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Coluna em
Alto Vácuo

Bombas
de Vácuo

Câmara em Alto
ou Baixo Vácuo

Condensadoras

Fonte de
Elétrons

Anodo

Bobinas de
Varredura

Objetiva
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A[LG=LB> H? I=L@E>LEF=BY MI I=L@E>L¹F=E H? NB@@?HS@B FE@ >EGHB ES ±¼U }�ÄÅÆÆÈÆ�
ÏÌÎøÊ �ÈÄÌÎ�ÄÎ�Ê� [ SI LEG²SGAE H? =G>A@SI?GAE> LEIFE>AE> TB>=LBI?GA? H? >EGHB
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}J=_Y ÃYç�Y

Fotodetector

Espelho

Laser

Cantilever

Amostra

Cerâmica
Piezelétrica

A B

C D
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Cantilever

Sonda

Amostra Imagem

b)

c)
Cantilever

Sonda

Amostra Imagem
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Força

Distância

Força
repulsiva
(contato)

Força
atrativa
(não contato)

(1)

(2)

Direção da
varredura

Direção da
varredura

(1) (2)modo contato modo tapping
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LEI SI T=>AS@= ES OÁI=GB FB@B O®? H=I=GS=@ E H=ÁI?A@E ?]A?@GEY PEI B SA=O=BCDE HE
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�]=>A?I F?OE I?GE> HSB> IBG?=@B> H? F@?FB@B@ BIE>A@B> FB@B =IB_?G> ?I �S=HE>Y
J@?R¿?GA?I?GA?~ FEH?IE> >=IFO?>I?GA? LEOELB@ SIB _EAB H? æa�æè µm/l ~ HE �S=HE H?
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BH=L=EGB@ E OKRS=HEY
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B L[OSOB OKRS=HB ? B BIE>A@B ES~ >? E ?RS=FBI?GAE SA=O=BHE [ SI \JU USOA=UEH?r ~
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\ BIE>A@B H?N? >?@ T?I OBNBHB FB@B @?IEN?@ E> T=EIBA?@=B=> RS? GDE BH?@=@BI BE
>ST>A@BAE~ BGA?> RS? B >EGHB >?²B FE>=L=EGBHB ?I L=IB H?OBY

\> TEO®B> H? B@~ RS? ?N?GASBOI?GA? BFB@?L?I RSBGHE A@BTBO®BIE> ?I I?=E �S=HE
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®Q H?¬?=AE> GB> =IB_?G> ?I OKRS=HE>~ [ @?LEI?GHQN?O N?@=µLB@ B F@?>?GCB H? TEO®B>Y
US=AB> N??>~ ?>>B> TEO®B> FEH?I >?@ @?IEN=HB> >=IFO?>I?GA? F?OB ?O?NBCDE ? BTB=]B�
I?GAE HB >EGHBY ºBIT[I [ FE>>KN?O LEI @?IECDE HB L[OSOB O=RS=HB~ G?OB >? TBA?GHE
O?N?I?GA? FB@B RS? B> TEO®B> FE>>BI >?@ H?>BOE²BHB>Y WSA@B ¬E@IB [ ¬B?@ E �S=HE
LE@@?@ FB@B H?GA@E ? FB@B ¬E@B HB L[OSOB OKRS=HB FE@ I?=E HB> >?@=G_B>Y
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\> FOBRS?AB> >DE ¬E@IBHB> F?OB ¬@B_I?GABCDE HE L=AEFOB>IB HE I?_BLB@=¹L=AE ?

GDE FE>>S?I GÓLO?EY ºVI ¬E@IB H=>L¹=H?~ LEI SI H=ÁI?A@E GE@IBOI?GA? H? ` B
æ
µI ? ?>F?>>S@B ?I AE@GE H? ÃYa µI ? NEOSI? H? bYa �Y \F¹> >?@?I O=T?@BHB>

F?OB I?HSOB ¹>>?B~ B> FOBRS?AB> >DE ö>?R¿?>A@BHB>ö GE TBCE FE@ `ç B çõ ®E@B>Y W
TBCE LEGA[I L?@LB H? æa% HB IB>>B L=@LSOBGA? FOBRS?AQ@=BY W F?@KEHE H? N=HB HB>
FOBRS?AB> [ H?~ BF@E]=IBHBI?GA?~ õ B Ãç H=B>~ >?GHE @?IEN=HB> HB L=@LSOBCDE >BG_SKG?B
F?OE> IBL@¹¬B_E>Y �I LEGH=C·?> GE@IB=>~ ?>ADE ?I GÓI?@E H? ÃçaYaaa B çaaYaaa¸

µ
O

GE >BG_S? F?@=¬[@=LEY \F?>B@ HB BFB@VGL=B >=IFO?> GB I=L@E>LEF=B ¹A=LB~ B> FOBRS?AB>
FE>>S?I ?>A@SAS@B ¬SGL=EGBO LEIFO?]B~ F?@I=A=GHE�O®?> @QF=HE @?LEG®?L=I?GAE HB O?>DE
NB>LSOB@~ LEI E ET²?A=NE H? =G=L=B@ E ABIFDE ®?IE>AQA=LEY

\ I?IT@BGB L?OSOB@ O=FEF@EA[=LB [ LEIFE>AB H? ¬E>¬EO=FKH=E>~ ?GA@? E> RSB=> >?
?GLEGA@BI E LEO?>A?@EO~ _O=LEO=FKH=E> ? _O=LEF@EA?KGB>Y \ ?]FE>=CDE H?>>B >SF?@¬KL=? ¬E>�
¬EO=FKH=LB LB@@?_BHB G?_BA=NBI?GA? HS@BGA? B BA=NBCDE FOBRS?AQ@=B E¬?@?L? SI BIT=?GA?
=H?BO FB@B NQ@=E> ?>AQ_=E> HB ®?IE>AB>=BY W L=AE?>RS?O?AE LEGA@=TS= FB@B IBGA?@ B ¬E@IB
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H=>L¹=H? HB> FOBRS?AB> GDE BA=NBHB>~ >?GHE LEIFE>AE FE@ SI >=>A?IB L=@LSG¬?@?GL=BO
H? I=L@EASTSOE> H? LEG>A=AS=CDE F@EA[=LB ? FE@ µOBI?GAE> H? BLA=GBY

\ FOBRS?AB FE>>S= SI >=>A?IB LBGBO=LSOB@ BT?@AE RS? LEI?CB GB I?IT@BGB FOB>�
IQA=LB ? F?@I=A? E =GA?@LÁIT=E H? >ST>AÁGL=B> ?GA@? E> LEIFB@A=I?GAE> ?]A@B ? =G�
A@BL?OSOB@Y W >=>A?IB ASTSOB@ H?G>E~ F@EN?G=?GA? HE @?AKLSOE ?GHEFOB>IQA=LE~ ö>?R¿?>A@Bö
LQOL=E~ O=T?@BGHE�E GB BA=NBCDE FOBRS?AQ@=BY

\ I?IT@BGB FOBRS?AQ@=B ?]F@?>>B _O=LEF@EA?KGB> RS? ¬SGL=EGBI LEIE @?L?FAE@?>
H? F@EA?KGB> H? BH?>DE~ ?GNEON=HE> ?I H=N?@>E> ?>AQ_=E> HB ¬SGCDE FOBRS?AQ@=BY \>
_O=LEF@EA?KGB> >DE @?F@?>?GABHB> F@=GL=FBOI?GA? F?OE _@SFE HB> =GA?_@=GB> ? HB> _O=LE�
F@EA?KGB> @=LB> ?I O?SL=GB>Y W A?@IE ö=GA?_@=GBö [ SA=O=BHE F?OE ¬BAE H?>>? @?L?FAE@
=GA?_@B@ H=N?@>B> BA=N=HBH?> T=EO¹_=LB> H? LEIFB@A=I?GAE> ?]A@B> ? =GA@BL?OSOB@?>Y \
IB=E@ FB@A? HB> F@EA?KGB> HB I?IT@BGB FEH? >?@ ?GLEGA@BHB ?I ESA@E> A=FE> H? L[OS�
OB>Y \ GEI?GLOBAS@B FB@B H?>=_GB@ B> _O=LEF@EA?KGB> GDE [ ÓG=LBY \ IB=> LEISI?GA?
SA=O=BHB [ TB>?BHB GB IET=O=HBH? ?O?A@E�¬E@[A=LB ?I _?O H? FEO=BL@=OBI=HB~ GB RSBO B>
F@EA?KGB> H? IB=E@ F?>E IEO?LSOB@ FE>>S?I I?GE@ IET=O=HBH? }ºBTY ÃYÃ� �çç�Y

ºBT?OB ÃYÃX �lzw�z�vzp $sz�o�lo�t�wvp �sv��t��lzvp t �lo�t�wvp xt vxtp�o �MM m
TABELA 1.1

Glicoproteínas. Principais proteínas de adesão.

Integrinas

GPIIb/IIIa Fibrinogênio, fvW, Fibronectina,

VItronectina

GPIa/IIa Colágeno

GPIc/IIa Fibronectina

VLA-6 (α6β1) Laminina

Receptor da Vitronectina Vitronectina, Trombospondina

Glicoproteínas ricas

Leucina

GPIb/IX fvW
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FB>>BI FE@ LBF=OB@?> LEI >EI?GA? I?ABH? HE >?S H=ÁI?A@EY Ù>>E [ FE>>KN?O H?N=HE ¯
_@BGH? @?>=>AVGL=B ?OQ>A=LB H? >SB> I?IT@BGB RS? E> F@EA?_? H? RSB=>RS?@ @SFAS@B>Y
�æç�Y
US=AE> ESA@E> F@EL?>>E> µ>=EO¹_=LE> H?F?GH?I HB> F@EF@=?HBH?> I?LÁG=LB> HB> L[OS�

OB>~ LEIE B L=AEL=G?>? }¬E@IBCDE HE ASTE G?S@BO HS@BGA? E H?>?GNEON=I?GAE ES O=_BCDE
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H=GBI=LBI?GA? B >SB ¬E@IB T?I LEIE B> >SB> F@EF@=?HBH?> ¬SGL=EGB=>Y

¼OBRS?AB> GDE BA=NBHB> L=@LSOBI GE >BG_S? LEIE H=>LE> T=LEGN?]E>Y ÙI?H=BABI?GA?
BF¹> B BA=NBCDE~ ISHBI >?S B>F?LAE FB@B NQ@=E> ¬E@IBAE> H?F?GH?GHE HE ?>AKISOEY ¼E@
?]?IFOE~ ?I >SF?@¬KL=?> LEIE E N=H@E~ >? AE@GBI H=>LE> FOBGE>~ ?>AQN?=> ? T?I µ]E> �çõ�~
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¼E@ I?=E HE LEIBGHE ÍÎÌÄÊ ÏÉÎÇ HE �Î� Ç�ÅÌÊ HE I=L@E>L¹F=E~ @?BO=BGHE ³ÎÎÒ�
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FOBRS?AB~ B µI H? ETA?@ H? HBHE> RSBO=ABA=NE> B @?>F?=AE H? >SB> F@EF@=?HBH?> ?OQ>A=LB>Y

´E LBFKASOE è~ =IB_?G> H? NEOSI? H? ¬E@CB }ÍÎÌÄÊ ÐÎÉÑÒÊ�~ ¬E@BI ETA=HB>~ ? LS@NB>
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MIB LS@NB H? ¬E@CB [ @?>SOABGA? H? =GA?@BC·?> ?GA@? B >EGHB H? \JU ? B BIE>A@B

?>ASHBHB~ F@EHS=GHE H=N?@>B> =G¬E@IBC·?> B @?>F?=AE H?>>B BIE>A@BY
¼B@B ?GA?GH?@ ?>A? F@EL?>>E~ >SFEG®BIE> RS? SI F?>RS=>BHE@ [ =GLSIT=HE H? H?�

A?@I=GB@ RSDE FEH?@E>E> >DE HE=> H=¬?@?GA?> A=FE> H? KID>Y MI HE> KID> [ ¬?=AE H? ¬?@@E
? E ESA@E~ TB>ABGA? ¬E@A?~ [ SI =ID LEG®?L=HE LEIE öA?@@B @B@BöY MIB IBG?=@B >=IFO?>
H? I?H=@ E FEH?@ H? LBHB KID >?@=B FS]Q�OE> FB@B L=IB ES~ H?>L?�OE> ?I H=@?CDE B SIB
FOBLB H? BCE LEI E ET²?A=NE H? I?H=@ B ¬E@CB H? =GA?@BCDE ?GA@? E> HE=>Y ¼EH?@�>?�=B
F?GHS@B@ LBHB KID ?I SI H=GBIÀI?A@E~ B²S>AB@ >SB ?>LBOB FB@B E ?@E ? LEI?CB@ ?GADE
B BTB=]Q�OE ?I H=@?CDE B FOBLB H? BCEY �I H=>AÁGL=B> @?_SOB@?> HB FOBLB~ B RSBGA=HBH?
H? A@BCDE RS? [ IE>A@BHB GB ?>LBOB [ BGEABHBY �I BO_SIB BOAS@B BL=IB HB FOBLB~ LBHB
KID >?@=B BA@BKHE ¬E@A?I?GA? B ?OBY W LEIFE@ABI?GAE HB @BDE ?GA@? B BOAS@B Õ ? B
A@BCDE IB_G[A=LB G?>AB> H=>AÁGL=B> ?>LEO®=HB>~ HB@=B SI KGH=L? LEIFB@BA=NE HE FEH?@
H? LBHB KIDY ±=I=OB@I?GA?~ FEH?@KBIE> FS]B@ LBHB KID FB@B OEG_? HB FOBLB I?H=GHE
RSBGHE E =ID H?>F@?GH?�>? H?OBY W FEGAE H? H?>F@?GH=I?GAE H? LBHB KID HB@=B SI
KGH=L? H? >?S FEH?@Y MIB @?F@?>?GABCDE HE LB>E ?I RS? E =ID [ TB=]BHE ?I H=@?CDE ¯
FOBLB [ IE>A@BHB GB J=_Y `YÃY

Placa de aço

H = 15 cm
F = 0 Kg
(0 N)

H = 13 cm
F = 0.08 Kg
(0.8 N)

H = 11 cm
F = 0.12 Kg
(1.2 N)

H = 9 cm
F = 0.30 Kg
(2.9 N)

H = 7 cm
F = 1.0 Kg
(9.8 N)

J=_S@B `YÃX Jvsol xv �ol(v �txzxv t� zw�tl�vsop lt{�svltp x�lvw�t o �z�so xt v�vzuv�tw�oxo z��m
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W =ID [ TB=]BHE ?I =GA?@NBOE> LEGA@EOBHE> ? B ¬E@CB LEI RS? [ FS]BHE F?OB FOBLB

FB@B TB=]E [ I?H=HB ?I =GA?@NBOE> H? BOAS@B H? Ã LIY MI _@QµLE H?>>? ?]F?@=I?GAE RS?
S>B HE=> =ID> [ IE>A@BHE GB J=_Y `Y`Y �O? IE>A@B B BA@BCDE H? LBHB KID ?GRSBGAE >?
BF@E]=IBI HB FOBLB~ ? B A?GBL=HBH? ?GRSBGAE @?A=@BHE> HB @?_=DE H? LEGABAEY ±SFEGHE
RS? BITE> E> KID> FE>>S?I E I?>IE ABIBG®E~ ?>A? @?N?OB~ F?OE I?GE>~ HSB> B>>?@A=NB>
>ET@? E FEH?@ H? LBHB =IDY \ F@=I?=@B [ RS? E =ID Ã [ IB=> ¬E@A?~ SG=GHE�>? ¯ FOBLB H?
BCE LEI Ã ^_ ?I ÃÃ LI~ ? RS? E KID ` [ IB=> ¬@BLE~ SG=GHE�>? ?I b LI LEI >EI?GA? aYå
^_Y \ >?_SGHB [ RS? B =GLO=GBCDE HE> _@QµLE> @?N?OB BO_E >ET@? B ?>LBOB ? B H?G>=HBH?
HE LBIFE H? LBHB KIDY W =ID Ã ?]=T? SIB @QF=HB BG?]BCDE ? H?>F@?GH=I?GAE HB
FOBLB~ LEI SIB LS@NB TB>ABGA? KG_@?I?~ ?GRSBGAE E ESA@E BF@?>?GAB SIB BG?]BCDE ?
H?>F@?GH=I?GAE IB=> O?GAE ? >SB LS@NB [ I?GE> =GLO=GBHB~ H?N=HE~ ABON?~ B SI LBIFE
IB_G[A=LE IB=> ¬@BLE �çé�Y

0

+1.0 kg

-1.0 Kg

+10.0 N

0

-10.0 N
151050

Imã 1

Imã 2

Altura acima da placa de aço (cm)

J=_S@B `Y`X �t�ltptw�v(�o {l�:�v xv �ol(v �o� ��t o z�� q ��uvxo �vlv �vzuom rxv��vxoxt �MP m

W ?]?IFOE >SF@BI?GL=EGBHE BOI?²B >=IFO=µLB@ E RS? ELE@@? GB =GA?@BCDE HB >EGHB
H? ±¼U RSBGHE BF@E]=IBHB HB >SF?@¬KL=? HB BIE>A@B BGBO=>BHBY ´B @?BO=HBH?~ E>
_@QµLE> H? ¬E@CB ETA=HE> RSBGHE ¬B?IE> I?H=HB> LEI SI ±¼U @?N?OBI IS=AE IB=>Y
¼E@ ?]?IFOE~ LEIT=GBGHE B LS@NB H? ¬E@CB ?I =GA?@NBOE> @?_SOB@I?GA? ?>FBCBHE> >ET@?
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W ¬E@IBAE~ B =GLO=GBCDE ? E FEGAE H? LEGABAE HB LS@NB H? ¬E@CB HDE =G¬E@IBCDE
H?ABO®BHB >ET@? B ?OB>A=L=HBH? H? >SF?@¬KL=?Y US=AB> N??>~ [ FE>>KN?O ETA?@ I?H=HB>
RSBGA=ABA=NB> HB ?OB>A=L=HBH? HB BIE>A@BY <SB> A[LG=LB> H? ETA?GCDE H? =IB_?I FE�
H?I >?@ ?IF@?_BHB> FB@B I?H=@ ? =GH=LB@ B ?OB>A=L=HBH? ?I FEGAE> IÓOA=FOE> ?I SIB
>SF?@¬KL=? HB BIE>A@BX IEHSOBCDE H? ¬E@CB ? =IB_?I H? NEOSI? H? ¬E@CB~ RS? >?@DE
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I?O®E@ H?ABO®BHB> GB> F@¹]=IB> >?C·?>Y

�v �}|£{ � ��� ¦{ �x¦ª©|¤¥x ¦{ �xz¤|v
\ =IB_?I H? IEHSOBCDE H? ¬E@CB [ SIB A[LG=LB \JU H?>?GNEON=HB ?I Ãéõé~ RS?

=H?GA=µLB ? IBF?=B H=¬?@?GCB> RSBO=ABA=NB> GB @=_=H? ES GB ?OB>A=L=HBH? H? >SF?@¬KL=?>~
>?GHE SIB ?GA@? B> H=N?@>B> A[LG=LB> H?>?GNEON=HB> LEIE ?]A?G>·?> HB I=L@E>LEF=B H?
¬E@CB BAÀI=LB �è`�Y �>AB A[LG=LB ?>ASHB NQ@=B> F@EF@=?HBH?> H? >SF?@¬KL=? LEI B µGBO�
=HBH? H? H=>A=G_S=@ E> H=¬?@?GA?> IBA?@=B=> ES LB@BLA?@K>A=LB> I?LÁG=LB> RS? LEIF·?I
B> >SF?@¬KL=?> ®?A?@E_VG?B> }J=_Y `Yå�Y

J=_S@B `YåX r :{�lv xv tp��tlxv �op�lv ��v z�v{t� xt vs��lv t� �oxo �ow�v�o� R xzltz�v�zp�vsz3v�op ��v z�v{t� xt �ox�sv(�o xt �ol(v xo �tp�o �os��tlom rp lt{z5tp �vzp �v�zvpxo �os��tlo tp��o �v�tvxvp t� �lt�om r �vlltx�lv �opp�z PLL w� xt �v�vw�o sv�tlvs �>� m

\ IEHSOBCDE H? ¬E@CB FE>>S= H=N?@>B> BFO=LBC·?>~ H?GA@? ?OB> B> A@BG>=C·?> OELBO�
=BHB> ?GA@? H=¬?@?GA?> LEIFEG?GA?> ?I LEIF¹>=AE>~ =GN?>A=_BCDE H? IBA?@=B=> E@_ÁG=LE>
?I >ST>A@BAE> HS@E> ? =H?GA=µLBCDE H? LEGABI=GBGA?> ?I NQ@=B> >SF?@¬KL=?>Y

POB>>=µLB�>? LEIE SIB A[LG=LB H? NB@@?HS@B >?LSGHQ@=B~ TB>?BHB GE IEHE LEGABAE~
EGH?~ FB@B E GE>>E LB>E~ B BIE>A@B [ IEN=HB >ET B >EGHB~ @?BO=BGHE SIB NB@@?HS@B GB
H=@?CDE ïîúY W �ÊÊ�øÅÄ� ÉÎÎ� IBGA[I LEG>ABGA? B H?�?]DE HE ÄÅÆÇÈÉÊËÊÌ~ ? LEG>?R¿?G�
A?I?GA?~ B ¬E@CB BFO=LBHB >ET@? B BIE>A@BY

´B IEHSOBCDE H? ¬E@CB~ B >EGHB >? IEN=I?GAB LEI SIB F?RS?GB E>L=OBCDE N?@A=LBO
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}IEHSOBCDE ³ �~ B RSBO [ >=_G=µLBGA?I?GA? IB=> @QF=HB RS? B NB@@?HS@B A@BH=L=EGBO }J=_Y
`Yb� �èç�Y Ù>AE >=_G=µLB RS? B ¬E@CB >ET@? B BIE>A@B [ IEHSOBHB H? ABO ¬E@IB RS? B ¬E@CB
I[H=B GB BIE>A@B >?²B =_SBO ¯RS?OB GB IEHBO=HBH? H? LEGABAEY

Sinal
de

Amplitude

Direção
de

Varredura

Material de
baixa constante

elástica
Sítios de alta

constante elástica

J=_S@B `YbX kzv{lv�v xo �lzw�z�zo xt �ox�sv(�o xt �ol(v �op�lvwxo v powxv �vlltwxo ���v�tlzvs xt �vzuv �owp�vw�t ts�p�z�v� xv tp��tlxv �vlv xzltz�vm E pzwvs xt v��sz��xt v��tw�v��vwxo v powxv tw�ow�lv p��zop xt �#x�so ts�p�z�o tst�vxo ;�v�tlzvzp x�lop<m rxv��vxo xt�>M m

�SBGHE B >EGHB [ IEHSOBHB LEI B FEGAB ?I LEGABAE LEI B BIE>A@B~ B >SF?@¬KL=? HB
BIE>A@B @?>=>A? ¯ E>L=OBCDE ? E ÄÅÆÇÈÉÊËÊÌ >? LS@NBY ±ET SIB I?>IB ¬E@CB~ ?I SIB Q@?B
HS@B HB BIE>A@B~ E ÄÅÆÇÈÉÊËÊÌ >? H?¬E@IB I?GE> RS? GB> Q@?B> IBL=B>~ =>AE [~ B> @?_=·?>
H? IB=E@ @=_=H? E¬?@?L?I IB=E@ @?>=>AVGL=B ¯> E>L=OBC·?> N?@A=LB=>~ LEG>?R¿?GA?I?GA?~
F@EHS=GHE SIB IB=E@ H?�?]DEY
\ NB@=BCDE HB BIFO=ASH? H? H?�?]DE >ET SIB H?A?@I=GBHB ¬@?R¿VGL=B H? IEHS�

OBCDE ¬E@G?L? B I?H=HB HB @=_=H? HB >SF?@¬KL=?Y �>AB A[LG=LB ETA?N? BO_SI V]=AE ?
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¬E= ?]A?G>BI?GA? @?F@EHS=HB~ FE@[I~ FE>>S= BO_SG> =GLEGN?G=?GA?> RS? F@?L=>BI >?@
ET>?@NBHE>Y

W >=GBO H? IEHSOBCDE H? BOAB ¬@?R¿VGL=B FEH? ?]L=AB@ @?>>EGÁGL=B> I?LÁG=LB> GE
�ÄÅÆÆÊÌ H? NB@@?HS@BY Ù>AE FEH? @?HS=@ >=_G=µLBGA?I?GA? B RSBO=HBH? HB> =IB_?G>
AEFE_@QµLB> ? H? IEHSOBCDE H? ¬E@CBY ¼E@ ?>>? IEA=NE~ ¬E= =IFO?I?GABHE SI BASBHE@
F=??O[A@=LE BH=L=EGBO RS? IEHSOB B >EGHB >?FB@BHBI?GA?Y Ù>>E @?HS~ ES BA[ ?O=I=GB
?]L=ABC·?> ?>FÓ@=B> F@EN?G=?GA?> HB @?>>EGÁGL=B HE �ÄÅÆÆÊÌ �èç�Y

�>>? BASBHE@ A@BTBO®B LEI ¬@?R¿VGL=B> H? è B `a ÕÔ FB@B ?]F?@=I?GAE> H? IEH�
SOBCDE H? ¬E@CB �çé�Y \ =G¬E@IBCDE AEFE_@QµLB [ LEO?ABHB >=ISOABG?BI?GA? LEI B
=IB_?I H? IEHSOBCDE H? ¬E@CBY Ù>>E [ FE>>KN?O FE@ I?=E H? SI ÇÈ�ÕÎÉ�ÊÌ RS? FE>>S=
HE=> F=?E> ?I >SB LEG>A=AS=CDE }ÇÈ�ÕÎÉ�ÊÌ T=IE@¬E� }J=_Y `Yõ�Y

Bimorfo

J=_S@B `YõX V-HW7.X/1 �z�ol�o xt �ox�sv(�o xt �ol(v �vlv t��z�v�tw�op ��s�z�oxtr �>M m

W >=GBO H? IEHSOBCDE [ _?@BHE FE@ I?=E H? SI >=GA?A=BHE@ H? ¬@?R¿VGL=B H=_=ABO H?
BOAB F@?L=>DE ? H? SI �Î� Ç�ÅÌÊ~ RS? F?@I=A?I BE S>SQ@=E >?O?L=EGB@ B I?O®E@ ¬@?R¿VGL=B
? BIFO=ASH? H? IEHSOBCDEY \ BIFO=ASH? H? E>L=OBCDE HE LBGA=O?N?@ [ H?A?LABHB LEI
L=@LS=AE> H? BOAB N?OEL=HBH? RS? ¬E@G?L?I SI GKN?O H? @SKHE I?GE@ RS? Ã ð >ET@? SIB
TBGHB H? E>L=OBCDE LS²B OB@_S@B [ IB=E@ RS? Ã UÔ �çé�Y



`YèY ÙIB_?G> \JU H? ³EOSI? H? JE@CBY æå
�v¶ �}|£{ � ��� ¦{ «x©ª}{ ¦{ �xz¤|v
<?N=HE ¯ _@BGH? IB=E@=B HB> >SF?@¬KL=?> BGBO=>BHB> LEI \JU GDE >?@?I ®EIE_VG?B>~
[ H? ?]A@?IB G?L?>>=HBH? >? LEO?AB@ SI _@BGH? GÓI?@E H? LS@NB> H? ¬E@CB >ET@? ?>>B>
>SF?@¬KL=?>~ B µI H? >? ETA?@ SIB BGBO=>? LEIFO?AB HB RSBGA=HBH? H? ¬E@CB RS? BASB
?I LBHB FEGAEY

¼E@ ?]?IFOE~ B SA=O=BCDE H? SIB >EGHB ?O?A@=LBI?GA? LB@@?_BHB FB@B =GN?>A=_B@
SIB >SF?@¬KL=? LEI >KA=E> LB@@?_BHE>~ F?@I=A? OELBO=B@ ? LB@BLA?@=B@ ?>>?> >KA=E> GB
>SF?@¬KL=?Y Ù>>E >?@=B ?]A@?IBI?GA? H=µLSOAE>E SA=O=BGHE B IEHBO=HBH? ÍÎÌÄÊ ÏÉÎÇ~
FE=> LEI ?>>? I[AEHE GDE LEG>?_S=IE> F@?L=>B@ ES LEGA@EOB@ E OELBO GB >SF?@¬KL=? HE
RSBO H?>?²B�>? ETA?@ B LS@NB H? ¬E@CBY

Y

X

Z

J=_S@B `YéX &�l�vp xt �os��t xt �ol(vm Y� �owB�w�o xt ��l�vp xt �ol(v lt{�svl�tw�ttp�v(vxvp �lox�3 ��v zw�ol�v(�o xt �ol(v �lzxz�twpzowvsm "� �� �owB�w�o xt xvxop xt�os��t xt �ol(v� vp ��l�vp xt �ol(v �vlzv� �o� v �opz(�o ZU[m rxv��vxo xt �>> m

\ASBOI?GA?~ LEO?AB@ SI LEG²SGAE H? LS@NB> H? ¬E@CB =_SBOI?GA? H=>A@=TSKHB> ?I SI
=GA?@NBOE H? NB@@?HS@B [ FE>>KN?O FE@ I?=E HB A[LG=LB H? =IB_?I H? ³EOSI? H? JE@CB
}ÍÎÌÄÊ ÐÎÉÑÒÊ ñÒÅ�ÈÆ�� �èè�Y
MIB LS@NB H? ¬E@CB >=IFO?> [ ETA=HB F?OB BF@E]=IBCDE ? @?A@BCDE HB >EGHB H? \JU

H? SI FEGAE HB >SF?@¬KL=? HB BIE>A@BY W NEOSI? H? ¬E@CB LEGA[I SIB H=>FE>=CDE H?
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P
os

iç
ão

 Z
J=_S@B `YÃaX &ol�tp �olz3ow�vzp v�lv�qp xop xvxop xt �os��t xt �ol(v �op�lvwxo v xzpK�lz��z(�o xop �vsoltp xt xt4tu�o t� �vxv �opz(�o t� 3m ?v :{�lv v�z�v� vp lt{z5tp tp��lvp�olltp�owxt� v {lvwxtp xt4tu5tpm r �v�zv p��tlzol �t� ��v xzp�lz��z(�o xt �ol(v �vzuv t�wz�ol�t xt�zxo R powxv vzwxv w�o tp�vl t� �ow�v�o �o� v p��tl���ztm r �v�zv zw�tlzol �t���v xzp�lz��z(�o �v��q� �wz�ol�t� wo tw�vw�o� v �ol(v q tst�vxv xt�zxo o �ow�v�o ��uz�oxv powxv �o� v p��tl���zt �>> m

LS@NB> H? ¬E@CB >ET@? SIB Q@?B =GA?=@B HB BIE>A@BY PBHB LS@NB H? ¬E@CB [ I?H=HB
?I SIB H?A?@I=GBHB FE>=CDE ïîú HB BIE>A@B~ ? B> LS@NB> H? ¬E@CB H? SI LEG²SGAE H?
FEGAE> ïîú >DE LEIT=GBHB> ?I SIB H=>FE>=CDE A@=H=I?G>=EGBO ES öNEOSI?ö H? ¬E@CB
}J=_Y `Yé�Y W NBOE@ H? SI FEGAE }ïò úò ³ � GE NEOSI? H? ¬E@CB LE@@?>FEGH? ¯ H?�?]DE
}¬E@CB� HE LBGA=O?N?@ G?>>B FE>=CDE HE ?>FBCEY
\ A[LG=LB H? NEOSI? H? ¬E@CB [ S>SBOI?GA? ETA=HB ?I IEHE LEGABAE ? FEH? >?@

LEO?ABHB ?I RSBORS?@ BIT=?GA?~ LEIE B@ ES OKRS=HEY �SBGHE B >EGHB ?>ABT?O?L? LEGABAE
LEI B >SF?@¬KL=? HS@BGA? E L=LOE HB LS@NB H? ¬E@CB~ E FEGAE H? LEGABAE F@EF=L=B B =IB_?I
AEFE_@QµLB HB BIE>A@BY �>A? FEGAE FEH? >?@ S>BHE FB@B F@EHS=@ SIB =IB_?I H?
BOAS@B HB >SF?@¬KL=? LEI TB=]B @?>EOSCDE OBA?@BO~ RS? FEH? >?@ ?]A@?IBI?GA? ÓA=O RSBGHE
A?GABIE> H?>BLEFOB@ HBHE> HB> ¬E@CB> H? =GA?@BCDE HB =IB_?I AEFE_@QµLBY MIB N?
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RS? B >EGHB GDE [ öB@@B>ABHBö >ET@? B BIE>A@B FB@B F@EHS=@ B =IB_?I~ B> ¬E@CB>
OBA?@B=>~ RS? FEH?I HBG=µLB@ B BIE>A@B~ AE@GBI�>? IS=AE F?RS?GB>Y

J=_S@B `YÃÃX �w�tl�v�t xt ��v�txzxv xt �os��t xt �ol(v o��zxv �o� o po��\vlt ?vwo��o�t]mr z�v{t� q xt ��v zw�tl�v�t xt �zxloK�sv�zwv �>M m

�]=>A?I H=N?@>E> I[AEHE> FB@B =GN?>A=_B@ E> HBHE> A@=H=I?G>=EGB=> F@EHS=HE> F?OB
=IB_?I H? NEOSI? H? ¬E@CB~ LEIE FE@ ?]?IFOE~ SI >=IFO?> ÄÉÈÄ� ?I SI �ÈïÊÉ LE@@?�
>FEGH?GA? B SIB FE>=CDE ïîú >ET@? B =IB_?I H? NEOSI? H? ¬E@CB HB >SF?@¬KL=? BGBO=>BHB~
IE>A@B B LS@NB H? ¬E@CB =GH=N=HSBO LE@@?>FEGH?GA? B ?>>? �ÈïÊÉY PE@A?> ®E@=EGAB=> HB
=IB_?I H? NEOSI? H? ¬E@CB ?>ADE H=>FEGKN?=> G?>>B A[LG=LB~ IE>A@BGHE B H=>A@=TS=CDE
HE> NBOE@?> H? H?�?]DE ?I LBHB FE>=CDE ³ HE F=?E }J=_Y `YÃa�Y
\ =GA?@¬BL? _@QµLB H? SIB I?H=HB H? NEOSI? H? ¬E@CB [ IE>A@BHB GB J=_Y `YÃÃY \

²BG?OB IB=E@ GB ?>RS?@HB IE>A@B B =IB_?I AEFE_@QµLB H? BOAS@BY WSA@E> IEHE> H?
=IB_?I LEIE ¬@=LCDE ? ¬B>? FEH?I >?@ IE>A@BHE> G?>>B =GA?@¬BL? }ºBTY `YÃ�Y \ ²BG?OB
@?ABG_SOB@ GE LBGAE =G¬?@=E@ H=@?=AE IE>A@B B> LS@NB> H? ¬E@CB RS? >DE LEO?ABHB> ?I
A?IFE @?BOY \ ²BG?OB GE LBGAE >SF?@=E@ H=@?=AE IE>A@B B =IB_?I H? NEOSI? H? ¬E@CBY
\> LS@NB> H? ¬E@CB H? FE>=C·?> FB@A=LSOB@?> GB =IB_?I FEH?I >?@ ETA=HB> FE@ I?=E H?
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SI ÄÉÈÄ� GE �ÈïÊÉ LE@@?>FEGH?GA? GB =IB_?I H? NEOSI? H? ¬E@CBY \F¹> B LEO?AB HE>
HBHE>~ B> =IB_?G> ? LS@NB> FEH?I >?@ F@EL?>>BHB> FE@ I?=E H? SI �Î� Ç�ÅÌÊY
ºBT?OB `YÃX Jvlzv(5tp xvp z�v{twp xt �os��t xt �ol(vm r �v�lz3 p��vlz3v �vxv �� xop
�lzw�z�vzp �z�op xt o��tw(�o xt z�v{twp xt �os��t xt �ol(v �o� r|�m rxv��vxv xt �>M m

TABELA 2.1

Tipo de Sinal Modo contato Modo tapping

Amplitude X

Deflexão X X

Fricção X

Fase Freqüência X

Potencial X

X

\ IB=E@=B HB> =IB_?G> H? NEOSI? H? ¬E@CB >DE @?BO=BHB> LEI >EGHB> H? \JU LEG�
N?GL=EGB=>~ LEGASHE~ >EGHB> IEH=µLBHB> FE@ A@BABI?GAE> RSKI=LE> ES FE@ BG?]BCDE
H? FB@AKLSOB> ? IEO[LSOB> F?@I=A?I RS? SIB _@BGH? RSBGA=HBH? H? =GA?@BC·?> ?I GB�
GE?>LBOB >?²BI =GN?>A=_BHB>~ _?@BGHE IBFB> ?O?A@E>AQA=LE> �èå�~ H? BH?>DE �èb�~ ? H?
?OB>A=L=HBH? �èõ�Y

\ BH?>DE ?GA@? B >EGHB ? BIE>A@B FEH? ELE@@?@ FE@ =GÓI?@B> @B·?>Y ±ET LEGH=C·?>
BIT=?GA? H? NB@@?HS@B~ B F@?>?GCB H? ?¬?=AE H? LBF=OB@=HBH? ?GA@? B >EGHB ? B LBIBHB
H? SI=HBH? ES LEGABI=GBCDE HB BIE>A@B [ F@?HEI=GBGA? GB E@=_?I H? BH?>DEY UBFB>
H? BH?>DE FEH?I >?@ SA=O=BHE> FB@B ?>ASHB@ B H=>A@=TS=CDE H? @?_=·?> ®=H@E¬KO=LB> ES
®=H@E¬¹T=LB> ?I SIB >SF?@¬KL=? B RSBO FEH? H=¬?@=@ GB RSBGA=HBH? H? ®=H@BABCDE~ ?
LEG>?RS?GA?I?GA?~ BH?>DE }J=_Y `YÃ`� �èb�Y
\> LS@NB> H? NEOSI? H? ¬E@CB ABIT[I >DE SA=O=BHB> FB@B =GN?>A=_B@ B> F@EF@=?HBH?>

?OQ>A=LB> HE> IBA?@=B=> BA@BN[> HB I?H=HB HB ¬E@CB @?RS?@=HB FB@B =GH?GAB@ ES H?¬E@IB@
B >SF?@¬KL=? ?>ASHBHBY W NEOSI? H? ¬E@CB FEH?~ LEG>?R¿?GA?I?GA?~ F@EHS=@ IBFB> H?
I=L@E?OB>A=L=HBH? RS? IE>A@BI B NB@=BCDE OELBO HB @=_=H? HB BIE>A@B }J=_Y `YÃæ�Y

<=¬?@?GA?> F@EL?>>E> H? ¬BT@=LBCDE ? A@BABI?GAE> H? IBA?@=B=> FEH?I @?>SOAB@ ?I



`YèY ÙIB_?G> \JU H? ³EOSI? H? JE@CBY ça

J=_S@B `YÃ`X &ol�tp �olz3ow�vzp lt�zlvxop xop xvxop xt �os��t xt �ol(v xv |z{m Gm'Mm &vxvz�v{t� �opp�z �v�vw�o xt G��� t �olv� lt�zlvxop xvp lt{z5tp '� G� � t M �op�lvxvp wv |z{mGm'Mm r xzp�lz��z(�o xvp �ol(vp xt vxtp�o p�o �op�lvxvp v �vl�zl xop xvxop tu�lv�xop xv ��l�vxt lt�lv(�o xo �os��t xt �ol(v �>M m

=GEIE_?G?=HBH?> H? >SB> >SF?@¬KL=?>~ F@EHS=GHE H=N?@>E> NBOE@?> H? I¹HSOE ?OQ>A=LE
>ET@? ?OBY W> IBFB> H? ?OB>A=L=HBH? FEH?I BS]=O=B@ GB =H?GA=µLBCDE H?>>?> H?¬?=AE>Y
±=I=OB@I?GA?~ I?H=HB> H? ?OB>A=L=HBH? ?I L[OSOB> T=EO¹_=LB> FEH?I IE>A@B@ ISHBGCB>
GB @=_=H? H?>>B> L[OSOB> ELB>=EGBHB> FE@ H=N?@>E> ¬BAE@?>~ FEH?GHE OELBO=B@ FE@ ?]?I�
FOE~ @?E@_BG=BC·?> ?I L=AE?>RS?O?AE> ? E> H=N?@>E> LEIFEG?GA?> L?OSOB@?> �èõ�Y
ÙGA?@BC·?> ?O?A@E>AQA=LB> ?GA@? HSB> >SF?@¬KL=?> ?I OKRS=HE FEH?I >?@ =GN?>A=_BHB>

LEI E BS]KO=E H? ?]L?O?GA?> IEH?OE> A?¹@=LE>Y �>>?> IEH?OE> F@?H=?I B ¬E@CB RS? BASB
RSBGHE SIB FB@AKLSOB LB@@?_BHB >? BF@E]=IB H? SIB >SF?@¬KL=? ABIT[I LB@@?_BHBY \>
LS@NB> H? ¬E@CB H? SIB >EGHB LB@@?_BHB =GA?@B_=GHE LEI SIB >SF?@¬KL=? LB@@?_BHB FE�
H?I >?@ B²S>ABHB> B ?>>?> IEH?OE>~ ¬E@G?L?GHE =G¬E@IBC·?> B @?>F?=AE HB> F@EF@=?HBH?>
?O?A@E>AQA=LB> HB >SF?@¬KL=? }J=_Y `YÃç�Y W LEG®?L=I?GAE HB H?G>=HBH? H? LB@_B H? SIB
>SF?@¬KL=? FEH?~ FE@ ?]?IFOE~ ¬E@G?L?@ HBHE> >ET@? E LEIFE@ABI?GAE H? BH>E@CDE H? =G�
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ºBT?OB æYÃX �lo�lztxvxtp ts�p�z�vp xt xz�tlpop �v�tlzvzpm rxv��vxv xt �>S m
TABELA 3.1

Material Módulo de Young

Aço 200 GPa

Vidro 70 GPa

Osso 10 GPa

Colágeno 1 GPa

Proteínas Cristalizadas 0.2 – 1 GPa

Borracha 1.4 MPa

Células Vivas 1 – 100 kPa
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TABELA 4.1

Comprimento (µm) Largura (µm) Freqüência (kHz) K (N/m)

Nom. Min. Max. Nom. Min. Max. Nom. Min. Max. Nom. Min. Max.Forma D

triangular 196 180 196 23 18 28 18 12 24 0.06 X X
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J=_S@B çYèX &�l�vp xt �ol(vp ���z�vp o��zxvp po�lt xz�tltw�tp lt{z5tp �ol�os#{z�vp xv �sv��t�vt po�lt o p��p�lv�o ;�zxlo<m E �#x�so xt _o�w{ xt �vxv lt{z�o �oz �vs��svxo �o� �vpt wtp�vp��l�vp ��zsz3vwxo o �oxtso xt btl�3 �vlv ��v powxv ��wz�vF %'Lm@ d�v K �zxlo� @@m' d�v K:so�oxz�� t '�mS d�v K �pt�xowf�stom

B LS@NBAS@B HE _@QµLE >? B>>?I?O®B ¯RS?OB ETA=HB >ET@? E >ST>A@BAE~ IE>A@BGHE RS?
B BIE>A@B G?>>? IEI?GAE FB>>B B >?@ @K_=HB LEIE ?>A?Y �>>? LEIFE@ABI?GAE >S_?@?
RS? B L[OSOB ¬E= LEIFO?ABI?GA? F@?>>=EGBHB H? ¬E@IB RS? B HS@?B HE N=H@E FÀH? >?@
>?GA=HBY
\ ®=>A?@?>? ET>?@NBHB GB IB=E@=B HB> LS@NB> H? BF@E]=IBCDE ? @?A@BCDE @?BO=BHB>

?I I?=E �S=HE }J=_Y çYå� >S_?@? RS? ?]=>A? SIB @?>=>AVGL=B ®=H@EH=GÁI=LB H?N=HE BE
OKRS=HE GE RSBO~ BIE>A@B ? ÄÅÆÇÈÉÊËÊÌ ?>ADE =I?@>E>~ ¬B?GHE LEI RS? E> ÄÅÆÇÈÉÊËÊÌ�
IB=> IBL=E> >? LS@N?I H@B>A=LBI?GA?~ F@=GL=FBOI?GA? >ET BOAB> AB]B> H? NB@@?HS@BY
´E ?GABGAE~ RSBGHE A@BTBO®BIE> LEI B> HSB> LS@NB> >=ISOABG?BI?GA?~ SIB I[H=B
?GA@? ?>>B >?FB@BCDE FEH? >?@ LBOLSOBHB~ LEI E ET²?A=NE H? ?O=I=GB@ ABO ®=>A?@?>? �éè�Y

W LQOLSOE HB =GH?GABCDE ? HE I¹HSOE H? ?OB>A=L=HBH? GB I?IT@BGB HB> FOBRS?AB>
O?NB ?I LEGAB >EI?GA? B LS@NB H? BF@E]=IBCDE~ FE=> [ G?>>B FE@CDE HE _@QµLE RS?
?>>B> =G¬E@IBC·?> ?>ADE H=>FEGKN?=>Y ZQ B LS@NB H? @?A@BCDE FEH?@=B GE> ¬E@G?L?@ BO�
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J=_S@B çYåX r pt�ts�vw(v tw�lt vp ��l�vp xt v�louz�v(�o t lt�lv(�o �zp�v wtp�v :{�lv�op�lvv wv��lt3v ts�p�z�v xv �t��lvwv xt ��v �sv��t�vm r �zp�tltpt tw�lt vp ��l�vp q �v�pvxv �tsvv ltpzp�Dw�zv �zxloxzw2�z�v xo 4�zxo xt o�tlv(�om

_SIB =G¬E@IBCDE B @?>F?=AE HB BH?>DE ES N=>LE?OB>A=L=HBH? HB L[OSOBY PEGASHE~ LEIE
IE>A@BHE GB J=_Y çYb~ EGH? H=N?@>E> _@QµLE> HB @?A@BCDE HB >EGHB ?I H=¬?@?GA?> @?_=·?>
HB FOBRS?AB ¬E@BI >ET@?FE>AE>~ LEGLOSKIE> RS? B> L[OSOB> @?B_?I F@=GL=FBOI?GA? ?OB>�
A=LBI?GA? ? RS? G?G®SI LEIFE@ABI?GAE N=>LE>E [ ET>?@NBHEY

PEG>=H?@BGHE LÀG=LB B _?EI?A@=B HB FEGAB \JU SA=O=BHB~ FEH?IE> ETA?@ SI _@Q�
µLE HB =GH?GABCDE ËÊÌ�Ñ� B ¬E@CB BFO=LBHB ¯ FOBRS?AB }J=_Y çYõ�~ IE>A@BGHE RS?~ BE
FB>>E RS? ?I B ¬E@CB BSI?GAB~ BSI?GAB ABIT[I B =GH?GABCDE F@EHS=HB GB L[OSOBY
WT>?@NBIE> RS? ?]=>A? SIB ?]L?O?GA? LEGLE@HÁGL=B ?GA@? B LS@NB ETA=HB BA@BN[> HE
IEH?OE SA=O=BHE ? B LS@NB ?]F?@=I?GABO~ E RS? AE@GB LEGµQN?O E> NBOE@?> H? I¹HSOE H?
ÚESG_ ETA=HE> FE@ I?=E H?O?Y

W IEH?OE A?¹@=LE H?>?GNEON=HE FB@B BGQO=>? ?OQ>A=LB }±?CDE æYæ� ¬E@G?L? F@=I?=@B�
I?GA? SI _@QµLE H? H?�?]DE ËÊÌ�Ñ� BOAS@B RS? H?>ABLB B @?_=DE H? =GH?GABCDE~ B FB@A=@
HE LQOLSOE H? ³

0

Y W NBOE@ H? ³
0

? � >DE ETA=HE> BA@BN[> H? SI � Ç H? UEGA? PB@OE �éè�~
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Curvas de Retração

J=_S@B çYbX kz�tlpvp ��l�vp xt lt�lv(�o v�tp�vwxo v v�pDw�zv xt vxtp�o tw�lt v powxv r|�t �t��lvwv xv �sv��t�vm

LEIE IE>A@BHE GB J=_Y çYéY ´?>A? LQOLSOE FESLE> FEGAE> HB LS@NB ?]F?@=I?GABO >DE
SA=O=BHE>~ H? ¬E@IB RS? SIB @?_=DE H? `a GI LE@@?>FEGHB ¯ =GH?GABCDEY Ù>>E [ ¬?=AE
LEG>=H?@BGHE RS? B I?IT@BGB HB> L[OSOB> ?I _?@BO FE>>S?I BF@E]=IBHBI?GA? ?>>B
?>F?>>S@BY \ J=_Y çYÃa H?>ABLB ?I N?@I?O®E B @?_=DE H? =GH?GABCDE ?I SIB FOBRS?AB
®SIBGB~ LBOLSOBHB B FB@A=@ H?>A? IEH?OEY �>>? F@EL?H=I?GAE ¬E@G?L? E I?O®E@ B²S>A?
FB@B SI =GA?@NBOE HB LS@NB H? ¬E@CB~ F?@I=A=GHE ?>A=IB@ B BOAS@B ?I RS? B =GH?GABCDE
=G=L=BY
\ H=>LE@HÁGL=B RS? ELE@@? ?GA@? E IEH?OE ? B LS@NB ?]F?@=I?GABO~ FB@B IB=E@?>

=GA?@NBOE> H? ¬E@CB~ H?N?�>? BE ¬BAE H? RS? E IEH?OE F@?NV SIB BIE>A@B IBL=B~ ?
?]F?@=I?GABOI?GA? FB@B SIB LB@_B IB=E@ H? ¬E@CB~ B LS@NB FB>>B B >? LEIFE@AB@ LEIE
SIB BIE>A@B @K_=HB J=_Y çYÃÃY PEI =>>E~ ET>?@NBIE> RS? LEG>=H?@BGHE�>? F?RS?GB>
RSBGA=HBH?> H? ¬E@CB >ET@? B FOBRS?AB~ B =G�SVGL=B HE >ST>A@BAE FEH? >?@ H?>F@?BHBY
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Experimental

Modelo de Hertz

Indentação x Força

Força nN

In
d
en

ta
çã

o
 n

m

395

390

385

380

375

370

365

360

355

0.40 0.42 0.44 0.46 0.48

J=_S@B çYõX &�l�v xt zwxtw�v(�o 0/16Q6 �ol(v o��zxv po�lt v �t��lvwv xt ��v �sv��t�vm�vlv �t��twop zw�tl�vsop xt �ol(v� �� ��v {lvwxt �ow�olx2w�zv tw�lt op xvxop tu�tlz�tw�vzpt v��tstp {tlvxop �tso �oxtso
°���° "! �%+49!  * $!#4+ )!1 -(*�! ;(1!#$!�
W> HBHE> ?]A@BKHE> BA@BN[> HE IEH?OE H?>?GNEON=HE B FB@A=@ HB A?E@=B Ô?@A=BGB

? HB> LS@NB> H? ¬E@CB ETA=HB> LEI E IEHE ÍÎÌÄÊ ÏÉÎÇ~ >DE HBHE> RSBGA=ABA=NE>Y ´E
?GABGAE~ =IB_?G> RS? ¬E@G?L?I =G¬E@IBC·?> RSBO=ABA=NB> B @?>F?=AE HE LEIFE@ABI?GAE
?OQ>A=LE HB BIE>A@B >ET BGQO=>? FEH?I >?@ _?@BHB> BA@BN[> HB A[LG=LB ÍÎÌÄÊ �Î�ÑÉÅÇÈÎÆ
}IEHSOBCDE H? ¬E@CB�Y
´E LBFKASOE BGA?@=E@ ?>AB A[LG=LB ²Q ¬E= H=>LSA=HB ?I H?ABO®?>Y \RS=~ BF@?>?GABIE>

BO_SG> @?>SOABHE> HB BFO=LBCDE HB I?>IB BE ?>ASHE HB> FOBRS?AB>Y \ J=_Y çYÃ` IE>A@B
SIB =IB_?I H? IEHSOBCDE H? ¬E@CB H? SIB FOBRS?AB ®SIBGB ETA=HB LEI SI ÇÈ�ÕÎÉ�ÊÌ
T=IE@¬EY \> @?_=·?> IB=> LOB@B> HB =IB_?I @?F@?>?GABI B> Q@?B> H? I?GE@ H?�?]DE HE
ÄÅÆÇÈÉÊËÊÌ~ ES >?²B~ Q@?B> IB=> IBL=B> HB BIE>A@BY
WT>?@NBIE> LOB@BI?GA? >ET@? E >ST>A@BAE B F@?>?GCB H? SI IBA?@=BO IB=> IBL=E~

RS? ²S>A=µLB E TB=]E NBOE@ H? IEHSOE H? ÚESG_ ETA=HE LEI E IEH?OE G?>>B @?_=DEY ´B
J=_Y çYÃæ~ N=>SBO=BIE> B F@?>?GCB H? =IFS@?B> >ET@? B >SF?@¬KL=? HB BIE>A@B~ RS?
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Evolução de z0

Evolução de E

500 1000 1500 2000

500 1000 1500 2000
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x10
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J=_S@B çYéX E��tw(�o xop �vsoltp xt c t k
0
v �vl�zl xo l, xt �ow�t &vlsom Ep �vsoltp p�oxt:wzxop v�#p v p�v tp�v�zsz3v(�o �o� v t�os�(�o xo vB�p�tm

FEH? >?@~ FB@B E LB>E H?>AB =IB_?I~ SI L@=>ABO HB >EOSCDE ABIFDE }GEAB�>? E ¬E@IBAE
HB =IFS@?B�Y � =GA?@?>BGA? =H?GA=µLB@ ?>>B> =IFS@?B> GB >SF?@¬KL=? HB L[OSOB~ FE=>~
GB =IB_?I H? BOAS@B~ ?>>B @?_=DE >?@=B ¬BL=OI?GA? LEG¬SGH=HB LEI E F>?SHEGÓLO?E }FE@
>? IE>A@B@ B @?_=DE IB=> BOAB�~ E RS? F@EHS=@=B BOAE> NBOE@?> H? � FB@B ?>>B @?_=DEY

\ H?>NBGAB_?I H?>AB A[LG=LB [ B =IFE>>=T=O=HBH? H? ET>?@NBCDE HB> L[OSOB> ?I I?=E
µ>=EO¹_=LEY MI N? RS? E ÄÅÆÇÈÉÊËÊÌ [ ?]L=ABHE FE@ SI F=??O[A@=LE T=IE@¬E OELBO=BHE
GE F@¹F@=E ÇÈ�ÕÎÉ�ÊÌ~ B =I?@>DE HB >EGHB ?I I?=E OKRS=HE AE@GB�>? F@E=T=A=NB~ FE=> =>AE
HBG=µLB@=B E F=?E~ ¬B?GHE�>? G?L?>>B@=B B EF?@BCDE HE ÍÎÌÄÊ�Î�ÑÉÅÇÈÎÆ ?I B@Y \>>=I~
B F@?FB@BCDE HB BIE>A@B FB@B ?>A? A=FE H? BGQO=>? >?_S? E> I?>IE FB>>E> ²Q H?>L@=AE>
GB ±?CDE æY`YÃY~ LEI H=¬?@?GCB H? RS? E F@EL?>>E [ =GA?@@EIF=HE RSBGHE >?LBIE> B
BIE>A@B LEI E ²BAE H? G=A@E_VG=E~ >?I B FE>A?@=E@ SA=O=BCDE HB L[OSOB OKRS=HBY
´E F@¹]=IE~ =GA@EHS=@?IE> SIB GENB A[LG=LB RS? GE> F?@I=A=S B ETA?GCDE H? HBHE>

RSBO=ABA=NE> ? RSBGA=ABA=NE> B @?>F?=AE HB ?OB>A=L=HBH? HB I?IT@BGB HB> FOBRS?AB> ?I
I?=E µ>=EO¹_=LEY
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Região de Indentação

J=_S@B çYÃaX &�l�v xt �ol(v �o� lt{z�o xt zwxtw�v(�o xtp�v�vxv t� �tl�ts�om

Experimental

Modelo de Hertz

Indentação x Força

Força nN

In
d

en
ta

çã
o

 n
m

140

130

120

110

100

90

80

70

60

0.1 0.2 0.3 0.4 0.5
50

150

0 0.6

J=_S@B çYÃÃX kzp�olx2w�zv tw�lt v ��l�v �t#lz�v t tu�tlz�tw�vs �vlv vs�op �vsoltp xt �ol(vm
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(a) (b)

J=_S@B çYÃ`X ;v< ��v{t� xt vs��lv xt ��v �sv��t�v� ;�< z�v{t� xt �ox�sv(�o o��zxv �o�,-HW7.X/1 �z�ol�om

(a) (b)

J=_S@B çYÃæX ;v< ��v{t� xt vs��lv t ;�< z�v{t� xt �ox�sv(�o xt �ol(v t�zxtw�zvwxo z�K��lt3vp po�lt v �ltv �vllzxvm
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\ A[LG=LB ÍÎÌÄÊ ÐÎÉÑÒÊ }ES NEOSI? H? ¬E@CB�~ ²Q H=>LSA=HB ?I H?ABO®?> GB >?CDE
`Yå~ ¬E@G?L? B FE>>=T=O=HBH? H? _?@B@ =IB_?G> T=H=I?G>=EGB=> ES A@=H=I?G>=EGB=>~ RS?
LEGA?G®BI =G¬E@IBC·?> B @?>F?=AE~ FE@ ?]?IFOE~ HB> LB@BLA?@K>A=LB> ?OQ>A=LB>~ BH?>=NB>~
ES ?O?A@E>AQA=LB> HB BIE>A@B BGBO=>BHBY

´?>AB A[LG=LB~ LEI E >=>A?IB EF?@BGHE GE IEHE LEGABAE~ NQ@=B> I?H=HB> H? H?��?]DE HE ÄÅÆÇÈÉÊËÊÌ >DE @?BO=BHB> >ET@? H?A?@I=GBHE> �ÈïÊÉ� HB =IB_?I }?>LEO®B RS?
H=>LSA=@?IE> IB=> BH=BGA?�Y PBHB I?H=HB H?>AB H?�?]DE [ F@?L?H=HB FE@ SI H?_@BS
H? NB@=BCDE GB H=>AÁGL=B >EGHB�BIE>A@BY ¶?BO=BHB B I?H=HB~ ?>AB [ B@IB?GBHB GSI
OELBO H? I?I¹@=B HE >=>A?IBY �SBGHE AEHB> B> I?H=HB> FB@B SI H?A?@I=GBHE �ÈïÊÉ
¬E@?I LEIFO?ABHB>~ E F@EL?>>E [ @?F?A=HE FB@B E F@¹]=IE �ÈïÊÉ ? B>>=I >SL?>>=NBI?GA?
FB@B AEHB B Q@?B H? NB@@?HS@B H?>?²BHBY

W> HBHE> A@=H=I?G>=EGB=> @?>SOABGA?> FEH?I >?@ F?G>BHE> LEIE SI LEG²SGAE H?
öLBIBHB>ö HB =IB_?IY PBHB LBIBHB ®E@=EGABO [ SIB =IB_?I @?F@?>?GABA=NB HB>
I?H=HB> ¬?=AB> BA@BN[> HB Q@?B NB@@=HB B SIB BOAS@B ³ HBHBY PEIE >DE ¬?=AB> IS=AB> I?�
H=HB> ?I LBHB �ÈïÊÉ~ E LEG²SGAE H? HBHE> FEH? ABIT[I >?@ F@EL?>>BHE FB@B B ETA?GCDE
HB LS@NB H? ¬E@CB�H=>AÁGL=B ?I LBHB SI H?>>?> �ÈïÊÉ�Y

\ SA=O=BCDE H?>AB A[LG=LB ¬E= TB>ABGA? ÓA=O GE ?>ASHE LEI FOBRS?AB> ®SIBGB>~
FE=> LEI ?OB~ ETA?IE> >=ISOABG?BI?GA? AEHB> B> LS@NB> H? ¬E@CB FB@B E =GA?@NBOE H?
NB@@?HS@B ?>LEO®=HE~ >?I B G?L?>>=HBH? H? @?BO=B@ SI ³ÎÎÒ >ET@? LBHB SIB HB> @?_=·?>
H? =GA?@?>>? HB L[OSOB ? FE>A?@=E@ BRS=>=CDE HE _@QµLE H? ¬E@CB FE@ I?=E HE LEIBGHE
ÍÎÌÄÊ ÏÉÎÇ~ E RS? AE@GBNB ABO F@EL?H=I?GAE TB>ABGA? H?IE@BHE ? =IF@?L=>E~ GE RS? H=
@?>F?=AE B FE>=CDE HB LS@NB GB BIE>A@BY

W F@EL?H=I?GAE H?ABO®BHE FB@B B ETA?GCDE HB> =IB_?G> H? NEOSI? H? ¬E@CB ?I
FOBRS?AB> ®SIBGB> ?>AQ ?]FO=LBHE B >?_S=@Y
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\ LEO?AB ? F@?FB@BCDE HB> L[OSOB> >?_S=S E I?>IE F@EL?H=I?GAE ²Q H?>L@=AE GB ±?CDE

æY`YÃY W> NEOSGAQA=E> RS? A=N?@BI >SB> FOBRS?AB> LEO?ABHB> GDE ?>ABNBI >ET ?¬?=AE H?
BGA=�B_@?_BGA?> FOBRS?AQ@=E>Y W ET²?A=NE ¬E= L®?_B@ B SI NBOE@ I[H=E H? ?OB>A=L=HBH?
FB@B E F>?SHEGÓLO?E HB L[OSOB~ FB@B SIB @?_=DE =GA?@I?H=Q@=B }� ÉÎ�Î�ÈÅ� ?GA@? E _@BG�
SOÀI?@E ? E >ST>A@BAE H? N=H@E~ ? µGBOI?GA?~ SI NBOE@ FB@B E F@¹F@=E >ST>A@BAE }NBOE@
H? @?¬?@VGL=B�Y

W ?>FBCE BIE>A@BO LEG>=H?@BHE G?>A? F@EL?>>E LEG>A=AS=S�>? ?IX
� è NEOSGAQ@=E>�
� è FOBRS?AB> H? LBHB SI H?>>?> =GH=NKHSE>�
� ` LS@NB> H? ¬E@CB >ET@? LBHB @?_=DE H? =GA?@?>>? BL=IB L=ABHB>Y
MI AEABO H? Ãèa LS@NB> H? ¬E@CB ¬E= F@EL?>>BHEY
ºEHB B BGQO=>? \JU ¬E= @?BO=BHB ?I OKRS=HE ? FE>>S=S E> >?_S=GA?> FB>>E>X
ÃY ¼@=I?=@BI?GA?~ SIB =IB_?I H? BOAS@B HB @?_=DE H? =GA?@?>>? ¬E= ETA=HBY Ù>AE
BA@=TS= NBOE@?> FB@B E> FB@ÁI?A@E> H? =IB_?I~ =GLOS>=N?~ E ABIBG®E HB I?>IB�

`Y \GA?> HB ETA?GCDE HB LS@NB H? ¬E@CB ? =GKL=E HB =IB_?I H? NEOSI? H? ¬E@CB~ E
NBOE@ H? �ÊÇ�ÎÈÆÇ ¬E= B²S>ABHEY Ù>>E I=G=I=ES B RSBGA=HBH? H? ¬E@CB BFO=LBHB
GB >SF?@¬KL=?~ ?N=ABGHE HBGE> ¯> L[OSOB> ? ¬BL=O=ABGHE B ETA?GCDE HB> =IB_?G>~
FE=> LEI _@BGH?> LB@_B> H? ¬E@CB~ GE IEI?GAE HB NB@@?HS@B~ B L[OSOB FEH? >?
H?>F@?GH?@ HE >ST>A@BAEY

æY »E_E BF¹>~ SIB LS@NB H? ¬E@CB FBH@DE ¬E= _?@BHB ? B²S>ABHB GE LEIBGHE ÍÎÌÄÊ
ÏÉÎÇ~ LEI E ET²?A=NE H? IE>A@B@ LOB@BI?GA? B> FE@C·?> H? GDE LEGABAE ? LEGABAE
HB >EGHB LEI B BIE>A@BY �>AB LS@NB ¬E= B²S>ABHB FE@ I?=E H? FB@ÁI?A@E> LEIE� �ÄÅÆ µÅÇÊ ? � �ÄÅÆ �È³ÊY \ >?G>=A=N=HBH? HB LS@NB ¬E= ETA=HB FB@B H?A?@I=GB@
B =GLO=GBCDE HB @?_=DE H? LEGABAE�

çY W IEHE ÍÎÌÄÊ ÐÎÉÑÒÊ ¬E= ?GADE >?O?L=EGBHE FB@B E =G=L=E HB ETA?GCDE HB =IB_?I
H? NEOSI?Y ´B ²BG?OB H? LEIBGHE H?>>? IEHE H? =IB_?I~ >?O?L=EGBIE> E GÓI?@E
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J=_S@B èYÃX nvwtsv xt �o�vwxo xt ��v�txzxv xt �os��t xt �ol(v ltvsz3vxv t� ��v �sv��t�v���vwvm r ��l�v xt �ol(v �op�lvxv wo �v��o h71)/ e.7, �olltp�owxtw�t v ��v lt{z�o wop��p�lv�om r �zp�tltpt o�ptl�vxv wvp ��l�vp pt xt�t v ltpzp�Dw�zv �zxloxzw2�z�v xvp �txzxvpt� pos�(�o �v���o t� �vuvp xt �vlltx�lvp �oxtlvxvpm r ltx�(�o xvp �vuvp xt �vlltx�lvv�q o �o��st�o xtpv�vlt�z�tw�o xv �zp�tltpt pt �olwv zw�z��ts �ol �ow�v xo tst�vxo �t��oxt v��zpz(�o xop xvxop xt �os��t xt �ol(vm !v��q� q o�ptl�vxv v �ltptw(v xt vs{�� l��xotp�flzo wv ��l�v xt v�louz�v(�o xt�zxo v �z�lv(�o tu�tppz�v xo )*+,-./0/1 wo s���zxom
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(1) (2)

(1)

(1)

(2)

(2)

J=_S@B èY`X �txzxv xt �os��t xt �ol(v t� o��lv �sv��t�v �op�lvwxo {l�:�op �fs�z�sop xt�ol(v t� lt{z5tp �olltp�owxtw�tp t� ;'< vo p��p�lv�o t t� ;G< vo {lvw�s��tlo o� �pt�xowfK�stom Y�v xvp �vw�v{twp xtp�v �q�wz�v q o �ow�t�z�tw�o tuv�o xo �ow�o xv z�v{t� xt owxttp�� ptwxo lt�zlvxv v ��l�v xt �ol(v� �t� �o�o v o��tw(�o pz��s�2wtv xv �tp�vm ?o {l�:�oxt �ol(v� o�ptl�v�op v xz�tltw(v xt �v�zt3 xvp xz�tltw�tp lt{z5tpm

W ?=]E N?@A=LBO H?>>? _@QµLE LE@@?>FEGH? ¯ H?�?]DE HE ÄÅÆÇÈÉÊËÊÌ~ E ?=]E ®E@=EG�
ABO LE@@?>FEGH? ¯ BOAS@B HB BIE>A@B~ ? E A?@L?=@E ?=]E LE@@?>FEGH? ¯ FE>=CDE OBA?@BO
HB BIE>A@B ?I RS? B LS@NB ¬E= @?BO=BHBY ´?>>? @?O?NE~ BO_SIB> @?_=·?> FEH?I >?@
H=>A=G_S=HB>~ AB=> LEIE E >ST>A@BAE~ E LE@FE HB L[OSOB }F>?SHEGÓLO?E� ? SIB @?_=DE
=GA?@I?H=Q@=B RS? LE@@?>FEGH? BE> ÉÅÒÊÉÉÈ�Î�ÈÅ ? � ÉÎ�Î�ÈÅY \> LS@NB> LE@@?>FEGH?GA?>
BE >ST>A@BAE BFB@?L?I LEI HSB> @?_=·?> O=G?B@?>Y ´B F@=I?=@B H?OB> B H?�?]DE HE ÄÅÆî
ÇÈÉÊËÊÌ [ LEG>ABGA?~ E RS? >=_G=µLB RS? B >EGHB B=GHB >? ?GLEGA@B ¬E@B H? LEGABAE LEI
B BIE>A@BY ´B ESA@B~ EGH? B H?�?]DE [ F@EFE@L=EGBO ¯ BOAS@B HE >ST>A@BAE~ B >EGHB
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?GLEGA@B�>? AELBGHE ?>A?Y
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Substrato

Pseudonúcleo

Substrato

Região intermediária

Região intermediária

J=_S@B èYæX &owB�w�o xt ��l�vp xt �ol(v vx��zlzxvp po�lt ��v �ltv xv sv��w�sv ��t �ow�q���v �sv��t�v v�z�vxvm "ppt ltst�o xt �ol(v zxtw�z:�v xz�tlpvp lt{z5tp xv v�op�lvm

PBI=G®BGHE GB H=@?CDE L@?>L?GA? HE ?=]E FE>=CDE HB LS@NB GB BIE>A@B ?GLEGA@B�>?
SI ESA@E LEG²SGAE H? LS@NB> H? ¬E@CB L®BIBHE H? @?_=DE =GA?@I?H=Q@=BY \O_SIB> LS@NB>
H?>AB @?_=DE IE>A@BI RS?~ >ET BOAB> LB@_B> H? ¬E@CB~ B @?>FE>AB HE ÄÅÆÇÈÉÊËÊÌ [ >=I=OB@
¯RS?OB >ET@? E >ST>A@BAEY \ µ_S@B ABIT[I IE>A@B LS@NB> ETA=HB> GE LE@FE HB L[OSOB~
ES F>?SHEGÓLO?E~ LS²E F?@µO >SBN? =GH=LB B IBL=? HE IBA?@=BOY WSA@B LB@BLA?@K>A=LB
N=>KN?O G?>A? _@QµLE [ B H=¬?@?GCB GB ISHBGCB HE @?_=I? HB> LS@NB> FB@B LBHB @?_=DE~
H?=]BGHE LOB@E B H=¬?@?GCB H? BOAS@B FB@B LBHB SIB H?OB>Y ´EAB�>? LEI =>>E RS? B >EGHB
AELB F@=I?=@E E LE@FE HB L[OSOB RS? ¯> H?IB=> @?_=·?>Y ¼B@B I?O®E@ LEIF@??G>DE HE
_@QµLE L=ABHE~ ?>>? @?N?OE ?>AQ LEOE@=HE LEI H=¬?@?GA?> ¬B=]B> H? LE@?> RS? LE@@?>FEGH?I
¯> O=G®B> H? H?�?]DE LEG>ABGA?~ RS? ABIT[I >DE O=G®B> H? ¬E@CB LEG>ABGA? ��RY }`Yå��Y
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W> HBHE> ETA=HE> LEI B =IB_?I H? NEOSI? H? ¬E@CB GE> ¬E@G?L?I B H=>A@=TS=CDE
HB> ¬E@CB> B SIB H?A?@I=GBHB BOAS@B ³Y Ù>>E AE@GB FE>>KN?O B ETA?GCDE H? IBFB> H?
>SF?@¬KL=?> LEI ¬E@CB LEG>ABGA?Y ÙIFE@ABGHE E> B@RS=NE> LEGA?GHE E> HBHE> LEIE IB�
A@=?> GE ¬E@IBAE \±PÙÙ~ B A?@L?=@B FB@A? H?>A? B@RS=NE~ LEGABGHE LEI E LBT?CBO®E~ FE@
I?=E H? SI F@E_@BIB GSI[@=LE FB@B F@EL?>>B@ ?>>?> HBHE>~ >DE LBFB?> H? @?F@EHS=@
=IB_?G> A@=H=I?G>=EGB=> H? >SF?@¬KL=?> LEI =>E¬E@CBY

PEG>=H?@B�>? RS? E> HBHE> T@SAE> ETA=HE> >DE RSBH@=H=I?G>=EGB=>~ LEGA?GHE =G�
¬E@IBC·?> HB FE>=CDE ïú GB Q@?B H? NB@@?HS@B }Ãa ? `a H=I?G>DE�~ HB H?�?]DE }æa
H=I?G>DE� ? HB BOAS@B H? LBHB _@QµLE H? ¬E@CB }ça

H=I?G>DE�Y \ µI H? ETA?@ >SF?@�
¬KL=?> >STI?A=HB> B SIB I?>IB ¬E@CB~ B =G¬E@IBCDE HB H?�?]DE [ IBGA=HB LEG>ABGA?
?GRSBGAE B FE>=CDE ïú T?I LEIE B =G¬E@IBCDE H? BOAS@B NB@=BIY

\ J=_Y èYç IE>A@B IBFB> A@=H=I?G>=EGB=> H? SIB FOBRS?AB ®SIBGB LEI H=¬?@?GA?>
NBOE@?> H? ¬E@CBY \ J=_Y èYç}B� [ SI @?O?NE H? ¬E@CB LEG>ABGA?~ ETA=HE B FB@A=@ H? SIB
RSBGA=HBH? H? ¬E@CB IS=AE F?RS?GB~ ?I AE@GE H? æYå G´Y \ LBHB =IB_?I >ST>?R¿?GA?
B LB@_B H? ¬E@CB BSI?GABY ´B J=_Y èYç}H� A?I�>? SIB >SF?@¬KL=? H? =>E¬E@CB LEI NBOE@
H? bY` G´Y MI ¬BAE =GA?@?>>BGA? ?N=H?GL=BHE FE@ ?>>? LEG²SGAE H? =IB_?G> [ E ?¬?=AE
HB LEIF@?>>DE HE ÄÅÆÇÈÉÊËÊÌ >ET@? L[OSOB ¯ I?H=HB RS? B ¬E@CB BSI?GAB~ @?>>BOABGHE E
LB@QA?@ ?OQ>A=LE HB BIE>A@BY P?>>BHB B ¬E@CB BFO=LBHB~ B L[OSOB NEOAB BE >?S ABIBG®E
E@=_=GBOY

�>>B> =IB_?G> B>>?I?O®BI�>? ¯RS?OB> ETA=HB> GE IEHE H? BOAS@B~ FE@[I H=¬?@?I
>=_G=µLBGA?I?GA? ?I LEIE >DE _?@BHB> ? GBRS=OE RS? @?F@?>?GABIY ´B =IB_?I H?
BOAS@B~ B >EGHB NB@@? B BIE>A@B OBA?@BOI?GA? ?GRSBGAE E LEGA@EO? HE I=L@E>L¹F=E IBG�
A[I B H?�?]DE ?~ LEG>?R¿?GA?I?GA?~ B ¬E@CB LEG>ABGA?Y ´?>>? IEHE H? =IB_?I~ B>
¬E@CB> OBA?@B=> ?>ADE >?IF@? F@?>?GA?>~ E RS? FEH? LEGA@=TS=@ FB@B @?IEN?@ B L[OSOB
HE >ST>A@BAE HS@BGA? B I?H=HBY ¼E@ ?>>? IEA=NE~ [ ?]A@?IBI?GA? G?L?>>Q@=E @?_SOB@
F@?N=BI?GA? B RSBGA=HBH? H? ¬E@CB GB BIE>A@B BA@BN[> HE �ÊÇ�ÎÈÆÇY

ÙIB_?G> LEI ¬E@CB> ADE F?RS?GB> LEIE B> IE>A@BHB> GB J=_Y èYç}B� GDE FEH?I
>?@ ETA=HB> F?OE IEHE H? BOAS@B LEI I=L@E>L¹F=E> H? ¬E@CB BAÀI=LB LEGN?GL=EGB=>~
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BE FB>>E RS? ¬E@CB> LEIE B> BFO=LBHB> GB =IB_?I èYç}H�~ F?OE I[AEHE LEGN?GL=EGBO~
¬BL=OI?GA? H?>A@S=@=B B BIE>A@B ES B@@BGLB@=B B I?>IB HE >ST>A@BAEY »E_E~ FB@B E
I[AEHE LEGN?GL=EGBO~ BF?GB> SI F?RS?GE =GA?@NBOE H? ¬E@CB [ BL?>>KN?OY

(a) (b)

(c) (d)

J=_S@B èYçX !o�o{lv:v xt �ol(v �owp�vw�t xvp ��l�vp xt �ol(v vl�v3twvxvp wo �oxo �os��txt �ol(v� tw��vw�o v powxv �vllt sv�tlvs�tw�t ��v p��tl���zt �ow�twxo ��v �sv��t�v ���vwvmrp ��vw�zxvxtp xt �ol(v p�o ltp�t��z�v�tw�t ;v< �m@ w?� ;�< Mm% w?� ;�< @mL w? t ;x< SmG w?m?o�t ��t v �qs�sv q �o��lz�zxv R �txzxv ��t v �ol(v v��tw�vm r z�v{t� v�z�v �opp�z ��v�ltv xt '' u '' µ�m

\> ¬E@CB> OBA?@B=> >DE ?O=I=GBHB> GE> IBFB> H? =>E¬E@CB ETA=HE> LEI E IEHE NEOSI?
H? ¬E@CBY Ù>>E FE@RS? B >EGHB >? IEN? FB@B L=IB ? FB@B TB=]E @BF=HBI?GA? ?GRSBGAE
B BIE>A@B [ IEN=HB OBA?@BOI?GA? F?OE �ÄÅÆÆÊÌ H? ¬E@IB T?I O?GABY \>>=I~ ?GA@?
HSB> FE>=C·?> BH²BL?GA?>~ B >EGHB AE@GB�>? >?IF@? O=N@? HB BIE>A@BY �GA@?ABGAE~ [
>S@F@??GH?GA? RS? B L[OSOB FE>>B >SFE@AB@ RSBGA=HBH?> H? ¬E@CB ADE ?O?NBHB> HS@BGA?
LBHB LS@NB H? ¬E@CB~ E RS? F@EHS SIB LEG>=H?@QN?O LEIF@?>>DE H? >SB >SF?@¬KL=?Y
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LEIE BGA=B_@?_BGA?> FOBRS?AQ@=E>Y <? LBHB NEOSGAQ@=E~ è L[OSOB> ¬E@BI >STI?A=HB> B>
BGQO=>?> LEI E NEOSI? H? ¬E@CB~ ? H? LBHB @?_=DE H?OB>~ ¬E@BI AEIBHB> HSB> LS@NB>~
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vB�p�t $v�ppzvwo v�ltptw�v �vsoltp �vzp v�louz�vxopm
TABELA 5.1

Valor de E Valor de z0

Experimental 50.1 kPa 1230.254 nm

Ajuste Gaussiano 50.1 kPa 1233.504 nm

Ajuste Lorentziano 0.4 kPa 158.779 nm

Ajuste Polinomial 46 kPa 1227.504 nm
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�åå� Ô?@A~ ÔY ZY~ µÊÈÆÊ ÙÆ�Ê�% �ÅÇÕ% �ê~ Ãèå }ÃõõÃ�Y
�åb� UB®B×Ö~ ¶Y �Y~ ¼B@Õ~ ±Y~ ¸?@H?~ �Y~ ^B>~ ZY~ BGH ±®=®~ PY ^Y~ &ÈÎ�Õú�% 1%~ (�~

Ãbbb�Ãbéæ }`aaç�Y
�åõ� ¶BHIBL®?@~ UY~ J@=A~ UY~ PO?N?OBGH~ ZY ¼Y~ ôBOA?@>~ <Y \Y~ BGH ÔBG>IB~ ¼Y ^Y~

ùÅÆ�ÒÑÈÌ á�~ æõaé�æõÃç }Ãééç�Y
�åé� ÙÕB=~ \Y~ U=A>S=~ ^Y~ ºEÕESÕB~ ÔY~ BGH �S~ �Y UY~ �ÅÇÊÌ% �ÄÈ% �Æ�% � ý `ææ�`ça}Ãééb�Y
�ba� ±=IEG~ \Y~ PE®?G�½ES®BL=GB~ ºY~ \=I?~ ZY ¼Y~ ¼E@A?~ UY PY~ \I?H??~ ZY~ BGH

½BRS?Ö~ PY~ �ÊÉÉ% �ÎÉ% &ÈÎÉ% ��~ `èè�`åå }`aaç�Y
�bÃ� ±®@E×~ ±Y ¸Y~ ±BG?@~ <Y ¶Y~ BGH »BO~ ¶Y~ ÙÒ% 1% ÏÕú�ÈÎÉ% ê��~ `õå�`é` }Ãééè�Y
�b`� J@=>T=?~ PY <Y~ ¶E>GÖB=~ »Y JY~ ´EÖ~ \Y~ ô@=_®AEG~ UY ±Y~ BGH »=?T?@~ PY UY~

�ÄÈÊÆÄÊ ê��~ `abÃ }Ãééç�Y
�bæ� Ô=GA?@HE@¬?@~ ¼Y~ ±L®=OL®?@~ ^Y~ ½BSI_B@AG?@~ ôY~ ¸@ST?@~ ÔY ZY~ BGH ±L®=GHO?@~

ÔY~ �ÅÆÎøÈÎÉÎ�ú ý~ æé�èa }Ãééõ�Y
�bç� ¸@BGHTE=>~ UY~ ½?Ö?@~ UY~ ¶=?¬~ UY~ POBS>?G�±L®BSIBGG~ ÔY~ BGH ¸BST~ ÔY �Y~

�ÄÈÊÆÄÊ ê(ó~ Ãb`b�Ãbæa }Ãééé�Y



¶?¬?@VGL=B> Ãaå
�bè� ôEG_~ ±Y ±Y~ ZE>?O?N=L®~ �Y~ ôEEOO?Ö~ \Y ºY~ P®?SG_~ PY »Y~ BGH »=T?@~ PY UY~�ÅÇÑÌÊ ó�ý~ è` }Ãééõ�Y
�bå� \O?>>BGH@=G=~ \Y BGH JBLL=~ ¼Y~ �ÊÅ�% �ÄÈ% �ÊÄÕÆÎÉ% á�~ åè�é` }`aaè�Y
�bb� JOE@=G~ �Y »Y~ UEÖ~ ³Y ºY~ BGH ¸BST~ ÔY �Y~ �ÄÈÊÆÄÊ ê�ý~ çÃè�çÃb }Ãééç�Y
�bõ� Ô=GA?@HE@¬?@~ ¼Y~ ¸@ST?@~ ÔY ZY~ ±L®=OL®?@~ ^Y~ ½BSI_B@AG?@~ ôY~ ÔB>?O�_@S?TO?@~

ºY~ BGH ±L®=GO?@~ ÔY~ &ÈÎ�Õú�% 1% �(~ Ãæé }Ãééè�Y
�bé� »?®?GÕB@=~ ¼Y ¼Y~ BGH ÔE@AEG~ UY \Y~ &ÈÎÄÕÊÒ% &ÈÎ�Õú�% µÊ�% �ÎÒÒÑÆ% ê��~

åçè�åèa }Ãééé�Y
�õa� ^@BSATBS?@~ ¶Y~ ¶=?¬~ UY~ BGH ¸BST~ ÔY �Y~ �ÅÆÎ ùÊÇÇ% ó~ çéæ�çéå~ }`aaæ�Y
�õÃ� NBG H?@ ô?@¬~ ^Y WY~ ¼SAIBG~ PY \Y ZY~ H? ¸@EEA®~ ½Y ¸Y~ BGH ¸@?N?~ ZY~ Ù��É%

ÏÕú�% ùÊÇÇ% ��~ ÃÃéè�ÃÃéb }Ãééç�Y
�õ`� UBEOB~ »Y ºY~ J@BGÕ~ PY ôY~ JEHE@~ ±Y ¼Y \Y~ UE>®?@~ PY~ »B@A=S>~ ¶Y~ BGH

Ô?GH?@>EG~ �%ò &ÈÎ�Õú�% 1% ��~ `é``�`éææ }Ãééé�Y
�õæ� ¶=?¬~ UY~ W?>A?@®?OA~ JY~ Ô?AIBGG~ ½Y~ BGH ¸BST~ ÔY �Y~ �ÄÈÊÆÄÊ ê��~ Ã`éè

}Ãééb�Y
�õç� ZBG>®E×~ \Y~ ´?=A?@A~ UY~ WT?@H/@¬?@~ ÚY~ BGH JSL®>~ ÔY~ ÙÆ�Ê�% �ÕÊÒ% ñÆÇ%

��% ó�~ æ`Ã` }`aaa�Y
�õè� ½S>ABIBGA?~ PY~ UB@ÕE~ ZY JY~ ±=__=B~ �Y <Y~ BGH ±I=A®~ ±Y~ �ÄÈÊÆÄÊ ê��~ Ãèéé�

Ãåaa }Ãééç�Y
�õå� WH=²Õ~ ºY~ �ÅÄÌÎÒÎÉÊÄÑÉÊ� ê(~ baÃå�baÃõ }Ãééè�Y
�õb� ±S@¬BL? ±L=?GL? & º?L®GEOE_Ö~ �ÄÅÆÆÈÆ� ÏÌÎøÊ �ÊÄÕÆÈ5ÑÊ� +ÙÍ�, �ÎÌ ?] >=AS ÅÆ�

=G >=AS �ÊÅ�ÑÌÊÒÊÆÇ Î� �Î�Î�ÌÅ�Õúò ÍÎÌÄÊî÷È�ÇÅÆÄÊ �ÑÌËÊ� ÅÆ� ÍÌÈÄÇÈÎÆ ÍÎÌÄÊ�~
ÂÂÂY>S@¬BL?YIBAY?A®YL®Y



¶?¬?@VGL=B> Ãab
�õõ� ^?OO?@IBÖ?@~ UY ±Y �Y~ ±I=A®~ ±Y ½Y~ ¸@BG=?@~ ÔY »Y~ BGH ½S>ABIBGA?~ PY~ �ÄÈÊÆÄÊ

ê��~ ÃÃÃ` }Ãééb�Y
�õé� ±I=A®~ <Y \Y BGH ¶BH¬E@H~ ±Y �Y~ �ÑÌÌÊÆÇ &ÈÎÉÎ�ú á�~ åå`�ååç }`aaa�Y
�éa� ±G?HHEG~ ÙY ´Y~ ñÆÇ% 1% �Æ�% �ÄÈ% ó~ çb�èb }Ãéåè�Y
�éÃ� º@?OEB@~ »Y ¶Y~ �ÕÊ ÏÕú�ÈÄ� Î� µÑøøÊÌ �ÉÅ�ÇÈÄÈÇú~ POB@?GHEG ¼@?>>~ W]¬E@H }Ãébè�Y
�é`� Z?×@?Ö »Y~ ½?L®®E?¬?@~ ÔY BGH ½?L®®E?¬?@~ ZY~ ÐÊÌ% �ÄÈ% ñÆ�ÇÌÑÒ% �~ åç }Ãééæ�Y
�éæ� J@=A~ UY~ ¶BHIBL®?@~ UY~ BGH ¸BST~ ÔY �Y~ &ÈÎ�Õú�% 1% ��~ Ãæ`õ�Ãææç }Ãééç�Y
�éç� J@=A~ UY~ ¶BHIBL®?@~ UY~ BGH ¸BST~ ÔY �Y~ �ï�ÊÌÈÒÊÆÇÅÉ �ÊÉÉ µÊ�%~ ê��~ Ãõb�Ãéa}Ãééæ�Y
�éè� ¶BHIBL®?@~ UY~ J@=A~ UY~ ^BL®?@~ PY UY~ PO?N?OBGH~ ZY ¼Y~ BGH ÔBG>IB~ ¼Y ^Y~
&ÈÎ�Õú�% 1% ��~ èèå�èåb }Ãééå�Y

�éå� ±=?HO?LÕ=~ PY \Y~ BGH UB@L®BGA~ ¶Y �Y~ &ÈÎÒÅÇÊÌÈÅÉ� á�~ ççÃ�çèç }Ãééõ�Y
�éb� �FF?OO~ ±Y ZY~ ±=IIEG>~ ±Y ¶Y~ \OT@?L®A~ ¶Y UY~ BGH UB@L®BGA~ ¶Y �Y~ &ÈÎ�Õú�%1% �(~ åbÃ�åõa }Ãééè�Y
�éõ� P®B@E~ ÙY JY~ ^=?AA?@~ ´Y~ ¼®=OO=F>~ <Y ¶Y~ =GX PEOIBG~ ¶Y ôY~ Ô=@>®~ ZY~ UB@H?@~

³Y ZY~ ±BOIBG~ �Y ôY }�H>Y�~ 3ÊÒÎ�ÇÅ�È� ÅÆ� �ÕÌÎÒøÎ�È�. &Å�ÈÄ ÏÌÈÆÄÈ�ÉÊ� ÅÆ�
�ÉÈÆÈÄÅÉ ÏÌÅÄÇÈÄÊ~ æB ?HY~ Z½ »=FF=GLEAA PEI~ ¼®=OBH?OF®=B~ FFY çõé�èab }Ãééç�Y

�éé� »??~ ÙY~ UB@L®BGA~ ¶Y �Y~ �ÎÉÉÎÈ�� ÅÆ� �ÑÌ�ÅÄÊ &. &ÈÎÈÆÇÊÌ�ÅÄÊ� á�~ æèb�æåè}`aaa�Y
�Ãaa� \OO?G~ <Y \Y~ �BL®B@>Õ=~ »Y ¶Y~ ô=H=@>AÕÖ~ ±Y ºY~ ¶E>?G>A?=G~ ¶Y~ �B=AO=G~ »Y UY

BGH ½S@_?>>~ <Y ¶Y~ 1% �ÊÉÉ &ÈÎÉ% (ó~ Ã`å�Ãç` }Ãébé�Y
�ÃaÃ� ¸=G>T?@_~ UY ÔY~ ºBÖOE@~ »Y BGH ¼B=GA?@~ ¶Y ¸Y~ &ÉÎÎ� ��~ ååÃ }Ãéõa�Y
�Ãa`� UE@_?G>A?I~ �Y BGH ^®E~ \Y~ �ÑÌ% 1% �ÊÉÉ &ÈÎÉ% á�~ `ææ�`çé }Ãébb�Y



¶?¬?@VGL=B> Ãaõ
�Ãaæ� ±A?GT?@_~ ¼Y �Y~ ±®SIBG~ UY \Y~ »?N=G?~ ±Y ¼Y BGH ½B=GAEG~ <Y JY~ 1% �ÊÉÉ &ÈÎ%

�(~ bçõ�båa }Ãéõç�Y
�Ãaç� ô®=A?~ ZY ¸Y~�ÊÇÕÎ�� ÈÆ 3ÅÊÒÅÇÎÉÎ�ú~ ±?@=?> õY P®S@L®=OO »=N=G_>AEG?~ ´?Â ÚE@Õ

}Ãéõæ�Y



mnào� Ýà ÝÝr�Â

\> ABT?OB> H?>A? BG?]E LE@@?>FEGH?I B AEHE> E> NBOE@?> HB> NB@=QN?=> A@BTBO®BHB>
GE LBFKASOE è~ IB=> ?>F?L=µLBI?GA? GB >?CDE èYæY

�>AB> ABT?OB> ?>ADE E@_BG=BHB> HB >?_S=GA? IBG?=@BX
º\½�»\ \YÃ � ³BOE@?> H? I¹HSOE H? ÚESG_ }?I Õ¼B� LBOLSOBHE> B FB@A=@ HB>

LS@NB> AEIBHB> >ET@? B> FOBRS?AB> ? GE >ST>A@BAEY �>>?> NBOE@?> ¬E@BI SA=O=BHE> GB
>?CDE èYæYæ~ GE _@QµLE HB J=_Y èYbY
º\½�»\ \Y` � ³BOE@?> HB ¬E@CB }?I F´� BFO=LBHB F?OB >EGHB \JU GB> I?>IB>

@?_=·?> HB> RSB=> E> NBOE@?> H? I¹HSOE ?OQ>A=LE ¬E@BI LBOLSOBHE>~ LEG>=H?@BGHE�>? SIB
=GH?GABCDE H? `aGIY �>>?> NBOE@?> ¬E@BI SA=O=BHE> GB >?CDE èYæYæ~ GE _@QµLE HB J=_Y
èYõY

Ãaé



¶?¬?@VGL=B> ÃÃa

ºBT?OB \YÃX Jvsoltp xt c �vs��svxop t� d�v po�lt xz�tltw�tp lt{z5tp xv �sv��t�v t wo
p��p�lv�om

TABELA A1

Pseudonúcleo Filopodium Sustrato

Curva 1 21.7 122 1514Plaqueta 1

Curva 2 14.8 249 1529

Curva 1 21.8 215 1513Plaqueta 2

Curva 2 26.7 154 582.1

Curva 1 24.5 73 1255.8Plaqueta 3

Curva 2 32.9 67 1533.1

Curva 1 14.7 151 684.7Plaqueta 4

Curva 2 13.7 157 1328.4

Curva 1 9.4 148 1234.2

Indivíduo 1

Plaqueta 5

Curva 2 9.6 122 1442.8

Curva 1 11.4 122.7 937.1Plaqueta 1

Curva 2 11.6 161.8 1542.1

Curva 1 17 134.4 1527.8Plaqueta 2

Curva 2 17.1 136 1445.9

Curva 1 11.7 147.4 1263.3Plaqueta 3

Curva 2 15.8 257 1278.4

Curva 1 11.7 162 1256.7Plaqueta 4

Curva 2 12.1 121.2 1511.1

Curva 1 16.6 138 843.3

Indivíduo 2

Plaqueta 5

Curva 2 13.8 93 843.7

Curva 1 33.5 82 1558.4Plaqueta 1

Curva 2 30.5 115.1 633.5

Curva 1 11.1 115.3 739.2Plaqueta 2

Curva 2 16.2 207 1552

Curva 1 10.1 162.2 1562.7Plaqueta 3

Curva 2 10.3 154.3 1216.9

Curva 1 9.2 132.3 1218.8Plaqueta 4

Curva 2 10.7 129 1315.8

Curva 1 21.6 1333 1293.6

Indivíduo 3

Plaqueta 5

Curva 2 12.8 210 937.2

Curva 1 12.5 164 923.1Plaqueta 1

Curva 2 12.4 167 1211.1

Curva 1 12.4 94 1303.4Plaqueta 2

Curva 2 17.4 98 1427.2

Curva 1 16.4 132.1 1408.3Plaqueta 3

Curva 2 14.3 137.4 632.8

Curva 1 13.5 203 257.7Plaqueta 4

Curva 2 16.1 163.9 1521.9

Curva 1 9.6 164.3 1221.7

Indivíduo 4

Plaqueta 5

Curva 2 17.4 162.2 1424.3

Curva 1 7.3 154.3 1266.7Plaqueta 1

Curva 2 8.4 163.2 1172.3

Curva 1 16.9 162.9 1188.6Plaqueta 2

Curva 2 32 167.2 1532.2

Curva 1 10.7 132.4 1234.7Plaqueta 3

Curva 2 18.4 142.3 932.9

Curva 1 15.3 130 887.4Plaqueta 4

Curva 2 12.1 132 1216.6

Curva 1 10.2 123 1302.4

Indivíduo 5

Plaqueta 5

Curva 2 12.7 203 1532.7



¶?¬?@VGL=B> ÃÃÃ

ºBT?OB \Y`X Jvsoltp xt h t� �? �vlv vp �tp�vp lt{z5tp xvp ��vzp o c �oz �vs��svxomm
TABELA A2

Pseudonúcleo Filopodium Sustrato

Curva 1 5.16 29.0 360.0Plaqueta 1

Curva 2 3.52 59.2 363.0

Curva 1 5.18 51.1 360.0Plaqueta 2

Curva 2 6.35 36.6 138.0

Curva 1 5.82 17.4 299.0Plaqueta 3

Curva 2 7.82 15.9 364.0

Curva 1 3.49 35.9 163.0Plaqueta 4

Curva 2 3.26 37.3 316.0

Curva 1 2.23 35.2 293.0

Indivíduo 1

Plaqueta 5

Curva 2 2.28 29.0 343.0

Curva 1 2.71 29.2 223.0Plaqueta 1

Curva 2 2.76 38.5 367.0

Curva 1 4.04 32.0 363.0Plaqueta 2

Curva 2 4.07 32.3 344.0

Curva 1 2.78 35.0 300.0Plaqueta 3

Curva 2 3.76 61.1 304.0

Curva 1 2.78 38.5 299.0Plaqueta 4

Curva 2 2.88 28.8 359.0

Curva 1 3.95 32.8 200.0

Indivíduo 2

Plaqueta 5

Curva 2 3.28 22.1 201.0

Curva 1 7.96 19.5 370.0Plaqueta 1

Curva 2 7.25 27.4 151.0

Curva 1 2.64 27.4 176.0Plaqueta 2

Curva 2 3.85 49.2 369.0

Curva 1 2.40 38.6 372.0Plaqueta 3

Curva 2 2.45 36.7 289.0

Curva 1 2.19 31.5 290.0Plaqueta 4

Curva 2 2.54 30.7 313.0

Curva 1 5.13 31.7 308.0

Indivíduo 3

Plaqueta 5

Curva 2 3.04 49.9 223.0

Curva 1 2.97 39.0 219.0Plaqueta 1

Curva 2 2.95 39.7 288.0

Curva 1 2.95 22.3 310.0Plaqueta 2

Curva 2 4.14 23.3 339.0

Curva 1 3.90 31.4 335.0Plaqueta 3

Curva 2 3.40 32.7 150.0

Curva 1 3.21 48.3 613.0Plaqueta 4

Curva 2 3.83 39.0 362.0

Curva 1 2.28 39.1 290.0

Indivíduo 4

Plaqueta 5

Curva 2 4.14 38.6 339.0

Curva 1 1.74 36.7 301.0Plaqueta 1

Curva 2 2.00 38.8 279.0

Curva 1 4.02 38.7 283.0Plaqueta 2

Curva 2 7.61 39.7 364.0

Curva 1 2.54 31.5 294.0Plaqueta 3

Curva 2 4.37 33.8 222.0

Curva 1 3.64 30.9 211.0Plaqueta 4

Curva 2 2.88 31.4 289.0

Curva 1 2.42 29.2 310.0

Indivíduo 5

Plaqueta 5

Curva 2 3.02 48.3 364.0
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¼@VI=E>X
¼@VI=EX ��ò 
â�� 7����þâ� ì������� 
��ñ~ LEG¬?@=HE F?OB ±EL=?HBH? ½@B>=O?=@B

H? U=L@E>LEF=B ? U=L@EBGQO=>? }±½UU� F?OE A@BTBO®E öñ�Ù-ñ�- Ù�÷ �ùÙ��ñ�
Ïµ´Ï�µ�ñ�� ��2÷8 ´Í 32�Ù� ÏùÙ��ù��� 2�ñ�- �3� Ù�´�ñ� Í´µ��
�ñ�µ´��´Ï� ö ~ BF@?>?GABHE GE ±=IF¹>=E H? U=L@E>LEF=B GB \IBÀG=B }½?O[I�¼\�
?I ±?A?IT@E H? `aaåY

JE@BI BF@?>?GABHE> E> >?_S=GA?> A@BTBO®E> ?I LEG¬?@VGL=B> GBL=EGB=>X
• ���9����� �������ñ �� ì����ð���� ��ñ����� � ����â�������ñ í :::��ì�� ò ê���; �������� í ��ò
î��âñ�< �ÙµÙ���µñ�Ù=>´ � ���2÷´ ÷Ù� Ïµ´Ïµñ�÷Ù÷�� �ù?��ñî
�Ù� ÷� ÏùÙ@2��Ù� 32�Ù�Ù� Ï´µ �ñ�µ´��´ÏñÙ ÷� Í´µ=Ù Ù�A�ñ�Ù%
�â�����< ¶?TVOE~ »SL=BGBY UY� ½B@EG=~ UB@=BGB ¼?O=>>B@= UEGA?=@E \_S=B@�
J@?=@?~ ZE>[ \O?]BGH?@ H? ^=G_� UB_BO®D?>~ ±=ON=B U?=@B UB@=B� PE>AB~ �@=N?OAEG
JBCBG®B HB� ¶E>B~ ¶?=GBOHE ¶ET?@AEY

• ����B��� �� ì���������� �� ���CD���; ��ñï�í��; ê���ò
ÃÃ`



¶?¬?@VGL=B> ÃÃæ
î��âñ�< ñ�Ù-ñ�-Ù�÷ �ùÙ��ñ�Ïµ´Ï�µ�ñ�� ��2÷8´Í 32�Ù� ÏùÙ��ù���
2�ñ�- �3� Ù�´�ñ� Í´µ�� �ñ�µ´��´Ï�%
�â�����< ¶?TVOE~ »Y UY� PE>AB~ �@=N?OAEG JBCBG®B HB� WO=N?=@B~ UB@L?OE ¶E>?E�
½B@EG=~ UB@=BGB ¼?O=>>B@= UEGA?=@E \_S=B@� ¶E>B~ ¶?=GBOHE ¶ET?@AE� J@?=@?~ ZE>[
\O?]BGH?@ H? ^=G_� UB_BO®D?>~ ±=ON=B U?=@B UB@=BY

• ::�� �������� �� 	������ �� ����� � ��������; ê���
î��âñ�< �ÙµÙ���µñ�Ù=>´ � ���2÷´ ÷Ù� Ïµ´Ïµñ�÷Ù÷�� ���E�ñî
�Ù� ÷� ÏùÙ@2��Ù� 32�Ù�Ù� Ï´µ ��ñ´÷� �ñ�µ´��´ÏñÙ ÷� Í´µ=Ù
Ù�A�ñ�Ù%
�â�����< ¶?TVOE~ »Y UY� PE>AB~ �@=N?OAEG JBCBG®B HB� WO=N?=@B~ UB@L?OE ¶E>?E�
½B@EG=~ UB@=BGB ¼?O=>>B@= UEGA?=@E \_S=B@� ¶E>B~ ¶?=GBOHE ¶ET?@AE� J@?=@?~ ZE>[
\O?]BGH?@ H? ^=G_� UB_BO®D?>~ ±=ON=B U?=@B UB@=BY



½»�r¼str Ýr �rõÞ�# Ýà F�Þß

<ELSI?GAE LEIF@ENBGHE B BF@ENBCDE HE LEI=AV H? [A=LB ? F?>RS=>B FB@B E A@BTBO®E
H?>?GNEON=HE LEI IBA?@=BO ®SIBGEY
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