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Àííîòàöèè

Èçìåðåíèå è àíàëèç ðàçâèòèÿ
íàíîòåõíîëîãèè

À.È. Òåðåõîâ

Â ñòàòüå ïðåäñòàâëåí êðàòêèé íàóêîìåòðè÷å-
ñêèé àíàëèç ðàçâèòèÿ íàíîòåõíîëîãèè â Ðîññèè è â
ìèðå. Çíà÷èòåëüíîå âíèìàíèå óäåëåíî ïðîáëåìå
èññëåäîâàòåëüñêèõ êàäðîâ â îáåñïå÷åíèè ïåðñïåê-
òèâ ýòîé ìåæäèñöèïëèíàðíîé íàó÷íîé îáëàñòè â
íàøåé ñòðàíå. Ðàññìîòðåíû ýêîíîìè÷åñêèå àñïåê-
òû ðàçâèòèÿ íàíîòåõíîëîãèè, îñîáåííîñòè è ñëîæ-
íîñòè åå êîììåðöèàëèçàöèè. Ýìïèðè÷åñêóþ îñíî-
âó èññëåäîâàíèÿ ñîñòàâèëè ñòàòèñòè÷åñêèå äàí-
íûå, ïîëó÷åííûå èç ÁÄ SCI-Expanded, à òàêæå
îòå÷åñòâåííûõ ÁÄ: ÐÔÔÈ è ÂÀÊ Ðîññèè. Äëÿ
ðàñ÷åòà ýêîíîìè÷åñêèõ èíäèêàòîðîâ èñïîëüçîâàíà
îôèöèàëüíàÿ èíôîðìàöèÿ è äàííûå ñïåöèàëèçè-
ðîâàííûõ Èíòåðíåò-ñàéòîâ.

Àòîìíî-ìîëåêóëÿðíàÿ ñáîðêà
íà îñíîâå õèìè÷åñêîé ñâÿçè:
ïðèðîäà è ìåõàíèçì ôîðìèðîâàíèÿ

À.À. Ïîòàïîâ

Äàåòñÿ êðàòêèé àíàëèç ñîñòîÿíèÿ èññëåäîâà-
íèé â îáëàñòè õèìè÷åñêîé ñâÿçè êàê îñíîâû àòîì-
íî-ìîëåêóëÿðíîé ñáîðêè. Ïðåäëàãàåòñÿ äëÿ îá-
ñóæäåíèÿ ýëåêòðîñòàòè÷åñêàÿ ìîäåëü ôîðìèðîâà-
íèÿ õèìè÷åñêîé ñâÿçè, îñíîâàííàÿ íà ïðåäñòàâëå-
íèè î äèïîëü-îáîëî÷å÷íîì ñòðîåíèè àòîìîâ. Ïðè-
âåäåíû ïðèìåðû ýêñïåðèìåíòàëüíîãî ïîäòâåðæäå-
íèÿ ïðåäëàãàåìîé ìîäåëè õèìè÷åñêîé ñâÿçè.

Îòêðûòèå ôèçè÷åñêèõ ïðèíöèïîâ
óïðî÷íåíèÿ ìàòåðèàëîâ ñëîÿìè
îáúåìíîãî çàðÿäà

Ô.È. Âûñèêàéëî, Â.Ñ. Òèâêîâ

Âïåðâûå îáñóæäàåòñÿ âîçìîæíîñòü óïðî÷íå-
íèÿ êîìïîçèòíûõ ìàòåðèàëîâ ôîðìèðîâàíèåì íà
èõ ïîâåðõíîñòè ñëîåâ îáúåìíîãî çàðÿäà. Â êà÷åñò-
âå ëîâóøåê äëÿ ñâîáîäíûõ ýëåêòðîíîâ, ôîðìèðó-
þùèõ îòðèöàòåëüíî çàðÿæåííûé ñëîé îáúåìíîãî
çàðÿäà íà ïîâåðõíîñòè óïðî÷íÿåìîãî ìàòåðèàëà,
ìîæíî èñïîëüçîâàòü ôóëëåðåíû, íàíîòðóáêè è
èíûå íàíîñòðóêòóðû ñ áîëüøèì ñðîäñòâîì ê ýëåê-
òðîíó. Ýòè íàíîñòðóêòóðû ñ áîëüøèì ñðîäñòâîì ê
ýëåêòðîíó (ìîäèôèêàòîðû) ïðèñîåäèíÿþò ê ñåáå
ñâîáîäíûå ýëåêòðîíû è òåì çàðÿæàþò ïîëîæèòå-
ëüíûì çàðÿäîì ìîäèôèöèðóåìûé ìàòåðèàë. Êàê
ïîêàçûâàþò àíàëèòè÷åñêèå ðàñ÷åòû, ìîäèôèêàöèÿ
ïðî÷íîñòíûõ õàðàêòåðèñòèê êîìïîçèòíûõ ìàòåðè-
àëîâ ñëîÿìè îáúåìíîãî çàðÿäà âîçìîæíà â äåñÿòêè
ðàç! Ïðîâåäåíû àíàëèòè÷åñêèå ðàñ÷åòû ðåçîíàíñ-
íûõ îáúåìíûõ ïðîöåíòíûõ êîíöåíòðàöèé ìîäè-
ôèêàòîðà, ïðè èçâåñòíûõ õàðàêòåðíûõ ðàçìåðàõ
íàíîêðèñòàëëà è ñàìîãî ìîäèôèêàòîðà. Ñîãëàñíî
àíàëèòè÷åñêèì ðàñ÷åòàì ìîæíî íàäåÿòüñÿ íà
óïðî÷íåíèå ìîëåêóëàìè C60 äî 104 ÃÏà êðèñòàë-
ëîâ ìåäè è äðóãèõ ìàòåðèàëîâ ñî ñâîáîäíûìè
ýëåêòðîíàìè.

Ïîëó÷åíèå ôóëëåðåíîâ
è óãëåðîäíûõ íàíîòðóáîê,
èçó÷åíèå àãðåãàöèè óãëåðîäíûõ
íàíîòðóáîê è ïðèìåíåíèå
óãëåðîäíûõ íàíîìàòåðèàëîâ
â íàíîêîìïîçèòàõ

Å.Í. Áîðìîíòîâ,
Ë.À. Áèòþöêàÿ, Þ.Â. Ñîêîëîâ

Ïîëó÷åíû ôóëëåðåíû è óãëåðîäíûå íàíîòðóá-
êè â ìàññîâûõ êîëè÷åñòâàõ. Èçó÷åíà àãðåãàöèÿ óã-
ëåðîäíûõ íàíîòðóáîê â ðàçëè÷íûõ æèäêèõ ñðåäàõ
(òîëóîë, àöåòîí, äèñòèëëèðîâàííàÿ âîäà). Ïîëó÷å-
íû íàíîêîìïîçèöèîííûå ìàòåðèàëû, ëåãèðîâàííûå
ôóëëåðåíàìè è óãëåðîäíûìè íàíîòðóáêàìè.
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Íàíîñòðóêòóðèðîâàííûå
ìèíåðàëüíî-óãëåðîäíûå ñîðáåíòû
è èññëåäîâàíèå èõ
õðîìàòîãðàôè÷åñêèõ ñâîéñòâ
ïðè ðàçäåëåíè ñìåñè ôóëëåðåíîâ
C60 è Ñ70

Î.À. Êðîõèíà, Â.Í. Ïîñòíîâ

Ïîêàçàíà âîçìîæíîñòü èñïîëüçîâàíèÿ íàíîñò-
ðóêòóðèðîâàííûõ ìèíåðàëüíî-óãëåðîäíûõ ñîð-
áåíòîâ äëÿ õðîìàòîãðàôè÷åñêîãî ðàçäåëåíèÿ ñìå-
ñè ôóëëåðåíîâ C60, C70.

Ïîëó÷åííûå ñîðáåíòû ñî÷åòàþò â ñåáå ïîðèñ-
òóþ ñòðóêòóðó íåîðãàíè÷åñêèõ ìàòðèö ñ õèìè÷å-
ñêîé ïðèðîäîé ïîâåðõíîñòè óãëåðîäíûõ ìàòåðèà-
ëîâ. Â êà÷åñòâå ìàòðèöû ïðèìåíÿëè ìàêðîïîðè-
ñòûé êðåìíåçåì. Ðàññìîòðåíû ñïîñîáû íàíåñåíèÿ
óãëåðîäà íà ïîâåðõíîñòü êðåìíåçåìíîé ìàòðèöû.

Â ïðîöåññå ðàçäåëåíèÿ ôóëëåðåíîâ ìåòîäîì
æèäêîñòíîé õðîìàòîãðàôèè, ãäå â êà÷åñòâå íåïî-
äâèæíîé ôàçû èñïîëüçîâàëè ñèíòåçèðîâàííûå íàíî-
ñòóêòóðèðîâàííûå ìèíåðàëüíî-óãëåðîäíûå ñîðáåí-
òû, áûëè ïîëó÷åíû è âûäåëåíû â îòäåëüíûå ôðàê-
öèè ôóëëåðåíû Ñ60 ñ ÷èñòîòîé 99% è Ñ70, 98%.

Ñòðóêòóðû C60-ôóëëåðèòîâ ïî
äàííûì ýëåêòðîííîé ìèêðîñêîïèè

Ò.À. Øàáàíîâà

Ïðè òðàíñôîðìàöèè Ñ60 Ê óïîðÿäî÷åííûõ
ôóëëåðèòîâ â òåðìîäèíàìè÷åñêèõ óñëîâèÿõ «íà-
íîðàçìåðíîé ðåàêöèîííîé çîíû» îáðàçóþòñÿ
Ñ60-êóáè÷åñêèå, Ñ70-ðîìáè÷åñêèå è äð. ôóëëåðè-
òîâûå ñòðóêòóðû.

Èñïîëüçîâàíèå ñêàíèðóþùåãî
óñòðîéñòâà äëÿ íàïûëåíèÿ
óãëåðîäíûõ íàíîïëåíîê ìåòîäîì
ëàçåðíîé àáëÿöèè

Ä.Ã. Êàëþæíûé,
Ð.Ã. Çîíîâ, Ã.Ì. Ìèõååâ

Ïîêàçàíà âîçìîæíîñòü ïîëó÷åíèÿ óãëåðîäíûõ
ïëåíîê íà ïîâåðõíîñòè ïîääåðæèâàþùèõ ïîäëî-
æåê ìåòîäîì ëàçåðíîãî èñïàðåíèÿ â âàêóóìå, ïó-
òåì ñêàíèðîâàíèÿ ëàçåðíîãî ëó÷à ïî ïîâåðõíîñòè
íåïîäâèæíîé ìèøåíè. Ïëåíêè óãëåðîäà íàíîñè-
ëèñü íà êâàðöåâûå è ñòåêëÿííûå ïîäëîæêè. Ñêî-
ðîñòü ðîñòà ïëåíêè 5,5 íì/ìèí. Áûëè ïîëó÷åíû
ïëåíêè òîëùèíîé îò 20 íì äî 3 ìêì.

Ïðÿìîé äèíàìè÷åñêèé ñèíòåç
óëüòðàäèñïåðñíûõ êðèñòàëëè÷åñêèõ
ôàç ñèñòåìû B–C–N â
ãèïåðñêîðîñòíîé ïëàçìåííîé ñòðóå

À.À. Ñèâêîâ, À.ß. Ïàê

Ïðèâåäåíû ðåçóëüòàòû ïîèñêîâûõ èññëåäîâà-
íèé ïî äèíàìè÷åñêîìó ñèíòåçó êóáè÷åñêîãî íèòðè-
äà áîðà c-BN è êóáè÷åñêîãî íèòðèäà óãëåðîäà c-
Ñ N3 4 â ãèïåðñêîðîñòíîé èìïóëüñíîé ñòðóå áîð-óã-
ëåðîäíîé ýëåêòðîðàçðÿäíîé ïëàçìû, èñòåêàþùåé
â ïðîñòðàíñòâî ñ àçîòíîé àòìîñôåðîé. Èñòî÷íèêîì
ïëàçìû ÿâëÿåòñÿ ñèëüíîòî÷íûé èìïóëüñíûé êîàê-
ñèàëüíûé ìàãíèòîïëàçìåííûé óñêîðèòåëü ñ ãðà-
ôèòîâûì óñêîðèòåëüíûì êàíàëîì. Ïîëó÷åííûå
äàííûå ïîêàçûâàþò âîçìîæíîñòü ñèíòåçà óëüòðà-
äèñïåðñíîãî êóáè÷åñêîãî íèòðèäà áîðà è êîâàëåíò-
íîãî íèòðèäà óãëåðîäà.

Íàíîñòðóêòóðèðîâàííûå öåîëèòíûå
êàòàëèçàòîðû àëêèëèðîâàíèÿ
èçîáóòàíà áóòàí-áóòèëåíîâîé
ôðàêöèåé

Ð.Ð. Øèðèÿçäàíîâ

Ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèé ïðîöåññà
àëêèëèðîâàíèÿ èçîáóòàíà áóòàí-áóòèëåíîâîé ôðàê-
öèåé íà óëüòðàñòàáèëüíîì öåîëèòå òèïà Y â ïîëè-
êàòèîí-äåêàòèîíèðîâàííîé ôîðìå, ìîäèôèöèðî-
âàííîì íàíîðàçìåðíûìè ïîðîøêàìè ìåòàëëîâ.

Èññëåäîâàíèå ïëåíîê YBa Cu O2 3 7�x
íà ÑÒÌ è ÏÝÌ

Ñ.Â. Àíòîíåíêî,
Ñ.Ì. Òîëêà÷åâà, À.À. Òèìîôååâ

Ðàññìîòðåíî ïðèãîòîâëåíèå ÂÒÑÏ ïëåíîê
Y(Sm)Ba Cu O2 3 7� x . Ïðåäñòàâëåíû ðåçóëüòàòû ïî
ýêñïåðèìåíòàëüíîìó èññëåäîâàíèþ äàííûõ ïëå-
íîê ìåòîäàìè ÑÒÌ, ÏÝÌ. Ïîêàçàíî, ÷òî ÂÒÑÏ
ïëåíêè èìåþò êðèñòàëëè÷åñêîå ñòðîåíèå. Îöåíå-
íû ïîïåðå÷íûå ðàçìåðû êðèñòàëëèòîâ — 5—40
íì. Íàáëþäàåòñÿ êîððåëÿöèÿ ìåæäó äàííûìè
ÑÒÌ è ÏÝÌ. ÂÒÑÏ ïëåíêè ïðåäíàçíà÷åíû äëÿ
àòîìíîé òåõíèêè, ñâåðõïðîâîäÿùèõ ìàãíèòíûõ
ñèñòåì, äàò÷èêîâ èçëó÷åíèÿ, áîëîìåòðîâ è ò.ä.
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Ïðèìåíåíèå íàíîêðèñòàëëè÷åñêîãî
áåìèòà â òåõíîëîãèè ïîäëîæåê
ìèêðîñõåì

Å.Ñ. Ëóêèí, Þ.À. Ìàçàëîâ,
Í.À. Ïîïîâà, À.Â. Ôåäîòîâ

Ïðèâåäåíû ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ
èññëåäîâàíèé ïîðîøêà íàíîêðèñòàëëè÷åñêîãî áå-
ìèòà, ïðîöåññà óïëîòíåíèÿ, ìèêðîñòðóêòóðû è
ñâîéñòâ êîðóíäîâîé êåðàìèêè ñ ïîíèæåííîé òåì-
ïåðàòóðîé ñïåêàíèÿ. Êåðàìè÷åñêèå ìàòåðèàëû,
ïîëó÷åííûå èç íàíîêðèñòàëëè÷åñêîãî áåìèòà ñ ïî-
äîáðàííûìè äîáàâêàìè, ñïåêàþòñÿ äî íóëåâîé
ïëîòíîñòè ïðè ïîíèæåííûõ òåìïåðàòóðàõ, íå
âûøå 1400—1550°Ñ. Êåðàìèêà õàðàêòåðèçóåòñÿ
ìåëêîêðèñòàëëè÷åñêîé ñòðóêòóðîé, èìååò âûñîêèå
äèýëåêòðè÷åñêèå ñâîéñòâà. Ìàòåðèàëû ÿâëÿþòñÿ
ïåðñïåêòèâíûìè â êà÷åñòâå ïîäëîæåê ìèêðîñõåì è
ñïàåâ ñ ìåòàëëàìè.

Ïîëó÷åíèå íàíîäèñïåðñíûõ
êðèñòàëëè÷åñêèõ ñîåäèíåíèé òèòàíà
ïðè ìíîãîêðàòíîé è ÷àñòîòíîé
ðàáîòå êîàêñèàëüíîãî
ìàãíèòîïëàçìåííîãî óñêîðèòåëÿ

A.A. Ñèâêîâ, À.Ñ. Ñàéãàø,
À.À. Åâäîêèìîâ

Â ðàáîòå ïîêàçàíî, ÷òî ñèñòåìà íà îñíîâå êî-
àêñèàëüíîãî ìàãíèòîïëàçìåííîãî óñêîðèòåëÿ îáåñ-
ïå÷èâàåò äèíàìè÷åñêèé ñèíòåç íàíîäèñïåðñíûõ
êðèñòàëëè÷åñêèõ ôàç íà îñíîâå òèòàíà, òàêèõ êàê
c-TiN è TiO2, ïðè ìíîãîêðàòíîì èñïîëüçîâàíèè
òèòàíîâîãî ñòâîëà êàê ðàñõîäíîãî ìàòåðèàëà. Ýô-
ôåêòèâíîñòü íàðàáîòêè ìàòåðèàëà ñ ïîâåðõíîñòè
óñêîðèòåëüíîãî êàíàëà òèòàíîâîãî ñòâîëà óâåëè-
÷èâàåòñÿ ïðè öèêëè÷åñêîé ðàáîòå óñêîðèòåëÿ ñ
äëèòåëüíîñòüþ áåçòîêîâîé ïàóçû ìåíåå 1,0 ñåê.

Õàðàêòåðèñòèêè íàíîòîëùèííîãî
êîìïîçèòà íà ãèáêîé ïîäëîæêå
ïðè äåôîðìàöèÿõ èçãèáà

Ä.À. Ìóäðåöîâ, À.À. Æóêîâ,
Å.Ñ. Êóçüìåíêî, È.Í. Êîìïàíåö

Èññëåäîâàíû äî è ïîñëå äåôîðìàöèè íà èçãèá
õàðàêòåðèñòèêè èçãîòîâëåííîãî íà ãèáêèõ ïîä-
ëîæêàõ èç PES è PETF íàíîòîëùèííîãî êîìïî-
çèòíîãî ïîêðûòèÿ èç ñëîåâ ïðîçðà÷íîãî ïðîâîäÿ-
ùåãî ITO è ïîëèìåðíîé ïëåíêè PMDA-ODA. Ïî-

êàçàíî, ÷òî ìèíèìàëüíûé ðàäèóñ, åùå íå ïðèâîäÿ-
ùèé ê ðàçðóøåíèÿì êîìïîçèöèîííîãî ïîêðûòèÿ,
ïðè äåôîðìàöèè ñæàòèÿ (íà âíóòðåííåé ñòîðîíå
èçãèáà) íà 14% ìåíüøå, ÷åì ïðè äåôîðìàöèè ðàñ-
òÿæåíèÿ (íà âíåøíåé ñòîðîíå èçãèáà). Ìèêðîøå-
ðîõîâàòîñòü, âûçûâàåìàÿ äåôîðìàöèåé ñæàòèÿ,
áîëüøå ïðè äåôîðìàöèè ðàñòÿæåíèÿ íà 80%. Îá-
ðàçåö íà îñíîâå PETF ñ èçîòðîïíûì îðèåíòàíòîì
ïîêàçàë íà 1 ìì ìåíüøèé ïðåäåëüíûé ðàäèóñ êðè-
âèçíû, ÷åì îáðàçåö íà îñíîâå PES. Ïðè íàíåñåíèè
àíèçîòðîïíîãî îðèåíòàíòà óäåëüíîå ïîâåðõíîñò-
íîå ñîïðîòèâëåíèå ñëîÿ ITO âîçðàñòàëî ïðèáëèçè-
òåëüíî íà 70%.

Òåõíîëîãèÿ ïëàçìåííîãî
íàíîðàçìåðíîãî òðàâëåíèÿ ìåòàëëîâ
è ïîëóïðîâîäíèêîâ â áèíàðíûõ
õëîðñîäåðæàùèõ ãàçîâûõ ñìåñÿõ

À.Ì. Åôðåìîâ, Â.È. Ñâåòöîâ,
Ñ.À. Ïèâîâàðåíîê, À.Â. Äóíàåâ

Íåðàâíîâåñíàÿ íèçêîòåìïåðàòóðíàÿ ãàçîðàç-
ðÿäíàÿ ïëàçìà (ÍÍÃÏ) â ñðåäå õëîðñîäåðæàùèõ
ãàçîâ ïðèìåíÿåòñÿ ïðè ïðîâåäåíèè ïðîöåññîâ «ñó-
õîãî» òðàâëåíèÿ è î÷èñòêè ïîâåðõíîñòè ïîëóïðî-
âîäíèêîâûõ ïëàñòèí è ôóíêöèîíàëüíûõ ñëîåâ
ÈÌÑ â òåõ ñëó÷àÿõ, êîãäà èñïîëüçîâàíèå æèäêî-
ñòíûõ ìåòîäîâ îãðàíè÷èâàåòñÿ âûñîêèìè òðåáîâà-
íèÿìè ê ÷èñòîòå, ðàçðåøåíèþ è âîñïðîèçâîäèìî-
ñòè ïðîöåññà [1, 2]. Â êà÷åñòâå ïëàçìîîáðàçóþùèõ
ñðåä òðàäèöèîííî èñïîëüçîâàëèñü CCl4, BCl3 è
SiCl4, ñóùåñòâåííûì íåäîñòàòêîì êîòîðûõ ÿâëÿ-
åòñÿ ïîëèìåðèçàöèÿ è/èëè âûñàæèâàíèå íåíàñû-
ùåííûõ ïðîäóêòîâ ïëàçìîõèìè÷åñêèõ ðåàêöèé íà
âíóòðåííåé ïîâåðõíîñòè ðåàêòîðà è îáðàáàòûâàå-
ìîãî ìàòåðèàëà. Ìîëåêóëÿðíûé õëîð ñâîáîäåí îò
ýòèõ íåäîñòàòêîâ, îäíàêî åãî ïðèìåíåíèå òàêæå
îñëîæíåíî ðÿäîì ïðè÷èí. Âî-ïåðâûõ, ýòî âûñîêàÿ
êîððîçèîííàÿ àêòèâíîñòü ïî îòíîøåíèþ ê êîíñò-
ðóêöèîííûì ìàòåðèàëàì òåõíîëîãè÷åñêîãî îáîðó-
äîâàíèÿ, íåóäîáñòâà õðàíåíèÿ è òðàíñïîðòèðîâêè
[1, 3]. Âî-âòîðûõ, ïðè õàðàêòåðíûõ ðåæèìàõ ðà-
áîòû ïðîìûøëåííûõ ïëàçìîõèìè÷åñêèõ ðåàêòî-
ðîâ ÍÍÃÏ â õëîðå õàðàêòåðèçóåòñÿ âûñîêèìè ñòå-
ïåíÿìè äèññîöèàöèè ìîëåêóë Cl2, ÷òî íå ïîçâîëÿ-
åò äîñòèãàòü âûñîêîé àíèçîòðîïèè ïðîöåññà. Â òî
æå âðåìÿ, ïîñëåäíèé ïàðàìåòð ÿâëÿåòñÿ àêòóàëü-
íûì ïðè ïåðåõîäå ê ñóáìèêðîííûì òåõíîëîãèÿì â
ïðîèçâîäñòâå ÈÌÑ.
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Íàíîðàçìåðíûé ñòàáèëèçàòîð
ôåðìåíòîâ íà îñíîâå ÷àñòèö
ôåððèòà êîáàëüòà

À.Ã. Ïåðøèíà,
Ë.Â. Åôèìîâà, Â.È. Èòèí,

Î.Ã. Òåðåõîâà, À.À. Ìàãàåâà,
Â.Þ. Ñåðåáðîâ, À.Ý. Ñàçîíîâ

Èññëåäîâàíî âëèÿíèå ôåððèìàãíèòíûõ íàíî-
÷àñòèö ôåððèòà êîáàëüòà ñèíòåçèðîâàííûõ ìåòî-
äîì ìåõàíîõèìè÷åñêîãî ñèíòåçà íà êèíåòè÷åñêèå
ïàðàìåòðû è ôåðìåíòàòèâíóþ àêòèâíîñòü ïåðîê-
ñèäàçû. Ïîêàçàíî, ÷òî íàíî÷àñòèöû ôåððèòà êîáà-
ëüòà ÿâëÿþòñÿ ýôôåêòèâíûì ñòàáèëèçàòîðîì êàòà-
ëèòè÷åñêîé àêòèâíîñòè è ñïîñîáíû çíà÷èòåëüíî
ïðîäëÿòü ñðîê õðàíåíèÿ ôåðìåíòà.

Èññëåäîâàíèå õàðàêòåðèñòèê
íàíîãåíåðàòîðîâ è ïåðñïåêòèâ
èõ ðàçðàáîòêè

Â.Ã. Ãðàäåöêèé,
Â.Ã. ×àùóõèí, À.È. Øîêèí

Ðàññìàòðèâàåòñÿ âîçìîæíîñòü èñïîëüçîâàíèÿ
è ïðèíöèï äåéñòâèÿ ìèíèàòþðíîãî èñòî÷íèêà ïè-
òàíèÿ, îñíîâàííîãî íà ïðèìåíåíèè ìàññèâà íàíîï-
ðîâîëîê èç ïüåçîýëåêòðèêà, êîòîðûé ìîæåò áûòü
èñïîëüçîâàí äëÿ ýíåðãîñíàáæåíèÿ ìèíèàòþðíûõ
ðîáîòîòåõíè÷åñêèõ ñèñòåì. Îáîñíîâàí âûáîð ìà-
òåðèàëîâ äëÿ èçãîòîâëåíèÿ ïîäîáíûõ óñòðîéñòâ,
ïðîâåäåíû êîëè÷åñòâåííûå îöåíêè èõ ïàðàìåòðîâ.
Îöåíåíû âîçìîæíîñòè èõ äàëüíåéøåãî ðàçâèòèÿ è
ïðèìåíåíèÿ. Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå
ÐÔÔÈ, ãðàíò ¹08-01-00365

Ïîâûøåíèå àíèçîòðîïíîñòè
ðåíèÿ óñòðîéñòâ ñöåïëåíèÿ
âíóòðèòðóáíîãî ìèíèðîáîòà
çà ñ÷åò èñïîëüçîâàíèÿ
àäãåçèîííûõ ýôôåêòîâ

Â.Ã. ×àùóõèí

Ðàññìàòðèâàåòñÿ âîçìîæíîñòü ïîâûøåíèÿ
àíèçîòðîïíîñòè òðåíèÿ ñêîëüçÿùèõ óñòðîéñòâ
ñöåïëåíèÿ ðîáîòà ñ ïîâåðõíîñòüþ â óñëîâèÿõ êâà-
çèñòàòèêè ñ öåëüþ óâåëè÷åíèÿ åãî ãðóçîïîäúåìíî-
ñòè. Ðàññìîòðåíû ðàçëè÷íûå ñòðóêòóðû êîíòàêò-
íûõ ïëîùàäîê. Ïðîâåäåíà îöåíêà ñèëîâûõ âçàè-
ìîäåéñòâèé êîíòàêòíûõ ïëîùàäîê óñòðîéñòâ ñöåï-
ëåíèÿ ñ øåðîõîâàòîé ïîâåðõíîñòüþ ïî êîòîðîé
äâèæåòñÿ ðîáîò. Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå
ÐÔÔÈ, ãðàíò ¹08-01-00365.

Ñïîñîá çàêðåïëåíèÿ íàíî÷àñòèö
ñåðåáðà íà ïîâåðõíîñòè
ïîëèïðîïèëåíîâûõ âîëîêîí

Å.À. Ñåðãååâà

Ïðîâåäåíû èññëåäîâàíèÿ âëèÿíèÿ ïëàçìåííîé
àêòèâàöèè ïîëèïðîïèëåíîâîãî âîëîêíà, èñïîëüçó-
åìîãî ñ öåëüþ èçãîòîâëåíèÿ ôèëüòðîâ äëÿ î÷èñòêè
âîäû, íà ôèêñàöèþ íàíî÷àñòèö ñåðåáðà íà åãî ïî-
âåðõíîñòè. Ïðèâîäÿòñÿ ðåçóëüòàòû àòîìíî-ñèëî-
âîé ìèêðîñêîïèè, ñâèäåòåëüñòâóþùèå î çàêðåïëå-
íèè íàíî÷àñòèö ñåðåáðà íà ïîâåðõíîñòè ïîëèïðî-
ïèëåíîâîãî âîëîêíà è ïðèñóòñòâèè íàíî÷àñòèö ïî-
ñëå ïðîìûâêè. Ïîêàçàíî, ÷òî íàèáîëüøèé ýôôåêò
ïî ôèêñàöèè íàíî÷àñòèö äîñòèãàåòñÿ ïðè èñïîëü-
çîâàíèè äâîéíîé ïëàçìåííîé îáðàáîòêè.

Ê âîïðîñó î ïîâòîðÿåìîñòè
ðåçóëüòàòîâ èçìåðåíèé â çîíäîâîé
ñêàíèðóþùåé òóííåëüíîé
ìèêðîñêîïèè

À.Â. Äåíèñîâ, Ì.Þ. Ïåðøèíà,
Ä.À. Ãîðíîñòàåâ

Íàñòîÿùåå ñîîáùåíèå ïîñâÿùåíî ñïåöèôèêå
àïïàðàòóðíîé è ïðîãðàììíîé ðåàëèçàöèè òóííåëü-
íî-ñïåêòðîñêîïè÷åñêèõ èçìåðåíèé, ïîâòîðÿåìîñòè
èçìåðåíèé, à òàêæå âîçìîæíîñòÿì èñïîëüçîâàíèÿ
ðåçóëüòàòîâ òàêèõ èçìåðåíèé äëÿ âûáîðà îïòèìà-
ëüíûõ ðåæèìîâ òîïîãðàôè÷åñêèõ èññëåäîâàíèé è
êîíòðîëÿ äîñòîâåðíîñòè ïîëó÷àåìûõ èçîáðàæå-
íèé. Â ñòàòüå ðàññìîòðåíà êîððåëÿöèÿ ñåðèè èçìå-
ðåíèé, ïðîâåäåííûõ íà ÑÒÌ «ÓÌÊÀ 02Å».

The measurement and analysis of the
development of nanotechnology

A.I. Terekhov

The article presents a brief scientometric analy-
sis of the development of nanotechnology in Russia
and the world. Considerable attention is paid to re-
search staff in ensuring the prospects of this interdis-
ciplinary field of science in our country. Also consi-
dered are the economic aspects of nanotechnology
development and challenges of its commercializati-
on. The empirical basis of research was statistical
data obtained from the database SCI-Expanded, as
well as the domestic databases: of the Russian Foun-
dation for Basic Research and the Russian Higher
Certification Commission. To calculate the economic
indicators we used the official information and data
from specialized Internet-sites.
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Atomic-molecular assembly
on the basis chemical bond: nature
and mechanical of constraction

A.A. Potapov

Abstract We give a brief analysis of research in
the field of chemical bond as the basis of atomic and
molecular assembly. It is proposed to discuss the
electrostatic model for the formation of chemical
bonds based on the concept of dipole-shell structure
of atoms. Examples of the experimental confirmati-
on of the proposed model of the chemical bond

Discovery of the physical principles
of hardening materials by layers
of space charges

Ph. I.Vysikaylo, V.S. Tivkov

For the first time discussed the possibility of
hardening of composite materials by layers of space
charge. As traps for free electrons can be used fulle-
renes, nanotubes and other nanostructures with high
electron affinity. These nanostructures with high
electron affinity (modifiers) has added (invite) free
electrons. According to the analytical calculations
can hope for hardening up to 104 GPa for crystals of
copper and other materials with free electrons.

Obtaining of the fullerenes and
carbon nanotubes, studying of
aggregation of the carbon nanotubes
and application of the carbon
nanomaterials in nanocomposites

E.N. Bormontov,
L.A. Bityuzkaya, Yu.V. Sokolov

Fullerenes and carbon nanotubes have been ob-
tained in bulk quantities. Aggregation of carbon na-
notubes in different liquid mediums (toluene, aceto-
ne, distilled water) has been investigated. Nanocom-
posite materials dopped by fullerenes and carbon na-
notubess have been obtained.

Nanostructural carbon-mineral
sorbents and research of their
chromatographic properties
at separate mix of fullerenes
C60 and Ñ70

O.A. Krokhina, V.N. Postnov

The possibility of using the nanostructural car-
bon-mineral sorbent as the sorbent for separation
mix of fullerenes C60, C70 are shown. This sorbents
combine porous structure of inorganic matrixes with
the chemical nature of a surface of carbon materials.

Sorbent based on silica matrix. Some methods of
drawing of carbon on a surface matrix are considered.

In the course of separation of fullerenes by liqu-
id chromatography, with nanostructural carbon-mi-
neral sorbents were used as a stationary phase, the
following fractions have been obtained: fullerene
Ñ60 with purity of 99%; fullerene Ñ70 — 98%.

Structures Ñ60-fullerite according
to electronic microscopy

T.A. Shabanovà

At transformation Ñ60 Ê ordered fullerites in
thermodynamic conditions «nano-size a reactionary
zone» are formed Ñ60-cubic, Ñ70-rhombic, etc. fulle-
rite structures.

Scanning setup application
for carbon nanofilms evaporation
by laser ablation

D.G. Kalyuzhnyi,
R.G. Zonov, G.M. Mikheev

The possibility of production carbon films on
supporting substrates by laser ablation in vacuum,
by scanning a laser beam on the surface of a stationa-
ry target was demonstrated. Carbon films were de-
posited on quartz and glass substrates. The growth
rate of the film was 5.5 nm/min. The films with thic-
kness from 20 nm to 3 microns were obtained.

112

Àííîòàöèè



Direct dynamic super dispersed
B-C-N system crystalline phases
synthesis in the high-speed plasma je

A.A. Sivkov, A.J. Pak

The findings of the investigations on direct dy-
namic cubic boron nitride c-BN and cubic carbon nit-
ride c-Ñ N3 4 in the high-speed pulsed electric disc-
harge boron-carbon plasma jet, flowing into the spa-
ce filled by nitrogen are shown. The source of plasma
is high-current impulse coaxial magnetoplasma acce-
lerator with graphite accelerating channel. The su-
per dispersed cubic boron nitride and covalent car-
bon nitride synthesis opportunity is shown by the
finding.

Nanostructured zeolite catalysts
of alkylation of isobutane by
butane-butylene fraction

R.R.Shiriyazdanov

To presents results of study process of alkylati-
on of isobutane by butane-butylene fraction on ult-
rastable zeolites Y in polycation-decationated form,
modified by nanopowders of metals.

Studying YBa Cu O2 3 7�x films
at scanning tunneling microscope
(STM) and transmission electron
microscope (TEM)

S.V. Antonenko,
S.M. Tolkachyova, A.A. Timofeyev

Preparation of HTSC films of second generation
Y(Sm)Ba Cu O2 3 7� x is considered. Results on an ex-
perimental research of the given films by methods
AFM, TEM are presented. It is revealed that HTSC
films have a crystal structure. The cross-section sizes
of crystallites — 5—40 nanometers are estimated.
Correlation between data AFM and TEM is obser-
ved. HTSC films are intended for the nuclear techni-
ques, superconducting magnetic systems, radiation
gauges, bolometers etc.

Application of nanocrystalline
boehmite in technology of substrates
of microcircuits

E.S. Lukin, Yu.A. Masalov,
N.A. Popova, A.V. Fedotov

Results of experimental researches of a powder
nanocrystalline boehmite, process of consolidation, a
microstructure and properties corundum ceramics
with the lowered temperature of sintering are resul-
ted. Ceramic materials received out of nanocrystalli-
ne boehmite with the picked up additives sinter to
zero density at the lowered temperatures, not above
1400—1550°Ñ. The ceramics is characterised smallc-
rystal by structure, has high dielectric properties.
Materials are perspective as substrates of microcircu-
its and joint with metals.

Synthesis of nanodispersed titan
crystal compound at multiple
and frequency work of coaxial
magnetoplasma accelerator.

A.A. Sivkov,
A.S. Saygash, A.A. Evdokimov

In work it is shown, that the system on the basis
of coaxial magnetoplasma accelerator provides dyna-
mic synthesis of nanodispersed crystal phases on the
basis of the titan, such as c-TiN and TiO2, at multip-
le use of a titanic barrel as consumable material. The
quantity of a material synthesized from a surface of
the accelerating channel of a titanic barrel increases
at cyclic work of the accelerator with duration spa-
cing interval less than 1,0 seconds.

Properties of nano-thickness
composite coating on flexible
polymer substrates under the bending
deformations

D.A. Mudretsov, A.A. Zhukov,
E.S. Kuzmenko, I.N. Kompanez

The characteristics of nano-thickness composite
coating consisting of layers of ITO and polymer film
PMDA-ODA and manufactured on flexible substra-
tes of PES or PETF were investigated before and af-
ter the bending deformation. It is shown that the mi-
nimal radius still not leading to the destruction of
composite coating is 14% less for the deformation of
compression with respect to the the tensile deforma-
tion. Micro-roughness caused by the deformation of
compression, is 80% more than that for the tensile
deformation. Besides, when the anisotropic orienting
layer is used a specific surface resistance of ITO lay-
er increases approximately 70%.
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Technology for plasma etching
nanosized metals and semiconductors
in Chlorinated Binary Gas Mixtures

A.M. Efremov , V.I. Svetsov,
S.A. Pivovarenok, A.V. Dunaev

Nonequilibrium low-temperature gas-discharge
plasma (NNGP) in an environment of chlorine-con-
taining gases used during the process of “dry” etc-
hing and cleaning the surface of semiconductor wa-
fers, and the functional layers of ICs in cases when
the use of liquid method is limited to high demands
for purity, resolution and reproducibility of the pro-
cess [1, 2]. As plasma-forming environments have
traditionally been used CCl4, BCl3 and SiCl4, a sig-
nificant disadvantage which is the polymerization
and / or planting of unsaturated products of plasma
chemical reactions on the inner surface of the reactor
and the treated material. Molecular chlorine is free
from these shortcomings, but its application is also
complicated by a number of reasons. First, it is high-
ly corrosive with respect to construction materials
processing equipment, the inconvenience of storage
and transportation [1, 3]. Secondly, the characteris-
tic modes of industrial radioisotopic NNGP in chlori-
ne is characterized by high degrees of dissociation of
Cl2, which is not possible to achieve high anisotropy
of the process. At the same time, the last option is re-
levant in the transition to submicron technology in
the manufacture of IC.

Nanoscale stabilizer of ferments
based on cobalt ferrite particles

A.G. Pershina,
L.V. Yefimova, V.I. Itin,

O.G. Terekhova, A.A. Magayeva,
V.Yu. Serebrov, A.E. Sazonov

It was investigated the influence of mechanoc-
hemically synthesized cobalt ferrite nanoparticles
onto kinetic parameters and activity of Horseradish
peroxidase. It was shown, that the cobalt ferrite na-
noparticles effective enhanced the storage stability
of enzyme.

Nanogenerator’s haracteristics and
development prospect research

V.G. Gradetsky,
V.G. Chashchukhin, A.I. Shokin

Availability and operating principle of a minia-
ture power source on basis of piezoelectric nanowire
is considered. This power source may be used to mi-
niature autonomous robotic systems power-supply.
Choice of the material for such devices manufactu-
ring is substantiated. Quantitative estimation of po-
wer source parameters is completed. Perspective of
development is considered.

Friction anisotropy increasing
for robot’s supports by means of
adhesion effects

V.G. Chashchukhin

Ability of a friction anisotropy increasing for ro-
bot’s sliding supports is considered. One of the goal
of this increasing is enlargement of robot’s payload.
Different design of support’s contact areas are dis-
cussed. Force interaction between contact areas and
rough surface is estimated.

Way of silver nanoparticles fastening
on polypropelene fiber surface

E.A. Sergeeva

The influence of polyethelene fibre plasma acti-
vation used for the purpose of manufacturing of fil-
ters for water treating, on silver nanoparticles fixing
on its surface are conducted. The results of atom-
no-power microscopy testifying to fastening of silver
nanoparticles on a surface of polypropelene fibre and
nanoparticles presence after washing are proved. It
is shown that the greatest effect on nanoparticles fi-
xing is reached at use of double plasma processing.

To the problem of repeatability
of measurement results in probe
scanning tunneling microscopy

A.V. Denisov, M.Yu. Pershina,
D.A. Gornostayev

The present report covers specificity of instru-
ment and software realization of tunneling spectros-
copic measurements, repeatability of measurements,
as well as possibility of using the results of such mea-
surements for selecting optimal regimes of topograp-
hic studies and controlling reliability of obtained
images. Correlation of measurement series conducted
at «UMKA 02E» scanning tunneling microscope
(STM) is considered in the article.
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