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Ñ ïîìîùüþ ìåòîäà ïðîèçâîäÿùåãî ôóíêöèîíàëà ïîëó÷åíû âûðàæåíèÿ äëÿ ñòàòèñòè÷åñêèõ

õàðàêòåðèñòèê ïàðíîêîððåëèðîâàííîãî ïîòîêà ñëó÷àéíûõ ñîáûòèé. Íà îñíîâå íàéäåííîãî îòíî-

øåíèÿ ïðàâäîïîäîáèÿ ñèíòåçèðîâàíà ñòðóêòóðíàÿ ñõåìà îïòèìàëüíîãî ïî êðèòåðèþ Íåéìàíà-

Ïèðñîíà îáíàðóæèòåëÿ ïàðíîêîððåëèðîâàííîãî ïîòîêà ñèãíàëîâ íà ôîíå ïàðíîêîððåëèðîâàí-

íûõ ïîìåõ, ðàññìîòðåíû îñîáåííîñòè åãî ðåàëèçàöèè è ôóíêöèîíèðîâàíèÿ.

Çà äîïîìîãîþ ìåòîäà òâ³ðíîãî ôóíêö³îíàëó îòðèìàíî âèðàçè äëÿ ñòàòèñòè÷íèõ õàðàêòåðèñ-

òèê ïàðíîêîðåëüîâàíîãî ïîòîêó âèïàäêîâèõ ïîä³é. Íà îñíîâ³ çíàéäåíîãî â³äíîøåííÿ ïðàâäîïî-

ä³áíîñò³ ñèíòåçîâàíî ñòðóêòóðíó ñõåìó îïòèìàëüíîãî çà êðèòåð³ºì Íåéìàíà-Ï³ðñîíà âèÿâëþâà-

÷à ïàðíîêîðåëüîâàíîãî ïîòîêó ñèãíàë³â íà ôîí³ ïàðíîêîðåëüîâàíèõ çàâàä, ðîçãëÿíóòî îñîáëè-

âîñò³ éîãî ðåàë³çàö³¿ òà ôóíêö³îíóâàííÿ.

1. Ââåäåíèå

Ñëó÷àéíûå ñîáûòèÿ, êîòîðûå õàðàêòåðèçó-

þòñÿ áîëüøîé ñòåïåíüþ ëîêàëèçàöèè âî âðå-

ìåíè èëè ïðîñòðàíñòâå, ìîæíî èçîáðàæàòü òî÷-

êàìè íà îñè âðåìåíè èëè â èñõîäíîé îáëàñòè

ïðîñòðàíñòâà. Ïðîöåññ ïîÿâëåíèÿ òàêèõ òî÷åê

íàçûâàåòñÿ ñëó÷àéíûì òî÷å÷íûì ïðîöåññîì

èëè ïîòîêîì ñëó÷àéíûõ ñîáûòèé [1-3].

Àïïàðàò òåîðèè ñëó÷àéíûõ ïîòîêîâ èñ-

ïîëüçóåòñÿ ïðè èçó÷åíèè ïðîöåññîâ ðàäèî-

àêòèâíîñòè, ôîòîäåòåêòèðîâàíèÿ, òåïëîâîé

ýìèññèè ýëåêòðîíîâ è ò. ä. Ñëó÷àéíûå ïîòî-

êè, â êîòîðûõ òî÷êè (ñîáûòèÿ) õàðàêòåðèçó-

þòñÿ ïðîñòðàíñòâåííûìè êîîðäèíàòàìè,

îïèñûâàþò ïîëîæåíèå çâåçä ïðè àñòðîíîìè-

÷åñêèõ íàáëþäåíèÿõ èëè ïëîòíîñòè ýëåêò-

ðîíîâ â ÷óâñòâèòåëüíûõ ýëåìåíòàõ ýëåêòðîí-

íûõ ìèêðîñêîïîâ. Êàê ðåàëèçàöèè ñëó÷àé-

íûõ ïîòîêîâ ìîæíî ðàññìàòðèâàòü òàêæå

ñëó÷àéíûå ìîìåíòû ïîÿâëåíèÿ è ïðîñòðàí-

ñòâåííûå êîîðäèíàòû òîë÷êîâ ïðè ñåéñìè-

÷åñêîé àêòèâíîñòè.

Ðàññìîòðåíèå ðàñïðåäåëåíèÿ ôîòîîòñ÷åòîâ

â ñëó÷àéíîì ïîëå (òåïëîâîãî èëè ëàçåðíîãî)

èçëó÷åíèÿ øèðîêî èñïîëüçóåòñÿ â ñîâðåìåí-

íîé ñòàòèñòè÷åñêîé îïòèêå äëÿ îïðåäåëåíèÿ

ñòàòèñòèêè èíòåíñèâíîñòè ñâåòîâîãî ïó÷êà [4].

Íàèáîëåå øèðîêî ïðèìåíÿåòñÿ ïóàññîíîâ-

ñêàÿ ìîäåëü ñëó÷àéíîãî ïîòîêà, ïîñêîëüêó îíà

óíèâåðñàëüíà è äàåò âîçìîæíîñòü ïðîäâèíóòü-

ñÿ â àíàëèòè÷åñêèõ ðàñ÷åòàõ. Îäíîé èç åå õà-

ðàêòåðíûõ îñîáåííîñòåé ÿâëÿåòñÿ îòñóòñòâèå

ïîñëåäåéñòâèÿ, ò. å. êîððåëÿöèè ìåæäó ñîáû-

òèÿìè ïîòîêà. Îäíàêî äëÿ àäåêâàòíîãî îïèñà-

íèÿ ðåàëüíûõ ïðîöåññîâ ó÷åò òàêèõ êîððåëÿ-

öèé ïðèíöèïèàëüíî âàæåí, â ñâÿçè ñ ÷åì â ïîñ-

ëåäíåå âðåìÿ çíà÷èòåëüíîå âíèìàíèå óäåëÿ-

åòñÿ èññëåäîâàíèþ ñòàòèñòè÷åñêèõ õàðàêòåðè-

ñòèê íåïóàññîíîâñêèõ ïîòîêîâ.

Ìåòîäû ó÷åòà è àëãîðèòìû îáíàðóæåíèÿ

ïàðíûõ êîððåëÿöèé íåîáõîäèìû, â ÷àñòíîñòè,
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ïðè ðàçðàáîòêå èñòî÷íèêîâ ýëåêòðîìàãíèòíîãî

èçëó÷åíèÿ ñ ñóáïóàññîíîâñêîé ñòàòèñòèêîé, êî-

òîðûå âûçûâàþò çíà÷èòåëüíûé èíòåðåñ â ñâÿçè

ñ âîçìîæíîñòüþ èñïîëüçîâàíèÿ äëÿ ïîâûøåíèÿ

òî÷íîñòè îïòè÷åñêèõ èçìåðåíèé [5, 6].

Âîïðîñ îïòèìàëüíîãî îáíàðóæåíèÿ ïàðíî-

êîððåëèðîâàííîãî ïîòîêà áûë ðàññìîòðåí äëÿ

ñëó÷àÿ ïóàññîíîâñêîãî øóìà â ñòàòüå [7], ãäå

áûëè èñïðàâëåíû íåêîòîðûå îøèáêè ïðåäûäó-

ùèõ ïóáëèêàöèé, ñèíòåçèðîâàí àëãîðèòì è ïðî-

àíàëèçèðîâàíà ðàáîòà îïòèìàëüíîãî ïî êðèòå-

ðèþ Íåéìàíà-Ïèðñîíà îáíàðóæèòåëÿ. Â íàñòî-

ÿùåé ñòàòüå ðåçóëüòàòû [7] îáîáùåíû íà ñëó-

÷àé ïàðíîêîððåëèðîâàííîãî øóìà è äàíî ñòðî-

ãîå äîêàçàòåëüñòâî àíîíñèðîâàííîãî â [7] ðåêóð-

ðåíòíîãî ñîîòíîøåíèÿ äëÿ ôóíêöèé, ÷åðåç êî-

òîðûå âûðàæàþòñÿ ïëîòíîñòè âåðîÿòíîñòè ïðî-

èçâîëüíîãî ïàðíîêîððåëèðîâàííîãî ïîòîêà.

2. Ìàòåìàòè÷åñêèé ôîðìàëèçì

Ïîñêîëüêó äëÿ îïèñàíèÿ ñëó÷àéíûõ ïîòî-

êîâ ïðèìåíåíèå îáû÷íûõ â òåîðèè ñëó÷àé-

íûõ ïðîöåññîâ ìíîãîìåðíûõ ïëîòíîñòåé âå-

ðîÿòíîñòè íå âñåãäà óäîáíî, â ñòàòüå èñïîëü-

çîâàí ïîäõîä, îñíîâàííûé íà ïðîèçâîäÿùèõ

ôóíêöèîíàëàõ. Ïîýòîìó äëÿ ìàêñèìàëüíîé,

íàñêîëüêî ýòî âîçìîæíî, çàìêíóòîñòè èçëî-

æåíèÿ êðàòêî íàïîìíèì îñíîâíûå îïðåäåëå-

íèÿ, ñëåäóÿ òåðìèíîëîãèè è îáîçíà÷åíèÿì

ìîíîãðàôèè [1].

Ïîëíîå âåðîÿòíîñòíîå îïèñàíèå ñëó÷àéíî-

ãî ïîòîêà (â íåêîòîðîé îáëàñòè Ω â ñëó÷àéíûå

ìîìåíòû âðåìåíè 1, ..., kτ τ  ïîÿâëÿåòñÿ k ñî-

áûòèé ( )0, 1, 2, ...k =  � òàêæå ñëó÷àéíîå ÷èñ-

ëî) íàèáîëåå ýôôåêòèâíî îñóùåñòâëÿåòñÿ ïî-

ñðåäñòâîì ïðîèçâîäÿùåãî ôóíêöèîíàëà (ÏÔË)

1 1
0

1
[ ; ] d ... d ( , ..., ; )

! k k k
k

L u
k

∞

= Ω Ω

Ω = Ω ×∑ ∫ ∫τ τ π τ τ

1[1 ( )] ... [1 ( )],ku u× + +τ τ

ãäå u(τ) � ïðîèçâîëüíàÿ ôóíêöèÿ â îáëàñòè

Ω, êîòîðàÿ ÿâëÿåòñÿ, êàê ïðàâèëî, âðåìåí-

íûì èíòåðâàëîì (0,T) èëè, â ñàìîì îáùåì

ñëó÷àå, îáúåäèíåíèåì íåñêîëüêèõ ïîäîáëà-

ñòåé .r
r

Ω = ΩU  Çäåñü è âñþäó íèæå ïðè

óêàçàíèè ïðåäåëîâ èíòåãðèðîâàíèÿ äëÿ óï-

ðîùåíèÿ çàïèñè îáëàñòü çàäàíèÿ ïîòîêîâ Ω
íå êîíêðåòèçèðóåòñÿ.

Çàäàíèå ñëó÷àéíîãî ïîòîêà ñ ïîìîùüþ

ÏÔË ýêâèâàëåíòíî åãî îïèñàíèþ ïîëíûì íà-

áîðîì ôóíêöèîíàëüíûõ ïðîèçâîäíûõ

1
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ìíîãîìåðíûå ñîâìåñòíûå ïëîòíîñòè âåðîÿò-

íîñòè ïîÿâëåíèÿ k ñîáûòèé ñ êîîðäèíàòàìè

îêîëî 1, ..., kτ τ  è íåïîÿâëåíèÿ ñîáûòèé â îñ-

òàëüíîé îáëàñòè Ω.
Âåðîÿòíîñòè ïîÿâëåíèÿ â îáëàñòè Ω ðîâíî

k ñîáûòèé áåçîòíîñèòåëüíî ê ìîìåíòàì èõ ïî-

ÿâëåíèÿ

1 1
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Ïðîâîäèòü êëàññèôèêàöèþ ñëó÷àéíûõ ïî-

òîêîâ ïî ñòåïåíè êîððåëÿöèè ïîÿâëåíèÿ ñî-

áûòèé íà èíòåðâàëå íàáëþäåíèÿ óäîáíåå, èñ-

ïîëüçóÿ ðàçëîæåíèå â ôóíêöèîíàëüíûé ðÿä

ëîãàðèôìà ÏÔË
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ïîòîìó ÷òî ââîäèìûå òàêèì îáðàçîì êîððåëÿ-

öèîííûå ôóíêöèè ïîòîêà

1
1 ( ) 0

ln [ ; ]
( , ..., )

( ) ... ( )

k

k k
k u

L u
g

u u τ =

δ Ωτ τ =
δ τ δ τ

èìåþò ÿñíûé ôèçè÷åñêèé ñìûñë, îòðàæàÿ òåí-

äåíöèþ k ñîáûòèé ê ñáëèæåíèþ, ïîÿâëåíèþ

ãðóïïàìè ïðè ïîëîæèòåëüíûõ êîððåëÿöèÿõ è,

ñîîòâåòñòâåííî, ê �ðàñòàëêèâàíèþ� ñîáûòèé

è îãðàíè÷åíèþ èõ ÷èñëà â îáëàñòè Ω � ïðè

îòðèöàòåëüíûõ.

Ïðîñòåéøèé ñëó÷àé ðàâåíñòâà íóëþ âñåõ

ôóíêöèé êîððåëÿöèè, íà÷èíàÿ ñî âòîðîé, ñî-

îòâåòñòâóåò ïóàññîíîâñêîìó ïîòîêó, ÏÔË êî-

òîðîãî çàïèñûâàåòñÿ êàê

1[ ; ] exp d ( ) ( ) ,L u g u
Ω

 
Ω = τ τ τ 

  
∫

à åãî åäèíñòâåííàÿ õàðàêòåðèñòèêà 1( )g τ  èìå-

åò ñìûñë èíòåíñèâíîñòè. Äëÿ ïóàññîíîâñêîãî

ïîòîêà ëåãêî íàéòè ïëîòíîñòè âåðîÿòíîñòè
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=
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Ω
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÷èñëî ñîáûòèé â îáëàñòè Ω.

Êàê ìîæíî âèäåòü, äëÿ ïóàññîíîâñêîãî ïî-

òîêà ñîâìåñòíàÿ ïëîòíîñòü âåðîÿòíîñòè ïîÿâ-

ëåíèÿ îäíîãî ñîáûòèÿ îêîëî êîîðäèíàòû iτ  è

íåïîÿâëåíèÿ ñîáûòèé â îñòàëüíîé îáëàñòè Ω
åñòü 1 1( ; ) ( ),k

i ie g−π τ Ω = τ  à âåðîÿòíîñòü ïîÿâ-

ëåíèÿ â îáëàñòè Ω íóëåâîãî ÷èñëà ñîáûòèé �

0( ) .kP e−Ω =  Ñëåäîâàòåëüíî, äëÿ ïóàññîíîâ-

ñêîãî ïîòîêà ïëîòíîñòü âåðîÿòíîñòè ïîÿâëå-

íèÿ îäíîãî ñîáûòèÿ îêîëî êîîðäèíàòû iτ  åñòü

ïðîñòî åãî èíòåíñèâíîñòü â ýòîé òî÷êå 1( ).ig τ
Îòñþäà ñëåäóåò, ÷òî ñîâìåñòíàÿ ïëîòíîñòü

âåðîÿòíîñòè ïîÿâëåíèÿ k ñîáûòèé ñ êîîðäè-

íàòàìè îêîëî 1, ..., kτ τ  ðàâíà ïðîèçâåäåíèþ

ïëîòíîñòåé âåðîÿòíîñòè ïîÿâëåíèÿ êàæäîãî

ñîáûòèÿ 1
1

( ).
k

i
i

g
=

τ∏  Òàêèì îáðàçîì, äëÿ ïóàñ-

ñîíîâñêîãî ïîòîêà (è, êàê íåòðóäíî âèäåòü,

òîëüêî äëÿ íåãî) ìîìåíòû ïîÿâëåíèÿ îòäåëü-

íûõ ñîáûòèé ñòàòèñòè÷åñêè íåçàâèñèìû, èëè,

èíûìè ñëîâàìè, íå êîððåëèðîâàíû.

Ïîñêîëüêó, êàê ïðàâèëî, èíòåíñèâíîñòü

êîððåëÿöèé óáûâàåò ñ ðîñòîì èõ ïîðÿäêà

(òðîéíûå êîððåëÿöèè ìåíåå âåðîÿòíû, ÷åì

ïàðíûå, ÷åòâåðíûå � ìåíåå âåðîÿòíû, ÷åì

òðîéíûå, è ò. ä.), îñíîâíîé ôèçè÷åñêèé èíòå-

ðåñ â áîëüøèíñòâå ñëó÷àåâ ïðåäñòàâëÿþò ïàð-

íûå êîððåëÿöèè. Ïàðíîêîððåëèðîâàííûì íà-

çûâàþò ïîòîê, ó êîòîðîãî îòëè÷íû îò íóëÿ

ëèøü äâå êîððåëÿöèè íèçøèõ ïîðÿäêîâ � 1( )g τ

è 2 1 2( , ).g τ τ  Òåïåðü ìû èìååì âñå íåîáõîäè-

ìîå äëÿ äàëüíåéøåãî ðàññìîòðåíèÿ.

3. Ïîñòàíîâêà çàäà÷è

Ïóñòü íà âõîä ïðèåìíîãî óñòðîéñòâà ïî-

ñòóïàåò ñìåñü ïàðíîêîððåëèðîâàííîãî ïîòîêà

ïîëåçíûõ ñèãíàëîâ, êîòîðûé õàðàêòåðèçóåòñÿ

ïðîèçâîäÿùèì ôóíêöèîíàëîì

1[ ; ] exp d ( ) ( )L u g u
Ω


Ω = τ τ τ +


∫ñ ñ

1 2 2 1 2 1 2

1
d d ( , ) ( ) ( ) ,

2
g u u

Ω Ω


+ τ τ τ τ τ τ 


∫ ∫ ñ

(1)

è ïàðíîêîððåëèðîâàííîãî ïîòîêà øóìîâûõ

ñèãíàëîâ, ÏÔË êîòîðîãî èìååò âèä

1[ ; ] exp d ( ) ( )L u g u
Ω


Ω = τ τ τ +


∫ø ø

1 2 2 1 2 1 2

1
d d ( , ) ( ) ( ) ,

2
g u u

Ω Ω


+ τ τ τ τ τ τ 


∫ ∫ ø

(2)

ãäå ôóíêöèè 1( )g τ  è 2 1 2( , )g τ τ  ïðåäñòàâëÿþò
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ñîáîé ïåðâóþ è âòîðóþ êîððåëÿöèè ñîîòâåòñòâó-

þùèõ ïàðíîêîððåëèðîâàííûõ ïîòîêîâ.

Ñèíòåç îïòèìàëüíîãî ïî êðèòåðèþ Íåéìà-

íà-Ïèðñîíà àëãîðèòìà îáíàðóæåíèÿ ñâîäèòñÿ

ê íàõîæäåíèþ îòíîøåíèÿ ïðàâäîïîäîáèÿ Λ,

çàäàâàåìîãî (ïðè íàáëþäåíèè â äèñêðåòíîì

âðåìåíè) ñîîòíîøåíèåì [8]

1

1

( , ..., ; )
,

( , ..., ; )
k k

k k

+π τ τ ΩΛ =
π τ τ Ω

ñ ø

ø

ãäå ïëîòíîñòè âåðîÿòíîñòè k-ãî ïîðÿäêà ïðè

íàëè÷èè è îòñóòñòâèè ñèãíàëà îïðåäåëÿþòñÿ

èç (1) è (2) êàê

1
1 ( ) 1

[ ; ]
( , ..., ; )

( ) .. . ( )

k

k k
k u

L u

u u

+
+

τ =−

δ Ωπ τ τ Ω =
δ τ δ τ

ñ ø

ñ ø

è

1
1 ( ) 1

[ ; ]
( , ..., ; )

( ) . . . ( )

k

k k
k u

L u

u u τ =−

δ Ωπ τ τ Ω =
δ τ δ τ

ø

ø

ñîîòâåòñòâåííî.

Â ñèëó ñòàòèñòè÷åñêîé íåçàâèñèìîñòè ñèã-

íàëüíîãî è øóìîâîãî ïîòîêîâ äëÿ ÏÔË èõ

ñóììû èìååì

[ ; ] [ ; ] [ ; ],L u L u L u+ Ω = Ω ⋅ Ωñ ø ñ ø

èëè, ñ ó÷åòîì (1) è (2),

1[ ; ] exp d ( ) ( )L u g u+ +

Ω


Ω = τ τ τ +


∫ñ ø ñ ø

1 2 2 1 2 1 2

1
d d ( , ) ( ) ( ) ,

2
g u u+

Ω Ω


+ τ τ τ τ τ τ 


∫ ∫ ñ ø

ãäå

1 1 1( ) ( ) ( ),g g g+ τ = τ + τñ ø ñ ø

(3)

2 1 2 2 1 2 2 1 2( , ) ( , ) ( , ).g g g+ τ τ = τ τ + τ τñ ø ñ ø

Òàêèì îáðàçîì, ñóììà äâóõ íåçàâèñèìûõ

ïàðíîêîððåëèðîâàííûõ ïîòîêîâ òàêæå ÿâëÿåòñÿ

ïàðíîêîððåëèðîâàííûì ïîòîêîì, êîððåëÿöèè

êîòîðîãî âûðàæàþòñÿ ÷åðåç êîððåëÿöèè ñëàãàå-

ìûõ ïîñðåäñòâîì (3), à çàäà÷à ñèíòåçà ñâîäèòñÿ

ê íàõîæäåíèþ ïëîòíîñòåé âåðîÿòíîñòè ïàðíî-

êîððåëèðîâàííûõ ïîòîêîâ ñ çàäàííûìè ÏÔË.

4. Ñòàòèñòè÷åñêèå õàðàêòåðèñòèêè

ïàðíîêîððåëèðîâàííîãî ïîòîêà

Ïîñëå çàìåíû ïåðåìåííûõ 1)()( −τ=τ vu
äëÿ ïðîèçâîëüíîãî ïàðíîêîððåëèðîâàííîãî

ïîòîêà ñ ÏÔË

1[ ; ] exp d ( ) ( )L u g u
Ω


Ω = τ τ τ +


∫

1 2 2 1 2 1 2

1
d d ( , ) ( ) ( )

2
g u u

Ω Ω


+ τ τ τ τ τ τ 


∫ ∫

åãî ïëîòíîñòè âåðîÿòíîñòè

1
1 ( ) 1

[ ; ]
( , ..., ; )

( ) ... ( )

k

k k
k u

L u

u u τ =−

δ Ωπ τ τ Ω =
δ τ δ τ

ìîæíî ïðåäñòàâèòü â âèäå

1
1

( , ..., ; )
( ) ... ( )

k

k k
kv v

δπ τ τ Ω = ×
δ τ δ τ

0 1exp ( ) d ( ; ) ( )v
Ω


× χ Ω + τχ τ Ω τ +


∫

1 2 2 1 2 1 2

( ) 0

1
d d ( , ) ( ) ( ) .

2
v

v v
Ω Ω τ =


+ τ τ χ τ τ τ τ 


∫ ∫ (4)
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Çäåñü òàê íàçûâàåìûå χ-ïëîòíîñòè   � 0( ),χ Ω

1( ; ),χ τ Ω ),(2 τ′τχ  � çàäàþòñÿ äëÿ ïàðíîêîð-

ðåëèðîâàííîãî ïîòîêà ñîîòíîøåíèÿìè [1]:

0 0( ) ln ( ),Pχ Ω = Ω

1 1 2( ; ) ( ) d ( , ),g g
Ω

′ ′χ τ Ω = τ − τ τ τ∫

2 2( , ) ( , ),g′ ′χ τ τ = τ τ

ãäå âåðîÿòíîñòü ïîÿâëåíèÿ â îáëàñòè Ω íóëå-

âîãî ÷èñëà ñîáûòèé 0( )P Ω  âûðàæàåòñÿ ÷åðåç

èíòåãðàëû îò êîððåëÿöèîííûõ ôóíêöèé

1 1 1 1( ) d ( ),G g
Ω

Ω = τ τ∫

2 1 2 2 1( ) d d ( , )kG g
Ω Ω

Ω = τ τ τ τ∫ ∫

â âèäå

0 1 2

1
( ) exp ( ) ( ) .

2
P G G

 Ω = − Ω + Ω  

Ïðåîáðàçóåì âûðàæåíèå (4) ñëåäóþùèì

îáðàçîì. Ñòàòèñòèêó ëþáîé ñëó÷àéíîé ôóíê-

öèè ( )ζ τ  ìîæíî ïîëíîñòüþ îïèñàòü åå õàðàê-

òåðèñòè÷åñêèì ôóíêöèîíàëîì

[ ] exp d ( ) ( ) ,u i u
Ω ζ

 
Φ = τ ζ τ τ 

  
∫

ãäå óãëîâûå ñêîáêè ... ζ  îáîçíà÷àþò óñðåä-

íåíèå ïî àíñàìáëþ å¸ ðåàëèçàöèé. Åñëè ñëó-

÷àéíàÿ ôóíêöèÿ ( )ζ τ  � ãàóññîâà, òî åå õàðàê-

òåðèñòè÷åñêèé ôóíêöèîíàë çàïèñûâàåòñÿ â

ÿâíîì âèäå êàê

[ ] exp d ( ) ( )G u i uζ
Ω


Φ = τ ζ τ τ −


∫

1 2 1 2 1 2

1
d d ( ) ( ) ( ) ( ) ,

2
u uζ

Ω Ω


− τ τ δζ τ δζ τ τ τ 


∫ ∫

ãäå îòêëîíåíèå ôóíêöèè ( )ζ τ  îò åå ñðåäíåãî

çíà÷åíèÿ ( ) ( ) ( ) .ζδζ τ = ζ τ − ζ τ

Òàêèì îáðàçîì, âûðàæåíèå (4) ìîæíî ïå-

ðåïèñàòü â âèäå

1 0
1 ( ) 0

[ ]
( , ..., ; ) ( ) ,

( ) ... ( )

k
G

k k
k v

iv
P

v v
τ =

δ Φ −
π τ τ Ω = Ω

δ τ δ τ

(5)

ãäå [ ]G uΦ  � õàðàêòåðèñòè÷åñêèé ôóíêöèîíàë

íåêîé ãàóññîâîé ñëó÷àéíîé ôóíêöèè ( ),ζ τ
ñðåäíåå çíà÷åíèå è êîððåëÿöèîííàÿ ôóíêöèÿ

êîòîðîé îïðåäåëÿþòñÿ ñîîòíîøåíèÿìè:

1 1( ) ( ; ),ζζ τ = χ τ Ω

(6)

1 2 2 1 2( ) ( ) ( , ).
ζ

δζ τ δζ τ = χ τ τ

Âûïîëíèâ â (5) äèôôåðåíöèðîâàíèå, ïîëó-

÷èì, ÷òî ñ òî÷íîñòüþ äî ìíîæèòåëÿ 0( )P Ω
ïëîòíîñòè âåðîÿòíîñòè k�ãî ïîðÿäêà äëÿ ïðî-

èçâîëüíîãî ïàðíîêîððåëèðîâàííîãî ïîòîêà

ïðåäñòàâëÿþò ñîáîé ìîìåíòû k�ãî ïîðÿäêà

âñïîìîãàòåëüíîé ãàóññîâîé ñëó÷àéíîé ôóíê-

öèè ( ) :ζ τ

1 0 1( , ..., ; ) ( ) ( ) ... ( ) .k k kP ζπ τ τ Ω = Ω ζ τ ζ τ (7)

Â äåéñòâèòåëüíîñòè, ñîîòíîøåíèå (7) óñ-

òàíàâëèâàåò äóàëèçì, óòâåðæäàÿ ïðè åãî ïðî-

÷òåíèè ñïðàâà íàëåâî, ÷òî ìîìåíòû ëþáîãî

ïîðÿäêà ïðîèçâîëüíîé ãàóññîâîé ñëó÷àéíîé

ôóíêöèè ( )ζ τ  ñ òî÷íîñòüþ äî ìíîæèòåëÿ

ïðåäñòàâëÿþò ñîáîé ïëîòíîñòè âåðîÿòíîñòè

òîãî æå ïîðÿäêà âñïîìîãàòåëüíîãî ïàðíî-
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êîððåëèðîâàííîãî ñëó÷àéíîãî ïîòîêà, χ-ïëîòíî-

ñòè êîòîðîãî îïðåäåëÿþòñÿ ôîðìóëîé (6).

Ââåäÿ âçàìåí ( )ζ τ  äðóãóþ âñïîìîãàòåëüíóþ

ôóíêöèþ 
1

( )
( )

( ; )

δζ τξ τ =
χ τ Ω

 ñî ñðåäíèì çíà÷åíè-

åì ( ) 0
ξ

ξ τ =  è êîððåëÿöèîííîé ôóíêöèåé

2

1 1

( , )
( , ) ( ) ( ) ,

( ; ) ( ; )
q ξ

′χ τ τ′ ′τ τ = δξ τ δξ τ =
′χ τ Ω χ τ Ω

ïîëó÷èì ïðåäñòàâëåíèå 1( , ..., ; )k kπ τ τ Ω  â

ñòàíäàðòíîì âèäå [1]:

1( , ..., ; )k kπ τ τ Ω =

0 1 1
1

( ) ( ; ) ( , ..., ; ).
k

i k k
i

P U
=

= Ω χ τ Ω τ τ Ω∏ (8)

Îäíàêî òåïåðü,  â îòëè÷èå îò [1], â ôîðìó-

ëå (8) äëÿ ôóíêöèè 1( , ..., ; )k kU τ τ Ω  èìååì íî-

âîå ïðåäñòàâëåíèå:

[ ]1
1

( , ..., ; ) 1 ( ) ,
k

k k i
i

U
= ξ

τ τ Ω = + ξ τ∏ (9)

êîòîðîå â íåêîòîðûõ îòíîøåíèÿõ ÿâëÿåòñÿ

áîëåå óäîáíûì äëÿ ìàòåìàòè÷åñêèõ âûêëàäîê

è ôèçè÷åñêîé èíòåðïðåòàöèè. Â ÷àñòíîñòè, íà

îñíîâå (9) ìîæíî ñòðîãî äîêàçàòü (ñì. Ïðèëî-

æåíèå), ÷òî 1( , ..., ; )k kU τ τ Ω  óäîâëåòâîðÿåò

íå èíòåãðàëüíîìó óðàâíåíèþ (ôîðìóëà 2.7.9

â [1]), à âïåðâûå ïîëó÷åííîìó èç ýâðèñòè÷åñ-

êèõ ñîîáðàæåíèé è ïðèâåäåííîìó â ðàáîòå [7]

ðåêóððåíòíîìó ñîîòíîøåíèþ

1 1 1 1( , ..., ; ) ( , ..., ; )k k k kU U − −τ τ Ω = τ τ Ω +
1

2 1 1 1 1
1

( , ) ( , ..., , , ..., ; ),
k

i k k i i k
i

q U
−

− − + −
=

+ τ τ τ τ τ τ Ω∑
(10)

ãäå 2 1 1 1 1( , ..., , , ..., ; )k i i kU − − + −τ τ τ τ Ω  � ôóíêöèÿ

k � 2  àðãóìåíòîâ, îáðàçóåìûõ èç óïîðÿäî÷åí-

íîãî ìíîæåñòâà 1 2 1( , , ..., )k−τ τ τ  èñêëþ÷åíèåì

i-ãî ÷ëåíà (1 ≤ i ≤ k � 1).

Åñòåñòâåííî, ÷òî ñîîòâåòñòâåííî ñîîòíîøå-

íèþ (10) äîëæíû áûòü ìîäèôèöèðîâàíû âñå

ñòðóêòóðíûå ñõåìû àëãîðèòìîâ îïòèìàëüíîé

îáðàáîòêè, èñïîëüçîâàâøèå óêàçàííîå èíòåã-

ðàëüíîå óðàâíåíèå.

Êðîìå òîãî, òîëüêî çàäàâàåìîå ôîðìóëîé

(9) ïðåäñòàâëåíèå äëÿ 1( , ..., ; )k kU τ τ Ω  ïîçâî-

ëÿåò äîñòàòî÷íî ïðîñòî ïåðåéòè ê êîíòèíóàëü-

íîìó ïðåäåëó ,k → ∞  ïîñêîëüêó ÷èñëî è êî-

îðäèíàòû òî÷åê îäíîðîäíûõ ñîáûòèé â (9) è,

ñëåäîâàòåëüíî, âî âñåõ âûðàæåíèÿõ äëÿ ïëîò-

íîñòåé âåðîÿòíîñòè, îòíîøåíèé ïðàâäîïîäî-

áèÿ è ò. ä. ëåãêî âûðàæàþòñÿ ÷åðåç ðåàëèçà-

öèþ ñëó÷àéíîãî ïîòîêà â âèäå ñòóïåí÷àòîé

ôóíêöèè ( ) :N τ

[ ]1
1

( , ..., ; ) exp ln 1 ( )
k

k k i
i

U
= ξ

 
τ τ Ω = + ξ τ = 

 
∑

[ ]exp d ( ) ln 1 ( ) .N
Ω ξ

  = τ + ξ τ 
  
∫ (11)

Âûïîëíåíèå ðàâåíñòâà (11) îáåñïå÷èâàåò-

ñÿ âûáîðîì ( )N τ  â âèäå 
1

( ) ( ),
k

i
i

N
=

τ = θ τ − τ∑

ãäå 
1, 0

( )
0, 0

τ ≥
θ τ =  τ <

 � åäèíè÷íàÿ ñòóïåí÷àòàÿ

ôóíêöèÿ Õåâèñàéäà.

Ïîëüçóÿñü òåì, ÷òî äëÿ ãàóññîâà ñëó÷àé-

íîãî ïîëÿ ( )ξ τ  ñ íóëåâûì ñðåäíèì çíà÷å-

íèåì ìîìåíòû 1( ) ... ( )k ξξ τ ξ τ  íå÷åòíîãî

ïîðÿäêà ðàâíû íóëþ, à ÷åòíîãî � ïðåäñòàâ-

ëÿþò ñóììó ïî âñåì âîçìîæíûì ðàçáèåíè-

ÿì èíäåêñîâ íà ïàðû 1, ..., kτ τ  ïðîèçâåäåíèé

[k/2] (ãäå [x] � öåëàÿ ÷àñòü x ) êîððåëÿöè-

îííûõ ôóíêöèé 1 2 1( , ), ..., ( , )k kq q −τ τ τ τ , èç (9)

íåòðóäíî ïîëó÷èòü:
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0 ( ) 1,U Ω =

1 1( ; ) 1,U τ Ω =

2 1 2 12( , ; ) 1 ,U qτ τ Ω = +

(12)

3 1 2 3 12 13 23( , , ; ) 1 ,U q q qτ τ τ Ω = + + +

4 1 2 3 4 12 13 14

23 24 34 12 34 13 24 14 23

( , , , ; ) 1

,

U q q q

q q q q q q q q q

τ τ τ τ Ω = + + + +
+ + + + + +

5 1 2 3 4 5 12 13 14

15 23 24 25 34 35 45

12 34 35 45 13 24 25 45

14 23 25 35 15 23 24 34

23 45 24 35 25 34

( , , , , ; ) 1

( ) ( )

( ) ( )

,

U q q q

q q q q q q q

q q q q q q q q

q q q q q q q q

q q q q q q

τ τ τ τ τ Ω = + + + +
+ + + + + + + +
+ + + + + + +
+ + + + + + +
+ + +

ãäå äëÿ ñîêðàùåíèÿ çàïèñè ââåäåíî îáîçíà-

÷åíèå ( , ).ik i kq q= τ τ  Èñõîäÿ èç (12), ñïðàâåä-

ëèâîñòü ñîîòíîøåíèÿ (10) äëÿ ÷àñòíûõ ñëó-

÷àåâ k = 2, 3, 4, 5 ìîæíî äîêàçàòü ïðÿìûì

âû÷èñëåíèåì.

Èñïîëüçóÿ àëãîðèòì ðàñ÷åòà ìîìåíòîâ ãà-

óññîâà ñëó÷àéíîãî ïîëÿ ( ),ξ τ  îáùóþ ôîð-

ìóëó äëÿ âûðàæåíèé (12) ìîæíî çàïèñàòü â

âèäå [7]:

[ ]

1 1

1 1 1

/ 2 1

1
1 1 1

( , ..., ; ) 1
k k k

k k i j
n i j i

U q
−

= = = +
τ τ Ω = + ×∑ ∑ ∑

2 2 3 3

2 1 2 2 3 2 3 3 1

2 2 1 3 3 1 2 1 2 1

1 1 1

1 1 1 1 1 1

, , , , , ...

... .
n n

n n n n

n n n

k k k k k k

i j i j i j
i i j i i i j i i i j i

i j j i j j j i j j j j

q q q
−

−

− − −

= + = + = + = + = + = +

≠ ≠ ≠

× ∑ ∑ ∑ ∑ ∑ ∑
1442443 14243 1442443

(13)

Àíàëèç ôîðìóë (12), (13) ïîêàçûâàåò, ÷òî â

ïðèâåäåííîì â ìîíîãðàôèè [1] âûðàæåíèè äëÿ

1( , ..., ; ),k kU τ τ Ω

[ ]

1 1 2 2

1 1 2 2

1

/ 2

1

( , ..., ; )

1 ... ,
n n

n n

k k

k

i j i j i j
n i j i j i j

U

q q q
= < < <

τ τ Ω =

= + ∑ ∑ ∑ ∑

äîïóùåíà îøèáêà, ñóùåñòâåííî ïîâëèÿâøàÿ

íà ïîñëåäóþùèå ðåçóëüòàòû, ïîñêîëüêó ñóì-

ìèðîâàíèå â íåì ïðîâîäèòñÿ òîëüêî ïî óïîðÿ-

äî÷åííûì 
[ ] [ ]1 1 / 2 / 2

...
k ki j i jτ < τ < < τ < τ  àðãóìåí-

òàì ,mτ  (1, ),m k∈  è, ñîîòâåòñòâåííî, íà÷èíàÿ

ñ íîìåðà 4,k ≥  îñòàþòñÿ íåó÷òåííûìè íåêî-

òîðûå äîïóñòèìûå êîìáèíàöèè.

5. Îïòèìàëüíûé îáíàðóæèòåëü

ïàðíîêîððåëèðîâàííîãî ïîòîêà

Èìåÿ âñå íåîáõîäèìûå çàãîòîâêè, ìîæíî

ïåðåéòè ê ðàñ÷åòó îòíîøåíèÿ ïðàâäîïîäîáèÿ

è ñèíòåçó ñòðóêòóðû îïòèìàëüíîãî îáíàðóæè-

òåëÿ ïàðíîêîððåëèðîâàííîãî ïîòîêà. Âîñïîëü-

çîâàâøèñü îáùèì âûðàæåíèåì äëÿ ïëîòíîñ-

òåé âåðîÿòíîñòè (8), â ÷àñòíûõ ñëó÷àÿõ (1) è

(2) ïîëó÷èì:

1 0( , ..., ; ) exp ( )k k
π τ τ Ω = χ Ω +

ø ø

1 1
1

ln ( ; ) ( , ..., ; ),
k

i k k
i

U
=


+ χ τ Ω τ τ Ω


∑ ø ø

(14)

1 0( , ..., ; ) exp ( )k k
+ +π τ τ Ω = χ Ω +

c ø ñ ø

1 1
1

ln ( ; ) ( , ..., ; ),
k

i k k
i

U+ +

=


+ χ τ Ω τ τ Ω


∑ c ø c ø

ãäå äëÿ ðàñ÷åòà ôóíêöèé 
kUø  è 

kU +c ø  ìîæíî

âîñïîëüçîâàòüñÿ ëþáûì èç ìåòîäîâ, îñíîâàí-

íûõ íà ôîðìóëàõ (9), (10) è (13), â êîòîðûõ

âåëè÷èíû ( , ),q ′τ τ  îòíîñÿùèåñÿ ê øóìó è ñìå-

ñè ñèãíàëà ñ øóìîì, èìåþò âèä:
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2

1 1

( , )
( , ) ,

( ; ) ( ; )
q

′χ τ τ′τ τ =
′χ τ Ω χ τ Ω

ø

ø

ø ø

(15)

2

1 1

( , )
( , ) .

( ; ) ( ; )
q

+
+

+ +

′χ τ τ′τ τ =
′χ τ Ω χ τ Ω

ñ ø

ñ ø

ñ ø ñ ø

Â âûðàæåíèÿõ (14) è (15) äëÿ ñëó÷àÿ ñìåñè

ñèãíàëà è øóìà â ñèëó óñëîâèé (3) èìååì:

0 0 0( ) ( ) ( ),+χ Ω = χ Ω + χ Ωñ ø ñ ø

1 1 1( ; ) ( ; ) ( ; ),+χ τ Ω = χ τ Ω + χ τ Ωñ ø ñ ø

2 2 2( , ) ( , ) ( , ).+ ′ ′ ′χ τ τ = χ τ τ + χ τ τñ ø ñ ø

Ñ ó÷åòîì âñåõ ýòèõ ñîîòíîøåíèé äëÿ ëî-

ãàðèôìà îòíîøåíèÿ ïðàâäîïîäîáèÿ lnl = Λ
ïîëó÷àåì:

1
0

1 1

( ; )
( ) ln 1

( ; )

k
i

i i

l
=

 χ τ Ω
= χ Ω + + + χ τ Ω 

∑
ñ

ñ

ø

1 1ln ( , ..., ; ) ln ( , ..., ; ).k k k kU U++ τ τ Ω − τ τ Ωc ø ø

(16)

Èòàê, â ñîîòâåòñòâèè ñ âûðàæåíèåì (16)

îïòèìàëüíûé îáíàðóæèòåëü äîëæåí áûòü

òðåõêàíàëüíûì è èìåòü ñòðóêòóðó, ïðåäñòàâ-

ëåííóþ íà ðèñóíêå. Ïåðâûé èç êàíàëîâ ñîîò-

âåòñòâóåò ñòàíäàðòíîìó (èçâåñòíîìó) îáíàðó-

æèòåëþ ïóàññîíîâñêîãî ïîòîêà èíòåíñèâíîñ-

òè 1 ( ; )χ τ Ωñ  íà ôîíå ïóàññîíîâñêîãî øóìà èí-

òåíñèâíîñòè 1 ( ; )χ τ Ωø  è îñóùåñòâëÿåò íàêîï-

ëåíèå ïîÿâëÿþùèõñÿ èìïóëüñîâ ñ âåñîì

1

1

( ; )
ln 1 .

( ; )

 χ τ Ω
+ 

χ τ Ω 

ñ

ø

Âòîðîé êàíàë ñîîòâåòñòâóåò îáíàðóæåíèþ

ïóàññîíîâñêîãî ïîòîêà íåêðàòíûõ (ò. å. íå ñî-

âïàäàþùèõ âî âðåìåíè) ïàð ñîáûòèé, âçàèì-

íîå ðàñïîëîæåíèå êîòîðûõ íà èíòåðâàëå íà-

áëþäåíèÿ Ω ïðîèçâîëüíî, è îñóùåñòâëÿåò

íàêîïëåíèå èìïóëüñîâ ñèãíàëüíîãî ïîòîêà,

�ïîäîçðåâàåìûõ� íà ïàðíóþ êîððåëÿöèþ. Ðå-

çóëüòàòû íàêîïëåíèÿ ïåðâîãî è (ïîñëå ëîãà-

ðèôìèðîâàíèÿ) âòîðîãî êàíàëîâ ñóììèðóþò-

ñÿ â ñóììàòîðå Ñ1.

Òðåòèé êàíàë ñòðóêòóðíî àíàëîãè÷åí âòî-

ðîìó è, åñëè ðàññìàòðèâàòü åãî îòäåëüíî, òàê-

æå ÿâëÿåòñÿ îïòèìàëüíûì îáíàðóæèòåëåì ïó-

àññîíîâñêîãî ïîòîêà ïàð øóìîâûõ (ïîìåõî-

âûõ) èìïóëüñîâ. Ðåçóëüòàòû íàêîïëåíèÿ, ââî-

äèìûå ñî çíàêîì ìèíóñ â ñóììàòîð Ñ2, ñîîò-

âåòñòâóþò îòáðàñûâàíèþ ïàðíûõ êîððåëÿöèé,

íàáëþäàåìûõ â øóìîâîì ïîòîêå.

Ðàññìîòðèì ïðåäåëüíûå ñëó÷àè äàííîé ñõå-

ìû. Â îòñóòñòâèå ïàðíûõ êîððåëÿöèé êàê â ñèã-

Ðèñ. Ñòðóêòóðíàÿ ñõåìà îïòèìàëüíîãî ïàðíîêîððåëèðîâàííîãî ïîòîêà:

 ËÓ � ëîãàðèôìèðóþùåå óñòðîéñòâî; Ñ1, Ñ2 � ñóììàòîðû; ÐÓ � ðåøàþùåå óñòðîéñòâî; h � ïîðîã îáíàðóæåíèÿ
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íàëüíîì ( )2 1 2( , ) 0 ,g τ τ =ñ

 òàê è â øóìîâîì

( )2 1 2( , ) 0g τ τ =ø

 ïîòîêàõ èìååì ñîîòâåòñòâåí-

íî 1kU =c  è 1kU =ø , ò. å. âòîðîé è òðåòèé êàíà-

ëû äàþò íóëåâîé âêëàä, à ñõåìà ñâîäèòñÿ ê èç-

âåñòíîìó îáíàðóæèòåëþ ïóàññîíîâñêîãî ïîòî-

êà íà ôîíå ïóàññîíîâñêèõ øóìîâ.

Åñëè ïàðíûå êîððåëÿöèè îòñóòñòâóþò

òîëüêî â øóìîâîì ïîòîêå ( )2 1 2( , ) 0 ,g τ τ =ø

 òî

íóëåâîé âêëàä äàåò òîëüêî òðåòèé êàíàë, è

ìû ïîëó÷àåì ñõåìó îïòèìàëüíîãî îáíàðó-

æèòåëÿ ïàðíîêîððåëèðîâàííîãî ïîòîêà íà

ôîíå ïóàññîíîâñêèõ øóìîâ, ðàññìîòðåííóþ

ðàíåå â [7]. Äîñòàòî÷íî î÷åâèäíûì ÿâëÿåò-

ñÿ è ÷àñòíûé ñëó÷àé îáíàðóæåíèÿ ïóàññî-

íîâñêèõ ñèãíàëîâ íà ôîíå ïàðíîêîððåëèðî-

âàííûõ øóìîâ.

Òàêàÿ òðàêòîâêà àëãîðèòìà ñëåäóåò èç

òîãî ôàêòà, ÷òî ïðîèçâîëüíûé ïàðíîêîððå-

ëèðîâàííûé ïîòîê ñ ôóíêöèÿìè êîððåëÿöèè

1( )g τ  è 2 1 2( , )g τ τ  ìîæåò áûòü îäíîçíà÷íî

ðàçëîæåí â ñóììó ñòàòèñòè÷åñêè íåçàâèñè-

ìûõ ïóàññîíîâñêîãî ïîòîêà ñ èíòåíñèâíîñ-

òüþ 1 1 2( ; ) ( ) d ( , )g g
Ω

′ ′χ τ Ω = τ − τ τ τ∫  è ïîòîêà

ïóàññîíîâñêèõ ïàð, íå ñëèâàþùèõñÿ â äâó-

êðàòíûå, âçàèìíîå ðàñïîëîæåíèå êîòîðûõ

îïèñûâàåòñÿ ôóíêöèåé 2 2( , ) ( , )g′ ′χ τ τ = τ τ  [1].

Ñìåñü íåçàâèñèìûõ ïàðíîêîððåëèðîâàí-

íûõ ñèãíàëà è øóìà ïîñëå òàêîãî ðàçëîæå-

íèÿ êàæäîãî èç ñëàãàåìûõ ïðåäñòàâëÿåò ñî-

áîé ñóïåðïîçèöèþ ÷åòûðåõ âçàèìíî íåçàâè-

ñèìûõ ïîòîêîâ: äâóõ (ñèãíàëüíîãî è øóìî-

âîãî) ïóàññîíîâñêèõ è äâóõ (ñèãíàëüíîãî è

øóìîâîãî) ïóàññîíîâñêèõ ïîòîêîâ íåêðàò-

íûõ ïàð. Îïòèìàëüíîå îáíàðóæåíèå, â ñî-

îòâåòñòâèè ñ âûðàæåíèåì (16), ñâîäèòñÿ ê

âûäåëåíèþ ïóàññîíîâñêîãî ïîòîêà èç ïóàñ-

ñîíîâñêîãî øóìà ñ ïîïðàâêîé, ó÷èòûâàþùåé

ýôôåêò ïàðíûõ êîððåëÿöèé ñèãíàëüíîãî ïî-

òîêà è âû÷èòàþùåé âêëàä â ñòàòèñòèêó (ïî-

ðîã), îáóñëîâëåííûé ïàðíûìè êîððåëÿöèÿ-

ìè øóìîâîãî ïîòîêà.

Ïðè ïåðåõîäå ê íàáëþäåíèþ â íåïðåðûâíîì

âðåìåíè èç (16) ñ ó÷åòîì (11) ëåãêî ïîëó÷èòü:

1
0

1

( ; )
( ) d ( ) ln 1

( ; )
l N

Ω

 χ τ Ω
= χ Ω + τ + + χ τ Ω 

∫
ñ

ñ

ø

ln exp d ( ) ln 1 ( )N
+

+

Ω ξ

   + τ + ξ τ −    
∫

ñ ø

ñ ø

ln exp d ( ) ln 1 ( ) ,N
Ω ξ

   − τ + ξ τ    
∫

ø

ø (17)

ãäå óñðåäíåíèå â ïðåäïîñëåäíåì ñëàãàåìîì

ïðîèçâîäèòñÿ ïî ãàóññîâîé ñëó÷àéíîé ôóíê-

öèè ( ),+ξ τñ ø  õàðàêòåðèçóåìîé ïåðâûì è âòî-

ðûì ìîìåíòàìè

( ) 0,
+

+
ξ

ξ τ =
ñ ø

ñ ø

( ) ( ) ( , ),q+ + +
ξ

′ ′ξ τ ξ τ = τ τ
ñ+ø

ñ ø ñ ø ñ ø

à â ïîñëåäíåì � ïî ãàóññîâîé ñëó÷àéíîé ôóí-

êöèè ( ),ξ τø  õàðàêòåðèçóåìîé ìîìåíòàìè

( ) 0,
ξ

ξ τ =
ø

ø

( ) ( ) ( , ).q
ξ

′ ′ξ τ ξ τ = τ τ
ø

ø ø ø

Åñëè âû÷èñëèòåëüíûé áëîê îïòèìàëüíîãî

îáíàðóæèòåëÿ ïàðíîêîððåëèðîâàííîãî ïîòîêà

ñèãíàëîâ ðåàëèçîâàí íà óñòðîéñòâàõ öèôðîâîé

îáðàáîòêè ñèãíàëîâ, òî äëÿ ðàñ÷åòîâ ôóíêöèé

1( , ..., ; )k kU τ τ Ω  öåëåñîîáðàçíî ïîëüçîâàòüñÿ

ôîðìóëîé (13). Åñëè æå îí ïîçâîëÿåò ïðîâî-

äèòü àíàëèòè÷åñêèå âû÷èñëåíèÿ (ïðèìåðîì

ìîæåò ñëóæèòü ïàêåò Maple V, ÿäðî êîòîðîãî

èñïîëüçóåòñÿ ñïåöèàëèçèðîâàííûìè ìàòåìà-

òè÷åñêèìè ïðîãðàììàìè Mathematica, Mathcad

è äð.), òî ïðåäïî÷òèòåëüíûì ìîæåò îêàçàòüñÿ

èñïîëüçîâàíèå ðåêóððåíòíûõ ñîîòíîøå-

íèé (10). Ïðè ðåàëèçàöèè îïòèìàëüíîãî îáíà-

ðóæèòåëÿ íà ïðèíöèïàõ àíàëîãîâûõ âû÷èñëå-

íèé ñõåìó îïòèìàëüíîé îáðàáîòêè öåëåñîîá-

ðàçíî ñòðîèòü â ñîîòâåòñòâèè ñ ôîðìóëîé (17).
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6. Çàêëþ÷åíèå

Îïòèìàëüíûé îáíàðóæèòåëü ïàðíîêîððå-

ëèðîâàííîãî ïîòîêà ñèãíàëîâ â ïàðíîêîððå-

ëèðîâàííîì øóìå äîëæåí èìåòü òðåõêàíàëü-

íóþ ñõåìó. Ïåðâûé èç êàíàëîâ ïðåäñòàâëÿåò

ñîáîé ñòàíäàðòíûé îáíàðóæèòåëü ïóàññîíîâ-

ñêîãî ïîòîêà â ïóàññîíîâñêîì øóìå, à äâà

äðóãèõ ñîîòâåòñòâóþò ó÷åòó ïàðíûõ êîððåëÿ-

öèé â ñèãíàëüíîì è øóìîâîì ïîòîêàõ. Â çàâè-

ñèìîñòè îò âîçìîæíîñòè ïðîâåäåíèÿ àíàëè-

òè÷åñêèõ âû÷èñëåíèé ïðåäëîæåíû äâå ñõåìû

ðåàëèçàöèè êàæäîãî èç ýòèõ êàíàëîâ.

Óñòàíîâëåí äóàëèçì ìåæäó ñòàòèñòè÷åñêè-

ìè õàðàêòåðèñòèêàìè ïðîèçâîëüíîãî ïàðíî-

êîððåëèðîâàííîãî ïîòîêà è ñòàòèñòè÷åñêèìè

ìîìåíòàìè ãàóññîâîé ñëó÷àéíîé ôóíêöèè

( ),ζ τ  ñðåäíåå çíà÷åíèå è êîððåëÿöèîííàÿ ôóí-

êöèÿ êîòîðîé âûðàæàþòñÿ ÷åðåç χ-ïëîòíîñòè

ïîòîêà ïîñðåäñòâîì ôîðìóë:

1 1( ) ( ; ),
ζ

ζ τ = χ τ Ω

1 2 2 1 2( ) ( ) ( , ).ζδζ τ δζ τ = χ τ τ

Ñóòü åãî ñîñòîèò â òîì, ÷òî ïëîòíîñòè âå-

ðîÿòíîñòè k-ãî ïîðÿäêà ÿâëÿþòñÿ (ñ òî÷íîñ-

òüþ äî ìíîæèòåëÿ, ïðåäñòàâëÿþùåãî âåðîÿò-

íîñòü 0( )P Ω  íåïîÿâëåíèÿ íè îäíîãî ñîáûòèÿ

íà èíòåðâàëå íàáëþäåíèÿ) ìîìåíòàìè k-ãî ïî-

ðÿäêà ôóíêöèè ( ) :ζ τ

1 0 1( , ..., ; ) ( ) ( ) ... ( ) .k k kP ζπ τ τ Ω = Ω ζ τ ζ τ

Ýòî ïîçâîëÿåò ðåàëèçîâàòü îïòèìàëüíûé

îáíàðóæèòåëü ïàðíîêîððåëèðîâàííîãî ïîòîêà

íà ïðèíöèïàõ àíàëîãîâûõ âû÷èñëåíèé (ïîäîá-

íî íàõîæäåíèþ ïðåîáðàçîâàíèé Ôóðüå â óñò-

ðîéñòâàõ îïòè÷åñêîé îáðàáîòêè èíôîðìàöèè).

Ïðèëîæåíèå

Äëÿ äîêàçàòåëüñòâà ðåêóððåíòíîãî ñîîò-

íîøåíèÿ

1 1 1 1( , ..., ; ) ( , ..., ; )k k k kU U − −τ τ Ω = τ τ Ω +

1

2 1 1 1 1
1

( , ) ( , ..., , , ..., ; )
k

i k k i i k
i

q U
−

− − + −
=

+ τ τ τ τ τ τ Ω∑
(Ï.1)

âîñïîëüçóåìñÿ ïðåäñòàâëåíèåì ôóíêöèè

1( , ..., ; )k kU τ τ Ω  â âèäå (9):

[ ]1
1

( , ..., ; ) 1 ( ) .
k

k k i
i

U
= ξ

τ τ Ω = + ξ τ∏ (Ï.2)

ßâíî âûäåëèâ ïîñëåäíèé ñîìíîæèòåëü èç

ïðîèçâåäåíèÿ ïîä çíàêîì óñðåäíåíèÿ â ôîð-

ìóëå (Ï.2)

[ ] [ ] [ ]
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1 1
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k k

i k i
i i

−
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+ ξ τ = + ξ τ + ξ τ∏ ∏

ïåðåïèøåì åå, ñ ó÷åòîì îïðåäåëåíèÿ

1 1 1( , ..., ; ),k kU − −τ τ Ω  â ñëåäóþùåì âèäå:

1 1 1 1( , ..., ; ) ( , ..., ; )k k k kU U − −τ τ Ω = τ τ Ω +

[ ]
1

1

( ) 1 ( ) .
k

k i
i

−

= ξ

+ ξ τ + ξ τ∏ (Ï.3)

Ïðè ýòîì â ïðàâîé ÷àñòè âîçíèêàåò ÷ëåí,

îáóñëîâëåííûé êîððåëÿöèåé ñëó÷àéíîé ôóí-

êöèè ( )ξ τ  ñ íåêèì ôóíêöèîíàëîì R[ξ]. Ìåòî-

äû ðàñùåïëåíèÿ ïîäîáíûõ êîððåëÿöèé â îá-

ùåì ñëó÷àå çàâèñÿò îò ïðèðîäû ñëó÷àéíîé

ôóíêöèè ( ).ξ τ  Ôîðìóëà Ôóðóöó-Íîâèêîâà

(ñì., íàïðèìåð, [9]) äàåò ÿâíîå âûðàæåíèå äëÿ

ñðåäíåãî îò ïðîèçâåäåíèÿ ãàóññîâîé ñëó÷àé-

íîé ôóíêöèè ( )ξ τ  è ïðîèçâîëüíîãî ôóíêöèî-

íàëà R[ξ] îò íåå:

( ) [ ] ( ) [ ]R Rξ ξ ξξ τ ξ = ξ τ ξ +

[ ]
d ( ) ( ) .

( )

R
ξ

ξ

δ ξ′ ′+ τ δξ τ δξ τ
′δξ τ∫ (Ï.4)
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Â íàøåì ñëó÷àå ôîðìóëû (Ï.4) èìååì

( ) 0,ξξ τ =  ( ) ( ) ( , ),qξ
′ ′δξ τ δξ τ = τ τ
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1

1

[ ] 1 ( ) .
k

i
i

R
−

=
ξ = + ξ τ∏

Äèôôåðåíöèðîâàíèå ôóíêöèîíàëà R[ξ] äàåò:
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1 1
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j i

R −−

= =
≠

δ ξ ′  = δ τ − τ + ξ τ ′δξ τ ∑ ∏ (Ï.5)

Ïîäñòàâëÿÿ (Ï.5) â (Ï.4) è çàìå÷àÿ, ÷òî

1
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1 ( )
k

j
j
j i

−

=
≠ ξ

 + ξ τ = ∏

2 1 1 1 1( , ..., , , ..., ; ),k i i kU − − + −= τ τ τ τ Ω

ïîëó÷àåì äëÿ âòîðîãî ÷ëåíà â ïðàâîé ÷àñòè

ôîðìóëû (Ï.3)
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1
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1 1
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k i j
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−
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= =
≠ ξ

ξ τ + ξ τ =

 = τ τ + ξ τ = 

∏

∑ ∏

1

2 1 1 1 1
1

( , ) ( , ..., , , ..., ; ),
k

k i k i i k
i

q U
−

− − + −
=

= τ τ τ τ τ τ Ω∑

÷òî çàâåðøàåò äîêàçàòåëüñòâî ñîîòíîøå-

íèÿ (Ï.1).
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Optimum Detection of Pair-Correlated

Random Point Process

with Pair-Correlated Noise

A. M. Stadnik

Expressions for statistical characteristics of the

pair-correlated random point process are derived

using the generating functional technique. The

structure of the optimum (on Neuman-Pearson

criterion) detector of the pair-correlated random

point process in pair-correlated noise is synthe-

sized on the basis of the likelihood ratio, obtained.

Peculiarities of its implementation and operation

are considered.


