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Îïòè÷åñêèå íîñèòåëè äîëãîâðåìåííîãî
õðàíåíèÿ èíôîðìàöèè

Ïðîàíàëèçèðîâàíû ìåòîäû ñîçäàíèÿ îïòè÷åñêèõ íîñèòåëåé äîëãîâðåìåííîãî õðàíåíèÿ
èíôîðìàöèè. Ïîêàçàíî, ÷òî çàäà÷ó äîëãîâðåìåííîãî õðàíåíèÿ ñòðàòåãè÷åñêè âàæíîé
èíôîðìàöèè ìîæíî ðåøèòü ïðè èñïîëüçîâàíèè ñàïôèðîâûõ äèñêîâ ñ ìèêðîðåëüåôíûì
èçîáðàæåíèåì äàííûõ. Ïðèâåäåíû äàííûå î ñïîñîáàõ çàïèñè ñóáìèêðîííûõ ñòðóêòóð íà
ïîâåðõíîñòè ñàïôèðîâûõ ïîäëîæåê è âîñïðîèçâåäåíèè çàïèñàííûõ äàííûõ ñôîêóñèðî-
âàííûì ëàçåðíûì èçëó÷åíèåì.

Ïðîàíàë³çîâàíî ìåòîäè ñòâîðåííÿ îïòè÷íèõ íîñ³¿â äîâãîòðèâàëîãî çáåð³ãàííÿ ³íôîðìàö³¿.
Ïîêàçàíî, ùî çàäà÷ó äîâãîòðèâàëîãî çáåð³ãàííÿ ñòðàòåã³÷íî âàæëèâî¿ ³íôîðìàö³¿ ìîæíà
âèð³øèòè ïðè âèêîðèñòàíí³ ñàïô³ðîâèõ äèñê³â ç ì³êðîðåëüºôíèì çîáðàæåííÿì äàíèõ.
Íàâåäåíî äàí³ ïðî ñïîñîáè çàïèñó ñóáì³êðîííèõ ñòðóêòóð íà ïîâåðõí³ ñàïô³ðîâèõ ï³äêëà-
äîê ³ â³äòâîðåííÿ çàïèñàíèõ äàíèõ ñôîêóñîâàíèì ëàçåðíèì âèïðîì³íþâàííÿì.

Ê ë þ ÷ å â û å ñ ë î â à: îïòè÷åñêèå íîñèòåëè, äîëãîâðåìåííîå õðàíåíèå èíôîðìàöèè, ñàï-
ôèðîâûå äèñêè.

Íåîáõîäèìîñòü ñîçäàíèÿ è èñïîëüçîâàíèÿ îïòè÷åñêèõ çàïîìèíàþùèõ

óñòðîéñòâ îáóñëîâëåíà äâóìÿ îñíîâíûìè îñîáåííîñòÿìè ìåòîäà îïòè-

÷åñêîé çàïèñè: âûñîêîé ïëîòíîñòüþ çàïèñè è íàäåæíîñòüþ õðàíåíèÿ èí-

ôîðìàöèè. Ñ ïîìîùüþ îïòè÷åñêèõ äèñêîâ åìêîñòüþ (1—50) Ãáàéò ñîçäà-

íû àðõèâû õðàíåíèÿ ýëåêòðîííûõ äîêóìåíòîâ, îðãàíèçîâàíû ìàññîâîå

ðàñïðîñòðàíåíèå ìóëüòèìåäèéíîé èíôîðìàöèè è êîìïüþòåðíîå êíèãîïå-

÷àòàíèå. Ñóùåñòâåííûå äîñòèæåíèÿ â òåõíîëîãèè ìàãíèòíîé çàïèñè è

òâåðäîòåëüíîé ïàìÿòè ïîçâîëèëè ñîçäàòü ñèñòåìû ïàìÿòè, îáåñïå÷èâàþùèå

õðàíåíèå ãèãàíòñêèõ ìàññèâîâ äàííûõ. Ðàçâèòèå ìåòîäîâ çàïèñè èíôîðìà-

öèè ïîçâîëèëî ñîçäàòü áëèæíåïîëåâûå ìåòîäû ðåãèñòðàöèè äàííûõ íà æåñò-

êèõ ìàãíèòíûõ äèñêàõ, èìåþùèõ ïëîòíîñòè çàïèñè, íåäîñòèæèìûå â

òðàäèöèîííûõ îïòè÷åñêèõ çàïîìèíàþùèõ óñòðîéñòâàõ ñ äèôðàêöèîííî
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îãðàíè÷åííûìè ñèñòåìàìè ôîêóñèðîâêè èçëó÷åíèÿ. Ýòî îáåñïå÷èëî ñó-

ùåñòâåííîå óìåíüøåíèå ðîëè êîìïàêò-äèñêîâ. Îäíàêî ïðîáëåìà äëèòåëü-

íîãî õðàíåíèÿ äàííûõ äî ñèõ ïîð íå ðåøåíà è ñîçäàíèå íîñèòåëåé äîëãî-

âðåìåííîãî õðàíåíèÿ äàííûõ ñâÿçûâàþò ñ îïòè÷åñêèìè íîñèòåëÿìè èí-

ôîðìàöèè, êîòîðûå èìåþò çíà÷èòåëüíûå ïîòåíöèàëüíûå âîçìîæíîñòè

äëÿ îðãàíèçàöèè äîëãîâðåìåííîãî õðàíåíèÿ èíôîðìàöèè è íàèáîëåå ïîë-

íî óäîâëåòâîðÿþò òðåáîâàíèÿì, ïðåäúÿâëÿåìûì ê íîñèòåëÿì èíôîðìàöèè

äîëãîâðåìåííîãî õðàíåíèÿ äàííûõ [1, 2].

Îïòè÷åñêèå íîñèòåëè èìåþò ðÿä îñîáåííîñòåé, êîòîðûå ïîçâîëÿþò

èñïîëüçîâàòü èõ äëÿ äîëãîâðåìåííîãî õðàíåíèÿ èíôîðìàöèè, à èìåííî:

áåñêîíòàêòíîå ñ÷èòûâàíèå èíôîðìàöèè, îáåñïå÷èâàþùåå äîñòóï ê

ñîäåðæàíèþ äîêóìåíòà áåç íàðóøåíèÿ îðèãèíàëà è âîçìîæíîñòü äîëãî-

âðåìåííîãî õðàíåíèÿ èíôîðìàöèè;

âîçìîæíîñòü ïðèìåíåíèÿ ôèçè÷åñêèõ ìåòîäîâ çàùèòû çàïèñàííîé

èíôîðìàöèè îò ìåõàíè÷åñêèõ ïîâðåæäåíèé;

ðåàëèçàöèÿ îáðàòíîé ñîâìåñòèìîñòè íà íîâûõ òèïàõ óñòðîéñòâ âîñ-

ïðîèçâåäåíèÿ èíôîðìàöèè;

íàëè÷èå ðåæèìà îäíîêðàòíîé çàïèñè è ìíîãîêðàòíîãî ñ÷èòûâàíèÿ,

ïðè êîòîðîì ñäåëàííàÿ çàïèñü íå ìîæåò áûòü ñòåðòà èëè çàìåíåíà íîâîé

(èíôîðìàöèÿ â àðõèâíûõ äîêóìåíòàõ íå ïîäëåæèò êàêîé-ëèáî êîððåêòè-

ðîâêå);

íàäåæíîå ðåëüåôíîå ïðåäñòàâëåíèå èíôîðìàöèè, êîòîðàÿ ìîæåò áûòü

ñ÷èòàíà ðàçëè÷íûìè ìåòîäàìè;

âîçìîæíîñòü ïðèìåíåíèÿ âûñîêîñòàáèëüíûõ ìàòåðèàëîâ äëÿ èçãîòîâ-

ëåíèÿ îïòè÷åñêèõ äèñêîâ;

èñïîëüçîâàíèå óíèâåðñàëüíûõ çàùèòíûõ êîíòåéíåðîâ äëÿ îïòè÷åñêèõ

äèñêîâ [1, 2].

Ïðàêòè÷åñêè âî âñåõ èåðàðõè÷åñêèõ ñòðóêòóðàõ õðàíåíèÿ äàííûõ èñ-

ïîëüçóþòñÿ îïòè÷åñêèå íîñèòåëè äëÿ àðõèâíîãî õðàíåíèÿ äàííûõ.

Òåõíîëîãèè ñîçäàíèÿ îïòè÷åñêèõ íîñèòåëåé äîëãîâðåìåííîãî

õðàíåíèÿ èíôîðìàöèè. Â ïåðâûõ ðàçðàáîòêàõ îïòè÷åñêèõ äèñêîâ ïðåä-

ïðèíèìàëèñü ïîïûòêè ðåàëèçîâàòü òåõíîëîãèþ äîëãîâðåìåííîãî õðàíå-

íèÿ äàííûõ [3]. Ïåðâûå îïòè÷åñêèå äèñêîâûå íîñèòåëè áûëè ñîçäàíû íà

îñíîâå ñòåêëÿííûõ äèñêîâ ñ îäíîñëîéíûì òåðìî÷óâñòâèòåëüíûì ðåãèñò-

ðèðóþùèì ñëîåì, â êîòîðûõ ïðèìåíÿëàñü ïåðôîðàöèîííàÿ çàïèñü íà òîíêèõ

ïëåíêàõ ñòåêëîîáðàçíûõ õàëüêîãåíèäíûõ ïîëóïðîâîäíèêîâ [4]. Â ðåçóëü-

òàòå èññëåäîâàíèé îáðàçöîâ îïòè÷åñêèõ ñòåêëÿííûõ äèñêîâ ñ ðåãèñòðè-

ðóþùèìè ñðåäàìè òàêîãî òèïà óñòàíîâëåíî, ÷òî ïîñëå õðàíåíèÿ â òå÷åíèå

25—30 ëåò â íåîòàïëèâàåìûõ ïîìåùåíèÿõ ñîõðàíèëèñü ôîðìà è ðàçìåðû

ïèòîâ (ðèñ. 1) [5].
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Áîëåå 30 ëåò íàçàä øòàìïîâàííûå èç ïîëèêàðáîíàòà êîìïàêò-äèñêè

ñòàëè ñðåäñòâîì ìàññîâîãî ðàñïðîñòðàíåíèÿ èíôîðìàöèè â öèôðîâîì

âèäå. Èñïîëüçóåìûå â íèõ ìàòåðèàëû íå ïîçâîëÿëè îáåñïå÷èâàòü äîëãî-

âðåìåííîå õðàíåíèå äàííûõ (ïðåæäå âñåãî, âñëåäñòâèå íèçêîé âðåìåííîé

ñòàáèëüíîñòè ïîëèêàðáîíàòà [6]). Îäíàêî îíè äîñòàòî÷íî øèðîêî èñïîëüçî-

âàëèñü äëÿ ñîçäàíèÿ àðõèâíûõ êîïèé. Â èñïîëüçóåìûõ â àðõèâàõ êîìïàêò-

äèñêàõ ñ îäíîêðàòíîé çàïèñüþ â êà÷åñòâå ðåãèñòðèðóþùåé ñðåäû ïðèìå-

íÿþòñÿ òîíêèå ïëåíêè îðãàíè÷åñêîãî êðàñèòåëÿ, èìåþùèå íèçêèå òåìïåðàòó-

ðó ïëàâëåíèÿ è êîýôôèöèåíò îòðàæåíèÿ. Äëÿ ïîëó÷åíèÿ áîëüøèõ çíà÷åíèé

ñèãíàëîâ ñ÷èòûâàíèÿ â òàêèõ íîñèòåëÿõ ïðèìåíÿþò ìåòàëëè÷åñêèé îòðàæàþ-

ùèé ñëîé ñî ñëàáîé àäãåçèåé ê ñëîþ îðãàíè÷åñêîãî êðàñèòåëÿ. Ýòî ïðèâîäèò

ê ðàññëîåíèþ íîñèòåëÿ ïðè ðåçêèõ èçìåíåíèÿõ òåìïåðàòóðû, ÷òî ÿâëÿåòñÿ

îäíîé èç îñíîâíûõ ïðè÷èí âûõîäà èç ñòðîÿ îïòè÷åñêèõ íîñèòåëåé ñ îäíî-

êðàòíîé çàïèñüþ.

×àñòü òåõíè÷åñêèõ ðåøåíèé, à èìåííî èçãîòîâëåíèå ïîäëîæåê èç âû-

ñîêîñòàáèëüíûõ ìàòåðèàëîâ, îñóùåñòâëåíèå çàïèñè äàííûõ â îäíîñëîéíîé

ðåãèñòðèðóþùåé ñðåäå ñ âûñîêîñòàáèëüíûì ìàòåðèàëîì, íàøëè ïðèìåíåíèå

â äàëüíåéøèõ ðàçðàáîòêàõ íîñèòåëåé èíôîðìàöèè äîëãîâðåìåííîãî õðàíå-

íèÿ äàííûõ. Ãëàâíûì íàïðàâëåíèåì ïîâûøåíèÿ íàäåæíîñòè õðàíåíèÿ

äàííûõ íà îïòè÷åñêèõ íîñèòåëÿõ ñ îäíîêðàòíîé çàïèñüþ áûëà ðàçðàáîòêà

ñïåöèàëüíûõ ðåãèñòðèðóþùèõ ñðåä. Â îïòè÷åñêèõ íîñèòåëÿõ UDO (ðàçðà-

áîò÷èê — êîìïàíèÿ Plasmon) îäíîêðàòíàÿ çàïèñü îñóùåñòâëÿëàñü íà ðå-

ãèñòðèðóþùèõ ñðåäàõ ñ íåîáðàòèìûìè ôàçîâûìè ïåðåõîäàìè. Ãàðàíòèðî-

âàííûé ñðîê õðàíåíèÿ äàííûõ íà òàêèõ íîñèòåëÿõ ñîñòàâëÿåò 50 ëåò [7].

Áîëüøèé ñðîê õðàíåíèÿ äàííûõ ïðîãíîçèðóåòñÿ íà îïòè÷åñêèõ íîñè-

òåëÿõ ñ îäíîñëîéíîé ìåòàëëîêåðàìè÷åñêîé ðåãèñòðèðóþùåé ñðåäîé. Ìà-

òåðèàë ðåãèñòðèðóþùåãî ñëîÿ èìååò äîñòàòî÷íî âûñîêèé êîýôôèöèåíò
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îòðàæåíèÿ, ÷òî èñêëþ÷àåò íåîáõîäèìîñòü èñïîëüçîâàíèÿ îòðàæàþùåãî

ìåòàëëè÷åñêîãî ñëîÿ. Â òàêèõ äèñêàõ íå ðåøåíà ïðîáëåìà, ñâÿçàííàÿ ñ

íåñòàáèëüíîñòüþ õàðàêòåðèñòèê èñïîëüçóåìûõ ïîäëîæåê èç ïîëèêàðáî-

íàòà. Îæèäàåìàÿ äîëãîâå÷íîñòü M-äèñêîâ — áîëåå òûñÿ÷è ëåò ïðè

òåìïåðàòóðå õðàíåíèÿ 25 °C è îòíîñèòåëüíîé âëàæíîñòè îêðóæàþùåé

ñðåäû 50 %. Îäíàêî óæå ïðè òåìïåðàòóðå 40 °C è îòíîñèòåëüíîé âëàæ-

íîñòè 70 % îæèäàåìàÿ äîëãîâå÷íîñòü ñîñòàâëÿåò 53 ãîäà [8]. Íàöèîíàëü-

íûé èíñòèòóò ñòàíäàðòîâ è òåõíîëîãèé (NIST, ÑØÀ) îïðåäåëèë ñðîê õðà-

íåíèÿ Ì-äèñêà â 1000 ëåò (Ì — Millenium), ïîëèêàðáîíàò âûäåðæèâàåò

ñèëüíûå ïåðåïàäû òåìïåðàòóð òîëüêî â òå÷åíèå êîðîòêîãî ïðîìåæóòêà

âðåìåíè [9].

Ìíîãî âíèìàíèÿ óäåëÿåòñÿ ñîçäàíèþ òåõíîëîãèè èçãîòîâëåíèÿ îïòè-

÷åñêèõ íîñèòåëåé òèïà ROM, êîòîðûå ìîãóò îáåñïå÷èòü ñðîê õðàíåíèÿ

äàííûõ íåñêîëüêî ñîòåí ëåò â æåñòêèõ êëèìàòè÷åñêèõ óñëîâèÿõ. Â ÷àñò-

íîñòè ðàçðàáîòàí íîñèòåëü, ñîñòîÿùèé èç âîëüôðàìîâîé ïîäëîæêè ñ ìèêðî-

ðåëüåôíîé ñòðóêòóðîé, ãåðìåòèçèðîâàííîé íèòðèäîì òèòàíà. Çàÿâëåííàÿ

äîëãîâå÷íîñòü òàêîãî íîñèòåëÿ — áîëåå 1 ìëí. ëåò [10].
Äëÿ îáåñïå÷åíèÿ äîëãîâðåìåííîãî õðàíåíèÿ äàííûõ íà îïòè÷åñêèõ

íîñèòåëÿõ öåëåñîîáðàçíî èñïîëüçîâàòü â êà÷åñòâå ïîäëîæåê îïòè÷åñêèõ
äèñêîâ âûñîêîñòàáèëüíûå ìîíîêðèñòàëëè÷åñêèå ìàòåðèàëû, â ÷àñòíîñòè
êâàðö [11—14] è ìîíîêðèñòàëëè÷åñêèé ñàïôèð [15—18]. Â íåêîòîðûõ ñëó-
÷àÿõ íà êâàðöåâûõ íîñèòåëÿõ öåëåñîîáðàçíî âûïîëíÿòü ìíîãîñëîéíóþ
îäíîêðàòíóþ (ðåæèì WORM) çàïèñü äàííûõ, îñóùåñòâëÿåìóþ ñâåðõêî-
ðîòêèìè (ôåìòîñåêóíäíûìè) ëàçåðíûìè èìïóëüñàìè [12, 13]. Èíôîðìà-
öèþ íà ïîâåðõíîñòè âûñîêîñòàáèëüíûõ ìîíîêðèñòàëëè÷åñêèõ ìàòåðèàëîâ
ïðåäëàãàåòñÿ çàïèñûâàòü êàê â àíàëîãîâîì [10, 15, 16], òàê è â öèôðîâîì
âèäå [17, 18].

Ñàïôèðîâûå äèñêè äëÿ íîñèòåëåé äîëãîâðåìåííîãî õðàíåíèÿ

äàííûõ. Äëÿ îïòè÷åñêèõ äèñêîâ äîëãîâðåìåííîãî õðàíåíèÿ äàííûõ öåëå-
ñîîáðàçíî èñïîëüçîâàòü ïîäëîæêè èç âûñîêîñòàáèëüíûõ ìàòåðèàëîâ. Ìàê-
ñèìàëüíûå ñðîêè õðàíåíèÿ äàííûõ ìîãóò áûòü îáåñïå÷åíû ïðè èçãîòîâëåíèè
ïîäëîæåê èç ìîíîêðèñòàëëè÷åñêèõ ìàòåðèàëîâ, â ïåðâóþ î÷åðåäü ñàïôèðà,

ñîõðàíÿþùåãî ñâîè ñâîéñòâà ïðè òåìïåðàòóðå äî 2050 �Ñ. Èñïîëüçîâàíèå
ñàïôèðà â êà÷åñòâå ïîäëîæåê îïòè÷åñêèõ äèñêîâ ïîçâîëÿåò ñîçäàâàòü óíè-
êàëüíûå íîñèòåëè äëÿ äîëãîâðåìåííîãî õðàíåíèÿ äàííûõ, êîòîðûå èìåþò
âûñîêóþ óñòîé÷èâîñòü ê ìåõàíè÷åñêèì ïîâðåæäåíèÿì, íå ïîäâåðæåíû âîç-
äåéñòâèþ õèìè÷åñêè àêòèâíûõ ñðåä è ñïîñîáíû âûäåðæèâàòü òåìïåðàòóðó
1000 °Ñ è áîëåå. Íè îäèí èç ñóùåñòâóþùèõ öèôðîâûõ íîñèòåëåé íå ñïîñîáåí
îáåñïå÷èòü õðàíåíèå äàííûõ â òàêèõ óñëîâèÿõ.

Â íàñòîÿùåå âðåìÿ îñâîåíî ìàññîâîå ïðîèçâîäñòâî ñèíòåòè÷åñêèõ

ìîíîêðèñòàëëîâ ñàïôèðà è ïîëèðîâàííûõ ïîäëîæåê ñ çàäàííîé êðèñòàë-
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ëîãðàôè÷åñêîé îðèåíòàöèåé. Åäèíñòâåííûé àíîíñèðóåìûé ñåãîäíÿ ñàï-

ôèðîâûé íîñèòåëü, ñïîñîáíûé îáåñïå÷èòü äîëãîâðåìåííîå õðàíåíèå äàí-

íûõ è îðèåíòèðîâàííûé íà ìàññîâîå ïðîèçâîäñòâî, — íîñèòåëü, èçãîòàâ-

ëèâàåìûé ïî ïðîåêòó La Nanoforme [16]. Ïðåäïîëàãàåòñÿ èçãîòîâëåíèå

îïòè÷åñêèõ ñàïôèðîâûõ íîñèòåëåé ðàçëè÷íûõ äèàìåòðîâ îò äâóõ äî ÷åòû-

ðåõ äþéìîâ. Èíôîðìàöèÿ çàïèñûâàåòñÿ íà íîñèòåëü â àíàëîãîâîé ôîðìå

(â âèäå èçîáðàæåíèé). Çàïèñü äàííûõ íà òàêîé íîñèòåëü îñóùåñòâëÿåòñÿ

ôåìòîñåêóíäíûìè èìïóëüñàìè ñôîêóñèðîâàííîãî ëàçåðíîãî èçëó÷åíèÿ ñ

ïîñëåäóþùèì æèäêîñòíûì ñåëåêòèâíûì òðàâëåíèåì, â ðåçóëüòàòå êîòî-

ðîãî ôîðìèðóåòñÿ ìèêðîðåëüåôíàÿ ñòðóêòóðà íà ïîâåðõíîñòè ïîäëîæêè

íîñèòåëÿ èíôîðìàöèè.

Àíàëîãîâàÿ ôîðìà ïðåäñòàâëåíèÿ äàííûõ â îïòè÷åñêèõ íîñèòåëÿõ

äîëãîâðåìåííîãî õðàíåíèÿ ïîçâîëÿåò èñïîëüçîâàòü ðàçëè÷íûå ñèñòåìû

ñ÷èòûâàíèÿ çàïèñàííîé èíôîðìàöèè, âêëþ÷àÿ îïòè÷åñêèå ìèêðîñêîïû,

îäíàêî íå ïîçâîëÿåò ðåàëèçîâàòü âîñïðîèçâåäåíèå äàííûõ íà ñòàíäàðòíûõ

óñòðîéñòâàõ. Öåëåñîîáðàçíîñòü ïðèìåíåíèÿ ñàïôèðà â êà÷åñòâå ïîäëîæêè

äëÿ äèñêîâ áûëî î÷åâèäíûì, îäíàêî íàëè÷èå îïòè÷åñêîé àíèçîòðîïèè

ìîíîêðèñòàëëà ñàïôèðà ïðåïÿòñòâîâàëî ñîçäàíèþ öèôðîâîãî îïòè÷åñêî-

ãî ñàïôèðîâîãî äèñêà.
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Ïðè âîñïðîèçâåäåíèè äàííûõ ÷åðåç ïîäëîæêó èç ìîíîêðèñòàëëè÷åñ-

êîãî ñàïôèðà âîçíèêàåò ïðîáëåìà, ñâÿçàííàÿ ñî çíà÷èòåëüíûì äâóëó÷å-

ïðåëîìëåíèåì (n0 = 1,78038, ne = 1,77206, � = 0,442 ìêì). Äëÿ êîìïåíñàöèè

âëèÿíèÿ äâóëó÷åïðåëîìëåíèÿ, ïðèâîäÿùåãî ê óâåëè÷åíèþ äèàìåòðà ñôî-

êóñèðîâàííîãî ïÿòíà, ïðåäëîæåíî èñïîëüçîâàòü êîìïåíñèðóþùóþ ïëàñ-

òèíêó èç ìîíîêðèñòàëëè÷åñêîãî êâàðöà, ðàñïîëîæåííóþ ìåæäó ôîêóñè-

ðóþùèì îáúåêòèâîì è ïîäëîæêîé íîñèòåëÿ èíôîðìàöèè. Ââèäó òîãî, ÷òî

ðàçíîñòü ìåæäó ïîêàçàòåëÿìè ïðåëîìëåíèÿ îáûêíîâåííîãî è íåîáûêíî-

âåííîãî ëó÷åé èìååò ïðèáëèçèòåëüíî òàêîå æå çíà÷åíèå, êàê è äëÿ ñàï-

ôèðà, íî ñ ïðîòèâîïîëîæíûì çíàêîì, óäàëîñü ñêîìïåíñèðîâàòü ðàçìûòèå

ñôîêóñèðîâàííîãî ÷åðåç ñàïôèðîâóþ ïîäëîæêó èçëó÷åíèÿ, èñïîëüçóåìî-

ãî äëÿ âîñïðîèçâåäåíèÿ äàííûõ.

Ðàçìåùåíèå êâàðöåâîé êîìïåíñàöèîííîé ïëàñòèíêè òîëùèíîé 0,5 ìì

â îïòè÷åñêîì êàíàëå ñòàíäàðòíîãî DVD ïëååðà ïîçâîëÿåò ñ÷èòûâàòü èí-

ôîðìàöèþ ÷åðåç ïîäëîæêó èç ñàïôèðà òîëùèíîé 0,7 ìì. Ðåçóëüòàòû ïðî-

âåäåííûõ ýêñïåðèìåíòîâ ñâèäåòåëüñòâóþò î âîçìîæíîñòè êîìïåíñàöèè

îïòè÷åñêèõ èñêàæåíèé, âîçíèêàþùèõ ïðè ôîêóñèðîâêå ëàçåðíîãî èçëó-

÷åíèÿ ÷åðåç ñàïôèðîâóþ ïîäëîæêó, à ãëàâíîå — îá îòñóòñòâèè îãðàíè-

÷åíèé íà ñîçäàíèå äèñêîâ äîëãîâðåìåííîãî õðàíåíèÿ äàííûõ. Âîñïðîèç-

âåäåíèå çàïèñàííûõ äàííûõ îñóùåñòâëÿåòñÿ íà ïðîèãðûâàòåëÿõ îïòè÷åñêèõ

äèñêîâ ñ íåáîëüøîé ìîäåðíèçàöèåé, êîòîðàÿ çàêëþ÷àåòñÿ â ðàçìåùåíèè

äîïîëíèòåëüíîé ôàçîâðàùàþùåé ïëàñòèíêè, ðàñïîëîæåííîé ìåæäó ôî-

êóñèðóþùåé ëèíçîé è íîñèòåëåì èíôîðìàöèè äëÿ êîìïåíñàöèè ÿâëåíèÿ

äâîéíîãî ëó÷åïðåëîìëåíèÿ â ñàïôèðîâîé ïîäëîæêå [18]. Ìèêðîðåëüåô-

íûå ñòðóêòóðû ïîëó÷àþò íà ïîâåðõíîñòè ñàïôèðîâûõ ïîäëîæåê â ðåçóëü-

òàòå ïëàçìîõèìè÷åñêîãî òðàâëåíèÿ (ðèñ. 2). Çàïèñü èíôîðìàöèè íà ñàïôè-

ðîâûé äèñê îñóùåñòâëÿåòñÿ íà ñòàíöèè ëàçåðíîé çàïèñè äèñêîâ-îðèãèíà-

ëîâ, èñïîëüçóåìîé â ïðîèçâîäñòâå êîìïàêò-äèñêîâ.

Âûâîäû

Ñîçäàíèå îïòè÷åñêèõ íîñèòåëåé äîëãîâðåìåííîãî õðàíåíèÿ äàííûõ îñ-

íîâàíî íà èñïîëüçîâàíèè ìèêðîðåëüåôíîé çàïèñè èíôîðìàöèè íà ñàïôèðî-

âûõ ïîäëîæêàõ. Çàïèñü äàííûõ îñóùåñòâëÿåòñÿ â ôîðìàòàõ, èñïîëüçóåìûõ

ïðè çàïèñè èíôîðìàöèè íà êîìïàêò-äèñêè. Èñïîëüçîâàíèå ñàïôèðîâûõ îï-

òè÷åñêèõ äèñêîâ ïîçâîëÿåò îðãàíèçîâàòü äîëãîâðåìåííîå õðàíåíèå ýëåêò-

ðîííîé äîêóìåíòàöèè áåç ïðèìåíåíèÿ ñëîæíûõ è äîðîãîñòîÿùèõ òåõíî-

ëîãè÷åñêèõ ïåðåõîäîâ èç öèôðîâîé ôîðìû â àíàëîãîâóþ è îáðàòíî, à

òàêæå ïîâûøàåò çàùèùåííîñòü ýëåêòðîííîé èíôîðìàöèè îò ïîòåðü, íå-

ñàíêöèîíèðîâàííîãî äîñòóïà è âíåñåíèÿ èçìåíåíèé.
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V.V. Petrov, A.A. Kryuchyn, S.M. Shanoylo

OPTICAL CARRIERS FOR LONG-TERM DATA STORAGE

Methods for creating optical carriers for long-term storage have been analyzed. It is shown that
the problem of long-term storage of strategic information can be solved using sapphire discs with
microrelief representation of the data. The data are presented on recording submicron structures
on the surface of the sapphire substrate and reproducing the recorded data by a focused laser
beam.

Keywords: optical media, long-term storage of information, sapphire discs.

REFERENCES

1. Petrov, V.V., Puzikov, V.M. and Kryuchyn, A.A. et al. (2009), “Optical discs for long-term
storage of information”, Nanosistemy, nanomater³aly, nanotekhnolog³i, Vol. 7, no. 3, pp. 825-

832.

2. Podoynytsyn, V.À., Kozyrev, V.M. and Pakhomova, I.V. (2014), “Problematic issues of ar-
chiving audiovisual documents on optical disks”, Strakhovoi fond dokumentatsii, no. 2 (17),
pp. 22-32.

3. Petrov, V.V., Kryuchyn, A.A., Òîkar, A.P. et al. (1992), Optiko-mekhanicheskie zapomi-
nayushie ustroistva [Optomechanical storages], Responsible editor Dodonov, À.G., Nauko-
va dumka, Kiev, Ukraine.

4. Petrov, V.V., Kryuchyn, A.A., Shanoylo, S.M., Êravets, V.G., Kossko, I.O., Belyak, Ye.V.,
Lapchuk, A.S. and Kostyukevych, S.O. (2009), Nadshchilnyi optychnyi zapys informatsii
[Superhigh density optical recording of information], Institut problem reyestratsii
informatsii, NAS Ukrainy, Kiev, Ukraine.

5. Petrov, V.V., Kryuchyn, A.A., Gorbov, I.V., Kossko, I.O. and Kostyukevych, S.O. (2009),
“Analysis of properties of optical carries after long-term storage”, Semiconductor Physics,
Quantum Electronics and Optoelectronics, Vol. 12, no. 4, pp. 399-402.

6. Nikles, D.E. and Wiest, J.M. (1999), “Accelerated aging studies and the prediction of the ar-
chival lifetime of optical disc media”, Recent Advances in Metrology, Characterization, and
Standards for Optical Digital Data Disks, Proc. SPIE 3806, Denver, CO, USA, July 18,
1999, p. 30.

7. Plasmon News. First Real-Time Tests Help Determine Security of Data Stored on WORD
Media, available at: http://www.plasmon.com.

8. Summary Report by ISO/IEC 10995 Test Program Performed by Millenniata on M-DISCTM

DVD, available at: http://www.mdisc.com/uploads/M-DISC_1sheet_Test_Summary.pdf.

9. “Study operating drives for long-term data storage”, available at: http://ichip.ru/izuchaem-
nakopiteli-dlya-dlitelnogo-hraneniya-dannih.html.

10. Vries, J., Schellenberg, D., Abelmann, L. et al. (2013), “Towards gigayear storage using a
silicon-nitride/tungsten based medium”, Arxiv.org., Article ID arXiv:1310.2961v1.

11. Hitachi claims glass data storage will last millions of year, available at: http://
www.theregister.co.uk/2012/09/24/hitachi_glass_storage/.

12. Zhang, J., Gecevicius, M., Beresna, M. et al. (2013), “5D data storage by ultrafast laser
nanostructuring in glass”, CLEO: Science and Innovations paper: CTh5D.9 .

13. Shimotsuma, Y., Sakakura, M., Kazansky, P.G. et al. (2010), “Ultrafast manipulation of
self-assembled form birefringence in glass”, Advanced Materials, Vol. 22, pp. 4039-4043.

14. Zhang, J., Gecevicius, M., Beresna, M. et al. (2014), “Seemingly unlimited lifetime data
storage in nanostructured glass”, Physical Review Letters, Vol. 112, Article ID 033901.

Â.Â. Ïåòðîâ, À.À. Êðþ÷èí, C.Ì. Øàíîéëî

106 ISSN 0204–3572. Electronic Modeling. 2016. V. 38. ¹ 4

�

�



15. Fahrenheit 2451 - Preserve Your Data in a Sapphire Disk: Preserve your most precious me-
mories for thousands of years, available at: http://icrowdnewswire.com/2015/06/30/fahren-
heit-2451-preserve-your-data-in-a-sapphire-disk-preserve-your-most-precious-memories-
for-thousands-of-years-the-only-storage-medium-that-resists-fire-water-and-time/.

16. New storage disc that secures data for 2.000 years +, available at: http://www.abovetop-
secret.com/forum/thread855634/pg1.

17. Petrov, V.V. and Semynozhenko, V.P. (2014), “The latest technology for long-term storage
of sapphire optical disk”, Visnyk. NAN Ukrainy, no. 4, pp. 24-32.

18. Petrov, V.V., Semynozhenko, V.P., Puzikov, V.M., Kryuchyn, A.A., Lapchuk, A.S., Moro-
zov, Ye.M., Borodin, Y.O., Shyhovets, O.V. and Shanoylo, S.M. (2014), “Method of aber-
ration compensation in sapphire optical disks for the long term data storage”, Functional
Materials, Vol. 21 (1), pp. 105-111.

Ïîñòóïèëà 08.06.16

ÏÅÒÐÎÂ Âÿ÷åñëàâ Âàñèëüåâè÷, àêàäåìèê ÍÀÍ Óêðàèíû, äèðåêòîð Èí-òà ïðîáëåì ðåãèñòðà-
öèè èíôîðìàöèè ÍÀÍ Óêðàèíû. Â 1962 ã. îêîí÷èë Õàðüêîâñêèé ïîëèòåõíè÷åñêèé èí-ò. Îá-
ëàñòü íàó÷íûõ èññëåäîâàíèé — èíôîðìàòèêà, ìàòåðèàëîâåäåíèå, íàíîòåõíîëîãèè.

ÊÐÞ×ÈÍ Àíäðåé Àíäðååâè÷, ÷ë.-êîð. ÍÀÍ Óêðàèíû, çàì. äèðåêòîðà Èí-òà ïðîáëåì ðåãèñò-
ðàöèè èíôîðìàöèè ÍÀÍ Óêðàèíû. Â 1971 ã. îêîí÷èë Êèåâñêèé óíèâåðñèòåò èì. Ò.Ã. Øåâ÷åíêî.
Îáëàñòü íàó÷íûõ èññëåäîâàíèé — èíôîðìàöèîííûå òåõíîëîãèè, íàíîòåõíîëîãèè.

ØÀÍÎÉËÎ Ñåìåí Ìèõàéëîâè÷, êàíä. òåõí. íàóê, ñò. íàó÷. ñîòð., ó÷åíûé ñåêðåòàðü Èí-òà
ïðîáëåì ðåãèñòðàöèè èíôîðìàöèè ÍÀÍ Óêðàèíû. Â 1971 ã. îêîí÷èë Êèåâñêèé ïîëèòåõíè÷åñêèé
èí-ò. Îáëàñòü íàó÷íûõ èññëåäîâàíèé — èíôîðìàöèîííûå òåõíîëîãèè.

Îïòè÷åñêèå íîñèòåëè äîëãîâðåìåííîãî õðàíåíèÿ èíôîðìàöèè

ISSN 0204–3572. Ýëåêòðîí. ìîäåëèðîâàíèå. 2016. Ò. 38. ¹ 4 107




