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Óñîâåðøåíñòâîâàííûå íàíîòåõíîëîãè÷åñêèå ìåòîäû îáðàáîòêè îïòè÷åñêèõ ýëåìåíòîâ è

óñòðîéñòâ îïòîýëåêòðîíèêè ïîçâîëÿþò ïðèìåíÿòü èííîâàöèîííûå ïîêðûòèÿ íà îñíîâå îðèåíòè-

ðîâàííûõ óãëåðîäíûõ íàíîòðóáîê (ÓÍÒ). Ìîäèôèöèðîâàííàÿ òàêèì îáðàçîì ïîâåðõíîñòü çà-

ùèòíûõ ñòåêîë è îïòè÷åñêèõ ýëåìåíòîâ ñïåêòðàëüíûõ ïðèáîðîâ ïðåäîòâðàùàåò âëèÿíèå íèçêî-

âîëüòíîé èñêðû íà óñòðîéñòâà, óâåëè÷èâàåò ñðîê èõ ñëóæáû è ïîâûøàåò êà÷åñòâî ðàáîòû.

Ðàññìîòðåí ëàçåðíûé ñïîñîá íàíåñåíèÿ ïîêðûòèé, ïîçâîëÿþùèé îäíîâðåìåííî îáðàáàòûâàòü

äî øåñòè ýëåìåíòîâ ñïåêòðîìåòðîâ. Äàííûé ñïîñîá ïîâûøàåò çàùèòó è óëó÷øàåò ñâåòîïðî-

ïóñêàíèå îïòè÷åñêîé ñèñòåìû. Ïðèâåäåíà ýêñïåðèìåíòàëüíàÿ ñõåìà íàíåñåíèÿ íàíîñòðóêòóð

ñ âñòðîåííîé ìåòàëëè÷åñêîé ñåòêîé, îïðåäåëåíû îïòèìàëüíûå óñëîâèÿ îáðàáîòêè èçäåëèé ëàçåð-

íûì èçëó÷åíèåì. Îòìå÷åíî óâåëè÷åíèå ñïåêòðà ïðîïóñêàíèÿ ñ íàíåñåííûìè ÓÍÒ íà îïòè÷åñêèé

ýëåìåíò. Ïðåäñòàâëåíû äàííûå ïî èçìåíåíèþ ñïåêòðà ïðîïóñêàíèÿ íàíîñòðóêòóðèðîâàííîãî îá-

ðàçöà, êîòîðûå ìîãóò áûòü èñïîëüçîâàíû â ýìèññèîííûõ ñïåêòðîìåòðàõ ñ ðàáî÷èì äèàïàçîíîì

ñïåêòðà 175 – 400 íì.

Êëþ÷åâûå ñëîâà: íàíîïîêðûòèÿ; ëàçåðíûé ñïîñîá íàíåñåíèÿ; ñâåòîïðîïóñêàíèå.

Ñîâðåìåííûå ñïåêòðàëüíûå ïðèáîðû — ðåçóëüòàò

ñîçäàíèÿ îïòîýëåêòðîííûõ óñòðîéñòâ ñ ïðèìåíåíèåì

íàíîïîêðûòèé [1 – 12]. Äëÿ óâåëè÷åíèÿ ñðîêà èõ

ñëóæáû è óëó÷øåíèÿ êà÷åñòâà ðàáîòû íà îïòè÷åñêèå
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ýëåìåíòû óñòðîéñòâ íàíîñÿò ðàçëè÷íûå òîíêîïëåíî÷-

íûå ïîêðûòèÿ.

Äëÿ íàíåñåíèÿ íàíîïîêðûòèé ïðèìåíÿþò ëàçåð.

Â ðàáîòàõ [5 – 12] îïðåäåëåíû óñëîâèÿ ôîðìèðîâàíèÿ

íàíîñòðóêòóð íà ïîâåðõíîñòè ìàòåðèàëîâ ïðè âîç-

äåéñòâèè ëàçåðíîãî èçëó÷åíèÿ èíôðàêðàñíîãî äèàïà-

çîíà ñïåêòðà. Óñòàíîâëåíî, ÷òî â ðåçóëüòàòå ëàçåðíîãî

âîçäåéñòâèÿ ïðîèñõîäèò îáðàçîâàíèå ñëîåâ óãëåðîä-

íûõ íàíîòðóáîê (ÓÍÒ), ðàâíîìåðíî ðàñïðåäåëåííûõ

ïî ïëîùàäè ïîâåðõíîñòè ìàòåðèàëà, ïðè÷åì ïðî-

ïóñêàíèå, ìèêðîòâåðäîñòü, óãîë ñìà÷èâàåìîñòè çàâè-

ñÿò îò âåëè÷èíû íàïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ,

ïðèìåíÿåìîãî ïðè îñàæäåíèè íàíîñòðóêòóð. Íàíî-

ñòðóêòóðíîå ñîñòîÿíèå âåùåñòâà äîñòèãàåòñÿ ïðè äåé-

ñòâèè ëàçåðíîãî èçëó÷åíèÿ âûñîêîé ïëîòíîñòè

[13, 14].

Öåëü ðàáîòû — óëó÷øåíèå ñâåòîïðîïóñêàíèÿ

îïòè÷åñêèõ ýëåìåíòîâ ýìèññèîííûõ è Ôóðüå-ñïåêòðî-

ìåòðîâ ñ ïîìîùüþ íàíåñåíèÿ ÓÍÒ-ïîêðûòèÿ.

Äëÿ ëàçåðíîãî íàíåñåíèÿ íàíîñòðóêòóð èñïîëüçî-

âàëè óñòàíîâêó ñ ìàêñèìàëüíûì ÷èñëîì îäíîâðåìåí-

íî îáðàáàòûâàåìûõ îáðàçöîâ äî 6. Ïðèíöèïèàëüíàÿ

ñõåìà óñòàíîâêè ïðèâåäåíà íà ðèñ. 1. Äëÿ óâåëè÷åíèÿ

ñïåêòðàëüíîãî ïðîïóñêàíèÿ îïòè÷åñêîãî ýëåìåíòà

ïðè îñàæäåíèè ÓÍÒ ðÿäîì ñ ïðîçðà÷íîé ïîäëîæêîé 2

ðàçìåùàëè ìåòàëëè÷åñêóþ ñåòêó 3 ñ ðàçìåðîì ÿ÷åéêè

~100 ìêì. Ïàðàìåòðû ÓÍÒ ñîîòâåòñòâîâàëè ïàñïîðò-

íûì çíà÷åíèÿì (ALDRICH 704121) [15]. Ðàññòîÿíèå

îò ñåòêè äî ïîäëîæêè ðåãóëèðîâàëîñü, â ðåçóëüòàòå

÷åãî ìàêñèìàëüíàÿ èíòåíñèâíîñòü ëàçåðíîãî èçëó÷å-

íèÿ íà ìèøåíè äîñòèãàëà 6 · 109 Âò�ì2.

Ñïåêòðàëüíûå ñâîéñòâà îïòè÷åñêèõ ýëåìåíòîâ

ïðè èõ íàíîñòðóêòóðèðîâàíèè ÓÍÒ èññëåäîâàëè ñ ïî-

ìîùüþ ñïåêòðîìåòðîâ ÑÔ-26 è ÔÑÌ 2211 (Ðîññèÿ).

Â êà÷åñòâå îáðàçöîâ èñïîëüçîâàëè ìîíîêðèñòàëëû

áðîìèäà êàëèÿ.

Íà ðèñ. 2 ïðåäñòàâëåíî ðàñïîëîæåíèå íà îáðàçöå

îáëàñòåé èññëåäîâàíèÿ (áåç è ñ ÓÍÒ), â êîòîðûõ èçìå-

ðÿëè ñâåòîïðîïóñêàíèå.

Íà ðèñ. 3 ïîêàçàíà ïîâåðõíîñòü îáðàçöà ñ ÓÍÒ íà

ïîäëîæêå KBr, ïîëó÷åííàÿ ìåòîäîì àòîìíî-ñèëîâîé

ìèêðîñêîïèè (ÀÑÌ). Íà ðèñ. 4 — ñïåêòðû ïðîïóñêà-

íèÿ îáðàçöà ñ íàíåñåííûìè ÓÍÒ è áåç íàíîñòðóêòó-
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Ðèñ. 1. Ïðèíöèïèàëüíàÿ

ñõåìà óñòàíîâêè: 1 —

CO2-ëàçåð; 2 — ïðîçðà÷-

íàÿ ïîäëîæêà (îáðàçåö);

3 — ìåòàëëè÷åñêàÿ ñåòêà;

4 — óãëåðîäíàÿ ìèøåíü

1 2

Ðèñ. 2. Ðàñïîëîæåíèå îáëàñòåé

èññëåäîâàíèÿ îïòè÷åñêîãî ýëå-

ìåíòà áåç (1 ) è ñ ÓÍÒ (2 )

Ðèñ. 3. Ïîâåðõíîñòü îáðàçöà ñ ÓÍÒ, ïîëó÷åííàÿ ìåòîäîì ÀÑÌ

1

2

96

Ï
ð
î
ï

ó
ñ
ê
à
í

è
å
,
%

Äëèíà âîëíû, íì

94

92

90

88

86

84

82

100 200 400

Ðèñ. 4. Ñïåêòðû ïðîïóñêàíèÿ îáðàçöà KBr ñ íàíåñåííûìè ÓÍÒ
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Ðèñ. 5. Ñïåêòðû ïðîïóñêàíèÿ ïðè íàïðÿæåííîñòè ýëåêòðè÷å-
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ðû. Âèäíî, ÷òî â ñëó÷àå íàíåñåíèÿ ÓÍÒ ñïåêòð ïðî-

ïóñêàíèÿ óâåëè÷èâàåòñÿ. Óâåëè÷åíèå ñâåòîïðîïóñêà-

íèÿ íà 8 – 10 % â äèàïàçîíå äëèí âîëí 170 – 400 íì

ìîæíî îáúÿñíèòü îáðàçîâàíèåì èîííî-êîâàëåíòíîé

ñâÿçè ìåæäó ÓÍÒ è ïðèïîâåðõíîñòíûìè àòîìàìè ìà-

òåðèàëà (KBr).

Èçìåíåíèå ñïåêòðà ïðîïóñêàíèÿ â ÈÊ-îáëàñòè â

çàâèñèìîñòè îò íàïðÿæåííîñòè ïîëÿ â ïðîöåññå ëàçåð-

íîãî îñàæäåíèÿ ÓÍÒ ïðåäñòàâëåíî íà ðèñ. 5. Âèäíî,

÷òî ñâåòîïðîïóñêàíèå ðàñòåò ñ óâåëè÷åíèåì íàïðÿ-

æåííîñòè ýëåêòðè÷åñêîãî ïîëÿ íà ñåòêå ïðè îñàæäå-

íèè ÓÍÒ. Ýòî íå ïðîòèâîðå÷èò ìàëîñòè âåëè÷èíû

ìíèìîé ÷àñòè äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè ÓÍÒ,

îòâåòñòâåííîé çà ïîãëîùåíèå, äëÿ óêàçàííîãî äèàïà-

çîíà ñïåêòðà [5 – 12].

Òàêèì îáðàçîì, ïðîâåäåííûå èññëåäîâàíèÿ ïîêà-

çàëè, ÷òî ëàçåðíîå îñàæäåíèå ÓÍÒ óâåëè÷èâàåò ñâåòî-

ïðîïóñêàíèå. Ýòî ìîæíî èñïîëüçîâàòü äëÿ óëó÷øåíèÿ

õàðàêòåðèñòèê îïòè÷åñêèõ ýëåìåíòîâ ýìèññèîííûõ

è Ôóðüå-ñïåêòðîìåòðîâ (äèàïàçîíû 175 – 400 è 1400 –

2600 íì ñîîòâåòñòâåííî). Ïàðàìåòðû ïîêðûòèÿ è

îïòè÷åñêîãî ýëåìåíòà îïðåäåëÿþòñÿ ñïåêòðàëüíûìè

õàðàêòåðèñòèêàìè, ãåîìåòðè÷åñêèìè ðàçìåðàìè, ðåëü-

åôîì ïîâåðõíîñòè, êîýôôèöèåíòàìè ïðåëîìëåíèÿ,

ïðî÷íîñòüþ, à òàêæå çàâèñÿò îò ìàòåðèàëà, íà êîòîðûé

íàíîñèòñÿ ïîêðûòèå. Ïðè ðåãóëèðîâàíèè íàïðÿæåí-

íîñòè ýëåêòðè÷åñêîãî ïîëÿ íà ñåòêå â ïðîöåññå íàïû-

ëåíèÿ íàíîïîêðûòèÿ ìîæíî ïîëó÷èòü êàê óâåëè÷åíèå,

òàê è óìåíüøåíèå ñâåòîïðîïóñêàíèÿ, ÷òî íåîáõîäèìî

ïðè êîíòðîëå èíòåíñèâíîñòè ÿðêèõ èñòî÷íèêîâ ñâåòà

(íàïðèìåð, íèçêîâîëüòíîé èñêðû). Â ðåçóëüòàòå ìîæ-

íî ñîçäàòü ïîêðûòèå, óïðàâëÿþùåå ñâåòîâûì èçëó÷å-

íèåì ñ ó÷åòîì ïðîöåññîâ îòðàæåíèÿ, ïîãëîùåíèÿ,

ïðåëîìëåíèÿ ñâåòîâûõ ïó÷êîâ â ðåàëüíîì ìàñøòàáå

âðåìåíè.
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Improvement of nanotechnological methods of treating optical components and optîålectronic devices

provides application of innovation coatings based on oriented carbon nanotubes (CNT) for surface modi-

fication. The modified surface of safety glass and optical elements of spectral devices prevent the impact

of low-voltage spark on the optical elements, thus increasing their lifetime and improving the quality of

the device operation. We present a new method of coating optical elements of the devices aimed at pro-

tection and improvement of the transmittance of the optical system. A laser method and experimental

scheme of simultaneous application of nanocoatings to 6 pieces of the spectrometers are presented. An

example of the experimental scheme with a built-in metallic mesh which provides optimal conditions of

laser treatment is considered. Data on the change in the transmittance spectrum of the nanostructured

CNT specimen valid for emission spectrometers with a working wavelength ranging from 175 to 400 nm

illustrate an increase in the transmittance spectrum attributed to CNT-induced surface modification. It is

important that indicated spectrum range is characteristic for the internal elements of optical emission

spectrometers.

Keywords: nanocoatings; laser method of coating; light transmission.
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