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1      

 

1.1   

 

        

  .    

 ,      

,    «  ».  

    .   

    .   

      

 ,   .  

    ,     

 .  

    ,  

    -    .   

    ,   

  .  

  , ,   YouTube,  

  - ,   Coursera  Udemy, 

     , 

  ,    .   

       

,       ,   

        . 

         

  ,      .   

,       .  

 ,         

    . 
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        Spotify 

  45 .  .  ,  

   –      

  .  

 

1.2   

 

       

  ,      , , 

     .    

      .     

 ,    -     

  .        

   ,     .  

   ,   

  -  mp3     

,    . 

   ,     

    .     

       

  .       

- ,     ,  

        .  

        ,  

  ,     ,   

 « »  .  ,  

  ,  Napster.  

      -  ,  

   ,   -   

.         
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  ,     ,  

    ,    

 Napster.      « »  

 . ,  ,    

  « »,    ,   

   .  

 2003   Apple   -  

iTunes Store,  ,        

 .       

   ,     .  

,        , 

  ,   .  

    ,   

      

,       

,   .  

 

1.2.1   

 

  - ,   

     .  

     ,   

  -    ,   

  .      

  ,     

 ,   . 

 «  »    

   .  

    :     

.  ,    , 

https://ru.wikipedia.org/wiki/Apple
https://ru.wikipedia.org/wiki/%D0%9C%D1%83%D0%BB%D1%8C%D1%82%D0%B8%D0%BC%D0%B5%D0%B4%D0%B8%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B2%D0%B0%D0%B9%D0%B4%D0%B5%D1%80
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     .   

    ,     

. ,      .  

        

     ( , , 

    ),    , 

    .  

        

     - .   

       

,        ,   

    .  

      

  YouTube  Twitch. YouTube    

   ,   2014     

   . Twich   

 ,        

 .  

Netflix, Hulu  Amazon Prime Video    

  ,    

.    , 

 ,  ivi. ru,   .  

  ,   : 

NetEase, SoundCloud, Spotify, : .   BOOM. 

 

1.2.2     

 

      

         20-

 .         



 14 

       ,   

 -       

    .   

      

 ,    

  .     

   .   1980-   1990-  

    ,  

     

.    1990-     

 -   ,  -    

         

     ,   

   - .  

 1991       

Ethernet,       ,  

       .   1990-  

  2000-        

   ,   .   2000-   

        . 

     

   -  .   ,  

    ,  

      .  

The Severe Tire Damage   ,   

  . 24  1993      

-   Xerox PARC,    

 Mbone       

 .     

      .  



 15 

  152  76   -    , 

  ,   ,      

.    2017      

    ,     

       

  .  

 RealNetworks      

,    1995       

,        New 

York Yankees  Seattle Mariners.      

  10  1995   Paramount Theatre  ,  

.      The Seattle Symphony  

     Guns 'n Roses, Velvet 

Revolver, Soundgarden,  Pearl Jam.   1995    Word 

Magazine,         

. 

 «  »     Data 

Electronics Inc.    ,   

  .     «  » 

  Starlight Networks,       

    RealNetworks.   1990-    

    . 

       1992  

   StarWorks. StarWorks    

     MPEG-1    Ethernet. 

StarWorks    Starlight Networks,   

         

 Ethernet,   .   90-   ,  

     ,    
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     VDOnet,  

RealNetworks,  Precept,  Cisco. 

 1995  Microsoft  ,   

ActiveMovie,      

     .   

         

Windows Media Player 6.4  1999 .   1999  Apple  

     -  

QuickTime 4.       -  

     RealPlayer  Windows Media. 

   -  ,   

      

,          

   . 

 2000  Industryview.com   «    -

  »,     . 

-        , 

        

 .       

       . 

 2002       

    Adobe Flash    

   HTML5,     

    ,   YouTube. 

         

 Twitch  2011 ,      Periscope  

2015 .         

  .  
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  1999   ,      

Napster,      ,  

      mp3- .  

  1    . 

 

 

 

 1 –    

 

      ,   

 .   2009    ,  

Napster «         ,  

   ,  -   ,   

   ».     

,  ,    ,  

     Napster.  

         

  -     . Napster 

      ,    

  .     Napster   80 

    .     

,         

Napster,   ,   , 

 .  

 Napster      , 

    : LimeWire, BitTorrent  Pirate Bay. 
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     .   

   Napster   2001 ,    

       

 ,   .   

   ,     

  Universal Music Group, Sony Music Entertainment, 

Warner Music Group  EMI.      

       Napster, 

       Napster  2001 .  

,    Napster,   

 ,    .   

      mp3- ,      

   .   ,  

        

      ,  

   ,  ,   

 . 

 1999         

   TuneTo.com,  -  

.   2001   TuneTo.com   

 Listen.com,     -

.       3  2001  

        Rhapsody. 

Rhapsody          

 .  2002  Rhapsody      

    : BMG 

Entertainment, EMI Recorded Music, Universal Music Group, Warner Music 

Group  Sony Music Entertainment. 

       

  .      
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  14,6 .    1999   6,3 .   

 2009 . -  ,       , 

      ,  

     .   , 

       « » 

 -       

,     .   2018  

       ,  

  :  ,  , 

 .   2017      

   41,1%,     

   8,1%.      

        

.  

    ,   Deezer, 

Apple Music, SoundCloud  Amazon Prime Music,    

    - . ,  , 

,  . , BOOM  Spotify,     

     ,   

        ,  

   .  

       

 . Spotify    1  2019    207 

   78 , SoundCloud  175 ,  

Apple Music   60 .   ,    

  ,     

 - ,       

 . 
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1.2.3      

 

        

   .     

    .     

        

    .    , 

,    ,    

 .       

  (CDN). 

    ,   .  

    : MP3, Vorbis, 

AAC  Opus.      H.264, HEVC, 

VP8  VP9.  -     

 «  »,   MP4, FLV, WebM, ASF  ISMA.  

       , 

,   ,    .  

         

  . 

,     ,  

    -     

.     . 

 

1.2.3.1    

 

   (CDN) -   

  -      .  

  ,       

       

   .  
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  2     . 

 

 

 

 2 –     

 

 CDN    - , 

 -  ( ,   ),   

( ,  , ),  

(  , ),   ,  

   . 

CDN -    - .  ,   

     ,  

 CDN     .   

, CDN  ,       

       . 

CDN -   ,     

 :  ,   

,  -   ,  / 

 CDN,       

 CDN,  ,   

CDN, ,   «  ».  CDN  
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  ,   , 

     DDoS. 

 CDN     ,   

  .    

     ,    

    .    , 

 CDN,     .  

      ,    

.          

   .  

     ,  

      .  

 ,      , 

         

      . 

     ,   

 .  

  CDN      

,    ,     

 , : , , -  

  . .  

 CDN         

  ,        

   . 

       .  

      ,    

    :   .   

       . 

      

,      , 
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 ,     

.      -

,       

 .  

-   ,   ,  

,      .   

   ,    ,  

        , 

  .  

        

 .     

   - .  ,   

  ,       –  

        

.   

   ,    

     ,    

    .    

   ,     , 

  ,     .  

      

.        ,   

     –     

    .   , , 

       , 

  ,    -  

.        

  ,      

    . , ,   



 24 

 Spotify  2014        

   .  

        

  CDN,      CDN.  

    .  CDN  

  ,      .  

       

 - ,       

,    . 

   ,   

 (TSP)       

,         

    . 

    ,  

   ,   

CDN     CDN. 

   «  » -  , 

     .    

        . 

      

    ,       

. 

  CDN     

 ,   CDN    

         

. 

 ,      

,        

.   ,  CDN,  

  (    )     
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 ,        

.       ,   

    ,    

  CDN. 

    

       

 ,      

       , 

  [16]. 

 

1.2.3.2  ,      

 

 

       

   (TCP)    

 (UDP).   TCP -    

.   TCP ,       

,        . 

     ,     

 . UDP,    TCP,    

      ,   

    .   

 UDP        

 .  -  ,   TCP   

   ,   UDP   

  .  , TCP  

    ,   

    . 

      (RTSP), 

     (RTP)    
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    (RTCP)    

     .    

RTSP     -     

.  ,        

      . 

    RTSP -   .  

   TCP  UDP     

  .  , RTSP   

      : 

, ,   .    

  RTSP   RTP  RTCP.  

 RTP       

. RTCP,   ,      

 ,      

.        

       

 ,  RTP     UDP.   

, TCP     RTP,   ,   

    RTP. 

        

(RTMP).    ,   

Adobe,        

     Adobe Flash Player. RTMP  

   TCP      

   .  ,     

     ,    

       . 

  RTMP   .   

 RTMP    ,    HTTP 

 HLS.      -  , 
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       Mac, iOS, Android, 

Windows   .  ,   RTSP, RTMP  

        

        

.   ,    . RTMP 

      ,    , 

   Apple,      

   .  ,  

     ,    

  ,  RTMP    

 .  

HTTP      ,  

        

.  ,  HTTP      

. HTTP       , 

      TCP.      

 UDP, ,   SSDP  HTTPU.  

 HTTP    RTSP  RTMP  

  -     

         

   .     

HTTP  ,      .  , 

    ,   .  

      - , 

     .   

   HTTP,     

       

 RTSP  RTMP        

 HTTP.       

,   HTTP.    ,  
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    ,   

  ,       

   .  

   HTTP Live Streaming (HLS)  

  Apple      

    .      

     ,   ,  

  .    HLS , 

            

.        

  .       

      

    .   

  HLS     -    

 . 

    HLS - HTTP Dynamic Streaming 

(HDS)  Adobe  Smooth Streaming  Microsoft.    

        

HTTP.  

MPEG-DASH -       

,    HTTP. MPEG-DASH   

        

 ,     . 

  TCP     ,   HLS, 

    ,   

 .  ,   MPEG-DASH  

      

   :  , 

    .   

  -       



 29 

   . MPEG-DASH    ,  

,     ,    

 .      , 

   ,    .  

,  MPEG-DASH   ,  

  Apple, Adobe  Google,    

 .  ,    

  ,   ,    

,   [13].  

 

1.2.4 Pandora 

 

Pandora Radio (    Pandora Internet Radio   

Pandora) -   ,    

      

,     Music Genome Project. 

,   Sirius XM Satellite Radio,    

. Pandora   ,   

    ,   .  

  –      ,   

       . 

       - ,   

 . Pandora -   freemium,   

,      ,   

  ,     

 ,     ,  

   .  Pandora  

    Music Genome Project.  

    2000   ,  

   ,    Savage Beast Technologies. 
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    ,   ,     

     ,    

.  2001       

 2      .    

 ,    ,   

    . 

 2014   Pandora     

 76    ,      

70%        . 

  2019   Sirius XM Satellite Radio  

 Pandora  3,5  . 

Music Genome Project       

    1999 . Music Genome Project -   

     450    

    . Music Genome Project  

    5 ,   

: , , - , , ,    . 

        

     . 

   ,    

 450 « » (  ,   

    ).    

 , ,   ,  

  ,  -   . .    

     –      

     ,   

  20  30   .     

  ,     

 . 
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-  -   150 , -   350,   

   400.   ,   

   ,   450 .   

       . 

     0  5     .  

       

   ,       

  . 

Music Genome Project    Pandora Media  

  ,   Pandora Radio,  

  .     

    ,    

   Pandora Radio [20]. 

 

1.2.5 The Echo Nest  Spotify 

 

The Echo Nest -  ,    

   ,    

   .  

 The Echo Nest    

 MIT Media Lab,       

   . 

      ,   : 

      

   ,   

    ,    

  . 

    The Echo Nest,   2005 , 

        

  [8, 18]. 
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 2010  2012  The Echo Nest    

 24,3 .      .  

  The Echo Nest     , 

   30  .    

     

        

   .       

  API.       API 

  7000     

 .  

 The Echo Nest    

   Pandora –    

,   ,     

Pandora          

.      Pandora   20-30 ,  

 The Echo Nest      . 

The Echo Nest     1 . ,  

        

 .   2011    Echoprint - 

      . 

  2014   The Echo Nest   Spotify  

49,7 . . API      31  2016 

. 

Spotify –   ,   

  2006     .       

  -  Kazaa  The Pirate Bay,   

       

. , Spotify      

       .  
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  ,     

  –    Sony, Warner Music  

Universal    ,   2008   

  , , ,   . 

        

 ,  ,    

  Spotify.     

       

,         

  ,      .  

  - ,     

       .   

    ,  

  .  

  Spotify   :  

      -   $9.99  

      .     

 70%       ,  

    ,    

,      . 

 70%,   ,  

      

 Spotify. 

    Spotify    

   .    

  ,   ,   

.      

,       ,   

Facebook.       

,       .  
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   2014   Spotify   58 

     60  . 15  , 

 - ,   90% .  

 -  Spotify    

   - ,     

Spotify    .  ,   Spotify   

 -    73   2014  . 

  , Spotify        -    

 1,37 .    2014    -  

 226,14 .  . 

Spotify       

   ,   

 .      

        ,   

       . 

  2016   Spotify  The Echo Net    

,       API    

 The Echo Nest.  

    The Echo Nest   

  Spotify. 

 

1.2.6   

 

      

 ,    « »,  

   .    

   ,      

  -   ,   Netflix, 

YouTube  Spotify,    - ,   

Amazon,      ,   
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Facebook  Twitter.       

      .  

  3    ,   

,       . 

 

 

 

 3 –    

 

       

  (     ,  

    ),    , 

  .      

 ,     . 

         

   ,  

     . 

       

 . 
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  ,    

     - Last.fm  Pandora. 

Last.fm ,        

  ,    .    

     ,    

 ,        

  .    . 

Pandora      (  

 400 ,   Project Music Genome),  

 ,       

.  ,  , 

,       

    .     

 . 

         .  

   Last.fm    

  ,    .  

  ,      

 .     Pandora   

   ,   ,   

         

. 

     

,      , 

       . 
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1.2.6.1   

 

        

    . 

    ,    

     ,     . 

  ,     

   ,    . 

   ,    

   .  

      

,         , , 

,      ,  

  .      

,     ,   

   . 

       

    . 

     : 

-         -  ; 

-           

  ; 

-             

; 

 -       ,   

. 

       : 

-     ,   ; 

-      ,     

 ;  



 38 

-         . 

 ,    

,   .  

1  . 

 ,     , 

      .    

     .   

      –     

,       . 

2 . 

 ,     

 ,      

.    ,   

    ,    

 . 

3 . 

      

 ,     ,    

       [4].  

 

1.2.6.2     

 

     

      .  

        

 .  

        

,   .     

  ,     

,       . 
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,    ,    

.  ,    , 

  ,    .  

    –  

 ,      

  ,       

. 

        

 ,        

       .   

     ,    

,      , 

          

. ,  ,     

   , ,     

 . 

       

     .    

       .  

        

        

    [9, 11].  

 

1.2.6.3    

 

       

,        

.  ,    

       ,  

 ,      [3]. 
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   ,    

 . 

     —   

         

 .  —     

   . 

       

  : 

1.  —      

; 

2.  —      

    ; 

3.  —   /   

 ; 

4.  —     , 

      . 

 

1.2.6.4     

 

      

    .    

    .  

     .  

       , 

    .    

,     . 
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     ,   

     . 

1 . 

,  ,   , 

    ,     

. 

2  . 

      ,   

 .       

         

 . 

3 . 

      

,        

    .     

      

    . ,  

      , 

      . 

4 . 

 , «   ». , 

 ,      

 ,    ,     

 ,       

 [12, 14]. 
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1.2.7      

  

 

      

.         

     .  

        

  ,      

.        

       

 .   :  

 ,  , ,   .   

      .  

   ,  

  ,       : 

Pandora  Spotify.    , -   

    .    ,  

        

.  

- Pandora –       

     ,   , 

    .  

  ,      

   –  .    

      30  [20].  

- The Echo Nest/Spotify –  The Echo Nest  ,   Pandora 

   ,     

   ,     

.     ,   The Echo Nest 

     .  
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    .    

     . , 

    Spotify,     

  . 

 The Echo Nest     

   .     

    ,     

    .  , 

   ,   ,  

,   Spotify     

     [19]. 

  ,     The Echo Nest  , 

    ,   

    ,   

       .  

        

. 

       : 

-    ,    

   ; 

-       

,         

   ; 

-        

     . 
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    ,      

     ,    

     . 

 

2.3    

 

     , 

      .    

   MPEG-3 Layer 3   320 /   

  44100 ,    

    .  

 

2.4      

 

      

        . 

     ,    

 -  25   20 .       

   ISO 266    

.        

   .      

 500 ,       

.   -     ,  

   .       500 

,         

   .      
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    (1):  

 

1-n1.013525F ,                                                                                      (1) 

 

 F –    n; 

      n –    ,    1  500. 

          

   .      

      .  

       .  
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s

E

M

s

s
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n
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  1 ,                                                                                               (2) 

 

 Mn –        n; 

      n –    ,    1  500; 

      s –    ; 

     s
n

E  –     n   s. 
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  6        

 25     .  

 

 

 

 6 –       25  

 

2.5     

 

       

 . ,   , 

  .     ,  

   .      ,    

       , 

        .  

,     .   

    –      

  .        

 ,        

 ,    [17].  

       

      . 
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       - 1/64 ,  

  . ,      

,      . 

  . ,   

  ,   ,   , 

 238 BPM [10].    1/64    

 15 . 

    44100 ,   15   

661,5 .        ,  

     662 .   

     c. 

       

    (3): 

 





c

s

s
c EE

1
,                                                                                                  (3) 

 
 cE  –    ,   c ; 

       c –      1/64 ; 

       s –     ; 

      sE  –    ,    s. 

       

     1 .    

,      ,     

.    ,       

.       

 44100 , ,  1   

44100 . 

        

    ,     
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,        662  

   1 .  

        1    

   ,       

  (4): 

 





R

s

s
avg E

cR
E

1/

1
,                                                                                        (4) 

 

 Eavg –     ,   R ; 

       R –   ; 

       c –      1/64 ; 

       s –     ; 

      sE  –    ,    s. 

        

        

  ,     ,    

  .    ,  

  1,3   .    K.  

,   ,    

    (5): 

 

avgc EKE  ,                                                                                               (5) 

 

 cE  –    ,    

 ; 

        Eavg –     ; 

        K –      . 
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 ,      ,    

   .     
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      (6): 

 

12

60

tt
BPM


 ,                                                                                             (6) 

 

 BPM –    ;  

       t1 –    ; 

       t2 –    . 

       , 

   ,    ,   1/8 ,  BPM  

    .  BPM   

  100  200,       ,  

 ,    2  4.  
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 ,     –   , 
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 –  ,        

 ,    –      

.  



 55 

    ,    

,          

 -  - .    ,     

      . 

        25  63 

,    - .   25    

,         

  .       

 . 

  1     ,   

 . 

                         1 –    

  
 
 

, 
 

1 B1 61,7 

1# ( 1♭) A1# (B1♭) 58,3 

1 A1 55 

1# ( 1♭) G1# (A1♭) 51,9 

1 G1 49 
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