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ÔÎÍÎÃÐÀÌÌÀÕ

Äèàãíîñòèêà àóòåíòè÷íîñòè ôîíîãðàìì îáúåäèíÿåò èññëåäîâàíèÿ
îðèãèíàëüíîñòè (ò.å. ïåðâè÷íîñòè) ôîíîãðàììû è íàëè÷èÿ (èëè îòñóòñòâèÿ) â
íåé ñëåäîâ ìîíòàæà. Ñóùåñòâóåò íàñòîÿòåëüíàÿ íåîáõîäèìîñòü ñîçäàíèÿ
èíñòðóìåíòàðèÿ äëÿ âûÿâëåíèÿ ñëåäîâ öèôðîâîé îáðàáîòêè (ñëåäîâ öèôðîâîãî
ìîíòàæà) â ôîíîãðàììàõ. Ïðåäëîæåíî, íàðÿäó ñ ðàçðàáîòàííûìè ðàíåå èíñòðó-
ìåíòàìè, ïðèìåíèòü íåéðîííûå ñåòè ãëóáîêîãî îáó÷åíèÿ äëÿ ñîçäàíèÿ ýêñïåðòíîãî
èíñòðóìåíòàðèÿ, ïðåäíàçíà÷åííîãî äëÿ âûÿâëåíèÿ ñëåäîâ öèôðîâîé îáðàáîòêè â
ôîíîãðàììàõ. Ñîçäàíà îáùàÿ ìåòîäèêà ïðîâåäåíèÿ ýêñïåðòèçû ïîäëèííîñòè
öèôðîâûõ ôîíîãðàìì, îñíîâàííàÿ íà èíñòðóìåíòàðèè, ðàçðàáîòàííîì àâòîðàìè.

Êëþ÷åâûå ñëîâà: çâóêîçàïèñü, ïîäëèííîñòü ôîíîãðàììû, öèôðîâàÿ ôîíîãðàì-
ìà, ýêñïåðòèçà ïîäëèííîñòè ôîíîãðàìì

Ä³àãíîñòèêà àâòåíòè÷íîñò³ ôîíîãðàì îá’ºäíóº äîñë³äæåííÿ îðèã³íàëüíîñò³
(òîáòî ïåðâèííîñò³) ôîíîãðàìè ³ íàÿâíîñò³ (÷è â³äñóòíîñò³) â í³é ñë³ä³â ìîíòàæó.
Ïîñòàº íàãàëüíà íåîáõ³äí³ñòü ó ñòâîðåíí³ ³íñòðóìåíòàð³þ äëÿ âèÿâëåííÿ ñë³ä³â
öèôðîâî¿ îáðîáêè (ñë³ä³â öèôðîâîãî ìîíòàæó) ó ôîíîãðàìàõ. Çàïðîïîíîâàíî ðàçîì
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ç ðîçðîáëåíèìè ðàí³øå ³íñòðóìåíòàìè çàñòîñîâóâàòè íåéðîíí³ ìåðåæ³ ãëèáîêîãî
íàâ÷àííÿ äëÿ ñòâîðåííÿ åêñïåðòíîãî ³íñòðóìåíòàð³þ, ïðèçíà÷åíîãî äëÿ âèÿâëåííÿ
ñë³ä³â öèôðîâî¿ îáðîáêè ó ôîíîãðàìàõ. Ñòâîðåíî çàãàëüíó ìåòîäèêó ïðîâåäåííÿ
åêñïåðòèçè äîñòîâ³ðíîñò³ öèôðîâèõ ôîíîãðàì, çàñíîâàíó íà ³íñòðóìåíòàð³¿,
ðîçðîáëåíîìó àâòîðàìè.

Êëþ÷îâ³ ñëîâà: çâóêîçàïèñ, ñïðàâæí³ñòü ôîíîãðàìè, öèôðîâà ôîíîãðàìà,
åêñïåðòèçà ñïðàâæíîñò³ ôîíîãðàì.

Â êîìïëåêò èíñòðóìåíòàðèÿ, íåîáõîäèìîãî äëÿ ïðîâåäåíèÿ ñóäåáíîé òåõíè-
÷åñêîé ýêñïåðòèçû ìàòåðèàëîâ è àïïàðàòóðû çâóêîçàïèñè, îáÿçàòåëüíî âõîäÿò
ïðîãðàììû è ìåòîäèêè äëÿ äèàãíîñòè÷åñêèõ èññëåäîâàíèé ïîäëèííîñòè (àóòåíòè÷-
íîñòè) ôîíîãðàìì. Äèàãíîñòèêà àóòåíòè÷íîñòè ôîíîãðàìì îáúåäèíÿåò èññëåäîâàíèÿ
îðèãèíàëüíîñòè (ò.å. ïåðâè÷íîñòè) ôîíîãðàììû è íàëè÷èÿ (èëè îòñóòñòâèÿ) â
íåé ñëåäîâ ìîíòàæà.

Â íàñòîÿùåå âðåìÿ äëÿ çàïèñè ôîíîãðàìì ïðåèìóùåñòâåííî èñïîëüçóåòñÿ
öèôðîâàÿ àïïàðàòóðà çâóêîçàïèñè, à ìîíòàæ ïðîèçâîäèòñÿ ñ èñïîëüçîâàíèåì
öèôðîâîé îáðàáîòêè ñèãíàëîâ, çàôèêñèðîâàííûõ â ôîíîãðàììàõ. Ïîýòîìó
ñóùåñòâóåò íàñòîÿòåëüíàÿ íåîáõîäèìîñòü ñîçäàíèÿ èíñòðóìåíòàðèÿ äëÿ âûÿâëåíèÿ
ñëåäîâ öèôðîâîé îáðàáîòêè (ñëåäîâ öèôðîâîãî ìîíòàæà) â ôîíîãðàììàõ [1]. Îíà
ñòèìóëèðîâàëà ïðîâåäåíèå ñîîòâåòñòâóþùèõ èññëåäîâàíèé â ðàçíûõ ñòðàíàõ ìèðà.
Â ïîñëåäíèå 10 ëåò èññëåäîâàíèÿ âåäóòñÿ ïî ðàçíûì íàïðàâëåíèÿì [2–11; 13–17].
Òàê, â ñòðàíàõ ÅÑ ïðåäïî÷òåíèå îòäàíî èññëåäîâàíèÿì ìåòîäîâ èñïîëüçîâàíèÿ
ñèãíàëîâ ñåòåâîé íàâîäêè, ôèêñèðóåìûõ â ôîíîãðàììå [2–10]. Êàê ïîêàçàíî â
ðàáîòàõ [11; 12], ñèñòåìû, ïîñòðîåííûå íà òàêîì ïîäõîäå, ïðèíöèïèàëüíî íå ìîãóò
îáåñïå÷èòü âûñîêóþ ýôôåêòèâíîñòü. Â ÐÔ è ÑØÀ ïðåäïî÷òåíèå îòäàåòñÿ
íàïðàâëåíèþ, îñíîâàííîìó íà èññëåäîâàíèè ñïåêòðàëüíîãî ñîñòàâà ñèãíàëîâ
ñîáñòâåííûõ øóìîâ, çàôèêñèðîâàííûõ â ôîíîãðàììå. Îäíàêî ïðè ïîñòðîåíèè
òàêîãî èíñòðóìåíòàðèÿ â ÐÔ è ÑØÀ èñïîëüçóþòñÿ òðàäèöèîííûå ìåòîäû îáðàáîòêè
ñèãíàëîâ, îñíîâàííûå íà âðåìÿ-÷àñòîòíîì àíàëèçå, èñïîëüçóþùèì êðàòêîâðåìåííîå
(îêîííîå) ïðåîáðàçîâàíèå Ôóðüå [13–16; 19]. Ïðè ýòîì íèêàêèå äîïîëíèòåëüíûå
ìåòîäû îáðàáîòêè íå ïðèìåíÿþòñÿ [12]. Îäíàêî ïîÿâëÿþòñÿ ïåðâûå ïîïûòêè
èñïîëüçîâàíèÿ íåéðîííûõ ñåòåé ãëóáîêîãî îáó÷åíèÿ ïðè èäåíòèôèêàöèè àïïàðàòóðû
çàïèñè ïî ñîáñòâåííûì øóìàì [17]. Ïðè ýòîì øóìû îò ðå÷åâûõ ñèãíàëîâ
ïðåäëàãàåòñÿ îòäåëÿòü ïóòåì ïðèìåíåíèÿ âåéâëåò – ïðåîáðàçîâàíèÿ ñ ïîìîùüþ
ìåòîäà äåêîìïîçèöèè. Ýôôåêòèâíîñòü èäåíòèôèêàöèè öèôðîâîé àïïàðàòóðû
çâóêîçàïèñè, ïîëó÷åííàÿ ïðè èññëåäîâàíèÿõ âîçìîæíîñòè ïðèìåíåíèÿ äëÿ ýòîãî
íåéðîííîé ñåòè ãëóáîêîãî îáó÷åíèÿ, ñîñòàâèëà 93 % [17]. Ïîïûòîê ïðèìåíåíèÿ
íåéðîííûõ ñåòåé ãëóáîêîãî îáó÷åíèÿ äëÿ âûÿâëåíèÿ ñëåäîâ öèôðîâîãî ìîíòàæà
â ôîíîãðàììàõ àâòîðû íå îáíàðóæèëè.

Â ðàáîòå [1] íàìè ïðåäëîæåíî ïðèìåíèòü òàêèå ñåòè äëÿ ñîçäàíèÿ ýêñïåðòíîãî
èíñòðóìåíòàðèÿ äëÿ âûÿâëåíèÿ ñëåäîâ öèôðîâîé îáðàáîòêè â ôîíîãðàììàõ, è
ïðîâåäåíû ïðåäâàðèòåëüíûå èññëåäîâàíèÿ, ïîêàçàâøèå âîçìîæíîñòü ïîñòðîåíèÿ
òàêîé âûñîêîýôôåêòèâíîé ñèñòåìû [20; 21]. Ñîçäàíà ïåðâàÿ âåðñèÿ ïðîãðàììû
òàêîé ñèñòåìû.
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Öåëü ðàáîòû – ñîçäàíèå îáùåé ìåòîäèêè ïðîâåäåíèÿ ýêñïåðòèçû ïîäëèííîñòè
öèôðîâûõ ôîíîãðàìì, îñíîâàííîé íà èíñòðóìåíòàõ, ðàçðàáîòàííûõ àâòîðàìè.

Ïîñòðîåíèå ñèñòåìû âûÿâëåíèÿ ñëåäîâ
öèôðîâîãî ìîíòàæà ôîíîãðàìì

Ìîíòàæ ôîíîãðàìì ïðîèçâîäèòñÿ â ïàóçàõ ðå÷åâîé èíôîðìàöèè (êàê ïðàâèëî,
â ïàóçàõ ìåæäó ôðàçàìè èëè ñëîâàìè). Ïîýòîìó ïîèñê ñëåäîâ öèôðîâîé îáðàáîòêè
ñâîäèòñÿ ê íàõîæäåíèþ ïðèçíàêîâ òàêîãî ìîíòàæà â ïàóçàõ, çàôèêñèðîâàííûõ íà
ôîíîãðàììàõ [17], à ñàì ïðîöåññ ñëåäóåò îòíåñòè ê çàäà÷å áèíàðíîé êëàññèôèêàöèè.
Ñëîæíîñòü ïîñòðîåíèÿ òàêîé ñèñòåìû ñîñòîèò â òîì, ÷òî, âî-ïåðâûõ, ïðèçíàêè
òàêîé îáðàáîòêè ÷ðåçâû÷àéíî ìàëû è, âî-âòîðûõ, èõ âûäåëåíèå èç ñèãíàëîâ ïàóç
èçâåñòíûìè êëàññè÷åñêèìè ìåòîäàìè îáðàáîòêè âåñüìà ïðîáëåìàòè÷íî [18]. Ýòî
ïîÿñíÿåòñÿ òåì, ÷òî ñèãíàëû â ïàóçàõ ïðåäñòàâëÿþò ñîáîé ñëó÷àéíûé ïðîöåññ, îá-
ðàçîâàííûé ñìåñüþ ñèãíàëîâ îêðóæàþùåé çâóêîâîé ñðåäû è ñîáñòâåííûõ øóìîâ
àïïàðàòóðû çàïèñè. Óðîâíè ñîáñòâåííûõ øóìîâ àïïàðàòóðû öèôðîâîé çâóêîçàïèñè
íè÷òîæíî ìàëû, à èìåííî, â íèõ ñîäåðæàòñÿ ñëåäû öèôðîâîé îáðàáîòêè [18; 19].

Ñ òî÷êè çðåíèÿ ñëîæíîñòè âûÿâëåíèÿ öèôðîâîé ìîíòàæ ìîæíî ðàçäåëèòü
íà äâà îñíîâíûõ âèäà: ìîíòàæ, âûïîëíåííûé èç ôðàãìåíòîâ ôîíîãðàìì, çàïèñàííûõ
íà ðàçíîé àïïàðàòóðå çàïèñè, è ìîíòàæ, âûïîëíåííûé èç ôðàãìåíòîâ ôîíîãðàìì,
çàïèñàííûõ íà îäíîé àïïàðàòóðå.

Ôîíîãðàììû, ñìîíòèðîâàííûå èç ôðàãìåíòîâ, çàïèñàííûõ íà ðàçíîé
àïïàðàòóðå, ñîäåðæàò áîëüøå ïðèçíàêîâ ìîíòàæà, ïîñêîëüêó ñîäåðæàò àïïàðàòíûå
øóìû ðàçíîãî ñîñòàâà, çàôèêñèðîâàííûå âî ôðàãìåíòàõ ñìîíòèðîâàííîé ôîíî-
ãðàììû. Ñòàòèñòè÷åñêè ñîñòàâ ñèãíàëîâ ñîáñòâåííûõ øóìîâ àïïàðàòóðû â ðàçíûõ
ôðàãìåíòàõ ïðèíàäëåæèò ê ðàçíûì ñîâîêóïíîñòÿì, ÷òî îáëåã÷àåò çàäà÷ó âûÿâëåíèÿ
ñëåäîâ ìîíòàæà [18; 19]. Îòìåòèì, ÷òî åñëè ôðàãìåíòîâ ðàçëè÷íûõ ôîíîãðàìì â
ñìîíòèðîâàííîì ôàëüñèôèêàòå ìíîãî, òî ñòàòèñòè÷åñêèé ñîñòàâ ñèãíàëîâ áóäåò
èìåòü áîëüøîå ðàçëè÷èå ñ îáðàçöîâîé ôîíîãðàììîé ïðè ïðîâåðêå åå îðèãèíàëü-
íîñòè. Â ýòîì ñëó÷àå ôîíîãðàììà áóäåò ïðèçíàíà íåîðèãèíàëüíîé. Íî åñëè ïðîöåíò
òàêèõ “âêðàïëåíèé” íè÷òîæåí (èçìåíèëè èëè âñòàâèëè íåñêîëüêî ñëîâ), òî âåñüìà
âåëèêà âåðîÿòíîñòü òîãî, ÷òî ôîíîãðàììà áóäåò ïðèçíàíà îðèãèíàëüíîé. Ïîýòîìó
àóäèîâèçóàëüíûé êîíòðîëü ýêñïåðòà ïðè âûÿâëåíèè ñëåäîâ ìîíòàæà êàê èìåë,
òàê è èìååò áîëüøîå çíà÷åíèå.

Ìîíòàæ, âûïîëíåííûé èç ôîíîãðàìì, çàïèñàííûõ íà îäíîé àïïàðàòóðå,
ÿâëÿåòñÿ íàèáîëåå ñëîæíûì äëÿ âûÿâëåíèÿ, ò.ê. âûäåëÿåìûå ïðèçíàêè èìåþò
îäèí èñòî÷íèê ïðîèñõîæäåíèÿ è ñòàòèñòè÷åñêè ïðèíàäëåæàò ê îäíîé ñîâîêóïíîñòè
[18; 19]. Îñîáóþ ñëîæíîñòü äëÿ âûÿâëåíèÿ ïðåäñòàâëÿåò ìîíòàæ, âûïîëíåííûé
èç ôðàãìåíòîâ îäíîé ôîíîãðàììû [22; 23]. Ýòî ìîíòàæ, âûïîëíåííûé ñïîñîáîì
âûðåçàíèÿ è ïåðåñòàíîâêè ôðàãìåíòîâ ôîíîãðàììû, êîòîðûé äîñòàòî÷íî ïðîñòî
ðåàëèçóåòñÿ â ñîâðåìåííûõ çâóêîâûõ ðåäàêòîðàõ. Â ðàáîòàõ [22; 23] áûëî ïîêàçàíî
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òåîðåòè÷åñêè è äîêàçàíî ýêñïåðèìåíòàëüíî, ÷òî ïðè òàêîì ìîíòàæå ïðîèñõîäèò
èçìåíåíèå ñïåêòðàëüíîãî è ôðàêòàëüíîãî ñîñòàâà øóìîâ, çàôèêñèðîâàííûõ íà
ñìîíòèðîâàííîé ôîíîãðàììå. Íî ýòè èçìåíåíèÿ êðàéíå ìàëû, ÷òî íå ïîçâîëÿåò
èõ âûÿâèòü ìåòîäàìè, ïîñòðîåííûìè íà èññëåäîâàíèÿõ ôðàêòàëüíîãî ñîñòàâà
ñèãíàëîâ øóìîâ ôîíîãðàììû.

Ýòè îáñòîÿòåëüñòâà îïðåäåëèëè íåîáõîäèìîñòü èññëåäîâàíèé âîçìîæíîñòè
ïðèìåíåíèÿ íåéðîííûõ ñåòåé ãëóáîêîãî îáó÷åíèÿ â êà÷åñòâå îñíîâíîãî ïîäõîäà ê
ñîçäàíèþ ýêñïåðòíîãî èíñòðóìåíòàðèÿ, ñïîñîáíîãî âûÿâëÿòü ñëåäû òàêîãî ìîíòàæà
[20]. Ïðè ïîäòâåðæäåíèè ýòîé âîçìîæíîñòè (÷òî ïîêàçàíî â ðàáîòàõ [20; 21]) áûëà
óñòàíîâëåíà ïîòðåáíîñòü â âåñüìà çíà÷èòåëüíîì îáúåìå âû÷èñëåíèé, ïðîèçâîäèìûõ
ïðè áèíàðíîé êëàññèôèêàöèè (åñòü ñëåäû ìîíòàæà èëè èõ íåò) ïàóçû.

  Ïîýòîìó, ñ ó÷åòîì âñåõ ïðèâåäåííûõ ðàññóæäåíèé, ìîæíî ïðåäëîæèòü îáùóþ
ìåòîäèêó ïðîâåäåíèÿ ýêñïåðòèçû ïî âûÿâëåíèþ ñëåäîâ öèôðîâîãî ìîíòàæà â
ôîíîãðàììàõ. Ýêñïåðòèçà äîëæíà ïðîâîäèòüñÿ â äâà ýòàïà. Íà ïåðâîì ýòàïå
ñëåäóåò ïðîâåðÿòü îòñóòñòâèå èëè íàëè÷èå ñëåäîâ ìîíòàæà, âûïîëíåííîãî èç
ôðàãìåíòîâ ôîíîãðàìì, çàïèñàííûõ íà ðàçíîé àïïàðàòóðå. Íà âòîðîì – ñëåäû
ìîíòàæà, âûïîëíåííîãî íà îäíîé àïïàðàòóðå èëè èç îäíîé ôîíîãðàììû. Ýòî
ãîâîðèò î òîì, ÷òî äëÿ ýòèõ äâóõ ïðîâåðîê ñëåäóåò ïðèìåíèòü ðàçíûå èíñòðó-
ìåíòû.

Äëÿ âûÿâëåíèÿ ñëåäîâ ìîíòàæà, âûïîëíåííîãî èç ôðàãìåíòîâ ôîíîãðàìì,
çàïèñàííûõ íà ðàçíîé àïïàðàòóðå, ïîäõîäèò àâòîìàòèçèðîâàííàÿ ñèñòåìà “Ôðàêòàë”,
âûÿâëÿþùàÿ ðàçëè÷èå ôðàêòàëüíîãî ñîñòàâà ñèãíàëîâ ñîáñòâåííûõ øóìîâ íà
ðàçëè÷íûõ ó÷àñòêàõ ôîíîãðàììû. Ýêñïåðòó äîñòàòî÷íî âûäåëèòü äâà
ïîäîçðèòåëüíûõ, ñ åãî òî÷êè çðåíèÿ, ó÷àñòêà ôîíîãðàììû è ñðàâíèòü èõ ìåæäó
ñîáîé êàê äâå îòäåëüíûå ôîíîãðàììû. Åñëè òàêèõ ó÷àñòêîâ íåìíîãî, òî ìîæíî
âîñïîëüçîâàòüñÿ îïöèåé èäåíòèôèêàöèè, åñëè èõ ìíîãî – îïöèåé âåðèôèêàöèè
ôîíîãðàìì. Ñðàâíåíèå ïðîèñõîäèò â àâòîìàòè÷åñêîì ðåæèìå ñ óêàçàíèåì âå-
ëè÷èíû îøèáêè ïåðâîãî èëè âòîðîãî ðîäà. Íà ðèñ. 1 ïîêàçàíî ãëàâíîå ìåíþ
àâòîìàòèçèðîâàííîé ïðîãðàììû “Ôðàêòàë”, íà ðèñ. 2 – ðåçóëüòàò ñðàâíåíèÿ äâóõ
ó÷àñòêîâ ñìîíòèðîâàííîé ôîíîãðàììû â ðåæèìå ïðîâåðêè ñ èñïîëüçîâàíèåì
îïöèè “Èäåíòèôèêàöèÿ”, íà ðèñ. 3 – ðåçóëüòàò ñðàâíåíèÿ íåñêîëüêèõ ó÷àñòêîâ
ôîíîãðàììû â ðåæèìå ïðîâåðêè ñ èñïîëüçîâàíèåì îïöèè “Âåðèôèêàöèÿ”.

Î÷åâèäíî, ÷òî åñëè ðàçíûå ôðàãìåíòû èññëåäóåìîé ôîíîãðàììû îòëè÷àþòñÿ
ïî õàðàêòåðèñòèêàì ñîáñòâåííûõ øóìîâ, òî ôîíîãðàììà ñìîíòèðîâàíà. Èíûìè
ñëîâàìè, ðàçëè÷èå ôðàêòàëüíûõ õàðàêòåðèñòèê øóìîâ íà ðàçíûõ ó÷àñòêàõ
ôîíîãðàììû ÿâëÿåòñÿ ïðèçíàêîì ìîíòàæà, âûïîëíåííîãî èç ôðàãìåíòîâ
ôîíîãðàìì, çàïèñàííûõ íà ðàçíîé àïïàðàòóðå. Ïðè ýòîì ñëåäóåò îòìåòèòü, ÷òî â
ïðîãðàììå “Ôðàêòàë” âûäåëåíèå ñîáñòâåííûõ øóìîâ ôîíîãðàììû ïðîèçâîäèòñÿ
ïî âñåé åå äëèíå èç ñìåñè ðå÷åâûõ ñèãíàëîâ, ñèãíàëîâ çâóêîâîé ñðåäû è ñîáñòâåííûõ
øóìîâ. Äëÿ ýòîãî èñïîëüçóåòñÿ âåéâëåò – ïðåîáðàçîâàíèå ñèãíàëîâ, çàôèêñèðîâàí-
íûõ íà ôîíîãðàììå, è èõ ïîñëåäóþùàÿ äåêîìïîçèöèÿ.
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Ðèñ. 1. Ãëàâíîå ìåíþ àâòîìàòèçèðîâàííîé ïðîãðàììû “Ôðàêòàë”

Ïðè âûÿâëåíèè ñëåäîâ ìîíòàæà ñ èñïîëüçîâàíèåì ïðîãðàììû “Ôðàêòàë”
íåîáõîäèìîñòü äàëüíåéøåé ïðîâåðêè îòïàäàåò. Íî åñëè â ðåçóëüòàòå ýòîé ïðîâåðêè
òàêèå ñëåäû íå âûÿâëåíû, íåîáõîäèìî ïðîâåñòè ïðîâåðêó íà èíñòðóìåíòå, èñ-
ïîëüçóþùåì íåéðîííóþ ñåòü ãëóáîêîãî îáó÷åíèÿ.

Ðèñ. 2. Ðåçóëüòàò ñðàâíåíèÿ äâóõ ó÷àñòêîâ ñìîíòèðîâàííîé ôîíîãðàììû â ðåæèìå ïðîâåðêè ñ
èñïîëüçîâàíèåì îïöèè “Èäåíòèôèêàöèÿ”
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Ðèñ. 3. Ðåçóëüòàò ñðàâíåíèÿ íåñêîëüêèõ ó÷àñòêîâ ôîíîãðàììû â ðåæèìå ïðîâåðêè ñ
èñïîëüçîâàíèåì îïöèè “Âåðèôèêàöèÿ”

Òàêàÿ î÷åðåäíîñòü îïðåäåëÿåòñÿ áîëüøèì îáúåìîì âû÷èñëèòåëüíûõ îïåðàöèé,
ïðîèçâîäèìûõ â ýòîé ïðîãðàììå è, ñëåäîâàòåëüíî, çíà÷èòåëüíî áîëüøèì âðåìåíåì,
íåîáõîäèìûì äëÿ ïðîâåäåíèÿ òàêîé ïðîâåðêè. Ñîêðàòèòü âðåìÿ ýòîé ïðîâåðêè
ìîæíî, åñëè îãðàíè÷èòü äëèòåëüíîñòü èññëåäóåìîé ôîíîãðàììû, ÷òî ìîæíî ñäåëàòü,
ïîäâåðãíóâ åé òîëüêî ïîäîçðèòåëüíûå ó÷àñòêè (èëè ó÷àñòîê), âûÿâëåííûå è
âûäåëåííûå ýêñïåðòîì.

Â îòëè÷èå îò ïðîãðàììû “Ôðàêòàë”, â ïðîãðàììå, îñíîâàííîé íà íåéðîííîé
ñåòè ãëóáîêîãî îáó÷åíèÿ, ïðîâåðêà ïðîâîäèòñÿ òîëüêî â ïàóçàõ ìåæäó ðå÷åâûìè
ñèãíàëàìè. Âûäåëåíèå ýòèõ ïàóç ïðîâîäèòñÿ â àâòîìàòè÷åñêîì ðåæèìå. Ïðîãðàììà
ïîñòðîåíà êàê ïîëíîñâÿçíàÿ íåéðîííàÿ ñåòü â 50 íåéðîííûõ ñëîåâ ñ ïðîðåæèâàíèåì
(dropout) è ïàêåòíîé íîðìàëèçàöèåé. Îíà ðåøàåò çàäà÷ó áèíàðíîé êëàññèôèêàöèè
íà áàçå àâòîìàòè÷åñêîé ôðàãìåíòàöèè ìàññèâîâ ïàóç íà âðåìåííûå îòðåçêè
äëèòåëüíîñòüþ 20 ìñåê ðàçìåðíîñòüþ 882. Ðåçóëüòàòû òàêîé êëàññèôèêàöèè äëÿ
ïàóç, ñîäåðæàùèõ ñëåäû ìîíòàæà, ïîêàçàíû íà ðèñ. 4, äëÿ ïàóç áåç ñëåäîâ ìîíòà-
æà – íà ðèñ. 5.
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Ðèñ. 4. Äèíàìèêà èçìåíåíèÿ íîðìèðîâàííîé ñðåäíåâçâåøåííîé àìïëèòóäû
ñïåêòðà  A

sn
 ïàóçû ñ ìîíòàæîì

Ðèñ. 5. Äèíàìèêà èçìåíåíèÿ íîðìèðîâàííîé ñðåäíåâçâåøåííîé àìïëèòóäû
ñïåêòðà  A

sn
 ïàóçû áåç ìîíòàæà

Íà ðèñ. 4 è ðèñ. 5 íàáëþäàåòñÿ çàêîíîìåðíîñòü, ïðè êîòîðîé ãðàôèêè äèíà-
ìèêè íîðìèðîâàííîé ñðåäíåâçâåøåííîé àìïëèòóäû A

sn
 ñïåêòðà ñèãíàëîâ ñîáñòâåí-

íûõ øóìîâ ïàóç, ñîäåðæàùèõ ñëåäû ìîíòàæà, íîñÿò óïîðÿäî÷åííûé õàðàêòåð, à
ãðàôèêè áåç òàêèõ ñëåäîâ – õàîòè÷åñêèé.
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Òàêèì îáðàçîì, ïðåäëîæåíî ïðè ïðîâåðêå ïîäëèííîñòè öèôðîâûõ ôîíîãðàìì
ðàññìàòðèâàòü äâà ðàçëè÷íûõ âèäà ìîíòàæà: ìîíòàæ, âûïîëíåííûé èç ôðàãìåíòîâ
ôîíîãðàìì, çàïèñàííûõ íà ðàçíîé àïïàðàòóðå çàïèñè, è ìîíòàæ, âûïîëíåííûé èç
ôðàãìåíòîâ ôîíîãðàìì, çàïèñàííûõ íà îäíîé àïïàðàòóðå.

Äëÿ âûÿâëåíèÿ ýòèõ âèäîâ ìîíòàæà ïðåäëîæåíà ìåòîäèêà, îñíîâàííàÿ íà
íîâûõ àâòîìàòèçèðîâàííûõ ïðîãðàììàõ. Îäíà èç íèõ ðàçðàáîòàíà ñ èñïîëüçîâàíèåì
ôðàêòàëüíîãî ïîäõîäà, à âòîðàÿ – íåéðîííûõ ñåòåé ãëóáîêîãî îáó÷åíèÿ. Ïîýòîìó
ìåòîäèêà ïðåäóñìàòðèâàåò ïðîâåäåíèå  ïðîâåðêè íàëè÷èÿ èëè îòñóòñòâèÿ ñëåäîâ
ìîíòàæà â äâà ýòàïà. Íà ïåðâîì ýòàïå ñëåäóåò ïðîâîäèòü ïðîâåðêó íàëè÷èÿ ñëåäîâ
ìîíòàæà, âûïîëíåííîãî èç ôðàãìåíòîâ ôîíîãðàìì, çàïèñàííûõ íà ðàçíîé àïïà-
ðàòóðå. Ýòà ïðîãðàììà ïîñòðîåíà íà îñíîâå ôðàêòàëüíîãî ïîäõîäà è ïðåäóñìàò-
ðèâàåò èññëåäîâàíèå ôîíîãðàììû ïî âñåé åå äëèòåëüíîñòè. Â ñëó÷àå îòñóòñòâèÿ
òàêèõ ñëåäîâ íåîáõîäèìî ïðîâåñòè âòîðîé ýòàï ïðîâåðêè, ïðåäíàçíà÷åííîé äëÿ
âûÿâëåíèÿ ñëåäîâ ìîíòàæà èç ôðàãìåíòîâ ôîíîãðàìì, çàïèñàííûõ íà îäíîé àïïà-
ðàòóðå. Íà âòîðîì ýòàïå ïðîâåðêà ïðîâîäèòñÿ ñ èñïîëüçîâàíèåì ïðîãðàììû, ïî-
ñòðîåííîé íà îñíîâå íåéðîííîé ñåòè ãëóáîêîãî îáó÷åíèÿ.

Âûâîäû

Ïðè ïîñòðîåíèè ñèñòåìû âûÿâëåíèÿ ñëåäîâ öèôðîâîãî ìîíòàæà â ôîíîãðàììàõ
ïðåäëîæåíî èñõîäèòü èç òîãî, ÷òî ñìîíòðîâàòü ôîíîãðàììó ìîæíî èç ðàçíûõ
èñõîäíûõ ìàòåðèàëîâ – ôîíîãðàìì, çàïèñàííûõ íà ðàçíîé àïïàðàòóðå çâóêîçàïèñè,
è ôîíîãðàìì, çàïèñàííûõ íà îäíîé àïïàðàòóðå. Äëÿ âûÿâëåíèÿ ñëåäîâ,
âîçíèêàþùèõ ïðè òàêèõ âèäàõ ìîíòàæà, íåîáõîäèìî ïîëüçîâàòüñÿ ðàçíûì
èíñòðóìåíòàðèåì, ÷òî ïîçâîëÿåò çíà÷èòåëüíî ñîêðàòèòü òðóäîåìêîñòü è âðåìÿ
ïðîâåäåíèÿ ýêñïåðòèçû. Äëÿ äèàãíîñòèêè ìîíòàæà, âûïîëíåííîãî èç çàïèñåé,
ñäåëàííûõ íà ðàçíîé àïïàðàòóðå, öåëåñîîáðàçíî èñïîëüçîâàòü èíñòðóìåíòàðèé,
ïîñòðîåííûé íà îñíîâå ôðàêòàëüíîãî ïîäõîäà, â ÷àñòíîñòè, àâòîìàòèçèðîâàííûé
èíñòðóìåíòàðèé “Ôðàêòàë”. Äëÿ äèàãíîñòèêè ìîíòàæà, âûïîëíåííîãî èç çàïèñåé,
ñäåëàííûõ íà îäíîé àïïàðàòóðå çâóêîçàïèñè, öåëåñîîáðàçíî èñïîëüçîâàòü
èíñòðóìåíòàðèé, ïîñòðîåííûé íà îñíîâå íåéðîííîé ñåòè ãëóáîêîãî îáó÷åíèÿ. Îáà
âèäà èíñòðóìåíòàðèÿ ðàçðàáîòàíû àâòîðàìè.

Ïîñêîëüêó ýêñïåðòó íåèçâåñòíî, êàêîé èç âèäîâ ìîíòàæà ìîæåò áûòü èñ-
ïîëüçîâàí ïðè ïîääåëêå ôîíîãðàììû, ïðåäëîæåíà îáùàÿ ìåòîäèêà ïðîâåäåíèÿ
ýêñïåðòèçû ïîäëèííîñòè, ïðåäóñìàòðèâàþùàÿ ïåðâîíà÷àëüíóþ ïðîâåðêó ïðîâîäèòü
íà íàëè÷èå (èëè îòñóòñòâèå) ñëåäîâ ìîíòàæà, âûïîëíåííîãî èç ôîíîãðàìì, çàïèñàí-
íûõ íà ðàçíîé àïïàðàòóðå. È òîëüêî â ñëó÷àå îòñóòñòâèÿ òàêèõ ñëåäîâ ïðîâîäèòü
ïðîâåðêó íà îòñóòñòâèå ñëåäîâ ìîíòàæà, âûïîëíåííîãî èç ôîíîãðàìì, çàïèñàííûõ
íà îäíîé àïïàðàòóðå. Òàêîé ïîäõîä ïîçâîëÿåò ñíèçèòü òðóäîåìêîñòü è âðåìÿ ïðî-
âåäåíèÿ ýêñïåðòèçû.
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GENERAL METHODOLOGY OF HIGH-EFFICIENCY DIAGNOSTICS OF
TRACKS OF EDITING IN DIGITAL PHONOGRAMS

Into the complete set of tools necessary for the judicial technical examination of
materials and apparatus of the audio recording, the programs and methodologies (tool)
for diagnostic researches of authenticity of phonograms are obligatorily included.
Diagnostics of authenticness of phonograms unites researches of originality (i.e. to
priority) of phonogram and presence (or absence) in it the tracks of editing. Presently
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for the record of the phonograms the digital apparatus of the audio recording is mainly
used, and editing is produced with the use of digital processing of the signals fixed in
phonograms. Therefore there is an insistent necessity of creation of tool for the
exposure of tracks of digital treatment (tracks of the digital editing) in phonograms.
It is offered by us, along with the instruments worked out before, to apply the neuron
networks of the deep learning for creation of the expert tool intended for the exposure
of tracks of digital treatment in phonograms. Preliminary researches are completed,
and the first version of the program of such high-efficiency system is built.

An aim of the study is the creation of general methodology of examining of the
authenticity of digital phonograms, based on the tool worked out by authors.

In the construction of such system it is suggested to come from that for editing
phonogram it is possible from different pre-product – phonograms taped on the
different apparatus of the audio recording, and phonograms, taped  on one apparatus.
For the exposure of tracks arising up at such types of editing, it is necessary to use a
different tool, that allows considerably to shorten labour intensiveness and time of
examination. For diagnostics of editing, made from the records taped on different
apparatus, it is expedient to use the tool built on the basis of fractal approach, in
particular, the automated tool is “Fractal”. For diagnostics of editing, made from the
records taped on one apparatus of the audio recording, it is expedient to use the tool
built on the basis of neuron network of the deep learning. Both types of tool are
worked out by authors. Such approach allows to bring down labour intensiveness and
time of examining.

Keywords: audio recording, authenticity of phonogram, digital phonogram,
examination of authenticity of phonograms.
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