
 

 

 

 

18-23 июня 2018, Якутск, Россия  

June 18-23, 2018, Yakutsk, Russia

 

 

 

 

 

 

 

 

 





 



УДК 53 

ББК 22.3 

 

Редакционная коллегия: 

д.ф.-м.н. Ю.М. Григорьев, д.ф.-м.н. Д.А. Таюрский, к.ф.-м.н. Е.П. Неустроев  

 

Ответственные за выпуск: 

к.т.н. А.Г. Федоров, к.ф.-м.н. Е.П. Шарин 

 

Конференция проведена при финансовой поддержке Российского фонда 

фундаментальных исследований, Проект № 18-02-20054 

 

 

 

 

 

Сильно коррелированные двумерные системы: от теории к практике 

[электронное издание] : тезисы докладов Всероссийской конференции с 

международным участием. 18-23 июня 2018 г. – Якутск : Издательский дом 

СВФУ, 2018. – 1 электрон. опт. диск. 

ISBN 978-5-7513-2524-4 

Основная тематика конференции посвящена новым материалам, которые являются 

неотъемлемой частью развития технологий и определяют их уровень и эффективность. 

В частности, уникальные свойства таких материалов, появляющиеся благодаря кванто-

вым эффектам, способствовали развитию новой отрасли – квантовых технологий. 

Материалы сборника представляют интерес для научных работников, преподава-

телей вузов и студентов, специалистов в области фундаментальных и прикладных ис-

следований. 

УДК 53 

ББК 22.3 

 

© Северо-Восточный федеральный  

ISBN 978-5-7513-2524-4      университет, 2018 

 



Ñèëüíî êîððåëèðîâàííûå äâóìåðíûå ñèñòåìû: îò òåîðèè ê ïðàêòèêå

Ñîäåðæàíèå

Ïëåíàðíûå äîêëàäû 12

Kono K. Nonlinear Dymanics of the Wigner solid on a liquid helium surface . . 12
Àíòîíîâà È.Â Ãåòåðîñòðóêòóðû íà îñíîâå ãðàôåíà äëÿ ãèáêîé ýëåêòðîíèêè 13
×åðíîçàòîíñêèé Ë.À. Quasi - two - dimensional bilayer materials based on

graphene: structures, properties and applications . . . . . . . . . . . . . . 14
Åëåöêèé À.Â., Áî÷àðîâ Ã.Ñ., Óâàðîâ À.Â., Ôåäîðîâè÷ Ñ.Ä. Óïðî÷íåíèå

ñòàëüíîé ïîâåðõíîñòè ÷àñòè÷íî âîññòàíîâëåííûì îêñèäîì ãðàôåíà . . 15
Obraztsova E.D., Rybin M.G., Bykov A.Y., Murzina T.V., Obraztsov P.A.,

Sorochenko V.R. Graphene for laser applications . . . . . . . . . . . . . . 16
Ñìàãóëîâà Ñ.À. Äâóõìåðíûå âåðòèêàëüíûå Âàí - äåð - Âààëüñîâûå ãåòå-

ðîñòðóêòóðû íà îñíîâå ãðàôåíà è äèñóëüôèäà ìîëèáäåíà . . . . . . . . 17

Ñåêöèÿ I. Ãðàôåí: íîâûå ïåðñïåêòèâû ïðèìåíåíèÿ 18

Àëü�Ñàÿä Ò.Õ.Ê., Ïåðøèí Â.Ô., Âîðîáüåâ À.Ì., Ãàëóíèí Å.Â. Òåõíîëî-
ãèÿ äâóõñòàäèéíîãî äîçèðîâàíèÿ ïðè ïðîèçâîäñòâå îêñèäà ãðàôåíà . . 18

Àë¼õèí Â.Â., Àííèí Á.Ä., Áàáè÷åâ À.Â., Êîðîáåéíèêîâ Ñ.Í. Ñîáñòâåí-
íûå êîëåáàíèÿ è âûïó÷èâàíèå ãðàôåíîâûõ ëèñòîâ . . . . . . . . . . . . 19

Áëîõèí À.Í., Ñóõîðóêîâ À.Ê., Çàéöåâ È.À., Ñòîëÿðîâ Ð.À., Òêà÷åâ À. Ã.
Âëèÿíèå ôòîðèðîâàííûõ ãðàôåíîâûõ íàíîïëàñòèíîê íà ôèçèêî - ìå-
õàíè÷åñêèå ñâîéñòâà â ïîëèìåðíîì ìàòåðèàëå . . . . . . . . . . . . . . 20

Áî÷àðîâ Ã.Ñ.,Äåäîâ À.Â., Åëåöêèé À.Â., Ôåäîðîâè÷ Ñ.Ä. Âëèÿíèå óãëåðî-
äèñòîãî ïîêðûòèÿ ïîâåðõíîñòè íà òåïëîôèçè÷åñêèå ñâîéñòâà ïîâåðõ-
íîñòè . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

Áóðàêîâà Å.À., Ìåëåæèê À.Â., Äüÿ÷êîâà Ò.Ï., Ãàëóíèí Å.Â., Ìåìåòîâ
Í.Ð., Òêà÷åâ À. Ã. Ñîçäàíèå íàíîêîìïîçèòîâ íà îñíîâå ãðàôåíîâûõ
íàíîïëàñòèíîê . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

Valishina A.A., Petrova A.V., Nedopekin O.V., Tayurskii D.A. Ab initio èñ-
ñëåäîâàíèå ýëåêòðîííûõ ñâîéñòâ ãðàôåíîâûõ ñòðóêòóð . . . . . . . . . 23

Âàñèëüåâà Ô.Ä., Êàïèòîíîâ À.Í., ßêèì÷óê Å.À. Àíàëèç ñâîéñòâ ñóñïåí-
çèé ãðàôåíà äëÿ 2D ïå÷àòè ïîëó÷åííûõ ñ èñïîëüçîâàíèåì ýëåêòðîõè-
ìè÷åñêîãî ðàññëîåíèÿ ãðàôèòà . . . . . . . . . . . . . . . . . . . . . . . 24

Áóðàêîâ À.Å., Áàáêèí À.Â., Ãàëóíèí Å.Â., Íåñêîðîìíàÿ Å.À., Ìåëåæèê
À.Â., Áóðàêîâà È.Â., Òêà÷åâ À. Ã. Àäñîðáöèÿ èîíîâ òÿæåëûõ ìåòàë-
ëîâ èç âîäíûõ ñðåä ãðàôåíîâûìè íàíîìàòåðèàëàìè . . . . . . . . . . . 25

Gradov O.V., Gradova M.A. 2D systems of the strong correlated electrons as
components of fendler membane mimetic systems . . . . . . . . . . . . . . 26

5



Ñèëüíî êîððåëèðîâàííûå äâóìåðíûå ñèñòåìû: îò òåîðèè ê ïðàêòèêå

Äüÿ÷êîâà Ò.Ï., Áóðàêîâà Å.À., Òàðîâ Ä.Â., Õàí Þ.À., ×àïàêñîâ Í.À.,
Ãàëóíèí Å.Â., Òêà÷åâ À. Ã. Ìîäèôèöèðîâàíèå ìàñëÿíûõ êîìïîçèöèé
óãëåðîäíûìè íàíîìàòåðèàëàìè . . . . . . . . . . . . . . . . . . . . . . . 27

Åâñååâ Ç.È., Ïîïîâ Â.È., Òèìîôååâà Ò. Å., Ñìàãóëîâà Ñ.À. Èññëåäîâàíèå
ýôôåêòà ðåçèñòèâíîãî ïåðåêëþ÷åíèÿ â òîíêèõ ïëåíêàõ ôòîðèäà ìåäè 28

Æóìàãàëèåâà Ã.Á., Ïåðøèí Â.Ô., Òêà÷åâ À. Ã., Ãàëóíèí Å.Â., Ïàñüêî
À.À. Èñïîëüçîâàíèå ñòåðæíåâîé ìåëüíèöû äëÿ ïîëó÷åíèÿ ãðàôåíî-
âîãî êîíöåíòðàòà . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

Èâàíîâ À.È., Êîòèí È.À., Àíòîíîâà È.Â. Èìïóëüñíûå è ñòàöèîíàðíûå
ðåçèñòèâíûå ïåðåêëþ÷åíèÿ â ìàòåðèàëàõ íà îñíîâå ôòîðîãðàôåíà íà
òâåðäûõ è ãèáêèõ ïîäëîæêàõ . . . . . . . . . . . . . . . . . . . . . . . . 30

Èëüêåâè÷ Ë.Â., Êîïûëîâ À.Â., Òêà÷åíêî Ò. Á., Õîõëîâà Ã.Ï., Áàðíàêîâ
×.Í. Ïîëó÷åíèå ãðàôåíà èç îêñèäà ãðàôåíà ñ ïîìîùüþ ðàçëè÷íûõ
âîññòàíîâèòåëåé . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

Èííîêåíòüåâà Í.Í., Íåóñòðîåâ Å.Ï. Âëèÿíèå ïëàçìåííîé îáðàáîòêè íà
ñìà÷èâàåìîñòü ïîëèìåðíûõ ïëåíîê . . . . . . . . . . . . . . . . . . . . . 32

Õìåëüíèöêèé È.Ê., Êàëåíîâ Â. Å., Àëåêñååâ Í.È., Ëèâøèö À.Î., Áðîéêî
À.Ï., Ëàãîø À.Â., Áàãðåö Â.C. Ýëåêòðîäû èç àìèíî - ôóíêöèîíà-
ëèçèðîâàííîãî ãðàôåíà äëÿ èîííûõ ïîëèìåðíûõ àêòþàòîðîâ . . . . . 33

Paddubskaya Alesia, Batrakov Konstantin, Kuzhir Polina, Stepanov Andrey,
Remnev Gennady, Kaplas Tommi, Svirko Yuri Problems of radiation
tolerance of supported graphene in view of its THZ performance . . . . . 34

Kurkina I. I., Smagulova S.A., Antonova I. V. Ôòîðèðîâàííàÿ ãðàôåíîâàÿ
ñóñïåíçèÿ: ñîçäàíèå, ñâîéñòâà è ïåðñïåêòèâà ïðèìåíåíèÿ . . . . . . . . 35

Êóñòîâ Ä.À., Íåáîãàòèêîâà Í.À., Àíòîíîâà È.Â., Ãîëÿøîâ Â.À., Êîõ
Ê.À., Òåðåùåíêî Î.Å. Òîíêèå ïë¼íêè Bi2Se3 äëÿ ñîçäàíèÿ âàí-äåð-
âààëüñîâûõ ãåòåðîñòðóêòóð . . . . . . . . . . . . . . . . . . . . . . . . . 36

Ëÿøååâà Å.Â., Àëåêñàíäðîâ Ã.Í. Èññëåäîâàíèÿ ãèáêîãî ðåçèñòèâíîãî äàò-
÷èêà âëàæíîñòè íà îñíîâå îêñèäà ãðàôåíà . . . . . . . . . . . . . . . . 37

Ìàìàòîâà À .À., Ñàäûêîâà Î. Ã., Ãëåáîâ À.À. Êâàíòîâî - õèìè÷åñêèé ðàñ-
÷åò ýíåðãèè àäñîðáöèè àòîìà ñâèíöà íà ïîâåðõíîñòè ãðàôåíà . . . . . 38

Ìûðååâ À.Â., Ôåäîðîâ À. Ã., Âèíîêóðîâ Ï.Â Ñèíòåç êëàñòåðíûõ íàíî-
ñòðóêòó . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

Íåáîãàòèêîâà Í.À., Êàùååâ À.Ñ., Àíòîíîâà È.Â., Ñìàãóëîâà Ñ.À.Íàíî-
ñòðóêòóðèðîâàíèå ïëåíîê CVD-ãðàôåíà ïóòåì îáëó÷åíèÿ áûñòðûìè
òÿæåëûìè èîíàìè . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

Íèêîëàåâ Ä.Â., Ïîïîâ Â.È., Òðîôèìîâà À.À., Ñëåïöîâ Í.Î., Òèìîôååâ
Â.Á., Ñìàãóëîâà Ñ.À. Ãðàôåíîâûå ïëåíêè êàê îñíîâà äëÿ ñîçäàíèÿ
ãèáêèõ ïðîçðà÷íûõ ýëåêòðîäîâ . . . . . . . . . . . . . . . . . . . . . . . 41

6



Ñèëüíî êîððåëèðîâàííûå äâóìåðíûå ñèñòåìû: îò òåîðèè ê ïðàêòèêå

Okotrub A.V., Sysoev V. I., Bulusheva L.G. Micro-supercapacitors based on
laser-treated �uorinated graphene �lms . . . . . . . . . . . . . . . . . . . . 42

Àëü�Øèáëàâè Ê.À., Ïåðøèí Â.Ô., ßðöåâ Â.Ï., Ïàñüêî Ò.Â. Ìîäèôèöè-
ðîâàíèå ýïîêñèäíîé ñìîëû ãðàôåíîìs . . . . . . . . . . . . . . . . . . . 43

Ïåðøèí Â.Ô., Îâ÷èííèêîâ Ê.À., Àëü�Õèëî Ç.À.À., Ìåìåòîâ Í.Ð., Òêà-
÷åâ À. Ã., Ãàëóíèí Å.Â. Ãðàôåíîâûé êîíöåíòðàò äëÿ ìîäèôèöèðîâà-
íèÿ ìîðîçîñòîéêèõ ïëàñòè÷íûõ ñìàçîê . . . . . . . . . . . . . . . . . . 44

Ñåäåëüíèêîâà Î.Â., Áóëóøåâà Ë. Ã., Îêîòðóá À.Â. Âëèÿíèå âçàèìîäåé-
ñòâèÿ ìåæäó íàíî÷àñòèöåé CDS è ãðàôåíîì íà îïòè÷åñêèé ñïåêòð
ãèáðèäíîé ñèñòåìû . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

Ñåìåíèõèí Ï.Â., Âîëêîâ Ì.Ï., Èîíîâ À.Í., Íèêîëàåâà Ì.Í. Ôåððîìàã-
íèòíîå ïîâåäåíèå ïîëèìåðíîãî êîìïîçèòà ñ íàíî÷àñòèöàìè ãðàôåíà . 46

Ñåìåíîâà À.À., Âèíîêóðîâ Ï.Â., Ñìàãóëîâà Ñ.À. Èññëåäîâàíèå ñâîéñòâ
ãèáêîãî ñåíñîðà âëàæíîñòè, ñîçäàííîãî íà îñíîâå âîññòàíîâëåííîãî
ëàçåðîì îêñèäà ãðàôåíà . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

Ñèâöåâà À.Â., Êû÷êèí À.Ê., Êû÷êèí À.À. Ôèçèêî-õèìè÷åñêèå ñâîéñòâà
ìîäèôèöèðîâàííûõ áàçàëüòîâûõ âîëîêîí . . . . . . . . . . . . . . . . . 48

Ñèâöåâà À.Â., Êû÷êèí À.Ê., Êû÷êèí À.À. Ñâîéñòâà ýïîêñèäíîãî ñâÿçó-
þùåãî ñ äîáàâêàìè óãëåðîäíûõ íàíîòðóáîê . . . . . . . . . . . . . . . . 49

Ñèâöåâà À.Â., Åìåëüÿíîâà Í.Í. Îáðàáîòêà ïîâåðõíîñòè óãëåðîäíûõ íà-
íîòðóáîê äëÿ óëó÷øåíèÿ ñâîéñòâ êîìïîçèòîâ . . . . . . . . . . . . . . . 50

Òàðîâ Ä.Â., Ìåìåòîâ Í.Ð., Äüÿ÷êîâà Ò.Ï., Òàðîâ À.Â., Òêà÷åâ À. Ã., Øó-
áèí È.Í. Ñîâåðøåíñòâîâàíèå ïðîöåññà ïîëó÷åíèÿ ãðàôåíîâûõ ìàòå-
ðèàëîâ ñ âûñîêîðàçâèòîé ïîâåðõíîñòüþ äëÿ ââåäåíèÿ â êîìïîçèòû . . 51

Òèìîôååâà Ò.Å., Âèíîêóðîâ Ï.Â., Ïîïîâ Â.È., Ñìàãóëîâà Ñ.À., Íåóñòðî-
åâ Å.Ï. Ïðèìåíåíèå âåéâëåò-ïðåîáðàçîâàíèÿ ê àíàëèçó 2D ïèêà Ðà-
ìàíîâñêîãî ñïåêòðà òð¼õñëîéíîãî ãðàôåíà . . . . . . . . . . . . . . . . . 52

Òèìîôååâà Ò. Å., Åãîðîâà Ì.Í., Òîìñêàÿ À.Å., Ñìàãóëîâà Ñ.À. Êâàíòî-
âîõèìè÷åñêèé ðàñ÷åò ýíåðãåòè÷åñêèõ è îïòè÷åñêèõ ñïåêòðîâ ãðàôå-
íîâûõ êâàíòîâûõ òî÷åê ñ êðàåâîé ôóíêöèîíàëèçàöèåé . . . . . . . . . 53

Òèõîíîâ Ð.Ñ., Øàðèí Å.Ï. Ýëåêòðîííûå ñâîéñòâà ãðàôåíà, äîïèðîâàííî-
ãî àòîìàìè áîðà . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

Òêà÷åâ Ñ.Â., Êîðíèëîâ Ä.Þ., Ðû÷àãîâ À.Þ., Êèì Â.Ï., ×åãëàêîâ À.Â.,
Ãåëëåð Ì.Ì., Æóðàâëåâ Â.Â., Ãóáèí Ñ.Ï. Ãðàôåí êîìïàíèè ÎÎÎ
¾ÀÊÊÎ ËÀÁ¿ è åãî ïðèìåíåíèå . . . . . . . . . . . . . . . . . . . . . . 55

Òîë÷êîâ Þ.Í., Ìèõàëåâà Ç.À., Ìàëþòèíà Å.È., Ñëäîçüÿí Ð.Ä.À. Ïðè-
ìåíåíèå ãðàôåíîïîäîáíûõ íàíîìàòåðèàëîâ â êà÷åñòâå ìîäèôèöèðó-
þùèõ ñòðóêòóð êîìïîçèòîâ ñòðîèòåëüíîãî íàçíà÷åíèÿ . . . . . . . . . 56

7



Ñèëüíî êîððåëèðîâàííûå äâóìåðíûå ñèñòåìû: îò òåîðèè ê ïðàêòèêå

Òîìñêàÿ À.Å., Åãîðîâà Ì.Í., Ñìàãóëîâà Ñ.À. Èññëåäîâàíèå ýëåêòðè÷å-
ñêèõ ñâîéñòâ ïëåíîê óãëåðîäíûõ òî÷åê ëåãèðîâàííûõ àçîòîì è áîðîì 57

×åðíîâ À.È., Ôåäîòîâ Ï.Â., Îáðàçöîâà Å.Ä. Cîçäàíèå ïîëîñ ãðàôåíà èç
ìîëåêóë ôòàëîöèàíèíîâ . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

Øàâåëêèíà Ì.Á., Íàóìêèí À.Â., Ïåðåÿñëàâöåâ À.Þ.Ïîñòðîåíèå ãðàôåíà
ñ ïîìîùüþ ïëàçìû è åãî îñîáåííîñòè . . . . . . . . . . . . . . . . . . . 59

Øàðèí Å.Ï. Ab initio èññëåäîâàíèå ýëåêòðîííûõ ñâîéñòâ ôòîðèðîâàííîãî
ãðàôåíà . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

Ùåãîëüêîâ À.Â., Ïàðàìîíîâà Í.Â., Õðîáàê À.Â., Ùåãîëüêîâ À.Â. (ìë.),
Òêà÷åâ À. Ã. Âëèÿíèå ãðàôåíîïîäîáíûõ ñòðóêòóð íà ýôôåêò ñàìîðå-
ãóëèðîâàíèÿ òåìïåðàòóðû â ýëåêòðîïðîâîäÿùåì ïîëèìåðíîì ìàòåðè-
àëå . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

ßãóáîâ Â.Ñ., Ñòîëÿðîâ Ð.À., Ìåìåòîâ Í.Ð., Áëîõèí À.Í., Ãîðøêîâà À.Ð.,
Ìîñêîâà Ì.Ì. Íàíîìîäèôèöèðîâàííûå ýëåêòðîïðîâîäÿùèå êëååâûå
êîìïîçèöèè íà îñíîâå ïîëèõëîðîïðåíîâîãî êàó÷óêà . . . . . . . . . . . 62

Yakimchuk E.A., Nebogatikova N.A., Kotin I. A., Antonova I. V.New dielectric
material for printing technology based on graphene functionalization . . . 63

Ñåêöèÿ II. Îïòîýëåêòðîíèêà è áèîñåíñîðû íà îñíîâå 2D ìàòåðèàëîâ 64

Àíòîíîâà È.Â, Êîòèí È.À., Ïîïîâ Â.È., Ñìàãóëîâà Ñ.À. Ãèáêèå ïå÷àò-
íûå ñåíñîðû âëàæíîñòè íà îñíîâå êîìïîçèòà ãðàôåí - PEDOT: PSS . 64

Àëåêñàíäðîâ Ã.Í., Íåóñòðîåâ Å.Ï. Ñòåïåíü òóøåíèÿ ôëóîðåñöåíöèè è
óñëîâèÿ ñèíòåçà ñóñïåíçèé îêñèäà ãðàôåíà . . . . . . . . . . . . . . . . 65

Áîÿêèíîâ Å.Ô., Çàõàðêèíà Å.È., Ñåìåíîâà À.À., Âèíîêóðîâ Ï.Â., Ñìà-
ãóëîâà Ñ.À., Ãðèãîðüåâ Þ.Ì., Õðèêîâèíè Ê. Còðóêòóðíûå ñâîéñòâà
äâóìåðíîãî MoS2, ñèíòåçèðîâàííîãî ïî ìåòîäó CVD íà Al2O3(0001) . 66

Âèíîêóðîâ Ï.Â., Ñìàãóëîâà Ñ.À. Èññëåäîâàíèå ïðîöåññîâ ïåðåçàðÿäêè â
ãåòåðîñòðóêòóðàõ íà îñíîâå êðåìíèé - ãåðìàíèÿ ñ êâàíòîâûìè ÿìàìè 67

Âèíîêóðîâ Ï.Â., Òèìîôååâà Ò.Å., Ñìàãóëîâà Ñ.À. Èññëåäîâàíèå ýíåðãåòè-
÷åñêèõ óðîâíåé â êâàíòîâûõ ÿìàõ â ãåòåðîñòðóêòóðàõ íà îñíîâå sige
ñ äåëüòà ëåãèðîâàíèåì . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

Âûñîêèõ Þ.Å., Êðàñíîáîðîäüêî Ñ.Þ., Ñìàãóëîâà Ñ.À., Øåâÿêîâ Â.È.
Çàîñòðåíèå èãë êàíòèëåâåðîâ äëÿ àòîìíî-ñèëîâîé ìèêðîñêîïèè ñ èñ-
ïîëüçîâàíèåì èîííî-ëó÷åâîãî òðàâëåíèÿ . . . . . . . . . . . . . . . . . . 69

Dotsenko A.A., Komissarov A.A., Yashin V.A. Halide perovskite-derived for
mesoscopic solar cell: electronic structure and XPS spectra . . . . . . . . 70

Åãîðîâà Ì.Í., Òîìñêàÿ À.Å., Êàïèòîíîâ À.Í., Ñìàãóëîâà Ñ.À., Àëåêñååâ
À.À. Èññëåäîâàíèå êâàíòîâûõ âûõîäîâ ëþìèíåñöåíöèè óãëåðîäíûõ
òî÷åê ñèíòåçèðîâàííûõ èç ýòèëåíãëèêîëÿ è ëèìîííîé êèñëîòû . . . . 71

8



Ñèëüíî êîððåëèðîâàííûå äâóìåðíûå ñèñòåìû: îò òåîðèè ê ïðàêòèêå

Êàïèòîíîâ À.Í., Åãîðîâà Ì.Í., Òîìñêàÿ À.Å., Ñìàãóëîâà Ñ.À., Àëåêñååâ
À.À. Ãèäðîòåðìàëüíûé ñèíòåç óãëåðîäíûõ òî÷åê è èõ ëþìèíåñöåíöèÿ 72

Êîìàðîâ È.À., Ãîëîâèí À.Â., Ñìàãóëîâà Ñ.À. Áèîëîãè÷åñêèå ñåíñîðû íà
îñíîâå àïòàìåðîâ äëÿ äåòåêòèðîâàíèÿ ìàðêåðîâ âèðóñîâ . . . . . . . . 73

Ìàìàåâà Ñ.Í., Ìàêñèìîâ Ã.Â., Àíòîíîâ Ñ.Ð., Íåóñòðîåâ Å.Ï., Êîíîíîâà
È.Â., Çàõàðîâà Ô.À., Âàñèëüåâ È.Â, Ïàâëîâ À.Í. Èçó÷åíèå ìîðôîëî-
ãèè ýðèòðîöèòîâ êðîâè ïðè ëó÷åâîé òåðàïèè îïóõîëåé ñ ïðèìåíåíèåì
ìåòîäîâ ìåäèöèíñêîé ôèçèêè è íàíîáèîòåõíîëîãèé . . . . . . . . . . . 74

Íåóñòðîåâ Å.Ï. Îïòè÷åñêèå ñâîéñòâà òîíêîñëîéíîãî îêñèäà ãðàôåíà ìî-
äèôèöèðîâàííîãî â ïëàçìå . . . . . . . . . . . . . . . . . . . . . . . . . . 75

Obraztsova E.A., Zarubina A.P., Sorokina E.V., Klinov D.V. Carbon and
boron nitride nanotubes action on bacterial cells . . . . . . . . . . . . . . 76

Ïðîêîïüåâ À.Ð., Íåóñòðîåâ Å.Ï. Ïðîçðà÷íûå îïòè÷åñêèå àíòåííû íà áàçå
óãëåðîäíûõ íàíîìàòåðèàëîâ . . . . . . . . . . . . . . . . . . . . . . . . . 77

Ðûáèí Ì.Ã., Èñëàìîâà Â. Ð., Îáðàçöîâà Å.Ä. Ìîäèôèêàöèÿ îïòè÷åñêèõ è
ýëåêòðîôèçè÷åñêèõ ñâîéñòâ CVD ãðàôåíà . . . . . . . . . . . . . . . . . 78

Ñåìåíîâ Ñ.Î., Íåóñòðîåâ Å.Ï., Ñàââèíîâà Í.À. Ðåãèñòðàöèÿ èíôðàêðàñ-
íûõ âîëí ñ ïîìîùüþ ñåíñîðà íà îñíîâå îêñèäà ãðàôåíà . . . . . . . . . 79

Huda K. Hameed Ïðèìåíåíèå êîëëîèäíûõ êâàíòîâûõ òî÷åê â êàòîäîëþìè-
íåñöåíòíûõ èñòî÷íèêàõ ñâåòà . . . . . . . . . . . . . . . . . . . . . . . . 80

Huda K. Hameed Õàðàêòåðèñòèêè ôîòîëþìèíåñöåíöèè êîëëîèäíûõ êâàí-
òîâûõ òî÷åê . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

Ñåêöèÿ III. Ñïèíòðîííàÿ è ¾äîëèííàÿ¿ ýëåêòðîíèêà, òîïîëîãè÷åñêèå

èçîëÿòîðû è ýëåêòðîíû íà æèäêîì ãåëèè - ïóòü ê êâàíòîâûì ñè-

ìóëÿòîðàì 82

O. Heckmann, M. C. Richter, U. Djukic, J.-M. Mariot, W. Wang, I. Vobornik,
K. Hricovini Strong resonance of quasi 1D structures at the Bi/InAs(100)
interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

Àêñåíîâ Â.Ë., Íèêèòåíêî Þ.Â., Õàéäóêîâ Þ.Í. Íåéòðîííûå èññëåäîâà-
íèÿ ìàòåðèàëîâ äëÿ ñïèíòðîíèêè . . . . . . . . . . . . . . . . . . . . . . 83

Çàõàðêèíà Å.È., Ñåìåíîâà À.À., Áîÿêèíîâ Å.Ô., Âèíîêóðîâ Ï.Â., Ñìà-
ãóëîâà Ñ.À. Ñèíòåç è èññëåäîâàíèå äâóìåðíîãî MoS2, âûðàùåííîãî
íà SiO2 ìåòîäîì CVD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84

Çàõàðîâ Ì.Þ., Áåéñåíãóëîâ Í.Ð., Òàþðñêèé Ä.À., Kono K., Rees D.G.
Ìîäåëèðîâàíèå ïëàâëåíèÿ êâàçèîäíîìåðíîãî ýëåêòðîííîãî êðèñòàë-
ëà â ïàðàáîëè÷åñêîì ïîòåíöèàëå . . . . . . . . . . . . . . . . . . . . . . 85

Çàõàðîâ Ð.Í., Øàðèí Å.Ï. Ýëåêòðîííûå ñâîéñòâà ìîíîñëîÿ MoS2 . . . . . 86

9



Ñèëüíî êîððåëèðîâàííûå äâóìåðíûå ñèñòåìû: îò òåîðèè ê ïðàêòèêå

Êèÿìîâ À. Ã., Òàãèðîâ Ë.Ð., Òàþðñêèé Ä.À., Seidov Z., Widmann S., Krug
von Nidda H.-A., Tsurkan V., Loidl A. Êîëåáàòåëüíûå ñâîéñòâà è ìàã-
íèòíàÿ òåïëîåìêîñòü ëèíåéíîãî öåïî÷å÷íîãî àíòèôåððîìàãíåòèêà KFeS2 87

Êóñòîâ Ä.À., Íåáîãàòèêîâà Í.À., Àíòîíîâà È.Â., Ãîëÿøîâ Â.À., Êîõ
Ê.À., Òåðåùåíêî Î.Å. Òîíêèå ïëåíêè Bi2Se3 äëÿ ñîçäàíèÿ Âàí-Äåð-
Âààëüñîâûõ ãåòåðåñòðóêòóð . . . . . . . . . . . . . . . . . . . . . . . . . 88

Ôåäîðîâ À. Ã. Prediction of the structure of non-carbon nanotube WS2 . . . . 89
Øàìøóð Ä.Â., Âîëêîâ Ì.Ï., Ìèõàéëèí Í.Þ., Ïàðôåíüåâ Ð.Â. Ìàãíèò-

íûå ñâîéñòâà PbSnTe:In â ñâåðõïðîâîäÿùåì ñîñòîÿíèè . . . . . . . . . 90

Ñåêöèÿ IV. Äðóãèå âîïðîñû ôèçèêè 91

Àëåêñååâ À.À., Ãàðìàåâà Ä.Ê., Àôàíàñüåâà Ñ.Ñ. Îïðåäåëåíèå õèìè÷åñêî-
ãî ñîñòàâà æåë÷íûõ êàìíåé ìåòîäîì ÈÊ-Ôóðüå ñïåêòðîñêîïèèÿ . . . . 91

Bashkuev Yu.B., Dembelov M.G., Buyanova D.G., Naguslaeva I. B., Khaptanov
V.B., Melchinov V. P Îñîáåííîñòè ðàñïðîñòðàíåíèÿ ÄÂ-ÑÂ-ÊÂ ðà-
äèîâîëí íà Àðêòè÷åñêèõ òðàññàõ ëåä-ìîðå . . . . . . . . . . . . . . . . 92

Âèíîêóðîâ Í.À. Ìîäåëèðîâàíèå íåéòðàëüíîãî òîêîâîãî ñëîÿ ìåæïëàíåò-
íîãî ìàãíèòíîãî ïîëÿ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

Vinokurov N.A., Gololobov P.Yu., Petukhova A. S. Çàâèñèìîñòü àìïëèòóäû
Ôîðáóø ïîíèæåíèÿ îò ïàðàìåòðîâ ìàãíèòíîãî îáëàêà . . . . . . . . . 94

Ãîëèêîâ È.À., Ãîëîëîáîâ À.Þ., Ïîïîâ Â.È. Ìîäåëèðîâàíèå ðàñïðåäåëå-
íèÿ òåìïåðàòóðû ýëåêòðîíîâ â ñóáàâðîðàëüíîé èîíîñôåðå äëÿ çèì-
íèõ óñëîâèé . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

Ãðèãîðüåâ Þ.Ì. Êâàòåðíèîííûå ôóíêöèè è èõ ïðèëîæåíèÿ â ìåõàíèêå
ñïëîøíûõ ñðåä . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

Ãðèãîðüåâ Þ.Ì., Áîðèñîâà Ì.Í., Õàðëàìïüåâà Ñ. Ã. Èíäóöèðîâàííûå ãðî-
çîâûå ïåðåíàïðÿæåíèÿ â ìíîãîïðîâîäíûõ ëèíèÿõ ïåðåäà÷ . . . . . . . 97

Åôðåìîâà Ñ.À., Ðîìàùåíêî Þ.À., Êðûìñêèé Ã.Ô. Ìîäåëü ïëàçìåííîé
îáîëî÷êè çàìàãíè÷åííûõ ïëàíåò (àâòîìîäåëüíûé ñëó÷àé) . . . . . . . 98

Zhebsain V.V., Popov V. I., Zhebsaina S.M. Èññëåäîâàíèå ìîäèôèöèðîâàí-
íîé êîðû äàóðñêîé ëèñòâåííèöû ìåòîäîì êîìáèíàöèîííîãî ðàññåÿíèÿ
ñâåòà . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

Êðûëàòîâà Ñ.Ð., ßêîâëåâ Á.Â. Ðàñ÷åò âåðîÿòíîñòè ïîëîæåíèÿ ÷àñòèöû â
âèíòîâîì ïíåâìîñåïàðàòîðå . . . . . . . . . . . . . . . . . . . . . . . . . 100

Ëåîíòüåâ Í.À. Ïðèìåíåíèå âåéâëåò äëÿ çàäà÷ ðàñïîçíàâàíèÿ ðå÷è . . . . 101
Áîðèñîâà Ì.Í., Ëîíãèíîâà Â.ß. Ãðîçîâûå ïåðåíàïðÿæåíèÿ â ëèíèè ïåðå-

äà÷ â òðåõñëîéíîé ñðåäå . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
Ìàðêîâ Â. Ã., Ïîïîâ Ñ.Â. Ïðîòèâîïîëîæíûå ñïóòíûå ïîòîêè ñ îáùèìè

óñëîâèÿìè ñîïðÿæåíèÿ . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

10



Ñèëüíî êîððåëèðîâàííûå äâóìåðíûå ñèñòåìû: îò òåîðèè ê ïðàêòèêå

Ìàòâååâ È.À., Åðåìååâà Í. Ã., Ñòåïàíîâà Ñ.Ä., ßêîâëåâ Á.Â. Îñîáåííî-
ñòè ãèäðàâëè÷åñêîé êðóïíîñòè ïëîñêîé ÷àñòèöû . . . . . . . . . . . . . 104

Ìàòîðèí Ä.Í., Àëåêñååâ À.À. Îöåíêà ñîñòîÿíèÿ ðàñòåíèé ïðè àíòðîïî-
ãåííûõ çàãðÿçíåíèÿõ ôëóîðåñöåíòíûìè ìåòîäàìè . . . . . . . . . . . . 105

Ìåëü÷èíîâ Â.Ï., Êëàäêèí Â.Ï. Ñòðóêòóðà ìåðçëîòû â çîíå òåðìîêàðñòî-
âîãî ïðîâàëà (ï. Áàòàãàé) . . . . . . . . . . . . . . . . . . . . . . . . . . 106

Íèêèôîðîâà Ë.Â., ßêîâëåâ Á.Â. Òåîðåòè÷åñêîå èññëåäîâàíèå ïðîöåññà îò-
ñàäêè ïðè îáîãàùåíèè ïîëåçíûõ èñêîïàåìûõ . . . . . . . . . . . . . . . 107

Îñèïîâ Ä.Ð., ßêîâëåâ Á.Â. Äèíàìèêà ôîðìû äèñêà èç êîâêîãî ìåòàëëà
ïðè èçîòðîïíîé áîìáàðäèðîâêå . . . . . . . . . . . . . . . . . . . . . . . 108

Knurenko S. P., Petrov I. S. Êîððåëÿöèÿ ðàäèîñèãíàëà íà ÷àñòîòå 30-35 ÌÃö
ñ ýíåðãèåé è ïðîäîëüíûì ðàçâèòèåì ØÀË ñâåðõâûñîêèõ ýíåðãèé . . . 109

Ïèÿíçèíà È.È., Òàþðñêèé Ä.À. Ab-initio ìîäåëèðîâàíèå ñâîéñòâ 2D ýëåê-
òðîííîé æèäêîñòè íà èíòåðôåéñå ìåæäó LaAlO3 è SrTiO3 . . . . . . . 110

Ïîïîâ Í.Ñ. Íåëîêàëüíûå èíòåãðî-äèôôåðåíöèàëüíûå çàäà÷è ìíîãîìåð-
íûõ äèôôóçèîííûõ ïðîöåññîâ . . . . . . . . . . . . . . . . . . . . . . . . 111

Ïðîêîïüåâ À.Â. Îáðàòíûå çàäà÷è èäåíòèôèêàöèè êîýôôèöèåíòà ïàðàáî-
ëè÷åñêîãî óðàâíåíèÿ ïðè ôóíêöèè èñòî÷íèêà . . . . . . . . . . . . . . . 112

Ïðîøèí Þ.Í., Àâäååâ Ì.Â., Áîðèñîâà Î.Í.,
Êóòóçîâ À.Ñ., Ñèðàåâ Ô.Ì., Òóìàíîâ Â.À. Ýôôåêò áëèçîñòè â íàíî-
ñòðóêòóðàõ ôåððîìàãíåòèê-ñâåðõïðîâîäíèê è ñâåðõïðîâîäÿùàÿ ñïèí-
òðîíèêà . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113

Ñëåïöîâ Ñ.Ä., Ñàââèíîâà Í.À., Ðóáöîâ Í.À. Ðàäèàöèîííî-êîíäóêòèâíûé
òåïëîïåðåíîñ â ïëîñêîì ñëîå ëüäà . . . . . . . . . . . . . . . . . . . . . 114

Ñàôîíîâà Ì.Í., Ôåäîòîâ À.À. Âûáîð äèñïåðñíîãî óïðî÷íèòåëÿ â ìåòàë-
ëè÷åñêîé ìàòðè÷íîé êîìïîçèöèè è èññëåäîâàíèå åãî ãðàíóëîìåòðè÷å-
ñêîãî ñîñòàâà . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115

Ãðèãîðüåâ Þ.Ì., Ñèâöåâ Â.È., ßêîâëåâ Á.Â. Èññëåäîâàíèå òåïëîôèçè÷å-
ñêèõ ïðîöåññîâ ïðè äðîáëåíèè ðóäû â óñëîâèÿõ Êðàéíåãî Ñåâåð . . . . 116

Òèìîôååâ Ë.Â., Èâàíîâ À.À. Ðåãèñòðàöèÿ ÷åðåíêîâñêîãî ñâåòà íà ßêóò-
ñêîé óñòàíîâêå ØÀË . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117

Ôåäîðîâ Â. Å. Îöåíêà ñêîðîñòè ñõîäèìîñòè ìåòîäà ãàëåðêèíà äëÿ íåêëàñ-
ñè÷åñêîãî óðàâíåíèÿ ìàòåìàòè÷åñêîé ôèçèêè . . . . . . . . . . . . . . . 118

ßêîâëåâ À.Ì., Ãðèãîðüåâ Þ.Ì Câîéñòâà è íåêîòîðûå ïðèëîæåíèÿ îïåðà-
òîðà ðàäèàëüíîãî èíòåãðèðîâàíèÿ . . . . . . . . . . . . . . . . . . . . . 119

11



Ñèëüíî êîððåëèðîâàííûå äâóìåðíûå ñèñòåìû: îò òåîðèè ê ïðàêòèêå

Ïëåíàðíûå äîêëàäû

Nonlinear Dymanics of the Wigner solid on a liquid helium
surface

Kono K.1,2

1Department of Electrophysics National Chiao Tung Univerisity, Hsinchu, Taiwan;
kkono@nctu.edu.tw

2RIKEN Center for Emergent Matter Science, Wako, Japan; kkono@riken.jp

Surface state electrons (SSE) on liquid helium realize the clearest 2D Wigner solid
(WS) at low temperatures[1]. A locallized pressure from each electron of WS to the
surface gives rise to a commensurate deformation of the He surface, known as the dimple
lattice (DL)[2].

The coupling of the WS with the DL is of a dynamical nature, because of the inter-
ference of ripplons emitted by the moving WS. When the velocity of the WS-DL system
approaches the phase velocity of ripplons of wavevector equal to the WS periodicity,
refered to as vBC, constructive interference resonantly deepens the DL. Accordingly, the
resistive force increases by approaching vBC so as to regulate the WS velocity at vBC.
However, when the driving force exceeds the restoring force, the WS eventually decou-
ples from the DL. The DL depth can grow more than one order of magnitude deeper at
the decoupling point.

Recently, detailed dynamics of WS-DL systems can be studied by employing a micro-
fabricated device. By using capillary action, a liquid He channel can be used to support
SSE. The resistance of WS on the channel is high enough to sustain a large electric field
along the channel so that the decoupling is precisely controlled.
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Ãåòåðîñòðóêòóðû íà îñíîâå ãðàôåíà äëÿ ãèáêîé ýëåêòðîíèêè

Heterostructures based on graphene for �exible electronics

Àíòîíîâà È.Â.

Èíñòèòóò ôèçèêè ïîëóïðîâîäíèêîâ èì. À.Â. Ðæàíîâà ÑÎ ÐÀÍ, Íîâîñèáèðñê, Ðîññèÿ;
antonova@isp.nsc.ru

Â íàñòîÿùåå âðåìÿ ïðîèñõîäèò ñòàíîâëåíèå ýëåêòðîíèêè ìîíîñëîéíûõ ìàòåðèàëîâ,
à èìåííî, áóðíîå ðàçâèòèå òåõíîëîãèé ïîëó÷åíèÿ ìîíîñëîéíûõ ìàòåðèàëîâ, òåõíîëîãè-
÷åñêèõ ïðèåìîâ ðàáîòû ñ íèìè, ðàçðàáîòêà íîâîãî äèçàéíà ãåòåðîñòðóêòóð è èññëåäîâà-
íèå èõ ñâîéñòâ, ïîèñê ïåðñïåêòèâ èñïîëüçîâàíèÿ ìîíîñëîéíûõ ìàòåðèàëîâ è ïðèáîðíûõ
ñòðóêòóð íà èõ îñíîâå. Ê äîñòîèíñòâàì èñïîëüçîâàíèÿ ìîíîñëîéíûõ ìàòåðèàëîâ ìîæíî
îòíåñòè ïðèíöèïèàëüíóþ ñîâìåñòèìîñòü ñ òðàäèöèîííûìè ìàòåðèàëàìè è òåõíîëîãèÿìè
(ïîñëå ïðîðàáîòêè íåêîòîðûõ òåõíîëîãè÷åñêèõ ïðîöåññîâ), ïðîðûâ â ìèíèàòþðèçàöèè,
âêëþ÷àÿ 3Däèçàéí, âîçìîæíîñòü óïðàâëÿòü ýëåêòðîííûìè ñâîéñòâàìè ìàòåðèàëîâ, ñî-
çäàâàòü íîâûå òèïû ãåòåðîñòðóêòóð, íå äîñòèæèìûõ äðóãèìè ìåòîäàìè, è ìíîãîå äðóãîå.
Ðàçâèòèå ãèáêîé (ðàñòÿãèâàåìîé, ñâîðà÷èâàåìîé, íîñèìîé) ýëåêòðîíèêè ñ èñïîëüçîâàíèåì
ìàòåðèàëîâ íà îñíîâå ãðàôåíà, êàê ñîñòàâíîé ÷àñòè ýëåêòðîíèêè ìîíîñëîéíûõ ìàòåðèà-
ëîâ, äåìîíñòðèðóåò â íàñòîÿùåå âðåìÿ îãðîìíûé ïðîãðåññ. Â äîêëàäå áóäóò ðàññìîòðåíû
ïîñëåäíèå äîñòèæåíèÿ â ðàçâèòèè ãèáêîé ýëåêòðîíèêè ñ èñïîëüçîâàíèåì ìàòåðèàëîâ íà
îñíîâå ãðàôåíà. Â òîì ÷èñëå, áóäåò îáñóæäàòüñÿ íàøè ðåçóëüòàòû ïî ñîçäàíèþ ãåòåðî-
ñòðóêòóð ãðàôåí � ôòîðîãðàôåí, êîìïîçèòîâ ñ èñïîëüçîâàíèåì ôòîðîãðàôåíà è äð. äëÿ
ãèáêîé, è ïå÷àòíîé ýëåêòðîíèêè.
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Êâàçèäâóìåðíûå áèñëîéíûå ìàòåðèàëû íà îñíîâå ãðàôåíà:
ñòðóêòóðû, ñâîéñòâà è ïðèëîæåíèÿ

Quasi-two-dimensional bilayer materials based on graphene:
structures, properties and applications

×åðíîçàòîíñêèé Ë.À.

Èíñòèòóò áèîõèìè÷åñêîé ôèçèêè ÐÀÍ, Ìîñêâà, Ðîññèÿ;

Â äîêëàäå ïðåäñòàâëåíû ðåçóëüòàòû ïîñëåäíèõ òåîðåòè÷åñêèõ è ýêñïåðèìåíòàëüíûõ
èññëåäîâàíèé íîâûõ áèñëîéíûõ ìàòåðèàëîâ íà îñíîâå ãðàôåíà:

Ýëåêòðîííûå ñâîéñòâà áèãðàôåíîâûõ ìóàðîâûõ ñòðóêòóð;
Áèñëîéíûå ìàòåðèàëû íà îñíîâå áèãðàôåíà è hBN/ãðàôåíà, ñîäåðæàùèå îòâåðñòèÿ ñ

çàìêíóòûìè ãðàíèöàìè � ñòðóêòóðû è èõ ñâîéñòâà;
Ýôôåêòû âëèÿíèÿ âíåøíèõ âîçäåéñòâèé, òàêèõ êàê ìåõàíè÷åñêîå íàïðÿæåíèå è âíåø-

íåå ïîïåðå÷íîå ýëåêòðè÷åñêîå ïîëå, íà ýëåêòðîííûå ñâîéñòâà áèñëîéíûõ ñòðóêòóð;
Ïåðñïåêòèâû èñïîëüçîâàíèÿ áèñëîéíûõ ìàòåðèàëîâ íà îñíîâå ãðàôåíà â íàíîýëåêòðî-

íèêå è îïòîýëåêòðîíèêå.
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Óïðî÷íåíèå ñòàëüíîé ïîâåðõíîñòè ÷àñòè÷íî
âîññòàíîâëåííûì îêñèäîì ãðàôåíà

Reinforcement of a steel surface with partialy reduced graphene
oxide

Åëåöêèé À.Â., Áî÷àðîâ Ã.Ñ., Óâàðîâ À.Â., Ôåäîðîâè÷ Ñ.Ä.

Íàöèîíàëüíûé èññëåäîâàòåëüñêèé óíèâåðñèòåò " ÌÝÈ " , Ìîñêâà, Ðîññèÿ;
Eletskii@mail.ru

Ðàçâèòà ìåòîäèêà òåðìè÷åñêîãî âîññòàíîâëåíèÿ îêñèäà ãðàôåíà. Â êà÷åñòâå èñõîäíîãî
ìàòåðèàëà èñïîëüçóåòñÿ áóìàãîïîäîáíàÿ ïëåíêà îêñèäà ãðàôåíà, ïîëó÷åííàÿ ñòàíäàðò-
íûì ìåòîäîì Õàììåðñà. Îáðàçöû òàêîé ïëåíêè ðàçìåðîì ïðèìåðíî 15õ10 mm2 òîëùèíîé
40− 60 µm ïîäâåðãàëèñü òåðìîîáðàáîòêå ïðè ðàçëè÷íûõ òåìïåðàòóðàõ, ÷òî ïðèâîäèëî ê
÷àñòè÷íîìó âîññòàíîâëåíèþ îêñèäà ãðàôåíà è ñîïðîâîæäàëàñü ðîñòîì ïðîâîäèìîñòè ýòî-
ãî ìàòåðèàëà. Íàèáîëüøèé ñêà÷îê ïðîâîäèìîñòè íàáëþäàåòñÿ ïðè òåìïåðàòóðå îòæèãà
200 ◦C, êîãäà ïðîâîäèìîñòü îáðàçöà âîçðàñòàåò íà 5 ïîðÿäêîâ âåëè÷èíû ïî ñðàâíåíèþ ñ
èñõîäíûì ìàòåðèàëîì. Ïîëó÷åííûå îáðàçöû ÷àñòè÷íî âîññòàíîâëåííîãî îêñèäà ãðàôåíà
èñïîëüçîâàëè äëÿ óïðî÷íåíèÿ ñòàëüíîé ïîâåðõíîñòè. Ïðîöåäóðà óïðî÷íåíèÿ îïèñàíà ðà-
íåå â ðàáîòàõ [1], ãäå â êà÷åñòâå óïðî÷íÿþùåãî ïîêðûòèÿ èñïîëüçîâàëèñü ôóëëåðåíû C60 è
íàíîóãëåðîäíàÿ ñàæà, îáðàçîâàííàÿ â ðåçóëüòàòå ýëåêòðîäóãîâîãî ðàñïûëåíèÿ ãðàôèòîâî-
ãî ýëåêòðîäà ñ ïîñëåäóþùåé ýêñòðàêöèåé ôóëëåðåíîâ. Ïëåíêà ÷àñòè÷íî âîññòàíîâëåííîãî
îêñèäà ãðàôåíà íàíîñèòñÿ íà ñòàëüíóþ ïîâåðõíîñòü, ïîñëå ÷åãî ïîâåðõíîñòü ïîäâåðãàåòñÿ
îáðàáîòêå ëàçåðíûì ëó÷îì èëè ýëåêòðîííûì ïó÷êîì. Ðåçóëüòàòû èçìåðåíèé óêàçûâàþò
íà óâåëè÷åíèå ìèêðîòâåðäîñòè îáðàáîòàííîé òàêèì îáðàçîì ïîâåðõíîñòè, ïðè÷åì ãëóáèíà
óïðî÷íåííîãî ñëîÿ ñîñòàâëÿåò äåñÿòêè ìèêðîìåòðîâ.

Èññëåäîâàíèå âûïîëíåíî çà ñ÷åò ãðàíòà Ðîññèéñêîãî íàó÷íîãî ôîíäà (ïðîåêò � 16-19-
10027).
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Graphene for laser applications

Obraztsova E.D.1,2, Rybin M.G.1,2, Bykov A.Y.3, Murzina T.V.3, Obraztsov
P.A.1, Sorochenko V.R.1

1A.M. Prokhorov General Physics Institute, RAS;
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2 Moscow Institute of Physics and Technology, Dolgoprudny, Moscow Region, Russia;
3 M.V. Lomonosov Moscow State University, Physics Department, Moscow, Russia;

Graphene can be efficiently used in optics. The working spectral range of graphene is very
wide: our measurements show that absorption of 2.3 % (per 1 layer) extends from 0.4 mkm
up to 12 mkm (at least). This property opens a possibility to form the saturable absorbers
for mid -IR lasers [1]. Due to a high optical non-linearity graphene can be used for frequency
multiplication in lasers [2]. Compactness of graphene saturable absorber provided realization of
stable self-starting mode- locking operation of a diode-pumped waveguide Nd:YAG laser that
delivers picoseconds pulses at a repetition rate of up to 11.5 GHz with an average power of 12
mW at a central wavelength of 1064 nm [3]. In this work we demonstrate the progress made
for lasers of different wavelengths (from 1.5 to 10.5 mkm) with graphene saturable absorbers.
The problems and possible further applications are discussed.

The work was supported by RFBR projects 16 - 02 - 00979 a, 16 - 32 - 60203 mol a dk and
RSF project 17 - 72 - 10303.
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Äâóõìåðíûå âåðòèêàëüíûå âàí-äåð-âààëüñîâûå
ãåòåðîñòðóêòóðû íà îñíîâå ãðàôåíà è äèñóëüôèäà ìîëèáäåíà

Two-dimensional vertical van der waals heterostructures based
on graphene and molybdenum disulphide

Ñìàãóëîâà Ñ.À.

Ñåâåðî-âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èì. Ì. Ê. Àììîñîâà, ã. ßêóòñê, Ðîññèÿ;
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Â íàñòîÿùåå âðåìÿ áîëüøîé èíòåðåñ âûçûâàåò ñèíòåç äâóõìåðíûõ ìàòåðèàëîâ ñ ïîëó-
ïðîâîäíèêîâûìè ñâîéñòâàìè. Ñåìåéñòâîì òàêèõ äâóõìåðíûõ ïîëóïðîâîäíèêîâ ÿâëÿþòñÿ
äèõàëüêîãåíèäû ïåðåõîäíûõ ìåòàëëîâ. Ñðåäè íèõ íàèáîëåå èíòåðåñíû MoS2, WS2, êîòî-
ðûå ÿâëÿþòñÿ ôîòî÷óâñòâèòåëüíûìè â äèàïàçîíå âèäèìîãî ñâåòà, ÷òî äåëàåò èõ ïåðñïåê-
òèâíûìè äëÿ ñîçäàíèÿ ñîëíå÷íûõ ýëåìåíòîâ. Äâóõìåðíûå ïëåíêè MoS2, WS2 îáëàäàþò
ðÿäîì óíèêàëüíûõ ñâîéñòâ òàêèìè, êàêèìè îáëàäàþò ãðàôåíîâûå ïëåíêè, ïðî÷íîñòüþ,
ïðîçðà÷íîñòüþ, ãèáêîñòüþ. Â íàñòîÿùåå âðåìÿ âî âñåì ìèðå ðàñòåò èíòåðåñ ê ãèáêîé
ýëåêòðîíèêå. Ãèáêàÿ ýëåêòðîíèêà ïðåäëàãàåò ñîçäàíèå ñîâåðøåííî íîâûõ ýëåêòðîííûõ
óñòðîéñòâ, â òîì ÷èñëå ãèáêèõ ñîëíå÷íûõ ýëåìåíòîâ. Â êà÷åñòâå ïðîçðà÷íûõ ýëåêòðîäîâ
ïåðñïåêòèâíî èñïîëüçîâàòü ãèáêèå ãðàôåíîâûå ïëåíêè, êîòîðûå ñ óñïåõîì ìîãóò çàìåíèòü
îêñèäû èíäèÿ è îëîâà.

Ãðàôåíîâûå ïëåíêè áûëè ñèíòåçèðîâàíû ìåòîäîì CVD ïóòåì ðàçëîæåíèÿ ãàçîîáðàç-
íîãî ìåòàíà, à äèñóëüôèä ìîëèáäåíà ñèíòåçèðîâàí ïóòåì èñïàðåíèÿ ïîðîøêîâ ñåðû è
òðèîêèñè ìîëèáäåíà. Ñèíòåçèðîâàííûå ïëåíêè áûëè èññëåäîâàíû ñ ïîìîùüþ îïòè÷åñêî-
ãî, ñêàíèðóþùåãî ýëåêòðîííîãî è àòîìíî-ñèëîâîãî ìèêðîñêîïîâ, ýëåìåíòíîãî àíàëèçà, èç-
ìåðåíèÿ ñïåêòðîâ êîìáèíàöèîííîãî ðàññåÿíèÿ ñâåòà, èçìåðåíèÿ ýëåêòðè÷åñêèõ õàðàêòå-
ðèñòèê. Ïðîâåäåíû ýêñïåðèìåíòû ïî ïåðåíîñó ãðàôåíîâûõ ïëåíîê è ïëåíîê äèñóëüôèäà
ìîëèáäåíà íà ïðîçðà÷íûå ãèáêèå ïîäëîæêè. Ïðîâîäèòñÿ ñáîðêà âåðòèêàëüíûõ âàí-äåð Âà-
àëüñîâûõ ãåòåðîñòðóêòóð èç ñèíòåçèðîâàííûõ ïëåíîê,ãðàôåíà è äèñóëüôèäà ìîëèáäåíà.

Ðàáîòà ïðîâåäåíà â ðàìêàõ ãîñçàäàíèÿ ÌÎÍ ÐÔ ¾Âåäóùèå èññëåäîâàòåëè íà ïîñòîÿí-
íîé îñíîâå¿ � 16.6824.2017/6.7, ãðàíò ÐÔÔÈ � 18 - 42 - 140005 ð_à.
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Òåõíîëîãèÿ äâóõñòàäèéíîãî äîçèðîâàíèÿ ïðè ïðîèçâîäñòâå
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Two-step feeding technology for graphene oxide manufacturing

Àëü�Ñàÿä Ò.Õ.Ê., Ïåðøèí Â.Ô., Âîðîáüåâ À.Ì., Ãàëóíèí Å.Â.
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×àñòî ïðè ïðîìûøëåííîì ïðîèçâîäñòâå îêñèäà ãðàôåíà èñïîëüçóþò ñïîñîá îêèñëåíèÿ
ãðàôèòà äåéñòâèåì KÌnO4 â êîíöåíòðèðîâàííîé ñåðíîé êèñëîòå. Ïðè ïðîìûøëåííîé ðå-
àëèçàöèè äàííîé òåõíîëîãèè íåîáõîäèìî íåïðåðûâíî è âåñüìà òî÷íî äîçèðîâàòü ïîðîøîê
KÌnO4. Äëÿ äîñòàòî÷íî ìàñøòàáíîãî ïðîèçâîäñòâà ïðîèçâîäèòåëüíîñòü íåïðåðûâíîãî äî-
çàòîðà ñîñòàâëÿåò ïîðÿäêà 0,03 ã ñ−1, îäíàêî íà ñåãîäíÿ îòñóòñòâóþò ñåðèéíî âûïóñêàåìûå
äîçàòîðû, ñïîñîáíûå îáåñïå÷èòü ýòó ïðîèçâîäèòåëüíîñòü. Äëÿ ðåøåíèÿ äàííîé ïðîáëåìû
áûëà èñïîëüçîâàíà ðàçðàáîòàííàÿ ðàíåå òåõíîëîãèÿ äâóõñòàäèéíîãî äîçèðîâàíèÿ. Íà ïåð-
âîé ñòàäèè ôîðìèðóþòñÿ îòäåëüíûå ïîðöèè ñûïó÷åãî ìàòåðèàëà âåñîì ∆P, êîòîðûå ÷åðåç
ðàâíûå ïðîìåæóòêè âðåìåíè ∆T ïîäàþòñÿ â ñïåöèàëüíîå óñòðîéñòâî, à íà âòîðîé ñòà-
äèè ýòè ïîðöèè ïðåîáðàçóþòñÿ â íåïðåðûâíûé ïîòîê. Ïîâûøåíèå òî÷íîñòè íåïðåðûâíî-
ãî äîçèðîâàíèÿ îáåñïå÷èâàåòñÿ òåì, ÷òî âçâåøèâàíèå îòäåëüíûõ ïîðöèé îñóùåñòâëÿåòñÿ
â ñòàòè÷åñêîì ñîñòîÿíèè è íà âåñîâîé äàò÷èê íå äåéñòâóþò äèíàìè÷åñêèå íàãðóçêè. Ñ
öåëüþ äàëüíåéøåãî ïîâûøåíèÿ òî÷íîñòè íåïðåðûâíîãî äîçèðîâàíèÿ ó÷èòûâàëè îøèáêó,
ñîâåðøåííóþ ïðè ôîðìèðîâàíèè ïîðöèè ìàòåðèàëà íà ïðåäûäóùåì øàãå. Óñòàíîâëåíî,
÷òî äàæå ïðè óìåíüøåíèè ïðîèçâîäèòåëüíîñòè ïèòàòåëÿ áîëåå, ÷åì â äåñÿòü ðàç, ïîãðåø-
íîñòü â îïðåäåëåíèè âåñà ïîðöèè íàõîäèòñÿ â äèàïàçîíå îò 0,25 äî 1 %. Ïðè ìàëîì âåñå
ïîðöèè ïîãðåøíîñòü óâåëè÷èâàåòñÿ. Ñóòü ïðåäëàãàåìîãî ðåøåíèÿ çàêëþ÷àåòñÿ â òîì, ÷òî
åñëè âåñ ïðåäûäóùåé ïîðöèè ðàâåí ∆P+δP, òî î÷åðåäíàÿ ïîðöèÿ ôîðìèðóåòñÿ ñ çàäàííûì
âåñîì ∆P+δP. Ðåçóëüòàòû ýêñïåðèìåíòîâ ïîäòâåðäèëè íàøè ïðåäïîëîæåíèÿ è òî÷íîñòü
äîçèðîâàíèÿ ïîâûñèëàñü íà 50 %.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå Ìèíèñòåðñòâà îáðàçîâàíèÿ è íàóêè
ÐÔ (Ñîãëàøåíèå No. 14.577.21.0253, 2017; Óíèêàëüíûé èäåíòèôèêàòîð ÏÍÈ RFMEFI
57717X0253).
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Ñîáñòâåííûå êîëåáàíèÿ è âûïó÷èâàíèå ãðàôåíîâûõ ëèñòîâ

Natural vibrations and buckling of graphene sheets

Àë¼õèí Â.Â.1, Àííèí Á.Ä.1, Áàáè÷åâ À.Â.2, Êîðîáåéíèêîâ Ñ.Í.1

. 1ÔÃÁÓÍ Èíñòèòóò ãèäðîäèíàìèêè èì. Ì.À. Ëàâðåíòüåâà ÑÎ ÐÀÍ, Íîâîñèáèðñê,
Ðîññèÿ; annin1@hydro.nsc.ru1

2ÔÃÁÓÍ Èíñòèòóò íåôòåãàçîâîé ãåîëîãèè è ãåîôèçèêè èìåíè À. À. Òðîôèìóêà ÑÎ
ÐÀÍ, Íîâîñèáèðñê, Ðîññèÿ;

Ìåòîäîì ìîëåêóëÿðíîé ìåõàíèêè èññëåäóþòñÿ çàäà÷è î ñîáñòâåííûõ êîëåáàíèÿõ è âû-
ïó÷èâàíèè ãðàôåíîâûõ ëèñòîâ [1]. Äëÿ îïèñàíèÿ èçãèáíîé äåôîðìàöèè íàðÿäó ñ ïàðíûì
è òðåõ÷àñòè÷íûì âçàèìîäåéñòâèåì ââîäèòñÿ ÷åòûðåõ÷àñòè÷íîå âçàèìîäåéñòâèå, ïðè êî-
òîðîì ó÷èòûâàåòñÿ ýíåðãèÿ âûõîäà ÷àñòèöû èç ïëîñêîñòè, îïðåäåëÿåìîé òðåìÿ äðóãèìè
÷àñòèöàìè.

Ðàññìîðòåí ëèñò ãðàôåíà, ñîñòîÿùèé èç 464 àòîìîâ, áëèçêîãî ê êâàäðàòó. Çàäà÷à äè-
íàìè÷åñêîãî âûïó÷èâàíèÿ ãðàôåíîâîãî ëèñòà ðåøàëàñü ïðÿìûì ÷èñëåííûì èíòåãðèðîâà-
íèåì óðàâíåíèé äâèæåíèÿ ñ âîçìóùàþùèìè ñèëàìè.

Èç ðåçóëüòàòîâ ðàñ÷åòîâ ïî äèíàìè÷åñêîìó âûïó÷èâàíèþ ãðàôåíîâîãî ëèñòà ñëåäóåò,
÷òî è êðèòè÷åñêèå çíà÷åíèÿ ïåðåìåùåíèé, è ôîðìû âûïó÷èâàíèÿ ñóùåñòâåííî çàâèñÿò
îò ñêîðîñòè çàäàííûõ ïåðåìåùåíèé êðàÿ ëèñòà. Ïðè ìåíüøåé ñêîðîñòè çàäàííûõ ïåðåìå-
ùåíèé ôîðìà âûïó÷èâàíèÿ ëèñòà áëèçêà ê êëàññè÷åñêîé ýéëåðîâîé ôîðìå âûïó÷èâàíèÿ
óïðóãîãî ñòåðæíÿ â óñëîâèÿõ ñòàòè÷åñêîãî äåôîðìèðîâàíèÿ, à ïðè ñðàâíèòåëüíî âûñîêîé
ñêîðîñòè çàäàííûõ ïåðåìåùåíèé â íà÷àëüíîé ñòàäèè ïîñëåêðèòè÷åñêîãî äåôîðìèðîâàíèÿ
ðåàëèçóþòñÿ ôîðìû âûïó÷èâàíèÿ ñ âûñøèìè ãàðìîíèêàìè, õàðàêòåðíûìè äëÿ äèíàìè-
÷åñêîãî âûïó÷èâàíèÿ óïðóãîãî ñòåðæíÿ.

Äðóãîé ïîäõîä ñîäåðæèòñÿ â [2].

ËÈÒÅÐÀÒÓÐÀ

1. Àë¼õèí Â.Â., Àííèí Á.Ä., Áàáè÷åâ À.Â., Êîðîáåéíèêîâ Ñ.Í. Ñîáñòâåí-
íûå êîëåáàíèÿ è âûïó÷èâàíèå ãðàôåíîâûõ ëèñòîâ. Äîêëàäû àêàäåìèè
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Âëèÿíèå ôòîðèðîâàííûõ ãðàôåíîâûõ íàíîïëàñòèíîê íà
ôèçèêî - ìåõàíè÷åñêèå ñâîéñòâà â ïîëèìåðíîì ìàòåðèàëå

The e�ect of �uorinated graphene nanoplatelets on the physical
and mechanical properties in a polymer material

Áëîõèí À.Í., Ñóõîðóêîâ À.Ê., Çàéöåâ È.À., Ñòîëÿðîâ Ð.À., Òêà÷åâ À. Ã.

Òàìáîâñêèé ãîñóäàðñòâåííûé òåõíè÷åñêèé óíèâåðñèòåò, ã. Òàìáîâ, Ðîññèÿ;
cha-cha@rambler.ru

Â íàñòîÿùåé ðàáîòå áûëè èññëåäîâàíû ôèçèêî-ìåõàíè÷åñêèå õàðàêòåðèñòèêè ýïîêñèä-
íîé ñìîëû ìàðêè BFE�170 íà îñíîâå Áèñôåíîëà F è âëèÿíèå ôòîðèðîâàííûõ ãðàôåíîâûõ
íàíîïëàñòèíîê (ÃÍÏ) â êà÷åñòâå íàïîëíèòåëÿ, òàê êàê ÃÍÏ îáëàäàþò ðàçâèòîé ïîâåðõ-
íîñòüþ, óíèêàëüíûìè ìåõàíè÷åñêèìè ñâîéñòâàìè, âûñîêîé òåðìè÷åñêîé ñòàáèëüíîñòüþ,
òåïëî- è ýëåêòðîïðîâîäíîñòüþ. Â êà÷åñòâå íàïîëíèòåëÿ áûëè èñïîëüçîâàíû ôòîðèðîâàí-
íûå ÃÍÏ, êîòîðûå äàþò âîçìîæíîñòü óëó÷øèòü èõ ñîâìåñòèìîñòü ñ ïîëèìåðíûìè ìàò-
ðèöàìè ðàçëè÷íîé ïðèðîäû çà ñ÷åò óâåëè÷åíèÿ ïîâåðõíîñòíîé ýíåðãèè, êîòîðîé ìîæíî
óïðàâëÿòü â çàâèñèìîñòè îò ïîñòàâëåííîé çàäà÷ è ñðåäû, ãäå îíè áóäóò ïðèìåíÿòüñÿ.

Èñïîëüçîâàíèå ôòîðèðîâàííûõ ÃÍÏ ïðèâîäèò ê ñóùåñòâåííîìó âîçðàñòàíèþ ôèçèêî-
ìåõàíè÷åñêèõ õàðàêòåðèñòèê ýïîêñèäíûõ êîìïîçèòîâ. Òàê êàê ôòîðèðîâàíèå óâåëè÷èâàåò
ïîâåðõíîñòü ÃÍÏ, ÷òî äàåò ëó÷øåå ñðîäñòâî íàïîëíèòåëÿ ñ ìàòðèöåé. Íàèáîëåå ýôôåê-
òèâíûì ÿâëÿåòñÿ ñîäåðæàíèå 0,1 ìàññ % ôòîðèðîâàííûõ ÃÍÏ â ýïîêñèäíîì êîìïîçèòå,
ïðè ýòîì äîñòèãàþòñÿ ìàêñèìàëüíûå ïðî÷íîñòíûå õàðàêòåðèñòèêè: ðàçðóøàþùåå íàïðÿ-
æåíèå ïðè ðàñòÿæåíèè âîçðàñòàåò áîëåå ÷åì â 1,5 ðàçà, ìîäóëü óïðóãîñòè ïðè ðàñòÿæåíèè
âîçðàñòàåò íà 40 %, ðàçðóøàþùåå íàïðÿæåíèå ïðè èçãèáå âîçðàñòàåò â 1,5 ðàçà, ìîäóëü
óïðóãîñòè ïðè èçãèáå âîçðàñòàåò íà 60 % ïî ñðàâíåíèþ ñ íåíàïîëíåííûì êîìïîçèòîì.
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Âëèÿíèå óãëåðîäèñòîãî ïîêðûòèÿ ïîâåðõíîñòè íà
òåïëîôèçè÷åñêèå ñâîéñòâà ïîâåðõíîñòè

In�uence of carbon-surface coating of the surface on
thermophysical properties of the surface

Áî÷àðîâ Ã.Ñ.,Äåäîâ À.Â., Åëåöêèé À.Â., Ôåäîðîâè÷ Ñ.Ä.

Íàöèîíàëüíûé èññëåäîâàòåëüñêèé óíèâåðñèòåò "ÌÝÈÌîñêâà, Ðîññèÿ;
BocharovGS@mail.ru

Âûïîëíåíû ýêñïåðèìåíòû ïî èññëåäîâàíèþ âëèÿíèÿ íàíîóãëåðîäíîãî ïîêðûòèÿ íà
ñêîðîñòü òåïëîîáìåíà ñòàëüíîé ïîâåðõíîñòè ñ ïîòîêîì æèäêîñòè. Â êà÷åñòâå èñõîäíûõ
îáðàçöîâ èñïîëüçîâàëèñü øàðû èç íåðæàâåþùåé ñòàëè äèàìåòðîì 39 ìì. Îäèí èç øàðîâ
îáëàäàë òåõíè÷åñêè ãëàäêîé ïîâåðõíîñòüþ. Íà ïîâåðõíîñòü äðóãîãî øàðà íàíîñèëñÿ ìåë-
êîäèñïåðñíûé íàíîóãëåðîäíûé ïîðîøîê, îáðàçîâàííûé â ðåçóëüòàòå ïëàçìî-òåðìè÷åñêîãî
ðàñïûëåíèÿ ãðàôèòîâîãî ýëåêòðîäà ñ ïîñëåäóþùåé ýêñòðàêöèåé ôóëëåðåíîâ. Ñòàëüíàÿ
ïîâåðõíîñòü ñ íàíåñåííûì íàíîóãëåðîäíûì ïîêðûòèåì ïîäâåðãàëàñü ýëåêòðîííî-ëó÷åâîé
îáðàáîòêå. Ïðè îõëàæäåíèè â íåäîãðåòîé äî íàñûùåíèÿ âîäå íà îáîèõ èññëåäîâàííûõ
îáðàçöàõ âîçíèêàåò ðåæèì èíòåíñèâíîãî òåïëîîáìåíà ïðè ïëåíî÷íîì êèïåíèè ñ òåïëî-
âûìè ïîòîêàìè íà ïîâåðõíîñòè äî 6 MW/m2. Âûïîëíåííûå èçìåðåíèÿ ïîêàçûâàþò, ÷òî
îõëàæäåíèå èäåíòè÷íûõ ïî ãåîìåòðè÷åñêèì õàðàêòåðèñòèêàì ñôåðè÷åñêèõ îáðàçöîâ èç
íåðæàâåþùåé ñòàëè â íåäîãðåòîé âîäå ïðîõîäèò êà÷åñòâåííî îäèíàêîâî íåçàâèñèìî îò
ñîñòîÿíèÿ ïîâåðõíîñòè. Ïåðåõîä ê ðåæèìó èíòåíñèâíîãî îõëàæäåíèÿ íà øàðå ñ íàíî-
óãëåðîäíûì ïîêðûòèåì íàñòóïàåò ïðè áîëåå íèçêèõ òåìïåðàòóðàõ ïîâåðõíîñòè, ÷åì íà
øàðå ñ òåõíè÷åñêè ãëàäêîé ïîâåðõíîñòüþ; ýòî îçíà÷àåò áîëåå äëèòåëüíîå âðåìÿ îõëàæäå-
íèÿ ïðè óñòîé÷èâîì ïëåíî÷íîì êèïåíèè [1]. Íàíîóãëåðîäíîå ïîêðûòèå ñïîñîáñòâóåò ðîñòó
òåìïåðàòóðû ïîâåðõíîñòè è èíòåíñèôèêàöèè ðåæèìà îõëàæäåíèÿ, òîãäà êàê ñàì ðåæèì
èíòåíñèâíîãî îõëàæäåíèÿ èäåíòè÷åí äëÿ îáðàçöîâ ñ ðàçíîé îáðàáîòêîé ïîâåðõíîñòè. Èñ-
ñëåäîâàíèå âûïîëíåíî çà ñ÷åò ãðàíòà Ðîññèéñêîãî íàó÷íîãî ôîíäà (ïðîåêò �16-19-10531).

ËÈÒÅÐÀÒÓÐÀ
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Ñîçäàíèå íàíîêîìïîçèòîâ íà îñíîâå ãðàôåíîâûõ
íàíîïëàñòèíîê

Development of nanocomposites on the basis of graphene
nanoplatelets

Áóðàêîâà Å.À., Ìåëåæèê À.Â., Äüÿ÷êîâà Ò.Ï., Ãàëóíèí Å.Â., Ìåìåòîâ Í.Ð.,
Òêà÷åâ À. Ã.

1ÔÃÁÎÓ ÂÎ "Òàìáîâñêèé ãîñóäàðñòâåííûé òåõíè÷åñêèé óíèâåðñèòåò ã. Òàìáîâ,
Ðîññèéñêàÿ Ôåäåðàöèÿ; elenburakova@yandex.ru

Ñ òî÷êè çðåíèÿ ïðîìûøëåííîãî ïðîèçâîäñòâà íàíîêîìïîçèòíûõ ìàòåðèàëîâ íàèáîëåå
âûãîäíûì ñïîñîáîì èõ ïîëó÷åíèÿ áûë áû ñèíòåç ñ èñïîëüçîâàíèåì äèñïåðñèé ãðàôåíîâûõ
íàíîïëàñòèíîê (ÃÍÏ), ñòàáèëèçèðîâàííûõ ñ ïîìîùüþ ÏÀÂ. Íî äëÿ ýòîãî íåîáõîäèìî ðå-
øèòü ïðîáëåìó ïîëó÷åíèÿ âûñîêîêîíöåíòðèðîâàííûõ äèñïåðñèé ÃÍÏ è óäàëåíèÿ ÏÀÂ èç
êîíå÷íîãî ïðîäóêòà. Â äàííîé ðàáîòå ðàññìîòðåíà âîçìîæíîñòü èñïîëüçîâàíèÿ â ïðîöåññå
ñèíòåçà íàíîêîìïîçèòíûõ ìàòåðèàëîâ íà îñíîâå óãëåðîäíûõ íàíîñòðóêòóð ðåàêöèîííîñïî-
ñîáíûõ ÏÀÂ, ìîëåêóëû êîòîðûõ ìîãóò áûòü õèìè÷åñêè ñâÿçàíû ñ äðóãèìè êîìïîíåíòàìè
èññëåäóåìîé ñèñòåìû. Ïðè äèñïåðãèðîâàíèè ÃÍÏ â êà÷åñòâå ðåàêöèîííîñïîñîáíîãî ÏÀÂ
èñïîëüçîâàëè ôåíîëîôîðìàëüäåãèäíóþ ñìîëó.

Ïðåäâàðèòåëüíûå èññëåäîâàíèÿ ïîêàçàëè, ÷òî èñïîëüçîâàíèå òàêîé ñìîëû â êà÷åñòâå
ÏÀÂ ïîçâîëÿåò óâåëè÷èòü êîíöåíòðàöèþ íàíî÷àñòèö â ðàñòâîðå íà äâà ïîðÿäêà. Èìåí-
íî ìîäèôèöèðîâàíèå ÃÍÏ ôåíîëîôîðìàëüäåãèäíîé ñìîëîé óëó÷øàåò èõ ñîâìåñòèìîñòü ñ
ýïîêñèäíûìè ñìîëàìè, à òàêæå ñïîñîáñòâóåò èõ õîðîøåìó ðàñïðåäåëåíèþ â âîäíîé ñèñòå-
ìå. Â îïðåäåëåííûõ óñëîâèÿõ (ïðè ïîíèæåíèè ðÍ) âûñîêîêîíöåíòðèðîâàííûå ðàñòâîðû
ÃÍÏ, ìîäèôèöèðîâàííûõ ôåíîëôîðìàëüäåãèäíîé ñìîëîé, ïðîÿâëÿþò ýôôåêò, ïîäîáíûé
çîëü-ãåëü ïåðåõîäó, áëàãîäàðÿ ÷åìó ïîÿâëÿåòñÿ âîçìîæíîñòü ñèíòåçà ðàçëè÷íûõ ãèáðèä-
íûõ íàíîêîìïîçèòíûõ ìàòåðèàëîâ.

Ðàáîòà âûïîëíåíà â ðàìêàõ Ôåäåðàëüíîé öåëåâîé ïðîãðàììû �Èññëåäîâàíèÿ è ðàç-
ðàáîòêè ïî ïðèîðèòåòíûì íàïðàâëåíèÿì ðàçâèòèÿ íàó÷íî-òåõíîëîãè÷åñêîãî êîìïëåêñà
Ðîññèè íà 2014-2020 ãîäû, Ñîãëàøåíèå 14.577. 21.0253 (Óíèêàëüíûé èäåíòèôèêàöèîííûé
íîìåð RFMEFI 57717X0253).
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Ab initio èññëåäîâàíèå ýëåêòðîííûõ ñâîéñòâ ãðàôåíîâûõ
ñòðóêòóð

Ab initio study of electronic properties of graphene structures

Valishina A.A.1, Petrova A.V.1, Nedopekin O.V.1, Tayurskii D.A.1

1Laboratory for computer design of new material, Kazan (Volga region) Federal University,
Kazan, Russia;

valishinalina@gmail.com

Graphene is the first representative of two-dimensional atomic crystals and has amazing
properties, each of which surpasses the similar properties of competitor materials [1]. However,
graphene is a semimetal with a zero band gap, its use in electronics and optics is limited. It is
interesting to note that the possibility of combining dichalcogenides of transition metals, such
as molybdenum disulphide MoS2, and graphene significantly expands the field of application of
these systems, where both finite band-gap and high carrier mobility are needed.

The geometric and electronic structures of graphene adsorption on MoS2 monolayer have
been studied by using density functional theory with the corrections for the van der Waals
interaction. The interface between graphene and MoS2 is modeled by using a supercell, where
5x5 lateral periodicity of the graphene and 4x4 lateral periodicity of the MoS2 monolayer were
employed, which includes the 2% lattice mismatch [2]. A band structure of the hybrid system
seems to be a superposition of each constituent: the linear dispersion bands of graphene appear
in the large energy gap of MoS2. We putted the heterostructure to biaxial deformations (1-2%)
such as compression and extension. It was found that the mechanical deformations increased
the conductivity of graphene/MoS2 and reduced the value of band gap.

BIBLIOGRAPHY

1. Geim A.K., Novoselov K. S. The rise of graphene. Nature materials. 2007.
V. 6, � 3. P. 183.

2. Ma Y. et al. Graphene adhesion on MoS2 monolayer: An ab initio study.
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Àíàëèç ñâîéñòâ ñóñïåíçèé ãðàôåíà äëÿ 2D ïå÷àòè
ïîëó÷åííûõ ñ èñïîëüçîâàíèåì ýëåêòðîõèìè÷åñêîãî

ðàññëîåíèÿ ãðàôèòà

Analysis of properties of graphene dispersions for 2D printing
obtained by electrochemical exfoliation of graphite

Âàñèëüåâà Ô.Ä.1, Êàïèòîíîâ À.Í.1, ßêèì÷óê Å.À.2

1Ñåâåðî-Âîñòî÷íûé Ôåäåðàëüíûé óíèâåðñèòåò, ßêóòñê, Ðîññèÿ; dorush21@mail.ru
2Èíñòèòóò ôèçèêè ïîëóïðîâîäíèêîâ èì. À.Â. Ðæàíîâà ÑÎ ÐÀÍ, Íîâîñèáèðñê, Ðîññèÿ;

Áëàãîäàðÿ ñâîèì óíèêàëüíûì ñâîéñòâàì, ãðàôåí ÿâëÿåòñÿ ïåðñïåêòèâíûì ìàòåðèàëîì
äëÿ øèðîêîãî êðóãà ïðèìåíåíèé, â òîì ÷èñëå è äëÿ ïå÷àòíîé ýëåêòðîíèêè. Ñóñïåíçèè
ãðàôåíà è âîññòàíîâëåííîãî îêñèäà ãðàôåíà (GO) âîñòðåáîâàíû äëÿ ñîçäàíèÿ ïðîâîäÿ-
ùèõ ñëîåâ äëÿ 2D è 3D ïå÷àòè. Â íàñòîÿùåå âðåìÿ àêòèâíî ðàçðàáàòûâàþòñÿ òåõíîëîãèè
ïîëó÷åíèÿ ñóñïåíçèé è ÷åðíèë èç ýòèõ ìàòåðèàëîâ. Ïå÷àòíûå òåõíîëîãèè ïðåäñòàâëÿþò
ñîáîé äåøåâûé ïîäõîä, àëüòåðíàòèâíûé ïî îòíîøåíèþ ê òåõíîëîãèÿì, îñíîâàííûì íà èñ-
ïîëüçîâàíèè ëèòîãðàôèè, ïîçâîëÿþùèé ñîçäàâàòü ýëåêòðîííûå êîìïîíåíòû ïðèáîðíûõ
óñòðîéñòâ.[1,2]

Â äàííîé ðàáîòå ðàññìîòðåí äîñòàòî÷íî ïðîñòîé ñïîñîá ïîëó÷åíèÿ ñóñïåíçèé îêèñëåí-
íîãî ãðàôåíà äëÿ 2 D ïå÷àòè ñ èñïîëüçîâàíèåì ýëåêòðîõèìè÷åñêîãî ðàññëîåíèÿ ãðàôèòî-
âîãî ýëåêòðîäà â âîäíîì ðàñòâîðå íåîðãàíè÷åñêèõ ñîëåé - ñóëüôàò àììîíèÿ è òåòðàáîðàò
íàòðèÿ â ñî÷åòàíèè ñ óëüòðàçâóêîì, äèñïåðãàòîðîì è öåíòðèôóãèðîâàíèåì. Ïðåäñòàâëåí
àíàëèç ñðàâíåíèÿ ñòðóêòóðíûõ è ýëåêòðîôèçè÷åñêèõ õàðàêòåðèñòèê ïîëó÷åííûõ îáðàç-
öîâ.
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Àäñîðáöèÿ èîíîâ òÿæåëûõ ìåòàëëîâ èç âîäíûõ ñðåä
ãðàôåíîâûìè íàíîìàòåðèàëàìè

Adsorption of heavy metal ions from aqueous media on
graphene�based nanomaterials

Áóðàêîâ À. Å., Áàáêèí À.Â., Ãàëóíèí Å.Â., Íåñêîðîìíàÿ Å.À., Ìåëåæèê
À.Â., Áóðàêîâà È.Â., Òêà÷åâ À. Ã.
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In the present work, experimental studies were carried out to determine effective parameters
of the adsorption of heavy metal ions (Cu2+, Zn2+, and Cr2+) from aqueous solutions under
static conditions at room temperature using graphene oxide (GO) and composite materials on
its basis – polyamine cumulene/graphene (PAC/G) and polyquinone/graphene (PQ/G).

The following results (adsorption parameters) were obtained after the studies performed:
- GO: adsorption time – 20 min (for all the metal ions), and adsorption capacity – 60, 26,

and 5.5 mg g−1 (for Cu2+, Zn2+, and Cr2+, respectively);
- PAC/G: adsorption time – 30 min, adsorption capacity – 25.8 mg g−1 (for Cu2+);
- PQ/G: adsorption time – 30 min, adsorption capacity – 40 mg g−1 (for Cu2+).
According to the experimental data, more than 90 % of the adsorption capacity was achieved

in the first 20 min of the interaction between the GO and the heavy metal solutions. The
equilibrium of the system was reached at the same time, regardless of the extracted component
and the degree of adsorption. The PAC/G and PQ/G also exhibited fairly high adsorption
capacity values for the heavy metal ions in comparison with conventional materials. Thus,
the research results confirmed the promising application of graphene–based nanomaterials for
removing heavy metal ions from aqueous media, which is very important from an environmental
point of view (e.g., water treatment purposes).

The work was carried out within the framework of the project part of State Assignment of
the Ministry of Education and Science of the Russian Federation No. 16.1384.2017/PCh.
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2D systems of the strong correlated electrons as components of
fendler membane mimetic systems

Gradov O.V.1, Gradova M.A.2

1N.N. Semenov Institute of Chemical Physics of Russian Academy of Sciences, Moscow,
Russia; o.v.gradov@gmail.com

2Institute of Energy Problems of Chemical Physics of Russian Academy of Sciences, Moscow,
Russia;

Since the pioneering works of the founder of membrane mimetic chemistry Janos H. Fendler
it is known that a number of atomic or molecular clusters and films (including nanoscale ones)
are capable of mimicking the membrane functions. Membrane mimetic materials can be either
soft matter or solid state materials. Conducting films (including those with magnetic properties)
and semiconductors are also known to possess membrane mimetic properties. If we consider
the agent exchange through the membrane in the operator form, the chemical composition of
the membranes and their models, as well as the difference between the atomic and molecular
clusters or layers become not so essential, and hence, membrane mimetic chemistry of nano and
mesostructures do not differ significantly within the agent-based approach.

The prospects of application of graphene and related structures as the membrane mimetic
materials, capable of reproducing several biomembrane functions up to the certain limit, are
analyzed in the series of our papers (see [1,2] etc.). This paper considers the possibility of the
ion channel function modeling using graphene and its derivatives. The physical mechanisms
providing selective permeability for different membrane mimetic materials, as well as the limits
of the adequate simulation of the transport, catalytic, sensing and electrogenic properties of
the cell membrane ion channels using bilayered graphene-based structures are discussed.
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Ìîäèôèöèðîâàíèå ìàñëÿíûõ êîìïîçèöèé óãëåðîäíûìè
íàíîìàòåðèàëàìè

Modi�cation of oil compositions with carbon nanomaterials

Äüÿ÷êîâà Ò.Ï., Áóðàêîâà Å.À., Òàðîâ Ä.Â., Õàí Þ.À., ×àïàêñîâ Í.À.,
Ãàëóíèí Å.Â., Òêà÷åâ À. Ã.
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Ïðèìåíåíèå óãëåðîäíûõ íàíîìàòåðèàëîâ (íàíîòðóáîê − ÓÍÒ, ãðàôåíîâûõ íàíîïëà-
ñòèíîê − ÃÍÏ) â ñîñòàâå ñìàçî÷íûõ ìàòåðèàëîâ ñïîñîáñòâóåò óëó÷øåíèþ èõ ôèçèêî -
ìåõàíè÷åñêèõ õàðàêòåðèñòèê. Ïðè ýòîì ê ïîâûøåíèþ ýôôåêòèâíîñòè óãëåðîäíûõ íàíî-
äîáàâîê ïðèâîäèò èõ êîëëîèäíàÿ ñòàáèëèçàöèÿ â ìàñëÿíûõ äèñïåðñèÿõ. Â äàííîé ðàáîòå â
êà÷åñòâå òàêîé ñðåäû áûëî âûáðàíî èíäóñòðèàëüíîå ìàñëî È�20À. Äëÿ óñèëåíèÿ âçàèìî-
äåéñòâèÿ ñ íèì ÓÍÒ è ÃÍÏ ïîäâåðãàëèñü ôóíêöèîíàëèçàöèè òèòàí-ñòåàðàòíûìè ãðóïïà-
ìè, îñòàòêàìè âûñøèõ êàðáîíîâûõ êèñëîò (ñòåàðèíîâîé è îëåèíîâîé), à òàêæå ãàçîôàçíî-
ãî îçîíèðîâàíèÿ. Ðàñïðåäåëåíèå óãëåðîäíîãî íàíîìîäèôèêàòîðà â ìàñëå îñóùåñòâëÿëîñü
ïîñðåäñòâîì ÓÇ�îáðàáîòêè â òå÷åíèå 5 ìèí. Áûëî óñòàíîâëåíî, ÷òî íàèáîëåå ýôôåêòèâ-
íûì ñïîñîáîì ôóíêöèîíàëèçàöèè íàíîìàòåðèàëîâ ñ ïîçèöèé ïîâûøåíèÿ èõ êîëëîèäíîé
óñòîé÷èâîñòè â ìàñëå È-20À ÿâëÿåòñÿ ïðèøèâêà òèòàí-ñòåàðàòíûõ ãðóïï. Ýôôåêòèâíûå
ðàçìåðû àãëîìåðàòîâ êàê íåïîñðåäñòâåííî ïîñëå äèñïåðãèðîâàíèÿ, òàê è ÷åðåç ìåñÿö è
áîëåå íå ïðåâûøàþò 0,5 ìêì.

Ðàáîòà ïîääåðæàíà Ìèíîáðíàóêè Ðîññèè â ðàìêàõ Ñîãëàøåíèÿ 14.577. 21.0253; Óíè-
êàëüíûé èäåíòèôèêàòîð ðàáîò (ïðîåêòà) RFMEFI 57717X0253.
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Èññëåäîâàíèå ýôôåêòà ðåçèñòèâíîãî ïåðåêëþ÷åíèÿ â òîíêèõ
ïëåíêàõ ôòîðèäà ìåäè

Investigation of resistive switching in thin �lms of copper
�uoride
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Áîëüøèíñòâî ñîâðåìåííûõ òåîðèé ñâÿçûâàþò ýôôåêò ðåçèñòèâíîãî ïåðåêëþ÷åíèÿ ñ
ìèãðàöèåé èîíîâ â òîëùå àêòèâíîãî ìàòåðèàëà, òàêèì îáðàçîì, çíà÷èòåëüíóþ ðîëü èã-
ðàåò ïîäâèæíîñòü èîíîâ [1]. Ïîäâèæíîñòü èîíîâ, â ñâîþ î÷åðåäü, çàâèñèò îò çàðÿäà è
ðàçìåðà ýôôåêòèâíîãî ñå÷åíèÿ èîíà [2]. Áîëüøèíñòâî, íàèáîëåå àêòèâíî èññëåäóåìûõ ìà-
òåðèàëîâ ñ ýôôåêòîì ðåçèñòèâíîãî ïåðåêëþ÷åíèÿ ÿâëÿþòñÿ îêñèäàìè ðàçëè÷íûõ ìåòàë-
ëîâ, ïåðåêëþ÷åíèå â êîòîðûõ äîñòèãàåòñÿ çà ñ÷åò ìèãðàöèè âàêàíñèé êèñëîðîäà è ñîçäà-
íèÿ ïðîâîäÿùèõ êàíàëîâ èç ìåòàëëà [3]. Çàìåíà êèñëîðîäà íà èîí ñ ìåíüøèì çàðÿäîì è
ýôôåêòèâíûì ñå÷åíèåì ïîçâîëèò óâåëè÷èòü ñêîðîñòü áûñòðîäåéñòâèÿ ìåìðèñòîðîâ. Íà-
ïðèìåð, ýôôåêòèâíûé ðàäèóñ ñå÷åíèÿ èîíà ôòîðà ìåíüøå ÷åì èîíà êèñëîðîäà � 1,36 è 1,4
ñîîòâåòñòâåííî, à òàê æå çàðÿä èîíà ôòîðà âäâîå ìåíüøå, ÷åì çàðÿä èîíà êèñëîðîäà. Â
äàííîé ðàáîòå áûë âïåðâûå îáíàðóæåí è èññëåäîâàí ýôôåêò ðåçèñòèâíîãî ïåðåêëþ÷åíèÿ
â òîíêèõ ïëåíêàõ ôòîðèäà ìåäè. Òîíêèå ïëåíêè ìåäè áûëè ïîëó÷åíû îáðàáîòêîé ïëå-
íîê õëîðèäà ìåäè â ïëàçìå ãåêñàôòîðèäà ñåðû (SF6). Ïðè èññëåäîâàíèè âîëüò-àìïåðíûõ
õàðàêòåðèñòèê îáðàçöîâ, áûë îáíàðóæåí ãèñòåðåçèñ, õàðàêòåðíûé äëÿ ýôôåêòà ðåçèñòèâ-
íîãî ïåðåêëþ÷åíèÿ.
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Èñïîëüçîâàíèå ñòåðæíåâîé ìåëüíèöû äëÿ ïîëó÷åíèÿ
ãðàôåíîâîãî êîíöåíòðàòà

Using a rod drum mill for graphene masterbatch production
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Â íàñòîÿùåé ðàáîòå ïðèâîäÿòñÿ ðåçóëüòàòû èññëåäîâàíèÿ ïðîöåññà ïðèãîòîâëåíèÿ ãðà-
ôåíîâîãî êîíöåíòðàòà â ñòåðæíåâîé ìåëüíèöå çà ñ÷åò âûñîêîãðàäèåíòíûõ ñäâèãîâûõ âîç-
äåéñòâèé íà ñìåñü ìàñëÿíîé îñíîâû è ìíîãîñëîéíîãî ãðàôåíà èëè êðèñòàëëè÷åñêîãî ãðà-
ôèòà. Ãðàôåíîâûå íàíîñòðóêòóðû ïîëó÷àëè â ñòåðæíåâîé ìåëüíèöå, â êîòîðîé ñòåðæíè
íå âðàùàþòñÿ îòíîñèòåëüíî ñîáñòâåííûõ îñåé, à ñêîëüçÿò ïî âíóòðåííåé ïîâåðõíîñòè áà-
ðàáàíà.

Óñòàíîâëåíî, ÷òî ïðè êîíöåíòðàöèÿõ äî 2 % ìíîãîñëîéíûé ãðàôåí äîñòàòî÷íî ðàâíî-
ìåðíî ðàñïðåäåëÿåòñÿ â ìàñëå è îáðàçóåò îäíîðîäíóþ ñòðóêòóðó. Ïðè áîëüøèõ êîíöåíòðà-
öèÿõ çíà÷èòåëüíî óâåëè÷èâàåòñÿ âÿçêîñòü êîíöåíòðàòà, ÷òî òðåáóåò óâåëè÷åíèÿ äèàìåòðà
ñòåðæíåé è îòðèöàòåëüíî ñêàçûâàåòñÿ íà èíòåíñèâíîñòè ñäâèãîâûõ âîçäåéñòâèé â ðåçóëü-
òàòå óìåíüøåíèÿ ÷èñëà çîí ñäâèãà. Ïðè èñïîëüçîâàíèè â êà÷åñòâå æèäêîé ôàçû âîäíîãî
ðàñòâîðà ãëèöåðèíà óñòàíîâëåíî, ÷òî â ðåçóëüòàòå îáðàáîòêè êîíöåíòðàòà â ñòåðæíåâîé
ìåëüíèöå óìåíüøàåòñÿ ñðåäíåå êîëè÷åñòâî ñëîåâ â ãðàôåíîâûõ íàíîñòðóêòóðàõ, î ÷åì
ñâèäåòåëüñòâóåò ïîâûøåíèå óñòîé÷èâîñòè âîäíîé ñóñïåíçèè îáðàáîòàííîãî ãðàôåíà. Ò.å.,
èìååò ìåñòî ñäâèãîâàÿ ýêñôîëèàöèÿ. Â ðåçóëüòàòå îáðàáîòêè ñìåñè âîäíîãî ðàñòâîðà ãëè-
öåðèíà è ãðàôèòà â ñòåðæíåâîé ìåëüíèöå â òå÷åíèå 50 ÷ óñòàíîâëåíî, ÷òî ÷àñòü ãðàôèòà
ïåðåõîäèò â ìíîãîñëîéíûé ãðàôåí, î ÷åì ñâèäåòåëüñòâóåò ïîâûøåíèå óñòîé÷èâîñòè âîä-
íîé ñóñïåíçèè. Áûëà òàêæå ïðîâåäåíà îáðàáîòêà ñìåñè èíäóñòðèàëüíîãî ìàñëà ñ ãðàôè-
òîì â ñòåðæíåâîé ìåëüíèöå, Óñòàíîâëåíî, ÷òî óìåíüøåíèå â 2 ðàçà êîýôôèöèåíòà òðåíèÿ
íàáëþäàåòñÿ ïðè ñîäåðæàíèè 1 % ñòàíäàðòíîãî êîíöåíòðàòà èëè 10-15 % êîíöåíòðàòà,
ïîëó÷åííîãî èç ãðàôèòà.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå Ìèíèñòåðñòâà îáðàçîâàíèÿ è íàóêè
ÐÔ (Ñîãëàøåíèå No. 14.577.21.0253, 2017; Óíèêàëüíûé èäåíòèôèêàòîð ÏÍÈ RFMEFI
57717X0253).
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Èìïóëüñíûå è ñòàöèîíàðíûå ðåçèñòèâíûå ïåðåêëþ÷åíèÿ â
ìàòåðèàëàõ íà îñíîâå ôòîðîãðàôåíà íà òâåðäûõ è ãèáêèõ

ïîäëîæêàõ

Pulsed and stationary resistive switching in
�uorographene-based materials on solid and �exible substrates

Èâàíîâ À.È.1, Êîòèí È.À., Àíòîíîâà È.Â.

1Èíñòèòóò Ôèçèêè ïîëóïðîâîäíèêîâ èì. À.Â. Ðæàíîâà ÑÎ ÐÀÍ, Íîâîñèáèðñê,
Ðîññèÿ; aiivanov@isp.nsc.ru, antonova@isp.nsc.ru

Ìåìðèñòîðû - óñòðîéñòâà ïàìÿòè, ôóíêöèîíèðóþùèå íà îñíîâå ýôôåêòà ðåçèñòèâíûõ
ïåðåêëþ÷åíèé, ïðèâëåêàþò âñ¼ áîëüøåå âíèìàíèå, áëàãîäàðÿ ïðîñòîòå ñòðóêòóðû, íèçêî-
ìó ýíåðãîïîòðåáëåíèþ, íèçêèì óïðàâëÿþùèì íàïðÿæåíèÿì, à òàêæå ýíåðãîíåçàâèñèìî-
ìó è äîëãîìó ñîõðàíåíèþ èíôîðìàöèè. Áûëî îáíàðóæåíî, ÷òî ïëåíêè ôòîðèðîâàííîãî
ãðàôåíà äåìîíñòðèðóþò ðåçèñòèâíûå ïåðåêëþ÷åíèÿ. Ïðåèìóùåñòâîì ðåçèñòèâíîé ïàìÿ-
òè íà èõ îñíîâå ÿâëÿåòñÿ ñòàáèëüíîñòü ìàòåðèàëà è âîçìîæíîñòü ñîçäàâàòü ñòðóêòóðû
íà òâåðäûõ è ãèáêèõ ïîäëîæêàõ ïðè êîìíàòíîé òåìïåðàòóðå è èñïîëüçóÿ 2D ïå÷àòíûå
òåõíîëîãèè. Â ðàáîòå ðàññìîòðåíû ðåçèñòèâíûå ïåðåêëþ÷åíèÿ â ñòðóêòóðàõ íà îñíîâå
ïëåíîê ÷àñòè÷íî ôòîðèðîâàííîãî ãðàôåíà (×ÔÃ) íà íàíîñòðóêòóðèðîâàííûõ ïëåíêàõ ïî-
ëèâèíèëîâîãî ñïèðòà è êîìïîçèòà ÏÔÃ ñ íàíî÷àñòèöàìè VOx (â îñíîâíîì V2O5). Â ïåð-
âîì ñëó÷àå, íàáëþäàëñÿ óñòîé÷èâûé ýôôåêò ïåðåêëþ÷åíèé ñ èçìåíåíèåì ñîïðîòèâëåíèÿ
íà îäèí � äâà ïîðÿäêà. Âðåìåíà äëèòåëüíîñòè èìïóëüñîâ íàïðÿæåíèÿ, äîñòàòî÷íûå äëÿ
ïåðåêëþ÷åíèÿ, íàõîäÿòñÿ â äèàïàçîíå îò 100 íñ äî 10 ìêñ. Àíàëèçèðóåòñÿ ìåõàíèçì ïåðå-
êëþ÷åíèÿ ñîïðîòèâëåíèÿ è êèíåòèêè ïåðåçàðÿäêè ëîêàëèçîâàííûõ ñîñòîÿíèé. Âî âòîðîì
ñëó÷àå, íàáëþäàåòñÿ óñòîé÷èâûé ðåçèñòèâíûé ýôôåêò ïåðåêëþ÷åíèÿ âåëè÷èíîé äî âîñü-
ìè ïîðÿäêîâ. Âåëè÷èíà ïåðåêëþ÷åíèé çàâèñèò îò òîëùèíû ñëîåâ, ïëîùàäè ñòðóêòóð è
ñïîñîáà èõ ñîçäàíèÿ. Ïðîâîäèëèñü èçìåðåíèÿ ýôôåêòà ïåðåêëþ÷åíèé â ñòàöèîíàðíîì è
èìïóëüñíîì ðåæèìàõ ïîäà÷è íàïðÿæåíèÿ. Äëèòåëüíîñòü èìïóëüñîâ íàïðÿæåíèÿ äîñòà-
òî÷íàÿ äëÿ ïåðåêëþ÷åíèÿ ëåæèò â äèàïàçîíå îò 1 ìêñ äî 10 ìêñ. Ñðàâíèâàþòñÿ ñâîéñòâà
ñòðóêòóð íà òâåðäûõ è ãèáêèõ ïîäëîæêàõ.

30



Ñèëüíî êîððåëèðîâàííûå äâóìåðíûå ñèñòåìû: îò òåîðèè ê ïðàêòèêå

Ïîëó÷åíèå ãðàôåíà èç îêñèäà ãðàôåíà ñ ïîìîùüþ
ðàçëè÷íûõ âîññòàíîâèòåëåé

Preparation of graphene from graphene oxide using various
reducing agents

Èëüêåâè÷ Ë.Â.1∗, Êîïûëîâ À.Â.2, Òêà÷åíêî Ò. Á.2, Õîõëîâà Ã.Ï.1, Áàðíàêîâ
×.Í.1

1 Ôåäåðàëüíûé èññëåäîâàòåëüñêèé öåíòð óãëÿ è óãëåõèìèè Ñèáèðñêîãî îòäåëåíèÿ
Ðîññèéñêîé àêàäåìèè íàóê, Êåìåðîâî, Ðîññèÿ;

∗ lida1193@mail.ru
2 ÔÃÁÎÓ ÂÎ ¾Êåìåðîâñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò¿, Êåìåðîâî, Ðîññèÿ;

∗ dt_kem@mail.ru

Âîññòàíîâëåíèå îêñèäà ãðàôåíà ìîæíî îñóùåñòâèòü ëèáî òåðìè÷åñêîé äåñòðóêöèåé
êèñëîðîäñîäåðæàùèõ ãðóïï, ëèáî ïîä äåéñòâèåì ñèëüíûõ âîññòàíîâèòåëåé. Â íàøåé ðà-
áîòå áûë èñïîëüçîâàí äëÿ âîññòàíîâëåíèÿ îêñèä ãðàôåíà, ïîëó÷åííûé èç ïåíîãðàôèòà,
ìîäèôèöèðîâàííûì ìåòîäîì Õàììåðñà [1].

Âîññòàíîâëåíèå îêñèäà ãðàôåíà ãèäðàçèí � ãèäðàòîì ìû ïðîâîäèëè â ïðèñóòñòâèè
àììèàêà, âàðüèðóÿ âðåìÿ âîññòàíîâëåíèÿ îò 3 äî 24 ÷àñîâ, ïðåäâàðèòåëüíî îáðàáîòàâ ñóñ-
ïåíçèþ îêñèäà ãðàôåíà óëüòðàçâóêîì (ÓÇ). Âîññòàíîâëåíèå àñêîðáèíîâîé êèñëîòîé ïðî-
âîäèëè â òå÷åíèè 1 ÷àñà c ïðåäâàðèòåëüíîé ÓÇ îáðàáîòêîé. Î âîññòàíîâèòåëüíîé ñïîñîá-
íîñòè ìàòåðèàëîâ ñóäèëè ïî àòîìíîìó ñîîòíîøåíèþ O/C, êîòîðîå íàõîäèëîñü â ïðåäåëàõ
îò 0,18- 0,24%, ÷òî ñîãëàñóåòñÿ ñ ðàáîòîé [2].

ËÈÒÅÐÀÒÓÐÀ

1. Hummers W. S.,O�eman R. E. Preparation of graphitic oxide. Journal of the
American Chemical Society. 1958. Ò. 80, � 6. Ñ. 1339.

2. Àðáóçîâ À.À., Ìóðàäÿí Â.Å., Òàðàñîâ Á. Ï. Ñèíòåç ãðàôåíîïîäîáíûõ
ìàòåðèàëîâ âîññòàíîâëåíèåì îêñèäà ãðàôèòà. Èçâåñòèÿ Àêàäåìèè Íàóê.
2013. Ò. 6, � 9. Ñ. 1962.
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Âëèÿíèå ïëàçìåííîé îáðàáîòêè íà ñìà÷èâàåìîñòü
ïîëèìåðíûõ ïëåíîê

In�uence of plasma treatment on the wettability of polymer
�lms

Èííîêåíòüåâà Í.Í.1, Íåóñòðîåâ Å.Ï.1

1M.K. Ammosov North-Eastern Federal University, Yakutsk, Russia; dina-knopka@mail.ru

Îäíèì èç ÷àñòî èñïîëüçóåìûõ ìåòîäîâ îáðàáîòêè ïîâåðõíîñòè ÿâëÿåòñÿ ïëàçìåííàÿ
îáðàáîòêà. Òàê êàê íèçêîòåìïåðàòóðíàÿ ïëàçìåííàÿ îáðàáîòêà âëèÿåò òîëüêî íà ïîâåðõ-
íîñòü îáðàçöîâ, ÷òî ïîçâîëÿåò ìîäèôèöèðîâàòü ïîâåðõíîñòè îáðàçöîâ, â ÷àñòíîñòè, ïî-
ëèìåðîâ. Áûëî èññëåäîâàíî âîçäåéñòâèå ïëàçìåííîé îáðàáîòêè â êèñëîðîäå è àðãîíå íà
ïîâåðõíîñòíûå ñâîéñòâà ïîëèìåðíûõ ïëåíîê. Äëÿ èññëåäîâàíèÿ áûëè èñïîëüçîâàíû 3 òèïà
ïîëèìåðíûõ ïëåíîê ðàçíîé òîëùèíû: ïîëèýòèëåíòåðåôòàëàòíàÿ (PT) ïëåíêà, ïîëèïðîïè-
ëåíîâàÿ (PP) îäíîñëîéíàÿ ïëåíêà, ïîëèêàðáîíàòíûé (PC) ëèñò. Îáðàçöû áûëè îáðàáî-
òàíû ïðè ðàçëè÷íûõ ðàñõîäàõ ãàçîâ îò 20 äî 80 ñì3/ìèí., ïðè ìîùíîñòè èíäóêòèâíîãî
èñòî÷íèêà ïëàçìû 100 Âò è íàïðÿæåíèè 100 Â ¼ìêîñòíîãî èñòî÷íèêà ïëàçìû. Âðåìÿ îá-
ðàáîòêè ñîñòàâëÿëà 1 ìèí. Äëÿ ïðîâåðêè ñìà÷èâàåìîñòè áûëè íàíåñåíû ïî 20 ìêë âîäû,
ïîäêðàøåííîé ïåðìàíãàíàòîì êàëèÿ, íà ïîâåðõíîñòè êàæäîãî èç îáðàçöîâ. Èç ïîëó÷åí-
íûõ ðåçóëüòàòîâ îáíàðóæåíî, ÷òî ñìà÷èâàåìîñòü PT ïëåíêè çàâèñèò îò ñêîðîñòè ïîòîêà
è ñîîòíîøåíèÿ êîìïîíåíòîâ â ñìåñè ãàçîâ. Ñ óâåëè÷åíèåì êîëè÷åñòâà àðãîíà óãîë ñìà÷è-
âàíèÿ óìåíüøàåòñÿ è ïë¼íêà èç ãèäðîôîáíîãî ñîñòîÿíèÿ ïåðåõîäèò â ãèäðîôèëüíîå. Äëÿ
îñòàëüíûõ îáðàçöîâ òîæå íàáëþäàåòñÿ ñíèæåíèå óãëà ñìà÷èâàåìîñòè, íî çàâèñèìîñòü èìå-
åò áîëåå ñëîæíûé õàðàêòåð. Â ðàáîòå ïðîâîäèòñÿ îáñóæäåíèå ïîëó÷åííûõ ðåçóëüòàòîâ.
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Ýëåêòðîäû èç àìèíî - ôóíêöèîíàëèçèðîâàííîãî ãðàôåíà äëÿ
èîííûõ ïîëèìåðíûõ àêòþàòîðîâ

Amino-functionalized graphene electrodes for ionic polymer
actuators

Õìåëüíèöêèé È.Ê., Êàëåíîâ Â. Å., Àëåêñååâ Í.È., Ëèâøèö À.Î., Áðîéêî
À.Ï., Ëàãîø À.Â., Áàãðåö Â.C.

Ñàíêò-Ïåòåðáóðãñêèé ýëåêòðîòåõíè÷åñêèé óíèâåðñèòåò ¾ËÝÒÈ¿ èì. Â.È. Óëüÿíîâà
(Ëåíèíà), Ñàíêò-Ïåòåðáóðã, Ðîññèéñêàÿ Ôåäåðàöèÿ; khmelnitskiy@gmail.com

Ñîçäàíèå ïðîâîäÿùèõ ãèáêèõ ýëåêòðîäîâ äëÿ àêòþàòîðîâ íà îñíîâå èîííûõ ýëåêòðîàê-
òèâíûõ ïîëèìåðîâ ÿâëÿåòñÿ àêòóàëüíîé çàäà÷åé. Â êà÷åñòâå àëüòåðíàòèâû ìåòàëëè÷åñêèì
ýëåêòðîäàì ìîãóò èñïîëüçîâàòüñÿ ìàòåðèàëû íà îñíîâå ãðàôåíà. Îäíàêî ïðè ïåðåíîñå âîñ-
ñòàíîâëåííîãî îêñèäà ãðàôåíà (ÎÃ) íà ïîâåðõíîñòü Na�on, îêàçàëîñü, ÷òî ïëåíêà îáëàäàåò
ïëîõîé àäãåçèåé. Äëÿ ðåøåíèÿ ýòîé ïðîáëåìû ìîæíî èñïîëüçîâàòü êîìïîçèòû ãðàôåíà ñ
ïðîâîäÿùèìè ïîëèìåðàìè èëè ìîäèôèöèðîâàòü ñàìè ÷àñòèöû ãðàôåíà, õèìè÷åñêè ïðèâèâ
ê íèì êàòèîííûå ãðóïïû, íàïðèìåð, àìèíî-ãðóïïû [1].

Ñóñïåíçèÿ àìèíî-ôóíêöèîëèçèðîâàííîãî âîññòàíîâëåííîãî îêñèäà ãðàôåíà (ÀÂÎÃ)
áûëà ïîëó÷åíà àìèíèðîâàíèåì è ïîñëåäóþùèì âîññòàíîâëåíèåì ÎÃ. Íàíåñåíèå ýëåêòðî-
äîâ èç ÀÂÎÃ íà ìåìáðàíó Na�on 117 ñ äâóõ ñòîðîí ïðîèçâîäèëè ìåòîäîì âàêóóìíîé
ôèëüòðàöèè. Ïîëó÷åííûå ýëåêòðîäû áûëè îõàðàêòåðèçîâàíû ìåòîäàìè ÐÝÌ, ÈÊ-Ôóðüå
ñïåêòðîñêîïèè è ÐÑÌÀ. Èññëåäîâàíèå ïîëó÷åííûõ ïðåîáðàçîâàòåëåé ñ ýëåêòðîäàìè èç
ÀÂÎÃ â êà÷åñòâå ìèêðîìåõàíè÷åñêèõ ñåíñîðîâ è àêòþàòîðîâ ïîêàçàëî áîëåå âûñîêóþ ýô-
ôåêòèâíîñòü è äîëãîâå÷íîñòü, ÷åì â ñëó÷àå ÂÎÃ, çà ñ÷åò ëó÷øåé àäãåçèè ýëåêòðîäîâ ê
ìåìáðàíå.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå Ðîññèéñêîãî íàó÷íîãî ôîíäà (� 16-19-00107).

ËÈÒÅÐÀÒÓÐÀ
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Ïðîáëåìà ðàäèàöèîííîé ñòîéêîñòè ãðàôåíà íà ïîäëîæêå è
óñòîé÷èâîñòè åãî ÒÃÖ ñâîéñòâ ïðè ðàäèàöèîííîì îáëó÷åíèè

Problems of radiation tolerance of supported graphene in view
of its THZ performance

Paddubskaya Alesia, Batrakov Konstantin, Kuzhir Polina1, Stepanov Andrey,
Remnev Gennady2, Kaplas Tommi, Svirko Yuri3

1Institute for Nuclear Problems of Belarusian State University, Minsk, Belarus;
polina.kuzhir@gmail.com

2Tomsk Polytechnic University, Tomsk, Russia; remnev06@mail.rus2
3Institute of Photonics, University of Eastern Finland, JOENSUU, Finland;

yuri.svirko@uef.fi

Being motivated by importance of the THz radiation for fundamental astrophysics we
examine- the possibility to use graphene in passive THz components for space applications
by investigating how 80 ns-long 290 keV ion pulses comprising of 30% hydrogen and 70%
of carbon ions at of density 1.5 * 1012 atoms per cm2 can change the THz response of the
graphene/PMMA sandwiches. By using THz and Raman spectroscopy we demonstrate that
free standing graphene possesses outstanding radiative resistance, whereas graphene supported
by dielectric slabs shows a lower tolerance against ionizing radiation. Such a deterioration of the
graphene radiative resistance is due to (i) destructive contribution of low-energy recoil atoms
and (ii) formation of the gas bubbles at the graphene/dielectric interface and their explosions
that lead to snapping off upper graphene layers. This difficulty can ve overcome by replacing
PMMA and SiO2 with radiation stable sapphire, silicon and SiC, in which high-energy ions
have a longer mean free pass.

The reported study was supported by RFBR, research project No. 17-38-50050 mol nr,
H2020 Project ID 644076 MSCA-RISE-2014 Programme CoExAN. The experiment on irradi-
ation of graphene/polymer sandwiches are carried out at Tomsk Polytechnic University within
the framework of Tomsk Polytechnic University Competitiveness Enhancement Program grant.
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Ôòîðèðîâàííàÿ ãðàôåíîâàÿ ñóñïåíçèÿ: ñîçäàíèå, ñâîéñòâà è
ïåðñïåêòèâà ïðèìåíåíèÿ

Fluorinnated graphene suspension: creation, properties and
perspective of application

Kurkina I. I.1∗, Smagulova S.A.1, Antonova I.V.2

1Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èì. Ì. Ê. Àììîñîâà, ßêóòñê, Ðîññèÿ;
∗ii.kurkina@s-vfu.ru

2Èíñòèòóò ôèçèêè ïîëóïðîâîäíèêîâ èì. À. Â. Ðæàíîâà, Íîâîñèáèðñê, Ðîññèÿ.

Îæèäàåòñÿ, ÷òî ãèáêàÿ ýëåêòðîíèêà ñòàíåò îäíîé èç àêòèâíî ðàçâèâàþùèõñÿ îáëàñòåé
èññëåäîâàíèé â áëèæàéøèå ãîäû. Àêòóàëüíîé çàäà÷åé ñòàíîâèòñÿ ñîçäàíèå è èññëåäîâàíèå
íàíîìàòåðèàëîâ, ìåõàíè÷åñêàÿ ïðî÷íîñòü è ãèáêîñòü êîòîðûõ ñî÷åòàëèñü áû ñ ýëåêòðè÷å-
ñêèìè ïðîâîäÿùèìè èëè äèýëåêòðè÷åñêèìè ñâîéñòâàìè. Ãðàôåí ÿâëÿåòñÿ îäíèì èç íàíî-
ìàòåðèàëîâ, êîòîðûé ìîæåò óäîâëåòâîðèòü äàííûì òðåáîâàíèÿì â êà÷åñòâå ïðîâîäÿùèõ
ìàòåðèàëîâ. À åãî õèìè÷åñêàÿ ïðîèçâîäíàÿ - ôòîðèðîâàííûé ãðàôåí - ìîæåò âûñòóïàòü
â êà÷åñòâå äèýëåêòðè÷åñêèõ ñëîåâ è ïîêðûòèé.

Â íàñòîÿùåé ðàáîòå ôòîðèðîâàííûé ãðàôåí (ÔÃ) áûë ïîëó÷åí ïóòåì ôòîðèðîâàíèÿ
ãðàôåíîâîé äèñïåðñèè â âîäíîì ðàñòâîðå ïëàâèêîâîé êèñëîòû. Âûÿâëåíî, ÷òî âðåìÿ ôòî-
ðèðîâàíèÿ ãðàôåíîâîé äèñïåðñèè îïðåäåëÿåòñÿ ðàçìåðàìè èñõîäíûõ ãðàôåíîâûõ ÷åøóåê.
Ïëåíêè, ñîçäàííûå èç ÷àñòè÷íî ôòîðèðîâàííîé ãðàôåíîâîé ñóñïåíçèè, äåìîíñòðèðîâàëè
îòðèöàòåëüíîå äèôôåðåíöèàëüíîå ñîïðîòèâëåíèå, ïîÿââëåíèå êîòîðîãî ìû ñâÿçûâàåì ñ
ôîðìèðîâàíèåì â ïëåíêàõ ìóëüòèáàðüåðíîé ñèñòåìû ÔÃ/ãðàôåí. Âïåðâûå áûëè èññëåäî-
âàíû ñâîéñòâà ãðàôåíîâûõ ïëåíîê ñ ðàçíîé ñòåïåíüþ ôòîðèðîâàíèÿ íà ãèáêèõ ïîäëîæêàõ
èç ïîëèýòèëåíòåðåôòàëàòà (PET) è ïîëèèìèäíîé ïëåíêè (Kapton) äî è ïîñëå äåôîðìàöèè
ïðè èçãèáå.

Ðåçóëüòàòû ïîëó÷åíû â ðàìêàõ âûïîëíåíèÿ ãîñ.çàäàíèÿ Ìèíîáðíàóêè Ðîññèè (� 16.
286. 2017/7. 8) è ïðè ôèíàíñîâîé ïîääåðæêå ÐÔÔÈ â ðàìêàõ íàó÷íîãî ïðîåêòà (� 17-32-
50033) ¾ìîë-íð¿
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Òîíêèå ïë¼íêè Bi2Se3 äëÿ ñîçäàíèÿ âàí-äåð-âààëüñîâûõ
ãåòåðîñòðóêòóð

Thin �lms Bi2Se3 perspective for van-der-vaals heterostructures

Êóñòîâ Ä.À.1, Íåáîãàòèêîâà Í.À.1,2, Àíòîíîâà È.Â.1−3, Ãîëÿøîâ Â.À.2, Êîõ
Ê.À.4, Òåðåùåíêî Î.Å.2

1Íîâîñèáèðñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò, Íîâîñèáèðñê, Ðîññèÿ;
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4Èíñòèòóò ãåîëîãèè è ìèíåðàëîãèè èì. Â.Ñ. Ñîáîëåâà ÑÎ ÐÀÍ

danil-kustov@yandex.ru, nadonebo@gmail.com, antonova@isp.nsc.ru,

vladimirgolyashov@gmail.com, k.a.kokh@gmail.com, teresh@isp.nsc.ru

Ñåëåíèä âèñìóòà (Bi2Se3) îáëàäàåò ñâîéñòâàìè òîïîëîãè÷åñêîãî èçîëÿòîðà, ïðè ýòîì
íàèáîëüøèé èíòåðåñ äëÿ ñïèíîâîé ýëåêòðîíèêè ïðåäñòàâëÿþò òîíêèå ñëîè Bi2Se3.

Öåëüþ äàííîé ðàáîòû áûëè ïîëó÷åíèå òîíêèõ ïëåíîê Bi2Se3 è èññëåäîâàíèå èõ ýëåê-
òðè÷åñêèõ è ñòðóêòóðíûõ ñâîéñòâ. Äëÿ ôîðìèðîâàíèÿ ïëåíîê áûëè èñïîëüçîâàíû ñëåäó-
þùèå ïîäõîäû: à) CVD-ðîñò íà ïîâåðõíîñòè ñëþäû è á) ýëåêòðîõèìè÷åñêîå ðàñùåïëåíèå
îáúåìíîãî ñåëåíèäà âèñìóòà ñ ïîñëåäóþùèì ïåðåíîñîì íà ïîäëîæêè îêèñëåííîãî êðåìíèÿ
SiO2/Si. Ñòðóêòóðíûå ñâîéñòâà ïëåíîê áûëè èññëåäîâàíû ìåòîäàìè ÀÑÌ-ìèêðîñêîïèè
è ñïåêòðîñêîïèè êîìáèíàöèîííîãî ðàññåÿíèÿ ñâåòà. Õàðàêòåðíûå ðàçìåðû îòùåïëåííûõ
ïëåíîê ñîñòàâëÿëè 10-100 ìêì â äëèíó è 2-10 íì â òîëùèíó, òîëùèíà âûðàùåííûõ ïëåíîê
ñîñòàâëÿëà îò 4 íì äî ∼200 íì â çàâèñèìîñòè îò óñëîâèé ðîñòà. Â ðàáîòå áûëà èññëå-
äîâàíà çàâèñèìîñòü ýëåêòðè÷åñêèõ ñâîéñòâ ïëåíîê îò èõ òîëùèíû è ñïîñîáà ïîëó÷åíèÿ.
Ïîêàçàíî, ÷òî CVD-âûðàùåííûå ïëåíêè Bi2Se3 òîëùèíîé 4 íì ÿâëÿþòñÿ íåïðîâîäÿùèìè.
Ïðè ýòîì îòùåïëåííûå ïëåíêè òîé æå òîëùèíû äåìîíñòðèðîâàëè óäåëüíîå ñîïðîòèâëåíèå
∼4-20 êÎì/êâ è ïîäâèæíîñòü íîñèòåëåé çàðÿäà ∼10-50 ñì2/Âñ.

Ïîëó÷åííûå â ðàáîòå ïëåíêè Bi2Se3 ÿâëÿþòñÿ ïåðñïåêòèâíûìè äëÿ ñîçäàíèÿ íà èõ
îñíîâå âåðòèêàëüíûõ ãåòåðîñòðóêòóð.
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Èññëåäîâàíèÿ ãèáêîãî ðåçèñòèâíîãî äàò÷èêà âëàæíîñòè íà
îñíîâå îêñèäà ãðàôåíà

Research of the �exible humidity sensor based on graphene
oxide

Ëÿøååâà Å.Â.1, Àëåêñàíäðîâ Ã.Í.1

1Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èì. Ì.Ê. Àììîñîâà, ßêóòñê, Ðîññèéñêàÿ
Ôåäåðàöèÿ; g alexandrov@mail.ru

Èçãîòîâëåíû ãèáêèå ñåíñîðíûå ñòðóêòóðû èç òåðìîâîññòàíîâëåííîãî îêñèäà ãðàôå-
íà (ÎÃ), ïîëó÷åííîãî ìîäèôèöèðîâàííûì ìåòîäîì Õàììåðñà [1]. Â êà÷åñòâå ïîäëîæêè
áûëà èñïîëüçîâàíà ïðîçðà÷íàÿ ïîëèýñòåðîâàÿ ïëåíêà, ïîäâåðãíóòàÿ ïëàçìîõèìè÷åñêîìó
òðàâëåíèþ êèñëîðîäîì â ñìåñè ñ àðãîíîì äëÿ ïðèäàíèÿ ãèäðîôèëüíîñòè ïîäëîæêå è óâå-
ëè÷åíèÿ àäãåçèè ÎÃ ê ïîäëîæêå.

Òåðìîâîññòàíîâëåíèå ïëåíêè ÎÃ íà ãèáêîé ïîäëîæêå ïðîâîäèëîñü â òå÷åíèå îäíîãî
÷àñà ïðè òåìïåðàòóðå 150◦Ñ è âàêóóìå 0,0001 àòìîñôåðû.

Èññëåäóåìûé ðåçèñòèâíûé äàò÷èê íà îñíîâå îêñèäà ãðàôåíà è ïðîìûøëåííî âûïóñêà-
åìûé öèôðîâîé äàò÷èê DHT11 áûëè ïîäêëþ÷åíû ñîîòâåòñòâåííî ê àíàëîãîâîìó è öèô-
ðîâîìó âõîäàì ïëàòôîðìû Àðäóèíî ÓÍÎ è ïîìåùåíû â êàìåðó âëàæíîñòè.

Ñîïðîòèâëåíèå òåðìîâîññòàíîâëåííîãî îêñèäà ãðàôåíà óìåíüøàåòñÿ ñ ðîñòîì îòíîñè-
òåëüíîé âëàæíîñòè âîçäóõà è óâåëè÷èâàåòñÿ ïðè óìåíüøåíèè. Ýòî îáúÿñíÿåòñÿ òåì, ÷òî
ñ óâåëè÷åíèåì âëàæíîñòè êîëè÷åñòâî ìîëåêóë âîäû, ïðîíèêàþùèõ â ïëåíêó ÎÃ ðàñòåò
è ñïîñîáñòâóåò âûñâîáîæäåíèþ êàòèîíîâ âîäîðîäà êàðáîêñèëüíûõ ãðóïï, ïðèâîäÿùèõ ê
óìåíüøåíèþ ñîïðîòèâëåíèÿ [2]

ËÈÒÅÐÀÒÓÐÀ
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Êâàíòîâî - õèìè÷åñêèé ðàñ÷åò ýíåðãèè àäñîðáöèè àòîìà
ñâèíöà íà ïîâåðõíîñòè ãðàôåíà

Quantum-chemical calculation of the adsorption energy of the
Pb atom on the graphene surface
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Õèìè÷åñêîå âçàèìîäåéñòâèå ìåæäó àäñîðáàòîì (èîíîì ìåòàëëà) è ýëåêòðîäîì ìîæåò
èçìåíÿòü ðàçìåð çàïðåùåííîé çîíû ãðàôåíà, ÷òî ìîæåò áûòü ýôôåêòèâíî èñïîëüçîâàíî
äëÿ ñîçäàíèÿ áèîñåíñîðîâ. Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ îïðåäåëåíèå ñåëåêòèâíîñòè ãðà-
ôåíà ïî îòíîøåíèþ ê èîíó ñâèíöà. Äëÿ ýòîãî ïðîâîäèëèñü ðàñ÷åòû ýíåðãèè àäñîðáöèè
ñâèíöà íà ïîâåðõíîñòü ãðàôåíà (ìîäåëüíàÿ ñèñòåìà) ìåòîäàìè òåîðèè ôóíêöèîíàëà ïëîò-
íîñòè (DFT) ñ èñïîëüçîâàíèåì ôóíêöèîíàëà BP86 è áàçèñà def2-TZVP â ïðîãðàììíîì
ïàêåòå ORCA[1]. Ïîñêîëüêó äîáàâëåíèå èîíà ìåòàëëà âëèÿåò íà ýëåêòðîííûå ñâîéñòâà
ñìîäåëèðîâàííîé ñèñòåìû, áûëî ðàññìîòðåíî òðè âàðèàíòà ðàñïîëîæåíèÿ àòîìà àäñîðáà-
òà íàä ãðàôåíîì: H-site � ðàñïîëîæåíèå èîíà ñâèíöà â öåíòðå ãåêñàãîíàëüíîãî êîëüöà,
B-site � ðàñïîëîæåíèå èîíà ñâèíöà â öåíòð C-C ñâÿçè, T-site � ðàñïîëîæåíèå èîíà ñâèíöà
íåïîñðåäñòâåííî íà âåðøèíå àòîìà óãëåðîäà [2]. Ìîäåëèðîâàíèå ïðîâîäèëèñü ñ ïîëíîé è
÷àñòè÷íîé îïòèìèçàöèåé ãåîìåòðè÷åñêèõ ïàðàìåòðîâ. Ðàñ÷åòû ïðîâîäèëèñü äëÿ ìîäåëü-
íûõ ñèñòåì ãðàôåíà: 3 õ 3 è 5 õ 5 � ÷èñëî ãåêñàãîíàëüíûõ êîëåö â äâóõ íàïðàâëåíèÿõ. Ðàñ-
÷åòû ïîêàçàëè, ÷òî îïòèìàëüíûì ðàñïîëîæåíèåì èîíà ñâèíöà íàä ïîâåðõíîñòüþ ãðàôåíà
ÿâëÿåòñÿ B-site. Òàê êàê ýíåðãèÿ àäñîðáöèè ñèñòåìû ñ Pb4+ áîëüøå ýíåðãèè àäñîðáöèè
ñèñòåìû ñ Pb2+, òî êîìïëåêñ (èîí Pb4+ è ãðàôåíà) ÿâëÿåòñÿ áîëåå ñòàáèëüíûì.
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Ñèíòåç êëàñòåðíûõ íàíîñòðóêòóð

Synthesis of cluster nanostructures
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Â íàñòîÿùåå âðåìÿ äâóìåðíûå íåóãëåðîäíûå íàíîòðóáêè (ÍÍÒ) è ýêñïåðèìåíòàëü-
íî, è òåîðåòè÷åñêè èçó÷åíû íåäîñòàòî÷íî ïîëíî. Çà÷àñòóþ îïóáëèêîâàííûå äàííûå íå
ñîãëàñóþòñÿ ìåæäó ñîáîé. Ïîýòîìó ðàçðàáîòêà íîâûõ ìåòîäèê è ñèíòåç ÍÍÒ ÿâëÿåòñÿ
ïåðñïåêòèâíûì íàïðàâëåíèåì. Èç ðàáîò [1] èçâåñòíî, ÷òî ïðè ñèíòåçå äâóìåðíûõ ñòðóê-
òóð CVD-ïðîöåññîì âîçìîæíî ñèíòåçèðîâàòü, êàê ñëîè òàê è íàíîòðóáêè. Íî äëÿ ñèíòåçà
íàíîòðóáîê CVD-ïðîöåññîì, â áîëüøèíñòâå ñëó÷àåâ ïðèìåíÿþòñÿ êàòàëèçàòîðû [2].

Â äàííîé ðàáîòå ðàññìàòðèâàåòñÿ âîïðîñ ñèíòåçà ÍÍÒ áåç ïðèìåíåíèÿ êàòàëèçàòîðîâ
CVD-ïðîöåññîì.

Êàê ïîêàçàëè ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé, íåêîòîðûå ñèíòåçèðîâàí-
íûå îáðàçöû MoS2 èìåþò ñõîæóþ ãåîìåòðèþ (ïî èçîáðàæåíèÿì, ïîëó÷åííûì ñ ïîìîùüþ
îïòè÷åñêîãî ìèêðîñêîïà õ100) ñ ÍÍÒ ïðåäñòàâëåííûå â ðàáîòàõ [3].
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Íàíîñòðóêòóðèðîâàíèå ïëåíîê CVD-ãðàôåíà ïóòåì
îáëó÷åíèÿ áûñòðûìè òÿæåëûìè èîíàìè

Nanostructuring of CVD-graphene �lms by swift heavy ions
irradiation

Íåáîãàòèêîâà Í.À.1,2, Êàùååâ À.Ñ.2, Àíòîíîâà È.Â.1,2,3, Ñìàãóëîâà Ñ.À.4

1Èíñòèòóò ôèçèêè ïîëóïðîâîäíèêîâ èì. À.Â. Ðæàíîâà ÑÎ ÐÀÍ, Íîâîñèáèðñê, Ðîññèÿ;
nadonebo@gmail.com

2Íîâîñèáèðñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò, Íîâîñèáèðñê, Ðîññèÿ;
kas154723@gmail.com

3Íîâîñèáèðñêèé ãîñóäàðñòâåííûé òåõíîëîãè÷åñêèé óíèâåðñèòåò, Íîâîñèáèðñê, Ðîññèÿ;
antonova@isp.nsc.ru

4Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èì. Ì.Ê. Àììîñîâà, ßêóòñê, Ðîññèÿ;
smagulova@mail.ru

Ïðàêòè÷åñêîå ïðèìåíåíèå ãðàôåíà ñèëüíî îãðàíè÷èâàåòñÿ îòñóòñòâèåì ó íåãî çàïðå-
ùåííîé çîíû â ýëåêòðîííîì ñïåêòðå. Îäíèì èç âîçìîæíûõ ðåøåíèé äàííîé ïðîáëåìû ÿâ-
ëÿåòñÿ íàíîñòðóêòóðèðîâàíèå. Ïðè íàíîñòðóêòóðèðîâàíèÿ ïëåíîê òðàäèöèîííûìè ïîäõî-
äàìè ïðàêòè÷åñêè âñåãäà âîçíèêàåò ïðîáëåìà óõóäøåíèÿ ýëåêòðè÷åñêèõ ñâîéñòâ ñòðóêòóð.
Â äàííîé ðàáîòå áûëî ïðîâåäåíî íàíîñòðóêòóðèðîâàíèå ãðàôåíà ïðè ïîìîùè îáëó÷åíèÿ
áûñòðûìè òÿæåëûìè èîíàìè. Ïðè âçàèìîäåéñòâèè îáëó÷àþùèõ èîíîâ ñ îáëó÷àåìûì ãðà-
ôåíîì â ïëåíêàõ ëîêàëüíî âûäåëÿåòñÿ áîëüøîå êîëè÷åñòâî ýíåðãèè. Ñîãëàñíî ðàñ÷åòàì,
òåìïåðàòóðà â îáëó÷åííûõ îáëàñòÿõ íà íåáîëüøèå îòðåçêè âðåìåíè ( 10−12-10−11 c) ìîæåò
äîñòèãàòü 1500-3000 Ê. Â ðåçóëüòàòå, â ñëîÿõ ïðîèñõîäèò ëîêàëüíûé è êðàòêîâðåìåííûé
îòæèã. Â íàñòîÿùåå âðåìÿ âåäóòñÿ ðàáîòû ïî ñîçäàíèþ è õàðàêòåðèçàöèè ïëåíîê CVD-
ãðàôåíà îáëó÷åííûõ â ðàçëè÷íûõ óñëîâèÿõ (òåìïåðàòóðà îáëó÷åíèÿ, òèï è ýíåðãèÿ èîíîâ,
ðàçíûå âèäû ïîäëîæêè). Äëÿ èçó÷åíèÿ âëèÿíèÿ îáëó÷åíèÿ òÿæåëûìè èîíàìè âûñîêèõ
ýíåðãèé íà ñâîéñòâà ãðàôåíîâûõ CVD-ñëîåâ èñïîëüçóåòñÿ øèðîêèé íàáîð ñîâðåìåííûõ
ýêñïåðèìåíòàëüíûõ ìåòîäèê (ÀÑÌ, ÊÐÑ, ýëåêòðè÷åñêèå èçìåðåíèÿ, òåìïåðàòóðíàÿ çàâè-
ñèìîñòü ïðîâîäèìîñòè).

Ðàáîòà âûïîëíåíà ïðè ÷àñòè÷íîé ôèíàíñîâîé ïîääåðæêå Ñòèïåíäèè Ïðåçèäåíòà (ÑÏ-
5416.2018.2) è ÐÔÔÈ (18-32-00449).
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Ãðàôåíîâûå ïëåíêè êàê îñíîâà äëÿ ñîçäàíèÿ ãèáêèõ
ïðîçðà÷íûõ ýëåêòðîäîâ

Graphene �lms as basis for creating �exible transparent
electrodes

Íèêîëàåâ Ä.Â., Ïîïîâ Â.È., Òðîôèìîâà À.À., Ñëåïöîâ Í.Î., Òèìîôååâ
Â.Á., Ñìàãóëîâà Ñ.À.

Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èì. Ì.Ê. Àììîñîâà, ßêóòñê, Ðîññèéñêàÿ
Ôåäåðàöèÿ; dv.nikolaev@s-vfu.ru

Îäíèì èç ïåðñïåêòèâíûõ íàïðàâëåíèé ðàçâèòèÿ ñîâðåìåííîé ýëåêòðîíèêè ÿâëÿåòñÿ
ñîçäàíèå ãèáêèõ óñòðîéñòâ � ýêðàíîâ, ñìàðòôîíîâ, ñîëíå÷íûõ ïàíåëåé, ðàçëè÷íûõ ñåíñî-
ðîâ è ò.ï. Ãðàôåí, íàðÿäó ñ óãëåðîäíûìè íàíîòðóáêàìè, â ýòîì íàïðàâëåíèè ìîæåò çà-
íÿòü íèøó, êîòîðóþ â íàñòîÿùåå âðåìÿ çàíèìàåò îêñèä èíäèÿ-îëîâà (ITO) � ïðîçðà÷íûå
ýëåêòðîäû. Â îòëè÷èå îò ITO, ãðàôåí ÿâëÿåòñÿ ãèáêèì è ïðî÷íûì ìàòåðèàëîì, êîòîðûé
äîëæåí ñîõðàíÿòü ñâîè ñâîéñòâà ïîñëå ìíîãîêðàòíûõ ìåõàíè÷åñêèõ äåôîðìàöèé.

Â äîêëàäå áóäóò ïðåäñòàâëåíû ðåçóëüòàòû ïî ñèíòåçó, ïåðåíîñó è èññëåäîâàíèþ ïëå-
íîê ãðàôåíà ìåòîäîì õèìè÷åñêîãî ãàçîôàçíîãî îñàæäåíèÿ (CVD). Äàííûé ìåòîä ïîçâîëÿ-
åò ñèíòåçèðîâàòü ãðàôåíîâûå ïëåíêè, îãðàíè÷åííûå òîëüêî ïëîùàäüþ êàòàëèçèðóþùåé
ìåòàëëè÷åñêîé ïîäëîæêè - ìåäíîé ôîëüãè. Ìåòîä ëàìèíèðîâàíèÿ, ïðåäëîæåííûé äëÿ ïå-
ðåíîñà CVD - ãðàôåíà íà ïðîçðà÷íóþ ïîëèìåðíóþ ïëåíêó, ïîçâîëÿåò ïîëó÷àòü ãèáêèå
ïðîâîäÿùèå ïëåíêè.

Íàáîð ïàðàìåòðîâ ýòèõ ïëåíîê - ïîâåðõíîñòíîå ñîïðîòèâëåíèå, ïîäâèæíîñòü íîñèòåëåé
çàðÿäà, ïðîçðà÷íîñòü è ãèáêîñòü, äîëæåí ñîîòâåòñòâîâàòü òðåáîâàíèÿì äëÿ ïðèìåíåíèÿ â
îïòîýëåêòðîíèêå, â ÷àñòíîñòè, äëÿ èçãîòîâëåíèÿ ñåíñîðíûõ ýêðàíîâ äëÿ ðàçëè÷íûõ ãèáêèõ
ýëåêòðîííûõ óñòðîéñòâ.

Ðàáîòà âûïîëíåíà â ðàìêàõ ãîñçàäàíèÿ ÌÎÍ ÐÔ ¾Âåäóùèå èññëåäîâàòåëè íà ïîñòî-
ÿííîé îñíîâå¿ (� 16.6824.2017/6.7).
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Micro-supercapacitors based on laser-treated �uorinated
graphene �lms

Okotrub A.V., Sysoev V. I., Bulusheva L.G.

Nikolaev Institute of Inorganic Chemistry SB RAS, Novosibirsk, 630090, Russia
spectrum@niic.nsc.ru

The rapid development of electronic devices has increased necessity of high power micro-
supercapacitors. Graphene materials have been ideal material platform for constructing flexible
electronic; its 2D structure, high specific area and good conductivity are attractive for energy
storage devices. Wafer-scalable routes of fabricating nanostructure materials could signifi-
cantly enhance the performance of micro-supercapacitors. Exploring a new method to fabricate
graphene films with is a key for flexible electronic devices to achieve higher performance. The
fluorinated graphite with composition C2F was synthesized using low temperature fluorination
by BrF3 from natural graphite. Suspension of fluorinated graphite in toluene was used to
produce films having a thickness of 1 − 10 mm. The C2F films were prepared on polymeric
substrates and in free standing forms. Conductive films of few-layered fluorinated graphene
have been produced on the film surface using a one-step process of the exfoliation and partial
reduction of the graphite derivatives. They had a high resistance and became conductive after
UV irradiation. In the present work, we used irradiation of 380− nm low power laser in order
to convert fluorographene film into graphene.The changes in the microstructure and conduc-
tivity were found to depend on the radiation dose. Pattern of microelectrodes was drawing
by UV laser and supercapacitors properties of these elements were measured for different acid
electrolytes. The change of chemical states of capacitor surface under electrical charging was
controlled by XPS and NEXAFS in situ measurements. Produced electrode material with high
electrical conductivity and flexibility is useful for energy storage devices without binders or
conductive additives. We reveal an influence of structural features and functional composition
of graphene material on electrochemical performance of in-plane microsupercapacitors. Ob-
tained materials showed tunable electrochemical performance, which reaches 0.28 mF/cm2 at
0.8 mV/s comparable with graphene ink and reduced graphene oxide materials.
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Ìîäèôèöèðîâàíèå ýïîêñèäíîé ñìîëû ãðàôåíîì

Modi�cation of epoxy resin using graphene

Àëü�Øèáëàâè Ê.À., Ïåðøèí Â.Ô., ßðöåâ Â.Ï., Ïàñüêî Ò.Â.

Òàìáîâñêèé ãîñóäàðñòâåííûé òåõíè÷åñêèé óíèâåðñèòåò, ã. Òàìáîâ, Ðîññèÿ;
tpasko@yandex.ru

Îäíèì èç ïåðñïåêòèâíûõ íàïðàâëåíèé ÿâëÿåòñÿ ìîäèôèöèðîâàíèå ýïîêñèäíûõ ñìîë
ãðàôåíîâûìè íàíîñòðóêòóðàìè. Â äàííîé ðàáîòå ïðè ìîäèôèöèðîâàíèè ýïîêñèäíîé ñìî-
ëû èñïîëüçîâàëñÿ ìàëîñëîéíûé ãðàôåí (3�5 ñëîåâ). Êîíöåíòðàöèÿ ãðàôåíà èçìåíÿëàñü îò
0,05 äî 0,5 ìàññ.%. Îñîáîå âíèìàíèå â ïðîöåññå ïðèãîòîâëåíèÿ ìîäèôèöèðîâàííîé ýïîê-
ñèäíîé ñìîëû óäåëÿëîñü ðàâíîìåðíîìó ðàñïðåäåëåíèþ ãðàôåíà â îáùåé ìàññå ñìîëû èëè
îòâåðäèòåëÿ, ò.ê. îò ýòîãî âî ìíîãîì çàâèñèò ýôôåêòèâíîñòü ìîäèôèöèðîâàíèÿ.

Â êà÷åñòâå ïðîìåæóòî÷íîãî ðàñòâîðèòåëÿ èñïîëüçîâàëñÿ èçîïðîïèëîâûé ñïèðò. Ïî-
ñòåïåííàÿ çàìåíà âîäû ñïèðòîì, ñìåøèâàíèå ñïèðòîâîé ñóñïåíçèè ãðàôåíà ñ ýïîêñèäíîé
ñìîëîé è âûïàðèâàíèå èçëèøêîâ ñïèðòà íå ïðèâîäèò ê àãëîìåðàöèè ãðàôåíîâûõ íàíî-
ñòðóêòóð. Ãðàôåí áûë ïîëó÷åí óñîâåðøåíñòâîâàííûì ìåòîäîì Õàìåðñà è, êàê ñëåäñòâèå,
áûë äîñòàòî÷íî ñèëüíî îêèñëåí.

Èç ìîäèôèöèðîâàííîé ñìîëû èçãîòàâëèâàëèñü ñòàíäàðòíûå îáðàçöû è îïðåäåëÿëèñü
ïðåäåëüíûå íàïðÿæåíèÿ ïðè ðàñòÿæåíèè, óäàðíàÿ âÿçêîñòü è ìîäóëü ïðè èçãèáå. Ïî ñðàâ-
íåíèþ ñ îáðàçöàìè èç ÷èñòîé ýïîêñèäíîé ñìîëû âñå óêàçàííûå õàðàêòåðèñòèêè óëó÷øè-
ëèñü íå ìåíåå, ÷åì íà 30 % ïðè êîíöåíòðàöèÿõ ãðàôåíà 0,1 ìàññ.% è áîëåå. Íàèáîëåå
ñèëüíîå óâåëè÷åíèå íàáëþäàëîñü äëÿ âåëè÷èíû óäàðíîé âÿçêîñòè.

Èñïûòàíèÿ íà ñæàòèå ïîêàçàëè, ÷òî ðàçðóøåíèå îáðàçöîâ èç ÷èñòîé ýïîêñèäíîé ñìîëû
ïðîèñõîäèò âíåçàïíî ïî ïëîñêîñòè, íàêëîíåííîé ïðèìåðíî ïîä óãëîì 45◦ ê íîðìàëüíî-
ìó ñå÷åíèþ. Òàêèì îáðàçîì, â äàííûõ îáðàçöàõ ðàçðóøåíèå ïðîèñõîäèò çà ñ÷åò ñðåçà. Â
îáðàçöàõ èç ìîäèôèöèðîâàííîé ýïîêñèäíîé ñìîëû ñíà÷àëà ïîÿâëÿëèñü òðåùèíû è ëèøü
ïîòîì ïðîèñõîäèëî ðàçðóøåíèå. Êðîìå ýòîãî, óñèëèëîñü ñöåïëåíèå ìåæäó ýïîêñèäíîé ñìî-
ëîé è ñòåêëîâîëîêíîì, ÷òî äàåò îñíîâàíèå ðàññ÷èòûâàòü íà óëó÷øåíèå ýêñïëóàòàöèîííûõ
õàðàêòåðèñòèê ìîäèôèöèðîâàííîãî êîìïîçèòà.
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Ãðàôåíîâûé êîíöåíòðàò äëÿ ìîäèôèöèðîâàíèÿ
ìîðîçîñòîéêèõ ïëàñòè÷íûõ ñìàçîê

A graphene masterbatch for modi�cation of frost-resistant
plastic lubricants

Ïåðøèí Â.Ô.1, Îâ÷èííèêîâ Ê.À.2, Àëü�Õèëî Ç.À.À.1, Ìåìåòîâ Í.Ð.1,
Òêà÷åâ À. Ã.1, Ãàëóíèí Å.Â.1

1ÔÃÁÎÓ ÂÎ "Òàìáîâñêèé ãîñóäàðñòâåííûé òåõíè÷åñêèé óíèâåðñèòåò ã. Òàìáîâ,
Ðîññèéñêàÿ Ôåäåðàöèÿ; pershin.home@mail.ru

2ÀÎ "Âñåðîññèéñêèé íàó÷íî-èññëåäîâàòåëüñêèé èíñòèòóò ïî ïåðåðàáîòêå íåôòè ã.
Ìîñêâà, Ðîññèéñêàÿ Ôåäåðàöèÿ; k.ovchinnikoff@gmail.com

Â íàñòîÿùåé ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ ìîäèôèöèðîâàíèÿ ïëà-
ñòè÷íûõ ñìàçîê ìàëîñëîéíûì è ìíîãîñëîéíûì ãðàôåíîì. Â êà÷åñòâå æèäêîé îñíîâû èñ-
ïîëüçîâàëè äèîêòèëñåáàöèíàò, ìàñëà ÏÀÎÌ�4 è ÂÌÃ3, êðåìíèéîðãàíè÷åñêóþ æèäêîñòü
ÏÌÑ, ëàïðîë 503Á è 502. Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé ïîñòðîåíû çàâèñèìîñòè
êàæóùåéñÿ âÿçêîñòè æèäêîé îñíîâû îò êîíöåíòðàöèè ãðàôåíà è óñòàíîâëåíî, ÷òî âÿç-
êîñòü ãðàôåíîâîãî êîíöåíòðàòà äîñòèãàåò âÿçêîñòè ïëàñòè÷íîé ñìàçêè ïðè 9�11 ìàññ.%
äëÿ ìàëîñëîéíîãî ãðàôåíà è 5�8 ìàññ.% äëÿ ìíîãîñëîéíîãî. Ìîäèôèöèðîâàíèå ïëàñòè÷-
íîé ñìàçêè ïðîâîäèëè â äâà ýòàïà. Ñíà÷àëà ãîòîâèëè ãðàôåíîâûå êîíöåíòðàòû ñ ñîäåð-
æàíèåì ìíîãîñëîéíîãî ãðàôåíà îò 5 äî 8 ìàññ.%, à ìàëîñëîéíîãî îò 8 äî 11 ìàññ.%. Äàëåå
ñìåøèâàëè ãðàôåíîâûé êîíöåíòðàò ñ áàçîâîé ïëàñòè÷íîé ñìàçêîé. Ñîäåðæàíèå êîíöåí-
òðàòà âàðüèðîâàëîñü îò 0,7 äî 7 ìàññ.%, ÷òî ñîîòâåòñòâîâàëî êîíöåíòðàöèè ãðàôåíà â
ïëàñòè÷íîé ñìàçêå îò 0,05 äî 0,5 ìàññ.%. Ïîëó÷åíû çàâèñèìîñòè èçìåíåíèÿ óêàçàííûõ
òðèáîëîãè÷åñêèõ õàðàêòåðèñòèê îò êîíöåíòðàöèè ãðàôåíà â ïëàñòè÷åñêîé ñìàçêå. Óñòà-
íîâëåíî, ÷òî ïðè êîíöåíòðàöèè ãðàôåíà 0,1 % è áîëåå äèàìåòð ïÿòíà èçíîñà óìåíüøàåòñÿ
íå ìåíåå, ÷åì íà 50 %, èíäåêñ çàäèðà óâåëè÷èâàåòñÿ ïî÷òè â 3 ðàçà, à íåñóùàÿ ñïîñîáíîñòü
óâåëè÷èâàåòñÿ â 4 ðàçà.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå Ìèíèñòåðñòâà îáðàçîâàíèÿ è íàóêè
ÐÔ (Ñîãëàøåíèå No. 14.577.21.0253, 2017; Óíèêàëüíûé èäåíòèôèêàòîð ÏÍÈ RFMEFI
57717X0253).
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Âëèÿíèå âçàèìîäåéñòâèÿ ìåæäó íàíî÷àñòèöåé CDS è
ãðàôåíîì íà îïòè÷åñêèé ñïåêòð ãèáðèäíîé ñèñòåìû

Interaction of CDS nanoparticle and graphene: optical
properties of CDS/graphene hybrids

Ñåäåëüíèêîâà Î.Â., Áóëóøåâà Ë. Ã., Îêîòðóá À.Â.

Èíñòèòóò íåîðãàíè÷åñêîé õèìèè èì. À.Â. Íèêîëàåâà ÑÎ ÐÀÍ, Íîâîñèáèðñê, Ðîññèÿ;
o.sedelnikova@gmail.com

Â ïîñëåäíåå âðåìÿ îñîáîå âíèìàíèå óäåëåíî èññëåäîâàíèþ îïòè÷åñêèõ õàðàêòåðèñòèê
ãèáðèäíûõ ìàòåðèàëîâ íà îñíîâå ãðàôåíà, äåêîðèðîâàííîãî êâàíòîâûìè íàíî÷àñòèöàìè.
Òàêèå ñèñòåìû ñî÷åòàþò ñâîéñòâà êâàíòîâûõ òî÷åê, îáåñïå÷èâàþùèõ ýôôåêòèâíîå âçàè-
ìîäåéñòâèå ìàòåðèàëà ñ ïàäàþùèì ýëåêòðîìàãíèòíûì èçëó÷åíèåì âèäèìîãî äèàïàçîíà,
è ãðàôåíà, ìàòåðèàëà ñ âûñîêîé ïðîâîäèìîñòüþ. Äàííàÿ ðàáîòà ïîñâÿùåíà òåîðåòè÷åñêî-
ìó èññëåäîâàíèþ èíòåðôàçíûõ âçàèìîäåéñòâèé ìåæäó íàíî÷àñòèöåé CdS è ãðàôåíîì è
èõ âëèÿíèþ íà îïòè÷åñêèå ñâîéñòâà ãèáðèäíîé ñèñòåìû. Ðàñ÷åòû âûïîëíåíû â ðàìêàõ
ïðèáëèæåíèÿ ëîêàëüíîé ïëîòíîñòè, ÷àñòîòíàÿ çàâèñèìîñòü äèýëåêòðè÷åñêîé ïðîíèöàåìî-
ñòè ðàññ÷èòûâàëàñü â ðàìêàõ ïðèáëèæåíèÿ ñëó÷àéíûõ ôàç. ×àñòèöà CdS ðàñïîëàãàëàñü
â 3 �A íàä öåíòðîì ñóïåðÿ÷åéêè ãðàôåíà ðàçìåðíîñòüþ 8x8 ýëåìåíòàðíûõ ÿ÷ååê. Àíàëèç
ïëîòíîñòè ýëåêòðîííûõ ñîñòîÿíèé è äèñïåðñèè ýëåêòðîííûõ óðîâíåé óêàçûâàåò íà ïåðå-
êðûâàíèå îðáèòàëåé ãðàôåíà è CdS. Ïðè ñîâïàäåíèè îðèåíòàöèé ãåêñàãîíîâ ãðàôåíà è
CdS â ñïåêòðå îïòè÷åñêîãî ïîãëîùåíèÿ ãèáðèäíîé ñèñòåìû ïîäàâëÿåòñÿ ïèê, ñâÿçàííûé
ñ ìåæçîííûì ïåðåõîäîì pz(S) → pz(Cd), ÷òî áûëî îáúÿñíåíî âçàèìîäåéñòâèåì ìåæäó
ýëåêòðîíàìè àòîìîâ ñåðû íà ïîâåðõíîñòè ÷àñòèöû CdS è π-îðáèòàëÿìè àòîìîâ óãëåðîäà.

Î.Â. Ñåäåëüíèêîâà áëàãîäàðèò çà ïîääåðæêó ñòèïåíäèþ Ïðåçèäåíòà ÐÔ ÑÏ-3530.2016.1.
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Ôåððîìàãíèòíîå ïîâåäåíèå ïîëèìåðíîãî êîìïîçèòà ñ
íàíî÷àñòèöàìè ãðàôåíà

Ferromagnetic behavior of the polymer composite with
graphene nanoparticles

Ñåìåíèõèí Ï.Â.1, Âîëêîâ Ì.Ï.1, Èîíîâ À.Í.1, Íèêîëàåâà Ì.Í.2,

1 ÔÒÈ èì. À.Ô. Èîôôå, Ïîëèòåõíè÷åñêàÿ 26, 194021 Ñàíêò-Ïåòåðáóðã, Ðîññèÿ;
petr3295@gmail.com

2Èíñòèòóò âûñîêîìîëåêóëÿðíûõ ñîåäèíåíèé, Áîëüøîé ïð. Â.Î. 31, 199004
Ñàíêò-Ïåòåðáóðã, Ðîññèÿ;

Â íàñòîÿùåå âðåìÿ ïîëèìåðíûå êîìïîçèòû ñ âêëþ÷åíèÿìè íàíî÷àñòèö ïðåäñòàâëÿþò
áîëüøîé íàó÷íûé èíòåðåñ [1].

Â äàííîé ðàáîòå èññëåäîâàëèñü ñâîéñòâà âîññòàíîâëåííûõ èç îêñèäà ãðàôåíà îäíî-
è ìíîãîñëîéíûõ ãðàôåíîâûõ íàíî÷àñòèö, êîòîðûå áûëè âíåäðåíû â ïîëèñòèðîë äâóìÿ
ñïîñîáàìè: ìåõàíè÷åñêè, êàê íàïîëíèòåëü è íåïîñðåäñòâåííî ïðè ïîëèìåðèçàöèè, ñ îáðà-
çîâàíèåì êîâàëåíòíûõ ñâÿçåé.

Ìàãíèòíûå ñâîéñòâà ãðàôåíîâûõ íàíî÷àñòèö â ïîëèñòèðîëîâîé ìàòðèöå èçó÷àëèñü ñ
ïîìîùüþ âèáðàöèîííîãî ìàãíèòîìåòðà â äèàïàçîíå ïîëåé - 10 Ò < Í < 10 Òë è â èíòåð-
âàëå òåìïåðàòóð 5 Ê < Ò < 400 Ê. Â íåçàâèñèìîñòè îò ñïîñîáà ïðèãîòîâëåíèÿ îáðàçöîâ, â
îáîèõ ñëó÷àÿõ íà ïîëåâûõ çàâèñèìîñòÿõ ìàãíèòíîé âîñïðèèì÷èâîñòè íàáëþäàëèñü ôåððî-
ìàãíèòíûå ïåòëè, âïëîòü äî êîìíàòíûõ òåìïåðàòóð. Îäíàêî, ïðîâåä¼ííûå èññëåäîâàíèÿ
ýëåêòðîííîãî ïàðàìàãíèòíîãî ðåçîíàíñà â äèàïàçîíå òåìïåðàòóð îò 2.7 äî 100 Ê ïðî-
äåìîíñòðèðîâàëè òîëüêî ïàðàìàãíèòíîå ïîâåäåíèå, ïîëó÷åííàÿ, ïî äàííûì çàâèñèìîñòü
ìàãíèòíîé âîñïðèèì÷èâîñòè îò òåìïåðàòóðû ñîîòâåòñòâîâàëà çàêîíó Êþðè.

ËÈÒÅÐÀÒÓÐÀ

1. S. Kango, S. Kaliab, A. Celli, J. Njuguna,Y. Habibi, R. Kumar Surface
modi�cation of inorganic nanoparticles for development of organic�inorganic
nanocomposites�A review. Progress in Polymer Science. Ãîä. 2013 � 38.
Ñ. 1232�1261.
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Èññëåäîâàíèå ñâîéñòâ ãèáêîãî ñåíñîðà âëàæíîñòè, ñîçäàííîãî
íà îñíîâå âîññòàíîâëåííîãî ëàçåðîì îêñèäà ãðàôåíà

Investigation of the properties of �exible humidity sensor based
on reduced graphene oxide by laser irradiation

Ñåìåíîâà À.À.1, Âèíîêóðîâ Ï.Â.1, Ñìàãóëîâà Ñ.À.1

1Ñåâåðî-âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èì. Ì. Ê. Àììîñîâà, ã. ßêóòñê, Ðîññèÿ;
aizhan7enova@mail.ru

Ãðàôåí è åãî ïðîèçâîäíûå, áëàãîäàðÿ èõ ÷óâñòâèòåëüíîñòè ê ðàçëè÷íûì àòîìàì è
ìîëåêóëàì âíåøíåé ñðåäû, ÿâëÿþòñÿ ïåðñïåêòèâíûìè ìàòåðèàëàìè äëÿ ñîçäàíèÿ âûñî-
êî÷óâñòâèòåëüíûõ ñåíñîðîâ. Ëàçåðíîå âîññòàíîâëåíèå îêñèäà ãðàôåíà (ÎÃ) ÿâëÿåòñÿ íàè-
áîëåå ïåðñïåêòèâíûì ìåòîäîì äëÿ ñîçäàíèÿ ýëåìåíòîâ ýëåêòðîííûõ ïðèáîðîâ.

Ñîçäàíû è èññëåäîâàíû ñåíñîðû âëàæíîñòè íà îñíîâå îêñèäà ãðàôåíà ñ ïðèìåíåíè-
åì âîññòàíîâëåíèÿ ëàçåðíûìè èçëó÷åíèÿìè ñ äëèíàìè âîëí 435 íì è 788 íì. Â êà÷åñòâå
ïîäëîæêè äëÿ ïëåíîê îêñèäà ãðàôåíà èñïîëüçîâàëàñü ãèáêàÿ ïîëèýñòåðîâàÿ áóìàãà. Âîñ-
ñòàíîâëåííàÿ ëó÷îì ëàçåðà ïðîâîäÿùàÿ ÷àñòü ÎÃ, èìåëà òåìíûé öâåò íà ôîíå ïëåíêè ÎÃ
æåëòîãî öâåòà. Â êà÷åñòâå ðàáî÷åé ÷àñòè ñåíñîðà, àäñîðáèðóþùåãî ìîëåêóëû âîäû âûñòó-
ïàëà îáëàñòü ÎÃ ìåæäó ýëåêòðîäàìè. Ðàáî÷èé ýëåìåíò ñåíñîðà âëàæíîñòè ïðåäñòàâëÿë ñî-
áîé ãðåáåí÷àòóþ ñòðóêòóðó è áûë îäèíàêîâ äëÿ îáîèõ òèïîâ ëàçåðíîãî âîçäåéñòâèÿ. Ïðî-
âåäåíû èññëåäîâàíèÿ çàâèñèìîñòè ñîïðîòèâëåíèÿ ïëåíîê ÎÃ, âîññòàíîâëåííûõ ðàçíûìè
ëàçåðàìè, îò âëàæíîñòè îêðóæàþùåé ñðåäû. Îáíàðóæåí ýôôåêò ãèñòåðåçèñà â ãðàôèêàõ
çàâèñèìîñòè ñîïðîòèâëåíèÿ îò âëàæíîñòè. Èññëåäîâàíî âëèÿíèå ñâåòà íà ñîïðîòèâëåíèå
ýëåìåíòîâ ñåíñîðà âëàæíîñòè. Èññëåäîâàíî âëèÿíèå çàùèòíîé ïëåíêè íà õàðàêòåðèñòèêè
ñåíñîðà âëàæíîñòè. Îáíàðóæåíî, ÷òî çàùèòíàÿ ïëåíêà óìåíüøàåò ãèñòåðåçèñ è âëèÿíèå
ñâåòà íà ñîïðîòèâëåíèå ñòðóêòóð. Â ðàáîòå îáñóæäåíû ðàçëè÷èÿ ïðîöåññîâ âçàèìîäåé-
ñòâèÿ ìîëåêóë âîäû ñ îêñèäîì ãðàôåíà è ÷àñòè÷íî âîññòàíîâëåííûì îêñèäîì ãðàôåíà.

Ðàáîòà ïðîâåäåíà â ðàìêàõ ãîñçàäàíèÿ ÌÎÍ ÐÔ ¾Âåäóùèå èññëåäîâàòåëè íà ïîñòîÿí-
íîé îñíîâå¿ (� 16.6824.2017/6.7).
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Ôèçèêî-õèìè÷åñêèå ñâîéñòâà ìîäèôèöèðîâàííûõ
áàçàëüòîâûõ âîëîêîí

Physico-chemical characteristics of modi�ed basalt �bers

Ñèâöåâà À.Â.1, Êû÷êèí À.Ê.1, Êû÷êèí À.À.1

1ÔÃÁÓÍ Èíñòèòóò ôèçèêî-òåõíè÷åñêèõ ïðîáëåì Ñåâåðà ÑÎ ÐÀÍ, ßêóòñê,
Ðîññèéñêàÿ Ôåäåðàöèÿ; sianva@yandex.ru

Ïðè ïðîåêòèðîâàíèè êîíñòðóêöèîííîãî ïîëèìåðíîãî ìàòåðèàëà íåîáõîäèìî ïðîâåñòè
êîìïëåêñíûé ïîäáîð êîìïîíåíòîâ êîìïîçèòà, âûáîð òåõíîëîãèè ïðîèçâîäñòâà, ñïîñîáîâ
íàíîìîäèôèêàöèè ìàòðèöû è àðìèðóþùåãî áàçàëüòîâîãî âîëîêíà, êîòîðûå äîëæíû áûòü
íàïðàâëåíû íà ïîâûøåíèå ôèçèêî - ìåõàíè÷åñêèõ è òåõíîëîãè÷åñêèõ ñâîéñòâ ïîëó÷àåìîãî
êîìïîçèöèîííîãî ìàòåðèàëà.

Äëÿ äîñòèæåíèÿ ýòèõ öåëåé íåîáõîäèìî ïðîâåñòè ôóíäàìåíòàëüíûå èññëåäîâàíèÿ ïî
ðàçðàáîòêå ìåòîäîëîãè÷åñêèõ, ôèçèêî-õèìè÷åñêèõ ïðèíöèïîâ ñîçäàíèÿ áàçàëüòîâûõ êîì-
ïîçèòîâ.Îäíèì èç ðåøåíèé, ïðèâîäÿùåé ê óëó÷øåíèþ ñâîéñòâ ÏÊÌ íà îñíîâå áàçàëüòî-
âîãî âîëîêíà ìîæåò ÿâëÿòüñÿ ïðèìåíåíèå íàíîìîäèôèêàòîðîâ äëÿ ïîâåðõíîñòíîé îáðà-
áîòêè àðìèðóþùèõ âîëîêîí è ìàòðèöû â åäèíîé êîìáèíàöèè, äëÿ ïîâûøåíèÿ õèìè÷åñêîé
ìåæìîëåêóëÿðíîé è ïîëÿðíîé ñâÿçè ìåæäó íèìè, êîòîðàÿ ïîçâîëèò ïîâûñèòü ïðî÷íîñòü
àäãåçèè è ñòîéêîñòü ìàòåðèàëà â àãðåññèâíûõ ñðåäàõ è âîäå.

Äëÿ îäíîíàïðàâëåííûõ áàçàëüòîïëàñòèêîâ â îñíîâíîì ïðî÷íîñòíûå ñâîéñòâà îïðåäå-
ëÿåò àðìèðóþùèé ìàòåðèàë. Â êà÷åñòâå àðìèðóþùåãî íàïîëíèòåëÿ äëÿ èññëåäîâàíèé âû-
áðàí áàçàëüòîâûé ðîâèíã ìàðêè ÐÁÍ 13-2400-4Ñ ïðîèçâîäñòâà ÎÎÎ ¾ÒÁÌ¿ (ã. Ïîêðîâñê,
Ðåñïóáëèêà Ñàõà), èçãîòîâëåííûé èç ñûðüÿ Âàñèëüåâñêîãî ìåñòîðîæäåíèÿ. Â íàñòîÿùåé
ðàáîòå ïðîâåäåíû èññëåäîâàíèÿ ôèçèêî-õèìè÷åñêèõ õàðàêòåðèñòèê áàçàëüòîâûõ âîëîêîí,
ìîäèôèöèðîâàííûõ ðàçíûìè íàïîëíèòåëÿìè.

Ðàáîòà âûïîëíåíà â ðàìêàõ ïðîãðàìì ôóíäàìåíòàëüíûõ èññëåäîâàíèé ÑÎ ÐÀÍ íà
2017�2020 ãã. (� III.28.1.2. Á. 3).
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Ñâîéñòâà ýïîêñèäíîãî ñâÿçóþùåãî ñ äîáàâêàìè óãëåðîäíûõ
íàíîòðóáîê

Properties of epoxy binder with the addition of carbon
nanotubes

Ñèâöåâà À.Â.1, Êû÷êèí À.Ê.1, Êû÷êèí À.À.1

1ÔÃÁÓÍ Èíñòèòóò ôèçèêî-òåõíè÷åñêèõ ïðîáëåì Ñåâåðà ÑÎ ÐÀÍ, ßêóòñê,
Ðîññèéñêàÿ Ôåäåðàöèÿ; sianva@yandex.ru

Ñðåäè èçâåñòíûõ êëàññîâ êîíñòðóêöèîííûõ ïîëèìåðíûõ ìàòåðèàëîâ ( ÏÊÌ ), çíà÷è-
òåëüíîå íåñîîòâåòñòâèå óñëîâèÿì ìîíîëèòíîñòè íàáëþäàåòñÿ ó ïëàñòèêîâ íà îñíîâå âûñî-
êîïðî÷íûõ âîëîêîí. Âñå èçâåñòíûå íà ñåãîäíÿøíèé äåíü ñâÿçóþùèå íå ïîçâîëÿþò ðåàëèçî-
âàòü âñå ïðî÷íîñòíûå ñâîéñòâà âîëîêîí â áàçàëüòîïëàñòèêîâîì êîíñòðóêöèîííîì ìàòåðè-
àëå. Ýòî çàòðóäíÿåò èõ øèðîêîå ïðèìåíåíèå â âûñîêîïðî÷íûõ êîíñòðóêöèÿõ è óêàçûâàåò
íà íåîáõîäèìîñòü ïðîâåäåíèÿ èññëåäîâàíèé â îáëàñòè ïîâûøåíèÿ ïðî÷íîñòíûõ ñâîéñòâ
êàê ìàòðèöû, òàê è áàçàëüòîâîëîêíèñòîãî íàïîëíèòåëÿ.

Ñåãîäíÿ ñàìûìè ðàñïðîñòðàíåííûìè â ïðîèçâîäñòâå ïëàñòèêîâ ÿâëÿþòñÿ ýïîêñèäíûå
ñâÿçóþùèå, îáëàäàþùèå íåîáõîäèìûìè äëÿ ïåðåðàáîòêè òåõíîëîãè÷åñêèìè õàðàêòåðèñòè-
êàìè è âûñîêèìè â îòâåðæäåííîì ñîñòîÿíèè ïðî÷íîñòíûìè ñâîéñòâàìè. Îäíàêî ðàçâèòèå
íàóêè è òåõíèêè òðåáóåò äëÿ ñîçäàíèÿ ïåðñïåêòèâíûõ èçäåëèé ïðèìåíåíèÿ íîâûõ êîìïî-
çèöèîííûõ ìàòåðèàëîâ ñ óëó÷øåííûìè òåõíè÷åñêèìè ïàðàìåòðàìè.

Â êà÷åñòâå èñõîäíîãî ñâÿçóþùåãî ðàññìàòðèâàåòñÿ ýïîêñèäíîå ñâÿçóþùåå ÝÄÈ, îñíîâó
êîòîðîãî ñîñòàâëÿåò ýïîêñèäèàíîâàÿ ñìîëà ÝÄ-22, îòâåðæäàåìàÿ èçî - ìåòèëòåòðàãèäðîô-
òàëåâûì àíãèäðèäîì (èçî ÌÒÃÔÀ) â ïðèñóòñòâèè óñêîðèòåëÿ 2,4,6 - òðèñ( äèìåòèëàìèíî-
ìåòèë ) ôåíîëà (ÓÏ-606/2). Èçî ÌÒÃÔÀ èñïîëüçóåòñÿ â êà÷åñòâå îòâåðäèòåëÿ ¾ãîðÿ÷åãî¿
îòâåðæäåíèÿ ýïîêñèäíûõ ñìîë è ñîñòàâîâ íà èõ îñíîâå. Â íàñòîÿùåé ðàáîòå ïðîâåäåíû
èññëåäîâàíèÿ ñâîéñòâ ýïîêñèäèàíîâîãî ñâÿçóþùåãî c äîáàâêàìè îäíîñòåííûõ óãëåðîäíûõ
íàíîòðóáîê êîìïëåêñîì ôèçèêî-õèìè÷åñêèõ ìåòîäîâ.

Ðàáîòà âûïîëíåíà â ðàìêàõ ïðîãðàìì ôóíäàìåíòàëüíûõ èññëåäîâàíèé ÑÎ ÐÀÍ íà
2017�2020 ãã. (� III.28.1.2. Á.3).

49



Ñèëüíî êîððåëèðîâàííûå äâóìåðíûå ñèñòåìû: îò òåîðèè ê ïðàêòèêå

Îáðàáîòêà ïîâåðõíîñòè óãëåðîäíûõ íàíîòðóáîê äëÿ
óëó÷øåíèÿ ñâîéñòâ êîìïîçèòîâ

Surface treatment of carbon nanotubes to improve the
properties of composites

Ñèâöåâà À.Â.1, Åìåëüÿíîâà Í.Í.2

1ÔÃÁÓÍ Èíñòèòóò ôèçèêî-òåõíè÷åñêèõ ïðîáëåì Ñåâåðà ÑÎ ÐÀÍ, ßêóòñê,
Ðîññèéñêàÿ Ôåäåðàöèÿ; sianva@yandex.ru

2ÔÃÁÓÍ Èíñòèòóò ãåîëîãèè àëìàçà è áëàãîðîäíûõ ìåòàëëîâ, ßêóòñê, Ðîññèéñêàÿ
Ôåäåðàöèÿ; sianva@yandex.ru

Îñíîâíàÿ ïðîáëåìà, âîçíèêàþùàÿ ïðè ïîïûòêå ïîâûøåíèÿ ìåõàíè÷åñêèõ õàðàêòåðè-
ñòèê ïîëèìåðîâ â ðåçóëüòàòå äîáàâëåíèÿ óãëåðîäíûõ íàíîíàïîëíèòåëåé, ñâÿçàíà ñ íåîá-
õîäèìîñòüþ îáåñïå÷åíèÿ ïåðåäà÷è óñèëèÿ îò ïîëèìåðíîé ìàòðèöû ê âíåäðåííûì â íåå
íàíîòðóáêàì.

Äëÿ ýòîãî èñïîëüçóåòñÿ ðàçíîîáðàçíîå õèìè÷åñêîå âîçäåéñòâèå íà ïîâåðõíîñòü óãëå-
ðîäíûõ íàíîòðóáîê (ÓÍÒ), êîòîðîå èñïîëüçóåòñÿ äëÿ ìîäèôèêàöèè ãðàíèö ðàçäåëà ìåæäó
ìîëåêóëàìè ïîëèìåðà è ÓÍÒ. Â ðåçóëüòàòå òàêîé îáðàáîòêè íà ïîâåðõíîñòÿõ ÓÍÒ ôîð-
ìèðóþòñÿ ôóíêöèîíàëüíûå ãðóïïû. Â çàâèñèìîñòè îò ïðèðîäû îáðàáàòûâàþùèõ âåùåñòâ
áûëè îáíàðóæåíû óëó÷øåíèÿ ìåõàíè÷åñêîé ïðî÷íîñòè, óâåëè÷åíèå òâåðäîñòè, òåðìè÷å-
ñêîé ñòàáèëüíîñòè è ò.ä.

Äëÿ óëó÷øåíèÿ ñâÿçåé ìåæäó íàïîëíèòåëåì è ìàòðèöåé áûëà ïðîâåäåíà ïðåäâàðè-
òåëüíàÿ ôóíêöèîíàëèçàöèÿ ÓÍÒ â ñìåñè ñåðíîé è àçîòíîé êèñëîò â òå÷åíèè 2 ÷., â ñîîò-
âåòñòâèè ñ ìåòîäèêîé, ïðèâåäåííîé â ðàáîòå [1]. Ïîñëå ôóíêöèîíàëèçàöèè ìîäèôèêàòîðû
áûëè ââåäåíû â ïîëèìåðíóþ ìàòðèöó. Ïðîâåäåíû èññëåäîâàíèÿ ôèçèêî-õèìè÷åñêèõ õà-
ðàêòåðèñòèê îáðàáîòàííûõ îáðàçöîâ.

ËÈÒÅÐÀÒÓÐÀ

1. Çàõàðû÷åâ Å.À., Ñåì÷èêîâ Þ.Ä., Ðàçîâ Å.Í., Ìîñêâè÷åâ À.À. Èññëåäî-
âàíèå âëèÿíèÿ ñòåïåíè ôóíêöèîíàëèçàöèè íà íåêîòîðûå ñâîéñòâà ìíîãî-
ñëîéíûõ óãëåðîäíûõ íàíîòðóáîê. Âåñòíèê Íèæåãîðîäñêîãî óíèâåðñèòå-
òà èì. Í.È. Ëîáà÷åâñêîãî. 2013. Ò. 1, � 1. Ñ. 100�104.
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Ñîâåðøåíñòâîâàíèå ïðîöåññà ïîëó÷åíèÿ ãðàôåíîâûõ
ìàòåðèàëîâ ñ âûñîêîðàçâèòîé ïîâåðõíîñòüþ äëÿ ââåäåíèÿ â

êîìïîçèòû

Improving the process of obtaining graphene materials with a
highly developed surface area for introduction into composites

Òàðîâ Ä.Â.1, Ìåìåòîâ Í.Ð., Äüÿ÷êîâà Ò.Ï., Òàðîâ À.Â., Òêà÷åâ À. Ã., Øóáèí
È.Í.

1ÔÃÁÎÓ ÂÎ "Òàìáîâñêèé ãîñóäàðñòâåííûé òåõíè÷åñêèé óíèâåðñèòåò ã. Òàìáîâ,
Ðîññèéñêàÿ Ôåäåðàöèÿ; d−tarov@mail.ru

Ïðîàíàëèçèðîâàíû èçâåñòíûå â òåõíèêå ìåòîäû ïîëó÷åíèÿ ãðàôåíîâûõ íàíîïëàñòè-
íîê (ÃÍÏ) ðàçëè÷íîé ñòðóêòóðû è èõ äîñòîèíñòâà, è â êà÷åñòâå îïòèìàëüíîãî ñïîñîáà
ïîëó÷åíèÿ ìàëîäåôåêòíûõ ÃÍÏ, âûáðàíî èíòåðêàëèðîâàíèå ïðèðîäíîãî (êðèñòàëëè÷å-
ñêîãî) ãðàôèòà ïåðîêñîñóëüôàòíûìè ñîåäèíåíèÿìè õîëîäíûì ðàñøèðåíèåì (ýêñôîëèàöè-
åé) ïîëó÷åííûõ ñîåäèíåíèé ñ ïîñëåäóþùèì óäàëåíèåì èíòåðêàëàíòà è ýêñôîëèàöèåé ïîä
äåéñòâèåì óëüòðàçâóêà â ðàçëè÷íûõ óñëîâèÿõ. Ïîêàçàíî, ÷òî ýêñôîëèàöèÿ ðàñøèðåííûõ
èíòåðêàëèðîâàííûõ ñîåäèíåíèé ãðàôèòà ïîçâîëÿåò ïîëó÷àòü ÃÍÏ ñ òîëùèíîé ìåíåå 10
ãðàôåíîâûõ ñëîåâ. Âûáîð îïòèìàëüíûõ ÏÀÂ è óñëîâèé óëüòðàçâóêîâîé îáðàáîòêè ïîç-
âîëÿåò ïîëó÷àòü íàèáîëåå òîíêèå ÃÍÏ (3�5 ãðàôåíîâûõ ñëîåâ). Îïòèìàëüíûì ñïîñîáîì
ýêñôîëèàöèè ðàñøèðåííûõ ñîåäèíåíèé ãðàôèòà ÿâëÿåòñÿ ãèäðîëèòè÷åñêîå äåèíòåðêàëè-
ðîâàíèå ñ ïîñëåäóþùåé ýêñôîëèàöèåé óëüòðàçâóêîì èëè â ðîòîðíî-èìïóëüñíîì àïïàðàòå.
Ðàçðàáîòàíà ìåòîäèêà ìîäèôèöèðîâàíèÿ ïîâåðõíîñòè ìíîãîñëîéíûõ ÃÍÏ ñòåàðàòîì òè-
òàíà, ÷òî îáåñïå÷èâàåò ïîëó÷åíèå ãèäðîôîáíîé ïîâåðõíîñòè íàíî÷àñòèö è èõ õîðîøóþ
ñîâìåñòèìîñòü ñ íåïîëÿðíûìè ñðåäàìè.
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Ïðèìåíåíèå âåéâëåò-ïðåîáðàçîâàíèÿ ê àíàëèçó 2D ïèêà
Ðàìàíîâñêîãî ñïåêòðà òð¼õñëîéíîãî ãðàôåíà

Application of the wavelet transform to the analysis of the
Raman 2D peak of tri-layer graphene

Òèìîôååâà Ò. Å., Âèíîêóðîâ Ï.Â., Ïîïîâ Â.È.,
Ñìàãóëîâà Ñ.À., Íåóñòðîåâ Å.Ï.

Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò, ßêóòñê, Ðîññèÿ titamara2013@mail.ru

Äëÿ îáíàðóæåíèÿ è àíàëèçà âíóòðåííåé ñòðóêòóðû 2D ïèêà Ðàìàíîâñêîãî ñïåêòðà ãðà-
ôåíà ïðåäëîæåí ïîäõîä, îñíîâàííûé íà ïðèìåíåíèè âåéâëåòîâ. Â ðåçóëüòàòå ïðîâåäåííîãî
íåïðåðûâíîãî âåéâëåò-àíàëèçà 2D ïèêà Ðàìàíîâñêîãî ñïåêòðà äâóõ- è òðåõñëîéíîãî ãðà-
ôåíà âèçóàëèçèðîâàíû ñîñòàâíûå êîìïîíåíòû ïèêà, îïðåäåëåíû èõ ÷èñëî è ïîëîæåíèÿ. Ó
äâóõñëîéíîãî ãðàôåíà îáíàðóæåíî ÷åòûðå êîìïîíåíòû, êàê ïðåäñêàçûâàåò òåîðèÿ äâîé-
íîãî ðåçîíàíñà. Îïðåäåëåííûå çíà÷åíèÿ ïîëîæåíèé ýòèõ êîìïîíåíò ïîäòâåðæäàþò ýêñïå-
ðèìåíòàëüíûå äàííûå. Óñòàíîâëåíî, ÷òî äëÿ òð¼õñëîéíîãî ãðàôåíà c Áåðíàëîâñêîé óïà-
êîâêîé ÀÂÀ 2D ïîëîñà ñîñòîèò èç 5 êîìïîíåíòîâ, ÷òî ïîäòâåðæäàåò ðàñ÷åòíûå ïðåäñêà-
çàíèÿ, âûïîëíåííûå ðàñøèðåííûì ìåòîäîì ñèëüíîé ñâÿçè è ýêñïåðèìåíòàëüíûå äàííûå
J. Park, Ì. Äðåññåëüõàóç. Ðàìàíîâñêèé 2D ïèê òðåõñëîéíîãî ãðàôåíà ñ ðîìáîýäðè÷åñêîé
óïàêîâêîé ÀÂÑ èìååò 6 êîìïîíåíò, ÷òî ïîäòâåðæäàåò òðàäèöèîííûå ðåçóëüòàòû çàïîëíå-
íèÿ ýêñïåðèìåíòàëüíûõ 2D ïèêîâ ëîðåíöèàíàìè. Ïîëîæåíèÿ ëîðåíöèàíîâ òðåõñëîéíîãî
ãðàôåíà â öåëîì ñîâïàäàþò ñ ýêñïåðèìåíòàëüíûìè ïîäãîíî÷íûìè äàííûìè. Íåçíà÷èòåëü-
íûå ðàñõîæäåíèÿ â ïîëîæåíèè ëîðåíöèàíîâ ìîæíî îáúÿñíèòü âëèÿíèåì øåðîõîâàòîñòè
êðåìíèåâîé ïîäëîæêè è íåñîâåðøåíñòâîì ìåòîäîâ òåîðåòè÷åñêîãî ðàñ÷åòà.
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Êâàíòîâîõèìè÷åñêèé ðàñ÷åò ýíåðãåòè÷åñêèõ è îïòè÷åñêèõ
ñïåêòðîâ ãðàôåíîâûõ êâàíòîâûõ òî÷åê ñ êðàåâîé

ôóíêöèîíàëèçàöèåé

Quantum-chemical calculation of energy and optical spectra of
edge-functionalized graphene quantum dots

Òèìîôååâà Ò. Å., Åãîðîâà Ì.Í., Òîìñêàÿ À.Å., Ñìàãóëîâà Ñ.À.

Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò, ßêóòñê, Ðîññèÿ titamara2013@mail.ru

Ãðàôåíîâûå êâàíòîâûå òî÷êè (ÃÊÒ) ñèíòåçèðóþò èç îêñèäà ãðàôåíà, îðãàíè÷åñêèõ
ïðåêóðñîðîâ. Â çàâèñèìîñòè îò ïðåêóðñîðîâ ÃÊÒ èìåþò ðàçëè÷íûå ôóíêöèîíàëüíûå ãðóï-
ïû, êîòîðûå âëèÿþò íà ýëåêòðîííûå è îïòè÷åñêèå ñâîéñòâà ÃÊÒ. ÃÊÒ èìåþò øèðîêèé
ïîòåíöèàë ïðèìåíåíèÿ, â ÷àñòíîñòè, â ÈÊ ôîòîäåòåêòîðàõ, â áèîèçîáðàæåíèè êëåòîê â
áëèæíåé èíôðàêðàñíîé îáëàñòè. Â ýòîé ðàáîòå ïîñòðîåíû ÷åøóéêè ÃÊÒ ñ êðàåâîé ôóíê-
öèîíàëèçàöèåé ãðóïïàìè −COOH, −OH, = O, −OH3, −NH2, NO2, - pyrrol. Èññëåäî-
âàíî âëèÿíèå ôóíêöèîíàëüíûõ ãðóïï íà ýíåðãåòè÷åñêèå ñïåêòðû è ñïåêòðû âîçáóæäå-
íèÿ è ïîãëîùåíèÿ ÃÊÒ íà îñíîâå ïðîâåäåíèÿ ab initio ðàñ÷åòîâ. Ðàñ÷åòû ýíåðãåòè÷åñêèõ
ñïåêòðîâ ïðîâåäåíû ìåòîäîì òåîðèè ôóíêöèîíàëà ïëîòíîñòè (DFT) c ïðèìåíåíèåì ãè-
áðèäíûõ ôóíêöèîíàëîâ, ó÷èòûâàþùèõ îáìåííî-êîððåëÿöèîííûå âçàèìîäåéñòâèÿ. Ñïåê-
òðû âîçáóæäåíèÿ ðàññ÷èòàíû ìåòîäàìè TDDFT è TDHF. Ðàñ÷åòû ïðîâîäèëèñü ñ ïîìî-
ùüþ ïðîãðàìì Fire�y GAMESS (US).
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Ýëåêòðîííûå ñâîéñòâà ãðàôåíà, äîïèðîâàííîãî àòîìàìè áîðà

Electronic properties of boron doped mono-layer graphene

Òèõîíîâ Ð.Ñ., Øàðèí Å.Ï.

ÔÃÀÎÓ ÂÎ Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èì. Ì.Ê.Àììîñîâà, ßêóòñê,
Ðîññèÿ; itihonovroman@gmail.com

Â íàñòîÿùåå âðåìÿ ãðàôåíîïîäîáíûå ìàòåðèàëû èãðàþò çíà÷èòåëüíóþ ðîëü â ñîâðå-
ìåííîé ìèêðî-, íàíî-è îïòîýëåêòðîíèêå, ÷òî ñâÿçàíî ñ èõ óíèêàëüíûìè ñâîéñòâàìè è ñïî-
ñîáñòâóþò èõ ïðèìåíåíèþ ïðè ðàçðàáîòêå íîâåéøèõ ïðèáîðîâ è óñòðîéñòâ â ðàçëè÷íûõ
îáëàñòÿõ ÷åëîâå÷åñêîé äåÿòåëüíîñòè. Ïîñêîëüêó õàðàêòåðèñòèêè ãðàôåíà òåñíî ñâÿçàíû
ñ ýëåêòðîííîé ïîäñèñòåìîé, î÷åâèäíî, ÷òî ëþáàÿ õèìè÷åñêàÿ ìîäèôèêàöèÿ áóäåò îêàçû-
âàòü ñóùåñòâåííîå âëèÿíèå. Ñëåäîâàòåëüíî, ïóòåì ñîîòâåòñòâóþùåãî âûáîðà òèïà ïðèìåñè
ìîæíî óïðàâëÿòü èõ ýëåêòðîííûìè ñâîéñòâàìè. Äîïèðîâàíèå ñóùåñòâåííî ìîäèôèöèðóåò
ñòðóêòóðó íà àòîìíîì óðîâíå, ïîâåðõíîñòíóþ ýíåðãèþ, õèìè÷åñêóþ àêòèâíîñòü è ìåõàíè-
÷åñêèå ñâîéñòâà ãðàôåíà, ÷òî ïîçâîëÿåò ñóùåñòâåííî ðàñøèðèòü îáëàñòü ïîòåíöèàëüíîãî
ïðèìåíåíèÿ òàêèõ ìàòåðèàëîâ. Âñëåäñòâèå áëèçîñòè âåëè÷èí àòîìíûõ ðàäèóñîâ, áîð (Â)
è àçîò (N) ÿâëÿþòñÿ íàèáîëåå ïîïóëÿðíûìè ëåãèðóþùèìè ýëåìåíòàìè â ñðàâíåíèè ñ äðó-
ãèìè ýëåìåíòàìè.

Â äàííîé ðàáîòå ïðîâåäåíî èññëåäîâàíèå ýëåêòðîííûõ ñâîéñòâ ãðàôåíà äîïèðîâàííî-
ãî àòîìàìè áîðà. Ðàñ÷åòû ïðîâîäèëèñü ñ èñïîëüçîâàíèåì òåîðèè ôóíêöèîíàëà ýëåêòðîí-
íîé ïëîòíîñòè (DFT), ðåàëèçîâàííîé â ðàìêàõ ïðîãðàììíîãî ïàêåòà Quantum Espresso.
Îáìåííî-êîððåëÿöèîííàÿ ýíåðãèÿ ó÷òåíà â ïðèáëèæåíèè LDA. Ýíåðãèÿ îáðåçàíèÿ áàçèñà
àòîìíûõ îðáèòàëåé áûëà âûáðàíà ðàâíîé 50 Ry. Äëÿ îáåñïå÷åíèÿ äîñòàòî÷íîé òî÷íîñòè
âçÿò íàáîð k-òî÷åê 12x12x1 â äâóìåðíîé çîíå Áðèëëþýíà èññëåäóåìîé ñâåðõÿ÷åéêè ñîãëàñ-
íî ñõåìå Ìîíõðîñòà-Ïàêà.
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Ãðàôåí êîìïàíèè ÎÎÎ ¾ÀÊÊÎ ËÀÁ¿ è åãî ïðèìåíåíèå

Graphene of the AKKO LAB company and its application

Òêà÷åâ Ñ.Â.1,2,3, Êîðíèëîâ Ä.Þ.1,3, Ðû÷àãîâ À.Þ.1, Êèì Â.Ï.1, ×åãëàêîâ
À.Â.1, Ãåëëåð Ì.Ì.1, Æóðàâëåâ Â.Â.3, Ãóáèí Ñ.Ï.1,2,3
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èíñòðóìåíòà ¾ÂÍÈÈÀËÌÀÇ¿, Ìîñêâà, Ðîññèÿ; gibin@igic.ras.ru

Ñîçäàíèå è ïîèñê íîâûõ ôóíêöèîíàëüíûõ ìàòåðèàëîâ è êîìïîçèòîâ íà îñíîâå ãðà-
ôåíà è ðîäñòâåííûõ åìó íàíîôîðì óãëåðîäà ÿâëÿåòñÿ àêòóàëüíîé çàäà÷åé äëÿ ðàçâèòèÿ
ïðîìûøëåííîñòè. Óñèëèÿ ó÷åíûõ íàïðàâëåíû íà èçãîòîâëåíèå íåîáõîäèìûõ ìàòåðèàëîâ
è ñîçäàíèå óñòðîéñòâ íà îñíîâå ãðàôåíà ñ óíèêàëüíûìè õàðàêòåðèñòèêàìè [1].

Àâòîðàìè â ÀÎ ¾ÂÍÈÈÀËÌÀÇ¿ ðàçðàáîòàíû àëìàçíûå êðóãè íà îðãàíè÷åñêîé ñâÿçêå
ñ äîáàâëåíèåì îò 0,25 äî 2 îá. % ãðàôåíîâûõ ìàòåðèàëîâ. Ïîêàçàíî, ÷òî äîáàâêà ãðàôå-
íîâîãî ìàòåðèàëà (1 îá. %) óâåëè÷èâàåò èçíîñîñòîéêîñòü àëìàçíîãî êðóãà â 4 ðàçà, ïðè
ýòîì çíà÷èòåëüíî ñíèæàÿ óäåëüíûé ðàñõîä àëìàçîâ [2].

Ðåçóëüòàòû ñâèäåòåëüñòâóåò î ïåðñïåêòèâå èñïîëüçîâàíèÿ ãðàôåíîâûõ ìàòåðèàëîâ â
êîíñòðóêöèîííîé îáëàñòè èíäóñòðèè.

ËÈÒÅÐÀÒÓÐÀ
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Ïðèìåíåíèå ãðàôåíîïîäîáíûõ íàíîìàòåðèàëîâ â êà÷åñòâå
ìîäèôèöèðóþùèõ ñòðóêòóð êîìïîçèòîâ ñòðîèòåëüíîãî

íàçíà÷åíèÿ

Application of graphene-like nanomaterials as modifying
composite structures for construction purposes

Òîë÷êîâ Þ.Í., Ìèõàëåâà Ç.À., Ìàëþòèíà Å.È., Ñëäîçüÿí Ð.Ä.À.

ÔÃÁÎÓ ÂÎ "Òàìáîâñêèé ãîñóäàðñòâåííûé òåõíè÷åñêèé óíèâåðñèòåò", ã. Òàìáîâ,
Ðîññèéñêàÿ Ôåäåðàöèÿ; Tolschkow@mail.ru

Ìîäèôèöèðîâàíèå êîìïîçèòîâ ñ ïðèìåíåíèåì ðàçëè÷íûõ ãèáðèäíûõ ôîðì ãðàôåíî-
ïîäîáíûõ óãëåðîäíûõ ìàòåðèàëîâ ïðåäïîëàãàåò ïåðñïåêòèâíîñòü èñïîëüçîâàíèÿ, ïîñêîëü-
êó èõ ââåäåíèå çàìåòíî óëó÷øàåò ôèçèêî - ìåõàíè÷åñêèå õàðàêòåðèñòèêè ïðè ìàëûõ äî-
çèðîâêàõ äîáàâîê è ñòèìóëèðóåò íàïðàâëåííîå ðàçâèòèå ñòðóêòóðû ìàòåðèàëà.

Óñòàíîâëåíî, ÷òî ïðèìåíåíèå äîáàâîê íà îñíîâå ãðàôåíîïîäîáíûõ ñòðóêòóð îêàçûâàåò
âëèÿíèå íà óâåëè÷åíèå ïðî÷íîñòíûõ ïîêàçàòåëåé (ñæàòèå, èçãèá) êîìïîçèòîâ, ïðèðîñò
ïîêàçàòåëåé äîñòèãàåò 30-50 %.

Ôîðìèðîâàíèå êîìïîçèòîâ ñòðîèòåëüíîãî íàçíà÷åíèÿ â áîëüøåé ñòåïåíè îïðåäåëÿåòñÿ
íåñêîëüêèìè ôàêòîðàìè, ñðåäè êîòîðûõ ìîæíî âûäåëèòü ñòåïåíü ãèäðàòàöèè öåìåíòà è
ìåõàíèçì ïðîòåêàíèÿ ýòîãî ïðîöåññà, òàêæå âëèÿíèå îêàçûâàåò ïðèìåíÿåìûå êîìïîíåíòû
è õàðàêòåð èõ âçàèìîäåéñòâèÿ. Êîíòðîëü ñòðóêòóðíûõ íîâîîáðàçîâàíèé è ðàçâèòèå ïðî-
öåññà ãèäðàòàöèè ïðè âíåñåíèè íàíîìîäèôèêàòîðà â êîìïîçèöèîííûõ ìàòåðèàëàõ íàèáî-
ëåå ýôôåêòèâíî âûïîëíÿòü ñ ïîìîùüþ ìåòîäîâ ðåíòãåíîôàçîâîãî àíàëèçà. Ðåíòãåíîôàçî-
âûé àíàëèç ïîçâîëÿåò âûïîëíèòü èäåíòèôèêàöèþ îáðàçîâàâøèõñÿ âåùåñòâ â ñìåñè ïî íà-
áîðó åãî ìåæïëîñêîñòíûõ ðàññòîÿíèé è îòíîñèòåëüíûì èíòåíñèâíîñòÿì ñîîòâåòñòâóþùèõ
ëèíèé íà ðåíòãåíîãðàììå. Íàéäåííûå ïàðàìåòðû äèôðàêòîãðàìì ïîçâîëÿþò ñôîðìóëè-
ðîâàòü ñòðóêòóðíûå èçìåíåíèÿ èññëåäóåìûõ ñîåäèíåíèé êîìïîçèòà ïðè èñïîëüçîâàíèè
â ñèñòåìå äîïîëíèòåëüíîãî êîìïîíåíòà â âèäå íàíîìîäèôèêàòîðà, ÷òî äàåò âîçìîæíîñòü
óñòàíîâèòü ìåõàíèçìû âëèÿíèÿ ãðàôåíîïîäîáíûõ íàíîìàòåðèàëîâ íà ìàòðèöó êîìïîçèòà.
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Èññëåäîâàíèå ýëåêòðè÷åñêèõ ñâîéñòâ ïëåíîê óãëåðîäíûõ
òî÷åê ëåãèðîâàííûõ àçîòîì è áîðîì

Investigation of electrical properties of nitrogen- and
boron-doped carbon dîts �lm

Òîìñêàÿ À.Å., Åãîðîâà Ì.Í., Ñìàãóëîâà Ñ.À.

Ñåâåðî-Âîñòî÷íûé Ôåäåðàëüíûé óíèâåðñèòåò, ßêóòñê, Ðîññèÿ; ae.tomskaya@s-vfu.ru

Óãëåðîäíûå òî÷êè (ÓÒ) ýòî ÷àñòèöû íàíîìåòðîâîãî ðàçìåðà, êîòîðûå èìååò òîëùèíó
èç 1-4 ãðàôåíîâûõ ñëîåâ è îáëàäàþò ôóíêöèîíàëüíûìè ãðóïïàìè íà ïîâåðõíîñòè è íà
êðàÿõ. Ëþìèíåñöåíòíûå ñâîéñòâà ÓÒ ìîæíî íàñòðàèâàòü ïðè èçìåíåíèè ñîñòàâà ôóíêöè-
îíàëüíûõ ãðóïï è ëåãèðîâàíèè N-, B-, S- è Fe- è äð. àòîìàìè. Â çàâèñèìîñòè îò êîíå÷íîãî
ñîñòàâà õèìè÷åñêîé ñòðóêòóðû, ÓÒ ìîãóò îáëàäàòü ýëåêòðîíîäîíîðíûìè èëè ýëåêòðîíî-
àêöåïòîðíûìè ñâîéñòâàìè è ïðèìåíÿòüñÿ äëÿ ðåãóëèðîâàíèÿ ðàáîòû âûõîäà ýëåêòðîäîâ â
ðàçëè÷íûõ îïòîýëåêòðîííûõ óñòðîéñòâàõ. Â ðàáîòå èññëåäîâàíû ýëåêòðè÷åñêèå ñâîéñòâà
ïëåíîê èç äâóõ òèïîâ ÓÒ ëåãèðîâàííûõ àçîòîì è áîðîì. Ñèíòåç ÓÒ áûë îñóùåñòâëåí ñ
ïîìîùüþ ìåòîäà ãèäðîòåðìàëüíîé îáðàáîòêè ñ èñïîëüçîâàíèåì àçîòíîãî è áîðíîãî ïðå-
êóðñîðîâ [1]. Àçîò è áîð áûëè âûáðàíû äëÿ ëåãèðîâàíèÿ äëÿ îáåñïå÷åíèÿ ÓÒ ýëåêòðîí-
íîé è äûðî÷íîé ïðîâîäèìîñòüþ, ñîîòâåòñòâåííî. Ïîëó÷åííûå ÓÒ èìåþò êðèñòàëëè÷åñêóþ
ñòðóêòóðó ñ ïîâåðõíîñòüþ èç ôóíêöèîíàëüíûõ ãðóïï (ëàòåðàëüíûå ðàçìåðû âàðüèðóþòñÿ
â äèàïàçîíå 5-30 íì). Áûëè ïîëó÷åíû òîíêèå ïëåíêè ÓÒ âíóòðè ýëåêòðè÷åñêè èíåðòíîé
ïîëèìåðíîé ìàòðèöå ïîëèâèíèëîâîãî ñïèðòà (ÏÂÑ). Îïòè÷åñêèå èññëåäîâàíèÿ ÷èñòûõ
ñóñïåíçèé ÓÒ è êîìïîçèòîâ ÓÒ/ÏÂÑ ïîêàçàëè, ÷òî ñîñòîÿíèÿ ïîâåðõíîñòíûõ ëîâóøåê
ñòàáèëèçèðóþòñÿ â ìàòðèöå ÏÂÑ. Èç âîëüò-àìïåðíûõ õàðàêòåðèñòèê òîíêèõ ïëåíîê áûëî
âèäíî,÷òî íàíîêîìïîçèòû ÓÒ/ÏÂÑ îáëàäàþò ïîâûøåííîé åìêîñòüþ äëÿ õðàíåíèÿ çàðÿ-
äà. Èññëåäîâàí âîçìîæíûé ìåõàíèçì âîçìîæíîñòè õðàíåíèÿ çàðÿäà âíóòðè ëîâóøå÷íûõ
ñîñòîÿíèé ÓÒ.

ËÈÒÅÐÀÒÓÐÀ
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Cîçäàíèå ïîëîñ ãðàôåíà èç ìîëåêóë ôòàëîöèàíèíîâ

Graphene nanoribbons constructed from phthalocyanine
molecules

×åðíîâ À.È., Ôåäîòîâ Ï.Â., Îáðàçöîâà Å.Ä.
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Ïîëîñû ãðàôåíà ÿâëÿþòñÿ íîâûì îäíîìåðíûì óãëåðîäíûì ìàòåðèàëîì, êîòîðûé ïîç-
âîëÿåò ñî÷åòàòü â ñåáå êàê ñâîéñòâà ãðàôåíà, òàê è îáëàäàòü çàïðåùåííîé çîíîé. Èçìå-
íåíèå ïàðàìåòðîâ ñòðóêòóðû ïîëîñ ïîçâîëÿåò ìîäèôèöèðîâàòü èõ ýëåêòðîííûå è îïòè÷å-
ñêèå ñâîéñòâà. Îäíîé èç âîçìîæíîñòåé èçìåíåíèÿ ñâîéñòâ ìàòåðèàëà ÿâëÿåòñÿ âíåäðåíèå
àòîìîâ ìåòàëëà â óãëåðîäíóþ ñòðóêòóðó ïîëîñû.

Â äàííîé ðàáîòå äëÿ ñîçäàíèÿ ìîäèôèöèðîâàííûõ ïîëîñ ãðàôåíà ìû èñïîëüçóåì ìå-
òîä çàïîëíåíèÿ êàíàëîâ îäíîñòåííûõ óãëåðîäíûõ íàíîòðóáîê èç ãàçîâîé ôàçû ìîëåêóëàìè
ñ èõ ïîñëåäóþùåé ïîëèìåðèçàöèåé. Ïðèíöèï çàïîëíåíèÿ îäíîñòåííûõ íàíîòðóáîê ñîåäè-
íåíèÿìè ôòàëîöèàíèíîâ ñ àòîìàìè ìåòàëëîâ ñõîæ ñ ìåòîäèêîé çàïîëíåíèÿ ìîëåêóëàìè
êîðîíåíà, êîòîðàÿ áûëà óñïåøíî ðåàëèçîâàíà íàìè ðàíåå [1-3]. Ïðèìåíåíèå êîíòåéíåðîâ
íàíîòðóáîê äëÿ ñèíòåçà ïîçâîëÿåò ñîçäàâàòü óçêèå è ïðîòÿæåííûå îäíîìåðíûå ïîëîñû
ãðàôåíà âíóòðè. Îïðåäåëåíû äîïóñòèìûå äèàìåòðû íàíîòðóáîê, îïòèìàëüíûå äëÿ çàïîë-
íåíèÿ êàíàëîâ êðóïíûìè ìîëåêóëàìè (áîëåå 1.5 íì) ñ àòîìàìè ìåòàëëîâ. Ïîëó÷åííûå
íàíîñòðóêòóðû áûëè èññëåäîâàíû îïòè÷åñêèìè ìåòîäàìè (ñïåêòðîñêîïèåé êîìáèíàöèîí-
íîãî ðàññåÿíèÿ ñâåòà, ôîòîëþìèíåñöåíòíîé ñïåêòðîñêîïèåé).

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ãðàíòà ÐÔÔÈ 18-02-01099.
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Èññëåäîâàíà âîçìîæíîñòü ïðÿìîãî ñèíòåçà ãðàôåíà ñ ìîäèôèöèðîâàííîé ïîâåðõíî-
ñòüþ ïðè êîíâåðñèè óãëåâîäîðîäîâ (ïðîïàí-áóòàí, àöåòèëåí, ìåòàí) è ýòàíîëà â ïëàçìåí-
íûõ ñòðóÿõ ãåëèÿ, àðãîíà è àçîòà ïðè àòìîñôåðíîì äàâëåíèè. Ìåòîäîì ñêàíèðóþùåé
ýëåêòðîííîé ìèêðîñêîïèè óñòàíîâëåíî, ÷òî îáðàçöû ãðàôåíà ïðåäñòàâëÿþò ñîáîé õëîïüÿ
ñ ÷èñëîì ñëîåâ îò 1 äî 9 è ëàòåðàëüíûì ðàçìåðîì îò 20 äî 2000 nm. Óñòàíîâëåíî îáðàçî-
âàíèå ñâÿçåé óãëåðîäà ñ àòîìàìè êèñëîðîäà, àçîòà, âîäîðîäà èëè ãèäðîêñèëüíûõ ãðóïï íà
ïîâåðõíîñòè ãðàôåíà â çàâèñèìîñòè îò êîìïîíåíòíîãî ñîñòàâà ïëàçìåííîé ñòðóè. Ìåòîäîì
ðåíòãåíîâñêîé ôîòîýëåêòðîííîé ñïåêòðîñêîïèè îïðåäåëåíà ñòåïåíü ìîäèôèêàöèè ïîâåðõ-
íîñòè èç ôîòîýëåêòðîííûõ ñïåêòðîâ Ñ1s, O1s è N1s. Äîëÿ sp2-ñîñòîÿíèÿ îöåíèâàëàñü èç
ðåçóëüòàòîâ ðàçëîæåíèÿ ñïåêòðîâ C1s íà êîìïîíåíòû. Äëÿ îïðåäåëåíèÿ âçàèìîäåéñòâèÿ
ìåæäó ñëîÿìè ãðàôåíà ïðèìåíåí àíàëèç C KVV îæå-ñïåêòðîâ. Â ôîòîýëåêòðîííûõ ñïåê-
òðàõ âûäåëåíî íåñêîëüêî ðàçëè÷íûõ õèìè÷åñêèõ ñîñòîÿíèé àòîìîâ, âõîäÿùèõ â ñîñòàâ
îáðàçöîâ. Âûäåëåííûå ïèêè õàðàêòåðèçóþòñÿ ðàçëè÷íîé øèðèíîé, ÷òî ìîæåò áûòü âû-
çâàíî íåîäíîðîäíîñòüþ, ñâÿçàííîé ñ ïðèñóòñòâèåì ÷àñòèö ðàçëè÷íîãî ðàçìåðà è äåôåê-
òîâ. Ðàçëè÷íàÿ êðóòèçíà îæå-ñïåêòðîâ â îáëàñòè íèçêèõ êèíåòè÷åñêèõ ýíåðãèé óêàçûâàåò
íà ðàçëè÷èå â ïðîâîäèìîñòè îáðàçöîâ. Îòíîñèòåëüíàÿ èíòåíñèâíîñòü π-π* ñàòåëëèòà ñ
ýíåðãèåé ñâÿçè îêîëî 291.5 eV â ñïåêòðàõ C1s îòðàæàåò ñòåïåíü sp2-ãèáðèäèçàöèè, êîòî-
ðàÿ êîððåëèðóåò ñ ðàçëè÷èÿìè â îáëàñòè íèçêèõ ýíåðãèé ñâÿçè è îòðàæàåò ïðèñóòñòâèå
íåïðîâîäÿùèõ îáëàñòåé.
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Ab initio èññëåäîâàíèå ýëåêòðîííûõ ñâîéñòâ ôòîðèðîâàííîãî
ãðàôåíà

First-principles investigation of electronic properties of
�uorinated graphene

Øàðèí Å.Ï.

ÔÃÀÎÓ ÂÎ Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èì. Ì.Ê.Àììîñîâà, ßêóòñê,
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Õèìè÷åñêàÿ ìîäèôèêàöèÿ ãðàôåíîâûõ ñëîåâ èìååò áîëüøîå çíà÷åíèå äëÿ ðàçðàáîòêè
íîâûõ ìàòåðèàëîâ íà îñíîâå ãðàôåíà ñ óëó÷øåííûìè ñâîéñòâàìè. Ôòîðèäû ãðàôåíà ïðè-
âëåêàþò èíòåðåñ ñ òî÷êè çðåíèÿ ïîëó÷åíèÿ ãåòåðîñòðóêòóð ñ êîíòðîëèðóåìîé øèðèíîé
çàïðåùåííîé çîíû, ÷òî ìîæåò èìåòü áîëüøîå çíà÷åíèå äëÿ ïðîèçâîäñòâà ôîòîäåòåêòîðîâ
èëè óñòðîéñòâ õðàíåíèÿ èíôîðìàöèè.

Â íàñòîÿùåé ðàáîòå áûëè èññëåäîâàíû ýëåêòðîííûå ñâîéñòâà îäíîñëîéíîãî ãðàôåíà
ìîäèôèöèðîâàííîãî ôòîðîì. Äëÿ èçó÷åíèÿ çîííîãî ñïåêòðà ìîäèôèöèðîâàííîãî ñëîÿ ãðà-
ôåíà èñïîëüçîâàëñÿ ïàêåò Quantum Espresso. Â îñíîâå ëåæèò ìåòîä ïñåâäîïîòåíöèàëà ñ
èñïîëüçîâàíèåì ïëîñêèõ âîëí. Äëÿ ðàñ÷åòà íàìè âûáðàíû ñîõðàíÿþùèå íîðìó ïñåâäîïî-
òåíöèàëû, ñ îáìåíîì è êîððåëÿöèåé â ôîðìå Perdew-Zunger [1]. Îïòèìèçàöèÿ âåëàñü äî
òåõ ïîð, ïîêà èçìåíåíèå ïîëíîé ýíåðãèè íå îêàçûâàëîñü ìåíüøå, ÷åì 10−5 ýÂ. Ðàññòîÿíèå
ìåæäó ïåðèîäè÷åñêè ðàñïîëîæåííûìè ñëîÿìè ðàâíÿëîñü 15 �A, ÷òî èñêëþ÷àåò âëèÿíèå èõ
äðóã íà äðóãà. Çàâèñèìîñòü ïîëíîé ýíåðãèè êðèñòàëëà îò ïîñòîÿííîé ðåøåòêè íàõîäèòñÿ
ñàìîñîãëàñîâàííûì îáðàçîì ñ âûáðàííûìè íàìè ïîòåíöèàëàìè. Ïðè ðàñ÷åòå èíòåãðàëîâ
ïî çîíå Áðèëëþýíà èñïîëüçîâàëañü ñåòêà 8*8*1 [2], êîëè÷åñòâî ïëîñêèõ âîëí, ó÷èòûâàå-
ìûõ â ðàçëîæåíèè âîëíîâûõ ôóíêöèé, ðåãóëèðóåòñÿ ôàêòîðîì îáðåçàíèÿ êîòîðûé ïðèíÿò
Ecut = 50 Ry.
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Ùåãîëüêîâ À.Â., Ïàðàìîíîâà Í.Â., Õðîáàê À.Â., Ùåãîëüêîâ À.Â. (ìë.),
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Îäíèì èç íàèáîëåå ýôôåêòèâíûõ ñïîñîáîâ ïîâûøåíèÿ ýíåðãîýôôåêòèâíîñòè ýëåêòðè-
÷åñêèõ íàãðåâàòåëåé ÿâëÿåòñÿ ïðèäàíèå èì ñâîéñòâ ñàìîðåãóëèðîâàíèÿ òåìïåðàòóðíîãî
ðåæèìà. Â òî æå âðåìÿ, íàëè÷èå òàêîãî ýôôåêòà íå ïîçâîëÿåò ðåàëèçîâàòü âûñîêóþ òåï-
ëîâóþ ìîùíîñòü, ÷òî ñâÿçàíî ñ ýëåêòðîôèçè÷åñêèìè è òåïëîôèçè÷åñêèìè îñîáåííîñòÿìè
ýëåêòðîíàãðåâàòåëåé, âûïîëíåííûõ èç ïîëèìåðíûõ êîìïîçèöèé. Íàèáîëåå ðàñïðîñòðàí¼í-
íûì ìàòåðèàëîì äëÿ ñàìîðåãóëèðóåìûõ ýëåêòðîíàãðåâàòåëåé ÿâëÿåòñÿ ïîëèýòèëåí, îäíà-
êî ïðèìåíåíèå òàêîãî ìàòåðèàëà ïðèâîäèò ê îãðàíè÷åíèÿì ïî óäåëüíîé ìîùíîñòè äî 150
Âò ì−1 è ìàêñèìàëüíîé òåìïåðàòóðå íàãðåâà äî 60 ◦Ñ. Â ýòîì îòíîøåíèè àêòóàëüíûì
ÿâëÿåòñÿ ðàññìîòðåíèå äðóãèõ òèïîâ ïîëèìåðîâ, òàêèõ êàê ôòîðîïëàñò (Ô4) èëè êîìïî-
çèòû íà åãî îñíîâå. Îäíàêî, ïðèìåíåíèå òîêîïðîâîäÿùèõ íàïîëíèòåëåé â âèäå ñàæè âî
ôòîðîïëàñòîâûõ íàãðåâàòåëÿõ ïðèâîäèò ê îõðóï÷èâàíèþ è îòñóòñòâèþ ýôôåêòà ñàìîðå-
ãóëèðîâàíèÿ. Ïðè÷åì, ýôôåêò ýëåêòðîíàãðåâà íàáëþäàåòñÿ ïðè êîíöåíòðàöèè ñàæè 30
ìàññ.%. Èñïîëüçîâàíèå ãðàôåíîïîäîáíûõ ñòðóêòóð ïîçâîëÿåò äîáèòüñÿ ýôôåêòà ýëåòêðî-
íàãðåâà ïðè êîíöåíòðàöèè 20 ìàññ.%, ÷òî îáåñïå÷èâàåò óäåëüíóþ ìîùíîñòü, ðàâíóþ 30 Âò
ì−1. Óâåëè÷åíèå ìîùíîñòè îò êîíöåíòðàöèè íîñèò ëèíåéíûé õàðàêòåð. Ïðè ýòîì, ýôôåêò
ñàìîðåãóëèðîâàíèÿ íàáëþäàåòñÿ äî çíà÷åíèé äîáàâîê, ðàâíûõ 35 ìàññ.%, ïðè òåìïåðàòóðå
80�120 ◦Ñ. Íàèëó÷øèå ïîêàçàòåëè ïî ôèçèêî-ìåõàíè÷åñêèì ñâîéñòâàì íàáëþäàþòñÿ ïðè
ìèíèìàëüíîé êîíöåíòðàöèè 20 ìàññ.%. Ïîëó÷åííûé ïîëèìåðíûé êîìïîçèò, ñîäåðæàùèé
ãðàôåíîïîäîáíûå ñòðóêòóðû, ìîæåò áûòü èñïîëüçîâàí äëÿ ñîçäàíèÿ ëèíåéíûõ, ïëîñêèõ
è îáúåìíûõ ýëåêòðîíàãðåâàòåëåé.
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Nanomodi�ed electroducing glue compositions based on
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ßãóáîâ Â.Ñ., Ñòîëÿðîâ Ð.À., Ìåìåòîâ Í.Ð., Áëîõèí À.Í., Ãîðøêîâà À.Ð.,
Ìîñêîâà Ì.Ì.
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Â äàííîé ðàáîòå ïðîâåäåíû èññëåäîâàíèÿ âëèÿíèÿ íàíîìàòåðèàëîâ íà èçìåíåíèå ýëåê-
òðîïðîâîäíîñòè ýëàñòè÷íîé êîìïîçèöèè íà îñíîâå ïîëèõëîðîïðåíîâîãî êàó÷óêà. Â êà÷å-
ñòâå ýëåêòðîïðîâîäÿùèõ êîìïîíåíòîâ èñïîëüçîâàëè óãëåðîäíûå íàíîòðóáêè ¾Òàóíèò�Ì¿,
ãðàôåí, äîïèðîâàííûé àçîòîì (ÃÄÀ), à òàêæå èõ ñìåñè ñ ðîäñòâåííûìè ñòðóêòóðàìè. Êëå-
åâûå êîìïîçèöèè íà îñíîâå õëîðîïðåíîâîãî êàó÷óêà ðàñòâîðÿëè â ýòèëàöåòàòå, èñïîëüçóÿ
ìåøàëêó ïðè 500 îá ìèí−1 â òå÷åíèå 30 ìèí. Â ïîëó÷åííûé ðàñòâîð ââîäèëè 1, 3 èëè 6
ìàññ.% ¾Òàóíèò�Ì¿ èëè ¾PrinTex XE2B¿ èëè ¾Òàóíèò�Ì + PrinTex XE2B¿ (1:1) èëè ÃÄÀ,
èñïîëüçóÿ ãîìîãåíèçàòîð ñ ÷àñòîòîé âðàùåíèÿ 1000 îá ìèí−1, äî ïîëó÷åíèÿ îäíîðîäíîé
ñóñïåíçèè. Çàòåì ïîëó÷åííûé êîìïîçèò íàëèâàëè íà ïðåäìåòíûå ñòåêëà è îñòàâëÿëè ïîä
âûòÿæíûì øêàôîì íà 24 ÷ äî ïîëíîãî óäàëåíèÿ ðàñòâîðèòåëÿ. Â ðåçóëüòàòå áûëè ïî-
ëó÷åíû ýëàñòè÷íûå êîìïîçèöèè ñ ýëåêòðîïðîâîäíîñòüþ ðàâíîé 0,2 Ñì ñì−1, îáëàäàþùèå
âûñîêîé àäãåçèåé ê ðàçëè÷íûì ìàòåðèàëàì. Â êà÷åñòâå ïîäòâåðæäåíèÿ ðàáîòîñïîñîáíîñòè
êëååâîé êîìïîçèöèè â ðåàëüíûõ óñëîâèÿõ áûëà èçãîòîâëåíà ïå÷àòíàÿ ïëàòà ñ èñòî÷íèêîì
ñâåòà, íàïðÿæåíèå ê êîòîðîìó ïîäâîäèëîñü ñ ïîìîùüþ êëååâîãî êîìïîçèòà â âèäå äâóõ
äîðîæåê. Òàêèì îáðàçîì, â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé ïîëó÷åí ýëåêòðîïðîâî-
äÿùèé ïîëèìåðíûé ìàòåðèàë, ñïîñîáíûé íå òîëüêî ðàáîòàòü â øèðîêîì äèàïàçîíå ýêñ-
ïëóàòàöèîííûõ ïàðàìåòðîâ, íî è ñî÷åòàþùèé â ñåáå ñðàçó íåñêîëüêèõ ïîëåçíûõ ñâîéñòâ.
Ïîäîáíûå ìíîãîôóíêöèîíàëüíûå ìàòåðèàëû ïðè ââåäåíèè â èõ ñîñòàâ ïðîâîäÿùèõ ãðàôå-
íîâûõ íàíî÷àñòèö ñìîãóò íàéòè ïðàêòè÷åñêîå ïðèìåíåíèå äëÿ ñîçäàíèÿ àíòèñòàòè÷åñêèõ
ïîêðûòèé, ýôôåêòèâíûõ ýêðàíîâ ýëåêòðîìàãíèòíîãî èçëó÷åíèÿ, ñàìîðåãóëèðóåìûõ íà-
ãðåâàòåëüíûõ ýëåìåíòîâ, äàò÷èêîâ, ýëåêòðîïðîâîäÿùèõ êëååâ è äð.
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New dielectric material for printing technology based on
graphene functionalization

Yakimchuk E.A.*, Nebogatikova N.A., Kotin I. A., Antonova I.V.

Rzhanov Institute of Semiconductor Physics, Novosibirsk, Russia *eayakimchuk@isp.nsc.ru

Currently, the use of two-dimensional (2D) printing technologies for the production of de-
vices is an important area in the development of modern electronics and photonics. Moreover,
two-dimensional printed technologies are the basis for the development of flexible, foldable,
daily, transparent electronics.

In laboratories, graphene field effect transistors have already been formed on flexible and
even stretchable substrates. However, in order for such transistors to be competitive, it is
necessary to develop dielectrics compatible with graphene.

One such type of material is the derivatives of graphene obtained by chemical functional-
ization of graphene. In this exploration, we show a less known dielectric material based on
graphene - graphene, functionalized with N-methyl-2-pyrrolidone (NMP). It has already been
mentioned that this material is more promising for use as a substrate than hexagonal boron
nitride, since the carrier mobility in these heterostructures is larger in magnitude than in other
dielectrics and there are no restrictions in large-scale applications [1].

The properties of a film printed with a suspension of this material have been studied, for
example, its leakage current density is less than that of graphene oxide 0.01− 0.5 mA against
2− 20 mA.

Surface investigation using Raman scattering indicates photoluminescence in the visible
range, which is confirmed by hotoluminescence spectra, making this material promising for
optical applications. On the other hand, Gigantic Raman scattering allows one to study the
material and its features

The reported study was funded by RFBR according to the research project (18-32-00571).
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Ïå÷àòíàÿ ýëåêòðîíèêà - íîâàÿ òåõíîëîãèÿ, êîòîðàÿ â ïåðñïåêòèâå ìîæåò çàìåíèòü
òðàäèöèîííîþ ýëåêòðîíèêó ñ òâåðäîé êðåìíèåâîé îñíîâîé, íà ãèáêóþ è äåøåâóþ - íà îð-
ãàíè÷åñêîé îñíîâå. Èñïîëüçîâàíèå ïðîñòûõ òèïîãðàôñêèõ òåõíîëîãèé ìîæåò ñóùåñòâåííî
óäåøåâèòü ïðîèçâîäñòâî ýëåêòðîííûõ óñòðîéñòâ ìàññîâîãî ïðèìåíåíèÿ. Â äàííîé ðàáîòå
ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ îòêëèêà íà âëàæíîñòü, íåäîðîãèõ è ïðàêòè÷íûõ â
ïðîèçâîäñòâå ãèáêèõ äàò÷èêîâ âëàæíîñòè, èçãîòîâëåííûõ òðàôàðåòíîé ïå÷àòüþ. Ïðè èç-
ãîòîâëåíèè èñïîëüçîâàëcÿ òðàôàðåò-ìàñêà èç ïîëèäèìåòèë ñèëàêñàíà, ïå÷àòü ïðîèçâîäè-
ëàñü ñìåñüþ ãðàôåíîâîé ñóñïåíçèè è âîäíîãî ðàñòâîðà ïðîâîäÿùåãî ïîëèìåðà PEDOT:PSS
(Ïîëè (3,4-ýòèëåíäèîêñèòèîôåíà):ïîëè ñòèðîëñóëüôîíàò) â ðàçëè÷íîì ñîîòíîøåíèè, â êà-
÷åñòâå ïîäëîæåê èñïîëüçîâàëèñü ãèáêèå ïîëèìåðíûå ïëåíêè. Ïîñëå ïå÷àòè ðàáî÷åé îáëà-
ñòè äàò÷èêà îáðàçöû ïðîñóøèâàëèñü â ñóøèëüíîì øêàôó ïðè òåìïåðàòóðå 100◦Ñ ïîñëå
÷åãî íàíîñèëèñü êîíòàêòíûå ïëîùàäêè èç òîêîïðîâîäÿùåé ïàñòû íà îñíîâå ñåðåáðà. Èç-
ãîòîâëåííûå òàêèì ñïîñîáîì ïðîòîòèïû äàò÷èêîâ ïîìåùàëèñü â êàìåðó, â êîòîðîé ïîä-
äåðæèâàëàñü ïîñòîÿííàÿ òåìïåðàòóðà è äàâëåíèå ñîîòâåòñòâóþùàÿ êîìíàòíîé. Äàëåå â
êàìåðó ïîìåùàëñÿ èñïàðèòåëü ñ äåèîíèçîâàííîé âîäîé, è ïðîèçâîäèëèñü èçìåðåíèÿ îò-
íîñèòåëüíîé âëàæíîñòè âîçäóõà â êàìåðå è ñîïðîòèâëåíèÿ îáðàçöà. Ïðîâåäåííàÿ ñåðèÿ
ýêñïåðèìåíòîâ ïîêàçàëà ïðÿìóþ çàâèñèìîñòü ñîïðîòèâëåíèÿ îáðàçöà â çàâèñèìîñòè îò
âëàãîñîäåðæàíèÿ âîçäóõà â êàìåðå. Îáíàðóæåíî, ÷òî èñïîëüçîâàíèå êîìïîçèòà ïîçâîëèëî
óâåëè÷èòü îòêëèê ñåíñîðà îò 10 - 30% äëÿ ãðàôåíà äî 300 - 400%. Êðîìå òîãî, â ñëó÷àå
èñïîëüçîâàíèÿ ïëåíêè PEDOT:PSS îòêëèê ñåíñîðà íå òîëüêî áûë çíà÷èòåëüíî ìåíüøå,
íî è åãî ðàáîòîñïîñîáíîñòü áûëà îãðàíè÷åíà 70 - 80% âëàæíîñòüþ, êîãäà ïðîöåññ âîñ-
ñòàíîâëåíèÿ ñîïðîòèâëåíèÿ ïëåíêè óâåëè÷èâàåòñÿ îò ñåêóíä äî ÷àñîâ. Áûë ïðîèçâåäåí
àíàëèç ñêîðîñòè è âåëè÷èíû îòêëèêà òåñòîâûõ ñòðóêòóð â çàâèñèìîñòè îò ñîîòíîøåíèÿ
ñîäåðæàíèÿ ãðàôåíà è ïîëèìåðå, à òàêæå îò òîëùèíû ïëåíêè.
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Ñòåïåíü òóøåíèÿ ôëóîðåñöåíöèè è óñëîâèÿ ñèíòåçà
ñóñïåíçèé îêñèäà ãðàôåíà

The degree of �uorescence quenching and the oxidation degree
of graphene oxide

Àëåêñàíäðîâ Ã.Í.1, Íåóñòðîåâ Å.Ï.1

1 Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èì. Ì.Ê. Àììîñîâà, ßêóòñê,
Ðîññèéñêàÿ Ôåäåðàöèÿ; g alexandrov@mail.ru

Îêñèä ãðàôåíà (ÎÃ) îáëàäàåò òàêèìè ñâîéñòâàìè, êàê àäñîðáöèÿ íà ñâîåé ïîâåðõíîñòè
îäíîöåïî÷å÷íûõ íèòåé ÄÍÊ, òóøåíèå ôëóîðåñöåíöèè ìîëåêóëÿðíûõ êðàñèòåëåé è êîë-
ëîèäíàÿ ñòàáèëüíîñòü âî âðåìåíè, ïîçâîëÿþùèìè ïðèìåíÿòü ÎÃ â êà÷åñòâå êîìïîíåíòà
òåñò-ñèñòåìû ÄÍÊ-àíàëèçà ãåíåòè÷åñêèõ, áàêòåðèàëüíûõ è âèðóñíûõ áîëåçíåé [1].

Èçáèðàòåëüíàÿ àäñîðáöèÿ îäíîöåïî÷å÷íûõ íèòåé ÄÍÊ ïðîèñõîäèò áëàãîäàðÿ íàëè÷èþ
íà ïîâåðõíîñòè ÎÃ ãèäðîôîáíûõ ó÷àñòêîâ ïîñðåäñòâîì ìåõàíèçìà π-π-ñòåêèíãà [2].

Ïðîèçâåäåííûå ýêñïåðèìåíòû ïîêàçàëè, ÷òî ñòåïåíü òóøåíèÿ ôëóîðåñöåíöèè îäíîöå-
ïî÷å÷íûõ ôëóîðåñöåíòíî - ìå÷åíûõ îëèãîíóêëåîòèäîâ [íìîëü / ìã] çàâèñèò îò ñòåïåíè
îêèñëåíèÿ ÎÃ: óâåëè÷èâàåòñÿ ñ óìåíüøåíèåì ñòåïåíè îêèñëåíèÿ. Â äîêëàäå áóäåò ïðîâå-
äåíî îáñóæäåíèå ïîëó÷åííûõ ðåçóëüòàòîâ.

ËÈÒÅÐÀÒÓÐÀ

1. Kapitonov A.N., Alexandrov G.N. Characterization of Graphene Oxide
Suspension for Fluorescence Quenching in DNA-Diagnostics. Korean Journal
of Materials Research. 2016. Ò. 26, � 1. Ñ. 1�7.

2. Xu H., Yang Q. A graphene-based platform for �uorescent detection of SNPs.
Analyst. 2013. Ò. 138, � 9. Ñ. 2678�2682.
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Còðóêòóðíûå ñâîéñòâà äâóìåðíîãî MoS2, ñèíòåçèðîâàííîãî
ïî ìåòîäó CVD íà Al2O3(0001)

Structural properties of two-dimensional MoS2 synthesized by
CVD technique on Al2O3(0001)

Áîÿêèíîâ Å.Ô.1, Çàõàðêèíà Å.È.2, Ñåìåíîâà À.À.3, Âèíîêóðîâ Ï.Â.4,
Ñìàãóëîâà Ñ.À.5, Ãðèãîðüåâ Þ.Ì.6, Õðèêîâèíè Ê.7

1−6Ñåâåðî-Âîñòî÷íûé Ôåäåðàëüíûé óíèâåðñèòåò, ßêóòñê, Ðîññèÿ; boyakinov@gmail.com
7Laboratoire de Physique des Materiaux et de Surfaces, Cergy, France;

karol.hricovini@u-cergy.fr

Ìíîãèå ñîåäèíåíèÿ äèõàëüêîãåíèäîâ ïåðåõîäíûõ ìåòàëëîâ ñòðóêòóðíî ñõîæè, íî â
çàâèñèìîñòè îò êîìïîíîâêè èìåþò ðÿä ýëåêòðîííûõ ñâîéñòâ: îò ïîëóïðîâîäíèêîâ äî ìå-
òàëëîâ. Òàê, íàïðèìåð, äâóìåðíûå MoS2 è WS2, â îòëè÷èå îò ñâîèõ òð¼õìåðíûõ, ÿâëÿþòñÿ
ïðÿìîçîííûìè ïîëóïðîâîäíèêàìè. Êðîìå òîãî, ñîçäàíèå ãèáðèäíûõ ìàòåðèàëîâ íà îñíîâå
òàêèõ ìîíîêðèñòàëëîâ âñå åùå îñòàåòñÿ àêòóàëüíîé çàäà÷åé [1].

Â ðàáîòå ïëåíêè MoS2 ñèíòåçèðîâàíû ìåòîäîì õèìè÷åñîãî îñàæäåíèÿ èç ãàçîâîé ôàçû
(CVD) íà ïîäëîæêàõ èç ñàïôèðà ñ îðèåíòàöèåé ïîâåðõíîñòè 0001. Ñ ïîìîùüþ ñïåêòðîñêî-
ïèè êîìáèíàöèîííîãî ðàññåÿíèÿ ñâåòà, ðàñòðîâîé ýëåêòðîííîé ìèêðîñêîïèè (SEM), ýíåð-
ãîäèñïåðñèîííîé ðåíòãåíîâñêîé ñïåêòðîñêîïèè, ðåíòãåíîâñêîé ôîòîýëåêòðîííîé ñïåêòðî-
ñêîïèè è àòîìíî-ñèëîâîé ìèêðîñêîïèè èäåíòèôèöèðîâàíû êîëè÷åñòâî ñëîåâ è õèìè÷åñêèé
ñîñòàâ MoS2. Ïî ðåçóëüòàòàì ðàáîò ïëàíèðóåòñÿ ñîçäàíèå âåðòèêàëüíûõ ãåòåðîñòðóêòóð
íà îñíîâå äèõàëüêîãåíèäîâ ïåðåõîäíûõ ìåòàëëîâ è ãðàôåíà.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ èññëåäîâàíèé
(� 18-32-00730).

ËÈÒÅÐÀÒÓÐÀ

1. Àíòîíîâà È.Â. Âåðòèêàëüíûå ãåòåðîñòðóêòóðû íà îñíîâå ãðàôåíà è
äðóãèõ ìíîãîñëîéíûõ ìàòåðèàëîâ.Ôèçèêà è òåõíèêà ïîëóïðîâîäíèêîâ.
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Èññëåäîâàíèå ïðîöåññîâ ïåðåçàðÿäêè â ãåòåðîñòðóêòóðàõ íà
îñíîâå êðåìíèé-ãåðìàíèÿ ñ êâàíòîâûìè ÿìàìè

Investigation of recharging processes in heterostructures based
on sige with quantum wells

Âèíîêóðîâ Ï.Â., Ñìàãóëîâà Ñ.À.

Ñåâåðî-Âîñòî÷íûé Ôåäåðàëüíûé óíèâåðñèòåò, ßêóòñê, Ðîññèÿ; pv.vinokurov@s-vfu.ru

Îãðàíè÷åíèå äâóìåðíîãî ýëåêòðîííîãî ãàçà â ãåòåðîñòðóêòóðàõ ñ êâàíòîâûìè ÿìàìè,
îòêðûâàåò âîçìîæíîñòè ñîçäàíèÿ ðàçíîîáðàçíûõ ýëåêòðîííûõ ïðèáîðîâ, íàïðèìåð ãåòå-
ðîñòðóêòóðû Si/SiGe/Si ñ êâàíòîâûìè ÿìàìè ìîæíî èñïîëüçîâàòü ïðè ñîçäàíèè ëàçåðîâ,
ðàáîòàþùèõ â òåðàãåðöîâîì äèàïàçîíå. Â ïîñëåäíèå ãîäû äëÿ èññëåäîâàíèÿ äèñêðåòíûõ
óðîâíåé â êâàíòîâûõ ÿìàõ ïðèìåíÿåòñÿ ìåòîä íåñòàöèîíàðíîé ñïåêòðîñêîïèè ãëóáîêèõ
óðîâíåé [1, 2].

Â äàííîé ðàáîòå ïðîâåäåíî èññëåäîâàíèå òåðìè÷åñêîé ýìèññèè íîñèòåëåé â ãåòåðî-
ñòðóêòóðàõ Si/SiGe/Si ñ êâàíòîâîé ÿìîé ñ ïîìîùüþ ìåòîäà çàðÿäîâîé ñïåêòðîñêîïèè ãëó-
áîêèõ óðîâíåé (Q-DLTS). Ñòðóêòóðû Si/SiGe/Si îòëè÷àëèñü ìåæäó ñîáîé ðàçíûì ñîäåð-
æàíèåì Ge (7, 10, 15 %).

Àíàëèç ýêñïåðèìåíòàëüíûõ è òåîðåòè÷åñêè âû÷èñëåííûõ äàííûõ ïîêàçûâàåò, ÷òî â
ïðîöåññàõ ïåðåçàðÿäêè ó÷àñòâóþò íå âñå óðîâíè â êâàíòîâûõ ÿìàõ. Òàêæå áûëî óñòàíîâ-
ëåíî, ÷òî äëÿ ñòðóêòóð ñ 7 è 15% ñîäåðæàíèåì Ge â ñëîå SiGe íàðóøåíèå ïàññèâèðóþùåãî
ñëîÿ âëèÿåò íà çàïîëíåíèå íîñèòåëÿìè çàðÿäà êâàíòîâûõ ÿì, ÷òî óõóäøàåò àíàëèç ïðî-
öåññîâ ïåðåçàðÿäêè â ñòðóêòóðàõ.

ËÈÒÅÐÀÒÓÐÀ
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studies of con�nement levels in SiGe quantum wells. J. Appl. Phys. 2009.
Ò. 106, � 084903. Ñ. 6�10.

67



Ñèëüíî êîððåëèðîâàííûå äâóìåðíûå ñèñòåìû: îò òåîðèè ê ïðàêòèêå

Èññëåäîâàíèå ýíåðãåòè÷åñêèõ óðîâíåé â êâàíòîâûõ ÿìàõ â
ãåòåðîñòðóêòóðàõ íà îñíîâå sige ñ äåëüòà ëåãèðîâàíèåì

Investigation of recharging processes in heterostructures based
on sige with quantum wells

Âèíîêóðîâ Ï.Â., Òèìîôååâà Ò.Å., Ñìàãóëîâà Ñ.À.

Ñåâåðî-Âîñòî÷íûé Ôåäåðàëüíûé óíèâåðñèòåò, ßêóòñê, Ðîññèÿ; pv.vinokurov@s-vfu.ru

Ãåòåðîñòðóêòóðû Si/SiGe ñ êâàíòîâûìè ÿìàìè ÿâëÿþòñÿ ïðåòåíäåíòîì íà ñîçäàíèå
òàêèõ óñòðîéñòâ: áûñòðîäåéñòâóþùèõ äåòåêòîðîâ è èñòî÷íèêîâ èçëó÷åíèÿ â äàëüíåé è
ñðåäíåé èíôðàêðàñíîé îáëàñòè. Â ïîñëåäíåå âðåìÿ èíòåíñèâíî èññëåäîâàëèñü êâàíòîâûå
ñâîéñòâà ýòèõ ãåòåðîñòðóêòóð. Â ÷àñòíîñòè, èññëåäîâàëèñü ýíåðãåòè÷åñêèå óðîâíè íîñè-
òåëåé çàðÿäà, ïåðåõîäû ìåæäó íèìè è ìåëêèå ïðèìåñíûå óðîâíè â êâàíòîâûõ ÿìàõ ñ
äåëüòà-ëåãèðîâàíèåì â ãåòåðîñòðóêòóðàõ Si/SiGe [1-2] òåîðåòè÷åñêè è ýêñïåðèìåíòàëüíî.

Â äàííîé ðàáîòå èññëåäîâàíî âëèÿíèå ïîòåíöèàëà äåëüòà ñëîÿ èîíèçèðîâàííûõ ïðè-
ìåñåé íà ñèñòåìó ýíåðãåòè÷åñêèõ óðîâíåé êâàíòîâîé ÿìû â ãåòåðîñòðóêòóðå ð-Si/Si1 − x
Gex/Si äåëüòà ëåãèðîâàííîé áîðîì, îáðàçóåìûõ äûðî÷íûìè ïîäçîíàìè ðàçìåðíîãî êâàí-
òîâàíèÿ. Ðàñ÷åòû âûïîëíåíû íà ïðèìåðå îáðàçöîâ ñ ñîäåðæàíèåì ãåðìàíèÿ õ=0.07,0.10 è
0.15 % â ðàâíîâåñíûõ óñëîâèÿõ ñ ó÷åòîì íàïðÿæåííîñòè ñëîÿ Si1 − x Gex.

Ñðàâíåíèå ñèñòåì äûðî÷íûõ ïîäçîí êâàíòîâàíèÿ â ÿìàõ Si1 − x Gex áåç ëåãèðîâàíèÿ
è ñ äåëüòà ëåãèðîâàíèåì ïîêàçûâàåò, ÷òî ó÷åò ïîòåíöèàëà èîíèçèðîâàííûõ àêöåïòîðîâ
ïðèâîäèò ê âûäàâëèâàíèþ ïîäçîí ââåðõ è äàæå ê èñ÷åçíîâåíèþ áëèæàéøèõ ê âåðõíåìó
êðàþ ÿìû ïîäçîí.
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Çàîñòðåíèå èãë êàíòèëåâåðîâ äëÿ àòîìíî-ñèëîâîé
ìèêðîñêîïèè ñ èñïîëüçîâàíèåì èîííî-ëó÷åâîãî òðàâëåíèÿ

Sharpening of cantilevers for atomic - force microscopy using
the ion beam etching

Âûñîêèõ Þ.Å.1, Êðàñíîáîðîäüêî Ñ.Þ.1, Ñìàãóëîâà Ñ.À.2, Øåâÿêîâ Â.È.1
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Îäíîé èç ñåðüåçíûõ ïðîáëåì àòîìíî-ñèëîâîé ìèêðîñêîïèè ÿâëÿåòñÿ çàäà÷à ïîëó÷åíèÿ
ðåàëüíûõ ðåçóëüòàòîâ ïðè äèàãíîñòèêå ãåîìåòðè÷åñêèõ ïàðàìåòðîâ èññëåäóåìûõ íàíîîáú-
åêòîâ. Òàêèì îáðàçîì, âàæíîé ÿâëÿåòñÿ çàäà÷à ïîëó÷åíèÿ êàíòèëåâåðîâ ñî ñâåðõîñòðû-
ìè èãëàìè. Ãðóïïîâûå ìåòîäû èçãîòîâëåíèÿ êðåìíèåâûõ êàíòèëåâåðîâ ñ èñïîëüçîâàíèåì
òåõíîëîãèè ìèêðîýëåêòðîíèêè ïîçâîëÿþò ñåðèéíî ñîçäàòü çîíäû ñ ðàäèóñîì êðèâèçíû
îñòðèÿ èãë îò 20 íì è âûøå.

Â íàñòîÿùåé ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ ïðîöåññà çàîñòðåíèÿ èãë ñ
èñïîëüçîâàíèåì ðàñôîêóñèðîâàííîãî èîííîãî ïó÷êà ãðóïïû êàíòèëåâåðîâ, ðàçìåùåííûõ
íà êðåìíèåâûõ ïîäëîæêàõ. Ýêñïåðèìåíòû ïðîâîäèëè íà ñïåöèàëèçèðîâàííîé óñòàíîâêå,
ïðåäíàçíà÷åííîé äëÿ ðåàëèçàöèè ìåòîäà èîííî-ëó÷åâîãî òðàâëåíèÿ ñ äèàìåòðîì èîííîãî
ïó÷êà 200 ìì, ñîäåðæàùàÿ èñòî÷íèê Êàóôìàíà. Êîíñòðóêöèÿ ïîäëîæêîäåðæàòåëÿ ïîçâî-
ëÿëà îðèåíòèðîâàòü ïîäëîæêè ïîä óãëîì ê èîííîìó ïó÷êó, à òàêæå âðàùàòü ïîäëîæêî-
äåðæàòåëü â çîíå äåéñòâèÿ ïó÷êà.

Íà îñíîâå ïîëó÷åííûõ ýêñïåðèìåíòàëüíûõ ðåçóëüòàòîâ òðàâëåíèÿ èãë êàíòèëåâåðîâ
ïîä ðàçíûì óãëîì ïàäåíèÿ èîííîãî ïó÷êà Ar+ îïðåäåëåíî, ÷òî îïòèìàëüíûé ðåçóëüòàò
äîñòèãàåòñÿ, êîãäà îñü ñèììåòðèè èãë êàíòèëåâåðîâ îðèåíòèðîâàíà ïîä óãëîì 75◦ ê íàïðàâ-
ëåíèþ äâèæåíèÿ ïîòîêà èîíîâ, ÷òî ñîãëàñóåòñÿ ñ ðåçóëüòàòàìè ïðîâåäåííîé òåîðåòè÷å-
ñêîé îöåíêè ïðîöåññà òðàâëåíèÿ. Çàôèêñèðîâàíî óìåíüøåíèå ðàçìåðà ðàäèóñà êðèâèçíû
îñòðèÿ èãë ñ 25 íì äî 10 íì. Ïðåäñòàâëåíû äàííûå ñðàâíèòåëüíîãî àíàëèçà ðàáîòîñïîñîá-
íîñòè ñòàíäàðòíûõ è çàîñòðåííûõ êàíòèëåâåðîâ ïðè èññëåäîâàíèè êðåìíèåâûõ òåñòîâûõ
ñòðóêòóð è íàíîïðîôèëèðîâàííîãî àëþìèíèÿ.
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Ýëåêòðîííîå ñòðîåíèå è ÐÔÝÑ ñïåêòðû ïåðîâñêèò
ïðîèçâîäíûõ äëÿ ìåçîñêîïè÷åñêèõ ñîëíå÷íûõ áàòàðåé

Halide perovskite-derived for mesoscopic solar cell: electronic
structure and XPS spectra

Dotsenko A.A., Komissarov A.A., Yashin V.A.

1Far Eastern Federal University, Vladivostok, Russia; dotsenko.aa@dvfu.ru

It is new study of some perovskite-derived crystals, whose luminescent, thermochromic,
nonlinear optical and dielectric properties provide opportu-nities for their wide practical appli-
cation.

This work presents the results of an investigation of the electronic structure and the orbital
nature of crystals with the A2MX6 formula (where A = Rb, Cs, HGu; M = Te, Sb; X= Cl, Br,
I). The electronic structure of crystals with Te and Sb atoms was determined by the method
of X-ray photoelectron spectroscopy and quantum-chemical modeling within the framework of
the density functional theory.

We identified the molecular orbitals which are responsible for covalent metal-halogen bind-
ing.

According to the experimental data and the calculation the 3a1g
2 is the HOMO in molecular

crystals studied, which is an antibonding combination of Xnpσ-orbitals with a contribution of
the halogen atoms of 85%.

Previously this MO was believed to be a metallic nature primarily. It has been determined
that in the anions the main role in the covalent metal-halogen binding is played by 6 electrons
of MO 2t1u

6 MO, and 28 electrons of non-bonding 1t2g
62eg

43t1u
61t2u

61t1g
6 MOs, localized

mainly on halogen atoms, are essential when considering the degree of ionicity of the bonds and
the charge transfer processes in excited states.

The transition from the 3a1g
2 (HOMO) to the 4t1u

∗ (LUMO), which corresponds to the
states 1T1u and 3T1u, is responsible for the luminescence of the [MX6]2− anions.

The project was carried out as part of the State assignment 3.2168.2017 of the Ministry of
Education and Science of the Russian Federation.
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Èññëåäîâàíèå êâàíòîâûõ âûõîäîâ ëþìèíåñöåíöèè
óãëåðîäíûõ òî÷åê ñèíòåçèðîâàííûõ èç ýòèëåíãëèêîëÿ è

ëèìîííîé êèñëîòû

Investigation of luminescence quantum yields of carbon dots
synthesized from ethylene glycol and citric acid

Åãîðîâà Ì.Í., Òîìñêàÿ À.Å., Êàïèòîíîâ À.Í., Ñìàãóëîâà Ñ.À., Àëåêñååâ
À.À.

Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò, ßêóòñê, Ðîññèÿ; marfa.egorova@mail.ru

Óãëåðîäíûå òî÷êè - áèîñîâìåñòèìûå è ëåãêî ôóíêöèîíàëèçèðóåìûå íàíî÷àñòèöû, ïðè-
âëåêëè çíà÷èòåëüíûé èíòåðåñ èññëåäîâàòåëåé ïî âñåìó ìèðó, êàê çàìåíà ïîëóïðîâîäíè-
êîâûõ êâàíòîâûõ òî÷åê. Ýòîò èíòåðåñ ñâÿçàí ñ èõ íèçêîé òîêñè÷íîñòüþ è óíèêàëüíûìè
ñâîéñòâàìè. Óãëåðîäíûå òî÷êè ìîãóò áûòü ïîòåíöèàëüíî ïðèìåíèìû â òàêèõ îáëàñòÿõ,
êàê áèîèçîáðàæåíèå, îïòîýëåêòðîííûå óñòðîéñòâà è áèîñåíñîðû. [1] Â äàííîé ðàáîòå îïè-
ñûâàåòñÿ ïðîñòîé ñïîñîá ïîëó÷åíèÿ óãëåðîäíûõ òî÷åê èç ýòèëåíãëèêîëÿ è ëèìîííîé êèñ-
ëîòû ìåòîäîì ãèäðîòåðìàëüíîãî ñèíòåçà â ìèêðîâîëíîâîé ïå÷è. Áûëè ðàññ÷èòàíû êâàí-
òîâûå âûõîäû ëþìèíåñöåíöèè óãëåðîäíûõ òî÷åê. Â êà÷åñòâå ýòàëîíà èñïîëüçîâàëñÿ ðî-
äàìèí 6G ñ êâàíòîâûì âûõîäîì 0,96 â ýòàíîëå. Áûëè ïîëó÷åíû ñëåäóþùèå ðåçóëüòàòû:
óãëåðîäíûå òî÷êè, ïîëó÷åííûå èç ëèìîííîé êèñëîòû ñ äîáàâëåíèåì âîäíîãî ðàñòâîðà àì-
ìèàêà è âîäíîãî ðàñòâîðà ïîëèàíèëèí-ãðàôåí � 0,12; óãëåðîäíûå òî÷êè, ïîëó÷åííûå èç
ýòèëåíãëèêîëÿ ñ îðòîôîñôîðíîé êèñëîòîé � 0,15; óãëåðîäíûå òî÷êè, ïîëó÷åííûå èç ðàñ-
òâîðà ýòèëåíãëèêîëÿ è îðòîôîñôîðíîé êèñëîòû � 0,46; óãëåðîäíûå òî÷êè, ïîëó÷åííûå èç
ðàñòâîðà ëèìîííîé êèñëîòû ñ äîáàâëåíèåì îðòîôîñôîðíîé êèñëîòû � 0,10.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ãðàíòà ÐÔÔÈ �18-02-00449

ËÈÒÅÐÀÒÓÐÀ

1. Wang C., Xu Z., Cheng H. A hydrothermal route to water-stable luminescent
carbon dots as nanosensors for pH and temperature. Carbon. 2015. � 82.
P. 87�95.
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Ãèäðîòåðìàëüíûé ñèíòåç óãëåðîäíûõ òî÷åê è èõ
ëþìèíåñöåíöèÿ

Hydrothermal synthesis of carbon dots and their luminescence

Êàïèòîíîâ À.Í.1, Åãîðîâà Ì.Í.1, Òîìñêàÿ À.Å.1, Ñìàãóëîâà Ñ.À.1, Àëåêñååâ
À.À.1

1Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò, ßêóòñê, Ðîññèÿ; kapitonov1944@mail.ru

Â ýòîé ðàáîòå óãëåðîäíîé òî÷êîé (ÓÒ) ìû íàçûâàåì íåêîòîðîå îáðàçîâàíèå íàíîìåò-
ðîâîãî ðàçìåðà ñ àìîðôíî-êðèñòàëëè÷åñêèì óãëåðîäíûì ÿäðîì è ñ ôóíêöèîíàëüíûìè
ãðóïïàìè ïî êðàÿì. Â òî âðåìÿ, êàê èñïîëüçîâàíèå ïîëóïðîâîäíèêîâûõ êâàíòîâûõ òî÷åê â
îáëàñòè áèîìåäèöèíû îãðàíè÷åíî èç-çà èõ òîêñè÷íîñòè è íèçêîé áèîäîñòóïíîñòè â âîäíîì
ðàñòâîðå [1], ÓÒ ýêîëîãè÷åñêè áåçîïàñíû è õèìè÷åñêè èíåðòíû. Â äàííîì ìàòåðèàëå ñîîá-
ùàåòñÿ î ðåçóëüòàòàõ èññëåäîâàíèÿ N-ëåãèðîâàííûõ ÓÒ èç ãëþêîçû, ïîëó÷åííûõ ìåòîäîì
ãèäðîòåðìàëüíîãî ñèíòåçà è N-ëåãèðîâàííûõ ÓÒ, ïîëó÷åííûõ ïðè ïèðîëèçå áåðåçîâîé ñà-
æè. Ñðåäíèé äèàìåòð ÓÒ èç ãëþêîçû çàâèñåë îò ïðîäîëæèòåëüíîñòè ãèäðîòåðìàëüíîé
îáðàáîòêè è ñîñòàâèë 11±1 íì äëÿ 1 ÷àñà, è 15±1 íì äëÿ 4 ÷àñîâ. Ñðåäíèé ðàçìåð ÓÒ èç
ñàæè ñîñòàâèë 23 íì. Ðàìàí-ñïåêòðû ÓÒ èç ãëþêîçû ïîñëå îòæèãà â ïå÷è äåìîíñòðèðóþò
ïèêè D è G ïðè 1350 cm −1 è 1600 cm −1, ÷òî ãîâîðèò îá èõ êðèñòàëëèçàöèè. Ìåòîäàìè
ÈÊ-ñïåêòðîñêîïèè íà ïîâåðõíîñòè ÓÒ îáíàðóæèâàþòñÿ ôóíêöèîíàëüíûå ãðóïïû C-OH,
C=O, C-H, C-O-C, òàêæå ïðèñóòñòâóåò ãðóïïà N-H. Ìàêñèìóìû ñïåêòðîâ ëþìèíåñöåíöèè
ÓÒ ñäâèãàþòñÿ â êðàñíóþ îáëàñòü ñïåêòðà ïðè óâåëè÷åíèè äëèíû âîëíû âîçáóæäåíèÿ
îò 300 íì äî 400 íì è çàâèñÿò îò ïðîäîëæèòåëüíîñòè ãèäðîòåðìàëüíîé îáðàáîòêè è ñî-
ñòàâà ñìåñè. Ñïåêòðû UV-VIS ïîãëîùåíèÿ ñóñïåíçèé ÓÒ èç ãëþêîçû è ñàæè çàâèñÿò îò
ïðîäîëæèòåëüíîñòè ãèäðîòåðìàëüíîé îáðàáîòêè è ïðèñóòñòâèÿ àììèàêà â íàãðåâàåìîé
ñìåñè.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ãðàíòà ÐÔÔÈ � 18-02-00449

ËÈÒÅÐÀÒÓÐÀ

1. Merian J., Gravier J., Navarro F. Fluorescent Nanoprobes Dedicated to in
Vivo Imaging: From Preclinical Validations to Clinical Translation.Molecules.
2012. Ò. 5, � 17. Ñ. 5564-5591.
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Áèîëîãè÷åñêèå ñåíñîðû íà îñíîâå àïòàìåðîâ äëÿ
äåòåêòèðîâàíèÿ ìàðêåðîâ âèðóñîâ

Aptamer based biological sensors for virus-marker detection

Êîìàðîâ È.À.1, Ãîëîâèí À.Â., Ñìàãóëîâà Ñ.À.

1Ìîñêîâñêèé ãîñóäàðñòâåííûé òåõíè÷åñêèé óíèâåðñèòåò èì. Í.Ý. Áàóìàíà, Ìîñêâà,
Ðîññèéñêàÿ Ôåäåðàöèÿ; master_kom@mail.ru

Ãðàôåí è åãî ïðîèçâîäíûå ÿâëÿþòñÿ âåñüìà ïåðñïåêòèâíûìè ìàòåðèàëàìè äëÿ ïðè-
ìåíåíèÿ â ðàçëè÷íûõ ýëåêòðîííûõ óñòðîéñòâàõ, â ÷àñòíîñòè, â áèîñåíñîðàõ. Â ðàáîòå â
êà÷åñòâå áèî÷óâñòâèòåëüíîãî âåùåñòâà áûëè èñïîëüçîâàíû àïòàìåðû [1-3], êîòîðûå ïðåä-
ñòàâëÿþò ñîáîé íåáîëüøèå ÷àñòè èñêóññòâåííûõ ÄÍÊ, èçáèðàòåëüíî ñîåäèíÿþùèåñÿ ñ
öåëåâûì àãåíòîì. Àïòàìåðû áûëè êîâàëåíòíî èììîáèëèçîâàíû íà ïîâåðõíîñòü âîññòà-
íîâëåííîãî îêñèäà ãðàôåíà. Â ðàáîòå ïðåäëîæåíà êîíñòðóêöèÿ ãèáêîãî ñåíñîðà íà îñíîâå
âîññòàíîâëåííîãî îêñèäà ãðàôåíà íà ãèáêîé ïîëèìåðíîé ïîäëîæêå è ðàçðàáîòàí ìåòîä
êîâàëåíòíîé ñâÿçè àïòàìåðîâ ñ ïîâåðõíîñòüþ âîññòàíîâëåííîãî îêñèäà ãðàôåíà. Ýêñïåðè-
ìåíòû ñ ýêñïîíèðîâàíèåì ñåíñîðà áåëêàìè ïîêàçàëè îòëè÷èå â îòêëèêå ìåæäó ñåíñîðàìè,
ïðîýêñïîíèðîâàííûìè òðîìáèíîì è àëüáóìèíîì. Ìû íàáëþäàëè ëèíåéíûé õàðàêòåð óâå-
ëè÷åíèÿ ñîïðîòèâëåíèÿ îò 1,04 ïðîö. äî 3,08 ïðîö. ñ óâåëè÷åíèåì êîíöåíòðàöèè òðîìáèíà
(îò 0,1 ìêÌ äî 10 ìêÌ).

Ðàáîòà âûïîëíåíà â ðàìêàõ ÔÖÏ ¾Èññëåäîâàíèÿ è ðàçðàáîòêè ïî ïðèîðèòåòíûì íà-
ïðàâëåíèÿì ðàçâèòèÿ íàó÷íî-òåõíîëîãè÷åñêîãî êîìïëåêñà Ðîññèè íà 2014�2020 ãîäû¿
èäåíòèôèêàòîð ñîãëàøåíèÿ RFMEFI57417X0182.

ËÈÒÅÐÀÒÓÐÀ

1. So Hye-Mi, Won Keehoon, et.al. Single-Walled Carbon Nanotube Biosensors
Using Aptamers as Molecular Recognition Elements. J. Am. Chem. Soc..
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Èçó÷åíèå ìîðôîëîãèè ýðèòðîöèòîâ êðîâè ïðè ëó÷åâîé
òåðàïèè îïóõîëåé ñ ïðèìåíåíèåì ìåòîäîâ ìåäèöèíñêîé

ôèçèêè è íàíîáèîòåõíîëîãèé

Studying of morphology of erythrocytes of blood during
radiation therapy of tumors with application of methods of

medical physics and nanobiotechnologies

Ìàìàåâà Ñ.Í.1, Ìàêñèìîâ Ã.Â.2, Àíòîíîâ Ñ.Ð.1, Íåóñòðîåâ Å.Ï.1, Êîíîíîâà
È.Â.1, Çàõàðîâà Ô.À.1, Âàñèëüåâ È.Â3, Ïàâëîâ À.Í.1

1Ñåâåðî-Âîñòî÷íûé Ôåäåðàëüíûé óíèâåðñèòåò èì. Ì.Ê.Àììîñîâà, ßêóòñê, Ðîññèÿ;
sargylana_mamaeva@mail.ru

2Ìîñêîâñêèé Ãîñóäàðñòâåííûé óíèâåðñèòåò èì. Ì.Â.Ëîìîíîñîâà Ðîññèÿ, Ìîñêâà,
Ðîññèÿ; gmaksimov@mail.ru

3ßêóòñêèé Ðåñïóáëèêàíñêèé îíêîëîãè÷åñêèé äèñïàíñåð, ßêóòñê, Ðîññèÿ;
4198424@gmail.com

Èññëåäîâàíèÿ ìîðôîëîãèè ýðèòðîöèòîâ ïðè ðÿäå çàáîëåâàíèé ñ ïðèìåíåíèåì âûñîêî-
òåõíîëîãè÷íîãî ôèçè÷åñêîãî îáîðóäîâàíèÿ âûÿâèëè íàëè÷èå íà èõ ïîâåðõíîñòè íàíî÷à-
ñòèö, ðàçìåðû è ôîðìû êîòîðûõ ñîïîñòàâèìû ñ ðàçìåðàìè è ôîðìàìè âèðóñîâ.

Â äàííîé ðàáîòå ïðîâîäèòñÿ èññëåäîâàíèå ýðèòðîöèòîâ êðîâè ïàöèåíòîâ ßêóòñêîãî
ðåñïóáëèêàíñêîãî îíêîëîãè÷åñêîãî äèñïàíñåðà, ïðîõîäÿùèõ ëó÷åâóþ òåðàïèþ ñ ïðèìå-
íåíèåì ëèíåéíîãî óñêîðèòåëÿ Elekta Synergy (6, 10, 18 ÌýÂ, Agility) è áðàõèòåðàïåâ-
òè÷åñêîãî àïïàðàòà â ðàäèîëîãè÷åñêîì îòäåëåíèè, ìåòîäàìè ñêàíèðóþùåé ýëåêòðîííîé,
àòîìíî-ñèëîâîé ìèêðîñêîïèè (ÑÝÌ è ÀÑÌ) è ÈÊ-ñïåêòðîñêîïèè. Äëÿ óëó÷øåíèÿ ÑÝÌ-
èçîáðàæåíèÿ èñïîëüçóþòñÿ â êà÷åñòâå ïîäëîæêè äëÿ îáðàçöîâ êðîâè ãðàôåíîâûå ïëàñòèí-
êè ñ íàíî÷àñòèöàìè ñåðåáðà.

Âûÿâëåíèå íà ïîâåðõíîñòè ýðèòðîöèòîâ â ñëó÷àÿõ ðàêà øåéêè è òåëà ìàòêè íàíî÷àñòèö
íà ïîâåðõíîñòè ýðèòðîöèòîâ êîñâåííûì îáðàçîì ïîäòâåðæäàåò ïðåäïîëîæåíèå î âèðóñíîì
ïðîèñõîæäåíèè ðàêà òåëà ìàòêè, è ìîæåò ðàññìàòðèâàòüñÿ êàê îñíîâà â ôîðìèðîâàíèè
êîìïëåêñíîãî äèôôåðåíöèàëüíîãî ìåòîäà äëÿ äèàãíîñòèêè ñëîæíî äèàãíîñòèðóåìûõ çà-
áîëåâàíèé â îáëàñòè òðàíñëÿöèîííîé è ïåðñîíàëèçèðîâàííîé ìåäèöèíû. Àíàëèç ðåçóëü-
òàòîâ èññëåäîâàíèé ìîðôîëîãèè ýðèòðîöèòîâ â äèíàìèêå â õîäå ëó÷åâîé òåðàïèè ìîæåò
ñòàòü âñïîìîãàòåëüíûì ìåòîäîì ìîíèòîðèíãà òåðàïèè äëÿ êîððåëÿöèè ïëàíà ëå÷åíèÿ.
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Îïòè÷åñêèå ñâîéñòâà òîíêîñëîéíîãî îêñèäà ãðàôåíà
ìîäèôèöèðîâàííîãî â ïëàçìå

Optical properties of few-layer graphene oxide modi�ed by
plasma

Íåóñòðîåâ Å.Ï.

ÑÂÔÓ èì. Ì.Ê. Àììîñîâà, ßêóòñê, Ðîññèÿ; neustr@mail.ru

Îêñèä ãðàôåíà (ÎÃ) ïðåäñòàâëÿåò ñîáîé ãðàôåíîâûé ëèñò ñ ïðèñîåäèíåííûìè ãðóï-
ïàìè êèñëîðîäà îñíîâíûìè èç êîòîðûõ ÿâëÿþòñÿ ãèäðîêñèëüíûå è ýïîêñèäíûå ãðóïïû.
Îêñèä ãðàôåíà ÿâëÿåòñÿ èçîëÿòîðîì, íî â ðåçóëüòàòå âîññòàíîâëåíèÿ ýëåêòðîïðîâîäíîñòü
ìîæåò áûòü ïîâûøåíà íà 6-7 ïîðÿäêîâ [1]. Â ðàáîòå áóäóò ðàññìîòðåíû ìîäèôèöèðî-
âàííûå ïëàçìîé ïëåíêè ÎÃ. Îïòè÷åñêèé îòêëèê îêñèäà ãðàôåíà âî ìíîãîì çàâèñèò îò
äåôåêòíîé ñòðóêòóðû ìàòåðèàëà. Ðàçëè÷íîãî ðîäà äåôåêòû ìîãóò êîíòðîëèðóåìî è ýô-
ôåêòèâíî ââîäèòüñÿ â ÎÃ ïðè ïëàçìåííûõ îáðàáîòêàõ [1,2]. Â êà÷åñòâå ïàðàìåòðîâ ïëàç-
ìåííîé îáðàáîòêè èñïîëüçîâàíû ìîùíîñòü ïëàçìû, äàâëåíèå â ðåàêöèîííîé êàìåðå, ñêî-
ðîñòü ïîòîêà ãàçîâ è âðåìÿ îáðàáîòêè. Äëÿ èññëåäîâàíèé îïòè÷åñêèõ ñâîéñòâ ïðèâëå÷åíû
ìåòîäû ñïåêòðîñêîïèè êîìáèíàöèîííîãî ðàññåÿíèÿ, âîëüò-àìïåðíûõ õàðàêòåðèñòèê, ÈÊ
è ÓÔ ñïåêòðîñêîïèè è ïðîâåäåíû ñòðóêòóðíûå èçìåðåíèÿ. Â ðåçóëüòàòå ïëàçìåííûõ îá-
ðàáîòîê îáíàðóæåíî, ÷òî ÎÃ ïðîÿâëÿåò ôîòî÷óâñòèâòåëüíîñòü â âèäèìîì äèàïàçîíå. Âå-
ëè÷èíà ôîòîîòêëèêà çàâèñèò îò íàïðÿæåíèÿ ìåæäó ýëåêòðîäàìè. Âðåìÿ íàñûùåíèÿ òîêà
ïðè âêëþ÷åíèè èñòî÷íèêà ñâåòà ñîñòàâëÿåò äî íåñêîëüêèõ ñåêóíä.Â ðàáîòå ïðîâîäèòñÿ
îáñóæäåíèå ïîëó÷åííûõ ðåçóëüòàòîâ.
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Carbon and boron nitride nanotubes action on bacterial cells

Obraztsova E.A.1,2, Zarubina A.P.3, Sorokina E.V.3, Klinov D.V.1,2

1M.M.Shemyakin & Yu.A. Ovchinnikov Institute of Bioorganic Chemistry, RAS, Moscow,
Russia; e.a.obraztsova@gmail.com

2Federal Research and Clinical Center of the Physico-Chemical Medicine, Federal Medical
Biological Agency, Moscow, Russia

3M.V. Lomonosov Moscow State University, Faculty of Biology, Moscow, Russia

Carbon and boron nitride nanomaterials nowadays are among the most studied and de-
manded for industrial applications novel materials. Numerous promising applications of these
structures in high-technology and even everyday life devices and objects have been proposed
and realized. A row of studies of nanotubes toxicity and action on biological objects have been
performed in recent years [e.g.1]. However, there is no single opinion on harm or benefit of
these structures on living objects.

In this study we present our results on nanotubes action on living bacterial cells. In our
previous studies we have demonstrated that after Escherichia coli bacterial cells deposition on a
mat of single-wall carbon nanotubes, the cells structure was disturbed. In the present study we
present our further results in this field. We have analyzed the bactericidal action of carbon and
boron nitride nanotubes in aqueous suspensions. We have registered morphological changes and
cell division rates modification. In our experiments we have employed luminescent bacterial
cells. It permitted us to monitor the action of nanostructures on the bacterial cells at short
time intervals.
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Ïðîçðà÷íûå îïòè÷åñêèå àíòåííû íà áàçå óãëåðîäíûõ
íàíîìàòåðèàëîâ

Transparent optical antennas on the basis of carbon
nanomaterials

Ïðîêîïüåâ À.Ð.1, Íåóñòðîåâ Å.Ï.1,

1M.K. Ammosov North-Eastern Federal University, Yakutsk, Russia;
aisenprokopiev@mail.ru

Óãëåðîäíûå íàíîìàòåðèàëû (ÓÍÒ), ñîñòîÿùèå èç ìîíîñëîåâ ãðàôåíà è îêñèäà ãðàôåíà
(ÎÃ), îáëàäàþò ïðåâîñõîäíûìè ìåõàíè÷åñêèìè, ýëåêòðîííûìè è îïòè÷åñêèìè ñâîéñòâàìè
äëÿ ïðèìåíåíèÿ èõ â îãðîìíîì äèàïàçîíå ÷àñòîò, íà÷èíàÿ ñ ðàäèî- äî óëüòðàôèîëåòîâî-
ãî äèàïàçîíà. [1] Ëåãèðîâàíèå àçîòîì ÓÍÒ, ïðèâåäåííîå â ðàáîòå [2] ïðåäïîëàãàåò åùå
áîëüøèé ïîòåíöèàë â ñôåðå ïðîâîäèìîñòè íàíîìàòåðèàëîâ. Äàííàÿ ðàáîòà ïðåäñòàâëÿåò
ñîáîé òåîðåòè÷åñêîå èññëåäîâàíèå ðàñïðîñòðàíåíèÿ è âçàèìîäåéñòâèÿ ýëåêòðîìàãíèòíûõ
âîëí (ÝÌÂ) â òåðàãåðöîâîì (ÒÃö) äèàïàçîíå ðàáî÷èõ ÷àñòîò ñ ëåãèðîâàííûìè àçîòîì
ìîíîñëîÿìè ãðàôåíà è ÎÃ, íà îñíîâå êîìïüþòåðíîãî è ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ,
áàçèðóþùåãîñÿ íà ðåøåíèè óðàâíåíèé Ìàêñâåëëà ñîâìåñòíî ñ ìàòåðèàëüíûìè óðàâíåíè-
ÿìè ñðåä (ãðàôåíà è îêñèäà ãðàôåíà). Ïðåäëîæåíà ìàòåìàòè÷åñêàÿ ìîäåëü ðàñïðîñòðà-
íåíèÿ ÝÌÂ è èõ âçàèìîäåéñòâèå â ÒÃö èçëó÷åíèè ñ ïðîâîäÿùèìè ñòðóêòóðàìè íà îñíîâå
ëåãèðîâàííûõ àçîòîì ãðàôåíà è ÎÃ, îñíîâàííàÿ íà ðåøåíèè êîìïëåêñíî-êðàåâîé çàäà÷è
äèôðàêöèè äëÿ ñèñòåì óðàâíåíèé Ìàêñâåëëà. Ïîëó÷åíû ðåçóëüòàòû ýëåêòðîäèíàìè÷å-
ñêîãî ðàñ÷åòà êîýôôèöèåíòîâ îòðàæåíèÿ è ïðîõîæäåíèÿ ÝÌÂ-âîëí ÷åðåç ëåãèðîâàííûå
àçîòîì ìîíîñëîè ãðàôåíà è ÎÃ â ÒÃö äèàïàçîíå ÷àñòîò. Ïîëó÷åííûå â õîäå ìîäåëèðîâàíèÿ
ðåçóëüòàòû ïîêàçûâàþò, ÷òî ëåãèðîâàííûå àçîòîì ìîíîñëîè ãðàôåíà è ÎÃ ïåðñïåêòèâíû
äëÿ ïðèìåíåíèÿ èõ â ñèíòåçå óñòðîéñòâ ÒÃö äèàïàçîíà.

ËÈÒÅÐÀÒÓÐÀ

1. Dey A., Chroneos A., Braithwaite N., etc. Plasma engineering of graphene.
Applied Phys. Rev.. Ãîä. 2016. T.3. Ñ. 3-17.

2. Llatser I. Kremers C. Chigrin C.D., etc. Characterization of Graphene-
based Nano-antennas in the Terahertz Band. Proceedings of 6th European
Conference on Antennas and Propagation, EuCAP,. 2012 PP. 194-198.

77



Ñèëüíî êîððåëèðîâàííûå äâóìåðíûå ñèñòåìû: îò òåîðèè ê ïðàêòèêå

Ìîäèôèêàöèÿ îïòè÷åñêèõ è ýëåêòðîôèçè÷åñêèõ ñâîéñòâ
CVD ãðàôåíà

Modi�cation of the optical and electrical properties of CVD
graphene

Ðûáèí Ì.Ã., Èñëàìîâà Â.Ð., Îáðàçöîâà Å.Ä.
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Â äàííîé ðàáîòå ðàññìîòðåíà ìåòîäîëîãèÿ ñèíòåçà CV D ãðàôåíà, è åãî ôóêíöèî-
íàëèçàöèÿ ïðèìåñíûìè ñîåäèíåíèÿìè, òàêèìè êàê ôåððîöåí (Fe(C5 H5)2), êîáàëüòîöåí
(Co(C5H5)2), õëîðíîå æåëåçî (FeCl3) è õëîðèä ìåäè I (CuCl) ñ öåëüþ îáîãàùåíèÿ åãî
íîñèòåëÿìè äûðî÷íîé èëè ýëåêòðîííîé ïðîâîäèìîñòè è ïîíèæåíèÿ ïîâåðõíîñòíîãî ñî-
ïðîòèâëåíèÿ ïðè ñîõðàíåíèè ïðîçðà÷íîñòè. Â ðàáîòå îïèñàíû èññëåäîâàíèÿ ãðàôåíà äî
è ïîñëå ëåãèðîâàíèÿ, ñ ïîìîùüþ ÷åòûð¼õêîíòàêòíîãî ìåòîäà èçìåðåíèÿ ñîïðîòèâëåíèÿ,
ñïåêòðîñêîïèè êîìáèíàöèîííîãî ðàññåÿíèÿ ñâåòà è ñïåêòðîñêîïèè îïòè÷åñêîãî ïîãëîùå-
íèÿ.

Ôóíêöèîíàëèçàöèÿ ãðàôåíà ñ ïîìîùüþ Fe(C5H5)2 è Co(C5H5)2 ïðèâåëà ê âîçðàñòà-
íèþ ïîâåðõíîñòíîãî ñîïðîòèâëåíèÿ îáðàçöîâ â 1.5 ðàçà; â òî âðåìÿ, êàê ïðè ôóêöèîíàëè-
çàöèè ãðàôåíà CuCl ïîâåðõíîñòíîå ñîïðîòèâëåíèå ïàäàëî â 2.4 ðàçà, ïðè ôóíêöèîíàëè-
çàöèè ãðàôåíà ñ ïîìîùüþ FeCl3 óìåíüøàëîñü â 3 ðàçà. Èçìåðåíèÿ ýëåêòðîííûõ ñâîéñòâ
ïîêàçàëè ñäâèã óðîâíÿ Ôåðìè íà 0.6 eV â âàëåíòíóþ çîíó äëÿ ãðàôåíà, ëåãèðîâàííîãî
õëîðèäîì ìåäè.

Èññëåäîâàíèå âûïîëíåíî ïðè ôèíàíñîâîé ïîääåðæêå ÐÔÔÈ â ðàìêàõ íàó÷íîãî ïðî-
åêòà � 16-32-60203 ìîë_à_äê.
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Ðåãèñòðàöèÿ èíôðàêðàñíûõ âîëí ñ ïîìîùüþ ñåíñîðà íà
îñíîâå îêñèäà ãðàôåíà

Registration of infrared waves by sensor based on graphene
oxide
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Ïðîöåññ èçìåðåíèÿ òåìïåðàòóðû ìàòåðèàëîâ, êàê ïðàâèëî, ïðîâîäèòñÿ êîíòàêòíûì
ñïîñîáîì, íî ñóùåñòâóþò îïðåäåëåííûå ñðåäû, â êîòîðûõ ýòîò ìåòîä ñòàíîâèòñÿ íåïðè-
ãîäíûì. Áåñêîíòàêòíûé ñïîñîá èçìåðåíèÿ òåìïåðàòóðû ÿâëÿåòñÿ óäîáíûì ýêñïðåññ ìåòî-
äîì îïðåäåëåíèÿ òåìïåðàòóðû, ïîçâîëÿþùèé ïðîâîäèòü èññëåäîâàíèÿ îáðàçöîâ áåç âçÿòèÿ
ïðîá. Îäíèì èç ïåðñïåêòèâíûõ ìàòåðèàëîâ äëÿ áåñêîíòàêòíûõ ñåíñîðîâ ÿâëÿåòñÿ îêñèä
ãðàôåíà (ÎÃ) [1].

Â äàííîé ðàáîòå áûëè ïîñòàâëåíû çàäà÷è ïðîâåäåíèÿ ïîâåðõíîñòíîãî àíàëèçà è îïðå-
äåëåíèÿ òåìïåðàòóðû îáúåêòîâ ñ ïîìîùüþ ñåíñîðà íà îñíîâå ÎÃ. Äëÿ ïðîâåäåíèÿ ýêñïå-
ðèìåíòà áûëà èçãîòîâëåí ëàáîðàòîðíûé èçìåðèòåëüíûé ñòåíä, â êîòîðîì èíôðàêðàñíûå
äèîäû ðàñïîëàãàëèñü ïàðàëëåëüíî ñ ôîòîïðèåìíèêîì. Èçìåðÿåìûé êîíòðîëüíûé îáúåêò
èìåë èçâåñòíóþ òåìïåðàòóðó. Ïîòîê èíôðàêðàñíûõ âîëí, èçëó÷àåìûé êîíòðîëüíûì îáú-
åêòîì, ïðèíèìàëîñü íà ïîâåðõíîñòü ÎÃ è ïðèâîäèë ê èçìåíåíèþ ñîïðîòèâëåíèÿ. Â ðàáîòå
èññëåäîâàíû çàâèñèìîñòè òîêà è íàïðÿæåíèÿ îò òåìïåðàòóðû êîíòðîëüíîãî îáúåêòà ÈÊ
äèàïàçîíà.

Ðåçóëüòàòû ðàáîòû ïîêàçûâàþò, ÷òî ãðàôåíîâûé áåñêîíòàêòíûé ñåíñîð òåìïåðàòóðû
ìîæåò áûòü èñïîëüçîâàí äëÿ èçìåðåíèÿ òåìïåðàòóðû ïðè îïðåäåëåííûõ óñëîâèÿõ.
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Ïðèìåíåíèå êîëëîèäíûõ êâàíòîâûõ òî÷åê â
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Application of a colloidal quantum dots in cathodoluminescent
light sources
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In this review we present new concepts and recent progress in the application of a colloidal
quantum dots (QD) for field emission cathodolumi-nescence light source . Key recent results
obtained in studies of anew class of luminophores, colloidal quantum dots, are analyzed. Mod-
ern methods for the synthesis and post-synthetic treatment of colloidal quantum dots that make
it possible to achieve record high quantum yield of luminescence and to modify their charac-
teristics for specific applications are considered. To offer wide opportunities for manufacturing
of luminophores with tuning spectra.
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Õàðàêòåðèñòèêè ôîòîëþìèíåñöåíöèè êîëëîèäíûõ
êâàíòîâûõ òî÷åê

Photoluminescence characteristics of colloidal quantum dots
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This review mostly focuses on recent advancements related to studies of a new class of
luminophores, colloidal quantum dots. Modern methods for the synthesis and post-synthetic
treatment of colloidal quantum dots that make it possible to accomplish record high quantum
yield of luminescence and to adjust their qualities for particular applications are considered.
We will also discuss the key avenues of research on CQDs, as well as problems in and prospects
for their applications in light emitting sources.
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Strong resonance of quasi 1D structures at the Bi/InAs(100)
interface
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We have studied by ARPES the electronic states of the Bi/InAs(100) interface. The building
up of the interface affects only slightly the electronic structure of the InAs(100) substrate. As
a consequence of weak interaction, bismuth states are located in the gaps of the electronic
structure of InAs(100). We observe a strong resonance of the Bi electronic states close to the
Fermi level. Its intensity depends on the photon energy and on the photon polarization

Thin Bi films are interesting candidates for spintronic applications due to a large spin-
orbit splitting that, combined with the loss of inversion symmetry at the surface, results in
a band structure that is not spin-degenerate. In recent years, applications for topological
insulators based on Bi compounds have as well attracted much attention. Theoretical studies
[1] predicted non-trivial topological surface states appearing on single bi-layer of Bi and a more
complex behaviour was suggested for a variable film thickness [2]. This clearly indicates that
the electronic properties of thin films of this material are far from being understood.

From a spectroscopic point of view, the presence of 1-dimensional objects on both InAs(100)
and Bi/InAs(100) surfaces imposes four different orientations between the In (Bi) lines, the
orientation of the electric vector E of the light, and that of the analyser slit (that determines
electron dispersion), ΘA. Interestingly, both clean InAs(100) and Bi-covered surfaces show a
strong resonance of the surface states at the same photon energy of 31 eV, when the E vector
is perpendicular to the respective lines.

References

1. M. Wada et al. Phys. Rev. B 83, 121310(R) (2011)

2. Z. Liu et al. Phys. Rev. Lett. 107, 136805 (2011)

82



Ñèëüíî êîððåëèðîâàííûå äâóìåðíûå ñèñòåìû: îò òåîðèè ê ïðàêòèêå

Ñåêöèÿ III. Ñïèíòðîííàÿ è ¾äîëèííàÿ¿

ýëåêòðîíèêà, òîïîëîãè÷åñêèå èçîëÿòîðû è

ýëåêòðîíû íà æèäêîì ãåëèè - ïóòü ê êâàíòîâûì

ñèìóëÿòîðàì

Íåéòðîííûå èññëåäîâàíèÿ ìàòåðèàëîâ äëÿ ñïèíòðîíèêè

Neutron research of materials for spintronics

Àêñåíîâ Â.Ë.1,2,3, Íèêèòåíêî Þ.Â.2, Õàéäóêîâ Þ.Í.3
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Â êðàòêîì ââåäåíèè íà ïðèìåðå èçó÷åíèÿ ãèãàíòñêîãî ìàãíèòíîãî ñîïðîòèâëåíèÿ â
ñòðóêòóðå Fe/Cr ñôîðìóëèðîâàíû âîçìîæíîñòè ðåôëåêòîìåòðèè ñ ïîëÿðèçîâàííûìè íåé-
òðîíàìè ïðè èçó÷åíèè ìàãíèòíûõ ñâîéñòâ ìíîãîñëîéíûõ òîíêèõ ïëåíîê [1].

Îñíîâíîå ñîäåðæàíèå ïîñâÿùåíî êîìïëåêñíîìó èññëåäîâàíèþ çàâèñèìîñòè îò òîëùè-
íû d ôåððîìàãíèòíîãî ñëîÿ (ÔÌ) ìàãíèòíûõ è ñâåðõïðîâîäÿùèõ (ÑÏ) ñâîéñòâ òðåõñëîé-
íîé ñèñòåìû Nb( 25 íì )/Gd(d)/Nb( 25 íì ) ñ öåëüþ âûÿñíåíèÿ îïòèìàëüíûõ óñëîâèé
èçãîòîâëåíèÿ ÑÏ/ÔÌ ñòðóêòóð äëÿ ÑÏ ñïèíòðîíèêè. Òîëùèíà d èçâëåêàåòñÿ èç êîìïëåêñ-
íîãî àíàëèçà ñ èñïîëüçîâàíèåì ìàññ-ñïåêòðîìåòðèè, ðåíòãåíîâñêîé è íåéòðîííîé ðåôëåê-
òîìåòðèè è ÑÊÂÈÄ ìàãíåòîìåòðèè. Èçìåðåííàÿ çàâèñèìîñòü òåìïåðàòóðû ÑÏ ïåðåõîäà
Tc(d) èìååò çàòóõàþùåå îñöèëëèðóþùåå ïîâåäåíèå ñ õîðîøî îïðåäåëåííûìè ìèíèìóìàìè
è ìàêñèìóìàìè. Òåîðåòè÷åñêèé àíàëèç ïðîâîäèëñÿ íà îñíîâå ëèíåàðèçîâàííûõ óðàâíåíèé
Óçàäåëÿ. Ïîêàçàíî, ÷òî ÑÏ êîððåëÿöèè ïðîíèêàþò â ñëîé Gd íà ãëóáèíó 4 íì. π-ñîñòîÿíèå
ñòàíîâèòñÿ ýíåðãåòè÷åñêè âûãîäíûì ïðè d = (3÷6) íì. Ñòðóêòóðû ñ d∼ξ íàèáîëåå èíòå-
ðåñíû äëÿ ÑÏ ñïèíòðîíèêè.

Íåéòðîííûå èçìåðåíèÿ ïðîâîäèëèñü íà ðåôëåêòîìåòðàõ NREX (λ = 0.428 íì) íà ðå-
àêòîðå FRM-II â Ìþíõåíå è ÐÅÌÓÐ (λ = [0.15÷1] íì) íà ðåàêòîðå ÈÁÐ-2 â Äóáíå.
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Ñèíòåç è èññëåäîâàíèå äâóìåðíîãî MoS2, âûðàùåííîãî íà
SiO2 ìåòîäîì CVD

Synthesis and investigation of two-dimensional MoS2 on SiO2 by
CVD technique

Çàõàðêèíà Å.È.1, Ñåìåíîâà À.À.1, Áîÿêèíîâ Å.Ô.1, Âèíîêóðîâ Ï.Â.1,
Ñìàãóëîâà Ñ.À.1

1Ñåâåðî-Âîñòî÷íûé Ôåäåðàëüíûé óíèâåðñèòåò, ßêóòñê, Ðîññèÿ;
evdokiya 21@mail.ru

Îäíèì èç íàèáîëåå àêòèâíî èññëåäóåìûõ äâóìåðíûõ ìàòåðèàëîâ ÿâëÿåòñÿ MoS2, êî-
òîðûé ÿâëÿåòñÿ ïðÿìîçîííûì ïîëóïðîâîäíèêîì ñ øèðèíîé çàïðåùåííîé çîíû, ðàâíîé 1.8
ýÂ [1]. Áëàãîäàðÿ ñâîèì óíèêàëüíûì îïòè÷åñêèì, ìåõàíè÷åñêèì è ýëåêòðîôèçè÷åñêèì
ñâîéñòâàì MoS2 ñåãîäíÿ âûøåë íà ïåðâûé ïëàí âî ìíîãèõ îáëàñòÿõ.

Â äàííîé ðàáîòå áûë ïðîâåäåí ñèíòåç äâóìåðíîãî MoS2 íà ïîâåðõíîñòè SiO2 ìåòîäîì
CVD â òðåõçîííîé òðóá÷àòîé ïå÷è ïðè òåìïåðàòóðå 700 Ñ â òå÷åíèè 20 ìèíóò. Ðîñò ïðî-
èñõîäèë ïðè àòìîñôåðíîì äàâëåíèè â ïîòîêå Ar ñî ñêîðîñòüþ 10 ñì3/ìèí. Êîëè÷åñòâî
èñõîäíûõ ïðåêóðñîðîâ MoO3 è S áðàëîñü â ñîîòíîøåíèè 1:13.

Ïðîâåäåííûå èçìåðåíèÿ íà îïòè÷åñêîì ìèêðîñêîïå è ÑÝÌ ïîêàçàëè ðîñò äîìåíîâ
MoS2 â âèäå òðåóãîëüíèêîâ ñ ëàòåðàëüíûìè ðàçìåðàìè äî 80 ìêì. Íà àòîìíî-ñèëîâîì
ìèêðîñêîïå áûëè èçìåðåíû òîëùèíû äîìåíîâ, êîòîðûå ñîñòàâèëè 0.8-0.9 íì. Ýëåìåíòíûé
àíàëèç âûÿâèë ñîäåðæàíèå àòîìîâ ìîëèáäåíà (0,19 àò.%), è ñåðû. (0,48 àò.%). Ñ ïîìîùüþ
àíàëèçà ñïåêòðîâ êîìáèíàöèîííîãî ðàññåÿíèÿ ñâåòà ïîëó÷èëè èíôîðìàöèè î êîëè÷åñòâå
àòîìíûõ ñëîåâ è êà÷åñòâå ñòðóêòóðû âûðàùåííîãî äèñóëüôèäà ìîëèáäåíà. Äëÿ îäíîñëîé-
íîãî MoS2 ðàçíèöà ÷àñòîò ìåæäó ðàìàíîâñêèìè ïèêàìè ðàâíÿëàñü 19 cm−1, äëÿ äâóõ-
ñëîéíîãî 21 cm−1 è ìíîãîñëîéíîãî 25 cm−1. Ïîëó÷åíû âîëüò-àìïåðíûå õàðàêòåðèñòèêè
âûðàùåííîãî ìàòåðèàëà.

Èññëåäîâàíèå âûïîëíåíî ïðè ôèíàíñîâîé ïîääåðæêå ÐÔÔÈ â ðàìêàõ íàó÷íîãî ïðî-
åêòà � 18 - 32 - 00730, ãðàíò ÐÔÔÈ � 18 - 42 - 140005 ð_à.
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Ìîäåëèðîâàíèå ïëàâëåíèÿ êâàçèîäíîìåðíîãî ýëåêòðîííîãî
êðèñòàëëà â ïàðàáîëè÷åñêîì ïîòåíöèàëå

Numeric simulation of melting of the quasi-1D electron crystal
in the parabolic potential
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Ýëåêòðîíû íà ïîâåðõíîñòè æèäêîãî ãåëèÿ ÿâëÿþòñÿ ñèñòåìîé, ïðåäñòàâëÿþùåé èíòå-
ðåñ äëÿ èññëåäîâàíèé áëàãîäàðÿ ñâîåé óíèêàëüíîé ÷èñòîòå è ñëàáûì âçàèìîäåéñòâèåì ñ
îêðóæåíèåì. Ýêñïåðèìåíòàëüíîå èññëåäîâàíèå ïëàâëåíèÿ êâàçèîäíîìåðíîãî ýëåêòðîííî-
ãî êðèñòàëëà â ïàðàáîëè÷åñêîì ïîòåíöèàëå íà ïîâåðõíîñòè æèäêîãî ãåëèÿ áûëî ïðîâåäåíî
ðàíåå. Öåëüþ äàííîé ðàáîòû áûëî êîìïüþòåðíîå ìîäåëèðîâàíèå äàííîé ñèñòåìû ñ ïîìî-
ùüþ ìåòîäà ìîëåêóëÿðíîé äèíàìèêè äëÿ èññëåäîâàíèÿ ìåõàíèçìîâ ïëàâëåíèÿ è èíòåð-
ïðåòàöèè ðåçóëüòàòîâ ýêñïåðèìåíòà. Âçàèìîäåéñòâèå ìåæäó ÷àñòèöàìè ÿâëÿåòñÿ íåýêðà-
íèðîâàííûì êóëîíîâñêèì. Èññëåäîâàííûå ñèñòåìû ñîäåðæàëè îò 144 äî 164 ÷àñòèö. Ñèñòå-
ìû ïðîõîäèëè ïðîöåäóðó íàãðåâàíèÿ îò òåìïåðàòóðû 0.1Êäî 0.8Ê. Íà îñíîâå àíàëèçà
äâèæåíèÿ ÷àñòèö â ñèñòåìàõ áûëè îïðåäåëåíû òåìïåðàòóðû ïëàâëåíèÿ êðèñòàëëîâ. Äëÿ
ýòîãî áûëè îïðåäåëåíû òåìïåðàòóðíûå çàâèñèìîñòè ïàðàìåòðà Ëèíäåìàííà, ñòðóêòóðíîãî
ôàêòîðà, òðàíñëÿöèîííîé êîððåëÿöèîííîé ôóíêöèè è ïëîòíîñòè äåôåêòîâ â ñèñòåìå.

ËÈÒÅÐÀÒÓÐÀ

1. Platzman P.M., Dykman M. I. Quantum computing with electrons �oating
on liquid helium. Science. 1999. Vol. 284, �. 5422. PP. 1967�1969.

2. Rees D.G., Beysengulov N.R. et. al. Structural order and melting of a quasi-
one-dimensional electron system. Phys. Rev. B. 2016. Vol. 94. P. 045139.

85



Ñèëüíî êîððåëèðîâàííûå äâóìåðíûå ñèñòåìû: îò òåîðèè ê ïðàêòèêå

Ýëåêòðîííûå ñâîéñòâà ìîíîñëîÿ MoS2

Electronic properties of mono-layer MoS2
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Â íàñòîÿùåå âðåìÿ ãðàôåíîïîäîáíûå ìàòåðèàëû èãðàþò çíà÷èòåëüíóþ ðîëü â ñîâðå-
ìåííîé ìèêðî-, íàíî-è îïòîýëåêòðîíèêå, ÷òî ñâÿçàíî ñ èõ óíèêàëüíûìè ñâîéñòâàìè è ñïî-
ñîáñòâóþò èõ ïðèìåíåíèþ ïðè ðàçðàáîòêå íîâåéøèõ ïðèáîðîâ è óñòðîéñòâ â ðàçëè÷íûõ
îáëàñòÿõ ÷åëîâå÷åñêîé äåÿòåëüíîñòè. Ïîñêîëüêó õàðàêòåðèñòèêè ãðàôåíà òåñíî ñâÿçàíû
ñ ýëåêòðîííîé ïîäñèñòåìîé, î÷åâèäíî, ÷òî ëþáàÿ õèìè÷åñêàÿ ìîäèôèêàöèÿ áóäåò îêàçû-
âàòü ñóùåñòâåííîå âëèÿíèå. Ñëåäîâàòåëüíî, ïóòåì ñîîòâåòñòâóþùåãî âûáîðà òèïà ïðèìåñè
ìîæíî óïðàâëÿòü èõ ýëåêòðîííûìè ñâîéñòâàìè. Äîïèðîâàíèå ñóùåñòâåííî ìîäèôèöèðóåò
ñòðóêòóðó íà àòîìíîì óðîâíå, ïîâåðõíîñòíóþ ýíåðãèþ, õèìè÷åñêóþ àêòèâíîñòü è ìåõàíè-
÷åñêèå ñâîéñòâà ãðàôåíà, ÷òî ïîçâîëÿåò ñóùåñòâåííî ðàñøèðèòü îáëàñòü ïîòåíöèàëüíîãî
ïðèìåíåíèÿ òàêèõ ìàòåðèàëîâ. Âñëåäñòâèå áëèçîñòè âåëè÷èí àòîìíûõ ðàäèóñîâ, áîð (Â)
è àçîò (N) ÿâëÿþòñÿ íàèáîëåå ïîïóëÿðíûìè ëåãèðóþùèìè ýëåìåíòàìè â ñðàâíåíèè ñ äðó-
ãèìè ýëåìåíòàìè.

Â äàííîé ðàáîòå ïðîâåäåíî èññëåäîâàíèå ýëåêòðîííûõ ñâîéñòâ ãðàôåíà äîïèðîâàííî-
ãî àòîìàìè áîðà. Ðàñ÷åòû ïðîâîäèëèñü ñ èñïîëüçîâàíèåì òåîðèè ôóíêöèîíàëà ýëåêòðîí-
íîé ïëîòíîñòè (DFT), ðåàëèçîâàííîé â ðàìêàõ ïðîãðàììíîãî ïàêåòà Quantum Espresso.
Îáìåííî-êîððåëÿöèîííàÿ ýíåðãèÿ ó÷òåíà â ïðèáëèæåíèè LDA. Ýíåðãèÿ îáðåçàíèÿ áàçèñà
àòîìíûõ îðáèòàëåé áûëà âûáðàíà ðàâíîé 50 Ry. Äëÿ îáåñïå÷åíèÿ äîñòàòî÷íîé òî÷íîñòè
âçÿò íàáîð k-òî÷åê 12x12x1 â äâóìåðíîé çîíå Áðèëëþýíà èññëåäóåìîé ñâåðõÿ÷åéêè ñîãëàñ-
íî ñõåìå Ìîíõðîñòà-Ïàêà.
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Êîëåáàòåëüíûå ñâîéñòâà è ìàãíèòíàÿ òåïëîåìêîñòü
ëèíåéíîãî öåïî÷å÷íîãî àíòèôåððîìàãíåòèêà KFeS2

Lattice vibration properties and magnetic heat capacity of the
covalent chain antiferromagnet KFeS2
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Êîëåáàòåëüíûå ñâîéñòâà ëèíåéíîãî öåïî÷å÷íîãî àíòèôåððîìàãíåòèêà ( KFeS2 ) ñ òåì-
ïåðàòóðîé ïåðåõîäà TN=250K èññëåäîâàíû ìåòîäàìè ðàñ÷åòîâ èç ïåðâûõ ïðèíöèïîâ. Ñòðóê-
òóðà äàííîé ñèñòåìû ñîñòîèò èç ðàçäåëåííûõ àòîìàìè êàëèÿ òåòðàýäðîâ - FeS4, âûñòðî-
åííûõ ÷åðåç îáùåå ðåáðî â öåïî÷êè âäîëü êðèñòàëëîãðàôè÷åñêîé îñè c. Êðîìå íèçêî÷à-
ñòîòíûõ àêóñòè÷åñêèõ êîëåáàíèé, ðàññ÷èòàííàÿ â ðàìêàõ êâàçèãàðìîíè÷åñêîãî ïðèáëè-
æåíèÿ ïëîòíîñòü ôîíîííûõ ñîñòîÿíèé ñîäåðæèò çíà÷èòåëüíî ÷èñëî âûñîêî÷àñòîòíûõ êî-
ëåáàòåëüíûõ ìîä èîíîâ æåëåçà è ñåðû â äèàïàçîíå ÷àñòîò 8.5-12ÒÃö. Ðåøåò÷àòûé âêëàä
â òåïëîåìêîñòü áûë íåïîñðåäñòâåííî âû÷èñëåí èç ôîíîííîé ïëîòíîñòè ñîñòîÿíèé. Ìàã-
íèòíàÿ òåïëîåìêîñòü ëèíåéíîé öåïî÷êè èîíîâ æåëåçà áûëà îöåíåíà êàê ðàçíîñòü ìåæäó
îáùåé, ýêñïåðèìåíòàëüíî èçìåðåííîé íà âûñîêîêà÷åñòâåííûõ ìîíîêðèñòàëëàõ KFeS2, è
ðàññ÷èòàííûì ôîíîííûì âêëàäîì.
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Òîíêèå ïëåíêè Bi2Se3 äëÿ ñîçäàíèÿ Âàí-Äåð-Âààëüñîâûõ
ãåòåðåñòðóêòóð

Thin �lms Bi2Se3 perspective for Van-Der-Vaals
heterostructures
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Ñåëåíèä âèñìóòà (Bi2Se3) îáëàäàåò ñâîéñòâàìè òîïîëîãè÷åñêîãî èçîëÿòîðà, ïðè ýòîì
íàèáîëüøèé èíòåðåñ äëÿ ñïèíîâîé ýëåêòðîíèêè ïðåäñòàâëÿþò òîíêèå ñëîè Bi2Se3.

Öåëüþ äàííîé ðàáîòû áûëè ïîëó÷åíèå òîíêèõ ïëåíîê Bi2Se3 è èññëåäîâàíèå èõ ýëåê-
òðè÷åñêèõ è ñòðóêòóðíûõ ñâîéñòâ. Äëÿ ôîðìèðîâàíèÿ ïëåíîê áûëè èñïîëüçîâàíû ñëåäó-
þùèå ïîäõîäû: à) CVD-ðîñò íà ïîâåðõíîñòè ñëþäû è á) ýëåêòðîõèìè÷åñêîå ðàñùåïëåíèå
îáúåìíîãî ñåëåíèäà âèñìóòà ñ ïîñëåäóþùèì ïåðåíîñîì íà ïîäëîæêè îêèñëåííîãî êðåìíèÿ
SiO2/Si. Ñòðóêòóðíûå ñâîéñòâà ïëåíîê áûëè èññëåäîâàíû ìåòîäàìè ÀÑÌ-ìèêðîñêîïèè
è ñïåêòðîñêîïèè êîìáèíàöèîííîãî ðàññåÿíèÿ ñâåòà. Õàðàêòåðíûå ðàçìåðû îòùåïëåííûõ
ïëåíîê ñîñòàâëÿëè 10-100 ìêì â äëèíó è 2-10 íì â òîëùèíó, òîëùèíà âûðàùåííûõ ïëåíîê
ñîñòàâëÿëà îò 4 íì äî 200 íì â çàâèñèìîñòè îò óñëîâèé ðîñòà. Â ðàáîòå áûëà èññëå-
äîâàíà çàâèñèìîñòü ýëåêòðè÷åñêèõ ñâîéñòâ ïëåíîê îò èõ òîëùèíû è ñïîñîáà ïîëó÷åíèÿ.
Ïîêàçàíî, ÷òî CVD-âûðàùåííûå ïëåíêè Bi2Se3 òîëùèíîé 4 íì ÿâëÿþòñÿ íåïðîâîäÿùèìè.
Ïðè ýòîì îòùåïëåííûå ïëåíêè òîé æå òîëùèíû äåìîíñòðèðîâàëè óäåëüíîå ñîïðîòèâëåíèå
4-20 êÎì/êâ è ïîäâèæíîñòü íîñèòåëåé çàðÿäà 10-50 ñì2/Âñ.

Ïîëó÷åííûå â ðàáîòå ïëåíêè Bi2Se3 ÿâëÿþòñÿ ïåðñïåêòèâíûìè äëÿ ñîçäàíèÿ íà èõ
îñíîâå âåðòèêàëüíûõ ãåòåðîñòðóêòóð.
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Ïðîãíîçèðîâàíèå ñòðóêòóðû íåóãëåðîäíîé íàíîòðóáêè WS2

Prediction of the structure of non-carbon nanotube WS2

Ôåäîðîâ À. Ã.

Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èì. Ì.Ê. Àììîñîâà, ßêóòñê, Ðîññèÿ;
ag.fedorov@s-vfu.ru

Â ðàáîòå ðàññìîòðåíû âîïðîñ ïðîãíîçèðîâàíèÿ ñòðóêòóðû íåóãëåðîäíûõ íàíîòðóáîê
(ÍÍÒ) ñ ïðèìåíåíèåì ìåòîäîâ ìîëåêóëÿðíîé äèíàìèêè, à òàêæå ab initio ðàñ÷åòîâ äëÿ
êëàñòåðà ÍÍÒ íà îñíîâå ïðîãðàììíîãî ïàêåòà USPEX [1].

Îáúåêòîì èññëåäîâàíèÿ ÿâëÿåòñÿ äèñóëüôèä âîëüôðàìà (WS2), êàê íàèáîëåå ïåðñïåê-
òèâíàÿ ÍÍÒ, êîòîðûé îáëàäàåò áîëüøèì ïîòåíöèàëîì ïðèìåíåíèÿ â ýëåêòðîíèêå, ôîòîíè-
êå è äðóãèõ îáëàñòÿõ. Òàê, íàïðèìåð, ñðàâíèòåëüíî íåäàâíî èññëåäîâàòåëè ñ Òîêèî ñìîãëè
íàáëþäàòü õèðàëüíóþ ñâåðõïðîâîäèìîñòü íà îñíîâå WS2 [2], ñ÷èòàþùååñÿ ïåðâûì â ìèðå
íàáëþäåíèåì ýôôåêòà õèðàëüíîñòè ïðè ñâåðõïðîâîäèìîñòè.

Ñ îòêðûòèåì â 1991 ã. Iijima S. óãëåðîäíîé íàíîòðóáêè [3], îáíàðóæåíî ìíîæåñòâî ðàç-
íîâèäíîñòåé íàíîòðóá, ñâîéñòâà êîòîðûõ â ïåðñïåêòèâå ìîæåò ïîëó÷èòü øèðîêîå ïðàêòè-
÷åñêîå ïðèìåíåíèå ïðè óñëîâèè ðàçðàáîòêè ìåòîäîâ ìàñøòàáíîãî ïðîèçâîäñòâà.

Äëÿ ïîíèìàíèÿ â ïîëíîé ìåðå ìåõàíè÷åñêèõ ñâîéñòâ âíóòðåííåãî óñòðîéñòâà íàíîîáú-
åêòîâ, íàðÿäó ñ ýêñïåðèìåíòàëüíûìè èññëåäîâàíèÿìè òðåáóåòñÿ è òåîðåòè÷åñêèå ðàáîòû.
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Ìàãíèòíûå ñâîéñòâà PbSnTe:In â ñâåðõïðîâîäÿùåì
ñîñòîÿíèè

Magnetic properties of PbSnTe:In in superconducting state

Øàìøóð Ä.Â., Âîëêîâ Ì.Ï., Ìèõàéëèí Í.Þ., Ïàðôåíüåâ Ð.Â.

ÔÒÈ èì. À.Ô. Èîôôå ÐÀÍ, Ñàíêò-Ïåòåðáóðã, Ðîññèÿ; d.shamshur@mail.ioffe.ru

Ïîëóïðîâîäíèêîâûå ñîåäèíåíèÿ SnTe:In è PbSnTe:In ïðåäñòàâëÿþò èíòåðåñ â ñâÿçè ñ
âîçìîæíîñòüþ ðåàëèçàöèè â íèõ ñîñòîÿíèÿ ¾òîïîëîãè÷åñêîãî êðèñòàëëè÷åñêîãî èçîëÿòî-
ðà¿ [1]. Ñèñòåìà ïîëóïðîâîäíèêîâûõ òâåðäûõ ðàñòâîðîâ PbzSn1−zTe îáðàçóåò íåïðåðûâ-
íûé ðÿä òâåðäûõ ðàñòâîðîâ çàìåùåíèÿ. Ââåäåíèå èíäèÿ â òâåðäûé ðàñòâîð ïðèâîäèò ê
âîçíèêíîâåíèþ â (PbzSn1−z)1−xInxTe ïðèìåñíîé ïîëîñû êâàçèëîêàëüíûõ ñîñòîÿíèé In è
ñóùåñòâåííî âëèÿåò íà åãî ôèçè÷åñêèå ñâîéñòâà. Òàê, â [2] áûëî îáíàðóæåíî, ÷òî ïðè
îïðåäåëåííîì óðîâíå ëåãèðîâàíèÿ In â òâåðäîì ðàñòâîðå íàáëþäàåòñÿ ïåðåõîä â ñâåðõ-
ïðîâîäÿùåå (ÑÏ) ñîñòîÿíèå ñ òåìïåðàòóðîé ïåðåõîäà Òc ≤ 4.2 K. Íàìè áûëè èçó÷åíû
òåìïåðàòóðíûå m(T) è ìàãíèòîïîëåâûå m(H) çàâèñèìîñòè íàìàãíè÷åííîñòè m ïîëèêðè-
ñòàëëè÷åñêèõ îáðàçöîâ (PbzSn1−z)0.84In0.16Te c ñîäåðæàíèåì ñâèíöà z = 0.3, 0.4 è 0.6 â
îáëàñòè ÑÏ ñîñòîÿíèÿ. Îáíàðóæåíî, ÷òî â (Pb0.4Sn0.6)0.84In0.16Te íà çàâèñèìîñòè m(H)
íàáëþäàåòñÿ ãèñòåðåçèñ, à ïðè ïðèáëèæåíèè ê êðèòè÷åñêîìó ïîëþ Hc2 ïîÿâëÿåòñÿ ÿðêî
âûðàæåííûé ýêñòðåìóì. Îäíîâðåìåííî íà çàâèñèìîñòè m(Ò) â ìàãíèòíîì ïîëå, ñîîòâåò-
ñòâóþùåì îáëàñòè ìàêñèìóìà m(Í) è ïðè T, áëèçêîé ê Tc, íàáëþäàåòñÿ âûðàæåííàÿ
îñîáåííîñòü. Óìåíüøåíèå ñîäåðæàíèÿ ñâèíöà â òâåðäîì ðàñòâîðå (îáðàçåö z = 0.3) èëè
åãî óâåëè÷åíèå (z = 0.6) ïðèâîäèò ê óìåíüøåíèþ (èëè èñ÷åçíîâåíèþ) ýôôåêòà.
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Ñåêöèÿ IV. Äðóãèå âîïðîñû ôèçèêè

Îïðåäåëåíèå õèìè÷åñêîãî ñîñòàâà æåë÷íûõ êàìíåé ìåòîäîì
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Determination the chemical composition of gallstones by FT-IR
spectroscopy
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Èññëåäîâàíî ìåòîäîì ÈÊ-ñïåêòðîñêîïèè 34 æåë÷íûõ êàìíÿ ïàöèåíòîâ ñ æåë÷íîêà-
ìåííîé áîëåçíüþ ïðîæèâàþùèõ â ðàçíûõ ðàéîíàõ Ðåñïóáëèêè Ñàõà (ßêóòèÿ). Æåë÷íûå
êàìíè áûëè âçÿòû ïîñëå õîëåöèñòýêòîìèè èç õèðóðãè÷åñêèõ îòäåëåíèé áîëüíèö ã. ßêóò-
ñêà. Èññëåäîâàíèÿ ïðîâîäèëèñü íà ÈÊ - Ôóðüå ñïåêòðîìåòðå Paragon 1000 ôèðìû Perkin-
Elmer (ÑØÀ). Èçìåðåíèÿ ïðîâîäèëèñü â îáëàñòè 400− 4000 cm−1 ñ ðàçðåøåíèåì 4cm−1.
Ïîñëå îáðàáîòêè è îòíåñåíèÿ õàðàêòåðèñòè÷åñêèõ ïîëîñ ïîãëîùåíèÿ ê ñîîòâåòñòâóþùèì
ñòðóêòóðíûì ýëåìåíòàì æåë÷íûå êàìíè áûëè ðàçäåëåíû íà 5 ãðóïï â çàâèñèìîñòè îò
èõ õèìè÷åñêîãî ñîñòàâà. Ïðîöåíòíîå ñîîòíîøåíèå êàìíåé îò îáùåãî êîëè÷åñòâà èññëå-
äîâàííûõ ñîñòàâëÿëî: õîëåñòåðèíîâûå (23%), ïèãìåíòíûå (9%), èçâåñòêîâûå (4%), ïèã-
ìåíòíî�õîëåñòåðèíîâûå (23%) è ñìåøàííûå (41%), à ïðîöåíòíîå ñîîòíîøåíèå æåë÷íûõ
êàìíåé ïî öâåòó ñîñòàâëÿëî: áåëûå (18%), òåìíî � êîðè÷íåâûå (18%), ñâåòëî˘êîðè÷íåâûå
(57%), çåëåíûå (7%) è ÷åðíûå (4%). Àíàëèç æåë÷íîêàìåííîé áîëåçíè íà îñíîâå ÈÊ-Ôóðüå
ñïåêòðîñêîïèè ãîâîðèò î òîì, ÷òî óðîâåíü õîëåñòåðèíà â îòäåëüíîñòè èëè â êîìáèíàöèè
ñ êàðáîíàòîì êàëüöèÿ èëè áèëèðóáèíà ÿâëÿåòñÿ ïðåîáëàäàþùèì êîìïîíåíòîì æåë÷íûõ
êàìíåé ó æèòåëåé Ðåñïóáëèêè Ñàõà (ßêóòèÿ). Èõ îáðàçîâàíèå ñâÿçàíî ñ íàðóøåíèåì õî-
ëåñòåðèíîâîãî îáìåíà â îðãàíèçìå. Ïîëó÷åííûå ñïåêòðû äàþò âîçìîæíîñòü îõàðàêòåðè-
çîâàòü æåë÷íûå êàìíè ïî ïðåîáëàäàíèþ â èõ ñîñòàâå òåõ èëè èíûõ âåùåñòâ è ðàçðàáîòàòü
â äàëüíåéøåì ïðèåìëåìóþ òàêòèêó êîíñåðâàòèâíîãî ëå÷åíèÿ æåë÷íîêàìåííîé áîëåçíè.
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Îñîáåííîñòè ðàñïðîñòðàíåíèÿ ÄÂ-ÑÂ-ÊÂ ðàäèîâîëí íà
Àðêòè÷åñêèõ òðàññàõ ëåä-ìîðå

Features of the propagation of LW-MW-SW radio waves on
Arctic ice-sea paths

Bashkuev Yu.B.1, Dembelov M.G.1, Buyanova D.G.1, Naguslaeva I. B.1,
Khaptanov V.B.1, Melchinov V.P.2

Institute of Physical Materials Science of the Siberian Branch of the Russian Academy of
Sciences 6, Sakhyanova str., Ulan-Ude, Russia; buddich@mail.ru

2North- Eastern Federal University, Belinsky str, Yakutsk, Russia; melchinovvp@mail.ru

A study of radio wave propagation over the ice-covered sea areas is of great importance with
the problem of the surface electromagnetic wave (SEW). Many of LF-MF-HF radio systems
in the Arctic seas work in the range of 100 kHz to 5 MHz. Results of experiments for the
observation of surface electromagnetic waves (SEWs) in the decameter range (10 and 15 MHz)
excited by a vertical dipole and propagating above the ice-coated surface of a salt lake over a
distance of up to 1.2 km are considered. It is shown that the SEW decays much more weakly
than the ”ground” ray. The absolute values of the radiation attenuation function —W— are
significantly greater than unity and reach —W— 2, which also corresponds to the SEW.
Experimental data on the SEW damping agree with the results of numerical calculations of
the electromagnetic field in the system under consideration. The ice layer has a great influence
on the electromagnetic field, which can be greater over the ice-covered ocean compared with
the field over an infinitely conducting plane. The field increase effect is due to the SEW. It
was determined that the conditions of radio wave propagation over ice paths depend on a
frequency, ice thickness and distance from the transmitter within the 100 kHz – 5 MHz range
on the paths with ice thickness from 0.1 to 4 meters. According to the results of numerical data
of the modeling of conditions of radio wave propagation within the range of 100 kHz – 5 MHz
(attenuation function W, electromagnetic field level E) over the stratified “ice-sea” medium
the efficiency assessment of communication channels and navigation in the Arctic regions was
carried out. The results of the modeling displayed a strong influence of the ice layer on the
LF-MF-HF range radio wave propagation.
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Ìîäåëèðîâàíèå íåéòðàëüíîãî òîêîâîãî ñëîÿ ìåæïëàíåòíîãî
ìàãíèòíîãî ïîëÿ

Modeling of the neutral current sheet of the interplanetary
magnetic �eld

Âèíîêóðîâ Í.À.

Vinokurov N.A.

Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èì. Ì. Ê. Àììîñîâà, ßêóòñê, Ðîññèéñêàÿ
Ôåäåðàöèÿ; nickvnkrv@gmail.com

Ãåëèîñôåðíûé òîêîâûé ñëîé (ÃÒÑ) ðàçäåëÿåò ïðîòèâîïîëîæíûå ïîëÿðíîñòè ìàãíèò-
íîãî ïîëÿ Ñîëíöà. Ïî ïðè÷èíå òîãî, ÷òî îáùåå ìàãíèòíîå ïîëå Ñîëíöà íå ÿâëÿåòñÿ ÷èñòî
äèïîëüíûì, à ñîëíå÷íûé âåòåð íå ÿâëÿåòñÿ èäåàëüíî ñôåðè÷åñêè ñèììåòðè÷íûì, ÃÒÑ
èìååò ñëîæíóþ ôîðìó ñ îòêëîíåíèÿìè â òó è äðóãóþ ñòîðîíó îò ïëîñêîñòè ñîëíå÷íîãî
ýêâàòîðà, êîòîðàÿ â ðàçëè÷íûõ ôàçàõ ñîëíå÷íîé àêòèâíîñòè ìîæåò ñèëüíî èçìåíÿòüñÿ. Â
äàííîé ðàáîòå ïðåäëîæåíà ìíîãîïàðàìåòðè÷åñêàÿ ìîäåëü ÃÒÑ. Ïðîèçâåäåíî ñîïîñòàâëå-
íèå ðåçóëüòàòîâ ìîäåëèðîâàíèÿ ñ äàííûìè ïðÿìûõ èçìåðåíèé ñèãíàòóð ìåæïëàíåòíîãî
ìàãíèòíîãî ïîëÿ (https://omniweb. gsfc. nasa.gov/html/polarity/polarity.html) çà 1978, 1998,
2009 ãã. Íà îñíîâå àíàëèçà ïîëó÷åííûõ äàííûõ ïîëó÷åíà îöåíêà îòêëîíåíèÿ îñè ìàãíèò-
íîãî ïîëÿ Ñîëíöà îò îñè åãî âðàùåíèÿ, óãëà ðàñòâîðà ãîôðà ÃÒÑ, êîëè÷åñòâà ñåêòîðîâ
ìåæïëàíåòíîãî ìàãíèòíîãî ïîëÿ, à òàêæå ñåâåðî-þæíîé àñèììåòðèè ñòðóêòóðû ÃÒÑ.
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Çàâèñèìîñòü àìïëèòóäû Ôîðáóø ïîíèæåíèÿ îò ïàðàìåòðîâ
ìàãíèòíîãî îáëàêà

The dependence of the Forbush decrease amplitude on the
Magnetic Cloud Parameters

Vinokurov N.A., Gololobov P.Yu., Petukhova A. S.

Èíñòèòóò êîñìîôèçè÷åñêèõ èññëåäîâàíèé è àýðîíîìèè èì. Þ.Ã. Øàôåðà ÑÎ ÐÀÍ,
ßêóòñê, Ðîññèéñêàÿ Ôåäåðàöèÿ; ikfia@ysn.ru

Âûáðîñû êîðîíàëüíîé ìàññû âåùåñòâà îêàçûâàþò âîçäåéñòâèå íà ñîñòîÿíèå îêîëî-
çåìíîãî ïðîñòðàíñòâà. Íàèáîëåå ñèëüíîå âîçäåéñòâèå îêàçûâàþò ìàãíèòíûå îáëàêà, ÿâ-
ëÿþùèåñÿ ÷àñòüþ âûáðîñà. Ñîãëàñíî ìîäåëè (Ïåòóõîâà À.Ñ., Ïåòóõîâ È.Ñ., Ïåòóõîâ Ñ.È.
Ôîðáóø-ïîíèæåíèå êîñìè÷åñêèõ ëó÷åé â òîðîèäàëüíîé ìîäåëè ìàãíèòíîãî îáëàêà // Ïèñü-
ìà âÆÝÒÔ. 2015. Ò. 102. � 11. Ñ. 807) Ôîðáóø ïîíèæåíèå â ìàãíèòíîì îáëàêå çàâèñèò îò:
íàïðÿæåííîñòè ìàãíèòíîãî ïîëÿ, ãðàäèåíòà ñêîðîñòè ïîòîêà, ãåîìåòðè÷åñêîãî ðàçìåðà è
ïðèöåëüíîãî ðàññòîÿíèÿ. Ñ öåëüþ ïðîâåðêè âûâîäîâ òåîðèè ïðîâîäèòñÿ àíàëèç ðåàëüíûõ
ñîáûòèé, ïîëó÷åííûõ íà îñíîâå íàçåìíûõ èçìåðåíèé, ìåòîäîì ãëîáàëüíîé ñúåìêè.
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Ìîäåëèðîâàíèå ðàñïðåäåëåíèÿ òåìïåðàòóðû ýëåêòðîíîâ â
ñóáàâðîðàëüíîé èîíîñôåðå äëÿ çèìíèõ óñëîâèé

Modeling the electron temperature distribution in the
subauroral ionosphere for winter condition

Ãîëèêîâ È.À.1, Ãîëîëîáîâ À.Þ.2, Ïîïîâ Â.È.2

1Èíñòèòóò êîñìîôèçè÷åñêèõ èññëåäîâàíèé è àýðîíîìèè ÑÎ ÐÀÍ, ã. ßêóòñê, Ðîññèÿ
gia2008@mail.ru

2Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èì. Ì.Ê. Àììîñîâà, ã. ßêóòñê, Ðîññèÿ
golart87@gmail.com

Â äîêëàäå ðàññìàòðèâàþòñÿ ðåçóëüòàòû ÷èñëåííîãî ìîäåëèðîâàíèÿ âûñîêîøèðîòíîé
èîíîñôåðû ñ ó÷åòîì èîíîñôåðíî - ìàãíèòîñôåðíîãî âçàèìîäåéñòâèÿ. Ðàñ÷åòû ïðîâåäåíû
íà ìîäåëè âûñîêîøèðîòíîé èîíîñôåðû â ïåðåìåííûõ Ýéëåðà, ïîçâîëÿþùåé ðàññ÷èòûâàòü
êîíöåíòðàöèþ èîíîâ O+, òåìïåðàòóðó ýëåêòðîíîâ è èîíîâ ñ ó÷åòîì íåñîâïàäåíèÿ ïîëþñîâ.
Îáñóæäàþòñÿ îñîáåííîñòè ðàñïðåäåëåíèÿ ïàðàìåòðîâ èîíîñôåðû, ïîëó÷åííûõ äëÿ ðàçíûõ
ãåîôèçè÷åñêèõ óñëîâèé.
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Êâàòåðíèîííûå ôóíêöèè è èõ ïðèëîæåíèÿ â ìåõàíèêå
ñïëîøíûõ ñðåä

Quaternionic functions and their applications in mechanics of
continua

Ãðèãîðüåâ Þ.Ì.

Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò, ßêóòñê, Ðîññèÿ grigyum@yandex.ru

Ïðåäñòàâëåíà òåîðèÿ êâàòåðíèîííûõ ôóíêöèé íåïîëíîé êâàòåðíèîííîé ïåðåìåííîé [1
- 2]. Èçó÷àåìûå ôóíêöèè âîçíèêàþò êàê ðåøåíèÿ ñèñòåìû Ìîèñèëà - Òåîäîðåñêó (ÑÌÒ),
ÿâëÿþùåéñÿ òðåõìåðíûì àíàëîãîì ñèñòåìû Êîøè - Ðèìàíà. Â ìíîãîìåðíîì Êëèôôîð-
äîâîì àíàëèçå òåîðèÿ ÑÌÒ ÿâëÿåòñÿ ÷àñòíûì ñëó÷àåì, íî èñïîëüçóåìûå íàìè ëåâî -
ìîíîãåííûå àíàëîãè ñòåïåíåé êîìïëåêñíîé ïåðåìåííîé îòëè÷àþòñÿ îò èñïîëüçóåìûõ â
Êëèôôîðäîâîì àíàëèçå äâóñòîðîííå ìîíîãåííûõ ïîëèíîìîâ. Ïîêàçàíî, ÷òî ïîëíîöåííàÿ
òåîðèÿ ñòðîèòñÿ è ïðè íàøåì ïîäõîäå [3]. Â ñâÿçè ñ ïðèëîæåíèÿìè òåîðèè ÑÌÒ ñïåöèàëü-
íîå ðàçâèòèå òðåõìåðíîé òåîðèè âïîëíå îïðàâäàíî. Îñíîâîé ýôôåêòèâíûõ ïðèëîæåíèé
êâàòåðíèîííîãî àíàëèçà â òåîðèè óïðóãîñòè ÿâëÿþòñÿ ðàçëè÷íûå âàðèàíòû êâàòåðíèîí-
íîãî ðàñøèðåíèÿ ôîðìóë Êîëîñîâà - Ìóñõåëèøâèëè [4]. Àíàëîãè÷íûå ðåçóëüòàòû ïîëó÷å-
íû ïðè ðåøåíèè ñèñòåìû Ñòîêñà, îïèñûâàþùåé ìåäëåííûå òå÷åíèÿ âÿçêîé æèäêîñòè. Â
äàëüíåéøåì ïåðñïåêòèâíûìè ïðåäñòàâëÿþòñÿ ðàçâèòèå êâàòåðíèîííûõ ìåòîäîâ ðåøåíèÿ
íåêîððåêòíûõ çàäà÷ òåîðèè óïðóãîñòè, ðàçâèòèå êâàòåðíèîííûõ ÷èñëåííûõ ìåòîäîâ è äð.
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ìû Ìîèñèëà Òåîäîðåñêó // Ñèá. ìàò. æ. 1984. Ò. 25, � 54. Ñ. 9�19.

3. Grigor'ev Yu.M. Regular quaternionic polynomials and their properties //
Complex Variables and Elliptic Equations. 2017. V. 62. No . P. 1343�1363.
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Èíäóöèðîâàííûå ãðîçîâûå ïåðåíàïðÿæåíèÿ â
ìíîãîïðîâîäíûõ ëèíèÿõ ïåðåäà÷

Lightning induced overvoltages in multiconductor transmission
lines

Ãðèãîðüåâ Þ.Ì., Áîðèñîâà Ì.Í., Õàðëàìïüåâà Ñ. Ã.

Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò, ßêóòñê, Ðîññèÿ grigyum@yandex.ru

Ïðåäñòàâëåíà ìàòåìàòè÷åñêàÿ ìîäåëü ýëåêòðîñòàòè÷åñêîé êîìïîíåíòû èíäóöèðîâàí-
íûõ ãðîçîâûõ íàïðÿæåíèé, íàçûâàåìîé âîëíà òîêà è íàïðÿæåíèÿ (ÂÒÍ), â ìíîãîïðîâîä-
íîé ëèíèè ïåðåäà÷è îãðàíè÷åííîé äëèíû â óñëîâèÿõ ìíîãîëåòíåé ìåðçëîòû, ÿâëÿþùàÿñÿ
ðàçâèòèåì ðàçðàáîòàííûõ ðàíåå ìîäåëåé [1-5]. Ðåçóëüòàòû âû÷èñëèòåëüíîé ðåàëèçàöèè ïî-
êàçûâàþò, ÷òî ïàðàìåòðû ÂÒÍ ñóùåñòâåííî ðàñòóò ñ óâåëè÷åíèåì òîëùèíû ìíîãîëåòíåé
ìåðçëîòû, â ÷àñòíîñòè, ïðè áëèæíåì óäàðå ìîëíèè ìàêñèìàëüíîå çíà÷åíèå ïåðåíàïðÿæå-
íèÿ ìîæåò äîñòèãàòü íåñêîëüêèõ ìåãàâîëüò. Ïîêàçàíî, ÷òî ïðè áëèæíåì ðàçðÿäå ìîëíèè
ìåæäó îáëàêàìè âåëè÷èíû ÂÒÍ òàêæå ñóùåñòâåííû, íî ìåíüøå, ÷åì ïðè ðàçðÿäå ìîëíèè
â çåìëþ.
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Ìîäåëü ïëàçìåííîé îáîëî÷êè çàìàãíè÷åííûõ ïëàíåò
(àâòîìîäåëüíûé ñëó÷àé)

Plasma sheath model of magnetized planets (automodel case)

Åôðåìîâà Ñ.À.1, Ðîìàùåíêî Þ.À., Êðûìñêèé Ã.Ô.2
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Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ ïîñòðîåíèå ïðîñòîé àíàëèòè÷åñêîé ìîäåëè ñèñòå-
ìû: "ìàãíèòíîå ïîëå äèïîëÿ-ïðîìàãíè÷åííàÿ ïëàçìà". Çàäà÷à ðàññìàòðèâàåòñÿ â ñòàöèî-
íàðíîì ðåæèìå, ïðè ýòîì äîïóñêàåòñÿ, ÷òî ÷åðåç ïëàçìó ïðîòåêàåò òîê. Ïðè ðàññìîòðåíèè
êðóïíîìàñøòàáíûõ ÿâëåíèé ñèñòåìû "ïëàçìà-ìàãíèòíîå ïîëå"ìîæíî ñ óñïåõîì ïðèìå-
íèòü ìàãíèòîãèäðîäèíàìè÷åñêèé ïîäõîä. Â êà÷åñòâå ïðîñòåéøåé ìîäåëè áóäåì ñ÷èòàòü
ñèñòåìó ñôåðè÷åñêè ñèììåòðè÷íîé, òîêè ïðîòåêàþùèå ïî ïëàçìå áóäåì ñ÷èòàòü êîìïàêò-
íûìè îáðàçîâàíèÿìè ñ ôèíèòíûìè èëè èíôèíèòíûìè ãðàíèöàìè ñ åäèíñòâåííîé àçèìó-
òàëüíîé êîìïîíåíòîé. Òàêóþ ñèñòåìó ïðîùå âñåãî ñ÷èòàòü ñèñòåìîé ñ îñåñèììåòðè÷íîé
êîíôèãóðàöèåé. Â óïðîùåííîì âèäå ñòàöèîíàðíàÿ çàäà÷à ôîðìóëèðóåòñÿ ñëåäóþùèì îá-
ðàçîì: - èìååòñÿ ìàãíèòíîå ïîëå äèïîëÿ ïëàíåòû, â îêðåñòíîñòè êîòîðîãî íàõîäèòñÿ ïëàç-
ìà. - ÷åðåç ýòó ïëàçìó ïðîòåêàåò êâàçèêîëüöåâîé òîê, ìàãíèòíîå ïîëå êîòîðîãî ñêëàäûâà-
ÿñü ñ ïîëåì äèïîëÿ äàåò îñíîâíîé "ïîðòðåò"ñèñòåìû. - ðàñïðåäåëåíèå êîëüöåâûõ òîêîâ â
ïðîñòðàíñòâå ìîæåò èìåòü ôèíèòíûé èëè èíôèíèòíûé õàðàêòåð. Îñíîâíûì äëÿ ðåøåíèÿ
çàäà÷è ÿâëÿåòñÿ óðàâíåíèå Ãðýäà-Øàôðàíîâà [1], îïðåäåëÿþùåå ðàâíîâåñíóþ êîíôèãó-
ðàöèþ ñ íåëèíåéíûì ðàñïðåäåëåíèåì ïðîäîëüíîãî òîêà. Â ðàáîòå ðàçîáðàíû ðàçëè÷íûå
âàðèàíòû äëÿ ïðîäîëüíîãî òîêà. Ðåøåíèå ïðîâîäèëîñü ÷èñëåííûìè ìåòîäàìè, à òàêæå
ìåòîäîì Ãàëåðêèíà [2].Ðåçóëüòàòû çàäà÷è ìîãóò áûòü èñïîëüçîâàíû ïðè ðàññìîòðåíèè
ôèçè÷åñêèõ ÿâëåíèé â ìàãíèòîñôåðàõ çàìàãíè÷åííûõ ïëàíåò, â îáîëî÷êàõ ïóëüñàðîâ, à
òàêæå â ëàáîðàòîðíûõ óñëîâèÿõ.
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Èññëåäîâàíèå ìîäèôèöèðîâàííîé êîðû äàóðñêîé
ëèñòâåííèöû ìåòîäîì êîìáèíàöèîííîãî ðàññåÿíèÿ ñâåòà

Investigation of modi�ed bark of the Daurian larch by Raman
spectroscopy

Zhebsain V.V.1, Popov V. I., Zhebsaina S.M.2, Nikiphorova A.A.,Nikolaev M. S.

1Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èì. Ì.Ê.Àììîñîâà, ßêóòñê, Ðîññèéñêàÿ
Ôåäåðàöèÿ; zhebs@mail.ru

2ÎÎÎ ¾Àéêðà¿, ßêóòñê, Ðîññèéñêàÿ Ôåäåðàöèÿ; zhsof@mail.ru

Îäíèì èç ýôôåêòèâíûõ ìåòîäîâ èçó÷åíèÿ ñòðîåíèÿ âåùåñòâà ÿâëÿåòñÿ ìåòîä êîìáè-
íàöèîííîãî ðàññåÿíèÿ ñâåòà (ÊÐÑ) èëè ðàìàíîâñêàÿ ñïåêòðîñêîïèÿ. Óêàçàííûì ìåòîäîì
íàìè áûëè ïðîâåäåíû èññëåäîâàíèÿ êîðû äàóðñêîé ëèñòâåííèöû ïðè ïîìîùè íàíîëàáî-
ðàòîðèè NT-MDT ÈÍÒÅÃÐÀ. Öåëü èññëåäîâàíèé � èçó÷åíèå äèíàìèêè ñïåêòðà ìîäè-
ôèöèðîâàííîé ãèäðîòåðìè÷åñêîé îáðàáîòêîé êîðû äàóðñêîé ëèñòâåííèöû ïðè å¼ âçàèìî-
äåéñòâèè ñ íåôòüþ è ãîðþ÷å-ñìàçî÷íûìè ìàòåðèàëàìè (ÃÑÌ). Èññëåäîâàíèÿ ïîêàçàëè,
÷òî ãèäðîòåðìè÷åñêàÿ îáðàáîòêà êîðû äàóðñêîé ëèñòâåííèöû ïðèâîäèò ê ìîäèôèêàöèè å¼
ñòðóêòóðû, òàê ó ìîäèôèöèðîâàííîé êîðû ïîÿâëÿþòñÿ âûðàæåííûå ÷åòêèå ëèíèè F(4400),
G(4609), îáóñëîâëåííûå ïî âñåé âåðîÿòíîñòè, ýêñòðàêöèåé ñìîë, ãàçîâ èíûõ ìèíîðèòàðíûõ
âåùåñòâ â ïðîöåññå îáðàáîòêè. Òàêæå ðåçóëüòàòû ýêñïåðèìåíòàëüíûå èçìåðåíèÿ ïîêàçàëè
ñóùåñòâåííîå ïîíèæåíèå ïëîòíîñòè è ïîâûøåíèå ñîðáèðóþùèõ ñâîéñòâ êîðû ëèñòâåííèöû
ïðè ãèäðîòåðìè÷åñêîé ìîäèôèêàöèè, ÷òî ñâèäåòåëüñòâóåò îá óâåëè÷åíèè å¼ ïîðèñòîñòè.
Îòìåòèì, ÷òî ïðè âçàèìîäåéñòâèå êîðû êàê ñ äèçòîïëèâîì, òàê è ñ áåíçèíîì ïðèâîäèò ê
ïîÿâëåíèþ äâóõ íîâûõ ìàêñèìóìîâ â ðàéîíå 4400 ñì-1 è 4600 ñì-1 ýòî F(4400), G(4593)
äëÿ ñëó÷àÿ êîðà+äèçòîïëëèâî è F(4400), G(4601) ó ñî÷åòàíèÿ êîðà + áåíçèí. Ïðèìå÷à-
òåëüíî, ÷òî ïðè ãèäðîòåðìè÷åñêîé îáðàáîòêå ìû ïîëó÷àåì ìàêñèìóìû â òîì æå ðàéîíå.
Ò.Î., âçàèìîäåéñòâèå êîðû ëèñòâåííèöû ñ äèçòîïëèâîì è áåíçèíîì ïðèâîäèò ê òàêîìó æå
ñïåêòðàëüíîìó ðåçóëüòàòó, ÷òî è å¼ ãèäðîòåðìè÷åñêàÿ ìîäèôèêàöèè.
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Ðàñ÷åò âåðîÿòíîñòè ïîëîæåíèÿ ÷àñòèöû â âèíòîâîì
ïíåâìîñåïàðàòîðå

Calculation of the probability of the position of a particle in a
spiral pneumoseparator

Êðûëàòîâà Ñ.Ð.1, ßêîâëåâ Á.Â.2

1ÔÃÀÎÓ ÂÎ Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èì.Ì.Ê. Àììîñîâà, ßêóòñê,
Ðîññèÿ; tsubasasardaana@mail.ru
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Ðîññèÿ; b-yakovlev@mail.ru

Èç-çà íàêëîíà ðàáî÷åé ïîâåðõíîñòè ïíåâìîñåïàðàòîðà ÷àñòèöû ïîä äåéñòâèåì âîçäó-
õà äâèæóòñÿ ðàçëè÷íûì îáðàçîì â çàâèñèìîñòè îò ðàçìåðîâ è ìàññû. Òÿæåëûå ÷àñòèöû
(ïîëåçíàÿ ôðàêöèÿ) â îñíîâíîì äâèæóòñÿ ïî öåíòðàëüíîé ÷àñòè è îòäåëÿþòñÿ, à ëåãêèå
(ïåñîê) ïî ïåðèôåðèéíîé ÷àñòè âèíòîâîé ïîâåðõíîñòè è âûáðàñûâàþòñÿ. Ìàòåìàòè÷åñêàÿ
ìîäåëü ðàáî÷åé ïîâåðõíîñòè âèíòîâîãî ñåïàðàòîðà ïîëó÷åíà îáîáùåíèåì ìîäåëè êîíè÷å-
ñêîé ïîâåðõíîñòè. Íîðìàëü ê êîíè÷åñêîé ïîâåðõíîñòè èìååò äâå êîìïîíåíòû: ðàäèàëü-
íóþ è âåðòèêàëüíóþ. Âèíòîâàÿ ïîâåðõíîñòü ïîëó÷åíà äîáàâëåíèåì òðåòüåé àêñèàëüíîé
êîìïîíåíòû. Äâèæåíèå ÷àñòèö ïðîèñõîäèò òîëüêî ïî ðàáî÷åé ïîâåðõíîñòè. Çíàÿ çàêîí
äâèæåíèÿ äëÿ îäíîé ÷àñòèöû, ìîæíî îïðåäåëèòü òðàåêòîðèè è äëÿ ñèñòåìû íåâçàèìîäåé-
ñòâóþùèõ ÷àñòèö. Ïðè ðàâíîìåðíîì ïîñòóïëåíèè ÷àñòèö íà ðàáî÷óþ ïîâåðõíîñòü ìîæíî
ñ÷èòàòü ÷òî, â íà÷àëüíûé ìîìåíò âðåìåíè, ðàñïðåäåëåíèå âåðîÿòíîñòè ïîëîæåíèÿ ÷àñòè-
öû âäîëü ðàäèóñà âèíòîâîé ïîâåðõíîñòè îäíîðîäíî. Ðàññìàòðèâàÿ äâèæåíèå íåâçàèìî-
äåéñòâóþùèõ ÷àñòèö ñ çàäàííûì íà÷àëüíûì îäíîðîäíûì âäîëü ðàäèóñà ðàñïðåäåëåíèåì,
ìîæíî îïðåäåëèòü êîíöåíòðàöèþ ÷àñòèö íà âèíòîâîé ïîâåðõíîñòè â ïîñëåäóþùèå ìîìåí-
òû âðåìåíè. Ïðè ñòàöèîíàðíîì ñëó÷àå ïîëó÷àåòñÿ îïðåäåëåííîå íåçàâèñÿùåå îò âðåìåíè
ðàñïðåäåëåíèå ïëîòíîñòè ÷àñòèö íà ïîâåðõíîñòè. Ñîãëàñíî ìåòîäó Ãèááñà ýòî ðàñïðåäåëå-
íèå îòîæäåñòâëÿåòñÿ ñ ðàñïðåäåëåíèåì âåðîÿòíîñòè ìåñòîíàõîæäåíèÿ îäíîé ÷àñòèöû. Â
ðàáîòå îïðåäåëåíî ðàñïðåäåëåíèå âåðîÿòíîñòè ïîëîæåíèÿ ÷àñòèöû â òðåõ âèòêàõ ðàáî÷åé
ïîâåðõíîñòè ïíåâìîñåïàðàòîðà. Ðåçóëüòàòû èññëåäîâàíèÿ ïðåäñòàâëåíû â âèäå ïîâåðõ-
íîñòíûõ ãðàôèêîâ.
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Ïðèìåíåíèå âåéâëåò äëÿ çàäà÷ ðàñïîçíàâàíèÿ ðå÷è

Using of wavelet for speech recognition

Ëåîíòüåâ Í.À.

Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èì.Ì.Ê.Àììîñîâà, ßêóòñê, Ðîññèÿ;
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Ðàñïîçíàâàíèå ðå÷è ÿâëÿåòñÿ îäíèì èç âîñòðåáîâàííûõ òåõíîëîãèé â öèôðîâîì ìèðå,
íî åãî òðóäîåìêîñòü è ñëîæíîñòü ÿâëÿåòñÿ îäíèì èç ôàêòîðîâ çàòðóäíÿþùèì, åãî âíåä-
ðåíèåì â îáû÷íóþ æèçíü. Òîëüêî áîëüøèå êîðïîðàöèè, èìåþùèå áîëüøîé îáúåì äàííûõ
ñîçäàþò ïðîãðàììíûå ñðåäñòâà äëÿ ïîâñåäíåâíîãî èñïîëüçîâàíèÿ ðàñïîçíàâàíèÿ ðå÷è. Â
ìèðå ïðîäâèíóòîå èññëåäîâàíèÿ èìåþò ðàñïðîñòðàíåííûå ÿçûêè, òàêè êàê àíãëèéñêèé,
åâðîïåéñêèå ÿçûêè, èíäèéñêèé, àðàáñêèé, êèòàéñêèé, ðóññêèé. Ñóùåñòâóþò èññëåäîâàíèÿ
ÿçûêîâ íàðîäîâ Ðîññèè, íàïðèìåð òàòàðñêîãî, áàøêèðñêîãî ÿçûêà.

¾Âåéâëåò - ñïåêòðîãðàììû îò÷åòëèâî âûäåëÿþò òàêèå îñîáåííîñòè ñèãíàëîâ, êàê ðàç-
ðûâû, èçìåíåíèå çíàêîâ ïåðâîé è âòîðîé ïðîèçâîäíûõ, èçìåíåíèå ÷àñòîòû íåñòàöèîíàðíî-
ãî ñèãíàëà è ò. ä. Òî åñòü òå îñîáåííîñòè ñèãíàëîâ, êîòîðûå ïëîõî âûäåëÿþòñÿ íà ñïåêòðå
Ôóðüå - ñèãíàëà.

Òàêèì îáðàçîì, âåéâëåò - àíàëèç ñèãíàëîâ îòêðûâàåò ïðèíöèïèàëüíî íîâûå âîçìîæíî-
ñòè â àíàëèçå íåñòàöèîíàðíûõ ñèãíàëîâ, ê êîòîðûì è îòíîñèòñÿ àíàëèç çâóêîâûõ ñèãíàëîâ
è ðå÷è¿.

Òàê êàê ðàñïîçíàâàíèÿ ðå÷è çàâèñèò îò ïàðàìåòðîâ ïîëó÷åííûõ ýìïèðè÷åñêèì ïó-
òåì, ýòî çíà÷èò ÷òî äëÿ êàæäîãî ÿçûêà, äèàëåêòà è ãîâîðà ñóùåñòâóþò ñâîè çíà÷åíèÿ, ñ
ïîìîùüþ êîòîðûõ ïðîèñõîäèò ïðîöåññ àâòîìàòèçèðîâàííîãî ðàñïîçíàâàíèÿ ðå÷è. Àâòîð
ïðîâîäèò ñ ïîìîùüþ âåéâëåò - ïðåîáðàçîâàíèÿ èññëåäîâàíèÿ óñòíîé ðå÷è íà ÿêóòñêîì
ÿçûêå. Â ÷àñòíîñòè, ïðîâåäåíû èçìåðåíèÿ ïàðàìåòðîâ ðå÷è, ñåãìåíòàöèÿ ðå÷è. Ïðîâîäÿò-
ñÿ èññëåäîâàíèÿ äëÿ áîëåå òî÷íîãî îïðåäåëåíèÿ ãëàñíûõ è ñîãëàñíûõ ôîíåì ÿêóòñêîãî
ÿçûêà. Ïðîèñõîäèò ñáîð áàçû äàííûõ óñòíîé ðå÷è äëÿ óâåëè÷åíèÿ òî÷íîñòè ðàñïîçíàâà-
íèÿ ðå÷è. Èññëåäóþòñÿ ðàçëè÷íûå âèäû âåéâëåò - ïðåîáðàçîâàíèÿ äëÿ ïîëó÷åíèÿ ëó÷øèõ
ðåçóëüòàòîâ.

Ïðèìåíåíèå âåéâëåò ïðåîáðàçîâàíèÿ äàåò âîçìîæíîñòü ðàñøèðèòü ìàòåìàòè÷åñêèé àï-
ïàðàò äëÿ èññëåäîâàíèÿ ñèãíàëîâ.
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Ãðîçîâûå ïåðåíàïðÿæåíèÿ â ëèíèè ïåðåäà÷ â òðåõñëîéíîé
ñðåäå

Lightning induced overvoltages in transmission lines over
layered earth

Áîðèñîâà Ì.Í., Ëîíãèíîâà Â.ß.

Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò, ßêóòñê, Ðîññèÿ vikatakyrova@mail.ru

Ðàçâèòà ìàòåìàòè÷åñêàÿ ìîäåëü ýëåêòðîñòàòè÷åñêîé êîìïîíåíòû èíäóöèðîâàííûõ ãðî-
çîâûõ íàïðÿæåíèé, íàçûâàåìîé âîëíà òîêà è íàïðÿæåíèÿ, â ëèíèè ïåðåäà÷è îãðàíè÷åííîé
äëèíû â óñëîâèÿõ ìíîãîëåòíåé ìåðçëîòû, ÿâëÿþùàÿñÿ ðàçâèòèåì ðàçðàáîòàííûõ ðàíåå
ìîäåëåé [1-4]. Ìîäåëü ó÷èòûâàåò çàâèñèìîñòü òîêà ìîëíèè îò âðåìåíè, äëÿ ìîäåëèðîâà-
íèÿ ìíîãîëåòíåé ìåðçëîòû èñïîëüçóåòñÿ âûðàæåíèÿ äëÿ ýëåêòðîñòàòè÷åñêîãî ïîòåíöèàëà
òî÷å÷íîãî çàðÿäà â òðåõñëîéíîé ñðåäå. Ïðîâåäåíà âû÷èñëèòåëüíàÿ ðåàëèçàöèÿ ìîäåëè
ïðè ðàçëè÷íûõ ïàðàìåòðàõ ìåðçëûõ ïîðîä è ãåîìåòðèè ìîëíèè. Ïîêàçàíî, ÷òî âåëè÷èíû
ïåðåíàïðÿæåíèé ìîãóò äîñòèãàòü äî 40 êèëîâîëüò ïðè óäàðå ìîëíèè â çåìëþ.
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conditions

Ìàðêîâ Â. Ã.1, Ïîïîâ Ñ.Â.2

ÔÃÀÎÓ ÂÎ ÑÂÔÓ èì. Ì.Ê. Àììîñîâà, ã. ßêóòñê, Ðîññèÿ; 1bntr@rambler.ru
2guspopov@mail.ru

Êðàåâûå çàäà÷è äëÿ ïðîòèâîïîëîæíûõ ñïóòíûõ ïîòîêîâ â ñëó÷àå ëèíåéíûõ óðàâíå-
íèé (â îñíîâíîì ìîäåëüíûõ) ðàññìàòðèâàëèñü â ðàáîòàõ Ì.Ñ. Áîóåíäè, Ï. Ãðèâàðà, Ê.Ä.
Ïàãàíè, Ñ.À. Òåðñåíîâà, À.Ì. Íàõóøåâà, È.Å. Åãîðîâà, Í.Â. Êèñëîâà, Ñ.Ã. Ïÿòêîâà, À.È.
Êîæàíîâà, Ñ.Â. Ïîòàïîâîé è äðóãèõ àâòîðîâ. Îòìåòèì, ÷òî ïîäîáíûå çàäà÷è âîçíèêàþò âî
ìíîãèõ îáëàñòÿõ ôèçèêè, ìåõàíèêè è íåêîòîðûõ äðóãèõ èõ ïðèëîæåíèÿõ. Â ìîíîãðàôèè
Ñ.À.Òåðñåíîâà (1985) âïåðâûå óñòàíîâëåíî, ÷òî ãëàäêèå ðåøåíèÿ ýòèõ çàäà÷ ñóùåñòâóþò
òîëüêî ïðè óñëîâèÿõ âûïîëíåíèÿ êîíå÷íîãî ÷èñëà ñâÿçåé èíòåãðàëüíîãî õàðàêòåðà ìåæäó
äàííûìè çàäà÷è.

Ðàññìàòðèâàþòñÿ âîïðîñû ðàçðåøèìîñòè êðàåâîé çàäà÷è äëÿ 2n - ïàðàáîëè÷åñêèõ
óðàâíåíèé ñ ìåíÿþùèìñÿ íàïðàâëåíèåì ýâîëþöèè èññëåäóþòñÿ âîïðîñû êîððåêòíîñòè
êðàåâûõ çàäà÷ ñ ïîëíîé ìàòðèöåé óñëîâèé ñîïðÿæåíèÿ [1]. Â ðàáîòå [2] ÿâíî ïðåäñòàâ-
ëåíû óñëîâèÿ ðàçðåøèìîñòè äëÿ êðàåâûõ çàäà÷ äëÿ ïàðàáîëè÷åñêèõ óðàâíåíèé ÷åòâåðòî-
ãî ïîðÿäêà ñ ìåíÿþùèìñÿ íàïðàâëåíèåì ýâîëþöèè. Ïðè n = 3 áûëè ðàññìîòðåíû îáùèå
óñëîâèÿ ñîïðÿæåíèÿ, íàéäåíû çàâèñèìîñòè ïîêàçàòåëåé ãåëüäåðîâñêèõ ïðîñòðàíñòâ îò âå-
ñîâûõ ôóíêöèé ñîïðÿæåíèÿ.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå Ìèíîáðíàóêè Ðîññèè â ðàìêàõ ãîñóäàðñòâåííîãî
çàäàíèÿ ÍÈÐ íà 2017-2019 ãã. (ïðîåêò 1.6069.2017/8.9).

ËÈÒÅÐÀÒÓÐÀ

1. Popov S.V., Markov V.G. Boundary value problems for parabolic equations of high
order with a changing time direction. // IOP Conf. Series: J. Phys. Conf. Series. V. 894 (2017)
012075. doi: 10.1088/1742-6596/894/1/012075.

2. Popov S.V. Parabolic equations with changing time direction and a full matrix of gluing
conditions // AIP Conference Proceedings. V. 1907 (2017) 030009. doi.org/10.1063/1.5012631.
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Îñîáåííîñòè ãèäðàâëè÷åñêîé êðóïíîñòè ïëîñêîé ÷àñòèöû

Features of hydraulic size of a �at particle

Ìàòâååâ È.À.1, Åðåìååâà Í. Ã.1, Ñòåïàíîâà Ñ.Ä.2, ßêîâëåâ Á.Â.2

1Èíñòèòóò ãîðíîãî äåëà Ñåâåðà èì. Í.Â. ×åðñêîãî ÑÎ ÐÀÍ (ÈÃÄÑ ÑÎ ÐÀÍ),ßêóòñê,
Ðîññèÿ; igor.andr.matveev@gmail.com

2Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èì. Ì.Ê. Àììîñîâà, ßêóòñê, Ðîññèÿ;
b-yakovlev@mail.ru

Ïðè îáîãàùåíèè ïîëåçíûõ èñêîïàåìûõ âî âñåõ ãðàâèòàöèîííûõ ïðîöåññàõ èìååò ìåñòî
ïàäåíèÿ ÷àñòèö â æèäêîñòè â ñâÿçè ñ ýòèì, ëàáîðàòîðèÿ îáîãàùåíèÿ ïîëåçíûõ èñêîïàå-
ìûõ ÈÃÄÑ (ÑÎ ÐÀÍ) èçó÷àåò îñîáåííîñòè ïîâåäåíèÿ ìèíåðàëüíûõ ÷àñòèö â ïîòîêå âîäû,
êàê ïî íàêëîííîé, òàê è ïî èñêðèâëåííîé ïîâåðõíîñòè. Äëÿ ðàñ÷åòîâ è ðåãóëèðîâêè ïðî-
öåññîâ ãðàâèòàöèîííîãî îáîãàùåíèÿ ïîëåçíîãî êîìïîíåíòà íåîáõîäèìî çíàòü ïîâåäåíèå,
êàê ñàìîãî ïîëåçíîãî êîìïîíåíòà, òàê è ìèíåðàëüíûõ ÷àñòèö â ãèäðîäèíàìè÷åñêîé ñðåäå.
Â òåîðèè è ïðàêòèêå ãðàâèòàöèîííîãî îáîãàùåíèÿ ìèãðàöèîííóþ ñïîñîáíîñòü ìèíåðàëü-
íûõ ÷àñòèö â ïîòîêå ïðèíÿòî îöåíèâàòü ÷åðåç èõ ãèäðàâëè÷åñêóþ êðóïíîñòü (ÃÊ). Íà
îñíîâå ïðîâåäåííûõ ðàíåå ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé óñòàíîâëåíî, ÷òî ãèäðàâëè-
÷åñêàÿ êðóïíîñòü ÷àñòèö îäèíàêîâîé ïëîòíîñòè çàâèñèò îò èõ òîëùèíû. Áûëî âûÿâëåíî,
÷òî òîëùèíà çîëîòèí ñ äîñòàòî÷íîé òî÷íîñòüþ îòðàæàåò ìàññó âåùåñòâà, ïðèõîäÿùóþñÿ
íà åäèíèöó ïëîùàäè íàèáîëüøåãî ñå÷åíèÿ ÷àñòèöû, êîòîðàÿ îêàçûâàåò äàâëåíèå íà æèä-
êîñòü è îïðåäåëÿåò ñêîðîñòü ïîãðóæåíèÿ çîëîòèíû. Ñäåëàííûé âûâîä ïîäòâåðæäàåòñÿ
íàáëþäåíèåì çà îðèåíòèðîâêîé ÷àñòèö, ïîãðóæàþùèõñÿ â ñòîÿ÷åé âîäå; îíè �ðàññåêàþò�
âîäó ñâîåé íàèáîëüøåé ïëîùàäüþ. Ïðè ðàññìîòðåíèè ïîãðóæåíèÿ ÷àñòèöû ïî çàêîíàì
ôèçèêè, èñïîëüçóÿ óðàâíåíèå Áåðíóëëè áûëà âûâåäåíà ôîðìóëà ïî îïðåäåëåíèþ ãèäðàâ-
ëè÷åñêîé êðóïíîñòè, çàâèñÿùàÿ îò ïëîòíîñòè è òîëùèíû ÷àñòèöû. Èñïîëüçóÿ ïîëó÷åííóþ
ôîðìóëó áûëè ïîñòðîåíû êðèâûå ãèäðàâëè÷ñåêîé êðóïíîñòè ðàçíûõ ïî ïëîòíîñòè ÷àñòèö
â çàâèñèìîñòè îò èõ òîëùèíû. Ïðîâåäåííûå ñðàâíåíèÿ ïîëó÷åííûõ êðèâûõ ÃÊ äëÿ ÷àñòèö
ðàçíîé ïëîòíîñòè ñ ýêñïåðèìåíòàëüíûìè äàííûìè ïîêàçàëè õîðîøåå ñîãëàñèå òåîðåòè÷å-
ñêîé ìîäåëè ñ ýêñïåðèìåíòîì.
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Îöåíêà ñîñòîÿíèÿ ðàñòåíèé ïðè àíòðîïîãåííûõ çàãðÿçíåíèÿõ
ôëóîðåñöåíòíûìè ìåòîäàìè

Assessment of plant condition under anthropogenic pollution by
�uorescent methods

Ìàòîðèí Ä.Í.1, Àëåêñååâ À.À.2

1ÌÃÓ, Ìîñêâà, Ðîññèÿ; matorin@biophys.msu.ru
2ÑÂÔÓ, ßêóòñê, Ðîññèÿ; sasha14alek@yandex.ru

Ñîñòîÿíèå ðàñòèòåëüíîñòè ìîæåò ñëóæèòü íàäåæíûì êðèòåðèåì çàãðÿçíåííîñòè ñðå-
äû, îñîáåííî âîçäóõà. Â ðàñòèòåëüíûõ êëåòêàõ âåãåòàòèâíûõ îðãàíîâ çàãðÿçíåíèÿ â íà-
÷àëüíûõ ñòàäèÿõ â ïåðâóþ î÷åðåäü âûçûâàþò ñåðüåçíûå èçìåíåíèÿ â õëîðîïëàñòàõ, â êî-
òîðûõ ïðîòåêàåò ïðîöåññ ôîòîñèíòåçà. Ôîòîñèíòåç ëåæèò â îñíîâå âñåõ ýêîñèñòåì è ïðåä-
ñòàâëÿåò ñëîæíóþ ñèñòåìó ïðåîáðàçîâàíèÿ ýíåðãèè ñâåòà, ñîñòîÿùóþ èç äâóõ ôîòîñèñòåì,
îñóùåñòâëÿþùèõ íåöèêëè÷åñêèé ýëåêòðîííûé òðàíñïîðò ñ ðàçëîæåíèåì âîäû è âûäåëå-
íèåì êèñëîðîäà, îáðàçîâàíèåì ÍÀÄÔÍ2 è ÀÒÔ. Íàðóøåíèÿ â ïåðâè÷íûõ ïðîöåññàõ ôî-
òîñèíòåçà îòðàæàþòñÿ â èçìåíåíèÿõ êðàñíîé ôëóîðåñöåíöèè õëîðîôèëëà . Â íàñòîÿùåå
âðåìÿ ðàçâèâàþòñÿ ìåòîäû àíàëèçà ñâåòîâûõ è èíäóêöèîííûõ êðèâûõ ôëóîðåñöåíöèè,
ïîçâîëÿþùèõ íà èíòàêòíûõ îáúåêòàõ ñëåäèòü çà îñíîâíûìè ñòàäèÿìè ôîòîñèíòåòè÷åñêîé
ýëåêòðîí − òðàíñïîðòíîé öåïè [1].

Â äîêëàäå èçëîæåíû òåîðåòè÷åñêèå îñíîâû è òåõíèêà ìåòîäîâ èññëåäîâàíèÿ èíäóêöè-
îííûõ êðèâûõ ôëóîðåñöåíöèè õëîðîôèëëà. Ðàññìàòðèâàåòñÿ âîçìîæíîñòü èñïîëüçîâàíèÿ
ïàðàìåòðîâ èíäóêöèîííûõ êðèâûõ áûñòðîé è çàìåäëåííîé ôëóîðåñöåíöèè äëÿ ïîëó÷å-
íèÿ èíôîðìàöèè î âàæíûõ õàðàêòåðèñòèêàõ ôîòîñèíòåòè÷åñêîãî àïïàðàòà ðàñòåíèé è
âîäîðîñëåé. Ïðèâåäåíà êðàòêàÿ èíôîðìàöèÿ î ïðèáîðàõ è ïåðñïåêòèâàõ èñïîëüçîâàíèÿ
ôëóîðåñöåíòíûõ ìåòîäîâ äëÿ îöåíêè ñîñòîÿíèÿ ðàñòåíèé è âîäîðîñëåé, ïðîèçðàñòàþùèõ
â ðàçíûõ ýêîëîãè÷åñêèõ óñëîâèÿõ è ïðè áèîìîíèòîðèíãå. Ïðèâåäåíû ðàáîòû àâòîðîâ ïî
èñïîëüçîâàíèþ áûñòðîé è çàìåäëåííîé ôëóîðåñöåíöèè äëÿ âûÿâëåíèè ïåðâè÷íûõ ñòàäèé
âîçäåéñòâèÿ ñîëåé òÿæåëûõ ìåòàëëîâ è ñîâðåìåííûõ íàíîìàòåðèàëîâ íà ÔÎÒÎÑÈÍÒÅÇ
ðàñòåíèé.

ËÈÒÅÐÀÒÓÐÀ

1. Ä.Í. Ìàòîðèí, À.À. Àëåêñååâ Ôëóîðåñöåíöèè õëîðîôèëëà äëÿ áèîäèà-
ãíîñòèêè ðàñòåíèé. Èçä-âî Àëüòðåêñ. 2013. Ñ. 263.
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Ñòðóêòóðà ìåðçëîòû â çîíå òåðìîêàðñòîâîãî ïðîâàëà (ï.
Áàòàãàé)

The permafrost structure near the thermokarst fault of Batagay

Ìåëü÷èíîâ Â.Ï.1, Êëàäêèí Â.Ï.1

1Ñåâåðî-Âîñòî÷íûé Ôåäåðàëüíûé Óíèâåðñèòåò èì. Ì.Ê. Àììîñîâà, ã. ßêóòñê, Ðîññèÿ;
melchinovvp@mail.ru, vp.kladkin@s-vfu.ru

Ãëîáàëüíîå ïîòåïëåíèå êëèìàòà ÿâëÿåòñÿ ïðè÷èíîé âîçíèêíîâåíèÿ íîâûõ òåðìîêàð-
ñòîâûõ êîòëîâèí, ïðèìåðîì êîòîðîé ÿâëÿåòñÿ òåðìîêàðñòîâûé ïðîâàë îêîëî ï. Áàòàãàé.
Ïðîâàë ðàñïîëîæåí âî âïàäèíå ßíñêîãî ïëîñêîãîðüÿ íà ñåâåðå ßêóòèè, íà êîòîðûõ øèðî-
êî ðàçâèò ëåäîâûé êîìïëåêñ, ïðåäñòàâëåííûé äèñïåðñíûìè ìåðçëûìè ãðóíòàìè è æèëàìè
ëüäà. Èçìåðåíèÿ ðàäèîâîëíîâûìè ìåòîäàìè ïîêàçàëè, ÷òî âûñîêèå çíà÷åíèÿ ýôôåêòèâ-
íîãî ñîïðîòèâëåíèÿ ïîäñòèëàþùåé ñðåäû (äî 3000 Îìì) õàðàêòåðíû äëÿ çàïàäíîé ÷àñòè
ïðîâàëà â äèàïàçîíå ñðåäíèõ âîëí. Ðåçóëüòàòû âîññòàíîâëåíèÿ ïàðàìåòðîâ ãåîýëåêòðè÷å-
ñêîãî ðàçðåçà ïî ÷àñòîòíîé çàâèñèìîñòè ïîâåðõíîñòíîãî èìïåäàíñà ïîêàçàëè, ÷òî ãåîýëåê-
òðè÷åñêèé ðàçðåç â ýòîì ìåñòå îáû÷íî ñîñòîèò èç 3-4 ñëîåâ. Ìîùíîñòü ìåðçëûõ ðûõëûõ
îòëîæåíèé ñîñòàâëÿåò ïîðÿäêà 30-40 ìåòðîâ ñ óäåëüíûì ýëåêòðè÷åñêèì ñîïðîòèâëåíèåì
(ÓÝÑ) äî 30000 Îìì. Òàêèå âûñîêèå çíà÷åíèÿ ÓÝÑ õàðàêòåðíû äëÿ ÷ðåçâû÷àéíî ëüäè-
ñòûõ ïîðîä. Íèæå ñëîÿ ëåäîâîãî êîìïëåêñà íàõîäèòñÿ íèçêîîìíûé òàëûé ñëîé ñ ÓÝÑ îò
åäèíèö äî äåñÿòêîâ Îìì. Íèçêèå çíà÷åíèÿ ÓÝÑ â òîëùå ìåðçëûõ ïîðîä ñîîòâåòñòâóþò
îáâîäíåííûì çîíàì - òàê íàçûâàåìûì êðèîïýãàì. Íà þæíîé ÷àñòè ïðîâàëà ìàêñèìàëüíûå
çíà÷åíèÿ ÓÝÑ ëåäîâîãî êîìïëåêñà äîñòèãàåò âñåãî ëèøü ïîðÿäêà 6000 Îìì è ìîùíîñòü
èõ âàðüèðóåò îò 10 ì äî 20 ì. Íèæå ýòîãî ñëîÿ òàêæå îáíàðóæåí íèçêîîìíûé òàëûé ñëîé.
Çà òàëûì ñëîåì ñëåäóþò ìåðçëûå ëüäèñòûå ïîðîäû ñ ÓÝÑ ïîðÿäêà 10000 Îìì. Òàêèì
îáðàçîì, îáíàðóæåííûé ìåæìåðçëîòíûé òàëûé ñëîé ñïîñîáñòâóåò èíòåíñèâíîìó òàÿíèþ
ëåäîâîãî êîìïëåêñà ñíèçó. Òàÿíèå ÷ðåçâû÷àéíî ëüäèñòûõ ãðóíòîâ è æèë ëüäà â çàïàäíîé
÷àñòè ïðîâàëà ïðèâîäèò ê îáðàçîâàíèþ îòâåñíîé ñòåíû ïðîâàëà, ÷òî íàáëþäàåòñÿ âèçó-
àëüíî è ïî ôîòîãðàôèÿì. Áîëåå ïîëîãèå ñêëîíû íàáëþäàþòñÿ íà þæíîé ÷àñòè ïðîâàëà,
÷òî ñâÿçàíî ñ ìàëîé ëüäèñòîñòüþ çàëåãàþùèõ ïîðîä, ñóäÿ ïî òîìó, ÷òî èõ ÓÝÑ íèæå, ÷åì
íà çàïàäíîé ÷àñòè ïðîâàëà.
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Òåîðåòè÷åñêîå èññëåäîâàíèå ïðîöåññà îòñàäêè ïðè
îáîãàùåíèè ïîëåçíûõ èñêîïàåìûõ

Theoretical research of process of a jigging at mineral processing

Íèêèôîðîâà Ë.Â., ßêîâëåâ Á.Â.

ÔÃÀÎÓ ÂÎ Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èì. Ì.Ê. Àììîñîâà, ßêóòñê,
Ðîññèÿ; nliudmilav@mail.ru

Ðàáîòà ïîñâÿùåíà ìîäåëèðîâàíèþ ôèçè÷åñêèõ ïðîöåññîâ ïðîèñõîäÿùèõ â óñòðîéñòâàõ
îáîãàùåíèÿ ïîëåçíûõ èñêîïàåìûõ. Îäíèì èç ýôôåêòèâíûõ ìåòîäîâ ñåïàðèðîâàíèÿ òÿæå-
ëûõ çåðåí â ñûïó÷åé ñðåäå, íàïðèìåð çîëîòûõ çåðåí, ÿâëÿåòñÿ ãðàâèòàöèîííàÿ îòñàäêà. Â
ðàáîòå [1] ïðåäñòàâëåíà ìàòåìàòè÷åñêàÿ ìîäåëü ïðîöåññà îòñàäêè ïðè ãðàâèòàöèîííîé ñå-
ïàðàöèè, îñíîâàííàÿ íà ôèçè÷åñêîé ìîäåëè, â êîòîðîé èñïîëüçóþòñÿ ñòîõàñòè÷åñêèå äèô-
ôóçèîííûå ïðîöåññû. Ðàññìàòðèâàåòñÿ äâèæåíèå ÷àñòèö ñ îïðåäåëåííûìè ïàðàìåòðàìè
â îäíîðîäíîé ñðåäå, â ïîëå òÿæåñòè çåìëè, â îòñàäî÷íîé ìàøèíå. Ïðè ýòîì çåðíà ôðàê-
öèé ìîäåëèðóþòñÿ øàðàìè îïðåäåëåííîãî ðàäèóñà, èñïîëüçóåòñÿ ñòàòèñòè÷åñêèé ïîäõîä
äëÿ îïèñàíèÿ ïðîöåññà. Â îòñàäî÷íîé ìàøèíå ïðîèñõîäÿò êîëåáàòåëüíûå äâèæåíèÿ âñå-
ãî îáúåìà ðàáî÷åé ñðåäû, êîòîðîå õàðàêòåðèçóåòñÿ íåêîòîðûìè ïàðàìåòðàìè, íàïðèìåð
àìïëèòóäîé è ÷àñòîòîé. Ïðè ñîçäàíèè ôèçè÷åñêîé ìîäåëè êèíåòè÷åñêàÿ ýíåðãèÿ õàîòè-
÷åñêîãî äâèæåíèÿ ÷àñòèö ñâÿçûâàþòñÿ ñ ýòèìè ïàðàìåòðàìè. Â ðåçóëüòàòå ìîäåëèðîâà-
íèÿ ïîëó÷åíî óðàâíåíèå òèïà Ôîêêåðà-Ïëàíêà äëÿ ôðàêöèé, ïîìåùåííûõ â îòñàäî÷íîé
ìàøèíå. Ïðè ðåøåíèè ýòîãî óðàâíåíèÿ èñïîëüçóåòñÿ òåîðèÿ áðîóíîâñêîé ÷àñòèöû. Àíà-
ëèòè÷åñêè ïîëó÷åíû ðàñïðåäåëåíèÿ âåðîÿòíîñòåé ìåñòîíàõîæäåíèÿ ÷àñòèö â ðàçëè÷íûå
ìîìåíòû âðåìåíè. Ïîëó÷åíû ðàñ÷åòíûå ôîðìóëû äëÿ îïðåäåëåíèÿ ôóíêöèè ðàñïðåäåëå-
íèÿ ôðàêöèé ñ ðàâíîìåðíûì ðàñïðåäëåíèåì ïî ðàáî÷åìó îáúåìó â íà÷àëüíûé ìîìåíò
âðåìåíè. Ðàññ÷èòàíû ðàñïðåäåëåíèÿ èññëåäóåìûõ çåðåí â ðàçëè÷íûõ ñëó÷àÿõ.

ËÈÒÅÐÀÒÓÐÀ

1. Íèêèôîðîâà Ë.Â., Ìàòâååâ À.È., Ñëåïöîâà Å.Ñ., ßêîâëåâ Á.Â. 1. Ìà-
òåìàòè÷åñêîå ìîäåëèðîâàíèå ïðîöåññà îòñàäêè. Ìàò. çàìåòêè ÑÂÔÓ.
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Äèíàìèêà ôîðìû äèñêà èç êîâêîãî ìåòàëëà ïðè èçîòðîïíîé
áîìáàðäèðîâêå

The dynamics of a form of a disk of malleable metal for
isotropic bombardment

Îñèïîâ Ä.Ð.1, ßêîâëåâ Á.Â.2

1,2Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èìåíè Ì. Ê. Àììîñîâà, ßêóòñê,
Ðîññèÿ; juiz-osipov@mail.ru

Ðàáîòà ïîñâÿùåíà ðàñ÷åòó âðåìåíè îáðàçîâàíèÿ òîðîâèäíîé ôîðìû ïëîñêîãî êóñêà
êîâêîãî ìåòàëëà ïðè îáîãàùåíèè ïîëåçíûõ èñêîïàåìûõ. Ïåðâîíà÷àëüíàÿ ôîðìà çåðåí çî-
ëîòà, âñòðå÷àþùèõñÿ â ïðèðîäå, â áîëüøèíñòâå ñëó÷àåâ èìååò ôîðìó ïëîñêîé ïëàñòèíû
(÷åøóé÷àòóþ ôîðìó). Ïðè îáîãàùåíèè çîëîòîñîäåðæàùèõ ðóä â ðàçëè÷íûõ óñòðîéñòâàõ
îòñàäêè, ñåïàðàöèè, â äðîáèëêàõ ïðîèñõîäèò íåïðåðûâíàÿ ìíîãî÷èñëåííàÿ áîìáàðäèðîâ-
êà ïîâåðõíîñòè êóñêà çîëîòà îêðóæàþùèìè ïåñ÷èíêàìè, â ðåçóëüòàòå êîòîðîé ïëàñòèíêà
ïðèíèìàåò òîðîâèäíóþ ôîðìó. Ïðè ñåïàðèðîâàíèè ôîðìà çåðåí â âèäå òîðà ñ÷èòàåòñÿ
íàèáîëåå ýôôåêòèâíîé. Ïîýòîìó çàäà÷à ðàñ÷åòà âðåìåíè îáðàçîâàíèÿ òîðîâèäíîé ôîðìû
êóñêà çîëîòà ÿâëÿåòñÿ àêòóàëüíîé. Â íàñòîÿùåé ðàáîòå ïðåäëàãàåòñÿ ôèçè÷åñêàÿ ìîäåëü
îáðàçîâàíèÿ òîðîâèäíîé ôîðìû êóñêà êîâêîãî ìåòàëëà, ñîãëàñíî êîòîðîé ââîäèòñÿ èçî-
òðîïíûé, îäíîðîäíûé ïîòîê ÷àñòèö äåôîðìèðóþùèõ ïëîñêîå òåëî (äèñê). Íà îñíîâå ïðåä-
ëîæåííîé ôèçè÷åñêîé ìîäåëè ðàçðàáîòàíà ìàòåìàòè÷åñêàÿ ìîäåëü ýâîëþöèè ïîâåðõíîñòè
ïðè äåôîðìàöèè òåëà. Ïîëó÷åíî äèôôåðåíöèàëüíîå óðàâíåíèå ïåðâîãî ïîðÿäêà îòíîñè-
òåëüíî äåôîðìèðóåìîé ïîâåðõíîñòè, êîòîðîå ðåøàåòñÿ ìåòîäîì Ðóíãå-Êóòòû. Â ðåçóëü-
òàòå èññëåäîâàíèÿ îïðåäåëåíà çàâèñèìîñòü äåôîðìèðóåìîé ïîâåðõíîñòè îò âðåìåíè.
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Êîððåëÿöèÿ ðàäèîñèãíàëà íà ÷àñòîòå 30-35 ÌÃö ñ ýíåðãèåé è
ïðîäîëüíûì ðàçâèòèåì øàë ñâåðõâûñîêèõ ýíåðãèé

Radio signal correlation at the frequency 30-35 MHz with
energy and longitudinal development of air showers with

ultra-high energies

Knurenko S. P.1, Petrov I. S.2

1Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy, Yakutsk, Russia;
s.p.knurenko@mail.ikfia.ysn.ru

2Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy, Yakutsk, Russia;
igor.petrov@mail.ikfia.ysn.ru

Íà ßêóòñêîé óñòàíîâêå íà îñíîâå èçìåðåíèÿ ÷åðåíêîâñêîãî èçëó÷åíèÿ ØÀË è ðåãè-
ñòðàöèè çàðÿæåííûõ ÷àñòèö è ìþîíîâ íàéäåíà ñâÿçü ðàäèîñèãíàëà ñ õàðàêòåðèñòèêàìè
ØÀË. Èñõîäÿ èç íàéäåííîé êîððåëÿöèè èçìåðÿåìûõ õàðàêòåðèñòèê ØÀË, ýìïèðè÷åñêèì
ïóòåì ïîëó÷åíû ôîðìóëû, ñâÿçûâàþùèå E0 è Xmax ñ àìïëèòóäîé ðàäèîèçëó÷åíèÿ. Ïî-
êàçàíî, ÷òî èçìåðÿÿ àìïëèòóäó ðàäèîèçëó÷åíèÿ íà ðàçíûõ ðàññòîÿíèÿõ îò îñè, ìîæíî
íåçàâèñèìî îò èçìåðåíèÿ îñíîâíûõ êîìïîíåíò ëèâíÿ èçó÷àòü ôèçèêó ðàçâèòèÿ ØÀË è
äàëåå õàðàêòåðèñòèêè êîñìè÷åñêèõ ëó÷åé.
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Ab-initio ìîäåëèðîâàíèå ñâîéñòâ 2D ýëåêòðîííîé æèäêîñòè
íà èíòåðôåéñå ìåæäó LaAlO3 è SrTiO3

Ab-initio investigation of a 2D electron liquid at the interface
between LaAlO3 and SrTiO3

Ïèÿíçèíà È.È.1, Òàþðñêèé Ä.À.2

1Êàçàíñêèé (Ïðèâîëæñêèé) ôåäåðàëüíûé óíèâåðñèòåò, Êàçàíü, Ðîññèéñêàÿ Ôåäåðàöèÿ;
i.piyanzina@gmail.com

2Êàçàíñêèé (Ïðèâîëæñêèé) ôåäåðàëüíûé óíèâåðñèòåò, Êàçàíü, Ðîññèéñêàÿ Ôåäåðàöèÿ;
dtayursk@gmail.com

Ãåòåðîñòðóêòóðà, ñîñòîÿùàÿ èç òîíêîé ïë¼íêè LaAlO3, ýïèòàêñèàëüíî âûðàùåííîé íà
ïîäëîæêå SrTiO3, ÿâëÿëàñü îáúåêòîì èíòåíñèâíûõ èññëåäîâàíèé ïîñëåäíèå 15 ëåò. Èíòå-
ðåñ ê ýòîé ñèñòåìå ñâÿçàí, â ïåðâóþ î÷åðåäü, ñ âîçìîæíîñòüþ îáðàçîâàíèÿ äâóìåðíîé ýëåê-
òðîííîé ñèñòåìû â èíòåðôåéñíîì ñëîå TiO2, êîãäà ÷èñëî ñëî¼â LaAlO3 ïðåâûøàåò òðè.
Áîëåå òîãî, ýòà ìåòàëëè÷åñêàÿ ôàçà ïåðåõîäèò â ñâåðõïðîâîäÿùåå ñîñòîÿíèå ïðè òåìïåðà-
òóðàõ íèæå 300 Ê. Ïëîòíîñòü ýëåêòðîíîâ â òàêîé ãåòåðîñòðóêòóðå äîñòèãàåò 3×1013 ñì−2.

Îäíàêî, íåñìîòðÿ íà áîëüøîå êîëè÷åñòâî êàê ýêñïåðèìåíòàëüíûõ, òàê è òåîðåòè÷å-
ñêèõ èññëåäîâàíèé ýòîé ñèñòåìû, ïîëíîãî ïîíèìàíèÿ ìåõàíèçìîâ ýëåêòðîííîé ïåðåñòðîé-
êè (îñîáåííî â ïðèñóòñòâèè äåôåêòîâ) äî ñèõ ïîð íåò. Â ñâÿçè ñ ýòèì â ðàìêàõ íàñòîÿùåé
ðàáîòû áûëî ïðîâåäåíî ñèñòåìàòè÷åñêîå èññëåäîâàíèå ñòðóêòóðíûõ, ýëåêòðîííûõ è ìàã-
íèòíûõ ñâîéñòâ òîíêèõ ïë¼íîê è ãåòåðîèíòåðôåéñîâ íà îñíîâå LaAlO3 è SrTiO3 ñ ïîìîùüþ
òåîðèè ôóíêöèîíàëà ïëîòíîñòè (DFT), ðåàëèçîâàííîé â ïðîãðàììå VASP.

Ðàáîòà âûïîëíåíà çà ñ÷åò ñðåäñòâ ñóáñèäèè, âûäåëåííîé Êàçàíñêîìó ôåäåðàëüíîìó
óíèâåðñèòåòó äëÿ âûïîëíåíèÿ ãîñóäàðñòâåííîãî çàäàíèÿ â ñôåðå íàó÷íîé äåÿòåëüíîñòè
(çàäàíèå � 3.9779.2017/8.9). Ðàáîòà âûïîëíåíà ñ èñïîëüçîâàíèåì ðåñóðñîâ ñóïåðêîìïüþ-
òåðíîãî êîìïëåêñà ÌÃÓ èìåíè Ì.Â. Ëîìîíîñîâà.
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Íåëîêàëüíûå èíòåãðî-äèôôåðåíöèàëüíûå çàäà÷è
ìíîãîìåðíûõ äèôôóçèîííûõ ïðîöåññîâ

Nonlocal integro-di�erential problems of multidimentional
di�usion processes

Ïîïîâ Í.Ñ.

1 ÔÃÀÎÓ ÂÎ "Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èìåíè Ì.Ê. Àììîñîâà ã.
ßêóòñê, Ðîññèÿ popovnserg@mail.ru

Íåëîêàëüíûå êðàåâûå çàäà÷è äëÿ ïàðàáîëè÷åñêèõ è ãèïåðáîëè÷åñêèõ óðàâíåíèé ñ
èíòåãðàëüíûì óñëîâèåì íà áîêîâîé ãðàíèöå àêòèâíî èçó÷àþòñÿ â ïîñëåäíåå âðåìÿ, íî
ïðè ýòîì â îñíîâíîì ðàññìàòðèâàåòñÿ ëèøü ñëó÷àé óðàâíåíèé âòîðîãî ïîðÿäêà ïî ïðî-
ñòðàíñòâåííûì ïåðåìåííûì [1]. Îòìåòèì òàêæå èññëåäîâàíèÿ äëÿ ïñåâäîïàðàáîëè÷åñêèõ
è ïñåâäîãèïåðáîëè÷åñêèõ óðàâíåíèé ñ èíòåãðàëüíûì óñëîâèåì íà áîêîâîé ãðàíèöå [2].

Íàéòè ôóíêöèþ u(x, t) ÿâëÿþùóþñÿ â öèëèíäðå Q ðåøåíèåì óðàâíåíèÿ

Lu ≡ ∂

∂t
(Au)−∆u = f(x, t), Au =

∫ t

0

N(t− τ)u(x, τ) dτ,

è òàêóþ, ÷òî äëÿ íåå âûïîëíÿþòñÿ óñëîâèÿ

u(x, 0) = u0(x), x ∈ Ω, u(x, t)|(x,t)∈S =

∫
Ω

K1(x, y, t)u(y, t)dy|(x,t)∈S .

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå Ìèíîáðíàóêè Ðîññèè â ðàìêàõ ãîñóäàðñòâåííîãî
çàäàíèÿ ÍÈÐ íà 2017-2019 ãã. (ïðîåêò 1.6069.2017/8.9).
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Îáðàòíûå çàäà÷è èäåíòèôèêàöèè êîýôôèöèåíòà
ïàðàáîëè÷åñêîãî óðàâíåíèÿ ïðè ôóíêöèè èñòî÷íèêà

The inverse identi�cation problems of the parabolic equation
coe�cient for source function

Ïðîêîïüåâ À.Â.

ÔÃÀÎÓ ÂÎ "Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èìåíè Ì.Ê. Àììîñîâà ã.
ßêóòñê, Ðîññèÿ prokopevav85@gmail.com

Ðàññìàòðèâàþòñÿ ëèíåéíûå îáðàòíûå çàäà÷è, â êîòîðûõ âìåñòå ñ ðåøåíèåì òðåáóåò-
ñÿ îïðåäåëèòü ïðàâóþ ÷àñòü (âíåøíèå íàãðóçêè). Îòìåòèì àêòóàëüíîñòü äàííîé òåìàòèêè
êàê ñ ìàòåìàòè÷åñêîé òî÷êè çðåíèÿ, òàê è ñ òî÷êè çðåíèÿ ïðèëîæåíèé â ñàìûõ ðàçëè÷íûõ
îáëàñòÿõ ÷åëîâå÷åñêîé äåÿòåëüíîñòè, òàêèõ, êàê ýêîíîìèêà, àêóñòèêà, ãåîôèçèêà, áèîëî-
ãèÿ, ýêîëîãèÿ, ìåäèöèíà, íàâèãàöèÿ, ìàòåðèàëîâåäåíèå, òåîðèÿ íå ðàçðóøåííîãî êîíòðîëÿ.

Ðàçëè÷íûå ïîñòàíîâêè îáðàòíûõ çàäà÷ è ðÿä ðåçóëüòàòîâ äëÿ äèôôåðåíöèàëüíûõ
óðàâíåíèé ïàðàáîëè÷åñêîãî òèïà ìîæíî íàéòè â êëàññè÷åñêèõ ðàáîòàõ Î.Ì. Àëèôàíîâà,
Þ.Å. Àíèêîíîâà, Í.ß. Áåçíîùåíêî, À.Ë. Áóõãåéìà, À.Ì. Äåíèñîâà, Ì.Ì. Ëàâðåíòüåâà,
À.È. Ïðèëåïêî, Ñ.Ã. Ïÿòêîâà, Â.Ã. Ðîìàíîâà, J.R. Cannon, A.Lorenzi è ðÿäà äðóãèõ àâòî-
ðîâ. Áîëüøîé âêëàä â èññëåäîâàíèå îáðàòíûõ çàäà÷ äëÿ ïàðàáîëè÷åñêèõ óðàâíåíèé òàêæå
âíåñëè Þ.Å. Àíèêîíîâ, Þ.ß. Áåëîâ, Á.À. Áóáíîâ, Â.Â. Âàñèí, Í.È. Èâàí÷îâ, Ñ.È. Êàáà-
íèõèí, Â.Ë. Êàìûíèí, À.È. Êîæàíîâ [1], Ñ.Ç. Êóëèåâ, À.Ø. Ëþáàíîâà, Å.Ã. Ñàâàòååâ,
Â.Å. Ôåäîðîâ, È.Â. Ôðîëåíêîâ, M. Choulli, A. Hasanov, V. Isakov, M. Yamomoto è äðóãèå.

Â íàñòîÿùåé ðàáîòå ðàññìàòðèâàþòñÿ êîýôôèöèåíòíûå îáðàòíûå çàäà÷è äëÿ ìíîãî-
ìåðíûõ ïàðàáîëè÷åñêèõ óðàâíåíèé ïåðåìåííîãî íàïðàâëåíèÿ ýâîëþöèè � çàäà÷è îïðåäå-
ëåíèÿ âìåñòå ñ ðåøåíèåì îäíîãî èëè íåñêîëüêèõ êîýôôèöèåíòîâ óðàâíåíèÿ ïî íåêîòîðûì
äîïîëíèòåëüíûì èíòåãðàëüíûì óñëîâèÿì.

ËÈÒÅÐÀÒÓÐÀ

1. Êîæàíîâ À.È. Ïàðàáîëè÷åñêèå óðàâíåíèÿ ñ íåèçâåñòíûìè êîýôôèöèåí-
òàìè, çàâèñÿùèìè îò âðåìåíè Æóðíàë âû÷èñëèòåëüíîé ìàòåìàòèêè è
ìàòåìàòè÷åñêîé ôèçèêè. 2017. Ò. 57. No 6. Ñ. 961�972.
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Ýôôåêò áëèçîñòè â íàíîñòðóêòóðàõ
ôåððîìàãíåòèê-ñâåðõïðîâîäíèê è ñâåðõïðîâîäÿùàÿ

ñïèíòðîíèêà

Proximity e�ect in the FS nanostructures and superconducting
spintronics

Ïðîøèí Þ.Í., Àâäååâ Ì.Â., Áîðèñîâà Î.Í.,
Êóòóçîâ À.Ñ., Ñèðàåâ Ô.Ì., Òóìàíîâ Â.À.

Êàçàíñêèé ôåäåðàëüíûé óíèâåðñèòåò, Êàçàíü, Ðîññèÿ; yurii.proshin@kpfu.ru

Äàí îáçîð ñîñòîÿíèÿ ýôôåêòà áëèçîñòè â ñòðóêòóðàõ ôåððîìàãíåòèê-ñâåðõïðîâîäíèê
(FS). Ïîêàçàíî, ÷òî ðàçëè÷èå ýôôåêòèâíûõ ìàññ ýëåêòðîíîâ ìàæîðèòàðíûõ è ìèíîðè-
òàðíûõ ñïèíîâûõ ïîäçîí [1] è àíèçîòðîïèÿ ïîâåðõíîñòè Ôåðìè [2] ôåððîìàãíåòèêà ìîæåò
ïðèâåñòè â ñèñòåìå SFS ê äàëüíîäåéñòâóþùåìó ñèíãëåòíîìó ýôôåêò áëèçîñòè, ÷òî ñîãëà-
ñóåòñÿ ñ ýêñïåðèìåíòîì. Äëÿ ñâåðõïðîâîäÿùåãî ãåëèêîèäàëüíîãî ìàãíåòèêà ýòî ðàçëè÷èå
ïðèâîäèò ê ïîÿâëåíèþ íà ôàçîâîé äèàãðàììå òðèêðèòè÷åñêîé òî÷êè, ðàçäåëÿþùåé íîð-
ìàëüíîå è ñâåðõïðîâîäÿùèå (îäíîðîäíîå è íåîäíîðîäíîå) ñîñòîÿíèÿ. Äëÿ ÷åòûðåõñëîéíîé
ñèñòåìû S1F1S2F2 ïðåäëîæåíà ðåàëèçàöèÿ óïðàâëåíèÿ äæîçåôñîíîâñêèì êîíòàêòîì, îñ-
íîâàííàÿ íà ýôôåêòå ñïèíîâîãî êëàïàíà. Íåìîíîòîííûå îñöèëëÿöèè Tc ñ çàìåòíîé àì-
ïëèòóäîé, íàáëþäàâøèåñÿ â ñèñòåìå (Fe/Cr/Fe)/V/Fe ïðè èçìåíåíèè òîëùèíû ïðîñëîéêè
Cr, îáúÿñíåíû îñîáåííîñòÿìè ìàãíèòíîé ñòðóêòóðû îáðàçöîâ [3]. Ðàññìîòðåí ýôôåêò áëè-
çîñòè â FS ñèñòåìàõ ñ êèðàëüíûìè ïîïëàâêàìè.

Ðàáîòà ïîääåðæàíà ÌÍèÂÎ ÐÔ (#3.2166.2017) è ÐÔÔÈ (#16-02-01016).

ËÈÒÅÐÀÒÓÐÀ

1. Avdeev M.V., Proshin Yu.N. The theory of long-range Josephson current
through a single-crystal ferromagnet nanowire. Journal of Magnetism and
Magnetic Materials. 2018. Ò. 459. P. 359�362.

2. Avdeev M.V., Proshin Yu.N. Long-range spin-singlet proximity e�ect for a
Josephson system with a single-crystal ferromagnet due to its band-structure
features. Phys. Rev. B. 2018. Ò. 97. 100502R(5pp.).

3. Òóìàíîâ Â.À., Ãîðþíîâ Þ.Â., Ïðîøèí Þ.Í. Îñöèëëÿöèè êðèòè÷å-
ñêîé òåìïåðàòóðû â ãåòåðîñòðóêòóðå (Fe/Cr/Fe)/V/Fe. Ïèñüìà â ÆÝÒÔ.
2018. Ò. 107, � 7. Ñ. 449�454.
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Ðàäèàöèîííî-êîíäóêòèâíûé òåïëîïåðåíîñ â ïëîñêîì ñëîå
ëüäà

Radiative-conductive heat transfer in the plane layer of ice

Ñëåïöîâ Ñ.Ä.1, Ñàââèíîâà Í.À.2, Ðóáöîâ Í.À.1

1Èíñòèòóò òåïëîôèçèêè èì. Ñ.Ñ. Êóòàòåëàäçå ÑÎ ÐÀÍ, Íîâîñèáèðñê, Ðîññèÿ;
s_sleptsov@mail.ru

2Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò, ßêóòñê, Ðîññèÿ; nasavv@mail.ru

Ìîäåëèðîâàíèå òàÿíèÿ ëüäà íåîáõîäèìî äëÿ ïîíèìàíèÿ ïðîöåññîâ ïðîèñòåêàþùèõ êàê
â ïðèðîäå, òàê è äëÿ îáåñïå÷åíèÿ áåçîïàñíîñòè ñòðîèòåëüíûõ êîíñòðóêöèé, òåõíèêè è íà-
ñåëåíèÿ â ñåâåðíûõ øèðîòàõ. Â íàñòîÿùåé ðàáîòå ïîñòàâëåíà çàäà÷à âåðèôèêàöèè ìà-
òåìàòè÷åñêîé ìîäåëè ðàäèàöèîííî-êîíäóêòèâíîãî òåïëîïåðåíîñà â ïëîñêîì ñëîå ëüäà [1]
ñðàâíåíèåì ñ îïûòíûìè äàííûìè, ïðåäñòàâëåííûìè â [2] ïðè îáëó÷åíèè ëüäà èñòî÷íèêîì
òåïëîâîãî èçëó÷åíèÿ ñ òåìïåðàòóðîé 800 Ê. Äëÿ ðåøåíèÿ ðàäèàöèîííîé ÷àñòè èñïîëüçî-
âàëñÿ ìåòîä ñðåäíèõ ïîòîêîâ (ÑÏ-ìåòîä). Ëåä ïðåäïîëàãàåòñÿ ïðîçðà÷íîé, áåç ðàññåÿíèÿ,
âûñîêîïîãëîùàþùåé ñåðîé ñðåäîé. Ðàññ÷èòàíû ïîëÿ òåìïåðàòóð è ïëîòíîñòè ïîòîêà ðå-
çóëüòèðóþùåãî ðàäèàöèîííîãî èçëó÷åíèÿ, à òàêæå òåìïû òàÿíèÿ è íàãðåâà íåîáëó÷àåìîé
ñòîðîíû ëüäà. Ó÷åò íàëè÷èÿ òîíêîé ïëåíêè òàëîé âîäû íà îáëó÷àåìîé ïîâåðõíîñòè õî-
ðîøî ñîãëàñóåòñÿ ñ äàííûìè ýêñïåðèìåíòà ïî ñêîðîñòè òàÿíèÿ ëüäà. Ñîãëàñèå ðàñ÷åòà
ñ îïûòíûìè äàííûìè ïîçâîëÿåò íàì ñ÷èòàòü ðåàëèçîâàííîé âåðèôèêàöèþ îäíîôàçíîé
çàäà÷è Ñòåôàíà äëÿ ïîëóïðîçðà÷íîé ñðåäû.

Ðàáîòà âûïîëíåíà çà ñ÷åò ñðåäñòâ, ïîëó÷åííûõ îò ÔÀÍÎ Ðîññèè â ðàìêàõ áþäæåòíîãî
ïðîåêòà � III.18.2.2. ¾Òåïëîôèçè÷åñêèå ñâîéñòâà è òåïëîìàññîîáìåí â ðàáî÷èõ ñðåäàõ è
ìàòåðèàëàõ äëÿ ýíåðãåòè÷åñêèõ òåõíîëîãèé¿

ËÈÒÅÐÀÒÓÐÀ
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Âûáîð äèñïåðñíîãî óïðî÷íèòåëÿ â ìåòàëëè÷åñêîé ìàòðè÷íîé
êîìïîçèöèè è èññëåäîâàíèå åãî ãðàíóëîìåòðè÷åñêîãî ñîñòàâà

Selection of reinforcing agent in metal composite matrix and
study of its particle composition

Ñàôîíîâà Ì.Í.1, Ôåäîòîâ À.À.2

1ÔÃÀÎÓ ÂÎ "Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èì. Ì.Ê. Àììîñîâà,
ßêóòñê, Ðîññèÿ; marisafon_2006@mail.ru

2ÔÃÀÎÓ ÂÎ "Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èì. Ì.Ê. Àììîñîâà,
ßêóòñê, Ðîññèÿ; fedot_andrey@mail.ru

Ïðåäëàãàåòñÿ âìåñòî ñèíòåçà äåòîíàöèîííûõ àëìàçîâ èñïîëüçîâàòü â êà÷åñòâå àðìè-
ðóþùèõ íàïîëíèòåëåé â êîìïîçèöèîííûõ ìàòåðèàëàõ ïðèðîäíûå àëìàçíûå ïîðîøêè.

Ïîðîøêè ïðèðîäíîãî àëìàçà óëüäòðàäèñïåðñíîãî äèàïàçîíà ïîëó÷åíû íà ïðåäïðèÿ-
òèè ÎÀÎ ¾Ñàõàäàéìîíä¿. Ïîðîøêè èçãîòàâëèâàëèñü íà äðîáèëüíî- êëàññèôèêàöèîííîì
îáîðóäîâàíèè è âèáðîñòîëàõ. Ñèòîâàÿ êëàññèôèêàöèÿ îñóùåñòâëÿëàñü íà âèáðîñèòå ñ íà-
áîðîì ñèò, â çàâèñèìîñòè îò êëàññèôèöèðóåìîãî äðîáëåííîãî ìàòåðèàëà.

Èññëåäîâàíèÿ çåðíèñòîñòè è çåðíîâîãî ñîñòàâà óëüòðàäèñïåðñíîãî ïîðîøêà ïðèðîäíî-
ãî àëìàçà ìåòîäîì êîìïüþòåðíîãî äèàãíîñòè÷åñêîãî ñèòà ïîêàçàëè, ÷òî â åãî çåðíîâîì
ñîñòàâå ïðåîáëàäàþò ôðàêöèè 1�0 è 0,5�0. Ñ ïðèìåíåíèåì ÁÝÒ ìåòîäà ïîêàçàíî, ÷òî îíè
èìåþò áîëüøóþ àäñîðáöèîííóþ ñïîñîáíîñòü, êðîìå òîãî ÷àñòèöû õàðàêòåðèçóþòñÿ âûñî-
êîé ïîâåðõíîñòíîé àêòèâíîñòüþ, ïîçâîëÿþùåé îñóùåñòâëÿòü ïðî÷íîå ñöåïëåíèå ñ ìàòðè-
öåé. Âåëè÷èíà èõ ïîëíîé óäåëüíîé ïîâåðõíîñòè îêàçàëàñü ðàâíîé 5,5 ì2/ã.

Îáîñíîâàíî ïðèìåíåíèå ïðèðîäíûõ àëìàçîâ â êà÷åñòâå äèñïåðñíûõ íàïîëíèòåëåé è
àãåíòà ñòðóêòóðîîáðàçîâàíèÿ â êîìïîçèòàõ íà ìåòàëëè÷åñêîé îñíîâå.

ËÈÒÅÐÀÒÓÐÀ
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Èññëåäîâàíèå òåïëîôèçè÷êåñêèõ ïðîöåññîâ ïðè äðîáëåíèè
ðóäû â óñëîâèÿõ Êðàéíåãî Ñåâåðà

Research of thermophysical processes during ore crushing in
conditions of the Far North

Ãðèãîðüåâ Þ.Ì., Ñèâöåâ Â.È., ßêîâëåâ Á.Â.

ÔÃÀÎÓ ÂÎ Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èì. Ì.Ê.Àììîñîâà, ßêóòñê,
Ðîññèÿ; vasiliy_ sivtsev@mail.ru

Íà ïðåäïðèÿòèÿõ ÀÊ ¾ÀËÐÎÑÀ¿ ïëàíèðóåòñÿ âíåäðåíèå ñòàäèàëüíîãî äðîáëåíèÿ
êèìáåðëèòîâ äëÿ ïîäãîòîâêè ðóäû ê îáîãàùåíèþ. Äëÿ òàêèõ òåõíîëîãè÷åñêèõ ñõåì ñóùå-
ñòâóþò ðèñêè çàìåðçàíèÿ äðîáëåíîé ðóäû âî âðåìÿ àâàðèéíûõ îñòàíîâîê îáîðóäîâàíèÿ.
Äëÿ îöåíêè òàêèõ ðèñêîâ â äàííîé ðàáîòå ïðåäëàãàåòñÿ ìåòîä òåðìîäèíàìè÷åñêèõ ðàñ-
÷åòîâ. Ðàçðàáîòàíà ôèçè÷åñêàÿ è ìàòåìàòè÷åñêàÿ ìîäåëè ðàñòåïëåíèÿ ðóäû ðàçëè÷íîé
êðóïíîñòè. Ìàòåìàòè÷åñêàÿ ìîäåëü ðàñòåïëåíèÿ ðóäû âêëþ÷àåò ñèñòåìó îáûêíîâåííûõ
äèôôåðåíöèàëüíûõ óðàâíåíèé îòíîñèòåëüíî ôóíêöèè òåìïåðàòóðû ðóäû è îêðóæàþùåé
ñðåäû â çàâèñèìîñòè îò âðåìåíè. Ñèñòåìà óðàâíåíèé ðåøàåòñÿ ÷èñëåííûì ìåòîäîì Ðóíãå-
Êóòòû 4-ãî ïîðÿäêà. Â ðåçóëüòàòå ïðîâåäåííûõ ðàñ÷åòîâ ïîëó÷åíû çàâèñèìîñòè òåìïåðà-
òóðû ðóäû è îêðóæàþùåé ñðåäû â çàâèñèìîñòè îò âðåìåíè, ÷òî ïîçâîëÿåò îöåíèòü âîç-
ìîæíîå âðåìÿ ñìåðçàíèÿ êóñêîâ ðóäû. Ïðîâåäåíà àäàïòàöèÿ ïàðàìåòðîâ ìîäåëè ïî ýêñïå-
ðèìåíòàëüíûì äàííûì. Ðàçðàáîòàííàÿ ìîäåëü ìîæåò áûòü èñïîëüçîâàíà äëÿ îöåíêè ïàðà-
ìåòðîâ ïðîöåññîâ ñìåðçàíèÿ êóñêîâ ìåðçëîé è âëàæíîé ðóäû ìåæäó ñîáîé è ïðèìåðçàíèÿ
ðóäû ê ñòåíêå óñòàíîâîê, ïðè ðàçëè÷íûõ òåìïåðàòóðàõ îêðóæàþùåé ñðåäû. Ïðè ýòîì
ìîãóò áûòü îöåíåíû ïàðàìåòðû ïðîöåññà ñìåðçàíèÿ ðóäû ïðè îñòàíîâêå îáîðóäîâàíèÿ:
äðîáèëêè NP, êîãäà âëàæíàÿ ðóäà êðóïíîñòüþ -200+50 ìì ïîñëå îïåðàöèè äåçèíòåãðàöèè
íåïîäâèæíî ëåæèò â ìåòàëëè÷åñêîì áóíêåðå; ïåðåäåëà ðåíòãåíîëþìèíåñöåíòíûõ ñåïàðà-
òîðîâ, êîãäà âëàæíàÿ ðóäà êðóïíîñòüþ -50+16 ìì è -16+5 ìì ïîñëå îïåðàöèè ãðîõî÷åíèÿ
íåïîäâèæíî ëåæèò â ìåòàëëè÷åñêèõ áóíêåðàõ; óñòàíîâêè òÿæåëîñðåäíîé ñåïàðàöèè, êî-
ãäà âëàæíàÿ ðóäà êðóïíîñòüþ -5+2 ìì ïîñëå îïåðàöèè ãðîõî÷åíèÿ íåïîäâèæíî ëåæèò â
ìåòàëëè÷åñêîì áóíêåðå.
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Ðåãèñòðàöèÿ ÷åðåíêîâñêîãî ñâåòà íà ßêóòñêîé óñòàíîâêå
ØÀË

Cherenkov light detection at Yakutsk EAS array

Òèìîôååâ Ë.Â.1, Èâàíîâ À.À.1

Timofeev L.V.1, Ivanov A.A.1

1The Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy, Yakutsk, Russian
Federation; timofeevlev@ikfia.ysn.ru

Proposed a new method for measuring the cherenkov light from the extensive air shower
(EAS) of cosmic rays (CR), which allows to determine not only the primary particle energy and
angle of arrival, but also the parameters of the shower in the atmosphere - the maximum depth
and ”age”. For measurements Cherenkov light produced by EAS is proposed to use a ground
network of wide-angle telescopes which are separated from each other by a distance 100-300
m depending on the total number of telescopes operating in the coincidence signals, acting
autonomously, or includes a detector of the charged components, radio waves, etc. as part of
EAS. In a results such array could developed, energy measurement and CR angle of arrival data
on the depth of the maximum and the associated mass of the primary particle generating by
EAS. This is particularly important in the study of galactic cosmic ray in E > 1014 eV, where
currently there are no direct measurements of the maximum depth of the EAS.

A wide fov Cherenkov telescope prototype obtained experimental data for the period from
19.10.2012 to 21.02.2017, 268 clear moonless night, about 1670 hours of observation, during the
observation of the master load 30,000 times, of which the cherenkov telescope gave a signal to
the coincidence of about 1200 times. What allowed to build width at half-maximum as function
of the distance from the shower core (R), these calculations will help determine the shower core
in the array plane.

The reported study was funded by RFBR according to the research project 16-29-13019.
The research was supported by Scientific and Educational Foundation for Young Scientists of
Republic of Sakha (Yakutia) within the Project 17-2-009477 Scientific and Educational Founda-
tion as an instrument for young scientists to develop their professional competence and science
popularization 20171201008− 2
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Îöåíêà ñêîðîñòè ñõîäèìîñòè ìåòîäà Ãàëåðêèíà äëÿ
íåêëàññè÷åñêîãî óðàâíåíèÿ ìàòåìàòè÷åñêîé ôèçèêè

An estimate for the rate convergence of galerkin method for
nonclassical equation of mathematical physics

Ôåäîðîâ Â. Å.

Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò èìåíè Ì.Ê. Àììîñîâà, ßêóòñê, Ðîññèÿ;
VEFedorov58@mail.ru

Âî ìíîãèõ ïðèêëàäíûõ çàäà÷àõ ôèçèêè âîçíèêàþò óðàâíåíèÿ ñ ÷àñòíûìè ïðîèçâîäíû-
ìè, êîòîðûå â ðàçíûõ ÷àñòÿõ îáëàñòè èõ çàäàíèÿ èìåþò ðàçíûé òèï. Èõ ïðèíÿòî íàçûâàòü
íåêëàññè÷åñêèìè óðàâíåíèÿìè. Ïðè èññëåäîâàíèè ðàçðåøèìîñòè êðàåâûõ çàäà÷ äëÿ òà-
êèõ óðàâíåíèé øèðîêî ïðèìåíÿåòñÿ ìåòîä Ãàëåðêèíà [1]. Ïðè ýòîì âàæíîå çíà÷åíèå èìååò
îöåíêà ñêîðîñòè ñõîäèìîñòè ýòîãî ìåòîäà íàõîæäåíèÿ ïðèáëèæåííûõ ðåøåíèé.

Â ðàáîòå [2] ñ ïîìîùüþ íåñòàöèîíàðíîãî ìåòîäà Ãàëåðêèíà â ñî÷åòàíèè ñ ìåòîäîì ðå-
ãóëÿðèçàöèè áûëà óñòàíîâëåíà îäíîçíà÷íàÿ ðåãóëÿðíàÿ ðàçðåøèìîñòü êðàåâîé çàäà÷è äëÿ
óðàâíåíèÿ ñìåøàííîãî òèïà âûñîêîãî ïîðÿäêà, ïîñòàíîâêà êîòîðîé ñóùåñòâåííî îòëè÷àåò-
ñÿ îò çàäà÷è Âðàãîâà è ïåðâîé êðàåâîé çàäà÷è [1]. Â íàñòîÿùåé ðàáîòå ïðè òåõ æå óñëîâèÿõ
íà êîýôôèöèåíòû è ïðàâóþ ÷àñòü óðàâíåíèÿ äëÿ ïðèáëèæåííûõ ðåøåíèé, ïîñòðîåííûõ â
[2], ïîëó÷åíà îöåíêà ñêîðîñòè èõ ñõîäèìîñòè ê òî÷íîìó ðåøåíèþ çàäà÷è â òåðìèíàõ ïàðà-
ìåòðà ðåãóëÿðèçàöèè è ñîáñòâåííûõ çíà÷åíèé ñïåêòðàëüíîé çàäà÷è äëÿ ñîîòâåòñòâóþùåãî
ýëëèïòè÷åñêîãî óðàâíåíèÿ âûñîêîãî ïîðÿäêà, ñîáñòâåííûå ôóíêöèè êîòîðîé âûáèðàþòñÿ
â êà÷åñòâå ñïåöèàëüíîãî áàçèñà ïðè ïîñòðîåíèè ïðèáëèæåííûõ ðåøåíèé.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå Ìèíèñòåðñòâà îáðàçîâàíèÿ è íàóêè Ðîñ-
ñèéñêîé Ôåäåðàöèè â ðàìêàõ áàçîâîé ÷àñòè ãîñóäàðñòâåííîãî çàäàíèÿ íà âûïîëåííèå ÍÈÐ
íà 2017-2019 ãã. (Ïðîåêò 1.2017.6069/8.9).
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Câîéñòâà è íåêîòîðûå ïðèëîæåíèÿ îïåðàòîðà ðàäèàëüíîãî
èíòåãðèðîâàíèÿ

Properties and some applications of the radial integration
operator

ßêîâëåâ À.Ì., Ãðèãîðüåâ Þ.Ì.

Ñåâåðî-Âîñòî÷íûé ôåäåðàëüíûé óíèâåðñèòåò, ßêóòñê, Ðîññèÿ
andrewyakovlev1994@gmail.com

Îáëàñòü íàçûâàåòñÿ çâåçäíîé îòíîñèòåëüíî ôèêñèðîâàííîé òî÷êè Î, åñëè îòðåçîê, ñî-
åäèíÿþùèé ëþáóþ òî÷êó îáëàñòè ñ òî÷êîé O, öåëèêîì ïðèíàäëåæèò ýòîé îáëàñòè. Â
îáëàñòè, çâåçäíîé îòíîñèòåëüíî íà÷àëà êîîðäèíàò, îïðåäåëèì îïåðàòîð ðàäèàëüíîãî èí-
òåãðèðîâàíèÿ Iα:

Iαf = Iαf(r) =

1∫
0

tαf(rt)dt.

Òàêèå îïåðàòîðû ðàäèàëüíîãî èíòåãðèðîâàíèÿ íàõîäÿò ñâîå ïðèìåíåíèå â ìàòåìàòè÷å-
ñêîé ôèçèêå. Íàïðèìåð, äëÿ ðåøåíèÿ áèãàðìîíè÷åñêîãî óðàâíåíèÿ, äëÿ äîêàçàòåëüñòâà
òåîðåì Ñîáîëåâà î âëîæåíèè, â òåîðèè ñïåöèàëüíûõ ôóíêöèé è ò.ä. Â òåîðèè êâàòåðíèîí-
íûõ ôóíêöèé îïåðàòîð Iα èñïîëüçîâàí â ðàáîòå [1] äëÿ âîññòàíîâëåíèÿ ðåãóëÿðíîé ôóíê-
öèè ïî çàäàííîé ñêàëÿðíîé ÷àñòè. Îïåðàòîðû ðàäèàëüíîãî èíòåãðèðîâàíèÿ èñïîëüçóþòñÿ
òàêæå â òåîðèè ñèñòåìû Ìîèñèëà-Òåîäîðåñêó è â òåîðèè óïðóãîñòè [2�3]. Â äàííîé ðàáîòå
ââåäåí äðóãîé îïåðàòîð, äåéñòâóþùèé íà ôóíêöèþ, îïðåäåëåííóþ â äîïîëíåíèè çâåçäíîé
îáëàñòè. Èçó÷åíû ñâîéñòâà òàêîãî îïåðàòîðà è ïðèâåäåíû íåêîòîðûå åãî ïðèìåíåíèÿ â
ìàòåìàòè÷åñêîé ôèçèêå.
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