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Â ðÿäå ñëó÷àåâ ïóòåì ââåäåíèÿ ïðåäâàðèòåëüíîãî ïðåîáðàçîâàíèÿ 
äåêîäèðóåìîé èíôîðìàöèè ìîæíî çíà÷èòåëüíî óìåíüøèòü 
àïïàðàòóðíûå çàòðàòû äåøèôðàòîðîâ. 

Íàèáîëåå óäîáíîé äëÿ ýòîé öåëè ÿâëÿåòñÿ îïåðàöèÿ ïîäñ÷åòà ÷èñëà 
åäèíèö â äåøèôðèðóåìîé äâîè÷íîé êîäîâîé êîìáèíàöèè. 

Â êà÷åñòâå ïðèìåðà, ðàñêðûâàþùåãî ñóùíîñòü ïðåäëàãàåìîãî 
ñïîñîáà ïîñòðîåíèÿ ýêîíîìè÷íûõ äåøèôðàòîðîâ íà îñíîâå ëèíåéíûõ, 
ðàññìîòðèì äåøèôðàöèþ äâîè÷íûõ ÷åòûðåõðàçðÿäíûõ êîäîâûõ 
êîìáèíàöèé, ïðåäñòàâëåííûõ â òàáë.1.  
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Êîäîâàÿ 
êîìáèíàöèÿ 

1 2 3 4x x x x  

×èñëî 
åäèíèö 

0 0000 0 8 1000 1 

1 0001 1 9 1001 2 

2 0010 1 10 1010 2 

3 0011 2 11 1011 3 

4 0100 1 12 1100 2 

5 0101 2 13 1101 3 

6 0110 2 14 1110 3 

7 0111 3 15 1111 4 
 
Êàê âèäíî èç òàáë. 1, âñå äâîè÷íûå êîìáèíàöèè â çàâèñèìîñòè îò 

÷èñëà  åäèíèö â íèõ ðàçäåëÿþòñÿ íà ïÿòü ãðóïï: 
 

0S  1S  2S  3S  4S  
0000 0001 0011 0111 1111 

 0010 0101 1011  
 0100 1001 1101  
 1000 0110 1110  
  1010   
  1100   

 
Ïðåäïîëîæèì, ÷òî äëÿ ëþáîé èç äåøèôðèðóåìûõ êîäîâûõ êîìáèíàöèé 

èçâåñòíî ÷èñëî ñîäåðæàùèõñÿ â íåé åäèíèö 0S , 1S , 2S , 3S , 4S . Ýòî 

ïîçâîëÿåò ïðîèçâîäèòü äåøèôðàöèþ êàæäîé ãðóïïû êîìáèíàöèé â îò-
äåëüíîñòè. Âûõîäíûå ôóíêöèè òàêîãî ëèíåéíîãî äåøèôðàòîðà äëÿ 
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÷åòûðåõ àðãóìåíòîâ 1 2 3 4x x x x  áóäóò èìåòü âèä:  0 0F S= ;  1 4 1F x S= ; 

2 3 1F x S= ; 3 3 4 2F x x S= ; 4 2 1F x S= ; 5 2 4 2F x x S= ; 6 2 3 2F x x S= ; 7 1 3F x S= ; 8 1 1F x S= ; 

9 1 4 2F x x S= ; 10 1 3 2F x x S= ; 12 1 2 2F x x S= ; 11 2 3F x S= ;  13 3 3F x S= ; 14 4 3F x S= ; 15 4F S= , 

ãäå 0S , 1S , 2S , 3S , 4S  – äâîè÷íûå ôóíêöèè, ñîîòâåòñòâóþùèå 
êîëè÷åñòâó åäèíèö  â äåøèôðóåìûõ êîäîâûõ êîìáèíàöèÿõ. 

Â îáùåì ñëó÷àå ïðåäëàãàåìûé äåøèôðàòîð ñîäåðæèò ñóììàòîð 
÷èñëà åäèíèö âî âõîäíûõ êîäîâûõ êîìáèíàöèÿõ è äåøèôðàòîðû 

ñî÷åòàíèé, ðåàëèçóþùèå ôóíêöèè âûõîäà 0F , 1F , 2F , …, 2 1
nF − . 

Â ðàññìàòðèâàåìîì ïðèìåðå ëèíåéíîãî äåøèôðàòîðà äëÿ ÷åòûðåõ 
ïåðåìåííûõ 1 2 3 4, , ,x x x x  èìååò îöåíêó Êâàéíà â 34 âõîäà (äëÿ îáû÷íîãî 
ìàòðè÷íîãî äåøèôðàòîðà íåîáõîäèìî 64 âõîäà) è ñîäåðæèò òðè äåøèô-
ðàòîðà ñî÷åòàíèé 1DC , 2DC , 3DC  äëÿ ãðóïï 1S , 2S , 3S , âûõîäíûå 

ôóíêöèè êîòîðûõ ñîîòâåòñòâåííî 1F , 2F , 4F , 8F ; 3F , 5F , 6F , 9F , 10F , 12F , 

7F , 11F , 13F , 14F  (ðèñ.1). 

Äîïîëíèòåëüíàÿ ìèíèìèçàöèÿ àïïàðàòóðíûõ çàòðàò äåøèôðàòîðîâ 
ñî÷åòàíèé äîñòèãàåòñÿ çà ñ÷åò èñïîëüçîâàíèÿ ïðÿìûõ èëè èíâåðñíûõ 
çíà÷åíèé âõîäíûõ ïåðåìåííûõ â çàâèñèìîñòè îò ñîîòíîøåíèÿ íóëåé è 
åäèíèö â äåøèôðèðóåìûõ êîäîâûõ êîìáèíàöèÿõ. Åñëè â êîìáèíàöèè 
ìåíüøå ÷èñëî åäèíèö, èñïîëüçóþòñÿ ïðÿìûå çíà÷åíèÿ âõîäíûõ 
ïåðåìåííûõ, åñëè ìåíüøå ÷èñëî íóëåé, - èíâåðñíûå. 
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Ðèñóíîê 1 - Ìàòðè÷íûé äåøèôðàòîð ÷åòûðåõ ïåðåìåííûõ  

ñ ñóììàòîðîì åäèíèö 
 

Àíàëèçèðóÿ ãðóïïèðîâêó êîäîâûõ êîìáèíàöèé ïðè óâåëè÷åíèè ÷èñëà 
âõîäíûõ ïåðåìåííûõ, ìîæíî ñäåëàòü âûâîä, ÷òî ÷èñëî êîìáèíàöèé â 
ãðóïïå îïðåäåëÿåòñÿ ÷èñëîì ñî÷åòàíèé åäèíèö è íóëåé â êîäîâûõ 
êîìáèíàöèÿõ 
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ãäå  n  - ÷èñëî âõîäíûõ ïåðåìåííûõ;  
      i  - ÷èñëî åäèíèö èëè íóëåé â êîäîâûõ êîìáèíàöèÿõ.  

Â òàáë. 2 ïðèâåäåíû çíà÷åíèÿ i
nC  äëÿ 2 8n = ÷ . Êàê âèäíî èç òàáë. 2 è 

ðèñ. 1, êîëè÷åñòâî äåøèôðàòîðîâ ñî÷åòàíèé îïðåäåëÿåòñÿ ÷èñëîì ãðóïï, 
çà èñêëþ÷åíèåì ïåðâîé è ïîñëåäíåé, è ðàâíî 1n − . Êîëè÷åñòâî ýëåìåíòîâ 
ñõåì äåøèôðàòîðîâ ñî÷åòàíèé îïðåäåëÿåòñÿ êîëè÷åñòâîì êîäîâûõ 

êîìáèíàöèé â ãðóïïå i
nC , à êîëè÷åñòâî âõîäîâ ëîãè÷åñêîãî ýëåìåíòà - 

ìèíèìàëüíûì ÷èñëîì i  íóëåé èëè åäèíèö â êîìáèíàöèè è äâîè÷íîé 
ôóíêöèåé iS , ñîîòâåòñòâóþùåé êîëè÷åñòâó åäèíèö â êîäîâûõ 

êîìáèíàöèÿõ äàííîé ãðóïïû, è ðàâíî  1i + . 
 

Òàáëèöà 2 – ×èñëî ñî÷åòàíèé äëÿ ðàçëè÷íûõ i  è n  

i  n  
0 1 2 3 4 5 6 7 8 

2 1 2 1       
3 1 3 3 1      
4 1 4 6 4 1     
5 1 5 10 10 5 1    
6 1 6 15 20 15 6 1   
7 1 7 21 35 35 21 7 1  
8 1 8 28 56 70 56 28 8 1 

             
Òàêèì îáðàçîì, ñ ó÷åòîì äîïîëíèòåëüíîé ìèíèìèçàöèè îáùåå ÷èñëî 

âõîäîâ äëÿ ìàòðè÷íûõ äåøèôðàòîðîâ ñ ïîäñ÷åòîì ÷èñëà åäèíèö: 
äëÿ íå÷åòíûõ n  
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Â îáû÷íûõ ìàòðè÷íûõ äåøèôðàòîðàõ àïïàðàòóðíûå çàòðàòû 

 2nK n= ⋅ . (4) 

Â òàáë. 3 ïðèâåäåíû îöåíêè Êâàéíà â ïðåäëàãàåìûõ è ëèíåéíûõ 
äåøèôðàòîðàõ, îïðåäåëåííûå ïî ôîðìóëàì (2) - (4). 

 
Òàáëèöà 3 - Îöåíêè Êâàéíà êîëè÷åñòâà ýëåìåíòîâ â äåøèôðàòîðàõ 

Äåøèôðàòîð ñ ñóììàòîðîì n  Îäíîñòóïåí÷àòûé 
äåøèôðàòîð äåøèôðàòîð ñóììàòîð âñåãî  

2 8 4 5 9 
3 24 12 13 25 
4 64 34 24 58 
5 160 80 38 118 
6 384 194 55 249 
7 896 434 75 509 
8 2048 998 98 1096 
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Â êà÷åñòâå ñóììàòîðà ìîæíî èñïîëüçîâàòü ìàòðè÷íûé ñóììàòîð  
(ðèñ. 2).  
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Ðèñóíîê 2 – Ìàòðè÷íûé ñóììàòîð 

Àïïàðàòíûå çàòðàòû íå ðåàëèçàöèþ òàêîãî ñóììàòîðà ìîæíî 
âû÷èñëèòü ïî ôîðìóëå  

 
2

(3 1)
n

i

K i
=

= −∑ . (5) 

Íà÷èíàÿ ñ n = 6, äîïîëíèòåëüíîå êîëè÷åñòâî ýëåìåíòîâ äëÿ 
ðåàëèçàöèè ñóììàòîðà ìàëî âëèÿåò íà îáùåå êîëè÷åñòâî ýëåìåíòîâ 
äåøèôðàòîðà ñ ñóììàòîðîì. 
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Ðèñóíîê 3 - Ìàòðè÷íûé äåøèôðàòîð ñî ñõåìàìè ñàìîêîíòðîëÿ 
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Èñïîëüçîâàíèå îïèñàííîãî ñïîñîáà ïîñòðîåíèÿ äåøèôðàòîðà ïîçâîëÿåò 
òàêæå è îáíàðóæèâàòü ñáîè â äåøèôðàòîðàõ ñî÷åòàíèé. Ñïîñîá êîíòðîëÿ 
îñíîâàí íà àíàëèçå ïðèíàäëåæíîñòè âûõîäíîé êîìáèíàöèè ê ãðóïïå, 
ñîñòîÿùåé èç îïðåäåëåííîãî ÷èñëà åäèíèö. Äëÿ ýòîãî èñïîëüçóþòñÿ 
ñõåìû «ÈËÈ», êîòîðûå ïðîèçâîäÿò ñóììèðîâàíèÿ ëîãè÷åñêèõ ñèãíàëîâ 

iF  ñ îïðåäåëåííûì êîëè÷åñòâîì åäèíèö, è ñõåìû íåðàâíîçíà÷íîñòè «=». 
Ñõåìà äåøèôðàòîðà ñ ââåäåííûìè óçëàìè ñàìîêîíòðîëÿ ïðåäñòàâëåíà íà 
ðèñóíêå 3.  
Âàðèàíò ïðàâèëüíîé ðàáîòû äåøèôðàòîðà è ïðèìåðû îáíàðóæèâàåìûõ è 
íåîáíàðóæèâàåìûõ îøèáîê äëÿ âõîäíîé êîìáèíàöèè «0110» ïðèâåäåíû â 
òàáëèöå 4. Äëÿ äàííîé âõîäíîé êîìáèíàöèè ñîñòîÿíèå âûõîäîâ 
ñóììàòîðà 0 0S = , 1 0S = , 2 1S = , 3 0S = , 4 0S = . Åñëè äåøèôðàòîð ðàáîòàåò 

ïðàâèëüíî, òî íà øåñòîì åãî âûõîäå 6F  ïîÿâèòñÿ åäèíè÷íûé ñèãíàë. Â 

ñëó÷àå íåïðàâèëüíîé ðàáîòû äåøèôðàòîðîâ ñî÷åòàíèé, â ðåçóëüòàòå 
êîòîðîé ïîÿâèòüñÿ åäèíè÷íûé ñèãíàë íà îäíîì èëè íåñêîëüêèõ âûõîäàõ 

6iF F≠ , è åñëè äàííîå iF  íå ïðèíàäëåæèò ê ãðóïïå ñ ÷èñëîì åäèíèö âî 

âõîäíîì ñëîâå ðàâíîì äâóì  { }10,12,6,5,3,9i ∉ , òî íà âûõîäå ñõåìû 

îáíàðóæåíèÿ îøèáêè ïîÿâèòüñÿ ñèãíàë îøèáêè åäèíè÷íîãî óðîâíÿ. Åñëè 
â ðåçóëüòàòå íåïðàâèëüíîé ðàáîòû ïîÿâèòüñÿ åäèíè÷íûé ñèãíàë íà 
âûõîäå iF äëÿ { }10,12,5,3,9i ∈ , òî ïðîèçîéäåò íåîáíàðóæèâàåìàÿ îøèáêà. 

 
Òàáëèöà 4 – Ðåæèìû ðàáîòû äåøèôðàòîðà 

Âûõîäíàÿ êîìáèíàöèÿ 
Ãðóïïû ïî ÷èñëó åäèíèö 

Âõîäíàÿ 
êîìáèíàöèÿ 

S0 S1 S2 S3 S4 
x1 x2 x3 x4 F0 F8 F4 F2 F1 F10 F12 F6 F5 F3 F9 F7 F11 F13 F14 F15 
    Ïðàâèëüíàÿ ðàáîòà 
0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
    Îáíàðóæèâàåìàÿ îøèáêà 
0 1 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
0 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 
0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 
0 1 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 
0 1 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 1 
    Íåîáíàðóæèâàåìàÿ îøèáêà 
0 1 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 

 
Ïðîèçâåäåì îöåíêó äîñòîâåðíîñòè ðàáîòû òàêîé ñõåìû. Â êà÷åñòâå 

êðèòåðèÿ âûáåðåì âåðîÿòíîñòü ïðîïóñêà èëè íåîáíàðóæåíèÿ îøèáêè. 
Ïðè èñïîëüçîâàíèè äàííîãî ñïîñîáà êîíòðîëÿ îøèáêà áóäåò ïðîïóùåíà â 
ñëåäóþùèõ ñëó÷àÿõ: 

- ïîÿâëåíèå îøèáî÷íûõ åäèíè÷íûõ ñèãíàëîâ íà âûõîäàõ ýëåìåíòîâ, 
ôîðìèðóþùèõ ôóíêöèè iF , ïðèíàäëåæàùèõ ìíîæåñòâó âõîäíûõ 
êîìáèíàöèé ñ ÷èñëîì åäèíèö ïîäñ÷èòàííûõ ñóììàòîðîì, ñ ñîõðàíåíèåì 
ïðàâèëüíîãî ñèãíàëà. Âåðîÿòíîñòü îøèáêè äëÿ j -é âõîäíîé êîìáèíàöèè 

îïðåäåëÿåòñÿ âûðàæåíèåì 
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ãäå m – êîëè÷åñòâî ñáîåâ â äåøèôðàòîðàõ ñî÷åòàíèé (îøèáî÷íî 
ôîðìèðóåìûõ åäèíè÷íûõ çíà÷åíèé ôóíêöèé iF ); 

11 00,p p – âåðîÿòíîñòè áåçîøèáî÷íîé ðàáîòû ýëåìåíòîâ äåøèôðàòîðà 

ñî÷åòàíèé â íóëåâîì è åäèíè÷íîì ñîñòîÿíèÿõ; 

10 11 01 001 , 1p p p p= − = − – âåðîÿòíîñòè ñáîåâ ýëåìåíòîâ äåøèôðàòîðà 
ñî÷åòàíèé; 

jq – êîëè÷åñòâî åäèíèö âî âõîäíîé êîìáèíàöèè. 

- ïîÿâëåíèå îøèáî÷íûõ åäèíè÷íûõ ñèãíàëîâ íà âûõîäàõ ýëåìåíòîâ 
ôîðìèðóþùèõ ôóíêöèè iF  ñî ñáîåì ïðàâèëüíîãî ñèãíàëà. Âåðîÿòíîñòü 

îøèáêè äëÿ j -é âõîäíîé êîìáèíàöèè îïðåäåëÿåòñÿ âûðàæåíèåì 
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Ïðîâåäÿ ñóììèðîâàíèå âåðîÿòíîñòåé îøèáîê äëÿ âñåõ âõîäíûõ 
êîìáèíàöèé ïîëó÷èì ñëåäóþùåå ñîîòíîøåíèå: 
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Ïðåäëàãàåìûé ñïîñîá ïîñòðîåíèÿ ìàòðè÷íûõ äåøèôðàòîðîâ ïîçâîëÿåò 
áîëåå ÷åì âäâîå óìåíüøèòü àïïàðàòóðíûå çàòðàòû, à ïðèìåíåíèå 
ñóììàòîðîâ â ïðåäëàãàåìûõ äåøèôðàòîðàõ ðàñøèðÿåò èõ 
ôóíêöèîíàëüíûå âîçìîæíîñòè è, ñëåäîâàòåëüíî, ïîâûøàåò ýôôåêòèâ-
íîñòü èñïîëüçîâàíèÿ. Êðîìå òîãî, èñïîëüçîâàíèå ñðåäñòâ ñàìîêîíòðîëÿ 
ïîçâîëÿåò îáíàðóæèâàòü ñáîè â ðàáîòå ñõåìû. 

Íà÷èíàÿ ñ n = 6, äîïîëíèòåëüíîå êîëè÷åñòâî ýëåìåíòîâ äëÿ 
ðåàëèçàöèè ñóììàòîðà ìàëî âëèÿåò íà îáùåå êîëè÷åñòâî ýëåìåíòîâ 
äåøèôðàòîðà ñ ñóììàòîðîì. 
 

SUMMARY 
The method of construction of the matrix decodings is offered by introduction of preliminary 

transformation of information. Decoding of binary fourbit code combinations is as an example 
considered with the use of the matrix summarizing as an element of preliminary transformer. 
Efficiency of the offered method is proved.  
 

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ 
1. Áîðèñåíêî À.À. Áèíîìèàëüíûå àâòîìàòû: Ó÷åáíîå ïîñîáèå. - Ñóìû: Èçä-âî ÑóìÃÓ, 2005. 

- 121 ñ. 
2. À.ñ. 1077054 ÑÑÑÐ ÌÊÈ3ÎÇÊ 23/00. Ñ÷åò÷èê èìïóëüñîâ / À.À. Áîðèñåíêî, È.Ä. 

Ïóçüêî, Ë.À. Ñòåöåíêî (ÑÑÑÐ). - ¹ 3479062 / 18 – 21; Çàÿâëåíî 27.07.82 // Îòêðûòèÿ. 
Èçîáðåòåíèÿ. 1984, ¹ 8, - Ñ. 197. 

 

Ïîñòóïèëà â ðåäàêöèþ14 äåêàáðÿ 2006 ã 


