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ВАРИАНТЫ САМОСИНХРОННЫХ РЕГИСТРОВ СДВИГА∗
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�−−®â�æ¨ï: ‡�âà�£¨¢�îâáï ¯à®¡«¥¬ë ¯à®¥ªâ¨à®¢�−¨ï ¨ ¨á¯®«ì§®¢�−¨ï á�-
¬®á¨−åà®−−ëå (‘‘) à¥£¨áâà®¢ á¤¢¨£� (÷‘). ‘�¬®á¨−åà®−−ë¥ áå¥¬ë ¨¬¥îâ
á¢®î á¯¥æ¨ä¨ªã: ¤¢ãåä�§−ãî ¤¨áæ¨¯«¨−ã à�¡®âë, ¨§¡ëâ®ç−®¥ ª®¤¨à®¢�−¨¥
¨−ä®à¬�æ¨¨ ¨ ¤à. ‡� áç¥â íâ®£® ®−¨ ®¡«�¤�îâ àï¤®¬ ¯à¥¨¬ãé¥áâ¢ ¢ áà�¢−¥−¨¨
á á¨−åà®−−ë¬¨ �−�«®£�¬¨: −¥§�¢¨á¨¬®áâì ¯®¢¥¤¥−¨ï ®â §�¤¥à¦¥ª í«¥¬¥−â®¢,
®¡−�àã¦¥−¨¥ «î¡ëå ª®−áâ�−â−ëå −¥¨á¯à�¢−®áâ¥© ¨ ¤à. ‘â�âìï à�áá¬�âà¨-
¢�¥â ¢�à¨�−âë à¥�«¨§�æ¨¨ ‘‘-à¥£¨áâà� á à�§«¨ç−ë¬¨ ®¯æ¨ï¬¨, ¢ª«îç�ï
ãáâ�−®¢ªã á¯¥©á¥à� ¨ ¯à¥¤ãáâ�−®¢ªã §�¤�−−®£® §−�ç¥−¨ï ¢ ª�¦¤®¬ à�§àï¤¥
÷‘. �à¥¤«�£�¥¬ë¥ ¢�à¨�−âë ®¡«�¤�îâ à�§−®© äã−ªæ¨®−�«ì−®áâìî, á«®¦−®-
áâìî ¨ ¡ëáâà®¤¥©áâ¢¨¥¬. ÷¥£¨áâàë á¤¢¨£� −� ®á−®¢¥ RS-âà¨££¥à®¢ ®¡«�¤�îâ
¬¨−¨¬�«ì−ë¬¨ �¯¯�à�âãà−ë¬¨ §�âà�â�¬¨. ÷¥£¨áâàë á¤¢¨£� −� ®á−®¢¥ £¨áâ¥-
à¥§¨á−ëå âà¨££¥à®¢ (ƒ-âà¨££¥à®¢) å�à�ªâ¥à¨§ãîâáï «ãçè¨¬ ¡ëáâà®¤¥©áâ¢¨¥¬.
‘â�âìï �−�«¨§¨àã¥â ¨å å�à�ªâ¥à¨áâ¨ª¨ ¨ ®¡®á−®¢ë¢�¥â à¥ª®¬¥−¤�æ¨¨ ¯® ¨å
¨á¯®«ì§®¢�−¨î ¢ ª�ç¥áâ¢¥ ¯®á«¥¤®¢�â¥«ì−®-¯�à�««¥«ì−®£® ¨«¨ ¯�à�««¥«ì−®-
¯®á«¥¤®¢�â¥«ì−®£® ¯®àâ�, FIFO (First Input, First Output).

Š«îç¥¢ë¥ á«®¢�: á�¬®á¨−åà®−−�ï áå¥¬�; £¨áâ¥à¥§¨á−ë© âà¨££¥à; RS-âà¨£-
£¥à; à¥£¨áâà á¤¢¨£�; FIFO; ¯®á«¥¤®¢�â¥«ì−®-¯�à�««¥«ì−ë© ¯®àâ; �¯¯�à�â−ë¥
§�âà�âë; ¡ëáâà®¤¥©áâ¢¨¥
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1 Введение

�®¤�¢«ïîé¥¥ ¡®«ìè¨−áâ¢® æ¨äà®¢ëå ãáâà®©áâ¢ ¢ á®¢à¥¬¥−−®¬ ¬¨à¥ à¥�«¨-
§®¢�−® ¢ ¡�§¨á¥ á¨−åà®−−®© áå¥¬®â¥å−¨ª¨. ‘�¬®á¨−åà®−−�ï áå¥¬®â¥å−¨ª� [1, 2]
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨© ¨ ¤à.

å�à�ªâ¥à¨§ãîé¨åáï −¥áâ�¡¨«ì−ë¬ ¨ −¨§ª¨¬ −�¯àï¦¥−¨¥¬ ¯¨â�−¨ï, ¨§¬¥−ç¨-
¢ë¬¨ ¨ −¥¡«�£®¯à¨ïâ−ë¬¨ ãá«®¢¨ï¬¨ íªá¯«ã�â�æ¨¨ æ¨äà®¢®£® ®¡®àã¤®¢�−¨ï.
‘�¬®á¨−åà®−−ë¥ áå¥¬ë ®¡«�¤�îâ àï¤®¬ ¯à¥¨¬ãé¥áâ¢ ¢ áà�¢−¥−¨¨ á á¨−åà®−-
−ë¬¨ �−�«®£�¬¨ [3]: ®âáãâáâ¢¨¥¬ ú£®−®ªû ¬¥¦¤ã á¨£−�«�¬¨, ãáâ®©ç¨¢ë¬ äã−ª-
æ¨®−¨à®¢�−¨¥¬ ¯à¨ «î¡ëå ãá«®¢¨ïå íªá¯«ã�â�æ¨¨, −¥§�¢¨á¨¬®áâìî ¯®¢¥¤¥−¨ï
áå¥¬ë ®â à¥�«ì−ëå §�¤¥à¦¥ª ¥¥ í«¥¬¥−â®¢, ®âáãâáâ¢¨¥¬ ú¤¥à¥¢�û £«®¡�«ì−®©
á¨−åà®−¨§�æ¨¨, «ãçè¥© ãáâ®©ç¨¢®áâìî ª «®£¨ç¥áª¨¬ á¡®ï¬ [4] ¨ ¤à.

‚ â® ¦¥ ¢à¥¬ï ‘‘-áå¥¬ë ¨¬¥îâ ¨ àï¤ −¥¤®áâ�âª®¢ [3], ª ç¨á«ã ª®â®àëå ®â−®-
áïâáï ¨§¡ëâ®ç−ë¥ �¯¯�à�â−ë¥, ¢ àï¤¥ á«ãç�¥¢ ãåã¤è¥−¨¥ ¡ëáâà®¤¥©áâ¢¨ï ¨§-§�
¤¢ãåä�§−®© ¤¨áæ¨¯«¨−ë à�¡®âë ¨ −�«¨ç¨ï ¨−¤¨ª�â®à−®© ¯®¤áå¥¬ë, ®¡¥á¯¥ç¨-
¢�îé¥© ª®−âà®«ì ®ª®−ç�−¨ï ¯¥à¥ª«îç¥−¨ï ‘‘-áå¥¬ë ¢ ª�¦¤ãî ä�§ã à�¡®âë.
�¤−�ª® ¢ ªà¨â¨ç¥áª¨å ®¡«�áâïå ¯à¨¬¥−¥−¨ï −¥¤®áâ�âª¨ ‘‘-áå¥¬ ª®¬¯¥−á¨àã-
îâáï ¨å ¯à¥¨¬ãé¥áâ¢�¬¨.

�¥ª®¬¯¥â¥−â−ë© «®£¨ç¥áª¨© á¨−â¥§ ‘‘-áå¥¬ë á¯®á®¡¥− ¯à¨¢¥áâ¨ ª á¢¥àå¨§-
¡ëâ®ç−ë¬ �¯¯�à�â−ë¬ §�âà�â�¬ ¨ ¤®¯®«−¨â¥«ì−®¬ã á−¨¦¥−¨î ¡ëáâà®¤¥©áâ¢¨ï.
–¨äà®¢ë¥ ãáâà®©áâ¢� á à¥£ã«ïà−®© áâàãªâãà®© æ¥«¥á®®¡à�§−® ¢áâ�¢«ïâì ¢ ¯à®-
¥ªâ¨àã¥¬ãî ‘‘-áå¥¬ã ¢ ¢¨¤¥ £®â®¢ëå á«®¦−ëå äã−ªæ¨®−�«ì−ëå ¡«®ª®¢, á¯¥æ¨-
ä¨æ¨à®¢�−−ëå ¯®¤ ª®−ªà¥â−®¥ ¯à¨¬¥−¥−¨¥ [5, 6]. „�−−ë© ¯®¤å®¤ ®¡¥á¯¥ç¨¢�¥â
à¥�«¨§�æ¨î ‘‘-áå¥¬ë ¯à®¨§¢®«ì−®£® â¨¯� á ¬¨−¨¬�«ì−ë¬¨ �¯¯�à�â−ë¬¨ §�-
âà�â�¬¨ /̈̈ «¨ ¬�ªá¨¬�«ì−ë¬ ¡ëáâà®¤¥©áâ¢¨¥¬ ¢ ¯à¥¤¥«�å íª¢¨åà®−−®© §®−ë [7]
¢ ¯à®¨§¢®«ì−®¬ «®£¨ç¥áª®¬ ¡�§¨á¥.

‚ á¢ï§¨ á íâ¨¬ áâ�−®¢¨âáï �ªâã�«ì−®© §�¤�ç� à�§à�¡®âª¨ â¨¯®¢ëå áå¥¬®-
â¥å−¨ç¥áª¨å à¥è¥−¨© ‘‘-à¥£¨áâà®¢ á¤¢¨£�. ‚ ¤�−−®© áâ�âì¥ ®¡®á−®¢ë¢�¥âáï
¡�§®¢ë© −�¡®à ‘‘-à¥£¨áâà®¢ á¤¢¨£�, ¯à¥¤«�£�îâáï ¢�à¨�−âë ¨å áå¥¬®â¥å−¨ç¥-
áª®© à¥�«¨§�æ¨¨ ¨ ¤�¥âáï áà�¢−¨â¥«ì−ë© �−�«¨§ ¨å å�à�ªâ¥à¨áâ¨ª.

2 Типовые самосинхронные регистры сдвига

÷¥£¨áâàë á¤¢¨£� ¨á¯®«ì§ãîâáï ¤«ï à¥�«¨§�æ¨¨ ¯®á«¥¤®¢�â¥«ì−®-¯�à�««¥«ì-
−ëå ¯®àâ®¢, ¨−â¥àä¥©á®¢ ¯®á«¥¤®¢�â¥«ì−®© ¯¥à¥¤�ç¨ ¤�−−ëå (FIFO), ¯®á«¥¤®-
¢�â¥«ì−ëå ãáâà®©áâ¢ ¬−®£®à�§àï¤−®£® á¤¢¨£�. ‚ á¨−åà®−−®© áå¥¬®â¥å−¨ª¥ ®−¨
à�¡®â�îâ ¯® ¯à¨−æ¨¯ã ¯®á«¥¤®¢�â¥«ì−®© ¯¥à¥¤�ç¨ ¡¨â� ¨−ä®à¬�æ¨¨ ¯® æ¥¯®çª¥
¤¢ãåâ�ªâ−ëå D-âà¨££¥à®¢. ‚ «î¡®© ¬®¬¥−â ¢à¥¬¥−¨ ª�¦¤ë© D-âà¨££¥à á®¤¥à¦¨â
¡¨â ¨−ä®à¬�æ¨¨.

‚ ‘‘-áå¥¬®â¥å−¨ª¥ â¨¯®¢®© ÷‘ ¬®¦¥â ¡ëâì ®à£�−¨§®¢�− �−�«®£¨ç−® á¨−-
åà®−−®¬ã �−�«®£ã | −� ¤¢ãåâ�ªâ−®¬ D-âà¨££¥à¥ (D0RE24, à¨á. 1, �) ¨«¨ RS-
âà¨££¥à¥ (S0RRE2, à¨á. 1, ¡). ��®«ìè�ï á«®¦−®áâì âà¨££¥à� D0RE24 (54 ª®¬¯«¥-
¬¥−â�à−ëå ¬¥â�««{¤¨í«¥ªâà¨ª{¯®«ã¯à®¢®¤−¨ª (ŠŒ„�) âà�−§¨áâ®à®¢ ¯à®â¨¢ 48
ã S0RRE2) ®¡¥á¯¥ç¨¢�¥â ¢®§¬®¦−®áâì á®ªà�é¥−¨ï ¨−ä®à¬�æ¨®−−ëå á¨£−�«®¢
¢ áå¥¬¥ §� áç¥â ¨á¯®«ì§®¢�−¨ï ã−�à−®£® ¨−ä®à¬�æ¨®−−®£® ¢å®¤� ¢¬¥áâ® ¯�à�ä�§-
−®£® ¨«¨ ¡¨ä�§−®£® [2].

÷¥�«¨§�æ¨¨ âà¥åà�§àï¤−®£® ÷‘ −� D- ¨ RS-âà¨££¥à¥ ¯à¥¤áâ�¢«¥−ë −� à¨á. 2
á®®â¢¥âáâ¢¥−−®. ‚ áà�¢−¥−¨¨ á á¨−åà®−−ë¬¨ �−�«®£�¬¨ ®−¨ ¨¬¥îâ ¤®¯®«−¨â¥«ì-
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‚�à¨�−âë á�¬®á¨−åà®−−ëå à¥£¨áâà®¢ á¤¢¨£�

÷¨á. 1 ”ã−ªæ¨®−�«ì−ë¥ áå¥¬ë à�§àï¤� ‘‘-à¥£¨áâà� á¤¢¨£� −� D-âà¨££¥à¥ (�) ¨ −�
RS-âà¨££¥à¥ (¡)

−ë© ¨−¤¨ª�â®à−ë© í«¥¬¥−â | âà¥å¢å®¤®¢ë© ƒ-âà¨££¥à GI3 [8]. �à¨ ¯®áâà®¥−¨¨
à¥£¨áâà®¢ á ç¨á«®¬ à�§àï¤®¢ ¡®«ìè¥ âà¥å ¨−¤¨ª�æ¨ï à¥�«¨§ã¥âáï ¯¨à�¬¨¤�«ì−®©
áå¥¬®© ¨§ ƒ-âà¨££¥à®¢.

‚®§¬®¦−ë¬ à¥è¥−¨¥¬ ï¢«ï¥âáï à¥�«¨§�æ¨ï ÷‘ −� ƒ-âà¨££¥à�å. �à®â®â¨¯®¬
â�ª®£® ÷‘ á«ã¦¨â ‘‘-ª®−¢¥©¥à, ¢ ª®â®à®¬ åà�−¥−¨¥ ¨−ä®à¬�æ¨¨ ®ª�§ë¢�¥âáï
¯®«ã¯«®â−ë¬. ‘å¥¬� à�§àï¤� ÷‘ −� ƒ-âà¨££¥à�å ¯à¨¢¥¤¥−� −� à¨á. 3. …¥ á«®¦-
−®áâì à�¢−� 32 âà�−§¨áâ®à�¬. ‚å®¤ RT ãáâ�−�¢«¨¢�¥â ®¡� ƒ-âà¨££¥à� ¢ −ã«¥¢®©
á¯¥©á¥à ¯à¨ RT = 0. �� à¨á. 4 ¯®ª�§�−� áå¥¬� âà¥åà�§àï¤−®£® ÷‘ −� ƒ-âà¨£-
£¥à�å.

�«£®à¨â¬ à�¡®âë ÷‘ −� ƒ-âà¨££¥à�å §�ª«îç�¥âáï ¢ á«¥¤ãîé¥¬:

{ ¢−�ç�«¥ ¢á¥ à�§àï¤ë ÷‘ ãáâ�−�¢«¨¢�îâáï ¢ −ã«¥¢®© á¯¥©á¥à (RT = 0);

{ −� ¯�à�ä�§−ë© ¢å®¤ (X, XB) ¯®¤�¥âáï à�¡®ç¥¥ á®áâ®ï−¨¥, ®−® §�¯¨áë¢�¥âáï
¯® æ¥¯®çª¥ ¢® ¢á¥ à�§àï¤ë, §�¯®«−ïï ¢á¥ í«¥¬¥−âë à¥£¨áâà� D1{D6;

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 3 2022 83



ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨© ¨ ¤à.

÷¨á. 2 ‘å¥¬ë âà¥åà�§àï¤−®£® ‘‘-à¥£¨áâà� á¤¢¨£� −� D-âà¨££¥à¥ (�) ¨ −� RS-
âà¨££¥à¥ (¡)

÷¨á. 3 ‘å¥¬� à�§àï¤� ‘‘-à¥£¨áâà� á¤¢¨£� −� ƒ-âà¨££¥à�å

{ −� ¢å®¤ (•, •‚) ¯®áâã¯�¥â −ã«¥¢®© á¯¥©á¥à, ª®â®àë© à�á¯à®áâà�−ï¥âáï ¯®
í«¥¬¥−â�¬ D1{D5, −® í«¥¬¥−â D6 á®åà�−ï¥â á¢®¥ à�¡®ç¥¥ á®áâ®ï−¨¥;

{ −®¢®¥ à�¡®ç¥¥ á®áâ®ï−¨¥, ¯®áâã¯�îé¥¥ −� ¢å®¤ (•, •‚), §�¯¨è¥âáï ¢ ¯¥à¢ë¥
ç¥âëà¥ í«¥¬¥−â� à¥£¨áâà� (D1{D4);
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‚�à¨�−âë á�¬®á¨−åà®−−ëå à¥£¨áâà®¢ á¤¢¨£�

÷¨á. 4 ‘å¥¬� âà¥åà�§àï¤−®£® ‘‘-à¥£¨áâà� á¤¢¨£� −� ƒ-âà¨££¥à�å

{ ¤�«ì−¥©è¥¥ ç¥à¥¤®¢�−¨¥ á¯¥©á¥à� ¨ à�¡®ç¥£® á®áâ®ï−¨ï −� ¢å®¤¥ (•, •‚)
¯à¨¢¥¤¥â ª §�¯®«−¥−¨î à¥£¨áâà� âà¥¬ï à�¡®ç¨¬¨ á®áâ®ï−¨ï¬¨ ¢ í«¥¬¥−â�å
D2, D4 ¨ D6 ¨ á¯¥©á¥à®¬ ¢ í«¥¬¥−â�å D1, D3 ¨ D5;

{ ¯¥à¥ª«îç¥−¨¥ ¢å®¤� ã¯à�¢«¥−¨ï … ¨§ ú1û ¢ ú0û à�§à¥è¨â í«¥¬¥−âã D6
¯¥à¥©â¨ ¢ á¯¥©á¥à, çâ®, ¢ á¢®î ®ç¥à¥¤ì, à�§à¥è¨â à�¡®ç¥¬ã á®áâ®ï−¨î ¨§ D4
§�¯¨á�âìáï ¢ D5, §�â¥¬ á¯¥©á¥àã ¨§ D3 §�¯¨á�âìáï ¢ D4 ¨ â. ¤. ‚ à¥§ã«ìâ�â¥
¡¨âë ¨−ä®à¬�æ¨¨, åà�−¨¬ë¥ à¥£¨áâà®¬, á¤¢¨−ãâáï −� ®¤¨− í«¥¬¥−â à¥£¨áâà�
¨ ¡ã¤¥â à�§à¥è¥−� §�¯¨áì −®¢®£® ¡¨â� ¨−ä®à¬�æ¨¨ ¢ í«¥¬¥−â D1.

÷¥£¨áâà −� à¨á. 4 äã−ªæ¨®−¨àã¥â ª�ª ú¯®«ã¯«®â−®¥ FIFOû [9]. „«ï à¥�«¨-
§�æ¨¨ n-à�§àï¤−®£® ÷‘ âà¥¡ã¥âáï 2n à�§àï¤®¢, ¨ ®¡é¨¥ �¯¯�à�âãà−ë¥ §�âà�âë
−� à¨á. 4 ®ª�§ë¢�îâáï ¢ 1,2{1,3 à�§� ¡®«ìè¥, ç¥¬ ¢ à¥£¨áâà�å −� à¨á. 2. …£®
¯à¥¨¬ãé¥áâ¢� ¢ áà�¢−¥−¨¨ á −¨¬¨: ¯�à�ä�§−®¥ ª®¤¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−ëå
¢å®¤®¢ ¨ ¢ëå®¤®¢ ¨ «ãçè¥¥ ¢ 2,2 à�§� ¡ëáâà®¤¥©áâ¢¨¥.

�¤−® ¨§ ¯à�ªâ¨ç¥áª¨å ¯à¨¬¥−¥−¨© ÷‘ | à¥�«¨§�æ¨ï ¯®á«¥¤®¢�â¥«ì−®£®
¢ëå®¤−®£® ¨−â¥àä¥©á�. �−® âà¥¡ã¥â ¯�à�««¥«ì−®© §�¯¨á¨ ¯¥à¥¤�¢�¥¬®© ¨−ä®à-
¬�æ¨¨ ¢ à¥£¨áâà ¯¥à¥¤ −�ç�«®¬ ¯¥à¥¤�ç¨.

3 Самосинхронный регистр сдвига с параллельной записью

“áâà®©áâ¢� ¯®á«¥¤®¢�â¥«ì−®£® ¢ëå®¤−®£® ¨−â¥àä¥©á� ®á−®¢�−ë −� ¯�à�«-
«¥«ì−®© §�¯¨á¨ ¢ ÷‘ ¨−ä®à¬�æ¨¨ ¨ ú¢ëâ�«ª¨¢�−¨¨û ¥¥ ¯® ¯®á«¥¤®¢�â¥«ì−®¬ã
ª�−�«ã. �� à¨á. 5 ¯®ª�§�−� à¥�«¨§�æ¨ï à�§àï¤� ÷‘ á ¯�à�««¥«ì−®© §�¯¨áìî. �−
®â«¨ç�¥âáï ®â à�§àï¤� ÷‘ −� à¨á. 1, ¡ −�«¨ç¨¥¬ ¢å®¤®¢ à�§à¥è¥−¨ï ¯�à�««¥«ì-
−®© §�¯¨á¨ WE (WE = 1| à�§à¥è¥−¨¥ §�¯¨á¨;WE = 0| ®âáãâáâ¢¨¥ §�¯¨á¨,
à¥¦¨¬ á¤¢¨£�), ‘‘-ãáâ�−®¢ª¨ ÷ (ò = 1 | ãáâ�−®¢ª� ¢ëå®¤� à�§àï¤� ÷‘ ¢ á®-
áâ®ï−¨¥ Q = 1, QB = 0; P = 0| ®âáãâáâ¢¨¥ ãáâ�−®¢ª¨), ‘‘-á¡à®á ‘ (ó = 1|
á¡à®á ¢ëå®¤� à�§àï¤� à¥£¨áâà� ¢ á®áâ®ï−¨¥ Q = 0, QB = 1; ó = 0| ®âáãâáâ¢¨¥
á¡à®á�) ¨ ¤®¯®«−¨â¥«ì−®£® ¢ëå®¤� IW, ¨−¤¨æ¨àãîé¥£® ãá¯¥è−®¥ §�¢¥àè¥−¨¥
‘‘-§�¯¨á¨ (IW = 0| §�¯¨áì §�¢¥àè¥−�; IW = 1| §�¯¨áì ®âáãâáâ¢ã¥â). �¯¯�-
à�â−ë¥ §�âà�âë à�§àï¤� à¥£¨áâà� −� à¨á. 5 á®áâ�¢«ïîâ 64 ŠŒ„�-âà�−§¨áâ®à�.

�� à¨á. 6 ¯®ª�§�−� à¥�«¨§�æ¨ï âà¥åà�§àï¤−®£® ÷‘ á ¯�à�««¥«ì−®© ‘‘-§�-
¯¨áìî, à�§àï¤ë ª®â®à®£® à¥�«¨§®¢�−ë áå¥¬®© −� à¨á. 5. �«¥¬¥−â D7 ä®à¬¨àã¥â
®¡é¨© ¨−¤¨ª�â®à−ë© ¢ëå®¤ II à¥£¨áâà� á ãç¥â®¬ à¥¦¨¬� ¥£® à�¡®âë.
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨© ¨ ¤à.

÷¨á. 5 ‘å¥¬� ®¤−®£® à�§àï¤� ÷‘ á ‘‘ ¯�à�««¥«ì−®© §�¯¨áìî

÷¨á. 6 ‘å¥¬� âà¥åà�§àï¤−®£® ÷‘ á ‘‘ ¯�à�««¥«ì−®© §�¯¨áìî

‚ à¥¦¨¬¥ á¤¢¨£� ¢å®¤ à�§à¥è¥−¨ï §�¯¨á¨ WE = 0 ¨ æ¥¯¨ ¯�à�««¥«ì−®©
§�¯¨á¨ −¥ ¢«¨ïîâ −� ¨−¤¨ª�â®à−ë© ¢ëå®¤ II. ��à�««¥«ì−�ï §�¯¨áì ¢ à¥£¨áâà
¢ë¯®«−ï¥âáï ¯à¨ å = 0 ¯ãâ¥¬ ¯®¤�ç¨ −� ¢å®¤ë ãáâ�−®¢ª¨ Ci ¨ Pi âà¥¡ã¥¬ëå
§−�ç¥−¨© (Ci = 1 ¨ Pi = 0 ¤«ï ãáâ�−®¢ª¨ ¢ i-¬ à�§àï¤¥ à¥£¨áâà� ú0û; Ci =
= 0 ¨ Pi = 1 ¤«ï ãáâ�−®¢ª¨ ¢ i-¬ à�§àï¤¥ à¥£¨áâà� ú1û) ¨ §�¤�−¨¨ WE = 1.
‘¨£−�« WE ¤®«¦¥− ¨−¤¨æ¨à®¢�âì ¢å®¤ë ãáâ�−®¢ª¨ à¥£¨áâà�. �¯¯�à�âãà−ë¥
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÷¨á. 7 „¨�£à�¬¬� à�¡®âë ‘‘-à¥£¨áâà� á¤¢¨£� á ¯�à�««¥«ì−®© ‘‘-§�¯¨áìî

§�âà�âë ‘‘-à¥£¨áâà� −� à¨á. 6 á®áâ�¢«ïîâ 232 ŠŒ„�-âà�−§¨áâ®à�. ÷¨áã−®ª 7
¯®ª�§ë¢�¥â ¢à¥¬¥−−�ãî ¤¨�£à�¬¬ã à�¡®âë ‘‘-à¥£¨áâà� á¤¢¨£� ¢ â¥à¬¨−�å ¢å®¤®¢
ã¯à�¢«¥−¨ï ¨ §�¯¨á¨ ¨ ¨−¤¨ª�â®à−ëå ¢ëå®¤®¢. ’®−ª¨¥ «¨−¨¨ á® áâà¥«ª�¬¨
¯®ª�§ë¢�îâ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥ §�¢¨á¨¬®áâ¨ ¬¥¦¤ã á¨£−�«�¬¨ áå¥¬ë à¥-
£¨áâà�.

÷�§àï¤ ÷‘ −� ƒ-âà¨££¥à�å á ¯�à�««¥«ì−®© §�¯¨áìî ¯®ª�§�− −� à¨á. 8.
�− ãáâ�−�¢«¨¢�¥âáï ¢ −ã«¥¢®© á¯¥©á¥à ¯à¨ R = RB = RT = S = SB = 0,
§�¯¨áë¢�¥â ¡¨â ú0û ¯à¨ R = RB = 1 ¨ RT = S = SB = 0 ¨«¨ ¡¨â ú1û ¯à¨
R = RB = RT = 0 ¨ S = SB = 1.

÷¨á. 8 ‘å¥¬� ®¤−®£® à�§àï¤� ÷‘ −� ƒ-âà¨££¥à�å á ¯�à�««¥«ì−®© §�¯¨áìî
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨© ¨ ¤à.

÷¨á. 9 ÷¥£¨áâà á¤¢¨£� −� ƒ-âà¨££¥à�å á ¯�à�««¥«ì−®© §�¯¨áìî

��à�««¥«ì−�ï §�¯¨áì ¢ë¯®«−ï¥âáï ¯®á«¥ ¯¥à¥ª«îç¥−¨ï à�§àï¤� ÷‘ ¢ á¯¥©á¥à
(Q = QB = 0). �®á«¥ ¨−¨æ¨�æ¨¨ ¯�à�««¥«ì−®© §�¯¨á¨ WE = 1 ¨ ¯®¤�ç¨
á¨£−�«®¢ RT = 0 ¨ âà¥¡ã¥¬®© ª®¬¡¨−�æ¨¨ ¢å®¤®¢ R, RB, S ¨ SB ¯¥à¥ª«îç¥−¨¥
¢ëå®¤� IW ¢ §−�ç¥−¨¥ IW = 1 ¯®¤â¢¥à¤¨â ãá¯¥è−®¥ ®ª®−ç�−¨¥ ¯�à�««¥«ì−®©
§�¯¨á¨ ¢ à�§àï¤ ÷‘. “áâ�−®¢ª� WE = 0 ¨ §�â¥¬ RT = 1 ¨ R = S = 0,
RB = SB = 1 ¢®§¢à�é�¥â à�§àï¤ ÷‘ ¢ á¯¥©á¥à. ‘«®¦−®áâì à¥�«¨§�æ¨¨ áå¥¬ë
á®áâ�¢«ï¥â 76 ŠŒ„�-âà�−§¨áâ®à®¢. �� à¨á. 9 ¯®ª�§�− 3-à�§àï¤−ë© ‘‘-à¥£¨áâà
á¤¢¨£� á ¯�à�««¥«ì−®© §�¯¨áìî −� ƒ-âà¨££¥à�å.

ˆ−¤¨ª�â®à−�ï ¯®¤áå¥¬�, ¢ª«îç�îé�ï í«¥¬¥−âë D4{D6, ¯®¤â¢¥à¦¤�¥â
ãá¯¥è−®¥ ®ª®−ç�−¨¥ ¯�à�««¥«ì−®© §�¯¨á¨ ¢ à¥£¨áâà. ‚ à¥§ã«ìâ�â¥ ®¡é�ï
á«®¦−®áâì à¥�«¨§�æ¨¨ ‘‘-à¥£¨áâà� á¤¢¨£� −� à¨á. 9 á®áâ�¢«ï¥â 252 ŠŒ„�-
âà�−§¨áâ®à�, çâ® −� 9% ¢ëè¥ á«®¦−®áâ¨ à¥£¨áâà� −� à¨á. 6.

‘ ãç¥â®¬ â®£®, çâ® ¤«ï ¯�à�««¥«ì−®© §�¯¨á¨ ¢ à¥£¨áâà −� à¨á. 9 âà¥¡ã¥âáï
áä®à¬¨à®¢�âì ¢¤¢®¥ ¡®«ìè¥ á¨£−�«®¢ ¯à¥¤ãáâ�−®¢ª¨ R∗ ¨ S∗, áã¬¬�à−ë¥ §�âà�âë
¢�à¨�−â� à¥£¨áâà� −� ƒ-âà¨££¥à�å ®ª�¦ãâáï ¥é¥ åã¦¥ ¢ áà�¢−¥−¨¨ á §�âà�â�¬¨
¢�à¨�−â� −� RS-âà¨££¥à¥ (á¬. à¨á. 6).

�¤−�ª® ¬®¤¥«¨à®¢�−¨¥ ¢�à¨�−â®¢ ‘‘-à¥£¨áâà� á¤¢¨£�, ¨§®¡à�¦¥−−ëå −�
à¨á. 6 ¨ 9 á ãç¥â®¬ ¨å ®ªàã¦¥−¨ï, ®¡¥á¯¥ç¨¢�îé¥£® à�¡®âã ÷‘ ¢ à¥¦¨¬�å
¯�à�««¥«ì−®© ‘‘-§�¯¨á¨ ¨ ‘‘-á¤¢¨£�, ¯®ª�§ë¢�¥â, çâ® áã¬¬�à−�ï ¤«¨â¥«ì−®áâì
à�¡®ç¥© ¨ á¯¥©á¥à−®© ä�§ ¢ ÷‘ −� à¨á. 6 ¢ 1,5 à�§� ¡®«ìè¥, ç¥¬ ¢ à¥£¨áâà¥ −�
à¨á. 9.

’�ª¨¬ ®¡à�§®¬, ÷‘ á ¯�à�««¥«ì−®© §�¯¨áìî (¯�à�««¥«ì−®-¯®á«¥¤®¢�â¥«ì-
−ë© ¯®àâ) −� RS-âà¨££¥à¥ (á¬. à¨á. 6) ®¡¥á¯¥ç¨¢�¥â ¬¨−¨¬�«ì−ãî á«®¦−®áâì,
� à¥£¨áâà −� ƒ-âà¨££¥à�å (á¬. à¨á. 9) £�à�−â¨àã¥â «ãçè¥¥ ¡ëáâà®¤¥©áâ¢¨¥.

4 Заключение

÷�áá¬®âà¥−−ë¥ ¢�à¨�−âë à¥�«¨§�æ¨¨ à�§àï¤� ‘‘-à¥£¨áâà� á¤¢¨£� ¨ á�¬®£®
‘‘-à¥£¨áâà� á¤¢¨£� −¥ ¨áç¥à¯ë¢�îâ ¢á¥£® ¬−®£®®¡à�§¨ï á¤¢¨£®¢ëå ‘‘-à¥£¨áâ-
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à®¢. ‚¢®¤ ¢ ®¯¨á�−−ë¥ áå¥¬ë ¢å®¤®¢ �á¨−åà®−−®© ¨«¨ ‘‘-¯à¥¤ãáâ�−®¢ª¨
¯®§¢®«ï¥â ¯®«ãç¨âì è¨à®ªãî −®¬¥−ª«�âãàã ¯à�ªâ¨ç¥áª¨ §−�ç¨¬ëå à¥�«¨§�æ¨©
‘‘-à¥£¨áâà� á¤¢¨£�.

‘�¬®á¨−åà®−−ë© ÷‘ â¨¯� FIFO ¨«¨ ¯®á«¥¤®¢�â¥«ì−®-¯�à�««¥«ì−ë© ¯®àâ
æ¥«¥á®®¡à�§−® à¥�«¨§®¢ë¢�âì −� ƒ-âà¨££¥à�å á ¯à¥¤ãáâ�−®¢ª®© á¯¥©á¥à�, ¥á«¨
âà¥¡ã¥âáï ¬¨−¨¬�«ì−�ï «�â¥−â−®áâì ¨ ¯�à�ä�§−®¥ ª®¤¨à®¢�−¨¥ ¯�à�««¥«ì−®£®
¢ëå®¤� à¥£¨áâà�. ‚ ¯à®â¨¢−®¬ á«ãç�¥ «ãçè¨¬ à¥è¥−¨¥¬ ¡ã¤¥â ¨á¯®«ì§®¢�−¨¥
¤¢ãåâ�ªâ−®£® RS-âà¨££¥à�.

‘�¬®á¨−åà®−−ë© ÷‘ á ¯�à�««¥«ì−®© §�¯¨áìî æ¥«¥á®®¡à�§−® áâà®¨âì −�
RS-âà¨££¥à�å á ‘‘-ãáâ�−®¢ª®© ¨ á¡à®á®¬, ¥á«¨ æ¥«¥¢ë¬ ªà¨â¥à¨¥¬ á«ã¦¨â ¬¨-
−¨¬�«ì−�ï á«®¦−®áâì áå¥¬ë. �−�«®£¨ç−ë© à¥£¨áâà −� ƒ-âà¨££¥à�å ®ª�§ë¢�¥âáï
¢ 1,09 à�§� á«®¦−¥¥, ®¤−�ª® ¯®á«¥¤−¨© ®¡«�¤�¥â ¢ 1,5 à�§� «ãçè¨¬ ¡ëáâà®¤¥©-
áâ¢¨¥¬.
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Abstract: The paper discusses the problems of designing and using self-timed
(ST) shift registers. Self-timed circuits have their specifics: two-phase work
discipline, redundant information coding, etc. Due to this, they have some
advantages compared with synchronous counterparts: independence of behavior
from cell delays, detection of any stuck faults, etc. The article considers
implementation options for the ST shift register with various options, including
setting to a spacer and presetting a fixed value in each bit of the shift register.
The proposed options have different functionality, complexity, and performance.
Shift registers based on RS-flip-flops have minimal hardware costs, while shift
registers based on hysteretic triggers have better performance. The article analyzes
shift register's characteristics and substantiates recommendations for their use
as a serial-to-parallel port, parallel-to-serial port, or FIFO (First Input, First
Output).
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