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Knots are everywhere
Long enough polymers are (almost) certainly knotted

Sumners+Whittington, J. Phys. A : Math. Gen. 1988

750 knotted proteins in the ProteinDataBank (1%)
catalyse enzymatic reactions (Lim+Jackson 2015)

stabilize protein structure (Wagner et al 2005)

knots in DNA 
ejection from capsides (Marenduzzo 2013)

replication / transcription - cell death (Deibler 2007)

Olavarrieta JMB 2002



Tensile strength of a wire

fishing line

10 kg

Stasiak et al, Science (1999)



Tensile strength of a wire

Stasiak et al, Science (1999)

fishing line
with knot

6 kg

Pieranski EPJE (2001)



self-contact

Elastic knots
T

T

circular cross-section 
bending and twist

h

Clauvelin JMPS 2009



Applying torsion

numerical simulations: M. Bergou (SIGGRAPH) 2008 

role of friction: Jawed (PRL) 2015





unstable !



do stable open trefoil knotted configurations exist ?



Langer & Singer (1984) conjecture: no stable solution

Closed configurations (Elastic Rings)

Global Bifurcation Diagram 
Dichmann (1996)



Kirchhoff equations for elastic rods

kinematics

dynamics

21 non linear PDE (arclength & time) 
equilibrium & stability 
BVP (collocation) 
numerical path following

m1 = K1 u1 , m2 = K2 u2 , m3 = K3 u3
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constitutive relations
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Obtaining a good knot
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‘All’ the good knots
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All the good knots
elastic strip model

unknotted

unwalled

good (w=0)



Equations for elastic strips

kinematics

dynamics

Dias & Audoly (JMPS) 2014

nonlinear 
constitutive 
relations
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'

2⇡
= 0.78

<latexit sha1_base64="odp7DgbqcyvCw/0dNfEQR1x+iQc=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFchaQI7UYounFZwT6gCWUynbRDJ5NhZlIoIQs3/oobF4q49SPc+TdO2yy09cCFwzn3cu89oWBUadf9tjY2t7Z3dkt75f2Dw6Nj++S0o5JUYtLGCUtkL0SKMMpJW1PNSE9IguKQkW44uZ373SmRiib8Qc8ECWI04jSiGGkjDeyKH0mEM3+KpBjTPKv5gubwGrpOvTGwq67jLgDXiVeQKijQGthf/jDBaUy4xgwp1fdcoYMMSU0xI3nZTxURCE/QiPQN5SgmKsgWT+TwwihDGCXSFNdwof6eyFCs1CwOTWeM9FitenPxP6+f6qgRZJSLVBOOl4uilEGdwHkicEglwZrNDEFYUnMrxGNkUtEmt7IJwVt9eZ10ao7nOt79VbV5U8RRAhVwDi6BB+qgCe5AC7QBBo/gGbyCN+vJerHerY9l64ZVzJyBP7A+fwBbWZc4</latexit><latexit sha1_base64="odp7DgbqcyvCw/0dNfEQR1x+iQc=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFchaQI7UYounFZwT6gCWUynbRDJ5NhZlIoIQs3/oobF4q49SPc+TdO2yy09cCFwzn3cu89oWBUadf9tjY2t7Z3dkt75f2Dw6Nj++S0o5JUYtLGCUtkL0SKMMpJW1PNSE9IguKQkW44uZ373SmRiib8Qc8ECWI04jSiGGkjDeyKH0mEM3+KpBjTPKv5gubwGrpOvTGwq67jLgDXiVeQKijQGthf/jDBaUy4xgwp1fdcoYMMSU0xI3nZTxURCE/QiPQN5SgmKsgWT+TwwihDGCXSFNdwof6eyFCs1CwOTWeM9FitenPxP6+f6qgRZJSLVBOOl4uilEGdwHkicEglwZrNDEFYUnMrxGNkUtEmt7IJwVt9eZ10ao7nOt79VbV5U8RRAhVwDi6BB+qgCe5AC7QBBo/gGbyCN+vJerHerY9l64ZVzJyBP7A+fwBbWZc4</latexit><latexit sha1_base64="odp7DgbqcyvCw/0dNfEQR1x+iQc=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFchaQI7UYounFZwT6gCWUynbRDJ5NhZlIoIQs3/oobF4q49SPc+TdO2yy09cCFwzn3cu89oWBUadf9tjY2t7Z3dkt75f2Dw6Nj++S0o5JUYtLGCUtkL0SKMMpJW1PNSE9IguKQkW44uZ373SmRiib8Qc8ECWI04jSiGGkjDeyKH0mEM3+KpBjTPKv5gubwGrpOvTGwq67jLgDXiVeQKijQGthf/jDBaUy4xgwp1fdcoYMMSU0xI3nZTxURCE/QiPQN5SgmKsgWT+TwwihDGCXSFNdwof6eyFCs1CwOTWeM9FitenPxP6+f6qgRZJSLVBOOl4uilEGdwHkicEglwZrNDEFYUnMrxGNkUtEmt7IJwVt9eZ10ao7nOt79VbV5U8RRAhVwDi6BB+qgCe5AC7QBBo/gGbyCN+vJerHerY9l64ZVzJyBP7A+fwBbWZc4</latexit><latexit sha1_base64="odp7DgbqcyvCw/0dNfEQR1x+iQc=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFchaQI7UYounFZwT6gCWUynbRDJ5NhZlIoIQs3/oobF4q49SPc+TdO2yy09cCFwzn3cu89oWBUadf9tjY2t7Z3dkt75f2Dw6Nj++S0o5JUYtLGCUtkL0SKMMpJW1PNSE9IguKQkW44uZ373SmRiib8Qc8ECWI04jSiGGkjDeyKH0mEM3+KpBjTPKv5gubwGrpOvTGwq67jLgDXiVeQKijQGthf/jDBaUy4xgwp1fdcoYMMSU0xI3nZTxURCE/QiPQN5SgmKsgWT+TwwihDGCXSFNdwof6eyFCs1CwOTWeM9FitenPxP6+f6qgRZJSLVBOOl4uilEGdwHkicEglwZrNDEFYUnMrxGNkUtEmt7IJwVt9eZ10ao7nOt79VbV5U8RRAhVwDi6BB+qgCe5AC7QBBo/gGbyCN+vJerHerY9l64ZVzJyBP7A+fwBbWZc4</latexit>

� = 0.10
<latexit sha1_base64="ltpPiPDv6qpjUEW+3YRfLhOl5QE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6EUoevFYwX5AG8pms2mXbnbD7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1PBDXret1NaW9/Y3CpvV3Z29/YPqodHbaMyTVmLKqF0NySGCS5ZCzkK1k01I0koWCcc3838zhPThiv5iJOUBQkZSh5zStBKvX7EBJIbr+57g2rNq3tzuKvEL0gNCjQH1a9+pGiWMIlUEGN6vpdikBONnAo2rfQzw1JCx2TIepZKkjAT5POTp+6ZVSI3VtqWRHeu/p7ISWLMJAltZ0JwZJa9mfif18swvg5yLtMMmaSLRXEmXFTu7H834ppRFBNLCNXc3urSEdGEok2pYkPwl19eJe0Lm1fdf7isNW6LOMpwAqdwDj5cQQPuoQktoKDgGV7hzUHnxXl3PhatJaeYOYY/cD5/ANZjkEo=</latexit><latexit sha1_base64="ltpPiPDv6qpjUEW+3YRfLhOl5QE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6EUoevFYwX5AG8pms2mXbnbD7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1PBDXret1NaW9/Y3CpvV3Z29/YPqodHbaMyTVmLKqF0NySGCS5ZCzkK1k01I0koWCcc3838zhPThiv5iJOUBQkZSh5zStBKvX7EBJIbr+57g2rNq3tzuKvEL0gNCjQH1a9+pGiWMIlUEGN6vpdikBONnAo2rfQzw1JCx2TIepZKkjAT5POTp+6ZVSI3VtqWRHeu/p7ISWLMJAltZ0JwZJa9mfif18swvg5yLtMMmaSLRXEmXFTu7H834ppRFBNLCNXc3urSEdGEok2pYkPwl19eJe0Lm1fdf7isNW6LOMpwAqdwDj5cQQPuoQktoKDgGV7hzUHnxXl3PhatJaeYOYY/cD5/ANZjkEo=</latexit><latexit sha1_base64="ltpPiPDv6qpjUEW+3YRfLhOl5QE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6EUoevFYwX5AG8pms2mXbnbD7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1PBDXret1NaW9/Y3CpvV3Z29/YPqodHbaMyTVmLKqF0NySGCS5ZCzkK1k01I0koWCcc3838zhPThiv5iJOUBQkZSh5zStBKvX7EBJIbr+57g2rNq3tzuKvEL0gNCjQH1a9+pGiWMIlUEGN6vpdikBONnAo2rfQzw1JCx2TIepZKkjAT5POTp+6ZVSI3VtqWRHeu/p7ISWLMJAltZ0JwZJa9mfif18swvg5yLtMMmaSLRXEmXFTu7H834ppRFBNLCNXc3urSEdGEok2pYkPwl19eJe0Lm1fdf7isNW6LOMpwAqdwDj5cQQPuoQktoKDgGV7hzUHnxXl3PhatJaeYOYY/cD5/ANZjkEo=</latexit><latexit sha1_base64="ltpPiPDv6qpjUEW+3YRfLhOl5QE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6EUoevFYwX5AG8pms2mXbnbD7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1PBDXret1NaW9/Y3CpvV3Z29/YPqodHbaMyTVmLKqF0NySGCS5ZCzkK1k01I0koWCcc3838zhPThiv5iJOUBQkZSh5zStBKvX7EBJIbr+57g2rNq3tzuKvEL0gNCjQH1a9+pGiWMIlUEGN6vpdikBONnAo2rfQzw1JCx2TIepZKkjAT5POTp+6ZVSI3VtqWRHeu/p7ISWLMJAltZ0JwZJa9mfif18swvg5yLtMMmaSLRXEmXFTu7H834ppRFBNLCNXc3urSEdGEok2pYkPwl19eJe0Lm1fdf7isNW6LOMpwAqdwDj5cQQPuoQktoKDgGV7hzUHnxXl3PhatJaeYOYY/cD5/ANZjkEo=</latexit>

�
<latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit>

unknotte
d

unwalled

w=0

PVC 3GPa 
h = 200 microns 
L = 26.3 cm 
w = 1.5 cm (w/h=75)

� =
Mg
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' 25

<latexit sha1_base64="0yS289XniJZfBViYH4hCG2i1Pjk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwVZOi6EYoiqigUME+oIllMp20Q2eSODMRSsgPuPFX3LhQxK17d/6N0zYLrR64cDjnXu69x4sYlcqyvozc1PTM7Fx+vrCwuLS8Yq6u1WUYC0xqOGShaHpIEkYDUlNUMdKMBEHcY6Th9U+GfuOeCEnD4EYNIuJy1A2oTzFSWmqbW84Z4hzBI+j4AuHkqpsmpxe7l7flFDqScnIHy/tts2iVrBHgX2JnpAgyVNvmp9MJccxJoDBDUrZsK1JugoSimJG04MSSRAj3UZe0NA0QJ9JNRt+kcFsrHeiHQleg4Ej9OZEgLuWAe7qTI9WTk95Q/M9rxco/dBMaRLEiAR4v8mMGVQiH0cAOFQQrNtAEYUH1rRD3kE5F6QALOgR78uW/pF4u2VbJvt4rVo6zOPJgA2yCHWCDA1AB56AKagCDB/AEXsCr8Wg8G2/G+7g1Z2Qz6+AXjI9v4HWaJg==</latexit><latexit sha1_base64="0yS289XniJZfBViYH4hCG2i1Pjk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwVZOi6EYoiqigUME+oIllMp20Q2eSODMRSsgPuPFX3LhQxK17d/6N0zYLrR64cDjnXu69x4sYlcqyvozc1PTM7Fx+vrCwuLS8Yq6u1WUYC0xqOGShaHpIEkYDUlNUMdKMBEHcY6Th9U+GfuOeCEnD4EYNIuJy1A2oTzFSWmqbW84Z4hzBI+j4AuHkqpsmpxe7l7flFDqScnIHy/tts2iVrBHgX2JnpAgyVNvmp9MJccxJoDBDUrZsK1JugoSimJG04MSSRAj3UZe0NA0QJ9JNRt+kcFsrHeiHQleg4Ej9OZEgLuWAe7qTI9WTk95Q/M9rxco/dBMaRLEiAR4v8mMGVQiH0cAOFQQrNtAEYUH1rRD3kE5F6QALOgR78uW/pF4u2VbJvt4rVo6zOPJgA2yCHWCDA1AB56AKagCDB/AEXsCr8Wg8G2/G+7g1Z2Qz6+AXjI9v4HWaJg==</latexit><latexit sha1_base64="0yS289XniJZfBViYH4hCG2i1Pjk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwVZOi6EYoiqigUME+oIllMp20Q2eSODMRSsgPuPFX3LhQxK17d/6N0zYLrR64cDjnXu69x4sYlcqyvozc1PTM7Fx+vrCwuLS8Yq6u1WUYC0xqOGShaHpIEkYDUlNUMdKMBEHcY6Th9U+GfuOeCEnD4EYNIuJy1A2oTzFSWmqbW84Z4hzBI+j4AuHkqpsmpxe7l7flFDqScnIHy/tts2iVrBHgX2JnpAgyVNvmp9MJccxJoDBDUrZsK1JugoSimJG04MSSRAj3UZe0NA0QJ9JNRt+kcFsrHeiHQleg4Ej9OZEgLuWAe7qTI9WTk95Q/M9rxco/dBMaRLEiAR4v8mMGVQiH0cAOFQQrNtAEYUH1rRD3kE5F6QALOgR78uW/pF4u2VbJvt4rVo6zOPJgA2yCHWCDA1AB56AKagCDB/AEXsCr8Wg8G2/G+7g1Z2Qz6+AXjI9v4HWaJg==</latexit><latexit sha1_base64="0yS289XniJZfBViYH4hCG2i1Pjk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwVZOi6EYoiqigUME+oIllMp20Q2eSODMRSsgPuPFX3LhQxK17d/6N0zYLrR64cDjnXu69x4sYlcqyvozc1PTM7Fx+vrCwuLS8Yq6u1WUYC0xqOGShaHpIEkYDUlNUMdKMBEHcY6Th9U+GfuOeCEnD4EYNIuJy1A2oTzFSWmqbW84Z4hzBI+j4AuHkqpsmpxe7l7flFDqScnIHy/tts2iVrBHgX2JnpAgyVNvmp9MJccxJoDBDUrZsK1JugoSimJG04MSSRAj3UZe0NA0QJ9JNRt+kcFsrHeiHQleg4Ej9OZEgLuWAe7qTI9WTk95Q/M9rxco/dBMaRLEiAR4v8mMGVQiH0cAOFQQrNtAEYUH1rRD3kE5F6QALOgR78uW/pF4u2VbJvt4rVo6zOPJgA2yCHWCDA1AB56AKagCDB/AEXsCr8Wg8G2/G+7g1Z2Qz6+AXjI9v4HWaJg==</latexit>

gravity:



Conclusions

Importance of the w/h ratio 
             experiments: h = 200 microns and w from 0.6 cm to 1.5 cm

Stable closed knots with no self-contact ? 
               natural curvature ? 
               varying stiffness ? 
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elastic rod behavior 
(jump to contact)
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no jump 
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w

h
<latexit sha1_base64="ZTxA/KfOE0+W4saTq5jO03wj2Ps=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0kw27E6WE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61jUo14y2mpNLdgBouRcxbKFDybqI5jQLJO8HkduZ3Hrk2QsUPOE24H9FRLELBKFqp1w81ZdlTno3zQbXm1t05yCrxClKDAs1B9as/VCyNeIxMUmN6npugn1GNgkmeV/qp4QllEzriPUtjGnHjZ/OTc3JmlSEJlbYVI5mrvycyGhkzjQLbGVEcm2VvJv7n9VIMr/1MxEmKPGaLRWEqCSoy+58MheYM5dQSyrSwtxI2pjYFtClVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawEDBM7zCm4POi/PufCxaS04xcwx/4Hz+APZ+ka8=</latexit><latexit sha1_base64="ZTxA/KfOE0+W4saTq5jO03wj2Ps=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0kw27E6WE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61jUo14y2mpNLdgBouRcxbKFDybqI5jQLJO8HkduZ3Hrk2QsUPOE24H9FRLELBKFqp1w81ZdlTno3zQbXm1t05yCrxClKDAs1B9as/VCyNeIxMUmN6npugn1GNgkmeV/qp4QllEzriPUtjGnHjZ/OTc3JmlSEJlbYVI5mrvycyGhkzjQLbGVEcm2VvJv7n9VIMr/1MxEmKPGaLRWEqCSoy+58MheYM5dQSyrSwtxI2pjYFtClVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawEDBM7zCm4POi/PufCxaS04xcwx/4Hz+APZ+ka8=</latexit><latexit sha1_base64="ZTxA/KfOE0+W4saTq5jO03wj2Ps=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0kw27E6WE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61jUo14y2mpNLdgBouRcxbKFDybqI5jQLJO8HkduZ3Hrk2QsUPOE24H9FRLELBKFqp1w81ZdlTno3zQbXm1t05yCrxClKDAs1B9as/VCyNeIxMUmN6npugn1GNgkmeV/qp4QllEzriPUtjGnHjZ/OTc3JmlSEJlbYVI5mrvycyGhkzjQLbGVEcm2VvJv7n9VIMr/1MxEmKPGaLRWEqCSoy+58MheYM5dQSyrSwtxI2pjYFtClVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawEDBM7zCm4POi/PufCxaS04xcwx/4Hz+APZ+ka8=</latexit><latexit sha1_base64="ZTxA/KfOE0+W4saTq5jO03wj2Ps=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0kw27E6WE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61jUo14y2mpNLdgBouRcxbKFDybqI5jQLJO8HkduZ3Hrk2QsUPOE24H9FRLELBKFqp1w81ZdlTno3zQbXm1t05yCrxClKDAs1B9as/VCyNeIxMUmN6npugn1GNgkmeV/qp4QllEzriPUtjGnHjZ/OTc3JmlSEJlbYVI5mrvycyGhkzjQLbGVEcm2VvJv7n9VIMr/1MxEmKPGaLRWEqCSoy+58MheYM5dQSyrSwtxI2pjYFtClVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawEDBM7zCm4POi/PufCxaS04xcwx/4Hz+APZ+ka8=</latexit>


