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Àíîòàö³ÿ. Äîñë³äæåíî âïëèâ ìîëåêóëÿðíîãî âîäíþ íà åëåêòðîô³çè÷í³ âëàñòèâîñò³ ñòðóê-
òóð íà îñíîâ³ òîâñòèõ ìåìáðàí ìåçî-ïîðóâàòîãî êðåìí³þ (ìåçî-ÏÊ) ³ç ð³çíèì âì³ñòîì íà-
íî÷àñòèíîê Pd. Âèì³ðÿíî ê³íåòèêó çì³íè àêòèâíîãî îïîðó ³ êîìïëåêñíîãî ³ìïåäàíñó, òà ¿õ 
çàëåæíîñò³ â³ä íàïðóãè ó àòìîñôåð³ ç Í

2
 òà ïðîòÿãîì ðåëàêñàö³¿ íà ïîâ³òð³. Îòðèìàíî ð³çí³ 

çàêîíîì³ðíîñò³ çì³íè åëåêòðîô³çè÷íèõ õàðàêòåðèñòèê äëÿ ð³çíîãî âì³ñòó ïàëàä³þ ó çðàçêàõ, 
à òàêîæ åôåêò íåîáîðîòíîãî çðîñòàííÿ îïîðó ñòðóêòóð. Ïðîàíàë³çîâàíî ìåõàí³çìè ñîðá-
ö³¿ âîäíþ çðàçêàìè òà çàïðîïîíîâàííî ïîÿñíåííÿ ¿õ âïëèâó íà ïðîöåñè ïåðåíîñó çàðÿäó ó 
ñòðóêòóðàõ. 
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INFLUENCE OF HYDROGEN SORPTION PROCESSES ON ELECTROPHYSICAL PROPERTIES 
OF POROUS SILICON FREE LAYERS WITH PALLADIUM NANOPARTICLES 

A. I. Manilov, V. A. Skryshevsky, S. A. Alekseev, G. V. Kuznetsov 

Abstract. Influence of molecular hydrogen sorption processes on electrophysical properties of me-
so-porous silicon (meso-PS) free layers with different amounts of palladium nanoparticles was inves-
tigated. Active resistivity and complex impedance kinetics and voltage regularities were measured, as 
in atmosphere with H

2
, so during relaxation in air. Different regularities of electrophysical properties 

for diverse amounts of palladium in the samples were obtained, as well as irreversible resistivity growth 
effect. Hydrogen sorption mechanisms and their influence on charge transfer processes were analyzed. 

Keywords: porous silicon, palladium nanoparticles, hydrogen, electrical 

© À. ². Ìàí³ëîâ, Â. À. Ñêðèøåâñüêèé, Ñ. Î. Àëåêñººâ, Ã. Â. Êóçíºöîâ, 2011

À. ². Ìàí³ëîâ, Â. À. Ñêðèøåâñüêèé, Ñ. Î. Àëåêñººâ, Ã. Â. Êóçíºöîâ



Sensor Electronics and Microsystem Technologies. T. 2 (8) 3/2011

ÂËÈßÍÈÅ ÏÐÎÖÅÑÑÎÂ ÍÀÊÎÏËÅÍÈß ÌÎËÅÊÓËßÐÍÎÃÎ ÂÎÄÎÐÎÄÀ 
ÍÀ ÝËÅÊÒÐÎÔÈÇÈ×ÅÑÊÈÅ ÑÂÎÉÑÒÂÀ ÌÅÌÁÐÀÍ ÏÎÐÈÑÒÎÃÎ ÊÐÅÌÍÈß 

Ñ ÍÀÍÎ×ÀÑÒÈÖÀÌÈ ÏÀËËÀÄÈß 

À. È. Ìàíèëîâ, Â. À. Ñêðûøåâñêèé, Ñ. À. Àëåêñååâ, Ã. Â. Êóçíåöîâ 

Àííîòàöèÿ. Èññëåäîâàíî âëèÿíèå ìîëåêóëÿðíîãî âîäîðîäà íà ýëåêòðîôèçè÷åñêèå ñâîéñ-
òâà ñòðóêòóð íà îñíîâå òîëñòûõ ìåìáðàí ìåçîïîðèñòîãî êðåìíèÿ (ìåçî-ÏÊ) ñ ðàçíûì ñî-
äåðæàíèåì íàíî÷àñòèö Pd. Èçìåðåíî êèíåòèêó èçìåíåíèÿ àêòèâíîãî ñîïðîòèâëåíèÿ è 
êîìïëåêñíîãî èìïåäàíñà, à òàêæå èõ çàâèñèìîñòü îò íàïðÿæåíèÿ â àòìîñôåðå ñ Í

2
 è ïðè 

ðåëàêñàöèè íà âîçäóõå. Ïîëó÷åíû ðàçíûå çàêîíîìåðíîñòè èçìåíåíèÿ ýëåêòðîôèçè÷åñêèõ 
õàðàêòåðèñòèê äëÿ ðàçíîãî ñîäåðæàíèÿ ïàëëàäèÿ â îáðàçöàõ, à òàêæå ýôôåêò íåîáðàòèìî-
ãî âîçðàñòàíèÿ ñîïðîòèâëåíèÿ ñòðóêòóð. Ïðîàíàëèçèðîâàíû ìåõàíèçìû ñîðáöèè âîäîðîäà 
îáðàçöàìè è ïðåäëîæåíî îáúÿñíåíèå èõ âëèÿíèÿ íà ïðîöåññû ïåðåíîñà çàðÿäà â ñòðóêòóðàõ. 
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Àíîòàö³ÿ. Ðîçãëÿíóòî âïëèâ ïîñò³éíîãî òà çì³ííîãî åëåêòðè÷íîãî ñòðóìó ïðè îäíî÷àñí³é 
ä³¿ óëüòðàçâóêîâî¿ äåôîðìàö³¿ íà âíóòð³øíº òåðòÿ ³ ìîäóëü ïðóæíîñò³ ìîíîêðèñòàëó òâåðäîãî 
ðîç÷èíó GeSi îð³ºíòàö³¿ [111] ï³ñëÿ ð³çêè òà øë³ôóâàííÿ. Âñòàíîâëåíî çìåíøåííÿ ìîäóëÿ 
ïðóæíîñò³ òà ð³ñò âíóòð³øíüîãî òåðòÿ ïðè äîñÿãíåíí³ êðèòè÷íîé âåëè÷èíè åëåêòðè÷íîãî 
ñòðóìó. Âñòàíîâëåíî âïëèâ ðåëàêñàö³éíèõ ïðîöåñ³â ñòðóêòóðíèõ äåôåêò³â êðèñòàë³÷íî¿ ðå-
ø³òêè íà òåìïåðàòóðíèé ñïåêòð âíóòð³øíüîãî òåðòÿ òà ìîäóëÿ ïðóæíîñò³ (âêàç³âíî¿ ïîâåðõ-
í³ íåïðóæíî-ïðóæíîãî ò³ëà) GeSi ïðè òåïëîâîìó òà óëüòðàçâóêîâîìó âïëèâ³. 

Êëþ÷îâ³ ñëîâà: óëüòðàçâóê, åëåêòðè÷íèé ñòðóì, òåõíîëîã³÷íèé â³äïàë, âíóòð³øíº òåðòÿ, 
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INFLUENCE OF TEMPERATURE, ULTRASOUND, ELECTRICAL CURRENT ON INELASTIC-
ELASTIC CHARACTERISTICS, RELAXATION PROCESSES IN GeSi AND SiO

2
 

A. P. Onanko, O. V. Lyashenko, G. T. Prodayvoda, S. A. Vyzhva, Ya. A. Onanko 

Abstract. The results of influencing of direct and variable electrical current at simultaneous in-
fluence of ultrasonic deformation on internal friction and the elastic module of crystal solid solu-
tion GeSi with orientation [111] after cutting and polishing were studied. The decreasing of elastic 
module and the raise of internal friction was obtained under condition when the critical value of the 
electrical current is exceeded. The results of examinations of the relaxation processes in a crystalline 
lattice at thermal and ultrasonic processing on the temperature spectrum of internal friction and 
elastic module (indicatory surface of inelasticity-elasticity body) of GeSi are presented. 

Keywords: ultrasound, electrical current, technological annealing, internal friction, elastic mod-
ule, relaxation processes, dislocations 

ÂËÈßÍÈÅ ÒÅÌÏÅÐÀÒÓÐÛ, ÓËÜÒÐÀÇÂÓÊÀ, ÝËÅÊÒÐÈ×ÅÑÊÎÃÎ ÒÎÊÀ ÍÀ ÍÅÓÏÐÓÃÎ-
ÓÏÐÓÃÈÅ ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ, ÐÅËÀÊÑÀÖÈÎÍÍÛÅ ÏÐÎÖÅÑÑÛ Â Ge-Si È SiO
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Àííîòàöèÿ. Ðàññìîòðåíî âëèÿíèå ïîñòîÿííîãî è ïåðåìåííîãî ýëåêòðè÷åñêîãî òîêà ïðè 
îäíîâðåìåííîì âîçäåéñòâèè óëüòðàçâóêîâîé äåôîðìàöèè íà âíóòðåííåå òðåíèå è ìîäóëü 
óïðóãîñòè ìîíîêðèñòàëà òâåðäîãî ðàñòâîðà GeSi îðèåíòàöèè [111] ïîñëå ðåçêè è øëèôîâ-
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êè. Îáíàðóæåíî óìåíüøåíèå ìîäóëÿ óïðóãîñòè è ðîñò âíóòðåííåãî òðåíèÿ ïðè äîñòèæåíèè 
êðèòè÷åñêîé âåëè÷èíû ýëåêòðè÷åñêîãî òîêà. Ïðåäñòàâëåíî âëèÿíèå ðåëàêñàöèîííûõ ïðî-
öåññîâ ñòðóêòóðíûõ äåôåêòîâ êðèñòàëëè÷åñêîé ðåøåòêè íà òåìïåðàòóðíûé ñïåêòð âíóòðåí-
íåãî òðåíèÿ è ìîäóëÿ óïðóãîñòè (óêàçàòåëüíîé ïîâåðõíîñòè íåóïðóãî-óïðóãîãî òåëà) GeSi 
ïðè òåïëîâîì è óëüòðàçâóêîâîì âîçäåéñòâèè. 

Êëþ÷åâûå ñëîâà: óëüòðàçâóê, ýëåêòðè÷åñêèé òîê, òåõíîëîãè÷åñêèé îòæèã, âíóòðåííåå òðå-
íèå, ìîäóëü óïðóãîñòè, ðåëàêñàöèîííûå ïðîöåññû, äèñëîêàöèè 
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MOLECULAR MODEL AND THE CHEMICAL BOND OF SELENIUM 

A. A. Ashcheulov, O. N. Manyk, T. O. Manyk, V. R. Bilynskyj-Slotylo 

Abstract. By methods of theory of elasticity and lattice dynamics were identified peculiarities of 
the chemical bond formation of selenium that extends the capabilities of solving materials science 
problems. 

Keywords: mathematical models, chemical bond, force coefficients, characteristic frequencies 
and temperatures 
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3 
ñ òîí-

êèì ñëîåì êàòàëèçàòîðà (Pt, Pd) âîäîðîäîì â ðàçëè÷íîé êîíöåíòðàöèè â ñìåñè ñ âîçäóõîì. 
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ðîäà íà îñíîâå ýòîãî ýôôåêòà ñ áîëüøîé ÷óâñòâèòåëüíîñòüþ ê âîäîðîäó â îáëàñòè ìàëûõ 
êîíöåíòðàöèé ýòîãî ãàçà â âîäîðîä-âîçäóøíûõ ñìåñÿõ (äî çíà÷åíèÿ, ìåíåå 0,01îá. % [H

2
]). 

Ñóùåñòâåííîå ïîâûøåíèå ÷óâñòâèòåëüíîñòè ñåíñîðà ê âîäîðîäó äîñòèãíóòî çà ñ÷åò ìíî-
ãîêðàòíîãî îòðàæåíèÿ ãðàíèöåé ðàçäåëà ñòåêëî/WO

3
 ÈÊ-ñâåòà ñ äëèíîé âîëíû 940 íì ïðè 

ðàñïðîñòðàíåíèè åãî ïî ñòåêëÿííîìó ñâåòîïðîâîäó. 
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Ã. ß. Êîëáàñîâ, Ñ. Â. Âîëêîâ, Þ. Ñ. Êðàñíîâ, Ñ. Ñ. Ôîìàíþê 

Àíîòàö³ÿ. Ïðîâåäåíî êîìï'þòåðíå ìîäåëþâàííÿ åôåêòó îñëàáëåííÿ ïîâíîãî âíóòð³ø-
íüîãî â³äáèòòÿ â îáëàñò³ ãðàíèö³ ðîçïîä³ëó ì³æ ñêëîì ³ ïë³âêîþ WO

3 
ç òîíêèì øàðîì êàòàë³-

çàòîðà (Pt, Pd) âîäíåì ó ð³çí³é êîíöåíòðàö³¿ â ñóì³ø³ ç ïîâ³òðÿì. Ðîçðîáëåíî êîíñòðóêö³þ é 
âèãîòîâëåíèé ëàáîðàòîðíèé çðàçîê îïòè÷íîãî ñåíñîðà âîäíþ íà îñíîâ³ öüîãî åôåêòó ç âå-
ëèêîþ ÷óòëèâ³ñòþ äî âîäíþ â îáëàñò³ ìàëèõ êîíöåíòðàö³é öüîãî ãàçó ó âîäíåâî-ïîâ³òðÿíèõ 
ñóì³øàõ (äî çíà÷åííÿ ìåíø, í³æ 0,01îá. % [H

2
]). ²ñòîòíå ï³äâèùåííÿ ÷óòëèâîñò³ ñåíñîðà 

äî âîäíþ äîñÿãíóòî çà ðàõóíîê áàãàòîðàçîâîãî â³äáèòòÿ ãðàíèöåþ ðîçïîä³ëó ñêëî/WO
3
 ²×-

ñâ³òëà ç äîâæèíîþ õâèë³ 940 íì ïðè ïîøèðåíí³ éîãî óçäîâæ ñêëÿíîãî ñâ³òëîïðîâîäó. 

Êëþ÷îâ³ ñëîâà: îïòè÷í³ ñåíñîðè âîäíþ, ïë³âêè îêñèäó âîëüôðàìó 

© Ã. ß. Êîëáàñîâ, Ñ. Â. Âîëêîâ, Þ. Ñ. Êðàñíîâ, Ñ. Ñ. Ôîìàíþê, 2011
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OPTICAL HYDROGEN SENSOR WITH INCREASED SENSITIVITY BASED 
ON TUNGSTEN OXIDE FILM 

G. Ya. Kolbasov, S. V. Volkov, Yu. S. Krasnov, S. S. Fomanuk 

Abstract. A computer simulation of the effect of frustration of total internal reflection in the 
region of the interface between glass and WO

3
 film with thin catalyst (Pt, Pd) layer by hydrogen 

with different concentration in the hydrogen-air mixture has been performed. A design of optical 
hydrogen sensor has been developed, and its laboratory model has been made on the basis of this 
effect with high hydrogen sensitivity in the range of low hydrogen concentration in the hydrogen-air 
mixture (down to under 0.01vol. % [H

2
]). The substantial increase in the hydrogen sensitivity of the 

sensor has been achieved through the multiple reflection by the glass/WO
3 
interface of IR light with 

940 nm wavelength in its propagation through glass light guide. 

Keywords: optical hydrogen sensor, tungsten oxide films 



ÀÊÓÑÒÎÅËÅÊÒÐÎÍÍ² ÑÅÍÑÎÐÈ 
——

ACOUSTOELECTRONIC SENSORS 

ÓÄÊ 536:621.315.59 

ÑÅÍÑÎÐ ÂÎÄÍÞ ÍÀ ÎÑÍÎÂ² ÀÊÓÑÒÎÅËÅÊÒÐÎÍÍÎÃÎ ÅËÅÌÅÍÒÓ 
² ØÀÐÓÂÀÒÈÕ ÑÒÐÓÊÒÓÐ 

ß. ². Ëåï³õ 

Ì³æâ³äîì÷èé íàóêîâî-íàâ÷àëüíèé ô³çèêî-òåõí³÷íèé öåíòð ÌÎÍ ³ ÍÀÍ Óêðà¿íè 
ïðè ÎÍÓ ³ìåí³ ². ². Ìå÷íèêîâà, E-mail: ndl_lepikh@onu.edu.ua 

ÑÅÍÑÎÐ ÂÎÄÍÞ ÍÀ ÎÑÍÎÂ² ÀÊÓÑÒÎÅËÅÊÒÐÎÍÍÎÃÎ ÅËÅÌÅÍÒÓ 
² ØÀÐÓÂÀÒÈÕ ÑÒÐÓÊÒÓÐ 

ß. ². Ëåï³õ 

Àíîòàö³ÿ. Íàâîäÿòüñÿ ðåçóëüòàòè ðîçðîáêè ³ äîñë³äæåííÿ ì³êðîåëåêòðîííîãî ñåíñîðà 
âîäíþ, ïîáóäîâàíîãî íà îñíîâ³ àêóñòîåëåêòðîííîãî åëåìåíòà íà ïîâåðõíåâèõ àêóñòè÷íèõ 
õâèëÿõ ³ øàðóâàòèõ ñòðóêòóð ç äâîõ ìàòåð³àë³â, îäèí ç ÿêèõ âèêîíóº ôóíêö³þ ìîëåêóëÿðíîãî 
ñèòà. 

Êëþ÷îâ³ ñëîâà: ñåíñîð âîäíþ, ïîâåðõíåâ³ àêóñòè÷í³ õâèë³, øàðóâàò³ ñòðóêòóðè, ìîëåêó-
ëÿðíå ñèòî 

HYDROGEN SENSOR ON A BASIS OF ACOUSTOELECTRONIC ELEMENT 
AND LAYERED STRUCTURES 

Ya. I. Lepikh 

Abstract. Results of development and research of a microelectronic hydrogen sensor constructed 
on the basis of an element on surface acoustic waves and layered structures from two materials one of 
which execute function of a molecular sieve are presented. 

Keywords: hydrogen sensor, surface acoustic waves, layered structures, a molecular sieve 

ÑÅÍÑÎÐ ÂÎÄÎÐÎÄÀ ÍÀ ÎÑÍÎÂÅ ÀÊÓÑÒÎÝËÅÊÒÐÎÍÍÎÃÎ ÝËÅÌÅÍÒÀ 
È ÑËÎÈÑÒÛÕ ÑÒÐÓÊÒÓÐ 

ß. È. Ëåïèõ 

Àííîòàöèÿ. Ïðèâîäÿòñÿ ðåçóëüòàòû ðàçðàáîòêè è èññëåäîâàíèÿ ìèêðîýëåêòðîííîãî ñåí-
ñîðà âîäîðîäà, ïîñòðîåííîãî íà îñíîâå àêóñòîýëåêòðîííîãî ýëåìåíòà íà ïîâåðõíîñòíûõ 
àêóñòè÷åñêèõ âîëíàõ è ñëîèñòûõ ñòðóêòóðàõ èç äâóõ ìàòåðèàëîâ, îäèí èç êîòîðûõ âûïîëíÿåò 
ôóíêöèþ ìîëåêóëÿðíîãî ñèòà. 

Êëþ÷åâûå ñëîâà: ñåíñîð âîäîðîäà, ïîâåðõíîñòíûå àêóñòè÷åñêèå âîëíû, ñëîèñòûå ñòðóê-
òóðû, ìîëåêóëÿðíîå ñèòî 

© ß. ². Ëåï³õ, 2011
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Õ²Ì²×Í² ÑÅÍÑÎÐÈ 
——

CHEMICAL SENSORS 

PACS 73.20.DX, 85.42.+M 
ÓÄÊ 537.312, 535.37 

ÃÀÇÎÀÄÑÎÐÁÖ²ÉÍ² ÑÅÍÑÎÐÍ² ÑÒÐÓÊÒÓÐÈ ÍÀ ÎÑÍÎÂ² 
ÏÎÐÓÂÀÒÎÃÎ ÊÐÅÌÍ²Þ 

Ë. Ñ. Ìîíàñòèðñüêèé, ². Á. Îëåíè÷, Î. ². Àêñ³ìåíòüºâà, 
Á. Ñ. Ñîêîëîâñüêèé, Ì. Ð. Ïàâëèê 

Ëüâ³âñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ ²âàíà Ôðàíêà, 
79005, ì. Ëüâ³â, âóë. Äðàãîìàíîâà, 50 

Òåë. (032)239–46–23, e-mail: monastyr@electronics.wups.lviv.ua 

ÃÀÇÎÀÄÑÎÐÁÖ²ÉÍ² ÑÅÍÑÎÐÍ² ÑÒÐÓÊÒÓÐÈ ÍÀ ÎÑÍÎÂ² ÏÎÐÓÂÀÒÎÃÎ ÊÐÅÌÍ²Þ 

Ë. Ñ. Ìîíàñòèðñüêèé, ². Á. Îëåíè÷, Î. ². Àêñ³ìåíòüºâà, Á. Ñ. Ñîêîëîâñüêèé, Ì. Ð. Ïàâëèê 

Àíîòàö³ÿ. Âèâ÷åíî âïëèâ àäñîðáö³¿ âîäíþ òà ìåòàíó íà âèñîêî÷àñòîòíó (1 ÌÃö) ïðîâ³äí³ñòü 
³ ºìí³ñòü ñåíñîðíèõ ñòðóêòóð íà îñíîâ³ ïîðóâàòîãî êðåìí³þ. Çàðåºñòðîâàíî ñóòòºâó çì³íó 
åëåêòðè÷íèõ ïàðàìåòð³â â çàëåæíîñò³ â³ä ïàðö³àëüíîãî òèñêó ãàç³â. Ðîçðàõîâàíî àäñîðáö³éíó 
÷óòëèâ³ñòü ñòðóêòóð íà îñíîâ³ ïîðóâàòîãî êðåìí³þ òà áàãàòîøàðîâèõ ñòðóêòóð ç ïë³âêîþ êà-
òàë³òè÷íîãî ìàòåð³àëó. Ïîêàçàíî, ùî ñåëåêòèâí³ñòü ñåíñîð³â äî âîäíþ àáî ìåòàíó ìîæíà ïî-
êðàùèòè øëÿõîì íàíåñåííÿ íà ïîâåðõíþ ïîðóâàòîãî êðåìí³þ êàòàë³òè÷íî¿ ïë³âêè ïàëàä³þ 
àáî ïîë³åïîêñ³ïðîï³ëêàðáàçîëó. Âèÿâëåíî ïîì³òíó ÷óòëèâ³ñòü ñïåêòð³â ôîòîëþì³íåñöåíö³¿ 
ïîðóâàòîãî êðåìí³þ äî àäñîðáö³¿ ìîëåêóë àì³àêó òà åòàíîëó. Îòðèìàí³ ðåçóëüòàòè äîçâîëÿþòü 
îïòèì³çóâàòè ïðîöåñè ôîðìóâàííÿ ñåëåêòèâíèõ ñåíñîð³â ãàçó íà îñíîâ³ ïîðóâàòîãî êðåìí³þ. 

Êëþ÷îâ³ ñëîâà: ïîðóâàòèé êðåìí³é, ñåíñîðè, àäñîðáö³ÿ, àäñîðáö³éíà ÷óòëèâ³ñòü, ïðîâ³ä-
í³ñòü, åëåêòðè÷íà ºìí³ñòü, ôîòîëþì³íåñöåíö³ÿ 

GAS ADSORPTION SENSORS ON THE BASIS OF POROUS SILICON 

L. S. Monastyrskii, I. B. Olenych, O. I. Aksimentyeva, B. S. Sokolovskii, M. R. Pavlyk 

Abstract. The influence of hydrogen and methane adsorption on high frequency (1 MHz) con-
ductivity and capacity of sensor structures based on porous silicon has been studied. An essential 
changing in electric parameters was registered as a function of partial gas pressure. It was calculated 
the adsorption sensitivity of porous silicon and multilayer structures with catalytic films. Sensor se-
lectivity to hydrogen and methane may be improved by deposition on porous silicon surface the 
catalytic films of palladium or poly(epoxypropylcarbazole). It observed a marked sensitivity of po-
rous silicon photoluminescence to adsorption of ammonia and ethanol. The obtained results make 
it possible to optimize the fabrication of selective sensors based on porous silicon. 

Keywords: porous silicon, sensors, adsorption, adsorption sensitivity, conductivity, electrical ca-
pacity, photoluminescence 

© Ë. Ñ. Ìîíàñòèðñüêèé, ². Á. Îëåíè÷, Î. ². Àêñ³ìåíòüºâà, Á. Ñ. Ñîêîëîâñüêèé, Ì. Ð. Ïàâëèê, 2011



ÃÀÇÎÀÄÑÎÐÁÖÈÎÍÍÛÅ ÑÅÍÑÎÐÍÛÅ ÑÒÐÓÊÒÓÐÛ ÍÀ ÎÑÍÎÂÅ ÏÎÐÈÑÒÎÃÎ ÊÐÅÌÍÈß 

Ë. Ñ. Ìîíàñòûðñêèé, È. Á. Îëåíè÷, Å. È. Àêñèìåíòüåâà, Á. Ñ. Ñîêîëîâñêèé, Ì. Ð. Ïàâëûê 

Àííîòàöèÿ. Èçó÷åíî âëèÿíèå àäñîðáöèè âîäîðîäà è ìåòàíà íà âûñîêî÷àñòîòíóþ (1 ÌÃö) 
ïðîâîäèìîñòü è åìêîñòü ñåíñîðíûõ ñòðóêòóð íà îñíîâå ïîðèñòîãî êðåìíèÿ. Çàðåãèñòðèðî-
âàíî ñóùåñòâåííîå èçìåíåíèå ýëåêòðè÷åñêèõ ïàðàìåòðîâ â çàâèñèìîñòè îò ïàðöèàëüíîãî 
äàâëåíèÿ ãàçîâ. Ðàññ÷èòàíà àäñîðáöèîííàÿ ÷óâñòâèòåëüíîñòü ñòðóêòóð íà îñíîâå ïîðèñòîãî 
êðåìíèÿ è ìíîãîñëîéíûõ ñòðóêòóð ñ ïëåíêîé êàòàëèòè÷åñêîãî ìàòåðèàëà. Ïîêàçàíî, ÷òî 
ñåëåêòèâíîñòü ñåíñîðîâ ê âîäîðîäó èëè ìåòàíó ìîæíî óëó÷øèòü ïóòåì íàíåñåíèÿ íà ïî-
âåðõíîñòü ïîðèñòîãî êðåìíèÿ êàòàëèòè÷åñêîé ïëåíêè ïàëëàäèÿ èëè ïîëèýïîêñèïðîïèë-
êàðáàçîëà. Âûÿâëåíà çàìåòíàÿ ÷óâñòâèòåëüíîñòü ñïåêòðîâ ôîòîëþìèíåñöåíöèè ïîðèñòîãî 
êðåìíèÿ ê àäñîðáöèè ìîëåêóë àììèàêà è ýòàíîëà. Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò îï-
òèìèçèðîâàòü ïðîöåññû ôîðìèðîâàíèÿ ñåëåêòèâíûõ ãàçîâûõ ñåíñîðîâ íà îñíîâå ïîðèñòîãî 
êðåìíèÿ. 

Êëþ÷åâûå ñëîâà: ïîðèñòûé êðåìíèé, ñåíñîðû, àäñîðáöèÿ, àäñîðáöèîííàÿ ÷óâñòâèòåëü-
íîñòü, ïðîâîäèìîñòü, ýëåêòðè÷åñêàÿ åìêîñòü, ôîòîëþìèíåñöåíöèÿ 

Ë. Ñ. Ìîíàñòèðñüêèé, ². Á. Îëåíè÷, Î. ². Àêñ³ìåíòüºâà, Á. Ñ. Ñîêîëîâñüêèé, Ì. Ð. Ïàâëèê
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Á²ÎÑÅÍÑÎÐÈ 
——

BIOSENSORS 

ÓÄÊ 53.082:612.017.1 

ÎÑÎÁËÈÂÎÑÒ² ÏÎÁÓÄÎÂÈ ² ÔÓÍÊÖ²ÎÍÓÂÀÍÍß 
ÏÎÐÒÀÒÈÂÍÈÕ ÌÓËÜÒÈÏÐÎÁÍÈÕ ÏÏÐ-ÑÅÍÑÎÐ²Â 

². Ä. Âîéòîâè÷, ². Î. ßâîðñüêèé 

²í-ò ê³áåðíåòèêè ³ì. Â.Ì. Ãëóøêîâà ÍÀÍ Óêðà¿íè, ïðîñï. Àêàäåì³êà Ãëóøêîâà, 40, 
03680, Êè¿â, òåë. 38-044 5260128, ôàêñ: 38-044 5261267, 

å-mail: d220@public.icyb.kiev.ua 

ÎÑÎÁËÈÂÎÑÒ² ÏÎÁÓÄÎÂÈ ² ÔÓÍÊÖ²ÎÍÓÂÀÍÍß 
ÏÎÐÒÀÒÈÂÍÈÕ ÌÓËÜÒÈÏÐÎÁÍÈÕ ÏÏÐ-ÑÅÍÑÎÐ²Â 

². Ä. Âîéòîâè÷, ². Î. ßâîðñüêèé 

Àíîòàö³ÿ. Ðîçãëÿíóòî îñîáëèâîñò³ ïîáóäîâè ïîðòàòèâíèõ á³îñåíñîð³â íà îñíîâ³ ïîâåðõ-
íåâîãî ïëàçìîííîãî ðåçîíàíñó (ÏÏÐ), ÿê³ äîçâîëÿþòü çà îäèí âèì³ðþâàëüíèé öèêë âèêî-
íóâàòè àíàë³ç äåñÿòê³â äîñë³äæóâàíèõ ïðîá. Îáãðóíòîâàí³ êîíñòðóêö³¿ ïëàñòèí÷àòèõ ïðè-
çìîâèäíèõ ñòðóêòóð, ùî âèêîðèñòîâóþòüñÿ â òàêèõ ìóëüòèïðîáíèõ ÏÏÐ-ñåíñîðàõ ÿê ðóõîì³ 
ðåöåïòîðè. Íàâåäåíî ïðèêëàäè ìóëüòèïðîáíèõ ñåíñîð³â ë³í³éíîãî ³ äèñêîâîãî òèï³â. Ðîç-
ãëÿíóòî ïðîöåñ þñòèðóâàííÿ çàçíà÷åíèõ ñåíñîð³â òà ìîæëèâîñò³ çàñòîñóâàííÿ äëÿ ö³º¿ ìåòè 
êîðåëÿö³éíîãî ìåòîäó ³ ïåðåøêîäîçàõèñíèõ êîä³â. 

Êëþ÷îâ³ ñëîâà: ÏÏÐ-ñåíñîð, ïðîáà, ðåöåïòîð, þñòèðóâàííÿ, êîðåëÿö³éíèé ìåòîä, ïåðå-
øêîäîçàõèñíèé êîä. 

SPECIFICS OF THE DESIGN AND OPERATION OF PORTABLE 
MULTI-PROBE SPR-SENSORS 

I. D.Voitovych, I. A.Yavorsky 

Abstract. There was analyzed the specifics of designing portable bio-sensors that employ the ef-
fect of surface plasmon resonance enabling to analyze dozens of examined probes within a single 
measuring cycle. The layout of plate-type prism-shaped structures is justified as applicable for such 
multi-probe SPR-sensors to function as movable receptors. The samples of disc-shaped and linear 
type sensors are demonstrated. The adjustment process is analysed for the sensors that applies the 
correlation method and noise-eliminating codes. 

Keywords: SPR-sensor, probe, receptor, adjustment, correlation method, noise-eliminating code. 

© ². Ä. Âîéòîâè÷, ². Î. ßâîðñüêèé, 2011



ÎÑÎÁÅÍÍÎÑÒÈ ÏÎÑÒÐÎÅÍÈß È ÔÓÍÊÖÈÎÍÈÐÎÂÀÍÈß 
ÏÎÐÒÀÒÈÂÍÛÕ ÌÓËÜÒÈÏÐÎÁÍÛÕ ÏÏÐ-ÑÅÍÑÎÐÎÂ 

È. Ä. Âîéòîâè÷, È. À. ßâîðñêèé 

Àííîòàöèÿ. Ðàññìîòðåíû îñîáåííîñòè ïîñòðîåíèÿ ïîðòàòèâíûõ áèîñåíñîðîâ íà îñíîâå 
ïîâåðõíîñòíîãî ïëàçìîííîãî ðåçîíàíñà (ÏÏÐ), ïîçâîëÿþùèõ çà îäèí èçìåðèòåëüíûé öèêë 
ïðîèçâîäèòü àíàëèç äåñÿòêîâ èññëåäóåìûõ ïðîá. Îáîñíîâàíû êîíñòðóêöèè ïëàñòèí÷àòûõ 
ïðèçìîâèäíûõ ñòðóêòóð, èñïîëüçóåìûõ â òàêèõ ìóëüòèïðîáíûõ ÏÏÐ-ñåíñîðàõ êàê ïîäâèæ-
íûå ðåöåïòîðû. Ïðèâåäåíû ïðèìåðû ìóëüòèïðîáíûõ ñåíñîðîâ ëèíåéíîãî è äèñêîâîãî òè-
ïîâ. Ðàññìîòðåí ïðîöåññ þñòèðîâêè óêàçàííûõ ñåíñîðîâ è âîçìîæíîñòè èñïîëüçîâàíèÿ ñ 
ýòîé öåëüþ êîðåëëÿöèîííîãî ìåòîäà è ïîìåõîçàùèòíûõ êîäîâ. 

Êëþ÷åâûå ñëîâà: ÏÏÐ-ñåíñîð, ïðîáà, ðåöåïòîð, þñòèðîâêà, êîðåëëÿöèîííûé ìåòîä, ïî-
ìåõîçàùèòíûé êîä. 

². Ä. Âîéòîâè÷, ². Î. ßâîðñüêèé



Sensor Electronics and Microsystem Technologies. T. 2 (8) 3/2011

ÍÀÍÎÑÅÍÑÎÐÈ (Ô²ÇÈÊÀ, ÌÀÒÅÐ²ÀËÈ, ÒÅÕÍÎËÎÃ²ß) 
——

NANOSENSORS (PHYSICS, MATERIALS, TECHNOLOGY) 

PACS CODES: 36.40. ± C, 52.40.HF, 52.40.MJ; ÓÄÊ 539.27 ; 539.42 
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ÂÎÇÌÎÆÍÎÑÒÈ ÏÐÈÌÅÍÅÍÈß ÌÎËÅÊÓËßÐÍÛÕ ÝËÅÌÅÍÒÎÂ ÍÀ ÎÑÍÎÂÅ 
ÄÈÔÅÍÈËÀ È ÑÏÈÐÎÏÈÐÀÍÀ Â ÑÅÍÑÎÐÈÊÅ È ÍÀÍÎÝËÅÊÒÐÎÍÈÊÅ 

À. Â. Äìèòðèåâ, Ï. À. Êîíäðàòåíêî, À. Â. Ãëóøêîâ, Þ. Ì. Ëîïàòêèí 

Àííîòàöèÿ. Ïðåäëîæåíû è èññëåäîâàíû ìîëåêóëÿðíûå ñòðóêòóðû íà îñíîâå çàìåùåííûõ 
ìîëåêóë äèôåíèëà è ñïèðîïèðàíà êàê âîçìîæíûå ìîëåêóëÿðíûå ýëåìåíòû â ñåíñîðíîé è 
íàíîýëåêòðîíèêå. 

Êëþ÷åâûå ñëîâà: íàíîýëåêòðîíèêà, ìîëåêóëÿðíûå ýëåìåíòû, ìîëåêóëû äèôåíèëà è ñïè-
ðîïèðàíà 

ÌÎÆËÈÂÎÑÒ² ÇÀÑÒÎÑÓÂÀÍÍß ÌÎËÅÊÓËßÐÍÈÕ ÅËÅÌÅÍÒ²Â ÍÀ ÎÑÍÎÂ² ÄÈÔÅÍ²ËÀ 
² ÑÏ²ÐÎÏ²ÐÀÍÀ Ó ÑÅÍÑÎÐÈÖ² ÒÀ ÍÀÍÎÅËÅÊÒÐÎÍÈÖ² 
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ìîëåêóë äèôåí³ëà ³ ñï³ðîï³ðàíà ÿê ìîæëèâ³ ìîëåêóëÿðí³ åëåìåíòè â ñåíñîðí³é òà íàíî-
åëåêòðîíèö³. 
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ðàíà 

POSSIBILITIES OF APPLICATION OF MOLECULAR ELEMENTS ON BASIS OF DIPHENYL 
AND SPIROPYRAN IN SENSORS AND NANOELECTRONICS 

A. V. Dmitriev, P. A. Kondratenko, A. V. Glushkov, Yu.M.Lopatkin 

Abstract. The molecular structures on the basis of the substituted molecules of diphenyl and spi-
ropyran are proposed and studied including the possible applications as the molecular elements in 
the sensor and nano-electronics. 

Keywords: nanoelectronics, molecular elements, molecules of diphenyl and spiropyran 
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ÓÄÊ 538.935+539.186; PACS: 85.65.+h, 85.30.Tv, 71.15.Mb, 31.15.E- 
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ÊÂÀÍÒÎÂÎÌÅÕÀÍÈ×ÅÑÊÈÉ ÐÀÑ×ÅÒ ÎÄÍÎÝËÅÊÒÐÎÍÍÎÃÎ 
ÏÎËÅÂÎÃÎ ÒÐÀÍÇÈÑÒÎÐÀ ÍÀ ÌÎËÅÊÓËÅ ÁÅÍÇÎËÀ 

Þ. À. Êðóãëÿê, Í. Å. Êðóãëÿê 

Àííîòàöèÿ. Äèàãðàììà çàðÿäîâîé ñòàáèëüíîñòè îäíîýëåêòðîííîãî ïîëåâîãî òðàíçèñòîðà 
íà ìîëåêóëå áåíçîëà â êà÷åñòâå ïðîâîäÿùåãî êàíàëà â ðåæèìå êóëîíîâñêîé áëîêàäû ðàñ-
ñ÷èòàíà èç ïåðâûõ ïðèíöèïîâ. Ýíåðãèè èîíèçàöèè ìîëåêóëû âû÷èñëÿëèñü êâàíòîâîìåõà-
íè÷åñêè ïî òåîðèè ôóíêöèîíàëà ïëîòíîñòè, âçàèìîäåéñòâèå ìîëåêóëû áåíçîëà ñ åå îêðó-
æåíèåì â ðåàëèñòè÷åñêîé ìîäåëè òðàíçèñòîðà ó÷èòûâàëîñü ñàìîñîãëàñîâàíî. 

Êëþ÷åâûå ñëîâà: ìîëåêóëÿðíàÿ ýëåêòðîíèêà, ïîëåâîé òðàíçèñòîð, êóëîíîâñêàÿ áëîêàäà, 
áåíçîë, SET, MS-SET, DFT 

ÊÂÀÍÒÎÂÎÌÅÕÀÍ²×ÍÈÉ ÐÎÇÐÀÕÓÍÎÊ ÎÄÍÎÅËÅÊÒÐÎÍÍÎÃÎ ÏÎËÜÎÂÎÃÎ 
ÒÐÀÍÇÈÑÒÎÐÀ ÍÀ ÌÎËÅÊÓË² ÁÅÍÇÎËÓ 

Þ. Î. Êðóãëÿê, Í. Þ. Êðóãëÿê 

Àíîòàö³ÿ. Ä³àãðàìà çàðÿäîâî¿ ñòàá³ëüíîñò³ îäíîåëåêòðîííîãî ïîëüîâîãî òðàíçèñòîðà íà 
ìîëåêóë³ áåíçîëó â ÿêîñò³ ïðîâ³äíîãî êàíàëó â ðåæèì³ êóëîí³âñüêî¿ áëîêàäè ðîçðàõîâàíà ç 
ïåðøèõ ïðèíöèï³â. Åíåðã³¿ çàðÿäæàííÿ ìîëåêóëè îá÷èñëþâàëèñÿ ïî êâàíòîâîìåõàí³÷í³é 
òåîð³¿ ôóíêö³îíàëà ù³ëüíîñò³, âçàºìîä³ÿ ìîëåêóëè ç ¿¿ äîâê³ëëÿì â ðåàë³ñòè÷í³é ìîäåë³ òðàí-
çèñòîðà âðàõîâóâàëàñÿ ñàìîóçãîäæåíî. 
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áåíçîë, SET, MS-SET, DFT 

QUANTUM-MECHANICAL CALCULATION OF SINGLE-ELECTRON FIELD TRANSISTOR 
ON BENZENE MOLECULE 

Yu. A. Kruglyak, N. E. Kruglyak 

Abstract. The first-principle methods for calculating the charging molecular energies and charge 
stability diagram of the benzene molecule single-electron transistor under the Coulomb blockade 
regime were applied using the density-functional theory for modeling molecular properties and con-
tinuum model to describe SET environment as well as a self-consistent approach to treat the interac-
tion between the molecule and the SET environment. 

Keywords: molecular electronics, field transistor, Coulomb blockade, benzene, SET, MS-SET, DFT 
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Àííîòàöèÿ. Â ðàáîòå ðàññìîòðåíà âîçìîæíîñòü ñåíñèáèëèçàöèè ýëåêòðîãåíåðèðîâàííîé 
õåìèëþìèíåñöåíöèè ïîëóïðîâîäíèêîâûìè êâàíòîâûìè òî÷êàìè ñ öåëüþ ïîâûøåíèÿ ÷óâñ-
òâèòåëüíîñòè äåòåêòèðîâàíèÿ âåùåñòâ â ðàñòâîðàõ. Íà ïðèìåðå îïðåäåëåíèÿ àìèíîêèñëîòû 
òðèïòîôàíà ïîêàçàíî, ÷òî ñåíñèáèëèçàöèÿ ýëåêòðîõåìèëþìèíåñöåíòíîãî ñèãíàëà êâàíòî-
âûìè òî÷êàìè CdSe/ZnS ïîçâîëÿåò ïîâûñèòü ÷óâñòâèòåëüíîñòü àíàëèçà íà òðè ïîðÿäêà. 
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íåñöåíö³¿ íàï³âïðîâ³äíèêîâèìè êâàíòîâèìè òî÷êàìè ç ìåòîþ ï³äâèùåííÿ ÷óòëèâîñò³ äå-
òåêòóâàííÿ ðå÷îâèí ó ðîç÷èíàõ. Íà ïðèêëàä³ âèçíà÷åííÿ àì³íîêèñëîòè òðèïòîôàíó ïîêàçà-
íî, ùî ñåíñèá³ë³çàö³ÿ åëåêòðîõåì³ëþì³íåñöåíòíîãî ñèãíàëó êâàíòîâèìè òî÷êàìè CdSe/ZnS 
äîçâîëÿº ï³äâèùèòè ÷óòëèâ³ñòü àíàë³çó íà òðè ïîðÿäêè. 
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SENSITIZATION OF ELECTROGENERATED CHEMILUMINESCENCE 
WITH SEMICONDUCTOR QUANTUM DOTS 

Yu.T. Zholudov, O. M. Bilash, A. V. Kukoba, N. N. Rozhitskii 

Abstract. In this work the possibility of electrogenerated chemiluminescence sensitization with 
semiconductor quantum dots for the purpose of increasing sensitivity of substances detection in so-
lution is considered. Using amino acid tryptophan as a test analyte it was shown that sensitization of 
electrochemiluminescent signal with CdSe/ZnS quantum dots increases its detection sensitivity by 
three orders of magnitude. 

Keywords: electrochemiluminescent assay, quantum dots, sensitization 
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SENSORS AND INFORMATION SYSTEMS 

ÓÄÊ 004:31 
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Àíîòàö³ÿ. Âèñâ³òëåí³ ðåçóëüòàòè â îáëàñò³ äèñòàíö³éíî¿ åêñïðåñ-ä³àãíîñòèêè á³îëîã³÷íèõ 
îá’ºêò³â. Îá´ðóíòîâàíî ³ ïîêàçàíà äîö³ëüí³ñòü â ðîçðîáö³ áåçäðîòîâèõ ³íòåëåêòóàëüíèõ ïîðòà-
òèâíèõ ïðèëàä³â ³ ñåíñîð³â ³ ïîáóäîâ³ íà ¿õ îñíîâ³ ïðîìèñëîâî¿ ñèñòåìè çáîðó ³ îáðîáêè äàíèõ 

Êëþ÷îâ³ ñëîâà: áåçäðîòîâ³ ñåíñîðè, ³íòåëåêòóàëüí³ ïðèëàäè, ³íäóêö³ÿ ôëóîðåñöåíö³¿ õëî-
ðîô³ëó 

WIRELESS SMART PORTABLE DEVICES FOR PLANT STATE MONINORING 

V. O. Romanov, D. M. Artemenko, V. M. Hrusha, V. C. Fedak, 
Ye. V. Sarakhan, A. A. Evtukh, V. G. Melnik 

Abstract. Results of remote express-diagnostic of biology objects are considered. Expediency 
of designing wireless smart portable devices and sensors and creating on this base industrial data 
acquisition systems is proved 

Keywords: wireless sensors, smart devices, fluorescence chlorophyll induction 
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áèîëîãè÷åñêèõ îáúåêòîâ. Îáîñíîâàíà è ïîêàçàíà öåëåñîîáðàçíîñòü ðàçðàáîòêè áåñïðîâîä-
íûõ èíòåëëåêòóàëüíûõ ïîðòàòèâíûõ ïðèáîðîâ è ñåíñîðîâ è ïîñòðîåíèÿ íà èõ îñíîâå ïðî-
ìûøëåííûõ ñèñòåì ñáîðà è îáðàáîòêè äàííûõ 
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THE EXPERIMENTAL STUDIES OF MICROELECTRONIC TRANSDUCERS 
FOR CONDUCTOMETRIC BIOSENSOR SYSTEMS 

V. G. Melnyk, S. V. Dzyadevych, A. V. Ivashchuk, V. À. Ulyanova, Ya. I. Lepikh, V. O. Romanov 

Abstract. The results of studies of the equivalent electric circuit parameters of thin-film two-
electrode conductometric transducers with interdigitaled topology, which are used in the differential 
biosensors are presented. 
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ãîòîâèõ ð³øåíü, ÿêà ì³ñòèòü ³íôîðìàö³þ ïðî ðîçðîáëåí³ òà ðåàë³çîâàí³ â³ò÷èçíÿíèìè ôàõ³â-
öÿìè äàò÷èêè, ïðèëàäè òà ³íòåëåêòóàëüí³ ñèñòåìè. 
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DATAWARE OF VIRTUAL LABORATORY FOR COMPUTER-AIDED DESIGN 
OF DEVICES AND SMART SYSTEMS 

I. B. Galelyuka, S. V. Dzyadevych, A. O. Dguzhynin, A. A. Yevtuh, 
Ya. I. Lepikh, V. O. Procenko, V. O. Romanov 

Abstract. In the article it is described the virtual laboratory for computer-aided design of devices 
and smart systems, which is developed in V. M. Glushov Institute of Cybernetics of National Acad-
emy of Sciences of Ukraine. It is described in detail such important function of virtual laboratory 
as dataware. It is shown, that research institutes in cooperation with universities can develop and 
realize databases, which are the kernel of dataware of such complex system as virtual laboratory of 
computer-aided design. In the article the attention is paid to developed library of ready solutions, 
which contains information about developed and realized sensors, devices and smart systems by 
Ukrainian scientists and specialists. 

Keywords: computer-aided design, sensor, smart system, dataware 
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Àííîòàöèÿ. Â ñòàòüå ïðèâåäåíû êðàòêèå ñâåäåíèÿ î âèðòóàëüíîé ëàáîðàòîðèè àâòîìàòè-
çèðîâàííîãî ïðîåêòèðîâàíèÿ ïðèáîðîâ è èíòåëëåêòóàëüíûõ ñèñòåì, îïèñàíî òàêóþ âàæ-
íóþ ôóíêöèþ âèðòóàëüíîé ëàáîðàòîðèè êàê èíôîðìàöèîííîå îáåñïå÷åíèå. Ïîêàçàíî, ÷òî 
â òåñíîì ñîòðóäíè÷åñòâå íàó÷íî-èññëåäîâàòåëüñêèõ èíñòèòóòîâ è óíèâåðñèòåòîâ âîçìîæ-
íî ðàçðàáîòàòü è ðåàëèçîâàòü áàçû äàííûõ, êîòîðûå ñîñòàâëÿþò ÿäðî èíôîðìàöèîííîãî 
îáåñïå÷åíèÿ òàêîé ñëîæíîé ñèñòåìû, êàê âèðòóàëüíàÿ ëàáîðàòîðèÿ àâòîìàòèçèðîâàííîãî 
ïðîåêòèðîâàíèÿ. Îñîáîå âíèìàíèå óäåëåíî ðàçðàáîòàííîé áèáëèîòåêå ãîòîâûõ ðåøåíèé, 
êîòîðàÿ ñîäåðæèò èíôîðìàöèþ î ðàçðàáîòàííûõ è ðåàëèçîâàííûõ îòå÷åñòâåííûìè ñïåöè-
àëèñòàìè äàò÷èêîâ, ïðèáîðîâ è èíòåëëåêòóàëüíûõ ñèñòåì. 
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Àíîòàö³ÿ. Ó ðîáîò³ îá´ðóíòîâàíî çàãàëüí³ ï³äõîäè äî îö³íêè âïëèâó õàðàêòåðèñòèê ðåçî-
íàòîðíèõ çîíä³â íà ïðîñòîðîâó ðîçä³ëüíó çäàòí³ñòü òà êîíòðàñòí³ñòü çîáðàæåíü â ñêàíóþ÷³é 
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ïðè ð³çíèõ õàðàêòåðèñòèêàõ. Îñîáëèâî â³äçíà÷åíî ïåðåõ³ä â³ä «òðóá÷àòîãî» õàðàêòåðó ðîçïî-
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THE THEORETICAL ASPECTS OF MODELLING AND DESIGNING 
OF RESONATOR PROBES FOR SCANNING MICROWAVE MICROSCOPY 

Yu. Å. Gordienko, S.Yu. Larkin, Ya. ². Lep³kh, S. V. Lenkov, V. O. Procenko, M. M. Vakiv 

Abstract. In the work the general approaches to an estimation of influence of characteristics reso-
nator probes on spatial resolution and contrast of images in scanning microwave microscopy are 
proved. In particular, the dependences of scanning signals which are caused by influence of object of 
research on a value of quality factor and resonance frequency of probes from geometry of the coaxial 
aperture, the form of an edge and gap size between a probe and object are qualitatively and quantita-
tively established. For a physical substantiation of these dependences on the specified characteristics 
there were three dimensional distributions of a near field numerically investigated. Transition from 
«tubular» character of distribution of a field, which is characteristic for the flat form of an edge, to 
quasigaussian distribution of a field for the spherical form of an edge is especially pointed. 
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The established dependences can be used for optimum designing of resonator probes of micro-
wave microscopes for different function. 

Keywords: scanning microwave microscopy (SMM), resonator probe, quality factor, resonance 
frequency, spacial resolving capacity (SRC), semiconductor, dielectric permittivity 
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Àííîòàöèÿ. Â ðàáîòå îáîñíîâàíû îáùèå ïîäõîäû ê îöåíêå âëèÿíèÿ õàðàêòåðèñòèê ðå-
çîíàòîðíûõ çîíäîâ íà ïðîñòðàíñòâåííóþ ðàçðåøàþùóþ ñïîñîáíîñòü è êîíòðàñòíîñòü 
èçîáðàæåíèé â ñêàíèðóþùåé ìèêðîâîëíîâîé ìèêðîñêîïèè. Â ÷àñòíîñòè, êà÷åñòâåííî è 
êîëè÷åñòâåííî óñòàíîâëåíû çàâèñèìîñòè ñèãíàëîâ ñêàíèðîâàíèÿ, êîòîðûå ñâÿçàíû ñ èçìå-
íåíèåì îáúåêòîì äîáðîòíîñòè è ðåçîíàíñíîé ÷àñòîòû çîíäîâ, îò ãåîìåòðèè êîàêñèàëüíîé 
àïåðòóðû, ôîðìû îñòðèÿ è âåëè÷èíû çàçîðà ìåæäó çîíäîì è îáúåêòîì. Äëÿ ôèçè÷åñêîãî 
îáîñíîâàíèÿ ýòèõ çàâèñèìîñòåé ÷èñëåííî èññëåäîâàíî ðàñïðåäåëåíèå áëèæíåãî ïîëÿ ïðè 
ðàçëè÷íûõ õàðàêòåðèñòèêàõ. Îñîáåííî îòìå÷åí ïåðåõîä îò «òðóá÷àòîãî» õàðàêòåðà ðàñïðå-
äåëåíèÿ ïîëÿ ïðè óïëîùåííîì îñòðèè ê êâàçèãàóññîâîìó ñ ïðèäàíèåì åìó ñôåðè÷åñêîé 
ôîðìû. 

Óñòàíîâëåííûå àñïåêòû ìîæíî èñïîëüçîâàòü ïðè îïòèìàëüíîì ïðîåêòèðîâàíèè ðåçîíà-
òîðíûõ çîíäîâ äëÿ ìèêðîâîëíîâûõ ìèêðîñêîïîâ ðàçíîãî íàçíà÷åíèÿ. 

Êëþ÷åâûå ñëîâà: ñêàíèðóþùàÿ ìèêðîâîëíîâàÿ ìèêðîñêîïèÿ (ÑÌÌ), ðåçîíàòîðíûé 
çîíä, äîáðîòíîñòü, ðåçîíàíñíàÿ ÷àñòîòà, ïðîñòðàíñòâåííàÿ ðàçðåøàþùàÿ ñïîñîáíîñòü 
(ÏÐÑ), ïîëóïðîâîäíèê, äèýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü 
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Äîêòîðó ô³çèêî-ìàòåìàòè÷íèõ íàóê, ïðî-
ôåñîðó, ÷ëåíó-êîðåñïîíäåíòó ÍÀÍ Óêðà¿íè, 
ëàóðåàòó äâîõ Äåðæàâíèõ ïðåì³é Óêðà¿íè ó ãà-
ëóç³ íàóêè ³ òåõí³êè, çàñëóæåíîìó ä³ÿ÷ó íàóêè 
³ òåõí³êè Óêðà¿íè, êåð³âíèêó â³ää³ëåííÿ ²íñòè-
òóòó ô³çèêè íàï³âïðîâ³äíèê³â ³ì. Â. ª. Ëàøêà-
ðüîâà ÍÀÍ Óêðà¿íè, Ïðåçèäåíòó Óêðà¿íñüêîãî 
ô³çè÷íîãî òîâàðèñòâà Ëèòîâ÷åíêó Âîëîäèìèðó 
Ãðèãîðîâè÷ó 24 ãðóäíÿ 2011 ðîêó âèïîâíþºòüñÿ 
80 ðîê³â.

Âîëîäèìèð Ãðèãîðîâè÷ Ëèòîâ÷åíêî ó 1955 
ðîö³ çàê³í÷èâ ç â³äçíàêîþ ðàä³îô³çè÷íèé ôà-
êóëüòåò Êè¿âñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó 
³ì. Ò. Øåâ÷åíêà . Ð³ê ïðàöþâàâ â ÍÂ× ëàáîðà-
òîð³¿ ï³ä êåð³âíèöòâîì àêàä. Â. ª. Ëàøêàðüîâà. 
Ï³ñëÿ çàê³í÷åííÿ àñï³ðàíòóðè â ²íñòèòóò³ ô³çè-
êè ÍÀÍ Óêðà¿íè, äå íàâ÷àâñÿ ï³ä êåð³âíèöòâîì 
ïðîôåñîðà Â. ². Ëÿøåíêà (1957–1959 ð³ê), çà-
õèñòèâ êàíäèäàòñüêó äèñåðòàö³þ (1960 ð³ê), à ó 
1970 ð. — äîêòîðñüêó, ó 1974 ð. îòðèìàâ çâàííÿ 
ïðîôåñîðà. Ç 1968 ð. — çàâ.â³ää³ëîì, à ç 1987 ð. — 
êåð³âíèê â³ää³ëåííÿ «Ô³çèêà ïîâåðõí³ òà ì³êðî-
åëåêòðîí³êà» ²íñòèòóòó ô³çèêè íàï³âïðîâ³äíè-
ê³â ³ì. Â. ª. Ëàøêàðüîâà ÍÀÍ Óêðà¿íè. 

Êåð³âíèê íàóêîâî¿ øêîëè «Ô³çèêà ïîâåðõí³ 
íàï³âïðîâ³äíèê³â» â Óêðà¿í³ òà ì³ñüêîãî íàóêî-
âîãî ñåì³íàðó ö³º¿ æ íàçâè.

Äî ÷èñëà îñíîâíèõ íàóêîâèõ äîñÿãíåíü 
Â. Ã. Ëèòîâ÷åíêà ñë³ä â³äíåñòè òàê³: âïåðøå 
áóëè ðîçïî÷àò³ ³ ïðîäîâæóþòüñÿ òåîðåòè÷í³ òà 
åêñïåðèìåíòàëüí³ äîñë³äæåííÿ íåð³âíîâàæíèõ 
êâàíòîâî ðîçì³ðíèõ åôåêò³â, ùî âèíèêàþòü íà 
íàíîñòðóêòóðîâàí³é ïîâåðõí³ íàï³âïðîâ³äíè-
ê³â òà íà ¿õ ãðàíèöÿõ ïîä³ëó. 

Íèì â³äêðèò³ ñò³éê³ êâàíòîâàí³ ïîâåðõíåâ³ 
åêñèòîíè (GaAs, PbS) òà ñïîñòåðåæåíî êîíäåí-
ñàö³þ åëåêòðîííî-ä³ðêîâèõ ïàð â íîâèé ôàçî-
âèé ñòàí ð³äêî¿ e-ä ïëàçìè íà ïîâåðõí³. 

Ñïîñòåðåæåíî òàêîæ íèçüêîïîðîãîâå ëàçåð-
íå âèïðîì³íþâàííÿ ç êâàíòîâàíî¿ ïîâåðõí³. 

Íà áàç³ áàãàòî äîëèííèõ íàï³âïðîâ³äíèê³â 
áóëè ðîçðîáëåí³ êâàíòîâ³ êàòîäè âèñîêî¿ åôåê-
òèâíîñò³.

Ó â³ää³ëåíí³, ÿêå î÷îëþº Âîëîäèìèð Ãðèãî-
ðîâè÷, ôóíêö³îíóþòü ºäèí³ â Óêðà¿í³ íàóêîâî-
òåõíîëîã³÷í³ ñëóæáè: ³îííî¿ ³ìïëàíòàö³¿ 
ð³çíîìàí³òíèõ åëåìåíò³â ç Îæå òà ìàññïåê-
òðîìåòðè÷íèì ïîøàðîâèì àíàë³çîì; ñòâîðåíà 
ïëàçìîâà PE-CVD ôîðìóâàííÿ âèñîêîïðî-
äóêòèâíà ñèñòåìà ôîðìóâàííÿ âóãëåöåâèõ àë-
ìàçîïîä³áíèõ òà ãðàô³òîâèõ ôàç; ðîçðîáëåíà 
ñåðòèô³êîâàíà ñèñòåìà ïàñïîðòèçàö³¿ ïàðàìå-
òð³â ñîíÿ÷íèõ áàòàðåé; ôóíêö³îíóº ²× ñïåêòðî-
ñêîï³÷íà ñèñòåìà ðåêîíñòðóêòèâíîãî àíàë³çó 
êîíô³ãóðàö³¿ íàíîðîçì³ðíî¿ ñòðóêòóðè ñëàáî 
óïîðÿäêîâàíèõ ñåðåäîâèù.

Ó äàíèé ÷àñ Â. Ã. Ëèòîâ÷åíêî î÷îëþº äåê³ëü-
êà ïðîåêò³â ïî âèâ÷åííþ ïîâåðõíåâèõ òà òîí-
êîïë³âêîâèõ íàíîñòðóêòóðîâàíèõ ñèñòåì äëÿ 
ö³ëåé ñòâîðåííÿ íîâîãî òèïó âèñîêîåôåêòèâ-
íèõ ñîíÿ÷íèõ ïåðåòâîðþâà÷³â, ãàçîâèõ ñåíñîð³â 
êîíòðîëþ åêîëîã³÷íî íåáåçïå÷íèõ ãàçîâèõ ñå-
ðåäîâèù, ñòâîðåííÿ ìàñèâ³â äëÿ íàäâèñîêîºì-
êî¿ íàíî-ïàì’ÿò³ (ïî ïðîãðàìàõ Ïðåçèä³¿ ÍÀÍ 
Óêðà¿íè, Óêðà¿íñüêî-Ðîñ³éñüêèõ; Óêðà¿íñüêî-
Í³ìåöüêèõ Ì³æíàðîäíèõ ïðîãðàì, STCU).

Â.Ã . Ëèòîâ÷åíêî º â³äïîâ³äàëüíèì âèêî-
íàâöåì â³ä ²ÔÍ ³ì. Â. ª. Ëàøêàðüîâà ÍÀÍ 
Óêðà¿íè Äåðæàâíî¿ íàóêîâî-òåõí³÷íî¿ ïðîãðà-
ìè «Ñòâîðåííÿ â Óêðà¿í³ õ³ì³êî-ìåòàëóðã³÷íî¿ 
ãàëóç³ âèðîáíèöòâà ÷èñòîãî êðåìí³þ çà ïåð³îä 
2008–2011 ðð.»

Ïðèêëàäí³ ðîçðîáêè, ÿê³ âåäóòüñÿ ï³ä êåð³â-
íèöòâîì ÷ëåíà-êîðåñïîíäåíòà ÍÀÍ Óêðà¿íè 
Â. Ã. Ëèòîâ÷åíêà âêëþ÷àþòü: îðèã³íàëüíó êîí-

ÄÎ 80-Ð²××ß ×ËÅÍÀ-ÊÎÐÅÑÏÎÍÄÅÍÒÀ ÍÀÍ ÓÊÐÀ¯ÍÈ 
ËÈÒÎÂ×ÅÍÊÀ ÂÎËÎÄÈÌÈÐÀ ÃÐÈÃÎÐÎÂÈ×À 



ñòðóêö³þ ìîá³ëüíèõ ãåë³îòåõíîëîã³÷íèõ êîìï-
ëåêñ³â â ðàìêàõ Äåðæàâíî¿ ïðîãðàìè «Ñîíÿ÷íà 
åíåðãåòèêà», â ò.÷. ãåë³îçâàðþâàëüíèé êîìï-
ëåêñ òà ðîçðîáêó òåõíîëîã³é ôîðìóâàííÿ íåíà-
ïðóæåíîãî ì³êðîåëåêòðîííîãî êðåìí³þ òà ³í. 
Ðÿä ðîçðîáîê çàõèùåíî ïàòåíòàìè.

Â. Ã. Ëèòîâ÷åíêîì îïóáë³êîâàíî 9 ìîíîãðà-
ô³é (2 — îäíîîñ³áí³), âèäàí³ «Íàóêîâîþ Äóì-
êîþ», (Êè¿â), ó Â³ëüíþñ³, â Îêñôîðä³, à òàêîæ 
á³ëüø ÿê 500 ñòàòåé òà 20 îãëÿä³â, áðîøóð òà 
ìåòîäè÷íèõ ïîñ³áíèê³â (çîêðåìà çàïðîøåíèé 
îãëÿä «Vacuum nanoelectronics» (120 ñòîð.), íà-
ïèñàíî ðÿä ñòàòåé â åíöèêëîïåäè÷íîìó äîâ³ä-
íèêó «Semiconductor Nanostructure and Nano-
devices, American Sci.Publishes, 2005). Â³í ìàº 
òàêîæ ïåðñîíàëüí³ ïóáë³êàö³¿ â æóðíàëàõ Phys.
Rev., SEMST, Condenced Metter, ÓÔÆ.

Ïðîôåñîð Â. Ã. Ëèòîâ÷åíêî çä³éñíþº âå-
ëèêó ä³ÿëüí³ñòü ïî ï³äãîòîâö³ íàóêîâèõ êàäð³â 
âèùî¿ êâàë³ô³êàö³¿. Â³í ï³äãîòóâàâ 10 äîêòî-
ð³â òà 38 êàíäèäàò³â ô³ç.-ìàò. íàóê, ñåðåä éîãî 
ó÷í³â — 2 ÷ëåíè-êîðåñïîíäåíòè ÍÀÍ Óêðà-
¿íè. ×èòàº ï³äãîòîâëåíèé íèì êóðñ ëåêö³é â 
Êè¿âñüêîìó íàö³îíàëüíîìó óí³âåðñèòåò³ ³ì. 
Ò. Øåâ÷åíêà «Îñíîâè íàï³âïðîâ³äíèêîâî¿ ì³-
êðîåëåêòðîí³êè».

Íàóêîâ³ äîñÿãíåííÿ Â.Ã. Ëèòîâ÷åíêà â³äçíà-
÷åíî âèñîêèìè äåðæàâíèìè òà ãàëóçåâèìè íà-
ãîðîäàìè: îðäåíîì «Çà çàñëóãè» ²²² ñò. (2011), 
â³í Ëàóðåàò Äåðæàâíèõ ïðåì³é Óêðà¿íè â ãàëóç³ 
íàóêè ³ òåõí³êè (1971, 1997 ðð.); ïðåì³¿ ³ì. Ñè-
íåëüí³êîâà (1988); Çàñëóæåíèé ä³ÿ÷ íàóêè ³ òåõ-
í³êè Óêðà¿íè (1992), â³äçíà÷åíèé ÍÀÍ Óêðà¿íè 
çíàêîì «Çà íàóêîâ³ äîñÿãíåííÿ» (2006); çíàêîì 
ÌÎÍ Óêðà¿íè «Çà íàóêîâ³ äîñÿãíåííÿ» (2006); 
«Çà ï³äãîòîâêó íàóêîâî¿ çì³íè» (2008), îðäåíîì 
«Çíàê ïîøàíè» 3-ãî ñòóïåíÿ.

×ëåí-êîð. Â. Ã. Ëèòîâ÷åíêî — ïåðøèé çà-
ñòóïíèê ãîëîâè Íàóêîâî¿ Ðàäè ÍÀÍ Óêðà¿íè 
ç ïðîáëåìè «Ô³çèêà íàï³âïðîâ³äíèê³â òà íà-
ï³âïðîâ³äíèêîâ³ ïðèñòðî¿», Ïðåçèäåíò Óêðà¿í-
ñüêîãî ô³çè÷íîãî òîâàðèñòâà, ÷ëåí áþðî ÂÔÀ 
ÍÀÍ Óêðà¿íè, ÷ëåí Óêðà¿íñüêèõ òà Ì³æíàðîä-
íèõ íàóêîâèõ òîâàðèñòâ (ªâðîïåéñüêîãî Ô³-
çè÷íîãî òà Àìåðèêàíñüêîãî Åëåêòðîõ³ì³÷íîãî, 
SPIE, URSI, Ãîëîâà Óêðà¿íñüêî¿ ñåêö³¿), Óêðà-
¿íñüêîãî Âàêóóìíîãî òà Îïòè÷íîãî òîâàðèñòâà, 

Ïî÷åñíèé ÷ëåí ÀÍ Âèùî¿ øêîëè Óêðà¿íè, 
÷ëåí íàóêîâèõ â÷åíèõ òà åêñïåðòíèõ ðàä Óêðà-
¿íè (ç ô³çèêè íàï³âïðîâ³äíèê³â, ô³çèêè òâåð-
äîãî ò³ëà, ç ô³çè÷íèõ òà àñòðîíîì³÷íèõ íàóê), 
ñïåöðàä ïî çàõèñòó äèñåðòàö³é ïðè ²íñòèòóò³ 
ô³çèêè íàï³âïðîâ³äíèê³â ³ì. Â. ª. Ëàøêàðüîâà 
ÍÀÍ Óêðà¿íè òà ïðè Ëüâ³âñüêîìó íàö³îíàëüíî-
ìó óí³âåðñèòåò³, ÷ëåí ðåäêîëåã³é óêðà¿íñüêèõ 
òà ì³æíàðîäíèõ íàóêîâèõ æóðíàë³â (ÓÔÆ, 
ÔÕÒÏ, SPQO, «Ñâ³ò ô³çèêè», «Ìàòåðèàëû 
ýëåêòðîííîé òåõíèêè» (Ì)), «Ñåíñîðíà åëåê-
òðîí³êà òà ì³êðîñèñòåìí³ òåõíîëîã³¿» ÷ëåí (àáî 
ñï³âãîëîâà) ïîñò³éíî ä³þ÷èõ Ïðîãðàìíèõ òà 
Îðãêîì³òåò³â Óêðà¿íñüêèõ òà Ì³æíàðîäíèõ 
íàóêîâèõ êîíôåðåíö³é (Ô³çèêà íàï³âïðîâ³ä-
íèê³â; Ô³çèêà ³ õ³ì³ÿ òîíêèõ ïë³âîê; Ñåíñîðíà 
åëåêòðîí³êà òà ì³êðîñèñòåìí³ òåõíîëîã³¿; Àê-
òóàëüí³ ïðîáëåìè ô³çèêè íàï³âïðîâ³äíèê³â; 
Êðåìí³é — 2002-2008 (Ðîñ³ÿ); Gettering, Defect 
Engineering — GADEST (Germany); DERMT 
(Latvia)). 

Ñë³ä â³äçíà÷èòè òàêîæ âåëèêó ãðîìàäñüêó 
ðîáîòó, ÿêó çä³éñíþº Âîëîäèìèð Ãðèãîðîâè÷, 
çîêðåìà, íà ïîñàä³ Ïðåçèäåíòà Óêðà¿íñüêîãî 
ô³çè÷íîãî òîâàðèñòâà, ïîñë³äîâíî ³ íàïîëå-
ãëèâî â³äñòîþþ÷è ïîçèö³¿ óêðà¿íñüêî¿ ô³çèêè ³ 
óêðà¿íñüêî¿ íàóêè â ö³ëîìó.

Çíà÷íó óâàãó Âîëîäèìèð Ãðèãîðîâè÷ ïðèä³-
ëÿº âïðîâàäæåííþ óêðà¿íñüêî¿ íàóêîâî¿ òåðì³-
íîëîã³¿.

Íàì ïðèºìíî â³äçíà÷èòè áàãàòîë³òíþ ³ ïë³ä-
íó ñï³âïðàöþ ç Âîëîäèìèðîì Ãðèãîðîâè÷åì, 
ÿêà ìàº ì³ñöå, çîêðåìà, ó ñï³âïðàö³ êåðîâà-
íîãî íèì â³ää³ëåííÿì ²ÔÍ ³ì. Â. ª. Ëàøêà-
ðüîâà ÍÀÍ Óêðà¿íè ³ Ì³æâ³äîì÷îãî íàóêîâî-
íàâ÷àëüíîãî ô³çèêî-òåõí³÷íîãî öåíòðó ÌÎÍ ³ 
ÍÀÍ Óêðà¿íè ïðè ÎÍÓ ³ìåí³ ². ². Ìå÷íèêîâà, 
ó ðîáîò³ íàóêîâî-òåõí³÷íî¿ ðàäè ÌÍÍÔÒÖ òà 
Ïðîãðàìíèõ êîì³òåò³â Ì³æíàðîäíèõ íàóêîâî-
òåõí³÷íèõ êîíôåðåíö³é, ùî ïðîâîäÿòüñÿ íà 
áàç³ íàøîãî óí³âåðñèòåòó ³ ó ðåäêîëåã³¿ íàøîãî 
æóðíàëó.

Òîæ â³òàþ÷è Âàñ, Âîëîäèìèðå Ãðèãîðîâè÷ó, 
ç³ ñëàâíèì Þâ³ëåºì, ùèðî çè÷èìî Âàì äîáðîãî 
çäîðîâ’ÿ, ùàñòÿ, íàñíàãè ³ ïîäàëüøèõ òâîð÷èõ 
óñï³õ³â!

Ðåäêîëåã³ÿ 
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ÄÎ 50-Ð²××ß ÑÒÐ²ÕÈ ÌÀÊÑÈÌÀ Â²ÒÀË²ÉÎÂÈ×À 

ÑÒÐ²ÕÀ Ìàêñèì Â³òàë³éîâè÷ — â³äîìèé ó÷å-
íèé ó ãàëóç³ ô³çèêè íàï³âïðîâ³äíèê³â òà óêðà-
¿íñüêîãî ïåðåêëàäîçíàâñòâà, äîêòîð ô³çèêî-
ìàòåìàòè÷íèõ íàóê, ãîëîâíèé íàóêîâèé 
ñï³âðîá³òíèê ²íñòèòóòó ô³çèêè íàï³âïðîâ³äíè-
ê³â ³ì. Â.ª Ëàøêàðüîâà ÍÀÍ Óêðà¿íè, àêàäåì³ê 
ÀÍ âèùî¿ øêîëè Óêðà¿íè, Â³öå-ïðåçèäåíò ÀÍ 
ÂØ Óêðà¿íè, ïèñüìåííèê, ïåðåêëàäà÷, ãðî-
ìàäñüêèé ä³ÿ÷. 

Íàðîäèâñÿ 24.06.1961 ð. â Êèºâ³ â ðîäèí³ íà-
óêîâö³â (áàòüêî, ïðîô.Â. ². Ñòð³õà (1931–1999), 
áóâ îäíèì ³ç ôóíäàòîð³â ñó÷àñíî¿ ô³çèêè íà-
ï³âïðîâ³äíèê³â â Óêðà¿í³, çàñíîâíèêîì ³ ïåð-
øèì ïðåçèäåíòîì ÀÍ âèùî¿ øêîëè Óêðà¿-
íè). Çàê³í÷èâ ðàä³îô³çè÷íèé ôàêóëüòåò ÊÄÓ 
³ì.Ò.Øåâ÷åíêà. 

Ó 1987 ðîö³ çàê³í÷èâ àñï³ðàíòóðó Ô³çèêî-
òåõí³÷íîãî ³íñòèòóòó ³ì. À. Ô. Éîôôå ÀÍ ÑÐÑÐ 
(ì. Ëåí³íãðàä) òà çàõèñòèâ êàíäèäàòñüêó äèñåð-
òàö³þ çà òåìîþ «Îæå-ðåêîìá³íàö³ÿ òà óäàðíà 
³îí³çàö³ÿ ÷åðåç äîì³øêîâ³ öåíòðè ó íàï³âïðîâ³ä-
íèêàõ». Ó 1997 ðîö³ çàê³í÷èâ äîêòîðàíòóðó ²ÔÍ 
³ì. Â. ª. Ëàøêàðüîâà ÍÀÍ Óêðà¿íè òà çàõèñòèâ 
äîêòîðñüêó äèñåðòàö³þ çà òåìîþ «Îïòè÷í³ òà 
ðåêîìá³íàö³éí³ ïåðåõîäè â íàï³âïðîâ³äíèêàõ ç 
äåôåêòàìè, äåôîðìàö³ÿìè òà íåîäíîð³äíîñòÿ-
ìè ñêëàäó». 

Ç 2008 ð. — ïðîôåñîð êàôåäðè ô³çè÷íî¿ åëåê-
òðîí³êè Êè¿âñüêîãî íàö³îíàëüíîãî óí³âåðñèòå-

òó ³ì. Ò. Ã. Øåâ÷åíêà (çà ñóì³ñíèöòâîì), ÷èòàº 
êóðñ «Ô³çèêà êîíäåíñîâàíîãî ñåðåäîâèùà» òà 
âåäå íàóêîâèé ñåì³íàð äëÿ ìàã³ñòð³â. Ç 1 âåðåñ-
íÿ 2010 ð. — çàâ³äóâà÷ êàôåäðè ïåðåêëàäó Êè¿â-
ñüêîãî óí³âåðñèòåòó ³ì. Á. Ãð³í÷åíêà (çà ñóì³ñ-
íèöòâîì), ÷èòàº êóðñ «Âñòóï äî ñïåö³àëüíîñò³ 
«Ïåðåêëàä»», êåðóº àñï³ðàíòóðîþ. 

Ïë³äíîþ ³ êîðèñíîþ äëÿ íàóêè ³ îñâ³òè 
Óêðà¿íè áóëà ä³ÿëüí³ñòü Ì. Â. Ñòð³õè íà ïîñàä³ 
çàñòóïíèêà ì³í³ñòðà îñâ³òè ³ íàóêè Óêðà¿íè ç 6 
ëþòîãî 2008 ð. ïî 16 ÷åðâíÿ 2010 ð. 

Íàóêîâ³ ³íòåðåñè â ãàëóç³ ô³çèêè íàï³âïðî-
â³äíèê³â — ïîáóäîâà ïîñë³äîâíî¿ òåîð³¿ îïòè÷-
íèõ òà ðåêîìá³íàö³éíèõ ïåðåõîä³â ó ðåàëüíèõ 
íàï³âïðîâ³äíèêàõ, ïîêðàùåííÿ âëàñòèâîñòåé 
ìàòåð³àë³â íàï³âïðîâ³äíèêîâî¿ åëåêòðîí³êè, 
ô³çèêà ãðàôåíó. Òåîðåòè÷íî ïåðåäáà÷èâ íèçêó 
íîâèõ åôåêò³â ó îäíîâ³ñíî ñòèñíóòèõ áåçù³-
ëèííèõ òà âóçüêîù³ëèííèõ íàï³âïðîâ³äíèêàõ. 
Ïîêàçàâ, ùî îäíîâ³ñíèé ñòèñê ó öèõ ìàòåð³à-
ëàõ ìîæå ïðèçâåñòè äî ñóòòºâîãî (íà ïîðÿäêè) 
çðîñòàííÿ êâàíòîâîãî âèõîäó âèïðîì³íþâàí-
íÿ. Àâòîð ïåðøîãî îãëÿäó ç ô³çèêè ãðàôåíó 
óêðà¿íñüêîþ ìîâîþ, íàäðóêîâàíîãî ó íàøîìó 
æóðíàë³ â 2010ð. 

Àâòîð ïîíàä 100 íàóêîâèõ ïðàöü ç ô³çèêè 
íàï³âïðîâ³äíèê³â, ó ò.÷. 4 îãëÿäè, 1 íàâ÷àëüíèé 
ïîñ³áíèê ç ãðèôîì ÌÎÍ òà ïàòåíò. 

Âðàæàþ÷îþ º ð³çíîñòîðîíí³ñòü ³íòåðåñ³â, 
åíöèêëîïåäè÷í³ñòü çíàíü ³ âèñîêèé ð³âåíü ïë³ä-
íî¿ ïðàö³ íà ³íøèõ, îêð³ì ô³çèêè, ãàëóçÿõ çíàíü 
³ íàïðÿìàõ ä³ÿëüíîñò³ — ïèñüìåííèöüêà, çîêðå-
ìà ÿê ïåðåêëàäà÷à êëàñèê³â ñâ³òîâî¿ ë³òåðàòóðè, 
êóëüòóðîëîã³÷íà, ïðîñâ³òíèöüêà, ãðîìàäñüêà ³ 
ïîë³òè÷íà. Ìàêñèì Â³òàë³éîâè÷ º àâòîðîì ïî-
íàä 100 ñòàòåé, ïðèñâÿ÷åíèõ ïîñòàòÿì ³ ÿâèùàì 
óêðà¿íñüêîãî ïåðåêëàäó òà 2 ìîíîãðàô³é ç ïåðå-
êëàäîçíàâñòâà: «Äàíòå é óêðà¿íñüêà ë³òåðàòóðà» 
(2003), «Óêðà¿íñüêèé õóäîæí³é ïåðåêëàä: ì³æ 
ë³òåðàòóðîþ ³ íàö³º òâîðåííÿì» (2006). 

Ó ãàëóç³ óêðà¿íñüêîãî ïåðåêëàäîçíàâñòâà 
çàïðîïîíóâàâ ³ îá´ðóíòóâàâ êîíöåïö³þ íàö³-
ºòâîð÷î¿ ôóíêö³¿ óêðà¿íñüêîãî õóäîæíüîãî ïå-
ðåêëàäó. Ïåðåêëàäàâ óêðà¿íñüêîþ ìîâîþ ïî-
åòè÷í³ òà ïðîçîâ³ òâîðè Äàíòå, Â.Âîðäñâîðòà, 
À. ×. Ñâ³íáåðíà, Ð. Ë. Ñò³âåíñîíà, Æ. Ì. Åðå-
ä³à, Â.Â³òìåíà, Å.Ä³ê³íñîí, Ð.Ê³ïë³íãà, Ä. Ã. Ëî-
óðåíñà, Ò. Ñ. Åë³îòà, Ø.Ìàðà¿, ³íøèõ êëàñè÷-
íèõ òà ñó÷àñíèõ àâòîð³â. Àâòîð êíèãè â³ðø³â 
«Ñîíåòè òà îêòàâè» (1991). Âèäàâ àâòîðñüê³ ïå-



ðåêëàäí³ àíòîëîã³¿ àíãë³éñüêî¿, àìåðèêàíñüêî¿, 
ðîñ³éñüêî¿ ïîåç³¿. 

×ëåí Óêðà¿íñüêîãî ô³çè÷íîãî òîâàðèñòâà 
(ç 1992; ç 2004 — ÷ëåí áþðî êîîðäèíàö³éíî¿ 
ðàäè). ×ëåí Àñîö³àö³¿ óêðà¿íñüêèõ ïèñüìåí-
íèê³â (1997, â³öå-ïðåçèäåíò ç 2009) òà Íàö³î-
íàëüíî¿ ñï³ëêè ïèñüìåííèê³â Óêðà¿íè (1994). Ó 
1990–1994 — äåïóòàò Êè¿âñüêî¿ ì³ñüêî¿ ðàäè, â 
1993–1995 — ðàäíèê ì³í³ñòðà êóëüòóðè Óêðà¿íè. 

×ëåí ðåäêîëåã³é æóðíàë³â «Ñâ³ò ô³çèêè», 
«Ñåíñîðíà åëåêòðîí³êà ³ ì³êðîñèñòåìí³ òåõ-
íîëîã³¿», «Óêðà¿íñüêîãî ô³çè÷íîãî æóðíàëó», 
«Óêðà¿íîçíàâñòâî», «Âñåñâ³ò». 

Ëàóðåàò Íàãîðîäè ßðîñëàâà Ìóäðîãî ÀÍ 
ÂØ Óêðà¿íè (2007). Íàãîðîäæåíèé Ïî÷åñíîþ 

Ãðàìîòîþ ÌÎÍ Óêðà¿íè (2007). Â³äçíàêà «Çà 
íàóêîâ³ äîñÿãíåííÿ» Ïðåçèä³¿ ÍÀÍ Óêðà¿íè 
(2008). Ëàóðåàò ïðåì³¿ æóðíàëó «Ñó÷àñí³ñòü» 
(2005) òà ïðåì³¿ ³ì. Ìèêîëè Ëóêàøà æóðíàëó 
«Âñåñâ³ò» (2008). 

Íàì ïðèºìíî â³äçíà÷èòè ³ íàøó áàãàòîë³òíþ 
ñï³âïðàöþ ç Ìàêñèìîì Â³òàë³éîâè÷åì íà íèâ³ 
íàóêè ³ îñâ³òè, çîêðåìà ó ðîáîò³ â ðåäêîëåã³¿ íà-
øîãî æóðíàëó òà ïðîâåäåíí³ íàóêîâèõ ôîðóì³â 
íà áàç³ íàøîãî óí³âåðñèòåòó. 

Òîæ â äåíü Âàøîãî Þâ³ëåþ ïðèéì³òü, øà-
íîâíèé Ìàêñèìå Â³òàë³éîâè÷ó, íàéùèð³ø³ ïî-
áàæàííÿ äîáðà, çäîðîâ’ÿ, ùàñòÿ, òàêî¿ æ êèïó-
÷î¿ åíåðã³¿, íàòõíåííÿ ³ òâîð÷èõ óñï³õ³â! 

Ðåäêîëåã³ÿ 
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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 ñåí-

ñîðè
5. Àêóñòîåëåêòðîíí³ ñåíñîðè
6. Õ³ì³÷í³ ñåíñîðè
7. Á³îñåíñîðè
8. Íàíîñåíñîðè (ô³çèêà, ìàòåð³àëè, òåõíî-

ëîã³ÿ)
9. Ìàòåð³àëè äëÿ ñåíñîð³â
10. Òåõíîëîã³ÿ âèðîáíèöòâà ñåíñîð³â
11. Ñåíñîðè òà ³íôîðìàö³éí³ ñèñòåìè
12. Ì³êðîñèñòåìí³ òà íàíî- òåõíîëîã³¿ (MST, 

L²GA-òåõíîëîã³ÿ, àêòþàòîðè òà ³í.)
13. Äåãðàäàö³ÿ, ìåòðîëîã³ÿ ³ ñåðòèô³êàö³ÿ 

ñåíñîð³â
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.

Îñíîâíèé òåêñò ñòàòò³ ïîâèíåí â³äïîâ³äàòè 
âèìîãàì Ïîñòàíîâè Ïðåçèä³¿ ÂÀÊ Óêðà¿íè â³ä 
15.01.2003 ð.  ¹ 7-05/1 (Áþëåòåíü ÂÀÊ Óêðà¿íè 
¹ 1, 2003 ð.) ³ áóòè ñòðóêòóðîâàíèì.

Ìàòåð³àëè, ùî íàäñèëàþòüñÿ äî Ðåäàêö³¿, 
ïîâèíí³ áóòè íàïèñàí³ ç ìàêñèìàëüíîþ ÿñ-
í³ñòþ ³ ÷³òê³ñòþ âèêëàäó òåêñòó. Ó ïîäàíîìó 
ðóêîïèñ³ ïîâèííà áóòè îá´ðóíòîâàíà àêòó-
àëüí³ñòü ðîçâ’ÿçóâàíî¿ çàäà÷³, ñôîðìóëüîâàíà 
ìåòà äîñë³äæåííÿ, ì³ñòèòèñÿ îðèã³íàëüíà ÷àñ-

òèíà ³ âèñíîâêè, ùî çàáåçïå÷óþòü ðîçóì³ííÿ 
ñóò³ îòðèìàíèõ ðåçóëüòàò³â ³ ¿õ íîâèçíó. Àâòîðè 
ïîâèíí³ óíèêàòè íåîá´ðóíòîâàíîãî ââåäåííÿ 
íîâèõ òåðì³í³â ³ âóçüêîïðîô³ëüíèõ æàðãîííèõ 
âèñëîâ³â.

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

1. Ðóêîïèñè ïîâèíí³ íàäñèëàòèñÿ ó äâîõ 
ïðèì³ðíèêàõ óêðà¿íñüêîþ, àáî ðîñ³éñüêîþ, àáî 
àíã ë³éñüêîþ ìîâîþ ³ ñóïðîâîäæóâàòèñÿ ôàé-
ëàìè òåêñòó ³ ìàëþíê³â íà äèñêåò³. Ðóêîïèñè, 
ÿê³ ñóïðîâîäæóþòüñÿ ëèñòîì îðãàí³çàö³¿ ³ ïðî-
ïîíóþòüñÿ àâòîðàìè ç Óêðà¿íè àáî êðà¿í ÑÍÄ 
äî âèäàííÿ àíãë³éñüêî¿þ ìîâîþ îáîâ’ÿç êîâî 
äîïîâíþþòüñÿ óêðà¿íîìîâíîþ àáî ðîñ³éñüêî-
ìîâíîþ âåðñ³ºþ. Åëåêòðîííà êîï³ÿ ìîæå áóòè 
íàä³ñëàíà åëåêòðîííîþ ïîøòîþ.

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. 

4. Íà ñòàòò³ àâòîð³â ç Óêðà¿íè ìàþòü áóòè 
åêñïåðòí³ âèñíîâêè ïðî ìîæëèâ³ñòü â³äêðèòîãî 
äðóêó.

Ðóêîïèñè íàäñèëàòè çà àäðåñîþ:
Ëåï³õ ßðîñëàâ ²ëë³÷, Çàñò. ãîë. ðåäàêòîðà, 
Îäåñüêèé íàö³îíàëüíèé óí³âåðñèòåò  ³ìåí³ 

². ². Ìå÷íèêîâà, ÌÍÍÔÒÖ (ÍÄË-3), 
âóë. Äâîðÿíñüêà, 2, Îäåñà, 65082, 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 îô³-
ö³éíèì ëèñòîì, ï³äïèñàíèì êåð³âíèêîì óñòà-
íîâè, äå áóëà âèêîíàíà ðîáîòà. Öå ïðàâèëî íå 
ñòîñóºòüñÿ ðîá³ò ïðåäñòàâëåíèõ ì³æíàðîäíèìè 
ãðóïàìè àâòîð³â.

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, óêð., ðîñ., àíãë. 
ìîâàìè).

3. Ïð³çâèùå (-à) àâòîðà(-³â) (ïî öåíòðó, 
øðèôò 12pt, óêð., ðîñ., àíãë. ìîâàìè).

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, àíãë³é-
ñüêîþ ³ ðîñ³éñüêîþ ìîâàìè. Ïåðåä òåêñòîì 
àíîòàö³¿ ïîòð³áíî âêàçàòè íà ò³é æå ìîâ³: íàçâó 
ðîáîòè, ïð³çâèùà ³ ³í³ö³àëè âñ³õ àâòîð³â.

Äëÿ àâòîð³â ç çàêîðäîíó, ÿê³ íå çíàþòü óêðà-
¿íñüêî¿ àáî ðîñ³éñüêî¿ ìîâ, äîñòàòíüî àíîòàö³¿ ³ 
ïð³çâèùà àíãë³éñüêîþ.

Êëþ÷îâ³ ñëîâà: ¿õíÿ ê³ëüê³ñòü íå ïîâèííà ïå-
ðåâèùóâàòè â³ñüìè ñë³â. Â îñîáëèâèõ âèïàäêàõ 
ìîæíà âèêîðèñòîâóâàòè òåðì³íè ç äâîìà — ÷è 
òðüîìà ñëîâàìè. Ö³ ñëîâà ïîâèíí³ áóòè ðîçì³-
ùåí³ ï³ä àíîòàö³ºþ ³ íàïèñàí³ ò³ºþ ñàìîþ ìî-
âîþ.

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.
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â³äòâîðåííÿ. Òîìó ïðèéìàþòüñÿ ò³ëüêè âèñî-
êîÿê³ñí³ ðèñóíêè.

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

Êîæåí ðèñóíîê ïîâèíåí áóòè íàäðóêîâà-
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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.

Sensor Electronics and Microsystem Technologies. T. 2 (8) 3/2011



Ï³äïèñàíî äî äðóêó 15.12.2011. Ôîðìàò 60õ84/8. Ïàï³ð îôñåòíèé. Ãàðí³òóðà «Newton». Äðóê îôñåòíèé. 
Óì. äðóê. àðê. 13,25. Òèðàæ 300 ïðèì. Çàì. ¹ 825.

Âèäàâíèöòâî ³ äðóêàðíÿ «Àñòðîïðèíò»
65091, ì. Îäåñà, âóë. Ðàçóìîâñüêà, 21.

Òåë.: (048) 37-07-95, 37-24-26, 33-07-17, 37-14-25.
www.astroprint.odessa.ua

Ñâ³äîöòâî ñóá’ºêòà âèäàâíè÷î¿ ñïðàâè ÄÊ ¹ 1373 â³ä 28.05.2003 ð.




