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DEAR COLLEAGUES, HONORED READERS! 
The issue of the present number is dedicated to 

and certifies that our Journal has reached the first 
5-year jubilee. We have decided not to prepare the 
special issue decorated with requested and prepaid 
reviews, as we are in concordance with the view of 
the majority of you who con-
sider our Journal as such which 
has the recognized scientific-
technological level and that it 
has a significant reserve of the 
further development. 

The Journal “Sensor Elec-
tronics and Microsystem Tech-
nologies” (SEMST) is the 
unique publication in Ukraine 
which corresponds in full to the 
chosen field and is directed to 
the discussion of different parts 
of the sensorics and microsys-
tem technologies as well as to 
the systematic information of 
the scientific audience on the 
newest results in the research 
and engineering development in the field and inter-
national conferences and describes the activities of 
international research bodies in the scientific and 
applied problems’ of sensorics and microsystem 
technologies solution. 

In such a way, the “SEMST” Journal assists the 
development of this perspective and significant sci-
entific-technological direction being created at the 
border of different sciences and technological ap-
proaches. 

The materials, published in the “SEMST” Jour-
nal pass the independent check-up by the profes-
sionals of the Journal editorial board as well as by the 
external, including foreign highly qualified experts, 
what allows the Journal editorial board to present to 
the readers’ audience only the new original research 
material of the highest scientific-technological level. 

The “SEMST” Journal, being the inter-disciplin-
ary scientific publication, is being placed in the fields 
of physics, chemistry, biology, microelectronics and 
devices’ design, proposing to the authors’ communi-
ty the possibility to address the widest possible read-
ers’ audience the results of the modern research in all 
mentioned branches of science and technology. 

The “SEMST” Journal is included into the list of 
scientific publications recommended by the Highest 

Attestation Council of Ukraine for the presentation 
of the results of candidate and doctoral dissertations 
on physics, technical and biological sciences. 

Our Journal is being cited by the Ukrainian re-
ferative journal “Dzherelo” (Source) as well as by 
the Referative Journal VINITI (Russian Academy 

of Sciences, Russia). 
Just now, the “SEMST” Jour-

nal is considered by the Interna-
tional corporation SCOPUS as 
the possible candidate for the 
inclusion into the international 
Internet-base of the scientific-
technological journals. 

It should be mentioned 
,with the sense of satisfaction, 
that the “SEMST” Journal has 
become the well-known one 
quite quickly and received the 
high enough rating in the circle 
of the natural sciences scien-
tific journals of the European 
scientific community. 

This statement could be 
supported by the widest geography of the authors 
who have published their papers in the “SEMST” 
Journal being as follows: Belorussia, Bulgaria, 
Czech Republic, France, Finland, Germany, Great 
Britain, Italy, Mexico, People Republic of China, 
Poland, Russian Federation, Slovak Republic, 
Ukraine, the U.S.A., etc. 

We all hope that we could maintain the tendency 
of the permanent appraisal of the “SEMST’ Jour-
nal’s scientific-technical level and quality of the 
published papers through the common efforts of 
our authors, editorial board members, referees and 
readers. 

I congratulate the editorial board members, the 
authors and readers with the 5-year jubilee of the 
“Sensor Electronics and Microsystem Technolo-
gies” Journal and wish everybody of you the further 
and greater creative success. 

With sincere thanks for cooperation 
and best regards 
Senior Editor of the Journal 
D.Sc. in Physics, Professor, 
Honored Creator in Science and Technology 
of Ukraine, Winner of the State Prize of Ukraine 

Valentin À. Smyntyna 

SOME WORDS TO THE READERS 
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The review contains the results of investigations, 
which were carried out by scientific schools, sub-
units of NAS Ukraine, Ministry of Education and 
Science of Ukraine, the named below research or-
ganizations: 

– V.E. Lashkarev Semiconductors Physics Insti-
tute; 

– Institute of Physics of NAS Ukraine; 
– O.V.Palladin Institute of Biochemistry of NAS 

Ukraine; 
– Institute of Molecular Biology and Genetics 

of NAS Ukraine; 
– Òaras Shevchenko Kyiv National University; 
– National Technical University “Kyiv Poly-

technical Institute”; 
– Lviv Ivan Franko National University; 
– National University “Lviv Polytechnica”; 
– Kharkiv National University of Radioelec-

tronics; 
– Odesa National Polytechnical University; 
– Odesa I. I. Mechnikov National University; 
– Odesa State Academy of Communication 
– Odesa National Maritime Academy; 
– Dnepropetrovsk National University; 
– Yu. Fed’kovich Chernivtsy National Univer-

sity. 
Investigations were carried out in the following 

basic scientific and applied science directions: 
– physical, chemical and other phenom-

ena on the basis of which sensors could be 
 developed; 

– sensor design and mathematical modeling; 
– physical sensors; 
– chemical sensors; 

– biosensors; 
– radiation, optical and optoelectronic sensors; 
– acousto-electronic sensors; 
– nanosensors (physics, materials, technology); 
– sensors and information systems; 
– materials for sensors; 
– technological problems of sensor controls; 
– microsystem technologies (MST); 
– sensor’s degradation, metrology and certifica-

tion. 
We propose to attribute the following to the basic 

scientific results and achievements on section inter-
est directions: 

Òaras Shevchenko Kyiv National University 

Electrophysical and adsorption properties of 
surface barrier structures created at silicon surface 
through modification by particle irradiation with 
the purpose of gas-sensitive structures creation that 
was carried out together with Institute of Nuclear 
Research of NAS Ukraine were studied in the pa-
pers [1, 2]. 

It is shown, that the sensitivity of structures based 
on gold — radiation-modified silicon junction to 
ammonia is higher than for structures gold — non-
irradiated silicon. The saturation current of gold — 
radiation-modified silicon hetero-junction changes 
nonlinearly with temperature. The account of the 
resonance-tunnel current allows explaining the 
dependences observed qualitatively for samples ir-
radiated by dozes 1015 and 1017 protons/cm-2. This 
effect is connected with the increase of the effective 
adsorption area owing to irradiation [3-6]. The new 

UDC 681.586 

INVESTIGATIONS AND ACHIEVEMENTS 
IN SENSORICS AREA IN 2008 

1V. A. Smyntyna, 1Ya. I. Lepikh, 2V. F. Machulin 

1 I. I. Mechnikov Odesa National University, ndl_lepikh@onu.edu.ua 
2 V. E. Lashkarev Semiconductor Physics Institute, NÀS Ukraine 

(The scientific review on Sensorics Section of NAS Ukraine Scientific Council on “Physics of 
Semiconductors and Semiconductor Devices “ ) 

Abstract. The review of the basic results of investigations in sensorics area is presented which were 
coordinated by Sensorics Section of NAS Ukraine Scientific Council on “Physics of semiconduc-
tors and semiconductor devices” for year 2008. 

V. A. Smyntyna, Ya. I. Lepikh, V. F. Machulin

© V. A. Smyntyna, Ya. I. Lepikh, V. F. Machulin, 2009
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type sensitive optoelectronic gas sensor is proposed 
on the basis of the silicon photo-converter (diffusive 
p-n junction with a thin layer of porous silicon on 
the back side) with photo-electric transducer. The 
parameter being sensitive to the adsorption of mol-
ecules is the photocurrent which arises at illumina-
tion silicon back surface by light from region of sili-
con heavy absorption and depends on the surface 
non-equilibrium carriers recombination change 
which, in turn, depends on the type and concen-
tration of adsorbed molecules. The multi-sensor 
structure with the optical addressing and 2D car-
tography of the given photocurrent which is at use 
of the main components method allows to analyze 
liquids or gases mixes is created and investigated 
[7,8]. 

National University “Lviv Polytechnica” 

With the purpose of creation of radiation-resis-
tant physical sensors for cryogenic temperatures, 
the investigations of irradiation with high-energy 
electrons influence on jumping conductivity of 
thread-like Si crystals and p-type Si

1-x
Ge

x
 solid so-

lutions with impurity concentration near junction 
metal — dielectric are carried out. 

Strong (up to 14 Tl) magnetic field influence on 
the conductivity of alloy Si micro-crystals, solid 
Si

1-Õ 
Ge

Õ
 solutions and poly-silicon layers on insu-

lator (SOI-structures) is investigated at cryogenic 
temperatures [9, 10]. 

The opportunity Si nano-wires with diameters 
10-100 nm, creation by the gas-core epitaxy meth-
od for sensors development on their basis is shown. 
The technology of sub-micron sizes auto-emitting 
silicon cathodes creation with the use of the micron 
sizes photo-masks on SMIS technologies for device 
structures creation is developed [11]. 

With the purpose of sensor operational tem-
perature increase in magnetic field at radiation 
conditions diagnostics, the technology is created 
of growing from a gas phase solid solutions InAs

1-õ 

Sb
õ 
micro-crystals with a different ratio of the fifth 

group components (As and Sb), where õ = (0,02-
0,16) [12, 13]. 

The lattice parameters and structure of brought 
up InAs

1-X 
Sb

õ 
micro-crystals are defined. Brought 

up micro-crystals electrophysical parameters’ re-
search is carried out and the received solid solu-
tions’ forbidden zone width is determined. 

Multi-functional magneto-sensing probe for si-
multaneous measurement of three component of a 

magnetic field and/or its spatial gradient is devel-
oped [14]. 

The analysis of conditions of spatial magnetic 
heterogeneity visualization by magneto-optic meth-
ods is carried out. The way of reception of quantita-
tive characteristics of spatial distribution of magnetic 
fields by display film method is offered [15]. 

Silicon and the modification of porous silicon for 
photo-electric converters — solar elements (SE) cre-
ation are investigated. Effective and profitable tech-
nological processes in manufacture SE structure ele-
ments, first of all a frontal surface — structure with 
low integral reflection factor are proposed [16]. 

The technology and new hetero-structures is de-
veloped on the basis of organic and inorganic semi-
conductors (nickel phthalocyanine alloyed with 
oxygen) for sensor engineering [16]. 

V.E. Lashkarev Semiconductor Physics Institute, 
NAS Ukraine 

The γ — and β — radiations detecting blocks are 
developed and produced on the basis of CdTe:Cl and 
CdZnTe semiconductor materials with use of laser 
evaporation methods and contact metal fusion [17]. 

The device for radiating monitoring of environ-
ment which consists of γ-radiation semiconductor 
detector and the monitoring block which contains 
the programmed processor as well as the informa-
tion preservation blocks on γ-radiation doze power 
and the signaling about the γ-radiation doze power 
amount excess above the programmed maximum 
permission is developed [18]. 

X-rays dispersion by multilayered structures pe-
culiarities are investigated, and also mechanisms 
quantum points and threads ordering in multilay-
ered structures with use of high resolution diffrac-
tometry methods are investigated [19]. 

It is established, that for multi-layered systems 
of InGaAs/GaAs (100) spatial ensemble ordering 
of quantum points (QP) on flat GaAs substrate is 
vertically correlated with insignificant inclined 
transformation and is laterally built in a primitive 
oblique-angled lattice which forms a three-dimen-
sional file as the disfigured tetragonal cell. 

The nature of interrelation of anisotropy of ini-
tial and residual deformations in multi-layered (In, 
Ga)As/GaAs structures with the quantum threads, 
subjected fast thermal annealing is established and 
analyzed. The role of micro- and macro-defects 
during the self-organized nano-islands growth is 
established [20]. 
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It is established, that at fast thermal annealing in 
a temperature interval of 500-800 0C for structures 
with quantum threads, the significant changes of 
three-dimensional order of quantum points in the 
multilayered structure occur, caused by it macro-
elbow and intensive diffusion processes. It is shown, 
that the crystallographic orientation of substrate sig-
nificantly influences the form, the size and density 
of quantum points at weak influence on character 
planar ordering [21]. 

The opportunity of management in parameters 
nano-dimensional Òà

2
Î

5
, Ñd

2
O

3
, TiÎ

2
, Er

2
O

3 
films; 

Ta
2
O

5
-Si, Ñd

2
O

3
(TiÎ

2
, Er

2
O

3
)-SiÑ structures and 

Al(W, TiN)-Ta
2
O

5
-Si MDS structures at the in-

fluence on them of dosing microwave radiation is 
shown. 

The software for computer modeling and re-
ception of authentic quantitative parameters of 
probe — surface contact capacity and semiconduc-
tor nanostructures local areas doping level (some 
tens of nanometers) on results of mapping of a sur-
face by a method of scanning capacitor microscopy 
is advanced. It is shown, that the basic fluctuations 
break-down layers characteristics are caused by 
films thickness variations (0.2-0.5 nm) and electri-
cally active defects density distribution heterogene-
ity [22-24]. 

Yu. Fed’kovich Chernivtsy National University 

Research is carried out and some model devel-
opments for quantitative spectrum characteristics 
of simultaneously several types of defects in crystals 
high-resolution multi-crystal diffractometry are re-
alized [25]. 

Some model developments for oblique asymmet-
rical topography in geometries Laue, Bragg and slid-
ing beams diffraction for diagnostics defects selective 
on depth in the excited surface layers of mono-crys-
tals and multilayered epitaxial structures (level-by-
level diffracto-topography) are realized [26]. 

Combined investigations by methods X-ray di-
agnostics of multilayered A3B5 structures and struc-
tural changes in surface layers materials subjected 
ionic and high-power electronic irradiation are 
continued [27]. 

I. I. Mechnikov Odesa National University 

The model of relaxation phenomena in non-ide-
al hetero-junction is developed, and recommenda-
tions for memory elements on the basis of non-ide-

al hetero-junctions manufacturing techniques are 
offered. The model, which allows the theoretical 
sensito-metrical characteristics’ calculation of the 
investigated elements is created, the calculations of 
such characteristics as well as its comparison with 
experimental one are carried out. The numeri-
cal calculation of a characteristic curve with use of 
generation and recombination model in non-ideal 
hetero-junction is carried out [26, 29]. 

The photoluminescence of the nano-dimen-
tional tin dioxides films at room temperature was 
registered and the dependence of a photolumi-
nescence on gels composition for their reception, 
which considerably expands the opportunities of 
these films use in optoelectronics and sensor elec-
tronics is established [30]. 

The structural and electro-physical characteris-
tics of adsorptive sensitive complex compounds are 
investigated and systematized [31, 32] 

It is shown that the mechanism of analyzed 
compound’s interaction with layered structures of 
complex compounds are determined by the supra-
molecular complex compound with macromolecu-
lar branched structure, and also the functional ma-
terial nano-dimensional hollows and the developed 
surface, and nano-hollows atoms group form physi-
cal bond between the analyzed molecule and sensi-
tive layer material [33]. 

The basic laws of adsorption-desorption phe-
nomena concerning the distribution of acoustic 
waves in polymeric compound — piezoelectric ma-
terial layered structures are established [33]. 

The technique microelectronic sensors creation 
is developed on the basis of layered structures and 
acousto-electronic element, which can be intro-
duced at the enterprises of the instrument-making 
industry [34-36]. 

The significant part of the received results of in-
vestigations is published in the list of the literature 
given below. 

References 

1. V. V. Il’chenko, S. O. Gordienko, V. I. Khivrych, 
P. V. Kuchynski, V. M. Telega The current-voltage 
characteristics of the sructures radiation modified 
Si — nanostructured SnO

2
 at the gas adsorption. //

IV International conference “Electronics and ap-
plied physics”, October, 23-25, 2008, Kyiv, Ukraine, 
pp. 43-44. 

2. V. V. Il’chenko, S. O. Gordienko, V. I. Khivrich, Y. M. 
Kravchyk, V. M. Telega Research of mechanisms of 
charge transport in heterostructures on the basis of 

V. A. Smyntyna, Ya. I. Lepikh, V. F. Machulin



8

Sensor Electronics and Microsystem Technologies. 3/2009

radiation — modified Si at gas adsorption. //Eight 
international young scientists’ conference on applied 
physics. June 11-13, 2008, Kyiv, Ukraine, pp. 77-78. 

3. O. V. Kostiukevich, V. V. Il’chenko The influence of 
square and perimeter of contacts on the current-volt-
age characteristics of the heterosructures of the na-
noscaled film (90%In

2
O

3
+10%SnO

2
) — p-Si. //Eight 

international young scientists’ conference on applied 
physics. June 11-13, 2008, Kyiv, Ukraine, pp. 67-68. 

4. N. L. Dmutruk, Î. S. Êondratenko, V. V. Il’chenko, 
S. À. Gordienko, P. V. Kuchinskiy, L. A. Vlasukova, 
V. I. Khivrich, Ì. B. Pinkovskaya //The first interna-
tional scientific conference ÍÀÍÎ — 2008. 

5. N. L. Dmutruk, S. À. Gordienko, Î. S. Êondratenko, 
V. V. Il’chenko, P. V. Kuchinskiy, L. A. Vlasukova, 
V. I. Khivrich, Ì. B. Pinkovskaya Nanostructuring Si 
and Si/SiO

2 
surfaces by the accelerated charged par-

ticles // the First international conference “ Nano-
structured materials “, Minsk April, 22-25, 2008, 
C. 82. 

6. S. A. Gordienko, V. V. Il’chenko, V. I. Khivrich The 
possibility of Si surface modification by protons for 
creation gas-sensitive surface barrier structures //3-rd 
International Scientific and Technical Conference 
“Sensors Electronics and Microsystems Technology 
(SEMST-3), Ukraine, Îdessa, 2-6 June, 2008. 

7. Skryshevskiy V. A. Sensor structures with nanosi-
likon: up-to-date state //Book of abstracts of the 3-rd 
International Scientific and Technical Conference 
“Sensors Electronics and Microsystems Technology 
(SEMST-3), Ukraine, Îdessa, 2-6 June, 2008. — 
“Astroprint”. — P. 6-7. 

8. Litvinenko S. V., Alekseev S. O., Kuznetsov G. V., 
Skryshevskiy V. A. Porous silicon state control as a hy-
drogen source with a help of optoelectronic sensor//
Book of abstracts of the 3-rd International Scientific 
and Technical Conference “Sensors Electronics and 
Microsystems Technology (SEMST-3), Ukraine, 
Îdessa, 2-6 June, 2008. — “Astroprint”. — P. 254. 

9. A. Druzhinin, V. Holota, I. Kogut, S. Sapon, 
Y. Khoverko The Device-Technological Simulation 
of The Field-Emission Micro-Cathods Based on 
Three-Demensional SOI-Structures // ECS Trans-
actions (The Electrochemical Society). — 2008. — 
Vol. 14, ¹ 1. — P. 569-580. 

10. A. Druzhinin, I. I. Mariamova, I. T. Kogut, 
Y. M. Khoverko. Physical sensors on the base of “sili-
con on insulator” structure with recrystallized poly-
silicon film // Sensors Electronics and Microsystems 
Technology. — 2008. — ¹4. — P. 17-26. 

11. A. Druzhinin, I. I. Mariamova, A. P. Kuytakov, 
I. V. Pavlovskiy Resistive strain sensor on the base 
of thread-like silicon crystals for low temperatures//
Technology and design in electron apparatus — 
2008. — ¹ 4(76). — P. 26-30. 

12. Inessa Bolshakova, Yaroslav Kost, Elena Makido, 
Fedor Shurygin. Mathematical simulation, synthesis, 

characterization and application of indium arsenide 
whiskers. // Journal of Crystal Growth — 2008. — 
Vol. 310, Issues 7-9. — P. 2254-2259. 

13. Murari A., Edlington T., Angelone M., Bertalot L., 
Bolshakova I., Bonheure G., Brzozowski J., Coc-
corese V., Holyaka R., Kiptily V., Lengar I., Morgan 
P., Pillon M., Popovichev S., Prior P., Prokopowicz 
R., Quercia A., Rubel M., Santala M., Shevelev A., 
Syme B., Vagliasindi G., Villari R., Zoita V. L., JET-
EFDA Contributors. Measuring the radiation field 
and radiation hard detectors at JET: Recent develop-
ments // Nuclear Instruments and Methods in Phys-
ics Research A. — 2008. — Vol. 593. — P. 492-504. 

14. S. B. Ubizskii, L. P. Pavlyk, The Pendulum-like Flux-
gate Magnetic Field Sensor // Sensors and Actuators, 
A–Physical. — 2008. — Vol. 141/2. — ÐÐ. 440-446. 

15. S. B. Ubizskii, L. P. Pavlyk, The fluxgate wide-band 
response detection using correlation processing / in: 
Modern Problems of Radio Engineering, Telecom-
munications and Computer Science. Proceedings 
of the International Conference TCSET 2008. — 
Lviv — 2008, P. 33-34. 

16. Stakhira P. I., Cherpak V. V., Gotra Z. Yu. Investiga-
tion of electrical and photodiode characteristics of or-
ganic structure on the base of nickel phthalocyanine 
film doped with oxygen and constructed on flexible 
electroconductive substrate // Optoelectronic infor-
mation-power technologies. — 2008. — ¹1(15). — 
P. 134-138. 

17. E. Atanassova, R. V. Konakova, V. F. Mitin, D. Spa-
sov, O. S. Lytvyn, V. V. Shynkarenko. Microwave 
Irradiation Effect on Ti-Doped Ta

2
O

5
 Stacked Ca-

pactors. //Recent Patents on Electrical Engineering 
2008. N1. Ð. 47-58. 

18. E. Atanassova, V. F. Mitin, R. V. Konakova, D. Spa-
sov, V. V. Shynkarenko. Microwave irradiation im-
pact on Ta

2
O

5
 stack capacitors witn different gates. //

Semicond. Sci. Technol. 2008. v. 23. 035004 (10 pp). 
19. E. Yu. Kolyadina, R. V. Konakova, L. A. Matveeva, 

V. F. Mitin, V. V. Shynkarenko, E. Atanassova. Mi-
crowave induced structural-impurity ordering transi-
tion region in Ta

2
O

5
 stacks on Si. //SPQEO. 2008. 

v. 11. N4. Ð. 311-318. 
20. Yu. Yu. Bacherikov, R. V. Konakova,V. V. Milenin, 

O. B. Okhrimenko, A. M. Svetlichnyy, V. V. Polia-
kov Gadolinium, titanium and erbium oxide films 
on n-6H-SiC surface characteristics changes under 
influence of superhigh-frequency processing. //PhSS 
2008. v,42. No 7. PP. 888-892. 

21. Yu. Yu. Bacherikov, N. L. Dmitruk, R. V. Konako-
va, O. S. Kondratenko, V. V. Milenin, O. B. Okhri-
menko, L. M. Kapitanchuk, A. M. Svetlichnyy, 
N. N. Moskovchenko. Formation of titan oxide films 
on porous silicon carbide surface. // JTP. 2008. v. 78. 
No 9. PP. 130-133. 

22. Efanov O. M., Klad’ko V. P.,Vachulin V. F., Molod-
kin V. B Dynamic diffraction of X-rays on multy-lay-



9

ered structures. (Monograph)-2008, Kiev:“Scientific 
thought”-223 p. 

23. V. P. Klad’ko V. P., Slobod’an, V. F. Machulin Mul-
ty-layered structures curvature radius influence on 
X-rays diffraction specters//UPhJ,-2008. =V. 53. — 
No 2. — P. 167-171.. 

24. Klad’ko V., Slobodian M., Machulin V. F. Macrode-
formation influence on the three-dimensional quan-
tum dots ordering in multilayer structures. // Phys. 
Stat. Sol. (A). — 2008, — V. 205, Issue 9, — P. 2167-
2171. 

25. V. V. Dovganyuk, N. V. Litvinchuk V. V. Slobodjan, 
I. M. Fodchuk. Defect structure changes in the single 
Si-crystals after irradiation by high-energy electrons 
and long natural aging by high-resolution three-crys-
tal X-ray diffractometry// Proc. of SPIE. — 2008. — 
V. 7008, 7008 (1B1-1B7). 

26. I. M. Fodchuk, M. D. Borcha, I. I. Kritsun, 
Ya. D. Garabazhiv, O. V. Kroitor, O. S. Kshevetskyy, 
O. A. Tkach Multiwave coplanar diffraction of X-rays 
in crystals structural investigations// Metallophysics 
and the newest technologies. 2008. — 30, No 10. — 
P. 1280-1295. 

27. Fedortsov D., Fodchuk I. M., Novikov S., A. Struk 
X-ray images of dislocation loops and barriers in sili-
con crystals in the case of transmission geometry// 
Proc. of SPIE. — 2008. — V. 7008, 7008(A1-A5). 

28. V. A. Smyntyna, V. A. Borschak, M. l. Kutalova, 
N. P. Zatovskaya, A. P. Balaban. Application of no-
tions of sensitometry to the solid-state image sensor 
based on nonideal heterojunction. // Proc. of EU-
ROSENSORS XXII Conf- Dresden. — 7-10 Sep. — 
2008. — Ð. 58. 

29. V. A. Borshchak. A. P. Balaban. The comparative 
analysis of characteristics and typical photographic 
materials parameters and a solid-state memory ele-
ment. //Sensor Electronics and Microsystems Tech-
nologies. — 2008. — No 1. — PP. 44-48. 

30. Smyntyna V. A., Filevskaya L. N., Grinevich V. S. 

Influence precursor content on tin dioxide nano-
structured films optical properties//Book of abstracts 
of the 3-rd International Scientific and Technical 
Conference “Sensors Electronics and Microsystems 
Technology (SEMST-3), Ukraine, Îdessa, 2-6 June, 
2008. — “Astroprint”. — P. 308. 

31. Belyaev O. E., Lepikh Ya. I., Kazantseva Z. I., Ko-
shets I., Olikh Ya. M.,Snigur P. O., Kal’chenko V. I. 
Calixarene compound films for detecting acetone and 
ammonia//Book of abstracts of the 3-rd International 
Scientific and Technical Conference “Sensors Elec-
tronics and Microsystems Technology (SEMST-3), 
Ukraine, Îdessa, 2-6 June, 2008. — “Astroprint”. — 
P. 212.. 

32. Lepikh Ya. I.,Smyntyna V. A.,Snigur P. O., Olikh Ya. 
M. Germanium coordination compounds — struc-
ture, properties and possible applications//Journal of 
physics: Conference Series 76 (2007) 012050. doi:10. 
1088/1742-6596/76/1/012050. 

33. Lepikh Ya. I., Belyaev O. E., Kazantseva Z. I., Ko-
shets I., Olikh Ya. M., Snigur P. O., Kal’chenko V. I. 
Calixarene compound structural and adsorption 
properties// “Sensors Electronics and Microsystems 
Technology” 2008. — No 4. — PP. 33-35. 

34. Lepikh Ya. I., Smyntyna V. A. Development and in-
vestigation semiconductor materials and complex 
compounds perspective for photonics// Book of 
abstracts of International scientific seminar “Elec-
tronics Modern problems”, 31. 01. — 1. 02. 2008. — 
Publisher center of Lvov I. Franko Nation. Un., 
Lvov. — 2008. — PP. 55-56. 

35. Lepikh Ya. I. Sensors electronics — the key direc-
tion in informational systems and technologies 
development//“Sensors Electronics and Microsys-
tems Technology”. — 2008. — No 3. — PP. 7-10. 

36. Lepikh Ya., Litovchenko V., Machulin V., Smyntyna 
V. Sensor electronics — the state and the development 
perspective// Vesnik NASU. — 2008. — No 8. — 
PP. 54-56, 

V. A. Smyntyna, Ya. I. Lepikh, V. F. Machulin



10

Sensor Electronics and Microsystem Technologies. 3/2009

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 32.15RM; 
UDC 539.184 

SENSING FORBIDDEN TRANSITIONS IN SPECTRA OF SOME HEAVY 
ATOMS AND MULTICHARGED IONS: NEW THEORETICAL SCHEME 

T. A. Florko1, A. V. Loboda2, A. A. Svinarenko1 

1 Odessa State Environmetal University, Odessa 
2 I. I. Mechnikov Odessa National University, Odessa 

SENSING FORBIDDEN TRANSITIONS IN SPECTRA OF SOME HEAVY ATOMS 
AND MULTICHARGED IONS: NEW THEORETICAL SCHEME 

T. A. Florko, A. V. Loboda, A. A. Svinarenko 

Abstract. It has been carried out sensing and calculating the energies and oscillator strengths of 
some forbidden atomic transitions in spectra of heavy atoms and multicharged ions on the basis 
of new relativistic scheme within gauge-invariant quantum electrodynamics (QED) perturbation 
theory (PT). 

Keywords: sensing forbidden atomic transitions, heavy atoms and multicharged ions, new rela-
tivistic approach 

ÂÈÇÍÀ×ÅÍÍß ÇÀÁÎÐÎÍÅÍÈÕ ÏÅÐÅÕÎÄ²Â Ó ÑÏÅÊÒÐÀÕ ÄÅßÊÈÕ ÂÀÆÊÈÕ ÀÒÎÌ²Â 
ÒÀ ÁÀÃÀÒÎÇÀÐßÄÍÈÕ ²ÎÍ²Â: ÍÎÂÀ ÒÅÎÐÅÒÈ×ÍÀ ÑÕÅÌÀ 

Ò. Î. Ôëîðêî, À. Â. Ëîáîäà, À. À. Ñâèíàðåíêî 

Àíîòàö³ÿ. Âèêîíàíî ðîçðàõóíîê åíåðã³é, ³ìîâ³ðíîñòåé òà ñèë îñöèëÿòîð³â çàáîðîíåíèõ 
àòîìíèõ ïåðåõîä³â ó ñïåêòðàõ äåêîòðèõ âàæêèõ àòîì³â òà áàãàòîçàðÿäíèõ ³îí³â íà îñíîâ³ íî-
âî¿ ðåëÿòèâ³ñòñüêî¿ ñõåìè â ìåæàõ êàë³áðîâî÷íî-³íâàð³àíòíî¿ ÊÅÄ òåîð³¿ çáóðåíü. 

Êëþ÷îâ³ ñëîâà: äåòåêòóâàííÿ çàáîðîíåíèõ àòîìíèõ ïåðåõîä³â, âàæê³ àòîìè òà áàãàòîçà-
ðÿäí³ ³îíè, íîâà ðåëÿòèâ³ñòñüêà ñõåìà 

© T. A. Florko, A. V. Loboda, A. A. Svinarenko, 2009
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ÎÏÐÅÄÅËÅÍÈÅ ÂÅÐÎßÒÍÎÑÒÅÉ ÇÀÏÐÅÙÅÍÍÛÕ ÏÅÐÅÕÎÄ²Â Â ÑÏÅÊÒÐÀÕ 
ÍÅÊÎÒÎÐÛÕ ÒßÆÅËÛÕ ÀÒÎÌÎÂ È ÌÍÎÃÎÇÀÐßÄÍÛÕ ÈÎÍÎÂ: ÍÎÂÀß 

ÒÅÎÐÅÒÈ×ÅÑÊÀß ÑÕÅÌÀ 

Ò. À. Ôëîðêî, À. Â. Ëîáîäà, À. À. Ñâèíàðåíêî 

Àííîòàöèÿ. Âûïîëíåí ðàñ÷åò âåðîÿòíîñòåé è ñèë îñöèëëÿòîðîâ çàïðåùåííûõ àòîìíûõ 
ïåðåõîäîâ â ñïåêòðàõ íåêîòîðûõ ñëîæíûõ òÿæåëûõ àòîìîâ è ìíîãîçàðÿäíûõ èîíîâ íà îñíî-
âå íîâîé ðåëÿòèâèñòñêîé ñõåìû â ðàìêàõ êàëèáðîâî÷íî-èíâàðèàíòíîé ÊÝÄ òåîðèè âîçìó-
ùåíèé. 

Êëþ÷åâûå ñëîâà: äåòåêòèðîâàíèå çàïðåùåííûõ àòîìíûõ ïåðåõîäîâ, òÿæåëûå àòîìû è 
ìíîãîçàðÿäíûå èîíû, íîâàÿ ðåëÿòèâèñòñêàÿ ñõåìà 

T. A. Florko, A. V. Loboda, A. A. Svinarenko
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SENSING STRONG INTERACTION EFFECTS IN SPECTROSCOPY 
OF HADRONIC ATOMS 

D. E. Sukharev2, O. Yu. Khetselius1, Yu. V. Dubrovskaya2 

1 I. I. Mechnikov Odessa National University, Odessa 
2 Odessa State Environmental University, Odessa 

SENSING STRONG INTERACTION EFFECTS IN SPECTROSCOPY OF HADRONIC ATOMS 

O. Yu. Khetselius, D. E. Sukharev, Yu. V. Dubrovskaya 

Abstract. The theoretical studying the strong interaction shifts and widths from X-ray spectros-
copy of kaonic atoms is fulfilled. Sensing the strong interaction effects and theoretical estimating 
spectra of kaonic atomic systems can be considered as a new tool for studying nuclear structure and 
strong K-nucleus interaction. 

Keywords: strong interaction effects, spectroscopy, kaonic atoms 

ÄÅÒÅÊÒÓÂÀÍÍß ÅÔÅÊÒ²Â ÑÈËÜÍÎ¯ ÂÇÀªÌÎÄ²¯ Ó ÑÏÅÊÒÐÎÑÊÎÏ²¯ ÀÄÐÎÍÍÈÕ ÀÒÎÌ²Â 

Î. Þ. Õåöåë³óñ, Ä. ª. Ñóõàðåâ, Þ. Â. Äóáðîâñüêà 

Àíîòàö³ÿ. Âèêîíàíî òåîðåòè÷íó îö³íêó çñóâ³â ³ øèðèí ð³âí³â, ÿê³ îáóìîâëåí³ åôåêòà-
ìè ñèëüíî¿ âçàºìîä³¿, â ìåæàõ ðåíòãåí³âñüêî¿ ñïåêòðîñêîï³¿ êàîííèõ àòîì³â. Äåòåêòóâàííÿ 
åôåêò³â ñèëüíî¿ âçàºìîä³¿ ³ òåîðåòè÷íà îö³íêà ñïåêòð³â êàîííèõ àòîì³â º îäíèì ç íîâèõ ï³ä-
õîä³â äî âèçíà÷åííÿ ÿäåðíî¿ ñòðóêòóðè ³ ïàðàìåòð³â ñèëüíî¿ êàîí- ÿäåðíî¿ âçàºìîä³¿. 

Êëþ÷îâ³ ñëîâà: åôåêòè ñèëüíî¿ âçàºìîä³¿, ñïåêòðîñêîï³ÿ, êàîíí³ àòîìè 

ÄÅÒÅÊÒÈÐÎÂÀÍÈÅ ÝÔÔÅÊÒÎÂ ÑÈËÜÍÎÃÎ ÂÇÀÈÌÎÄÅÉÑÒÂÈß 
Â ÑÏÅÊÒÐÎÑÊÎÏÈÈ ÀÄÐÎÍÍÛÕ ÀÒÎÌÎÂ 

Î. Þ. Õåöåëèóñ, Ä. Å. Ñóõàðåâ, Þ. Â. Äóáðîâñêàÿ 

Àííîòàöèÿ. Âûïîëíåíà òåîðåòè÷åñêàÿ îöåíêà ñäâèãîâ è øèðèí óðîâíåé, îáóñëîâëåííûõ 
ýôôåêòàìè ñèëüíîãî âçàèìîäåéñòâèÿ, â ðàìêàõ ðåíòãåíîâñêîé ñïåêòðîñêîïèè êàîííûõ 
àòîìîâ. Äåòåêòèðîâàíèå ýôôåêòîâ ñèëüíîãî âçàèìîäåéñòâèÿ è îöåíêà ñïåêòðîâ êàîííûõ 
àòîìîâ ÿâëÿþòñÿ îäíèì èç íîâûõ ïîäõîäîâ ê îïðåäåëåíèþ ÿäåðíîé ñòðóêòóðû è ïàðàìåòðîâ 
ñèëüíîãî êàîí-ÿäåðíîãî âçàèìîäåéñòâèÿ. 

Êëþ÷åâûå ñëîâà: ýôôåêòû ñèëüíîãî âçàèìîäåéñòâèÿ, ñïåêòðîñêîïèÿ, êàîííûå àòîìû 
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SENSITIVITY OF SILICON PHOTOVOLTAIC CONVERTERS 
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M. V. Kirichenko, V. R. Kopach, R. V. Zaitsev, S. A. Bondarenko 
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SENSITIVITY OF SILICON PHOTOVOLTAIC CONVERTERS TO THE LIGHT INCIDENCE 
ANGLE ON THEIR RECEIVING SURFACE 

M. V. Kirichenko, V. R. Kopach, R. V. Zaitsev, S. A. Bondarenko 

Abstract. The results of output parameters dependences researches for multijunction silicon pho-
tovoltaic converters (PVC) upon solar radiation incidence angle on their receiving surface are pre-
sented. It has been shown that for improving of PVC efficiency is necessary to achieve the increased 
values of minority charge carriers lifetime in their base crystals as well as the optical reflection coef-
ficient for metal/Si boundaries (interfaces) inside multijunction PVC, while for using multijunction 
PVC in the optical location systems the forced reduction of these values is reasonable. 

Keywords: photoconverter, photovolt, light incidence angle, reflection coefficient, parameters 

×ÓÒËÈÂ²ÑÒÜ ÊÐÅÌÍ²ªÂÈÕ ÔÎÒÎÅËÅÊÒÐÈ×ÍÈÕ ÏÅÐÅÒÂÎÐÞÂÀ×²Â ÄÎ ÊÓÒÀ ÏÀÄ²ÍÍß 
ÑÂ²ÒËÀ ÍÀ ¯Õ ÏÐÈÉÌÀËÜÍÓ ÏÎÂÅÐÕÍÞ 

Ì. Â. Ê³ð³÷åíêî, Â. Ð. Êîïà÷, Ð. Â. Çàéöåâ, Ñ. Î. Áîíäàðåíêî 

Àíîòàö³ÿ. Íàâåäåíî ðåçóëüòàòè äîñë³äæåíü çàëåæíîñòåé âèõ³äíèõ ïàðàìåòð³â áàãàòîïå-
ðåõ³äíèõ êðåìí³ºâèõ ôîòîåëåêòðè÷íèõ ïåðåòâîðþâà÷³â (ÔÅÏ) â³ä êóòà ïàä³ííÿ ñîíÿ÷íîãî 
âèïðîì³íþâàííÿ íà ¿õ ïðèéìàëüíó ïîâåðõíþ. Ïîêàçàíî, ùî äëÿ çá³ëüøåííÿ ÊÊÄ ÔÅÏ 
íåîáõ³äíî çàáåçïå÷èòè ï³äâèùåí³ çíà÷åííÿ ÷àñó æèòòÿ íåîñíîâíèõ íîñ³¿â çàðÿäó â áàçîâèõ 
êðèñòàëàõ òà êîåô³ö³ºíòà îïòè÷íîãî â³äáèòòÿ â³ä ãðàíèöü ìåòàë/Si âñåðåäèí³ áàãàòîïåðåõ³ä-
íèõ ÔÅÏ, ó òîé ÷àñ, ÿê ïðè âèêîðèñòàíí³ áàãàòîïåðåõ³äíèõ ÔÅÏ ó ñèñòåìàõ îïòè÷íî¿ ëîêà-
ö³¿ âèçíà÷åííÿ íàïðÿìó ðîçïîâñþäæåííÿ âèïðîì³íþâàííÿ äîö³ëüíèì º ïðèìóñîâå çíèæåí-
íÿ öèõ âåëè÷èí. 

Êëþ÷îâ³ ñëîâà: ôîòîïåðåòâîðþâà÷, ôîòîâîëüò, êóò ïàä³ííÿ ñâ³òëà, êîåô³ö³ºíò â³äáèòòÿ, 
ïàðàìåòðè 
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×ÓÂÑÒÂÈÒÅËÜÍÎÑÒÜ ÊÐÅÌÍÈÅÂÛÕ ÔÎÒÎÝËÅÊÒÐÈ×ÅÑÊÈÕ ÏÐÅÎÁÐÀÇÎÂÀÒÅËÅÉ 
Ê ÓÃËÓ ÏÀÄÅÍÈß ÑÂÅÒÀ ÍÀ ÈÕ ÏÐÈÅÌÍÓÞ ÏÎÂÅÐÕÍÎÑÒÜ 

Ì. Â. Êèðè÷åíêî, Â. Ð. Êîïà÷, Ð. Â. Çàéöåâ, Ñ. À. Áîíäàðåíêî 

Àííîòàöèÿ. Ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèé çàâèñèìîñòåé âûõîäíûõ ïàðàìåòðîâ 
ìíîãîïåðåõîäíûõ êðåìíèåâûõ ôîòîýëåêòðè÷åñêèõ ïðåîáðàçîâàòåëåé (ÔÝÏ) îò óãëà ïà-
äåíèÿ ñîëíå÷íîãî èçëó÷åíèÿ íà èõ ïðèåìíóþ ïîâåðõíîñòü. Ïîêàçàíî, ÷òî äëÿ óâåëè÷åíèÿ 
ÊÏÄ ÔÝÏ íåîáõîäèìî îáåñïå÷èòü ïîâûøåíèå çíà÷åíèé âåëè÷èí âðåìåíè æèçíè íåîñíîâ-
íûõ íîñèòåëåé çàðÿäà â áàçîâûõ êðèñòàëëàõ è êîýôôèöèåíòà îïòè÷åñêîãî îòðàæåíèÿ îò ãðà-
íèö ìåòàëë/Si âíóòðè ìíîãîïåðåõîäíûõ ÔÝÏ, â òî âðåìÿ êàê ïðè èñïîëüçîâàíèè ìíîãîïå-
ðåõîäíûõ ÔÝÏ â ñèñòåìàõ îïòè÷åñêîé ëîêàöèè öåëåñîîáðàçíûì ÿâëÿåòñÿ ïðèíóäèòåëüíîå 
ñíèæåíèå ýòèõ âåëè÷èí. 

Êëþ÷åâûå ñëîâà: ôîòîïðåîáðàçîâàòåëü, ôîòîâîëüò, óãîë ïàäåíèÿ ñâåòà, êîýôôèöèåíò îò-
ðàæåíèÿ, ïàðàìåòðû 
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FIBER-OPTIC SENSOR FOR THE EXPRESS CONTROL 
OF THE CHEMICAL COMPOSITION 

Y. P. Sharkan1, N. B. Jytov2, I. I. Sakalosh1, J. J. Ramsden3, M. Y. Sichka1, 
I. I. Popovich1, S. O. Korposh 1 
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FIBER-OPTIC SENSOR FOR THE EXPRESS CONTROL 
OF THE CHEMICAL COMPOSITION 

Y. P. Sharkan, N. B. Jytov, I. I. Sakalosh, J. J. Ramsden, 
M. Y. Sichka, I. I. Popovich, S. O. Korposh 

Abstract. On the example of the aqueous-ethanol solutions we proposed fiber-optic sensor system 
of the evaluation of the concentration of the liquid solutions with the known qualitative composi-
tion. The deposition of the thin film chalcogenide layer with the high refractive index permitted to 
improve in one order the precision of the refractive index measurements of the aqueous solutions 
for the quartz Y-shaped splitter. We proposed and tested the method of the definition of the aqueous 
solutions concentration thanks to the measurement of the time of the total drying of the film of the 
solution on the fiber end, and thanks to the measurements of the changes of the interference signal 
which appears on the film in course of the drying process. 

Keywords: Fiber-optic sensor, Fabry-Perot interferometer, aqueous solutions concentration, the 
process of drying of the film of the solution 

ÂÎËÎÊÎÍÍÎ-ÎÏÒÈ×ÍÈÉ ÑÅÍÑÎÐ ÅÊÑÏÐÅÑÍÎÃÎ ÊÎÍÒÐÎËÞ Õ²Ì²×ÍÎÃÎ ÑÊËÀÄÓ 
ÂÎÄÍÈÕ ÐÎÇ×ÈÍ²Â 

É. Ï. Øàðêàíü, Ì. Á. Æèòîâ, ². ². Ñàêàëîø, Äæ. Äæ. Ðàìñäåí, 
Ì. Þ. Ñ³÷êà, ². ². Ïîïîâè÷, Ñ.Î. Êîðïîø 

Àíîòàö³ÿ. Íà ïðèêëàä³ âîäíî-ñïèðòîâèõ ðîç÷èí³â çàïðîïîíîâàíà âîëîêîííî-îïòè÷íà 
ñåíñîðíà ñèñòåìà îö³íêè êîíöåíòðàö³¿ ð³äêèõ ðîç÷èí³â ç â³äîìèì ÿê³ñíèì ñêëàäîì. Íàíå-
ñåííÿ òîíêîïë³âêîâîãî õàëüêîãåí³äíîãî øàðó ç âèñîêèì ïîêàçíèêîì çàëîìëåííÿ äîçâîëèëî 
íà ïîðÿäîê ï³äâèùèòè òî÷í³ñòü âèì³ðþâàííÿ ïîêàçíèêà çàëîìëåííÿ âîäíèõ ðîç÷èí³â äëÿ 
Y-ïîä³áíîãî êâàðöîâîãî ðîçãàëóäæóâà÷à. Çàïðîïîíîâàíî òà âèïðîáóâàíî ìåòîä âèçíà÷åííÿ 
êîíöåíòðàö³¿ âîäíèõ ðîç÷èí³â øëÿõîì âèçíà÷åííÿ ïîâíîãî ÷àñó âèñèõàííÿ ïë³âêè ðîç÷èíó 
íà òîðö³ âîëîêíà, à òàêîæ âèì³ðþâàííÿì çì³í ³íòåðôåðåíö³éíîãî ñèãíàëó, ùî âèíèêàº íà 
ïë³âö³ â ïðîöåñ³ âèñèõàííÿ. 

Êëþ÷îâ³ ñëîâà: Âîëîêîííî-îïòè÷íèé äàò÷èê, ³íòåðôåðîìåòð Ôàáð³-Ïåðî, êîíöåíòðàö³ÿ 
âîäíèõ ðîç÷èí³â, ïðîöåñ âèñèõàííÿ ïë³âêè ðîç÷èíó 

Y. P. Sharkan, N. B. Jytov, I. I. Sakalosh, J. J. Ramsden, M. Y. Sichka, I. I. Popovich, S. O. Korposh
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ÂÎËÎÊÎÍÍÎ-ÎÏÒÈ×ÅÑÊÈÉ ÑÅÍÑÎÐ ÝÊÑÏÐÅÑÑÍÎÃÎ ÊÎÍÒÐÎËß ÕÈÌÈ×ÅÑÊÎÃÎ 
ÑÎÑÒÀÂÀ ÂÎÄÍÛÕ ÐÀÑÒÂÎÐÎÂ 

È. Ï. Øàðêàíü, Í. Á. Æèòîâ, È. È. Ñàêàëîø, Äæ. Äæ. Ðàìñäåí, 
Ì. Þ. Ñè÷êà, È. È. Ïîïîâè÷, Ñ. À. Êîðïîø 

Àííîòàöèÿ. Íà ïðèìåðå âîäíî-ñïèðòîâûõ ðàñòâîðîâ ïðåäëîæåíà âîëîêîííî-îïòè÷åñêàÿ 
ñåíñîðíàÿ ñèñòåìà îöåíêè êîíöåíòðàöèè æèäêèõ ðàñòâîðîâ ñ èçâåñòíûì êà÷åñòâåííûì ñî-
ñòàâîì. Íàíåñåíèå òîíêîïëåíî÷íîãî õàëüêîãåíèäíîãî ñëîÿ ñ âûñîêèì ïîêàçàòåëåì ïðåëîì-
ëåíèÿ ïîçâîëèëî íà ïîðÿäîê ïîâûñèòü òî÷íîñòü èçìåðåíèÿ ïîêàçàòåëÿ ïðåëîìëåíèÿ âîäíûõ 
ðàñòâîðîâ äëÿ Y-îáðàçíîãî êâàðöåâîãî ðàçâåòâëèòåëÿ. Ïðåäëîæåíî è èñïûòàíî ìåòîä îïðå-
äåëåíèÿ êîíöåíòðàöèè âîäíûõ ðàñòâîðîâ ïóòåì îïðåäåëåíèÿ ïîëíîãî âðåìåíè âûñûõàíèÿ 
ïëåíêè ðàñòâîðà íà òîðöå âîëîêíà, à òàêæå èçìåðåíèåì èçìåíåíèé èíòåðôåðåíöèîííîãî 
ñèãíàëà, êîòîðûé âîçíèêàåò íà ïëåíêå â ïðîöåññå âûñûõàíèÿ. 

Êëþ÷åâûå ñëîâà: Âîëîêîííî-îïòè÷åñêèé äàò÷èê, èíòåðôåðîìåòð Ôàáðè-Ïåðî, êîíöåíò-
ðàöèÿ âîäíûõ ðàñòâîðîâ, ïðîöåññ âûñûõàíèÿ ïëåíêè ðàñòâîðà 
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DETERMINATION OF SOLID BLENDED FUEL TORCH SYSTEM RADIATING ABILITY 
SPECTRAL DEPENDENCE 

M. Yu. Trofimenko, Yu. A. Nitsuk, T. F. Smaglenko, L. I. Riabchuk 

Abstract. Multichannel optical pyrometer is described. Temperature measurement and emissiv-
ity definition methods are presented. Role of dispersed condensed phase of exterior torch layers is 
discussed. 

Keywords: burning, radiating ability, temperature, condensed phase, flame 

ÂÈÇÍÀ×ÅÍÍß ÑÏÅÊÒÐÀËÜÍÎ¯ ÇÀËÅÆÍÎÑÒ² ÂÅËÈ×ÈÍÈ ÂÈÏÐÎÌ²ÍÞÂÀËÜÍÎ¯ 
ÇÄÀÒÍÎÑÒ² ÔÀÊÅËÀ ÒÂÅÐÄÎ¯ ÑÓÌ²ØÍÎ¯ ÑÈÑÒÅÌÈ 

Ì. Þ. Òðîôèìåíêî, Þ. À. Í³öóê, Ò. Ô. Ñìàãëåíêî, Ë. ². Ðÿá÷óê 

Àíîòàö³ÿ. Îïèñàíî áàãàòîêàíàëüíèé îïòè÷íèé ï³ðîìåòð, ÿêèé âèãîòîâëåíî àâòîðàìè, ³ 
ìåòîäèêè âèçíà÷åííÿ ç éîãî äîïîìîãîþ òåìïåðàòóðè òà âèïðîì³íþâàëüíî¿ çäàòíîñò³ íà ð³ç-
íèõ äîâæèíàõ õâèëü ïîëóì’ÿ. Çâåðòàºòüñÿ óâàãà íà ðîëü êîíöåíòðàö³¿ äèñïåðñíî¿ ôàçè çîâ-
í³øí³õ øàð³â ôàêåëà ïðè âèçíà÷åíí³ òåìïåðàòóðè ³ âèïðîì³íþâàëüíî¿ çäàòíîñò³ ïîëóì’ÿ. 

Êëþ÷îâ³ ñëîâà: ãîð³ííÿ, âèïðîì³íþâàëüíà çäàòí³ñòü, òåìïåðàòóðà, êîíäåíñîâàíà ôàçà, 
ïîëóì’ÿ 
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Àííîòàöèÿ. Îïèñàí ìíîãîêàíàëüíèé îïòè÷åñêèé ïèðîìåòð, êîòîðûé èçãîòîâëåí àâòî-
ðàìè, è ìåòîäèêè îïðåäåëåíèÿ ñ åãî ïîìîùüþ òåìïåðàòóðû è èçëó÷àòåëüíîé ñïîñîáíîñòè 
ïëàìåíè íà ðàçíûõ äëèíàõ âîëí. Ïîêàçàíà ðîëü êîíöåíòðàöèè äèñïåðñíîé ôàçû âíåøíèõ 
ñëîåâ ôàêåëà ïðè îïðåäåëåíèè òåìïåðàòóðû è èçëó÷àòåëüíîé ñïîñîáíîñòè ôàêåëà. 
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ôàçà, ïëàìÿ 
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CHARACTERISTIC PROPERTIES OF OPTO-ACOUSTIC INTERACTION IN THE “THICK” 
ACOUSTIC GRATING 

L. V. Mikhaylovskaya, A. S. Mykhaylovska 

Abstract. The theoretical analysis of the diffraction spectrum at the normal incidence of the plane 
light wave onto a sound wave in the isotropic medium is developed. In the framework of the bound 
waves pattern the diffraction spectrum behavior is investigated. At the same time the parameters of 
the sound wave such as a width and intensity of the sound beam was modifying. As a result of this 
investigation it was showed that the behavior of the diffraction maximums intensity depending on 
intensity of the sound intensity is essentially modified under increase of the width of the acousto-
optic layer even at the orthogonal orientation of interacting fields 

Keywords: acousto-optic effect, Raman-Nath diffraction, Bragg diffraction 
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Ë. Â. Ìèõàéëîâñüêà, À. Ñ. Ìèõàéëîâñüêà 

Àíîòàö³ÿ. Ïðîâåäåíî òåîðåòè÷íèé àíàë³ç äèôðàêö³éíîãî ñïåêòðó ó âèïàäêó îðòîãîíàëü-
íîãî ïàä³ííÿ ïëîñêî¿ ñâ³òîâî¿ õâèë³ íà çâóêîâó õâèëþ â ³çîòðîïíîìó ñåðåäîâèùó. Ïðè öüîìó 
â ðàìêàõ ìîäåë³ çâ’ÿçàíèõ õâèëü äîñë³äæóºòüñÿ ïîâåä³íêà äèôðàêö³éíîãî ñïåêòðó ïðè çì³-
íåí³ ïàðàìåòð³â çâóêîâî¿ õâèë³, çîêðåìà, øèðèíè òà ³íòåíñèâíîñò³ çâóêîâî¿ õâèë³. Ïîêàçàíî, 
ùî ïðè çá³ëüøåíí³ òîâùèíè ïðîøàðêó àêóñòîîïòè÷íî¿ âçàºìîä³¿ ïîâåä³íêà ³íòåíñèâíîñò³ 
ñâ³òëà â äèôðàêö³éíèõ ìàêñèìóìàõ â çàëåæíîñò³ â³ä ³íòåíñèâíîñò³ çâóêà ñóòòºâî çì³íþºòüñÿ 
íàâ³òü ïðè îðòîãîíàëüí³é îð³ºíòàö³¿ âçàºìîä³þ÷èõ ïîë³â. 

Êëþ÷îâ³ ñëîâà: àêóñòîîïòè÷íèé åôåêò, äèôðàêö³ÿ Ðàìàíà-Íàòà, äèôðàêö³ÿ Áðåãà 

© L. V. Mikhaylovskaya, A. S. Mykhaylovska, 2009



⎦

ÎÑÎÁÅÍÍÎÑÒÈ ÀÊÓÑÒÎÎÏÒÈ×ÅÑÊÎÃÎ ÂÇÀÈÌÎÄÅÉÑÒÂÈß Â “ÒÎËÑÒÎÉ” 
ÀÊÓÑÒÈ×ÅÑÊÎÉ ÐÅØÅÒÊÅ 

Ë. Â. Ìèõàéëîâñêàÿ, À. Ñ. Ìèõàéëîâñêàÿ 

Àííîòàöèÿ. Ïðîâåäåí òåîðåòè÷åñêèé àíàëèç äèôðàêöèîííîãî ñïåêòðà â ñëó÷àå îðòîãî-
íàëüíîãî ïàäåíèÿ ïëîñêîé ñâåòîâîé âîëíû íà çâóêîâóþ âîëíó â èçîòðîïíîé ñðåäå. Ïðè ýòîì 
â ðàìêàõ ìîäåëè ñâÿçàííûõ âîëí èññëåäóåòñÿ ïîâåäåíèå äèôðàêöèîííîãî ñïåêòðà ïðè èçìå-
íåíèè ïàðàìåòðîâ çâóêîâîé âîëíû, â ÷àñòíîñòè, øèðèíû è èíòåíñèâíîñòè çâóêîâîãî ïó÷êà. 
Ïîêàçàíî, ÷òî ïðè óâåëè÷åíèè øèðèíû ñëîÿ àêóñòîîïòè÷åñêîãî âçàèìîäåéñòâèÿ ïîâåäåíèå 
èíòåíñèâíîñòè ñâåòà â äèôðàêöèîííûõ ìàêñèìóìàõ â çàâèñèìîñòè îò èíòåíñèâíîñòè çâóêà 
ñóùåñòâåííî ìåíÿåòñÿ äàæå ïðè îðòîãîíàëüíîé îðèåíòàöèè âçàèìîäåéñòâóþùèõ ïîëåé. 

Êëþ÷åâûå ñëîâà: àêóñòîîïòè÷åñêèé ýôôåêò, äèôðàêöèÿ Ðàìàíà-Íàòà, äèôðàêöèÿ Áðýããà 

L. V. Mikhaylovskaya, A. S. Mykhaylovska
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FOUR-CHANNEL BIOSENSOR-ANALYZER OF SACCHARIDES 

S. V. Dzyadevych1, A. P. Soldatkin1, A. A. Soldatkin1, V. N. Peshkova1, 
A. D. Vasilenko2, V. G.Melnik2, A. A. Mikhal2, 

L. N. Semenycheva2, M. P. Rubanchuk2 

1 Institute of Molecular Biology and Genetics, 150 Zabolotnogo Str., Kiev 03143 
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2 Institute of Electrodynamics, 56 avenue Pobedy, Kiev 03680 
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FOUR-CHANNEL BIOSENSOR’S ANALYZER OF SACCHARIDES 

S. V. Dzyadevych, A. P. Soldatkin, A. A. Soldatkin, V. N. Peshkova, A. D. Vasilenko, 
V. G. Melnik, A. A. Mikhal, L. N. Semenycheva, M. P. Rubanchuk 

Abstract. The problems of realization of highly sensitive and precise conductometric biosensor 
systems are considered. Composition, structural schemes, software functions of multisensor analyz-
er of saccharides are described, general view is presented. Preliminary experimental research testifies 
that the system suggested allows separate determination of concentrations of saccharose, glucose, 
lactose and maltose with commercially necessary sensitivity. It can be a basis for development of 
modern analytical equipment for efficient concurrent measurement of concentrations of several sac-
charides in food industry. 

Keywords: Biosensor, analyzer, measuring system, saccharides 

×ÎÒÈÐÜÎÕÊÀÍÀËÜÍÈÉ Á²ÎÑÅÍÑÎÐÍÈÉ ÀÍÀË²ÇÀÒÎÐ ÑÀÕÀÐÈÄ²Â 

Ñ. Â. Äçÿäåâè÷, Î. Ï. Ñîëäàòê³í, Î. Î. Ñîëäàòê³í, Â. Ì. Ïåøêîâà, Î. Ä. Âàñèëåíêî, 
Â. Ã. Ìåëüíèê, Î. Î. Ì³õàëü, Ë. Ì. Ñåìåíè÷åâà, Ì. Ï. Ðóáàí÷óê 

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîáëåìè ðåàë³çàö³¿ âèñîêî÷óòëèâèõ ³ òî÷íèõ êîíäóêòîìåòðè÷íèõ 
á³îñåíñîðíèõ ñèñòåì. Íàâåäåíî ñêëàä, ñòðóêòóðí³ ñõåìè, ôóíêö³¿ ïðîãðàìíîãî çàáåçïå÷åííÿ 
òà çîâí³øí³é âèãëÿä ìóëüòèñåíñîðíîãî àíàë³çàòîðà ñàõàðèä³â. Ïîïåðeäí³ åêñïåðèìåíòàëüí³ 
äîñë³äæåííÿ ñâ³ä÷àòü, ùî ðîçðîáëåíà ñèñòåìà äîçâîëÿº âèçíà÷àòè ðîçä³ëüíî êîíöåíòðàö³¿ 
öóêðîçè, ãëþêîçè, ëàêòîçè òà ìàëüòîçè ç íåîáõ³äíîþ äëÿ ïðîìèñëîâîñò³ ÷óòëèâ³ñòþ i ìîæå 
áóòè îñíîâîþ äëÿ ñòâîðåííÿ ñó÷àñíîãî àíàë³òè÷íîãî îáëàäíàííÿ äëÿ îäíî÷àñíîãî îïåðà-
òèâíîãî âèçíà÷åííÿ êîíöåíòðàö³¿ äåê³ëüêîõ ñàõàðèä³â â õàð÷îâ³é ïðîìèñëîâîñò³. 

Êëþ÷îâ³ ñëîâà: Á³îñåíñîð, àíàë³çàòîð, âèì³ðþâàëüíà ñèñòåìà, ñàõàðèäè 

S. V. Dzyadevych, A. P. Soldatkin, A. A. Soldatkin et al.

© S. V. Dzyadevych, A. P. Soldatkin, A. A. Soldatkin et al., 2009
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×ÅÒÛÐÅÕÊÀÍÀËÜÍÛÉ ÁÈÎÑÅÍÑÎÐÍÛÉ ÀÍÀËÈÇÀÒÎÐ ÑÀÕÀÐÈÄÎÂ 

Ñ. Â. Äçÿäåâè÷, À. Ï. Ñîëäàòêèí, À. À. Ñîëäàòêèí, Â. Í. Ïåøêîâà, À. Ä. Âàñèëåíêî, 
Â. Ã. Ìåëüíèê, À. À. Ìèõàëü, Ë. Í. Ñåìåíû÷åâà, Ì. Ï. Ðóáàí÷óê 

Àííîòàöèÿ. Ðàññìîòðåíû ïðîáëåìû ðåàëèçàöèè âûñîêî÷óâñòâèòåëüíûõ è òî÷íûõ êîí-
äóêòîìåòðè÷åñêèõ áèîñåíñîðíûõ ñèñòåì. Ïðèâåäåíû ñîñòàâ, ñòðóêòóðíûå ñõåìû, ôóíê-
öèè ïðîãðàììíîãî îáåñïå÷åíèÿ è âíåøíèé âèä ìóëüòèñåíñîðíîãî àíàëèçàòîðà ñàõàðèäîâ. 
Ïðåäâàðèòåëüíûå ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ñâèäåòåëüñòâóþò, ÷òî ðàçðàáîòàííàÿ 
ñèñòåìà ïîçâîëÿåò îïðåäåëÿòü ðàçäåëüíî êîíöåíòðàöèè ñàõàðîçû, ãëþêîçû, ëàêòîçû è ìàëü-
òîçû ñ íåîáõîäèìîé äëÿ ïðîìûøëåííîñòè ÷óâñòâèòåëüíîñòüþ è ìîæåò ñëóæèòü îñíîâîé äëÿ 
ñîçäàíèÿ ñîâðåìåííîãî àíàëèòè÷åñêîãî îáîðóäîâàíèÿ äëÿ îäíîâðåìåííîãî îïåðàòèâíîãî 
îïðåäåëåíèÿ êîíöåíòðàöèè íåñêîëüêèõ ñàõàðèäîâ â ïèùåâîé ïðîìûøëåííîñòè. 

Êëþ÷åâûå ñëîâà: Áèîñåíñîð, àíàëèçàòîð, èçìåðèòåëüíàÿ ñèñòåìà, ñàõàðèäû 
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ÌÀÒÅÐ²ÀËÈ ÄËß ÑÅÍÑÎÐ²Â 
——

SENSOR MATERIALS 

UDC 544.023.57; 544.032.65; 535.41; 539.411 

THIN FILMS OF TRET-BUTYL CALIXARENE AS SENSITIVE 
MATERIALS FOR ORGANIC COMPOUND DETECTORS 

A. L. Kukla, A. A. Vakhula, I. V. Kruglenko, 
V. Yu. Khorouzhenko, I. A. Samoylova 

V.E. Lashkaryov Institute of Semiconductor Physics, NAS of Ukraine 
03028, Kiev-28, pr. Nauki, 41, tel./fax 380 (044) 265-18-27, kukla@isp.kiev.ua 

THIN FILM OF TRET-BYTYLCALIX[N]ARENES AS SENSITIVE MATERIALS FOR GAS 
SENSORS TO THE ORGANIC CHEMICAL COMPOUNDS 

A. L. Kukla, A. A. Vakhula, I. V. Kruglenko, V. Yu. Khorouzhenko, I. A. Samoylova 

Abstract. Adsorption properties of thin nanostructured films of tret-bytylcalix[n]arenes (n=3, 
4, 5, 6, 8) with thickness of about 200 nm to vapors of different organic solvents are investigated. 
Two methods were used for adsorption measurements — mass-sensitive quartz microbalance and 
interference colorimetry. Gas sensitive, selective and regenerative parameters of the used calixarene 
films as sensitive materials for chemical sensors were investigated. It is shown that the calix[5]arene 
films are most sensitive for detection of chlorine organic compounds. The comparative analysis of 
responses of quartz microbalance and optical sensor elements for each of the explored sensitive films 
have been carried out. 

Keywords: QCM sensors, RGB-colorimetry, calix[n]arenes 

ÒÎÍÊ² ÏË²ÂÊÈ ÒÐÅÒ-ÁÓÒÈË ÊÀË²ÊÑÀÐÅÍ²Â ßÊ ×ÓÒËÈÂ² ÌÀÒÅÐ²ÀËÈ ÄËß ÑÅÍÑÎÐ²Â 
ÄÎ ÎÐÃÀÍ²×ÍÈÕ ÑÏÎËÓÊ 

Î. Ë. Êóêëà, Î. À. Âàõóëà, ². Â. Êðóãëåíêî, Â. Þ. Õîðóæåíêî, ². Î. Ñàìîéëîâà 

Àíîòàö³ÿ. Äîñë³äæåí³ àäñîðáö³éí³ õàðàêòåðèñòèêè òîíêèõ íàíîñòðóêòóðîâàíèõ ïë³âîê 
òðåò-áóòèëêàë³êñ[n]àðåí³â (n=3, 4, 5, 6, 8) òîâùèíîþ áëèçüêî 200 íì äî ïàð³â ð³çíîìàí³òíèõ 
îðãàí³÷íèõ ðå÷îâèí. Âèì³ðþâàííÿ àäñîðáö³¿ êàë³êñàðåíîâèõ øàð³â ïðîâåäåíî äâîìà ñïî-
ñîáàìè — çà äîïîìîãîþ ìàñ-÷óòëèâîãî êâàðöîâîãî ì³êðîáàëàíñó òà øëÿõîì ³íòåðôåðåí-
ö³éíèõ êîëîðèìåòðè÷íèõ âèì³ðþâàíü. Âèçíà÷åíî ãàçî÷óòëèâ³, ñåëåêòèâí³ òà ðåãåíåðàòèâí³ 
ïàðàìåòðè äîñë³äæåíèõ ïë³âîê ÿê ÷óòëèâèõ ìàòåð³àë³â äëÿ õ³ì³÷íèõ ñåíñîð³â. Ïîêàçàíî, ùî 
äëÿ äåòåêòóâàííÿ õëîðâì³ñíèõ ñïîëóê íàéá³ëüø ÷óòëèâèìè º øàðè íà îñíîâ³ êàë³êñàðåíó 
Ñ[5]A. Ïðîâåäåíî ïîð³âíÿëüíèé àíàë³ç â³äãóê³â êâàðöîâèõ êðèñòàë³÷íèõ òà îïòè÷íèõ ñåí-
ñîðíèõ åëåìåíò³â äëÿ êîæíî¿ ³ç äîñë³äæåíèõ ÷óòëèâèõ ïë³âîê. 

Êëþ÷îâ³ ñëîâà: QCM ñåíñîð, RGB-êîëîðèìåòð³ÿ, êàë³êñ[n]àðåíè 

© A. L. Kukla, A. A. Vakhula, I. V. Kruglenko, V. Yu. Khorouzhenko, I. A. Samoylova, 2009



ÒÎÍÊÈÅ ÏËÅÍÊÈ ÒÐÅÒ-ÁÓÒÈË ÊÀËÈÊÑÀÐÅÍÎÂ ÊÀÊ ×ÓÂÑÒÂÈÒÅËÜÍÛÅ ÌÀÒÅÐÈÀËÛ 
ÄËß ÑÅÍÑÎÐÎÂ Ê ÎÐÃÀÍÈ×ÅÑÊÈÌ ÂÅÙÅÑÒÂÀÌ 

À. Ë. Êóêëà, À. À. Âàõóëà, È. Â. Êðóãëåíêî, Â. Þ. Õîðóæåíêî, È. À. Ñàìîéëîâà 

Àííîòàöèÿ. Èññëåäîâàíû àäñîðáöèîííûå õàðàêòåðèñòèêè òîíêèõ íàíîñòðóêòóðèðîâàí-
íûõ ïëåíîê òðåò-áóòèëêàëèêñ[n]àðåíîâ (n=3, 4, 5, 6, 8) òîëùèíîé îêîëî 200 íì ê ïàðàì ðàç-
ëè÷íûõ îðãàíè÷åñêèõ âåùåñòâ. Èçìåðåíèÿ àäñîðáöèè êàëèêñàðåíîâûõ ñëîåâ ïðîâîäèëèñü 
äâóìÿ ìåòîäàìè — ñ ïîìîùüþ ìàññ-÷óâñòâèòåëüíîãî êâàðöåâîãî ìèêðîáàëàíñà è ïóòåì èí-
òåðôåðåíöèîííûõ êîëîðèìåòðè÷åñêèõ èçìåðåíèé. Îïðåäåëåíû ãàçî÷óâñòâèòåëüíûå, ñåëåê-
òèâíûå è ðåãåíåðàòèâíûå ïàðàìåòðû èññëåäóåìûõ ïëåíîê êàê ÷óâñòâèòåëüíûõ ìàòåðèàëîâ 
äëÿ õèìè÷åñêèõ ñåíñîðîâ. Ïîêàçàíî, ÷òî äëÿ äåòåêòèðîâàíèÿ õëîðñîäåðæàùèõ ñîåäèíåíèé 
íàèáîëåå ÷óâñòâèòåëüíûìè ÿâëÿþòñÿ ñëîè íà îñíîâå êàëèêñàðåíà Ñ[5]A. Ïðîâåäåí ñðàâíè-
òåëüíûé àíàëèç îòêëèêîâ êâàðöåâûõ êðèñòàëëè÷åñêèõ è îïòè÷åñêèõ ñåíñîðíûõ ýëåìåíòîâ 
äëÿ êàæäîé èç èññëåäîâàííûõ ÷óâñòâèòåëüíûõ ïëåíîê. 

Êëþ÷åâûå ñëîâà: QCM ñåíñîð, RGB-êîëîðèìåòðèÿ, êàëèêñ[n]àðåíû 

A. L. Kukla, A. A. Vakhula, I. V. Kruglenko, V. Yu. Khorouzhenko, I. A. Samoylova
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IMPACT OF PRE-IRRADIATION ON THE MAGNETIC SUSCEPTIBILITY 
OF Cz-Si THERMALLY TREATED AT 700-1000 °Ñ 

V. M. Tsmots1, P. G. Litovchenko2, Yu. V. Pavlovskyy1,2, Î. P. Litovchenko2, 
I. S. Pankiv1,2, M. M. Luchkevych1,2 

1 Solid-State Microelectronics Laboratory of NASU and MONU 
at the Ivan Franko Drohobych State Pedagogical University, 
36 Franko Str., Drohobych, 82100, tsmots@drohobych.net 
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IMPACT OF PRE-IRRADIATION ON THE MAGNETIC SUSCEPTIBILITY 
OF Cz-Si THERMALLY TREATED AT 700-1000 °Ñ 

V. M. Tsmots, P. G. Litovchenko, Yu. V. Pavlovskyy, Î. P. Litovchenko, 
I. S. Pankiv, M. M. Luchkevych 

  
Abstract. Dependence of paramagnetic component of silicon magnetic susceptibility on pre-irra-

diation by fast neutrons (fn) after subsequent thermal treatment of samples at 700-1000 îÑ has been 
studied. It has been shown based on the measurements of magnetic susceptibility that the value of 
the paramagnetic component arising after the said thermal treatment of silicon is influenced by up 
to 1018 fn/cm2 pre-irradiation. With the increase of the irradiation rate this impact decreases signifi-
cantly. Probable mechanisms of defect creation explaining the discovered peculiarity are discussed. 

Keywords: silicon, oxygen, magnetic susceptibility, irradiation, thermal treatment 

ÂÏËÈÂ ÏÎÏÅÐÅÄÍÜÎÃÎ ÎÏÐÎÌ²ÍÅÍÍß ÍÀ ÌÀÃÍ²ÒÍÓ ÑÏÐÈÉÍßÒËÈÂ²ÑÒÜ Cz-Si, 
ÒÅÐÌÎÎÁÐÎÁËÅÍÎÃÎ ÏÐÈ 700-1000 °Ñ 

Â. Ì. Öìîöü, Ï. Ã. Ëèòîâ÷åíêî, Þ. Â. Ïàâëîâñüêèé, Î. Ï. Ëèòîâ÷åíêî, 
². Ñ. Ïàíüê³â, Ì. Ì. Ëó÷êåâè÷ 

Àíîòàö³ÿ. Äîñë³äæåíî çàëåæíîñò³ ïàðàìàãí³òíî¿ ñêëàäîâî¿ ìàãí³òíî¿ ñïðèéíÿòëèâîñò³ 
(ÌÑ) êðåìí³þ â³ä äîçè ïîïåðåäíüî îïðîì³íåííÿ øâèäêèìè íåéòðîíàìè (fn), ï³ñëÿ ïîñë³-
äóþ÷î¿ òåðìîîáðîáêè çðàçê³â ïðè 700-1000îÑ. Íà îñíîâ³ ðåçóëüòàò³â âèì³ðþâàííÿ ìàãí³òíî¿ 
ñïðèéíÿòëèâîñò³ ïîêàçàíî, ùî íà âåëè÷èíó ïàðàìàãí³òíî¿ ñêëàäîâî¿, ÿêà âèíèêàº ï³ñëÿ çà-
çíà÷åíèõ òåðìîîáðîáîê êðåìí³þ, ñóòòºâî âïëèâàº ïîïåðåäíº îïðîì³íåííÿ äîçàìè äî âåëè-
÷èíè ïîðÿäêó 1018 fn/ñì2. Ïðè ïîäàëüøîìó çá³ëüøåíí³ äîçè îïðîì³íåííÿ öåé âïëèâ çíà÷íî 
ïîñëàáëþºòüñÿ. Ðîçãëÿíóòî ³ìîâ³ðí³ ìåõàí³çìè äåôåêòîóòâîðåííÿ, ÿê³ ïîÿñíþþòü âèÿâëåí³ 
îñîáëèâîñò³. 

Êëþ÷îâ³ ñëîâà: êðåìí³é, êèñåíü, ìàãí³òíà ñïðèéíÿòëèâ³ñòü, îïðîì³íåííÿ, òåðìîîá-
ðîáêà 



ÂËÈßÍÈÅ ÏÐÅÄÂÀÐÈÒÅËÜÍÎÃÎ ÎÁËÓ×ÅÍÈß ÍÀ ÌÀÃÍÈÒÍÓÞ ÂÎÑÏÐÈÈÌ×ÈÂÎÑÒÜ 
Cz-Si, ÒÅÐÌÎÎÁÐÀÁÎÒÀÍÍÎÃÎ ÏÐÈ 700-1000 °Ñ 

Â. Ì. Öìîöü, Ï. Ã. Ëèòîâ÷åíêî, Þ. Â. Ïàâëîâñêèé, Î. Ï. Ëèòîâ÷åíêî, 
². Ñ. Ïàíüêèâ, Ì. Ì. Ëó÷êåâè÷ 

Àííîòàöèÿ. Èññëåäîâàíî çàâèñèìîñòè ïàðàìàãíèòíîé ñîñòàâëÿþùåé ìàãíèòíîé âîñ-
ïðèèì÷èâîñòè êðåìíèÿ îò äîçû ïðåäâàðèòåëüíîãî îáëó÷åíèÿ áûñòðûìè íåéòðîíàìè (áí), 
ïîñëå ïîñëåäóþùåé òåðìîîáðàáîòêè îáðàçöîâ ïðè 700-1000îÑ. Íà îñíîâàíèè ðåçóëüòàòîâ 
èçìåðåíèÿ ìàãíèòíîé âîñïðèèì÷èâîñòè ïîêàçàíî, ÷òî íà âåëè÷èíó ïàðàìàãíèòíîé ñîñòàâ-
ëÿþùåé, êîòîðàÿ ïîÿâëÿåòñÿ ïîñëå óêàçàííûõ òåðìîîáðàáîòîê êðåìíèÿ, ñóùåñòâåííî âëè-
ÿåò ïðåäâàðèòåëüíîå îáëó÷åíèå äîçàìè äî âåëè÷èíû ïîðÿäêà 1018 áí/ñì2. Ïðè äàëüíåéøåì 
óâåëè÷åíèè äîçû îáëó÷åíèÿ ýòî âëèÿíèå çíà÷èòåëüíî îñëàáåâàåò. Ðàññìîòðåíî âåðîÿòíûå 
ìåõàíèçìû äåôåêòîîáðàçîâàíèÿ, êîòîðûå îáúÿñíÿþò âûÿâëåííûå îñîáåííîñòè. 

Êëþ÷åâûå ñëîâà: êðåìíèé, êèñëîðîä, ìàãíèòíàÿ âîñïðèèì÷èâîñòü, îáëó÷åíèå, òåðìîîá-
ðàáîòêà 

V. M. Tsmots, P. G. Litovchenko, Yu. V. Pavlovskyy, Î. P. Litovchenko, I. S. Pankiv, M. M. Luchkevych

© V. M. Tsmots, P. G. Litovchenko, Yu. V. Pavlovskyy, 
     Î. P. Litovchenko, I. S. Pankiv, M. M. Luchkevych, 2009
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SENSOR SYSTEM FOR AUTOMATIC PAPER THICKNESS DETECTION 
BASED ON UNIVERSAL SENSORS AND TRANSDUCERS INTERFACE 

S. Yu. Yurish 
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SENSOR SYSTEM FOR AUTOMATIC PAPER THICKNESS DETECTION BASED ON UNIVERSAL 
SENSORS AND TRANSDUCERS INTERFACE 

S. Yu. Yurish 

Abstract: A low cost, automatic, transmissive paper thickness sensor system with increased reli-
ability and a short detection time (∼ 15 ms) is described in the paper. The sensor system is based 
on a cheap light-to-frequency converter and universal sensors and transducers interfacing IC. The 
designed automotive paper thickness sensor system has a wide dynamic range of 5 000 000 : 1, im-
munity against high noises, high resolution and minimum component interface. Due to low price, 
minimum possible conditioning and interfacing hardware such sensor system can be used not only 
in photo- but also in office laser and ink printers. 

Keywords: Paper thickness optical sensor, Light-to-frequency converter, Universal sensors and 
transducers interface 

ÑÅÍÑÎÐÍÀß ÑÈÑÒÅÌÀ ÄËß ÀÂÒÎÌÀÒÈ×ÅÑÊÎÃÎ ÎÏÐÅÄÅËÅÍÈß ÒÎËÙÈÍÛ ÁÓÌÀÃÈ 
ÍÀ ÁÀÇÅ ÓÍÈÂÅÐÑÀËÜÍÎÃÎ ÑÅÍÑÎÐÍÎÃÎ ÈÍÒÅÐÔÅÉÑÀ 

Ñ. Þ. Þðèø 

Àííîòàöèÿ: â ñòàòüå îïèñàíà íåäîðîãàÿ àâòîìàòè÷åñêàÿ ñåíñîðíàÿ ñèñòåìà ïîâûøåííîé 
íàäåæíîñòè è áûñòðîäåéñòâèÿ (∼ 15 ìñ) äëÿ îïðåäåëåíèÿ òîëùèíû áóìàãè. Ñåíñîðíàÿ ñèñ-
òåìà ñîäåðæèò íåäîðîãîé ïðåîáðàçîâàòåëü îñâåùåííîñòè â ÷àñòîòó è èíòåãðàëüíóþ ìèê-
ðîñõåìó óíèâåðñàëüíîãî ñåíñîðíîãî èíòåðôåéñà. Ðàçðàáîòàííàÿ ñåíñîðíàÿ ñèñòåìà èìååò 
øèðîêèé äèíàìè÷åñêèé äèàïàçîí 5 000 000 : 1, âûñîêóþ ïîìåõîóñòîé÷èâîñòü è ðàçðåøàþ-
ùóþ ñïîñîáíîñòü, à òàêæå ìèíèìàëüíûå àïïàðàòóðíûå çàòðàòû. Áëàãîäàðÿ íåâûñîêîé öåíå 
è ìèíèìàëüíîìó ÷èñëó ýëåêòðîííûõ êîìïîíåíòîâ, òàêàÿ ñåíñîðíàÿ ñèñòåìà ìîæåò èñïîëü-
çîâàòüñÿ íå òîëüêî â ôîòîïðèíòåðàõ, íî è â îôèñíûõ ëàçåðíûõ è ñòðóéíûõ ïðèíòåðàõ. 

Êëþ÷åâûå ñëîâà: îïòè÷åñêèé äàò÷èê òîëùèíû áóìàãè, ïðåîáðàçîâàòåëü îñâåùåííîñòü-
÷àñòîòà, óíèâåðñàëüíûé ñåíñîðíûé èíòåðôåéñ 

© S. Yu. Yurish, 2009



CÅÍÑÎÐÍÀ ÑÈÑÒÅÌÀ ÄËß ÀÂÒÎÌÀÒÈ×ÍÎÃÎ ÂÈÇÍÀ×ÅÍÍß ÒÎÂÙÈÍÈ ÏÀÏÅÐÓ 
ÍÀ ÁÀÇ² ÓÍ²ÂÅÐÑÀËÜÍÎÃÎ ÑÅÍÑÎÐÍÎÃÎ ²ÍÒÅÐÔÅÉÑÓ 

Ñ. Þ. Þðèø 

Àíîòàö³ÿ: ó ñòàòò³ îïèñàíà íåäîðîãà àâòîìàòè÷íà ñåíñîðíà ñèñòåìà ï³äâèùåíî¿ íàä³é-
íîñò³ òà øâèäêîä³¿ (∼ 15 ìñ) äëÿ âèçíà÷åííÿ òîâùèíè ïàðïåðó. Ñåíñîðíà ñèñòåìà ì³ñòèòü 
íåäîðîãèé ïåðåòâîðþâà÷ îñâ³òëåíîñò³ â ÷àñòîòó é ³íòåãðàëüíó ì³êðîñõåìó óí³âåðñàëüíîãî 
ñåíñîðíîãî ³íòåðôåéñó. Ðîçðîáëåíà ñåíñîðíà ñèñòåìà ìàº øèðîêèé äèíàì³÷íèé ä³àïàçîí 5 
000 000 : 1, âèñîêó çàâàäîñò³éê³ñòü ³ ðîçä³ëü÷ó çäàòí³ñòü, à òàêîæ ì³í³ìàëüí³ àïàðàòóðí³ âèò-
ðàòè. Çàâäÿêè íåâèñîê³é ö³í³ é ì³í³ìàëüíîìó ÷èñëó åëåêòðîííèõ êîìïîíåíò³â, òàêà ñåíñîð-
íà ñèñòåìà ìîæå âèêîðèñòîâóâàòèñÿ íå ò³ëüêè ó ôîòîïðèíòåðàõ, àëå é â îô³ñíèõ ëàçåðíèõ ³ 
ñòðóìèííèõ ïðèíòåðàõ. 

Êëþ÷îâ³ ñëîâà: îïòè÷íèé ñåíñîð òîâùèíè ïàïåðó, ïåðåòâîðþâà÷ îñâ³òëåí³ñòü-÷àñòîòà, 
óí³âåðñàëüíèé ñåíñîðíèé ³íòåðôåéñ 

S. Yu. Yurish
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CORRELATIVE PROCESSING OF INFORMATION IN BIOSENSORS 
BY SURFACE PLASMON RESONANCE 

I. Voitovych, I. Yavorsky 

V.Glushkov Institute of Cybernetics of the National Academy of Sciences of Ukraine, 40, Academician 
Glushkov av., 03680, Kyiv, Ukraine. Telephone:38-044 5260128, Facsimile: 38-044 5263348, 

e-mail: d220@public.icyb.kiev.ua 

CORRELATIVE PROCESSING OF INFORMATION IN BIOSENSORS 
BY SURFACE PLASMON RESONANCE 

I. Voitovych, I. Yavorsky 

Abstract. The paper considers the possibility of using the anti-noise correlation technique of sig-
nal processing in biosensors based on surface plasmon resonance (SPR sensors). Application of the 
said technique is rationalized to define the coordinate shift of resonance parameter which indicates 
analyte available in the sample under investigation. The example of analytic calculation of correla-
tion signal is presented for Gauss distribution of information luminous flux intensity. It is shown 
that the correlation technique being dependant on the specific purpose and the cost of a sensor can 
provide angular resolution 0 0

min ~ 0,01 0,0003 .Δθ −  

Keywords: surface plasmon resonance, SPR sensor, correlation technique, resolution capacity 

ÊÎÐÅËßÖ²ÉÍÀ ÎÁÐÎÁÊÀ ²ÍÔÎÐÌÀÖ²¯ Â Á²ÎÑÅÍÑÎÐÀÕ 
ÍÀ ÎÑÍÎÂ² ÏÎÂÅÐÕÍÅÂÎÃÎ ÏËÀÇÌÎÍÍÎÃÎ ÐÅÇÎÍÀÍÑÓ 

². Ä. Âîéòîâè÷, ². Î. ßâîðñüêèé 

Àíîòàö³ÿ. Ðîçãëÿíóòà ìîæëèâ³ñòü âèêîðèñòàííÿ àíòèøóìîâîãî êîðåëÿö³éíîãî ìåòîäó îá-
ðîáêè ñèãíàë³â â á³îñåíñîðàõ íà îñíîâ³ ïîâåðõíåâîãî ïëàçìîííîãî ðåçîíàíñó (ÏÏÐ-ñåí-
ñîðàõ). Îáãðóíòîâàíå çàñòîñóâàííÿ âêàçàíîãî ìåòîäó äëÿ âèçíà÷åííÿ êîîðäèíàòíîãî çñóâó 
ðåçîíàíñíî¿ õàðàêòåðèñòèêè, ÿêèé º ïîêàçíèêîì íàÿâíîñò³ àíàë³òó â äîñë³äæóâàí³é ïðîá³. 
Íàâåäåíî ïðèêëàä àíàë³òè÷íîãî ðîçðàõóíêó êîðåëÿö³éíîãî ñèãíàëó äëÿ ãàóñ³âñüêîãî ðîç-
ïîä³ëó ³íòåíñèâíîñò³ ³íôîðìàö³éíîãî ñâ³òëîâîãî ïîòîêó. Ïîêàçàíî, ùî êîðåëÿö³éíèé ìå-
òîä, â çàëåæíîñò³ â³ä êîíêðåòíîãî ïðèçíà÷åííÿ ³ âàðòîñò³ ñåíñîðà, ìîæå çàáåçïå÷èòè êóòîâó 
ðîçä³ëüíó çäàòí³ñòü 0 0

min ~ 0,01 0,0003 .Δθ −  

Êëþ÷îâ³ ñëîâà: ïîâåðõíåâèé ïëàçìîííèé ðåçîíàíñ, ÏÏÐ-ñåíñîð, êîðåëÿö³éíèé ìåòîä, 
ðîçä³ëüíà çäàòí³ñòü 

I. Voitovych, I. Yavorsky

© I. Voitovych, I. Yavorsky, 2009
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ÊÎÐÅËËßÖÈÎÍÍÀß ÎÁÐÀÁÎÒÊÀ ÈÍÔÎÐÌÀÖÈÈ Â ÁÈÎÑÅÍÑÎÐÀÕ 
ÍÀ ÎÑÍÎÂÅ ÏÎÂÅÐÕÍÎÑÒÍÎÃÎ ÏËÀÇÌÎÍÍÎÃÎ ÐÅÇÎÍÀÍÑÀ 

È. Ä. Âîéòîâè÷, È. À. ßâîðñêèé 

Àííîòàöèÿ. Ðàññìîòðåíà âîçìîæíîñòü èñïîëüçîâàíèÿ àíòèøóìîâîãî êîðåëëÿöèîííîãî 
ìåòîäà îáðàáîòêè ñèãíàëîâ â áèîñåíñîðàõ íà îñíîâå ïîâåðõíîñòíîãî ïëàçìîííîãî ðåçî-
íàíñà (ÏÏÐ-ñåíñîðàõ). Îáîñíîâàíî ïðèìåíåíèå óêàçàííîãî ìåòîäà äëÿ îïðåäåëåíèÿ êî-
îðäèíàòíîãî ñäâèãà ðåçîíàíñíîé õàðàêòåðèñòèêè, ÿâëÿþùåãîñÿ ïîêàçàòåëåì ïðèñóòñòâèÿ 
àíàëèòà â èññëåäóåìîé ïðîáå. Ïðèâåäåí ïðèìåð àíàëèòè÷åñêîãî ðàñ÷¸òà êîðåëëÿöèîííîãî 
ñèãíàëà äëÿ ãàóññîâñêîãî ðàñïðåäåëåíèÿ èíòåíñèâíîñòè èíôîðìàöèîííîãî ñâåòîâîãî ïî-
òîêà. Ïîêàçàíî, ÷òî êîðåëëÿöèîííûé ìåòîä, â çàâèñèìîñòè îò êîíêðåòíîãî íàçíà÷åíèÿ è 
ñòîèìîòè ñåíñîðà, ìîæåò îáåñïå÷èòü óãëîâîå ðàçðåøåíèå 0 0

min ~ 0,01 0,0003 .Δθ −  

Êëþ÷åâûå ñëîâà: ïîâåðõíîñòíûé ïëàçìîííûé ðåçîíàíñ, ÏÏÐ-ñåíñîð, êîðåëëÿöèîííûé 
ìåòîä, ðàçðåøàþùàÿ ñïîñîáîñòü 
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Æóðíàë “Ñåíñîðíà åëåêòðîí³êà ³ ì³êðîñèñ-
òåìí³ òåõíîëîã³¿” ïóáë³êóº ñòàòò³, êîðîòê³ ïîâ³-
äîìëåííÿ, 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 òå-
ìàòèö³, ïîòî÷íó ³íôîðìàö³þ — õðîí³êó, ïåð-
ñîíàë³¿, ïëàòí³ ðåêëàìí³ ïîâ³äîìëåííÿ, îãîëî-
øåííÿ ùîäî êîíôåðåíö³é.

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 ³ àíã-
ë³éñüêîþ ìîâàìè ³ ñóïðîâîäæóâàòèñÿ ôàéëàìè 
òåêñòó ³ ìàëþíê³â íà äèñêåò³. 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.
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ÂÈÌÎÃÈ ÄÎ ÎÔÎÐÌËÅÍÍß ÑÒÀÒÅÉ Ó ÆÓÐÍÀË
²ÍÔÎÐÌÀÖ²ß ÄËß ÀÂÒÎÐ²Â

Ïðàâèëà ï³äãîòîâêè ðóêîïèñó:

Ðóêîïèñè ïîâèíí³ ñóïðîâîäæóâàòèñÿ 
îô³ö³éíèì ëèñòîì, ï³äïèñàíèì êåð³âíèêîì óñ-
òàíîâè, äå áóëà âèêîíàíà ðîáîòà. Öå ïðàâèëî 
íå ñòîñóºòüñÿ ðîá³ò ïðåäñòàâëåíèõ ì³æíàðîä-
íèìè 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. Äîïóñ-
êàºòüñÿ 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, àíãë³éñü-
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êîþ ³ ðîñ³éñüêîþ ìîâàìè. Ïåðåä òåêñòîì àíî-
òàö³¿ ïîòð³áíî âêàçàòè íà ò³é æå ìîâ³: íàçâó ðî-
áîòè, ïð³çâèùà ³ ³í³ö³àëè âñ³õ àâòîð³â.
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Ð³âíÿííÿ ïîâèíí³ áóòè ââåäåí³, âèêîðèñ-
òîâóþ÷è MS Equat³on Ed³tor àáî MathType. 
Ðîáîòè ç ðóêîïèñíèìè âñòàâêàìè íå ïðèéìà-
þòüñÿ.

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-
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Ïîðÿäîê îôîðìëåííÿ ë³òåðàòóðè ïîâèíåí 
â³äïîâ³äàòè âèìîãàì ÂÀÊ Óêðà¿íè, íàïðèêëàä  

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, 
Amsterdam.: ed. by D.F. Brewer, 1986. —  248 p.

5. Ãðîìîâ Ê.Ä., Ëàíäñáåðã Ì.Ý., Îïòèìàëü-
íîå íàçíà÷åíèå ïðèîðèòåòîâ //Òðóäû ìåæ-
äóíàð. êîíô. “Ëîêàëüíûå âû÷èñëèòåëüíûå 
ñåòè”(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

2
Â

6
: 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 ïðèéìàþòüñÿ ò³ëüêè âèñî-
êîÿê³ñí³ 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 

âàðò³ñòü ñïëà÷óºòüñÿ àâòîðàìè ÷è ¿õ ñïîíñî-
ðàìè.

Sensor Electronics and Microsystem Technologies. 3/2009
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