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ÏÓÒÈ ÏÎÂÛØÅÍÈß ÝÔÔÅÊÒÈÂÍÎÑÒÈ
ÊÐÈÌÈÍÀËÈÑÒÈ×ÅÑÊÎÉ ÈÄÅÍÒÈÔÈÊÀÖÈÈ

ÀÏÏÀÐÀÒÓÐÛ ÖÈÔÐÎÂÎÉ ÇÂÓÊÎÇÀÏÈÑÈ

Ðàññìîòðåíû âîïðîñû ïîñòðîåíèÿ âûñîêîýôôåêòèâíîãî èíñòðóìåíòàðèÿ
äëÿ äèàãíîñòèêè îðèãèíàëüíîñòè öèôðîâûõ ôîíîãðàìì è èäåíòèôèêàöèè àï-
ïàðàòóðû öèôðîâîé çâóêîçàïèñè, îñíîâàííîãî íà ôðàêòàëüíîì ïîäõîäå ê ñèãíàëàì
åå ñîáñòâåííûõ øóìîâ. Ïðåäëîæåíû óñîâåðøåíñòâîâàííûå ìåòîäû âûäåëåíèÿ è
îáðàáîòêè ñàìîïîäîáíûõ ñòðóêòóð èç ôîíîãðàìì, èñïîëüçóåìûõ â êà÷åñòâå  èäåí-
òèôèêàöèîííûõ ïðèçíàêîâ ïðè ýêñïåðòèçå. Ïðåäëîæåíî îáÿçàòåëüíîå èñïîëüçîâà-
íèå êðèâûõ îøèáîê ïåðâîãî è âòîðîãî ðîäà, ïîñòðîåííûõ íà îñíîâàíèè áîëüøîãî
îáúåìà äàííûõ, ïîëó÷åííûõ èç îãðàíè÷åííîãî êîëè÷åñòâà ôîíîãðàìì â àâòîìàòè-
÷åñêîì ðåæèìå. Óñòàíîâëåíî, ÷òî äëÿ ôîíîãðàìì äëèòåëüíîñòüþ áîëåå 20 ñåê, çà-
ïèñàííûõ íà ðàçíîé àïïàðàòóðå, êðèâûå îøèáîê íîñÿò óñòîé÷èâûé õàðàêòåð,
ò.å. ïðàêòè÷åñêè íå èçìåíÿþòñÿ.

Êëþ÷åâûå ñëîâà: àïïàðàòóðà öèôðîâîé çâóêîçàïèñè, âåðîÿòíîñòü, èäåíòè-
ôèêàöèîííûå ïðèçíàêè, ìåðà áëèçîñòè, ñàìîïîäîáíûå ñòðóêòóðû, öèôðîâàÿ ôîíî-
ãðàììà, ôðàêòàëüíûé ïîäõîä, ýêñïåðòèçà

Ðîçãëÿíóòî ïèòàííÿ ïîáóäîâè âèñîêîåôåêòèâíîãî ³íñòðóìåíòàð³þ äëÿ ä³à-
ãíîñòèêè îðèã³íàëüíîñò³ öèôðîâèõ ôîíîãðàì òà ³äåíòèô³êàö³¿ àïàðàòóðè öèôðî-
âîãî çâóêîçàïèñó, çàñíîâàíîãî íà ôðàêòàëüíîìó ï³äõîä³ äî ñèãíàë³â ¿¿ âëàñíèõ øó-
ì³â. Çàïðîïîíîâàí³ âäîñêîíàëåí³ ìåòîäè âèä³ëåííÿ ³ îáðîáêè ñàìîïîä³áíèõ ñòðóêòóð
ç ôîíîãðàì, ÿê³ âèêîðèñòîâóþòüñÿ ÿê ³äåíòèô³êàö³éí³ îçíàêè ïðè åêñïåðòèç³. Çà-
ïðîïîíîâàíî îáîâ’ÿçêîâå âèêîðèñòàííÿ êðèâèõ ïîìèëîê ïåðøîãî òà äðóãîãî ðîäó,
ïîáóäîâàíèõ íà ï³äñòàâ³ âåëèêîãî îá’ºìó äàíèõ, îòðèìàíèõ ç îáìåæåíî¿ ê³ëüêîñò³
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ôîíîãðàì â àâòîìàòè÷íîìó ðåæèì³. Âñòàíîâëåíî, ùî äëÿ ôîíîãðàì òðèâàë³ñòþ
á³ëüøå 20 ñåê, çàïèñàíèõ íà ð³çí³é àïàðàòóð³, êðèâ³ ïîìèëîê ìàþòü ñò³éêèé õà-
ðàêòåð, òîáòî ïðàêòè÷íî íå çì³íþþòüñÿ.

Êëþ÷îâ³ ñëîâà: àïàðàòóðà öèôðîâîãî çâóêîçàïèñó, ³ìîâ³ðí³ñòü, ³äåíòèô³êà-
ö³éí³ îçíàêè, ì³ðà áëèçüêîñò³, ñàìîïîä³áí³ ñòðóêòóðè, öèôðîâà ôîíîãðàìà, ôðàê-
òàëüíèé ï³äõ³ä, åêñïåðòèçà

Ââåäåíèå è ïîñòàíîâêà çàäà÷è

Èçâåñòíî, ÷òî â êîìïëåêò èíñòðóìåíòàðèÿ, íåîáõîäèìîãî äëÿ ïðîâåäåíèÿ
ñóäåáíîé ýêñïåðòèçû ìàòåðèàëîâ è àïïàðàòóðû çâóêîçàïèñè,  âõîäÿò ïðîãðàììû
è ìåòîäèêè èäåíòèôèêàöèè ãîëîñà äèêòîðà, èäåíòèôèêàöèè àïïàðàòóðû çâóêîçàïèñè
è äèàãíîñòèêè ïîäëèííîñòè (àóòåíòè÷íîñòè) ôîíîãðàìì [1].

Â ñòàòüå ðàññìàòðèâàþòñÿ âîïðîñû ïîñòðîåíèÿ èíñòðóìåíòàðèÿ äëÿ äèàã-
íîñòèêè îðèãèíàëüíîñòè öèôðîâûõ ôîíîãðàìì è èäåíòèôèêàöèè àïïàðàòóðû
öèôðîâîé çâóêîçàïèñè. Îíè îòíîñÿòñÿ ê îñíîâíûì çàäà÷àì ýêñïåðòèçû ìàòåðèàëîâ
è àïïàðàòóðû çâóêîçàïèñè. Ýòî ïîÿñíÿåòñÿ òåì, ÷òî äèàãíîñòèêà îðèãèíàëüíîñòè
(ïåðâè÷íîñòè) ôîíîãðàììû, âõîäÿùåé êàê ñîñòàâíàÿ ÷àñòü â äèàãíîñòèêó åå ïîä-
ëèííîñòè, ïðîâîäèòñÿ ïóòåì èäåíòèôèêàöèè òàêîé àïïàðàòóðû [1]. Ïî ìåðå ðàçâèòèÿ
àïïàðàòóðû çâóêîçàïèñè ðàçâèâàëñÿ è èíñòðóìåíòàðèé, èñïîëüçóåìûé äëÿ ýêñïåð-
òèçû. Îäíàêî íà âñåõ ýòàïàõ åãî ðàçâèòèÿ äëÿ èäåíòèôèêàöèè èñïîëüçîâàëèñü
èäåíòèôèêàöèîííûå ïðèçíàêè, ôèêñèðóåìûå ïðè çàïèñè â ôîíîãðàììå è âûäå-
ëÿåìûå èç íåå ïðè ýêñïåðòèçå. Ðàçíûå âèäû àïïàðàòóðû çàïèñè ñîçäàþò ðàçíûå
ïðèçíàêè, íî âñåãäà îíè îáðàçóþòñÿ çà ñ÷åò êîíñòðóêòèâíûõ è òåõíîëîãè÷åñêèõ
îñîáåííîñòåé (ïàðàçèòíûõ ïàðàìåòðîâ) àïïàðàòóðû çâóêîçàïèñè [1–9]. Îñíîâíûìè
ñâîéñòâàìè òàêèõ ïðèçíàêîâ ÿâëÿþòñÿ:

1. Èíäèâèäóàëüíîñòü äëÿ êàæäîãî êîíêðåòíîãî àïïàðàòà çàïèñè;
2. Ôèçè÷åñêàÿ âûäåëÿåìîñòü èç ôîíîãðàììû (ðåàëèçóåìîñòü);
3. Ñòàáèëüíîñòü â òå÷åíèå èäåíòèôèêàöèîííîãî ïåðèîäà;
4. Ïîâòîðÿåìîñòü äëÿ ðàçíûõ ôîíîãðàìì, çàïèñàííûõ íà îäíîì àïïàðàòå;
5. Èçìåíÿåìîñòü ïðè îáðàáîòêå [4].
Ýòè ïðèçíàêè, â ñèëó èõ èíäèâèäóàëüíîñòè è èçìåíÿåìîñòè ïðè îáðàáîòêå,

èñïîëüçóþòñÿ è ïðè äèàãíîñòèêå îòñóòñòâèÿ ñëåäîâ ìîíòàæà â ôîíîãðàììå. Ñóùåñò-
âóþò ðàçëè÷íûå ñèñòåìû èäåíòèôèêàöèè àïïàðàòóðû öèôðîâîé çâóêîçàïèñè è
äèàãíîñòèêè ïîäëèííîñòè ôîíîãðàìì [1–9], íî îñíîâíàÿ ñëîæíîñòü ñîçäàíèÿ òàêèõ
ñèñòåì ñîñòîèò â òîì, ÷òî óðîâåíü ïàðàçèòíûõ ïàðàìåòðîâ äàííîé àïïàðàòóðû
êðàéíå ìàë, ÷òî íå ïîçâîëÿåò èçâëå÷ü èäåíòèôèêàöèîííûå ïðèçíàêè èç ôîíîãðàììû
êëàññè÷åñêèìè ìåòîäàìè [9].

Îäíèì èç ïîñëåäíèõ âàðèàíòîâ ñîçäàíèÿ ýêñïåðòíîãî èíñòðóìåíòàðèÿ, ïðåä-
íàçíà÷åííîãî äëÿ èäåíòèôèêàöèè öèôðîâîé àïïàðàòóðû çâóêîçàïèñè, ÿâëÿåòñÿ
èíñòðóìåíòàðèé “Ôðàêòàë” [10–13]. Îí îáëàäàåò âûñîêîé ýôôåêòèâíîñòüþ è
îáåñïå÷èâàåò èäåíòèôèêàöèþ àíàëîãîâîé è öèôðîâîé àïïàðàòóðû. Îäíàêî åãî
ïðèìåíåíèå òðåáóåò çíà÷èòåëüíûõ òðóäîâûõ è âðåìåííûõ çàòðàò. Êðîìå òîãî, åãî
ýôôåêòèâíîñòü ñíèæàåòñÿ èç-çà òîãî, ÷òî èäåíòèôèêàöèîííûå ïðèçíàêè âûäåëÿþòñÿ
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èç ñèãíàëîâ ïàóç â ðå÷åâîé èíôîðìàöèè (ïàóç ìåæäó ñëîâàìè), çàïèñàííîé íà
ôîíîãðàììå. Íî âûäåëåíèå ïàóç èç ôîíîãðàììû âñåãäà ïðîèçâîäèòñÿ ñ íåêîòîðîé
ïîãðåøíîñòüþ, à ñèãíàëû ñîáñòâåííûõ øóìîâ â ïàóçå ñîäåðæàò, êàê ïðàâèëî,
ñìåñü øóìîâ âíåøíåé çâóêîâîé ñðåäû ñ ñîáñòâåííûìè øóìàìè àïïàðàòóðû. Èìåííî
ïîñëåäíåå îáñòîÿòåëüñòâî ïðèâîäèò ê íåîáõîäèìîñòè çàïèñè è ñðàâíåíèÿ òðåõ
îáðàçöîâûõ ôîíîãðàìì äëÿ âû÷èñëåíèÿ äîâåðèòåëüíîãî èíòåðâàëà êðèòåðèàëüíûõ
òî÷åê ôðàêòàëüíûõ ìàñøòàáîâ, èñïîëüçóåìûõ ïðè ñðàâíåíèè îáðàçöîâûõ è ñïîðíîé
(èññëåäóåìîé) ôîíîãðàìì [14]. Êðîìå òîãî, ïðè èñïîëüçîâàíèè äëÿ çàïèñè ôîíî-
ãðàìì ñîâðåìåííûõ ñðåäñòâ êîììóíèêàöèè (íàïðèìåð, ñìàðòôîíîâ), ñèãíàëû
øóìîâ â ïàóçàõ ìîãóò ãåíåðèðîâàòüñÿ â ñàìîì óñòðîéñòâå è íå íåñòè â ñåáå ñîáñò-
âåííûõ øóìîâ àïïàðàòóðû.

Ïðè ýòîì ïîðîã ïðèíÿòèÿ ðåøåíèÿ îá îðèãèíàëüíîñòè èññëåäóåìîé ôîíî-
ãðàììû ïðèíÿò íà îñíîâàíèè îáîáùåííîãî ïðàêòè÷åñêîãî îïûòà ãðóïïû ýêñïåðòîâ
è îïðåäåëåí íà óðîâíå 15 %, îäíàêî ýòà âåëè÷èíà íå èìååò íàó÷íîãî îáîñíîâàíèÿ
è íîñèò ñóáúåêòèâíûé õàðàêòåð.

Âñå ýòî çíà÷èòåëüíî óõóäøàåò ýôôåêòèâíîñòü ñèñòåìû, óñëîæíÿåò ýêñïåðòíûå
èññëåäîâàíèÿ è óâåëè÷èâàåò òðóäîâûå çàòðàòû íà ýêñïåðòèçó.

Ñëåäîâàòåëüíî, èìåþòñÿ âîçìîæíîñòè è ïîòðåáíîñòü  óñîâåðøåíñòâîâàíèÿ
èíñòðóìåíòàðèÿ, ïîñòðîåííîãî íà îñíîâå ôðàêòàëüíîãî ïîäõîäà. Îíî äîëæíî ïðèâå-
ñòè ê ïîâûøåíèþ ýôôåêòèâíîñòè èíñòðóìåíòàðèÿ äëÿ èäåíòèôèêàöèè àïïàðàòóðû
çâóêîçàïèñè, óïðîùåíèþ èñïîëüçîâàíèÿ è ñíèæåíèþ òðóäîåìêîñòè åãî ïðèìåíåíèÿ.

Öåëü ñòàòüè – óñîâåðøåíñòâîâàíèå ýêñïåðòíîãî èíñòðóìåíòàðèÿ èäåíòèôèêà-
öèè àïïàðàòóðû çâóêîçàïèñè, îñíîâàííîãî íà ôðàêòàëüíîì ïîäõîäå ê ñèãíàëàì åå
ñîáñòâåííûõ øóìîâ.

Ìû ïîëàãàåì, ÷òî ýòà çàäà÷à ìîæåò áûòü ðåøåíà ïóòåì äîïîëíåíèÿ ôðàêòàëü-
íîãî ïîäõîäà íîâûìè òåõíîëîãèÿìè îáðàáîòêè ñèãíàëîâ è àâòîìàòèçàöèè ïðîöåññà
ïðîâåäåíèÿ ýêñïåðòèçû. Êðîìå òîãî, ïåðåõîä íà ïðîãðàììèðîâàíèå â ïðîãðàììíîé
ñðåäå “Piton” äîëæíî îêàçàòü ïîëîæèòåëüíîå âëèÿíèå íà ðåçóëüòàòû àâòîìàòèçàöèè
ïðîöåññà ýêñïåðòèçû è, ñëåäîâàòåëüíî, óïðîùåíèÿ èñïîëüçîâàíèÿ è ñíèæåíèÿ åå
òðóäîåìêîñòè.

Îñíîâíàÿ ÷àñòü

Ðàíåå íàìè áûëî ïîêàçàíî, ÷òî â àíàëîãîâîé çàïèñè ñîáñòâåííûå øóìû
àïïàðàòóðû íîñÿò ðåãóëÿðíûé õàðàêòåð è ïîýòîìó â ÷àñòîòíîé îáëàñòè ìîãóò áûòü
îòäåëåíû îò çâóêîâûõ øóìîâ, âñåãäà íîñÿùèõ ñëó÷àéíûé õàðàêòåð,  ïóòåì êðàòêî-
âðåìåííîãî (îêîííîãî) ïðåîáðàçîâàíèÿ Ôóðüå ñ ïîñëåäóþùèì íàêîïëåíèåì [1].
Ïðè ýòîì óðîâåíü ñîáñòâåííûõ øóìîâ àíàëîãîâîé àïïàðàòóðû äîñòàòî÷íî âûñîê
(äèíàìè÷åñêèé äèàïàçîí íå ïðåâûøàåò 52 äÁ), ÷òî è îáåñïå÷èâàåò âûäåëåíèå ðå-
ãóëÿðíûõ ÷àñòîòíûõ ñîñòàâëÿþùèõ ñîáñòâåííûõ øóìîâ àïïàðàòóðû èç âñåé ôîíî-
ãðàììû áåç ðàçäåëåíèÿ åå íà ñèãíàëû ðå÷è è ñèãíàëû ïàóç [1]. Âìåñòå ñ òåì íàìè
ïîêàçàíî, ÷òî è ñîáñòâåííûå øóìû àïïàðàòóðû öèôðîâîé çâóêîçàïèñè ñîäåðæàò
ðåãóëÿðíûå ÷àñòîòíûå ñîñòàâëÿþùèå, ÷òî îáóñëîâëåíî èñòî÷íèêàìè èõ ïðîèñõîæ-
äåíèÿ, íî óðîâåíü òàêèõ ñèãíàëîâ è, ñîîòâåòñòâåííî, óðîâåíü ïîðîæäàåìûõ èìè
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ñàìîïîäîáíûõ ñòðóêòóð íå ïðåâûøàåò âåëè÷èíû äâóõ ìëàäøèõ ðàçðÿäîâ àíàëîãî-
öèôðîâîãî ïðåîáðàçîâàíèÿ [9; 13]. Ñëåäîâàòåëüíî, òàêèå ñèãíàëû êàê âî âðåìåííîé,
òàê è â ÷àñòîòíîé îáëàñòè áóäóò ñîäåðæàòü ðåãóëÿðíûå ñàìîïîäîáíûå ñòðóêòóðû,
êîòîðûå ìîæíî âûäåëèòü èç ñìåñè ðå÷åâûõ ñèãíàëîâ, ñèãíàëîâ çâóêîâîé ñðåäû è
ñîáñòâåííûõ øóìîâ ôîíîãðàììû [13]. Ïðè âûäåëåíèè àïïàðàòóðíûõ øóìîâ íå
òîëüêî èç ïàóç, à èç ñìåñè ñèãíàëîâ ïî âñåé äëèòåëüíîñòè ôîíîãðàììû, çíà÷èòåëüíî
âîçðàñòàåò îáúåì èíôîðìàöèè, èç êîòîðîé âûäåëÿþòñÿ èäåíòèôèêàöèîííûå ïðèçíà-
êè àïïàðàòóðû. Òàêîå âûäåëåíèå ñèãíàëîâ ñîáñòâåííûõ øóìîâ äîëæíî îáåñïå÷èòü
ïîâûøåíèå ýôôåêòèâíîñòè ñèñòåìû èäåíòèôèêàöèè. Ðàçóìååòñÿ, äëÿ èõ âûäåëåíèÿ
ïîòðåáóåòñÿ ïðèìåíèòü ñïåöèàëüíûå ñïîñîáû îáðàáîòêè èíôîðìàöèè. Îäèí èç
íèõ – âåéâëåò – ïðåîáðàçîâàíèå ñ ïîñëåäóþùåé äåêîìïîçèöèåé ñèãíàëîâ, ïðèìåíåí-
íûé äëÿ èçâëå÷åíèÿ ñîáñòâåííûõ øóìîâ èç ñìåñè ñèãíàëîâ, îáåñïå÷èâàþùèé
èçâëå÷åíèå ñèãíàëîâ ñîáñòâåííûõ øóìîâ ïî âñåé äëèòåëüíîñòè ôîíîãðàììû [15].
Åãî ïðèìåíåíèå òàêæå îáåñïå÷èâàåò óñòðàíåíèå ïîãðåøíîñòåé, âîçíèêàþùèõ ïðè
ñåãìåíòàöèè ñèãíàëîâ íà ïàóçû è ðå÷åâóþ èíôîðìàöèþ. Ìû ïîëàãàåì, ÷òî ñîâìå-
ùåíèå ôðàêòàëüíîãî ïîäõîäà ê âûäåëåíèþ èäåíòèôèêàöèîííûõ ïðèçíàêîâ ñî
ñïîñîáîì äåêîìïîçèöèè ñèãíàëîâ, çàôèêñèðîâàííûõ íà ôîíîãðàììå, ñïîñîáíî
îáåñïå÷èòü âûñîêóþ ýôôåêòèâíîñòü ñèñòåìû, íåñìîòðÿ íà êðàéíå ìàëûé óðîâåíü
ñèãíàëîâ ñîáñòâåííûõ øóìîâ, ïðèñóùèõ àïïàðàòóðå öèôðîâîé çâóêîçàïèñè. Íà
ðèñ. 1 ïîêàçàíû ñîáñòâåííûå øóìû àïïàðàòóðû öèôðîâîé çâóêîçàïèñè, âûäåëåííûå
èç ñìåñè ñèãíàëîâ, çàïèñàííûõ íà ôîíîãðàììå.

Ýòè øóìû áûëè âûäåëåíû ñëåäóþùèì îáðàçîì.

Ðèñ. 1. Ñîáñòâåííûå øóìû àïïàðàòóðû öèôðîâîé çâóêîçàïèñè, âûäåëåííûå èç ñìåñè ñèãíàëîâ,
çàïèñàííûõ íà ôîíîãðàììå
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Ñëåäóþùèì àñïåêòîì ïîâûøåíèÿ ýôôåêòèâíîñòè ñèñòåìû ÿâëÿåòñÿ
óñòàíîâëåíèå íàó÷íî îáîñíîâàííîãî ïîðîãà ïðèíÿòèÿ ðåøåíèÿ îá îðèãèíàëüíîñòè
èññëåäóåìîé ôîíîãðàììû. Ìû ñ÷èòàåì, ÷òî òàêîå çíà÷åíèå ïîðîãà ìîæåò áûòü
ïðèíÿòî òîëüêî íà îñíîâå óñòàíîâëåíèÿ íà ýêñïåðèìåíòàëüíîì ìàòåðèàëå áîëüøîãî
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îáúåìà êðèâûõ îøèáîê ïåðâîãî è âòîðîãî ðîäà, ïðèñóùèõ ðàçðàáàòûâàåìîé ñèñòåìå.
Äëÿ ýòîãî, âî-ïåðâûõ, òðåáîâàëîñü ñîçäàòü ìàññèâ “áîëüøèõ äàííûõ” (dataset),
êîòîðûé ñîäåðæàë áû ñîòíè òûñÿ÷ ðåàëèçàöèé ñîáñòâåííûõ øóìîâ ðàçëè÷íîé
àïïàðàòóðû öèôðîâîé çâóêîçàïèñè. Â ðàñïîðÿæåíèè àâòîðîâ áûëî 15 ñìàðòôîíîâ
ðàçëè÷íîãî òèïà è ìàðîê, íà êîòîðûõ áûëî ñäåëàíî ïî ÷åòûðå ýêñïåðèìåíòàëüíûõ
çàïèñåé. Èç ýòèõ çàïèñåé ïðèâåäåííûì âûøå ñïîñîáîì áûëè âûäåëåíû ñîáñòâåííûå
øóìû àïïàðàòóðû. Ïîëó÷åííûå ðåàëèçàöèè øóìîâ ñêàíèðîâàëèñü îêíîì
äëèòåëüíîñòüþ 20 ìñåê ñ èíòåðâàëîì 1 ìñåê è èç íèõ âûðåçàëèñü ôðàãìåíòû
äàííîé äëèòåëüíîñòè. Ïðè ýòîì èñïîëüçîâàëàñü òåõíîëîãèÿ êàðêàñîâ [15]. Òàêèì
îáðàçîì, áûëè ñôîðìèðîâàíû ìàññèâû ôðàãìåíòîâ øóìîâ ðàçëè÷íîé àïïàðàòóðû
ðàçìåðíîñòüþ îêîëî 300000. Èç íèõ â ñîçäàííîì äëÿ ýòîãî ïðîãðàììíîì ìîäóëå
ôîðìèðîâàëèñü ôîíîãðàììû äëèòåëüíîñòüþ  3,  5 è  20 ñåê. Äëÿ ïîñòðîåíèÿ
êðèâîé îøèáîê ïåðâîãî ðîäà ñðàâíèâàëèñü ôðàãìåíòû øóìîâ èç ìàññèâà çàïèñåé,
ñäåëàííûõ íà îäíîé àïïàðàòóðå. Äëÿ ôîðìèðîâàíèÿ ìàññèâà ôðàãìåíòîâ øóìîâ,
âûäåëåííûõ èç ðàçíîé àïïàðàòóðû, îíè îòáèðàëèñü ñëó÷àéíûì îáðàçîì. Ìàññèâû
ñðàâíèâàåìûõ ôîíîãðàìì èç èõ ôðàãìåíòîâ ñîçäàâàëèñü â àâòîìàòèçèðîâàííîì
êîìïüþòåðíîì ðåæèìå. Èç ôîíîãðàìì âûäåëÿëèñü ñàìîïîäîáíûå ñòðóêòóðû è
ïîïàðíî ñðàâíèâàëèñü äðóã ñ äðóãîì. Ïî ðåçóëüòàòàì ñðàâíåíèÿ ñòðîèëèñü êðèâûå
îøèáîê. Ýòè êðèâûå ñòðîèëèñü äëÿ ôîíîãðàìì ðàçíîé äëèòåëüíîñòè. Óñòàíîâëåíî,
÷òî äëÿ ôîíîãðàìì, çàïèñàííûõ íà ðàçëè÷íîé àïïàðàòóðå, äëèòåëüíîñòüþ áîëåå
20 ñåê, êðèâûå îøèáîê íîñÿò óñòîé÷èâûé õàðàêòåð, ò.å. ïðàêòè÷åñêè íå èçìåíÿþòñÿ.
Ïðèìåð òàêèõ êðèâûõ ïðèâåäåí íà ðèñ. 2.

Ðèñ. 2. Ãðàôèê îøèáîê ïåðâîãî è âòîðîãî ðîäà äëÿ ôîíîãðàìì äëèòåëüíîñòüþ áîëüøå 20 ñåê
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Ñàìîïîäîáíûå ñòðóêòóðû èç ôðàãìåíòîâ øóìîâ àïïàðàòóðû âûäåëÿëèñü
ìåòîäîì ìàêñèìóìà âåéâëåò ïðåîáðàçîâàíèÿ [10; 15]. Îíè õàðàêòåðèçóþò èíäè-
âèäóàëüíîñòü àïïàðàòóðû öèôðîâîé çâóêîçàïèñè è ÿâëÿþòñÿ èäåíòèôèêàöèîííûìè
ïðèçíàêàìè [10].

Ïðè ýòîì òî÷êà ïåðåñå÷åíèÿ êðèâûõ îøèáîê ïåðâîãî è âòîðîãî ðîäà îïðå-
äåëÿþò ìàêñèìàëüíîå çíà÷åíèå ïîðîãà, ïðè êîòîðîì ôîíîãðàììû ïðèíèìàþòñÿ
êàê çàïèñàííûå íà îäíîé àïïàðàòóðå, ò.å. îïðåäåëÿåò  ìèíèìàëüíóþ ýôôåêòèâíîñòü
ñèñòåìû [16].

Â êà÷åñòâå ìåðû áëèçîñòè õàðàêòåðèñòèê ñðàâíèâàåìîé àïïàðàòóðû ïðèìå-
íÿåòñÿ ìîäóëü ðàññòîÿíèÿ ìåæäó íîðìèðîâàííûìè ôðàêòàëüíûìè êðèâûìè, ïî-
ëó÷àåìûìè ïðè èçìåðåíèÿõ ôðàêòàëüíûõ õàðàêòåðèñòèê. Èõ íîðìèðîâàíèå ïðî-
âîäèòñÿ íà êàæäîì îòñ÷åòå ñèãíàëà, à ìåðà áëèçîñòè êðèâûõ îïðåäåëÿåòñÿ êàê
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îòñ÷åòàõ ñèãíàëîâ äëÿ êàæäîé èç ñðàâíèâàåìûõ ôîíîãðàìì.
Àíàëîãè÷íàÿ òåõíîëîãèÿ ñðàâíåíèÿ øóìîâ àïïàðàòóðû èñïîëüçîâàíà ïðè

ïðîâåäåíèè ýêñïåðòíûõ èññëåäîâàíèé â ðàçðàáîòàííîé ïðîãðàììå. Ïðè ýòîì âûáîð
òèïà îøèáêè (ïåðâîãî è âòîðîãî ðîäà) îáóñëîâëåí âåëè÷èíîé ïîëó÷åííîé ìåðû
áëèçîñòè ìåæäó õàðàêòåðèñòèêàìè ñðàâíèâàåìûõ ôîíîãðàìì. Åñëè ïîëó÷åííàÿ
âåëè÷èíà ýòîé ìåðû íå ïðåâûøàåò çíà÷åíèÿ, ïîëó÷åííîãî äëÿ òî÷êè ïåðåñå÷åíèÿ
êðèâûõ îøèáîê, òî âûáèðàåòñÿ îøèáêà ² ðîäà, à åñëè ïðåâûøàåò – òî ²² ðîäà [17].
Ñîîòâåòñòâåííî, ïî âåëè÷èíå ìåðû áëèçîñòè è êðèâûì îøèáîê óñòàíàâëèâàåòñÿ
âåëè÷èíà âåðîÿòíîñòè îøèáêè. Ðàçóìååòñÿ, ÷òî âñå ýòè îïåðàöèè ïðîèçâîäÿòñÿ â
àâòîìàòè÷åñêîì ðåæèìå.

Ïðèìåð ôðàêòàëüíûõ êðèâûõ, ïîëó÷åííûõ ïðè ñðàâíåíèè äâóõ ôîíîãðàìì,
ïîêàçàí íà ðèñ. 3.

Íà ðèñ. 3 âèäíî, ÷òî âåëè÷èíà âåðîÿòíîñòè îøèáêè âòîðîãî ðîäà äëÿ
ñðàâíèâàåìûõ ôîíîãðàìì íå ïðåâûøàåò 0, 45 %.

Òàêàÿ âûñîêàÿ ýôôåêòèâíîñòü ñèñòåìû “Ôðàêòàë” äîñòèãíóòà çà ñ÷åò
ïðèìåíåíèÿ ïðåäëîæåííûõ ìåòîäîâ âûäåëåíèÿ è îáðàáîòêè èäåíòèôèêàöèîííûõ
ïðèçíàêîâ èç ôîíîãðàììû.
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Ðèñ. 3. Ðåçóëüòàò ñðàâíåíèÿ ôðàêòàëüíûõ õàðàêòåðèñòèê ñîáñòâåííûõ øóìîâ äâóõ ôîíîãðàìì,
çàïèñàííûõ íà ðàçíûõ àïïàðàòàõ öèôðîâîé çâóêîçàïèñè

Âûâîäû

Ïðåäëîæåíû ìåòîäû âûäåëåíèÿ è îáðàáîòêè ñàìîïîäîáíûõ ñòðóêòóð èç ôî-
íîãðàìì, èñïîëüçóåìûõ â êà÷åñòâå  èäåíòèôèêàöèîííûõ ïðèçíàêîâ ïðè ýêñïåðòèçå.

Îäèí èç ïðåäëîæåííûõ ìåòîäîâ ïîñòðîåí íà âûäåëåíèè ñàìîïîäîáíûõ
ñòðóêòóð ñîáñòâåííûõ øóìîâ ôîíîãðàììû ïî âñåé åå äëèíå èç èõ ñìåñè ñ ðå÷åâûìè
ñèãíàëàìè è ñèãíàëàìè çâóêîâîé ñðåäû.

 Âòîðîé ìåòîä ïîäðàçóìåâàåò ïðè ðàçðàáîòêå ñèñòåìû îáÿçàòåëüíîå ïîñòðîåíèå
êðèâûõ îøèáîê ïåðâîãî è âòîðîãî ðîäà. Ïðè èõ ïîñòðîåíèè íåîáõîäèìî èñïîëü-
çîâàòü áîëüøîé îáúåì äàííûõ, êîòîðûå ìîæíî ïîëó÷èòü èç îãðàíè÷åííîãî êîëè-
÷åñòâà ôîíîãðàìì ïóòåì èõ ðàçáèåíèÿ íà îòäåëüíûå ó÷àñòêè ðàçíîé äëèíû â àâòî-
ìàòè÷åñêîì ðåæèìå.

Ïðåäëîæåíî ìåðó áëèçîñòè ïàðàìåòðîâ ñàìîïîäîáíûõ ñòðóêòóð, âûäåëÿåìûõ
èç ñðàâíèâàåìûõ ôîíîãðàìì, îïðåäåëÿòü êàê ìîäóëü ðàññòîÿíèÿ ìåæäó íîðìè-
ðîâàííûìè ôðàêòàëüíûìè êðèâûìè, ïîëó÷àåìûìè ïðè èçìåðåíèÿõ ôðàêòàëüíûõ
õàðàêòåðèñòèê.

Ïðåäëîæåííûå ìåòîäû ïîçâîëÿþò çíà÷èòåëüíî ïîâûñèòü ýôôåêòèâíîñòü
óñòàíîâëåíèÿ îðèãèíàëüíîñòè ôîíîãðàìì è èäåíòèôèêàöèè öèôðîâîé àïïàðàòóðû
çâóêîçàïèñè ïðè ïðîâåäåíèè ýêñïåðòèçû.
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WAYS OF ENHANCING THE EFFECTIVENESS OF FORENSIC
IDENTIFICATION OF DIGITAL AUDIO RECORDING EQUIPMENT

The article deals with the issues of building a toolkit for diagnosing the originality
of digital soundtracks and identification of digital audio recording equipment. One of
the last variants of creation of the expert toolkit intended for identification of digital
recording equipment is the “Fractal” toolkit, but its efficiency is reduced because
identification signs are allocated from signals of pauses in the language information
(pauses between words) recorded on a phonogram. The purpose of the article is to
improve the expert toolkit for identification of sound recording equipment based on
the fractal approach to the signals of its own noises. It is suggested to use the
separation of hardware noises not only from pauses, but also from a mixture of signals
with the entire duration of the phonogram. At the same time, the volume of information
from which the identification features of the equipment are allocated increases
significantly. Such separation of the own noise signals ensures the increased efficiency
of the identification system. The proposed methods of separation and processing of
self-similar structures from phonograms, used as identification features in the examination.
One of the proposed methods is based on the separation of self-similar structures of
the phonogram’s own noises along its entire length from their mixture with language
and sound environment signals. The second method provides for mandatory building
of error curves of the first and second types when developing the system. When
building them, it is necessary to use a large amount of data that can be obtained from
a limited number of phonograms by dividing them into separate sections of different
lengths in automatic mode. It has been established that for phonograms lasting more
than 20 seconds, the error curves are stable, in other words, they practically do not
change. The degree of closeness of parameters of self-similar structures, separated from
the compared phonograms, is offered to define as the module of distance between the
normalized fractal curves, received at measurements of fractal characteristics. The
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proposed methods allow increasing considerably the efficiency of establishing the
originality of soundtracks and identification of digital recording equipment during the
expertise.

Keywords: digital audio recording equipment, probability, identification features,
degree of proximity, self-similar structures, digital phonogram, fractal approach, expertise
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