
 
  

 
 

  
 

 

 
 

 
 

 
 

621.643.2-03:678.742.2:622.32 
 

 
    
    

 
 

     

  .    
 

 
 

     
  .    

 
 

     
     

 
           : 

     

      

 
 

     

  .   
 

 
 
 
 
 
 
 2016 



 

  

1 2 3 
 

 

- - - -1; 
- - - -

6; - -8, - -2; 
- - - - -

- - - -
- - - -
-23 

 
 

  

- - - -4; 
- - - -3; 

- - - - -
- - - -14; 

- - - -19; 
- - -23

 

 
 

 

  

- - - -2; 
- -6; - -

8, - - - -4; 
- - - - -

- - -14; -
- - - -
-23 

 

 

, 

 

- - -2; -7, 
-8, - - -6; 

- - - -14; 
- - - -19;  
- -22; 

 

 

- - - -2; 
- - - - -

- - - -17;  
-20; 



  

1 2 3 

 
 

 . 

- - - -4; 
- -8, - -3; 

- - - - -
- - - -
- - - -
- -20; - -
-23 

 

 

 

 

- - - -1; 
- - - -
-6; - - -13;  

- - -23

 

 

 

 

- - -3; -2; 
- - - -

-8, - - -23 

 



 
 

 
 

 
                                                                                

 
 

 
 

 
 

________ _______ 

 
 

 
 

 

 
  

  

 
 

 28.04.2016 

 
  

 
 

 

 

 

-
-

-
-



 

 

 
 

3.  
 

4 PCA 
PLS-DA  

 
 

 
 

 
 21: 

  
 - 

 
 

 
  
 
  
  
  
  

 
  
  
  
  
 

 
 SWOT-  
 
  
 -  
 

 
 

 

 
 25: 

 
 

 
 

-  
 Thermo Scientific Nicolet IS10 -  
 -
 -  
 -  
 -
  
  



  
  
  
  
  PC4) 
  PC3  PC4 
  
  
 
  
  
 

 
 
 
 Microsoft Project 
 

 
 

  

 
 

  

 

2. C

 

 
 

 
 

  
 

 

    
 

 
   

4     

  



  

 
 

 
  

4   
 

   
   

 

 

: 
1. 

-
 

2.  
. 

3. 
 

 

1. 

 
. 

2. 
 

1. 

 
2. 

 
3.  

 
.

 : 
 

1.  
2.   
3. SWOT-   
4.   
5.  
6. 

 
 

  
 

 
     

   .   
 

 
   

   
 



  
 

 
 
  

4   
 

   

 

 

  

  
: 

 

 -
-

 

 
 

 
 
 

 
 
 
 
 
 
 

 
 

 
-  

; 
- ; 
-

. 
 

- ;



- ; 
- - 

 

. 

 

 

 

 

 

12.0.003
 

 
 

 
: 

  

 

 

  
 

   

 
 

   

    



 
 

117 25 21 32
1  

 
 

-
MatLab

PLS, PLS 
 

 
 

-
. 

 
 

. 
 

 

-  
- -

-
 

 
 

 

- CH2  - -1;
- -

-

 
 

19 152 798 
2,1 

 
  

  
50 

19 152 798  
2,1  .

   
 

   
 

 
 

  



  ; 
  ISO (International Standardization Organization) 

  EN (European Norm) 
   ; 
  ; 
  

  
  
  
  
  

  
  

 -  
    ; 

TRV  toxicity reference value; 
LDA  linear discriminant analysis; 
MCT  mercury cadmium telluride; 
DTGS  deuterated triglycine sulfate; 
MFR  mass-flow rate; 
MOP  maximum operating pressure; 
RCP  resistance to gas constituents; 
PCA  principal component analysis; 
PC  principal component; 
PLS  Partial Least Squares; 
SDR  standard dimension ratio 
MRS  minimum required strength 
NIPALS  nonlinear iterative partial least square 
PLS-DA  partial least square discriminant analysis



 

 

 ....................................................................................................................... 3

 1.  ..................................................................................... 5

1.1  ................................................. 5

1.2  ..................................................................................... 9

1.3  ......................... 15

1.4  ................... 16

 2. 

 ................................................................................................................. 18

2.1  ........................................................................... 18

2.2  .............................................................. 27

2.3 PLS-  ......................................................................... 31

 -

 ............................................................................................................................. 37

3.1 -  ...................................................................................... 37

 ........................................ 39

 .......................... 51

 4. 

 ..................................................................................................................................... 57

4.1 

 ............................................................................................. 57

4.2 

 .......................................................................................... 62

4.3 -  .................................. 65



4.4 

 ...................................................................................................... 66

 5. 68

5.1  ................................................................. 69

5.  ........................................................................ 75

5. ............ 78

5.4  .............................. 81

 ................................................................................................................ 84

 ................................................................................... 85

 ....................................................................... 86

 ........................................................................................................... 88



 
 

 

 

(FT-

 

 

 

  

    

 

  1,2  3) 

 1,5  3) . 

  

 

     
 

3 

 

 . . 
   
   
  
   

 
 

  
118 

         
  



 

 

 

  

  

 ( -  

  ). 

 

 PCA  PLS-DA 

. 

 

 

 

 

 

 

-  

 

-

 

 

 

 

 

 

 

 

 

 

 

 

     

 

4 
 



 
 

 

 

 

-

   

 

-

CH2 ; 

 -

- -

  

  -

  

   

   

 

     
 

84 

 

 .  
   
   
  
   

 
 

 

  
118 

  



 
 

 

[1] Wu J. , Zarubin A. G. , Zarubina O. N. The use of FT/ATR spectroscopy and pls-regression 

un entrance quality control of polyethylene pipes // XV Chemometrics in Analytical 

Chemistry (CAC-2015): Programme and Book of Abstracts, Changsha, June 22-26, 2015. -

Hunan: CSU, 2015 - p. 125. 

[2] , . [J]. , 2013 (2): 63-66. 

Jun Wu,Xiaochun Ma.Damage evaluation of concrete drainage pipeline[J].Trenchless 

Technology.2013(2):63-66. 

[3] , , , . [J]. , 2013, 

39(25): 46-47. 

Jun Wu,Manhu Huang et.al.The Formula of jacking force deduced based on the Mohr -

Coulomb theory[J].Shanxi Architecture.2013,39(25):46-47. 

[4] . . ,2016(2):24-27. 

 

     
 

85 

 

 .  
   
   
  
   

 
 

 

 
118

         
  



 
 

 

[1] Pipe A. P. ASTM D 2513, SDR 11. 1 //Fittings: ASTM D.  . 2683.  
[2] Jolliffe I. Principal component analysis.  John Wiley & Sons, Ltd, 2002. 

[3] Abdi H, Williams L J. Principal component analysis[J]. Wiley Interdisciplinary Reviews: 

Computational Statistics, 2010, 2(4): 433-459. 

[4] Shaw P J A. Multivariate statistics for the environmental sciences[M]. London: Arnold, 

2003. 

[5] Hsu D, Kakade S M, Zhang T. A spectral algorithm for learning hidden Markov models[J]. 

Journal of Computer and System Sciences, 2012, 78(5): 1460-1480. 

[6] Brown T A. Confirmatory factor analysis for applied research[M]. Guilford Publications, 

2015. 

[7] Wold S., Johansson E., Cocchi M. PLS partial least squares projections to latent structures 

//3D QSAR in drug design.  1993.  . 1.  . 523-550. 

[8] De Jong S. SIMPLS: an alternative approach to partial least squares regression[J]. 

Chemometrics and intelligent laboratory systems, 1993, 18(3): 251-263. 

[9] Geladi P., Kowalski B. R. Partial least-squares regression: a tutorial //Analytica chimica 

acta.  1986.  . 185.  . 1-17. 

[10] Jorgensen I., Valdivia R. H. Pmp-like proteins Pls1 and Pls2 are secreted into the lumen of 

the Chlamydia trachomatis inclusion //Infection and immunity.  2008.  . 76.  9.  

3940-3950. 

[11] -regression: a basic tool of chemometrics 

//Chemometrics and intelligent laboratory systems.  2001.  . 58.  2.  -130. 

[12] Gulmine J. V. et al. Polyethylene characterization by FTIR //Polymer Testing.  2002. . 

21.  5.  -563.  
[13] Bueno W. A. Manual de espectroscopia vibracional.  McGraw-Hill, 1990. 

[14] 

 

[15] 

-  2008.    

[16] Ballabio D., Consonni V. Classification tools in chemistry. Part 1: linear models. PLS-DA 

//Analytical Methods.  2013.  . 5.  16.  -3798. 

 

 

 
     

 
86 

 

 .  
   
   
  
   

 
 

 

  
118 

         
  



 

[17] Brereton R. Chemometrics for pattern recognition.  John Wiley & Sons, 2009. 

[18] Brereton R. G. Consequences of sample size, variable selection, and model validation and 

optimisation, for predicting classification ability from analytical data //TrAC Trends in 

Analytical Chemistry.  2006.  . 25.  11.  -1111. 

[19] Wongravee K. et al. Monte-Carlo methods for determining optimal number of significant 

variables. Application to mouse urinary profiles //Metabolomics.  2009.  . 5. 4.  . 

387-406. 

[20] Brereton R. G., Lloyd G. R. Partial least squares discriminant analysis: taking the magic 

away //Journal of Chemometrics.  2014.  . 28.  4.  -225. 

[21] -

-

  

2011. 

[22] 80.  -

. 

[23]  -

. 

[24] -

 - . 

[25] -  -

. 

[26] -

 - .

[27] -03-  - . 

[28] -01-  -

. 

[29] -  

- . 

[30]  -

. 

[31] 

. 

[32] -1.13-051-

 01. 

 

     

 

87 
 



 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 2 
 Chapter A.2. Statistical methods of quality control of PE pipes  
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