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Introduction. High-tech production requires careful control of the technological process, the operation of fac-
tory equipment, as well as the parameters of work premises, which have to meet the criteria of safety and comfort 
of employees. For this, there are used sensors of physical parameters, including temperature.

Problem Statement. Inside industrial premises and near factory equipment, special temperature sensors that 
are not affected by various technological factors, such as high concentration of dust, aerosols of chemical sub-
stances, and high noise, shall be employed.

Purpose. The purpose of the research is to illustrate the possibility of creating an optical temperature sensor 
on liquid crystals, which reliably operates in the conditions of high-tech industrial production.

Material and Methods. Analytical review of scholarly research publications. Experiment, numerical analysis 
of experimental data.

Results. A design of optical threshold temperature sensor has been proposed. The sensor comprises an optical 
radiation source that is connected to the input optical pole of the optical switch. The sensor is capable of fixing a 
number of threshold temperatures that correspond to the phase transition temperatures of each temperature-
sensitive element. Composites based on a liquid crystal 6CB doped with magnetic Fe3O4 nanoparticles have been 
used as heat-sensitive elements. The phase transition temperature of these composites varies from 22 to 29 °C 
depending on the concentration and size of the Fe3O4 nanoparticles. Due to it, the sensor is able to record threshold 
temperatures in the range of 22—29 °C with an accuracy of 0.05 °C.

Conclusions. The design of temperature sensor on liquid crystals, which can be used in manufacturing enter-
prises, in particular, in modern battery production for monitoring temperature conditions inside industrial prem-
ises and near technological equipment has been proposed.

Keywords: industrial sensors, optical temperature sensors, liquid crystals, and phase transitions.

Citation: Skosar, V. Yu., Burylova, N. V., Voroshilov, O. S., and Burylov, S. V. (2023). Development of an Op-
tical Temperature Sensor on Liquid Crystals. Sci. innov., 19(5), 34—42. https://doi.org/10.15407/scine19.05.034

RESEARCH AND ENGINEERING
INNOVATION PROJECTS
OF THE NATIONAL ACADEMY
OF SCIENCES OF UKRAINE



ISSN 2409-9066. Sci. innov. 2023. 19 (5) 35

Development of an Optical Temperature Sensor on Liquid Crystals

Modern high-tech production is impossible unless 
the technological process, the operation of facto-
ry equipment, as well as the specified parameters 
of the working premises, which are necessary for 
the safety and comfort of employees are controlled 
carefully. In turn, it requires a variety of sensors 
of physical parameters, including the tempera-
ture sensors [1, 2]. Temperature control systems 
that use temperature sensors have been becoming 
increasingly popular in residential buil dings [3].

Measuring the temperature of process equipment, 
industrial plants, as well as working and residen-
tial premises is possible both by the contact methods 
(for example, with the use of a thermometer or a 
thermocouple), and by the non-contact ones (for 
example, by the radiation analysis) [4].

One of the promising methods of temperature 
measurement is the use of optical temperature sen-
sors on liquid crystals as a thermosensitive ele-
ment. Therefore, such optical sensors that replace 
the mercury and alcohol thermometers, have al-
ready become widespread in the market of house-
hold services [5]. However, inside industrial pre-
mises and near factory equipment, special optical 
sensors that are not affected by various techno-
logical factors, such as high concentration of dust, 
aerosols of chemical substances, high noise level, 
and so on may be necessary. Often, such sensors 
shall act as logic devices that generate an output 
alarm signal if the measured parameter exceeds 
some threshold value. These are the so-called thre-
shold optical temperature sensors [6].

Therefore, an urgent task is the development of 
such an optical temperature sensor on liquid crys-
tals, which would operate reliably in the condi-
tions of high-tech industrial production, in par-
ticular, at battery factories.

The purpose of the research is to illustrate the 
possibility of designing such a sensor.

GENERAL INFORMATION ABOUT
LIQUID CRYSTALS AND COMPOSITE
LIQUID-CRYSTAL MATERIALS

It should be emphasized that liquid crystals have 
many interesting physical properties, due to their 

complex crystal structure, more precisely, their 
liquid crystalline state of matter. Liquid crystal is 
a phase state that is taken by some substances are 
converted at a certain temperature or concentra-
tion in solution (so-called thermotropic or lyotropic 
systems). Liquid crystals simultaneously possess 
both the properties of liquids (fluidity) and crys-
tals (characterized by anisotropy). Liquid crys-
tals are viscous liquids consisting of elongated or 
disk-shaped molecules arranged in a certain way 
throughout the volume of the liquid [7—9].

The most famous structural types of liquid 
crystals are as follows: smectic, nematic, and chol-
esteric; the corresponding substances have the na-
mes: smectics, nematics, and cholesterics (Fig. 1). 
In smectics, the molecules are arranged in layers, 
but their centers of mass can move in the plane of 
the layer. The predominant direction of the mo-
lecule orientation is usually called the “director” 
that is denoted by the vector n (Fig. 1, a). In 
nematics, the molecules are oriented mainly along 
one axis, with their centers of mass located ran-
domly. The molecules can be elongated (Fig. 1, b) 
or disk-shaped (Fig. 1, d). Cholesterics contain 
mirror-unsymmetrical molecules arranged in a 
pe riodic spiral structure (Fig. 1, c).

The thermotropic liquid crystals are character-
ized by the two temperature points: the melting 
temperature (Tm) and the clearing temperature 

Fig. 1. Types of liquid crystals [7—9]
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(Tcl). Below Tm, the substance has a crystal struc-
ture (Cr), while above the Tcl the substance is a 
liquid (L), namely the liquid crystal phase exist 
between the melting and clearing points. This is 
illustrated by the example of cholesteryl benzoate 
(Fig. 2) [10].

Let us recall the history of liquid crystal dis-
covery [10—16]. In 1861, during the synthesis of 
cholesteryl chloride, the professor of anatomy of 
the Lviv (at that time — Lemberg) University, Ju-
liusz Planer, for the first time observed the unique 
optical properties of this substance that changed 
its color in incident and transmitted light upon 
melting. He published the results of his research 
in [14] (the English translation [15]), which be-
came the first documentary observation of the 
physical properties of thermotropic cholesteric 

liquid crystals and phase transitions in these sub-
stances. In 1888, the Austrian botanist Friedrich 
Reinitzer observed how the crystalline substance 
cholesteryl benzoate, when heated to Tm, turned 
into a cloudy liquid that dispersed light a lot, and 
then upon further heating, at Tcl, the substance 
became transparent [10]. However, the physical 
reason for such optical properties was not clear to 
the researchers. Therefore, Reinitzer asked for an 
explanation to the German crystallographer Otto 
Lehmann who, in 1889, established that a cloudy 
liquid was anisotropic and had the properties of a 
crystal. Therefore, Otto Lehmann called this 
state of matter “liquid crystal” [16].

Since the 1960s, liquid crystals have been wi-
dely used in microelectronics, as they are able to 
easily change their structure and properties with 
little external influence, that is, they are able to 
display and transmit information with minimal 
energy consumption [7—9].

Let us consider another type of liquid crystal ma-
terials — colloidal suspensions or composites based 
on liquid crystals. They are liquid crystals with 
added nanoparticles having a size of 10—100 nm. 
These materials can be characterized by the prop-
erties that are even more interesting for science 
and useful for technical applications. Nanoparti-
cles do not change the general orientation of mol-
ecules in the entire volume of liquid crystals, but 
they can significantly correct the orientation of 
molecules close to the particles (Fig. 3) and affect 
the effective properties of liquid crystals. For ex-
ample, it is possible to change the point liquid 
crystal — liquid (Tcl) phase transition. It is possi-
ble to increase the sensitivity of composites to 
electric and magnetic fields. Figure 3 schemati-
cally shows the composite structure from which 
we can see that the spherical nanoparticles are 
able to turn the nearest liquid crystal molecules 
perpendicular to their surface. 

The theoretical study of composites started in 
1970 [17], and in the 1980s and 1990s they were 
synthesized experimentally [18—21]. Since the 
1990s, there have appeared many publications on 
theoretical and experimental study of the inter-

Fig. 2. Cholesteryl benzoate phases [10]

Fig. 3. Example of colloid suspension based on liquid crystals
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nal structure and collective effects in composites, 
for example [22—31]. These studies, in particular, 
have shown that the points of phase transitions 
depend on the concentration and properties of 
nanoparticles, so engineering devices based on 
composite liquid crystals can serve as tempera-
ture indicators.

OPTICAL TEMPERATURE INDICATORS
ON LIQUID CRYSTALS 

Optical effects in liquid crystals have already used 
in information technology. Based on liquid crys-
tals, the following devices have been designed: 
displays; microlasers; controlled optical diodes; 
light modulators; adaptive lenses; phase correc-
tors; deformation detectors; detectors of electric, 
magnetic, and thermal fields; materials for recor-
ding holograms [7—9, 32, 33].

The effect of selective light scattering on the 
periodic structure of cholesteric liquid crystals 
(cholesterics) is widely known. In such substanc-
es, the molecules are arranged in layers, and with-
in each layer the molecules are oriented parallel 
to the director. Since when moving from one lay-
er to another, the director turns to a small angle, 
the liquid crystal looks like a layered spiral tex-
ture with some spiral pitch (Fig. 1, c). Under il-
lumination with white light, such a liquid crystal 
selectively reflects light like a diffraction grating. 
With normal light incidence, light with a wave-
length approximately equal to the pitch of the spi-
ral is maximally reflected. Many cholesteric liquid 
crystals have a spiral pitch of 400—1000 nm. The-
refore, they scatter in the region of visible light. 
Temperature variations and mechanical deforma-
tions affect the pitch of the helix in the texture of 
cholesterol. This leads to change in the color of the 
light scattered by them and allows displaying the 
deformation fields and the temperature fields [33].

Of course, temperature indicators on choles-
terics are constructed in the form of a heat-sensi-
tive film coating on the studied surface. In such 
liquid crystals, light splits into two waves, the 
tran smitted and reflected ones. Black paint is ap-

plied to the studied surface to absorb the light 
wave passing through the liquid crystal. The sec-
ond light wave is selectively reflected from the 
liquid crystal and characterizes the crystal color. 
This light wave gives information about the de-
formation or the temperature of the studied sur-
face. This is how film thermosensors or deforma-
tion sensors work [33]. However, since high noise, 
vibration, and pressure drops, cause uncontrolled 
deformations, such sensors work unreliably, be-
cause these factors introduce errors into the proc-
ess of temperature measurement. In addition, che-
micals aerosols in the production conditions can 
damage film temperature sensors. An additional 
negative factor is that in many cases it is neces-
sary to measure the temperature in some local 
places, and for this it is better to use a small liquid 
crystal rather than a film coating.

Therefore, let us consider fiber optic tempera-
ture sensors on liquid crystals [34]. The principle 
of operation of such sensors is based on the con-
version of the temperature effect into a modulat-
ed light signal and its transmission over an optical 
fiber communication line. Usually, in such sen sors, 
the light generated by the light source is trans-
mitted to a heat-sensitive element via an optical 
fiber, the light signal is modulated on the heat-
sensitive element and further fed to a detector via 
an optical fiber. There may be the sensors in which 
the optical fiber itself is a sensitive element and is 
capable of modulating the light signal. However, 
known fiber optic temperature sensors usually re-
spond only to one temperature value that is set 
by the thermosensitive element properties and 
cannot react to several values in the temperature 
range [6, 34, 35].

Figure 4 illustrates the scheme of such a fiber 
optic temperature sensor. The temperature sensor 
has radiation source (1), such as a laser; lens (2); 
thermosensitive element (3); photodetector (4); 
fiber optic cable (5); dispersing lens (6); and fo-
cusing lens (7). A liquid crystal is used as thermo-
sensitive element (3) that is capable of detecting 
one threshold temperature value. In this device, 
lens (2) allows improving the input of optical ra-
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diation into optical fiber (5), and lenses (6) and 
(7) reduce the heating of liquid crystals (3) from 
radiation due to the redistribution of light over a 
larger plane, which reduces the error of environ-
ment temperature measurement. However, as al-
ready mentioned, such a sensor can record only 
the achievement of one threshold temperature. In 
order to carefully control the temperature condi-
tions, it is necessary to use several similar sensors 
that react on different threshold temperature 
(due to, for example, special changes in the com-
position of liquid crystals) [34, 35]. 

Further, we demonstrate the results of our de-
sign of a fiber optical liquid crystal sensor of thre-
shold temperature capable of detecting a ran ge of 
threshold temperatures. 

OPTICAL LIQUID CRYSTAL SENSOR
OF TRESHOLD TEMPERATURE  

We offer the following sensor design (Figs. 5, 6). 
The source of optical radiation (D) is connected 
to the input optical pole of the optical switch 
(OP), the output optical poles of which are con-
nected to a group of optical fibers (VS1...VSN). A 
control signal (SK) from an external monitoring 
system (not shown in Fig. 5) is connected to the 
input of the optical switch (OP). An optical 
switch is an optical device with one input optical 
pole and several output optical poles, which en-
sures the closure of an optical circuit with one of 
the output optical poles, and the switching proc-
ess is controlled by an electric potential. With the 
help of the group of optical fibers (VS1...VSN), the 
output optical poles of the optical switch (OP) 
are connected to a group of thermosensitive ele-
ments (T1...TN) through the dispersing lenses (LR1...

LRN) and through polarizers (P1...PN). Thus, the 
group of thermosensitive elements (T1...TN) is con-
nected in parallel to the source of optical radia-
tion (D) through the optical switch (OP). With 
the help of optical fibers (VS1...VSN), the group of 
thermosensitive elements through analyzers (A1...
AN) and through the focusing lenses (LF1...LFN) 
is connected in parallel to the photodetector (F). 
The photodetector output (F) is connected (SF 
signal) to the external monitoring system. In each 
thermosensitive element, a liquid crystal (RK) is 
fixed in an optically active structure that rotates 
the plane of light polarization by 90° (Fig. 6). To 
ensure this, the liquid crystal (RK) is placed be-
tween two parallel transparent plates with guid-
ing layers (PV) and (PG), with the direction of 
the guiding layers on the second plate (PG) be-
ing perpendicular to that on the first plate (PV). 
This results in a 90° rotation of the liquid crystal 
optical axis: from the surface of the crystal in con-
tact with the first transparent plate (PV) to the 
surface of the crystal in contact with the second 
transparent plate (PG). This leads to a 90° rotation 
of the light polarization plane. In principle, it is 
possible to simplify the sensor design by excluding 
the dispersing and the focusing lenses from it.

Such an optical threshold temperature sensor 
is capable of recording several threshold temper-
atures that correspond to the phase transition 
temperatures of each temperature sensitive ele-
ment of the sensor. Due to the fact that the group 
of temperature-sensitive elements (T1, T2, ... TN) 
is connected in parallel to the source of optical 
radiation by means of the optical switch and to 
the photodetector, the optical switch (OP) can 
close the optical circuit between the source of op-
tical radiation (D) and one of the temperature-
sen sitive elements (Ti) and the photodetector (F). 
In this state, the sensor can record only the achie-
vement of one threshold temperature that is equal 
to the temperature of the phase transition of the 
corresponding temperature-sensitive element (Ti). 
The optical switch is able to connect each tem-
perature-sensitive element to the source of opti-
cal radiation, one after the other, depending on 

Fig. 4. Scheme of the fiber optical temperature sensor [35]
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the control signal (SK) from the external moni-
toring system, which is connected to the input of 
the optical switch. This allows the sensor to re-
cord the achievement of each threshold tempera-
ture that is equal to the temperature of the phase 
transition of the corresponding temperature-sen-
sitive element, one after the other. Due to the fact 
that the output of the photodetector is connected 
(SF) to the external monitoring system, the ex-
ternal monitoring system has the ability to re-
ceive information about the achievement of each 
threshold temperature. It is possible to use a com-
puter or other intelligent devices as an external 
monitoring system. Due to the fact that a dispers-
ing lens and a focusing lens are placed in front and 
behind each temperature-sensitive element, respec-
tively, the sensor is characterized by a small error 
in measuring the environment temperature.

Let us consider how an optical temperature sen-
sor works. Unpolarized light from the optical ra-
diation source (D) passes through the optical switch 
(OP). An external monitoring system (not shown 
in Fig. 5) controls the switching of the optical 
switch (OP) with the help of control signal (SK) 
by sending successive commands that make the 
optical switch (OP) sequentially close the opti-
cal circuit with the thermosensitive element (Ti), 
one after the other. In parallel, the external moni-
toring system receives a signal (SF) from the pho-
todetector (F), which allows identification of an-
other temperature-sensitive element (Ti), through 
which the optical radiation from the source (D) 
has to pass. After the optical switch (OP), the un-
polarized light passes through the fiber optic gui-
de (VС), the dispersing lens (LR), and through 
the polarizer (Pi). Further, the polarized light pas-
ses through the first transparent plate with a gui-
ding layer (PV). For example, vertically pola rized 
light passes through a transparent plate with a 
vertically oriented layer (PV). After that, the po-
la rized light passes through the liquid crystal (RK), 
which leads to a light polarization plane rotation 
by 90°, provided the environment temperature 
and, accordingly, the temperature of the liquid 
crystal does not exceed the temperature of its pha-

se transition. After that, the polarized light passes 
through the analyzer (A) and through the focus-
ing lens (LF). However, if the temperature of the 
environment and, accordingly, of the liquid crys-
tal (RK) reaches or exceeds the temperature of its 
phase transition, the liquid crystal turns into an iso-
tropic liquid that no longer rotates the plane of light 
polarization. In this case, the polarized light can no 
longer pass through (Ai), because it is crossed at 90° 
with the direction of light polarization. Thus, if the 
environment temperature reaches or exceeds the 
temperature (ti) of the phase transition of the ther-
mosensitive element (Ti), the photodetector records 
the absence of a signal, and thereby informs the ex-
ternal monitoring system that (ti) has been reached. 
If we properly reduce the power of the optical ra-
diation source (D) and accordingly increase the 
sensitivity of the photodetector (F), it is possible 
not to use lenses (LR1...LRN), (LF1...LFN), which 
simplifies the sensor design. 

In this sensor, it is possible to use composites 
based on liquid crystal 6CB (4-cyano-4-hexylbi-

Fig. 5. Scheme of the proposed optical temperature sensor 
on liquid crystals

Fig. 6. Temperature sensitive element
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phenyl) with the addition of iron oxide (Fe3O4) 

magnetic nanoparticles as thermosensitive liquid 
crystals. The synthesis process of such composites 
and the results of experiments on determining the 
temperature Tcl of the liquid crystal — isotropic liq-
uid phase transition have been described in [36]. 
The nanoparticles have a spherical shape, their di-
ameter varies from 10 to 30 nm. The nanoparticles 
are pretreated with a surfactant (oleic acid) to pre-
vent their magnetic coagulation. As a result, stable 
systems with a volume concentration of impurities 
from 10–4 to 10–3 are obtained. As shown by experi-
mental studies [36], the phase transition tempera-
ture of such composite liquid crystals varies from 
22 to 29 °С, depending on the concentration and 
size of Fe3O4 nanoparticles. For example, these liq-
uid crystals can provide temperature-sensitive ele-
ments with threshold temperature of 22; 23; 24; 25; 
26; 27; 28; and 29 °С with an accuracy of 0.05 °С. 

This means that sensors based on such composites 
can work near the battery forming plant in a bat-
tery factory, or near the lead paste coating plant, 
where the temperature rarely exceeds 28—29 °С.

The above analysis of the technical properties 
of the optical threshold temperature sensor on 
liquid crystals has shown that this device can be 
successfully used to monitor temperature conditi-
ons inside industrial premises, near process equip-
ment, including in conditions of high concentra-
tion of dust in the air (at mines). For example, the 
proposed sensor can be used in battery pro duc-
tion: in a paste preparation and paste sprea ding 
workshop, a molding workshop. The sensor is 
suitable for obtaining accurate information about 
changes in the temperature field both near the 
process equipment and inside the personnel pre-
mises. Our development has been protected by a 
Ukrainian utility model patent [37].
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РОЗРОБКА ОПТИЧНОГО ДАТЧИКА ТЕМПЕРАТУРИ НА РІДКИХ КРИСТАЛАХ

Вступ. Високотехнологічне виробництво потребує ретельного контролю технологічного процесу, роботи заводського 
устаткування, параметрів робочих приміщень, які задовольняють критеріям безпеки і комфорту працівників. Для цього 
використовують датчики фізичних параметрів, зокрема, й температури.

Проблематика. В умовах промислових приміщень і поблизу заводського устаткування необхідними є спеціальні 
датчики температури, які не пошкоджуються від дії різноманітних технологічних факторів: високої концентрації пилу, 
аерозолів хімічних речовин, високого рівня шуму. 

Мета. Показати можливості конструювання оптичного датчика температури на рідких кристалах, який буде на-
дійно працювати в умовах високотехнологічного промислового виробництва.

Матеріали й методи. Застосовано аналітичний огляд наукових публікацій, експеримент, чисельний аналіз експе-
риментальних даних.

Результати. Запропоновано конструкцію оптичного порогового датчику температури, який містить джерело оп-
тичного випромінювання, підключене до вхідного оптичного полюса оптичного перемикача. Датчик здатен фіксува-
ти ряд порогових температур, які відповідають температурам фазового переходу кожного термочутливого елемента. 
Як термочутливі елементи використано композити на основі рідкого кристалу 6CB з додаванням магнітних наночас-
тинок Fe3O4. Вони змінюють температуру фазового переходу від 22 до 29 °С залежно від концентрації та розмірів на-
ночастинок. Завдяки цьому датчик може фіксувати порогові температури в діапазоні 22—29 °С з точністю 0,05 °С.

Висновки. Запропоновану розробку датчику температури на рідких кристалах може бути використано на промис-
лових підприємствах, зокрема, на сучасному акумуляторному виробництві для контролю за температурними режи-
мами у приміщеннях і поблизу технологічних установок.

Ключові слова: промислові датчики, оптичні датчики температури, рідкі кристали, фазові переходи.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


