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Sistemas lineares e matrizes
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m equações 

n variáveis
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Posto e nulidade de uma matriz
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Posto: 
número de linhas (equações) linearmente 
independentes (LI)

Nulidade: 
diferença entre o número de colunas 
(variáveis) e o posto (equações LI)

nul(A) = n� r
<latexit sha1_base64="Bu4OyTL0mgVA7FFJ333Hi1Tt4HI=">AAACFnicbVDLSgMxFL1TX7W+qi5cuAkWoS4sMyLoRqi6cVnBPqAdSibNtKGZZEgyQin9D/du9RfciVu3/oGfYaadha0eCBzOua+cIOZMG9f9cnJLyyura/n1wsbm1vZOcXevoWWiCK0TyaVqBVhTzgStG2Y4bcWK4ijgtBkMb1O/+UiVZlI8mFFM/Qj3BQsZwcZK3eKBSHi5E2EzCEJ0fYKukECnSKFuseRW3CnQX+JlpAQZat3id6cnSRJRYQjHWrc9Nzb+GCvDCKeTQifRNMZkiPu0banAEdX+ePqBCTq2Sg+FUtknDJqqvzvGONJ6FAW2Mj1VL3qp+J/XTkx46Y+ZiBNDBZktChOOjERpGqjHFCWGjyzBRDF7KyIDrDAxNrO5LelsIyXXExuNtxjEX9I4q3huxbs/L1VvspDycAhHUAYPLqAKd1CDOhCYwDO8wKvz5Lw5787HrDTnZD37MAfn8we6Ep4W</latexit><latexit sha1_base64="Bu4OyTL0mgVA7FFJ333Hi1Tt4HI=">AAACFnicbVDLSgMxFL1TX7W+qi5cuAkWoS4sMyLoRqi6cVnBPqAdSibNtKGZZEgyQin9D/du9RfciVu3/oGfYaadha0eCBzOua+cIOZMG9f9cnJLyyura/n1wsbm1vZOcXevoWWiCK0TyaVqBVhTzgStG2Y4bcWK4ijgtBkMb1O/+UiVZlI8mFFM/Qj3BQsZwcZK3eKBSHi5E2EzCEJ0fYKukECnSKFuseRW3CnQX+JlpAQZat3id6cnSRJRYQjHWrc9Nzb+GCvDCKeTQifRNMZkiPu0banAEdX+ePqBCTq2Sg+FUtknDJqqvzvGONJ6FAW2Mj1VL3qp+J/XTkx46Y+ZiBNDBZktChOOjERpGqjHFCWGjyzBRDF7KyIDrDAxNrO5LelsIyXXExuNtxjEX9I4q3huxbs/L1VvspDycAhHUAYPLqAKd1CDOhCYwDO8wKvz5Lw5787HrDTnZD37MAfn8we6Ep4W</latexit><latexit sha1_base64="Bu4OyTL0mgVA7FFJ333Hi1Tt4HI=">AAACFnicbVDLSgMxFL1TX7W+qi5cuAkWoS4sMyLoRqi6cVnBPqAdSibNtKGZZEgyQin9D/du9RfciVu3/oGfYaadha0eCBzOua+cIOZMG9f9cnJLyyura/n1wsbm1vZOcXevoWWiCK0TyaVqBVhTzgStG2Y4bcWK4ijgtBkMb1O/+UiVZlI8mFFM/Qj3BQsZwcZK3eKBSHi5E2EzCEJ0fYKukECnSKFuseRW3CnQX+JlpAQZat3id6cnSRJRYQjHWrc9Nzb+GCvDCKeTQifRNMZkiPu0banAEdX+ePqBCTq2Sg+FUtknDJqqvzvGONJ6FAW2Mj1VL3qp+J/XTkx46Y+ZiBNDBZktChOOjERpGqjHFCWGjyzBRDF7KyIDrDAxNrO5LelsIyXXExuNtxjEX9I4q3huxbs/L1VvspDycAhHUAYPLqAKd1CDOhCYwDO8wKvz5Lw5787HrDTnZD37MAfn8we6Ep4W</latexit><latexit sha1_base64="Bu4OyTL0mgVA7FFJ333Hi1Tt4HI=">AAACFnicbVDLSgMxFL1TX7W+qi5cuAkWoS4sMyLoRqi6cVnBPqAdSibNtKGZZEgyQin9D/du9RfciVu3/oGfYaadha0eCBzOua+cIOZMG9f9cnJLyyura/n1wsbm1vZOcXevoWWiCK0TyaVqBVhTzgStG2Y4bcWK4ijgtBkMb1O/+UiVZlI8mFFM/Qj3BQsZwcZK3eKBSHi5E2EzCEJ0fYKukECnSKFuseRW3CnQX+JlpAQZat3id6cnSRJRYQjHWrc9Nzb+GCvDCKeTQifRNMZkiPu0banAEdX+ePqBCTq2Sg+FUtknDJqqvzvGONJ6FAW2Mj1VL3qp+J/XTkx46Y+ZiBNDBZktChOOjERpGqjHFCWGjyzBRDF7KyIDrDAxNrO5LelsIyXXExuNtxjEX9I4q3huxbs/L1VvspDycAhHUAYPLqAKd1CDOhCYwDO8wKvz5Lw5787HrDTnZD37MAfn8we6Ep4W</latexit>
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Espaço nulo
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Ax = 0
<latexit sha1_base64="2IpN3lkHTXRRUsBa9ZpJptQQOrU=">AAACH3icbZDLSsNAFIYnXmu9RV26GSyCq5KIoBuh6sZlBXuBNpTJdNIOnWTCzIlYQre+h3u3+gruxG3fwMdw0oZiWw8MfPznOr8fC67BccbWyura+sZmYau4vbO7t28fHNa1TBRlNSqFVE2faCZ4xGrAQbBmrBgJfcEa/uAuyzeemNJcRo8wjJkXkl7EA04JGKlj43ZIoO8H+GZGz/h6xg7u2CWn7EwCL4ObQwnlUe3YP+2upEnIIqCCaN1ynRi8lCjgVLBRsZ1oFhM6ID3WMhiRkGkvnfxkhE+N0sWBVOZFgCfq346UhFoPQ99UZhfqxVwm/pdrJRBceSmP4gRYRKeLgkRgkDizBXe5YhTE0AChiptbMe0TRSgY8+a2ZLNBSqFHxhp30YhlqJ+XXafsPlyUKre5SQV0jE7QGXLRJaqge1RFNUTRC3pD7+jDerU+rS/re1q6YuU9R2gurPEvUyGiJw==</latexit><latexit sha1_base64="2IpN3lkHTXRRUsBa9ZpJptQQOrU=">AAACH3icbZDLSsNAFIYnXmu9RV26GSyCq5KIoBuh6sZlBXuBNpTJdNIOnWTCzIlYQre+h3u3+gruxG3fwMdw0oZiWw8MfPznOr8fC67BccbWyura+sZmYau4vbO7t28fHNa1TBRlNSqFVE2faCZ4xGrAQbBmrBgJfcEa/uAuyzeemNJcRo8wjJkXkl7EA04JGKlj43ZIoO8H+GZGz/h6xg7u2CWn7EwCL4ObQwnlUe3YP+2upEnIIqCCaN1ynRi8lCjgVLBRsZ1oFhM6ID3WMhiRkGkvnfxkhE+N0sWBVOZFgCfq346UhFoPQ99UZhfqxVwm/pdrJRBceSmP4gRYRKeLgkRgkDizBXe5YhTE0AChiptbMe0TRSgY8+a2ZLNBSqFHxhp30YhlqJ+XXafsPlyUKre5SQV0jE7QGXLRJaqge1RFNUTRC3pD7+jDerU+rS/re1q6YuU9R2gurPEvUyGiJw==</latexit><latexit sha1_base64="2IpN3lkHTXRRUsBa9ZpJptQQOrU=">AAACH3icbZDLSsNAFIYnXmu9RV26GSyCq5KIoBuh6sZlBXuBNpTJdNIOnWTCzIlYQre+h3u3+gruxG3fwMdw0oZiWw8MfPznOr8fC67BccbWyura+sZmYau4vbO7t28fHNa1TBRlNSqFVE2faCZ4xGrAQbBmrBgJfcEa/uAuyzeemNJcRo8wjJkXkl7EA04JGKlj43ZIoO8H+GZGz/h6xg7u2CWn7EwCL4ObQwnlUe3YP+2upEnIIqCCaN1ynRi8lCjgVLBRsZ1oFhM6ID3WMhiRkGkvnfxkhE+N0sWBVOZFgCfq346UhFoPQ99UZhfqxVwm/pdrJRBceSmP4gRYRKeLgkRgkDizBXe5YhTE0AChiptbMe0TRSgY8+a2ZLNBSqFHxhp30YhlqJ+XXafsPlyUKre5SQV0jE7QGXLRJaqge1RFNUTRC3pD7+jDerU+rS/re1q6YuU9R2gurPEvUyGiJw==</latexit><latexit sha1_base64="2IpN3lkHTXRRUsBa9ZpJptQQOrU=">AAACH3icbZDLSsNAFIYnXmu9RV26GSyCq5KIoBuh6sZlBXuBNpTJdNIOnWTCzIlYQre+h3u3+gruxG3fwMdw0oZiWw8MfPznOr8fC67BccbWyura+sZmYau4vbO7t28fHNa1TBRlNSqFVE2faCZ4xGrAQbBmrBgJfcEa/uAuyzeemNJcRo8wjJkXkl7EA04JGKlj43ZIoO8H+GZGz/h6xg7u2CWn7EwCL4ObQwnlUe3YP+2upEnIIqCCaN1ynRi8lCjgVLBRsZ1oFhM6ID3WMhiRkGkvnfxkhE+N0sWBVOZFgCfq346UhFoPQ99UZhfqxVwm/pdrJRBceSmP4gRYRKeLgkRgkDizBXe5YhTE0AChiptbMe0TRSgY8+a2ZLNBSqFHxhp30YhlqJ+XXafsPlyUKre5SQV0jE7QGXLRJaqge1RFNUTRC3pD7+jDerU+rS/re1q6YuU9R2gurPEvUyGiJw==</latexit>

Espaço               com todos os 
vetores x que satisfazem:

N (A)
<latexit sha1_base64="2uw4+KipTpeKzs8PDNNaNGUeyHI=">AAACFnicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYCyxMqEj0IbVR5bhOa9WxI9tBqqL8Bzsr/AIbYmXlD/gMnDQDbTmSpaNz7svHjxhV2nG+rdLK6tr6RnmzsrW9s7tn7x+0lYglJi0smJBdHynCKCctTTUj3UgSFPqMdPzJbeZ3nohUVPBHPY2IF6IRpwHFSBtpYB/1Q6THGLHkPq3l3A/g9VllYFedupMDLhO3IFVQoDmwf/pDgeOQcI0ZUqrnOpH2EiQ1xYyklX6sSITwBI1Iz1COQqK8JP9ACk+NMoSBkOZxDXP1b0eCQqWmoW8qsxPVopeJ/3m9WAdXXkJ5FGvC8WxREDOoBczSgEMqCdZsagjCkppbIR4jibA2mc1tyWZrIZhKTTTuYhDLpH1ed526+3BRbdwUIZXBMTgBNeCCS9AAd6AJWgCDFLyAV/BmPVvv1of1OSstWUXPIZiD9fUL3JefYw==</latexit><latexit sha1_base64="2uw4+KipTpeKzs8PDNNaNGUeyHI=">AAACFnicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYCyxMqEj0IbVR5bhOa9WxI9tBqqL8Bzsr/AIbYmXlD/gMnDQDbTmSpaNz7svHjxhV2nG+rdLK6tr6RnmzsrW9s7tn7x+0lYglJi0smJBdHynCKCctTTUj3UgSFPqMdPzJbeZ3nohUVPBHPY2IF6IRpwHFSBtpYB/1Q6THGLHkPq3l3A/g9VllYFedupMDLhO3IFVQoDmwf/pDgeOQcI0ZUqrnOpH2EiQ1xYyklX6sSITwBI1Iz1COQqK8JP9ACk+NMoSBkOZxDXP1b0eCQqWmoW8qsxPVopeJ/3m9WAdXXkJ5FGvC8WxREDOoBczSgEMqCdZsagjCkppbIR4jibA2mc1tyWZrIZhKTTTuYhDLpH1ed526+3BRbdwUIZXBMTgBNeCCS9AAd6AJWgCDFLyAV/BmPVvv1of1OSstWUXPIZiD9fUL3JefYw==</latexit><latexit sha1_base64="2uw4+KipTpeKzs8PDNNaNGUeyHI=">AAACFnicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYCyxMqEj0IbVR5bhOa9WxI9tBqqL8Bzsr/AIbYmXlD/gMnDQDbTmSpaNz7svHjxhV2nG+rdLK6tr6RnmzsrW9s7tn7x+0lYglJi0smJBdHynCKCctTTUj3UgSFPqMdPzJbeZ3nohUVPBHPY2IF6IRpwHFSBtpYB/1Q6THGLHkPq3l3A/g9VllYFedupMDLhO3IFVQoDmwf/pDgeOQcI0ZUqrnOpH2EiQ1xYyklX6sSITwBI1Iz1COQqK8JP9ACk+NMoSBkOZxDXP1b0eCQqWmoW8qsxPVopeJ/3m9WAdXXkJ5FGvC8WxREDOoBczSgEMqCdZsagjCkppbIR4jibA2mc1tyWZrIZhKTTTuYhDLpH1ed526+3BRbdwUIZXBMTgBNeCCS9AAd6AJWgCDFLyAV/BmPVvv1of1OSstWUXPIZiD9fUL3JefYw==</latexit><latexit sha1_base64="2uw4+KipTpeKzs8PDNNaNGUeyHI=">AAACFnicbVC7TsMwFHXKq5RXgIGBxaJCKkuVICQYCyxMqEj0IbVR5bhOa9WxI9tBqqL8Bzsr/AIbYmXlD/gMnDQDbTmSpaNz7svHjxhV2nG+rdLK6tr6RnmzsrW9s7tn7x+0lYglJi0smJBdHynCKCctTTUj3UgSFPqMdPzJbeZ3nohUVPBHPY2IF6IRpwHFSBtpYB/1Q6THGLHkPq3l3A/g9VllYFedupMDLhO3IFVQoDmwf/pDgeOQcI0ZUqrnOpH2EiQ1xYyklX6sSITwBI1Iz1COQqK8JP9ACk+NMoSBkOZxDXP1b0eCQqWmoW8qsxPVopeJ/3m9WAdXXkJ5FGvC8WxREDOoBczSgEMqCdZsagjCkppbIR4jibA2mc1tyWZrIZhKTTTuYhDLpH1ed526+3BRbdwUIZXBMTgBNeCCS9AAd6AJWgCDFLyAV/BmPVvv1of1OSstWUXPIZiD9fUL3JefYw==</latexit>

dim(N (A)) = nul(A) = n� r
<latexit sha1_base64="VgcNu9sz2VNZrt0nfnVYLrwtYkI=">AAACNXicbVDLSgMxFM34rPU16tJNsAjtwjIjom6EqhtXUsE+oB1KJs20oZlkSDJCGfon/od7t/oDLtyJuPMXzLSz6MMDgcM595XjR4wq7Tgf1tLyyuraem4jv7m1vbNr7+3XlYglJjUsmJBNHynCKCc1TTUjzUgSFPqMNPzBbeo3nohUVPBHPYyIF6IepwHFSBupY593aVhsh0j3MWLJ/WjC/QBel2AJXkEes2nJCPAEynzHLjhlZwy4SNyMFECGasf+aXcFjkPCNWZIqZbrRNpLkNQUMzLKt2NFIoQHqEdahnIUEuUl4/+N4LFRujAQ0jyu4Vid7khQqNQw9E1leqqa91LxP68V6+DSSyiPYk04niwKYga1gGlYsEslwZoNDUFYUnMrxH0kEdYm0pkt6WwtBFMjE407H8QiqZ+WXafsPpwVKjdZSDlwCI5AEbjgAlTAHaiCGsDgGbyCN/BuvVif1pf1PSldsrKeAzAD6/cP8VypWg==</latexit><latexit sha1_base64="VgcNu9sz2VNZrt0nfnVYLrwtYkI=">AAACNXicbVDLSgMxFM34rPU16tJNsAjtwjIjom6EqhtXUsE+oB1KJs20oZlkSDJCGfon/od7t/oDLtyJuPMXzLSz6MMDgcM595XjR4wq7Tgf1tLyyuraem4jv7m1vbNr7+3XlYglJjUsmJBNHynCKCc1TTUjzUgSFPqMNPzBbeo3nohUVPBHPYyIF6IepwHFSBupY593aVhsh0j3MWLJ/WjC/QBel2AJXkEes2nJCPAEynzHLjhlZwy4SNyMFECGasf+aXcFjkPCNWZIqZbrRNpLkNQUMzLKt2NFIoQHqEdahnIUEuUl4/+N4LFRujAQ0jyu4Vid7khQqNQw9E1leqqa91LxP68V6+DSSyiPYk04niwKYga1gGlYsEslwZoNDUFYUnMrxH0kEdYm0pkt6WwtBFMjE407H8QiqZ+WXafsPpwVKjdZSDlwCI5AEbjgAlTAHaiCGsDgGbyCN/BuvVif1pf1PSldsrKeAzAD6/cP8VypWg==</latexit><latexit sha1_base64="VgcNu9sz2VNZrt0nfnVYLrwtYkI=">AAACNXicbVDLSgMxFM34rPU16tJNsAjtwjIjom6EqhtXUsE+oB1KJs20oZlkSDJCGfon/od7t/oDLtyJuPMXzLSz6MMDgcM595XjR4wq7Tgf1tLyyuraem4jv7m1vbNr7+3XlYglJjUsmJBNHynCKCc1TTUjzUgSFPqMNPzBbeo3nohUVPBHPYyIF6IepwHFSBupY593aVhsh0j3MWLJ/WjC/QBel2AJXkEes2nJCPAEynzHLjhlZwy4SNyMFECGasf+aXcFjkPCNWZIqZbrRNpLkNQUMzLKt2NFIoQHqEdahnIUEuUl4/+N4LFRujAQ0jyu4Vid7khQqNQw9E1leqqa91LxP68V6+DSSyiPYk04niwKYga1gGlYsEslwZoNDUFYUnMrxH0kEdYm0pkt6WwtBFMjE407H8QiqZ+WXafsPpwVKjdZSDlwCI5AEbjgAlTAHaiCGsDgGbyCN/BuvVif1pf1PSldsrKeAzAD6/cP8VypWg==</latexit><latexit sha1_base64="VgcNu9sz2VNZrt0nfnVYLrwtYkI=">AAACNXicbVDLSgMxFM34rPU16tJNsAjtwjIjom6EqhtXUsE+oB1KJs20oZlkSDJCGfon/od7t/oDLtyJuPMXzLSz6MMDgcM595XjR4wq7Tgf1tLyyuraem4jv7m1vbNr7+3XlYglJjUsmJBNHynCKCc1TTUjzUgSFPqMNPzBbeo3nohUVPBHPYyIF6IepwHFSBupY593aVhsh0j3MWLJ/WjC/QBel2AJXkEes2nJCPAEynzHLjhlZwy4SNyMFECGasf+aXcFjkPCNWZIqZbrRNpLkNQUMzLKt2NFIoQHqEdahnIUEuUl4/+N4LFRujAQ0jyu4Vid7khQqNQw9E1leqqa91LxP68V6+DSSyiPYk04niwKYga1gGlYsEslwZoNDUFYUnMrxH0kEdYm0pkt6WwtBFMjE407H8QiqZ+WXafsPpwVKjdZSDlwCI5AEbjgAlTAHaiCGsDgGbyCN/BuvVif1pf1PSldsrKeAzAD6/cP8VypWg==</latexit>

Dimensão do espaço nulo dado pela 
nulidade (graus de liberdade)

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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Inversa de uma matriz
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Uma matriz só é inversível 
quando ela é quadrada e possui 

posto completo

Uma matriz só é inversível 
quando ela é quadrada e sua 

nulidade é zero

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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A+ = (ATA)�1AT

A+ = AT (AAT )�1
<latexit sha1_base64="aAqrSJSynhgQtMdDV6fUx6x2GDs="></latexit><latexit sha1_base64="aAqrSJSynhgQtMdDV6fUx6x2GDs="></latexit><latexit sha1_base64="aAqrSJSynhgQtMdDV6fUx6x2GDs="></latexit><latexit sha1_base64="aAqrSJSynhgQtMdDV6fUx6x2GDs="></latexit>

pseudo-inversa esquerda

m > n
<latexit sha1_base64="JmIyx2WYuzepEi93Q2ncgCA99gQ=">AAACAHicbVDLSgMxFM3UV62vqks3wSK4KjMi6EqKblxWtLXQDiWTZtrQPIbkjlBKN+7d6i+4E7f+iX/gZ5hpZ2FbDwQO59xXTpQIbsH3v73Cyura+kZxs7S1vbO7V94/aFqdGsoaVAttWhGxTHDFGsBBsFZiGJGRYI/R8CbzH5+YsVyrBxglLJSkr3jMKQEn3csr1S1X/Ko/BV4mQU4qKEe9W/7p9DRNJVNABbG2HfgJhGNigFPBJqVOallC6JD0WdtRRSSz4Xh66gSfOKWHY23cU4Cn6t+OMZHWjmTkKiWBgV30MvE/r51CfBmOuUpSYIrOFsWpwKBx9m/c44ZRECNHCDXc3YrpgBhCwaUztyWbDVoLO3HRBItBLJPmWTXwq8HdeaV2nYdUREfoGJ2iAF2gGrpFddRAFPXRC3pFb96z9+59eJ+z0oKX9xyiOXhfvwJul30=</latexit><latexit sha1_base64="JmIyx2WYuzepEi93Q2ncgCA99gQ=">AAACAHicbVDLSgMxFM3UV62vqks3wSK4KjMi6EqKblxWtLXQDiWTZtrQPIbkjlBKN+7d6i+4E7f+iX/gZ5hpZ2FbDwQO59xXTpQIbsH3v73Cyura+kZxs7S1vbO7V94/aFqdGsoaVAttWhGxTHDFGsBBsFZiGJGRYI/R8CbzH5+YsVyrBxglLJSkr3jMKQEn3csr1S1X/Ko/BV4mQU4qKEe9W/7p9DRNJVNABbG2HfgJhGNigFPBJqVOallC6JD0WdtRRSSz4Xh66gSfOKWHY23cU4Cn6t+OMZHWjmTkKiWBgV30MvE/r51CfBmOuUpSYIrOFsWpwKBx9m/c44ZRECNHCDXc3YrpgBhCwaUztyWbDVoLO3HRBItBLJPmWTXwq8HdeaV2nYdUREfoGJ2iAF2gGrpFddRAFPXRC3pFb96z9+59eJ+z0oKX9xyiOXhfvwJul30=</latexit><latexit sha1_base64="JmIyx2WYuzepEi93Q2ncgCA99gQ=">AAACAHicbVDLSgMxFM3UV62vqks3wSK4KjMi6EqKblxWtLXQDiWTZtrQPIbkjlBKN+7d6i+4E7f+iX/gZ5hpZ2FbDwQO59xXTpQIbsH3v73Cyura+kZxs7S1vbO7V94/aFqdGsoaVAttWhGxTHDFGsBBsFZiGJGRYI/R8CbzH5+YsVyrBxglLJSkr3jMKQEn3csr1S1X/Ko/BV4mQU4qKEe9W/7p9DRNJVNABbG2HfgJhGNigFPBJqVOallC6JD0WdtRRSSz4Xh66gSfOKWHY23cU4Cn6t+OMZHWjmTkKiWBgV30MvE/r51CfBmOuUpSYIrOFsWpwKBx9m/c44ZRECNHCDXc3YrpgBhCwaUztyWbDVoLO3HRBItBLJPmWTXwq8HdeaV2nYdUREfoGJ2iAF2gGrpFddRAFPXRC3pFb96z9+59eJ+z0oKX9xyiOXhfvwJul30=</latexit><latexit sha1_base64="JmIyx2WYuzepEi93Q2ncgCA99gQ=">AAACAHicbVDLSgMxFM3UV62vqks3wSK4KjMi6EqKblxWtLXQDiWTZtrQPIbkjlBKN+7d6i+4E7f+iX/gZ5hpZ2FbDwQO59xXTpQIbsH3v73Cyura+kZxs7S1vbO7V94/aFqdGsoaVAttWhGxTHDFGsBBsFZiGJGRYI/R8CbzH5+YsVyrBxglLJSkr3jMKQEn3csr1S1X/Ko/BV4mQU4qKEe9W/7p9DRNJVNABbG2HfgJhGNigFPBJqVOallC6JD0WdtRRSSz4Xh66gSfOKWHY23cU4Cn6t+OMZHWjmTkKiWBgV30MvE/r51CfBmOuUpSYIrOFsWpwKBx9m/c44ZRECNHCDXc3YrpgBhCwaUztyWbDVoLO3HRBItBLJPmWTXwq8HdeaV2nYdUREfoGJ2iAF2gGrpFddRAFPXRC3pFb96z9+59eJ+z0oKX9xyiOXhfvwJul30=</latexit>

pseudo-inversa direita

A+ = (ATA)�1AT

A+ = AT (AAT )�1
<latexit sha1_base64="aAqrSJSynhgQtMdDV6fUx6x2GDs="></latexit><latexit sha1_base64="aAqrSJSynhgQtMdDV6fUx6x2GDs="></latexit><latexit sha1_base64="aAqrSJSynhgQtMdDV6fUx6x2GDs="></latexit><latexit sha1_base64="aAqrSJSynhgQtMdDV6fUx6x2GDs="></latexit>

m < n
<latexit sha1_base64="AGLW7BCi/hCJhPQehaKrOedEH64=">AAACAHicbVC7TgJBFJ3FF+ILtbSZSEysyK4x0cKCaGOJUZAENmR2mIUJ89jM3DUhhMbeVn/Bztj6J/6Bn+EsbCHgSSY5Oee+5kSJ4BZ8/9srrKyurW8UN0tb2zu7e+X9g6bVqaGsQbXQphURywRXrAEcBGslhhEZCfYYDW8y//GJGcu1eoBRwkJJ+orHnBJw0r28Ut1yxa/6U+BlEuSkgnLUu+WfTk/TVDIFVBBr24GfQDgmBjgVbFLqpJYlhA5Jn7UdVUQyG46np07wiVN6ONbGPQV4qv7tGBNp7UhGrlISGNhFLxP/89opxJfhmKskBabobFGcCgwaZ//GPW4YBTFyhFDD3a2YDoghFFw6c1uy2aC1sBMXTbAYxDJpnlUDvxrcnVdq13lIRXSEjtEpCtAFqqFbVEcNRFEfvaBX9OY9e+/eh/c5Ky14ec8hmoP39Qv/KZd7</latexit><latexit sha1_base64="AGLW7BCi/hCJhPQehaKrOedEH64=">AAACAHicbVC7TgJBFJ3FF+ILtbSZSEysyK4x0cKCaGOJUZAENmR2mIUJ89jM3DUhhMbeVn/Bztj6J/6Bn+EsbCHgSSY5Oee+5kSJ4BZ8/9srrKyurW8UN0tb2zu7e+X9g6bVqaGsQbXQphURywRXrAEcBGslhhEZCfYYDW8y//GJGcu1eoBRwkJJ+orHnBJw0r28Ut1yxa/6U+BlEuSkgnLUu+WfTk/TVDIFVBBr24GfQDgmBjgVbFLqpJYlhA5Jn7UdVUQyG46np07wiVN6ONbGPQV4qv7tGBNp7UhGrlISGNhFLxP/89opxJfhmKskBabobFGcCgwaZ//GPW4YBTFyhFDD3a2YDoghFFw6c1uy2aC1sBMXTbAYxDJpnlUDvxrcnVdq13lIRXSEjtEpCtAFqqFbVEcNRFEfvaBX9OY9e+/eh/c5Ky14ec8hmoP39Qv/KZd7</latexit><latexit sha1_base64="AGLW7BCi/hCJhPQehaKrOedEH64=">AAACAHicbVC7TgJBFJ3FF+ILtbSZSEysyK4x0cKCaGOJUZAENmR2mIUJ89jM3DUhhMbeVn/Bztj6J/6Bn+EsbCHgSSY5Oee+5kSJ4BZ8/9srrKyurW8UN0tb2zu7e+X9g6bVqaGsQbXQphURywRXrAEcBGslhhEZCfYYDW8y//GJGcu1eoBRwkJJ+orHnBJw0r28Ut1yxa/6U+BlEuSkgnLUu+WfTk/TVDIFVBBr24GfQDgmBjgVbFLqpJYlhA5Jn7UdVUQyG46np07wiVN6ONbGPQV4qv7tGBNp7UhGrlISGNhFLxP/89opxJfhmKskBabobFGcCgwaZ//GPW4YBTFyhFDD3a2YDoghFFw6c1uy2aC1sBMXTbAYxDJpnlUDvxrcnVdq13lIRXSEjtEpCtAFqqFbVEcNRFEfvaBX9OY9e+/eh/c5Ky14ec8hmoP39Qv/KZd7</latexit><latexit sha1_base64="AGLW7BCi/hCJhPQehaKrOedEH64=">AAACAHicbVC7TgJBFJ3FF+ILtbSZSEysyK4x0cKCaGOJUZAENmR2mIUJ89jM3DUhhMbeVn/Bztj6J/6Bn+EsbCHgSSY5Oee+5kSJ4BZ8/9srrKyurW8UN0tb2zu7e+X9g6bVqaGsQbXQphURywRXrAEcBGslhhEZCfYYDW8y//GJGcu1eoBRwkJJ+orHnBJw0r28Ut1yxa/6U+BlEuSkgnLUu+WfTk/TVDIFVBBr24GfQDgmBjgVbFLqpJYlhA5Jn7UdVUQyG46np07wiVN6ONbGPQV4qv7tGBNp7UhGrlISGNhFLxP/89opxJfhmKskBabobFGcCgwaZ//GPW4YBTFyhFDD3a2YDoghFFw6c1uy2aC1sBMXTbAYxDJpnlUDvxrcnVdq13lIRXSEjtEpCtAFqqFbVEcNRFEfvaBX9OY9e+/eh/c5Ky14ec8hmoP39Qv/KZd7</latexit>

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Co
nc

lu
sã

o
Di

nâ
m

ica
Re

vis
ão

/ 30ARCLab SEM5950/0586 — Prof. Dr. Thiago Boaventura

Solução de sistemas lineares com espaço nulo

9

m < n
<latexit sha1_base64="AGLW7BCi/hCJhPQehaKrOedEH64=">AAACAHicbVC7TgJBFJ3FF+ILtbSZSEysyK4x0cKCaGOJUZAENmR2mIUJ89jM3DUhhMbeVn/Bztj6J/6Bn+EsbCHgSSY5Oee+5kSJ4BZ8/9srrKyurW8UN0tb2zu7e+X9g6bVqaGsQbXQphURywRXrAEcBGslhhEZCfYYDW8y//GJGcu1eoBRwkJJ+orHnBJw0r28Ut1yxa/6U+BlEuSkgnLUu+WfTk/TVDIFVBBr24GfQDgmBjgVbFLqpJYlhA5Jn7UdVUQyG46np07wiVN6ONbGPQV4qv7tGBNp7UhGrlISGNhFLxP/89opxJfhmKskBabobFGcCgwaZ//GPW4YBTFyhFDD3a2YDoghFFw6c1uy2aC1sBMXTbAYxDJpnlUDvxrcnVdq13lIRXSEjtEpCtAFqqFbVEcNRFEfvaBX9OY9e+/eh/c5Ky14ec8hmoP39Qv/KZd7</latexit><latexit sha1_base64="AGLW7BCi/hCJhPQehaKrOedEH64=">AAACAHicbVC7TgJBFJ3FF+ILtbSZSEysyK4x0cKCaGOJUZAENmR2mIUJ89jM3DUhhMbeVn/Bztj6J/6Bn+EsbCHgSSY5Oee+5kSJ4BZ8/9srrKyurW8UN0tb2zu7e+X9g6bVqaGsQbXQphURywRXrAEcBGslhhEZCfYYDW8y//GJGcu1eoBRwkJJ+orHnBJw0r28Ut1yxa/6U+BlEuSkgnLUu+WfTk/TVDIFVBBr24GfQDgmBjgVbFLqpJYlhA5Jn7UdVUQyG46np07wiVN6ONbGPQV4qv7tGBNp7UhGrlISGNhFLxP/89opxJfhmKskBabobFGcCgwaZ//GPW4YBTFyhFDD3a2YDoghFFw6c1uy2aC1sBMXTbAYxDJpnlUDvxrcnVdq13lIRXSEjtEpCtAFqqFbVEcNRFEfvaBX9OY9e+/eh/c5Ky14ec8hmoP39Qv/KZd7</latexit><latexit sha1_base64="AGLW7BCi/hCJhPQehaKrOedEH64=">AAACAHicbVC7TgJBFJ3FF+ILtbSZSEysyK4x0cKCaGOJUZAENmR2mIUJ89jM3DUhhMbeVn/Bztj6J/6Bn+EsbCHgSSY5Oee+5kSJ4BZ8/9srrKyurW8UN0tb2zu7e+X9g6bVqaGsQbXQphURywRXrAEcBGslhhEZCfYYDW8y//GJGcu1eoBRwkJJ+orHnBJw0r28Ut1yxa/6U+BlEuSkgnLUu+WfTk/TVDIFVBBr24GfQDgmBjgVbFLqpJYlhA5Jn7UdVUQyG46np07wiVN6ONbGPQV4qv7tGBNp7UhGrlISGNhFLxP/89opxJfhmKskBabobFGcCgwaZ//GPW4YBTFyhFDD3a2YDoghFFw6c1uy2aC1sBMXTbAYxDJpnlUDvxrcnVdq13lIRXSEjtEpCtAFqqFbVEcNRFEfvaBX9OY9e+/eh/c5Ky14ec8hmoP39Qv/KZd7</latexit><latexit sha1_base64="AGLW7BCi/hCJhPQehaKrOedEH64=">AAACAHicbVC7TgJBFJ3FF+ILtbSZSEysyK4x0cKCaGOJUZAENmR2mIUJ89jM3DUhhMbeVn/Bztj6J/6Bn+EsbCHgSSY5Oee+5kSJ4BZ8/9srrKyurW8UN0tb2zu7e+X9g6bVqaGsQbXQphURywRXrAEcBGslhhEZCfYYDW8y//GJGcu1eoBRwkJJ+orHnBJw0r28Ut1yxa/6U+BlEuSkgnLUu+WfTk/TVDIFVBBr24GfQDgmBjgVbFLqpJYlhA5Jn7UdVUQyG46np07wiVN6ONbGPQV4qv7tGBNp7UhGrlISGNhFLxP/89opxJfhmKskBabobFGcCgwaZ//GPW4YBTFyhFDD3a2YDoghFFw6c1uy2aC1sBMXTbAYxDJpnlUDvxrcnVdq13lIRXSEjtEpCtAFqqFbVEcNRFEfvaBX9OY9e+/eh/c5Ky14ec8hmoP39Qv/KZd7</latexit>

A+ = (ATA)�1AT

A+ = AT (AAT )�1
<latexit sha1_base64="aAqrSJSynhgQtMdDV6fUx6x2GDs="></latexit><latexit sha1_base64="aAqrSJSynhgQtMdDV6fUx6x2GDs="></latexit><latexit sha1_base64="aAqrSJSynhgQtMdDV6fUx6x2GDs="></latexit><latexit sha1_base64="aAqrSJSynhgQtMdDV6fUx6x2GDs="></latexit>

projetor ortogonal para 
o espaço nulo de A

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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A 2 Rm⇥n
<latexit sha1_base64="PqPQ0bc1FQEPFpliNDK8BVSxjLU=">AAACHHicbVDLSgMxFM3UV62vUZciBIvgqsyIoMuKG5e12Ad0asmkaRuaSYbkjlCGrvwP9271F9yJW8E/8DPMtF3Y1gOBw7mPc3PCWHADnvft5FZW19Y38puFre2d3T13/6BuVKIpq1EllG6GxDDBJasBB8GasWYkCgVrhMObrN54ZNpwJe9hFLN2RPqS9zglYKWOe3yNAy5xEBEYhGFaHT+kEQ6AR8xgOe64Ra/kTYCXiT8jRTRDpeP+BF1Fk4hJoIIY0/K9GNop0cCpYONCkBgWEzokfdayVBLr004n3xjjU6t0cU9p+yTgifp3IiWRMaMotJ3ZuWaxlon/1VoJ9K7aKZdxAkzSqVEvERgUzjLBXa4ZBTGyhFDN7a2YDogmFGxycy7ZblBKmCwafzGIZVI/L/leyb+7KJars5Dy6AidoDPko0tURreogmqIoif0gl7Rm/PsvDsfzue0NefMZg7RHJyvXz5gomA=</latexit><latexit sha1_base64="PqPQ0bc1FQEPFpliNDK8BVSxjLU=">AAACHHicbVDLSgMxFM3UV62vUZciBIvgqsyIoMuKG5e12Ad0asmkaRuaSYbkjlCGrvwP9271F9yJW8E/8DPMtF3Y1gOBw7mPc3PCWHADnvft5FZW19Y38puFre2d3T13/6BuVKIpq1EllG6GxDDBJasBB8GasWYkCgVrhMObrN54ZNpwJe9hFLN2RPqS9zglYKWOe3yNAy5xEBEYhGFaHT+kEQ6AR8xgOe64Ra/kTYCXiT8jRTRDpeP+BF1Fk4hJoIIY0/K9GNop0cCpYONCkBgWEzokfdayVBLr004n3xjjU6t0cU9p+yTgifp3IiWRMaMotJ3ZuWaxlon/1VoJ9K7aKZdxAkzSqVEvERgUzjLBXa4ZBTGyhFDN7a2YDogmFGxycy7ZblBKmCwafzGIZVI/L/leyb+7KJars5Dy6AidoDPko0tURreogmqIoif0gl7Rm/PsvDsfzue0NefMZg7RHJyvXz5gomA=</latexit><latexit sha1_base64="PqPQ0bc1FQEPFpliNDK8BVSxjLU=">AAACHHicbVDLSgMxFM3UV62vUZciBIvgqsyIoMuKG5e12Ad0asmkaRuaSYbkjlCGrvwP9271F9yJW8E/8DPMtF3Y1gOBw7mPc3PCWHADnvft5FZW19Y38puFre2d3T13/6BuVKIpq1EllG6GxDDBJasBB8GasWYkCgVrhMObrN54ZNpwJe9hFLN2RPqS9zglYKWOe3yNAy5xEBEYhGFaHT+kEQ6AR8xgOe64Ra/kTYCXiT8jRTRDpeP+BF1Fk4hJoIIY0/K9GNop0cCpYONCkBgWEzokfdayVBLr004n3xjjU6t0cU9p+yTgifp3IiWRMaMotJ3ZuWaxlon/1VoJ9K7aKZdxAkzSqVEvERgUzjLBXa4ZBTGyhFDN7a2YDogmFGxycy7ZblBKmCwafzGIZVI/L/leyb+7KJars5Dy6AidoDPko0tURreogmqIoif0gl7Rm/PsvDsfzue0NefMZg7RHJyvXz5gomA=</latexit><latexit sha1_base64="PqPQ0bc1FQEPFpliNDK8BVSxjLU=">AAACHHicbVDLSgMxFM3UV62vUZciBIvgqsyIoMuKG5e12Ad0asmkaRuaSYbkjlCGrvwP9271F9yJW8E/8DPMtF3Y1gOBw7mPc3PCWHADnvft5FZW19Y38puFre2d3T13/6BuVKIpq1EllG6GxDDBJasBB8GasWYkCgVrhMObrN54ZNpwJe9hFLN2RPqS9zglYKWOe3yNAy5xEBEYhGFaHT+kEQ6AR8xgOe64Ra/kTYCXiT8jRTRDpeP+BF1Fk4hJoIIY0/K9GNop0cCpYONCkBgWEzokfdayVBLr004n3xjjU6t0cU9p+yTgifp3IiWRMaMotJ3ZuWaxlon/1VoJ9K7aKZdxAkzSqVEvERgUzjLBXa4ZBTGyhFDN7a2YDogmFGxycy7ZblBKmCwafzGIZVI/L/leyb+7KJars5Dy6AidoDPko0tURreogmqIoif0gl7Rm/PsvDsfzue0NefMZg7RHJyvXz5gomA=</latexit>

R 2 Rn⇥n
<latexit sha1_base64="wzIAgVaaLt7Y/EsyvHX+TeVTFMk=">AAACHHicbVDLSgMxFM34rPU16lKEYBFclRkRdFlw47IW+4B2LJk0bUMzyZDcEcrQlf/h3q3+gjtxK/gHfoaZdha29ULg5Jx7c25OGAtuwPO+nZXVtfWNzcJWcXtnd2/fPThsGJVoyupUCaVbITFMcMnqwEGwVqwZiULBmuHoJtObj0wbruQ9jGMWRGQgeZ9TApbquic13OESdyICwzBMa5OH1N6AR8xgOem6Ja/sTQsvAz8HJZRXtev+dHqKJhGTQAUxpu17MQQp0cCpYJNiJzEsJnREBqxtoSTWJ0in35jgM8v0cF9peyTgKft3IiWRMeMotJ3ZumZRy8j/tHYC/esg5TJOgEk6M+onAoPCWSa4xzWjIMYWEKq53RXTIdGEgk1uziV7G5QSJovGXwxiGTQuyr5X9u8uS5VaHlIBHaNTdI58dIUq6BZVUR1R9IRe0Ct6c56dd+fD+Zy1rjj5zBGaK+frF10aonI=</latexit><latexit sha1_base64="wzIAgVaaLt7Y/EsyvHX+TeVTFMk=">AAACHHicbVDLSgMxFM34rPU16lKEYBFclRkRdFlw47IW+4B2LJk0bUMzyZDcEcrQlf/h3q3+gjtxK/gHfoaZdha29ULg5Jx7c25OGAtuwPO+nZXVtfWNzcJWcXtnd2/fPThsGJVoyupUCaVbITFMcMnqwEGwVqwZiULBmuHoJtObj0wbruQ9jGMWRGQgeZ9TApbquic13OESdyICwzBMa5OH1N6AR8xgOem6Ja/sTQsvAz8HJZRXtev+dHqKJhGTQAUxpu17MQQp0cCpYJNiJzEsJnREBqxtoSTWJ0in35jgM8v0cF9peyTgKft3IiWRMeMotJ3ZumZRy8j/tHYC/esg5TJOgEk6M+onAoPCWSa4xzWjIMYWEKq53RXTIdGEgk1uziV7G5QSJovGXwxiGTQuyr5X9u8uS5VaHlIBHaNTdI58dIUq6BZVUR1R9IRe0Ct6c56dd+fD+Zy1rjj5zBGaK+frF10aonI=</latexit><latexit sha1_base64="wzIAgVaaLt7Y/EsyvHX+TeVTFMk=">AAACHHicbVDLSgMxFM34rPU16lKEYBFclRkRdFlw47IW+4B2LJk0bUMzyZDcEcrQlf/h3q3+gjtxK/gHfoaZdha29ULg5Jx7c25OGAtuwPO+nZXVtfWNzcJWcXtnd2/fPThsGJVoyupUCaVbITFMcMnqwEGwVqwZiULBmuHoJtObj0wbruQ9jGMWRGQgeZ9TApbquic13OESdyICwzBMa5OH1N6AR8xgOem6Ja/sTQsvAz8HJZRXtev+dHqKJhGTQAUxpu17MQQp0cCpYJNiJzEsJnREBqxtoSTWJ0in35jgM8v0cF9peyTgKft3IiWRMeMotJ3ZumZRy8j/tHYC/esg5TJOgEk6M+onAoPCWSa4xzWjIMYWEKq53RXTIdGEgk1uziV7G5QSJovGXwxiGTQuyr5X9u8uS5VaHlIBHaNTdI58dIUq6BZVUR1R9IRe0Ct6c56dd+fD+Zy1rjj5zBGaK+frF10aonI=</latexit><latexit sha1_base64="wzIAgVaaLt7Y/EsyvHX+TeVTFMk=">AAACHHicbVDLSgMxFM34rPU16lKEYBFclRkRdFlw47IW+4B2LJk0bUMzyZDcEcrQlf/h3q3+gjtxK/gHfoaZdha29ULg5Jx7c25OGAtuwPO+nZXVtfWNzcJWcXtnd2/fPThsGJVoyupUCaVbITFMcMnqwEGwVqwZiULBmuHoJtObj0wbruQ9jGMWRGQgeZ9TApbquic13OESdyICwzBMa5OH1N6AR8xgOem6Ja/sTQsvAz8HJZRXtev+dHqKJhGTQAUxpu17MQQp0cCpYJNiJzEsJnREBqxtoSTWJ0in35jgM8v0cF9peyTgKft3IiWRMeMotJ3ZumZRy8j/tHYC/esg5TJOgEk6M+onAoPCWSa4xzWjIMYWEKq53RXTIdGEgk1uziV7G5QSJovGXwxiGTQuyr5X9u8uS5VaHlIBHaNTdI58dIUq6BZVUR1R9IRe0Ct6c56dd+fD+Zy1rjj5zBGaK+frF10aonI=</latexit>

matrix triangular superior

0 2 R(m�n)⇥n
<latexit sha1_base64="984ZPQthivHvaGlMXE7m9rZv5VY=">AAACIHicbVDLTgIxFO3gC/GFunRTJSa4kMwYE12SuHGJRB4Jg6RTCjR02kl7x4RMWPsf7t3qL7gzLvUL/Aw7wELAkzQ5Ofdxbk8QCW7Adb+czMrq2vpGdjO3tb2zu5ffP6gbFWvKalQJpZsBMUxwyWrAQbBmpBkJA8EawfAmrTcemTZcyXsYRawdkr7kPU4JWKmTP3axzyX2QwKDIEiq44ekGJ7LM+wDD5nBctzJF9ySOwFeJt6MFNAMlU7+x+8qGodMAhXEmJbnRtBOiAZOBRvn/NiwiNAh6bOWpZJYn3Yy+coYn1qli3tK2ycBT9S/EwkJjRmFge1MTzaLtVT8r9aKoXfdTriMYmCSTo16scCgcJoL7nLNKIiRJYRqbm/FdEA0oWDTm3NJd4NSwqTReItBLJP6RclzS97dZaFcnYWURUfoBBWRh65QGd2iCqohip7QC3pFb86z8+58OJ/T1owzmzlEc3C+fwFW16Nj</latexit><latexit sha1_base64="984ZPQthivHvaGlMXE7m9rZv5VY=">AAACIHicbVDLTgIxFO3gC/GFunRTJSa4kMwYE12SuHGJRB4Jg6RTCjR02kl7x4RMWPsf7t3qL7gzLvUL/Aw7wELAkzQ5Ofdxbk8QCW7Adb+czMrq2vpGdjO3tb2zu5ffP6gbFWvKalQJpZsBMUxwyWrAQbBmpBkJA8EawfAmrTcemTZcyXsYRawdkr7kPU4JWKmTP3axzyX2QwKDIEiq44ekGJ7LM+wDD5nBctzJF9ySOwFeJt6MFNAMlU7+x+8qGodMAhXEmJbnRtBOiAZOBRvn/NiwiNAh6bOWpZJYn3Yy+coYn1qli3tK2ycBT9S/EwkJjRmFge1MTzaLtVT8r9aKoXfdTriMYmCSTo16scCgcJoL7nLNKIiRJYRqbm/FdEA0oWDTm3NJd4NSwqTReItBLJP6RclzS97dZaFcnYWURUfoBBWRh65QGd2iCqohip7QC3pFb86z8+58OJ/T1owzmzlEc3C+fwFW16Nj</latexit><latexit sha1_base64="984ZPQthivHvaGlMXE7m9rZv5VY=">AAACIHicbVDLTgIxFO3gC/GFunRTJSa4kMwYE12SuHGJRB4Jg6RTCjR02kl7x4RMWPsf7t3qL7gzLvUL/Aw7wELAkzQ5Ofdxbk8QCW7Adb+czMrq2vpGdjO3tb2zu5ffP6gbFWvKalQJpZsBMUxwyWrAQbBmpBkJA8EawfAmrTcemTZcyXsYRawdkr7kPU4JWKmTP3axzyX2QwKDIEiq44ekGJ7LM+wDD5nBctzJF9ySOwFeJt6MFNAMlU7+x+8qGodMAhXEmJbnRtBOiAZOBRvn/NiwiNAh6bOWpZJYn3Yy+coYn1qli3tK2ycBT9S/EwkJjRmFge1MTzaLtVT8r9aKoXfdTriMYmCSTo16scCgcJoL7nLNKIiRJYRqbm/FdEA0oWDTm3NJd4NSwqTReItBLJP6RclzS97dZaFcnYWURUfoBBWRh65QGd2iCqohip7QC3pFb86z8+58OJ/T1owzmzlEc3C+fwFW16Nj</latexit><latexit sha1_base64="984ZPQthivHvaGlMXE7m9rZv5VY=">AAACIHicbVDLTgIxFO3gC/GFunRTJSa4kMwYE12SuHGJRB4Jg6RTCjR02kl7x4RMWPsf7t3qL7gzLvUL/Aw7wELAkzQ5Ofdxbk8QCW7Adb+czMrq2vpGdjO3tb2zu5ffP6gbFWvKalQJpZsBMUxwyWrAQbBmpBkJA8EawfAmrTcemTZcyXsYRawdkr7kPU4JWKmTP3axzyX2QwKDIEiq44ekGJ7LM+wDD5nBctzJF9ySOwFeJt6MFNAMlU7+x+8qGodMAhXEmJbnRtBOiAZOBRvn/NiwiNAh6bOWpZJYn3Yy+coYn1qli3tK2ycBT9S/EwkJjRmFge1MTzaLtVT8r9aKoXfdTriMYmCSTo16scCgcJoL7nLNKIiRJYRqbm/FdEA0oWDTm3NJd4NSwqTReItBLJP6RclzS97dZaFcnYWURUfoBBWRh65QGd2iCqohip7QC3pFb86z8+58OJ/T1owzmzlEc3C+fwFW16Nj</latexit>

Q 2 Rm⇥m
<latexit sha1_base64="s4DDk+qn2icFeUGhWhhtauFJVpo=">AAACHHicbVDLSgMxFM34tr5GXYoQLIKrMiOCLgtuXNpibaFTSyZN22AeQ3JHKMOs/A/3bvUX3IlbwT/wM8zUWVj1QOBw7uPcnDgR3EIQfHhz8wuLS8srq5W19Y3NLX9759rq1FDWolpo04mJZYIr1gIOgnUSw4iMBWvHt+dFvX3HjOVaXcEkYT1JRooPOSXgpL6/38ARVziSBMZxnDXzm0ziCLhkFsu871eDWjAF/kvCklRRicu+/xkNNE0lU0AFsbYbBgn0MmKAU8HySpRalhB6S0as66gizqeXTb+R40OnDPBQG/cU4Kn6cyIj0tqJjF1nca79XSvE/2rdFIZnvYyrJAWm6LfRMBUYNC4ywQNuGAUxcYRQw92tmI6JIRRccjMuxW7QWtgimvB3EH/J9XEtDGph46Rab5YhraA9dICOUIhOUR1doEvUQhTdo0f0hJ69B+/Fe/XevlvnvHJmF83Ae/8CWCWibw==</latexit><latexit sha1_base64="s4DDk+qn2icFeUGhWhhtauFJVpo=">AAACHHicbVDLSgMxFM34tr5GXYoQLIKrMiOCLgtuXNpibaFTSyZN22AeQ3JHKMOs/A/3bvUX3IlbwT/wM8zUWVj1QOBw7uPcnDgR3EIQfHhz8wuLS8srq5W19Y3NLX9759rq1FDWolpo04mJZYIr1gIOgnUSw4iMBWvHt+dFvX3HjOVaXcEkYT1JRooPOSXgpL6/38ARVziSBMZxnDXzm0ziCLhkFsu871eDWjAF/kvCklRRicu+/xkNNE0lU0AFsbYbBgn0MmKAU8HySpRalhB6S0as66gizqeXTb+R40OnDPBQG/cU4Kn6cyIj0tqJjF1nca79XSvE/2rdFIZnvYyrJAWm6LfRMBUYNC4ywQNuGAUxcYRQw92tmI6JIRRccjMuxW7QWtgimvB3EH/J9XEtDGph46Rab5YhraA9dICOUIhOUR1doEvUQhTdo0f0hJ69B+/Fe/XevlvnvHJmF83Ae/8CWCWibw==</latexit><latexit sha1_base64="s4DDk+qn2icFeUGhWhhtauFJVpo=">AAACHHicbVDLSgMxFM34tr5GXYoQLIKrMiOCLgtuXNpibaFTSyZN22AeQ3JHKMOs/A/3bvUX3IlbwT/wM8zUWVj1QOBw7uPcnDgR3EIQfHhz8wuLS8srq5W19Y3NLX9759rq1FDWolpo04mJZYIr1gIOgnUSw4iMBWvHt+dFvX3HjOVaXcEkYT1JRooPOSXgpL6/38ARVziSBMZxnDXzm0ziCLhkFsu871eDWjAF/kvCklRRicu+/xkNNE0lU0AFsbYbBgn0MmKAU8HySpRalhB6S0as66gizqeXTb+R40OnDPBQG/cU4Kn6cyIj0tqJjF1nca79XSvE/2rdFIZnvYyrJAWm6LfRMBUYNC4ywQNuGAUxcYRQw92tmI6JIRRccjMuxW7QWtgimvB3EH/J9XEtDGph46Rab5YhraA9dICOUIhOUR1doEvUQhTdo0f0hJ69B+/Fe/XevlvnvHJmF83Ae/8CWCWibw==</latexit><latexit sha1_base64="s4DDk+qn2icFeUGhWhhtauFJVpo=">AAACHHicbVDLSgMxFM34tr5GXYoQLIKrMiOCLgtuXNpibaFTSyZN22AeQ3JHKMOs/A/3bvUX3IlbwT/wM8zUWVj1QOBw7uPcnDgR3EIQfHhz8wuLS8srq5W19Y3NLX9759rq1FDWolpo04mJZYIr1gIOgnUSw4iMBWvHt+dFvX3HjOVaXcEkYT1JRooPOSXgpL6/38ARVziSBMZxnDXzm0ziCLhkFsu871eDWjAF/kvCklRRicu+/xkNNE0lU0AFsbYbBgn0MmKAU8HySpRalhB6S0as66gizqeXTb+R40OnDPBQG/cU4Kn6cyIj0tqJjF1nca79XSvE/2rdFIZnvYyrJAWm6LfRMBUYNC4ywQNuGAUxcYRQw92tmI6JIRRccjMuxW7QWtgimvB3EH/J9XEtDGph46Rab5YhraA9dICOUIhOUR1doEvUQhTdo0f0hJ69B+/Fe/XevlvnvHJmF83Ae/8CWCWibw==</latexit>

matrix ortogonal QT = Q�1
<latexit sha1_base64="0k3/DgEjcnNVD2vkuRSdIJw3RsA=">AAACCXicbVDLSgMxFM34rPVVdekmWAQ3lhkRdCMU3LhspS/oi0yaaUMzyZDcEcrQL3DvVn/Bnbj1K/wDP8NMOwvbeuDC4Zz74viR4AZc99tZW9/Y3NrO7eR39/YPDgtHxw2jYk1ZnSqhdMsnhgkuWR04CNaKNCOhL1jTH9+nfvOJacOVrMEkYt2QDCUPOCVgpU61V8N3uNpLLr1pv1B0S+4MeJV4GSmiDJV+4aczUDQOmQQqiDFtz42gmxANnAo2zXdiwyJCx2TI2pZKEjLTTWY/T/G5VQY4UNqWBDxT/04kJDRmEvq2MyQwMsteKv7ntWMIbrsJl1EMTNL5oSAWGBROA8ADrhkFMbGEUM3tr5iOiCYUbEwLV9LdoJQwaTTechCrpHFV8tySV70ulh+zkHLoFJ2hC+ShG1RGD6iC6oiiCL2gV/TmPDvvzofzOW9dc7KZE7QA5+sXRy6aUw==</latexit><latexit sha1_base64="0k3/DgEjcnNVD2vkuRSdIJw3RsA=">AAACCXicbVDLSgMxFM34rPVVdekmWAQ3lhkRdCMU3LhspS/oi0yaaUMzyZDcEcrQL3DvVn/Bnbj1K/wDP8NMOwvbeuDC4Zz74viR4AZc99tZW9/Y3NrO7eR39/YPDgtHxw2jYk1ZnSqhdMsnhgkuWR04CNaKNCOhL1jTH9+nfvOJacOVrMEkYt2QDCUPOCVgpU61V8N3uNpLLr1pv1B0S+4MeJV4GSmiDJV+4aczUDQOmQQqiDFtz42gmxANnAo2zXdiwyJCx2TI2pZKEjLTTWY/T/G5VQY4UNqWBDxT/04kJDRmEvq2MyQwMsteKv7ntWMIbrsJl1EMTNL5oSAWGBROA8ADrhkFMbGEUM3tr5iOiCYUbEwLV9LdoJQwaTTechCrpHFV8tySV70ulh+zkHLoFJ2hC+ShG1RGD6iC6oiiCL2gV/TmPDvvzofzOW9dc7KZE7QA5+sXRy6aUw==</latexit><latexit sha1_base64="0k3/DgEjcnNVD2vkuRSdIJw3RsA=">AAACCXicbVDLSgMxFM34rPVVdekmWAQ3lhkRdCMU3LhspS/oi0yaaUMzyZDcEcrQL3DvVn/Bnbj1K/wDP8NMOwvbeuDC4Zz74viR4AZc99tZW9/Y3NrO7eR39/YPDgtHxw2jYk1ZnSqhdMsnhgkuWR04CNaKNCOhL1jTH9+nfvOJacOVrMEkYt2QDCUPOCVgpU61V8N3uNpLLr1pv1B0S+4MeJV4GSmiDJV+4aczUDQOmQQqiDFtz42gmxANnAo2zXdiwyJCx2TI2pZKEjLTTWY/T/G5VQY4UNqWBDxT/04kJDRmEvq2MyQwMsteKv7ntWMIbrsJl1EMTNL5oSAWGBROA8ADrhkFMbGEUM3tr5iOiCYUbEwLV9LdoJQwaTTechCrpHFV8tySV70ulh+zkHLoFJ2hC+ShG1RGD6iC6oiiCL2gV/TmPDvvzofzOW9dc7KZE7QA5+sXRy6aUw==</latexit><latexit sha1_base64="0k3/DgEjcnNVD2vkuRSdIJw3RsA=">AAACCXicbVDLSgMxFM34rPVVdekmWAQ3lhkRdCMU3LhspS/oi0yaaUMzyZDcEcrQL3DvVn/Bnbj1K/wDP8NMOwvbeuDC4Zz74viR4AZc99tZW9/Y3NrO7eR39/YPDgtHxw2jYk1ZnSqhdMsnhgkuWR04CNaKNCOhL1jTH9+nfvOJacOVrMEkYt2QDCUPOCVgpU61V8N3uNpLLr1pv1B0S+4MeJV4GSmiDJV+4aczUDQOmQQqiDFtz42gmxANnAo2zXdiwyJCx2TI2pZKEjLTTWY/T/G5VQY4UNqWBDxT/04kJDRmEvq2MyQwMsteKv7ntWMIbrsJl1EMTNL5oSAWGBROA8ADrhkFMbGEUM3tr5iOiCYUbEwLV9LdoJQwaTTechCrpHFV8tySV70ulh+zkHLoFJ2hC+ShG1RGD6iC6oiiCL2gV/TmPDvvzofzOW9dc7KZE7QA5+sXRy6aUw==</latexit>
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Feedforward: responsável pelo seguimento 
nominal de referência

Feedback: responsável pela rejeição de 
distúrbios e por determinar impedância mecânica
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⌧ ff = M(q)q̈ref + h(q, q̇)
<latexit sha1_base64="J4q0gOugr4/2qhvzzjIA7f6rV/M="></latexit><latexit sha1_base64="BCgxqNPoTt62v2/te/vjRrvnv04="></latexit><latexit sha1_base64="BCgxqNPoTt62v2/te/vjRrvnv04="></latexit><latexit sha1_base64="qUZ6BYQ24pDuWrXWdZroEkmJt2g="></latexit>

M(q)q̈+ h(q, q̇)� ⌧ = 0
<latexit sha1_base64="as4wNEi/t3NxmGqCLJ9HKgVAqxE="></latexit><latexit sha1_base64="ejYmh5/OOuyHtj2nZQk4RDtTItA="></latexit><latexit sha1_base64="ejYmh5/OOuyHtj2nZQk4RDtTItA="></latexit><latexit sha1_base64="imVqleFzzB4ZXCJP5yhIigMGEWk="></latexit>
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Diferenças para base fixa:

Base não atuada!

Restrições cinemáticas 
externas comutantes
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Calcular torque         que produza⌧
<latexit sha1_base64="NBHvaoSnjqnDCHT4VOIvp2yi+1Y=">AAACAXicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFlw47KKbYU2lMl00g6dzISZG6GErty71V9wJ279Ev/Az3DSZmFbDwwczrmvOWEiuEHP+3ZKa+sbm1vl7crO7t7+QfXwqG1UqilrUSWUfgyJYYJL1kKOgj0mmpE4FKwTjm9yv/PEtOFKPuAkYUFMhpJHnBLMpR6StF+teXVvBneV+AWpQYFmv/rTGyiaxkwiFcSYru8lGGREI6eCTSu91LCE0DEZsq6lksTMBNns1ql7ZpWBGyltn0R3pv7tyEhszCQObWVMcGSWvVz8z+umGF0HGZdJikzS+aIoFS4qN/+4O+CaURQTSwjV3N7q0hHRhKKNZ2FLPhuVEmZqo/GXg1gl7Yu679X9u8ta474IqQwncArn4MMVNOAWmtACCiN4gVd4c56dd+fD+ZyXlpyi5xgW4Hz9Ag9imCQ=</latexit><latexit sha1_base64="NBHvaoSnjqnDCHT4VOIvp2yi+1Y=">AAACAXicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFlw47KKbYU2lMl00g6dzISZG6GErty71V9wJ279Ev/Az3DSZmFbDwwczrmvOWEiuEHP+3ZKa+sbm1vl7crO7t7+QfXwqG1UqilrUSWUfgyJYYJL1kKOgj0mmpE4FKwTjm9yv/PEtOFKPuAkYUFMhpJHnBLMpR6StF+teXVvBneV+AWpQYFmv/rTGyiaxkwiFcSYru8lGGREI6eCTSu91LCE0DEZsq6lksTMBNns1ql7ZpWBGyltn0R3pv7tyEhszCQObWVMcGSWvVz8z+umGF0HGZdJikzS+aIoFS4qN/+4O+CaURQTSwjV3N7q0hHRhKKNZ2FLPhuVEmZqo/GXg1gl7Yu679X9u8ta474IqQwncArn4MMVNOAWmtACCiN4gVd4c56dd+fD+ZyXlpyi5xgW4Hz9Ag9imCQ=</latexit><latexit sha1_base64="NBHvaoSnjqnDCHT4VOIvp2yi+1Y=">AAACAXicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFlw47KKbYU2lMl00g6dzISZG6GErty71V9wJ279Ev/Az3DSZmFbDwwczrmvOWEiuEHP+3ZKa+sbm1vl7crO7t7+QfXwqG1UqilrUSWUfgyJYYJL1kKOgj0mmpE4FKwTjm9yv/PEtOFKPuAkYUFMhpJHnBLMpR6StF+teXVvBneV+AWpQYFmv/rTGyiaxkwiFcSYru8lGGREI6eCTSu91LCE0DEZsq6lksTMBNns1ql7ZpWBGyltn0R3pv7tyEhszCQObWVMcGSWvVz8z+umGF0HGZdJikzS+aIoFS4qN/+4O+CaURQTSwjV3N7q0hHRhKKNZ2FLPhuVEmZqo/GXg1gl7Yu679X9u8ta474IqQwncArn4MMVNOAWmtACCiN4gVd4c56dd+fD+ZyXlpyi5xgW4Hz9Ag9imCQ=</latexit><latexit sha1_base64="NBHvaoSnjqnDCHT4VOIvp2yi+1Y=">AAACAXicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFlw47KKbYU2lMl00g6dzISZG6GErty71V9wJ279Ev/Az3DSZmFbDwwczrmvOWEiuEHP+3ZKa+sbm1vl7crO7t7+QfXwqG1UqilrUSWUfgyJYYJL1kKOgj0mmpE4FKwTjm9yv/PEtOFKPuAkYUFMhpJHnBLMpR6StF+teXVvBneV+AWpQYFmv/rTGyiaxkwiFcSYru8lGGREI6eCTSu91LCE0DEZsq6lksTMBNns1ql7ZpWBGyltn0R3pv7tyEhszCQObWVMcGSWvVz8z+umGF0HGZdJikzS+aIoFS4qN/+4O+CaURQTSwjV3N7q0hHRhKKNZ2FLPhuVEmZqo/GXg1gl7Yu679X9u8ta474IqQwncArn4MMVNOAWmtACCiN4gVd4c56dd+fD+ZyXlpyi5xgW4Hz9Ag9imCQ=</latexit>

q̈d
<latexit sha1_base64="N2RRjaI7438PXfattubUXNxmHvk=">AAACB3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbcuKxiH9gOJZPJtKGZZEzuCGXoB7h3q7/gTtz6Gf6Bn2GmnYVtPRA4nHNfOUEiuAHX/XZWVtfWNzZLW+Xtnd29/crBYcuoVFPWpEoo3QmIYYJL1gQOgnUSzUgcCNYORte5335i2nAl72GcMD8mA8kjTglY6aEXhgqyx0k/7Feqbs2dAi8TryBVVKDRr/z0QkXTmEmgghjT9dwE/Ixo4FSwSbmXGpYQOiID1rVUkpgZP5tePMGnVglxpLR9EvBU/duRkdiYcRzYypjA0Cx6ufif100huvIzLpMUmKSzRVEqMCicfx+HXDMKYmwJoZrbWzEdEk0o2JDmtuSzQSlhJjYabzGIZdI6r3luzbu9qNbvipBK6BidoDPkoUtURzeogZqIIole0Ct6c56dd+fD+ZyVrjhFzxGag/P1CxPOmu0=</latexit><latexit sha1_base64="N2RRjaI7438PXfattubUXNxmHvk=">AAACB3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbcuKxiH9gOJZPJtKGZZEzuCGXoB7h3q7/gTtz6Gf6Bn2GmnYVtPRA4nHNfOUEiuAHX/XZWVtfWNzZLW+Xtnd29/crBYcuoVFPWpEoo3QmIYYJL1gQOgnUSzUgcCNYORte5335i2nAl72GcMD8mA8kjTglY6aEXhgqyx0k/7Feqbs2dAi8TryBVVKDRr/z0QkXTmEmgghjT9dwE/Ixo4FSwSbmXGpYQOiID1rVUkpgZP5tePMGnVglxpLR9EvBU/duRkdiYcRzYypjA0Cx6ufif100huvIzLpMUmKSzRVEqMCicfx+HXDMKYmwJoZrbWzEdEk0o2JDmtuSzQSlhJjYabzGIZdI6r3luzbu9qNbvipBK6BidoDPkoUtURzeogZqIIole0Ct6c56dd+fD+ZyVrjhFzxGag/P1CxPOmu0=</latexit><latexit sha1_base64="N2RRjaI7438PXfattubUXNxmHvk=">AAACB3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbcuKxiH9gOJZPJtKGZZEzuCGXoB7h3q7/gTtz6Gf6Bn2GmnYVtPRA4nHNfOUEiuAHX/XZWVtfWNzZLW+Xtnd29/crBYcuoVFPWpEoo3QmIYYJL1gQOgnUSzUgcCNYORte5335i2nAl72GcMD8mA8kjTglY6aEXhgqyx0k/7Feqbs2dAi8TryBVVKDRr/z0QkXTmEmgghjT9dwE/Ixo4FSwSbmXGpYQOiID1rVUkpgZP5tePMGnVglxpLR9EvBU/duRkdiYcRzYypjA0Cx6ufif100huvIzLpMUmKSzRVEqMCicfx+HXDMKYmwJoZrbWzEdEk0o2JDmtuSzQSlhJjYabzGIZdI6r3luzbu9qNbvipBK6BidoDPkoUtURzeogZqIIole0Ct6c56dd+fD+ZyVrjhFzxGag/P1CxPOmu0=</latexit><latexit sha1_base64="N2RRjaI7438PXfattubUXNxmHvk=">AAACB3icbVDLSgMxFM34rPVVdekmWARXZUYEXRbcuKxiH9gOJZPJtKGZZEzuCGXoB7h3q7/gTtz6Gf6Bn2GmnYVtPRA4nHNfOUEiuAHX/XZWVtfWNzZLW+Xtnd29/crBYcuoVFPWpEoo3QmIYYJL1gQOgnUSzUgcCNYORte5335i2nAl72GcMD8mA8kjTglY6aEXhgqyx0k/7Feqbs2dAi8TryBVVKDRr/z0QkXTmEmgghjT9dwE/Ixo4FSwSbmXGpYQOiID1rVUkpgZP5tePMGnVglxpLR9EvBU/duRkdiYcRzYypjA0Cx6ufif100huvIzLpMUmKSzRVEqMCicfx+HXDMKYmwJoZrbWzEdEk0o2JDmtuSzQSlhJjYabzGIZdI6r3luzbu9qNbvipBK6BidoDPkoUtURzeogZqIIole0Ct6c56dd+fD+ZyVrjhFzxGag/P1CxPOmu0=</latexit>

Precisamos conhecer         ? �
<latexit sha1_base64="mcgLjq6IYtH4hphsNhyY3dtW8js=">AAACBHicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFlw47KKbYU2lMlk2g6dzISZG6GEbt271V9wJ279D//Az3DSZmFbDwwczj33MSdMBDfoed9OaW19Y3OrvF3Z2d3bP6geHrWNSjVlLaqE0o8hMUxwyVrIUbDHRDMSh4J1wvFNXu88MW24kg84SVgQk6HkA04JWqnTE9YakX615tW9GdxV4hekBgWa/epPL1I0jZlEKogxXd9LMMiIRk4Fm1Z6qWEJoWMyZF1LJYmZCbLZuVP3zCqRO1DaPonuTP3bkZHYmEkcWmdMcGSWa7n4X62b4uA6yLhMUmSSzhcNUuGicvO/uxHXjKKYWEKo5vZWl46IJhRtQgtb8tmolDBTG42/HMQqaV/Ufa/u313WGvdFSGU4gVM4Bx+uoAG30IQWUBjDC7zCm/PsvDsfzufcWnKKnmNYgPP1C0M2mVk=</latexit><latexit sha1_base64="mcgLjq6IYtH4hphsNhyY3dtW8js=">AAACBHicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFlw47KKbYU2lMlk2g6dzISZG6GEbt271V9wJ279D//Az3DSZmFbDwwczj33MSdMBDfoed9OaW19Y3OrvF3Z2d3bP6geHrWNSjVlLaqE0o8hMUxwyVrIUbDHRDMSh4J1wvFNXu88MW24kg84SVgQk6HkA04JWqnTE9YakX615tW9GdxV4hekBgWa/epPL1I0jZlEKogxXd9LMMiIRk4Fm1Z6qWEJoWMyZF1LJYmZCbLZuVP3zCqRO1DaPonuTP3bkZHYmEkcWmdMcGSWa7n4X62b4uA6yLhMUmSSzhcNUuGicvO/uxHXjKKYWEKo5vZWl46IJhRtQgtb8tmolDBTG42/HMQqaV/Ufa/u313WGvdFSGU4gVM4Bx+uoAG30IQWUBjDC7zCm/PsvDsfzufcWnKKnmNYgPP1C0M2mVk=</latexit><latexit sha1_base64="mcgLjq6IYtH4hphsNhyY3dtW8js=">AAACBHicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFlw47KKbYU2lMlk2g6dzISZG6GEbt271V9wJ279D//Az3DSZmFbDwwczj33MSdMBDfoed9OaW19Y3OrvF3Z2d3bP6geHrWNSjVlLaqE0o8hMUxwyVrIUbDHRDMSh4J1wvFNXu88MW24kg84SVgQk6HkA04JWqnTE9YakX615tW9GdxV4hekBgWa/epPL1I0jZlEKogxXd9LMMiIRk4Fm1Z6qWEJoWMyZF1LJYmZCbLZuVP3zCqRO1DaPonuTP3bkZHYmEkcWmdMcGSWa7n4X62b4uA6yLhMUmSSzhcNUuGicvO/uxHXjKKYWEKo5vZWl46IJhRtQgtb8tmolDBTG42/HMQqaV/Ufa/u313WGvdFSGU4gVM4Bx+uoAG30IQWUBjDC7zCm/PsvDsfzufcWnKKnmNYgPP1C0M2mVk=</latexit><latexit sha1_base64="mcgLjq6IYtH4hphsNhyY3dtW8js=">AAACBHicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFlw47KKbYU2lMlk2g6dzISZG6GEbt271V9wJ279D//Az3DSZmFbDwwczj33MSdMBDfoed9OaW19Y3OrvF3Z2d3bP6geHrWNSjVlLaqE0o8hMUxwyVrIUbDHRDMSh4J1wvFNXu88MW24kg84SVgQk6HkA04JWqnTE9YakX615tW9GdxV4hekBgWa/epPL1I0jZlEKogxXd9LMMiIRk4Fm1Z6qWEJoWMyZF1LJYmZCbLZuVP3zCqRO1DaPonuTP3bkZHYmEkcWmdMcGSWa7n4X62b4uA6yLhMUmSSzhcNUuGicvO/uxHXjKKYWEKo5vZWl46IJhRtQgtb8tmolDBTG42/HMQqaV/Ufa/u313WGvdFSGU4gVM4Bx+uoAG30IQWUBjDC7zCm/PsvDsfzufcWnKKnmNYgPP1C0M2mVk=</latexit>
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k = 6
<latexit sha1_base64="mmIpxZ666L8R3+abTnFODabiTqE=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqBuh6MZlBacW2qFk0kwbmkmGJCOUoTv3bvUX3Ilbf8Q/8DPMtLOwrQcCh3PuKydMONPGdb+d0srq2vpGebOytb2zu1fdP2hpmSpCfSK5VO0Qa8qZoL5hhtN2oiiOQ04fw9Ft7j8+UaWZFA9mnNAgxgPBIkawsZI/QtfooletuXV3CrRMvILUoECzV/3p9iVJYyoM4VjrjucmJsiwMoxwOql0U00TTEZ4QDuWChxTHWTTYyfoxCp9FEllnzBoqv7tyHCs9TgObWWMzVAvern4n9dJTXQVZEwkqaGCzBZFKUdGovznqM8UJYaPLcFEMXsrIkOsMDE2n7kt+WwjJdcTG423GMQyaZ3VPbfu3Z/XGjdFSGU4gmM4BQ8uoQF30AQfCDB4gVd4c56dd+fD+ZyVlpyi5xDm4Hz9AlX8l5Y=</latexit><latexit sha1_base64="mmIpxZ666L8R3+abTnFODabiTqE=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqBuh6MZlBacW2qFk0kwbmkmGJCOUoTv3bvUX3Ilbf8Q/8DPMtLOwrQcCh3PuKydMONPGdb+d0srq2vpGebOytb2zu1fdP2hpmSpCfSK5VO0Qa8qZoL5hhtN2oiiOQ04fw9Ft7j8+UaWZFA9mnNAgxgPBIkawsZI/QtfooletuXV3CrRMvILUoECzV/3p9iVJYyoM4VjrjucmJsiwMoxwOql0U00TTEZ4QDuWChxTHWTTYyfoxCp9FEllnzBoqv7tyHCs9TgObWWMzVAvern4n9dJTXQVZEwkqaGCzBZFKUdGovznqM8UJYaPLcFEMXsrIkOsMDE2n7kt+WwjJdcTG423GMQyaZ3VPbfu3Z/XGjdFSGU4gmM4BQ8uoQF30AQfCDB4gVd4c56dd+fD+ZyVlpyi5xDm4Hz9AlX8l5Y=</latexit><latexit sha1_base64="mmIpxZ666L8R3+abTnFODabiTqE=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqBuh6MZlBacW2qFk0kwbmkmGJCOUoTv3bvUX3Ilbf8Q/8DPMtLOwrQcCh3PuKydMONPGdb+d0srq2vpGebOytb2zu1fdP2hpmSpCfSK5VO0Qa8qZoL5hhtN2oiiOQ04fw9Ft7j8+UaWZFA9mnNAgxgPBIkawsZI/QtfooletuXV3CrRMvILUoECzV/3p9iVJYyoM4VjrjucmJsiwMoxwOql0U00TTEZ4QDuWChxTHWTTYyfoxCp9FEllnzBoqv7tyHCs9TgObWWMzVAvern4n9dJTXQVZEwkqaGCzBZFKUdGovznqM8UJYaPLcFEMXsrIkOsMDE2n7kt+WwjJdcTG423GMQyaZ3VPbfu3Z/XGjdFSGU4gmM4BQ8uoQF30AQfCDB4gVd4c56dd+fD+ZyVlpyi5xDm4Hz9AlX8l5Y=</latexit><latexit sha1_base64="mmIpxZ666L8R3+abTnFODabiTqE=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqBuh6MZlBacW2qFk0kwbmkmGJCOUoTv3bvUX3Ilbf8Q/8DPMtLOwrQcCh3PuKydMONPGdb+d0srq2vpGebOytb2zu1fdP2hpmSpCfSK5VO0Qa8qZoL5hhtN2oiiOQ04fw9Ft7j8+UaWZFA9mnNAgxgPBIkawsZI/QtfooletuXV3CrRMvILUoECzV/3p9iVJYyoM4VjrjucmJsiwMoxwOql0U00TTEZ4QDuWChxTHWTTYyfoxCp9FEllnzBoqv7tyHCs9TgObWWMzVAvern4n9dJTXQVZEwkqaGCzBZFKUdGovznqM8UJYaPLcFEMXsrIkOsMDE2n7kt+WwjJdcTG423GMQyaZ3VPbfu3Z/XGjdFSGU4gmM4BQ8uoQF30AQfCDB4gVd4c56dd+fD+ZyVlpyi5xDm4Hz9AlX8l5Y=</latexit>

robô completamente atuado

k < 6
<latexit sha1_base64="UdFaLTh0xDP00J6vhQa2kyfGwWs=">AAACAnicbVC7TsMwFHXKq5RXgZHFokJiqhKEgIGhEgtjQaRUaqPKcZ3WqmNH9g1SFXVjZ4VfYEOs/Ah/wGfgtBloy5EsHZ1zXz5hIrgB1/12Siura+sb5c3K1vbO7l51/6BlVKop86kSSrdDYpjgkvnAQbB2ohmJQ8Eew9FN7j8+MW24kg8wTlgQk4HkEacErOSP8DW+6FVrbt2dAi8TryA1VKDZq/50+4qmMZNABTGm47kJBBnRwKlgk0o3NSwhdEQGrGOpJDEzQTY9doJPrNLHkdL2ScBT9W9HRmJjxnFoK2MCQ7Po5eJ/XieF6CrIuExSYJLOFkWpwKBw/nPc55pREGNLCNXc3orpkGhCweYztyWfDUoJM7HReItBLJPWWd1z697dea1xX4RURkfoGJ0iD12iBrpFTeQjijh6Qa/ozXl23p0P53NWWnKKnkM0B+frF1kwl6U=</latexit><latexit sha1_base64="UdFaLTh0xDP00J6vhQa2kyfGwWs=">AAACAnicbVC7TsMwFHXKq5RXgZHFokJiqhKEgIGhEgtjQaRUaqPKcZ3WqmNH9g1SFXVjZ4VfYEOs/Ah/wGfgtBloy5EsHZ1zXz5hIrgB1/12Siura+sb5c3K1vbO7l51/6BlVKop86kSSrdDYpjgkvnAQbB2ohmJQ8Eew9FN7j8+MW24kg8wTlgQk4HkEacErOSP8DW+6FVrbt2dAi8TryA1VKDZq/50+4qmMZNABTGm47kJBBnRwKlgk0o3NSwhdEQGrGOpJDEzQTY9doJPrNLHkdL2ScBT9W9HRmJjxnFoK2MCQ7Po5eJ/XieF6CrIuExSYJLOFkWpwKBw/nPc55pREGNLCNXc3orpkGhCweYztyWfDUoJM7HReItBLJPWWd1z697dea1xX4RURkfoGJ0iD12iBrpFTeQjijh6Qa/ozXl23p0P53NWWnKKnkM0B+frF1kwl6U=</latexit><latexit sha1_base64="UdFaLTh0xDP00J6vhQa2kyfGwWs=">AAACAnicbVC7TsMwFHXKq5RXgZHFokJiqhKEgIGhEgtjQaRUaqPKcZ3WqmNH9g1SFXVjZ4VfYEOs/Ah/wGfgtBloy5EsHZ1zXz5hIrgB1/12Siura+sb5c3K1vbO7l51/6BlVKop86kSSrdDYpjgkvnAQbB2ohmJQ8Eew9FN7j8+MW24kg8wTlgQk4HkEacErOSP8DW+6FVrbt2dAi8TryA1VKDZq/50+4qmMZNABTGm47kJBBnRwKlgk0o3NSwhdEQGrGOpJDEzQTY9doJPrNLHkdL2ScBT9W9HRmJjxnFoK2MCQ7Po5eJ/XieF6CrIuExSYJLOFkWpwKBw/nPc55pREGNLCNXc3orpkGhCweYztyWfDUoJM7HReItBLJPWWd1z697dea1xX4RURkfoGJ0iD12iBrpFTeQjijh6Qa/ozXl23p0P53NWWnKKnkM0B+frF1kwl6U=</latexit><latexit sha1_base64="UdFaLTh0xDP00J6vhQa2kyfGwWs=">AAACAnicbVC7TsMwFHXKq5RXgZHFokJiqhKEgIGhEgtjQaRUaqPKcZ3WqmNH9g1SFXVjZ4VfYEOs/Ah/wGfgtBloy5EsHZ1zXz5hIrgB1/12Siura+sb5c3K1vbO7l51/6BlVKop86kSSrdDYpjgkvnAQbB2ohmJQ8Eew9FN7j8+MW24kg8wTlgQk4HkEacErOSP8DW+6FVrbt2dAi8TryA1VKDZq/50+4qmMZNABTGm47kJBBnRwKlgk0o3NSwhdEQGrGOpJDEzQTY9doJPrNLHkdL2ScBT9W9HRmJjxnFoK2MCQ7Po5eJ/XieF6CrIuExSYJLOFkWpwKBw/nPc55pREGNLCNXc3orpkGhCweYztyWfDUoJM7HReItBLJPWWd1z697dea1xX4RURkfoGJ0iD12iBrpFTeQjijh6Qa/ozXl23p0P53NWWnKKnkM0B+frF1kwl6U=</latexit>

robô sub-atuado

k > 6
<latexit sha1_base64="DqP2CKtfnZRvmEZhZSbo7Xbrx6w=">AAACAnicbVDLSgMxFM3UV62vqks3wSK4KjMi6koKblxWcWqhHUomzbShmWRI7ghl6M69W/0Fd+LWH/EP/Awz7Sxs64HA4Zz7ygkTwQ247rdTWlldW98ob1a2tnd296r7By2jUk2ZT5VQuh0SwwSXzAcOgrUTzUgcCvYYjm5y//GJacOVfIBxwoKYDCSPOCVgJX+Er/FFr1pz6+4UeJl4BamhAs1e9afbVzSNmQQqiDEdz00gyIgGTgWbVLqpYQmhIzJgHUsliZkJsumxE3xilT6OlLZPAp6qfzsyEhszjkNbGRMYmkUvF//zOilEV0HGZZICk3S2KEoFBoXzn+M+14yCGFtCqOb2VkyHRBMKNp+5LflsUEqYiY3GWwximbTO6p5b9+7Oa437IqQyOkLH6BR56BI10C1qIh9RxNELekVvzrPz7nw4n7PSklP0HKI5OF+/XGiXpw==</latexit><latexit sha1_base64="DqP2CKtfnZRvmEZhZSbo7Xbrx6w=">AAACAnicbVDLSgMxFM3UV62vqks3wSK4KjMi6koKblxWcWqhHUomzbShmWRI7ghl6M69W/0Fd+LWH/EP/Awz7Sxs64HA4Zz7ygkTwQ247rdTWlldW98ob1a2tnd296r7By2jUk2ZT5VQuh0SwwSXzAcOgrUTzUgcCvYYjm5y//GJacOVfIBxwoKYDCSPOCVgJX+Er/FFr1pz6+4UeJl4BamhAs1e9afbVzSNmQQqiDEdz00gyIgGTgWbVLqpYQmhIzJgHUsliZkJsumxE3xilT6OlLZPAp6qfzsyEhszjkNbGRMYmkUvF//zOilEV0HGZZICk3S2KEoFBoXzn+M+14yCGFtCqOb2VkyHRBMKNp+5LflsUEqYiY3GWwximbTO6p5b9+7Oa437IqQyOkLH6BR56BI10C1qIh9RxNELekVvzrPz7nw4n7PSklP0HKI5OF+/XGiXpw==</latexit><latexit sha1_base64="DqP2CKtfnZRvmEZhZSbo7Xbrx6w=">AAACAnicbVDLSgMxFM3UV62vqks3wSK4KjMi6koKblxWcWqhHUomzbShmWRI7ghl6M69W/0Fd+LWH/EP/Awz7Sxs64HA4Zz7ygkTwQ247rdTWlldW98ob1a2tnd296r7By2jUk2ZT5VQuh0SwwSXzAcOgrUTzUgcCvYYjm5y//GJacOVfIBxwoKYDCSPOCVgJX+Er/FFr1pz6+4UeJl4BamhAs1e9afbVzSNmQQqiDEdz00gyIgGTgWbVLqpYQmhIzJgHUsliZkJsumxE3xilT6OlLZPAp6qfzsyEhszjkNbGRMYmkUvF//zOilEV0HGZZICk3S2KEoFBoXzn+M+14yCGFtCqOb2VkyHRBMKNp+5LflsUEqYiY3GWwximbTO6p5b9+7Oa437IqQyOkLH6BR56BI10C1qIh9RxNELekVvzrPz7nw4n7PSklP0HKI5OF+/XGiXpw==</latexit><latexit sha1_base64="DqP2CKtfnZRvmEZhZSbo7Xbrx6w=">AAACAnicbVDLSgMxFM3UV62vqks3wSK4KjMi6koKblxWcWqhHUomzbShmWRI7ghl6M69W/0Fd+LWH/EP/Awz7Sxs64HA4Zz7ygkTwQ247rdTWlldW98ob1a2tnd296r7By2jUk2ZT5VQuh0SwwSXzAcOgrUTzUgcCvYYjm5y//GJacOVfIBxwoKYDCSPOCVgJX+Er/FFr1pz6+4UeJl4BamhAs1e9afbVzSNmQQqiDEdz00gyIgGTgWbVLqpYQmhIzJgHUsliZkJsumxE3xilT6OlLZPAp6qfzsyEhszjkNbGRMYmkUvF//zOilEV0HGZZICk3S2KEoFBoXzn+M+14yCGFtCqOb2VkyHRBMKNp+5LflsUEqYiY3GWwximbTO6p5b9+7Oa437IqQyOkLH6BR56BI10C1qIh9RxNELekVvzrPz7nw4n7PSklP0HKI5OF+/XGiXpw==</latexit>

robô super-atuado

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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Pontos em contato não se movem:

JC q̈ = b(q, q̇)
<latexit sha1_base64="HKw8OnbxcB+B1LV3ssMAqy5z6fE=">AAACQ3icbVDLSgMxFM34rPVVdekmWIQKUmZE0I1QqAtxVcU+oC0lk2ba0MxkTO4IZegP+R/u3dYvENyJW8FMH2JbLwTOPee+ctxQcA22PbSWlldW19ZTG+nNre2d3czefkXLSFFWplJIVXOJZoIHrAwcBKuFihHfFazq9oqJXn1iSnMZPEA/ZE2fdALucUrAUK3MdcMn0HU9fNsqYtxotyXEU+pxgK/wNHFzv/RpY7bqpJXJ2nl7FHgROBOQRZMotTLvZgSNfBYAFUTrumOH0IyJAk4FG6QbkWYhoT3SYXUDA+Iz3YxHvx3gY8O0sSeVeQHgEfu3Iya+1n3fNZXJiXpeS8j/tHoE3mUz5kEYAQvoeJEXCQwSJ9bhNleMgugbQKji5lZMu0QRCsbgmS3JbJBS6IGxxpk3YhFUzvKOnXfuzrOF+4lJKXSIjlAOOegCFdANKqEyougZvaIherNerA/r0/oaly5Zk54DNBPW9w/3H7FK</latexit><latexit sha1_base64="HKw8OnbxcB+B1LV3ssMAqy5z6fE=">AAACQ3icbVDLSgMxFM34rPVVdekmWIQKUmZE0I1QqAtxVcU+oC0lk2ba0MxkTO4IZegP+R/u3dYvENyJW8FMH2JbLwTOPee+ctxQcA22PbSWlldW19ZTG+nNre2d3czefkXLSFFWplJIVXOJZoIHrAwcBKuFihHfFazq9oqJXn1iSnMZPEA/ZE2fdALucUrAUK3MdcMn0HU9fNsqYtxotyXEU+pxgK/wNHFzv/RpY7bqpJXJ2nl7FHgROBOQRZMotTLvZgSNfBYAFUTrumOH0IyJAk4FG6QbkWYhoT3SYXUDA+Iz3YxHvx3gY8O0sSeVeQHgEfu3Iya+1n3fNZXJiXpeS8j/tHoE3mUz5kEYAQvoeJEXCQwSJ9bhNleMgugbQKji5lZMu0QRCsbgmS3JbJBS6IGxxpk3YhFUzvKOnXfuzrOF+4lJKXSIjlAOOegCFdANKqEyougZvaIherNerA/r0/oaly5Zk54DNBPW9w/3H7FK</latexit><latexit sha1_base64="HKw8OnbxcB+B1LV3ssMAqy5z6fE=">AAACQ3icbVDLSgMxFM34rPVVdekmWIQKUmZE0I1QqAtxVcU+oC0lk2ba0MxkTO4IZegP+R/u3dYvENyJW8FMH2JbLwTOPee+ctxQcA22PbSWlldW19ZTG+nNre2d3czefkXLSFFWplJIVXOJZoIHrAwcBKuFihHfFazq9oqJXn1iSnMZPEA/ZE2fdALucUrAUK3MdcMn0HU9fNsqYtxotyXEU+pxgK/wNHFzv/RpY7bqpJXJ2nl7FHgROBOQRZMotTLvZgSNfBYAFUTrumOH0IyJAk4FG6QbkWYhoT3SYXUDA+Iz3YxHvx3gY8O0sSeVeQHgEfu3Iya+1n3fNZXJiXpeS8j/tHoE3mUz5kEYAQvoeJEXCQwSJ9bhNleMgugbQKji5lZMu0QRCsbgmS3JbJBS6IGxxpk3YhFUzvKOnXfuzrOF+4lJKXSIjlAOOegCFdANKqEyougZvaIherNerA/r0/oaly5Zk54DNBPW9w/3H7FK</latexit><latexit sha1_base64="HKw8OnbxcB+B1LV3ssMAqy5z6fE=">AAACQ3icbVDLSgMxFM34rPVVdekmWIQKUmZE0I1QqAtxVcU+oC0lk2ba0MxkTO4IZegP+R/u3dYvENyJW8FMH2JbLwTOPee+ctxQcA22PbSWlldW19ZTG+nNre2d3czefkXLSFFWplJIVXOJZoIHrAwcBKuFihHfFazq9oqJXn1iSnMZPEA/ZE2fdALucUrAUK3MdcMn0HU9fNsqYtxotyXEU+pxgK/wNHFzv/RpY7bqpJXJ2nl7FHgROBOQRZMotTLvZgSNfBYAFUTrumOH0IyJAk4FG6QbkWYhoT3SYXUDA+Iz3YxHvx3gY8O0sSeVeQHgEfu3Iya+1n3fNZXJiXpeS8j/tHoE3mUz5kEYAQvoeJEXCQwSJ9bhNleMgugbQKji5lZMu0QRCsbgmS3JbJBS6IGxxpk3YhFUzvKOnXfuzrOF+4lJKXSIjlAOOegCFdANKqEyougZvaIherNerA/r0/oaly5Zk54DNBPW9w/3H7FK</latexit>

q̈ =?
<latexit sha1_base64="shyi1Il7cuuOEBAJ9Rz72cBkshU=">AAACE3icbVDLSsNAFJ3UV62v+ti5GSyCq5KIoBux4MZlFfuAppTJZNIOnWTizI1QQz/DvVv9BXfi1g/wD/wMJ20WtvXAwOGce+cejhcLrsG2v63C0vLK6lpxvbSxubW9U97da2qZKMoaVAqp2h7RTPCINYCDYO1YMRJ6grW84XXmtx6Z0lxG9zCKWTck/YgHnBIwUq984Pq+hNQNCQy8AD+M8SW+6pUrdtWeAC8SJycVlKPeK/+4vqRJyCKggmjdcewYuilRwKlg45KbaBYTOiR91jE0IiHT3XSSfoyPjeLjQCrzIsAT9e9GSkKtR6FnJrOUet7LxP+8TgLBRTflUZwAi+j0UJAIDBJnVWCfK0ZBjAwhVHGTFdMBUYSCKWzmSvY3SCn02FTjzBexSJqnVceuOrdnldpdXlIRHaIjdIIcdI5q6AbVUQNR9IRe0Ct6s56td+vD+pyOFqx8Zx/NwPr6BeAynmk=</latexit><latexit sha1_base64="shyi1Il7cuuOEBAJ9Rz72cBkshU=">AAACE3icbVDLSsNAFJ3UV62v+ti5GSyCq5KIoBux4MZlFfuAppTJZNIOnWTizI1QQz/DvVv9BXfi1g/wD/wMJ20WtvXAwOGce+cejhcLrsG2v63C0vLK6lpxvbSxubW9U97da2qZKMoaVAqp2h7RTPCINYCDYO1YMRJ6grW84XXmtx6Z0lxG9zCKWTck/YgHnBIwUq984Pq+hNQNCQy8AD+M8SW+6pUrdtWeAC8SJycVlKPeK/+4vqRJyCKggmjdcewYuilRwKlg45KbaBYTOiR91jE0IiHT3XSSfoyPjeLjQCrzIsAT9e9GSkKtR6FnJrOUet7LxP+8TgLBRTflUZwAi+j0UJAIDBJnVWCfK0ZBjAwhVHGTFdMBUYSCKWzmSvY3SCn02FTjzBexSJqnVceuOrdnldpdXlIRHaIjdIIcdI5q6AbVUQNR9IRe0Ct6s56td+vD+pyOFqx8Zx/NwPr6BeAynmk=</latexit><latexit sha1_base64="shyi1Il7cuuOEBAJ9Rz72cBkshU=">AAACE3icbVDLSsNAFJ3UV62v+ti5GSyCq5KIoBux4MZlFfuAppTJZNIOnWTizI1QQz/DvVv9BXfi1g/wD/wMJ20WtvXAwOGce+cejhcLrsG2v63C0vLK6lpxvbSxubW9U97da2qZKMoaVAqp2h7RTPCINYCDYO1YMRJ6grW84XXmtx6Z0lxG9zCKWTck/YgHnBIwUq984Pq+hNQNCQy8AD+M8SW+6pUrdtWeAC8SJycVlKPeK/+4vqRJyCKggmjdcewYuilRwKlg45KbaBYTOiR91jE0IiHT3XSSfoyPjeLjQCrzIsAT9e9GSkKtR6FnJrOUet7LxP+8TgLBRTflUZwAi+j0UJAIDBJnVWCfK0ZBjAwhVHGTFdMBUYSCKWzmSvY3SCn02FTjzBexSJqnVceuOrdnldpdXlIRHaIjdIIcdI5q6AbVUQNR9IRe0Ct6s56td+vD+pyOFqx8Zx/NwPr6BeAynmk=</latexit><latexit sha1_base64="shyi1Il7cuuOEBAJ9Rz72cBkshU=">AAACE3icbVDLSsNAFJ3UV62v+ti5GSyCq5KIoBux4MZlFfuAppTJZNIOnWTizI1QQz/DvVv9BXfi1g/wD/wMJ20WtvXAwOGce+cejhcLrsG2v63C0vLK6lpxvbSxubW9U97da2qZKMoaVAqp2h7RTPCINYCDYO1YMRJ6grW84XXmtx6Z0lxG9zCKWTck/YgHnBIwUq984Pq+hNQNCQy8AD+M8SW+6pUrdtWeAC8SJycVlKPeK/+4vqRJyCKggmjdcewYuilRwKlg45KbaBYTOiR91jE0IiHT3XSSfoyPjeLjQCrzIsAT9e9GSkKtR6FnJrOUet7LxP+8TgLBRTflUZwAi+j0UJAIDBJnVWCfK0ZBjAwhVHGTFdMBUYSCKWzmSvY3SCn02FTjzBexSJqnVceuOrdnldpdXlIRHaIjdIIcdI5q6AbVUQNR9IRe0Ct6s56td+vD+pyOFqx8Zx/NwPr6BeAynmk=</latexit>

q̈ = J+
C b(q, q̇) + (I� J+

CJC)q̈0
<latexit sha1_base64="KP4PVmR/Ss3xCf6cAIoFKhvhtks="></latexit><latexit sha1_base64="KP4PVmR/Ss3xCf6cAIoFKhvhtks="></latexit><latexit sha1_base64="KP4PVmR/Ss3xCf6cAIoFKhvhtks="></latexit><latexit sha1_base64="KP4PVmR/Ss3xCf6cAIoFKhvhtks="></latexit>

http://creativecommons.org/licenses/by-nc-nd/4.0/
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q̈ = J+
C b(q, q̇) + (I� J+

CJC)q̈0
<latexit sha1_base64="KP4PVmR/Ss3xCf6cAIoFKhvhtks="></latexit><latexit sha1_base64="KP4PVmR/Ss3xCf6cAIoFKhvhtks="></latexit><latexit sha1_base64="KP4PVmR/Ss3xCf6cAIoFKhvhtks="></latexit><latexit sha1_base64="KP4PVmR/Ss3xCf6cAIoFKhvhtks="></latexit>

robô deve se movimentar no 
espaço nulo das restrições!

dim(N (JC)) = n+ 6� k
<latexit sha1_base64="7oWQHqbmGxteARMIgj//1x7s7BY=">AAACKHicbVDLSgMxFM3UV62vqks3wSK0iGVGRN0IhW7EhVSxD2hLyaSZNjSTDElGKEO/wf9w71Z/wZ1068rPMDOdhW09EDicc185bsCo0rY9tTIrq2vrG9nN3Nb2zu5efv+goUQoMaljwYRsuUgRRjmpa6oZaQWSIN9lpOmOqrHffCZSUcGf9DggXR8NOPUoRtpIvXypT31YhB0f6SFGLLqfFBPuevCuVy2V4A3kp5fwDI56+YJdthPAZeKkpABS1Hr5n05f4NAnXGOGlGo7dqC7EZKaYkYmuU6oSIDwCA1I21COfKK6UfKlCTwxSh96QprHNUzUvx0R8pUa+66pjM9Vi14s/ue1Q+1ddyPKg1ATjmeLvJBBLWCcD+xTSbBmY0MQltTcCvEQSYS1SXFuSzxbC8HUxETjLAaxTBrnZccuOw8XhcpjGlIWHIFjUAQOuAIVcAtqoA4weAFv4B18WK/Wp/VlTWelGSvtOQRzsL5/AYG3pLc=</latexit><latexit sha1_base64="7oWQHqbmGxteARMIgj//1x7s7BY=">AAACKHicbVDLSgMxFM3UV62vqks3wSK0iGVGRN0IhW7EhVSxD2hLyaSZNjSTDElGKEO/wf9w71Z/wZ1068rPMDOdhW09EDicc185bsCo0rY9tTIrq2vrG9nN3Nb2zu5efv+goUQoMaljwYRsuUgRRjmpa6oZaQWSIN9lpOmOqrHffCZSUcGf9DggXR8NOPUoRtpIvXypT31YhB0f6SFGLLqfFBPuevCuVy2V4A3kp5fwDI56+YJdthPAZeKkpABS1Hr5n05f4NAnXGOGlGo7dqC7EZKaYkYmuU6oSIDwCA1I21COfKK6UfKlCTwxSh96QprHNUzUvx0R8pUa+66pjM9Vi14s/ue1Q+1ddyPKg1ATjmeLvJBBLWCcD+xTSbBmY0MQltTcCvEQSYS1SXFuSzxbC8HUxETjLAaxTBrnZccuOw8XhcpjGlIWHIFjUAQOuAIVcAtqoA4weAFv4B18WK/Wp/VlTWelGSvtOQRzsL5/AYG3pLc=</latexit><latexit sha1_base64="7oWQHqbmGxteARMIgj//1x7s7BY=">AAACKHicbVDLSgMxFM3UV62vqks3wSK0iGVGRN0IhW7EhVSxD2hLyaSZNjSTDElGKEO/wf9w71Z/wZ1068rPMDOdhW09EDicc185bsCo0rY9tTIrq2vrG9nN3Nb2zu5efv+goUQoMaljwYRsuUgRRjmpa6oZaQWSIN9lpOmOqrHffCZSUcGf9DggXR8NOPUoRtpIvXypT31YhB0f6SFGLLqfFBPuevCuVy2V4A3kp5fwDI56+YJdthPAZeKkpABS1Hr5n05f4NAnXGOGlGo7dqC7EZKaYkYmuU6oSIDwCA1I21COfKK6UfKlCTwxSh96QprHNUzUvx0R8pUa+66pjM9Vi14s/ue1Q+1ddyPKg1ATjmeLvJBBLWCcD+xTSbBmY0MQltTcCvEQSYS1SXFuSzxbC8HUxETjLAaxTBrnZccuOw8XhcpjGlIWHIFjUAQOuAIVcAtqoA4weAFv4B18WK/Wp/VlTWelGSvtOQRzsL5/AYG3pLc=</latexit><latexit sha1_base64="7oWQHqbmGxteARMIgj//1x7s7BY=">AAACKHicbVDLSgMxFM3UV62vqks3wSK0iGVGRN0IhW7EhVSxD2hLyaSZNjSTDElGKEO/wf9w71Z/wZ1068rPMDOdhW09EDicc185bsCo0rY9tTIrq2vrG9nN3Nb2zu5efv+goUQoMaljwYRsuUgRRjmpa6oZaQWSIN9lpOmOqrHffCZSUcGf9DggXR8NOPUoRtpIvXypT31YhB0f6SFGLLqfFBPuevCuVy2V4A3kp5fwDI56+YJdthPAZeKkpABS1Hr5n05f4NAnXGOGlGo7dqC7EZKaYkYmuU6oSIDwCA1I21COfKK6UfKlCTwxSh96QprHNUzUvx0R8pUa+66pjM9Vi14s/ue1Q+1ddyPKg1ATjmeLvJBBLWCcD+xTSbBmY0MQltTcCvEQSYS1SXFuSzxbC8HUxETjLAaxTBrnZccuOw8XhcpjGlIWHIFjUAQOuAIVcAtqoA4weAFv4B18WK/Wp/VlTWelGSvtOQRzsL5/AYG3pLc=</latexit>

dimensionalidade total do sistema reduzida de k equações
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q̈ = J+
C b(q, q̇) + (I� J+

CJC)q̈0
<latexit sha1_base64="KP4PVmR/Ss3xCf6cAIoFKhvhtks="></latexit><latexit sha1_base64="KP4PVmR/Ss3xCf6cAIoFKhvhtks="></latexit><latexit sha1_base64="KP4PVmR/Ss3xCf6cAIoFKhvhtks="></latexit><latexit sha1_base64="KP4PVmR/Ss3xCf6cAIoFKhvhtks="></latexit>
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⌧ =?
<latexit sha1_base64="WJZGLWt+9vzYVxxP+rnv2b0aX/I=">AAACBXicbVC7SgNBFL0bXzG+opY2g0GwCrsiaCMGbCyjmBhIljA7mU2GzO4sM3eFEFLb2+ov2Imt3+Ef+BnOJluYxAMDh3Pua06QSGHQdb+dwsrq2vpGcbO0tb2zu1feP2galWrGG0xJpVsBNVyKmDdQoOStRHMaBZI/BsObzH984toIFT/gKOF+RPuxCAWjaKVWB2lKrsh1t1xxq+4UZJl4OalAjnq3/NPpKZZGPEYmqTFtz03QH1ONgkk+KXVSwxPKhrTP25bGNOLGH0/vnZATq/RIqLR9MZKp+rdjTCNjRlFgKyOKA7PoZeJ/XjvF8NIfizhJkcdstihMJUFFss+TntCcoRxZQpkW9lbCBlRThjaiuS3ZbFRKmomNxlsMYpk0z6qeW/Xuziu1+zykIhzBMZyCBxdQg1uoQwMYSHiBV3hznp1358P5nJUWnLznEObgfP0C2CeZCA==</latexit><latexit sha1_base64="WJZGLWt+9vzYVxxP+rnv2b0aX/I=">AAACBXicbVC7SgNBFL0bXzG+opY2g0GwCrsiaCMGbCyjmBhIljA7mU2GzO4sM3eFEFLb2+ov2Imt3+Ef+BnOJluYxAMDh3Pua06QSGHQdb+dwsrq2vpGcbO0tb2zu1feP2galWrGG0xJpVsBNVyKmDdQoOStRHMaBZI/BsObzH984toIFT/gKOF+RPuxCAWjaKVWB2lKrsh1t1xxq+4UZJl4OalAjnq3/NPpKZZGPEYmqTFtz03QH1ONgkk+KXVSwxPKhrTP25bGNOLGH0/vnZATq/RIqLR9MZKp+rdjTCNjRlFgKyOKA7PoZeJ/XjvF8NIfizhJkcdstihMJUFFss+TntCcoRxZQpkW9lbCBlRThjaiuS3ZbFRKmomNxlsMYpk0z6qeW/Xuziu1+zykIhzBMZyCBxdQg1uoQwMYSHiBV3hznp1358P5nJUWnLznEObgfP0C2CeZCA==</latexit><latexit sha1_base64="WJZGLWt+9vzYVxxP+rnv2b0aX/I=">AAACBXicbVC7SgNBFL0bXzG+opY2g0GwCrsiaCMGbCyjmBhIljA7mU2GzO4sM3eFEFLb2+ov2Imt3+Ef+BnOJluYxAMDh3Pua06QSGHQdb+dwsrq2vpGcbO0tb2zu1feP2galWrGG0xJpVsBNVyKmDdQoOStRHMaBZI/BsObzH984toIFT/gKOF+RPuxCAWjaKVWB2lKrsh1t1xxq+4UZJl4OalAjnq3/NPpKZZGPEYmqTFtz03QH1ONgkk+KXVSwxPKhrTP25bGNOLGH0/vnZATq/RIqLR9MZKp+rdjTCNjRlFgKyOKA7PoZeJ/XjvF8NIfizhJkcdstihMJUFFss+TntCcoRxZQpkW9lbCBlRThjaiuS3ZbFRKmomNxlsMYpk0z6qeW/Xuziu1+zykIhzBMZyCBxdQg1uoQwMYSHiBV3hznp1358P5nJUWnLznEObgfP0C2CeZCA==</latexit><latexit sha1_base64="WJZGLWt+9vzYVxxP+rnv2b0aX/I=">AAACBXicbVC7SgNBFL0bXzG+opY2g0GwCrsiaCMGbCyjmBhIljA7mU2GzO4sM3eFEFLb2+ov2Imt3+Ef+BnOJluYxAMDh3Pua06QSGHQdb+dwsrq2vpGcbO0tb2zu1feP2galWrGG0xJpVsBNVyKmDdQoOStRHMaBZI/BsObzH984toIFT/gKOF+RPuxCAWjaKVWB2lKrsh1t1xxq+4UZJl4OalAjnq3/NPpKZZGPEYmqTFtz03QH1ONgkk+KXVSwxPKhrTP25bGNOLGH0/vnZATq/RIqLR9MZKp+rdjTCNjRlFgKyOKA7PoZeJ/XjvF8NIfizhJkcdstihMJUFFss+TntCcoRxZQpkW9lbCBlRThjaiuS3ZbFRKmomNxlsMYpk0z6qeW/Xuziu1+zykIhzBMZyCBxdQg1uoQwMYSHiBV3hznp1358P5nJUWnLznEObgfP0C2CeZCA==</latexit>

⌧ = (PST )+P (Mq̈d + h) + (I � (PST )+PST )⌧0
<latexit sha1_base64="e89jrGaWbp5tYAPQMA/yh+JNHv8="></latexit><latexit sha1_base64="e89jrGaWbp5tYAPQMA/yh+JNHv8="></latexit><latexit sha1_base64="e89jrGaWbp5tYAPQMA/yh+JNHv8="></latexit><latexit sha1_base64="e89jrGaWbp5tYAPQMA/yh+JNHv8="></latexit>

não depende das forças de contato!
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Multiplicando por QT
<latexit sha1_base64="xr5+fpnwWqNc0O/4gBL4YIrcfEA=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLgxmUrfcF0LJk004ZmkiG5I5TSH3DvVn/Bnbj1L/wDP8NMOwvbeiBwOPd1csJEcAOu++0UNja3tneKu6W9/YPDo/LxSduoVFPWokoo3Q2JYYJL1gIOgnUTzUgcCtYJx3dZvfPEtOFKNmGSsCAmQ8kjTglYye/FBEZhhBuPzX654lbdOfA68XJSQTnq/fJPb6BoGjMJVBBjfM9NIJgSDZwKNiv1UsMSQsdkyHxLJYmZCaZzyzN8YZUBjpS2TwKeq38npiQ2ZhKHtjOzaFZrmfhfzU8hug2mXCYpMEkXh6JUYFA4+z8ecM0oiIklhGpuvWI6IppQsCktXcl2g1LCzGw03moQ66R9VfXcqte4rtQe8pCK6Aydo0vkoRtUQ/eojlqIIoVe0Ct6c56dd+fD+Vy0Fpx85hQtwfn6BdF8mrU=</latexit><latexit sha1_base64="xr5+fpnwWqNc0O/4gBL4YIrcfEA=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLgxmUrfcF0LJk004ZmkiG5I5TSH3DvVn/Bnbj1L/wDP8NMOwvbeiBwOPd1csJEcAOu++0UNja3tneKu6W9/YPDo/LxSduoVFPWokoo3Q2JYYJL1gIOgnUTzUgcCtYJx3dZvfPEtOFKNmGSsCAmQ8kjTglYye/FBEZhhBuPzX654lbdOfA68XJSQTnq/fJPb6BoGjMJVBBjfM9NIJgSDZwKNiv1UsMSQsdkyHxLJYmZCaZzyzN8YZUBjpS2TwKeq38npiQ2ZhKHtjOzaFZrmfhfzU8hug2mXCYpMEkXh6JUYFA4+z8ecM0oiIklhGpuvWI6IppQsCktXcl2g1LCzGw03moQ66R9VfXcqte4rtQe8pCK6Aydo0vkoRtUQ/eojlqIIoVe0Ct6c56dd+fD+Vy0Fpx85hQtwfn6BdF8mrU=</latexit><latexit sha1_base64="xr5+fpnwWqNc0O/4gBL4YIrcfEA=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLgxmUrfcF0LJk004ZmkiG5I5TSH3DvVn/Bnbj1L/wDP8NMOwvbeiBwOPd1csJEcAOu++0UNja3tneKu6W9/YPDo/LxSduoVFPWokoo3Q2JYYJL1gIOgnUTzUgcCtYJx3dZvfPEtOFKNmGSsCAmQ8kjTglYye/FBEZhhBuPzX654lbdOfA68XJSQTnq/fJPb6BoGjMJVBBjfM9NIJgSDZwKNiv1UsMSQsdkyHxLJYmZCaZzyzN8YZUBjpS2TwKeq38npiQ2ZhKHtjOzaFZrmfhfzU8hug2mXCYpMEkXh6JUYFA4+z8ecM0oiIklhGpuvWI6IppQsCktXcl2g1LCzGw03moQ66R9VfXcqte4rtQe8pCK6Aydo0vkoRtUQ/eojlqIIoVe0Ct6c56dd+fD+Vy0Fpx85hQtwfn6BdF8mrU=</latexit><latexit sha1_base64="xr5+fpnwWqNc0O/4gBL4YIrcfEA=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLgxmUrfcF0LJk004ZmkiG5I5TSH3DvVn/Bnbj1L/wDP8NMOwvbeiBwOPd1csJEcAOu++0UNja3tneKu6W9/YPDo/LxSduoVFPWokoo3Q2JYYJL1gIOgnUTzUgcCtYJx3dZvfPEtOFKNmGSsCAmQ8kjTglYye/FBEZhhBuPzX654lbdOfA68XJSQTnq/fJPb6BoGjMJVBBjfM9NIJgSDZwKNiv1UsMSQsdkyHxLJYmZCaZzyzN8YZUBjpS2TwKeq38npiQ2ZhKHtjOzaFZrmfhfzU8hug2mXCYpMEkXh6JUYFA4+z8ecM0oiIklhGpuvWI6IppQsCktXcl2g1LCzGw03moQ66R9VfXcqte4rtQe8pCK6Aydo0vkoRtUQ/eojlqIIoVe0Ct6c56dd+fD+Vy0Fpx85hQtwfn6BdF8mrU=</latexit>

QT(M(q)q̈+ h(q, q̇)) = QTST⌧ +


R
0

�
�

<latexit sha1_base64="b8QKJMISHlpWmHx1e6UaEC/ym+Y="></latexit><latexit sha1_base64="kprWGth+WmU+ovNnaprmeJw6CGM="></latexit><latexit sha1_base64="kprWGth+WmU+ovNnaprmeJw6CGM="></latexit><latexit sha1_base64="PnKSkqLNdtNwTfrTCUKOFxcyYc4="></latexit>
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QT(M(q)q̈+ h(q, q̇)) = QTST⌧ +


R
0

�
�

<latexit sha1_base64="b8QKJMISHlpWmHx1e6UaEC/ym+Y="></latexit><latexit sha1_base64="kprWGth+WmU+ovNnaprmeJw6CGM="></latexit><latexit sha1_base64="kprWGth+WmU+ovNnaprmeJw6CGM="></latexit><latexit sha1_base64="PnKSkqLNdtNwTfrTCUKOFxcyYc4="></latexit>
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⌧ = (PST )+P (Mq̈d + h) + (I � (PST )+PST )⌧0
<latexit sha1_base64="e89jrGaWbp5tYAPQMA/yh+JNHv8="></latexit><latexit sha1_base64="e89jrGaWbp5tYAPQMA/yh+JNHv8="></latexit><latexit sha1_base64="e89jrGaWbp5tYAPQMA/yh+JNHv8="></latexit><latexit sha1_base64="e89jrGaWbp5tYAPQMA/yh+JNHv8="></latexit>
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