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®¯¥à�æ¨®−−®£® ãáâà®©áâ¢� (÷�“). �à¥¤«®¦¥− ¯®¤å®¤ ¨ ¬¥â®¤¨ª� �¯¯�à�â-
−®-¯à®£à�¬¬−®£® ¬®¤¥«¨à®¢�−¨ï ¨ â¥áâ¨à®¢�−¨ï ãáâà®©áâ¢� −� ®á−®¢¥ −®¢®©
�àå¨â¥ªâãàë. �¯¨áë¢�îâáï à�§à�¡®â�−−ë¥ ¯à®£à�¬¬−�ï ¨ �¯¯�à�â−�ï ¬®¤¥«¨
ãáâà®©áâ¢�, áà¥¤áâ¢� ¬®¤¥«¨à®¢�−¨ï ¨ ®â«�¤ª¨, � â�ª¦¥ à¥§ã«ìâ�â ¨å ¨−â¥£à�-
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�¯à®¡�æ¨¨ ¯«�âä®à¬ë −� ®¤−®© ¨§ ¯®¤§�¤�ç à�á¯®§−�¢�−¨ï ¨§®«¨à®¢�−−ëå
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�¯¯�à�â−®-¯à®£à�¬¬−®¥ ¬®¤¥«¨à®¢�−¨¥ ¨ â¥áâ¨à®¢�−¨¥ ÷�“

� â�ª¦¥ ¢ëç¨á«¨â¥«ì−®£® ãáâà®©áâ¢� −� ¥¥ ®á−®¢¥. �à¥¤«�£�¥¬�ï −¥âà�¤¨æ¨-
®−−�ï �àå¨â¥ªâãà� ¯à¥¤−�§−�ç¥−� ¤«ï à¥�«¨§�æ¨¨ ¯�à�««¥«ì−ëå ¢ëç¨á«¥−¨©
®£à�−¨ç¥−−®© à�§¬¥à−®áâ¨ ¢ ®¡«�áâ¨ æ¨äà®¢®© ®¡à�¡®âª¨ á¨£−�«®¢ (–�‘).

‚ −�áâ®ïé¥¥ ¢à¥¬ï à�§à�¡�âë¢�¥âáï ®¯ëâ−ë© ®¡à�§¥æ, −�§¢�−−ë© à¥ªãàà¥−â-
−ë¬ ®¡à�¡®âç¨ª®¬ á¨£−�«®¢ (÷�‘), ¨á¯®«−ï¥¬ë© ¢ £¨¡à¨¤−®¬, ¤¢ãåãà®¢−¥¢®¬
¢�à¨�−â¥ á ¢¥¤ãé¨¬ ä®−-−¥©¬�−®¢áª¨¬ ¯à®æ¥áá®à®¬ −� ã¯à�¢«ïîé¥¬ (¢¥àå−¥¬)
ãà®¢−¥ (““) ¨ àï¤®¬ ¯®â®ª®¢ëå ¯à®æ¥áá®à®¢ −� −¨¦−¥¬ ãà®¢−¥ | ÷�“ [1].
„�−−�ï à¥�«¨§�æ¨ï �àå¨â¥ªâãàë ¡ë«� −�§¢�−� úƒ¨¡à¨¤−�ï �àå¨â¥ªâãà� à¥ªãà-
à¥−â−®£® ®¡à�¡®âç¨ª� á¨£−�«®¢û (ƒ�÷�‘). ‚ ª�ç¥áâ¢¥ ¤¥¬®−áâà�æ¨®−−®© §�¤�ç¨
¤«ï ƒ�÷�‘ ¡ë«� ¢ë¡à�−� §�¤�ç� à�á¯®§−�¢�−¨ï ¨§®«¨à®¢�−−ëå á«®¢ ¢¢¨¤ã
¢ëá®ª®© áâ¥¯¥−¨ £®â®¢−®áâ¨ ¥¥ ¬�â¥¬�â¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ¨ ¥¥ �«£®à¨â¬®¢,
¢®á¯à®¨§¢®¤ïé¨å è¨à®ª¨© á¯¥ªâà â¨¯®¢ëå §�¤�ç –�‘.

�à¥¤¢�à¨â¥«ì−ë¬ íâ�¯®¬ à�§à�¡®âª¨ «î¡®© â¥å−¨ç¥áª¨ á«®¦−®© á¨áâ¥¬ë
ï¢«ï¥âáï á®§¤�−¨¥ àï¤� ¬®¤¥«¥©: ¬�â¥¬�â¨ç¥áª¨å, ¯à®£à�¬¬−ëå ¨ �¯¯�à�â−ëå,
áà¥¤áâ¢�¬¨ ª®â®àëå ®áãé¥áâ¢«ï¥âáï ®â«�¤ª� ®á−®¢−ëå ¬¥å�−¨§¬®¢ äã−ªæ¨®−¨-
à®¢�−¨ï á¨áâ¥¬ë. ‚ å®¤¥ ¯à®¥ªâ¨à®¢�−¨ï ãª�§�−−ëå ¬®¤¥«¥© ¡ë« ¢ëï¢«¥− àï¤
¯à®¡«¥¬, à¥§ã«ìâ�â à¥è¥−¨ï ª®â®àëå ¡ë« ®ä®à¬«¥− ¢ ¢¨¤¥ ¬¥â®¤¨ª¨ (¯®¤å®¤�)
�¯¯�à�â−®-¯à®£à�¬¬−®£® ¬®¤¥«¨à®¢�−¨ï à¥ªãàà¥−â−®£® ®¡à�¡®âç¨ª� á¨£−�«®¢.
��áâ®ïé�ï áâ�âìï ¯®á¢ïé¥−� ®¯¨á�−¨î ¢ëï¢«¥−−ëå ¯à®¡«¥¬, à�§à�¡®â�−−®£®
¯®¤å®¤� ¨ à¥§ã«ìâ�â®¢ ¥£® �¯à®¡�æ¨¨.

2 Проблемы моделирования ГАРОС. Методика
аппаратно-программного моделирования и отладки

‘ãé¥áâ¢ã¥â −¥áª®«ìª® ®á−®¢−ëå ¯®¤å®¤®¢ ª à�§à�¡®âª¥ á¨áâ¥¬ –�‘. ‚ à�¡®-
â¥ [2] �¢â®à ¯à¨¢®¤¨â ¤®áâ�â®ç−® ¯®¤à®¡−®¥ ®¯¨á�−¨¥ ¤�−−ëå ¯®¤å®¤®¢, � â�ª¦¥
¯à¨¢®¤¨â ª«îç¥¢ë¥ �á¯¥ªâë ¬¥â®¤� �¯¯�à�â−®-¯à®£à�¬¬−®£® ¬®¤¥«¨à®¢�−¨ï
Hardware in the Loop (HIL). úŒ¥â®¤®«®£¨ï HIL ®¡¥á¯¥ç¨¢�¥â ¯à®¬¥¦ãâ®ç−ë©
ãà®¢¥−ì ª®−âà®«ï à�§à�¡�âë¢�¥¬ëå á¨áâ¥¬ | ¬¥¦¤ã ¯à®£à�¬¬−ë¬ ®¡¥á¯¥ç¥−¨¥¬
¬®¤¥«¨à®¢�−¨ï ¨ â¥áâ¨à®¢�−¨¥¬ ®¡®àã¤®¢�−¨ï ¯à®¥ªâ�û, | ¯¨è¥â �¢â®à. ‘®£«�á-
−® ¬¥â®¤®«®£¨¨ HIL ¢á¥ ®á−®¢−ë¥ íâ�¯ë à�§à�¡®âª¨ á¨áâ¥¬ –�‘ ¨−â¥£à¨àãîâáï
¢ ¥¤¨−ë© ¨â¥à�æ¨®−−ë© æ¨ª« ¯à®¥ªâ¨à®¢�−¨ï. „àã£¨¬¨ á«®¢�¬¨, ¯à®£à�¬¬−ë¥
¨ �¯¯�à�â−ë¥ ¬®¤¥«¨ á¨áâ¥¬ë äã−ªæ¨®−¨àãîâ ¨ ®â«�¦¨¢�îâáï ¥¤¨−®¢à¥¬¥−−®.

‚ à�¬ª�å HIL ¨á¯®«ì§ãîâáï â�ª¨¥ ¯à®£à�¬¬−ë¥ áà¥¤áâ¢�, ª�ª
MATLAB/Simulink, Altera DSP Builder ¨ ¤à. ‘ â®çª¨ §à¥−¨ï à�§à�¡®âç¨-
ª®¢ ÷�‘ ¯à¨¢¥¤¥−−�ï ¢ëè¥ ¬¥â®¤®«®£¨ï HIL ®ª�§�«�áì ¯à¨¢«¥ª�â¥«ì−®© ¤«ï
¢−¥¤à¥−¨ï. �¤−�ª® ¡ë« ®¡−�àã¦¥− æ¥«ë© àï¤ ¯à®¡«¥¬, ¯à¥¯ïâáâ¢ãîé¨å ¯à¨«®-
¦¥−¨î HIL ¢ ¯®«−®¬ ®¡ê¥¬¥. ‘à¥¤¨ íâ¨å ¯à®¡«¥¬ ¬®¦−® ¢ë¤¥«¨âì á«¥¤ãîé¨¥:

(1) à�§à�¡®âç¨ª�¬ −¥ ã¤�«®áì à¥�«¨§®¢�âì −¥ª®â®àë¥ ¯®«®¦¥−¨ï, «¥¦�-
é¨¥ ¢ ®á−®¢¥ ƒ�÷�‘, ¢ ç�áâ−®áâ¨ à¥ªãàà¥−â−®áâì áà¥¤áâ¢�¬¨ áà¥¤ë
MATLAB/Simulink;
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„. ‚. •¨«ìª®, ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª® ¨ ¤à.

(2) ¯®áâà®¥−¨¥ VHDL (VHSIC (Very High Speed Integrated Circuits) Hard-
ware Description Language) ¬®¤¥«¨ −� ®á−®¢¥ ¬�â¥¬�â¨ç¥áª®© âàã¤−® ¨«¨
−¥¢®§¬®¦−® §�¢¥àè¨âì ¢¢¨¤ã ¯à®¡«¥¬ë 1;

(3) ã−¨ª�«ì−®áâì ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå ¢ ƒ�÷�‘ ¢ ¢¨¤¥ úí«¥¬¥−â� á�¬®®¯à¥-
¤¥«ïîé¨åáï ¤�−−ëåû á¨«ì−® §�âàã¤−ï¥â ¨«¨ ¤¥«�¥â −¥¢®§¬®¦−ë¬ âà�−á«ï-
æ¨î ¢ ï§ëª ‘++, ¨á¯®«ì§ã¥¬ë© ¢ á¨áâ¥¬¥ MATLAB ¢ ª�ç¥áâ¢¥ ®á−®¢−®£®;

(4) à¥§ã«ìâ�â âà�−á«ïæ¨¨ ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨ ¢ VHDL ¨ ¥£® ¯®á«¥¤ãîé¨©
¯¥à¥−®á ¢ ¯à®£à�¬¬¨àã¥¬ãî «®£¨ç¥áªãî ¨−â¥£à�«ì−ãî áå¥¬ã (�‹ˆ‘) −¥
ã¤®¢«¥â¢®àïîâ ä¨§¨ç¥áª¨¬ ®£à�−¨ç¥−¨ï¬ ¬¨ªà®áå¥¬ë;

(5) ®âáãâáâ¢¨¥ áà¥¤áâ¢ à�§à�¡®âª¨ ¨ ®â«�¤ª¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï
÷�‘ ¯à¨¢¥«® ª −¥®¡å®¤¨¬®áâ¨ àãç−®£® ¯à®¥ªâ¨à®¢�−¨ï ¨ â¥áâ¨à®¢�−¨ï,
çâ® á¨«ì−® §�âàã¤−ï«® �¢â®¬�â¨§�æ¨î ¯à®æ¥áá� ¬®¤¥«¨à®¢�−¨ï.

�ë«¨ ¢ëï¢«¥−ë ¨ ¤àã£¨¥ ¯à®¡«¥¬ë ¬®¤¥«¨à®¢�−¨ï, −® ãª�§�−−ë¥ ï¢«ïîâáï
®á−®¢−ë¬¨. ‚ ¯à®æ¥áá¥ ¯®¨áª� à¥è¥−¨ï ¤�−−ëå ¯à®¡«¥¬ ¡ë« ¢ëà�¡®â�− ¯®¤å®¤
ª ®à£�−¨§�æ¨¨ ¯à®æ¥áá� ¬®¤¥«¨à®¢�−¨ï ¨ ®â«�¤ª¨ ƒ�÷�‘, ®¯à¥¤¥«¥−ë ª®¬-
¯®−¥−âë �¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢, ª®â®àë¥ −¥®¡å®¤¨¬® á®§¤�âì, ®áãé¥-
áâ¢«¥−� ¨å à�§à�¡®âª�. �à¥¤«�£�¥¬ë© ¯®¤å®¤ §�ª«îç�¥âáï ¢ à�§à�¡®âª¥ æ¥«¥¢®©
¯«�âä®à¬ë ¤«ï ¯à®¢¥àª¨ à�¡®â®á¯®á®¡−®áâ¨, ®æ¥−ª¨ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ®¡®-
àã¤®¢�−¨ï á¨áâ¥¬ë ƒ�÷�‘ ¢ à¥�«ì−ëå ãá«®¢¨ïå, ®â«�¤ª¨ á¯¥æ¨�«¨§¨à®¢�−−®£®
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (��) ¤«ï ƒ�÷�‘.

“ª�§�−−�ï æ¥«¥¢�ï ¯«�âä®à¬� ¤®«¦−� ¢ª«îç�âì ¢ á¥¡ï: áà¥¤áâ¢� ¬�â¥¬�â¨-
ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ƒ�÷�‘ (¨¬¨â�æ¨®−−ãî ¬®¤¥«ì, −�¯¨á�−−ãî −� ï§ëª¥
¢ëá®ª®£® ãà®¢−ï); áà¥¤áâ¢� �¯¯�à�â−®£® ¬®¤¥«¨à®¢�−¨ï (VHDL-¬®¤¥«ì, ¨á¯®«-
−ï¥¬ãî ¢ áà¥¤¥ ModelSim); ®¯ëâ−ë© ®¡à�§¥æ −� �‹ˆ‘; áà¥¤áâ¢� à�§à�¡®âª¨
��, ¯à¥¤−�§−�ç¥−−®£® ¤«ï äã−ªæ¨®−¨à®¢�−¨ï ¢ áà¥¤¥ ƒ�÷�‘.

‘ ãç¥â®¬ ¢ë¡à�−−®£® ¯®¤å®¤� ¯® �−�«®£¨¨ á ¬¥â®¤®«®£¨¥© HIL ¡ë«� à�§à�-
¡®â�−� ¬¥â®¤¨ª� �¯¯�à�â−®-¯à®£à�¬¬−®£® ¬®¤¥«¨à®¢�−¨ï ¨ ®â«�¤ª¨ ƒ�÷�‘:

(1) à�§à�¡®âª� á −ã«ï «¨¡® ãá®¢¥àè¥−áâ¢®¢�−¨¥ ¬�â¥¬�â¨ç¥áª®© (¨¬¨â�æ¨®−−®©)
¬®¤¥«¨, ¢ ª�ç¥áâ¢¥ ¯«�âä®à¬ë à�§à�¡®âª¨ ¡ë« ¢ë¡à�− ï§ëª ¯à®£à�¬¬¨à®-
¢�−¨ï C#;

(2) à�§à�¡®âª� á −ã«ï «¨¡® ãá®¢¥àè¥−áâ¢®¢�−¨¥ VHDL-¬®¤¥«¨ áà¥¤áâ¢�¬¨
¯à®£à�¬¬−ëå ¯à®¤ãªâ®¢ Altera;

(3) à�§à�¡®âª� â¥áâ®¢ ¯à®¢¥àª¨ á®®â¢¥âáâ¢¨ï ¨¬¨â�æ¨®−−®© ¨ VHDL-¬®¤¥«¨
¨ ¨å ¯®á«¥¤ãîé¥¥ ¬®¤¥«¨à®¢�−¨¥;

(4) à¥�«¨§�æ¨ï ¯à®¥ªâ� −� ¡�§¥ �‹ˆ‘ ª®¬¯�−¨¨ Altera;

(5) ®â«�¤ª� ¯®«ãç¥−−®© á¨áâ¥¬ë;

(6) ¨−â¥£à�æ¨ï íâ�¯®¢ 1{5 ¢ ¥¤¨−ë© ¨â¥à�æ¨®−−ë© æ¨ª« ¯à®¥ªâ¨à®¢�−¨ï;

(7) á®§¤�−¨¥ áà¥¤áâ¢ à�§à�¡®âª¨ ��, � â�ª¦¥ ¥¤¨−®© áà¥¤ë ¬®¤¥«¨à®¢�−¨ï,
¨−â¥£à¨àãîé¥© ¢ á¥¡¥ ¢ëè¥ãª�§�−−ë¥ ¬®¤¥«¨ ¨ â¥áâë;
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�¯¯�à�â−®-¯à®£à�¬¬−®¥ ¬®¤¥«¨à®¢�−¨¥ ¨ â¥áâ¨à®¢�−¨¥ ÷�“

(8) ¨â¥à�æ¨®−−�ï à�§à�¡®âª� ¨ ®â«�¤ª� ƒ�÷�‘ áà¥¤áâ¢�¬¨ ¥¤¨−®© áà¥¤ë ¬®-
¤¥«¨à®¢�−¨ï.

’�ª¨¬ ®¡à�§®¬, ¡ë«� §�«®¦¥−� ®á−®¢� ¨−â¥£à¨à®¢�−−®© áà¥¤ë à�§à�¡®âª¨
¤«ï ƒ�÷�‘, −�§¢�−−�ï �¢â®à�¬¨ ¢ à�¡®â¥ [3] GAROS IDE.

3 Описание среды GAROS IDE и ее ключевых компонентов

‚ ¯à®æ¥áá¥ ¯®¨áª� à¥è¥−¨ï ¯à®¡«¥¬ ¯à®£à�¬¬¨àã¥¬®áâ¨ ƒ�÷�‘ ¡ë«� à�§-
à�¡®â�−� ¬¥â®¤®«®£¨ï ¯à®£à�¬¬¨à®¢�−¨ï, −�§¢�−−�ï �¢â®à�¬¨ ¢ à�¡®â¥ [4] à¥-
ªãàà¥−â−®-¯®â®ª®¢®© ¬¥â®¤®«®£¨¥© ¯à®£à�¬¬¨à®¢�−¨ï. ‚ à�¬ª�å ¤�−−®© ¬¥â®-
¤®«®£¨¨ ã¤�«®áì ä®à¬�«¨§®¢�âì ¯à®æ¥áá à�§à�¡®âª¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï,
®¯à¥¤¥«¨âì ¥£® ª«îç¥¢ë¥ íâ�¯ë, � â�ª¦¥ ¯®¤å®¤ë ª ®à£�−¨§�æ¨¨ ®â«�¤ª¨ à�§à�-
¡�âë¢�¥¬ëå ¯à®£à�¬¬. ”®à¬�«¨§®¢�−−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¯à®æ¥áá� ¯à®£à�¬¬¨-
à®¢�−¨ï ƒ�÷�‘ ¯®á«ã¦¨«® äã−¤�¬¥−â®¬ ¤«ï à�§à�¡®âª¨ ¯à®â®â¨¯� ¨−â¥£à¨à®-
¢�−−®© áà¥¤ë ¯à®£à�¬¬¨à®¢�−¨ï GAROS IDE, äã−ªæ¨®−�«ì−ë¥ ¢®§¬®¦−®áâ¨
ª®¬¯®−¥−â®¢ ª®â®à®£® ®å¢�âë¢�îâ ¢á¥ ¢¢¥¤¥−−ë¥ ¢ à�¬ª�å ¬¥â®¤®«®£¨¨ íâ�¯ë.

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢¥¤ãâáï à�¡®âë ¯® à�§¢¨â¨î ¨ ãá®¢¥àè¥−áâ¢®¢�−¨î ¨−-
â¥£à¨à®¢�−−®© áà¥¤ë à�§à�¡®âª¨ GAROS IDE, −�§−�ç¥−¨¥ ª®â®à®© í¢®«îæ¨-
®−¨à®¢�«® ®â ¯à®áâ®© áà¥¤ë ¯à®£à�¬¬¨à®¢�−¨ï ¤® ¯®«−®æ¥−−®£® ª®¬¯«¥ªá�
¬®¤¥«¨à®¢�−¨ï, ¯à®£à�¬¬¨à®¢�−¨ï ¨ ®â«�¤ª¨. ‚ à�¡®â¥ [5] ¯à¨¢®¤¨âáï ®¡é�ï
áâàãªâãà� ¯à®â®â¨¯� íâ®© áà¥¤ë, ¥¥ �àå¨â¥ªâãà� ¨ ®¯¨á�−¨¥ ª®¬¯®−¥−â®¢. ��
à¨á. 1 ¯à¥¤áâ�¢«¥−� áâàãªâãà� GAROS IDE.

÷¨á. 1 �¡®¡é¥−−�ï áâàãªâãà� GAROS IDE
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Š®¬¯®−¥−â ú„¥ª®¬¯®§¨â®àú ¯à¥¤−�§−�ç¥− ¤«ï ¤¥ª®¬¯®§¨æ¨¨ à¥è�¥¬®© §�-
¤�ç¨.

‘â®à®−−¨¥ áà¥¤áâ¢� Ÿ‚“ (ï§ëª®¢ ¢ëá®ª®£® ãà®¢−ï) | −�¡®à ¯à®£à�¬¬−ëå
áà¥¤áâ¢ ¤«ï à�§à�¡®âª¨ âà�¤¨æ¨®−−®£® ��: ¤«ï à¥�«¨§�æ¨¨ ¯à®£à�¬¬ë ““.

Š®¬¯®−¥−â ú�ªáâà�ªâ®àû ¯à¥¤−�§−�ç¥− ¤«ï ¨§¢«¥ç¥−¨ï £à�ä� ¢ëç¨á«¨-
â¥«ì−®£® ¯à®æ¥áá� (‚�) ¨§ ®¯¨á�−¨ï ¯®¤§�¤�ç¨ −� ï§ëª¥ ¢ëá®ª®£® ãà®¢−ï.

Š®¬¯®−¥−â úƒà�äû | ¬−®£®äã−ªæ¨®−�«ì−ë© ª®¬¯®−¥−â, ¯à¥¤®áâ�¢«ïîé¨©
è¨à®ª¨© á¯¥ªâà ¢®§¬®¦−®áâ¥© ¤«ï à�¡®âë á ¢¨§ã�«ì−ë¬¨ £à�ä�¬¨. ‚ á«ãç�¥
−¥®¡å®¤¨¬®áâ¨ (¢ á®®â¢¥âáâ¢¨¨ á à¥ªãàà¥−â−®-¯®â®ª®¢®© ¬¥â®¤®«®£¨¥©) ¯®¤§�¤�ç�
¬®¦¥â ¡ëâì ¯¥à¥¤�−� ¢ ú„¥ª®¬¯®§¨â®àû ¤«ï ¯®¢â®à−®© ¤¥ª®¬¯®§¨æ¨¨.

Š®¬¯®−¥−â úŠ�¯áã«�û ¯à¥¤−�§−�ç¥− ¤«ï à�¡®âë á® á¯¥æ¨�«¨§¨à®¢�−−ë¬¨
¯à®£à�¬¬�¬¨, äã−ªæ¨®−¨àãîé¨¬¨ ¢ ÷�“, | ª�¯áã«�¬¨.

Š®¬¯®−¥−â úˆ¬¨â�â®à ““û ¯à¥¤−�§−�ç¥− ¤«ï ¨−â¥à¯à¥â¨à®¢�−¨ï ¯à®-
£à�¬¬ë ““. Œ®¦¥â à�¡®â�âì ¢ ¤¢ãå à¥¦¨¬�å: ¯®«−®© ¨−â¥à¯à¥â�æ¨¨ ¯à®£à�¬¬ë
¨ ¨−â¥à¯à¥â�æ¨¨ ¯à¨ ¯®¬®é¨ ¯à®£à�¬¬ë �÷���÷ [6].

Š®¬¯®−¥−â úˆ¬¨â�â®à ÷�“û ¯à¥¤−�§−�ç¥− ¤«ï ¨−â¥à¯à¥â¨à®¢�−¨ï ¯à®-
£à�¬¬ë ®¯¥à�æ¨®−−®£® ãà®¢−ï. Œ®¦¥â à�¡®â�âì ¢ ç¥âëà¥å à�§«¨ç−ëå à¥¦¨¬�å:
¨−â¥à¯à¥â�æ¨ï ¢ à¥¦¨¬¥ �÷���÷, ¨¬¨â�æ¨®−−®¥ ¬®¤¥«¨à®¢�−¨¥ ¯à¨ ¯®¬®é¨
¯à®£à�¬¬ë ‘ˆŒ�÷� (¯à®£à�¬¬� à¥�«¨§ã¥â ¨¬¨â�æ¨®−−ãî ¬®¤¥«ì ÷�“) [7],
¬®¤¥«¨à®¢�−¨¥ ¯à¨ ¯®¬®é¨ VHDL-¬®¤¥«¨, ¨−â¥à¯à¥â�æ¨ï −� ®¯ëâ−®¬ ®¡à�§æ¥.

Š®¬¯®−¥−â ú‹¨−ª¥àû ¯à¥¤−�§−�ç¥− ¤«ï ®à£�−¨§�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã
¨¬¨â�â®à�¬¨ ““ ¨ ÷�“ á ãç¥â®¬ ¨−ä®à¬�æ¨¨, åà�−ïé¥©áï ¢ ª�àâ�å ¯�¬ïâ¨
¨ ¤�−−ëå. �áãé¥áâ¢«ï¥â á¡®àªã ¨ ¨−â¥à¯à¥â�æ¨î ¢á¥© §�¤�ç¨ ¢ æ¥«®¬.

Š®¬¯®−¥−â ú‚¨§ã�«¨§�â®àû ¯à¥¤−�§−�ç¥− ¤«ï ®â®¡à�¦¥−¨ï à¥§ã«ìâ�â®¢ ¬®-
¤¥«¨à®¢�−¨ï ¨ ®â«�¤ª¨ ��.

‘ â®çª¨ §à¥−¨ï ®¯¨áë¢�¥¬®£® ¢ áâ�âì¥ ¯®¤å®¤� ¨ ¬¥â®¤¨ª¨ �¯¯�à�â−®-¯à®-
£à�¬¬−®£® ¬®¤¥«¨à®¢�−¨ï ¨ ®â«�¤ª¨ ƒ�÷�‘ −�¨¡®«¥¥ ¢�¦−ë¬ ª®¬¯®−¥−â®¬
ï¢«ï¥âáï úˆ¬¨â�â®à ÷�“û, ¢ª«îç�îé¨© ¢ á¥¡ï ª�ª ¨¬¨â�æ¨®−−ãî ¬®¤¥«ì
÷�“, â�ª ¨ �¯¯�à�â−ãî VHDL-¬®¤¥«ì ÷�“. ‚ à�¡®â¥ [1] ¯à¨¢®¤¨âáï ¯®¤à®¡−®¥
®¯¨á�−¨¥ VHDL-¬®¤¥«¨ ÷�“, � ¢ à�¡®â¥ [8] | ®¯¨á�−¨¥ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨.
„�«¥¥ ¯à¨¢®¤¨âáï ¨å ªà�âª®¥ ®¯¨á�−¨¥.

4 Имитационная модель рекуррентного операционного устройства

ˆ¬¨â�æ¨®−−�ï ¬®¤¥«ì ¢ª«îç�¥â ¢ á¥¡ï á«¥¤ãîé¨¥ ª®¬¯®−¥−âë:

(1) ¡ãä¥à−�ï ¯�¬ïâì (��) | ª®¬¯®−¥−â, «®£¨ç¥áª¨ à�§¤¥«¥−−ë© −� ¤¢� ¡«®ª�
(ä¨§¨ç¥áª¨ | ¥¤¨−®¥ æ¥«®¥); �¤à¥áã¥âáï ¤¢ã¬ï ¨−¤¥ªá−ë¬¨ à¥£¨áâà�¬¨ IR0
¨ IR1;

(2) ¨−â¥àä¥©á−ë¥ à¥£¨áâàë IR0, IR1, F0, F1, D0, D1, ¯à¥¤−�§−�ç¥−−ë¥
¤«ï ¬®¤¥«¨à®¢�−¨ï ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ““, �� ¨ ÷�“, � â�ª¦¥ ¤«ï
¯®¤¤¥à¦ª¨ ¡¨¡«¨®â¥ª¨ ¨−â¥àä¥©á�;
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(3) ¢á¯®¬®£�â¥«ì−®¥ ãáâà®©áâ¢® ã¯à�¢«¥−¨ï, ®à£�−¨§ãîé¥¥ ¬−®£®ªà�â−®¥ ¨á-
¯®«−¥−¨¥ ª�¯áã«ë ¨ ¥¥ äà�£¬¥−â®¢;

(4) à�á¯à¥¤¥«¨â¥«ì | ®á−®¢−®© ª®¬¯®−¥−â, ®â¢¥ç�îé¨© §� ®¡à�¡®âªã ¯®â®ª�
®¯¥à�−¤®¢ ¨ ¨å à�ááë«ª¨ ¯® á¥ªæ¨ï¬ −�§−�ç¥−¨ï;

÷¨á. 2 �àå¨â¥ªâãà� ¨¬¨â�æ¨®−−®© ¬®¤¥«¨
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(5) ¨¬¯«¨ª�â®à | ª®¬¯®−¥−â ®¡à�¡®âª¨ ¢ëå®¤−ëå à¥§ã«ìâ�â®¢, ®â¢¥ç�îé¨© §�
á¢®¥¢à¥¬¥−−ë© ®â¡®à ¢ëå®¤−ëå ¤�−−ëå ¯®â®ª� ¯à®¬¥¦ãâ®ç−ëå ®¯¥à�−¤®¢
¨ §�¯¨áì ¨å ¢ ��;

(6) ¯�¬ïâì ª®−áâ�−â (á¥ªæ¨®−−�ï ¨ á¥ªæ¨®−−�ï-à¥£¨áâà®¢�ï) | ª®¬¯®−¥−â, ¯à¥¤-
−�§−�ç¥−−ë© ¤«ï åà�−¥−¨ï ¯®áâ®ï−−ëå ¤�−−ëå;

(7) ¯�¬ïâì á®¢¯�¤¥−¨© | ã¯à®é¥−−ë© �−�«®£ �áá®æ¨�â¨¢−®©;
(8) ¯�¬ïâì ¯¥à¥å®¤®¢, åà�−ïé�ï ãá«®¢¨ï ¯¥à¥å®¤®¢ ¨ äã−ªæ¨®−�«ì−ë¥ ¯®«ï

®¯¥à�−¤� | à¥§ã«ìâ�â� ¯¥à¥å®¤�, áâàãªâãà−® �−�«®£¨ç−�ï ¯�¬ïâ¨ á®¢¯�¤¥-
−¨©;

(9) ¦®−£«¥à, ¯à¥¤−�§−�ç¥−−ë© ¤«ï �−�«¨§� ¯�à ®¯¥à�−¤®¢ ¨ ¯à¨−ïâ¨ï à¥è¥−¨ï
® å�à�ªâ¥à¥ ¯à®â¥ª�−¨ï ¢ëç¨á«¥−¨© ¢ ¢ëç¨á«¨â¥«¥;

(10) ¢ëç¨á«¨â¥«ì (4 èâ.) | á®¢®ªã¯−®áâì ¢ëç¨á«¨â¥«ì−ëå ¡«®ª®¢ (ã¬−®¦¨â¥«ì,
�‹“16 ¨ �“40), ¯®¤¤¥à¦¨¢�îé�ï à�§−ë¥ à¥¦¨¬ë áã¯¥àáª�«ïà−®© à�¡®âë;

(11) è¨−ë E- ¨ Em-¬�£¨áâà�«¨ ¯¥à¥áë«ª¨ ¯à®¬¥¦ãâ®ç−ëå ¤�−−ëå;
(12) ª®−áâàãªâ®à ª�¯áã«.

�àå¨â¥ªâãà� ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ ¯à¥¤áâ�¢«¥−� −� à¨á. 2.

VHDL-модель рекуррентного операционного устройства

�� à¨á. 3 ¯à¨¢¥¤¥−� áâàãªâãà� VHDL-¬®¤¥«¨ ƒ�÷�‘. Š«îç¥¢ë¥ ª®¬¯®-
−¥−âë á®®â¢¥âáâ¢ãîâ �−�«®£¨ç−ë¬ ¢ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨.

÷¨á. 3 ‘âàãªâãà� VHDL-¬®¤¥«¨ ƒ�÷�‘

84 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 4 2015



�¯¯�à�â−®-¯à®£à�¬¬−®¥ ¬®¤¥«¨à®¢�−¨¥ ¨ â¥áâ¨à®¢�−¨¥ ÷�“

ú‚ á®áâ�¢ ú‚ëç¨á«¨â¥«ïû ¢ª«îç¥−® �¢â®−®¬−®¥ ãáâà®©áâ¢® ¯à¥®¡à�§®¢�−¨ï
â¥£®¢ (�’), ª®â®à®¥ ®¡«�¤�¥â ¢®§¬®¦−®áâìî á�¬®à�§¢¥àâª¨ ¢ëç¨á«¨â¥«ì−®£®
¯à®æ¥áá�. “áâà®©áâ¢® �’ ¯à¥¤áâ�¢«ï¥â á®¡®© ¯à®áâãî ª®¬¡¨−�æ¨®−−ãî áå¥¬ã,
á®¤¥à¦�éãî áà¥¤áâ¢� −�áâà®©ª¨ −� ¯à¥¤¬¥â−ãî ®¡«�áâì. ‚ ¯�¬ïâ¨ ¥áâì â®«ìª®
−�¡®à ®¯¥à�−¤®¢ ¨ −�ç�«ì−ëå §−�ç¥−¨© ¨å äã−ªæ¨®−�«ì−ëå ¯®«¥©, ª®â®àë¥
¤¨−�¬¨ç¥áª¨ ¯®¤¢¥à£�îâáï à¥ªãàà¥−â−®© á�¬®à�§¢¥àâª¥ ãáâà®©áâ¢®¬ �’û [3].

5 Апробация аппаратно-программной среды моделирования

‘à¥¤� à�§à�¡®âª¨ ¨ ¬®¤¥«¨à®¢�−¨ï GAROS IDE −�å®¤¨âáï ¢ �ªâ¨¢−®© áâ�-
¤¨¨ à�§à�¡®âª¨ ¨ ¯®áâ®ï−−® ãá®¢¥àè¥−áâ¢ã¥âáï. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ®−� ¯®§¢®«ï¥â
®áãé¥áâ¢«ïâì à�§à�¡®âªã ª�¯áã«, ¢ë¯®«−ïâì ¨å ¬®¤¥«¨à®¢�−¨¥ ¨ ®â«�¤ªã ª�ª
áà¥¤áâ¢�¬¨ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨, â�ª ¨ áà¥¤áâ¢�¬¨ �¯¯�à�â−®© ¬®¤¥«¨, ¯à¨ç¥¬
¢ë¯®«−ïâì ®¡� íâ¨å ¬®¤¥«¨à®¢�−¨ï ¬®¦−® ®¤−®¢à¥¬¥−−® á ¯®áâ®ï−−ë¬ ª®−âà®«¥¬
à¥§ã«ìâ�â®¢.

„«ï �¯à®¡�æ¨¨ ¢®§¬®¦−®áâ¥© á®§¤�−−®© ¯«�âä®à¬ë ¡ë« à¥�«¨§®¢�− ¨ ®â-
«�¦¥− àï¤ ¯®¤§�¤�ç à�á¯®§−�¢�−¨ï ¨§®«¨à®¢�−−ëå á«®¢. Š�¦¤�ï ¨§ ¯®¤§�¤�ç
¡ë«� à¥�«¨§®¢�−� ¢ ¢¨¤¥ ª�¯áã«ë, ¡ë«¨ ¯®«ãç¥−ë à¥§ã«ìâ�âë ¨å ¬®¤¥«¨à®¢�−¨ï.
„«ï ¤¥¬®−áâà�æ¨¨ ¢®§¬®¦−®áâ¥© áà¥¤ë à�áá¬®âà¨¬ �«£®à¨â¬ RASTA-ä¨«ìâà�-
æ¨¨. �à¨ ¯®¬®é¨ áà¥¤áâ¢ GAROS IDE ¯®«ãç¥−−�ï ª�¯áã«�, à¥�«¨§ãîé�ï
�«£®à¨â¬ RASTA-ä¨«ìâà�æ¨¨, ¯à¥®¡à�§ã¥âáï ¢® ¢−ãâà¥−−¨© ä®à¬�â do-ä�©«�
¬®¤¥«¨à®¢�−¨ï ModelSim. �� à¨á. 4 ¯à¥¤áâ�¢«¥− á−¨¬®ª íªà�−� ä®à¬¨à®¢�−¨ï
do-ª�¯áã«ë.

÷¨á. 4 ”®à¬¨à®¢�−¨¥ ª�¯áã«ë ¨ do-ª�¯áã«ë
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÷¨á. 5 ÷¥§ã«ìâ�âë ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï

÷¨á. 6 ÷¥§ã«ìâ�âë VHDL-¬®¤¥«¨à®¢�−¨ï
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„�«¥¥ ¯®«ãç¥−−�ï ª�¯áã«� ¨¬¯«¥¬¥−â¨àã¥âáï ¢ ‘¨-¯à®£à�¬¬ã à�á¯®§−�¢�â¥-
«ï ¨§®«¨à®¢�−−ëå á«®¢ á æ¥«ìî ¨§¢«¥ç¥−¨ï ¢á¥å ¯à®¬¥¦ãâ®ç−ëå ¨ ¢ëå®¤−ëå
¤�−−ëå, −¥®¡å®¤¨¬ëå ¤«ï ¯à®¢¥àª¨ ª®àà¥ªâ−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ª�ª ª�¯-
áã«ë, â�ª ¨ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨. ˆ§¢«¥ç¥−−ë¥ ¤�−−ë¥ ¬®£ãâ ¡ëâì ¢áâ�¢«¥−ë
¢ ª�¯áã«ã ¢ ¢¨¤¥ ª®¬¬¥−â�à¨¥¢ ¤«ï ã¤®¡áâ¢�. ‘«¥¤ãîé¨¬ è�£®¬ ï¢«ï¥âáï
¬®¤¥«¨à®¢�−¨¥ ¨ ®â«�¤ª� ª�¯áã«ë áà¥¤áâ¢�¬¨ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ ÷�“. ��
à¨á. 5 ¯à¥¤áâ�¢«¥− á−¨¬®ª íªà�−� à¥§ã«ìâ�â®¢ ¬®¤¥«¨à®¢�−¨ï, ¤¥¬®−áâà¨àãîé¨©
á®¢¯�¤¥−¨¥ ¢á¥å ¢ëå®¤−ëå à¥§ã«ìâ�â®¢ á ®¦¨¤�¥¬ë¬¨.

�¤−®¢à¥¬¥−−® á ¨¬¨â�æ¨®−−ë¬ ¨á¯ëâ�−¨¥¬ ¬®¦−® §�¯ãáâ¨âì VHDL-¬®-
¤¥«ì áà¥¤áâ¢�¬¨ ModelSim, â�ª ª�ª íâ®â ¯à®æ¥áá ¢ GAROS IDE ¢ë¯®«−ï¥âáï
¢ ä®−®¢®¬ ¯®â®ª¥. ÷¥§ã«ìâ�âë ¬®¤¥«¨à®¢�−¨ï ¬®£ãâ −�¡«î¤�âìáï âà¥¬ï á¯®á®-
¡�¬¨: ¢ ¢¨¤¥ ¢à¥¬¥−−‚ëå ¤¨�£à�¬¬ ¬®¤¥«¨à®¢�−¨ï (−�¨¡®«¥¥ ¤¥â�«¨§¨à®¢�−−®¥
¯à¥¤áâ�¢«¥−¨¥); ¢ ¢¨¤¥ SVG (Scalable Vector Graphics) ¤¨�£à�¬¬ ¢¨§ã�«¨§�æ¨¨
à¥§ã«ìâ�â®¢ (−�¨¡®«¥¥ ã¤®¡−ë© ¤«ï ®â«�¤ª¨); ¢ ¢¨¤¥ −�¡®à� −�¡«î¤�¥¬ëå á¨£−�-
«®¢ (¤«ï ®â«�¦¥−−ëå ª�¯áã«). �� à¨á. 6 ¯à¨¢®¤¨âáï á−¨¬®ª íªà�−� à¥§ã«ìâ�â®¢
VHDL-¬®¤¥«¨à®¢�−¨ï ª�¯áã«ë RASTA-ä¨«ìâà�æ¨¨. �à¥¤áâ�¢«¥−−ë¥ ¤�−−ë¥
(Di) ¨¬¥îâ ¤¥áïâ¨ç−ë© ä®à¬�â. �à¨ ¯¥à¥¢®¤¥ ¨å ¢ è¥áâ−�¤æ�â¥à¨ç−ë© ä®à¬�â
−¥âàã¤−® ã¡¥¤¨âìáï, çâ® ¤�−−ë¥ á®¢¯�¤�îâ.

6 Заключение

‚ å®¤¥ à�¡®â ¯® á®§¤�−¨î ¢ëç¨á«¨â¥«ì−®£® ãáâà®©áâ¢�, ®á−®¢�−−®£® −� à¥-
ªãàà¥−â−®-¯®â®ª®¢®© ¬®¤¥«¨ ¢ëç¨á«¥−¨©, ¡ë« à�§à�¡®â�− íää¥ªâ¨¢−ë© ¯®¤å®¤,
� â�ª¦¥ ¬¥â®¤¨ª� �¯¯�à�â−®-¯à®£à�¬¬−®£® ¬®¤¥«¨à®¢�−¨ï ¨ â¥áâ¨à®¢�−¨ï ƒ�-
÷�‘. „«ï à¥�«¨§�æ¨¨ ¯à¥¤«®¦¥−−®£® ¯®¤å®¤� ¡ë«¨ á¯à®¥ªâ¨à®¢�−ë �¯¯�à�â-
−®-¯à®£à�¬¬−ë¥ áà¥¤áâ¢�, áä®à¬¨à®¢�¢è¨¥ ¬®é−ãî ¯«�âä®à¬ã GAROS IDE
¤«ï ¢ë¯®«−¥−¨ï è¨à®ª®£® á¯¥ªâà� §�¤�ç: ®â à�§à�¡®âª¨ �� ¨ ¬®¤¥«¨à®¢�−¨ï ¤®
¢ëà�¡®âª¨ á¯®á®¡� à�áè¨à¥−¨ï äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥© ƒ�÷�‘.

’�ª¨¬ ®¡à�§®¬, ¬®¦−® £®¢®à¨âì, çâ® ¯«�âä®à¬� GAROS IDE, à¥�«¨§ãîé�ï
�¯¯�à�â−®-¯à®£à�¬¬−ë© ¯®¤å®¤ ª ¬®¤¥«¨à®¢�−¨î ¨ ®â«�¤ª¥ ƒ�÷�‘, ï¢«ï¥âáï
íää¥ªâ¨¢−ë¬ áà¥¤áâ¢®¬ ¯®¤¤¥à¦ª¨ à�§à�¡®âª¨ ¨ ¯®íâ®¬ã âà¥¡ã¥â ¤�«ì−¥©è¥£®
à�§¢¨â¨ï ¨ á®¢¥àè¥−áâ¢®¢�−¨ï äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥©.
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HARDWARE AND SOFTWARE MODELING AND TESTING
OF THE RECURRENT OPERATIONAL DEVICE

D. V. Khilko, Yu. A. Stepchenkov, Yu. G. Diachenko, Yu. I. Shikunov,
and N. V. Morozov

Institute of Informatics Problems, Federal Research Center \Computer Science and
Control" of the Russian Academy of Sciences, 44-2 Vavilov Str., Moscow 119333,
Russian Federation

Abstract: The paper considers the main problems of modeling and debugging of
the operational device based on the principles of the nonconventional data-flow
recurrent architecture. The short description of the methodology of hardware
and software modeling of Hardware in the Loop is provided; also, the possibility
of its application for developing a recurrent operational device is considered.
An approach and a technique of hardware and software modeling and testing
of devices on the basis of the new architecture are suggested. The paper
describes the developed program and models of the device's hardware, simulating
and debugging tools, and the result of their integration into the uniform
environment. The concept of the target platform of modeling called GAROS
IDE is introduced. The descriptions of its main components, functionality,
and prospects of development are presented. The results of approbation of this
platform on one of the subtasks of isolated word recognition (the algorithm of
Rasta-filtration) are reported.
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