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ABSTRAKT 

PŚedmŊtem t®to diplomov® pr§ce je zjiġtŊn² pŚ²ļiny vĨskytu trhlin na carridge Top drivu pro 

spoleļnost MND Drilling & Services a.s.ȭɯ¯ÒÖÓÌÔɯËÐ×ÓÖÔÖÝõɯ×ÙâÊÌɯÑÌɯ×ÙÖÝõÚÛɯÙÖáÉÖÙɯ

áâÛùŉÖÝńÊÏɯÚÛÈÝļɯÕÈɯÚÖÜðâÚÛȭɯ#âÓÌɯÝàÛÝÖĪÌÕąɯÝń×ÖðÛÖÝõÏÖɯÔÖËÌÓÜɯÈɯÖÒÙÈÑÖÝńÊÏɯ

×ÖËÔąÕÌÒ, pÙÖÝõÚÛɯÕâÝÙÏàɯĶ×ÙÈÝɯÝÌËÖÜÊąɯÒ ÌÓÐÔÐÕÈÊÐɯÝńÚÒàÛÜɯÛÙÏÓÐÕɯÈɯÝàÏÖËÕÖÛÐÛɯ

ÝńÚÓÌËÒàɯá ÒÖÕÚÛÙÜÒðÕąÊÏɯĶ×ÙÈÝȭɯ 

KLĉĻOVĆ SLOVA 

"ÈÙÙÐËÎÌɯ3Ö×ɯ#ÙÐÝÌȮɯ×ÌÝÕÖÚÛÕąɯÈÕÈÓńáÈȮɯ,*/ɯÝń×ÖðÌÛȮɯÝÙÛÕâɯÚÖÜ×ÙÈÝÈȮɯÛÙÏÓÐÕàɯÝÌɯ

ÚÝÈÙÌÊÏȮɯŉÌÉÙÖÝâÕą 

ABSTRACT 

The subject of this diploma thesis is determination of the cause of crack formation at 

the carriage Top drive for MND Drilling & Services company. The aim of the 

diploma thesis is to analyze the load states of the component. Furthermore, the aim 

is to create a computational model and boundary conditions and to create 

suggestions of improvements leading to the elimination of cracks. And finally, to 

evaluate the results of construction improvements. . 

KEYWORDS 

Carriage Top Drive, strength analysis, FEM calculation, drilling rig, weld cracks , 

ribbing  



BRNO 2017 

 

 

 

BIBLIOGRAFICKĆ CITACE 

 
 

BIBLIOGRAFICKĆ CITACE 

*Īąŉ, J.  ÕÈÓńáÈɯÊÈÙÙÐÈÎÌɯ3Ö×ɯ#ÙÐÝÜɯÝÙÛÕõɯÝùŉÌ. Brno, 2017ȭɯ#Ð×ÓÖÔÖÝâɯ×ÙâÊÌȭ 5àÚÖÒõɯ

ÜðÌÕąɯ ÛÌÊÏÕÐÊÒõɯ Ý !ÙÕùȮɯ %ÈÒÜÓÛÈɯ ÚÛÙÖÑÕąÏÖɯ ÐÕŉÌÕńÙÚÛÝąȮɯ ¯ÚÛÈÝɯ ÈÜÛÖÔÖÉÐÓÕąÏÖɯ Èɯ

ËÖ×ÙÈÝÕąÏÖɯÐÕŉÌÕńÙÚÛÝą. 61 Úȭɯ5ÌËÖÜÊąɯËÐ×ÓÖÔÖÝõɯ×ÙâÊÌ /ĪÌÔàÚÓɯ/ÖÒÖÙÕń. 

 



BRNO 2017 

 

 

 

ĻESTN£ PROHLĆĠENĉ 

 
 

ĻESTN£ PROHLĆĠENĉ 

/ÙÖÏÓÈįÜÑÐȮɯŉÌɯÛÈÛÖɯ×ÙâÊÌɯÑÌɯÔńÔɯ×ļÝÖËÕąÔɯËąÓÌÔȮ zpracoval jsem ji ÚÈÔÖÚÛÈÛÕùɯ×ÖËɯ

ÝÌËÌÕąÔɯ(ÕÎȭɯ/ĪÌÔàÚÓÈɯ/ÖÒÖÙÕõÏÖȮɯ/Ïȭ#ɯa s ×ÖÜŉÐÛąÔɯÓÐÛÌÙÈÛÜÙàɯÜÝÌËÌÕõɯÝ seznamu. 

 

5ɯ!ÙÕùɯËÕÌɯ26ȭɯÒÝùÛÕÈɯƖƔ17 éé.éé..éééééééééééééééé.. 

Bc. )ÈÒÜÉɯ*Īąŉ 



BRNO 2017 

 

 

 

PODŉKOVĆNĉ 

 
 

PODŉKOVĆNĉ 

R§d bych podŊkoval vedouc²mu sv® diplomov® pr§ce Ing. PŚemyslovi Pokorn®mu, Ph.D. za 

jeho odborn® veden², vŊcn® a cenn® rady, pŚipom²nky, trpŊlivost a ochotu pŚi tvorbŊ 

diplomov® pr§ce. 

D§le dŊkuji mĨm pŚ§telŢm, pŚ²telkyni i ļlenŢm m® rodiny za velkou podporu bŊhem cel®ho 

m®ho studia. 



BRNO 2017 

 

 

8 
 

OBSAH 

 

OBSAH 

Đvod ........................................................................................................................................... 9 

1 C²le pr§ce .......................................................................................................................... 10 

2 Vrtn® soupravy ................................................................................................................. 13 

2.1 Bentec 250 ................................................................................................................. 14 

2.2 Bentec 450 ................................................................................................................. 15 

2.3 Bentec 350 ................................................................................................................. 16 

2.4 Ostatn² vrtn® soupravy. .............................................................................................. 17 

3 AnalĨza probl®mu............................................................................................................. 18 

3.1 SilovĨ rozbor .............................................................................................................. 18 

3.2 StatickĨ rozbor ........................................................................................................... 19 

3.3 PŚ²ļiny vzniku trhlin .................................................................................................. 20 

4 Model ................................................................................................................................ 21 

4.1 Zaveden² n§hrad a zjednoduġen² pro vĨpoļet ............................................................ 21 

4.2 okrajov® podm²nky pro MKP vĨpoļet ....................................................................... 26 

5 VĨpoļet ............................................................................................................................. 31 

5.1 Z§tŊģn® stavy ............................................................................................................. 31 

5.2 VĨsledky .................................................................................................................... 38 

6 Navrģen² ¼prav ................................................................................................................. 40 

6.1 MŊkk® ģebro .............................................................................................................. 41 

6.2 UvolnŊn² vnitŚn²ho prostoru pro svaŚov§n² ................................................................ 48 

6.3 Technologie svaŚov§n² ............................................................................................... 54 

Z§vŊr ......................................................................................................................................... 57 

Seznam pouģitĨch zkratek a symbolŢ ...................................................................................... 60 

Seznam pŚ²loh ........................................................................................................................... 61 



BRNO 2017 

 

 

9 
 

ĐVOD 

 

ĐVOD 

V ËÕÌįÕąɯËÖÉùɯÑÚÖÜɯÕÌËąÓÕÖÜɯÚÖÜðâÚÛąɯÒÈŉËÖËÌÕÕąÏÖɯŉÐÝÖÛÈɯ×ÙÖËÜÒÛàɯá ropy. 

3ÈÛÖɯÕÌÙÖÚÛÕâɯÚÜÙÖÝÐÕÈɯÚÌɯÝàÚÒàÛÜÑÌɯÝÌɯÚÝÙÊÏÕąÊÏɯÝÙÚÛÝâÊÏɯáÌÔÚÒõɯÒļÙàȮɯáÌɯÒÛÌÙńÊÏɯÑÌɯ

×ÖÛĪÌÉÈɯÑÐɯáąÚÒÈÛȭɯ/ĪÌËɯÚÈÔÖÛÕńÔɯÛùŉÌÕąÔɯÑÌɯÖÝįÌÔɯ×ÖÛĪÌÉÈɯÕÌÑ×ÙÝÌɯÝàÛÝÖĪÐÛɯÝÙÛɯ 

ÈɯáąÚÒÈÛɯ×ĪąÚÛÜ×ɯÒ ×ÖËáÌÔÕąÔɯáâÚÖÉÕąÒļÔ, ÈĳɯÜŉɯÚÌɯÑÌËÕâɯÖɯÚÈÔÖÛÕÖÜɯÙÖ×ÜɯðÐɯÑÐÕÖÜɯ

surovinu.  

V HÌÚÒõɯÙÌ×ÜÉÓÐÊÌɯÑÌɯÚ×ÖÓÌðÕÖÚÛɯMND Drilling & Services a.s.  ȹËâÓe jen MND) 

ÕÌÑÝùÛįąɯÝÙÛÕńɯÒÖÕÛÙÈÒÛÖÙɯÚ meziÕâÙÖËÕąÔÐɯÈÒÛÐÝÐÛÈÔÐɯÝ ÊÌÓõɯĪÈËù ÌÝÙÖ×ÚÒńÊÏɯáÌÔąȭɯɯ

/ÖÓÌɯ×ļÚÖÉÕÖÚÛÐɯÝÙÛâÕąɯáÈÏÙÕÜÑÌɯÝàÚÛÙÖÑÖÝâÕąɯ×ÙļáÒÜÔÕńÊÏɯÈɯÛùŉÌÉÕąÊÏɯÝÙÛļɯÕÈɯÙÖ×ÜȮɯ

áÌÔÕąɯ×ÓàÕȮɯÏàËÙÖɯÈɯÎÌÖÛÌÙÔâÓÕąÊÏɯÝÙÛļɯÈɯÝÙÛļɯ×ÙÖɯ×ÖËáÌÔÕąɯáâÚÖÉÕąÒàɯ×ÓàÕÜȭ 

Jednu z ÝÙÛÕńÊÏɯ×ÓÖįÐÕɯ×ÖÜŉąÝÈÕńÊÏɯ×ÙÖɯÛàÛÖɯ×ÙâÊÌɯ×ÈÒɯÓáÌɯÝÐËùÛɯÕÈɯÖÉÙ. 1. [1] 

 

 

 

 

 

 

Obr. 1: 5ÙÛÕâɯÚÖÜ×ÙÈÝÈ. [2] 
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1 CĉLE PRĆCE 

2×ÖÓÌðÕÖÚÛɯ,-# (MÖÙÈÝÚÒõɯÕÈÍtÖÝõɯËÖÓàȺ áÑÐÚÛÐÓÈɯÉùÏÌÔɯÐÕÛÌÕáÐÝÕąÊÏɯÝÙÛÕńÊÏɯ

×ÙÈÊąȮɯŉÌɯÕÈɯÕÖÚÕõɯðâÚÛÐɯÊÈÙÙÐËÎÌɯ3Ö×ɯ#ÙÐÝÜɯÝÙÛÕõɯÚÖÜ×ÙÈÝàɯËÖÊÏâáąɯÒ ÝńÚÒàÛÜɯÛÙÏÓÐÕȮ 

×ĪÐðÌÔŉɯÚÌ ÛàÛÖɯÛÙÏÓÐÕàɯÖÉÑÌÝÖÝÈÓàɯÖ×ÈÒÖÝÈÕùɯÐɯ×ÖɯÑÌÑÐÊÏɯÖËÚÛÙÈÕùÕąȭɯ*ÖÕÒÙõÛÕùɯÚÌɯ

ÑÌËÕâɯÖɯÚÖÜðâÚÛɯ×ĪÌÕâįÌÑąÊąɯÙÌÈÒÊÐɯÛÖðÐÝõÏÖɯÔÖÔÌÕÛÜɯÝáÕÐÒÓõÏÖɯÕÈɯÔÖÛÖÙÜɯÝÙÛâÒÜɯ

vedenou skrz carridge a kladky na vodi ÊąɯÒÖÓÌÑÕÐÊÌɯÝÙÛÕõɯÝùŉÌȭ Trhl iny vznikly 

ÝńÏÙÈËÕùɯÝÌɯÚÝÈÙu viz  obr. 2 a 3. 

Obr. 2: PÙÈÚÒÓÐÕÈɯÕÈɯÝÕùÑįąɯÚÛÙÈÕù ŉÌÉÙÈ. 

Obr. 3: PÙÈÚÒÓÐÕÈɯÕÈɯÝÕÐÛĪÕąɯÚÛÙÈÕù ŉÌÉÙÈ. 
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PojmÌÔɯ3Ö×ɯ#ÙÐÝÌɯÚàÚÛõÔ (obr. 4) ÚÌɯ×ÈÒɯÙÖáÜÔąɯÚÌÚÛÈÝÈɯÒÖÔ×ÖÕÌÕÛɯÑÈÒÖɯÑÚÖÜɯ

ÕÈ×ĪąÒÓÈËȯɯÔÖÛÖÙàȮɯÊÏÓÈËiÊąɯÖÉÝÖËɯÛùÊÏÛÖɯÔÖÛÖÙļȮ ÏàËÙÈÜÓÐÊÒńɯÖÉÝÖËȮɯ×ĪÌÝÖËÖÝÒÈ 

ÈɯËÙŉâÒɯÝÙÛâÒÜȭɯ 

Obr. 4: 3Ö×ɯ#ÙÐÝÌɯÚàÚÛõÔ ÈȺɯÚàÚÛõÔɯÊÏÓÈáÌÕąɯÔÖÛÖÙÜȮɯÉȺ ÏàËÙÈÜÓÐÊÒâɯÒÖÛÖÜðÖÝâɯÉÙáËÈȮɯÊȺɯ

ÚÛĪąËÈÝõɯÔÖÛÖÙàȮɯËȺɯÏàËÙÈÜÓÐÊÒńɯÚàÚÛõÔȮɯÌȺɯÝÖËiÊąɯÛàðɯÚ ÝÖáąÒÌÔȮɯÍȺɯÚàÚÛõÔɯ×ÙÖÛÐáâÝÈŉąȮɯÎȺɯÏÜÚąɯ

krk (s-ÛÙÜÉÐÊÌȺȮɯÏȺɯ×ĪÌÝÖËÖÝÒÈɯɤɯÒÙàÛɯÔÖÛÖÙÜȮɯÐȺɯÙÖÛÈðÕąɯÈËÈ×ÛõÙȮɯÑȺɯËÙŉâÒɯ×ÖÛÙÜÉą. [3] 

 

"ąÓÌÔɯÛõÛÖɯ×ÙâÊÌɯtedy ÑÌɯÐËÌÕÛÐÍÐÒÈÊÌɯ×ĪąðÐÕàɯÝńÚÒàÛÜɯÛùÊÏÛÖɯÛÙÏÓÐÕ na carridgi , 

viz obr . 5, ×ÖÔÖÊąɯÝàÛÝÖĪÌÕąɯ,*/ɯÔÖËÌÓÜɯÚ ÖÒÙÈÑÖÝńÔÐɯ×ÖËÔąÕÒÈÔi ËÌÍÐÕÖÝÈÕńÔÐɯ

tak, aby nahrazovaly ÚÒÜÛÌðÕÖÜɯÚÐÛuaci. #âÓÌɯÝàÏÖËÕÖÊÌÕąɯÝÕÐÛĪÕąÏÖɯÕÈ×ùÛąɯÕÈɯÛÖÔÛÖɯ

ÔÖËÌÓÜɯÈɯÕâÚÓÌËÕõɯÝà×ÙÈÊÖÝÈÕąɯÕâÝÙÏÜɯĶ×ÙÈÝɯÕÈɯÊÈÙÙÐËÎÐɯÝÌËÖÜÊąÔu k áÈÔÌáÌÕąɯ

ÝńÚÒàÛÜɯËÈÓįąÊÏɯÛrhlin.  
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Obr. 5: SÊÏõÔÈɯcarridge s ÝàáÕÈðÌÕąÔɯÝáÕÐÒÜɯÛÙÏÓÐÕȭ
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2 VRTN£ SOUPRAVY 

2×ÖÓÌðÕÖÚÛɯ,-#ɯËÐÚ×ÖÕÜÑÌɯÕùÒÖÓÐÒÈɯÚÖÜ×ÙÈÝÈÔÐɯËÓÌɯÈÒÛÜâÓÕąÊÏɯ×ÖŉÈËÈÝÒļɯÕÈɯ

ÑÌËÕÖÛÓÐÝõɯÝÙÛàȭɯ)ÌËÕâɯÚÌɯÖɯÔÖËÌÙÕąɯÝÙÛÕõɯÚÖÜ×ÙÈÝà, ÒÛÌÙõɯÑÚÖÜɯÕÈÝÙŉÌÕàɯÛÈÒ, aby 

ÝàÏÖÝùÓàɯ ÝàÚÖÒńÔɯ ×ÖŉÈËÈÝÒļÔɯ ÕÈɯ ÉÌá×ÌðÕÖÚÛɯ Èɯ ÌÒÖÓÖÎÐÐȭɯ 3àÛÖɯ ÔÖËÌÙÕąɯ ÝÙÛÕõɯ

ÚÖÜ×ÙÈÝàɯÑÚÖÜɯ×ÈÒɯ×ÓÕùɯÌÓÌÒÛÙÐÍÐÒÖÝâÕàɯÈɯÖÝÓâËâÕàɯÕÈɯËâÓÒÜɯá pracoviįÛùɯÖÉÚÓÜÏàȭɯ

5įÌÊÏÕàɯÚÖÜ×ÙÈÝàɯ!ÌÕÛÌÊȮɯÑÐÔÐŉɯÚ×ÖÓÌðÕÖÚÛɯ,-#ɯËÐÚ×ÖÕÜÑÌȮ ÑÚÖÜɯÒÖÕÚÛÙÜÖÝâÕà pro 

eÝÙÖ×ÚÒõɯÚÜÊÏÖáÌÔÚÒõɯ×ÖËÔąÕÒàȭ PÙÈÊÖÝÕąɯÛÌ×ÓÖÛàɯÝ ÙÖáÔÌáąɯɬ20 Ș"ɯÈŉɯǶƘƙ Ș"ȭ 

)ÌËÕâɯÚÌɯÖɯÔÖËÜÓâÙÕąɯÚÛÈÕÐÊÌ, ÒÛÌÙõɯÑÚÖÜɯÕÈɯÔąÚÛÈɯ×ĪÌ×ÙÈÝÖÝâÕàɯ×ÖÔÖÊąɯÕâÒÓÈËÕąÊÏɯ

automobÐÓļɯÈɯÕâÚÓÌËÕùɯÚÌÚÛÈÝÌÕà. [4] 
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2.1 BENTEC 250 

5ÙÛÕâɯÚÖÜ×ÙÈÝÈɯ!ÌÕÛÌÊɯƖƙƔ (obr. 6) ÑÌɯÕÌÑÔÌÕįąɯ×ÓÖįÐÕÖÜ, ÑÌÕŉ Ú×ÖÓÌðÕÖÚÛɯ,-#ɯ

ÈÒÛÜâÓÕùɯÝÓÈÚÛÕą a pouŉąÝâɯ Ò ÝÙÛâÕąȭ 3ÈÛÖɯ ÚÖÜ×ÙÈÝÈɯ ËÐÚ×ÖÕÜÑÌɯ ÕâÚÓÌËÜÑąÊąÔÐɯ

charakteristikami : [5] 

¶ vńÒÖÕɯÝÙÛâÒÜ: 1 250 HP, 

¶ vńįÒÈɯÚÖÜ×ÙÈÝà: 53 m, 

¶ ÔÈßÐÔâÓÕąɯáÈÛąŉÌÕąɯÕÈɯÏâÒÜ: 300 t, 

¶ Top Drive: Bentec TD-350-HT, 

¶ Ýń×ÓÈÊÏÖÝâ ðÌÙ×ÈËÓÈȯ 2 x Bentec T-1600 HP, 

¶ hloubka: cca 4 200 m, 

¶ rÖÒɯÝńÙÖÉàȯ 2014. 

Obr. 6: VÛÙÕâɯÚÖÜ×ÙÈÝÈɯ!ÌÕÛÌÊɯƖƙƔ. [6] 
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2.2 BENTEC 450 

-ÈÖ×ÈÒɯÕÌÑÝùÛįąɯÝÙÛÕÖÜɯÚÖÜ×ÙÈÝÖÜɯÑÌɯ!ÌÕÛÌÊɯƘƙƔ (obr. 7). [7]   

¶ vńÒÖÕɯÝÙtâÒÜ: 2 000 HP, 

¶ vńįÒÈɯÚÖÜ×ÙÈÝà: 55,1 m, 

¶ ÔÈßÐÔâÓÕąɯáÈÛąŉÌÕąɯÕÈɯÏâÒÜ: 450 t, 

¶ Top Drive: Bentec TD-500HT, 

¶ vń×ÓÈÊÏÖÝâ ðÌÙ×ÈËÓÈȯɯƗɯßɯ!ÌÕÛÌÊɯ3-1600 HP, 

¶ max. hloubka cca 7 200 m, 

¶ rÖÒɯÝńÙÖÉàȯɯƖƔƕƖ. 

Obr. 7: VÙÛÕâɯÚÖÜ×ÙÈÝÈɯ!ÌÕÛÌÊɯƖƙƔ. [8] 
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2.3 BENTEC 350 

Tato souprava (obr. 8) ÚÌɯ×ÈÒɯÕÈÊÏâáąɯËÓÌɯÝįÌÊÏɯÊÏÈÙÈÒÛÌÙÐÚÛÐÒɯÔÌáÐɯÚÖÜ×ÙÈÝÈÔÐɯ

×ÙâÝùɯáÔąÕùÕńÔÐȭɯ/ÙâÝùɯÕÈɯÛõÛÖɯÚÖÜ×ÙÈÝùɯÚÌɯÝàÚÒàÛÓɯ×ÙÖÉÓõÔ, ÖɯÒÛÌÙõÔɯ×ÖÑÌËÕâÝâɯ

ÛÈÛÖɯËÐ×ÓÖÔÖÝâɯ×ÙâÊÌ [9]. 

¶ vńÒÖÕɯÝÙtâÒÜ: 1 500 HP, 

¶ vńįÒÈɯÚÖÜ×ÙÈÝà: 55 m, 

¶ ÔÈßÐÔâÓÕąɯáÈÛąŉÌÕąɯÕÈɯÏâÒÜ: 350 t, 

¶ Top Drive: NOV Varco TDS 11 SA ɬ 500 t, 

¶ vń×ÓÈÊÏÖÝâ ðÌÙ×ÈËÓÈȯɯƗɯßɯ$6$".ɯ$-1600 HP, 

¶ max. hloubka cca 6 000 m, 

¶ rÖÒɯÝńÙÖÉàȯɯƖƔƔƜ. 

Obr. 8: VÙÛÕâɯÚÖÜ×ÙÈÝÈɯ!ÌÕÛÌÊɯƗƙƔ. [10]  
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2.4 OSTATNĉ VRTN£ SOUPRAVY. 

2×ÖÓÌðÕÖÚÛɯ!ÌÕÛÌÒɯÝàÙâÉąɯÛÈÒõɯÚÖÜ×ÙÈÝàɯËÖɯÌßÛÙõÔÕąÊÏɯ×ÖËÔąÕÌÒȭɯ 

)ÌËÕąÔɯá ÌßÛÙõÔļɯÔļŉÌɯÉńÛɯÝÙÛâÕąɯÕÈɯ×ÖÜįÛąÊÏȭɯ/ÙÖɯÛàÛÖɯ×ÙâÊÌɯÑÌ ÜÙðÌÕâ ĪÈËÈɯ

s ÖáÕÈðÌÕąÔɯ#ÌÚÌÙÛɯÙÐÎÚȮɯÒÛÌÙâɯÚÌɯ×ÖÜŉąÝâɯ×ÙÖ vrty  ×ĪÐ ÛÌ×ÓÖÛâÊÏ ɬ20 Ș"ɯÈŉɯǶƙƙ Ș"ȭɯ

-ÌÑÝùÛįąɯá ÛùÊÏÛÖɯÚÖÜ×ÙÈÝɯÚ ÖáÕÈðÌÕąÔɯ#ÌÚÌÙÛɯÙÐÎɯƗƔƔƔɯ'/ɯËÐÚ×ÖÕÜÑÌɯÕÖÚÕÖÚÛąɯÕÈ 

ÏâÒÜɯƚƙƔɯÛɯÈɯÚÊÏÖ×ÕÖÚÛąɯÝàÛÝÖĪÌÕąɯÝÙÛÜɯÏÓÜÉÖÒõÏÖɯÈÚi 9100 m. [4] 

#ÖɯÙÌÎÐÖÕļɯÚɯÌßÛÙõÔÕąÔÐɯÛÌ×ÓÖÛÈÔÐɯ×ÖËɯÉÖËÌÔɯÔÙÈáÜɯÚÌɯÕÈÖ×ÈÒɯ×ÖÜŉąÝÈÑąɯ

ÚÖÜ×ÙÈÝàɯÚɯÖáÕÈðÌÕąÔɯ ÙÛÐÊɯ1ÐÎÚ. 3àÛÖɯÚÖÜ×ÙÈÝàɯÑÚÖÜɯÜÙðÌÕàɯ×ÙÖɯÝÙÛàɯÝ ÙÖáÔÌáą 

teplot  ɬ45 Ș"ɯÈŉɯǶƙƙ Ș"ȭɯ-ÌÑÝùÛįą souprava z ÛõÛÖɯĪÈËàɯÚ ÖáÕÈðÌÕąÔɯ ÙÊÛÐÊɯ1ÐÎɯ21ɯƚƔƔƔɯ

×ÈÒɯËÐÚ×ÖÕÜÑÌɯÕÖÚÕÖÚÛąɯÕÈɯÏâÒÜɯƘƙƔ ÛɯÈɯÔÖŉÕÖÚÛąɯÝÙÛÈÛɯËÖɯÏÓÖÜÉÒàɯƚƔƔƔɯÔȭ [4] 

/ÖÚÓÌËÕąÔɯÚ×ÌÊÐâÓÕąÔɯËÙÜÏÌÔɯÝÙÛÕńÊÏɯÚÛÈÕÐÊɯÑÚÖÜɯÛàȮɯÑÌÕŉɯÕÌÝÙÛÈÑąɯÕÈɯ×ÌÝÕÐÕùȭɯ

)ÌËÕâɯÚÌɯÖɯÚÛÈÕÐÊÌɯÚ áÕÈðÌÕąÔɯ.ÍÍÚÏÖÙÌȭɯ3àÛÖɯÚÛÈnice pak ×ĪÐ×ÙÈÝÜÑąɯÝÙÛàɯÕÈɯÔÖĪÚÒõÔ 

ËÕù (obr. 9). [4] 

Obr. 9: VÙÛÕâɯÚÛÈÕÐÊÌɯ×ÙÖɯÝÙÛâÕąɯÕÈɯÔÖĪÚÒõÔɯËÕù. [11]
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3 ANALħZA PROBL£MU 

/ÙÖɯ ÝÌįÒÌÙõɯ ÚÝõ vń×ÖðÛàɯ ÉÜËÜɯ ×ĪÌË×ÖÒÓâËÈÛɯ ÚÔÓÜÝÌÕÖÜɯ ÚÛĪÌËÕą hodnotu 

ÎÙÈÝÐÛÈðÕąho zrychleną:  

Ὣ ωȟψρ άϽί  

3.1 SILOVħ ROZBOR 

!ùÏÌÔɯ×ÙâÊÌ se carridge spolu s ÔÖÛÖÙÌÔɯÈɯ×ĪÌÝÖËÖÝÒÖu pohybuje pouze ve 

ÚÔùÙÜɯ ÝÌÙÛÐÒâÓÕąÔȮɯ ÛÑȭɯ ÚÏÖËÕõÔɯ ÚÌɯ ÚÔùÙÌÔɯ ×ļÚÖÉąÊąÏÖɯ ÎÙÈÝÐÛÈðÕąÏÖɯ áÙàÊÏÓÌÕąȭɯ

'ÔÖÛÕÖÚÛąɯ ÊÌÓõɯ ÚÌÚÛÈÝàɯ ÝáÕÐÒâɯ ÚąÓÈɯ ×ļÚÖÉąÊąɯ ÝÌɯ ÚÛÌÑÕõÔɯ ÚÔùÙÜɯ ÑÈÒÖɯ ÎÙÈÝÐÛÈðÕąɯ

áÙàÊÏÓÌÕą. 3ÈÛÖɯÚąÓÈɯÑÌ áÈÊÏàÛâÝaÕâɯ×ÖÔÖÊą ÓÈÕÈɯÜÊÏàÊÌÕõÏÖɯÕÈɯÏÖÙÕąɯÚÛÙÈÕùɯÚÒĪąÕùɯ

×ĪÌÝÖËÖÝÒàȭɯ 1ÌÈÒÊÌɯ ÛÖðÐÝõÏÖɯ ÔÖÔÌÕÛÜɯ ×ÈÒ ×ļÚÖÉąɯ ÛÈÒõɯÝÌɯ ÚÏÖËÕõÔɯ ÚÔùÙÜɯ

s ÎÙÈÝÐÛÈðÕąÔɯáÙàÊÏÓÌÕąÔ, Èɯ×ÙÖÛÖɯÔÜÚąɯÉńÛɯáÈÊÏàÊÌÕa ×ÖÔÖÊąɯÊarridge s rolnami do 

ÚÔùÙļɯÒÖÓÔńch ke ÎÙÈÝÐÛÈðÕąɯáÙàÊÏÓÌÕąȭ 

Na obr. 10 ×ÈÒɯÔļŉÌÔÌɯÝÐËùÛɯÚÐÓÖÝńɯÙÖáÉÖÙɯÊÈÙÙÐËÎÌɯÉÌáɯÖÚÈáÌÕąɯ×ĪÌÝÖËÖÝÒàȭɯ

HÌÙÝÌÕÖÜɯ ÉÈÙÝÖÜɯ ÑÚÖÜɯ ÖáÕÈðÌÕàɯ įÐ×Òàɯ ÜÙðÜÑąÊąɯ ÚÔùÙàɯ ×ĪÐɯ ×ÙâÊÐȭɯ /ÖÔÖÊąɯ ÚÒÜ×ÐÕɯ

ÏÕùËńÊÏɯ įÐ×ÌÒɯ ÑÌɯ ÝàáÕÈðÌÕɯ ÔÖÔÌÕÛɯ ×ļÚÖÉąÊąɯ ÖËɯ ×ĪÌvodovky v  ÔąÚÛÌÊÏɯ įÙÖÜÉļ 

ÜÊÏàÊÌÕąȭɯ,ÖËÙÖÜɯÉÈÙÝÜɯ×ÈÒɯÔÈÑąɯįÐ×ÒàɯáÕÈðąÊąɯÚÔùÙàɯ×ĪÌË×ÖÒÓâËÈÕńÊÏɯÙÌÈÒÊąɯÕÈɯ

ÛÖðÐÝńɯÔÖÔÌÕÛɯÖËɯ×ĪÌÝÖËÖÝÒàȭ 

Obr. 10: SÔùÙàȮɯÚąÓàɯÈɯÔÖÔÌÕÛɯÕÈɯÊÈÙÙÐËÎÐȭɯHÌÙÝÌÕâɯɬ ÚÔùÙàɯ×ĪÐɯÜÊÏàÊÌÕąɯÕÈɯÝÙÛÕõɯ×ÓÖįÐÕùȮɯ

ÔÖËÙâɯɬ   ÚÔùÙàɯÙÌÈÒÊąɯÕÈɯÝÈÏÈËÓÈȮɯÏÕùËâɯɬ ×ļÚÖÉÌÕąɯÛÖðÐÝõÏÖɯÔÖÔÌÕÛÜ.  

  

(3.1) 
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!ùÏÌÔɯ×ÙÈÊÖÝÕąÏÖɯÊàÒÓÜɯÚÌɯÖÉÚÓÜÏÈɯÚÕÈŉąɯÕÈÚÛÈÝÐÛɯÝŉËàɯÒÖÕÚÛÈÕÛnąɯÛÖðÐÝńɯ

ÔÖÔÌÕÛɯ Ö×ÛÐÔâÓÕąɯ Ò ÝÙÛâÕą. V ÉùŉÕõÔɯ ÙÖáÔÌáąɯ ÚÌɯ ×ÈÒɯ ÑÌËÕâɯ Öɯ ÏÖËÕÖÛàɯ ÔÌáÐɯ 

2ɬ3 kNmȭɯ!ùÏÌÔɯÚÈÔÖÛÕõÏÖɯÝÙÛâÕąɯÖÝįÌÔɯËÖÊÏâáąɯÒ ÚÐÛÜÈÊąÔ, ÉùÏÌÔɯnichŉ dojde 

k áÈÚÌÒÕÜÛąɯÝÙÛâÒÜɯÈɯ×ÙÜËÒõÔÜɯÕâÙļÚÛÜɯÛÖðÐÝõÏÖɯÔÖÔÌÕÛÜɯÈŉɯÒ ÏÖËÕÖÛâÔɯƙƔ kNm . 

3ÌÕÛÖɯ ÛÖðÐÝńɯ ÔÖÔÌÕÛɯ ÕâÚÓÌËÕùɯ ÔÜÚąɯ ÉńÛɯ ÙÖáÓÖŉÌÕɯ ÔÌáÐɯ ÑÌËÕÖÛÓÐÝõɯ ÙÌÈÒÊÌɯ ÕÈɯ

vahadlech, ÒÛÌÙõɯÑÚÖÜɯÝ ÒÖÕÛÈÒÛÜɯÚÌɯÚÈÔÖÛÕÖÜɯÝùŉą (obr. 11).  

Obr. 11: 9ÑÌËÕÖËÜįÌÕõɯÚÊÏõÔÈɯÊÈÙÙÐËÎÌɯÚÌɯÚÐÓÖÝńÔi reakcemi. 

3.2 STATICKħ ROZBOR 

 

5ń×ÖðÌÛɯÚÛÜ×ĚļɯÝÖÓÕÖÚÛÐ: [12] 

 

Ὥ ὭϽὲ ρ xὭ h 

 

kde Ὥ ÑÌɯ×ÖðÌÛɯÚÛÜ×ĚļɯÝÖÓÕÖÚÛÐɯÝâáÈÕõÏÖɯÛùÓÌÚÈȮɯὭ ×ÖðÌÛɯÚÛÜ×ĚļɯÝÖÓÕÖÚÛÐɯÝÖÓÕõÏÖɯ

ÛùÓÌÚÈȮɯὲ ÑÌɯ ×ÖðÌÛɯ ÛùÓÌÚȮɯВxὭ ÑÌɯ ×ÖðÌÛɯ ÚÓÖŉÌÒɯ ÔÌÊÏÈÕÐÊÒõÏÖɯ ×ÖÏàÉÜɯ ÖËÌÉÙÈÕńÊÏɯ

ÚÛàÒÖÝńmi vazbami, Ϛ ÑÌɯ ×ÖðÌÛɯ ËÌÍÖÙÔÈðÕąÊÏɯ ×ÈÙÈÔÌÛÙļɯ ÖÔÌáÌÕńÊÏɯ ÚÛàÒÖÝńÔÐɯ

vazbami. 

V ÛÖÔÛÖɯ×Īą×ÈËùɯ×ÖɯáÑÌËÕÖËÜįÌÕą:  

 

Ὥ ςϽς ρ τ ς. 

  

(3.3) 

(3.2) 
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PÖÚÖÜáÌÕąɯÚÛÈÛiÊÒõɯÜÙðÐÛÖÚÛÐȯ 

ϟ > ϨɯÑÌɯĶÓÖÏÈɯÚÛÈÛÐÊÒàɯÕÌÜÙðÐÛâ, 

ϟ < ϨɯÑÌɯĶÓÖÏÈɯÚÛÈÛÐÊÒàɯ×ĪÌÜÙðÌÕâ, 

kde ϟɯje ×ÖðÌÛɯÕÌáâÝÐÚÓńÊÏɯÕÌáÕâÔńÊÏɯ×ÈÙÈÔÌÛÙļȮɯϨɯÑÌɯ×ÖðÌÛɯ×ÖÜŉÐÛÌÓÕńÊÏɯÚÛÈÛÐÊÒńÊÏɯ

×ÖËÔąÕÌÒ ×ÖɯËÖÚÈáÌÕąɯƘɯǿɯƖ. 

Soustava ÑÌɯËÝÈÒÙâÛɯÚÛÈÛÐÊÒàɯÕÌÜÙðÐÛâ 

 

3.3 PřĉĻINY VZNIKU TRHLIN 

/ĪÐɯ áÈÕÌËÉâÕąɯ ×ÖËÔąÕÌÒɯ ÚÛÈÛÐÊÒõɯ ÜÙðÐÛÖÚÛÐ ÔÖÏÓÈɯ ÝáÕÐÒÕÖÜÛɯ ×ÙÝÕąɯ ×ĪąðÐÕÈɯ

×ÙÖÉÓõÔÜɯá×ļÚÖÉÜÑąÊąÏÖɯ×ÙÈÚÒâÕą ÚÝÈÙļ caÙÙÐËÎÌȭɯ!ùÏÌÔɯÕâÝÙÏÜɯÊÈÙÙÐËÎÌɯÔÖÏÓÖɯÉńÛɯ

×ĪÌË×ÖÒÓâËâÕÖ, ŉÌɯÛÖðÐÝńɯÔÖÔÌnÛɯÉÜËÌɯÙÖÝÕÖÔùÙÕùɯÙÖáÓÖŉÌÕɯÔeáÐɯÝįÌÊÏÕàɯÙÌÈÒÊÌɯ

ABCD, tj. 25 % ÕÈɯÒÈŉËÖÜɯá ÕÐÊÏȭɯ3ÌÕÛÖɯ×ĪÌË×ÖÒÓÈËɯÚÌɯÖÝįÌÔɯÔļŉÌɯËÐÈÔÌÛÙâÓÕù ÓÐįÐÛɯ

ÖËɯÚÒÜÛÌðÕÖÚÛÐ, jÌÓÐÒÖŉɯÕÌÕąɯÔÖŉÕõ, ÈÉàɯÚÈÔÖÛÕõɯÒÓÈËÒàɯÉàÓàɯËÖÒÖÕÈÓÌɯÕÈɯÚÛÌÑÕńÊÏɯ

ÖÚâÊÏȭɯɯ/ÖËÖÉÕù v ÚÈÔÖÛÕõÔɯ×ÙÖÝÖáÜɯ×ĪÐɯ×ÙļÑÌáËÜɯÝ kolejnicąÊÏɯÉÜËÌɯËÖÊÏâáÌÛɯ

k ×ĪÌÕâįÌÕąɯÙÌÈÒðÕąÊÏɯÚÐÓɯÝ áâÝÐÚÓÖÚÛÐɯÕÈɯÒÖÕÛÈÒÛÜɯÚ kolejnicemi  a bude tak vznikat 

ÚÛÈÛÐÊÒàɯÕÌÜÙðÐÛâɯÚÖÜÚÛÈÝÈ, kde ÚÌɯÚÕąŉąɯ×ÖðÌÛɯËÌÍÖÙÔÈðÕąÊÏɯ×ÖËÔąÕÌÒɯÛõÛo soustavy 

na jednuȮɯðÐɯÝɯÒÙÈÑÕąÔɯ×Īą×ÈËùɯÔļŉÌɯËÖÑąÛɯÈŉɯÒ Ķ×ÓÕõɯáÛÙâÛùɯ×ĪÌÕâįÌÕąɯÔÖÔÌÕÛÜɯdo 

ËÝÖÜɯáÌɯðÛàĪ vahadel ÈɯÚÖÜÚÛÈÝÈɯÚÌɯ×ÈÒɯÚÛÈÕÌɯÚÛÈÛÐÊÒàɯÜÙðÐÛÖÜ. 

'ÓÈÝÕąɯ×ĪąðÐÕÖÜ ÔÈÑąÊąɯÝÓÐÝɯÕÈɯ×ÙÈÚÒÓÐÕàɯbude ×ÖÜŉÐÛąɯÕÌÝÏÖËÕõÏÖɯ ×ÙÖÍÐÓÜɯ

ŉÌÉÙÈȭɯ5 tomtÖɯ×Īą×ÈËùɯÉàÓÖɯ×ÖÜŉÐÛÖɯŉÌÉÙÖɯÚ ÕÌÜÛÙâÓÕąÔɯ×ÙÖÍÐÓÌÔ. 3ÌÕÛÖɯÛÝÈÙɯŉÌÉÙÈɯ

×ÈÒɯÕÌÔÜÚąɯ×ÓÕÐÛɯÚ×ÙâÝÕÖÜɯÍÜÕÒÊÐȭɯ/ĪÐɯ×ÙÜËÒńÊÏɯ×ĪÌÊÏÖËÌÊÏɯÔÌáÐɯÛÜÏÖÚÛÔÐɯÚÖÜðâÚÛąɯ

v ÔąÚÛÌÊÏɯ×ĪÌÊÏÖËÜɯÝÕÐÒâɯÒÖÕÊÌÕÛÙÈÊÌɯÕÈ×ùÛąȭɯ¯ÒÖÓÌÔɯŉÌÉÙÖÝâÕąɯÔâɯÉńÛɯ×ĪÌÕÌÚÌÕąɯ

ðâÚÛÐɯÛÖÏÖÛÖɯÕÈ×ùÛąɯËÖɯÉÌá×ÌðÕùÑįąɯÖÉÓÈÚÛÐȭɯ3à×ÐÊÒàɯÚÌɯ×ÈÒɯÑÌËÕâɯÖɯÚÛĪÌËɯÛÈŉÌÕõɯÏÙÈÕàɯ

ÛÖÏÖÛÖɯŉÌÉÙÈȭɯ 

/ÖÚÓÌËÕąÔɯÈÚ×ÌÒÛÌÔɯÉàɯÔÖÏÓÈɯÉńÛɯÕÌÝÏÖËÕùɯáÝÖÓÌÕâɯÛÌÊÏÕÖÓÖÎÐÌɯÚÝÈĪÖÝâÕąɯ

jednotlivńÊÏɯ ÚÖÜðâÚÛąȭɯ #ÓÌɯ ÐÕÍÖÙÔÈÊąɯ ×ÖÚÒàÛÕÜÛńÊÏɯ ÛÌÊÏÕÐÒàɯ Ú×ÖÓÌðÕÖÚÛÐɯ ÚÌɯ ÑÌËÕâɯ 

ÖɯÒÖÜÛÖÝõɯÚÝÈÙàȭɯ/ÖÜŉÐÛąɯÒÖÔ×ÓÌßÕùÑįąÊÏɯÚÝÈÙļ ×ÈÒɯÔļŉÌɯÝõÚÛɯÒ minimalizaci nebo 

ÖËÚÛÙÈÕùÕąɯÝáÕÐÒÜɯÛÙÏÓÐÕ. 
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4 MODEL 

4.1 ZAVEDENĉ NĆHRAD A ZJEDNODUĠENĉ PRO VħPOĻET 

/ÙÖɯáÑÐįÛùÕąɯ×ĪąðÐÕɯÝńÚÒàÛÜɯÛÙÏÓÐÕɯÝ ÖÉÓÈÚÛÌÊÏɯÚÝÈÙÜɯÕÈɯÊÈÙÙÐËÎÐɯÉàÓÖɯÜðÐÕùÕÖɯ

ÕùÒÖÓÐÒɯ áÑÌËÕÖËÜįÌÕąȮɯ ÑÈÒɯ ÕÈɯ ÚÈÔÖÛÕõÔɯ ÔÖËÌÓÜȮ tak i na vįÌÊÏɯ ÚÖÜðâÚtech  

ÈɯÖÒÖÓÕÖÚÛÌÊÏɯÔÈÑąÊąÊÏɯ×ĪąÔń ðÐɯÕÌ×ĪąÔń ÝÓÐÝɯÕÈɯÊÏÖÝâÕąɯÉùÏÌÔɯáâÛùŉÌȭ 

4.1.1 NĆHRADA CARRIDGE 

2ÈÔÖÛÕńɯ ÊÈÙrÐËÎÌɯ ÉàÓɯ ÝàÔÖËÌÓÖÝâÕɯ ×ĪÌÚÕùɯ ËÓÌɯ ÝńÒÙÌÚÖÝõɯ ËÖÒÜÔÌntace 

ËÖËÈÕõɯÚ×ÖÓÌðÕÖÚÛąɯ,-#ȭɯ-âÚÓÌËÕùɯÉàÓÖɯ×ÖÛĪÌÉÈɯá modelu  ÝàÛÝÖĪÐÛɯÚÒÖĪÌ×ÐÕÖÝńɯ

model. ByÓÖɯ×ÖÜŉÐÛÖɯÛÌÕÒÖÚÛùÕÕńÊÏɯÚÒÖĪÌ×ÐÕȭɯ/ÓÖÊÏàɯÛùÊÏÛÖɯÚÒÖĪÌ×ÐÕɯ×ÈÒɯÖË×ÖÝąËÈly  

ÚÛĪÌËÕÐÊąÔɯ ÑÌËÕÖÛÓÐÝńÊÏɯ ÛÓÖÜįÛùÒɯ ×ÓÌÊÏļȭ #âÓÌɯ ÑÐÔɯ ÉàÓy ×ĪÐËâÕàɯ ÔÈÛÌÙÐâÓÖÝõɯ

charakteristiky.  

/ÙÖÉÓÌÔÈÛÐÊÒńÔɯ ÈÚ×ÌÒÛÌÔɯ ÕÈËâÓÌɯ ÉàÓÖɯ ÝàÛÝÖĪÌÕąɯ ÚąÛùɯ ÕÈɯ ÛùÊÏÛÖɯ ×ÓÖÊÏâÊÏȭɯ

/ÙÖÉÓõÔɯ Ú×ÖðąÝÈÓɯ áÌÑÔõÕÈɯ Ý propÖÑÌÕąɯ ÕÖÚÕńÊÏɯ ËÌÚÌÒɯ Èɯ ŉÌÉÙÖÝâÕąɯ Ú ÏÓÈÝÕąÔɯ

ÕÖÚÕąÒÌÔ (obr. 12).  

Obr. 12: SkoŚepinovĨ model s vytvoŚenou s²t² elementŢ. 
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4.1.2 NĆHRADA VAHADEL  

Jako ÕâÏÙÈËa vahadel (obr. 13) ÉàÓÖɯ ×ÖÜŉÐÛÖɯ ÚàÚÛõÔÜɯ ÕùÒÖÓÐÒÈɯ ÝÈáÌÉɯ

ÝàÊÏâáÌÑąÊąÊÏɯ á ÑÌËÕÖÏÖɯ ÉÖËÜȭɯ 3ÌÕÛÖɯ ÉÖËɯ ÉàÓɯ ÜÙðÌÕɯ ×ÙÖÛÕÜÛąÔɯ ÚÛĪÌËļɯ ËÙÈÏ, po 

ÒÛÌÙńÊÏɯÚÌɯÖËÝÈÓÜÑąɯÚÈÔÖÛÕõɯÒÓÈËÒàȭɯ9 ÛÈÒÛÖɯáąÚÒÈÕõÏÖɯÉÖËÜɯÉàÓÖɯÕâÚÓÌËÕùɯ×ÖÛĪÌÉÈɯ

áÈÑÐÚÛÐÛɯÚ×ÙâÝÕÖÜɯÍÜÕÒðÕÖÚÛɯ×ĪÐɯ×ÙâÊÐɯÕÈɯÚÈÔÖÛÕõɯÝùŉÐȭɯ/ÙÝÕąɯÝÈáÉÖÜɯÛÈÒɯÉàÓÈɯÝÈáÉÈɯ

ÛÙÈÕÚÓÈðÕą v ÒÈŉËõÔɯÚÔùÙÜɯÒÖÓÔõÔɯÕÈɯÚÔùÙɯ×ÖÏàÉÜȭɯ#ÙÜÏÖÜɯÝÈáÉÖÜɯ×ÈÒɯÉàlo 

×ÖÜŉÐÛąɯ×ÙÜŉÐÕàȮɯÒÛÌÙâɯÔùÓÈɯáÈɯÕâÚÓÌËÌÒɯÚÐÔÜÓÈÊÐɯÛÜÏÖÚÛÐɯÚÈÔÖÛÕńÊÏɯÒÖÓÌÑąɯÝùŉÌ, ve 

ÒÛÌÙńÊÏɯÚÌɯÊÈÙÙÐËÎÌɯ×ÖÏàÉÜÑÌȭɯ/ÖÚÓÌËÕąɯÛÈÒɯÉàÓÖɯáÈÔÌáÌÕąɯ×ÖÚÜÕÜÛąɯÝ ÒÖÕÒÙõÛÕąÊÏɯ

ÚÔùÙÌÊÏȭ 

/ÙÖɯÙÌâÓÕùÑįąɯÏÖËÕÖÛàɯáąÚÒÈÕõɯÚÐÔÜÓÈÊąɯÉàÓÈɯÕÈɯÛÙÈÕÚÓÈðÕąÊÏɯÝÈáÉâÊÏɯȮɯÒÛÌÙõɯ

byly  ×ÙÖÛÐɯ ÚÖÉùɯ ÜÔąÚÛùÕàɯ ×ÙÖÛÐÓÌÏÓÌȮɯ ÕÈÚÛÈÝÌÕÈɯ ÝļÓÌɯ ƕɯ ÔÔȭɯ 3ÈÛÖɯ ÝļÓÌɯ Ôâɯ

×ĪÌËÚtÈÝÖÝÈÛɯÕÌ×ĪÌÚÕÖÚÛÐɯÝáÕÐÒÓõɯ×ĪÐɯÔÖÕÛâŉÐ a ÜÔąÚÛùÕąɯÕÈɯÝùŉÐȭɯ 

Obr. 13: -âÏÙÈËÈɯÝÈÏÈËÌÓ. 
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4.1.3 NĆHRADA TOP DRIVE SYST£MU 

-âÏÙÈËÈɯ×ĪÌÝoËÖÝõɯÚÒĪąÕùɯÈɯÚÈÔÖÛÕõÏÖɯ3Ö×ɯËÙÐÝÌɯÚàÚÛõÔÜɯÉàÓÈɯÙÌÈÓÐáÖÝâna 

×ÖÔÖÊąɯÏÔÖÛÕõÏÖɯÉÖËÜɯv ÔąÚÛùɯÖÚàɯÝÙÛâÒÜ (obr. 14). Hmotnost Top Drivu, kterou 

ÜËâÝâɯÝńÙÖÉÊÌɯÝÌɯÚÝõɯÝńÙÖÉÕąɯËÖÒÜÔÌÕÛÈÊÐȮɯÑÌɯƖƛɯƔƔƔɯÓÉȭɯ/Öɯ×ĪÌ×ÖðÛÜɯÚÌɯÑÌËÕâɯ 

o 12 246,9 kg. *ÝļÓÐɯ ÝńÙÖÉÕąɯ ÕÌ×ĪÌÚÕÖÚÛÐȮɯ ÏÔÖÛÕÖÚÛÐɯ Ú×ÖÑÖÝÈÊąÏÖɯ ÔÈÛÌÙÐâÓÜȮɯ

ÏÔÖÛÕÖÚÛÐɯ×ĪÐËÈÕńÊÏɯáÈĪąáÌÕąɯÔÐÔÖɯ×ļÝÖËÕąɯÕâÝÙÏȮɯÕÈ×ÓÕùÕąɯ×ÙÖÝÖáÕąÊÏɯÒÈ×ÈÓÐÕȮɯ

×Īą×ÈËÕńÔɯáÔùÕâÔɯÈɯÐÕÖÝÈÊąÔ ÝÖÓąÔɯÒÖÕáÌÙÝÈÛÐÝÕąɯÏÖËÕÖÛÜɯƕƗɯ000 kg. 

 

 

5ń×ÖðÌÛɯ×ĪÌÝÖËÜɯÔÌáÐɯÓÉɯÈɯÒÎ: 

1 lb = 0.45359237 kg 

ςχ πππϽπȟτυσυωςσχρς ςτφȟωωτ kg 

  

(4.1) 



BRNO 2017 

 

 

24 
 

MODEL 

Obr. 14: -âÏÙÈËÈɯÚÖÜÚÛÈÝàɯ×ĪÌvodovky a motoru Top Drive syÚÛõÔÜ. 

 

4.1.4 NĆHRADA ĠROUBš 

§ÙÖÜÉàɯ ÑÚÖÜɯ ÚÖÜðâÚÛÐȮɯ ÒÛÌÙõɯ ×ÖÚÒàÛÜÑąɯ Ú×ÖÑÌÕąɯ ÔÌáÐɯ ÑÌËÕÖÛÓÐÝńÔÐɯ ÛùÓÌÚy. 

/ÖÜŉąÝÈÑąɯÚÌɯÝ ×Īą×ÈËùɯ×ÖÛĪÌÉàɯÙÖáÌÉąÙÈÛÌÓÕõÏÖɯÚ×ÖÑÌÕąɯËÝÖÜɯðÐɯÝąÊÌɯËąÓļȭɯ5 tomto 

×Īą×ÈËùɯÚÌɯÑÌËÕâɯÖɯÚ×ÖÑÌÕąɯÔÌáÐɯÕÖÚÕńÔÐɯËÌÚÒÈÔÐɯÊÈÙÙÐËÎÌȮɯ×ÈÛÒÈÔÐ ÕÈɯÒÛÌÙńÊÏɯÑÚÖÜɯ

ÜÔąÚÛùÕa ÝÈÏÈËÓÈɯÈɯÚÒĪąÕąɯ×ĪÌÝÖËÖÝÒàȭ 

ReâÓÕùɯ ÑÚÖÜɯ ÛàÛÖɯÚÖÜðâÚÛÐɯ Ú×ÖÑÌÕàɯ ×ÖÔÖÊąɯ ÚÈËàɯ įÙoubļɯ Èɯ ÝàÛÝâĪÌÑąɯ ÛÈÒɯ

×ĪÌËÌ×ÕÜÛń įÙÖÜÉÖÝń spoj. -ÈÏÙÈáÌÕąɯÛÖÏÖÛÖɯÚ×ÖÑÌ ×ÙÖÉùÏÓÖɯÍÖÙÔÖÜɯÝàÛÝÖĪÌÕąɯ×ÙÜÛÜɯ

Öɯ×ÙļÔùÙÜ 27 mm ÙÖÝÕÈÑąÊąÔÜɯÚÌɯ×ÙļÔùÙÜɯ×ÖÜŉąÝÈÕńÊÏɯįÙÖÜÉļɯÈɯËõÓÊÌ 52 mm 

ÙÖÝÕÈÑąÊąɯÚÌɯÚÖÜðÛÜɯÝńįÌÒɯ×ÓÖÊÏɯÊÈÙÙÐËÎÌɯÈɯ×ÈÛÒàȭɯ3àto pruty se pak naÊÏâáÌÑą ×ĪÌÚÕùɯ

v ÔąÚÛùɯÖÚɯįÙÖÜÉļȭɯ#ÈÓįąÔɯÒÙÖÒÌÔ ×ÈÒɯÉàÓÖɯÝàÛÝÖĪÌÕąɯ×ÙÜÛÜ, ÒÛÌÙńɯÉàɯÔùÓɯáÈɯĶÒÖÓɯ

ÝàÛÝÖĪÌÕąɯ×ĪÌË×ùÛąɯÛùÊÏÛÖɯįÙÖÜÉļɯÈɯáâÙÖÝÌĚɯÚÐÔÜÓÖÝÈÓɯÛÜÏÖÚÛɯ×ÈÛÒàɯÝÈÏÈËÌÓɯËÖɯÛõÛÖɯ

ÕâÏÙÈËà. Byla zde ÝÓÖŉÌÕÈɯ ×ÖÚÜÝÕâɯ ÝÈáÉÈɯ Ú ËÌÍÐÕÖÝÈÕÖÜɯ áâ×ÖÙÕÖÜɯ ÏÖËÕÖÛÖÜȮɯ

ÒÖÕÒÙõÛÕùɯse jednalo o hodnotu -0,1 mm, ÒÛÌÙâɯÔùÓÈɯáÈɯĶÒÖÓɯÝÕõst do simulace 

áÔÐĚÖÝÈÕõɯ×ĪÌË×ùÛąɯÕÈɯįÙÖÜÉÌÊÏȭ ¯×ÓÕâɯÕâÏÙÈËÈɯÑÌɯÕÈɯÖÉÙ. 15. 
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5ń×ÖðÌÛɯ×ĪÌË×ùÛąɯÝàÝÖÓÈÕõɯÕÈɯįÙoubech. 

'ÖÖÒļÝɯáâÒÖÕɯ×ÙÖɯËÌÍÖÙÔÈÊÐɯáÕąɯÕâÚÓÌËÖÝÕùȯ [13] 

 

‐
„

Ὁ
 

 

kde ‐ ÑÌɯ×ÖÔùÙÕõɯËõÓÒÖÝõɯ×ÙÖËÓÖÜŉÌÕąȮɯ„ ÑÌɯÔÌÊÏÈÕÐÊÒõɯÕÈ×ùÛąɯ$ɯÑÌɯ8ÖÜÕÎļÝɯÔÖËÜÓɯ

×ÙÜŉÕÖÚÛÐȮɯ×ÙÖɯÒÖÕÚÛÙÜÒðÕąɯÖÊÌÓÐɯje jeho hodnota 210 GPa. 

/ÖÔùÙÕõɯËõÓÒÖÝõɯ×ÙÖËÓÖÜŉÌÕąɯ‐ ÑÌɯËâÓÌɯËÌÍÐÕÖÝâÕÖɯÑÈÒÖ: [13] 

 

‐
Ўὰ

ὰ
 

 

kde Ўὰ ËõÓÒÖÝõɯ×ĪÌÛÝÖĪÌÕąɯÈɯὰ ÑÌɯÊÌÓÒÖÝâɯËõÓÒÈ. 

 

V ÕÈįÌÔɯ×Īą×ÈËùɯ×ĪÐɯÒÖÔÉÐÕÈÊÐɯÛùÊÏÛÖɯÝáÖÙÊļ ×ÓÈÛąȯ 

 

„ ‐ϽὉ
Ўὰ

ὰ
ϽὉ 

„
πȟρ

υς
Ͻςρπ πππτπσȟψτφ ὓὖὥ 

 

)ÔÌÕÖÝÐÛõɯ ÏÖËÕÖÛàɯ ÔÌáÌɯ ÒÓÜáÜɯ Èɯ ÔÌáÌɯ ×ÌÝÕÖÚÛÐɯ įÙÖÜÉļɯ Ý tahu jsou dle  

H2-ɯ$-ɯƕƝƝƗ-1-8. Pro pevnostÕąɯÛĪąËÜɯƜȭƜ [14] 

)ÔÌÕÖÝÐÛâɯÔÌáɯÒÓÜáÜɯÍyb = 640 MPa 

)ÔÌÕÖÝÐÛâɯÔÌáɯ×ÌÝÕÖÚÛÐɯÍub = 800 MPa 

(4.2) 

(4.3) 

(4.4) 
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Obr. 15: -âÏÙÈËÈɯÜÊÏàÊÌÕąɯÊÈÙÙÐËÎÌɯÚ×ÖÓÜɯÚ ×ÈÛÒÖÜɯÝÈÏÈËÌÓɯÈɯ×ĪÌÝÖËÖÝÒÖÝÖÜɯÚÒĪąÕąȭ 

 

Tyto ÕâÏÙÈËà ÉàÓàɯ ÕâÚÓÌËÕùɯ ×ÙÖ×ÖÑÌÕàɯ ×ÙÝÒÌÔɯ %$Ɨɯ ÚÌɯÚÒÖĪÌ×ÐÕÖÝńÔɯ

modelem. Vazba FE3 je ÕÌÏÔÖÛÕńɯ×ÙÝÌÒɯÚ ÒÖÕÌðÕÖÜɯÛÜÏÖÚÛą, ×ÙÖÛÖɯÉàÓÈɯÝÏÖËÕùÑįąɯ

ÝÖÓÉÖÜɯÕùŉɯÝÈáÉÈɯ%$Ɩȭɯ[15] 

Vazba FE2 ÑÌɯÕÌÏÔÖÛÕńɯ×ÙÝÌÒɯÚ ÕÌÒÖÕÌðÕÖÜɯÛÜÏÖÚÛąɯÈɯÉàÓÈɯ×ÖÜŉÐÛÈɯÕÈɯ×ÙÖ×ÖÑÌÕąɯ

ÝįÌÊÏɯÕâÏÙÈËɯÔÌái sebou. Touto vazbou pak byly prop ojeny ÕâÏÙÈËàɯÒÖÓÌÑÕÐÊɯÝùŉÌɯ

s ÕâÏÙÈËÈÔÐɯÝÈÏÈËÌÓɯÈɯ×ÈÛÒÖÜɯÚÖÜðâÚÛÐȭɯ2ÛÌÑÕùɯÛÈÒɯÉàÓÈɯ×ÈÒɯ×ÙÖ×ÖÑÌÕÈɯÕâÏÙÈËÈɯ×ÈÛÒàɯ

s ×ĪÌÝÖËÖÝÒÖÝÖÜɯÚÒĪąÕąȭ 

 

4.2 OKRAJOV£ PODMĉNKY PRO MKP VħPOĻET 

 

V kapitole 4.1.2 ÑÐŉɯÉàÓÖɯáÔąÕùÕÖȮɯŉÌ ÕÈɯÒÖÕÊąÊÏɯÕâÏÙÈËɯÝÈÏÈËÌÓɯÉàÓÖɯ×ÖÜŉito 

áÈÔÌáÌÕąɯ ÛÙÈÕÚÓÈÊÌ ÝÌɯ ÚÔùÙÌÊÏ ÚÏÖËÕńÊÏɯ Ú ÖÚÖÜɯ ÚÔùÙļɯ ÑÌËÕÖÛÓÐÝńÊÏɯ ÕâÏÙÈËȭɯ

-âÏÙÈËâÔɯ ÓÌŉąÊąÔɯ Ý ÖÚâÊÏɯ 7ɯ ÉàÓÈɯ ÖËÌÉÙâÕÈɯ ÔÖŉÕÖÚÛɯ ÛÙÈÕÚÓÈÊÌɯ ×ÙâÝùɯ Ý ose X, 

ÖÉËÖÉÕùɯ×ÖÒÜËɯÕâÏÙÈËÈɯÓÌŉąɯÝ ÖÚÌɯ8ɯÑÌɯÖËÌÉÙâÕÈɯÛÙÈÕÚÓÈÊÌɯÝ ose Y (obr. 16). 
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Obr. 16: Omezen² translace n§hrady v ose Y. 

#ÈÓįąɯÖÒÙÈÑÖÝÖÜɯ×ÖËÔąÕÒÖÜɯ×ÖÛĪÌÉÕÖÜɯ×ÙÖɯÚ×ÙâÝÕÖÜɯÍÜÕÒðÕÖÚÛɯÝń×ÖðÛÜɯ×ÈÒɯ

ÑÌɯÖËÌÉÙâÕąɯÔÖŉÕÖÚÛÐɯÙÖÛÈÊąɯÒÖÓÌÔɯÝÓÈÚÛÕąÊÏɯÖÚɯÑÌËÕÖÛÓÐÝńÊÏɯÚÖÜðâÚÛąɯÈɯÛÙÈÕÚÓÈÊąɯ

v ÕÌŉâËÖÜÊąÊÏɯ ÚÔùÙÌÊÏȭɯ3ÖÏÖÛÖɯ ÉàÓÖɯ ËÖÚÈŉÌÕÖɯ ×ÖÔÖÊąɯ ×ÙÝÒÜɯ "ÖÜ×ÌÓÌËɯ #.%ɯ

(degrees of freedom) (obr. 17). Pokud ÚÌɯÑÌËÕâɯÖɯÕâÏÙÈËÜɯÝ ose XȮɯÉàÓÖɯ×ÖÛĪÌÉÈɯ

áÈÔÌáÐÛɯÙÖÛÈÊÐɯÒÖÓÌÔɯÛõÛÖɯÖÚàɯa odebraÛɯÔÖŉnosti translace v ÖÚâÊÏɯ8ɯÈɯ9. V ose Y pak 

ÖÉËÖÉÕùɯÙÖÛÈÊÌɯ8ɯÈɯÛÙÈÕÚÓÈÊÌɯ7Ȯ Z. *ÖÔ×ÓÌÛÕąɯÚÌáÕÈÔɯÖÒÙÈÑÖÝńÊÏɯ×ÖËÔąÕÌÒɯje na 

konci kapitoly na obr. 1 9 a v tabulce 1. [15] 

-âÏÙÈda vahadel ÚÌɯÛÌËàɯÔļŉÌɯ×ÖÏàÉÖÝÈÛɯ×ÖÜáÌɯÝÌɯÚÔùÙÜɯÛÙÈÕÚÓÈðÕąɯÝÈáÉà,  

ÛÑȭɯÝÌɯÚÔùÙÜɯÚÏÖËÕõÔɯÚ osou Z, ÕÌÉÖÓÐɯÚÏÖËÕõÔɯÚ ÎÙÈÝÐÛÈðÕąÔɯáÙàÊÏÓÌÕąÔȭ 
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Obr.17: ZamezeÕąɯ×ÖÏàÉļɯÕâÏÙÈËàɯ×ÖÔÖÊąɯÖÒÙÈÑÖÝõɯ×ÖËÔąÕÒàɯ"ÖÜ×ÌÓÌËɯ#.%. 

/ÖËÖÉÕńÔɯ á×ļÚÖÉÌÔɯ ÚÌɯ ×ÙÖÛÐɯ ÕÌŉâËÖÜÊąÔɯ ÙÖÛÈÊąÔɯ Èɯ ÛÙÈÕÚÓÈÊąÔɯ ÔÜÚÌÓy 

áÈÉÌá×ÌðÐÛɯÐɯÕâÏÙÈËàɯįÙÖÜÉļɯÈɯÑÌËÕÖÛÓÐÝńÊÏɯ×ÈÛÌÒȭɯ.ÚàɯÝįÌÊÏɯÛùÊÏÛÖɯÛùÓÌÚɯ×ÈÒɯÓÌŉÌÓy 

ÙÖÝÕÖÉùŉnù s osou Y ÈɯÉàÓàɯÑÐÔɯÖËÌÉÙâÕàɯÝįÌÊÏÕàɯÔÖŉÕÖÚÛÐɯ×ÖÏàÉÜɯÔÐÔÖɯÛÙÈÕÚÓÈÊÐɯ

v ose Y. TÈÛÖɯ×ÖËÔąÕÒÈɯ×ÈÒɯÔâɯáÈɯÕâÚÓÌËÌÒɯÔÖŉÕÖÚÛɯ×ÖÏàÉÜɯįÙÖÜÉÜɯÝ Ôąstech, kde 

ÚÌɯÙÌâÓÕùɯÕÈÊÏâáąɯËąÙàȭ 3ÖÛÖɯÖÔÌáÌÕąɯÉàÓÖɯÙÌÈÓÐáÖÝâÕÖɯÖ×ùÛɯ×ÖÔÖÊąɯ×ÙÝÒÜɯÊÖÜ×Ìled 

DOF (obr. 18). 

Obr.18: PÖÏÓÌËɯÕÈɯÕâÏÙÈËÜɯÚ ÖÒÙÈÑÖÝÖÜɯ×ÖËÔąÕÒÖÜɯ"ÖÜ×ÌÓÌËɯ#.%ɯÑÌËÕÖÏÖɯáÌɯįÛÙÖÜÉļ.  
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.ÒÙÈÑÖÝÖÜɯ×ÖËÔąÕÒÖÜȮɯÒÛÌÙâɯÖËÌÉąÙâɯÔÖŉÕÖÚÛɯÛùÓÌÚÈɯÚÌɯ×ÖÏÕÖÜÛɯËÖɯÚÔùÙÜ 

osy Z, ÑÌɯ×ÈÒɯ×ÖËÔąÕÒÈɯÝ ÔąÚÛùɯ×ĪÌÝÖËÖÝÒÖÝõɯÚÒĪąÕùȭɯ2ÛÌÑÕùɯÑÈÒÖɯÙÌâÓÕâɯÚÖÜðâÚÛ, pak  

ÐɯÚÐÔÜÓÖÝÈÕâɯÚÌÚÛÈÝÈɯ×ÈÒɯÝÐÚąɯÝ ÖÚÌɯáÈɯÓÈÕÖȭɯ/ÖɯÖËÌÉÙâÕąɯÛõÛÖɯÛÙÈÕÚÓÈÊÌɯÚÌɯÛÌËàɯÔÖËÌÓɯ

ÚÛÈÓɯ ÚÛÈÛÐÊÒàɯ ÜÙðÐÛńÔȮɯ ÝùÙÕùɯ ÕÈÏÙÈáÜÑąÊąÔɯ ÙÌâÓÕńɯ ÚÛÈÝɯ Èɯ Ýń×ÖðÌÛɯ ÒÖÕÝÌÙÎÜÑąÊąÔȭɯ

SaÔÖÛÕÖÜɯÖÒÙÈÑÖÝÖÜɯ×ÖËÔąÕÒÜɯÓáÌɯËÌÛÈÐÓÕùɯÝÐËùÛɯÑÐŉɯÕÈɯÖÉÙ. 1 v kapitole 4.1.3. 

Obr. 19: .áÕÈðÌÕąɯÖÒÙÈÑÖÝńÊÏɯ×ÖËÔąÕÌÒ. 
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Tab. 1: PĪÌÏÓÌËɯÖÒÙÈÑÖÝńÊÏɯ×ÖËÔąÕÌÒ. 

 

/ÖÚÓÌËÕąm áâÛùŉÕńÔɯ ÝÓÐÝÌÔɯ ÉàÓÖɯ ÜÔąÚÛùÕąɯ ÛÖðÐÝõÏÖɯ ÔÖÔÌÕÛÜɯ ËÖɯ ÔąÚÛÈɯ

×ĪÌÝÖËÖÝÒàȭɯ )ÈÒɯ ÉàÓÖɯ áÔąÕùÕÖɯ Ý kap. 3.1, tak ÔÈßÐÔâÓÕąɯ ÏÖËÕÖÛàɯ ×ĪÐɯ ÔùĪÌÕąɯ

ËÖÚÈÏÖÝÈÕõɯ×ĪÐɯÝÙÛâÕąɯÈɯáÈÚÌÒÕÜÛąɯðÐÕÐÓàɯƙƔ Ò-Ôȭɯ3ÖÜÛÖɯÏÖËÕÖÛÖÜɯÉàÓÈɯÛÌËàɯáÈÛąŉÌÕÈɯ

ÊÌÓâɯÚÌÚÛÈÝÈȭɯ3ÖðÐÝńɯÔÖÔÌÕÛɯÉàÓɯÜÔąÚÛùÕɯÝɯÖÚÌɯ9ȭɯTÜÛÖɯ×ÖËÔąÕÒÜɯÓáÌɯáĪÌÛÌÓÕùɯÝÐËùÛɯ

ÑÐŉɯÕÈɯÖÉÙ. 14 v kapitole  4.1.3 

ƻƪǊŀƧƻǾł 

ǇƻŘƳƝƴƪŀ

trans 

X

trans 

Y

trans 

Z

rot      

X

rot     

Y

rot     

Z

ƻƪǊŀƧƻǾł 

ǇƻŘƳƝƴƪŀ

trans 

X

trans 

Y

trans 

Z

rot     

X

rot     

Y

rot       

Z

R1 - fixed - - - - CP19 fixed - fixed fixed fixed fixed

R2 fixed - - - - - CP20 fixed - fixed fixed fixed fixed

R3 - fixed - - - - CP21 fixed - fixed fixed fixed fixed

R4 - fixed - - - - CP22 fixed - fixed fixed fixed fixed

R5 fixed - - - - - CP23 fixed - fixed fixed fixed fixed

R6 - fixed - - - - CP24 fixed - fixed fixed fixed fixed

R7 - fixed - - - - CP25 fixed - fixed fixed fixed fixed

R8 fixed - - - - - CP26 fixed - fixed fixed fixed fixed

R9 - fixed - - - - CP27 fixed - fixed fixed fixed fixed

R10 - fixed - - - - CP28 fixed - fixed fixed fixed fixed

R11 fixed - - - - - CP29 fixed - fixed fixed fixed fixed

R12 - fixed - - - - CP30 fixed - fixed fixed fixed fixed

R13 - - fixed - - - CP31 fixed - fixed fixed fixed fixed

CP1 fixed - fixed - fixed - CP32 fixed - fixed fixed fixed fixed

CP2 - fixed fixed fixed - - CP33 fixed - fixed fixed fixed fixed

CP3 fixed - fixed - fixed - CP34 fixed - fixed fixed fixed fixed

CP4 fixed - fixed - fixed - CP35 fixed - fixed fixed fixed fixed

CP5 - fixed fixed fixed - - CP36 fixed - fixed fixed fixed fixed

CP6 fixed - fixed - fixed - CP37 fixed - fixed fixed fixed fixed

CP7 fixed - fixed - fixed - CP38 fixed - fixed fixed fixed fixed

CP8 - fixed fixed fixed - - CP39 fixed - fixed fixed fixed fixed

CP9 fixed - fixed - fixed - CP40 fixed - fixed fixed fixed fixed

CP10 fixed - fixed - fixed - CP41 fixed - fixed fixed fixed fixed

CP11 - fixed fixed fixed - - CP42 fixed - fixed fixed fixed fixed

CP12 fixed - fixed - fixed - CP43 fixed - fixed fixed fixed fixed

CP13 fixed - fixed fixed fixed fixed CP44 fixed - fixed fixed fixed fixed

CP14 fixed - fixed fixed fixed fixed CP45 fixed - fixed fixed fixed fixed

CP15 fixed - fixed fixed fixed fixed CP46 fixed - fixed fixed fixed fixed

CP16 fixed - fixed fixed fixed fixed CP47 fixed - fixed fixed fixed fixed

CP17 fixed - fixed fixed fixed fixed CP48 fixed - fixed fixed fixed fixed

CP18 fixed - fixed fixed fixed fixed



BRNO 2017 

 

 

31 
 

±ºth29¢ 

5 VħPOĻET 

5.1 ZĆTŉĢN£ STAVY 

/ĪÌËɯÚÈÔÖÛÕńÔɯáÈÛąŉÌÕąÔɯÑÌɯ×ÖÛĪÌÉÈɯÖáÕÈðÐÛɯÝÈáÉàȭɯ)ÌËÕÖÛÓÐÝõɯÕâÏÙÈËàɯ×ÙÖÛÖɯ

budou poÝÈŉÖÝâÕàɯáÈɯÝÈáÉàɯ !"ɯÈɯ#ɯÝÐá obr. 20. 

Obr. 20: .áÕÈðÌÕąɯÕâÏÙÈËɯÑÈÒÖɯÝÈáÉàɯ !"ɯÈɯ#. 

!ùÏÌÔɯ áÈÛąŉÌÕąɯ ÔÖËÌÓÜɯ ÚÌ objevil a ÒÙÐÛÐÊÒâɯ ÔąÚÛÈɯ ×ÙâÝùɯ Ý ÔąÚÛÌÊÏ, ÒÛÌÙõɯ

ÖË×ÖÝąËÈÑąɯÚÝÈÙļÔɯÔÌáÐɯŉÌÉÙàɯÈɯÕÖÚÕąÒÌÔɯðÐɯÕÖÚÕńÔÐɯ×ÓÌÊÏà, ÑÈÒɯÑÌɯÝÐËùÛɯna obr. 22. 

Z ÛÖÏÖÛÖɯËļÝÖËÜɯÉàÓàɯÑÈÒÖɯáÈÛùŉÖÝÈÊąɯÚÛÈÝàɯÝàÉÙâÕà ty , ÒËàɯÑÚÖÜɯÈÒÛÐÝÕąɯÝįÌÊÏÕàɯ 

4 vazby ABC i D ÈɯÚÛÌÑÕùɯÛÈÒɯÐɯÚÛÈÝà, kdy dojde k  ×ĪÌÙÜįÌÕąɯÒÖÕÛÈÒÛÜɯ×ÙâÝùɯÚ jednou 

z vazeb v ÒÙÐÛÐÊÒńÊÏɯÔąÚÛÌÊÏ, tj. vazba A a vazba B. !ùÏÌÔɯáÑÐįĳÖÝâÕąɯÏÖËÕÖÛɯÚÌɯ

×ÙÖÒâáÈÓÖ, ŉÌɯÏÖËÕÖÛàɯÕÈ×ùÛąɯÝ ÒÙÐÛÐÊÒńÊÏɯÔąÚÛÌÊÏɯÑÚÖÜɯÝŉËàɯÙÖáËùÓÌÕà ×ÖɯÚÈËâÊÏ 

(obr. 21)ȮɯÒÛÌÙõɯÔùÓàɯ×ÖËÖÉÕõ ÏÖËÕÖÛàɯÕÈ×ùÛąȭ 
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Obr. 21: Sady ×ÖËÖÉÕńÊÏ ÕÈ×ùÛą v ÔąÚÛÌÊÏɯÚÝÈÙļȭ 

 

5.1.1 ROVNOMŉRN£ ROZLOĢENĉ DO VĠECH REAKCĉ 

9Èɯ ×ĪÌË×ÖÒÓÈËÜȮɯ ŉÌɯ ÝįÌÊÏÕàɯ ÝÈáÉàɯ Ú×ÙâÝÕùɯ ÍÜÕÎÜÑąɯ Èɯ ÔÖËÌÓɯ ÑÌɯ Ú×ÙâÝÕùɯ

áÈÛąŉÌÕȮɯÑËÌɯá ÖÉÙȭɯƖƖɯÝÐËùÛȮɯŉÌɯÕÌÑÝąÊÌɯÕÈÔâÏÈÕńÔÐɯðâÚÛÔÐɯÑÚÖÜɯËÌÚÒàɯÝ ×ĪąÔõÔɯ

kontaktu s  patkami vahadel a ×ĪÌÝÖËÖÝÖÜ ÚÒĪąÕąȭɯ 3àÛÖɯ ÚÖÜðâÚÛÐɯ ÖÝįÌÔɯ ÔļŉÌÔÌɯ

vynechat vzhledem k tomu , ŉÌɯ ÚÌɯk ÛùÔÛÖɯ ÚÖÜðâÚÛÌÔɯ ÙÌâÓÕùɯ ×ĪÐðąÛâɯ Ðɯ ÛÜÏÖÚÛɯ

×ĪÌÝÖËÖÝÒÖÝõɯÚÒĪąÕùɯa ÚÖÜðâÚÛÐɯÕÌÚÖÜÊąɯÒÓÈËÒàɯÝÈÏÈËÌÓȭ 

Obr.22: 9ÈÛąŉÌÕąɯÔÖËÌÓÜɯÊÈÙÙÐËÎÌɯËÓÌɯ×ļÝÖËÕąɯËÖÒÜÔÌÕÛÈÊÌȮɯ×ÖÏÓÌËɯáÌ×ĪÌËÜȮɯÙÌËÜÒÖÝÈÕõɯ

ÕÈ×ùÛąɯ×ÖËÓÌɯ×ÖËÔąÕÒàɯ','ȮɯĶ×ÓÕõɯáÖÉÙÈáÌÕąɯÚÏÌÓÓɯÔÖËÌÓÜȮ ÕÌËÌÍÖÙÔÖÝÈÕńɯÔÖËÌÓȮɯÙÖáÚÈÏɯ

áÖÉÙÈáÌÕąɯÕÈ×ùÛąɯƔȮƔƗɬ67,8 MPa.  

  



BRNO 2017 

 

 

33 
 

±ºth29¢ 

/ĪÐɯ ×ÖÕÌÊÏâÕąɯ ×ÖÜáÌɯŉebÙÖÝâÕą lze na obr. 23 ÝÐËùÛ, ŉÌɯðâÚÛɯ Ú ÕÌÑÝùÛįąÔɯ

ÕÈ×ùÛąÔ, ÈɯÛÌËàɯÐɯÕÌÑÝąÊÌɯÕÈÔâÏÈÕâȮɯÑÌɯÏÖÙÕąɯÏÙÈÕÈȭɯ#ÈÓįąÔÐɯÔąÚÛàɯáĪÌÛÌÓÕùɯÝąÊÌɯ

ÕÈÔâÏÈÕńÔÐ ÑÚÖÜɯÕùÒÛÌÙõɯá ÙÖÏļ, v nÐÊÏŉ se vyskytuje svar. 

 

Obr.23: -È×ùÛąɯÕÈɯŉÌÉÙÖÝâÕąɯÔÖËÌÓÜɯÊÈÙÙÐËÎÌɯËÓÌɯ×ļÝÖËÕąɯËÖÒÜÔÌÕÛÈÊÌȮɯ×ÖÏÓÌËɯáÌ×ĪÌËÜȮɯ

ÙÌËÜÒÖÝÈÕõɯÕÈ×ùÛąɯ×ÖËÓÌɯ×ÖËÔąÕÒàɯ','ȮɯáÖÉÙÈáÌÕąɯŉÌÉÙÖÝâÕąɯÚÏÌÓÓɯÔÖËÌÓÜȮɯÕÌËÌÍÖÙÔÖÝÈÕńɯ

ÔÖËÌÓȮɯÙÖáÚÈÏɯáÖÉÙÈáÌÕąɯÕÈ×ùÛąɯƔȮƔƗɬ33,2 MPa. 

 

/ÖÒÜËɯ ÚÌɯ ËÌÛÈÐÓÕù ×ÖËąÝâÔÌɯ ×ÖÜáÌɯ ÕÈɯ ÑÌËÌÕɯz ×ĪÌÊÏÖËļɯ ÔÌáÐɯ ÕÖÚÕąÒÌÔ 

a svaremȮɯÈĳɯÜŉɯÚÌɯÑÌËÕâɯÖɯÚ×ÖËÕąɯŉÌÉÙÖɯ(obr. 24)ȮɯðÐɯÏÖÙÕąɯŉÌÉÙÖɯ(obr. 25), je zde 

áĪÌÑÔõȮ ŉÌɯkoncentrace ÕÈ×ùÛąɯÑÌɯÕÌÑÝàįįąɯ×ÙâÝùɯÝ ÛùÊÏÛÖɯÔąÚÛech. 1ÖáËąÓÌÔɯÖÝįÌÔɯÑÌɯ

ÕÈ×ùÛąɯÝ ÛùÊÏÛÖɯÔąÚÛÌÊÏ, ÒËÌɯÕÈɯŉÌÉÙÜɯ×ĪÌËÕąÔɯÑÌɯ×ĪÐÉÓÐŉÕùɯƝɯ,/ÈɯÈɯáÈɯŉÌÉÙÜɯáÈËÕąÔɯ 

je 6 MPa. 
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Obr. 24: /ÖÏÓÌËɯÕÈɯÕÈ×ùÛąɯÝàÉÙÈÕõÏÖɯÔąÚÛÈɯÔÌáÐɯŉÌÉÙÌÔɯÈɯÕÖÚÕąÒÌÔɯÕÈɯÚ×ÖËÕą ðâÚÛÐɯÊÈÙÙÐËÎÌ 

ËÓÌɯ×ļÝÖËÕąɯËÖÒÜÔÌÕÛÈÊÌȮɯ×ÖÏÓÌËɯáÌ×ĪÌËÜȮɯÙÌËÜÒÖÝÈÕõɯÕÈ×ùÛąɯ×ÖËÓÌɯ×ÖËÔąÕÒàɯ','Ȯɯ

ðâÚÛÌðÕõɯáÖÉÙÈáÌÕąɯÚÏÌÓÓɯÔÖËÌÓÜȮɯÒÖÔÉÐÕÈÊÌɯÕÖÚÕąÒÜɯÈɯŉÌÉÙÖÝâÕąȮɯÕÌËÌÍÖÙÔÖÝÈÕńɯÔÖËÌÓ, 

ÙÖáÚÈÏɯáÖÉÙÈáÌÕąɯÕÈ×ùÛąɯƔȮƔƝɬ9,27 MPa. 

Obr. 25: /ÖÏÓÌËɯÕÈɯÕÈ×ùÛąɯÝàÉÙÈÕõÏÖɯÔąÚÛÈɯÔÌáÐɯŉÌÉÙÌÔɯÈɯÕÖÚÕąÒÌÔɯÕÈɯÏÖÙÕąɯðâÚÛÐɯÊÈÙÙÐËÎÌ 

ËÓÌɯ×ļÝÖËÕąɯËÖÒÜÔÌÕÛÈÊÌȮɯ×ÖÏÓÌËɯáÌ×ĪÌËÜȮɯÙÌËÜÒÖÝÈÕõɯÕÈ×ùÛąɯ×ÖËÓÌɯ×ÖËÔąÕÒàɯ','Ȯɯ

ðâÚÛÌðÕõɯáÖÉÙÈáÌÕąɯshell modeluȮɯÒÖÔÉÐÕÈÊÌɯÕÖÚÕąÒÜ ÈɯŉÌÉÙÖÝâÕąȮɯÕÌËÌÍÖÙÔÖÝÈÕńɯÔÖËÌÓȮɯ

ÙÖáÚÈÏɯáÖÉÙÈáÌÕąɯÕÈ×ùÛąɯƔȮƗƕɬ6,42 MPa. 
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5.1.2 ROZLOĢENĉ DO REAKCĉ BCD 

!ùÏÌÔɯÛÖÏÖÛÖɯÚÛÈÝÜɯÉàÓÈɯÕÈÚÐÔÜÓÖÝâÕÈɯáÛÙâÛÈ kontaktu s  ÕâÏÙÈËÖÜɯÝÈÏÈËÌÓɯ  

(obr. 26). 

-Èɯ×ÙÝÕąɯ×ÖÏÓÌËɯáËÌɯÕÌÕąɯ×ÈÛÙÕâɯŉâËÕâɯÝùÛįąɯáÔùÕÈȭɯ.×ùÛɯÕÌÑÝąÊÌɯÕÈÔâÏÈÕÖÜɯ

ðâÚÛąɯÑÌ ÏÖÙÕąɯËÌÚÒÈȮɯÒÛÌÙâɯÖÝįÌÔɯáÒÙÌÚÓÜjÌɯÏÖËÕÖÛàɯÕÈ×ùÕąɯÕÈɯÕâÔÐɯ×ÖŉÈËÖÝÈÕńÊÏɯ

ÔąÚÛÌÊÏȭ 

Obr. 26: 9ÈÛąŉÌÕąɯÔÖËÌÓÜɯÊÈÙÙÐËÎÌ ËÓÌɯ×ļÝÖËÕąɯËÖÒÜÔÌÕÛÈÊÌ s ÕÌÍÜÕÒðÕąɯÝÈáÉÖÜɯ , pohled 

áÌ×ĪÌËÜȮɯÙÌËÜÒÖÝÈÕõɯÕÈ×ùÛąɯ×ÖËÓÌɯ×ÖËÔąÕÒàɯ','ȮɯĶ×ÓÕõɯáÖÉÙÈáÌÕąɯÚÏÌÓÓɯÔÖËÌÓÜȮɯ

ÕÌËÌÍÖÙÔÖÝÈÕńɯÔÖËÌÓȮɯÙÖáÚÈÏɯáÖÉÙÈáÌÕąɯÕÈ×ùÛąɯƔȮƔƖɬ67,9 MPa. 

Na obr. 27 a 28 ÑÌɯ×ÈÒɯáĪÌÑÔõ, ŉÌɯ×ĪÐɯÝà×ÜįÛùÕąɯÝÈáÉàɯ ɯËÖÑËÌɯÒÌɯáÝńįÌÕąɯ

ÕÈ×ùÛąɯÕÈɯÒÙÐÛÐÊÒńÊÏɯÔąÚÛÌÊÏɯÕÈɯ×ĪÌËÕąɯðâÚÛÐɯÈŉɯÕÈɯÏÖËÕÖÛàɯÒÖlem 12 Mpa a na 

zadnąÔɯÑÌɯ×ÈÒɯÏÖËÕÖÛÈɯ×ĪÐÉÓÐŉÕùɯƛɯ,/Èȭɯ)ÌɯÛÌËàɯ×ÈÛÙÕõ, ŉÌɯ×ÖÒÜËɯÕÌÑÚÖÜɯÝįÌÊÏÕa 

vahadla v  ÈÒÛÐÝÕąÔɯÈɯÙÖÝÕÖÔùÙÕõÔɯÚÛàku, ËÖÊÏâáąɯ×ÈÒɯÒ ÕâÙļÚÛÜɯÊÌlkÖÝõÏÖɯÕÈ×ùÛąɯ

na carridgi.  

Obr. 27: /ÖÏÓÌËɯÕÈɯÕÈ×ùÛąɯÝàÉÙÈÕõÏÖɯÔąÚÛÈɯÔÌáÐɯŉÌÉÙÌÔɯÈɯÕÖÚÕąÒÌÔɯÕÈɯs×ÖËÕą ðâÚÛÐɯÊÈÙÙÐËÎÌ 

ËÓÌɯ×ļÝÖËÕąɯËÖÒÜÔÌÕÛÈÊÌɯÚ ÕÌÍÜÕÒðąɯÝÈáÉÖÜɯ Ȯɯ×ÖÏÓÌËɯáÌ×ĪÌËÜȮɯÙÌËÜÒÖÝÈÕõɯÕÈ×ùÛąɯ×ÖËÓÌɯ

×ÖËÔąÕÒàɯ','ȮɯðâÚÛÌðÕõɯáÖÉÙÈáÌÕąɯÚÏÌÓÓɯÔÖËÌÓÜȮɯÒÖÔÉÐÕÈÊÌɯÕÖÚÕąÒÜɯÈɯŉÌÉÙÖÝâÕąȮɯ

ÕÌËÌÍÖÙÔÖÝÈÕńɯÔÖËÌÓȮɯÙÖáÚÈÏɯáÖÉÙÈáÌÕąɯÕÈ×ùÛąɯƔȮƔƚɬ12,0 MPa.  
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Obr. 28: PÖÏÓÌËɯÕÈɯÕÈ×ùÛąɯÝàÉÙÈÕõÏÖɯÔąÚÛÈɯÔÌáÐɯŉÌÉÙÌÔɯÈɯÕÖÚÕąÒÌÔɯÕÈɯÏÖÙÕą ðâÚÛÐɯÊÈÙÙÐËÎÌ 

ËÓÌɯ×ļÝÖËÕąɯËÖÒÜÔÌÕÛÈÊÌɯÚ ÕÌÍÜÕÒðąɯÝÈáÉÖÜɯ Ȯɯ×ÖÏÓÌËɯáÌ×ĪÌËÜȮɯÙÌËÜÒÖÝÈÕõɯÕÈ×ùÛąɯ×ÖËÓÌɯ

×ÖËÔąÕÒàɯ','ȮɯðâÚÛÌðÕõɯáÖÉÙÈáÌÕąɯÚÏÌÓÓɯÔÖËÌÓÜȮɯÒÖÔÉÐÕÈÊÌɯÕÖÚÕąÒÜɯÈɯŉÌÉÙÖÝâÕąȮɯ

ÕÌËÌÍÖÙÔÖÝÈÕńɯÔÖËÌÓȮɯÙÖáÚÈÏɯáÖÉÙÈáÌÕąɯÕÈ×ùÛąɯƔȮ36ɬ7,23 MPa. 

5.1.3 ROZLOĢENĉ DO REAKCĉ ACD 

/ĪÐɯ×ÖÏÓÌËÜɯÕÈɯáÈÛąŉÌÕąɯÊÌÓõÏÖɯÊÈÙÙÐËÎÌ na obr. 29 jÌɯÝÐËùÛɯĶÉàÛÌÒɯÕÈ×ùÛąɯÕÈɯ

ÕâÔÐɯ ×ÖáÖÙÖÝÈÕõɯ ÚÛÙÈÕùɯ ÊÈÙÙÐËÎÌȭɯ 3ÌÕÛÖɯ ÑÌÝɯ áÈ×ĪąðÐÕÐÓÈɯ ×ÙâÝùɯ ÈÉÚÌÕÊÌɯ ÝÈáÉàɯ !ȭɯ

-È×ùÛą ÕÈɯ ÊÈÙÙÐËÎÐɯ ÖÝįÌÔɯ ÕÌáÔÐzelo, pouze bylo ×ĪÌÕÌÚÌÕÖɯ ÕÈɯ ðâÚÛɯ ËÙÜÏÖÜȮɯ

ÖËÝÙâÊÌÕâɯÚÛÙÈÕÈɯÕÌŉɯÕÈɯÖÉÙȭɯƖƕɯÈɯƖƖȭ 

Obr. 29: 9ÈÛąŉÌÕąɯÔÖËÌÓÜɯÊÈÙÙÐËÎÌ ËÓÌɯ×ļÝÖËÕąɯËÖÒÜÔÌÕÛÈÊÌ s ÕÌÍÜÕÒðÕąɯÝÈáÉÖÜɯB, pohled 

áÌ×ĪÌËÜȮɯÙÌËÜÒÖÝÈÕõɯÕÈ×ùÛąɯ×ÖËÓÌɯ×ÖËÔąÕÒàɯ','ȮɯĶ×ÓÕõɯáÖÉÙÈáÌÕąɯÚhell modelu, 

ÕÌËÌÍÖÙÔÖÝÈÕńɯÔÖËÌÓȮɯÙÖáÚÈÏɯáÖÉÙÈáÌÕąɯÕÈ×ùÛąɯƔȮƔƕɬ67,7 MPa. 

/ĪÐɯ×ÖáÖÙÖÝâÕąɯÚÛÌÑÕõÏÖɯÔąÚÛÈɯÚÛàÒÜɯŉÌÉÙÈɯÚ ÕÖÚÕąÒÌÔ (obr. 30 a 31), ÓáÌɯÝÐËùÛ, 

ŉÌɯÛÖÛÖɯÔąÚÛÖɯÑÌɯÒÖÕÊÌÕÛÙâÛÖÙÌÔɯÕÈ×ùÛą. 2ÛâÓÌɯŉÌÉÙÖɯÕÈɯÚ×ÖËÕąɯÚÛÙÈÕùɯÊÈÙÙÐËÎÌɯ×ĪÌÕâįąɯ

ÝùÛįąɯÕÈ×ùÛąɯÕÌŉɯŉÌÉÙÖɯÕÈɯÏÖÙÕąɯÚÛÙÈÕùȭɯ'ÖËÕÖÛàɯÔÈßÐÔâÓÕąÏÖɯÕÈ×ùÛąɯÑÚÖÜɯÖÝįÌÔɯÕÐŉįąɯ

z ËļÝÖËÜɯÝàįįąÏÖɯÕÈ×ùÛąɯÕÈɯÚÛÙÈÕùɯÖ×ÈðÕõȭ *ÖÕÒÙõÛÕąɯËÖÚÈŉÌÕõɯÔÈßÐÔâÓÕąɯÏÖËÕÖÛàɯ

ÑÚÖÜɯÕÈɯÚ×ÖËÕąÔɯ×ÖáÖÙÖÝÈÕõÔɯŉÌÉÙÜɯƜ MPa a 3 ,×Èɯ×ÙÖɯŉÌÉÙÖɯÏÖÙÕąȭ  
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Obr.30: /ÖÏÓÌËɯÕÈɯÕÈ×ùÛąɯÝàÉÙÈÕõÏÖɯÔąÚÛÈɯÔÌáÐɯŉÌÉÙÌÔɯÈɯÕÖÚÕąÒÌÔɯÕÈɯÚ×ÖËÕą ðâÚÛÐɯÊÈÙÙÐËÎÌ 

ËÓÌɯ×ļÝÖËÕąɯËÖÒÜÔÌÕÛÈÊÌɯÚ ÕÌÍÜÕÒðąɯÝÈáÉÖÜɯ!Ȯɯ×ÖÏÓÌËɯáÌ×ĪÌËÜȮɯÙÌËÜÒÖÝÈÕõɯÕÈ×ùÛąɯ×ÖËÓÌɯ

×ÖËÔąÕÒàɯ','ȮɯðâÚÛÌðÕõɯáÖÉÙÈáÌÕąɯÚÏÌÓÓɯÔÖËÌÓÜȮɯÒÖÔÉÐÕÈÊÌɯÕÖÚÕąÒÜɯÈɯŉÌÉÙÖÝâÕąȮɯ

ÕÌËÌÍÖÙÔÖÝÈÕńɯÔÖËÌÓȮɯÙÖáÚÈÏɯáÖÉÙÈáÌÕąɯÕÈ×ùÛąɯƔ,09ɬ8,81 MPa. 

Obr. 31: /ÖÏÓÌËɯÕÈɯÕÈ×ùÛąɯÝàÉÙÈÕõÏÖɯÔąÚÛÈɯÔÌáÐɯŉÌÉÙÌÔɯÈɯÕÖÚÕąÒÌÔɯÕÈɯÏÖÙÕą ðâÚÛÐɯÊÈÙÙÐËÎÌ 

ËÓÌɯ×ļÝÖËÕąɯËÖÒÜÔÌÕÛÈÊÌɯÚ ÕÌÍÜÕÒðąɯÝÈáÉÖÜɯ!Ȯɯ×ÖÏÓÌËɯáÌ×ĪÌËÜȮɯÙÌËÜÒÖÝÈÕõɯÕÈ×ùÛąɯ×ÖËÓÌɯ

×ÖËÔąÕÒàɯ','ȮɯðâÚÛÌðÕõɯáÖÉÙÈáÌÕąɯÚÏÌÓÓɯÔÖËÌÓÜȮɯÒÖÔÉÐÕÈÊÌɯÕÖÚÕąÒÜɯÈɯŉÌÉÙÖÝâÕąȮɯ

ÕÌËÌÍÖÙÔÖÝÈÕńɯÔÖËÌÓȮɯÙÖáÚÈÏɯáÖÉÙÈáÌÕąɯÕÈ×ùÛąɯƔȮƔƝɬ3,59 MPa. 
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5.2 VħSLEDKY 

Ze zâÛùŉÕńÊÏɯÚÛÈÝļɯÊÈÙÙÐËÎÌ ËÓÌɯ×ļÝÖËÕąɯËÖÒÜÔÌÕÛÈÊÌ ÑÌɯÛÌËàɯáĪÌÑÔõ, ŉÌɯÛÜÏost 

ÊÈÙÙÐËÎÌɯ áÕÌÔÖŉĚÜÑÌɯ ×ÙļÊÏÖË ÕÈ×ùÛąɯ ÕÈɯ ÝįÌÊÏÕa ÝÈÏÈËÓÈɯ ÝÌɯ ÚÛÌÑÕõÔɯ ×ÖÔùÙÜȭɯ

Vzhledem k  tomu je pak pĪÌÝâŉÕâɯðâÚÛɯÕÈ×ùÛąɯ×ĪÌÕâįÌÕÈɯ×ÖÜáÌɯÝÈÏÈËÓàɯ ɯÈɯ! a bylo 

potvrzeno,  ŉÌɯÒÌɯÝáÕÐÒÜɯÛÙÏÓÐÕ ÉÜËÖÜɯÕâÊÏàÓÕùÑįą svary ÕÈɯÚ×ÖËÕąɯÚÛÙÈÕùɯŉÌÉÙÖÝâÕąɯ

carridge. 

4ŉɯá ×ÙÝÕąÏÖɯáÈÛąŉÌÕąȮɯ×ĪÐɯÕùÔŉɯÉàÓàɯÍÜÕÒðÕąɯÝįÌÊÏÕàɯƘɯÝÈáÉà, ÉàÓÖɯÕÈ×ùÛąɯÕÈɯ

Ú×ÖËÕąɯðâÚÛÐɯÊÈÙÙÐËÎÌɯÝàįįąɯÖɯ×ĪÐÉÓÐŉÕùɯƙƔ % (tab. 2). 

-ÌÑÝàįįąÊÏɯÏÖËÕÖÛɯÕÈ×ùÛąɯÉàÓÖɯËÖÚÈŉÌÕÖɯ×ÈÒɯ×ĪÐɯáÛÙâÛùɯÒÖÕÛÈÒÛÜɯÝÈáÉàɯ ȭɯ

Vzhledem k ÛÜÏÖÚÛÐɯÊÈÙÙÐËÎÌɯÔâɯÛÖÒɯÕÈ×ùÛąɯÛÌÕËÌÕÊÐɯ×ÙÖÑąÛɯÝÈáÉÖÜɯ!ȭɯ/ÙâÝùɯÛàÛÖɯËÝÈɯ

ÑÌÝàȮɯ ÛÜÏÖÚÛɯ ÊÈÙÙÐËÎÌɯÈɯ ÔÖŉÕÖÚÛɯ áÛÙâÛàɯ ÒÖÕÛÈÒÛÜɯ ÝÈáÉà, ÔÈÑąɯ áÈɯ ÕâÚÓÌËÌÒɯ ÝÌÓÒńɯ

×ĪąÙļÚÛÌÒɯÕÈ×ùÛąɯÕÈɯÒÙÐÛÐÊÒńÊÏɯÔąÚÛÌÊÏȭ 

Tab. 2: PĪÌÏÓÌËɯÕÈ×ùÛąɯÕÈɯ×ļÝÖËÕąÔɯÔÖËÌÓÜ. 

 

 

  

ŀƪǘǾƴƝ ǾŀȊōȅaƝǎǘƻ
bŀǇŠǘƝ ƳŀȄ 

[MPa]

ǎǇƻŘƴƝ 9,27

ƘƻǊƴƝ 6,42

ǎǇƻŘƴƝ12,61

ƘƻǊƴƝ 7,23

ǎǇƻŘƴƝ 8,81

ƘƻǊƴƝ 3,59

ABCD

BCD

ACD
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/ĪÐɯ ÚÛÈÕÖÝÌÕąɯ ËÖÝÖÓÌÕõÏÖɯ ÕÈ×ùÛąɯ ÛÜ×ńÊÏɯ Èɯ ÒÖÜÛÖÝńÊÏɯ ÚÝÈÙļɯ ÚÌɯ ÝàÊÏâáąɯ

z ÏÖËÕÖÛɯ ÚÛÈÕÖÝÌÕńÊÏɯ áâÒÓÈËÕąÔɯ ÔÈÛÌÙÐâÓÌÔȭɯV ×Īą×ÈËùɯ ŉÌÉÙÖÝâÕąɯ ÚÌɯ ÑÌËÕâɯ 

ÖɯÔÈÛÌÙÐâÓɯ2ƖƗƙɯ)1-ȭ [16] 

 

/ÙÖɯ×ÖÝÖÓÌÕõɯÕÈ×ùÛąɯÛÌËàɯ×ÓÈÛą:  

 

„ ‌Ͻ„ ‌Ͻ
Ὑ

Ὧ
 

 

kde ‌ ÑÌɯÚÖÜðÐÕÐÛÌÓɯÛÝÈÙÖÝõÏÖɯÚ×ÖÑÌȮɯ„ÑÌɯ×ÖÝÖÓÌÕõɯÕÈ×ùÛąɯáâÒÓÈËÕąÏÖɯÚ×ÖÑÌȮɯὙ je mez 

ÒÓÜáÜɯáâÒÓÈËÕąÏÖɯÔÈÛÌÙÐâÓÜɯÈɯὯ ÑÌɯÚÖÜðÐÕÐÛÌÓɯÉÌá×ÌðÕÖÚÛÐȭ 

Pro koÜÛÖÝńɯðÌÓÕąɯÚÝÈÙɯÕÈÔâÏÈÕńɯÕÈɯÛÈÏ je tabuÓÒÖÝùɯÚÛÈÕÖÝÌÕâɯÏÖËÕÖÛÈɯ 

‌ ǻɯƔȮƛƙȭɯ*ÖÌÍÐÊÐÌÕÛɯÉÌá×ÌðÕÖÚÛÐɯÑÌɯáÝÖÓÌÕɯƕȮƖƙȭɯ'ÖËÕÖÛÈɯὙ pro ocel S235 je 235 MPa. 

/ÖɯËÖÚÈáÌÕąɯËÖɯ×ĪÌËÊÏÖáąÏÖɯÝáÖÙÊÌȯ 

 

„ πȟχυϽ
ȟ

141MPa 

 

(5.1) 

(5.2) 
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6 NAVRĢENĉ ĐPRAV 

#Öɯ ÕâÝÙÏļɯ Ķ×ÙÈÝɯ ÚÌɯ ËÖÚÛÈÓà ×ĪÌËÌÝįąÔɯ ËÝÈɯ ÈÚ×ÌÒÛàȭɯ /ÙvÕąɯ á nich byl 

ÒÖÕÚÛÙÜÒðÕąȭɯ#ÖɯÛÖÏÖÛÖɯÚÌɯĪÈËąɯ×ĪÌËÌÝįąÔɯÛÝÈÙɯÚÈÔÖÛÕõÏÖɯŉÌÉÙÈ, ÑÌÓÐÒÖŉɯÝńÙÈáÕâɯ

áÔùÕÈɯ ÝÌÓÐÒÖÚÛÐɯ ŉÌÉÙÈɯ Èɯ ÜÔąÚÛùÕąɯ ðÐɯ ×ÖðÌÛɯ ŉÌÉÌÙɯ ÉàÓÖɯ ×ÙÖÉÓÌÔÈÛÐÊÒõɯ ÝáÏÓÌËÌÔɯ

k ÔÕÖÏÈɯÖÔÌáÌÕąÔ, ÑÈÒɯáÌɯÚÛÙÈÕàɯËùÙɯ×ÙÖɯįÙÖÜÉà, tak i  prostoÙÜɯ×ÖÛĪÌÉÕõÏÖɯ×ÙÖɯ

×ÙâÊÐɯTop DÙÐÝÜȭɯ /ÙâÝùɯ á ËļÝÖËÜɯ ×ÙÖÚÛÖÙÖÝõÏÖɯ ÖÔÌáÌÕąɯ ÉàÓÖɯ ÝàÕÌÊÏâÕÖɯ ÑÌËÕÖɯ

ŉÌÉÙÖ, ÝÌËÓÌɯÒÛÌÙõÏÖɯ×ĪÐɯÒÖÔ×lÌÛÈÊÐɯÚÌÚÛÈÝàɯÓÌŉąɯÚÊÏÙâÕÒÈ, ÑÈÒɯÓáÌɯÝÐËùÛɯÕÈɯÖÉÙ. 32. /ĪÐɯ

ÚÕąŉÌÕąɯÛÜÏÖÚÛÐɯŉÌÉÙÖÝâÕąɯÉàɯ×ÈÒɯÔÖÏÓÖɯËÖÊÏâáÌÛɯÒÌɯáÓÌ×įÌÕąɯ×ÙÖÜËùÕąɯÕÈ×ùÛą i na 

áÈËÕąɯËÌÚÒàɯÈɯÛąÔɯ×âËÌÔɯÉàɯËÖįÓÖɯÒɯrÖÝÕÖÔùÙÕùÑįąɯËÐÚÛÙÐÉÜÊÐɯÕÈ×ùÛąȭ 

Obr. 32: DÌÛÈÐÓÕąɯ×ÖÏÓÌËɯÕÈɯÙÖáÔùÙÖÝùɯÖËÓÐįÕõɯŉÌÉÙÖȭ 
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6.1 MŉKK£ ĢEBRO  

ÂÌÉÙÖÝâÕąɯÚÌɯËâɯ×ĪÐɯáÑÌËÕÖËÜįÌÕąɯÙÖáËùÓÐÛɯÕÈɯÛĪÐɯÚÒÜ×ÐÕà (obr. 33). -ÌÑÉùŉÕùÑįąÔɯ

ÈɯáâÙÖÝÌĚɯÕÌÑÑÌËÕÖËÜįįąÔɯÛà×ÌÔɯŉÌÉÙÖÝâÕąɯÑÌɯŉÌÉÙÖɯÕÌÜÛÙâÓÕąȭɯ3ÖÛÖɯŉÌÉÙÖɯÔąÝâɯÚÝÖÜɯ

ÝÕùÑįąɯÚÛÙÈÕÜɯÙÖÝÕÖÜȭɯ#ÙÜÏńÔɯÛà×ÌÔɯÑÌɯ×ÈÒɯŉÌÉÙÖɯÛÜÏõȭɯ3ÈÒÖÝõÛÖɯŉÌÉÙÖɯÚÌɯÝàáÕÈðÜÑÌɯ

ÝńÙaáÕùɯ Ýàįįąɯ ÛÜÏÖÚÛąɯ Èɯ ÛÝÈÙɯ ÔļŉÌɯ ÔąÛɯ ÕÈ×ĪąÒÓÈËɯ ÕÈɯ ÝÕùÑįąɯ ÚÛÙÈÕùɯ ÒÖÕÒâÝÕąȭɯ

/ÖÚÓÌËÕąÔɯáÌɯáâÒÓÈËÕąÏÖɯÙÖáËùÓÌÕąɯŉÌÉÙÖÝâÕąɯÑÌɯ×ÈÒɯŉÌÉÙÖɯÔùÒÒõȭɯ3ÖÛÖɯŉÌÉÙÖɯÚÌɯ×ÈÒɯ

ÝàáÕÈðÜÑÌɯÛÜÏÖÚÛąɯÕÈÖ×ÈÒɯÚÕąŉÌÕÖÜɯÖ×ÙÖÛÐɯŉÌÉÙÜɯÕÌÜÛÙâÓÕąÔÜȭɯ3ÝÈÙÖÝùɯ×ÈÒ ÖË×ÖÝąËâ 

×ĪÌÚÕùɯÖ×ÈðÕùɯŉÌÉÙÜɯÛÜÏõÔÜ, ÛÑȭɯÒÖÕÝÌßÕąȭ 

 

Obr.33: ZâÒÓÈËÕąɯËÙÜÏàɯŉÌÉÙÖÝâÕąɯÈȺɯÔùÒÒõȮɯÉȺɯÕÌÜÛÙâÓÕąȮɯÊȺɯÛÜÏõ. 
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Obr. 34: ,ÖËÐÍÐÒÈÊÌɯÚ×ÖËÕąÏÖɯŉÌÉÙÈɯÕÈɯÔùÒÒõ. 

¯×ÙÈÝÈɯÛÝÈÙÜɯŉÌÉÙÈɯÉàÓÈɯáÝÖÓÌÕÈɯÚ ÖÏÓÌËÌÔɯÕÈɯÔÖŉÕÖÚÛɯÙàÊÏÓõɯÈ×ÓÐÒÈÊÌɯËÖɯ

ÙÌâÓÕńÊÏɯ×ÖËÔąÕÌÒɯÚ×ÖÓÜɯÚ ÔÖŉÕÖÚÛąɯÚÕÈËÕõɯÈ×ÓÐÒÈÊÌɯËÖɯÝńÙÖÉàȭɯ)ÌËÕâɯÚÌɯÖɯÝàĪÌáâÕąɯ

ÖÉÓÖÜÒÜɯÒÙÜÏÖÝÐÛõÏÖɯÛÝÈÙÜɯÜÔąÚÛùÕõÏÖɯÛÈÒ, aby ÝÙÊÏÖÓàɯ×ÖÔàÚÓÕõɯÒÙÜŉÕÐÊÌɯÓÌŉÌÓà co 

ÕÌÑÉÓąŉÌɯÏÙÈÕâÔɯÒÖÕÊļɯŉÌÉÌÙ, ÈÓÌɯáâÙÖÝÌĚɯÉàÓy ÚÛâÓÌɯÔÐÔÖɯÛàÛÖɯÏÙÈÕàȭɯ¯×ÙÈÝàɯÛùÊÏÛÖɯ

ŉÌÉÌÙɯÝÐáɯÖÉÙȭɯ34 a 35. 
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Obr. 33: ,ÖËÐÍÐÒÈÊÌɯÏÖÙÕąÏÖɯŉÌÉÙÈɯÕÈɯÔùÒÒõ. 

 

/ĪÐɯÈ×ÓÐÒÈÊÐɯÔùÒÒõÏÖɯŉÌÉÙÈɯÕÈɯÊÈÙÙÐËÎÌɯÑÌɯ×ÈÛÕõ, ŉÌɯËÖÑËÌɯÒ ÓÌ×įąɯËÐÚÛÙÐÉÜÊÐɯ

toðÐÝõÏÖɯÔÖÔÌÕÛÜɯÕÈ×ĪąðɯÚÖÜðâÚÛąȭɯ9 ÛÖÏÖÛÖɯËļÝÖËÜ se pak na obr. 36 a 37 ×ĪÐɯ

ÚÐÔÜÓÈÊÐɯáÈÛąŉÌÕąɯÔÖËÌÓÜ ÝÌɯÚÓÌËÖÝÈÕńÊÏɯÔąÚÛÌÊÏɯÖÉÑÌÝÐÓÖɯÕÈ×ùÛąɯÖɯÏÖËÕÖÛâÊÏɯÒÖÓÌÔɯ

7 MPÈɯ ÕÈɯ ×ĪÌËÕąÔɯ ŉÌÉÙÜɯ Èɯ Ɯ MPÈɯ ÕÈɯ áÈËÕąÔɯ ŉÌÉÙÜȭɯ 3àÛÖɯ ÏÖËÕÖÛàɯÝàÊÏâáÌÓà  

z ×ĪÌË×ÖÒÓÈËÜɯÝįÌÊÏɯÈÒÛÐÝÕąÊÏɯÝÈáeb ABCD. 
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Obr. 36: PÖÏÓÌËɯÕÈɯÕÈ×ùÛąɯÝàÉÙÈÕõÏÖɯÔąÚÛÈɯÔÌáÐɯŉÌÉÙÌÔɯÈɯÕÖÚÕąÒÌÔɯÕÈɯÚ×ÖËÕą ðâÚÛÐɯÊÈÙÙÐËÎÌ 

s Ķ×ÙÈÝÖÜɯŉÌÉÙÖÝâÕąɯÕÈɯÔùÒÒńɯ×ÙÖÍÐÓȮɯ×ÖÏÓÌËɯáÌ×ĪÌËÜȮɯÙÌËÜÒÖÝÈÕõɯÕÈ×ùÛąɯ×ÖËÓÌɯ×ÖËÔąÕÒàɯ

','ȮɯðâÚÛÌðÕõɯáÖÉÙÈáÌÕąɯÚÏÌÓÓɯÔÖËÌÓÜȮɯÒÖÔÉÐÕÈÊÌɯÕÖÚÕąÒÜɯÈɯŉÌÉÙÖÝâÕąȮɯÕÌËÌÍÖÙÔÖÝÈÕńɯ

model, ÙÖáÚÈÏɯáÖÉÙÈáÌÕąɯÕÈ×ùÛąɯƔȮƕ4ɬ7,68 MPa. 

Obr. 37: /ÖÏÓÌËɯÕÈɯÕÈ×ùÛąɯÝàÉÙÈÕõÏÖɯÔąÚÛÈɯÔÌáÐɯŉÌÉÙÌÔɯÈɯÕÖÚÕąÒÌÔɯÕÈɯÏÖÙÕą ðâÚÛÐɯÊÈÙÙÐËÎÌ 

s Ķ×ÙÈÝÖÜɯŉÌÉÙÖÝâÕąɯÕÈɯÔùÒÒńɯ×ÙÖÍÐÓȮɯ×ÖÏÓÌËɯáÌ×ĪÌËÜȮɯÙÌËÜÒÖÝÈÕõɯÕÈ×ùÛąɯ×ÖËÓÌɯ×ÖËÔąÕÒàɯ

','ȮɯðâÚÛÌðÕõɯáÖÉÙÈáÌÕąɯÚÏÌÓÓɯÔÖËÌÓÜȮɯÒÖÔÉÐÕÈÊÌɯÕÖÚÕąÒÜɯÈɯŉÌÉÙÖÝâÕąȮɯÕÌËÌÍÖÙÔÖÝÈÕńɯ

ÔÖËÌÓȮɯÙÖáÚÈÏɯáÖÉÙÈáÌÕąɯÕÈ×ùÛąɯƔȮƕ1ɬ8,41 MPa. 
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/ĪÐɯáÈÛąŉÌÕąɯÚÖÜðâÚÛÐɯÑÌÕɯ×ÖÔÖÊąɯÝÈáÌÉɯ!"# ÈɯÝàÕÌÊÏâÕąɯÝÈáÉàɯ , kde bylo 

v ×ĪÌËÊÏÖáąÔɯ ×Īą×ÈËùɯ ËÖÚÈŉÌÕÖɯ ÕÌÑÝàįįąÏÖɯ ÕÈ×ùÛą, ×ÈÒɯ ËÖįÓÖɯ Ò poklesu hodnot  

z 12 Mpa na 8 MpÈɯÕÈɯŉÌÉÙÜɯÚ×ÖËÕąÔɯ(obr. 38)ȭɯ-ÈɯŉÌÉÙÜɯÏÖÙÕąÔɯse pak hodnoty 

áÔùÕÐÓàɯáÌɯƛɯ,×ÈɯÕÈɯƚ Mpa (obr 39). 

Obr. 38: /ÖÏÓÌËɯÕÈɯÕÈ×ùÛąɯÝàÉÙÈÕõÏÖɯÔąÚÛÈɯÔÌáÐɯŉÌÉÙÌÔɯÈɯÕÖÚÕąÒÌÔɯÕÈɯÚ×ÖËÕą ðâÚÛÐɯÊÈÙÙÐËÎÌ 

s Ķ×ÙÈÝÖÜɯŉÌÉÙÖÝâÕąɯÕÈɯÔùÒÒńɯ×ÙÖÍÐÓɯÚ ÕÌÍÜÕÒðąɯÝÈáÉÖÜɯ Ȯɯ×ÖÏÓÌËɯáÌ×ĪÌËÜȮɯÙÌËÜÒÖÝÈÕõɯÕÈ×ùÛąɯ

×ÖËÓÌɯ×ÖËÔąÕÒàɯ','ȮɯðâÚÛÌðÕõɯáÖÉÙÈáÌÕąɯÚÏÌÓÓɯÔÖËÌÓÜȮɯÒÖÔÉÐÕÈÊÌɯÕÖÚÕąÒÜɯÈɯŉÌÉÙÖÝâÕąȮɯ

ÕÌËÌÍÖÙÔÖÝÈÕńɯÔÖËÌÓȮɯÙÖáÚÈÏɯáÖÉÙÈáÌÕąɯÕÈ×ùÛąɯƔȮƕƗɬ8,37 MPa. 

Obr. 39: /ÖÏÓÌËɯÕÈɯÕÈ×ùÛąɯÝàÉÙÈÕõÏÖɯÔąÚÛÈɯÔÌáÐɯŉÌÉÙÌÔɯÈɯÕÖÚÕąÒÌÔɯÕÈɯÏÖÙÕą ðâÚÛÐɯÊÈÙÙÐËÎÌ 

s Ķ×ÙÈÝÖÜɯŉÌÉÙÖÝâÕąɯÕÈɯÔùÒÒńɯ×ÙÖÍÐÓɯÚ ÕÌÍÜÕÒðąɯÝÈáÉÖÜɯ Ȯɯ×ÖÏÓÌËɯáÌ×ĪÌËÜȮɯÙÌËÜÒÖÝÈÕõɯÕÈ×ùÛąɯ

×ÖËÓÌɯ×ÖËÔąÕÒàɯ','ȮɯðâÚÛÌðÕõɯáÖÉÙÈáÌÕąɯÚÏÌÓÓɯÔÖËÌÓÜȮɯÒÖÔÉÐÕÈÊÌɯÕÖÚÕąÒÜɯÈɯŉÌÉÙÖÝâÕąȮɯ

ÕÌËÌÍÖÙÔÖÝÈÕńɯÔÖËÌÓȮɯÙÖáÚÈÏɯáÖÉÙÈáÌÕąɯÕÈ×ùÛąɯƔȮƕ1ɬ6,83 MPa.  
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Pokud se ×ÖËąÝâÔÌ, ÑÈÒɯËÖ×ÈËÓàɯÏÖËÕÖÛàɯÕÈ×ùÛąɯÕÈɯ×ÖáÖÙÖÝÈÕńÊÏɯÔąÚÛÌÊÏɯ

s ÍÜÕÒðÕąÔÐɯÝÈáÉÈmi  "#ɯÈɯÈÉÚÌÕÊąɯÝÈáÉàɯ!, lze pozorovat , ŉÌɯÕÈ×ùÛąɯÕÈɯÚ×ÖËÕąɯðâÚÛÐɯ

caÙÙÐËÎÌɯÚÌɯÚÕąŉÐÓÖɯá 8 ,×ÈɯÕÈɯƛɯ,/ÈɯÝļðÐ ŉÌÉÙÜɯÚ ÕÌÜÛÙâÓÕąÔɯ×ÙÖÍÐÓÌÔ (obr. 40). Na 

áÈËÕąɯÚÛÙÈÕùɯÚÌɯÏÖËÕÖÛàɯáÝńįÐÓàɯá 3 MPa na 8 MPa (obr 41). 

Obr. 40: /ÖÏÓÌËɯÕÈɯÕÈ×ùÛąɯÝàÉÙÈÕõÏÖɯÔąÚÛÈɯÔÌáÐɯŉÌÉÙÌÔɯÈɯÕÖÚÕąÒÌÔɯÕÈɯÚ×ÖËÕą ðâÚÛÐɯÊÈÙÙÐËÎÌ 

s Ķ×ÙÈÝÖÜɯŉÌÉÙÖÝâÕąɯÕÈɯÔùÒÒńɯ×ÙÖÍÐÓɯÚ ÕÌÍÜÕÒðąɯÝÈáÉÖÜɯ!Ȯɯ×ÖÏÓÌËɯáÌ×ĪÌËÜȮɯÙÌËÜÒÖÝÈÕõɯÕÈ×ùÛąɯ

×ÖËÓÌɯ×ÖËÔąÕÒàɯ','ȮɯðâÚÛÌðÕõɯáÖÉÙÈáÌÕąɯshell modelu, ÒÖÔÉÐÕÈÊÌɯÕÖÚÕąÒÜɯÈɯŉÌÉÙÖÝâÕąȮɯ

ÕÌËÌÍÖÙÔÖÝÈÕńɯÔÖËÌÓȮɯÙÖáÚÈÏɯáÖÉÙÈáÌÕąɯÕÈ×ùÛąɯƔȮƕƘɬ7,59 MPa. 

Obr. 41: /ÖÏÓÌËɯÕÈɯÕÈ×ùÛąɯÝàÉÙÈÕõÏÖɯÔąÚÛÈɯÔÌáÐɯŉÌÉÙÌÔɯÈɯÕÖÚÕąÒÌÔɯÕÈɯÏÖÙÕą ðâÚÛÐɯÊÈÙÙÐËÎÌ 

s Ķ×ÙÈÝÖÜɯŉÌÉÙÖÝâÕąɯÕÈɯÔùÒÒńɯ×ÙÖÍÐÓɯÚ ÕÌÍÜÕÒðąɯÝÈáÉÖÜɯ!Ȯɯ×ÖÏÓÌËɯáÌ×ĪÌËÜȮɯÙÌËÜÒÖÝÈÕõɯÕÈ×ùÛąɯ

×ÖËÓÌɯ×ÖËÔąÕÒàɯ','ȮɯðâÚÛÌðÕõɯáÖÉÙÈáÌÕąɯÚÏÌÓÓɯÔÖËÌÓÜȮɯÒÖÔÉÐÕÈÊÌɯÕÖÚÕąÒÜɯÈɯŉÌÉÙÖÝâÕąȮɯ

ÕÌËÌÍÖÙÔÖÝÈÕńɯÔÖËÌÓȮɯÙÖáÚÈÏɯáÖÉÙÈáÌÕąɯÕÈ×ùÛąɯƔȮƕƕɬ8,60MPa. 
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Tab. 3: PĪÌÏÓÌËɯÕÈ×ùÛąɯÕÈɯ×ļÝÖËÕąÔɯÔÖËÌÓÜɯÈɯĶ×ÙÈÝa ŉÌÉÙÖÝâÕą 

 

)ÈÒɯÓáÌɯÝÐËùÛɯÝ tab. 3, tak na pÖáÖÙÖÝÈÕńÊÏɯÔąÚÛÌÊÏɯÚÛàÒÜɯŉÌÉÙÈɯÚ ÕÖÚÕąÒÌÔɯ

ËÖįÓÖɯËąÒàɯÌÙÜËÖÝÈÕõɯĶ×ÙÈÝùɯÛÝÈÙÜɯŉÌÉÙÈɯk ÙÖÝÕÖÔùÙÕùÑįąɯËÐÚÛÙÐÉÜÊÐɯÕÈ×ùÛąɯËÖɯÝįÌÊÏɯ

ÚÔùÙļȭɯ/ļÝÖËÕąɯÛÖÒɯáÈÛùŉÖÝÈÓɯ×ĪÌËÌÝįąÔɯÚ×ÖËÕąɯðâÚÛɯÊÈÙÙÐËÎÌȭɯ#âÓÌɯ×ÈÒɯ×ĪÐɯÈÉÚÌÕÊÐɯ

ÑÌËÕõɯáÌɯÚ×ÖËÕąÊÏɯÝÈáÌÉɯÉàÓÖɯÝàįįąɯÕÈ×ùÛąɯÝŉËàɯÕÈɯÊÌÓõɯÚÛÙÈÕùɯÊÈÙÙÐËÎÌɯÚ ÈÒÛÐÝÕąɯ

vazbou. 

S ÔùÒÒńÔÐɯŉÌÉÙàɯ×ÈÒɯËÖÊÏâáąɯÒ ÙÖÝÕÖÔùÙÕõɯËÐÚÛÙÐÉÜÊÐɯÕÈ×ùÛąɯÕÈ×ĪąðɯÝįÌÔÐɯ

ŉÌÉÙàȮɯ ÈĳɯÜŉɯ ÚÌɯ ÑÌËÕâɯ Öɯ ÚÛÈÝ, ÒËàɯ ÑÚÖÜɯ ÈÒÛÐÝÕąɯ ÝįÌÊÏÕàɯ ÝÈáÉàɯ  !"#, nebo je 

vypuįÛùÕÈɯÑÌËÕÈɯá nich. 

  

ǇǻǾƻŘƴƝƳŠƪƪŞ ȌŜōǊƻ

ǎǇƻŘƴƝ 9,27 7,68

ƘƻǊƴƝ 6,42 8,41

ǎǇƻŘƴƝ12,61 8,37

ƘƻǊƴƝ 7,23 6,83

ǎǇƻŘƴƝ 8,81 7,59

ƘƻǊƴƝ 3,59 8,31

ABCD

BCD

ACD

bŀǇŠǘƝ ƳŀȄ ώatŀϐ

ŀƪǘǾƴƝ ǾŀȊōȅaƝǎǘƻ
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6.2 UVOLNŉNĉ VNITřNĉHO PROSTORU PRO SVAřOVĆNĉ 

#ÈÓįąɯÔÖËÐÍÐÒÈÊąɯŉÌÉÙÖÝâÕąɯÉàÓÈɯĶ×ÙÈÝÈɯÝÕÐÛĪÕąÏÖɯ×ÙÖÚÛÖÙÜɯŉÌÉÙÈȭɯ)ÌËÕâɯÚÌɯ 

ÖɯÝàĪÌáâÕąɯÒÙÜÏÖÝÐÛõɯËąÙà viz obr.  42 a 43ȭɯ3ÈÛÖɯÔÖËÐÍÐÒÈÊÌɯŉÌÉÙÈɯÕÌÔâɯÕÈɯÝńÚÓÌËÕõɯ

ÝÕÐÛĪÕąɯÕÈ×ùÛąɯŉâËÕńɯÔÈÙÒÈÕÛÕą dopad, ÑÈÒɯÑÌɯ×ÈÛÙÕõɯá ×ÖÙÖÝÕâÕąɯÝļðÐɯŉÌÉÙÜɯÉÌáɯÛõÛÖɯ

ËąÙà (obr. 44ɬ49). 

Obr. 42: ,ÖËÐÍÐÒÈÊÌɯÝÕÐÛĪÕąÏÖɯ×ÙÖÚÛÖÙÜɯÚ×ÖËÕąÏÖɯŉÌÉÙÈ. 
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Obr. 43: ,ÖËÐÍÐÒÈÊÌɯÝÕÐÛĪÕąÏÖɯ×ÙÖÚÛÖÙÜɯÏÖÙÕąÏÖɯŉÌÉÙÈ. 

/ÙÈÒÛÐÊÒńɯËÖ×ÈËɯÛÖɯÝįÈÒɯÔļŉÌɯÔąÛɯ×ĪÐɯÚÝÈĪÖÝâÕąɯÚÖÜðâÚÛą ÈɯÛąÔɯÐɯÕÌ×ĪąÔń 

ËÖ×ÈËɯÕÈɯÝńÚÓÌËÕÖÜɯŉÐÝÖÛÕÖÚÛɯÈɯÊÌÓÒÖÝÖÜɯÖËÖÓÕÖÚÛɯÚÝÈÙÜȭɯ/ļÝÖËÕąɯĪÌįÌÕąɯÚ×ÖðąÝÈÓÖɯ

ÝÌɯ ÝàĪÌáâÕąɯ ÛÙÖÑĶÏÌÓÕąÒÖÝõÏÖɯ ×ÙÖÚÛÖÙÜɯ Öɯ ËõÓÊÌɯ ÖËÝùÚÌÕɯ ƖƙȮƘ mm. Problematika 

ÚÝÈĪÖÝâÕąɯ Ý ÛÈÒÛÖɯ ÚÛąÚÕùÕõÔɯ ×ÙÖÚÛÖÙÜɯ ÔļŉÌɯ ÔąÛɯ áÈɯ ÕâÚÓÌËÌÒɯ áÏÖÙįÌÕąɯ ÝÓÈÚÛÕÖÚÛąɯ

svaru. 
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Obr. 44: /ÖÏÓÌËɯÕÈɯÕÈ×ùÛąɯÝàÉÙÈÕõÏÖɯÔąÚÛÈɯÔÌáÐɯŉÌÉÙÌÔɯÈɯÕÖÚÕąÒÌÔɯÕÈɯÚ×ÖËÕą ðâÚti carridge 

s Ķ×ÙÈÝÖÜɯŉÌÉÙÖÝâÕąɯÕÈɯÔùÒÒńɯ×ÙÖÍÐÓɯÚ×ÖÓÜɯÚ ÝàĪąáÕÜÛąÔɯÖÛÝÖÙÜȮɯ×ÖÏÓÌËɯáÌ×ĪÌËÜȮɯÙÌËÜÒÖÝÈÕõɯ

ÕÈ×ùÛąɯ×ÖËÓÌɯ×ÖËÔąÕÒàɯ','ȮɯðâÚÛÌðÕõɯáÖÉÙÈáÌÕąɯÚÏÌÓÓɯÔÖËÌÓÜȮɯÒÖÔÉÐÕÈÊÌɯÕÖÚÕąÒÜɯÈɯ

ŉÌÉÙÖÝâÕąȮɯÕÌËÌÍÖÙÔÖÝÈÕńɯÔÖËÌÓȮɯÙÖáÚÈÏɯáÖÉÙÈáÌÕąɯÕÈ×ùÛąɯƔȮƕƗɬ7,00 MPa. 

Obr. 45: /ÖÏÓÌËɯÕÈɯÕÈ×ùÛąɯÝàÉÙÈÕõÏÖɯÔąÚÛÈɯÔÌáÐɯŉÌÉÙÌÔɯÈɯÕÖÚÕąÒÌÔɯÕÈɯÏÖÙÕą ðâÚÛÐɯÊÈÙÙÐËÎÌ 

s Ķ×ÙÈÝÖÜɯŉÌÉÙÖÝâÕąɯÕÈɯÔùÒÒńɯ×ÙÖÍÐÓɯÚ×ÖÓÜɯÚ ÝàĪąáÕÜÛąÔɯÖÛÝÖÙÜȮɯ×ÖÏÓÌËɯáÌ×ĪÌËÜȮɯÙÌËÜÒÖÝÈÕõɯ

ÕÈ×ùÛąɯ×ÖËÓÌɯ×ÖËÔąÕÒàɯ','ȮɯðâÚÛÌðÕõɯáÖÉÙÈáÌÕąɯÚÏÌÓÓɯÔÖËÌÓÜȮɯÒÖÔÉÐÕÈÊÌɯÕÖÚÕąÒÜɯÈɯ

ŉÌÉÙÖÝâÕąȮɯÕÌËÌÍÖÙÔÖÝÈÕńɯÔÖËÌÓȮɯÙÖáÚÈÏɯáÖÉÙÈáÌÕąɯÕÈ×ùÛąɯƔȮƕƔɬ7,71 MPa. 
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Obr. 46: /ÖÏÓÌËɯÕÈɯÕÈ×ùÛąɯÝàÉÙÈÕõÏÖɯÔąÚÛÈɯÔÌáÐɯŉÌÉÙÌÔɯÈɯÕÖÚÕąÒÌÔɯÕÈɯÚ×ÖËÕą ðâÚÛÐɯÊÈÙÙÐËÎÌ 

s Ķ×ÙÈÝÖÜɯŉÌÉÙÖÝâÕąɯÕÈɯÔùÒÒńɯ×ÙÖÍÐÓɯÚ×ÖÓÜɯÚ ÝàĪąáÕÜÛąÔɯÖÛÝÖÙÜɯÚ ÕÌÍÜÕÒðąɯÝÈáÉÖÜɯ Ȯɯ×ÖÏÓÌËɯ

áÌ×ĪÌËÜȮɯÙÌËÜÒÖÝÈÕõɯÕÈ×ùÛąɯ×ÖËÓÌɯ×ÖËÔąÕÒàɯ','ȮɯðâÚÛÌðÕõɯáÖÉÙÈáÌÕąɯshell modelu, 

ÒÖÔÉÐÕÈÊÌɯÕÖÚÕąÒÜɯÈɯŉÌÉÙÖÝâÕąȮɯÕÌËÌÍÖÙÔÖÝÈÕńɯÔÖËÌÓȮɯÙÖáÚÈÏɯáÖÉÙÈáÌÕąɯ 

ÕÈ×ùÛąɯƔȮƕ1ɬ7,68 MPa. 

Obr. 47: /ÖÏÓÌËɯÕÈɯÕÈ×ùÛąɯÝàÉÙÈÕõÏÖɯÔąÚÛÈɯÔÌáÐɯŉÌÉÙÌÔɯÈɯÕÖÚÕąÒÌÔɯÕÈɯÏÖÙÕą ðâÚÛÐɯÊÈÙÙidge 

s Ķ×ÙÈÝÖÜɯŉÌÉÙÖÝâÕąɯÕÈɯÔùÒÒńɯ×ÙÖÍÐÓɯÚ×ÖÓÜɯÚ ÝàĪąáÕÜÛąÔɯÖÛÝÖÙÜɯÚ ÕÌÍÜÕÒðąɯÝÈáÉÖÜɯ Ȯɯ×ÖÏÓÌËɯ

áÌ×ĪÌËÜȮɯÙÌËÜÒÖÝÈÕõɯÕÈ×ùÛąɯ×ÖËÓÌɯ×ÖËÔąÕÒàɯ','ȮɯðâÚÛÌðÕõɯáÖÉÙÈáÌÕąɯshell modelu, 

ÒÖÔÉÐÕÈÊÌɯÕÖÚÕąÒÜɯÈɯŉÌÉÙÖÝâÕąȮɯÕÌËÌÍÖÙÔÖÝÈÕńɯÔÖËÌÓȮɯÙÖáÚÈÏɯáÖÉÙÈáÌÕąɯ 

ÕÈ×ùÛąɯƔȮƕ0ɬ6,11 MPa.  






















