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2ãà Ì³æíàðîäíà íàóêîâî-òåõí³÷íà êîíôåðåíö³ÿ 

ÑÅÍÑÎÐÍÀ ÅËÅÊÒÐÎÍ²ÊÀ ² Ì²ÊÐÎÑÈÑÒÅÌÍ² ÒÅÕÍÎËÎÃ²¯ 
(ÑÅÌÑÒ-2) 

Êîíôåðåíö³ÿ â³äáóëàñü ó ì. Îäåñ³ íà áàç³ Îäåñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó ³ìåí³ ². ². Ìå-
÷íèêîâà ç 26 äî 30 ÷åðâíÿ 2006 ð. 

Êîíôåðåíö³ÿ ïðîâîäèëàñü ï³ä åã³äîþ Íàóêîâî¿ ðàäè ÍÀÍ Óêðà¿íè ç ïðîáëåìè “Ô³çèêà íàï³â-
ïðîâ³äíèê³â”, Ì³í³ñòåðñòâà îñâ³òè ³ íàóêè Óêðà¿íè, Óêðà¿íñüêîãî ô³çè÷íîãî òîâàðèñòâà, Ì³í³ñ-
òåðñòâà ïðîìèñëîâî¿ ïîë³òèêè Óêðà¿íè, ²íñòèòóòó ô³çèêè íàï³âïðîâ³äíèê³â ÍÀÍ Óêðà¿íè ³ìåí³ 
Â. ª. Ëàøêàðüîâà, Îäåñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó ³ìåí³ ².². Ìå÷íèêîâà. 

Ó êîíôåðåíö³¿ âçÿëè ó÷àñòü 220 ïðåäñòàâíèê³â àêàäåì³÷íèõ óñòàíîâ, ÂÍÇ òà íàóêîâî-ïðîìèñ-
ëîâèõ îðãàí³çàö³é ç óñ³õ ðåã³îí³â Óêðà¿íè, íàóêîâèõ óñòàíîâ òà óí³âåðñèòåò³â ç 18 êðà¿í. 

Êîíôåðåíö³ÿ êîíñòàòóº: 
1. Ïðîãðàìà êîíôåðåíö³¿ îõîïèëà øèðîêèé ñïåêòð íàóêîâèõ, òåõí³÷íèõ ³ òåõíîëîã³÷íèõ ïðî-

áëåì ñåíñîðíî¿ åëåêòðîí³êè ³ ì³êðîñèñòåìíèõ òåõíîëîã³é. 
2. Íàóêîâèé ð³âåíü äîïîâ³äåé, ïðåäñòàâíèöòâî òà îðãàí³çàö³ÿ êîíôåðåíö³¿ â³äïîâ³äàþòü ð³âíþ 

ïðîâ³äíèõ ì³æíàðîäíèõ íàóêîâèõ êîíôåðåíö³é. 
3. Ïðîâ³äí³ íàóêîâ³ êîëåêòèâè Êèºâà, Ëüâîâà, Îäåñè, Óæãîðîäà, Õàðêîâà, ×åðí³âö³â òà ³í-

øèõ ì³ñò ïðàöþþòü â àêòóàëüíèõ íà ñüîãîäí³øí³é äåíü ôóíäàìåíòàëüíèõ òà ïðèêëàäíèõ 
íàïðÿìàõ, ïîâ’ÿçàíèõ ç äîñë³äæåííÿì íîâèõ ïðèíöèï³â ïîáóäîâè ñåíñîð³â, ðîçðîáêîþ ³í-
ôîðìàö³éíèõ ñèñòåì, ôóíêö³îíàëüíèõ ìàòåð³àë³â ³ ì³êðîñèñòåìíèõ òåõíîëîã³é. Êîíôåðåí-
ö³ÿ â³äçíà÷àº çíà÷í³ óñï³õè óêðà¿íñüêèõ â÷åíèõ ó ðîçâèòêó ôóíäàìåíòàëüíèõ òà ïðèêëàäíèõ 
íàïðÿì³â ôîòîåëåêòðè÷íèõ ïåðåòâîðþâà÷³â, á³îñåíñîðèêè, àêóñòîåëåêòðîí³êè, ³íäóêîâàíèõ 
ï³ðîàêòèâíèõ ñòðóêòóð, ñåíñîð³â ãàçó, ÿê³ â³äïîâ³äàþòü ñâ³òîâîìó ð³âíþ íàóêîâèõ äîñë³äæåíü 
òà ðîçðîáîê. 

4. Ïîçèòèâíèì ìîìåíòîì ðîáîòè Êîíôåðåíö³¿ áóëà ïîì³òíà ó÷àñòü ó í³é ìîëîäèõ â÷åíèõ – 39 
îñ³á. Ð³øåííÿì ñïåö³àëüíîãî æóð³, ñêëàäåíîãî ç ïðîâ³äíèõ â÷åíèõ, áóëè â³äçíà÷åí³ íàéêðà-
ù³ äîïîâ³ä³ íàóêîâî¿ ìîëîä³. 

5. Ïîì³òíîþ áóëà íåäîñòàòíÿ ó÷àñòü ó ðîáîò³ êîíôåðåíö³¿ ³ âèñòàâö³ ðîçðîáîê ïðîìèñëîâèõ 
ï³äïðèºìñòâ. 

Êîíôåðåíö³ÿ ââàæàº: 
1. Íåîáõ³äíà êîíñîë³äàö³ÿ çóñèëü ôàõ³âö³â â îáëàñò³ ñåíñîðíî¿ åëåêòðîí³êè òà ì³êðîñèñòåìíèõ 

òåõíîëîã³é, ñïðÿìîâàíèõ íà ³íòåíñèô³êàö³þ äîñë³äæåíü â ãàëóç³ á³îñåíñîð³â, ñåíñîð³â ãàçó ³ 
ñåíñîð³â ô³çè÷íèõ âåëè÷èí òà ñòâîðåííÿ íà ö³é îñíîâ³ ïðîìèñëîâèõ ïðèëàä³â. 

2. Äîö³ëüíî ïðîâîäèòè êîíôåðåíö³þ ÑÅÌÑÒ ðàç íà 2 ðîêè. Íàñòóïíó 3þ êîíôåðåíö³þ “Ñåí-
ñîðíà åëåêòðîí³êà ³ ì³êðîñèñòåìí³ òåõíîëîã³¿” çàïðîïîíóâàòè ïðîâåñòè ó 2008 ð. ó ì. Îäåñ³ 
íà áàç³ Îäåñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó ³ìåí³ ².².Ìå÷íèêîâà. 
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ïðè äåôîðìàö³¿ ñòèñêó. Íåêëàñè÷íèé ï’ºçîîï³ð çóìîâëåíèé ñòðèáêîâîþ ïðîâ³äí³ñòþ â öèõ 
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2
 ³ E

3
, ¿õ çíà÷åííÿ çì³-

íþþòüñÿ ï³ä ä³ºþ äåôîðìàö³¿ ïðè êð³îãåííèõ òåìïåðàòóðàõ. Âèì³ðþâàëèñü òåíçîìåòðè÷í³ 
õàðàêòåðèñòèêè öèõ êðèñòàë³â, çàêð³ïëåíèõ íà ïðóæíèõ åëåìåíòàõ ç ³íâàðó, â øèðîêîìó ä³-
àïàçîí³ òåìïåðàòóð 4,2–300 Ê ³ äåôîðìàö³é ε=0–±1,2×10-3 â³äí. îä. Îäåðæàí³ õàðàêòåðèñ-
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êðîêðèñòàëàõ Si(B). Íàâåäåíî ïðèêëàäè ðîçðîáëåíèõ ñåíñîð³â äåôîðìàö³¿, ñåíñîðà òèñêó òà 
ñåíñîðà ð³âíÿ êð³îãåííèõ ð³äèí. 
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The summary 

PYSICAL ASPECTS OF LOW-TEMPERATURE MECHANICAL SENSORS BASED 
ON SILICON MICROCRYSTALS 

A. A. Druzhinin, I. I. Maryamova, O. P. Kutrakov, I. V. Pavlovskyy 

The complex studies of conductivity, magnetoresistance and piezoresistance of boron doped 
p-type silicon microcrystals with <111> orientation in the temperature range 4.2–300 K and at the 
magnetic field up to 14 T were carried out. The influence of uniaxial strain on the resistivity and 
magnetoresistance of Si microcrystals with different boron doping at low temperatures was studied. 
The giant non-classic piezoresistance at helium temperatures was revealed in p-Si microcrystals with 
boron concentration in the vicinity of metal-insulator transition (MIT) from the insulating side: 
gauge factor of such crystals at 4.2 K equals GF

4.2 K
= –5.7×105 at compressive strain. Non-classic 

piezoresistance is caused by hopping conductivity of these crystals at low temperatures; the activa-
tion energies E

2
 and E

3
 and their values under uniaxial strain were determined. Piezoresistive char-

acteristics of Si(B) crystals, mounted on the invar spring elements, in the wide ranges of temperature 
4.2–300 K and strain ε=0–±1.2×10-3 rel. un. were measured. The obtained characteristics gave the 
possibility to predict the characteristics of piezoresistive mechanical sensors based on these crystals 
at low temperatures. It was shown the possibility to develop high-sensitive mechanical sensors, op-
erating at cryogenic temperatures, based on non-classic piezoresistance of Si(B) microcrystals. The 
examples of developed strain sensors, pressure sensor and sensor of level of cryogenic liquids are 
presented. 

Key words: piezoresistance, silicon, microcrystals, cryogenic temperatures, mechanical sensors. 
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è ïüåçîñîïðîòèâëåíèÿ ìèêðîêðèñòàëëîâ êðåìíèÿ ð-òèïà, ëåãèðîâàííûõ áîðîì, ñ îðèåí-
òàöèåé <111> â äèàïàçîíå òåìïåðàòóð 4,2–300 Ê è ìàãíèòíûõ ïîëÿõ äî 14 Òë. Èññëåäîâà-
íî âëèÿíèå îäíîîñíîé äåôîðìàöèè íà óäåëüíîå ñîïðîòèâëåíèå è ìàãíèòîñîïðîòèâëåíèå 
ìèêðîêðèñòàëëîâ Si ñ ðàçíîé êîíöåíòðàöèåé áîðà ïðè íèçêèõ òåìïåðàòóðàõ. Â ìèêðîêðèñ-
òàëëàõ ð-Si ñ êîíöåíòðàöèåé áîðà âáëèçè ïåðåõîäà ìåòàëë-äèýëåêòðèê (ÏÌÄ) ñ äèýëåêò-
ðè÷åñêîé ñòîðîíû ïðè ãåëèåâûõ òåìïåðàòóðàõ âûÿâëåíî ãèãàíòñêîå íåêëàññè÷åñêîå ïüå-
çîñîïðîòèâëåíèå; êîýôôèöèåíò òåíçî÷óâñòâèòåëüíîñòè òàêèõ êðèñòàëëîâ ïðè 4,2 Ê ðàâåí 
GF

4.2K
=–5,7×105 ïðè äåôîðìàöèè ñæàòèÿ. Íåêëàññè÷åñêîå ïüåçîñïðîòèâëåíèå îáóñëîâëåíî 

ïðûæêîâîé ïðîâîäèìîñòüþ ýòèõ êðèñòàëëîâ ïðè íèçêèõ òåìïåðàòóðàõ; îïðåäåëåíû ýíåð-
ãèè àêòèâàöèè E

2
 è E

3
 è èõ çíà÷åíèÿ ïðè âîçäåéñòâèè äåôîðìàöèè ïðè êðèîãåííûõ òåìïå-

ðàòóðàõ. Èçìåðÿëèñü òåíçîìåòðè÷åñêèå õàðàêòåðèñòèêè ýòèõ êðèñòàëëîâ, çàêðåïëåííûõ íà 
óïðóãèõ ýëåìåíòàõ èç èíâàðà, â øèðîêîì äèàïàçîíå òåìïåðàòóð 4,2 — 300 Ê è äåôîðìàöèé 
ε=0–±1,2×10-3 îòí. åä. Ïîëó÷åííûå õàðàêòåðèñòèêè ïîçâîëÿþò ïðîãíîçèðîâàòü ïàðàìåòðû 
ïüåçîðåçèñòèâíûõ ñåíñîðîâ ìåõàíè÷åñêèõ âåëè÷èí íà îñíîâå ýòèõ êðèñòàëëîâ ïðè íèçêèõ 
òåìïåðàòóðàõ. Ïîêàçàíî âîçìîæíîñòü ñîçäàíèÿ ñâåðõ÷óâñòâèòåëüíûõ ñåíñîðîâ ìåõàíè÷åñ-
êèõ âåëè÷èí äëÿ ðàáîòû ïðè íèçêèõ òåìïåðàòóðàõ íà îñíîâå íåêëàññè÷åñêîãî ïüåçîñîïðî-
òèâëåíèÿ â ìèêðîêðèñòàëëàõ Si(B). Ïðèâåäåíû ïðèìåðû ðàçðàáîòàííûõ ñåíñîðîâ äåôîðìà-
öèè, ñåíñîðîâ äàâëåíèÿ è ñåíñîðîâ óðîâíÿ êðèîãåííûõ æèäêîñòåé. 

Êëþ÷åâûå ñëîâà: ïüåçîñïðîòèâëåíèå, êðåìíèé, ìèêðîêðèñòàëëû, êðèîãåííûå òåìïåðà-
òóðû, ñåíñîðû ìåõàíè÷åñêèõ âåëè÷èí. 
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Abstract 

MODELING OF LONG-PERIOD FIBER GRATINGS AND THEIR 
APPLICATION ON LIQUID LEVEL SENSORS 

I. Flores-Llamas and V. Svyryd 

It is presented a mathematical model for non-uniform long-period fiber gratings which is based 
on the Coupled-Mode Theory. The model has the capability of considering the case of a surrounding 
medium with a refractive index higher than that of the optical fiber cladding, which gives advantages 
in a number of applications. As an application of the model a new liquid level sensor is proposed and 
the results of its simulation are compared with experimental data. 

Keywords: long period fiber gratings, refractometry, liquid level sensors. 
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âëàñòèâîñòÿìè. Çîâí³øí³é âïëèâ ó âèãëÿä³ ïðîñòîðîâî íåîäíîð³äíîãî íàãð³âó êðèñòàëà ïà-
äàþ÷èì âèïðîì³íþâàííÿì âèêîðèñòîâóºòüñÿ äëÿ ³íäóêóâàííÿ íîâèõ ô³çè÷íèõ âëàñòèâîñ-
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Abstract 

SPATIALLY INHOMOGENEOUS INDUCED PYROACTIVE STRUCTURES AND PROSPECTS 
FOR THEIR APPLICATION 

V. F. Kosorotov, L. V. Shchedrina 

Theoretical analysis of creating the physical principles concerning advanced technologies in py-
roelectric materials science and sensor electronics is presented. A novel approach to the producing 
nonconventional pyroactive smart materials and structures with controlled polarization properties 
is advanced. External vector action in the form of spatially inhomogeneous heating of the crystal by 
incident radiation is proposed (as the alternative to the synthesis of new infrared materials) for pro-
ducing new properties in the traditional piezoelectric crystals which do not exhibit these properties 
in the thermodynamically equilibrium state. A new approach for the development of infrared sensors 
and devices on the basis of the polarization phenomena under investigation is formulated. 

Key words: induced pyroactivity, spatially inhomogeneous heating, tertiary pyroelectric effect, 
multifunctional sensors, infrared optoelectronics. 
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äîñêîíàëîþ â ïîð³âíÿíí³ ç ³íøèìè åëåêòðîííèìè êîìïîíåíòàìè. Ñôîðìóëüîâàíî êðèòå-
ð³¿, ÿêèì ïîâèíí³ â³äïîâ³äàòè ð-n-ïåðåõîäè äëÿ ïîáóäîâè âèñîêîñòàá³ëüíèõ òåðìîñåíñîð³â. 
Ñèíòåçîâàíà ô³çèêî-ìàòåìàòè÷íà ìîäåëü äîçâîëÿº çà äâîìà ðåïåðíèìè òî÷êàìè â³äòâîðþ-
âàòè òåìïåðàòóðíó õàðàêòåðèñòèêó ñåíñîðà â øèðîêîìó ä³àïàçîí³ òåìïåðàòóð ç òî÷í³ñòþ ïî-
ðÿäêà 0,50Ñ. 

Êëþ÷îâ³ ñëîâà: ñåíñîð, ð-n-ïåðåõ³ä, ìîäåëü, òåìïåðàòóðà. 

Abstract 

HIGH-QUALITY TEMPERATURE SENSORS ON THE SILICON p-n-JUNCTION BASIS 

V. M. Vassuliuk, A. M. Lenovenko, N. O. Koval’chuk 

The analysis of processes in the p-n-junction mass production has proved that the silicon p-n-
junctions are the most suitable ones for constructing temperature sensors, which are able to compete 
with platinum thermal converters. The technology of their production is the most accurate one in 
comparison with other electronic components. Criteria, which the p-n-junctions must correspond to 
during the construction of high-stable thermal sensors, have been formulated. A synthesized physic 
and mathematical model makes possible to reproduce temperature characteristic of the sensor with-
in a wide temperature range at the 0,50C sequence exactitude following two reference points. 

Keywords: sensor, p-n-junction, model, temperature. 
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Summary

PROSPECTS OF USING THE WIDE BANDGAP II-VI COMPOUNDS 
OF IN SHORT-WAVE SENSORS 

V. P. Makhny, L. I. Arhilyuk, V. I. Gryvul, V. V.Mel’nyk, 
M. M Slyotov, B. M. Sobistchanskiy, I. V. Tkachenko. 

Optoeleñtroniñ properties and possibilities of practical application in sensors of diffusive 
layers, obtained by the equilibrium annealing of monocrystalline substrates of cadmium and zinc 
chalcogenids in the vapours of elements of the I-VI groups of Mendeleyev table, are discussed. 

Keywords: sensor, rectifying barrier, defect, dopant, luminescence, conductivity. 
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SENSING THE ELECTRIC AND MAGNETIC MOMENTS 
OF A NUCLEUS IN THE N-LIKE ION OF 83

209 Bi  
(Çà ìàòåð³àëàìè äîïîâ³ä³ íà êîíôåðåíö³¿ ÑÅÌÑÒ-2) 

O. Yu. Khetselius, E. P. Gurnitskaya 

Odessa National Polytechnical University, Odessa 

Abstract 

SENSING THE ELECTRIC AND MAGNETIC MOMENTS 

OF A NUCLEUS IN THE N-LIKE ION OF 83
209 Bi  

O. Yu. Khetselius, E. P. Gurnitskaya 

It has been carried out sensing and estimating the magnetic and electric moments of nucleus in 
the N-like 83

203 76Bi +  ion on the basis of gauge-invariant QED perturbation theory calculation with an 
account of correlation, nuclear and QED effects. 

Key words: estimate, nuclear electric and magnetic moments, Bi 
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Ã. ß. Êîëáàñîâ, Ñ. Â. Âîëêîâ, Þ. Ñ. Êðàñíîâ, Â. Í. Çàé÷åíêî 

Èññëåäîâàí ïðîöåññ õåìèõðîìíîãî îêðàøèâàíèÿ â îïòè÷åñêèõ ñåíñîðàõ âîäîðîäà ïëà-
íàðíîé ñòðóêòóðû íà îñíîâå ïëåíîê àìîðôíîãî îêñèäà âîëüôðàìà, íà êîòîðûå íàíåñåí òîí-
êèé ñëîé ïëàòèíû. Ïëåíêè îêñèäà âîëüôðàìà ïîëó÷àëè õèìè÷åñêèì è ýëåêòðîõèìè÷åñêèì 
îñàæäåíèåì íà ïðîçðà÷íûé òîêîïðîâîäÿùèé ñëîé SnÎ

2
 íà ñòåêëå. Èçìåðåíû îïòè÷åñêèå 

õàðàêòåðèñòèêè òàêèõ ñåíñîðîâ â çàâèñèìîñòè îò ïðîöåíòíîãî ñîäåðæàíèÿ Í
2
 â âîäîðîäíî-

âîçäóøíîé ñìåñè. 

Êëþ÷åâûå ñëîâà: îïòè÷åñêèå ñåíñîðû âîäîðîäà, ïë¸íêè îêñèäà âîëüôðàìà 
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ÎÑÀÄÆÅÍÈÕ ÏË²ÂÎÊ WO

3
 

Ã. ß. Êîëáàñîâ, Ñ. Â. Âîëêîâ, Þ. Ñ. Êðàñíîâ, Â. Í. Çàé÷åíêî 

Äîñë³äæåíî ïðîöåñ õåì³õðîìíîãî çàáàðâëåííÿ â îïòè÷íèõ ñåíñîðàõ âîäíþ ïëàíàðíî¿ 
ñòðóêòóðè íà îñíîâ³ ïë³âîê àìîðôíîãî îêñèäó âîëüôðàìó, íà ÿê³ íàíåñåíèé òîíêèé øàð 
ïëàòèíè. Ïë³âêè îêñèäó âîëüôðàìó îäåðæóâàëè õ³ì³÷íèì ³ åëåêòðîõ³ì³÷íèì îñàäæåííÿì íà 
ïðîçîðèé ñòðóìîïðîâ³äíèé øàð SnÎ

2
 íà ñêë³. Äîñë³äæåí³ îïòè÷í³ õàðàêòåðèñòèêè òàêèõ ñå-

íñîð³â â çàëåæíîñò³ â³ä ïðîöåíòíîãî âì³ñòó Í
2
 ó âîäíåâî-ïîâ³òðÿí³é ñóì³ø³. 

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

OPTICAL HYDROGEN SENSOR BASED ON CHEMICAL AND ELECTROCHEMICAL 
DEPOSITED WO

3
 FILMS 

G. Ya. Kolbasov, S. V. Volkov, Yu. S. Krasnov, V. N. Zaychenko 

The chemochromic coloration process in optical hydrogen sensors of planar structure based 
on amorphous tungsten oxide films, covered with a thin layer of platinum, has been studied. The 
tungsten oxide films were produced by chemical and electrochemical deposition on a transparent 
conducting layer of SnO

2 
on glass. The optical characteristics of such sensors as a function of the 

percentage of H
2
 in hydrogen-air mixture have been measured. 

Keywords: optical hydrogen sensors, tungsten oxide films 

Ã. ß. Êîëáàñîâ, Ñ. Â. Âîëêîâ, Þ. Ñ. Êðàñíîâ, Â. Í. Çàé÷åíêî
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Abstract 

SENSING THE AUGER SPECTRA FOR SOLIDS: NEW QUANTUM APPROACH 

S. V. Ambrosov, A. V. Glushkov, L. V. Nikola 

It is proposed new approach to sensing Auger spectra of solids and calculation of charac-teristics 
of Auger decay within S-matrix Gell-Mann and Low formalism. The energies of Auger electron 
transitions in solids (Na,Si,Ge,Ag) are calculated with account for correlation effects. 

Key words: sensing Auger spectra, solids, quantum calculation 

Ðåçþìå 

ÄÅÒÅÊÒÓÂÀÍÍß ÎÆÅ ÑÏÅÊÒÐ²Â ÒÂÅÐÄÈÕ Ò²Ë: ÍÎÂÈÉ ÊÂÀÍÒÎÂÈÉ Ï²ÄÕ²Ä 

Ñ. Â. Àìáðîñîâ, À. Â. Ãëóøêîâ, Ë. Â. Í³êîëà 

Ðîçâèíóòî íîâèé ï³äõ³ä äî äåòåêòóâàííÿ Îæå-ñïåêòð³â òâåðäèõ ò³ë òà ðîçðàõóíêó õàðàê-
òåðèñòèê Îæå ðîçïàäó â ìåæàõ S-ìàòðè÷íîãî ôîðìàë³çìó Ãåëë-Ìàíà òà Ëîó. Ç óðàõóâàííÿì 
êîðåëÿö³éíèõ åôåêò³â ðîçðàõîâàí³ åíåðã³¿ Îæå ïåðåõîä³â ó Na,Si,Ge,Ag. 

Êëþ÷îâ³ ñëîâà: äåòåêòóâàííÿ Îæå ñïåêòð³â, òâåðä³ òåëà, êâàíòîâèé ðîçðàõóíîê 

Ðåçþìå 

ÄÅÒÅÊÒÈÐÎÂÀÍÈÅ ÎÆÅ ÑÏÅÊÒÐÎÂ ÒÂÅÐÄÛÕ ÒÅË: ÍÎÂÛÉ ÊÂÀÍÒÎÂÛÉ ÏÎÄÕÎÄ 

Ñ. Â. Àìáðîñîâ , À. Â. Ãëóøêîâ, Ë. Â. Íèêîëà 

Ðàçâèò íîâûé ïîäõîä ê äåòåêòèðîâàíèþ Îæå ñïåêòðîâ òâåðäûõ òåë è ðàñ÷åòó õàðàêòåðèñ-
òèê Îæå ðàñïàäà â ðàìêàõ S-ìàòðè÷íîãî ôîðìàëèçìà Ãåëë-Ìàíà è Ëîó. Ñ ó÷åòîì êîðåëëÿöè-
îííûõ ýôôåêòîâ ðàññ÷èòàíû ýíåðãèè Îæå ïåðåõîäîâ â Na,Si,Ge,Ag. 

Êëþ÷åâûå ñëîâà: äåòåêòèðîâàíèå Îæå ñïåêòðîâ, òâåðäûå òåëà, êâàíòîâûé ðàñ÷åò 
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ÀÍÀËÈÒÈ×ÅÑÊÎÅ ÈÑÑËÅÄÎÂÀÍÈÅ ÊÎÍÖÅÍÒÐÀÖÈÎÍÍÛÕ 
ÇÀÂÈÑÈÌÎÑÒÅÉ ×ÓÂÑÒÂÈÒÅËÜÍÎÑÒÈ ÑÅÍÑÎÐÎÂ ÃÀÇÀ 
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Àííîòàöèÿ 

ÀÍÀËÈÒÈ×ÅÑÊÎÅ ÈÑÑËÅÄÎÂÀÍÈÅ ÊÎÍÖÅÍÒÐÀÖÈÎÍÍÛÕ ÇÀÂÈÑÈÌÎÑÒÅÉ 
×ÓÂÑÒÂÈÒÅËÜÍÎÑÒÈ ÑÅÍÑÎÐÎÂ ÃÀÇÀ 

Â. Â. Ïåòðîâ 

Â ðàáîòå ïðîâåäåí àíàëèç ëèòåðàòóðíûõ äàííûõ ïî ÷óâñòâèòåëüíîñòè ñåíñîðîâ ÑÎ, NH
3
, 

C
2
H

5
OH, H

2
S; è NO

2
, ðàáîòàþùèõ íà èçìåíåíèè ïîâåðõíîñòíîé ïðîâîäèìîñòè ãàçî÷óâñòâè-

òåëüíûõ ìàòåðèàëîâ. Ìåòîäîì íàèìåíüøèõ êâàäðàòîâ ïîñòðîåíû ðåãðåññèîííûå çàâèñè-
ìîñòè ÷óâñòâèòåëüíîñòè ñåíñîðà îò êîíöåíòðàöèè ãàçîâ, èìåþùèå âèä ñòåïåííîé ôóíêöèè. 
Ïîêàçàíî, ÷òî âåëè÷èíà ñòåïåíè m óêàçûâàåò íà ïðåèìóùåñòâåííûé ìåõàíèçì ïîâåðõíîñ-
òíûõ ðåàêöèé, ïðîòåêàþùèõ ìåæäó ìîëåêóëàìè ãàçà è ïîâåðõíîñòüþ ãàçî÷óâñòâèòåëüíîãî 
ìàòåðèàëà. 

Êëþ÷åâûå ñëîâà: ñåíñîð ãàçà, ÷óâñòâèòåëüíîñòü ñåíñîðà, ìåõàíèçì ïîâåðõíîñòíîé ðåàê-
öèè, ðåãðåññèîííûé êîýôôèöèåíò 

Àíîòàö³ÿ 

ÀÍÀË²ÒÈ×ÍÅ ÄÎÑË²ÄÆÅÍÍß ÊÎÍÖÅÍÒÐÀÖ²ÉÍÈÕ ÇÀËÅÆÍÎÑÒÅÉ 
×ÓÒËÈÂÎÑÒ² ÑÅÍÑÎÐ²Â ÃÀÇÓ 

Â. Â. Ïåòðîâ 

Ó ðîáîò³ ïðîâåäåíî àíàë³ç ë³òåðàòóðíèõ äàíèõ ïî ÷óòëèâîñò³ ñåíñîð³â ÑÎ, NH
3
, C

2
H

5
OH, 

H
2
S; è NO

2
, ÿê³ ïðàöþþòü íà çì³í³ ïîâåðõíåâî¿ ïðîâ³äíîñò³ ãàçî÷óòëèâèõ ìàòåð³àë³â. Ìåòî-

äîì íàéìåíøèõ êâàäðàò³â ïîáóäîâàí³ ðåãðåñ³éí³ çàëåæíîñò³ ÷óòëèâîñò³ ñåíñîðà â³ä êîíöåí-
òðàö³¿ ãàç³â, ùî ìàþòü âèä ñòåïåííî¿ ôóíêö³¿. Ïîêàçàíî, ùî âåëè÷èíà ñòåïåíÿ m âêàçóº íà 
ïåðåâàæàþ÷èé ìåõàí³çì ïîâåðõíåâèõ ðåàêö³é, ùî ïðîò³êàþòü ì³æ ìîëåêóëàìè ãàçó ³ ïîâåð-
õíåþ ãàçî÷óòëèâîãî ìàòåð³àëó. 

Êëþ÷îâ³ ñëîâà: ñåíñîð ãàçó, ÷óòëèâ³ñòü ñåíñîðà, ìåõàí³çì ïîâåðõíåâî¿ ðåàêö³¿, ðåãðåñ³é-
íèé êîåô³ö³ºíò 

Â. Â. Ïåòðîâ

© Â. Â. Ïåòðîâ, 2006



Sensor Electronics and Microsystem Technologies. 3/2006

 

 

Annotation 

ANALYTICAL INVESTIGATIONS OF CONCENTRATION DEPENDENCES 
OF GAS SENSORS SENSITIVITY 

V. V. Petrov 

The analyses of literature data of sensitivity of ÑÎ, NH
3
, C

2
H

5
OH, H

2
S, NO

2
 sensors, changing 

their surface conductivity was done in the article. The least-squares method was used for building 
regression dependences of sensors sensitivity from gas concentration. The dependences are given 
by a power function. It is shown, that the value of m degree indicates to primary surfaces reactions 
between gas molecules and surface of gas sensitive material. 

Key words: gas sensor, sensitivity, surface reaction, regression coefficient. 
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Àíîòàö³ÿ 

ÒÎÍÊÎÏË²ÂÊÎÂÈÉ ÑÅÍÑÎÐ ÍÀ ÎÑÍÎÂ² ZnO 

Â. É. Ëàçîðåíêî, Ì. Å. Áóãàéîâà, Ã. Â. Ëàøêàðüîâ, 
À. Â. Áîðèñîâ, Â. Ì. Êîâàëü, Î. Ì. Øìèðüîâà 

Ãàçîâà ñåíñîðèêà º îäí³ºþ ç òèõ ãàëóçåé åëåêòðîí³êè, ùî îñòàíí³ì ÷àñîì íàéá³ëüø äè-
íàì³÷íî ðîçâèâàºòüñÿ. Ïîòðåáà â ðîçðîáö³ ãàçîâèõ ñåíñîð³â îáóìîâëåíà íåîáõ³äí³ñòþ êîíò-
ðîëþ åêîëîã³÷íîãî ñòàíó îòî÷óþ÷îãî ñåðåäîâèùà òà çàáåçïå÷åííÿ áåçïåêè æèòòºä³ÿëüíîñò³ 
ëþäèíè. 

Íàï³âïðîâ³äíèêîâ³ ñåíñîðè º íàéá³ëüø ïåðñïåêòèâíèìè ãàçîâèìè ñåíñîðàìè, îñê³ëüêè 
âîíè ìàþòü ìàë³ ðîçì³ðè, ïðîñòó êîíñòðóêö³þ, ìàëå ñïîæèâàííÿ åëåêòðîåíåðã³¿, âèãîòî-
âëÿþòüñÿ çà ãðóïîâîþ òåõíîëîã³ºþ ì³êðîåëåêòðîí³êè, ùî çàáåçïå÷óº ¿õ ïîð³âíÿíî íèçüêó 
âàðò³ñòü òà ñóì³ñí³ñòü ç åëåêòðîííèìè ïðèëàäàìè äëÿ ïîäàëüøî¿ îáðîáêè ñèãíàë³â. 

Îáëàñòü âèêîðèñòàííÿ ãàçîâèõ ñåíñîð³â, ùî ðåàãóþòü íà ïàðè ñïèðòó, çàëåæèòü â³ä âè-
ì³ðþâàíèõ êîíöåíòðàö³é. Òàê, â îáëàñò³ íèçüêèõ êîíöåíòðàö³é (ïîðÿäêó ê³ëüêîõ ppm) òàê³ 
ñåíñîðè çàñòîñîâóþòüñÿ äëÿ àíàë³çó âì³ñòó àëêîãîëþ ó ïîäèõó ëþäèíè. Òîä³ ÿê ñåíñîðè, ÿê³ 
ïðàöþþòü â îáëàñò³ âèñîêèõ êîíöåíòðàö³é, ïîòð³áí³ äëÿ êîíòðîëþ á³îòåõíîëîã³÷íèõ ïðîöå-
ñ³â ïðè âèãîòîâëåíí³ ñïèðòíèõ íàïî¿â ó õàð÷îâ³é ïðîìèñëîâîñò³. 

Â ðîáîò³ äîñë³äæåíî ÷óòëèâ³ñòü òîíêîïë³âêîâèõ ãàçîâèõ ñåíñîð³â ðåçèñòèâíîãî òèïó íà 
îñíîâ³ îêñèäó öèíêó äî ïàð³â åòèëîâîãî ñïèðòó. 

Âèâ÷åíî çì³íó îïîðó ãàçî÷óòëèâî¿ ïë³âêè ïðè ä³¿ ãàçó. ßêùî ñåíñîð, ãàçî÷óòëèâèì åëå-
ìåíòîì ÿêîãî º íàï³âïðîâ³äíèêîâà ïë³âêà n-òèïó (ZnO), ï³äëÿãàº âïëèâó ïàðó åòèëîâîãî 
ñïèðòó, îï³ð ÷óòëèâîãî åëåìåíòà çìåíøóºòüñÿ. 

Âñòàíîâëåíî âïëèâ ëåãóâàííÿ íà âåëè÷èíó ÷óòëèâîñò³ ãàçîâîãî ñåíñîðà. Äîì³øêè Al òà In 
ïîêðàùóþòü ÷óòëèâ³ñòü òîíêîïë³âêîâîãî ñåíñîðà íà îñíîâ³ ZnO. 

Îáãîâîðþþòüñÿ ìåõàí³çìè ÷óòëèâîñò³ ñåíñîðà íà îñíîâ³ ïë³âêè ZnO äî ïàð³â åòàíîëó òà 
âïëèâó äîì³øîê íà éîãî ÷óòëèâ³ñòü. 

Êëþ÷îâ³ ñëîâà: ãàçîâèé ñåíñîð, ïë³âêà ZnO, ïðîâ³äí³ñòü, ÷óòëèâ³ñòü, ïàðè åòàíîëó 

© Â. É. Ëàçîðåíêî, Ì. Å. Áóãàéîâà, Ã. Â. Ëàøêàðüîâ,  
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Annotation 

THIN-FILM SENSOR ON BASIS ZnO 

V. I. Lazorenko, M. E. Bugayova, G. V. Lashkarev, 
A. V. Borisov, V. M. Koval, A. N.Shmyreva 

Gas sensor electronic is one of those areas who recently most dynamically develops. 
The need for development of gas sensor controls is caused by necessity of the control over an 

ecological condition of an environment and a safety for live of the person. 
Semiconductor sensor controls — the most perspective gas sensor controls as they have the small sizes, 

a simple design, a small current consumption, are produced on group technology of microelectronics that 
provides their rather low cost and compatibility with electronic devices for the further processing signals. 

The scope of gas sensor controls which react to pairs spirit, depends from measurable concentra-
tion. So, in the field of low concentration (a little ppm), sensor controls are used for the analysis of 
the contents of alcohol in air which is exhaled by the person. Whereas sensor controls which work 
in the field of high concentration, are necessary for the control of biotechnological processes over 
manufacturing alcoholic drinks in the industry. 

In work it is investigated sensitivity of thin-film gas sensor controls of resistive type a basis oxyde 
zinc to ethyl alcohol vapor. 

Change of resistance a gassensitivity film is investigated at action of gas. If the sensor control has 
semiconductor film of n-type (ZnO) as gassensitivity element then resistance decreases in the pres-
ence of ethyl vapor. 

Doping influence on size of a gas sensor sensitivity. Impurity Al and In considerably improve 
sensitivity of a thin-film sensor control basis ZnO. 

Mechanisms of influence of impurity on sensor sensitivity to ethanol vapor is disscused. 

Key words: gas sensor, film ZnO, conductivity, sensitivity, ethanol vapor 

Àííîòàöèÿ 

ÒÎÍÊÎÏËÅÍÎ×ÍÛÉ ÑÅÍÑÎÐ ÍÀ ÎÑÍÎÂÅ ZnO 

Â. È. Ëàçîðåíêî, Ì. Ý. Áóãàåâà, Ã. Â. Ëàøêàðåâ, 
À. Â. Áîðèñîâ, Â. Ì. Êîâàëü, Î. Ì. Øìèðåâà 

Ãàçîâàÿ ñåíñîðèêà ÿâëÿåòñÿ îäíîé èç òåõ îáëàñòåé ýëåêòðîíèêè, êîòîðàÿ â ïîñëåäíåå âðå-
ìÿ íàèáîëåå äèíàìè÷íî ðàçâèâàåòñÿ. Ïîòðåáíîñòü â ðàçðàáîòêå ãàçîâûõ ñåíñîðîâ îáóñëîâ-
ëåíà íåîáõîäèìîñòüþ êîíòðîëÿ ýêîëîãè÷åñêîãî ñîñòîÿíèÿ îêðóæàþùåé ñðåäû è îáåñïå÷å-
íèÿ áåçîïàñíîñòè æèçíåäåÿòåëüíîñòè ÷åëîâåêà. 

Ïîëóïðîâîäíèêîâûå ñåíñîðû ÿâëÿþòñÿ íàèáîëåå ïåðñïåêòèâíûìè ãàçîâûìè ñåíñîðàìè, 
ïîñêîëüêó îíè èìåþò ìàëûå ðàçìåðû, ïðîñòóþ êîíñòðóêöèþ, ìàëîå ïîòðåáëåíèå ýëåêòðî-
ýíåðãèè, èçãîòîâëÿþòñÿ ïî ãðóïïîâîé òåõíîëîãèè ìèêðîýëåêòðîíèêè, êîòîðàÿ îáåñïå÷è-
âàåò èõ ñðàâíèòåëüíî íèçêóþ ñòîèìîñòü è ñîâìåñòèìîñòü ñ ýëåêòðîííûìè ïðèáîðàìè äëÿ 
äàëüíåéøåé îáðàáîòêè ñèãíàëîâ. 

Îáëàñòü èñïîëüçîâàíèÿ ãàçîâûõ ñåíñîðîâ, êîòîðûå ðåàãèðóþò íà ïàðû ñïèðòà, çàâèñèò îò 
èçìåðåííûõ êîíöåíòðàöèé. Òàê, â îáëàñòè íèçêèõ êîíöåíòðàöèé (ïîðÿäêà íåñêîëüêèõ ppm) 
òàêèå ñåíñîðû ïðèìåíÿþòñÿ äëÿ àíàëèçà ñîäåðæàíèÿ àëêîãîëÿ â äûõàíèè ÷åëîâåêà. Òîãäà êàê 
ñåíñîðû, êîòîðûå ðàáîòàþò â îáëàñòè âûñîêèõ êîíöåíòðàöèé, íóæíû äëÿ êîíòðîëÿ áèîòåõíî-
ëîãè÷åñêèõ ïðîöåññîâ ïðè èçãîòîâëåíèè ñïèðòíûõ íàïèòêîâ â ïèùåâîé ïðîìûøëåííîñòè. 

Â ðàáîòå èññëåäîâàíà ÷óâñòâèòåëüíîñòü òîíêîïëåíî÷íûõ ãàçîâûõ ñåíñîðîâ ðåçèñòèâíîãî 
òèïà íà îñíîâå îêñèäà öèíêà ê ïàðàì ýòèëîâîãî ñïèðòà. 

Èçó÷åíî èçìåíåíèå ñîïðîòèâëåíèÿ ãàçî÷óâñòâèòåëüíîé ïëåíêè ïðè äåéñòâèè ãàçà. Åñëè 
ñåíñîð, ãàçî÷óâñòâèòåëüíûì ýëåìåíòîì êîòîðîãî ÿâëÿåòñÿ ïîëóïðîâîäíèêîâàÿ ïëåíêà n-
òèïà (ZnO), ïîäâåðæåí âëèÿíèþ ïàðà ýòèëîâîãî ñïèðòà, ñîïðîòèâëåíèå ÷óâñòâèòåëüíîãî 
ýëåìåíòà óìåíüøàåòñÿ. 

Â. É. Ëàçîðåíêî, Ì. Å. Áóãàéîâà, Ã. Â. Ëàøêàðüîâ,  À. Â. Áîðèñîâ, Â. Ì. Êîâàëü, Î. Ì. Øìèðüîâà
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Óñòàíîâëåíî âëèÿíèå ëåãèðîâàíèÿ íà âåëè÷èíó ÷óâñòâèòåëüíîñòè ãàçîâîãî ñåíñîðà. Ïðè-
ìåñè Al è ²n óëó÷øàþò ÷óâñòâèòåëüíîñòü òîíêîïëåíî÷íîãî ñåíñîðà íà îñíîâå ZnO. 

Îáñóæäàþòñÿ ìåõàíèçìû ÷óâñòâèòåëüíîñòè ñåíñîðà íà îñíîâå ïëåíêè ZnO ê ïàðàì ýòà-
íîëà è âëèÿíèÿ ïðèìåñåé íà åãî ÷óâñòâèòåëüíîñòü. 

Êëþ÷åâûå ñëîâà: ãàçîâûé ñåíñîð, ïëåíêà ZnO, ïðîâîäèìîñòü, ÷óâñòâèòåëüíîñòü, ïàðû 
ýòàíîëà 
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Â. Ï. ×âèðóê, Â. À. Íåäàøêîâñêèé, Î. Â. Ëèíþ÷åâà, À. È. Áóêåò 

Ïðîâåäåíî òåîðåòè÷åñêîå è ýêñïåðèìåíòàëüíîå èññëåäîâàíèå ìàññîïåðåíîñà ãàçîâ â 
ýëåêòðîõèìè÷åñêèõ ñåíñîðàõ àìïåðîìåòðè÷åñêîãî òèïà äëÿ ìîíèòîðèíãà âîçäóøíîé ñðå-
äû. Îïðåäåëåíû âíåøíÿÿ è âíóòðåííèå ñîñòàâëÿþùèå äèôôóçèîííîãî ñîïðîòèâëåíèÿ 
(ÄÑ) ñåíñîðîâ. Âíåøíÿÿ ñîñòàâëÿþùàÿ ÄÑ îïðåäåëÿåòñÿ óñëîâèÿìè êîíâåêòèâíîé äèô-
ôóçèè àíàëèçèðóåìîãî âîçäóõà îòíîñèòåëüíî ñåíñîðà. Âíóòðåííèå ñîñòàâëÿþùèå ÄÑ îïðå-
äåëÿþòñÿ ïàðàìåòðàìè êîíñòðóêöèîííûõ ýëåìåíòîâ ñåíñîðà, ïëåíêè ýëåêòðîëèòà, à òàêæå 
ñòðóêòóðîé èíäèêàòîðíîãî ýëåêòðîäà è ðàñòâîðèìîñòüþ àíàëèçèðóåìîãî ãàçà â ýëåêòðîëèòå. 
Íà ïðèìåðå ñåíñîðà õëîðà óñòàíîâëåíî, ÷òî ÄÑ âíóòðåííèõ ñîñòàâëÿþùèõ íå çàâèñèò îò 
óñëîâèé êîíâåêòèâíîé äèôôóçèè àíàëèçèðóåìîé ñðåäû ó ñåíñîðà. Ïîêàçàíî, ÷òî êðèòåðèåì 
ïîäîáèÿ ðàçíîòèïíûõ ñåíñîðîâ ÿâëÿåòñÿ îòíîñèòåëüíàÿ äîëÿ ÄÑ îòäåëüíûõ ñîñòàâëÿþùèõ 
â îáùåì ÄÑ ñåíñîðà. Ïîëó÷åííûå ðåçóëüòàòû ìîãóò áûòü èñïîëüçîâàíû ïðè ðàçðàáîòêå è 
ïðîåêòèðîâàíèè ñåíñîðîâ òðåáóåìûõ äèàïàçîíîâ è ðàçðåøåíèÿ. 
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Ïðîâåäåíî òåîðåòè÷íå é åêñïåðèìåíòàëüíå äîñë³äæåííÿ ìàñîïåðåíîñà ãàç³â â åëåêòðîõ³-
ì³÷íèõ ñåíñîðàõ àìïåðîìåòðè÷íîãî òèïó äëÿ ìîí³òîðèíãó ïîâ³òðÿíîãî ñåðåäîâèùà. Âèçíà-
÷åíî çîâí³øíþ é âíóòð³øíþ ñêëàäîâ³ äèôóç³éíîãî îïîðó (ÄÎ) ñåíñîð³â. Çîâí³øíÿ ñêëàäîâà 
ÄÎ âèçíà÷àºòüñÿ óìîâàìè êîíâåêòèâíî¿ äèôóç³¿ àíàë³çîâàíîãî ïîâ³òðÿ â³äíîñíî ñåíñîðà. 
Âíóòð³øí³ ñêëàäîâ³ ÄÎ âèçíà÷àþòüñÿ ïàðàìåòðàìè êîíñòðóêö³éíèõ åëåìåíò³â ñåíñîðà, ïë³-
âêè åëåêòðîë³òó, à òàêîæ ñòðóêòóðîþ ³íäèêàòîðíîãî åëåêòðîäà é ðîç÷èíí³ñòþ àíàë³çîâàíîãî 
ãàçó â åëåêòðîë³ò³. Íà ïðèêëàä³ ñåíñîðà õëîðó âñòàíîâëåíî, ùî ÄÎ âíóòð³øí³õ ñêëàäîâèõ íå 
çàëåæèòü â³ä óìîâ êîíâåêòèâíî¿ äèôóç³¿ àíàë³çîâàíîãî ñåðåäîâèùà á³ëÿ ñåíñîðà. Ïîêàçàíî, 
ùî êðèòåð³ºì ïîä³áíîñò³ ð³çíîòèïíèõ ñåíñîð³â º â³äíîñíà ÷àñòêà ÄÎ îêðåìèõ ñêëàäîâèõ ó 
çàãàëüíîìó ÄÎ ñåíñîðà. Îòðèìàí³ ðåçóëüòàòè ìîæóòü áóòè âèêîðèñòàí³ ïðè ðîçðîáö³ é ïðî-
åêòóâàíí³ ñåíñîð³â íåîáõ³äíèõ ä³àïàçîí³â ³ ðîçä³ëüíî¿ çäàòíîñò³. 
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Abstract 

DIFFUSION RESISTANCE OF AMMETRIC-TYPE ELECTROCHEMICAL SENSORS 
FOR MONITORING THE AMBIENT AIR 

V. P. Chviruk, V. A. Nedashkovskiy, O. V. Linyucheva, A. I. Buket 

A theoretical and experimental study has been conducted into the mass transfer of the gases de-
termined in ammetric-type electrochemical sensors for monitoring the ambient air. External and 
internal component of diffusion resistance (DR) of sensors are determined. External component 
DR is defined by conditions of convective diffusions of analyzed air near a sensor. Internal compo-
nents DR are defined by parameters of constructional elements of a sensor, a film of electrolyte, and 
also structure of a sensing electrode and solubility of analyzed gas in electrolyte. By the example of 
a sensor of chlorine it is established, that DR internal components does not depend on conditions 
of convective diffusions of the analyzed environment near a sensor. It has been shown that the scal-
ing parameter for the sensors of different types is a relative part of the component resistances in the 
overall DR of the sensor. The received results can be used for developing and designing sensors of a 
required range and resolution. 

Key words: ammetric-type gas sensor, monitoring of the ambient air, mass transfer, convective 
diffusion, diffusion resistance, chlorine. 

Â. Ï. ×âèðóê, Â. À. Íåäàøêîâñêèé, Î. Â. Ëèíþ÷åâà, À. È. Áóêåò
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ÇÀÑÒÎÑÓÂÀÍÍß ÌÎÄÈÔ²ÊÎÂÀÍÎÃÎ ÏËÀÒÈÍÎÞ TiÎ
2
-Ì²ÊÐÎÅËÅÊÒÐÎÄÓ 

ÄËß ÂÈÇÍÀ×ÅÍÍß ÊÎÍÖÅÍÒÐÀÖ²¯ ÊÈÑÍÞ Â ÏËÀÇÌ² ÊÐÎÂ² 

Ã. ß. Êîëáàñîâ, Â. Ñ. Âîðîáåöü 

Ðîçðîáëåíî ì³êðîåëåêòðîä äëÿ âèçíà÷åííÿ êîíöåíòðàö³¿ êèñíþ â á³îëîã³÷íî àêòèâíèõ 
ñåðåäîâèùàõ åëåêòðîõ³ì³÷íèì ìåòîäîì, ÷óòëèâèì åëåìåíòîì ÿêîãî º ìîäèô³êîâàíèé ïëà-
òèíîþ äèñïåðñíèé îêñèä òèòàíó. Äîñë³äæåíî ê³íåòèêó åëåêòðîâ³äíîâëåííÿ êèñíþ íà ìîäè-
ô³êîâàíèõ TiO

2
- åëåêòðîäàõ â ïëàçì³ êðîâ³ ³ â ñîðá³ëàêò³. Çíàéäåíî, ùî ïðè êàòîäíèõ ïîòåí-

ö³àëàõ -0,5 ÷ -1,0 Â (â³äí. Õ.Ñ.Å.) çàëåæí³ñòü ñòðóìó â³äíîâëåííÿ Î
2 
â³ä êîíöåíòðàö³¿ êèñíþ â 

ä³àïàçîí³ Ñ
Î2

 = (0,9÷4,6)∙10-2 ã∙ë-1 áóëà ïðÿìîë³í³éíîþ ³ ïðîõîäèëà ÷åðåç ïî÷àòîê êîîðäèíàò. 
Âñòàíîâëåíî, ùî ê³ëüê³ñòü åëåêòðîí³â íà ñòàä³¿ ðîçðÿäó â ðåàêö³¿ â³äíîâëåííÿ êèñíþ n=1, à 
çàãàëüíà ê³ëüê³ñòü åëåêòðîí³â â ðåàêö³¿ n

s
≈2. Ïîêàçàíî, ùî äîñë³äæåí³ åëåêòðîäè ñòàá³ëüí³ 

ïðè äîâãîòðèâàëîìó öèêëþâàíí³ ³ ïåðñïåêòèâí³ äëÿ âèêîðèñòàííÿ â åëåêòðîõ³ì³÷íèõ ñåíñî-
ðàõ êèñíþ äëÿ á³îëîã³÷íî àêòèâíèõ ð³äèí. 
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ÈÑÏÎËÜÇÎÂÀÍÈÅ ÌÎÄÈÔÈÖÈÐÎÂÀÍÍÎÃÎ ÏËÀÒÈÍÎÉ TiÎ
2 
–ÌÈÊÐÎÝËÅÊÒÐÎÄÀ 

ÄËß ÎÏÐÅÄÅËÅÍÈß ÊÎÍÖÅÍÒÐÀÖÈÈ ÊÈÑËÎÐÎÄÀ Â ÏËÀÇÌÅ ÊÐÎÂÈ 

Ã. ß. Êîëáàñîâ, Â. Ñ. Âîðîáåö 

Ðàçðàáîòàí ìèêðîýëåêòðîä äëÿ îïðåäåëåíèÿ êîíöåíòðàöèè êèñëîðîäà â áèîëîãè÷åñêè 
àêòèâíûõ æèäêîñòÿõ ýëåêòðîõèìè÷åñêèì ìåòîäîì, ÷óâñòâèòåëüíûì ýëåìåíòîì êîòîðîãî 
ÿâëÿåòñÿ ìîäèôèöèðîâàííûé ïëàòèíîé äèñïåðñíûé îêñèä òèòàíà. Èññëåäîâàíà êèíåòèêà 
ýëåêòðîâîññòàíîâëåíèÿ êèñëîðîäà íà TiO

2
- ýëåêòðîäàõ â ïëàçìå êðîâè è ñîðáèëàêòå. Íàé-

äåíî, ÷òî ïðè êàòîäíûõ ïîòåíöèàëàõ -0,5 ÷ ÷1,0 Â (îòí. Õ.Ñ.Ý.) çàâèñèìîñòü òîêà âîññòà-
íîâëåíèÿ Î

2 
îò êîíöåíòðàöèè êèñëîðîäà â äèàïàçîíå Ñ

Î2
 = (0,9÷4,6)∙10-2 ã∙ë-1 áûëà ïðÿìî-
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ëèíåéíîé è ïðîõîäèëà ÷åðåç íà÷àëî êîîðäèíàò. Óñòàíîâëåíî, ÷òî êîëè÷åñòâî ýëåêòðîíîâ 
íà ñòàäèè ðàçðÿäà â ðåàêöèè âîññòàíîâëåíèÿ êèñëîðîäà n=1, à ñóììàðíîå êîëè÷åñòâî ýëåê-
òðîíîâ â ðåàêöèè n

s
≈2. Ïîêàçàíî, ÷òî èññëåäîâàííûå ýëåêòðîäû ñòàáèëüíû ïðè äîëãîâðå-

ìåííîì öèêëèðîâàíèè è ïåðñïåêòèâíû äëÿ èñïîëüçîâàíèÿ â ýëåêòðîõèìè÷åñêèõ ñåíñîðàõ 
êèñëîðîäà äëÿ áèîëîãè÷åñêè àêòèâíûõ æèäêîñòåé. 

Êëþ÷åâûå ñëîâà: ýëåêòðîõèìè÷åñêèé ñåíñîð êèñëîðîäà, íàíîäèñïåðñíûé äèîêñèä òèòàíà 

Summary

USE OF PLATINUM MODIFIED TiÎ
2
 MICROELECTRODE FOR THE DETERMINATION 

OF OXYGEN CONCENTRATION IN BLOOD PLASMA 

G. Ya. Kolbasov, V. S. Vorobets 

A microelectrode for the determination of oxygen dissolved in biologically active liquids by an 
electrochemical method has been developed, the sensitive material of which is nanodispersed tita-
nium oxide, modified by Pt. 

The kinetics of oxygen electroreduction at TiO
2
 electrodes in blood plasma and sorbilactum so-

lution have been investigated. It has been found that at cathodic potentials of -0.5 to -1.0 V (with 
respect to silver-chloride electrode) dependence of oxygen reduction current on concentration of 
oxygen in the range

 
Ñ

Î2
 = (0,9÷4,6) ∙10-2 g∙l-1 was linear and passed through the beginning of coordi-

nates. It has been shown that the number of electrons at the discharge stage in the oxygen reduction 
reaction is n=1, and that the total number of electrons in the reaction is n

s
≈2. 

The electrodes investigated were distinguished by a high reproducibility of characteristics in long-
time cycling and promise much for use in oxygen electrochemical sensors for biologically active 
liquids. 

Keywords: electrochemical oxygen sensors, nanodispersed titanium dioxide 
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Ç ìåòîþ çàñòîñóâàííÿ âàêóóìíî íàïèëåíèõ ïë³âîê ïîë³àí³ë³íó (ÏÀÍ) ÿê ÷óòëèâèõ äî ð³-
âíÿ ðÍ åëåìåíò³â âîëîêîííî-îïòè÷íèõ ñåíñîð³â (ÂÎÑ) ðîçðîáëåíà òåõíîëîã³ÿ îñàäæåííÿ 
ïîë³ìåðó, ÿêà äàëà çìîãó øëÿõîì âèêîðèñòàííÿ ñòàíäàðòíèõ ìåòîä³â ïðîòîíóâàííÿ îòðèìà-
òè ïðîâ³äíó åìåðàëüäèíîâó ôîðìó ÏÀÍ. Âñòàíîâëåíî âïëèâ òåìïåðàòóðè îñàäæåííÿ íà ïî-
êàçíèê çàëîìëåííÿ ³ ñïåêòðàëüí³ õàðàêòåðèñòèêè ïë³âîê. Íà îñíîâ³ ðåçóëüòàò³â äîñë³äæåíü 
çì³íè îïòè÷íîãî â³äãóêó ïë³âîê ÏÀÍ â³ä ð³âíÿ âîäíåâîãî ïîêàæ÷èêà ñåðåäîâèùà ðîçðîáëå-
íî ÂÎÑ ð³âíÿ ðÍ. 
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Annotation 

INVESTIGATION OF THE SENSOR PROPERTIES OF THE POLYANILINE FILMS 
OBTAINED BY THE METHOD OF VACUUM DEPOSITION 

O. I. Aksimentyeva, V. V. Cherpak, I. P. Hlushyk, 
P. Y. Stakhira, V. M. Beliuh, D. O. Poliovyi 

In order to apply the vacuum deposited polyaniline (PAN) films as sensitive to pH level elements 
of fibril — optic sensors (FOS) a technology of polymer deposition has been developed. It gives a 
possibility to obtaining the conducting emeraldine form of PAN by means of the known methods of 
proton doping. Effect of vacuum deposition temperature on the refractive index and spectral charac-
teristics of the films has been established. Based on the PAN films optical response on the hydrogen 
index of medium the FOS of the pH level has been worked out. 

Key words: polyaniline, fibril-optic sensors, pH, vacuum deposition 
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Ñ öåëüþ èñïîëüçîâàíèÿ ïëåíîê ïîëèàíèëèíà (ÏÀÍ), ïîëó÷åííûõ ìåòîäîì âàêóóìíîãî 
íàïûëåíèÿ, â êà÷åñòâå ÷óâñòâèòåëüíûõ ê óðîâíþ ðÍ ýëåìåíòîâ âîëîêîííî-îïòè÷åñêèõ ñåí-
ñîðîâ (ÂÎÑ) ðàçðàáîòàíà òåõíîëîãèÿ îñàæäåíèÿ ïîëèìåðà, ïîçâîëÿþùàÿ ïóòåì èñïîëüçî-
âàíèÿ ñòàíäàðòíûõ ìåòîäîâ ïðîòîíèðîâàíèÿ ïîëó÷àòü ïðîâîäÿùóþ ýìåðàëüäèíîâóþ ôîðìó 
ÏÀÍ. Óñòàíîâëåíî âëèÿíèå òåìïåðàòóðû îñàæäåíèÿ íà ïîêàçàòåëü ïðåëîìëåíèÿ è ñïåêò-
ðàëüíûå õàðàêòåðèñòèêè ïëåíîê. Íà îñíîâå èçìåíåíèÿ îïòè÷åñêîãî îòêëèêà ïëåíîê ÏÀÍ â 
çàâèñèìîñòè îò çíà÷åíèÿ âîäîðîäíîãî ïîêàçàòåëÿ ñðåäû ðàçðàáîòàí ÂÎÑ óðîâíÿ ðÍ. 
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âèêîðèñòàííÿ ÿê íàíîðîçì³ðíèõ ôóíêö³îíàëüíèõ ïîâåðõîíü äëÿ ñåíñîð³â. Íàíî÷àñòèíêè 
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ÿê³ îïðîì³íþâàëèñü ïîòóæíèìè ³ìïóëüñàìè ÓÔ âèïðîì³íþâàííÿ åêñèìåðíîãî XeCl ëàçåðà 
ç ïàðàìåòðàìè: λ = 308 íì, òðèâàë³ñòü ³ìïóëüñó ãåíåðàö³¿ τ

³
 = 10 íñ, ÷àñòîòà ïîâòîðåííÿ 
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êîíòðîëþâàëè ì³êðîñêîïîì àòîìíèõ ñèë. Ôîðìóâàííÿ íàíîðîçì³ðíèõ ÷àñòèíîê çîëîòà 
ìåòîäîì ôîòîñòèìóëÿö³¿ â³äêðèâàº ïåðñïåêòèâè äëÿ ïîäàëüøîãî âèâ÷åííÿ âëàñòèâîñòåé 
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Summary 

FABRICATION AND POSSIBILITIES OF THE APPLICATION OF GOLD NANOPARTICLES 
AS SENSITIVE LAYERS OF SENSORS ELEMENTS. 

B. S. Atdaev, A. E. Belyaev, I. V. Blonskyy, N. G. Zubrilin, 
I. V. Kruglenko, O. S. Lytvyn, O. M. Tkachenko 

In the presented work the method of gold nanoparticles fabrication and their use as nanofunc-
tional surfaces for sensors. The gold nanoparticles were obtained by photo stimulation of phosphinic 
sulfur — carbamate solutions which were exposed by powerful impulses of UV ecsimer XeCl laser 
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with parameters: λ =308 nm, duration of impulse of generation τ
³
 =10 ns, frequency of impulses 

f=10 Hz. By varying of concentration of solutions and the power of exsimer laser, sizes and form of 
nanoparticles were changed from 10 to 100 nm, which was controlled by AFM. Formation of gold 
nanoparticles by the method of photo stimulation opens perspectives for the subsequent study of 
properties of nanostructure surfaces and their use in a sensors technique. 

Keywords: nanostructure surfaces, nanoparticles, sensors, excimer laser. 
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ïîëüçîâàíèå êàê íàíîðàçìåðíûõ ôóíêöèîíàëüíûõ ïîâåðõíîñòåé äëÿ ñåíñîðîâ. Íàíî÷àñ-
òèöû çîëîòà ïîëó÷åíû ïóòåì ôîòîñòèìóëÿöèè ôîñôèíîâèõ è ñåðíî-êàðáàìàòíûõ ðàñòâî-
ðîâ, êîòîðûå îáëó÷àëèñü ìîùíûìè èìïóëüñàìè ÓÔ èçëó÷åíèå åêñèìåðíîãî XeCl ëàçåðà ñ 
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= 10 íñ, ÷àñòîòà ïîâòîðåíèÿ 
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ëèðîâàëè ìèêðîñêîïîì àòîìíûõ ñèë. Ôîðìèðîâàíèå íàíîðàçìåðíûõ ÷àñòèö çîëîòà ìåòî-
äîì ôîòîñòèìóëÿöèè îòêðûâàþò ïåðñïåêòèâû äëÿ ïîñëåäóþùåãî èçó÷åíèÿ ñâîéñòâ íàíî-
ñòðóêòóðèðîâàííûõ ïîâåðõíîñòåé è èõ èñïîëüçîâàíèÿ â ñåíñîðíîé òåõíèêå. 

Êëþ÷åâûå ñëîâà: íàíîñòðóêòóðèðîâàííàÿ ïîâåðõíîñòü, íàíî÷àñòèöû, ñåíñîð, ýêñèìåðíûé 
ëàçåð. 

Á. Ñ. Àòäàºâ, Î. ª. Áºëÿºâ, ². Â. Áëîíñüêèé, Ì. Ã. Çóáð³ë³í, ². Â. Êðóãëåíêî, Î. Ñ. Ëèòâèí, Î. Ì. Òêà÷åíêî



ÄÅÃÐÀÄÀÖ²ß, ÌÅÒÐÎËÎÃ²ß ² ÑÅÐÒÈÔ²ÊÀÖ²ß ÑÅÍÑÎÐ²Â 
——

SENSOR’S DEGRADATION, METROLOGY AND CERTIFICATION 

ÓÄÊ 543.08 

ÈÍÄÈÊÀÒÎÐÍÛÅ ÔÈËÜÒÐÛ ÄËß ÃÀÇÎÂÛÕ ÑÅÍÑÎÐÎÂ 
(Çà ìàòåð³àëàìè äîïîâ³ä³ íà êîíôåðåíö³¿ ÑÅÌÑÒ-2) 

Á. Ì. Êàö, Ð. Ì. Äëóáîâñêèé, Â. Í. Øåâ÷åíêî 

Îäåññêèé íàöèîíàëüíûé óíèâåðñèòåò èì. È.È. Ìå÷íèêîâà, 
Íàó÷íî-èññëåäîâàòåëüñêèé èíñòèòóò ôèçèêè 

65027 Îäåññà, óë. Ïàñòåðà, 27. Òåë. 0482-234267; E-mail: boris_kats@ua.fm 

Àííîòàöèÿ 

ÈÍÄÈÊÀÒÎÐÍÛÅ ÔÈËÜÒÐÛ ÄËß ÃÀÇÎÂÛÕ ÑÅÍÑÎÐÎÂ 

Á. Ì. Êàö, Ð. Ì. Äëóáîâñêèé, Â. Í. Øåâ÷åíêî 

Ðàçðàáîòàíà êîíñòðóêöèÿ èíäèêàòîðíûõ ôèëüòðîâ äëÿ ãàçîâûõ ñåíñîðîâ è ïîêàçàíû 
ïðåèìóùåñòâà èñïîëüçîâàíèÿ òàêèõ ôèëüòðîâ ïðè ñåíñîðíîì àíàëèçå ìíîãîêîìïîíåíòíûõ 
ãàçîâûõ ñìåñåé. Â ðàáîòå ïðèâåäåíà òàáëèöà ñ óêàçàíèåì îñíîâíûõ õàðàêòåðèñòèê èíäèêà-
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Abstract 

GAS SENSORS INDICATING FILTERS 

B. M. Kats, R. M. Dlubovskiy, V. N. Shevchenko 

The gas sensors indicating filter construction has been developed and the advantages of these fil-
ters using under multicomponent gas mixtures sensor analysis are shown. The table was adduced in 
which the indicating adsorbents main characteristics are presented. It is possible to use these charac-
teristics for choice of the adsorbent which is suitable for the concrete analytical task solution. 

Key words: gas sensor, filter, indicating adsorbent. 



 

Òåðìîìåòðè ïðèçíà÷åí³ äëÿ îïåðàòèâíîãî (åêñïðåñ) âèì³ðþâàííÿ òåìïåðàòóðè â ð³çíèõ ñåðå-
äîâèùàõ ïðîìèñëîâîãî, õàð÷îâîãî ³ ñ³ëüñüêî-ãîñïîäàðñüêîãî âèðîáíèöòâ, à òàêîæ â ³íøèõ ãàëó-
çÿõ, äå íåîáõ³äíî øâèäêî ³ ç âåëèêîþ òî÷í³ñòþ âèì³ðþâàòè òåìïåðàòóðó. Ïðèëàäè íà çàìîâëåííÿ 
êîìïëåêòóþòüñÿ âèì³ðþâàëüíèìè çîíäàìè ð³çíî¿ äîâæèíè ³ ä³àìåòðà. Â çàëåæíîñò³ â³ä ïðèçíà-
÷åííÿ òåðìîìåòðè âèãîòîâëÿþòüñÿ â íîðìàëüíîìó ³ âèáóõîáåçïå÷íîìó âèêîíàíí³ ç ìàðêóâàííÿì 
âèáóõîçàõèñòó 1ÅõsibllAT3. 

ÒÅÕÍ²×Í² ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ 

• Ä³àïàçîí âèì³ðþâàííÿ òåìïåðàòóðè (íà çàìîâëåííÿ) â³ä -1960Ñ äî +2000Ñ 
• Ìåæà äîïóñòèìîãî çíà÷åííÿ îñíîâíî¿ ïîõèáêè (íà çàìîâëåííÿ) â³ä ±0,1 äî ±0,50Ñ 
• Ïîêàçíèê òåïëîâî¿ ³íåðö³¿ â çàëåæíîñò³ â³ä êîíñòðóêö³¿ çîíäà â³ä 3 äî 7 ñåê. 
• ×àñ ðîáîòè òåðìîìåòðà â ðåæèì³ âèì³ðþâàííÿ ïðè ïîâí³ñòþ çàðÿäæåíèõ àêóìóëÿòî-

ðàõ ºìí³ñòþ 0,5 À∙ãîä ñòàíîâèòü…. 60 ãîä 
• Ìàñà òåðìîìåòðà… ~ 0,25 êã 
• Ñïîæèâàíà ïîòóæí³ñòü ïðè íîì³íàëüí³é íàïðóç³ 2,4 Â…. ~ 20 ìÂò 
• Ñåíñîð òåðìîìåòðà ðîçòàøîâàíèé íà ê³íö³ ãåðìåòè÷íîãî çîíäà âèãîòîâëåíîãî ç òîí-

êîñò³ííî¿ íåðæàâ³þ÷î¿ ñòàë³, äîçâîëåíî¿ äëÿ êîíòàêòó ç õàð÷îâèìè ïðîäóêòàìè. 

ÓÌÎÂÈ ÅÊÑÏËÓÀÒÀÖ²¯ Â ÊË²ÌÀÒÈ×ÍÈÕ ÐÀÉÎÍÀÕ Ç ÏÎÌ²ÐÍÈÌ ² ÕÎËÎÄÍÈÌ 
ÊË²ÌÀÒÎÌ ÒÀ ÓÌÎÂÍÎ-×ÈÑÒÈÌ ÒÈÏÎÌ ÀÒÌÎÑÔÅÐÈ: 

– íèæíº çíà÷åííÿ òåìïåðàòóðè……ì³íóñ 100Ñ 
– âåðõíº çíà÷åííÿ òåìïåðàòóðè……ïëþñ 400Ñ 
– âåðõíº çíà÷åííÿ â³äíîñíî¿ âîëîãîñò³…..80% 

Òåðìîìåòðè öèôðîâ³ ïîðòàòèâí³ ñåð³¿ ÒÏ 

Ç âèñòàâêè ÑÅÌÑÒ-2 

 Òåë. 38 032 239 92 85. 
Ëüâ³âñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ ². Ôðàíêà 
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ßäåðíî-êâàäðóïîëüíèé òåðìîìåòð ìîæå áóòè âèêîðèñòàíèé äëÿ ñòâîðåííÿ ðîáî÷îãî åòàëîíà 
òåìïåðàòóðè, à òàêîæ äëÿ òî÷íèõ âèì³ðþâàíü â íàóêîâèõ äîñë³äæåííÿõ, â ñèñòåìàõ óïðàâë³ííÿ ³ 
íàâ³ãàö³¿, â ìåòðîëîã³÷íèõ ï³äðîçä³ëàõ ïðîìèñëîâîñò³, â ³íôîðìàö³éíèõ ñèñòåìàõ. 

Ïðèëàä ñêëàäàºòüñÿ ç âèíîñíîãî ñåíñîðà ç äåòåêòîðîì ßÊÐ ³ áëîêà àíàëîãî-öèôðîâî¿ îáðîáêè 
ñèãíàë³â ç öèôðîâèì äèñïëåºì òà ³íòåðôåéñîì çâ’ÿçêó ³ç çîâí³øí³ìè ïðèñòðîÿìè. 

Óïðàâë³ííÿ ïðîöåñîì âèì³ðþâàííÿ, ìàòåìàòè÷íà îáðîáêà ðåçóëüòàò³â, ä³àãíîñòèêà ïðàöåçä 
âèêîíóºòüñÿ îäíîêðèñòàëüíèì ì³êðîïðîöåñîðîì. 

Ç âèñòàâêè ÑÅÌÑÒ-2 

ßäåðíî-êâàäðóïîëüíèé 
ðîáî÷èé åòàëîí òåìïåðàòóðè 

 Òåë. 38 032 239 92 85. 
Ëüâ³âñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ ². Ôðàíêà 

ÒÅÕÍ²×Í² ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ 

• Ä³àïàçîí âèì³ðþâàííÿ  - 77 x 400 Ê 
• Òî÷í³ñòü âèì³ðþâàíü - 1 ìÊ 
• Ïîêàçíèê òåïëîâî¿ ³íåðö³¿ - 7 ñåê 
• Íàïðóãà æèâëåííÿ - 220 ± 10% Â 
(ìîæëèâå âèêîíàííÿ 
ç àâòîíîìíèì æèâëåííÿì) 
• Ñïîæèâàíà ïîòóæí³ñòü - 15 Â∙À 
• Ãàáàðèòí³ ðîçì³ðè — 200 x 150 x 220 ìì 



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.
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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.
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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.

Çäàíî ó âèðîáíèöòâî ____.2006. Ï³äïèñàíî äî äðóêó ____.2006. Ôîðìàò 60õ84/8. 
Ïàï³ð îôñåòíèé. Ãàðí³òóðà «Newton». Äðóê îôñåòíèé. 

Óì. äðóê. àðê. 11,39. Òèðàæ 300 ïðèì. Çàì. ¹ ___.
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