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Abstract 

 

Density, viscosity and refractive index of binary mixtures consisting of diethyl succinate + 2-

methyl-1-propanol or + 3-methyl-1-butanol have been measured at atmospheric pressure and 

over the temperature range from 288.15 K to 323.15 K. Excess and deviation functions have 

been calculated from these data and fitted to the Redlich-Kister equation. The values of excess 

molar volume and deviation functions, with FTIR study, were further used in the analysis of 

molecular interactions present in the mixture as well as the temperature influence on them. Molar 

excess Gibbs free energies of activation of viscous flow were additionally calculated from 

measured density and viscosity data for better understanding of present molecular interactions. 

Viscosity modelling was done using two different approaches, predictive by group contribution 

models (UNIFAC-VISCO and ASOG-VISCO) and correlative (Teja-Rice, Grunberg–Nissan, 

McAlister, Eyring-UNIQUAC and Eyring-NRTL models), and compared to measured data. The 

obtained results were analysed in terms of the applied approach and model.  
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1. Introduction 

 

This paper is a continuation of the research work whose objective is to measure thermodynamic 

properties for binary systems involved in wine production processes [1,2]. The main wine 

compounds are water and ethanol, but several minor components such as esters, alcohols, 

aldehydes, and acetates are also present [3-7]. These minor components are called congeners. For 

modeling and process simulation in which these mixtures appear, binary data of the properties 

such as density, viscosity and refractive index over a wide range of temperature, are needed.  

As ethyl butyrate, already tested in our laboratory [1], ester diethyl succinate has excellent 

properties for industrial applications. Diethyl succinate is a byproduct of the fermentation of 

sugar and that’s why it is often present in fermented wines and beers that have aged a long time. 

It is also present as an additive in foods and synthetic flavorings and aromas (it is FDA 

approved).  

Binary mixtures of wine congeners have been analyzed before [8,9], and also several studies of 

the thermophysical properties of ester diethyl succinate [10,11] have been conducted in the recent 

years. However, data of the properties for the mixtures investigated in the paper are still missing 

in the literature. 

Densities, refractive indices and viscosities for two binary mixtures of diethyl succinate with 

alcohols 2-methyl-1-propanol (isobutanol) or 3-methyl-1-butanol (isopentanol), are reported at 

atmospheric pressure and at eight temperatures ranging from 288.15 K to 323.15 K with 

temperature step of 5 K. The experimental results from this study have been used to calculate 

excess molar volumes (VE), deviation functions ( ηΔ , DnΔ ) and molar excess Gibbs free energies 

of activation of viscous flow �G*E. These properties are then correlated with Redlich-Kister 

equation [12] and used afterwards for analysis of molecular interactions existing in the mixtures. 

Fourier-transform infrared (FT-IR) spectroscopy studies of all pure compounds and 

mixtures were also performed, to obtain a better insight into major inter- and 

intramolecular interactions in the studied mixtures, by examining the position and shifts of 

the band, the band width and changes of band shape. 

Also, in this work, the predictive UNIFAC-VISCO [13,14] and ASOG-VISCO [15] models 

were used for modelling the viscosity of the selected binary mixtures. These models are used as 

pure predictive considering that the interaction parameters between functional groups present in 
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the investigated systems are all known and taken from the literature [13,14] and our previous 

works [16,17]. The significance of the predictive approach is that the mixture viscosity could be 

calculated from the pure component data and the interaction parameters. Having in mind the fact 

that correlative models often lead to better results, the viscosity data were also calculated by 

Teja-Rice [18,19], Grunberg-Nissan [20], McAlister [21], Eyring-UNIQUAC [22] and Eyring-

NRTL [23] models. For this kind of modelling experimental data are necessary for determination 

of interaction parameters (one or more) by using some optimization technique. 

 

2. Experimental section 

 

Basic informations about the chemicals used in this investigation are given in Table 1. Diethyl 

succinate (w=0.99) was purchased from Acros Organics, and isobutanol (w=0.997) and 

isopentanol (w=0.99) from Fisher Chemical. Experimental data on density, viscosity and 

refractive index of these chemicals were compared with literature values at 298.15 K (Table 2 

[10,11,24-27]). The agreement was satisfactory with differences within 0.8 kg·m-3 for densities, 

less than 6�10-4 for refractive indices and up to 9�10-2 mPa·s for viscosities.  

Densities of the investigated binary mixtures and pure components were measured on Anton 

Paar DMA 5000 densimeter, refractive indices were measured on Anton Paar RXA-156 

refractometer and viscosity measurements were conducted on a Stabinger SVM 3000/G2 

viscometer. 

 Mixtures were prepared gravimetrically on a Mettler AG 204 balance. The balance precision is 

1�10-7 kg and the standard uncertainty in mole fraction is evaluated as ±1�10-4. The combined 

expanded uncertainty in density is within ± 6�10-2 kg·m-3 with a 0.95 level of confidence (k≈2) 

and the uncertainty in excess molar volume is less than ± 5�10-9 m3·mol-1. The uncertainties in 

refractive indices and viscosity data are estimated as ± 9�10-5 units and ±0.7 %, respectively, 

while for viscosity and refractive index deviation they are ± 0.2 % and ± 6�10−5 units. 

Spectra of pure components and binary mixtures were acquired directly using 

Attenuated Total-internal Reflection (ATR) accessory (with Zn-Se crystal) and FTIR 

Spotlight 400 System (Perkin Elmer, Italy). All the spectroscopic studies were performed at 

298.15 K. 
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Before each acquisition of the new sample spectrum, ATR plate was cleaned with acetone 

using lens tissues and the background infrared spectrum was collected in order to eliminate 

unwanted influences on spectra such as water vapor and carbon-dioxide from the 

atmosphere, as well as potential impurities left on the ATR crystal. The spectra were 

collected in the range 4000-650 cm-1 with 4 cm-1 resolution, and each spectrum was 

averaged across 16 scans in order to minimize noise in spectra. Acquired spectra were 

baseline corrected using software Spectrum 10 (Perkin Elmer, Italy). 

 

3. Results and discussion 

 

Densities ρ, viscositiesη and refractive indices nD for two binary systems (diethyl succinate + 

isobutanol and diethyl succinate + isopentanol), measured at eight temperatures T=(288.15, 

293.15, 298.15, 303.15, 308.15, 313.15, 318.15 and 323.15) K and atmospheric pressure are 

given in Table 3.  

Experimental densities of the mixtures � and the pure components ρi, were used to calculate the 

excess molar volumes VE from equation: 

2
E

1

1 1
i i

i i

V x M
ρ ρ=

� �� �� �
= −� �� 	� 	


 � 
 �� 

�      (1) 

in which Mi is the molecular weight of component i and xi is its mole fraction. 

The deviation functions were determined from the equation:

2

1
i i

i

Y Y x Y
=

Δ = −�       (2) 

in which YΔ refers to viscosity deviation Δη or deviation in refractive index ΔnD, Y denotes 

mixture property, viscosity � or refractive index nD, while Yi is viscosity ηi , or refractive index 

nDi, of the pure component i. 

The values of excess molar volume VE and deviation functions Δη and ΔnD are also presented 

in Table 3.  

Excess molar volume and deviation functions were correlated with the Redlich-Kister (RK) 

equation [12]: 
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( )
0

2 1
k

p

i j p i
p

Z x x A x
=

= −�      (3) 

in which Z represents VE, Δη and �nD while Ap and k+1 are fitting parameters, optimized by F-

test, and their number. The values of fitting parameters for all investigated properties are 

presented in Table 4 in Supporting Information. The quality of correlation was estimated by the 

value of the root-mean-square deviations (rmsd) σ, calculated from the equation: 

( )
1/ 2

2

exp
1

/( )
m

cal
i

Y Y m kσ
=

� �
= − −� 	

 �
�     (4) 

in which m is the number of experimental data points. 

The excess molar volumes for investigated binary systems are positive at all temperatures and 

for all mixture compositions as displayed on Figure 1. At higher temperatures the values of 

excess molar volumes rise. The maximum of the curves for the system with isobutanol is located 

between 0.3 and 0.4 mole fraction of diethyl succinate. Curves for the system with isopentanol 

are almost symmetrical. 

Viscosity deviations, shown at Figure 2, are negative over the whole temperature and 

composition range. For analyzed mixtures negative Δη values are reduced with temperature rise. 

Maximum absolute values of viscosity deviations are obtained at 0.3 mole fraction of diethyl 

succinate for both mixtures. 

Deviations of refractive indices, plotted in Figure 3, are positive for both investigated systems 

at all temperatures, except for the solution with isopentanol and lower mole fractions of diethyl 

succinate where negative deviations occur (for x1=0.1 at all temperatures and for x1=0.2 at higher 

temperatures). Values of these deviations for measured systems are generally very small, with the 

highest values at the lowest temperature. This is especially noticed for the system with 

isopentanol where deviations of refractive indices are under 0.0007. 

 

FTIR analysis 

In Figure 4a, the infrared spectra (IR) of diethyl succinate + isobutanol mixture with the 

composition corresponding to the maximum excess molar volume are compared with those 

of the pure components.  
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The stretching band observed at 3323 cm−1 in pure isobutanol, characteristic for the OH 

stretching vibration, in the mixture is shifted to a higher wavenumber (3482 cm−1). The 

band significantly changed the shape and value of absorption maximum. It means that 

intermolecular hydrogen bonds are formed between the alcohol and diethyl succinate (O----

-H-O) [28], and it is a weak one because shifting from lower to higher frequencies indicates 

weakening of molecule interaction. 

Bands in the area 2800 cm-1 - 3000 cm-1 that result from the � (C-H) stretching vibrations 

of alkyl groups from these solutions haven not changed significantly the frequency value, 

shape and absorption maximum in the mixture. 

The band at 1730 cm-1, characteristic for the � (C�O) stretching vibration of pure diethyl 

succinate, is slightly shifted towards higher frequencies in the mixture, but has smaller 

intensity of absorption maximum. It can be also noticed presence of a shoulder beside the 

mentioned peak.  

Inspection of the spectra shown in Figure 4a reveals that bending frequencies of � (OH) 

for pure alcohol, deformation frequencies of �s (CH3) and �s (CH2), and stretching 

frequencies of �as [C-C(�O)-O]  and �s (C−O) groups in diethyl succinate, remain 

unchanged in the solution.  

Significant changes can be seen in area 1000-1075 cm-1. Band for asymmetrical vibration 

�as(C-O-C), characteristic for the esters, is narrower and has higher value of frequency 

than in pure substance. 

Also, the change for the C-O asymmetrical stretching vibration for pure isobutanol at 

1038 cm-1 is noticed. In the mixture, band is stronger, while frequency is shifted to smaller 

values, where it almost overlaps with �as(C-O-C) for investigated ester. These results 

indicate the presence of stronger hetero molecular interactions.  

The research of ester ethyl butyrate with these alcohols and also with primary alcohols, 

1-propanol, 1-butanol and 1-hexanol [1] shown that the highest excess molar deviations are 

obtained for system with isobutanol. But our ongoing investigations with this ester, diethyl 

succinate, in this work and the previous one [2], have shown that the magnitude of the 

positive sign of VE is increasing in the following order: 1-propanol < 1-butanol < isobutanol 

< isopentanol < 1-hexanol. This is in accordance with the FT-IR analysis mentioned above.  
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The values of relevant FT-IR stretching (�) and bending (�) frequencies of pure 

components investigated in the paper are given in Tables 5 and 6.  

The FT-IR spectra of pure compounds as well as the spectra of a solution of diethyl 

succinate and isopentanol at x1=0.4 are shown in Figure 4b. As in the case of the previous 

system with isobutanol, OH stretching band for pure isopentanol at 3326 cm−1 is shifted to 

a higher wavenumber of 3445 cm−1 in the mixture.  

As in the system with isobutanol, the C-O asymmetrical stretching vibration for pure 

isopentanol at 1057 cm-1 is wider in the mixture and absorption maximum has smaller 

value.  

For this system also, significant changes are in area 1000-1075 cm-1. Band for 

asymmetrical vibration �as(C-O-C) is wider and stretched in the mixture comparing to the 

pure ester. 

In general, ethers exhibit strong C�O stretching band around 1730 cm-1, and strong 

asymmetric C–O–C stretching band around 1100 cm-1, while alcohols show an easily 

distinguishable broad intense band due to self-associated molecules, around 3300 cm-1, and 

another one, due to C–O stretch, in the 1000 to 1150 cm-1 region [29]. 

The obtained results of excess molar volumes and FT-IR analysis allow insight into the 

molecular interactions existing in the mixture as well as the influence of alcohol chain 

length and branching on system behavior. The magnitude and the positive sign of VE can 

arise mainly from these factors [30]: (i) Positive contribution indicate that there are no 

strong specific interactions between components of a mixture. It is a consequence of the 

rupture of the H bonds in the self-associated alcohol and the physical dipole-dipole 

interactions monomer and multimer of the substance; (ii) Predominant intermolecular H 

bond stretching of the associated alcohol molecules in the presence of other substances; (iii) 

Steric hindrances as a result of unsuitable interstitial accommodation due to different 

molar volumes and free volumes of unlike molecules. 

As stated in our previous works [16,31], the excess molar Gibbs energy of activation of the 

viscous flow �G*E is a property used for better analysis of molecular interactions in the mixtures, 

and a more adequate one than viscosity deviations ��. 

The molar excess Gibbs free energies of activation of viscous flow �G*E were calculated using 

the equation: 
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*
2 2 1 1 1 2 2[ln( / ) ln( / )]EG RT V V x V Vη η η ηΔ = −    (5) 

in which �, V, �1, �2, V1 and V2 represent viscosity of the solution, its molar volume, viscosity 

of pure component 1, viscosity of pure component 2, molar volume of pure component 1 and 

molar volume of pure component 2, respectively. The values of �G*E are given in Table 3 

together with the other derived properties. 

The correlation with the RK equation (Eq.3) is also performed, and the values of fitting 

parameters are given in Table 4 together with the corresponding values of the root-mean-square 

deviations (rmsd) �, calculated from the Eq. (4). 

In principle, physical interaction, consisting mainly of dispersion forces or weak dipole–dipole 

interaction, lead to a negative contribution to �G*E and �� [32]. Thus, the fact that the �G*E 

obtained within this work are negative – see Figure 5 – qualitatively concurs with the positive 

molar excess volumes. 

Alcohol molecules are polar and self-associated through hydrogen bonding of their OH groups 

[33]. The disruption of alcohol multimers through breaking of hydrogen bonds makes a positive 

contribution to VE. Alcohols have dipole moment around 1.7 D (isobutanol (1.64 D), isopentanol 

(1.70 D)), while dipole moment for diethyl succinate is somewhat higher, 2.2 D. Mixing diethyl 

succinate with alcohols is expected to induce changes in the hydrogen boding equilibrium and 

electrostatic interactions, with results in different contributions to the volumes of the mixtures. 

Volume increase is a result of weakening of interactions between molecules of diethyl succinate. 

So, it can be concluded that disruption of hydrogen bonds in strongly self-associated alcohols or 

weakening of dipole−dipole interactions between polar diethyl succinate molecules as well as 

steric hindrances have a dominant effect [34]. Results obtained by FT-IR suggest that attractive 

dispersion interactions in the pure ester and alcohols are stronger than in their mixtures. 

 

Viscosity modelling 

The quality of models used in this work in predicting (UNIFAC-VISCO [13,14] and ASOG-

VISCO [15] models) and in correlating (Teja-Rice [18,19], Grunberg–Nissan [20], McAlister 

[21], Eyring-UNIQUAC [22] and Eyring-NRTL [23] models) dynamic viscosities of selected 

binary mixtures was tested by calculating the percentage deviations (PDmax), between the 

experimental and the calculated values, from the following equation: 
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( )
exp

1 exp max

100
( )

m
cal

i
i

PD
m

η η
η

η=

−
= �      (6) 

where �exp and �cal denotes experimental and calculated values of dynamic viscosity and (�exp)max 

is the maximum of experimental η values. 

Values of the percentage deviations (PDmax) for all used models and on each temperature can 

be found in Table 7.  

In order to obtain the model parameters or coefficients, the Marquardt optimization technique 

[35] was used for the minimization of the objective function given by the equation: 

2

exp

1 exp

1
min

m
cal

i

OF
m

η η

η=

� �−
= →� 	� 	


 �
�     (7) 

The UNIFAC-VISCO interaction parameters (αnm) are taken from the literature [13,14] and 

from our previous papers [16,17]. The ASOG-VISCO interaction parameters (mkl, nkl) can all be 

found in the literature [15].  

For correlative Eyring-NRTL model two values of PDmax are calculated. Depending on 

optimization of model parameter �, this model is used as two-parameter model, where � had 

value of 0.3, or three-parameter model. The optimization of � was done because of somewhat 

higher values of percentage deviations and the new results, below 1%, justify the use of this 

model as three-parameter. 

Three parameter McAllister-4 model give very good results with percentage deviation less than 

1% for the investigated systems. Two parameter McAllister-3 gives higher deviations then 

McAllister-4, but below 3% for both systems. The Eyring-UNIQUAC is of similar quality as the 

McAllister-3 model by PDmax values. The difference in two and three-parameter model Eyring-

NRTL for both systems is significant, and the three-parameter model gives the best results of all 

investigated models. The one-parameter models, Teja-Rice and Grunberg-Nissan, give somewhat 

poorer results than other correlative models, although Teja-Rice proved to be much better for 

these systems than Grunberg-Nissan.  

Predictive UNIFAC–VISCO model gives higher values of percentage deviations, ranging from 

13% to 38%, depending on system and temperature. The other predictive model, ASOG-VISCO, 

gives generally better results than UNIFAC-VISCO model, although results are very temperature 

dependent.  



 

10

Generally, the values of percentage deviations reduce with temperature rise, except for the 

ASOG-VISCO model, where the lowest ones are obtained for the temperatures in the middle of 

the investigated temperature range.  

 

4. Conclusions 

 

Density (ρ), viscosity (�) and refractive index (nD) of two ester + alcohol binary mixtures (diethyl 

succinate + 2-methyl-1-propanol and diethyl succinate + 3-methyl-1-butanol) are given in this 

paper at atmospheric pressure and at temperatures ranging from 288.15 K to 323.15 K. Excess 

molar volumes (VE) and deviation functions (��, �nD), as well as excess molar Gibbs energy of 

activation of the viscous flow (�G*E), calculated from experimental data, are correlated by 

Redlich-Kister equation and further used for interpretation of molecular interactions present in 

the mixtures. As expected, based on the previous thermodynamic investigations of ester + 

alcohol systems and FT-IR analysis, VE values were positive for all five solutions. Viscosity 

deviations and excess molar Gibbs energy of activation of the viscous flow are negative for both 

mixtures over the entire composition and temperature range.  

Results obtained by FT-IR suggest that attractive dispersion interactions in the pure ester and 

alcohols are stronger than in their mixtures, and that disruption of hydrogen bonds in strongly 

self-associated alcohols or weakening of dipole−dipole interactions between polar diethyl 

succinate molecules results in positive values of excess molar volumes. 

Viscosity modelling was performed with predictive and correlative models. UNIFAC-VISCO 

and ASOG-VISCO group contribution models were used to predict dynamic viscosities of 

investigated binary mixtures and these models give poorer results, with the percentage deviation 

from 6% up to 38%. The correlative models give much better results, depending of the number of 

parameters in the model. Results obtained with McAlister-4 model and with Eyring-NRTL, as 

three-parameter model, are very good with deviations below 1% in all cases. 
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Table 1. Sample information 

Chemical name Source Initial mass fraction 
purity 

Purification method 

diethyl succinate Acros Organics 99% none 
2-methyl-1-propanol 

(isobutanol) 
Fisher Chemical 99.7% none 

3-methyl-1-butanol 
(isopentanol) Fisher Chemical 99% none 
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Table 2. Densities �, dynamic viscosities � and refractive indices nD of the pure components 

studied in this work at 298.15 Ka 

Component 10-3� /(kg⋅⋅⋅⋅m-3) � /(mPa⋅⋅⋅⋅s) nD 
Exp. Lit. Exp. Lit. Exp. Lit. 

diethyl succinate 1.034440 1.0353a 
1.03553b 

2.4914 2.466a 
2.393b 

1.41731 1.4196a 
1.4179b 

2-methyl-1-propanol 0.798160 0.7978c 
0.79784d 

3.4307 3.333c 1.39371 1.3937d 

3-methyl-1-butanol 
0.804840 0.8071c 

0.80446e 
3.6709 3.738c 

3.740f 
1.40469 1.4052c 

1.4047e 

aStandard uncertainties u for each variables are u(T) = ± 0.01 K ; u(p) = ± 5 % ; u(x1) = 0.0001, and the combined 
expanded uncertainties Uc are Uc(�) = ± 6×10-2 kg⋅m-3; Uc(nD) = ± 9×10-5 and Uc(�) = ± 0.7 %, with 0.95 level of 
confidence (k � 2). aAminabhavi et al.10 bMathuni et al.11 cRiddick et al.24 dResa and Goenaga.25 eLladosa et al.26 fSalas 
et al.27 
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Table 3. Densities ρ, dynamic viscosities η, refractive indicies nD, excess molar volumes VE, 

viscosity deviations Δη, deviations in refractive index ΔnD and molar excess Gibbs free energies 

of activation of viscous flow �G*E for the binary mixtures diethyl succinate (1) + 2-methyl-1-

propanol (2) and diethyl succinate (1) + 3-methyl-1-butanol (2), at T = (288.15 to 323.15) K and 

atmospheric pressure a  

x1 10-3�/ 106VE/ �/ ��/ nD �nD �G*E 

(kg⋅⋅⋅⋅m-3) (m3⋅⋅⋅⋅mol-1) (mPa⋅⋅⋅⋅s) (mPa⋅⋅⋅⋅s)   (J⋅⋅⋅⋅mol-1) 
diethyl succinate (1) + 2-methyl-1-propanol (2) 

288.15 K 
0.0000 0.805878 -- 4.8293 -- 1.39784 -- -- 
0.0999 0.844646 0.1474 3.2841 -1.3819 1.40161 0.0014 -776.8 
0.2000 0.878529 0.2268 2.7625 -1.7399 1.40468 0.0021 -1059.4 
0.3001 0.908283 0.2636 2.5416 -1.7972 1.40763 0.0026 -1140.2 
0.4000 0.934668 0.2556 2.4732 -1.7023 1.41028 0.0029 -1098.0 
0.4999 0.958021 0.2469 2.4772 -1.5350 1.41269 0.0029 -995.6 
0.5999 0.978971 0.2217 2.5457 -1.3031 1.41485 0.0027 -839.8 
0.6999 0.997813 0.1888 2.6251 -1.0602 1.41684 0.0023 -683.1 
0.8000 1.014885 0.1469 2.7744 -0.7473 1.41860 0.0017 -473.8 
0.9000 1.030477 0.0852 2.9618 -0.3965 1.42027 0.0010 -246.5 
1.0000 1.044830 -- 3.1948 -- 1.42168 -- -- 

293.15 K 
0.0000 0.802034 -- 4.0516 -- 1.39578 -- -- 
0.0999 0.840500 0.1586 2.8159 -1.1113 1.39948 0.0013 -748.1 
0.2000 0.874134 0.2461 2.4035 -1.3991 1.40254 0.0020 -1011.1 
0.3001 0.903709 0.2852 2.2301 -1.4479 1.40546 0.0026 -1083.9 
0.4000 0.929939 0.2787 2.1772 -1.3764 1.40809 0.0028 -1044.2 
0.4999 0.953164 0.2700 2.1861 -1.2432 1.41050 0.0029 -945.2 
0.5999 0.974019 0.2417 2.2494 -1.0554 1.41266 0.0026 -795.0 
0.6999 0.992785 0.2046 2.3203 -0.8600 1.41464 0.0023 -646.1 
0.8000 1.009789 0.1584 2.4503 -0.6054 1.41640 0.0016 -446.4 
0.9000 1.025328 0.0909 2.6111 -0.3201 1.41808 0.0010 -231.0 
1.0000 1.039631 -- 2.8067 -- 1.41950 -- -- 

298.15 K 
0.0000 0.798160 -- 3.4307 -- 1.39371 -- -- 
0.0999 0.836328 0.1701 2.4432 -0.8937 1.39736 0.0013 -711.9 
0.2000 0.869728 0.2647 2.1076 -1.1352 1.40036 0.0019 -964.6 
0.3001 0.899117 0.3075 1.9728 -1.1760 1.40327 0.0025 -1028.5 
0.4000 0.925201 0.3018 1.9315 -1.1235 1.40589 0.0027 -992.8 
0.4999 0.948307 0.2925 1.9472 -1.0139 1.40827 0.0028 -893.9 
0.5999 0.969067 0.2618 2.0044 -0.8628 1.41044 0.0026 -751.8 
0.6999 0.987754 0.2211 2.0732 -0.7001 1.41243 0.0022 -605.4 
0.8000 1.004695 0.1702 2.1837 -0.4956 1.41419 0.0016 -420.6 
0.9000 1.020179 0.0975 2.3220 -0.2633 1.41587 0.0009 -218.6 
1.0000 1.034440 -- 2.4914 -- 1.41731 -- -- 

303.15 K 
0.0000 0.794254 -- 2.9226 -- 1.39161 -- -- 
0.0999 0.832132 0.1815 2.1346 -0.7187 1.39515 0.0012 -672.1 
0.2000 0.865307 0.2826 1.8656 -0.9182 1.39819 0.0019 -908.4 
0.3001 0.894508 0.3301 1.7560 -0.9583 1.40106 0.0024 -971.6 
0.4000 0.920447 0.3257 1.7301 -0.9149 1.40368 0.0027 -931.7 
0.4999 0.943440 0.3153 1.7469 -0.8288 1.40606 0.0027 -839.5 
0.5999 0.964107 0.2822 1.8022 -0.7041 1.40823 0.0025 -701.9 
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0.6999 0.982720 0.2379 1.8639 -0.5730 1.41022 0.0022 -565.6 
0.8000 0.999605 0.1815 1.9635 -0.4039 1.41197 0.0016 -389.8 
0.9000 1.015038 0.1033 2.0843 -0.2137 1.41368 0.0009 -201.1 
1.0000 1.029254 -- 2.2286 -- 1.41513 -- -- 

308.15 K 
0.0000 0.790306 -- 2.5053 -- 1.38948 -- -- 
0.0999 0.827900 0.1931 1.8748 -0.5808 1.39294 0.0011 -633.5 
0.2000 0.860851 0.3016 1.6590 -0.7469 1.39599 0.0018 -854.5 
0.3001 0.889876 0.3531 1.5737 -0.7824 1.39886 0.0024 -911.5 
0.4000 0.915677 0.3497 1.5571 -0.7493 1.40146 0.0026 -872.9 
0.4999 0.938560 0.3385 1.5763 -0.6804 1.40384 0.0026 -785.4 
0.5999 0.959140 0.3030 1.6285 -0.5785 1.40601 0.0025 -654.7 
0.6999 0.977683 0.2548 1.6864 -0.4709 1.40799 0.0021 -525.8 
0.8000 0.994511 0.1937 1.7752 -0.3323 1.40977 0.0015 -361.8 
0.9000 1.009899 0.1097 1.8823 -0.1755 1.41146 0.0009 -185.8 
1.0000 1.024076 -- 2.0081 -- 1.41291 -- -- 

313.15 K 
0.0000 0.786309 -- 2.1612 -- 1.38736 -- -- 
0.0999 0.823628 0.2046 1.6565 -0.4707 1.39078 0.0011 -594.1 
0.2000 0.856362 0.3204 1.4837 -0.6094 1.39381 0.0018 -800.0 
0.3001 0.885221 0.3754 1.4177 -0.6413 1.39656 0.0022 -851.9 
0.4000 0.910888 0.3731 1.4085 -0.6165 1.39918 0.0024 -814.9 
0.4999 0.933666 0.3610 1.4304 -0.5606 1.40155 0.0025 -730.8 
0.5999 0.954164 0.3228 1.4798 -0.4772 1.40372 0.0023 -607.4 
0.6999 0.972641 0.2707 1.5342 -0.3888 1.40575 0.0020 -486.4 
0.8000 0.989416 0.2047 1.6143 -0.2746 1.40756 0.0014 -334.0 
0.9000 1.004758 0.1154 1.7098 -0.1450 1.40928 0.0008 -171.1 
1.0000 1.018895 -- 1.8208 -- 1.41080 -- -- 

318.15 K 
0.0000 0.782256 -- 1.8755 -- 1.38526 -- -- 
0.0999 0.819312 0.2158 1.4713 -0.3826 1.38863 0.0010 -554.9 
0.2000 0.851841 0.3387 1.3338 -0.4985 1.39162 0.0017 -745.0 
0.3001 0.880534 0.3979 1.2833 -0.5274 1.39433 0.0020 -792.5 
0.4000 0.906076 0.3965 1.2811 -0.5081 1.39697 0.0023 -755.3 
0.4999 0.928756 0.3835 1.3044 -0.4632 1.39934 0.0023 -675.9 
0.5999 0.949176 0.3426 1.3515 -0.3945 1.40150 0.0021 -559.6 
0.6999 0.967592 0.2867 1.4028 -0.3217 1.40356 0.0018 -446.7 
0.8000 0.984318 0.2159 1.4758 -0.2271 1.40536 0.0013 -305.4 
0.9000 0.999618 0.1213 1.5622 -0.1191 1.40711 0.0007 -154.5 
1.0000 1.013720 -- 1.6597 -- 1.40877 -- -- 

323.15 K 
0.0000 0.778141 -- 1.6518 -- 1.38297 -- -- 
0.0999 0.814949 0.2263 1.3235 -0.3154 1.38632 0.0010 -517.5 
0.2000 0.847282 0.3561 1.2179 -0.4081 1.38938 0.0017 -681.4 
0.3001 0.875817 0.4197 1.1749 -0.4382 1.39212 0.0020 -733.4 
0.4000 0.901241 0.4191 1.1796 -0.4206 1.39472 0.0023 -691.2 
0.4999 0.923831 0.4049 1.2014 -0.3859 1.39708 0.0022 -620.8 
0.5999 0.944178 0.3615 1.2491 -0.3253 1.39926 0.0021 -504.5 
0.6999 0.962537 0.3019 1.2995 -0.2619 1.40132 0.0017 -394.7 
0.8000 0.979215 0.2267 1.3660 -0.1825 1.40318 0.0012 -264.4 
0.9000 0.994476 0.1271 1.4379 -0.0977 1.40495 0.0006 -137.2 
1.0000 1.008546 -- 1.5227 -- 1.40669 -- -- 

diethyl succinate (1) + 3-methyl-1-butanol (2) 
288.15 K 

0.0000 0.812292 -- 5.0572 -- 1.40874 -- -- 
0.1000 0.845170 0.1391 3.5824 -1.2885 1.40997 -0.00007 -690.8 
0.2000 0.875246 0.2161 3.0294 -1.6553 1.41144 0.0001 -965.0 
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0.3000 0.902717 0.2646 2.7603 -1.7382 1.41292 0.0003 -1066.7 
0.3999 0.927823 0.2989 2.6245 -1.6879 1.41442 0.0005 -1071.9 
0.5000 0.951102 0.2958 2.5803 -1.5457 1.41581 0.0006 -1002.1 
0.5999 0.972645 0.2645 2.6003 -1.3396 1.41716 0.0007 -878.0 
0.7000 0.992672 0.2162 2.6668 -1.0867 1.41845 0.0006 -715.9 
0.7999 1.011235 0.1583 2.8080 -0.7595 1.41967 0.0006 -494.6 
0.9002 1.028552 0.0981 2.9435 -0.4372 1.42079 0.0004 -286.9 
1.0000 1.044830 -- 3.1948 -- 1.42168 -- -- 

293.15 K 
0.0000 0.808575 -- 4.2875 -- 1.40672 -- -- 
0.1000 0.841187 0.1488 3.0969 -1.0425 1.40788 -0.0001 -663.8 
0.2000 0.871040 0.2316 2.6214 -1.3699 1.40934 0.00006 -948.9 
0.3000 0.898318 0.2835 2.3964 -1.4469 1.41080 0.0002 -1053.0 
0.3999 0.923265 0.3182 2.2832 -1.4121 1.41226 0.0004 -1061.9 
0.5000 0.946398 0.3150 2.2497 -1.2974 1.41365 0.0005 -994.2 
0.5999 0.967815 0.2819 2.2708 -1.1284 1.41498 0.0006 -872.8 
0.7000 0.987731 0.2306 2.3317 -0.9192 1.41626 0.0006 -713.6 
0.7999 1.006199 0.1686 2.4546 -0.6484 1.41748 0.0005 -497.8 
0.9002 1.023433 0.1031 2.5726 -0.3819 1.41860 0.0004 -295.8 
1.0000 1.039631 -- 2.8067 -- 1.41950 -- -- 

298.15 K 
0.0000 0.804840 -- 3.6709 -- 1.40469 -- -- 
0.1000 0.837189 0.1587 2.7115 -0.8415 1.40582 -0.0001 -628.4 
0.2000 0.866825 0.2468 2.3213 -1.1137 1.40724 0.00002 -899.1 
0.3000 0.893913 0.3023 2.1389 -1.1782 1.40866 0.0002 -994.2 
0.3999 0.918696 0.3385 2.0528 -1.1464 1.41010 0.0004 -994.1 
0.5000 0.941690 0.3346 2.0252 -1.0560 1.41146 0.0005 -931.2 
0.5999 0.962983 0.2997 2.0478 -0.9155 1.41278 0.0005 -812.3 
0.7000 0.982794 0.2449 2.1025 -0.7428 1.41405 0.0005 -659.7 
0.7999 1.001168 0.1788 2.2074 -0.5200 1.41528 0.0005 -455.9 
0.9002 1.018316 0.1088 2.3076 -0.3015 1.41640 0.0004 -265.8 
1.0000 1.034440 -- 2.4914 -- 1.41731 -- -- 

303.15 K 
0.0000 0.801088 -- 3.1546 -- 1.40261 -- -- 
0.1000 0.833180 0.1683 2.3775 -0.6845 1.40373 -0.0001 -598.0 
0.2000 0.862593 0.2631 2.0561 -0.9133 1.40511 -0.00001 -857.8 
0.3000 0.889497 0.3216 1.9053 -0.9715 1.40651 0.0001 -950.2 
0.3999 0.914122 0.3589 1.8344 -0.9499 1.40792 0.0003 -952.3 
0.5000 0.936977 0.3545 1.8167 -0.8749 1.40929 0.0004 -888.7 
0.5999 0.958152 0.3172 1.8376 -0.7615 1.41060 0.0005 -777.1 
0.7000 0.977857 0.2594 1.8885 -0.6179 1.41187 0.0005 -629.8 
0.7999 0.996138 0.1892 1.9809 -0.4330 1.41308 0.0005 -435.0 
0.9002 1.013204 0.1143 2.0693 -0.2517 1.41421 0.0003 -253.9 
1.0000 1.029254 -- 2.2286 -- 1.41513 -- -- 

308.15 K 
0.0000 0.797313 -- 2.7296 -- 1.40051 -- -- 
0.1000 0.829148 0.1785 2.0965 -0.5610 1.40161 -0.0001 -569.6 
0.2000 0.858346 0.2795 1.8310 -0.7543 1.40294 -0.00005 -818.6 
0.3000 0.885068 0.3413 1.7068 -0.8064 1.40431 0.00008 -907.7 
0.3999 0.909535 0.3802 1.6500 -0.7911 1.40571 0.0002 -909.7 
0.5000 0.932257 0.3749 1.6384 -0.7305 1.40707 0.0004 -848.8 
0.5999 0.953311 0.3362 1.6606 -0.6362 1.40836 0.0004 -740.6 
0.7000 0.972913 0.2751 1.7070 -0.5176 1.40963 0.0004 -600.7 
0.7999 0.991104 0.2007 1.7888 -0.3637 1.41085 0.0004 -415.6 
0.9002 1.008094 0.1205 1.8678 -0.2123 1.41197 0.0003 -243.1 
1.0000 1.024076 -- 2.0081 -- 1.41291 -- -- 

313.15 K 
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0.0000 0.793509 -- 2.3748 -- 1.39848 -- -- 
0.1000 0.825094 0.1884 1.8672 -0.4522 1.39956 -0.0002 -528.4 
0.2000 0.854081 0.2954 1.6490 -0.6150 1.40085 -0.0001 -763.1 
0.3000 0.880623 0.3607 1.5468 -0.6618 1.40220 0.00002 -848.1 
0.3999 0.904940 0.4005 1.5017 -0.6516 1.40358 0.0002 -849.7 
0.5000 0.927525 0.3953 1.4956 -0.6022 1.40492 0.0003 -790.8 
0.5999 0.948467 0.3540 1.5182 -0.5243 1.40622 0.0003 -687.7 
0.7000 0.967969 0.2896 1.5619 -0.4251 1.40747 0.0004 -554.2 
0.7999 0.986076 0.2106 1.6353 -0.2964 1.40867 0.0003 -379.3 
0.9002 1.002988 0.1253 1.7058 -0.1703 1.40980 0.0002 -217.5 
1.0000 1.018895 -- 1.8208 -- 1.41080 -- -- 

318.15 K 
0.0000 0.789669 -- 2.0759 -- 1.39641 -- -- 
0.1000 0.821014 0.1977 1.6560 -0.3783 1.39749 -0.0002 -509.3 
0.2000 0.849793 0.3112 1.4748 -0.5179 1.39876 -0.0001 -736.6 
0.3000 0.876158 0.3802 1.3910 -0.5600 1.40010 -0.00002 -819.4 
0.3999 0.900326 0.4214 1.3561 -0.5534 1.40144 0.00009 -821.1 
0.5000 0.922783 0.4155 1.3541 -0.5137 1.40278 0.0002 -765.5 
0.5999 0.943611 0.3727 1.3770 -0.4492 1.40409 0.0003 -667.1 
0.7000 0.963017 0.3049 1.4187 -0.3659 1.40537 0.0003 -538.8 
0.7999 0.981038 0.2218 1.4846 -0.2584 1.40659 0.0003 -373.7 
0.9002 0.997878 0.1313 1.5486 -0.1526 1.40774 0.0002 -220.5 
1.0000 1.013720 -- 1.6597 -- 1.40877 -- -- 

323.15 K 
0.0000 0.785794 -- 1.8407 -- 1.39430 -- -- 
0.1000 0.816902 0.2073 1.4957 -0.3132 1.39539 -0.0002 -476.7 
0.2000 0.845481 0.3268 1.3456 -0.4315 1.39664 -0.0001 -689.4 
0.3000 0.871677 0.3991 1.2713 -0.4740 1.39796 -0.00005 -778.0 
0.3999 0.895697 0.4420 1.2467 -0.4668 1.39929 0.00004 -773.1 
0.5000 0.918028 0.4358 1.2431 -0.4386 1.40061 0.0001 -729.6 
0.5999 0.938749 0.3908 1.2699 -0.3800 1.40193 0.0002 -626.7 
0.7000 0.958058 0.3202 1.3083 -0.3098 1.40321 0.0002 -505.7 
0.7999 0.975991 0.2340 1.3690 -0.2173 1.40446 0.0002 -347.3 
0.9002 0.992762 0.1380 1.4284 -0.1260 1.40564 0.0002 -200.4 
1.0000 1.008546 -- 1.5227 -- 1.40669 -- -- 

aStandard uncertainties u for each variables are u(T) = 0.01 K ; u(p) = 5 % ; u(x1) = 0.0001, and the combined 
expanded uncertainties Uc are Uc(�) = ± 6×10-2 kg⋅m-3; Uc(nD) = ± 9×10-5 and Uc(�) = ± 0.7 %, with 0.95 level of 
confidence (k � 2). 
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Table 4. Redlich–Kister parameters for excess molar volume VE, viscosity deviation Δη, 

deviation in refractive indices ΔnD and molar excess Gibbs free energies of activation of viscous 

flow �G*E, and the corresponding RMSD 10-6σ(VE) m3mol-1, σ(Δη) mPas, σ(ΔnD) and σ(ΔG*E) 

Jmol-1 

Function T /(K) A0 A1 A2 A3 A4 σσσσ 
diethyl succinate (1) + 2-methyl-1-propanol (2) 

VE 288.15 0.9876 -0.4195 0.4946   0.0030 
 293.15 1.0800 -0.4639 0.4992   0.0031 
 298.15 1.1699 -0.4987 0.5146   0.0032 
 303.15 1.2610 -0.5300 0.5209   0.0032 
 308.15 1.3540 -0.5657 0.5325   0.0032 
 313.15 1.4440 -0.6055 0.5427   0.0033 
 318.15 1.5337 -0.6420 0.5491   0.0033 
 323.15 1.6194 -0.6777 0.5546   0.0033 
�� 288.15 -6.0754 3.9765 -4.7954 3.1952  0.0455 
 293.15 -4.9195 3.1922 -3.7973 2.5180  0.0356 
 298.15 -4.0139 2.5971 -3.0525 1.9621  0.0273 
 303.15 -3.2817 2.0923 -2.3948 1.5716  0.0214 
 308.15 -2.6932 1.7012 -1.9181 1.2816  0.0169 
 313.15 -2.2193 1.3828 -1.5406 0.9541  0.0133 
 318.15 -1.8354 1.1200 -1.2151 0.8000  0.0103 
 323.15 -1.5243 0.9525 -0.8953 0.6277  0.0102 
�nD 288.15 0.0116 -0.0020 0.0008   0.00006 
 293.15 0.0114 -0.0018 0.0007   0.00005 
 298.15 0.0110 -0.0017 0.0007   0.00005 
 303.15 0.0107 -0.0016 0.0004   0.00004 
 308.15 0.0106 -0.0014 0.0003   0.00002 
 313.15 0.0098 -0.0016 0.0007   0.00003 
 318.15 0.0093 -0.0018 -0.0001   0.00004 
 323.15 0.0090 -0.0021 0.0002   0.00002 
�G*E 288.15 -3943.6 2446.4 -2530.2 1841.3  9.5 
 293.15 -3736.6 2341.1 -2458.2 1843.1  10.2 
 298.15 -3540.2 2334.8 -2358.0 1586.3  9.8 
 303.15 -3313.4 2190.8 -2230.6 1581.4  9.1 
 308.15 -3093.9 2087.3 -2122.8 1485.7  8.7 
 313.15 -2888.1 1997.2 -1966.7 1369.2  8.3 
 318.15 -2661.6 1872.0 -1865.0 1313.1  7.8 
 323.15 -2421.2 1876.1 -1721.6 1083.3  11.0 

diethyl succinate (1) + 3-methyl-1-butanol (2) 
VE 288.15 1.1850 -0.3170 -0.3801 0.0547 0.9227 0.0015 
 293.15 1.2613 -0.3395 -0.3615 0.0391 0.9063 0.0013 
 298.15 1.3406 -0.3653 -0.3727 0.0353 0.9410 0.0013 
 303.15 1.4193 -0.3948 -0.3571 0.0356 0.9304 0.0014 
 308.15 1.5020 -0.4176 -0.3445 0.0280 0.9313 0.0014 
 313.15 1.5824 -0.4443 -0.3474 0.0145 0.9392 0.0013 
 318.15 1.6639 -0.4691 -0.3365 0.0172 0.9309 0.0013 
 323.15 1.7413 -0.4880 -0.2924 0.0153 0.8895 0.0015 
�� 288.15 -6.1322 3.4620 -4.0211 3.1030  0.0416 
 293.15 -5.1421 2.8181 -3.3522 2.4259  0.0288 
 298.15 -4.1844 2.2906 -2.6232 2.1231  0.0217 
 303.15 -3.4749 1.8597 -2.0766 1.7184  0.0174 
 308.15 -2.9008 1.5327 -1.6847 1.3318  0.0140 
 313.15 -2.4033 1.2700 -1.2331 1.0952  0.0115 
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 318.15 -2.0423 1.0330 -1.0829 0.8551  0.0093 
 323.15 -1.7330 0.8678 -0.8544 0.6674  0.0072 
�nD 288.15 0.0024 0.0016 -0.0009 0.0025  0.00001 
 293.15 0.0022 0.0017 -0.0011 0.0028  0.00001 
 298.15 0.0018 0.0016 -0.0008 0.0028  0.00001 
 303.15 0.0017 0.0017 -0.0008 0.0022  0.00001 
 308.15 0.0014 0.0017 -0.0008 0.0020  0.00001 
 313.15 0.0011 0.0018 -0.0011 0.0014  0.00000 
 318.15 0.0008 0.0018 -0.0007 0.0010  0.00001 
 323.15 0.0005 0.0016 -0.0004 0.0012  0.00000 
�G*E 288.15 -3977.0 1955.0 -1935.7 1338.3  14.0 
 293.15 -3951.0 1943.1 -1861.2 1007.8  12.8 
 298.15 -3689.4 1873.2 -1736.7 1066.5  10.9 
 303.15 -3531.3 1816.2 -1632.8 949.6  10.4 
 308.15 -3371.2 1749.6 -1555.8 856.7  9.8 
 313.15 -3144.2 1676.3 -1364.5 796.1  8.5 
 318.15 -3039.5 1606.0 -1376.4 674.6  8.8 
 323.15 -2866.3 1499.0 -1237.8 684.4  8.6 

 

 



 

21

Table 5. FT-IR stretching (�) and bending (�) frequencies of pure ester diethyl succinate 

investigated in the paper 

Substance �(C=O) �as(C-C(=O)-O) �as(C-O-C) �s(CH3) �as(CH3) �as(CH2) �as(CH3) �as(CH2) 
 (cm-1) (cm-1) (cm-1) (cm-1) (cm-1) (cm-1) (cm-1) (cm-1) 
diethyl 
succinate 

1730 1154 1030 1373 1448 1466 2984 2939 

 
 
 
 
Table 6. FT-IR stretching (�) and bending (�) frequencies of pure alcohols investigated in 

the paper 

Substance �(OH) �as(C-O) �(OH) �(CH) 
 (cm-1) (cm-1) (cm-1) (cm-1) 
2-methyl-1-propanol 3323 1038 1464 2873, 2913, 2956 
3-methyl-1-butanol 3326 1057 1466 2860, 2928, 2957 
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Table 7. Results of viscosity prediction for the binary mixtures with diethyl succinate obtained by 

UNIFAC-VISCO and ASOG-VISCO models and viscosity correlation obtained by Teja-Rice, 

Grunberg-Nissan, McAlister and Eyring-UNIQUAC and Eyring-NRTL models. 

T/(K) PDmax /(%)
Predictive approach Correlative approach 

UNIFAC-
VISCO 

ASOG-
VISCO 

Teja-Rice 
Grunberg-

Nissan 
McAllister-3 McAllister-4 

Eyring- 
UNIQUAC 

Eyring-NRTL 

diethyl succinate (1) + 2-methyl-1-propanol (2) 
288.15 37.88 31.12 4.45 8.08 2.73 0.90 2.62 3.76a 0.35b 
293.15 35.95 16.17 4.11 7.82 2.62 0.93 2.81 3.74 0.33 
298.15 33.97 8.34 3.75 7.52 2.58 0.83 2.94 3.69 0.24 
303.15 31.85 8.02 3.35 7.18 2.37 0.79 2.80 3.83 0.23 
308.15 29.73 8.72 3.00 6.81 2.27 0.74 2.79 3.78 0.15 
313.15 27.02 9.34 2.61 6.28 1.99 0.65 2.76 3.60 0.10 
318.15 24.44 10.20 2.31 5.78 1.83 0.57 2.66 3.34 0.09 
323.15 21.93 12.91 2.07 5.39 1.60 0.58 2.64 3.30 0.17 

diethyl succinate (1) + 3-methyl-1-butanol (2) 
288.15 26.69 29.68 3.79 5.94 2.10 0.79 1.67 1.98 0.77 
293.15 25.84 16.32 3.58 5.58 1.94 0.61 1.54 1.82 0.72 
298.15 23.58 7.83 3.20 5.45 1.82 0.59 1.63 1.92 0.45 
303.15 22.02 6.54 2.92 5.20 1.72 0.54 1.62 1.97 0.43 
308.15 20.55 7.25 2.67 4.95 1.59 0.48 1.59 1.98 0.38 
313.15 18.50 8.05 2.33 4.71 1.33 0.46 1.66 2.01 0.27 
318.15 12.97 6.58 2.24 4.45 1.31 0.39 1.53 1.92 0.31 
323.15 16.06 14.21 1.98 4.20 1.17 0.40 1.53 1.83 0.23 

a Eyring-NRTL as two-parameter model (�=0.30) 
b Eyring-NRTL as three-parameter model (optimized �) 
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Figure captions 

 

Figure 1 – Experimental values of excess molar volume VE as a function of diethyl succinate 

molar fraction x1 for the systems: (a) diethyl succinate (1) + 2-methyl-1-propanol (2); (b) diethyl 

succinate (1) + 3-methyl-1-butanol (2). Symbols refer to the experimental data, while the lines 

present the results calculated from the Eq. (3).  

 

Figure 2 – Experimental values of viscosity deviation �� as a function of diethyl succinate molar 

fraction x1 for the systems: (a) diethyl succinate (1) + 2-methyl-1-propanol (2); (b) diethyl 

succinate (1) + 3-methyl-1-butanol (2). Symbols refer to the experimental data, while the lines 

present the results calculated from the Eq. (3). 

 

Figure 3 – Experimental values of deviation in refractive index �nD as a function of diethyl 

succinate molar fraction x1 for the systems: (a) diethyl succinate (1) + 2-methyl-1-propanol (2); 

(b) diethyl succinate (1) + 3-methyl-1-butanol (2). Symbols refer to the experimental data, while 

the lines present the results calculated from the Eq. (3). 

 

Figure 4 – Infrared spectra of (a) pure diethyl succinate, pure 2-methyl-1-propanol, and the 

mixture diethylsuccinate + 2-methyl-1-propanol for molar fraction of diethylsuccinate 

x1=0.3; (b) pure diethyl succinate, pure 3-methyl-1-butanol, and the mixture 

diethylsuccinate + 3-methyl-1-butanol for molar fraction of diethylsuccinate x1=0.4. All 

spectras are saved at 298.15 K. 

 

Figure 5 – Calculated values of molar excess Gibbs free energies of activation of viscous flow 

�G*E as a function of diethyl succinate molar fraction x1 for the systems: (a) diethyl succinate (1) 

+ 2-methyl-1-propanol (2); (b) diethyl succinate (1) + 3-methyl-1-butanol (2). Symbols refer to 

the experimental data, while the lines present the results calculated from the Eq. (3). 
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Figure 1. 
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Figure 2. 
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Figure 3. 
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Figure 4. 
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Figure 5. 
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a b s t r a c t

Density, viscosity and refractive index of four binary mixtures consisting of diethyl succinate or ethyl
octanoate + 2-methyl-1-propanol or 3-methyl-1-butanol have been measured at atmospheric pressure
and over the temperature range from 288.15 K to 323.15 K. Excess and deviation functions have been cal-
culated from these data and fitted to the Redlich-Kister equation. The values of excess molar volume and
deviation functions, with FT-IR study, were further used in the analysis of molecular interactions present
in the mixture as well as the temperature influence on them. Molar excess Gibbs free energies of activa-
tion of viscous flow were additionally calculated from measured density and viscosity data for better
understanding of present molecular interactions. Viscosity modelling was done with two approaches,
predictive by group contribution models (UNIFAC-VISCO and ASOG-VISCO), and correlative by one to
three-parameter models (Teja-Rice, Grunberg–Nissan, McAlister, Eyring-UNIQUAC and Eyring-NRTL).
The obtained results were compared with experimental data and conclusions about applied approaches
and models were made.

� 2016 Elsevier Ltd.

1. Introduction

This paper is a continuation of the research work whose objec-
tive is to measure thermodynamic properties for binary systems
involved in wine production processes [1,2]. The main wine con-
stituents are water and ethanol, but other components including
esters, alcohols, aldehydes, and acetates, called congeners, are also
present [3–7]. For modelling and process simulation in which these
mixtures appear, binary data of the properties such as density, vis-
cosity and refractive index over a wide range of temperature, are
needed.

Similar to ethyl butyrate, already investigated in our laboratory
[1], diethyl succinate and ethyl octanoate have excellent properties
for industrial applications. These esters are byproducts of the fer-
mentation of sugar and as such are often present in fermented
wines and beers that have aged a long time. They are also present
as additives in food or synthetic flavorings and aromas. They are
FDA approved as ‘‘food additives permitted for direct addition to
food for human consumption”.

Binary mixtures of wine congeners have been analyzed before
[8,9]. Also, several studies of the thermophysical properties of
diethyl succinate [10,11], and a lot more of ethyl octanoate [12–
16], have been conducted in the recent years. However, property
data for the mixtures investigated in this paper are still missing
in the literature.

Densities, refractive indices and viscosities for four binary mix-
tures ofdiethyl succinate or ethyl octanoate with 2-methyl-1-
propanol (isobutanol) or 3-methyl-1-butanol (isopentanol), are
reported at atmospheric pressure and at eight temperatures rang-
ing from 288.15 K to 323.15 K with temperature step of 5 K. The
experimental results from this study have been used to calculate
excess molar volumes (VE), deviation functions (Dg, DnD) and
molar excess Gibbs free energies of activation of viscous flow
(DG⁄E). These properties were correlated with Redlich-Kister equa-
tion [17] and used afterwards for analysis of molecular interactions
existing in the mixtures. Fourier-transform infrared (FT-IR)
spectroscopy studies of pure compounds and mixtures were also
performed, to obtain a better insight into major inter- and
intramolecular interactions in the studied mixtures, by examining
the position and shifts of the band, the band width and changes of
band shape.

http://dx.doi.org/10.1016/j.jct.2016.09.030
0021-9614/� 2016 Elsevier Ltd.
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Also, in this work, modelling of viscosity of the selected binary
mixtures was done using predictive UNIFAC-VISCO [18,19] and
ASOG-VISCO [20] models. These models are used as pure predictive
considering that the interaction parameters between functional
groups present in the investigated systems are already known
and taken from the literature [18–20] and our previous works
[21,22]. The main advantage of predictive models is the fact that
the only data necessary for calculation, if the interaction parame-
ters are known, are the data for pure components. However, having
in mind the fact that correlative models often lead to better results,
the viscosity data were also correlated by Teja-Rice [23,24],
Grunberg-Nissan [25], McAlister [26], Eyring-UNIQUAC [27] and
Eyring-NRTL [28] models. This modelling approach requires exper-
imental data for binary systems to calculate interaction parameters
(one or more) by applying some optimization technique.

2. Experimental section

Basic informations about the chemicals used in this investiga-
tion are given in Table 1. Diethyl succinate (w = 0.99) was
purchased from Acros Organics, ethyl octanoate from Merck
(w =P0.98) and isobutanol (w = 0.997) and isopentanol
(w = 0.99) from Fisher Chemical.

Experimental data on density, viscosity and refractive index of
these chemicals were compared with literature values at
298.15 K (Table 2 [10,11,15,29–33]). The agreement was
satisfactory with differences within 0.8 kg�m�3 for densities,
mostly less than 6�10�4 for refractive indices and up to
9�10�2 mPa�s for viscosities.

Since new density, viscosity and refractive index data are
reported only for pure ethyl octanoate (for other pure substances
are previously published in our papers [1,2]); all three measured
properties for this ester are compared with available literature data
[14,15,29,34–47] in the whole temperature range present in the
literature, and the comparison is shown on Fig. 1.

Densities of the investigated binary mixtures and pure compo-
nents were measured on Anton Paar DMA 5000 densimeter,
viscosities on Stabinger SVM 3000/G2 viscometer, while measure-
ments of refractive indices were conducted on Anton Paar RXA-156
refractometer. Calibration of each apparatus was performed daily
using ambient air and Milipore quality water. Mixtures were pre-
pared gravimetrically on a Mettler AG 204 balance. The balance
precision is 1�10�7 kg and the standard uncertainty in mole frac-
tion is evaluated as ±1�10�4. The repeatability of density measure-
ments is 5�10�2 kg�m�3, while the combined expanded uncertainty,
including the influence of sample purities, which is slightly lower
for ethyl octanoate, is within ±1.6 kg�m�3 with a 0.95 level of con-
fidence. The uncertainty in excess molar volume is less than
±3�10�7 m3�mol�1. The uncertainties in refractive indices and vis-
cosity data are estimated as ±2.8�10�3 units and ±0.7 %, respec-
tively, while for viscosity and refractive index deviation they are
±0.4 % and ±3.4�10�3 units.

Spectra of pure components and binary mixtures were acquired
directly using Attenuated Total-internal Reflection (ATR) accessory
(with Zn-Se crystal) and FT-IR Spotlight 400 System (Perkin Elmer,
Italy). All the spectroscopic studies were performed at 298.15 K.

Before each acquisition of the new sample spectrum, ATR plate
was cleaned with acetone using lens tissues and the background
infrared spectrum was collected in order to eliminate unwanted
influences on spectra such as water vapor and carbon-dioxide from
the atmosphere, as well as potential impurities left on the ATR
crystal. The spectra were collected in the range 4000–650 cm�1

with 4 cm�1 resolution, and each spectrum was averaged across
16 scans in order to minimize noise in spectra. Acquired spectra
were baseline corrected using software Spectrum 10 (Perkin Elmer,
Italy).

3. Results and discussion

Densities q, viscosities g and refractive indices nD for four bin-
ary systems (diethyl succinate + isobutanol, diethyl succinate
+ isopentanol, ethyl octanoate + isobutanol and ethyl octanoate
+ isopentanol), measured at eight temperatures T = (288.15,
293.15, 298.15, 303.15, 308.15, 313.15, 318.15 and 323.15) K and
p = 0.1 MPa are given in Table 3.

Experimental densities of the mixtures q and the pure compo-
nents qi, were used to calculate the excess molar volumes VE from
equation:

VE ¼
X2
i¼1

xiMi
1
q

� �
� 1

qi

� �� �
ð1Þ

Table 1
Sample information.

Chemical name Source Initial mass fraction
purity

Purification
method

Diethyl succinate Acros
Organics

0.99 None

Ethyl octanoate Merck P0.98 None
2-methyl-1-propanol

(isobutanol)
Fisher
Chemical

0.997 None

3-methyl-1-butanol
(isopentanol)

Fisher
Chemical

0.99 None

Table 2
Densities q, dynamic viscosities g and refractive indices nDof the pure components studied in this work at 298.15 K and 0.1 MPa.a

Component 10�3q/(kg�m�3) g/(mPa�s) nD

Exp. Lit. Exp. Lit. Exp. Lit.

Diethyl succinate 1.03444b 1.0353 [10] 2.4914b 2.466 [10] 1.4173b 1.4196 [10]
1.03553 [11] 2.393 [11] 1.4179 [11]

Ethyl octanoate 0.86228 0.86215 [29] 1.4104 1.411 [29] 1.4155 1.4156 [29]
0.86219 [15] 1.415 [15]

2-methyl-1-propanol 0.79816c 0.7978[30] 3.4307c 3.333 [30] 1.3937c 1.3937 [31]
0.79784 [31]

3-methyl-1-butanol 0.80484c 0.8071[30] 3.6709c 3.738[30] 1.4047c 1.4052[30]
0.80446[32] 3.740[33] 1.4047[32]

a Standard uncertainties u for each variables are u(T) = ± 0.01 K; ur(p) = ± 0.05; u(x1) = 0.0001, and the combined expanded uncertainties Uc are Uc(q) = ± 1.6 kg�m�3; Uc(nD)
= ± 2.8 � 10�3 and Uc,r(g) = ± 0.007, with 0.95 level of confidence (k � 2).

b Previously published data [2].
c Previously published data [1].
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in which Mi is the molecular weight of component i and xi is its
mole fraction.

The deviation functions were determined from the equation:

DY ¼ Y �
X2
i¼1

xiYi ð2Þ

in which DY refers to viscosity deviation Dg or deviation in refrac-
tive index DnD, Y denotes mixture property, viscosity g or refractive
index nD, while Yi is viscosity gi , or refractive index nDi, of the pure
component i.

The values of excess molar volume VE and deviation functions
Dg and DnD are also presented in Table 3.

Excess molar volume and deviation functions were correlated
with the Redlich-Kister (RK) equation [17]:

Z ¼ xixj
Xk
p¼0

Apð2xi � 1Þp ð3Þ

in which Z represents VE, Dg and DnD while Ap’s are fitting
parameters, optimized by F-test, and k + 1 is their number. The
values of fitting parameters for all investigated properties are
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Fig. 1. Comparison of (a) density (q); (b) viscosity (g); (c) refractive index (nD) for ethyl octanoate in the whole temperature range present in the literature: (j) this work, (h)
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Table 3
Densities q, dynamic viscosities g, refractive indicies nD, excess molar volumes VE, viscosity deviations Dg, deviations in refractive index DnD and molar excess Gibbs free
energies of activation of viscous flow DG⁄E for the binary mixtures diethyl succinate or ethyl octanoate (1) + 2-methyl-1-propanol (2) and diethyl succinate or ethyl octanoate (1)
+ 3-methyl-1-butanol (2), at T = (288.15–323.15) K and p = 0.1 MPa.a

x1 10�3q/ 106VE/ g/ Dg/ nD DnD DG⁄E

(kg�m�3) (m3�mol�1) (mPa�s) (J�mol�1)

Diethyl succinate (1) + 2-methyl-1-propanol (2)
288.15 K
0.0000 0.80588c – 4.8293c – 1.3978c – –
0.0999 0.84465 0.1474 3.2841 �1.3819 1.4016 0.0014 �776.8
0.2000 0.87853 0.2268 2.7625 �1.7399 1.4047 0.0021 �1059.4
0.3001 0.90828 0.2636 2.5416 �1.7972 1.4076 0.0026 �1140.2
0.4000 0.93467 0.2556 2.4732 �1.7023 1.4103 0.0029 �1098.0
0.4999 0.95802 0.2469 2.4772 �1.5350 1.4127 0.0029 �995.6
0.5999 0.97897 0.2217 2.5457 �1.3031 1.4148 0.0027 �839.8
0.6999 0.99781 0.1888 2.6251 �1.0602 1.4168 0.0023 �683.1
0.8000 1.01488 0.1469 2.7744 �0.7473 1.4186 0.0017 �473.8
0.9000 1.03048 0.0852 2.9618 �0.3965 1.4203 0.0010 �246.5
1.0000 1.04483b – 3.1948b – 1.4217b – –

293.15 K
0.0000 0.80203c – 4.0516c – 1.3958c – –
0.0999 0.84050 0.1586 2.8159 �1.1113 1.3995 0.0013 �748.1
0.2000 0.87413 0.2461 2.4035 �1.3991 1.4025 0.0020 �1011.1
0.3001 0.90371 0.2852 2.2301 �1.4479 1.4055 0.0026 �1083.9
0.4000 0.92994 0.2787 2.1772 �1.3764 1.4081 0.0028 �1044.2
0.4999 0.95316 0.2700 2.1861 �1.2432 1.4105 0.0029 �945.2
0.5999 0.97402 0.2417 2.2494 �1.0554 1.4127 0.0026 �795.0
0.6999 0.99278 0.2046 2.3203 �0.8600 1.4146 0.0023 �646.1
0.8000 1.00979 0.1584 2.4503 �0.6054 1.4164 0.0016 �446.4
0.9000 1.02533 0.0909 2.6111 �0.3201 1.4181 0.0010 �231.0
1.0000 1.03963b – 2.8067b – 1.4195b – –

298.15 K
0.0000 0.79816c – 3.4307c – 1.3937c – –
0.0999 0.83633 0.1701 2.4432 �0.8937 1.3974 0.0013 �711.9
0.2000 0.86973 0.2647 2.1076 �1.1352 1.4004 0.0019 �964.6
0.3001 0.89912 0.3075 1.9728 �1.1760 1.4033 0.0025 �1028.5
0.4000 0.92520 0.3018 1.9315 �1.1235 1.4059 0.0027 �992.8
0.4999 0.94831 0.2925 1.9472 �1.0139 1.4083 0.0028 �893.9
0.5999 0.96907 0.2618 2.0044 �0.8628 1.4104 0.0026 �751.8
0.6999 0.98775 0.2211 2.0732 �0.7001 1.4124 0.0022 �605.4
0.8000 1.00470 0.1702 2.1837 �0.4956 1.4142 0.0016 �420.6
0.9000 1.02018 0.0975 2.3220 �0.2633 1.4159 0.0009 �218.6
1.0000 1.03444b – 2.4914b – 1.4173b – –

303.15 K
0.0000 0.79425c – 2.9226c – 1.3916c – –
0.0999 0.83213 0.1815 2.1346 �0.7187 1.3952 0.0012 �672.1
0.2000 0.86531 0.2826 1.8656 �0.9182 1.3982 0.0019 �908.4
0.3001 0.89451 0.3301 1.7560 �0.9583 1.4011 0.0024 �971.6
0.4000 0.92045 0.3257 1.7301 �0.9149 1.4037 0.0027 �931.7
0.4999 0.94344 0.3153 1.7469 �0.8288 1.4061 0.0027 �839.5
0.5999 0.96411 0.2822 1.8022 �0.7041 1.4082 0.0025 �701.9
0.6999 0.98272 0.2379 1.8639 �0.5730 1.4102 0.0022 �565.6
0.8000 0.99960 0.1815 1.9635 �0.4039 1.4120 0.0016 �389.8
0.9000 1.01504 0.1033 2.0843 �0.2137 1.4137 0.0009 �201.1
1.0000 1.02925b – 2.2286b – 1.4151b – –

308.15 K
0.0000 0.79031c – 2.5053c – 1.3895c – –
0.0999 0.82790 0.1931 1.8748 �0.5808 1.3929 0.0011 �633.5
0.2000 0.86085 0.3016 1.6590 �0.7469 1.3960 0.0018 �854.5
0.3001 0.88988 0.3531 1.5737 �0.7824 1.3989 0.0024 �911.5
0.4000 0.91568 0.3497 1.5571 �0.7493 1.4015 0.0026 �872.9
0.4999 0.93856 0.3385 1.5763 �0.6804 1.4038 0.0026 �785.4
0.5999 0.95914 0.3030 1.6285 �0.5785 1.4060 0.0025 �654.7
0.6999 0.97768 0.2548 1.6864 �0.4709 1.4080 0.0021 �525.8
0.8000 0.99451 0.1937 1.7752 �0.3323 1.4098 0.0015 �361.8
0.9000 1.00990 0.1097 1.8823 �0.1755 1.4115 0.0009 �185.8
1.0000 1.02408b – 2.0081b – 1.4129b – –

313.15 K
0.0000 0.78631c – 2.1612c – 1.3874c – –
0.0999 0.82363 0.2046 1.6565 �0.4707 1.3908 0.0011 �594.1
0.2000 0.85636 0.3204 1.4837 �0.6094 1.3938 0.0018 �800.0
0.3001 0.88522 0.3754 1.4177 �0.6413 1.3966 0.0022 �851.9
0.4000 0.91089 0.3731 1.4085 �0.6165 1.3992 0.0024 �814.9
0.4999 0.93367 0.3610 1.4304 �0.5606 1.4016 0.0025 �730.8
0.5999 0.95416 0.3228 1.4798 �0.4772 1.4037 0.0023 �607.4
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Table 3 (continued)

x1 10�3q/ 106VE/ g/ Dg/ nD DnD DG⁄E

(kg�m�3) (m3�mol�1) (mPa�s) (J�mol�1)

0.6999 0.97264 0.2707 1.5342 �0.3888 1.4058 0.0020 �486.4
0.8000 0.98942 0.2047 1.6143 �0.2746 1.4076 0.0014 �334.0
0.9000 1.00476 0.1154 1.7098 �0.1450 1.4093 0.0008 �171.1
1.0000 1.01890b – 1.8208b – 1.4108b – –

318.15 K
0.0000 0.78226c – 1.8755c – 1.3853c – –
0.0999 0.81931 0.2158 1.4713 �0.3826 1.3886 0.0010 �554.9
0.2000 0.85184 0.3387 1.3338 �0.4985 1.3916 0.0017 �745.0
0.3001 0.88053 0.3979 1.2833 �0.5274 1.3943 0.0020 �792.5
0.4000 0.90608 0.3965 1.2811 �0.5081 1.3970 0.0023 �755.3
0.4999 0.92876 0.3835 1.3044 �0.4632 1.3993 0.0023 �675.9
0.5999 0.94918 0.3426 1.3515 �0.3945 1.4015 0.0021 �559.6
0.6999 0.96759 0.2867 1.4028 �0.3217 1.4036 0.0018 �446.7
0.8000 0.98432 0.2159 1.4758 �0.2271 1.4054 0.0013 �305.4
0.9000 0.99962 0.1213 1.5622 �0.1191 1.4071 0.0007 �154.5
1.0000 1.01372b – 1.6597b – 1.4088b – –

323.15 K
0.0000 0.77814c – 1.6518c – 1.3830c – –
0.0999 0.81495 0.2263 1.3235 �0.3154 1.3863 0.0010 �517.5
0.2000 0.84728 0.3561 1.2179 �0.4081 1.3894 0.0017 �681.4
0.3001 0.87582 0.4197 1.1749 �0.4382 1.3921 0.0020 �733.4
0.4000 0.90124 0.4191 1.1796 �0.4206 1.3947 0.0023 �691.2
0.4999 0.92383 0.4049 1.2014 �0.3859 1.3971 0.0022 �620.8
0.5999 0.94418 0.3615 1.2491 �0.3253 1.3993 0.0021 �504.5
0.6999 0.96254 0.3019 1.2995 �0.2619 1.4013 0.0017 �394.7
0.8000 0.97922 0.2267 1.3660 �0.1825 1.4032 0.0012 �264.4
0.9000 0.99448 0.1271 1.4379 �0.0977 1.4050 0.0006 �137.2
1.0000 1.00855b – 1.5227b – 1.4067b – –

Diethyl succinate (1) + 3-methyl-1-butanol (2)
288.15 K
0.0000 0.81229c – 5.0572c – 1.4087c – –
0.1000 0.84517 0.1391 3.5824 �1.2885 1.4100 �0.00007 �690.8
0.2000 0.87525 0.2161 3.0294 �1.6553 1.4114 0.0001 �965.0
0.3000 0.90272 0.2646 2.7603 �1.7382 1.4129 0.0003 �1066.7
0.3999 0.92782 0.2989 2.6245 �1.6879 1.4144 0.0005 �1071.9
0.5000 0.95110 0.2958 2.5803 �1.5457 1.4158 0.0006 �1002.1
0.5999 0.97264 0.2645 2.6003 �1.3396 1.4172 0.0007 �878.0
0.7000 0.99267 0.2162 2.6668 �1.0867 1.4184 0.0006 �715.9
0.7999 1.01124 0.1583 2.8080 �0.7595 1.4197 0.0006 �494.6
0.9002 1.02855 0.0981 2.9435 �0.4372 1.4208 0.0004 �286.9
1.0000 1.04483b – 3.1948b – 1.4217b – –

293.15 K
0.0000 0.80858c – 4.2875c – 1.4067c – –
0.1000 0.84119 0.1488 3.0969 �1.0425 1.4079 �0.0001 �663.8
0.2000 0.87104 0.2316 2.6214 �1.3699 1.4093 0.00006 �948.9
0.3000 0.89832 0.2835 2.3964 �1.4469 1.4108 0.0002 �1053.0
0.3999 0.92326 0.3182 2.2832 �1.4121 1.4123 0.0004 �1061.9
0.5000 0.94640 0.3150 2.2497 �1.2974 1.4136 0.0005 �994.2
0.5999 0.96782 0.2819 2.2708 �1.1284 1.4150 0.0006 �872.8
0.7000 0.98773 0.2306 2.3317 �0.9192 1.4163 0.0006 �713.6
0.7999 1.00620 0.1686 2.4546 �0.6484 1.4175 0.0005 �497.8
0.9002 1.02343 0.1031 2.5726 �0.3819 1.4186 0.0004 �295.8
1.0000 1.03963b – 2.8067b – 1.4195b – –

298.15 K
0.0000 0.80484c – 3.6709c – 1.4047c – –
0.1000 0.83719 0.1587 2.7115 �0.8415 1.4058 �0.0001 �628.4
0.2000 0.86682 0.2468 2.3213 �1.1137 1.4072 0.00002 �899.1
0.3000 0.89391 0.3023 2.1389 �1.1782 1.4087 0.0002 �994.2
0.3999 0.91870 0.3385 2.0528 �1.1464 1.4101 0.0004 �994.1
0.5000 0.94169 0.3346 2.0252 �1.0560 1.4115 0.0005 �931.2
0.5999 0.96298 0.2997 2.0478 �0.9155 1.4128 0.0005 �812.3
0.7000 0.98279 0.2449 2.1025 �0.7428 1.4140 0.0005 �659.7
0.7999 1.00117 0.1788 2.2074 �0.5200 1.4153 0.0005 �455.9
0.9002 1.01832 0.1088 2.3076 �0.3015 1.4164 0.0004 �265.8
1.0000 1.03444b – 2.4914b – 1.4173b – –

303.15 K
0.0000 0.80109c – 3.1546c – 1.4026c – –
0.1000 0.83318 0.1683 2.3775 �0.6845 1.4037 �0.0001 �598.0
0.2000 0.86259 0.2631 2.0561 �0.9133 1.4051 �0.00001 �857.8
0.3000 0.88950 0.3216 1.9053 �0.9715 1.4065 0.0001 �950.2
0.3999 0.91412 0.3589 1.8344 �0.9499 1.4079 0.0003 �952.3
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Table 3 (continued)

x1 10�3q/ 106VE/ g/ Dg/ nD DnD DG⁄E

(kg�m�3) (m3�mol�1) (mPa�s) (J�mol�1)

0.5000 0.93698 0.3545 1.8167 �0.8749 1.4093 0.0004 �888.7
0.5999 0.95815 0.3172 1.8376 �0.7615 1.4106 0.0005 �777.1
0.7000 0.97786 0.2594 1.8885 �0.6179 1.4119 0.0005 �629.8
0.7999 0.99614 0.1892 1.9809 �0.4330 1.4131 0.0005 �435.0
0.9002 1.01320 0.1143 2.0693 �0.2517 1.4142 0.0003 �253.9
1.0000 1.02925b – 2.2286b – 1.4151b – –

308.15 K
0.0000 0.79731c – 2.7296c – 1.4005c – –
0.1000 0.82915 0.1785 2.0965 �0.5610 1.4016 �0.0001 �569.6
0.2000 0.85835 0.2795 1.8310 �0.7543 1.4029 �0.00005 �818.6
0.3000 0.88507 0.3413 1.7068 �0.8064 1.4043 0.00008 �907.7
0.3999 0.90954 0.3802 1.6500 �0.7911 1.4057 0.0002 �909.7
0.5000 0.93226 0.3749 1.6384 �0.7305 1.4071 0.0004 �848.8
0.5999 0.95331 0.3362 1.6606 �0.6362 1.4084 0.0004 �740.6
0.7000 0.97291 0.2751 1.7070 �0.5176 1.4096 0.0004 �600.7
0.7999 0.99110 0.2007 1.7888 �0.3637 1.4108 0.0004 �415.6
0.9002 1.00809 0.1205 1.8678 �0.2123 1.4120 0.0003 �243.1
1.0000 1.02408b – 2.0081b – 1.4129b – –

313.15 K
0.0000 0.79351c – 2.3748c – 1.3985c – –
0.1000 0.82509 0.1884 1.8672 �0.4522 1.3996 �0.0002 �528.4
0.2000 0.85408 0.2954 1.6490 �0.6150 1.4008 �0.0001 �763.1
0.3000 0.88062 0.3607 1.5468 �0.6618 1.4022 0.00002 �848.1
0.3999 0.90494 0.4005 1.5017 �0.6516 1.4036 0.0002 �849.7
0.5000 0.92752 0.3953 1.4956 �0.6022 1.4049 0.0003 �790.8
0.5999 0.94847 0.3540 1.5182 �0.5243 1.4062 0.0003 �687.7
0.7000 0.96797 0.2896 1.5619 �0.4251 1.4075 0.0004 �554.2
0.7999 0.98608 0.2106 1.6353 �0.2964 1.4087 0.0003 �379.3
0.9002 1.00299 0.1253 1.7058 �0.1703 1.4098 0.0002 �217.5
1.0000 1.01890b – 1.8208b – 1.4108b – –

318.15 K
0.0000 0.78967c – 2.0759c – 1.3964c – –
0.1000 0.82101 0.1977 1.6560 �0.3783 1.3975 �0.0002 �509.3
0.2000 0.84979 0.3112 1.4748 �0.5179 1.3988 �0.0001 �736.6
0.3000 0.87616 0.3802 1.3910 �0.5600 1.4001 �0.00002 �819.4
0.3999 0.90033 0.4214 1.3561 �0.5534 1.4014 0.00009 �821.1
0.5000 0.92278 0.4155 1.3541 �0.5137 1.4028 0.0002 �765.5
0.5999 0.94361 0.3727 1.3770 �0.4492 1.4041 0.0003 �667.1
0.7000 0.96302 0.3049 1.4187 �0.3659 1.4054 0.0003 �538.8
0.7999 0.98104 0.2218 1.4846 �0.2584 1.4066 0.0003 �373.7
0.9002 0.99788 0.1313 1.5486 �0.1526 1.4077 0.0002 �220.5
1.0000 1.01372b – 1.6597b – 1.4088b – –

323.15 K
0.0000 0.78579c – 1.8407c – 1.3943c – –
0.1000 0.81690 0.2073 1.4957 �0.3132 1.3954 �0.0002 �476.7
0.2000 0.84548 0.3268 1.3456 �0.4315 1.3966 �0.0001 �689.4
0.3000 0.87168 0.3991 1.2713 �0.4740 1.3980 �0.00005 �778.0
0.3999 0.89570 0.4420 1.2467 �0.4668 1.3993 0.00004 �773.1
0.5000 0.91803 0.4358 1.2431 �0.4386 1.4006 0.0001 �729.6
0.5999 0.93875 0.3908 1.2699 �0.3800 1.4019 0.0002 �626.7
0.7000 0.95806 0.3202 1.3083 �0.3098 1.4032 0.0002 �505.7
0.7999 0.97599 0.2340 1.3690 �0.2173 1.4045 0.0002 �347.3
0.9002 0.99276 0.1380 1.4284 �0.1260 1.4056 0.0002 �200.4
1.0000 1.00855b – 1.5227b – 1.4067b – –

Ethyl octanoate (1) + 2-methyl-1-propanol (2)
288.15 K
0.0000 0.80588c – 4.8293c – 1.3978c – –
0.1001 0.81782 0.0761 3.2294 �1.2853 1.4018 0.0018 �632.5
0.1999 0.82781 0.1073 2.5367 �1.6643 1.4052 0.0029 �907.2
0.3000 0.83601 0.1552 2.1688 �1.7176 1.4080 0.0035 �998.7
0.4000 0.84308 0.1739 1.9771 �1.5950 1.4102 0.0036 �955.1
0.5000 0.84918 0.1823 1.8512 �1.4066 1.4123 0.0034 �862.5
0.5999 0.85450 0.1808 1.7658 �1.1780 1.4142 0.0031 �738.5
0.6999 0.85921 0.1681 1.7030 �0.9265 1.4158 0.0026 �599.3
0.7999 0.86344 0.1365 1.6770 �0.6382 1.4173 0.0018 �420.0
0.9000 0.86730 0.0849 1.6768 �0.3238 1.4186 0.0009 �212.8
1.0000 0.87088 – 1.6863 – 1.4199 – –

293.15 K
0.0000 0.80203c – 4.0516c – 1.3958c – –
0.1001 0.81383 0.0843 2.7622 �1.0377 1.3997 0.0018 �616.4
0.1999 0.82371 0.1223 2.2196 �1.3294 1.4030 0.0029 �860.6
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Table 3 (continued)

x1 10�3q/ 106VE/ g/ Dg/ nD DnD DG⁄E

(kg�m�3) (m3�mol�1) (mPa�s) (J�mol�1)

0.3000 0.83183 0.1743 1.9215 �1.3759 1.4058 0.0035 �943.6
0.4000 0.83885 0.1950 1.7676 �1.2783 1.4080 0.0035 �897.3
0.5000 0.84491 0.2039 1.6614 �1.1331 1.4101 0.0034 �814.0
0.5999 0.85021 0.2014 1.5932 �0.9502 1.4120 0.0030 �695.4
0.6999 0.85490 0.1865 1.5432 �0.7487 1.4136 0.0025 �563.4
0.7999 0.85912 0.1509 1.5229 �0.5176 1.4151 0.0018 �396.2
0.9000 0.86298 0.0928 1.5242 �0.2646 1.4164 0.0009 �203.4
1.0000 0.86658 – 1.5374 – 1.4177 – –

298.15 K
0.0000 0.79816c – 3.4307c – 1.3937c – –
0.1001 0.80981 0.0934 2.4156 �0.8129 1.3976 0.0017 �566.6
0.1999 0.81958 0.1382 1.9611 �1.0657 1.4009 0.0028 �809.1
0.3000 0.82763 0.1944 1.7161 �1.1085 1.4036 0.0034 �886.6
0.4000 0.83460 0.2174 1.5919 �1.0307 1.4058 0.0034 �838.7
0.5000 0.84063 0.2269 1.5031 �0.9175 1.4079 0.0033 �762.6
0.5999 0.84590 0.2234 1.4472 �0.7715 1.4097 0.0030 �651.8
0.6999 0.85058 0.2060 1.4072 �0.6095 1.4114 0.0024 �528.0
0.7999 0.85481 0.1654 1.3926 �0.4221 1.4128 0.0017 �370.9
0.9000 0.85867 0.1017 1.3934 �0.2190 1.4142 0.0009 �195.5
1.0000 0.86228 – 1.4104 – 1.4155 – –

303.15 K
0.0000 0.79425c – 2.9226c – 1.3916c – –
0.1001 0.80576 0.1031 2.1115 �0.6485 1.3955 0.0017 �530.5
0.1999 0.81543 0.1551 1.7400 �0.8579 1.3987 0.0028 �758.8
0.3000 0.82341 0.2161 1.5409 �0.8944 1.4014 0.0033 �827.0
0.4000 0.83032 0.2427 1.4397 �0.8332 1.4036 0.0033 �779.7
0.5000 0.83632 0.2533 1.3642 �0.7463 1.4056 0.0032 �712.9
0.5999 0.84157 0.2485 1.3210 �0.6272 1.4075 0.0029 �605.4
0.6999 0.84625 0.2265 1.2894 �0.4964 1.4091 0.0024 �489.5
0.7999 0.85048 0.1815 1.2777 �0.3456 1.4106 0.0017 �346.1
0.9000 0.85435 0.1111 1.2827 �0.1780 1.4119 0.0008 �179.1
1.0000 0.85798 – 1.2983 – 1.4132 – –

308.15 K
0.0000 0.79031c – 2.5053c – 1.3895c – –
0.1001 0.80168 0.1131 1.8544 �0.5202 1.3933 0.0017 �496.3
0.1999 0.81124 0.1730 1.5540 �0.6904 1.3965 0.0027 �704.4
0.3000 0.81916 0.2386 1.3892 �0.7245 1.3992 0.0032 �768.8
0.4000 0.82603 0.2673 1.3066 �0.6765 1.4014 0.0032 �723.0
0.5000 0.83200 0.2782 1.2464 �0.6062 1.4034 0.0032 �657.3
0.5999 0.83724 0.2723 1.2103 �0.5119 1.4052 0.0028 �560.2
0.6999 0.84191 0.2480 1.1856 �0.4061 1.4069 0.0023 �452.5
0.7999 0.84614 0.1986 1.1785 �0.2826 1.4084 0.0016 �318.2
0.9000 0.85003 0.1205 1.1843 �0.1461 1.4097 0.0008 �165.2
1.0000 0.85368 – 1.1999 – 1.4110 – –

313.15 K
0.0000 0.78631c – 2.1612c – 1.3874c – –
0.1001 0.79755 0.1234 1.6424 �0.4144 1.3911 0.0016 �455.7
0.1999 0.80702 0.1912 1.3988 �0.5540 1.3942 0.0026 �645.0
0.3000 0.81488 0.2621 1.2643 �0.5841 1.3969 0.0031 �702.0
0.4000 0.82171 0.2937 1.1961 �0.5480 1.3991 0.0032 �660.4
0.5000 0.82766 0.3054 1.1476 �0.4923 1.4012 0.0031 �598.8
0.5999 0.83289 0.2982 1.1189 �0.4168 1.4030 0.0027 �509.7
0.6999 0.83756 0.2703 1.0997 �0.3317 1.4046 0.0023 �411.9
0.7999 0.84180 0.2151 1.0960 �0.2311 1.4061 0.0016 �288.8
0.9000 0.84570 0.1299 1.1028 �0.1200 1.4075 0.0008 �150.3
1.0000 0.84937 – 1.1185 – 1.4088 – –

318.15 K
0.0000 0.78226c – 1.8755c – 1.3853c – –
0.1001 0.79338 0.1341 1.4532 �0.3382 1.3889 0.0015 �428.5
0.1999 0.80276 0.2101 1.2545 �0.4531 1.3920 0.0025 �602.1
0.3000 0.81056 0.2861 1.1443 �0.4792 1.3947 0.0030 �652.8
0.4000 0.81736 0.3212 1.0888 �0.4507 1.3968 0.0030 �612.4
0.5000 0.82329 0.3339 1.0499 �0.4056 1.3989 0.0030 �553.6
0.5999 0.82851 0.3252 1.0274 �0.3441 1.4007 0.0026 �470.5
0.6999 0.83319 0.2931 1.0129 �0.2746 1.4024 0.0022 �380.2
0.7999 0.83745 0.2326 1.0117 �0.1918 1.4039 0.0015 �266.5
0.9000 0.84137 0.1393 1.0195 �0.0999 1.4052 0.0008 �139.0
1.0000 0.84506 – 1.0354 – 1.4066 – –

323.15 K
0.0000 0.77814c – 1.6518c – 1.3830c – –
0.1001 0.78915 0.1449 1.3084 �0.2752 1.3867 0.0016 �392.6
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Table 3 (continued)

x1 10�3q/ 106VE/ g/ Dg/ nD DnD DG⁄E

(kg�m�3) (m3�mol�1) (mPa�s) (J�mol�1)

0.1999 0.79846 0.2295 1.1444 �0.3713 1.3898 0.0026 �550.3
0.3000 0.80621 0.3111 1.0524 �0.3951 1.3925 0.0031 �596.8
0.4000 0.81299 0.3487 1.0062 �0.3732 1.3946 0.0031 �559.6
0.5000 0.81890 0.3619 0.97501 �0.3363 1.3967 0.0030 �503.6
0.5999 0.82413 0.3516 0.95561 �0.2877 1.3985 0.0027 �431.9
0.6999 0.82881 0.3168 0.94634 �0.2288 1.4001 0.0022 �345.0
0.7999 0.83308 0.2503 0.94617 �0.1609 1.4017 0.0015 �243.7
0.9000 0.83702 0.1494 0.95458 �0.0843 1.4030 0.0008 �128.1
1.0000 0.84074 – 0.97083 – 1.4044 – –

Ethyl octanoate (1) + 3�methyl�1�butanol (2)
288.15 K
0.0000 0.81229c – 5.0572c – 1.4087c – –
0.1000 0.82209 0.0099 3.5589 �1.1612 1.4104 0.0006 �532.9
0.2001 0.83040 0.0360 2.8064 �1.5763 1.4120 0.0010 �806.4
0.3000 0.83758 0.0662 2.3818 �1.6641 1.4134 0.0013 �916.4
0.4000 0.84390 0.0917 2.1172 �1.5916 1.4146 0.0014 �925.8
0.5001 0.84954 0.1060 1.9506 �1.4208 1.4156 0.0013 �858.6
0.5999 0.85463 0.1061 1.8559 �1.1791 1.4166 0.0012 �723.4
0.7003 0.85929 0.0898 1.7590 �0.9376 1.4175 0.0010 �603.4
0.7998 0.86350 0.0651 1.7161 �0.6451 1.4183 0.0006 �422.9
0.9001 0.86737 0.0331 1.6868 �0.3363 1.4191 0.0003 �228.6
1.0000 0.87088 – 1.6863 – 1.4199 – –

293.15 K
0.0000 0.80858c – 4.2875c – 1.4067c – –
0.1000 0.81823 0.0168 3.0598 �0.9527 1.4083 0.0005 �525.5
0.2001 0.82644 0.0472 2.4389 �1.2983 1.4099 0.0010 �795.2
0.3000 0.83353 0.0799 2.1102 �1.3522 1.4112 0.0012 �877.7
0.4000 0.83978 0.1066 1.8910 �1.2964 1.4124 0.0013 �885.3
0.5001 0.84538 0.1206 1.7524 �1.1597 1.4135 0.0012 �820.4
0.5999 0.85042 0.1197 1.6731 �0.9647 1.4144 0.0011 �692.2
0.7003 0.85504 0.1031 1.5925 �0.7691 1.4153 0.0009 �577.6
0.7998 0.85923 0.0740 1.5572 �0.5308 1.4161 0.0006 �406.1
0.9001 0.86307 0.0402 1.5340 �0.2782 1.4169 0.0003 �220.9
1.0000 0.86658 – 1.5374 – 1.4177 – –

298.15 K
0.0000 0.80484c – 3.6709c – 1.4047c – –
0.1000 0.81436 0.0235 2.6842 �0.7607 1.4063 0.0005 �491.2
0.2001 0.82246 0.0586 2.1772 �1.0414 1.4078 0.0009 �739.2
0.3000 0.82947 0.0945 1.8855 �1.1073 1.4091 0.0011 �837.9
0.4000 0.83566 0.1226 1.7019 �1.0648 1.4102 0.0012 �844.8
0.5001 0.84120 0.1374 1.5855 �0.9549 1.4113 0.0012 �782.9
0.5999 0.84620 0.1360 1.5184 �0.7964 1.4122 0.0011 �661.9
0.7003 0.85078 0.1177 1.4513 �0.6366 1.4131 0.0009 �552.2
0.7998 0.85494 0.0854 1.4221 �0.4409 1.4139 0.0006 �389.8
0.9001 0.85877 0.0477 1.4043 �0.2319 1.4147 0.0003 �212.7
1.0000 0.86228 – 1.4104 – 1.4155 – –

303.15 K
0.0000 0.80109c – 3.1546c – 1.4026c – –
0.1000 0.81047 0.0310 2.3510 �0.6180 1.4042 0.0005 �468.5
0.2001 0.81846 0.0708 1.9363 �0.8469 1.4056 0.0009 �699.5
0.3000 0.82539 0.1096 1.6933 �0.9044 1.4069 0.0011 �792.5
0.4000 0.83152 0.1395 1.5374 �0.8747 1.4081 0.0012 �802.0
0.5001 0.83701 0.1549 1.4402 �0.7861 1.4091 0.0012 �742.5
0.5999 0.84196 0.1532 1.3845 �0.6565 1.4100 0.0010 �627.2
0.7003 0.84652 0.1334 1.3270 �0.5276 1.4109 0.0008 �526.2
0.7998 0.85066 0.0986 1.3047 �0.3652 1.4116 0.0005 �369.8
0.9001 0.85447 0.0559 1.2925 �0.1912 1.4125 0.0003 �199.1
1.0000 0.85798 – 1.2983 – 1.4132 – –

308.15 K
0.0000 0.79731c – 2.7296c – 1.4005c – –
0.1000 0.80656 0.0387 2.0770 �0.4996 1.4021 0.0005 �439.7
0.2001 0.81445 0.0837 1.7303 �0.6932 1.4035 0.0009 �661.9
0.3000 0.82130 0.1259 1.5273 �0.7434 1.4047 0.0011 �749.4
0.4000 0.82736 0.1573 1.3977 �0.7200 1.4059 0.0012 �755.7
0.5001 0.83281 0.1734 1.3152 �0.6494 1.4069 0.0011 �700.6
0.5999 0.83772 0.1712 1.2674 �0.5445 1.4078 0.0010 �594.2
0.7003 0.84225 0.1497 1.2210 �0.4374 1.4087 0.0008 �495.3
0.7998 0.84636 0.1118 1.2018 �0.3043 1.4094 0.0005 �350.5
0.9001 0.85016 0.0644 1.1946 �0.1581 1.4102 0.0003 �185.3
1.0000 0.85368 – 1.1999 – 1.4110 – –

313.15 K
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presented in Table 4. The quality of correlation was estimated by
the value of the root-mean-square deviations (rmsd) r, calculated
from the equation:

r ¼
Xm
i¼1

ðYexp � YcalÞ2=ðm � nÞ
 !1=2

ð4Þ

in which m is the number of experimental data points and n is the
number of fitting parameters.

The excess molar volumes for investigated binary systems are
positive at all temperatures and for all mixture compositions as
can be seen from Table 3 and Fig. 2. At higher temperatures the val-
ues of excess molar volumes rise. The maximum of the curves for
the system diethyl succinate with isobutanol is located between
0.3 and 0.4 mol fraction of the ester. Curves for the other three sys-
tem are almost symmetrical, especially for systems with ethyl
octanoate.

Viscosity deviations, shown at Fig. 3, are negative over the
whole temperature and composition range. For analyzed mixtures
negative Dg values are reduced with temperature rise. Maximum
absolute values of viscosity deviations are obtained around 0.3 mol
fraction of esters for all mixtures.

Deviations of refractive indices, plotted in Fig. 4, are positive for
investigated systems at all temperatures, except for the solution
diethyl succinate + isopentanol at lower mole fractions of diethyl
succinate, where negative deviations occur (for x1 = 0.1 at all tem-
peratures and for x1 = 0.2 at higher temperatures). Values of these

deviations for measured systems are generally very small, with the
highest values at the lowest temperature. This is especially noticed
for the system diethyl succinate with isopentanol where deviations
of refractive indices are under 0.001.

Since all derived properties for investigated systems show same
temperature influence, trend and sign of the curves, they are plot-
ted on Fig. 5 at 298.15 K, all systems together for comparison pur-
poses. Beside these properties, for better and easier understanding
of interactions between these compounds, the molar excess Gibbs
free energies of activation of viscous flow were calculated and FT-
IR study was performed.

As stated in our previous works [21,48], the excess molar Gibbs
energy of activation of the viscous flow DG⁄E is a property used for
analysing molecular interactions in the mixtures, as a more ade-
quate one than viscosity deviations Dg.

The molar excess Gibbs free energies of activation of viscous
flow DG⁄E were calculated using the equation:

DG�E ¼ RT½lnðgV=g2V2Þ � x1 lnðg1V1=g2V2Þ� ð5Þ
in which g, V, g1, g2, V1 and V2 represent viscosity of the solu-

tion, its molar volume, viscosity of pure component 1, viscosity
of pure component 2, molar volume of pure component 1 and
molar volume of pure component 2, respectively. The values of
DG⁄E are given in Table 3 and plotted on Fig. 6 for all systems at
all investigated temperatures and on Figure 5(d) for all systems
at 298.15 K.

Table 3 (continued)

x1 10�3q/ 106VE/ g/ Dg/ nD DnD DG⁄E

(kg�m�3) (m3�mol�1) (mPa�s) (J�mol�1)

0.0000 0.79351c – 2.3748c – 1.3985c – –
0.1000 0.80262 0.0465 1.8448 �0.4044 1.3999 0.0004 �410.7
0.2001 0.81042 0.0968 1.5593 �0.5641 1.4013 0.0008 �616.6
0.3000 0.81719 0.1422 1.3894 �0.6085 1.4026 0.0010 �698.9
0.4000 0.82319 0.1761 1.2807 �0.5916 1.4037 0.0011 �704.4
0.5001 0.82858 0.1935 1.2110 �0.5355 1.4047 0.0010 �653.8
0.5999 0.83346 0.1917 1.1704 �0.4507 1.4056 0.0009 �555.9
0.7003 0.83796 0.1671 1.1318 �0.3632 1.4064 0.0007 �463.8
0.7998 0.84205 0.1282 1.1163 �0.2537 1.4072 0.0005 �329.1
0.9001 0.84585 0.0725 1.1124 �0.1316 1.4080 0.0002 �172.9
1.0000 0.84937 – 1.1185 – 1.4088 – –

318.15 K
0.0000 0.78967c – 2.0759c – 1.3964c – –
0.1000 0.79865 0.0546 1.6395 �0.3324 1.3978 0.0004 �388.4
0.2001 0.80635 0.1104 1.4013 �0.4664 1.3992 0.0007 �583.2
0.3000 0.81306 0.1594 1.2584 �0.5054 1.4004 0.0009 �661.3
0.4000 0.81900 0.1953 1.1667 �0.4930 1.4015 0.0010 �666.7
0.5001 0.82435 0.2135 1.1078 �0.4477 1.4024 0.0009 �619.4
0.5999 0.82919 0.2112 1.0738 �0.3779 1.4034 0.0009 �527.4
0.7003 0.83367 0.1847 1.0422 �0.3050 1.4042 0.0007 �439.4
0.7998 0.83774 0.1424 1.0297 �0.2140 1.4050 0.0004 �313.2
0.9001 0.84153 0.0813 1.0284 �0.1109 1.4058 0.0002 �163.9
1.0000 0.84506 – 1.0354 – 1.4066 – –

323.15 K
0.0000 0.78579c – 1.8407c – 1.3943c – –
0.1000 0.79465 0.0629 1.4804 �0.2733 1.3957 0.0004 �360.5
0.2001 0.80226 0.1245 1.2807 �0.3859 1.3970 0.0007 �540.8
0.3000 0.80890 0.1773 1.1573 �0.4224 1.3982 0.0009 �618.2
0.4000 0.81479 0.2150 1.0780 �0.4148 1.3993 0.0010 �626.2
0.5001 0.82010 0.2336 1.0280 �0.3777 1.4003 0.0009 �581.5
0.5999 0.82491 0.2302 0.99856 �0.3203 1.4012 0.0008 �497.5
0.7003 0.82936 0.2037 0.97177 �0.2598 1.4020 0.0007 �416.0
0.7998 0.83343 0.1550 0.96281 �0.1822 1.4027 0.0004 �295.3
0.9001 0.83721 0.0902 0.96529 �0.0924 1.4036 0.0002 �148.5
1.0000 0.84074 – 0.97083 – 1.4044 – –

a Standard uncertainties u for each variables are u(T) = 0.01 K; ur(p) = 0.05; u(x1) = 0.0001, and the combined expanded uncertainties Uc are Uc(q) = ± 1.6 kg�m�3; Uc(VE)
= ± 3�10�7 m3�mol�1; Uc,r(g) = ± 0.007; Uc,r(Dg) = ± 0.004; Uc(nD) = ± 2.8 � 10�3 and Uc(DnD) = ± 3.4�10�3, with 0.95 level of confidence (k � ⁄2).

b Density, viscosity and refractive index data for pure diethyl succinate are already published in [2].
c Density, viscosity and refractive index data for pure alcohols are already published in [1].
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Table 4
Redlich–Kister parameters for excess molar volume VE, viscosity deviation Dg, deviation in refractive indices DnD and molar excess Gibbs free energies of activation of viscous
flow DG⁄E, and the corresponding RMSD 10�6 r(VE) m3 mol�1, r(Dg) mPas, r(DnD) and r(DG⁄E) Jmol�1.

Function T/(K) A0 A1 A2 A3 A4 r

Diethyl succinate (1) + 2-methyl-1-propanol (2)
VE 288.15 0.9876 �0.4195 0.4946 0.0030

293.15 1.0800 �0.4639 0.4992 0.0031
298.15 1.1699 �0.4987 0.5146 0.0032
303.15 1.2610 �0.5300 0.5209 0.0032
308.15 1.3540 �0.5657 0.5325 0.0032
313.15 1.4440 �0.6055 0.5427 0.0033
318.15 1.5337 �0.6420 0.5491 0.0033
323.15 1.6194 �0.6777 0.5546 0.0033

Dg 288.15 �6.0754 3.9765 �4.7954 3.1952 0.0455
293.15 �4.9195 3.1922 �3.7973 2.5180 0.0356
298.15 �4.0139 2.5971 �3.0525 1.9621 0.0273
303.15 �3.2817 2.0923 �2.3948 1.5716 0.0214
308.15 �2.6932 1.7012 �1.9181 1.2816 0.0169
313.15 �2.2193 1.3828 �1.5406 0.9541 0.0133
318.15 �1.8354 1.1200 �1.2151 0.8000 0.0103
323.15 �1.5243 0.9525 �0.8953 0.6277 0.0102

DnD 288.15 0.0116 �0.0020 0.0008 0.00006
293.15 0.0114 �0.0018 0.0007 0.00005
298.15 0.0110 �0.0017 0.0007 0.00005
303.15 0.0107 �0.0016 0.0004 0.00004
308.15 0.0106 �0.0014 0.0003 0.00002
313.15 0.0098 �0.0016 0.0007 0.00003
318.15 0.0093 �0.0018 �0.0001 0.00004
323.15 0.0090 �0.0021 0.0002 0.00002

DG⁄E 288.15 �3943.6 2446.4 �2530.2 1841.3 9.5
293.15 �3736.6 2341.1 �2458.2 1843.1 10.2
298.15 �3540.2 2334.8 �2358.0 1586.3 9.8
303.15 �3313.4 2190.8 �2230.6 1581.4 9.1
308.15 �3093.9 2087.3 �2122.8 1485.7 8.7
313.15 �2888.1 1997.2 �1966.7 1369.2 8.3
318.15 �2661.6 1872.0 �1865.0 1313.1 7.8
323.15 �2421.2 1876.1 �1721.6 1083.3 11.0

Diethyl succinate (1) + 3-methyl-1-butanol (2)
VE 288.15 1.1850 �0.3170 �0.3801 0.0547 0.9227 0.0015

293.15 1.2613 �0.3395 �0.3615 0.0391 0.9063 0.0013
298.15 1.3406 �0.3653 �0.3727 0.0353 0.9410 0.0013
303.15 1.4193 �0.3948 �0.3571 0.0356 0.9304 0.0014
308.15 1.5020 �0.4176 �0.3445 0.0280 0.9313 0.0014
313.15 1.5824 �0.4443 �0.3474 0.0145 0.9392 0.0013
318.15 1.6639 �0.4691 �0.3365 0.0172 0.9309 0.0013
323.15 1.7413 �0.4880 �0.2924 0.0153 0.8895 0.0015

Dg 288.15 �6.1322 3.4620 �4.0211 3.1030 0.0416
293.15 �5.1421 2.8181 �3.3522 2.4259 0.0288
298.15 �4.1844 2.2906 �2.6232 2.1231 0.0217
303.15 �3.4749 1.8597 �2.0766 1.7184 0.0174
308.15 �2.9008 1.5327 �1.6847 1.3318 0.0140
313.15 �2.4033 1.2700 �1.2331 1.0952 0.0115
318.15 �2.0423 1.0330 �1.0829 0.8551 0.0093
323.15 �1.7330 0.8678 �0.8544 0.6674 0.0072

DnD 288.15 0.0024 0.0016 �0.0009 0.0025 0.00001
293.15 0.0022 0.0017 �0.0011 0.0028 0.00001
298.15 0.0018 0.0016 �0.0008 0.0028 0.00001
303.15 0.0017 0.0017 �0.0008 0.0022 0.00001
308.15 0.0014 0.0017 �0.0008 0.0020 0.00001
313.15 0.0011 0.0018 �0.0011 0.0014 0.00000
318.15 0.0008 0.0018 �0.0007 0.0010 0.00001
323.15 0.0005 0.0016 �0.0004 0.0012 0.00000

DG⁄E 288.15 �3977.0 1955.0 �1935.7 1338.3 14.0
293.15 �3951.0 1943.1 �1861.2 1007.8 12.8
298.15 �3689.4 1873.2 �1736.7 1066.5 10.9
303.15 �3531.3 1816.2 �1632.8 949.6 10.4
308.15 �3371.2 1749.6 �1555.8 856.7 9.8
313.15 �3144.2 1676.3 �1364.5 796.1 8.5
318.15 �3039.5 1606.0 �1376.4 674.6 8.8
323.15 �2866.3 1499.0 �1237.8 684.4 8.6

Ethyl octanoate (1) + 2-methyl-1-propanol (2)
VE 288.15 0.7294 0.0725 0.2402 0.0067

293.15 0.8155 0.0668 0.2564 0.0068
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The correlation with the RK equation (Eq. (3)) is also performed,
and the values of fitting parameters are given in Table 4 together
with the corresponding values of the root-mean-square deviations
(rmsd) r, calculated from the Eq. (4).

3.1. FT-IR analysis

In Fig. 7, the infrared spectra (IR) of four mixtures ester + alco-
hol, with the composition corresponding to the maximum excess
molar volume, are compared with those of the pure components.

Table 4 (continued)

Function T/(K) A0 A1 A2 A3 A4 r

298.15 0.9077 0.0616 0.2669 0.0068
303.15 1.0132 0.0610 0.2543 0.0065
308.15 1.1128 0.0523 0.2814 0.0066
313.15 1.2217 0.0461 0.2839 0.0066
318.15 1.3357 0.0410 0.2711 0.0062
323.15 1.4474 0.0299 0.2884 0.0064

Dg 288.15 �5.6007 4.2122 �4.4418 3.1418 0.0276
293.15 �4.4999 3.3243 �3.5752 2.4573 0.0249
298.15 �3.6402 2.6249 �2.8552 2.0888 0.0128
303.15 �2.9523 2.0900 �2.2899 1.6558 0.0089
308.15 �2.4013 1.6658 �1.8455 1.3730 0.0062
313.15 �1.9512 1.3279 �1.4501 1.0440 0.0047
318.15 �1.6090 1.0788 �1.1702 0.8465 0.0039
323.15 �1.3391 0.8633 �0.9426 0.7177 0.0029

DnD 288.15 0.0140 �0.0058 0.0023 0.00004
293.15 0.0137 �0.0059 0.0022 0.00004
298.15 0.0133 �0.0056 0.0021 0.00004
303.15 0.0130 �0.0055 0.0023 0.00004
308.15 0.0127 �0.0054 0.0022 0.00004
313.15 0.0124 �0.0052 0.0019 0.00004
318.15 0.0119 �0.0050 0.0019 0.00004
323.15 0.0121 �0.0054 0.0022 0.00004

DG⁄E 288.15 �3452.3 2186.2 �1986.0 1073.3 4.5
293.15 �3243.4 2022.3 �2015.8 1280.8 5.3
298.15 �3044.0 1950.8 �1855.7 974.4 4.0
303.15 �2836.3 1814.6 �1732.7 977.2 3.9
308.15 �2621.6 1698.7 �1642.9 935.0 3.7
313.15 �2385.0 1545.0 �1531.2 896.4 3.3
318.15 �2205.2 1463.1 �1478.1 852.2 3.1
323.15 �2014.1 1332.7 �1345.1 816.2 2.9

Ethyl octanoate (1) + 3-methyl-1-butanol (2)
VE 288.15 0.4238 0.1512 �0.3005 0.0010

293.15 0.4822 0.1392 �0.2880 0.0015
298.15 0.5498 0.1392 �0.2773 0.0019
303.15 0.6196 0.1442 �0.2504 0.0019
308.15 0.6934 0.1454 �0.2295 0.0022
313.15 0.7740 0.1628 �0.1980 0.0016
318.15 0.8541 0.1659 �0.1791 0.0017
323.15 0.9344 0.1583 �0.1700 0.0020

Dg 288.15 �5.6500 4.0942 �3.6460 2.0452 0.0196
293.15 �4.6095 3.2641 �3.0862 2.0526 0.0141
298.15 �3.7987 2.6576 �2.3635 1.2492 0.0123
303.15 �3.1296 2.0892 �1.8386 1.1523 0.0102
308.15 �2.5773 1.7163 �1.5252 0.8248 0.0068
313.15 �2.1287 1.3666 �1.1973 0.6685 0.0054
318.15 �1.7796 1.1214 �0.9639 0.5326 0.0042
323.15 �1.5076 0.8927 �0.7440 0.4763 0.0034

DnD 288.15 0.0054 �0.0017 �0.0003 0.00002
293.15 0.0050 �0.0017 �0.0003 0.00002
298.15 0.0049 �0.0017 �0.0004 0.00002
303.15 0.0046 �0.0018 �0.0003 0.00002
308.15 0.0045 �0.0018 �0.0001 0.00002
313.15 0.0041 �0.0017 �0.0006 0.00002
318.15 0.0039 �0.0014 �0.0010 0.00002
323.15 0.0038 �0.0017 �0.0006 0.00002

DG⁄E 288.15 �3409.5 1991.2 �1245.2 8.2
293.15 �3244.5 1971.7 �1410.4 9.9
298.15 �3106.6 1823.4 �1218.3 7.3
303.15 �2952.8 1717.9 �1131.9 8.5
308.15 �2784.1 1626.2 �1068.8 7.2
313.15 �2598.2 1506.3 �1002.8 7.0
318.15 ��2460.6 1414.5 �956.1 6.6
323.15 �2322.2 1289.3 �815.4 7.5
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For pure esters can be recognized strong C = O stretching band
around 1730 cm�1, and strong asymmetric C–O–C stretching band
around 1100 cm�1 present at this kind of compounds and already
reported in many papers [2,49,50]. The most significant bands for
alcohols are one due to self-associated molecules, around
3300 cm�1, and second due to C–O stretch, in the 1000–
1150 cm�1 area.

The stretching band observed around 3300 cm�1 in pure alco-
hols, characteristic for the OH stretching vibration, is shifted to a
higher wavenumber in the mixtures. The band significantly chan-
ged the shape.

The band at 1730 cm�1, characteristic for the m (C = O) stretch-
ing vibration of pure esters, is slightly shifted towards higher fre-
quencies in the mixtures.
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180 D.M. Majstorović et al. / J. Chem. Thermodynamics 104 (2017) 169–188



Significant changes are in area 1000–1075 cm�1. Band for asym-
metrical vibration mas(C-O-C) is wider and stretched in the mixture
in comparison to the pure esters.

From the FT-IR analysis can be concluded that all present
hydrogen bonds in the mixtures are weak ones because of the
shifting of OH stretching vibration from lower to higher frequen-
cies [51]. This refers to bonds between the alcohol and ester (O–
H–O) and also indicates the disruption of alcohol molecules self-
associated through hydrogen bonding of their OH groups [52].

The facts mentioned above are the reasons for positive sign of VE

which includes no strong specific interactions between mixture
components, rupture of the H-bonds in the self-associated alcohol
and the physical dipole-dipole interactions between polar mole-
cules, and also steric hindrances as a result of unsuitable intersti-
tial accommodation due to different molar volumes and free
volumes of unlike molecules [53].

On the other hand, physical interaction, consisting mainly of
dispersion forces or weak dipole–dipole interaction [54] lead to
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negative contribution to DG⁄E and Dg. Thus, the fact that the DG⁄E

obtained within this work are negative – see Fig. 5(d) – qualita-
tively concurs with the positive molar excess volumes. Volume
increase is also a result of weakening of interactions between
molecules of esters, as well as between molecules of alcohol.
So, it can be concluded that disruption of hydrogen bonds in
strongly self-associated alcohols or weakening of dipole-dipole
interactions between polar esters molecules as well as steric hin-
drances have a dominant effect on mixture behaviour [55].
Results obtained by FT-IR suggest that attractive dispersion inter-

actions in the pure esters and alcohols are stronger than in their
mixtures.

On Fig. 5(a) can be seen that systems with diethyl succinate
have higher values of VE than with ethyl octanoate. That is proba-
bly because alcohols and ethyl octanoate have dipole moments
around 1.7 D (isobutanol 1.64 D, isopentanol 1.70 D, ethyl octano-
ate 1.61 D), while diethyl succinate is more polar and has higher
dipole moment, 2.2 D.

Comparison could be made between diethyl succinate and the
previously investigated ethyl butyrate [1], with the same set of
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alcohols. The study of ethyl butyrate with these alcohols and also
with primary alcohols, 1-propanol, 1-butanol and 1-hexanol [1]
has shown that the highest excess molar deviations are obtained
for system with isobutanol. But the investigations with diethyl
succinate [2] have shown that the magnitude of the positive sign
of VE is increasing in the following order: 1-propanol
< 1-butanol < isobutanol < isopentanol < 1-hexanol. If one looks at

the FT-IR spectre for the mixture diethyl succinate + isobutanol
(Fig. 7(a)), can notice the change for the C-O asymmetrical stretch-
ing vibration for pure isobutanol at 1038 cm�1. In the mixture,
band is stronger, while frequency is shifted to smaller values,
where it almost overlaps with mas(C-O-C) for investigated ester.
These results indicate the presence of stronger hetero molecular
interactions in this mixture.
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3.2. Viscosity modelling

The quality of models used in this work in predicting (UNIFAC-
VISCO [18,19] and ASOG-VISCO [20] models) and in correlating
(Teja-Rice [23,24], Grunberg–Nissan [25], McAlister [26], Eyring-
UNIQUAC [27] and Eyring-NRTL [28] models) dynamic viscosities

of investigated binary mixtures was shown through the percentage
deviations (PDmax), calculated from the following equation:

PDðgÞ ¼ 100
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Fig. 6. Calculated values of molar excess Gibbs free energies of activation of viscous flow DG⁄E as a function of diethyl succinate or ethyl octanoate molar fraction x1 for the
systems: (a) diethyl succinate (1) + 2-methyl-1-propanol (2); (b) diethyl succinate (1) + 3-methyl-1-butanol (2); (c) ethyl octanoate (1) + 2-methyl-1-propanol (2); (d) ethyl
octanoate (1) + 3-methyl-1-butanol (2), at following temperatures: (e) 288.15 K, (r) 293.15 K, (s) 298.15 K, (d) 303.15 K, (4) 308.15 K, (N) 313.15 K, (h) 318.15 K, (j)
323.15 K, (—) RK equation.
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where gexp and gcal denotes experimental and calculated values of
dynamic viscosity and (gexp)max is the maximum of experimental
g values.

Values of the percentage deviations (PDmax) for all used models
and on each temperature can be found in Table 5.

The equations for all models are given in Supplementary data of
this manuscript.

In order to obtain the model parameters or coefficients, the
Marquardt optimization technique [56] was used for the mini-
mization of the objective function given by the equation:
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Fig. 7. Infrared spectra of (a) pure diethyl succinate, pure 2-methyl-1-propanol, and the mixture diethyl succinate + 2-methyl-1-propanol for molar fraction of diethyl
succinate x1 = 0.3; (b) pure diethyl succinate, pure 3-methyl-1-butanol, and the mixture diethyl succinate + 3-methyl-1-butanol for molar fraction of diethyl succinate
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The UNIFAC-VISCO interaction parameters (anm) are taken from
the literature [18,19] and from our previous papers [21,22]. The
ASOG-VISCO interaction parameters (mkl, nkl) can all be found in
the literature [20].

Depending on number of optimized parameters, Eyring-NRTL
model was used as two-parameter, where parameter a had a
fixed value of 0.3, or three-parameter model, where a was opti-
mized together with the other two parameters. In the latter case,
the optimization of a was performed because of somewhat higher
values of percentage deviations and the new results, with PDmax

deviation below 1%, justify the use of this model as three-
parameter.

From Table 5 can be concluded that better results are obtained
for two systems with isopentanol than with isobutanol and same
ester. As for the comparison of the esters, generally systems with
ethyl octanoate have lower values of PDmax, except with UNIFAC-
VISCO model where the results are better for systems with diethyl
succinate.

A review of each model individually shows that three parame-
ter McAllister-4 and Eyring-NRTL models give very good results
with percentage deviation less than 1% for all four investigated sys-
tems. Two parameter McAllister-3 gives higher deviations then the
above mentioned three parameter models, but below 3% for both
systems. The Eyring-UNIQUAC is of similar quality as the

McAllister-3 model. The difference between two and three-
parameter Eyring-NRTL model is significant for both systems; in
addition the three-parameter model gives the best results of all
investigated models. The one-parameter Teja-Rice and Grunberg-
Nissan models give slightly poorer results than the other correla-
tive models, although Teja-Rice proved to be much better for these
systems than Grunberg-Nissan.

Predictive UNIFAC–VISCO model gives higher values of percent-
age deviations, ranging from 13% to 42%, than the other predictive
model, ASOG-VISCO, which shows higher deviations at highest and
lowest temperatures. Much better results for ASOG-VISCO model
are obtained in the middle of the investigated temperature range.

4. Conclusions

Density (q), viscosity (g) and refractive index (nD) of four ester
+ alcohol binary mixtures (diethyl succinate or ethyl octanoate (1)
+ 2-methyl-1-propanol or 3-methyl-1-butanol (2)) are given in this
paper at atmospheric pressure and at temperatures ranging from
288.15 K to 323.15 K. Excess molar volumes (VE) and deviation
functions (Dg, DnD), as well as excess molar Gibbs energy of acti-
vation of the viscous flow (DG⁄E), calculated from experimental
data, are correlated by Redlich-Kister equation and further used
for interpretation of molecular interactions present in the

Table 5
Results of viscosity prediction for the binary mixtures with diethyl succinate or ethyl octanoate obtained by UNIFAC-VISCO and ASOG-VISCO models and viscosity correlation
obtained by Teja-Rice, Grunberg-Nissan, McAlister and Eyring-UNIQUAC and Eyring-NRTL models.

T/(K) PDmax/(%)

Predictive approach Correlative approach

UNIFAC-VISCO ASOG-VISCO Teja-Rice Grunberg-Nissan McAllister-3 McAllister-4 Eyring-UNIQUAC Eyring-NRTL

Diethyl succinate (1) + 2-methyl-1-propanol (2)
288.15 37.88 31.12 4.45 8.08 2.73 0.90 2.62 3.76a 0.35b

293.15 35.95 16.17 4.11 7.82 2.62 0.93 2.81 3.74 0.33
298.15 33.97 8.34 3.75 7.52 2.58 0.83 2.94 3.69 0.24
303.15 31.85 8.02 3.35 7.18 2.37 0.79 2.80 3.83 0.23
308.15 29.73 8.72 3.00 6.81 2.27 0.74 2.79 3.78 0.15
313.15 27.02 9.34 2.61 6.28 1.99 0.65 2.76 3.60 0.10
318.15 24.44 10.20 2.31 5.78 1.83 0.57 2.66 3.34 0.09
323.15 21.93 12.91 2.07 5.39 1.60 0.58 2.64 3.30 0.17

Diethyl succinate (1) + 3-methyl-1-butanol (2)
288.15 26.69 29.68 3.79 5.94 2.10 0.79 1.67 1.98 0.77
293.15 25.84 16.32 3.58 5.58 1.94 0.61 1.54 1.82 0.72
298.15 23.58 7.83 3.20 5.45 1.82 0.59 1.63 1.92 0.45
303.15 22.02 6.54 2.92 5.20 1.72 0.54 1.62 1.97 0.43
308.15 20.55 7.25 2.67 4.95 1.59 0.48 1.59 1.98 0.38
313.15 18.50 8.05 2.33 4.71 1.33 0.46 1.66 2.01 0.27
318.15 12.97 6.58 2.24 4.45 1.31 0.39 1.53 1.92 0.31
323.15 16.06 14.21 1.98 4.20 1.17 0.40 1.53 1.83 0.23

Ethyl octanoate (1) + 2-methyl-1-propanol (2)
288.15 42.00 20.31 2.78 5.78 1.69 0.37 1.53 2.52 0.22
293.15 41.28 11.64 2.69 5.69 1.76 0.48 1.66 2.67 0.18
298.15 39.80 7.40 2.40 5.31 1.62 0.37 1.61 2.60 0.25
303.15 38.58 6.87 2.19 5.05 1.53 0.35 1.72 2.58 0.25
308.15 37.38 7.01 1.98 4.78 1.43 0.35 1.72 2.59 0.23
313.15 36.02 7.06 1.77 4.45 1.32 0.33 1.66 2.49 0.21
318.15 35.06 6.98 1.64 4.23 1.31 0.31 1.66 2.48 0.20
323.15 33.86 7.00 1.46 3.91 1.20 0.28 1.59 2.21 0.18

Ethyl octanoate (1) + 3-methyl-1-butanol (2)
288.15 30.68 17.53 2.11 4.08 1.04 0.20 0.84 1.40 0.16
293.15 30.25 9.77 2.15 4.14 1.21 0.22 1.07 1.60 0.21
298.15 29.18 5.93 1.86 3.80 1.02 0.19 0.91 1.45 0.18
303.15 28.32 5.56 1.71 3.62 0.99 0.22 0.93 1.47 0.17
308.15 27.36 5.66 1.55 3.42 0.91 0.17 0.93 1.47 0.16
313.15 26.34 5.74 1.40 3.22 0.86 0.17 0.90 1.40 0.17
318.15 25.56 5.88 1.28 3.06 0.82 0.16 0.89 1.36 0.15
323.15 24.62 6.03 1.11 2.85 0.69 0.17 0.82 1.28 0.10

a Eyring-NRTL as two-parameter model (a = 0.30).
b Eyring-NRTL as three-parameter model (optimized a).
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mixtures. As expected, based on the previous thermodynamic
investigations of ester + alcohol systems and FT-IR analysis, VE val-
ues are positive for all invertigated solutions. Viscosity deviations
and excess molar Gibbs energy of activation of the viscous flow
are negative for all mixtures over the entire composition and tem-
perature range.

Results obtained by FT-IR suggest that attractive dispersion
interactions in the pure ester and alcohols are stronger than in
their mixtures, and that disruption of hydrogen bonds in strongly
self-associated alcohols or weakening of dipole-dipole interactions
between polar ester molecules results in positive values of excess
molar volumes.

Viscosity modelling was performed with predictive and correl-
ative models. Dynamic viscosities of investigated binary mixtures
were predicted by UNIFAC-VISCO and ASOG-VISCO group contri-
bution models with limited success and the percentage deviation
ranging from 5.5% up to 42%. The correlative models give much
better results, depending of the number of parameters. Results
obtained with McAlister-4 model and with Eyring-NRTL, as
three-parameter model, are very good with deviations below 1%
for all investigated mixters and at all temperatures.
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¹�¶£ ¼£¡§ ¨©® �� £ ¥�¥ ��³©§£��®�“.

�¡®ª² � ¹§. 61206-3889/2-13, }UtU ^L[d^Pz XmcLQRP RUz^PdTPz ^L[TL, ^L QUW^PYP
XWSqL^XZ 16. 09. 2013. NXWP^U WLcX ZU QLNcLQ^XQR ^L SU`USLR X [SL�U^XZ WXTRXSQTXZ
WPQUSRLYPZP icUTQL^WSU g. gUmUpTX\Pt, ¢ ¡ ¥�¶£� � „Á©²� ² ¥³�²³¥� ¤ ¯£�� ¥� ¹�¶£
¼£¡§ ¨©® �� £ ¥�¥ ��³©§£��®�“, ¯£�© ¤ª ¤© ¤³©²®£ ¤�£ ª¤® �£ ¡� ¤© ¢§£¤³ª¢£  ¡¹§�¥£
¢§©¡�©³¥© ¡£¤©§³�·£�©. gX XWmSL^U WPQUSRLYPZU ^PZU WXecX ^P _XQcU W\U NXWP^U XW
XWXmSU]L PV cPd^Pz SLVcXNL TL^WPWLRL.

º®©²¤�¥¡§� Á£³§ �£« �© ª¡�³� £ ���²� �© µ©¥¤² ¨ ¡©³©³�.
º®©²¤�¥¡§� Á£³§ �£« (¿©¹©´² �£«) �© �ª³ § £ ² �ª³ § ¢§©²  25 §�¡ �� ² �£ ¤ª

¤� ¢­³©¥£ ¥� ¥�ª¯¥£� ¤²ª¢ �£�� £®£  ¹���´©¥£ ª ¯�¤ ¢£¤£�� §�¶®£¯£³£¼ ²�³©¨ §£��  ¡
² �£¼ ¤ª ¡�� §�¡�  ¹���´©¥� ª £¤³�²¥ª³£� �©°ª¥�§ ¡¥£� ¯�¤ ¢£¤£�� ²�³©¨ §£�© l22,
� ¡�� ª �©°ª¥�§ ¡¥£� ¯�¤ ¢£¤£�� ²�³©¨ §£�© l23.

k. ~LQRL\^L LTRP\^XQR

Â ®©³±©� ¤©�©¤³§ª ­² ®¤²© 2009./2010. ª¯©¤³� ��®� �© ¥� £¶� °©±ª
©²¤¢©§£�©¥³�®¥£¼ �©µ¹£ £¶ ¢§©¡�©³� È£¶£¯²� ¼©�£�� 2, ¥� ½�³©¡§£ ¶� ¸£¶£¯²ª ¼©�£�ª £
©®©²³§ ¼©�£�ª ÊÁÈ-�.

Â ­² ®¤² � 2010./11. ª¯©¤³� ��®� �©, ³�² °©, ¥� £¶� °©±ª ©²¤¢©§£�©¥³�®¥£¼ �©µ¹£ £¶
¢§©¡�©³� È£¶£¯²� ¼©�£�� 1 £ È£¶£¯²� ¼©�£�� 2, ³�² °© ¥� ½�³©¡§£ ¶� ¸£¶£¯²ª ¼©�£�ª £
©®©²³§ ¼©�£�ª ÊÁÈ-�.

�¡ ­² ®¤²© 2011./12. ¨ ¡£¥© ¹£®� �© �¥¨�µ ��¥� ²�  ¤�§�¡¥£² ª ¥�¤³��£ ¥�
Á�­£¥¤² � ¸�²ª®³©³ª Â¥£�©§¶£³©³� ª Ä© ¨§�¡ª, ¥� ¨§ª¢£ ¶� Ä£ �©¡£·£¥¤²  £¥µ©±©§¤³� ,
¥� ¢§©¡�©³£��: Å�¥ �©¡£·£¥¤²  £¥µ©±©§¤³� , �¤¥ �© �£²§ -¥�¥  £¥µ©±©§¤³��, Á£²§ -
¥�¥  ¸®ª£¡£²�, Å�¥ ³©¼¥ ® ¨£�©, �¤¥ �© ¹£ ��³©§£��®� £ �¤¥ �© ¼©�£�¤² ¨ £¥µ©±©§¤³��.

¦§©�� �¥ ¥£�¥£� �¥²©³��� ² �© �© ¤¢§ �©®� ½ �£¤£�� ¶� �¥²©³£§�±© Á�­£¥¤² ¨
¸�²ª®³©³� ª Ä© ¨§�¡ª, ¤³ª¡©¥³£ ¤ª º®©²¤�¥¡§£ (¿©¹©´² �£«) Á£³§ �£« ¡���®£ ¥���£­©
 ·©¥© ¶� ¤�© �²³£�¥ ¤³£ ² �© ¤ª ¹£®©  ¹ª¼��«©¥© �¥²©³¥£� ®£¤³ �.

Â¯©¤³� ��®� �© ª ² �£¤£���� ¶�  ¡¹§�¥ª ¢©³ ��¤³©§ §�¡ �� ¥� � ¡ª®ª ¶�
Ä£ �©¡£·£¥¤²  £¥µ©±©§¤³� .

}. kPmcPXNSL`PZL ^L[d^Pz P QRS[d^Pz SLWX\L

xLW [ PQRLT^[RXK KU�[^LSXW^XK dLQX_PQ[, l22

1. M. Kalagasidis KrušiÖ, N. MilosavljeviÖ, A. Debeljkovi¯, Ö. B. Üzlüm, E. KaradaÝ,
Removal od Pb2+ ions from water by poly (acrylmide-co-sodium methacrylate) hydrogels, 
water, Air and Soil Pollution, (2012), vol. 223, 4355-4368, ISSN 0049-6979. 

2. N. MilosavljeviÖ, A. Debeljkovi¯, M. Kalagasidis KrušiÖ, N. MilašinoviÖ, Ö. B. Üzlüm, E. 
KaradaÝ, Application of poly(acrylmide-co-sodium methacrylate) hydrogels in copper and 
cadmium removal from aqueous solution, Environmental Progress & Sustainable Energy, 
(2014), Wiley Online Library, vol. 33, 824-834, DOI: 10.1002/ep.1185. IF 0.865, Online 
ISSN: 1944-7450. 
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xLW [ KU�[^LSXW^XK dLQX_PQ[, l23

1. JevremoviÖ Ivana, Debeljkovi¯ Aleksandra, Singer Marc, Achour Mohsen, NešiÖ SrÞan,
MiškoviÖ-StankoviÖ Vesna, The mixture of dicyclohexilamine and oleylamine as corrosion 
inhibitor for mild steel in NaCl solution saturated with CO2 under both continual immersion 
and top of the line corrosion, Journal of Serbian Chemical Society, (2012), vol. 77, 1047-
4061, ISSN 0352-5139. 

2. Debeljkovi¯ Aleksandra D., Matija Lidija R., Koruga ßuro, Lj., Characterization of 
nanophotonic soft contact lenses based on poly (2-hydroxyethyl methacrylate) and fullerene, 
Hemijska industrija, 2013., vol. 67, 861-870, DOI: 10.2298/HEMIND120830019D, ISSN 
0367-598X.

xLW [ dLQX_PQ[ KU�[^LSXW^XN V^LdLZL \USP`PTX\L^ _XQUm^PK XWc[TLKL, l24

1. Aleksandra Debeljkovic, Vladimir Veljic, Vera Sijacki-Zeravcic, Lidija Matija, Djuro 
Koruga, Characterization of materials for commercial and new nanophotonic soft contact 
lenses by Optomagnetic Spectroscopy, FME Transactions, (2014), vol. 42, no 1, 89-93. 

2. Aleksandra D. Mitrovi¯, Dragomir StamenkoviÖ, Manuel Conte, Spomenko MihajloviÖ,
Study of the optical power of nanophotonic soft contact lenses based on a poly (2-
hydroxyethyl methacrylate) and fullerene, Contemporary Materials, (2014), V-1, 151-160. 

lX^XNSL`QTL QR[WPZL/_XNcL\pU [ T]PVP l12 PcP SLW [ RUKLRQTXK VmXS^PT[
KU�[^LSXW^XN V^LdLZL, l14

1. Aleksandra Debeljkovi¯, Ivana MileusniÖ, Ivan ßuri×iÖ, Aleksandra DragiÖeviÖ, Igor Hut, 
SreÖko Nijem×eviÖ, Nanoscale Material Characterization Under the Influence of Aggresive 
Agents by Magnetic Force Microscopy and Opto-Magnetic Spectroscopy, Advanced 
Materials Research, Trans Tech Publications, Switzerland, (2013), pp. 209-223, ISSN: 
1022-6680.

lX^XNSL`PZL ^LYPX^Lc^XN V^LdLZL, KX^XNSL`QTX PVWL]U NSL�U, _SU\XW PV\XS^XN RUTQRL
[ XmcPT[ KX^XNSL`PZU (QLKX VL QRLSL^U ZUVPTU), l42

1. ¿. Ù. ¿©¹©´² �£«, Ì. ¬. Ç£�©ª¥ �£«, Å. Ë. ¿£�£³§£�©�£«, ¿. Ì. Ì��£«, i. g.
gUmUpTX\Pt, ¿£¥��£²�  ¹�©²�³� £ ¢§ ·©¤� – Á�³©��³£¯²£ � ¡©®£  ¹�©²�³� £ ¢§ ·©¤�
ª ¤£¤³©�£�� �ª³ ��³¤² ¨ ª¢§��´�±� XI ¡© , Á�­£¥¤²£ ¸�²ª®³©³ ª Ä© ¨§�¡ª, Ä© ¨§�¡,
2013, p. 448. ISBN 978-86-7083-754-6. 

fXNcL\pU [ T]PVP l42 PcP SLW [ RUKLRQTXK VmXS^PT[ ^LYPX^Lc^XN V^LdLZL, l45

1. lPRSX\Pt, i., Ä � �£« Ä., Íª§£¯£« »., Á£®©ª¤¥£« »., »¤¢£³£��±© ²�§�²³©§£¤³£²�
¥�¥ ¸ ³ ¥£¯¥£¼ �©²£¼ ² ¥³�²³¥£¼ ¤ ¯£�� ¤��§©�©¥£� �©³ ¡���, Ä£ �©¡£·£¥¤²�
¸ ³ ¥£²�: Å�¥ ¸ ³ ¥¤²� ² ¥³�²³¥� ¤ ¯£��, ©¡£³ § ½ §ª¨�, Í., ¿ ¥ ¬�¤, 2013, pp. 183-
218, ISBN 978-86-87471-28-3. 

2. Ä � �£« Ä., lPRSX\Pt i., ¦§ £¶� ¡±� £  ¹§�¡� ² ¥³�²³¥£¼ ¤ ¯£�� £
¥�¥ ¸ ³ ¥ £¯¥£¼ ² ¥³�²³¥£¼ ¤ ¯£��, Ä£ �©¡£·£¥¤²� ¸ ³ ¥£²�: Å�¥ ¸ ³ ¥¤²�
² ¥³�²³¥� ¤ ¯£��, ©¡£³ § ½ §ª¨� Í., ¿ ¥ ¬�¤, 2013., pp. 123-134. ISBN 978-86-87471-
28-3.
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3. Ê �£« Á., lPRSX\Pt i., Ì ®ª¹ �£« É., Å�¥ ��³©§£��®£ £ ² ¥³�²³¥� ¤ ¯£��,
Ä£ �©¡£·£¥¤²� ¸ ³ ¥£²�: ¥�¥ ¸ ³ ¥¤²� ² ¥³�²³¥� ¤ ¯£��, ©¡£³ § ½ §ª¨� Í., ¿ ¥
¬�¤, 2013, pp. 101-122, ISBN 978-86-87471-28-3. 

4. Ê �£«, Á., lPRSX\Pt, i., Ì ®ª¹ �£«, É., ½ ¥³�²³¥� ¤ ¯£��, Ä£ �©¡£·£¥¤²�
¸ ³ ¥£²�: Å�¥ ¸ ³ ¥¤²� ² ¥³�²³¥� ¤ ¯£��, ©¡£³ § ½ §ª¨� Í., ¿ ¥ ¬�¤, 2013, ¢¢ 75-
100, ISBN 978-86-87471-28-3. 

5. Ð�² ³� ¾ ¤£«, Ë., lPRSX\Pt, i., �²  ²�   ¢³£¯²£ ¤£¤³©�, Ä£ �©¡£·£¥¤²� ¸ ³ ¥£²�:
Å�¥ ¸ ³ ¥¤²� ² ¥³�²³¥� ¤ ¯£��, ©¡£³ § ½ §ª¨� Í., ¿ ¥ ¬�¤, 2013, pp. 63-74. ISBN 
978-86-87471-28-3.

wLX_eRU]L ^L KU�[^LSXW^PK QT[_X\PKL eRLK_L^L [ YUcP^P, l33

1. Ivan ßuri×iÖ, Ivana MileusniÖ, Mirko RadovanoviÖ, Aleksandra Debeljkovi¯, ßuro
Koruga, AFM surface roughness analysis of eye positioning contact lens, Danubia-Adria 
Symposium on Advances in Experimental Mechanics, 26-28 September 2012, Belgrade, 
Serbia, p. 150-153, ISBN 978-86-7083-762-1. 

2. Dragomir StamenkoviÖ, Marija TomiÖ, Aleksandra Debeljkovi¯, Jelena MunÖan, Lidija 
Matija, How incorporated nanomaterials in contact lenses affect their mechanical and optical 
properties: experimental study, Danubia-Adria Symposium on Advances in Experimental 
Mechanics, 26-28 September 2012, Belgrade, Serbia, p. 158-161, ISBN 978-86-7083-762-1. 

3. V. VeljiÖ, A. Debeljkovi¯, ß. Koruga, Mechanical properties investigation of commercial 
and nanophotonics soft contact lenses, 4th (29th Yu) International Congress of Serbian 
Society of Mechanics, Serbian Society of Mechanics, Vrnja×ka Banja, 4th – 7th June, pp. 
591-596, 2013. 

4. V. VeljiÖ, A. Debeljkovi¯, ß. Koruga, Study of mechanical properties of commercial and 
nanophotonics materials for soft contact lenses by optomagnetic spectroscopy, 4th (29th Yu) 
International Congress of Serbian Society of Mechanics, Serbian Society of Mechanics, 
Vrnja×ka Banja, 4th – 7th June, pp. 961-965, 2013. 

wLX_eRU]L ^L KU�[^LSXW^PK QT[_X\PKL eRLK_L^L [ PV\XW[, l34

1. Aleksandra D. Debeljkovi¯, Volatile  corrosion inhibitors for mild steel pipelines carrying 
wet gas, NACE International, San Antonio, Êexas, USA, 2010., Book of abstracts, p. 77.

2. Aleksandra D. Debeljkovi¯, Vesna MiškoviÖ-StankoviÖ, SrÞan NešiÖ, Application of 
Volatile Corrosion Inhibitors for Top of Line Corrosion in Mild Steel Pipelines, Second
Regional symposium on Electrochemistry of South-East Europe (RSE-SEE), Belgrade, 
Serbia, 2010, Book of Abstracts, O-21, p. 159, ISBN 978-86-7132-043-6. 

3. Aleksandra D. Debeljkovi¯, Ivana JevremoviÖ, Vesna MiškoviÖ-StankoviÖ, SrÞan NešiÖ,
Corrosion Behavior of mild steel in CO2 atmosphere, Ninth Young Researchers Conference 
– Materials Science and Engineering, Belgrade, Serbia, 2010, Book of Abstracts, I/6, ISBN 
978-86-80321-26-4.

4. Aleksandra D. Debeljkovi¯, The Effect of Diethylamine on Carbon Dioxide Corrosion of 
Mild Steel, NACE International, Houston, Texas, USA, 2011, Book of abstracts, p. 39. 

5. Jevremovic I., Miskovic-Stankovic V., Debeljkovic A., Achour M., Singer M., Nesic S. The 
Efficiency of Cyclohexylamine and Oleyamin as Inhibitor for Carbon Dioxide Corrosion, 
Research in Progress (RIP), NACE International Conference, CORROSION/2012, Salt Lake 
City, Utah, USA, 2012, Book of abstracts. 
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6. A. Debeljkovi¯, D. StamenkoviÖ, J. Šakota, L. Matija, Dj. Koruga, Classical and 
nanophotonic soft contact lens materials investigation by uv-vis and opto-magnetic 
spectroscopy, Contemporary materials, 5-7 July 2012, Banja Luka, Republic of Srpska, 
2012, Book of abstracts, p.118. 

7. Zoran MatiÖ, Aleksandra Debeljkovi¯, SreÖko Nijem×eviÖ, lidija Matija, ßuro Koruga, 
Nano-Biomimetics: Application of nanotexhnologz in biometrics, Contemporary Materials, 
5-7 July 2012, Banja Luka, Republic of Srpska, 2012, Book of abstracts, p. 120. 

8. Vojin MunÖan, Nevena StefanoviÖ, Aleksandra Debeljkovi¯, Marko SavanoviÖ, ßuro
Koruga, Water flow in microtubes as lifeline of cells, Contemporary Materials, 5-7 July 
2012, Banja Luka, Republic of Srpska, 2012, Book of abstracts, p. 124. 

9. A. Debeljkovi¯, D. StamenkoviÖ, N. JagodiÖ, L. Matija, ß. Koruga, Characterization 
commercial and nanophotonic rigid gas permeable contact lenses  by opto-magnetic 
spectroscopy and optical power measurement, YUCOMAT 2012, 3-7 September 2012, 
Herceg Novi, Montenegro, The Book of Abstracts, p. 107. 

10. ß. Koruga, G. Pollack, R. Tsenkova, L. Matija, Z. GoluboviÖ, J. MunÖan, S. Nijem×eviÖ, A. 
Debeljkovi¯, Water – materials surface interaction on macro, micro and nano scales, 
Fourteenth Annual Conference YUCOMAT 2012, 3-7 September 2012, Herceg Novi, 
Montenegro, The Book of Abstracts, p. 108. 

11. ßuri×iÖ, I., MileusniÖ, I., Debeljkovi¯, A., R. SofraniÖ, R., TomiÖ M., Koruga ß., Scanning 
Probe Microscopy investigation of eye positioning system lens, Fourteenth Annual 
Conference YUCOMAT 2012, 3-7 September 2012, Herceg Novi, Montenegro, The Book of 
Abstracts, p. 114. 

12. A. Debeljkovi¯, I. ßuri×iÖ, I. MileusniÖ, D. StamenkoviÖ, L. Matija, Polymerica materials 
for contact lenses characterized by SPM, International Conference on Scanning Probe 
Microscopy on Soft and Polymeric Materials 2012, 23-26 September 2012, Kerkrade, The 
Netherlands, The Book of Abstracts, p. 83, ISBN 978-90-365-3440-6. 

13. I. ßuri×iÖ, L. Matija, I. MileusniÖ, J. MunÖan, A. Debeljkovi¯, Lj. Petrov, ß. Koruga, 
Fullerene thin films characterization by spin magnetometer, Contemporary materials, 4-6 
July 2013, Banja Luka, Republic of Srpska, 2013, Book of abstracts, p. 56. 

14. A. Debeljkovi¯, D. StamenkoviÖ, M. Conte, V. Šija×ki Žerav×iÖ, L. Matija, ß. Koruga, 
Study of the optical power of nanophotonic soft contact lenses based on poly (2-
hydroxyethyl methacrylate) and fullerene, Contemporary materials, 4-6 July 2013, Banja 
Luka, Republic of Srpska, 2013, Book of abstracts, p. 110. 

15. I. Djuri×iÖ, I. Hut, B. BojoviÖ, D. StamenkoviÖ, I. MileusniÖ, A. Debeljkovi¯, Dj. Koruga, 
Suitability of contact AFM in investigation of RGP contact lenses, fifteenth Annual 
Conference YUCOMAT 2013, 2-6 September 2013, Herceg Novi, Montenegro, The Book of 
Abstracts, p. 144.

16. T. Jovanovic, D. Koruga, A. Debeljkovic, Recent advances in spectroscopic 
characterization of fullerene nanomaterials, Proceedings of the International Conference on 
Diamond and Carbon Materials, Riva del Grada, italy, 2-5 September 2013, p. P2.079.

17. A. Dragicevic, I. Mileusnic, A. Mitrovic, G. V. Nikolic, L. Matija, D. Koruga, Battey for 
colon capsule application basedon nano carbon hydrogenerated materials, Fuel Cells 2014, 
Science and Technology, A Grove Cell Event, 3-4 April 2014, Amsterdam, The 
Netherlands.

18. A. Dragicevic, A. Mitrovic, Z. Krivokapic, L. Matija, D. Koruga, Nanomagnetochemistry in 
colon cancer detection by spinner magnetometer, ITNANO2014, Second International 
Translational Nanomedicine Conference, Boston, MA, United States of America, July 25-
27, 2014.
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¦§©�� �©³ ¡ ® ¨£�£ Á£¥£¤³�§¤³�� ¢§ ¤�©³©, ¥�ª²© £ ³©¼¥ ® ­² ¨ §�¶� �� ¾©¢ª¹®£²©
Ç§¹£�© ¶� ²��¥³£¸£²�·£�ª £¥¡£�£¡ª�®¥£¼ ¥�ª¯¥ £¤³§�µ£��¯²£¼ §©¶ª®³�³� ¥�ª¯¥£ §�¡ �£
icUTQL^WSU lPRSX\Pt  ·©±©¥£ ¤ª ¥� ¤®©¡©«£ ¥�¯£¥:

�¶¥�²� �§¤³©
§©¶ª®³�³�

¬§©¡¥ ¤³
§©¶ª®³�³�

Ä§ �
§©¶ª®³�³�

Â²ª¢¥ 
¹ ¡ ��

Ä§ � ¹ ¡ ��
§©®©��¥³�¥ ¶�
¶�  ¹®�¤³ ¶�
² �ª ¤© ¹£§�

l22 5 2 10 0 
l23 3 2 6 3 
l24 3 2 6 6 
l14 4 1 4 4 
l42 5 1 5 0 
l45 1,5 5 7,5 7.5 
l33 1 4 4 4 
l34 0,5 18 9 6.5 

Â²ª¢�¥ ¹§ � ¹ ¡ �� ¶� ¤�© ²�³©¨ §£�© 51,5 31.00 

3. kXSPQ hXQPt, KLQR. P^q. KLeP^QR\L

i. kPXNSL`QTP _XWLYP

Ä §£¤ ½ ¤£« �© § °©¥ 1989. ¨ ¡£¥© ª ½�§® �·ª, ¾©¢ª¹®£²� Ô§��³¤²�. �¤� ¨ ¡£­±ª ­² ®ª
¶��§­£  �© 2004. ¨ ¡£¥© ª Ä© ¨§�¡ª, � ¤§©¡±ª ©®©²³§ ³©¼¥£¯²ª ­² ®ª ª¢£¤�  �© 2004. ¨ ¡£¥©
ª Ä© ¨§�¡ª £ ¶��§­£  �© ¤�  ¡®£¯¥£� ª¤¢©¼ �.

Á�­£¥¤²£ ¸�²ª®³©³ Â¥£�©§¶£³©³� ª Ä© ¨§�¡ª ª¢£¤ª�© 2008. ¨ ¡£¥©. �¤¥ �¥© �²�¡©�¤²©
¤³ª¡£�© ¶��§­��� 2011. ¨ ¡£¥© ¤� ¢§ ¤©¯¥ �  ·©¥ � 9,79. »¤³© ¨ ¡£¥© ª¢£¤ª�© Á�¤³©§
º²�¡©�¤²© ¤³ª¡£�© ¥� � ¡ª®ª ¶� Ä£ �©¡£·£¥¤²  £¥µ©±©§¤³� , ² �© ¶��§­��� 2013. ¨ ¡£¥© ¤�
¢§ ¤©¯¥ �  ·©¥ � 10,00. Á�¤³©§ §�¡, �©¥³ § ¢§ ¸. ¿§ Íª§  ½ §ª¨�, ¢ ¡ ¥�¶£� � "Á©§©±©
¢�§���¨¥©³£¶�� £ ¡£����¨¥©³£¶�� ��³©§£��®�, ¢ � «ª ½�¢�¹§£Æ�, ¦§ ³ ¥¤² ¨ ��¨¥©³ �©³§�
£ Ç¢£¥©§ ��¨¥©³ �©³§�"  ¡¹§�¥£  �©  ·©¥ � 10. Â ³ ²ª  ¤¥ �¥£¼ £ ��¤³©§ ¤³ª¡£�� ¡�� ¢ª³�
�© ¹£  ¤³£¢©¥¡£¤³� È ¥¡� ¶� �®�¡© ³�®©¥³© ¾©¢ª¹®£²© Ç§¹£�© "¿ ¤£³©��". Ê ² � ­² ® ��±�
�© ¹£  ¡ ¹£³¥£² ¢ ¼��®� Á�­£¥¤² ¨ ¸�²ª®³©³� ¶� ¢ ¤³£¨¥ª³ ª¤¢©¼ ¥� ¤��² � ¨ ¡£¥£ ¤³ª¡£��.

Ì ¡£¥© 2012. ª¢£¤ª�© ¡§ª¨© ��¤³©§ ¤³ª¡£�© ¥� � ¡ª®ª ¶� Ç£¤³©�© �ª³ ��³¤² ¨ ª¢§��´�±�
(ÇºÂ). ¿  ¤�¡� �© ¢ ® µ£  11 £¤¢£³� ( ¡ 15 ¢§©¡�©³�) ¤� ¢§ ¤©¯¥ �  ·©¥ � 9,89. �¤³�®� ¤ª
�ª � ­ ¯©³£§£ £¤¢£³� £ ¶��§­¥£ ��¤³©§ §�¡ ¡� ¶��§­£ £ Á ¡ª® ¶� ÇºÂ.

Ì ¡£¥© 2013. ª¢£¤ª�© ¡ ²³ §¤²© ¤³ª¡£�© ¥� � ¡ª®ª ¶� Ä£ �©¡£·£¥¤²  £¥µ©±©§¤³� . Â
³ ²ª 2013. ¨ ¡£¥© §�¡£ ª  ²�£§ª ² �¢�¥£�© DIA systems, USA, ¥� §�¶� �ª ¢§ ³ ³£¢� ª§©°���
¶� ¥©£¥��¶£�¥  �©§©±© ² ¥·©¥³§�·£�© ¨®ª² ¶© ª ²§�£, � ª ³ ²ª 2014. ¨ ¡£¥© §�¡£ ª  ²�£§ª
¤�§�¡±© Å ³£¥¨©� Ê§©¥³ Â¥£�©§¶£³©³�, Ò©¥³§� ¶� »¤³§�µ£��±© ½�¥·©§� £ Tumour Trace Ltd.
£¶ ¬©®£²© Ä§£³�¥£�© ¥� §�¶� �ª ª§©°��� ¶� §�¥   ³²§£��±© ²�¥·©§� ©¢£³©®¥£¼ ³²£�� - ª¨ � §
¹§. ½ÌÁ-02/014,  ¡ 3.03.2014. ¨ ¡£¥©.

�¡ ��§³� 2015. ¨ ¡£¥© �© �¥¨�µ ��¥ ¥� ¢§ �©²³ª Á£¥£¤³�§¤³�� ¢§ ¤�©³©, ¥�ª²© £
³©¼¥ ® ­² ¨ §�¶� ��, »»»45009, "Èª¥²·£ ¥�®¶�·£�� ¥�¥ ��³©§£��®� ¶� ¡ ¹£��±© ¥ �© �§¤³©
² ¥³�²³¥£¼ ¤ ¯£�� £ §�¥ª ¡©³©²·£�ª ¡£��¹©³©¤�" ²�  £¤³§�µ£��¯ ¤�§�¡¥£².

Ê ² � §�¡� ¥� ¢§ �©²³ª ª¤��§­£  ¤© ª ¤¢©²³§ ¤² ¢¤²£� �©³ ¡��� ² �© ª²´ª¯ª�ª
¬»Ç/Å»¾ ¤¢©²³§ ¤² ¢£�ª, ²�  £ ÈÊ»¾ ¤¢©²³§ -�£²§ ¤² ¢£�ª. ��®�¡�  �© ³©¼¥£²��� �©§©±�
§©��¥©¥³¥© ��¨¥©³£¶�·£�© ��³©§£��®� ¥� ª§©°��ª JR-6A (Ç¢£¥©§ ��¨¥©³ �©³�§), ²�  £
�©³ ¡��� ¢§��´©±� ³�¥²£¼ ¸£®� �� ¥� ¢ �§­£¥£ ��³©§£��®� ¢ � «ª ª§©°��� CVD JEOL 
JEE-4X vacuum evaporator £ JEOL Auto Fine coater JFC-1300.
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Â ®�¹ §�³ §£�£ ¶� Ä£ �©¡£·£¥¤²  £¥µ©±©§¤³�  ¶�¡ªµ©¥ �© ¶� £¶§�¡ª ¡©® �� £ ¤²® ¢ �� ¶�
®�¹ §�³ §£�¤²© �©µ¹© £ §©�®£¶�·£�ª ¢§ �©²�³�, ²�  £ ¶�  ¡§µ���±© ¢ ¤³ �©«© ®�¹ §�³ §£�¤²©
 ¢§©�© ª²´ª¯ª�ª«£ £ ��­£¥© ¶�  ¹§�¡ª §©¶�±©�.

º²³£�¥  �© ª¯©¤³� ��  ª §�¶� �ª ¥ �© ¡£��¨¥ ¤³£¯²© �©³ ¡© �¢³ -��¨¥©³¥© £�£Æ£¥¨
¤¢©²³§ ¤² ¢£�©, ¢§£ ¯©�ª ¤© ±©¨ � ¡ ¢§£¥ ¤ §�¶� �ª ¤�¤³ �£ ª ¢§ �©²³ ��±ª £ 3D 
� ¡©®£§�±ª ¼�§¡�©§¤² ¨ ¡©®� ª§©°��� ª ¤ ¸³�©§ª Solid Works, ²�  £ £¶§�¡£ ¢§ ¢§�³¥©
³©¼¥£¯²© ¡ ²ª�©¥³�·£�© £ £¶§�¡£ ¡©® �� £ ¤²® ¢ �� ¶� ©²¤¢©§£�©¥³�®¥© ¢§ ³ ³£¢ �©
ª§©°���. ¾�¡£  �© £ ¥� ª¤��§­���±ª �®¨ §£³�� £ ¢§ ¨§��� ª Á�³®�¹ª ¶� ¢ ³§©¹© §�¶� ��
¢§ ³ ³£¢� ª§©°���. Ä£  �© ¯®�¥ ³£�� ² �£ �©  ¤� �£  ¢§�ª ¥�¨§�¡ª ¥� ³�²�£¯©±ª ª  ²�£§ª
¢§ ¨§��� Next Business Generation, Nottingham, UK. 

Â¤��§­���  ¤© ª ®�¹ §�³ §£���� Oncquest, Ñª ¿©®¼£, »¥¡£�� £ NM Medical, Áª�¹��,
»¥¡£��, ¨¡© �© ª¯©¤³� ��  ª £¶� °©±ª ²®£¥£¯²© ¤³ª¡£�© ¥©£¥��¥¶£�¥© ¡£��¨ ¤³£²© ²�¥·©§�
¨§®£«� ��³©§£·© ¥� ¹�¶£  ¢³ -��¨¥©³¥© £�£Æ£¥¨ ¤¢©²³§ ¤² ¢£�©, ª  ²�£§ª ² �¢�¥£�© Tumor 
Trace, Ltd. Nottingham, UK. Ä£  �© 2014. ¨ ¡£¥© ¯®�¥  ¤� ¯®�¥© ¡©®©¨�·£�© Á ¡ª®� ¶� ÄÁ»,
Á�­£¥¤² ¨ ¸�²ª®³©³� ª Ä© ¨§�¡ª ¶� ¤�§�¡±ª ¤� Â¥£�©§¶£³©³ � ª Äª¡£�¢©­³£ £¶  ¹®�¤³£
¹£ �©¡£·£¥¤² ¨ £¥µ©±©§¤³��. Ä£  �© �²³£�¥£ ª¯©¤¥£² §�¡¥£¼ ¤�¤³�¥�²� £ InfoDays BioEMIS 
Tempus ¢§ �©²³� ª Ä© ¨§�¡ª, ²�  ¤³ª¡©¥³ £ ¢ ¤®© ¡£¢® �£§�±�. Ê�² °© �© ¹£  �²³£�¥£
ª¯©¤¥£² ¢§ � ·£�© ¤�¡§µ��� ¢§©¡�©³� Á ¡ª®� ¶� Ä£ �©¡£·£¥¤²  £¥µ©±©§¤³� , ²�  £ ª
£¶§�¡£ ¹§ ­ª§© £ ¢§ � ·£�© Á ¡ª®� ÄÁ». »�� ¢ ³§©¹¥� ¶�¥�±� £ ¢§£§ ¡¥ª  ¹¡�§©¥ ¤³ ¶�
¤¢ � ³© §©³¤² ¨ £ ¢§�²³£¯¥ ¨ §�¡�, ¢ ¤©¹¥  ª  ¹®�¤³£ �©¡©·£¥¤² ¨ ��­£¥¤³��, �©¡£·£¥¤²©
�©¼�³§ ¥£²© £ �ª³ ��³¤² ¨ ª¢§��´�±�.

Ì � §£, ¯£³� £ ¢£­© ©¥¨®©¤²£ �©¶£², � ¤®ªµ£ ¤© §ª¤²£� £ ¥©��¯²£�.

k. ~LQRL\^L LTRP\^XQR

Â ³ ²ª ¡ ²³ §¤²£¼ ¤³ª¡£�� ª¯©¤³�ª�© ª £¶� °©±ª ¥�¤³��© ¥� ¢§©¡�©³£�� �¹§�¡� ¤£¨¥�®�,
Á©¡£·£¥¤²  ��­£¥¤³�  £ È§�²³�®¥� �©¼�¥£²� £ ¢ ��µ© ª ¢§£¢§©�£ £ £¶� °©±ª
®�¹ §�³ §£�¤²£¼ �©µ¹£ ¥� ¢§©¡�©³£�� �¤¥ �© ²®£¥£¯² ¨ £¥µ©±©§¤³�� £ Ç¢©²³§ ¤² ¢¤²©
�©³ ¡© £ ³©¼¥£²©. Â �¥ ¥£�¥£� ¤³ª¡©¥³¤²£� �¥²©³���, ¶� ª¯©­«© ª £¶� °©±ª ¥�¤³��© ¥�
¥��©¡©¥£� ¢§©¡�©³£�� �©  ·©±©¥ �£¤ ²£� ¢§ ¤©¯¥£�  ·©¥���.

}. kPmcPXNSL`PZL ^L[d^Pz P QRS[d^Pz SLWX\L

xLW [ KU�[^LSXW^XK dLQX_PQ[, l23

1. ßuri×iÖ, I., Matija, L., BojoviÖ, B., MihajloviÖ, S., Kosi¯, B., & Koruga, ß.,  Remanent 
magnetisation measurements of the fullerene thin films: C60 films remanent magnetisation. 
Fullerenes, nanotubes and Carbon Nanostructures, 2015, DOI:10.1080/1536383X. 2015. 
1038745.

wLX_eRU]L ^L KU�[^LSXW^PK QT[_X\PKL eRLK_L^L [ YUcP^P, l33

1. BojoviÖ, B., Kosi¯, B., Petrov, Lj., Matija, L., Contact lens surface assessment via areal 
parameters, The 1st International Global Virtual Conference, pp. 534-537, 2013, ISBN 978-80-
554-0649-7.

wLX_eRU]L ^L KU�[^LSXW^PK QT[_X\PKL eRLK_L^L [ PV\XW[, l34
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1. J. Muncan, I. Mileusnic, B. Kosic, L. Matija, Water Structured by Very Low Concentration 
of Fullerol: Implications for Dominant Role of Water in Their Antioxidant and 
Radioprotective Effects, ITNANO2015, 3rd International translational nanomedicine 
conference, Book of abstracts, pp. 27, 2015, ISBN 978-86-7236-089-9,

¦§©�� �©³ ¡ ® ¨£�£ Á£¥£¤³�§¤³�� ¢§ ¤�©³©, ¥�ª²© £ ³©¼¥ ® ­² ¨ §�¶� �� ¾©¢ª¹®£²© Ç§¹£�©
¶� ²��¥³£¸£²�·£�ª £¥¡£�£¡ª�®¥£¼ ¥�ª¯¥ £¤³§�µ£��¯²£¼ §©¶ª®³�³� ¥�ª¯¥£ §�¡ �£ kXSPQL
hXQPtL  ·©±©¥£ ¤ª ¥� ¤®©¡©«£ ¥�¯£¥:

�¶¥�²� �§¤³©
§©¶ª®³�³�

¬§©¡¥ ¤³
§©¶ª®³�³�

Ä§ �
§©¶ª®³�³�

Â²ª¢¥ 
¹ ¡ ��

Ä§ � ¹ ¡ ��
§©®©��¥³�¥ ¶�
 ¹®�¤³ ¶� ² �ª

¤© ¹£§�
l23 3 1 3 3 
l33 1 1 1 1 
l34 0,5 1 0,5 0.5 
Â²ª¢�¥ ¹§ � ¹ ¡ �� ¶� ¤�© ²�³©¨ §£�© 4,5 4.5 

�. frxv�v�v hi~gygiui

¦§©�� É�² ¥ª   �£¤ ² �  ¹§�¶ ��±ª ¯®�¥ 72 ¶� ¶��±© �¤£¤³©¥³� � µ© ¹£³£ £¶�¹§�¥ 
®£·© ² �© �© ¤³ª¡©¥³ ¡ ²³ §¤²£¼ ¤³ª¡£�� ² �£ �© ¢§©³¼ ¡¥© ¥£� © ¤³ª¡£�� ¶��§­£®  ¤�
ª²ª¢¥ � ¢§ ¤©¯¥ �  ·©¥ � ¥����±©  ¤��. Äª¡ª«£ ¡� ¤�£ ²�¥¡£¡�³£ ¥£¤ª ¶��§­£®£ ¤³ª¡£�©
¢  £¤³£� §©µ£�£�� ¤³ª¡£§�±�, ¢§ ¤©¯¥©  ·©¥© «© ¹£³£ ¢ ¥¡©§£¤�¥© ¢§©�� ¹§ �ª ¹ ¡ ��.
Ê�²  ¹£ ¢ ¥¡©§£¤�¥� ¢§ ¤©¯¥�  ·©¥� »��¥� Íª§£¯£«� ¹£®�  8,01 � Ä §£¤� ½ ¤£«� 9,86. ¬£¡£
¤© ¡� ²�¥¡£¡�³£ º®©²¤�¥¡§� Á£³§ �£«, »��¥ Íª§£¯£« £ Ä §£¤ ½ ¤£« £¤¢ª±����ª ¤�© ª¤® �©
² ¥²ª§¤� ¡ ² ²�¥¡£¡�³²£±� É §�¥� Ì ®ª¹ �£« ¥© £¤¢ª±��� ª¤® � ¡� �© ¤³ª¡©¥³ ¡ ²³ §¤²£¼
¤³ª¡£��.

Å�  ¤¥ �ª ²§£³©§£�ª�� ¶� £¶¹ § ¢  §©¡ ¤®©¡ª ¶¥�¯��� ¶� £¶¹ § �¤£¤³©¥³�: (1) ¢§ ¤©²
 ·©¥� ª ³ ²ª ¤³ª¡£��, (2) ¢§ ¤©²  ·©¥� £¶ ªµ© ¤³§ª¯¥£¼ ¢§©¡�©³� £¶  ¹®�¤³£ ¹£ �©¡£·£¥¤ ¨
£¥µ©±©§¤³�, (3) �§©�©¥� ¤³ª¡£§�±�, (4) ¢ ³§©¹� � ¡ª®� ÄÁ» ¶� ¢§ ¸£® � �¤£¤³©¥³�,(5)
¶¥�±� �©¶£²� £ (6) ¹§ � ¢ ©¥� ¥�  ¤¥ �ª  ¹���´±¥£¼ §�¡ ��, ¤�¤³��´©¥� �© Ê�¹©®� ¶�
²�¥¡£¡�³© ² �£ £¤¢ª±����ª ª¤® �© : 

hL^WPWLR
(NXWP^U
QRLSXQRP)

fSXQUT
XYU^L [
RXT[
QR[WPZL

fSXQUT XYU^L PV
_SUWKURL
mPXKUWPYP^QTXN
P^qU]USQR\L

}SUKU
QR[WPSL]L

fXRSUmL VL
_SX`PcXK
LQPQRU^RL ^L
kly

�^L]U
ZUVPTL

kSXZ
_XU^L
(SLWX\P
kly)

º®©²¤�¥¡§�
Á£³§ �£«
(30) 

9,27 Å©��: ¶��§­£®�
¼©�£�¤² 
£¥µ©±©§¤³� 
ÊÁÈ

Á�±©  ¡ 5 
¨ ¡£¥�

Á�®� ¢ ³§©¹�
¶� ³©¼¥ ® ¨ �
¼©�£�¤² ¨
£¥µ©±©§¤³��

Ã¥¨®©¤²£
(¤®ªµ£ ¤©
¥©��¯²£�
£
­¢�¥¤²£�

31,0 

»��¥
Íª§£¯£«
(29) 

8,01 9,30 6 ¨ ¡£¥� »¶§�µ©¥�
¢ ³§©¹� ¶�
¤³ª¡©¥³ � ² �£
�© ¶��§­£ 
ÄÁ»

Ã¥¨®©¤²£
(¤®ªµ£ ¤©
¸§�¥·ª¤²£
�)

36,5 

Ä §£¤
½ ¤£«
(26) 

9,86 10,00 5 ¨ ¡£¥� ¬© ��
£¶§�µ©¥�
¢ ³§©¹� ¶�

Ã¥¨®©¤²£
(¤®ªµ£ ¤©
¥©��¯²£�
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¤³ª¡©¥³ � ² �£
�© ¶��§­£ 
ÄÁ» £ ª¢£¤� 
ºª³ ��³¤² 
ª¢§��´�±©

£ §ª¤²£�) 4.5 

v. �LTp[dLT P _SUWcXN _SX`UQXSL �[SU hXS[NU P \._SX`UQXSTU sPWPZU MLRPZU:

1. Å�  ¤¥ �ª ¢§©¨®©¡� £ �¥�®£¶© ¢ ¡¥©³© ¡ ²ª�©¥³�·£�© £ ¢§£²�¶� ¤��² ¨
²�¥¡£¡�³� ª  � � ¾©¸©§�³ª, ¯®�¥ �£ ² �£¤£�© ¶�²´ª¯ª�ª ¡� ³§£ ²�¥¡£¡�³�: º®©²¤�¥¡§�
Á£³§ �£«, ¡£¢®. £¥µ.³©¼¥ ® ¨£�©, »��¥ Íª§£¯£«, ��¤³©§ £¥µ. ��­£¥¤³�� £ Ä §£¤ ½ ¤£«,
��¤³©§ £¥µ.��­£¥¤³��,  ¡ ¢§£���´©¥� ¯©³£§£ ²�¥¡£¡�³�, £¤¢ª±����ª ª¤® �© ² ¥²ª§¤�, ¤�©
ª¤® �© ¶� £¶¹ § ª ¶��±© �¤£¤³©¥³�, ² �£ �© ¢§©¡�£°©¥  ¡§©¡¹��� É�² ¥�   Â¥£�©§¶£³©³ª
¾©¢ª¹®£²© Ç§¹£�©, Ç³�³ª³� Á�­£¥¤² ¨ È�²ª®³©³�, ¦§��£®¥£²� ¶� ¤³£·�±© ¶��±� ¥�¤³��¥£²�,
¤�§�¡¥£²� £ £¤³§�µ£��¯� Á�­£¥¤² ¨ ¸�²ª®³©³� Â¥£�©§¶£³©³� ª Ä© ¨§�¡ª £ ¢ ³§©¹� ½�³©¡§©
¶� ºª³ ��³¤²  ª¢§��´�±© £ ½�¹£¥©³� ¶� Ä£ �©¡£·£¥¤²  £¥µ©±©§¤³�    £¶¹ §ª �¤£¤³©¥³� ¶�
ªµª ¥�ª¯¥ª  ¹®�¤³ ¹£ �©¡£·£¥¤²  £¥µ©±©§¤³� . ¿�� ¯®�¥� ½ �£¤£�©, �. ¦§ ¸©¤ § À£¡£��
Á�³£�� £ ¢§ ¸©¤ § Íª§  ½ §ª¨�, §©¡ �¥£ ¢§ ¸©¤ § ª ¢©¥¶£�£ ¤³ ¨� ¤��³§��ª ¡� ²�¥¡£¡�³
Ä §£¤ ½ ¤£«, ��¤³©§.£¥µ. ��­£¥¤³��, ¤³ª¡©¥³ ¿ ²³ §¤²£¼ ¤³ª¡£�� £�� ¢§©¡¥ ¤³ ª  ¡¥ ¤ª ¥�
 ¤³�®� ¡�� ²�¥¡£¡�³�, �©§ £�� ¥���©«ª ¢§ ¤©¯¥ª  ·©¥ª, ¥���©«ª ¢§ ¤©¯¥ª  ·©¥ª ¢§©¡�©³� £¶
 ¹®�¤³£ ¹£ �©¡£·£¥¤² ¨ £¥µ©±©§¤³�� £ ª¢£¤�  � ¡ª® ¶� ºª³ ��³¤²  ª¢§��´�±© (²�  ¡§ª¨£
��¤³©§) £ ¢ ® µ£  11 ¢§©¡�©³�  ¡ 15 ¤� ¢§ ¤©¯¥ �  ·©¥ � 9,89 ¥� � ¡ª®ª ÇºÂ. »�²  �©
¦§©¡�©³¥£ ¥�¤³��¥£² ª¢ª³£  ¶�¼³©� ½�³©¡§£ ¶� �ª³ ��³¤²  ª¢§��´�±©, 2014. ¨ ¡£¥©, ¶�
£¶¹ § �©¡¥ ¨ �¤£¤³©¥³� ¶� � ¡ª® ÄÁ» � ¶� ¤¢©·£¸£·£§�¥© ¢§©¡�©³© �¤¥ �© ¼©�£�¤² ¨
£¥µ©±©§¤³��, Á©¡£·£¥¤²© ¹£ ³©¼¥ ® ¨£�© £ �¤¥ �© ¹£ ��³©§£��®�, ¢§©¡�©³¥£ ¥�¤³��¥£² �©
¹£  ¢§£¥ª°©¥ ¡�  �© ¢§©¡�©³© ¢ �ª¯© £¶ ¢ ¥ª¡©, ¶�³  ­³  ²�¥¡£¡�³ º®©²¤�¥¡§� Á£³§ �£«,
£¶ ®£¯¥£¼ §�¶® ¨� ¥£�© � ¨®� ¡� ¡§µ£ ¥�¤³��ª, ³�²  ¡� ¥£�© ¡ ®�¶£®� ¥� ¢ ¤� , � ³  ¥©«© ¹£³£
ª � ¨ª«¥ ¤³£ ¥£ ¥�§©¡¥ª ¨ ¡£¥ª, ³�² °© £¶ ®£¯¥£¼ §�¶® ¨�, ³�²  ¡� ¤©  �£ ¢§©¡�©³£ ¥©«©
¥ª¡£³£ ¥£ ¤®©¡©«© ¨ ¡£¥©. ¦§©¡�©³¥£ ¥�¤³��¥£² �© ³�² °©  ¡®ª¯£  ¡� ¤© ¢§©¡�©³£ ² �£ ¤©
¥ª¡© ¥� � ¡ª®ª  ²§©¥ª �£­© ��­£¥¤² � ¤³§ª·£, ³�²  ¡� �© ¢ ³§©¹� ¶� ³©¼¥ ® ¨ � �£¥£��®¥�.
¦§©¡�©³ �¤¥ �© ¹£ ��³©§£��®�, �© ¢§©¡�©³ ½�³©¡§© ¶� ��³©§£��®©, ³�²  ¡� ¢§ ¹®©� §©­���±�
£¶� °©±� ¥�¤³��© ¥�  � � ¢§©¡�©³ª ¥£�© ª ¥�¡®©µ¥ ¤³£ ½�³©¡§© ¶� ºª³ ��³¤²  ª¢§��´�±©
¥£³£ ½�¹£¥©³� ¶� ÄÁ». ½�²  ¤ª ¢§©�©³£ ¢ �ª¯©¥£ £¶ ¢ ¥ª¡©, �¤£¤³©¥³¤²  �©¤³  ¶� ¼©�£�¤² 
£¥µ©±©§¤³� � ¥£�© ¥�ª¯¥�  ¹®�¤³ ¥© ¢¼ ¡¥� ¥� � ¡ª®ª Ä£ �©¡£·£¥¤²  £¥µ©±©§¤³� .
Ç� ¡§ª¨© ¤³§�¥©, Ä §£¤ ½ ¤£« �© ²�¥¡£¡�³ ² �£ ¤© ¹��£ £¤³§�µ£��±£�� ² �� �£­©  ¡¨ ��§��ª
¢ ¤® �£�� ¥� ½�³©¡§£ ²�  £ � ¡ª®ª ¥� ² �©� «© ¹£³£ �¥¨�µ ��¥, ¢§© ¤�©¨� ¶¹ ¨ ±©¨ �©
¢ ¤�©«©¥ ¤³£ §©­���±ª ¢§�²³£¯¥£¼ £¥µ©±©§¤²£¼ ¢§ ¹®©�� ©®©²³§  £ ��­£¥¤²© ¤³§ª²©.

¿�� ¯®�¥� ½ �£¤£�©, �. ¦§ ¸©¤ § À£¡£�� Á�³£�� £ ¢§ ¸©¤ § Íª§  ½ §ª¨�, §©¡ �¥£
¢§ ¸©¤ § ª ¢©¥¶£�£ ¤³ ¨�, £���ª ¯�¤³ £ ¶�¡ � ´¤³�  ¡� ¢§©¡® µ© Å�¤³��¥ -¥�ª¯¥ � £
»¶¹ §¥ � �©«ª Á�­£¥¤² ¨ ¸�²ª®³©³� Â¥£�©§¶£³©³� ª Ä© ¨§�¡ª ¡� £¶�¹©§© kXSPQL hXQPtL,
��¤³©§ £¥µ. ��­£¥¤³��, ¤³ª¡©¥³� ¿ ²³ §¤²£¼ ¤³ª¡£��, ª ¶��±© �¤£¤³©¥³� ¤� ¢ª¥£� §�¡¥£�
�§©�©¥ �, ¥�  ¡§©°©¥  �§©�©  ¡ ³§£ ¨ ¡£¥© ¶� ªµª ¥�ª¯¥ª  ¹®�¤³ Ä£ �©¡£·£¥¤² 
£¥µ©±©§¤³� , ¥� ½�³©¡§£ ¶� ºª³ ��³¤²  ª¢§��´�±© ¥� Á�­£¥¤² � ¸�²ª®³©³ª Â¥£�©§¶£³©³�
ª Ä© ¨§�¡ª.

�LTp[dLT P _SUWcXN _SX`UQXSL �XSL^L xPmLSL:

Å�  ¤¥ �ª ¢§©¨®©¡� £ �¥�®£¶© ¢ ¡¥©³© ¡ ²ª�©¥³�·£�© £ ¢§£²�¶� ¤��² ¨ ²�¥¡£¡�³� ª  � �
¾©¸©§�³ª, ¢§ ¸. É §�¥ ¾£¹�§ ¶�²´ª¯ª�© ¡� ³§£ ²�¥¡£¡�³�: º®©²¤�¥¡§� Á£³§ �£«, ¡£¢®.
£¥µ.³©¼¥ ® ¨£�©, »��¥ Íª§£¯£«, ��¤³©§ £¥µ. ��­£¥¤³�� £ Ä §£¤ ½ ¤£«, ��¤³©§
£¥µ.��­£¥¤³��,  ¡ ¢§£���´©¥� ¯©³£§£ ²�¥¡£¡�³�, £¤¢ª±����ª ª¤® �© ² ¥²ª§¤�, ¤�© ª¤® �© ¶�
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£¶¹ § ª ¶��±© �¤£¤³©¥³�, ² �£ �© ¢§©¡�£°©¥  ¡§©¡¹��� É�² ¥�   Â¥£�©§¶£³©³ª ¾©¢ª¹®£²©
Ç§¹£�©, Ç³�³ª³� Á�­£¥¤² ¨ È�²ª®³©³�, ¦§��£®¥£²� ¶� ¤³£·�±© ¶��±� ¥�¤³��¥£²�, ¤�§�¡¥£²�
£ £¤³§�µ£��¯� Á�­£¥¤² ¨ ¸�²ª®³©³� Â¥£�©§¶£³©³� ª Ä© ¨§�¡ª. ¦§ ¸©¤ § É §�¥ ¾£¹�§
¤��³§� ¡� ²�¥¡£¡�³²£±� icUTQL^WSL lPRSX\Pt £�� ¢§©¡¥ ¤³ ¥�¡  ¤³�®£� ²�¥¡£¡�³£��
² �£ £¤¢ª±����ª ª¤® �©.

Ê�¹©®� ¶� ¢ §©°©±© ²�¥¡£¡�³� £¶¨®©¡�:

hL^WPWLR
(NXWP^U
QRLSXQRP)

fSXQUT
XYU^L [
RXT[
QR[WPZL

fSXQUT XYU^L PV
_SUWKURL
mPXKUWPYP^QTXN
P^qU]USQR\L

}SUKU
QR[WPSL]L

fXRSUmL VL
_SX`PcXK
LQPQRU^RL ^L
kly

�^L]U
ZUVPTL

kSXZ
_XU^L
(SLWX\P
kly)

º®©²¤�¥¡§�
Á£³§ �£«
(30) 

9,27 Å©��: ¶��§­£®�
¼©�£�¤² 
£¥µ©±©§¤³� 
ÊÁÈ

Á�±©  ¡ 5 
¨ ¡£¥�

¬© ��
£¶§�µ©¥� ¶�
³©¼¥ ® ¨ �
¼©�£�¤² ¨
£¥µ©±©§¤³��

Ã¥¨®©¤²£
(¤®ªµ£ ¤©
¥©��¯²£�
£
­¢�¥¤²£�

31,0 

»��¥
Íª§£¯£«
(29) 

8,01 9,30 6 ¨ ¡£¥� »¶§�µ©¥�
¢ ³§©¹� ¶�
¤³ª¡©¥³ � ² �£
�© ¶��§­£ 
ÄÁ»

Ã¥¨®©¤²£
(¤®ªµ£ ¤©
¸§�¥·ª¤²£
�)

36,5 

Ä §£¤
½ ¤£«
(26) 

9,86 10,00 5 ¨ ¡£¥� ¬© ��
£¶§�µ©¥�
¢ ³§©¹� ¶�
¤³ª¡©¥³ � ² �£
�© ¶��§­£ 
ÄÁ»

Ã¥¨®©¤²£
(¤®ªµ£ ¤©
¥©��¯²£�
£ §ª¤²£�) 4.5 

rmSLVcXqU]U:

2. ¦§©¡�©³¥£ ¥�¤³��¥£² ��¥§©¡¥£ ¢§ ¸©¤ §, À£¡£�� Á�³£�� �© ª¢ª³£  ¶�¼³©� ½�³©¡§£ ¶�
�ª³ ��³¤²  ª¢§��´�±© ¶� £¶¹ § �©¡¥ ¨ �¤£¤³©¥³� ¶� � ¡ª® ÄÁ» � ¶� ¤¢©·£¸£·£§�¥©
¢§©¡�©³© rQ^X\U zUKPZQTXN P^qU]USQR\L, lUWPYP^QTU mPXRUz^XcXNPZU P rQ^X\U
mPXKLRUSPZLcL. ½�³©¡§� �©  ��� ¶�¼³©� ¢§©¡�©³¥ ¨ ¥�¤³��¥£²� ª ·©® ¤³£ ¢§£¼��³£®�.
½�²  ¤© �£¡£ £¶ ² ¥²ª§¤¥ ¨ ��³©§£��®� �©¡£¥  �© ¢§©¡® µ©¥� ²�¥¡£¡�³²£±� £¶� ¡£®�
¥�¤³��ª £¶ ¢§©¡�©³� �¤¥ �© ¼©�£�¤² ¨ £¥µ©±©§¤³�� £ �¤¥ �© ¹£ ��³©§£��®�. Ë�¤¥  �©
¡� �© ¥�¤³��� £¶ ¢§©¡�©³� ² �© �© ¢§©¡® µ©¥� ²�¥¡£¡�³²£±� £¶� ¡£®� ª¤²  ¢ �©¶�¥� ¤�
¼©�£�¤²£� £¥µ©±©§¤³� � £ ¡� �© ¥�  ¤¥ �ª ¡ ¢£¤� ¢§©¡�©³¥ ¨ ¥�¤³��¥£²�  �� ¥��ªµ�
 ¹®�¤³ ¥© ¢¼ ¡¥� ¥� � ¡ª®ª Ä£ �©¡£·£¥¤²  £¥µ©±©§¤³� .

3. ¦§©® µ©¥� ²�¥¡£¡�³²£±� £�� �£¤ ²ª ¢§ ¤©¯¥ª  ·©¥ª ¥� ¢§©³¼ ¡¥£� ¤³ª¡£���� ² �© �©
¶��§­£®� ²�  ·©®£¥ª (¢  ¤³�§£� ¥�¤³��¥£� ¢§ ¨§��£��).

4. ¦§©¡® µ©¥� ²�¥¡£¡�³²£±� �© ¶��§­£®�  ¤¥ �¥© ¤³ª¡£�© ¶� ¥��²§�«© �§©�© (¯©³£§£
¨ ¡£¥© £ ¡©�©³ �©¤©·£).

5. Å�ª¯¥£ §�¡ �£ ¢§©¡® µ©¥© ²�¥¡£¡�³²£±© §�¥¨£§�¥£ ¢  �©³ ¡ ® ¨£�£ �£¥£¤³�§¤³��
¶� ¥�ª²ª £ ³©¼¥ ® ¨£�ª £¶¥ ¤© 51,5 ¹ ¡ �� ¡ ² ¤ª §�¡ �£ ² �£ ¤ª §©®©��¥³¥£ ¶�  ¹®�¤³
¶� ² �ª ¤© ¹£§� ¹ ¡ ��¥£ ¤� 31 ¹ ¡ �.

6. ¦§©¡® µ©¥� ²�¡£¡�³²£±� �© ¡ ¹£®� ¥���£­©  ·©¥© ª �¥ ¥£�¥£� �¥²©³��� ¤³ª¡©¥�³�
¢  ¢£³�±ª £¶� °©±� ¥�¤³��©.
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7. ¦ ³¢ª¥  �© ¢ ¤�©«©¥� £¶� °©±ª ¥�¤³��© ²�  £ ¥�ª¯¥ � £ ¤³§ª¯¥ � §�¡ª £¶ ªµ©
¤³§ª¯¥©  ¹®�¤³£ ¤� ¢§©¡�©³¥£� ¥�¤³��¥£² � ¯£�© �© ¡�®� �©®£²£ ¡ ¢§£¥ ¤ ª²ª¢¥£�
¥�¢ §£�� §�¶� �� � ¡ª®� ¶� ÄÁ» � ¤��£� ³£� £ Á�­£¥¤² ¨ ¸�²ª®³©³� ª Ä© ¨§�¡ª.

8. º®©²¤�¥¡§� Á£³§ �£« �© ª¯©¤¥£² ¥�¢§©¡¥£¼ ¢§ �©²�³� ² �© ¸¥�¥¤£§��ª Á£¥£¤³�§¤³� 
¢§ ¤�©³©, ¥�ª²© £ ³©¼¥ ® ­² ¨ §�¶� �� ²�   ¡¨ ��§��ª«© £¥¤³£³ª·£�© Ã�§ ¢¤²© ª¥£�©.

9. ½�¥¡£¡�³²£±� £�� ¢ ® µ©¥© ¤�© £¤¢£³© ¥� ¿ ²³ §¤²£� ¤³ª¡£����.

Ç³ ¨� ¢§ ¸©¤ § É §�¥ ¾£¹�§ ¢§©¡® µ© Å�¤³��¥ -¥�ª¯¥ � £ »¶¹ §¥ � �©«ª
Á�­£¥¤² ¨¸�²ª®³©³� Â¥£�©§¶£³©³� ª Ä© ¨§�¡ª ¡� £¶�¹©§© º®©²¤�¥¡§ª Á£³§ �£«, ¡£¢®.
£¥µ ³©¼¥ ® ¨£�©, ¤³ª¡©¥³� ¿ ²³ §¤²£¼ ¤³ª¡£��, ª ¶��±© �¤£¤³©¥³� ¤� ¢ª¥£� §�¡¥£�
�§©�©¥ �, ¥�  ¡§©°©¥  �§©�©  ¡ ³§£ ¨ ¡£¥© ¶� ªµª ¥�ª¯¥ª  ¹®�¤³ Ä£ �©¡£·£¥¤² 
£¥µ©±©§¤³� , ¥� ½�³©¡§£ ¶� ºª³ ��³¤²  ª¢§��´�±© ¥� Á�­£¥¤² � ¸�²ª®³©³ª
Â¥£�©§¶£³©³� ª Ä© ¨§�¡ª.

�si~r}y hrlywy|v

¦§ ¸. ¡§ É §�¥ ¾£¹�§
Â¥£�©§¶£³©³ ª Ä© ¨§�¡ª, Á�­£¥¤²£ ¸�²ª®³©³

¬. ¦§ ¸. ¡§ À£¡£�� Á�³£��
Â¥£�©§¶£³©³ ª Ä© ¨§�¡ª, Á�­£¥¤²£ ¸�²ª®³©³

¦§ ¸. ¡§ Íª§  ½ §ª¨�
¦§ ¸©¤ § ª ¢©¥¶£�£

Â¥£�©§¶£³©³ ª Ä© ¨§�¡ª, Á�­£¥¤²£ ¸�²ª®³©³

Â Ä© ¨§�¡ª, 28.09.2015.
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j~y}vx�yuvu j kvr{xigj
lLeP^QTXN `LT[cRUR

y�krx~rl }v½j

fSUWKUR: ¾©¸©§�³ ½ �£¤£�©   ¢§£���´©¥£� ²�¥¡£¡�³£�� ¶� £¶¹ § ª ¶��±© LQPQRU^RL ^L
KXW[c[ VL kPXKUWPYP^QTX P^qU]USQR\X ¶� ªµª ¥�ª¯¥ª  ¹®�¤³ kPXKUWPYP^QTX
P^qU]USQR\X.

Å�  ¤¥ �ª  ¡®ª²© »¶¹ §¥ ¨ �©«� Á�­£¥¤² ¨ ¸�²ª®³©³� ¹§ � 1219/3  ¡ 09.07.2015. 
¨ ¡£¥©, � ¢   ¹���´©¥ � ² ¥²ª§¤ª ¶� £¶¹ § �©¡¥ ¨ QLSLW^PTL [ V\L][ LQPQRU^RL ^L KXW[c[
VL kPXKUWPYP^QTX P^qU]USQR\X ¥�  ¡§©°©¥  �§©�©  ¡ 3 ¨ ¡£¥© ¤� ¢ª¥£� §�¡¥£� �§©�©¥ �
¶� ªµª ¥�ª¯¥ª  ¹®�¤³ kPXKUWPYP^QTX P^qU]USQR\X , £�©¥ ��¥£ ¤�  ¶� ¯®�¥ �© ½ �£¤£�©
¶� ¢ ¡¥ ­©±© §©¸©§�³�   ¢§£���´©¥£� ²�¥¡£¡�³£��.

Å� ² ¥²ª§¤ ² �£ �©  ¹���´©¥ ª ¡¥©�¥ � ®£¤³ª “¦�ÇÀ�¬»”  ¡  15.07.2015 ¨ ¡£¥©
¢§£���£®  ¤© ¯©³� §  ²�¥¡£¡�³� £ ³  : 

1. icUTQL^WSL lPRSX\Pt, WP_c. P^q. RUz^XcXNPZU,
2. y\L^ �[SPdPt, KLQR.P^q. KLeP^QR\L,
3. kXSPQ hXQPt, KLQR. P^q. KLeP^QR\L P
4. WS �XSL^L {Xc[mX\Pt, WP_c. P^q. KLeP^QR\L.

Å�  ¤¥ �ª ¢§©¨®©¡� ¡ ¤³��´©¥© ¡ ²ª�©¥³�·£�© ¢ ¡¥ ¤£�  ¤®©¡©«£

x v � v x i u

1. icUTQL^WSL lPRSX\Pt, WP_c. P^q. RUz^XcXNPZU

Å�  ¤¥ �ª ��³©§£��®� ¶� ¢§£���ª ¥� ² ¥²ª§¤ ¤�¯£±©¥© ¤ª ³�¯²© º, Ä, ¬ £ Ì.

i. kPXNSL`QTP _XWLYP
º®©²¤�¥¡§� Á£³§ �£« (¡©� ��¯²  ¢§©¶£�© ¿©¹©´² �£«) § °©¥� �© 23. 08. 1985. ¨ ¡£¥©,

ª Ä© ¨§�¡ª, ¨¡© �© ¶��§­£®� ¨£�¥�¶£�ª „Ç�©³£ Ç���“ ª Ä© ¨§�¡ª, ¢§£§ ¡¥ -��³©��³£¯²£ ¤�©§,
¤�  ¡®£¯¥£� ª¤¢©¼ �.

Ê©¼¥ ® ­² -�©³�®ª§­²£ ¸�²ª®³©³ (ÊÁÈ) ª¢£¤�®� �© ­² ®¤²© 2004./2005. ¨ ¡£¥©,
¤�©§ �§¨�¥¤²� ¼©�£�¤²� ³©¼¥ ® ¨£�� £ ¢ ®£�©§¥  £¥µ©±©§¤³� .

¿£¢® �£§�®� �© �ª¥� 2009. ¨ ¡£¥© ¥� ½�³©¡§£ ¶�  §¨�¥¤²ª ¼©�£�ª §�¡ � ¥� ³©�ª
„»¤¢£³£��±© ³©§�£�¤²© ¤³�¹£®¥ ¤³£ §£¶�³§£¢³�¥�“, ¤�  ·©¥ � 10 (¡©¤©³), ¶� ��±©  ¡ 5 
¨ ¡£¥�.

¦§ ¤©¯¥�  ·©¥� ³ ² � ¤³ª¡£§�±� £¶¥ ¤£®� �© 9,27 (¡©�©³ £ 27/100). 
Ê ² � ­² ® ��±�, ¡ ¹£®� �© ³§£ ¡£¢® �© „¦�¥³© Êª³ª¥Æ£«�“ ¶� ¢ ¤³£¨¥ª³©

£¶��¥§©¡¥© §©¶ª®³�³© ª ³ ²ª ¤³ª¡£§�±� (�©¡¥� 2008. ¨ ¡£¥© £ ¡�© 2009. ¨ ¡£¥©). 
¿ ¹£³¥£² �© £ ¤¢©·£��®¥ ¨ ¢§£¶¥�±� Ç§¢¤² ¨ ¼©�£�¤² ¨ ¡§ª­³�� ¶� ª¤¢©¼ ª ³ ²ª

¤³ª¡£�� (2009. ¨ ¡£¥©). 
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Ï®�¥ �© Ç§¢¤² ¨ ¼©�£�¤² ¨ ¡§ª­³�� £ ¯®�¥ º�©§£¯² ¨ ª¡§ªµ©±� £¥µ©±©§� ² § ¶£�©
(National Association of Corrosion Engineers, NACE). 

Ì � §£ ³©¯¥  ©¥¨®©¤²£ �©¶£², � ¤®ªµ£ ¤© £ ¥©��¯²£� £ ­¢�¥¤²£� �©¶£² �, ¡ ¹§ 
¢ ¶¥��© §�¡ ¥� §�¯ª¥�§ª, ²�  £ ¥� £¥¤³§ª�©¥³£�� AFM, FTIR, UV-VIS, DSC, TGA, SEM/EDX, 
QCM, Gamry potenciostat, IFM. 

Ð² ®¤²© 2009./2010. ¨ ¡£¥© ª¢£¤�®� �© ¡ ²³ §¤²© ¤³ª¡£�© ¥� Ê©¼¥ ® ­² -
�©³�®ª§­² � ¸�²ª®³©³ª, ¤³ª¡£�¤²£ ¢§ ¨§�� Ô©�£�¤²  £¥µ©±©§¤³�  (Ã®©²³§ ¼©�£��
£ ©®©²³§ ¼©�£�¤²  £¥µ©±©§¤³� ).

Ê ² � ¡ ²³ §¤²£¼ ¤³ª¡£�� ¥� ÊÁÈ-ª ¢ ® µ£®� �© 10 £¤¢£³� ¤� ¢§ ¤©¯¥ �  ·©¥ � 9,90 
(¡©�©³ £ 90/100) £  ¡¹§�¥£®� É��§­¥£ £¤¢£³ ¤�  ·©¥ � 10 (¡©¤©³) ¢ ¡ ¥�¶£� � „É�­³£³�
¥£¤² ª¨´©¥£¯¥ ¨ ¯©®£²�  ¡ ² § ¶£�© ¢ ¡ ¡©�¤³� � CO2 ¢§£�©¥ � ®�²  £¤¢�§´£�£¼
 §¨�¥¤²£¼ £¥¼£¹£³ §�“, ¯£�© �© ¤³©²®� ª¤® � ¶� ¢§£���ª ¡ ²³ §¤²© ¡£¤©§³�·£�© ¥� ÊÁÈ-ª.

»¥£·£��®¥� £¤³§�µ£��±� ¶� ¡ ²³ §¤²ª ¡£¤©§³�·£�ª ¶�¢ ¯©®� �© ¢ ¡ §ª² � ¡¤³� �
¢ ³©¥·£��®¥ ¨ �©¥³ §� ¿§ ¬©¤¥© Á£­² �£«-Ç³�¥² �£«, §©¡ �¥ ¨ ¢§ ¸©¤ §� ÊÁÈ, ª  ²�£§ª
¢§ �©²³� III 45019, ¢ ¡ ¥�¶£� � „Ç£¥³©¶�, §�¶� �, ³©¼¥ ® ¨£�� ¡ ¹£��±� £ ¢§£�©¥�
¥�¥ ¤³§ª²³ª§¥£¼ �ª®³£¸ª¥²·£ ¥�®¥£¼ ��³©§£��®� ¡©¸£¥£¤�¥£¼ ¤� �¤³���“. 

�¡ 04. 01. 2010. ¨ ¡£¥© ¹£®� �© ¶�¢ ¤®©¥� ª »¥ ��·£ ¥ � ·©¥³§ª Ê©¼¥ ® ­² -
�©³�®ª§­² ¨ ¸�²ª®³©³� Â¥£�©§¶£³©³� ª Ä© ¨§�¡ª.

Â ¶��±© £¤³§�µ£��¯-¢§£¢§��¥£² £¶�¹§�¥� �© 12. �¢§£®� 2010.
Â ¶��±© £¤³§�µ£��¯-¤�§�¡¥£² £¶�¹§�¥� �© 30. ��¨ª¤³� 2012. 
Â¯©¤³� ��®� �© ª §�¡ª Å�ª¯¥ ¨ £ �§¨�¥£¶�·£ ¥ ¨  ¡¹ §� �©°ª¥�§ ¡¥ ¨ ¤²ª¢�

¤³ª¡©¥�³� ©®©²³§ ¼©�£�© ¢ ¡ ¥�¶£� � „ISE Satellite Student Regional Symposium“ ² �£ �©
 ¡§µ�¥ ª  ²�£§ª Second Regional Symposium on Electrochemistry of South-East Europe (RSE-
SEE), ª Ä© ¨§�¡ª,  ¡ 6. – 10. �ª¥� 2010. 

¦ ¼�°�®� �© £ ª¤¢©­¥  ¢ ® µ£®� ®©³±© ²ª§¤©�© „Corrosion of Mild Steel in Weak 
Acids“,  ¡ 21. �ª¥� – 10. �ª®� 2010. ¨ ¡£¥©, ² �© �©  ¡§µ�  ¢§ ¸©¤ § ¡§ Ç§°�¥ Å©­£« (Institute 
for Corrosion and Multiphase Flow Technology, Ohio University, Ohio University, Athens, OH, 
USA) £ ®©³±£ ²ª§¤ „Biopolymers as constituents of novel biocomposites“,  ¡ 28. �ª¥� – 16. �ª®�
2010. ¨ ¡£¥©, ¢§ ¸. ¡§ Ê�³��¥� Ç³©��¥ �£« (Department des sciences du bois et de la forêt,
Université Laval, Québec, Canada) ª Ä© ¨§�¡ª, Ç§¹£��, ª  §¨�¥£¶�·£�£ Ê©¼¥ ® ­² -

�©³�®ª§­² ¨ ¸�²ª®³©³� Â¥£�©§¶£³©³� ª Ä© ¨§�¡ª.
Â ¡�� ¥��§�³�, ª ��§³ª 2010. ¨ ¡£¥© £ ª ¢©§£ ¡ª ��§³-��� 2011. ¨ ¡£¥© ¹£®� �© ¥�

¤³§ª¯¥ � ª¤��§­���±ª ª: Institute for Corrosion and Multiphase Flow Technology, Ohio 
University, Athens, OH, USA ª ¤²® ¢ª §�¡� ¥� ¡ ²³ §¤² � ¡£¤©§³�·£�£.

Â  ²³ ¹§ª 2011. ¢ ¯£±© ¡� §�¡£ ¥� ¢§ �©²³ª III 45009, ¢ ¡ ¥�¶£� �, ¢� ¤�¨®�¤¥  ³ �©
­² ®¤²© 2010./11. ¨ ¡£¥© ¢§©®�¶£ ¤� Ê©¼¥ ® ­² -�©³�®ª§­² ¨ ¸�²ª®³©³� ¥� Á�­£¥¤²£
¸�²ª®³©³ ª Ä© ¨§�¡ª £ ¥�¤³��´� £¤³§�µ£��±� ¢ ¡ §ª² � ¡¤³� � ¡§ Íª§� ½ §ª¨©, §©¡ �¥ ¨
¢§ ¸©¤ §� ÁÈ.

¦ §©¡ §�¡� ¥� ¢§ �©²³ª III 45009, ª¯©¤³�ª�© £ ¥� TEMPUS ¢§ �©²³ª „Studies in 
Bioengineering and medical Informatics-BioEMIS“ ² �£ ³§��© ³§£ ¨ ¡£¥©.

�¡ 01. 10. 2011. ¨ ¡£¥© ¶�¢ ¤®©¥� �© ª »¥ ��·£ ¥ � ·©¥³§ª Á�­£¥¤² ¨ ¸�²ª®³©³�.
¿�¥� 10. 06. 2012. ¨ ¡£¥©, � ¥�  ¤¥ �ª �¡®ª²© Å�¤³��¥ -¥�ª¯¥ ¨ �©«� ¹§. 971/3  ¡ 07. 

06. 2012. ¨ ¡£¥©   ¢§£¼��³�±ª ¢§©¡® µ©¥© §�¡¥© ³©�© £ ¸ §�£§�±ª ½ �£¤£�© ¶�  ·©¥ª
£¤¢±©¥ ¤³£ ª¤® �� ²�¥¡£¡�³²£±© £ ¥�ª¯¥© ¶�¤¥ ��¥ ¤³£ ¡ ²³ §¤²© ¡£¤©§³�·£�©, £�©¥ ��¥�
½ �£¤£�� �© ¢ ¡¥©®� ¢ ¶£³£��¥ »¶�©­³��   £¤¢ª±©¥ ¤³£ ª¤® �� ²�¥¡£¡�³²£±© £ ¥�ª¯¥©
¶�¤¥ ��¥ ¤³£ ¡£¤©§³�·£�© ¢ ¡ ¥�¶£� � „Á©²� ² ¥³�²³¥� ¤ ¯£�� ¥� ¹�¶£ ¼£¡§ ¨©® �� £
¥�¥ ��³©§£��®�“ ¯£�© �© ¢§�²³£¯¥   ¡ ¹§©¥ §�¡ ¥� ¢ �©¥ª³ � ¡£¤©§³�·£�£ ª ¥�ª¯¥ �  ¹®�¤³£
Á�­£¥¤²  £¥µ©±©§¤³�  – ªµ� ¤³§ª¯�  ¹®�¤³ Ä£ �©¡£·£¥¤²  £¥µ©±©§¤³� , ¶� ² �ª �©
��³£¯�¥ Á�­£¥¤²£ ¸�²ª®³©³ Â¥£�©§¶£³©³� ª Ä© ¨§�¡ª. É� �©¥³ §� �© £�©¥ ��¥ ¿§ Íª§ 
½ §ª¨�, � ¶� ² �©¥³ §� ��¥§©¡¥£ ¢§ ¸©¤ § ¡§ À£¡£�� Á�³£��.
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Å�  ¤¥ �ª ¤�¨®�¤¥ ¤³£ ¬©«� ¥�ª¯¥£¼  ¹®�¤³£ ³©¼¥£¯²£¼ ¥�ª²� Â¥£�©§¶£³©³� ª
Ä© ¨§�¡ª, ¹§. 06-19484/34-12,  ¡ 02. 07. 2012. ¨ ¡£¥© ¡ ¥©³ �© É�²´ª¯�² ¹§. 1362/1  ¡ 16. 07. 
2012. ¨ ¡£¥© ² �£  ¡ ¹§��� §�¡ ¥� ³©�£ ¡ ²³ §¤²© ¡£¤©§³�·£�© „Á©²� ² ¥³�²³¥� ¤ ¯£�� ¥�
¹�¶£ ¼£¡§ ¨©® �� £ ¥�¥ ��³©§£��®�“.

�¡®ª² � ¹§. 61206-3889/2-13, ¬©«© ¥�ª¯¥£¼  ¹®�¤³£ ³©¼¥£¯²£¼ ¥�ª²�, ¥� ¤©¡¥£·£
 ¡§µ�¥ � 16. 09. 2013. ¨ ¡£¥© ¡�®  �© ¤�¨®�¤¥ ¤³ ¥� §©¸©§�³   ª§�°©¥ � ¡ ²³ §¤² �
¡£¤©§³�·£�£ º®©²¤�¥¡§© ¿. ¿©¹©´² �£«, ¢ ¡ ¥�¶£� � „Á©²� ² ¥³�²³¥� ¤ ¯£�� ¥� ¹�¶£
¼£¡§ ¨©® �� £ ¥�¥ ��³©§£��®�“, ¯£�© ¤ª ¤© ¤³©²®£ ¤�£ ª¤® �£ ¡� ¤© ¢§£¤³ª¢£  ¡¹§�¥£
¢§©¡�©³¥© ¡£¤©§³�·£�©. gX XWmSL^U WPQUSRLYPZU ^PZU WXecX ^P _XQcU W\U NXWP^U XW
XWXmSU]L PV cPd^Pz SLVcXNL TL^WPWLRL.

º®©²¤�¥¡§� Á£³§ �£« �© ª¡�³� £ ���²� �© µ©¥¤² ¨ ¡©³©³�.
º®©²¤�¥¡§� Á£³§ �£« (¿©¹©´² �£«) �© �ª³ § £ ² �ª³ § ¢§©²  25 §�¡ �� ² �£ ¤ª

¤� ¢­³©¥£ ¥� ¥�ª¯¥£� ¤²ª¢ �£�� £®£  ¹���´©¥£ ª ¯�¤ ¢£¤£�� §�¶®£¯£³£¼ ²�³©¨ §£��  ¡
² �£¼ ¤ª ¡�� §�¡�  ¹���´©¥� ª £¤³�²¥ª³£� �©°ª¥�§ ¡¥£� ¯�¤ ¢£¤£�� ²�³©¨ §£�© l22, � ¡�� ª
�©°ª¥�§ ¡¥£� ¯�¤ ¢£¤£�� ²�³©¨ §£�© l23.

k. ~LQRL\^L LTRP\^XQR

Â ®©³±©� ¤©�©¤³§ª ­² ®¤²© 2009./2010. ª¯©¤³� ��®� �© ¥� £¶� °©±ª
©²¤¢©§£�©¥³�®¥£¼ �©µ¹£ £¶ ¢§©¡�©³� È£¶£¯²� ¼©�£�� 2, ¥� ½�³©¡§£ ¶� ¸£¶£¯²ª ¼©�£�ª £
©®©²³§ ¼©�£�ª ÊÁÈ-�.

Â ­² ®¤² � 2010./11. ª¯©¤³� ��®� �©, ³�² °©, ¥� £¶� °©±ª ©²¤¢©§£�©¥³�®¥£¼ �©µ¹£ £¶
¢§©¡�©³� È£¶£¯²� ¼©�£�� 1 £ È£¶£¯²� ¼©�£�� 2, ³�² °© ¥� ½�³©¡§£ ¶� ¸£¶£¯²ª ¼©�£�ª £
©®©²³§ ¼©�£�ª ÊÁÈ-�.

�¡ ­² ®¤²© 2011./12. ¨ ¡£¥© ¹£®� �© �¥¨�µ ��¥� ²�  ¤�§�¡¥£² ª ¥�¤³��£ ¥�
Á�­£¥¤² � ¸�²ª®³©³ª Â¥£�©§¶£³©³� ª Ä© ¨§�¡ª, ¥� ¨§ª¢£ ¶� Ä£ �©¡£·£¥¤²  £¥µ©±©§¤³� ,
¥� ¢§©¡�©³£��: Å�¥ �©¡£·£¥¤²  £¥µ©±©§¤³� , �¤¥ �© �£²§ -¥�¥  £¥µ©±©§¤³��, Á£²§ -
¥�¥  ¸®ª£¡£²�, Å�¥ ³©¼¥ ® ¨£�©, �¤¥ �© ¹£ ��³©§£��®� £ �¤¥ �© ¼©�£�¤² ¨ £¥µ©±©§¤³��.

¦§©�� �¥ ¥£�¥£� �¥²©³��� ² �© �© ¤¢§ �©®� ½ �£¤£�� ¶� �¥²©³£§�±© Á�­£¥¤² ¨
¸�²ª®³©³� ª Ä© ¨§�¡ª, ¤³ª¡©¥³£ ¤ª º®©²¤�¥¡§£ (¿©¹©´² �£«) Á£³§ �£« ¡���®£ ¥���£­©
 ·©¥© ¶� ¤�© �²³£�¥ ¤³£ ² �© ¤ª ¹£®©  ¹ª¼��«©¥© �¥²©³¥£� ®£¤³ �.

Â¯©¤³� ��®� �© ª ² �£¤£���� ¶�  ¡¹§�¥ª ¢©³ ��¤³©§ §�¡ �� ¥� � ¡ª®ª ¶�
Ä£ �©¡£·£¥¤²  £¥µ©±©§¤³� .

}. kPmcPXNSL`PZL ^L[d^Pz P QRS[d^Pz SLWX\L

xLW [ PQRLT^[RXK KU�[^LSXW^XK dLQX_PQ[, l22

1. M. Kalagasidis KrušiÖ, N. MilosavljeviÖ, A. Debeljkovi¯, Ö. B. Üzlüm, E. KaradaÝ,
Removal od Pb2+ ions from water by poly (acrylmide-co-sodium methacrylate) hydrogels, 
water, Air and Soil Pollution, (2012), vol. 223, 4355-4368, ISSN 0049-6979. 

2. N. MilosavljeviÖ, A. Debeljkovi¯, M. Kalagasidis KrušiÖ, N. MilašinoviÖ, Ö. B. Üzlüm, E. 
KaradaÝ, Application of poly(acrylmide-co-sodium methacrylate) hydrogels in copper and 
cadmium removal from aqueous solution, Environmental Progress & Sustainable Energy, 
(2014), Wiley Online Library, vol. 33, 824-834, DOI: 10.1002/ep.1185. IF 0.865, Online 
ISSN: 1944-7450. 

xLW [ KU�[^LSXW^XK dLQX_PQ[, l23

1. JevremoviÖ Ivana, Debeljkovi¯ Aleksandra, Singer Marc, Achour Mohsen, NešiÖ SrÞan,
MiškoviÖ-StankoviÖ Vesna, The mixture of dicyclohexilamine and oleylamine as corrosion 
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inhibitor for mild steel in NaCl solution saturated with CO2 under both continual immersion 
and top of the line corrosion, Journal of Serbian Chemical Society, (2012), vol. 77, 1047-
4061, ISSN 0352-5139. 

2. Debeljkovi¯ Aleksandra D., Matija Lidija R., Koruga ßuro, Lj., Characterization of 
nanophotonic soft contact lenses based on poly (2-hydroxyethyl methacrylate) and fullerene, 
Hemijska industrija, 2013., vol. 67, 861-870, DOI: 10.2298/HEMIND120830019D, ISSN 
0367-598X.

xLW [ dLQX_PQ[ KU�[^LSXW^XN V^LdLZL \USP`PTX\L^ _XQUm^PK XWc[TLKL, l24

1. Aleksandra Debeljkovic, Vladimir Veljic, Vera Sijacki-Zeravcic, Lidija Matija, Djuro 
Koruga, Characterization of materials for commercial and new nanophotonic soft contact 
lenses by Optomagnetic Spectroscopy, FME Transactions, (2014), vol. 42, no 1, 89-93. 

2. Aleksandra D. Mitrovi¯, Dragomir StamenkoviÖ, Manuel Conte, Spomenko MihajloviÖ,
Study of the optical power of nanophotonic soft contact lenses based on a poly (2-
hydroxyethyl methacrylate) and fullerene, Contemporary Materials, (2014), V-1, 151-160. 

lX^XNSL`QTL QR[WPZL/_XNcL\pU [ T]PVP l12 PcP SLW [ RUKLRQTXK VmXS^PT[
KU�[^LSXW^XN V^LdLZL, l14

1. Aleksandra Debeljkovi¯, Ivana MileusniÖ, Ivan ßuri×iÖ, Aleksandra DragiÖeviÖ, Igor Hut, 
SreÖko Nijem×eviÖ, Nanoscale Material Characterization Under the Influence of Aggresive 
Agents by Magnetic Force Microscopy and Opto-Magnetic Spectroscopy, Advanced 
Materials Research, Trans Tech Publications, Switzerland, (2013), pp. 209-223, ISSN: 
1022-6680.

lX^XNSL`PZL ^LYPX^Lc^XN V^LdLZL, KX^XNSL`QTX PVWL]U NSL�U, _SU\XW PV\XS^XN RUTQRL
[ XmcPT[ KX^XNSL`PZU (QLKX VL QRLSL^U ZUVPTU), l42

1. ¿. Ù. ¿©¹©´² �£«, Ì. ¬. Ç£�©ª¥ �£«, Å. Ë. ¿£�£³§£�©�£«, ¿. Ì. Ì��£«, i. g.
gUmUpTX\Pt, ¿£¥��£²�  ¹�©²�³� £ ¢§ ·©¤� – Á�³©��³£¯²£ � ¡©®£  ¹�©²�³� £ ¢§ ·©¤�
ª ¤£¤³©�£�� �ª³ ��³¤² ¨ ª¢§��´�±� XI ¡© , Á�­£¥¤²£ ¸�²ª®³©³ ª Ä© ¨§�¡ª, Ä© ¨§�¡,
2013, p. 448. ISBN 978-86-7083-754-6. 

fXNcL\pU [ T]PVP l42 PcP SLW [ RUKLRQTXK VmXS^PT[ ^LYPX^Lc^XN V^LdLZL, l45

1. lPRSX\Pt, i., Ä � �£« Ä., Íª§£¯£« »., Á£®©ª¤¥£« »., »¤¢£³£��±© ²�§�²³©§£¤³£²�
¥�¥ ¸ ³ ¥£¯¥£¼ �©²£¼ ² ¥³�²³¥£¼ ¤ ¯£�� ¤��§©�©¥£� �©³ ¡���, Ä£ �©¡£·£¥¤²�
¸ ³ ¥£²�: Å�¥ ¸ ³ ¥¤²� ² ¥³�²³¥� ¤ ¯£��, ©¡£³ § ½ §ª¨�, Í., ¿ ¥ ¬�¤, 2013, pp. 183-
218, ISBN 978-86-87471-28-3. 

2. Ä � �£« Ä., lPRSX\Pt i., ¦§ £¶� ¡±� £  ¹§�¡� ² ¥³�²³¥£¼ ¤ ¯£�� £
¥�¥ ¸ ³ ¥ £¯¥£¼ ² ¥³�²³¥£¼ ¤ ¯£��, Ä£ �©¡£·£¥¤²� ¸ ³ ¥£²�: Å�¥ ¸ ³ ¥¤²�
² ¥³�²³¥� ¤ ¯£��, ©¡£³ § ½ §ª¨� Í., ¿ ¥ ¬�¤, 2013., pp. 123-134. ISBN 978-86-87471-
28-3.

3. Ê �£« Á., lPRSX\Pt i., Ì ®ª¹ �£« É., Å�¥ ��³©§£��®£ £ ² ¥³�²³¥� ¤ ¯£��,
Ä£ �©¡£·£¥¤²� ¸ ³ ¥£²�: ¥�¥ ¸ ³ ¥¤²� ² ¥³�²³¥� ¤ ¯£��, ©¡£³ § ½ §ª¨� Í., ¿ ¥
¬�¤, 2013, pp. 101-122, ISBN 978-86-87471-28-3. 

4. Ê �£«, Á., lPRSX\Pt, i., Ì ®ª¹ �£«, É., ½ ¥³�²³¥� ¤ ¯£��, Ä£ �©¡£·£¥¤²�
¸ ³ ¥£²�: Å�¥ ¸ ³ ¥¤²� ² ¥³�²³¥� ¤ ¯£��, ©¡£³ § ½ §ª¨� Í., ¿ ¥ ¬�¤, 2013, ¢¢ 75-
100, ISBN 978-86-87471-28-3. 
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5. Ð�² ³� ¾ ¤£«, Ë., lPRSX\Pt, i., �²  ²�   ¢³£¯²£ ¤£¤³©�, Ä£ �©¡£·£¥¤²� ¸ ³ ¥£²�:
Å�¥ ¸ ³ ¥¤²� ² ¥³�²³¥� ¤ ¯£��, ©¡£³ § ½ §ª¨� Í., ¿ ¥ ¬�¤, 2013, pp. 63-74. ISBN 
978-86-87471-28-3.

wLX_eRU]L ^L KU�[^LSXW^PK QT[_X\PKL eRLK_L^L [ YUcP^P, l33

1. Ivan ßuri×iÖ, Ivana MileusniÖ, Mirko RadovanoviÖ, Aleksandra Debeljkovi¯, ßuro
Koruga, AFM surface roughness analysis of eye positioning contact lens, Danubia-Adria 
Symposium on Advances in Experimental Mechanics, 26-28 September 2012, Belgrade, 
Serbia, p. 150-153, ISBN 978-86-7083-762-1. 

2. Dragomir StamenkoviÖ, Marija TomiÖ, Aleksandra Debeljkovi¯, Jelena MunÖan, Lidija 
Matija, How incorporated nanomaterials in contact lenses affect their mechanical and optical 
properties: experimental study, Danubia-Adria Symposium on Advances in Experimental 
Mechanics, 26-28 September 2012, Belgrade, Serbia, p. 158-161, ISBN 978-86-7083-762-1. 

3. V. VeljiÖ, A. Debeljkovi¯, ß. Koruga, Mechanical properties investigation of commercial 
and nanophotonics soft contact lenses, 4th (29th Yu) International Congress of Serbian 
Society of Mechanics, Serbian Society of Mechanics, Vrnja×ka Banja, 4th – 7th June, pp. 
591-596, 2013. 

4. V. VeljiÖ, A. Debeljkovi¯, ß. Koruga, Study of mechanical properties of commercial and 
nanophotonics materials for soft contact lenses by optomagnetic spectroscopy, 4th (29th Yu) 
International Congress of Serbian Society of Mechanics, Serbian Society of Mechanics, 
Vrnja×ka Banja, 4th – 7th June, pp. 961-965, 2013. 

wLX_eRU]L ^L KU�[^LSXW^PK QT[_X\PKL eRLK_L^L [ PV\XW[, l34

1. Aleksandra D. Debeljkovi¯, Volatile  corrosion inhibitors for mild steel pipelines carrying 
wet gas, NACE International, San Antonio, Êexas, USA, 2010., Book of abstracts, p. 77.

2. Aleksandra D. Debeljkovi¯, Vesna MiškoviÖ-StankoviÖ, SrÞan NešiÖ, Application of 
Volatile Corrosion Inhibitors for Top of Line Corrosion in Mild Steel Pipelines, Second
Regional symposium on Electrochemistry of South-East Europe (RSE-SEE), Belgrade, 
Serbia, 2010, Book of Abstracts, O-21, p. 159, ISBN 978-86-7132-043-6. 

3. Aleksandra D. Debeljkovi¯, Ivana JevremoviÖ, Vesna MiškoviÖ-StankoviÖ, SrÞan NešiÖ,
Corrosion Behavior of mild steel in CO2 atmosphere, Ninth Young Researchers Conference 
– Materials Science and Engineering, Belgrade, Serbia, 2010, Book of Abstracts, I/6, ISBN 
978-86-80321-26-4.

4. Aleksandra D. Debeljkovi¯, The Effect of Diethylamine on Carbon Dioxide Corrosion of 
Mild Steel, NACE International, Houston, Texas, USA, 2011, Book of abstracts, p. 39. 

5. Jevremovic I., Miskovic-Stankovic V., Debeljkovic A., Achour M., Singer M., Nesic S. The 
Efficiency of Cyclohexylamine and Oleyamin as Inhibitor for Carbon Dioxide Corrosion, 
Research in Progress (RIP), NACE International Conference, CORROSION/2012, Salt 
Lake City, Utah, USA, 2012, Book of abstracts. 

6. A. Debeljkovi¯, D. StamenkoviÖ, J. Šakota, L. Matija, Dj. Koruga, Classical and 
nanophotonic soft contact lens materials investigation by uv-vis and opto-magnetic 
spectroscopy, Contemporary materials, 5-7 July 2012, Banja Luka, Republic of Srpska, 
2012, Book of abstracts, p.118. 

7. Zoran MatiÖ, Aleksandra Debeljkovi¯, SreÖko Nijem×eviÖ, lidija Matija, ßuro Koruga, 
Nano-Biomimetics: Application of nanotexhnologz in biometrics, Contemporary Materials, 
5-7 July 2012, Banja Luka, Republic of Srpska, 2012, Book of abstracts, p. 120. 

8. Vojin MunÖan, Nevena StefanoviÖ, Aleksandra Debeljkovi¯, Marko SavanoviÖ, ßuro
Koruga, Water flow in microtubes as lifeline of cells, Contemporary Materials, 5-7 July 
2012, Banja Luka, Republic of Srpska, 2012, Book of abstracts, p. 124. 
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9. A. Debeljkovi¯, D. StamenkoviÖ, N. JagodiÖ, L. Matija, ß. Koruga, Characterization 
commercial and nanophotonic rigid gas permeable contact lenses  by opto-magnetic 
spectroscopy and optical power measurement, YUCOMAT 2012, 3-7 September 2012, 
Herceg Novi, Montenegro, The Book of Abstracts, p. 107. 

10. ß. Koruga, G. Pollack, R. Tsenkova, L. Matija, Z. GoluboviÖ, J. MunÖan, S. Nijem×eviÖ, A. 
Debeljkovi¯, Water – materials surface interaction on macro, micro and nano scales, 
Fourteenth Annual Conference YUCOMAT 2012, 3-7 September 2012, Herceg Novi, 
Montenegro, The Book of Abstracts, p. 108. 

11. ßuri×iÖ, I., MileusniÖ, I., Debeljkovi¯, A., R. SofraniÖ, R., TomiÖ M., Koruga ß., Scanning 
Probe Microscopy investigation of eye positioning system lens, Fourteenth Annual 
Conference YUCOMAT 2012, 3-7 September 2012, Herceg Novi, Montenegro, The Book of 
Abstracts, p. 114. 

12. A. Debeljkovi¯, I. ßuri×iÖ, I. MileusniÖ, D. StamenkoviÖ, L. Matija, Polymerica materials 
for contact lenses characterized by SPM, International Conference on Scanning Probe 
Microscopy on Soft and Polymeric Materials 2012, 23-26 September 2012, Kerkrade, The 
Netherlands, The Book of Abstracts, p. 83, ISBN 978-90-365-3440-6. 

13. I. ßuri×iÖ, L. Matija, I. MileusniÖ, J. MunÖan, A. Debeljkovi¯, Lj. Petrov, ß. Koruga, 
Fullerene thin films characterization by spin magnetometer, Contemporary materials, 4-6 
July 2013, Banja Luka, Republic of Srpska, 2013, Book of abstracts, p. 56. 

14. A. Debeljkovi¯, D. StamenkoviÖ, M. Conte, V. Šija×ki Žerav×iÖ, L. Matija, ß. Koruga, 
Study of the optical power of nanophotonic soft contact lenses based on poly (2-
hydroxyethyl methacrylate) and fullerene, Contemporary materials, 4-6 July 2013, Banja 
Luka, Republic of Srpska, 2013, Book of abstracts, p. 110. 

15. I. Djuri×iÖ, I. Hut, B. BojoviÖ, D. StamenkoviÖ, I. MileusniÖ, A. Debeljkovi¯, Dj. Koruga, 
Suitability of contact AFM in investigation of RGP contact lenses, fifteenth Annual 
Conference YUCOMAT 2013, 2-6 September 2013, Herceg Novi, Montenegro, The Book of 
Abstracts, p. 144.

16. T. Jovanovic, D. Koruga, A. Debeljkovic, Recent advances in spectroscopic 
characterization of fullerene nanomaterials, Proceedings of the International Conference on 
Diamond and Carbon Materials, Riva del Grada, italy, 2-5 September 2013, p. P2.079.

17. A. Dragicevic, I. Mileusnic, A. Mitrovic, G. V. Nikolic, L. Matija, D. Koruga, Battey for 
colon capsule application basedon nano carbon hydrogenerated materials, Fuel Cells 2014, 
Science and Technology, A Grove Cell Event, 3-4 April 2014, Amsterdam, The 
Netherlands.

18. A. Dragicevic, A. Mitrovic, Z. Krivokapic, L. Matija, D. Koruga, Nanomagnetochemistry in 
colon cancer detection by spinner magnetometer, ITNANO2014, Second International 
Translational Nanomedicine Conference, Boston, MA, United States of America, July 25-
27, 2014.

{. fSPTLV P XYU^L ^L[d^XN SLWL TL^WPWLRL

Å�  ¤¥ �ª ¡ ¤³��´©¥£¼ ��³©§£��®� ª ¢§£���£ ²�¥¡£¡�³� ¥� ² ¥²ª§¤ ² �£ ¤ª §©®©��¥³¥£ ¶�
kPXKUWPYP^QTX P^qU]USQR\X ¡�³ �© ¢§£²�¶ ¤®©¡©«£¼ §�¡ ��:

l23.2 Â  � �© §�¡ª �© ¢§©¡¤³��´©¥  ª¢ §©¡¥  £¤¢£³£��±© ²�§�²³©§£¤³£²� ¹�¶¥ ¨ £ ¥ � ¨
¥�¥ ¸ ³ ¥£¯¥ ¨ ��³©§£��®� ² �£ �© ¡ ¹£�©¥ ª²´ª¯£��±©� ¥�¥ ��³©§£��®� ª ¹�¶¥£ ��³©§£��®
¶� ² ¥³�²³¥� ¤ ¯£��. Å�¥ ¸ ³ ¥£¯¥£ ��³©§£��® ( 38 )SL A� ¶� �©²� ² ¥³�²³¥� ¤ ¯£�� ¡ ¹£�©¥
�© §�¡£²�®¥ � ¢ ®£�©§£¶�·£� � 2-¼£¡§ ²¤£©³£®-�©³�²§£®�³�  ¡¥ ¤¥  2-¼£¡§ ²¤£©³£®-
�©³�²§£®�³� £ ¸ª®©§©¥� ¤� ¹�¶¥£� ��³©§£��® � ( 38)SL . ¦§ ·©¤ ¢ ®£�©§£¶�·£�© �© £¶�©¡©¥
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¢  ³©¼¥ ® ¨£�£ £ ª ¢§ £¶� ¡¥£� ®�¹ §�³ §£���� ² �¢�¥£�© Ç ®©²  (Á£®�¥ , »³�®£��).
Èª®©§©¥£ ¤ª ¡ ¡�³£ ¶¹ ¨ �¢¤ §¢·£ ¥£¼ ¢§©¥ ¤¥£¼ ²�§�²³©§£¤³£²� ª ª®³§�´ª¹£¯�¤³ �,
�£¡´£� � £ ¹®£¤² � £¥¸§�·§�©¥ � ¤¢©²³§ª. �¡ ¡ ¹£�©¥£¼ ��³©§£��®� ¤ª ¥�¢§��´©¥� �©²�
² ¥³�²³¥� ¤ ¯£�� ª ² �¢�¥£�£ �¢³£²¤ (Ä© ¨§�¡, Ç§¹£��). ½�¥¡£¡�³ �© ¥�  ��²  ¡ ¹£�©¥£�
��³©§£��®£�� £¶§�¯ª¥���®� ¢�§��©³§© �§©µ©, ª§�¡£®� �© ÇÃÁ �¥�®£¶ª, � ª Å�¥ ®�¹ §�³ §£�£
Á�­£¥¤² ¨ ¸�²ª®³©³� ª Ä© ¨§�¡ª £ ² �¢�¥£�£ �¢³£²¤ �©§£®�  ¢³£¯²© ²�§�²³©§£¤³£²©
£¤¢£³£��¥£¼ �©²£¼ ² ¥³�²³¥£¼ ¤ ¯£��. Â³�§°©¥  �© ¡� ³§�¥¤¢ §³ ³©¯¥ ¤³£ ²§ ¶ ¼£¡§ ¨©®
¢§�³£ È®£² � ¶�² ¥ £ ¡� ¹�¶¥£ £ ¥�¥ ¸ ³ ¥£¯¥£ ��³©§£��® ¤¢�¡��ª ª ¨§ª¢ª ¥©¢ § ¶¥£¼
¼£¡§ ¨©® ��. ¿ ¹£�©¥£ §©¶ª®³�³£ �©§©±� ² �© �© ²�¥¡£¡�³ ¤¢§ �©®� ¢ ²�¶ª�ª ¹ ´�  ¢³£¯²�
¤� �¤³�� ¤£¥³©³£¤�¥£¼ ¥�¥ ¸ ³ ¥£¯²£¼ �©²£¼ ² ¥³�²³¥£¼ ¤ ¯£�� ª ¢ §©°©±ª ¤� ¹�¶¥£�
¤ ¯£� �.

l24.1 ���� §�¡ ¢§©¡¤³��´� ª¢ §©¡¥  £¤¢£³£��±© ²�§�²³©§£¤³£²�  ¤¥ �¥ ¨ (² �©§·£��®¥ ¨)
��³©§£��®� £ ¥�¥ ¸ ³ ¥£¯² ¨ ��³©§£��®� ² �£ ¤ª ¡ ¹£�©¥£ ª²´ª¯£��±©� ¥�¥ ��³©§£��®�
(¸ª®©§©¥�) £ ±©¨ �£¼ ¡©§£��³� ª  ¤¥ �¥£ ��³©§£��® ¶� �©²� ² ¥³�²³¥� ¤ ¯£��. �¤¥ �¥£
��³©§£��® ¶� ² ¥³�²³¥� ¤ ¯£�� ¤£¥³©³£¤�¥ �©  ¡ � ¥ �©§� 2-¼£¡§ ²¤£©³£® �©³�²§£®�³�
(ÅÃÁº) , � ¸ª®©§©¥ £ ±©¨ �£ ¡©§£��³£ ¤ª ² §£­«©¥£ ¶¹ ¨ ¤� �£¼ ¡ ¹§£¼ ¢§©¥ ¤¥£¼
²�§�²³©§£¤³£²� ª ª®³§�-´ª¹£¯�¤³ �, �£¡´£� � £ £¥¸§�-·§�©¥ � ¤¢©²³§ª. É� ¢ ³§©¹©
²�§�²³©§£¶�·£�© ��³©§£��®� ¶� �©²� ² ¥³�²³¥� ¤ ¯£�� ² §£­«©¥� �©  ¢³ ��¨¥©³¥�
¤¢©²³§ ¤² ¢£�� (�ÁÇ) . �ÁÇ ¤© ¶�¤¥£�� ¥� ² ¥� ®ª·£ ¥ � ¤¢©²³§ª, ¡ ¹£�©¥ � ²�  §�¶®£²�
¡£¨£³�®¥© ¤®£²© ¡£¸ª¶¥  §©¸®©²³ ��¥© ¹©®© ¤�©³® ¤³£ £ §©¸®©²³ ��¥© ¢ ®�§£¶ ��¥© ¹©®©
¤�©³® ¤³£ ¶� ¢®��£ £ ·§�©¥£ ²�¥�®. ��� £¤³§�µ£��±� £���ª ¶¥�¯�� ²�²  ¶�  ¢³£²ª
² ¥³�²³¥£¼ ¤ ¯£�� ³�²  £ ±£¼ �ª ¢§�²³£¯¥ª ¹£ �©¡£·£¥¤²ª ¢§£�©¥ª.

l24.2 Â §�¡ª ¤ª ¢§©¡¤³��´©¥£ §©¶ª®³�³£ ² �¢�§�³£�¥£¼ £¤³§�µ£��±�  ¢³£¯²© ¤¥�¨© �©²£¼
² ¥³�²³¥£¼ ¤ ¯£�� (Á½Ç) ¤� §�¶®£¯£³£� ³©¼¥£²��� �©§©±� ² �� ¤© ² §£¤³© ¢§£ ¶��§­¥ �
 ¹§�¡£ ² ¥³�²³¥£¼ ¤ ¯£��. Ê§£ �§¤³© ¥�¥ ¸ ³ ¥¤²£¼ �©²£¼ ² ¥³�²³¥£¼ ¤ ¯£�� ¤ª
¥�¢§��´©¥�  ¡ ¤³�¥¡�§¡¥ ¨ ¢ ®£��² ¥ ��³©§£��®� (Ç ®©²  SP38) ¤� ª²´ª¯©¥£� ¸ª®©§©¥ �

60C , ¸ª®©§ ® � 60 24( )C OH £ ¸ª®©§ ®-�©³¸ §�£¥-¼£¡§ ²¤£®�³ � 60 12 4 5 10 12( ) ( )C OH OC N H .
É� ¢ ³§©¹© ²�§�²³©§£¶�·£�© ��³©§£��®� ¶� ¢ ³©¥·£��®¥ª ¢§£�©¥ª ² ¡ �©²£¼ ² ¥³�²³¥£¼
¤ ¯£��, ²�¥¡£¡�³²£±� �© ª¯©¤³� ��®� ª �©§©±ª  ¢³£¯²£¼ ¤� �¤³�� �©²£¼ ² ¥³�²³¥£¼ ¤ ¯£��
¾ ³®©²¤ £ Å£¡©² ª§©°��©�. Ç� ¾ ³®©²¤ ª§©°��©� ¡ ¹£�©¥£ ¤ª ¤®©¡©«£  ¢³£¯²£ §©¶ª®³�³£ : 
 ¢³£¯²� ¤¥�¨� £ ��¢� ¡©¸©²�³�, � ¤� Å£¡©² ª§©°��©�:  ¢³£¯²� ¤¥�¨�, ¤¥�¨� ·£®£¥¡§� £ ª¨� 
·£®£¥¡§�. ¿ ¹£�©¥© �§©¡¥ ¤³£  ¢³£¯²© ¤¥�¨© £ ��¢© ¡©¸©²�³� ¢ ²�¶�®£ ¤ª ¡� �©  ¢³£¯²�
¤¥�¨� ¤£¥³©³£¯²£¼ ¥�¥ ¸ ³ ¥£¯¥£¼ �©²£¼ ² ¥³�²³¥£¼ ¤ ¯£�� �©¡¥�²� ¥ �£¥�®¥ � �§©¡¥ ¤³£,
¡ ² ³  ¥£�© ¹£  ¤®ª¯�� ¶� ¤³�¥¡�§¡¥� �©²� ² ¥³�²³¥� ¤ ¯£��. Ê�² °©, ²��®£³©³
¥�¥ ¸ ³ ¥£¯¥£¼ �©²£¼ ² ¥³�²³¥£¼ ¤ ¯£���© ¹ ´£ �© ¥©¨  ² ¡ ¤³�¥¡�§¡¥£¼ �©²£¼ ² ¥³�²³¥£¼
¤ ¯£��. »¶ ¢§£²�¶�¥ ¨ � µ© ¡� ¤© ¶�²´ª¯£ ¡� �© � ¨ª«© ¤£¥³©³£¤�³£ ¥ �� ¥�¥ ¸ ³ ¥£¯¥�
�©²� ² ¥³�²³¥� ¤ ¯£�� µ©´©¥£¼  ¢³£¯²£¼ ²�§�²³©§£¤³£²�, ­³   ³��§� � ¨ª«¥ ¤³£ ¶� ±£¼ �ª
¢§£�©¥ª ª  � �  ¹®�¤³£.

l33.1 Â  � �© §�¡ª ¤© �¥�®£¶£§� ¥�¯£¥ £¶§�¡© ² ¥³�²³¥£¼ ¤ ¯£��. Å�� ¡© ¤© ¡�� ¢ ¤³ª¢²� £
³  ®£�©±©� ²�  £ §�¶®£¯£³£� ³£¢ �£�� §©¶�±�. Á�³©§£��® ¶� £¶§�¡ª ¤ ¯£�� �© ¬£¤³�²§£®

. 1189FDA MAF ² �£ ¢§ £¶� ¡£ ¬£¤³�  ¢³£²�. ½�¥¡£¡�³²£±� �©§©±� ¤¢§ � ¡£ ¥� ºÈÁ
�£²§ ¤² ¢ª, �©§  ��� ª§©°�� ¥£�©  ¢³£¯² ¨ ³£¢� �©« ³ ¢ ¨§�¸¤² ¨ £ ¡��© ¢ ³§©¹¥© ¢ ¡�³²© ¶�
¢§ §�¯ª¥ ¼§�¢�� ¤³£ ¤ ¯£�� ¥� ¥�¥  ¥£� ª. Â³�§°©¥  �© ¡� ®£�©¥� ² ¥³�²³¥� ¤ ¯£�� £���ª
¶¥�¯��¥  ��±ª ¼§�¢�� ¤³ ¢ �§­£¥©. Ê�² °© ¥© ¢ ¤³ �© ¢ �§­£¥¤²©  ¨§©¹ ³£¥© ² �© ¢ ¤³ �©
² ¡ ¤ ¯£�� ¢§ £¶�©¡©¥£¼ §©¶�±©�. Å� ³�� ¥�¯£¥ �©³ ¡ ®£�©±� ¢§©¡¤³��´� ¹ ´ª �©³ ¡ª ª
¢§ £¶� ¡±£ ² ¥³�²³¥£¼ ¤ ¯£�� ² � � ¤© ¢ ¤³£µª ¹ ´© ²�§�²³©§£¤³£²© ¶� ² §£¤¥£²©.
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l33.2 Â  � �© §�¡ª ¤© ª¢ §©°ª�ª ²�§�²³©§£¤³£²© ² ¥³�²¥£¼ ¤ ¯£�� £¶§�°©¥£¼  ¡ §�¶®£¯£³£¼
�§¤³� ¥�¥ -��³©§£��®� ��³©§£��®� ² �£ ¤ª ¡ ¡���¥£  ¤¥ �¥ � ��³©§£��®ª. �¤¥ �¥£ ��³©§£��®
�© ¤³�¥¡�§¡¥£ ¢ ®£�©³£® �©³�²§£®�³, ¢ ¡ ² �©§·£��®¥£� ¥�¶£� � 40SP . Å �£ ��³©§£��®£ ¤ª
¡ ¹£�©¥£ ¡ ¢£§�±©� ¸ª®©§©¥�, ¸ª®©§ ®� £ �©³¸ §�£¥ ¼£¡§ ²¤£®�³ ¸ª®©§©¥� ª ² �¢�¥£�£
Ç ®©²  (»³�®£��) ¢ ¡ §ª² � ¡¤³� � ¢§ ¸. ½ §ª¨© ¶� ¢ ³§©¹© ¢§ �©²³� »»»45009. �¡
¥��©¡©¥£¼ ��³©§£��®� ¥�¢§��´©¥� ¤ª ¤ ¯£�� ª ² �¢�¥£�£ �¢³£²¤ (Ä© ¨§�¡, Ç§¹£��).
½�¥¡£¡�³²£±� �© ¡ ¹£®� ª¶ §²© ¤ ¯£��  ¡ ² �¢�¥£�© �¢³£²¤ ¶� ¡�´� £¤³§�µ£��±�. ¦§�  �©
�©§£®� ³�§¡ «ª ¤ ¯£��  ¡  ¤¥ �¥ ¨ £ ¥ � ¡ ¹£�©¥£¼ ��³©§£��®�. ¾©¶ª®³�³£ ¤ª ¢ ²�¶�®£ ¡� �©
³�§¡ «� ¤�£¼ ª¶ §�²� ¢§£¹®£µ¥  £¤³� ³�²  ¡� ¤© ¡ ¢£§�±©� ¥��©¡©¥£¼ ��³©§£��®�  ¥� ¥©
�©±�. É�³£� ¤ª ª§�°©¥�  ¢³ -��¨¥©³¤²� ¤¢©²³§ ¤² ¢¤²� £¤¢£³£��±� ¢ � «ª ¡£¨£³�®¥©
²��©§©. Ç� ¡£��¨§��� ¤© �£¡£ ¡� ��³©§£��®£ ¤� ¸ª®©§©¥ � £���ª ¹ ´© ²�§�²³©§£¤³£²©, £
² ¥�¯¥  ¤ª £¶�§­©¥� £¤¢£³£��±� ¤� ª®³§� �£¡¥£� ¤¢©²³§ ¤² ¢ �. ¦ ¤©¹¥  ¤ª ¤©
�¥�®£¶£§�®£ ¡©® �£ ª®³§�´ª¹£¯�¤³ ¨ ¡©®� ¤¢©²³§�. » ª  � �© ¤®ª¯��ª ¤ ¯£�� ² �� ¤�¡§µ©
¸ª®©§©¥ ¢§ ¢ª­³��ª ��±© ¤�©³® ¤³£ £¶ ³ ¨ ¡©®� ¤¢©²³§�.

l33.3 ���� §�¡ ¢§©¡¤³��´� ² �¢�§�³£�¥  £¤³§�µ£��±©  ¤ ¹£¥�  ¤¥ �¥£¼ ��³©§£��®� £
¥�¥ ¸ ³ ¥£¯²£ ��³©§£��®� ² �£ ¤ª ¡ ¹£�©¥£ ª²´ª¯£��±©� ¥�¥ ¯©¤³£·� ¸ª®©§©¥� ª  ¤¥ �¥£
��³©§£��® ¶� �©²� ¤ ¯£��. �¤¥ �¥£ ��³©§£��®£ ¶� ² ¥³�²³¥� ¤ ¯£�� ¤ª � ¥ �©§£ pHEMA �
¸ª®©§©¥£ ¤© ² §£¤³© ¶¹ ¨ ¤� �£¼ ¡ ¹§£¼ ¢§©¥ ¤¥£¼  ¤ ¹£¥� ¥� ª®³§�´ª¹£¯�¤³ �, �£¡´£� �
£ ¹®£¤² � £¥¸§�·§�©¥ � ¡©®ª ¤¢©²³§�. Ê ¢ ¨§�¸£�� ¢ �§­£¥© �©²£¼ ¤ ¯£�� �© ¡ ¹£�©¥�
¢ � «ª �£²§ ¤² ¢� ¥� ¹�¶£ �³ �¤²£¼ ¤£®� (AFM).  AFM �© ¢ ¨ ¡¥� �©³ ¡� ¶� ª³�§°£��±©
 §¨�¥£¶�·£�© ¤® µ©¥£¼ ¢ ®£�©§� £ � µ© ¡� £¶�©§£ ¼§�¢�� ¤³ ¢ �§­£¥© �©®£² �
¢§©·£¶¥£­«ª (1 )nm . Ê ¢ ¨§�¸£�� ¢ �§­£¥© ¤ ¯£�� �© ��µ¥� ¶�  ¡§©°£��±© �©¼�¥£¯²£¼
¤� �¤³��� £ £¥³©§�²·£�© ¤� ³²£� �  ²�.

l33.4 ���� §�¡ ¢§©¡¤³��´� ª¢ §©¡¥  £¤³§�µ£��±©  ¤ ¹£¥�  ¤¥ �¥ ¨ ��³©§£��®� £
¥�¥ ¸ ³ ¥£¯²£¼ ��³©§£��®�. �¤¥ �¥£ ��³©§£��® ¶� �©²� ² ¥³�²³¥� ¤ ¯£�� �© 2-
¼£¡§ ²¤£©³£®-�©³�²§£®�³ pHEMA� ¥�¥ ¸ ³ ¥£¯²£ ��³©§£��®£ ¤ª ² �¹£¥�·£��  ¤¥ �¥ ¨ £
¸ª®©§©¥�. É�  ¡§©°£��±© ²�§�²³©§£¤³£²� ��³©§£��®� ¶� �©²� ² ¥³�²³¥� ¤ ¯£�� ² §£­«©¥ �©
 ¢³ ��¨¥©³¥£ ¤¢©²³§ ¤² ¢. �¢³ ��¨¥©³¥£ ¤¢©²³§ ¤² ¢ ¤© ¶�¤¥£�� ¥� �©§©±ª ¡©�¤³��
��¨¥©³¥© ¤£®© ª £¥³©§�²·£�£ ¤�©³® ¤³£ £ ª¶ §²� (��®©¥³¥£¼ ©®©²³§ ¥� £ �©°ª� ®©²ª®�§¥£¼
£¥³©§�²·£��) ¥� ¹�¶£ §�¶®£²© ¢ ¡�³�²� ¡ ¹£�©¥£¼ ª ¡£¨£³�®¥£� ¤®£²��� ¡£¸ª¶¥   ¡¹£�©¥©
¹©®© ¤�©³® ¤³£ ¢ ¡ ¢§��£� ª¨® � £ ¢ ®�§£¶ ��¥   ¡¹£�©¥ � ¹©® � ¤�©³® ¤³£ ² �� ¡ ®�¶£ ¢ ¡
Ä§ª¤³©§ �£� ª¨® �. Ç�£ ©²¤¢©§£�©¥³£ ¤ª  ¹��´©¥£ ¥� ¤ ¹¥ � ³©�¢©§�³ª§£ £ �®�µ¥ ¤³£
45%. ¿ ¹£�©¥£ §©¶ª®³�³£ £ ¤¢©²³§£ ¤ª ¢ §©°©¥£ ¤� ¤ ¯£�£��  ¡  ¤¥ �¥ ¨ ��³©§£��®� ¨¡© ¤ª
�©§©±� ª§�°©¥� ¥� £¤³£ ¥�¯£¥. �¢³ ��¨¥©³¤²£ ¤¢©²³�§ ¢ ²�¶ª�© ¡� ² ¡ §�¶®£¯£³£¼
��³©§£��®� ¢£² �£ ¢ ¤³ �© ¥� §�¶®£¯£³£� ³�®�¤¥£� ¡ªµ£¥���, ²�  £ ¡� �© £¥³©¥¶£³©³ ¢£² ��
§�¶®£¯£³.

½ ¡ ¤�£¼ ¨ §© ¥��©¡©¥£¼ §�¡ �� ²�¥¡£¡�³²£±� º®©²¤�§¥¡§� Á£³§ �£« �© ²�  ² �ª³ §
ª¯©¤³� ��®� ª ²�§�²³©§£¶�·£�£ �©« ¤£¥³©³£¶ ��¥£¼ ¢ ®£�©§�¥£¼ ��³©§£��®� ¶� ² ¥³�²³¥�
¤ ¯£��, ¤�� ¤³�®¥  £®£ ª¶ ¢ � « ¤�§�¡¥£²� ª ®�¹ §�³ §£���� ª ² �£�� ¤© ¥�®�¶£®� ¢ ³§©¹¥�
£¥¤³§ª�©¥³�·£��, ²�  £ ª ¢§£²ª¢´�±ª ¢ ¡�³�²� £ ¢£¤�±ª §�¡ ��.

¦§©�� �©³ ¡ ® ¨£�£ Á£¥£¤³�§¤³�� ¢§ ¤�©³©, ¥�ª²© £ ³©¼¥ ® ­² ¨ §�¶� �� ¾©¢ª¹®£²©
Ç§¹£�© ¶� ²��¥³£¸£²�·£�ª £¥¡£�£¡ª�®¥£¼ ¥�ª¯¥ £¤³§�µ£��¯²£¼ §©¶ª®³�³� ¥�ª¯¥£ §�¡ �£
º®©²¤�¥¡§© Á£³§ �£«  ·©±©¥£ ¤ª ¥� ¤®©¡©«£ ¥�¯£¥:
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�¶¥�²� �§¤³©
§©¶ª®³�³�

¬§©¡¥ ¤³
§©¶ª®³�³�

Ä§ �
§©¶ª®³�³�

Â²ª¢¥ 
¹ ¡ ��

Ä§ � ¹ ¡ ��
§©®©��¥³�¥ ¶�
¶�  ¹®�¤³ ¶�
² �ª ¤© ¹£§�

l22 5 2 10 0 
l23 3 2 6 3 
l24 3 2 6 6 
l14 4 1 4 4 
l42 5 1 5 0 
l45 1,5 5 7,5 7.5 
l33 1 4 4 4 
l34 0,5 18 9 6.5 

Â²ª¢�¥ ¹§ � ¹ ¡ �� ¶� ¤�© ²�³©¨ §£�© 51,5 31.00 

2. y\L^ �[SPdPt, KLQR. P^q. KLeP^QR\L

Å�  ¤¥ �ª ��³©§£��®� ¶� ¢§£���ª ¥� ² ¥²ª§¤ ¤�¯£±©¥© ¤ª ³�¯²© º, Ä, ¬ £ Ì.

i. kPXNSL`QTP _XWLYP

Íª§£¯£« »��¥ �© § °©¥ 1986. ¨ ¡£¥© ª Ä© ¨§�¡ª ¨¡© �© ¶��§­£   ¤¥ �¥ª £ ¤§©¡±ª
­² ®ª.

�¤¥ �¥© �²�¡©�¤²© ¤³ª¡£�© ¥� Á�­£¥¤² � ¸�ª®³©³ª ª¢£¤�  �© 2005. ¨ ¡£¥©. Ì ¡£¥©
2009. �© ¡£¢® �£§�  ¥� � ¡ª®ª ¶� Ä£ �©¡£·£¥¤²  £¥µ©±©§¤³� . ¿£¢® �¤²£ §�¡ ¥� ³©�ª
„Á£²§ ³ª¹ª®© £ ±£¼ �� ª® ¨� ª «©®£�£“ �©  ¡¹§�¥£   ·©¥ � 10, ¢ ¡ �©¥³ §¤³� � ¢§ ¸©¤ §�
Íª§� ½ §ª¨©.

Á�¤³©§ �²�¡©�¤²© ¤³ª¡£�© �© ª¢£¤�  ¥� � ¡ª®ª ¶� Ä£ �©¡£·£¥¤²  £¥µ©±©§¤³�  £¤³©
¨ ¡£¥©. Ì ¡£¥© 2011. ¡£¢® �£§�  �© ¥� Á�¤³©§ �²�¡©�¤²£� ¤³ª¡£���� ¤� ¢§ ¤©¯¥ �  ·©¥ �
9,30. Á�¤³©§ ¡£¢® �¤²£ §�¡ ¥� ³©�ª „½�§�²³©§£¶�·£�� ²®�¤£¯¥ ¨ £ ¥�¥  ��³©§£��®�
Å�¥ ¢§ ¹ �£²§ ¤² ¢£� � ��¨¥©³¥£¼ ¤£®�“ �©  ¡¹§�¥£  ¢ ¡ �©¥³ §¤³� � ¢§ ¸©¤ §� ¡§ Íª§�
½ §ª¨© ¤�  ·©¥ � 10. 

Â �ª¥ª 2011. ¨ ¡£¥© ¤© ¶�¢ ­´��� ²�  £¤³�µ£��¯ ª »¥ ��·£ ¥ � ·©¥³§ª Á�­£¥¤² ¨
¸�²ª®³©³�, ¨¡© �© ¶�¢ ¤®©¥ ¥� ¢§ �©²³£�� »»»41006 „¾�¶� � ¥ �£¼ �©³ ¡� £ ³©¼¥£²� ¶� §�¥ª
¡£��¨¥ ¤³£²ª ²�¥·©§� ¨§®£«� ��³©§£·©, ¡©¹©® ¨ ·§©��, ª¤¥© ¡ª¢´© £ �©®�¥ �� ¥� ¹�¶£
¡£¨£³�®¥© ¤®£²© £ ©²¤£³�·£ ¥  ©�£¤£ ¥£¼ ¤¢©²³�§� ª �£¡´£� � £ £¥¸§�·§�©¥ � ¡ �©¥ª“
²�  £ ¥� ¢§ �©²³ª »»»45009 „Èª¥²·£ ¥�®£¶�·£�� ¥�¥ ��³©§£��®� ¶� ¡ ¹£��±© ¥ �© �§¤³©
² ¥³�²³¥£¼ ¤ ¯£�� £ §�¥ª ¡£��¨¥ ¤³£²ª ¡£��¹©³©¤�“.

Ð² ®¤²© 2011./12. ¨ ¡£¥© ª¢£¤ª�© ¡ ²³ §¤²© ¤³ª¡£�© ¥� Á�­£¥¤² � ¸�²ª®³©³ª ¥�
� ¡ª®ª ¶� Ä£ �©¡£·£¥¤²  £¥µ©±©§¤³� .

Â ¥ �©�¹§ª 2012. ¹£  �© ¥� ª¤��§­���±ª £¶  ¹®�¤³£ ¥�¥ ³©¼¥ ® ¨£�� ª
»¤³§�µ£��¯² � ·©¥³§ª „Ì�¹§£©® À£¢��¥“, Ä©®� , Àª²¤©�¹ª§¨, ¨¡© �© ¶��§­£  ²ª§¤
„Å�¥ �¥�®£¶� ² §£­«©±©� ¸£¥  ¸ ²ª¤£§�¥£� ¶§�·£�� � ¥� £ ©®©²³§ ¥�“. É¥�±© ¤³©¯©¥  ¥�
²ª§¤ª �© ¡ ¢§£¥©®  ¢ ¹ ´­�±ª ²��®£³©³� ¥�¤³��© ¥� ¢§©¡�©³£�� ª  ¹®�¤³£
¥�¥ £¥µ©±©§¤³��, ²�  £ ª¥�¢§©°©±ª �¥�®£¶� ¥�¥ ³©¼¥ ® ­²£¼ £¤³§�µ£��±�.

Ê ² � §�¡� ¥� ¢§ �©²³£�� ª¤��§­£  ¤© ª �©³ ¡��� Ç²©¥£§��ª«© ³ª¥©®¤²©
�£²§ ¤² ¢£�© (STM), Á£²§ ¤² ¢ª º³ �¤²£¼ ¤£®� (AFM), ²�  £ ³©¼¥£²��� Á£²§ ¤² ¢£��
Á�¨¥©³¥£¼ Ç£®� (MFM). Ê�² °©, ³ ² � ¢§ �©²³� ¤³©²�  �© £¤²ª¤³�  ª §�¡ª ¤�
¤¢©²³§ ¤² ¢¤²£� �©³ ¡��� (¬»Ç/Å»¾ �£¥£-¤¢©²³§ �©³§£��) ²�  £ ¥� ÈÊ»¾ ¤¢©²³§ -
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�£²§ ¤² ¢ª. ��®�¡�  �© ³©¼¥£²��� �©§©±� §©��¥©¥³¥© ��¨¥©³£¶�·£�© ��³©§£��®� ¥� ª§©°��ª
JR-6º, ²�  £ �©³ ¡��� ¢§��´©±� ³�¥²£¼ ¸£®� �� ¥� ¢ �§­£¥£ ��³©§£��®�. ¾�¡ � ¥�
¢§ �©²³£�� �© ¤³©²�  £¤²ª¤³�� ª �²�£¶£·£�£ £  ¹§�¡£ §©®©��¥³¥£¼ ¢ ¡�³�²�, ²�  £ ±£¼ � �
¤³�³£¤³£¯² � �¥�®£¶£ £ �£¶ª©®£¶�·£�£ ª ¢§ ¨§��¤² � �©¶£²ª Python, ¢§ ¨§��¤²£� ¢�²©³£��
MatLab, ²�  £ ¥� ¹�¶��� ¢ ¡�³�²� SQL £ MongoDB. 

º²³£�¥  �© ª¯©¤³� ��  ª §�¶� �ª ¥ �© ¡£��¨¥ ¤³£¯²© �©³ ¡© �¢³ -��¨¥©³¥© £�£Æ£¥¨
¤¢©²³§ ¤² ¢£�©, ¢§£ ¯©�ª ¤© ±©¨ � ¡ ¢§£¥ ¤ §�¶� �ª ¤�¤³ �£ ª §�¶� �ª �®¨ §£³�� £ ¢§ ¨§���,
¥��¢§© ª Á�³®�¹ª ¶� ¢ ³§©¹© §�¶� �� ¢§ ³ ³£¢�, � ¶�³£� £ §�¶� � ¥©¶��£¤¥ ¨ ¤�� ¤³�®¥ ¨
(stand-alone) �¢®£²�³£�¥ ¨ ¤ ¸³�©§� ª ¢§ ¨§��¤² � �©¶£²ª Python. ¾�¶�£�©¥ ª§©°�� £ �©³ ¡�
 ¤� �£®£ ¤ª ¢§�ª ¥�¨§�¡ª ¥� ³�²�£¯©±ª start-up ¢§©¡ª¶©«� ª  ²�£§ª Next Business Generation 
ª Å ³£¥¨©�ª, ¬©®£²� Ä§£³�¥£��. Â¤��§­���  ¤© ª ®�¹ §�³ §£���� ² �© ¤© ¹��© £¤³�µ£��±©�
²�¥·©§� ª »¥¡£�£ (Oncquest laboratories ª Ñª ¿©®¼£�ª £ NM Medical ª Áª�¹��ª) ¨¡© �©
ª¯©¤³� ��  ª ¡£¶��¥ª, ²®£¥£¯²£� £¤³�µ£��±£�� £ ¢§ ¥�®�µ©±ª ³©¼¥£¯²£¼ §©­©±� ¶�
£�¢®©�©¥³�·£�ª ª ²®£¥£¯² � ¢§�²¤£ ª  ²�£§ª §�¡� Å ³£¥¨©¥ Ê§©¥³ Â¥£�©§¶£³©³�, Ò©¥³§� ¶�
»¤³§�µ£��±© ½�¥·©§� £ ² �¢�¥£�© Tumor trace, Ltd. Nottingham, UK. Â¯©¤³�ª�© ª §�¡ª ³£��
ª  ²�£§ª ² �¢�¥£�© DIA Systems , Çº¿, ¥� §�¶� �ª ¢§ ³ ³£¢� ¶� ¥©£¥��¥¶£�¥  �©§©±©
¨®ª² ¶© ª ²§�£.

Ç� � §�¡ �© ¢§©¶©¥³ ��  ¥� ¹§ �¥£� �©°ª¥�§ ¡¥£� £ ¡ ��«£� ² ¥¸©§©¥·£����, �
§©¶ª®³�³© £¤³§�µ£��±�  ¹���£  �© ª ¯�¤ ¢£¤£�� ¤� SCI ®£¤³©. ¾©·©¥¶£§�  �© §�¡ �© ¶�
¯�¤ ¢£¤ Scanning (ISSN 0161-0457, IF 1.891). 

Ì � §£, ¯£³� £ ¢£­© ©¥¨®©¤²£, � ¤®ªµ£ ¤© ¸§�¥·ª¤²£�.

k. ~LQRL\^L LTRP\^XQR

Â¯©¤³�ª�©, ²�²  ª ³© §£�¤² �, ³�²  £ ª ¢§�²³£¯¥ � ¥�¤³��£ ¥� ¢§©¡�©³£�� � ¡ª®� ¶�
Ä£ �©¡£·£¥¤²  £¥µ©±©§¤³�  (Â� ¡ ª ¥�¥ ¤£¤³©�©, Å�¥ ³©¼¥ ® ¨£�©, Å�¥ �©¡£·£¥¤² 
£¥µ©±©§¤³�  £ �¤¥ �© ²®£¥£¯² ¨ £¥µ©±©§¤³��) £ ±©¨ � §�¡ �©  ·©±©¥ �£¤ ²£�  ·©¥��� ª
�¥ ¥£�¥£� ¤³ª¡©¥³¤²£� �¥²©³���.

}. kPmcPXNSL`PZL ^L[d^Pz P QRS[d^Pz SLWX\L

xLW [ KU�[^LSXW^XK dLQX_PQ[, l23

1. ¾uri�i¯ I., Matija L., BojoviÖ B., MihajloviÖ S., KosiÖ B., Koruga ß., Remanent 
magnetisation measurement of the fullerene thin film, Fullerenes, Nanotubes and Carbon 
Nanostructures (2015), DOI: 10.1080/1536383X.2015.1038745 

lX^XNSL`QTL QR[WPZL/_XNcL\pU [ T]PVP l12 PcP SLW [ RUKLRQTXK VmXS^PT[
KU�[^LSXW^XN V^LdLZL, l14

1. Debeljkovic A., Mileusnic I., ¾uricic I., Dragicevic A., Hut I., Nijemcevic S., Nanoscale 
Material Characterization Under the Influence of Aggresive Agents by Magnetic Force 
Microscopy and Opto-Magnetic Spectroscopy, Advanced Materials Research, Vol. 633 
(2013), pp. 209-223, Trans Tech Publications, Switzerland, ISBN: 978-3-03785-585-0 

2. Koruga, ß., StamenkoviÖ D., ¾uri�i¯ I., MileusniÖ I., Šakota J., BojoviÖ B., GoluboviÖ Z., 
Nanophotonic Rigid Contact Lenses: Engineering and Characterization, Advanced Materials 
Research, Vol. 633 (2013), pp. 239-252, Trans Tech Publications, Switzerland, ISBN: 978-
3-03785-585-0

3. MunÖan, J., Šarac, D., MileusniÖ, I., ¾uri�i¯, I., Matija, L., Koruga, ß., Discrimination of 
Soil Samples using FTIR Spectroscopy and Multivariate Analysis, Thematic Conference 
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Proceedings of International Significance „Archibald Reiss Days“, Vol. I (2014), pp. 253-
262, International Legal Cooperation (IRZ), Bonn, Germany, ISBN: 978-86-7020-190-3 (¶�
£¶¡���¯²ª ·©®£¥ª), ISBN: 978-86-7020-278-8 (ACP). 

lX^XNSL`PZL ^LYPX^Lc^XN V^LdLZL, KX^XNSL`QTX PVWL]U NSL�U, _SU\XW PV\XS^XN RUTQRL
[ XmcPT[ KX^XNSL`PZU (QLKX VL QRLSU ZUVPTU), l42

1. Ê �£«, Á., Ç³��©¥² �£«, ¿., Ä � �£«, Ä., Íª§£¯£«, »., Ì ®ª¹ �£«, É., �£®©ª¤¥£«, ».,
»¤¢£³£��±© ²�§�²³©§£¤³£²� ¥�¥ ¸ ³ ¥£¯¥£¼ ¾Ì¦ ² ¥³�²³¥£¼ ¤ ¯£�� ¤��§©�©¥£�
�©³ ¡���, ª ²±£¶£ �_=][^_�_{>|� �=J={_|�: {�{=�=J={_�{� |={J�|J{� >=�_��,
�}�= �=�}�� (2013), ¤³§. 135-182, ¿ ¥ ¬�¤, Ä© ¨§�¡, Ç§¹£��, ISBN: 978-86-87471-28-3 

2. Á£³§ �£«, º., Ä � �£«, Ä., �[SPdPt, y., Á£®©ª¤¥£«, »., »¤¢£³£��±© ²�§�²³©§£¤³£²�
¥�¥ ¸ ³ ¥£¯¥£¼ �©²£¼ ² ¥³�²³¥£¼ ¤ ¯£�� ¤��§©�©¥£� �©³ ¡���, ª ²±£¶£
�_=][^_�_{>|� �=J={_|�: {�{=�=J={_�{� |={J�|J{� >=�_��, �}�= �=�}�� (2013),
¤³§. 183-218, ¿ ¥ ¬�¤, Ä© ¨§�¡, Ç§¹£��, ISBN: 897-86-87471-28-3 

wLX_eRU]L ^L KU�[^LSXW^PK QT[_X\PKL eRLK_L^L [ YUcP^P, l33
1. MileusniÖ, I., ¾uri�i¯ I., Matija L., MitoviÖ, R., Koruga, ß., Mechanical Properties 

Investigation of Carbon Steel by Atomic Force Microscopy and Magnetic Force 
Microscopy, Proceedings of the 28th Danubia-Adria-Symposium on Advances in 
Experimental Mechanics (2011), pp. 293-294, Hungary, ISBN: 978-963-9058-32-3 

2. ¾uri�i¯, I., MileusniÖ, I.,  DebeljkoviÖ, A.,  RadovanoviÖ M., Koruga, ß., AFM surface 
Roughness Analysis of Eye Positioning Contact lens Proceedings of the 29th Danubia-
Adria-Symposium on Advances in Experimental Mechanics (2012), pp. 150-153, Belgrade, 
Serbia, ISBN: 978-86-7083-762-1 

3. MileusniÖ, I., ¾uri�i¯, I., Hut, I., StamenkoviÖ. D., Petrov, lj., BojoviÖ, B., Koruga, ß.,
Characterization of  Nanomaterial-based Contact Lenses by Atomic Force Microscopy, 
Contemporary Materials, Vol. IV-1 (2013), Academy of Sciences and Arts of the republic 
of Srpska, pp. 177-183, ISSN: 1986-8669 (Print); ISSN: 1986-8677 (Online) 

4. ¾uri�i�, I., MileusniÖ, I., StamenkoviÖ, D., Matija, L., Koruga, ß., (2013). Comparative 
Study of Classical and Nanophotonic Materials for RGP Contact Lenses by Scanning Probe 
Microscopy, Contemporary Materials, Vol. IV-1 (2013), Academy of Sciences and Arts of 
the republic of Srpska, pp. 46-52, ISSN: 1986-8669 (Print); ISSN: 1986-8677 (Online) 

wLX_eRU]L ^L KU�[^LSXW^PK QT[_X\PKL eRLK_L^L [ PV\XW[, l34

1. MileusniÖ, I., ¾uri�i¯, I., StamenkoviÖ, D., Petrov, Lj., BojoviÖ, B., Hut, I., Koruga, ß.,
Contact Lenses Nanomaterial Characterization by Atomic Force Microscopy and Magnetic 
Force Microscopy, IV International Scientific Conference Contemporary Materials 2011, 
Banja Luka, 1-2 July, 2011; The Book of Abstracts, p. 67. 

2. BojoviÖ, B., StamenkoviÖ, D., MileusniÖ, I., ¾uri�i¯, I., Koruga, ß., JagodiÖ, N., Lacunarity 
analysis of contact lens surface, IV International Scientific Conference Contemporary 
Materials 2011, Banja Luka, 1-2 July, 2011; The Book of Abstracts, p. 71. 

3. Koruga, ß., MileusniÖ, I., ¾uri�i¯, I., Matija, L., StamenkoviÖ, D., JagodiÖ, N., Importance 
of Nanomaterial Characterization of Contact Lenses by Magnetic Force Microscopy and 
Optomagnetic Spectroscopy, IV International Scientific Conference Contemporary 
Materials 2011, Banja Luka, 1-2 July, 2011; The Book of Abstracts, p. 17. 

4. ¾uri�i¯, I., MileusniÖ, I., TomiÖ, M., StamenkoviÖ, D., JagodiÖ, N., Petrov, Lj., Koruga, ß.,
AFM/MFM investigation of fullerenes based thin film on glasses and fullerene doperd 
contact lenses by Atomic Force Microscopy, Thirteenth annual conference of the Materials 
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research Society of Serbia, YUCOMAT 2011, Herceg Novi, Montenegro, 5-9 September, 
2011; The Book of Abstract, p. 169. 

5. MirjaniÖ ß., VojinoviÖ, J., MileusniÖ, I., ¾uri�i¯, I., AFM examination of tooth enamel 
treated with acid agents, V International Scientific Conference Contemporary Materials 
2012, Banja Luka, 5-7 July, 2012.; the Book of Abstracts, pp. 109-110. 

6. BekriÖ D., MileusniÖ, I., ¾uri�i¯, I., Koruga, ß., Characterization of micro-structure of 
composite material for wind turbine blade, V International Scientific Conference 
Contemporary Materials 2012, Banja Luka, 5-7 July, 2012.; the Book of Abstracts, p. 83. 

7. ¾uri�i¯, I., MileusniÖ, I., StamenkoviÖ, D., Petrov, Lj., Matija, L., Koruga, ß.,
Characterization of nanofotonic materials for RGP contact lenses by Scanning probe 
Microscopy, V International Conference Contemporary Materials 2012, Banja Luka, 5-7 
July, 2012.; the Book of Abstracts, p. 98. 

8. ¾uri�i¯, I., MileusniÖ, I., koruga, I., DebeljkoviÖ, A., SofraniÖ, R., Koruga, ß., Eze 
positioning system lens investigation by Scanning probe microscopy, Fourteenth Annual 
Conference of the Material Research Society of Serbia – YUCOMAT 2012, Herceg Novi, 
Montenegro, 3-7 September, 2012.; The book of Abstracts, p. 114. 

9. BekriÖ, D., MileusniÖ, I., ¾uri�i¯ I., Petrov, Lj., Koruga, ß., identification wind turbine 
blade structural damages by Magnetic Force Microscopy,  Fourteenth Annual Conference of 
the Material Research Society of Serbia – YUCOMAT 2012, Herceg Novi, Montenegro, 3-7 
September, 2012.; The book of Abstracts, p. 84. 

10. DebeljkoviÖ, A., ¾uri�i¯, I., MileusniÖ, I.,  StamenkoviÖ, D.,  Matija, L., Polymeric 
materials for contact lenses characterized by SPM, International Conference on Scanning 
Probe Microscopy on Soft and Polymeric Materials 2012, Kerkrade, The Netherlands , 23-
26 September 2012;  The Book of Abstracts, p. 83, ISBN 978-90-365-3440-6. 

11. MileusniÖ, I., StamenkoviÖ, D., ¾uri�i¯, I., Conto, M., Matija, L., Korugic-Karasz, Lj., 
Koruga, Dj., Characterization of classical and nanophotonic gas permeable contact lenses by 
AFM/MFM, UV-VIS and Optomagnetic image spectroscory, First International 
Translational Nanomedicine Conference – ITNANO2013, Boston, MA, 26-28 July, pp. 36-
37

12. MileusniÖ, I., ¾uri�i¯, I., Sakota, j., Stamenkovic, D., Koruga, Dj., Comparative Study of 
classical and nano-engineered photonic materials for RGP contact lenses by nanoprobe and 
Spectroscopy, European Congress and Exibition on Advanced materials and Processes – 
EUROMAT 2013, Sevilla, Spain, 8-13 September, http://euromat2013.fems.eu/ 

13. ¾uri�i¯, I., Hut, I., BojoviÖ, B., StamenkoviÖ, D., MileusniÖ, I., DebeljkoviÖ, A., Koruga, 
ß., Suitability of contact AFM in investigation of RGP contact lenses, Fifteenth Annual 
Conference of the Materials Research Society of Serbia – YUCOMAT 2013, Herceg novi, 
Montenegro, 2-6 September 2013; The Book of Abstract, p. 144. 

14. Koruga, ß., Matija, L., MunÖan, J., MileusniÖ, I., JeftiÖ, B., ¾uri�i¯, I., Hut, I., Koruga, I., 
Novel method for characterization of matter, opto-magnetic imaging FTIR System, VI
International Scientific Conference Contemporary Materials 2013, Banja Luka, 4-6 July 
2013.; the book of Abstracts, p. 49 

15. ¾uri�i¯, I. Matija, L., MileusniÖ, I., MunÖan, J., DebeljkoviÖ, A., Petrov, Lj., Koruga, ß.,
Fullerene thin films characterization by spin magnetometer , VI International Scientific 
Conference Contemporary Materials 2013, Banja Luka, 4-6 July 2013.; the book of 
Abstracts, p. 56 

{. fSPTLV P XYU^L ^L[d^XN SLWL TL^WPWLRL

Å�  ¤¥ �ª ¡ ¤³��´©¥£¼ ��³©§£��®� ª ¢§£���£ ²�¥¡£¡�³� ¥� ² ¥²ª§¤ ² �£ ¤ª §©®©��¥³¥£ ¶�
kPXKUWPYP^QTX P^qU]USQR\X ¡�³ �© ¢§£²�¶ ¤®©¡©«£¼ §�¡ ��:
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l23.1 (É�  ��� §�¡ �© ¡ ¤³��´©¥ ¢§£¼��«©¥£ §ª² ¢£¤.) Â  � �© §�¡ª ¤© £¤³§�µª�ª ��¨¥©³¥©
 ¤ ¹£¥© ª¨´©¥£²� ª ¸ª¥²·£�£ ±©¨ �£¼ �® ³§ ¢¤²£¼ � ¡£¸£²�·£��. ¦ ¤©¹¥  ¤©  ¹§�«�
¢�µ±� ¥� 60C  (¸ª®©§©¥), �©§  ¥ £�� ¢ ³¢ª¥  ¡§ª¨�¯£�©  ¤ ¹£¥©  ¡ ¡§ª¨£¼ �® ³§ ¢¤²£¼
� ¡£¸£²�·£�� ª¨´©¥£²�. Èª®©§©¥ 60C , £ �²  ¤�¤³��´©¥  ¡ ª¨´©¥£²� ² �£ �© ¡£����¨¥©³£², ª
³�¥²£� ¤® �©�£�� (¸£®� �£��) £�� ��¨¥©³¥©  ¤ ¹£¥© ¥� ¥�¥  ³©¤®� ¥£� ª. Á�³©§£��®£
¡©¹´£¥©  ¡ 100nm ¡  250nm ¤ª ¥�¢§��´©¥£ ª Å�¥ ®�¹ §�³ §£�£ Á�­£¥¤² ¨ ¸�²ª®³©³� ª
Ä© ¨§�¡ª £ £¤¢£³£��¥£ ¥� ¤¢£¥¤² � ��¨¥©³ �©³§ª (Ë¾-6) ¥� »¥¤³£³ª³ª ¶� ¨© ��¨¥©³¤²�
£¤³§�µ£��±� ¾©¢ª¹®£²© Ç§¹£�©, ²�¡� ¤ª ª ¢ ³¢ª¥ � �§�²ª £ ²�¡� ¤ª £¶® µ©¥£ ¢ ®�§£¶ ��¥ �
¤�©³® ¤³£. ¦ ²�¶�¥  �© ²�²  ¤�©³® ¤³ ª³£¯© ¥� ��³©§£��® £ ±©¨ �ª  ¤ ¹£¥ª ��¨¥©³£¶�·£�©
­³  ¤®ªµ£ ¶� £¶¹ § ��³©§£��®� ¶� ¹£ ¤©¥¶ §© ¥� ¥£� ª ¥�¥  £ ¢£²  ³©¤®£. ½�¥¡£¡�³ �© ¶�  ���
§�¡ §�¡£  ¥� ¢§£²ª¢´�±ª £  ¹§�¡£ ¢ ¤³ �©«© ®£³©§�³ª§©, ¢£¤�±ª ¢§� ¨ ¡§�¸³� §�¡� £
² §©¤¢ ¡©¥·£�£ ¤� ¯�¤ ¢£¤ �.

l12/M14.1 ��¡© ¤© ¢§ ª¯����ª  ¤ ¹£¥© ª¨´©¥£¯¥£¼ ¯©®£²� ¢ ¶¥�³ ¨ ¤�¤³��� £ �®ª�£¥£�ª��
¯£¤³ «© 99% �©¶�¥£¼ ¶� ² § ¶£�ª. Á�³©§£��®£ ¤© ¢ ³�¢��ª ª §�¤³� § ¼® § � ¡ ¥£¯¥©
²£¤©®£¥© ²�  £ ª §�¤³� § ¤£§«©³¥© ²£¤©®£¥©. É� �¥�®£¶ª ¢ �§­£¥© ��³©§£��®� ¤© ² §£¤³©
�£²§ ¤² ¢ ¥� ¹�¶£ ��¨¥©³¥© ¤£®© ²�  £  ¢³  ��¨¥©³¤²£ ¤¢©²³§ ¤² ¢. »¤¢£³£��±©� ¢ � «ª
 ¢³  ��¨¥©³¤² ¨ ¤¢©²³§ ¤² ¢� �©  ³²§£�©¥  ¡� ��³©§£��®£ ¢ ²�¶ª�ª §�¶®£²© ª ��²¤£�ª�ª ¢ 
§�¶®£·£ ³�®¤¥¥£¼ ¡ªµ£¥�. Ê ¢ ¨§�¸¤²© £ ��¨¥©³¤²©  ¤ ¹£¥© ¶� ¯©®£¯¥© ¢® ¯© ¢ ²�¶ª�ª �©«ª
 ³¢ §¥ ¤³ ¥� �¨§©¤£�¥© �©¡£�ª�© ª ¢ §©°©±ª ¤� �®ª�£¥£�ª� �.

l12/M14.2 Â  � �© §�¡ª ¤© §�¶��³§��ª ¯�§¤³� ² ¥³�²³¥� ¤ ¯£��. ½�§�²³©§£¤³£²© ¤ ¯£��
¶��£¤©  ¡ ¨© �©³§£�©, ¥�¯£¥� £¶§�¡© ²�  £ �§¤³© ��³©§£��®�. ¦ ¹ ´­�±©  ¤ ¹£¥� ¢§©®���±�
¤�©³® ¤³£ � µ© ¡� ¤© ¢ ¤³£¨¥© ¡ ¡���±©� ¥©² ¥�©¥·£ ¥�®¥£¼ ��³©§£��®� ²�  ­³  �©
¥�¥ ��³©§£��® ¸ª®©§©¥ 60C . ¦§£®£² � ¢§ £¶� ¡±© ¯�§¤³£¼ ² ¥³�²³¥£¼ ¤ ¯£��
¥�¥ ��³©§£��®£ ¤© ¡ ¡��ª  ¤¥ �¥ � ��³©§£��®ª. ½ ¥¤³§ª²·£�� ¢§ £¶� ¡±� £ £¤¢£³£��±©
 ¤ ¹£¥� ² ¥³�²³¥£¼ ¤ ¯£�� £¶§�°©¥�  ¡  ¤¥ �¥ ¨ ��³©§£��®� ²�  £  ¡ ��³©§£��®� ¤� ¡ ¡�³£�
¸ª®©§©¥ � ¤ª ¢§£²�¶�¥�. �¢£¤�¥  �© �©°ª¡©�¤³�   ¹� ��³©§£��®� ¤� � ¡ �. Ã²¤¢©§£�©¥³�®¥ 
�© £¡©¥³£¸£² ��¥ ¸©¥ �©¥ (ÃZ) ©²¤²®ª¶£ ¥© ¶ ¥©, ¢ ¤©¹¥ ¨ ª§©°©±� � ¡©, ¶� ² �ª £��
£¥¡£·£�� ¡� ¢§©¡¤³��´�, ¥��� ¡  ¤�¡� ¥©¢ ¶¥�³ , ¯©³�§³  ¤³�±© � ¡©.

l12/M14.2 Â  � �© §�¡ª ¤© §�¶��³§��ª �©³ ¡© ¶� �¥�®£¶ª ª¶ §�²� ³®�. Å�£�© ª
²§£�£¥�®£¤³£¯² � £¤³§�¶£ �© �© �� ��µ¥  ¡� ¤©  ¡§©¡© ³�¯¥  ²�§�²³©§£¤³£²© ³®� ¥�  ¤¥ �ª
² �£¼ � ¨ª ¡� ¤© £¶�©¡ª ¶�²´ª¯·£   £¶�§­���±ª ²§£�£¯¥ ¨ ¡©®�. É� �¥�®£¶ª ³®� ¤© ² §£¤³£
£¥¸§�·§�©¥£ ¤¢©²³§ �©³�§ ¤� ¸ª§£�© � � ³§�¥¤¸ §��·£� �. Ê�² °© ¤© ² §£¤³© £
�£­©¤³§ª²  ¢§ �©¥´£�© �©³ ¡© ¡� � ¨ª ¡� ¤©  ¡§©¡© ²�§�²³©§£¤³£²© ³®� ¤� ¡�� £®£ �£­©
�©¤³�. Â¶ §·£ ¤ª ª¶©³£ ¤� ¡�� �©¤³� ª Ç§¹£�£. ¾©¶ª®³�³£ £¤¢£³£��±� ¤ª ¢ ²�¶�®£ ¡� ¤��²£
ª¶ §�² ³®� £�� ¤¢©·£¸£¯¥© ²�§�²³©§£¤³£²© �©¶�¥© ¶� �©¤³   ¡�²®© �© ª¶©³. Ç¢©²³�§ ¡ ¹£�©¥
£¥¸§�·§�©¥£� ¤¢©²³§ �©³§ � ¤� ¸ª§£�© � � ³§�¥¤¸ §��·£� � ¢ ²�¶ª�© ³  ª �© �� �©®£² �
�©§£.

l42.1 Â  ²�£§ª � ¥ ¨§�¸£�© §�¡ ¢§©¡¤³��´�  ¤�  ¢ ¨®��´©. Ä��£ ¤© £¤¢£³£��±£��
 ¤ ¹£¥� ¥�¥ ¸ ³ ¥£¯²£¼ ³�§¡£¼ ² ¥³�²³¥£¼ ¤ ¯£��. �¢£¤ª�ª ¤© §�¶¥© �©³ ¡© £ £¥¤³§ª�©¥³£
² �£ ¤®ªµ© ª ³© ¤�§¼©. ¦§�  ¤© §�¶��³§��ª ¤¢©²³§ ¤² ¢¤²© �©³ ¡©. �¢£¤ª�ª ¤© ¥�¯£¥£
¡ ¹£��±� ¸§©²¸©¥³¥ ¨ ¤¢©²³§� ¤ ¯£�� ²�  £ ³ª��¯©±©  ¤ ¹£¥� ¥�  ¤¥ �ª ±©¨�. É�³£� ¤©
 ¹��­±���  ¢³  ��¨¥©³¥� ¤¢©²³§ ¤² ¢£�� ²�  �©³ ¡� ¶�  ¡§©°£��±© ²�§�²³©§£¤³£²� ¤ ¯£��.
Ê�² °© ¤© §�¶��³§��ª £¤¢£³£��±� ·£³ ³ ²¤£¯¥ ¤³£ ¤ ¯£�� ² �� ¤ª �© �� ��µ¥� ¶� ¶¡§��´©
² §£¤¥£²� £ ¢§©¡¤³��´� ¢§©¡ª¤® � ¶� ¹©¶¹©¡¥ ¤³ ¢§£�©¥© ��³©§£��®� ª �©¡©·£¥¤²© ¤�§¼©. Â
§�¡ª ¤©  ¢£¤ª�ª £ ¡�© �©³ ¡© ² �© ¤© ¥© ¶�¤¥£���ª ¥�  ¢³£¯²£� �©³ ¡��� �©« ¥�
¥�¥ ³©¼¥ ® ­²£� �©³ ¡���. Ê  ¤ª �£²§ ¤² ¢£�� �³ �¤²£¼ ¤£®� £ �£²§ ¤² ¢£�� ��¨¥©³¥£¼



14

¤£®�. Å�£�© ¢§£�©¥ �  �£¼ �©³ ¡� � µ© ¡� ¤©  ¡§©¡£ ³ ¢ ¨§�¸£�� ¤ ¯£�� ¡�®©²  ¹ ´© ¥©¨ 
­³  ¤ª ³   � ¨ª«���®© ¡ ¤�¡�­±© �©³ ¡©. É�³£� ¤© ¢ ²�¶ª�ª ¥�¯£¥£ ¶�  ¡§©°£��±©  ¢³£¯²©
¤¥�¨© ¤ ¯£��. ½ ¥�¯¥  ¤© �§­£ ¸§�²³�®¥� �¥�®£¶� ¢ �§¯£¥© ² ¥³�²³¥£¼ ¤ ¯£��. É� ¤�©
�©³ ¡© ¤ª ¡�³� £¤¢£³£��±� ¤� ³ª��¯©±©� §©¶ª®³�³�. ½�¥¡£¡�³ ²�  ² �ª³ § �© §�¡£  ¥�
²�§�³©§£¶�·£�£ ��³©§£��®� ¥� ¢ � «ª �£²§ ¤² ¢£�� �³ �¤²£¼ ¤£®� £ �£²§ ¤² ¢£��
��¨¥©³¥£¼ ¤£®�.

l42.2 Â  ²�£§ª � ¥ ¨§�¸£�© §�¡ ¢§©¡¤³��´� ¡©�©³  ¢ ¨®��´©. Ä��£ ¤© £¤¢£³£��±£��
 ¤ ¹£¥� ¥�¥ ¸ ³ ¥£¯²£¼ �©²£¼ ² ¥³�²³¥£¼ ¤ ¯£��. » ª  � �© §�¡ª ¤© §�¶��³§��ª �©³ ¡©
£¤¢£³£��±�  �© �§¤³© ² ¥³�²³¥£¼ ¤ ¯£��. ¦§�  ¤ª ¡�³� ¤¢©²³§ ¤² ¢¤²� £¤¢£³£��±�
ª®³§�´ª¹£¯�¤³ ¨ £ �£¡´£� ¨ ¡©®� ¤¢©²³§�. É�³£� ¤© ¡��ª £¤¢£³£��±� £¥¸§�·§�©¥ ¨ ¡©®�
¤¢©²³§� ¤� ¢§£¢�¡��ª«£� §©¶ª®³�³£��. ½�  £ ª ¢§³¼ ¡¥ � §©¸©§©¥·£ ¤©  ¢£¤ª�©  ¢³  ��¨¥©³¥�
¤¢©²³§ ¤² ¢£�� ²�  £ �£²§ ¤² ¢£�� ��¨¥©³¥£¼ ¤£®�. ½ ¥�¯¥  ¤© ¡��ª £ �©³ ¡© ¶�  ¡§©°£��±©
 ¢³£¯²© ¤¥�¨© ¤ ¯£�� £ �©³ ¡© ¸§�²³�®¥© �¥�®£¶© ¥�¥ ¸ ³ ¥£¯²£¼ �©²£¼ ¤ ¯£��. ¦§£��§¥£
¶�¡�³�² ²�¥¡£¡�³� �© ¹£  §�¡ ¥� ²�§�³©§£¶�·£�£ ��³©§£��®� ¥� ¢ � «ª �£²§ ¤² ¢£�© �³ �¤²£¼
¤£®� (ºÈÁ) £ �£²§ ¤² ¢£�� ��¨¥©³¥£¼ ¤£®� (ÁÈÁ). 

l33.1 Â  � �© §�¡ª ¤© §�¶��³§��ª ¤³§ª²³ª§© ��³©§£��®� ª ¢§ ¤³ §ª. �¡ £¶ª¶©³¥© �© ��µ¥ ¤³£
¡� ¤³§ª²³ª§� ¥©² ¨ ��­£¥¤² ¨ ¡©®� ¹ª¡© £¤³� ª ¤��² � ±©¨ � � ¡©®ª. É�  ¡§©°£��±©
¤³§ª²³ª§© �© ² §£­«©¥ �£²§ ¤² ¢ ¥� ¹�¶£ �³ �¤²£¼ ¤£®�. »¤¢£³£��¥ �© ¡©  ¢ ¤®© ��­£¥¤²©
 ¹§�¡© £¤³ ¨. º¥�®£¶£§� ¤© ²�²  �© ¢§ ·©¤  ¹§�¡© ª³£·�  ¥� ¢§ ¤³ §¥ª ¤³§ª²³ª§ª ��³©§£��®�
ª  ²�£§ª ¢ ¤��³§�¥ ¨ ¡©®�. Å�¡�´© �© ª¤¢ ¤³��´©¥� �©¶� £¶�©°ª ¤³§ª²³ª§© ��³©§£��®� £
�©¼�¥£¯²£¼  ¤ ¹£¥� ¢§© £ ¢ ¤®© ��­£¥¤²©  ¹§�¡©.

l33.2 ¦§£²�¶  � ¨� §�¡� �© £¤³£ ²�  ¢§£²�¶ §�¡� ²�¥¡£¡�³� ¢ ¡ §©¡¥£� ¹§ �©� 1 ª  ¶¥�·£
Á33.1. , �©§ �© §�¡ ¶��©¡¥£¯²£.

l33.3 ���� §�¡ ¢§£²�¶ª�© £¤¢£³£��±© ¢ �§­£¥© ² ¥³�²³¥£¼ ¤ ¯£�� ² �� ¤ª ¥�¢§��´©¥�  ¡
 ¤¥ �¥ ¨ ��³©§£��®� ¤� ¡ ¡�³² � ¥�¥ ��³©§£��®�. É� ¢§£²�¶ ±£¼ �© ¢ �§­£¥© ¤© ² §£¤³£
�£²§ ¤² ¢ ¥� ¹�¶£ �³ �¤²£¼ ¤£®�. Ç®£²� ¢ �§­£¥© ¤© ¡ ¹£�� ¥�  ¤¥ �ª �©§©±� ¡©¸ §��·£�©
² ¥¶ ®©. Á�³©§£��® ² ¥¶ ®© �© 18 /MCS Co Cr� . Ç®£²© ¢ �§­£¥� ¤ ¯£�� ¤ª ¡�³� ¶� ¤��²£ ³£¢
¢ ¥� ¤ ¹. �¤¥ �¥£ ��³©§£��® �© ¹£  PMMA ¡ ² �© ¥�¥ ��³©§£��® ² �£ ¤© ¡ ¡��© ¸ª®©§©¥.
Èª®©§©¥£ ¤© ² §£¤³© ¡� ¢ ¹ ´­��ª ²�§�²³©§£¤³£²© ¤ ¯£�� ª ª®³§�´ª¹£¯�¤³ �, �£¡´£� � £
¹®£¤² � £¥¸§�·§�©¥ � ¡©®ª ¤¢©²³§�. Á©§©±� ¤ª �§­©¥� ¥� ¤ ¹¥ � ³©�¢©§�³ª§£ £ �®�µ¥ ¤³£
45%.

l33.4 Â  � �© §�¡ª ¤ª £¶�§­©¥� ª¢ §©¡¥� £¤³§�µ£��±� ²®�¤£¯¥ ¨ ��³©§£��®� ¶� ³�§¡�
¤ ¯£�� £ ¡�� ¥ �� ¥�¥ ¸ ³ ¥¤²� ��³©§£��®� ¶� ² ¥³�²³¥� ¤ ¯£��. È ³ ¥£¯¥£ ¥�¥ ��³©§£��®£
¤ª ¡ ¹£�©¥£ ¡ ¡���±©� ¸ª®©§©¥� 60C £ ¸ª®©§ ®� 60 24( )C OH  ¤¥ �¥ � ��³©§£��®ª 40SP ¥�
¹�¶£ ¢ ®£�©§� �©³�²§£®�³�. Å�¥ ��³©§£��®£ ¤© ¡ ¡��ª  ¤¥ �¥ � ��³©§£��®ª ¡� ¹£ ¤©
¢§ �©¥£®� ¢§©¥ ¤¥� ²�§�²³©§£¤³£²� ¤�©³® ¤³£ ¶¹ ¨ ¡§ª¨�¯£�£¼ ��¨¥©³¥£¼ ²�§�²³©§£¤³£²�
��³©§£��®�. �¤¥ �¥£ £ ¡�� ¥�¥ ¸ ³ ¥£¯²� ��³©§£��®� ¤ª £¤¢£³£��¥£ �©³ ¡��� ¤²©¥£§��ª«©
¤ ¥¡¥© �£²§ ¤² ¢£�© £ ³  �©³ ¡ � �£²§ ¤² ¢£�© �³ �¤²£¼ ¤£®� £ �©³ ¡ � �£²§ ¤² ¢£�©
��¨¥©³¥£¼ ¤£®�. »¤¢£³£��¥© ¤ª £  ¡§©°©¥© §�¶®£²� ª ©®©²³§ ��¨¥©³¥£� ¤� �¤³�£��
��³©§£��®� � ¤³�³£¯²£�  ¡§©°£��±©� ¤£®© ª ¸ª¥²·£�£ §�¤³ ��±� ¤ ¥¡©  ¡ ª¶ §²� ¢§£²�¶�¥©
¤ª �©¼�¥£¯²©  ¤ ¹£¥© ��³©§£��®�.
½ ¡ ¤�£¼ ¨ §© ¥��©¡©¥£¼ §�¡ �� ²�¥¡£¡�³ »��¥ Íª§£¯£« �© ²�  ² �ª³ § ª¯©¤³� ��  ª
²�§�²³©§£¶�·£�£ �©« ¢ ¤³ �©«£¼ ��³©§£��®�, ¤�� ¤³�®¥  ¥� ºÈÁ, ÁÈÁ £ �Á»Ç-ª, ²�  £ ª
¢§£²ª¢´�±ª ¢ ¡�³�²� ¶� ¢£¤�±© §�¡ ��,  ¹§�¡£ ¢ ¡�³� £ ¢£¤�±ª §�¡ ��.
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¦§©�� �©³ ¡ ® ¨£�£ Á£¥£¤³�§¤³�� ¢§ ¤�©³©, ¥�ª²© £ ³©¼¥ ® ­² ¨ §�¶� �� ¾©¢ª¹®£²©
Ç§¹£�© ¶� ²��¥³£¸£²�·£�ª £¥¡£�£¡ª�®¥£¼ ¥�ª¯¥ £¤³§�µ£��¯²£¼ §©¶ª®³�³� ¥�ª¯¥£ §�¡ �£
»��¥� Íª§£¯£«�  ·©±©¥£ ¤ª ¥� ¤®©¡©«£ ¥�¯£¥:

�¶¥�²� �§¤³©
§©¶ª®³�³�

¬§©¡¥ ¤³
§©¶ª®³�³�

Ä§ �
§©¶ª®³�³�

Â²ª¢¥ 
¹ ¡ ��

Ä§ � ¹ ¡ ��
§©®©��¥³�¥ ¶�
¶�  ¹®�¤³ ¶�
² �ª ¤© ¹£§�

l23 3 1 3 3 
l14 4 3 12 12 
l42 5 2 10 10 
l33 1 4 4 4 
l34 0,5 15 7,5 7.5 

Â²ª¢�¥ ¹§ � ¹ ¡ �� ¶� ¤�© ²�³©¨ §£�© 36,5 36.5 

3. kXSPQ hXQPt, KLQR. P^q. KLeP^QR\L

Å�  ¤¥ �ª ��³©§£��®� ¶� ¢§£���ª ¥� ² ¥²ª§¤ ¤�¯£±©¥© ¤ª ³�¯²© º, Ä, ¬ £ Ì.

i. kPXNSL`QTP _XWLYP

Ä §£¤ ½ ¤£« �© § °©¥ 1989. ¨ ¡£¥© ª ½�§® �·ª, ¾©¢ª¹®£²� Ô§��³¤²�. �¤� ¨ ¡£­±ª ­² ®ª
¶��§­£  �© 2004. ¨ ¡£¥© ª Ä© ¨§�¡ª, � ¤§©¡±ª ©®©²³§ ³©¼¥£¯²ª ­² ®ª ª¢£¤�  �© 2004. ¨ ¡£¥©
ª Ä© ¨§�¡ª £ ¶��§­£  �© ¤�  ¡®£¯¥£� ª¤¢©¼ �.

Á�­£¥¤²£ ¸�²ª®³©³ Â¥£�©§¶£³©³� ª Ä© ¨§�¡ª ª¢£¤ª�© 2008. ¨ ¡£¥©. �¤¥ �¥© �²�¡©�¤²©
¤³ª¡£�© ¶��§­��� 2011. ¨ ¡£¥© ¤� ¢§ ¤©¯¥ �  ·©¥ � 9,79. »¤³© ¨ ¡£¥© ª¢£¤ª�© Á�¤³©§
º²�¡©�¤²© ¤³ª¡£�© ¥� � ¡ª®ª ¶� Ä£ �©¡£·£¥¤²  £¥µ©±©§¤³� , ² �© ¶��§­��� 2013. ¨ ¡£¥© ¤�
¢§ ¤©¯¥ �  ·©¥ � 10,00. Á�¤³©§ §�¡, �©¥³ § ¢§ ¸. ¿§ Íª§  ½ §ª¨�, ¢ ¡ ¥�¶£� � "Á©§©±©
¢�§���¨¥©³£¶�� £ ¡£����¨¥©³£¶�� ��³©§£��®�, ¢ � «ª ½�¢�¹§£Æ�, ¦§ ³ ¥¤² ¨ ��¨¥©³ �©³§�
£ Ç¢£¥©§ ��¨¥©³ �©³§�"  ¡¹§�¥£  �©  ·©¥ � 10. Â ³ ²ª  ¤¥ �¥£¼ £ ��¤³©§ ¤³ª¡£�� ¡�� ¢ª³�
�© ¹£  ¤³£¢©¥¡£¤³� È ¥¡� ¶� �®�¡© ³�®©¥³© ¾©¢ª¹®£²© Ç§¹£�© "¿ ¤£³©��". Ê ² � ­² ® ��±�
�© ¹£  ¡ ¹£³¥£² ¢ ¼��®� Á�­£¥¤² ¨ ¸�²ª®³©³� ¶� ¢ ¤³£¨¥ª³ ª¤¢©¼ ¥� ¤��² � ¨ ¡£¥£ ¤³ª¡£��.

Ì ¡£¥© 2012. ª¢£¤ª�© ¡§ª¨© ��¤³©§ ¤³ª¡£�© ¥� � ¡ª®ª ¶� Ç£¤³©�© �ª³ ��³¤² ¨ ª¢§��´�±�
(ÇºÂ). ¿  ¤�¡� �© ¢ ® µ£  11 £¤¢£³� ( ¡ 15 ¢§©¡�©³�) ¤� ¢§ ¤©¯¥ �  ·©¥ � 9,89. �¤³�®� ¤ª
�ª � ­ ¯©³£§£ £¤¢£³� £ ¶��§­¥£ ��¤³©§ §�¡ ¡� ¶��§­£ £ Á ¡ª® ¶� ÇºÂ.

Ì ¡£¥© 2013. ª¢£¤ª�© ¡ ²³ §¤²© ¤³ª¡£�© ¥� � ¡ª®ª ¶� Ä£ �©¡£·£¥¤²  £¥µ©±©§¤³� . Â
³ ²ª 2013. ¨ ¡£¥© §�¡£ ª  ²�£§ª ² �¢�¥£�© DIA systems, USA, ¥� §�¶� �ª ¢§ ³ ³£¢� ª§©°���
¶� ¥©£¥��¶£�¥  �©§©±© ² ¥·©¥³§�·£�© ¨®ª² ¶© ª ²§�£, � ª ³ ²ª 2014. ¨ ¡£¥© §�¡£ ª  ²�£§ª
¤�§�¡±© Å ³£¥¨©� Ê§©¥³ Â¥£�©§¶£³©³�, Ò©¥³§� ¶� »¤³§�µ£��±© ½�¥·©§� £ Tumour Trace Ltd.
£¶ ¬©®£²© Ä§£³�¥£�© ¥� §�¶� �ª ª§©°��� ¶� §�¥   ³²§£��±© ²�¥·©§� ©¢£³©®¥£¼ ³²£�� - ª¨ � §
¹§. ½ÌÁ-02/014,  ¡ 3.03.2014. ¨ ¡£¥©.

�¡ ��§³� 2015. ¨ ¡£¥© �© �¥¨�µ ��¥ ¥� ¢§ �©²³ª Á£¥£¤³�§¤³�� ¢§ ¤�©³©, ¥�ª²© £
³©¼¥ ® ­² ¨ §�¶� ��, »»»45009, "Èª¥²·£ ¥�®¶�·£�� ¥�¥ ��³©§£��®� ¶� ¡ ¹£��±© ¥ �© �§¤³©
² ¥³�²³¥£¼ ¤ ¯£�� £ §�¥ª ¡©³©²·£�ª ¡£��¹©³©¤�" ²�  £¤³§�µ£��¯ ¤�§�¡¥£².

Ê ² � §�¡� ¥� ¢§ �©²³ª ª¤��§­£  ¤© ª ¤¢©²³§ ¤² ¢¤²£� �©³ ¡��� ² �© ª²´ª¯ª�ª
¬»Ç/Å»¾ ¤¢©²³§ ¤² ¢£�ª, ²�  £ ÈÊ»¾ ¤¢©²³§ -�£²§ ¤² ¢£�ª. ��®�¡�  �© ³©¼¥£²��� �©§©±�
§©��¥©¥³¥© ��¨¥©³£¶�·£�© ��³©§£��®� ¥� ª§©°��ª JR-6A (Ç¢£¥©§ ��¨¥©³ �©³�§), ²�  £
�©³ ¡��� ¢§��´©±� ³�¥²£¼ ¸£®� �� ¥� ¢ �§­£¥£ ��³©§£��®� ¢ � «ª ª§©°��� CVD JEOL 
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JEE-4X vacuum evaporator £ JEOL Auto Fine coater JFC-1300. Â ®�¹ §�³ §£�£ ¶�
Ä£ �©¡£·£¥¤²  £¥µ©±©§¤³�  ¶�¡ªµ©¥ �© ¶� £¶§�¡ª ¡©® �� £ ¤²® ¢ �� ¶� ®�¹ §�³ §£�¤²©
�©µ¹© £ §©�®£¶�·£�ª ¢§ �©²�³�, ²�  £ ¶�  ¡§µ���±© ¢ ¤³ �©«© ®�¹ §�³ §£�¤²©  ¢§©�©
ª²´ª¯ª�ª«£ £ ��­£¥© ¶�  ¹§�¡ª §©¶�±©�.

º²³£�¥  �© ª¯©¤³� ��  ª §�¶� �ª ¥ �© ¡£��¨¥ ¤³£¯²© �©³ ¡© �¢³ -��¨¥©³¥© £�£Æ£¥¨
¤¢©²³§ ¤² ¢£�©, ¢§£ ¯©�ª ¤© ±©¨ � ¡ ¢§£¥ ¤ §�¶� �ª ¤�¤³ �£ ª ¢§ �©²³ ��±ª £ 3D 
� ¡©®£§�±ª ¼�§¡�©§¤² ¨ ¡©®� ª§©°��� ª ¤ ¸³�©§ª Solid Works, ²�  £ £¶§�¡£ ¢§ ¢§�³¥©
³©¼¥£¯²© ¡ ²ª�©¥³�·£�© £ £¶§�¡£ ¡©® �� £ ¤²® ¢ �� ¶� ©²¤¢©§£�©¥³�®¥© ¢§ ³ ³£¢ �©
ª§©°���. ¾�¡£  �© £ ¥� ª¤��§­���±ª �®¨ §£³�� £ ¢§ ¨§��� ª Á�³®�¹ª ¶� ¢ ³§©¹© §�¶� ��
¢§ ³ ³£¢� ª§©°���. Ä£  �© ¯®�¥ ³£�� ² �£ �©  ¤� �£  ¢§�ª ¥�¨§�¡ª ¥� ³�²�£¯©±ª ª  ²�£§ª
¢§ ¨§��� Next Business Generation, Nottingham, UK. 

Â¤��§­���  ¤© ª ®�¹ §�³ §£���� Oncquest, Ñª ¿©®¼£, »¥¡£�� £ NM Medical, Áª�¹��,
»¥¡£��, ¨¡© �© ª¯©¤³� ��  ª £¶� °©±ª ²®£¥£¯²© ¤³ª¡£�© ¥©£¥��¥¶£�¥© ¡£��¨ ¤³£²© ²�¥·©§�
¨§®£«� ��³©§£·© ¥� ¹�¶£  ¢³ -��¨¥©³¥© £�£Æ£¥¨ ¤¢©²³§ ¤² ¢£�©, ª  ²�£§ª ² �¢�¥£�© Tumor 
Trace, Ltd. Nottingham, UK. Ä£  �© 2014. ¨ ¡£¥© ¯®�¥  ¤� ¯®�¥© ¡©®©¨�·£�© Á ¡ª®� ¶� ÄÁ»,
Á�­£¥¤² ¨ ¸�²ª®³©³� ª Ä© ¨§�¡ª ¶� ¤�§�¡±ª ¤� Â¥£�©§¶£³©³ � ª Äª¡£�¢©­³£ £¶  ¹®�¤³£
¹£ �©¡£·£¥¤² ¨ £¥µ©±©§¤³��. Ä£  �© �²³£�¥£ ª¯©¤¥£² §�¡¥£¼ ¤�¤³�¥�²� £ InfoDays BioEMIS 
Tempus ¢§ �©²³� ª Ä© ¨§�¡ª, ²�  ¤³ª¡©¥³ £ ¢ ¤®© ¡£¢® �£§�±�. Ê�² °© �© ¹£  �²³£�¥£
ª¯©¤¥£² ¢§ � ·£�© ¤�¡§µ��� ¢§©¡�©³� Á ¡ª®� ¶� Ä£ �©¡£·£¥¤²  £¥µ©±©§¤³� , ²�  £ ª
£¶§�¡£ ¹§ ­ª§© £ ¢§ � ·£�© Á ¡ª®� ÄÁ». »�� ¢ ³§©¹¥� ¶�¥�±� £ ¢§£§ ¡¥ª  ¹¡�§©¥ ¤³ ¶�
¤¢ � ³© §©³¤² ¨ £ ¢§�²³£¯¥ ¨ §�¡�, ¢ ¤©¹¥  ª  ¹®�¤³£ �©¡©·£¥¤² ¨ ��­£¥¤³��, �©¡£·£¥¤²©
�©¼�³§ ¥£²© £ �ª³ ��³¤² ¨ ª¢§��´�±�.

Ì � §£, ¯£³� £ ¢£­© ©¥¨®©¤²£ �©¶£², � ¤®ªµ£ ¤© §ª¤²£� £ ¥©��¯²£�.

k. ~LQRL\^L LTRP\^XQR

Â ³ ²ª ¡ ²³ §¤²£¼ ¤³ª¡£�� ª¯©¤³�ª�© ª £¶� °©±ª ¥�¤³��© ¥� ¢§©¡�©³£�� �¹§�¡� ¤£¨¥�®�,
Á©¡£·£¥¤²  ��­£¥¤³�  £ È§�²³�®¥� �©¼�¥£²� £ ¢ ��µ© ª ¢§£¢§©�£ £ £¶� °©±ª
®�¹ §�³ §£�¤²£¼ �©µ¹£ ¥� ¢§©¡�©³£�� �¤¥ �© ²®£¥£¯² ¨ £¥µ©±©§¤³�� £ Ç¢©²³§ ¤² ¢¤²©
�©³ ¡© £ ³©¼¥£²©. Â �¥ ¥£�¥£� ¤³ª¡©¥³¤²£� �¥²©³���, ¶� ª¯©­«© ª £¶� °©±ª ¥�¤³��© ¥�
¥��©¡©¥£� ¢§©¡�©³£�� �©  ·©±©¥ �£¤ ²£� ¢§ ¤©¯¥£�  ·©¥���.

}. kPmcPXNSL`PZL ^L[d^Pz P QRS[d^Pz SLWX\L

xLW [ KU�[^LSXW^XK dLQX_PQ[, l23

1. ßuri×iÖ, I., Matija, L., BojoviÖ, B., MihajloviÖ, S., Kosi¯, B., & Koruga, ß.,  Remanent 
magnetisation measurements of the fullerene thin films: C60 films remanent magnetisation. 
Fullerenes, nanotubes and Carbon Nanostructures, 2015, DOI:10.1080/1536383X. 2015. 
1038745.

wLX_eRU]L ^L KU�[^LSXW^PK QT[_X\PKL eRLK_L^L [ YUcP^P, l33

1. BojoviÖ, B., Kosi¯, B., Petrov, Lj., Matija, L., Contact lens surface assessment via areal 
parameters, The 1st International Global Virtual Conference, pp. 534-537, 2013, ISBN 978-80-
554-0649-7.
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wLX_eRU]L ^L KU�[^LSXW^PK QT[_X\PKL eRLK_L^L [ PV\XW[, l34

1. J. Muncan, I. Mileusnic, B. Kosic, L. Matija, Water Structured by Very Low Concentration 
of Fullerol: Implications for Dominant Role of Water in Their Antioxidant and 
Radioprotective Effects, ITNANO2015, 3rd International translational nanomedicine 
conference, Book of abstracts, pp. 27, 2015, ISBN 978-86-7236-089-9,

{. fSPTLV P XYU^L ^L[d^XN SLWL TL^WPWLRL

l23.1 ¦§£²�¶  � ¨� §�¡� �© ¡�³ ª ¢§£²�¶ª §�¡ �� ²�¥¡£¡�³� ¢ ¡ §©¡¥£� ¹§ �©� 2 ª  ¶¥�·£
Á23.1., �©§ �© §�¡ ¶��©¡¥£¯²£. ½�¥¡£¡�³ �© �©§£  ¥� »¥¤³£³ª³ª ¶� ¨© ��¨¥©³¤²� £¤³§�µ£��±�
¾©¢ª¹®£²© Ç§¹£�© ¢�§��©³§© §©®©��¥³¥© ¶� ¢£¤�±© §�¡� (¢ ¥��´�±© ¡ ¹£�©¥£¼ §©¶ª®³�³� ª
¢§©³¼ ¡¥£� �©§©±£��) £  ¹§�¡£ ¢ ¡�³�²�.

M33.1 Â  � �© §�¡ª ¤© §�¶��³§� ²��®£³©³ ¢ �§­£¥© ² ¥³�²³¥£¼ ¤ ¯£�� £ ±©¥ ª³£·�� ¥�
 ¤ ¹£¥© £¤³ ¨. ¾�¶��³§��ª ¤© ¤ ¯£��  ¡ ¸®ª § ¤£®£²�³� ¤� ¡ ¡�³£� �²§£®�³ �. �¹§�¡�
¤ ¯£�� ¤© �§¯£ ²®�¤£¯¥£� ¢§ £¶� ¡¥£� �©³ ¡��� � ¢�¤³� ¶� ¢ ®£§�±© �©  ¡ 2 3Al O . ¦ ¤��³§�
¤© ª¥ª³§�­±� ² ¥³�²³¥� ¢ �§­£¥� ² �� �© ª ¡£§©²³¥ � ¡ ¡£§ª ¤�  ² �. É� �¥�®£¶ª ¢ �§­£¥©
¤© ² §£¤³£ �£²§ ¤² ¢ ¥� ¹�¶£ �³ �¤²£¼ ¤£®� £ ¢§ ¨§��¤²£ ¢�²©³ WinSPM . ¦ §©¡
¤³�¥¡�§¡¥£¼ ¢�§��©³�§� ¶� ²��®£³©³ ¢ �§­£¥© ² §£¤³© ¤© ¢�§��©³�§ ¤£�©³§£�© §�¤¢ ¡©®©
ª¶�£­©±� ²�  £ ¢�§��©³�§ ¶�§��±©±� §�¤¢ ¡©®© ª¶�£­©±�. Â¤¢ ¤³��´� ¤© �©¶� £¶�©°ª
¢�§��©³�§� ²��®£³©³� ¢ �§­£¥© £ ¢ ¡��¶´£� ¤³£ £¤³©.

¦§©�� �©³ ¡ ® ¨£�£ Á£¥£¤³�§¤³�� ¢§ ¤�©³©, ¥�ª²© £ ³©¼¥ ® ­² ¨ §�¶� �� ¾©¢ª¹®£²© Ç§¹£�©
¶� ²��¥³£¸£²�·£�ª £¥¡£�£¡ª�®¥£¼ ¥�ª¯¥ £¤³§�µ£��¯²£¼ §©¶ª®³�³� ¥�ª¯¥£ §�¡ �£ Ä §£¤�
½ ¤£«�  ·©±©¥£ ¤ª ¥� ¤®©¡©«£ ¥�¯£¥:

�¶¥�²� �§¤³©
§©¶ª®³�³�

¬§©¡¥ ¤³
§©¶ª®³�³�

Ä§ �
§©¶ª®³�³�

Â²ª¢¥ 
¹ ¡ ��

Ä§ � ¹ ¡ ��
§©®©��¥³�¥ ¶�
 ¹®�¤³ ¶� ² �ª

¤© ¹£§�
l23 3 1 3 3 
l33 1 1 1 1 
l34 0,5 1 0,5 0.5 
Â²ª¢�¥ ¹§ � ¹ ¡ �� ¶� ¤�© ²�³©¨ §£�© 4,5 4.5 

4. WS �XSL^L {Xc[mX\Pt, WP_c. P^q. KLeP^QR\L

Å�  ¤¥ �ª ��³©§£��®� ¶� ¢§£���ª ¥� ² ¥²ª§¤ ¤�¯£±©¥© ¤ª ³�¯²© º, Ä, ¬ £ Ì.

i. kPXNSL`QTP _XWLYP

É §�¥� Ì ®ª¹ �£« �© § °©¥� 14. 04. 1982. ¨ ¡£¥© ª Ä© ¨§�¡ª, ¾©¢ª¹®£²� Ç§¹£��.
�¤¥ �¥ª ­² ®ª „¿ ¤£³©� �¹§�¡ �£«“ ª Ä© ¨§�¡ª �© ¶��§­£®� ²�  ¥ ¤£®�· ¬ª² �©

¡£¢® �©. Ç§©¡±ª ­² ®ª, XI Ä© ¨§�¡¤²ª ¨£�¥�¶£�ª ª Ä© ¨§�¡ª �© ¶��§­£®� ¤�  ¡®£¯¥£�
ª¤¢©¼ �. Ç³ª¡£�© ¥� Á�­£¥¤² � ¸�²ª®³©³ª �© ¢ ¯©®�  ²³ ¹§� 2000. ¨ ¡£¥©, � ¶��§­£®�
��¥ª�§� 2006. ¨ ¡£¥© ¤� ¢§ ¤©¯¥ �  ·©¥ � 8,26 ¥� ½�³©¡§£ ¶� ��¶¡ª¼ ¢® �¥  £¥µ©±©§¤³� .
¿£¢® �¤²£ §�¡ £¶ ¢§©¡�©³� Ï�§¤³ «� ®©³©®£·� ¥� ³©�ª „Á ¡©®£§�±© �©³ ¡ � ² ¥�¯¥£¼
©®©�©¥�³� ¤� ¤³§ª²³ª§¥£� �¥�®£¶���“ �©  ¡¹§�¥£®� ¤�  ·©¥ � 10. 
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�¡ ¸©¹§ª�§� ¡   ²³ ¹§� 2006. ¨ ¡£¥© �© ¹£®� ¶�¢ ¤®©¥� ª ² �¢�¥£�£ „¬£³�®©²“ ¥�
§�¶� �ª  ¢§©�© ¶� ¸£®³§�·£�ª £ ³§©³��¥ ¸®ª£¡�.

�¡ ¥ �©�¹§� 2006. ¡  �¢§£®� 2007. ¨ ¡£¥© �© ¹£®� ¶�¢ ¤®©¥� ª ² �¢�¥£�£ „Aquatech 
Systems“ ¥� �¥�®£¶£ £ §�¶� �ª ¸£®³§�·£ ¥©  ¢§©�© ª ¸�§��·©ª³¤² � £¥¡ª¤³§£�£ £ £¥¡ª¤³§£�£
¼§�¥© £ ¢£«�.

�¡ �¢§£®� 2007. ¡  ¤©¢³©�¹§� 2008. �© ¹£®� ¶�¢ ¤®©¥� ª ² �¢�¥£�£ „Würth“ ¥�
 ¹§�°£��±ª ¹�¶� ¢ ¡�³�²� £ ¥� ¢§�«©±ª £ §�¶�£��±ª §�¥¨� �§³£²�®� ¼£¨£�©¥¤²  – ³©¼¥£¯²©
¶�­³£³¥©  ¢§©�©.

�¡ 30. 08. 2008. ¤�© ¡  ¡�¥�¤ §�¡£ ¥� Á�­£¥¤² � ¸�²ª®³©³ª Â¥£�©§¶£³©³� ª Ä© ¨§�¡ª
²�  ¤�§�¡¥£² ¥� ¢§ �©²³£�� – £¤³§�µ£��¯.

¿ ²³ §£§�®� �© 2012 ¨ ¡£¥©, „»¤¢£³£��±© £¥³©§�²·£�� ¡©� ¥£¶ ��¥© � ¡© ¤�
¼£¡§ ¸£®¥£� £ ¼£¡§ ¸ ¹¥£� ��³©§£��®£��, ¹£ � ®©²ª®£�� £ ¼£¡§ ¨©¥£¶ ��¥£�
ª¨´©¥£¯¥£� ¥�¥ ��³©§£��®£��“ , Á�­£¥¤²£ ¸�²ª®³©³, Â¥£�©§¶£³©³ ª Ä© ¨§�¡ª, Ä© ¨§�¡

Ëª¥� 2013. �© £¶�¹§�¥� ª ¶��±© ¥�ª¯¥£ ¤�§�¡¥£².
Ç�§�¡¥£² �© ¥� ¢§ �©²³£�� Á£¥£¤³�§¤³�� ¥�ª²©, ¢§ ¤�©³© £ ³©¼¥ ® ­² ¨ §�¶� ��

Ç§¹£�� – Ê¾19056, »»»41006, »»»45009.
É��§­£®� �© ¤®©¡©«© ²ª§¤©�©/¤©§³£¸£² ��¥© ®©³±© ­² ®©/ª¤��§­���±�:

1. Formation Workshop, Euroavia, Ð³ª³¨�§³, Å©��¯²�, 2003. 
2. Fly-In, Aermachi, Euroavia, Á£®�¥, »³�®£��, 2003. 
3. Water Purification Systems, PALL, Ä§�­ �, ¾ª�ª¥£��, 2005. 
4. Biomechanics, Á�­£¥¤²£ ¸�²ª®³©³, Â¥£�©§¶£³©³ ª Ä© ¨§�¡ª, Ç§¹£��, 2005. 
5. Filter Integrity Testing – Workshop with Various Test Devices, PALL, Ä©¯, ºª¤³§£��,

2005.
6. Cell and Tissue Engineering, Ê©¼¥ ® ­² -�©³�®ª§­²£ ¸�²ª®³©³, Â¥£�©§¶£³©³ ª

Ä© ¨§�¡ª, Ç§¹£��, 2006. 
7. º¤©§³£�¥� ² �ª¥£²�·£��, Ç©§³£¸£² ��¥�  ¹ª²�, Würth, Ä© ¨§�¡, 2007. 
8. Filtration in food and beverage industry, PALL, Ç£¹£ª, ¾ª�ª¥£��, 2008. 
9. Ç§¢¤²  ®©²�§¤²  ¡§ª­³� , Ç©²·£�� ¶� ¸£¶£²�®¥ª �©¡£·£¥ª £ §©¼�¹£®£³�·£�ª,

Á©¡£·£¥¤²£ ¸�²ª®³©³, Ä© ¨§�¡, 2008. 
10. Ä�¶£¯¥£ £ ¥�¢§©¡¥£ ²ª§¤ ¡©§� ¤² ¢£�©, Ä�®²¥�¤²  ª¡§ªµ©±© ¶� ¡©§� ¤² ¢£�ª,

Á�­£¥¤²£ ¸�²ª®³©³, Ä© ¨§�¡, 2009. 
11. Multiscale Material Mechanics and Engineering Sciences, ®©³±� ­² ®�, Ã¢�¥ �£, Ì§¯²�,

2010.
12. The First Summer School: Water and Nanomedicine, º²�¡©�£�� ¥�ª²� £ ª�©³¥ ¤³£

¾©¢ª¹®£²© Ç§¢¤²©, Ä�±� Àª²�, 31. º�¨ª¤³, 2011. 
13. Training and Commercial Meeting for European Biopharmaceutical Partners, PALL, 

Á£®�¥, »³�®£��, 2014. 

Â  ²�£§ª Tempus ISHEDS ¢§ �©²³� ª ¢©§£ ¡ª  ¡ 2008. – 2010. ¨ ¡£¥© ¹£®� �© ª §�¡¥£�
¢ ¤©³��� ª¥£�©§¶£³©³£�� Ç� ¥¤£ (Â½), ½§©¥¸£®¡ (Â½), Ñª¢ §³ (Â½), ½®ªµ Å�¢ ²�
(¾ª�ª¥£��), Â¥£�©§¶£³©³ ª Êª¶®£ (Ä£Ô), Â¥£�©§¶£³©³ ª Ùª¹´�¥£ (Ç® �©¥£��), Â¥£�©§¶£³©³ ª
É�¨§©¹ª (Ô§��³¤²�).

Ì ¡£¥© 2010. �©  ¡§µ�®� ¢§©¡���±© ¥� £¥³©§¥�·£ ¥�®¥£� ² ¥¸©§©¥·£���� Tempus 
ISHEDS ¢§ �©²³� ª ¾©²³ §�³ª Â¥£�©§¶£³©³� ª Ä© ¨§�¡ª £ ¥� Â¥£�©§¶£³©³ª ª Êª¶®£ (Ä£Ô). 

¿�� ¢ª³� ª ³ ²ª 2011. ¨ ¡£¥© �© ¹£®� ª ¤³ª¡£�¤² � ¹ §��²ª ¥� Â¥£�©§¶£³©³ª
¬�­£¥¨³ ¥, Ç£�©³®, Çº¿ ª ®�¹ §�³ §£�£ ¢§ ¸. ¡§ à©§�®¡� ¦ ®�²�, ¡ ¹£³¥£²� ¢§©¤³£µ¥©
¤�©³¤²© ¥�¨§�¡© „Pirogine“. ¦§ ¸©¤ § ¦ ®�² �© ª ¡ ¨ � §ª ¤� ¢§ ¸©¤ § � ½ §ª¨ �  � ¨ª«£ 
²�¥¡£¡�³²£±£ £¤³§�µ£��±£�� ª  ²�£§ª ¡ ²³§ ¤²© ¡£¤©§³�·£�©. ¶� �§©�© ¤³ª¡£�¤² ¨ ¹ §��²�
ª ±©¨ � � ®�¹ §�³ §£�£. Å�  ¡©´©±ª ¶� Ä£ £¥µ©±©§£¥¨  ¡§µ�®� �© ¢§©¡���±© ¥� ³©�ª
£¤³§�µ£��±� ©²¤²®ª¶£ ¥£¼ ¶ ¥� ª §�¶®£¯£³£� ¤§©¡£¥���.
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Å�ª¯¥ -£¤³§�µ£��¯²£ ¢§ �©²³£ ¥� ² �£�� �© ª¯©¤� ��®� ¤ª:
1. Ê¾19056 (2008-2011)- „¾�¶� � �©³ ¡� £ ³©¼¥£²� ¶� ²�§�²³©§£¶�·£�ª ¹£ ��³©§£��®�,

¹£ � ®©²ª®� £ ³²£�� ¢ � «ª Å�¥ ¤² ¢� £ ¹£ £�¢©¡�¥¤©“
2. »»»41006 (2011-2014) – „Èª¥²·£ ¥�®£¶�·£�� ¥�¥ ��³©§£��®� ¶� ¡ ¹£��±© ¥ �©

�§¤³© ² ¥³�²³¥£¼ ¤ ¯£�� £ §�¥ª ¡£��¨¥ ¤³£²ª ¡£��¹©³©¤�“
3. »»»45009 (2011-2014) – „¾�¶� � ¥ �£¼ �©³ ¡� £ ³©¼¥£²� ¶� §�¥ª ¡£��¨¥ ¤³£²ª

²�¥·©§� ¡©¹©® ¨ ·§©��, ¨§®£«� ��³©§£·© £ �©®�¥ ��, ¹�¶£§�¥� ¥� ¡£¨£³�®¥ � ¤®£·£
£ ©²¤£³�·£ ¥ -©�£¤£ ¥ � ¤¢©²³§ª ª �£¡´£� � £ £¥¸§�·§�©¥ � ¡ �©¥ª“

»¥³©§¥�·£ ¥�®¥£ ¢§ �©²³£ ¥� ² �£�� �© ª¯©¤³� ��®�:
1. EU TEMPUS Project (2009-2011): 144878-TEMPUS-1-2008-1-UK-TEMPUS-JPGR: 

Identification and Support in Higher Education for Dyslexic Students (ISHEDS) 
2. EU TEMPUS Project (2012-2014): 530423-TEMPUS-1-2012-1-UK-TEMPUS-JPCR: 

Promoting and Upgrading Studies in Bioengineering Technology and Medical 
Informactics (BioEMI) 

É¥�±© ©¥¨®©¤² ¨ �©¶£²�: ¸®ª©¥³�¥ ¨ � §, ¯£³�±© £ ¢£¤�±©.
Å©��¯²£ £ ­¢�¥¤²£ �©¶£² ¢ ¶¥��© ¥�  ¤¥ �¥ � ² ¥�©§¶�·£�¤² � ¥£� ª.
½�  £¥³©§©¤ ��±� ª ¤® ¹ ¡¥  �§©�© ¥�� ¡£ ¯£³�±©, ·§³�±© £ ¤®£²�±©, ¢§��´©±©

¥�²£³�, ­£�©±© £ ²§ �©±©, ª§©°£��±© ¢§ ¤³ §� £ ¢§��´©±© ¥��©­³���.
Ç¢ §³¤²© �²³£�¥ ¤³£ ² �£�� ¤© ¹��£ ¤ª:  ¡¹ �²�, ¤¥ ª¹ §¡£¥¨ £ ²ª¨®�±©.
É� ¤©¹© ¥�� ¡£ ¡� �© ² �ª¥£²�³£�¥�, ©® ²�©¥³¥�, �£¤¢§©¥�, ¤¢ ¤ ¹¥�, ³£�¤²£

¥�¤³§ �©¥�, ¸©§ £ ² §©²³¥�.

k. ~LQRL\^L LTRP\^XQR

½�  ¤�§�¡¥£² ª ¥�¤³��£ �© ¡  ¤�¡� ª¯©¤³� ��®� ª £¶� °©±ª ¥�¤³��© £¶ ¢§©¡�©³�:
Ä£ �©¼�¥£²� ³²£�� £  §¨�¥�, Ä£ �©¡£·£¥¤²£ �¢�§�³£ £ ª§©°��£, �¤¥ �© ¹£ �©¡£·£¥¤² ¨
£¥µ©±©§¤³��, Ç£¤³©�¤²� �¥�³ �£�� £ ¸£¶£ ® ¨£�� ¯ �©²� ¶� £¥µ©±©§©, ¦§�²³£¯¥� ¥�¤³���
� ¡ª®� ÄÁ» ¥� �ºÇ £ ¦§�²³£¯¥� ¥�¤³��� � ¡ª®� ÄÁ» ¥� ¿ºÇ. Â  ²�£³ª §�¡� ª ¥�¤³��£ �©
¹£®� ¶�¡ªµ©¥� ¶�: ¢£¤�±© ¥�¤³��¥ ¨ ��³©§£��®�, ¢£¤�±© �©µ¹£,  ·©±£��±© £ £¤¢£³£��±©
¤³ª¡©¥�³�,  §¨�¥£¶�·£�ª �©µ¹£ ª ©�£¥©¥³¥£� £¥¤³£³ª·£���� (Ô©� ¸�§�, ½®£¥£¯²£ ·©¥³�§
Ç§¹£�©, ¬ �¥  Á©¡£¥·£¥¤²� º²�¡©�£��). Â¯©¤³� ��®� �© ª � °©±ª £ ¹£®� ¯®�¥ ² �£¤£�� ¶�
 ¡¹§�¥ª �£­© BSc £ MSc §�¡ ��.

}. kPmcPXNSL`PZL ^L[d^Pz P QRS[d^Pz SLWX\L

gXTRXSQTL WPQUSRLYPZL, l71

{Xc[mX\Pt �., »¤¢£³£��±© £¥³©§�²·£�� ¡©� ¥£¶ ��¥© � ¡© ¤� ¼£¡§ ¸£®¥£� £ ¼£¡§ ¸ ¹¥£�
��³©§£��®£��, ¹£ � ®©²ª®£�� £ ¼£¡§ ¨©¥£¶ ��¥£� ª¨´©¥£¯¥£� ¥�¥ ��³©§£��®£��,
Á�­£¥¤²£ ¸�²ª®³©³, Â¥£�©§¶£³©³ ª Ä© ¨§�¡ª, Ä© ¨§�¡ (2012) 

lX^XNSL`QTL QR[WPZL/_XNcL\pU [ T]PVP l12 PcP SLW [ RUKLRQTXK VmXS^PT[
KU�[^LSXW^XN V^LdLZL, l14

1. Koruga Dj., Stamenkovic D., Djuricic I., Mileusnic I., Sakota J., Bojovic B., Golubovic Z.,
Nanophotonic Rigid Contact Lenses: Engineering and Characteriyation, Advanced Materials 
Research, Volume 633, p.239-252 (2013) Trans Tech Publications (ISSN: 1022-6680), 
Switzerland, doi:10.4028/www.scientific.net/AMR.633.239
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xLWX\P [ \Sz[^QTPK KU�[^LSXW^PK dLQX_PQPKL, l21

1. Jankovic S., Golubovic Z., Radenovic S., Compatible and weakly compatible mappings in 
cone metric spaces, Mathematical and Computer Modelling, Volume 52, Issuses 9-10, 
p.1728-1738, 2010., ISSN: 0895-7177. 

2. Radenovic S., Simic S., Cakic N., Golubovic Z., A note on tvs-cone metric fixed point 
theory, Mathematical and Computer Modelling, Volume 54, Issuses 9-10, p.2418-2422, 
2011., ISSN: 0895-7177. 

3. Golubovic Z., Kadelburg Z., Radenovic S., Coupled cpincidence Points of Mappings in 
Ordered Partial Metric Spaces. Abstract and Applied Analysis, 2012. 
doi:10.1155/2012/192581

xLWX\P [ KU�[^LSXW^PK dLQX_PQPKL, l23

1. Petrovic D., Mitrovic C., Trisovic N., Golubovic Z., On the Particles Size Distributions of 
Diatomaceous Earth and Perlite Granulations, Strojniški Vestnik, Journal od Mechanical 
Engineering, DOI:10.5545/sv-jme.2010.050, 2011. ISSN: 0039-2480 

2. Kumar Nashine H., Kadelburg Z., Golubovic Z., Common Fixed Point Results using 
Generalized Altering Distances on Orbitally Complete Oredered Metric Spaces, Journal of 
Applied Mathematics, Volume 2012, doi:10.1155/2012/382094

3. Golubovic Z., Koruga Dj., Exclusion zone formation next to the surface of contact lenses. 
Metalurgia International, Volume 17, No. 9, p.101-105 (2012). ISSN: 1582-2214, 
IF(2010)=0.154

4. Tomantschger K., Petrovic D., Golubovic Z., Trisovic N., Mathematical Model for the 
Particle Size Distribution of a Kieselguhr Filter Granulation, Metalurgia International,
Volume 17, No. 10, p.192-197 (2012)

5. Sintunavarat W., Radenovic S., Golubovic Z., Kumam P., Coupled fixed point theorems for 
F-invariant set, Applied Mathematics & Information Sciences, Volume 7,  p. 247-255, 2013.

6. Tasic S., Kojic M., Obradovic D., Golubovic Z., Tasic I., Molecular and biochemical 
characterization of pseudomonas putida isolated from bottled uncarbonated mineral drinking 
water, Arch. Biol. Sci., Belgrade, 66(1), 23-28, 2014. DOI:10.2298/ABS1401023T

xLWX\P [ dLQX_PQ[ KU�[^LSXW^XN V^LdLZL \USP`PTX\L^XN _XQUm^XK XWc[TXK, l24

1. Trisovic N., Maneski T., Golubovic Z., Segla S., Elements of Dynamic Parameters 
Modification and Sensitivity, FME Transactions, Volume 41, No. 2, p. 145-152, 2013., 
ISSN: 1451-2092 

fcU^LS^X _SUWL\L]U _X _XVP\[ QL KU�[^LSXW^XN QT[_L eRLK_L^X [ YUcP^P

1. {Xc[mX\Pt �. �., Ì ®ª¹ �£« Ç. Á., Á ¨ª«¥ ¤³£ ¢§£�©¥© º§�©  ª§©°��� ª ³§©³��¥ª
¡£¤¢§�²¤£�© £ ¨§�¸ � ³ §¥£¼ ¡£¤¨§�¸£��, V Á©°ª¥�§ ¡¥� ¥�ª¯¥ -¤³§ª¯¥�
² ¥¸©§©¥·£�� „Â¥�¢§©°©±© ²��®£³©³© µ£� ³� ¡�©·© £ �®�¡£¼“, »¨�® , 21.-22. �ª¥
2014., ¤³§. 40-52. ISSN: 1986-9886. 

wLX_eRU]L QL KU�[^LSXW^Pz QT[_X\L eRLK_L^L [ YUcP^P, l33

1. Tasic S., Golubovic Z. Z., Petrovic D, Golubovic Z. Dj., On the Applicability of 
Morphometric Method for Evaluation of Waterborne Particle Sizes Distributions, 26th

Danubia-Adria Symposium on Advances in Experimental Mechanics, Leoben (Austria), 23.-
26. September  2009., p. 227-228. ISBN: 978-3-902544-02-5. 
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2. Golubovic Z. Dj., Petrovic D., Golubovic Z. Z., Tasic S., On Determination of the Particle 
Size Distributions of Kieselghur and Perlite Granulations, Proceedings of the 12th

Symposium of Mathematics and its Applications, Timisoara, Romania, 5. - 7. 11. 2009. p. 
465-470. ISSN: 1224-6069. 
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l12/M14.1 Â  � �© §�¡ª ¤© §�¶��³§��ª  ¤ ¹£¥© £ ¥�¯£¥£ ¢§ £¶� ¡±© ¯�§¤³£¼ ² ¥³�²³¥£¼
¤ ¯£��. Â §�¡ª ¤© ¢§�  ¨ � §£   ��³©§£��®£��  ¡ ² �£¼ ¤©  ¥� £¶§�°ª�ª. Ê  ¤ª  ¤¥ �¥£
��³©§£��® 40SP ²�  £ ��³©§£��®£ ² �£ ¶�  ¤¥ �ª £���ª 40SP ¤� ¡ ¡�³² � ¥�¥ ¸ ³ ¥£¯²£¼
��³©§£��®� ²�  ­³  �© ¸ª®©§©¥. Å�¡�´© ¤� §�¶��³§��ª ¥�¯£¥£ ¢§ £¶� ¡±© ² ¥³�²³¥£¼ ¤ ¯£��
ª¶£���ª«£ ª  ¹¶£§ ¤�© ¨© �©³§£�¤²©  ¤ ¹£¥© ² �© ¤ª  ¡ ��µ¥ ¤³£. ¾�¶��³§� ¤© ³�² °£ £
²��®£³©³ ¢ �§­£¥© £¤³£¼ ª¶ ª� °©±© ¥© ¢¼ ¡¥£¼ ¢�§��©³�§�. ¿��© ¤© ¢§©¨®©¡ ��­£¥� ¶�
¢§ £¶� ¡±ª  ��²� ¨ ³£¢� ¤ ¯£��. Å�¡�´© ¤© �¥�®£¶£§��ª ª§©°��£ ¶� �©§©±© ²�§�²³©§£¤³£²�
² �© ³§©¹� ¢ ¤³£«£. Ê  ¤ª �£²§ ¤² ¢ ¥� ¹�¶£ �³ �¤²£¼ ¤£®� £ �£²§ ¤² ¢ ¥� ¹�¶£ ��¨¥©³¥£¼
¤£®�. ¦§£²�¶�¥£ ¤ª §©¶ª®³�³£ ¡ ¹£�©¥£ ¥�  �£� ª§©°��£�� � ² �£ ¤©  ¡¥ ¤© ¥� ¨© �©³§£�¤²©
��¨¥©³¥© £  ¢³£¯²© ²�§�²³©§£¤³£²© ² ¥³�²³¥£¼ ¤ ¯£��. ¿�³© ¤ª ª¢ §©¡¥© ³�¹©®©  �£¼
 ¤ ¹£¥� ¶� §�¶®£¯£³© �§¤³© ��³©§£��®�  ¡ ² �£¼ ¤ª ¥�¢§��´©¥� ¤ ¯£��.

M23.1 ���� §�¡ ¤© ¹��£ ²�§�²³©§£¤³£²��� ¢§©¯£¤³�¯� ² �©§·£��®¥£¼ ¢§ £¶� °�¯�. Ê�² °© ¤©
§�¶��³§��ª §�¶®£¯£³£ ³£¢ �£ ¤§©¡¤³��� ¶� ² ¥³��£¥�·£�ª �©¡£�ª�� ² �£ ³§©¹� ¡� ¤©
¢§©¯£­«���. ¬©®£¯£¥� £ §�¤¢ ¡©®� ¯©¤³£·� ª ² ¥³��£¥£§�¥ � � ¡£ ¤© �§­£ � §¸ 
�©³§£¯² � �©³ ¡ �. Â� ¡© ¤© ¤³�³£¤³£¯²© �©®£¯£¥© ² �© ³§©¹� ¡� ¢ � ¨¥ª ª  ¹§�¡£
§©¶ª®³�³�. ½ ¥�¯¥  ¤© �§­£ §©¨§©¤£�� §©¶ª®³�³� §�¤¢ ¡©®£ ¯©¤³£·� ¢  �©®£¯£¥£ §�¶®£¯£³£�
³£¢ �£�� ²§£�£¼.

M23.4 ¦§£²�¶ª�ª ¤© ¥�¯£¥£ £¤¢£³£��±� ¢§©¯£¤³�¯� ª ®�¹ §�³ §£�¤²£� ª¤® �£��. Á�³©§£��®
² �£ ¤© ² §£¤³£ ¶� £³§�¡ª ¤ª ¤²©®©³£ ¡£�³ �¥£¼ �®¨£. �¢£¤ª�ª ¤© ¥�¯£¥£ ¶� ¥��¢ ¨ ¡¥£�ª
¤£¥³©¶ª ¢§©¯£¤³�¯�. ¿©³©²·£�� ¯©¤³£·� ¤© �§­£ ¢ � «ª �£²§ ¤² ¢¤² ¨ � §¸ �©³§£¯² ¨
�©³ ¡�. Å� ³�� ¥�¯£¥ ¤© ¡ ¹£���ª ©²¤¢©§£�©¥³�®¥£ ¢ ¡�·£. ��£ ¢ ¡�·£ ¤© ¤� ¹§�¶ª�ª ¢§©��
©²¤¢ ¥©¥·£��®¥ � ¸ª�²·£�£ ² �� ¢§©¡¤³��´� §�¶�£�©¥ ¨ � ¡©®� ¡£¸©§©¥·£��®¥© �©¡¥�¯£¥©.
¦ ¡©­���±© ¢�§��©³�§� ²§£�© ¤© ¢§©�� §�¶®£¯£³£� ¢§ ·©¡ª§���. Â¢ §©°ª�ª ¤©
©²¤¢©§£�©¥³�®¥  ¡ ¹£�©¥£ §©¶ª®³�³£ ¤�  ¥£�� ² �£ ¤ª ¡ ¹£�©¥£ �¥�®£³£¯²£� ¢ª³©�.

M23.6 Â  � �© §�¡ª ¤© §�¶��³§��ª ¢�³ ¨©¥£ �£²§  §¨�¥£¶�£ ² �£ � ¨ª ¡� ¤© ¥�°ª ª
¥©¨�¶£§�¥ � � ¡£. Ê�� �£²§  §¨�¥£¶�� �© Pseudomonas putida . Å© ¢¼ ¡¥  �© ¡� ¤©  ¡§©¡©
±©¨ �© � ®©²ª®�§¥© £ ¹£ ¼©�£�¤²©  ¤ ¹£¥©. Â¶ §�² � ¡© �© ª¶©³ ¤� ¢®�¥£¥© ¬®�¤£¥©. ��  ¤©
§�¡£ ¡� ¹£ ¤©  ¡§©¡£  §£¶£² ²�¡� ¯ �©² ª¢ ³§©¹´���  ��²�ª � ¡ª ¶� ¢£«©. »¡©¥³£¸£²�·£�� �©
£¶�§­©¥� ¢ � «ª ¢§ ¨§��� ¹�¶© ¢ ¡�³�²� ATBSystem . Ä£ ¼©�£�¤²� £¡©¥³£¸£²�·£�� �©
£¶�§­©¥� ² §£­«©±©� §ª¯¥ ¨ ¤£¤³©�� £¡©¥³£¸£²�·£�© 32ID GN . »¶ ® ��¥£
�£²§  §¨�¥£¶�� £¶ ª¶ §²� �© ª¢ §©°©¥ ¤� ¤®£¯¥£� ¤� Å � ¨ É©®�¥¡� ¨¡© ¤ª ª ¯©¥© ¡ ¤³�
�©£²© ¤®£¯¥ ¤³£.

fcU^LS^X _SUWL\L]U _X _XVP\[. ½ ¡ ¹ ®©¤¥£²� ² �£ ¤ª ¡ µ£�©®£ � µ¡�¥£ ª¡�§ ¥© ¢ ¤³ �£
¥©ª§ �£­£«¥� ² ¥³§ ®� ª ¢ �©¡£¥£� ©²¤³§©�£³©³£��. Â ¤�§¼ª §©¼�¹£®£³�·£�© ¤© ² §£¤³£
¤¢ ´�­±£ ª§©°�� ² �£ ¥�  ¤¥ �ª ¢§© ¤³�®£© ¥©ª§ �£­£«¥© ² ¥³§ ®© ¢ ²§©«© ©²¤³§©�£³©³ £
¥� ³�� ¥�¯£¥ ¢ ��µ© ¢�·£�©¥³ª ¢§£ §©¼�¹£®£³�·£�£. Â§©°�� �© §�¯ª¥�§¤² ¨ ³£¢� ³�²  ¡� ¤��²£
¢�·£�©¥³ ¢ ¤©¡ª�© ¤� �© ¢�§��©³§© ­³   � ¨ª«��� ¥��¹ ´© ª¤® �© ¢§£ �©µ¹£. Â §�¡ª ¤©
§�¶��³§� ²�²  ¢ �©¥ª³£ ª§©°�� � µ© ¡� ¤© ¢§£�©¥£ £ ² ¡ ¥©²£¼ ¡§ª¨£¼ ¢ �§©¡� ¶� ² �© ª
 � �©  ¹®£²ª ¹£�© ¢§ �©²³ ��¥.

l33.1 ¦§©¯£­«���±© �©  ¡ �©®£²© ��µ¥ ¤³£ ª ¡�¥�­±© �§©�©. Â ³ª ¤�§¼ª ¤© ² §£¤³©
¢§©¯£¤³�¯£. ¿� ¹£ ¤©  ¡§©¡£®� ©¸£²�¤¥ ¤³ ¢§©¯£¤³�¯� ¥© ¢¼ ¡¥  �© ¥�¢§��£³£
©²¤¢©§£�©¥³©. Ä§ ��±© ¯©¤³£·� ¤©  ¹��´� ¢ � «ª  ¢³£¯² ¨ ¹§ ��¯�. ¦ ¤³ �£ £ ¡§ª¨£ ¥�¯£¥ �
³  �© � §¸ �©³§£¯²£ �©³ ¡ ² �£ ¤© ² §£¤³£ ² ¡ �£²§ ¹£ ® ­²£¼ �¥�®£¶�. ¦§ ·©¡ª§�
£¤¢£³£��±� �© ¤®©¡©«�. ¦§�  ¤© ¸®ª£¡ ¢§©¯£­«��� ¤� ¢§©¯£¤³�¯©�  ¡ 0,47mm . ¦§© ¹§ ��±�
¯©¤³£·� ¡£¤² ¢§©¯£¤³�¯� ¤© £¤¢£§� ¡©¤³£®£¤�¥ � � ¡ �. »¤³£ ª¶ §�² � ¡© ¤© ¢�§�®©®¥ 
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�¥�®£¶£§� ¤�  ¢³£¯²£� ¶�¢§©�£¥¤²£� ¹§ ��¯©� ¯©¤³£·�. Å� ¹�¶£  �£¼ ©²¤¢©§£�©¥�³� ¤©
§�¯ª¥� ±£¼ �� §�¤¢ ¡©®�. Å� ²§��ª ¤ª ¡�³£ ©²¤¢©§£�©¥³�®¥£ §©¶ª®³�³£ ª ¢ §©°©±ª ¤�
¡ ¹£�©¥£� ¸ª¥²·£���� §�¤¢ ¡©®©.
l33.3 Â  � �© §�¡ª ¤© ¡��ª §©¶ª®³�³£ �©§©±� §�¤¢ ¡©®© ¯©¤³£·� ¢  �©®£¯£¥£ ª §�¤¼®�¡¥ �
� ¡£. Â¶ §�² � ¡© �© ª¶©³ ¢ ¤®© ¢§©¯£­«���±� � ¡©. Ï©¤³£·© ¤© ©²¤³§�¼ª�ª ¢ � «ª
¤²�¥£§��ª«©¨ �£²§ ¤² ¢� � §©¨£¤³§ª�ª ¢§©¨  ¡£¨£³�®¥ ¨ ®£²�. ���� ®£² ¤© ¢§©³��§� ª
 ¤� ¹£³¥£ ¾ÌÄ � ¡©®. »¶§�¯ª¥�³� �© ¸ª¥²·£�� ¨ª¤³£¥© §�¤¢ ¡©®©. Â¢ §©«©¥£ ¤ª
©²¤¢©§£�©¥³�®¥  ¡ ¹£�©¥£ §©¶ª®³�³£ ¤� £¶§�¯ª¥�³£� ¸ª¥²·£���� §�¤¢ ¡©®©. Å�  ¤¥ �ª ³ ¨�
� µ© ¡� ¤©  ¡§©¡£ �©®£¯£¥� £ ¹§ � ¢§©¯£¤³�¯� ¶� ¢ �©¡£¥© ¢§£�©¥©.

l33.4 Â  � �© §�¡ª �© ¡�³ ª�£¡ ª � ¡©§�¥ ¢§£¤³ª¢  ¡§µ���±� �©¡£·£¥¤²©  ¢§©�© ¶�¤¥ ��¥
¥� � ¡£¸£² ��¥ � £ ¡ ¢ª±©¥ � ¾ÒÁ ³©¼¥ ® ¨£�£. Â� °©±© ¢§ ¨§��� ¶� �©¥�Æ�©¥³
�©¡£·£¥¤² ©  ¢§©�© £ ¢§£�©¥� ¤��§©�©¥£¼ ¤³§�³©¨£��  ¡§µ���±� � µ© ¡� ¡ ¥©¤© �¥ ¨©
¢§©¡¥ ¤³£. ¾�¶��³§� ¤© ² �£ ¤³§ª¯±�·£ ¤ª ¥© ¢¼ ¡¥£ ª ¤�£¤®ª ¨ §© ¡�³£¼ ¥�� ¡�. Å�¡�´© ¤©
§�¶��³§� ² �© ¤®ªµ¹© ª  ²�£§ª ²®£¥£¯²£¼ ·©¥³�§� ¹£ ³§©¹�®  ¡� ¤© ¹��©  � �
¢§ ¹®©��³£² �.

l33.5 ���� §�¡ ¢§£²�¶ª�© ¤³§ª²³ª§¥© ¢§ �©¥© ² �© � ¨ª ¡� ¤© £¡©¥³£¸£²ª�ª ª � ¡£ ª ¯©³£§£
 ¡� �©¥� ª¶ §²� ² �£  ¡¨ ��§��ª §�¶®£¯£³£� ¸�¶��� ² ¡ ¢ª±©±�. Ê  ¤ª ¸�¶� ¢§©
¢§©¯£­«���±� ¶�³£� ¸�¶� ¢§©¯£­«���±� ¢§©¯£¤³�¯©� 2,5 m� , ¶�³£� ¸�¶� ¢§©¯£­«���±�
¢§©¯£¤³�¯©�  0,45 m� £ ¸�¶� ¢ ¤®© ³§³��¥� ¢§©¯£¤³�¯©� 0,2 m� . ½�³©¨ §£¶�·£�� � ¡© �©
§�°©¥� �©³ ¡ �  ¢³  ��¨¥©³¥© ¤¢©²³§ ¤² ¢£�©.

l51.1 ½ ¡ ¼£¡§ ¸£®¥£¼ ¢ �§­£¥� �© ¢§ ¥�°©¥  ¢ ¤³ ��±© ¢ �§­£¥© ¹©¶ §�¤³� §� ² �© ¤©
¥�¶£���ª £¤²´ª¯¥© ¶ ¥©. ¦ ²�¶ª�© ¤© ¡�  ¥� £�� ¡§ª¨�¯£�©  ¤ ¹£¥© ¥©¨  ² ¡ §�¤ª³© � ¡© £ ¡�
�© ±©¥� ­£§£¥� ¥©² ®£²  ¤³ ³£¥� �£²§ �©³�§�. ��¡© ¤© ¢§ª¯����ª §�¤³� §£
¼£¡§ ¨©¥£¶ ��¥£¼ ª¨´©¥£¯¥£¼ ¥�¥ ¯©¤³£·� ª ² �© ¤ª ¡ ¡�³© �£²§ ¤¸©§© £ ±£¼ � ª³£·�� ¥�
­£§£¥ª ¢ �©¥ª³© ¶ ¥©. Â £¤³§�µ£��±£�� �© ¢ ²�¶�¥  ¡� £¤²´ª¯¥� ¶ ¥� ¶��£¤£  ¡
¸£¶£ ® ­²£¼ §©¨£ ¥�. Ò£´ �© ¡� ¤© ¢ ²�µ© ¡�  ¥� ¥�¤³��© ª ¢§£¤ª¤³�ª ¼£¡§ ¨©¥£¶ ��¥£¼
ª¨´©¥£¯¥£¼ ¯©¤³£·�.

l51.2 È£¶£¯²©  ¤ ¹£¥© � ¡© ª ¹®£¶£¥£ §�¶®£¯£³£¼ ¼£¡§ ¸£®¥£¼ ¢ �§­£¥� ¤ª §�¶®£¯£³© ª
�¥ ¨£� �¤¢­©²³£�� ²�  ­³  ¤ª �£¤² ¶¥ ¤³, ¥�©®©²³§£¤�±© £ ²§©³�±© � ®©²ª®�. Ë©¡¥�  ¡
 �£¼ §�¶®£²� �© ¢ ²�¶�¥� ²�  ©²¤¢©§£�©¥³ ² �£ ¤© ��¥£¸©¤³ª�© ¥� UV V� �¹¤ §¢·£ ¥ �
¤¢©²³§ª. Å� ±£�� ¤© �£¡£ ¶¥�¯��¥� �¹¤ §¢·£�� � ¡© ª  � �  ¹®�¤³£ ³�®�¤¥© ¡ªµ£¥© 270nm .
¿�³ �© ��³©��³£¯²£ � ¡©® £¤³§�µ£��¥ ¨ �¹¤ §¢·£ ¥ ¨ ¤¢©²³§� ¥� ¹�¶£ ¡£¸©§©¥·£��®¥©
�©¡¥�¯£¥©. »¶�©¡©¥£ � ¡©® ª ¶¥�¯��¥ � �©§£  ¡¨ ��§� ¥ §��®¥ � ¸ª¥²·£�£ ¶� �¹¤ §¢·£ ¥©
¤¢©²³§©.

½ ¡ ¥��©¡©¥£¼ §�¡ �� ²�¥¡£¡�³ É §�¥� Ì ®ª¹ �£« �© ²�  ² �ª³ § ª¯©¤³� ��®� ²� 
¯®�¥ ³£�� ª ¢§£�©¥£ §�¶¥£¼ �©³� ¡� ¸£®³§�·£�©, ²�§�²³©§£¶�·£�£ � ¡� £ ¤�� ¤³�®¥  ¥�
¢§£²ª¢´�±ª ¢ ¡�³�²� ¶� ¢£¤�±© §�¡ ��,  ¹§�¡£ ¢ ¡�³²� £ ¢£¤�±ª §�¡ ��.

¦§©�� �©³ ¡ ® ¨£�£ Á£¥£¤³�§¤³�� ¢§ ¤�©³©, ¥�ª²© £ ³©¼¥ ® ­² ¨ §�¶� �� ¾©¢ª¹®£²© Ç§¹£�©
¶� ²��¥³£¸£²�·£�ª £¥¡£�£¡ª�®¥£¼ ¥�ª¯¥ £¤³§�µ£��¯²£¼ §©¶ª®³�³� ¥�ª¯¥£ §�¡ �£ É §�¥©
Ì ®ª¹ �£«  ·©±©¥£ ¤ª ¥� ¤®©¡©«£ ¥�¯£¥:
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�¶¥�²� �§¤³©
§©¶ª®³�³�

¬§©¡¥ ¤³
§©¶ª®³�³�

Ä§ �
§©¶ª®³�³�

Â²ª¢¥ 
¹ ¡ ��

Ä§ � ¹ ¡ ��
§©®©��¥³�¥ ¶�
 ¹®�¤³ ¶� ² �ª

¤© ¹£§�
l71 6 1 6 6 
l14 4 1 4 4 
l21 8 3 24 0 
l23 3 6 18 12 
l24 3 1 3 0 
l33 1 5 5 4 
l34 0,5 13 6,5 6.5 
l45 1,5 6 9 9 
l51 2 2 4 4 

Â²ª¢�¥ ¹§ � ¹ ¡ �� ¶� ¤�© ²�³©¨ §£�© 79,5 45.5 

g. rYU^L PQ_[]U^XQRP [QcX\L

Å�  ¤¥ �ª ¢ ¡�³�²� ² �© ¤ª ¡ ¤³��£®£ ²�¥¡£¡�³£ ª ¤� �£� ¢§£������ ¥� ² ¥²ª§¤ ¤�¯£±©¥� �©
³�¹©®� ² �� ¤©  ¡¥ ¤£ ¥� £¤¢ª±©¥ ¤³ ª¤® ��:

yKU P _SUVPKU
TL^WPWLRL

fSXQUd^L XYU^L QR[WPZL gXTRXSQTU
QR[WPZU

º®©²¤�¥¡§� Á£³§ �£«                                            9,27 Ç³ª¡©¥³

»��¥ Íª§£¯£« �¤¥ �¥© ¤³ª¡£�©     7,37  8,01 Ç³ª¡©¥³Á�¤³©§ ¤³ª¡£�©       9,30 

Ä §£¤ ½ ¤£« �¤¥ �¥© ¤³ª¡£�©     9,79 9,86 Ç³ª¡©¥³Á�¤³©§ ¤³ª¡£�©     10,00 
É §�¥� Ì ®ª¹ �£«                              8,26 8,26 Å£�© ¤³ª¡©¥³

�. frxv�v�v hi~gygiui

¦§©�� É�² ¥ª   �£¤ ² �  ¹§�¶ ��±ª ¯®�¥ 72 ¶� ¶��±© �¤£¤³©¥³� � µ© ¹£³£ £¶�¹§�¥ 
®£·© ² �© �© ¤³ª¡©¥³ ¡ ²³ §¤²£¼ ¤³ª¡£�� ² �£ �© ¢§©³¼ ¡¥© ¥£� © ¤³ª¡£�� ¶��§­£®  ¤�
ª²ª¢¥ � ¢§ ¤©¯¥ �  ·©¥ � ¥����±©  ¤��. Äª¡ª«£ ¡� ¤�£ ²�¥¡£¡�³£ ¥£¤ª ¶��§­£®£ ¤³ª¡£�©
¢  £¤³£� §©µ£�£�� ¤³ª¡£§�±�, ¢§ ¤©¯¥©  ·©¥© «© ¹£³£ ¢ ¥¡©§£¤�¥© ¢§©�� ¹§ �ª ¹ ¡ ��.
Ê�²  ¹£ ¢ ¥¡©§£¤�¥� ¢§ ¤©¯¥�  ·©¥� »��¥� Íª§£¯£«� ¹£®�  8,01 � Ä §£¤� ½ ¤£«� 9,86. ¬£¡£
¤© ¡� ²�¥¡£¡�³£ º®©²¤�¥¡§� Á£³§ �£«, »��¥ Íª§£¯£« £ Ä §£¤ ½ ¤£« £¤¢ª±����ª ¤�© ª¤® �©
² ¥²ª§¤� ¡ ² ²�¥¡£¡�³²£±� É §�¥� Ì ®ª¹ �£« ¥© £¤¢ª±��� ª¤® � ¡� �© ¤³ª¡©¥³ ¡ ²³ §¤²£¼
¤³ª¡£��.

Å�  ¤¥ �ª ²§£³©§£�ª�� ¶� £¶¹ § ¢  §©¡ ¤®©¡ª ¶¥�¯��� ¶� £¶¹ § �¤£¤³©¥³�: (1) ¢§ ¤©²
 ·©¥� ª ³ ²ª ¤³ª¡£��, (2) ¢§ ¤©²  ·©¥� £¶ ªµ© ¤³§ª¯¥£¼ ¢§©¡�©³� £¶  ¹®�¤³£ ¹£ �©¡£·£¥¤ ¨
£¥µ©±©§¤³�, (3) �§©�©¥� ¤³ª¡£§�±�, (4) ¢ ³§©¹� � ¡ª®� ÄÁ» ¶� ¢§ ¸£® � �¤£¤³©¥³�,(5)
¶¥�±� �©¶£²� £ (6) ¹§ � ¢ ©¥� ¥�  ¤¥ �ª  ¹���´±¥£¼ §�¡ ��, ¤�¤³��´©¥� �© Ê�¹©®� ¶�
²�¥¡£¡�³© ² �£ £¤¢ª±����ª ª¤® �© : 
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hL^WPWLR
(NXWP^U
QRLSXQRP)

fSXQUT
XYU^L [
RXT[
QR[WPZL

fSXQUT XYU^L PV
_SUWKURL
mPXKUWPYP^QTXN
P^qU]USQR\L

}SUKU
QR[WPSL]L

fXRSUmL VL
_SX`PcXK
LQPQRU^RL ^L
kly

�^L]U
ZUVPTL

kSXZ
_XU^L
(SLWX\P
kly)

º®©²¤�¥¡§�
Á£³§ �£«
(30) 

9,27 Å©��: ¶��§­£®�
¼©�£�¤² 
£¥µ©±©§¤³� 
ÊÁÈ

Á�±©  ¡ 5 
¨ ¡£¥�

Á�®� ¢ ³§©¹�
¶� ³©¼¥ ® ¨ �
¼©�£�¤² ¨
£¥µ©±©§¤³��

Ã¥¨®©¤²£
(¤®ªµ£ ¤©
¥©��¯²£�
£
­¢�¥¤²£�

31,0 

»��¥
Íª§£¯£«
(29) 

8,01 9,30 6 ¨ ¡£¥� »¶§�µ©¥�
¢ ³§©¹� ¶�
¤³ª¡©¥³ � ² �£
�© ¶��§­£ 
ÄÁ»

Ã¥¨®©¤²£
(¤®ªµ£ ¤©
¸§�¥·ª¤²£
�)

36,5 

Ä §£¤
½ ¤£«
(26) 

9,86 10,00 5 ¨ ¡£¥� ¬© ��
£¶§�µ©¥�
¢ ³§©¹� ¶�
¤³ª¡©¥³ � ² �£
�© ¶��§­£ 
ÄÁ» £ ª¢£¤� 
ºª³ ��³¤² 
ª¢§��´�±©

Ã¥¨®©¤²£
(¤®ªµ£ ¤©
¥©��¯²£�
£ §ª¤²£�) 4.5 

v. �LTp[dLT P _SUWcXN _SX`UQXSL �[SU hXS[NU P \._SX`UQXSTU sPWPZU MLRPZU:

1. Å�  ¤¥ �ª ¢§©¨®©¡� £ �¥�®£¶© ¢ ¡¥©³© ¡ ²ª�©¥³�·£�© £ ¢§£²�¶� ¤��² ¨
²�¥¡£¡�³� ª  � � ¾©¸©§�³ª, ¯®�¥ �£ ² �£¤£�© ¶�²´ª¯ª�ª ¡� ³§£ ²�¥¡£¡�³�: º®©²¤�¥¡§�
Á£³§ �£«, ¡£¢®. £¥µ.³©¼¥ ® ¨£�©, »��¥ Íª§£¯£«, ��¤³©§ £¥µ. ��­£¥¤³�� £ Ä §£¤ ½ ¤£«,
��¤³©§ £¥µ.��­£¥¤³��,  ¡ ¢§£���´©¥� ¯©³£§£ ²�¥¡£¡�³�, £¤¢ª±����ª ª¤® �© ² ¥²ª§¤�, ¤�©
ª¤® �© ¶� £¶¹ § ª ¶��±© �¤£¤³©¥³�, ² �£ �© ¢§©¡�£°©¥  ¡§©¡¹��� É�² ¥�   Â¥£�©§¶£³©³ª
¾©¢ª¹®£²© Ç§¹£�©, Ç³�³ª³� Á�­£¥¤² ¨ È�²ª®³©³�, ¦§��£®¥£²� ¶� ¤³£·�±© ¶��±� ¥�¤³��¥£²�,
¤�§�¡¥£²� £ £¤³§�µ£��¯� Á�­£¥¤² ¨ ¸�²ª®³©³� Â¥£�©§¶£³©³� ª Ä© ¨§�¡ª £ ¢ ³§©¹� ½�³©¡§©
¶� ºª³ ��³¤²  ª¢§��´�±© £ ½�¹£¥©³� ¶� Ä£ �©¡£·£¥¤²  £¥µ©±©§¤³�    £¶¹ §ª �¤£¤³©¥³� ¶�
ªµª ¥�ª¯¥ª  ¹®�¤³ ¹£ �©¡£·£¥¤²  £¥µ©±©§¤³� . ¿�� ¯®�¥� ½ �£¤£�©, �. ¦§ ¸©¤ § À£¡£��
Á�³£�� £ ¢§ ¸©¤ § Íª§  ½ §ª¨�, §©¡ �¥£ ¢§ ¸©¤ § ª ¢©¥¶£�£ ¤³ ¨� ¤��³§��ª ¡� ²�¥¡£¡�³
Ä §£¤ ½ ¤£«, ��¤³©§.£¥µ. ��­£¥¤³��, ¤³ª¡©¥³ ¿ ²³ §¤²£¼ ¤³ª¡£�� £�� ¢§©¡¥ ¤³ ª  ¡¥ ¤ª ¥�
 ¤³�®� ¡�� ²�¥¡£¡�³�, �©§ £�� ¥���©«ª ¢§ ¤©¯¥ª  ·©¥ª, ¥���©«ª ¢§ ¤©¯¥ª  ·©¥ª ¢§©¡�©³� £¶
 ¹®�¤³£ ¹£ �©¡£·£¥¤² ¨ £¥µ©±©§¤³�� £ ª¢£¤�  � ¡ª® ¶� ºª³ ��³¤²  ª¢§��´�±© (²�  ¡§ª¨£
��¤³©§) £ ¢ ® µ£  11 ¢§©¡�©³�  ¡ 15 ¤� ¢§ ¤©¯¥ �  ·©¥ � 9,89 ¥� � ¡ª®ª ÇºÂ. »�²  �©
¦§©¡�©³¥£ ¥�¤³��¥£² ª¢ª³£  ¶�¼³©� ½�³©¡§£ ¶� �ª³ ��³¤²  ª¢§��´�±©, 2014. ¨ ¡£¥©, ¶�
£¶¹ § �©¡¥ ¨ �¤£¤³©¥³� ¶� � ¡ª® ÄÁ» � ¶� ¤¢©·£¸£·£§�¥© ¢§©¡�©³© �¤¥ �© ¼©�£�¤² ¨
£¥µ©±©§¤³��, Á©¡£·£¥¤²© ¹£ ³©¼¥ ® ¨£�© £ �¤¥ �© ¹£ ��³©§£��®�, ¢§©¡�©³¥£ ¥�¤³��¥£² �©
¹£  ¢§£¥ª°©¥ ¡�  �© ¢§©¡�©³© ¢ �ª¯© £¶ ¢ ¥ª¡©, ¶�³  ­³  ²�¥¡£¡�³ º®©²¤�¥¡§� Á£³§ �£«,
£¶ ®£¯¥£¼ §�¶® ¨� ¥£�© � ¨®� ¡� ¡§µ£ ¥�¤³��ª, ³�²  ¡� ¥£�© ¡ ®�¶£®� ¥� ¢ ¤� , � ³  ¥©«© ¹£³£
ª � ¨ª«¥ ¤³£ ¥£ ¥�§©¡¥ª ¨ ¡£¥ª, ³�² °© £¶ ®£¯¥£¼ §�¶® ¨�, ³�²  ¡� ¤©  �£ ¢§©¡�©³£ ¥©«©
¥ª¡£³£ ¥£ ¤®©¡©«© ¨ ¡£¥©. ¦§©¡�©³¥£ ¥�¤³��¥£² �© ³�² °©  ¡®ª¯£  ¡� ¤© ¢§©¡�©³£ ² �£ ¤©
¥ª¡© ¥� � ¡ª®ª  ²§©¥ª �£­© ��­£¥¤² � ¤³§ª·£, ³�²  ¡� �© ¢ ³§©¹� ¶� ³©¼¥ ® ¨ � �£¥£��®¥�.
¦§©¡�©³ �¤¥ �© ¹£ ��³©§£��®�, �© ¢§©¡�©³ ½�³©¡§© ¶� ��³©§£��®©, ³�²  ¡� ¢§ ¹®©� §©­���±�
£¶� °©±� ¥�¤³��© ¥�  � � ¢§©¡�©³ª ¥£�© ª ¥�¡®©µ¥ ¤³£ ½�³©¡§© ¶� ºª³ ��³¤²  ª¢§��´�±©
¥£³£ ½�¹£¥©³� ¶� ÄÁ». ½�²  ¤ª ¢§©�©³£ ¢ �ª¯©¥£ £¶ ¢ ¥ª¡©, �¤£¤³©¥³¤²  �©¤³  ¶� ¼©�£�¤² 
£¥µ©±©§¤³� � ¥£�© ¥�ª¯¥�  ¹®�¤³ ¥© ¢¼ ¡¥� ¥� � ¡ª®ª Ä£ �©¡£·£¥¤²  £¥µ©±©§¤³� .
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Ç� ¡§ª¨© ¤³§�¥©, Ä §£¤ ½ ¤£« �© ²�¥¡£¡�³ ² �£ ¤© ¹��£ £¤³§�µ£��±£�� ² �� �£­©  ¡¨ ��§��ª
¢ ¤® �£�� ¥� ½�³©¡§£ ²�  £ � ¡ª®ª ¥� ² �©� «© ¹£³£ �¥¨�µ ��¥, ¢§© ¤�©¨� ¶¹ ¨ ±©¨ �©
¢ ¤�©«©¥ ¤³£ §©­���±ª ¢§�²³£¯¥£¼ £¥µ©±©§¤²£¼ ¢§ ¹®©�� ©®©²³§  £ ��­£¥¤²© ¤³§ª²©.

¿�� ¯®�¥� ½ �£¤£�©, �. ¦§ ¸©¤ § À£¡£�� Á�³£�� £ ¢§ ¸©¤ § Íª§  ½ §ª¨�, §©¡ �¥£
¢§ ¸©¤ § ª ¢©¥¶£�£ ¤³ ¨�, £���ª ¯�¤³ £ ¶�¡ � ´¤³�  ¡� ¢§©¡® µ© Å�¤³��¥ -¥�ª¯¥ � £
»¶¹ §¥ � �©«ª Á�­£¥¤² ¨ ¸�²ª®³©³� Â¥£�©§¶£³©³� ª Ä© ¨§�¡ª ¡� £¶�¹©§© Ä §£¤� ½ ¤£«�,
��¤³©§ £¥µ. ��­£¥¤³��, ¤³ª¡©¥³� ¿ ²³ §¤²£¼ ¤³ª¡£��, ª ¶��±© �¤£¤³©¥³� ¤� ¢ª¥£� §�¡¥£�
�§©�©¥ �, ¥�  ¡§©°©¥  �§©�©  ¡ ³§£ ¨ ¡£¥© ¶� ªµª ¥�ª¯¥ª  ¹®�¤³ Ä£ �©¡£·£¥¤² 
£¥µ©±©§¤³� , ¥� ½�³©¡§£ ¶� ºª³ ��³¤²  ª¢§��´�±© ¥� Á�­£¥¤² � ¸�²ª®³©³ª Â¥£�©§¶£³©³�
ª Ä© ¨§�¡ª.

�LTp[dLT P _SUWcXN _SX`UQXSL �XSL^L xPmLSL:

Å�  ¤¥ �ª ¢§©¨®©¡� £ �¥�®£¶© ¢ ¡¥©³© ¡ ²ª�©¥³�·£�© £ ¢§£²�¶� ¤��² ¨ ²�¥¡£¡�³� ª  � �
¾©¸©§�³ª, ¢§ ¸. É §�¥ ¾£¹�§ ¶�²´ª¯ª�© ¡� ³§£ ²�¥¡£¡�³�: º®©²¤�¥¡§� Á£³§ �£«, ¡£¢®.
£¥µ.³©¼¥ ® ¨£�©, »��¥ Íª§£¯£«, ��¤³©§ £¥µ. ��­£¥¤³�� £ Ä §£¤ ½ ¤£«, ��¤³©§
£¥µ.��­£¥¤³��,  ¡ ¢§£���´©¥� ¯©³£§£ ²�¥¡£¡�³�, £¤¢ª±����ª ª¤® �© ² ¥²ª§¤�, ¤�© ª¤® �© ¶�
£¶¹ § ª ¶��±© �¤£¤³©¥³�, ² �£ �© ¢§©¡�£°©¥  ¡§©¡¹��� É�² ¥�   Â¥£�©§¶£³©³ª ¾©¢ª¹®£²©
Ç§¹£�©, Ç³�³ª³� Á�­£¥¤² ¨ È�²ª®³©³�, ¦§��£®¥£²� ¶� ¤³£·�±© ¶��±� ¥�¤³��¥£²�, ¤�§�¡¥£²�
£ £¤³§�µ£��¯� Á�­£¥¤² ¨ ¸�²ª®³©³� Â¥£�©§¶£³©³� ª Ä© ¨§�¡ª. ¦§ ¸©¤ § É §�¥ ¾£¹�§
¤��³§� ¡� ²�¥¡£¡�³²£±� º®©²¤�¥¡§� Á£³§ �£« £�� ¢§©¡¥ ¤³ ¥�¡  ¤³�®£� ²�¥¡£¡�³£�� ² �£
£¤¢ª±����ª ª¤® �©.

Ê�¹©®� ¶� ¢ §©°©±© ²�¥¡£¡�³� £¶¨®©¡�:

hL^WPWLR
(NXWP^U
QRLSXQRP)

fSXQUT
XYU^L [
RXT[
QR[WPZL

fSXQUT XYU^L PV
_SUWKURL
mPXKUWPYP^QTXN
P^qU]USQR\L

}SUKU
QR[WPSL]L

fXRSUmL VL
_SX`PcXK
LQPQRU^RL ^L
kly

�^L]U
ZUVPTL

kSXZ
_XU^L
(SLWX\P
kly)

º®©²¤�¥¡§�
Á£³§ �£«
(30) 

9,27 Å©��: ¶��§­£®�
¼©�£�¤² 
£¥µ©±©§¤³� 
ÊÁÈ

Á�±©  ¡ 5 
¨ ¡£¥�

¬© ��
£¶§�µ©¥� ¶�
³©¼¥ ® ¨ �
¼©�£�¤² ¨
£¥µ©±©§¤³��

Ã¥¨®©¤²£
(¤®ªµ£ ¤©
¥©��¯²£�
£
­¢�¥¤²£�

31,0 

»��¥
Íª§£¯£«
(29) 

8,01 9,30 6 ¨ ¡£¥� »¶§�µ©¥�
¢ ³§©¹� ¶�
¤³ª¡©¥³ � ² �£
�© ¶��§­£ 
ÄÁ»

Ã¥¨®©¤²£
(¤®ªµ£ ¤©
¸§�¥·ª¤²£
�)

36,5 

Ä §£¤
½ ¤£«
(26) 

9,86 10,00 5 ¨ ¡£¥� ¬© ��
£¶§�µ©¥�
¢ ³§©¹� ¶�
¤³ª¡©¥³ � ² �£
�© ¶��§­£ 
ÄÁ»

Ã¥¨®©¤²£
(¤®ªµ£ ¤©
¥©��¯²£�
£ §ª¤²£�) 4.5 

rmSLVcXqU]U:

2. ¦§©¡�©³¥£ ¥�¤³��¥£² ��¥§©¡¥£ ¢§ ¸©¤ §, À£¡£�� Á�³£�� �© ª¢ª³£  ¶�¼³©� ½�³©¡§£ ¶�
�ª³ ��³¤²  ª¢§��´�±© ¶� £¶¹ § �©¡¥ ¨ �¤£¤³©¥³� ¶� � ¡ª® ÄÁ» � ¶� ¤¢©·£¸£·£§�¥©
¢§©¡�©³© rQ^X\U zUKPZQTXN P^qU]USQR\L, lUWPYP^QTU mPXRUz^XcXNPZU P rQ^X\U
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mPXKLRUSPZLcL. ½�³©¡§� �©  ��� ¶�¼³©� ¢§©¡�©³¥ ¨ ¥�¤³��¥£²� ª ·©® ¤³£ ¢§£¼��³£®�.
½�²  ¤© �£¡£ £¶ ² ¥²ª§¤¥ ¨ ��³©§£��®� �©¡£¥  �© ¢§©¡® µ©¥� ²�¥¡£¡�³²£±� £¶� ¡£®�
¥�¤³��ª £¶ ¢§©¡�©³� �¤¥ �© ¼©�£�¤² ¨ £¥µ©±©§¤³�� £ �¤¥ �© ¹£ ��³©§£��®�. Ë�¤¥  �©
¡� �© ¥�¤³��� £¶ ¢§©¡�©³� ² �© �© ¢§©¡® µ©¥� ²�¥¡£¡�³²£±� £¶� ¡£®� ª¤²  ¢ �©¶�¥� ¤�
¼©�£�¤²£� £¥µ©±©§¤³� � £ ¡� �© ¥�  ¤¥ �ª ¡ ¢£¤� ¢§©¡�©³¥ ¨ ¥�¤³��¥£²�  �� ¥��ªµ�
 ¹®�¤³ ¥© ¢¼ ¡¥� ¥� � ¡ª®ª Ä£ �©¡£·£¥¤²  £¥µ©±©§¤³� .

3. ¦§©® µ©¥� ²�¥¡£¡�³²£±� £�� �£¤ ²ª ¢§ ¤©¯¥ª  ·©¥ª ¥� ¢§©³¼ ¡¥£� ¤³ª¡£���� ² �© �©
¶��§­£®� ²�  ·©®£¥ª (¢  ¤³�§£� ¥�¤³��¥£� ¢§ ¨§��£��).

4. ¦§©¡® µ©¥� ²�¥¡£¡�³²£±� �© ¶��§­£®�  ¤¥ �¥© ¤³ª¡£�© ¶� ¥��²§�«© �§©�© (¯©³£§£
¨ ¡£¥© £ ¡©�©³ �©¤©·£).

5. Å�ª¯¥£ §�¡ �£ ¢§©¡® µ©¥© ²�¥¡£¡�³²£±© §�¥¨£§�¥£ ¢  �©³ ¡ ® ¨£�£ �£¥£¤³�§¤³��
¶� ¥�ª²ª £ ³©¼¥ ® ¨£�ª £¶¥ ¤© 51,5 ¹ ¡ �� ¡ ² ¤ª §�¡ �£ ² �£ ¤ª §©®©��¥³¥£ ¶�  ¹®�¤³
¶� ² �ª ¤© ¹£§� ¹ ¡ ��¥£ ¤� 31 ¹ ¡ �.

6. ¦§©¡® µ©¥� ²�¡£¡�³²£±� �© ¡ ¹£®� ¥���£­©  ·©¥© ª �¥ ¥£�¥£� �¥²©³��� ¤³ª¡©¥�³�
¢  ¢£³�±ª £¶� °©±� ¥�¤³��©.

7. ¦ ³¢ª¥  �© ¢ ¤�©«©¥� £¶� °©±ª ¥�¤³��© ²�  £ ¥�ª¯¥ � £ ¤³§ª¯¥ � §�¡ª £¶ ªµ©
¤³§ª¯¥©  ¹®�¤³£ ¤� ¢§©¡�©³¥£� ¥�¤³��¥£² � ¯£�© �© ¡�®� �©®£²£ ¡ ¢§£¥ ¤ ª²ª¢¥£�
¥�¢ §£�� §�¶� �� � ¡ª®� ¶� ÄÁ» � ¤��£� ³£� £ Á�­£¥¤² ¨ ¸�²ª®³©³� ª Ä© ¨§�¡ª.

8. º®©²¤�¥¡§� Á£³§ �£« �© ª¯©¤¥£² ¥�¢§©¡¥£¼ ¢§ �©²�³� ² �© ¸¥�¥¤£§��ª Á£¥£¤³�§¤³� 
¢§ ¤�©³©, ¥�ª²© £ ³©¼¥ ® ­² ¨ §�¶� �� ²�   ¡¨ ��§��ª«© £¥¤³£³ª·£�© Ã�§ ¢¤²© ª¥£�©.

9. ½�¥¡£¡�³²£±� £�� ¢ ® µ©¥© ¤�© £¤¢£³© ¥� ¿ ²³ §¤²£� ¤³ª¡£����.

Ç³ ¨� ¢§ ¸©¤ § É §�¥ ¾£¹�§ ¢§©¡® µ© Å�¤³��¥ -¥�ª¯¥ � £ »¶¹ §¥ � �©«ª
Á�­£¥¤² ¨¸�²ª®³©³� Â¥£�©§¶£³©³� ª Ä© ¨§�¡ª ¡� £¶�¹©§© º®©²¤�¥¡§ª Á£³§ �£«, ¡£¢®.
£¥µ ³©¼¥ ® ¨£�©, ¤³ª¡©¥³� ¿ ²³ §¤²£¼ ¤³ª¡£��, ª ¶��±© �¤£¤³©¥³� ¤� ¢ª¥£� §�¡¥£�
�§©�©¥ �, ¥�  ¡§©°©¥  �§©�©  ¡ ³§£ ¨ ¡£¥© ¶� ªµª ¥�ª¯¥ª  ¹®�¤³ Ä£ �©¡£·£¥¤² 
£¥µ©±©§¤³� , ¥� ½�³©¡§£ ¶� ºª³ ��³¤²  ª¢§��´�±© ¥� Á�­£¥¤² � ¸�²ª®³©³ª
Â¥£�©§¶£³©³� ª Ä© ¨§�¡ª.

�si~r}y hrlywy|v

¦§ ¸. ¡§ É §�¥ ¾£¹�§
Â¥£�©§¶£³©³ ª Ä© ¨§�¡ª, Á�­£¥¤²£ ¸�²ª®³©³

¬. ¦§ ¸. ¡§ À£¡£�� Á�³£��
Â¥£�©§¶£³©³ ª Ä© ¨§�¡ª, Á�­£¥¤²£ ¸�²ª®³©³

¦§ ¸. ¡§ Íª§  ½ §ª¨�
¦§ ¸©¤ § ª ¢©¥¶£�£

Â¥£�©§¶£³©³ ª Ä© ¨§�¡ª, Á�­£¥¤²£ ¸�²ª®³©³

Â Ä© ¨§�¡ª, 28.09.2015.




