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a)  b)  

Figure 1. Typical dependencies of the second invariant eigenvalues on the radial coordinate   
 

 
 for the 

geometrized problem of the electromagnetic (a) and spinor (b) fields on the background of the Schwarzschild 
spacetime 

For a spin ½ particle on the background of Schwarzschild spacetime the radial differential equation system 
obtained from Dirac equation after variable splitting has been studied. The first and second KCC-invariants 

are determined explicitly. The behavior of two different eigenvalues      of the second invariant has been 

analyzed numerically (see Figure 1b). In the vicinity of the singular points the real parts of the eigenvalues 
behave as follows:  

                                               
 

    
    

                                 
      

       
    

                                            
 

 
         

In the vicinity of the Schwarzschild horizon the geodesics diverge at any energy ε, while at     the 
geodesics diverge at     and converge at    .  

The 3-d, 4-th and 5-th invariants for the both considered problems are equal to zero. 

III. CONCLUSIONS 

So, we apply the KCC-geometrical approach to study the radial equation systems arising in two quantum-
mechanical problems, i.e. electromagnetic and spinor fields on the background of the Schwarzschild 
spacetime. The stability analysis in terms of the second invariant demonstrate the difference in the behavior 
of geodesics at     for these two problems that may be associated with different structure of solution 
(discrete and continuous spectra). The vanishing of the 3-d, 4-th and 5-th invariants means that, in 
geometrical terms, there exists a nonlinear connection on the tangent bundle, with zero torsion and 
curvature. 
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I. INTRODUCTION 

In nature, a class of objects called three-dimensional (3D) disperse systems (DS) is widely spread. For 3D 
DS the dispersive mediums are most often air or water, and the disperse phase consists from particles of 
different origin [1]. In our study the particle sizes of 3D DS can vary from nanometers to about ten 
micrometers. Earlier [2-7] it was reported that a set of optical parameters of the so-called second class 
(obtained as a result of processing experimental data without involving any a priori information about 3D DS) 
is unique for each 3D DS and implicitly reflects characteristics of 3D DS: shape, refractive index of particles, 
distribution functions of number and mass of particles in size, etc. In other words, the characteristic of any 3D 
DS can be represented as ND vector in the N-dimensional space of optical parameters of the second class. 
In this set there are parameters specific to the 3D DS components. On the basis of theory and experiment it 
is possible to predict these specific parameters for a certain component. In the previous papers it was 
discussed the 3D DS polymodality problem [4], optical characterization of 3D DS mixtures [5], the use of 
unique optical vectors for monitoring the aggregation process [7]. This part of study is connected with 
creation of algorithm based on the information-statistical methodology [8-11], which can help in search of the 
most informative data for particles of interest.  

II. RESULTS AND DISCUSSION 

One of the promising directions for studying the information content of various optical parameters for 
determining the component composition of natural 3D DS is the information-statistical theory of observation 
interpretation [ 8-11]. The algorithms and programs developed on the base of this theory can allow 
identifying the components which presence in 3D DS is the most probable. The probability of the component 
of interest presence is determined from the experimental quantitative values of the optical parameters of an 
unknown 3D DS. For determination of these probabilities, it is necessary to have the representative so-called 
“training data” in the knowledge bank for each of the possible components of 3D DS. On investigating model 
mixed 3D DS, it is possible to analyze the algorithm efficiency even against the background of strong 
interactions of components and with various physical and chemical effects on the system. With increasing 
the component number in a complex 3D DS, the number of parameters should also increase. It should be 
noted that a uniform representation of the input and output data provides the ability to add new parameters 
to those obtained earlier. Judgment about the reliability of the results allows the most informative unique 
parameters to be selected. The set of parameters from optical methods as: refractometry, absorbance, 
fluorescence, light scattering (integral and differential, static and dynamic, unpolarized and polarized) can be 
unique for each monocomponent 3D DS. At the same time there are also general features. At the analysis of 
unknown polycomponent 3D DS the comparison of measured parameters with known ones can help to 
identify the system under study.  For this purpose a software package MULTALT [10] was used providing the 
process of interpretation and visualization of intermediate and final results with estimation of decision 
probability. The methodology was tested on mixed in different proportions experimental dispersions 
consisted of two monocomponent 3D DS: kaolin clay and bacteria Echerichia coli. This approach can be of 
vital importance for the development of natural 3D DS control on the presence of dangerous impurities.  

III. CONCLUSIONS 

For differentiation of 3D DS constituents in mixtures the dimension of ND vectors can be enlarged due to the 
involvement into consideration different measurement conditions such as wavelengths, angles and apertures 
of measurements, polarization, etc. Calculations are based only on experimental data and can be performed 
online.  
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I. INTRODUCTION 

Cyclic dipeptides, often found in nature, are formed by linking amino-terminus of a linear dipeptide to it 
carboxyl - terminus by amide bond. All of them are derivatives of 2,5-diketopiperazine (DKP) or cyclo-
Diglycine with the molecular formula C4H6N2O2.  

II. METHODS 

To calculate the optimized geometry of molecules (Figure 1) and singly charged ions, as well as their total 
energies, the DFT method was used, using Dmol

3
 module from the Materials Studio software package. We 

used B3LYP functional and the all-electron atomic basis DNP (ver.3.5) with unrestricted spin polarization 
[1, 2]. The energy convergence was less than 1∙10

-5
 Ha and geometry convergence was less than 5∙10

-3
 Å.  

 

Figure 1. Structure of the DKP molecule 

At the first stage we optimized geometry of molecules and ions with molecular mechanics using COMPASS 
II force field to minimize the interatomic interactions. The second stage includes DFT calculation of electronic 
structure with total geometry optimization. The calculated total energies of molecules and ions were used for 
further analysis. These data of the total energies make it possible to calculate the reaction energies for the 
channels of fragmentation of the formed ions. For the simulation, we chose the DKP ion fragmentation 
processes for which were observed experimentally the largest cross sections. 
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