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ü[ƻƪłƭƴƝ ƳŜŎƘŀƴƛŎƪŞ Ǿƭŀǎǘƴƻǎǘƛ

ü½łƪƭŀŘƴƝ ǘŜǎǘȅ 

ü Indentace

ü Scratch test

ü Weartest

ü5ȅƴŀƳƛŎƪȇ ƛƳǇŀƪǘ ǘŜǎǘ

ü!ƪǳǎǘƛŎƪł ŜƳƛǎŜ

ü[ŀǎŜǊŜƳ ƛƴŘǳƪƻǾŀƴŞ ǇƻǾǊŎƘƻǾŞ Ǿƭƴȅ-ōŜȊƪƻƴǘŀƪǘƴƝ

ü Aplikace



ü ǇƻŎƘƻǇŜƴƝ ƻŘŜȊǾȅ ƳŀǘŜǊƛłƭǳκǇƻǾǊŎƘǳ ƴŀ ǾƴŠƧǑƝ ƳŜŎƘŀƴƛŎƪŞ ǇǻǎƻōŜƴƝ όƴŀƳłƘłƴƝύ 

ȊłǎŀŘƴƝ ǇǊƻ ƪŀȌŘȇ ǇƻǾǊŎƘκƳŀǘŜǊƛłƭ ōŜȊ ƻƘƭŜŘǳ ƴŀ ƧŜƘƻ ǇǊƛƳłǊƴƝ ǇƻǳȌƛǘƝκŦǳƴƪŎƛ

ü R&D ƴƻǾȇŎƘ ƳŀǘŜǊƛłƭǻ ȊłǾƛǎƝ ƴŀ ǎǇƻƭŜƘƭƛǾŞƳ ǘŜǎǘƻǾłƴƝ

ü ǇƻǾǊŎƘȅ ƳŜŎƘŀƴƛŎƪȅ ƴŀƳłƘłƴȅ ƴŜƧŜƴ Ǉǌƛ ǇƻǳȌƛǘƝΣ ŀƭŜ ƛ ǾŜ ǾȇǊƻōŠ

ü ȊłǎŀŘƴƝ ǇǊƻ ȊǾȇǑŜƴƝ ȌƛǾƻǘƴƻǎǘƛ



http://www.kochmann.caltech.edu/research_animations.html
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ü

ü sonda v kontaktu s povrchem vzorku

ü Nano-mechanicƪŞa nano-tribologicƪŞtestsy

ü nanoindentace(depth sensing indentation)

ü do 500 ϲC (700 ϲC v Ar, 1000 ϲC vevakuu)

ü ƪǾŀȊƛǎǘŀǘƛŎƪȇtest (rychlost deformace10-3 s-1 - 1 s-1)

ü nano/Mikro-ƪƻƳǇǊŜǎƴƝ ȊƪƻǳǑƪŀ

ü ǾǊȅǇƻǾł ȊƪƻǳǑƪŀ

ü Nano-wear test, Fretting test, PID 

ü dynamicƪȇimpakt test 

ü MateriłlƻǾŞcharakteristiky

ü tvrdost

ü ƳƻŘǳƭ ǇǊǳȌƴƻǎǘƛ

ü creep

ü tuhost

ü ȊłǾƛǎƭƻǎǘ ƴŀǇŠǘƝ-deformace

ü adheze

ü ƻŘƻƭƴƻǎǘ ǇǊƻ ƴłǊŀȊǳ

ü ƻǇƻǘǌŜōŜƴƝ

ü ǵƴŀǾŀ



http://www.kochmann.caltech.edu/research_animations.html
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Displacement, h

ü

ü ƘǊƻǘ ǾǘƛǎƪłǾłƴ Řƻ ǇƻǾǊŎƘǳ

ü ȊłȊƴŀƳ ǇŜƴŜǘǊŀőƴƝ Ƙƭƻǳōƪȅ ŀ ǎƝƭȅΧ 

ü ƴŜƴƝ ƴǳǘƴŞ ǾȅǑŜǘǌƻǾŀǘ ȊōȅǘƪƻǾȇ Ǿǘƛǎƪ(Vickers)

ü ǎƝƭŀΣ ǊȅŎƘƭƻǎǘ ȊŀǘŠȌƻǾłƴƝΣ ǎƳŠǊΣ ǘǾŀǊ ƘǊƻǘǳ

ü teplota, vlhkost



ü ōƻƘŀǘȇ ȊŘǊƻƧ ƛƴŦƻǊƳŀŎƝƻ ŘŜŦƻǊƳŀőƴƝ ƻŘŜȊǾŠ ƳŀǘŜǊƛłƭǳ

ü ŀƴŀƭȇȊŀ ƛƴŘŜƴǘŀőƴƝ ƪǌƛǾƪȅÝ tvrdost, el. modul, creep Χ

ü άƳŀǘŜǊƛŀƭ ŦƛƴƎŜǊǇǊƛƴǘέ

WTotal = WPlastic+ WElastic
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WTotal ... /ŜƭƪƻǾł ƛƴŘŜƴǘŀőƴƝ ǇǊłŎŜ

WElastic... 9ƭŀǎǘƛŎƪł ŜƴŜǊƎƛŜ(ŜƭŀǎǘƛŎƪȅ ǳƭƻȌŜƴł ŜƴŜǊƎƛŜ)

WPlastic... {ǇƻǘǌŜōƻǾŀƴł ǇƭŀǎǘƛŎƪł ŜƴŜǊƎƛŜ(ƴŜǾǊŀǘƴł) Ĕƴŀ ǾȅǘǾƻǌŜƴƝ ǇƭŀǎǘƛŎƪŞƘƻ Ǿǘƛǎƪǳ 

Index plasticity... WPlastic/ Wtotal (ǎƻǳǾƛǎƝ ǎ ƻǇƻǘǌŜōŜƴƝƳ ŀ ƘƻǳȌŜǾƴŀǘƻǎǘƝ)



ü

ü wŀŘƛłƭƴƝ ǇǊŀǎƪƭƛƴȅ 

ü ǾŜǊǘƛƪłƭƴƝ half-penny typ 

ü ǾȊƴƛƪŀƧƝ ƴŀ ǇƻǾǊŎƘǳ ƳƛƳƻ ǇƭŀǎǘƛŎƪƻǳ ȊƽƴǳΣ ǑƝǌƝ ǎŜ Ȋ ǾǊŎƘƻƭǻ Ǿǘƛǎƪǳ

ü vliv na pevnost

ü [ŀǘŜǊłƭƴƝ ǇǊŀǎƪƭƛƴȅ

ü ƘƻǊƛȊƻƴǘłƭƴƝ όƪƻƭƳƻ ƴŀ ǎƳŠǊ ǎƝƭȅύ 

ü ǾŜŘƻǳ ƪŜ ȊǘǊłǘŠ ƳŀǘŜǊƛłƭǳ

ü Mediancracks

ü aŜŘƛłƭƴƝκǊŀŘƛłƭƴƝ ǇǊŀǎƪƭƛƴȅ

ǊŀŘƛłƭƴƝ                            ƭŀǘŜǊłƭƴƝ ǘǊƘƭƛƴȅ                 ƳŜŘƛłƴƴƝ                          αhalf-ǇŜƴƴȅά 
+ kombinace



ü ƪƻƳǇƭŜȄƴƝ ƳŜǘƻŘŀ ǇǊƻ ƘƻŘƴƻŎŜƴƝ ŀŘƘŜȊƴƝŎƘ ŀ ƪƻƘŜȊƴƝŎƘ ǾƭŀǎǘƴƻǎǘƝ ǘŜƴƪȇŎƘ ǾǊǎǘŜǾ 

ƻǇǘƛŎƪȇŎƘΣ ƻŎƘǊŀƴƴȇŎƘ őƛ ŦǳƴƪőƴƝŎƘ

ü ŘƛŀƳŀƴǘƻǾȇ ƛƴŘŜƴǘƻǊ ƧŜ ǘŀȌŜƴ Ǉƻ ǇƻǾǊŎƘǳ ǾȊƻǊƪǳ Ǉǌƛ ȊǾȅǑǳƧƝŎƝ ǎŜ ƴƻǊƳłƭƻǾŞ ǎƝƭŜ όƴŜōƻ 

ƪƻƴǎǘŀƴǘƴƝύ =>ƎŜƴŜǊǳƧŜ ƪƻƳǇƭƛƪƻǾŀƴŞ ƴŀǇŠǙƻǾŞ ǇƻƭŜ

ü

ü wƻŎƪǿŜƭƭΣ ǾŜ ǎǇŜŎƛłƭƴƝŎƘ ǇǌƝǇŀŘŜŎƘ ƛ .ŜǊƪƻǾƛőnebo cubecorner(hrana krychle)

Ronkainen_2003_Wear_A model for stresses, crackgenerationand fracture
toughnesscalculationin scratchedTiN-coatedsteelsurfaces.pdf



Ç ǾŜƭƳƛ ƪƻƳǇƭƛƪƻǾŀƴŞ ƴŀǇŠǙƻǾŞ ǇƻƭŜ

Ç ŀƪǳǎǘƛŎƪł ŜƳƛǎŜΣ ŦǊƛƪőƴƝ ǎƻƴŘŀ

Ç ƪǊƛǘƛŎƪƻǳ ȊłǘŠȌ ƭȊŜ ǳǊőƛǘ ƴŠƪƻƭƛƪŀ ȊǇǻǎƻōȅ

Ç ǇǊǳŘƪł ȊƳŠƴŀ ǇŜƴŜǘǊŀőƴƝ Ƙƭƻǳōƪȅ ǎƻƴŘȅ

Ç ƴłƘƭł ȊƳŠƴŀ ŦǊƛƪőƴƝ ǎƝƭȅ ƳŜȊƛ ƘǊƻǘŜƳ ŀ ǇƻǾǊŎƘŜƳ

Ç detekce ǇƝƪǻǎƛƎƴłƭǳ ȊŀƪǳǎǘƛŎƪŞ ŜƳƛǎŜ 

Ç ƳƛƪǊƻǎƪƻǇƛŎƪŞ ǇƻȊƻǊƻǾłƴƝ
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ü

ÇŀǇƭƛƪƻǾłƴŀ ƪƻƴǎǘŀƴǘƴƝ ǎƝƭŀ ǇƻŘƪǊƛǘƛŎƪŞ ǾŜƭƛƪƻǎǘƛ 

ÇƘǊƻǘ ƻǇŀƪƻǾŀƴŠ ǘŀȌŜƴ Ǉƻ ǎǘŜƧƴŞ ŘǊłȊŜ

ÇǾȊłƧŜƳƴŞ ǎǘǌƝŘłƴƝ 

ÇǘƻǇƻƎǊŀŦƛŎƪȇŎƘ ό¢ύ  

ÇȊłǘŠȌƻǾȇŎƘ ǇǌŜƧŜȊŘǻ ό{ύ 
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Nanoindentace

ü ƪǾŀȊƛǎǘŀǘƛŎƪł ȊƪƻǳǑƪŀ

ü ǘȅǇƛŎƪł ǊȅŎƘƭƻǎǘ ŘŜŦƻǊƳŀŎŜ ΦΦΦ10-3 s-1 - 1 s-1

ü ǘǾǊŘƻǎǘΣ ƳƻŘǳƭ ǇǊǳȌƴƻǎǘƛΣ ŎǊŜŜǇ

Nano-impakt test

ü ǊƻȊǑƝǌŜƴƝ ǘŜǎǘǻ Řƻ ǾȅǎƻƪȇŎƘ ǊȅŎƘƭƻǎǘƝ ŘŜŦƻǊƳŀŎŜ

ü ǘȅǇƛŎƪł ǊȅŎƘƭƻǎǘ ŘŜŦƻǊƳŀŎŜº1000 s-1

ü ƻǇŀƪƻǾŀƴȇ ƛƳǇŀƪǘ

ü ǵƴŀǾƻǾŞ ŎƘŀǊŀƪǘŜǊƛǎǘƛƪȅΣ ƻŘƻƭƴƻǎǘ ǇǊƻǘƛ ƴłǊŀȊǳΣ ƻŘƻƭƴƻǎǘ ǇǊƻǘƛ ǾȊƴƛƪǳ ŀ ǑƝǌŜƴƝ ǘǊƘƭƛƴ

рл ҡƳ

Alumina

50 ҡƳ

PSZ

impakt crłteryς50 mN, RҐ р ҡƳ
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YƻƳǇǊƛƳƻǾŀƴȇ ǎƛƎƴłƭ±ƛȊǳŀƭƛȊŀŎŜ ŦǊŜƪǾŜƴőƴƝƘƻ ǎǇŜƪǘǊŀ Ǿ őŀǎŜsub ҡǎ-ǊƻȊƭƛǑŜƴƝ

Longitudinal Shear Love Rayleigh

Risetime

ü ƳƛƪǊƻǎƪƻǇƛŎƪŞ ǇƻȊƻǊƻǾłƴƝ

ü ȊłȊƴŀƳ ǇŜƴŜǘǊŀőƴƝ Ƙƭƻǳōƪȅ
+



ü aƻŘǳƭ ǇǊǳȌƴƻǎǘƛΣ Ƙǳǎǘƻǘŀ 

ü tƻǾǊŎƘƻǾł Ǿƭƴŀ

ü excitace ... N2ǇǳƭǎƴƝ ƭŀǎŜǊ(304 nm)

ü ǇŜƴŜǘǊŀőƴƝ Ƙƭƻǳōƪŀ SAW ƻŘǇƻǾƝŘł ǾƭƴƻǾŞ ŘŞƭŎŜ ( =˂c/ f)

ü ǊȅŎƘƭƻǎǘ Ǿƭƴȅ ȊłǾƛǎƭł ƴŀ frekvencif, c=c(f)
ü

Film
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2 1

2 1

( )2
( )

( ) ( )

x x f
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f f
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=
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Si(100) anisotropy SiO2ŦƛƭƳ ƴŀ {ƛ ǎǳōǎǘǊłǘǳ

üƳŠǌŜƴŀ ƴŀǘƛǾƴƝ {ƛh2 vrstva(3.2 ҕ0.5)nm
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ü Berkovich pyramidłƭƴƝhrot, 9 skel(E, v, hustota) 
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B. Lawn,Fractureof Brittle Solids,
CambridgeUniv. Press,1993.

ол ҡƳ

BK7 S-LAL9 FK51

K10 KZFSN5 Lithosil

SF2 SF6 SF10



B. Lawn,Fractureof Brittle Solids,
CambridgeUniv. Press,1993.

ол ҡƳ

B. Lawn,Fractureof Brittle Solids,
CambridgeUniv. Press,1993.



ü ǾƭƛǾ ǇǊƻŎŜǎƴƝƘƻ ǘƭŀƪǳ

ü ƴłǊǻǎǘ ǘƭŀƪǳ ȊǇǻǎƻōǳƧŜ
ü ȊǾȇǑŜƴƝ ŘǊǎƴƻǎǘƛ

ü ǇƻƪƭŜǎ ƪƻƳǇǊŜǎƛǾƴƝƘƻ ƴŀǇŠǘƝ

ü ǇƻƪƭŜǎ ǘǾǊŘƻǎǘƛ ŀ ƳƻŘǳƭǳ ǇǊǳȌƴƻǎǘƛ

ü pokles indexu lomu

ü decreasein density0.27Pa 0.53Pa 

0.80Pa 1.33Pa 

Index lomu (632.8 nm) jako 
funkce hustoty

0.27Pa 

0.53Pa

0.80Pa 

1.33Pa 

~ƛƳǳǊƪŀΣ [ΦΣ 2ǘǾǊǘƭƝƪΣ wΦΣ ¢ƻƳŀǑǘƝƪ, J., .Ŝƪǘŀǒ, G., Svoboda, J., Bange, Chemical Papers  (2018).
~ƛƳǳǊƪŀΣ [ΦΣ 2ǘǾǊǘƭƝƪΣ wΦΣ Roch, T., ¢ǳǊǳǘƻƐƭǳ, T., Erkan, S. et al. International Journal of Applied Glass Science 9 (2018) 403.


