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1   

 

1.1    

 

MIDI,   Musical Instrument Digital Interface,   

        

 –   ,   , 

    ,    

   ,    

  ,     [1]. 

MIDI-  –   ,   MIDI-

.        

 , , , , ,    

. 

VST (Virtual Studio Technology) –    , 

    , ,  

  .     c Propellerhead 

 Steinberg,  Propellerhead      

VST,      Steinberg. 

   VST- ,       

,       .  

 VST-  –    ,   

. 

 –       

,    «  MIDI-

» [2]. 

      

  –  ,  

      . 
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1.2  

 

     1964 .   

           

  – Moog synthesizer [3].     , 

  ,  ,   , 

 ,  ,  ,   

,     .      

 ,   , , 

,      .    

   ,     

   .   ,  

,    . 

Yamaha DX7 –  ,   Yamaha  

1983  [4].   ,    FM-

.   6 ,     

  32 ,         

 .       

  .      

   – FM8. 

Serum – ,   Xfer Records   vst-

  .     ,  

   ,       

   .    ,  

        .   

    ,     

 .      ,  

  ,        

 .  
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Massive – vst- ,   Native Instruments. 

   ,    

  ,  ,     

.       , 

  ,         

. 

 

1.3   

 

         

.       

.       

    ,     

    .   

      : 

     ,    

   ;  

   MIDI- ,      ,   

    ; 

  ADSR- ,      

  . 

,        

  . 

 

1.4       

 

      ,  

   ,  .  

     .  ,  
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       ,    

 . 

  –  ,     

.     ,   

.   ,     

    ,   .  

    ,       

  20 , ,      

40   .  ,       

.   ,       

 ,    , ,  

 –      .  

  ,    .  

  : 

 WAV,   Wave Audio File Format –  

     ,     

Windows.       ,   

  ,        . 

       ; 

 MP3      

.        

,        ,  

    ; 

 MIDI        

  .     

 ,        ,  

    ,   . 
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2    

 

2.1    

 

    ,   

    .     

    .     

 ,   ,       

 .   1     – 

, ,   . 

 

 

 1 – , ,      

 

     ,     

     .     

(  )     – , 

  ,       

   .      

: 

    ,     ,  

      ; 

       , 

         12 

  ; 

       ,   , 

     6   ; 

          

,       6   . 
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       ,  

    . ,    

  ,      -1  +1.  

  . 

    : 

 𝑥 𝑡 = sin 𝜋𝑡 ,      (1) 

 

 t –  ,    0  1. 

    : 

 𝑥 𝑡 = | − 𝑡| − , ,     (2) 

 

 t –  ,     (1). 

    : 

 𝑥 𝑡 = − 𝑡,     (3) 

 

 t –  ,     (1). 

    : 

 𝑥 𝑡 = − ,       (4) 

 

 t –  ,   ≤  𝑡 <  , ; 

 𝑥 𝑡 = ,       (5) 

 

 t –  ,  ,  ≤  𝑡 ≤  . 
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2.2      

 

        

.     MIDI- .  

 MIDI     .     

 0 –   « »,    .  

 –     ,   127.  

  MIDI-     : 

  𝑓 = ⋅ 𝑛−69
,     (6) 

 

 f –   ; 440 –  ,   

         

; n –   ; 69 –      

 MIDI. 

 

2.3 ADSR- щ  

 

     .   

    ADSR- . 

ADSR-  –  ,   -  

  ,     .  

    Attack, Decay, Sustain  Release,  

  .   : 

 Attack – ,     . 

         

  ,   ; 

 Decay – ,      

.         

  ,     ; 
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 Sustain – ,    .   

   ,      , 

      ; 

 Release – ,    . 

         

 . 

   :   ,  

          

,            

  ,   MIDI-    ;    

 ,       ,    

 ,   ,    ,  

   .  

 

2.4   

 

     

  .      , 

         ADSR-

.   2      

,  OSC –     ,   

 ADSR. 

 

 

 2 –    
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2.5  WDL-OL 

 

       WDL-OL, 

    IPlug –     C++  

   ,    

 API       .  

  Schwa/Cockos, IPlug   

 . IPlug   WDL,     

  WDL-OL,     WDL  

Cockos   ,     IPlug. 

  IPlug   API VST2, VST3, AudioUnit RTAS  AAX. 

     /    

Windows/OSX    IOS-  Apple [5]. 

 

2.6    

 

        

,    .  ,   

: 

  ,    , , 

   ; 

  ADSR- ,     

   ; 

  ,   

   ,    ADSR-

. 

       C++   WDL-

OL. 
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3   

 

3.1   

 

     :  ,  

   ,  ADSR-    

    .   

   3. 

 

 3 – UML-   
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3.2   PracticeSynth 

 

 PracticeSynth    ,   

  ,      

. 

    : 

 PracticeSynth(IPlugInstanceInfo instanceInfo) – , 

  , , MIDI-   ; 

 CWTOsc* mOsc –     ; 

 CADSREnvL* mEnv –     ;  

 double* mTable[4] –     ; 

 bool mKeyStatus[128] – ,   ,   

  ; 

 enum EParams –  ,    

   ; 

 void OnParamChange(int paramIdx) – ,   

 -     ,   

   ; 

 void ProcessDoubleReplacing(double** inputs, double** outputs, int 

nFrames) –     ,      

 MIDI- ; 

 int FindFreeVoice() –      

MIDI- ; 

 void NoteOnOff(IMidiMsg* pMsg) –  MIDI-   

   . 

 CVoiceState mVS[16] –   ,    

     16 . 

 CVoiceState   .  –  , 

  ,      . 

 



16 

 

 

3.3   CADSREnvL 

 

 CADSREnvL   ADSR- . 

    : 

 double mAttackIncr, mDecayIncr, mReleaseIncr –  

 ; 

 enum EADSREnvStage –    ; 

 void setStageTime –    ,   

 ; 

 void setSustainLevel –     

; 

 double process –    ,  

     . 

 CADSREnvLState : 

 double mEnvValue –   ; 

 int mStage –   ; 

 double mLevel –  ,    

 . 

 

3.4   CWTOsc 

 

 CWTOsc       

     . 

    : 

 void setLUT –        

 ; 

 double process –    ,   

          . 

 CWTOscState :  

 double mPhase –    ; 
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 double mPhaseIncr –   . 

 

3.5    

 

       ,  

  MIDI- .   MIDI-  

   .    , 

   ,    .   

       

.        , ,  

  .         

,    Attack, Decay, Sustain, Release,   

ADSR- .     (OSC)  

    : , 

,    ( ).   4  

  . 

 

 

 4 –    

 

3.6   

 

      ,  

    TABLE_SIZE    
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  1   1.       

  ,       

 .     , , 

        5. 

 

 

 

 5 –   , ,   

   

 

3.7   

 

       

   ADSR-    EParams (  6).  

 

 

 6 –  EParams 
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      (  7). 

      ,   

,  ,   ,    

InitDouble, . 

 

 

 7 –    

 

         . 

      ,   

      .   

  ,   ,   

 ,   .  

       AttachControl, 

       IKnobMultiControl,  

        ,  

x  y,     ,  

  ,    ,  

    IBitmap   (  8). 

 

 

 8 –      

 



20 

 

 

  -     OnParamChange, 

        (  

9).         . 

 

 

 9 –  OnParamChange 

 

3.8  MIDI-  

 

  ,    , 

      IBitmap.   – 

      ,     

 .    ,    

  .      

    ,    

     .  

    AttachControl     

  IKeyboardControl,      

 ,  x  y,    ,  
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,           

coords,           « » 

  « ».  ,      

   (  10). 

 

 

 10 –  MIDI-  

 

3.9  MIDI- щ  

 

       ProcessDoubleReplacing.  

   MIDI-    .  ,  

  -  ,  ,    

  .     ,    

 .  ,     , 

   ,     .   

   MIDI- .  

    , ,     , 

     ,   NoteOnOff,  

    (  11). 
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 11 –   NoteOnOff 

 

     ,    

 .      CVoiceState, 

    CWTOscState  CADSREnvLState,   

 ,    (  12). 

 

 

 12 –   CVoiceState 

      , 

 ,         

,      .  
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     ,      

       . 

       . 

 -      ,   ,   

         

 CWTOsc     ADSR-  CADSREnvL 

(  13). 

 

 

 13 –     

 

3.10  ADSR- щ  

 

 ,  ,    

,    14. 

 ADSR-     EADSREnvStage, 

    ,    CADSREnvLState. 

  , ,   ,   

 kIdle,    . 
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 14 –   ADSR-  

 

 CADSREnvL    .    

      ,  

     .    

    .      

        ,   

  .  

 ,    , –  ,  ,  

  , –  .     . 

     ,   ,   ,  

     .    

  ,    .     , 

          . 

    ,    ,   

          

,      ,   . 

  –   –    ,   

         . 
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,    ,    .   

    process,        

  (    ),   

  . 

 

3.11   

 

  15   ,   

CWTOscState,     CWTOsc. 

 

 

 15 –      

 

 CWTOsc        . 

 ,   ,  ,    

     ,       

  .  process     

,         

(  16).     ,     

 . 
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 16 –    

 

3.12    

 

       .  

   :  ,     

,    . 

       ,  

     . 

         

. 

      , 

 MIDI-        .  

        

MIDI- ,     ,   

  .           

 ,    . 

        

MIDI- ,     .    

     –    

   . 

 

  



27 

 

 

4    

 

4.1   

 

      , 

   . 

 OSC         

    (  17):  

   1    ; 

   2    ; 

   3    ; 

   4    . 

 

 

 17 –   OSC 1,2,3  4  

 

 Attack, Decay, Sustain, Release    

ADSR-       OSC    

 (  18): 

  Attack    ,   ,  

        

   .       

 ; 

  Decay    ,   ,   

         

Sustain.        ; 
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  Sustain      . 

          

; 

  Release    ,   ,  

        .  

      . 

 

 

 18 –   ADSR-  

 

      

(  19).    ,        

    . 

 

 

 19 –    

 

4.2    

 

     .  

 1.   – ,   , 

  ,   ,   

 (  20).    ,   

     .   

    . 
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 20 –  .  1 

 

 2.   – ,   , 

  ,   ,   

 (  21).         

   .   –   . 

 

 

 21 –  .  2 

 

 3.   – ,   , 

  ,   ,   

 (  22).      ,  

     ,   

–  .      –  , 

 ,  ,    ,   

 . 
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 22 –  .  3 

 

 4.   – ,   , 

  ,   ,   

 (  23).   ,      

,    –  .   ,   

,   . 

 

 

 23 –  .  4 

 

4.3    

 

      ,   

   .     

 ,   ADSR- ,   MIDI- . 
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Ч  

 

           

ADSR- .       

  ,      

.        

,  ,     (  24). 

 

 

 24 –   MIDI-  

 

 ,    : 

    ,    

      ,   

  ; 

       

,    (   )    

; 

      ADSR-   

;  

      ,    

   . 
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