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II. PRAKTICKÁ ČÁST 
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 5    CÍL BAKALÁŘSKÉ PRÁCE � � 	 ! 6 0 - 6 " � 3 % � 3 - ! & 5 1 � � ! - + " ? � & 1 4 � & $ 1 ( � / � - 5 ' � - 7 % . $ � # > 1 4� � � > * 5 + 0 2 ' % � � % + " � # > 1 4 ) 4 � 5 - � � # ? � 4 $ & 1 ( � / � ! % � = @� � � � 1 � ! % 6 * � & A # ( # � = 0 2 1 + " � " & ! % 6 ' % � 7 % . $ � # > 1 4 * � # @ + ' � 5 2 " & % @
 

6     FRÉZOVANÍ, MĚŘENÍ DRSNOSTI POVRCHU A VÝKONU 

6.1 Frézovací stroj FC 16 CNC � % . $ � # > 1 4 3 2 5 � ' % � # > 0 ? 1 � 1 + � � � 7 % . $ � # + � 4 " � ! % � = - � � � � � � � � � & 1 ! � � 3 % > 3 ? � 4 � ! % � = = &� ! � 5 � # > 7 % . $ * + A * ! & % > = & � 4 $ & 1 > ' � & � ' � ) 4 ! + ) �  % � 7 % . $ � # > 1 4 = & " � , 1 . 6 , 4 ! 1 > � ! % � = &� # > 5 � � # � 6 6 ' 4 1 + � 4 � ! � ' * � 6 0 � � � � " " + 1 > � ! % ) 1 . � 6 ' 4 1 + � 4 " ' % @ " ? % & " � � " " � � � , 1 �' � 6 , 4 ! 1 > � ! % � = & = + * $ % 2 � / 5 � � & $ 1 . � � & 5 - ! + * - $ & � 5 - 1 6 ! ( � / * + % 3 - 0 @ A * # + 5 - ! 1 4 + ' & ) 5 - # ?1 + � � ! � & 1 . � � ? , 1 ? " @ , & " & � 3 % > 3 ? ! / 5 - 1 4 * � # . � 5 - ! - 1 2 + ' � 5 2 " & % 1 4 " + ! & % - > 5 2 # / � 0 1 . ' % �! � 4 � * � # . � 3 % > 3 ? 1 4 �  � - 6 , - ! 4 � & 0 . 5 - ! - 1 2 : 
 � � 
 � � < = & 1 6 ! 1 � 6 # + , � # + ! ' � 6 $ & � 0 � * � 1 ) � # + � 4 "� 3 % > 3 ? 1 4 � " + 5 ( " - � 3 ? % 2 " + ! & % - > 5 6 � � � $ � + / # & 5 - * � � ! - � ! > ) & * = & � 
 � � � � � ! � " - 1 + % � $ � + /# & 5 - * � � ! - ' � � 6 # 6 = & � 
 � � � � " " � " - 1 � � � � �

� 3 % � � � � � % . $ * + � � � � � � �
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6.2 Měření drsnosti povrchu � ? � & 1 4 0 % � 1 � � ! - ' � # % � / 6 3 2 5 � ' % � # > 0 ? 1 � 1 + ' � 4 � ! % � = - � � � � � � � � 	 � 
 � � � � � & 1 ! � " ? � 4 � 4' � 4 � ! % � = = & 6 % ) & 1 1 + " ? � & 1 4 # 0 4 5 & 1 � * . " ' % � � ! � & 0 4 � 	 # ( " � 1 4 " + � 4 " / % � ! & " 0 � * > , & " ? � - !� ! % 6 * ! 6 % 6 ' � # % � / 6 + � / + % + * ! & % - $ � # + ! = - $ + ' � " � � - � + 0 2 ' + % + " & ! % @ ' � 0 5 & % @ $ 1 ( � / 1 > % � 0 1 4 � / +" & $ - 1 > % � 0 1 4 � / 1 � % & " � � ( � 5 & 0 * 2 " ? � & 1 4 � & $ � 3 % + $ 4 0 - � - ! > 5 1 ? + � % + 7 - � * 2 1 + � ' & � - > 5 1 4 1 +0 � ! & * � - ! 5 - # . � # 5 > 0 + � 4 � 3 % + $ � # � & + ' � " � � 4 # & � ! + # ? 1 . ! - � * > % 1 2 � & # 2 ! - � * 1 � 6 ! �	 1 4 " + � 4 / % � ! ! � / � ! � ' � 4 � ! % � = & $ + $ 1 + " & 1 > # > - 1 & = = & " 1 ? = � 4 1 & ' % + # - 0 & 5 1 � � ! - ' � # % � / 6 # $ � % * 6 �� % � 1 � � ! ' � # % � / 6 � & # 2 ' � ) 4 ! > $ # & % ! - * > 5 1 4 / � ' � � 6 # 6 � 1 4 " + � 4 / � / % � ! 6 A * & * ! & % . " 6 0 � � / > $ 4 A* 0 2 , � 1 4 " + � 4 / % � ! ' � & = 4 , 0 4 ' � & � 1 & ' % + # - 0 & 5 1 � � ! - ' � # % � / 6 �  � 5 � / + � 1 4 " + � 4 / � / % � ! 6 # @ ) -� 3 % � 3 * 6 " 6 � 4 3 ( ! $ + = - � ! ? 1 + ! + * A + 3 2 ' � � 6 # " ? � & 1 4 3 2 5 % � # 1 � 3 ? , 1 ( � ' � # % � / & " � 3 % � 3 * 6 � � C �

� 3 % � � � �  � 4 � ! % � = 1 + " ? � & 1 4 0 % � 1 � � ! - ' � # % � / 6 
 � � � � � � � � 	 � 
 � � �
6.3 Měření výkonu � ? � & 1 4 # ( * � 1 6 3 2 5 � ' % � # > 0 ? 1 � 1 + ' � 4 � ! % � = - � � � � � � � � �  � 4 � ! % � = & ! 2 ' 6 � � � � � � � � + ,� � & � + 0 4 � # ( " ' % - 1 � - ' & " 0 � � * 6 ' - 1 2 % & � - � ! % + ) 1 4 � / ' � 4 � ! % � = @ � ' � 4 " ( " � # 5 > 0 > 1 4 "$ + ' - � � # + � 4 / � � � ! % � = 4 A ! $ 1 � A , & & 1 & % � - & ' � ! � & 3 1 > ' % � ' � / 2 3 $ + ' - � � # + � 4 / � � � ! % � = 4 = & ' � 0 > # > 1 +
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� 3 % � � � �  � 4 � ! % � = � � � � � � �

� 3 % � � 
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� 3 % � � � �  � 6 , - ! 4 ' � 4 � ! % � = & � � � � � � � # ' % + � -
 

7 OBRÁBĚNÝ MATERIÁL 

7.1 Polyvinylchlorid (PVC) � & 0 & 1 $ 1 & = 6 1 - # & % $ > 5 1 ? = � 4 � / ' � 5 2 " & % @ � � " � % 7 1 4 � " 4 % 1 ? # ? ! # & 1 ( " - " � 5 & * 6 5 + " - A � 3 � + / 6 = &" + 5 . " 1 � , � ! # 4 * % 2 � ! + 5 - � * . / � ' � 0 4 5 6 � � � 1 � " & % = & # - 1 2 5 � / 5 � % - 0 �  � 5 2 " & % + � & = & � 6 � ' & 1 $ 1 4 A& " 6 5 $ 1 4 + 3 5 � * � # > �
7.1.1 Tvrdý PVC � > # ( 3 � % 1 � 6 � 0 � 5 1 � � ! # @ ) - # � 0 ? A * 2 � & 5 - 1 > " A $ > � + 0 > " - � % � + 1 - � * ( " � / & " - * > 5 - 4 " �� 2 $ 1 + ) 6 = & � & # 2 � � * � 6 ! # % 0 � � ! 4 + " & � / + 1 - � * � 6 ' & # 1 � � ! 4 � � & / � 0 + 5 � 4 " - # 5 + � ! 1 � � ! " - = � � 6# 2 � � * ( 5 & � * + ) - % � � ! A � + " � $ / > � - # � � ! � � ' % + � � # > # > � & # 2 ! 5 + ) � # > 1 4 " A # � ! � - * � # > 1 4 " A# > 5 � � # > 1 4 " A 5 - � � # > 1 4 " + ! & ' & 5 1 ( " ! # + % � # > 1 4 " �  � 6 , 4 # > � & 1 + ! % 6 3 * 2 + + % " + ! 6 % 2 A ' % � 7 - 5 2 # &� ! + # & 3 1 - � ! # 4 : � * 1 + < A 0 & � * 2 A 7 � 5 - & A 0 6 ! . # ( % � 3 * 2 : 5 > / # & 1 + * � � " & ! - * 6 + ) - � ! 4 � 4 ' % � � ! � & 0 * 2 < �
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7.1.2 Měkčený PVC � $ 1 - * > ' � 4 � + 0 � 6 $ " ? * ) � # + 0 5 + � � ' % + � � # > 1 4 " ? * ) & 1 . / �  � � = & # > 5 � � # > 1 4 A # 2 ! 5 + ) � # > 1 4 A" > ) & 1 4 A 1 + ! 4 % > 1 4 A % � ! + ) 1 4 1 + ! + # � # > 1 4 �  � 6 , 4 # > � & 1 + ' � 0 5 + / � # - 1 2 A * � , & 1 * 2 A / % + ) * 2 A ! ? � 1 ? 1 4 A% 6 * + # - � & A 7 � 5 - & A 0 & � * 2 + 1 + - $ � 5 + � - & 5 & * ! % - � * ( � / # � 0 - ) @ �
8    NAMĚŘENÉ HODNOTY DRSNOSTI A JEJICH ZPRACOVÁNÍ � % . $ � # + 5 � � & ! � & " - $ ' @ � � 3 2 
 � & $ " ? 1 � 6 ' � � 6 # 6 A / 5 � 6 3 * 2 � & $ 6 + � & $ 1 . % 2 � / 5 � � ! - � � � $ " ? % 2� 3 % � 3 * 6 3 2 5 2 � � � � � � � " " + 1 > � ! % � = " ? 5 � ; " " + ) ! 2 � - 3 � - ! 2 �
8.1 Vliv posuvu na jakost povrchu  � � 6 # B � � A � � A � � A � � � A � � � " " � " - 1� ! > ) * 2 B � � � � � ! � � " - 1� 5 � 6 3 * + � & $ 6 B � " "� % . $ � # > 1 4 B � � 6 � 5 & 0 1 . + 1 & � � 6 � 5 & 0 1 .
8.1.1 Program pro frézování se změnou posuvů � � � � C �� � � � � � � � � � � � � � �� � � � � � � � � � � � � � �� � � � � � 	 � � � �� � � � � � � � � � � � � � � � � � �� � � � � � � C � � � � � � � �� � � � � � � C � � � � � � �� 
 � � � � � � ; � � � � � �� 
 � � � � � � ; � � � � � � � � � �� � � � � � � ; 
 � � � � � � �� � � � � � � ; 
 � � � � � �
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 � � � � � �� ; � � � � � 
 
 � � � � � � � � � � �� C � � � � � � ; � � � � � � �� C � � � � � � ; � � � � � �� � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � �� � � � � � �
8.1.2 Naměřené hodnoty a jejich zpracování při změně posuvu � + 3 � 
 � � + " ? � & 1 . 0 % � 1 � � ! - ' � - $ " ? 1 ? ' � � 6 # 6

Posuv 
[mm/min] 

Počet měření 10 30 60 120 150 
Drsnost  
Ra [µm] 

Drsnost  
Ra [µm] 

Drsnost  
Ra [µm] 

Drsnost  
Ra [µm] 

Drsnost  
Ra [µm] 

1 � � � � � � � � � � � � � � � 	 	 � � � � � � � � � � � � 
 � 
 � � � � � � � 
 �
2 	 � � � � � � � � � � � � � � � � 	 	 � � � � � � � � � � � � � 	 	 	 	 � � � � � � �
3 
 � � � � � � � � � 
 	 � � 
 	 � � 
 � � � � 
 � � � � � � 
 � 	 � � 	 
 � � 
 �
4 � � � � � � 
 � � � � � � � � � � � � 	 � � 	 � � � � � 	 � � � � � � � � 	 � � � 	
5 � � � � � � � � � � � � � � � � 	 � � � � � � � � � � 	 � 
 � � � � � � � 	 � � 	 �
6 � � 	 � � � � � � � � � � � � � � � � � � � � � � � � 	 � � � � � � � � 	 � � � �
7 � � � � � � � � � � � � � � � � 
 � � � � � � � � � � � � � � � 
 � � 	 	 	 � � �

Průměr  7,53 7,02 5,31 5,40 10,27 6,25 7,25 9,57 8,61 11,02 
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���
��� �� �

� � � � � � � � � � � �
Posuv [mm/min]

D
rs
n
os
t 
R
a 
[µ
m
]

� 	 
 � � 
 � � �� � � � 	 � � � �
� 	 � � � 	 � � � � �� � 	 
 � � 
 � � �� � � � 	 � � � � �

� 3 % � � � � � > # - � 5 � � ! 0 % � 1 � � ! - " + ! & % - > 5 6 1 + ' � � 6 # 6
8.2 Vliv hloubky řezu na jakost povrchu � 5 � 6 3 * + � & $ 6 B � A � A � A 
 A � " " � � 6 # B � � " " � " - 1� ! > ) * 2 B � � � � � ! � � " - 1� % . $ � # > 1 4 B � � 6 � 5 & 0 1 . + 1 & � � 6 � 5 & 0 1 .
8.2.1 Program pro frézování se změnou hloubky řezu � � � � C �� � � � � � � � � � � � � � �� � � � � � � � � � � � � � �� � � � � � 	 � � � �� � � � � � � � � � � � � � � � � � �� � � � � � � C � � � � � � � �� � � � � � � C � � � � � � �� 
 � � � � � � ; � � � � � �
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 � � � � � � ; � � � � � � �� � � � � � � ; 
 � � � � � � �� � � � � � � ; 
 � � � � � �� � � � � � � � � � � � � � �� � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � �� � � � � � � � � � � � � � �� ; � � � � � 
 
 � � � � � 
� ; � � � � � 
 
 � � � � � � 
� C � � � � � � ; � � � � � � 
� C � � � � � � ; � � � � � 
� � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � �� � � � � � �
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8.2.2 Naměřené hodnoty a jejich zpracování při změně hloubky řezu � + 3 � � � � + " ? � & 1 . 0 % � 1 � � ! - ' � - $ " ? 1 ? / 5 � 6 3 * 2 � & $ 6
Hloubka řezu 

h [mm] 
Počet měření 1 2 3 4 5 

Drsnost Drsnost Drsnost Drsnost Drsnost 
Ra [µm] Ra [µm] Ra [µm] Ra [µm] Ra [µm] 

1 � � � � � � � 
 � � � 	 � � 	 � � � � � � � � � � � � � � � � 
 � � � � � � � 

2 � � � � � � � � � � � � � � � 
 � � � � � � 	 � � � � � � � 	 � � � � � � � � �
3 � � 
 � � � � � � � � 	 � � 
 � � � � � � � � � � � � � � � � 	 � � � � � � � �
4 � � � � � � � � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � � 	 �
5 � � � � � � � � � � � � � � � � � � 	 � � � � � � � � � � � � 
 	 � 
 � � � � 

6 � � � � � � � 	 � � � � � � 	 	 � � � � � � � � � � � 
 � � � � � � 	 � � � � �
7 � � � � � � � � � � 
 	 � � 	 � � � 
 � � � � � � � 	 
 � � � � � � � 
 � � � �

Průměr  4,43 3,32 3,27 3,84 3,11 3,19 2,99 2,70 4,26 3,15 

 

���
�� �

� � � � �
Hloubka řezu h [mm]

D
rs
n
o
s
t 
R
a
 [
µ
m
] � � � 	 
 � � 
 � � � � � � � � 
 �� � 
 � 
 � � � � � �� � � � 	 
 � � 
 �� � � � � � � 
 � �

� 3 % � � � � � > # - � 5 � � ! 0 % � 1 � � ! - " + ! & % - > 5 6 1 + / 5 � 6 3 � & � & $ 6
8.3 Vliv řezné rychlosti na jakost povrchu � & $ 1 > % 2 � / 5 � � ! B � � A � C A � � A � ; A � � A � � " � " - 1� 5 � 6 3 * + � & $ 6 B � " " � � 6 # B � � " " � " - 1� % . $ � # > 1 4 B � � 6 � 5 & 0 1 . + 1 & � � 6 � 5 & 0 1 .
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8.3.1 Řezná rychlost a otáčky � ' % � � % + " 6 1 + � � � � 3 % > 3 ? � 4 � ! % � = & � & $ + 0 > # + = 4 " 4 � ! � � & $ 1 . % 2 � / 5 � � ! - � ! > ) * 2 �  � � ' % + # ?# $ ! + / 6 : � < 5 $ & ' � > ! B
[ ]9" - 1� �� � � �

−=
D

v
n c

π : � � < � 4 * 5 + 0 # ( ' � ) ! 6 B
[ ]9" - 1�AC C 
;� � ��� � � �� �� � � �

−===
ππ D

v
n c# � 5 4 " 1 � � � � � � " - 1 � � �
8.3.2 Program pro frézování se změnou řezných rychlostí � � � � C �� � � � � � � � � � � � � � �� � � � � � � � � � � � � �� � � � � � 	 � � �� � � � � � � � � � � � � � � � � �� � � � � � � C � � � � � � � �� � � � � � � C � � � � � � �� 
 � � � � � � � � � � � � �� 
 � � � � 	 � � �� � � � � � � � � � � � � � � �� � � � � � � ; � � � � � � � �� � � � � � � ; � � � � � � �� � � � � � � � � � � � � � �� � � � � � 	 � � � �� � � � � � � � � � � � � � � �



UTB ve Zlíně, Fakulta technologická 55 � ; � � � � � � � � � � � � � �� ; � � � � � � � � � � � � �� C � � � � � � C � � � � � �� C � � � � 	 � � � �� � � � � � � � � C � � � � � � �� � � � � � � � � C � � � � � � �� � � � � � � � � C � � � � � �� � � � � � � � � � � � � � � �� � � � � � � 	 � � � �� � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � �� � 
 � � � � � � � � � � � � �� � 
 � � � � � 
 � � � � � � �� � � � � � � 	 � � � �� � � � � � � � 
 � � � � � � � �� � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � �� � � � � � �
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8.3.3 Naměřené hodnoty a jejich zpracování při změně řezné rychlosti � + 3 � � � � + " ? � & 1 . 0 % � 1 � � ! - ' � - $ " ? 1 ? � & $ 1 . % 2 � / 5 � � ! -
Řezná rychlost [m/min] 

Počet 
měření 13 19 25 38 50 75 

Drsnost  Drsnost  Drsnost  Drsnost  Drsnost  Drsnost  
Ra [µm] Ra [µm] Ra [µm] Ra [µm] Ra [µm] Ra [µm] 

1 	 � � � � 	 	 � � 	 � � 
 � 	 � � � 
 	 � � � � � � � 	 � � � � 
 � � � � � � 
 � � � � � � � � � � � �
2 � � � � 
 	 
 � � � 	 � � � � 
 � � � � � 	 � � � � � � � � � � � � 	 � � � � � � � � � � � � � � � �
3 � � � � 	 � � 	 � 	 � � � 
 � � � � 	 � � � � � � � 	 � � � � � � � � � � � � � � � � � � 
 � � � � �
4 � � � � � 	 � � � � 
 � � � 	 � � � � � � � � � � � � � � 
 	 � � � � � � 
 	 � � � � � � � � � � � �
5 � 	 � � � 	 	 � � � � � � 
 	 � � 
 	 � � � 
 � � � � � � � � � � � � � � � � � � 	 	 � � � � � � � �
6 	 � � 	 � 	 � � � � 	 � � � � 	 � � � 
 	 � � 	 
 � � � 	 � � � � � � � � � � � � � � � � � � � � � � � �
7 	 � � � � 	 � � � � 	 � � � � 	 � � � 	 	 � � � � � � � � � � 	 � � � � � � � � � � � � � � � 	 � � � � 	

Průměr  20,23 15,79 11,16 11,64 9,18 5,60 4,77 7,04 4,79 4,18 3,72 5,35 

��� �� �� �� �

� � � � � � � � � � � �
Řezná rychlost vc [m/min]

D
rs
n
o
s
t 
R
a
 [
µ
m
] � � � 	 
 � 
 � � � � � � � � 
 �� � 
 � 
 � � � � � �� � � � 	 
 � 
 � � � � � � � � 
 � �

� 3 % � � ; � � > # - � 5 � � ! 0 % � 1 � � ! - " + ! & % - > 5 6 1 + � & $ 1 . % 2 � / 5 � � ! -
9    URČENÍ ŘEZNÝCH SIL Z VÝKONU � 3 % > 3 ? 5 � � & ' � 6 $ & � & $ " ? 1 � 6 � & $ 1 . % 2 � / 5 � � ! - + * � 1 � ! + 1 ! 1 4 " ' � � 6 # & " � � 2 5 ' � 6 , - ! � ! & = 1 (� � � ' % � � % + " = + * � ' % � " ? � & 1 4 0 % � 1 � � ! - A ' � 6 $ & � = - 1 ( " - / � 0 1 � ! + " - �
9.1 Naměřené hodnoty a jejich zpracování � & $ 1 > % 2 � / 5 � � ! B � � A � � � A � ; � A � 
 � " � " - 1 � � 6 # B � A � " " � � ! �
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Měř. Řezná rychlost vc [m/min] Řezná rychlost vc [m/s] Výkon P[W] Řezná síla Fc[N] 

1 � � 	 � 	 � � � 	 � �
2 	 � � � � � � � � � � �
3 	 � � � � � � � � � � �
4 � � � � 	 	 � � � � � � 


 

�� �� �� �� �� � �� � �� � �

� � � �
Řezná rychlost vc [m/s]

V
ýk
o
n
 P
 [
W
]

� 3 % � � C � � > # - � 5 � � ! # ( * � 1 6 1 + � & $ 1 . % 2 � / 5 � � ! -

��	 �	 �
 �
 �� �� �� �� �

	 
 � �
Řezná rychlost vc [m/s]

Ř
ez
n
á 
sí
la
 F
c 
[N
]

� 3 % � � � � � > # - � 5 � � ! � & $ 1 . � 4 5 2 1 + � & $ 1 . % 2 � / 5 � � ! -
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9.1.1 Použité vztahy při zpracování � & $ 1 > � 4 5 + � & # 2 ' � ) 4 ! > $ # ( * � 1 6 + � & $ 1 . % 2 � / 5 � � ! - B
[ ]N

v

P
F

c

c = : � � < � 4 * 5 + 0 # ( ' � ) ! 6 B ��� �A� ;� �A� �
N

v

P
F

c

c ===# � 5 4 " � � � � ; A � � � �



UTB ve Zlíně, Fakulta technologická 59 

ZÁVĚR � 2 5 + $ " ? � & 1 + $ > # - � 5 � � ! 0 % � 1 � � ! 4 � 3 % � 3 & 1 . / � " + ! & % - > 5 6 7 % . $ � # > 1 4 " � & $ " ? 1 � 6 ' � � 6 # 6 A/ 5 � 6 3 * � 6 � & $ 6 + � & $ 1 � 6 % 2 � / 5 � � ! 4 � � % . $ � # + 5 � &  � � A ) ! 2 � 3 � - ! ( " 1 > � ! % � = & " 
 7 % . $ � 6� � ; " " + � - � & � � 6 � 5 & 0 1 ? + 1 & � � 6 � 5 & 0 1 ? � � + " ? � & 1 . / � 0 1 � ! 2 3 2 5 2 $ ' % + � � # > 1 2 0 � ! + 3 6 5 & * �� % � 1 � � ! - A * ! & % . � & $ 4 � * + 5 2 � � 6 � 5 & 0 1 ( " 7 % . $ � # > 1 4 " � & # 2 1 > � & 5 2 0 � � % + 7 @ � % � # & 0 & 1 ( & � ' & % - " & 1 ! 1 > " 6 * + $ 6 = & B� 	 & $ # 2 � � # > 1 4 " ' � � 6 # 6 � & $ # 2 � � # + 5 + 0 % � 1 � � ! ' � # % � / 6 A ! � � & ! + * . � ) & * > # + 5 � � � & = 1 - , � 4/ � 0 1 � ! + � + � A � � 3 2 5 + 0 � � + , & 1 + � � 6 � 5 & 0 1 ? ' � - ' � � 6 # 6 � � " " � " - 1 A � ! > ) * > � / � � � �� ! � � " - 1 + / 5 � 6 3 � & � & $ 6 � " " �� � $ > # - � 5 � � ! 0 % � 1 � � ! - � 3 % � 3 & 1 . / � ' � # % � / 6 1 + / 5 � 6 3 � & � & $ 6 # - 0 4 " & ' + % + 3 � 5 - � * � 6$ > # - � 5 � � ! � � � ' & % - " & 1 ! 1 > " ! & 0 2 6 * > $ + 5 A , & 1 & = 1 - , � 4 / � 0 1 � ! + � + � A C C 3 2 5 + 0 � � + , & 1 +' � - / 5 � 6 3 � & � & $ 6 
 " " A ' � - * � 1 � ! + 1 ! 1 4 � / � ! > ) * > � / # � & ! & 1 + � � � � � ! � � " - 1 + ' � � 6 # 6� � " " � " - 1 6 � � 6 � 5 & 0 1 . / � 7 % . $ � # > 1 4 � � 1 & � � 6 � 5 & 0 1 . / � 3 2 5 + 0 % � 1 � � ! ' � # % � / 6 = & � ! ?1 - , � 4 A + � - � & � + � A � � ' � - � ! & = 1 ( � / � & $ 1 ( � / ' � 0 " 4 1 * > � / ��  � * 6 0 $ # 2 � 6 = & " & � & $ 1 � 6 % 2 � / 5 � � ! A ! + * 1 > " * 5 & � > 0 % � 1 � � ! � 3 % � 3 & 1 . / � " + ! & % - > 5 6 � � >� & ! & 0 2 � 3 & � 1 ? * � 1 � ! + ! � # + ! A , & ) 4 " # 2 � � 4 3 6 0 & � & $ 1 > % 2 � / 5 � � ! A ! 4 " * # + 5 - ! + ' � # % � / 63 6 0 & # $ % @ � ! + ! �  � 0 5 & � ) & * > # > 1 4 � & 1 & = # / � 0 1 ? = � 4 / � # ( � 5 & 0 * 6 0 � � > / 5 � / � 0 1 � ! 2� + � A � � � � & $ 1 > % 2 � / 5 � � ! $ 0 & 0 � � + / � # + 5 � � " � " - 1 � ' � � 6 # & " � � " " � " - 1 � % � & � ' & % - " & 1 ! > 5 1 4 6 % ) & 1 4 � & $ 1 ( � / � - 5 � & " ? � - 5 # ( * � 1 ' � - * � 1 � ! + 1 ! 1 4 " ' � � 6 # 6 + " ? 1 - 5 + � &' � 6 $ & � & $ 1 > % 2 � / 5 � � ! � � 4 � * + 1 > 0 + ! + � & $ + ' - � � # + 5 + 0 � ! + 3 6 5 * 2 + # 2 � & 1 & % � # + 5 2 � & � % + 7 2 �� + 1 . $ > # - � 5 � � ! - 1 > " 6 * + $ 6 = 4 B� 	 & # $ % @ � ! + = 4 � 4 � & $ 1 � 6 % 2 � / 5 � � ! 4 1 > " ! . " ? � 5 - 1 & > % 1 ? # $ % @ � ! > - # ( * � 1 �� � 4 " # 2 � � 4 � & $ 1 > % 2 � / 5 � � ! A ! 4 " 1 - , � 4 3 6 0 & � & $ 1 > � 4 5 + �� % ) � # > 1 4 � & $ 1 ( � / � - 5 $ # ( * � 1 6 = & 1 & ' � & � 1 . + = & � ' 4 � & � 0 / + 0 & " A ' % � ! � 3 2 5 # 2 # 4 = & 1! � 4 � 5 � , * � # ( 0 2 1 + " � " & ! % � � & / � # ( * % & � � # > 0 � * 6 " & 1 ! + � & = & # ' � 4 5 � $ & � � + * � � � 7 ! � + % & ' % �$ ' % + � � # > 1 4 3 2 5 ' � 6 , - ! � 6 ! � � � � � � � � + � 6 ! � 0 & � * � 1 # & 1 ! � % � �
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