨʝʞʘ; 

WRP ï Wireless Mesh Networks Routing Protocol, ʧʨʦʪʦʢʦʣ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʣʷ ʙʝʟʧʨʦʚʦʜʦʚʠʭ mesh-ʤʝʨʝʞ.      
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɹʝʟʧʨʦʚʦʜʦʚʽ mesh-ʤʝʨʝʞʽ (Wireless Mesh Networks, 

WMN) ʟʘʚʜʷʢʠ ʪʘʢʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, ʷʢ ʰʚʠʜʢʝ ʨʦʟʛʦʨʪʘʥʥʷ, ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʷ, 

ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʤʠ ʢʘʧʽʪʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʧʪʠʯʥʠʤʠ ʘʙʦ ʽʥʰʠʤʠ ʧʨʦʚʽʜʥʠʤʠ ʤʝʨʝʞʘʤʠ,  ̒

ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʨʽʰʝʥʴ ʟʘʚʜʘʥʥʷ ʘʙʦʥʝʥʪʩʴʢʦʛʦ ʜʦʩʪʫʧʫ, 

ʚʽʜʦʤʦʛʦ ʷʢ ʟʘʚʜʘʥʥʷ çʦʩʪʘʥʥʴʦʾ ʤʠʣʽè [1, 2]. ʇʨʠ ʮʴʦʤʫ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʟʘʙʝʟʧʝʯʫʚʘʥʠʭ ʰʚʠʜʢʦʩʪʝʡ, ʙʝʟʧʝʢʠ, ʟʦʥʠ ʧʦʢʨʠʪʪʷ ʪʘ ʧʽʜʪʨʠʤʫʚʘʥʦ ʾʢʽʣʴʢʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘʡʙʽʣʴʰʦʾ ʫʚʘʛʠ ʟʘʩʣʫʛʦʚʫʻ ʪʝʭʥʦʣʦʛʽʷ Worldwide Interoperability 

for Microwave Access (WiMAX), ɦ ʦ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʩʽʤʝʡʩʪʚʦʤ ʩʪʘʥʜʘʨʪʽʚ 

IEEE 802.16 [3, 4]. 

ʆʩʦʙʣʠʚʽʩʪʶ mesh-ʤʝʨʝʞ  ̒ ʤʦʞʣʠʚʽʩʪʴ ʢʦʞʥʦʛʦ ʚʫʟʣʘ (ʘʙʦʥʝʥʪʩʴʢʦʾ 

ʩʪʘʥʮʽʾ) ʚʠʩʪʫʧʘʪʠ ʷʢ ʚ ʷʢʦʩʪʽ ʢʽʥʮʝʚʦʛʦ ʧʨʠʩʪʨʦʶ, ʪʘʢ  ̔ʚ ʷʢʦʩʪʽ ʧʨʦʤʽʞʥʦʛʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʦʜʥʦʯʘʩʥʦ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʮʝ ʜʘ ̒ ʟʤʦʛʫ ʟʙʽʣʴʰʠʪʠ ʟʦʥʫ 

ʧʦʢʨʠʪʪʷ ʤʝʨʝʞʽ, ʘ ʟ ʽʥʰʦʛʦ ï ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʩʢʣʘʜʥʝʥʥʷ ʟʘʚʜʘʥʴ ʤʝʨʝʞʝʚʦʛʦ 

ʢʝʨʫʚʘʥʥʷ, ʩʝʨʝʜ ʷʢʠʭ ʦʜʥʠʤʠ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ  ̒ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʪʘ ʨʦʟʧʦʜʽʣ 

ʨʝʩʫʨʩʽʚ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ [5]. ʉʪʘʥʜʘʨʪʦʤ IEEE 802.16 ̫ ʢ ʦʜʠʥʠʮʝ  ʁʨʝʩʫʨʩʫ 

ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʚʠʟʥʘʯʝʥʦ ʯʘʩʦʚʠʡ ʩʣʦʪ (minslot), ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʥʝ ʧʦʨʫʰʝʥʽ 

ʤʝʭʘʥʽʟʤʠ ʾʭʥʴʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʟʜʦʚʞ ʤʘʨʰʨʫʪʽʚ ʜʦʧʨʘʚʣʷʥʥʷ ʪʨʘʬʽʢʫ, ʷʢ, 

ʚʣʘʩʥʝ, ʡ ʧʨʦʪʦʢʦʣʠ ʚʠʙʦʨʫ ʮʠʭ ʤʘʨʰʨʫʪʽʚ [6]. ʆʩʢʽʣʴʢʠ ʟʘʟʥʘʯʝʥʽ ʟʘʚʜʘʥʥʷ 

ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʜʣʷ ʚʠʢʦʥʘʥʥ ̫ WiMAX mesh-ʤʝʨʝʞʝʶ ʬʫʥʢʮʽʡ 

ʜʦʧʨʘʚʣʷʥʥʷ ʪʨʘʬʽʢʫ, ʧʦʰʫʢʫ ʜʣʷ ʾʭʥʴʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʨʠʩʚʷʯʝʥʦ ʙʝʟʣʽʯ 

ʧʫʙʣʽʢʘʮʽʡ. ʇʨʠ ʮʴʦʤʫ ʚ ʣʽʪʝʨʘʪʫʨʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʚʘ ʧʽʜʭʦʜʠ ʜʦ ʚʠʨʽʰʝʥʥʷ 

ʟʘʚʜʘʥʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ: ʚʨʘʭʦʚʫʶʪʴ 

ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʟʘʟʥʘʯʝʥʠʭ ʟʘʚʜʘʥʴ  ̔ʨʦʟʛʣʷʜʘʶʪʴ ʾʭ ʫ ʢʦʤʧʣʝʢʩʽ (ʪʘʢ ʟʚʘʥʠʡ 

ʢʨʦʩʨʽʚʥʝʚʠʡ ʧʽʜʭʽʜ),  ̔ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʦʩʣʽʜʦʚʥʝ ʽʟʦʣʴʦʚʘʥʝ ʾʭʥ̒ ʚʠʨʽʰʝʥʥʷ [2, 

7 - 10]. ʋ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʩʧʨʦʙʠ ʚʨʘʭʫʚʘʥʥ ̫ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʥʘʙʫʚʘʶʪʴ 

ʬʦʨʤʠ ʢʨʦʩʨʽʚʥʝʚʠʭ ʤʘʨʰʨʫʪʥʠʭ ʤʝʪʨʠʢ, ʧʦʙʫʜʦʚʠ ʤʘʨʰʨʫʪʥʦʛʦ ʜʝʨʝʚʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʘʙʦ, ʚ ʢʨʘʱʦʤʫ ʚʠʧʘʜʢʫ, ʚʚʝʜʝʥʥʷ ʢʦʦʨʜʠʥʘʮʽʾ ʤʽʞ 
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ʮʠʭ ʟʘʚʜʘʥʥʷʤʠ ʚ ʧʨʦʮʝʩʽ ʾʭʥɹ ʦʛʦ ʚʠʨʽʰʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʥʘʡʯʘʩʪʽʰʝ ʤʝʪʦʜʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ ʤʘʶʪʴ ʧʝʨʝʚʘʞʥʦ ʝʚʨʠʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ. 

ʆʜʥʘʢ, ʷʢ ʧʦʢʘʟʫʻ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ, ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʨʝʞʽ ʡ ʥʘʜʘʥʦʾ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (Quality of Service, QoS) ʢʨʦʨʚ̔ʥʝʚʠʡ ʧʽʜʭʽʜ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ 

ʪʨʘʢʪʫʚʘʥʥʷ ʟʘʚʜʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ WiMAX mesh-ʤʝʨʝʞʽ ʷʢ ʟʘʚʜʘʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ (ʯʘʩʦʚʠʭ ʩʣʦʪʽʚ) , ʻ ʢʨʘʱʠʤ [9 - 10]. ʇʨʠ ʮʴʦʤʫ, ʟ 

ʦʛʣʷʜʫ ʥʘ ʜʠʥʘʤʽʢʫ ʥʘʜʘʥʦʛʦ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʬʽʢʫ ʡ ʚʠʩʦʢʫ 

ʪʝʨʠʪʦʨʽʘʣʴʥʫ ʨʦʟʧʦʜʽʣʝʥʽʩʪʴ ʢʝʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʝʚʨʠʩʪʠʯʥʽ ʧʨʦʮʝʜʫʨʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʡ ʫʧʨʘʚʣʽʥʥʷ ʢʘʥʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʤʽʥʝʥʽ ʥʘ 

ʩʪʨʦʛʦ ʬʦʨʤʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʠ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʜʠʥʘʤʽʯʥʽ, ʦʧʪʠʤʘʣʴʥʽ 

ʡ ʦʜʥʦʯʘʩʥʦ ʤʘʩʰʪʘʙʦʚʘʥʽ ʫʧʨʘʚʣʽʥʩʴʢʽ ʨʽʰʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ WiMAX mesh-ʤʝʨʝʞʽ ʟ ʛʘʨʘʥʪʦʚʘʥʦʶ 

ʷʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʰʣʷʭʦʤ 

ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʜʠʥʘʤʽʯʥʠʭ ʧʦʪʦʢʦʚʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ ʚ ʮʽʣʦʤʫ. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ ʽ ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʣʦʞʝʥʥʷʤ çʂʦʥʮʝʧʮʽʾ ʥʘʮʽʦʥʘʣʴʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʦʣʽʪʠʢʠè, çʂʦʥʮʝʧʮʽʾ ʥʘʮʽʦʥʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾè, 

çʆʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʧʽʚʪʦʚʘʨʠʩʪʚʘ ʚ ʋʢʨʘʾʥʽ ʥʘ 2007-

2015 ʨʦʢʠè, çʂʦʥʮʝʧʮʽʾ ʢʦʥʚʝʨʛʝʥʮʽʾ ʪʝʣʝʬʦʥʥʠʭ ʤʝʨʝʞ ʽ ʤʝʨʝʞ ʟ ʧʘʢʝʪʥʦʶ 

ʢʦʤʫʪʘʮʽʻʶ ʚ ʋʢʨʘʾʥʽè. ɿʜʦʙʫʪʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʟʥʘʡʰʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ (ʅɼʈ) çɼʦʩʣʽʜʞʝʥʥʷ ʽ ʨʦʟʨʦʙʢʘ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʜʘʯʽ ʤʝʨʝʞ ʥʘʩʪʫʧʥʦʛʦ 

ʧʦʢʦʣʽʥʥʷè (ˉ ɼʈ 0115U000854), ʷʢʘ ʚʠʢʦʥʫʚʘʣʘʩʷ ʆʜʝʩʴʢʦʶ ʥʘʮʽʦʥʘʣʴʥʦʶ 

ʘʢʘʜʝʤʽʻʶ ʟʚ'ʷʟʢʫ ʽʤ. ʆ.ʉ. ʇʦʧʦʚʘ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩ ̔ʢʘʬʝʜʨʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʆʅɸɿ 

ʽʤ. ʆ.ʉ. ʇʦʧʦʚʘ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʘʢʪʘʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ. 
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ʄʝʪʘ ʨʦʙʦʪʠ ï ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ WiMAX mesh-ʤʝʨʝʞʽ ʟ ʛʘʨʘʥʪʦʚʘʥʦʶ ʷʢʽʩʪʶ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʋʩʧʽʰʥʝ ʚʠʨʽʰʝʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦʛʦ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʛʦ ʟʘʚʜʘʥʥʷ 

ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʛʣʷʜ ʫ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥ ̫ʪʘʢʦʛʦ ʧʝʨʝʣʽʢʫ ʦʢʨʝʤʠʭ ʧʠʪʘʥʴ: 

1. ɸʥʘʣʽʟ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ, ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʨʦʟʧʦʜʽʣʫ 

ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ WiMAX mesh-ʤʝʨʝʞʘʭ. 

2. ɸʥʘʣʽʟ ʚʽʜʦʤʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ WiMAX mesh-ʤʝʨʝʞ ʟ ʤʝʪʦʶ 

ʚʠʙʦʨʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʡ ʢʦʨʝʢʪʥʦ ʾʧʦʩʪʘʥʦʚʢʠ ʟʘʚʜʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

3. ʈʦʟʨʦʙʢʘ ʜʠʥʘʤʽʯʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ WiMAX mesh-ʤʝʨʝʞʽ ʪʘ 

ʤʝʪʦʜʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʾʾ ʦʩʥʦʚʽ. 

4. ʈʦʟʨʦʙʢʘ ʜʠʥʘʤʽʯʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʡ ʤʝʪʦʜʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ 

ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ WiMAX mesh-ʤʝʨʝʞʘʭ ʟ ʥʘʜʘʥʥʷʤ 

ʧʦʩʣʫʛ ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ WiMAX mesh-ʤʝʨʝʞʘʭ ʟ 

ʥʘʜʘʥʥʷʤ ʧʦʩʣʫʛ ʟʚ'ʷʟʢʫ ʛʘʨʘʥʪʦʚʘʥʦʾ ʷʢʦʩʪʽ. 

5. ʈʦʟʨʦʙʢʘ ʽʻʨʘʨʭʽʯʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʡ ʤʝʪʦʜʫ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʢʣʘʩʪʝʨʠʟʦʚʘʥʠʭ 

WiMAX mesh-ʤʝʨʝʞʘʭ. 

6. ʆʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ WiMAX mesh-ʤʝʨʝʞʘʭ. 

ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ ʫ WiMAX mesh-ʤʝʨʝʞʘʭ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ  ̒ʤʦʜʝʣʽ ʡ ʤʝʪʦʜʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ WiMAX mesh-ʤʝʨʝʞʘʭ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʭʦʜʽ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʤʝʪʦʶ 

ʚʠʨʽʰʝʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦʛʦ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʛʦ ʟʘʚʜʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʤʝʪʦʜʠ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʨʽʟʥʠʮʝʚʠʭ ʨʽʚʥʷʥʴ ʩʪʘʥʫ, ʪʝʦʨʽʾ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ, ʪʝʦʨʽʾ ʛʨʘʬʽʚ, ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ. 
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ʆʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʧʨʦʚʦʜʠʣʘʩʷ ʰʣʷʭʦʤ ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʩʥʦʚʥʠʤʠ ʥʘʫʢʦʚʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʻ: 

1. ʋ ʨʦʙʦʪʽ ʦʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʫ ʧʨʦʩʪʦʨʽ 

ʩʪʘʥʽʚ ʰʣʷʭʦʤ ʾʾ ʘʜʘʧʪʘʮʽʾ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ WiMax mesh-ʤʝʨʝʞʽ. ʅʦʚʠʟʥʘ ʤʦʜʝʣʽ ʧʦʣʷʛʘʻ ʫ 

ʚʚʝʜʝʥʥʽ ʙʫʣʝʚʠʭ ʟʤʽʥʥʠʭ ʫʧʨʘʚʣʽʥʥʷ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʨʠʟʥʘʯʝʥʥʷʤ ʯʘʩʦʚʠʭ 

ʩʣʦʪʽʚ, ʨʦʟʨʘʭʫʥʦʢ ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻ ʰʫʢʘʥʫ ʩʫʢʫʧʥʽʩʪʴ ʤʘʨʰʨʫʪʽʚ ʟ ʦʜʥʦʯʘʩʥʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʩʣʦʪʽʚ ʫʟʜʦʚʞ ʥʠʭ, ʧʨʠʯʦʤʫ ʚʠʜʽʣʝʥʥʷ ʨʝʩʫʨʩʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʚ 

ʦʙʩʷʟʽ, ʚʽʜʧʦʚʽʜʥʦʤʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʫ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʪʠʤ ʩʘʤʠʤ ʚʠʢʦʥʫʶʯʠ ʰʚʠʜʢʽʩʥʽ QoS-ʚʠʤʦʛʠ. 

2. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʜʠʥʘʤʽʯʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ WiMax mesh-ʤʝʨʝʞʽ ʚ 

ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ ʦʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʰʣʷʭʦʤ ʨʦʟʰʠʨʝʥʥʷ ʾʾ ʥʘ ʤʝʨʝʞʽ 

ʟ ʛʘʨʘʥʪʦʚʘʥʦʶ ʷʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʅʦʚʠʟʥʘ ʤʦʜʝʣʽ ʧʦʣʷʛʘʻ ʫ ʚʚʝʜʝʥʥʽ 

ʰʚʠʜʢʽʩʥʠʭ ʽ ʯʘʩʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ QoS, ʽ ʤʝʭʘʥʽʟʤʫ ʢʦʥʪʨʦʣʶ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʯʘʩʦʚʠʭ ʩʣʦʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʟʜʦʚʞ ʤʘʨʰʨʫʪʽʚ, ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ 

ʤ̔ʞʢ̔ʥʮʝʚʦ ʾʟʘʪʨʠʤʢʠ. 

3. ʆʪʨʠʤʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ ʽ 

ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʽʻʨʘʨʭʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʫ 

ʨʝʩʫʨʩʽʚ ʢʣʘʩʪʝʨʠʟʦʚʘʥʦ ʾWiMAX mesh-ʤʝʨʝʞʽ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʩʬʦʨʤʫʣʶʚʘʪʠ 

ʟʘʚʜʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʤʝʨʝʞʽ ʷʢ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʦʯʝʨʛʦʚʦ ʨʦʟʚ'ʷʟʫʚʘʥʠʭ ʽ 

ʚʟʘʻʤʥʦʢʦʦʨʜʠʥʦʚʘʥʠʭ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʚʜʘʥʴ ʚʥʫʪʨʽʰʥʴʦʾ ʪʘ ʤ̔ʞʢʣʘʩʪʝʨʥʦ ʾ

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʄʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ 

ʟʥʠʞʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʚʝʢʪʦʨʽʚ ʢʝʨʫʚʘʥʥʷ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʚ 

ʨʦʙʦʪʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʦʩʥʦʚʘ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʤʝʪʦʜʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚ WiMAX mesh-ʤʝʨʝʞʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʦʥʮʝʧʮʽʾ ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʫʚʘʣʴʥʠʭ ʙʝʟʧʨʦʚʦʜʦʚʠʭ mesh-ʤʝʨʝʞ (Software 

Defined Wireless Mesh Network, SD-WMN). ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 
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ʤʦʜʝʣʝʡ ʟʘ ʨʘʭʫʥʦʢ ʙʘʛʘʪʦʢʦʣʽʡʥʦ ʾʩʪʨʘʪʝʛʽʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ WiMAX mesh-

ʤʝʨʝʞʽ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʪʨʘʬʽʢʫ ʥʘ 30 - 100% ʧʨʠ 

ʪʽʡ ʩʘʤʽʡ ʢʽʣʴʢʽʩʪ ̔ʥʘʷʚʥʠʭ ʨʝʩʫʨʩʽʚ (ʟʦʢʨʝʤʘ ʩʣʦʪʽʚ), ʟʘʜʦʚʦʣʴʥʷʶʯʠ ʧʨʠ ʮʴʦʤʫ 

ʯʘʩʦʚ ̔ QoS-ʚʠʤʦʛʠ ʢʦʨʠʩʪʫʚʘʯʘ. ʇʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʜʘʚʘʥʥʷ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣ,̔ 

ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʨʦʟʛʣʷʜʘʪʠ ʮʽ 

ʤʦʜʝʣʽ ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʘʥʘʣʽʟʫ ʚ ʧʨʦʮʝʩʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʠʭ mesh-ʤʝʨʝʞʽ ʥʘ 

ʦʩʥʦʚʽ ʯʘʩʦʚʦʛʦ ʤʥʦʞʠʥʥʦʛʦ ʜʦʩʪʫʧʫ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ ʡ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽʡ ʣʽʪʝʨʘʪʫʨʽ [11 - 29]. ʋ ʩʪʘʪʪʷʭ, ʚʠʢʦʥʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, 

ʦʩʦʙʠʩʪʦ ʘʚʪʦʨʫ ʥʘʣʝʞʘʪʴ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ. 

ʋ ʩʧʽʣʴʥʽʡ ʨʦʙʦʪʽ [11] ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ ʙʘʟʦʚʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ WiMAX 

mesh-ʤʝʨʝʞʽ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʦʧʪʠʤʽʟʘʮʽʡʥʘ 

ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʫ ʯʘʩʦʚʠʭ ʩʣʦʪʽʚ. ʋ 

ʨʦʙʦʪʽ [12] ʘʚʪʦʨ ʨʦʟʰʠʨʠʚ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ WiMAX mesh-ʤʝʨʝʞʽ ʚ ʧʨʦʩʪʦʨʽ 

ʩʪʘʥʽʚ ʥʘ ʚʠʧʘʜʦʢ ʜʝʢʽʣʴʢʦʭ ʢʣʘʩʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʋ ʨʦʙʦʪʽ [13] ʘʚʪʦʨʦʤ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʚʝʩʪʠ ʚ ʤʦʜʝʣʴ ʰʚʠʜʢʽʩʥʽ ʽ ʯʘʩʦʚʽ ʧʦʢʘʟʥʠʢʽʚ QoS, ʽ ʤʝʭʘʥʽʟʤ 

ʢʦʥʪʨʦʣʶ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʯʘʩʦʚʠʭ ʩʣʦʪʽʚ. ʋ [14] ʘʚʪʦʨʦʚʽ ʥʘʣʝʞʘʪʴ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ WiMAX mesh-ʤʝʨʝʞʽ ʟ ʜʚʦʤʘ ʢʣʘʩʘʤʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʋ [15] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ ʽʻʨʘʨʭʽʯʥʦʾ ʢʨʦʩʨʽʚʥʝʚʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ WiMAX mesh-ʤʝʨʝʞʽ. ʋ ʩʪʘʪʪʽ [16] ʘʚʪʦʨʦʤ ʙʫʣʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ ʜʣʷ ʚʠʧʘʜʢʫ 

ʢʣʘʩʪʝʨʠʟʦʚʘʥʦ ʾ WiMAX mesh-ʤʝʨʝʞʽ. ʋ ʨʦʙʦʪʽ [17] ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ 

ʜʚʦʨʽʚʥʝʚʠʡ ʤʝʪʦʜ ʽʻʨʘʨʭʽʯʥʦʾ ʢʨʦʩʨʽʚʥʝʚʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʢʣʘʩʪʝʨʠʟʦʚʘʥʽʡ 

WiMAX mesh-ʤʝʨʝʞʽ. ʋ [18] ʘʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ WiMAX mesh-ʤʝʨʝʞʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʤʦʜʝʣʝʡ ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ. ʋ ʨʦʙʦʪʽ [13] ʘʚʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʚʝʩʪʠ ʚ 

ʤʦʜʝʣʴ ʰʚʠʜʢʽʩʥʽ ʽ ʯʘʩʦʚʽ ʧʦʢʘʟʥʠʢʠ QoS, ʽ ʤʝʭʘʥʽʟʤ ʢʦʥʪʨʦʣʶ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʯʘʩʦʚʠʭ ʩʣʦʪʽʚ. ʋ [14] ʘʚʪʦʨʫ ʥʘʣʝʞʘʪʴ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 



11 

 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ WiMAX mesh-ʤʝʨʝʞʽ ʟ ʜʚʦʤʘ ʢʣʘʩʘʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʋ [15] 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ ʽʻʨʘʨʭʽʯʥʦʾ ʢʨʦʩʨʽʚʥʝʚʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ WiMAX 

mesh-ʤʝʨʝʞʽ. ʋ ʩʪʘʪʪʽ [16] ʘʚʪʦʨʦʤ ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʫ 

ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ ʜʣʷ ʢʣʘʩʪʝʨʠʟʦʚʘʥʦ ʾWiMAX mesh-ʤʝʨʝʞʽ. ʋ ʨʦʙʦʪʽ [17] ʘʚʪʦʨʫ 

ʥʘʣʝʞʠʪʴ ʜʚʦʨʽʚʥʝʚʠʡ ʤʝʪʦʜ ʽʻʨʘʨʭʽʯʥʦʾ ʢʨʦʩʨʚ̔ʥʝʚʦ ʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ 

ʢʣʘʩʪʝʨʠʟʦʚʘʥʽʡ WiMAX mesh-ʤʝʨʝʞʽ. ʋ [18] ʘʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ WiMAX mesh-ʤʝʨʝʞʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ. 

ɸʧʨʦʙʘʮʽʷ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʧʨʦʡʰʣʠ ʘʧʨʦʙʘʮʽʶ ʥʘ 11-ʪʠ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʽ ʬʦʨʫʤʘʭ ʟʘʛʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʪʘ ʤʽʞʥʘʨʦʜʥʦʛʦ 

ʨʽʚʥʽʚ, ʥʘ ʢʘʬʝʜʨʘʣʴʥʠʭ ʽ ʟʘʛʘʣʴʥʦʚʠʰʽʚʩʴʢʠʭ ʩʝʤʽʥʘʨʘʭ, ʩʝʨʝʜ ʷʢʠʭ: 68-ʘ ʽ 69-ʘ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ʢʦʥʬʝʨʝʥʮʽʾ ʧʨʦʬʝʩʦʨʩʴʢʦ-ʚʠʢʣʘʜʘʮʴʢʦʛʦ ʩʢʣʘʜʫ, ʥʘʫʢʦʚʮʽʚ, 

ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ (2013, 2014 ʨʨ., ʤ. ʆʜʝʩʘ, ʆʅɸɿ); 8-ʘ ʽ 9-ʘ ʄʽʞʥʘʨʦʜʥʽ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡè (2014 ʨʦʢʫ, 2015 ʨ., 

ʤ. ʂʠʚʾ, ʅʊʋʋ ʂʇɯ); 18-ʡ ̔  19-ʡ ʄʽʞʥʘʨʦʜʥʽ ʤʦʣʦʜʽʞʥʽ ʬʦʨʫʤʠ 

çʈʘʜʽʦʝʣʝʢʪʨʦʥʽʢʘ ʽ ʤʦʣʦʜʴ ʚ XXI ʩʪʦʣʽʪʪʽè (2014 ʨ, 2015 ʨ., ʤ. ʍʘʨʢʚ̔, ʍʅʋʈɽ); 

XII ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çModern Problems of Radio Engineering, 

Telecommunications and Computer Science (TCSET'2014)è (2014 ʨ., ʤ.ʃʴʚʽʚ, ʅʋ 

ʃʇ); ɯ ʪʘ ɯɯ ʄʽʞʥʘʨʦʜʥʽ IEEE ʢʦʥʬʝʨʝʥʮʽʾ çProblems of Infocommunications. 

Science and Technologyè PICS & T-2014 ʽ PICS & T-2015 (2014 ʨ., 2015 ʨ., ʤ. 

ʍʘʨʢʚ̔, ʍʅʋʈɽ); 4-ʘ ʽ 5-ʘ ʄʽʞʥʘʨʦʜʥʽ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽ ʢʦʥʬʝʨʝʥʮʽʾ 

çɯʥʬʦʢʦʤʫʥʽʢʘʮʽʾ - ʩʫʯʘʩʥʽʩʪʴ ʪʘ ʤʘʡʙʫʪʥʻè (2014 ʨ., 2015 ʨ., ʤ. ʆʜʝʩʘ, ʆʅɸɿ). 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ 

19-ʪʠ ʥʘʫʢʦʚʠʭ ʨʦʙʦʪʘʭ. ʉʝʨʝʜ ʨʦʙʽʪ 4 ʩʪʘʪʪʽ, ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ 

ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ [11, 13, 15, 18] ʽ 4 ʩʪʘʪʪʽ ʟʘ ʢʦʨʜʦʥʦʤ [12, 14, 16, 17]. ʆʢʨʽʤ 

ʮʴʦʛʦ, ʤʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ 11 ʪʝʟʘʭ ʜʦʧʦʚʽʜʝʡ ʥʘ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʠʭ ʬʦʨʫʤʘʭ ʽ ʢʦʥʬʝʨʝʥʮʽʷʭ [19 - 29]. ʋ ʥʘʫʢʦʚʠʭ ʙʘʟʘʭ ʜʘʥʠʭ IEEExplore 

ʽ Scopus ʧʨʦʽʥʜʝʢʩʦʚʘʥʽ ʨʦʙʦʪʠ [17, 23, 28]. 
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ʇʈʀʅʎʀʇɯɺ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ WIMAX-ʄɽʈɽɾ ʋ 

ʈɽɾʀʄɯ MESH ɯ ʄɽʊʆɼɯɺ ʄɸʈʐʈʋʊʀɿɸʎɯɰ ɺ ʅʀʍ 

 

1.1. ʆʩʦʙʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ WiMAX mesh-ʤʝʨʝʞ 

 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ WiMAX ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʦʧʫʣʷʨʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ Wi-Fi ʻ ʙʽʣʴʰ ʚʠʩʦʢʽ ʰʚʠʜʢʦʩʪʽ ʜʦʩʪʫʧʫ, ʧʽʜʪʨʠʤʢʘ 

ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʨʘʬʽʢʫ (ʜʦʜʘʪʢʽʚ), ʤʦʞʣʠʚʽʩʪʴ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʛʘʨʘʥʪʦʚʘʥʦʾ ʷʢʦʩʪʽ  

ʡ ʚʝʣʠʢʽ ʪʝʨʠʪʦʨʽʾ ʧʦʢʨʠʪʪʷ (ʪʘʙʣ. 1.1), ʱʦ ʚʠʟʥʘʯʘʻ WiMAX ʷʢ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʫ ʪʝʭʥʦʣʦʛʽʶ ʨʘʜʽʦʜʦʩʪʫʧʫ ʥʘ ʨʽʚʥʽ ʤʽʩʴʢʠʭ ʤʝʨʝʞ (Metropolitan 

Area Network, MAN) [5, 30 - 31]. 

 

ʊʘʙʣʠʮʷ 1.1 

ʆʩʥʦʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʪʝʭʥʦʣʦʛʽʷʤʠ WiMAX ʽ WiFi 

 WiMAX (IEEE 802.16d) WiFi (IEEE 802.11) 

ɿʦʥʘ ʧʦʢʨʠʪʪʷ 25 ï 80 ʢʤ ɼʦ 300 ʤ 

ʏʘʩʪʦʪʥʠʡ 

ʜʽʘʧʘʟʦʥ 

2 ï 11 ɻɻʮ 2,5; 5 ɻɻʎ 

ʄʘʢʩʠʤʘʣʴʥʘ 

ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʜʘʚʘʥʥʷ  

75 ʄʙʽʪ/ʩ 54 ʄʙʽʪ/ʩ 

ʈʦʟʧʦʜʽʣ ʢʘʥʘʣʽʚ 

(ʤʫʣʴʪʠʧʣʝʢʩʫ-

ʚʘʥʥʷ) 

ʄʥʦʞʠʥʥʠʡ ʜʦʩʪʫʧ ʟ ʯʘʩʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ʫ ʧʦʻʜʥʘʥʥʽ 

ʟ ʦʨʪʦʛʦʥʘʣʴʥʠʤ ʯʘʩʪʦʪʥʠʤ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷʤ 

TDMA/OFDM ʘʙʦ ʤʥʦʞʠʥʥʠʡ ʜʦʩʪʫʧ ʟ 

ʦʨʪʦʛʦʥʘʣʴʥʠʤ ʯʘʩʪʦʪʥʠʤ ʨʦʟʧʦʜʽʣʦʤ OFDMA 

ʄʥʦʞʠʥʥʠʡ ʜʦʩʪʫʧ ʟ 

ʢʦʥʪʨʦʣʝʤ ʥʦʩʽʡʥʦʾ 

CSMA 

ʇʽʜʪʨʠʤʫʚʘʥʽ 

QoS-ʢʣʘʩʠ  

1. ʂʣʘʩ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟ ʧʦʩʪʽʡʥʦʶ 

ʰʚʠʜʢʽʩʪʶ UGS (Unsolicited Grant Service). 

2. ʂʣʘʩʠ ʧʝʨʝʜʘʚʘʥʥʷ ʧʘʢʝʪʽʚ ʟʤʽʥʥʦʾ ʜʦʚʞʠʥʠ ʚ 

ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ ertPS (Extended Real-time 

Polling Service) ʪʘ rtPS (Real-time Polling Service). 

3. ʂʣʘʩ ʧʝʨʝʜʘʚʘʥʥʷ ʧʘʢʝʪʽʚ ʟʤʽʥʥʦʾ ʜʦʚʞʠʥʠ  ʟ 

ʛʘʨʘʥʪʦʚʘʥʦʶ ʤʽʥʽʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ nrtPS (Non-

real-time Polling Service). 

4. ʅʝʛʘʨʘʥʪʦʚʘʥʝ ʜʦʧʨʘʚʣʷʥʥʷ (Best Effort). 

ʅʝʛʘʨʘʥʪʦʚʘʥʝ 

ʜʦʧʨʘʚʣʷʥʥʷ (Best 

Effort) 
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ʊʝʨʤʽʥ WiMAX ʦʭʦʧʣʶʻ ʨʷʜ ʩʪʘʥʜʘʨʪʽʚ IEEE ʩʽʤʝʡʩʪʚʘ 802.16, ʷʢʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪ, ʤʝʪʦʜʘʤʠ ʜʦʩʪʫʧʫ, 

ʤʦʜʫʣʷʮʽʾ, ʢʦʜʫʚʘʥʥʷ ʪʘ ʽʥ., ʘ ʪʦʤʫ ʥʝ ʻ ʩʫʤʽʩʥʠʤʠ ʤʽʞ ʩʦʙʦʶ. ʆʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʜʘʨʪʽʚ IEEE ʩʽʤʝʡʩʪʚʘ 802.16 ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1.2 [6, 30]. 

 

ʊʘʙʣʠʮʷ 1.2 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʽʤʝʡʩʪʚʘ ʩʪʘʥʜʘʨʪʽʚ IEEE 802.16 

 802.16 802.16ʘ 802.16d 

(802.16-2004) 

802.16ʝ 

ʏʘʩʪʦʪʥʠʡ 

ʜʽʘʧʘʟʦʥ 

10 ï 66 ɻɻʮ 2 ï 11 ɻɻʮ 10 ï 66, 

2 ï 11 ɻɻʮ 

2 ï 6 ɻɻʮ 

ʋʤʦʚʠ ʨʦʙʦʪʠ ʊʽʣʴʢʠ ʧʨʷʤʘ 

ʨʘʜʽʦʚʠʜʠʤʽʩʪʴ 

(Line Of Sight, 

LOS) 

ʇʨʷʤʘ 

ʨʘʜʽʦʚʠʜʠʤʽʩʪʴ ʥʝ 

ʻ ʥʝʙʭʽʜʥʦʶ (Non 

Line Of Sight, 

NLOS) 

ʇʨʷʤʘ 

ʨʘʜʽʦʚʠʜʠʤʽʩʪʴ ʥʝ 

ʻ ʥʝʙʭʽʜʥʦʶ 

(NLOS) 

ʇʨʷʤʘ 

ʨʘʜʽʦʚʠʜʠʤʽʩʪʴ ʥʝ 

ʻ ʥʝʙʭʽʜʥʦʶ 

(NLOS) 

ʉʤʫʛʘ ʢʘʥʘʣʫ 20, 25 ʠ 28 ʄɻʮ 1,25 ï 28 ʄɻʮ 1,25 ï 28 ʄɻʮ 1,25 ï 20 ʄɻʮ 

ʊʠʧʠ ʤʦʜʫʣʷʮʽʾ QPSK, 

16QAM,64QAM 

OFDM, QPSK, 

16QAM,64QAM 

OFDM, QPSK, 

16QAM,64QAM 

OFDM, QPSK, 

16QAM,64QAM 

ʇʽʜʪʨʠʤʫʚʘʥʽ 

ʨʝʞʠʤʠ 

PTP, PMP PTP, PMP, mesh PTP, PMP, mesh PTP, PMP, mesh 

ʐʚʠʜʢʽʩʪʴ 

ʧʝʨʝʜʘʚʘʥʥʷ 

32 ï 134 ʄʙʽʪ/ʩ ɼʦ 75 ʄʙʽʪ/ʩ ɼʦ 75 ʄʙʽʪ/ʩ ɼʦ 15 ʄʙʽʪ/ʩ 

ʊʠʧ ʟʚôʷʟʢʫ ʌʽʢʩʦʚʘʥʘ ʌʽʢʩʦʚʘʥʘ ʌʽʢʩʦʚʘʥʘ ʄʦʙʽʣʴʥʘ, 

ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʘ 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 

125 ʢʤ/ʯ 

ʈʘʜʽʫʩ ʟʦʥʠ ʜʽʾ 1 ï 5 ʢʤ ɼʦ 50 ʢʤ  ʟʘʣʝʞʥʦ 

ʚʽʜ ʚʠʩʦʪʠ ʘʥʪʝʥʠ, 

ʾʾ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʽʜʩʠʣʝʥʥʷ ʪʘ 

ʧʦʪʫʞʥʦʩʪʽ 

ʧʝʨʝʜʘʚʘʥʥʷ 

ɼʦ 50 ʢʤ  ʟʘʣʝʞʥʦ 

ʚʽʜ ʚʠʩʦʪʠ ʘʥʪʝʥʠ, 

ʾʾ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʽʜʩʠʣʝʥʥʷ ʪʘ 

ʧʦʪʫʞʥʦʩʪʽ 

ʧʝʨʝʜʘʚʘʥʥʷ 

1 ï 5 ʢʤ 

 

ʇʨʠʥʮʠʧʦʚʦ ʤʝʨʝʞʽ WiMAX ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʤʝʨʝʞʽ 

ʬʽʢʩʦʚʘʥʦʛʦ ʪʘ ʤʦʙʽʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ, ʜʝ ʧʝʨʰʽ ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʩʪʘʥʜʘʨʪʦʤ IEEE 

802.16-2004 (802.16d), ʘ ʜʨʫʛʽ ï ʩʪʘʥʜʘʨʪʦʤ IEEE 802.16-2005 (802.16e). ʋ ʩʚʦʶ 

ʯʝʨʛʫ, ʜʦʢʫʤʝʥʪ 802.16d ʧʝʨʝʜʙʘʯʘʻ ʪʨʠ ʨʝʞʠʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʋ ʨʝʞʠʤʽ 

çʪʦʯʢʘ-ʙʘʛʘʪʦʪʦʯʢʘè (Point-to-Multipoint, ʈʄʈ) ʦʩʥʦʚʥʘ ʨʦʣʴ ʚ ʫʧʨʘʚʣʽʥʥʽ 

ʪʨʘʬʽʢʦʤ ʽ ʤʝʨʝʞʝʶ ʚ ʮʽʣʦʤʫ ʚʽʜʚʦʜʠʪʴʩʷ ʙʘʟʦʚʽʡ ʩʪʘʥʮʽʾ (Base Station, BS), 
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ʬʫʥʢʮʽʾ ʷʢʦʾ ʘʥʘʣʦʛʽʯʥʽ ʬʫʥʢʮʽʷʤ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ ʚ ʩʪʽʣʴʥʠʢʦʚʽʡ ʩʠʩʪʝʤʽ ʟʚ'ʷʟʢʫ 

(ʨʠʩ. 1.1, ʘ) [32]. ʋ ʮʴʦʤʫ ʨʝʞʠʤʽ ʚʝʩʴ ʪʨʘʬʽʢ, ʷʢ ʟʦʚʥʽʰʥʽʡ, ʪʘʢ ʽ ʚʥʫʪʨʽʰʥʽʡ, 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ BS, ʷʢʘ, ʷʢ ʧʨʘʚʠʣʦ, ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʰʣʶʟʫ ʚ 

ʟʦʚʥʽʰʥʽ ʤʝʨʝʞʽ, ʧʝʨʰ ʟʘ ʚʩʝ ɯʥʪʝʨʥʝʪ. ɺʠʨʦʜʞʝʥʠʤ ʚʠʧʘʜʢʦʤ ʨʝʞʠʤʫ ʈʄʈ ʻ 

ʧʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ WiMax-ʤʝʨʝʞʽ çʪʦʯʢʘ-ʪʦʯʢʘè (Point-to-Point, ʈʊʈ), ʟʛʽʜʥʦ ʟ 

ʷʢʠʤ BS ʚʟʘʻʤʦʜʽʻ ʣʠʰʝ ʟ ʦʜʥʽʻʾ ʘʙʦʥʝʥʪʩʴʢʦʾ ʩʪʘʥʮʽʻʶ (Subscriber Station, SS). 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʛʥʫʯʢʦʩʪʽ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʦʭʦʧʣʝʥʦʾ ʪʝʨʠʪʦʨʽʾ ʧʦʢʨʠʪʪʷ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ 

ʨʝʞʠʤ ʦʜʥʦʨʘʥʛʦʚʦʾ ʚʟʘʻʤʦʜʽʾ (mesh-mode). ʆʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʨʝʞʠʤʽ 

ʘʙʦʥʝʥʪʩʴʢʽ ʩʪʘʥʮʽʾ (Mesh Subscriber Station, MSS) ʦʜʥʽʻʾ ʤʝʨʝʞʽ ʤʦʞʫʪʴ 

ʚʟʘʻʤʦʜʽʷʪʠ ʦʜʥʘ ʟ ʦʜʥʦʶ ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʙʝʟ ʫʯʘʩʪʽ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ (Mesh BS, 

MBS) (ʨʠʩ. 1.1, ʙ), ʚʽʜʩʫʪʥʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʤʽʱʝʥʥʷ MSS ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ 

ʨʘʜʽʫʩʽ ʨʘʜʽʦʚʠʜʠʤʦʩʪʽ ʙʫʜʴ-ʷʢʦʾ MBS, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʦʩʪʘʥʥʽʭ (ʘ ʪʘʢʦʞ ʢʽʣʴʢʽʩʪʴ ʢʦʤʫʪʘʪʦʨʽʚ ʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ) ʽ ʪʠʤ ʩʘʤʠʤ ʟʥʠʟʠʪʠ 

ʚʘʨʪʽʩʪʴ ʤʝʨʝʞʽ ʚ ʮʽʣʦʤʫ [6, 32]. 
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ʈʠʩ. 1.1. ʈʄʈ (ʘ) ʽ mesh (ʙ) ʨʝʞʠʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ WiMax. 

 

ɯʥʰʦʶ ʚʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ mesh-ʨʝʞʠʤʫ ʻ ʙʽʣʴʰ ʚʠʩʦʢʘ ʥʘʜʽʡʥʽʩʪʴ 

ʜʦʩʪʘʚʢʠ ʪʨʘʬʽʢʫ ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʽʜʤʦʚ. ʇʨʠ ʚʠʭʦʜʽ ʟ ʣʘʜʫ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ 
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ʤʝʨʝʞʝʚʠʭ ʚʫʟʣʽʚ ʜʣʷ ʜʦʩʪʘʚʢʠ ʪʨʘʬʽʢʫ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʤʘʨʰʨʫʪ. ɹʽʣʴʰ ʪʦʛʦ, ʟʘ ʨʘʭʫʥʦʢ ʽʩʥʫʚʘʥʥʷ ʜʝʢʽʣʴʢʦʭ 

ʤʘʨʰʨʫʪʽʚ ʩʘʤʝ ʚ ʨʘʤʢʘʭ mesh-ʨʝʞʠʤʫ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ, ʪʠʤ ʩʘʤʠʤ ʟʥʠʞʫʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ ʪʘ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʚ ʮʽʣʦʤʫ [106]. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʨʝʘʣʽʟʘʮʽʷ mesh-ʨʝʞʠʤʫ ʫʩʢʣʘʜʥʶʻ ʤʝʨʝʞʝʚʝ ʫʧʨʘʚʣʽʥʥʷ, 

ʟʦʢʨʝʤʘ ʟʘʚʜʘʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʪʘ  ʷʢʽʩʪʶ ʥʘʜʘʚʘʥʠʭ ʧʦʩʣʫʛ 

ʟʚ'ʷʟʢʫ. ʆʩʢʽʣʴʢʠ ʚ ʨʘʤʢʘʭ mesh-ʤʝʨʝʞ ʥʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʧʨʷʤʘ ʚʠʜʠʤʽʩʪʴ ʤʽʞ 

ʜʞʝʨʝʣʦʤ ʪʘ ʦʜʝʨʞʫʚʘʯʝʤ (ʘʙʦ ʤʽʞ MSS ʽ MɺS, ʷʢ ʚ ʈʄʈ-ʨʝʞʠʤʽ), ʷʢ ʧʨʘʚʠʣʦ, 

ʽʩʥʫʻ ʢʽʣʴʢʘ ʤʘʨʰʨʫʪʽʚ ʧʝʨʝʜʘʚʘʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʟʘʚʜʘʥʥʷ ʚʠʙʦʨʫ 

ʥʘʡʢʨʘʱʦʛʦ ʟ ʥʠʭ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʙʝʟʣʽʯ ʧʨʦʤʽʞʥʠʭ ʚʫʟʣʽʚ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʟʘʪʨʠʤʦʢ ʧʝʨʝʜʘʚʘʥʥʷ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ 

ʯʫʪʣʠʚʦʤʫ ʜʦ ʟʘʪʨʠʤʦʢ, ʥʘʧʨʠʢʣʘʜ, ʤʦʚʣʝʥʥʻʚʦʤʫ ʪʨʘʬʽʢʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ, ʷʢ 

ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ ʥʘʷʚʥʠʭ ʥʘʧʨʘʮʶʚʘʥʴ ʫ ʩʬʝʨʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʝ ʪʽʣʴʢʠ  

ʙʝʟʧʨʦʚʦʜʦʚʠʭ, ʘ ʡ ʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ, ʪʨʘʜʠʮʽʡʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ, 

ʧʦʚ'ʷʟʘʥʘ ʟ ʧʦʰʫʢʦʤ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʥʘʡʢʨʘʱʠʭ ʤʘʨʰʨʫʪʽʚ, ʧʽʜ ʚʧʣʠʚʦʤ 

ʟʘʛʘʣʴʥʠʭ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚ ʙʽʣʴʰ 

ʩʢʣʘʜʥʫ ʟʘʜʘʯʫ: ʜʣʷ ʟʘʜʘʥʦʾ ʧʘʨʠ ʘʜʨʝʩʘʪʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʦʜʠʥ ʘʙʦ 

ʢʽʣʴʢʘ ʤʘʨʰʨʫʪʽʚ, ʫʟʜʦʚʞ ʷʢʠʭ ʚʠʢʦʥʫʶʪʴʩʷ ʚʠʤʦʛʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [33]. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʦ ʚʠʟʥʘʯʠʪʠ 

ʤʘʨʰʨʫʪ, ʥʝʦʙʭʽʜʥʦ ʟʘ ʢʦʞʥʠʤ ʧʦʪʦʢʦʤ ʫʟʜʦʚʞ ʫʩʽʭ ʟʘʜʽʷʥʠʭ ʤʘʨʰʨʫʪʽʚ 

ʟʘʢʨʽʧʠʪʠ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʪʽʩʥʠʡ ʟʚ'ʷʟʦʢ 

ʧʨʦʮʝʜʫʨ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʇʨʠ ʮʴʦʤʫ 

ʧʨʦʮʝʜʫʨʠ ʫʧʨʘʚʣʽʥʥʷ ʢʘʥʘʣʴʥʠʤ (ʄɸʉ) ʨʽʚʥʝʤ ʜʣʷ WiMAX mesh-ʤʝʨʝʞ ʯʽʪʢʦ 

ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʩʪʘʥʜʘʨʪʦʤ IEEE 802.16d. 
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1.2. ʆʩʦʙʣʠʚʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ WiMAX-ʤʝʨʝʞʽ ʚ ʨʝʞʠʤʽ 

mesh ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ IEEE 802.16d 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ IEEE 802.16d ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ mesh-ʤʝʨʝʞʽ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʯʘʩʦʚʦʤʫ ʨʦʟʧʦʜʽʣʽ ʘʙʦʥʝʥʪʩʴʢʠʤʠ ʩʪʘʥʮʽʷʤʠ ʟʘʛʘʣʴʥʦʛʦ 

ʨʘʜʽʦʢʘʥʘʣʫ (Time Division Multiple Access, TDMA), ʜʝ ʥʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ ʟ 

ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʟ ʦʨʪʦʛʦʥʘʣʴʥʠʤ ʯʘʩʪʦʪʥʠʤ ʨʦʟʜʽʣʝʥʥʷʤ ʢʘʥʘʣʽʚ 

(Orthogonal Frequency Division Multiplexing, OFDM). ʉʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʘ 

ʬʨʝʡʤʫ ʜʣʷ mesh-ʤʝʨʝʞʽ ʩʪʘʥʜʘʨʪʫ IEEE 802.16d ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.2 [32, 34].  

Control information User data

TF

Frame (i-1) Frame i Frame (i+1)

Slots (groups of OFDM symbols)

NF
1 2 3

Network managementResource allocation

MSH-NENT MSH-NCFG MSH-NCFG......MSH-CSCH MSH-CSCH MSH-DSCH MSH-DSCH...

 

ʈʠʩ. 1.2. ʉʪʨʫʢʪʫʨʘ ʬʨʝʡʤʫ ʚ mesh-ʨʝʞʠʤʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ IEEE 

802.16d 

 

ʉʪʘʥʜʘʨʪʦʤ ʷʢ ʦʜʠʥʠʯʥʠʤ ʨʝʩʫʨʩʦʤ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ WiMAX mesh-

ʤʝʨʝʞʽ ʧʝʨʝʜʙʘʯʝʥʠʡ ʯʘʩʦʚʠʡ ʩʣʦʪ (minislot), ʱʦ ʤʽʩʪʠʪʴ ʪʘʢʫ ʢʽʣʴʢʽʩʪʴ OFDM-

ʩʠʤʚʦʣʽʚ [5]: 

                           ù
ú

ù
é
ê

é ³-

F

slotsctrframeperOFDM

N

NN 7___
, 

ʜʝ frameperOFDMN __  ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ OFDM-ʩʠʤʚʦʣʽʚ ʫ ʬʨʝʡʤʽ;  
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slotsctrN _  ï ʧʘʨʘʤʝʪʨ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʘʥʜʘʨʪʦʤ ʷʢ MSH_CRTL_LEN, ʷʢʠʡ 

ʚʢʘʟʫʻ ʥʘ ʢʽʣʴʢʽʩʪʴ ʢʝʨʫʚʘʣʴʥʠʭ ʩʣʦʪʽʚ ʫ ʬʨʝʡʤʽ ʪʘ ʥʘʟʥʘʯʘʻʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ 

ʟʚôʷʟʢʫ (0 ï 15); 

FN  ï ʢʽʣʴʢʽʩʪʴ ʩʣʦʪʽʚ ʚ ʦʜʥʦʤʫ ʬʨʝʡʤʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ  

ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʘ, 256=FN . 

ʂʽʣʴʢʽʩʪʴ ʙʘʡʪʽʚ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʚ ʦʜʥʦʤʫ ʩʣʦʪʽ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʪʨʠʚʘʣʦʩʪʽ ʬʨʝʡʤʫ, ʚʽʜ ʢʽʣʴʢʦʩʪʽ OFDM-ʩʠʤʚʦʣʽʚ ʫ ʩʣʦʪʽ, ʪʠʧʫ ʤʦʜʫʣʷʮʽʾ ʪʘ 

ʩʭʝʤʠ ʢʦʜʫʚʘʥʥʷ, ʚʠʙʽʨ ʷʢʠʭ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʚʘʜʦ-ʩʠʛʥʘʣʴʥʦʶ 

ʩʠʪʫʘʮʽʻʶ ʥʘ ʢʦʞʥʽʡ ʢʦʥʢʨʝʪʥʽʡ ʜʽʣʷʥʮʽ. ʋ ʪʘʙʣ. 1.3 ʧʨʠʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʤʽʞ ʢʽʣʴʢʽʩʪʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʘʡʪʽʚ ʚ ʦʜʥʦʤʫ OFDM-ʩʠʤʚʦʣʽ ʪʘ ʪʠʧʦʤ 

ʤʦʜʫʣʷʮʽʾ [34]. 

 

ʊʘʙʣʠʮʷ 1.3 

ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʢʽʣʴʢʽʩʪʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʘʡʪʽʚ ʚ ʦʜʥʦʤʫ OFDM-

ʩʠʤʚʦʣʽ ʪʘ ʪʠʧʦʤ ʤʦʜʫʣʷʮʽʾ 

ʊʠʧ ʤʦʜʫʣʷʮʽʾ ʐʚʠʜʢʽʩʪʴ 

ʢʦʜʫʚʘʥʥʷ 

ʂʽʣʴʢʽʩʪʴ ʙʘʡʪʽʚ,  ʱʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʦʜʥʦʤʫ 

OFDM-ʩʠʤʚʦʣʽ (uncoded 

block size) 

ɺPSK 1/2 12 

QPSK 1/2 24 

QPSK 3/4 36 

16QAM 1/2 48 

16QAM 3/4 72 

64QAM 2/3 96 

64QAM 3/4 108 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ IEEE 802.16d ʢʦʞʝʥ ʬʨʝʡʤ (ʨʠʩ. 1.2.) ʤʽʩʪʠʪʴ ʫ 

ʩʦʙʽ ʜʚʽ ʯʘʩʪʠʥʠ, ʚ ʦʜʥʽʡ ʟ̔ ̫ʢʠʭ ï ʢʝʨʫʚʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʘ ʚ ʽʥʰʽʡ ï ʜʘʥʽ 

ʢʦʨʠʩʪʫʚʘʯʘ. ʂʝʨʫʚʘʣʴʥʘ ʯʘʩʪʠʥʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʛʥʘʣʴʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʤʽʥʠ ʚ ʤʝʨʝʞʝʚʽʡ ʪʦʧʦʣʦʛʽʾ ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʘ ʪʘʢʦʞ ʢʦʤʘʥʜ ʧʨʦ 

ʨʦʟʧʦʜʽʣ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ (ʯʘʩʦʚʠʭ ʩʣʦʪʽʚ) ʤʽʞ ʩʪʘʥʮʽʷʤʠ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʷʜʫ ʩʪʘʥʜʘʨʪʥʠʭ ʢʝʨʫʚʘʣʴʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ (ʪʘʙʣ. 1.4). ʌʨʝʡʤʠ, ʱʦ 

ʤʽʩʪʷʪʴ ʨʽʟʥʫ ʢʝʨʫʚʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ ʘʙʦ ʤʝʨʝʞʝʚʝ 
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ʫʧʨʘʚʣʽʥʥʷ (ʨʠʩ. 1.2), ʯʝʨʛʫʶʪʴʩʷ ʟ ʧʝʨʽʦʜʠʯʥʽʩʪʶ, ʟʘʜʘʥʦʶ ʧʨʠ ʢʦʥʬʽʛʫʨʫʚʘʥʥʽ 

ʤʝʨʝʞʽ [5]. 

 

ʊʘʙʣʠʮʷ 1.4 

ʊʠʧʠ ʢʝʨʫʚʘʣʴʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ WiMAX mesh-ʤʝʨʝʞʽ 

ʂʝʨʫʚʘʣʴʥʝ 

ʧʦʚʽʜʦʤʣʝʥʥʷ 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʪʠʧ 

ʣʦʛʽʯʥʦʛʦ ʢʘʥʘʣʫ 

ʇʨʠʟʥʘʯʝʥʥʷ 

MSH-NENT 

(Network Entry)  

ʆʩʥʦʚʥʠʡ ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʭʦʜʫ ʚ ʤʝʨʝʞʫ ʥʦʚʦʛʦ ʚʫʟʣʘ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ  

MSH-NCFG 

(Network 

configuration)  

ʐʠʨʦʢʦʤʦʚʥʠʡ ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ʤʝʨʝʞʽ. ɺʠʟʥʘʯʘʻ 

ʪʘʢʽ ʚʘʞʣʠʚʽ ʤʝʨʝʞʝʚʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ ʢʽʣʴʢʽʩʪʴ 

ʢʝʨʫʚʘʣʴʥʠʭ ʩʣʦʪʽʚ ʫ ʬʨʝʡʤʽ, ʢʽʣʴʢʽʩʪʴ ʢʝʨʫʚʘʣʴʥʠʭ 

ʧʦʚʽʜʦʤʣʝʥʴ ʜʣʷ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ  ʩʣʦʪʽʚ, 

ʯʘʩʪʢʫ ʩʣʦʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʟʥʘʯʝʥʽ ʨʦʟʧʦʜʽʣʝʥʦ, 

ʪʘ ʽʥ. 

MSH-CSCH 

(Centralized 

scheduling 

distribution) 

ʐʠʨʦʢʦʤʦʚʥʠʡ ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʟʘʧʠʪʫ ʪʘ ʚʠʦʢʨʝʤʣʝʥʥʷ ʨʝʩʫʨʩʽʚ 

ʫ ʧʨʦʮʝʩʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ  

MSH-CSCF 

(Centralized 

scheduling 

configuration) 

ʐʠʨʦʢʦʤʦʚʥʠʡ ɻʝʥʝʨʘʣʽʟʫʻʪʴʩʷ ʙʘʟʦʚʦʶ ʩʪʘʥʮʽʻʶ ʚ ʨʝʞʠʤʽ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʽ ʨʝʪʨʘʥʩʣʶʻʪʴʩʷ 

ʘʙʦʥʝʥʪʩʴʢʠʤʠ ʩʪʘʥʮʽʷʤʠ ʚ ʧʨʦʮʝʩʽ ʧʦʙʫʜʦʚʠ 

ʤʘʨʰʨʫʪʥʦʛʦ ʜʝʨʝʚʘ ʟ MBS ʷʢ ʢʦʨʝʥʝʚʦʶ ʚʝʨʰʠʥʦʶ ʪʘ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʜʦʩʪʫʧʥʽ ʢʘʥʘʣʠ 

ʟʚôʷʟʢʫ 

MSH-DSCH 

(Decentralized 

scheduling 

negotiation) 

ʐʠʨʦʢʦʤʦʚʥʠʡ ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʧʨʦʮʝʩʽ ʚʟʘʻʤʦʜʽʾ ʘʙʦʥʝʥʪʩʴʢʠʭ 

ʩʪʘʥʮʽʡ  ʟ ʤʝʪʦʶ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ 

(ʟʘʧʠʪʠ, ʚʽʜʧʦʚʽʜʽ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʜʦʩʪʫʧʥʽ ʩʣʦʪʠ) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʧʝʮʠʬʽʢʘ ʦʨʛʘʥʽʟʘʮʽʾ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ WiMAX mesh-

ʤʝʨʝʞʽ ʚʠʟʥʘʯʘʻ ʯʘʩʦʚʠʡ ʩʣʦʪ ʷʢ ʦʜʠʥʠʯʥʠʡ ʨʝʩʫʨʩ. ʇʨʠ ʮʴʦʤʫ ʪʨʠʚʘʣʽʩʪʴ 

ʬʨʝʡʤʽʚ ʥʘ ʢʘʥʘʣʴʥʦʤʫ ʨʽʚʥʽ WiMax mesh-ʤʝʨʝʞʽ ʬʽʢʩʫʻʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ 

ʟʚ'ʷʟʢʫ, ʢʽʣʴʢʽʩʪʴ OFDM-ʩʠʤʚʦʣʽʚ, ʱʦ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʦʜʠʥ ʩʣʦʪ, ʘ ʟʥʘʯʠʪʴ ʽ 

ʢʽʣʴʢʽʩʪʴ ʙʘʡʪʽʚ ʫ ʢʦʞʥʦʤʫ ʟ ʥʠʭ ʚʽʜʦʤʽ. ʊʦʜʽ, ʟʥʘʶʯʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʬʽʢʫ, 

ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʟʘʚʜʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ 

ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚ ʟʘʚʜʘʥʥʷ ʧʨʠʟʥʘʯʝʥʥʷ ʢʦʞʥʽʡ ʘʙʦʥʝʥʪʩʴʢʽʡ ʩʪʘʥʮʽʾ ʧʝʚʥʦʾ 

ʩʫʢʫʧʥʦʩʪʽ ʯʘʩʦʚʠʭ ʩʣʦʪʽʚ ʫ ʤʝʞʘʭ ʦʜʥʦʛʦ ʬʨʝʡʤʫ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ IEEE 802.16d ʧʨʦʮʝʩ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ ʫ ʤʝʞʘʭ WiMAX mesh-ʤʝʨʝʞʽ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʰʣʷʭʦʤ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ (Centralized scheduling) ʘʙʦ ʰʣʷʭʦʤ 
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ʜʦʛʦʚʽʨʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʤʽʞ ʩʫʩʽʜʥʽʤʠ MSS ʫ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʨʝʞʠʤʽ (Distributed 

scheduling) (ʪʘʙʣ. 1.5) [5, 30, 32 35]. 

 

ʊʘʙʣʠʮʷ 1.5 

ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ ʫ 

WiMAX mesh-ʤʝʨʝʞʽ [30, 36] 

 ʎʝʥʪʨʘʣʽʟʦʚʘʥʝ 

ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ 

ʈʦʟʧʦʜʽʣʝʥʝ 

ʢʦʦʨʜʠʥʦʚʘʥʝ 

ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ 

ʈʦʟʧʦʜʽʣʝʥʝ 

ʥʝʢʦʦʨʜʠʥʦʚʘʥʝ 

ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ 

ʋʯʘʩʪʴ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ 

ʚ ʧʨʦʮʝʩʽ ʧʨʠʟʥʘʯʝʥʥʷ 

ʩʣʦʪʽʚ 

ʊʘʢ ʅ ̔ ʅ ̔

ʄʝʭʘʥʽʟʤ çʧʦʪʨʽʡʥʦʛʦ 

ʨʫʢʦʩʪʠʩʢʘʥʥʷè 

ʅ ̔ ʊʘʢ ʊʘʢ 

ʇʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ɹʝʟ ʢʦʣʽʟʽʡ ɹʝʟ ʢʦʣʽʟʽʡ ʂʦʣʽʟʽʾ ʡʤʦʚʽʨʥʽ 

ʂʝʨʫʚʘʣʴʥʽ 

ʧʦʚʽʜʦʤʣʝʥʥʷ 

MSH-CSCF,  

MSH-CSCH 

MSH-DSCH MSH-DSCH 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʩʣʫʞʙʦʚʦʛʦ ʪʨʘʬʽʢʫ 

ɺʠʩʦʢʘ ʉʝʨʝʜʥʷ ʅʠʟʴʢʘ 

ʇʨʠʟʥʘʯʝʥʥʷ ɼʦʚʛʦʪʨʠʚʘʣʠʡ 

ɯʥʪʝʨʥʝʪ ʘʙʦ ʽʥʰʠʡ 

ʪʨʘʬʽʢ, ʘʜʨʝʩʦʚʘʥʠʡ ʫ 

ʟʦʚʥʽʰʥʽ ʤʝʨʝʞʽ, ʷʢʠʡ 

ʧʝʨʝʜʘʻʪʴʩʷ ʟ ʧʦʩʪʽʡʥʦ 

ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ 

ʇʫʣʴʩʦʚʦ-ʧʘʢʝʪʥʠʡ 

ʚʥʫʪʨʽʰʥʽʡ ʪʨʘʬʽʢ 

ʂʦʨʦʪʢʦʯʘʩʥʠʡ 

ʚʥʫʪʨʽʰʥʽʡ ʪʨʘʬʽʢ, 

ʥʝʯʫʪʣʠʚʠʡ ʜʦ 

ʟʘʪʨʠʤʦʢ 

 

ʎʝʥʪʨʘʣʽʟʦʚʘʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʨʦʟʧʦʜʽʣʽ ʨʝʩʫʨʩʽʚ 

ʫ ʚʠʩʭʽʜʥʠʭ (ʚʽʜ MSS ʜʦ MɺS) ʽ ʥʠʟʭʽʜʥʠʭ (ʚʽʜ MɺS ʜʦ MSS) ʢʘʥʘʣʘʭ ʟʚ'ʷʟʢʫ ʽ 

ʧʦʚʥʽʩʪʶ ʧʦʢʣʘʜʘʻʪʴʩʷ ʥʘ ʙʘʟʦʚʫ ʩʪʘʥʮʽʶ. ʎʝʡ ʨʝʞʠʤ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ 

ʧʝʨʝʜʘʚʘʥʥʷ ʪʨʘʬʽʢʫ ʫ ʟʦʚʥʽʰʥʽ ʤʝʨʝʞʽ ʘʙʦ ʟ ʥʠʭ, ʪʦʙʪʦ ʪʨʘʬʽʢʫ, ʷʢʠʡ ʧʦʚʠʥʝʥ 

ʙʫʜʝ ʤʘʨʰʨʫʪʠʟʦʚʘʥʠʡ ʯʝʨʝʟ ʰʣʶʟ WiMAX mesh-ʤʝʨʝʞʽ (MɺS), ʧʝʨʝʜʙʘʯʘʻ 

ʥʘʷʚʥʽʩʪʴ ʜʝʨʝʚʘ ʤʘʨʰʨʫʪʽʚ ʟ ʙʘʟʦʚʦʶ ʩʪʘʥʮʽʻʶ ʚ ʷʢʦʩʪʽ ʢʦʨʝʥʝʚʦʾ ʚʝʨʰʠʥʠ, ʜʝ 

ʚʽʜ ʢʦʞʥʦʾ MSS ʤʝʨʝʞʽ ʦʜʥʦʟʥʘʯʥʦ ʚʽʜʦʤʠʡ ʰʣʷʭ ʜʦ MɺS, ʱʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ 

ʜʚʘ ʝʪʘʧʠ. ʇʝʨʰʠʡ ʝʪʘʧ ʧʦʚ'ʷʟʘʥʠʡ ʟʽ ʟʙʦʨʦʤ ʟʘʧʠʪʽʚ ʥʘ ʚʠʜʽʣʝʥʥʷ ʢʘʥʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ MɺS ʫ ʚʠʛʣʷʜʽ ʧʦʚʽʜʦʤʣʝʥʴ MSH-CSCH: Request ʚʽʜ 

ʘʙʦʥʝʥʪʩʴʢʠʭ ʩʪʘʥʮʽʡ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ MɺS ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʧʨʦ ʨʦʟʧʦʜʽʣ 

ʩʣʦʪʽʚ ʽ ʩʧʦʚʽʱʘʻ ʚʩʽ ʩʪʘʥʮʽʾ ʤʝʨʝʞʽ ʰʣʷʭʦʤ ʨʦʟʩʠʣʢʠ ʧʦʚʽʜʦʤʣʝʥʴ MSH-CSCH: 
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Grant  ʩʧʘʜʥʠʤʠ ʢʘʥʘʣʘʤʠ ʤʘʨʰʨʫʪʥʦʛʦ ʜʝʨʝʚʘ. ʋ ʮʽʣʦʤʫ ʨʝʞʠʤ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʥʘ ʙʘʟʦʚʽʡ ʩʪʘʥʮʽʾ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʩʪʘʥ ʫʩʽʻʾ ʤʝʨʝʞʽ ʜʘʻ ʟʤʦʛʫ ʨʝʘʣʽʟʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʧʨʠʟʥʘʯʝʥʥʷ 

ʩʣʦʪʽʚ, ʦʜʥʘʢ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʙʦʨʫ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʧʦʚ'ʷʟʘʥʘ ʟ ʜʦʜʘʪʢʦʚʠʤʠ 

ʟʘʪʨʠʤʢʘʤʠ [30]. 

ʈʦʟʧʦʜʽʣʝʥʠʡ ʨʝʞʠʤ ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʦʮʝʜʫʨʘʭ 

ʩʫʧʝʨʥʠʮʪʚʘ ʪʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʦʙʤʽʥʫ ʩʣʫʞʙʦʚʠʤʠ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ 

MSH-DSCH ʤʽʞ ʩʫʩʽʜʥʽʤʠ mesh-ʩʪʘʥʮʽʷʤʠ. ʇʦʚʽʜʦʤʣʝʥʥʷ MSH-DSCH 

ʨʦʟʩʠʣʘʶʪʴʩʷ ʰʠʨʦʢʦʤʦʚʥʦ ʽ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʦʟʧʦʜʽʣ ʩʣʦʪʽʚ ʫ ʨʘʜʽʫʩʽ 

ʜʚʦʭ ʧʝʨʝʧʨʠʡʦʤʽʚ (2 hop neighbors). ʇʨʠ ʮʴʦʤʫ ʚ ʨʘʟʽ ʢʦʦʨʜʠʥʦʚʘʥʦʛʦ 

ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ ʟ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ ʢʦʣʽʟʽʡ ʫ ʧʨʦʮʝʩʽ 

ʧʝʨʝʜʘʚʘʥʥʷ ʩʣʫʞʙʦʚʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʡ ʤʝʭʘʥʽʟʤ 

Election Based Transmission Timing (EBTT). ʆʩʥʦʚʥʝ ʡʦʛʦ ʟʘʚʜʘʥʥʷ ï 

ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʽʚ ʯʘʩʫ, ʢʦʣʠ ʢʦʥʢʫʨʫʚʘʣʴʥʽ ʩʪʘʥʮʽʾ ʤʘʶʪʴ ʧʨʘʚʦ 

ʰʠʨʦʢʦʤʦʚʥʦ ʨʦʟʩʠʣʘʪʠ ʩʚʦʾ ʧʦʚʽʜʦʤʣʝʥʥʷ MSH-NCFG ʽ MSH-DSCH, ʥʝ 

ʩʪʚʦʨʶʶʯʠ ʧʨʠ ʮʴʦʤʫ ʧʝʨʝʰʢʦʜ ʽʥʰʠʤ ʩʪʘʥʮʽʷʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʰʘ ʬʘʟʘ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʨʝʞʠʤʫ ʧʦʚ'ʷʟʘʥʘ ʟ ʚʠʟʥʘʯʝʥʥʷʤ 

ʧʦʨʷʜʢʫ ʦʙʤʽʥʫ ʩʪʘʥʮʽʷʤʠ ʩʣʫʞʙʦʚʠʤʠ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ. ʄʝʭʘʥʽʟʤ EBTT 

ʧʝʨʝʜʙʘʯʘʻ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʡ ʘʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʯʘʩʫ ʜʣʷ ʪʨʘʥʩʣʷʮʽʾ (ʨʠʩ. 1.3) 

[30, 34 - 35]. ɺ ʫʤʦʚʘʭ ʦʜʥʘʢʦʚʠʭ ʧʨʦʮʝʜʫʨ ʛʝʥʝʨʫʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʥʘ 

ʨʽʟʥʠʭ ʚʫʟʣʘʭ ʽ ʟʘʛʘʣʴʥʠʭ ʧʨʘʚʠʣ ʚʠʙʦʨʯʦʾ ʧʨʦʮʝʜʫʨʠ, ʢʦʞʝʥ ʚʫʟʦʣ ʤʦʞʝ 

ʨʦʟʨʘʭʫʚʘʪʠ ʤʦʤʝʥʪʠ ʰʠʨʦʢʦʤʦʚʥʠʭ ʨʦʟʩʠʣʦʢ ʽʥʰʠʤʠ ʩʪʘʥʮʽʷʤʠ, ʪʠʤ ʩʘʤʠʤ 

ʫʥʠʢʘʶʯʠ ʢʦʣʽʟʽʡ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʢʦʞʥʘ ʩʪʘʥʮʽʷ ʤʘʣʘ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ 

ʧʨʘʚʦ ʥʘ ʰʠʨʦʢʦʤʦʚʥʫ ʨʦʟʩʠʣʢʫ, ʩʪʘʥʮʽʷ, ʷʢʘ ʤʘʣʘ ʪʘʢʝ ʧʨʘʚʦ ʨʘʥʽʰʝ, ʚʠʙʫʚʘʻ ʟ 

ʧʨʦʮʝʜʫʨʠ ʩʫʧʝʨʥʠʮʪʚʘ ʥʘ ʯʘʩ tervalholdoff_inT  (Holdoff interval), ʱʦ ʧʝʨʝʚʠʱʫʻ ʚ 

16 ʨʘʟʽʚ ʪʨʠʚʘʣʽʩʪʴ ʜʦʟʚʦʣʝʥʦʛʦ ʽʥʪʝʨʚʘʣʫ (Eligible interval) [34]: 

 

ntervaleligible_itervalholdoff_in TT ³= 42                   (1.2) 
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ʊʨʠʚʘʣʽʩʪʴ ʽʥʪʝʨʚʘʣʫ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʩʪʘʥʮʽʷ ʤʘʻ ʧʨʘʚʦ ʥʘ ʫʯʘʩʪʴ ʫ 

ʧʨʦʮʝʜʫʨʽ ʩʫʧʝʨʥʠʮʪʚʘ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

He
ntervaleligible_iT 2=   ,                                  (1.3) 

 

ʜʝ He ï ʟʥʘʯʝʥʥʷ ʢʦʥʬʽʛʫʨʫʚʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ Xm_Holdoff_Exponent, ʷʢʠʡ 

ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʧʦʚʽʜʦʤʣʝʥʥʽ MSH-DSCH. 

MSS A

MSS B

MSS ʉ

MSS D

t

Current moment of 

transmission

Time of the next 

possible transmission

Eligible 

interval

Holdoff

interval

Rivalry stations
 

 

ʈʠʩ. 1.3. ʄʝʭʘʥʽʟʤ EBTT 

ʅʘʩʪʫʧʥʠʡ ʽʥʪʝʨʚʘʣ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʩʪʘʥʮʽʷ ʤʘʻ ʧʨʘʚʦ ʚʟʷʪʠ ʫʯʘʩʪʴ ʫ 

ʟʤʘʛʘʣʴʥʽʡ ʧʨʦʮʝʜʫʨʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʤʦʚʦʶ [34] 

 

He
next

He MxTMx 2)1(2 Ö+¢¢Ö  , (1.4) 

 

ʜʝ ï  ʟʥʘʯʝʥʥʷ ʢʦʥʬʽʛʫʨʫʚʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ Next_Xmt_Mx. 

ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ Xm_Holdoff_Exponent ʽ 

Next_Xmt_Mx ʚʩʪʘʥʦʚʣʝʥʽ ʚ 4 ʽ 3 ʚʽʜʧʦʚʽʜʥʦ, ʚʫʟʦʣ ʤʘʻ ʧʨʘʚʦ ʧʨʝʪʝʥʜʫʚʘʪʠ ʥʘ 

ʦʜʠʥ ʽʟ ʢʝʨʫʚʘʣʴʥʠʭ ʩʣʦʪʽʚ, ʧʦʯʠʥʘʶʯʠ ʟ 49-ʛʦ ʧʦ 64-ʡ ʧʽʩʣʷ ʽʥʪʝʨʚʘʣʫ. 

ʇʨʦʮʝʜʫʨʘ ʩʫʧʝʨʥʠʮʪʚʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʩʣʦʪʫ ʦʢʨʝʤʦ. 

ʂʝʨʫʚʘʣʴʥʠʡ ʩʣʦʪ ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʪʽʡ ʩʪʘʥʮʽʾ, ʜʣʷ ʷʢʦʾ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʘ 16-ʙʽʪʥʘ 

ʭʝʰ-ʬʫʥʢʮʽʷ ʚʠʙʦʨʫ ʜʘʣʘ ʥʘʡʙʽʣʴʰʠʡ ʨʝʟʫʣʴʪʘʪ ʩʝʨʝʜ ʫʩʽʭ ʢʦʥʢʫʨʫʚʘʣʴʥʠʭ 

ʩʪʘʥʮʽʡ. ʇʘʨʘʤʝʪʨʘʤʠ ʭʝʰ-ʬʫʥʢʮʽʾ ʚʠʙʦʨʫ ʻ ʥʦʤʝʨ ʩʣʦʪʫ, ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 
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ʷʢʦʛʦ ʧʨʝʪʝʥʜʫʶʪʴ ʜʝʢʽʣʴʢʘ ʩʪʘʥʮʽʡ, ʪʘ ʽʜʝʥʪʠʬʽʢʘʪʦʨʠ (ID) ʮʠʭ ʩʪʘʥʮʽʡ. 

ʇʨʦʮʝʜʫʨʘ ʩʫʧʝʨʥʠʮʪʚʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʩʧʦʯʘʪʢʫ ʜʣʷ ʧʝʨʰʦʛʦ ʚ ʜʦʟʚʦʣʝʥʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʩʣʦʪʫ. ʗʢʱʦ ʭʝʰ-ʬʫʥʢʮʽʷ ʩʪʘʥʮʽʾ ʚʠʷʚʠʣʘʩʷ ʥʝ ʤʘʢʩʠʤʘʣʴʥʦʶ ʜʣʷ 

ʜʘʥʦʛʦ ʩʣʦʪʫ, ʨʦʙʠʪʴʩʷ ʥʦʚʘ ʩʧʨʦʙʘ, ʘʣʝ ʚʽʜʥʦʩʥʦ ʥʘʩʪʫʧʥʦʛʦ ʢʝʨʫʚʘʣʴʥʦʛʦ 

ʩʣʦʪʫ ʚ ʤʝʞʘʭ ʜʦʟʚʦʣʝʥʦʛʦ ʽʥʪʝʨʚʘʣʫ [35]. 

çʇʝʨʝʤʦʛʘè ʩʪʘʥʮʽʾ ʚ ʧʨʦʮʝʜʫʨʽ ʩʫʧʝʨʥʠʮʪʚʘ ʟʘ ʙʫʜʴ-ʷʢʠʡ ʢʝʨʫʚʘʣʴʥʠʡ 

ʩʣʦʪ ʦʟʥʘʯʘʻ ʧʨʘʚʦ ʥʘ ʪʨʘʥʩʣʷʮʽʶ ʩʚʦʾʭ ʩʣʫʞʙʦʚʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʫ ʮʴʦʤʫ ʩʣʦʪʽ ʟ 

ʤʝʪʦʶ ʫʟʛʦʜʞʝʥʥʷ ʽʟ ʩʫʤʽʞʥʠʤʠ ʩʪʘʥʮʽʷʤʠ ʩʫʢʫʧʥʦʩʪʽ ʩʣʦʪʽʚ, ʷʢʽ ʙʫʜʫʪʴ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʦʛʦ ʪʨʘʬʽʢʫ. ɿ ʤʝʪʦʶ 

ʧʨʠʟʥʘʯʝʥʥʷ ʡ ʫʟʛʦʜʞʝʥʥʷ ʩʣʦʪʽʚ ʤʽʞ ʩʫʤʽʞʥʠʤʠ ʩʪʘʥʮʽʷʤʠ ʚ ʨʦʟʧʦʜʽʣʝʥʦʤʫ 

ʨʝʞʠʤʽ ʩʪʘʥʜʘʨʪʦʤ IEEE 802.16d ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʭʘʥʽʟʤ çʧʦʪʨʽʡʥʦʛʦ 

ʨʫʢʦʩʪʠʩʢʘʥʥʷè (ʨʠʩ. 1.4) [30, 35]. 
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ʈʠʩ. 1.4. ʄʝʭʘʥʽʟʤ çʧʦʪʨʽʡʥʦʛʦ ʨʫʢʦʩʪʠʩʢʘʥʥʷè ʧʨʠ ʨʦʟʧʦʜʽʣʝʥʦʤʫ 

ʧʨʠʟʥʘʯʝʥʥ ̔ʩʣʦʪʽʚ 

 

ʄʝʭʘʥʽʟʤ çʧʦʪʨʽʡʥʦʛʦ ʨʫʢʦʩʪʠʩʢʘʥʥʷè ʽʥʽʮʽʶʻʪʴʩʷ ʩʪʘʥʮʽʻʶ-ʜʞʝʨʝʣʦʤ 

(ʥʘ ʨʠʩ. 1.4 ʩʪʘʥʮʽʻʶ MSS A). ʅʘ ʧʽʜʩʪʘʚʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (ʥʝʦʙʭʽʜʥʦʾ ʰʚʠʜʢʦʩʪʽ) 

ʪʨʘʬʽʢʫ, ʱʦ ʧʽʜʣʷʛʘʻ ʧʝʨʝʜʘʚʘʥʥʶ, ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʢʽʣʴʢʽʩʪʴ ʩʣʦʪʽʚ, 
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ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʾʾ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʽʣʴʥʠʭ 

ʩʣʦʪʽʚ ʩʪʘʥʮʽʷ-ʜʞʝʨʝʣʦ ʚʽʜʧʨʘʚʣʷʻ ʟʘʧʠʪ MSH-DSCH: Request (ʨʠʩ. 1.4) ʩʪʘʥʮʽʾ-

ʦʜʝʨʞʫʚʘʯʫ (MSS B ʥʘ ʨʠʩ. 1.4), ʜʝ ʦʧʠʩʫʶʪʴʩʷ ʩʣʦʪʠ, ʷʢʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʩʪʘʥʮʽʻʶ-ʜʞʝʨʝʣʦʤ, ʪʘ ʥʝʦʙʭʽʜʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ. ʉʪʘʥʮʽʷ MSS B 

ʥʘʩʘʤʧʝʨʝʜ ʧʝʨʝʚʽʨʷʻ ʥʘʷʚʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʚʦʾʭ ʚʽʣʴʥʠʭ ʩʣʦʪʽʚ. 

ʇʦʪʽʤ ʟʽʩʪʘʚʣʷʶʪʴʩʷ ʩʣʦʪʠ, ʚʽʣʴʥʽ ʷʢ ʥʘ MSS A, ʪʘʢ ʽ ʥʘ MSS B. ʗʢʱʦ ʢʽʣʴʢʽʩʪʴ 

ʪʘʢʠʭ ʟʘʜʦʚʦʣʴʥʷʻ ʟʘʧʠʪʫʚʘʥʽʡ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ, ʪʦ ʩʪʘʥ ʚʽʜʧʦʚʽʜʥʠʭ ʩʣʦʪʽʚ 

ʟʤʽʥʶʻʪʴʩʷ ʥʘ çʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʜʣʷ ʧʨʠʡʦʤʫè, ʘ ʾʭʽʡ ʩʧʠʩʦʢ ʚʽʜʩʠʣʘʻʪʴʩʷ 

ʩʪʘʥʮʽʾ MSS A (MSH-DSCH: Grant). ʅʘ ʩʪʦʨʦʥʽ ʩʪʘʥʮʽʾ ɸ ʩʪʘʪʫʩ ʮʽʻʾ ʞ 

ʩʫʢʫʧʥʦʩʪʽ ʩʣʦʪʽʚ ʟʤʽʥʶʻʪʴʩʷ ʥʘ çʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʜʣʷ ʧʝʨʝʜʘʯʽè, ʘ ʾʭʥʽʡ 

ʩʧʠʩʦʢ ʟʥʦʚʫ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʩʪʘʥʮʽʾ MSS ɺ, ʘʣʝ ʚʞʝ ʷʢ ʧʽʜʪʚʝʨʜʞʝʥʥʷ (MSH-

DSCH: Confirm). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʘʥʜʘʨʪʦʤ IEEE 802.16d ʷʢ ʚ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʤʫ, ʪʘʢ ʽ 

ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʨʝʞʠʤʽ ʚʠʟʥʘʯʝʥʽ ʧʨʦʮʝʜʫʨʠ ʚʟʘʻʤʦʜʽʾ ʩʪʘʥʮʽʡ WiMAX mesh-

ʤʝʨʝʞʽ ʟ ʤʝʪʦʶ ʫʟʛʦʜʞʝʥʥʷ ʩʫʢʫʧʥʦʩʪʽ ʩʣʦʪʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʠʤʠ 

ʩʪʘʥʮʽʷʤʠ, ʘʣʝ ʥʝ ʩʘʤʽ ʘʣʛʦʨʠʪʤʠ ʨʦʟʧʦʜʽʣʫ ʩʣʦʪʽʚ ʪʘ ʾʭʥʻ ʟʘʢʨʽʧʣʝʥʥʷ ʟʘ 

ʢʦʥʢʨʝʪʥʠʤʠ ʩʪʘʥʮʽʷʤʠ ʘʙʦ ʧʦʪʦʢʘʤʠ ʪʨʘʬʽʢʫ. ʆʩʢʽʣʴʢʠ ʩʘʤʝ ʮʽ ʘʣʛʦʨʠʪʤʠ 

ʚʠʟʥʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʡ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ WiMAX mesh-ʤʝʨʝʞʽ ʚ ʮʽʣʦʤʫ, ʾʭʥʷ ʨʦʟʨʦʙʢʘ ʷʚʣʷʻ ʩʦʙʦʶ 

ʘʢʪʫʘʣʴʥʝ ʟʘʚʜʘʥʥʷ, ʚʠʨʽʰʝʥʥʶ ʷʢʦʛʦ ʧʨʠʩʚʷʯʝʥʦ ʯʠʤʘʣʦ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ. 

 

1.3. ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʚʠʤʦʛʠ ʜʦ ʤʝʪʦʜʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʨʦʟʧʦʜʽʣʫ 

ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ WiMAX mesh-ʤʝʨʝʞʽ 

ʆʧʠʩʘʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ 

ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ (ʩʣʦʪʽʚ) ʫ WiMAX mesh-ʤʝʨʝʞʘʭ ʤʦʞʫʪʴ ʙʫʪʠ 

ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ (ʨʠʩ. 1.5). ʇʝʨʰʦʶ ʚʘʞʣʠʚʦʶ ʽ ʜʦʩʠʪʴ 

ʧʨʠʥʮʠʧʦʚʦʶ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʤʠ ʦʟʥʘʢʦʶ ʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʮʠʭ ʟʘʚʜʘʥʴ ʫ 

ʧʨʦʮʝʩʽ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. ʋ ʮʽʣʦʤʫ ʧʠʪʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ 

ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʩʧʽʣʴʥʦ ʚ ʤʝʞʘʭ ʻʜʠʥʦʾ, ʪʘʢ 
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ʟʚʘʥʦʾ ʟʘʜʘʯʽ ʢʨʦʩʨʽʚʥʝʚʦʾ (cross-layer) ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʘʙʦ ʧʦʩʣʽʜʦʚʥʦ (ʦʢʨʝʤʦ) 

[30 - 31, 37]. 

ʋ ʩʪʨʦʛʦʤʫ ʩʝʥʩʽ ʢʨʦʩʨʽʚʥʝʚʠʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ ʩʧʽʣʴʥʝ ʚʠʨʽʰʝʥʥʷ 

ʟʘʚʜʘʥʴ, ʱʦ ʥʘʣʝʞʘʪʴ ʨʽʟʥʠʤ ʨʽʚʥʷʤ. ʊʦʜʽ ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ WiMAX mesh-ʤʝʨʝʞʘʭ ʻ ʤʘʨʰʨʫʪʠ ʜʦʚʝʜʝʥʥʷ ʧʨʠʟʥʘʯʝʥʦʛʦ 

ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʪʨʘʬʽʢʫ ʦʜʥʦʯʘʩʥʦ ʟ ʨʦʟʧʦʜʽʣʦʤ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ (ʩʣʦʪʽʚ),  

ʷʢʠʡ ʡʦʛʦ ʟʘʙʝʟʧʝʯʫʻ. ʇʨʠ ʦʩʣʘʙʣʝʥʥʽ ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʽʜ ʢʨʦʩʨʽʚʥʝʚʠʤ 

ʧʽʜʭʦʜʦʤ ʤʦʞʝ ʨʦʟʫʤʽʪʠʩʷ ʚʠʨʽʰʝʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʟʘʚʜʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʘʨʘʤʝʪʨʽʚ ʘʙʦ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʥʘ ʽʥʰʠʭ ʱʦʜʦ ʨʦʟʚ'ʷʟʫʚʘʥʦʾ ʟʘʜʘʯʽ 

ʨʽʚʥʷʭ [31]. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʟʘʚʜʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʱʦ ʥʘʣʝʞʠʪʴ ʜʦ 

ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ ʤʦʜʝʣʽ OSI, ʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ mesh-ʤʝʨʝʞʘʭ ʤʦʞʫʪʴ 

ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʧʘʨʘʤʝʪʨʠ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [38], ʘʙʦ ʽ 

ʢʘʥʘʣʴʥʦʛʦ, ʽ ʬʽʟʠʯʥʦʛʦ, ʷʢ ʫ ʨʦʙʦʪʽ [39]. ʇʨʠ ʮʴʦʤʫ  ʧʘʨʘʤʝʪʨʘʤʠ ʢʘʥʘʣʴʥʦʛʦ 

ʨʽʚʥʷ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʧʦʪʦʯʥʠʡ ʨʦʟʧʦʜʽʣ ʩʣʦʪʽʚ, ʘ ʧʘʨʘʤʝʪʨʘʤʠ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ 

ï ʨʽʚʥʽ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʜʘʚʘʯʽʚ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʧʝʨʝʰʢʦʜʘ-ʰʫʤ (Signal 

to Interference and Noise Ratio, SINR), ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʪʠʧʠ ʤʦʜʫʣʷʮʽʾ ʪʘ 

ʰʚʠʜʢʽʩʪʴ ʢʦʜʫʚʘʥʥʷ. 
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ʈʠʩ.1.5. ʂʣʘʩʠʬʽʢʘʮʽʷ ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʽʭ ʨʝʩʫʨʩʽʚ (ʩʣʦʪʽʚ) ʫ WiMAX mesh-

ʤʝʨʝʞʘʭ 

 



26 

 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʫʩʢʣʘʜʥʝʥʥʷ ʷʢ ʩʘʤʦʛʦ ʟʘʚʜʘʥʥʷ, ʪʘʢ ʽ ʤʝʪʦʜʽʚ ʡʦʛʦ 

ʚʠʨʽʰʝʥʥʷ, ʚ ʮʽʣʦʤʫ ʢʨʦʩʨʽʚʥʝʚʠʡ ʧʽʜʭʽʜ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʡ. ʇʦ-ʧʝʨʰʝ, ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘʢʠʡ ʧʽʜʭʽʜ ʛʘʨʘʥʪʫʻ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʚʠʜʽʣʝʥʠʭ 

ʩʣʦʪʽʚ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʟʘʧʠʪʫʚʘʥʽʡ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʧʦʪʦʢʫ, ʙʽʣʴʰ ʪʦʛʦ 

ʨʝʩʫʨʩʠ ʚ ʪʘʢʽʡ ʢʽʣʴʢʦʩʪʽ ʙʫʜʫʪʴ ʜʦʩʪʫʧʥʽ ʚʟʜʦʚʞ ʚʠʜʽʣʝʥʦʛʦ ʤʘʨʰʨʫʪʫ. ʇʦ-

ʜʨʫʛʝ, ʢʨʦʩʨʽʚʥʝʚʠʡ ʧʽʜʭʽʜ ʜʘʻ ʟʤʦʛʫʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʙʫʜʫʪʴ ʟʘʢʨʽʧʣʝʥʽ ʟʘ ʧʦʪʦʢʦʤ ʪʽʣʴʢʠ ʚ ʨʘʟʽ 

ʛʘʨʘʥʪʦʚʘʥʦ ʫʩʧʽʰʥʦʾ ʡʦʛʦ ʜʦʩʪʘʚʢʠ [31, 40 - 41]. 

ʇʨʠ ʮʴʦʤʫ ʥʘʡʯʘʩʪʽʰʝ ʧʽʜ ʟʘʚʜʘʥʥʷʤ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ 

mesh-ʤʝʨʝʞʘʭ ʨʦʟʫʤʽʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʤʘʨʰʨʫʪʥʦʛʦ ʜʝʨʝʚʘ, ʚ ʷʢʦʤʫ ʙʘʟʦʚʘ 

ʩʪʘʥʮʽʷ ʚʠʩʪʫʧʘʻ ʚ ʷʢʦʩʪʽ ʢʦʨʝʥʝʚʦʾ ʚʝʨʰʠʥʠ ʽ ʜʣʷ ʢʦʞʥʦʾ ʘʙʦʥʝʥʪʩʴʢʦʾ ʩʪʘʥʮʽʾ 

ʚʠʟʥʘʯʝʥʦ ʦʜʠʥ ʥʘʡʢʨʘʱʠʡ ʚ ʦʙʨʘʥʽʡ ʤʝʪʨʠʮʽ ʤʘʨʰʨʫʪ (ʰʣʷʭ ʫ ʜʝʨʝʚʽ), ʱʦ ʚʝʜʝ 

ʜʦ MBS [37]. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʪʨʘʜʠʮʽʡʥʦ mesh-ʤʝʨʝʞʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʚʠʢʣʶʯʥʦ ʷʢ ʤʝʨʝʞʽ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʛʣʦʙʘʣʴʥʠʭ ʤʝʨʝʞ (Internet), ʽ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚʝʩʴ ʪʨʘʬʽʢ mesh-ʤʝʨʝʞʽ ʩʧʨʷʤʦʚʘʥʠʡ ʘʙʦ ʦʪʨʠʤʘʥʠʡ ʩʘʤʝ 

ʟ̔ ʟʦʚʥʽʰʥʴʦʾ ʤʝʨʝʞʽ, ʧʨʦʭʦʜʷʯʠ ʧʨʠ ʮʴʦʤʫ ʯʝʨʝʟ ʙʘʟʦʚʫ ʩʪʘʥʮʽʶ, ʱʦ ʚʠʢʦʥʫʻ 

ʨʦʣʴ ʰʣʶʟʫ. ʇʨʦʪʝ, ʯʘʩʪʠʥʘ ʨʦʙʽʪ, ʥʘʧʨʠʢʣʘʜ, [42 - 43], ʧʨʠʩʚʷʯʝʥʘ ʙʽʣʴʰ 

ʟʘʛʘʣʴʥʦʤʫʦ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʙʫʜʴ-ʷʢʘ ʧʘʨʘ ʩʪʘʥʮʽʡ mesh-ʤʝʨʝʞʽ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ 

ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʡ ʦʜʝʨʞʫʚʘʯʘ (ʪʘʢ ʟʚʘʥʽ multi-hop mesh-ʤʝʨʝʞʽ). ʇʨʠʯʦʤʫ 

ʢʽʣʴʢʽʩʪʴ ʰʫʢʘʥʠʭ ʰʣʷʭʽʚ ʥʝ ʟʘʚʞʜʠ ʦʙʤʝʞʫʻʪʴʩʷ ʦʜʥʠʤ, ʨʷʜ ʧʫʙʣʽʢʘʮʽʡ 

ʧʨʠʩʚʷʯʝʥʦ ʙʘʛʘʪʦʢʦʣʽʡʥʽʡ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ mesh-ʤʝʨʝʞʘʭ [44 - 

46]. 

ʇʨʠ ʦʢʨʝʤʦʤʫ ʨʦʟʛʣʷʜʽ ʟʘʚʜʘʥʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ ʧʦʰʫʢ ʤʘʨʰʨʫʪʫ ʪʨʘʢʪʫʻʪʴʩʷ ʷʢ ʧʦʰʫʢ ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ, ʜʝ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʤʝʪʨʠʢʘ. ʄʘʨʰʨʫʪʥʽ ʤʝʪʨʠʢʠ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʚ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ mesh-ʤʝʨʝʞʘʭ, ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʧʨʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, 

ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʧʨʠʡʦʤʽʚ ʤʽʞ ʚʽʜʧʨʘʚʥʠʢʦʤ ʪʘ ʦʪʨʠʤʫʚʘʯʝʤ, ʡ ʽʥʪʝʛʨʘʣʴʥʽ 

(ʢʦʤʧʦʟʠʪʥʽ), ʱʦ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʢʽʣʴʢʦʭ ʧʘʨʘʤʝʪʨʽʚ. ʇʨʠ ʮʴʦʤʫ 

ʧʘʨʘʤʝʪʨʠ ʤʦʞʫʪʴ ʥʘʣʝʞʘʪʠ ʨʽʟʥʠʤ ʨʽʚʥʷʤ (ʷʢ ʧʨʘʚʠʣʦ, ʤʝʨʝʞʝʚʦʤʫ, 

ʢʘʥʘʣʴʥʦʤʫ, ʬʽʟʠʯʥʦʤʫ), ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʠʤ ʩʘʤʠʤ ʢʨʦʩʨʽʚʥʝʚʠʡ ʭʘʨʘʢʪʝʨ 
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ʨʝʟʫʣʴʪʫʶʯʦʾ ʤʘʨʰʨʫʪʥʦʾ ʤʝʪʨʠʢʠ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʧʠʩʘʥʠʤ ʚʠʱʝ 

ʢʨʦʩʨʽʚʥʝʚʠʤ ʧʽʜʭʦʜʦʤ ʫ ʩʪʨʦʛʦʤʫ ʩʝʥʩʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʦʩʨʽʚʥʝʚʠʭ 

ʤʘʨʰʨʫʪʥʠʭ ʤʝʪʨʠʢ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ çʩʣʘʙʢʝè ʡʦʛʦ ʪʨʘʢʪʫʚʘʥʥʷ: ʥʝ 

ʟʤʽʥʶʶʯʠ ʩʫʪʽ ʟʘʚʜʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʙʨʝ ʚʽʜʦʤʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ ʨʦʙʠʪʴʩʷ ʩʧʨʦʙʘ ʚʨʘʭʫʚʘʪʠ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ 

ʨʽʟʥʠʭ ʨʽʚʥʽʚ. ʇʨʠ ʮʴʦʤʫ ʥʘʷʚʥʽ ʤʘʨʰʨʫʪʥʽ ʧʨʦʪʦʢʦʣʠ ʚʠʤʘʛʘʶʪʴ ʤʽʥʽʤʘʣʴʥʠʭ 

ʟʤʽʥ, ʱʦ ʧʦʷʩʥʶʻ ʙʝʟʣʽʯ ʧʫʙʣʽʢʘʮʽʡ, ʧʨʠʩʚʷʯʝʥʠʭ ʧʦʰʫʢʫ ʝʬʝʢʪʠʚʥʠʭ 

ʢʨʦʩʨʽʚʥʝʚʠʭ ʤʘʨʰʨʫʪʥʠʭ ʤʝʪʨʠʢ ʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ mesh-ʤʝʨʝʞʘʭ [47 - 50]. 

ʆʧʠʩʘʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ ʤʝʪʦʜʠ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ WiMAX 

mesh-ʤʝʨʝʞʘʭ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʦʩʦʙʫ ʨʝʘʣʽʟʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʥʘ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʽ ʨʦʟʧʦʜʽʣʝʥʽ; ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʦʪʽʚ, ʪʽ, ʱʦ 

ʜʦʧʫʩʢʘʶʪʴ ʘʙʦ ʷʢʽ ʥʝ ʜʦʧʫʩʢʘʶʪʴ ʧʦʚʪʦʨʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʩʣʦʪʫ 

ʘʙʦ ʛʨʫʧʠ ʩʣʦʪʽʚ ʜʝʢʽʣʴʢʦʤ ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʥʝʩʝʥʠʤ ʩʪʘʥʮʽʷʤ; ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʪʽ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʘʙʦ ʷʢʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ QoS-ʚʠʤʦʛʠ 

ʧʦʪʦʢʽʚ ʧʨʠ ʟʘʢʨʽʧʣʝʥʥʽ ʩʣʦʪʽʚ ʜʣʷ ʾʭʥʴʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [51]. 

ʗʢ ʟʘʚʜʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ WiMAX mesh-ʤʝʨʝʞʘʭ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʝ ʟ 

ʨʦʟʧʦʜʽʣʦʤ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʪʘʢ ʽ ʟʘʚʜʘʥʥʷ ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ ʥʝʨʦʟʨʠʚʥʦ 

ʧʦʚ'ʷʟʘʥʝ ʟ ʧʨʦʮʝʩʘʤʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʥʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ. ɼʦʩʪʫʧʥʽ ʰʚʠʜʢʦʩʪʽ 

ʧʝʨʝʜʘʚʘʥʥʷ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʢʽʣʴʢʽʩʪʴ ʩʣʦʪʽʚ, ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʠʜʽʣʝʥʽ ʧʦʪʦʢʫ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʡʦʛʦ QoS-ʚʠʤʦʛ, ʷʢ ʚʣʘʩʥʝ ʽ ʩʘʤʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʪʦʡ ʯʠ ʽʥʰʠʡ ʩʣʦʪ ʫ ʧʝʚʥʦʤʫ ʪʨʘʢʪʽ ʧʝʨʝʜʘʚʘʥʥʷ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʩʠʛʥʘʣ-ʰʫʤ SINR ʫ ʥʴʦʤʫ. ʅʘʷʚʥʽʩʪʴ ʽʥʪʝʨʬʝʨʝʥʮʽʾ (ʧʝʨʝʰʢʦʜʥʠʭ ʚʧʣʠʚʽʚ) ʤʽʞ 

ʩʪʘʥʮʽʷʤʠ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ ʥʝ ʜʦʟʚʦʣʷʻ ʮʠʤ ʩʪʘʥʮʽʷʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʯʘʩʦʚʠʡ ʩʣʦʪ, ʪʦʙʪʦ ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʜʘʚʘʪʠ ʘʙʦ ʧʨʠʡʤʘʪʠ ʩʠʛʥʘʣʠ 

ʚ ʦʜʥʦʤʫ ʡ ʪʦʤʫ ʞ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

ʋ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ ʚʠʜʽʣʷʶʪʴ ʜʚʘ ʪʠʧʠ ʽʥʪʝʨʬʝʨʝʥʮʽʾ: ʧʝʨʚʠʥʥʫ ʪʘ 

ʚʪʦʨʠʥʥʫ (ʨʠʩ. 1.6). ʇʝʨʚʠʥʥʘ ʽʥʪʝʨʬʝʨʝʥʮʽʷ ʚʠʥʠʢʘʻ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʩʪʘʥʮʽʷ 

ʟʜʽʡʩʥʶʻ ʧʨʠʡʦʤ ʽ / ʘʙʦ ʧʝʨʝʜʘʚʘʥʥʷ ʦʜʥʦʯʘʩʥʦ ʟ ʜʝʢʽʣʴʢʦʤʘ ʩʫʩʽʜʥʽʤʠ 

ʩʪʘʥʮʽʷʤʠ (ʨʠʩ. 1.6, ʘ, ʙ, ʚ). ɺʪʦʨʠʥʥʘ ʽʥʪʝʨʬʝʨʝʥʮʽʷ ʤʘʻ ʤʽʩʮʝ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 

ʨʽʟʥʽ ʧʘʨʠ ʩʪʘʥʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʩʣʦʪ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʩʠʛʥʘʣʠ, 
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ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʚ ʧʝʨʰʽʡ ʧʘʨʽ, ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʟʦʥʫ ʧʨʠʡʦʤʫ ʩʪʘʥʮʽʡ ʜʨʫʛʦʾ 

ʧʘʨʠ (ʨʠʩ. 1.6, ʛ) [37, 52]. 
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ʈʠʩ.1.6. ʇʨʠʢʣʘʜʠ ʧʝʨʚʠʥʥʦʾ (ʘ,ʙ,ʚ) ʪʘ ʚʪʦʨʠʥʥʦʾ (ʛ) ʽʥʪʝʨʬʝʨʝʥʮʽʾ 

 

ʅʘʷʚʥʽʩʪʴ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʤʽʞ ʩʪʘʥʮʽʷʤʠ ʙʝʟʧʨʦʚʦʜʦʚʦʾ mesh-ʤʝʨʝʞʽ ʻ 

ʦʩʥʦʚʥʠʤ ʦʙʤʝʞʫʚʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʚʠʙʦʨʫ ʩʣʦʪʽʚ ʪʘ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʫʟʛʦʜʞʝʥʦʛʦ (ʢʦʦʨʜʠʥʦʚʘʥʦʛʦ) ʾʭʥʴʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɻʘʨʘʥʪʦʚʘʥʘ ʚʽʜʩʫʪʥʽʩʪʴ 

ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʞʥʦʛʦ ʩʣʦʪʫ 

ʣʠʰʝ ʦʜʥʽʻʶ ʩʪʘʥʮʽʻʶ ʚ ʤʝʨʝʞʽ. ʆʜʥʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʚ ʣʽʪʝʨʘʪʫʨʽ, ʧʦʚʪʦʨʥʝ 

ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʥʝʩʝʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʦʪʽʚ  ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʫ ̒ ʧʨʦʧʫʩʢʥʫ 

ʟʜʘʪʥʽʩʪʴ ʤʝʨʝʞʽ [40]. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ. 1.7 ʧʨʠ ʧʝʨʝʜʘʚʘʥʥʽ ʪʨʘʬʽʢʫ ʚʽʜ MSS 

1 ʜʦ MSS 13 ʫʟʜʦʚʞ ʤʘʨʰʨʫʪʫ MSS 1 - MSS 6 - MSS 10 - MSS 12 - MSS 13 ʥʘ 

ʜʽʣʷʥʢʘʭ MSS 1 - MSS 6 ʽ MSS 12 - MSS 13 ʜʦʧʫʩʢʘʻʪʴʩʷ ʧʦʚʪʦʨʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʦʪʽʚ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʘʨʽʘʥʪʦʤ ʙʝʟ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʣʦʪʽʚ ʮʝ ʜʘʻ ʟʤʦʛʫ ʜʦʩʷʛʪʠ ʪʽʻʾ ʞ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʤʝʥʰʫ 

ʢʽʣʴʢʽʩʪʴ ʩʣʦʪʽʚ, ʘʙʦ ʧʨʠ ʪʽʡ ʞʝ ʢʽʣʴʢʦʩʪʽ ʩʣʦʪʽʚ ʧʝʨʝʜʘʪʠ ʪʨʘʬʽʢ ʟ ʙʽʣʴʰ 
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ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ (ʟʘ ʨʘʭʫʥʦʢ ʚʠʜʽʣʝʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʩʣʦʪʽʚ ʫ ʢʦʞʥʦʤʫ 

ʪʨʘʢʪʽ ʧʝʨʝʜʘʯʽ) (ʨʠʩ. 1.7) .                                 

MSS 1

Source

MSS 5

MSS 2

MSS 3

MSS 4

MSS 6

MSS 7

MSS 8

MSS 9
MSS 11

MSS 10

MSS 13

MSS 12

Destination

MSS 1-MSS 6 MSS 6 -MSS 10

Without slot reuse

With slot reuse, 9 slots in total

With slot reuse, 12 slots in total

Slots 1, 2, 3 Slots 4, 5 ,6 Slots  7, 8, 9 Slots 10, 11, 12

Slots 1, 2, 3 Slots 4, 5 ,6 Slots  7, 8, 9 Slots  1, 2, 3

Slots 1, 2, 3, 4 Slots 1, 2, 3, 4Slots 5 ,6, 7, 8 Slots 9, 10, 11, 12

MSS 10 -MSS 12 MSS 12 -MSS 13

ʈʠʩ. 1.7. ʇʨʠʢʣʘʜ ʙʝʟʧʨʦʚʦʜʦʚʦʾ mesh-ʤʝʨʝʞʽ ʪʘ ʚʘʨʽʘʥʪʠ ʨʦʟʧʦʜʽʣʫ ʩʣʦʪʽʚ 

ʫʟʜʦʚʞ ʤʘʨʰʨʫʪʫ MSS 1 - MSS 6 - MSS 10 - MSS 12 - MSS 13 

 

ʇʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ ʟʘ ʨʘʭʫʥʦʢ 

ʧʦʚʪʦʨʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ ʤʦʞʣʠʚʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʝʢʽʣʴʢʦʭ 

ʤʘʨʰʨʫʪʽʚ ʧʝʨʝʜʘʯʽ ʪʨʘʬʽʢʫ (ʙʘʛʘʪʦʢʦʣʽʡʥʽ ʤʘʨʰʨʫʪʠʟʘʮʽʷ), ʚʽʜʜʘʣʝʥʠʭ ʦʜʠʥ 

ʚʽʜ ʦʜʥʦʛʦ ʥʘ ʚʽʜʩʪʘʥʴ, ʧʨʠ ʷʢʽʡ ʽʥʪʝʨʬʝʨʝʥʮʽʷ ʚʽʜʩʫʪʥʷ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ. 1.7 

ʤʽʞ ʩʪʘʥʮʽʷʤʠ MSS 1 ʽ MSS 13 ʧʦʢʘʟʘʥʦ ʜʚʘ ʪʘʢʠʭ ʤʘʨʰʨʫʪʫ. ʗʢʱʦ ʦʙʤʝʞʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʩʣʦʪʽʚ ʜʝʚ'ʷʪʴʤʘ, ʪʦ ʾʭʥʽʡ ʤʦʞʣʠʚʠʡ ʨʦʟʧʦʜʽʣ 

ʫʟʜʦʚʞ ʰʣʷʭʫ MSS 1 - MSS 6 - MSS 10 - MSS 12 - MSS 13 ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.8, 

ʘ ʚʟʜʦʚʞ ʰʣʷʭʫ MSS 1 - MSS 2 - MSS 4 - MSS 7 - MSS 13 ʤʘʻ ʚʠʛʣʷʜ: ʩʣʦʪʠ 7, 8, 

9 ʫ ʢʘʥʘʣʽ MSS 1 - MSS 2; ʩʣʦʪʠ 4, 5, 6 ʫ ʢʘʥʘʣʽ MSS 2 - MSS 4; ʩʣʦʪʠ 1, 2, 3 ʫ 

ʢʘʥʘʣʽ MSS 4 - MSS 7; ʩʣʦʪʠ 7, 8, 9 ʫ ʢʘʥʘʣʽ MSS 7 - MSS 13. 

ʂʽʣʴʢʽʩʪʴ ʩʣʦʪʽʚ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ 

ʧʦʪʦʢʫ ʧʘʢʝʪʽʚ, ʚʠʟʥʘʯʘʻ ʰʚʠʜʢʽʩʪʴ ʾʭʥʴʦʾ ʧʝʨʝʜʘʯʽ. ʆʜʥʘʢ ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (Quality of Experience, QoE) ʷʚʣʷʻ ʩʦʙʦʶ ʬʫʥʢʮʽʶ ʥʝ ʪʽʣʴʢʠ 

ʰʚʠʜʢʦʩʪʽ, ʘʣʝ ʡ ʟʘʪʨʠʤʢʠ, ʜʞʠʪʝʨʘ, ʨʽʚʥʷ ʚʪʨʘʪ ʧʘʢʝʪʽʚ [53], ʥʘ ʢʽʣʴʢʽʩʥʽ 
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ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʧʨʦʮʝʩʠ ʦʙʨʦʙʢʠ ʧʘʢʝʪʽʚ ʥʘ ʩʪʘʥʮʽʷʭ, 

ʧʦʚ'ʷʟʘʥʽ, ʧʝʨʰ ʟʘ ʚʩʝ ʟ ʦʨʛʘʥʽʟʘʮʽʻʶ ʯʝʨʛ. ʂʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ, ʷʢʽ ʦʯʽʢʫʶʪʴ 

ʧʝʨʝʜʘʚʘʥʥʷ ʫ ʚʠʭʽʜʥʽʡ ʯʝʨʟʽ ʤʝʨʝʞʝʚʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, ʚʠʟʥʘʯʘʻ ʩʝʨʝʜʥʶ 

ʟʘʪʨʠʤʢʫ ʪʘ ʨʽʚʝʥʴ ʚʪʨʘʪ, ʘ ʪʦʤʫ ʧʨʠ ʚʠʙʦʨʽ ʤʘʨʰʨʫʪʫ ʚ ʤʝʨʝʞʘʭ ʟ 

ʛʘʨʘʥʪʦʚʘʥʦʶ ʷʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʥʝ ʪʽʣʴʢʠ 

ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʩʪʘʥ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ (ʥʘʷʚʥʽʩʪʴ ʩʣʦʪʽʚ, 

ʢʽʣʴʢʽʩʪʴ ʙʽʪ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʢʦʞʥʦʤʫ ʟ ʥʠʭ), ʘ ʡ ʩʪʘʥ (ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ) 

ʙʫʬʝʨʥʠʭ ʨʝʩʫʨʩʽʚ. ɿʙʘʣʘʥʩʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʢʘʥʘʣʴʥʠʭ, ʪʘʢ ʽ ʙʫʬʝʨʥʠʭ 

ʨʝʩʫʨʩʽʚ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʴ [45, 54 - 55]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ WiMAX mesh-ʤʝʨʝʞʽ ʜʘʶʪʴ ʟʤʦʛʫ ʟʨʦʙʠʪʠ ʪʘʢʠʡ ʚʠʩʥʦʚʦʢ. ɿ 

ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʥʘʣʴʥʠʭ ʽ ʙʫʬʝʨʥʠʭ ʨʝʩʫʨʩʽʚ 

WiMAX mesh-ʤʝʨʝʞʽ, ʾʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚ ʮʽʣʦʤʫ ʽ ʷʢʦʩʪʽ ʧʦʩʣʫʛ, ʱʦ 

ʥʘʜʘʶʪʴʩʷ, ʤʝʪʦʜʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʧʦʚʠʥʥʽ 

ʚʽʜʧʦʚʽʜʘʪʠ ʪʘʢʠʤ ʦʩʥʦʚʥʠʤ ʚʠʤʦʛʘʤ: 

1) ʟʘʚʜʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ WiMAX 

mesh-ʤʝʨʝʞʽ ʧʦʚʠʥʥʽ ʚʠʨʽʰʫʚʘʪʠʩʷ ʩʧʽʣʴʥʦ ʚ ʨʘʤʢʘʭ ʢʨʦʩʨʽʚʥʝʚʦʛʦ ʧʽʜʭʦʜʫ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʧʦʰʫʢ ʥʘʡʢʨʘʱʦʛʦ (ʦʧʪʠʤʘʣʴʥʦʛʦ) ʨʽʰʝʥʥʷ; 

2) ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʢʝʨʫʚʘʣʴʥʠʭ ʨʽʰʝʥʴ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠʩʷ QoS-

ʚʠʤʦʛʠ ʧʦʪʦʢʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

3) ʧʝʨʝʚʘʛʫ ʥʘʜʘʶʪʴ ʙʘʛʘʪʦʢʦʣʽʡʥʽʡ ʩʪʨʘʪʝʛʽʾ ʜʦʚʝʜʝʥʥʷ ʪʨʘʬʽʢʫ, 

ʚʨʘʭʫʚʘʥʥʶ ʙʫʬʝʨʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʧʦʚʪʦʨʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʩʣʦʪʽʚ. 

ʉʬʦʨʤʫʣʴʦʚʘʥʽ ʚʠʤʦʛʠ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʚ ʩʠʩʪʝʤʽ ʦʮʽʥʶʚʘʥʥʷ ʜʣʷ 

ʘʥʘʣʽʟʫ ʦʧʠʩʘʥʠʭ ʫ ʣʽʪʝʨʘʪʫʨʽ ʤʝʪʦʜʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ ʫ WiMAX mesh-ʤʝʨʝʞʽ. 

 

 

 

 



31 

 

1.4. ɸʥʘʣʽʟ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʤʘʨʰʨʫʪʥʠʭ ʤʝʪʨʠʢ ʜʣʷ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ mesh-ʤʝʨʝʞ 

 

ʋ ʤʝʞʘʭ ʪʨʘʜʠʮʽʡʥʦʛʦ ʪʨʘʢʪʫʚʘʥʥʷ ʟʘʚʜʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʧʦʰʫʢʫ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʰʣʷʭʽʚ ʜʦʩʪʘʚʢʠ ʪʨʘʬʽʢʫ ʤʽʞ ʟʘʜʘʥʦʶ ʧʘʨʦʶ 

ʚʽʜʧʨʘʚʥʠʢ-ʦʜʝʨʞʫʚʘʯ, ʜʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʽʜʦʤʦʶ ʪʦʧʦʣʦʛʽʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʩʪʨʫʢʪʫʨʫ ʤʝʨʝʞʽ. ʇʨʠ ʮʴʦʤʫ ʧʨʦʪʦʢʦʣ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʽʩʪʠʪʴ ʧʨʘʚʠʣʘ ʦʙʤʽʥʫ 

ʩʣʫʞʙʦʚʠʤʠ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʟ ʤʝʪʦʶ ʟʙʦʨʫ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʦʮʝʜʫʨʠ ʾʾ 

ʧʦʥʦʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʘʚʠʣʘ ʚʠʙʦʨʫ ʥʘʡʢʨʘʱʦʛʦ ʤʘʨʰʨʫʪʫ. ʗʢ ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ, 

ʫ ʩʬʝʨʽ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʩʥʦʚʥʽ ʟʫʩʠʣʣʷ ʨʦʟʨʦʙʥʠʢʽʚ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ 

ʨʦʟʨʦʙʮʽ ʤʘʨʰʨʫʪʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʜʣʷ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ  ʪʘ ʪʘʢʠʭ, ʱʦ 

ʩʘʤʦʦʨʛʘʥʽʟʫʶʪʴʩʷ, ʤʦʙʽʣʴʥʠʭ ad-hoc ʤʝʨʝʞ (Mobile Ad-hoc Network, MANET). 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ mesh-ʤʝʨʝʞ, ʜʝ ʩʪʘʥʮʽʾ ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ ʥʝʨʫʭʦʤʠʤʠ, 

ʦʩʦʙʣʠʚʽʩʪʶ ad-hoc-ʤʝʨʝʞ ʻ ʚʠʩʦʢʘ ʤʦʙʽʣʴʥʽʩʪʴ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʘʚʜʘʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʪʘʢʠʭ ʤʝʨʝʞʘʭ ʧʦʚʠʥʥʦ ʚʠʨʽʰʫʚʘʪʠʩʷ ʚ ʫʤʦʚʘʭ ʜʠʥʘʤʽʯʥʦ 

ʟʤʽʥʶʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ ʥʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʘ ʪʦʤʫ ʻ 

ʙʽʣʴʰ ʩʢʣʘʜʥʦʶ, ʥʽʞ ʫ mesh-ʤʝʨʝʞʘʭ. ɺʠʭʦʜʷʯʠ ʟ ʮʠʭ ʤʽʨʢʫʚʘʥʴ, ʚ ʣʽʪʝʨʘʪʫʨʽ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ WMN ʧʨʦʪʦʢʦʣʠ, ʩʧʦʯʘʪʢʫ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ 

MANET. ʈʷʜ ʧʫʙʣʽʢʘʮʽʡ, ʥʘʧʨʠʢʣʘʜ [56 - 59], ʧʨʠʩʚʷʯʝʥʽ ʘʥʘʣʽʟʫ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʽ 

ʢʽʣʴʢʽʩʥʦʤʫ ʦʮʽʥʶʚʘʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ WiMAX mesh-ʤʝʨʝʞʽ ʧʨʦʪʦʢʦʣʽʚ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ Ad-hoc on Demand Distance Vector (AODV), Optimized Link State 

Routing (OLSR), Destination Sequence Distance Vector (DSDV), Dynamic Source 

Routing (DSR) ʪʘ ʽʥʰʠʭ, ʨʦʟʨʦʙʣʝʥʠʭ ʜʣʷ ad-hoc ʤʝʨʝʞ. ʆʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʭ ʪʘ ʽʥʰʠʭ ʧʨʦʪʦʢʦʣʽʚ, ʩʪʚʦʨʝʥʠʭ ʜʣʷ mesh-ʤʝʨʝʞ, ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣ. 1.6. 
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ʊʘʙʣʠʮʷ 1.6 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ mesh-

ʤʝʨʝʞʘʭ [47 -48, 60-63] 

ʄʘʨʰʨʫʪʥʠʡ 

ʧʨʦʪʦʢʦʣ 

ʇʨʦ-

ʘʢʪʠʚʥʠʡ 

ʈʝʘʢʪʠʚ-

ʥʠʡ  

ɻʽʙʨʠʜ-

ʥʠʡ 

ʆʨʛʘʥʽʟʘʮʽʷ 

ʩʪʘʥʮʽʡ ʫ ʤʝʨʝʞʽ 

ʄʝʪʨʠʢʘ 

Destination Sequenced 

Distance Vector 

(DSDV) 

 ͂   ʦʜʥʦʨʘʥʛʦʚʘ ʂʽʣʴʢʽʩʪʴ 

ʧʝʨʝʧʨʠʡʦʤʽʚ 

Dynamic Source 

Routing (DSR) 

  ͂  ʦʜʥʦʨʘʥʛʦʚʘ ʂʽʣʴʢʽʩʪʴ 

ʧʝʨʝʧʨʠʡʦʤʽʚ 

Optimized Link State 

Routing (OLSR) 

 ͂   ʦʜʥʦʨʘʥʛʦʚʘ ʂʽʣʴʢʽʩʪʴ 

ʧʝʨʝʧʨʠʡʦʤʽʚ, 

 ETX, ETT 

Ad-hoc on Demand 

Distance Vector 

(AODV) 

  ͂  ʦʜʥʦʨʘʥʛʦʚʘ ʂʽʣʴʢʽʩʪʴ 

ʧʝʨʝʧʨʠʡʦʤʽʚ 

Ad-hoc on Demand 

Distance Vector -

Spanning Tree (AODV-

ST)  

   ͂ ʦʜʥʦʨʘʥʛʦʚʘ ʂʽʣʴʢʽʩʪʴ 

ʧʝʨʝʧʨʠʡʦʤʽʚ, 

 ETX, ETT 

Link Quality Source 

Routing (LQSR) 

  ͂  ʦʜʥʦʨʘʥʛʦʚʘ ʂʽʣʴʢʽʩʪʴ 

ʧʝʨʝʧʨʠʡʦʤʽʚ, 

RTT, ETX 

Wireless Mesh 

Networks Routing 

Protocol (WRP) 

WRP-B WRP-OD WRP-H ʦʜʥʦʨʘʥʛʦʚʘ ʂʽʣʴʢʽʩʪʴ 

ʧʝʨʝʧʨʠʡʦʤʽʚ 

Hybrid Wireless Mesh 

Protocol (HWMP) 

   ͂ ʦʜʥʦʨʘʥʛʦʚʘ ʂʽʣʴʢʽʩʪʴ 

ʧʝʨʝʧʨʠʡʦʤʽʚ 

Clusterhead-Gateway 

Switch Routing (CGSR) 

 ͂   ʽʻʨʘʨʭʽʯʥʘ ʂʽʣʴʢʽʩʪʴ 

ʧʝʨʝʧʨʠʡʦʤʽʚ 

Zone Routing Protocol 

(ZRP) 

   ͂ ʽʻʨʘʨʭʽʯʥʘ ʂʽʣʴʢʽʩʪʴ 

ʧʝʨʝʧʨʠʡʦʤʽʚ 

Fisheye State Routing 

(FSR) 

   ͂ ʽʻʨʘʨʭʽʯʥʘ ʂʽʣʴʢʽʩʪʴ 

ʧʝʨʝʧʨʠʡʦʤʽʚ 

Localized On-demand 

Link State (LOLS) 

  ͂  ʦʜʥʦʨʘʥʛʦʚʘ ETX, ETT 

SrcRR   ͂  ʦʜʥʦʨʘʥʛʦʚʘ ETX 

Ad-hoc QoS On-

demand Routing 

Protocol (AQOR) 

  ͂  ʦʜʥʦʨʘʥʛʦʚʘ ʇʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ, 

ʟʘʪʨʠʤʢʘ 

QUORUM   ͂  ʦʜʥʦʨʘʥʛʦʚʘ ʇʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ, 

ʟʘʪʨʠʤʢʘ, 

ʩʪʽʡʢʽʩʪʴ 

 

ɿʘʣʝʞʥʦ ʚʽʜ ʩʪʨʘʪʝʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʤʘʨʰʨʫʪʫ ʧʨʦʪʦʢʦʣʠ ʧʦʜʽʣʷʶʪʴ ʥʘ 

ʨʝʘʢʪʠʚʥʽ, ʧʨʦʘʢʪʠʚʥʽ ʪʘ ʛʽʙʨʠʜʥʽ [48, 60 - 61]. ʇʨʦʘʢʪʠʚʥʽ ʧʨʦʪʦʢʦʣʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʢʦʞʝʥ ʚʫʟʦʣ ʤʽʩʪʠʪʴ ʪʘʙʣʠʮʶ ʧʦʧʝʨʝʜʥʴʦ 
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ʨʦʟʨʘʭʦʚʘʥʠʭ ʤʘʨʰʨʫʪʽʚ ʜʦ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʦʜʝʨʞʫʚʘʯʽʚ ʫ ʤʝʨʝʞʽ, ʘ ʽʥʬʦʨʤʘʮʽʷ 

ʧʨʦ ʤʘʨʰʨʫʪ ʜʦʩʪʘʚʢʠ ʜʦʩʪʫʧʥʘ ʚʽʜʨʘʟʫ ʞ ʫ  ʤʦʤʝʥʪ ʥʘʜʭʦʜʞʝʥʥʷ ʪʨʘʬʽʢʫ ʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɰʭʥʽʤ ʥʝʜʦʣʽʢʦʤ ʻ ʚʠʩʦʢʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʣʫʞʙʦʚʦʛʦ ʪʨʘʬʽʢʫ, 

ʧʦʚ'ʷʟʘʥʦʛʦ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʽʜʪʨʠʤʢʠ ʪʘʙʣʠʮʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʘʢʪʫʘʣʴʥʦʤʫ 

ʩʪʘʥʽ. ʆʩʥʦʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʧʨʦʘʢʪʠʚʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʤʽʞ ʩʦʙʦʶ ʧʦʣʷʛʘʶʪʴ ʫ 

ʢʽʣʴʢʦʩʪʽ ʪʘ ʪʠʧʘʭ ʧʽʜʪʨʠʤʫʚʘʥʠʭ ʪʘʙʣʠʮʴ, ʱʦ ʤʽʩʪʷʪʴ ʷʢ ʧʨʘʚʠʣʦ, ʨʽʟʥʦʛʦ ʨʦʜʫ 

ʪʦʧʦʣʦʛʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʽ ʤʝʪʦʜʘʭ ʾʭʥʴʦʛʦ ʧʦʥʦʚʣʝʥʥʷ. ʇʨʠʢʣʘʜʘʤʠ 

ʧʨʦʘʢʪʠʚʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʻ DSDV ʽ OLSR [48, 61]. 

ʅʘ ʧʨʦʪʠʚʘʛʫ ʧʨʦʘʢʪʠʚʥʠʤ ʧʨʦʪʦʢʦʣʘʤ ʨʝʘʢʪʠʚʥʽ ʧʨʦʪʦʢʦʣʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽʥʽʮʽʶʶʪʴ ʧʨʦʮʝʜʫʨʫ ʧʦʰʫʢʫ ʤʘʨʰʨʫʪʫ ʣʠʰʝ ʚ ʤʦʤʝʥʪ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ ʪʨʘʬʽʢʫ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʪ. ʟʚ. ʤʘʨʰʨʫʪʠʟʘʮʽʷ 

ʟʘ ʟʘʧʠʪʦʤ). ʆʩʢʽʣʴʢʠ ʚ ʤʦʙʽʣʴʥʽʡ ʤʝʨʝʞʽ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʡ, 

ʚʽʜʧʦʚʽʜʥʦ, ʤʘʨʰʨʫʪʠ ʤʦʞʝ ʰʚʠʜʢʦ ʟʘʩʪʘʨʽʚʘʪʠ, ʨʝʘʢʪʠʚʥʽ ʧʨʦʪʦʢʦʣʠ ʜʘʶʪʴ 

ʟʤʦʛʫ ʫʥʠʢʥʫʪʠ ʥʝʚʠʧʨʘʚʜʘʥʦ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʥʘʷʚʥʦʛʦ ʚ ʤʝʨʝʞʽ ʩʣʫʞʙʦʚʦʛʦ 

ʪʨʘʬʽʢʫ. ʇʨʠʢʣʘʜʘʤʠ ʨʝʘʢʪʠʚʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʻ DSR, AODV, Link 

Quality Source Routing (LQSR), Localized On-demand Link State (LOLS) [48, 61]. 

ʊʘʢ ʩʘʤʦ ʷʢ ʽ ʜʣʷ ʧʨʦʚʽʜʥʠʭ ʤʝʨʝʞ, ʧʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʣʷ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞ ʟʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʟʙʝʨʽʛʘʥʥʷ ʤʘʨʰʨʫʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ 

ʦʙʤʽʥʫ ʥʝʶ ʜʽʣʷʪʴʩʷ ʥʘ ʜʠʩʪʘʥʮʽʡʥʦ-ʚʝʢʪʦʨʥʽ (distance vector) ʽ ʧʨʦʪʦʢʦʣʠ ʩʪʘʥʫ 

ʢʘʥʘʣʫ (link state). ɿʘʧʠʩʠ ʚ ʪʘʙʣʠʮʷʭ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʜʠʩʪʘʥʮʽʡʥʦ-ʚʝʢʪʦʨʥʠʭ 

ʧʨʦʪʦʢʦʣʽʚ ʚʢʘʟʫʶʪʴ ʥʘ ʥʘʩʪʫʧʥʠʡ ʚʫʟʦʣ ʽ ʟʘʛʘʣʴʥʫ ʤʝʪʨʠʢʫ ʤʘʨʰʨʫʪʫ, ʘ ʧʨʠ 

ʦʙʤʽʥʽ ʤʘʨʰʨʫʪʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʚʩʽʤ ʩʫʩʽʜʥʽʤ ʚʫʟʣʘʤ ʨʦʟʩʠʣʘʻʪʴʩʷ ʧʦʚʥʘ 

ʪʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʇʨʦʪʦʢʦʣʠ ʩʪʘʥʫ ʢʘʥʘʣʫ ʧʨʠʧʫʩʢʘʶʪʴ ʥʘʷʚʥʽʩʪʴ ʧʦʚʥʦʾ 

ʪʦʧʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʤʝʨʝʞʫ, ʟʙʝʨʽʛʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʦ ʚʩʴʦʤʫ 

ʤʘʨʰʨʫʪʽ ʜʦ ʦʜʝʨʞʫʚʘʯʘ, ʽ ʷʢ ʧʨʘʚʠʣʦ, ʢʨʽʤ ʥʘʡʢʨʘʱʦʛʦ ʤʘʨʰʨʫʪʫ ʟʙʝʨʽʛʘʶʪʴ 

ʱʝ ʢʽʣʴʢʘ. ɼʦ ʧʨʦʪʦʢʦʣʽʚ ʜʠʩʪʘʥʮʽʡʥʦ-ʚʝʢʪʦʨʥʦʛʦ ʪʠʧʫ ʥʘʣʝʞʘʪʴ DSDV, 

AODV, WRP, ʘ ʜʦ ʧʨʦʪʦʢʦʣʽʚ ʩʪʘʥʫ ʢʘʥʘʣʫ - DSR, OLSR, LQSR, LOLS [61]. 

ɿ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʦʙʩʷʛʽʚ ʩʣʫʞʙʦʚʦʛʦ ʪʨʘʬʽʢʫ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ 

ʽʻʨʘʨʭʽʯʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ, ʱʦ ʧʨʠʧʫʩʢʘʻ ʦʙʤʽʥ ʧʦʚʥʦʶ ʪʦʧʦʣʦʛʽʯʥʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ ʚʩʝʨʝʜʠʥʽ ʛʨʫʧʠ (ʢʣʘʩʪʝʨʘ ʘʙʦ ʟʦʥʠ). ɯʻʨʘʨʭʽʯʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ 
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ʜʘʻ ʟʤʦʛʫ ʧʦʻʜʥʫʚʘʪʠ ʧʝʨʝʚʘʛʠ ʧʨʦʘʢʪʠʚʥʦʛʦ ʡ ʨʝʘʢʪʠʚʥʦʛʦ ʧʽʜʭʦʜʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʷʢ ʫ ʧʨʦʪʦʢʦʣʽ Zone Routing Protocol (ZRP), 

ʧʨʦʘʢʪʠʚʥʦʛʦ ʧʨʠʥʮʠʧʫ ʬʦʨʤʫʚʘʥʥʷ ʤʘʨʰʨʫʪʫ ʚʩʝʨʝʜʠʥʽ ʟʦʥ ʪʘ ʨʝʘʢʪʠʚʥʦʛʦ 

ʤʽʞ ʟʦʥʘʤʠ, ʨʝʘʣʽʟʫʶʯʠ ʪʠʤ ʩʘʤʠʤ ʛʽʙʨʠʜʥʠʡ ʧʽʜʭʽʜ (ʪʘʙʣ. 1.6) [60]. 

ɼʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʥʘʡʢʨʘʱʠʡ ʤʘʨʰʨʫʪ ʧʨʦʪʦʢʦʣʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʤʝʪʨʠʢʠ. ʆʜʥʠʤ ʽʟ ʥʘʧʨʷʤʽʚ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʻ ʧʦʰʫʢ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʨʠʢ, 

ʱʦ ʚʨʘʭʦʚʫʶʪʴ, ʥʘʩʘʤʧʝʨʝʜ, ʷʢʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʢʘʥʘʣʽʚ. ʅʘʧʨʠʢʣʘʜ, 

ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʦʪʦʢʦʣʽʚ ʘʜʘʧʪʦʚʘʥʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʤʝʪʨʠʢ 

ʦʯʽʢʫʚʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʜʘʯ (Expected Transmission Count, ETX) ʪʘ ʦʯʽʢʫʚʘʥʦʛʦ 

ʯʘʩʫ ʧʝʨʝʜʘʯʽ (Expected Transmission Time, ETT). ʇʨʦʪʦʢʦʣʠ Ad-hoc QoS On-

demand Routing Protocol (AQOR) ʽ QUORUM ʚʽʜʦʙʨʘʞʘʶʪʴ ʽʥʰʠʡ ʧʽʜʭʽʜ: 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʯʘʩʥʦ ʜʝʢʽʣʴʢʦʭ ʤʝʪʨʠʢ [63]. ʋ ʨʘʟʽ AQOR 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʽ ʤʝʪʨʠʢʠ (ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʽ ʟʘʪʨʠʤʢʘ ʢʘʥʘʣʫ), ʘ ʚ 

ʧʨʦʪʦʢʦʣʽ QUORUM ï ʪʨʠ ʤʝʪʨʠʢʠ ʦʜʥʦʯʘʩʥʦ (ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ, ʟʘʪʨʠʤʢʘ 

ʪʘ ʩʪʽʡʢʽʩʪʴ ʢʘʥʘʣʫ). ʆʩʢʽʣʴʢʠ ʧʦʰʫʢ ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ ʦʜʥʦʯʘʩʥʦ ʚ 

ʜʝʢʽʣʴʢʦʭ ʤʝʪʨʠʢʘʭ ʚʠʢʣʠʢʘʻ ʪʨʫʜʥʦʱʽ ʦʙʯʠʩʣʝʥʥʷ, ʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ 

ʩʧʦʩʦʙʦʤ ʨʦʟʨʘʭʫʥʢʫ ʜʝʢʽʣʴʢʦʭ ʧʘʨʘʤʝʪʨʽʚ ʻ ʢʦʤʧʦʟʠʪʥʽ ʤʝʪʨʠʢʠ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʬʫʥʢʮʽʶ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʊʘʙʣʠʮʷ 1.7 ʚʽʜʦʙʨʘʞʘʻ ʦʩʥʦʚʥʽ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ 

ʤʘʨʰʨʫʪʥʽ ʤʝʪʨʠʢʠ ʜʣʷ ʙʝʟʧʨʦʚʦʜʦʚʠʭ mesh-ʤʝʨʝʞ [47 - 50, 64 - 65].  
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ʊʘʙʣʠʮʷ 1.7  

ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʨʦʩʨʽʚʥʝʚʠʭ ʤʝʪʨʠʢ ʙʝʟʧʨʦʚʦʜʦʚʠʭ mesh-ʩʝʪʝʡ  

ʂʣʘʩ ʤʝʪʨʠʢ ʄʝʪʨʠʢʘ  ʈʽʚʥʽ ʤʦʜʝʣʽ OSI ʇʨʦʪʦʢʦʣʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ɺʽʪʜʪʚʦʨʶʻ 

ʐʚʠʜ-

ʢʽʩʪʴ 

ʧʝʨʝʜʘʚʘʥ

ʥʷ (ʇʉ 

ʢʘʥʘʣʫ) 

ʨʽʚʝʥʴ 

ʚʪʨʘʪ 

ʧʘʢʝʪʽʚ 

ʧʦʪʦʯʥʫ 

ʟʘʚʘʥʪʘʞʝ

ʥʽʩʪʴ 

ʥʘʷʚʥʽʩʪʴ 

ʽʥʪʝʨʬʝʨʝʥ

ʮʽʾ 

ʇʨʦʩʪʽ (simple) Expected Transmission Count (ETX)  ʄʝʨʝʞʝʚʠʡ EXOR, LQSR, 

SrcRR, LOLS, 

AODV-ST, 

OLSR 

  ͂   

Modified Expected Number of Transmission (mETX)  ʄʝʨʝʞʝʚʠʡ EXOR   ͂   

Effective Number of Transmission (ENT) ʤʝʨʝʞʝʚʠʡ,ʢʘʥʘʣʴʥʠʡ EXOR   ͂   

Expected Transmission Time (ETT) ʄʝʨʝʞʝʚʠʡ LQSR, LOLS, 

AODV-ST 

 ͂  ͂   

Mproved Expected Transmission Time (iETT) ʄʝʨʝʞʝʚʠʡ DSR  ͂  ͂   

Minimum Delay (MD) ʄʝʨʝʞʝʚʠʡ OLSR  ͂  ͂   

ʅʘ ʦʩʥʦʚʽ 

ʽʥʪʝʨʬʝʨʝʥʮʽʾ 

(interference 

aware) 

Weighted cumulative ETT (WCETT)  ʄʝʨʝʞʝʚʠʡ OLSR, LQSR  ͂  ͂   ͂

Metric of Interference and Channel Switching (MIC) ʄʝʨʝʞʝʚʠʡ LIBRA  ͂  ͂   ͂

Interface Aware (iAWARE) ʂʘʥʘʣʴʥʠʡ AODV  ͂  ͂   ͂

Interferer Neighbors Count (INX) ʂʘʥʘʣʴʥʠʡ AODV  ͂  ͂   ͂

ʅʘ ʦʩʥʦʚʽ 

ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ 

(load aware) 

Load aware expected transmission time (LAETT) ʄʝʨʝʞʝʚʠʡ OLSR  ͂  ͂  ͂  

WCETT-load balancing (WCETT-LB) ʄʝʨʝʞʝʚʠʡ OLSR  ͂  ͂  ͂  ͂

ʅʘ ʦʩʥʦʚʽ 

ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʪʘ 

ʥʘʚʘʥʪʘʞʝʥʦʩʪʽ 

(load and 

interference aware) 

Resource Aware Routing Metric (RARE)  ʄʝʨʝʞʝʚʠʡ, 

ʢʘʥʘʣʴʥʠʡ 

DSR  ͂  ͂  ͂  ͂

Contention Aware Transmission Time (CATT) ʄʝʨʝʞʝʚʠʡ, 

ʢʘʥʘʣʴʥʠʡ 

OLSR  ͂  ͂  ͂  ͂

Interference Load Aware (ILA) ʄʝʨʝʞʝʚʠʡ, 

ʢʘʥʘʣʴʥʠʡ 

AODV  ͂  ͂  ͂  ͂

Contention Window Based (CWB) ʄʝʨʝʞʝʚʠʡ, 

ʢʘʥʘʣʴʥʠʡ 

OLSR  ͂  ͂  ͂  ͂

Metric of Interference and Channel Diversity (MIND)  ʄʝʨʝʞʝʚʠʡ, 

ʢʘʥʘʣʴʥʠʡ 

OLSR  ͂  ͂  ͂  ͂

Channel Utilization and Contention Window Based 

(C2WB) 

ʤʝʨʝʞʝʚʠʡ,ʢʘʥʘʣʴʥʠʡ OLSR  ͂  ͂  ͂  ͂



37 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ.1.7, ʤʝʪʨʠʢʠ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʧʘʨʘʤʝʪʨʽʚ ʥʝ 

ʪʽʣʴʢʠ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ, ʘʣʝ ʡ ʢʘʥʘʣʴʥʦʛʦ, ʜʘʶʯʠ ʟʤʦʛʫ ʾʭ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʷʢ 

ʢʨʦʩʨʽʚʥʝʚʽ. ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʫʩʢʣʘʜʥʝʥʥʷ ʤʝʪʨʠʢ ʽ 

ʩʧʨʦʙʘ ʚʨʘʭʫʚʘʪʠ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ. ʅʘʧʨʠʢʣʘʜ, ʤʝʪʨʠʢʠ Interference 

Load Aware (ILA), Resource Aware Routing Metric (RARE), Metric of Interference 

and Channel Diversity (MIND) ʚʨʘʭʦʚʫʶʪʴ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ, ʨʽʚʥʽ ʚʪʨʘʪ 

ʧʘʢʝʪʽʚ, ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʨʬʝʨʝʥʮʽʾ. 

ʋ ʮʽʣʦʤʫ, ʷʢ ʧʦʢʘʟʘʚ ʘʥʘʣʽʟ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ ʧʨʦʪʦʢʦʣʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ mesh-ʤʝʨʝʞʘʭ ʻ ʧʝʨʝʚʘʞʥʦ ʝʚʨʠʩʪʠʯʥʠʤʠ 

ʨʽʰʝʥʥʷʤʠ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʪʨʘʜʠʮʽʡʥʦʤʫ ʪʨʘʢʪʫʚʘʥʥʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʷʢ 

ʟʘʚʜʘʥʥʽ ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ. ʇʨʠ ʮʴʦʤʫ ʯʠʤʘʣʦ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʨʦʟʨʦʙʮʽ 

ʥʦʚʠʭ ʤʝʪʨʠʢ, ʚʢʘʟʫʻ ʥʘ ʥʝʩʧʨʦʤʦʞʥʽʩʪʴ ʛʨʘʬʦʚʦʛʦ ʧʽʜʭʦʜʫ ʽ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʡʦʛʦ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ (ʧ.1.3). 

 

1.5. ɸʥʘʣʽʟ ʧʨʦʪʦʢʦʣʴʥʠʭ ʨʽʰʝʥʴ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ WiMAX 

mesh-ʤʝʨʝʞʽ 

 

ʗʢ ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ ʚ ʧ.1.3, ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʧʨʦʮʝʩ 

ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ, ʻ ʽʥʪʝʨʬʝʨʝʥʮʽʷ, ʥʘʷʚʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʷʢʦʾ ʤʽʞ mesh-

ʩʪʘʥʮʽʷʤʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʷʢʽ ʢʘʥʘʣʠ ʜʦʟʚʦʣʝʥʽ ʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʪʦʙʪʦ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʤʘʨʰʨʫʪʽʚ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʫ ʨʦʙʦʪʘʭ [52, 66 

- 67] ʧʨʦʧʦʥʫʻʪʴʩʷ ʬʦʨʤʫʚʘʪʠ ʜʝʨʝʚʦ ʤʘʨʰʨʫʪʽʚ ʚʽʜʨʘʟʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʧʦʜʽʣʫ ʩʣʦʪʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʾʭʥʴʦʛʦ ʧʦʚʪʦʨʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [66] ʚʚʦʜʠʪʴʩʷ ʧʦʥʷʪʪʷ ʤʝʪʨʠʢʠ 

çʙʣʦʢʫʚʘʥʥʷè (blocking metric)  )( jb , ʷʢʘ ʚʢʘʟʫʻ ʥʘ ʢʽʣʴʢʽʩʪʴ ʩʪʘʥʮʽʡ, ʷʢʽ ʙʫʜʫʪʴ 

çʙʣʦʢʫʚʘʪʠʩʷè, ʪʦʙʪʦ ʚʽʜʯʫʚʘʪʠ ʚʧʣʠʚ j -ʡ ʩʪʘʥʮʽʾ ʧʨʠ ʾʾ ʨʦʙʦʪʽ ʥʘ ʧʝʨʝʜʘʚʘʥʥʷ, 

ʘ ʰʫʢʘʥʠʤ ʻ ʜʝʨʝʚʦ ʤʘʨʰʨʫʪʽʚ, ʱʦ ʤʘʻ ʥʘʡʤʝʥʰʫ ʩʫʤʘʨʥʫ ʤʝʪʨʠʢʫ 

çʙʣʦʢʫʚʘʥʥʷè. ʋ ʨʦʙʦʪʽ [52] ʟʘʜʘʯʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʬʦʨʤʫʣʶʻʪʴʩʷ ʷʢ ʟʘʜʘʯʘ 

ʧʦʰʫʢʫ ʧʦʢʨʠʚʥʦʛʦ ʜʝʨʝʚʘ, ʱʦ ʤʘʻ ʤʽʥʽʤʘʣʴʥʠʡ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʝʨʰʠʥʥʠʡ 

ʩʪʫʧʽʥʴ. ʋ ʩʪʘʪʪʽ [67] ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʟʘ ʢʨʠʪʝʨʽʻʤ çʤʘʢʩʠʤʘʣʴʥʦʾ 
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ʧʘʨʘʣʝʣʴʥʦʩʪʽè (maximum parallelism routing) ʟʘ ʨʘʭʫʥʦʢ ʚʠʙʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʥʝʽʥʪʝʨʬʝʨʫʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ. ʋ ʮʽʣʦʤʫ, ʨʽʰʝʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʚ [52, 

66 - 67], ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ çʩʣʘʙʢʝè ʪʨʘʢʪʫʚʘʥʥʷ ʢʨʦʩʨʽʚʥʝʚʦʛʦ ʧʽʜʭʦʜʫ: 

ʟʘʚʜʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʚʠʨʽʰʫʶʪʴʩʷ ʦʢʨʝʤʦ, 

ʘʣʝ ʢʨʠʪʝʨʽʡ ʬʦʨʤʫʚʘʥʥʷ ʤʘʨʰʨʫʪʽʚ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʩʣʦʪʽʚ (ʨʠʩ. 1.8). 
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ʈʠʩ.1.8. ʉʭʝʤʘ ʫʟʛʦʜʞʝʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ 

ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ 

ʉʘʤʘ ʞ ʧʨʦʮʝʜʫʨʘ ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ ʫ ʟʘʟʥʘʯʝʥʠʭ ʨʦʙʦʪʘʭ [52, 66 - 67] 

ʤʘʻ ʝʚʨʠʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ. ɹʘʟʦʚʘ ʩʪʘʥʮʽʷ ʥʘ ʧʽʜʩʪʘʚʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʜʝʨʝʚʦ 

ʤʘʨʰʨʫʪʽʚ ʪʘ ʦʙʩʷʛʠ ʨʝʩʫʨʩʽʚ, ʟʘʧʠʪʫʚʘʥʠʭ ʘʙʦʥʝʥʪʩʴʢʠʤʠ ʩʪʘʥʮʽʷʤʠ, 

ʟʘʢʨʽʧʣʶʻ ʟʘ ʢʦʞʥʦʶ ʟ ʥʠʭ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʩʣʦʪʽʚ. ʇʨʠ ʮʴʦʤʫ ʚʘʨʽʶʻʪʴʩʷ 

ʧʦʨʷʜʦʢ ʾʭʥʴʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʋ ʨʦʙʦʪʽ [66] ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ, 

ʧʦʯʠʥʘʶʯʠ ʟ̔ ʟʘʧʠʪʽʚ ʟ ʥʘʡʚʠʱʠʤʠ ʚʠʤʦʛʘʤʠ. ʋ [68] ʙʝʨʝʪʴʩʷ ʜʦ ʫʚʘʛʠ 

ʟʘʪʨʠʤʢʘ ʪʘ ʚʽʜʜʘʣʝʥʽʩʪʴ ʘʙʦʥʝʥʪʩʴʢʦʾ ʩʪʘʥʮʽʾ ʚʽʜ ʙʘʟʦʚʦʾ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʧʽʜʩʪʘʚʽ ʧʦʨʷʜʢʫ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʧʠʪʽʚ ʥʘ ʚʠʜʽʣʝʥʥʷ ʨʝʩʫʨʩʽʚ 

MSH-CSCH: Request. ʋ ʨʦʙʦʪʽ [69] ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʚʠʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʨʢʝʨʥʠʡ ʤʝʪʦʜ: 

ʢʦʞʥʘ ʩʪʘʥʮʽʷ ʤʘʻ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʧʨʠʟʥʘʯʝʥʠʭ ʾʡ ʤʘʨʢʝʨʽʚ (token), ʱʦ ʚʠʟʥʘʯʘʻ 

ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʩʣʦʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʾʡ ʧʨʠʟʥʘʯʝʥʽ. ʂʽʣʴʢʽʩʪʴ 

ʤʘʨʢʝʨʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ ʦʜʠʥʠʮʶ, ʷʢʱʦ ʩʪʘʥʮʽʾ ʜʦʟʚʦʣʷʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʙʫʜʴ-ʷʢʠʡ ʦʜʠʥ ʩʣʦʪ ʥʘ ʧʝʨʝʜʘʚʘʥʥʷ, ʽ ʥʘʨʦʱʫʻʪʴʩʷ ʥʘ ʦʜʠʥʠʮʶ, ʷʢʱʦ 

ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʩʣʦʪ ʥʘ ʧʨʠʡʦʤ. ɼʦʧʫʩʢʘʻʪʴʩʷ 4 ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʨʷʜʢʫ ʦʙʨʦʙʢʠ ʢʘʥʘʣʽʚ (ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʥʠʭ ʩʣʦʪʽʚ): ʚʠʧʘʜʢʦʚʠʡ ʚʠʙʽʨ, ʟʘ 
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ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʫʤʫ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ, ʧʦʯʠʥʘʶʯʠ ʟ ʥʘʡʤʝʥʰ ʘʙʦ ʥʘʡʙʽʣʴʰ 

ʚʽʜʜʘʣʝʥʠʭ ʱʦʜʦ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ. ɯʥʰʠʡ ʩʧʦʩʽʙ ʩʧʨʘʚʝʜʣʠʚʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʦʙʤʝʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ [70]. ʂʦʞʥʽʡ ʩʪʘʥʮʽʾ 

ʟ ʤʽʨʢʫʚʘʥʴ ʧʨʠʙʫʪʢʫ ʘʙʦ ʽʥʰʠʭ ʟʘʛʘʣʴʥʦʩʠʩʪʝʤʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʠʩʚʦʶʻʪʴʩʷ 

ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʦʨʷʜʦʢ ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʨʦʙʦʪʠ [71] ʻ ʩʠʩʪʝʤʘ ʨʘʥʞʠʨʫʚʘʥʥʷ ʢʘʥʘʣʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ ʤʽʞʢʽʥʮʝʚʫ ʟʘʪʨʠʤʢʫ. ʆʩʥʦʚʥʘ ʽʜʝʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟ 

ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʟʘʪʨʠʤʢʠ ʥʘ ʧʨʦʤʽʞʥʠʭ ʚʫʟʣʘʭ ʚʠʭʽʜʥʠʤ ʢʘʥʘʣʘʤ ʧʦʚʠʥʥʽ 

ʧʨʠʟʥʘʯʘʪʠʩʷ ʩʣʦʪʠ, ʱʦ ʡʜʫʪʴ ʧʦ ʧʦʨʷʜʢʫ ʧʽʩʣʷ ʩʣʦʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʧʨʠʡʦʤʫ ʚʭʽʜʥʦʛʦ ʪʨʘʬʽʢʫ. ɸʣʛʦʨʠʪʤ ʧʝʨʝʜʙʘʯʘʻ ʜʚʘ ʝʪʘʧʠ. ʉʧʦʯʘʪʢʫ 

ʢʘʥʘʣʠ ʚʟʜʦʚʞ ʫʩʽʭ ʰʣʷʭʽʚ ʧʝʨʝʜʘʚʘʥʥʷ ʨʘʥʞʫʶʪʴʩʷ, ʪʦʙʪʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʦʨʷʜʦʢ, ʚ ʷʢʦʤʫ ʾʤ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʟʥʘʯʝʥʽ ʩʣʦʪʠ. ɸ ʩʘʤ ʧʦʨʷʜʦʢ ʩʣʦʪʽʚ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ ɹʝʣʣʤʘʥʘ-ʌʦʨʜʘ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ 

ʛʨʘʬʫ ʢʦʥʬʣʽʢʪʽʚ (conflict graph) ʜʘʥʦʾ ʤʝʨʝʞʽ, ʜʝ ʚʝʨʰʠʥʠ ʚʢʘʟʫʶʪʴ ʥʘ ʢʘʥʘʣʠ 

ʧʝʨʝʜʘʚʘʥʥʷ, ʘ ʛʽʣʢʠ ï ʥʘ ʥʘʷʚʥʽʩʪʴ ʤʽʞ ʥʠʤʠ ʽʥʪʝʨʬʝʨʝʥʮʽʾ [72]. ʆʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʷʢʠʭ ʟ̔ ʧʦʜʘʥʠʭ ʫ ʣʽʪʝʨʘʪʫʨʽ ʤʝʪʦʜʽʚ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ WiMAX mesh-ʤʝʨʝʞʽ ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʪʘʙʣ. 1.8. 
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ʊʘʙʣʠʮʷ 1.8 

ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʫ WiMAX 

mesh-ʤʝʨʝʞʽ [30, 54, 66, 68 ï 70] 

ɸʚʪʦʨʠ 

ʤʝʪʦʜʫ ʪʘ 

ʧʦʩʠʣʘʥʥʷ 

ʥʘ ʜʞʝʨʝʣʦ 

ʇʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ 

ʤʘʨʰʨʫʪʥʦʛʦ 

ʜʝʨʝʚʘ 

ʇʨʠʥʮʠʧ ʨʦʟʧʦʜʽʣʫ 

ʩʣʦʪʽʚ 

ʇʦʚ-

ʪʦʨʥʝ 

ʚʠʢʦʨʠʩ

ʪʘʥʥʷ 

ʩʣʦʪʽʚ 

ɺʨʘ-

ʭʫʚʘʥ

ʥ ̫

ʟʘʪʨʠ

ʤʢʠ 

ʇʽʜʪʨʠʤʢ

ʘ ʬʫʥʢ-

ʮʽʡ QoS 

ʇʽʜʪʨʠʤ 

ʢʘ ʬʫʥʢ-

ʮʽʡ 

ʢʦʥʪʨʦ-

ʣʶ 

ʜʦʩʪʫʧʫ 

Wei H., 

Ganguly S., 

Izmailov R., 

Haas Z. [66] 

ʄʘʨʰʨʫʪʠʟʘʮʽʷ ʟ 

ʤʽʥʽʤʘʣʴʥʦʶ 

ʽʥʪʝʨʬʝʨʝʥʮʽʻʶ 

(interference aware) 

ɿʘ ʢʨʠʪʝʨʽʻʤ 

ʤʽʥʽʤʘʣʴʥʦʾ 

ʽʥʪʝʨʬʝʨʝʥʮʽʾ 

 ͂  ͂ ï ï 

Tao. J.,  

Liu F., Zeng 

Z., Lin Z. 

[68] 

ʄʘʨʰʨʫʪʠʟʘʮʽʷ ʟ 

ʤʽʥʽʤʘʣʴʥʦʶ 

ʽʥʪʝʨʬʝʨʝʥʮʽʻʶ 

(interference aware) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ 

ʟʘʪʨʠʤʢʠ 

ʨʝʪʨʘʥʩʣʷʮʽʾ; ʩʣʦʪʠ 

ʧʨʠʟʥʘʯʘʶʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʦʨʷʜʢʫ 

ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʧʠʪʽʚ  

MSH-CSCH: Request 

 ͂  ͂ ï ï 

Han B.,  

Jia W.,  

Lin L. [69] 

ɹʫʜʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ 

ʧʦʚʽʜʦʤʣʝʥʴ MSH-

NCFG; ʢʨʠʪʝʨʽʡ 

ʚʠʙʦʨʫ ʥʝ ʙʝʨʝʪʴʩʷ 

ʜʦ ʫʚʘʛʠ 

ʅʘ ʦʩʥʦʚʽ 

ʤʘʨʢʝʨʥʦʛʦ ʤʝʪʦʜʫ 

 ͂  ͂ ï ï 

Djukic P., 

Valaee S. 

[71] 

ɼʚʘ ʤʘʨʰʨʫʪʥʠʭ 

ʜʝʨʝʚʘ: ʜʣʷ 

ʚʠʩʭʽʜʥʠʭ ʪʘ 

ʥʠʟʭʽʜʥʠʭ ʧʦʪʦʢʽʚ 

ʈʘʥʞʫʚʘʥʥʷ ʢʘʥʘʣʽʚ, 

ʘʣʛʦʨʠʪʤ ɹʝʣʣʤʘʥʘ-

ʌʦʨʜʘ ʚ ʛʨʘʬʽ 

ʢʦʥʬʣʽʢʪʽʚ 

 ͂  ͂ ï ï 

Cao M., 

Raghu-

nathan V., 

Kumar P. 

[70] 

ɿʚʘʞʝʥʠʡ 

ʨʦʟʤʽʯʝʥʠʡ ʛʨʘʬ 

ʉʧʨʘʚʝʜʣʠʚʠʡ 

ʨʦʟʧʦʜʽʣ ʥʘ ʦʩʥʦʚʽ 

ʚʘʛʦʚʠʭ 

ʟʘʛʘʣʴʥʦʩʠʩʪʝʤʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʪʘʥʮʽʡ 

(ʧʨʠʙʫʪʦʢ) 

 ͂ ï ï  ͂

Shetia H., 

Sharma V. 

[54] 

ʌʽʢʩʦʚʘʥʝ 

ʤʘʨʰʨʫʪʥʝ ʜʝʨʝʚʦ 

ʌʽʢʩʦʚʘʥʠʡ ʨʦʟʧʦʜʽʣ 

ʩʣʦʪʽʚ ʪʘ ʡʦʛʦ 

ʘʜʘʧʪʠʚʥʘ ʚʝʨʩʽʷ 

ï  ͂  ͂  ͂
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ʆʢʨʝʤʫ ʥʽʰʫ ʩʝʨʝʜ ʧʫʙʣʽʢʘʮʽʡ, ʧʨʠʩʚʷʯʝʥʠʭ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʨʦʟʧʦʜʽʣʫ 

ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ WiMAX mesh-ʤʝʨʝʞʘʭ, ʟʘʡʤʘʶʪʴ ʨʦʙʦʪʠ, ʚ ʷʢʠʭ ʮʽ 

ʟʘʚʜʘʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʟ ʧʦʟʠʮʽʡ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [73]. 

ʅʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [54] ʚʠʨʽʰʫʻʪʴʩʷ ʟʘʚʜʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʩʣʦʪʽʚ, 

ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ UDP-ʪʨʘʬʽʢʫ ʽʟ ʟʘʜʘʥʦʶ ʰʚʠʜʢʽʩʪʶ ʽ 

ʛʨʘʥʠʯʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʚʪʨʘʪ. ɼʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʊʉʈ-ʧʦʪʦʢʽʚ ʢʦʞʥʦʾ ʩʪʘʥʮʽʾ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʜʽʣʷʪʠ ʬʽʢʩʦʚʘʥʫ ʢʽʣʴʢʽʩʪʴ ʩʣʦʪʽʚ ʚʽʜʧʦʚʽʜʥʦ ʟ ʩʝʨʝʜʥʴʦʶ 

ʰʚʠʜʢʽʩʪʶ ʥʘʜʭʦʜʞʝʥʥʷ ʮʠʭ ʧʦʪʦʢʽʚ ʥʘ ʩʪʘʥʮʽʶ ʽ ʩʝʨʝʜʥʴʦʶ ʧʨʦʧʫʩʢʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʾʾ ʢʘʥʘʣʽʚ. ʂʨʽʤ ʪʦʛʦ, ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʘʜʘʧʪʠʚʥʠʡ ʚʘʨʽʘʥʪ, ʚ ʷʢʦʤʫ 

ʨʘʥʽʰʝ ʬʽʢʩʦʚʘʥʫ ʢʽʣʴʢʽʩʪʴ ʩʣʦʪʽʚ ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʝʥʦ ʥʘ ʧʽʜʩʪʘʚʽ ʚʨʘʭʫʚʘʥʥʷ 

ʜʦʚʞʠʥʠ ʯʝʨʛʠ ʊʉʈ-ʧʘʢʝʪʽʚ ʥʘ ʩʪʘʥʮʽʾ. 

ʉʝʨʝʜ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʨʦʟʧʦʜʽʣʝʥʠʤ ʤʝʪʦʜʘʤ ʧʨʠʟʥʘʯʝʥʥʷ ʢʘʥʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ ʫ WiMAX mesh-ʤʝʨʝʞʘʭ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ʪʠʧʠ: ʥʘʮʽʣʝʥʽ ʥʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʩʫʧʝʨʥʠʮʪʚʘ ʩʪʘʥʮʽʡ ʟʘ ʧʨʘʚʦ ʚʠʙʦʨʫ ʩʣʦʪʽʚ ʽ 

ʩʬʦʢʫʩʦʚʘʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʘʣʛʦʨʠʪʤʘʭ ʾʭʥʴʦʛʦ ʚʠʙʦʨʫ. ʅʘʧʨʠʢʣʘʜ, ʫ ʤʝʞʘʭ 

ʧʝʨʰʦʾ ʛʨʫʧʠ ʚ ʨʦʙʦʪʽ [74] ʧʨʦʧʦʥʫʻʪʴʩʷ ʽʜʝʷ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʚʘʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ Xm_Holdoff_Exponent ʧʨʦʮʝʜʫʨʠ ɽɺʊʊ, ʦʧʠʩʘʥʦʾ ʩʪʘʥʜʘʨʪʦʤ IEEE 

802.16, ʫ [75] ï ʟʤʽʥʠʪʠ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʟ 4 ʥʘ 0, ʚ 

[74] ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʢʚʘʟʽʚʠʧʘʜʢʦʚʦʾ ʧʨʦʮʝʜʫʨʠ ɽɺʊʊ ʽ ʧʝʨʝʡʪʠ 

ʜʦ ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʧʦʨʷʜʢʫ ʚʟʘʻʤʦʜʽʾ ʩʪʘʥʮʽʡ ʟ ʤʝʪʦʶ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʫʩʫʥʝʥʥʷ 

ʢʦʣʽʟʽʡ. ʋ ʤʝʞʘʭ ʜʨʫʛʦʾ ʛʨʫʧʠ ʚ ʨʦʙʦʪʽ [76] ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʚʝʩʪʠ ʧʨʽʦʨʠʪʝʟʘʮʽʶ 

ʧʘʢʝʪʽʚ ʽ ʚ ʫʤʦʚʘʭ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʧʨʠʟʥʘʯʘʪʠ ʩʣʦʪʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʽʦʨʠʪʝʪʫ 

/ ʢʣʘʩʫ ʧʦʪʦʢʫ ʧʘʢʝʪʽʚ, ʜʝ ʩʪʘʥ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʯʘʩʪʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʩʣʦʪʽʚ ʫ ʬʨʝʡʤʽ. ʋ ʩʪʘʪʪʽ [77] ʚʚʦʜʠʪʴʩʷ ʧʨʽʦʨʠʪʝʟʘʮʽʷ ʚʫʟʣʽʚ: 

ʢʦʞʥʘ ʩʪʘʥʮʽʷ ʤʘʻ ʧʝʚʥʫ ʤʝʪʨʠʢʫ, ʟʥʘʯʝʥʥʷ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʨʠ ʧʨʠʟʥʘʯʝʥʥʽ 

ʩʣʦʪʽʚ. ʊʘʢʦʶ ʤʝʪʨʠʢʦʶ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʢʽʣʴʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʠʭ ʧʦʪʦʢʽʚ ʘʙʦ 

ʩʫʤʘʨʥʠʡ ʦʙʩʷʛ ʦʙʩʣʫʛʦʚʫʚʘʥʦʛʦ ʪʨʘʬʽʢʫ. ɹʽʣʴʰ ʩʢʣʘʜʥʠʡ ʘʣʛʦʨʠʪʤ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ [78]. ɺʽʥ ʷʚʣʷʻ ʩʦʙʦʶ ʨʦʟʧʦʜʽʣʝʥʫ ʚʝʨʩʽʶ ʽʜʝʾ, ʚʠʢʣʘʜʝʥʦʾ ʚ 

[71]. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʰʣʷʭʦʤ ʦʙʤʽʥʫ ʩʣʫʞʙʦʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʟ ʩʫʩʽʜʥʽʤʠ 

ʩʪʘʥʮʽʷʤʠ ʢʦʞʥʘ ʟ ʥʠʭ ʙʫʜʫʻ ʛʨʘʬ ʢʦʥʬʣʽʢʪʽʚ ʤʝʨʝʞʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʷʢʠʡ ʟʘ 
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ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ ɹʝʣʣʤʘʥʘ-ʌʦʨʜʘ ʚʠʟʥʘʯʘʻ ʧʦʨʷʜʦʢ ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʨʦʙʠʪʴʩʷ ʩʧʨʦʙʘ ʨʝʘʣʽʟʫʚʘʪʠ ʮʝʡ ʧʦʨʷʜʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ, ʪʘʢ 

ʟʚʘʥʦʾ, ʭʚʠʣʴʦʚʦʾ ʧʨʦʮʝʜʫʨʠ (wave-based). ɰʾ ʤʝʪʦʶ ʻ ʧʝʨʝʚʽʨʢʘ ʟʘʩʪʦʩʦʚʥʦʩʪʽ 

ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʧʦʨʷʜʢʫ ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ ʜʦ ʚʩʽʭ ʩʪʘʥʮʽʡ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢ ʧʦʢʘʟʘʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ 

ʧʨʦʮʝʜʫʨʠ ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ ʫ WiMAX mesh-ʤʝʨʝʞʽ ʤʘʶʪʴ ʧʝʨʝʚʘʞʥʦ 

ʝʚʨʠʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ. ʆʜʥʘʢ ʩʘʤʝ ʮʽ ʧʨʦʮʝʜʫʨʠ ʚʠʟʥʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ, ʽ ʚʽʜʧʦʚʽʜʥʦ,  ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʤʝʨʝʞʽ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚ ʥʠʟʮʽ ʨʦʙʽʪ ʨʦʙʠʪʴʩʷ ʩʧʨʦʙʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʽ 

ʧʦʢʘʟʥʠʢʠ ʟʘ ʨʘʭʫʥʦʢ ʧʦʙʫʜʦʚʠ ʤʘʨʰʨʫʪʥʦʛʦ ʜʝʨʝʚʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʽʥʪʝʨʬʝʨʝʥʮʽʾ, ʚʦʥʠ ʥʝ ʛʘʨʘʥʪʫʶʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ (ʥʘʡʢʨʘʱʦʛʦ) ʨʦʟʧʦʜʽʣʫ 

ʩʣʦʪʽʚ, ʚʽʜʧʦʚʽʜʥʦ ïʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʨʝʞʽ. 

 

1.6. ɸʥʘʣʽʟ ʢʨʦʩʨʽʚʥʝʚʠʭ ʨʽʰʝʥʴ ʜʣʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ ʫ WiMAX mesh-ʤʝʨʝʞʽ 

 

ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚ ʧ. 1.3, ʩʧʽʣʴʥʝ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ 

ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʨʘʤʢʘʭ ʢʨʦʩʨʽʚʥʝʚʦʛʦ ʧʽʜʭʦʜʫ ʚ ʩʪʨʦʛʦʤʫ ʩʝʥʩʽ, 

ʟʘʙʝʟʧʝʯʫʻ ʩʚʽʜʦʤʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʷʢ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ, ʪʘʢ ʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʥʘʜʘʥʦʾ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʆʜʥʘʢ, ʷʢ 

ʧʦʢʘʟʘʚ ʘʥʘʣʽʟ, ʥʘʡʯʘʩʪʽʰʝ ʨʦʙʠʪʴʩʷ ʩʧʨʦʙʘ çʧʦʩʣʘʙʠʪʠè ʚʠʤʦʛʠ ʪʘ ʟʚʝʩʪʠ 

ʟʘʚʜʘʥʥʷ ʜʦ ʧʦʩʣʽʜʦʚʥʦʛʦ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʜʚʦʭ ʦʢʨʝʤʠʭ ʟʘʚʜʘʥʴ: ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʡ 

ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʩʧʨʦʙ ʻ ʢʨʦcʨʽʚʥʝʚʽ 

ʤʘʨʰʨʫʪʥʽ ʤʝʪʨʠʢʠ (ʪʘʙʣ. 1.7) ʽ ʢʨʠʪʝʨʽʾ ʧʦʰʫʢʫ ʜʝʨʝʚʘ ʤʘʨʰʨʫʪʽʚ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʽʥʪʝʨʬʝʨʝʥʮʽʻʶ ʽ ʤʦʞʣʠʚʽʩʪʶ ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʥʘʣʽʚ (ʨʠʩ. 1.9). 

ʇʨʦʪʝ, ʫ ʥʠʟʮʽ ʨʦʙʽʪ, ʥʘʧʨʠʢʣʘʜ, ʚ [38 - 39], ʧʨʦʧʦʥʫʻʪʴʩʷ ʢʦʦʨʜʠʥʦʚʘʥʝ 

ʨʽʰʝʥʥʷ ʟʘʜʘʯ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ  ʙʽʣʴʰʦ  ʁ

ʤʽʨʦ  ʁ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʽʜʝʻʶ ʢʨʦcʨʽʚʥʝʚʦʛʦ ʧʽʜʭʦʜʫ ʚ ʩʪʨʦʛʦʤʫ ʩʝʥʩʽ. 

ʉʭʝʤʘʪʠʯʥʦ ʮʽ ʧʽʜʭʦʜʠ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 1.9. 
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ʈʠʩ.1.9 ʉʭʝʤʠ ʢʦʦʨʜʠʥʦʚʘʥʦʛʦ ʤʦʜʫʣʴʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ 

 

ʄʝʪʦʜ, ʚʠʢʣʘʜʝʥʠʡ ʫ [38], ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʤʦʜʫʣʽʚ: 

ʤʘʨʰʨʫʪʥʠʡ ʤʦʜʫʣʴ ʽ ʤʦʜʫʣʴ ʨʦʟʧʦʜʽʣʫ ʩʣʦʪʽʚ (ʨʠʩ. 1.9, ʘ). ʄʘʨʰʨʫʪʥʠʡ 

ʤʦʜʫʣʴ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʟʘʚʜʘʥʴ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ: ʙʘʛʘʪʦʢʦʣʽʡʥʘ 

ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʚʽʜ ʜʞʝʨʝʣʘ, ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʤʦʜʫʣʷ ʻ ʜʝʨʝʚʦ 

ʤʘʨʰʨʫʪʽʚ ʚʽʜ MBS ʜʦ ʢʦʞʥʦʾ ʘʙʦʥʝʥʪʩʴʢʦʾ ʩʪʘʥʮʽʾ ʤʝʨʝʞʽ ʪʘ ʪʘʙʣʠʮʷ 

ʽʥʪʝʨʬʝʨʝʥʮʽʾ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʩʧʠʩʦʢ ʩʪʘʥʮʽʡ, ʷʢʽ ʧʨʠ ʦʜʥʦʯʘʩʥʽʡ ʨʦʙʦʪʽ  

ʟʘʚʘʞʘʶʪʴ ʦʜʥʘ ʽʥʰʽʡ. ʌʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʥʦʛʦ ʜʝʨʝʚʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʙʦʨʫ ʜʣʷ ʢʦʞʥʦʾ j-ʡ ʩʪʘʥʮʽʾ ʩʝʨʝʜ ʙʝʟʣʽʯʽ ʤʘʨʰʨʫʪʽʚ 

ʦʜʥʦʛʦ, ʱʦ ʤʘʻ ʥʘʡʤʝʥʰʫ ʢʦʤʙʽʥʦʚʘʥʫ ʤʝʪʨʠʢʫ )()()()( iQiPiIiM jjjj ++= , ʜʝ 

ʤʝʪʨʠʢʘ )(iI j  ʚʽʜʙʠʚʘʻ ʤʥʦʞʠʥʫ ʢʘʥʘʣʽʚ ʚ ʽ-ʤ ʤʘʨʰʨʫʪʽ, ʱʦ ʟʘʟʥʘʶʪʴ 

ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʬʘʢʪʦʨ)(iPj  ʧʦʚ'ʷʟʘʥʠʡ ʟ ʦʙʩʷʛʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʝʨʝʜʘʥʦʾ ʧʦ ʽ-

ʤʫ ʤʘʨʰʨʫʪʫ, ʘ ʚʝʣʠʯʠʥʘ )(iQj ʷʚʣʷʻ ʩʦʙʦʶ ʽʥʜʝʢʩ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 
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ʄʝʪʨʠʢʘ )(iQj ʚʚʝʜʝʥʘ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʩʪʘʥʮʽʾ ʟ ʚʠʩʦʢʠʤʠ QoS-ʚʠʤʦʛʘʤʠ ʥʝ ʙʫʣʠ 

ʟʘʜʽʷʥʽ ʷʢ ʧʨʦʤʽʞʥʽ ʚʫʟʣʠ. 

ʄʦʜʫʣʴ ʫʧʨʘʚʣʽʥʥʷ ʢʘʥʘʣʴʥʠʤ ʨʽʚʥʝʤ ʥʘ ʧʽʜʩʪʘʚʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʩʪʨʫʢʪʫʨʫ ʜʝʨʝʚʘ ʤʘʨʰʨʫʪʽʚ ʽ ʪʘʙʣʠʮʽ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʢʘʥʘʣʽʚ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʨ 

(ʘʛʨʝʛʫʚʘʥʥʷ) ʟʘʧʠʪʽʚ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ, ʜʦʧʫʩʢʘʶʯʠ ʧʨʠ 

ʮʴʦʤʫ ʾʭʥʻ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʇʨʦʮʝʩ ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʙʘʟʦʚʦʶ ʩʪʘʥʮʽʻʶ ʚ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʧʦʪʦʢʽʚ ʜʦ 

ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʩʘʤ ʘʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʩʣʦʪʽʚ ʻ ʥʘʙʣʠʞʝʥʠʤ. 

ɸʨʭʽʪʝʢʪʫʨʘ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ [39], (ʨʠʩ. 1.9, ʙ) 

ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʨʝʞʽ ʪʘ ʟʥʠʞʝʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ. ɺʦʥʘ ʤʽʩʪʠʪʴ ʪʨʠ ʤʦʜʫʣʽ: 

1) ʙʣʦʢ ʧʽʜʣʘʰʪʦʚʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʝʨʝʜʘʚʘʯʽʚ, 

ʚʠʙʦʨʫ ʪʠʧʫ ʤʦʜʫʣʷʮʽʾ ʪʘ ʰʚʠʜʢʦʩʪʽ ʢʦʜʫʚʘʥʥʷ; 

2) ʙʣʦʢ ʧʦʙʫʜʦʚʠ ʤʘʨʰʨʫʪʥʦʛʦ ʜʝʨʝʚʘ, ʜʝ, ʧʦ-ʧʝʨʰʝ, ʢʨʘʱʠʤʠ 

ʚʚʘʞʘʶʪʴʩʷ ʢʘʥʘʣʠ ʤʝʥʰʦʾ ʧʨʦʪʷʞʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʮʝ ʜʘʻ ʟʤʦʛʫ ʧʨʘʮʶʚʘʪʠ ʥʘ 

ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʧʦʪʫʞʥʦʩʪʷʭ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʟʤʝʥʰʫʻ 

ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʩʪʘʥʮʽʡ ;  ʧʦ-ʜʨʫʛʝ, ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʢʘʥʘʣʽʚ, ʱʦʙ 

ʫʥʠʢʥʫʪʠ ʾʭʥʴʦʛʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ; 

3) ʙʣʦʢ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʤʙʽʥʘʮʽʶ 

ʘʣʛʦʨʠʪʤʽʚ ʫʧʨʘʚʣʽʥʥʷ ʰʚʠʜʢʦʩʪʷʤʠ ʧʝʨʝʜʘʚʘʥʥʷ ʽ ʧʦʪʫʞʥʦʩʪʷʤʠ ʧʝʨʝʜʘʚʘʯʽʚ. 

ʇʨʠ ʮʴʦʤʫ ʨʝʩʫʨʩʠ ʢʦʞʥʦʾ mesh-ʩʪʘʥʮʽʾ ʚʠʜʽʣʷʶʪʴʩʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ ʥʘ ʧʽʜʩʪʘʚʽ 

ʘʛʨʝʛʦʚʘʥʠʭ ʟʘʧʠʪʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ MBS, ʘ ʘʙʦʥʝʥʪʩʴʢʘ ʩʪʘʥʮʽʷ ʩʘʤʘ 

ʧʝʨʝʨʦʟʧʦʜʽʣʷʻ ʚʠʜʽʣʝʥʽ ʾʡ ʨʝʩʫʨʩʠ ʤʽʞ ʦʙʩʣʫʛʦʚʫʚʘʥʠʤʠ ʧʦʪʦʢʘʤʠ 

ʧʨʦʧʦʨʮʽʡʥʦ ʜʦʚʞʠʥʽ ʯʝʨʛ ʧʘʢʝʪʽʚ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ ʥʘʜʽʩʣʘʥʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʘʛʘʣʴʥʝ ʚʠʟʥʘʥʥʷ ʪʦʛʦ ʬʘʢʪʫ, ʱʦ ʩʧʽʣʴʥʝ 

ʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʟʘʙʝʟʧʝʯʫʻ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʨʽʰʝʥʥʷ [8 - 10], ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ ʩʧʦʩʦʙʠ ʨʝʘʣʽʟʘʮʽʾ 

ʢʨʦʩʨʽʚʥʝʚʦʛʦ ʧʽʜʭʦʜʫ, ʻ ʩʧʨʦʙʦʶ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ ʟ 

ʚʥʝʩʝʥʥʷʤ ʤʽʥʽʤʘʣʴʥʠʭ ʟʤʽʥ ʫ ʥʘʷʚʥʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʧʨʦʪʦʢʦʣʠ . 
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1.7. ʇʦʩʪʘʥʦʚʢʘ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʛʦ ʟʘʚʜʘʥʥʷ ʪʘ ʦʢʨʝʤʽ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʗʢ ʧʦʢʘʟʘʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ, ʢʨʦʩʨʽʚʥʝʚʠʡ ʧʽʜʭʽʜ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ 

ʪʨʘʢʪʫʚʘʥʥʷ ʟʘʚʜʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ WiMAX mesh-ʤʝʨʝʞʽ ʫ ʚʠʛʣʷʜʽ ʟʘʚʜʘʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʯʘʩʦʚʠʭ ʩʣʦʪʽʚ, ʟʘʙʝʟʧʝʯʫʻ ʨʽʰʝʥʥʷ, ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʨʝʞʽ ʪʘ ʧʨʦʧʦʥʦʚʘʥʦʾ 

ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʟ ʦʛʣʷʜʫ ʥʘ ʜʠʥʘʤʽʢʫ ʜʦʧʨʘʚʣʝʥʦʛʦ ʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʬʽʢʫ ʽ ʚʠʩʦʢʫ ʪʝʨʠʪʦʨʽʘʣʴʥʫ ʨʦʟʧʦʜʽʣʝʥʽʩʪʴ ʢʝʨʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ, ʝʚʨʠʩʪʠʯʥʽ ʧʨʦʮʝʜʫʨʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʫʧʨʘʚʣʽʥʥʷ ʢʘʥʘʣʴʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʤʽʥʝʥʽ ʥʘ ʩʪʨʦʛʦ ʬʦʨʤʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʠ, ʱʦ ʜʘʶʪʴ 

ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʜʠʥʘʤʽʯʥʽ, ʦʧʪʠʤʘʣʴʥʽ ʽ ʦʜʥʦʯʘʩʥʦ ʤʘʩʰʪʘʙʦʚʘʥʽ ʫʧʨʘʚʣʽʥʩʴʢʽ 

ʨʽʰʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ WiMAX mesh-ʤʝʨʝʞʽ ʟ ʛʘʨʘʥʪʦʚʘʥʦʶ 

ʷʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʫ  ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʰʣʷʭʦʤ 

ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʜʠʥʘʤʽʯʥʠʭ ʧʦʪʦʢʦʚʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ ʚ ʮʽʣʦʤʫ. 

ʋʩʧʽʰʥʝ ʚʠʨʽʰʝʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦʛʦ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʛʦ ʟʘʚʜʘʥʥʷ 

ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʛʣʷʜ ʚ ʭʦʜʽ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʠʟʢʠ ʢʦʥʢʨʝʪʥʠʭ ʟʘʚʜʘʥʴ: 

1. ɸʥʘʣʽʟ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ, ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʨʦʟʧʦʜʽʣʫ 

ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ WiMAX mesh-ʤʝʨʝʞʘʭ. 

2. ɸʥʘʣʽʟ ʚʽʜʦʤʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ WiMAX mesh-ʤʝʨʝʞ ʟ ʤʝʪʦʶ 

ʚʠʙʦʨʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʽ ʢʦʨʝʢʪʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʟʘʚʜʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

3. ʈʦʟʨʦʙʢʘ ʜʠʥʘʤʽʯʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ WiMAX mesh-ʤʝʨʝʞʽ ʽ 

ʤʝʪʦʜʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʾʾ ʦʩʥʦʚʽ. 



46 

 

4. ʈʦʟʨʦʙʢʘ ʜʠʥʘʤʽʯʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ 

ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ WiMAX mesh-ʤʝʨʝʞʘʭ ʟ ʥʘʜʘʥʥʷʤ 

ʧʦʩʣʫʛ ʟʚ'ʷʟʢʫ ʛʘʨʘʥʪʦʚʘʥʦʾ ʷʢʦʩʪʽ. 

5. ʈʦʟʨʦʙʢʘ ʽʻʨʘʨʭʽʯʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʫ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ WiMAX mesh-

ʤʝʨʝʞʘʭ. 

6. ʆʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ WiMAX mesh-ʤʝʨʝʞʘʭ. 

 

1.8. ɺʠʩʥʦʚʢʠ ʜʦ ʧʝʨʰʦʛʦ ʨʦʟʜʽʣʫ 

 

1. ʗʢ ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ, ʪʝʭʥʦʣʦʛʽʷ WiMAX ʟʘ ʨʘʭʫʥʦʢ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ 

ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʝʡ ʜʦʩʪʫʧʫ, ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʜʘʯʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʨʘʬʽʢʫ 

(ʜʦʜʘʪʢʽʚ), ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʛʘʨʘʥʪʦʚʘʥʦʾ ʷʢʦʩʪʽ ʽ ʚʝʣʠʢʠʭ ʟʦʥ ʧʦʢʨʠʪʪʷ, ʷʚʣʷʻ 

ʩʦʙʦʶ ʧʝʨʩʧʝʢʪʠʚʥʫ ʪʝʭʥʦʣʦʛʽʶ ʨʘʜʽʦʜʦʩʪʫʧʫ ʥʘ ʨʽʚʥʽ ʤʝʨʝʞ MAN. ʇʨʠ ʮʴʦʤʫ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ mesh-ʨʝʞʠʤʽ ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʽʩʪʴ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞʽ, ʚʠʩʦʢʫ 

ʥʘʜʽʡʥʽʩʪʴ ʜʦʩʪʘʚʢʠ ʪʨʘʬʽʢʫ ʽ ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʽʜʤʦʚ, ʧʽʜʚʠʱʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʨʦʟʰʠʨʶʶʯʠ ʪʝʨʠʪʦʨʽʶ ʧʦʢʨʠʪʪʷ. 

2. ɺʠʭʦʜʷʯʠ ʟʽ ʩʧʝʮʠʬʽʢʠ ʧʦʙʫʜʦʚʠ mesh-ʤʝʨʝʞ,  ʘʢʪʫʘʣʴʥʠʤʠ ʻ ʟʘʚʜʘʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʷʢʽ ʥʝʨʦʟʨʠʚʥʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʧʨʦʮʝʜʫʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ. ʉʪʘʥʜʘʨʪʦʤ IEEE 802.16d ʦʜʠʥʠʯʥʠʤ ʨʝʩʫʨʩʦʤ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ 

WiMAX mesh-ʤʝʨʝʞʽ ʚʠʟʥʘʯʝʥʦ ʯʘʩʦʚʠʡ ʩʣʦʪ, ʘʣʝ ʥʝ ʚʠʟʥʘʯʝʥʽ ʘʣʛʦʨʠʪʤʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʨʦʟʧʦʜʽʣʫ ʩʣʦʪʽʚ ʪʘ ʾʭʥʻ ʟʘʢʨʽʧʣʝʥʥʷ ʟʘ ʢʦʥʢʨʝʪʥʠʤʠ ʩʪʘʥʮʽʷʤʠ 

ʘʙʦ ʧʦʪʦʢʘʤʠ ʪʨʘʬʽʢʫ. 

3. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʜʘʥʠʭ ʫ ʣʽʪʝʨʘʪʫʨʽ ʧʨʦʪʦʢʦʣʽʚ ʽ ʤʝʪʦʜʽʚ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʽ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ WiMAX mesh-ʤʝʨʝʞʘʭ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ, ʱʦ ʚ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʨʦʙʽʪ ʮʽ ʟʘʚʜʘʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʽʟʦʣʴʦʚʘʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ʉʧʨʦʙʠ ʚʨʘʭʦʚʫʚʘʪʠ ʾʭʥʽ ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʥʘʙʫʚʘʶʪʴ 

ʬʦʨʤʠ ʢʨʦcʨʽʚʥʝʚʠʭ ʤʝʪʨʠʢ, ʧʦʙʫʜʦʚʠ ʤʘʨʰʨʫʪʥʦʛʦ ʜʝʨʝʚʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 
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ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʘʙʦ, ʚ ʢʨʘʱʦʤʫ ʚʠʧʘʜʢʫ, ʚʚʝʜʝʥʥʷ ʢʦʦʨʜʠʥʘʮʽʾ ʤʽʞ ʮʠʭ 

ʟʘʚʜʘʥʥʷʤʠ ʚ ʧʨʦʮʝʩʽ ʾʭʥʴʦʛʦ ʚʠʨʽʰʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʥʘʡʯʘʩʪʽʰʝ ʤʝʪʦʜʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ ʤʘʶʪʴ ʧʝʨʝʚʘʞʥʦ ʝʚʨʠʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ. 

4. ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ WiMAX 

mesh-ʤʝʨʝʞ, ʾʭʴʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ QoS ʟʘʚʜʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʫʚʘʪʠ ʚ ʤʝʞʘʭ ʢʨʦcʨʽʚʥʝʚʦʛʦ ʧʽʜʭʦʜʫ ʚ ʡʦʛʦ ʩʪʨʦʛʦʤʫ 

ʬʦʨʤʫʣʶʚʘʥʥʽ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʪʨʘʢʪʫʚʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʷʢ ʟʘʜʘʯʽ ʨʦʟʧʦʜʽʣʫ 

ʯʘʩʦʚʠʭ ʩʣʦʪʽʚ. ʇʨʠ ʮʴʦʤʫ ʝʚʨʠʩʪʠʯʥʽ ʧʨʦʮʝʜʫʨʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʤʽʥʝʥʽ ʥʘ 

ʩʪʨʦʛʦ ʬʦʨʤʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʠ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ ʟʘʙʝʟʧʝʯʠʪʠ ʜʠʥʘʤʽʯʥʽ, 

ʦʧʪʠʤʘʣʴʥʽ ʡ ʦʜʥʦʯʘʩʥʦ ʤʘʩʰʪʘʙʦʚʘʥʽ ʫʧʨʘʚʣʽʥʩʴʢʽ ʨʽʰʝʥʥʷ. 

5. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʘʢʪʫʘʣʴʥʝ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʝ ʟʘʚʜʘʥʥʷ, ʷʢʝ ʧʦʣʷʛʘʻ ʫ 

ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʤʝʪʦʜʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ WiMAX mesh-ʤʝʨʝʞʽ ʟ ʛʘʨʘʥʪʦʚʘʥʦʶ 

ʷʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʫ  ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʰʣʷʭʦʤ 

ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʜʠʥʘʤʽʯʥʠʭ ʧʦʪʦʢʦʚʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʽ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ ʚ ʮʽʣʦʤʫ.  
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ʈʆɿɼɯʃ 2 

ʈʆɿʈʆɹʂɸ ɼʀʅɸʄɯʏʅʀʍ ʄɸʊɽʄɸʊʀʏʅʀʍ ʄʆɼɽʃɽʁ 

ʄɸʈʐʈʋʊʀɿɸʎɯɰ ʅɸ ʆʉʅʆɺɯ ʈʆɿʇʆɼɯʃʋ ʈɽʉʋʈʉɯɺ ʋ WIMAX MESH 

ʄɽʈɽɾɸʍ 

 

2.1. ɺʠʤʦʛʠ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ WiMAX ʤʝʨʝʞ ʫ ʨʝʞʠʤʽ mesh 

 

ʇʨʦʚʝʜʝʥʠʡ ʫ ʨʦʟʜʽʣʽ 1. ʘʥʘʣʽʟ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʨʦʟʧʦʜʽʣʫ 

ʨʝʩʫʨʩʽʚ ʚ WiMAX mesh-ʤʝʨʝʞʘʭ ʚʢʘʟʫʻ ʥʘ ʾʭ ʧʝʨʝʚʘʞʥʦ ʝʚʨʠʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ 

ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʜʦ ʩʪʨʦʛʦ ʬʦʨʤʘʣʽʟʦʚʘʥʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ, ʽ ʷʢ ʨʝʟʫʣʴʪʘʪ, ʤʘʢʩʠʤʘʣʴʥʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ. ʈʦʟʨʦʙʢʘ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʧʨʠʧʫʩʢʘʻ ʘʜʝʢʚʘʪʥʠʡ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ ʽ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʫ ʚʠʛʣʷʜʽ 

ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʚ ʤʝʞʘʭ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ. 

ʇʨʠ ʮʴʦʤʫ ʚ ʧʨʦʮʝʩʽ ʚʠʙʦʨʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʩʣʽʜ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʥʘ 

ʜʦʪʨʠʤʘʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʫ ʨʦʟʜʽʣʽ 1. ʚʠʤʦʛ ʜʦ ʤʝʪʦʜʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ 

WiMAX mesh-ʤʝʨʝʞʘʭ, ʩʝʨʝʜ ʷʢʠʭ ʨʝʘʣʽʟʘʮʽʷ ʢʨʦʩʨʽʚʥʝʚʦʛʦ ʧʽʜʭʦʜʫ ʚ ʩʪʨʦʛʦʤʫ 

ʩʝʥʩʽ, ʛʘʨʘʥʪʦʚʘʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ QoS ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʠʪʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ, 

ʙʘʛʘʪʦʢʦʣʽʡʥʘ ʩʪʨʘʪʝʛʽʷ ʜʦʚʝʜʝʥʥʷ ʪʨʘʬʽʢʫ, ʩʧʽʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʢʘʥʘʣʴʥʠʤʠ ʪʘ 

ʙʫʬʝʨʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʦʪʽʚ, ʚʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʢʠ 

ʜʦʧʨʘʚʣʝʥʦʛʦ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʬʽʢʫ ʽ ʚʠʩʦʢʦʾ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ 

ʨʦʟʧʦʜʽʣʴʥʦʩʪʽ ʢʝʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʽʰʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʟʘʜʘʯʽ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʥʦʞʠʥʘ 

ʤʘʨʰʨʫʪʽʚ ʜʣʷ ʢʦʞʥʦʾ ʧʘʨʠ ʩʪʘʥʮʽʡ ʚʽʜʧʨʘʚʥʠʢ-ʦʜʝʨʞʫʚʘʯ, ʨʦʟʧʦʜʽʣ ʧʦʪʦʢʽʚ 

ʪʨʘʬʽʢʫ ʚʟʜʦʚʞ ʢʦʞʥʦʛʦ ʟ ʦʙʨʘʥʠʭ ʤʘʨʰʨʫʪʽʚ ʽ ʤʥʦʞʠʥʘ ʩʣʦʪʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʦʞʥʦʤʫ ʽʟ ʟʘʜʽʷʥʠʭ ʢʘʥʘʣʽʚ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʪʘʢʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ WiMAX mesh-ʤʝʨʝʞʽ ʧʦʚʠʥʥʘ ʤʘʪʠ ʧʦʪʦʢʦʚʠʡ 

ʭʘʨʘʢʪʝʨ, ʦʧʝʨʫʚʘʪʠ ʷʢ ʦʙʩʷʛʘʤʠ ʧʦʪʦʢʽʚ ʪʨʘʬʽʢʫ ʚ ʢʦʞʥʦʤʫ ʟ ʢʘʥʘʣʽʚ ʤʝʨʝʞʽ, 

ʪʘʢ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʧʨʠ ʮʴʦʤʫ ʩʣʦʪʫʤʠ. ʅʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʛʘʨʘʥʪʦʚʘʥʦʾ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʻ ʚʨʘʭʫʚʘʥʥʷ ʚ ʤʝʞʘʭ ʨʦʟʨʦʙʣʶʚʘʥʦʾ 
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ʤʦʜʝʣʽ WiMAX mesh-ʤʝʨʝʞʽ ʤʦʞʣʠʚʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʦʩʥʦʚʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ QoS. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʙʽʨ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʩʣʦʪʫ  ʟʥʘʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʦʪʦʯʥʦʾ ʩʠʛʥʘʣʴʥʦ-ʟʘʚʘʜʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʚ ʜʘʥʦʤʫ ʢʘʥʘʣʽ ʪʘ ʥʘʷʚʥʦʩʪʽ 

ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʟ ʽʥʰʠʤʠ ʢʘʥʘʣʘʤʠ. ʎʝ ʚʠʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʚ 

ʨʘʤʢʘʭ ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʤʦʜʝʣʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʡ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʧʨʦʮʝʩʽʚ 

ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ. 

ɼʦʜʘʪʢʦʚʦ ʤʦʜʝʣʴ ʧʦʚʠʥʥʘ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʦʪʦʯʥʠʡ 

ʩʪʘʥ ʤʝʨʝʞʽ ʟ ʤʝʪʦʶ ʩʚʦʻʯʘʩʥʦʛʦ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ 

ʥʘʷʚʥʽʩʪʴ ʟʤʽʥʥʠʭ, ʧʦʚ'ʷʟʘʥʠʭ ʟ̔ ʟʘʚʘʥʪʘʞʝʥʽʩʪʶ ʙʫʬʝʨʥʠʭ ʨʝʩʫʨʩʽʚ (ʘʙʦ ʽʥʰʦʾ 

ʤʦʞʣʠʚʦʩʪʽ ʾʭʥʴʦʛʦ ʦʮʽʥʶʚʘʥʥʷ). ɹʽʣʴʰ ʪʦʛʦ, ʽ ʙʫʬʝʨʥʽ, ʽ ʢʘʥʘʣʴʥʽ ʨʝʩʫʨʩʠ 

mesh-ʤʝʨʝʞʽ ʧʦʚʠʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʟʙʘʣʘʥʩʦʚʘʥʦ, ʱʦ ʪʘʢʦʞ ʤʘʻ ʙʫʪʠ 

ʚʨʘʭʦʚʘʥʦ ʚ ʤʝʞʘʭ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. 

ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʽ ʧʨʠ ʮʴʦʤʫ ʫʩʢʣʘʜʥʝʥʠʤ ʧʨʦʮʝʩʦʤ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʻ ʚʠʤʦʛʘ ʚʨʘʭʦʚʘʪʠ ʜʠʥʘʤʽʢʫ ʪʨʘʬʽʢʫ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʽ ʩʪʘʥʫ ʤʝʨʝʞʽ ʚ ʮʽʣʦʤʫ. ʎʝ ʦʨʽʻʥʪʫʻ ʥʘ ʦʧʠʩ mesh-ʤʝʨʝʞʽ ʚ 

ʨʘʤʢʘʭ ʢʣʘʩʫ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʽ ʧʝʨʝʚʘʞʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. 

 

2.2. ɸʥʘʣʽʟ ʚʽʜʦʤʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ WiMAX ʤʝʨʝʞ ʫ ʨʝʞʠʤʽ mesh 

 

2.2.1. ɸʥʘʣʽʟ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʚ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ mesh-ʤʝʨʝʞʘʭ 

 

ɼʣʷ ʙʝʟʧʨʦʚʦʜʦʚʠʭ mesh-ʤʝʨʝʞ ʷʚʠʱʝ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʤʦʞʝ ʙʫʪʠ 

ʚʨʘʭʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʽʟʠʯʥʦʾ ʘʙʦ ʧʨʦʪʦʢʦʣʴʥʦʾ ʤʦʜʝʣʽ ʟ ʨʽʟʥʠʤʠ ʨʽʚʥʷʤʠ 

ʜʝʪʘʣʽʟʘʮʽʾ [79 - 81]. ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʥʘ ʬʽʟʠʯʥʦʤʫ 

ʨʽʚʥʽ ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʧʨʠʡʦʤʫ j-ʡ ʩʪʘʥʮʽʻʶ ʧʨʦʪʷʛʦʤ r-ʛʦ ʯʘʩʦʚʦʛʦ ʩʣʦʪʫ ʩʠʛʥʘʣʫ 

ʚʽʜ i-ʡ ʩʪʘʥʮʽʾ ʻ ʧʝʨʝʚʠʱʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʧʝʨʝʰʢʦʜʘ-ʰʫʤ SINR ʫ 

ʢʘʥʘʣʽ (i , j) (ʥʘ ʚʭʦʜʽ ʨʘʜʽʦʧʨʠʡʤʘʯʘ j-ʡ ʩʪʘʥʮʽʾ) ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ: ija : 
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ijij rSINR a>)( .                                                 (2.1) 

ʏʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʧʦʨʦʛʫija  ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʧʫʩʪʠʤʦʛʦ ʨʽʚʥʷ ʯʘʩʪʦʪʠ 

ʧʦʷʚʠ ʙʽʪʦʚʠʭ ʧʦʤʠʣʦʢ (Bit Error Rate, BER), ʩʭʝʤʠ ʤʦʜʫʣʷʮʽʾ ʡ ʢʦʜʫʚʘʥʥʷ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʢʘʥʘʣʽ (i , j)  [79 - 80]. ʊʦʜʽ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ ʪʨʘʬʽʢʫ ʚ 

ʢʘʥʘʣʽ ʧʨʦʪʷʛʦʤ r -ʛʦ ʯʘʩʦʚʦʛʦ ʩʣʦʪʫ ʻ ʬʫʥʢʮʽʻʶ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ SINR, ʽ 

ʾʾ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʤʦʞʝ ʚʠʨʘʭʫʚʘʥʝ ʟʘ ʬʦʨʤʫʣʦʶ ʐʝʥʥʦʥʘ [79 - 80, 82]: 

 

))(1(log)( 2 rSINRWrc ijij += ,                                  (2.2) 
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ʜʝ )(rcij  ï ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʫ ),( ji  mesh-ʤʝʨʝʞʽ ʚʧʨʦʜʦʚʞ r -ʛʦ 

ʯʘʩʦʚʦʛʦ ʩʣʦʪʫ;  

W  ïʩʤʫʛʘ ʯʘʩʪʦʪ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʘ ʢʘʥʘʣʦʤ ),( ji ; 

ijG  ï ʨʝʟʫʣʴʪʘʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʩʣʘʙʣʝʥʥʷ ʧʨʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ ʨʘʜʽʦʭʚʠʣʴ 

ʚʽʜ i -ʡ ʜʦ j -ʡ ʩʪʘʥʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʽʜʩʠʣʝʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʪʘ 

ʧʨʠʡʤʘʣʴʥʦʾ ʘʥʪʝʥ;  

ijP  ï ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʚʘʯʘ i -ʡ ʩʪʘʥʮʽʾ  

nP  ï ʧʦʪʫʞʥʽʩʪʴ ʘʜʠʪʠʚʥʠʭ ʰʫʤʽʚ ʫ ʨʦʙʦʯʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʤʝʞʘʭ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʩʝʨʝʜʥʻ ʯʠʩʣʦ ʙʽʪ ʜʘʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʘ 
r

jim , , ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʜʘʥʽ ʚ r -ʤ ʩʣʦʪʽ ʚ ʢʘʥʘʣʽ ),( ji , ʥʝ ʻ 

ʢʦʥʩʪʘʥʪʦʶ ʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ 
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ʜʝFT   - ʪʨʠʚʘʣʽʩʪʴ ʦʜʥʦʛʦ ʬʨʝʡʤʫ; 

   FN¡ - ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʣʦʪʽʚ ʫ ʢʘʜʨʽ, ʚʢʣʶʯʘʶʯʠ ʩʣʦʪʠ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʦʾ ʡ ʢʝʨʫʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ (2.1) - (2.4) ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʜʘʩʪʴ ʟʤʦʛʫ ʚʨʘʭʫʚʘʪʠ  

ʧʘʨʘʤʝʪʨʠ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʠʤ ʩʘʤʠʤ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʜʝʪʘʣʽʟʘʮʽʾ 

ʦʧʠʩʫ ʤʝʨʝʞʽ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʫʧʨʘʚʣʷʪʠ ʥʝ ʪʽʣʴʢʠ ʨʦʟʧʦʜʽʣʦʤ ʩʣʦʪʽʚ, ʘ ʡ, 

ʥʘʧʨʠʢʣʘʜ, ʧʦʪʫʞʥʽʩʪʶ ʨʘʜʽʦʧʝʨʝʜʘʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʪʘʢʠʡ 

ʧʽʜʭʽʜ ʥʝʤʠʥʫʯʝ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʫʩʢʣʘʜʥʝʥʥʷʤ ʷʢ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʪʘʢ ʽ ʧʨʦʮʝʩʫ ʾʾ ʚʠʨʽʰʝʥʥʷ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʪʦʢʦʣʴʥʦʾ ʤʦʜʝʣʽ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʧʝʨʝʜʘʯʘ  

ʢʘʥʘʣʦʤ ʚʚʘʞʘʻʪʴʩʷ ʫʩʧʽʰʥʦʶ, ʷʢʱʦ ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʟʘʻʤʦʜʽʶʯʠʤʠ ʩʪʘʥʮʽʷʤʠ  ̔

ʪʘ j ʥʝ ʧʝʨʝʚʠʱʫʻ ʜʦʧʫʩʪʠʤʫ ʜʘʣʴʥʽʩʪʴ ʟʚ'ʷʟʢʫ (communication range), ʘʣʝ ʧʨʠ 

ʮʴʦʤʫ ʚ ʢʽʣʴʢʘ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʟʦʥʫ ʽʥʪʝʨʬʝʨʝʥʮʽʾ (ʧʝʨʝʰʢʦʜ), ʪʦʙʪʦ ʚʽʜʩʪʘʥʴ 

ʚʽʜ ʩʪʘʥʮʽʾ h,  ʷʢʘ ʦʜʥʦʯʘʩʥʦ ʧʨʘʮʶʻ ʚ ʮʴʦʤʫ ʞ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ [80], ʪʦʙʪʦ 

 

 

{ jijh ,)1(, D+²  ʠ }CRji ¢, ,                               (2.5) 

 

ʠʣʠ { IRjh ²,  ʠ }CRji ¢, ,                                  (2.6) 

ʜʝ j  ï ʽʥʜʝʢʩ ʧʨʠʡʤʘʣʴʥʦʾ ʩʪʘʥʮʽʾ; 

ji,  ï ʛʝʦʤʝʪʨʠʯʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʪʘʥʮʽʷʤʠ i  ʪʘ j ; 

IR  ï ʨʘʜʽʫʩ ʟʦʥʠ ʽʥʪʝʨʬʝʨʝʥʮʽʾ (ʟʘʚʘʜ), )1( D+= CI RR ; 

D ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʟʘʭʠʩʥʠʡ ʽʥʪʝʨʚʘʣ, 0>D . 
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ʅʝʭʘʡ ʩʪʨʫʢʪʫʨʘ ʙʝʟʧʨʦʚʦʜʦʚʦʾ  mesh-ʤʝʨʝʞʽ ʦʧʠʩʫʻʪʴʩʷ ʛʨʘʬʦʤ    

),( EVG ,  ʤʥʦʞʠʥʘ ʚʝʨʰʠʥ ʷʢʦʛʦ V  ʚʽʜʧʦʚʽʜʘʻ ʤʥʦʞʠʥʥʦʩʪʽ mesh-ʩʪʘʥʮʽʡ, ʘ 

ʥʘʷʚʥʽʩʪʴ ʛʽʣʢʠEji Í),(  ʦʟʥʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʧʨʷʤʦʛʦ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʢʘʥʘʣʫ 

ʟʚôʷʟʢʫ ʤʽʞ ʩʪʘʥʮʽʷʤʠ i  ʪʘ j, ʪʦʙʪʦ CRji ¢, . ʊʦʜʽ ʚ ʤʝʞʘʭ ʧʨʦʪʦʢʦʣʴʥʦʾ 

ʤʦʜʝʣʽ  ʥʘ ʟʘʚʘʜʥʠʡ ʚʧʣʠʚ ʩʪʘʥʮʽʾ h  ʚ ʢʘʥʘʣʽ ),( ji  ʤʦʞʥʘ ʥʝ ʟʚʘʞʘʪʠ, ʷʢʱʦ 

 

),()1(),( jidistjhdist D+² ,                                     (2.7) 

 

ʜʝ ),( vudist  ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʝʨʰʠʥʘʤʠ u  ʪʘ v ʫ ʛʨʘʬʽ ),( EVG , ʷʢʘ ʜʦʨʽʚʥʶʻ 

ʜʦʚʞʠʥʽ ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ ʚʽʜ u  ʜʦ v. 

ʆʩʢʽʣʴʢʠ, ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ ʛʨʘʬʫ ʙʝʟʧʨʦʚʦʜʦʚʦʾ mesh-ʤʝʨʝʞʽ ),( EVG , 

ʚʽʜʩʪʘʥʴ  ʤʽʞ ʧʝʨʝʜʘʚʘʯʝʤ ʽ ʧʨʠʡʤʘʯʝʤ ʟʘʚʞʜʠ ʜʦʨʽʚʥʶʻ 1 (1),( =jidist ), ʘ 

ʢʦʝʬʽʮʽʻʥʪ )1( D+ , ʷʢ ʧʨʘʚʠʣʦ, ʚʠʙʠʨʘʻʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 2 ʜʦ 4 [79 - 80], ʪʦ 

ʜʣʷ ʦʜʥʦʯʘʩʥʦʾ ʨʦʙʦʪʠ j -ʡ ʪʘ  ̔-ʡ ʩʪʘʥʮʽʡ, ʜʝ ʩʪʘʥʮʽʷ  h    ʧʨʘʮʶʻ ʥʘ ʧʝʨʝʜʘʯʫ, 

ʩʪʘʥʮʽʷ j - ʥʘ ʧʨʠʡʦʤ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ ʚ ʛʨʘʬʽ ),( EVG  ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ 

ʤʝʥʦhʶ ʚʽʜ ʜʚʦʭ, ʪʦʙʪʦ  

2),( ²jhdist .                                                 (2.8) 

 

ʋʤʦʚʫ (2.8) ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

 

2),( ²b²jhdist ,                                             (2.9) 

 

ʜʝ b ï ʧʘʨʘʤʝʪʨ ʤʦʜʝʣʽ, 1)(2 +¢b¢ GD ; 

)(GD  ï ʜʽʘʤʝʪʨ ʛʨʘʬʫ G . 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ [83] ʜʽʘʤʝʪʨʦʤ ʛʨʘʬʫ ʻ ʥʘʡʙʽʣʴʰʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʙʫʜʴ-ʷʢʠʤʠ 

ʧʘʨʘʤʠ ʚʝʨʰʠʥ, ʪʦʙʪʦ ʚʝʨʭʥʷ ʤʝʞʘ ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ ʤʽʞ ʙʫʜʴ-ʷʢʦʶ ʧʘʨʦʶ 

ʚʫʟʣʽʚ ʫ ʛʨʘʬʽ. ʊʦʜʽ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʚʫʟʣʽʚ u  ʪʘ v, Vvu Í, , ʩʧʨʘʚʝʜʣʠʚʦ



53 

 

)(),( GDvudist ¢ . ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚ ʛʨʘʬʽ ʧʨʠ),( EVG ʥʝ ʽʩʥʫʻ ʩʪʘʥʮʽʡ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʤʦʚʽ (2.9), ʘ ʟʥʘʯʠʪʴ, ʟʜʘʪʥʠʭ ʧʨʘʮʶʚʘʪʠ ʚ ʦʜʥʦʤʫ ʯʘʩʦʚʦʤʫ 

ʩʣʦʪʽ. ʌʽʟʠʯʥʦ ʚʠʙʽʨ 1)( +=b GD  ʦʟʥʘʯʘʻ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʣʦʪʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʪʦʢʦʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʙʯʠʩʣʝʥʥ ̫ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʤʽʞ 

ʢʘʥʘʣʘʤʠ ʙʝʟʧʨʦʚʦʜʦʚʦʾ mesh-ʤʝʨʝʞʽ ʜʦʟʚʦʣʷʻ ʟʚʝʩʪʠ ʫʤʦʚʠ ʫʩʧʽʰʥʦʛʦ 

ʧʨʠʡʦʤʫ ʩʠʛʥʘʣʽʚ ʜʦ ʧʝʨʝʚʽʨʢʠ ʩʪʨʫʢʪʫʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʦʧʦʣʦʛʽʯʥʦʛʦ ʛʨʘʬʫ, 

ʥʝ ʫʩʢʣʘʜʥʶʶʯʠ ʧʨʠ ʮʴʦʤʫ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʚʚʝʜʝʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ 

ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʮʴʦʤʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚʩʽʤ ʩʣʦʪʘʤ ʫ ʤʝʞʘʭ 

ʦʜʥʦʛʦ ʢʘʥʘʣʫ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʘʢʦʚʝ ʯʠʩʣʦ ʙʽʪ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʘ 
r

jim , , ʪʦʙʪʦ 

1)( +=b GD ʜʣʷ ʚʩʽʭ r, ʱʦ ʚʝʜʝ ʜʦ ʜʦʜʘʪʢʦʚʠʭ ʩʧʨʦʱʝʥʴ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʨʦʟʧʦʜʽʣʫ ʩʣʦʪʽʚ. ʆʩʢʽʣʴʢʠ ʨʦʟʚ'ʷʟʫʚʘʥʘ ʚ ʨʘʤʢʘʭ ʜʘʥʠʭ 

ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʜʘʜʘʯʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʤʝʨʝʞʝʚʠʤ ʽ ʢʘʥʘʣʴʥʠʤ 

ʨʽʚʥʷʤʠ, ʧʨʦʪʦʢʦʣʴʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʥʘʡʙʽʣʴʰ 

ʧʨʠʡʥʷʪʥʠʡ.  

 

2.2.2. ɸʥʘʣʽʟ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ ʫ WiMAX mesh-ʤʝʨʝʞʘʭ 

 

2.2.2.1. ɸʥʘʣʽʟ ʛʨʘʬʦʚʠʭ ʤʦʜʝʣʝʡ ʙʝʟʧʨʦʚʦʜʦʚʠʭ mesh-ʤʝʨʝʞ 

 

ɿ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʨʦʟʧʦʜʽʣʫ ʩʣʦʪʽʚ ʫ WiMAX 

mesh-ʤʝʨʝʞʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʘʧʘʨʘʪʠ: ʪʝʦʨʽʷ ʽʛʦʨ [84], ʪʝʦʨʽʷ 

ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ [85], ʤʝʪʦʜʠ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʢʦʣʝʢʪʠʚʥʦʾ ʧʦʚʝʜʽʥʢʠ ʢʦʤʘʭ 

(ʤʫʨʘʰʦʢ, ʩʚʽʪʣʷʯʢʽʚ) [85], ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ [86], ʘʧʘʨʘʪ ʤʘʨʢʽʚʩʴʢʠʭ 

ʣʘʥʮʶʛʽʚ [87]. ʂʨʽʤ ʪʦʛʦ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʽʜʭʦʜʠ ʜʦ ʦʧʠʩʫ WiMAX mesh-ʤʝʨʝʞʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʟ ʧʦʜʘʣʴʰʦʶ 

ʦʧʪʠʤʠʟʘʮʽʡʥʦʶ ʧʦʩʪʘʥʦʚʢʦʶ ʟʘʚʜʘʥʥʷ ʢʝʨʫʚʘʥʥʷ ʨʝʩʫʨʩʘʤʠ [82, 88 - 89]. 
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ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ 

ʨʦʟʧʦʜʽʣʫ ʩʣʦʪʽʚ ʻ ʧʽʜʭʽʜ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʛʨʘʬʽʚ [55, 72, 90 - 92]. ɻʨʘʬʦʚʽ ʤʦʜʝʣʽ 

ʩʢʣʘʜʘʶʪʴ ʪʝʦʨʝʪʠʯʥʫ ʦʩʥʦʚʫ ʚʩʽʭ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʨʦʟʛʣʷʥʫʪʠʭ ʫ 

ʨʦʟʜʽʣʽ 1, ʫ ʨʘʤʢʘʭ ʷʢʠʭ ʟʘʚʜʘʥʥʷ ʧʦʰʫʢʫ ʤʘʨʰʨʫʪʫ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʜʘʯʽ 

ʧʦʙʫʜʦʚʠ ʫ ʚʽʜʦʤʦʤʫ ʪʦʧʦʣʦʛʽʯʥʦʤʫ ʛʨʘʬʽ ʙʝʟʧʨʦʚʦʜʦʚʦʾ mesh-ʤʝʨʝʞʽ ʰʣʷʭʫ 

ʘʙʦ ʜʝʨʝʚʘ ʥʘʡʢʦʨʦʪʰʦʛʦ ʚ ʟʘʜʘʥʽʡ ʤʝʪʨʠʮʽ, ʜʝ ʚ ʷʢʦʩʪʽ ʤʝʪʨʠʢ ʤʦʞʫʪʴ 

ʚʠʩʪʫʧʘʪʠ ʨʽʟʥʽ ʚʝʣʠʯʠʥʠ (ʪʘʙʣ . 1.7). 

ɼʣʷ  ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʩʣʦʪʽʚ ʫ ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʪʦʧʦʣʦʛʽʯʥʦʛʦ 

ʛʨʘʬʫ ),( EVG ,  ʤʥʦʞʠʥʘ ʚʝʨʰʠʥ ʷʢʦʛʦ V  ʤʦʜʝʣʶʻ mesh-ʩʪʘʥʮʽʾ, ʘ ʤʥʦʞʠʥʘ 

ʛʽʣʦʢ E ʚʽʜʧʦʚʽʜʘʻ ʨʘʜʽʦʢʘʥʘʣʘʤ ʤʽʞ ʥʠʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʱʝ ʜʚʘ ʪʠʧʠ 

ʛʨʘʬʽʚ (ʨʠʩ. 2.1). ɻʨʘʬ ʢʦʥʬʣʽʢʪʽʚ ),( cflcflcfl EVG  (conflict graph ʘʙʦ interference 

graph) ʙʝʟʧʨʦʚʦʜʦʚʦʾ mesh-ʤʝʨʝʞʽ ʚʽʜʦʙʨʘʞʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʘʚʘʜʥʽ ʚʧʣʠʚʠ 

ʨʽʟʥʠʭ ʨʘʜʽʦʢʘʥʘʣʽʚ ʫ ʧʨʦʮʝʩʽ ʾʭʥʴʦʾ ʦʜʥʦʯʘʩʥʦʾ ʨʦʙʦʪʠ. ʈʦʟʨʽʟʥʷʶʪʴ ʛʨʘʬʠ 

ʧʝʨʚʠʥʥʦʾ 
1
cflG   ʽ ʚʪʦʨʠʥʥʦʾ ʽʥʪʝʨʬʝʨʝʥʮʽʾ2

cf l
G , ʭʦʯʘ ʯʘʩʪʦ ʦʙʠʜʚʘ ʪʠʧʠ 

ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʦʜʥʦʯʘʩʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʚ ʤʝʞʘʭ ʻʜʠʥʦʛʦ ʛʨʘʬʫ ʢʦʥʬʣʽʢʪʽʚ 

[55]. ʄʥʦʞʠʥʘ ʚʝʨʰʠʥ cf lV  ʛʨʘʬʫ ʢʦʥʬʣʽʢʪʽʚ ʚʽʜʧʦʚʽʜʘʻ ʨʘʜʽʦʢʘʥʘʣʘʤ 

ʙʝʟʧʨʦʚʦʜʦʚʦʾ mesh-ʤʝʨʝʞʽ, EVcfl= , ʘ ʛʽʣʢʠ cf lE  ʚʢʘʟʫʶʪʴ ʥʘ ʥʘʷʚʥʽʩʪʴ 

ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʤʽʞ ʥʠʤʠ. ɻʨʘʬ ʩʫʤʽʩʥʦʩʪʽ),( cmpcmpcmp EVG   (compatibility 

graph) ʷʚʣʷʻ ʩʦʙʦʶ ʜʦʧʦʚʥʝʥʥʷ ʛʨʘʬʫ  cflG . 
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ʈʠʩ. 2.1. ʇʨʠʢʣʘʜ ʙʝʟʧʨʦʚʦʜʦʚʦʾ mesh-ʤʝʨʝʞʽ (ʘ), ʚʽʜʧʦʚʽʜʥʽ ʾʡ 

ʪʦʧʦʣʦʛʽʯʥʠʡ ʛʨʘʬ (ʙ), ʛʨʘʬ ʢʦʥʬʣʽʢʪʽʚ (ʚ), ʛʨʘʬ ʩʫʤʽʩʥʦʩʪʽ ʪʘ ʡʦʛʦ ʤʘʪʨʠʯʥʝ 

ʧʦʜʘʥʥʷ (ʛ) 



56 

 

ʋ WiMAX mesh-ʤʝʨʝʞʽ ʟʘʚʜʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʩʣʦʪʽʚ ʧʦʣʷʛʘʻ ʚ ʧʦʰʫʢʫ 

ʤʥʦʞʠʥʠ ʢʘʥʘʣʽʚ, ʷʢʽ ʟʜʘʪʥʽ ʧʨʘʮʶʚʘʪʠ ʦʜʥʦʯʘʩʥʦ, ʥʝ ʩʪʚʦʨʶʶʯʠ ʢʦʣʽʟʽʡ. ʋ 

ʤʝʞʘʭ ʪʝʦʨʽʾ ʛʨʘʬʽʚ ʮʷ ʟʘʜʘʯʘ ʬʦʨʤʫʣʶʻʪʴʩʷ ʷʢ: 

- ʟʘʚʜʘʥʥʷ ʚʝʨʰʠʥʥʦʾ ʨʦʟʤʘʣʴʦʚʢʠ ʛʨʘʬʫ ʢʦʥʬʣʽʢʪʽʚ ʘʙʦ ʝʢʚʽʚʘʣʝʥʪʥʝ 

ʡʦʤʫ ʟʘʚʜʘʥʥʷ ʨʝʙʝʨʥʦʾ ʨʦʟʤʘʣʴʦʚʢʠ ʪʦʧʦʣʦʛʽʯʥʦʛʦ ʛʨʘʬʫ mesh-ʤʝʨʝʞʽ [90]; 

- ʟʘʚʜʘʥʥʷ ʧʦʰʫʢʫ ʥʝʟʘʣʝʞʥʠʭ ʤʥʦʞʠʥ ʛʨʘʬʫ ʢʦʥʬʣʽʢʪʽʚ [72]; 

- ʟʘʚʜʘʥʥʷ ʧʦʰʫʢʫ ʤʘʢʩʠʤʘʣʴʥʠʭ ʢʣʽʢ ʫ ʛʨʘʬʽ ʩʫʤʽʩʥʦʩʪʽ [93]. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʫ ʩʫʤʽʩʥʦʩʪʽ ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʚ 

ʧʦʰʫʢʫ ʧʦʢʨʠʪʪʷ ʛʨʘʬʫ cmpG  ʤʥʦʞʠʥʥʽʩʪʶ ʤʘʢʩʠʤʘʣʴʥʠʭ ʢʣʽʢ { }kCCC ,...,, 21 , 

ʜʝ ʢʦʞʥʘ ʛʽʣʢʘ ʟ cmpE  ʤʽʩʪʠʪʴʩʷ ʭʦʯʘ ʙ ʚ ʦʜʥʽʡ ʟ ʢʣʽʢ. ɼʣʷ ʤʝʨʝʞʽ, ʧʦʜʘʥʽʡ ʥʘ 

ʨʠʩ. 2.1, ʪʘʢʝ ʧʦʢʨʠʪʪʷ ʩʪʚʦʨʶʶʪʴ ʢʣʽʢʠ { }711 ,eeC = , { }8622 ,, eeeC = , 

{ }933 ,eeC = , { }711 ,eeC = , { }844 ,eeC = , { }255 ,eeC = , { }10916 ,, eeeC = , ʱʦ 

ʦʟʥʘʯʘʻ, ʥʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʰʦʛʦ ʩʣʦʪʫ ʦʜʥʦʯʘʩʥʦ ʚ ʢʘʥʘʣʘʭ 1e  ʠ 7e , 

ʜʨʫʛʦʛʦ ʩʣʦʪʫ ï ʚ ʢʘʥʘʣʘʭ 2e , 6e ʠ 8e , ʽ ʪ.ʜ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʛʨʘʬʦʚʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʟʘʚʜʘʥʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʨʦʟʧʦʜʽʣʫ ʩʣʦʪʽʚ ʻ ʥʘʷʚʥʽʩʪʴ ʜʦʙʨʝ ʦʧʨʘʮʴʦʚʘʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ (ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ, ʚʝʨʰʠʥʥʦʾ ʽ ʨʝʙʝʨʥʦʾ ʨʦʟʤʘʣʴʦʚʢʠ, ʧʦʰʫʢʫ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʢʣʽʢ), ʧʨʦʪʝ ʚ ʮʽʣʦʤʫ ʮʽ ʘʣʛʦʨʠʪʤʠ ʩʧʠʨʘʶʪʴʩʷ ʪʽʣʴʢʠ ʥʘ 

ʩʪʨʫʢʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʨʝʞʽ, ʘ ʪʦʤʫ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʨʝʨʘʭʦʚʘʥʠʤ ʚʠʱʝ 

ʚʠʤʦʛʘʤ. 

 

2.2.2.2. ɸʥʘʣʽʟ ʧʦʪʦʢʦʚʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ WiMAX mesh-ʤʝʨʝʞ 

 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʨʘʬʦʚʠʭ, ʫ ʨʘʤʢʘʭ ʧʦʪʦʢʦʚʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

WiMAX mesh-ʤʝʨʝʞ ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʧʦʪʦʢʽʚ ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʦʛʦ 

ʪʨʘʬʽʢʫ, ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʷʢʠʭ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʪʚʦʨʝʥʽ ʤʘʨʰʨʫʪʠ ʪʘ / ʘʙʦ 

ʨʦʟʧʦʜʽʣʝʥʽ ʩʣʦʪʠ, ʘ ʩʘʤʝ ʟʘʚʜʘʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʻ ʦʧʪʠʤʽʟʘʮʽʡʥʫ ʧʦʩʪʘʥʦʚʢʫ ʫ 

ʚʠʛʣʷʜʽ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ [82, 88 - 89], ʮʽʣʦʯʠʩʣʦʚʦʛʦ [94 - 96] ʘʙʦ ʥʝʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ [97 - 98]. ʇʨʠ ʮʴʦʤʫ  ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 
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ʟʘʚʜʘʥʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʨʦʟʧʦʜʽʣʫ ʩʣʦʪʽʚ ʩʪʘʻ ʤʽʥʽʤʫʤ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʩʣʦʪʽʚ [82, 96], ʤʘʢʩʠʤʫʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ [88], ʤʽʥʽʤʫʤ 

ʩʝʨʝʜʥʴʦʾ ʟʘʪʨʠʤʢʠ [95, 97], ʤʘʢʩʠʤʫʤ ʬʫʥʢʮʽʾ ʢʦʨʠʩʥʦʩʪʽ [98], ʘ ʥʘ ʰʫʢʘʥʽ 

ʟʤʽʥʥʽ, ʷʢʠʤʠ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʩʪʘʥʦʚʢʠ ʟʘʚʜʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ, ʥʘʧʨʠʢʣʘʜ, ʯʘʩʪʢʠ 

ʧʦʪʦʢʽʚ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʟ ʪʠʭ ʯʠ ʽʥʰʠʭ ʢʘʥʘʣʘʭ (ʤʘʨʰʨʫʪʥʽ ʟʤʽʥʥʽ), ʽ / ʘʙʦ 

ʟʤʽʥʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʦʪʽʚ, ʥʘʢʣʘʜʘʻʪʴʩʷ ʨʷʜ ʦʙʤʝʞʝʥʴ. ʗʢ ʧʨʘʚʠʣʦ, ʮʽ 

ʦʙʤʝʞʝʥʥʷ ʧʦʚ'ʷʟʘʥʽ ʟ ʫʤʦʚʘʤʠ ʟʙʝʨʝʞʝʥʥʷ ʧʦʪʦʢʫ, ʚʽʜʩʫʪʥʦʩʪ̔ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʚʽʜʩʫʪʥʦʩʪʽ ʢʦʣʽʟʽʡ ʧʨʠ ʦʜʥʦʯʘʩʥʽʡ ʨʦʙʦʪʽ mesh-ʩʪʘʥʮʽʡ, 

ʙʘʣʘʥʩʫʚʘʥʥʷʤ ʪʨʘʬʽʢʫ, ʚʽʜʩʫʪʥʦʩʪ̔ ʧʝʪʝʣʴ ʫ ʤʘʨʰʨʫʪʘʭ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ̫ʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʠʭ ʻ ʧʦʪʦʢʦʚʘ ʤʦʜʝʣʴ, ʧʦʜʘʥʘ ʚ [88], ʜʝ 

ʰʫʢʘʥʠʤʠ ʻ ʟʤʽʥʥʽ k
ji

f
),(
, ʱʦ ʜʦʨʽʚʥʶʶʪʴ ʯʘʩʪʮʽ k -ʛʦ ʧʦʪʦʢʫ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ 

ʢʘʥʘʣʦʤ ),( ji  ʚʽʜ i -ʡ MSS ʜʦ j -ʡ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʠʤ ʩʘʤʠʤ ʚʠʨʽʰʝʥʥʷ 

ʟʘʚʜʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʎʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ ʚʠʙʨʘʥʦ ʚʝʣʠʯʠʥʫ ʩʫʤʘʨʥʦʛʦ 

ʧʦʪʦʢʫ, ʷʢʠʡ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ ʤʝʨʝʞʝʶ, 

 

maxaä
ÍKk

kd ,                                              (2.10) 

 

ʜʝ kd  ï ʥʝʦʙʭʽʜʥʘ ʰʚʠʜʢʽʩʪʴ ʜʦʩʪʘʚʢʠ k -ʛʦ ʧʦʪʦʢʫ; 

K  ï ʤʥʦʞʠʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʠʭ ʧʦʪʦʢʽʚ ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʦʛʦ ʪʨʘʬʽʢʫ; 

a ï ʯʘʩʪʢʘ ʫʩʧʽʰʥʦ ʦʙʩʣʫʞʝʥʠʭ ʧʦʪʦʢʽʚ, 0²a . 

ʋ ʧʨʦʮʝʩʽ ʤʘʢʩʠʤʽʟʘʮʽʾ (2.10) ʥʘ ʰʫʢʘʥʽ ʟʤʽʥʥʽ 0
),(
²k

ji
f , Eji Í" ),( , 

KkÍ , ʥʘʢʣʘʜʘʶʪʴʩʷ ʪʘʢʽ ʦʙʤʝʞʝʥʥʷ: 
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CjiFjiF
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),(),( , VnÍ" , )(nNmÍ ,                   (2.12) 

 

ʛʜʝ { }EinVinA ÍÍ= ),(|)( , { }EniVinB ÍÍ= ),(|)( , )()()( nBnAnN Ç= ;  

ä
Í

=
Kk

k
ji

fjiF
),(

),(  ï ʩʫʤʘʨʥʠʡ ʪʨʘʬʽʢ, ʷʢʠʡ ʧʨʦʪʽʢʘʻ ʚ ʢʘʥʘʣʽ ),( ji ; 

ks , kt  ï ʚʽʜʧʦʚʽʜʥʦ ʩʪʘʥʮʽʾ-ʚʽʜʧʨʘʚʥʠʢ ʪʘ ʦʪʨʠʤʫʚʘʯ k -ʛʦ ʧʦʪʦʢʫ; 

1
nS , 2

),( mn
S  ï ʤʥʦʞʠʥʘ mesh-ʩʪʘʥʮʽʡ, ʷʢʽ ʧʨʠ ʨʦʙʦʪʽ n-ʡ MSS  ʤʘʶʪʴ ʚʧʣʠʚ 

ʧʝʨʚʠʥʥʦʾ ʪʘ ʚʪʦʨʠʥʥʦʾ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʚʽʜʧʦʚʽʜʥʦ, { } { }EinEniSn ÍÇÍ= ),(),(1 ,  

{ }1112
),( nmmmn

SSSS Æ-= ; 

nC  ï ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʜʽʣʷʥʢʠ ʤʝʨʝʞʽ nG , ʩʪʚʦʨʝʥʦʾ ʩʪʘʥʮʽʷʤʠ, ʥʘ ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ n-ʡ MSS,  
îý

î
ü
û

îí

î
ì
ë
Ç=

Í

2
),(

)(

1
mn

nNm
nn SSG 8 . 

ʆʙʤʝʞʝʥʥʷ (2.11) ʷʚʣʷʻ ʩʦʙʦʶ ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʧʦʪʦʢʫ, ʘ ʚʠʨʘʟ (2.12) 

ʬʘʢʪʠʯʥʦ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʜʚʘ ʪʠʧʠ ʫʤʦʚ: ʚʽʜʩʫʪʥʦʩʪʽ ʢʦʣʽʟʽʡ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ 

ʢʘʥʘʣʴʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ. ʇʨʠ ʮʴʦʤʫ ʘʣʛʦʨʠʪʤ ʦʮʽʥʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ, ʷʢʘ 

ʬʽʛʫʨʫʻ ʚ (2.12), ʥʝ ʨʦʟʢʨʠʪʠʡ ʫ ʨʦʙʦʪʽ [88], ʽ ʻ ʦʢʨʝʤʠʤ ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʴ. 

ʋ ʮʽʣʦʤʫ, ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ (2.10) ʧʨʠ ʦʙʤʝʞʝʥʥʷʭ (2.11) - (2.12) ʻ 

ʨʦʟʧʦʜʽʣ ʧʦʪʦʢʽʚ ʯʝʨʝʟ ʙʝʟʧʨʦʚʦʜʦʚʽ mesh-ʤʝʨʝʞʽ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʨʦʟʨʘʭʫʚʘʪʠ 

ʢʽʣʴʢʽʩʪʴ ʩʣʦʪʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʪʦʢʽʚ ʫ ʢʦʞʥʦʤʫ 

ʟ ʢʘʥʘʣʽʚ, ʭʦʯʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʚʜʘʥʥʷ ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ ʥʝ ʚʠʨʽʰʫʻʪʴʩʷ. 

ʆʢʨʝʤʦʶ ʛʨʫʧʦʶ ʧʫʙʣʽʢʘʮʽʡ ʻ ʨʦʙʦʪʠ, ʥʘʧʨʠʢʣʘʜ, [89, 95], ʷʢʽ 

ʩʬʦʢʫʩʦʚʘʥʽ ʪʽʣʴʢʠ ʥʘ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫʟʜʦʚʞ 

ʟʘʜʘʥʦʛʦ ʜʝʨʝʚʘ ʤʘʨʰʨʫʪʽʚ ʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʫʧʨʘʚʣʽʥʥʷ ʟʘʪʨʠʤʢʘʤʠ ʧʝʨʝʜʘʚʘʥʥʷ 

ʪʨʘʬʽʢʫ. ʅʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [89] ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʟʘʚʜʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʧʦʧʝʨʝʜʥʴʦ ʚʠʨʽʰʝʥʦ, ʚʩʽ ʤʘʨʰʨʫʪʠ ʧʝʨʝʜʘʯʽ ʚʠʩʭʽʜʥʠʭ ʽ ʥʠʟʭʽʜʥʠʭ ʧʦʪʦʢʽʚ 

ʚʽʜʦʤʽ, ʽ ʢʦʞʥʦʾ -̔ʡ ʩʪʘʥʮʽʾ ʜʣʷ ʪʨʘʬʽʢʫ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʜʦ MBS ʽ ʚʽʜ 
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MBS, ʚʠʜʽʣʝʥʠʡ ʧʝʚʥʠʡ ʦʙʩʷʛ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ
up
ig   ʽ

down
ig   (ʛʘʨʘʥʪʦʚʘʥʘ 

ʙʽʪʦʚʘ ʰʚʠʜʢʽʩʪʴ). ʌʦʨʤʫʣʶʻʪʴʩʷ ʟʘʚʜʘʥʥʷ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʽʚʥʦʤʽʨʥʦʾ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʬʨʝʡʤʽʚ. ɼʣʷ 

ʚʠʩʭʽʜʥʠʭ ʧʦʪʦʢʽʚ ʤʦʜʝʣʴ ʤʘʻ ʚʠʛʣʷʜ [89]: 
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ji , ViÍ" , iPjjk Í" :),( , 1+-> jhMk ,                 (2.16) 

 

0
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, =a
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ji , ViÍ" , iPjÎ" ,                                   (2.17) 

 

0
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, ²a
upk
ji , Vji Í", , QÍ"k ,                                (2.18) 

 

ʜʝ 
upk
ji
,
,a  ï ʯʘʩʪʢʘ ʚʠʩʭʽʜʥʦʛʦ ʧʦʪʦʢʫ i -ʡ MSS, ʧʝʨʝʜʘʥʦʛʦ j -ʡ ʩʪʘʥʮʽʾ ʚʧʨʦʜʦʚʞ 

k -ʛʦ ʬʨʝʡʤʫ; 

),( jiR  ï ʙʽʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ ʚ ʢʘʥʘʣ ),( ji ; 

{ }M,...,2,1=Q  ï ʤʥʦʞʠʥʘ ʬʨʝʡʤʽʚ, ʫʧʨʦʜʦʚʞ ʷʢʠʭ ʪʨʘʬʽʢ ʧʦʚʠʥʝʥ ʥʘʜʽʡʪʠ ʜʦ 

ʦʪʨʠʤʫʚʘʯʘ; 

iP  ï ʤʥʦʞʠʥʘ ʩʪʘʥʮʽʡ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʰʣʷʭ ʚʽʜ i -ʡ MSS ʜʦ MBS. 
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ʋʤʦʚʘ (2.16) ʧʦʚ'ʷʟʘʥʘ ʟ ʥʘʷʚʥʽʩʪʶ ʚʠʤʦʛ ʜʦ ʤʽʞʢʽʥʮʝʚʦʾ ʟʘʪʨʠʤʢʠ: ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʜʦʩʪʘʚʠʪʠ ʪʨʘʬʽʢ çʟ ʢʽʥʮʷ - ʚ ʢʽʥʝʮʴè ʧʨʦʪʷʛʦʤ M  ʬʨʝʡʤʽʚ, ʚʝʩʴ 

ʪʨʘʬʽʢ ʚʽʜ j -ʡ MSS, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ jh  ʜʦ ʦʜʝʨʞʫʚʘʯʘ, ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʧʝʨʝʜʘʥʠʡ ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ )1( +- jhM  ʬʨʝʡʤʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟʘʜʘʯʽ (2.13) - (2.18) ʻ 

ʨʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʢʘʥʘʣʘʭ ʽ ʬʨʝʡʤʘʭ ʟ ʤʦʞʣʠʚʽʩʪʶ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʤʽʞʢʽʥʮʝʚʫ ʟʘʪʨʠʤʢʫ. ʆʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʥʘ ʢʦʞʥʽʡ ʩʪʘʥʮʽʾ ʻ 

ʩʚʦ̫ ʤʥʦʞʠʥʘ ʩʣʦʪʽʚ, ʽ ʦʜʥʦʯʘʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʦʪʽʚ ʨʽʟʥʠʤʠ ʩʪʘʥʮʽʷʤʠ ʥʝ 

ʜʦʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʙʝʟʧʨʦʚʦʜʦʚʦʾ mesh-ʤʝʨʝʞʽ. 

ʉʘʤʝ ʪʦʤʫ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʻ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ 

WiMAX mesh-ʤʝʨʝʞʽ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ [95], ʜʝ ʢʝʨʫʚʘʣʴʥʦʶ ʻ ʙʫʣʝʚʘ ʟʤʽʥʥʘ 

w
kvu

x
,,

, ʷʢʘ ʜʦʨʽʚʥʶʻ 1, ʷʢʱʦ ʚ ʢʘʥʘʣʽ ),( vu  ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ k -ʛʦ ʧʦʪʦʢʫ 

ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʩʣʦʪ w, ʽ ʜʦʨʽʚʥʶʻ 0 ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ. ɺ ʷʢʦʩʪʽ ʮʽʣʴʦʚʦʾ 

ʬʫʥʢʮʽʾ ʦʙʨʘʥʘ ʬʫʥʢʮʽʷ ʟʘʪʨʠʤʢʠ ʥʘ ʢʦʞʥʽʡ ʪʨʘʥʟʠʪʥʽʡ ʩʪʘʥʮʽʾ, ʷʢʘ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʨʽʟʥʠʮʷ ʤʽʞ ʯʘʩʦʤ ʧʝʨʝʜʘʚʘʥʥʷ ʪʘ ʦʪʨʠʤʘʥʥʷ ʧʘʢʝʪʽʚ k-ʛʦ 

ʧʦʪʦʢʫ ʥʘ ʢʦʞʥʽʡ ʠ-ʡ MSS ʫʟʜʦʚʞ ʤʘʨʰʨʫʪʫ ʡʦʛʦ ʜʦʩʪʘʚʢʠ: 
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ʜʝ T  ï ʤʥʦʞʠʥʘ ʩʣʦʪʽʚ ʫ ʬʨʝʡʤʽ; 

kP  ï ʰʣʷʭ ʜʦʩʪʘʚʢʠ k -ʛʦ ʧʦʪʦʢʫ. 

ʅʘ ʰʫʢʘʥʽ ʟʤʽʥʥʽ w
kvu

x
,,  ʫ ʧʨʦʮʝʩʽ ʨʦʟʚôʷʟʘʥʥʷ  ʟʘʜʘʯʽ (2.19) ʥʘʢʣʘʜʘʶʪʴʩʷ 

ʦʙʤʝʞʝʥʥʷ ʪʠʧʫ:  
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Tw

w
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wxxw
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'

'
,,

' , kPuÍ" , KkÍ" ,                         (2.20) 
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1
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ÍKk

w
kuv

x , Evu Í" ),( , TwÍ" ,                                 (2.21) 

 

1
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ÍTw

w
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x , kPvu Í" ),( , KkÍ" ,                                 (2.22) 
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w
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GoSx
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²ä ä ä
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Tw Kk MBSNu

w
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GoSx
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²ä ä ä
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,                   (2.24) 

 

w
kuv

w
uv xy

,,, ² , Evu Í" ),( , TwÍ" , KkÍ" ,                     (2.25) 

 

1
)(

,
)(
, ¢+ ää

ÍÍ uNg

w
gu

uNv

w
uv yy , VuÍ" , TwÍ" ,                     (2.26) 

 

1
)( )(

,
)(

, ¢+ ä ää
Í ÍÍ iNu uNg

w
gu

iNj

w
ji yy , ViÍ" , TwÍ" ,               (2.27) 

 

1
)( )(

,
)(

, ¢+ ä ää
Í ÍÍ iNu uNg

w
gu

iNj

w
ij yy , ViÍ" , TwÍ" ,               (2.28) 

 

ʜʝ wuvy ,  ï ʙʫʣʝʚʘ ʟʤʽʥʥʘ, ʷʢʘ ʜʦʨʽʚʥʶʻ 1, ʷʢʱʦ ʩʣʦʪ w ʘʢʪʠʚʥʠʡ ʫ ʢʘʥʘʣʽ  ),( vu ,  

ʽʥʘʢʰʝ ʜʦʨʽʚʥʶʻ 0 ; 

upGoS , 
downGoS  ï ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʩʭʽʜʥʠʭ ʪʘ ʥʠʟʭʽʜʥʠʭ 

ʧʦʪʦʢʽʚ ʚʽʜʧʦʚʽʜʥʦ, ʱʦ ʚʠʨʘʞʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʥʝʦʙʭʽʜʥʠʭ ʩʣʦʪʽʚ.  

ʄʦʜʝʣʴ (2.19) - (2.28) ʜʘʻ ʟʤʦʛʫ ʦʧʪʠʤʘʣʴʥʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʪʨʠʤʢʠ 
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ʧʝʨʝʜʘʯʽ ʨʦʟʧʦʜʽʣʠʪʠ ʩʣʦʪʠ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʩʭʽʜʥʠʭ ʽ ʥʠʟʭʽʜʥʠʭ ʧʦʪʦʢʽʚ ʟ 

ʜʦʪʨʠʤʘʥʥʷʤ ʧʨʠ ʮʴʦʤʫ ʚʠʤʦʛ ʜʦ QoS, ʜʦʧʫʩʢʘʶʯʠ ʧʦʚʪʦʨʥʝ ʧʨʠʟʥʘʯʝʥʥʷ 

ʩʣʦʪʽʚ ʽ ʟʘʧʦʙʽʛʘʶʯʠ ʢʦʣʽʟʽʾ, ʦʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʤʥʦʞʠʥʘ ʤʘʨʰʨʫʪʽʚ (ʤʘʨʰʨʫʪʥʝ 

ʜʝʨʝʚʦ) ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʟʘʜʘʥʦ .ʁ ʆʩʢʽʣʴʢʠ ʨʦʟʜʽʣʴʥʝ ʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʨʦʟʧʦʜʽʣʫ ʩʣʦʪʽʚ ʥʝ ʛʘʨʘʥʪʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʧʽʜʩʫʤʢʦʚʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ, ʤʦʜʝʣʴ (2.19) - (2.28) ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʧʦʚʥʦʶ ʤʽʨʦʶ 

ʧʝʨʝʨʘʭʦʚʘʥʠʤ ʫ ʧ. 2.1 ʚʠʤʦʛʘʤ. 

ʉʧʽʣʴʥʝ ʨʽʰʝʥʥʷ ʟʘʜʘʯ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʨʦʟʧʦʜʽʣʫ ʩʣʦʪʽʚ ʫ ʨʘʤʢʘʭ 

ʧʦʪʦʢʦʚʠʭ ʤʦʜʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʦʙʦʪʘʭ [96 - 97]. ʋ ʨʦʙʦʪʽ [96] ʟʘʜʘʯʘ 

ʢʨʦʩʨʽʚʥʝʚʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʘʻ ʬʦʨʤʫ ʮʽʣʦʯʠʩʣʦʚʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʱʦ 

ʩʧʨʷʤʦʚʘʥʦ ʥʘ ʤʽʥʽʤʽʟʘʮʽʶ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʩʣʦʪʽʚ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʝʢʦʥʦʤʽʶ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʚʠʤʢʥʝʥʥʷ 

ʥʝʘʢʪʠʚʥʠʭ ʩʪʘʥʮʽʡ. ʂʝʨʫʚʘʣʴʥʠʤʠ ʻ ʪʨʠ ʪʠʧʠ ʟʤʽʥʥʠʭ: 

- ʟʤʽʥʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ w-ʛʦ ʩʣʦʪʫ ʚ ʢʘʥʘʣ ̔ ),( ji  ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ k -ʛʦ 

ʧʦʪʦʢʫ w
kji

x
,,

, 

- ʟʤʽʥʥʘ ʩʪʘʥʫ i -ʡ MSS iy , ʷʢʘ ʚʢʘʟʫʻ ʥʘ ʾʾ ʘʢʪʠʚʥʩ̔ʪʴ; 0=iy , ʷʢʱʦ 

( )0
,,,,
=+ä ä ä

Í Í ÍTw Kk Vj

w
kij

w
kji

xx , ʪʘ 1=iy  ʽʥʘʢʰʝ; 

- ʟʤʽʥʥʘ ʩʪʘʥʫ w-ʛʦ ʩʣʦʪʫ wz ; 0=wz , ʷʢʱʦ 0
),(

,,
=ä ä

Í ÍKk Eji

w
kji

x  , ʪʘ 

1=wz  ʽʥʘʢʰʝ. 

ɿʘʜʘʯʘ ʢʨʦʩʨʚ̔ʥʝʚʦ ʾʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʨʘʬʢ̔ʫ ʬʦʨʤʘʣʽʟʫʻʪʴʩʷ ʷʢ [96] 
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con
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1
,,
=ä ä ä

Í Í ÍTw Vi Vj

w
kji

gateway

x ,  KkÍ" ,                        (2.34) 

 

ʜʝ g ï ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʚʘʞʣʠʚʽʩʪʴ ʢʨʠʪʝʨʽʾʚ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʢʦʥʦʤʽʾ ʩʣʦʪʽʚ, ]1,0[Íg ; 

con
jiM , , 

cfl
qpjiM ),)(,(  ï ʚʽʜʧʦʚʽʜʥʦ ʤʘʪʨʠʮʽ ʪʦʧʦʣʦʛʽʯʥʦʛʦ ʛʨʘʬʫ ʤʝʨʝʞʽ ʪʘ ʛʨʘʬʫ 

ʢʦʥʬʣʽʢʪʽʚ; 

gatewayV  ï ʤʥʦʞʠʥʘ ʩʪʘʥʮʽʡ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʰʣʶʟʽʚ 

ʫ ʟʦʚʥʽʰʥʽ ʤʝʨʝʞʽ. 

ʄʦʜʝʣʴ (2.29) - (2.34) ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʨʘʭʫʥʦʢ ʤʘʨʰʨʫʪʽʚ ʽ ʨʦʟʧʦʜʽʣ ʩʣʦʪʽʚ 

ʜʣʷ ʜʦʩʪʘʚʢʠ ʪʨʘʬʽʢʫ ʚʽʜ ʘʙʦʥʝʥʪʩʴʢʠʭ ʩʪʘʥʮʽʡ ʜʦ ʩʪʘʥʮʽʡ-ʰʣʶʟʽʚ ʫ ʟʦʚʥʽʰʥʽ 

ʤʝʨʝʞʽ, ʧʨʠ ʮʴʦʤʫ ʾʾ ʧʝʨʝʚʘʛʘʤʠ ʻ ʧʦʪʦʢʦʚʠʡ ʭʘʨʘʢʪʝʨ ʽ ʨʝʘʣʽʟʘʮʽʷ 

ʢʨʦʩʨʽʚʥʝʚʦʛʦ ʧʽʜʭʦʜʫ. ʆʜʥʘʢ ʫʤʦʚʠ (2.31) ʽ (2.33) ʚʢʘʟʫʶʪʴ ʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʠʟʥʘʯʝʥʥʷ ʢʦʞʥʦʤʫ ʧʦʪʦʢʫ ʪʽʣʴʢʠ ʦʜʥʦʛʦ ʩʣʦʪʫ, ʱʦ ʽʩʪʦʪʥʦ ʦʙʤʝʞʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ ʧʦʪʦʢʦʚʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ mesh-ʤʝʨʝʞ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ ʢʨʠʪʝʨʽʷʤʠ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ, ʢʽʣʴʢʽʩʪʶ ʚʨʘʭʦʚʘʥʠʭ ʦʙʤʝʞʝʥʴ ʽ ʬʦʨʤʦʶ ʾʭʥɹ ʦʛʦ ʟʘʧʠʩʫ. 

ʆʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʚʩʽ ʚʦʥʠ ʥʝ ʙʝʨʫʪʴ ʜʦ ʫʚʘʛʠ ʜʠʥʘʤʽʯʥʠʡ ʭʘʨʘʢʪʝʨ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ, ʘ ʬʦʨʤʦʚʘʥʝ ʥʘ ʾʭʥʽʡ ʦʩʥʦʚʽ ʫʧʨʘʚʣʽʥʥʷ ʥʝ ʤʘʻ 
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ʜʠʥʘʤʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʟʘʩʣʫʛʦʚʫʶʪʴ ʥʘ ʫʚʘʛʫ ʤʘʪʝʤʘʪʠʯʥʽ 

ʤʦʜʝʣʽ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ, ʩʧʨʦʙʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʧʦʜʘʥʦ ʚ 

ʨʦʙʦʪʘʭ [54, 99]. ʅʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [54] ʟʘ ʦʩʥʦʚʫ ʚʟʷʪʦ ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ 

ʯʝʨʛ -̔ʡ MSS ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ: 

 

[ ] ),(),(),(),(),( ,1 jiXjirnjiYjiQjiQ kkjikkk +-+= +
+ ,             (2.35) 

 

ʜʝ { }aa ,0max][ =+ ,  

),( jiQk  ï ʦʙʩʷʛ ʪʨʘʬʽʢʫ, ʷʢʠʡ ʥʘ ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ k -ʛʦ ʬʨʝʡʤʫ ʦʯʽʢʫʻ ʚ ʯʝʨʟʽ i -

ʡ ʩʪʘʥʮʽʾ ʪʘ ʧʨʠʟʥʘʯʝʥʠʡ ʜʦ ʧʝʨʝʜʘʚʘʥʥʷ j -ʡ ʩʪʘʥʮʽʾ;  

),( jiXk , ),( jiYk  ï ʦʙʩʷʛʠ ʪʨʘʬʽʢʫ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʥʘ i -ʫ ʩʪʘʥʮʽʶ ʚʽʜ 

ʧʨʠʢʽʥʮʝʚʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʚʽʜ ʽʥʰʠʭ ʩʪʘʥʮʽʡ ʚʽʜʧʦʚʽʜʥʦ ʪʘ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʧʝʨʝʜʘʚʘʥʥʷ ʥʘ j -ʫ ʩʪʘʥʮʽʶ; 

jin ,  ï ʢʽʣʴʢʽʩʪʴ ʩʣʦʪʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʫ ʢʘʥʘʣʽ ),( ji ; 

),( jirk  ïh ʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ ʫ ʢʘʥʘʣʽ ),( ji ʫʧʨʦʜʦʚʞ k -ʛʦ ʬʨʝʡʤʫ. 

ʇʨʠ ʮʴʦʤʫ ʨʽʚʥʷʥʥʷ (2.35) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʠʰʝ ʷʢ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʣʷ 

ʤʘʨʰʨʫʪʥʦʾ ʤʝʪʨʠʢʠ ʚ ʨʘʤʢʘʭ ʘʣʛʦʨʠʪʤʽʚ ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ, ʽ ʡʦʛʦ 

ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʥʽ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, 

ʥ̔  ʧʨʠ ʨʦʟʧʦʜʽʣʽ ʩʣʦʪʽʚ. 

ʋ ʨʦʙʦʪʽ [99] ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʯʝʨʛ -̔ʡ MSS ʟʘʧʠʩʫʻʪʴʩʷ ʜʣʷ ʩʪʘʥʮʽʾ ʚ 

ʮʽʣʦʤʫ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʚʠʛʣʷʜ (2.35). ʆʜʥʘʢ ʫ ʤʝʞʘʭ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ 

ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʨʦʟʧʦʜʽʣʫ ʩʣʦʪʽʚ ʨʽʚʥʷʥʥʷ ʚʠʜʦʟʤʽʥʶʻʪʴʩʷ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʟʤʽʥ ʯʝʨʟʽ -̔ʡ ʩʪʘʥʮʽʾ ʟ ʢʦʞʥʠʤ ʧʝʨʝʜʘʥʠʤ ʩʣʦʪʦʤ: 
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ʜʝ { }siii Trmqm ),(min)( =G ; 

sT  ï ʪʨʠʚʘʣʽʩʪʴ ʦʜʥʦʛʦ ʩʣʦʪʫ;  

ir  ï ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ i -ʡ MSS; 

)0(iq , )(mqi  ï ʨʦʟʤʽʨʠ ʯʝʨʛʠ i -ʡ ʩʪʘʥʮʽʾ ʥʘ ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ ʬʨʝʡʤʫ ʪʘ m-ʛʦ 

ʩʣʦʪʫ ʚʽʜʧʦʚʽʜʥʦ.  

ʊʘʢʝ ʚʽʜʩʪʝʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʯʝʨʛ ʟ ʽʥʪʝʨʚʘʣʦʤ ʚ ʦʜʠʥ ʩʣʦʪ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʘʜʤʽʨʥʦʛʦ ʫʩʢʣʘʜʥʝʥʥʷ ʤʦʜʝʣ,̔  ʻ ʥʝʨʘʮʽʦʥʘʣʴʥʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʨʘʢʪʠʯʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ. ʆʜʥʘʢ ʟ ʦʛʣʷʜʫ ʥʘ ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ mesh-ʤʝʨʝʞ ʫ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ ʽ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʪʨʘʻʢʪʦʨʽʶ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʤʦʜʝʣʽ ʩʘʤʝ ʮʴʦʛʦ ʢʣʘʩʫ ʜʦʮʽʣʴʥʦ 

ʚʠʙʨʘʪʠ ʟʘ ʦʩʥʦʚʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʢʨʦʩʨʽʚʥʝʚʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ 

WiMAX mesh-ʤʝʨʝʞʽ. 

 

2.3. ɹʘʟʦʚʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ WiMAX mesh-ʤʝʨʝʞʽ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ 

 

ɼʣʷ ʦʧʠʩʫ ʩʪʨʫʢʪʫʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʨʝʞʽ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʦʨʽʻʥʪʦʚʘʥʠʡ ʟʚʘʞʝʥʠʡ ʛʨʘʬ),( EVG , ʤʥʦʞʠʥʘ ʚʝʨʰʠʥ ʷʢʦʛʦ V  ʤʦʜʝʣʶʻ 

ʤʥʦʞʠʥʫ ʚʩʽʭ ʩʪʘʥʮʽʡ (ʚʫʟʣʽʚ) mesh-ʤʝʨʝʞʽ, ʟʦʢʨʝʤʘ MSS ʽ MBS, ʘ ʤʥʦʞʠʥʘ ʜʫʛ 

E ʚʽʜʦʙʨʘʞʘʻ ʩʫʢʫʧʥʽʩʪʴ ʢʘʥʘʣʽʚ ʤʽʞ ʥʠʤʠ, ʜʝ ʥʘʷʚʥʽʩʪʴ ʢʘʥʘʣʫ),( ji   ʦʟʥʘʯʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʷʤʦʾ ʧʝʨʝʜʘʯʽ ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʦʛʦ ʧʦʪʦʢʫ ʚʽʜ -̔ ʛʦ ʚʫʟʣʘ ʜʦ j -

ʤʫ. ɿʘʚʘʜʦ-ʩʠʛʥʘʣʴʥʘ ʦʙʩʪʘʥʦʚʢʘ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʤʝʨʝʞʽ ʚʠʟʥʘʯʘʻ ʜʣʷ 

ʢʦʞʥʦʛʦ ʢʘʥʘʣʫ),( ji   ʩʚʽʡ ʪʠʧ ʤʦʜʫʣʷʮʽʾ ʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʢʽʣʴʢʽʩʪʴ ʙʽʪ)(, kmr
ji ,, 

ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʚ r -ʤ ʩʣʦʪʽ ʚ ʤʦʤʝʥʪ ʯʘʩʫ. ɹʝʨʫʯʠ ʧʨʦʪʦʢʦʣʴʥʫ ʤʦʜʝʣʴ 

ʚʨʘʭʫʚʘʥʥʷ ʽʥʪʝʨʬʝʨʝʥʮʽʾ, ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʚʝʣʠʯʠʥʘ ʦʜʥʘʢʦʚʘ ʜʣʷ ʚʩʽʭ 

ʩʣʦʪʽʚ ʧʨʦʪʷʛʦʤ k -ʛʦ ʽʥʪʝʨʚʘʣʫ ʫʧʨʘʚʣʽʥʥʷ )()( ,, kmkm ji
r

ji = , FNr ,1= . 

ɿ ʤʝʪʦʶ ʬʦʨʤʘʣʽʟʘʮʽʾ ʟʘʚʜʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʷʢ ʢʝʨʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ 

ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ, ʚ ʷʢʦʩʪʽ ʷʢʠʭ ʚʠʩʪʫʧʘʶʪʴ ʯʘʩʦʚʽ ʩʣʦʪʠ, 

ʚʚʝʜʝʤʦ ʟʤʽʥʥʫ 
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î
í

î
ì

ë

=

ʽʥʘʢʰʝ, ,0

ʚʫʟʣʫʤʫ -̔ʤʫ ʘʜʨʝʩʦʚʘʥʦ ʧʦʪʦʢʫ, ʧʝʨʝʜʘʯʽ ʜʣʷ

j)(i, ʢʘʥʘʣʽ ʚ ʫʻʪʴʩʷʚʠʢʦʨʠʩʪʦʚ ʩʣʦʪ ʡ-r ,1
,

,

ʷʢʱʦ
lr

jit            (2.37) 

vNlji ,1,, = , lji ,¸ , FNr ,1= , 

 

ʜʝ vN  ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ mesh-ʤʝʨʝʞʽ. 

ʊʦʜʽ ʜʠʥʘʤʽʢʫ ʯʝʨʛ i -ʛʦ ʚʫʟʣʘ mesh-ʤʝʨʝʞʽ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʪʘʢ [100]: 
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                       (2.38) 

 

ʜʝ k=0, 1, 2...; kk ttt -=D +1  ï ʽʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʽʾ (ʧʝʨʽʦʜ ʧʝʨʝʨʘʭʫʥʢʫ 

ʢʝʨʫʚʘʣʴʥʠʭ ʟʤʽʥʥʠʭ )(
,
, k

jr
vit ); 

)(, kq ji  
ï ʦʙʩʷʛ ʜʘʥʠʭ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ i -ʤ ʚʫʟʣʽ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʧʝʨʝʜʘʚʘʥʥʷ j -ʤʫ ʚʫʟʣʫ ʚ ʤʦʤʝʥʪ ʯʘʩʫ kt , ʪʨʘʢʪʦʚʘʥʠʡ ʥʘʜʘʣʽ ʷʢ ʟʤʽʥʥʘ ʩʪʘʥʫ;  

1
iS  ï ʤʥʦʞʠʥʘ ʚʫʟʣʽʚ mesh-ʤʝʨʝʞʽ, ʩʫʤʽʞʥʠʭ ʟ i -ʤ ʚʫʟʣʦʤ;  

)(, kjix  
ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʜʘʥʠʭ ʥʘ i -ʡ ʚʫʟʦʣ ʫ ʤʦʤʝʥʪ ʯʘʩʫ kt , 

ʘʜʨʝʩʦʚʘʥʠʭ j -ʤʫ ʚʫʟʣʫ;  

n ï ʢʽʣʴʢʽʩʪʴ ʬʨʝʡʤʽʚ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʚʧʨʦʜʦʚʞ ʯʘʩʫtD, FTtn D= ;  

FT  ï ʪʨʠʚʘʣʽʩʪʴ ʦʜʥʦʛʦ ʬʨʝʡʤʫ. 

ʊʘʢʠʡ ʚʠʙʽʨ ʟʤʽʥʥʠʭ ʩʪʘʥʫ ʽ ʫʧʨʘʚʣʽʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʧʦʪʦʢʦʚʠʡ ʭʘʨʘʢʪʝʨ 

ʤʦʜʝʣʽ, ʽ ʜʘʻ ʟʤʦʛʫ ʢʦʥʪʨʦʣʶʚʘʪʠ ʙʫʬʝʨʥʽ ʡ ʢʘʥʘʣʴʥʽ ʨʝʩʫʨʩʠ ʤʝʨʝʞʽ. ɺʠʭʦʜʷʯʠ 
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ʟ ʬʽʟʠʯʥʦʛʦ ʟʤʽʩʪʫ ʚʚʝʜʝʥʠʭ ʟʤʽʥʥʠʭ, ʥʘ ʥʠʭ ʥʘʢʣʘʜʘʶʪʴʩʷ ʪʘʢʽ ʦʙʤʝʞʝʥʥʷ: 

 

0)(, ²kq ji ,  vNji ,1, = ,                                     (2.39) 

 

    
max
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,   vNji ,1, = ,                                (2.40) 
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ij
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il
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lr
ji k ,  FNr ,1= ,                                (2.41) 

 

ʜʝ 
max
iq  ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʯʝʨʛʠ, ʜʦʧʫʩʪʠʤʠʡ ʥʘ i -ʡ ʩʪʘʥʮʽʾ. 

ʋʤʦʚʘ (2.41) ʚʽʜʧʦʚʽʜʘʻ ʩʠʪʫʘʮʽʾ )(GD=b  ʚ (2.9) ʪʘ ʬʽʟʠʯʥʦ ʛʘʨʘʥʪʫʻ, ʱʦ 

r -ʡ ʯʘʩʦʚʠʡ ʩʣʦʪ ʥʘ k -ʤ ʽʥʪʝʨʚʘʣʽ ʜʠʩʢʨʝʪʠʟʘʮʽʾ (ʢʝʨʫʚʘʥʥʷ) 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʪʴʩʷ ʚ ʩʠʩʪʝʤʽ ʪʽʣʴʢʠ ʦʜʥʦʨʘʟʦʚʦ. ʆʜʥʘʢ ʟ ʤʝʪʦʶ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʨʝʞʽ ʪʨʝʙʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʦʪʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 2)( ²b>GD  . ʇʨʠ ʮʴʦʤʫ 

ʜʦʮʽʣʴʥʦ ʚʠʙʠʨʘʪʠ ʥʠʞʥʻ ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ, ʪʦʙʪʦ 2=b .  

ʊʦʜʽ ʫ ʚʠʨʘʟʽ (2.41) ʩʫʤʫ ʧʦ ʚʩʽʭ ʢʘʥʘʣʘʭ ʤʝʨʝʞʽ Eji Í),(  ʩʣʽʜ ʟʘʤʽʥʠʪʠ ʥʘ 

ʩʫʤʫ ʧʦ ʢʘʥʘʣʘʭ ʫ ʤʝʞʘʭ ʤʥʦʞʠʥʠ 2
iS , ʱʦ ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚ ̔(2.9) ʧʨʠ 2=b . 

ʊʦʜʽ ʫʤʦʚʘ (2.41) ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʫ ʟ Fv NN ³  ʫʤʦʚ:  
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vNi ,1= , FNr ,1= , 
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ʜʝ 
1
iS   ï ʤʥʦʞʠʥʘ ʩʪʘʥʮʽʡ, ʩʫʤʽʞʥʠʭ ʟ i -ʡ MSS;  

2
iS  ï ʤʥʦʞʠʥʘ ʩʪʘʥʮʽʡ, ʷʢʽ ʥʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚ ̔(2.9) ʫ ʨʘʟʽ 2=b , ʪʦʙʪʦ 

{ }2),(:2 ¢ØÍ= ivdistVvvSi .  

ʈʽʚʥʷʥʥʷ ʩʪʘʥʫ (2.42) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʝʢʪʦʨʥʦ-ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ  

 

)()()()()1( knkkMkqkq x+t+=+
CCCC

,                                 (2.43) 

 

ʜʝ [ ]TNNji kqkqkqkq
vv

)(),...,(),...,()( 1,,2,1 -=
C

 ï ʚʝʢʪʦʨ ʩʪʘʥʫ mesh-ʤʝʨʝʞʽ k -ʤ 

ʽʥʪʝʨʚʘʣʽ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʨʦʟʤʽʨʫ 1)1( ³-vv NN , ʷʢʠʡ ʧʦʢʘʟʫʻ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ 

ʯʝʨʛ ʥʘ ʾʾ ʚʫʟʣʘʭ;  

)(kt
C

 ï ʢʝʨʫʚʘʣʴʥʠʡ ʚʝʢʪʦʨ ʨʦʟʤʽʨʫ 1)1( ³-veF NNN , ʝʣʝʤʝʥʪʘʤʠ ʷʢʦʛʦ ʻ 

ʟʤʽʥʥʽ lr
ji

,
,t ;  

eN  ï ʢʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ ʫ ʤʝʨʝʞʽ, || ENe= ;  

)(kM  ï ʤʘʪʨʠʮʷ ʨʦʟʤʽʨʫ )1()1( -³- veFvv NNNNN , ʝʣʝʤʝʥʪʘʤʠ ʷʢʦʾ ʻ 

ʚʝʣʠʯʠʥʠ )(, km ji  ʥʘk -ʤ ʽʥʪʝʨʚʘʣʽ, ʚʟʷʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʘʢʫ (+ ʘʙʦ -) ʫ ʚʠʨʘʟʽ 

(2.42), ʪʘ ʧʨʠʥʮʠʧ ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʾ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʧʦʨʷʜʢʦʤ ʝʣʝʤʝʥʪʽʚ ʫ )(kt
C

;  

[ ]TNNji kkktk
vv

)(),...,(),...,()( 1,,2,1 -xxxD=x
C

 ï ʚʝʢʪʦʨ ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʤʽʨʫ 1)1( ³-vv NN , ʷʢʠʡ ʚʠʨʘʞʘʻ ʦʙʩʷʛ ʜʘʥʠʭ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʫ 

ʤʝʨʝʞʫ ʥʘ k -ʤ ʽʥʪʝʨʚʘʣʽ.  

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʨʦʟʧʦʜʽʣʫ ʯʘʩʦʚʠʭ ʩʣʦʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʘʚʢʫ 

ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʠʭ ʧʦʪʦʢʽʚ ʢʽʥʮʝʚʠʤ ʘʜʨʝʩʘʪʘʤ (ʤʘʨʰʨʫʪʠʟʘʮʽʶ), ʚ ʨʘʤʢʘʭ 

ʥʘʚʝʜʝʥʦʾ ʤʦʜʝʣʽ ʚʚʝʜʝʤʦ ʷʢ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ʚʘʨʪʽʩʥʠʡ ʬʫʥʢʮʽʦʥʘʣ [100] 
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ʜʝ a ï ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ, ʜʣʷ ʷʢʠʭ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʢʝʨʫʚʘʣʴʥʽ ʟʤʽʥʥʽ;  

qW , tW  ï ʜʽʘʛʦʥʘʣʴʥʽ ʥʝʚʽʜôʻʤʥʽ ʚʠʟʥʘʯʝʥʽ ʚʘʛʦʚʽ ʤʘʪʨʠʮʽ.  

ʋ ʚʠʨʘʟʽ (2.44) ʧʝʨʰʠʡ ʜʦʜʘʥʦʢ ʥʘʮʽʣʶʻ ʥʘ ʤʽʥʽʤʽʟʘʮʽʶ ʯʝʨʛ ʥʘ ʚʫʟʣʘʭ 

mesh-ʤʝʨʝʞʽ ʰʣʷʭʦʤ ʜʦʚʝʜʝʥʥʷ ʪʨʘʬʽʢʫ ʢʽʥʮʝʚʠʤ ʘʜʨʝʩʘʪʘʤ, ʘ ʜʨʫʛʠʡ ʜʦʜʘʥʦʢ 

ʚʠʤʘʛʘʻʤʦ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʨʠ ʮʴʦʤʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ 

(ʩʫʤʘʨʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʜʽʷʥʠʭ ʩʣʦʪʽʚ). ɿ ʦʛʣʷʜʫ ʥʘ ʩʧʝʮʠʬʽʢʫ ʦʨʛʘʥʽʟʘʮʽʾ 

ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʷ mesh-ʤʝʨʝʞʽ ʩʪʘʥʜʘʨʪʫ 802.16, ʷʢʘ ʜʦʧʫʩʢʘʻ ʧʦʚʪʦʨʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʦʪʽʚ, ʚʠʨʘʟ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʪʘʢ: 
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,    (2.45) 

 

ʜʝ reuseW  ï ʜʽʘʛʦʥʘʣʴʥʘ ʥʝʚʽʜôʻʤʥʘ ʚʠʟʥʘʯʝʥʘ ʚʘʛʦʚʘ ʤʘʪʨʠʮʷ, ʷʢʘ ʚʽʜʪʚʦʨʶʻ 

ʚʠʛʨʘʰ ʟʘ ʨʘʭʫʥʦʢ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʦʪʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʫ 

ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ WiMax mesh-ʤʝʨʝʞʽ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ 

ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ, ʧʦʚ'ʷʟʘʥʦʾ ʟ ʤʽʥʽʤʽʟʘʮʽʻʶ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʘʨʪʽʩʥʦʛʦ 

ʮʽʣʴʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ (2.44) ʘʙʦ (2.45) ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʜʠʥʘʤʽʯʥʠʭ ʦʙʤʝʞʝʥʴ 

(2.43), ʘ ʪʘʢʦʞ ʦʙʤʝʞʝʥʴ ʥʘ ʟʤʽʥʥʽ ʩʪʘʥʫ ʡ ʫʧʨʘʚʣʽʥʥʷ (2.37), (2.39), (2.40) ʽ 

(2.41) ʘʙʦ (2.42). ʇʨʠ ʮʴʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʻ ʜʠʥʘʤʽʯʥʦʶ, ʤʘʻ 

ʧʦʪʦʢʦʚʠʡ ʭʘʨʘʢʪʝʨ, ʧʝʨʝʜʙʘʯʘʻ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʦʪʽʚ, ʚʨʘʭʦʚʫʻ ʷʚʠʱʝ 

ʽʥʪʝʨʬʝʨʝʥʮʽʾ, ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʙʘʟʦʚʘ ʤʦʜʝʣʴ WiMax mesh-ʤʝʨʝʞʽ. 
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2.4. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ WiMAX mesh-ʤʝʨʝʞʽ ʟ ʛʘʨʘʥʪʦʚʘʥʦʶ ʷʢʽʩʪʶ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

 

ɿ ʤʝʪʦʶ ʨʦʟʰʠʨʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ (2.37) - (2.45) ʜʣʷ ʤʝʨʝʞ ʟ 

ʛʘʨʘʥʪʦʚʘʥʦʶ ʷʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʤʦʞʣʠʚʦʩʪʽ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʢʦʞʥʠʤ QoS-ʢʣʘʩʦʤ ʦʢʨʝʤʦ ʚʚʝʜʝʤʦ ʟʤʽʥʥʽ ʚʠʜʫ )(, kqz
ji  ʪʘ )(,,

, kzlr
jit  

ʜʝ ʜʦʜʘʪʢʦʚʠʡ ʽʥʜʝʢʩ z   ʚʢʘʟʫʻ ʥʘ ʢʣʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɿʤʽʥʥʠʤʠ ʢʝʨʫʚʘʥʥʷ ʻ 

ʟʤʽʥʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʦʪʽʚ: 

 

î
î

í

î
î

ì

ë

=

ʽʥʘʢʰʝ, ,0

ʘʥʥʷ;ʦʙʩʣʫʛʦʚʫʚʢʣʘʩʫ  ʛʦ-zʨʘʤʢʘʭ ʫ 

ʚʫʟʣʫʤʫ -lʦʤʫ ʘʜʨʝʩʦʚʘʥʥ ʧʦʪʦʢʫ,  ʧʝʨʝʜʘʯʽ ʜʣʷ 

j)(i, ʢʘʥʘʣʽ ʚ ʫʻʪʴʩʷʚʠʢʦʨʠʩʪʦʚ ʩʣʦʪ ʡ,1

)(,,

,

ʷʢʱʦ

kzlr

jit            (2.46) 

vNlji ,1,, = , lji ,¸ , FNr ,1= , QoSNz ,1= , 

 

ʜʝ QoSN  ï ʢʽʣʴʢʽʩʪʴ QoS-ʢʣʘʩʽʚ, ʧʽʜʪʨʠʤʫʚʘʥʠʭ ʤʝʨʝʞʝʶ.  

ʋ ʟʚʷʟʢʫ ʟ ʥʘʷʚʥʽʩʪʶ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʟʤʽʥʥʽ (2.46) ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ 

ʦʜʥʽʡ ʽʟ ʟʘʟʥʘʯʝʥʠʭ ʫʤʦʚ (2.41) ʘʙʦ (2.42)  ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʡʥʷʪʦʾ ʧʦʣʽʪʠʢʠ 

ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʦʪʽʚ. 

ɿʤʽʥʥʽ ʩʪʘʥʫ )(, kqz
ji , ʚʽʜʦʙʨʘʞʘʶʪʴ ʦʙʩʷʛ ʜʘʥʠʭ z-ʛʦ ʢʣʘʩʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ i-ʡ ʩʪʘʥʮʽʾ ʽ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʝʨʝʜʘʯʽ j -ʡ 

ʩʪʘʥʮʽʾ ʚ ʤʦʤʝʥʪ ʯʘʩʫkt . ʆʩʢʽʣʴʢʠ ʙʫʬʝʨʥʘ ʻʤʥʽʩʪʴ ʚʫʟʣʘ ʦʙʤʝʞʝʥʘ, ʥʘ ʟʤʽʥʥʽ 

ʩʪʘʥʫ ʥʘʢʣʘʜʘʻʪʴʩʷ ʨʷʜ ʦʙʤʝʞʝʥʴ. ʋ ʨʘʟʽ, ʷʢʱʦ ʧʘʢʝʪʠ ʧʦʪʦʢʽʚ ʨʽʟʥʠʭ QoS-

ʢʣʘʩʽʚ ʙʫʜʫʪʴ ʦʙʩʣʫʛʦʚʫʚʘʪʠʩʷ ʚ ʨʽʟʥʠʭ ʯʝʨʛʘʭ, ʷʢ ʮʝ ʨʝʘʣʽʟʦʚʘʥʦ, ʥʘʧʨʠʢʣʘʜ, ʫ 

ʤʝʭʘʥʽʟʤʽ CBWFQ, ʤʘʻʤʦ: 
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 ʫ ʨʘʟʽ ʟʘʛʘʣʴʥʦʾ ʯʝʨʛʠ ʦʙʤʝʞʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜʫ: 
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,                                  (2.48) 

 

ʜʝ max z
iq  ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʯʝʨʛʠ z-ʛʦ ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ i -ʡ ʩʪʘʥʮʽʾ. 

ʊʦʜʽ ʜʠʥʘʤʽʢʫ ʯʝʨʛ z-ʛʦ ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ i -ʡ ʩʪʘʥʮʽʾ mesh-

ʤʝʨʝʞʽ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʪʘʢ: 
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ʜʝ )(, kz
jix  

 - ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʜʘʥʠʭ ʥʘ -̔ʫ ʩʪʘʥʮʽʶ ʚ ʤʦʤʝʥʪ 

ʯʘʩʫ kt   ʫ ʤʝʞʘʭ z-ʛʦ ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘʜʨʝʩʦʚʘʥʠʭ j-ʡ ʩʪʘʥʮʽʾ. 

ʈʽʚʥʷʥʥʷ ʩʪʘʥʫ (2.49) ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʫ ʚʝʢʪʦʨʥʦ-ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ, 

ʘʥʘʣʦʛʽʯʥʽʡ (2.43), ʟ ʪʽʻʶ ʚʽʜʤʽʥʥʽʩʪʶ, ʱʦ ʚʝʢʪʦʨʠ ʩʪʘʥʫ )(kq
C
, ʢʝʨʫʚʘʥʥʷ)(kt

C
 ʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ )(kx
C
, ʷʢʝ ʥʘʜʭʦʜʠʪʴ, ʦʙ'ʻʜʥʫʶʪʴ ʫ ʩʦʙʽ ʚʽʜʧʦʚʽʜʥʽ ʟʤʽʥʥʽ ʟʘ ʚʩʽʤʘ 

ʧʽʜʪʨʠʤʫʚʘʥʠʤ ʤʝʨʝʞʝʶ QoS-ʢʣʘʩʘʤʠ, ʘ ʟʥʘʯʠʪʴ ʾʭʥʷ ʨʦʟʤʽʨʥʽʩʪʴ ʟʨʦʩʪʘʻ 

QoSN ʫ ʨʘʟʽʚ. 

ɿ ʤʝʪʦʶ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʚʘʥʦʾ ʤʽʞʢʽʥʮʝʚʦʾ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʤʝʨʝʞʝʚʦʤʫ ʨʽʚʥʽ ʥʘ ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ 

ʨʝʢʦʤʝʥʜʘʮʽʻʶ ITU-T Y.1541 ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʨʠ ʧʘʨʘʤʝʪʨʘ: ʩʝʨʝʜʥʷ ʟʘʪʨʠʤʢʘ, 

ʜʞʠʪʝʨ ʪʘ ʡʤʦʚʽʨʥʽʩʪʴ ʚʪʨʘʪ ʧʘʢʝʪʽʚ. ʗʢ ʧʨʘʚʠʣʦ, ʫ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ 

ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ ʦʙʫʤʦʚʣʝʥʽ ʦʜʥʽʻʶ ʟ ʜʚʦʭ ʧʨʠʯʠʥ: ʥʠʟʴʢʠʤ ʟʥʘʯʝʥʥʷʤ ʽ / ʘʙʦ 

ʧʝʨʝʧʦʚʥʝʥʥʷʤ ʙʫʬʝʨʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʚʫʟʣʘʭ ʤʝʨʝʞʽ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ 

ʧʦʛʽʨʰʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʪʠʧʫ ʤʦʜʫʣʷʮʽʾ ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʢʦʜʫʚʘʥʥʷ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʟʥʠʞʫʻ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʫ 
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ʢʘʥʘʣʽ ʪʘ ʦʥʦʚʣʝʥʥʶ ʚʝʣʠʯʠʥʠ )(, km ji . ɿʘʧʦʙʽʛʪʠ ʧʝʨʝʧʦʚʥʝʥʥʶ ʙʫʬʝʨʫ ʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʤʦʞʥʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚ (2.47) ʽ (2.48). ɹʝʨʫʯʠ 

ʜʦ ʫʚʘʛʠ, ʱʦ, ʷʢ ʧʨʘʚʠʣʦ, ʚʝʣʠʯʠʥʘ ʜʞʠʪʝʨʘ ʟʤʝʥʰʫʻʪʴʩʷ ʨʘʟʦʤ ʽʟ ʟʤʝʥʰʝʥʥʷʤ 

ʟʘʪʨʠʤʢʠ, ʩʫʢʫʧʥʽʩʪʴ QoS - ʚʠʤʦʛ ʫ ʤʝʞʘʭ WiMax mesh-ʤʝʨʝʞʽ ʤʦʞʝ ʙʫʪʠ 

ʟʚʝʜʝʥʘ ʜʦ ʜʚʦʭ ʫʤʦʚ: 

 

 

îí

î
ì

ë

¢

²

S

S

,

,

z
req

z

z
req

z

DD

BB
                                               (2.50) 

 

ʜʝ 
zBS, 

zDS ï ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ ʪʘ ʟʘʪʨʠʤʢʘ ʜʦʩʪʘʚʢʠ çʟ ʢʽʥʮʷ ʚ ʢʽʥʝʮʴè ʫ 

ʤʝʞʘʭ z-ʛʦ ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʷʢʽ ʜʦʩʷʛʘʶʪʴʩʷ ʚ ʜʘʥʠʭ ʫʤʦʚʘʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ ʜʣʷ ʟʘʜʘʥʦʾ ʧʘʨʠ ʘʜʨʝʩʘʪʽʚ;  

z
reqB , 

z
reqD  ï ʚʽʜʧʦʚʽʜʥʦ ʥʝʦʙʭʽʜʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ ʪʘ ʜʦʧʫʩʪʠʤʘ 

ʟʘʪʨʠʤʢʘ ʜʦʩʪʘʚʢʠ çʟ ʢʽʥʮʷ ʚ ʢʽʥʝʮʴè ʫ ʤʝʞʘʭ z-ʛʦ ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʋʤʦʚʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʚ (2.50)   ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʚʝʜʝʥʠʭ ʧʦʟʥʘʯʝʥʴ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʪʘʢ: 
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ʜʝ 
z
reqB  ʤʦʞʝ ʦʟʥʘʯʘʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʘʙʦ ʤʽʥʽʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʟʘʣʝʞʥʦ ʚʽʜ 

ʟʘʧʠʪʫʚʘʥʦʛʦ ʢʣʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ;  
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z
req B max ʠ 

z
req 

B
min

 ï ʤʘʢʩʠʤʘʣʴʥʝ  ʽ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ, 

ʛʘʨʘʥʪʦʚʘʥʝ ʤʝʨʝʞʝʶ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʣʘʩʫ nrtPS. 

ʈʦʟʨʘʭʦʚʫʶʯʠ ʚʝʣʠʯʠʥʫ 
zDS, ʩʣʽʜ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʨʽʟʥʽ ʪʠʧʽ ʟʘʪʨʠʤʦʢ, ʷʢʽ 

ʥʘʷʚʥʽ ʚ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʤʝʨʝʞʘʭ [101]. ʉʫʤʘʨʥʘ ʟʘʪʨʠʤʢʘ ʧʝʨʝʜʘʚʘʥʥʷ ʧʘʢʝʪʘ 

zDS ʫ ʙʝʟʧʨʦʚʦʜʦʚʽʡ mesh-ʤʝʨʝʞʽ ʥʘ ʦʩʥʦʚʽ ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʽʩʪʠʪʴ ʯʦʪʠʨʠ 

ʢʦʤʧʦʥʝʥʪʠ [101]. ʇʝʨʰʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʻ ʯʘʩ ʤʽʞ ʛʝʥʝʨʘʮʽʻʶ ʧʘʢʝʪʽʚ (ʤʦʤʝʥʪ, 

ʢʦʣʠ ʧʘʢʝʪ ʥʘʜʭʦʜʠʪʴ) ʪʘ ʟʘʚʝʨʰʝʥʥʷʤ ʧʦʪʦʯʥʦʛʦ ʬʨʝʡʤʫ, ʱʦ ʜʦʨʽʚʥʶʻ FT
2

1
. 

ʈʝʟʫʣʴʪʘʪ ʟʘʩʥʦʚʘʥʦ ʥʘ ʧʨʠʧʫʱʝʥʥʽ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʦʤʝʥʪʽʚ ʛʝʥʝʨʘʮʽʾ 

ʧʘʢʝʪʽʚ ʪʘ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʨʦʮʝʩʽʚ ʥʘʜʭʦʜʞʝʥʥʷ ʥʦʚʠʭ ʧʘʢʝʪʽʚ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʚʫʟʣʘʭ [101].  

ɼʨʫʛʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʫʤʘʨʥʦʾ ʟʘʪʨʠʤʢʠ ʧʝʨʝʜʘʚʘʥʥʷ ʻ ʧʦʯʘʪʢʦʚʘ 

ʟʘʪʨʠʤʢʘ ʚ ʯʝʨʟʽ 
z
qD , ʦʙʫʤʦʚʣʝʥʘ ʨʽʟʥʠʮʝʶ ʤʽʞ ʰʚʠʜʢʦʩʪʷʤʠ ʥʘʜʭʦʜʞʝʥʥʷ 

ʧʘʢʝʪʽʚ ʥʘ ʚʫʟʦʣ ʪʘ ʰʚʠʜʢʦʩʪʷʤʠ ʾʭʥʴʦʛʦ ʧʝʨʝʜʘʚʘʥʥʷ ʯʝʨʝʟ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ 

(ʪʘʢ ʟʚʘʥʘ ʧʝʨʚʠʥʥʘ ʟʘʪʨʠʤʢʘ). ɺʝʣʠʯʠʥʫ 
z
qD  ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ, ʟʘʩʪʦʩʦʚʫʶʯʠ 

ʪʝʦʨʽʶ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [102], ʜʝ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ ʘʙʦʥʝʥʪʩʴʢʦʾ 

mesh-ʩʪʘʥʮʽʾ ʦʧʠʩʫʶʪʴ ʷʢ ʩʠʩʪʝʤʫ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 1// DM   ʟ 

ʜʝʪʝʨʤʽʥʦʚʘʥʠʤ ʯʘʩʦʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ   FT  [101]. ʊʦʜʽ 

 

Fz

z
z
q TD

)1(2 r-

r
= ,                                        (2.53) 

 

ʜʝ F
zz Tl=r , 

zl ï̔ ʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ ʫ ʤʝʞʘʭz-ʛʦ ʢʣʘʩʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 1/ʩ.  

ʊʨʝʪʽʤ ʢʦʤʧʦʥʝʥʪʦʤ ʟʘʪʨʠʤʢʠ ʧʝʨʝʜʘʚʘʥʥʷ ʻ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʤʽʞ ʧʝʨʰʠʤ 

ʪʘ ʩʣʦʪʦʤ, ʚʠʦʢʨʝʤʣʝʥʠʤ ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʮʴʦʛʦ ʧʘʢʝʪʫ (ʪʘʢ ʟʚʘʥʘ ʚʪʦʨʠʥʥʘ 

ʟʘʪʨʠʤʢʘ). ʆʩʪʘʥʥʽʤ ʢʦʤʧʦʥʝʥʪʦʤ ʻ ʚʣʘʩʥʝ ʯʘʩ ʧʨʠʡʤʘʥʥʷ-ʧʝʨʝʜʘʚʘʥʥʷ ʥʘ 
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ʩʪʘʥʮʽʷʭ-ʚʽʜʧʨʘʚʥʠʢʫ ʪʘ ʦʪʨʠʤʫʚʘʯʽ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ sss TTT 2=+ , ʜʝ sT  ï 

ʜʦʚʞʠʥʘ ʩʣʦʪʫ. 

ʉʝʨʝʜ ʫʩʽʭ ʩʢʣʘʜʥʠʢʽʚ ʟʘʪʨʠʤʢʠ ʪʨʝʪʽʡ ʢʦʤʧʦʥʝʥʪ (ʚʪʦʨʠʥʥʘ ʟʘʪʨʠʤʢʘ) 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʧʨʠʡʦʤʽʚ ʫ ʤʘʨʰʨʫʪʽ ʜʞʝʨʝʣʦ-ʦʪʨʠʤʫʚʘʯ ʪʘ ʧʦʨʷʜʢʫ 

ʨʦʟʧʦʜʽʣʫ ʩʣʦʪʽʚ. ʈʦʟʛʣʷʥʝʤʦ ʜʚʘ ʩʮʝʥʘʨʽʾ. ʋ ʩʮʝʥʘʨʽʾ, ʧʦʜʘʥʦʤʫ ʥʘ ʨʠʩ. 2.2, 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʦʧʦʣʦʛʽʷ ʤʝʨʝʞʽ ʟ ʯʦʪʠʨʤʘ ʚʫʟʣʘʤʠ, ʜʝ ʤʘʢʩʠʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ 

ʤʽʞ ʜʚʦʤʘ ʩʪʘʥʮʽʷʤʠ MSS ʩʢʣʘʜʘʻ ʪʨʠ ʧʝʨʝʧʨʠʡʦʤʠ. ʉʪʘʥʮʽʷ MSS 1  ʩʪʘʻ 

ʜʞʝʨʝʣʦʤ ʧʘʢʝʪʽʚ { },..., 21 yy  , MSS 4 ï  ʩʪʘʥʮʽʷ-ʦʪʨʠʤʫʚʘʯ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ 

ʩʣʦʪʠ ʚʟʜʦʚʞ ʤʘʨʰʨʫʪʫ MSS 1 ï MSS 4 ʚʠʦʢʨʝʤʣʶʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ (ʨʠʩ. 2.2, 

ʘ). ʅʘʧʨʠʢʣʘʜ, ʱʦʙ ʜʦʧʨʘʚʠʪʠ ʧʘʢʝʪ 1y  ʜʦ MSS 2 ʜʞʝʨʝʣʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝ 

ʩʣʦʪ 
4,1
2,1t , ʘ  ʜʣʷ ʩʪʘʥʮʽʾ MSS 2 ʧʨʠʟʥʘʯʝʥʦ ʜʨʫʛʠʡ ʩʣʦʪ 

4,2
3,2t . ʂʦʣʠ ʩʪʘʥʮʽʷ MSS 

2 ʦʪʨʠʤʘʻ ʧʘʢʝʪ 1y, ʚʦʥʘ ʤʦʞʝ ʧʨʘʢʪʠʯʥʦ ʚʽʜʨʘʟʫ ʧʝʨʝʜʘʪʠ ʡʦʛʦ. ɸʥʘʣʦʛʽʯʥʦ, 

ʷʢʱʦ ʜʣʷ ʩʪʘʥʮʽʾ MSS 3 ʚʠʦʢʨʝʤʣʝʥʦ ʩʣʦʪ 
4,3
4,3

t , ʧʨʠʡʥʷʪʠʡ ʧʘʢʝʪ ʤʦʞʝ ʙʫʪʠ 

ʧʝʨʝʜʘʥʠʡ ʫ ʪʦʤʫ ʞ ʬʨʝʡʤʽ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʩʫʤʘ ʪʨʝʪʴʦʛʦ ʪʘ ʯʝʪʚʝʨʪʦʛʦ 

ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʤʽʞʢʽʥʮʝʚʽʡ ʟʘʪʨʠʤʮʽ ʩʢʣʘʜʘʻ sT3 . ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.2, ʙ, 

ʷʢʱʦ ʩʝʨʝʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʩʣʦʪʽʚ ʻ ʦʜʠʥ ʚʽʣʴʥʠʡ, ʪʦ ʮʷ ʩʫʤʘ ʜʦʨʽʚʥʶʻ sT4 .  
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ʈʠʩ. 2.2. ʇʨʠʢʣʘʜʠ ʨʦʟʧʦʜʽʣʫ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʫ ʪʦʧʦʣʦʛʽʾ WMN ʟ  ʯʦʪʠʨʤʘ 

ʚʫʟʣʘʤʠ 

 

ɸʥʘʣʽʪʠʯʥʠʡ ʚʠʨʘʟ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘʪʨʠʤʢʠ ʤʽʞ 

ʩʪʘʥʮʽʷʤʠ-ʜʞʝʨʝʣʦʤ ʪʘ ʦʪʨʠʤʫʚʘʯʝʤ ʦʪʨʠʤʘʥʦ ʚ ʨʦʙʦʪʽ [101], ʧʦʜʘʥʦ ʪʘʢ: 
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,                                      (2.54) 

 

ʜʝ h  ï ʢʽʣɹʢʽʩʪʴ ʧʝʨʝʧʨʠʡʦʤʽʚ ʫ ʤʘʨʰʨʫʪʽ ʜʞʝʨʝʣʦ-ʦʪʨʠʤʫʚʘʯ;  

FM  ï ʢʽʣʴʢʽʩʪʴ ʩʣʦʪʽʚ ʚ ʦʜʥʦʤʫ ʬʨʝʡʤʽ. 

ʊʦʜʽ ʩʫʤʘʨʥʘ ʤʽʞʢʽʥʮʝʚʘ ʟʘʪʨʠʤʢʘ ʻ ʪʘʢʦʶ: 
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+++= -S .                                (2.55) 

 

ɺʠʨʘʟ (2.54) ʦʧʠʩʫʻ ʩʠʪʫʘʮʽʶ, ʢʦʣʠ ʚʩʽ ʩʣʦʪʠ ʥʘ ʰʣʷʭʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʧʦʩʣʽʜʦʚʥʦ, ʪʘ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʥʠʞʥʶ ʤʝʞʫ ʚʪʦʨʠʥʥʦʾ ʟʘʪʨʠʤʢʠ. ʗʢʱʦ ʩʣʦʪʠ 

ʚʠʦʢʨʝʤʣʶʶʪʴʩʷ ʟ ʧʦʨʫʰʝʥʥʷʤ ʧʦʯʝʨʛʦʚʦʩʪʽ, ʪʦ ʚʝʣʠʯʠʥʘ dsD -  ʟʙʽʣʴʰʫʻʪʴʩʷ, 

ʘ ʢʦʞʥʝ ʧʦʨʫʰʝʥʥʷ ʧʦʯʝʨʛʦʚʦʩʪʽ ʟʙʽʣʴʰʫʻ ʯʘʩ ʟʘʛʘʣʴʥʦʾ ʟʘʪʨʠʤʢʠ ʥʘ FT . ɼʣʷ 

ʧʨʠʢʣʘʜʫ ʥʘ ʨʠʩ. 2.2, ʚʪʦʨʠʥʥʘ ʟʘʪʨʠʤʢʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʫ ʧʨʠʡʤʘʥʥʷ-

ʧʝʨʝʜʘʚʘʥʥʷ ʥʘ ʩʪʘʥʮʽʷʭ-ʜʞʝʨʝʣʽ ʪʘ ʚʽʜʧʨʘʚʥʠʢʫ ʜʦʨʽʚʥʶʻ )3( Fs TT + . 

ʗʢʱʦ ʧʦʨʷʜʦʢ ʩʣʦʪʽʚ ʫʟʜʦʚʞ ʤʘʨʰʨʫʪʫ ʻ ʥʝʢʝʨʦʚʘʥʠʤ ʪʘ ʚʠʙʠʨʘʻʪʴʩʷ 

ʚʠʧʘʜʢʦʚʦ, ʪʦ ʩʫʤʘʨʥʫ ʟʘʪʨʠʤʢʫ  ʜʦʩʪʘʚʢʠ çʟ ʢʽʥʮʷ ʚ ʢʽʥʝʮʴè ʤʦʞʥʘ 

ʨʦʟʨʘʭʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [101]: 
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.                                         (2.56) 

 

ʋ ʜʨʫʛʦʤʫ ʩʮʝʥʘʨʽʾʾ ʪʦʧʦʣʦʛʽʷ ʤʘʻ ʧʷʪʴ ʚʫʟʣʽʚ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʚʪʦʨʥʦ ʩʣʦʪʠ ʩʪʘʥʮʽʷʤʠ MSS 1 ʪʘ MSS4 (ʨʠʩ. 2.3), ʘʣʝ 

ʟʘʪʨʠʤʢʠ ʚ ʩʮʝʥʘʨʽʾ ʙʝʟ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʦʪʽʚ ʚʽʜʨʽʟʥʷʪʁʴʩʷ (ʨʠʩ. 2, 

ʘ) ʚʽʜ ʪʠʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʚʪʦʨʥʦ (ʨʠʩ. 2.3, ʙ). ʋ ʧʝʨʰʽʡ ʩʠʪʫʘʮʽʾ 

ʚʪʦʨʠʥʥʘ ʟʘʪʨʠʤʢʘ, ʨʘʟʦʤ ʟ ʯʘʩʦʤ ʧʨʠʡʤʘʥʥʷ-ʧʝʨʝʜʘʚʘʥʥʷ ʥʘ ʩʪʘʥʮʽʷʭ-ʜʞʝʨʝʣʽ 

ʪʘ ʦʪʨʠʤʫʚʘʯʽ ʜʦʨʽʚʥʶʻ sT4 , ʘʣʝ ʚ ʜʨʫʛʽʡ ʩʠʪʫʘʮʽʾ ï )( sF TT + .  ʋ ʩʝʨʝʜʥʴʦʤʫ 

ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʦʪʫ ʥʘ ʦʜʥʦʤʫ ʤʘʨʰʨʫʪʽ ʜʦʜʘʻ ʯʘʩ FT  ʜʦ ʟʘʛʘʣʴʥʦʾ 

ʟʘʪʨʠʤʢʠ. ʆʪʞʝ, ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʦʪʽʚ ʜʘʻ ʟʤʦʛʫ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʝʩʫʨʩʠ ʙʝʟʧʨʦʚʦʜʦʚʦʾ mesh-ʤʝʨʝʞʽ, ʚʧʣʠʚʘʶʯʠ ʥʘ  ʟʙʽʣʴʰʝʥʥʷ 

ʤʽʞʢʽʥʮʝʚʦʾ ʟʘʪʨʠʤʢʠ. 

 



77 

 

MSS 1

MSS 2

MSS 5

a

1y

1y

1y

ʂʘʥʘʣ (1,2)

ʂʘʥʘʣ (2,3)

ʂʘʥʘʣ (3,4)

i-ʡ ʬʨʝʡʤ (i+1)-ʡ ʬʨʝʡʤ

2y

2y

2y

ʚ

MSS 3

MSS 4

5,3
4,3t

5,2
3,2t5,1

2,1t

ʉ
ʣ
ʦ
ʪ
 4

ʉ
ʣ
ʦ
ʪ
 4

1y 2yʂʘʥʘʣ (4,5)

MSS 1

MSS 2

MSS 5

1y

1y

1y

ʂʘʥʘʣ (1,2)

ʂʘʥʘʣ (2,3)

ʂʘʥʘʣ (3,4)

2y

2y

2y

MSS 3

MSS 4

5,3
4,3t

5,2
3,2t5,1

2,1t

ʂʘʥʘʣ (4,5)

5,1
5,4t

1y

ʙ

MSS 1

MSS 2

MSS 5

1y

1y

1y 2y

2y

2y

MSS 3

MSS 4

5,3
4,3t

5,2
3,2t5,1

2,1t
5,4
5,4

5,1
5,4 ,tt  

1y1x 2x 2y

5,4
5,4t

ʉ
ʣ
ʦ
ʪ
 1

ʉ
ʣ
ʦ
ʪ
 2

ʉ
ʣ
ʦ
ʪ
 3

ʉ
ʣ
ʦ
ʪ
 1

ʉ
ʣ
ʦ
ʪ
 2

ʉ
ʣ
ʦ
ʪ
 3

ʉ
ʣ
ʦ
ʪ
 1

ʉ
ʣ
ʦ
ʪ
 2

ʉ
ʣ
ʦ
ʪ
 3

ʉ
ʣ
ʦ
ʪ
 1

ʉ
ʣ
ʦ
ʪ
 2

ʉ
ʣ
ʦ
ʪ
 3

ʉ
ʣ
ʦ
ʪ
 1

ʉ
ʣ
ʦ
ʪ
 2

ʉ
ʣ
ʦ
ʪ
 3

ʉ
ʣ
ʦ
ʪ
 1

ʉ
ʣ
ʦ
ʪ
 2

ʉ
ʣ
ʦ
ʪ
 3

i-ʡ ʬʨʝʡʤ (i+1)-ʡ ʬʨʝʡʤ
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ʈʠʩ. 2.3. ʇʨʠʢʣʘʜʠ ʨʦʟʧʦʜʽʣʫ ʯʘʩʦʚʠʭ ʩʣʦʪʽʚ ʫ ʪʦʧʦʣʦʛʽʾ  WMN ʟ ʧôʷʪʴʤʘ 

ʚʫʟʣʘʤʠ 

ʆʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ ʩʧʦʩʦʙʽʚ ʫʥʠʢʥʫʪʠ ʟʙʽʣʴʰʝʥʥʷ ʟʘʪʨʠʤʢʠ ʧʨʠ 

ʧʦʚʪʦʨʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʣʦʪʽʚ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 2.3, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʯʦʛʦ ʫ ʤʝʞʘʭ 

ʚʠʟʥʘʯʝʥʦʾ ʧʘʨʠ ʜʞʝʨʝʣʦ-ʦʪʨʠʤʫʚʘʯ ʫʩʽ ʩʣʦʪʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ, ʙʝʟ 

ʧʦʚʪʦʨʝʥʴ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʜʦʩʪʘʚʢʠ ʧʦʪʦʢʫ ʧʘʢʝʪʽʚ { },..., 21 yy
 
ʚʽʜ MSS 1 ʜʦ 

MSS 5 ʚʠʦʢʨʝʤʣʝʥʦ ʩʣʦʪʠ { }5,4
5,4

5,3
4,3

5,2
3,2

5,1
2,1 ,,, tttt .  ʋ ʪʦʡ ʩʘʤʠʡ ʯʘʩ ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ 

ʧʘʢʝʪʽʚ { },..., 21 xx
 
 ʫ ʤʝʞʘʭ ʧʘʨʠ MSS 4 ï MSS 5 ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʩʣʦʪ 
5,1
5,4t . ʋ ʨʝʟʫʣʴʪʘʪʽ, ʧʝʨʰʠʡ ʩʣʦʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʚʽʯʽ, ʘʣʝ ʜʣʷ ʨʽʟʥʠʭ 

ʧʦʪʦʢʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʪʦʛʦ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʟʙʽʣʴʰʝʥʥʷ ʟʘʪʨʠʤʦʢ ʜʣʷ ʦʩʦʙʣʠʚʦ 

ʯʫʪʣʠʚʦʛʦ ʜʦ ʥʠʭ ʪʨʘʬʽʢʫ, ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʯʘʩʦʚʠʭ ʩʣʦʪʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʘ 
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ʚʟʜʦʚʞ ʤʘʨʰʨʫʪʫ, ʧʦʚʠʥʥʘ ʙʫʪʠ ʢʝʨʦʚʘʥʦʶ.  ɼʣʷ ʮʴʦʛʦ  ʬʫʥʢʮʽʶ ʚʘʨʪʦʩʪʽ 

(2.45) ʤʦʞʥʘ ʧʝʨʝʬʦʨʤʫʣʶʚʘʪʠ, ʚʨʘʭʦʚʫʶʯʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʣʦʪʽʚ ʫʟʜʦʚʞ 

ʰʣʷʭʫ: 

 

[
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q

T

tt+tt-

-tt+=ä
=

t

CCCC

CCCC

                   (2.57) 

 

ʜʝ seqW  ï ʚʘʛʦʚʘ ʤʘʪʨʠʮʷ, ʧʦʚôʷʟʘʥʘ ʟ ʧʦʨʫʰʝʥʥʷʤ ʧʦʯʝʨʛʦʚʦʩʪʽ ʚʟʜʦʚʞ 

ʤʘʨʰʨʫʪʫ. ɰʾ ʝʣʝʤʝʥʪʠ ʜʦʨʽʚʥʶʶʪʴ 0, ʷʢʱʦ ʧʦʩʣʽʜʦʚʥʠʡ ʥʦʤʝʨ ʩʣʦʪʫ ʻ ʚʠʱʠʤ, 

ʥʽʞ ʥʦʤʝʨʠ ʩʣʦʪʽʚ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʘʥʘʣʝʪ̔ʘ ʙʽʣʴʰʠʤ ʚʽʜ ʥʫʣʷ, ʷʢʱʦ 

ʧʦʯʝʨʛʦʚʽʩʪʴ ʩʣʦʪʽʚ ʧʦʨʫʰʝʥʦ.  

 ʋ ʮʽʣʦʤʫ, ʤʦʜʝʣʽ (2.41) ʘʙʦ (2.42), (2.46) ï (2.57) ʜʘʶʪʴ ʧʽʜʩʪʘʚʠ  

ʩʬʦʨʤʫʣʶʚʘʪʠ ʟʘʜʘʯʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʷʢ ʟʘʜʘʯʫ ʨʦʟʧʦʜʽʣʝʥʥʷ  ʩʣʦʪʽʚ ʫ ʤʝʨʝʞʽ ʟ 

ʛʘʨʘʥʪʦʚʘʥʦʶ ʷʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘ ʰʚʠʜʢʽʩʥʠʤʠ ʪʘ ʯʘʩʦʚʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʷʢ ʦʧʪʠʤʽʟʘʮʽʡʥʫ, ʜʝ ʰʫʢʘʥʠʤʠ ʟʤʽʥʥʠʤʠ ʻ ʙʫʣʝʚʽ ʟʤʽʥʥʽ    )(,,
, kzlr
jit . ʂʽʣʴʢʽʩʥʝ 

ʨʦʟʚôʷʟʘʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʟʘʜʘʯʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ.  

 

2.5. ɺʠʩʥʦʚʢʠ ʜʦ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ 

 

1. ʅʘʷʚʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ WiMAX mesh-ʤʝʨʝʞ ʻ ʥʝʦʙʭʽʜʥʦʶ 

ʫʤʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʪʨʦʛʦ ʬʦʨʤʘʣʽʟʦʚʘʥʠʭ ʦʧʪʠʤʘʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʆʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ WiMAX mesh-

ʤʝʨʝʞʘʭ ʻ ʾʾ ʧʦʪʦʢʦʚʠʡ ʭʘʨʘʢʪʝʨ, ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʢʨʦʩʨʽʚʥʝʚʦʛʦ ʧʽʜʭʦʜʫ ʚ 

ʩʪʨʦʛʦʤʫ ʩʝʥʩʽ, ʛʘʨʘʥʪʦʚʘʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ QoS, ʙʘʛʘʪʦʢʦʣʽʡʥʘ ʩʪʨʘʪʝʛʽʷ 

ʜʦʚʝʜʝʥʥʷ ʪʨʘʬʽʢʫ, ʩʧʽʣʴʥʝ ʽ ʟʙʘʣʘʥʩʦʚʘʥʝ ʢʝʨʫʚʘʥʥʷ ʢʘʥʘʣʴʥʠʤʠ ʪʘ ʙʫʬʝʨʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ, ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʦʪʽʚ, ʚʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʢʠ 

ʪʨʘʬʽʢʫ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʽ ʚʠʩʦʢʦʶ ʪʝʨʠʪʦʨʽʘʣʴʥʦʶ 
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ʨʦʟʧʦʜʽʣʴʥʽʩʪʶ ʢʝʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. 

2. ɸʥʘʣʽʟ ʤʦʜʝʣʝʡ ʚʨʘʭʫʚʘʥʥʷ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʤʽʞ ʢʘʥʘʣʘʤʠ ʽ ʩʪʘʥʮʽʷʤʠ 

ʙʝʟʧʨʦʚʦʜʦʚʦʾ mesh-ʤʝʨʝʞʽ ʜʦʚʽʚ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʢʦʥʪʝʢʩʪʽ 

ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʨʦʪʦʢʦʣʴʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʠʡ ʜʘʻ ʟʤʦʛʫ 

ʟʚʝʩʪʠ ʫʤʦʚʠ ʫʩʧʽʰʥʦʛʦ ʧʨʠʡʦʤʫ ʩʠʛʥʘʣʽʚ ʜʦ ʧʝʨʝʚʽʨʢʠ ʩʪʨʫʢʪʫʨʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʦʧʦʣʦʛʽʯʥʦʛʦ ʛʨʘʬʫ. 

3. ʗʢ ʧʦʢʘʟʘʚ ʘʥʘʣʽʟ, ʛʨʘʬʦʚʽ ʤʦʜʝʣʽ ʙʝʟʧʨʦʚʦʜʦʚʦʾ mesh-ʤʝʨʝʞʽ ʧʨʠ 

ʨʦʟʚôʷʟʫʚʘʥʥʽ ʟʘʜʘʯ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʨʦʟʧʦʜʽʣʫ ʩʣʦʪʽʚ ʩʧʠʨʘʶʪʴʩʷ ʪʽʣʴʢʠ ʥʘ 

ʩʪʨʫʢʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʨʝʞʽ, ʘ ʪʦʤʫ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʬʦʨʤʫʣʴʦʚʘʥʠʤ 

ʚʠʤʦʛʘʤ. ɺʽʜʦʤʽ ʧʦʪʦʢʦʚʽ ʤʦʜʝʣʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʧʪʠʤʽʟʘʮʽʡʥʫ ʧʦʩʪʘʥʦʚʢʫ ʮʠʭ 

ʟʘʚʜʘʥʴ, ʧʨʦʪʝ ʥʝ ʙʝʨʫʪ ɹ ʧʨʠ ʮʴʦʤʫ ʜʦ ʫʚʘʛʠ ʜʠʥʘʤʽʯʥʠʡ ʭʘʨʘʢʪʝʨ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʟʘʩʣʫʛʦʚʫʶʪʴ ʥʘ ʫʚʘʛʫ ʜʠʥʘʤʽʯʥʽ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʨʦʟʛʣʷʥʫʪʽ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ. 

4. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʝʡ WiMax mesh-ʤʝʨʝʞʽ, ʚ ʤʝʞʘʭ 

ʷʢʦʾ ʟʘʜʘʯʘ ʢʨʦʩʨʽʚʥʝʚʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʨʽʰʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʱʦʜʦ ʤʽʥʽʤʽʟʘʮʽʾ ʚʘʨʪʽʩʥʦʛʦ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʮʽʣʴʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʨʷʜʫ ʦʙʤʝʞʝʥʴ. ʅʦʚʠʟʥʘ 

ʤʦʜʝʣʽ ʧʦʣʷʛʘʻ ʫ ʚʚʝʜʝʥʥʽ ʙʫʣʝʚʠʭ ʟʤʽʥʥʠʭ ʢʝʨʫʚʘʥʥʷ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʧʨʠʟʥʘʯʝʥʥʷʤ ʯʘʩʦʚʠʭ ʩʣʦʪʽʚ, ʨʦʟʨʘʭʫʥʦʢ ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻ ʰʫʢʘʥʫ ʩʫʢʫʧʥʽʩʪʴ 

ʤʘʨʰʨʫʪʽʚ ʟ ʦʜʥʦʯʘʩʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʩʣʦʪʽʚ ʫʟʜʦʚʞ ʥʠʭ, ʧʨʠʯʦʤʫ ʚʠʜʽʣʝʥʥʷ 

ʨʝʩʫʨʩʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʦʙʩʷʟʽ, ʚʽʜʧʦʚʽʜʥʦʤʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʫ, ʷʢʠʡ 

ʥʘʜʭʦʜʠʪʴ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʄʦʜʝʣʴ ʟʘʙʝʟʧʝʯʫʻ ʚʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʧʦʪʦʢʽʚ ʽ ʩʪʘʥʫ ʩʘʤʦʾ ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ 

ʜʠʥʘʤʽʢʫ ʩʪʨʫʢʪʫʨʠ ʡ ʩʠʛʥʘʣʴʥʦ-ʟʘʚʘʜʥʦʾ ʦʙʩʪʘʥʦʚʢʠ; ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʷʢ 

ʢʘʥʘʣʴʥʠʤʠ, ʪʘʢ ʽ ʙʫʬʝʨʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʤʝʨʝʞʽ; ʦʨʽʻʥʪʫʻ ʥʘ ʙʘʛʘʪʦʢʦʣʽʡʥʠʡ 

ʩʧʦʩʽʙ ʜʦʩʪʘʚʢʠ ʪʨʘʬʽʢʫ ʪʘ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʦʪʽʚ. 

5. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʜʠʥʘʤʽʯʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ WiMax mesh-ʤʝʨʝʞʽ ʫ 

ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ ʦʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʰʣʷʭʦʤ ʨʦʟʰʠʨʝʥʥʷ ʾʾ ʥʘ ʤʝʨʝʞʽ 

ʟ ʛʘʨʘʥʪʦʚʘʥʦʶ ʷʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʅʦʚʠʟʥʘ ʤʦʜʝʣʽ ʧʦʣʷʛʘʻ ʫ ʚʚʝʜʝʥʥʽ 

ʰʚʠʜʢʽʩʥʠʭ ʽ ʯʘʩʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ QoS, ʘ ʪʘʢʦʞ ʤʝʭʘʥʽʟʤʫ ʢʦʥʪʨʦʣʶʚʘʥʥʷ 
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ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʯʘʩʦʚʠʭ ʩʣʦʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʟʜʦʚʞ ʤʘʨʰʨʫʪʽʚ, ʟ ʤʝʪʦʶ 

ʟʤʝʥʰʝʥʥʷ ʤʽʞʢʽʥʮʝʚʦʾ ʟʘʪʨʠʤʢʠ. 

6. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʚ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ, ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʨʦʙʦʪʘʭ 

[11 - 14, 18, 20 - 22, 24 - 25]. 
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ʈʆɿɼɯʃ 3 

ʈʆɿʈʆɹʂɸ ʄʆɼɽʃɯ ʊɸ ʄɽʊʆɼʋ ɯɭʈɸʈʍɯʏʅʆɰ ʄɸʈʐʈʋʊʀɿɸʎɯɰ 

ʅɸ ʆʉʅʆɺɯ ʈʆɿʇʆɼɯʃʋ ʈɽʉʋʈʉɯɺ  

ʋ ʂʃɸʉʊʀʈʀɿʆɺɸʅɯʁ WIMAX MESH- ʄɽʈɽɾɯ 

 

3.1 ʂʦʥʮʝʧʮʽʷ ʽʻʨʘʨʭʽʯʥʦʾ ʢʨʦcʨʽʚʥʝʚʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ WiMAX mesh-

ʤʝʨʝʞʽ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʚ ʨʦʟʜʽʣʽ 2. ʤʦʜʝʣʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʫ 

ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ WiMAX mesh-ʤʝʨʝʞʽ ʩʧʨʷʤʦʚʘʥʽ, ʥʘʩʘʤʧʝʨʝʜ, ʥʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʮʽʣʦʤʫ ʽ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʝʶ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ 

ʘʙʦʥʝʥʪʩʴʢʠʭ ʩʪʘʥʮʽʡ ʪʘ ʦʙʩʷʛʽʚ ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʪʨʘʬʽʢʫ ʪʘʢʠʡ 

ʧʽʜʭʽʜ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʦʙʣʝʤʠ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ, ʷʢʘ ʦʙʫʤʦʚʣʝʥʘ ʧʽʜʚʠʱʝʥʥʷʤ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʪʘ 

ʟʨʦʩʪʘʥʥʷʤ ʦʙʩʷʛʽʚ ʥʘʷʚʥʦʛʦ ʚ ʤʝʨʝʞʽ ʩʣʫʞʙʦʚʦʛʦ ʪʨʘʬʽʢʫ, ʧʦʚ'ʷʟʘʥʦʛʦ ʟʽ 

ʟʙʦʨʦʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʤʝʨʝʞʽ ʪʘ ʜʦʚʝʜʝʥʥʷʤ ʢʦʤʘʥʜ ʫʧʨʘʚʣʽʥʥʷ. 

ʈʦʟʫʤʥʠʡ ʢʦʤʧʨʦʤʽʩ ʤʽʞ ʤʘʩʰʪʘʙʥʽʩʪʶ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 

ʤʝʨʝʞʽ, ʟ ʽʥʰʦʛʦ, ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʟʘ ʨʘʭʫʥʦʢ ʨʝʘʣʽʟʘʮʽʾ ʽʻʨʘʨʭʽʯʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ, ʦʩʥʦʚʥʘ ʽʜʝʷ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʜʝʢʦʤʧʦʟʠʮʽʾ ʚʠʭʽʜʥʦʾ ʟʘʜʘʯʽ ʥʘ ʨʷʜ 

ʙʽʣʴʰ ʧʨʦʩʪʠʭ ʧʽʜʟʘʜʘʯ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ ʦʢʨʝʤʦ, ʘʣʝ ʢʦʦʨʜʠʥʫʶʪʴʩʷ ʪʠʤ ʯʠ 

ʽʥʰʠʤ ʩʧʦʩʦʙʦʤ [103]. 

ʈʦʟʨʦʙʣʝʥʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ WiMAX mesh-ʤʝʨʝʞʽ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ (ʧ. 

2.3) ʜʦʧʫʩʢʘʻ ʜʚʽ ʤʦʞʣʠʚʽ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʢʨʦʩʨʽʚʥʝʚʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ʇʝʨʰʘ, ʙʽʣʴʰ ʧʨʦʩʪʘ, ʧʦʚ'ʷʟʘʥʘ ʟ ʤʽʥʽʤʽʟʘʮʽʻʶ ʚʘʨʪʽʩʥʦʾ ʬʫʥʢʮʽʾ (2.44) ʟʘ 

ʟʤʽʥʥʠʤʠ ʧʨʠ ʦʙʤʝʞʝʥʥʷʭ (2.37) - (2.41), ʧʨʠ ʮʴʦʤʫ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʣʦʪʽʚ ʥʝ ʧʝʨʝʜʙʘʯʝʥʦ. ɼʨʫʛʠʡ ʚʘʨʽʘʥʪ ʧʝʨʝʜʙʘʯʘʻ ʤʽʥʽʤʽʟʘʮʽʶ (2.45) ʧʨʠ 

ʦʙʤʝʞʝʥʥʷʭ (2.37) - (2.40), (2.42), ʜʝ ʦʙʤʝʞʝʥʥʷ (2.42) ʦʧʠʩʫʻ ʫʤʦʚʠ 

ʧʦʚʪʦʨʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʪʝʨʬʝʨʝʥʮʽʾ, ʘ ʟʥʘʯʝʥʥʷ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʢʦʞʥʠʤ ʪʘʢʠʤ ʧʦʚʪʦʨʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ. ʇʨʠ 
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ʮʴʦʤʫ ʜʨʫʛʠʡ ʚʘʨʽʘʥʪ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʥʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʧʨʦʪʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ. 

ɺʠʭʦʜʷʯʠ ʟ ʧʨʘʛʥʝʥʥʷ ʧʦʻʜʥʫʚʘʪʠ ʧʝʨʝʚʘʛʠ ʜʘʥʠʭ ʤʦʜʝʣʝʡ, ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʢʦʥʮʝʧʮʽʷ ʽʻʨʘʨʭʽʯʥʦʾ ʢʨʦʩʨʽʚʥʝʚʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʙʝʟʧʨʦʚʦʜʦʚʽʡ mesh-ʤʝʨʝʞʽ 

ʩʪʘʥʜʘʨʪʫ IEEE 802.16,  ʱʦ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 3.1. ʎʷ ʢʦʥʮʝʧʮʽʷ ʧʝʨʝʜʙʘʯʘʻ 

ʽʻʨʘʨʭʽʯʥʫ ʦʨʛʘʥʽʟʘʮʽʶ ʷʢ ʩʘʤʦʾ mesh-ʤʝʨʝʞʽ, ʪʘʢ ʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʥʝʶ, ʱʦ 

ʻ ʦʩʥʦʚʦʶ ʚʩʽʭ ʚʽʜʦʤʠʭ  ʫ ʧʨʘʢʪʠʮʽ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ. 

ʇʨʠʢʣʘʜʘʤʠ ʽʻʨʘʨʭʽʯʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʻ ʩʪʨʫʢʪʫʨʘ ʘʚʪʦʥʦʤʥʠʭ ʩʠʩʪʝʤ Internet ʘʙʦ 

ʟʦʥ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʧʨʦʪʦʢʦʣʽ OSPF [33].  ʋ ʙʝʟʧʨʦʚʦʜʦʚʠʭ mesh-ʤʝʨʝʞʘʭ 

ʽʻʨʘʨʭʽʯʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʾʾ ʩʪʨʫʢʪʫʨʠ 

[104 - 105]. 

ʋ ʤʝʞʘʭ ʦʢʨʝʤʠʭ ʢʣʘʩʪʝʨʽʚ ʚʚʦʜʷʪʴʩʷ ʩʚʦʾ ʮʝʥʪʨʠ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ 

ʨʝʘʣʽʟʫʶʪʴ ʫʧʨʘʚʣʽʥʥʷ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ (ʅʈ) ʽ ʢʦʦʨʜʠʥʦʚʘʥʽ ʟ ʻʜʠʥʦʛʦ ʮʝʥʪʨʫ 

ʫʧʨʘʚʣʽʥʥʷ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ (ɺʈ). ʇʦʰʫʢ ʤʘʨʰʨʫʪʫ ʧʝʨʝʜʘʚʘʥʥʷ ʪʨʘʬʽʢʫ ʪʘ 

ʨʦʟʧʦʜʽʣ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʣʦʪʽʚ ʫʟʜʦʚʞ ʥʠʭ ʫ ʙʝʟʧʨʦʚʦʜʦʚʽʡ mesh-ʤʝʨʝʞʽ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʨʝʟʫʣʴʪʘʪ ʩʢʦʦʨʜʠʥʦʚʘʥʦʾ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ ʫʧʨʘʚʣʽʥʥʷ 

ʚʝʨʭʥʴʦʛʦ ʽ ʥʠʞʥʴʦʛʦ ʨʽʚʥʽʚ. ɸʣʛʦʨʠʪʤ ʫʧʨʘʚʣʽʥʥʷ ɺʈ ʚʠʨʽʰʫʻ ʟʘʚʜʘʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʨʘʬʽʢʫ ʪʘ ʨʦʟʧʦʜʽʣʫ ʩʣʦʪʽʚ ʥʘ ʜʽʣʷʥʢʘʭ ʤʽʞ ʢʣʘʩʪʝʨʘʤʠ, ʥʝ 

ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʜʝʪʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʘʤʠʭ ʢʣʘʩʪʝʨʽʚ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʘʣʛʦʨʠʪʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʅʈ ʚʠʢʦʥʫʶʪʴ ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ ʫ ʤʝʞʘʭ ʦʢʨʝʤʠʭ ʢʣʘʩʪʝʨʽʚ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʰʝʥʴ ʜʣʷ ʪʨʘʥʟʠʪʥʠʭ ʧʦʪʦʢʽʚ, ʷʢʽ ʨʦʟʨʘʭʦʚʘʥʽ ʚʝʨʭʥʽʤ ʨʽʚʥʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʝʨʝʜʘʥʽ ʥʘ ʥʠʞʥʽʡ. 
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ʈʠʩ. 3.1. ʂʦʥʮʝʧʮʽʷ ʽʻʨʘʨʭʽʯʥʦʾ ʢʨʦʩʨʽʚʥʝʚʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ, ʧʦ-ʧʝʨʰʝ, ʢʦʞʝʥ ʢʣʘʩʪʝʨ ʤʘʻ ʚʣʘʩʥʠʡ ʧʫʣ (pool) 

ʩʣʦʪʽʚ, ʧʨʠ ʮʴʦʤʫ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʧʫʣ ʩʣʦʪʽʚ ʤʦʞʝ ʙʫʪʠ ʧʨʠʟʥʘʯʝʥʠʡ ʜʝʢʽʣʴʢʦʤ 

ʢʣʘʩʪʝʨʘʤ ʦʜʥʦʯʘʩʥʦ; ʧʦ-ʜʨʫʛʝ, ʚʩʝ ʩʪʘʥʮʽʾ ʚʩʝʨʝʜʠʥʽ ʦʜʥʦʛʦ ʢʣʘʩʪʝʨʫ 

ʥ̔ʪʝʨʬʝʨʫʶʪ ɹʦʜʠʥ ʟ ʦʜʥʠʤ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʥʝ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʥʽ ʡ ʪʽ 

ʞ ʩʣʦʪʠ ʦʜʥʦʯʘʩʥʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʮʝʩʠ ʚʥʫʪʨʽʰʥʴʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʦʞʫʪʴ 

ʙʫʪʠ ʦʧʠʩʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ (2.37) - (2.41), (2.44). ʋ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʦʧʠʩʫ 

ʟʦʚʥʽʰʥʴʦʾ (ʤʽʞʢʣʘʩʪʝʨʥʦʾ) ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʟʘʜʽʷʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʫ 

ʤʦʜʝʣʴ (2.37) - (2.40), (2.42), (2.45). ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʮʝʧʮʽʷ 

ʽʻʨʘʨʭʽʯʥʦʾ ʢʨʦʩʨʽʚʥʝʚʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʨʦʤʽʩ ʤʽʞ 

ʝʬʝʢʪʠʚʥʽʩʪʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ ʪʘ ʾʾ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪ ʁ ʟʘ ʨʘʭʫʥʦʢ 

ʟʥʠʞʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʨʦʟʚ'ʷʟʫʚʘʥʦʾ ʟʘʜʘʯʽ, ʜʦʧʫʩʢʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʧʦʚʪʦʨʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʦʪʽʚ. 
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ʋ ʮʽʣʦʤʫ ʧʨʦʧʦʥʦʚʘʥʠʡ ʽʻʨʘʨʭʽʯʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʢʨʦʩʨʽʚʥʝʚʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʚʠʨʽʰʝʥʥʷ ʯʦʪʠʨʴʦʭ ʧʽʜʟʘʜʘʯ: 

ʧʨʦʚʦʜʦʚʦʾ mesh-ʤʝʨʝʞʽ; 

 

ʫʧʨʘʚʣʽʥʥʷ ʚʝʨʭʥʴʦʛʦ ʡ ʥʠʞʥʴʦʛʦ ʨʽʚʥʽʚ). 

 

3.2. ʉʪʨʫʢʪʫʨʥʘ ʤʦʜʝʣʴ ʢʣʘʩʪʝʨʠʟʦʚʘʥʦʾ ʙʝʟʧʨʦʚʦʜʦʚʦʾ mesh-ʤʝʨʝʞʽ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʮʝʧʮʽʾ ʽʻʨʘʨʭʽʯʥʦʾ ʢʨʦʩʨʽʚʥʝʚʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʩʪʨʫʢʪʫʨʘ ʢʝʨʦʚʘʥʦʾ ʙʝʟʧʨʦʚʦʜʦʚʦʾ mesh-ʤʝʨʝʞʽ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʢʣʘʩʪʝʨʠʟʦʚʘʥʦʶ, ʪʦʙʪʦ ʨʦʟʜʽʣʝʥʦʶ  ʛʨʫʧʠ ʩʪʘʥʮʽʡ, ʷʢʽ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ. ʇʨʠ 

ʮʴʦʤʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʦʩʢʽʣʴʢʠ ʚ ʦʩʥʦʚʽ ʜʘʥʦʾ ʢʦʥʮʝʧʮʽʾ ʣʝʞʠʪʴ ʽʜʝʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʧʨʦʩʪʦʾ ʤʦʜʝʣʽ (2.37) - (2.41), (2.44) ʚ ʤʝʞʘʭ ʦʢʨʝʤʠʭ 

ʢʣʘʩʪʝʨʽʚ, ʨʘʮʽʦʥʘʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʢʣʘʩʪʝʨ ʷʢ ʩʫʢʫʧʥʽʩʪʴ mesh-ʩʪʘʥʮʽʡ, 

ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʦʪʽʚ ʷʢʠʤʠ ʻ ʥʝʧʨʠʧʫʩʪʠʤʠʤ ʯʝʨʝʟ ʾʭʥʶ ʥʝʜʦʩʪʘʪʥʶ 

ʚʽʜʜʘʣʝʥʽʩʪʴ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʠʛʥʘʣʽʚ, ʱʦ 

ʟʘʚʘʞʘʶʪʴ. ʊʦʙʪʦ, ʦʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʪʝʨʘ ʻ ʥʘʷʚʥʽʩʪʴ 

ʽʥʪʝʨʬʝʨʝʥʮʽʾ (ʧʝʨʚʠʥʥʦʾ ʘʙʦ ʚʪʦʨʠʥʥʦʾ) ʤʽʞ ʫʩʽʤʘ ʡʦʛʦ ʩʪʘʥʮʽʷʤʠ. ʊʦʜʽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʪʦʢʦʣʴʥʦʾ ʤʦʜʝʣʽ ʽʥʪʝʨʬʝʨʝʥʮʽʾ (2.9) ʢʣʘʩʪʝʨʦʤ ʻ  ʧʽʜʛʨʘʬ 

)','(' EVG , VVÍ' , EEÍ' , ʚ ʷʢʦʤʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʙʫʜʴ-ʷʢʦʶ ʧʘʨʦʶ ʩʪʘʥʮʽʡ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 2, ʪʦʙʪʦ { }2),(',)','(' ¢ØÍ"= vudistVvuEVG .  

ʋ ʤʝʞʘʭ ʢʣʘʩʪʝʨʠʟʦʚʘʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʘʜʨʝʩʘʮʽʡ ʩʪʘʥʮʽʡ ʤʦʞʥʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʽʻʨʘʨʭʽʯʥʠʡ ʧʨʠʥʮʠʧ, ʜʝ ʘʜʨʝʩʘ ʩʪʘʥʮʽʾ ʤʘʻ ʬʦʨʤʘʪ (xi. ) ʪʘ 

ʤʽʩʪʠʪʴ ʜʚʽ ʯʘʩʪʠʥʠ: ʫʥʽʢʘʣʴʥʠʡ ʫ ʤʝʞʘʭ ʫʩʽʻʾ ʤʝʨʝʞʽ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʢʣʘʩʪʝʨʘ  i  

ʪʘ ʽʜʝʥʪʠʬʽʢʘʪʦʨ (ʥʦʤʝʨ) ʩʪʘʥʮʽʾ x, ʫʥʽʢʘʣʴʥʠʡ ʜʣʷ ʢʣʘʩʪʝʨʘ (ʨʠʩ. 3.2).  

ʋ ʮʽʣʦʤʫ ʜʣʷ ʦʧʠʩʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʢʣʘʩʪʝʨʠʟʦʚʘʥʦʾ WMN ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʪʨʠ ʪʠʧʠ ʛʨʘʬʽʚ: 
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- ʛʨʘʬ ʚʠʭʽʜʥʠʡ WMN ),( EVG , ʜʝ V  ï ʤʥʦʞʠʥʘ ʚʝʨʰʠʥ, ʢʦʞʥʘ 

ʟ ʷʢʠʭ ʤʦʜʝʣʶʻ ʚʽʜʧʦʚʽʜʥʫ mesh-ʩʪʘʥʮʽʶ, ʘ ʥʘʷʚʥʽʩʪʴ ʛʽʣʢʠ 

Ezjxi Í).,.(  ʚʢʘʟʫʻ ʥʘ ʥʘʷʚʥʽʩʪʴ ʧʨʷʤʦʛʦ ʨʘʜʽʦʢʘʥʘʣʫ ʤʽʞ ʩʪʘʥʮʽʷʤʠ 

xi.  ʪʘ zj. ; 

- ʛʨʘʬʠ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ ʢʣʘʩʪʝʨʽʚ, ʷʢʽ ʻ ʧʽʜʛʨʘʬʘʤʠ 

ʚʠʭʽʜʥʦʛʦ ʛʨʘʬʫ ),( EVG . ʅʘʧʨʠʢʣʘʜ, ʢʣʘʩʪʝʨ A ʻ ʧʽʜʛʨʘʬʦʤ 

),( AAA EVG ¡¡¡ , ʛʜʝ VVAÍ¡ , EEAÍ¡  (ʨʠʩ. 3.3); 

- ʛʨʘʬ ʢʣʘʩʪʝʨʽʚ ),( EVG ¡¡¡¡¡¡ ,  ʷʢʠʡ ʚʽʜʪʚʦʨʶʻ ʩʫʢʫʧʥʽʩʪʴ 

ʢʣʘʩʪʝʨʽʚ ʙʝʟʧʨʦʚʦʜʦʚʦʾ mesh-ʤʝʨʝʞʽ ʪʘ ʪʦʧʦʣʦʛʽʶ ʟʚת ʷʟʢʽʚ ʤʽʞ ʥʠʤʠ 

ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʾʭʥʴʦʾ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ (ʨʠʩ.3.2). 
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ʈʠʩ. 3.2. ʇʨʠʢʣʘʜ ʢʣʘʩʪʝʨʠʟʦʚʘʥʦʾ WMN ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʾʡ ʛʨʘʬʫ 

ʢʣʘʩʪʝʨʽʚ ),( EVG ¡¡¡¡¡¡  
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ʈʠʩ. 3.3. ɻʨʘʬʠ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ ʢʣʘʩʪʝʨʽʚ A ʪʘ C  

 

ɻʨʘʬ ʢʣʘʩʪʝʨʽʚ ),( EVG ¡¡¡¡¡¡  ʚʽʜʪʚʦʨʶʻ ʘʛʨʝʛʦʚʘʥʫ ʪʦʧʦʣʦʛʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ, 

ʜʦʩʪʫʧʥʫ ʥʘ ʚʝʨʭʥʴʦʤʫ ʨʽʚʥʽ ʢʝʨʫʚʘʥʥʷ. ʂʦʞʥʘ ʚʝʨʰʠʥʘ ʚ ʮʴʦʤʫ ʛʨʘʬʽ ʤʦʜʝʣʶʻ  

ʛʨʫʧʫ ʩʪʘʥʮʽʡ, ʚʠʟʥʘʯʝʥʠʭ ʷʢ ʻʜʠʥʠʡ ʢʣʘʩʪʝʨ. ʅʘʧʨʠʢʣʘʜ, ʚʝʨʰʠʥʘ VA ¡¡Í  

ʷʚʣʷʻ ʩʦʙʦʶ { }AVvvA ¡Í= : . ɺʽʜʧʦʚʽʜʥʦ ʧʦʪʫʞʥʽʩʪʴ ʤʥʦʞʠʥʥʦʩʪʽ V¡¡ ʜʦʨʽʚʥʶʻ 

ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʪʝʨʽʚ ʫ ʤʝʨʝʞʽ, clNV =¡¡ . ʄʥʦʞʠʥʘ ʛʽʣʦʢ E¡¡ ʩʪʚʦʨʝʥʘ ʢʘʥʘʣʘʤʠ 

ʟʚôʷʟʢʫ ʤʽʞ ʨʽʟʥʠʤʠ ʢʣʘʩʪʝʨʘʤʠ (ʟʦʚʥʽʰʥʽ ʢʘʥʘʣ). ʄʘʪʝʤʘʪʠʯʥʦ ʮʶ ʤʥʦʞʠʥʫ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʜʦʧʦʚʥʝʥʥʷ 8
j

jE¡ ʜʦ ʤʥʦʞʠʥʠ E, ʪʦʙʪʦ, 
ö
ö

÷

õ

æ
æ

ç

å
¡=¡¡ 8

j
jEEE \ .  

ʂʦʞʝʥ ʢʘʥʘʣ ),( ji  ʫ ʚʠʭʽʜʥʦʤʫ ʛʨʘʬʽ WMN ),( EVG  ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʘʨʘʤʝʪʨʦʤ jim , . ɺʽʥ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʙʽʪ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʽ ʤʦʞʥʘ 

ʧʝʨʝʜʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ ʩʣʦʪʫ ʫ ʬʨʝʡʤʽ, ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʘʥʘʣʦʛʽʯʥʫ ʜʦ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʫ ʟʚʠʯʘʡʥʠʭ ʜʨʦʪʦʚʠʭ ʤʝʨʝʞʘʭ. ʗʢʱʦ ʤʽʞ ʜʚʦʤʘ 

ʢʣʘʩʪʝʨʘʤʠ ʽʩʥʫʻ ʪʽʣʴʢʠ ʦʜʠʥ ʟʦʚʥʽʰʥʽʡ ʢʘʥʘʣ, ʧʘʨʘʤʝʪʨ m ʫ ʛʨʘʬʽ ʢʣʘʩʪʝʨʽʚ 

ʥʘʩʣʽʜʫʻ ʡʦʛʦ ʢʽʣʴʢʽʩʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. ʅʘʧʨʠʢʣʘʜ, ʧʘʨʘʤʝʪʨ CAm ,  ʜʣʷ 

ʻʜʠʥʦʛʦ ʢʘʥʘʣʫ )1.,2.( CA  ʤʽʞ ʢʣʘʩʪʝʨʘʤʠ ɸ ʪʘ ʉ ʥʘ ʨʠʩ. 3.2 ʜʦʨʽʚʥʶʻ1.,2. CAm . 

ʆʜʥʘʢ ʜʣʷ ʜʝʢʽʣʴʢʦʭ ʢʘʥʘʣʽʚ ʤʽʞ ʢʣʘʩʪʝʨʘʤʠ ʚʦʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʘʛʨʝʛʦʚʘʥʠʤʠ 

ʪʘ ʧʦʜʘʥʠʤʠ ʷʢ ʻʜʠʥʠʡ ʟʦʚʥʽʰʥʽʡ ʢʘʥʘʣ ʫ ʤʝʞʘʭ ʛʨʘʬʫ ),( EVG ¡¡¡¡¡¡ . ʇʨʠ ʮʴʦʤʫ 
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ʧʨʘʚʠʣʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʘ m  ʘʛʨʝʛʦʚʘʥʦʛʦ ʢʘʥʘʣʫ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ 

ʟʚôʷʟʢʫ ʚʽʜʨʽʟʥʷʪʠʤʫʪʴʩʷ ʚʽʜ  ʧʨʘʚʠʣ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʘʛʨʝʛʦʚʘʥʠʭ ʜʨʦʪʦʚʠʭ ʧʦʻʜʥʫʚʘʥʴ. ʅʘʧʨʠʢʣʘʜ, ʤʽʞ ʢʣʘʩʪʝʨʘʤʠ ɸ ʪʘ ɺ ʥʘ ʨʠʩ.3.2 

ʽʩʥʫʶʪʴ ʪʨʠ ʢʘʥʘʣʠ )1.,4.( BA , )2.,4.( BA ʪʘ )3.,3.( BA . ʇʨʠ ʮʴʦʤʫ ʩʪʘʥʮʽʾ 3.A , 

4.A , 1.B , 2.B , 3.B  ʽʥʪʝʨʬʝʨʫʶʪʴ ʤʽʞ ʩʦʙʦʶ ʪʘ ʥʝ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʦʜʥʦʯʘʩʥʦ 

(ʪʦʙʪʦ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʥʽ ʡ ʪʽ ʞ ʯʘʩʦʚʽ ʩʣʦʪʠ). ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʘʨʘʤʝʪʨ 

BAm ,  ʥʝ ʤʦʞʥʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʷʢ ʩʫʤʫ 1.,4. BAm , 2.,4. BAm  ʪʘ 3.,3. BAm . ɿʥʘʯʝʥʥʷ 

BAm ,  ʣʝʞʠʪʴ ʫ ʽʥʪʝʨʚʘʣʽ ʤʽʞ { }3.,3.2.,4.1.,4. ,,min BABABA mmm  ʪʘ 

{ }3.,3.2.,4.1.,4. ,,max BABABA mmm , ʟ ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ ʡʦʛʦ ʙʝʨʫʪʴ ʷʢ ʩʝʨʝʜʥʻ 

ʘʨʠʬʤʝʪʠʯʥʝ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʤʝʞʘʭ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʽʻʨʘʨʭʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʧʦʯʘʪʢʦʚʘ 

ʩʪʨʫʢʪʫʨʘ WMN ʟʘʤʽʥʶʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʶ ʛʨʘʬʽʚ ʙʽʣʴʰ ʥʠʟʴʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ. 

ɻʨʘʬ ʢʣʘʩʪʝʨʽʚ ʚʽʜʪʚʦʨʶʻ ʘʛʨʝʛʦʚʘʥʫ ʪʦʧʦʣʦʛʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʥʘ ʚʝʨʭʥʴʦʤʫ ʨʽʚʥʽ ʢʝʨʫʚʘʥʥʷ, ʘ ʥʠʞʥʽʡ ʨʽʚʝʥʴ ʧʨʘʮʶʻ ʟ ʛʨʘʬʘʤʠ ʚʥʫʪʨʽʰʥʽʭ 

ʩʪʨʫʢʪʫʨ ʢʣʘʩʪʝʨʽʚ ʫ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʽʟ ʥʠʭ. 

 

3.3. ɸʣʛʦʨʠʪʤ ʬʦʨʤʫʚʘʥʥʷ ʧʫʣʽʚ ʩʣʦʪʽʚ ʪʘ ʾʭʥʽʡ ʨʦʟʧʦʜʽʣ ʤʽʞ ʢʣʘʩʪʝʨʘʤʠ 

ʤʝʨʝʞʽ 

 

ʋ ʤʝʞʘʭ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʽʻʨʘʨʭʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ 

ʢʨʦʩʨʽʚʥʝʚʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʚʩʷ ʤʥʦʞʠʥʘ ʩʣʦʪʽʚ Q, 

ʜʦʩʪʫʧʥʘ ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʪʨʘʬʽʢʫ, ʜʽʣʠʪʴʩʷ ʥʘ ʧʽʜʤʥʦʞʠʥʠ, 

ʷʢʽ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʪʘʢ ʟʚʘʥʽ ʧʫʣʠ iQ , pi N=Q || . ʂʦʞʥʦʤʫ ʢʣʘʩʪʝʨʫ ʤʝʨʝʞʽ 

ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʩʚʽʡ ʧʫʣ ʩʣʦʪʽʚ, ʜʦʧʫʩʢʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʧʦʚʪʦʨʥʝ ʧʨʠʟʥʘʯʝʥʥʷ 

ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞʝ ʧʫʣʘ ʩʣʦʪʽʚ ʜʝʢʽʣʴʢʦʤ, ʪʦʙʪʦ, clp NN ¢ . ʂʽʣʴʢʽʩʪʴ ʩʣʦʪʽʚ ʫ 

ʢʦʞʥʦʤʫ ʧʫʣʽ iQ  ʟʫʤʦʚʣʶʻʪʴʩʷ, ʥʘʩʘʤʧʝʨʝʜ, ʚʠʤʦʛʘʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʠʭ i -ʤ 

ʢʣʘʩʪʝʨʦʤ ʧʦʪʦʢʽʚ, ʚʨʘʭʦʚʫʶʯʠ ʪʨʘʥʟʠʪʥʠʡ ʪʨʘʬʽʢ ʚʽʜ ʽʥʰʠʭ ʢʣʘʩʪʝʨʽʚ ʪʘ 

ʟʘʧʠʪʠ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʚʽʜ ʘʙʦʥʝʥʪʽʚ ʮʴʦʛʦ ʢʣʘʩʪʝʨʫ. ʆʩʢʽʣʴʢʠ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ 
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ʚʠʤʦʛ ʜʦ ʧʨʦʮʝʩʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ (ʧ. 2.1) ʻ ʾʾ ʜʠʥʘʤʽʯʥʠʡ ʭʘʨʘʢʪʝʨ,  ʪʦ ʨʦʟʤʽʨ 

ʢʦʞʥʦʛʦ ʟ ʧʫʣʽʚ { }iQ  ʧʦʚʠʥʝʥ ʜʠʥʘʤʽʯʥʦ ʧʝʨʝʥʘʣʘʰʪʦʚʫʚʘʪʠʩʷ.  ʋ ʟʚôʷʟʢʫ ʟ 

ʮʠʤ ʜʦʮʽʣʴʥʦ ʧʝʨʝʢʣʘʩʪʠ ʟʘʚʜʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʧʫʣʽʚ { }iQ  ʥʘ ʮʝʥʪʨʠ ʢʝʨʫʚʘʥʥʷ 

ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʷʚʥʽʩʪʴ ʪʽʣʴʢʠ ʪʦʧʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʙʝʟʧʨʦʚʦʜʦʚʽ 

mesh-ʤʝʨʝʞʽ ʥʝ ʜʘʻ ʟʤʦʛʫ ʚʠʨʽʰʠʪʠ ʟʘʚʜʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʧʫʣʽʚ ʩʣʦʪʽʚ, ʧʨʦʪʝ 

ʫʤʦʞʣʠʚʣʶʻ ʚʠʟʥʘʯʝʥʥʷ ʾʭʥʴʦʾ ʢʽʣʴʢʦʩʪʽ pN . ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʨʦʪʦʢʦʣʴʥʦʾ ʤʦʜʝʣʽ ʽʥʪʝʨʬʝʨʝʥʮʽʾ (2.9) ʦʜʥʦʯʘʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʛʦ ʡ ʪʦʛʦ 

ʞ ʧʫʣʫ ʩʣʦʪʽʚ ʢʣʘʩʪʝʨʘʤʠ ɸ ʽ ʅ ʤʦʞʣʠʚʦ ʪʦʜʽ ʪʘ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʫʤʦʚʘ (2.9) 

ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʧʘʨʠ ʩʪʘʥʮʽʡ ʟ ʢʣʘʩʪʝʨʽʚ ɸ ʽ ʅ, ʪʦʙʪʦ: 

2),:,( >Í"Í" HA VuVvuvdist .                              (3.1) 

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʤʽʞ ʩʪʘʥʮʽʷʤʠ, ʷʢʽ ʥʘʣʝʞʘʪʴ 

ʨʽʟʥʠʤ ʢʣʘʩʪʝʨʘʤ, ʯʘʩʪʢʦʚʦ ʤʽʩʪʠʪʴʩʷ ʚ ʛʨʘʬʽ ʢʣʘʩʪʝʨʽʚ ),( EVG ¡¡¡¡¡¡  (ʨʠʩ. 3.2): 

ʷʢʱʦ ʤʽʞ ʜʝʷʢʠʤʠ ʧʘʨʘʤʠ ʚʝʨʰʠʥ ʫ ),( EVG ¡¡¡¡¡¡  ʽʩʥʫʻ ʧʨʷʤʘ ʛʽʣʢʘ, ʪʦ ʫʤʦʚʘ (3.1) 

ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ. ʄʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʩʪʘʥʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʢʣʘʩʪʝʨʽʚ  ʤʘʶʪʴ 

ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʡ ʚʧʣʠʚ, ʽ, ʚ ʨʝʟʫʣʴʪʘʪʽ, ʢʣʘʩʪʝʨʠ ʥʝ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ 

ʦʜʥʦʤʫ ʧʫʣʽ ʩʣʦʪʽʚ. ʆʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʟʚʦʨʦʪʥʝ ʪʚʝʨʜʞʝʥʥʷ ʥʝ ʧʨʘʚʠʣʴʥʝ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʧʨʷʤʦʾ ʛʽʣʢʠ ʚ ʛʨʘʬʽ ),( EVG ¡¡¡¡¡¡ ʥʝ ʦʟʥʘʯʘʻ, ʱʦ ʩʪʘʥʮʽʾ ʮʠʭ ʢʣʘʩʪʝʨʽʚ 

ʥʝ ʤʦʞʫʪʴ ʧʽʜʜʘʚʘʪʠʩʷ ʚʪʦʨʠʥʥʽʡ ʽʥʪʝʨʬʝʨʝʥʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʫ ʛʨʘʬʽ  ),( EVG ¡¡¡¡¡¡  , 

ʧʦʢʘʟʘʥʦʤʫ ʥʘ ʨʠʩ. 3.2, ʫʤʦʚʘ (3.1) ʚʠʢʦʥʫʻʪʴʩʷ ʥʝ ʜʣʷ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʧʘʨ 

ʩʪʘʥʮʽʡ  ʫ ʤʝʞʘʭ ʢʣʘʩʪʝʨʽʚ  ʥʘʚʽʪʴ ʪʦʜʽ, ʷʢʱʦ ʮʽ ʢʣʘʩʪʝʨʠ ʧʦʚ'ʷʟʘʥʽ ʚ ʛʨʘʬʽ 

),( EVG ¡¡¡¡¡¡ . ʋ ʨʝʟʫʣʴʪʘʪʽ, ʢʣʘʩʪʝʨʘʤ  ɸ ʽ D ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʟʥʘʯʝʥʽ ʦʜʥʽ q ʪʽ ʞ 

ʩʣʦʪʠ. 

ɿ ʤʝʪʦʶ ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʧʫʣʽʚ ʩʣʦʪʽʚ ʪʘ ʾʭʥʴʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʽʞ 

ʢʣʘʩʪʝʨʘʤʠ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʽʜʝʻʶ ʚʝʨʰʠʥʥʦʾ ʨʦʟʤʘʣʴʦʚʢʠ ʛʨʘʬʫ ʢʦʥʬʣʽʢʪʽʚ [90]. 

ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʝʨʰʠʥʘʤʠ ʛʨʘʬʫ ʢʦʥʬʣʽʢʪʽʚ ʢʣʘʩʪʝʨʽʚ ),( cflcflcfl EVG ¡¡¡¡¡¡   ʙʫʜʝ 

ʤʥʦʞʠʥʘ ʢʣʘʩʪʝʨʽʚ ʤʝʨʝʞʽ VVcfl ¡¡=¡¡  , ʘ ʛʽʣʢʠ ʤʽʞ ʥʠʤʠ cf lE¡¡  ʙʫʜʫʪʴ ʚʢʘʟʫʚʘʪʠ 

ʥʘ ʥʝʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ (3.1) ʤʽʞ ʩʪʘʥʮʽʷʤʠ ʚ ʤʝʞʘʭ ʚʽʜʧʦʚʽʜʥʠʭ ʢʣʘʩʪʝʨʽʚ. ɻʨʘʬ  
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),( cflcflcfl EVG ¡¡¡¡¡¡   ʤʦʞʝ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʛʨʘʬʫ ʢʣʘʩʪʝʨʽʚ ),( EVG ¡¡¡¡¡¡

ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʛʽʣʦʢ EEcfl ¡¡È¡¡  . ʅʘʧʨʠʢʣʘʜ, ʫ ʩʠʪʫʘʮʽʾ, ʧʦʜʘʥʽʡ 

ʥʘ ʨʠʩ. 3.4, ʛʨʘʬ ʢʦʥʬʣʽʢʪʽʚ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʛʨʘʬʫ ʢʣʘʩʪʝʨʽʚ ʣʠʰʝ ʦʜʥʽʻʶ 

ʛʽʣʢʦʶ - E- F . 
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʛʨʘʬ ʢʦʥʬʣʽʢʪʽʚ ʢʣʘʩʪʝʨʽʚ ),( cflcflcfl EVG ¡¡¡¡¡¡ , ʟʘʚʜʘʥʥʷ 

ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʧʫʣʽʚ ʩʣʦʪʽʚ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʜʘʯʽ ʨʦʟʨʘʭʫʥʢʫ ʡʦʛʦ 

ʭʨʦʤʘʪʠʯʥʦʛʦ ʯʠʩʣʘ, ʘ ʧʨʦʮʝʩ ʨʦʟʧʦʜʽʣʫ ʧʫʣʽʚ ʤʽʞ ʢʣʘʩʪʝʨʘʤʠ ʬʦʨʤʘʣʽʟʫʻʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʟʘʚʜʘʥʥʷ ʡʦʛʦ ʚʝʨʰʠʥʥʦʾ ʨʦʟʤʘʣʴʦʚʢʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʽʾ ʛʨʘʬʽʚ [83] 

ʧʨʘʚʠʣʴʥʝ ʨʦʟʬʘʨʙʫʚʘʥʥʷ ʷʚʣʷʻ ʩʦʙʦʶ ʪʘʢʫ ʨʦʟʤʽʪʢʫ ʛʨʘʬʫ, ʧʨʠ ʷʢʽʡ ʥʽʷʢʽ ʜʚʽ 

ʩʫʤʽʞʥʽ ʚʝʨʰʠʥʠ ʥʝ ʧʦʬʘʨʙʦʚʘʥʦ ʚ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʢʦʣʽʨ. ʗʢʱʦ ʜʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ y -ʢʦʣʴʦʨʽʚ, ʪʦ ʪʘʢʝ ʨʦʟʬʘʨʙʦʚʫʚʘʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ y -

ʨʦʟʤʘʣʴʦʚʢʦʶ. ʊʦʜʽ ʭʨʦʤʘʪʠʯʥʠʤ ʯʠʩʣʦʤ ʛʨʘʬʫ  G )(Gc  ʻ ʪʘʢʝ ʥʘʡʤʝʥʰʝ ʯʠʩʣʦ 

y, ʧʨʠ ʷʢʦʤʫ y -ʨʦʟʤʘʣʴʦʚʢʘ ʻ ʧʨʘʚʠʣʴʥʦʶ [103].  

ʊʝʦʨʽʷ ʛʨʘʬʽʚ ʥʝ ʜʘʻ ʟʤʦʛʫ ʨʦʟʨʘʭʫʚʘʪʠ ʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʭʨʦʤʘʪʠʯʥʦʛʦ 

ʯʠʩʣʘ ʛʨʘʬʫ ʢʦʥʬʣʽʢʪʽʚ ʢʣʘʩʪʝʨʽʚ )( cflG¡¡c ,  ʦʜʥʘʢ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʚʝʨʭʥʶ ʽ ʥʠʞʥʶ 

ʚʝʣʠʯʠʥʫ [83, 106]: 

1) ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʝʤʠ ɹʨʫʢʩʘ )()( cflcfl GG ¡¡D¢¡¡c , ʜʝ )( cflG¡¡D  ï 

ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʨʰʠʥʥʘ ʩʪʝʧʽʥʴ ʫ ʛʨʘʬʽ cf lG¡¡. ʊʝʦʨʝʤʘ ʻ ʩʧʨʘʚʝʜʣʠʚʦʶ 

ʜʣʷ ʚʩʽʭ ʟʚ̫תʟʥʠʭ ʛʨʘʬʽʚ, ʟʘ ʚʠʥʷʪʢʦʤ ʧʦʚʥʠʭ ʛʨʘʬʽʚ ʪʘ ʮʠʢʣʽʚ ʥʝʧʘʨʥʦʾ 

ʜʦʚʞʠʥʠ;  

2) ù
ù

ø
é
é

è ¡¡j+¡¡
¢¡¡c¢¡¡j

2

)()(
)()(

cflcfl
cflcfl

GGn
GG , ʛʜʝ )( cflG¡¡j  ï ʢʽʣʴʢʽʩʪʴ 

ʚʝʨʰʠʥ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʚʥʦʛʦ ʧʽʜʛʨʘʬʫ (ʥʘʡʙʽʣʴʰʦʾ ʢʣʽʢʠ) ʫ cf lG¡¡; 

)( cflGn ¡¡  ï ʢʽʣʴʢʽʩʪʴ ʚʝʨʰʠʥ ʫ cf lG¡¡, clcfl NGn =¡¡)( ; èøx  ï ʮʽʣʘ ʯʘʩʪʠʥʘ 

ʯʠʩʣʘ x; 

3) 1)()()(
)(

)(
+¡¡a-¡¡¢¡¡c¢

ù
ù
ù

ø

é
é
é

è

¡¡a

¡¡
cflcflcfl

cfl

cfl
GGnG

G

Gn
, ʜʝ )( cflG¡¡a  ï 

ʧʦʪʫʞʥʽʩʪʴ ʥʘʡʙʽʣʴʰʦʾ ʤʥʦʞʠʥʠ ʧʦʧʘʨʥʦ ʥʝʩʫʤʽʞʥʠʭ ʚʝʨʰʠʥ ʛʨʘʬʫ 

cf lG¡¡ (ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʝʨʰʠʥ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʬʘʨʙʦʚʘʥʽ 

ʦʜʥʦʢʦʣʴʦʨʦʚʦ).  
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ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʛʨʘʬʫ ʢʦʥʬʣʽʢʪʽʚ, ʧʦʜʘʥʦʛʦ ʥʘ ʨʠʩ. 3.4, ʤʘʻʤʦ 8)( =¡¡cflGn , 

3)( =¡¡j cflG , 3)( =¡¡a cflG , 6)( =¡¡D cflG . ʊʘʢʠʤ ʯʠʥʦʤ, ʡʦʛʦ ʭʨʦʤʘʪʠʯʥʝ ʯʠʩʣʦ 

ʣʝʞʠʪʴ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 3 ʜʦ 6, ʧʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʠʤʠ ʚʘʨʽʘʥʪʘʤʠ 

ʨʦʟʬʘʨʙʦʚʫʚʘʥʥʷ  ʻ ʪʘʢʽ: ʨʠʩ. 3.5. 

A

C E

B D F

K

G

     

A

C E

B D F

K

G

 

ʈʠʩ. 3.5. ʈʽʟʥʦʤʘʥʽʪʥʽ ʚʘʨʽʘʥʪʠ ʨʦʟʬʘʨʙʦʚʫʚʘʥʥʷ ʛʨʘʬʫ ʢʦʥʬʣʽʢʪʽʚ 

 ʅʘ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ (ʨʠʩ.3.5) ʭʨʦʤʘʪʠʯʥʝ ʯʠʩʣʦ ʜʦʨʽʚʥʶʻ 4, ʽ ʙʫʜʴ-ʷʢʝ 

ʨʦʟʬʘʨʙʫʚʘʥʥʷ ʚʠʤʘʛʘʻ ʷʢ ʤʽʥʽʤʫʤ ʯʦʪʠʨʴʦʭ ʢʦʣʴʦʨʽʚ. ʋ ʢʦʥʪʝʢʩʪʽ 

ʨʦʟʚ'ʷʟʫʚʘʥʦʾ ʟʘʜʘʯʽ ʬʦʨʤʫʚʘʥʥʷ ʧʫʣʽʚ ʩʣʦʪʽʚ ʜʣʷ ʙʝʟʜʧʨʦʚʦʜʦʚʦʾ mesh-ʤʝʨʝʞʽ  

ʦʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʥʝ ʤʝʥʰʝ 4-ʭ ʧʫʣʽʚ ʩʣʦʪʽʚ. ʇʨʠ ʮʴʦʤʫ ʚʘʨʽʘʥʪʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.5, ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʢʣʘʩʪʝʨʽʚ, ʷʢʽ ʙʫʜʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʧʫʣ: { }1,1,3,3     ʪʘ { }1223 , , ,  ʚʽʜʧʦʚʽʜʥʦ. ʆʜʥʘʢ, 

ʦʩʢʽʣʴʢʠ ʢʣʘʩʪʝʨʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʛʘʣʴʥʠʡ ʧʫʣ ʩʣʦʪʽʚ, ʚʽʜʜʘʣʝʥʽ ʦʜʠʥ ʚʽʜ 

ʦʜʥʦʛʦ ʥʘ ʚʽʜʩʪʘʥʴ, ʜʦʩʪʘʪʥʶ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʾʭʥʽʡ ʚʟʘʻʤʥʠʡ 

ʚʧʣʠʚ, ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʢʣʘʩʪʝʨʽʚ ʥʝ ʯʠʥʠʪʠʤʝ ʞʦʜʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ ʨʦʙʦʪʠ 

ʤʝʨʝʞʽ, ʘ ʪʦʤʫ ʙʫʜʴ-ʷʢʠʡ ʚʘʨʽʘʥʪ ʨʦʟʤʘʣʴʦʚʢʠ ʛʨʘʬʫ ),( cflcflcfl EVG ¡¡¡¡¡¡  ʻ ʧʨʠʡʥʷʪʥʠʤ. 

ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʫ ʤʝʞʘʭ ʪʝʦʨʽʾ ʛʨʘʬʽʚ ʥʘʢʦʧʠʯʝʥʦ ʜʦʩʪʘʪʥʽʡ ʜʦʩʚʽʜ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʚʝʨʰʠʥʥʦʾ ʨʦʟʤʘʣʴʦʚʢʠ ʛʨʘʬʽʚ [83, 106]. 

 

3.4. ʄʦʜʝʣʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʢʣʘʩʪʝʨʠʟʦʚʘʥʽʡ IEEE 802.16 mesh-ʤʝʨʝʞʽ 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʤʝʨʝʞʽ ʪʘ ʚʚʝʜʝʥʥʷ ʽʻʨʘʨʭʽʯʥʦʾ ʘʜʨʝʩʘʮʽʾ 

ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʩʪʘʥʫ (2.38), ʱʦ ʦʧʠʩʫʻ ʧʨʦʮʝʩʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʚ 

WiMAX mesh-ʤʝʨʝʞʽ, ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʷʢ: 
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¸
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         (3.2) 

 

ʜʝ clNji ,1, = , i
vNx ,1= , j

vNz ,1= , xizj .. ¸ ; ,...2,1,0=k ; kk ttt -=D +1 ; 

i
vN  ï ʢʽʣʴʢʽʩʪʴ ʩʪʘʥʮʽʡ ʚ i -ʤ ʢʣʘʩʪʝʨʽ;  

)(.,. kq zjxi  ï ʟʤʽʥʥʘ ʩʪʘʥʫ, ʷʢʘ ʧʦʢʘʟʫʻ ʦʙʩʷʛ ʜʘʥʠʭ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʯʘʩʫ kt  ʫ 

ʙʫʬʝʨʽ ʩʪʘʥʮʽʾ xi. ʪʘ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʩʪʘʥʮʽʾzj.  (ʨʦʟʤʽʨ ʯʝʨʛʠ 

).,.( zjxi  );  

)(.,
.,. kslr
zjxit  ï ʙʫʣʝʚʘ ʢʝʨʫʚʘʣʴʥʘ ʟʤʽʥʥʘ, ʷʢʘ ʜʦʨʽʚʥʶʻ 1, ʷʢʱʦ ʚʧʨʦʜʦʚʞ k -ʛʦ 

ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ r -ʡ ʩʣʦʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʘʥʘʣʽ j.z)(i.x,  ʜʣʷ 

ʧʝʨʝʜʘʚʘʥʥʷ ʧʦʪʦʢʫ, ʘʜʨʝʩʦʚʘʥʦʛʦ ʩʪʘʥʮʽʾ l.s;  

r
shxi

m
.,.

 ï ʢʽʣʴʢʽʩʪʴ ʙʽʪ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʽ ʤʦʞʥʘ ʧʝʨʝʜʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ r -

ʛʦ ʩʣʦʪʫ ʚ ʢʘʥʘʣʽ Eshxi Í).,.( ;  

1
.xiS  ï ʤʥʦʞʠʥʘ ʩʪʘʥʮʽʡ, ʩʫʤʽʞʥʠʭ ʟ i.x-ʡ ʩʪʘʥʮʽʻʶ;  

)(.,. kzjxix  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʜʘʥʠʭ ʥʘ i.x-ʶ ʩʪʘʥʮʽʶ, ʘʜʨʝʩʦʚʘʥʠʭ j.z-

ʡ ʩʪʘʥʮʽʾ, ʫ ʤʦʤʝʥʪ ʯʘʩʫ kt . 

ɿʘʣʝʞʥʦ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʘʜʨʝʩ xi.  ʪʘ zj.  ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ (3.2) ʤʦʞʥʘ 

ʧʦʜʽʣʠʪʠ ʥʘ )1( +clN  ʛʨʫʧ: 

- clN  ʛʨʫʧ, ʫ ʢʦʞʥʽʡ ʽʟ ʷʢʠʭ ʘʜʨʝʩʘ xi.  ʪʘ zj.  ʥʘʣʝʞʠʪʴ ʦʜʥʦʤʫ ʡ ʪʦʤʫ ʞ 

ʢʣʘʩʪʝʨʫ, ʪʦʙʪʦ ij = , xz¸ ; 

- ʦʜʥʘ ʛʨʫʧʘ ʟ ʨʽʟʥʠʤʠ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘʤʠ ʢʣʘʩʪʝʨʽʚ, ʪʦʙʪʦ, ij ¸ .   

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (3.2) ʟ ʽʥʜʝʢʩʘʤʠij ¸  ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʦʙʤʽʥʫ ʤʽʞ ʢʣʘʩʪʝʨʘʤʠ ʽ ʥʘʣʝʞʠʪʴ ʜʦ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʫʧʨʘʚʣʽʥʥʷ. ʊʦʜʽ 
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ʨʽʚʥʷʥʥʷ ʜʣʷ ʟʤʽʥʥʠʭ ʩʪʘʥʫ ʟ ʦʜʥʘʢʦʚʠʤʠ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘʤʠ ʧʦʪʦʯʥʦʛʦ ʢʣʘʩʪʝʨʫ 

ʽ ʦʜʥʘʢʦʚʠʤʠ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘʤʠ ʢʣʘʩʪʝʨʫ ʦʜʝʨʞʫʚʘʯʘ, ʥʘʧʨʠʢʣʘʜ)(1.,1. kq CA , 

)(2.,1. kq CA , )(1.,2. kq CA   ʽ ʪ.ʜ., ʤʦʞʫʪʴ ʙʫʪʠ ʘʛʨʝʛʦʚʘʥʽ (ʰʣʷʭʦʤ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ) 

ʚ ʻʜʠʥʝ ʨʽʚʥʷʥʥʷ ʟʽ ʟʤʽʥʥʦʶ ʩʪʘʥʫ, ʱʦ ʥʘʣʝʞʠʪʴ ɺʈ ʫʧʨʘʚʣʽʥʥʷ: 
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                  (3.3) 

ʜʝ ää
==

=

i
v

j
vN

x

N

z
zjxi

UL
ji kqkq

1 1
.,., )()(  ï ʟʤʽʥʥʘ ʩʪʘʥʫ ɺʈ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʦʙʩʷʛ ʜʘʥʠʭ, ʷʢʽ 

ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʤʦʤʝʥʪ ʯʘʩʫ kt  ʫ ʢʣʘʩʪʝʨʽ i  ʪʘ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ 

ʩʪʘʥʮʽʷʤ ʫ ʢʣʘʩʪʝʨʽ j ;  

r UL
hi

m
,  ï ʢʽʣʴʢʽʩʪʴ ʙʽʪ  ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʽ ʤʦʞʥʘ ʧʝʨʝʜʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ r -

ʛʦ ʩʣʦʪʫ ʚ ʘʛʨʝʛʦʚʘʥʦʤʫ ʟʦʚʥʽʰʥʴʦʤʫ ʢʘʥʘʣʽ Ehi ¡¡Í),( ;  

)(
,

,
k

jr UL
hi
t  ï ʙʽʥʘʨʥʘ ʢʝʨʫʚʘʣʴʥʘ ʟʤʽʥʥʘ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ 

ʧʨʠʟʥʘʯʝʥʥʷ ʩʣʦʪʽʚ ʚ ʘʛʨʝʛʦʚʘʥʠʭ ʢʘʥʘʣʘʭ ʤʽʞ ʢʣʘʩʪʝʨʘʤʠ;  

1 UL
iS  ï ʤʥʦʞʠʥʘ ʚʝʨʰʠʥ, ʩʫʤʽʞʥʠʭ ʟ ʚʝʨʰʠʥʦʶ i ʫ ʛʨʘʬʽG¡¡;  

)(, kUL
jix  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʘʛʨʝʛʦʚʘʥʦʛʦ ʪʨʘʬʽʢʫ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʫ i-ʡ ʢʣʘʩʪʝʨ ʫ 

ʤʦʤʝʥʪ ʯʘʩʫ kt  ʪʘ ʘʜʨʝʩʦʚʘʥʠʡ ʩʪʘʥʮʽʷʤ ʫ j-ʤ ʢʣʘʩʪʝʨʽ (ʟʦʚʥʽʰʥʽʡ ʪʨʘʬʽʢ), 

ää
==

x=x

i
v

j
vN

x

N

z
zjxi

UL
ji kk

1 1
.,., )()( . 

ʋ ʩʠʩʪʝʤʽ (3.2) ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ ʟ ʦʜʥʘʢʦʚʠʤʠ ʽʥʜʝʢʩʘʤʠ ʢʣʘʩʪʝʨʫ, ʪʦʙʪʦ 

ij =, ʬʦʨʤʫʶʪʴ clN  ʧʽʜʩʠʩʪʝʤ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʧʝʨʝʜʘʚʘʥʥʷ 
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ʪʨʘʬʽʢʫ ʚ ʤʝʞʘʭ ʦʢʨʝʤʦʛʦ ʢʣʘʩʪʝʨʫ (ʅʈ ʢʝʨʫʚʘʥʥʷ). ʊʘʢʽ ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ ʜʣʷ i -

ʛʦ ʢʣʘʩʪʝʨʫ ʤʦʞʥʘ ʧʦʜʘʪʠ: 
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      (3.4) 

 

ʂʦʞʥʘ ʩʢʣʘʜʦʚʘ ʚ ʚʠʨʘʟʽ (3.4) ʤʘʻ ʯʽʪʢʠʡ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ. ʇʝʨʰʠʡ ʜʦʜʘʥʦʢ 

ʚʠʟʥʘʯʘʻ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʯʝʨʛ ).,.( zixi ʫ ʤʦʤʝʥʪ ʯʘʩʫ kt ; ʜʨʫʛʠʡ ʽ ʪʨʝʪʽʡ - 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʦʙʩʷʛʠ ʜʘʥʠʭ, ʷʢʽ ʟ ʯʝʨʛʠ ).,.( zixi  ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʝʨʝʜʘʥʽ 

ʦʜʝʨʞʫʚʘʯʫ ʯʝʨʝʟ ʚʥʫʪʨʽʰʥʽ ʪʘ ʟʦʚʥʽʰʥʽ ʢʘʥʘʣʠ ʚʽʜʧʦʚʽʜʥʦ. ʏʝʪʚʝʨʪʠʡ ʽ ʧ'ʷʪʠʡ 

ʜʦʜʘʥʢʠ ʚʢʘʟʫʶʪʴ ʥʘ ʦʙʩʷʛ ʜʘʥʠʭ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʫ ʯʝʨʛʫ ʯʝʨʝʟ ʚʥʫʪʨʽʰʥʽ ʪʘ 

ʟʦʚʥʽʰʥʽ ʢʘʥʘʣʠ ʚʽʜʧʦʚʽʜʥʦ. ʆʩʢʽʣʴʢʠ ʥʘ ʥʠʞʥʴʦʤʫ ʨʽʚʥʽ ʫʧʨʘʚʣʽʥʥʷ 

ʪʦʧʦʣʦʛʽʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʟʦʚʥʽʰʥʽ ʢʘʥʘʣʠ ʥʝ ʙʫʜʝ ʜʦʩʪʫʧʥʘ, ʯʠʩʝʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʪʨʝʪʴʦʛʦ ʽ ʧ'ʷʪʦʛʦ ʜʦʜʘʥʢʽʚ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʽ ʚʝʨʭʥʽʤ ʨʽʚʥʝʤ 

ʫʧʨʘʚʣʽʥʥʷ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʯʽʪʢʦ ʨʦʟʜʽʣʠʪʠ ʟʘʚʜʘʥʥʷ ʚʝʨʭʥʴʦʛʦ ʡ ʥʠʞʥʴʦʛʦ 

ʨʽʚʥʷ, ʫ ʤʝʞʘʭ ʦʢʨʝʤʦ ʚʟʷʪʦʛʦ ʢʣʘʩʪʝʨʫ ʩʪʘʥʮʽʶ, ʯʝʨʝʟ ʷʢʫ ʟʦʚʥʽʰʥʽʡ ʚʠʭʽʜʥʠʡ 

ʪʨʘʬʽʢ ʧʦʚʠʥʝʥ ʧʦʢʠʥʫʪʠ ʢʣʘʩʪʝʨ (ʪ.ʟʚ. ʪʦʯʢʫ ʚʠʭʦʜʫ ʪʨʘʬʽʢʫ), ʙʫʜʝʤʦ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʫʤʦʚʥʠʡ ʧʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ. ʊʦʜʽ ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ ʜʣʷ -̔ʛʦ 

ʢʣʘʩʪʝʨʫ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʜʘʥʽ ʪʘʢ: 
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ʜʝ )(,,
.,. ksir LL
zixit  ï ʙʫʣʝʚʘ ʢʝʨʫʚʘʣʴʥʘ ʟʤʽʥʥʘ ʅʈ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷ 

ʩʣʦʪʽʚ ʫʩʝʨʝʜʠʥʽ i -ʛʦ ʢʣʘʩʪʝʨʫ;  

)(.,. km r LL
sixi  ï ʢʽʣʴʢʽʩʪʴ ʙʽʪ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʜʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ r -ʛʦ ʩʣʦʪʫ ʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʢʘʥʘʣʽ iEsixi ¡Í).,.( ; 

)(.,. k LL
zixi
Sx  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʘʛʨʝʛʦʚʘʥʦʛʦ ʪʨʘʬʽʢʫ,  ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʫ ʯʝʨʛʫ).,.( zixi  

ʥʘ ʩʪʘʥʮʽʾ xi.  ʫ ʤʦʤʝʥʪ ʯʘʩʫ kt  ʪʘ ʘʜʨʝʩʦʚʘʥʦʛʦ ʩʪʘʥʮʽʾ zi.  (ʨʘʟʦʤ ʽʟ ʟʦʚʥʽʰʥʽʤʠ 

)(.,. kext
zixix  ʧʦʪʦʢʘʤʠ, ʜʣʷ ʷʢʠʭ ʩʪʘʥʮʽʷ zi.  ʻ ʪʦʯʢʦʶ ʚʠʭʦʜʫ); 

zij
xigb

.,

.,  ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʯʘʩʪʢʫ ʪʨʘʬʽʢʫ, ʩʧʨʷʤʦʚʘʥʦʛʦ ʟ g -ʛʦ 

ʢʣʘʩʪʝʨʫ ʥʘ ʩʪʘʥʮʽʶ xi.  ʫ i -ʤ ʢʣʘʩʪʝʨʽ, ʷʢʱʦ ʩʪʘʥʮʽʷ zi.  ʻ ʪʦʯʢʦʶ ʚʠʭʦʜʫ ʜʦ j -

ʛʦ ʢʣʘʩʪʝʨʫ. 

ʂʦʝʬʽʮʽʻʥʪʠ 
zij
xigb

.,

.,  ʧʨʠʧʫʩʢʘʶʪʴʩʷ ʟʘʟʜʘʣʝʛʽʜʴ ʚʽʜʦʤʠʤʠ ʽ ʜʘʶʪʴ ʟʤʦʛʫ 

ʚʠʟʥʘʯʠʪʠ ʦʙʩʷʛ ʟʦʚʥʽʰʥʴʦʛʦ ʪʨʘʬʽʢʫ, ʷʢʠʡ ʫ  ʧʨʦʮʝʩʽ ʧʝʨʝʜʘʚʘʥʥʷ ʚʽʜ g -ʛʦ 

ʢʣʘʩʪʝʨʫ ʜʦ j -ʛʦ  ʧʝʨʝʜʘʚʘʪʠʤʝʪʴʩʷ ʚʩʝʨʝʜʠʥʽ i -ʛʦ ʢʣʘʩʪʝʨʫ ʚʽʜ ʩʪʘʥʮʽʾ xi.  ʜʦ 

ʩʪʘʥʮʽʾ zi. .  ʎʽ ʢʦʝʬʽʮʽʻʥʪʠ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʩʠʪʫʘʮʽʾ ʟ ʜʝʢʽʣʴʢʦʤʘ ʢʘʥʘʣʘʤʠ 

ʟʚôʷʟʢʫ ʤʽʞ ʧʘʨʦʶ ʢʣʘʩʪʝʨʽʚ. ʅʘʧʨʠʢʣʘʜ, ʥʝʭʘʡ ʪʨʘʬʽʢ ʟ ʢʣʘʩʪʝʨʫ ɽ, 
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ʘʜʨʝʩʦʚʘʥʠʡ ʢʣʘʩʪʝʨʫ A, ʪʨʝʙʘ ʧʝʨʝʜʘʪʠ ʯʝʨʝʟ ʢʣʘʩʪʝʨ ʉ (ʨʠʩ. 3.2). ɺʝʨʭʥʽʡ 

ʨʽʚʝʥʴ ʢʝʨʫʚʘʥʥʷ ʨʦʟʨʘʭʦʚʫʻ ʟʤʽʥʥʽ )(,
,

kAr UL
CE

t , ʷʢʽ ʮʽʣʢʦʤ ʚʠʟʥʘʯʘʶʪʴ 

ʩʫʤʘʨʥʠʡ ʦʙʩʷʛ ʟʦʚʥʽʰʥʴʦʛʦ ʪʨʘʬʽʢʫ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʟ ɽ ʫ C, ʘʣʝ ʥʝ ʚʢʘʟʫʶʪʴ 

ʦʙʩʷʛ ʟʦʚʥʽʰʥʴʦʛʦ ʪʨʘʬʽʢʫ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʥʘ ʩʪʘʥʮʽʾ 3.C  ʪʘ 4.C  ʦʢʨʝʤʦ. 

ʂʦʝʬʽʮʽʻʥʪ 
1.,
3.,

CA
CE

b  ʙʫʜʝ ʚʠʟʥʘʯʘʪʠ ʯʘʩʪʢʫ ʟʘʛʘʣʴʥʦʛʦ ʪʨʘʬʽʢʫ 

nkkm Ar UL
CE

r UL
CE

)()( ,
,,

t , ʜʣʷ ʷʢʦʛʦ ʩʪʘʥʮʽʷ 3.C  ʻ ʪʦʯʢʦʶ ʚʭʦʜʫ, ʘ ʩʪʘʥʮʽʷ 1.C  ï 

ʪʦʯʢʦʶ ʚʠʭʦʜʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ɺʈ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʽʞ 

ʢʣʘʩʪʝʨʘʤʠ ʥʘ ʦʩʥʦʚʽ ʛʨʘʬʫ ),( EVG ¡¡¡¡¡¡  ʪʘ ʘʛʨʝʛʦʚʘʥʠʭ ʨʽʚʥʷʥʴ ʩʪʘʥʫ (3.3), ʪʦʜʽ ʷʢ 

ʥʘ ʅʈ ʧʦʢʣʘʜʝʥʦ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʩʝʨʝʜʠʥʽ ʢʣʘʩʪʝʨʽʚ, 

ʟʦʙʨʘʞʝʥʠʭ ʧʽʜʛʨʘʬʘʤʠ ),( iii EVG ¡¡¡ , clNi ,1= , ʦʧʠʩʘʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ (3.5). 

ʆʢʨʽʤ ʪʦʛʦ ʟʤʽʥʥʽ ʢʝʨʫʚʘʥʥʷ ʪʘ ʩʪʘʥʫ ʥʘ ʦʙʦʭ ʨʽʚʥʷʭ ʧʦʚʠʥʥʽ ʟʘʜʦʚʽʣʴʥʠʪʠ 

ʩʫʢʫʧʥʽʩʪʴ ʦʙʤʝʞʝʥʴ. 

ʆʩʢʽʣʴʢʠ ʟʤʽʥʥʽ ʩʪʘʥʫ ʚʠʟʥʘʯʘʶʪʴ ʦʙʩʷʛʠ ʜʘʥʠʭ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʙʫʬʝʨʽ 

mesh-ʩʪʘʥʮʽʾ, ʤʘʪʝʤʘʪʠʯʥʦ ʚʦʥʠ ʦʙʤʝʞʝʥʽ ʜʚʦʙʽʯʥʦ: ʥʫʣʝʤ  ʥʠʞʥʴʦʾ ʛʨʘʥʠʮʽ ʪʘ 

ʨʦʟʤʽʨʦʤ ʙʫʬʝʨʫ ʚʝʨʭʥʴʦʾ: 

 

0)(.,. ²kqLL
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,                         (3.6) 

 

ʜʝ max
.

 LL
xiq  ï ʨʦʟʤʽʨ ʙʫʬʝʨʫ ʯʝʨʛ ʥʘ i.x-ʡ mesh-ʩʪʘʥʮʽʾ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ, ʘʛʨʝʛʦʚʘʥʽ ʟʤʽʥʥʽ ʩʪʘʥʫ ɺʈ )(, kqUL
ji  ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ  

ʘʥʘʣʦʛʽʯʥʠʤ ʫʤʦʚʘʤ: 
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ʜʝ ä
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i
vN

x

 LL
xi

 UL
i kqq

1

max
.

max )( . 

ʂʝʨʫʚʘʣʴʥʽ ʟʤʽʥʥʽ )(
,

,
k

jr UL
hi
t  ʪʘ )(,,

.,. ksir LL
zixit  ʚʽʜʦʙʨʘʞʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʨʦʟʧʦʜʽʣ ʩʣʦʪʽʚ, ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʮʝʧʮʽʾ ʽʻʨʘʨʭʽʯʥʦʾ 

ʤʽʞʨʽʚʥʝʚʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʮʽ ʟʤʽʥʥʽ ʩʣʽʜ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʟʘ ʧʝʚʥʠʤʠ ʧʨʘʚʠʣʘʤʠ. 

ʆʩʢʽʣʴʢʠ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʪʝʨʫ ʧʝʨʝʜʙʘʯʝʥʦ ʩʚʽʡ ʧʫʣ ʩʣʦʪʽʚ iQ, ʦʜʠʥʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ )(
,

,
k

jr UL
hi
t  ʘʙʦ )(,,

.,. ksir LL
zixit  ʜʣʷ i -ʛʦ ʢʣʘʩʪʝʨʫ ʻ ʤʦʞʣʠʚʠʤʠ, 

ʷʢʱʦ ʽ ʪʽʣʴʢʠ ʷʢʱʦ ir QÍ .  

ʇʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʧʨʠʟʥʘʯʝʥʥʷ) ʩʣʦʪʽʚ ʤʦʞʣʠʚʠʤ ʻ ʚ 

ʥʝʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʢʣʘʩʪʝʨʘʭ, ʚ ʷʢʠʭ ʜʦʩʪʫʧʥʠʡ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʧʫʣ ʩʣʦʪʽʚ. ʇʨʠ 

ʮʴʦʤʫ ʚ ʤʝʞʘʭ ʢʣʘʩʪʝʨʫ ʢʦʞʝʥ ʩʣʦʪ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʣʠʰʝ ʦʜʠʥ ʨʘʟ 

ʘʙʦ ʚʝʨʭʥʽʤ, ʘʙʦ ʥʠʞʥʽʤ ʨʽʚʥʝʤ ʫʧʨʘʚʣʽʥʥʷ. ʄʘʪʝʤʘʪʠʯʥʦ ʮʝ ʤʦʞʝ ʙʫʪʠ 

ʟʘʧʠʩʘʥʦ ʷʢ: 
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lr UL
ji kk  iQ , ir QÍ" , clNi ,1= .    (3.8)  

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʚʜʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʽʞ ʢʣʘʩʪʝʨʘʤʠ ʪʘ ʨʦʟʧʦʜʽʣʫ 

ʩʣʦʪʽʚ ʫ ʟʦʚʥʽʰʥʽʭ ʢʘʥʘʣʘʭ ʤʦʞʝ ʙʫʪʠ ʬʦʨʤʘʣʽʟʦʚʘʥʦ ʷʢ ʦʧʪʠʤʽʟʘʮʽʡʥʘ ʟʘʜʘʯʘ 
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ʧʨʠ ʦʙʤʝʞʝʥʥʷʭ (3.3), (3.7), (3.8) ʪʘ ʧʨʠ ʚʽʜʦʤʠʭ ʟʤʽʥʥʠʭ ʅʈ )(,,
.,. ksir LL
zixit  , ʜʝ 

)(kqULC , )(kULt
C

 ï ʚʝʢʪʦʨʠ ʟʤʽʥʥʠʭ ʩʪʘʥʫ ʪʘ ʢʝʨʫʚʘʥʥʷ ɺʈ ʚʽʜʧʦʚʽʜʥʦ;  

UL
qW , 

ULWt  ï ʜʽʘʛʦʥʘʣʴʥʽ ʤʘʪʨʠʮʽ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʬʝʨʥʠʭ 

ʪʘ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ɺʈ ʚʽʜʧʦʚʽʜʥʦ; 

UL
reuseW  ï ʚʘʛʦʚʘ ʤʘʪʨʠʮʷ, ʧʦʜʘʥʘ ʷʢ ʚʠʛʨʘʰ ʟʘ ʨʘʭʫʥʦʢ ʧʦʚʪʦʨʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʦʪʽʚ ʥʘ ɺʈ.  

ɺʽʜʧʦʚʽʜʥʦ, ʟʘʜʘʯʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʨʦʟʧʦʜʽʣʫ ʩʣʦʪʽʚ ʫʩʝʨʝʜʠʥʽ ʢʣʘʩʪʝʨʽʚ 

ʤʦʞʝ ʙʫʪʠ ʬʦʨʤʘʣʽʟʦʚʘʥʘ ʷʢ ʦʧʪʠʤʽʟʘʮʽʡʥʘ :  
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ʧʨʠ ʦʙʤʝʞʝʥʥʷʭ (3.5), (3.6), (3.8) ʪʘ ʧʨʠ ʚʽʜʦʤʠʭ ʟʤʽʥʥʠʭ ɺʈ )(
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 ï ʚʝʢʪʦʨʠ ʟʤʽʥʥʠʭ ʩʪʘʥʫ ʪʘ ʢʝʨʫʚʘʥʥʷ ʅʈ ʚʽʜʧʦʚʽʜʥʦ;  

LL q
iW , 

LL 
iWt  ï ʚʽʜʧʦʚʽʜʥʦ ʜʽʘʛʦʥʘʣʴʥʽ ʤʘʪʨʠʮʽ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʬʝʨʥʠʭ ʪʘ ʢʘʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʥʠʞʥʴʦʤʫ ʨʽʚʥʽ ʢʝʨʫʚʘʥʥʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʟʘʜʘʯʽ (3.9) ʽ (3.10) ʧʦʚ'ʷʟʘʥʽ ʟ 

ʨʦʟʨʘʭʫʥʢʦʤ ʨʽʟʥʠʭ ʢʝʨʫʚʘʣʴʥʠʭ ʟʤʽʥʥʠʭ ʧʨʠ ʬʽʢʩʦʚʘʥʠʭ ʽ ʚʽʜʦʤʠʭ ʟʥʘʯʝʥʥʷʭ 

ʢʝʨʫʚʘʣʴʥʠʭ ʟʤʽʥʥʠʭ ʽʥʰʦʛʦ ʨʽʚʥʷ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ 

ʚʝʨʭʥʴʦʛʦ ʽ ʥʠʞʥʴʦʛʦ ʨʽʚʥʽʚ ʧʦʩʣʽʜʦʚʥʦ, ʦʜʥʝ ʟʘ ʦʜʥʠʤ. 

 

3.5. ɸʣʛʦʨʠʪʤ ʽʻʨʘʨʭʽʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʫ 

WiMAX mesh-ʤʝʨʝʞʽ 

 

ʈʝʘʣʽʟʘʮʽʷ ʧʨʦʧʦʥʦʚʘʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʢʨʦʩʨʽʚʥʝʚʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ 

WiMAX mesh-ʤʝʨʝʞʽ ʧʝʨʝʜʙʘʯʘʻ ʢʣʘʩʪʝʨʥʫ ʩʪʨʫʢʪʫʨʫ ʤʝʨʝʞʽ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ 

ʮʝʥʪʨʽʚ ʫʧʨʘʚʣʽʥʥʷ ʜʚʦʭ ʨʽʚʥʽʚ: ʩʫʢʫʧʥʦʩʪʽ ʮʝʥʪʨʽʚ ʫʧʨʘʚʣʽʥʥʷ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ 
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(Lower Level Control Center, LLCC), ʥʘʷʚʥʠʭ ʫ ʢʦʞʥʦʤʫ ʢʣʘʩʪʝʨʽ ʤʝʨʝʞʽ, ʽ 

ʻʜʠʥʦʛʦ ʮʝʥʪʨʫ ʫʧʨʘʚʣʽʥʥʷ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ (Upper Level Control Center, ULCC), 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʦʦʨʜʠʥʘʮʽʶ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʫ ʤʝʞʘʭ ʫʩʽʻʾ ʤʝʨʝʞʽ (ʨʠʩ. 

3.6). 

ʋʟʘʛʘʣʴʥʝʥʠʡ ʘʣʛʦʨʠʪʤ ʚʟʘʻʤʦʜʽʾ ʮʝʥʪʨʽʚ ULCC ʽ LLCC ʟ ʤʝʪʦʶ 

ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʢʨʦʩʨʽʚʥʝʚʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ WiMAX mesh-ʤʝʨʝʞʽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ (3.3) - (3.10) ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 3.7. 

ʇʦʯʘʪʢʦʚʽ ʢʨʦʢʠ ʘʣʛʦʨʠʪʤʫ ʧʦʚ'ʷʟʘʥʽ ʟ ʧʨʦʮʝʩʦʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʨʦʟʨʘʭʫʥʢʦʤ 

ʢʽʣʴʢʦʩʪʽ ʧʫʣʽʚ ʩʣʦʪʽʚ ʪʘ ʾʭʥʴʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʤ ʢʣʘʩʪʝʨʘʤ. ʂʦʞʥʘ ʩʪʘʥʮʽʷ 

ʙʝʟʧʨʦʚʦʜʦʚʦʾ mesh-ʤʝʨʝʞʽ ʰʣʷʭʦʤ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʧʽʜʪʨʠʤʫʚʘʥʥʷ ʩʫʩʽʜʩʴʢʠʭ 

ʚʽʜʥʦʩʠʥ ʟ ʫʩʽʤʘ ʩʫʤʽʞʥʠʤʠ ʩʪʘʥʮʽʷʤʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʦʥʽ ʧʨʷʤʦʾ 

ʨʘʜʽʦʚʠʜʠʤʦʩʪʽ, ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʨ ʪʦʧʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘʙʣʠʮʽ ʩʫʩʽʜʽʚ, ʘ ʧʦʪʽʤ ʧʝʨʝʩʠʣʘʻ ʾʾ ʪʦʤʫ ʮʝʥʪʨʫ LLCC, ʧʽʜ 

ʢʝʨʫʚʘʥʥʷʤ ʷʢʦʛʦ ʚʦʥʘ ʟʥʘʭʦʜʠʪʴʩʷ (ʢʨʦʢ 1 ʥʘ ʨʠʩ. 3.6). ʋ ʜʦʧʦʚʥʝʥʥʷ ʜʦ 

ʪʦʧʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʩʪʘʥʮʽʷ ʧʦʚʽʜʦʤʣʷʻ ʪʠʧ ʤʦʜʫʣʷʮʽʾ ʪʘ ʰʚʠʜʢʽʩʪʴ 

ʢʦʜʫʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʚ ʢʦʞʥʦʤʫ ʟ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ, ʘ ʪʘʢʦʞ ʦʙʩʷʛʠ  

ʘʙʦʥʝʥʪʩʴʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʮʝʥʪʨʠ ʫʧʨʘʚʣʽʥʥʷ ʢʣʘʩʪʝʨʘʤʠ 

LLCC ʪʨʘʥʩʣʶʶʪʴ ʟʽʙʨʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʮʝʥʪʨʫ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ULCC 

(ʢʨʦʢ 2). ʋ ʨʝʟʫʣʴʪʘʪʽ ULCC ʚʦʣʦʜʽʻ ʥʝʦʙʭʽʜʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʛʨʘʬʫ ʚʩʽʻʾ ʙʝʟʧʨʦʚʦʜʦʚʦʾ ʤʝʨʝʞʽ.
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ʈʠʩ. 3.6. ʇʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʽʻʨʘʨʭʽʯʥʠʭ ʤʘʨʰʨʫʪʥʠʭ ʨʽʰʝʥʴ  


