
   

  

  

«   » 

     

    

 

 

 

 

  

_________ . .  

  
 «___»  ________2018 . 

 

 

 

А А  А  

 

09.04.02.01 – «   » 

 

 -      
  

 

 

 

 

 

 

 

 

 

          ., -  .- .  

  __________     . .   
,     

 

   __________     . .  
,  

 

  __________     . .  
,  

 

 

 

 2018 



2 

 

 

А  

 ....................................................................................................................... 4 

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

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

1.2     
 .................................................................................................... 6 

1.3        
 .................................................................................................... 6 

1.4   ......................................................................................... 6 

1.5       ........................................ 10 

1.6        ... 12 

2.1     ........................................................ 16 

2.2     ............................................................ 17 

2.2.1   ...................................................................................... 17 

2.2.2    ...................................................................... 18 

2.2.3    .................................................................................. 19 

2.2.4  .  -  ................. 20 

2.2.5    .......................................................................... 21 

2.2.6    ................................................................................ 22 

2.3 Python     ................................................................... 23 

2.4    ........................................................................... 24 

2.5   ............................................................. 27 

2.6      .......................................... 28 

2.7   ......................................................................................... 30 

   2 ....................................................................................................... 31 

3   ........................................................................................... 31 

3.1   ..................................................................................... 31 

3.2    ......................................................................... 32 

3.2.1   ................................................................................... 33 

3.2.2   ..................................................................................... 37 

3.2.3    ................................................................ 41 

3.2.4     ................................................................. 45 

 .......................................................................................................... 47 

   3 ................................................................................................. 48 

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



3 

 

 

  .................................................................................................. 52 

   ...................................................................... 53 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4 

 

 

 

 
 

        

 ,      

      

  .      

   , ,  .  

        

         

     .   

   ,      

   , , ,  

  .  

       

  , . .    

      .    

        

. 

        

       

      .  

        

    ,   

    ,     

.         

       

            

 . 

 



5 

 

 

 

1 И   

1.1 А    

 

        

        

   . 

       

         

,        « »  

« »,         

. ё     ,    

       90%  

   .  

        

    , . .  

        

.       

     . 

        

       

      .  

     

      , 

   ,   

   [1]. 
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1.2     

 

 

      

 .        

        

 .         

     , , , 

   .  

   —      

  ,      

,     .   

 

1.3 Ц        

 

 

    -  

    .  

  : 

-        

. 

-  -  . 

-  -  . 

-     . 

 

1.4 О   

 

   ,    

   [2].     

 48    5 , LiFePo4  48   60 / ,  
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       .  

   70 / ,         

 80 .  —   ,   .   

        

     .    , 

,   « »    -      

   .      

       

 [3]: 

    : 

𝑁дв = 𝑁в + 𝑁д + 𝑁п + 𝑁к,                                                                (1) 

 𝑁в − ,      

, ; Nд − ,      

, ;  Nп −       

, ;  Nк −       

, . 

,      : 

 𝑁в = 𝑘в а 𝜐±𝜐в 2𝜐
,                                                                                                

(2) 

 

 kв −   ;  Fа −   , м ;  υ −  , / . 
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,      : 

 𝑁д = 𝜓 𝜐
,                                                                                                             

(3) 

 

 ψ −   ;   G −  , ; υ −  , / . 

,      : 

        𝑁п = 𝜐 𝑠𝑖 𝛼
,                                                                                                       

(4) 

 

 υ −  , / ;  G −  , ;  α −    . 

,      :  

 𝑁к = 𝜐𝑓к 𝑐 𝑠 𝛼 ,                                                                                                 (5)   

                                                  

 𝑓к = 5+𝜐
 –   ;  υ −  , / ;  α −    ;  G −  , . 

: 𝑁дв =  𝑘в а 𝜐±𝜐в 𝜐 + 𝜓 𝜐 + 𝜐 𝑠𝑖 𝛼 + 𝜐 5+𝜐 𝑐 𝑠 𝛼7                             (6) 
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      .  

     

[3]    ё  (  1).  

       1531.11 .  

 

 1 -    

 

  ,     , 

,    1531  ,  1707  .  

,        70 /   

1707   .  

 ,   100    . 

  70 /  100    1,4 .  

1,4  * 1707  = 2389 * * . 
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3329 * *   / 48  = 49  
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  ,    , 

     .    

       

 .      

      

    . . ,   

   Matlab Simulink. 
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 . 

 

2.2.2    
 

   ,     

,     k     

  .      

  .  k –    

   ,     

.  ,  k=10,      10-  

.      Data Mining   

 . 
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    .     , . . 

,    ,   

      .   

k    ,      ,  

   . 

  k .   ,   

   ,      

   .      

    k, ,  . 
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    . 

 

2.2.3    
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       . 
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     . 
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    .   

  - . 

 

2.2.4  .  -  

 

    ,  ,   

   . 

       

         . 𝑖, 𝑖 𝑖= .        

       Y  

X   . 

    .  

     Y     

.     , 

  ,    Y   

  , ,     

    .    
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     ,  
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 ,    ,     

    . ,  

      

   "  "  .  

      

       

  ,     

      

  . 

  ,  ,   

   . 

 

2.2.5  ы   

 

        

,  . .      

   SVM (Support Vector Machine). 

  .    

 (margin).   .   

.  .    

.   (kernel functions),  , 

 .   .  .  
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SVM   RBF- .  SVM   . 

SVM- . 

         

   p.   ,      

   (p-1).    . 

       

.   - ,   

     2  .  

  –   .    

,     –  .   

,     2 .  ,  

   .         

 .    ,    

  ,   ,  

,      

   ( ).  

  –  ,     . 

      . 

 

2.2.6  ы   

 

  ,      

,     ( )  

.       :   

,    ,  Tin Kam Ho. 

    ,   . 

        

,       ё     

,      ё   . 
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     .  

     ,   .    -  

   .      

      ,   

  . 

 

2.3 Python    ы   
 

        

 Python,         

        [22].  

   : 

- NumPy -    Python,   

    ,     

 (   )      

 . 

- SciPy -       

 ё . 

- Matplotlib -     Python  

   (2D)  (3D   

).       

   . 

- Pandas -    . 

- Scikit-learn -      . 

      

 Python   Anaconda.  Anaconda  , 

       200 ,    

 [23].    ,   

      (   

  ). 
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2.4 Г    

 

      ,   

   Python    numpy.  

     .   

    Matplotlib. 

: 

import numpy as np 

import matplotlib.mlab as mlab 

import matplotlib.pyplot as plt 

mu = 0.4  #     

sigma = 0.15  #    

x = mu + sigma * np.random.randn(1000) 

num_bins = 80 #      

#   

n, bins, patches = plt.hist(x, num_bins, normed=1, facecolor='orange', alpha=0.5) 

y = mlab.normpdf(bins, mu, sigma) 

plt.plot(bins, y, 'r--') 

plt.xlabel(' ') 

plt.ylabel(' ') 

plt.title(r'     ') 

plt.subplots_adjust(left=0.15) 

plt.show() 

          

 4. 
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 4 -     

        -

    .     

  0,018 ( ).  

mu = 0.018  #     

sigma = 0.009  #    

       5: 

 

 5 -     

       .   

        . 
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mu = 60  #    

sigma = 10  #    

      : 

 

 

 6 -    

 

     list. 

: 

mu = 60 #    

sigma = 10  #    

speed_array = [] 

x = mu + sigma * np.random.randn(10) 

for (i, item) in enumerate(x): 

speed_array.append(item) 

for (i, item) in enumerate(speed_array): 

print (i+1, item) 

       10- . 

        7: 
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 7 -    ( ) 

 

2.5   ы  

 

        

      70 /   19,4 /c 

  1.  ,    ,  

  , : 

cx = 0.342 

S = 0.5 

g = 9.8 

m = 230 

pb = 1.225 

for i in range(1,10): 

speed = float("{0:.1f}".format(speed_array[i])) 

fric = float("{0:.1f}".format(friction_array[i])) 

angle = float("{0:.1f}".format(angle_array[i])) 

W=g*fric*m*(speed*1000/3600)*np.cos(angle)+0.5*cx*S*pb*((speed*1000/3600)*

*3)*g*m*np.sin(angle)*(speed*1000/3600) 
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print((int(float("{0:.1f}".format(W/1000))))) 

     ( ): 

19141 

0 

11025 

4417 

2165 

3800 

10149 

4765 

1711 

         ,  

  . 

 ,         

        .  

       

  (random forest). 

  « » : 

-   ( ); 

-   ; 

-   ( /  ); 

 

2.6 О      

 

       

   Arduino    

ATmega2560,        

  android .  

       

-     Arduino,  
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   Python. 

  Python      ARM 

(Advanced RISC Machine) . 

RISC –   ,    

  ё   ,     

 ,    — . 

        stm32  

 Raspberry Pi.  

 Raspberry Pi    Unix-  

,       Raspbian   

  ,   Python 2, 3 . 

 

 

 8 -   OS Raspbian 

  Raspberry        

        ,     

     ,    

        VNC,   
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        ,  

  ,    Raspberry Pi  . 

 

2.7 М   

 

-     : 

-    - Raspberry Pi 3B+. 

-   –  , . 

-    Python. 

 

 

 9 -    

       ,   

   -  .   

 ,      ,  

      , 

    ,     

. 
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ы    2 

 

         

     .   

 Python    Raspberry PI  

  -  .   

   Python    . 

         

Python Anaconda. 

3   

3.1   

 

  -  , 

    : 

)    . 

)  . 

)   . 

)   .  

)  . 

)    (GPIO). 

)   ( , , ). 

  Python: 

1) NumPy -    Python,   

    ,     

 (   )      

 . 

 

2) SciPy -       

 ё .  
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3) Matplotlib -     Python  

   (2D)  (3D   

).       

   . 

4) Pandas -    . 

5) Scikit-learn -     . 

6) RPi.GPIO -        

Raspberry Pi. 

 

3.2   ы 

 

   IDE (   ) 

Pycharm Community. 

 

 10 -   

    -  

 ( ).      
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   ,       

  .  

        

        

,        . 

 : 

) Generator.py –        

  . 

) Datamining.py –       . 

) Grafs.py –     ,  

 Matplotlib. 

) Randforest –         

     Scikit-learn. 

: 

1)     main.py –    . 

2)  functions.py –     

   . 

3)  tools.py –      

. 

4) Analytics.py –       

 . 

5)  table_golden_motor.py – ,      

   . 

 

3.2.1   

        

Generator.py: 

class Generator: 

    m_speed = 0  #    
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    sigma_speed = 0  #    

    mu_angle = 0  #     

    sigma_angle = 0  #    

    mu_trenie = 0  #     

    sigma_trenie = 0  #    

    count_step = 1000 

    count_range = 1000 

    def __init__(self, mu_speed, sigma_speed, mu_angle, sigma_angle, mu_trenie, sigma_trenie, 

mu_veter, sigma_veter): 

        self.mu_speed = mu_speed 

        self.mu_angle = mu_angle 

        self.mu_trenie = mu_trenie 

        self.mu_veter = mu_veter 

        self.sigma_speed = sigma_speed 

        self.sigma_angle = sigma_angle 

        self.sigma_trenie = sigma_trenie 

        self.sigma_veter = sigma_veter 

        self._gen_arrays() 

    def _gen_arrays(self): 

        speed_array = [] 

        friction_array = [] 

        angle_array = [] 

        veter_array = [] 

        speed = self.mu_speed + self.sigma_speed * np.random.randn(self.count_step) 

        angle = self.mu_angle + self.sigma_angle * np.random.randn(self.count_step) 

        friction = self.mu_trenie + self.sigma_trenie * np.random.randn(self.count_step) 

        veter = self.mu_veter + self.sigma_veter * np.random.randn(self.count_step) 

        tools.write_to_file('files/gen_data_speed.txt', speed) 

        tools.write_to_file('files/gen_data_angle.txt', angle) 

        tools.write_to_file('files/gen_data_fric.txt', friction) 

        tools.write_to_file('files/gen_data_veter.txt', veter) 

 

        for (i, item) in enumerate(speed): 

            speed_array.append(item) 



35 

 

 

        for (i, item) in enumerate(friction): 

            friction_array.append(item) 

        for (i, item) in enumerate(angle): 

            angle_array.append(item) 

        for (i, item) in enumerate(veter): 

            veter_array.append(item) 

        self._math_array(speed_array, friction_array, angle_array, veter_array) 

    def _math_array(self, speed_array, friction_array, angle_array, veter_array): 

        file = open('files/gen_data.txt', 'w') 

        for i in range(1, self.count_range): 

            speed = float("{0:.4f}".format(speed_array[i])) 

            fric = float("{0:.4f}".format(friction_array[i])) 

            angle = float("{0:.4f}".format(angle_array[i])) 

            veter = float("{0:.4f}".format(veter_array[i])) 

            speed = speed * 1000 / 3600 

            N = functions.save_lumbda_speed(speed, fric, angle, veter) 

            file.write(str((int(float("{0:.4f}".format(N * 1000)))))+'\n') 

        file.close() 

 

        ,  

 ,         

. 

      main.py: 

generator.Generator(50, 30, 4, 2, 0.015, 0.009, 4, 10). 

       .  

          

,         

    .    

       txt.  

      

     function.py.  



36 

 

 

         

 txt.  

       ,     

   -   ,      

   Raspberry.  

      NoSQL 

  Mongodb.       

    Python     

-     node.js   

  REST (Representational state transfer). 

       Paintgraf  

  Matplotlib.       

     ,   

         

         

. 

       : 

 

 11 –     

      Paintgraf: 

graf = grafs.Paintgraf() 



37 

 

 

graf.show_hist(speed, self.mu_speed, self.sigma_speed) 

 

3.2.2  ы  

 

       

datamining.py 

class Classifield: 

    gen_data = [] 

    def __init__(self, data): 

        self._data = data 

        self._prepare_data() 

    def _prepare_data(self): 

        get_generate_data = open('files/gen_data.txt') 

        l_gen_data = [] 

        for line in get_generate_data: 

            l_gen_data.append(int(line)) 

        l_key = [] 

        l_val = [] 

        val_for_train = [] 

        val_for_train_learn = [] 

        cont_ok = 0 

        cont_non = 0 

        for i in self._data: 

            l_key.append(int(i)) 

            l_val.append(self._data[i]) 

        n = 0 

        for val in l_gen_data: 

            r = functions.nearest(l_key, val) 

            d_effect = self._data[str(r)] 

            if d_effect > 88: 

                cont_ok = cont_ok + 1 

                val_for_train_learn.append(1) 

            else: 
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                cont_non = cont_non + 1 

                val_for_train_learn.append(0) 

            val_for_train.append(val) 

            n = n + 1 

        get_generate_data.close() 

 

          

        

.  

     ,     

        

       

   .      

    . 

    .  

    88%    

.       

    ,        

 . 

     50000 ,  , 

   : 
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 12 –      

      Paintgraf.  

 ,       

   .     50000 

     50 / ,      4 

,   ,      4 /  

  : 

 2 –      

№ /  0 -  1 -  

1 26520 23479 

2 26431 23568 

3 26276 23723 

4 26542 23457 

5 26404 23595 

6 26466 23533 

7 26516 23483 

8 26615 23384 

9 26576 23423 

10 26307 23692 
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.  ,    

         

     .  

       

  . 

        

  35 /          

  . 

 

 3 –      

 

№ /  0 -  1 -  

1 17877 32122 

2 17832 32167 

3 17687 32312 

4 17817 32182 

5 17786 32213 

6 17900 32099 

7 17760 32239 

8 18001 31998 

9 17901 32098 

10 17878 32121 

 

      –  

    ,   % 

      . 
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       ,  

        

      .  

        

        

 . 

 

3.2.3  ы   

 

  2       

    .      

 —   «  ». 

        Randforest  

  sklearn. 

class randforest: 

    def __init__(self, data_x, data_y): 

        self.data_x = data_x 

        self.data_y = data_y 

        self._random_forest() 

    def _random_forest(self): 

        get_generate_angle = open('files/gen_data_angle.txt') 

        get_generate_fric = open('files/gen_data_fric.txt') 

        get_generate_veter = open('files/gen_data_veter.txt') 

        x_train = [] 

        x = 0 

        with open('files/gen_data_speed.txt') as f: 

            for speed in f: 

                if x <= len(self.data_x)-1: 

                    angle = float(get_generate_angle.readline()) 

                    fric = float(get_generate_fric.readline()) 
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                    veter = float(get_generate_veter.readline()) 

                    x_train.append([float(speed), angle, fric, veter]) 

                x = x + 1 

        #   [1, 1, 0, 0] 

        y_train = self.data_y 

        clf_rf = RandomForestClassifier() 

        X_train, X_test, Y_train, Y_test = train_test_split(x_train, y_train, 

test_size=0.2) 

   clf_rf.fit(X_test, Y_test) 

   clf_rf.predict(X_train) 

        , 

    50000        

 RandomForestClassifier()  sklearn.   

     «  ».  

        

   ,    sklearn   

train_test_split().      fit()   

        

predict(). 

         

       : 

[1 0 0 1 1 0 … 1 0 0 0 1] 

 ,       

.  

        

  sklearn      -   

predict_proba(x). 

       : 

[0.4 0.6] 
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[0.6 0.4] 

[0.4 0.6] 

[0.5 0.5] 

[0.3 0.7] 

[0.  1.] 

[0.7 0.3] 

[0.2 0.8] 

[0.6 0.4] 

[0.4 0.6] 

[0.3 0.7] 

         

      .  

     80%   8-15% 

    .      

       

RandomForestClassifier: 

Criterion -         

,   «entropy». Max_depth -   . 

  None,          

    ,       

min_samples_split (    )  . 

Min_samples_split -    , 

        , 

  «2». 

N_estimators -     ,  

 «10».  

    : 
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 13 -    

       35-45%  

  (  80%  ). 

         

     feature_importances_ 

      : 
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 14 –      

     : [0.25815397 0.2520947  0.24524019 

0.24451114]. 

       ,  

          

  . 

       

 sklearn joblib.dump(),     pkl. 

        

 sklearn joblib.load(). 

 

3.2.4  ы    

 

         

 Gpioinput    RPi.GPIO 
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 15 –  Raspberry PI 3 

 

         

  RPi.GPIO,     

 Raspberry PI     . 

 ,           

     IN: GPIO.setup(  , GPIO.IN). 

         – 

 ,  ,  ,    

     . 

       , 

        

. 

,        

 ,       

         . 
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        –   

       

    .  –   

   .    ,   

  ,       

   . 

        

  50000      –   

 50 / ,     4%,   

  0,007,     4 / .  

     –   35 / , 

    8%,     0,025, 

    2 / . 

  10   ,   

  .  

   (   

)    2  3. 

    ,     

,         

    . 

     «  »  20% 

     –  10000 . 

 40000       

.     17011    

 .        pkl.  

    ,     

   ,       14. 
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  ,       

     ,     

  pkl ,    Raspberry PI.  

        

   . 

 
 16 -    

 ,    . 

ы ы   3 

 

   -   

.  ё  .   

        

 ,       

        

 . 

      

     : 

1)   . 
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2)   . 

3)    . 

    ,  , 

   : 

)   ( / ). 

)  , . 

)  , . 

) ,  , . 

)   , / . 

) , %. 

       , 

      , 

   ,  . ,  

        

          

,        

        

        

. 

        : 
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 17 –    

 

       

   .     

          

         «  

» -         

     . 

,     ,    

    ,       

 ,        

  -     

    . 

 

 

 



51 

 

 

А  

 

      , 

        . 

   ,    , 

 ,     -  

       ,  

        

,   . 

      ,  

  –  «  ».   

 Python   Raspberry PI   

.  

       

,         

        

  ,   .  

  ,     

 ,      

  .  

 

 

 

 

 

 

 

 



52 

 

 

 АЩ  

 

 – -  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



53 

 

 

 А   
 

1.    [  ] :  

  . –  : https://futurism.com 

2.  . .,  . .,  . .   

 L3 –     -

   . , 2016 . 

3.  . .       

 –       

 , . , 2017 . 

4.      [  

] :      . – 

https://goldenmotor.ru/bldc-motors/hpm5000b-fan-cooling/ 

5.  . .,  . .    

     

  . 2016. 

6.  . .,  . .    

 . 2017. 

7.  . .      

    . 2014. 

8.  . .,  . .,  . .    

   . 2013. 

9.  . .,  . .     

     . 

10.  . .,  . .,  . .    

    

  . 

11.  . ,  . .,  . .   

   . 

https://goldenmotor.ru/bldc-motors/hpm5000b-fan-cooling/


54 

 

 

12.  . .,  . .,  . .,  . .  

       

     . 

13.  . .,  . .      

   . 

14.  . .,  . .,  . .,  . .,  

. .,  . .    «  

 -  »   

    . 

15.  . .      

. 

16.  . .     

 - .  

17.  . .     

  . 

18.  . .      

  . 

19.  . .       

    "   - 

"     

.  

20.  . .     

. 

21.   [  ] :   . – 

 : http://machinelearning.ru 

22.   [  ] :   

 Python   . –  

: https://habr.com/post/312268/ 

https://habr.com/post/312268/


55 

 

 

23.     Anaconda [  

] :     . –  : 

https://anaconda.org 

 



 


