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ȴȹȰȿȽȾȼȴȥȬ 4.0 

Á˟̆̑̍̉̎ ˕̪̎̅̔̒̓̑̉́ ΪȢΦ ̗̪̉̎̉̉́̌̎̏ ̪̆ ̙̭̏̒̍̉̆̎ ̏̅ ̒̓̑́̎̆ ˚̘̆̍́̋̆ ̃̌́̅̆ (2011) ̋ ́̋̏ ̂̉ ̒̆ 

̏̐̉̒́̏ ̉ ̑̆̋́̐̉̓̔̌̉̑́̏ ̎̉̈ ̖̙̖̓̆̎̏̌̏̋̉ ̐̑̏̍̆̎́ ̔ ̮̐̑̏̉̈̃̏̅̉ ́̌̉ ̉̒̓̏ ̓́̋̏ ̉ ̐̏̒̓́̃̉̌̉ 

̐̑̉̏̑̉̓̆̓̉ ̪̘̈́̆̅̎̉̋̆ ̐̏̌̉̓̉̋̆ ̔ ̗̭̉̔ ̮̏̅̑̇́́ ̄̌̏̂́̌̎̆ ̋̏̍̐̆̓̆̓̉̃̎̏̒̓̉ ̘̎̆̍́̋̆ 

̐̑̉̃̑̆̅̆Ȣ  



Á ˠ ̐̑̏̉̈̃̏̅̎̏̍ ̅̏̍̆̎̔ ̉̍́ ̙̏̐̓̔ ̔̌̏̄̔ ̅́ 
̐̏̅ ̪̆̅̎̉̍ ̉̍̆̎̏̍ ̙̉̎̓̆̄̑̉̆ 
̉̎̓̆̌̉̄̆̎̓̎̆ ̙̍́̉̎̆ȟ ̑̏̂̏̓̆ȟ ̘̉̈̉̋̆̕ 
̪̏̂̆̋̓̆ȟ ̐̑̏̉̈̃̏̅̎̆ ̪̌̉̎̉̆ ̉ ̗̐̑̏̆̒̆ ̪̋̏̉ 
̒̆ ̍̏̄̔ ̋̏̎̓̑̏̌̉̒́̓̉ ̒́ ̪̆̅̎̏̄ 
̗̆̎̓̑́̌̉̈̏̃́̎̏̄ ̍̆̒̓́ ̐̏̒̑̆̅̒̓̃̏̍ ̃̆̌̉̋̆ 
̘̋̏̌̉̉̎̆ ̐̏̅́̓́̋́ ̪̋̏̉ ̒̆ ̗̪̐̑̏̆̒̉̑́̔ ̔ 
̑̆́̌̎̏̍ ̃̑̆̍̆̎̔ ̔̈ ̍̉̎̉̍́̌̎̏ ̘̙̯̔̆̆ 
̭̔̅̒̋̏̄ ́̋̓̏̑́̕Ȣ  

Á ˗̏̎̓̉̎̔̉̑́̎́ ̐̏̓̑̆̂́ ̈́ ̐̑̏̍̆̎́̍́ ̉ 
̪̮̔̒̃́́̆̍  ̖̎̏̃̉ ̮̈̎́́ ̋́̋̏ ̂̉ ̒̆ ̙̔̒̐̆̎̏ 
̙̅̏̌̏ ̅̏ ̒̃̆̄́ ̖̐̑̆̓̏̅̎̏ ̎́̃̆̅̆̎̏̄Ȣ 
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Á˝́̈̍̆̎́ ̐̏̅́̓́̋́ ̔ ̐̑̏̉̈̃̏̅̎̉̍ ̖̪̓̆̎̏̌̏̄̉́̍́ ̭̘̪̯̔̋̔̔̔̉  

Á ̋̉̂̆̑̎̆̓̒̋̏ ɀ ̕ ̘̉̈̉̋̆ ̒̉̒̓̆̍̆ȟ  

Á IoT (Internet of Things),  

Á Big Data,  

Á VR (Virtual Reality),  

Á ́̅̉̓̉̃̎̔ ̮̐̑̏̉̈̃̏̅̔ȟ  

Á ̗̪̒̉̍̔̌́̉̔ȟ  

Á ́̔̓̏̎̏̍̎̆ ̑̏̂̏̓̆  

Á Cloud Computing.  
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ȹȬȥɂȴȾȴȼȬȹȴȥȱ 

Ȱȱɀȴȹȴɂȴȥȱ 

ˍ̔̓̏̑ ɉ̄̏̅̉̎́Ɋ ˑ̗̪̆̉̎̉̉́̕ Ⱦ ˝̆̈̉̍̆ 
Kagermann, Wahlster & Johannes 

(2013) 
ʀʥʜʫʩʪʨʠʿʘ 4.0 ʠʩʢʦʨʠʰ˂ʘʚʘ ʥʘ ʥʘʿʙʦˀʠ ʥʘʯʠʥ 

ʢʦʤʫʥʠʢʘʮʠʦʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʠ ʠʥʦʚʘʪʠʚʥʘ ʦʪʢʨʠ˂ʘ 

ʨʘʜʠ ʫʥʘʧʨʝʹʝˁʘ ʨʘʟʚʦʿʘ ʧʨʦʠʟʚʦʜˁʝ. 
Qin, Liu & Grosvenor (2013) ʀʥʜʫʩʪʨʠʿʘ 4.0 ʧʦʚʝ˂ʘʚʘ ʝʬʠʢʘʩʥʦʩʪ ʧʨʦʠʟʚʦʜˁʝ 

ʢʨʦʟ Ăʧʘʤʝʪʥʦñ ʩʢʫʧˀʘˁʝ ʧʦʜʘʪʘʢʘ, ʜʦʥʦʰʝˁʝ ʠ 

ʩʧʨʦʚʦʹʝˁʝ ʧʨʘʚʦʚʨʝʤʝʥʠʭ ʠ ʠʩʧʨʘʚʥʠʭ ʦʜʣʫʢʘ. 

ʂʦʨʠʰ˂ʝˁʝʤ ʥʘʿʥʘʧʨʝʜʥʠʿʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʧʨʦʮʝʜʫʨʝ 

ʟʘ ʧʨʠʢʫʧˀʘˁʝ ʠ ʠʥʪʝʨʧʨʝʪʠʨʘˁʝ ʧʦʜʘʪʘʢʘ ʙʠ˂ʝ 

ʥʝʫʧʦʨʝʜʠʚʦ ʣʘʢʰʝ. ʂʦʤʧʘʪʠʙʠʣʥʦʩʪ ʦʧʝʨʘʪʠʚʥʠʭ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʥʘʰʘ ʩʝ ʢʘʦ Ăʧʦʚʝʟʫʿʫ˂ʠ ʤʦʩʪñ ʢʦʿʠ 

ʦʙʝʟʙʝʹʫʿʝ ʧʦʫʟʜʘʥʫ ʧʨʦʠʟʚʦʜʥʫ ʦʢʦʣʠʥʫ ʟʘ 

ʀʥʜʫʩʪʨʠʿʫ 4.0. ʆʚʘ ʩʚʝʩʪ ʜʘʿʝ ʀʥʜʫʩʪʨʠʿʠ 4.0 

ʥʘʿʙʠʪʥʠʿʠ ʘʩʧʝʢʪ ʚʝʰʪʘʯʢʠʭ ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʬʫʥʢʮʠʿʘ. 

Schumacher, Erol & Sihn (2016) ʀʥʜʫʩʪʨʠʿʘ 4.0 ʦʢʨʫʞʝʥʘ ʿʝ ʰʠʨʦʢʦʤ ʤʨʝʞʦʤ 

ʥʘʧʨʝʜʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʢʨʦʟ ʣʘʥʮʝ ʚʨʝʜʥʦʩʪʠ. 

ʆʧʩʣʫʞʠʚʘˁʝ ʤʘʰʠʥʘ, ʦʙʨʘʜʘ, ʘʫʪʦʤʘʪʠʟʘʮʠʿʘ, 

ʠʥʪʝʣʠʛʝʥʪʥʠ ʨʦʙʦʪʠ, IoT ʠ ʘʜʠʪʠʚʥʘ ʧʨʦʠʟʚʦʜˁʘ 

ʫʥʦʩʝ ʚʝʣʠʢʝ ʧʨʦʤʝʥʝ ʫ ʧʨʦʠʟʚʦʜʥʝ ʧʨʦʮʝʩʝ. 

ɻʨʘʥʠʮʝ ʠʟʤʝʹʫ ʩʪʚʘʨʥʦʛ ʩʚʝʪʘ ʠ ʚʠʨʪʫʝʣʥʝ 

ʨʝʘʣʥʦʩʪʠ ʧʦʩʪʘʿʫ ʟʘʤʫ˂ʝʥʝ ʠ ʩʪʚʘʨʘʿʫ ʬʝʥʦʤʝʥ 

ʧʦʟʥʘʪ ʢʘʦ ʢʠʙʝʨʥʝʪʩʢʦ ï ʬʠʟʠʯʢʠ ʧʨʦʠʟʚʦʜʥʠ 

ʩʠʩʪʝʤʠ (Cyber ï Physical Production Systems - CPPS) 
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ȹȬȥɂȴȾȴȼȬȹȴȥȱ 

Ȱȱɀȴȹȴɂȴȥȱ 

ˍ̔̓̏̑ ɉ̄̏̅̉̎́Ɋ ˑ̗̪̆̉̎̉̉́̕ Ⱦ ˝̆̈̉̍̆ 

Schwab (2016) ʀʥʜʫʩʪʨʠʿʘ 4.0 ʧʦʜʝˀʝʥʘ ʿʝ ʥʘ ʦʩʥʦʚʫ ʥʝʢʦʣʠʢʦ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʥʘ: ʬʠʟʠʯʢʠ, 

ʜʠʛʠʪʘʣʥʠ ʠ ʙʠʦʣʦʰʢʠ ʩʚʝʪ. ʅʘʧʨʝʜʘʢ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʠʿʘ ʜʦʥʦʩʠ ʟʥʘʯʘʿʥʝ ʧʨʦʤʝʥʝ ʫ ʠʥʜʫʩʪʨʠʿʠ, 

ʝʢʦʥʦʤʠʿʠ ʘʣʠ ʠ ʫ ʨʘʟʚʦʿʥʠʤ ʧʨʦʛʨʘʤʠʤʘ ʙʨʦʿʥʠʭ 

ʚʣʘʜʘ ʫ ʩʚʝʪʫ. Schwab ʠʩʪʠʯʝ ʜʘ ʿʝ ʀʜʫʩʪʨʠʿʘ 4.0 

ʥʘʿʙʠʪʥʠʿʠ ʢʦʥʮʝʧʪ ʫ ʨʘʟʚʦʿʫ ʛʣʦʙʘʣʥʝ 

ʠʥʜʫʩʪʨʠʿʝ ʠ ʩʚʝʪʩʢʝ ʝʢʦʥʦʤʠʿʝ. 

 Wang et Al. (2016) ʀʥʜʫʩʪʨʠʿʘ 4.0 ʫʢˀʫʯʫʿʝ ʪʦʪʘʣʥʫ ʧʨʠʤʝʥʫ ʩʚʝ 

ʥʘʧʨʝʜʥʠʿʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʫʙʨʟʘʥʠ ʨʘʟʚʦʿ 

ʤʘʰʠʥʘ ʠ ʘʣʘʪʘ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʫ ʩʪʘˁʫ ʜʘ ʦʜʛʦʚʦʨʝ 

ʥʘ ʛʣʦʙʘʣʥʝ ʠʟʘʟʦʚʝ ʫ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ 

ʩʘʜʘʰˁʝʛ ʥʠʚʦʘ ʠʥʜʫʩʪʨʠʿʝ. ʆʩʥʦʚʥʠ ʢʦʥʮʝʧʪ 

ʀʥʜʫʩʪʨʠʿʝ 4.0 ʿʝ ʠʩʢʦʨʠʰ˂ʝˁʝ ʥʘʧʨʝʜʥʠʭ 

ʠʥʬʦʨʤʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʢʘʢʦ ʙʠ ʩʝ ʩʚʝ ʚʠʰʝ 

ʨʘʟʚʠʿʘʣʠ IoT ʩʝʨʚʠʩʠ. ɸʫʪʦʤʦʙʠʣʩʢʘ ʠʥʜʫʩʪʨʠʿʘ 

ʥʘʧʨʝʜʫʿʝ ʩʚʝ ʙʨʞʝ, ʣʘʢʰʝ ʠ ʩʘ ʤʠʥʠʤʘʣʥʠʤ 

ʟʘʩʪʦʿʠʤʘ ʠʥʪʝʛʨʠʰʫ˂ʠ ʩʚʘ ʤʦʛʫ˂ʘ ʠʥʞʝˁʝʨʩʢʘ 

ʟʥʘˁʘ. ʇʦʨʝʜ ʪʦʛʘ, ʢʨʘʿˁʠ ʧʨʦʠʟʚʦʜ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘ ʿʝ 

ʙʦˀʝʛ ʢʚʘʣʠʪʝʪʘ, ʧʨʦʠʟʚʦʜʥʠ ʩʠʩʪʝʤʠ ʩʫ ʝʬʠʢʘʩʥʠʿʠ 

ʠ ʣʘʢʰʠ ʟʘ ʦʜʨʞʘʚʘˁʝ ʘ ʮʝʣʦʢʫʧʘʥ ʧʨʦʮʝʩ ʧʨʘʪʝ 

ʢʦʥʩʪʘʥʪʥʝ ʫʰʪʝʜʝ. 



ȴȹȰȿȽȾȼȴȥȬ 4.0  

 

ȹȬȥɂȴȾȴȼȬȹȴȥȱ 

Ȱȱɀȴȹȴɂȴȥȱ 

ˍ̔̓̏̑ ɉ̄̏̅̉̎́Ɋ ˑ̗̪̆̉̎̉̉́̕ Ⱦ ˝̆̈̉̍̆ 

Mrugalska & Magdalena 

(2017) 

ʉʚʝ ʤʦʜʝʨʥʠʿʝ ʠ ʩʦʬʠʩʪʠʮʠʨʘʥʠʿʝ ʤʘʰʠʥʝ 

ʠ ʘʣʘʪʠ ʫʟ ʥʘʧʨʝʜʥʝ ʩʦʬʪʚʝʨʝ ʠ ʧʦʚʝʟʘʥʝ 

ʩʝʥʟʦʨʝ ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʧʣʘʥʠʨʘˁʝ, 

ʧʨʝʜʠʢʮʠʿʫ, ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʠ ʢʦʥʪʨʦʣʫ 

ʧʨʠʭʦʜʘ ʠ ʙʠʟʥʠʩ ʤʦʜʝʣʘ ʨʘʜʠ ʢʨʝʠʨʘˁʘ 

ʿʦʰ ʿʝʜʥʝ ʬʘʟʝ ʫ ʚʨʝʜʥʦʩʥʦʤ ʣʘʥʮʫ 

ʦʨʛʘʥʠʟʘʮʠʿʝ ʘ ʤʦʛʫ ʩʝ ʠ ʢʦʨʠʩʪʠʪʠ ʟʘ 

ʫʧʨʘʚˀʘˁʝ ʞʠʚʦʪʥʦʛ ʮʠʢʣʫʩʘ ʧʨʦʠʟʚʦʜʘ. 

ʊʘʢʦʹʝ ʚʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʀʥʜʫʩʪʨʠʿʘ 

4.0 ʧʨʝʜʩʪʘʚˀʘ ʪʨʝʥʜ ʟʘ ʧʨʘ˂ʝˁʝ 

ʢʦʥʢʫʨʝʥʪʥʦʩʪʠ ʥʘ ʙʠʣʦ ʢʦʤ ʪʨʞʠʰʪʫ ʠ ʫ ʙʠʣʦ 

ʢʦʿʦʿ ʛʨʘʥʠ ʠʥʜʫʩʪʨʠʿʝ. ɿʘ ʢʨʝʠʨʘˁʝ 

ʜʠʥʘʤʠʯʥʠʿʝʛ ʧʨʦʮʝʩʘ ʧʨʦʠʟʚʦʜˁʝ ʠ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʣʘʥʮʘ ʚʨʝʜʥʦʩʪʠ  ʢʦʤʧʘʥʠʿʝ 

ʤʦʨʘ ʩʝ ʢʦʨʠʩʪʠʪʠ ʘʫʪʦʥʦʤʥʠ ʧʨʦʮʝʩ 

ʥʝʧʨʝʢʠʜʥʝ ʢʦʥʪʨʦʣʝ ʩʚʠʭ ʘʩʧʝʢʘʪʘ 

ʧʨʦʠʟʚʦʜˁʝ ʢʦʿʠ ʿʝ ʤʦʛʫ˂ ʿʝʜʠʥʦ ʢʨʦʟ 

ʧʦʩʪʫʣʘʪʝ ʀʥʜʫʩʪʨʠʿʝ 4.0. 



˝ˍ˔ˏ˛˶ ˗˛˚ˣ˒˜˟ˍ ˕˚ˑˠ˞˟˝˕˶ˍ ΪȢΦ 

Á ʊʨʘʜʠʮʠʦʥʘʣʥʠ ʧʨʦʠʟʚʦʜʥʠ ʧʨʦʮʝʩʠ ʩʚʝ ʚʠʰʝ ʩʝ ʦʩʘʚʨʝʤʝˁʫʿʫ ʠʣʠ ʧʦʪʧʫʥʦ ʟʘʤʝˁʫʿʫ ʥʦʚʠʤ 

ʜʠʛʠʪʘʣʥʠʤ ʧʨʦʮʝʩʠʤʘ ʢʦʿʠ ʩʝ ʫʙʨʟʘʥʦ ʨʘʟʚʠʿʘʿʫ ʫʩʣʝʜ ʩʢʦʨʦ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʦʛ ʨʘʩʪʘ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʠʿʘ (ʠʥʪʝʣʠʛʝʥʪʥʠ ʨʦʙʦʪʠ, ʘʫʪʦʥʦʤʥʘ ʚʦʟʠʣʘ, ʨʘʟʣʠʯʠʪʠ ʩʝʥʟʦʨʠ ʠʪʜ.).  

Á 1970 ï ʠʭ ʛʦʜʠʥʘ ʢʨʝ˂ʝ ʥʘʛʣʠʤ ʨʘʟʚʦʿ ʫ ʦʙʣʘʩʪʠ ʝʣʝʢʪʨʦʥʠʢʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ.  

Á ʅʝʦʧʭʦʜʥʦʩʪ ʧʨʠʭʚʘʪʘˁʘ ʠʥʦʚʘʮʠʿʘ ʠʟ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʦ ï ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʫ 

ʮʠˀʫ ʢʦʥʘʯʥʝ ʠʥʪʝʛʨʘʮʠʿʝ ʩʘ ʧʨʦʠʟʚʦʜʥʠʤ ʪʝʭʥʦʣʦʛʠʿʘʤʘ ʥʘ ʩʚʠʤ ʥʠʚʦʠʤʘ (ʨʘʟʚʦʿ ʧʨʦʠʟʚʦʜʘ, 

ʠʟʨʘʜʘ, ʣʘʥʘʮ ʩʥʘʙʜʝʚʘˁʘ, ʩʢʣʘʜʠʰʪʝˁʝ). ʊʘ ʩʠʥʪʝʟʘ ʧʦʩʪʘʚʠʣʘ ʿʝ ʪʝʤʝˀʝ ʟʘ ʧʦʯʝʪʘʢ ʠ ʨʘʟʚʦʿ 

ʯʝʪʚʨʪʝ ʠʥʜʫʩʪʨʠʿʩʢʦ ï ʪʝʭʥʦʣʦʰʢʝ ʨʝʚʦʣʫʮʠʿʝ ʦʙʿʝʜʠˁʝʥʝ ʧʦʜ ʿʝʜʥʠʤ ʚʝ˂ ʦʧʰʪʝʧʨʠʭʚʘ˂ʝʥʠʤ 

ʪʝʨʤʠʥʦʤ - ʀʥʜʫʩʪʨʠʿʘ 4.0. 

 



ɀȬȳȱ ȼȬȳȮȺȥȬ 

ȴȹȰȿȽȾȼȴȥȱ 

Á ʏʝʪʚʨʪʘ ʠʥʜʫʩʪʨʠʿʩʢʘ 
ʨʝʚʦʣʫʮʠʿʘ (Industry 4.0) ʢʘʦ 
ʧʦʩʣʝʜˁʘ ʫ ʥʠʟʫ ʩʘʤʦ ʿʝ 
ʥʘʩʪʘʚʠʣʘ ʦʥʦ ʰʪʦ ʿʝ ʟʘʧʦʯʝʪʦ 
ʨʘʟʚʦʿʝʤ ʝʣʝʢʪʨʦʥʠʢʝ, 
ʫʩʚʘʿʘˁʝʤ ʨʘʯʫʥʘʨʘ ʠ 
ʘʫʪʦʤʘʪʠʟʘʮʠʿʝ ʫ ʪʨʝ˂ʦʿ 
ʠʥʜʫʩʪʨʠʿʩʢʦʿ ʨʝʚʦʣʫʮʠʿʠ. 
ʊʝʭʥʦʣʦʰʢʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ, 
ʢʘʦ ʧʦʣʘʟʥʘ ʦʩʥʦʚʘ ʠ 
ʧʣʘʪʬʦʨʤʘ ʟʘ ʀʥʜʫʩʪʨʠʿʫ 4.0, 
ʧʦʜʨʘʟʫʤʝʚʘ ʥʦʚ ʥʘʯʠʥ 
ʦʨʛʘʥʠʟʘʮʠʿʝ ʧʨʦʠʟʚʦʜʥʠʭ 
ʧʨʦʮʝʩʘ ʧʨʠ ʯʝʤʫ ʠʟʣʘʟ ʠʟ 
ʮʝʣʦʢʫʧʥʦʛ ʧʨʦʮʝʩʘ ʥʘ ʢʨʘʿʫ 
ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʨʘʟʣʠʯʠʪʠ 
ʚʠʩʦʢʦʩʦʬʠʩʪʠʮʠʨʘʥʠ 
ʧʨʦʠʟʚʦʜʠ, ʫʩʣʫʛʝ ʠ ʨʝʰʝˁʘ.  



ˠ˟˕ˣˍ˶ ˕˚ˑˠ˞˟˝˕˶˒ ΪȢΦ 

Á˕̪̎̅̔̒̓̑̉́ ΪȢΦȟ ̐̏̒̆̂̎̏ ̔ ̗̪̋̏̍̂̉̎́̉̉ ̒́ 

̙̍́̉̎̒̋̉̍ ̘̮̔̆̆̍ ̉ ̙̘̃̆̓́̋̏̍ ̗̪̉̎̓̆̌̉̄̆̎̉̏̍ȟ 

̂̉̓̎̏ ̯̆ ̐̑̏̍̆̎̉̓̉ ̔̒̌̏̃̆ ̈́ ̑́̅̎̉̋̆ȡ ȵ˙̎̏̄̉ 

̐̏̒̌̏̃̉ ̯̆ ̎̆̒̓́̓̉ ̅̏̋ ̯̆̍̏ ̍̉ ̅̏̂̉̓̉ ̐̔̎̏ ̖̎̏̃̉ 

̐̏̒̌̏̃́ȟ ́ ̍̎̏̄̉ ̗̈́̅́̉ ̪̋̏̉ ̒̆ ̭̪̐̏̎́̃́̔ ̯̐̑̆̉ ̯̆ 

̒́ ̘̑̔̎̏̄ ̎́ ̗̪́̔̓̏̍́̓̉̈́̉̔Ȣ ˕̯̍́̆ ̃̆̌̉̋̉ ̗̪̔̓̉́ò 



ɺʈʉʊɽ 

ɸʋʊʆʄɸʊʀɿɸʎʀɱɽ ʀ 

ʇʈʆʀɿɺʆɼʅɽ 

ʇɸʈɸɼʀɻʄɽ 

 
ɺʈʉʊɽ ɸʋʊʆʄɸʊʀɿɸʎʀɱɽ ʂʆɱɽ 

ɽɻɿʀʉʊʀʈɸɱʋ ʋ ʉɸɺʈɽʄɽʅʆɱ 

ʇʈʆʀɿɺʆɼɳʀ ʋʉʂʆ ʉʋ 

ʇʆɺɽɿɸʅɽ ʉɸ 

ʆɼɻʆɺɸʈɸɱʋɴʆʄ 

ʇʈʆʀɿɺʆɼʅʆʄ ʇɸʈɸɼʀɻʄʆʄ 

ʂʆɱɸ ʉɸ ʇʈʀʄɽɳʋɱɽ ʋ 

ʂʆʄʇɸʅʀɱʀ. ʂʈʆɿ ʀʉʊʆʈʀɱʋ, 

ʇʈʀʃɸɻʆɫɸɺɸɱʋɴʀ ʉɽ 

ʇʆʊʈɽɹɸʄɸ ʀ ɿɸʍʊɽɺʀʄɸ 

ʊʈɾʀʐʊɸ, ʈɸɿɺʀʃɽ ʉʋ ʉɽ 

ʏɽʊʀʈʀ ʆʉʅʆɺʅɽ ʇɸʈɸɼʀɻʄɽ 

ʇʈʆʀɿɺʆɼɳɽ: 

˜̪̘̏̆̅̉̎́̎́ 
ɉ̈́̎́̓̒̋́Ɋ 
̮̐̑̏̉̈̃̏̅́ȟ 

˙́̒̏̃̎́ 
̮̐̑̏̉̈̃̏̅́ȟ 

ˡ̌̆̋̒̉̂̉̌̎́ 
̮̐̑̏̉̈̃̏̅́ȟ 

˙́̒̏̃̎́ 
̗̪̋́̒̓̏̍̉̈́̉́Ȣ 



ʈɸɿɺʆɱ 

ʇʈʆʀɿɺʆɼʅʀʍ 

ʇɸʈɸɼʀɻʄʀ 

Á ˜̗̪̏̈̉̉̆ ̐́̑́̅̉̄̍̉ ̮̐̑̏̉̈̃̏̅̆ 
̔ ̈́̃̉̒̎̏̒̓̉ ̏̅ ̏̂̉̍́ 
̮̐̑̏̉̈̃̏̅̆ ̉ ̪̃́̑̉́̎̓̎̏̒̓̉ 
̐̑̏̉̈̃̏̅́Ȣ  

Á ˏ̑̆̍̆̎̒̋́ ̏̒́ ̪̐̑̉̋́̈̔̆ 
̪̉̒̓̏̑̉̒̋̉ ̓̑̆̎̔̓́̋ ̪̭̮̐̏́̃̉̃́́ 
̪̯̏̅̄̏̃́̑́̔̆ ̐́̑́̅̉̄̍̆Ȣ  

Á ˎ̆̈ ̏̂̈̉̑́ ̎́ ̘̑́̈̌̉̉̓̆ 
̃̑̆̍̆̎̒̋̆ ̓̑̆̎̔̓̋̆ ̮̖̉̏̃̏̄ 
̎́̒̓́̎̋́ȟ ̒̃̆ ̏̃̆ ̐́̑́̅̉̄̍̆ 
̮̐̑̏̉̈̃̏̅̆ ̒̔ ̐̑̉̒̔̓̎̆ ̔ 
̪̒́̃̑̆̍̆̎̏ ̮̐̑̏̉̈̃̏̅̉ ̔ 
̈́̃̉̒̎̏̒̓̉ ̏̅ ̐̏̒̌̏̃̎̆ ̉ 
̙̒̓̑́̓̆̋̆ ̪̗̪̏̑̉̆̎̓́̉̆ 
̪̋̏̍̐́̎̉̆Ȣ  



ȽȬȽȾȬȮȹȱ 

ȶȺȸȻȺȹȱȹȾȱ 

ȴȹȰȿȽȾȼȴȥȱ 4.0 

 

 
ʀʅɼʋʉʊʈʀɱɸ 4.0 ʄʆɾɽ 

ʉɽ ɼʀɺɽʈɿʀʌʀʂʆɺɸʊʀ 

ʋ ʊʈʀ ʆɹʃɸʉʊʀ. 

Á ʍʦʨʠʟʦʥʪʘʣʥʘ ʠʥʪʝʛʨʘʮʠʿʘ ʢʦʿʘ ʜʦʥʦʩʠ ʢʦʥʮʝʧʪ ʥʦʚʦʛ 

ʣʘʥʮʘ ʚʨʝʜʥʦʩʪʠ ʢʦʿʠ ʿʝ ʧʨʠʟʥʘʪ ʰʠʨʦʤ ʩʚʝʪʘ.  

Á ɺʝʨʪʠʢʘʣʥʘ ʠʥʪʝʛʨʘʮʠʿʘ ʢʦʿʘ ʠʤʘ ʟʘ ʮʠˀ ʧʦʩʪʠʟʘˁʝ 

ʭʠʿʝʨʘʨʭʠʿʩʢʠʭ ʧʦʜʩʠʩʪʝʤʘ ʫʥʫʪʘʨ ʧʨʦʠʟʚʦʜʥʦʛ ʩʠʩʪʝʤʘ 

ʨʘʜʠ ʦʩʪʚʘʨʠʚʘˁʘ ʣʘʢʦ ʢʦʥʬʠʛʫʨʠʰʫ˂ʝʛ ʠ ʚʠʩʦʢʦ 

ʬʣʝʢʩʠʙʠʣʥʦʛ ʧʨʦʠʟʚʦʜʥʦʛ ʧʨʦʮʝʩʘ.  

Á ʀʥʞʝˁʝʨʩʢʘ ʠʥʪʝʛʨʘʮʠʿʘ ʢʨʦʟ ʧʦʪʧʫʥʠ ʣʘʥʘʮ ʪʨʘʥʩʬʝʨʘ 

ʟʥʘˁʘ ʦʜ ʧʦʯʝʪʢʘ ʜʦ ʢʨʘʿʘ ʧʨʦʮʝʩʘ ʦʙʝʟʙʝʹʫʿʫ˂ʠ ʥʘ ʪʘʿ 

ʥʘʯʠʥ ʤʘʩʦʚʥʫ ʢʘʩʪʦʤʠʟʘʮʠʿʫ ʧʨʦʠʟʚʦʜʘ ʢʘʦ ʜʘʥʘʰˁʫ 

ʚʦʜʝ˂ʫ ʧʘʨʘʜʠʛʤʫ ʧʨʦʠʟʚʦʜˁʝ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʦʜʛʦʚʦʨ ʥʘ 

ʩʚʝ ʟʘʭʪʝʚʥʠʿʝ ʧʦʪʨʝʙʝ ʪʨʞʠʰʪʘ.  



ʂɸʈɸʂʊɽʈʀʉʊʀʂɽ ʀ 

ʆɹʃɸʉʊʀ 

ʆɹʋʍɺɸɴɽʅɽ 

ʊɽʈʄʀʅʆʄ 

ʀʅɼʋʉʊʈʀɱɸ 4.0 

Á ʀʥʜʫʩʪʨʠʿʘ 4.0 ʿʝ ʥʝʤʠʥʦʚʥʦ 
ʙʫʜʫ˂ʥʦʩʪ ʩʚʝʪʩʢʝ ʧʨʦʠʟʚʦʜˁʝ ʠ 
ʢʘʦ ʪʘʢʚʘ ʧʨʝʜʩʪʘʚˀʘ ʜʦʙʘ 
ʧʦʪʧʫʥʝ ʘʫʪʦʤʘʪʠʟʘʮʠʿʝ, 
ʜʠʛʠʪʘʣʥʠʭ ʬʘʙʨʠʢʘ ʠ 
ʜʠʛʠʪʘʣʠʟʦʚʘʥʠʭ ʧʨʦʮʝʩʘ. ʀʧʘʢ, 
ʥʘʫʯʥʘ ʠ ʘʢʘʜʝʤʩʢʘ ʟʘʿʝʜʥʠʮʘ ʿʦʰ 
ʫʚʝʢ ʠʤʘʿʫ ʙʨʦʿʥʝ ʥʝʜʦʫʤʠʮʝ ʧʦ 
ʧʠʪʘˁʫ ʪʝʨʤʠʥʘ ʀʥʜʫʩʪʨʠʿʝ 4.0 
ʢʘʦ ʩʫʙʣʠʤʠʨʘʿʫ˂ʝʛ ʬʘʢʪʦʨʘ 
ʯʝʪʚʨʪʝ ʠʥʜʫʩʪʨʠʿʩʢʝ ʨʝʚʦʣʫʮʠʿʝ. 
ʀʟ ʪʦʛʘ ʧʨʦʠʩʪʠʯʫ ʙʨʦʿʥʝ 
ʧʦʪʝʰʢʦ˂ʝ ʟʘ ʨʘʟʣʠʢʦʚʘˁʝ 
ʛʣʘʚʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʦʙʣʘʩʪʠ 
ʢʦʿʝ ʩʫ ʧʦʢʨʠʚʝʥʝ ʧʦʤʝʥʫʪʠʤ 
ʪʝʨʤʠʥʦʤ. 



ȶȴȭȱȼȹȱȾȽȶȺ ð 

ɀȴȳȴɃȶȴ 

ȽȴȽȾȱȸ  

(CYBER ð 

PHYSICAL 

SYSTEM - CPS)  

Á ʀʥʜʫʩʪʨʠʿʘ 4.0 ʤʦʞʝ ʩʝ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʢʘʦ ʩʪʫʜʠʿʘ 

ʢʠʙʝʨʥʝʪʩʢʦ ï ʬʠʟʠʯʢʦʛ ʩʠʩʪʝʤʘ ʢʦʿʫ ʦʙʣʠʢʫʿʫ ʥʘʧʨʝʜʘʢ ʠ 

ʨʘʟʚʦʿ ʠʥʬʦʨʤʘʮʠʦʥʠʭ ʠ ʧʨʦʠʟʚʦʜʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ. ʉʚʘʢʠ 

ʧʨʦʠʟʚʦʜʥʠ ʩʠʩʪʝʤ CPS-ʘ ʧʦʩʝʜʫʿʝ ʙʨʦʿʥʝ ʩʝʥʟʦʨʝ 

ʧʦʩʪʘʚˀʝʥʝ ʰʠʨʦʤ ʩʠʩʪʝʤʘ ʢʘʢʦ ʙʠ ʩʝ ʩʚʘʢʠ ˁʝʛʦʚ 

ʬʠʟʠʯʢʠ ʜʝʦ ʫʩʧʝʰʥʦ ʧʦʚʝʟʘʦ ʠ ʧʨʘʪʠʦ ʫʥʫʪʘʨ 

ʚʠʨʪʫʝʣʥʦʛ ʤʦʜʝʣʘ. ʂʘʢʦ ʙʠ CPS ʙʠʦ ʰʪʦ ʧʨʠʭʚʘʪˀʠʚʠʿʠ, 

ʫ ʮʠˀʫ ʠʥʪʝʛʨʘʮʠʿʝ ʩʘ ˀʫʜʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʤʦʨʘ ʩʝ 

ʦʩʠʛʫʨʘʪʠ ˁʠʭʦʚʘ ʩʪʘʙʠʣʥʦʩʪ ʠ ʧʦʫʟʜʘʥʦʩʪ ʦʜʨʝʹʝʥʠʤ 

ʘʣʛʦʨʠʪʤʠʤʘ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ.  

 



INTERNET OF 

THINGS (IOT)  

Á ʀʥʜʫʩʪʨʠʿʘ 4.0 ʿʝ ʥʦʚ ʪʝʨʤʠʥ ʟʘ ʢʦʤʙʠʥʘʮʠʿʫ ʧʦʩʪʦʿʝ˂ʠʭ 

IoT ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʧʨʦʠʟʚʦʜʥʠʭ ʩʠʩʪʝʤʘ. ɻʝʥʝʨʘʣʥʦ, IoT 

ʪʝʭʥʦʣʦʛʠʿʝ ʤʦʛʫ ʦʙʝʟʙʝʜʠʪʠ ʥʘʧʨʝʜʥʦ ʧʦʚʝʟʠʚʘˁʝ 

ʩʠʩʪʝʤʘ, ʩʝʨʚʠʩʘ, ʬʠʟʠʯʢʠʭ ʦʙʿʝʢʘʪʘ ʦʙʝʟʙʝʹʫʿʫ˂ʠ 

ʢʦʤʫʥʠʢʘʮʠʿʫ ʦʜ ʘʛʝʥʪʘ ʜʦ ʘʛʝʥʪʘ ʠ ʜʝˀʝˁʝ ʧʦʜʘʪʘʢʘ. IoT 

ʫʥʫʪʘʨ ʧʨʦʠʟʚʦʜʥʠʭ ʩʠʩʪʝʤʘ ʠʤʧʣʝʤʝʥʪʠʨʘ ʩʝ ʢʨʦʟ 

ʘʫʪʦʤʘʪʠʟʘʮʠʿʫ ʘʩʧʝʢʘʪʘ ʢʘʦ ʰʪʦ ʩʫ ʟʘʛʨʝʚʘˁʝ, 

ʦʩʚʝʪˀʝˁʝ, ʦʙʨʘʜʘ, ʢʦʥʪʨʦʣʘ, ʤʦʥʠʪʦʨʠʥʛ ʠʪʜ. 



INTERNET OF 

SERVICES ( IOS ) 

Á IoS ʿʝ ʧʦʩʝʙʥʦ ʚʝʦʤʘ ʚʘʞʥʘ ʢʦʤʧʦʥʝʥʪʘ ʫ ʘʫʪʦʤʦʙʠʣʩʢʦʿ 

ʠʥʜʫʩʪʨʠʿʠ. ɸʢʪʠʚʥʦʩʪʠ ʩʝ ʠʥʠʮʠʨʘʿʫ ʢʨʦʟ ʧʨʝʥʦʩ 

ʧʦʜʘʪʘʢʘ ʠʥʬʦʨʤʘʮʠʦʥʠʤ ʪʝʭʥʦʣʦʛʠʿʘʤʘ ʢʘʢʦ ʙʠ 

ʩʚʘʢʦʜʥʝʚʥʘ ʚʦʞˁʘ ʧʦʩʪʘʣʘ ʫʛʦʜʥʠʿʘ, ʩʠʛʫʨʥʠʿʘ ʠ ʣʘʢʰʘ.  

IoS ʦʙʝʟʙʝʹʫʿʝ ʨʘʟʣʠʯʠʪʝ ʪʠʧʦʚʝ ʜʠʛʠʪʘʣʥʠʭ ʫʩʣʫʛʘ ʠ 

ʠʥʬʦʨʤʘʮʠʿʘ ʧʫʪʝʤ ʠʥʪʝʨʥʝʪʘ ʯʠʿʘ ʩʝ ʘʢʚʠʟʠʮʠʿʘ ʠ 

ʧʨʦʮʝʩʠʨʘˁʝ ʚʨʰʠ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʪʘʢʦ ʜʘ ʿʝ ʥʘ ʪʘʿ 

ʥʘʯʠʥ ʦʙʝʟʙʝʹʝʥʦ ʢʦʥʪʠʥʫʘʣʥʦ ʧʨʘ˂ʝˁʝ ʠʥʪʝʨʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʠ ʩʪʘˁʘ ʚʦʟʠʣʘ ʫ ʝʢʩʧʣʦʘʪʘʮʠʿʠ.  



BIG DATA 

ANALYTICS  

Á ʋ ʦʢʚʠʨʫ ʀʥʜʫʩʪʨʠʿʝ 4.0, Big Data Analytics ʿʝ ʚʝʣʠʢʘ 

ʧʨʝʜʥʦʩʪ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʠ ʚʘʞʘʥ ʧʨʘʚʘʮ ʟʘ 

ʨʘʟʚʦʿ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʫ ʢʦʨʘʢʫ ʩʘ ʨʘʟʚʦʿʝʤ 

ʠʥʪʝʨʥʝʪʘ. ʆʚʘ ʦʙʣʘʩʪ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ 

ʠʥʬʦʨʤʘʮʠʿʘ ʢʦʿʝ ʥʘʩʪʘʿʫ ʥʘ ʜʥʝʚʥʦʤ ʥʠʚʦʫ ʫʩʧʝʰʥʦ 

ʦʙʨʘʜʝ ʘ ʯʠʿʝ ʧʨʦʮʝʩʠʨʘˁʝ ʠ ʦʙʨʘʜʘ ʠʥʘʯʝ ʥʝ ʙʠ ʙʠʣʦ 

ʤʦʛʫ˂ʝ ʢʦʨʠʰ˂ʝˁʝʤ ʪʨʘʜʠʦʮʠʦʥʘʣʥʠʭ ʪʝʭʥʠʢʘ ʦʙʨʘʜʝ 

ʧʦʜʘʪʘʢʘ. ʋʢʦʣʠʢʦ ʦʚʘʿ Big Data Analytics ʢʦʥʮʝʧʪ ʧʦʯʥʝ ʩʘ 

ʰʠʨʦʢʦʤ ʧʨʠʤʝʥʦʤ ʫ ʠʥʜʫʩʪʨʠʿʠ, ˁʝʛʦʚ ʢʘʧʘʮʠʪʝʪ ʤʦʞʝ 

ʥʝʩʫʤˁʠʚʦ ʜʘ ʜʦʧʨʠʥʝʩʝ ʩʪʚʘʨʘˁʫ ʚʠʰʢʘ ʚʨʝʜʥʦʩʪʠ ʠ 

ʜʦʙʠʪʠ ʫ ʩʚʘʢʦʿ ʢʦʤʧʘʥʠʿʠ ʿʝʨ ʿʝ ʫʰʪʝʜʘ ʚʨʝʤʝʥʘ ʢʦʿʘ ʩʝ 

ʦʩʪʚʘʨʫʿʝ ʥʝʤʝʨˀʠʚʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ ʥʘʯʠʥʦʤ 

ʨʫʢʦʚʘˁʘ ʠ ʦʙʨʘʜʝ ʧʦʜʘʪʘʢʘ. 



AUGMENTED 

REALITY (AR) ð 

òȻȼȺɄȴȼȱȹȬ 

ȽȾȮȬȼȹȺȽȾó 

Á ɸR ʧʦʩʪʘʣʘ ʿʝ ʿʝʜʥʘ ʦʜ ʥʘʿʧʝʨʩʧʝʢʪʠʚʥʠʿʠʭ ʦʙʣʘʩʪʠ ʫ ʢʦʿʫ 

ʩʫ ʪʝʭʥʦʣʦʰʢʝ ʢʦʤʧʘʥʠʿʝ ʧʦʯʝʣʝ ʜʘ ʠʥʚʝʩʪʠʨʘʿʫ. ʆʚʘ 

ʪʝʭʥʦʣʦʛʠʿʘ ʤʦʞʝ ʦʙʝʟʙʝʜʠʪʠ ʚʝʣʠʢʫ ʧʦʜʨʰʢʫ ʟʘ 

ʦʜʨʞʘʚʘˁʝ ʩʠʩʪʝʤʘ ʩʤʘˁʝˁʝʤ ʚʨʝʤʝʥʘ ʧʦʪʨʝʙʥʦʛ ʟʘ 

ʦʜʨʞʘʚʘˁʝ ʿʝʨ ʤʦʞʝ ʫʥʘʧʨʝʜ ʧʨʝʜʚʠʜʝʪʠ ʛʨʝʰʢʝ ʢʦʿʝ 

ʤʦʛʫ ʥʘʩʪʘʪʠ. ʆʥʝ ʩʝ ʤʦʛʫ ʧʨʝʜʚʠʜʝʪʠ ʩʘ ʚʝʣʠʢʦʤ 

ʧʦʫʟʜʘʥʦʰ˂ʫ ʧʨʠ ʯʝʤʫ ʨʝʜʦʚʥʠ ʧʝʨʠʦʜʠ ʩʝʨʚʠʩʠʨʘˁʘ ʠ 

ʦʜʨʞʘʚʘˁʘ ʧʦʩʪʘʿʫ ʟʥʘʪʥʦ ʨʝʹʠ ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʟʘʩʪʦʿʠ ʫ 

ʧʨʦʠʟʚʦʜˁʠ. ʉʚʝ ʪʦ ʜʦʚʦʜʠ ʜʦ ʩʤʘˁʝˁʘ ʪʨʦʰʢʦʚʘ 

ʦʜʨʞʘʚʘˁʘ ʠ ʥʘʨʘʚʥʦ ʧʨʦʠʟʚʦʜˁʝ. 



ȬȿȾȺȹȺȸȹȴ 

ȼȺȭȺȾȴ 

Á ʇʦʩʪʦʿʝ˂ʠ ʨʦʙʦʪʠ ʫ ʝʢʩʧʣʦʘʪʘʮʠʿʠ ʠʤʘʿʫ ʚʝ˂ʫ 

ʬʣʝʢʩʠʙʠʣʥʦʩʪ, ʥʘʧʨʝʜʥʝ ʬʫʥʢʮʠʿʝ ʠ ʣʘʢʦ ʠʟʚʨʰʘʚʘʿʫ 

ʥʘʿʨʘʟʣʠʯʠʪʠʿʝ ʪʠʧʦʚʝ ʟʘʜʘʪʘʢʘ. ʋ ʙʣʠʩʢʦʿ ʙʫʜʫ˂ʥʦʩʪʠ, 

ʨʦʙʦʪʠ ˂ʝ ʠʤʘʪʠ ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʹʫʩʦʙʥʝ ʢʦʣʘʙʦʨʘʮʠʿʝ 

ʘʣʠ ʠ ʘʢʪʠʚʥʝ ʩʘʨʘʜˁʝ ʩʘ ˀʫʜʠʤʘ ʥʘ ʦʩʥʦʚʫ ʫʛʨʘʹʝʥʠʭ 

ʩʦʬʠʩʪʠʮʠʨʘʥʠʭ ʘʣʛʦʨʠʪʘʤʘ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ. 

ʇʨʝʜʚʠʹʘ ʩʝ ʜʘ ˂ʝ ʦʚʠ ʪʠʧʦʚʠ ʨʦʙʦʪʘ ʙʠʪʠ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘˁʝʥʠ ʫ ʥʘʿʨʘʟʣʠʯʠʪʠʿʠʤ ʩʬʝʨʘʤʘ ʠʥʜʫʩʪʨʠʿʩʢʝ 

ʧʨʦʠʟʚʦʜˁʝ, ʿʝʬʪʠʥʠʿʠ ʠ ʩʘ ʙʦˀʠʤ ʧʝʨʬʦʨʤʘʥʩʘʤʘ ʦʜ 

ʨʦʙʦʪʘ ʢʦʿʠ ʩʝ ʪʨʝʥʫʪʥʦ ʢʦʨʠʩʪʝ. 



ȬȰȴȾȴȮȹȬ 

ȻȼȺȴȳȮȺȰȧȬ 

(3 D PRINTING)  

Á ʆʚʘʿ ʥʘʯʠʥ ʠʟʨʘʜʝ ʧʨʦʠʟʚʦʜʘ ʩʪʠʤʫʣʠʩʘʥ ʿʝ ʫʧʦʪʨʝʙʦʤ 

ʥʘʧʨʝʜʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʧʘʤʝʪʥʠʭ ʧʨʦʠʟʚʦʜʥʠʭ ʩʠʩʪʝʤʘ. 

ʋ ʩʢʣʘʜʫ ʩʘ ʪʠʤ, ʘʜʠʪʠʚʥʘ ʧʨʦʠʟʚʦʜˁʘ ʧʦʩʪʘʿʝ ʙʠʪʥʘ 

ʢʘʨʠʢʘ ʫ ʣʘʥʮʫ ʀʥʜʫʩʪʨʠʿʝ 4.0. ʊʨʝʥʜ ʧʨʦʥʘʣʘʞʝˁʘ ʥʦʚʠʭ 

ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʩʧʘʿʘʪʠ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʫ ʮʠˀʫ 

ʜʦʙʠʿʘˁʘ ʛʦʪʦʚʠʭ ʧʨʦʠʟʚʦʜʘ ʿʝ ʫ ʢʦʥʩʪʘʥʪʥʦʤ ʧʦʨʘʩʪʫ ʠ 

ʩʢʦʨʦ ʩʚʠ ʠʩʪʨʘʞʠʚʘʯʢʠ ʥʘʧʦʨʠ ʩʫ ʫʩʤʝʨʝʥʠ ʫ ʪʦʤ ʩʤʝʨʫ.  



CLOUD COMPUTING 

(CM) 

Á CM ʿʝ ʨʝʣʘʪʠʚʥʦ ʥʦʚʘ ʨʘʯʫʥʘʨʩʢʦ ï ʪʝʭʥʦʣʦʰʢʘ ʦʙʣʘʩʪ 

ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʚʝʣʠʢʠ ʧʨʦʩʪʦʨ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʧʦʜʘʪʘʢʘ. 

ɿʘ ʤʘʣʫ ʢʦʣʠʯʠʥʫ ʥʦʚʮʘ ʧʨʝʜʫʟʝ˂ʫ ʩʝ ʤʦʞʝ ʦʙʝʟʙʝʜʠʪʠ 

ʧʨʠʩʪʫʧ ʦʚʦʤ ʨʝʩʫʨʩʫ. ɺʨʝʤʝʥʦʤ, ʢʦʣʠʯʠʥʘ ʧʦʜʘʪʘʢʘ ʢʦʿʠ 

ʩʝ ʩʢʣʘʜʠʰʪʝ ʠ ʯʫʚʘʿʫ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ˂ʝ ʦʤʦʛʫ˂ʠʪʠ 

ʧʨʦʠʟʚʦʜʥʠʤ ʩʠʩʪʝʤʠʤʘ ʜʘ ʙʫʜʫ ʩʚʝ ʚʠʰʝ ʫʧʨʘʚˀʠʚʠ ʠ 

ʧʦʢʨʝʪʘʥʠ ʩʥʘʛʦʤ ʪʠʭ ʧʦʜʘʪʘʢʘ. ʂʦʨʠʰ˂ʝˁʝ CM-ʘ 

ʧʦʩʪʘʣʘ ʿʝ ʩʪʚʘʨʥʦʩʪ ʫ ʙʨʦʿʥʠʤ ʢʦʤʧʘʥʠʿʘʤʘ ʰʠʨʦʤ ʩʚʝʪʘ, 

ʘ ʩʘ ʨʘʟʚʦʿʝʤ ʩʚʝ ʚʝ˂ʝʛ ʙʨʦʿʘ ʩʦʬʪʚʝʨʘ ʢʦʿʠ ʦʧʝʨʠʰʫ 

ʠʩʢˀʫʯʠʚʦ ʧʦʜʘʮʠʤʘ ʩʘ Cloud-ʘ, ʛʦʪʦʚʦ ʜʘ ʥʝ˂ʝ ʙʠʪʠ 

ʢʦʤʧʘʥʠʿʝ ʢʦʿʘ ˂ʝ ʙʠʪʠ ʫ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʥʝ ʢʦʨʠʩʪʠ ʙʘʨ 

ʜʝʣʠʤʠʯʥʦ ʫʩʣʫʛʝ ʦʚʝ ʪʝʭʥʦʣʦʛʠʿʝ. 



ȽȴȸȿȷȬɂȴȥȬ 

Á ʉʠʤʫʣʘʮʠʦʥʦ ʤʦʜʝʣʠʨʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʥʘʯʠʥ ʜʘ ʩʝ 

ʨʝʘʣʥʠ ʧʨʦʮʝʩʠ ʠʟ ʬʠʟʠʯʢʦʛ ʜʦʤʝʥʘ ʚʝʨʥʦ ʧʨʝʚʝʜʫ ʫ 

ʚʠʨʪʫʝʣʥʠ ʩʚʝʪ ʢʘʢʦ ʙʠ ʩʝ ʠʟʚʨʰʠʣʘ ʰʪʦ ʙʦˀʘ 

ʧʨʝʜʠʢʮʠʿʘ ʧʝʨʬʦʨʤʘʥʩʠ ʤʦʜʝʣʦʚʘʥʦʛ ʩʠʩʪʝʤʘ ʫ 

ʝʢʩʧʣʦʘʪʘʮʠʿʠ.  

Á ʉʠʤʫʣʘʮʠʿa ʩʝ ʚʨʰʝ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʢʘʢʦ ʙʠ ʜʦʙʠʿʝʥʠ 

ʧʦʜʘʮʠ ʰʪʦ ʙʦˀʝ ʧʨʝʜʩʪʘʚˀʘʣʠ ʨʝʧʨʝʟʝʥʪʘʮʠʿʫ ʩʪʚʘʨʥʦʛ 

ʩʚʝʪʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʤʘʰʠʥʝ, ʧʨʦʠʟʚʦʜʝ, ʨʘʜʥʫ ʩʥʘʛʫ... 

Á ʇʦʩʣʝʜˁʠ ʠʩʪʨʘʞʠʚʘʯʢʠ ʥʘʧʦʨʠ ʜʦʚʝʣʠ ʩʫ ʜʦ ʪʦʛʘ ʜʘ ʩʝ 

ʤʦʜʝʣʠʨʘˁʝ ʧʨʦʠʟʚʦʜʥʠʭ ʩʠʩʪʝʤʘ ʠ ʧʨʦʠʟʚʦʜʥʠʭ ʣʠʥʠʿʘ 

ʤʦʞʝ ʠʟʚʨʰʠʪʠ ʢʨʦʟ ʢʦʥʮʝʧʪ ʚʠʨʪʫʝʣʥʝ ʬʘʙʨʠʢʝ ʢʘʢʦ ʙʠ 

ʩʝ ʮʝʣʦʢʫʧʘʥ ʧʨʦʮʝʩ ʤʦʛʘʦ ʟʘʦʢʨʫʞʠʪʠ.  

Á ʀʥʪʝʛʨʠʩʘˁʝ ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ (AI ï Artificial 

Inteligence) ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʢʦʥʪʨʦʣʠʩʘˁʝ ʧʨʦʮʝʩʘ, 

ʧʨʝʜʚʠʹʘˁʝ ʦʪʢʘʟʘ ʤʘʰʠʥʘ. 



˗˛˙˜˶ˠ˟˒˝˞˗ˍ ˞˕˙ˠ˘ˍˣ˕˶ˍ 

Á ˞̗̪̉̍̔̌́̉́ ̒̆ȟ ̋́̏ ̣̎́̅̑̆̆̎̉ ̓̆̑̍̉̎ȟ ̏̅̎̏̒̉ ̎́ ̙̉̑̏̋ ̒̐̆̋̓́̑ ̍̆̓̏̅́ ̉ 
̖̓̆̎̉̋́ ̪̋̏̆ ̒̆ ̋̏̑̉̒̓̆ ̈́ ̮̍̏̅̆̌̉̑́̆ ̖̒̓̃́̑̎̉ȟ ̖̑̆́̌̎̉ ̒̉̒̓̆̍́Ȣ 
ˠ̐̏̑̆̅̏ ̒́ ̎́̄̌̉̍ ̪̑́̈̃̏̆̍ ̘̖̑́̔̎́̑̋̒̉ ̉ ̭̘̖̔̐̑́̃́̋̉ ̒̉̒̓̆̍́ 
̮̖̐̏̒̌̆̅̉ ̄̏̅̉̎́ȟ ̉ ̏̂̌́̒̓ ̗̪̒̉̍̔̌́̉̆ ̙̐̑̏̉̑̉̌́ ̪̆ ̪̒̃̏ ̅̏̍̆̎ 
̐̑̉̍̆̎̆ ̘̙̐̏̆̃̉ ̏̅ ̗̪̒̉̍̔̌́̉̆ ̑́̅́ ̖̐̑̏̉̈̃̏̅̎̉ ̒̉̒̓̆̍́ȟ ̂́̎́̋́ȟ 
̪̯̖̏̒̉̄̔̑́̃́̔̉ ̙̅̑̔̓́̃́ȟ ̗̪̒̉̍̔̌́̉̆ ̮̌̆̓̆́ȟ ̐́ ̒̃̆ ̅̏ ̖̑́̈̎̉ 
̒̉̍̔̌́̓̏̑́ ̖̒̐̏̑̓̒̋̉ ̉ ̃̉̅̆̏ ̉̄́̑́Ȣ 

Á ˗̪̏̍̐̔̓̆̑̒̋́ ̗̪̒̉̍̔̌́̉́ȟ ̋́̏ ̣̐̏̅̑̆̆̎̉ ̓̆̑̍̉̎ȟ ̏̅̎̏̒̉ ̒̆ ̎́ ̍̆̓̏̅̆ 
̘̮̐̑̏̔́̃́́ ̙̉̑̏̋̏̄ ̒̐̆̋̓̑́ ̍̏̅̆̌́ ̖̑̆́̌̎̉ ̒̉̒̓̆̍́ ̋̑̏̈ ̘̎̔̍̆̑̉̋̔ 
̗̪̆̃́̌̔́̉̔ȟ ̙̯̮̋̏̑̉̆̆̍ ̖̒̏̓̃̆̑̒̋̉̕ ́̌́̓́ ̖̋̑̆̉̑́̎̉ ̓́̋̏ ̅́ 
̪̉̍̉̓̉̑́̔ ̑́̅ ̒̉̒̓̆̍́ ̉̌̉ ̎̆̋̆ ̮̆̄̏̃̆ ̋́̑́̋̓̆̑̉̒̓̉̋̆ ̔ ̓̏̋̔ ̃̑̆̍̆̎́Ȣ  

Á ˞ ̘̐̑́̋̓̉̎̏̄ ̙̒̓́̎̏̃̉̓́ȟ ̗̪̒̉̍̔̌́̉́ ̪̆ ̗̐̑̏̆̒ ̮̋̑̆̉̑́́ ̪̋̏̍̐̔̓̆̑̒̋̏̄ 
̍̏̅̆̌́ ̑̆́̌̎̏̄ ̉̌̉ ̐̑̆̅̌̏̇̆̎̏̄ ̒̉̒̓̆̍́ ̒́ ̗̭̉̆̍ ̣̮̉̈̃̏̆́  
̘̖̎̔̍̆̑̉̋̉ ̆̋̒̐̆̑̉̍̆̎́̓́ ̪̋̏̉ ̓̑̆̂́ ̅́ ̪̉̍́̔ ̈́ ̗̭̉ ̭̂̏̆ ̮̑́̈̔̍̆̃́̆ 
̙̮̐̏̎́́́ ̒̉̒̓̆̍́ ̪̋̏̉ ̒̆ ̪̍̏̅̆̌̔̆ ̈́ ̅́̓̉ ̒̋̔̐ ̔̒̌̏̃́Ȣ ˞̎́̄́ 
̪̋̏̍̐̔̓̆̑̒̋̆ ̗̪̒̉̍̔̌́̉̆ ̘̎́̑̏̉̓̏ ̅̏̌́̈̉ ̅̏ ̪̉̈̑́̇́́ ̐̑̉ ̘̮̐̑̏̔́̃́̔ 
̖̋̏̍̐̌̆̋̒̎̉ ̒̉̒̓̆̍́ ̪̋̏̉ ̪̔̆̅̎̏ ̉ ̭̪̐̑̆̅̒̓́̃́̔ ̪̯̎́̃̆̉ ̅̏̍̆̎ ̮̆̎̆ 
̐̑̉̍̆̎̆Ȣ 

 



˝ˍ˔˘˛˔˕ ˔ˍ ˜˝˕˙˒˚ˠ ˞˕˙ˠ˘ˍˣ˕˶˒ 

ü ʇʨʦʮʝʥʘ ʧʝʨʬʦʨʤʘʥʩʠ ʩʠʩʪʝʤʘ ʫ 

ʫʦʙʠʯʘʿʝʥʠʤ ʠ ʥʝʫʦʙʠʯʘʿʝʥʠʤ ʩʮʝʥʘʨʠʿʠʤʘ, 

ü ʇʨʝʜʚʠʹʘˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʝ 

ʢʨʝʠʨʘ, 

ü ʈʘʥʛʠʨʘˁʝ ʠ ʘʥʘʣʠʟʘ ʧʨʝʜʥʦʩʪʠ ʠ ʤʘʥʘ 

ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʿʝʢʘʪʘ, 

ü ʇʦʤʦ˂ ʤʝʥʘ˅ʤʝʥʪʫ ʫ ʩʚʘʢʦʜʥʝʚʥʦʤ ʨʘʜʫ.  



ʇʈɽɼʅʆʉʊʀ 

ʉʀʄʋʃɸʎʀɱɽ 

ʋ ʆɼʅʆʉɽ ʅɸ 

ʆʉʊɸʃɽ 

ɺʈʉʊɽ 

ʄʆɼɽʃɸ 

˜̭̑̏̍̆̎̉̃̏̒̓ ̍̏̅̆̌́ȟ 

˝̆̒̓̑̉̋̓̉̃̎̆ ̐̑̆̓̐̏̒̓́̃̋̆ȟ 

˟̑́̎̒̐́̑̆̎̓̎̏̒̓ȟ 

ˣ̆̎́Ȣ  



˙˛ːˠ˻˕ 
˚˒ˑ˛˞˟ˍˣ˕ 
˞˕˙ˠ˘ˍˣ˕˶˒ 

ˣ̆̎́ ̒̏̓̃̆̑́̕ ̪̋̏̉ ̒̆ ̋̏̑̉̒̓̉ ̈́ ̗̪̒̉̍̔̌́̉̔ ̍̏̇̆ 
̂̉̓̉ ̘̐̑̉̌̉̎̏ ̃̉̒̏̋́ȟ 

ˏ̑̆̍̆ ̐̏̓̑̆̂̎̏ ̈́ ̮̋̑̆̉̑́̆ ̉ ̙̮̉̈̃̑̆̆ ̗̪̒̉̍̔̌́̉̆ 
̍̏̇̆ ̂̉̓̉ ̃̆̌̉̋̏ȟ 

˞̗̉̍̔̌́̉̏̎̉ ̍̏̅̆̌̉ ̖̪̈́̓̆̃́̔ ̃̆̌̉̋̔ ̘̋̏̌̉̉̎̔ 
̐̏̅́̓́̋́ ̪̋̏̉ ̎̆ ̪̍̏̑́̔ ̔̃̆̋ ̂̉̓̉ ̎́ ̮̑́̒̐̏̌́̄́̔ȟ 

ˠ̒̌̆̅ ̏̐́̒̎̏̒̓̉ ̏̅ ̐̑̆̃̆̌̉̋̏̄ ̮̐̏̃̆̑̆́ ̔ ̒̃̆ ̙̓̏ 
̘̑́̔̎́̑ ̙̄̆̎̆̑̉̆ȟ ̍̏̇̆ ̒̆ ̐̑̆̃̉̅̆̓̉ ̅́ ̙̯̋̏̑̉̆̎̉ 
̍̏̅̆̌ ̪̎̉̆ ̃́̌̉̅́̎Ȣ 



ʂʆʄʇɱʋʊɽʈʉʂɸ ʉʀʄʋʃɸʎʀɱɸ ʀʄɸ ʏɽʊʀʈʀ ʆʉʅʆɺʅɽ 

ʌɸɿɽ 

˕̮̈̄̑́̅́ ́̐̒̓̑́̋̓̎̏̄ ̘̌̏̄̉̋̏̄ ̍̏̅̆̌́ ̒̉̒̓̆̍́ ̪̋̏̉ 
̪̏̐̉̒̔̆ ̙̮̔̎̔̓̑́̆ ̙̮̐̏̎́́̆ ̮̖̆̄̏̃̉ ̋̏̍̐̏̎̆̎́̓́ ̉ 
̮̖̖̉̏̃̉ ̣̍̆̔̈́̃̉̒̎̏̒̓̉ ̭̘̪̯̔̋̔̔̔̉ ̉ ̖̘̒̓̏́̒̓̉̋̆ 
̐̑̏̍̆̎̆ ɀ ̋ ̗̏̎̆̐̓̔́̌̎̏ ̮̍̏̅̆̌̉̑́̆, 

˕̗̪̍̐̌̆̍̆̎̓́̉́ ̪̑́̈̃̉̆̎̏̄ ̍̏̅̆̌́ ̔ ̉̈́̂̑́̎̏̍ 
̐̑̏̄̑́̍̒̋̏̍ ̪̆̈̉̋̔ ɉ̮̐̑̏̄̑́̍̉̑́̆ ̍̏̅̆̌́Ɋ ɀ 
̪̋̏̍̐̔̓̆̑̒̋̏ ̮̍̏̅̆̌̉̑́̆,  

˝̗̪̆́̌̉̈́̉́ ̗̖̒̉̍̔̌́̉̏̎̉ ̆̋̒̐̆̑̉̍̆̎́̓́, 

˕̗̪̎̓̆̑̐̑̆̓́̉́ ̑̆̈̔̌̓́̓́ ̆̋̒̐̆̑̉̍̆̎́̓́. 



ʉʀʄʋʃɸʎʀʆʅʆ 

ʄʆɼɽʃʀʈɸɳɽ 

ɼʝʬʠʥʠʮʠʿʘ 

 

ʄʦʜʝʣ ʿʝ ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʠ 
ʠʣʠ ʠʜʝʘʣʠʟʦʚʘʥʠ ʦʧʠʩ 
ʩʠʩʪʝʤʘ, ʩʠʪʫʘʮʠʿʝ ʠʣʠ 
ʧʨʦʮʝʩʘ, ʯʝʩʪʦ ʫ 
ʤʘʪʝʤʘʪʠʯʢʦʤ ʦʙʣʠʢʫ, 
ʬʦʨʤʠʨʘʥ ʜʘ ʙʠ ʦʤʦʛʫ˂ʠʦ 
ʧʨʦʨʘʯʫʥʝ ʠ ʧʨʝʜʚʠʹʘˁʘ.  



ʄɽʊʆɼɽ ʋ ʉʀʄʋʃɸʎʀʆʅʆʄ ʄʆɼɽʃʀʈɸɳʋ 

˙̮̏̅̆̌̉̑́̆ 
̖̅̉̒̋̑̆̓̎̉ 

̣̪̅̏̄́́́ ɉDiscrete 
Event Modeling) 

˙̮̏̅̆̌̉̑́̆ 
̈́̒̎̏̃́̎̏ ̎́ 
́̄̆̎̓̉̍́ ɉAgent 
Based Modeling) 

ˑ̉̎́̍̉̋́ 
̒̉̒̓̆̍́ ɉSystem 

Dynamics) 



ɼʀɻʀʊɸʃʅʀ 

ɹʃʀɿɸʅʎʀ ʋ 

ʀʅɼʋʉʊʈʀɱʀ 

ʂʘʦ ʰʪʦ ʩʫ ʠʥʜʫʩʪʨʠʿʩʢʝ ʨʝʚʦʣʫʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘʣʝ ʟʥʘʯʘʿʥʝ ʧʨʝʢʨʝʪʥʠʮʘ ʫ ʠʩʪʦʨʠʿʠ 

ʯʦʚʝʯʘʥʩʪʚʘ, ʜʠʛʠʪʘʣʥʠ ʙʣʠʟʘʥʘʮ ʠ ʠʥʜʫʩʪʨʠʿʩʢʠ IoT (Internet of Things ï ʀʥʪʝʨʥʝʪ 

ʩʪʚʘʨʠ) ʧʨʝʜʩʪʘʚˀʘʿʫ ʟʥʘʯʘʿʥʝ ʧʨʦʤʝʥʝ ʫ ʧʨʦʠʟʚʦʜˁʠ. 

ʏʝʪʠʨʠ ʬʘʟʝ ʝʚʦʣʫʮʠʿʝ ʜʠʛʠʪʘʣʥʦʛ ʙʣʠʟʘʥʮʘ ʩʫ: 

1. ʏʠʪʘʚ ʧʨʦʠʟʚʦʜʥʠ ʧʨʦʮʝʩ ʧʦʩʪʦʿʠ ʩʘʤʦ ʫ ʬʠʟʠʯʢʦʿ ʚʝʨʟʠʿʠ. 

2. ɼʦʜʘʪʘ ʿʝ ʜʠʛʠʪʘʣʥʘ ʚʝʨʟʠʿʘ ʢʦʿʘ ʬʠʟʠʯʢʦʿ ʚʝʨʟʠʿʠ ʦʙʝʟʙʝʹʫʿʝ ʜʦʜʘʪʥʝ 

ʠʥʬʦʨʤʘʮʠʿʝ. 

3. ɿʘʧʦʯʠˁʝ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʬʠʟʠʯʢʝ ʠ ʜʠʛʠʪʘʣʥʝ ʚʝʨʟʠʿʝ. 

4. ʇʦʩʪʦʿʠ ʜʘˀʘ ʠʥʪʝʨʘʢʮʠʿʘ ʠ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʠʟʤʝʹʫ ʬʠʟʠʯʢʝ ʠ ʜʠʛʠʪʘʣʥʝ 

ʚʝʨʟʠʿʝ. 

 



ˑ˕ː˕˟ˍ˘˚˕ 
ˎ˘˕˔ˍ˚ˣ˕ 



ˑ˕ː˕˟ˍ˘˚˕ 
ˎ˘˕˔ˍ˚ˣ˕ 
˛˙˛ːˠ˻ˍˏˍ˶ˠ 

ˏ̮̑̆̅̎̏̃́̆ ̖̐̑̏̉̈̃̏̅̎̉ ̏̅̌̔̋a ̎ ́ ̏̒̎̏̃̔ ́̎́̌̉̓̉̋̆ 

˜̙̮̔̓́̆ ̔ ̑́̅ ̙̍́̉̎́ ̉̈ ̭̖̔̅́̆̎̉ ̖̒̆̑̃̉̒̎̉ ̗̆̎̓́̑́ȟ 
̘̉̍̆ ̒̆ ̮̪̒̍́̔̔ ̙̓̑̏̋̏̃̉ ̔̒̌̔̄̆ 

˜̮̏̃̆̈̉̃́̆ ̪̖̏̅̃̏̆̎̉ ̒̉̒̓̆̍́ Ⱦ ̗̐̑̏̆̒́ ̈́ ̭̙̐̏̂̏́̎̏ 
̯̮̐̑́̆̆ ̉ ̮̎́̅̄̌̆̅́̆ 

˝̙̮̆́̃́̆ ̐̑̏̂̌̆̍́ ̒́ ̏̐̑̆̍̏̍ ̎́ ̭̔̅́̆̎̉̍ ̗̪̌̏̋́̉́̍́ 
̋́̋̏ ̂̉ ̒̆ ̮̒̍́̉̌̏ ̃̑̆̍̆ ̙̮̑̆́̃́́ ̏̓̋́̈́ 

˞̗̮̓̉́̆ ̋̏̎̓̑̏̌̆ ̎́̅ ̒̌̏̇̆̎̉̍ ̗̐̑̏̆̒̉̍́ ̉ ̒̉̒̓̆̍̉̍́  




