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Results of vector-matrix modeling of estimates of crossing of ellipses of distribution at recognition of 

nanoparticles of silver are given in polyair fibers on multidimensional correlation components of the Ra-

man ranges with control according to polarizing characteristics. Reliability of recognition of nanoparticles 

was estimated on joint probability of normal distributions of intensivnost of the Raman spectrograms of 

nanoparticles of silver depending on longitudinal and cross polarization of laser radiation on all range of a 

range. 
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1. INTRODUCTION 
 

Recognition of particles of silver on polyester fibers 

requires the solution of system of the nonlinear analyt-

ical equations of the second order with 9 unknown pa-

rameters. It is connected with the fact that the Raman 

ranges of polyester fibers contain more than 9 infor-

mation peaks. Sensitivity of usual recognition on am-

plitude of peaks on polyester fibers doesn't allow to 

estimate existence of nanoparticles of silver with rather 

acceptable reliability.  

In the theory of recognition use only uncorrelated 

multidimensional details. It is connected with the fact 

that to identify correlation multidimensional parame-

ters of object very difficult therefore go on the way of 

simplification of a problem, namely, accept the ar-

rangement on noncorrelatedness of data in advance. 

Such simplifications facilitate approaches to a solution, 

but in a root don't provide her precision characteristics. 

Therefore the scientists who are engaged in recognition 

of objects even don't consider correlation data in recog-

nition methods.  

Correlation polarizing characteristics of the Raman 

spectroscopy allow to increase considerably reliability 

of recognition of the nanoparticles which are on fibers 

of fabrics. 

In works [1-8] identification of nanoparticles on pol-

yair fibers is estimated. But it is complicated to define 

the modes of drawing nanoparticles on fibers and espe-

cially their change at operation because of small quan-

tity of such particles. 

 

2. DESCRIPTION OF THE SUBJECT AND 

METHODS OF RESEARCH 
 

2.1 Experimental Procedure 
 

In this work the method of the vector-matrix deci-

sion of system of the nonlinear equations which are 

worked out on the basis of correlation data on object of 

system of a nanoparticle - polyester fiber is considered. 

It isn't possible to make system of the equations of 

the second order with a large number of unknown to 9 

in an analytical form because of a gromozdskost of an 

analytical look. Therefore an opportunity to use a vec-

tor-matrix form of record of system of the nonlinear 

quadratic equations and the decision of this system in 

the Mathcad programming environment is represented. 

In this work the decision method only for system of 

quadratic equations with two unknown is fulfilled. Also 

the accuracy of the decision of system of the vector-

matrix equations when comparing by 3 types of the 

solution of a task is estimated: with an analytical form 

of the decision of system of the equations, with experi-

mental data at generation of correlation dependences 

and a manual method of search of crossing of ellipses of 

distribution in an analytical form. 

For increase of reliability it is necessary to check 

still sufficiency of accuracy of coefficients of correlation 

in matrixes, and also the accuracy of population means 

and average quadratic deviations. 

The offered researches allow to increase the accura-

cy of recognition of the fibers covered with nanoparti-

cles of silver or uncovered nanoparticles according to 

polarizing characteristics of the Raman ranges with use 

of methods of a vector-matrix analytical assessment of 

crossing of ellipses of distribution of intensity of polar-

izing Raman ranges. 

Carrying out statistical modeling of correlation pa-

rameters of intensity of ranges of fiber with silver na-

noparticles is of considerable interest during operation 

at the decision of system of the equations of a vector-

matrix analytical type of correlation ellipses of interde-

pendent parameters with determination of coordinates 

of crossing. 

Complexity of such modeling is represented in need 

of increase of accuracy of results of obtaining reliability 

of multidimensional correlation parameters. Complexi-

ty of such modeling is represented in need of increase of 
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accuracy of results of obtaining reliability multidimen-

sional correlation the parametrov.niya is represented 

in need of increase of accuracy of results of obtaining 

reliability of multidimensional correlation parameters. 

 

2.2 The Processing of the Experimental Data 
 

Experiments on measurement of casual values of dis-

tribution of intensivnost of peaks of ranges of the Raman 

combinational radiation have been previously made, at 

the same time correlation matrixes are revealed rXY1, 

rXYAg9_0_8 and parameters of distributions population 

mean (MEN), average quadratic deviation ( )taking into 

account polarization of radiation on X-across and on Y - 

along fibers at the same time for one measurement [9]. 

The analysis of the received results has shown that 

correlation matrixes have the big range of dispersion of 

values from 0.99868 to 0.24558 in the presence of silver 

nanoparticles, and for fibers without nanoparticles 

range from 0.812568 to – 0.340895. 

Parameters of distributions, and, population means 

considerably differ on intensity of peaks of ranges with 

polarization across fibers X and along fibers Y. Along 

fibers intensity is much higher even several times both 

for fibers without nanoparticles, and for fibers with 

nanoparticles. 

Characteristic is that at polarization along fibers in-

tensity of the central peaks 4, 5, 6 and 7 is much higher 

than extreme peaks 1, 2, 3, 8 and 9 almost by 20 times. 

It indicates that maximum efficiency of measurements 

of the Raman ranges at polarization along fibers is 

found. However there is a task about check of informa-

tional content at measurement of peaks of polarizing 

ranges of the Raman radiation. 

Modeling of statistical data for identification of 

crossings of ellipses of distributions of values of inten-

sivnost of peaks of spectrograms has been carried out. 

Generation of the set amount of casual values was car-

ried out according to the special program developed in 

the environment of MathCad Edition 14 [9-12]. 

The generated 1536 values of data for the 4th peak 

on an axis X and Y are given in figure 1a. Figure 1a 

and 1b shows that crossing of ellipses of distribution for  
 

 
 

                                                           a 

                      
 

                                                             b 
 

Fig. 1 – Two-dimensional correlation dependences of the Ra-

man polarizing spectrograms of polyester fibers: a, b – a gen-

eral view and the increased fragment at generation of data for 

the 4th peak  
 

the 4th peak on 1 value of data happens in a point of 

Х3  2036 and У3  405 to confidential probability 

P4  1 – 1/1536  0.999348. 

Crossings of ellipses of distribution on figure 1 are 

found manually with подборм the number of the gen-

erated data.  

For automatic identification of crossing it is neces-

sary to solve system of the vector-matrix analytical 

equations and it will give coordinates of a point of in-

tersection. In this work the system only of two vector-

matrix equations is considered 
 

 R2  XT∑ – 1X  

 

3. DESCRIPTION AND ANALYSIS OF RESULTS 
 

The analytical assessment of crossing of ellipses of 

distributions is made according to the decision of sys-

tem of the vector-matrix equations with finding of coor-

dinates of a point of intersection: 
 

R4.2 
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x:  480.0        y:  3500.0 
 

Given 
 

f(x,y)  0        g(x,y)  0 

 

v:  Find(x,y) 
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The decision of system of the vector-matrix equa-

tions (1-4) is made by criterion of crossing of ellipses 

not in two points, and in one for coordinates of extreme 

values ХV1(1)  486.178811 and ХV1(2)  486.178808 for 

RV1  2.6327965. For double crossing of ellipses of dis-

tribution the transition point from one crossing is re-

vealed (only contact) RV1  2.6328692 

ХV1  486.177701 on figure 2a and results of the deci-

sion (1-4). 

For coordinate YV1(1)  481.330075 and 

YV1(2)  481.330068 for RV1  2.6327965 extreme value 

of crossing is revealed. At the beginning of double 

crossing the transition point from one point of intersec-

tion is revealed RV1  2.6328692 YV1  481.328982 on 

figure 2b and results of the decision (1-4). 

The decision of system of the vector-matrix equa-

tions for the 4th peak is shown in figure 3a and 3b of 

and on digital results. Coordinates of extreme values 

ХV4(1)  405.802541 and ХV4(2)  405.802526 for 

RV4  3.5795803. For double crossing of ellipses of dis-

tribution the transition point from one crossing is re-

vealed (only contact) RV4  3.57959 ХV4  405.802447 

on figure 3a and results of the decision (1-4). 
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Fig. 2 – Images of crossings of ellipses of distribution by re-

sults of the decision of system of the analytical equations 

when crossing XV1(1), XV1(2) and YV1(1), YV1(2) 
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For coordinate YV4(1)  2037.304707 and 

YV4(2)  2037.304497 for RV4  3.5795803 extreme val-

ue of crossing is revealed. At the beginning of double 

crossing the transition point from one point of intersec-

tion is revealed RV4  3.57959 YV4  2037.0304042 on 

figure 3b and results of the decision (1-4). 

 

4. CONCLUSIONS  
 

Thus, at vector-matrix modeling of analytical crossing 

of ellipses of distribution with the decision of system of the 

equations (1-2) coordinates on 9 peaks are received: 
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Fig. 3 – Images of crossings of ellipses of distribution by re-

sults of the decision of system of the analytical equations 

when crossing XV4 (1), XV4(2) and YV4 (1), YV4(2) 

for cross polarization Х  (ZV1i,1 и ZV1i,3) 

XVnT  (486.179 192.216 267.413 405.80 474.45 566.05 

654.178 349.53  697.07)  

for longitudinal polarization Y  (ZV1i,2 и ZV1i,4) 

YVnT  (481.3 373.02  771.516  2037.3  2731.06  

1061.18 1214.3 105.58  154.19)   

and the equivalent radius of curvature of ellipses when 

crossing 

RVnT  (2.633  1.463   2.537   3.580  2.403   3.336  2.241   

3.255   3.122).    

At an assessment of reliability of identification of 

nanosilver on fibers of polyair the following values for 

one-dimensional measurements on axis X in the cross 

direction of fiber are revealed: 

for cross polarization of X 

pXT  (0.97917  0.92208  0.97917  0.99653  0.97917  

0.99826  0.97917  0.98958  0.99479) 

for longitudinal polarization of Y 

pYT  (0.78125  0.70833  0.77083  0.81250  0.77083  

0.72917  0.79167  0.72917  0.87500) 

and at two-dimensional measurement in cross X 

and longitudinal Y directions taking into account corre-

lation coefficients: 

pXYT  (0.9896  0.92708  0.99306  0.99935  0.98611  

0.99826  0.97917  0.99653  0.99479). 

Thus, the offered method gives an essential prize in 

an assessment of reliability of definition of the modes of 

drawing nanoparticles of silver on fibers. So, for the 4th 

peak increase has happened more than by 1500 times. 
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