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4. ˞̏̈̅́̎̉̆ ̍̏̅̆̌̆̊ ̋̏̍̐̏̎̆̎̓̏̃ ̃ ISIS. 
 
4.1. ˞̏̈̅́̎̉̆ ̘̖̄̑́̉̆̒̋̉̕ ̍̏̅̆̌̆̊ ̋̏̍̐̏̎̆̎̓̏̃.  
 
4.2. ˜̠̝̓ ̞̓́̐̏̃ ̉̌̉  ̠̝̐̓ ̠̟̖̒̏̒̓́̃̌̉̚ ̏̋̏̎ ̠̒̏̈̅́̎̉ ̍̏̅̆̌̉ ̗̔̎̋̉̉̕ Make Device. 
 
4.3. ˠ̐̑́̃̌̆̎̉̆ ̂̉̂̌̉̏̓̆̋́̍̉ ˜̑̏̓̆̔̒́, ̉̌̉ ̉̈ ̜̖̐̑̏̒̓ «̘̉̓́̓̆̌̆̊» ̃ «̂̉̂̌̉̏̓̆̋́̑̉». 
 
4.4. Netlist Compiler – ̒̐̉̒̏̋ ̗̆̐̆̊. ˛̒̎̏̃́ ̠̅̌ ARES ̉ ̖̅̑̔̄̉ ̐̑̉̌̏̇̆̎̉̊. 
 
4.5. Configure Power Rails ̉̌̉ ̠̐̉̓́̎̉ «̃̉̅̉̍ ,̏ ̎̆ ̃̉̅̉̍̏». 
 
4.6. ˕̘̒̓̏̎̉̋̉ ̐̆̑̆̍̆̎̎̏̄̏ ̓̏̋́ ̃ ISIS. ˕ ̠̝̏̐̓ ̏̂ ̗́̎̉̍́̉̉.  
 
4.7. ˏ̠̏̈̃̑́́̆̍̒̚ ̃ SPICE ̍̏̅̆̌̉̑̏̃́̎̉̆. ˚̘́̉̎́̆̍ ̈̎́̋̏̍̒̓̃̏ ̒ ̜́̎́̌̏̄̏̃̍̉ ̐̑̉̍̉̓̉̃́̍̉. 
˚̜̆̌̉̎̆̊̎̆ ̠̜̔̐̑́̃̌̆̍̆ ̘̉̒̓̏̎̉̋̉ ̒̉̄̎́̌̏̃. 
 
4.8. ˍ̜̎́̌̏̄̏̃̆ ̜̐̑̉̍̉̓̉̃. ˘̜̉̎̆̊̎̆ ̠̜̔̐̑́̃̌̆̍̆ ̘̉̒̓̏̎̉̋̉ ̒̉̄̎́̌̏̃.  
 
4.9. ˜̑̉̍̆̎̆̎̉̆ Analogue ̉ Mixed Graph ̠̅̌ ̠̉̒̒̌̆̅̏̃́̎̉ ̒̉̄̎́̌̏̃. 
 
4.10. PROSPICE-̜̐̑̉̍̉̓̉̃ ̑̆̈̉̒̓̏̑̏̃ ̉ ̋̏̎̅̆̎̒́̓̏̑̏̃. ˚̆̍̎̏̄̏ ̏ ̓̆̍̐̆̑́̓̔̑̎̏̍ ̍̏̅̆̌̉̑̏̃́̎̉̉ 
̃ Proteus ̉ ̝̉̒̐̏̌̈̏̃́̎̉̉ DC SWEEP ̄̑́̉̋́̕. 
 
4.11. PROSPICE-̐̑̉̍̉̓̉̃ ̉̎̅̔̋̓̉̃̎̏̒̓̉. ː̑́̉̋̕ AC SWEEP. ˏ̠̝̈́̉̍̏̒̃̈ ̉̎̅̔̋̓̉̃̎̏̒̓̆̊. 
˛̒̏̂̆̎̎̏̒̓̉ ̍̏̅̆̌̆̊ ̓̑́̎̒̏̑̍́̓̏̑̏̃̕ ̃ ˜̑̏̓̆̔̒̆.  
 
4.12. ˠ̜̓̉̌̉̓ ̋̏̍́̎̅̎̏̊ ̒̓̑̏̋̉ ̠̅̌ ̜̑́̂̏̓  ̒ ̂̉̂̌̉̏̓̆̋́̍̉ SPICE ̉ MDF ̍̏̅̆̌̆̊ ̃ ˜̑̏̓̆̔̒̆. 
 
4.13. ˜̜̑̉̍̉̓̉̃ ̠̜̖̔̐̑́̃̌̆̍ ̟̘̋̌̆̊.  ː̜̆̎̆̑́̓̏̑Ȥ̖̟̅̃̔̐̏̌̒̎̉̋̉. 
 
4.14. ˜̑̉̍̉̓̉̃ ̅̉̏̅́ ̉ ̆̄̏ ̜̐́̑́̍̆̓̑. ˜̜́̑́̍̆̓̑ ̝̜̖̑̆́̌̎ SPICE-̍̏̅̆̌̆̊ ̅̉̏̅̏̃. ˏ̝̠̏̌̓́̍̐̆̑̎́ 
̖́̑́̋̓̆̑̉̒̓̉̋́ ̍̏̅̆̌̆̊ ̅̉̏̅̏̃ ̎́ ̄̑́̉̋̆̕. ˑ̑̔̄̉̆ ̖́̑́̋̓̆̑̉̒̓̉̋̉ ̅̉̏̅̏̃. 
 
4.15. ˎ̠̜̉̐̏̌̑̎̊ ̓̑́̎̈̉̒̓̏̑ ̉ ̘̐̏̌̔̆̎̉̆ ̆̄̏ ̖́̑́̋̓̆̑̉̒̓̉̋. ˞̏̈̅́̎̉̆ ̄̑́̉̋́̕ ̒̆̍̆̊̒̓̃́ 
̜̖̜̖̃̏̅̎ ̖́̑́̋̓̆̑̉̒̓̉̋ ̎́ ̏̒̎̏̃̆ TRANSFER. 
 
4.16. ˙̏̅̆̌̉ ̜̖̐̏̌̆̃ ̓̑́̎̈̉̒̓̏̑̏̃ ̘̜̖̑́̈̌̉̎ ̓̉̐̏̃ ̃ ISIS ́ ̓́̋̇̆ ̎̆̍̎̏̄̏ ̐̑̏ IGBT. 
 
4.17. ˟̜̉̐ ̍̏̅̆̌̆̊ ̜̖̒̌̏̇̎ ̋̏̍̐̏̎̆̎̓̏̃ – ̠̃̈̄̌̅ ̉̈̎̔̓̑̉. ˞̖̘̆̍́̓̉̎̏̆ ̉ ̘̐̏̃̆̅̆̎̆̒̋̏̆ 
̍̏̅̆̌̉̑̏̃́̎̉̆. SPICE ̍̏̅̆̌̉ ˛ˠ ̉ ̋̏̍̐́̑́̓̏̑̏̃ ̃ ˜̑̏̓̆̔̒̆. ː̑́̉̋̕ ̘́̒̓̏̓̎̏̄̏ ́̎́̌̉̈́. 
 
4.18. ˞̏̈̅́̎̉̆ ̜̖̒̏̂̒̓̃̆̎̎ Spice-̂̉̂̌̉̏̓̆̋ (.SML) ̒ ̝̟̐̏̍̏̚ ̜̔̓̉̌̉̓ PUTSPICE.EXE. 

 



3. ˏ̜̉̅ ̠̗̒̉̍̔̌̉̉ ̉ ̜̓̉̐ ̍̏̅̆̌̆̊ ̃ ISIS. 
 

3.1. ˮ͔͙͍͔ͤͭͪ͊ͭͤͦ͟  ͙ ͎ͪ͊ͺ͙;͔͔ͫͦ͟ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡. PROSpice  - Ύ͒ͪͦ ͙ͫͣͯ͡Ύͭͦͪ͊ ISIS. 
ʇʨʝʞʜʝ ʯʝʤ ʤʳ ʧʨʦʜʦʣʞʠʤ ʠʟʫʯʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʛʨʘʤʤʳ Proteus, ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ 
ʥʝʙʦʣʴʰʦʝ ʣʠʨʠʯʝʩʢʦʝ ʦʪʩʪʫʧʣʝʥʠʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʣʝʜʫʶʱʠʡ ʤʘʪʝʨʠʘʣ ʙʳʣ  ʙʦʣʝʝ ʧʦʥʷʪʝʥ. 
ʀʤʠʪʘʮʠʷ  ʨʝʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʭʝʤ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʥʠʭ, ʚ  
ʧʨʦʛʨʘʤʤʝ ISIS ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ SPICE-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. ʗʟʳʢ 
SPICE (Simulation Program with Integrated Circuit Emphasis) ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ ʂʘʣʠʬʦʨʥʠʡʩʢʦʤ 
ʫʥʠʚʝʨʩʠʪʝʪʝ ɹʝʨʢʣʠ ʚ ʥʘʯʘʣʝ ʩʝʤʠʜʝʩʷʪʳʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʠ ʜʝ-ʬʘʢʪʦ ʩʪʘʣ ʦʩʥʦʚʦʡ ʜʣʷ 
ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʛʨʘʤʤ, ʩʠʤʫʣʠʨʫʶʱʠʭ ʧʦʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʕʪʦ ʠ P-CAD ʠ 
MultiSim (Workbench) ʠ ʜʘʞʝ ʪʘʢʦʡ ʤʦʥʩʪʨ, ʢʘʢ OrCAD. ʆʪʣʠʯʠʝ ʇʨʦʪʝʫʩʘ ʦʪ ʫʧʦʤʷʥʫʪʳʭ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʝʩʣʠ ʪʘʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʨʩʠʷ PSPICE (ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʬʠʨʤʦʡ MicroSim 
Corporation, ʢʦʪʦʨʫʶ ʚ 1998 ʛʦʜʫ ʙʣʘʛʦʧʦʣʫʯʥʦ «ʧʨʦʛʣʦʪʠʣ» OrCAD), ʪʦ ISIS ProSPICE ʙʘʟʠʨʫʝʪʩʷ 
ʥʘ ʜʨʫʛʦʤ ʢʣʦʥʝ, ʠʤʝʥʫʝʤʦʤ SPICE3F5. ʇʦʩʢʦʣʴʢʫ, ʥʘʯʠʥʘʷ ʩ ʚʝʨʩʠʠ PSPICE2, ʚ ʥʝʡ ʧʦʷʚʠʣʠʩʴ 
ʥʝʢʦʪʦʨʳʝ ʦʪʣʠʯʠʷ ʦʪ ʩʪʘʥʜʘʨʪʘ SPICE, ʨʘʟʨʘʙʦʪʯʠʢʠ ʇʨʦʪʝʫʩʘ ʧʨʝʜʫʧʨʝʞʜʘʶʪ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ 
SPICE-ʤʦʜʝʣʠ ʩʪʦʨʦʥʥʠʭ ʬʠʨʤ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʦʩʪʘʚʣʷʝʪ PSPICE-ʤʦʜʝʣʠ ʙʫʜʫʪ 
ʘʜʝʢʚʘʪʥʦ ʩʠʤʫʣʠʨʦʚʘʪʴʩʷ ʚ ISIS.  ʊʝʤ ʥʝ ʤʝʥʝʝ, ʝʩʣʠ ʟʘʛʣʷʥʫʪʴ ʚ ʙʠʙʣʠʦʪʝʢʠ ʘʥʘʣʦʛʦʚʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ ISIS, ʪʦ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʤʦʜʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʤʝʥʥʦ SPICE-
ʤʦʜʝʣʷʤʠ.  
ISIS ʧʦʜʜʝʨʞʠʚʘʝʪ ʢʘʢ ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʩʠʤʫʣʷʮʠʶ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʩʠʤʫʣʷʮʠʶ ʩ ʧʦʤʦʱʴʶ 
ʛʨʘʬʠʢʦʚ, ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʭ ʩʠʛʥʘʣʳ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʦʯʢʘʭ ʩʭʝʤʳ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʪʘʤ 
ʧʨʦʙʥʠʢʘʤʠ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʧʦʚʝʜʝʥʠʝ ʩʭʝʤʳ ʧʨʦʩʯʠʪʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʦʛʦ ʚ 
ʧʨʦʛʨʘʤʤʫ ʩʠʤʫʣʷʪʦʨʘ ProSPICE. ʉ ʢʘʞʜʦʡ ʥʦʚʦʡ ʚʝʨʩʠʝʡ Proteus ʷʜʨʦ Prospice ʦʙʥʦʚʣʷʝʪʩʷ, 
ʥʘʧʨʠʤʝʨ, ʚ ʚʝʨʩʠʠ 7.6 SP0 ʧʦʩʪʘʚʣʷʝʪʩʷ ʠ ʚʝʨʩʠʷ ʩʠʤʫʣʷʪʦʨʘ ProSPICE 7.6.00. ɺʝʨʩʠʶ ʷʜʨʘ 
ʚʘʰʝʡ ʢʦʧʠʠ Proteus ʚʩʝʛʜʘ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʚ ʣʦʛʝ ʩʠʤʫʣʷʮʠʠ ʧʦʩʣʝ ʟʘʧʫʩʢʘ ʥʘ ʚʳʧʦʣʥʝʥʠʝ 
ʣʶʙʦʛʦ ʧʨʦʝʢʪʘ ʠʣʠ ʛʨʘʬʠʢʘ. ProSPICE ʨʘʟʣʠʯʥʳʭ ʚʝʨʩʠʡ ʥʝ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳ ʠ ʟʘʱʠʱʝʥʳ 
ʣʠʮʝʥʟʠʝʡ ʥʘ ʧʨʦʛʨʘʤʤʫ. ʏʝʤ ʥʦʚʝʝ ʚʝʨʩʠʷ Proteus, ʪʝʤ ʙʦʣʝʝ ʙʳʩʪʨʦʝ ʷʜʨʦ ProSPICE ʚʩʪʨʦʝʥʦ ʚ 
ʧʨʦʛʨʘʤʤʫ. 
ʆʜʥʘʢʦ ʜʘʞʝ ʩʘʤʳʝ ʧʦʩʣʝʜʥʠʝ ʚʝʨʩʠʠ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʟʘʧʨʦʩʳ ʥʘʰʠʭ ʘʤʙʠʮʠʦʟʥʳʭ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʦʵʪʦʤʫ, ʝʩʣʠ ʚʳ ʧʨʠ ʩʠʤʫʣʷʮʠʠ ʩʭʝʤʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʦʣʫʯʘʝʪʝ ʚ ʣʦʛʝ 
ʧʨʦʛʨʘʤʤʳ ʟʘʛʨʫʟʢʫ ʎʇ ʢʦʤʧʴʶʪʝʨʘ 100% ʠ ʩʦʦʙʱʝʥʠʝ: 
Simulation is not running in real time due to excessive CPU load 
ʉʠʤʫʣʷʮʠʷ ʥʝ ʨʘʙʦʪʘʝʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠʟ-ʟʘ ʯʨʝʟʤʝʨʥʦʡ ʟʘʛʨʫʟʢʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ 
ʩʪʦʠʪ ʧʦʜʫʤʘʪʴ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʨʘʬʠʢʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʠʷ ʩʭʝʤʳ. 
ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʩʦʦʙʱʝʥʠʝ ʚʳʣʝʪʘʝʪ ʠʟ-ʟʘ ʯʨʝʟʤʝʨʥʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʩʭʝʤʳ ʘʥʘʣʦʛʦʚʳʤʠ 
ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʧʦʧʳʪʢʦʡ ʠʤʠʪʠʨʦʚʘʪʴ ʠʭ ʨʘʙʦʪʫ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ. ɺʦʟʤʦʞʥʦʩʪʠ ʎʇ  
ʢʦʤʧʴʶʪʝʨʘ ʥʝʙʝʟʛʨʘʥʠʯʥʳ, ʘ ʧʨʠ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʩʠʤʫʣʷʮʠʠ ʣʴʚʠʥʘʷ ʜʦʣʷ ʨʝʩʫʨʩʦʚ «ʩʲʝʜʘʝʪʩʷ» ʥʘ 
ʧʦʜʜʝʨʞʢʫ ʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʢʪʠʚʥʫʶ ʛʨʘʬʠʢʫ: ʠʥʜʠʢʘʮʠʷ, ʘʥʠʤʠʨʦʚʘʥʥʳʝ ʧʨʦʚʦʜʘ ʠ 
ʧʨʦʙʥʠʢʠ ʠ ʪ.ʧ. ʅʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ, ʯʪʦ ʠ ʚʠʨʪʫʘʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ: ʦʩʮʠʣʣʦʛʨʘʬ, ʪʘʡʤʝʨ-
ʯʘʩʪʦʪʦʤʝʨ, ʚʦʣʴʪʤʝʪʨʳ/ʘʤʧʝʨʤʝʪʨʳ ʠ ʧʨ. ʩʘʤʠ ʧʦ ʩʝʙʝ ʷʚʣʷʶʪʩʷ ʘʢʪʠʚʥʳʤʠ ʤʦʜʝʣʷʤʠ ʠ ʪʦʞʝ 
ʥʘʛʨʫʞʘʶʪ ʩʠʤʫʣʷʪʦʨ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʨʘʩʯʝʪʝ ʛʨʘʬʠʢʦʚ ʪʘʢʦʡ ʚʘʞʥʳʡ ʬʘʢʪʦʨ, ʢʘʢ 
ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʢʦʤʧʴʶʪʝʨʘ ʦʪʭʦʜʠʪ ʥʘ ʚʪʦʨʦʡ ʧʣʘʥ. ʇʨʦʪʝʫʩ ʚʩʝ ʨʘʚʥʦ ʨʘʩʩʯʠʪʘʝʪ ʪʦʯʢʠ ʛʨʘʬʠʢʘ, 
ʪʦʣʴʢʦ ʟʘʪʨʘʪʠʪ ʥʘ ʵʪʦ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʛʨʘʬʠʢʦʚ ʜʣʷ ʘʥʘʣʠʟʘ 
ʘʥʘʣʦʛʦʚʳʭ ʩʭʝʤ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ. ʇʦ ʵʪʦʤʫ ʧʦʚʦʜʫ ʧʨʠʚʝʜʫ ʜʦʩʣʦʚʥʫʶ ʮʠʪʘʪʫ ʠʟ ProSPICE HELP - 
ʨʘʟʜʝʣ ADVANCED TOPICS => How to make interactive simulations run faster (ʂʘʢ ʩʜʝʣʘʪʴ 
ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʩʠʤʫʣʷʮʠʶ ʙʳʩʪʨʝʝ): 
«ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʮʠʬʨʦʚʦʡ ʩʭʝʤʳ ʥʘ ʜʚʘ ʪʨʠ ʧʦʨʷʜʢʘ (ʪ.ʝ. ʚʧʣʦʪʴ ʜʦ 1000 ʨʘʟ) ʙʳʩʪʨʝʝ, ʯʝʤ 
ʘʥʘʣʦʛʦʚʦʡ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʭʦʜʷʱʠʡ ʚ ProSPICE ʮʠʬʨʦʚʦʡ ʩʠʤʫʣʷʪʦʨ ʧʨʠ 
ʦʙʨʘʙʦʪʢʝ ʮʠʬʨʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʫʩʢʘʝʪ ʤʥʦʞʝʩʪʚʦ ʥʝʥʫʞʥʳʭ ʚʳʯʠʩʣʝʥʠʡ.  
ʅʘʧʨʠʤʝʨ, ʢʦʤʧʴʶʪʝʨ ʩ ʧʨʦʮʝʩʩʦʨʦʤ ʇʝʥʪʠʫʤ III 600 ʄɻʮ ʤʦʞʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʦ 2 ʤʠʣʣʠʦʥʦʚ 
ʮʠʬʨʦʚʳʭ ʩʦʙʳʪʠʡ ʚ ʩʝʢʫʥʜʫ, ʥʦ ʫ ʪʦʛʦ ʞʝ ʢʦʤʧʴʶʪʝʨʘ ʧʨʠ ʩʠʤʫʣʷʮʠʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ 
ʛʝʥʝʨʘʪʦʨʘ ʯʘʩʪʦʪʦʡ 2 ʢɻʮ ʟʘʛʨʫʟʢʘ ʎʇʋ ʤʦʞʝʪ ʜʦʩʪʠʛʥʫʪʴ 100%. ʊʘʢʘʷ ʬʦʨʤʘ ʩʠʛʥʘʣʘ 
ʧʦʪʨʝʙʫʝʪ ʨʘʩʯʝʪʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 60 000 ʚʨʝʤʝʥʥʳʭ ʪʦʯʝʢ ʚ ʩʝʢʫʥʜʫ ʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ 
ʪʦʯʝʢ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʙʳʣʦ ʥʘʡʜʝʥʦ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʩʭʦʜʠʤʦʩʪʠ – ʧʨʦʮʝʩʩ ʥʘʤʥʦʛʦ 
ʙʦʣʝʝ ʩʣʦʞʥʳʡ, ʯʝʤ ʦʙʨʘʙʦʪʢʘ ʧʨʦʩʪʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʘ. 
ɼʣʷ ʤʥʦʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦ: ʢʘʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʝʙʫʝʪʩʷ – ʘʥʘʣʦʛʦʚʦʝ 
ʠʣʠ ʮʠʬʨʦʚʦʝ. ʅʘʧʨʠʤʝʨ, ʧʦʯʪʠ ʚʩʷ ʊʊʃ-ʣʦʛʠʢʘ ʠ ʯʘʩʪʴ ʂʄʆʇ ʧʨʝʜʩʪʘʚʣʝʥʳ ʮʠʬʨʦʚʳʤʠ 
ʤʦʜʝʣʷʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʥʘʣʦʛʦʚʳʝ ʀʉ: ʦʧʝʨʘʮʠʦʥʥʳʝ ʫʩʠʣʠʪʝʣʠ, ʢʦʤʧʘʨʘʪʦʨʳ - 
ʘʥʘʣʦʛʦʚʳʤʠ. ɺʩʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ (ʠʤʝʝʪʩʷ ʚʚʠʜʫ ʚ ʙʠʙʣʠʦʪʝʢʘʭ) ʩʪʘʥʜʘʨʪʥʳʤʠ 
SPICE ʤʦʜʝʣʷʤʠ ʪʨʝʙʫʶʪ ʪʦʣʴʢʦ ʘʥʘʣʦʛʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʮʝʣʝʡ ʩʪʨʦʛʦ ʘʥʘʣʦʛʦʚʳʝ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʢʦʤʧʦʥʝʥʪʳ ʜʠʦʜʳ ʠ ʨʝʟʠʩʪʦʨʳ 
ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʴʶ. ʕʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʤʦʥʪʘʞʥʦʛʦ ʀʃʀ, 
ʧʦʜʪʷʛʠʚʘʶʱʠʭ ʨʝʟʠʩʪʦʨʦʚ, ʵʣʝʤʝʥʪʦʚ ʩ ʦʪʢʨʳʪʳʤ ʢʦʣʣʝʢʪʦʨʦʤ ʥʘ ʚʳʭʦʜʝ ʠ  ʜʠʦʜʥʦ-
ʨʝʟʠʩʪʦʨʥʦʡ ʣʦʛʠʢʠ». 

ʅʫ, ʚʦʪ ʤʳ ʧʦʩʪʝʧʝʥʥʦ ʠ ʧʦʜʦʰʣʠ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʪʠʧʦʚ ʤʦʜʝʣʝʡ ʚ ʇʨʦʪʝʫʩʝ. 



 
3.2. ͙́ͨ· ͔͔͚ͣͦ͒͡ ͍ ISIS. 

ɽʩʣʠ ʠʩʢʣʶʯʠʪʴ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʯʠʩʪʦ ʛʨʘʬʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʥʘʧʨʦʪʠʚ ʢʦʪʦʨʳʭ ʚ ʙʠʙʣʠʦʪʝʢʘʭ 
ʩʪʦʠʪ: No Simulator Model (ʅʝ ʩʠʤʫʣʠʨʫʝʤʘʷ ʤʦʜʝʣʴ), ʘ ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʨʘʟʲʝʤʳ ʠ 
ʯʘʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ, ʢ ʢʦʪʦʨʳʤ ʧʦʢʘ ʥʝ ʨʘʟʨʘʙʦʪʘʥʳ ʤʦʜʝʣʠ, ʪʦ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʤʦʞʥʦ ʧʦʜʝʣʠʪʴ ʥʘ 
ʯʝʪʳʨʝ ʙʦʣʴʰʠʭ ʛʨʫʧʧʳ: ʨʘʟʣʠʯʥʳʝ Primitive (ʧʨʠʤʠʪʠʚʳ):  Analogue, Digital, PLD, Mixed 
(ʘʥʘʣʦʛʦʚʳʝ, ʮʠʬʨʦʚʳʝ, ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʣʦʛʠʯʝʩʢʠʝ ʤʘʪʨʠʮʳ, ʩʤʝʰʘʥʥʳʝ); SPICE Model 
(ʄʦʜʝʣʠ SPICE); Schematic Model (ʉʭʝʤʘʪʠʯʥʘʷ ʤʦʜʝʣʴ) ʠ VSM DLL Model (ʇʨʦʛʨʘʤʤʥʳʝ 
ʤʦʜʝʣʠ, ʦʙʲʝʜʠʥʝʥʥʳʝ ʚ ʙʠʙʣʠʦʪʝʢʘʭ DLL). ʅʘ ʨʝʟʦʥʥʳʡ ʚʦʧʨʦʩ – ʘ ʟʘʯʝʤ ʚʦʦʙʱʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 
No Simulator Model, ʩʨʘʟʫ ʦʪʚʝʯʫ – ʥʝ ʟʘʙʳʚʘʡʪʝ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʠ ARES, ʘ ʢʘʢ ʧʝʨʝʜʘʪʴ ʚ 
ʥʝʛʦ ʪʦʪ ʞʝ ʨʘʟʲʝʤ, ʝʩʣʠ ʢ ʥʝʤʫ ʥʝʪ ʥʠ ʩʭʝʤʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʥʠ ʬʫʪʧʨʠʥʪʘ (ʨʘʩʧʦʣʦʞʝʥʠʷ 
ʚʳʚʦʜʦʚ ʠ ʟʘʥʠʤʘʝʤʦʛʦ ʥʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ ʤʝʩʪʘ). ɺʦʪ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʙʠʙʣʠʦʪʝʢʘʭ 
ISIS ʪʘʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʝʩʣʠ ʚʳ ʫʩʪʘʥʦʚʠʣʠ ʠʭ ʚ ʩʭʝʤʫ ʠ ʧʦʧʳʪʘʝʪʝʩʴ ʟʘʧʫʩʪʠʪʴ ʩʠʤʫʣʷʮʠʶ,  ʪʦ 
ʧʦʣʫʯʠʪʝ ʩʦʦʙʱʝʥʠʝ ʦʙ ʦʰʠʙʢʝ: 
 
No model specified for (ʦʙʦʟʥʘʯʝʥʠʝ ʵʣʝʤʝʥʪʘ) 
Simulation FAILED due partition analysis error(s) 

 
ʆʙ ʵʪʦʤ ʷ ʫʞʝ ʛʦʚʦʨʠʣ, ʥʦ ʧʦʚʪʦʨʠʪʴʩʷ ʥʝ ʚʨʝʜʥʦ – ʜʣʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʚ ʩʚʦʡʩʪʚʘʭ ʫʩʪʘʥʦʚʠʪʝ 
ʛʘʣʦʯʢʫ Exclude from Simulation (ʀʩʢʣʶʯʠʪʴ ʠʟ ʩʠʤʫʣʷʮʠʠ), ʯʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʵʪʦʡ ʦʰʠʙʢʠ. 
ʇʨʠʩʪʫʧʠʤ ʢ ʢʨʘʪʢʦʤʫ ʨʘʩʩʤʦʪʨʝʥʠʶ ʦʩʪʘʣʴʥʳʭ. 
 
ʉʥʘʯʘʣʘ ʧʦʛʦʚʦʨʠʤ ʦ ʧʨʠʤʠʪʠʚʘʭ. Analogue Primitive ʠ Digital Primitive: ʂ ʧʝʨʚʳʤ ʦʪʥʦʩʷʪʩʷ 
ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʟʠʩʪʦʨʦʚ, ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʯʘʩʪʴ ʤʦʜʝʣʝʡ ʪʨʘʥʟʠʩʪʦʨʦʚ ʠ ʜʠʦʜʦʚ. ʂʦ ʚʪʦʨʳʤ -
ʵʣʝʤʝʥʪʳ ʮʠʬʨʦʚʦʡ ʣʦʛʠʢʠ ʠʟ ʙʠʙʣʠʦʪʝʢʠ Simulator Primitives ʠ ʯʘʩʪʴ ʮʠʬʨʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ 
ʜʨʫʛʠʭ ʙʠʙʣʠʦʪʝʢ. ʇʦ ʩʚʦʝʡ ʩʫʪʠ ʵʪʦ ʪʝ ʞʝ SPICE-ʤʦʜʝʣʠ, ʥʦ ʚʩʪʨʦʝʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 
ʩʠʤʫʣʷʪʦʨ ProSPICE. ʆʩʦʙʦ ʭʦʯʫ ʦʪʤʝʪʠʪʴ ʧʨʠʤʠʪʠʚʳ ʠʟ ʙʠʙʣʠʦʪʝʢʠ Simulator Primitives, ʢʦʪʦʨʳʝ 
ʤʳ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʭʝʤʘʪʠʯʥʳʭ ʤʦʜʝʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ. ʂʘʢ ʠ ʚʩʝ 
SPICE-ʤʦʜʝʣʠ, ʦʥʠ ʩʦʜʝʨʞʘʪ ʨʷʜ ʭʘʨʘʢʪʝʨʥʳʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʟʘʜʘʥʳ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʥʦ ʤʦʛʫʪ 
ʙʳʪʴ ʠʟʤʝʥʝʥʳ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʦ ʩʚʦʝʤʫ ʫʩʤʦʪʨʝʥʠʶ. ʆʧʠʩʘʥʠʝ Properties (ʩʚʦʡʩʪʚ), ʭʘʨʘʢʪʝʨʥʳʭ 
ʜʣʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʨʠʤʠʪʠʚʘ ʚʩʝʛʜʘ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʚ ʭʝʣʧʝ ProSPICE Primitives (ʈʠʩ. 1).  

 
ʈʠʩ.1 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʜʦʩʪʫʧʥʘ ʢʥʦʧʢʘ HELP ʧʨʠ ʚʳʟʦʚʝ ʩʚʦʡʩʪʚ ʧʨʠʤʠʪʠʚʘ, 
ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʧʦʣʝ ʧʨʦʝʢʪʘ (ʈʠʩ. 2). ʅʝ ʩʪʦʠʪ ʧʨʝʥʝʙʨʝʛʘʪʴ ʵʪʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ 
ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʥʘʣʦʛʦʚʳʭ ʩʭʝʤ. ɿʘʯʘʩʪʫʶ ʠʟʤʝʥʝʥʠʝ ʚʩʝʛʦ ʦʜʥʦʛʦ ʠʟ ʩʚʦʡʩʪʚ ʢʦʤʧʦʥʝʥʪʘ 
ʧʦʟʚʦʣʷʶʪ «ʦʞʠʚʠʪʴ» ʤʦʣʯʘʚʰʫʶ ʜʦ ʵʪʦʛʦ ʩʭʝʤʫ. ʅʫ ʠ ʝʱʝ, ʯʪʦ ʢʘʩʘʝʪʩʷ ʵʪʠʭ ʩʚʦʡʩʪʚ. ʇʨʠ 
ʩʦʟʜʘʥʠʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ ʠʟ ʧʨʠʤʠʪʠʚʦʚ ʦʥʠ ʥʘʩʣʝʜʫʶʪ Properties, ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʩʦʩʪʘʚ 
ʧʨʠʤʠʪʠʚʦʚ ʠ ʠʟʤʝʥʝʥʠʝ ʵʪʠʭ ʩʚʦʡʩʪʚ ʚ ʦʢʥʝ Other Properties ʥʝʤʝʜʣʝʥʥʦ ʦʪʟʦʚʝʪʩʷ ʥʘ ʧʦʚʝʜʝʥʠʠ 
ʤʦʜʝʣʠ. ɿʘʜʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʠ ʩʚʦʡʩʪʚ PLD Primitive (ʣʦʛʠʯʝʩʢʠʭ ʤʘʪʨʠʮ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 
ʧʦʤʦʱʴʶ ʪʘʙʣʠʮ ʩʦʦʪʚʝʪʩʪʚʠʷ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ JEDEC ʬʘʡʣʘʭ. ʇʦʜʨʦʙʥʦ ʦʥʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʟʜʝʣʝ HELP: PLD Modelling Primitives. ʆʩʦʙʦ ʭʦʯʫ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ Mixed 
Model Primitives, ʩʦʜʝʨʞʘʱʠʭ ʢʘʢ ʘʥʘʣʦʛʦʚʳʝ, ʪʘʢ ʠ ʮʠʬʨʦʚʳʝ ʩʚʦʡʩʪʚʘ. ʈʷʜ ʩʚʦʡʩʪʚ ʵʪʠʭ ʤʦʜʝʣʝʡ 
ʧʨʠʤʝʥʠʤ ʚ ʯʘʩʪʥʦʩʪʠ ʢ ʂʄʆʇ ʣʦʛʠʢʝ ʠ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʫʨʦʚʥʷʤʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʦʜʝʣʝʡ, ʯʪʦ 
ʚʘʞʥʦ ʧʨʠ ʩʦʟʜʘʥʠʠ, ʥʘʧʨʠʤʝʨ, ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʦʚ ʥʘ ʂʄʆʇ ʤʠʢʨʦʩʭʝʤʘʭ. ʅʫ ʠ ʦʩʦʙʫʶ ʛʨʫʧʧʫ ʚ 
ʧʨʠʤʠʪʠʚʘʭ ʩʦʩʪʘʚʣʷʶʪ Real Time Primitives. ʕʪʠ ʧʨʠʤʠʪʠʚʳ ʤʳ ʙʫʜʝʤ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ 
ʘʢʪʠʚʥʳʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʥʷʪʴ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʩʭʝʤ ʚ ʧʨʦʮʝʩʩʝ 
ʩʠʤʫʣʷʮʠʠ. 



 
ʈʠʩ.2 

 
SPICE Model – ʵʪʦ ʪʦʞʝ ʤʦʜʝʣʠ SPICE, ʥʦ ʩʦʜʝʨʞʘʱʠʝ ʪʝʢʩʪʦʚʦʝ ʦʧʠʩʘʥʠʝ ʥʘ ʷʟʳʢʝ SPICE. ʕʪʠ 
ʦʧʠʩʘʥʠʷ ʦʙʲʝʜʠʥʝʥʳ ʚ ʬʘʡʣʳ-ʙʠʙʣʠʦʪʝʢʠ ʩ ʨʘʩʰʠʨʝʥʠʝʤ .SML (SPICE Model Library) 
ʨʘʟʤʝʱʝʥʥʳʝ ʚ ʧʘʧʢʝ MODELS ʧʨʦʛʨʘʤʤʳ ʇʨʦʪʝʫʩ. ʏʫʪʴ ʧʦʟʞʝ  ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʦʩʪʴ 
ʧʨʠʤʝʥʝʥʠʷ ʦʧʠʩʘʥʠʡ ʥʘ ʷʟʳʢʝ SPICE, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʩʚʦʠʭ 
ʩʘʡʪʘʭ,  ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʚʦʠʭ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ  ʤʦʜʝʣʝʡ ʚ ISIS. 
 
Schematic Model – ʩʭʝʤʘʪʠʯʥʳʝ ʤʦʜʝʣʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʥʘʣʦʛʦʚʳʭ ʠ ʮʠʬʨʦʚʳʭ 
ʧʨʠʤʠʪʠʚʦʚ. ʉʭʝʤʘ ʩʦʟʜʘʝʪʩʷ ʥʘ ʜʦʯʝʨʥʝʤ ʣʠʩʪʝ ʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʟʘʪʝʤ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʬʘʡʣ 
ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠ ʩ ʨʘʩʰʠʨʝʥʠʝʤ .MDF (Model Description File) ʩ ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʦʛʦ ʚ ISIS 
ʢʦʤʧʠʣʷʪʦʨʘ (ʤʝʥʶ Tools => Model Compiler…). ɼʘʣʝʝ MDF ʬʘʡʣ ʦʧʠʩʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʙʦ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢʦʤʧʦʥʝʥʪʘ, ʣʠʙʦ «ʨʦʜʩʪʚʝʥʥʳʝ» ʧʦ 
ʥʘʟʥʘʯʝʥʠʶ ʠʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʶ ʬʘʡʣʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʙʠʙʣʠʦʪʝʢʠ ʦʧʠʩʘʥʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʩ 
ʨʘʩʰʠʨʝʥʠʝʤ .LML, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʘʧʢʝ MODELS ʧʨʦʛʨʘʤʤʳ ʇʨʦʪʝʫʩ. ʕʪʦʡ ʛʨʫʧʧʝ 
ʤʦʜʝʣʝʡ ʤʳ ʯʫʪʴ ʧʦʟʞʝ ʫʜʝʣʠʤ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ, ʧʦʩʢʦʣʴʢʫ Schematic Model ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳ 
ʜʣʷ ʙʳʩʪʨʦʛʦ ʩʦʟʜʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʤʦʜʝʣʝʡ. 
 
ʅʫ ʠ ʧʦʩʣʝʜʥʷʷ ʠ ʩʘʤʘʷ «ʧʨʦʜʚʠʥʫʪʘʷ» ʛʨʫʧʧʘ, «ʠʟʶʤʠʥʢʘ» ʇʨʦʪʝʫʩʘ - ʵʪʦ VSM DLL Models – 
ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʝʣʠ. ʕʪʦ ʚʩʝ ʤʦʜʝʣʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ, ʧʝʨʠʬʝʨʠʠ, ʩʣʦʞʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ, 
ʜʘʪʯʠʢʦʚ ʠ ʧʨʦʯʘʷ, ʧʨʦʯʘʷ, ʧʨʦʯʘʷ. ɺʩʝ ʵʪʠ ʤʦʜʝʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʦʛʨʘʤʤʥʳʤ ʧʫʪʝʤ ʠ ʠʩʧʦʣʴʟʫʶʪ 
ʜʣʷ ʩʠʤʫʣʷʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʙʠʙʣʠʦʪʝʢʠ DLL, ʩʢʦʤʧʠʣʠʨʦʚʘʥʥʳʝ ʧʨʠ ʠʭ ʩʦʟʜʘʥʠʠ. ʀʤʝʥʥʦ ʟʜʝʩʴ 
ʢʨʦʶʪʩʷ ʠ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʠ ʥʝʜʦʩʪʘʪʢʠ ʪʦʞʝ. ʃʶʙʘʷ ʦʰʠʙʢʘ ʧʨʦʛʨʘʤʤʠʩʪʦʚ, ʜʦʧʫʱʝʥʥʘʷ, ʧʨʠ 
ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʠ ʚʳʣʠʚʘʝʪʩʷ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʥʘʨʝʢʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʦʛʨʘʤʤʳ. ʂʨʦʤʝ ʪʦʛʦ, 
ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʝʣʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʧʫʩʢʘʶʪʩʷ ʚʩʝʚʦʟʤʦʞʥʳʝ ʫʧʨʦʱʝʥʠʷ, ʥʘ 
ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʥʝʪ ʫʢʘʟʘʥʠʡ ʚ ʭʝʣʧʘʭ ʥʘ ʵʪʠ ʤʦʜʝʣʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʥʳʭ 
ʤʦʜʝʣʝʡ ʚ ʩʚʦʠʭ ʨʘʟʨʘʙʦʪʢʘʭ ʥʝ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʩʪʦʧʨʦʮʝʥʪʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʦʚʝʜʝʥʠʷ 
ʨʝʘʣʴʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ (ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ, ʠʥʜʠʢʘʪʦʨʫ ʠ ʪ.ʧ.). ʇʦʯʝʤʫ ʪʦ ʦʙ ʵʪʦʤ ʥʘʧʨʦʯʴ ʟʘʙʳʚʘʶʪ 
ʢʦʥʝʯʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʇʨʦʪʝʫʩʘ. ʗ ʧʦ ʵʪʦʤʫ ʧʦʚʦʜʫ ʧʨʠʚʦʞʫ ʚʩʝ ʚʨʝʤʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʧʨʠʤʝʨ ʩ  
ʤʥʦʛʦʨʘʟʨʷʜʥʳʤʠ ʮʠʬʨʦʚʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ. ʅʫ ʥʝ ʨʝʘʣʠʟʦʚʘʥʳ ʪʘʤ ʘʥʘʣʦʛʦʚʳʝ  ʩʚʦʡʩʪʚʘ!!! ʊʘʢ 
ʟʘʯʝʤ ɺʘʤ ʚ ʩʚʦʠʭ ʨʘʟʨʘʙʦʪʢʘʭ, ʝʩʣʠ ʦʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, 
ʮʝʧʣʷʪʴ ʢ ʵʪʠʤ ʠʥʜʠʢʘʪʦʨʘʤ ʚʩʝʚʦʟʤʦʞʥʫʶ ʦʙʚʝʩʢʫ: ʨʝʟʠʩʪʦʨʳ, ʩʠʣʦʚʳʝ ʢʣʶʯʠ ʠ ʧʨ. ʘʥʘʣʦʛʦʚʫʶ 
ʤʠʰʫʨʫ, ʙʝʟ ʢʦʪʦʨʦʡ ʨʝʘʣʴʥʘʷ ʩʭʝʤʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʨʘʙʦʪʘʪʴ ʥʝ ʙʫʜʝʪ, ʘ ʪʦ ʠ ʩʣʝʛʢʘ «ʟʘʜʳʤʠʪ». 
ʂʦʥʝʯʥʦ, ʝʩʣʠ ɺʘʤ ʧʨʝʜʦʩʪʘʚʣʝʥ ʚ ʘʨʝʥʜʫ ʢʦʤʧʴʶʪʝʨ NASA, ʠʣʠ ʜʘʞʝ ʥʘʰʝʛʦ ʈʦʩʩʠʡʩʢʦʛʦ ʎʋʇ, ʪʦ 
ʤʦʞʝʪ ʠ ʠʤʝʝʪ ʩʤʳʩʣ ʜʦʩʢʦʥʘʣʴʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʩʭʝʤʫ. ʅʦ ʧʨʦʜʝʣʳʚʘʪʴ ʪʘʢʦʝ ʥʘ ʜʦʤʘʰʥʝʡ ʠʣʠ 
ʦʬʠʩʥʦʡ ʧʝʨʩʦʥʘʣʢʝ ʩ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ – ʵʪʦ ʫʞʝ ʠʟ ʨʷʜʘ «ʩʝʢʩʫʘʣʴʥʳʭ 
ʠʟʚʨʘʱʝʥʠʡ». ʇʨʦʷʚʠʪʝ ʪʚʦʨʯʝʩʢʫʶ ʩʤʝʢʘʣʢʫ, ʢʦʪʦʨʦʡ ʚʩʝʛʜʘ ʩʣʘʚʠʣʩʷ ʨʫʩʩʢʠʡ ʤʫʞʠʢ. ʅʫ ʠ ʚ 
ʟʘʢʣʶʯʝʥʠʝ ʵʪʦʛʦ ʣʠʨʠʯʝʩʢʦʛʦ ʦʪʩʪʫʧʣʝʥʠʷ ʭʦʯʫ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʠ ʦʜʠʥ ʩʠʤʫʣʷʪʦʨ ʥʝ ʟʘʤʝʥʠʪ 
ʧʦʣʥʦʩʪʴʶ ʨʝʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʘʢʠʤ ʙʳ ʥʘʚʦʨʦʯʝʥʥʳʤ ʦʥ ʥʝ ʙʳʣ. ʄʦʞʥʦ ʩʢʦʣʴʢʦ 
ʫʛʦʜʥʦ ʫʜʘʯʥʦ ʛʦʥʷʪʴ ʚ ʨʘʣʣʠ «ʌʦʨʤʫʣʘ-1» ʥʘ ʢʦʤʧʴʶʪʝʨʝ, ʥʦ ʩʝʚ ʟʘ ʨʫʣʴ ʨʝʘʣʴʥʦʛʦ ʘʚʪʦ 
ʙʣʘʛʦʧʦʣʫʯʥʦ ʚʲʝʭʘʪʴ ʚ ʙʣʠʞʘʡʰʠʡ ʩʪʦʣʙ. ʆʪ ʵʪʦʛʦ ʥʝ ʟʘʩʪʨʘʭʦʚʘʥ ʥʠʢʪʦ, ʥʝʜʘʚʥʦ ʠʩʧʳʪʘʣ ʥʘ 
ʩʦʙʩʪʚʝʥʥʦʡ ʰʢʫʨʝ. ʕʪʦ ʦʪʥʦʩʠʪʩʷ ʢʦ ʚʩʝʤ ʧʘʢʝʪʘʤ ʩʢʚʦʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʜʘʞʝ ʢ ʪʘʢʦʤʫ 
ʤʦʥʩʪʨʫ ʢʘʢ OrCAD.  ʋ ʢʘʞʜʦʡ ʧʨʦʛʨʘʤʤʳ ʝʩʪʴ ʩʚʦʠ ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ.  ɸ ʫʞ ʢʘʢʦʡ,  ʠ ʜʣʷ ʯʝʛʦ 
ʧʦʣʴʟʦʚʘʪʴʩʷ – ʚʳʙʠʨʘʪʴ ɺʘʤ. ʗ ʥʝ ʩʦʙʠʨʘʶʩʴ ʟʜʝʩʴ ʧʨʦʚʦʜʠʪʴ ʩʨʘʚʥʝʥʠʷ ʠ ʪʝʩʪʳ, ʘ ʧʝʨʝʭʦʞʫ ʢ 
ʩʣʝʜʫʶʱʝʤʫ ʨʘʟʜʝʣʫ  FAQ ʧʦ ʇʨʦʪʝʫʩʫ. 
 
 
 



 
 

3.3. ˤ͙͍͊ͣͦͫ͘Ύ͙͘ ͙ͫͣͯ͡Ύͭͦͪ͊ Proteus VSM.  
ʅʘʰ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʵʢʩʢʫʨʩ ʧʨʦʜʦʣʞʘʝʪʩʷ, ʠ ʜʣʷ ʧʦʷʩʥʝʥʠʷ ʨʘʙʦʪʳ ʩʠʤʫʣʷʪʦʨʘ ʷ ʥʝ ʥʘʰʝʣ ʥʠʯʝʛʦ 
ʣʫʯʰʝʛʦ, ʢʘʢ ʧʨʠʚʝʩʪʠ ʢʘʨʪʠʥʢʫ ʠʟ ʩʪʘʨʦʛʦ ʦʧʠʩʘʥʠʷ Proteus VSM SDK ʩ ʥʝʢʦʪʦʨʳʤʠ ʤʦʠʤʠ 
ʢʦʤʤʝʥʪʘʨʠʷʤʠ (ʈʠʩ. 3). ʉʚʷʟʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 
ʩʠʤʫʣʷʪʦʨʘ ʧʦʢʘʟʘʥʳ ʩʪʨʝʣʢʘʤʠ. 

 
ʈʠʩ.3 

 
ʀʟ ʜʠʘʛʨʘʤʤʳ ʚʠʜʥʦ, ʯʪʦ ISIS ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʩ ʛʨʘʬʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ, 
ʨʘʟʤʝʱʝʥʥʳʤʠ ʚ ʧʨʦʝʢʪʝ ʠ ʷʜʨʦʤ ʩʠʤʫʣʷʪʦʨʘ ProSPICE.  ʂʘʢ ʷ ʫʞʝ ʫʧʦʤʠʥʘʣ ʚʳʰʝ,  ProSPICE 
ʦʧʝʨʠʨʫʝʪ ʩ ʘʥʘʣʦʛʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʦʜʝʣʝʡ ʯʝʨʝʟ SPICE3F5 ʠ ʮʠʬʨʦʚʳʤʠ ʯʝʨʝʟ DSIM  – 
ʮʠʬʨʦʚʦʡ ʩʠʤʫʣʷʪʦʨ, ʢʦʪʦʨʳʡ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʦʧʝʨʠʨʫʝʪ ʩ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʘʨʘʤʝʪʨʦʚ, 
ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʳʤ. ʆʙʥʦʚʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʛʨʘʬʠʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʫʤʦʣʯʘʥʠʶ ʩ 
ʯʘʩʪʦʪʦʡ ʦʢʦʣʦ 20 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ. ʂʦʣʠʯʝʩʪʚʦ ʞʝ ʦʧʝʨʘʮʠʡ ʧʦ ʚʳʯʠʩʣʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 
ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʦʥʦʚ, ʠ ʦʛʨʘʥʠʯʝʥʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʴʶ ɺʘʰʝʛʦ 
ʢʦʤʧʴʶʪʝʨʘ. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʦʛʨʘʤʤʥʘʷ, ʤʦʞʝʪ ʠʤʝʪʴ ʠ ʩʚʦʡ ʛʨʘʬʠʯʝʩʢʠʡ 
ʠʥʪʝʨʬʝʡʩ, ʤʠʥʫʶʱʠʡ ʫʧʨʘʚʣʝʥʠʝ ISIS. ʇʦʩʢʦʣʴʢʫ ʦʧʝʨʘʮʠʠ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʛʨʘʬʠʢʠ (ʘ ʧʨʦʱʝ 
ʩʢʘʟʘʪʴ ʤʫʣʴʪʬʠʣʴʤʘ, ʢʦʪʦʨʳʡ ʚʳ ʥʘʙʣʶʜʘʝʪʝ ʥʘ ʵʢʨʘʥʝ) ʠ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʢ 
ʙʳ ʨʘʟʥʝʩʝʥʳ ʚ ʜʚʘ ʨʘʟʥʳʭ ʠʥʪʝʨʬʝʡʩʘ ʜʘ ʝʱʝ ʩ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, ʤʝʞʜʫ ʥʠʤʠ ʥʝʦʙʭʦʜʠʤʦ 
ʩʦʙʣʶʜʘʪʴ ʥʝʢʦʪʦʨʳʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʯʪʦʙʳ ʦʜʥʦ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʣʦ ʜʨʫʛʦʤʫ. 

3.4. ˽͔͊ͪ͊ͣͭͪ· ͙͊ͤͣ͊ͼ͙͙. 
ɺʦʟʚʨʘʱʘʝʤʩʷ ʢ ʪʝʤ ʦʧʮʠʷʤ ʤʝʥʶ System, ʢʦʪʦʨʳʝ ʷ ʥʝ ʩʪʘʣ ʦʧʠʩʳʚʘʪʴ ʨʘʥʴʰʝ. ʀʪʘʢ, ʩʥʦʚʘ 
ʟʘʛʣʷʥʝʤ System => Set Animations Options… (ʈʠʩ.4). ʈʘʥʝʝ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʪʦʣʴʢʦ ʥʘʟʥʘʯʝʥʠʝ 
ʛʘʣʦʯʝʢ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʵʪʦʡ ʧʘʥʝʣʠ, ʪʝʧʝʨʴ ʧʨʠʰʣʘ ʧʦʨʘ ʫʟʥʘʪʴ – ʯʪʦ ʩʢʨʳʚʘʝʪʩʷ ʟʘ ʯʠʩʣʘʤʠ ʚ 
ʣʝʚʦʡ ʯʘʩʪʠ ʦʢʥʘ. 

 
ʈʠʩ.4 

ɺ ʧʝʨʚʦʤ ʞʝ ʦʢʥʝ Frames per Second (ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ) ʠ ʦʙʥʘʨʫʞʠʣʠʩʴ ʥʘʰʠ 20 ʢʘʜʨʦʚ. ʇʦ 
ʨʝʢʦʤʝʥʜʘʮʠʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʵʪʦ ʟʥʘʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ 
ʢʦʤʧʴʶʪʝʨʦʚ, ʪʘʢ ʢʘʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʣʫʯʰʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʛʣʘʞʝʥʥʳʤ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝʤ 
ʛʨʘʬʠʢʠ ʠ ʥʘʛʨʫʟʢʦʡ ʥʘ ʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ ʢʦʤʧʴʶʪʝʨʘ. ʅʦ ʝʩʣʠ ʢʦʤʫ-ʪʦ «ʰʘʣʦʚʣʠʚʳʝ ʨʫʯʢʠ» 
ʥʝ ʜʘʶʪ ʧʦʢʦʷ, ʪʦ ʤʦʞʝʪ ʧʦʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʩ ʝʛʦ ʠʟʤʝʥʝʥʠʝʤ. ʋʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʷ (max=50) 
ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʎʇʋ, ʫʤʝʥʴʰʝʥʠʝ – ʫʤʝʥʴʰʘʝʪ ʠ ʟʘʤʝʜʣʷʝʪ ʘʥʠʤʘʮʠʶ.  



ɿʘʨʘʥʝʝ ʭʦʯʫ ʧʨʝʜʫʧʨʝʜʠʪʴ, ʠ ʵʪʦ ʙʫʜʝʪ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʨʠʣʦʞʝʥʥʳʤ ʧʨʠʤʝʨʦʤ, ʯʪʦ ʚʩʝ ʠʟʤʝʥʝʥʠʷ 
ʚ Animated Circuits Configuration ʦʪʥʦʩʷʪʩʷ ʪʦʣʴʢʦ ʢ ʦʪʢʨʳʪʦʤʫ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʝʢʪʫ ʠ 
ʩʦʭʨʘʥʷʶʪʩʷ ʚʤʝʩʪʝ ʩ ʥʠʤ. ʊ.ʝ. ʤʘʢʩʠʤʫʤ, ʯʪʦ ʚʳ ʩʤʦʞʝʪʝ «ʠʩʧʦʨʪʠʪʴ» ʵʪʦ ʪʝʢʫʱʠʡ ʧʨʦʝʢʪ ʠ ʪʦ ʧʨʠ 
ʫʩʣʦʚʠʠ, ʯʪʦ ʥʘʞʤʝʪʝ ʢʥʦʧʢʫ «ʉʦʭʨʘʥʠʪʴ». 
ʂʫʜʘ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ Timestep Per Frame (ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʥʘ ʢʘʜʨ ʘʥʠʤʘʮʠʠ) 
ʠ Step Animation Rate (ʯʘʩʪʦʪʘ ʢʘʜʨʦʚ ʘʥʠʤʘʮʠʠ ʚ ʩʝʢ). ʇʦ ʫʤʦʣʯʘʥʠʶ ʦʥʠ ʫʩʪʘʥʦʚʣʝʥʳ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 50m (ʤʠʣʣʠʩʝʢʫʥʜ) ʠ 4 (ʢʘʜʨʘ ʚ ʩʝʢ). ʇʝʨʚʳʡ ʧʘʨʘʤʝʪʨ ʦʧʨʝʜʝʣʷʝʪ ʚʨʝʤʝʥʥʦʡ 
ʠʥʪʝʨʚʘʣ, ʥʘ ʢʦʪʦʨʳʡ ʧʨʦʜʚʠʥʝʪʩʷ ʩʠʤʫʣʷʮʠʷ ʟʘ ʦʜʠʥ ʢʘʜʨ, ʘ ʚʪʦʨʦʡ – ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʢʘʜʨʦʚ ʚ 
ʩʝʢʫʥʜʫ. ɿʜʝʩʴ ʷ ʜʦʣʞʝʥ ʩʜʝʣʘʪʴ ʝʱʝ ʦʜʥʦ, ʥʫ ʦʯʝʥʴ ʣʠʨʠʯʝʩʢʦʝ ʦʪʩʪʫʧʣʝʥʠʝ ʦʪ ʪʝʤʳ, ʩʚʷʟʘʥʥʦʝ ʩ 
ʣʠʥʛʚʠʩʪʠʢʦʡ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʘʛʣʠʮʢʦʛʦ ʩʣʦʚʘ Frame (ʢʘʜʨ, ʬʨʘʛʤʝʥʪ, ʬʨʝʡʤ…), ʷ ʜʚʘʞʜʳ 
ʠʩʧʦʣʴʟʦʚʘʣ ʧʝʨʝʚʦʜ «ʢʘʜʨ», ʥʦ ʠʤʝʥʥʦ ʚ ʵʪʦʤ ʦʢʥʝ ʇʨʦʪʝʫʩʘ ʚʩʝ ʪʘʢ ʟʘʤʝʰʘʥʦ, ʯʪʦ ʫ ʥʦʨʤʘʣʴʥʦ 
ʚʣʘʜʝʶʱʝʛʦ ʨʫʩʩʢʠʤ ʷʟʳʢʦʤ ʯʝʣʦʚʝʢʘ ʤʦʞʥʦ «ʩʜʚʠʥʫʪʴ ʢʨʳʰʫ». ʊʘʢ ʚʦʪ ʵʪʠ ʜʚʘ ʧʘʨʘʤʝʪʨʘ ʙʦʣʴʰʝ 
ʩʚʷʟʘʥʳ ʠʤʝʥʥʦ ʩ ʩʠʤʫʣʷʪʦʨʦʤ ProSPICE ʠ ʢʘʢ ʙʳ ʚʟʘʠʤʦʦʙʨʘʪʥʳʝ. ʏʝʤ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʝ 
Timestep Per Frame, ʪʝʤ ʤʝʜʣʝʥʥʝʝ ʦʙʥʦʚʣʷʝʪʩʷ ʘʥʠʤʠʨʦʚʘʥʥʘʷ ʢʘʨʪʠʥʢʘ, ʥʦ ʟʘʪʦ ʤʦʞʥʦ 
ʨʘʟʛʣʷʜʝʪʴ ʧʦʜʨʦʙʥʦʩʪʠ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ. ʊʝ ʚʳʯʠʩʣʝʥʠʷ, ʢʦʪʦʨʳʝ ProSPICE ʥʝ 
ʫʩʧʝʣ ʟʘʢʦʥʯʠʪʴ ʢ ʤʦʤʝʥʪʫ ʦʢʦʥʯʘʥʠʷ Timestep, ʫʨʝʟʘʶʪʩʷ ʠ ʥʝ ʚʭʦʜʷʪ ʚ ʜʘʥʥʳʡ ʢʘʜʨ. 
ʄʘʢʩʠʤʘʣʴʥʦʝ Step Animation Rate – ʢʦʣʠʯʝʩʪʚʦ ʵʪʠʭ ʪʘʡʤʩʪʝʧʦʚ ʚ ʩʝʢʫʥʜʫ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ 
ʫʩʪʘʥʦʚʠʪʴ ʇʨʦʪʝʫʩ ʨʘʚʥʦ 10. ɽʱʝ ʦʜʥʦ ʥʝʤʘʣʦʚʘʞʥʘʷ ʜʝʪʘʣʴ – ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʘʨʘʤʝʪʨʘ 
Timestep Per Frame, ʝʛʦ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʜʘʞʝ ʜʦ ʝʜʠʥʠʮ ʠ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʩʝʢʫʥʜ, ʥʦ ʧʨʠ ʵʪʦʤ 
ʩʠʣʴʥʦ ʟʘʤʝʜʣʠʪʩʷ ʩʠʤʫʣʷʮʠʷ ʵʪʦ ʪʦ, ʯʪʦ ʫʤʝʥʴʰʘʝʪʩʷ  ʥʘʛʨʫʟʢʘ ʥʘ ʎʇʋ ʢʦʤʧʴʶʪʝʨʘ. ɸ ʪʝʧʝʨʴ 
ʚʩʧʦʤʥʠʪʝ ʦʧʷʪʴ ʵʪʦ ʧʨʦʪʠʚʥʦʝ ʩʦʦʙʱʝʥʠʝ ʚ ʣʦʛʝ: 
Simulation is not running in real time due to excessive CPU load 
ɽʩʣʠ ʥʘʯʘʪʴ ʥʘʭʘʣʴʥʦ ʥʘ ʧʦʨʷʜʦʢ ʫʚʝʣʠʯʠʚʘʪʴ Timestep Per Frame ʜʘʞʝ ʥʘ ʧʨʦʮʝʩʩʝ, 
ʧʨʦʪʝʢʘʶʱʝʤ ʥʦʨʤʘʣʴʥʦ, ʚʳ ʨʠʩʢʫʝʪʝ ʧʦʣʫʯʠʪʴ ʵʪʦʪ «ʛʦʨʯʠʯʥʠʢ». ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ 
ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʧʨʠʣʘʛʘʝʪʩʷ ʧʨʠʤʝʨ Dinamic_point, ʩʦʜʝʨʞʘʱʠʡ ʪʨʠ ʚʘʨʠʘʥʪʘ ʜʠʟʘʡʥʘ Slow 
(ʤʝʜʣʝʥʥʳʡ), Standard (ʧʦ ʫʤʦʣʯʘʥʠʶ)  ʠ Fast (ʙʳʩʪʨʳʡ) ʩ ʨʘʟʥʳʤʠ ʥʘʩʪʨʦʡʢʘʤʠ  Timestep Per 
Frame. ʇʦ ʧʦʞʝʣʘʥʠʷʤ ʥʝʢʦʪʦʨʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʣ AVR, ʭʦʪʷ ʥʝ 
ʫʚʝʨʝʥ, ʯʪʦ ʵʪʦ ʢʦʨʨʝʢʪʥʦ ʩ ʤʦʝʡ ʩʪʦʨʦʥʳ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʨʠʤʝʨ ʚ ʚʝʨʩʠʠ 7.6, ʥʦ ʷ ʢʘʢ ʦʙʳʯʥʦ 
ʩʜʝʣʘʣ ʬʘʡʣʳ ʩʝʢʮʠʡ .SEC  ʜʣʷ ʠʤʧʦʨʪʘ ʚ ʩʪʘʨʳʝ ʚʝʨʩʠʠ. ʅʦ ʚʝʜʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʦʮʝʩʩʦʨ 
Mega8515 ʠ ʚ ʦʯʝʥʴ ʩʪʘʨʳʭ ʚʝʨʩʠʷʭ ʦʥ ʧʨʦʩʪʦ ʦʪʩʫʪʩʪʚʫʝʪ. ɺʦʪ ʠ ʜʠʣʝʤʤʘ ʩ ʧʨʠʚʝʜʝʥʠʝʤ ʧʨʠʤʝʨʦʚ 
ʥʘ AVR – ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʨʫʶ 90-ʶ ʩʝʨʠʶ, ʠʣʠ ʣʠʰʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʨʘʥʥʠʭ ʚʝʨʩʠʡ 
ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʤʦʪʨʝʪʴ ʧʨʠʤʝʨʳ. 
ʆʙʨʘʪʠʪʝ ʪʘʢʞʝ ʚʥʠʤʘʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨ Single Step Time – ʠʤʝʥʥʦ ʦʥ ʩʚʷʟʘʥ ʩ ʢʥʦʧʢʦʡ Step 
ʧʦʰʘʛʦʚʦʡ ʘʥʠʤʘʮʠʠ ʚʥʠʟʫ ʩʣʝʚʘ ʚ ʦʩʥʦʚʥʦʤ ʦʢʥʝ ISIS.. ɺʦʪ ʠʤʝʥʥʦ ʩ ʪʘʢʠʤʠ ʰʘʛʘʤʠ ʩʠʤʫʣʷʮʠʷ 
ʙʫʜʝʪ ʧʨʦʜʚʠʛʘʪʴʩʷ ʧʨʠ ʢʘʞʜʦʤ ʥʘʞʘʪʠʠ ʢʥʦʧʢʠ, ʘ ʥʝ ʧʦ ʰʘʛʘʤ ʤʠʢʨʦʧʨʦʛʨʘʤʤʳ ʢʦʥʪʨʦʣʣʝʨʘ, ʝʩʣʠ 
ʪʘʢʦʚʦʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʭʝʤʝ – ʜʣʷ ʵʪʦʛʦ ʩʫʱʝʩʪʚʫʝʪ ʜʨʫʛʘʷ ʢʥʦʧʢʘ ʠ ʚ ʜʨʫʛʦʤ ʤʝʩʪʝ. ɽʩʣʠ ɺʘʤ 
ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʨʦʙʥʝʝ ʨʘʩʩʤʦʪʨʝʪʴ ʯʪʦ ʪʦ, ʪʦ ʫʤʝʥʴʰʠʪʝ ʵʪʦ ʚʨʝʤʷ. ɼʣʷ ʧʨʠʤʝʨʘ ʚ Slow.DSN ʵʪʦ 
ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʦ 10mS. 

3.5. ˽͔͊ͪ͊ͣͭͪ· ͙ͫͣͯ͡Ύͼ͙͙. 
ʇʝʨʝʡʜʝʤ ʢ ʨʘʟʙʦʨʫ ʧʘʨʘʤʝʪʨʦʚ ʦʢʥʘ System => Set Simulation Options… ʂʩʪʘʪʠ, ʪʫʜʘ ʤʦʞʥʦ 
ʧʦʧʘʩʪʴ ʠ ʩʨʘʟʫ ʠʟ ʦʢʥʘ Animated Circuit Configuration (ʈʠʩ.4), ʥʘʞʘʚ ʢʥʦʧʢʫ SPICE Options. ʕʪʦ 
ʦʢʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʤʫʣʷʪʦʨʘ ProSPICE. ʆʢʥʦ ʩʦʜʝʨʞʠʪ ʧʷʪʴ ʚʢʣʘʜʦʢ: 
Tolerances (ʜʦʧʫʩʢʠ ʧʦ ʪʦʯʥʦʩʪʠ), MOSFET (ʧʘʨʘʤʝʪʨʳ ʄʆʇ ʪʨʘʥʟʠʩʪʦʨʦʚ), Iteration 
(ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ ʚ ʚʳʯʠʩʣʝʥʠʷʭ), Temperature (ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ), Transient 
(ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ), DSIM (ʧʘʨʘʤʝʪʨʳ ʩʠʤʫʣʷʮʠʠ ʮʠʬʨʦʚʳʭ ʮʝʧʝʡ). 
ɿʜʝʩʴ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʪʝʭ ʟʥʘʯʝʥʠʷʭ, ʥʘ ʢʦʪʦʨʳʭ ʘʢʮʝʥʪʠʨʦʚʘʣʠ ʚʥʠʤʘʥʠʝ ʨʘʟʨʘʙʦʪʯʠʢʠ ʃʘʙʮʝʥʪʨʘ 
ʚ ʩʪʘʥʜʘʨʪʥʦʤ HELP ʧʦ ProSPICE ʚ ʨʘʟʜʝʣʝ ADVANCED TOPICS => SIMULATOR CONTROL 
PROPERTIES. ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʷ ʧʨʦʩʪʦ ʧʨʠʚʝʜʫ ʨʘʩʰʠʬʨʦʚʢʫ ʥʘʟʥʘʯʝʥʠʷ. ɽʩʣʠ ʢʦʤʫ ʪʦ ʵʪʦʛʦ 
ʧʦʢʘʞʝʪʩʷ ʤʘʣʦ, ʪʦ ʨʝʢʦʤʝʥʜʫʶ ʥʘʡʪʠ ʣʶʙʫʶ ʢʥʠʞʢʫ ʧʦ ʣʶʙʦʤʫ ʠʟ ʧʘʢʝʪʦʚ ʧʨʦʛʨʘʤʤ: Electronic 
Workbench, Multisim, Microcap, OrCAD ʥʫ ʠʣʠ ʥʘʢʦʥʝʮ ʧʦ ʩʘʤʦʤʫ PSpice. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ 
SPICE ʩʠʤʫʣʷʮʠʠ ʜʣʷ ʚʩʝʭ ʵʪʠʭ ʧʨʦʛʨʘʤʤ ʦʙʦʟʥʘʯʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦ. ɺ ʢʦʥʮʝ ʵʪʦʛʦ 
ʧʘʨʘʛʨʘʬʘ ʷ ʨʘʟʤʝʱʫ ʩʧʠʩʦʢ ʢʥʠʛ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʦʧʠʩʘʥʳ ʪʦʯʥʦ. 
¶ ɺʢʣʘʜʢʘ Tolerances (ʈʠʩ.5). ʅʘ ʵʪʦʡ ʚʢʣʘʜʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩ 

ʢʘʢʦʡ ʪʦʯʥʦʩʪʴʶ ProSPICE ʧʨʦʠʟʚʦʜʠʪ ʚʳʯʠʩʣʝʥʠʝ ʨʝʰʝʥʠʡ. ʇʨʠ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ 
ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʨʝʰʝʥʠʝ ʤʦʞʝʪ 
ʥʝ ʠʤʝʪʴ ʩʭʦʜʠʤʦʩʪʠ ʚʦʦʙʱʝ.  
ABSTOL – ʘʙʩʦʣʶʪʥʘʷ ʦʰʠʙʢʘ ʨʘʩʯʝʪʘ ʪʦʢʦʚ; 
VNTOL –  ʜʦʧʫʩʪʠʤʘʷ  ʦʰʠʙʢʘ  ʨʘʩʯʝʪʘ  ʥʘʧʨʷʞʝʥʠʡ; 
CHGTOL – ʜʦʧʫʩʪʠʤʘʷ ʦʰʠʙʢʘ ʨʘʩʯʝʪʘ ʟʘʨʷʜʦʚ; 
RELTOL –  ʜʦʧʫʩʪʠʤʘʷ  ʦʪʥʦʩʠʪʝʣʴʥʘʷ  ʦʰʠʙʢʘ  ʨʘʩʯʝʪʘ  ʥʘʧʨʷʞʝʥʠʡ  ʠ ʪʦʢʦʚ; 
PIVTOL ʠ PIVREL –  ʘʙʩʦʣʶʪʥʘʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʳ  ʵʣʝʤʝʥʪʘ ʩʪʨʦʢʠ  ʤʘʪʨʠʮʳ  
ʫʟʣʦʚʳʭ  ʧʨʦʚʦʜʠʤʦʩʪʝʡ; 
GMIN – ʤʠʥʠʤʘʣʴʥʘʷ  ʧʨʦʚʦʜʠʤʦʩʪʴ  ʚʝʪʚʠ  ʮʝʧʠ – ʦʧʨʝʜʝʣʷʝʪ ʫʪʝʯʢʠ ʦʙʨʘʪʥʦ ʩʤʝʱʝʥʥʳʭ 
ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʜʨʫʛʠʭ ʪʦʯʝʢ ʩʭʝʤʳ ʩ ʚʳʩʦʢʠʤ ʠʤʧʝʜʘʥʩʦʤ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ 
ʫʤʝʥʴʰʝʥʠʝ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ ʤʦʞʝʪ ʧʦʤʦʯʴ ʧʦʣʫʯʠʪʴ ʩʭʦʜʠʤʦʩʪʴ ʜʣʷ ʩʭʝʤ, ʢʦʪʦʨʳʝ ʧʨʠ 
ʩʪʘʥʜʘʨʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʦ ʫʤʦʣʯʘʥʠʶ ʥʝ ʠʤʝʶʪ ʨʝʰʝʥʠʡ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʧʦʥʠʟʠʪʩʷ 



ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ. ʇʨʦʚʦʜʠʤʦʩʪʴ ʤʝʥʴʰʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʟʜʝʩʴ ʟʥʘʯʝʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ 
ʨʘʚʥʦʡ ʥʫʣʶ; 
TRANGMIN –  ʤʠʥʠʤʘʣʴʥʘʷ  ʧʝʨʝʭʦʜʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ;   
RSHUNT –  ʜʦʧʫʩʪʠʤʦʝ  ʩʦʧʨʦʪʠʚʣʝʥʠʝ  ʫʪʝʯʢʠ  ʜʣʷ  ʚʩʝʭ  ʫʟʣʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʡ ʰʠʥʳ. 
 

  
ʈʠʩ.5 

 
¶ ɺʢʣʘʜʢʘ MOSFET (ʈʠʩ.6). ʅʘ ʵʪʦʡ ʚʢʣʘʜʢʝ ʩʦʩʨʝʜʦʪʦʯʝʥ ʨʷʜ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʚ 

SPICE ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ MOSFET ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʥʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ 
ʧʦʜʣʦʞʢʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʠʢʨʦʩʭʝʤʳ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʟʜʝʩʴ ʜʘʥʳ ʟʥʘʯʝʥʠʷ ʚ ʤʝʪʨʘʭ. ɿʜʝʩʴ 
ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʦ ʪʦ, ʯʪʦ ʫʩʪʘʥʦʚʢʦʡ ʛʘʣʦʯʝʢ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʟʥʘʯʝʥʠʷ ʜʣʷ ʩʪʘʨʳʭ ʚʝʨʩʠʡ 
ʤʦʜʝʣʝʡ SPICE ʠʣʠ ʜʣʷ ʥʦʚʳʭ SPICE2. 
DEFAD – ʧʣʦʱʘʜʴ ʜʠʬʬʫʟʠʦʥʥʦʡ ʦʙʣʘʩʪʠ ʩʪʦʢʘ, ʤ2; 
DEFAS – ʧʣʦʱʘʜʴ ʜʠʬʬʫʟʠʦʥʥʦʡ ʦʙʣʘʩʪʠ ʠʩʪʦʢʘ, ʤ2; 
DEFL – ʜʣʠʥʘ ʢʘʥʘʣʘ ʧʦʣʝʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʤ; 
DEFW – ʰʠʨʠʥʘ ʢʘʥʘʣʘ, ʤ. 
 

 
ʈʠʩ.6 

 
¶ ɺʢʣʘʜʢʘ Iteration (ʈʠʩ. 7).  

Integration Method – ʦʧʨʝʜʝʣʷʝʪ ʢʘʢʠʤ ʤʝʪʦʜʦʤ SPICE ʚʳʯʠʩʣʷʝʪ ʪʦʯʢʠ ʩʭʦʜʠʤʦʩʪʠ 
ʨʝʰʝʥʠʡ. ɺʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ: GEAR –  ʤʝʪʦʜ ɻʠʨʘ ʠʣʠ TRAPEZOIDAL – 
ʪʨʘʧʝʮʝʠʜʘʣʴʥʳʡ. ʇʝʨʚʳʡ ʩʯʠʪʘʝʪʩʷ ʙʦʣʝʝ ʥʦʚʳʤ ʠ ʪʦʯʥʳʤ ʠ ʧʨʠʤʝʥʝʥ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʭʦʪʷ 
ʠ ʪʨʝʙʫʝʪ ʙʦʣʴʰʝ ʤʘʰʠʥʥʦʛʦ ʚʨʝʤʝʥʠ. ɿʜʝʩʴ ʟʘʤʝʯʫ, ʯʪʦ ʚ ʩʪʦʣʴ ʧʦʧʫʣʷʨʥʦʤ ʩʝʡʯʘʩ ʧʦ 
ʩʦʩʝʜʩʪʚʫ MultiSim 10 ʧʦ ʫʤʦʣʯʘʥʠʶ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʪʨʘʧʝʮʠʡ.  ʊʨʠ ʧʦʩʣʝʜʫʶʱʠʝ 
ʦʧʮʠʠ ʦʧʨʝʜʝʣʷʶʪ ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ, ʢʦʪʦʨʳʝ SPICE ʧʨʠʤʝʥʷʝʪ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʘʞʜʦʡ 
ʦʧʝʨʘʮʠʦʥʥʦʡ ʪʦʯʢʠ. 
MAXORD –  ʤʘʢʩʠʤʘʣʴʥʳʡ  ʧʦʨʷʜʦʢ (ʦʪ 2  ʜʦ 6)  ʤʝʪʦʜʘ  ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ; 
SRCSTEPS – ʨʘʟʤʝʨ ʧʨʠʨʘʱʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʝʛʦ ʥʦʤʠʥʘʣʴʥʦʛʦ 
ʟʥʘʯʝʥʠʷ ʧʨʠ ʚʘʨʠʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ (ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʩʣʘʙʦʡ ʩʭʦʜʠʤʦʩʪʠ 
ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ); 
GMINSTEPS –  ʨʘʟʤʝʨ  ʧʨʠʨʘʱʝʥʠʷ  ʧʨʦʚʦʜʠʤʦʩʪʠ  ʚ  ʧʨʦʮʝʥʪʘʭ  ʦʪ GMIN (ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʧʨʠ ʩʣʘʙʦʡ ʩʭʦʜʠʤʦʩʪʠ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ); 
ITL1, ITL2 ʠ ITL4 – ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ (ʰʘʛʦʚ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʨʝʞʠʤʝ 
DC, ʧʝʨʝʜʘʪʦʯʥʳʭ ʬʫʥʢʮʠʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʩʣʝʜʫʶʱʝʡ ʪʦʯʢʝ ʚ ʨʝʞʠʤʝ DC, ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ 
ʩʣʝʜʫʶʱʝʤʫ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ ʚ ʨʝʞʠʤʝ Transient; 
ʅʫ ʠ ʥʘʢʦʥʝʮ, ʪʨʠ ʬʣʘʞʢʘ, ʫʩʪʘʥʦʚʢʘ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ 
ʚʳʯʠʩʣʝʥʠʡ: 
NOOPITER – ʧʝʨʝʡʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʚʳʯʠʩʣʝʥʠʶ GMIN; 
COMPACT – ʩʞʘʪʠʝ ʚʳʯʠʩʣʝʥʠʡ LTRA. ʇʨʠʤʝʥʠʤ ʪʦʣʴʢʦ ʜʣʷ ʣʠʥʠʡ ʩ ʧʦʪʝʨʷʤʠ LOSSYLINE, 
ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʭʦʞʠʝ ʧʦ ʟʥʘʯʝʥʠʷʤ ʪʦʯʢʠ ʥʝ ʧʨʦʩʯʠʪʳʚʘʶʪʩʷ, ʘ ʧʨʠʥʠʤʘʶʪʩʷ 
ʠʜʝʥʪʠʯʥʳʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʡ. 



BYPASS – ʚʢʣʶʯʝʥ ʧʦ ʫʤʦʣʯʘʥʠʶ ʠ ʧʦʟʚʦʣʷʝʪ ʦʙʦʡʪʠ ʧʨʠ ʚʳʯʠʩʣʝʥʠʷʭ ʥʝʠʟʤʝʥʷʝʤʳʝ 
ʵʣʝʤʝʥʪʳ. 
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¶ ɺʢʣʘʜʢʘ Temperature (ʈʠʩ. 8). ɿʜʝʩʴ ʚʩʝʛʦ ʜʚʘ ʧʘʨʘʤʝʪʨʘ: 

TEMP  - ʛʣʦʙʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʠʤʝʥʷʝʤʘʷ ʢʦ ʚʩʝʤ ʵʣʝʤʝʥʪʘʤ 
ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʭʝʤʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʝʝ ʚ ʩʚʦʠʭ ʧʘʨʘʤʝʪʨʘʭ, ʘ ʵʪʦ: ʨʝʟʠʩʪʦʨʳ, ʜʠʦʜʳ, 
ʧʦʣʝʚʳʝ ʠ ʙʠʧʦʣʷʨʥʳʝ ʪʨʘʥʟʠʩʪʦʨʳ. ɹʫʜʴʪʝ ʚʥʠʤʘʪʝʣʴʥʳ: ʧʘʨʘʤʝʪʨ ʫʯʠʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ 
ʜʣʷ ʘʥʘʣʦʛʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɽʩʣʠ ʧʝʨʝʚʝʩʪʠ ʪʝ ʞʝ ʨʝʟʠʩʪʦʨʳ ʠ ʜʠʦʜʳ ʚ ʨʝʞʠʤ DIGITAL, 
ʦʥ ʥʝ ʧʨʦʩʯʠʪʳʚʘʝʪʩʷ! ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ 
ʧʘʨʘʤʝʪʨ TEMP ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʚ ʝʛʦ ʩʚʦʡʩʪʚʘʭ. 
TNOM – ʥʦʤʠʥʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʪʝʨʤʦʟʘʚʠʩʠʤʳʭ 
ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ (ʚʦ ʟʘʛʦʛʫʣʠʥʘ, ʧʦʥʠʤʘʠʰʴ!), ʥʫ ʠʣʠ ʧʨʦʱʝ ʩʪʘʥʜʘʨʪʥʘʷ ʧʨʠ ʢʦʪʦʨʦʡ 
ʩʥʠʤʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʪʘʢʞʝ ʤʦʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦ. 
ʅʫ ʠ ʫ ʈ. ʍʘʡʥʝʤʘʥʘ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʧʦ ʫʤʦʣʯʘʥʠʶ  ʦʙʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʚʥʳ +27 
ʛʨʘʜʫʩʦʚ ʧʦ ʎʝʣʴʩʠʶ - ʣʝʛʢʦ ʜʦʛʘʜʘʪʴʩʷ, ʯʪʦ SPICE «ʨʦʜʠʣʩʷ» ʚ ʰʪʘʪʝ ʂʘʣʠʬʦʨʥʠʷ, ʘ ʥʝ ʚ 
ʉʠʙʠʨʠ (ʵʪʦ ʪʘʢ, ʢ ʩʣʦʚʫ - ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʢʨʫʛʦʟʦʨʘ). 
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¶ ɺʢʣʘʜʢʘ Transient (ʈʠʩ. 9). 
NUMSTEPS – ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ, ʧʨʠʤʝʥʷʝʤʦʝ ʧʨʠ ʘʥʘʣʠʟʝ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 
TRTOL – ʜʦʧʫʩʢ ʥʘ ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ – ʥʘʠʙʦʣʝʝ ʧʦʣʝʟʥʳʡ ʥʘ ʵʪʦʡ 
ʚʢʣʘʜʢʝ ʧʘʨʘʤʝʪʨ. ɽʩʣʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʤʝʶʪ ʦʩʪʨʦʢʦʥʝʯʥʳʝ ʚʩʧʣʝʩʢʠ ʠʣʠ 
ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʪʦ ʤʦʞʥʦ ʧʦʧʨʦʙʦʚʘʪʴ ʫʤʝʥʴʰʠʪʴ ʵʪʦʪ ʧʘʨʘʤʝʪʨ. 
TTOL – ʚʨʝʤʝʥʥʦʡ ʨʘʟʙʨʦʩ ʧʨʠ ʘʥʘʣʠʟʝ ʩʤʝʰʘʥʥʳʭ (ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʭ) ʩʭʝʤ; 
TMIN – ʤʠʥʠʤʘʣʴʥʳʡ ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ ʧʨʠ ʘʥʘʣʠʟʝ ʘʥʘʣʦʛʦʚʳʭ ʩʭʝʤ. 
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¶ ɺʢʣʘʜʢʘ DSIM (ʈʠʩ. 10). ɺ ʩʝʜʴʤʳʭ ʚʝʨʩʠʷʭ ʠʤʝʝʪ ʚʩʝʛʦ ʜʚʘ ʠʟʤʝʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʘ. 
Random Inicialisation Values (ʩʣʫʯʘʡʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠ ʠʥʠʮʠʘʣʠʟʘʮʠʠ) ʦʧʨʝʜʝʣʷʝʪ: ʢʘʢʠʤ 
ʦʙʨʘʟʦʤ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʜʣʷ  ʮʠʬʨʦʚʳʭ ʧʨʠʤʠʪʠʚʦʚ, ʢʦʪʦʨʳʤ ʚ ʩʚʦʡʩʪʚʘʭ 
ʧʨʦʧʠʩʘʥʦ ʟʥʘʯʝʥʠʝ, ʘ ʵʪʦ ʚ ʯʘʩʪʥʦʩʪʠ ʤʦʜʝʣʠ ʤʠʢʨʦʩʭʝʤ ʧʘʤʷʪʠ, ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʢʦʪʦʨʳʭ 
INIT=RANDOM ʟʘʧʦʣʥʷʝʪ ʠʭ ʧʨʠ ʩʪʘʨʪʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʟʜʝʩʴ 
ʧʝʨʝʢʣʶʯʘʪʝʣʷ ʣʠʙʦ Fully Random (ʩʣʫʯʘʡʥʳʤʠ), ʣʠʙʦ Pseudo-random 
(ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʤʠ) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʠʟ ʟʘʜʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʦʪ 1 ʜʦ 32767. ɽʩʣʠ ʚʳ 
ʠʩʧʦʣʴʟʫʝʪʝ ʜʣʷ ʤʠʢʨʦʩʭʝʤʳ ʧʘʤʷʪʠ ʟʘʛʨʫʞʘʝʤʳʡ ʬʘʡʣ, ʥʦ ʦʥ ʟʘʧʦʣʥʷʝʪ ʷʯʝʡʢʠ ʥʝ 
ʧʦʣʥʦʩʪʴʶ, ʪʦ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʥʦʤ INIT=RANDOM ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʟʘʧʦʣʥʷʪʩʷ 
ʦʩʪʘʚʰʠʝʩʷ ʩʚʦʙʦʜʥʳʤʠ ʷʯʝʡʢʠ. 
Propagation Delay Scaling (ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʟʘʜʝʨʞʝʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ) ʦʧʨʝʜʝʣʷʝʪ 
ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʩʝʭ ʚʨʝʤʝʥʥʳʭ ʩʚʦʡʩʪʚ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʟʘʜʘʥʳ 
ʩʪʨʦʛʦ ʚ ʩʚʦʡʩʪʚʘʭ ʢʦʥʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʜʣʷ ʵʪʠʭ ʩʚʦʡʩʪʚ ʫʩʪʘʥʦʚʣʝʥ 
ʤʥʦʞʠʪʝʣʴ Scale all values by constant ʨʘʚʥʳʡ 1. ʋʩʪʘʥʦʚʢʘ Pseudo-random ʠʣʠ Fully 
Random ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʜʠʘʧʘʟʦʥ ʦʪ ʥʠʞʥʝʛʦ Lower Scalling Limit ʜʦ ʚʝʨʭʥʝʛʦ Upper 
Scalling Limit ʟʥʘʯʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʵʪʦʪ ʤʥʦʞʠʪʝʣʴ ʧʦ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ ʚ 
ʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ ʯʪʦ ʠ ʚʳʰʝ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 
ʧʨʠʙʣʠʟʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢ ʨʝʘʣʴʥʦʩʪʠ ʠ ʠʩʢʣʶʯʠʪʴ ʧʨʦʝʢʪʥʳʝ ʥʝʜʦʨʘʙʦʪʢʠ, ʩʚʷʟʘʥʥʳʝ  ʩ 
ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ ʚʨʝʤʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʥʝ ʠʤʝʶʱʠʤʠ ʦʪʨʘʞʝʥʠʷ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 
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ʅʫ, ʚʦʪ ʤʳ ʠ ʧʨʦʰʣʠʩʴ ʧʦ ʚʩʝʤ ʚʢʣʘʜʢʘʤ ʧʘʨʘʤʝʪʨʦʚ ʩʠʤʫʣʷʮʠʠ, ʠ ʦʩʪʘʣʩʷ ʥʝʟʘʪʨʦʥʫʪʳʤ ʦʜʠʥ 
ʧʫʥʢʪ, ʧʦʚʪʦʨʷʶʱʠʡʩʷ ʥʘ ʚʩʝʭ ʚʢʣʘʜʢʘʭ. ɺ ʧʦʩʣʝʜʥʠʭ ʚʝʨʩʠʷʭ ʇʨʦʪʝʫʩʘ ʚʥʠʟʫ ʵʪʦʛʦ ʦʢʥʘ ʜʣʷ 
ʫʜʦʙʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚʚʝʜʝʥ ʚʳʙʦʨ ʪʨʝʭ ʧʨʝʜʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘʙʦʨʦʚ ʧʘʨʘʤʝʪʨʦʚ. ʇʦ 
ʫʤʦʣʯʘʥʠʶ ʚʩʝʛʜʘ ʩʪʦʠʪ Default Setting (ʈʠʩ. 5). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʪʦʛʦ 
ʙʦʣʝʝ ʯʝʤ ʜʦʩʪʘʪʦʯʥʦ, ʦʜʥʘʢʦ ʠʥʦʛʜʘ ʠʤʝʝʪ ʩʤʳʩʣ ʠʟʤʝʥʠʪʴ ʧʨʝʜʫʩʪʘʥʦʚʢʠ. ɺ ʥʘʣʠʯʠʠ ʠʤʝʶʪʩʷ 
ʝʱʝ ʜʚʝ: 
Setting for Better Accuracy (ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʥʘʠʣʫʯʰʝʡ ʪʦʯʥʦʩʪʠ) – ʥʦ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 
ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʡ ʠ ʥʘʛʨʫʟʢʘ ʥʘ ʎʇ ʢʦʤʧʴʶʪʝʨʘ; 
Setting for Better Convergence (ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʥʘʠʣʫʯʰʝʡ ʩʭʦʜʠʤʦʩʪʠ ʨʝʰʝʥʠʡ) – ʟʜʝʩʴ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʩʝ ʥʘʦʙʦʨʦʪ. 
ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʟʘʛʨʫʟʠʪʴ ʫʩʪʘʥʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʜʝʡʩʪʚʠʷ  ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦ ʈʠʩ. 
5. ʆʙʨʘʱʘʶ ʚʘʰʝ ʚʥʠʤʘʥʠʝ, ʥʘ ʪʦ, ʯʪʦ ʟʘʛʨʫʟʢʘ (Load) ʜʝʡʩʪʚʫʝʪ ʩʨʘʟʫ ʥʘ ʚʩʝ ʚʢʣʘʜʢʠ, 
ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʘʥʘʣʦʛʦʚʦʡ ʩʠʤʫʣʷʮʠʠ. ɽʩʪʝʩʪʚʝʥʥʦ ʪʝʤʧʝʨʘʪʫʨʘ ʠ DSIM ʧʨʠ ʵʪʦʤ ʥʝ 
ʤʦʜʠʬʠʮʠʨʫʶʪʩʷ. ɼʣʷ ʚʦʟʚʨʘʪʘ  ʢ «ʟʘʚʦʜʩʢʠʤ» ʫʩʪʘʥʦʚʢʘʤ ʦʪ ʃʘʙʮʝʥʪʨʘ ʩʥʦʚʘ ʟʘʛʨʫʞʘʝʤ Default. 
ʅʫ ʠ ʝʱʝ – ʵʪʠ ʥʘʩʪʨʦʡʢʠ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ISIS, ʘ ʥʝ ʚ ʧʨʦʝʢʪʝ! ʇʦʵʪʦʤʫ, ʫʡʜʷ ʠʟ ʜʝʬʦʣʪʦʚʳʭ 
ʥʘʩʪʨʦʝʢ, ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʟʘʢʨʳʪʠʠ/ʦʪʢʨʳʪʠʠ ISIS ʥʝ ʟʘʙʫʜʴʪʝ ʧʨʦʚʝʨʠʪʴ – ʯʪʦ ɺʳ ʪʘʤ ʥʘʟʥʘʯʠʣʠ 
ʠ ʥʝ ʧʦʨʘ ʣʠ ʚʦʟʚʨʘʪʠʪʴ  Default ʥʘ ʤʝʩʪʦ. 
ʅʫ ʠ ʚ ʟʘʢʣʶʯʝʥʠʝ ʵʪʦʛʦ ʧʘʨʘʛʨʘʬʘ, ʢʘʢ ʠ ʦʙʝʱʘʣ – ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʩ ʤʦʠʤʠ ʧʦʷʩʥʝʥʠʷʤʠ. 
ʉʩʳʣʦʢ ʥʝ ʜʘʶ, ʧʦʩʢʦʣʴʢʫ ʥʘ  ʬʘʡʣʦʦʙʤʝʥʥʠʢʘʭ ʦʥʠ ʯʘʩʪʦ ʤʝʥʷʶʪʩʷ, ʥʦ ʚ ʩʝʪʠ ʵʪʠ ʢʥʠʞʢʠ 
çʛʫʣʷʶʪ».  
ʈʘʟʝʚʠʛ ɺ.ɼ. «ʉʭʝʤʦʪʝʭʥʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Micro-Cap» 2003 ʛ. 
ʂ ʩʦʞʘʣʝʥʠʶ, ʙʝʟʚʨʝʤʝʥʥʦ ʫʰʝʜʰʠʡ ɺʠʢʪʦʨ ɼʘʥʠʣʦʚʠʯ ʙʦʣʴʰʝ ʥʝ ʧʦʨʘʜʫʝʪ ʥʘʩ ʩʚʦʠʤʠ ʰʝʜʝʚʨʘʤʠ. ɽʩʣʠ ʷ ʢʦʛʜʘ-ʥʠʙʫʜʴ ʠ 
ʥʘʧʠʰʫ ʯʪʦ-ʣʠʙʦ ʧʦʜʦʙʥʦʝ, ʪʦ ʙʫʜʫ ʩʯʠʪʘʪʴ, ʯʪʦ ʞʠʟʥʴ ʧʨʦʞʠʪʘ ʥʝ ʟʨʷ. ɺ ʣʶʙʦʡ ʝʛʦ ʢʥʠʛʝ ʧʦ ʢʦʩʪʦʯʢʘʤ ʨʘʟʦʙʨʘʥ 
ʦʧʠʩʳʚʘʝʤʳʡ ʧʨʝʜʤʝʪ. ʅʘʧʨʠʤʝʨ, ʠʟ ʵʪʦʡ ʷ ʯʘʩʪʠʯʥʦ «ʩʧʠʩʘʣ» ʦʧʠʩʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʤʫʣʷʮʠʠ SPICE (ʩʪʨ. 62-65). 
ʂʦʨʦʥʦʚʩʢʠʡ ɸ.ɸ., ʍʨʘʤʦʚ ɸ.ɽ. «ʇʨʠʤʝʥʝʥʠʝ Electronics Workbench ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ» ʋʯʝʙʥʦïʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ. ʉʘʨʘʪʦʚʩʢʠʡ ɻʦʩʫʥʠʚʝʨʩʠʪʝʪ, 2004. 
ʂʘʢ ʚʠʜʠʪʝ, ʜʘʞʝ ʩʪʘʨʝʥʴʢʠʡ Electronics Workbench ʧʝʨʝʢʣʠʢʘʝʪʩʷ ʩ ʇʨʦʪʝʫʩʦʤ, ʘ ʚʩʝ ʙʣʘʛʦʜʘʨʷ SPICE. ʅʘ ʩʪʨ. 17-18 ʪʝ 
ʞʝ ʦʧʠʩʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ Spice, ʢʘʢ ʚʧʨʦʯʝʤ, ʠ Multisim: 
ʍʝʨʥʠʪʝʨ ʄ. «Multisim 7 ʉʦʚʨʝʤʝʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ 
ʩʭʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ». 2006 ʛ. 
ʍʘʡʥʝʤʘʥ. ʈ.  PSPICE «ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ». 2005 ʛ. 
ʇʝʪʨʘʢʦʚ. ʆ ʄ. ʉʦʟʜʘʥʠʝ ʘʥʘʣʦʛʦʚʳʭ PSPICE ʤʦʜʝʣʝʡ  ʨʘʜʠʦʵʣʝʤʝʥʪʦʚ. 2004 ʛ. 
ʇʦʩʣʝʜʥʝʡ ʢʥʠʛʠ ʥʝʪ ʚ ʩʝʪʠ, ʷ ʧʦʣʴʟʫʶʩʴ ʙʫʤʘʞʥʳʤ ʚʘʨʠʘʥʪʦʤ. ʅʦ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦ ʥʘʟʚʘʥʠʶ ʮʠʢʣ ʩʪʘʪʝʡ ʚʳʭʦʜʠʣ ʚ 
ʞʫʨʥʘʣʘʭ «ʉʭʝʤʦʪʝʭʥʠʢʘ» ʚ 2002 ʛ. ɺ ʥʠʭ ʞʝ  ʚ ʨʘʡʦʥʝ 2005 ʛ. ʙʳʣ ʠ ʮʠʢʣ ʧʦ ʮʠʬʨʦʚʳʤ ʤʦʜʝʣʷʤ. ɼʣʷ ʪʝʭ, ʢʪʦ ʨʝʰʠʣ 



ʧʦʧʨʦʙʦʚʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʦʟʜʘʚʘʪʴ SPICE ʤʦʜʝʣʠ ʧʦʩʣʝʜʥʷʷ ʢʥʠʛʘ ʠ ʩʪʘʪʴʠ ʙʫʜʫʪ ʥʘʠʣʫʯʰʠʤ ʧʦʜʩʧʦʨʴʝʤ ʚ 
ʨʘʙʦʪʝ. 

4. ˞̏̈̅́̎̉̆ ̍̏̅̆̌̆̊ ̋̏̍̐̏̎̆̎̓̏̃ ̃ ISIS. 

ʏʪʦʙʳ ʙʦʣʴʰʝ ʥʝ ʛʨʫʟʠʪʴ ɺʘʩ ʛʦʣʦʡ ʪʝʦʨʠʝʡ,  ʤʳ ʥʘ ʚʨʝʤʷ ʦʪʣʦʞʠʤ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʚ ʩʪʦʨʦʥʫ, 
ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʚʩʧʣʳʚʫʪ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʠ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ, ʢʘʢ ʛʦʚʦʨʠʪʩʷ: «ʧʦ ʭʦʜʫ 
ʧʴʝʩʳ». ɿʘʡʤʝʤʩʷ ʙʦʣʝʝ ʥʘʩʫʱʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʪʝʤ ʙʦʣʝʝ ʯʪʦ ʬʦʨʫʤ ʫʞʝ ʧʝʨʝʛʨʫʞʝʥ ʚʦʧʨʦʩʘʤʠ ʧʦ 
ʪʝʤʝ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ. 

 
4.1. ˿͙͔ͦ͒͊ͤ͘ ͎ͪ͊ͺ͙;͔͙ͫ͟ͻ ͔͔͚ͣͦ͒͡ ͔͍ͦͣͨͦͤͤͭͦ͟.  

ʀʪʘʢ, ʚ ʨʘʟʜʝʣʝ 3.2 ʤʳ ʢʨʘʪʢʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʠ ʪʠʧʳ ʤʦʜʝʣʝʡ. ɼʣʷ ʥʘʯʘʣʘ ʩʦʟʜʘʜʠʤ No 
Simulation Model. ʇʦʯʝʤʫ ʠʤʝʥʥʦ ʝʝ, ʘ ʥʝ ʩʨʘʟʫ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ Intel Core Duo? ɼʘ ʧʦʪʦʤʫ ʯʪʦ 
ʣʶʙʘʷ ʤʦʜʝʣʴ ʢʦʤʧʦʥʝʥʪʘ ʚ ISIS ʜʦʣʞʥʘ ʠʤʝʪʴ ʢʘʢ ʤʠʥʠʤʫʤ ʭʦʪʴ ʦʜʥʦ ʛʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ, ʘ 
ʠʥʘʯʝ ʢʘʢ ʝʝ ʨʘʟʤʝʩʪʠʪʴ ʚ ʧʨʦʝʢʪʝ? ʅʫ ʠ ʧʦʪʦʤ ʣʶʙʘʷ, ʜʘʞʝ ʥʝ ʩʠʤʫʣʠʨʫʝʤʘʷ ʚ ISIS ʤʦʜʝʣʴ ʧʨʠ ʝʝ 
ʩʦʟʜʘʥʠʠ ʧʨʦʭʦʜʠʪ ʚʩʝ ʵʪʘʧʳ, ʧʨʠʩʫʱʠʝ ʜʘʞʝ ʩʘʤʦʡ ʩʣʦʞʥʦʡ ʤʦʜʝʣʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠ ʥʘʤ 
ʥʝʦʙʭʦʜʠʤʦ ʩ ʥʠʤʠ ʧʦʟʥʘʢʦʤʠʪʴʩʷ. ɼʣʷ ʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 
ʤʦʜʝʣʠ ʩ ʥʘʙʦʨʦʤ ʚʳʚʦʜʦʚ (ʥʦʞʝʢ, ʧʠʥʦʚ – ʥʘʟʳʚʘʡʪʝ, ʢʪʦ ʢʘʢ ʭʦʯʝʪ). ʆʪʢʨʳʚʘʝʤ ʥʦʚʳʡ ʧʨʦʝʢʪ ʠ 
ʥʘʯʠʥʘʝʤ ʨʠʩʦʚʘʪʴ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʥʘʨʠʩʦʚʘʪʴ ʪʝʣʦ ʢʦʤʧʦʥʝʥʪʘ. ʈʠʩʦʚʘʥʠʝ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʦʚ 2D  ʛʨʘʬʠʢʠ. ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʦ: ʢʘʢʠʝ ʬʠʛʫʨʳ ʠʟ ʢʘʢʦʛʦ 
ʨʝʞʠʤʘ ʩʦʟʜʘʶʪʩʷ (ʈʠʩ.11). ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʷ ʠʩʧʦʣʴʟʦʚʘʣ ʨʝʞʠʤ ʨʠʩʦʚʘʥʠʷ COMPONENT 
– ʯʪʦʙʳ ʥʝ ʥʘʨʫʰʘʪʴ ʦʙʱʠʡ ʩʪʠʣʴ ʛʨʘʬʠʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ISIS, ʥʦ ʧʨʠ ʞʝʣʘʥʠʠ ʤʦʞʥʦ 
ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʣʶʙʳʤ ʜʨʫʛʠʤ ʠʟ ʧʨʝʜʫʩʪʘʥʦʚʣʝʥʥʳʭ ʠʣʠ ʩʦʟʜʘʪʴ ʩʚʦʡ. ʅʘʧʦʤʥʶ, ʯʪʦ ʩʪʠʣʠ 
ʛʨʘʬʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʤʝʥʶ Template => Set Graphic Styles… ɽʩʣʠ ʥʘʜʦ ʩʦʟʜʘʪʴ ʩʚʦʡ, ʞʤʝʤ 
ʢʥʦʧʢʫ New ʠ ʟʘʜʘʝʤ ʥʘʟʚʘʥʠʝ ʠ ʧʘʨʘʤʝʪʨʳ ʣʠʥʠʡ, ʮʚʝʪʘ ʠ ʪ.ʧ. (ʈʠʩ. 12). 

                                                     
                       ʈʠʩ.11                                                                                ʈʠʩ.12 

ʉʆɺɽʊ 1. ɽʩʣʠ ʥʝʦʙʭʦʜʠʤ ʩʪʘʥʜʘʨʪʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, ʪʦ ʟʘʯʘʩʪʫʶ ʥʝʪ 
ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʚʘʪʴ ʝʛʦ ʩ ʥʫʣʷ. ʅʘʧʨʠʤʝʨ, ʪʦʪ ʞʝ ʩʠʤʚʦʣ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʤʦʞʥʦ 
ʚʟʷʪʴ ʠʟ ʙʠʙʣʠʦʪʝʢʠ ʩʠʤʚʦʣʦʚ. ʇʨʦʮʝʜʫʨʘ ʥʘʧʦʤʠʥʘʝʪ ʜʦʙʘʚʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʦ ʚ ʜʨʫʛʦʤ 
ʨʝʞʠʤʝ. ɺʳʙʠʨʘʝʤ ʚ ʣʝʚʦʤ ʤʝʥʶ ʨʝʞʠʤ S ʠ ʜʘʣʝʝ ʧʦ ʧʫʥʢʪʘʤ ʧʨʘʢʪʠʯʝʩʢʠ, ʢʘʢ ʠ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ 
(ʈʠʩ. 13). ɿʘʤʝʯʫ ʪʦʣʴʢʦ, ʯʪʦ ʧʦʢʘ ɺʳ ʥʝ ʥʘʯʘʣʠ ʘʢʪʠʚʥʦ ʩʦʟʜʘʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, 
ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ ʙʠʙʣʠʦʪʝʢʘ USERSYM ʧʫʩʪʘ, ʠ ʚʳʙʨʘʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʩʠʤʚʦʣʳ ʚʳ ʤʦʞʝʪʝ 
ʪʦʣʴʢʦ ʠʟ ʙʠʙʣʠʦʪʝʢʠ SYSTEM. ʇʦʤʝʩʪʠʚ ʝʛʦ ʚ ʩʝʣʝʢʪʦʨ ʩʠʤʚʦʣʦʚ ʥʘ ʰʘʛʝ 5 ʚʩʝʛʜʘ ʤʦʞʥʦ 
ʜʦʙʘʚʠʪʴ ʝʛʦ ʚ ʧʦʣʝ ʧʨʦʝʢʪʘ ʦʪʪʫʜʘ, ʢʘʢ ʠ ʦʙʳʯʥʳʡ ʢʦʤʧʦʥʝʥʪ. 

 
ʈʠʩ.13 

 
ʉʆɺɽʊ 2. ɽʩʣʠ ʚ ʙʠʙʣʠʦʪʝʢʝ ʢʦʤʧʦʥʝʥʪʦʚ ʫʞʝ ʠʤʝʝʪʩʷ ʛʦʪʦʚʳʡ, ʧʦʭʦʞʠʡ ʥʘ ʪʦʪ, ʯʪʦ ɺʘʤ 
ʥʝʦʙʭʦʜʠʤ ʪʦ ʚʦʩʧʦʣʴʟʫʡʪʝʩʴ  ʬʫʥʢʮʠʝʡ Decompose (ʧʠʢʪʦʛʨʘʤʤʘ ʩ ʤʦʣʦʪʢʦʤ ʚ ʚʝʨʭʥʝʤ ʤʝʥʶ 
ʠʣʠ ʯʝʨʝʟ ʤʝʥʶ ʧʦ ʧʨʘʚʦʡ ʢʥʦʧʢʝ ʤʳʰʠ), ʯʪʦʙʳ «ʨʘʟʦʙʨʘʪʴ ʝʛʦ ʥʘ ʟʘʧʯʘʩʪʠ» ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 



ʥʝʦʙʭʦʜʠʤʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʩʚʦʝʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʅʝ ʙʦʡʪʝʩʴ ʠʩʧʦʨʪʠʪʴ 
ʩʫʱʝʩʪʚʫʶʱʠʝ ʙʠʙʣʠʦʪʝʢʠ. ɽʩʣʠ ɺʳ ʥʝ ʧʨʠʤʝʥʷʣʠ «ʧʨʝʚʝʥʪʠʚʥʳʭ» ʤʝʨ ʢ ʩʚʦʝʡ ʢʦʧʠʠ 
ʧʨʦʛʨʘʤʤʳ, ʪʦ ʦʥʠ ʧʦ ʫʤʦʣʯʘʥʠʶ ʟʘʱʠʱʝʥʳ ʦʪ ʟʘʧʠʩʠ. ʂ ʪʦʤʫ ʞʝ, «ʨʘʟʦʙʨʘʥʥʳʡ» ʢʦʤʧʦʥʝʥʪ 
ʫʞʝ ʥʝ ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ ʙʠʙʣʠʦʪʝʢʠ, ʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʠʩʪʝʡʰʠʡ ʥʘʙʦʨ ʛʨʘʬʠʢʠ ʠ 
ʪʝʢʩʪʦʚʳʡ ʩʢʨʠʧʪ ʩ ʦʧʠʩʘʥʠʝʤ ʝʛʦ ʩʚʦʡʩʪʚ. ɼʣʷ ʧʨʠʤʝʨʘ ʷ «ʨʘʟʦʙʨʘʣ» ʆʋ 741  (ʈʠʩ. 14). 

 
ʈʠʩ.14 

ɺʥʫʪʨʠ ʪʝʣʘ ʢʦʤʧʦʥʝʥʪʘ ʚʳ ʚʦʣʴʥʳ ʧʦʤʝʱʘʪʴ ʣʶʙʳʝ ʵʣʝʤʝʥʪʳ ʛʨʘʬʠʢʠ – ʣʠʥʠʠ, ʪʝʢʩʪ. ʊʘʢ 
ʥʘʧʨʠʤʝʨ ʫ ʪʦʛʦ ʞʝ ʆʋ 741 ʣʠʥʠʷʤʠ ʥʘʯʝʨʯʝʥʳ ʩʠʤʚʦʣʳ ʧʨʷʤʦʛʦ ʠ ʠʥʚʝʨʩʥʦʛʦ ʚʭʦʜʦʚ. ɿʜʝʩʴ 
ʪʦʣʴʢʦ ʦʜʥʦ ʧʨʠʤʝʯʘʥʠʝ – ʥʝ ʟʘʙʳʚʘʡʪʝ, ʯʪʦ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʥʠ ʙʳʣʠ ʚʠʜʠʤʳʤʠ – ʩʘʤʦ ʪʝʣʦ 
ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʤʝʱʝʥʦ ʥʘ ʟʘʜʥʠʡ ʧʣʘʥ (ʤʝʥʶ Edit => Send To Back ʠʣʠ ʯʝʨʝʟ Ctrl+B). 
ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʣʠʥʠʡ ʠ ʪʝʢʩʪʘ ʞʝʣʘʪʝʣʴʥʦ ʚ ʩʝʣʝʢʪʦʨʝ ʚʳʙʠʨʘʪʴ ʩʪʠʣʴ 
COMPONENT, ʯʪʦʙʳ ʚʩʝ ʚʳʛʣʷʜʝʣʦ ʝʜʠʥʦʦʙʨʘʟʥʦ. ʅʫ, ʫʞ ʝʩʣʠ ʢʦʤʫ ʪʦ ʥʨʘʚʠʪʩʷ ʨʘʟʨʠʩʦʚʳʚʘʪʴ 
ʩʚʦʠ ʪʚʦʨʝʥʠʷ ʚʩʝʤʠ ʮʚʝʪʘʤʠ ʨʘʜʫʛʠ, ʪʦ ʠ ʵʪʦ ʥʝ ʚʦʩʧʨʝʱʘʝʪʩʷ.  
ʀʪʘʢ, ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʪʝʣʦ ʢʦʤʧʦʥʝʥʪʘ ʩʦ ʚʩʝʤʠ ʧʨʠʙʘʤʙʘʩʘʤʠ ʥʘʨʠʩʦʚʘʥʦ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ  

ʤʘʨʢʝʨ ʚʳʨʘʚʥʠʚʘʥʠʷ ORIGIN. ʇʦ ʵʪʦʤʫ ʤʘʨʢʝʨʫ ʥʘʰ ʙʫʜʫʱʠʡ ʢʦʤʧʦʥʝʥʪ ʙʫʜʝʪ ʧʨʠʚʷʟʳʚʘʪʴʩʷ ʢ 
ʩʝʪʢʝ ʚ ʧʨʦʝʢʪʝ. ʅʘ ʨʠʩʫʥʢʝ 14 ʦʥ ʫʩʪʘʥʦʚʣʝʥ ʚ ʮʝʥʪʨʝ ʪʝʣʘ, ʭʦʪʷ ʨʘʥʴʰʝ ʨʘʟʨʘʙʦʪʯʠʢʠ ʧʨʦʛʨʘʤʤʳ 
ʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʪʘʚʠʪʴ ʝʛʦ ʧʦ ʢʦʥʮʫ ʣʝʚʦʛʦ ʚʝʨʭʥʝʛʦ ʚʳʚʦʜʘ, ʘ ʜʣʷ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 
(ʥʘʧʨʠʤʝʨ, ʠʥʜʠʢʘʪʦʨʦʚ) ʣʝʚʳʡ ʚʝʨʭʥʠʡ ʫʛʦʣ ʪʝʣʘ – ʧʦʪʦʤʫ ʯʪʦ ʦʪʩʯʝʪ ʧʦʣʦʞʝʥʠʷ ʠʟʤʝʥʷʶʱʠʭʩʷ ʚ 
ʧʨʦʮʝʩʩʝ ʩʠʤʫʣʷʮʠʠ ʵʣʝʤʝʥʪʦʚ (ʪʝʭ ʞʝ ʩʚʝʪʷʱʠʭʩʷ ʩʝʛʤʝʥʪʦʚ ʠʥʜʠʢʘʪʦʨʘ ʙʫʜʝʪ ʚʝʩʪʠʩʴ ʧʦ ʥʝʤʫ). 
ʅʦ ʜʣʷ ʦʙʳʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ – ʤʠʢʨʦʩʭʝʤ ʠ ʪ.ʧ. ʧʦʣʦʞʝʥʠʝ ʥʝ ʪʘʢ ʩʫʱʝʩʪʚʝʥʥʦ, ʪʘʢ ʯʪʦ ʤʦʞʥʦ 
ʣʝʧʠʪʴ ʢʫʜʘ ʭʦʪʠʪʝ, ʥʦ ʧʦʤʥʠʪʝ ʦ ʧʨʠʚʷʟʢʝ ʢ ʩʝʪʢʝ. ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʤʘʨʢʝʨʘ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ  
ʣʝʚʳʤ ʤʝʥʶ («ʧʨʠʮʝʣ» ʥʠʞʝ S), ʣʠʙʦ ʯʝʨʝʟ ʚʩʧʣʳʚʘʶʱʠʝ ʤʝʥʶ ʧʨʘʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ PLACE => 
MARKER => ORIGIN. 
ʅʫ ʠ ʧʦʩʣʝʜʥʠʤ ʵʪʘʧʦʤ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʤʝʱʝʥʠʝ ʚʳʚʦʜʦʚ 

ʢʦʤʧʦʥʝʥʪʘ. ʇʝʨʝʭʦʜʠʤ ʚ ʣʝʚʦʝ ʤʝʥʶ Device Pins Mode ʠ ʚʳʙʠʨʘʝʤ ʚ ʩʝʣʝʢʪʦʨʝ ʥʫʞʥʳʡ ʥʘʤ ʪʠʧ 
ʚʳʚʦʜʘ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʦʩʪʘʪʦʯʥʦ DEFAULT – ʪ.ʝ. ʧʨʦʩʪʦʛʦ 
ʧʨʷʤʦʛʦ ʚʳʚʦʜʘ, ʥʫ ʤʦʞʝʪ ʝʱʝ INVERT – ʚʳʚʦʜ ʩ ʢʨʫʞʢʦʤ. ɿʘʤʝʯʫ, ʯʪʦ ʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠ 
ʥʘʟʥʘʯʝʥʠʝ ʚʳʚʦʜʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʝʱʝ ʥʠʢʘʢ ʥʝ ʩʚʷʟʘʥʳ. ʀ ʜʘʞʝ ʝʩʣʠ ʚʳ ʚʦʪʢʥʝʪʝ ʥʘ ʙʫʜʫʱʠʡ 
ʚʳʚʦʜ ʧʠʪʘʥʠʷ ʩʠʤʚʦʣ ʚʳʚʦʜʘ INVERT – ʵʪʦ ʥʝ ʟʥʘʯʠʪ,  ʯʪʦ ʦʥʦ ʫ ʚʘʩ ʠʟʤʝʥʠʪ ʧʦʣʷʨʥʦʩʪʴ,  ʥʫ ʠʣʠ 
ʯʪʦ-ʪʦ ʝʱʝ ʚ ʪʦʤ ʞʝ ʜʫʭʝ. ʇʦʢʘ ʨʝʯʴ ʠʜʝʪ ʊʆʃʔʂʆ ʦ ʛʨʘʬʠʯʝʩʢʦʤ ʠʟʦʙʨʘʞʝʥʠʠ. ɽʩʣʠ ʢʦʤʫ ʪʦ 
ʧʦʢʘʞʝʪʩʷ ʤʘʣʦ ʠʤʝʶʱʠʭʩʷ ʚ ʩʝʣʝʢʪʦʨʝ ʧʦ ʫʤʦʣʯʘʥʠʶ ʰʝʩʪʠ ʪʠʧʦʚ ʚʳʚʦʜʦʚ, ʤʦʞʝʪ ʜʦʙʘʚʠʪʴ ʪʫʜʘ 
ʠʟ ʠʤʝʶʱʝʡʩʷ ʙʠʙʣʠʦʪʝʢʠ SYSTEM. ʇʨʦʮʝʜʫʨʘ ʚʩʝ ʪʘ ʞʝ. ʅʘʭʦʜʷʩʴ ʚ ʨʝʞʠʤʝ Device Pins Mode, 
ʜʚʦʡʥʳʤ ʱʝʣʯʢʦʤ ʚ ʧʦʣʝ ʩʝʣʝʢʪʦʨʘ (ʠʣʠ ʦʜʠʥʘʨʥʳʤ ʧʦ ʙʫʢʦʚʢʝ P) ʚʭʦʜʠʤ ʚ ʙʠʙʣʠʦʪʝʢʫ ʠ 
ʜʦʙʘʚʣʷʝʤ ʠʟ ʠʤʝʶʱʠʭʩʷ ʜʚʫʭ ʜʝʩʷʪʢʦʚ ʚ ʩʝʣʝʢʪʦʨ ʪʦʪ, ʢʦʪʦʨʳʡ ʧʦʥʨʘʚʠʣʩʷ. ʂʦʛʜʘ ʦʥ ɺʘʤ ʪʘʤ 
ʥʘʜʦʝʩʪ, ʱʝʣʢʘʝʤ ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ ʧʦ ʥʝʤʫ ʠ ʟʘʜʘʝʤ Delete. ʇʨʠ ʵʪʦʤ ʵʣʝʤʝʥʪ ʙʫʜʝʪ ʫʙʨʘʥ ʠʟ 
ʩʝʣʝʢʪʦʨʘ, ʘ ʥʝ ʠʟ ʙʠʙʣʠʦʪʝʢʠ!!! ɺʧʦʩʣʝʜʩʪʚʠʠ ʚʳ ʩʥʦʚʘ ʤʦʞʝʪʝ ʝʛʦ ʜʦʩʪʘʪʴ. 
ʇʨʠ ʨʘʟʤʝʱʝʥʠʠ ʚʳʚʦʜʦʚ ʦʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦʥʢʦʝ ʧʝʨʝʢʨʝʩʪʠʝ ʚ ʚʠʜʝ ʍ – ʵʪʦ ʚʥʝʰʥʠʡ ʢʦʥʝʮ 

ʚʳʚʦʜʘ, ʢ ʢʦʪʦʨʦʤʫ ʙʫʜʫʪ ʧʦʟʠʮʠʦʥʠʨʦʚʘʪʴʩʷ ʧʨʦʚʦʜʘ, ʧʦʵʪʦʤʫ ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥ ʥʘʨʫʞʫ. 
ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʝʨʥʫʪʴ ʠʣʠ ʦʪʨʘʟʠʪʴ ʚʳʚʦʜ ʚʦʩʧʦʣʴʟʫʡʪʝʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʧʮʠʷʤʠ ʚ 
ʤʝʥʶ ʧʨʘʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ. ʂʦʛʜʘ ʚʳʚʦʜʳ ʨʘʩʩʪʘʚʣʝʥʳ ʧʦ ʤʝʩʪʘʤ, ʤʦʞʥʦ ʧʨʠʩʪʫʧʠʪʴ ʢ ʠʭ 
ʥʫʤʝʨʘʮʠʠ ʠ ʦʧʠʩʘʥʠʶ ʥʘʟʥʘʯʝʥʠʷ. ɼʣʷ ʥʫʤʝʨʘʮʠʠ ʧʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʳʚʦʜʦʚ ʧʨʦʱʝ ʚʩʝʛʦ 
ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ  ʬʫʥʢʮʠʝʡ ʤʝʥʶ  Property Assignment Tools. ɺ ʩʪʨʦʢʝ Sting ʟʘʜʘʝʤ PIN=NUM# ʠ 
ʟʘʜʘʝʤ ʥʘʯʘʣʴʥʦʝ  Count ʨʘʚʥʳʤ 1. ʆʙ ʵʪʦʤ ʨʝʞʠʤʝ ʷ ʫʞʝ ʨʘʩʩʢʘʟʳʚʘʣ. ɺʦʪ ʩ ʥʘʠʤʝʥʦʚʘʥʠʝʤ, 
ʥʝʩʢʦʣʴʢʦ ʩʣʦʞʥʝʝ, ʧʦʩʢʦʣʴʢʫ ʚʳʚʦʜʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʫʥʠʢʘʣʴʥʳʝ ʠʤʝʥʘ. ʍʦʪʷ, ʜʣʷ 
ʚʩʝʚʦʟʤʦʞʥʳʭ ʤʥʦʛʦʨʘʟʨʷʜʥʳʭ ʧʦʨʪʦʚ ʠ ʪʫʪ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ NAME=(ʯʪʦ-ʪʦ ʪʘʤ)#. ʇʨʠ 
ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʠʥʦʚ ʠʭ ʧʨʦʱʝ ʦʪʨʝʜʘʢʪʠʨʦʚʘʪʴ ʚʨʫʯʥʫʶ. ɼʚʦʡʥʳʤ ʱʝʣʯʢʦʤ ʧʦ ʚʳʚʦʜʫ 
ʚʭʦʜʠʤ ʚ ʝʛʦ ʩʚʦʡʩʪʚʘ ʠ ʟʘʜʘʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 15. 



 
ʈʠʩ.15 

 
ɿʜʝʩʴ, ʧʦʞʘʣʫʡ, ʦʩʪʘʥʦʚʠʤʩʷ ʯʫʪʴ ʧʦʜʨʦʙʥʝʝ.  ɺ ʦʢʥʝ Pin Name ʚʚʦʜʠʪʩʷ ʥʘʠʤʝʥʦʚʘʥʠʝ ʚʳʚʦʜʘ. 

ɾʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʦʥʦ ʦʪʨʘʞʘʣʦ ʬʠʟʠʯʝʩʢʫʶ ʩʫʪʴ ʚʳʚʦʜʘ, ʥʦ ʚ ʪʦʞʝ ʚʨʝʤʷ ʙʳʣʦ ʥʝ ʦʯʝʥʴ 
ʜʣʠʥʥʳʤ ʠ ʦʙʷʟʘʪʝʣʴʥʦ ʫʥʠʢʘʣʴʥʳʤ (ʥʝ ʧʦʚʪʦʨʷʶʱʠʤʩʷ  ʙʦʣʴʰʝ ʚ ʵʪʦʡ ʤʦʜʝʣʠ). ɽʩʣʠ 
ʧʣʘʥʠʨʫʝʪʩʷ, ʯʪʦ ʵʪʦ ʠʤʷ ʙʫʜʝʪ ʚʠʜʠʤʳʤ, ʪʦ ʦʥʦ ʜʦʣʞʥʦ ʚʧʠʩʳʚʘʪʴʩʷ ʚ ʦʪʚʝʜʝʥʥʦʤ ʜʣʷ ʵʪʦʛʦ ʤʝʩʪʝ 
ʠ ʥʝ ʥʘʧʦʣʟʘʪʴ ʥʘ ʜʨʫʛʠʝ. ʅʫ ʧʨʦ Default Pin Number ʠ ʪʘʢ ʷʩʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙ ʦʥ ʩʦʚʧʘʜʘʣ 
ʩ ʥʦʤʝʨʦʤ ʚʳʚʦʜʘ ʪʦʛʦ ʢʦʨʧʫʩʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʠʥʷʪ ʧʦ ʫʤʦʣʯʘʥʠʶ. ɿʘʙʝʛʘʷ 
ʚʧʝʨʝʜ, ʟʘʤʝʯʫ, ʯʪʦ ʜʣʷ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʥʘʯʝʥʦ ʥʝʩʢʦʣʴʢʦ ʢʦʨʧʫʩʦʚ. 
ʆʩʦʙʦ ʭʦʯʫ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʛʨʫʧʧʝ ʬʣʘʞʢʦʚ, ʢʦʪʦʨʳʝ ʷ ʦʙʦʟʥʘʯʠʣ ʢʘʢ ɺʠʜʠʤʦʩʪʴ: 
 Draw Body? – ʚʦʪ ʦʥʘ ʪʘ ʧʨʝʩʣʦʚʫʪʘʷ ʚʠʜʠʤʦʩʪʴ ʚʳʚʦʜʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʠʩʦʝʜʠʥʷʪʴ ʢ ʥʝʤʫ 

ʧʨʦʚʦʜʥʠʢʠ. ʆʥʘ ʥʘʤ  ʦʯʝʥʴ ʧʦʪʨʝʙʫʝʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ, ʯʪʦʙʳ ʩʫʤʝʪʴ ʧʦʜʢʣʶʯʠʪʴʩʷ ʢ ʚʳʚʦʜʘʤ 
ʢʦʤʧʦʥʝʥʪʦʚ ʩʢʨʳʪʳʤ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʪ.ʝ. ʫ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ ʛʘʣʦʯʢʘ ʚ  ʵʪʦʤ ʧʦʣʝ. ʄʳ ʤʦʞʝʤ ʠʭ 
ʫʚʠʜʝʪʴ ʚ ʩʝʨʦʤ ʮʚʝʪʝ, ʫʩʪʘʥʦʚʠʚ ʯʝʨʝʟ ʤʝʥʶ Template => Set Design Default ʛʘʣʦʯʢʫ Show Hidden 
Pins, ʥʦ ʧʦ-ʥʘʩʪʦʷʱʝʤʫ ʘʢʪʠʚʥʳʤʠ, ʪ.ʝ. ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʥʠ ʩʪʘʥʫʪ, ʢʦʛʜʘ ʚ ʵʪʦʤ 
ʤʝʩʪʝ ʜʣʷ ʥʠʭ ʙʫʜʝʪ ʩʪʦʷʪʴ ʛʘʣʦʯʢʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʛʘʣʢʠ Draw Name? ʠ Draw Number? ɼʝʣʘʶʪ 
ʚʠʜʠʤʳʤʠ ʠʤʷ ʠ ʥʦʤʝʨ ʚʳʚʦʜʘ, ʘ Rotate… ʧʦʚʦʨʘʯʠʚʘʶʪ ʠʭ ʥʘ 90 ʛʨʘʜʫʩʦʚ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ 
ʩʪʨʝʣʢʠ.  ʅʠʞʝ ʨʘʩʧʦʣʦʞʝʥʦ ʦʢʥʦ ʚʳʙʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʠʧʘ ʚʳʚʦʜʘ. ʅʘ ʨʠʩʫʥʢʝ ʫ ʤʝʥʷ ʦʪʢʨʳʪ 
ʚʳʚʦʜ ʧʣʶʩʘ ʧʠʪʘʥʠʷ ʆʋ, ʧʦʵʪʦʤʫ ʝʤʫ ʩʪʨʦʛʦ ʥʘʟʥʘʯʝʥ ʪʠʧ PP – Power Pin. ɽʩʣʠ ʧʨʠ ʩʦʟʜʘʥʠʠ 
ʢʦʤʧʦʥʝʥʪʘ ʚʳ ʟʘʪʨʫʜʥʷʝʪʝʩʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʪʦ ʧʨʦʩʪʦ ʦʩʪʘʚʴʪʝ PS – 
ʧʨʠʥʷʪʦʝ ʧʦ ʫʤʦʣʯʘʥʠʶ. ʇʦʷʩʥʶ ʤʘʣʝʥʴʢʠʡ ʥʶʘʥʩ: ɼʣʷ ISIS ʟʜʝʰʥʝʝ ʥʘʟʥʘʯʝʥʠʝ ʚ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ 
ʙʝʟʨʘʟʣʠʯʥʦ, ʘ ʚʦʪ ARES ʧʨʠ ʨʘʟʚʦʜʢʝ ʜʦʨʦʞʝʢ ʧʨʠʤʝʪ ʜʘʥʥʦʝ ʥʘʟʥʘʯʝʥʠʝ, ʢʘʢ ʨʫʢʦʚʦʜʩʪʚʦ ʢ 
ʜʝʡʩʪʚʠʶ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʦʛʦ ʧʨʦʠʟʚʝʜʝʪ ʪʨʘʩʩʠʨʦʚʢʫ, ʥʘʧʨʠʤʝʨ ʜʣʷ Power Pin ʙʦʣʝʝ 
ʰʠʨʦʢʠʤʠ ʜʦʨʦʞʢʘʤʠ. ʅʫ ʠ ʚʥʠʟʫ ʜʘʥʥʦʛʦ ʦʢʥʘ ʠʤʝʶʪʩʷ ʢʥʦʧʢʠ ʧʦʟʚʦʣʷʶʱʠʝ ʫʩʢʦʨʠʪʴ 
ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ Previous ʠ Next – ʧʝʨʝʢʣʶʯʘʶʪ ʦʢʥʦ ʥʘ ʩʣʝʜʫʶʱʠʡ ʧʦ ʥʦʤʝʨʫ Pin Number ʚʳʚʦʜ, 
ʆʂ ʠ Cancel – ʩʪʘʥʜʘʨʪʥʳʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʠ ʦʪʤʝʥʘ 
ʅʘ ʨʠʩʫʥʢʝ 16 ʧʨʠʚʝʜʝʥ ʚʠʜ ʩʝʣʝʢʪʦʨʘ ʚ ʨʝʞʠʤʝ ʨʘʩʩʪʘʥʦʚʢʠ ʚʳʚʦʜʦʚ, ʘ ʪʘʢʞʝ ʛʨʘʬʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʆʋ 741 ʧʝʨʝʨʠʩʦʚʘʥʥʘʷ ʚ ʬʦʨʤʘʪ ʧʨʠʥʷʪʳʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʗ 
ʟʜʝʩʴ ʧʨʦʩʪʦ ʨʘʟʦʙʨʘʣ ʩʪʘʥʜʘʨʪʥʳʡ 741, ʥʘʨʠʩʦʚʘʣ ʩʚʦʝ Body, ʧʝʨʝʪʘʱʠʣ ʚʳʚʦʜʳ ʩ ʨʘʟʦʙʨʘʥʥʦʛʦ 
ʢ ʥʦʚʦʤʫ, ʜʣʷ ʚʳʚʦʜʦʚ ʧʠʪʘʥʠʷ ʚʢʣʶʯʠʣ ʛʘʣʢʫ Show Name, ʘ ʛʨʘʬʠʢʫ ʚʳʚʦʜʘ 2 ʟʘʤʝʥʠʣ ʥʘ INVERT. 
ɺʦ ʚʣʦʞʝʥʠʠ ʧʨʦʝʢʪ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʜʝʣʘʥʘ ʵʪʘ ʨʘʙʦʪʘ, ʥʦ ʝʱʝ ʥʝ ʩʦʟʜʘʥʘ ʥʦʚʘʷ ʤʦʜʝʣʴ.  
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4.2. ˽ΎͭΈ Ή͍ͭ͊ͨͦ ͙͙͡  ͨΎͭΈ ͍ͫͦͫͭ͊͡ΎΌ΅͙ͻ ͦͦͤ͟ ͙ͫͦ͒͊ͤ͘Ύ ͔͙ͣͦ͒͡ ͺͯͤ͟ͼ͙͙ Make Device. 

ʂʘʢ ʠ ʫ ɺ.ʀ. ʃʝʥʠʥʘ «ʊʨʠ ʠʩʪʦʯʥʠʢʘ ʠ ʪʨʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʯʘʩʪʠ ʤʘʨʢʩʠʟʤʘ», ʪʘʢ ʠ ʣʶʙʘʷ ʤʦʜʝʣʴ 
ISIS ʠʤʝʝʪ ʧʨʘʚʜʘ ʥʝ ʪʨʠ, ʘ ʧʷʪʴ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʪʘʧʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ. ʄʳ ʦʯʝʥʴ ʯʘʩʪʦ ʙʫʜʝʤ 
ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʠʭ, ʧʦʵʪʦʤʫ ʥʘʩʪʘʣʘ ʧʦʨʘ ʟʥʘʢʦʤʠʪʴʩʷ. ʀʪʘʢ, ʷ ʟʘʢʦʥʯʠʣ ʪʝʤ, ʯʪʦ ʥʘʨʠʩʦʚʘʣ 
(ʠʤʝʥʥʦ ʥʘʨʠʩʦʚʘʣ) ʛʨʘʬʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʚ ʧʨʦʝʢʪʝ, ʥʦ ʝʩʣʠ ʷ ʜʘʞʝ 
ʟʘʭʦʯʫ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʜʣʷ ʧʨʦʩʪʦʡ ʧʨʦʨʠʩʦʚʢʠ ʩʭʝʤʳ, ʪʦ ʥʝ ʩʤʦʛʫ, ʦʥʘ ʚʩʝ ʝʱʝ ʩʦʩʪʦʠʪ ʠʟ 
ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʠʤʝʪʴ ʭʦʪʴ ʢʘʢʫʶ-ʪʦ ʧʦʣʴʟʫ ʤʥʝ ʥʝʦʙʭʦʜʠʤʦ ʩʢʦʤʧʦʥʦʚʘʪʴ 
ʝʝ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ ʠ ʧʦʤʝʩʪʠʪʴ ʚ ʙʠʙʣʠʦʪʝʢʫ, ʯʪʦʙʳ ʚ ʥʫʞʥʳʡ ʤʦʤʝʥʪ ʜʦʩʪʘʚʘʪʴ ʦʪʪʫʜʘ. ʏʪʦʙʳ 
ʩʦʟʜʘʪʴ ʤʦʜʝʣʴ ʩʣʫʞʠʪ ʬʫʥʢʮʠʷ Make Device ʚ ʚʝʨʭʥʝʤ ʤʝʥʶ ʠʣʠ ʚ ʢʦʥʪʝʢʩʪʥʦʤ ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ 
ʤʳʰʠ. ʅʦ ʧʨʝʞʜʝ ʯʝʤ ʜʘʚʠʪʴ ʥʘ ʥʝʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʪʝ ʛʨʘʬʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʠʟ ʢʦʪʦʨʳʭ 
ʙʫʜʝʪ ʩʦʟʜʘʚʘʪʴʩʷ ʤʦʜʝʣʴ. ʇʨʠ ʚʳʜʝʣʝʥʠʠ ʙʫʜʴʪʝ ʚʥʠʤʘʪʝʣʴʥʳ: ʦʭʚʘʯʝʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʚʩʝ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʠ ʤʘʨʢʝʨ ORIGIN. ɺ ʨʝʞʠʤʝ Selection mode ʦʙʚʦʜʠʤ, ʫʜʝʨʞʠʚʘʷ ʣʝʚʫʶ ʣʘʧʢʫ ʤʳʰʠ ʚʩʶ 
ʛʨʘʬʠʢʫ ʩ ʥʝʙʦʣʴʰʠʤ ʟʘʧʘʩʦʤ. ɺʳʜʝʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʠʤʫʪ ʢʨʘʩʥʳʡ ʮʚʝʪ (ʈʠʩ. 17). ɼʘʣʝʝ 
ʱʝʣʢʘʝʤ ʧʦ ʧʨʘʚʦʡ ʢʥʦʧʢʝ ʤʳʰʢʠ ʠ ʚʳʙʠʨʘʝʤ ʦʧʮʠʶ Make Device.  



ʇʦʩʣʝ ʯʝʛʦ ʦʪʢʨʳʚʘʝʪʩʷ ʧʝʨʚʦʝ ʠʟ ʦʢʦʥ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ Device Property (ʉʚʦʡʩʪʚʘ ʫʩʪʨʦʡʩʪʚʘ, 
ʥʫ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʘʚʠʣʴʥʝʝ ʧʝʨʝʚʝʩʪʠ ʢʦʤʧʦʥʝʥʪʘ) (ʈʠʩ. 18) ɺ ʵʪʦʤ ʦʢʥʝ ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʜʣʷ 
ʟʘʧʦʣʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʜʚʘ ʦʢʥʘ – Device Name (ʥʘʠʤʝʥʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʘ) ʠ Reference Prefix 
(ʇʨʝʬʠʢʩ ʧʦʜ ʢʦʪʦʨʳʤ ʫʩʪʨʦʡʩʪʚʦ ʙʫʜʝʪ ʟʘʥʦʩʠʪʴʩʷ ʚ ʩʧʠʩʦʢ ʮʝʧʝʡ). ʗ ʪʫʪ ʩʣʝʛʢʘ ʧʦʛʦʨʷʯʠʣʩʷ 
ʨʘʥʝʝ, ʟʘʷʚʠʚ, ʯʪʦ ʦʨʠʛʠʥʘʣʴʥʳʝ ʙʠʙʣʠʦʪʝʢʠ ʇʨʦʪʝʫʩʘ ʟʘʱʠʱʝʥʳ ʦʪ ʟʘʧʠʩʠ, ʥʝ ʫʯʝʣ «ʨʦʜʥʦʡ 
ʩʧʝʮʠʬʠʢʠ», ʛʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʟʣʦʤʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʥʝ ʠʩʧʦʨʪʠʪʴ ʦʨʠʛʠʥʘʣ, 
ʜʘʚʘʡʪʝ ʥʘʟʦʚʝʤ ʥʘʰ ʜʝʚʘʡʩ ʥʝ ʧʨʦʩʪʦ 741, ʘ 741R, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ɻʆʉʊʘʤʠ ʈʦʩʩʠʠ. ʅʫ ʠ ʧʨʝʬʠʢʩ 
ʝʤʫ ʧʨʠʣʝʧʠʤ ʥʝ ʩʪʘʥʜʘʨʪʥʳʡ ʜʣʷ ISIS – U, ʘ ʪʦʞʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʰʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ – DA. 
ʇʦʩʣʝ ʯʝʛʦ ʩʯʠʪʘʝʤ ʧʝʨʚʦʝ ʦʢʥʦ ʟʘʧʦʣʥʝʥʥʳʤ ʠ ʧʝʨʝʭʦʜʠʤ ʢʦ ʚʪʦʨʦʤʫ, ʥʘʞʘʚ ʢʥʦʧʢʫ Next. 

     
                       ʈʠʩ.17      ʈʠʩ. 18 
ɺʪʦʨʦʝ ʦʢʥʦ Packaging (ʈʠʩ. 19) ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʟʥʘʯʝʥʥʳʭ ʥʘʰʝʤʫ ʫʩʪʨʦʡʩʪʚʫ 

ʢʦʨʧʫʩʘʭ. ʂʦʥʝʯʥʦ, ʤʦʞʥʦ ʙʳ ʥʘʟʥʘʯʠʪʴ ʢʦʨʧʫʩ ʠ ʩʝʡʯʘʩ, ʥʦ ʵʪʦ ʥʠʢʦʛʜʘ ʥʝ ʧʦʟʜʥʦ ʩʜʝʣʘʪʴ, ʪʝʤ 
ʙʦʣʝʝ ʯʪʦ ʥʘ ʵʪʦʤ ʧʨʠʤʝʨʝ ʷ ʭʦʯʫ ʧʦʢʘʟʘʪʴ ʥʘʟʥʘʯʝʥʠʝ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʨʧʫʩʘ ʠ ʦʩʪʘʚʣʶ ʥʘ ʧʦʪʦʤ. 
ɸ ʧʦʢʘ ʠʜʝʤ ʚ ʩʣʝʜʫʶʱʝʝ ʦʢʥʦ. 
ʆʢʥʦ Component Properties & Definition (ʈʠʩ. 20) ʩʢʦʨʦ ʩʪʘʥʝʪ ʜʣʷ ʥʘʩ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʧʦʧʫʣʷʨʥʳʭ, ʧʦʪʦʤʫ ʯʪʦ ʠʤʝʥʥʦ ʚ ʥʝʤ ʤʳ ʙʫʜʝʤ ʥʘʟʥʘʯʘʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 
ʢʦʤʧʦʥʝʥʪʘ ʩʚʦʡʩʪʚʘ, ʥʦ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʦʩʪʘʚʠʤ ʝʛʦ ʧʫʩʪʳʤ ʠ ʧʝʨʝʡʜʝʤ ʢ ʩʣʝʜʫʶʱʝʤʫ. 
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ʏʝʪʚʝʨʪʦʝ ʦʢʥʦ Device Data Sheet & Help File (ʈʠʩ. 21) ʧʦʞʘʣʫʡ, ʩʘʤʦʝ ʙʝʩʧʦʣʝʟʥʦʝ ʜʣʷ ʥʘʩ ʥʘ 
ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ, ʝʩʣʠ ʢʦʥʝʯʥʦ ʢʪʦ-ʪʦ ʥʝ ʩʦʙʨʘʣʩʷ ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʠ ʥʘ ʢʦʤʤʝʨʯʝʩʢʦʡ ʦʩʥʦʚʝ ʩ 
ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʥʳʭ.  
ʅʫ ʠ ʥʘʢʦʥʝʮ, ʤʳ ʧʝʨʝʰʣʠ ʢ ʬʠʥʘʣʴʥʦʤʫ ʦʢʥʫ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ, ʢʦʪʦʨʦʝ ʧʦʪʨʝʙʫʝʪ ʦʪ ʥʘʩ ʪʦʞʝ 

ʥʝʢʦʪʦʨʳʭ ʟʘʚʝʨʰʘʶʱʠʭ «ʪʝʣʦʜʚʠʞʝʥʠʡ». ɺʦ-ʧʝʨʚʳʭ, ʚ ʩʪʨʦʢʝ Device Category ʯʝʨʝʟ 
ʨʘʩʢʨʳʚʘʶʱʝʝʩʷ ʤʝʥʶ ʷ ʚʳʙʨʘʣ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʢʘʪʝʛʦʨʠʶ Operational Amplifiers (ʦʧʝʨʘʮʠʦʥʥʳʝ 
ʫʩʠʣʠʪʝʣʠ). ʏʫʪʴ ʥʠʞʝ ʘʥʘʣʦʛʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʩʫʙʢʘʪʝʛʦʨʠʶ Single (ʦʜʠʥʦʯʥʳʡ). ʅʫ ʠ ʚ ʢʘʯʝʩʪʚʝ 
Device Manufacturer (ʧʨʦʠʟʚʦʜʠʪʝʣʴ), ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʢʥʦʧʢʦʡ New, ʚʚʝʣ ʥʦʚʦʛʦ 
ʧʨʦʠʟʚʦʜʠʪʝʣʷ: ExUSSR, ʭʦʪʷ ʠ ʧʦʢʨʠʚʠʣ ʜʫʰʦʡ (ʯʪʦ-ʪʦ ʥʝ ʧʦʤʥʶ, ʯʪʦʙ ʚ ʉʉʉʈ ʧʨʦʠʟʚʦʜʠʣʠʩʴ 
ʠʤʝʥʥʦ 741, ʘ ʥʝ ʠʭ «ʩʦʜʨʘʥʥʳʝ» ʘʥʘʣʦʛʠ). ɺʩʝ ʵʪʠ ʩʚʝʜʝʥʠʷ ʥʫʞʥʳ ʇʨʦʪʝʫʩʫ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 
ʧʦʤʝʩʪʠʪʴ ʥʘʰ ʩʦʟʜʘʥʥʳʡ ʜʝʚʘʡʩ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʘʟʜʝʣ ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʦʠʩʢʘ ʝʛʦ ʚ 
ʜʘʣʴʥʝʡʰʝʤ. ʆʙʨʘʱʘʶ ɺʘʰʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚʩʝ ʚʥʦʚʴ ʩʦʟʜʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʦ ʫʤʦʣʯʘʥʠʶ 
ʇʨʦʪʝʫʩ ʙʫʜʝʪ ʧʦʤʝʱʘʪʴ ʚ ʙʠʙʣʠʦʪʝʢʫ USERDVC, ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʳ ʠʭ ʪʘʤ ʥʘʡʜʝʤ ʠ ʫʜʘʣʠʤ, ʢʘʢ 
ʣʠʰʥʠʡ ʠ ʙʝʩʧʦʣʝʟʥʳʡ ʤʫʩʦʨ. 
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ʅʫ, ʚʦʪ ʩʦʙʩʪʚʝʥʥʦ ʠ ʚʩʷ ʧʨʦʮʝʜʫʨʘ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʜʣʷ ʜʘʥʥʦʛʦ ʵʪʘʧʘ. ʇʦʩʣʝ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ ʆʂ 
ʥʘ ʧʦʩʣʝʜʥʝʡ ʧʷʪʦʡ ʚʢʣʘʜʢʝ ʤʳ ʧʦʤʝʱʘʝʤ ʥʘʰʝ ʪʚʦʨʝʥʠʝ ʚ ʙʠʙʣʠʦʪʝʢʠ ISIS. 

 
 
 
 

4.3. ͍͔͙͔̂ͨͪ͊ͤ͡ ͙͙͔͙͋͋ͦͭ͊ͣ͟͡ ˽͔ͪͦͭͯͫ͊, ͙͙͡ ͙͘ ͨͪͦͫͭ·ͻ «;͙͔͔͚ͭ͊ͭ͡» ͍ «͙͙͔͙͋͋ͦͭ͊ͪ͟͡». 
ʇʨʦʰʫ ʦʙʨʘʪʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ!  ʅʝ ʟʨʷ ʷ ʥʘʟʚʘʣ ʵʪʦʪ ʨʘʟʜʝʣ FAQ ʜʣʷ «ʧʨʦʜʚʠʥʫʪʳʭ». ʉʦ 

ʩʣʝʜʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʵʪʦʤ ʧʘʨʘʛʨʘʬʝ ʥʘʜʦ ʦʙʨʘʱʘʪʴʩʷ ʦʩʪʦʨʦʞʥʦ, ʯʪʦʙʳ ʧʦʪʦʤ ʥʝ 
ʢʣʷʩʪʴ ʩʝʙʷ ʟʘ ʢʨʠʚʳʝ ʨʫʢʠ, ʘ ʤʝʥʷ ʟʘ ʪʦ, ʯʪʦ ʥʝ ʧʨʝʜʫʧʨʝʞʜʘʣ. ɽʩʣʠ ʚʳ ʧʦʚʨʝʜʠʪʝ  «ʨʦʜʥʳʝ» 
ʙʠʙʣʠʦʪʝʢʠ ʧʨʦʛʨʘʤʤʳ, ʧʦʪʦʤ ʧʨʠʜʝʪʩʷ ʝʝ ʧʝʨʝʫʩʪʘʥʘʚʣʠʚʘʪʴ. 
ʀʪʘʢ, ʤʳ ʩʦʟʜʘʣʠ ʤʦʜʝʣʴ 741R, ʧʫʩʪʴ ʧʦʢʘ ʠ ʙʝʩʧʦʣʝʟʥʫʶ ʚ ʨʘʙʦʪʝ, ʥʦ ʥʝʦʙʭʦʜʠʤʫʶ, ʯʪʦʙʳ ʧʦʥʷʪʴ 

ʠʟʣʦʞʝʥʥʳʡ ʥʠʞʝ ʤʘʪʝʨʠʘʣ. ɽʩʣʠ ʪʝʧʝʨʴ ʚʦʡʪʠ ʚ ʙʠʙʣʠʦʪʝʢʫ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʚ ʦʢʥʝ ʧʦʠʩʢʘ ʧʦ 
ʢʣʶʯʝʚʦʤʫ ʩʣʦʚʫ ʥʘʙʨʘʪʴ 741R – ʪʦ ʚʦʪ ʥʘʤ ʠ ʥʘʰʘ ʤʦʜʝʣʴ (ʈʠʩ. 23). 
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ʂʘʢ ʚʠʜʠʤ, ʤʳ ʧʦʣʫʯʠʣʠ ʪʦ, ʯʪʦ ʭʦʪʝʣʠ – ʥʝ ʩʠʤʫʣʠʨʫʝʤʫʶ ʤʦʜʝʣʴ, ʜʣʷ ʢʦʪʦʨʦʡ ʦʪʩʫʪʩʪʚʫʝʪ 

ʢʦʨʧʫʩ, ʠ  ʥʘʭʦʜʠʪʩʷ ʵʪʘ ʤʦʜʝʣʴ ʚ ʙʠʙʣʠʦʪʝʢʝ USRDVC, ʢʫʜʘ ʇʨʦʪʝʫʩ ʧʦ ʫʤʦʣʯʘʥʠʶ ʧʦʤʝʱʘʝʪ ʚʩʝ 
ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʤʦʜʝʣʠ. ʊʝʧʝʨʴ ʤʳ ʤʦʞʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʚ ʩʚʦʠʭ ʧʨʦʝʢʪʘʭ ʚ ʥʦʚʦʤ 
ʥʘʯʝʨʪʘʥʠʠ, ʥʦ ʨʘʙʦʪʘʪʴ ʦʥʘ ʚ ʩʠʤʫʣʷʪʦʨʝ ʥʝ ʙʫʜʝʪ ʠ ʧʨʠ ʧʦʧʳʪʢʝ ʟʘʧʫʩʪʠʪʴ ʩʠʤʫʣʷʮʠʶ ʩ ʝʝ 
ʫʯʘʩʪʠʝʤ, ʤʳ ʧʦʣʫʯʠʤ ʚ ʣʦʛʝ ʩʦʦʙʱʝʥʠʝ ʦʙ ʦʰʠʙʢʝ: 
No model specified for DA1 
Simulation FAILED due to partition analysis error(s) 
ʊʘʢ ʯʪʦ ʝʜʠʥʩʪʚʝʥʥʘʷ ʧʦʣʴʟʘ ʦʪ ʥʘʰʝʡ ʤʦʜʝʣʠ ʚ ʪʦʤ, ʯʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʜʣʷ ʨʠʩʦʚʘʥʠʷ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʭʝʤ. ɼʘʚʘʡʪʝ ʨʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ - ʢʘʢʠʝ ʬʠʟʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚʥʝʩ ʇʨʦʪʝʫʩ ʧʨʠ 
ʩʦʟʜʘʥʠʠ ʥʘʰʝʡ ʤʦʜʝʣʠ, ʘ ʜʣʷ ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʥʝʜʞʝʨʦʤ ʙʠʙʣʠʦʪʝʢ. ɿʘʭʦʜʠʤ ʚ ʤʝʥʶ 
Library ʠ ʚʳʙʠʨʘʝʤ Library Manager…  
ʇʨʠ ʧʝʨʚʦʤ ʦʪʢʨʳʪʠʠ ʧʦʷʚʠʪʩʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ISIS ʦ ʪʦʤ, ʢʘʢ ʨʘʟʤʝʨʳ ʦʢʥʘ ʤʝʥʝʜʞʝʨʘ 

ʙʠʙʣʠʦʪʝʢ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʳ ʠ ʩʦʭʨʘʥʝʥʳ. ɽʩʣʠ ʢʦʛʦ-ʥʠʙʫʜʴ ʨʘʟʜʨʘʞʘʶʪ ʣʠʰʥʠʝ ʩʦʚʝʪʳ – ʩʨʘʟʫ 
ʧʦʩʪʘʚʴʪʝ ʛʘʣʢʫ Don’t display this massage again. ɼʣʷ ʪʝʭ, ʢʪʦ ʥʝ ʜʨʫʞʠʪ ʩ ʘʥʛʣʠʡʩʢʠʤ, ʧʦʷʩʥʶ, ʯʪʦ 
ʦʢʥʦ ʤʝʥʝʜʞʝʨʘ ʥʝ ʩʦʜʝʨʞʠʪ ʧʨʠʚʳʯʥʳʭ ʢʥʦʧʦʢ ʨʘʟʚʝʨʥʫʪʴ/ʩʚʝʨʥʫʪʴ ʚ ʚʝʨʭʥʝʤ ʧʨʘʚʦʤ ʫʛʣʫ. 
ʇʦʵʪʦʤʫ, ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʪʷʛʠʚʘʪʴ ʝʛʦ ʤʳʰʴʶ ʟʘ ʢʨʘʷ. ʏʪʦʙʳ ʩʦʭʨʘʥʠʪʴ 
ʠʟʤʝʥʝʥʥʳʝ ʨʘʟʤʝʨʳ ʥʘʜʦ, ʱʝʣʢʥʫʚ ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʚ ʚʝʨʭʥʝʡ ʧʦʣʦʩʝ ʦʢʥʘ (ʚ ʪʦʡ, ʛʜʝ 
ʥʘʭʦʜʠʪʩʷ ʟʘʛʦʣʦʚʦʢ) ʚʳʙʨʘʪʴ ʦʧʮʠʶ Save Window Size. ʀʪʘʢ, ʧʦʜʪʚʝʨʜʠʚ ʢʥʦʧʢʦʡ ʆʂ, ʯʪʦ ʤʳ 
ʦʟʥʘʢʦʤʠʣʠʩʴ ʩ ʩʦʦʙʱʝʥʠʝʤ, ʧʦʧʘʜʘʝʤ ʚ ʦʢʥʦ ʤʝʥʝʜʞʝʨʘ (ʈʠʩ. 24). 
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ɺ ʣʝʚʦʤ ʦʢʥʝ ʤʝʥʝʜʞʝʨʘ ʧʦ ʫʤʦʣʯʘʥʠʶ ʦʪʢʨʳʚʘʝʪʩʷ ʧʝʨʚʘʷ ʧʦ ʘʣʬʘʚʠʪʫ (ʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʥʘʯʠʥʘʶʱʘʷʩʷ ʩ ʮʠʬʨʳ) ʙʠʙʣʠʦʪʝʢʘ 74ALS, ʘ ʚ ʧʨʘʚʦʤ ʥʘʰʘ ʙʠʙʣʠʦʪʝʢʘ USRDVC ʩ ʩʠʨʦʪʣʠʚʦ 
ʨʘʩʧʦʣʦʞʠʚʰʠʤʩʷ ʚ ʥʝʤ 741R. ʄʝʞʜʫ ʜʚʫʤʷ ʦʢʥʘʤʠ ʨʘʩʧʦʣʦʞʝʥʳ ʢʥʦʧʢʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 
ʚʳʙʨʘʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʩ ʙʦʣʴʰʠʤ ʯʝʨʥʳʤ ʪʨʝʫʛʦʣʴʥʠʢʦʤ-ʩʪʨʝʣʢʦʡ, ʧʦʢʘʟʳʚʘʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʝ 
ʧʨʦʚʦʜʠʤʳʭ ʦʧʝʨʘʮʠʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ Source (ʠʩʪʦʯʥʠʢ) ʠ (Dest’n) ʧʨʠʝʤʥʠʢ ʦʙʦʟʥʘʯʝʥʳ ʥʘʜ 
ʦʢʥʘʤʠ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʦʨʠʛʠʥʘʣʴʥʘʷ 74ALS ʦʙʦʟʥʘʯʝʥʘ ʢʘʢ Read Only – ʪʦʣʴʢʦ ʜʣʷ 
ʯʪʝʥʠʷ, ʦ ʯʝʤ ʷ ʠ ʛʦʚʦʨʠʣ ʨʘʥʴʰʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚʥʠʟʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʢʦʥ ʦʪʦʙʨʘʞʘʝʪʩʷ 
ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʙʠʙʣʠʦʪʝʢʝ ʠ ʥʘʣʠʯʠʠ ʩʚʦʙʦʜʥʦʛʦ ʤʝʩʪʘ ʚ ʥʝʡ. ʅʘʧʨʠʤʝʨ, 
ʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ USRDVC ʧʦʢʘ ʥʘʰ ʝʜʠʥʩʪʚʝʥʥʳʡ ʆʋ ʠ 999 ʩʚʦʙʦʜʥʳʭ ʤʝʩʪ. ɽʩʣʠ ʚʳʙʨʘʪʴ 
ʵʣʝʤʝʥʪ,  – ʢʣʠʢʥʫʪʴ ʤʳʰʢʦʡ ʧʦ ʵʣʝʤʝʥʪʫ ʚ ʣʝʚʦʡ ʠʣʠ ʧʨʘʚʦʡ ʙʠʙʣʠʦʪʝʢʝ, ʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, 
ʛʜʝ ʚʳ ʱʝʣʢʥʫʣʠ ʤʳʰʢʦʡ – ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ Source/Dest’n ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ. ɿʘ 
ʵʪʠʤ ʪʦʞʝ ʥʘʜʦ ʩʣʝʜʠʪʴ. ʊʝʧʝʨʴ ʧʦʟʥʘʢʦʤʠʤʩʷ ʩ ʥʘʟʥʘʯʝʥʠʝʤ ʢʥʦʧʦʢ.  
ʂʥʦʧʢʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʤʝʞʜʫ ʧʘʥʝʣʷʤʠ: 
¶ Order – ʧʦʨʷʜʦʢ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʨʘʩʢʨʳʚʘʶʱʝʛʦʩʷ ʩʧʠʩʢʘ ʙʠʙʣʠʦʪʝʢ ʧʨʠ ʢʣʠʢʝ ʧʦ 

ʪʨʝʫʛʦʣʴʥʠʢʫ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʥʠʟ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʧʨʠʥʷʪ ʘʣʬʘʚʠʪʥʳʡ ʦʪ 0 ʜʦ 9 ʠ ʦʪ A ʜʦ Z. 
ʅʘʞʘʪʠʝ ʵʪʦʡ ʢʥʦʧʢʠ ʚʳʟʳʚʘʝʪ ʦʢʥʦ, ʧʦʟʚʦʣʷʶʱʝʝ ʠʟʤʝʥʠʪʴ ʧʦʨʷʜʦʢ ʧʝʨʝʤʝʱʘʪʴ ʦʜʥʫ 
ʚʳʙʨʘʥʥʫʶ ʙʠʙʣʠʦʪʝʢʫ ʚ ʩʧʠʩʢʝ, ʣʠʙʦ ʧʦʩʣʝ ʥʘʞʘʪʠʷ All ʠʟʤʝʥʠʪʴ ʧʦʨʷʜʦʢ ʥʘ ʦʙʨʘʪʥʳʡ – 
Reverce ʠʣʠ ʦʪʩʦʨʪʠʨʦʚʘʪʴ ʧʦ ʘʣʬʘʚʠʪʫ – Sort. 

¶ Select All ʠ Unselect All – ʧʦʟʚʦʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʜʝʣʠʪʴ ʠʣʠ ʩʥʷʪʴ ʚʳʜʝʣʝʥʠʝ ʩʦ ʚʩʝʭ 
ʵʣʝʤʝʥʪʦʚ ʚ ʦʢʥʝ ʚʳʙʨʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ. 

¶ Copy Items, Move Items – ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʧʠʨʫʶʪ, ʧʝʨʝʤʝʱʘʶʪ ʚʳʜʝʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʚ 
ʥʘʧʨʘʚʣʝʥʠʠ ʩʪʨʝʣʢʠ (ʠʟ  Source ʚ Dest’n).  

¶ Delete Items – ʫʜʘʣʷʝʪ ʚʳʜʝʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ. ɹʫʜʴʪʝ ʦʩʪʦʨʦʞʥʳ ʩ ʵʪʦʡ ʦʧʮʠʝʡ!!! ʆʙʨʘʪʥʳʡ 
ʧʨʦʮʝʩʩ ʥʝʚʦʟʤʦʞʝʥ. 

¶ Rename Item – ʧʝʨʝʠʤʝʥʦʚʳʚʘʝʪ ʚʳʜʝʣʝʥʥʳʡ ʵʣʝʤʝʥʪ. 
¶ Information – ʦʯʝʥʴ ʧʦʣʝʟʥʘʷ ʢʥʦʧʢʘ, ʚʳʚʦʜʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʳʙʨʘʥʥʦʤ ʵʣʝʤʝʥʪʝ. ɼʣʷ 

ʧʨʠʤʝʨʘ ʥʘ ʈʠʩ. 25 ʧʦʢʘʟʘʥʦ ʚʳʚʝʜʝʥʥʦʝ ʦʢʥʦ ʜʣʷ ʨʦʜʥʦʛʦ, ʇʨʦʪʝʫʩʥʦʛʦ ʆʋ 741. 
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ʊʝʧʝʨʴ ʧʝʨʝʡʜʝʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʢʥʦʧʦʢ ʫʧʨʘʚʣʝʥʠʷ ʙʠʙʣʠʦʪʝʢʘʤʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ: 
¶ Dump Library – ʧʦʟʚʦʣʷʝʪ ʩʢʦʧʠʨʦʚʘʪʴ ʚ ʙʫʬʝʨ ʦʙʤʝʥʘ ʠʣʠ ʩʦʭʨʘʥʠʪʴ ʚ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʳʜʝʣʝʥʥʳʭ ʵʣʝʤʝʥʪʘʭ ʙʠʙʣʠʦʪʝʢʠ. ɽʩʣʠ ʭʦʪʠʪʝ ʩʦʭʨʘʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙʦ 
ʚʩʝʭ ʵʣʝʤʝʥʪʘʭ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʦʩʧʦʣʴʟʫʡʪʝʩʴ ʢʥʦʧʢʦʡ Select All. 

¶ Delete Library – ʫʜʘʣʷʝʪ ʚʳʙʨʘʥʥʫʶ ʙʠʙʣʠʦʪʝʢʫ ʧʦʣʥʦʩʪʴʶ. ʊʘʢʞʝ ʙʫʜʴʪʝ ʚʥʠʤʘʪʝʣʴʥʳ ʩ 
ʵʪʦʡ ʢʥʦʧʢʦʡ, ʭʦʪʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʝʨʝʜ ʫʜʘʣʝʥʠʝʤ ʇʨʦʪʝʫʩ ʚʘʩ ʧʨʝʜʫʧʨʝʜʠʪ, ʠ ʚʳ 
ʤʦʞʝʪʝ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʫʜʘʣʝʥʠʷ. 

¶ ADI Library, Pack Library, Backup Library – ʧʝʨʚʘʷ ʧʨʝʜʣʘʛʘʝʪ ʜʦʙʘʚʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠʟ 
ʬʘʡʣʘ .ADI, ʚʪʦʨʘʷ ʩʦʟʜʘʝʪ ʜʣʷ ʚʳʙʨʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʬʘʡʣ .TMP, ʘ ʪʨʝʪʴʷ - .BAK. 
ʆʪʢʨʦʚʝʥʥʦ ʟʘʤʝʯʫ, ʷ ʠ ʩʘʤ ʥʝ ʟʥʘʶ, ʜʣʷ ʯʝʛʦ ʦʥʠ ʥʫʞʥʳ. ʄʦʛʫ ʪʦʣʴʢʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 
ʜʣʷ «ʫʥʫʪʨʝʥʥʝʛʦ ʧʦʪʨʝʙʣʝʥʠʷ» ʩʦʪʨʫʜʥʠʢʘʤʠ ʃʘʙʮʝʥʪʨʘ, ʪ.ʢ. ʫʪʠʣʠʪ, ʢʦʪʦʨʳʝ ʧʦʪʦʤ 
ʦʪʢʨʦʶʪ ʵʪʠ ʬʘʡʣʳ, ʷ ʥʝ ʟʥʘʶ. 



¶ File Atribute – ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʠʣʠ ʩʥʠʤʘʝʪ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʘʪʨʠʙʫʪ Read Only 
(ʪʦʣʴʢʦ ʜʣʷ ʯʪʝʥʠʷ) ʜʣʷ ʚʳʙʨʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ. 

¶ Create  Library – ʥʫ ʚʦʪ ʠ ʪʘ ʦʧʮʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʦʟʜʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʙʠʙʣʠʦʪʝʢʫ, ʠʟ-ʟʘ 
ʢʦʪʦʨʦʡ ʠ ʚʢʣʠʥʝʥ ʚʝʩʴ ʵʪʦʪ ʤʘʪʝʨʠʘʣ. ʇʦʩʣʝ ʥʘʞʘʪʠʷ ʥʘ ʵʪʫ ʢʥʦʧʢʫ ʦʪʢʨʳʚʘʝʪʩʷ ʧʘʧʢʘ 
Library ʩ ʧʨʝʜʣʦʞʝʥʠʝʤ ʟʘʜʘʪʴ ʠʤʷ ʥʦʚʦʡ ʙʠʙʣʠʦʪʝʢʠ. ɿʘʜʘʜʠʤ, ʥʘʧʨʠʤʝʨ, ʧʨʦʠʟʚʦʣʴʥʦʝ 
ʠʤʷ My_Lib, ʧʦʩʣʝ ʥʘʞʘʪʠʷ ʩʦʭʨʘʥʠʪʴ ʇʨʦʪʝʫʩ ʧʨʝʜʣʦʞʠʪ ʝʱʝ ʦʜʥʦ ʦʢʥʦ ʩ ʧʨʝʜʣʦʞʝʥʠʝʤ 
ʟʘʜʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʚ ʵʪʦʡ ʙʠʙʣʠʦʪʝʢʝ – ʧʦ ʫʤʦʣʯʘʥʠʶ 100, ʥʦ ʚʳ ʤʦʞʝʪʝ 
ʠʟʤʝʥʠʪʴ ʝʛʦ ʧʦ ʩʚʦʝʤʫ «ʚʢʫʩʫ». ʀ ʫʞʝ ʧʦʩʣʝ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʙʫʜʝʪ ʩʦʟʜʘʥʘ 
ʥʦʚʘʷ ʙʠʙʣʠʦʪʝʢʘ.  

ʅʦ ʝʩʪʝʩʪʚʝʥʥʳʡ ʚʦʧʨʦʩ – ʘ ʜʣʷ ʯʝʛʦ ʦʥʘ ʥʫʞʥʘ? ɺʝʜʴ ʝʩʪʴ ʞʝ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ USRDVC. ɼʘ, ʝʩʪʴ ʠ 
ʫ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʇʨʦʪʝʫʩʘ. ʉʦʟʜʘʚ ʩʚʦʶ ʙʠʙʣʠʦʪʝʢʫ ʩ ʦʨʠʛʠʥʘʣʴʥʳʤ ʠʤʝʥʝʤ, ʚʳ ʧʦʣʫʯʘʝʪʝ 
ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʚʥʦʚʴ ʩʦʟʜʘʚʘʝʤʳʝ ʵʣʝʤʝʥʪʳ ʚ ʥʝʡ (ʈʠʩ.26), ʥʫ ʠʣʠ 
ʢʦʧʠʨʦʚʘʪʴ/ʧʝʨʝʤʝʱʘʪʴ ʚ ʥʝʝ ʵʣʝʤʝʥʪʳ ʠʟ USRDVC. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʠ ʧʝʨʝʥʦʩʠʪʴ 
ʬʘʡʣʳ ʙʠʙʣʠʦʪʝʢ ʥʘ ʜʨʫʛʦʡ ʢʦʤʧʴʶʪʝʨ, ʥʝ ʙʦʷʩʴ ʧʨʠ ʵʪʦʤ ʟʘʪʝʨʝʪʴ ʬʘʡʣʳ USRDVC ʥʘ ʥʝʤ. ɺʝʜʴ ʫ 
ʜʨʫʛʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʪʘʤ ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʩʚʦʠ ʵʣʝʤʝʥʪʳ. ʌʠʟʠʯʝʩʢʠ ʵʪʦ ʚʳʛʣʷʜʠʪ ʪʘʢ: 
ʇʨʠ ʩʦʟʜʘʥʠʠ ʙʠʙʣʠʦʪʝʢʠ My_Lib ʚ ʧʘʧʢʝ Library  ʇʨʦʪʝʫʩʘ ʩʦʟʜʘʶʪʩʷ ʜʚʘ ʬʘʡʣʘ: My_Lib.LIB – 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʙʠʙʣʠʦʪʝʢʘ ʠ ʠʥʜʝʢʩʥʳʡ ʬʘʡʣ My_Lib.IDX. ɺʦʪ ʦʥʠ ʠ ʧʦʜʣʝʞʘʪ ʧʝʨʝʥʦʩʫ ʚ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʘʧʢʫ ʜʨʫʛʦʡ ʢʦʧʠʠ ʇʨʦʪʝʫʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʯʫʪʴ ʧʦʟʞʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʝʡ ʤʳ 
ʙʫʜʝʤ ʩʦʟʜʘʚʘʪʴ ʠ ʬʘʡʣʳ ʚ ʧʘʧʢʝ MODELS, ʩʦʜʝʨʞʘʱʠʝ ʠʭ ʦʧʠʩʘʥʠʷ ʜʣʷ ʩʠʤʫʣʷʪʦʨʘ. ʆʥʠ ʪʘʢʞʝ 
ʢʦʧʠʨʫʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʘʧʢʫ ʜʨʫʛʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʜʣʷ ʧʝʨʝʥʦʩʘ ʤʦʜʝʣʝʡ. ɺʦʪ ʪʘʢ ʚʦʟʤʦʞʥʘ 
ʧʝʨʝʜʘʯʘ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʦʜʝʣʝʡ ʜʨʫʛʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ. 
ʅʫ ʠ ʚ ʟʘʢʣʶʯʝʥʠʝ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʭʦʯʫ ʧʨʝʜʦʩʪʝʨʝʯʴ ʥʘʠʙʦʣʝʝ ʨʴʷʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʪ 

ʯʨʝʟʤʝʨʥʦʡ ʵʡʬʦʨʠʠ. ʂʘʟʘʣʦʩʴ ʙʳ, ʥʫ ʚʦʪ, ʪʝʧʝʨʴ ʚʦʟʴʤʝʤ ʠ ʥʘʯʥʝʤ ʪʘʩʢʘʪʴ ʙʠʙʣʠʦʪʝʢʠ ʠʟ ʢʦʧʠʠ ʚ 
ʢʦʧʠʶ ʧʨʦʛʨʘʤʤʳ. ɼʘ, ʥʦ ʪʦʣʴʢʦ ʩʦʙʩʪʚʝʥʥʦʨʫʯʥʦ ʩʦʟʜʘʥʥʳʝ, ʘ ʥʝ «ʨʦʜʥʳʝ»  ʇʨʦʪʝʫʩʘ. ʅʝ 
ʟʘʙʫʜʴʪʝ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʦʨʠʛʠʥʘʣʴʥʳʭ ʙʠʙʣʠʦʪʝʢ ʧʨʦʛʨʘʤʤʳ ʦʙʣʘʜʘʶʪ ʛʣʫʙʦʢʦ 
ʵʰʝʣʦʥʠʨʦʚʘʥʥʦʡ ʟʘʱʠʪʦʡ. ʀ ʧʨʦʩʪʳʤ ʢʦʧʠʨʦʚʘʥʠʝʤ ʪʫʪ ʥʝ ʦʙʦʡʜʝʰʴʩʷ. ʍʦʪʷ ʩ ʥʝʢʦʪʦʨʳʤʠ 
ʤʦʜʝʣʷʤʠ ʵʪʦʪ ʚʘʨʠʘʥʪ ʠ ʧʨʦʭʦʜʠʪ. ʊʘʢ, ʘʚʪʦʨʫ ʵʪʠʭ ʩʪʨʦʢ ʚ ʥʝʜʘʣʝʢʦʤ ʧʨʦʰʣʦʤ ʫʜʘʣʦʩʴ ʧʝʨʝʥʝʩʪʠ 
ʤʦʜʝʣʴ ʯʘʩʠʢʦʚ DS1307 ʠʟ ʜʝʤʦ-ʚʝʨʩʠʠ 7.3 ʚ ʙʦʣʝʝ ʨʘʥʥʶʶ, ʛʜʝ ʦʥʘ ʙʝʟʥʘʜʝʞʥʦ ʛʣʶʯʠʣʘ ʠ ʪʝʤ 
ʩʘʤʳʤ ʙʣʘʛʦʧʦʣʫʯʥʦ ʟʘʢʦʥʯʠʪʴ ʦʪʣʘʜʢʫ ʥʝʟʘʚʝʨʰʝʥʥʦʛʦ ʧʨʦʝʢʪʘ. ʅʦ ʵʪʦ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ, ʪʘʢ ʯʪʦ 
ʵʢʩʧʝʨʠʤʝʥʪʳ – ʥʘ ʩʚʦʡ ʩʪʨʘʭ ʠ ʨʠʩʢ. ʀ ʥʝ ʟʘʙʳʚʘʡʪʝ ʜʝʣʘʪʴ ʨʝʟʝʨʚʥʳʝ ʢʦʧʠʠ, ʘ ʪʦ… 
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4.4. Netlist Compiler – ͙ͫͨͫͦ͟ ͼ͔͔͚ͨ. ˻͍ͫͤͦ͊ ͒͡Ύ ARES ͙ ͎͙͒ͪͯͻ ͙͔͙͚ͨͪͦ͗ͤ͡. 

ʅʘʩʪʘʣʘ ʧʦʨʘ ʨʘʩʩʤʦʪʨʝʪʴ – ʢʘʢʠʤ ʦʙʨʘʟʦʤ ISIS ʭʨʘʥʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʨʠʩʦʚʘʥʥʦʡ ʩʭʝʤʝ ʠ 
ʧʝʨʝʜʘʝʪ ʝʝ ʚ ARES ʠʣʠ ʜʨʫʛʠʝ ʩʪʦʨʦʥʥʠʝ ʧʨʠʣʦʞʝʥʠʷ. ɽʩʣʠ ʢʪʦ-ʪʦ ʩʯʠʪʘʝʪ, ʯʪʦ ʚ ʛʨʘʬʠʯʝʩʢʦʤ – 
ʪʘʢ ʢʘʢ ʥʘʨʠʩʦʚʘʥʦ, ʪʦ ʛʣʫʙʦʢʦ ʟʘʙʣʫʞʜʘʝʪʩʷ. ʂʘʢ ʠ ʚʩʝ ʜʨʫʛʠʝ CAD-ʳ ʇʨʦʪʝʫʩ ʜʣʷ ʦʙʤʝʥʘ 
ʠʥʬʦʨʤʘʮʠʝʡ  ʦ ʩʭʝʤʝ ʩʦʟʜʘʝʪ ʪʝʢʩʪʦʚʳʡ ʩʧʠʩʦʢ ʮʝʧʝʡ. ʂ ʩʦʞʘʣʝʥʠʶ, ʝʜʠʥʦʛʦ ʦʙʱʝʧʨʠʟʥʘʥʥʦʛʦ 
ʩʪʘʥʜʘʨʪʘ ʥʘ ʪʘʢʠʝ ʩʧʠʩʢʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ (ʫ P-CAD ʩʚʦʡ, OrCAD - ʪʦʞʝ, ʜʘʞʝ ʫ ʩʪʦʣʴ ʧʦʧʫʣʷʨʥʦʛʦ 
Eagle ʩʚʦʡ ʬʦʨʤʘʪ), ʠ ʧʦʵʪʦʤʫ ʩʧʝʮʠʘʣʠʩʪʳ ʃʘʙʮʝʥʪʨʘ ʨʘʟʨʘʙʦʪʘʣʠ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ. 
ʀʥʬʦʨʤʘʮʠʷ ʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʭʝʤʝ ʧʦʤʝʱʘʝʪʩʷ ʚ ʬʘʡʣ ʩ ʨʘʩʰʠʨʝʥʠʝʤ .SDF – Schematic 
Description Format (ʬʦʨʤʘʪ ʦʧʠʩʘʥʠʷ ʩʭʝʤʳ) c ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʦʛʦ ʚ ISIS ʢʦʤʧʠʣʷʪʦʨʘ ʮʝʧʝʡ, 
ʥʫ ʠʣʠ ʩʦʝʜʠʥʝʥʠʡ ʚ ʜʨʫʛʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʝʨʝʚʦʜʘ. ʌʦʨʤʘʪ ʜʦʩʪʘʪʦʯʥʦ ʢʦʤʧʘʢʪʥʳʡ ʠ ʧʦʩʣʝ 
ʥʝʙʦʣʴʰʦʛʦ ʥʘʚʳʢʘ ʣʝʛʢʦ «ʨʘʩʰʠʬʨʦʚʳʚʘʝʤʳʡ», ʯʪʦ ʚʝʩʴʤʘ ʧʨʠʛʦʜʠʪʩʷ ʥʘʤ ʚ ʜʘʣʴʥʝʡʰʝʤ. ɼʣʷ 
ʥʘʯʘʣʘ «ʩʦʙʝʨʝʤ» ʥʝʙʦʣʴʰʫʶ ʩʭʝʤʢʫ (ʷ ʠʩʧʦʣʴʟʦʚʘʣ ʪʠʧʠʯʥʳʡ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨ ʥʘ ʪʘʡʤʝʨʝ 555 
ʈʠʩ. 27). 
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ɺʩʝ ʧʨʠʤʝʨʳ ʙʫʜʫʪ ʚʦ ʚʣʦʞʝʥʠʠ ʢ ʜʘʥʥʦʡ ʪʝʤʝ – ʵʪʦ ʧʨʠʤʝʨ Ex1. ʈʘʟʤʝʱʝʥʥʳʡ ʧʦ ʫʤʦʣʯʘʥʠʶ 
ʪʝʨʤʠʥʘʣ ʧʠʪʘʥʠʷ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ +5V ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʝʤʣʝ. ɺʩʝ ʵʣʝʤʝʥʪʳ ʩʭʝʤʳ, ʢʦʪʦʨʳʝ ʷ 
ʧʨʠʤʝʥʠʣ ʟʜʝʩʴ, ʠʤʝʶʪ PCB (ʪ.ʝ. ʢʦʨʧʫʩʘ) ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʚʝʪʦʜʠʦʜʘ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʘʟʥʘʯʠʪʴ 
ʢʦʨʧʫʩ ʝʤʫ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʣʝʜʫʶʱʠʤ ʩʧʦʩʦʙʦʤ. 
ɼʚʦʡʥʳʤ ʢʣʠʢʦʤ ʧʦ ʩʚʝʪʦʜʠʦʜʫ ʠʣʠ ʯʝʨʝʟ ʧʨʘʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ (Edit Properties) ʚʭʦʜʠʤ ʚ ʦʢʥʦ Edit 

Component. ɺ ʩʪʨʦʢʝ PCB Package (ʰʝʩʪʘʷ ʩʚʝʨʭʫ ʜʣʷ «ʣʶʙʠʪʝʣʝʡ» ʨʫʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʝʨʩʠʡ) 
ʧʦʢʘ ʫ ʥʘʩ ʩʪʦʠʪ ʟʥʘʯʝʥʠʝ (Not Specified) ʪ.ʝ. ʥʝ ʥʘʟʥʘʯʝʥʦ. ʉʧʨʘʚʘ ʦʪ ʵʪʦʡ ʩʪʨʦʯʢʠ ʱʝʣʢʘʝʤ ʧʦ 
ʤʘʣʝʥʴʢʦʡ ʢʥʦʧʢʝ ʩʦ ʟʥʘʢʦʤ ʚʦʧʨʦʩʘ ʠ ʧʦʧʘʜʘʝʤ ʚ ʙʠʙʣʠʦʪʝʢʫ ʢʦʨʧʫʩʦʚ ARES (ʈʠʩ. 28). ʊʘʤ ʤʳ 
ʚʝʜʝʤ ʩʝʙʷ ʘʙʩʦʣʶʪʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʙʠʙʣʠʦʪʝʢʘʭ ISIS – ʚʚʦʜʠʤ ʢʣʶʯʝʚʦʝ ʩʣʦʚʦ LED ʜʣʷ ʧʦʠʩʢʘ. 
ʇʦʜʭʦʜʷʱʠʡ ʢʦʨʧʫʩ ʪʦʣʴʢʦ ʦʜʠʥ – ʝʛʦ ʠ ʥʘʟʥʘʯʘʝʤ ʥʘʰʝʤʫ ʩʚʝʪʦʜʠʦʜʫ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ 
ʜʘʥʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ. ɽʩʣʠ ʚʳ ʥʘʯʥʝʪʝ ʥʦʚʳʡ ʧʨʦʝʢʪ ʚ 
ISIS ʠ ʜʦʙʘʚʠʪʝ ʪʦʪ ʞʝ LED-YELLOW ʠʟ ʙʠʙʣʠʦʪʝʢʠ, ʦʥ ʦʧʷʪʴ ʙʫʜʝʪ ʠʤʝʪʴ ʟʥʘʯʝʥʠʝ (Not Specified).  
 

 
ʈʠʩ.28 

 
ʗ ʩʪʘʨʘʣʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʝ ʵʣʝʤʝʥʪʳ ʩ PCB, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʤ ʠ ʩʣʝʜʫʶʱʝʤ ʧʘʨʘʛʨʘʬʘʭ ʥʘʤ ʪʘʢ 

ʠʣʠ ʠʥʘʯʝ ʧʨʠʜʝʪʩʷ ʧʝʨʝʩʝʯʴʩʷ ʩ ʨʘʟʚʦʜʢʦʡ ʧʣʘʪʳ ʚ ARES ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʘʪʝʨʠʘʣʘ. ʀʪʘʢ, ʚʩʝ 
ʢʦʤʧʦʥʝʥʪʳ ʫ ʥʘʩ ʩ PCB, ʭʦʪʷ ʜʣʷ ʩʧʠʩʢʘ ʮʝʧʝʡ ʵʪʦ ʠ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʜʘʚʘʡʪʝ ʩʢʦʤʧʠʣʠʨʫʝʤ ʝʛʦ. ɺ 
ʚʝʨʭʥʝʤ ʤʝʥʶ ʚʳʙʠʨʘʝʤ Tools => Netlist Compiler ʠ ʧʦʧʘʜʘʝʤ ʚ ʦʢʥʦ ʚʳʙʦʨʘ ʦʧʮʠʡ ʢʦʤʧʠʣʷʮʠʠ 
(ʈʠʩ. 29). 



 
ʈʠʩ.29 

ʇʦʢʘ ʦʩʪʘʚʣʷʝʤ ʚʩʝ ʧʝʨʝʢʣʶʯʘʪʝʣʠ ʚ ʥʝʤ ʢʘʢ ʝʩʪʴ, ʯʪʦʙʳ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʩʪʘʥʜʘʨʪʥʳʡ SDF 
ʇʨʦʪʝʫʩʘ ʥʘʞʠʤʘʝʤ OK, ʧʦʩʣʝ ʯʝʛʦ ʦʪʢʨʳʚʘʝʪʩʷ ʦʢʥʦ ʧʨʦʩʤʦʪʨʘ ʩʢʦʤʧʠʣʠʨʦʚʘʥʥʦʛʦ SDF ʬʘʡʣʘ 
(ʈʠʩ. 30). ʀʟ ʵʪʦʛʦ ʦʢʥʘ ʤʳ ʤʦʞʝʤ ʩʢʦʧʠʨʦʚʘʪʴ ʪʝʢʩʪ ʚ ʙʫʬʝʨ ʦʙʤʝʥʘ -  ʢʥʦʧʢʘ Clipboard, ʩʦʭʨʘʥʠʪʴ 
ʚ ʩʪʘʥʜʘʨʪʥʳʡ ASCII ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ – ʢʥʦʧʢʘ Save As, ʣʠʙʦ ʧʨʦʩʪʦ ʥʘʧʣʝʚʘʪʴ ʥʘ ʚʩʝ ʠ ʟʘʢʨʳʪʴ 
ʦʢʥʦ Close. ɺʦʪ ʠʤʝʥʥʦ ʪʘʢʦʡ ʬʘʡʣ ʢʘʞʜʳʡ ʨʘʟ ʬʦʨʤʠʨʫʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʢʦʛʜʘ ʤʳ ʧʝʨʝʜʘʝʤ 
ʠʥʬʦʨʤʘʮʠʶ ʦ «ʥʘʨʠʩʦʚʘʥʥʦʡ»  ʥʘʤʠ ʩʭʝʤʝ ʚ ARES ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ. 
 

 
ʈʠʩ.30 

 
 
ʈʘʩʩʤʦʪʨʠʤ ʩʪʨʫʢʪʫʨʫ ʵʪʦʛʦ ʬʘʡʣʘ. ʗ ʧʨʠʚʝʜʫ ʝʛʦ ʧʦʣʥʦʩʪʴʶ, ʘ ʥʝ ʪʘʢ, ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ  ʥʠʞʝ. ɺ 

ʥʘʯʘʣʝ ʬʘʡʣʘ ʩʣʝʜʫʝʪ ʯʠʩʪʦ ʦʧʠʩʘʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʟʘʢʘʥʯʠʚʘʶʱʘʷʩʷ ʜʘʪʦʡ ʩʦʟʜʘʥʠʷ Created 
ʠ ʜʘʪʦʡ ʧʦʩʣʝʜʥʝʡ ʤʦʜʠʬʠʢʘʮʠʠ Modified. ɺʩʝ, ʯʪʦ ʚʳʰʝ ʙʝʨʝʪʩʷ ʠʟ ʦʢʥʘ, ʚʳʟʳʚʘʝʤʦʛʦ ʯʝʨʝʟ 
ʤʝʥʶ  Design => Edit Design Properties, ʝʩʣʠ ʚʳ ʝʛʦ, ʢʦʥʝʯʥʦ, ʟʘʧʦʣʥʠʣʠ, ʢʘʢ ʥʘʧʨʠʤʝʨ ʷ ʚ ʜʘʥʥʦʤ 
ʩʣʫʯʘʝ. ʀʥʘʯʝ  ʟʜʝʩʴ ʢʨʦʤʝ ʜʘʪ, ʚʩʪʘʚʣʷʝʤʳʭ ʘʚʪʦʤʘʪʦʤ, ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʙʫʜʝʪ. ɼʘʣʝʝ ʩʣʝʜʫʝʪ 
ʥʝʩʢʦʣʴʢʦ ʨʘʟʜʝʣʦʚ, ʥʘʯʠʥʘʶʱʠʭʩʷ  ʩʦ ʟʥʘʢʘ ʟʚʝʟʜʦʯʢʠ -  *. ʈʘʟʜʝʣʳ *PROPERTIES (ʩʚʦʡʩʪʚʘ) ʠ 
*MODELDEFS (ʥʘʟʥʘʯʝʥʠʷ ʜʣʷ ʤʦʜʝʣʝʡ) ʧʦʢʘ ʧʫʩʪʳ. ʆʥʠ ʧʦʣʫʯʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʦʜʥʦʠʤʝʥʥʳʭ 
ʪʝʢʩʪʦʚʳʭ ʩʢʨʠʧʪʦʚ, ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʧʨʦʝʢʪʝ. ʇʦʟʞʝ, ʧʨʠ ʩʦʟʜʘʥʠʠ MDF-ʤʦʜʝʣʝʡ ʤʳ ʧʦʟʥʘʢʦʤʠʤʩʷ 
ʩ ʥʠʤʠ ʧʦʙʣʠʞʝ. 
*PARTLIST – ʩʧʠʩʦʢ ʩʦʩʪʘʚʣʷʶʱʠʭ. ɺ ʵʪʦʤ ʩʧʠʩʢʝ ʧʝʨʝʯʠʩʣʝʥʳ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ, ʚʭʦʜʷʱʠʝ ʚ ʥʘʰʫ 

ʩʭʝʤʫ ʩ ʫʢʘʟʘʥʠʝʤ ʠʭ ʩʚʦʡʩʪʚ. ʂʘʞʜʘʷ ʩʪʨʦʢʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʟʠʮʠʦʥʥʦʛʦ ʦʙʦʟʥʘʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʘ, 
ʜʘʣʝʝ ʯʝʨʝʟ ʟʘʧʷʪʳʝ ʩʣʝʜʫʝʪ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʝʛʦ ʥʦʤʠʥʘʣʘʭ, ʢʦʨʧʫʩʝ, ʧʨʠʤʝʥʷʝʤʦʡ ʤʦʜʝʣʠ ʠ ʪ.ʧ. 
ɼʫʤʘʶ, ʯʪʦ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʙʳʪʴ ʩʦʪʨʫʜʥʠʢʦʤ ʩʧʝʮʩʣʫʞʙ, ʯʪʦʙʳ ʙʝʟ ʦʩʦʙʦʛʦ ʪʨʫʜʘ «ʨʘʩʰʠʬʨʦʚʘʪʴ» 
ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ. ɼʦʩʪʘʪʦʯʥʦ ʟʘʛʣʷʥʫʪʴ ʚ ʩʚʦʡʩʪʚʘ ʣʶʙʦʛʦ ʠʟ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦʙʳ ʦʙʥʘʨʫʞʠʪʴ 
ʝʝ ʪʘʤ.  
*NETLIST,7 – ʥʫ ʚʦʪ ʵʪʦ ʠ ʝʩʪʴ ʩʦʙʩʪʚʝʥʥʦ ʩʧʠʩʦʢ ʮʝʧʝʡ ʠʣʠ ʩʦʝʜʠʥʝʥʠʡ.  ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʮʠʬʨʘ 

7 ʧʦʩʣʝ ʟʘʧʷʪʦʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ  ʫʟʣʦʚ (ʮʝʧʝʡ) ʚ ʩʧʠʩʢʝ. ʂʘʞʜʘʷ ʮʝʧʴ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʟʥʘʢʘ 
ʨʝʰʝʪʢʠ - #. ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʥʦʤʝʨ ʫʟʣʘ ʵʪʦʡ ʮʝʧʠ ʚ ʩʧʠʩʢʝ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʭʦʜʷʱʠʭ ʢ ʫʟʣʫ 
ʧʨʦʚʦʜʦʚ (ʧʦʜʢʣʶʯʝʥʥʳʭ ʚʳʚʦʜʦʚ ʵʣʝʤʝʥʪʦʚ). ʅʫ ʠ ʜʘʣʝʝ ʩʘʤ ʩʧʠʩʦʢ ʧʦʜʢʣʶʯʝʥʥʳʭ ʚʳʚʦʜʦʚ. 
ɼʘʚʘʡʪʝ ʜʣʷ ʧʨʠʤʝʨʘ ʨʘʟʙʝʨʝʤ ʧʝʨʚʫʶ ʮʝʧʴ #00001,3. ʏʠʩʣʦ 3 ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʢ ʫʟʣʫ ʧʦʜʢʣʶʯʝʥʳ 
ʪʨʠ ʚʳʚʦʜʘ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʝʨʝʯʠʩʣʝʥʳ ʥʠʞʝ. ʕʪʦ:  
U2,IP,7 – ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ ʢʘʢ – ʤʠʢʨʦʩʭʝʤʘ U2 – ʪʘʡʤʝʨ555, ʚʳʚʦʜ ʤʠʢʨʦʩʭʝʤʳ ʥʦʤʝʨ  7, ʪʠʧ 

ʚʳʚʦʜʘ IP (Input – ʧʨʦ ʪʠʧʳ ʤʳ ʫʞʝ ʧʨʦʭʦʜʠʣʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ);  
R2,PS,1 – R2 –ʨʝʟʠʩʪʦʨ, ʚʳʚʦʜ 1 (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫ ʤʦʜʝʣʠ ʨʝʟʠʩʪʦʨʘ ʚʳʚʦʜʳ ʦʙʦʟʥʘʯʝʥʳ 

ʧʨʦʩʪʦ ʢʘʢ 1 ʠ 2, ʚʧʨʦʯʝʤ, ʢʘʢ ʠ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʤʦʜʝʣʝʡ ʜʚʫʭʚʳʚʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʨʝʟʠʩʪʦʨʦʚ, 
ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʢʘʪʫʰʝʢ ʠ ʪ.ʧ.), ʪʠʧ ʚʳʚʦʜʘ PS (ʧʘʩʩʠʚʥʳʡ). 



 
ʂʘʢ ʚʠʜʠʪʝ ʚʝʩʴʤʘ ʧʨʦʩʪʦʡ ʠ ʜʦʭʦʜʯʠʚʳʡ ʩʧʦʩʦʙ ʟʘʧʠʩʠ ʩʧʠʩʢʘ. ʀ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʥʘʚʳʢʝ ʝʛʦ 

ʤʦʞʥʦ ʟʘʧʨʦʩʪʦ ʯʠʪʘʪʴ, ʢʘʢ ʙʫʢʚʘʨʴ. ʗ ʞʝ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʭʦʯʫ ʟʘʦʩʪʨʠʪʴ ʚʘʰʝ ʚʥʠʤʘʥʠʝ ʥʘ ʜʚʫʭ 
ʧʦʩʣʝʜʥʠʭ ʫʟʣʘʭ, ʢʦʪʦʨʳʝ ʥʘʯʠʥʘʶʪʩʷ ʦʪʥʶʜʴ ʥʝ ʩ ʨʝʰʝʪʢʠ ʠ ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʦʧʠʩʘʥʠʠ ʪʠʧʘ 
CLASS=POWER. ʕʪʦ ʠ ʝʩʪʴ ʥʘʰʠ ʮʝʧʠ ʧʠʪʘʥʠʷ GND ʠ VCC/VDD. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʪʝʨʤʠʥʘʣʳ 
ʧʠʪʘʥʠʷ, ʧʨʠʩʚʦʝʥʥʳʝ ʧʨʦʝʢʪʫ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʠ ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʟʜʝʣʝ ʤʝʥʶ Design => Configure 
Power Rails.  
ʉʣʝʜʫʶʱʠʡ ʟʘ ʥʠʤʠ ʨʘʟʜʝʣ *GATES ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʧʦʟʜʥʝʝ, ʘ ʧʦʢʘ ʩʦʩʨʝʜʦʪʦʯʠʤ ʩʚʦʝ ʚʥʠʤʘʥʠʝ 

ʥʘ ʰʠʥʘʭ ʧʠʪʘʥʠʷ. ʗ ʚ ʪʦʤ ʞʝ ʧʨʦʝʢʪʝ (ʈʠʩ. 27) ʧʨʠʩʚʦʶ ʥʘʰʝʤʫ ʚʝʨʭʥʝʤʫ ʪʝʨʤʠʥʘʣʫ ʧʠʪʘʥʠʷ  
ʣʵʡʙʣ +15V. ʅʘ ʈʠʩ. 31 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʘ ʘʥʘʣʦʛʦʚʳʭ ʛʨʘʬʠʢʘ ʜʣʷ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ. ʇʦʩʤʦʪʨʠʪʝ 
ʚʥʠʤʘʪʝʣʴʥʦ ʥʘ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʦʚ ʪʘʡʤʝʨʘ. 
 

ISIS SCHEMATIC DESCRIPTION FORMAT 6.1 
===================================== 
Design:   Ex1 əɝɋɇɓɡɏ ɕɖɔɋɐɘ 
Doc. no.: ɷ1 
Revision: ɕɋɖɈɆɥ 
Author:   Halex 
Created:  13/12/09 
Modified: 13/12/09 
 
*PROPERTIES,0     
 
*MODELDEFS,0     
 
*PARTLIST,7     
C1,TANTALUM4U735V,4u7,EID=9,PACKAGE=ELEC-RAD20 
C2,POLYLAYER100N,100n,EID=4,PACKAGE=CAP30,PINSWAP="1,2",VMAX=12V 
D1,LED-YELLOW,LED-YELLOW,BV=4V,EID=7,IMAX=10mA,PACKAGE=LED,ROFF=100k,RS=3,TLITMIN=0.1m,VF=2V 
R1,MINRES200R,200R,CODE=M200R,EID=6,PACKAGE=RES40,PRIMTYPE=RESISTOR 
R2,MINRES120K,120k,CODE=M120K,EID=3,PACKAGE=RES40,PRIMTYPE=RESISTOR 
R3,MINRES1K,1k,CODE=M1k,EID=2,PACKAGE=RES40,PRIMTYPE=RESISTOR 
U2,NE555,NE555,EID=1,ITFMOD=555ITF,PACKAGE=DIL08,TTOL=10u 
 
*NETLIST,7     
#00001,3 
U2,IP,7 
R2,PS,1 
R3,PS,2 
 
#00002,2 
U2,OP,3 
R1,PS,1 
 
#00004,4 
U2,IP,2 
U2,IP,6 
C1,PS,+ 
R2,PS,2 
 
#00005,2 
U2,IP,5 
C2,PS,1 
 
#00006,2 
R1,PS,2 
D1,PS,A 
 
GND,5,CLASS=POWER 
GND,PR 
U2,PP,1 
C2,PS,2 
D1,PS,K 
C1,PS,- 
 
VCC/VDD,5,CLASS=POWER 
VCC,PT 
VCC/VDD,PR 
U2,IP,4 
U2,PP,8 
R3,PS,1 
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ʕʪʦ ʥʘʟʳʚʘʝʪʩʷ ʢʘʢ ʚ ʠʟʚʝʩʪʥʦʡ ʢʦʤʝʜʠʠ - «ʣʝʛʢʠʤ ʜʚʠʞʝʥʠʝʤ ʨʫʢʠ». ʅʦ ʠ ʵʪʦ ʝʱʝ ʥʝ ʚʩʝ. 
ʉʬʦʨʤʠʨʫʝʤ ʦʧʷʪʴ Netlist ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʠʣʷʪʦʨʘ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʦ ʪʦʣʴʢʦ ʦʢʦʥʯʘʥʠʝ ʥʦʚʦʛʦ ʣʠʩʪʘ. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʫ ʥʘʩ ʥʘʧʨʦʯʴ ʠʩʯʝʟ ʫʟʝʣ VCC/VDD, ʟʘʪʦ ʧʦʷʚʠʣʩʷ ʘʥʘʣʦʛʠʯʥʳʡ +15V. 

ʅʘʠʙʦʣʝʝ ʩʦʦʙʨʘʟʠʪʝʣʴʥʳʝ ʫʞʝ ʜʦʛʘʜʘʣʠʩʴ, ʯʪʦ ʠʤʝʥʥʦ ʦʥ ʠ ʙʫʜʝʪ ʧʝʨʝʜʘʥ ʯʝʨʝʟ SDF ʚ ARES ʜʣʷ 
ʦʙʨʘʙʦʪʢʠ.  ɼʣʷ ʪʝʭ, ʢʪʦ ʝʱʝ ʥʝ ʧʦʥʷʣ ʢ ʯʝʤʫ ʷ ʚʝʜʫ, – ʫʩʣʦʞʥʷʝʤ ʟʘʜʘʯʫ (ʧʨʠʤʝʨ Ex2). ɺ ʥʝʤ ʷ 
ʚʝʨʥʫʣ ʪʘʡʤʝʨʫ ʧʠʪʘʥʠʝ VCC/VDD, ʧʦʜʢʣʶʯʠʣ ʩʚʝʪʦʜʠʦʜ ʯʝʨʝʟ ʪʨʘʥʟʠʩʪʦʨʥʳʡ ʢʣʶʯ ʠ ʟʘʧʠʪʘʣ ʝʛʦ 
ʦʪ ʪʝʨʤʠʥʘʣʘ +15V (ʈʠʩ. 32). ʂʨʦʤʝ ʪʦʛʦ, ʷ ʚʚʝʣ ʚ ʩʭʝʤʫ ʪʨʠ ʝʜʠʥʠʯʥʳʭ ʪʝʨʤʠʥʘʣʘ ʠʟ ʙʠʙʣʠʦʪʝʢʠ 
Connectors ISIS, ʠʤʝʶʱʠʭ ʩʚʦʠ PSB ʠ ʧʦʜʢʣʶʯʠʣ ʠʭ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʠʪʘʶʱʠʤ ʪʝʨʤʠʥʘʣʘʤ: 
GND, VCC/VDD (ʙʝʟ ʦʙʦʟʥʘʯʝʥʠʷ) ʠ +15V. ʆʥʠ ʤʥʝ ʧʦʪʨʝʙʫʶʪʩʷ ʚ ARES. 
ʉʥʦʚʘ ʩʬʦʨʤʠʨʦʚʘʣ ʩʧʠʩʦʢ ʮʝʧʝʡ  ʠ ʧʦʣʫʯʠʣ ʚ ʢʦʥʮʝ ʝʛʦ ʩʣʝʜʫʶʱʝʝ: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʫʟʣʦʚ ʧʠʪʘʥʠʷ ʚ SDF ʩʪʘʣʦ ʪʨʠ! ʀ ʪʨʠ ʦʪʜʝʣʴʥʳʭ ʮʝʧʠ ʧʠʪʘʥʠʷ ʙʫʜʫʪ 

ʧʝʨʝʜʘʥʳ ʚ ARES ʜʣʷ ʦʙʨʘʙʦʪʢʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʥʠ ʙʫʜʫʪ ʠ ʨʘʟʚʝʜʝʥʳ ʢʘʢ ʪʨʠ ʦʪʜʝʣʴʥʳʝ ʮʝʧʠ 
ʥʘ ʧʣʘʪʝ. ʊʘʢ ʤʦʞʥʦ ʧʨʦʜʦʣʞʘʪʴ ʠ ʜʘʣʝʝ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ʇʨʦʩʪʦ ʭʦʯʫ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʷ ʥʝ «ʨʠʩʫʶ» 
ʮʝʧʠ ʧʠʪʘʥʠʷ, ʘ ʧʨʦʩʪʦ ʥʘʭʘʣʴʥʦ ʜʦʙʘʚʣʷʶ ʠʭ ʚ ʩʭʝʤʫ ʩ ʥʫʞʥʳʤ ʤʥʝ ʚʦʣʴʪʘʞʦʤ. ʅʦ ʷ ʦʩʪʘʚʣʶ 
ʜʘʣʴʥʝʡʰʠʝ ʨʘʩʩʫʞʜʝʥʠʷ ʥʘ ʩʣʝʜʫʶʱʠʡ ʧʘʨʘʛʨʘʬ, ʘ ʟʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʟʘʢʦʥʯʠʪʴ ʩ Netlist, ʯʪʦʙʳ 
ʙʦʣʴʰʝ ʢ ʥʝʤʫ ʥʝ ʚʦʟʚʨʘʱʘʪʴʩʷ. 
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ɺʝʨʥʝʤʩʷ ʢ ʨʠʩʫʥʢʫ 29 ʧʘʨʘʤʝʪʨʦʚ Netlist Compiler… ɼʦ ʩʠʭ ʧʦʨ ʤʳ ʪʘʤ ʥʠʯʝʛʦ ʥʝ ʪʨʦʛʘʣʠ, ʯʪʦʙʳ 

ʬʦʨʤʠʨʦʚʘʣʩʷ ʩʪʘʥʜʘʨʪʥʳʡ SDF, ʥʦ ʜʘʚʘʡʪʝ ʧʦʩʤʦʪʨʠʤ  –  ʯʪʦ ʪʘʤ ʝʱʝ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʠ ʜʣʷ 
ʯʝʛʦ. 
 ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʦʢʥʘ ʨʘʩʧʦʣʦʞʝʥʳ ʯʝʪʳʨʝ ʧʝʨʝʢʣʶʯʘʪʝʣʷ. 
¶ Output – ʚʳʚʦʜ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʩʪʦʠʪ Viewier (ʧʨʦʩʤʦʪʨʱʠʢ), ʧʦʵʪʦʤʫ ʠ ʦʪʢʨʳʚʘʝʪʩʷ ʦʢʥʦ. 

ɽʩʣʠ ʧʦʩʪʘʚʠʪʴ ʚ File(s) ʙʫʜʝʪ ʩʨʘʟʫ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʬʘʡʣ ʙʝʟ ʦʢʥʘ ʧʨʦʩʤʦʪʨʘ. 
¶ Mode – ʨʝʞʠʤ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʩʪʦʠʪ Phisical (ʬʠʟʠʯʝʩʢʠʡ), ʪ.ʝ. ʠʥʬʦʨʤʘʮʠʷ ʚ ʩʧʠʩʢʝ 

ʩʦʜʝʨʞʠʪ ʢʘʢ ʠʤʷ ʚʳʚʦʜʘ ʢʦʤʧʦʥʝʥʪʘ, ʪʘʢ ʠ ʝʛʦ ʥʦʤʝʨ. ʕʪʦʪ ʨʝʞʠʤ ʩʯʠʪʘʝʪʩʷ 
ʦʙʷʟʘʪʝʣʴʥʳʤ ʜʣʷ ARES ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʝʨʝʜʘʯʠ ʚ ʩʪʦʨʦʥʥʠʝ ʧʨʦʛʨʘʤʤʳ. ɽʩʣʠ 
ʧʦʩʪʘʚʠʪʴ Logical, ʪʦ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʦʤʝʨʝ ʚʳʚʦʜʘ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʝ ʙʫʜʝʪ. 

¶ Scope – ʦʙʣʘʩʪʴ ʚʠʜʠʤʦʩʪʠ. ʇʦ ʫʤʦʣʯʘʥʠʶ Whole Design – ʚʝʩʴ ʧʨʦʝʢʪ. ʅʦ ʠʥʦʛʜʘ ʥʘʜʦ 
ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʧʠʩʦʢ ʪʦʣʴʢʦ ʜʣʷ ʪʝʢʫʱʝʛʦ ʣʠʩʪʘ ʤʥʦʛʦʣʠʩʪʦʚʦʛʦ ʧʨʦʝʢʪʘ, ʪʦʛʜʘ 
ʚʳʙʠʨʘʝʪʩʷ ʦʧʮʠʷ Current Sheet. 

¶ Depth – ʛʣʫʙʠʥʘ ʟʘʭʚʘʪʘ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʠ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʘʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 
Flatten (ʩʛʣʘʞʝʥʥʳʡ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʲʝʢʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʜʦʯʝʨʥʠʝ ʣʠʩʪʳ ʙʫʜʫʪ ʟʘʤʝʥʝʥʳ 
ʚ ʩʧʠʩʢʘʭ ʠʭ ʩʦʜʝʨʞʘʥʠʝʤ. ɽʩʣʠ ʚʳʙʨʘʪʴ This Level, ʪʦ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʜʝʨʞʘʥʠʠ 
ʜʦʯʝʨʥʠʭ ʣʠʩʪʦʚ ʚ ʩʧʠʩʢʘʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʧʦʷʚʠʪʩʷ. 

ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʢʥʘ ʨʘʩʧʦʣʦʞʝʥ ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʨʝʞʠʤʘ ʢʦʤʧʠʣʷʪʦʨʘ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʬʦʨʤʠʨʫʝʪʩʷ 
ʩʪʘʥʜʘʨʪʥʳʡ ʜʣʷ ʇʨʦʪʝʫʩʘ ʬʦʨʤʘʪ SDF-ʬʘʡʣʘ. ʆʜʥʘʢʦ ʨʘʟʨʘʙʦʪʯʠʢʠ ʃʘʙʮʝʥʪʨʘ ʧʦʟʘʙʦʪʠʣʠʩʴ ʦ 
ʪʦʤ, ʯʪʦʙʳ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʙʳʣʦ ʧʝʨʝʜʘʚʘʪʴ ʠ ʚ ʩʪʦʨʦʥʥʠʝ ʧʨʦʛʨʘʤʤʳ. ɺʦʧʨʦʩ ʦ ʪʦʤ, 
ʥʘʩʢʦʣʴʢʦ ʩʦʚʤʝʩʪʠʤʳʤʠ ʦʢʘʞʫʪʩʷ ʬʦʨʤʘʪʳ ʢʦʤʧʠʣʠʨʫʝʤʳʭ ʬʘʡʣʦʚ, ʷ ʦʩʪʘʚʣʶ ʜʣʷ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʜʦʪʦʰʥʳʤ  ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʘ ʟʜʝʩʴ ʪʦʣʴʢʦ ʧʝʨʝʯʠʩʣʶ 
ʨʝʞʠʤʳ, ʢʦʪʦʨʳʝ ʟʘʣʦʞʝʥʳ ʚ ʧʝʨʝʢʣʶʯʘʪʝʣʝ Format. 
EEDESIGNER – ʩʦʟʜʘʝʪʩʷ ʬʘʡʣ ʬʦʨʤʘʪʘ EE Designer III. ʀʥʬʦʨʤʘʮʠʷ ʦ ʢʦʨʧʫʩʘʭ ʢʘʢ ʚ 

Boardmaker. ʇʨʠ ʢʦʤʧʠʣʷʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ Phisical ʨʝʞʠʤ. 
MULTIWIRE/EAG – ʩʦʟʜʘʝʪʩʷ ʬʘʡʣ ʬʦʨʤʘʪʘ Multiwire, ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʚ  

ʥʝʙʝʟʳʟʚʝʩʪʥʳʡ Eagle. ʇʦʢʣʦʥʥʠʢʠ «ʢʣʶʚʘʩʪʦʛʦ» ʤʦʛʫʪ ʧʦʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ. ʇʨʠ ʢʦʤʧʠʣʷʮʠʠ 
ʠʩʧʦʣʴʟʫʝʪʩʷ Phisical ʨʝʞʠʤ. 
SPICE – ʬʦʨʤʘʪ ʛʦʚʦʨʠʪ ʩʘʤ ʟʘ ʩʝʙʷ. ʊʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʧʠʩʢʘ ʚ 

PSpice. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʭʦʜʥʦʡ ʬʘʡʣ ʬʦʨʤʘʪʘ .LXB ʧʝʨʝʠʤʝʥʦʚʳʚʘʝʪʩʷ ʚ  .LIB. ʇʨʠ 
ʢʦʤʧʠʣʷʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ Logical ʨʝʞʠʤ. ɼʣʷ ʧʝʨʝʜʘʯʠ ʚ ʙʦʣʝʝ ʩʪʘʨʳʝ ʚʝʨʩʠʠ Spice ʧʦʜ DOS 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʘʪ SPICE AGE, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʯʫʪʴ ʥʠʞʝ ʚ ʩʧʠʩʢʝ ʬʦʨʤʘʪʦʚ. 
TANGO – ʬʦʨʤʘʪ  ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʥʘʧʨʠʤʝʨ ʚ Protel. ʇʨʠ ʢʦʤʧʠʣʷʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

Phisical ʨʝʞʠʤ. 
ʅʫ ʠ ʦʩʪʘʣʴʥʦʡ ʨʷʜ ʬʦʨʤʘʪʦʚ ʜʣʷ ʧʝʨʝʜʘʯʠ ʚ ʦʜʥʦʠʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʦ ʥʝʢʦʪʦʨʳʭ ʠʟ ʢʦʪʦʨʳʭ ʷ 

ʠ ʩʘʤ ʥʠʯʝʛʦ ʪʦʣʢʦʤ ʥʝ ʤʦʛʫ ʩʢʘʟʘʪʴ. ʕʪʦ Vutrax, Futurenet, RACAL ʠ ʪ.ʜ. ʗ ʥʘʜʝʶʩʴ, ʯʪʦ ʪʝ, ʢʦʤʫ 
ʧʦʥʘʜʦʙʷʪʩʷ ʪʘʢʠʝ ʬʦʨʤʘʪʳ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʟʙʝʨʝʪʩʷ, ʧʨʦʯʠʪʘʚ HELP. ʗ ʞʝ ʥʘ ʵʪʦʤ ʟʘʢʘʥʯʠʚʘʶ 
ʨʘʩʩʤʦʪʨʝʥʠʝ ʢʦʤʧʠʣʷʪʦʨʘ ʩʧʠʩʢʘ ʮʝʧʝʡ ʠ ʧʣʘʚʥʦ ʧʝʨʝʭʦʞʫ ʚ Configure Power Rails, ʢʘʢ 
ʧʨʦʜʦʣʞʝʥʠʝ ʜʘʥʥʦʡ ʪʝʤʳ ʩ ʨʘʟʚʠʪʠʝʤ ʧʨʠʤʝʨʦʚ ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʵʪʦʡ ʪʝʤʝ. 
 

4.5. Configure Power Rails ͙͙͡ ͙͙ͨͭ͊ͤΎ «͍͙͙͒ͣͦ, ͔ͤ ͍͙͙͒ͣͦ». 
ʀʪʘʢ, ʯʫʪʴ ʚʳʰʝ ʤʳ ʨʘʟʦʙʨʘʣʠ, ʯʪʦ ʪʝʨʤʠʥʘʣʦʚ ʧʠʪʘʥʠʷ ʤʦʞʥʦ ʥʘʚʝʰʘʪʴ ʩʢʦʣʴʢʦ ʫʛʦʜʥʦ ʚʩʷʢʠʭ ʠ 

ʨʘʟʥʳʭ. ʀ ʟʘʜʫʤʳʚʘʪʴʩʷ ʧʨʦ ʵʪʦ ʦʩʦʙʝʥʥʦ ʥʝ ʩʪʦʠʪ. ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ FAQ ʷ ʫʞʝ ʫʧʦʤʠʥʘʣ ʧʨʦ ʦʢʥʦ 
Configure Power Rails (ʢʦʥʬʠʛʫʨʘʮʠʷ ʰʠʥ ʧʠʪʘʥʠʷ), ʢʦʪʦʨʦʝ ʚʳʟʳʚʘʝʪʩʷ ʯʝʨʝʟ ʚʝʨʭʥʝʝ ʤʝʥʶ 
Design, ʘ ʟʘʦʜʥʦ ʠ ʨʘʟʙʝʨʝʤʩʷ ʩʦ ʚʩʝʤʠ ʚʠʜʘʤʠ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʚ ISIS ʨʘʟ ʠ ʥʘʚʩʝʛʜʘ. ʂʘʢ ʷ ʫʞʝ 
ʦʪʤʝʯʘʣ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʦʛʦ ʧʨʦʝʢʪʘ ʇʨʦʪʝʫʩ ʧʦ ʫʤʦʣʯʘʥʠʶ ʚʚʦʜʠʪ ʪʨʠ ʰʠʥʳ ʧʠʪʘʥʠʷ: 
VCC/VDD=+5V, GND=0V ʠ VEE=-5V. ʕʪʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʩʪʦʠʪ ʬʣʘʞʦʢ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʦʢʥʝ 
ʚʥʠʟʫ (ʈʠʩ. 33). 
 



 
ʈʠʩ.33 

 
 ʇʨʠ ʵʪʦʤ ʧʝʨʚʳʝ ʜʚʝ ʰʠʥʳ ʥʝ ʥʘʜʦ ʜʘʞʝ ʠʤʝʥʦʚʘʪʴ. ɼʦʩʪʘʪʦʯʥʦ ʧʦʩʪʘʚʠʪʴ ʚ ʩʭʝʤʝ ʪʝʨʤʠʥʘʣ 

ʧʠʪʘʥʠʷ POWER ʠʟ ʣʝʚʦʛʦ ʤʝʥʶ ʠʣʠ ʪʝʨʤʠʥʘʣ ʟʝʤʣʠ GND ʠ ʧʨʠʩʦʝʜʠʥʠʪʴ ʢ ʥʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 
ʚʳʚʦʜʳ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʨʦʝʢʪʝ, ʠ ʦʥʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʰʠʥʘʤ 
ʧʠʪʘʥʠʷ. ʕʪʦ ʜʣʷ ʪʝʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʫ ʢʦʪʦʨʳʭ ʚʳʚʦʜʳ ʧʠʪʘʥʠʷ ʝʩʪʴ. ɸ ʢʘʢ ʙʳʪʴ ʩ ʪʝʤʠ, ʫ ʢʦʪʦʨʳʭ ʦʥʠ 
ʩʢʨʳʪʳ? ʇʦʯʝʤʫ-ʪʦ ʥʘʰʠ ʧʳʪʣʠʚʳʝ ʫʤʳ ʫʧʦʨʥʦ ʞʝʣʘʶʪ ʧʨʠʨʠʩʦʚʘʪʴ ʚʠʜʠʤʳʝ ʧʨʦʚʦʜʘ ʢ ʵʪʠʤ 
ʚʳʚʦʜʘʤ. ʂʨʦʤʝ ʢʘʢ ʯʠʩʪʦ ʬʠʟʠʯʝʩʢʦʛʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʦʪ ʚʦʞʜʝʥʠʷ ʤʳʰʴʶ ʧʦ ʢʦʚʨʫ, ʧʦ ʤʦʝʤʫ 
ʣʠʯʥʦʤʫ ʤʥʝʥʠʶ ʟʜʝʩʴ ʥʠʢʘʢʦʡ ʧʦʣʴʟʳ ʥʝʪ. ʅʦ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ɺʘʩ – ʣʶʙʦʡ ʢʘʧʨʠʟ. ɼʘʚʘʡʪʝ 
ʩʥʘʯʘʣʘ ʦʙʦʟʥʘʯʠʤʩʷ ʢ ʯʝʤʫ ʤʦʞʥʦ «ʧʨʦʨʠʩʦʚʘʪʴ» ʧʨʦʚʦʜʘ, ʘ ʢ ʯʝʤʫ ʥʝʪ. ɺʩʝ ʦʯʝʥʴ ʧʨʦʩʪʦ 
ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʦʧʮʠʝʡ ʤʝʥʶ Template => Set Design Defaults… ʠ ʧʦʩʪʘʚʠʤ ʚ ʥʝʡ ʛʘʣʦʯʢʫ Show 
Hidden Pins? (ʧʦʢʘʟʘʪʴ ʩʢʨʳʪʳʝ ʚʳʚʦʜʳ). ʗ ʵʪʦ ʫʞʝ ʦʧʠʩʳʚʘʣ ʚ ʥʘʯʘʣʝ FAQ, ʥʦ ʧʨʠʭʦʜʠʪʩʷ 
ʧʦʚʪʦʨʷʪʴʩʷ. ʊʝʧʝʨʴ, ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʛʘʣʢʦʡ ʤʦʞʥʦ ʟʘʡʪʠ ʚ ʙʠʙʣʠʦʪʝʢʫ ʢʦʤʧʦʥʝʥʪʦʚ ISIS ʠ 
ʧʦʰʘʨʠʪʴʩʷ ʪʘʤ. ʋ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʢʨʳʪʳʝ ʚʳʚʦʜʳ ʧʠʪʘʥʠʷ, ʦʥʠ ʧʨʦʷʚʷʪʩʷ 
ʩʝʨʳʤ ʮʚʝʪʦʤ ʚ ʦʢʥʝ ʧʨʝʜʧʨʦʩʤʦʪʨʘ (ʈʠʩ 34).  
 

 
ʈʠʩ.34 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʨʘʟʫ ʦʧʨʝʜʝʣʠʪʴ – ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʠʭ ʚʠʜʠʤʳʤʠ ʠ ʘʢʪʠʚʥʳʤʠ ʠʣʠ ʥʝʪ. ɸ 

ʪʦʯʥʝʝ ʩʢʘʟʘʪʴ ʚʠʜʠʤʳʤʠ ʤʳ ʫʞʝ ʠʭ ʩʜʝʣʘʣʠ, ʥʦ ʚʦʪ ʝʩʣʠ ʧʦʤʝʩʪʠʪʴ ʪʘʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʧʨʦʝʢʪ, ʪʦ 
ʧʦʜʚʝʩʪʠ ʧʨʦʚʦʜʘ ʢ ʵʪʠʤ ʩʝʨʳʤ ʚʳʚʦʜʘʤ ʤʳ ʚʩʝ-ʪʘʢʠ ʥʝ ʤʦʞʝʤ, ʦʥʠ ʢ ʥʠʤ «ʥʝ ʧʨʠʧʘʠʚʘʶʪʩʷ». 
ʕʪʦʤʫ ʛʦʨʶ ʣʝʛʢʦ ʧʦʤʦʯʴ, ʚʦʪ ʪʦʣʴʢʦ ʢʘʢ ʙʳ ʵʪʘ ʫʩʣʫʛʘ ʥʝ ʦʢʘʟʘʣʘʩʴ «ʤʝʜʚʝʞʴʝʡ». 
ɼʣʷ ʥʘʯʘʣʘ ʪʨʠ ʥʝ ʦʯʝʥʴ «ʣʠʨʠʯʝʩʢʠʭ» ʟʘʤʝʯʘʥʠʷ. 
ɿʘʤʝʯʘʥʠʝ ʧʝʨʚʦʝ. ʕʪʦ ʟʘʤʝʯʘʥʠʝ ʢʘʩʘʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ AVR. ɿʘʭʦʜʠʤ ʚ HELP ʧʦ ʵʪʠʤ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤ,  ʟʘʛʣʷʜʳʚʘʝʤ ʚ ʨʘʟʜʝʣ  General Model Limitations (ʦʩʥʦʚʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ 
ʤʦʜʝʣʠ) ʠ ʚʠʜʠʤ ʪʘʤ ʬʨʘʟʫ: Power supply voltage changing is not supported. ɼʣʷ ʘʥʛʣʦʷʟʳʯʥʦʡ 
ʧʫʙʣʠʢʠ ʚʦʧʨʦʩ ʦʪʧʘʣ ʩʨʘʟʫ, ʜʣʷ ʦʩʪʘʣʴʥʳʭ - ʢʦʨʷʚʳʡ ʤʘʰʠʥʥʳʡ ʧʝʨʝʚʦʜ: «ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ 
ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʥʝ ʧʦʜʜʝʨʞʘʥʦ». 
ɿʘʤʝʯʘʥʠʝ ʚʪʦʨʦʝ. ʕʪʦ ʟʘʤʝʯʘʥʠʝ ʢʘʩʘʝʪʩʷ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʤʠʢʨʦʩʭʝʤ, ʩʪʦʣʴ 

ʧʦʧʫʣʷʨʥʳʭ ʫ ʥʘʯʠʥʘʶʱʠʭ: ʪʠʧʘ ʜʚʫʭʚʭʦʜʦʚʳʭ ʀ, ʠʥʚʝʨʪʦʨʦʚ ʠ ʪ.ʧ. ʄʦʞʝʪʝ ʩʨʘʟʫ ʧʨʦʙʝʞʘʪʴʩʷ ʚ 
ʙʠʙʣʠʦʪʝʢʘʭ ʩ ʚʢʣʶʯʝʥʥʳʤ ʬʣʘʞʢʦʤ Show Hidden Pins ʠ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʫ ʥʠʭ ʥʝʪ ʥʠ ʚʠʜʠʤʳʭ, ʥʠ 
ʥʝʚʠʜʠʤʳʭ ʥʦʛ ʧʠʪʘʥʠʷ (ʢʘʢ ʫ ʫʜʘʚʘ ʚ ʤʫʣʴʪʠʢʝ). ʕʪʦ ʜʝʣʦ ʧʦʧʨʘʚʠʤʦʝ, ʥʦ ʦʙ ʵʪʦʤ ʯʫʪʴ ʧʦʟʞʝ ʠ 
ʩʦʚʩʝʤ ʥʝ ʪʝʤ ʩʧʦʩʦʙʦʤ, ʢʦʪʦʨʳʡ ɺʳ ʦʞʠʜʘʣʠ ʣʠʮʝʟʨʝʪʴ. 
ɿʘʤʝʯʘʥʠʝ ʪʨʝʪʴʝ. ʇʦʞʘʣʫʡ, ʩʘʤʦʝ ʩʝʨʴʝʟʥʦʝ. ɺʩʝ, ʯʪʦ ʷ ʧʠʩʘʣ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʚ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʠ ʢ ʤʘʪʝʨʠʘʣʫ ʦ ʤʝʥʝʜʞʝʨʝ ʙʠʙʣʠʦʪʝʢ ʦʩʪʘʝʪʩʷ ʚ ʩʠʣʝ ʠ ʟʜʝʩʴ. ʉʝʡʯʘʩ ʤʳ ʥʘʯʥʝʤ 
ʙʠʙʣʠʦʪʝʢʠ «ʰʝʨʩʪʠʪʴ ʠ ʚ ʭʚʦʩʪ ʠ ʚ ʛʨʠʚʫ», ʧʦʵʪʦʤʫ ʧʦʟʘʙʦʪʴʪʝʩʴ ʟʘʨʘʥʝʝ ʦ ʟʘʱʠʪʝ ʦʪ ʟʘʧʠʩʠ 
ʦʨʠʛʠʥʘʣʴʥʳʭ, ʝʩʣʠ ʥʝ ʭʦʪʠʪʝ ʚʩʝ ʠʩʧʦʨʪʠʪʴ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʚʣʘʜʝʣʴʮʝʚ ʥʝʣʠʮʝʥʟʠʦʥʥʳʭ 
ʢʦʧʠʡ ʧʨʦʛʨʘʤʤʳ. ʆ ʪʦʤ, ʢʘʢ ʧʦʩʪʘʚʠʪʴ ʟʘʱʠʪʫ ʧʠʩʘʣʦʩʴ ʚ ʤʘʪʝʨʠʘʣʝ ʜʚʫʤʷ ʧʦʩʪʘʤʠ ʚʳʰʝ. ʂʪʦ 
ʧʦʟʘʙʳʣ – ʙʝʛʦʤ ʪʫʜʘ. ɿʘ ɺʘʰʠ «ʢʨʠʚʳʝ ʨʫʯʢʠ» ʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʥʝ ʥʝʩʫ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʪʝʤ, ʯʪʦ 
ʥʘʤ ʧʨʠʜʝʪʩʷ ʤʵʡʢʘʪʴ (Make Device) ʤʦʜʝʣʠ ʧʦʜ ʠʭ ʦʨʠʛʠʥʘʣʴʥʳʤʠ ʠʤʝʥʘʤʠ ʠ ʞʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ 
ʜʫʙʣʠ ʥʝ ʟʘʤʝʥʠʣʠ «ʨʦʜʥʳʝ» ʤʦʜʝʣʠ. 
ʅʫ ʘ ʪʝʧʝʨʴ ʧʝʨʝʡʜʝʤ ʢʦʥʢʨʝʪʥʦ ʢ «ʦʞʠʚʣʝʥʠʶ» ʚʳʚʦʜʦʚ ʧʠʪʘʥʠʷ. ɹʝʨʝʤ ʥʘʚʩʢʠʜʢʫ ʣʶʙʫʶ 

ʧʦʜʭʦʜʷʱʫʶ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʤʦʜʝʣʴ. ʄʥʝ ʧʨʠʛʣʷʥʫʣʩʷ ʩʯʝʪʯʠʢ 74HC161. ʊʫʪ ʷ ʦʪʩʪʨʝʣʠʚʘʶ ʩʨʘʟʫ  



ʜʚʫʭ ʫʰʘʩʪʳʭ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʩʭʝʤʘʪʠʯʥʘʷ MDF ʤʦʜʝʣʴ, ʘ ʠʤʝʥʥʦ ʠʟ-ʟʘ ʥʠʭ ʠ ʧʨʠʜʝʪʩʷ ʩʦʭʨʘʥʷʪʴ 
ʜʫʙʣʠ ʩ ʪʝʤ ʞʝ ʠʤʝʥʝʤ. ʆʙʚʝʰʘʣ ʷ ʝʛʦ ʪʝʩʪʦʚʳʤʠ ʧʨʠʤʦʯʢʘʤʠ ʠʟ ʙʠʙʣʠʦʪʝʢʠ ISIS Debugging 
Tools, ʧʨʠʣʝʧʠʣ ʪʘʢʪʦʚʳʡ ʛʝʥʝʨʘʪʦʨ, ʠ ʧʦʣʫʯʠʣʦʩʴ ʪʦ, ʯʪʦ ʚʳ ʚʠʜʠʪʝ ʥʘ ʈʠʩ. 35 ʠ ʚ ʧʨʠʣʘʛʘʝʤʦʤ 
ʧʨʠʤʝʨʝ Ex1_Pow. ʊ.ʝ. ʧʦʢʘ ʤʦʜʝʣʴ ʨʘʙʦʪʘʝʪ. 
 

 
ʈʠʩ.35 

 
ɿʘʪʝʤ, ʨʷʜʦʤ ʷ ʧʦʩʪʘʚʠʣ ʪʦʯʥʦ ʪʘʢʫʶ ʞʝ ʤʠʢʨʦʩʭʝʤʫ ʠ ʧʨʠʤʝʥʠʣ ʢ ʥʝʡ ʦʧʮʠʶ Decompose: ʠʣʠ 

ʯʝʨʝʟ ʚʝʨʭʥʝʝ ʤʝʥʶ (ʢʥʦʧʢʘ ʩ ʤʦʣʦʪʢʦʤ), ʠʣʠ ʯʝʨʝʟ ʧʨʘʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ. ʋ ʨʘʟʦʙʨʘʥʥʦʡ ʥʘ 
ʟʘʧʯʘʩʪʠ ʤʦʜʝʣʠ ʜʣʷ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʥʦʛ ʧʠʪʘʥʠʷ ʷ ʟʘʰʝʣ ʚ ʩʚʦʡʩʪʚʘ ʠ ʧʦʩʪʘʚʠʣ ʬʣʘʞʢʠ -  ʢʘʢ ʥʘ 
(ʈʠʩ. 36). ɽʩʣʠ ʢʦʤʫ-ʪʦ ʭʦʯʝʪʩʷ, ʯʪʦʙʳ ʧʦʜʩʚʝʯʠʚʘʣʦʩʴ ʝʱʝ ʠ ʠʤʷ – ʤʦʞʝʪʝ ʚʢʣʶʯʠʪʴ ʠ ʪʨʝʪʠʡ 
ʬʣʘʞʦʢ, ʥʝ ʚʦʟʙʨʘʥʷʝʪʩʷ. 

 
ʈʠʩ.36 

ʇʦʩʣʝ ʵʪʦʛʦ ʩ ʧʦʤʦʱʴʶ ʣʝʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ ʚʳʜʝʣʠʣ ʦʙʣʘʩʪʴ, ʦʙʷʟʘʪʝʣʴʥʦ (!!!) ʟʘʭʚʘʪʠʚ ʪʝʢʩʪʦʚʳʡ 
ʩʢʨʠʧʪ (ʈʠʩ.37), ʠ ʧʨʠʤʝʥʠʣ ʢ ʥʝʡ ʬʫʥʢʮʠʶ Make Device ʪʘʢ, ʢʘʢ ʤʳ ʜʝʣʘʣʠ ʧʨʠ ʩʦʟʜʘʥʠʠ 
ʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ.  

 
ʈʠʩ.37 

 
ɸ ʪʝʧʝʨʴ ʩʘʤʳʡ ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʤʦʤʝʥʪ – ʚʩʝ ʧʷʪʴ ʦʢʦʥ ʤʳ ʧʨʦʭʦʜʠʤ, ʥʠʯʝʛʦ ʥʝ ʠʟʤʝʥʷʷ!!! ɼʘʞʝ 

ʥʘʟʚʘʥʠʝ ʚ ʧʝʨʚʦʤ ʦʢʥʝ ʥʝʦʙʭʦʜʠʤʦ ʦʩʪʘʚʠʪʴ ʪʦ ʞʝ. ɺ ʧʦʩʣʝʜʥʝʤ ʦʢʥʝ ʧʝʨʝʜ ʥʘʞʘʪʠʝʤ ʆʂ 
ʥʝʦʙʭʦʜʠʤʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʥʘʰʘ ʤʦʜʝʣʴ ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʚ USRDVC, ʥʫ ʠʣʠ ʩʦʟʜʘʥʥʦʡ ɺʘʤʠ 
ʣʠʯʥʦʡ ʙʠʙʣʠʦʪʝʢʝ. ɺʦʪ ʩʦʙʩʪʚʝʥʥʦ ʠ ʚʩʷ ʧʨʦʮʝʜʫʨʘ. ʊʝʧʝʨʴ ʫ ɺʘʩ ʚ ʙʠʙʣʠʦʪʝʢʝ ISIS ʙʫʜʝʪ ʜʚʝ 
ʤʦʜʝʣʠ – ʦʜʥʘ ʚ ʨʦʜʥʦʡ ʙʠʙʣʠʦʪʝʢʝ 74HC, ʘ ʜʨʫʛʘʷ ʚ USRDVC –  ʚʦʪ ʦʥʘ ʪʦ ʠ ʦʢʘʞʝʪʩʷ ʩ 
ʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʚʳʚʦʜʘʤʠ ʧʠʪʘʥʠʷ (ʈʠʩ. 38). ʂʩʪʘʪʠ, ʚ ʩʝʣʝʢʪʦʨ ʧʦʩʣʝ Make… ʦʥʘ ʩʨʘʟʫ 
ʧʦʜʩʪʘʚʠʪʩʷ ʘʚʪʦʤʘʪʦʤ. ɽʝ ʷ ʧʨʠʤʝʥʠʣ ʚ ʧʨʠʤʝʨʝ Ex2_Power. ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥ 
ʘʥʘʣʦʛʦʚʳʡ ʛʨʘʬʠʢ, ʯʪʦʙʳ ʫʚʠʜʝʪʴ ʫʨʦʚʥʠ ʩʠʛʥʘʣʘ ʧʦ ʥʘʧʨʷʞʝʥʠʶ. 
 



 
ʈʠʩ.38 

 
ʅʘ ʈʠʩ. 39 ʜʚʘ ʛʨʘʬʠʢʘ ʜʣʷ ʜʚʫʭ ʤʠʢʨʦʩʭʝʤ ʠʟ Ex2 ʧʨʠ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʧʠʪʘʥʠʷ ʠ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ 

ʪʘʢʪʦʚʦʡ Clock. ʅʘ ʛʨʘʬʠʢʘʭ ʚʠʜʥʦ, ʯʪʦ ʫʨʦʚʥʠ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʨʘʟʥʳʝ, ʯʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ 
ʵʪʠʤ ʧʨʠʤʝʨʦʤ. ʊʝʧʝʨʴ ʦʙʲʷʩʥʶ, ʧʦʯʝʤʫ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʥʝ ʠʟʤʝʥʷʪʴ ʠʤʷ ʤʦʜʝʣʠ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ 
ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʭʝʤʘʪʠʯʥʳʭ ʤʦʜʝʣʝʡ ʯʘʩʪʴ ʩʚʦʡʩʪʚ ʧʨʦʧʠʩʘʥʘ ʚ ʪʝʢʩʪʦʚʳʭ ʩʢʨʠʧʪʘʭ, 
ʥʘʭʦʜʷʱʠʭʩʷ  ʚ MDF-ʬʘʡʣʘʭ, ʘ ʪʘʤ ʯʝʪʢʦ  ʧʨʦʧʠʩʘʥʦ ʠʤʷ ʤʦʜʝʣʠ. ɺʩʧʦʤʥʠʪʝ ʧʨʝʜʳʜʫʱʠʡ 
ʤʘʪʝʨʠʘʣ – ʩʢʨʠʧʪ *PROPERTIES – ʨʝʯʴ ʦ ʥʝʤ. ɽʩʣʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʠ ʤʳ ʠʟʤʝʥʠʤ ʭʦʪʷ ʙʳ 
ʙʫʢʚʫ ʚ ʠʤʝʥʠ, ʪʦ ʩʢʨʠʧʪ ʨʘʙʦʪʘʪʴ ʥʝ ʙʫʜʝʪ, ʠ ʤʳ ʧʦʣʫʯʠʤ ʦʰʠʙʢʫ ʧʨʠ ʩʠʤʫʣʷʮʠʠ. ʇʦʟʞʝ, ʧʨʠ 
ʩʦʟʜʘʥʠʠ ʩʦʙʩʪʚʝʥʥʳʭ MDF,  ʤʳ ʢ ʵʪʦʤʫ ʝʱʝ ʚʝʨʥʝʤʩʷ. 
 

 
ʈʠʩ.39 

ʊʝʧʝʨʴ ʜʘʚʘʡʪʝ ʟʘʛʣʷʥʝʤ ʚ Configure Power Rails ʚ ʪʝʭ ʧʨʦʝʢʪʘʭ, ʛʜʝ ʤʳ ʜʦʙʘʚʣʷʣʠ ʩʚʦʝ ʧʠʪʘʥʠʝ 
ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʠʥʘʣʦʚ ʧʨʷʤʦ ʥʘ ʩʭʝʤʝ, ʥʘʧʨʠʤʝʨ ʚ ʧʦʩʣʝʜʥʝʤ Ex2_Power. ɼʘ ʚʝʜʴ ʥʘʰʠ +3V ʩʘʤʠ 
ʪʘʤ ʧʨʦʧʠʩʘʣʠʩʴ ʚ ʨʘʩʢʨʳʚʘʶʱʝʤʩʷ ʩʧʠʩʢʝ. ɺʦʧʨʦʩ – ʘ ʟʘʯʝʤ ʪʦʛʜʘ ʥʫʞʥʦ ʵʪʦ ʦʢʥʦ? ʅʫ, ʚʦ-ʧʝʨʚʳʭ, 
ʝʩʣʠ ɺʳ ʜʝʣʘʝʪʝ ʧʨʦʩʪʦʡ ʧʨʦʝʢʪ ʩ ʦʜʠʥʦʯʥʳʤ ʧʠʪʘʥʠʝʤ, ʪʦ ʤʦʞʥʦ ʟʘʨʘʥʝʝ ʠʟʤʝʥʠʪʴ ʟʥʘʯʝʥʠʝ 
ʚʦʣʴʪʘʞʘ ʥʘʧʨʠʤʝʨ, ʜʣʷ VCC/VDD ʥʘ ʥʫʞʥʦʝ ʠ ʧʦʪʦʤ «ʥʝ ʧʘʨʠʪʴʩʷ» ʩ ʫʢʘʟʘʥʠʝʤ ʚʦʣʴʪʘʞʘ ʫ 
ʪʝʨʤʠʥʘʣʦʚ ʧʠʪʘʥʠʷ, ʘ ʧʨʦʩʪʦ ʩʪʘʚʠʪʴ ʙʝʟ ʥʘʠʤʝʥʦʚʘʥʠʷ ʠʭ ʚ ʩʭʝʤʫ. ɺʦ-ʚʪʦʨʳʭ, ʢʦʛʜʘ ʪʝʨʤʠʥʘʣʦʚ 
ʥʘʩʪʘʚʣʝʥʘ ʪʫʯʘ, ʜʘ ʝʱʝ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʣʠʩʪʘʭ ʪʦ ʧʨʦʱʝ ʤʝʥʷʪʴ ʧʠʪʘʥʠʝ ʟʜʝʩʴ, ʯʝʤ ʤʝʪʘʪʴʩʷ ʧʦ 
ʚʩʝʤ ʣʠʩʪʘʤ, ʨʘʟʳʩʢʠʚʘʷ ʥʫʞʥʳʝ ʪʝʨʤʠʥʘʣʳ. ɺʝʜʴ ʤʦʞʥʦ ʜʣʷ ʪʝʨʤʠʥʘʣʦʚ ʚ ʩʭʝʤʝ ʥʘʟʥʘʯʠʪʴ ʥʝ 
ʢʦʥʢʨʝʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʘ ʙʫʢʚʝʥʥʫʶ ʘʙʙʨʝʚʠʘʪʫʨʫ, ʥʘʧʨʠʤʝʨ:  HV (ʷ ʩʦʢʨʘʪʠʣ ʬʨʘʟʫ Higth Voltage), 
ʘ ʚ ʦʢʥʝ Configure Power Rails ʜʣʷ HV ʧʨʠʩʚʦʠʪʴ ʢʦʥʢʨʝʪʥʦʝ ʟʥʘʯʝʥʠʝ, ʜʦʧʫʩʪʠʤ +300V. ʊʝʧʝʨʴ, 
ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʟʤʝʥʠʪʴ ʟʥʘʯʝʥʠʝ ʥʘ +330V ʜʦʩʪʘʪʦʯʥʦ ʚʦʡʪʠ ʚ ʦʢʥʦ ʠ Configure Power Rails 
ʟʘʤʝʥʠʪʴ ʟʥʘʯʝʥʠʝ. ɺʩʝ ʪʝʨʤʠʥʘʣʳ, ʩ ʠʤʝʥʝʤ HV ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʦʞʝ ʧʦʤʝʥʷʶʪ ʟʥʘʯʝʥʠʝ 
ʥʘʧʨʷʞʝʥʠʷ. 
ʅʫ ʠ ʚ ʟʘʢʣʶʯʝʥʠʝ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʚʩʝ, ʯʪʦ ʟʜʝʩʴ ʛʦʚʦʨʠʣʦʩʴ ʦ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʦʞʥʦ «ʥʘʧʣʝʚʘʪʴ ʠ ʟʘʙʳʪʴ» ʚ ʭʦʨʦʰʝʤ ʩʤʳʩʣʝ ʵʪʦʡ ʬʨʘʟʳ. ʂʨʦʤʝ ʤʦʨʘʣʴʥʦʛʦ 
ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʦʪ «ʠʟʥʘʩʠʣʦʚʘʥʠʷ» ʤʦʜʝʣʝʡ  ʷ ʥʝ ʚʠʞʫ ʚ ʵʪʦʤ ʥʠʢʘʢʦʡ ʧʦʣʴʟʳ. ʅʫ, ʫʚʠʜʝʣʠ ʤʳ 
ʚʳʚʦʜʳ ʧʠʪʘʥʠʷ ʥʘ ʩʭʝʤʝ – ʘ «ʦʥʦ ʥʘʤ ʥʘʜʦ»? ʆʙʨʘʪʠʤʩʷ ʢ ʧʨʠʤʝʨʫ Ex3_Power. ɺ ʥʝʤ ʷ ʚʝʨʥʫʣ 
ʦʨʠʛʠʥʘʣʴʥʫʶ ʤʦʜʝʣʴ ʩʯʝʪʯʠʢʘ, ʘ ʥʘ ʚʳʭʦʜ Q0 ʧʨʠʣʝʧʠʣ ʠʥʚʝʨʪʦʨ 4049. ʉʯʝʪʯʠʢʫ ʷ ʚʦʦʙʱʝ ʚʩʝ 
ʩʤʝʩʪʠʣ ʠ ʟʝʤʣʶ, ʠ ʧʣʶʩ ʧʠʪʘʥʠʷ, ʘ ʠʥʚʝʨʪʝʨʫ ʪʦʣʴʢʦ ʧʣʶʩ ʧʠʪʘʥʠʷ. ɿʘʤʝʪʴʪʝ, ʠʥʚʝʨʪʦʨʫ, ʫ 
ʢʦʪʦʨʦʛʦ ʥʝʪ ʚʠʜʠʤʳʭ ʥʦʛ ʧʠʪʘʥʠʷ!!! 
ʊʝʧʝʨʴ ʧʝʨʝʭʦʜʠʤ ʢ ʩʘʤʦʡ ʧʨʦʮʝʜʫʨʝ ʥʘ ʧʨʠʤʝʨʝ ʠʥʚʝʨʪʦʨʘ. ɺʭʦʜʠʤ ʚ ʝʛʦ ʩʚʦʡʩʪʚʘ Edit 

Properties ʠ ʥʘʞʠʤʘʝʤ ʩʧʨʘʚʘ ʢʥʦʧʢʫ Hidden Pins. ɺ ʦʪʢʨʳʚʰʝʤʩʷ ʦʢʥʝ ʚʚʦʜʠʤ ʜʣʷ Pin VDD ʪʝʢʩʪ 
ʪʘʢ, ʢʘʢ ʥʘ ʈʠʩ. 40 ʠ ʜʘʚʠʤ ʆʂ. ɿʘʪʝʤ ʟʘʭʦʜʠʤ ʚ ʦʢʥʦ Configure Power Rails ʠ ʚ ʥʝʤ ʧʨʦʜʝʣʳʚʘʝʤ 
ʦʧʝʨʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʠʬʨʘʤʠ ʥʘ ʈʠʩ. 41. 



  
ʈʠʩ.40      ʈʠʩ. 41 

 
ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʷ ʧʦʩʪʫʧʠʣ ʠ ʩʦ ʩʯʝʪʯʠʢʦʤ, ʪʦʣʴʢʦ ʫ ʥʝʛʦ ʝʱʝ ʠ ʜʣʷ GND ʥʘʟʥʘʯʠʣ 

Power_3V. ʇʦʩʣʝ ʪʘʢʠʭ ʧʨʦʮʝʜʫʨ ʚʥʠʟʫ ʫ ʤʦʜʝʣʝʡ ʧʦʜʩʚʝʯʠʚʘʶʪʩʷ ʚʥʝʩʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʣʷ 
ʧʠʪʘʥʠʷ, ʘ ʥʘ ʛʨʘʬʠʢʘʭ ʚʠʜʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ (ʈʠʩ. 42). ʇʨʠ ʵʪʦʤ 
ʷ ʥʝ ʪʨʦʛʘʣ ʩʘʤʠ ʤʦʜʝʣʠ ʠ ʜʦʙʠʣʩʷ ʥʫʞʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʅʫ, ʚʦʪ ʪʝʧʝʨʴ, ʢʘʞʝʪʩʷ, ʨʘʟʞʝʚʘʣ ʚʩʝ ʜʦ 
ʤʝʣʦʯʝʡ – ʛʣʦʪʘʡʪʝ. ɺʩʝ, ʦ ʯʝʤ ʟʜʝʩʴ ʛʦʚʦʨʠʣʦʩʴ, ʢʘʩʘʝʪʩʷ  ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʆ 
ʧʠʪʘʥʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʦʛʦʚʦʨʠʤ ʥʠʞʝ. 
 

 
ʈʠʩ.42 

 
 

4.6. ˮͫͭͦ;͙͙ͤ͟ ͔͔͔͎ͨͪͣͤͤͦͦ ͭͦ͊͟ ͍ ISIS. ˮ ͦͨΎͭΈ ͦ͋ ͙͊ͤͣ͊ͼ͙͙.  
ʈʘʩʩʤʦʪʨʝʥʠʝ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ  ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʇʨʦʪʝʫʩʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʷ ʭʦʯʫ ʥʘʯʘʪʴ ʩ ʪʠʧʦʚʦʛʦ ʧʨʠʤʝʨʘ, ʦʙ ʢʦʪʦʨʳʡ ʩʧʦʪʳʢʘʶʪʩʷ ʚʩʝ ʥʘʯʠʥʘʶʱʠʝ (ʈʠʩ. 
43). ɺʦʟʴʤʝʤ ʧʘʨʫ ʛʝʥʝʨʘʪʦʨʦʚ SINE ʠʟ ʣʝʚʦʛʦ ʤʝʥʶ Generator Mode ʠ ʘʥʠʤʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ 
Lamp ʠʟ ʙʠʙʣʠʦʪʝʢʠ Optoelectronics => Lamps.  

 

 
ʈʠʩ.43 

 
 



 
ʗ ʥʝ ʩʪʘʣ ʩʨʘʟʫ ʟʘʜʠʨʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʜʦ ʩʝʪʝʚʦʛʦ, ʥʦ ʜʣʷ ʧʦʢʣʦʥʥʠʢʦʚ ʩʝʪʠ 220V ʭʦʯʫ ʩʨʘʟʫ 

ʥʘʧʦʤʥʠʪʴ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʠʷ ʩʝʪʠ ʩʦʩʪʘʚʣʷʝʪ 310V. ʇʦʯʝʤʫ ʪʦ ʤʥʦʛʠʝ ʧʨʦ ʵʪʦ ʥʘʧʨʦʯʴ 
ʟʘʙʳʚʘʶʪ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʘʤʧʣʠʪʫʜʘ ʛʝʥʝʨʘʪʦʨʦʚ ʚ 
ʫʯʝʙʥʦʤ ʧʨʦʝʢʪʝ ʚʳʩʪʘʚʣʝʥʘ ʥʝ 12, ʘ 17V (ʚ ʢʦʨʝʥʴ ʠʟ 2 ʙʦʣʴʰʝ ʥʦʤʠʥʘʣʘ ʜʣʷ ʣʘʤʧ). ɿʘʜʘʜʠʤ 
ʥʘʰʠʤ ʛʝʥʝʨʘʪʦʨʘʤ ʯʘʩʪʦʪʳ 1ɻʮ ʠ 50ɻʮ ʠ ʟʘʧʫʩʪʠʤ ʩʠʤʫʣʷʮʠʶ (ʧʨʠʤʝʨ AC_1/Anim_Default.DSN ʠʟ 
ʚʣʦʞʝʥʠʷ). ʅʫ, ʢʘʨʪʠʥʢʘ ʦʙʳʯʥʘʷ – ʧʨʠ 50 ɻʮ ʣʘʤʧʦʯʢʘ ʩʚʝʪʠʪʴʩʷ ʦʪʢʘʟʳʚʘʝʪʩʷ. ʋʨʘ!!! ɼʘʝʰʴ ʛʣʶʢ!!! 
ɺʦʧʨʦʩ ʪʦʣʴʢʦ ʯʝʡ? ɸ ʥʝ ʚʩʧʦʤʥʠʪʴ ʣʠ ʥʘʤ ʧ.3.4 ʵʪʦʛʦ FAQ. ɿʘʛʣʷʥʝʤ ʚ ʧʘʨʘʤʝʪʨʳ ʘʥʠʤʘʮʠʠ. ɸ ʦʥʠ 
ʫ ʥʘʩ ʩʪʦʷʪ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʠ ʢʫʜʘ ʥʝ ʛʣʷʥʴ – ʪʦ 50 ʪʦ 25. ɸ ʯʘʩʪʦʪʘ ʪʦ ʫ ʥʘʩ ʪʦʞʝ 50. ʅʠʢʘʢʠʭ ʩʚʝʪʣʳʭ 
ʤʳʩʣʝʡ ʥʝ ʥʘʚʝʚʘʝʪ? ɸ ʷ ʚʦʟʴʤʫ ʠ ʧʦʧʨʘʚʣʶ Timestep per Frame ʚʩʝʛʦ ʣʠʰʴ ʥʘ 1 ʠ ʧʦʩʪʘʚʣʶ 49 
(ʧʨʠʤʝʨ  AC_1/Anim_49.DSN). ɿʘʧʫʩʢʘʝʤ – ʤʦʨʛʘʝʪ, ʦʜʥʘʢʦ. ʉʪʘʚʠʤ Timestep 25 (Anim_25.DSN) – 
ʪʦʞʝ ʤʦʨʛʘʝʪ, ʘ ʧʨʠ 20 (Anim_20.DSN) – ʦʧʷʪʴ ʧʝʨʝʩʪʘʣʘ. ʊʘʢ ʯʪʦ ʚʦʚʩʝ ʵʪʦ ʥʝ ʛʣʶʢ, ʘ ʧʨʦʩʪʦ ʧʦ 
ʥʘʰʝʤʫ ʥʝʜʦʩʤʦʪʨʫ ʧʘʨʘʤʝʪʨʳ ʘʥʠʤʘʮʠʠ ʧʦʧʘʜʘʶʪ ʚ «ʨʝʟʦʥʘʥʩ» ʩ ʥʘʰʠʤ ʛʝʥʝʨʘʪʦʨʦʤ 50 ɻʮ ʠ ʤʳ 
ʟʘʩʪʘʝʤ ʚʩʝ ʚʨʝʤʷ ʥʘʰʫ ʣʘʤʧʦʯʢʫ ʚ ʥʝʘʢʪʠʚʥʦʤ (ʧʦʛʘʰʝʥʥʦʤ) ʩʦʩʪʦʷʥʠʠ. ʕʪʦʪ ʬʘʢʪʦʨ ʧʨʠʭʦʜʠʪʩʷ 
ʚʩʝʛʜʘ ʫʯʠʪʳʚʘʪʴ, ʝʩʣʠ ʚʳ ʭʦʪʠʪʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʘʪʴ ʩʠʤʫʣʷʮʠʶ ʩ ʠʩʪʦʯʥʠʢʘʤʠ 
ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʜʘ ʠ ʩ ʠʤʧʫʣʴʩʘʤʠ, ʚʧʨʦʯʝʤ, ʪʦ ʞʝ ʩʘʤʦʝ. 

ɺ ʵʪʠʭ ʧʨʠʤʝʨʘʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʦʜʝʣʠ ʛʝʥʝʨʘʪʦʨʦʚ ʩʠʥʫʩʘ, ʫ ʢʦʪʦʨʳʭ ʦʜʠʥ ʚʳʚʦʜ ʚʩʝʛʜʘ 
ʩʦʝʜʠʥʝʥ ʩ ʪʝʨʤʠʥʘʣʦʤ GND. ʅʦ ʚ ISIS ʝʩʪʴ ʠ ʤʦʜʝʣʠ ʜʚʫʭʧʦʣʶʩʥʠʢʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, 
ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʙʠʙʣʠʦʪʝʢʝ Simulator Primitives => Sources. ʕʪʦ Alternator – ʘʥʠʤʠʨʦʚʘʥʥʳʡ 
ʠʩʪʦʯʥʠʢ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, VSINE – ʜʚʫʭʧʦʣʶʩʥʳʡ ʛʝʥʝʨʘʪʦʨ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 
(ʘʥʘʣʦʛʠʯʥʳʡ ʪʦʤʫ, ʯʪʦ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ, ʥʦ ʩ ʜʚʫʤʷ ʚʳʚʦʜʘʤʠ), ISINE – ʛʝʥʝʨʘʪʦʨ ʧʝʨʝʤʝʥʥʦʛʦ 
ʪʦʢʘ ʠ ʥʘʢʦʥʝʮ, ʜʣʷ ʣʶʙʠʪʝʣʝʡ ʪʨʝʭʬʘʟʥʠʢʦʚ – V3PASE – ʛʝʥʝʨʘʪʦʨ ʪʨʝʭʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʅʘ 
ʈʠʩ. 44 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʧʦʜʢʣʶʯʝʥʠʷ ʘʣʴʪʝʨʥʘʪʦʨʘ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ – ʘʤʧʣʠʪʫʜʘ 17V, ʘ 
ʚʦʣʴʪʤʝʪʨ ʧʦʢʘʟʳʚʘʝʪ 12. ʕʪʦ ʚʩʝ ʢ ʪʦʤʫ ʞʝ ʢʦʨʥʶ ʠʟ 2. 
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ʇʨʠʤʝʨʳ ʩ ʵʪʠʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ ʩʦʙʨʘʥʳ ʚʦ ʚʣʦʞʝʥʠʠ (AC_Sources.DSN). ɿʜʝʩʴ ʷ ʭʦʪʝʣ ʙʳ 
ʪʦʣʴʢʦ ʧʦʜʯʝʨʢʥʫʪʴ ʥʝʩʢʦʣʴʢʦ ʦʩʦʙʝʥʥʦʩʪʝʡ.  

ʅʫ, ʚʦ-ʧʝʨʚʳʭ: ʜʣʷ ʪʝʭ, ʢʪʦ ʧʦʣʴʟʫʝʪʩʷ ʧʝʨʚʳʤʠ ʚʝʨʩʠʷʤʠ FAQ, ʩʨʘʟʫ ʧʨʠʥʦʰʫ ʠʟʚʠʥʝʥʠʷ ʟʘ 
ʤʦʶ ʦʰʠʙʢʫ ʩ ʪʨʝʭʬʘʟʥʠʢʦʤ. ɺʩʝ ʪʘʤ ʧʨʝʢʨʘʩʥʦ ʨʘʙʦʪʘʝʪ, ʷ ʩʘʤ ʪʦʛʜʘ ʧʦʧʘʣʩʷ ʥʘ ʧʘʨʘʤʝʪʨʘʭ 
ʘʥʠʤʘʮʠʠ. ɽʱʝ ʦʜʥʦ ʟʘʤʝʯʘʥʠʝ, ʢʘʩʘʶʱʝʝʩʷ ʧʘʨʘʤʝʪʨʦʚ ʪʨʝʭʬʘʟʥʠʢʘ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ. ʆʙʨʘʪʠʪʝ 
ʚʥʠʤʘʥʠʝ ʥʘ Amplitude Mode ʚ ʝʛʦ Properties. ʊʘʤ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʨʝʞʠʤ, ʢʦʪʦʨʳʡ ʦʪʥʦʩʠʪʩʷ ʢ 
ʧʘʨʘʤʝʪʨʫ Amplitude (Volts): Peak – ʧʠʢʦʚʳʡ – ʨʘʟʘʭ ʘʤʧʣʠʪʫʜʳ, Peak to Peak – ʫʜʚʦʝʥʥʳʡ ʨʘʟʤʘʭ 
ʠ RMS – ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ (ʬʘʢʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥʠʷ ʚʘʰʝʛʦ ʚʦʣʴʪʤʝʪʨʘ). ɽʱʝ ʚʥʠʟʫ ʦʢʥʘ Properties 
ʝʩʪʴ ʨʘʩʢʨʳʚʘʶʱʠʡʩʷ ʩʧʠʩʦʢ Advanced Properties ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ 
ʛʝʥʝʨʘʮʠʠ ʪʨʝʭʬʘʟʥʦʡ ʩʝʪʠ. ɺ ʪʦʤ ʯʠʩʣʝ ʪʘʤ ʩʪʦʠʪ ʠ Insulation to earth (ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʦʣʷʮʠʠ ʢ 
ʟʝʤʣʝ) 2 ʄʆʤ, ʧʦʵʪʦʤʫ ʪʦ, ʦ ʯʝʤ ʧʦʡʜʝʪ ʨʝʯʴ ʥʠʞʝ ʟʜʝʩʴ ʥʝ ʪʘʢ ʘʢʪʫʘʣʴʥʦ. 

ɸ ʩʣʝʜʫʶʱʝʝ ʟʘʤʝʯʘʥʠʝ ʢʘʩʘʝʪʩʷ ʢʘʢ ʨʘʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ  ʠ ʟʦʥʜʦʚ 
ʩ ʜʚʫʭʧʦʣʶʩʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʥʘʧʨʷʞʝʥʠʡ. ɽʩʣʠ ʚʦʣʴʪʤʝʪʨʳ, ʘʤʧʝʨʤʝʪʨʳ, ʠ ʪʦʢʦʚʳʝ ʟʦʥʜʳ ʢʘʢ 
ʚʠʜʥʦ ʠʟ ʨʠʩ. 44 ʧʨʦʙʣʝʤ ʥʝ ʚʳʟʳʚʘʶʪ, ʪʦ ʠʥʘʯʝ ʦʙʩʪʦʠʪ ʜʝʣʦ ʩ ʟʦʥʜʘʤʠ ʥʘʧʨʷʞʝʥʠʷ ʠ, ʥʘʧʨʠʤʝʨ, 
ʦʩʮʠʣʣʦʛʨʘʬʦʤ. ɼʣʷ ʧʨʠʤʝʨʘ ʷ ʧʨʠʚʝʜʫ ʛʨʘʬʠʢ (ʈʠʩ. 45) ʠʟ AC_Sources.DSN, ʥʘ ʢʦʪʦʨʦʤ ʞʝʣʪʘʷ 
ʪʨʘʩʩʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʝʥʝʨʘʪʦʨʫ, ʫ ʢʦʪʦʨʦʛʦ ʦʜʠʥ ʠʟ ʚʳʚʦʜʦʚ ʟʘʟʝʤʣʝʥ ʥʘ ʪʝʨʤʠʥʘʣ GND, ʘ 
ʢʨʘʩʥʘʷ - ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʩʚʷʟʠ ʥʘ ʟʝʤʣʶ. ʇʘʨʘʤʝʪʨʳ ʛʝʥʝʨʘʪʦʨʦʚ ʦʜʠʥʘʢʦʚʳ. 
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ʅʘʜʝʶʩʴ, ʠʟ ʛʨʘʬʠʢʘ ʧʦʥʷʪʥʦ – ʯʪʦ ɺʘʩ ʦʞʠʜʘʝʪ, ʝʩʣʠ ʚʳ ʙʫʜʝʪʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʠʨʪʫʘʣʴʥʳʡ 
ʦʩʮʠʣʣʦʛʨʘʬ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠʩʪʦʯʥʠʢʘ, ʥʝ ʠʤʝʶʱʝʛʦ ʩʚʷʟʠ ʩ ʟʝʤʣʝʡ. ʀ ʥʝ ʥʘʜʦ ʧʨʠ ʵʪʦʤ ʚʩʝʥʘʨʦʜʥʦ 
ʫʪʚʝʨʞʜʘʪʴ ʦ ʛʣʶʯʥʦʩʪʠ ʧʨʦʛʨʘʤʤʳ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʩʝʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ – ʘ ʚʩʝ ʣʠ ʷ 
ʩʘʤ ʩʜʝʣʘʣ ʧʨʘʚʠʣʴʥʦ. ɺʦʪ ʥʘ ʵʪʦʡ ʧʦʫʯʠʪʝʣʴʥʦʡ ʥʦʪʝ ʷ, ʧʦʞʘʣʫʡ, ʠ ʟʘʢʦʥʯʫ ʨʘʩʩʤʦʪʨʝʥʠʝ 
ʠʩʪʦʯʥʠʢʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ ISIS.   
 

4.7. ˤ͍ͦͪ͊͘΅͔͊ͣͫΎ ͍ SPICE ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡. ˹͊;͙͔ͤ͊ͣ ͍ͤ͊ͦͣͫͭͦ͘͟ ͫ ͎͍͊ͤ͊ͦͦ͡·͙ͣ 
͙͙͙͍͙ͨͪͣͭ͊ͣ. ˹͔͙͔͚ͤͤ͡·͔ ͍ͯͨͪ͊͡Ύ͔ͣ·͔ ͙ͫͭͦ;͙͙ͤ͟ ͙͎͍ͫͤ͊ͦ͡. 
ʗ ʚʩʝ ʯʘʱʝ ʥʘʯʠʥʘʶ ʧʨʠʚʦʜʠʪʴ ʛʨʘʬʠʢʠ ʚʤʝʩʪʦ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʦʣʴʰʝ ʧʦʪʦʤʫ, 

ʯʪʦ ʦʙʳʯʥʦ ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʘʥʘʣʦʛʦʚʳʭ ʩʭʝʤ, ʦʩʦʙʝʥʥʦ ʧʨʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʥʘʣʦʛʦʚʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ (ʩʤ. ʧ.3.1 «ʟʝʣʝʥʦʝ ʚʳʜʝʣʝʥʠʝ» ʵʪʦʡ 
ʯʘʩʪʠ FAQ), ʜʘ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  ʤʦʞʥʦ ʦʙʦʡʪʠʩʴ ʠʤʠ. ʕʪʦ ʥʝ 
ʦʟʥʘʯʘʝʪ, ʯʪʦ ʷ ʪʘʢʦʡ ʧʨʦʪʠʚʥʠʢ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʧʨʦʩʪʦ ʩʪʘʨʘʷ ʜʦʙʨʘʷ 
ʧʨʠʚʳʯʢʘ: «ɽʩʣʠ ʥʘ ʢʣʝʪʢʝ ʩʣʦʥʘ ʧʨʦʯʪʸʰʴ ʥʘʜʧʠʩʴ «ʙʫʡʚʦʣ», ʥʝ ʚʝʨʴ ʛʣʘʟʘʤ ʩʚʦʠʤ», ʘ ʚ 
ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ - ʵʪʦ ʩʧʣʦʰʴ ʠ ʨʷʜʦʤ. ʄʳ ʨʘʩʩʤʦʪʨʠʤ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʨʘʬʠʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʥʘʣʦʛʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ.  ʀ 
ʩʝʡʯʘʩ ʟʘʡʤʝʤʩʷ ʵʪʠʤ ʚʧʣʦʪʥʫʶ. 
ʅʘʜʝʶʩʴ, ʥʝ ʩʪʦʠʪ ʥʘʧʦʤʠʥʘʪʴ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʘʣʦʛʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʚ 

ʇʨʦʪʝʫʩʝ ʷʚʣʷʝʪʩʷ ProSPICE. ʇʦʩʢʦʣʴʢʫ ʦʥ ʙʘʟʠʨʫʝʪʩʷ ʥʘ SPICE3F5 ʚ ʦʪʣʠʯʠʝ ʦʪ PSPICE, 
ʧʨʠʥʷʪʦʛʦ ʚ OrCAD, PCAD, Multisim ʠ ʪ.ʧ., ʠʤʝʝʪ ʩʤʳʩʣ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʇʨʦʪʝʫʩʥʦʤ ʚʘʨʠʘʥʪʝ, ʠ 
ʥʝʩʢʦʣʴʢʦ ʨʘʩʩʪʘʚʠʪʴ ʪʦʯʢʠ ʥʘʜ ʠ. ʅʫ, ʚ ʦʙʱʝʤ, ʦʩʦʙʦ ʧʨʠʷʪʥʦʛʦ ʪʫʪ ʤʘʣʦ. ɺʩʝ ʜʝʣʦ ʚ ʪʦʤ, ʯʪʦ 
PSPICE ʚ ʥʝʢʦʪʦʨʳʭ ʦʪʥʦʰʝʥʠʷʭ ʨʘʟʚʠʣʩʷ ʜʘʣʴʰʝ ʠ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ SPICE ʫʰʝʣ ʥʘʤʥʦʛʦ ʚʧʝʨʝʜ. 
ɺ ʯʘʩʪʥʦʩʪʠ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ ʧʦʧʘʜʘʶʪʩʷ ʥʘʰʠ ʜʦʙʣʝʩʪʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʚʝʜʝʥʠʷ 
ʠʥʜʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʜʘʝʰʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨ!!!) ʩ ʩʝʨʜʝʯʥʠʢʘʤʠ ʠʟ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ. ʂ 
ʩʦʞʘʣʝʥʠʶ, ʢʣʘʩʩʠʯʝʩʢʠʡ SPICE ʠ SPICE3F5 ʟʜʝʩʴ ʤʘʣʦ ʧʦʤʦʛʫʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʬʠʨʤʘ Cadence 
(ʦʩʥʦʚʦʧʦʣʦʞʥʠʢ OrCAD ʠ «ʧʦʛʣʦʪʠʪʝʣʴ» ʧʨʘʨʦʜʠʪʝʣʷ PSPICE –  ʬʠʨʤʳ  MicroSim) ʨʘʟʨʘʙʦʪʘʣʘ 
ʩʚʦʠ ʧʨʦʜʚʠʞʝʥʠʷ ʧʦ ʵʪʦʡ ʪʝʤʝ. ʅʦ, ʧʦʩʢʦʣʴʢʫ ʃʘʙʮʝʥʪʨ ʩʜʝʣʘʣ ʦʩʥʦʚʥʫʶ ʩʪʘʚʢʫ ʥʘ ʠʤʠʪʘʮʠʶ 
ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ – ʠ ʚ ʵʪʦʤ ʝʛʦ ʛʣʘʚʥʳʡ ʢʦʥʝʢ, ʘ ʧʦʜʜʝʨʞʢʘ ʘʥʘʣʦʛʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ 
ʥʝʩʢʦʣʴʢʦ ʚʪʦʨʦʩʪʝʧʝʥʥʦʡ, ʪʦ ʥʘʣʠʮʦ ʥʝʢʦʪʦʨʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʆʜʥʘʢʦ ʵʪʦ ʥʝ 
ʟʥʘʯʠʪ, ʯʪʦ ʘʥʘʣʦʛʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ISIS ʩʦʚʩʝʤ «ʚ ʟʘʛʦʥʝ». ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʧʨʠʥʷʪʳʭ ʚ ʪʦʤ 
ʞʝ OrCAD PSPICE ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦʩʪʫʧʥʦ ʠ ʟʜʝʩʴ ʠ ʵʪʦ ʙʫʜʝʪ ʜʦʢʘʟʘʥʦ ʩʣʝʜʫʶʱʠʤ 
ʤʘʪʝʨʠʘʣʦʤ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ISIS ʚ ʵʪʦʤ ʧʣʘʥʝ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʝʟ 
ʥʘʣʠʯʠʷ ʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝʚʦʟʤʦʞʥʦ. ɽʩʣʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ SPICE, ʠ PSPICE ʚ  ʯʘʩʪʥʦʩʪʠ,  
ʜʦʩʪʘʪʦʯʥʦ ʪʝʢʩʪʦʚʦʛʦ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʭʝʤʳ, ʪʦ ʟʜʝʩʴ ʦʙʷʟʘʪʝʣʝʥ ʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʝʢʪ. ɺ 
ʜʨʫʛʠʭ ʧʘʢʝʪʘʭ ʪʘʢʦʡ ʚʘʨʠʘʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ «advanced», ʪ.ʝ. ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ – ʥʘʧʨʠʤʝʨ, ʚ ʪʦʤ 
ʞʝ OrCAD ʜʣʷ ʵʪʦʛʦ ʩʣʫʞʠʪ Capture, ʘ ʚ ʇʨʦʪʝʫʩʝ ʵʪʦʪ ʚʘʨʠʘʥʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ. ʀʤʝʥʥʦ 
ʧʦʵʪʦʤʫ ʧʝʨʚʦʝ, ʯʪʦ ʷ ʨʘʩʩʤʦʪʨʝʣ - ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢʦʤʧʦʥʝʥʪʘ. ʅʦ, ʦʪ ʭʦʪʷ ʙʳ 
ʧʝʨʚʠʯʥʦʛʦ ʟʥʘʢʦʤʩʪʚʘ ʩʦ SPICE (ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ 3F5)  ʥʘʤ ʠ ʟʜʝʩʴ ʥʠʢʫʜʘ ʥʝ ʫʡʪʠ.  ʂ 
ʩʦʞʘʣʝʥʠʶ, ʫ ʤʝʥʷ ʩʝʡʯʘʩ ʥʝʪ ʚʨʝʤʝʥʠ ʥʘ ʧʝʨʝʚʦʜ ʩ ʘʥʛʣʠʡʩʢʦʛʦ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ SPICE3F5. ɿʜʝʩʴ ʷ 
ʧʨʠʣʦʞʫ ʚʘʨʠʘʥʪ HTM Manual, ʥʘʡʜʝʥʥʳʡ ʤʥʦʡ ʧʦʩʣʝ ʜʦʣʛʠʭ ʧʦʠʩʢʦʚ ʥʘ ʧʨʦʩʪʦʨʘʭ ʀʥʪʝʨʥʝʪ, ʘ ʯʪʦ 
ʢʘʩʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʷ – ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʧʨʠʣʘʛʘʝʤʳʡ ʢ ʇʨʦʪʝʫʩʫ ProSPICE HELP. ʅʦ ʚ ʜʘʥʥʦʤ 
ʩʣʫʯʘʝ ʥʘʩ ʚʳʨʫʯʠʪ ʙʦʣʴʰʝ ʜʘʞʝ ʥʝ ʦʥ, ʘ ʭʝʣʧ ProSPICE Primitives. ʅʘ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʦʥ 
ʩʪʘʥʦʚʠʪʩʷ ʥʘʰʠʤ ʦʩʥʦʚʥʳʤ ʬʘʡʣʦʤ ʧʦʤʦʱʠ, ʘ ʧʦʯʝʤʫ  – ɺʳ ʧʦʡʤʝʪʝ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʯʫʪʴ ʥʠʞʝ. 
ʏʪʦ ʞʝ ʪʘʢʦʝ SPICE ʠ ʩ ʯʝʤ ʝʛʦ ʝʜʷʪ? ʆʩʥʦʚʥʳʤʠ  ʤʦʜʝʣʷʤʠ SPICE ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʷʚʣʷʶʪʩʷ – 

ʨʝʟʠʩʪʦʨʳ, ʠʜʝʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʪʦʢʘ ʠ ʠʜʝʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʥʘʧʨʷʞʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʠʭ ʧʦʩʪʨʦʝʥʳ 
ʚʩʝʚʦʟʤʦʞʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ (ʠʩʪʦʯʥʠʢ ʪʦʢʘ, ʫʧʨʘʚʣʷʝʤʳʡ ʪʦʢʦʤ; ʠʩʪʦʯʥʠʢ ʪʦʢʘ, ʫʧʨʘʚʣʷʝʤʳʡ 
ʥʘʧʨʷʞʝʥʠʝʤ;  ʠʩʪʦʯʥʠʢ ʥʘʧʨʷʞʝʥʠʷ, ʫʧʨʘʚʣʷʝʤʳʡ ʪʦʢʦʤ ʠ ʪ.ʜ.). ɸ ʫʞʝ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʤʦʜʠʬʠʢʘʮʠʡ 
ʩʪʨʦʷʪʩʷ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʤʦʜʝʣʠ ʘʥʘʣʦʛʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʙʠʙʣʠʦʪʝʢʘʭ ISIS ʵʪʠ ʤʦʜʝʣʠ 
ʨʘʩʧʦʣʦʞʝʥʳ ʚ Modelling Primitives => Analog (SPICE). ɸʙʙʨʝʚʠʘʪʫʨʘ ʤʦʜʝʣʠ ʥʝʩʝʪ ʚ ʩʝʙʝ ʠ 
ʥʝʢʦʪʦʨʫʶ ʘʥʛʣʦʷʟʳʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʇʨʠʤʝʨʳ: CCCS – (Current Controlled Current Source) – 
ʠʩʪʦʯʥʠʢ ʪʦʢʘ, ʫʧʨʘʚʣʷʝʤʳʡ ʪʦʢʦʤ; VCR –  (Voltage Controlled Resistor) – ʨʝʟʠʩʪʦʨ, ʫʧʨʘʚʣʷʝʤʳʡ 
ʥʘʧʨʷʞʝʥʠʝʤ; AVCVS – (Arbitrary Voltage Controlled Voltage Source) – ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝʣʠʥʝʡʥʳʡ 
(Arbitrary)  ʠʩʪʦʯʥʠʢ ʥʘʧʨʷʞʝʥʠʷ, ʫʧʨʘʚʣʷʝʤʳʡ ʥʘʧʨʷʞʝʥʠʝʤ. ʅʘʜʝʶʩʴ, ʘʙʙʨʝʚʠʘʪʫʨʫ ʜʨʫʛʠʭ ʥʝ 
ʟʘʪʨʫʜʥʠʪ ʨʘʩʰʠʬʨʦʚʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʤʳ 
ʨʘʩʩʤʦʪʨʠʤ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʥʝʣʠʥʝʡʥʳʝ ʠʩʪʦʯʥʠʢʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ (ʈʠʩ. 46): 
AVCVS – (Arbitrary Voltage Controlled Voltage Source) ʥʝʣʠʥʝʡʥʳʡ ʠʩʪʦʯʥʠʢ ʥʘʧʨʷʞʝʥʠʷ, 

ʫʧʨʘʚʣʷʝʤʳʡ ʥʘʧʨʷʞʝʥʠʝʤ; 
AVCCS – (Arbitrary Voltage Controlled Current Source) ʥʝʣʠʥʝʡʥʳʡ ʠʩʪʦʯʥʠʢ ʪʦʢʘ, ʫʧʨʘʚʣʷʝʤʳʡ 

ʥʘʧʨʷʞʝʥʠʝʤ; 
ACCVS – (Arbitrary Current Controlled Voltage Source) ʥʝʣʠʥʝʡʥʳʡ ʠʩʪʦʯʥʠʢ ʥʘʧʨʷʞʝʥʠʷ, 

ʫʧʨʘʚʣʷʝʤʳʡ ʪʦʢʦʤ; 
ACCCS – (Arbitrary Current Controlled Current Source) ʥʝʣʠʥʝʡʥʳʡ ʠʩʪʦʯʥʠʢ ʪʦʢʘ, ʫʧʨʘʚʣʷʝʤʳʡ 

ʪʦʢʦʤ; 
SUMMER – (Arbitrary Voltage Controlled Voltage Source) ʘʥʘʣʦʛʦʚʳʡ ʩʫʤʤʘʪʦʨ; 
MULTIPLIER – (Arbitrary Voltage Controlled Voltage Source) ʘʥʘʣʦʛʦʚʳʡ ʧʝʨʝʤʥʦʞʠʪʝʣʴ. 
ʅʘ ʈʠʩ. 46 - ʩʠʥʠʤ ʮʚʝʪʦʤ ʨʘʩʩʪʘʚʣʝʥʳ ʩʢʨʳʪʳʝ ʠʤʝʥʘ ʚʳʚʦʜʦʚ ʧʨʠʤʠʪʠʚʦʚ.  



ʇʦʣʝʟʥʳʡ ʩʦʚʝʪ: ʧʦʢʘ ʚʳ ʥʝ ʥʘʯʘʣʠ ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʩ ʧʨʠʤʠʪʠʚʘʤʠ ʠ ʥʝ ʟʘʧʦʤʥʠʣʠ: ʛʜʝ 
ʢʘʢʦʡ ʚʳʚʦʜ – «ʨʘʟʙʝʡʪʝ»  (Decompose) ʥʫʞʥʫʶ ʤʦʜʝʣʴ ʠ ʚʢʣʶʯʠʪʝ ʜʣʷ ʚʳʚʦʜʦʚ ʬʣʘʞʢʠ Show 
Name ʛʜʝ-ʥʠʙʫʜʴ ʥʘ ʩʚʦʙʦʜʥʦʤ ʧʦʣʝ ʧʨʦʝʢʪʘ, ʧʨʠ  ʵʪʦʤ ʦʥʘ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʤʦʜʝʣʴʶ, ʘ 
ʩʪʘʥʦʚʠʪʩʷ ʥʘʙʦʨʦʤ ʛʨʘʬʠʢʠ ʠ ʪʝʢʩʪʦʚʳʭ ʩʢʨʠʧʪʦʚ ʠ ʥʝ ʤʝʰʘʝʪ ʧʨʠ ʩʠʤʫʣʷʮʠʠ. ʋ ɺʘʩ ʞʝ ʧʨʠ 
ʵʪʦʤ ʚʩʝʛʜʘ ʙʫʜʝʪ ʧʝʨʝʜ ʛʣʘʟʘʤʠ ʠʥʬʦʨʤʘʮʠʷ – ʯʪʦ ʠ ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʦ. ʕʪʦ ʢʘʩʘʝʪʩʷ ʥʝ 
ʪʦʣʴʢʦ ʧʨʠʤʠʪʠʚʦʚ, ʥʦ ʠ ʜʨʫʛʠʭ ʤʦʜʝʣʝʡ, ʠʤʝʶʱʠʭ ʩʢʨʳʪʳʝ ʥʘʠʤʝʥʦʚʘʥʠʷ ʚʳʚʦʜʦʚ. 
 

 
ʈʠʩ.46 

 
ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʦ ʧʝʨʚʳʡ ʠʟ ʥʠʭ: AVCVS – ʠʩʪʦʯʥʠʢ ʥʘʧʨʷʞʝʥʠʷ, ʫʧʨʘʚʣʷʝʤʳʡ ʥʘʧʨʷʞʝʥʠʝʤ 

(ʚ ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦ SPICE ʩʦʢʨʘʱʝʥʥʦ ʀʅʋʅ). ɽʛʦ ʬʫʥʢʮʠʶ ʤʦʞʥʦ ʧʨʦʩʪʦ ʦʧʠʩʘʪʴ 
ʢʘʢ Uʚʳʭ=F(Uʚʭ). ʇʦ ʫʤʦʣʯʘʥʠʶ ʦʥʘ ʚʳʛʣʷʜʠʪ ʢʘʢ 1.0*V(A, B) – ʪ.ʝ. ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ (ʤʝʞʜʫ 
ʚʳʚʦʜʘʤʠ + ʠ – ) ʨʘʚʥʦ ʝʜʠʥʠʮʝ ʫʤʥʦʞʝʥʥʦʡ ʥʘ ʥʘʧʨʷʞʝʥʠʝ  ʤʝʞʜʫ ʚʭʦʜʘʤʠ ɸ ʠ ɺ. 
ʇʦʜʜʝʨʞʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʜʣʷ ʚʭʦʜʦʚ: V(A), V(B) ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʧʦ ʫʤʦʣʯʘʥʠʶ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʨʘʟʥʠʮʘ ʥʘʧʨʷʞʝʥʠʡ ʤʝʞʜʫ ʚʭʦʜʘʤʠ V(A, B). ʅʫʞʝʥ ʣʠʥʝʡʥʳʡ ʫʩʠʣʠʪʝʣʴ 
ʥʘʧʨʷʞʝʥʠʷ – ʚ Transfer Function (ʬʫʥʢʮʠʷ ʧʝʨʝʜʘʯʠ) ʜʦʩʪʘʪʦʯʥʦ ʠʟʤʝʥʠʪʴ 1.0 ʥʘ ʥʫʞʥʦʝ 
ʫʩʠʣʝʥʠʝ, ʥʘʧʨʠʤʝʨ – ʚ 10 ʨʘʟ  (ʈʠʩ. 47), ʭʦʪʷ ʧʨʦʱʝ ʵʪʦ ʩʜʝʣʘʪʴ ʩ ʧʦʤʦʱʴʶ ʦʧʠʩʘʥʥʳʭ ʜʘʣʝʝ 
ʣʠʥʝʡʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 
 

 
ʈʠʩ.47 

 
 ʏʪʦ ʧʨʠ ʵʪʦʤ ʤʳ ʫʚʠʜʠʤ ʥʘ ʘʥʘʣʦʛʦʚʦʤ ʛʨʘʬʠʢʝ - ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 48. ɺ ʧʨʠʣʘʛʘʝʤʦʤ ʧʨʠʤʝʨʝ 

Ex_AVS ʧʨʝʜʩʪʘʚʣʝʥ ʵʪʦʪ ʚʘʨʠʘʥʪ ʠ ʚʘʨʠʘʥʪ «ʚʳʧʨʷʤʣʷʶʱʝʛʦ» ʫʩʠʣʠʪʝʣʷ – ʬʫʥʢʮʠʷ ʟʘʧʠʩʘʥʘ, ʢʘʢ 
ABS(10*V(A,B)).   
 

 
ʈʠʩ.48 

 



ʆʩʥʦʚʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʥʝʣʠʥʝʡʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʤʳ ʤʦʞʝʤ ʧʨʠʤʝʥʠʪʴ ʜʦʩʪʘʪʦʯʥʦ 
ʩʣʦʞʥʳʝ ʬʦʨʤʫʣʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʠʭ ʧʦʚʝʜʝʥʠʝ. ʉʧʠʩʦʢ ʚʦʟʤʦʞʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʠ ʬʫʥʢʮʠʡ ʤʦʞʥʦ 
ʧʦʩʤʦʪʨʝʪʴ, ʢʣʠʢʥʫʚ ʧʦ ʢʥʦʧʢʝ HELP ʚ ʦʢʥʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ (ʈʠʩ. 47). ʋʯʠʪʳʚʘʷ, ʯʪʦ ʥʝ ʚʩʝ 
ʚʣʘʜʝʶʪ ʘʥʛʣʠʡʩʢʠʤ ʠ ʦʩʥʦʚʘʤʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʪʦ, ʯʪʦ ʪʘʤ ʝʩʪʴ ʥʝʢʦʪʦʨʳʝ 
çʵʢʟʦʪʠʯʝʩʢʠʝ» ʬʫʥʢʮʠʠ ʧʨʠʚʦʞʫ ʠʭ ʢʨʘʪʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ. 
ɼʦʧʫʩʪʠʤʳ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʪʦʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ: 
+  -  * / ^ – ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: ʩʣʦʞʝʥʠʝ, ʚʳʯʠʪʘʥʠʝ, ʫʤʥʦʞʝʥʠʝ, ʜʝʣʝʥʠʝ, ʚʦʟʚʝʜʝʥʠʝ ʚ ʩʪʝʧʝʥʴ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʫʤʤʘʪʦʨʘ (SUMMER) ʧʦ ʫʤʦʣʯʘʥʠʶ: V(A)+V(B) – ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ 
ʚʳʭʦʜʝ ʙʫʜʝʪ ʨʘʚʥʦ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʝ ʥʘʧʨʷʞʝʥʠʡ ʚʭʦʜʘ ɸ ʦʪʥʦʩʠʪʝʣʴʥʦ GND ʠ ʚʭʦʜʘ B 
ʦʪʥʦʩʠʪʝʣʴʥʦ GND (ʈʠʩ. 49). ʀ ʩʦʚʩʝʤ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʙʳʣʠ ʧʦʩʪʦʷʥʥʳʤʠ 
ʧʦʪʝʥʮʠʘʣʘʤʠ (ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ) – ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʣʶʙʳʝ  ʠʩʪʦʯʥʠʢʠ ʧʝʨʝʤʝʥʥʦʛʦ, ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʠ 
ʪ.ʧ. ʥʘʧʨʷʞʝʥʠʡ. ʆʧʝʨʘʮʠʷ x^y (x ʚ ʩʪʝʧʝʥʠ y) ʬʘʢʪʠʯʝʩʢʠ ʘʥʘʣʦʛʠʯʥʘ ʬʫʥʢʮʠʠ PWR, ʦʧʠʩʘʥʥʦʡ 
ʥʠʞʝ. 
 

 
ʈʠʩ.49 

ʇʦʩʢʦʣʴʢʫ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʧʦʜʨʦʙʥʦ ʪʦʣʴʢʦ ʠʩʪʦʯʥʠʢ ʩ ʚʭʦʜʥʳʤ ʫʧʨʘʚʣʷʶʱʠʤ ʩʠʛʥʘʣʦʤ 
ʥʘʧʨʷʞʝʥʠʷ, ʛʜʝ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʳʚʦʜʦʚ «ʥʫ ʦʯʝʥʴ ʚʝʣʠʢʦ», ʠ ʠʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʪʦ 
ʭʦʪʝʣʦʩʴ ʙʳ ʟʜʝʩʴ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʨʠʤʝʥʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʩ ʪʦʢʦʚʳʤʠ (Current) 
ʚʭʦʜʘʤʠ ʠ ʚʳʭʦʜʘʤʠ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʳʚʦʜʘʤʠ ʚʭʦʜʘ ʠʣʠ 
ʚʳʭʦʜʘ ʤʦʜʝʣʠ ʨʘʚʥʦ ʥʫʣʶ. ʇʦʵʪʦʤʫ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʙʫʜʴʪʝ ʚʥʠʤʘʪʝʣʴʥʳ – ɺʘʤ 
ʧʨʠʜʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʜʦʙʘʚʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ, ʙʫʜʴ ʪʦ ʚʭʦʜ ʠʣʠ 
ʚʳʭʦʜ, ʯʪʦʙʳ ʦʛʨʘʥʠʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʦʢ (ʈʠʩ. 50). ʀʥʘʯʝ ʧʦʣʫʯʠʪʝ ʦʰʠʙʢʫ, ʧʦʩʢʦʣʴʢʫ 
ProSPICE ʥʝ ʩʤʦʞʝʪ ʧʨʦʩʯʠʪʘʪʴ ʥʫʣʝʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 
 

 
ʈʠʩ.50 

 
ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʜʦʧʫʩʪʠʤʳʝ ʬʫʥʢʮʠʠ: 
ʊʨʠʛʦʥʦʤʝʪʨʠʷ: SIN, SINH, ASIN, ASINH (ʩʠʥʫʩʳ); COS, COSH, ACOS, ACOSH (ʢʦʩʠʥʫʩʳ);  TAN, 

TANH, ATAN, ATANH (ʪʘʥʛʝʥʩʳ) – ʚʩʝ ʵʪʦ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ. ʅʘʧʨʠʤʝʨ: SIN – ʩʠʥʫʩ; 
SINH – ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʩʠʥʫʩ; ASIN – ʘʨʢʩʠʥʫʩ - ʬʫʥʢʮʠʷ, ʦʙʨʘʪʥʘʷ ʩʠʥʫʩʫ. ʗ ʥʝ ʩʦʙʠʨʘʶʩʴ ʟʜʝʩʴ 
ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʨʠʛʦʥʦʤʝʪʨʠʶ, ʧʦʵʪʦʤʫ  ʢʪʦ ʝʝ «ʧʨʦʰʝʣ, ʥʦ ʟʘʙʳʣ» - ʦʪʢʨʳʚʘʡʪʝ ʣʶʙʦʡ ʩʧʨʘʚʦʯʥʠʢ 
ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʠ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʤ ʬʫʥʢʮʠʷʤ. ʆʩʪʘʣʴʥʘʷ ʤʘʪʝʤʘʪʠʢʘ: 
ABS – ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ – ʠʣʠ ʚ ʜʨʫʛʦʡ ʪʨʘʢʪʘʮʠʠ ʤʦʜʫʣʴ ʯʠʩʣʘ (ʪʦʣʴʢʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ). ʇʨʠʚʝʜʝʥ ʚ ʧʨʠʤʝʨʝ Ex_AVS, ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʨʷʤʣʝʥʠʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ 
ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʚʳʚʦʜʘʤʠ ɸ ʠ ɺ. 
EXP – ʬʫʥʢʮʠʷ ʦʙʨʘʪʥʘʷ ʥʘʪʫʨʘʣʴʥʦʤʫ ʣʦʛʘʨʠʬʤʫ, ʪ.ʝ. ʵʪʦ ʩʪʝʧʝʥʴ ʯʠʩʣʘ ʕʡʣʝʨʘ ʝ = 2,712828. 

ʍʦʪʝʣʦʩʴ ʙʳ ʩʨʘʟʫ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʵʪʦʤ ʞʝ ʩʧʠʩʢʝ ʬʫʥʢʮʠʡ LN – 
ʥʘʪʫʨʘʣʴʥʳʡ ʣʦʛʘʨʠʬʤ ʩʚʷʟʘʥ ʩ ʵʪʠʤ ʦʩʥʦʚʘʥʠʝʤ.  ɸ ʝʩʣʠ ɺʘʤ ʧʦʪʨʝʙʫʝʪʩʷ ʜʝʩʷʪʠʯʥʳʡ, ʪʦ 
ʧʨʠʜʝʪʩʷ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʫʥʢʮʠʝʡ LOG – ʣʦʛʘʨʠʬʤ ʧʦ ʦʩʥʦʚʘʥʠʶ 10. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʘʧʠʩʘʚ 
ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ, ʥʘʧʨʠʤʝʨ, ʢʘʢ  log(V(A, B)) ʧʨʠ ʧʦʜʘʯʝ ʥʘʧʨʷʞʝʥʠʷ 1000V ʥʘ ʚʭʦʜ (ʤʝʞʜʫ ɸ 
ʠ ɺ) ɺʳ ʧʦʣʫʯʠʪʝ ʥʘ ʚʳʭʦʜʝ ʥʘʧʨʷʞʝʥʠʝ 3V (ʩʪʝʧʝʥʴ ʯʠʩʣʘ 1000 ʧʦ ʦʩʥʦʚʘʥʠʶ 10). 
SQRT – ʢʘʢ ʤʥʦʛʠʝ, ʟʥʘʢʦʤʳʝ ʩ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ ʫʞʝ ʜʦʛʘʜʘʣʠʩʴ, – ʵʪʦ ʢʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ 

ʯʠʩʣʘ. ʅʫ ʠ ʦʜʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʘʤʝʯʘʥʠʝ – ʜʣʷ ʬʫʥʢʮʠʡ LN, LOG ʠ SQRT ʚ ʩʣʫʯʘʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 
ʟʥʘʯʝʥʠʷ ʘʨʛʫʤʝʥʪʘ ʨʝʟʫʣʴʪʘʪ ʚʳʨʘʞʝʥʠʷ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ ʦʪ ʤʦʜʫʣʷ (ʪ.ʝ. ʦʪ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 
ʟʥʘʯʝʥʠʷ ʘʨʛʫʤʝʥʪʘ), ʦʜʥʘʢʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʚʳʨʘʞʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʠ 
ʜʝʣʝʥʠʷ ʥʘ ʥʦʣʴ ɺʳ ʧʦʣʫʯʠʪʝ ʦʰʠʙʢʫ ʩʠʤʫʣʷʮʠʠ. ʗ ʭʦʯʫ ʟʜʝʩʴ ʟʘʨʘʥʝʝ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʝʩʣʠ, 
ʥʘʧʨʠʤʝʨ, ʫ ɺʘʩ ʚ ʟʥʘʤʝʥʘʪʝʣʝ ʜʨʦʙʠ ʚʳʨʘʞʝʥʠʷ ʩʪʦʠʪ ʩʠʥʫʩʦʠʜʘʣʴʥʘʷ ʠʣʠ ʜʨʫʛʘʷ ʬʫʥʢʮʠʷ, 
ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʥʦʣʴ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷʭ ʚʳʨʘʞʝʥʠʷ (ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ ʬʦʨʤʫʣʘ, ʚʚʝʜʝʥʥʘʷ  
ʚ Transfer Function) - ʚʳ ʠ ʩʣʦʚʠʪʝ ʵʪʫ ʦʰʠʙʢʫ. ɿʘ ʵʪʠʤ ʥʘʜʦ ʪʦʞʝ ʚʥʠʤʘʪʝʣʴʥʦ ʩʣʝʜʠʪʴ, ʯʪʦʙʳ ʥʝ 
ʥʘʧʦʨʦʪʴ ʢʦʩʷʢʦʚ. 



ʅʫ, ʵʪʦ ʙʳʣʠ ʚʩʝ ʩʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ, ʘ ʪʝʧʝʨʴ ʧʝʨʝʭʦʜʠʤ ʢ «ʵʢʟʦʪʠʢʝ». 
LIMIT – ʬʫʥʢʮʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʝʜʝʣʦʚ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʚʭʦʜʘʤ ʥʘʧʨʷʞʝʥʠʷ AVCVS ʜʣʷ ʜʚʫʭ 

ʧʨʝʜʝʣʦʚ: ʥʠʞʥʝʛʦ 10V ʠ ʚʝʨʭʥʝʛʦ 50V ʦʧʠʩʳʚʘʝʪʩʷ  ʪʘʢ: limit(V(A,B), 10, 50).  ʇʨʠ ʵʪʦʤ ʚʦʟʚʨʘʱʘʝʪ 
ʥʘ ʚʳʭʦʜʝ (ʤʝʞʜʫ ʚʳʚʦʜʘʤʠ + ʠ – ) ʥʘʧʨʷʞʝʥʠʝ 10V ʧʨʠ ʚʭʦʜʥʦʤ ʤʝʥʴʰʝ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ, 50V – ʧʨʠ 
ʚʭʦʜʥʦʤ ʙʦʣʴʰʝ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ ʠʣʠ ʨʘʚʥʦʝ ʚʭʦʜʥʦʤʫ, ʝʩʣʠ ʦʥʦ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 10 ʜʦ 50V. ʅʫ 
ʠ ʢʦʥʝʯʥʦ, ʜʣʷ ʠʩʪʦʯʥʠʢʘ ʩ ʚʭʦʜʥʳʤ ʪʦʢʦʚʳʤ ʩʠʛʥʘʣʦʤ ʟʘʧʠʩʴ ʙʫʜʝʪ ʠʥʘʷ – ʥʘʧʨʠʤʝʨ: limit(I(A,B), 
0.001, 0.1). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʝʣʳ ʥʠʞʥʠʡ – 1ʤɸ, ʚʝʨʭʥʠʡ – 100ʤɸ. ʆʙʨʘʱʘʶ ɺʘʰʝ ʚʥʠʤʘʥʠʝ ʥʘ 
ʪʦ, ʯʪʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʝʜʝʣʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʛʦʣʳʝ ʯʠʩʣʘ ʙʝʟ ʨʘʩʰʠʨʝʥʠʡ ʪʠʧʘ m, u, 
M ʠ ʪ.ʧ. (ʈʠʩ. 51). 
 

 
ʈʠʩ.51 

ʌʫʥʢʮʠʠ PWR ʠ PWRS ʦʧʝʨʠʨʫʶʪ ʩ ʜʚʫʤʷ ʘʨʛʫʤʝʥʪʘʤʠ ʠ ʩʦʛʣʘʩʥʦ HELP ʜʦʣʞʥʳ ʚʦʟʚʨʘʱʘʪʴ 
ʧʝʨʚʘʷ ʪʦʣʴʢʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ |x|^y (ʤʦʜʫʣʴ x ʚ ʩʪʝʧʝʥʠ ʫ), ʘ ʚʪʦʨʘʷ ʘʥʘʣʦʛʠʯʥʦ, ʥʦ ʩʦ 
ʟʥʘʢʦʤ ʧʨʠ ʫʩʣʦʚʠʠ, ʝʩʣʠ x<0 ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʯʠʩʣʦ, ʘ ʝʩʣʠ x>=0 ʟʥʘʯʝʥʠʝ 
ʬʫʥʢʮʠʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ. ʆʜʥʘʢʦ, «ʯʪʦ-ʪʦ ʥʝ ʪʘʢ ʚ ʜʦʤʝ ʃʘʙʮʝʥʪʨʘ». ɼʝʡʩʪʚʠʝ  ʵʪʠʭ ʬʫʥʢʮʠʡ 
ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 52. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʤʳ ʠʤʝʝʤ ʟʥʘʢʦʚʦʝ ʟʥʘʯʝʥʠʝ ʥʘ ʚʳʭʦʜʝ. ʆʩʪʘʚʠʤ ʵʪʦʪ 
ʧʘʨʘʜʦʢʩ ʥʘ ʩʦʚʝʩʪʠ ʨʘʟʨʘʙʦʪʯʠʢʘ, ʘ ʩʘʤʠ ʧʨʠʤʝʤ ʢ ʩʚʝʜʝʥʠʶ, ʯʪʦ ʝʩʣʠ ʥʝʦʙʭʦʜʠʤ ʤʦʜʫʣʴ, ʪʦ 
ʧʨʠʜʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʫʥʢʮʠʝʡ ABS. 
 

 
ʈʠʩ.52 

ʌʫʥʢʮʠʠ U ʠʣʠ STP ʚʦʟʚʨʘʱʘʶʪ ʝʜʠʥʠʮʫ, ʝʩʣʠ ʘʨʛʫʤʝʥʪ x>1 ʠʣʠ ʥʦʣʴ ʚ ʩʣʫʯʘʝ x<0, ʘ ʬʫʥʢʮʠʷ 
URAMP(x) ʚʦʟʚʨʘʱʘʝʪ ʥʦʣʴ ʧʨʠ x<0 ʠʣʠ ʩʘʤʦ ʟʥʘʯʝʥʠʝ ʭ ʧʨʠ x>1. ʇʨʦʚʝʨʠʤ ʠʭ ʜʝʡʩʪʚʠʝ 
ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʠʤ (ʈʠʩ. 53). ɿʜʝʩʴ ʚʨʦʜʝ ʚʩʝ, ʪʘʢ ʢʘʢ ʠ ʦʧʠʩʘʥʦ. ɂɗɍ əɘɒɏɛɍɍ ɑɓɈɘɗ 
ɍɖɔɓɐɡɌɓɇɅɗɡɖɤ, ɜɗɓɆɠ ɖɍɒɗɊɌɍɕɓɇɅɗɡ ɏɘɖɓɜɒɓ-ɒɊɐɍɒɊɎɒɠɊ əɘɒɏɛɍɍ, ɚɓɗɤ ɔɕɓɆɐɊɑɠ ɏɓɒɇɊɕɈɊɒɛɍɍ 
ɑɓɈɘɗ ɇɓɌɒɍɏɒɘɗɡ ɇ ɗɓɜɏɅɚ ɍɌɐɓɑɅ. 
 

 
ʈʠʩ.53 
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