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±ȇŎƘƻŘƛǎƪŀΥ {ǘłǊƴǳǘƝ
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±ȇǎƭŜŘƪȅΥ DeformaceōŠƘŜƳ 
inflace-extenze   M38



±ȇǎƭŜŘƪȅΥ 5ŜŦƻǊƳŀŎŜ ƳŜȊƛ ǎȅǎǘƻƭƻǳ
a diastolou
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±ȇǎƭŜŘƪȅΥ tƻŘŞƭƴŞ ǇǌŜŘǇŠǘƝ ȊǾȅǑǳƧŜ
variaci deformace DIA-SYS
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Co je podstatou 
tohoto jevu?
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!ȄƛłƭƴƝ ǇǌŜŘǇŠǘƝ 
a biomechanika 
ōǌƛǑƴƝ ŀƻǊǘȅ

Å!ȄƛłƭƴƝ ǇǌŜŘǇŠǘƝ ǎƛ ŘǊȌƝ ǎǾƻǳ ŦȅȊƛƻƭƻƎƛŎƪƻǳ ŦǳƴƪŎƛ ƛ ǾŜ ǎǘłǌƝΥ
όмύ ǎƴƛȌǳƧŜ ǾŀǊƛŀŎƛ ŀȄƛłƭƴƝƘƻ ƴŀǇŠǘƝ ōŠƘŜƳ ǘƭŀƪƻǾłƴƝ
όнύ ǾŜŘŜ ƪ ǾŠǘǑƝκƳŜƴǑƝ ǾŀǊƛŀŎƛ ƻōǾƻŘƻǾŞκŀȄƛłƭƴƝ ŘŜŦƻǊƳŀŎŜ

ÅCȅȊƛƪłƭƴƝ ǇƻŘǎǘŀǘƻǳ ǾƭƛǾǳ ŀȄƛłƭƴƝƘƻ ǇǌŜŘǇŠǘƝ ƧŜ ƴŜƭƛƴŜŀǊƛǘŀ 
όƎŜƻƳŜǘǊƛŎƪłΣ ƳŀǘŜǊƛłƭƻǾłύ



!ȄƛłƭƴƝ ǇǌŜŘǇŠǘƝ ŀ 
ōƛƻƳŜŎƘŀƴƛƪŀ ōǌƛǑƴƝ ŀƻǊǘȅ

±ȇǎƭŜŘƪȅ ōȅƭȅ ǳǇƭŀǘƴŠƴȅ Ǿ ȊŀƘǊŀƴƛőƴƝŎƘ ƛƳǇŀƪǘƻǾŀƴȇŎƘ 
őŀǎƻǇƛǎŜŎƘΥ

Å Hornȇ, L., NetuǑil, M., Voƶavkovł, T. (2014). Axial prestretch and circumferential 
distensibilityin biomechanics of abdominal aorta. BiomechModel Mechanobiol
13(4):783-799. IF 3.145

ÅIƻǊƴȇ [ΦΣ bŜǘǳǑƛƭM. (2015). How does axial prestretchingchange the mechanical 
response of nonlinearly elastic incompressible thin-walled tubes. 
Int J MechSci, in press. IF 2.034



±ȊǘŀƘȅ όрύ ƴŀ ǎǘǊΦ нф ǇƻǇƛǎǳƧƝ ǳǊőƛǘŞ ǳǎǇƻǌłŘłƴƝ ƛƴŦƭŀőƴƝƘƻ ŜȄǇŜǊƛƳŜƴǘǳ όǇǊƻǘŀȌŜƴƝ ŀƻǊǘȅ 
ȊłǾŀȌƝƳΣ ǘŜŘȅ CǊŜŘ Ґ konst.), ale publikace Humphreyόнллфύ ǇƻǳȌƝǾł ǇǌŜŘǇƻƪƭŀŘ ƪƻƴǎǘŀƴǘƴƝƘƻ 
ŀȄƛłƭƴƝƘƻ ƴŀǇŠǘƝ όǾƛȊ пΦ ǌłŘŜƪ ȊŘƻƭŀ ƴŀ ǎǘǊΦ нύΣ ƪǘŜǊȇ ƧŜ ǇƻŘƭŜ ƴłȊƻǊǳ ƻǇƻƴŜƴǘŀ Ǿ ƭŜǇǑƝƳ ǎƻǳƭŀŘǳ 
ǎ ǊŜŀƭƛǘƻǳΦ tƻǳȌƛƧŜǘŜ-ƭƛ ǇǌŜŘǇƻƪƭŀŘ ƪƻƴǎǘŀƴǘƴƝ ŘŞƭƪȅ ǇƻŘƭŜ Dobrina(1978,1990), dostanete 
ƻǇŀőƴȇ ǘǊŜƴŘ ƻōǾƻŘƻǾŞ ǘǳƘƻǎǘƛΦ aǻȌŜǘŜ ŀƴŀƭȅȊƻǾŀǘΣ Ƨŀƪ ōȅ ȊƳŠƴȅ ƻƪǊŀƧƻǾȇŎƘ ǇƻŘƳƝƴŜƪ 
ƻǾƭƛǾƴƛƭȅ ±ŀǑŜ ǾȇǎƭŜŘƪȅ ŀ ȊłǾŠǊȅΚ

1 ǇǊƻŦΦ LƴƎΦ WƛǌƝ .ǳǊǑŀ, Ph.D.

re
d

F
ko

n
st

=

zz
ko

n
st

s
=

zZ
ko

n
st

l
=
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1 ǇǊƻŦΦ LƴƎΦ WƛǌƝ .ǳǊǑŀ, Ph.D.
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2 ǇǊƻŦΦ LƴƎΦ WƛǌƝ .ǳǊǑŀ, Ph.D.

aǻȌŜǘŜ ŀƴŀƭȅȊƻǾŀǘ ƻƳŜȊŜƴƝ ǇƻǳȌƛǘŞƘƻ ƳƻŘŜƭǳ Řŀƴł ȊǾƻƭŜƴȇƳ ǇƻǇƛǎŜƳ 
ƳŀǘŜǊƛłƭǳ?

aŀǘŜǊƛłƭƻǾȇ ƳƻŘŜƭΥ
ÅbŜƭƛƴŜłǊƴŠ ǇǊǳȌƴȇ ςƘȅǇŜǊŜƭŀǎǘƛŎƪȇ
Å!ƴƛȊƻǘǊƻǇƴƝ
ÅIƻƳƻƎŜƴƴƝ ǎǘŠƴŀ

Nezahrnuje: 
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ÅwƻȊƭƻȌŜƴƝ ǾƴƛǘǌƴƝŎƘ ǎƛƭ Řƻ ǎǘŀǾŜōƴƝŎƘ ǎƭƻȌŜƪ αƪƻƳǇƻȊƛǘƴƝά ǎǘŠƴȅΥ
ƪƻƭŀƎŜƴΣ ŜƭŀǎǘƛƴΣ {a/ΣΧ
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2 ǇǊƻŦΦ LƴƎΦ WƛǌƝ .ǳǊǑŀ, Ph.D.

V publikaci: 
Horny, L., Netusil, M., Daniel, M. (2014). Limitingextensibilityconstitutivemodel with distributedfibre orientations
and ageingof abdominalaorta. J MechanBehavBiomedMater, 38:39-51.
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3 ǇǊƻŦΦ LƴƎΦ WƛǌƝ .ǳǊǑŀ, Ph.D.

Lze ǇƻǾŀȌƻǾŀǘ ǇǌŜŘǇƻƪƭŀŘ ǊƻǎǘƻǳŎƝƘƻ ȊŀǘƝȌŜƴƝ ƴŀ ƧŜŘƴǳ ŜƭŀǎǘƛƴƻǾƻǳ ƳŜƳōǊłƴǳ ǾŜ 
ǎǘŠƴŠ ŀǊǘŜǊƛŜ όǳǾŜŘŜƴȇ ƴŀ ǎǘǊΦ нл ŀ ƴŜǇƻŘƭƻȌŜƴȇ ȌłŘƴƻǳ ŎƛǘŀŎƝύ Ȋŀ ƻǇǊłǾƴŠƴȇ 
i sƻƘƭŜŘŜƳ ƴŀ ǊƻǎǘƻǳŎƝ ǘƭǳǎǘƻǎǘŠƴƴƻǎǘ ǘŜǇŜƴ ǾŘƛǎǘłƭƴƝƳ ǎƳŠǊǳ? 

±ƝƳŜΥ
ÅtǌŜŘǇŠǘƝ ŘƛǎǘłƭƴŠ ǊƻǎǘŜ
ÅtǌŜƴłǑŜƧƝ Ƙƻ ŜƭŀǎǘƛŎƪŞ 
ƳŜƳōǊłƴȅ

ÅtƻőŜǘ ƳŜƳōǊłƴ Ź

40-60 vs. 27

Yhb{¢!b¢bN !·L#[bN {N[!κ½a9b~¦WN/N {9 
th29¢ ! h.±h5 a9a.w#b ᵼROSTE ½!¢N¿9bN

Han H, Fung Y. 1995

KassabG 2006



4 ǇǊƻŦΦ LƴƎΦ WƛǌƝ .ǳǊǑŀ, Ph.D.

Jak se vǇǊƛƴŎƛǇǳ ƭƛǑƝ ǾȇǎƭŜŘƪȅ ƳƻŘŜƭǳ ǎƛƭƴƻǎǘŠƴƴŞ ƴłŘƻōȅ ǎŜ ȊōȅǘƪƻǾȇƳ ƴŀǇŠǘƝƳ ƻŘ 
ƳƻŘŜƭǳ ǎƪƻǌŜǇƛƴȅΚ aŜƳōǊłƴƻǾł ǎƪƻǌŜǇƛƴŀ ǾȅŎƘłȊƝ ȊǇǌŜŘǇƻƪƭŀŘǳ ǊƻǾƴƻƳŠǊƴŞƘƻ 
ǊƻȊƭƻȌŜƴƝ ƴŀǇŠǘƝ Ǉƻ ǘƭƻǳǑǙŎŜΣ ƪőŜƳǳȌ ȊōȅǘƪƻǾł ƴŀǇŠǘƝ ǇǌƛǎǇƝǾŀƧƝΦ Wŀƪ ǾȅǎǾŠǘƭǳƧŜǘŜ 
ǾłǑ ǾȇǎƭŜŘŜƪΣ ȌŜ ȊōȅǘƪƻǾł ƴŀǇŠǘƝ ƧŜƧƛŎƘ ƎǊŀŘƛŜƴǘ Ǉƻ ǘƭƻǳǑǙŎŜ ŘƻƪƻƴŎŜ ȊǾȅǑǳƧƝΣ ƛ ƪŘȅȌ 
sƻǇŀőƴȇƳ ȊƴŀƳŞƴƪŜƳ?

!ǎƛ ƴŜƭȊŜ ƻōŜŎƴŠ ǌƝŎƛΣ ȌŜ ōȅ ȊōȅǘƪƻǾł ƴŀǇŠǘƝ ƘƻƳƻƎŜƴƛȊƻǾŀƭŀ 
ǊƻȊƭƻȌŜƴƝ ƴŀǇŠǘƝ Ǉƻ ǘƭƻǳǑǙŎŜ ǎǘŠƴȅΦ IƻƳƻƎŜƴƛȊŀŎŜ ǇƭŀǘƝ ƧŜƴ Ȋŀ 
ŦȅȊƛƻƭƻƎƛŎƪȇŎƘǇƻŘƳƝƴŜƪΦ

5ǻǎƭŜŘƪŜƳ ŜȄƛǎǘŜƴŎŜ ǇŀǘƻƭƻƎƛŎƪȇŎƘ ǎǘŀǾǻ ƧŜ ƴǳǘƴŠ ȊǘǊłǘŀ 
ŦȅȊƛƻƭƻƎƛŎƪȇŎƘ ǇƻŘƳƝƴŜƪΦ



4 ǇǊƻŦΦ LƴƎΦ WƛǌƝ .ǳǊǑŀ, Ph.D.

9ŦŜƪǘ ȊōȅǘƪƻǾŞ 
deformace/napjatosti
Ǿ ǎƛƭƴƻǎǘŠƴƴŞ ƴłŘƻōŠ



4 ǇǊƻŦΦ LƴƎΦ WƛǌƝ .ǳǊǑŀ, Ph.D.
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Labrosse, M. R., Gerson, E. R., Veinot, J. P., 
Beller, C. J. 2013. Mechanical characterization of 
human aortas from pressurization testing and 
a paradigm shift for circumferential residual stress.J MechanBehavBiomed Mater, 17, 44-55.



5 ǇǊƻŦΦ LƴƎΦ WƛǌƝ .ǳǊǑŀ, Ph.D.

tǊƻő ƴŜōȅƭ ǇƻǳȌƛǘȇ ƳƻŘŜƭ ǾŀƭƛŘƻǾłƴ ǇƻǊƻǾƴłƴƝƳ ǎŜȄǇŜǊƛƳŜƴǘŜƳ όƛƴŦƭŀőƴƝ ǘŜǎǘύΣ 
ƪŘȅȌ ōȅƭȅ ƪŘƛǎǇƻȊƛŎƛ ǎǘƻǾƪȅ ǾȅǑŜǘǌƻǾŀƴȇŎƘ ƭƛŘǎƪȇŎƘ ŀƻǊǘΚ ¦ǾłŘƝǘŜ ƛ ƳƻȌƴƻǎǘ 
ǇƻǊƻǾƴłƴƝ ǎǳƭǘǊŀȊǾǳƪƻǾŠ ǎƴƝƳŀƴƻǳ ǘŜǇƴƻǳ ƛƴ vivo.

CƛƴŀƴőƴƝ ǊŜŀƭƛǘŀΧ



6 ǇǊƻŦΦ LƴƎΦ WƛǌƝ .ǳǊǑŀ, Ph.D.

Jakou ǾȅǇƻǾƝŘŀŎƝ ǎŎƘƻǇƴƻǎǘ Ƴł ǇƻƳŠǊ C̒ ʻʻʻ/CzzzzǾȅƧłŘǌŜƴȇ ǾȊłǾƛǎƭƻǎǘƛ ƴŀ ǊŀŘƛłƭƴƝ 
ǎƻǳǌŀŘƴƛŎƛ όǎǘǊΦ ртύΣ ƪŘȅȌ ōȅƭ ǳǊőŜƴ ȊǇǌŜŘǇƻƪƭŀŘǳ ƘƻƳƻƎŜƴƴƝƘƻ ƳŀǘŜǊƛłƭǳΚ /ƻ 
ǾƭŀǎǘƴŠ ǾȅƧŀŘǌǳƧŜ C̒ ʻʻn̒ebo CzzzzvƻōǊΦ ммΣмнΣмо ƴŀ ǾƴƛǘǌƴƝƳ ƴŜōƻ ǾƴŠƧǑƝƳ 
ǇƻƭƻƳŠǊǳΚ bŜƴƝ ȊƧƛǑǘŠƴł όǇǌƛōƭƛȌƴłύ ƴŜȊłǾƛǎƭƻǎǘ ǘƻƘƻǘƻ ǇƻƳŠǊǳ ƴŀ ǾƴƛǘǌƴƝƳ ǘƭŀƪǳ 
ǎǇƝǑŜ ǾƭŀǎǘƴƻǎǘƝ ǇƻǳȌƛǘŞƘƻ ƳƻŘŜƭǳ ƴŜȌ ǎŀƳƻǘƴŞ ŀƻǊǘȅΚ
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Vlastnosti C̒ ʻʻʻ/Czzzzbyly 
ȊƪƻǳƳłƴȅ ǇǊƻ ŦƻǊƳǳƭŀŎƛ 
ǇƻŘƳƝƴƪȅ ǾȅǳȌƛǘŜƭƴŞ 
Ǿ ǊŜƎǊŜǎƴƝ ŀƴŀƭȇȊŜ ƛƴ vivo
ȊƧƛǑǙƻǾŀƴȇŎƘ ƳŀǘŜǊƛłƭƻǾȇŎƘ 
ǇŀǊŀƳŜǘǊǻΦ

WƛǎǘŠ ƧŘŜ ƻ Ǿƭŀǎǘƴƻǎǘ ƳƻŘŜƭǳΦ

6 ǇǊƻŦΦ LƴƎΦ WƛǌƝ .ǳǊǑŀ, Ph.D.
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7 ǇǊƻŦΦ LƴƎΦ WƛǌƝ .ǳǊǑŀ, Ph.D.

Wŀƪł ōȅǎǘŜ ƻőŜƪłǾŀƭ ŀȄƛłƭƴƝ ǇǊƻǘŀȌŜƴƝ ǳ ŀƴŜǳǊȅǎƳŀǘ ōǌƛǑƴƝ ŀƻǊǘȅ ŀ Ƨŀƪł ōȅ Ǿnich byla 
ŀȄƛłƭƴƝ ƴŀǇŠǘƝ ǾǇƻǊƻǾƴłƴƝ ǎŜ ǎǊƻǾƴŀǘŜƭƴƻǳ ȊŘǊŀǾƻǳ ŀƻǊǘƻǳ?

hőŜƪłǾŀƭ ōȅŎƘΥ ȊǘǊłǘǳ ǇǌŜŘǇŠǘƝΤ 
ƴŜƭƛƴŜłǊƴƝΣ ƴŜƘƻƳƻƎŜƴƴƝΣ ƴŜǳƴƛŦƻǊƳƴƝ Ґ ƴŀǇƧŀǘƻǎǘ Ґ Κ



1 ŘƻŎΦ LƴƎΦ ¢ƻƳłǑ aŀǊŜǑΣ tƘΦ5Φ

!ƴƻΣ ŀőƪƻƭƛǾ HolzapfelǾŜ ǎǾŞ ƳƻƴƻƎǊŀŦƛƛ NonlinearSolid 
MechanicsǳǾłŘƝ ƻōŀ ǘŜǊƳƝƴȅΧ ǎΦ ммм



2 ŘƻŎΦ LƴƎΦ ¢ƻƳłǑ aŀǊŜǑΣ tƘΦ5Φ
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aƻȌƴł ŀƴƻΣ ŀƭŜ όмύ Ŝƭŀǎǘƛƴ ḐI1Σ ŀőƪƻƭƛǾ ŜȄƛǎǘǳƧƝ ǎǘǳŘƛŜ ǳǾŀȌǳƧƝŎƝ 
ŀƴƛȊƻǘǊƻǇƛƛ ŜƭŀǎǘƛƴǳΧ 



3-4 ŘƻŎΦ LƴƎΦ ¢ƻƳłǑ aŀǊŜǑΣ tƘΦ5Φ

!ƴƻΣ Ǿ ŎŜƭŞ ǇǊłŎƛ ǎŜ ǇǊŀŎǳƧŜ ǎ ŦȅȊƛƪłƭƴƝƳƛ ǎƭƻȌƪŀƳƛ ǘŜƴȊƻǊǻ 
όƻǊǘƻƴƻǊƳłƭƴƝ ōłȊŜύ

aƻŎƴƛƴƴȇ ƳƻŘŜƭ ŘƻǎłƘƭ ƴŜƧǾȅǑǑƝƘƻ ƪƻŜŦƛŎƛŜƴǘǳ 
determinace z 2-ǇŀǊŀƳŜǘǊƛŎƪȇŎƘ ƳƻŘŜƭǻ

ini b

zZ axl =



5-6 ŘƻŎΦ LƴƎΦ ¢ƻƳłǑ aŀǊŜǑΣ tƘΦ5Φ

!ƴƻΣ ƳŀǘŜǊƛłƭƻǾȇƳ ǇƻǇƛǎŜƳ ǎŜ ƳȅǎƭƝ ǾȊƘƭŜŘŜƳ ƪ ōŜȊƴŀǇŠǙƻǾŞ 
konfiguraciΣ ǘƧΦ ǎŜ ȊŀƘǊƴǳǘƝƳ ȊōȅǘƪƻǾŞ ŘŜŦƻǊƳŀŎŜ όǊƻȊŜǾǌŜƴƻύ

LƴŦƭŀőƴƝ-ŜȄǘŜƴȊƴƝtest ex vivo
όǳȊŀǾǌŜƴƻύ

In vivoΚ ¦ȊŀǾǌŜƴł ƧŜ ƻōǾȅƪƭȇ ƳƻŘŜƭ



7 ŘƻŎΦ LƴƎΦ ¢ƻƳłǑ aŀǊŜǑΣ tƘΦ5Φ

±ȇǎƭŜŘƪȅ ǇǊƻ ƘƻǊƴƝ ƳŜȊ 
(1) ƴŜǾȅƪŀȊǳƧƝ ŀƎƛƴƎƻǾȇtrend
(2) Ƨǎƻǳ ȊƴŀőƴŠ ǊƻȊǇǘȇƭŜƴŞ
(3) ŀ ǎƴŀŘ ƛ ƴŜǊŜŀƭƛǎǘƛŎƪȅ ǾŜƭƪŞ



8-9 ŘƻŎΦ LƴƎΦ ¢ƻƳłǑ aŀǊŜǑΣ tƘΦ5Φ

Labrosse, M. R., Gerson, E. R., Veinot, J. P., Beller, C. J. 2013. Mechanical characterization 
of human aortas from pressurization testing and a paradigm shift for circumferential 
residual stress.J MechanBehavBiomed Mater, 17, 44-55.
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9 ŘƻŎΦ LƴƎΦ ¢ƻƳłǑ aŀǊŜǑΣ tƘΦ5Φ

1ini

zZl =

1 1ini

zZ .l =

1 2ini
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1 3ini
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10-11 ŘƻŎΦ LƴƎΦ ¢ƻƳłǑ aŀǊŜǑΣ tƘΦ5Φ
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12 ŘƻŎΦ LƴƎΦ ¢ƻƳłǑ aŀǊŜǑΣ tƘΦ5Φ

¨ǊƻǾŜƶ ƛƴǘŜǊǇǊŜǘŀŎŜ ƧŜ ǎƻǳőłǎǘƝ αƳƻŘŜƭǳά
ElastostatikaҐ ǇǊƻŘƭǳȌƻǾłƴƝκȊƪǊŀŎƻǾłƴƝ ǘǊǳōƛŎŜ
±ƭƴƻǾł ŦƻǊƳǳƭŀŎŜ Ґ ȊłǾƛǎƭƻǎǘ ƴŀ r i z



1 ǇǊƻŦΦ LƴƎΦ CǊŀƴǘƛǑŜƪ aŀǊǑƝƪΣ 5Ǌ{ŎΦ



1 ǇǊƻŦΦ LƴƎΦ CǊŀƴǘƛǑŜƪ aŀǊǑƝƪΣ 5Ǌ{ŎΦ

όмύ ½ŀ ǇǌŜŘǇŠǘƝ ƧŜ ȊƻŘǇƻǾŠŘƴȇ 
elastin
- ƎŜƴŜǘƛŎƪȅ ƳƻŘƛŦƛƪƻǾŀƴŞ 
ȊǾƝǌŜŎƝ ƳƻŘŜƭȅ
- post mortemƧŜ ǇǌŜŘǇŠǘƝ 
ǎǘŀōƛƭƴƝ Ǿ ǊƻȊǎŀƘǳ л ς160 h

όнύ tƻƪƭŜǎ ǇǌŜŘǇŠǘƝ ǎ ǊƻǎǘƻǳŎƝƳ 
ƴŀǇŠǘƝƳ ƴŜƴƝ ȊƴłƳ
- ǎ ŀȄƛłƭƴƝƳ ǇǌŜŘǇŠǘƝƳ όŘŜŦƻǊƳŀŎŜύ 
ƪƭŜǎł ƛ ŀȄƛłƭƴƝ ƴŀǇŠǘƝ



1 ǇǊƻŦΦ LƴƎΦ CǊŀƴǘƛǑŜƪ aŀǊǑƝƪΣ 5Ǌ{ŎΦ

όоύ αYƻƴŦƻǊƳŀőƴƝ ȊƳŠƴȅά

Weisbecker, H., Pierce, D. M., Regitnig, 
P., & Holzapfel, G. A. (2012). Layer-
specific damage experiments and 
modelingof human thoracic and 
abdominal aortas with non-
atherosclerotic intimal thickening. 
Journal of the Mechanical Behaviorof 
Biomedical Materials, 12, 93-106.



1 ǇǊƻŦΦ LƴƎΦ CǊŀƴǘƛǑŜƪ aŀǊǑƝƪΣ 5Ǌ{ŎΦ

όоύ αYƻƴŦƻǊƳŀőƴƝ ȊƳŠƴȅά
kolagen
2 SHG

Chen, H., Slipchenko, M. N., Liu, Y., 
Zhao, X., Cheng, J. -., Lanir, Y., & Kassab, 
G. S. (2013). Biaxial deformation of 
collagen and elastin fibersin coronary 
adventitia. Journal of Applied 
Physiology, 115(11), 1683-1693.



2 ǇǊƻŦΦ LƴƎΦ CǊŀƴǘƛǑŜƪ aŀǊǑƝƪΣ 5Ǌ{ŎΦ

Elastostatika
Vs
±ƭƴƻǾł ǊƻǾƴƛŎŜ



2 ǇǊƻŦΦ LƴƎΦ CǊŀƴǘƛǑŜƪ aŀǊǑƝƪΣ 5Ǌ{ŎΦ
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2 ǇǊƻŦΦ LƴƎΦ CǊŀƴǘƛǑŜƪ aŀǊǑƝƪΣ 5Ǌ{ŎΦ

Styren butadien

Merckel, Y., Diani, J., Brieu, M., & Caillard, J. (2013). Constitutive modeling of the anisotropic behavior of mullins
softened filled rubbers. Mechanics of Materials, 57, 30-41.



IŀōƛƭƛǘŀőƴƝ ǇǌŜŘƴłǑƪŀ

{ǘłǊƴǳǘƝ 
a jeho 
ǇǊƻƧŜǾȅ Ǿ ōƛƻƳŜŎƘŀƴƛŎŜ ŎŞǾ

[ǳƪłǑIƻǊƴȇ 15.10.2015
¨ǎǘŀǾmechaniky,biomechanikya mechatroniky 2±¦¢v Praze,fakultaǎǘǊƻƧƴƝ



SǘłǊƴǳǘƝ

1969 (33) 2014 (78) 1976 (40) 



SǘłǊƴǳǘƝ

ÅOrganizmus

ÅhǊƎłƴƻǾŞ ǎƻǳǎǘŀǾȅ

ÅhǊƎłƴȅ ŀ ǘƪłƴŠ

Å.ǳƴŠőƴł ŀ ƴŜōǳƴŠőƴł
hmota



SǘłǊƴǳǘƝ

Å{ǘłǊƴǳǘƝ Ґ ǵǇŀŘŜƪ

{ǘłǊƴǳǘƝ ƧŜ ǇƻǎǘǳǇƴȇ ǵǇŀŘŜƪ 
ŦȅȊƛƻƭƻƎƛŎƪȇŎƘ ŦǳƴƪŎƝΣ 
ƪǘŜǊȇ ǾŜŘŜ ƪŜ ȊǾȅǑǳƧƝŎƝ
ǎŜ ǵƳǊǘƴƻǎǘƛ ŀ ǎƻǳőŀǎƴŠ
ƪƭŜǎŀƧƝŎƝ ǎŎƘƻǇƴƻǎǘƛ 
reprodukce
(M.R. Rose)

Robert 2012



tǌƝőƛƴȅ ǎǘłǊƴǳǘƝ

YŘȅōȅŎƘƻƳ ƧŜ ǇǌŜǎƴŠ ȊƴŀƭƛΣ ōȅƭȅ ōȅ ǎƻǳőłǎǘƝ ŘŜŦƛƴƛŎŜΧ

ÅtǊƻƎǊŀƳƻǾŀƴŞ ǎǘłǊƴǳǘƝ

ÅYǳƳǳƭŀŎŜ ǇƻǑƪƻȊŜƴƝ



tǊƻƎǊŀƳƻǾŀƴŞ ǎǘłǊƴǳǘƝ

Å¢ŜƭƻƳŜǊƻǾłteorie

o TelomeraǳƪƻƴőǳƧŜ ŎƘǊƻƳƻȊƻƳ

o YƻƴŜőƴł ŘŞƭƪŀ telomery

o Bez telomeryƴŜƭȊŜ Řƻƪƻƴőƛǘ 
replikaci chromozomu

o IŀȅŦƭƛŎƪǻǾlimit vs. ǘŜƭƻƳŜǊłȊŀ



¢ŜƻǊƛŜ ƪǳƳǳƭǳƧƝŎƝŎƘ ǎŜ ǇƻǑƪƻȊŜƴƝ

ΧΣ ƪǘŜǊł ƻǊƎŀƴƛȊƳǳǎ ǇƻǎǘǳǇƴŠ ƴŜƴƝ ǎŎƘƻǇŜƴ ƻǇǊŀǾƻǾŀǘ 
ŀ ǾŜŘƻǳ ƪ ƧŜƘƻ Ȋłƴƛƪǳ

tƻǑƪƻȊŜƴƝ ƎŜƴƻƳǳΣ ōǳƴŠƪΣ ǘƪłƴƝΣ ƻǊƎłƴǻΧ

o LƻƴƛȊǳƧƝŎƝ ȊłǌŜƴƝ

o hȄƛŘŀőƴƝ ǎǘǊŜǎǎ όwh{Σ αǾƻƭƴŞ ǊŀŘƛƪłƭȅάύ

o {ŜǎƝǙƻǾłƴƝ(cross-linking)

o Chemo-ƳŜŎƘŀƴƛŎƪŞ ǇƻǑƪƻȊŜƴƝόŎȅƪƭƛŎƪŞ ȊŀǘƝȌŜƴƝ Ҍ ǇǊƻǘŜƻƭȇȊŀύ



{ǘłǊƴǳǘƝ

KUMULACEth~Yh½9bN+ KONEC.¦b=2b;Ih5=[9bN
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YǊŜǾƴƝ ƻōŠƘƻǾł ǎƻǳǎǘŀǾŀ

Å{ǊŘŎŜ ŀ ŎŞǾȅ 
Ҧ ǘŜǇƴȅΣ ǘŜǇŞƴƪȅΣ ǾƭłǎŜőƴƛŎŜΣ ȌƛƭƪȅΣ ȌƝƭȅ

ÅCǳƴƪŎŜΥ ǇǌŜƴƻǎ ŜƴŜǊƎƛŜ 
ƳŜŎƘŀƴƛŎƪł ƧŜ ǾȅǳȌƛǘŀ ƪ ŘƛǎǘǊƛōǳŎƛ ŎƘŜƳƛŎƪŞ ŀ ǘŜǇƭŀ

hнκ/hнΣ ōƝƭƪƻǾƛƴΣ ŎǳƪǊǻΣ ǘǳƪǻΣ ǎƛƎƴłƭƴƝŎƘ 
ŀ ǊŜƎǳƭŀőƴƝŎƘ ǎƭƻǳőŜƴƛƴΣ ƛƳǳƴƛǘƴƝŎƘ ōǳƴŠƪ



YǊŜǾƴƝ ƻōŠƘƻǾł ǎƻǳǎǘŀǾŀ

ÅCłȊŜ ǇǌŜƴƻǎǳ 
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