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hōǎŀƘ ǇǌŜŘƴłǑƪȅ
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±ȇȊƪǳƳ ŀ ǾȇǾƻƧ ŀōǎƻǊōŞǊǻ ƴŀ C{ 2±¦¢ Ǿ tǊŀȊŜ3

¨ǾƻŘΣ ǇǊƻōƭŜƳŀǘƛƪŀ ŀōǎƻǊōŞǊǻ ƴłǊŀȊǳ1

!ǇƭƛƪŀŎŜ ŀōǎƻǊōŞǊǻ ŜƴŜǊƎƛŜ Ǿ ŘƻǇǊŀǾƴƝŎƘ ƻōƻǊŜŎƘ2

5ŜŦƻǊƳŀőƴƝ ǇǊǾƪȅ ǎ ǇǊƻƳŠƴƴƻǳ ǘǳƘƻǎǘƝ 4

bǳƳŜǊƛŎƪŞsimulaceƴłǊŀȊƻǾȇŎƘ ŘŠƧǻ5



{ǘŀǘƛǎǘƛƪȅ ǎƛƭƴƛőƴƝŎƘ ŀ ƭŜǘŜŎƪȇŎƘ ƴŜƘƻŘ

{ƛƭƴƛőƴƝ ƴŜƘƻŘȅ

ÅPǌƛōƭƛȌƴŠ1,3 millioƴǻƭƛŘƝ ȊŀƘȅƴŜ ƪŀȌŘȇ Ǌƻƪ Ǉǌƛ ǎƛƭƴƛőƴƝŎƘ ŘƻǇǊŀǾƴƝŎƘ ƴŜƘƻŘłŎƘΣ ǘƧΦ ǇǊǻƳŠǊƴŠ о олл ƭƛŘƝ ŘŜƴƴŠ

Å5ŀƭǑƝŎƘ ŎŎŀ20-50 millionǻ ƧŜ ȊǊŀƴŠƴȇŎƘ

Å{ƛƭƴƛőƴƝ ƴŜƘƻŘȅ Ƨǎƻǳ ƴŀ фΦ ƳƝǎǘŠ ǇǌƝőƛƴ ƭƛŘǎƪȇŎƘ ǵƳǊǘƝ ŀ ǘǾƻǌƝ ǘŀƪ2.2% ǇǌƝőƛƴ ǎƳǊǘƛ

ÅYŀȌŘȇ Ǌƻƪ ǳƳƝǊł ƴŀ ǎƛƭƴƛŎƝŎƘ ǇǌƛōƭƛȌƴŠ400ǘƛǎΦ aƭŀŘȇŎƘ ƭƛŘƝ ǾŜ ǾŠƪǳ Řƻ нр ƭŜǘΣ ǘƧΦ ǾƝŎŜ ƴŜȌ мллл ŘŜƴƴŠΦ

ÅZ toho90% ƴŜƘƻŘ ǎŜ ǎǘŀƴŜ Ǿ ǊƻȊǾƻƧƻǾȇŎƘ ȊŜƳƝŎƘΣ ƪŘŜ ǎŜ ǇƻƘȅōǳƧŜ ƳŞƴŠ ƴŜȌ ǇƻƭƻǾƛƴŀ ƴŀ ǎǾŠǘŠ ƧŜȊŘƝŎƝŎƘ ǾƻȊƛŘŜƭ

ÅbŜƘƻŘȅ ǎǘƻƧƝ ōŜȊƳłƭŀ 518 miliardUSD $, ǘƧΦ ŀȌ м-2% I5t ǘŀƪƻǾȇŎƘ ȊŜƳƝ GDP.

Source:http://asirt.org/Initiatives/Informing-Road-Users/Road-Safety-Facts/Road-Crash-Statistics

WHO, ed. (2013). "Global Status Report on Road Safety 2013: supporting a decade of action"(PDF) (official report). Geneva, Switzerland: 
World Health Organisation(WHO). pp.vii, 1ς8, 53ff (countries), 244ς251 (table A2), 296ς303 (table A10). ISBN978 92 4 156456 4. 
Retrieved 2014-05-30. Tables A2 & A10, data from 2010
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http://asirt.org/Initiatives/Informing-Road-Users/Road-Safety-Facts/Road-Crash-Statistics
http://asirt.org/Initiatives/Informing-Road-Users/Road-Safety-Facts/Road-Crash-Statistics
http://www.who.int/iris/bitstream/10665/78256/1/9789241564564_eng.pdf
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978_92_4_156456_4
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{ǘŀǘƛǎǘƛƪȅ ǎƛƭƴƛőƴƝŎƘ ŀ ƭŜǘŜŎƪȇŎƘ ƴŜƘƻŘ

±ƭƛǾ ȊŀǾŜŘŜƴƝ ȊłǎŀŘƴƝŎƘ ǇǊǾƪǻ
όƻƳŜȊŜƴƝ Ǉƻőǘǳ ŦŀǘłƭƴƝŎƘ 
ƴłǎƭŜŘƪǻύ

wŜƭŀǘƛǾƴŠ±ǻőƛstavu 
ze 60. let

Bezp.ǎƭƻǳǇŜƪ ǌƝȊŜƴƝ όслΦ ƭŞǘŀύ-10% -10%

оōƻŘƻǾȇ Ǉłǎ όтлΦ ƭŞǘŀύ-40% -50%

AirbagǌƛŘƛőŜ όфлΦ ƭŞǘŀύ-25% -60%



[ŜǘŜŎƪŞ ƴŜƘƻŘȅ
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http://www.planecrashinfo.com/cause.htm

{ǘŀǘƛǎǘƛƪȅ ǎƛƭƴƛőƴƝŎƘ ŀ ƭŜǘŜŎƪȇŎƘ ƴŜƘƻŘ



YƻǾƻǾŞ ƳŀǘŜǊƛłƭȅ Υ 

ÅǾȅǳȌƝǾł ǎŜ ǊƻȊǾƛƴǳǘŞ ǇƭŀǎǘƛŎƛǘȅ ƪƻǾƻǾŞ 
ƪƻƴǎǘǊǳƪŎŜΣ ǌŜǘŠȊƝ ǌŀŘǳ ǎŞǊƛƻǾŠκǇŀǊŀƭŜƭƴŠ 
ǌŀȊŜƴȇŎƘ ǇǊǾƪǻ ŀ ǇƭŀǎǘƛŎƪł ŘŜŦƻǊƳŀŎŜ ƪƻǾǳ ŀ 
ǇƭŀǎǘƛŎƪŞ αƪƭƻǳōȅά ƪƻƴǎǘǊǳƪŎŜ ǇƻƘƭŎǳƧƝ 
ƪƛƴŜǘƛŎƪƻǳ ŜƴŜǊƎƛƛ ƴłǊŀȊǳΦ

YƻƳǇƻȊƛǘƴƝ ƳŀǘŜǊƛłƭȅΥ

Åŀőƪƻƭƛ ŎƘƻǾłƴƝ ǾƭłƪƴƻǾȇŎƘ ƪƻƳǇƻȊƛǘǻ ǎ 
ǇƻƭȅƳŜǊƴƝ ƳŀǘǊƛŎƝ ǾȅƪŀȊǳƧŜ ƪǌŜƘƪŞ ŎƘƻǾłƴƝ 
όƳŀƭŞ ŘŜŦƻǊƳŀŎŜ Řƻ ǇƻǊǳŎƘȅύΣ ǾȅǳȌƝǾł ǎŜ 
ƻōƭŀǎǘ ǾƭŀǎǘƴƝƘƻ ǇƻǊǳǑƻǾłƴƝ ƪƻƳǇƻȊƛǘƴƝ 
ǎƪƭŀŘōȅ ŀ ŎŜƭŞ ƪƻƴǎǘǊǳƪŎŜΦ tƻǊǳǑƻǾłƴƝ ǎŜ 
ǎƪƭłŘł Ȋ ǌŀŘȅ ƳƽŘǻΦ aŜŎƘŀƴƛǎƳǳǎ ǇƻǊǳǑƻǾłƴƝ 
ǾȅƪŀȊǳƧŜ Ǿƭŀǎǘƴƻǎǘƛ αpseudo-ǇƭŀǎǘƛŎƛǘȅά  ŀ 
ƪƻƴǎǘǊǳƪŎŜ ǇƻƘƭŎǳƧŜ ƪƛƴŜǘƛŎƪƻǳ ŜƴŜǊƎƛƛ ƴłǊŀȊǳ

aŀǘŜǊƛłƭȅ ǇǊƻ ŀōǎƻǊǇőƴƝ ƴłǊŀȊƻǾŞ ǇǊǾƪȅ

F

Dl

F

Dl

LŘŜłƭƴƝ ǘǾŀǊ



¢ȅǇƛŎƪŞ ǘǾŀǊȅ ŀ ƳŜŎƘŀƴƛǎƳȅ ǇƻǊǳǑƻǾłƴƝ 
ƪƻƳǇƻȊƛǘƴƝŎƘ ŀōǎƻǊǇőƴƝŎƘ ǇǊǾƪǻ

Tvary: 

ÅǾłƭŎƻǾŞ ǘǊǳōƪȅΣ ƪǳȌŜƭƻǾŞ ǘǊǳōƪȅ όǎǾŀȊƪȅ 
ǘǊǳōŜƪΣ ǊǻȊƴŞ ǎƻǳǎǘǌŜŘƴŞ ǇǊǻƳŠǊȅύ

ÅǾƭƴƛǘŞ ŘŜǎƪȅ όǇǌƝƳŞΣ Ǿ ōƭƻƪǳΣ 
ȊŀƪǊƻǳȌŜƴŞύ

ÅǇƭłǎǘǾƻǾŞ ǳǎǇƻǌłŘłƴƝ όHoneycomb)

ÅǎƭƻȌƛǘŠƧǑƝ ǘǾŀǊȅ ŀ ƪƻƴǎǘǊǳƪŎŜ

aŜŎƘŀƴƛǎƳȅ ǇƻǊǳǑƻǾłƴƝΥ

ÅαǊŜǾŜǊȊŜά ŘŜŦƻǊƳŀŎŜΣ ǾƛȊ όŀύ 

ÅƭƻƪłƭƴƝ ŘŜƭŀƳƛƴŀŎŜ ŀ ǇƻǊǳǑƻǾłƴƝΣ ǾƛȊ όōύ 

ÅȊǘǊłǘŀ ǎǘŀōƛƭƛǘȅ 
ÅƻǎΦ ǎȅƳŜǘǊƛŎƪł αƻōǾƻŘƻǾłά Σ ǾƛȊ όŎύ

ÅαƭƻƪłƭƴƝ ƻōǾƻŘƻǾłά όdiamond), viz (d)
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Anne-Marie Harte: Energy absorption of foam-filled circular tubes with 
braided composite walls. Eur. J. Mech. A/Solids 19 (2000) 31ς50. 
http://www -mech.eng.cam.ac.uk/profiles/fleck/papers/116.pdf
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IƻŘƴƻŎŜƴƝ ŀōǎƻǊǇŎŜ ŘŜŦƻǊƳŀőƴƝ ŜƴŜǊƎƛŜ 

F [N]

Dl [mm]



tƻȌŀŘŀǾƪȅ ƴŀ ŀōǎƻǊōŜǊȅ
Å5ƻǎǘŀǘŜőƴł αŜƴŜǊƎŜǘƛŎƪł ƪŀǇŀŎƛǘŀά ό ŀ ŘŜŦƻǊƳŀőƴƝ ƻōƭŀǎǘύ 
ǇǊƻ Řŀƴȇ αǘȅǇ ƴłǊŀȊǳά

Å{ŎƘƻǇƴƻǎǘ ǇƻƘƭŎŜƴƝ ŜƴŜǊƎƛŜ Ǿ ƪǊłǘƪŞƳ őŀǎƻǾŞƳ ƛƴǘŜǊǾŀƭǳ 
ŀ ƴŀ ŘƭƻǳƘŞ ŘǊłȊŜ

ÅhŎƘǊŀƴŀ ƻƪƻƭƝ ǇǌŜŘ αȊǇƭƻŘƛƴŀƳƛάΣ ŘŜǎǘǊǳƻǾŀƴȇƳƛ ŘƝƭȅ ŀǘǇΦ

Å±ȇƘƻŘƻǳ ōȅ ōȅƭŀ ƳƻȌƴƻǎǘ ǌƝȊŜƴƝ ƪŀǇŀŎƛǘȅ ǇƻƘƭŎŜƴŞ 
ŜƴŜǊƎƛŜ ƴŀ ŘŀƴŞ ŘǊłȊŜ = 
ÅŀŘŀǇǘŀōƛƭƴƝ όǌƝȊŜƴłύ ŀōǎƻǊǇŎŜ

9

Energie kJ

os. aut. bus mot. vlak
hmotnost kg 2 000 20 000 60 000

rychlost km/hod m/s
50 13,9 192,9 1929,0 5787,0
30 8,3 69,4 694,4 2083,3

20 5,6 30,9 308,6 925,9
10 2,8 7,7 77,2 231,5

5 1,4 1,9 19,3 57,9

F

Dl

F

Dl

Bilance energie 
ǇǊƻ ǊǻȊƴŞ ǘȅǇȅ 
dopravy:



aΦ ±ŀǑƝőŜƪΥ Development of ComputationalModels for Prediction ofMechanical Properties ofComposite Materials and TheirUtilization in 
Crash Applications. Disertation, CTU in Prague 2015.
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±ȇƘƻŘȅ ŀ ƴŜǾȇƘƻŘȅ ƪƻƳǇƻȊƛǘƴƝŎƘŀōǎƻǊōŞǊǻ

±ȇƘƻŘȅΥ
Å±ȅǎƻƪł ƳŠǊƴł ŘŜŦƻǊƳŀőƴƝ ŜƴŜǊƎƛŜ(SEA)
ÅbƝȊƪł ƘƳƻǘƴƻǎǘ
ÅYƻƳōƛƴŀŎŜ ǊǻȊƴȇŎƘ ƳƽŘǻ ǇƻǊǳǑƻǾłƴƝ
bŜǾȇƘƻŘȅ: 
Å±ȅǑǑƝ ŎŜƴŀΣ  ƳƻȌƴƻǎǘ ƴŜōŜȊǇŜőƴȇŎƘ ȊǇƭƻŘƛƴΣ ǎƭƻȌƛǘŠƧǑƝ ǘŜŎƘƴƻƭƻƎƛŜ ǾȇǊƻōȅ



błǊŀȊƻǾŞ όŎǊŀǎƘƻǾŞύ ȊƪƻǳǑƪȅ ǾƻȊƛŘŜƭ
Å{ƛƭƻǾŞ ǘƻƪȅ ƪƻƴǎǘǊǳƪŎƝ Ǉǌƛ ǊǻȊƴȇŎƘ ȊƪƻǳǑƪłŎƘ

https://en.wikipedia.org/wiki/Euro_NCAP



±Ŝƭƛƪƻǎǘ ǇƻƘƭŎƻǾŀƴŞ ŜƴŜǊƎƛŜ Ǉǌƛ ȊƪƻǳǑƪłŎƘ 

12

hǎƻōƴƝ ǾƻȊƛŘƭŀ
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Published in Proceedings of the 1999 IEEE/ASME. Joint Railroad Conference. http://ntl.bts.gov/lib/48000/48000/48053/rail_cw_1999_5.pdf

±Ŝƭƛƪƻǎǘ ǇƻƘƭŎƻǾŀƴŞ ŜƴŜǊƎƛŜ Ǉǌƛ ȊƪƻǳǑƪłŎƘ 
¿ŜƭŜȊƴƛőƴƝ ǎƻǳǇǊŀǾȅ ŀ ǾƻȊƛŘƭŀ



!ōǎƻǊōŞǊȅ Ǿ ȌŜƭŜȊƴƛőƴƝ ŘƻǇǊŀǾŠ
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/ƻƴƻǊ hΩbŜƛƭƭΥ ƘǘǘǇΥκκǿǿǿΦƴŎƭΦŀŎΦǳƪκƴŜǿǊŀƛƭκŀǎǎŜǘǎκŘƻŎǎκwŀƛƭLƴǘŜǊƛƻǊǎƭƛƎƘǘǿŜƛƎƘǘŎŀōǇǊŜǎŜƴǘƛƻƴ-CONEILL.pdf
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Source:
http://www.voith.com/en/press/press-releases-99_58828.html

http://www.voith.com/en/press/press-releases-99_58828.html
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!ōǎƻǊōŞǊȅ Ǿ ƭŜǘŜŎƪŞ ŘƻǇǊŀǾŠ


