


ISSN 1815-7459

MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE

Odessa I. I. Mechnikov National 
University

SENSOR ELECTRONICS 
AND MICROSYSTEM 
TECHNOLOGIES 

¹ 4 • 2006

Scientific and Technical Journal

Ì²Í²ÑÒÅÐÑÒÂÎ ÎÑÂ²ÒÈ ² ÍÀÓÊÈ ÓÊÐÀ¯ÍÈ

Îäåñüêèé íàö³îíàëüíèé óí³âåðñèòåò 
³ìåí³ ². ². Ìå÷íèêîâà

ÑÅÍÑÎÐÍÀ ÅËÅÊÒÐÎÍ²ÊÀ 
² Ì²ÊÐÎÑÈÑÒÅÌÍ² 
ÒÅÕÍÎËÎÃ²¯  

¹ 4 • 2006

Íàóêîâî-òåõí³÷íèé æóðíàë

 Çàñíîâàíèé 13.11.2003 ðîêó.  Âèõîäèòü 4 ðàçè íà ð³ê

UDC 681.586

Founded by Odessa I. I. Mechnikov 
National University 

Certificate of State Registration ÊÂ No 8131 

E d i t o r - i n - C h i e f  Smyntyna V. A. 

V i c e  E d i t o r - i n - C h i e f  Lepikh Ya. I. 

E d i t o r i a l  B o a r d : 
Balaban A. P. — (Odessa, Ukraine, 

responsible editor) 
Blonskii I. V. — (Kiev, Ukraine) 
Verbitsky V. G. — (Kiev, Ukraine) 
Garshka E. P. — (Vilnius, Lithuania) 
Gulyaev Yu. V. — (Moscow, Russia) 
Gurzhii A. M. — (Kiev, Ukraine) 
D’Amiko A. — (Rome, Italy) 
Kalashnikov O. M. — (Nottingham, United Kingdom) 
Kozhemyako V. P. — (Vinnitsa, Ukraine) 
Krushkin E. D. — (Ilyichevsk, Ukraine) 
Krutovertsev S. A. — (Zelenograd, Russia) 
Kurmashov S. D. — (Odessa, Ukraine) 
Litovchenko V. G. — (Kiev, Ukraine) 
Machulin V. F. — (Kiev, Ukraine) 
Mokrickiy V. A. — (Odessa, Ukraine) 
Nazarenko A. F. — (Odessa, Ukraine) 
Neizvestny I. G. — (Novosibirsk, Russia) 
Pokutnyi S. I. — (Odessa, Ukraine) 
Ptashchenko A. A. — (Odessa, Ukraine) 
Rarenko I. M. — (Chernovtsy, Ukraine) 
Ryabotyagov D. D. — (Odessa, Ukraine) 
Starodub N. F. — (Kiev, Ukraine) 
Stakhira J. M. — (Lviv, Ukraine) 
Tretyak A. V. — (Kiev, Ukraine) 
Chviruk V. P. — (Kiev, Ukraine) 

Publishes on the resolution of Odessa 
I. I. Mechnikov National University 
Scientific Council. Transaction ¹ 2, 
October, 25, 2006 

E d i t o r i a l  a d d r e s s : 
2, Dvoryanskaya Str. RL-3, 
Odessa I. I. Mechnikov National University, 
Odessa, 65026, Ukraine 
Ph. /Fax:+38(048)723-34-61, Ph.:+38(048)726-63-56 

ÓÄÊ 681.586

Çàñíîâíèê Îäåñüêèé íàö³îíàëüíèé óí³âåðñèòåò 
³ìåí³ ². ². Ìå÷íèêîâà 

Ñâ³äîöòâî ïðî äåðæàâíó ðåºñòðàö³þ ÊÂ ¹ 8131 

Æóðíàë âõîäèòü äî ïåðåë³êó ôàõîâèõ âèäàíü ÂÀÊ 
Óêðà¿íè ç ô³çèêî-ìàòåìàòè÷íèõ 
òà òåõí³÷íèõ íàóê

Æóðíàë ðåôåðóºòüñÿ ÐÆ “Äæåðåëî” 
³ Â²Í²Ò² (Ðîñ³ÿ)

Ãî ë î â í è é  ð å ä à ê ò î ð  Ñìèíòèíà Â. À. 

Ç à ñ ò ó ï í è ê  ã î ë î â í î ã î  ð å ä à ê ò î ð à  Ëåï³õ ß. ². 

Ð å ä à ê ö ³ é í à  ê î ë å ã ³ ÿ : 
Áàëàáàí À. Ï. — (Îäåñà, Óêðà¿íà, 

â³äïîâ³äàëüíèé ñåêðåòàð) 
Áëîíñüêèé ². Â. — (Êè¿â, Óêðà¿íà) 
Âåðáèöüêèé Â. Ã. — (Êè¿â, Óêðà¿íà) 
Ãàðøêà Å. Ï. — (Â³ëüíþñ, Ëèòâà) 
Ãóëÿºâ Þ. Â. — (Ìîñêâà, Ðîñ³ÿ) 
Ãóðæ³é À. Ì. — (Êè¿â, Óêðà¿íà) 
Ä’Àì³êî À. — (Ðèì, ²òàë³ÿ) 
Êàëàøíèêîâ Î. Ì. — (Âåëèêà Áðèòàí³ÿ) 
Êîæåìÿêî Â. Ï. — (Â³ííèöÿ, Óêðà¿íà) 
Êðóøê³í ª. Ä. — (²ëë³÷³âñüê, Óêðà¿íà) 
Êðóòîâåðöåâ Ñ. À. — (Çåëåíîãðàä, Ðîñ³ÿ) 
Êóðìàøîâ Ø. Ä. — (Îäåñà, Óêðà¿íà) 
Ëèòîâ÷åíêî Â. Ã. — (Êè¿â, Óêðà¿íà) 
Ìà÷óë³í Â. Ô. — (Êè¿â, Óêðà¿íà) 
Ìîêðèöüêèé Â. À. — (Îäåñà, Óêðà¿íà) 
Íàçàðåíêî À. Ô. — (Îäåñà, Óêðà¿íà) 
Íå³çâåñòíèé ². Ã. — (Íîâîñèá³ðñüê, Ðîñ³ÿ) 
Ïîêóòí³é Ñ. ². — (Îäåñà, Óêðà¿íà) 
Ïòàùåíêî Î. Î. — (Îäåñà, Óêðà¿íà) 
Ðàðåíêî ². Ì. — (×åðí³âö³, Óêðà¿íà) 
Ðÿáîòÿãîâ Ä. Ä. — (Îäåñà, Óêðà¿íà) 
Ñòàðîäóá Ì. Ô. — (Êè¿â, Óêðà¿íà) 
Ñòàõ³ðà É. Ì. — (Ëüâ³â, Óêðà¿íà) 
Òðåòÿê Î. Â. — (Êè¿â, Óêðà¿íà) 
×âèðóê Â. Ï. — (Êè¿â, Óêðà¿íà) 

Âèäàºòüñÿ çà ð³øåííÿì Â÷åíî¿ ðàäè Îäåñüêîãî 
íàö³îíàëüíîãî óí³âåðñèòåòó 
³ìåí³  ².  ².  Ìå÷íèêîâà 
Ïðîòîêîë ¹ 2 â³ä 25 æîâòíÿ 2006 ð. 

À ä ð å ñ à  ð å ä à ê ö ³ ¿ : 
âóë. Äâîðÿíñüêà, 2, ÍÄË–3, 
Îäåñüêèé íàö³îíàëüíèé óí³âåðñèòåò 
³ìåí³ ². ². Ìå÷íèêîâà, Îäåñà, 65026, Óêðà¿íà. 
Òåë. /Ôàêñ: +38(048)723-34-61, Òåë.: +38(048)726-63-56 

E-mail: semst-journal@onu.edu.ua, semst-journal@ukr.net 
http://www.semst.onu.edu.ua

© ÎÍÓ ³ìåí³ ². ². Ìå÷íèêîâà, 2006



2

Sensor Electronics and Microsystem Technologies. 4/2006

ÇÌ²ÑÒ 

CONTENTS 

Ô³çè÷í³, õ³ì³÷í³ òà ³íø³ ÿâèùà, íà îñíîâ³ ÿêèõ 
ìîæóòü áóòè ñòâîðåí³ ñåíñîðè 
Physical, chemical and other phenomena, as the 
bases of sensors 

Ñ. ². Ïîêóòí³é, Í. Ì. Êîðñ³êîâà 
ÑÓ×ÀÑÍÈÉ ÑÒÀÍ ÒÀ ÏÅÐÑÏÅÊÒÈÂÈ ÐÎÇÂÈÒÊÓ 
ÑÏÅÊÒÐÎÑÊÎÏ²¯ ÍÀÍÎÑÈÑÒÅÌ Â ÓÊÐÀ¯Í² ......  4

Â. À. Äðîçäîâ, Ì. À. Äðîçäîâ, Â. Â. Êîâàëü÷óê 
ÀÍÎÌÀËÜÍÎ-ÈÍÂÅÐÑÈÐÓÅÌÛÉ 
ÔÎÒÎÂÅÍÒÈËÜÍÛÉ ÝÔÔÅÊÒ Â 
ÊËÀÑÒÅÐÈÇÎÂÀÍÍÎÉ ÃÅÒÅÐÎÑÒÐÓÊÒÓÐÅ ........  9

Ïðîåêòóâàííÿ ³ ìàòåìàòè÷íå ìîäåëþâàííÿ 
ñåíñîð³â 
Sensors design and mathematical modeling 

Ô. Ô. Ñèçîâ, Â. Ñ. Òûæíåâîé, Â. Ï. Ðåâà 
ÏÀÐÀÌÅÒÐÛ È ÌÎÄÅËÈÐÎÂÀÍÈÅ ÌÎÏ-
ÒÐÀÍÇÈÑÒÎÐÎÂ ÑÕÅÌ Ñ×ÈÒÛÂÀÍÈß 
ÈÊ-ÔÏÓ ......................................................................  13

N. G. Serbov, A. V. Glushkov, Yu. Ya. Bunyakova, 
G. P. Prepelitsa, A. A. Svinarenko 
SENSING THE KINETICAL FEATURES OF 
ENERGY EXCHANGE IN MIXTURE CO

2
-N

2
-H

2
0 OF 

ATMOSPHERIC GASES UNDER INTERACTING 
WITH LASER RADIATION ........................................  20

Îïòè÷í³, îïòîåëåêòðîíí³ ³ ðàä³àö³éí³ ñåíñîðè 
Optical and optoelectronic and radiation sensors 

Î. Ã. Øâåöü, ². Ì. Ðàðåíêî 
ÄÅßÊ² ÀÑÏÅÊÒÈ ÑÕÅÌÎÒÅÕÍ²ÊÈ 
ÎÏÒÈÊÎÅËÅÊÒÐÎÍÍÈÕ ÑÅÍÑÎÐ²Â ...................  23

È. Ì. Âèêóëèí, Ø. Ä. Êóðìàøåâ, Â. À. Ìèíãàëåâ 
ÔÎÒÎÏÈÅÌÍÈÊ ÍÀ ÎÑÍÎÂÅ 
ÎÄÍÎÏÅÐÅÕÎÄÍÎÃÎ È ÏÎËÅÂÎÃÎ 
ÔÎÒÎÒÐÀÍÇÈÑÒÎÐÎÂ  ............................................  28

A. V. Glushkov, O. Yu. Khetselius, Yu. V. Dubrovskaya, 
A. V. Loboda 
SENSING THE CAPTURE OF NEGATIVE MUON 
BY ATOMS: ENERGY APPROACH ............................  31

À. Í. Øìûðåâà, Í. Ô. Ñòàðîäóá 
ÏÎËÓÏÐÎÂÎÄÍÈÊÎÂÛÅ ÔÎÒÎÏÐÈÅÌÍÈÊÈ 
ÄËß ÏÐÈÌÅÍÅÍÈß Â ÕÅÌÎËÞÌÈÍÎÌÅÒÐÀÕ 
È ÁÈÎÑÅÍÑÎÐÀÕ ÍÀ ÎÑÍÎÂÅ ÝÔÔÅÊÒÀ 
ÕÅÌÈËÞÌÈÍÅÑÖÅÍÖÈÈ ....................................36 

Àêóñòîåëåêòðîíí³ ñåíñîðè 
Acoustoelectronic sensors 

Â. Â. Êóðèëþê, À. Ì. Ãîðá, Î. ². Ïîëîâèíà, 
Î. Î. Êîðîò÷åíêîâ 
ÀÊÓÑÒÎÅËÅÊÒÐÎÍÍ² ÑÅÍÑÎÐÈ 
ÍÀ ÐÅÇÎÍÀÒÎÐÀÕ Í²ÎÁÀÒÓ Ë²Ò²Þ ......................  50

Õ³ì³÷í³ ñåíñîðè 
Chemical sensors 

ß. È. Êóðûñü, Í. Ñ. Íåòÿãà, À. Ë. Êóêëà, 
À. Ñ. Ïàâëþ÷åíêî 
ÎÑÎÁÅÍÍÎÑÒÈ ÃÀÇÎ×ÓÂÑÒÂÈÒÅËÜÍÎÑÒÈ 
ÑÅÍÑÎÐÍÛÕ ÌÀÑÑÈÂÎÂ Ñ ÏÎËÈÌÅÐÍÛÌÈ 
ÑËÎßÌÈ ÍÀ ÎÑÍÎÂÅ ÏÐÎÈÇÂÎÄÍÛÕ 
ÀÍÈËÈÍÀ ..................................................................  55

Á. Ì. Êàö, Ð. Ì. Äëóáîâñêèé 
ÎÑÎÁÅÍÍÎÑÒÈ ÏÐÎÁÎÏÎÄÃÎÒÎÂÊÈ ÏÐÈ 
ÑÅÍÑÎÐÍÎÌ ÀÍÀËÈÇÅ ÒÎÏÎ×ÍÛÕ ÃÀÇÎÂ ......  61

Î. Ê. Â³äèá³äà, Î. Ñ. Óñåíêî, Î. Ë. Êóêëà, 
Î. Ñ. Ïàâëþ÷åíêî, Î. Þ. Ïîñóä³ºâñüêèé, 
Â. Ä. Ïîõîäåíêî 
ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ ÑÅÍÑÎÐÀ ÍÀ ÎÑÍÎÂ² 
ÏÎË²ÀÍ²Ë²ÍÓ Â ÑÒÅÕ²ÎÌÅÒÐ²¯ (1 ↔ 4) ...............  67

Á³îñåíñîðè 
Biosensors 

². Ã. Êîëáàñîâà, Î. Â. Ë³íþ÷åâà, Â. Ï. ×â³ðóê, 
Â. Ñ. Âîðîáåöü 
ÅËÅÊÒÐÎÄÈ ÄËß ÑÅÍÑÎÐÀ ÐÎÇ×ÈÍÅÍÎÃÎ 
ÊÈÑÍÞ ÍÀ ÎÑÍÎÂ² ÍÀÍÎÄÈÑÏÅÐÑÍÈÕ 
ÎÊÑÈÄ²Â ÒÈÒÀÍÓ ² ÖÈÐÊÎÍ²Þ ..........................  76



3

Ìàòåð³àëè äëÿ ñåíñîð³â 
Sensor materials 

À. Â. Êðàâ÷åíêî, Ä. Â. Ç³îëêîâñüêèé, Â. Î. Ñòàðîäóá, 
À. Â. Õîòêåâè÷, Î. Ñ. Ïèøê³í, Ã. Â. Êðàìàð÷óê 
ÍÎÂ² ÀÍ²ÎÍ-ÐÀÄÈÊÀËÜÍ² ÑÎË² TCNQ ßÊ 
ÏÅÐÑÏÅÊÒÈÂÍ² ÑÅÍÑÎÐÍ² ÌÀÒÅÐ²ÀËÈ ...........81 

²ÍÔÎÐÌÀÖ²ß ÏÐÎ ÊÎÍÔÅÐÅÍÖ²Þ 
ÓÍÊÔÍ-3 .....................................................................86

ÂÈÌÎÃÈ ÄÎ ÎÔÎÐÌËÅÍÍß ÑÒÀÒÅÉ ...................89 

Sensor Electronics and Microsystem Technologies. 4/2006



Sensor Electronics and Microsystem Technologies. 4/2006

Ô²ÇÈ×Í², Õ²Ì²×Í² ÒÀ ²ÍØ² ßÂÈÙÀ, ÍÀ ÎÑÍÎÂ² ßÊÈÕ ÌÎÆÓÒÜ 
ÁÓÒÈ ÑÒÂÎÐÅÍ² ÑÅÍÑÎÐÈ 

——
PHYSICAL, CHEMICAL AND OTHER PHENOMENA, 

AS THE BASES OF SENSORS 

PACS 71.35; 73.20; 73.40 
ÓÄÊ 535.34 

ÑÓ×ÀÑÍÈÉ ÑÒÀÍ ÒÀ ÏÅÐÑÏÅÊÒÈÂÈ ÐÎÇÂÈÒÊÓ ÑÏÅÊÒÐÎÑÊÎÏ²¯ 
ÍÀÍÎÑÈÑÒÅÌ Â ÓÊÐÀ¯Í² 

Ñåðã³é ². Ïîêóòí³é, Íàòàëÿ Ì. Êîðñ³êîâà 

²ëë³÷³âñüêèé ³íñòèòóò Îäåñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó ³ìåí³ ².². Ìå÷íèêîâà, 
âóë. Äàí÷åíêà, 17à, ì. ²ëë³÷³âñüê, Îäåñüêî¿ îáë., 68002,Óêðà¿íà 

òåë: 380 (04868) 4-30-76, ôàêñ: 380 (04868) 6-01-54 
E-mail: pokutnyi_sergey@inbox.ru 

Àíîòàö³ÿ 

ÑÓ×ÀÑÍÈÉ ÑÒÀÍ ÒÀ ÏÅÐÑÏÅÊÒÈÂÈ ÐÎÇÂÈÒÊÓ ÑÏÅÊÒÐÎÑÊÎÏ²¯ 
ÍÀÍÎÑÈÑÒÅÌ Â ÓÊÐÀ¯Í² 

Ñåðã³é ². Ïîêóòí³é, Íàòàëÿ Ì. Êîðñ³êîâà 

Àíàë³çóºòüñÿ ñó÷àñíèé ñòàí òà ïåðñïåêòèâè ðîçâèòêó ñïåêòðîñêîï³¿ íàï³âïðîâ³äíèêîâèõ 
íàíîñèñòåì. Íàâîäÿòüñÿ ïðîáëåìè òåîðåòè÷íî¿ ñïåêòðîñêîï³¿ åëåêòðîííèõ òà åêñèòîííèõ 
ñòàí³â êâàç³íóëüâèì³ðíèõ íàíîñèñòåì, ÿê³ ïîòðåáóþòü ïîäàëüøîãî ðîçâèòêó. Äîñë³äæóºòüñÿ 
ìåõàí³çì óïðîâàäæåííÿ íàíîñèñòåìíèõ òåõíîëîã³é ó ñó÷àñíèõ óìîâàõ ðîçâèòêó åêîíîì³êè 
Óêðà¿íè. 

Êëþ÷îâ³ ñëîâà: íàï³âïðîâ³äíèêîâ³ êâàíòîâ³ òî÷êè, ñïåêòðîñêîï³ÿ, åêñèòîíí³ òà åëåêòðî-
íí³ ñòàíè, ìåõàí³çì íàíîñèñòåìíèõ òåõíîëîã³é, åêîíîì³÷íèé ðîçâèòîê. 

Abstract 

THE PRESENT STATE OF SPECTROSCOPY AND THE PERSPECTIVES OF ITS DEVELOPMENT 
BY NANOSYSTEMS IN UKRAINE 

Sergiy I. Pokutnyi, Nataly N. Korsikova 

The present state and the perspectives of the development of the spectroscopy of semiconductor 
nanosystems are analysed. The problems of theoretical spectroscopy of electron and exciton states of 
quasin-zero-dimensional nanosystems requiring further development are provided. The mechanism 
of introduction of nanosystem technologies into the current economy of Ukraine is investigated. 

Keywords: semiconductor quantum dots, spectroscopy, exciton and electron states, mechanism 
nanosystems technology, economic development. 

© Ñåðã³é ². Ïîêóòí³é, Íàòàëÿ Ì. Êîðñ³êîâà, 2006



Àííîòàöèÿ 

ÍÀÑÒÎßÙÅÅ ÑÎÑÒÎßÍÈÅ È ÏÅÐÑÏÅÊÒÈÂÛ ÐÀÇÂÈÒÈß ÑÏÅÊÒÐÎÑÊÎÏÈÈ 
ÍÀÍÎÑÈÑÒÅÌ Â ÓÊÐÀÈÍÅ 

Ñåðãåé È. Ïîêóòíèé, Íàòàëüÿ Í. Êîðñèêîâà 

Àíàëèçèðóåòñÿ íàñòîÿùåå ñîñòîÿíèå è ïåðñïåêòèâû ðàçâèòèÿ ñïåêòðîñêîïèè ïîëóïðî-
âîäíèêîâûõ íàíîñèñòåì. Ïðèâîäÿòñÿ ïðîáëåìû òåîðåòè÷åñêîé ñïåêòðîñêîïèè ýëåêòðîí-
íûõ è ýêñèòîííûõ ñîñòîÿíèé êâàçèíóëüìåðíûõ íàíîñèñòåì, êîòîðûå òðåáóþò äàëüíåéøåãî 
ðàçâèòèÿ. Èññëåäóåòñÿ ìåõàíèçì âíåäðåíèÿ íàíîñèñòåìíûõ òåõíîëîãèé â íàñòîÿùèõ óñëî-
âèÿõ ðàçâèòèÿ ýêîíîìèêè Óêðàèíû. 

Êëþ÷åâûå ñëîâà: ïîëóïðîâîäíèêîâûå êâàíòîâûå òî÷êè, ñïåêòðîñêîïèÿ, ýêñèòîííûå è 
ýëåêòðîííûå ñîñòîÿíèÿ, ìåõàíèçì íàíîñèñòåìíûõ òåõíîëîãèé, ýêîíîìè÷åñêîå ðàçâèòèå. 

Ñåðã³é ². Ïîêóòí³é, Íàòàëÿ Ì. Êîðñ³êîâà



ÓÄÊ 539.18 

ÀÍÎÌÀËÜÍÎ-ÈÍÂÅÐÑÈÐÓÅÌÛÉ ÔÎÒÎÂÅÍÒÈËÜÍÛÉ ÝÔÔÅÊÒ 
Â ÊËÀÑÒÅÐÈÇÎÂÀÍÍÎÉ ÃÅÒÅÐÎÑÒÐÓÊÒÓÐÅ 

Â. À. Äðîçäîâ, Ì. À. Äðîçäîâ, Â. Â. Êîâàëü÷óê 

1Îäåññêèé èíñòèòóò Ñóõîïóòíûõ âîéñê 
2Þæíîóêðàèíñêèé ãîñóäàðñòâåííûé ïåäàãîãè÷åñêèé óíèâåðñèòåò èì. Ê.Ä.Óøèíñêîãî 

Àííîòàöèÿ 

ÀÍÎÌÀËÜÍÎ-ÈÍÂÅÐÑÈÐÓÅÌÛÉ ÔÎÒÎÂÅÍÒÈËÜÍÛÉ ÝÔÔÅÊÒ 
Â ÊËÀÑÒÅÐÈÇÎÂÀÍÍÎÉ ÃÅÒÅÐÎÑÒÐÓÊÒÓÐÅ 

Â. À. Äðîçäîâ, Ì. À. Äðîçäîâ, Â. Â. Êîâàëü÷óê 

Ïðåäñòàâëåííàÿ ðàáîòà ïîñâÿùåíà èññëåäîâàíèþ ôèçè÷åñêèõ ñâîéñòâ êðåìíèåâûõ êëàñ-
òåðîâ (Ê), äèñëîöèðîâàííûõ â èíòåðôåéñå ãåòåðîïåðåõîäíîé ìàòðèöû íà îñíîâå êðåìíèÿ è 
ñåðíèñòîé ìåäè. Îáíàðóæåí ðÿä ïåðñïåêòèâíûõ â ïðàêòè÷åñêîì ïëàíå ýôôåêòîâ, ïðèñóùèõ 
äàííîé ñèñòåìå è çàâèñÿùèõ îò ðàçìåðîâ êëàñòåðîâ. Â ÷àñòíîñòè, ïðåäñòàâëåíû äàííûå îá 
àíîìàëüíîì ñïåêòðàëüíî-èíâåðñèðóåìîì ôîòîâåíòèëüíîì ýôôåêòå (ÑÔÝ), õàðàêòåðíîì 
äëÿ ãåòåðîïåðåõîäà pCu

2
S-K-nSi ïðè ðàçìåðàõ êëàñòåðîâ <10 Å. Ïðåäëàãàåòñÿ îáîñíîâàí-

íûé ìåõàíèçì ÑÔÝ. 
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Ïðåäñòàâëåíà ðîáîòà ïðèñâÿ÷åíà äîñë³äæåííþ ô³çè÷íèõ âëàñòèâîñòåé êðåìí³ºâèõ êëàñòå-
ð³â (Ê), äèñëîêîâàíèõ â ³íòåðôåéñ³ ãåòåðîïåðåõîäíî¿ ìàòðèö³ íà îñíîâ³ êðåìí³þ òà ñ³ð÷èñòî¿ 
ì³ä³. Âèÿâëåíà íèçêà ïåðñïåêòèâíèõ â ïðàêòè÷íîìó ïëàí³ åôåêò³â, âëàñòèâèõ äàí³é ñèñòåì³ ³ 
çàëåæíèõ â³ä ðîçì³ð³â êëàñòåð³â. Çîêðåìà, ïðåäñòàâëåí³ äàí³ ïðî àíîìàëüíèé ñïåêòðàëüíî-³í-
âåðñîâàíèé ôîòîâåíòèëüíèé åôåêò (ÑÔÅ), õàðàêòåðíèé äëÿ ãåòåðîïåðåõîäó pCu

2
S-K-nSi ïðè 

ðîçì³ðàõ êëàñòåð³â <10 Å. Çàïðîïîíîâàíî îá´ðóíòîâàíèé ìåõàí³çì ÑÔÅ. 
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Abstract 

ANOMAL-INVERSIRSE PHOTOVENTIL EFFECT IN CLUSTERED HETERO STRUCTURE 

V. A. Drozdov, M. A. Drozdov, V. V. Koval’chuk 

The presented work is devoted research of physical properties of Si clusters (C), deployed in the 
interface of hetero transition matrix on the basis of Si and Cu

2
S. Found out the row of perspective in 

a practical plan effects, inherent this system and depending on sizes clusters. In particular, informa-
tion is presented about anomalous spectral inverse photo effect (SPE), characteristic for heterojunc-
tion of pCu

2
S-C-nSi at cluster sizes <10 Å. The mechanism of SPE was proposed. 

Keywords: heterojunction, cluster, anomalous photo ventil effect. 
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Abstract 

PARAMETERS AND MODELING OF MOSFETS OF IR-FPA READOUTS 

F. F. Sizov, V. S. Tizhnevy, V. P. Reva 

Current-voltage characteristics of MOSFETs at T = 300 K and T = 77 K were investigated. Anal-
ysis and comparison of different methods of extraction MOSFET threshold voltage at room and 
cryogenic temperature was performed, carriers mobility and mobility attenuation factor were calcu-
lated. Operation of MOSFETs was simulated by PSPICE program at T = 300 K and T = 77 K, and 
comparison of the results of modeling with experimental results was performed. Extracted data allow 
to model basic elements of readouts at T = 77 K. 

Keywords: MOSFET, threshold voltage, mobility, readouts IC. 
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0 OF ATMOSPHERIC GASES UNDER 

INTERACTING WITH LASER RADIATION 

N. G. Serbov, A. V. Glushkov, Yu. Ya. Bunyakova, G. P. Prepelitsa, A. A. Svinarenko 
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Abstract 

SENSING THE KINETICAL FEATURES OF ENERGY EXCHANGE IN MIXTURE CO
2
-N

2
-H

2
0 

OF ATMOSPHERIC GASES UNDER INTERACTING WITH LASER RADIATION 

N. G. Serbov, A. V. Glushkov, Yu. Ya. Bunyakova, G. P. Prepelitsa, A. A. Svinarenko 

A kinetics of energy exchange in the mixture CO
2
-N

2
-H

2
0 gases in atmosphere under passing the 

powerful laser radiation pulses is studied and the features are detected on the basis of the three-mode 
model of kinetical processes for different laser pulse parameters. 

Key words: kinetics of energy exchange, gases in atmosphere, laser radiation 
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 Â ðîáîò³ ðîçãëÿíóòî ðÿä ñõåìîòåõí³÷íèõ ð³øåíü ïåðåòâîðåííÿ îïòè÷íîãî ñèãíàëó â åëåêò-
ðè÷íèé. Â ÿêîñò³ ôîòîïðèéìà÷³â çàñòîñîâàíî ôîòîä³îäè òà ôîòîòðàíçèñòîðè. Â çàëåæíîñò³ â³ä 
³íòåíñèâíîñò³, ÷àñòîòè, àìïë³òóäè ñâ³òëîâî¿ õâèë³ çàïðîïîíîâàí³ ïðèíöèïîâ³ ñõåìè îïòèìàëü-
íîãî ï³äñèëåííÿ ñèãíàëó, ùî îäåðæóºòüñÿ ç ôîòîïðèéìà÷³â â îïòðîíàõ ç â³äêðèòèì êàíàëîì. 

Êëþ÷îâ³ ñëîâà: ôîòîä³îä, ôîòîòðàíçèñòîð, ñâ³òëîâà õâèëÿ, òðèãåð, îïåðàö³éíèé ï³äñèëþâà÷. 

Summary

 SOME ASPECTS OF ELECTRONIC OF OPTOELECTRONIC SENSORS 

A. G. Shvets, ². Ì. Rarenko 

Several integrated circuitry solutions with converting of optical signal into electrical are discussed. 
Photodiodes and phototransistors are used as photoreceivers. Principles circuit of the optimum am-
plification of signal for photoreceivers with open channel are proposed depending on light intensity, 
frequency and amplitude,. 

Keywords: Photodiode, phototransistor, light wave, trigger, operating amplifier. 

Î. Ã. Øâåöü, ². Ì. Ðàðåíêî
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íàëà â ýëåêòðè÷åñêèé. Â êà÷åñòâå ôîòîïðèåìíèêîâ ïðèìåíåíû ôîòîäèîäû è ôîòî òðàíçèñ-
òîðû. Â çàâèñèìîñòè îò èíòåíñèâíîñòè, ÷àñòîòû, àìïëèòóäû ñâåòîâîé âîëíû ïðåäëîæåííûå 
ïðèíöèïèàëüíûå ñõåìû îïòèìàëüíîãî óñèëåíèÿ ñèãíàëà ñ ôîòîïðèåìíèêîâ â îïòðîíàõ ñ 
îòêðûòûì êàíàëîì. 
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Abstract 

PHOTODETECTOR ON THE BASE OF UNIJUNCTION AND FIELD-EFFECT 
PHOTOTRANSISTORS 

I. M. Vikulin, Sh. D. Kurmashev, V. A. Mingalov 

Characteristics of the light converter with the frequency output on the base of the unijunction tran-
sistor were investigated. The field-effect transistor instead of resistor in the emitter circuit of the uni-
junction transistor was used for increase of linear dependence of the frequency for the light stream. 
Expansion of the photosensitivity spectrum into the infrared region may be arrived if the base of the 
field-effect transistor contains the dopants which made the deep level in the band gap of silicon. 

Keywords: photodetectors, unijunction transistor, field-effect transistor. 
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Abstract

SENSING THE CAPTURE OF NEGATIVE MUON BY ATOMS: ENERGY APPROACH 

A. V. Glushkov, O. Yu. Khetselius, Yu. V. Dubrovskaya, A. V. Loboda 

It is presented a new method to sensing and estimating the cross-section of the negative muon 
capture by atoms within a consistent energy approach in the QED theory. Estimates of cross-section 
of the μ- capture by He are obtained. 

Key words: sensing negative muon capture, atomic systems, energy approach 

Ðåçþìå 

ÄÅÒÅÊÒÓÂÀÍÍß ÇÀÕÎÏËÅÍÍß ÍÅÃÀÒÈÂÍÎÃÎ ÌÞÎÍÀ ÀÒÎÌÀÌÈ: 
ÅÍÅÐÃÅÒÈ×ÍÈÉ Ï²ÄÕ²Ä 

Î. Â. Ãëóøêîâ, Î. Þ. Õåöåë³óñ, Þ. Â. Äóáðîâñüêà. À. Â. Ëîáîäà 

Ïðåäñòàâëåíèé íîâèé, ïîñë³äîâíèé ï³äõ³ä äî äåòåêòóâàííÿ òà îö³íêè ïðîöåñó çàõîïëåí-
íÿ íåãàòèâíîãî ìþîíó àòîìàìè, ÿêèé áàçóºòüñÿ íà åíåðãåòè÷íîìó ï³äõîä³ â ÊÅÄ òåîð³¿. Âè-
êîíàí³ îö³íêè ïåðåð³ç³â çàõîïëåííÿ íåãàòèâíîãî ìþîíó àòîìîì Íå. 

Êëþ÷îâ³ ñëîâà: äåòåêòóâàííÿ çàõîïëåííÿ íåãàòèâíîãî ìþîíó, àòîìí³ ñèñòåìè, åíåðãåòè-
÷íèé ï³äõ³ä 

Ðåçþìå 

ÄÅÒÅÊÒÈÐÎÂÀÍÈÅ ÇÀÕÂÀÒÀ ÎÒÐÈÖÀÒÅËÜÍÎÃÎ ÌÞÎÍÀ ÀÒÎÌÀÌÈ: 
ÝÍÅÐÃÅÒÈ×ÅÑÊÈÉ ÏÎÄÕÎÄ 

À. Â. Ãëóøêîâ, Î. Þ. Õåöåëèóñ, Þ. Â. Äóáðîâñêàÿ. À. Â. Ëîáîäà 

Ïðåäñòàâëåí íîâûé, ïîñëåäîâàòåëüíûé ïîäõîä ê äåòåêòèðîâàíèþ è îöåíêå ïðîöåññà çà-
õâàòà îòðèöàòåëüíîãî ìþîíà àòîìàìè. Âûïîëíåíû îöåíêè ñå÷åíèé çàõâàòà îòðèöàòåëüíîãî 
ìþîíà àòîìîì Íå. 

Êëþ÷åâûå ñëîâà: äåòåêòèðîâàíèå çàõâàòà îòðèöàòåëüíîãî ìþîíà, àòîìíûå ñèñòåìû, ýíåð-
ãåòè÷åñêèé ïîäõîä 

A. V. Glushkov, O. Yu. Khetselius, Yu. V. Dubrovskaya, A. V. Loboda

© A. V. Glushkov, O. Yu. Khetselius, Yu. V. Dubrovskaya, A. V. Loboda, 2006



Sensor Electronics and Microsystem Technologies. 4/2006

ÓÄÊ 621.383 

ÏÎËÓÏÐÎÂÎÄÍÈÊÎÂÛÅ ÔÎÒÎÏÐÈÅÌÍÈÊÈ ÄËß ÏÐÈÌÅÍÅÍÈß 
Â ÕÅÌÎËÞÌÈÍÎÌÅÒÐÀÕ È ÁÈÎÑÅÍÑÎÐÀÕ ÍÀ ÎÑÍÎÂÅ ÝÔÔÅÊÒÀ 

ÕÅÌÈËÞÌÈÍÅÑÖÅÍÖÈÈ 

À. Í. Øìûðåâà1, Í. Ô. Ñòàðîäóá2 

1Íàöèîíàëüíûé òåõíè÷åñêèé óíèâåðñèòåò “Êèåâñêèé ïîëèòåõíè÷åñêèé èíñòèòóò”, 
ïð. Ïîáåäû, 37, ã. Êèåâ, 03056, Óêðàèíà, ò.+38(044) 4549074, E-mail: ashmyryeva@el.ntu-kpi.kiev.ua 

2Èíñòèòóò áèîõèìèè èì. À.Â. Ïàëëàäèíà ÍÀÍ Óêðàèíû, óë. Ëåîíòîâè÷à,9, ã. Êèåâ, Óêðàèíà, 
ò. +38 (044) 2794743, e-mail: nikstarodub@yahoo.com 

Àííîòàöèÿ 

ÏÎËÓÏÐÎÂÎÄÍÈÊÎÂÛÅ ÔÎÒÎÏÐÈÅÌÍÈÊÈ ÄËß ÏÐÈÌÅÍÅÍÈß 
Â ÕÅÌÎËÞÌÈÍÎÌÅÒÐÀÕ È ÁÈÎÑÅÍÑÎÐÀÕ ÍÀ ÎÑÍÎÂÅ ÝÔÔÅÊÒÀ 

ÕÅÌÈËÞÌÈÍÅÑÖÅÍÖÈÈ 

À. Í. Øìûðåâà, Í. Ô. Ñòàðîäóá 

 Ïðåäñòàâëåíî àíàëèòè÷åñêîå èññëåäîâàíèå êîíñòðóêòèâíî-òåõíîëîãè÷åñêèõ ðåøåíèé 
ñîçäàíèÿ è õàðàêòåðèñòèê ïîëóïðîâîäíèêîâûõ ôîòîïðèåìíèêîâ ïðè ðàçðàáîòêå õåìèëþ-
ìèíîìåòðîâ è áèîñåíñîðîâ íà îñíîâå õåìèëþìèíåñöåíöèè. 

Êëþ÷åâûå ñëîâà: ëþìèíîìåòð, õåìèëþìèíåñöåíöèÿ, áèîñåíñîð, ôëóîðåñöåíöèÿ, ïîëó-
ïðîâîäíèê, ôîòîïðèåìíèê. 

Àíîòàö³ÿ 

ÍÀÏ²ÂÏÐÎÂ²ÄÍÈÊÎÂ² ÔÎÒÎÏÐÈÉÌÀ×² ÄËß ÇÀÑÒÎÑÓÂÀÍÍß Â ÕÅÌÎËÞÌ²ÍÎÌÅÒÐÀÕ 
ÒÀ Á²ÎÑÅÍÑÎÐÀÕ ÍÀ ÎÑÍÎÂ² ÅÔÅÊÒÓ ÕÅÌ²ËÞÌ²ÍÅÑÖÅÍÖ²¯ 

Î. Ì. Øìèðüîâà, Ì. Ô. Ñòàðîäóá 

Ïðåäñòàâëåíî àíàë³òè÷íèé îãëÿä êîíñòðóêòèâíî-òåõíîëîã³÷íèõ ð³øåíü äëÿ ñòâîðåííÿ òà 
õàðàêòåðèñòèê íàï³âïðîâ³äíèêîâèõ ôîòîïðèéìà÷³â ïðè ðîçðîáö³ õåì³ëþì³íîìåòð³â òà á³î-
ñåíñîð³â íà îñíîâ³ õåì³ëþì³íåñöåíö³¿. 

Êëþ÷îâ³ ñëîâà: ëþì³íîìåòð, õåì³ëþì³íåñöåíö³ÿ, á³îñåíñîð, íàï³âïðîâ³äíèê, ôëóîðåñöå-
íö³ÿ, ôîòîïðèéìà÷. 

Summary 

SEMINCODUCTOR PHOTODETECTORS FOR THE APPLICATIONS IN CHEMILUMINOMETR 
AND BIOSENSORS BASED ON THE CHEMILUMINESCENCE 

O. M. Shmyryeva, N. F. Starodub 

It is presented analytical review about physically-technical solutions at the creation and char-
acteristics of semiconductors photo detectors intended for the development of chemiluminometers 
and biosensors based on the effect of chemiluminescence. 

Key words: luminometer, chemiluminescence, biosensor, semiconductor streuctures, fluores-
cence, photodetector. 
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Abstract 

ACOUSTOLECTRONIC SENSORS BASED ON LITHIUM NIOBATE RESONATORS 

V. V. Kurylyuk, A. M.Gorb, O. I. Polovina, O. A. Korotchenkov 

An acoustoelectronic sensor based on piezoelectric-semiconductor hybrid structure have been 
proposed in this study. The resonant frequencies of such a structure have been experimentally shown 
to decrease as the conductivity of a semiconductor layer increases. The effect observed is due to 
an interaction between charge carriers and piezoelectric fields at the piezoelectric-semiconductor 
interface. The surface distributions of both elastic and piezoelectric fields have been theoretically 
calculated by using the Rayleigh-Ritz variational method for some eigenfrequencies of a 3D LiNbO

3
 

piezoelectric layer. 

Keywords: acoustoelectric sensor, piezoelectric resonator, piezoelectric-semiconductor struc-
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íîáåíçîéíî¿ êèñëîòè). Íàÿâí³ñòü ñïåöèô³÷íèõ âçàºìîä³é ì³æ ôóíêö³îíàëüíèìè çàì³ñíèêà-
ìè ïîë³àí³ë³íó ð³çíî¿ åëåêòðîííî¿ áóäîâè ³ ìîëåêóëàìè ãàçîïîä³áíèõ àíàë³ò³â (àðîìàòè÷í³ 
âóãëåâîäí³, õëîðàëêàíè, ñïèðòè, àöåòîí), äîçâîëÿº äîñÿãòè ñóòòºâî¿ ïåðåõðåñíî¿ ÷óòëèâîñò³ 
ïîë³ìåðíèõ ñåíñîð³â ïî â³äíîøåííþ äî ðå÷îâèí, ùî âèì³ðÿþòüñÿ. 

Êëþ÷îâ³ ñëîâà: ñåíñîðíèé ìàñèâ, ãàçî÷óòëèâ³ñòü, åëåêòðîïðîâ³äí³ ïîë³ìåðè, ïîõ³äí³ àí³-
ë³íó, îðãàí³÷í³ ðîç÷èííèêè. 

Summary 

THE PECULIARITY OF GAS SENSITIVITY OF THE SENSOR ARRAYS WITH POLYMERIC LAYERS 
BASED ON ANILINE DERIVATIVES 

Ya. I. Kurys, N. S. Netyaga, A. L. Kukla, A. S. Pavlyuchenko

The possibility of control of the recognize ability of the conductometric gas sensor arrays based on 
conducting polymers with polyaniline backbone is considered. The several aniline derivatives (o- an-
isidine, o-toluidine, m-aminophenylboronic acid, o-aminobenzenesulfonic acid, m-aminobenzoic 
acid) are used for forming sensor elements. The presence of specific interactions between the func-
tional groups of the substituents with different electronic structure in polyaniline backbone and the 
molecules of gaseous analytes (aromatic hydrocarbons, chloroalkanes, alcohols, acetone) enables to 
achieve a considerable cross sensitivity of the polymeric sensors to the measured substances. 

Keywords: sensor array, gas sensitivity, conducting polymers, aniline derivatives, organic sol-
vents. 
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Abstract 

SAMPLES PREPARATION FEATURES UNDER FUEL GAS SENSOR ANALYSIS 

B. M. Kats, R. M. Dlubovskiy 

The fuel gas preliminary drying necessity at sensor determination of H
2
S, SO

2
, CO, NO and NO

2
 

concentrations was proved. It was shown that this goal can be achieved by using the special filters 
which comprise the chemisorption’s material VION KN-1 type. The using of this material enables 
us to decrease the analyzed air-gas mixture relative humidity up to 50-70 %. 

Key words: gas sensor, fuel gas drying. 
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Âðàõîâàíî ïðîöåñ ïðîíèêíåííÿ àíàë³òó â îá’ºì ñåíñîðà, à òàêîæ õàðàêòåðíå äëÿ âèêîðèñòà-
íî¿ åêñïåðèìåíòàëüíî¿ êîíô³ãóðàö³¿ íå ìèòòºâå çàïîâíåííÿ êàìåðè, ó ÿê³é çíàõîäèòüñÿ ñåí-
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Summary 

CHARACTERISTICS OF A SENSOR BASED ON POLYANILINE IN STOICHIOMETRY (1 ↔ 4) 

A. K. Vidybida, A. S. Usenko, A. L. Kukla, 
A. S. Pavluchenko, O. Yu. Posudievsky, V. D. Pokhodenko 

A model of interaction of an analyte with a chemoresistive sensor is offered. According to the 
model, a receptor molecule can conduct a current after binding four molecules of analyte. It is 
taken into account the process of penetration of the analyte into the sensor and noninstantaneous 
filling of a chamber containing the sensor with analyte, which is characteristic of the experimental 
configuration used. A system of nonlinear differential equations is derived that describes the kinet-
ics of processes in the investigated analyte–chemosensor system. Using the proposed theoretical 
model and the experimental data for the acetone–chemosensor system based on polyaniline, we 
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determine the values of structural-functional characteristics of the chemosensor which were not esti-
mated before (the total number of receptors in the polymer, the current through a single conducting 
receptor, association–dissociation rate constants of acetone molecule with receptor molecule, and 
rate constants of exchange with acetone between the polymer and the environment). The developed 
theoretical model satisfactory reproduces the experimental kinetic curve of the current through the 
sensor for the time range for which we have reliable experimental data. 

Key words: analyte, chemoresistive sensor, polyaniline, rate constants, kinetics. 
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Ðàçðàáîòàíà ìîäåëü âçàèìîäåéñòâèÿ àíàëèòà ñ õåìîðåçèñòèâíûì ñåíñîðîì, ñîãëàñíî 
êîòîðîé ðåöåïòîðíàÿ ìîëåêóëà ìîæåò ïðîâîäèòü òîê ïîñëå ïðèñîåäèíåíèÿ ê íåé ÷åòûð¸õ 
ìîëåêóë àíàëèòà. Ó÷èòûâàåòñÿ ïðîöåññ ïðîíèêíîâåíèå àíàëèòà â îáú¸ì ñåíñîðà, à òàêæå íå 
ìãíîâåííîå çàïîëíåíèå êàìåðû, â êîòîðîé íàõîäèòñÿ ñåíñîð, õàðàêòåðíîå äëÿ èñïîëüçóå-
ìîé ýêñïåðèìåíòàëüíîé êîíôèãóðàöèè. Âûâåäåíà ñèñòåìà íåëèíåéíûõ äèôôåðåíöèàëüíûõ 
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ñåíñîð. Èñïîëüçóÿ ïðåäëîæåííóþ òåîðåòè÷åñêóþ ìîäåëü è ýêñïåðèìåíòàëüíûå äàííûå äëÿ 
ñèñòåìû àöåòîí–õåìîñåíñîð íà îñíîâå ïîëèàíèëèíà, íàéäåíû çíà÷åíèÿ äëÿ íåèçâåñòíûõ 
ðàíåå ñòðóêòóðíî-ôóðêöèîíàëüíûõ õàðàêòåðèñòèê õåìîñåíñîðà (ïîëíîå ÷èñëî ðåöåïòîðîâ â 
ïîëèìåðå, òîê ÷åðåç îäèí ïðîâîäÿùèé ðåöåïòîð, êîíñòàíòû ñêîðîñòåé ðåàêöèé àäñîðáöèè 
è äåñîðáöèè ìîëåêóë àöåòîíà ñ ðåöåïòîðíûìè ìîëåêóëàìè, êîíñòàíòû ñêîðîñòåé îáìåíà 
àöåòîíîì ìåæäó ïîëèìåðîì è âíåøíèì ïðîñòðàíñòâîì). Ðàçðàáîòàííàÿ òåîðåòè÷åñêàÿ ìî-
äåëü óäîâëåòâîðèòåëüíî âîñïðîèçâîäèò ýêñïåðèìåíòàëüíóþ êèíåòè÷åñêóþ êðèâóþ òîêà ÷å-
ðåç ñåíñîð äëÿ òîé å¸ ÷àñòè, äëÿ êîòîðîé èìåþòñÿ íàäåæíûå ýêñïåðèìåíòàëüíûå äàííûå. 

Êëþ÷åâûå ñëîâà: àíàëèò, õåìîðåçèñòèâíèé ñåíñîð, ïîëèàíèëèí, êîíñòàíòû ñêîðîñòåé 
ðåàêöèé, êèíåòèêà. 



Sensor Electronics and Microsystem Technologies. 4/2006

Á²ÎÑÅÍÑÎÐÈ 
——

BIOSENSORS 

ÓÄÊ 541.13+543.272.1 

ÅËÅÊÒÐÎÄÈ ÄËß ÑÅÍÑÎÐÀ ÐÎÇ×ÈÍÅÍÎÃÎ ÊÈÑÍÞ ÍÀ ÎÑÍÎÂ² 
ÍÀÍÎÄÈÑÏÅÐÑÍÈÕ ÎÊÑÈÄ²Â ÒÈÒÀÍÓ ² ÖÈÐÊÎÍ²Þ 

(Çà ìàòåð³àëàìè äîïîâ³ä³ íà êîíôåðåíö³¿ ÑÅÌÑÒ-2) 

². Ã. Êîëáàñîâà1, Î. Â. Ë³íþ÷åâà1, Â. Ï. ×â³ðóê1, Â. Ñ. Âîðîáåöü2 

1Íàö³îíàëüíèé Òåõí³÷íèé Óí³âåðñèòåò “ÊÏ²” 
03056 Kè¿â, ïðîñï. Ïåðåìîãè, 37, 8(044)2417606, e-mail: kolbasovà@bk.ru 

2²íñòèòóò çàãàëüíî¿ òà íåîðãàí³÷íî¿ õ³ì³¿ ³ì. Â.². Âåðíàäñüêîãî ÍÀÍ Óêðà¿íè, 
03142 Êè¿â, ïðîñï. Ïàëàä³íà, 32/34, 8(044)4242280 

Àíîòàö³ÿ 

ÅËÅÊÒÐÎÄÈ ÄËß ÑÅÍÑÎÐÀ ÐÎÇ×ÈÍÅÍÎÃÎ ÊÈÑÍÞ ÍÀ ÎÑÍÎÂ² ÍÀÍÎÄÈÑÏÅÐÑÍÈÕ 
ÎÊÑÈÄ²Â ÒÈÒÀÍÓ ² ÖÈÐÊÎÍ²Þ 

². Ã. Êîëáàñîâà, Î. Â. Ë³íþ÷åâà, Â. Ï. ×â³ðóê, Â. Ñ. Âîðîáåöü 

Çíàéäåíî, ùî ï³äâèùåííÿ çì³ñòó ZrÎ
2
 ó ïë³âêàõ íà îñíîâ³ íàîäèñïåðñíûõ îêñèä³â T³Î

2
- 

ZrÎ
2
 ïðèâîäèòü äî çðóøåííÿ â êàòîäíó îáëàñòü ïîòåíö³àëó íàï³âõâèë³ â³äíîâëåííÿ êèñíþ 

ó ô³ç³îëîã³÷íîìó ðîç÷èí³ NaCl. Ïîêàçàíî, ùî äëÿ ïë³âîê TiÎ
2
, ìîäèô³êîâàíèõ ZrÎ

2
, ïðè 

çá³ëüøåíí³ â çì³ñòè ZrÎ
2
 ó ïë³âö³ â³ä 5 äî 30% ïîòåíö³àë äíà çîíè ïðîâ³äíîñò³ åëåêòðîäà íå 

çì³íþºòüñÿ, à ïîòåíö³àë âåðõíüîãî êðàþ âàëåíòíî¿ çîíè çì³ùàºòüñÿ â àíîäíó îáëàñòü; òàêèì 
÷èíîì, òå, ùî ñïîñòåð³ãàºòüñÿ çñóâ ïîòåíö³àëó â³äíîâëåííÿ Î

2
, ïîâ’ÿçàíå ç³ çì³íîþ êàòàë³-

òè÷íî¿ àêòèâíîñò³ ïë³âîê. 
Äîñë³äæåíî ñòàá³ëüí³ñòü TiÎ

2
-ZrÎ

2
 — åëåêòðîä³â ó ïðîöåñ³ â³äíîâëåííÿ êèñíþ ³ âñòàíîâëåíî, 

ùî åëåêòðîäè íà îñíîâ³ íàíîðàçìåðíûõ ÷àñòîê äèîêñèäà òèòàíà, ùî ì³ñòÿòü 5-10% ZrÎ
2
, â³äð³ç-

íÿþòüñÿ âèñîêîþ â³äíîâëþâàí³ñòþ õàðàêòåðèñòèê ïðè äîâãîñòðîêîâîìó öèêëèðîâàíèè. 

Êëþ÷îâ³ ñëîâà: Ñåíñîð ðîç÷èíåíîãî êèñíþ, TiÎ
2
 òà ZrÎ

2
 åëåêòðîäè, åëåêòðîâ³äíîâëåííÿ 

êèñíþ. 

Resume 

ELECTRODES FOR SENSOR OF DISSOLVED OXIGEN ON THE BASE OF NANOCRYSTALLINE 
TITANIUM AND ZIRCONIUM OXIDES 

I. G. Kolbasova, O. V. Linyucheva, V. P. Chviruk, V. S. Vorobets 

It is found, that increase of ZrO
2 
contents in films on the basis of nanodispersed TiÎ

2
-ZrÎ

2
 ox-

ides leads to shift in cathodic area of oxygen reduction potential in physiological NaCl solution. It 
is shown, that for the TiÎ

2 
films, modified

 
ZrO

2
, at increase in ZrO

2 
contents from 5 up to 30 % the 

potential of a bottom of a conductivity band does not change, and the potential of the top edge of 
a valence band is displaced in anode area; thus, observable displacement of O

2
 reduction potential 
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is connected with change of catalytic activity of the films. Stability TiO
2
-ZrO

2
 — electrodes during 

oxygen reduction is investigated and is established, that electrodes on the basis of nanodispersed 
TiÎ

2
-ZrÎ

2
 particles, containing 5%

 
ZrO

2
, have high reproducibility of the characteristics at long-

term cycling. 

Keywords: Dissolved oxygen sensor; TiÎ
2
 and ZrÎ

2
 electrodes; oxygen electroreduction. 
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ÝËÅÊÒÐÎÄÛ ÄËß ÑÅÍÑÎÐÀ ÐÀÑÒÂÎÐ¨ÍÍÎÃÎ ÊÈÑËÎÐÎÄÀ ÍÀ ÎÑÍÎÂÅ 
ÍÀÍÎÄÈÑÏÅÐÑÍÛÕ ÎÊÑÈÄÎÂ ÒÈÒÀÍÀ È ÖÈÐÊÎÍÈß 

È. Ã. Êîëáàñîâà, Î. Â. Ëèíþ÷åâà, Â. Ï. ×âèðóê, Â. Ñ. Âîðîáåö 

Íàéäåíî, ÷òî ïîâûøåíèå ñîäåðæàíèÿ ZrO
2
 â ïëåíêàõ íà îñíîâå íàîäèñïåðñíûõ îêñèäîâ 

TiÎ
2
- ZrÎ

2
 ïðèâîäèò ê ñäâèãó â êàòîäíóþ îáëàñòü ïîòåíöèàëà ïîëóâîëíû âîññòàíîâëåíèÿ 

êèñëîðîäà â ôèçèîëîãè÷åñêîì ðàñòâîðå NaCl. Ïîêàçàíî, ÷òî äëÿ ïëåíîê TiO
2
, ìîäèôèöè-

ðîâàííûõ ZrO
2
, ïðè óâåëè÷åíèè â ñîäåðæàíèÿ ZrO

2
 â ïëåíêå îò 5 äî 30% ïîòåíöèàë äíà 

çîíû ïðîâîäèìîñòè ýëåêòðîäà íå èçìåíÿåòñÿ, à ïîòåíöèàë âåðõíåãî êðàÿ âàëåíòíîé çîíû 
ñìåùàåòñÿ â àíîäíóþ îáëàñòü; òàêèì îáðàçîì, íàáëþäàåìîå ñìåùåíèå ïîòåíöèàëà âîññòà-
íîâëåíèÿ Î

2
 ñâÿçàíî ñ èçìåíåíèåì êàòàëèòè÷åñêîé àêòèâíîñòè ïëåíîê. 

Èññëåäîâàíà ñòàáèëüíîñòü TiO
2
-ZrO

2
 — ýëåêòðîäîâ â ïðîöåññå âîññòàíîâëåíèÿ êèñëîðî-

äà è óñòàíîâëåíî, ÷òî ýëåêòðîäû íà îñíîâå íàíîðàçìåðíûõ ÷àñòèö äèîêñèäà òèòàíà, ñîäåð-
æàùèå 5-10% ZrO

2
, îòëè÷àþòñÿ âûñîêîé âîçîáíîâëÿåìîñòüþ õàðàêòåðèñòèê ïðè äîëãîâðå-

ìåííîì öèêëèðîâàíèè. 

Êëþ÷åâûå ñëîâà: ñåíñîð ðàñòâîð¸ííîãî êèñëîðîäà; TiO
2
 è ZrO

2
 ýëåêòðîäû; ýëåêòðîâîñ-

ñòàíîâëåíèå êèñëîðîäà. 
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îïîðó çðàçê³â. Âèñîêîïðîâ³äí³ ÀÐÑ º íîâèìè âóçüêîçîííèìè íàï³âïðîâ³äíèêàìè. Âñòàíî-
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Abstract 

NEW ANION-RADICAL SALTS OF TCNQ AS A PERSPECTIVE SENSOR MATERIALS 

A. V. Kravchenko, D. V. Ziolkovsky, V. A. Starodub, 
A. V. Khotkevich, O. S. Pyshkyn, G. V. Kamarchuk 

The synthesis of the number of anion-radical salts (ARS) based on cations of pyrazinium which 
can be used as gas-sensitive elements for conductometric sensors are described in the paper. New 
ARS may respond to the action of gases which possess red-ox, donor-acceptor and alkali-acid prop-
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erties. The composition of ARS has been determined, IR spectra and temperature dependence of 
electric resistivity of the samples has been measured. High conductive ARS are the new narrow-band 
semiconductors. The response to action of the number of gases has been determined. Thus, the 
range of functional high technological materials has been widened. 

Key words: ARS (anion-radical salts), narrow-band semiconductors, gas sensitivity, conductivity. 
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ìîãóò äàâàòü îòêëèê íà ãàçû ñ îêèñëèòåëüíî-âîññòàíîâèòåëüíûìè, äîíîðíî-àêöåïòîðíû-
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Òêà÷ Ì.Â. ïðîô.(×åðí³âö³, Óêðà¿íà) 
Ôåäîñîâ À.Â. ïðîô.(Ëóöüê, Óêðà¿íà) 
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Ëîêàëüíèé îðãàí³çàö³éíèé êîì³òåò: 

Ñìèíòèíà Â.À. — ãîëîâà 
Ëåï³õ ß.² – çàñò. ãîëîâè 
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Ïòàùåíêî Î.Î. 

Ïîïåðåäí³é ñïèñîê òåì çàïðîøåíèõ äîïîâ³äåé: 

Ñó÷àñí³ òåíäåíö³¿ íàï³âïðîâ³äíèêîâî¿ ì³êðî- òà íàíîåëåêòðîí³êè, 
Íîâ³ íàï³âïðîâ³äíèêîâ³ òåõíîëîã³¿ ó III òèñÿ÷îë³òò³   
Ñï³íòðîí³êà ó ñó÷àñí³é ô³çèö³ íàï³âïðîâ³äíèê³â   
Øèðîêîçîííà åëåêòðîí³êà ³ îïòîåëåêòðîí³êà   
Òåðàãåðöîâà åëåêòðîí³êà   
Ôîíîíí³ ÿâèùà â íàíîñòðóêòóðàõ   
Íàíîòðóáêè òà ôóëåðåíè   
Ôîòîíí³ êðèñòàëè, íàíîïòèêà   
Ðîëü MEMS ó ñó÷àñí³é ô³çèö³ íàï³âïðîâ³äíèê³â  
Â³äêðèò³ êâàíòîâ³ òî÷êè   
Ìåòîäè õàðàêòåðèçàö³¿ í/ï ñòðóêòóð   
Íàï³âïðîâ³äíèêîâ³ ôîòîïðèéìà÷³. Ñòàí òà ïåðñïåêòèâè  
Ïðèì³òêà. Ñïèñîê òåì çàïðîøåíèõ äîïîâ³äåé ìîæå áóòè çì³íåíèé àáî äîïîâíåíèé. 

Íàóêîâ³ íàïðÿìè êîíôåðåíö³¿: 

1. Íîâ³ ô³çè÷í³ ÿâèùà â îá’ºìíèõ íàï³âïðîâ³äíèêàõ 
2. Ô³çè÷í³ ÿâèùà ó íèçüêî- òà êâàíòîâî ðîçì³ðíèõ ñòðóêòóðàõ. 
3. Ô³çèêà íàï³âïðîâ³äíèêîâèõ ïðèëàä³â: 
 - à. Ïðîáëåìí³ ïèòàííÿ ì³êðî- òà íàíîåëåêòðîí³êè, êâàíòîâ³ ³ íàíîñòðóêòóðí³ ïðèëàäè; 
 - á. Ñó÷àñí³ ô³çèêî-òåõí³÷í³ àñïåêòè îïòîåëåêòðîííèõ ïðèñòðî¿â 
 - â. Íàäâèñîêî÷àñòîòíà òà òåðàãåðöîâà åëåêòðîí³êà 
 - ã. Åêñòðåìàëüíà åëåêòðîí³êà 
4. Ìàòåð³àëîçíàâ÷³ òà òåõíîëîã³÷í³ àñïåêòè ïåðñïåêòèâíèõ íàï³âïðîâ³äíèêîâèõ ìàòåð³àë³â. 

Ðîáî÷³ ìîâè êîíôåðåíö³¿: óêðà¿íñüêà, ðîñ³éñüêà, àíãë³éñüêà. 
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Äîäàòêîâî: ³íôîðìàö³ÿ ïðî êîíôåðåíö³þ ðîçì³ùåíà íà âåá-ñòîð: 
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Ëîêàëüíèé îðãêîì³òåò “ÓÍÊÔÍ-3”: 
Îäåñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ ². ². Ìå÷íèêîâà 
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ÂÈÌÎÃÈ ÄÎ ÎÔÎÐÌËÅÍÍß ÑÒÀÒÅÉ Ó ÆÓÐÍÀË.
²ÍÔÎÐÌÀÖ²ß ÄËß ÀÂÒÎÐ²Â.

Æóðíàë “Ñåíñîðíà åëåêòðîí³êà ³ ì³êðîñèñ-
òåìí³ òåõíîëîã³¿” ïóáë³êóº ñòàòò³, êîðîòê³ ïî-
â³äîìëåííÿ, ëèñòè äî Ðåäàêö³¿, à òàêîæ êîìåí-
òàð³, ùî ì³ñòÿòü ðåçóëüòàòè ôóíäàìåíòàëüíèõ 
³ ïðèêëàäíèõ äîñë³äæåíü, çà íàñòóïíèìè íà-
ïðÿìêàìè:

1. Ô³çè÷í³, õ³ì³÷í³ òà ³íø³ ÿâèùà, íà îñíîâ³ 
ÿêèõ ìîæóòü áóòè ñòâîðåí³ ñåíñîðè.

2. Ïðîåêòóâàííÿ ³ ìàòåìàòè÷íå ìîäåëþâàí-
íÿ ñåíñîð³â.

3. Ñåíñîðè ô³çè÷íèõ âåëè÷èí.
4. Îïòè÷í³, îïòîåëåêòðîíí³ ³ ðàä³àö³éí³ ñå-

íñîðè.
5. Àêóñòîåëåêòðîíí³ ñåíñîðè.
6. Õ³ì³÷í³ ñåíñîðè.
7. Á³îñåíñîðè.
8. Ìàòåð³àëè äëÿ ñåíñîð³â.
9. Òåõíîëîã³ÿ âèðîáíèöòâà ñåíñîð³â.
10. Ñåíñîðè òà ³íôîðìàö³éí³ ñèñòåìè.
11. Äåãðàäàö³ÿ, ìåòðîëîã³ÿ ³ ñåðòèô³êàö³ÿ ñå-

íñîð³â.
12. Ì³êðîñèñòåìí³ òåõíîëîã³¿ (MST, L²GA-

òåõíîëîã³ÿ, àêòþàòîðè òà ³í.).
Æóðíàë ïóáë³êóº òàêîæ çàìîâëåí³ îãëÿäè ç 

àêòóàëüíèõ ïèòàíü, ùî â³äïîâ³äàþòü éîãî òåìà-
òèö³, ïîòî÷íó ³íôîðìàö³þ — õðîí³êó, ïåðñîíà-
ë³¿, ïëàòí³ ðåêëàìí³ ïîâ³äîìëåííÿ, îãîëîøåííÿ 
ùîäî êîíôåðåíö³é.

Ìàòåð³àëè, ùî íàäñèëàþòüñÿ äî Ðåäàêö³¿, 
ïîâèíí³ áóòè íàïèñàí³ ç ìàêñèìàëüíîþ ÿñí³ñ-
òþ ³ ÷³òê³ñòþ âèêëàäó òåêñòó. Ó ïîäàíîìó ðóêî-
ïèñ³ ïîâèííà áóòè îá´ðóíòîâàíà àêòóàëüí³ñòü 
ðîçâ’ÿçóâàíî¿ çàäà÷³, ñôîðìóëüîâàíà ìåòà äî-

ñë³äæåííÿ, ì³ñòèòèñÿ îðèã³íàëüíà ÷àñòèíà ³ âè-
ñíîâêè, ùî çàáåçïå÷óþòü ðîçóì³ííÿ ñóò³ îòðè-
ìàíèõ ðåçóëüòàò³â ³ ¿õ íîâèçíó. Àâòîðè ïîâèíí³ 
óíèêàòè íåîá´ðóíòîâàíîãî ââåäåííÿ íîâèõ òåð-
ì³í³â ³ âóçüêîïðîô³ëüíèõ æàðãîííèõ âèñëîâ³â.

Ðåäàêö³ÿ æóðíàëó ïðîñèòü àâòîð³â ïðè íà-
ïðàâëåí³ ñòàòåé äî äðóêó êåðóâàòèñÿ íàñòóïíè-
ìè ïðàâèëàìè:

1. Ðóêîïèñè ïîâèíí³ íàäñèëàòèñÿ â äâîõ 
ïðèì³ðíèêàõ óêðà¿íñüêîþ, ðîñ³éñüêîþ ÷è àíã-
ë³éñüêîþ ìîâîþ ³ ñóïðîâîäæóâàòèñÿ ôàéëàìè 
òåêñòó ³ ìàëþíê³â íà äèñêåò³. Åëåêòðîííà êî-
ï³ÿ ìîæå áóòè ïðåäñòàâëåíà åëåêòðîííîþ ïî-
øòîþ.

2. Ïðèéíÿòí³ ôîðìàòè òåêñòó: Mult³Ed³t (txt), 
WordPerfect, MS Word (rtf, doc).

3. Ïðèéíÿòí³ ãðàô³÷í³ ôîðìàòè äëÿ ðèñóí-
ê³â: EPS, T²FF, BMP, PCX, WMF, MS Word ³ MS 
Graf, JPEG. Ðèñóíêè ñòâîðåí³ çà äîïîìîãîþ 
ïðîãðàìíîãî çàáåçïå÷åííÿ äëÿ ìàòåìàòè÷íèõ 
³ ñòàòèñòè÷íèõ îá÷èñëåíü, ïîâèíí³ áóòè ïåðå-
òâîðåí³ äî îäíîãî ç öèõ ôîðìàò³â.

Ðóêîïèñè íàïðàâëÿòè çà àäðåñîþ:
Ëåï³õ ßðîñëàâ ²ëë³÷, Çàì. Ðåäàêòîðà, Îäåñüêèé 
íàö³îíàëüíèé óí³âåðñèòåò  ³ìåí³ ². ². Ìå÷íèêîâà, 

ÍÄË-3, âóë. Äâîðÿíñüêà, 2, 
Îäåñà, 65026, Óêðà¿íà.

Òåëåôîí / ôàêñ +38(048) 723-34-61, 
òåë. +38(048) 726-63-56.

E-mail: semst-journal@onu.edu.ua, 
semst-journal@ukr.net

http://www.semst.onu.edu.ua

Ïðàâèëà ï³äãîòîâêè ðóêîïèñó:

Ðóêîïèñè ïîâèíí³ ñóïðîâîäæóâàòèñÿ:
– îô³ö³éíèì ëèñòîì, ï³äïèñàíèì êåð³âíè-

êîì óñòàíîâè, äå áóëà âèêîíàíà ðîáîòà. Öå ïðà-
âèëî íå ñòîñóºòüñÿ ðîá³ò ïðåäñòàâëåíèõ ì³æíà-
ðîäíèìè ãðóïàìè àâòîð³â;

– äîçâîëîì äëÿ â³äêðèòî¿ ïóáë³êàö³¿: åêñïå-
ðòíèì âèñíîâêîì — ò³ëüêè äëÿ àâòîð³â ç Óêðà-
¿íè.

Àâòîðñüêå ïðàâî ïåðåõîäèòü Âèäàâöþ. 
Òèòóëüíèé àðêóø:
1. PACS ³ Óí³âåðñàëüíèé Äåñÿòêîâèé Êîä 

Êëàñèô³êàö³¿ (ÓÄÊ) (äëÿ àâòîð³â ³ç êðà¿í 
ÑÍÄ) — ó âåðõíüîìó ë³âîìó êóò³. Äîïóñêàºòüñÿ 

äåê³ëüêà â³ää³ëåíèõ êîìàìè êîä³â. ßêùî í³ÿê³ 
êîäè êëàñèô³êàö³¿ íå ïîçíà÷åí³, êîä(è) áóäå(-
óòü) âèçíà÷åíî Ðåäàêö³éíîþ Êîëåã³ºþ.

2. Íàçâà ðîáîòè (ïî öåíòðó, ïðîïèñíèìè ë³-
òåðàìè, øðèôò 14pt, æèðíî).

3. Ïð³çâèùå (-à) àâòîðà(-³â) (ïî öåíòðó, 
øðèôò 12pt).

4. Íàçâà óñòàíîâè, ïîâíà àäðåñà, òåëåôîíè ³ 
ôàêñè, e-ma³l äëÿ êîæíîãî àâòîðà. íèæ÷å, ÷å-
ðåç îäèí ³íòåðâàë, îêðåìèì ðÿäêîì (ïî öåíòðó, 
øðèôò 12pt).

Àíîòàö³ÿ: äî 200 ñë³â óêðà¿íñüêîþ, àíãë³éñü-
êîþ ³ ðîñ³éñüêîþ ìîâàìè. Ïåðåä òåêñòîì àíî-
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òàö³¿ ïîòð³áíî âêàçàòè íà ò³é æå ìîâ³: íàçâó ðî-
áîòè, ïð³çâèùà ³ ³í³ö³àëè âñ³õ àâòîð³â.

Êëþ÷îâ³ ñëîâà: ¿õíÿ ê³ëüê³ñòü íå ïîâèííà 
ïåðåâèùóâàòè â³ñüìîõ ñë³â. Â îñîáëèâèõ âè-
ïàäêàõ ìîæíà âèêîðèñòîâóâàòè òåðì³íè ç äâî-
ìà — ÷è òðüîìà ñëîâàìè. Ö³ ñëîâà ïîâèíí³ áóòè 
ðîçì³ùåí³ ï³ä àíîòàö³ºþ ³ íàïèñàí³ ò³ºþ ñàìîþ 
ìîâîþ.

Òåêñò ïîâèíåí áóòè íàäðóêîâàíèé ÷åðåç 1,5 
³íòåðâàëè, íà á³ëîìó ïàïåð³ ôîðìàòó A4. Ïîëÿ: 
çë³âà — 3ñì, ñïðàâà — 1,5ñì, ââåðõó ³ çíèçó — 
2,5ñì. Øðèôò 12pt. Ï³äçàãîëîâêè, ÿêùî âîíè º, 
ïîâèíí³ áóòè íàäðóêîâàí³ ïðîïèñíèìè ë³òåðà-
ìè, æèðíî.

Ð³âíÿííÿ ïîâèíí³ áóòè ââåäåí³, âèêîðèñòî-
âóþ÷è MS Equat³on Ed³tor àáî MathType. Ðîáî-
òè ç ðóêîïèñíèìè âñòàâêàìè íå ïðèéìàþòüñÿ.

Òàáëèö³ ïîâèíí³ áóòè ïðåäñòàâëåí³ íà îêðå-
ìèõ àðêóøàõ ó ôîðìàò³ â³äïîâ³äíèõ òåêñòîâèõ 
ôîðìàò³â (äèâ. âèùå), ÷è ó ôîðìàò³ òåêñòó (ç 
êîëîíêàìè, â³ää³ëåíèìè ³íòåðâàëàìè, êîìàìè, 
êðàïêàì ç êîìîþ, ÷è çíàêàìè òàáóëþâàííÿ).

Ñïèñîê ë³òåðàòóðè ïîâèíåí áóòè íàäðóêîâà-
íèé ÷åðåç 1,5 ³íòåðâàëè, ç ë³òåðàòóðîþ, ïðîíó-
ìåðîâàíîþ â ïîðÿäêó ¿¿ ïîÿâè â òåêñò³.

Ïîðÿäîê îôîðìëåííÿ ë³òåðàòóðè ïîâèíåí 
â³äïîâ³äàòè âèìîãàì ÂÀÊ Óêðà¿íè: 

1. Áåðåñòîâñêèé Â.Á., Ëèôøèö Å.Ì., Ïèòà-
åâñêèé Ë.Ï., Êâàíòîâàÿ ýëåêòðîäèíàìèêà. —  
Ì.: Íàóêà, 1984. —  430 ñ.

2. Ñåðãèåíêî À.Ì., ×åðíîâà Ð.È., Ñåðãèåí-
êî À.ß., Îïòèìèçàöèÿ öèôðîâîé ñåòè //ÔÒÒ. — 
1992. —  Ò.7, ¹6. —  Ñ. 34-38.

3. Bramley R., Faber J.M., Nelson C.N. et 
al., Gas sensor research // Phys. Rev. —  1978. —  
¹6. —  Ð. 34-38.

4. Stirling A.N. and Watson D. Progress in Low 
Temperature Physics. —  North Holland, Amster-
dam.: ed. by D.F. Brewer, 1986. —  248 p.

5. Ãðîìîâ Ê.Ä., Ëàíäñáåðã Ì.Ý., Îïòèìà-
ëüíîå íàçíà÷åíèå ïðèîðèòåòîâ //Òðóäû ìåæ-
äóíàð. êîíô. “Ëîêàëüíûå âû÷èñëèòåëüíûå ñå-
òè”(ËÎÊÑÅÒÜ 88). — Òîì 1. — Ðèãà:ÈÝÂÒ ÀÍ 
Ëàòâèè. — 1988. — Ñ.149-153.

6. Elliot M.P., Rumford V. and Smith A.A. The 
research of the optical sensors. — NY. 1976. — 
37 p.(reprint./ TH 4302-CERN).

7. Øàëèìîâà À.Í., Ãàê³â À.Ñ. Äîñë³äæåííÿ 
îïòè÷íèõ ñåíñîð³â. —  Ê: 1976. — 37 ñ. (Ïðåïð. 
/ÀÍ Óêðà¿íè. ²í-ò ê³áåðíåòèêè; 76-76). 

8. Âàñèëüºâ Í.Â. Îïòè÷í³ ñåíñîðè íà ïë³â-
êàõ À
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: Äèñ. êàíä.ô³ç. — ìàò. íàóê, 05.05.04. — 

Ê.,1993. —  212 ñ.
Ï³äïèñè äî ðèñóíê³â ³ òàáëèöü ïîâèíí³ áóòè 

íàäðóêîâàí³ â ðóêîïèñ³ ç äâîìà ïðîá³ëàìè ï³ñ-
ëÿ ñïèñêó ë³òåðàòóðè.

Âèíîñîê, ÿêùî ìîæëèâî, áàæàíî óíèêàòè.
Ðèñóíêè áóäóòü ñêàíîâàí³ äëÿ öèôðîâîãî 

â³äòâîðåííÿ. Òîìó áóäóòü ïðèéìàòèñÿ ò³ëüêè 
âèñîêîÿê³ñí³ ðèñóíêè.

Íàïèñè ³ ñèìâîëè ïîâèíí³ áóòè íàäðóêîâàí³ 
óñåðåäèí³ ðèñóíêó. Íåãàòèâè, ñëàéäè, ³ ä³àïîçè-
òèâè íå ïðèéìàþòüñÿ.

Êîæåí ðèñóíîê ïîâèíåí áóòè íàäðóêîâàíèé 
íà îêðåìîìó àðêóø³ ³ ìàòè ðîçì³ð, ùî íå ïåðå-
âèùóº 160õ200 ìì. Äëÿ òåêñòó íà ðèñóíêàõ âè-
êîðèñòîâóéòå øðèôò 10pt. Îäèíèö³ âèì³ðó ïî-
âèíí³ áóòè ïîçíà÷åí³ ï³ñëÿ êîìè (íå â êðóãëèõ 
äóæêàõ). Óñ³ ðèñóíêè ïîâèíí³ áóòè ïðîíóìåðî-
âàí³ â ïîðÿäêó ¿õ ïîÿâè â òåêñò³, ç ÷àñòèíàìè 
ïîçíà÷åíèìè ÿê (a), (á), ³ ò.ä. Ðîçì³ùåííÿ íî-
ìåð³â ðèñóíê³â ³ íàïèñó óñåðåäèí³ ìàëþíê³â íå 
äîçâîëÿþòüñÿ. Ç³ çâîðîòíüî¿ ñòîðîíè, íàïèø³òü 
îë³âöåì íàçâó, ïð³çâèùå(à) àâòîðà(-³â), íîìåð 
ìàëþíêà ³ ïîçíà÷òå âåðõ ñòð³ëêîþ.

Ôîòîãðàô³¿ ïîâèíí³ áóòè îðèã³íàëüíèìè.
Êîëüîðîâèé äðóê ìîæëèâèé, ÿêùî éîãî âàð-

ò³ñòü ñïëà÷óºòüñÿ àâòîðàìè ÷è ¿õ ñïîíñîðàìè.




