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Any nonnegative square matrice A is called primitive if for some t  1 the matrice At has no entries 
equal to 0. A right (left) circulant of order n is a matrice of order n such that each row of the matrice 
is obtained by the cyclic shift of the previous row one step to the right (to the left). In this article such 
matrices are explicitly described, conditions of primitiveness of right and left circulants are received.

ß. Ý. Àâåçîâà 

Î ÏÐÈÌÈÒÈÂÍÎÑÒÈ ÖÈÊËÈ×ÅÑÊÈÕ ÌÀÒÐÈÖ

1. Ýëåìåíòàðíûå ñâîéñòâà öèðêóëÿíòîâ
Ïóñòü A = (aij) åñòü ïðàâûé öèðêóëÿíò ïîðÿäêà n ñ ïîðîæäàþùèì âåêòîðîì a = ( n):

(1)

Çàìåòèì, ÷òî aij = j–i+1 , , 1,...,i j n  (ñëîæåíèå â èíäåêñàõ ïðîèçâîäèòñÿ ïî ìîäóëþ n).
Ïóñòü ( )ijB b  åñòü ëåâûé öèðêóëÿíò ïîðÿäêà n ñ ïîðîæäàþùèì âåêòîðîì b = ( n ):

     (2)

Çàìå÷àíèå 1. Ëåâûé öèðêóëÿíò ÿâëÿåòñÿ ñèììåòðè÷íîé ìàòðèöåé, òî åñòü TB B .
Çàìå÷àíèå 2. Ëåâûé öèðêóëÿíò ïåðåñòàíîâêîé ñòðîê ïðèâîäèòñÿ ê ïðàâîìó öèðêóëÿíòó, 

òî åñòü A P B , ãäå P – íåêîòîðàÿ ïîäñòàíîâî÷íàÿ ìàòðèöà ïîðÿäêà n.
Ïðè èçó÷åíèè ïðàâûõ öèðêóëÿíòîâ ñóùåñòâåííóþ ðîëü èãðàåò ñëåäóþùàÿ ïîäñòàíîâî÷íàÿ 

ìàòðèöà ïîðÿäêà n:
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Åñëè À – ïðàâûé öèðêóëÿíò ïîðÿäêà n ñ ïîðîæäàþùèì âåêòîðîì a = ( n), òî 
ñïðàâåäëèâî ñîîòíîøåíèå:

 (4)

ñ ìàòðèöåé nP  èç (3).
Ïåðèîäîì öèðêóëÿíòà A íàçûâàåòñÿ òàêîå íàèìåíüøåå ïîëîæèòåëüíîå ÷èñëî m, äëÿ 

êîòîðîãî öèêëè÷åñêèé ñäâèã âëåâî (âïðàâî) íà m øàãîâ êîîðäèíàò ïîðîæäàþùåãî âåêòîðà 
îñòàâëÿåò ýòîò âåêòîð áåç èçìåíåíèÿ. Î÷åâèäíî, ÷òî ïåðèîä åñòü äåëèòåëü ïîðÿäêà öèðêóëÿíòà n 
è ëèáî ñîâïàäàåò ñ n, ëèáî íå ïðåâîñõîäèò / 2n .

Â [1] äîêàçàíà ñëåäóþùàÿ òåîðåìà.
Òåîðåìà 1. Ïóñòü öèðêóëÿíò ( )ijA a  ïîðÿäêà n èìååò ïåðèîä m. Òîãäà qqA J D , ãäå 
/q n m , à D – öèðêóëÿíò ïîðÿäêà m ñ ïåðèîäîì, ðàâíûì òàêæå m.
Òàêèì îáðàçîì, èçó÷åíèå öèðêóëÿíòîâ â çíà÷èòåëüíîé ñòåïåíè ñâîäèòñÿ ê ðàññìîòðåíèþ 

öèðêóëÿíòîâ, ïåðèîä êîòîðûõ ñîâïàäàåò ñ èõ ïîðÿäêîì.

2. Öèðêóëÿíò êàê ìàòðèöà ñìåæíîñòè îðãðàôà
Óòâåðæäåíèå 2.1. Ãðàô Ã, ìàòðèöà ñìåæíîñòè A êîòîðîãî  öèðêóëÿíò, ÿâëÿåòñÿ 

ïñåâäîñèììåòðè÷åñêèì. Åñëè A – ëåâûé öèðêóëÿíò, òî Ã – ñèììåòðè÷åñêèé ãðàô.
Çàìå÷àíèå 3. Åñëè â îðãðàôå Ã åñòü ïóòü èç âåðøèíû i â âåðøèíó k, à èç âåðøèíû k â 

âåðøèíó j, òî â îðãðàôå ñóùåñòâóåò ïóòü èç âåðøèíû i â âåðøèíó j.
Ëåììà 1. Ïóñòü ëåâûé öèðêóëÿíò A ÿâëÿåòñÿ ìàòðèöåé ñìåæíîñòè ãðàôà Ã. Òîãäà, åñëè â 

Ã åñòü ïóòü èç âåðøèíû v â âåðøèíó u, òî â Ã åñòü ïóòü èç âåðøèíû u â âåðøèíó v.
Óòâåðæäåíèå 2.2. Ïóñòü ëåâûé öèðêóëÿíò A ÿâëÿåòñÿ ìàòðèöåé ñìåæíîñòè ãðàôà Ã. Åñëè 

èç íåêîòîðîé âåðøèíû â Ã ñóùåñòâóåò ïóòü âî âñå îñòàëüíûå âåðøèíû, òî Ã ñèëüíî ñâÿçíûé.
Îïðåäåëåíèå 1. Öèðêóëÿíò íàçûâàåòñÿ ñèëüíî ñâÿçíûì, åñëè îí ÿâëÿåòñÿ ìàòðèöåé 

ñìåæíîñòè ñèëüíî ñâÿçíîãî îðãðàôà.

3. Ïðèìèòèâíîñòü öèðêóëÿíòîâ
Îïðåäåëåíèå 2. Íàçîâåì öèðêóëÿíò ñ ïåðèîäîì, ðàâíûì n, è ïîðîæäàþùèì âåêòîðîì 

âåñà íå ìåíüøå 2 ïîçèòèâíûì öèðêóëÿíòîì.
Óòâåðæäåíèå 3.1. Åñëè öèðêóëÿíò ( )ijA a  ïðèìèòèâåí, òî exp 1A n .
3.1. Óñëîâèÿ ïðèìèòèâíîñòè ïðàâûõ öèðêóëÿíòîâ
Óòâåðæäåíèå 3.2. Ïóñòü ( )ijA a  – ïîçèòèâíûé ïðàâûé öèðêóëÿíò ïîðÿäêà n. Åñëè n 

ïðîñòîå, òî À ïðèìèòèâíà.
Óòâåðæäåíèå 3.3. Ïóñòü ( )ijA a  – ïîçèòèâíûé ïðàâûé öèðêóëÿíò ñ ïîðîæäàþùèì âåêòîðîì 

a = ( n), òàêèì, ÷òî 1 = 1, è ñóùåñòâóåò õîòÿ áû îäíî i = 1, òàêîå, ÷òî ÍÎÄ(i–1, n) = 1, 
2,..., 1i n . Òîãäà À ïðèìèòèâíà.
3.2. Óñëîâèÿ ïðèìèòèâíîñòè ëåâûõ öèðêóëÿíòîâ
Óòâåðæäåíèå 3.4. Ïóñòü ( )ijA a  – ïîçèòèâíûé ñèëüíî ñâÿçíûé ëåâûé öèðêóëÿíò. Åñëè 

â ãðàôå Ã(A) åñòü öèêë íå÷åòíîé äëèíû, òî À ïðèìèòèâíà.
Óòâåðæäåíèå 3.5. Ïîçèòèâíûé ñèëüíî ñâÿçíûé ëåâûé öèðêóëÿíò íå÷åòíîãî ïîðÿäêà 

ïðèìèòèâåí. 
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I. M. Azymshin, V. O. Chukanov
The Methods of Determining the Probability of Appearance of Error for Modified Reliability 

Models of Software by Jelinski – Moranda and Schick – Wolverton

Key words: software reliability
In the modified models Jelinski – Moranda and Schick-Wolverton  probabilities of errors are used. This 
article discusses the definitions of these probabilities.

È. Ì. Àçûìøèí, Â. Î. ×óêàíîâ

ÌÅÒÎÄÈÊÀ ÎÏÐÅÄÅËÅÍÈß ÂÅÐÎßÒÍÎÑÒÈ ÏÎßÂËÅÍÈß ÎØÈÁÎÊ 
ÄËß ÌÎÄÈÔÈÖÈÐÎÂÀÍÍÛÕ ÌÎÄÅËÅÉ ÍÀÄÅÆÍÎÑÒÈ 

ÏÎ ÄÆÅËÈÍÑÊÎÃÎ – ÌÎÐÀÍÄÛ È ØÈÊÀ – ÂÎËÂÅÐÒÎÍÀ

Â ìîäèôèöèðîâàííîé ìîäåëè Äæåëèíñêîãî – Ìîðàíäû è ìîäèôèöèðîâàííîé ìîäåëè Øèêà – 
Âîëâåðòîíà [1] èñïîëüçóþòñÿ âåðîÿòíîñòè âîçíèêíîâåíèÿ îøèáîê. Â äàííîé ñòàòüå ðàññìàòðèâàåòñÿ 
âîïðîñ îïðåäåëåíèÿ ýòèõ âåðîÿòíîñòåé.

Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé îïûòíûì ïóòåì áûëî äîêàçàíî, ÷òî ñîîòíîøåíèå 
êîëè÷åñòâà îøèáîê, âîçíèêøèõ â ðåçóëüòàòå èñïðàâëåíèÿ, ðàíåå îáíàðóæåííûõ, êîíñòàíòíî íà 
íåáîëüøîì ïðîìåæóòêå âðåìåíè.

,

ãäå a – êîëè÷åñòâî îøèáîê, âîçíèêøèõ â ðåçóëüòàòå èñïðàâëåíèÿ, ðàíåå îáíàðóæåííûõ;
i – îáùåå ÷èñëî èñïðàâëÿåìûõ îøèáîê.
Èç ýòîãî óòâåðæäåíèÿ è ïîëó÷åííûõ äàííûõ ñëåäóåò, ÷òî ñîîòíîøåíèå êîëè÷åñòâà åäèíè÷íûõ 

îøèáîê ê îáùåìó ÷èñëó èñïðàâëÿåìûõ îøèáîê êîíñòàíòíî. Àíàëîãè÷íî äëÿ äâîè÷íûõ, òðîè÷íûõ 
è áîëåå îøèáîê.
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