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�−−®â�æ¨ï: ‘¯¥æ¨ä¨ª� äã−ªæ¨®−¨à®¢�−¨ï á�¬®á¨−åà®−−ëå (‘‘) áå¥¬
¯à¥¤êï¢«ï¥â ®á®¡ë¥ âà¥¡®¢�−¨ï ª ¯à®æ¥¤ãà¥ ¨å å�à�ªâ¥à¨§�æ¨¨. �à®æ¥¤ãà�
¤®«¦−� ãç¨âë¢�âì ¤¨áæ¨¯«¨−ã ä®à¬¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå ¨ ä�§®¢ëå
á¨£−�«®¢ −� ®á−®¢¥ §�¤�¢�¥¬ëå ¯®«ì§®¢�â¥«¥¬ �âà¨¡ãâ®¢ ¢å®¤®¢ ¨ ¢ëå®-
¤®¢ å�à�ªâ¥à¨§ã¥¬®£® í«¥¬¥−â�. �à¥¤«®¦¥−� ¬¥â®¤¨ª� ãâ®ç−¥−¨ï ¯à®æ¥áá�
å�à�ªâ¥à¨§�æ¨¨ ¤«ï ¯®á«¥¤®¢�â¥«ì−®áâ−ëå CC-í«¥¬¥−â®¢, ®á−®¢�−−�ï −� ¨á-
¯®«ì§®¢�−¨¨ ¢¥ªâ®à®¢ ®¯à¥¤¥«¥−¨ï áâ�â¨ç¥áª¨å §−�ç¥−¨© ¨«¨ −�¯à�¢«¥−¨©
¯¥à¥ª«îç¥−¨ï ¢å®¤®¢ ¨ ¢ëå®¤®¢. �«£®à¨â¬¨§�æ¨ï ¨ à¥�«¨§�æ¨ï ¯à¥¤«®¦¥−-
−®£® ¯®¤å®¤� ¢ −®¢®© ¢¥àá¨¨ á¨áâ¥¬ë �¢â®¬�â¨§¨à®¢�−−®© å�à�ªâ¥à¨§�æ¨¨
¨−â¥£à�«ì−ëå ¡¨¡«¨®â¥ª (‘�•ˆ�) ¯®¢ëá¨«¨ ¥¥ íää¥ªâ¨¢−®áâì ¨ ®¡¥á¯¥ç¨-
«¨ ¤®áâ®¢¥à−ãî å�à�ªâ¥à¨§�æ¨î ¢á¥å â¨¯®¢ ¯®á«¥¤®¢�â¥«ì−®áâ−ëå í«¥¬¥−â®¢
¨§ ¡¨¡«¨®â¥ª¨ ‘‘-í«¥¬¥−â®¢ ¤«ï 65-−�−®¬¥âà®¢®© ŠŒ�� (ª®¬¯«¥¬¥−�à-
−ë© ¬¥â�««-®ªá¨¤-¯®«ã¯à®¢®¤−¨ª) â¥å−®«®£¨¨. �¢â®¬�â¨ç¥áª®¥ ¤®¯®«−¥−¨¥
¢ ¯à®æ¥áá¥ å�à�ªâ¥à¨§�æ¨¨ ¬®¤¥«¥© ¯®á«¥¤®¢�â¥«ì−®áâ−ëå í«¥¬¥−â®¢ ª®−-
áâàãªæ¨ï¬¨ �−�«¨§� ¯®àï¤ª� ¨§¬¥−¥−¨ï á¨£−�«®¢ −� ¨å ¢å®¤�å ¨ ¯à¥¤ã-
¯à¥¦¤¥−¨ï ® −¥ª®àà¥ªâ−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¢å®¤®¢ ®¡«¥£ç�¥â ¨ ãáª®àï¥â
¯à®¥ªâ¨à®¢�−¨¥ CC æ¨äà®¢ëå áå¥¬.

Š«îç¥¢ë¥ á«®¢�: á�¬®á¨−åà®−−�ï áå¥¬�; ¢à¥¬¥−−ë¥ ¯�à�¬¥âàë; å�à�ªâ¥à¨-
§�æ¨ï; ¬®¤¥«¨à®¢�−¨¥; âà¨££¥à; −�ç�«ì−®¥ á®áâ®ï−¨¥
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1 Введение

‘®¢à¥¬¥−−ë© âà¥−¤ ¬¨ªà®í«¥ªâà®−¨ª¨ | à�§à�¡®âª� −�¤¥¦−ëå í−¥à£®íä-
ä¥ªâ¨¢−ëå æ¨äà®¢ëå ãáâà®©áâ¢ | ®âªàë¢�¥â è¨à®ª¨¥ ¯¥àá¯¥ªâ¨¢ë ¤«ï ¢−¥¤-

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¢ à�¬ª�å ¯à®¥ªâ� ü Š�19-260 (Œ¥å�−¨§¬ë ®¡¥á¯¥ç¥−¨ï ®âª�§®-
ãáâ®©ç¨¢®áâ¨ á®¢à¥¬¥−−ëå ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå ¨ ¢ëá®ª®−�¤¥¦−ëå ¯à¨¬¥−¥−¨©), ä¨−�−á¨-
àã¥¬®£® Œ¨−®¡à−�ãª¨ ÷®áá¨¨.

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, YStepchenkov@ipiran.ru

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, diaura@mail.ru

3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, NMorozov@ipiran.ru

4ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, stepchenkov@mail.ru

5ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, diaden87@gmail.com

104



•�à�ªâ¥à¨§�æ¨ï ¯®á«¥¤®¢�â¥«ì−®áâ−ëå á�¬®á¨−åà®−−ëå í«¥¬¥−â®¢

à¥−¨ï ‘‘-áå¥¬, ï¢«ïîé¨åáï ¥áâ¥áâ¢¥−−® −�¤¥¦−ë¬¨ ¨ ®¡«�¤�îé¨¬¨ àï¤®¬
¯à¥¨¬ãé¥áâ¢ ¯® áà�¢−¥−¨î á á¨−åà®−−ë¬¨ �−�«®£�¬¨ [1, 2]. ˆå íää¥ªâ¨¢-
−®¥ ¯à®¥ªâ¨à®¢�−¨¥ −¥¢®§¬®¦−® ¡¥§ ¢áâà�¨¢�−¨ï ¤®¯®«−¨â¥«ì−ëå ¡¨¡«¨®â¥ª
‘‘-í«¥¬¥−â®¢ ¢ ¯à®¬ëè«¥−−ë¥ á¨áâ¥¬ë ¯à®¥ªâ¨à®¢�−¨ï á¢¥àå¡®«ìè¨å ¨−â¥-
£à�«ì−ëå áå¥¬ (‘�ˆ‘) ¨, á®®â¢¥âáâ¢¥−−®, ¡¥§ ¯®¤£®â®¢ª¨ áâ�−¤�àâ¨§®¢�−−ëå
ä�©«®¢ ®¯¨á�−¨ï ¬®¤¥«¥© í«¥¬¥−â®¢, á®¤¥à¦�é¨å í«¥ªâà¨ç¥áª¨¥ ¨ í−¥à£¥â¨ç¥-
áª¨¥ ¯�à�¬¥âàë í«¥¬¥−â®¢ ¢áâà�¨¢�¥¬ëå ¡¨¡«¨®â¥ª. ’à�¤¨æ¨®−−® ¤«ï íâ®£®
¨á¯®«ì§ãîâáï ¯à®£à�¬¬−ë¥ áà¥¤áâ¢� å�à�ªâ¥à¨§�æ¨¨.

ˆ§¢¥áâ−ë¥ ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¯à®£à�¬¬−ë¥ áà¥¤áâ¢� å�à�ªâ¥à¨§�æ¨¨ í«¥¬¥−-
â®¢ áâ�−¤�àâ−ëå ¡¨¡«¨®â¥ª, −�¯à¨¬¥à [3, 4], à�§à�¡�âë¢�«¨áì ¤«ï á¨−åà®−−®©
áå¥¬®â¥å−¨ª¨ ¨ −¥ ¯®§¢®«ïîâ ¯®«ãç¨âì �¤¥ª¢�â−ë¥ ¬®¤¥«¨ ¤«ï ‘‘-í«¥¬¥−â®¢.
�®íâ®¬ã à�§à�¡®âª� íää¥ªâ¨¢−®£® ¯à®£à�¬¬−®£® áà¥¤áâ¢�, ®¡¥á¯¥ç¨¢�îé¥£®
¯®«ãç¥−¨¥ �¤¥ª¢�â−ëå ¯�à�¬¥âà®¢ í«¥¬¥−â®¢ ¡�§¨á� ¯à®¥ªâ¨à®¢�−¨ï ‘‘-áå¥¬
¨ ¤®áâ®¢¥à−®áâì å�à�ªâ¥à¨áâ¨ª ¯à®¥ªâ¨àã¥¬ëå ‘‘ ŠŒ�� ‘�ˆ‘ ¨ á¨áâ¥¬ −�
ªà¨áâ�««¥, ï¢«ï¥âáï �ªâã�«ì−®© §�¤�ç¥©.

‚ 2012{2016 ££. ¢ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª (ˆ�ˆ ”ˆ– ˆ“ ÷��, ®â¤¥« 52) ¡ë«� à�§à�¡®â�−� á¨áâ¥¬� å�à�ªâ¥à¨-
§�æ¨¨ ‘‘-í«¥¬¥−â®¢ −� ŠŒ��-âà�−§¨áâ®à�å ‘�•ˆ� [5]. �¤−�ª® ¥¥ ®¯ëâ−�ï
íªá¯«ã�â�æ¨ï ¢ëï¢¨«� −¥ª®â®àë¥ −¥¤®áâ�âª¨, á−¨¦�îé¨¥ íää¥ªâ¨¢−®áâì å�à�ª-
â¥à¨§�æ¨¨ ¯®á«¥¤®¢�â¥«ì−®áâ−ëå ‘‘-áå¥¬.

2 Проблемы характеризации самосинхронных элементов

•�à�ªâ¥à¨§�æ¨ï í«¥¬¥−â� ®á−®¢�−� −� �¢â®¬�â¨§¨à®¢�−−®¬ í«¥ªâà¨ç¥áª®¬
¬®¤¥«¨à®¢�−¨¨ ¥£® ¯à¨−æ¨¯¨�«ì−®© áå¥¬ë. ’®ç−®áâì ¨ �¤¥ª¢�â−®áâì ¯®«ãç¥−−ëå
à¥§ã«ìâ�â®¢ ¬®¤¥«¨à®¢�−¨ï ®¡¥á¯¥ç¨¢�îâáï ¤¢ã¬ï ä�ªâ®à�¬¨:

(1) ª®àà¥ªâ−®áâìî ®¯à¥¤¥«¥−¨ï ¯�àë ú�ªâ¨¢−ë© ¢å®¤ { �ªâ¨¢−ë© ¢ëå®¤û, â�-
ª®© çâ® ¨§¬¥−¥−¨¥ ãà®¢−ï á¨£−�«� ¨¬¥−−® −� �ªâ¨¢−®¬ ¢å®¤¥ ¨ â®«ìª® −�
−¥¬ ¯à¨¢®¤¨â ª âà¥¡ã¥¬®¬ã ¯¥à¥ª«îç¥−¨î ¢ë¡à�−−®£® ¢ëå®¤� ¯à¨ ä¨ªá¨-
à®¢�−−ëå §−�ç¥−¨ïå ®áâ�«ì−ëå ¢å®¤®¢ í«¥¬¥−â�;

(2) �¤¥ª¢�â−®áâìî ¨ à¥�«¨§ã¥¬®áâìî −�ç�«ì−®£® á®áâ®ï−¨ï í«¥¬¥−â�, ª®â®à®¥
¤®«¦−® ¡ëâì áâ�â¨ç¥áª¨¬ ¢ ®âáãâáâ¢¨¥ ¯¥à¥ª«îç¥−¨© �ªâ¨¢−®£® ¢å®¤�.

�à¨ å�à�ªâ¥à¨§�æ¨¨ ¯®á«¥¤®¢�â¥«ì−®áâ−ëå í«¥¬¥−â®¢ (âà¨££¥à®¢ ¨ áå¥¬ −� ¨å
®á−®¢¥) ¢®§−¨ª�¥â ¯à®¡«¥¬� §�¤�−¨ï −�ç�«ì−®£® á®áâ®ï−¨ï, ¯®áª®«ìªã ¢ ª�¦¤ë©
¬®¬¥−â ¢à¥¬¥−¨ á®áâ®ï−¨¥ ïç¥©ª¨ ¯�¬ïâ¨ ¬®¦¥â ®¯à¥¤¥«ïâìáï −¥ â®«ìª® â¥ªãé¨¬
§−�ç¥−¨¥¬ á¨£−�«®¢ ¢ æ¥¯ïå áå¥¬ë í«¥¬¥−â�, −® ¨ ¯à¥¤è¥áâ¢ãîé¨¬ ¨å §−�ç¥-
−¨¥¬.

2.1 Особенности работы триггерных самосинхронных элементов

�¯ëâ−�ï íªá¯«ã�â�æ¨ï á¨áâ¥¬ë å�à�ªâ¥à¨§�æ¨¨ ‘‘-í«¥¬¥−â®¢ ‘�•ˆ� [5]
¯®ª�§�«�, çâ® −�ç�«ì−®¥ á®áâ®ï−¨¥ âà¨££¥à−ëå í«¥¬¥−â®¢ −¥ ¢á¥£¤� ¢ëç¨á«ï¥âáï
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, �. ‚. Œ®à®§®¢ ¨ ¤à.

ª®àà¥ªâ−®. �® íâ®â −¥¤®áâ�â®ª ¬®¦¥â ¡ëâì ãáâà�−¥− á ãç¥â®¬ ®á®¡¥−−®áâ¥© ¨å
äã−ªæ¨®−¨à®¢�−¨ï. �á®¡¥−−®áâì à�¡®âë âà¨££¥à−ëå ‘‘-í«¥¬¥−â®¢ §�ª«îç�¥âáï
¢ á®¡«î¤¥−¨¨ ¯à�¢¨«ì−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¯®áâã¯«¥−¨ï á¨£−�«®¢ −� ¢å®¤ë
í«¥¬¥−â�. �à¨ å�à�ªâ¥à¨§�æ¨¨ ‘‘-âà¨££¥à®¢ á ¢å®¤®¬ ã¯à�¢«¥−¨ï ¨ ¨−ä®à¬�æ¨-
®−−ë¬ ¢å®¤®¬ ¢ ¢¨¤¥ ã−�à−®£®, ¡¨ä�§−®£® ¨«¨ ¯�à�ä�§−®£® ¡¥§ á¯¥©á¥à� á¨£−�«�
−¥®¡å®¤¨¬® ãç¨âë¢�âì, çâ® ¯à¨ ª®àà¥ªâ−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¨§¬¥−¥−¨© á®-
áâ®ï−¨© ¢å®¤®¢ ¯¥à¥ª«îç¥−¨¥ ¨−ä®à¬�æ¨®−−®£® ¢å®¤� −¥ ¯à¨¢®¤¨â ª ¨§¬¥−¥−¨î
á®áâ®ï−¨ï ¢ëå®¤®¢ âà¨££¥à�.

‚ âà¨££¥à�å á ¯�à�ä�§−ë¬ á® á¯¥©á¥à®¬ (�”‘) ¨−ä®à¬�æ¨®−−ë¬ ¢å®¤®¬
â�ª�ï §�¢¨á¨¬®áâì áãé¥áâ¢ã¥â ¨ ¥¥ −�¤® ãç¨âë¢�âì. …á«¨ ¯à¨ íâ®¬ âà¨££¥à á �”‘-
¢å®¤®¬ ¨¬¥¥â ¨ ¢å®¤ ã¯à�¢«¥−¨ï, â® §�¢¨á¨¬®áâì ¢ëå®¤� ®â ¨−ä®à¬�æ¨®−−®£®
¢å®¤� ¤®«¦−� ®¯à¥¤¥«ïâìáï ¯à¨ à�¡®ç¥¬ á®áâ®ï−¨¨ ¢å®¤� ã¯à�¢«¥−¨ï.

�®«ãç¥−−ë¥ à¥�«ì−ë¥ §�¢¨á¨¬®áâ¨ ¢ëå®¤®¢ ®â ¢å®¤®¢ ¡ã¤ãâ ®¯¨áë¢�âì ¯®¢¥-
¤¥−¨¥ âà¨££¥à� ¢ ú«¥£�«ì−ëåû ãá«®¢¨ïå, ¢ ª®â®àëå ¤¨áæ¨¯«¨−� ä®à¬¨à®¢�−¨ï
á¨£−�«®¢ á®®â¢¥âáâ¢ã¥â âà¥¡®¢�−¨ï¬ ‘‘-áå¥¬. �¨¦¥ ¯¥à¥ç¨á«¥−ë §�¢¨á¨¬®áâ¨,
¤«ï ª®â®àëå ¤®«¦−ë ¡ëâì ®¯à¥¤¥«¥−ë §�¤¥à¦ª¨ ¤«ï à�§−ëå â¨¯®¢ âà¨££¥à®¢.

�¤−®â�ªâ−ë© ¨ ¤¢ãåâ�ªâ−ë© D-âà¨££¥à ¨ RS-âà¨££¥à á ¡¨ä�§−ë¬
¨«¨ ¯�à�ä�§−ë¬ ¡¥§ á¯¥©á¥à� ¢å®¤®¬

1. ‡�¢¨á¨¬®áâì ®¡®¨å ª®¬¯®−¥−â®¢ ¡¨ä�§−®£® ¨−ä®à¬�æ¨®−−®£® ¢ëå®¤� ®â
¢å®¤� ã¯à�¢«¥−¨ï.

2. ‡�¢¨á¨¬®áâì ¨−¤¨ª�â®à−®£® ¢ëå®¤� ®â ¢å®¤� ã¯à�¢«¥−¨ï, ¯¥à¥ª«îç�îé¥£®-
áï «¨¡® ¨§ á¯¥©á¥à� ¢ à�¡®ç¥¥ §−�ç¥−¨¥, «¨¡® ¨§ à�¡®ç¥£® §−�ç¥−¨ï ¢ á¯¥©á¥à.

3. ‡�¢¨á¨¬®áâì ®¡®¨å ª®¬¯®−¥−â®¢ ¡¨ä�§−®£® ¨−ä®à¬�æ¨®−−®£® ¢ëå®¤� ®â
¢å®¤� ãáâ�−®¢ª¨.

4. ‡�¢¨á¨¬®áâì ¨−¤¨ª�â®à−®£® ¢ëå®¤� ®â ¢å®¤� ‘‘-ãáâ�−®¢ª¨ ¤«ï á«ãç�¥¢,
ª®£¤� ãáâ�−®¢ª� ¨−¨æ¨¨àã¥âáï ¨«¨ §�¢¥àè�¥âáï.

5. ‡�¢¨á¨¬®áâì ¢ëå®¤� ¨−¢¥àá¨¨ ¢å®¤� ã¯à�¢«¥−¨ï …‚ (¥á«¨ ®− ¥áâì) ®â ¢å®¤�
ã¯à�¢«¥−¨ï, ¯¥à¥ª«îç�îé¥£®áï «¨¡® ¨§ á¯¥©á¥à� ¢ à�¡®ç¥¥ §−�ç¥−¨¥, «¨¡®
¨§ à�¡®ç¥£® §−�ç¥−¨ï ¢ á¯¥©á¥à.

�¤−®â�ªâ−ë© ¨ ¤¢ãåâ�ªâ−ë© RS-âà¨££¥à á ¨−ä®à¬�æ¨®−−ë¬ �”‘-¢å®¤®¬

1. ‡�¢¨á¨¬®áâì ®¡®¨å ª®¬¯®−¥−â®¢ ¡¨ä�§−®£® ¨−ä®à¬�æ¨®−−®£® ¢ëå®¤� ®â
�”‘-¢å®¤�.

2. ‡�¢¨á¨¬®áâì ¨−¤¨ª�â®à−®£® ¢ëå®¤� ®â �”‘-¢å®¤�, ¯¥à¥ª«îç�îé¥£®áï «¨¡®
¨§ á¯¥©á¥à� ¢ à�¡®ç¥¥ §−�ç¥−¨¥, «¨¡® ¨§ à�¡®ç¥£® §−�ç¥−¨ï ¢ á¯¥©á¥à.

3. ‡�¢¨á¨¬®áâì ®¡®¨å ª®¬¯®−¥−â®¢ ¡¨ä�§−®£® ¨−ä®à¬�æ¨®−−®£® ¢ëå®¤� ®â
¢å®¤� ãáâ�−®¢ª¨.

4. ‡�¢¨á¨¬®áâì ¨−¤¨ª�â®à−®£® ¢ëå®¤� ®â ¢å®¤� ‘‘-ãáâ�−®¢ª¨, ª®£¤� ãáâ�−®¢ª�
¨−¨æ¨¨àã¥âáï ¨«¨ §�¢¥àè�¥âáï.
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•�à�ªâ¥à¨§�æ¨ï ¯®á«¥¤®¢�â¥«ì−®áâ−ëå á�¬®á¨−åà®−−ëå í«¥¬¥−â®¢

2.2 Задание начального состояния триггера

��ç�«ì−®¥ á®áâ®ï−¨¥ ‘‘-âà¨££¥à� ®¯à¥¤¥«ï¥âáï á®áâ®ï−¨ï¬¨ ¡¨áâ�¡¨«ì−ëå
ïç¥¥ª (�Ÿ), ¨§ ª®â®àëå ®− á®áâ®¨â. ‚ ®¤−®â�ªâ−®¬ âà¨££¥à¥ á®áâ®ï−¨¥ ¥¤¨−-
áâ¢¥−−®© �Ÿ ®¤−®§−�ç−® ®¯à¥¤¥«ï¥âáï á®áâ®ï−¨¥¬ ¢å®¤®¢ ¨ ¢ëå®¤®¢ âà¨££¥à�.
‚ ¤¢ãåâ�ªâ−ëå âà¨££¥à�å á®áâ®ï−¨¥ ¯¥à¢®© �Ÿ ¤®«¦−® ¡ëâì:

(1) ¨¤¥−â¨ç−® á®áâ®ï−¨î ¢â®à®© (¢ëå®¤−®©) �Ÿ ¤«ï á«ãç�¥¢ §�¢¨á¨¬®áâ¨ ¨−-
ä®à¬�æ¨®−−®£® ¨ ¨−¤¨ª�â®à−®£® ¢ëå®¤®¢ ®â ¢å®¤®¢ ãáâ�−®¢ª¨ ¨ §�¢¨á¨¬®áâ¨
¨−¤¨ª�â®à−®£® ¢ëå®¤� ®â ¨−ä®à¬�æ¨®−−®£® ¢å®¤� ¨ ¢å®¤®¢ ã¯à�¢«¥−¨ï ¯à¨
¯¥à¥ª«îç¥−¨¨ ¢ à�¡®çãî ä�§ã;

(2) ¯à®â¨¢®¯®«®¦−® á®áâ®ï−¨î ¢â®à®© �Ÿ ¤«ï á«ãç�¥¢ §�¢¨á¨¬®áâ¨ ¨−ä®à¬�æ¨-
®−−®£® ¢ëå®¤� ®â ¨−ä®à¬�æ¨®−−®£® ¢å®¤� ¨ ¢å®¤®¢ ã¯à�¢«¥−¨ï ¨ §�¢¨á¨¬®-
áâ¨ ¨−¤¨ª�â®à−®£® ¢ëå®¤� ®â ¨−ä®à¬�æ¨®−−®£® ¢å®¤� ¨ ¢å®¤®¢ ã¯à�¢«¥−¨ï
¯à¨ ¯¥à¥ª«îç¥−¨¨ ¢ á¯¥©á¥à.

„«ï §�¤�−¨ï ¯®«ì§®¢�â¥«¥¬ −�ç�«ì−®£® á®áâ®ï−¨ï ¢å®¤®¢ ¨ ¢ëå®¤®¢ ¨á¯®«ì-
§ã¥âáï ¢¥ªâ®à ®¯à¥¤¥«¥−¨ï áâ�â¨ç¥áª¨å §−�ç¥−¨© ¨«¨ −�¯à�¢«¥−¨© ¯¥à¥ª«îç¥−¨ï
¢å®¤®¢ ¨ ¢ëå®¤®¢ å�à�ªâ¥à¨§ã¥¬®£® í«¥¬¥−â�:

〈¨¬ï �ªâ¨¢−®£® ¢å®¤�〉 : 〈¨¬ï �ªâ¨¢−®£® ¢ëå®¤�〉[〈¨¬ï ¢å®¤� 1〉 =
= I1, . . . , 〈¨¬ï ¢å®¤� N〉 = IN ,
〈¨¬ï ¢ëå®¤� 1〉 = O1, . . . , 〈¨¬ï ¢ëå®¤� M〉 = OM ] ,

£¤¥ 〈¨¬ï ¢å®¤� 1〉, . . . , 〈¨¬ï ¢å®¤� N〉 | ¨¬¥−� ¢á¥å ¢å®¤®¢ í«¥¬¥−â�;
〈¨¬ï ¢ëå®¤� 1〉, . . . , 〈¨¬ï ¢ëå®¤� M〉 | ¨¬¥−� ¢á¥å ¢ëå®¤®¢ í«¥¬¥−â�;
I1, . . . , IN | áâ�â¨ç¥áª¨¥ §−�ç¥−¨ï ¢å®¤®¢ ¨«¨ −�¯à�¢«¥−¨¥ ¯¥à¥ª«îç¥−¨ï �ª-
â¨¢−®£® ¢å®¤� í«¥¬¥−â�; O1, . . . , OM | −�ç�«ì−ë¥ á®áâ®ï−¨ï ¢ëå®¤®¢ ¨«¨
−�¯à�¢«¥−¨¥ ¯¥à¥ª«îç¥−¨ï �ªâ¨¢−®£® ¢ëå®¤� í«¥¬¥−â�. �à¨ §�¤�−¨¨ §−�ç¥−¨©
¢å®¤®¢ ¨ ¢ëå®¤®¢ í«¥¬¥−â� ¨á¯®«ì§ã¥âáï á«¥¤ãîé¨© �«ä�¢¨â:

0, 1 | áâ�â¨ç¥áª®¥ §−�ç¥−¨¥ ¢å®¤� ¨«¨ −�ç�«ì−®¥ §−�ç¥−¨¥ ¢ëå®¤�;

R | −�¯à�¢«¥−¨¥ ¯¥à¥ª«îç¥−¨ï �ªâ¨¢−®£® ¢å®¤� ¨«¨ ¢ëå®¤� ¨§ 0 ¢ 1;

F | −�¯à�¢«¥−¨¥ ¯¥à¥ª«îç¥−¨ï �ªâ¨¢−®£® ¢å®¤� ¨«¨ ¢ëå®¤� ¨§ 1 ¢ 0;

* | §−�ç¥−¨¥ ¢å®¤� ¨«¨ ¢ëå®¤� −¥ ¢�¦−®.

�®àï¤®ª ¯¥à¥ç¨á«¥−¨ï ¢å®¤®¢ ¨ ¢ëå®¤®¢ ¢ ¢¥ªâ®à¥ ¬®¦¥â ¡ëâì «î¡ë¬.
��¯à¨¬¥à, ¤«ï âà¨££¥à� R0CE10 á ¡¨ä�§−ë¬ ¨−ä®à¬�æ¨®−−ë¬ ¢å®¤®¬ (R,

S), ¢å®¤®¬ ã¯à�¢«¥−¨ï … ¨ ¢å®¤®¬ ‘‘-ãáâ�−®¢ª¨ ‘, ¨§®¡à�¦¥−−®£® −� à¨á. 1,
¬®£ãâ ¡ëâì §�¤�−ë á«¥¤ãîé¨¥ ¢¥ªâ®àë:

//--- ðÅÒÅËÌÀÞÅÎÉÅ ÔÒÉÇÇÅÒÁ × ÓÐÅÊÓÅÒ
E : I [E=F,R=*,S=*,C=1,I=R,Q=*,QB=*]
//--- ðÅÒÅËÌÀÞÅÎÉÅ ÔÒÉÇÇÅÒÁ × ÒÁÂÏÞÕÀ ÆÁÚÕ
E : I [E=R,R=*,S=*,C=1,I=F,Q=*,QB=*]
E : Q [E=R,R=1,S=0,C=1,I=F,Q=F,QB=R]
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÷¨á. 1 ”ã−ªæ¨®−�«ì−®-«®£¨ç¥áª�ï áå¥¬� âà¨££¥à� R0CE10

E : QB [E=R,R=1,S=0,C=1,I=F,Q=F,QB=R]
E : Q [E=R,R=0,S=1,C=1,I=F,Q=R,QB=F]
E : QB [E=R,R=0,S=1,C=1,I=F,Q=R,QB=F]
//--- õÓÔÁÎÏ×ËÁ ÔÒÉÇÇÅÒÁ
C : I [E=0,R=*,S=*,C=F,I=F,Q=*,QB=*]
C : I [E=0,R=*,S=*,C=R,I=R,Q=*,QB=*]
C : Q [E=0,R=*,S=*,C=F,I=F,Q=F,QB=R]
C : QB [E=0,R=*,S=*,C=F,I=F,Q=F,QB=R]

ˆ−ä®à¬�æ¨®−−ë© ¢å®¤ ¤�−−®£® âà¨££¥à� −¥ ¨¬¥¥â á¯¥©á¥à�, ¯®íâ®¬ã ä�§®-
¢ë¬¨ ¯¥à¥ª«îç¥−¨ï¬¨ âà¨££¥à� ú¤¨à¨¦¨àã¥âû ¢å®¤ ã¯à�¢«¥−¨ï.

2.3 Фиксирование нарушений в работе самосинхронного триггера

‚ à¥�«ì−ëå áå¥¬�å CC-¤¨áæ¨¯«¨−� ä®à¬¨à®¢�−¨ï á¨£−�«®¢ ¬®¦¥â −�àã-
è�âìáï ¨§-§� â®£®, çâ® «¨¡® áå¥¬� −¥ ï¢«ï¥âáï ‘‘-áå¥¬®©, «¨¡® ¥¥ â®¯®«®£¨ç¥-
áª�ï à¥�«¨§�æ¨ï ¯à¨¢−¥á«� á«¨èª®¬ ¡®«ìè¨¥ ¨ à�§−ë¥ ¯® ¢¥«¨ç¨−¥ §�¤¥à¦ª¨
¢ ªà¨â¨ç¥áª¨¥ æ¥¯¨. �®íâ®¬ã ¬®¤¥«ì ‘‘-âà¨££¥à� ¤®«¦−� ¢ª«îç�âì ¯à®¢¥àª¨
á®®â−®è¥−¨ï ¢à¥¬¥− ¯®áâã¯«¥−¨ï á¨£−�«®¢ −� ¢å®¤ë âà¨££¥à� ¨ ¨§¬¥−¥−¨ï ¢å®-
¤®¢ ¯à¨ ®¯à¥¤¥«¥−−ëå §−�ç¥−¨ïå ¢ëå®¤®¢ ¨ ¨−¨æ¨¨à®¢�âì ¯à¥¤ã¯à¥¦¤¥−¨ï ¯à¨
−�àãè¥−¨ïå ‘‘-¤¨áæ¨¯«¨−ë.

Š −�àãè¥−¨ï¬ ‘‘-¤¨áæ¨¯«¨−ë ®â−®áïâáï á«¥¤ãîé¨¥:

{ ¨−ä®à¬�æ¨®−−ë© �”‘-¢å®¤ ¯¥à¥ª«îç¨«áï ¢ à�¡®çãî ä�§ã ¯à¨ à�¡®ç¥¬
§−�ç¥−¨¨ ¨−¤¨ª�â®à−®£® ¢ëå®¤�;

{ ¨−ä®à¬�æ¨®−−ë© �”‘-¢å®¤ ¯¥à¥ª«îç¨«áï ¢ á¯¥©á¥à ¯à¨ á¯¥©á¥à¥ −� ¨−¤¨-
ª�â®à−®¬ ¢ëå®¤¥;
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{ ¢å®¤ ã¯à�¢«¥−¨ï (¢ëå®¤ …‚) ¯¥à¥ª«îç¨«áï ¢ à�¡®çãî ä�§ã ¯à¨ à�¡®ç¥¬
§−�ç¥−¨¨ ¨−¤¨ª�â®à−®£® ¢ëå®¤�;

{ ¢å®¤ ã¯à�¢«¥−¨ï (¢ëå®¤ …‚) ¯¥à¥ª«îç¨«áï ¢ á¯¥©á¥à ¯à¨ á¯¥©á¥à¥ −� ¨−¤¨-
ª�â®à−®¬ ¢ëå®¤¥;

{ ¨−ä®à¬�æ¨®−−ë© ¢å®¤, −¥ ï¢«ïîé¨©áï �”‘, ¨§¬¥−¨« á¢®¥ á®áâ®ï−¨¥ ¯à¨
à�¡®ç¥¬ §−�ç¥−¨¨ ¢å®¤� ã¯à�¢«¥−¨ï (¢ëå®¤� …‚);

{ ¢å®¤ ‘‘-ãáâ�−®¢ª¨ ¯¥à¥ª«îç¨«áï ¢ �ªâ¨¢−®¥ á®áâ®ï−¨¥ ¯à¨ à�¡®ç¥¬ §−�ç¥−¨¨
¨−ä®à¬�æ¨®−−®£® �”‘-¢å®¤�;

{ ¨−ä®à¬�æ¨®−−ë© �”‘-¢å®¤ ¯¥à¥ª«îç¨«áï ¢ à�¡®ç¥¥ á®áâ®ï−¨¥ ¯à¨ �ªâ¨¢-
−®¬ §−�ç¥−¨¨ ¢å®¤� ‘‘-ãáâ�−®¢ª¨;

{ ¢å®¤ ‘‘-ãáâ�−®¢ª¨ ¯¥à¥ª«îç¨«áï ¢ �ªâ¨¢−®¥ á®áâ®ï−¨¥ ¯à¨ à�¡®ç¥¬ §−�ç¥−¨¨
¢å®¤� ã¯à�¢«¥−¨ï (¢ëå®¤� …‚);

{ ¢å®¤ ã¯à�¢«¥−¨ï (¢ëå®¤ …‚) ¯¥à¥ª«îç¨«áï ¢ à�¡®ç¥¥ á®áâ®ï−¨¥ ¯à¨ �ªâ¨¢−®¬
§−�ç¥−¨¨ ¢å®¤� ‘‘-ãáâ�−®¢ª¨.

�¡é¨© ¢¨¤ £¥−¥à�â®à� ¯à¥¤ã¯à¥¦¤¥−¨ï ® −�àãè¥−¨¨, á¢ï§�−−®¬ á ¨§¬¥−¥−¨-
¥¬ −¥ª®â®à®£® á¨£−�«� ¢ â¥ç¥−¨¥ ãª�§�−−®£® ¯¥à¨®¤�, ¢ ï§ëª¥ Verilog ¢ë£«ï¤¨â
á«¥¤ãîé¨¬ ®¡à�§®¬ [6]:

$nochange (reference_event, data_event, start_edge_offset,
end_edge_offset, notifier);

‚ á«ãç�¥ ‘‘-áå¥¬ §−�ç¥−¨ï ústart_edge_offsetû ¨ úend_edge_offsetû ¤®-
áâ�â®ç−® ¢ë¡à�âì −ã«¥¢ë¬¨ | íâ® ®â¢¥ç�¥â âà¥¡ã¥¬®© ¤¨áæ¨¯«¨−¥ ä®à¬¨à®¢�−¨ï
¨−ä®à¬�æ¨®−−ëå, ã¯à�¢«ïîé¨å ¨ ãáâ�−®¢®ç−ëå á¨£−�«®¢. ��¯à¨¬¥à, ¤«ï âà¨£-
£¥à� R0CE10 ¢ Verilog-¬®¤¥«ì ¤®¡�¢«ï¥âáï ª®¤

specify
$nochange(posedge I, negedge å, 0, 0, notifier);
$nochange(negedge I, posedge å, 0, 0, notifier);
$nochange(negedge ó, posedge å, 0, 0, notifier);
$nochange(posedge E, R, 0, 0, notifier);
$nochange(posedge E, S, 0, 0, notifier);
$nochange(posedge E, negedge C, 0, 0, notifier);
$nochange(negedge I, negedge C, 0, 0, notifier);
$nochange(posedge I, posedge C, 0, 0, notifier);

endspecify

�¯¨á�−−�ï ¢ëè¥ ¬¥â®¤¨ª� ãâ®ç−¥−¨ï ¯à®æ¥áá� å�à�ªâ¥à¨§�æ¨¨ ¤«ï ¯®á«¥¤®-
¢�â¥«ì−®áâ−ëå í«¥¬¥−â®¢ ¡ë«� �«£®à¨â¬¨§¨à®¢�−� ¨ à¥�«¨§®¢�−� ¢ ¢¥àá¨¨ 3.0
á¨áâ¥¬ë å�à�ªâ¥à¨§�æ¨¨ ‘�•ˆ�.

3 Доработка системы САХИБ

„«ï à¥è¥−¨ï ®¯¨á�−−ëå ¢ëè¥ §�¤�ç á¨áâ¥¬� ‘�•ˆ� ¡ë«� ¤®¯®«−¥−� ¨−-
â¥à�ªâ¨¢−®© à�¡®â®© á ¢¥ªâ®à�¬¨, à¥�«¨§�æ¨¥© å�à�ªâ¥à¨§�æ¨¨ −� ®á−®¢¥ ¤�−−ëå
¢¥ªâ®à®¢ ¨ ¬®¤ã«¥¬ �−�«¨§� ¢®§¬®¦−ëå −�àãè¥−¨©.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 3 2019 109



ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, �. ‚. Œ®à®§®¢ ¨ ¤à.

÷¨á. 2 �ª−® ¨−â¥à�ªâ¨¢−®£® §�¤�−¨ï ¢¥ªâ®à®¢

�à¥¤ãá¬®âà¥−� ¢®§¬®¦−®áâì −�ç�«ì−®£® ¯®«ãç¥−¨ï ¢á¥å ¢¥ªâ®à®¢, ä®à¬¨àã-
¥¬ëå ¯à®£à�¬¬®© å�à�ªâ¥à¨§�æ¨¨ �¢â®¬�â¨ç¥áª¨, ¢ ª�ç¥áâ¢¥ ®á−®¢ë (è�¡«®−�)
¤«ï ä®à¬¨à®¢�−¨ï æ¥«¥á®®¡à�§−®© á®¢®ªã¯−®áâ¨ ¢¥ªâ®à®¢.

‚ë¡®à ¯�àë ú�ªâ¨¢−ë© ¢å®¤ { �ªâ¨¢−ë© ¢ëå®¤û ¨ §�¤�−¨¥ ¢¥ªâ®à� ¤«ï −¥¥
®áãé¥áâ¢«ï¥âáï ¢ ®ª−¥ ú‚¥ªâ®à� ¯¥à¥ª«îç¥−¨©û (à¨á. 2). �à¨ −�«¨ç¨¨ £®â®¢®£®
ä�©«� ¢¥ªâ®à®¢ ¤«ï å�à�ªâ¥à¨§ã¥¬®© áå¥¬ë á ¨¬¥−¥¬ 〈¨¬ï áå¥¬ë〉.vin ¥£® á®¤¥à-
¦¨¬®¥ ¯®ï¢¨âáï ¢ −¨¦−¥© ç�áâ¨ ®ª−� ú‚¥ªâ®à� ¯¥à¥ª«îç¥−¨©û. �¥à¥¤ §�¯ãáª®¬
å�à�ªâ¥à¨§�æ¨¨ ¯®«ì§®¢�â¥«ì ¬®¦¥â ¯®á¬®âà¥âì, ¨§¬¥−¨âì ¨«¨ ¯®¯®«−¨âì á¯¨á®ª
¢¥ªâ®à®¢.

÷¥¦¨¬ ¯à®æ¥áá� å�à�ªâ¥à¨§�æ¨¨ ¢ë¡¨à�¥âáï ¯®«ì§®¢�â¥«¥¬:

{ �¢â®¬�â¨ç¥áª¨©, ¯à®£à�¬¬� á�¬� á®áâ�¢«ï¥â −¥®¡å®¤¨¬ë¥ ¢¥ªâ®àë;

{ àãç−®©, ¨á¯®«ì§ãîâáï â®«ìª® §�¤�−−ë¥ ¯®«ì§®¢�â¥«¥¬ ¢¥ªâ®àë;

{ ª®¬¡¨−¨à®¢�−−ë©.

Œ®¤ã«ì �−�«¨§� −�àãè¥−¨© ¤¨áæ¨¯«¨−ë ä®à¬¨à®¢�−¨ï ¢−¥è−¨å ¨ ¢−ãâà¥−-
−¨å á¨£−�«®¢ ¢ å�à�ªâ¥à¨§ã¥¬®© áå¥¬¥ �¢â®¬�â¨ç¥áª¨ �−�«¨§¨àã¥â �«£®à¨â¬ ¥¥
äã−ªæ¨®−¨à®¢�−¨ï ¨ ¤®¡�¢«ï¥â −¥®¡å®¤¨¬ë¥ ª®−áâàãªæ¨¨ ú$nochangeû, ®¯¨-
á�−−ë¥ ¢ëè¥, ¢ £¥−¥à¨àã¥¬®¥ á¨áâ¥¬®© å�à�ªâ¥à¨§�æ¨¨ Verilog-®¯¨á�−¨¥ áå¥¬ë.
�â® ¯®§¢®«ï¥â ¢ ¯à®æ¥áá¥ ¬®¤¥«¨à®¢�−¨ï ‘‘-áå¥¬ «®ª�«¨§®¢�âì −�àãè¥−¨ï
¤¨áæ¨¯«¨−ë ä®à¬¨à®¢�−¨ï á¨£−�«®¢ ¢ ‘‘-áå¥¬¥. „«ï á«®¦−ëå ‘‘-áå¥¬ â�-
ª�ï ¢®§¬®¦−®áâì ®¡«¥£ç�¥â ¯®¨áª ¯à¨ç¨− −�àãè¥−¨ï á�¬®á¨−åà®−−®áâ¨ áå¥¬ë,
¢ëï¢«¥−−ëå −� íâ�¯¥ �−�«¨§� áå¥¬ë −� á�¬®á¨−åà®−−®áâì.
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4 Заключение

�à�¢¨«ì−® á¯à®¥ªâ¨à®¢�−−ë¥ ‘‘-áå¥¬ë ï¢«ïîâáï â�ª®¢ë¬¨ â®«ìª® ¯à¨ á®-
¡«î¤¥−¨¨ á®®â¢¥âáâ¢ãîé¥© ¤¨áæ¨¯«¨−ë ¢å®¤®¢, ¢ëå®¤®¢ ¨ ¢−ãâà¥−−¨å á¨£−�«®¢
áå¥¬ë. �®íâ®¬ã −�«¨ç¨¥ íâ®© ¤¨áæ¨¯«¨−ë ¤®«¦−® ãç¨âë¢�âìáï ¯à¨ å�à�ªâ¥à¨-
§�æ¨¨ ¯®á«¥¤®¢�â¥«ì−®áâ−ëå ‘‘-áå¥¬.

„®¯®«−¨â¥«ì−ë¥ �âà¨¡ãâë §�¤�−¨ï −� å�à�ªâ¥à¨§�æ¨î ¯®á«¥¤®¢�â¥«ì−®áâ−®-
£® ‘‘-í«¥¬¥−â�, §�¤�¢�¥¬ë¥ ¯®«ì§®¢�â¥«¥¬, | ¢¥ªâ®à ®¯à¥¤¥«¥−¨ï áâ�â¨ç¥áª¨å
§−�ç¥−¨© ¢å®¤®¢ ¨ ¢ëå®¤®¢ ¨«¨ −�¯à�¢«¥−¨© ¯¥à¥ª«îç¥−¨ï | ¯®§¢®«ïîâ ®¤-
−®§−�ç−® ®¯à¥¤¥«¨âì −�ç�«ì−®¥ á®áâ®ï−¨¥ ¢å®¤®¢, ¢ëå®¤®¢ ¨ ¢−ãâà¥−−¨å æ¥¯¥©
í«¥¬¥−â� ¨ á¤¥«�âì ¯à®æ¥¤ãàã å�à�ªâ¥à¨§�æ¨¨ ¤®áâ®¢¥à−®© ¨ ¯®«−®©.

ˆá¯®«ì§®¢�−¨¥ ¢ Verilog-¬®¤¥«ïå í«¥¬¥−â®¢, ä®à¬¨àã¥¬ëå ¯® à¥§ã«ìâ�â�¬
å�à�ªâ¥à¨§�æ¨¨, ®¯¥à�â®à®¢ �−�«¨§� ¢§�¨¬−®£® à�á¯®«®¦¥−¨ï ¨å ¢å®¤−ëå á¨£-
−�«®¢ −� ¢à¥¬¥−−‚®© ®á¨ ®¡¥á¯¥ç¨¢�¥â ¤®¯®«−¨â¥«ì−ë© ª®−âà®«ì á®¡«î¤¥−¨ï
‘‘-¤¨áæ¨¯«¨−ë ¢−¥è−¨å ¨ ¢−ãâà¥−−¨å á¨£−�«®¢ ¢ ‘‘-áå¥¬¥. �â® ¯®§¢®«ï¥â
¢ëï¢¨âì ¨ ¨á¯à�¢¨âì −�àãè¥−¨ï á�¬®á¨−åà®−−®áâ¨ −� íâ�¯¥ äã−ªæ¨®−�«ì−®-«®-
£¨ç¥áª®© ¢¥à¨ä¨ª�æ¨¨ �«£®à¨â¬� à�¡®âë áå¥¬ë.
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Abstract: Functional specificity of the self-timed circuits makes special re-
quirements to their characterization procedure. This procedure should take into
account a signal conditioning discipline for information and phase signals on base
of user defined attributes of the characterized cell's inputs and outputs. The
paper describes a technique of adjusting characterization process for sequential
self-timed cells. It is based on using vectors that set static values and transition
direction for all inputs and outputs. Algorithmization and implementation of
the suggested approach in new SAHIB characterization system version have
increased its efficiency and provided the valid characterization of all sequen-
tial cell types in the self-timed cell library for 65-nanometer standard CMOS
(complementary metal-oxide-semiconductor) process. Automatic introduction of
the Verilog constructions analyzing change order of all cell inputs and notifying
their invalid sequence into the sequential cell models during characterization
procedure accelerates and mitigates self-timed circuit design.
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