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Abstract: The article discusses approaches to translating correlated statistical data into uncorrelated 

form. The results of the transformation of mathematical models with silver nanoparticles and without 

nanoparticles into uncorrelated form with simultaneous solution of a system of equations with 

uncorrelated matrices are presented. Solutions of a system of multi-dimensional equations for 

determining the probability densities p0 and p1 are obtained. These mathematical models are based on 

the Raman polarization spectra of polyester fibers in recognizing silver nanoparticles, taking into 

account the polarization of laser radiation in two directions: X-across and Y-along the fibers. A method 

for increasing the resolution of the identification of silver nanoparticles on polyester fibers is proposed. 

When solving the system using nonlinear quadratic and XY differential equations of probability 

densities of distribution ellipses, the resolution of identification of silver nanoparticles p0 and p1 in the 

range 10-2- 10-547 was obtained. 
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1. Introduction 

To ensure nano, pico - and molecular biotechnology requires accuracy and resolution 

in the range of 10-9 - 10-16 mathematical models of data processing and technical devices. 

Research data [1-5] have shown the possibility of signal amplification using Raman 

spectroscopy up to 106 - 107 using graphene [6-20] and silicon nanofibers. To increase the 

resolution, especially when detecting cancer cells [21-24], bilirubin [9, 15], combinations of 

various metal nanoparticles Ag, Au, Cu [11] are used to obtain plasmon effects on silicon 

wafers with surface modification by inhomogeneities in the form of vertical and horizontal 

nanofibers [12].  

The prospect of increasing the resolution is estimated - identifying interdependencies 

between multi-dimensional parameters when processing a large number of statistical data 

[25,26].   
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The paper [14] revealed the possibility of constructing mathematical models and 

solving the problem of obtaining accuracy up to 10-16 - 10-18 using the construction of systems 

and solving systems with multi-dimensional correlation mathematical equations and taking into 

account the interdependence of parameters. 

According to [27-30], the accuracy of solving multi-dimensional correlation 

mathematical equations in 10-14 - 10-16 in automatic mode has been consistently obtained for a 

long time. However, the resolution is not sufficient since data is obtained only in the range 10-

1 - 10-7. This is not acceptable since a resolution of 10-14 - 10-16 with the currently obtained 

accuracy is required when solving multi-dimensional correlation mathematical equations. 

Many problems, in this case, are that the compilation and solution of systems of 

correlation equations requires a large number of such equations in the system, for example, up 

to 81 equations. Many equations are necessary to account for all significant 9 peaks of the 

Raman spectrum in two directions across X and along Y of the object of study. The compilation 

and solution of such several correlation equations in the system are impossible at this technical 

level. Therefore, a simplified compilation and solution of a system of such equations do not 

provide the required reliability. 

In these studies, the Bayes hypothesis is used to multiply the obtained interdependent 

(correlation) probabilities: 

P0 = P1/P1c P2/P2c ...  Pn/Pnc,                                                        (1) 

where P0 is the total probability of occurrence of events; P1/P1c, P2/P2c,, ..., Pn/Pnc are the 

probabilities of dependent (correlation) events [25,26]. 

However, it is almost impossible to obtain interdependent probabilities for a large 

number of parameters and compose and solve a multi-dimensional system of up to 81 

equations. In [14, 27, 28, 30], solutions were obtained only for two-dimensional correlation 

mathematical models and [29] for three-dimensional ones. 

Therefore, in order to apply the Bayes hypothesis for a large number of parameters, it 

is necessary to mathematically transform all interdependent (correlation) parameters into an 

independent (uncorrelated) form. Then you can use the Bayes hypothesis for independent 

probabilities:           

    P0 = P1 P2 P3 ...  Pn,                                                                (2) 

where P0 is the total probability of occurrence of events; P1, P2, P3, ..., Pn are the probabilities 

of independent events. 

Research in [31] aims to solve the problem of converting dependent (correlation) data 

into an independent form and vice versa from independent data into a dependent form. In these 

studies, the mathematical transformation into an independent form is performed 

simultaneously with the solution of a system of correlation multi-dimensional equations. 

2. Materials and Methods 

For clarity, the preliminary transformation of correlation data into an independent firm 

with the solution of the problem of detecting the intersection of ellipses of correlation and non-

correlation data is shown in Figure 1 when generating correlation and non-correlation data 

according to the normal law of distribution ellipses using experimental data [31]. 
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Figure 1.Mathematical transformation of the two-dimensional dependence (correlation) of the data in the 

independent (no correlation) when generated according to the normal law with the conservation and real 

parameters of the ellipses values of the peaks of the Raman spectrum of polyester fibers with silver 

nanoparticles (+ +) and without nanoparticles (∙  ∙):(a)  – 288 generate correlation data ellipses values of the 

peaks of the Raman spectrum;(b)  – data conversion ellipses, Fig.1a in a non-correlative form with the 

preservation of mathematical expectations and mean square deviations;(c)  - the change in Fig. 1b during the 

generation of mean square deviations up to the intersection with one point of the ellipses of the Raman spectrum 

with silver nanoparticles and without nanoparticles;(d)  - generation of 28800 independent data of Raman 

spectrum ellipses with silver nanoparticles and without nanoparticles with an 8-fold increase in the values of 

mean square deviations to the intersection with one point of the Raman spectrum ellipses with silver 

nanoparticles and without nanoparticles. 

 

The transformation is based on obtaining a diagonal matrix of eigenvalues 

λ0=eigenvals(rXY) from the correlation matrix rXY [31]. 

Finding the diagonal matrix of the eigenvalues of the correlation matrix is 

mathematically worked out in [31]. For example, for two-dimensional data for the correlation 

dependence on X and Y, when solving a specific problem of converting Raman spectra, we 

obtain: 
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Then the transformation of mathematical models with silver nanoparticles and without 

nanoparticles into an uncorrelated form with simultaneous solution of a system of equations 

with uncorrelated matrices will have the following form for Ag9-12 (i=0; j=4): 
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The solution of the system of equations (3) gives the result:  

pQ0=1.4884714041498341×10-16 and pQ1=1.4884714041499187×10-16, which is 

acceptable both in accuracy and resolution. 
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To verify the reliability, it is also necessary to evaluate the graphical representation of 

the intersection of the distribution ellipses of the Raman spectra of polyester fibers with silver 

nanoparticles and without nanoparticles. 

 
Figure 2. Validation by graphical representation of the intersection of ellipses of the distribution of Raman 

spectra of polyester fibers with silver nanoparticles and without nanoparticles 

It is also necessary to check the likelihood of the intersection of the distribution ellipses 

with correlated and uncorrelated peak values in experiments on Raman spectra. Instead of 

binding to the axis MENY0j=0 and MENU1j=0 according to (3) Figure 2, we use the solution 

(4) Figure 3 with binding to the axis MENY0j and MENY1j: 
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Figure 3. Graphical validation based on the image of the intersection of ellipses of the distribution of Raman 

spectra of polyester fibers with silver nanoparticles and without nanoparticles with reference to the MENY0j - 

MENY1j axis. 

The solution of the system of equations (4) gives the result:  

pQ0=1.245798043704045×10-16 and 

pQ1=1.2457980437041158×10-16, which is acceptable both in accuracy and resolution. 

To confirm, it is also necessary to evaluate the intersections of the distribution ellipses 

of the Raman spectra of polyester fibers with silver nanoparticles and without nanoparticles 

with the initial experimental correlated data with the results already obtained for (3) –(4): 
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pQ0 = 0.01100562484527942 

pQ1 = 0.01100562484527937 

0pQ

1
:QAg =   QAg = 90.863   

To verify the reliability, it is also necessary to evaluate the graphical representation of 

the intersection of the ellipses of the distribution of Raman spectra of polyester fibers with 

silver nanoparticles and without nanoparticles with the initial experimental correlated data: 
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Figure 4. Graphical representation of the intersection of ellipses of the distribution of Raman spectra of 

polyester fibers with silver nanoparticles and without nanoparticles according to the initial experimental 

correlation data  

3. Results and Discussion 

The general results of solving the problem for all peaks from i=0...8 to j=0...8 in total 

81 equations with mathematically transformed uncorrelated statistical data of the Raman 

spectrum of polyester fiber with silver nanoparticles are shown in the following figures. 

 

Figure 5. Matrix of the results of assessing the reliability of the intersection of the ellipses of the distribution of 

Raman spectra of polyester fibers with silver nanoparticles and without nanoparticles according to statistical 

data converted to uncorrelated form. 

 

Figure 6. Data of logarithmic values of the reliability of the intersection of ellipses of the distribution of Raman 

spectra of polyester fibers with silver nanoparticles and without nanoparticles according to the results of 

conversion to uncorrelated form. 

https://doi.org/10.33263/BRIAC132.139
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC132.139  

https://biointerfaceresearch.com/ 9 of 12 

 

 The total value of the sum of logarithms of confidence with silver nanoparticles and 

without nanoparticles according to the results of conversion to uncorrelated form: 


= =

=
8

0j
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0i
j,iQL:SQL    SQL = 547.123   

81

SQL
:1SQL =    SQL1 = 6.755 

 
Figure 7. The logarithm of the confidence of the intersection of the ellipses of the distribution of Raman spectra 

of polyester fibers with silver nanoparticles and without nanoparticles in columns j=0 - 8 of the matrix of 

logarithmic confidence values Figure 6. 

4. Conclusions 

The use of a mathematical method for converting statistical correlation data into an 

uncorrelated form while simultaneously solving a system of equations for multi-dimensional 

Raman spectra of polyester fibers without nanoparticles and with silver nanoparticles makes it 

possible to increase the sensitivity of nanosilver identification up to 10547 times and, 

consequently, increase the resolution of the method. 

The method uses the possibilities of applying the Bayes hypothesis when multiplying 

the probability densities in the intersection of the ellipses of the distribution of the values of 

the peaks of the Raman spectra of polyester with silver nanoparticles without nanoparticles 

with transformed correlated statistical data in an uncorrelated form. 

The transformation of correlated statistical data into an uncorrelated form is carried out 

on the basis of finding diagonal matrices from eigenvalues (numbers) correlation matrices used 

to compile systems of equations.  

This study selected correlation matrices of two-dimensional parameters: X - across the 

fibers and Y -along the fibers. The transformation and solution equations system is designed to 

replace the traditional ellipse equation with a vector-matrix form using a diagonal matrix of 

eigenvalues, which allows uncorrelated transformations and simultaneous rotations and 

displacement of the coordinate axes of the ellipses to the origin of the coordinates MENY0 and 

MENY1. As a result, the values of probability densities for the transformed uncorrelated 

transformed data for the peak with i=0 and j=4 were obtained: pQ1=1.488471404149834110-

16 or the inverse value (confidence) QAg=6.7181015 compared to the original correlated data: 

pQ1= 0. 01100562484527942 with the inverse value (Q-factor) QAg=90.863. These results for 

comparison are also obtained in this article. 

A system of equations has also been compiled and solved for conversion to an 

uncorrelated form with the ellipses of distributions bound to the axes: MENY0, MENX0 –
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MENY1, MENX1. The values obtained are:pQ1=1.2457980437041158 10-16 or the inverse 

value (confidence) QAg=8.0271015. 

A matrix of all 81 values of Q and log Q is also obtained. Since when multiplying all 

the independent terms of the matrix Q, we get 10547, i.e., more than 10307 than the computing 

capabilities of a conventional computer, we have to use logarithmic values of the terms of the 

matrix log Q. In this case, all the values of the terms are added for the log Q matrix, and the 

sum value 547 is obtained. For one member of this matrix, we get an average value of 6.755 or 

106.755 =5.683106. 

Further research aims to compile and solve a system of equations for converting 

correlated data into uncorrelated data for different concentrations of deposited colloidal silver: 

5% and 11%, to compare with 17% of the already proven research method in this work. 
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