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ÖÈÔÐÎÂÎÉ ÎÁÐÀÁÎÒÊÈ Â ÀÍÀËÎÃÎÂÛÕ ÔÎÍÎÃÐÀÌÌÀÕ

Â ñòàòüå ðàññìîòðåíà ìàòåìàòè÷åñêàÿ ìîäåëü îáðàçîâàíèÿ ñëåäîâ öèôðîâîé
îáðàáîòêè â àíàëîãîâûõ ôîíîãðàììàõ. Ïîêàçàíî, ÷òî ïî ñðàâíåíèþ ñ ôîíîãðàììîé,
íå ïîäâåðãàâøåéñÿ òàêîé îáðàáîòêå, â îáðàáîòàííîé ôîíîãðàììå âîçíèêàþò
äîïîëíèòåëüíûå ÷àñòîòíûå êîìïîíåíòû, êîòîðûå ìîãóò áûòü âûÿâëåíû ïðè
èñïîëüçîâàíèè èíñòðóìåíòàëüíîãî ñðåäñòâà ýêñïåðòèçû “Ôðàêòàë”.

Ïîêàçàíà òåîðåòè÷åñêàÿ ïðèãîäíîñòü ïðèìåíåíèÿ ôðàêòàëüíîãî ïîäõîäà ê
ïîñòðîåíèþ èíñòðóìåíòàëüíûõ ýêñïåðòíûõ ñðåäñòâ äëÿ ïðîâåäåíèÿ èäåíòèôèêà-
öèîííûõ è äèàãíîñòè÷åñêèõ ýêñïåðòíûõ èññëåäîâàíèé ìàòåðèàëîâ àíàëîãîâîé çâóêî-
çàïèñè ñ öåëüþ âûÿâëåíèÿ ñëåäîâ öèôðîâîé îáðàáîòêè â àíàëîãîâûõ ôîíîãðàììàõ.

Îïðåäåëåíû öåëè è çàäà÷è ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ïðèãîäíîñòè
èíñòðóìåíòàëüíîãî ýêñïåðòíîãî ñðåäñòâà “Ôðàêòàë” äëÿ ïðèìåíåíèÿ ïðè ïðîâåäå-
íèè ýêñïåðòèçû àíàëîãîâûõ ôîíîãðàìì è àíàëîãîâîé àïïàðàòóðû ìàãíèòíîé
çàïèñè.

Êëþ÷åâûå ñëîâà: àíàëîãîâàÿ ôîíîãðàììà, öèôðîâàÿ ôîíîãðàììà, öèôðîâàÿ
îáðàáîòêà, ýêñïåðòèçà.

Ó ñòàòò³ ðîçãëÿíóòà ìàòåìàòè÷íà ìîäåëü óòâîðåííÿ ñë³ä³â öèôðîâî¿ îáðîáêè
â àíàëîãîâèõ ôîíîãðàìàõ. Ïîêàçàíî, ùî â ïîð³âíÿíí³ ç ôîíîãðàìîþ, ùî íå ï³ääàâàëàñÿ
òàê³é îáðîáö³, â îáðîáëåí³é ôîíîãðàì³ âèíèêàþòü äîäàòêîâ³ ÷àñòîòí³ êîìïîíåíòè,
ÿê³ ìîæóòü áóòè âèÿâëåí³ ïðè âèêîðèñòàíí³ ³íñòðóìåíòàëüíîãî çàñîáó åêñïåðòèçè
“Ôðàêòàë”.

Ïîêàçàíà òåîðåòè÷íà ïðèäàòí³ñòü çàñòîñóâàííÿ ôðàêòàëüíîãî ï³äõîäó äî
ïîáóäîâè ³íñòðóìåíòàëüíèõ åêñïåðòíèõ çàñîá³â äëÿ ïðîâåäåííÿ ³äåíòèô³êàö³éíèõ ³
ä³àãíîñòè÷íèõ åêñïåðòíèõ äîñë³äæåíü ìàòåð³àë³â àíàëîãîâîãî çâóêîçàïèñó ç ìåòîþ
âèÿâëåííÿ ñë³ä³â öèôðîâî¿ îáðîáêè â àíàëîãîâèõ ôîíîãðàìàõ.

Âèçíà÷åí³ ö³ë³ òà çàâäàííÿ åêñïåðèìåíòàëüíèõ äîñë³äæåíü ïðèäàòíîñò³
³íñòðóìåíòàëüíîãî åêñïåðòíîãî çàñîáó “Ôðàêòàë” äëÿ çàñòîñóâàííÿ ïðè ïðîâåäåíí³
åêñïåðòèçè àíàëîãîâèõ ôîíîãðàì ³ àíàëîãîâî¿ àïàðàòóðè ìàãí³òíîãî çàïèñó.
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Êëþ÷îâ³ ñëîâà: àíàëîãîâà ôîíîãðàìà, öèôðîâà ôîíîãðàìà, öèôðîâà îáðîáêà,
åêñïåðòèçà.

The mathematical model of formation of tracks of digital treatment is considered in
analog phonograms. It is shown that as compared to a phonogram, to not undergoing
such treatment, in the treated phonogram there are additional frequency components
which can be educed at the use of tool of examination “Fractal”.

The theoretical fitness of application of the fractal going is shown near the construction
of expert tools for realization identification and diagnostic expert researches of materials
of the analog audio recording with the purpose of exposure of tracks of digital treatment
in analog phonograms.

Aims and tasks of experimental researches of fitness of expert tool are certain
“Fractal” for the application during examining of analog phonograms and analog apparatus
of magnetic record.

Keywords: analog phonogram, digital phonogram, digital treatment, examination.

Âñòóïëåíèå
Èíîãäà íà ýêñïåðòèçó ïîñòóïàþò àíàëîãîâûå ôîíîãðàììû (äàëåå – ÀÔ),

êîòîðûå ìîãóò áûòü çàïèñàíû êàê ïðàâîîõðàíèòåëüíûìè îðãàíàìè, òàê è
ïîòåðïåâøèìè. Íî, êàê ãëàñèò ñòàðàÿ ïîñëîâèöà, “ãîëü íà âûäóìêó õèòðà”. Ïîýòî-
ìó âïîëíå âåðîÿòíà óãðîçà çàïèñè öèôðîâîé ôîíîãðàììû (äàëåå – ÖÔ) íà àïïà-
ðàòóðå öèôðîâîé çâóêîçàïèñè (äàëåå – ÀÖÇÇ), åå îáðàáîòêè òðåáóåìûì îáðàçîì,
ïåðåçàïèñè ñôàëüñèôèöèðîâàííîé ôîíîãðàììû íà àíàëîãîâóþ àïïàðàòóðó
ìàãíèòíîé çàïèñè (äàëåå – ÀÀÌÇ) è ïðåäîñòàâëåíèÿ åå âìåñòå ñ àíàëîãîâûì
ìàãíèòîôîíîì íà ýêñïåðòèçó. Ïðè ýòîì, â ñèëó çíà÷èòåëüíîãî ïðåâûøåíèÿ óðîâíÿ
ñîáñòâåííûõ øóìîâ ÀÀÌÇ íàä óðîâíåì øóìîâ ÀÖÇÇ, ëèöà, ïðåäîñòàâëÿþùèå
òàêèå ôîíîãðàììû, îáîñíîâàííî íàäåÿòñÿ íà ñîêðûòèå â íèõ ñëåäîâ öèôðîâîé
îáðàáîòêè. Ýòî ïîòðåáîâàëî ñîçäàíèÿ ñîâðåìåííîãî èíñòðóìåíòàëüíîãî ñðåäñòâà
ýêñïåðòèçû (äàëåå – ÈÑÝ) äëÿ âûÿâëåíèÿ ñëåäîâ öèôðîâîé îáðàáîòêè â ÀÔ è
èäåíòèôèêàöèè ÀÀÌÇ. Ïðè ýòîì, âïîëíå åñòåñòâåííî, âîçíèê âîïðîñ î âîçìîæ-
íîñòè èñïîëüçîâàíèÿ ðàçðàáîòàííîãî ÈÑÝ “Ôðàêòàë”, ñäåëàííîãî äëÿ èäåíòèôè-
êàöèè ÀÖÇÇ è äèàãíîñòèêè ÖÔ.

Îñíîâíàÿ ÷àñòü
Ðàçóìååòñÿ, íåîáõîäèìî ðàçðàáîòàòü ìîäåëü ïðîöåññîâ, ïðîèñõîäÿùèõ ïðè

ïåðåçàïèñè çâóêîâîãî ñèãíàëà â öèôðîâîé ôîðìå íà ÀÀÌÇ. ×àñòü ýòîé ìîäåëè
áûëà ðàçðàáîòàíà íàìè ðàíåå è èñïîëüçîâàíà â ïîëíîé ìîäåëè ïðîöåññîâ, ïîêà-
çàííîé íèæå [1].

Â [2] ïîêàçàíî, ÷òî êîýôôèöèåíò ïåðåäà÷è òðàêòà âîñïðîèçâåäåíèÿ (à èìåííî
îí è îïðåäåëÿåò òî÷íîñòü ïåðåäà÷è èíôîðìàöèè â òàêîé àïïàðàòóðå) ÀÀÌÇ, ñ
ó÷åòîì âëèÿíèÿ íà âûõîäíîé ñèãíàë ùåëåâûõ ïîòåðü, âåëè÷èíû íåêîíòàêòà ãîëîâ-
êè ñ íîñèòåëåì è òîëùèíû ðàáî÷åãî ñëîÿ ìàãíèòíîãî íîñèòåëÿ, îïðåäåëÿåòñÿ
ñîîòíîøåíèåì
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ãäå
à

Â
 – âåëè÷èíà íåêîíòàêòà ìåæäó ìàãíèòíîé ãîëîâêîé è íîñèòåëåì ïðè âîñ-

ïðîèçâåäåíèè,
d – òîëùèíà ðàáî÷åãî ñëîÿ ìàãíèòíîãî íîñèòåëÿ,

 – ïîëîâèíà øèðèíû ðàáî÷åãî çàçîðà ãîëîâêè âîñïðîèçâåäåíèÿ,
x = Vt,

ãäå
V – ñêîðîñòü òðàíñïîðòèðîâàíèÿ íîñèòåëÿ,
t – òåêóùåå âðåìÿ.
Åñëè íà âõîä ÀÀÌÇ ïðÿìîé çàïèñè ïîäàòü ñèãíàë , òî, ñ

ó÷åòîì (1) è äèôôåðåíöèðóþùåãî äåéñòâèÿ âîñïðîèçâîäÿùåé ãîëîâêè, âûõîäíîé
ñèãíàë ÀÀÌÇ ìîæíî çàïèñàòü, êàê

   .              (2)

Öåëüþ ðàçðàáàòûâàåìîé ìîäåëè ÿâëÿåòñÿ óñòàíîâëåíèå ïðîÿâëåíèÿ ðàçëè÷èÿ
ñèãíàëîâ îðèãèíàëüíîé è ïåðåçàïèñàííîé ôîíîãðàìì ïðè ïðîâåäåíèè èõ
ýêñïåðòèçû.

Ïîñòàâëåííàÿ öåëü ìîæåò áûòü äîñòèãíóòà ðàññìîòðåíèåì ìåõàíèçìà è
îñîáåííîñòåé îáðàçîâàíèÿ è ïðîÿâëåíèÿ ñëåäîâ öèôðîâîé îáðàáîòêè â ÀÔ ïðè
ïðîâåäåíèè ñðàâíèòåëüíîãî àíàëèçà îáðàçöîâîé (ýêñïåðèìåíòàëüíîé) ôîíîãðàì-
ìû, çàïèñàííîé è âîñïðîèçâåäåííîé íà ïðåäñòàâëåííîé ÀÀÌÇ, ñ èññëåäóåìîé
ôîíîãðàììîé, ïîäâåðãøåéñÿ îáðàáîòêå è âîñïðîèçâåäåííîé íà ýòîé æå ÀÀÌÇ.
Ñõåìà ïðîâåäåíèÿ òàêîé îáðàáîòêè è ïîñëåäóþùåé ýêñïåðòèçû ïîêàçàíà íà ðèñ. 1.

Ðèñ. 1. Ñõåìà îáðàáîòêè è ïðîâåäåíèÿ ýêñïåðòíîé ïðîâåðêè îáðàáîòàííîé

àíàëîãîâîé ôîíîãðàììû

Ïðåäïîëîæèì, ïåðâîíà÷àëüíûé ñèãíàë, çàïèñûâàåìûé â ÀÖÇÇ, íà êîòîðîé
áûëà ñëåëàíà ïåðåçàïèñûâàåìàÿ ôîíîãðàììà, îïðåäåëÿåòñÿ êàê   tAts m 111111 cos .
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Òîãäà ñèãíàë íà âûõîäå ÀÖÇÇ äëÿ åãî ïåðåçàïèñè íà ÀÀÌÇ, ñëåäóåò çàïèñàòü
êàê

                           ,                     (3)

ãäå
À

m12
 – ìàêñèìàëüíîå çíà÷åíèå øêàëû ïðåîáðàçîâàíèÿ ÖÀÏ ÀÖÇÇ;

T
2
 – ïåðèîä äèñêðåòèçàöèè â ÖÀÏ íà àíàëîãîâîì âûõîäå ÀÖÇÇ [3].

Íî ïðè ïåðåçàïèñè è âîñïðîèçâåäåíèè íà ÀÀÌÇ èññëåäóåìîé ôîíîãðàììû
ñèãíàë (3) ïîäâåðãíåòñÿ âëèÿíèþ åå òðàêòà, à íà âûõîäå ýòîé àïïàðàòóðû îí
îïðåäåëèòñÿ ñîîòíîøåíèåì
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Äëÿ ïðîâåäåíèÿ ýêñïåðòèçû îáå ôîíîãðàììû äîëæíû áûòü âîñïðîèçâåäåíû
íà îäíîé ÀÀÌÇ â àíàëîãîâîé ôîðìå è ââåäåíû â ýêñïåðòíûé êîìïüþòåð.
Î÷åâèäíî, ÷òî äëÿ ýòîãî íåîáõîäèìî èñïîëüçîâàòü ÀÖÏ ýêñïåðòíîãî êîìïüþòåðà.

Òîãäà ñèãíàë (4) èññëåäóåìîé ôîíîãðàììû ïîñëå åå ââîäà â êîìïüþòåð
ñëåäóåò çàïèñàòü êàê
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Ðàçóìååòñÿ, ÷òî ñïåêòðû ñèãíàëîâ (5) è (6) áóäóò ðàçíèòüñÿ.  Äåéñòâèòåëüíî,
ñïåêòð ñèãíàëà (5) ñëåäóåò çàïèñàòü êàê
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ãäå
F  – îïåðàòîð ïðåîáðàçîâàíèÿ Ôóðüå;

 – ÷àñòîòà äèñêðåòèçàöèè â ÀÖÇÇ;
 – ÷àñòîòà äèñêðåòèçàöèè â ýêñïåðòíîì êîìïüþòåðå.

À ñïåêòð ñèãíàëà (6) ýêñïåðèìåíòàëüíîé ôîíîãðàììû îïðåäåëèòñÿ
ñîîòíîøåíèåì
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Ïðè ñðàâíåíèè ñîîòíîøåíèé (7) è (8) âèäíî, ÷òî â ñïåêòðå ñèãíàëà (8)
îáðàçóþòñÿ äîïîëíèòåëüíûå ÷àñòîòíûå êîìïîíåíòû, îáóñëîâëåííûå ïðîöåññîì
äâîéíîé äèñêðåòèçàöèè. Ïðè ýòîì íà ñïåêòðîãðàììàõ, ïðåäñòàâëåííûõ â [3],
ïîêàçàíî, ÷òî áîëüøàÿ ÷àñòü ýòèõ ñîñòàâëÿþùèõ âîçíèêàåò â âûñîêî÷àñòîòíîé
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îáëàñòè. Ôîðìóëû (7) è (8) ïîêàçàíû çäåñü äëÿ íàãëÿäíîãî ïðåäñòàâëåíèÿ
ðàçëè÷èé ìåæäó ýòèìè ñèãíàëàìè. Íî ïðè ýêñïåðòèçå ïðèìåíÿåòñÿ âûäåëåíèå
ôðàêòàëüíûõ ñòðóêòóð èç ïàóç ôîíîãðàìì, ïîýòîìó öåëåñîîáðàçíî ðàññìîòðåòü
àíàëèç ñèãíàëîâ (5) è (6) ñ ïðèìåíåíèåì âåéâëåòà Ìîðëå ïî ìàêñèìóìàì âåéâëåò
ïðåîáðàçîâàíèÿ. Ïîñêîëüêó îïåðàöèè âûäåëåíèÿ ôðàêòàëüíûõ ñòðóêòóð â ýòîì
ñëó÷àå äëÿ îáîèõ ñèãíàëîâ ñâîäÿòñÿ ê èõ ñâåðòêå âî âðåìåííîé îáëàñòè è, åñòåñò-
âåííî, ïåðåìíîæåíèþ ñïåêòðà ñèãíàëîâ (7) è (8) ñî ñïåêòðîì âåéâëåòà Ìîðëå â
÷àñòîòíîé îáëàñòè, òî ðàñïèñûâàòü åå çäåñü íå èìååò ñìûñëà.

Îòìåòèì, ÷òî ìû ïðîâåëè ïðåäâàðèòåëüíóþ ïðîâåðêó ïðèãîäíîñòè ðàçðàáî-
òàííîãî äëÿ ýêñïåðòèç ÀÖÇÇ è ÖÔ ÈÑÝ “Ôðàêòàë” è ïðèøëè ê âûâîäó, ÷òî
îíî ïðèãîäíî äëÿ ðåøåíèÿ ïîñòàâëåííûõ çàäà÷ èäåíòèôèêàöèè ÀÀÌÇ è ïðîâåðêè
îòñóòñòâèÿ èëè âûÿâëåíèÿ ñëåäîâ öèôðîâîé îáðàáîòêè â ÀÔ.

Îäíàêî ýòà ïðîâåðêà áûëà ïðåäâàðèòåëüíîé, ïîñêîëüêó åùå íåîáõîäèìî
ïðîâåñòè ðÿä ýêñïåðèìåíòîâ äëÿ óòî÷íåíèÿ âåëè÷èíû ôðàêòàëüíîé ìåðû äëÿ
ÀÔ ïðè ïðîâåäåíèè àâòîìàòè÷åñêîé ñåãìåíòàöèè, âåëè÷èíû äîâåðèòåëüíîãî
èíòåðâàëà äëÿ ïðèíÿòèÿ ðåøåíèÿ î âûáîðå îáëàñòè áëèçêîñòè èëè íåñîîòâåòñòâèÿ
ôðàêòàëüíûõ õàðàêòåðèñòèê ñðàâíèâàåìûõ ÀÔ. Òàêæå ýêñïåðèìåíòàëüíî
íåîáõîäèìî îïðåäåëèòü è óòî÷íèòü ìàêñèìàëüíîå ïîðîãîâîå çíà÷åíèå âåëè÷èíû
îøèáêè ² ðîäà, íåîáõîäèìîãî ïðè âûáîðå ýòèõ îáëàñòåé. Ñëåäîâàòåëüíî, ïîòðå-
áóåòñÿ ïðîâåñòè áîëüøîé îáúåì ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé, ïîçâîëÿþùèõ
ðàçðàáîòàòü ìåòîäèêó ïðèìåíåíèÿ ïðîãðàììû “Ôðàêòàë” ïðè ïðîâåäåíèè
ýêñïåðòèçû ÀÀÌÇ è ÀÔ.
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