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Ðàññìîòðåí ìåòîä ôîðìèðîâàíèÿ ïðîèçâîäÿùåé ôóíêöèè äëÿ ñòàòèñòèê àâòîêîððåëÿöèîííîé

ôóíêöèè (ÀÊÔ) ïðèìåíèòåëüíî ê çàäà÷å íàáëþäåíèÿ âíóòðåííèõ òî÷åê ïðîöåññîðíûõ ÑÁÈÑ.

Â êà÷åñòâå ýëåìåíòàðíûõ ñîáûòèé ïðè ñèíòåçå çíà÷åíèé ýìïèðè÷åñêèõ ÀÊÔ èñïîëüçîâàíû

àïðèîðíî îïðåäåëåííûå âåêòîðû, íàñòðîéêà íà êîòîðûå âûïîëíÿåòñÿ óïðàâëÿþùèì àâòî-

ìàòîì èíòåãðàëüíîé ñõåìû. Ïîêàçàíî, ÷òî èñïîëüçîâàíèå ðàññìàòðèâàåìîãî ìåòîäà ïðè

ñòàòèñòè÷åñêîì êîíòðîëå â ñóììå îáåñïå÷èâàåò áîëåå òî÷íûå ðåçóëüòàòû, ÷åì èñïîëüçîâàíèå

ìåòîäà ëèíåéíîãî ñèãíàòóðíîãî àíàëèçà èëè ñ÷åòà âåêòîðîâ ñîñòîÿíèé.

Ðîçãëÿíóòî ìåòîä ôîðìóâàííÿ âèðîáëÿþ÷î¿ ôóíêö³¿ äëÿ ñòàòèñòèê àóòîêîðåëÿö³éíî¿ ôóíêö³¿

(ÀÊÔ ) ñòîñîâíî äî çàäà÷³ ñïîñòåðåæåííÿ âíóòð³øí³õ òî÷îê ïðîöåñîðíèõ ÑÁÈÑ. Ó ÿêîñò³

åëåìåíòàðíèõ ïîä³é ïðè ñèíòåç³ çíà÷åíü åìï³ðè÷íèõ ÀÊÔ âèêîðèñòàíî àïð³îðíî âèçíà÷åí³

âåêòîðè, íàñòðîþâàííÿ íà ÿê³ âèêîíóºòüñÿ êåðóþ÷èì àâòîìàòîì ³íòåãðàëüíî¿ ñõåìè. Ïî-

êàçàíî, ùî âèêîðèñòàííÿ çàïðîïîíîâàíîãî ìåòîäó äëÿ ñòàòèñòè÷íîãî êîíòðîëþ â ñóì³

çàáåçïå÷óº á³ëüø âèñîêó òî÷í³ñòü ðåçóëüòàò³â, í³æ âèêîðèñòàííÿ ë³í³éíîãî ñèãíàòóðíîãî

àíàë³çó àáî ë³÷áè âåêòîð³â ñòàíó.

Ê ë þ ÷ å â û å ñ ë î â à: ïðîèçâîäÿùàÿ ôóíêöèÿ, êîððåëèðîâàííûå ïàðû âåêòîðîâ, âåðîÿò-
íîñòü ïðîïóñêà îøèáêè, ñèãíàòóðíûé àíàëèç.

Ïîñòàíîâêà çàäà÷è. Èñïîëüçîâàíèå ïðîèçâîäÿùèõ ôóíêöèé (ÏÔ) â òåõ-
íèêå èäåíòèôèêàöèè ñëîæíûõ öèôðîâûõ ñèñòåì ïîçâîëÿåò ïðåäñòàâèòü
âñå âîçìîæíûå ðåçóëüòàòû íåêîòîðîãî êëàññà êîìáèíàòîðíûõ çàäà÷ â
ôîðìå, óäîáíîé äëÿ ñîïîñòàâèòåëüíîãî àíàëèçà. Îäíàêî âñëåäñòâèå âûñî-
êîé ñòåïåíè ñëîæíîñòè ñèíòåçà îáùèõ ñîîòíîøåíèé òàêîé ïîäõîä ïðèìå-
íÿåòñÿ íå÷àñòî.

Îäíîé èç ïðè÷èí îãðàíè÷åííîãî ïðèìåíåíèÿ ÏÔ ÿâëÿåòñÿ ìàòåìàòè-
÷åñêàÿ ñëîæíîñòü àëãåáðû äèñêðåòíûõ ïðåîáðàçîâàíèé, òàê êàê íà ïðàêòèêå
ïðèõîäèòñÿ èìåòü äåëî ñ áîëüøèì ÷èñëîì ïåðåìåííûõ. Äðóãàÿ ïðè÷èíà:
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ïðàêòè÷åñêàÿ íåäîñÿãàåìîñòü òåîðåòè÷åñêèõ ðåçóëüòàòîâ ïðè ñèíòåçå ôóíê-
öèé äëÿ îöåíêè èõ äîñòîâåðíîñòè ñ ïîìîùüþ êîìïüþòåðíûõ ñèñòåì. Ýòî
îáóñëîâëåíî òåì, ÷òî âðåìÿ ìîäåëèðîâàíèÿ ðåàëüíûõ ïðîöåññîâ, ïðîòå-
êàþùèõ â ÑÁÈÑ, â ñëîæíûõ ñëó÷àÿõ ìîæåò ïðîäîëæàòüñÿ ãîäàìè è íå
ïðèâîäèòü ê äîêàçàòåëüñòâó òåîðåòè÷åñêèõ ïàðàìåòðîâ. Òàêèì îáðàçîì,
ôîðìèðîâàíèå ñîîòíîøåíèé, ïîçâîëÿþùèõ îöåíèâàòü ìåòîäû èäåíòèôè-
êàöèè âûáîðêè êîìïëåêñíî è â ÷àñòíûõ ðåàëèçàöèÿõ, ÿâëÿåòñÿ íåòðè-
âèàëüíîé çàäà÷åé, îäíîçíà÷íî âîñòðåáîâàííîé ðàçðàáîò÷èêàìè ïðîèçâîäñò-
âåííîé ñòåíäîâîé àïïàðàòóðû.

Ðàññìîòðèì ÷àñòíûå ñëó÷àè ñèíòåçà ïðîèçâîäÿùèõ ôóíêöèé äëÿ ðàç-

ëè÷íûõ ïîñòîÿííûõ çíà÷åíèé j [1] ïðè ïåðåìåííûõ çíà÷åíèÿõ äëèíû

ïîñòîáúåêòîâ i.

Ñèíòåç ÏÔ äëÿ ïàð âåêòîðîâ ïî êîìáèíàòîðíûì ñîîòíîøåíèÿì

äëÿ âåðîÿòíîñòè ïðîïóñêà îøèáêè. Ïóñòü p m� �2 — òåîðåòè÷åñêàÿ

âåðîÿòíîñòü íàáëþäåíèÿ êîððåëèðîâàííûõ ïàð âåêòîðîâ çàäàííîãî âèäà;

q1 è q2 — âåðîÿòíîñòè, õàðàêòåðèçóþùèå ïàðû âåêòîðîâ ñîñòîÿíèé, íå

îáðàçóþùèå êîððåëèðîâàííûå îáúåêòû; K — ñëó÷àéíàÿ âåëè÷èíà, îïðå-

äåëÿþùàÿ ÷èñëî k íàáëþäàåìûõ ïàð [1], k jk
j
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i

j i�
�
��

1

0 5,

, . Òîãäà äëÿ j �1,

i � var ïðîèçâîäÿùàÿ ôóíêöèÿ ìîæåò áûòü ïðåäñòàâëåíà ñ ó÷åòîì ñëåäóþ-

ùåãî óòâåðæäåíèÿ.
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ÿâëÿåòñÿ ïåðå÷èñëÿþùåé ïðîèçâîäÿùåé ôóíêöèåé äëÿ âåðîÿòíîñòåé íàáëþ-

äåíèÿ êîððåëèðîâàííûõ âåêòîðîâ â âûáîðêå äëèíîé n (n — ÷åòíî), m� 4.

Ä î ê à ç à ò å ë ü ñ ò â î. Ðàññìîòðèì ðàâåíñòâà äëÿ ñóììàðíîé

âåðîÿòíîñòè îøèáêè ñ ó÷åòîì âñåõ ðåàëèçàöèé êëàññîâ ýêâèâàëåíòíîñòåé,

îáðàçóåìûõ ïåðåìåííûì ïàðàìåòðîì i äëÿ j �1. Ïðè ýòîì ñóììà ñîîò-

âåòñòâóþùèõ ñîñòàâëÿþùèõ èìååò âèä
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Â ôîðìóëàõ (1), (2) ìîùíîñòü êëàññà ýêâèâàëåíòíîñòåé (ÌÊÝ), îïðå-

äåëÿþùàÿ ÷èñëî ïåðåñòàíîâîê âåêòîðîâ â ïîñëåäîâàòåëüíîñòè ïðè k �0,

ïðåäñòàâëÿåò ñîáîé íîðìèðîâàííóþ âåëè÷èíó âèäà

m
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Ââåäåì â ñîîòíîøåíèå (2) ñëåäóþùèå îáîçíà÷åíèÿ:
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Òîãäà ñóììó âåðîÿòíîñòåé (2) ìîæíî ïðåîáðàçîâàòü â ðàâåíñòâî:
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Ïåðåãðóïïèðîâàâ ñîñòàâëÿþùèå â ïîêàçàòåëÿõ ñòåïåíè s s s1 2 32 2� � , çà-

ïèøåì (3) â ñëåäóþùåì âèäå:
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Âíåñÿ äåëèòåëü m n� ïîä çíàê ñóììû â (3), ïîëó÷èì

deg ( ) , , ,m n s s s n g k k k
i

n

i n n� � � � � � � � ��

�

�

��1 2 3
1

1

2

1 1 4 12 2 2 �

�



�
��

�

�
��3

1

. (5)

Ïóñòü â ðàâåíñòâå (5)
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Òîãäà íà îñíîâàíèè äàííîãî ñîîòíîøåíèÿ ìîæíî ïîëó÷èòü ïðîèçâîäÿ-

ùóþ ôóíêöèþ äëÿ ïàðàìåòðà p ñ ó÷åòîì ïðåîáðàçîâàíèÿ
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Â äàííîì ñëó÷àå �0 1� . Îäíàêî â ðàññìàòðèâàåìîé çàäà÷å çíàê åäèíè-

öû, ñòîÿùåé â ñêîáêàõ ïðîèçâîäÿùåé ôóíêöèè, äîëæåí áûòü âçÿò íå

ïðîèçâîëüíî, à ñ ïîìîùüþ ëîãè÷åñêîãî èëè ìàòåìàòè÷åñêîãî àíàëèçà

êîðíåé, íàïðèìåð ( ) ( )� � �p 0 01 , ÷òî íå èçìåíÿåò ÷èñëà ïåðåñòàíîâîê â

Ïðîèçâîäÿùàÿ ôóíêöèÿ äëÿ ðàñïðåäåëåíèÿ ñòàòèñòèê
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òåêóùåì êëàññå ýêâèâàëåíòíîñòåé è îïðåäåëÿåòñÿ òîëüêî ôèçè÷åñêîé

ñóòüþ ïðîöåññîâ ñèíòåçà âåðîÿòíîñòåé.

Àíàëîãè÷íî àëãîðèòìó (4) ïåðåãðóïïèðóåì ïîêàçàòåëè ñòåïåíåé ïðè

ïàðàìåòðàõ p, q1, q2 è çàïèøåì òðè ðÿäà ÷ëåíîâ, íåîáõîäèìûõ äëÿ êîìï-

ëåêñèðîâàíèÿ âåðîÿòíîñòåé ïðè îäèíàêîâûõ ïîêàçàòåëÿõ k j i, :
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Òåïåðü ñîîòíîøåíèå (5) ïðåäñòàâèì â ôîðìå ïðîèçâåäåíèÿ âåðîÿòíîñòåé,
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ãäå x1 — ïàðàìåòð, õàðàêòåðèçóþùèé êîìáèíàòîðíûå îáúåêòû ïðè j �1,

êîòîðûé â ôàêòîðèàëüíûõ ñîîòíîøåíèÿõ ïðèíèìàåì ðàâíûì åäèíèöå.
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×ëåíû ðÿäà (6), ñòîÿùèå â ñêîáêàõ, ñãðóïïèðóåì â ñîîòâåòñòâèè ñ

îäèíàêîâûìè ñòåïåíÿìè ïðè âåðîÿòíîñòè q2:
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Î÷åâèäíî, ÷òî ðàâåíñòâî (7) äîñòàòî÷íî ïðîñòî çàïèñàòü â âèäå ñóììû

÷ëåíîâ ðÿäà:

m m pq xK k
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Òîãäà ÷ëåíû ðÿäa, ñòîÿùèå â êðóãëûõ ñêîáêàõ, ìîãóò áûòü îïðåäåëåíû èç

ðàâåíñòâà
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.

Ïðè ýòîì ñîîòíîøåíèå äëÿ ïðîèçâîäÿùåé ôóíêöèè ïðèíèìàåò âèä
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1

2, , , � ��]n g . (8)

Ïðè x1 1� èç äàííîãî ðàâåíñòâà ñëåäóåò:

m m p q
q

q
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(9)

Ïîëàãàÿ, ÷òî äëÿ òåîðåòè÷åñêèõ çíà÷åíèé âåðîÿòíîñòè n� �, ñóììà ÷ëå-

íîâ ðÿäà â (9) ìîæåò áûòü ïðåîáðàçîâàíà ê âèäó

p q
q
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q p
p q

qn
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Òàêèì îáðàçîì,

m q q p pqK
n

g

n
n( ) , ,0 1

1

2
1 2
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2

0 5 3� � � ��
��
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� � � � 	
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q q pq q pq qn n n
n g

1 2

0 5 2

1 2

0 5 2

1 2

0 5 2, , , � , (10)

îòêóäà ïðè q n

2

0 5 0, � ïîëó÷àåì

m
p

K

g

n n g

( )0 1
22

1

� � ��
��

	

��

� �

� � . (11)

Âûáîð çíà÷åíèÿ � ��ïðèâîäèò ê âîçðàñòàíèþ ñóììû âåðîÿòíîñòåé â

mK ( )0 âûøå äîïóñòèìûõ ïðåäåëîâ, óñòàíîâëåííûõ äëÿ íîðìèðîâàííûõ

ñòàòèñòè÷åñêèõ âåëè÷èí. Ïðîñòîé âûáîð � � �� ïðèâîäèò ê ïîëó÷åíèþ

îòðèöàòåëüíîãî ðåçóëüòàòà. Ïðè � � � p ñèòóàöèÿ ïðàêòè÷åñêè íå èçìå-

íÿåòñÿ. Òàêèì îáðàçîì, âîçíèêàåò ïðîáëåìà íåñîâìåñòèìîñòè âåëè÷èí

òåîðåòè÷åñêèõ ïàðàìåòðîâ è ðåçóëüòàòà, ïîëó÷åííîãî â õîäå ÷èñòî ìàòå-

ìàòè÷åñêîãî ñèíòåçà ÏÔ.

Îäíàêî àíàëèç âîçíèêøåé ñèòóàöèè ñ òî÷êè çðåíèÿ ýëåêòðîòåõíèêè

ïîêàçûâàåò, ÷òî ñîñòàâëÿþùóþ 1 1/ x â (8) ìîæíî ïðåäñòàâèòü êàê ïàðà-

ìåòðè÷åñêîå ñîïðîòèâëåíèå öåïè ñ åìêîñòüþ, ñîîòâåòñòâóþùåé âåðîÿò-

íîñòè q1. Ïðè ýòîì ñëàãàåìûå, ñîäåðæàùèå x1 â ÷èñëèòåëå, ñîîòâåòñòâóþò

èíäóêòèâíûì ýëåìåíòàì öåïè. Ñëåäîâàòåëüíî, âåêòîðû ñîîòâåòñòâóþùèõ

ýíåðãèé â ïðîñòðàíñòâå ìíèìûõ ïåðåìåííûõ ÿâëÿþòñÿ ïðîòèâîïîëîæíî

íàïðàâëåííûìè è â ñëó÷àå èõ ðàâåíñòâà êîìïåíñèðóþòñÿ. Äàííûå ôèçè-

÷åñêèå çàêîíû ïîçâîëÿþò â ôîðìóëàõ (8)—(11) èñïîëüçîâàòü ïîíÿòèå

èíäóêòèâíîãî ýëåìåíòà � � �� ñ èíâåðñèåé çíàêà ó âñåõ âåðîÿòíîñòåé,

ñîîòâåòñòâóþùèõ èíäóêòèâíîñòÿì (10). Òîãäà ñêîððåêòèðîâàííîå ðà-

âåíñòâî (10) ìîæíî ïðåäñòàâèòü â âèäå

m q q p pqK
n

g

n
n( ) , ,0 1

1

2
1 2

0 5 1

2

1

2

0 5 3� � � ��
��

��

�

�
��

� � � �� � � �q q pq q pq qn n n n g

1 2

0 5 2

1 2

0 5 2

1 2

0 5 2 1, , , ] .

Èòàê, ñ ó÷åòîì (8) è ïðèíöèïà èíâåðñèè çíàêîâ ó «èíäóêòèâíûõ»
âåðîÿòíîñòåé îòíîñèòåëüíî «åìêîñòíûõ» âåëè÷èí ñ÷èòàåì óòâåðæäåíèå 1
äîêàçàííûì.
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Âû÷èñëèì ñóììó âåðîÿòíîñòåé â mK ( )0 , èñïîëüçóÿ óêîðî÷åííîå ðà-
âåíñòâî ïðè n� �:

m
p p

K

g

n n g

g

n n g

( )0 1
2

1
22

1

2

1

� � ��
��

	

�

� �
��

	

��

� �

�

� �

� � .

Îòñþäà ïîëó÷àåì

m
p

p
p

m m
K ( )0

2

1 1

2 12 2
�

�
� � �

�
. (12)

Ñëåäîâàòåëüíî, íîðìèðîâàííàÿ ïëîùàäü ïîä êðèâîé ïëîòíîñòè ðàñ-

ïðåäåëåíèÿ âåðîÿòíîñòåé ïðîïóñêà îøèáêè ïðè íàáëþäåíèè ïàð êîððå-

ëèðîâàííûõ âåêòîðîâ çàäàííîãî âèäà ïðè j �1 è i � var ïðèáëèçèòåëüíî

ðàâíà
1

2 12m �
(n� �).

Ñèíòåç ÏÔ äëÿ ïàð è äâóõ ïîñëåäîâàòåëüíûõ ïàð êîððåëèðîâàííûõ

âåêòîðîâ. Âûïîëíèì àíàëîãè÷íûå èññëåäîâàíèÿ äëÿ ñëó÷àÿ j i� �1 2, , var.

Ïðè ýòîì ñïðàâåäëèâî ñëåäóþùåå óòâåðæäåíèå.

Óòâåðæäåíèå 2. Ýíóìåðàòîð âèäà

m m px
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pq

n n
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1
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,
, n n n nx q q x� � � �� �3
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1 2
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4,

� � �� � � � � �pq q x pq q x p q xn n n n n n

1 2
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1

3

1 2
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1
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2
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2

7, , , �

� � �� � � � �pq q x p pq q x p q q xn n n n n
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2

6

1 2

0 5 3
2

5 2

1 2
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2

, , , n n gp� �� �4 1� �] (13)

ÿâëÿåòñÿ ïåðå÷èñëÿþùåé ïðîèçâîäÿùåé ôóíêöèåé äëÿ âåðîÿòíîñòåé

íàáëþäåíèÿ ïàð êîððåëèðîâàííûõ âåêòîðîâ â âûáîðêå äëèíîé n (n-÷åòíî).

Ä î ê à ç à ò å ë ü ñ ò â î. Ðàññìîòðèì ðàâåíñòâî äëÿ âåðîÿòíîñòåé

ïðîïóñêà îøèáêè ñ ó÷åòîì âñåõ ðåàëèçàöèé êëàññîâ ýêâèâàëåíòíîñòåé.

Cóììà ñîîòâåòñòâóþùèõ âåðîÿòíîñòåé èìååò âèä

m m
m

m m mK k n
g

n

k

n g
s s s
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1 20
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n g

k ki

i

n

i

i

n

�
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� �1

1

0 5 2

2

1

0 5 4
. (14)
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Â äàííîì ñëó÷àå ïàðàìåòð g ïðèíèìàåì ðàâíûì ñóììå
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Âûíåñÿ â ñîîòíîøåíèè (14) çíà÷åíèå m2 çà ñêîáêè è ïåðåãðóïïèðîâàâ

ñóììó ïîêàçàòåëåé ñòåïåíè s s s1 2 32 2� � ê âèäó
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(15)

Èç ñîîòíîøåíèÿ (15) ïîëó÷èì ïðîèçâîäÿùóþ ôóíêöèþ äëÿ ïàðàìåòðà
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Ãðóïïèðîâàíèå ïàðàìåòðîâ ïðè îäèíàêîâûõ ñòåïåíÿõ k j i, ïðèâîäèò ê

ïðîèçâåäåíèþ âèäà
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Âûïîëíèâ äàëåå ðÿä ïðåîáðàçîâàíèé, àíàëîãè÷íûõ äîêàçàòåëüñòâó

óòâåðæäåíèÿ 1, ïîëó÷èì ñîîòíîøåíèå, àíàëîãè÷íîå (8):
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Ïðè x x1 2 1� � è n� � îòñþäà ñëåäóåò:
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Â äàííîì ñëó÷àå åìêîñòíîé õàðàêòåð èìåþò ñëàãàåìûå 1� p. Òàêèì îáðà-

çîì, âûáèðàÿ êîìïåíñèðóþùåå çíà÷åíèå � � � �( )1 p , ïîëó÷àåì
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p.

Òåïåðü îò ðàâåíñòâà (17) ïåðåõîäèì ê ôîðìå (13) è ñ÷èòàåì, ÷òî ñîîò-

íîøåíèå äëÿ ïðîèçâîäÿùåé ôóíêöèè äîêàçàíî.
Îáùèé ñëó÷àé ñèíòåçà ÏÔ äëÿ ïàð êîððåëèðîâàííûõ âåêòîðîâ.

Ðàññìîòðèì ìåõàíèçì ôîðìèðîâàíèÿ ïðîèçâîäÿùåé ôóíêöèè äëÿ âñåõ
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ðåàëèçàöèé ïàðàìåòðîâ j è i. Â äàííîì ñëó÷àå ñïðàâåäëèâà ñëåäóþùàÿ
òåîðåìà.
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ÿâëÿåòñÿ ïåðå÷èñëÿþùåé ïðîèçâîäÿùåé ôóíêöèåé äëÿ âåðîÿòíîñòåé íàá-
ëþäåíèÿ êîððåëèðîâàííûõ âåêòîðîâ â âûáîðêå äëèíîé n (n — ÷åòíî).

Ä î ê à ç à ò å ë ü ñ ò â î. Ðàññìîòðèì îáùåå ðàâåíñòâî äëÿ âåðîÿòíîñòè
ïðîïóñêà îøèáêè ñ ó÷åòîì âñåõ ðåàëèçàöèé êëàññîâ ýêâèâàëåíòíîñòåé.
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Â ðàâåíñòâå (18) âûïîëíèì ïðåîáðàçîâàíèÿ, àíàëîãè÷íûå (14)—(16).
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Äëÿ ñòåïåíåé m â (19) â îáùåì ñëó÷àå ìîæíî çàïèñàòü ñîîòíîøåíèå
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Ïðåîáðàçóÿ ïîëó÷åííûå ïðîèçâåäåíèÿ â ñóììó ýëåìåíòîâ ôóíêöèè,
âûïîëíÿåì ñóììèðîâàíèå ðÿäîâ â ñîîòâåòñòâèè ñ èñïîëüçîâàííîé âûøå
ìåòîäèêîé äëÿ j �1. Ïðè ýòîì áóäåì ñ÷èòàòü, ÷òî äëÿ i � var êëàññû ýêâè-
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Â ïîëó÷åííîì ðàâåíñòâå çíà÷åíèå mk�0 0( ) ÿâëÿåòñÿ ìåäèàíîé. Îäíàêî
äàííîå çíà÷åíèå è âûðàæåíèå â êðóãëûõ ñêîáêàõ ìîæíî íå ó÷èòûâàòü, òàê
êàê îíè âíîñÿò ìàëûé âêëàä â îñíîâíîå çíà÷åíèå ôóíêöèè. Äàííûé âûâîä
îáóñëîâëåí òåì, ÷òî ñ óâåëè÷åíèåì ÷èñëà j êàæäîå íîâîå ñëàãàåìîå óìíî-
æàåòñÿ íà ìíîæèòåëü p. Ïðè ýòîì íå ïðèíèìàåòñÿ âî âíèìàíèå òîò ôàêò,
÷òî ñòåïåíü q2 óìåíüøàåòñÿ íà åäèíèöó è êàæäîå î÷åðåäíîå ñëàãàåìîå
îáùåé ñóììû â öåëîì óìåíüøàåòñÿ:

ln ln , ln ( ) ln,p q j p n q j qj n j
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Èòàê, ñîîòíîøåíèå äëÿ ïðîèçâîäÿùåé ôóíêöèè ïðèíèìàåò âèä
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Ïðè x j �1, n� � èç (21) ñëåäóåò
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÷òî ïðàêòè÷åñêè ñîâïàäàåò ñ ðåçóëüòàòîì, ïîëó÷åííûì äëÿ j �1 â ñîîòíî-
øåíèè (12). Ó÷èòûâàÿ õàðàêòåð âçàèìíîé êîìïåíñàöèè ðåàêòèâíûõ âå-
ðîÿòíîñòåé â ðàâåíñòâå (21), ñ÷èòàåì, ÷òî òåîðåìà äîêàçàíà.

Ñðàâíåíèå èíòåãðàëüíûõ ïîêàçàòåëåé ìåòîäîâ ôîðìèðîâàíèÿ

ñâåðòî÷íûõ êîäîâ. Íåíîðìèðîâàííàÿ ïëîùàäü ïîä êðèâîé ðàñïðåäåëå-

íèÿ âåðîÿòíîñòåé ïðîïóñêà îøèáêè ïðè íàáëþäåíèè êîððåëèðîâàííûõ

âåêòîðîâ ñ  �1òåîðåòè÷åñêè ñòðåìèòñÿ ê âåëè÷èíå, ïðèáëèçèòåëüíî ðàâ-

íîé
1

2

2mn� . Àíàëîãè÷íûé ïîêàçàòåëü ïðè èñïîëüçîâàíèè àëãîðèòìîâ ëè-

íåéíîãî ñèãíàòóðíîãî àíàëèçà (ÑÀ) è ñ÷åòà âåêòîðîâ ñîñòîÿíèé (CÂC) îäè-

íàêîâ è ðàâåí mn [2, 3]. Òàêèì îáðàçîì, íåòðóäíî âûïîëíèòü èíòåãðàëüíîå

ñðàâíåíèå âåðîÿòíîñòåé îøèáêè äåëåíèåì ñîîòâåòñòâóþùèõ âåëè÷èí:

m m

m
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K

n
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0
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2

2�
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�
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Ñëåäîâàòåëüíî, ìåòîä íàáëþäåíèÿ ïàð âåêòîðîâ çàäàííîãî âèäà ïðèáëèçè-
òåëüíî â 2 2m ðàç òî÷íåå, ÷åì ëèíåéíàÿ ñâåðòêà èëè ñ÷åò âåêòîðîâ ñîñòîÿ-
íèé. Íåîáõîäèìî çàìåòèòü, ÷òî äëÿ äâîè÷íûõ ïîñëåäîâàòåëüíîñòåé âû-
ïîëíåííûå èññëåäîâàíèÿ íåïðèìåíèìû, òàê êàê â ïîñòàíîâî÷íîé ôîðìóëå
ïðîèñõîäèò ñëèÿíèå îáúåêòîâ âèäà m�2 è m2 2 2� � . Ñëåäîâàòåëüíî, âíîâü
ôîðìèðóåìûå ñëîæíûå êîìáèíàòîðíûå îáúåêòû ìîãóò áûòü ó÷òåíû äâàæ-
äû ïðè ôîðìèðîâàíèè ïîñòàíîâî÷íîé ôîðìû (18).

Âûâîäû. Ïî ðåçóëüòàòàì âûïîëíåííûõ èññëåäîâàíèé ìîæíî ñäåëàòü
ñëåäóþùèå âûâîäû.

1. Âåðîÿòíîñòü ïðîïóñêà îøèáêè (18) ïðè ñ÷åòå ñëîæíûõ ìîíîîáúåê-
òîâ èç êîððåëèðîâàííûõ âåêòîðîâ ñ ïàðàìåòðîì  �1ìîæåò áûòü èñïîëü-
çîâàíà êàê îñíîâà äëÿ ñèíòåçà ïðîèçâîäÿùåé ôóíêöèè è â èòîãå ñâîäèòñÿ ê
ôîðìèðîâàíèþ ñóììû n�2 ïîëèíîìèàëüíûõ ôîðì.

2. Ìåòîäèêà ôîðìèðîâàíèÿ ñóììû ÷ëåíîâ ðÿäà (20)—(22) ïîçâîëÿåò

ïåðåéòè îò ÏÔ íàáëþäåíèÿ ñëîæíûõ ìîíîîáúåêòîâ ê ÏÔ íàáëþäåíèÿ ñàìèõ

êîððåëèðîâàííûõ ïàð âåêòîðîâ, îïðåäåëÿåìûõ âåðîÿòíîñòüþ p m�1 2/ .

3. Âû÷èñëåíèå ïëîùàäè ïîä êðèâîé ðàñïðåäåëåíèÿ âåðîÿòíîñòè ïðî-

ïóñêà îøèáêè íå ÿâëÿåòñÿ ïðîñòîé çàäà÷åé ìàòåìàòè÷åñêîé òåîðèè, à

Ïðîèçâîäÿùàÿ ôóíêöèÿ äëÿ ðàñïðåäåëåíèÿ ñòàòèñòèê
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òðåáóåò òåõíè÷åñêîé èíòåðïðåòàöèè ïàðàìåòðè÷åñêèõ óðàâíåíèé ñ òî÷êè

çðåíèÿ ýëåêòðîòåõíèêè, ìåõàíèêè èëè äðóãîé ïðèêëàäíîé îáëàñòè íàóêè;

â ðåøàåìîé âûøå çàäà÷å òàêîé ïîäõîä ïðèâîäèò ê çíàêîïåðåìåííîé ôîð-

ìå ïðîèçâîäÿùåé ôóíêöèè.

4. Ñðàâíèòåëüíûé àíàëèç ìåòîäîâ ÑÀ è CÂC ïîêàçàë, ÷òî êîìïëåêñíî

àëãîðèòì íàáëþäåíèÿ êîððåëèðîâàííûõ ïàð âåêòîðîâ ïðèáëèçèòåëüíî â

2 2m ðàç òî÷íåå, ÷åì ëþáûå ìåòîäû ñèíòåçà ñâåðòî÷íûõ êîäîâ èç âåêòîðîâ

ñîñòîÿíèé ñëó÷àéíîãî ïðîöåññà.

5. Ïðèíöèï èäåíòèôèêàöèè ïîñëåäîâàòåëüíîñòåé ñ èñïîëüçîâàíèåì

ïàðàìåòðà j �1 ïðàêòè÷åñêè ÿâëÿåòñÿ îáùèì, î ÷åì ñâèäåòåëüñòâóþò ðà-

âåíñòâà (12) è (23).

Producing function formation method for statistic of autocorrelation function (ACF) is consid-
ered for the task of observing of inner points of processor VLSI. A priori defined vectors are used
as elementary events at synthesis of empiric ACF values. Tuning on these vectors is performed by
controlling unit of integrated circuit. It is shown that the use of the considered method under the
statistical control is integrally more precise than linear signature analysis or state vector counting.

1. Êîáÿê È. Ï. Òåîðèÿ âíóòðèñõåìíîãî íàáëþäåíèÿ ÑÁÈÑ ñ èñïîëüçîâàíèåì àâòîêîð-
ðåëÿöèîííîé ôóíêöèè // ÀÂÒ. — 2009. — ¹ 2. — Ñ. 37—46.

2. Nadig H. G. Signature Analysis — Concepts, Examples and Guidelines // Hewlett Packard J. —
1977. — ¹ 5. — Ð. 5—21.

3. Êàçüìèíà Ñ. Ê. Êîìïàêòíîå òåñòèðîâàíèå // Àâòîìàòèêà è òåëåìåõàíèêà. — 1982. —
¹ 3. — Ñ. 173—179.

Ïîñòóïèëà 07.07.09

ÊÎÁßÊ Èãîðü Ïåòðîâè÷, êàíä. òåõí. íàóê, äîöåíò êàôåäðû ÝÂÌ Áåëîðóññêîãî ãîñóäàðñò-

âåííîãî óíèâåðñèòåòà èíôîðìàòèêè è ðàäèîýëåêòðîíèêè (ÁÃÓÈÐ). Â 1982 ã. îêîí÷èë Ìèíñêèé

ðàäèîòåõíè÷åñêèé èí-ò (íûíå ÁÃÓÈÐ). Îáëàñòü íàó÷íûõ èññëåäîâàíèé — ïðèêëàäíàÿ ìàòå-

ìàòèêà â âîïðîñàõ ñèíòåçà è èñïûòàíèÿ öèôðîâûõ ñèñòåì.
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