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RESUMO 

 
A 01pr1ssK; c;:s5st1 19 A9- 01s;r019 ps5qA5Htr5c- A.OqA- 1 c;9A9 19 

50;s;s, - qA-8 pr;B;c- 3r-B1s c;:s1qAN:c5-s. Os 91c-:5s9;s 31:Mt5c;s 1:B;8B50;s 

:; tr-:st;r:; 01pr1ss5B; 9-5;r ((D!) sK; c;9p81D;s 1 1:B;8B19 5:S91r;s 31:1s. 

Os 95cr;RNAs (95RNAs) sK; p1qA1:-s 9;8McA8-s 1:B;8B50-s :- r13A8-LK; pPs-

tr-:scr5c5;:-8 0- 1Dpr1ssK; 3N:5c-. I0;s;s 05-3:;st5c-0;s c;9 (D! -pr1s1:t-9 A9- 

91:;r 1Dpr1ssK; 0; 95RNA-184 19 r18-LK; - 50;s;s s-A0HB15s, 8;3;, 1ss1 95RNA 

p;01 s1r At585F-0; c;9; .5;9-rc-0;r p-r- ; 05-3:Pst5c; 01 (D!. Os 9Mt;0;s 

05-3:Pst5c;s 0; (D! 01p1:019 1Dc8As5B-91:t1 0- 501:t525c-LK; sA.61t5B- c8O:5c-, 

.-s1-0- 19 s5:t;9-s 1 1sc-8-s B-r5HB15s. O pr1s1:t1 tr-.-84; 5:tr;0AF A9- 

-.;r0-319 5:;B-0;r- p-r- ; 05-3:Pst5c; 01 (D! 19 50;s;s .-s1-0; :; 

01s1:B;8B591:t; 01 A9 .5;ss1:s;r 181tr;qAO95c;, 9;:5t;r-:0; -s r1sp;st-s, 

At585F-:0; B;8t-91tr5- 01 pA8s; 0521r1:c5-8 (VPD) 1 1sp1ctr;sc;p5- 01 59p10J:c5- 

181tr;qAO95c- (EIE) 19 -9;str-s 01 p8-s9- 4A9-:;. Os r1sA8t-0;s p-r- VPD, 

At585F-0- p-r- qA-:t525c-LK; 0; 95RNA, 9;str-r-9 A9 -A91:t; 19 c1rc- 01 0A-s 

B1F1s :; B-8;r 01 c;rr1:t1 01 p5c; 0-s -9;str-s r121r1:t1s - p-c51:t1s s-A0HB15s, 

c;9p-r-:0;-s1 c;9 ;s 0;1:t1s -; s1 9;:5t;r-r ; p5c; 0; 5:t1rc-8-:t1 01 DNA, 

.r;91t; 01 1tO05;. P-r- EIE, 2;5 ;.s1rB-0; A9 -A91:t; 01 1,5 B1F1s 0- r1s5stN:c5- I 

tr-:s21rN:c5- 01 c-r3- r121r1:t1 50;s;s s-A0HB15s, -; s1 c;9p-r-r c;9 -qA181s 

0;1:t1s. A8M9 05ss;, ;s p-rJ91tr;s -:-8Ot5c;s 0; .5;ss1:s;r 2;r-9 -B-85-0;s 

At585F-:0; VPD, ;.t1:0;-s1 A9 8595t1 01 01t1cLK; 1Dp1r591:t-8 01 10 -9;8  –1; - 

r1sp;st- 01 c;rr1:t1 s1 9-:t1B1 c1rc- 01 72% 01 r1sp;st- 0Ar-:t1 ;s 50 05-s 

-B-85-0;s 01 1st-.5850-01; t-9.M9 1D5.5A Pt59- c-p-c50-01 01 r131:1r-LK;, p;01:0; 

s1r r131:1r-0; c1rc- 01 10 B1F1s -pPs ; As; 5:5c5-8 0; .5;181tr;0;. A019-5s, ; 

-p85c-t5B; DEPSENSOR 01s1:B;8B50; 19 85:3A-319 J-B- p-r- -AD585-r :; As; 0; 

s1:s;r 1 -pr1s1:t-r 5:2;r9-LR1s s;.r1 01pr1ssK;. Ass59, ; .5;ss1:s;r 01s1:B;8B50; 

:; pr1s1:t1 tr-.-84; 2;5 125c51:t1 :; 05-3:Pst5c; 01 (D! 19 50;s;s, -ss59 c;9;, :- 

qA-:t525c-LK; -cAr-0- 0; 95RNA-184 19 -9;str-s 01 p8-s9- 01 p-c51:t1s s-A0HB15s 

1 05-3:;st5c-0;s c;9 (D!. 

Palavras-chav : D1pr1ssK; 9-5;r, .5;ss1:s;r 181tr;qAO95c;, (D!, 05-3:Pst5c; 01 

01pr1ssK;, VPD, EIE, -p85c-t5B; DEPSENSOR. 



ABSTRACT 
 

D1pr1ss5;: c;:s5sts ;2 - A.5qA5t;As psEc45-tr5c 05s;r01r -:0, 5: 1801r8E, 5s t41 

9;st c;99;: 05s1-s1, c-As5:3 s1r5;As c;:s1qA1:c1s. (41 31:1t5c 91c4-:5s9s 

5:B;8B10 5: 9-6;r 01pr1ss5B1 05s;r01r (!DD) -r1 c;9p81D -:0 5:B;8B1 5:A91r;As 

31:1s. !5cr;RNAs (95RNAs) -r1 s9-88 9;81cA81s 5:B;8B10 5: t41 p;st-tr-:scr5pt5;:-8 

r13A8-t5;: ;2 31:1 1Dpr1ss5;:. E801r8E 05-3:;s10 C5t4 !DD pr1s1:t 0;C: r13A8-t5;: 

;2 95RNA-184 1Dpr1ss5;: c;9p-r10 t; 41-8t4E 1801r8E, t41:, t45s 95RNA c-: .1 As10 

-s - .5;9-r71r 2;r t41 !DD 05-3:;s5s. (41 !DD 05-3:;st5c 91t4;0s 01p1:0 pr59-r58E 

;: c85:5c-8 sA.61ct5B1 501:t525c-t5;:, .-s10 ;: sE9pt;9s -:0 B-r5-.81 sc-81s. (41 

pr1s1:t C;r7 5:tr;0Ac1s - :1C -ppr;-c4 2;r t41 !DD 05-3:;s5s 5: 1801r8E .-s10 ;: 

t41 01B18;p91:t ;2 -: 181ctr;c4195c-8 .5;s1:s;r, 9;:5t;r5:3 r1sp;:s1s As5:3 

05221r1:t5-8 pA8s1 B;8t-991trE (DPV) -:0 181ctr;c4195c-8 59p10-:c1 sp1ctr;sc;pE 

(EIS) 5: 4A9-: p8-s9- s-9p81s. (41 DPV r1sA8ts, As10 2;r 95RNA qA-:t525c-t5;:, 

pr1s1:t10 -: 5:cr1-s1 ;2 -.;At tC5c1 5: t41 p1-7 cArr1:t B-8A1 ;2 t41 s-9p81s 2;r 

41-8t4E p-t51:ts, c;9p-r10 t; p-t51:ts C5t4 !DD C41: 9;:5t;r5:3 t41 DNA 5:t1rc-8-t;r 

p1-7, 1t4505A9 .r;9501. F;r EIS, - 1.5 t591s 5:cr1-s1 5: c4-r31 tr-:s21r r1s5st-:c1 2;r 

41-8t4E 1801r8E sA.61cts C-s ;.s1rB10 c;9p-r10 t; 01pr1ss10 p-t51:ts. I: -005t5;:, 

t41 -:-8Et5c-8 p-r-91t1rs ;2 t41 .5;s1:s;r C1r1 1B-8A-t10 As5:3 DPV, ;.t-5:5:3 -: 

1Dp1r591:t-8 01t1ct5;: 8595t ;2 10 -9;8  -1; t41 cArr1:t r1sp;:s1 r19-5:10 -r;A:0 72% 

0Ar5:3 t41 1B-8A-t10 50 0-Es ;2 st-.585tE; -8s; 5t 1D45.5t10 - 3r1-t r131:1r-t5;: c-p-c5tE, 

5t C-s r131:1r-t10 10 t591s -2t1r t41 5:5t5-8 As1 ;2 t41 .5;181ctr;01. !;r1;B1r, t41 

DEPSENSOR -pp C-s 01B18;p10 5: J-B- 5: ;r01r t; -ss5st t41 s1:s;r -:0 5t c;:t-5:s 
5:2;r9-t5;: -.;At 01pr1ss5;:. (4As, t41 .5;s1:s;r 01B18;p10 5: t41 pr1s1:t stA0E 

pr;B10 t; .1 1225c51:t 5: t41 05-3:;s5s ;2 !DD 5: 1801r8E, -s C188 -s t41 -ccAr-t1 

qA-:t525c-t5;: ;2 95RNA-184 5: r1-8 p8-s9- s-9p81s ;2 41-8t4E -:0 01pr1ss10 p-t51:ts. 

 

K 1words: !-6;r 01pr1ss5;:, 181ctr;c4195c-8 .5;s1:s;r, !DD, 05-3:;s5s ;2 

01pr1ss5;:, DPV, EIS, DEPSENSOR -pp. 



1 I7tr8-uGF8 
 

1.1 O .7v.51.,26.7t8 989u5a,287a5 . 8 tra7st8r78 -.9r.ss2v8 6a28r (&DM) 

 

 ? ;=IL>I =IG ; +LA;HCT;]ãI )OH>C;F >; /;d>? (+)/), I íH>C=? >? 

?RJ?=N;NCP; >? PC>; ;I H;M=?L N?G MC>I ;OG?HN;>I ?G NI>I I GOH>I ;I FIHAI >; 

BCMNaLC; >; BOG;HC>;>?.  ;>IM >; +)/ CH>C=;G KO? ; JLIJIL]ãI >; JIJOF;]ãI 

GOH>C;F =IG C>;>? MOJ?LCIL ; 60 ;HIM J;MM;LY >? 12% J;L; 22% ?HNL? 2015 ? 2050. 

ANé 2020, I HdG?LI >? J?MMI;M C>IM;M OFNL;J;MM;LY I HdG?LI >? =LC;H];M >? ;Né 5 

;HIM; M?H>I KO? 80% >? NI>IM IM C>IMIM PCP?LãI ?G J;íM?M >? <;CR; ? Gé>C; L?H>; 

(+)/, 2018;). 

+ LCNGI >I ?HP?FB?=CG?HNI >; JIJOF;]ãI GOH>C;F N;G<éG ?MNY ;OG?HN;H>I 

>L;G;NC=;G?HN?, M?H>I GOCNI G;CM LYJC>I >I KO? HI J;MM;>I. ,IL ?R?GJFI, ; FL;H]; 

N?P? KO;M? 150 ;HIM J;L; M? ;>;JN;L ; OG; GO>;H]; >? 10% J;L; 20% H; JLIJIL]ãI 

>; JIJOF;]ãI KO? NCHB; G;CM >? 60 ;HIM. NI ?HN;HNI, FOA;L?M =IGI BL;MCF, CBCH; ? 

nH>C; N?LãI JIO=I G;CM >? 20 ;HIM J;L; f;T?L I G?MGI (+)/, 2018;). 

F20ura 1. %FOMNL;]ãI >; JCL[GC>? ?NYLC; J;L; BIG?HM ? GOFB?L?M >I ;HI >? 2018 (A) ? 2060 (B) 
L?f?L?HN?M ;I BL;MCF ? ;I ?MN;>I >? )CH;M #?L;CM. (    ) BL;MCF. (    ) )CH;M #?L;CM. 

 
FIHN?: ;>;JN;>I >? %HMNCNONI BL;MCF?CLI >? #?IAL;fC; ? EMN;NíMNC=; (%B#E) (%B#E, 2019). 



 ? ;=IL>I =IG IM >;>IM >I %HMNCNONI BL;MCF?CLI >? #?IAL;fC; ? EMN;NíMNC=; 

(%B#E) KO? ?MNãI CFOMNL;>IM H; FCAOL; 1(A), HIN;-M? KO? ; JIL=?HN;A?G >? BIG?HM 

H; f;CR; >? 60 – 64 ;HIM é >? 1,96 % ? >? GOFB?L?M é CAO;F ; 2,26 % HI BL;MCF; JIL 

IONLI F;>I, I J?L=?HNO;F >? BIG?HM H; C>;>? ?HNL? 60 ? 64 ;HIM é >? 2,23 % ? >? 

GOFB?L?M é 2,49 %, ?MJ?=CfC=;G?HN? HI ?MN;>I >? )CH;M #?L;CM. CIG L?F;]ãI ;I 

ALYfC=I GIMNL;>I H; FCAOL; 1(B), L?JL?M?HN;H>I IM >;>IM >I ;HI >? 2060, J?L=?<?-

M? KO? BY OG ;OG?HNI >; JIJOF;]ãI C>IM;. NI BL;MCF, ; JL?PCMãI >; JIL=?HN;A?G >? 

C>IMIM HI J;íM ;OG?HN; J;L; BIG?HM (3,25 %) ? J;L; GOFB?L?M (3,44 %); J;L; )CH;M 

#?L;CM, BY OG; ?F?P;]ãI >I J?L=?HNO;F >? C>IMIM =IGJ;L;H>I-M? =IG I ;HI >? 2018, 

M?H>I 3,33 % J;L; BIG?HM ? 3,56 % J;L; GOFB?L?M (%B#E, 2019). 

1G; PC>; G;CM FIHA; JLIGIP? IJILNOHC>;>?M J;L; ;M J?MMI;M C>IM;M ? MO;M 

f;GíFC;M, <?G =IGI J;L; ; MI=C?>;>? >? fILG; A?L;F. /;<?-M? KO?, KO;FKO?L N?GJI 

>? PC>; ;>C=CIH;F ?G OG; >;>; JIJOF;]ãI, L?JL?M?HN; ; JIMMC<CFC>;>? >? M? B;P?L 

HIP;M ;NCPC>;>?M, =[G<CIM >? ?RJ?LC_H=C;M, BY<CNIM, NL;>C]c?M, ;MJ?=NIM =OFNOL;CM ? 

?>O=;=CIH;CM ?HNL? A?L;]c?M, =OFGCH;H>I HOG; NL;HMGCMMãI >? =IHB?=CG?HNIM HOG; 

?M=;F; P?LNC=;F. ,ILN;HNI, f;T-M? H?=?MMYLCI L?MM;FN;L I J;J?F >I C>IMI =IGI ;A?HN? 

?MM?H=C;F H;M f;GíFC;M ? =IGOHC>;>?M (+)/, 2018;).  

,IL IONLI F;>I, I ?HP?FB?=CG?HNI BOG;HI N?G =IGI =;L;=N?LíMNC=; M?L OG 

JLI=?MMI =IGJF?RI, >CP?LM;M P?T?M ;MMI=C;>IM Z >?ML?AOF;]ãI >? HOG?LIMIM 

JLI=?MMIM =?FOF;L?M ? GIF?=OF;L?M. EHNL? ?F?M, >?MN;=;-M? I ?H=OLN;G?HNI >I 

=IGJLCG?HNI >IM N?FbG?LIM, ;FN?L;]ãI H; L?MJIMN; ;I >;HI ;I  NA, J?L>; >; 

BIG?IMN;M? JLIN?C=;, M?H?M=_H=C; =?FOF;L ? >CMfOH]ãI GCNI=IH>LC;F. EMM?M JLI=?MMIM 

=?FOF;L?M ? GIF?=OF;L?M JI>?G F?P;L ; OG; P;LC?>;>? >? >I?H];M, CH=FOCH>I =[H=?L, 

>I?H];M =;L>CIP;M=OF;L?M ? >I?H];M H?OLIFaAC=;M, <?G =IGI OG ;OG?HNI >I LCM=I 

>? GILN;FC>;>? ((E25 ?N ;F., 2017). 

+ ?HP?FB?=CG?HNI, >? fILG; A?L;F, L?MOFN; >I CGJ;=NI >I ;=dGOFI >? OG; 

;GJF; P;LC?>;>? >? >;HIM GIF?=OF;L?M ? =?FOF;L?M ;I FIHAI >I N?GJI, F?P;H>I ; OG; 

>CGCHOC]ãI AL;>O;F >; =;J;=C>;>? fíMC=; ? G?HN;F, OG LCM=I =L?M=?HN? >? >I?H]; ?, 

fCH;FG?HN?, ; GILN?. EHNL?N;HNI, ?MM;M ;FN?L;]c?M HI ILA;HCMGI HãI MãI FCH?;L?M H?G 

=IHMCMN?HN?M, =IGI JIL ?R?GJFI, ?HKO;HNI ;FAOG;M J?MMI;M >? 70 ;HIM >?MfLON;G 

>? M;d>? ? fOH=CIH;G?HNI =ILJIL;F M;NCMf;NaLCI, IONL;M >? G?MG; C>;>? MãI fLYA?CM ? 

L?KO?L?G ;DO>; MCAHCfC=;NCP; >? IONL;M J?MMI;M (+)/, 2018;). 



 I JIHNI >? PCMN; fCMCIFaAC=I, HIN;-M? KO? I ?HP?FB?=CG?HNI ;JL?M?HN; OG; 

L?F;]ãI >CL?N; =IG I MOLACG?HNI >?  I?H];M CLbHC=;M HãI 0L;HMGCMMíP?CM ( CN0), 

N;CM =IGI: H?IJF;MC;M, >I?H];M =;L>CIP;M=OF;L?M, >C;<?N?M mellit-s ? >I?H];M 
L?MJCL;NaLC;M, L?MOFN;H>I ?G CH=;J;=C>;>? fOH=CIH;F, GI>CfC=;]c?M HIM BY<CNIM ?, 

fCH;FG?HN?, ;FN?L;]c?M H?A;NCP;M H; KO;FC>;>? >? PC>; >I C>IMI (+(%2E%.A ?N ;F., 

2018<).  

 ? ;=IL>I =IG ; +)/ (2018), ; >?JL?MMãI =IHMCMN? ?G OG; >I?H]; O<íKO;, 

;=IG?N?H>I G;CM >? 300 GCFBc?M >? J?MMI;M. X CGJILN;HN? L?MM;FN;L KO? ; >?JL?MMãI 

é >Cf?L?HN? >;M fFONO;]c?M >? BOGIL B;<CNO;CM ? >;M L?MJIMN;M ?GI=CIH;CM >? =OLN; 

>OL;]ãI ;IM >?M;fCIM >; PC>; =INC>C;H;. A >?JL?MMãI N?G ; =;J;=C>;>? >? M? NILH;L 

OG JLI<F?G; AL;P? >? M;d>?, ?MJ?=C;FG?HN? KO;H>I >OL;>IOL; ? =IG CHN?HMC>;>? 

GI>?L;>; IO AL;P?, JI>?H>I ;=;LL?N;L ?G <;CR; JLI>ONCPC>;>? HI NL;<;FBI ? ?M=IF;.  

A >?JL?MMãI ;JL?M?HN;-M? =IGI f;NIL >? LCM=I HI KO? >CT L?MJ?CNI ; CHN?Lf?LCL 

>? fILG; H?A;NCP; ?G OG JLIAHaMNC=I >? >I?H];M =LbHC=;M, JL?DO>C=;H>I ; KO;FC>;>? 

>? PC>; ? ; =;J;=C>;>? >I CH>CPí>OI >? L?MJIH>?L ;I NL;N;G?HNI >?MM;M >I?H];M. X 

JIMMíP?F I<M?LP;L KO? N;HNI ;M J;NIFIAC;M =LbHC=;M JI>?G ;AL;P;L IM MCHNIG;M 

>?JL?MMCPIM, =IGI ; >?JL?MMãI JI>? ;HN?=CJ;L N;CM J;NIFIAC;M, I=;MCIH;H>I JL?DOíTI 

H; fOH]ãI =?L?<L;F IO JIL G?CI >? ;FN?L;]c?M JMC=IFaAC=;M ? JMC=IMMI=C;CM (+(%2E%.A 

?N ;F., 2018<).  

 

1.2 &ra7st8r78 -.9r.ss2v8 6a28r .6 2-8s8s 

 

 ? ;=IL>I =IG I );HO;F  C;AHaMNC=I ? EMN;NíMNC=I >? 0L;HMNILHIM )?HN;CM 

( /)-2) (2014), IM NL;HMNILHIM >?JL?MMCPIM JI>?G M?L >CPC>C>IM ?G 5 =F;MM?M, ; 

M;<?L: NL;HMNILHI >?JL?MMCPI G;CIL, I KO;F CH=FOC ?JCMa>CI >?JL?MMCPI G;CIL; NL;HMNILHI 

>CMLOJNCPI >; >?ML?AOF;]ãI >I BOGIL; NL;HMNILHI >?JL?MMCPI J?LMCMN?HN? (>CMNCGC;); 

NL;HMNILHI >?JL?MMCPI CH>OTC>I JIL MO<MN[H=C;/G?>C=;G?HNI, NL;HMNILHI >?JL?MMCPI 

>?PC>I ; IONL; =IH>C]ãI Gé>C=;, NL;HMNILHI >?JL?MMCPI ?MJ?=CfC=;>I ? NL;HMNILHI 

>?JL?MMCPI HãI ?MJ?=CfC=;>I; fCH;FG?HN?, NL;HMNILHI >CMfaLC=I JLé-G?HMNLO;F. 0I>IM 

?MM?M NL;HMNILHIM ;JL?M?HN;G =IGI =;L;=N?LíMNC=; =IGOG ; JL?M?H]; >? BOGIL NLCMN?, 

CLLCNYP?F IO P;TCI, JI>?H>I M?L ;=IGJ;HB;>I JIL GI>CfC=;]c?M =IAHCNCP;M ? MIGYNC=;M 



KO? N_G ; =;J;=C>;>? >? ;FN?L;L >? fILG; MCAHCfC=;NCP; ; =;J;=C>;>? fOH=CIH;F >; 

J?MMI;. A JLCH=CJ;F >Cf?L?H]; ?HNL? IM G?MGIM =IHMCMN? HIM ;MJ?=NIM >? >OL;]ãI, 

GIG?HNI IO ?NCIFIAC; JL?MOGC>; ( /)-2, 2014).  

+ CH>CPí>OI =IG 0L;HMNILHI  ?JL?MMCPI );CIL (0 )), N;G<éG =B;G;>I >? 

>?JL?MMãI G;CIL, MIfL? =IG ?JCMa>CIM (;FN?L;]c?M ?G fOH]c?M H?OLIP?A?N;NCP;M, H; 

=IAHC]ãI ? HI ;f?NI) >Cf?L?HN?M =IG >OL;]ãI >? HI GíHCGI >O;M M?G;H;M, M?H>I KO?, 

A?L;FG?HN?, AL;H>? J;LN? >IM ?JCMa>CIM ;JL?M?HN; >OL;]ãI =IHMC>?L;P?FG?HN? 

MOJ?LCIL ( /)-2, 2014). + 0 ) =IHMCMN? ?G OG NL;HMNILHI >? BOGIL =;L;=N?LCT;>I 

JIL ;J;NC; ? J?HM;G?HNI F?HNI, KO? JI>? M?L ;=IGJ;HB;>I JIL MCHNIG;M >? L?N;L>I 

JMC=IGINIL, CH=FOCH>I J?L>; >? CHN?L?MM? ?G ;NCPC>;>?M HILG;CM. &OHNI =IG I 

?HP?FB?=CG?HNI, ;M fOH]c?M fCMCIFaAC=;M ? JMC=IFaAC=;M >IM C>IMIM fC=;G 

?HfL;KO?=C>;M, ?G J;LNC=OF;L, IM aLAãIM M?HMILC;CM ? I MCMN?G; H?LPIMI ?HPIFPC>IM ?G 

;NCPC>;>?M JMC=IFaAC=;M JI>?G MIfL?L ;FN?L;]c?M >?A?H?L;NCP;M (6HAN#; CHEN; )A, 

2018).  

/?AOH>I I );HO;F  C;AHaMNC=I ? EMN;NíMNC=I >? 0L;HMNILHIM )?HN;CM,  I 0 ) 

JI>? M?L =F;MMCfC=;>I >? ;=IL>I =IG I ?MJ?=CfC=;>IL >; AL;PC>;>?, M?H>I >CPC>C>I ?G: 

F?P? (JIO=IM MCHNIG;M G;H?DYP?CM, L?MOFN;H>I ?G <;CRI JL?DOíTI HI fOH=CIH;G?HNI 

MI=C;F IO JLIfCMMCIH;F); GI>?L;>I (JL?DOíTI fOH=CIH;F I=;MCIH;>I J?FIM MCHNIG;M JI>? 

M?L F?P? IO AL;P?); AL;P? (MCHNIG;M HãI G;H?DYP?CM ? =;OM;G AL;P? MIfLCG?HNI, 

JL?DO>C=;H>I HI fOH=CIH;G?HNI MI=C;F ? JLIfCMMCIH;F) =IG IO M?G =;L;=N?LíMNC=;M 

JMC=aNC=;M (;FO=CH;]c?M ?/IO >?FíLCIM) ( /)-2, 2014). 

+ 0 ) L?MOFN; >? OG; CHN?L;]ãI =IGJF?R; >? f;NIL?M MI=C;CM, JMC=IFaAC=IM ? 

<CIFaAC=IM. AM J?MMI;M KO? J;MM;L;G JIL ?P?HNIM ;>P?LMIM >; PC>; (>?M?GJL?AI, 

FONI, NL;OG; JMC=IFaAC=I) N_G G;CIL JLI<;<CFC>;>? >? >?M?HPIFP?L >?JL?MMãI. A 

>?JL?MMãI JI>?, JIL MO; P?T, F?P;L ; G;CM ?MNL?MM? ? >CMfOH]ãI, JCIL;H>I ; MCNO;]ãI 

>? PC>; >; J?MMI; ;f?N;>; ? ; JLaJLC; >?JL?MMãI. AFéG >CMMI, ; >?JL?MMãI JI>? F?P;L 

;I MOC=í>CI. X I<M?LP;>I KO? =?L=; >? 800 GCF J?MMI;M GILL?G JIL MOC=í>CI NI>IM IM 

;HIM (+)/, 2018<).  

X JIMMíP?F J?L=?<?L KO? ; =B?A;>; >; P?FBC=? ?MNY L?F;=CIH;>; ; OG ;OG?HNI 

H; N;R; >? GILN;FC>;>? L?f?L?HN? ZM N?HN;NCP;M >? MOC=í>CI. A C>?;]ãI MOC=C>;, =LCNéLCI 

>? >C;AHaMNC=I J;L; 0 ), é =;L;=N?LCT;>; JIL =IGJL??H>?L >?M?DIM, J?HM;G?HNIM, 



?RJL?MMc?M ? =IGJILN;G?HNIM L?F;=CIH;>IM ; N?HN;NCP;M >? L?NCL;L ; JLaJLC; PC>; M?G 

; ?f?NCP;]ãI >I ;NI (+(%2E%.A ?N ;F., 2018<). 

A >?JL?MMãI L?JL?M?HN; OG f;NIL >? LCM=I J;L; GILN;FC>;>? ?G >CP?LM;M 

>I?H];M, JIL ?R?GJFI: CHMOfC=C_H=C; =;L>í;=;, ;=C>?HN? P;M=OF;L =?L?<L;F ? =[H=?L. 

AFéG >CMMI, ; >?JL?MMãI JI>? =;OM;L >?ML?AOF;]ãI ? MOJL?MMãI CGOHIFaAC=;, 

JI>?H>I A?L;L OG ?MN;>I CHfF;G;NaLCI =LbHC=I. + 0 ) JI>? I=;MCIH;L CGJILN;HN? 

JL?DOíTI fOH=CIH;F, P;LCYP?F L?MJIMN; ;I NL;N;G?HNI, ;FN;M N;R;M >? L?=ILL_H=C;, 

=LIHC=C>;>? ? N;R;M ?F?P;>;M >? =IGIL<C>;>?M Gé>C=;M ? GILN;FC>;>? ()+.A ?N ;F., 

2018). 

A M?F?]ãI >? <CIG;L=;>IL?M ?R?L=?G OG CGJILN;HN? J;J?F HI >C;AHaMNC=I >? 

NL;HMNILHIM >?JL?MMCPIM.  ?GIHMNLIO-M? KO? CHdG?LIM GC=LI.NAM (GC.NAM) 

?MJ?=ífC=IM, >CH;GC=;G?HN? ?RJL?MMIM >OL;HN? ; M?H?M=_H=C;, ;f?N;G I N?GJI >? 

PC>; HILG;F ;I L?AOF;L PC;M A?HéNC=;M KO? MãI CGJILN;HN?M J;L; I ?HP?FB?=CG?HNI 

HILG;F (%N1'A% ?N ;F., 2018). A FCN?L;NOL; ;JL?M?HN; ?MNO>IM KO? fIL;G =;J;T?M >? 

C>?HNCfC=;L ;FN?L;]c?M H; ?RJL?MMãI >? GC.NAM ?G CH>CPí>OIM =IG >?JL?MMãI, N;CM 

=IGI: GC.-132, GC.-F?N-7, GC.-125;, GC.-191, GC.-499, GC.-708, GC.-1908, 

GC=LI.NA-124, GC.-132, GC.-16 ? GC.-124-3J ((%1 ?N ;F., 2016; )EN E/-/%(2A ?N 

;F., 2016;  BANACH ?N ;F., 2017; HE ?N ;F., 2016;  3%2E %, 2017; 3AN# ?N ;F., 2017; 

51AN ?N ;F., 2018). 

 

1.3 M2,r8R As 

 

A >?M=I<?LN; >I JLCG?CLI GC=LI.NA, FCH-4, I=ILL?O ?G 1993 J?FIM ALOJIM 

AG<LIM ? .OPEOH ?G Caenorhabditis elegans ? L?PIFO=CIHIO I =;GJI >; <CIFIAC; 
GIF?=OF;L ((EE; FE%NBA1); A)B.+/, 1993). AHN?LCILG?HN?, I FCH-4 fIC =;L;=N?LCT;>I 

J?FI F;<IL;NaLCI >? HILPCNT =IGI OG >IM A?H?M KO? L?AOF;G I >?M?HPIFPCG?HNI 

N?GJIL;F >? F;LP;M >? Caenorhabditis elegans (CHA(F%E, 1981). AG<LIM ? .OPEOH 
JLIMM?AOCL;G =IG IM ?RJ?LCG?HNIM J;L; ?MNO>;L FCH-4 ?, fCH;FG?HN?, >?M=I<LCL;G KO? 

FCH-4 HãI ?L; OG .NA =I>CfC=;>IL >? JLIN?íH;M, G;M MCG OG J?KO?HI .NA HãI 

=I>CfC=;HN? ((EE; FE%NBA1); A)B.+/, 2004). A J;LNCL >?MM? GIG?HNI, IM GC.NAM 

fIL;G >?N?=N;>IM ?G NI>IM IM MCMN?G;M >? GI>?FIM ;HCG;CM ? ;FAOHM GIMNL;L;G-M? 



;FN;G?HN? =IHM?LP;>IM ?HNL? ;M ?MJé=C?M (F.%E (VN E. ?N ;F., 2014). A>?G;CM, IM 

;P;H]IM G;CM CGJILN;HN?M L?F;=CIH;>IM ; NL;D?NaLC; >IM GC.NAM JI>?G M?L 

I<M?LP;>IM H; FCAOL; 2. 

F20ura 2. %FOMNL;]ãI >IM ;P;H]IM H; J?MKOCM; >? GC.NA JIL G?CI >? OG; FCHB; >I N?GJI. 

 
FIHN?: ;>;JN;>I >? ('%(%C ?N ;F., 2018). 

+M GC.NAM =IGJc?G OG; CGJILN;HN? =F;MM? >? GIFé=OF;M ?HPIFPC>;M H; 

L?AOF;]ãI >; ?RJL?MMãI A_HC=;, =IHMNCNOí>IM >? Y=C>IM LC<IHO=F?C=IM (.NAM) >? 

=;>?C; MCGJF?M, ;FN;G?HN? =IHM?LP;>IM ? HãI =I>CfC=;HN?M, =IG ;JLIRCG;>;G?HN? 21 

; 25 HO=F?INí>?IM >? =IGJLCG?HNI, KO? M? FCA;G ;I .NA G?HM;A?CLI =IGJF?G?HN;L 

(G.NA), JIL G?CI >; L?AOF;]ãI >; >?AL;>;]ãI >I G.NA, L?JLCG?G ; NL;>O]ãI. 

EMM;M GIFé=OF;M JI>?G M?L M?=L?N;>;M >?HNLI >;M P?Mí=OF;M ?RNL;=?FOF;L?M J?F;M 

=éFOF;M, JI>?H>I ;NO;L =IGI G?HM;A?CLIM =éFOF;-=éFOF;, NL;HMJILN;H>I CHfILG;]c?M 

?HNL? ;M =éFOF;M (,E.E%.A- A-/%(2A ?N ;F., 2018). AFéG >CMMI, IM GC.NAM ?MNãI 

?HPIFPC>IM ?G >CP?LMIM JLI=?MMIM =?FOF;L?M ? MãI ?MM?H=C;CM J;L; I >?M?HPIFPCG?HNI 

;HCG;F, >Cf?L?H=C;]ãI =?FOF;L ? BIG?IMN;M? (#EBE.0; )AC.AE, 2019). 

 

 



1.4 B280I7.s. -8s 62,r8R As 

 

A <CIA_H?M? >IM GC.NAM =IG?]; =IG I JLI=?MM;G?HNI >? NL;HM=LCNIM 

L?;FCT;>I, JLCH=CJ;FG?HN?, J?F; .NA JIFCG?L;M? %% JaM IO =I-NL;HM=LC=CIH;FG?HN? 

(FCAOL; 3). #L;H>? J;LN? >IM GC.NAM C>?HNCfC=;>IM MãI CHNL;A_HC=IM ? JLI=?MM;>IM 

JLCH=CJ;FG?HN? ; J;LNCL >? íHNLIHM ? L?F;NCP;G?HN? JIO=IM ?RIHM >? A?H?M 

=I>CfC=;>IL?M >? JLIN?íH;M, ?HKO;HNI KO? IM L?MN;HN?M MãI CHN?LA_HC=IM, M?H>I 

NL;HM=LCNIM >? G;H?CL; CH>?J?H>?HN? >? OG A?H? BIMJ?>?CLI ? L?AOF;>IM JIL M?OM 

próprios promotores (O’BRIEN et al., 2018). 

F20ura 3. %FOMNL;]ãI >; <CIA_H?M? >I GC=LI.NA ? >? G?=;HCMGIM >? L?AOF;]ãI >I G.NA-;FPI. 

 
FIHN?: ()EN E/-/%(2A, 2018). 

A <CIA_H?M? >IM GC.NAM JI>? M?L =F;MMCfC=;>; ?G >O;M PC;M, ; M;<?L: =;HbHC=; 

? HãI-=;HbHC=;. N; PC; >? JLI>O]ãI >? GC.NAM =;HbHC=; (FCAOL; 3), ;JaM ; 

NL;HM=LC]ãI J?F; .NA JIFCG?L;M? %%, é JLI>OTC>I NL;HM=LCNI KO? JI>? =IHN?L 

;JLIRCG;>;G?HN? >? 70 ;Né 130 J;L?M >? <;M? (J<) =B;G;>I GC=LI.NA JLCGYLCI (JLC-

GC.NA) ('HAN; /10HAN0H%.AN; )10H1'1)A., 2019). ,;L; M? NILH;L G;>OLI 

(GC.NA), I JLC-GC.NA H?=?MMCN; >? M?L =FCP;>I, J;MM;H>I JIL >ICM ?P?HNIM >? 



JLI=?MM;G?HNI MO<M?KO?HN?M, M?H>I I JLCG?CLI HI Hd=F?I J?F; ?HTCG; .N;M? %%% 

>?HIGCH;>;  .+/HA ? >?JICM HI =CNIJF;MG; JIL IONL; ?HTCG;, >?HIGCH;>;  %CE.. 

+ ?P?HNI HO=F?;L é =;N;FCM;>I J?FI =IGJF?RI =B;G;>I >? GC=LIJLI=?MM;>IL, I KO;F 

=IGJL??H>? ; ?HTCG; .N;M? >I NCJI %%% ( .+/HA), ; JLIN?íH; >? FCA;]ãI ;I .NA >? 

>OJF; fCN; (.B,)  #C.8 (A?H? >; L?ACãI =LíNC=; 8 >; MíH>LIG?  C#?ILA?) ? JLIN?íH;M 

;MMI=C;>;M.  

CIGI L?MOFN;>I, é I<M?LP;>I ; JLI>O]ãI >? GIFé=OF;M >?HIGCH;>;M GC.NAM 

JL?=OLMIL?M (JLé-GC.NAM) KO? JIMMO?G =?L=; >? 70 J< >? N;G;HBI (0.E%BE.; 

0.E%BE.; )E%/0E., 2019), IM KO;CM MãI MO<M?KO?HN?G?HN? ?RJILN;>IM J;L; I 

=CNIJF;MG; ONCFCT;H>I I L?=?JNIL >? ?RJILN;]ãI =B;G;>I ?RJILNCH-5. NI =CNIJF;MG;, 

JLé-GC.NAM J;MM;G JIL OG ?P?HNI >? JLI=?MM;G?HNI fCH;F, JIL IONL; ?HTCG; .N;M? 

NCJI %%%,  %CE., J;L; >;L ILCA?G ;I d-plex >? GC.NA. ,IMN?LCILG?HN?, IM GC.NA 
>OJF;-fCN; MãI ?HNãI CH=ILJIL;>IM ;I .%/C (>I CHAF_M RNA ind-ced silencing complex), 
=IGJF?RI MCF?H=C;>IL CH>OTC>I JIL .NA, DOHN;G?HN? =IG OG; f;GíFC; >? JLIN?íH;M 

>?HIGCH;>; ALAIH;ON; (A#+), IH>? OG fCF;G?HNI é M?F?=CIH;>I (fCN; AOC;) J;L; M? 

NILH;L I GC.NA G;>OLI. EHNãI, IM GC.NAM G;>OLIM MãI AOC;>IM J;L; M?OM ;FPIM 

?MJ?=ífC=IM >? G.NA JIL G?CI >I ?GJ;L?FB;G?HNI >? <;M?M (#EBE.0; )AC.AE, 

2019).  

A fCN; AOC; é M?F?=CIH;>; >OL;HN? ; ?N;J; >? =;LL?A;G?HNI >; A#+, 

JLCH=CJ;FG?HN?, =IG <;M? H; ?MN;<CFC>;>? N?LGI>CH[GC=; L?F;NCP; >;M >O;M 

?RNL?GC>;>?M >I d-plex do miRNA. A fita com a extremidade 5’ relativamente instável 

é A?L;FG?HN? ?M=IFBC>; =IGI ; fCN; AOC;. AFéG >CMMI, OG >?N?LGCH;HN? ;>C=CIH;F J;L; 

; ?M=IFB; >; =;>?C; é ; JLCG?CL; M?KO_H=C; HO=F?INí>C=;, OG; P?T KO? ;M JLIN?íH;M 

A#+ M?F?=CIH;G ; fCN; KO? =IHNéG OG; OL;=CF; H; JIMC]ãI 1. AJaM ; ?M=IFB; >; fCN;, 

I fCF;G?HNI HãI ?M=IFBC>I >?HIGCH;>I fCN; J;MM;A?CL; é, ?HNãI, FC<?L;>; ? >?AL;>;>; 

L;JC>;G?HN? (BA.0E(, 2018). 

+M GC=LI.NAM G?>?C;G I MCF?H=C;G?HNI A_HC=I JaM-NL;HM=LC=CIH;F >? A?H?M 

;FPI JIL G?CI >; BC<LC>CT;]ãI, JL?f?L?H=C;FG?HN?, >I GC.NA G;>OLI H; L?ACãI 3' HãI 

NL;>OTC>; >? G.NA ;FPI, =IG ; L?ACãI M?G?HN? HIM HO=F?INí>?IM 2 ; 7 H; 

?RNL?GC>;>? 5' >I GC.NA M?H>I OG; M?KO_H=C; =LO=C;F ((1; .+0HENBE.#, 2018). 

EG<IL; I J;L?;G?HNI ?MN?H>C>I =IG I HO=F?INí>?I 8 >I MíNCI-;FPI ?/IO ; JL?M?H]; 

>? OG; ;>?HCH; H; JIMC]ãI 1 M?D; ?RNL?G;G?HN? <?HéfC=I ? ?fC=;T, BY OG MO<ALOJI 



>? MíNCIM fOH=CIH;CM KO? JIMMOC OG J;L?;G?HNI CGJ?Lf?CNI =IG ; M?KO_H=C; M?G?HN?, 

M?H>I N;G<éG ?fC=C?HN? J;L; I MCF?H=C;G?HNI. + G?=;HCMGI >? L?AOF;]ãI A_HC=; JIL 

G?CI >? GC.NA é MCGJF?M, ? ; JL?M?H]; >? >?N?LGCH;HN?M FI=;CM ? AFI<;CM GI>OF;G 

; ?fC=Y=C; >; FCA;]ãI ? MCF?H=C;G?HNI >I G.NA ;FPI (-1X2%((+N-H1BE. EA1; 

/%)A. , 2018).  

AFéG >; <CIA_H?M? =;HbHC=; >?M=LCN; ;HN?LCILG?HN?, ?RCMN?G PYLC;M PC;M HãI-

=;HbHC=;M >? <CIA_H?M? >? GC.NA, N;CM =IGI: OG JLé-GC.NA >? 7 G?NCFAO;HIMCH; 

(G7#-=;J) JI>? M?L A?L;>I >CL?N;G?HN? ;NL;PéM >; NL;HM=LC]ãI, =IHNILH;H>I I 

JLI=?MM;G?HNI >?  .+/HA ? ?RJILN;>I J;L; I =CNIJF;MG; (C); JI>? M?L A?L;>I OG 

J?KO?HI JL?=OLMIL >? .NA (GCLNLIH) JIL G?CI >? splicing ? >?ML;GCfC=;]ãI >? G.NA, 
N;G<éG =IHNILH;H>I I J;MMI >? JLI=?MM;G?HNI G?>C;>I JIL  .+/HA, 

JIMN?LCILG?HN?, >I<L;>I ?G JLé-GC.NA ? ?RJILN;>I J;L; I =CNIJF;MG; 

()%CH(E3/'%; CmCE.E/, 2019) (CC); ;FAOHM J?KO?HIM .NAM HO=F?IF;L?M JI>?G M?L 

=FCP;>IM J;L; JLI>OTCL JLé-GC.NA (CCC); JLC-GC.NA ALOJI %% >?J?H>?HN? >? 

OLC>CFCFNL;HMf?L;M? JLI>OT JLé-GC.NA =IG OG; >;M fCN;M H; JIMC]ãI 3' G;CM =OLN; KO? 

MIfL? GIHIOLC>CF;]ãI HI =CNIJF;MG; J;L; JLI=?MM;G?HNI J?F;  %CE. ?G M?AOC>; (CP); 

? OG; PC; CH>?J?H>?HN? >;  %CE. =IHMCMN? ?G OG =OLNI JLé-GC.NA é JLI>OTC>I J?F; 

 .+/HA ? é ?RJILN;>I >CL?N;G?HN? ? =;LL?A;>I J;L; ; JLIN?íH; A#+ M?G I 

JLI=?MM;G?HNI >?  %CE. ('HAN; /10HAN0H%.AN; )10H1'1)A., 2019) (P)  

%HdG?LIM ?MNO>IM L?F;N;L;G N?L >?M=I<?LNI ;MMCH;NOL;M >? GC.NA 

L?JL?M?HN;NCP;M >? >I?H];M ?G PYLCIM N?=C>IM >I?HN?M, <?G =IGI: OLCH;, MILI, JF;MG; 

? IONLIM fFOC>IM =ILJIL;CM ?G HOG?LIM;M J;NIFIAC;M, NILH;H>I-IM =;H>C>;NIM 

;JLIJLC;>IM Z M?L?G <CIG;L=;>IL?M. CIGI GOCNIM GC.NAM MãI ?MJ?=ífC=IM >I N?=C>I, 

MO; >?ML?AOF;]ãI MCMN_GC=; HI M;HAO? J?LCféLC=I ;JIHN; J;L; OG; J;NIFIAC; (/1N; 

(E.)AN, 2019; A#+/0%N% ?N ;F., 2019; HE// ?N ;F., 2019; 3AN# ?N ;F., 2019<; 

3AN# ?N ;F., 2019;).  

 

1.5 M2,r8R As ,868 b286ar,a-8r.s 9ara &DM 

 

EG 2008, >O;M ?KOCJ?M >? J?MKOCM; CH>?J?H>?HN?M C>?HNCfC=;L;G ; JL?M?H]; 

>? GC.NAM H; =ILL?HN? M;HAOíH?; (CHEN ?N ;F., 2008; #%(A  ?N ;F., 2008).  ?M>? 



?HNãI, CHdG?L;M M?KO_H=C;M >Cf?L?HN?M fIL;G ?H=IHNL;>;M ?G JF;MG; ? MILI 

>?LCP;>IM >? BOG;HIM ? ;HCG;CM. ,I>? M?L I<M?LP;>I KO? GC.NAM =CL=OF;HN?M fIL;G 

;MMI=C;>IM ; GOCN;M >I?H];M, F?P;H>I Z =IH=FOMãI >? KO? ?MM;M GIFé=OF;M MãI 

“impressões digitais” para doenças específicas. Como os miRNAs foram denominados 

?MJ?=ífC=IM J;L; fOH]c?M ? >I?H];M <CIFaAC=;M, ?F?M FIAI M? NILH;L;G OG; HIP; 

=F;MM? >? <CIG;L=;>IL?M ? JIN?H=C;CM ;FPIM J;L; N?L;JC;M (BEN6 ?N ;F., 2016). 

,;L; M?L =IHMC>?L;>I OG <CIG;L=;>IL, é H?=?MMYLCI ;JL?M?HN;L OG; 

=;L;=N?LíMNC=; I<D?NCP;G?HN? G?>C>; ? ;P;FC;>; =IGI OG CH>C=;>IL >? JLI=?MMIM 

<CIFaAC=IM HILG;CM, JLI=?MMIM J;NIA_HC=IM IO L?MJIMN;M f;LG;=IFaAC=;M ; OG; 

CHN?LP?H]ãI N?L;J_ONC=;. BCIG;L=;>IL?M N_G =IGI I<D?NCPI C>?HNCfC=;L =;L;=N?LíMNC=;M 

KO;HNCfC=YP?CM >? JLI=?MMIM <CIFaAC=IM (F+E//(; '+06BEC'; +BE.)A5E.-

,%E0/CH, 2019). 

1G G;L=;>IL <CIFaAC=I C>?;F N?G ;FN; ?MJ?=CfC=C>;>? ? M?HMC<CFC>;>?, é 

>?N?=NYP?F JIL JLI=?>CG?HNIM >? ;GIMNL;A?G GCHCG;G?HN? CHP;MCPIM ? MO; 

=IH=?HNL;]ãI >?P? M?L CH>C=;NCP; >? OG ?MN;>I >? >I?H]; (B1/CH)ANN ?N ;F., 

2016). AFéG >CMMI, IM <CIG;L=;>IL?M >C;AHaMNC=IM JI>?G M?L ONCFCT;>IM =IG I CHNOCNI 

>? ;P;FC;L I ?MN;>I >; >I?H];, DY IM G;L=;>IL?M <CIFaAC=IM JLIAHaMNC=IM MãI 

CHfILG;NCPIM ; L?MJ?CNI >I L?MOFN;>I >; >I?H]; ?, fCH;FG?HN?, IM <CIG;L=;>IL?M 

JL?>CNCPIM ;DO>;G ; >?N?LGCH;L ; ?fC=Y=C; >I NL;N;G?HNI KO;H>I IM ALOJIM 

?RJ?LCG?HN;CM MãI =IGJ;L;>IM ;IM =IHNLIF?M (C+..E%A ?N ;F., 2017). 

)C.NAM =CL=OF;HN?M JI>?G M?L ?H=IHNL;>IM ?G PYLC;M fILG;M H; =ILL?HN? 

M;HAOíH?; (FCAOL; 4), M?H>I KO? 90% >IM GC.NAM ?RNL;=?FOF;L?M ?H=IHNL;G-M? 

FCA;>IM ; JLIN?íH;M A#+, fILG;H>I =IGJF?RIM JLIN?C=IM FCPL?M H; =ILL?HN? M;HAOíH?;. 

+M 10% L?MN;HN?M MãI ?H=IHNL;>IM >? fILG; ?GJ;=IN;>; HI CHN?LCIL >? ?RIMMIGIM, 

>?HNLI >? =ILJIM ;JIJNaNC=IM IO FCA;>IM ; H ( (FCJIJLIN?íH; >? ;FN; >?HMC>;>?) 

(F+E//(; '+06BEC'; +BE.)A5E.-,%E0/CH, 2019). NIN;-M? KO? ; ILCA?G >IM 

GC.NAM =CL=OF;HN?M é >? >Cfí=CF L;MNL?;G?HNI. ,IL OG F;>I, GC.NAM =CL=OF;HN?M JI>?G 

M?L >?LCP;>;M >? =éFOF;M M;HAOíH?;M GILN;M, ?MJ?=C;FG?HN? HI =;MI >? GC.NAM 

FCA;>IM ; =ILJIM ;JIJNaNC=IM, G;M ?F?M N;G<éG JI>?G M?L ;NCP;G?HN? M?=L?N;>IM JIL 

=éFOF;M PCP;M (/+HE(, 2016). 



F20ura 4. 2CMãI A?L;F ?MKO?GYNC=; >IM =IGJF?RIM >? GC.NA =CL=OF;HN?. 

 
FIHN?: ;>;JN;>I >? (F+E//(; '+06BEC'; +BE.)A5E.-,%E0/CH, 2019). 

A ?F?P;>; ?MN;<CFC>;>? >IM GC.NAM =CL=OF;HN?M M? >?P? ;I f;NI >? KO? IM 

?RIMMIGIM MãI P?Mí=OF;M CGJ?LG?YP?CM J;L; ;M .NAM?M ? >? G;H?CL; ;FN?LH;NCP;, é 

JIMMíP?F I<M?LP;L KO? ;M JLIN?íH;M A#+ ?MNãI JLIN?A?H>I IM GC.NAM >; LOJNOL; 

?HTCGYNC=;. CIGI IM GC.NAM =CL=OF;HN?M MãI ?MNYP?CM JIL OG =?LNI N?GJI ? 

f;=CFG?HN? ;=?MMíP?CM ; J;LNCL >? fFOC>IM =ILJIL;CM, MãI =;H>C>;NIM C>?;CM J;L; M?O OMI 

=IGI HIPIM <CIG;L=;>IL?M (F+E//(; '+06BEC'; +BE.)A5E.-,%E0/CH, 2019). 

 +M GC.NAM MãI ?R=?F?HN?M <CIG;L=;>IL?M, HãI ;J?H;M J;L; fCHM >? 

>C;AHaMNC=I, G;M N;G<éG J;L; ?MNL;NCfC=;]ãI >? >I?H];M ? N?L;J_ONC=;. 0;G<éG fIC 

I<M?LP;>I KO? ; >?N?=]ãI >? OG J?KO?HI HdG?LI >? GC.NAM fILH?=? G;CM 

CHfILG;]c?M MI<L? ; >I?H]; >I KO? I ?MNO>I >; ?RJL?MMãI >? PYLCIM G.NAM. 1G 

<IG =;H>C>;NI ; <CIG;L=;>IL é ;KO?F? KO? é ?MJ?=ífC=I J;L; I >CMNdL<CI, JI>? M?L 

>?N?=N;>I JL?=I=?G?HN? HI JLI=?MMI >; >I?H];, ;=?MMíP?F ; J;LNCL >I N?=C>I J?LCféLC=I 

(HãI CHP;MCPI), ?MNYP?F, L?JLI>ONíP?F ? ;MMI=C;>I ; OG G?=;HCMGI =IHB?=C>I. HY 

GOCNIM >?M;fCIM J;L; C>?HNCfC=;L HIPIM <CIG;L=;>IL?M <;M?;>IM ?G JLIN?íH;M, >?PC>I 

Z =IGJF?RC>;>? >; ?MNLONOL; >? OG; JLIN?íH; ? PYLC;M GI>CfC=;]c?M JaM-NL;>O=CIH;CM 

(A#.A3A( ?N ;F., 2018). 



+M N?=C>IM =?L?<L;CM ? I FíKOC>I =?f;FILL;KOC>C;HI MãI ;GIMNL;M <CIFaAC=;M 

C>?;CM J;L; J?MKOCM;M MI<L? NL;HMNILHIM H?OLIJMCKOCYNLC=IM. NI ?HN;HNI, ; <CaJMC; >I 

N?=C>I =?L?<L;F ? ;M ;GIMNL;M >? JOH]ãI FIG<;L HãI JI>?G M?L I<NC>;M >? G;H?CL; 

JLYNC=; >? J;=C?HN?M >?JLCGC>IM JIL KO?MNc?M éNC=;M ? >? M?AOL;H];. EG =IGJ;L;]ãI, 

;M ;GIMNL;M >? M;HAO? JI>?G M?L ;>KOCLC>;M =IG LCM=I ? =OMNI GíHCGIM ? MãI 

=IGOG?HN? OM;>;M ?G F;<IL;NaLCIM =FíHC=IM. AMMCG, OG N?MN? >? >C;AHaMNC=I <;M?;>I 

?G JF;MG; J;L; I >C;AHaMNC=I >? 0 ) M?LC; =FCHC=;G?HN? JLYNC=I (,AN ?N ;F., 2018). 

+M GC.NAM >?M?GJ?HB;G OG J;J?F CGJILN;HN? H; L?AOF;]ãI >IM JLI=?MMIM 

=?L?<L;CM ? JI>?G ?MN;L JIL NLYM >? ?MN;>IM JMC=IJ;NIFaAC=IM, =IGI ; >?JL?MMãI 

((+,E6; '+/; 01.EC'%, 2018). +M JLCG?CLIM ?MNO>IM ?G BOG;HIM KO? ?RJFIL;L;G 

; ?RJL?MMãI >? GC.NAM ?G >CMNdL<CIM JMCKOCYNLC=IM PC?L;G >? ?MNO>IM post-mortem. 
EG 2007, fIC L?F;N;>I 16 GC.NAM >Cf?L?H=C;FG?HN? ?RJL?MMIM HI =aLN?R JLé-fLIHN;F >? 

CH>CPí>OIM KO? MIfLC;G >? ?MKOCTIfL?HC; (,E.'%N/ ?N ;F., 2007). AJaM ?MM? ?MNO>I, 

HIN;-M? I =L?M=CG?HNI H; CHP?MNCA;]ãI >;M ;FN?L;]c?M HI J?LfCF >? ?RJL?MMãI >? 

GC.NAM ?G =éL?<LIM >? J?MMI;M =IG NL;HMNILHI >?JL?MMCPI G;CIL. EG 2012, fIC 

JO<FC=;>I I JLCG?CLI ?MNO>I KO? CHP?MNCAIO ;M ;FN?L;]c?M H; ?RJL?MMãI >? GC.NAM 

?G M;HAO? J?LCféLC=I >? J;=C?HN?M =IG >?JL?MMãI =IGJ;L;H>I =IG =IHNLIF?M 

M;O>YP?CM. N?MM? ?MNO>I, IM ;ONIL?M ?H=IHNL;L;G OG; >?ML?AOF;]ãI H; ?RJL?MMãI 

>? 14 GC.NAM ?G =éFOF;M GIHIHO=F?;L?M >I M;HAO? J?LCféLC=I >? J;=C?HN?M 

>?JLCGC>IM ;I M? =IGJ;L;L =IG I =IHNLIF?, J;=C?HN?M JMCKOC;NLC=;G?HN? M;O>YP?CM 

(BE(6EA14 ?N ;F., 2012).  

,IMN?LCILG?HN?, CHdG?LIM ?MNO>IM fIL;G L?;FCT;>IM ?G >Cf?L?HN?M fFOC>IM, 

=éFOF;M ? N?=C>IM KO? ;JIHN;L;G >?ML?AOF;]ãI H; ?RJL?MMãI >? GC.NAM ?G J;=C?HN?M 

>?JL?MMCPIM (/)A(HE%/E. ?N ;F., 2012; /)A(HE%/E. ?N ;F., 2014; (+,E6 ?N ;F., 

2014;; (+,E6 ?N ;F., 2014<; )AHE1 ?N ;F., 2015; A6E2E + ?N ;F., 2016; 0+..E/-

BE..n+ ?N ;F., 2017; .+5 ?N ;F., 2017; (+,E6; '+/; 01.EC'%, 2018). EG >?MN;KO?, 

/%(2A ? =IF;<IL;>IL?M (2019) >?M=I<LCL;G JIL G?CI >? M?KO?H=C;G?HNI >? HIP; 

A?L;]ãI KO? I GC.NA-184 ?MNY >Cf?L?H=C;FG?HN? ?RJL?MMI ?G C>IMIM >C;AHIMNC=;>IM 

=IG 0 ). EMM? GC.NA ?MNY L?AOF;>I >? fILG; H?A;NCP; HIM J;=C?HN?M >?JL?MMCPIM, 

=IGJ;L;H>I-M? =IG IM C>IMIM >C;AHIMNC=;>IM M;O>YP?CM. + ;=B;>I fIC =IGJLIP;>I 

=IG ?RJ?LCG?HNIM L?;FCT;>IM ;JaM I M?KO?H=C;G?HNI JIL G?CI >; Né=HC=; >? .0-

K,C. (>I CHAF_M: Real-time re.erse transcription pol1merase chain reaction). 



A>?G;CM, IM GC.NAM ;JL?M?HN;G-M? =IGI <CIGIFé=OF;M ;NL;NCP;M J;L; M?L?G 

ONCFCT;>;M =IGI <CIG;L=;>IL?M, >?PC>I Z MO; G?HIL =IGJF?RC>;>?, ?MJ?=CfC=C>;>? >? 

N?=C>I ? M?G GI>CfC=;]c?M JaM-NL;>O=CIH;CM =IHB?=C>;M. EF?M MãI ?MNYP?CM HI M;HAO?, 

H; OLCH; ? HIM N?=C>IM ? JI>?G, JILN;HNI, M?LPCL =IGI JIMMíP?CM <CIG;L=;>IL?M J;L; 

GOCN;M =IH>C]c?M. NI ?HN;HNI, ; JL?=CM; ? ?R;N; G?>C]ãI >? GC.NA MãI >?M;fC;>IL;M. 

1G GC.NA é OG; M?KO_H=C; =OLN; >? HO=F?INí>?IM =IG =IHN?d>I #C ;FN;G?HN? 

P;LCYP?F, I KO? F?P; ; >Cf?L?HN?M JLIJLC?>;>?M >? BC<LC>CT;]ãI, NILH;H>I MO; >?N?=]ãI 

GOCNI ?RCA?HN? (B(+N A( ?N ;F., 2013). 

EG MOG;, KO;HNC>;>?M GCHdM=OF;M >? GC.NAM JL?M?HN? HI MILI IO ?G IONLIM 

fFOC>IM =ILJIL;CM L?KO?L?G OG; N?=HIFIAC; G;CM ;P;H];>;, PCM;H>I >?M?HPIFP?L 

Né=HC=;M LI<OMN;M, JL?=CM;M ? ;FN;G?HN? M?HMíP?CM J;L; >?N?=]ãI >? GC.NAM. AJ?M;L 

>;M FCGCN;]c?M, ; >?M=I<?LN; >IM GC.NAM ;<LCO HIPIM BILCTIHN?M ;I >?MP?H>;L IM 

G?=;HCMGIM >? PYLC;M >I?H];M, JIMMC<CFCN;H>I OG; HIP; >CG?HMãI ;I =;GJI >IM 

<CIG;L=;>IL?M =IG ;JFC=;]ãI J;L; GéNI>IM >C;AHaMNC=IM (A#.A3A( ?N ;F., 2018). 

 

1.6 MHt8-8s -2a07óst2,8s 9ara &DM 

 

EG >?=ILL_H=C; >; f;FN; >? >;>IM F;<IL;NILC;CM ?GJíLC=IM MOfC=C?HN?M, I 

>C;AHaMNC=I >I 0 ) >?J?H>? ?R=FOMCP;G?HN? >; C>?HNCfC=;]ãI MO<D?NCP; =FíHC=;, 

<;M?;>; ?G MCHNIG;M ? ?M=;F;M P;LCYP?CM. EMM? GéNI>I =IHMCMN? ?G OG; ;P;FC;]ãI 

;<L;HA?HN? JIL OG JLIfCMMCIH;F ?RJ?LC?HN?, M?H>I L?MNLCNI ; I<M?LP;]ãI MO<D?NCP; 

CH>CPC>O;F ? f;FN; >? >C;AHaMNC=IM ?G N?GJI L?;F (6H1 ?N ;F., 2018), L?MOFN;H>I ?G OG; 

;FN; N;R; >? ?LLIM >? >C;AHaMNC=I (,AN ?N ;F., 2018). AFéG >CMMI, H; JLYNC=; LINCH?CL;, 

IM =FíHC=IM A?L;FG?HN? ONCFCT;G I  /)-2 ? C% -11 (CF;MMCfC=;]ãI %HN?LH;=CIH;F >? 

 I?H];M 11j ?>C]ãI) J;L; ;ORCFC;L HI >C;AHaMNC=I, M?H>I >?M;fC;>IM JIL ;>?KO;L ;M 

;JL?M?HN;]c?M >IM MCHNIG;M >? M?OM J;=C?HN?M, KO? ?MNãI ?G OG; ?M=;F; =IHNíHO; 

>; AL;PC>;>? >? >?JL?MMãI, ; =;N?AILC;M >C;AHaMNC=;M LCAILIM;M <;M?;>;M H?MM? 

G;HO;F ( /)-2, 2014).  ?PC>I ; f;FN; >? OG GéNI>I >? >C;AHaMNC=I I<D?NCPI, G?HIM 

>; G?N;>? >IM J;=C?HN?M =IG 0 ) (?G GOCNIM J;íM?M, G?HIM >? 10%) L?=?<?G 

NL;N;G?HNIM ?fC=;T?M (,AN ?N ;F., 2018);  



  A FCN?L;NOL; NL;T ;FAOG;M ;<IL>;A?HM KO? PCM;G ;ORCFC;L HI >C;AHaMNC=I >; 

>?JL?MMãI.  FI=;H>I H; ;JL?M?HN;]ãI >? MCHNIG;M J?FI J;=C?HN?, HIN;-M? OG GéNI>I 

>? >C;AHaMNC=I, L;MNL?;G?HNI ? =F;MMCfC=;]ãI >? MCHNIG;M >?JL?MMCPIM, ; fCG >? JL?P?L 

L?MJIMN;M ; NL;N;G?HNIM ?MJ?=ífC=IM ? ILC?HN;L ;DOMN?M ? CHN?LP?H]c?M ;>C=CIH;CM ;I 

NL;N;G?HNI. EMN? GéNI>I =IHMCMN? ?G L?;FCT;L J?LAOHN;M ;I CH>CPí>OI MI<L? J?FI 

G?HIM OG =LCNéLCI >?JL?MMCPI; L?ACMNL;L ;(M) L?MJIMN;(M) >I(M) CH>CPí>OI(M) J;L; J?FI 

G?HIM OG; J?LAOHN;; JIHNO;L ;M L?MJIMN;M >I CH>CPí>OI >? fILG; ; >?N?LGCH;L ; 

?RCMN_H=C; IO HãI >? >?JL?MMãI HI CH>CPí>OI; f;T?L ;I CH>CPí>OI G;CM J?LAOHN;M MI<L? 

>?N?LGCH;>IM ALOJIM, J;>Lc?M ?/IO MO<NCJIM >? >?JL?MMãI ? JIHNO;L ;M L?MJIMN;M >? 

GI>I ; >?N?LGCH;L I MO<NCJI ? ; AL;PC>;>? >; >?JL?MMãI HI CH>CPí>OI (#. .+#E. 

/,A.HA3', 2001). NI ?HN;HNI, IM >?M;fCIM >?MM; G?NI>IFIAC; >C;AHaMNC=; é ; 

;JL?M?HN;]ãI =FíHC=; >? 0 ), KO? é ;FN;G?HN? B?N?LIA_H?; ? JIMMOC =IGIL<C>;>? 

=IG IONL;M >I?H];M =IGI ;HMC?>;>? ? fI<C; MI=C;F. EHNL? IM CH>CPí>OIM =IG 0 ), 

57,5% N;G<éG JL??H=B?G =LCNéLCIM J;L; J?FI G?HIM OG IONLI NL;HMNILHI >? BOGIL. 

 ; G?MG; fILG;, ?HNL? IM CH>CPí>OIM =IG fI<C; MI=C;F, 14,9% JL??H=B?G =LCNéLCIM 

J;L; 0 ) ? 60% >IM CH>CPí>OIM KO? L?;FCT;G NL;N;G?HNI J;L; fI<C; MI=C;F JL??H=B?G 

=LCNéLCIM J;L; >?JL?MMãI (3E./EBE ?N ;F., 2018).  

+ONL;M G?NI>IFIAC;M DY fIL;G >?M=LCN;M, N;CM =IGI: ;HYFCM?M >? ;GIMNL; N?MN? 

I<NC>; >? OG J;=C?HN? J;L; ; JL?M?H]; IO KO;HNC>;>? >? OG IO G;CM JIFCGILfCMGI >? 

HO=F?INí>?I dHC=I (/N,M, >I CHAF_M Single N-cleotide Pol1morphisms), ;MMI=C;>IM ; 
A?H?M H;M PC;M <CIKOíGC=;M L?F;=CIH;>;M ; ;>MIL]ãI, >CMNLC<OC]ãI, L?=?JNIL IO ?f?NIL 

>? M?LINIHCH; ( %A)+N ; B.E)E., 2005); G?NI>IFIAC; <;M?;>; H; C>?HNCfC=;]ãI >? 

;FN?L;]c?M ?G GdFNCJFIM H?OLINL;HMGCMMIL?M JF;MGYNC=IM, M?H>I OG ?MNO>I 

G?N;<IFbGC=I >CL?=CIH;>I (,AN ?N ;F., 2018); CGOHI?HM;CIM (B%(E((+; ,%, 2010); 

?MJ?=NLIG?NLC; >? G;MM; JIL >?MMIL]ãI/CIHCT;]ãI JIL F;M?L >? MOJ?Lfí=C? (/E( %-)/) 

(3AN#;  +.%N; C+)AN%C%1, 2010); íH>C=? >? >C;AHaMNC=I >? >?JL?MMãI OM;H>I 

L?=OLMIM HãI FCH?;L?M ?G MCH;CM >? ?F?NLI?H=?f;FIAL;G; (ACHA.5A ?N ;F., 2015); 

GéNI>I KO? ONCFCT; MCH;CM ?F?NLI?H=?f;FIALYfC=IM ;I ONCFCT;L J;>Lc?M ?MJ;=C;CM =IGOHM 

>? Kernel Eigen-Filter-Bank ((%A+ ?N ;F., 2017); G?NI>IFIAC; J;L; I >C;AHaMNC=I >? 
>?JL?MMãI ;ONIG;NCT;>I <;M?;>I ?G L?>?M JLIfOH>;M J;L; =I>CfC=;L ; ;J;L_H=C; ? 

>CH[GC=; f;=C;F (6H1 ?N ;F., 2018). NI ?HN;HNI, IM GéNI>IM ;=CG; =CN;>IM MãI 

>CMJ?H>CIMIM, ;FAOHM MO<D?NCPIM, =;LIM, L?KO?L?G GOCNI N?GJI >? NL;<;FBI ? ?RCA?G 



JLIfCMMCIH;F ;FN;G?HN? KO;FCfC=;>I. N?MM? M?HNC>I, OG; ;<IL>;A?G >C;AHaMNC=; 

I<D?NCP; J;L; I 0 ) N?LC; OG P;FIL =FíHC=I =IHMC>?LYP?F (,AN ?N ;F., 2018). 

N?MM? M?HNC>I, IM <CIMM?HMIL?M JI>?G M?L ;FN?LH;NCP;M ?R=?F?HN?M J;L; 

>C;AHaMNC=I >I 0 ) >?PC>I ZM MO;M =;L;=N?LíMNC=;M =IGI: ;FN; M?HMC<CFC>;>?, J?KO?HI 

N?GJI >? L?MJIMN;, <;CRI =OMNI, PIFOG? >? ;GIMNL; L?>OTC>I, M?H>I ;JFC=;>IM H;M 

CH>dMNLC;M f;LG;=_ONC=;M (#H+ /%; .AFA0%; /H+&A, 2019), GIHCNIL;G?HNI 

;G<C?HN;F (B%(A(; %-BA(, 2019), CH>dMNLC; >? ;FCG?HNIM (6H+1 ?N ;F., 2019) ? 

>?N?=]ãI >? >I?H];M (.+ +2A(H+ ?N ;F., 2018). 

 

1.7 B28ss.7s8r.s 

 

BCIMM?HMIL?M MãI >CMJIMCNCPIM KO? =IHN_G OG ?F?G?HNI >? <CILL?=IHB?=CG?HNI 

KO? CHN?L;A? =IG OG ;H;FCNI JL?M?HN? ?G OG; ;GIMNL;, F?P;H>I ; OG; ;FN?L;]ãI >; 

JLIJLC?>;>? KOíGC=;/fíMC=;, KO? OG NL;HM>ONIL =IHP?LN? ?G OG MCH;F G?HMOLYP?F. AFéG 

>CMMI, OG <CIMM?HMIL ?F?NLIKOíGC=I é >?fCHC>I, >? ;=IL>I =IG ; %1,AC, como “um 

>CMJIMCNCPI CHN?AL;>I ;ONbHIGI, =;J;T >? fILH?=?L CHfILG;]c?M ;H;FíNC=;M 

KO;HNCN;NCP;M IO M?GCKO;HNCN;NCP;M ?MJ?=ífC=;M, =IGJL??H>?H>I NL_M =IGJIH?HN?M 

essenciais: analito, biorreceptor e transdutor” (WONGKAEW et al., 2019).  

EG L?F;]ãI ;I <CILL?=?JNIL, GOCN;M P?T?M =B;G;>I >? MIH>;, >?P? B;P?L OG 

=IGJIH?HN? KO? L?=IHB?]; M?F?NCP;G?HN? I ;H;FCNI >? CHN?L?MM?. #?L;FG?HN?, CMMI 

L?KO?L OG ?P?HNI >? FCA;]ãI ?HNL? I ?F?G?HNI >? L?=IHB?=CG?HNI ? ; GIFé=OF; ;FPI. 

AFéG >CMMI, é H?=?MMYLCI KO? I MCMN?G; ;JL?M?HN? ;FAOG; fILG; >? ?F?G?HNI >? 

NL;HM>O]ãI, I KO;F =IHP?LN? I ?P?HNI >? FCA;]ãI <CIKOíGC=; (<CILL?=IHB?=CG?HNI) HOG 

MCH;F f;=CFG?HN? G?HMOLYP?F. N?MN? =;MI, JI>? I=ILL?L ; A?L;]ãI >? ?MJé=C?M 

?F?NLIKOCGC=;G?HN? G?HMOLYP?CM, ;FAOG; ;FN?L;]ãI H; =IH>ONCPC>;>?, GO>;H]; H; 

G;MM; IO H;M JLIJLC?>;>?M aJNC=;M, =IGI I íH>C=? >? L?fL;]ãI. FCH;FG?HN?, >?P? 

B;P?L GéNI>IM J;L; >?N?=N;L ? KO;HNCfC=;L ; GO>;H]; fíMC=;, =IGI G?>CL OG; =ILL?HN? 

?FéNLC=; IO OG; ;FN?L;]ãI >? G;MM; IO aJNC=; ? =IHP?LN_-F; ?G CHfILG;]ãI dNCF 

(A(0%N0A/, 2018). 



+M <CIMM?HMIL?M JI>?G M?L =F;MMCfC=;>IM =IG <;M? ?G PYLC;M J?LMJ?=NCP;M, HI 

?HN;HNI, ; =F;MMCfC=;]ãI G;CM =IGOG?HN? ONCFCT;>; <;M?C;-M? ?G >ICM f;NIL?M: I 

?F?G?HNI >? <CILL?=IHB?=CG?HNI ? ; NL;HM>O]ãI >I MCH;F (A(HA .A)%, 2018). A 

FCAOL; 5 CFOMNL; >Cf?L?HN?M NCJIM >? <CIMM?HMIL?M =F;MMCfC=;>IM =IG <;M? H?MM;M >O;M 

J?LMJ?=NCP;M. 

F20ura 5. CIHfCAOL;]ãI ?MKO?GYNC=; >? OG <CIMM?HMIL. 

 
FIHN?: ;>;JN;>I >? ()+W+, 2018).  

+M GéNI>IM ?F?NLIKOíGC=IM N_G P;HN;A?HM MOJ?LCIL?M >?PC>I ;I M?O <;CRI 

=OMNI, M?F?NCPC>;>? ? =;J;=C>;>? >? GCHC;NOLCT;]ãI ?G =IGJ;L;]ãI =IG ; G;CILC; >;M 

Né=HC=;M ;H;FíNC=;M ?, JILN;HNI, ;JL?M?HN;G ;GJF; ONCFCT;]ãI HIM =;GJIM ;FCG?HNí=CIM, 

;ALí=IF;M, Gé>C=IM ? ;G<C?HN;CM ('%(%C ?N ;F., 2018). +M NL;HM>ONIL?M ?F?NLIKOíGC=IM 

fILH?=?G CHfILG;]c?M H; fILG; >? OG MCH;F ?FéNLC=I, I KO;F é JLIJIL=CIH;F Z 

=IH=?HNL;]ãI >I ;H;FCNI ? JI>? M?L G?>C>I =IGI =ILL?HN? IO PIFN;A?G. +M 

NL;HM>ONIL?M ?F?NLIKOíGC=IM NL;<;FB;G =IG I JLCH=íJCI >? L?;]c?M ?F?NLIKOíGC=;M KO? 

I=ILL?G H; CHN?Lf;=? ?F?NLI>I-?F?NLaFCNI (.AF%-1E ?N ;F., 2019). 

 ?HNL? ;M =F;MM?M >? <CIMM?HMIL?M ?F?NLIKOíGC=IM, >?MN;=;G-M? IM 

A?HIMM?HMIL?M. 1G A?HIMM?HMIL JI>? M?L >?fCHC>I =IGI OG >CMJIMCNCPI =IHN?H>I 

L?=?JNIL?M <CIFaAC=IM ?G MO; MOJ?Lfí=C? KO? JI>?G M?L OG; J?KO?H; M?KO_H=C; 

IFCAIHO=F?INí>C=; IO OG ;JN[G?LI, IO ;CH>; OG; ?HTCG; >?  NA (>I CHAF_M: 

 NATSG?M) J;L; ; C>?HNCfC=;]ãI >I ;H;FCNI (#+1)%, 2017).  



  NI =;MI >IM A?HIMM?HMIL?M ?F?NLIKOíGC=IM, ; =IHP?LMãI >CL?N; >; 

BC<LC>CT;]ãI ?G OG MCH;F ?FéNLC=I L?>OT ;M =IGJF?RC>;>?M ? >CfC=OF>;>?M L?F;=CIH;>;M 

Z =IHP?LMãI >? MCH;F HI M?KO?H=C;G?HNI A?HbGC=I, >?N?=]ãI >? GON;]ãI ? 

C>?HNCfC=;]ãI >? J;NaA?HIM. A =IHMNLO]ãI ? INCGCT;]ãI >? OG A?HIMM?HMIL 

?F?NLIKOíGC=I ?G A?L;F ?HPIFP? IM M?AOCHN?M NL_M ?MNYACIM: CGI<CFCT;]ãI >; MIH>; >? 

 NA (M?KO_H=C; >? IFCAIHO=F?INí>?I) H; MOJ?Lfí=C? >I ?F?NLI>I (C); BC<LC>CT;]ãI >; 

MIH>; =IG ; M?KO_H=C; ;FPI (M?KO_H=C; =IGJF?G?HN;L Z MIH>;) (CC); G;L=;]ãI ? 

F?CNOL; ?F?NLIKOíGC=; (CCC). +M A?HIMM?HMIL?M ?F?NLIKOíGC=IM JI>?G M?L =F;MMCfC=;>IM 

=IG <;M? HI NCJI >? MCH;F A?L;>I ? HI NCJI >? MIH>; >?  NA OM;>; =IGI <CIL?=?JNIL 

('1'.E0% ?N ;F., 2018), =IGI GIMNL;>I H; FCAOL; 6. 

F20ura 6. CF;MMCfC=;]ãI >? A?HIMM?HMIL?M >? ;=IL>I =IG I NCJI >? L?=?JNIL ? I NCJI >? MCH;F A?L;>I. 
 

FIHN?: ;>;JN;>I >? ('1'.E0% ?N ;F., 2018).  

,;L; =IHMNLO]ãI >IM A?HIMM?HMIL?M ?F?NLIKOíGC=IM, CHdG?L;M JF;N;fILG;M 

JI>?G M?L ONCFCT;>;M, N;CM =IGI: ?F?NLI>IM >? IOLI (+(%2E%.A ?N ;F., 2018;); ?F?NLI>IM 

CGJL?MMIM >? =;L<IHI (%N#.+//+ ?N ;F., 2019); ?F?NLI>IM CGJL?MMIM >? H;HINO<IM 

>? =;L<IHI (F+.01NA0% ?N ;F., 2019); ?F?NLI>IM >? =;L<IHI PíNL?I (#H+(%2AN ; 

A'BA.%, 2019); ?F?NLI>IM CGJL?MMIM GI>CfC=;>IM =IG H;HIfC<L;M >? =;L<IHI 

(E. E); E'/%N, 2019); ?F?NLI>IM >? AL;fCN? ( E CA/0.+ ?N ;F., 2018). +M ?F?NLI>IM 

>? IOLI MãI ;GJF;G?HN? ONCFCT;>IM H; ?F?NLIKOíGC=;, J;LNC=OF;LG?HN? ?G 

?F?NLIKOíGC=; GIF?=OF;L, AL;];M Z NíJC=; =CHéNC=; LYJC>; >? L?;]c?M >? 

?F?NLINL;HMf?L_H=C; ? L?;]c?M ?F?NLIKOCGC=;G?HN? CH>OTC>;M, M?H>I N;G<éG fY=CF >? 

M?L?G fOH=CIH;FCT;>IM =IG MIH>; ?MJ?=ífC=; J;L; >?N?=]ãI >I ;H;FCNI >? CHN?L?MM? 

(/+&%C ?N ;F., 2016). 



AM JLCH=CJ;CM fILG;M >? >?N?=]ãI >? OG ;H;FCNI >? CHN?L?MM? JI>?G M?L 

>CPC>C>;M ?G >CL?N; IO CH>CL?N;, GIHCNIL;H>I-M? ; IRC>;]ãI >;M <;M?M HCNLIA?H;>;M >I 

 NA IO ; L?MJIMN; >? OG CH>C=;>IL, L?MJ?=NCP;G?HN?. -O;H>I I ;FPI ?H=IHNL;-M? 

BC<LC>CT;>I =IG ; MIH>; >?  NA, IM L?Mí>OIM >? AO;HCH; >I GC.NA ;FPI JI>?G MIfL?L 

IRC>;]ãI, I KO? JI>? F?P;L ; GdFNCJFIM JLI>ONIM. A IRC>;]ãI >? AO;HCH; é =IHMC>?L;>; 

KOCGC=;G?HN? CLL?P?LMíP?F, M?G JC=IM >? L?>O]ãI =ILL?MJIH>?HN?M ;J;L?=?H>I ?G OG 

PIFN;GIAL;G; ((%; BA0CHE(+.-)CA1(E5; C+),0+N, 2010). ,IL IONLI F;>I, ; 

>?N?=]ãI CH>CL?N; JI>? =IGJL??H>?L ; ONCFCT;]ãI >? CHN?L=;F;HN?M >?  NA, =IGI JIL 

?R?GJFI, I <LIG?NI >? ?Ní>CI, J;L; GIHCNIL;L I JC=I >? IRC>;]ãI ?/IO L?>O]ãI >?MM?M 

G?>C;>IL?M. N; G;CILC; >;M P?T?M, IM CHN?L=;F;HN?M MãI GIFé=OF;M KO? M? FCA;G ;I 

d-plex ;JaM ; BC<LC>CT;]ãI >I GC.NA ;FPI =IG ; MIH>; >?  NA CGI<CFCT;>; H; 
MOJ?Lfí=C? >I ?F?NLI>I, =LC;H>I OG heterod-plex  NA-.NA, I KO;F é L?=IHB?=C>I J?FI 
CHN?L=;F;HN? ?F?NLI;NCPI KO? JI>? ?HNãI M?L IRC>;>I IO L?>OTC>I (#%((E/,%E; 

LADAME; O’HARE, 2019). 

+ <LIG?NI >? ?Ní>CI (BE) JIMMOC faLGOF; GIF?=OF;L C21H20N3BL, HIG? %1,AC é 

<LIG?NI >? 3,8->C;GCHI-5-?NCF-6-f?HCFf?H;HNLC>íHCI, OG >?LCP;>I >; f?H;HNLC>CH; KO? é 

OG =IGJIMNI =LCMN;FCHI P?LG?FBI-?M=OLI MIFdP?F ?G YAO; ? GOCNI ONCFCT;>I ?G <CIFIAC; 

GIF?=OF;L (/1(0HANA ?N ;F., 2018), M?H>I ;GJF;G?HN? ONCFCT;>I J?FI <;CRI =OMNI ? 

JIL ;JL?M?HN;L OG ;OG?HNI >; CHN?HMC>;>? >? fFOIL?M=_H=C; KO;H>I CHN?L=;F;>I ?HNL? 

IM J;L?M >? <;M? >; ?MNLONOL; >; >OJF; BéFC=? >I  NA (FCAOL; 7). A CHN?L=;F;]ãI =IG 

; >OJF; fCN; >I  NA I=ILL? >?PC>I Z CHN?L;]ãI BC>LIfa<C=;, H; KO;F OG; GIFé=OF; 

;LIGYNC=; é ;NL;í>; J;L; OG ;G<C?HN? BC>LIfa<C=I >IM J;L?M >? <;M?M >I  NA ; J;LNCL 

>I G?CI BC>LIfíFC=I. AFéG >CMMI, OG; JLIJLC?>;>? CHN?L?MM;HN? KO? I BE ;JL?M?HN; é 

I f;NI >? M?L OG; GIFé=OF; ?F?NLIKOCGC=;G?HN? ;NCP; (CA/0.+, 2016). 

 

 

 

 

 

 



F20ura 7. EMKO?G; L?JL?M?HN;NCPI >; ?MNLONOL; GIF?=OF;L >I  NA ;JaM CHN?L=;F;]ãI >I <LIG?NI >? 
?Ní>CI. 

 
FIHN?: ;>;JN;>I >? (E.%CH #.+0E3+( ; CHA,,E((; 'E((+##, 2015). 

 

1.8 M2,r8s,892a -. f8rGa atL62,a . tH,72,as .5.tr8:uJ62,as 
 

1.8.1 M2,r8s,892a -. f8rGa atL62,a 
 

A GC=LIM=IJC; >? fIL]; ;NbGC=; (AF), >? Atomic Force Microscop1) é OG; 
f?LL;G?HN; dNCF J;L; L?;FCT;L G?>C]c?M >CL?N;M >? fIL];M CHN?LGIF?=OF;L?M =IG 

=;L;=N?LCT;]ãI >? L?MIFO]ãI ;NbGC=; KO? JI>?G M?L ?GJL?A;>;M ?G OG ;GJFI 

?MJ?=NLI >? ;JFC=;]c?M =IGI ?G J?MKOCM;M >? G;N?LC;CM M?GC=IH>ONIL?M, JIFíG?LIM 

? <CIG;N?LC;CM (/AN0+/; CA.2A(H+, 2019). 

+ AF) é =IGJIMNI <;MC=;G?HN? JIL OG =;HNCF?P?L KO? JI>? M?L =B;G;>I >? 

JIHN;, JIHN?CL; IO MIH>;, I KO;F f;T P;LL?>OL;M >; MOJ?Lfí=C? >? OG; >?N?LGCH;>; 

;GIMNL; ?G ?MNO>I, G?>CH>I ; fIL]; >? CHN?L;]ãI ?HNL? IM YNIGIM >I =;HNCF?P?L ? IM 

>; MOJ?Lfí=C? >; ;GIMNL;. EG M?AOC>;, ONCFCT;H>I L?=OLMIM =IGJON;=CIH;CM >I so tware 
>I ?KOCJ;G?HNI, IM L?MOFN;>IM MãI =IHP?LNC>IM ?G CG;A?HM. AM fIL];M G?H=CIH;>;M 

JI>?G M?L >? CHdG?LIM NCJIM, HI ?HN;HNI, ;M JLCH=CJ;CM =IHMCMN?G H;M fIL];M ;NL;NCP;M 

>? 2;H >?L 3;;FM ? fIL];M L?JOFMCP;M ;>PCH>;M >I JLCH=íJCI >? ?R=FOMãI >? ,;OFC, 

I=ILL?H>I ; L?JOFMãI  ;I M? ;JLIRCG;L IM YNIGIM >I =;HNCF?P?L =IG IM >; ;GIMNL;  

(.E%FENBE.#E., 2015).  



A>?G;CM, M?O G?=;HCMGI >? fOH=CIH;G?HNI =IHMCMN? ?G OG F;M?L KO? CH=C>? 

H; J;LN? >? NLYM >I =;HNCF?P?L ? MO; >?fF?RãI é =;JN;>; JIL OG >?N?=NIL fINI>CI>I.  ? 

;=IL>I =IG ; P;LL?>OL; >; MOJ?Lfí=C? L?;FCT;>; J?FI MCMN?G;, ; JIHN?CL; MIfL? 

P;LC;]c?M ?G MO; JIMC]ãI P?LNC=;F, =IHfILG? Z NIJIAL;fC; >; ;GIMNL; =IG I I<D?NCPI 

>? G;HN?L OG; JIMC]ãI =IHMN;HN? HI JIHNI ?G KO? I F;M?L CH=C>?. ,?L=?<?-M? KO? I 

GIPCG?HNI L?;FCT;>I J?FI =;HNCF?P?L J;L; =CG; IO J;L; <;CRI é =ILL?MJIH>?HN? ;I 

>;>I >? ;FNOL; KO? é ONCFCT;>I H; =IHMNLO]ãI >; CG;A?G NIJIALYfC=; (/AN0+/; 

CA.2A(H+, 2019). 

+M GI>IM >? M? I<N?L CG;A?HM HI AF) JI>?G M?L =F;MMCfC=;>IM =IGI: =IHN;NI, 

=IHN;NI CHN?LGCN?HN? ? HãI-=IHN;NI, >?J?H>?H>I >;M fIL];M ?HNL? ; JIHN?CL; ? ; 

;GIMNL;. NI GI>I =IHN;NI, ; JIHN; P;LL? ; MOJ?Lfí=C? ? ;M fIL];M ;NO;HN?M MãI 

L?JOFMCP;M >I NCJI 2;H >?L 3;;FM. &Y HI GI>I HãI-=IHN;NI, =IGI I HIG? MOA?L?, ; 

JIHN; HãI NI=; ; MOJ?Lfí=C?, ? ;M fIL];M >? CHN?L;]ãI ;NO;HN?M MãI >? 2;H >?L 3;;FM 

;NL;NCP;M, G;CM fL;=;M KO? HI GI>I =IHN;NI. FCH;FG?HN?, IJ?L;H>I-M? HI GI>I 

CHN?LGCN?HN? (tapping mode), ; JIHN; P;LL? ; MOJ?Lfí=C? >; ;GIMNL; =IG =IHN;NI 
CHN?LGCN?HN? (.E%FENBE.#E., 2015). 

 

1.8.2 &H,72,as .5.tr8:uJ62,as 
 

0é=HC=;M ?F?NLIKOíGC=;M ?MNãI L?F;=CIH;>;M =IG I ?MNO>I >; CHN?L;]ãI ?HNL? 

JLIJLC?>;>?M ?FéNLC=;M ? KOíGC=;M, IO M?D;, ;M G?>C>;M >? AL;H>?T;M ?FéNLC=;M, =IGI 

JIL ?R?GJFI, =ILL?HN?, JIN?H=C;F IO =;LA; ? MO; L?F;]ãI =IG J;L[G?NLIM KOíGC=IM. + 

OMI >? G?>C]c?M ?FéNLC=;M J;L; fCHM ;H;FíNC=IM JI>? M?L I<M?LP;>I ?G OG; P;MN; A;G; 

>? ;JFC=;]c?M, CH=FOCH>I GIHCNIL;G?HNI ;G<C?HN;F, =IHNLIF? >? KO;FC>;>? CH>OMNLC;F IO 

;HYFCM? <CIGé>C=; (3AN#, 2006). 

X CGJILN;HN? G?H=CIH;L KO? ;M L?;]c?M >? IRC>;]ãI ? L?>O]ãI GIMNL;G-M? 

fOH>;G?HN;CM J;L; ;M Né=HC=;M ?F?NLIKOíGC=;M, ; =ILL?HN? >? CHN?L?MM? ; M?L 

GIHCNIL;>; é ; =ILL?HN? f;L;>;C=;, ILCOH>; >IM JLI=?MMIM L?>IR H; MOJ?Lfí=C? >I 

?F?NLI>I. +M JLI=?MMIM f;L;>;C=IM MãI L?AOF;>IM JIL G?=;HCMGIM >? NL;HMf?L_H=C; >? 

?FéNLIHM ? NL;HMJILN? >? G;MM; (/2ANCA.A ?N ;F., 2012).  A NL;HMf?L_H=C; ?F?NLbHC=; 

JI>? M?L ?RJL?MM; >? ;=IL>I =IG ; EKO;]ãI 1.   

 

% = H F A D                                                                                             EKO;]ãI 1 



A EKO;]ãI 1 ?HOH=C; ; JLIJIL=CIH;FC>;>? ?HNL? =ILL?HN? I<M?LP;>; (%), HdG?LI 

>? ?FéNLIHM ?HPIFPC>IM H; L?;]ãI (H), YL?; >I ?F?NLI>I (A), =IHMN;HN? >? F;L;>;S (F) 

? fFORI >? GIFé=OF;M >? ;H;FCNI (D) (/2ANCA.A ?N ;F., 2012). 

+ NL;HMJILN? >? G;MM; é L?MJIHMYP?F JIL L?AOF;L ; GIPCG?HN;]ãI ?F?NLbHC=; 

HI G?CI L?;=CIH;F. HY NL_M NCJIM >? NL;HMJILN?: >CfOMãI (GIPCG?HNI ?MJIHN[H?I >? 

;=IL>I =IG ; CHfFO_H=C; >? OG AL;>C?HN? >? =IH=?HNL;]ãI), =IHP?=]ãI (GIPCG?HNI 

L?ACc?M >? =IH=?HNL;]ãI) ? GCAL;]ãI (GIPCG?HNI >? J;LNí=OF;M =;LL?A;>;M ;I FIHAI 

>I =;GJI ?FéNLC=I ;JFC=;>I) (3;HA, 2006).  

EG ;HYFCM?M PIFN;GéNLC=;M, é >?M?D;>; ; GCHCGCT;]ãI >I NL;HMJILN? >? G;MM; 

JIL =IHP?=]ãI ? GCAL;]ãI ? ; ;GJFC;]ãI >I NL;HMJILN? >? G;MM; JIL >CfOMãI, M?H>I 

IM >ICM JLCG?CLIM =ILL?MJIH>?HN?M ;IM JLI=?MMIM HãI f;L;>;C=IM. (IAI, ONCFCT;-M? 

?R=?MMI >? ?F?NLaFCNI MOJILN? =IG I CHNOCNI >? GCHCGCT;L ; fILG;]ãI >? OG =;GJI 

?FéNLC=I KO? f;PIL?=?LC; ; GCAL;]ãI >?PC>I ; OG AL;>C?HN? >? =;LA;M, G;HN?H>I-M? 

N;G<éG NI>I I ;J;L;NI ?F?NLIKOíGC=I ?G L?JIOMI ; fCG >? ?PCN;L ; GIPCG?HN;]ãI JIL 

=IHP?=]ãI (3;HA, 2006). 

,;L; ; L?;FCT;]ãI >? ;HYFCM?M PIFN;GéNLC=;M, A?L;FG?HN?, ?GJL?A;-M? OG; 

=éFOF; ?F?NLIKOíGC=; =IHP?H=CIH;F, ; KO;F JI>? ;JL?M?HN;L NL_M ?F?NLI>IM (FCAOL; 8), ; 

M;<?L:  ?F?NLI>I >? NL;<;FBI, ?F?NLI>I ;ORCFC;L (N;G<éG =B;G;>I =IHNL;-?F?NLI>I) ? 

?F?NLI>I >? L?f?L_H=C;. + ?F?NLI>I >? NL;<;FBI é ;KO?F? ?G KO? I=ILL?LY ; L?;]ãI >? 

CHN?L?MM? fL?HN? ;I ;H;FCNI KO;H>I OG JIN?H=C;F é ;JFC=;>I. + ?F?NLI>I >? L?f?L_H=C;, 

A?L;FG?HN? =IHMNCNOí>I >? JL;N;/=FIL?NI >? JL;N; (AA/AACF), ;JL?M?HN; =IGI fOH]ãI 

>? G;HN?L I JIN?H=C;F =IHMN;HN? ?G L?F;]ãI ;I ?F?NLI>I >? NL;<;FBI.  ?MN; fILG;, 

NI>;M ;M G?>C>;M L?;FCT;>;M M?LãI ?G fOH]ãI >I JIN?H=C;F J;>LãI AA/AACF 

(,ACHEC+ ?N ;F., 2013). FCH;FG?HN?, I =IHNL;-?F?NLI>I, fL?KO?HN?G?HN? >? JF;NCH; ? 

N?G ; fOH]ãI >? f?=B;L I =CL=OCNI ?FéNLC=I H; =éFOF; ?F?NLIKOíGC=; ;JL?M?HN;, f;=CFCN;H>I 

; J;MM;A?G >? =ILL?HN? ?HNL? I ?F?NLI>I ;ORCFC;L ? I ?F?NLI>I >? NL;<;FBI (3AN#, 

2006). 

 

 

 

 



F20ura 8. .?JL?M?HN;]ãI ?MKO?GYNC=; >? OG; =éFOF; ?F?NLIKOíGC=; >? NL_M ?F?NLI>IM. /ãI >?MN;=;>;M 
;M L?ACc?M >? ?HNL;>; ? M;í>; >? AYM HCNLIA_HCI, <?G =IGI I =;JCF;L >? L-ggin, KO? N?G ; fOH]ãI >? 
;JLIRCG;L IM ?F?NLI>IM >? NL;<;FBI ? L?f?L_H=C;. 

 

 
 

FIHN?: (.+ +2A(H+, 2016).  
 

NI =;GJI >IM <CIMM?HMIL?M ?F?NLIKOíGC=IM ;M Né=HC=;M >? PIFN;G?NLC;, =IGI ; 

PIFN;G?NLC; =í=FC=; (2C) ? ; PIFN;G?NLC; >? JOFMI >Cf?L?H=C;F (2, ), ? ; Né=HC=; >? 

?MJ?=NLIM=IJC; >? CGJ?>[H=C; ?F?NLIKOíGC=; (E%E) M? >?MN;=;G, JICM, fILH?=?G 

CHfILG;]c?M =;L;=N?LíMNC=;M >; CHN?Lf;=? ?F?NLI>I-MIFO]ãI.  

A PIFN;G?NLC; =í=FC=; =IHMCMN? ?G P;LL?L FCH?;LG?HN? I JIN?H=C;F >? OG ?F?NLI>I 

>? NL;<;FBI ?MN;=CIHYLCI (?G OG; MIFO]ãI HãI ;ACN;>;), OM;H>I OG; fILG; >? IH>; 

>? JIN?H=C;F NLC;HAOF;L (FCAOL; 9A).  ?J?H>?H>I >; CHfILG;]ãI JLI=OL;>;, =C=FIM 

dHC=IM IO GdFNCJFIM JI>?G M?L ONCFCT;>IM.  OL;HN? ; P;LL?>OL; >? JIN?H=C;F, I 

JIN?H=CIMN;NI G?>? ; =ILL?HN? L?MOFN;HN? >I JIN?H=C;F ;JFC=;>I. + ALYfC=I >? =ILL?HN?-

JIN?H=C;F L?MOFN;HN? é >?HIGCH;>I >? PIFN;GIAL;G; =í=FC=I (FCAOL; 9B) (&+.#E 

H+5+/-A.BE(mE6; 2m6-1E6; C+N0.E.A/-CA( E.oN, 2017). 

 

 

 



F20ura 9. .?JL?M?HN;]c?M ALYfC=;M >; PIFN;G?NLC; =í=FC=;. A) #LYfC=I >? JIN?H=C;F ?G fOH]ãI >I N?GJI: 
?G =;>; =C=FI I JIN?H=C;F é P;LC;>I FCH?;LG?HN? >? E1 ; E2, ?G M?AOC>; L?NILH;H>I ; E1. B) 
2IFN;GIAL;G; =í=FC=I, =IG ; =ILL?HN? ?FéNLC=; ?G fOH]ãI >I JIN?H=C;F. N?MN? ?R?GJFI, é JIMMíP?F 
I<M?LP;L IM JC=IM >? IRC>;]ãI ? L?>O]ãI. E: JIN?H=C;F ?FéNLC=I; C: =ILL?HN? ?FéNLC=;; EJ=: JIN?H=C;F >? JC=I 
=;Na>C=I; EJ;: JIN?H=C;F >? JC=I ;Ha>C=I; CJ=: =ILL?HN? >? JC=I =;Na>C=I; CJ;: =ILL?HN? >? JC=I ;Ha>C=I. + 
delta (∆) representa a variação de corrente de pico, com a subtração da corrente de pico pela corrente 
H; <;M? >I JC=I 

 
FIHN?: (.+ +2A(H+, 2016). 

A PIFN;G?NLC; >? JOFMI >Cf?L?H=C;F (2, ) é OG; Né=HC=; ?RNL?G;G?HN? dNCF J;L; 

G?>CL IM HíP?CM >? NL;]IM >? ?MJé=C?M ILA[HC=;M ? CHILA[HC=;M. N; PIFN;G?NLC; >? JOFMI 

>Cf?L?H=C;F, JOFMIM >? G;AHCNO>? fCR; MI<L?JIMNIM ; OG; L;GJ; >? JIN?H=C;F FCH?;L MãI 

;JFC=;>IM ;I ?F?NLI>I >? NL;<;FBI (FCAOL; 10A). A =ILL?HN? é G?>C>; >O;M P?T?M, 

JIO=I ;HN?M >; ;JFC=;]ãI >I JOFMI ? HIP;G?HN? HI fCH;F >; PC>; dNCF >I JOFMI (;JaM U 

40 GM, KO;H>I ; =ILL?HN? >? =;LA; >?=;CO). A JLCG?CL; =ILL?HN? é MO<NL;í>; 

CHMNLOG?HN;FG?HN? >; M?AOH>;, ? ?MM; >Cf?L?H]; >? =ILL?HN? é JFIN;>; ?G L?F;]ãI ;I 

JIN?H=C;F ;JFC=;>I.  

 

 

 

 

 

 

 



F20ura 10. .?JL?M?HN;]c?M ALYfC=;M >; PIFN;G?NLC; >? JOFMI >Cf?L?H=C;F. A) #LYfC=I >? JIN?H=C;F ?G 
fOH]ãI >I N?GJI: MãI ;JFC=;>IM JOFMIM J?LCa>C=IM >? JIN?H=C;F. +M JIHNIM >?MN;=;>IM L?JL?M?HN;G ; 
;GIMNL;A?G >? =ILL?HN? J;L; OG JOFMI. B) 2IFN;GIAL;G; >? JOFMI >Cf?L?H=C;F, =IG ; =ILL?HN? ?FéNLC=; 
?G fOH]ãI >I JIN?H=C;F. N?MN? ?R?GJFI, é JIMMíP?F I<M?LP;L OG JC=I >? IRC>;]ãI. E: JIN?H=C;F ?FéNLC=I; 
i: corrente elétrica; ∆EJ: variação de potencial de pulso; ∆EM: P;LC;]ãI >? JIN?H=C;F >? ;GIMNL;A?G; NJ: 
J?LíI>I de pulso; ∆iJ: P;LC;]ãI >? =ILL?HN? >? JC=I. 

 
FIHN?: (.+ +2A(H+, 2016). 

+ PIFN;GIAL;G; >? JOFMI >Cf?L?H=C;F L?MOFN;HN? =IHMCMN? ?G JC=IM >? =ILL?HN?, 

=OD; ;FNOL; é >CL?N;G?HN? JLIJIL=CIH;F Z =IH=?HNL;]ãI >IM ;H;FCNIM =ILL?MJIH>?HN?M 

(FCAOL; 10B) (3AN#, 2006). EMM; Né=HC=; é ?R=?F?HN? J;L; ;JFC=;]ãI ?G 

<CIMM?HMIL?M OG; P?T KO? ;JL?M?HN; OG; ;FN; M?HMC<CFC>;>?, JICM ; =ILL?HN? 

L?MOFN;HN? é I<NC>; JIL G?CI >; >Cf?L?H]; ?HNL? ; =ILL?HN? f;L;>;C=; (>?M?D;>;) ? ; 

=ILL?HN? HãI-f;L;>;C=; (CHN?Lf?L?HN?) (/'++# ?N ;F., 2006).  

A Né=HC=; >? ?MJ?=NLIM=IJC; >? CGJ?>[H=C; ?F?NLIKOíGC=; (E%E) é <;M?;>; H; 

F?C >? +BG (?KO;]ãI 1), ; KO;F ?HOH=C; OG; L?F;]ãI FCH?;L ?HNL? ; =ILL?HN? (C) ? ; 

>Cf?L?H]; >? JIN?H=C;F (1) ?RCMN?HN? ?G OG =CL=OCNI ?FéNLC=I, M?H>I ; L?MCMN_H=C; (.) I 

f;NIL >? JLIJIL=CIH;FC>;>?. 

C = 1/.                                                                                               (EKO;]ãI 2) 

X JIMMíP?F I<M?LP;L KO? ; E%E é ?RJL?MM; H; fILG; >? OG HdG?LI =IGJF?RI, 

M?H>I KO? ; L?MCMN_H=C; >;>; ?G IBGM é I =IGJIH?HN? L?;F, ;I J;MMI KO? ; L?;N[H=C; 

=;J;=CNCP; =IGJL??H>? I =IGJIH?HN? CG;ACHYLCI ('A.1NA'A.AN; .A&'1)A.; 

BHA.#A2A, 2015). 

AFéG >CMMI, ; E%E =IHMCMN? H; L?MCMN_H=C; =IGJF?R; ?H=IHNL;>; KO;H>I OG; 

=ILL?HN? fFOC ;NL;PéM >? OG =CL=OCNI KO? ;JL?M?HN; =IG<CH;]c?M >? L?MCMNIL?M, 

=;J;=CNIL?M IO CH>ONIL?M. A E%E ?HPIFP? ; ;JFC=;]ãI >? OG MCH;F >? N?HMãI M?HIC>;F 



perturbante de pequena amplitude (a uma frequência ω) na célula eletroquímica e a 

G?>C]ãI >; L?MJIMN; >; =ILL?HN? é ?f?NO;>;.  

+M JLI=?MMIM ?F?NLIKOíGC=IM KO? I=ILL?G H; CHN?Lf;=? ?F?NLI>I-MIFO]ãI JI>?G 

M?L GI>?F;>IM OM;H>I =IGJIH?HN?M >I =CL=OCNI ?F?NLbHC=I ?KOCP;F?HN? KO? 

=ILL?MJIH>?G ;IM ?MJ?=NLIM >? CGJ?>[H=C; ?RJ?LCG?HN;CM (FCAOL; 11B). %MMI CH=FOC ; 

=;J;=CN[H=C; >; >OJF; =;G;>; ?FéNLC=; (C (), ; L?MCMN_H=C; bBGC=; >; MIFO]ãI 

?F?NLIFíNC=; (.M), L?MCMN_H=C; ; NL;HMf?L_H=C; >? =;LA;M (.C0), ? ; CGJ?>[H=C; >? 

3;L<OLA (3) L?MOFN;HN? >; >CfOMãI >? íIHM >; MIFO]ãI ?G G;MM; J;L; ; MOJ?Lfí=C? >I 

?F?NLI>I (3AN#, 2006).  
F20ura 11. EMJ?=NLIM=IJC; >? CGJ?>[H=C; ?F?NLIKOíGC=;. A)  C;AL;G; >? NSKOCMN, >?MN;=;H>I ;M 
L?ACc?M >? ;FN;M ? <;CR;M fL?KO_H=C;M, ;FéG >IM =YF=OFIM >? =IGJIH?HN?M >; CGJ?>[H=C;. B) CCL=OCNI 
?KOCP;F?HN? KO? M?LP? >? GI>?FI J;L; ?RJFC=;L IM >;>IM ?RJ?LCG?HN;CM. ./: L?MCMN_H=C; >; MIFO]ãI; 
.C0: L?MCMN_H=C; Z NL;HMf?L_H=C; >? =;LA;; 3: CGJ?>[H=C; >? 3;L<OLA; C (: =;J;=CN[H=C;.

 
FIHN?: (.+ +2A(H+, 2016). 

+ ?MJ?=NLI >? CGJ?>[H=C; f;L;>;C=I L?MOFN;HN? (ALYfC=I >? NSKOCMN) 

corresponde à dependência do número imaginário (Z”) em função do número real (Z’) 

(FCAOL; 11A), ? ;JL?M?HN; CHfILG;]c?M MI<L? ; CHN?Lf;=? ?F?NLI>I-MIFO]ãI. 

#?L;FG?HN?, IM ALYfC=IM >? NSKOCMN CH=FO?G OG; L?ACãI M?GC=íL=OFI MCNO;>; HI ?CRI, 

M?AOC>; JIL OG; FCHB; L?N; (3AN#, 2006). EG ;FN;M fL?KO_H=C;M ; CGJ?>[H=C; >? 

3;L<OLA é J?KO?H;, M?H>I KO? ;M J;LNí=OF;M KO? >CfOH>?G HãI M? GIP?G ; 

>CMN[H=C;M G;CIL?M ?, ?G <;CR;M fL?KO_H=C;M ; >CfOMãI >;M J;LNí=OF;M é G;CIL, 

;OG?HN;H>I ; CGJ?>[H=C; >? 3;L<OLA, C>?HNCfC=;>; JIL OG; FCHB; =IG OG [HAOFI >? 

45I H; L?ACãI >? <;CR; fL?KO_H=C;.   

AFéG >;M Né=HC=;M ?F?NLIKOíGC=;M, IONL;M ;<IL>;A?HM, =IGI I OMI >; CHN?LH?N 

? >? ;JFC=;NCPIM >? CHfILG;]ãI, JI>?G M?L ONCFCT;>;M =IG I CHNOCNI >? ;GJFC;L ; 

;JFC=;<CFC>;>? >IM <CIMM?HMIL?M. 0?H>_H=C;M L?=?HN?M HI =;GJI >? M?HMIL?M 

KOíGC=IM ? <CIMM?HMIL?M N_G >?MN;=;>I ; CGJILN[H=C; >; MCGJFC=C>;>? ? >I <;CRI 



=OMNI J;L; ?RJ;H>CL ;M N?=HIFIAC;M >? M?HMILC;G?HNI ZM J?MMI;M, CH=FOMCP? J;L; 

;KO?F;M ?G ;G<C?HN?M L?GINIM IO =IG JIO=IM L?=OLMIM (H+#AN; E(0+N; (+'E, 

2019). EMM?M MCMN?G;M ;JLIP?CN;G IM M?HMIL?M DY CH=ILJIL;>IM ;I N?F?fIH? IO OM;G 

M?HMIL?M ?RN?LHIM ;I N?F?fIH? (3++  ?N ;F., 2019).  

A FCN?L;NOL; L?JILN; >CP?LMIM ;P;H]IM HI =;GJI >; J?MKOCM; KO? ?HPIFP?G ; 

ONCFCT;]ãI >? CHN?Lf;=?M ?F?NLbHC=;M ? <CIMM?HMIL?M <;M?;>IM ?G smartphones, N;CM 
como: monitoramento da concentração de β- -AFC=IM? ONCFCT;H>I-M? >CMJIMCNCPI >? 

>?N?=]ãI ?F?NLIKOíGC=; <;M?;>I ?G smartphone ? <CIMM?HMIL <;M?;>I ?G J;J?F 
(F1&%)+0+ ?N ;F., 2017); determinação de β-=?NIH; (#1+, 2017) ? HíP?F FCJí>C=I 

M;HAOíH?I (F1; #1+, 2018) ONCFCT;H>I-M? N?MN?M =IG NCL;M >?M=;LNYP?CM =IG 

>CMJIMCNCPI ?F?NLbHC=I =IH?=N;>I ; OG smartphone; fCH;FG?HN?, )%N ? =IF;<IL;>IL?M 
(2018) >?M?HPIFP?L;G OG; JF;N;fILG; <;M?;>; ?G smartphone J;L; I >C;AHaMNC=I 
JL?=I=? >? M?JM?. /?H>I ;MMCG, ?MM?M >CMJIMCNCPIM fOH=CIH;G =IGI OG; JF;N;fILG; 

JILNYNCF J;L; L?ACMNL;L, ;H;FCM;L, =IHNLIF;L ? ?RC<CL IM L?MOFN;>IM. N?MM? M?HNC>I, 

M?HMIL?M GaP?CM ? ;JFC=;NCPIM >? MG;LNJBIH?M ;JL?M?HN;G-M? =IGI ;FN?LH;NCP;M 

JF;OMíP?CM J;L; ?RJFIL;L ; =;J;=C>;>? =IGJON;=CIH;F ? =IH?=NCP; J;L; =LC;L OG 

>C;AHaMNC=I CHN?AL;>I. 



2 Ob3.t2v8s 
 

2.1 Ob3.t2v8 0.ra5 

 

  ?M?HPIFPCG?HNI >? OG <CIMM?HMIL ?F?NLIKOíGC=I ? ;JFC=;NCPI J;L; I >C;AHaMNC=I >? 

NL;HMNILHI >?JL?MMCPI G;CIL (0 )) ?G C>IMIM <;M?;>I H; >?N?=]ãI >I GC.NA-184 

ONCFCT;H>I ;GIMNL;M >? JF;MG; BOG;HI. 

 

2.2 Ob3.t2v8s .s9.,Jf2,8s 

 

 %GI<CFCT;L MIH>; >?  NA ( E,1/) ?MJ?=ífC=; MI< ; MOJ?Lfí=C? >IM 

?F?NLI>IM >? IOLI; 

 ER?=ON;L NL;N;G?HNI NéLGC=I ? aJNC=I >I JF;MG; BOG;HI J;L; JIMN?LCIL 

ONCFCT;]ãI HI <CIMM?HMIL; 

 AP;FC;L ; ?MJ?=CfC=C>;>? >I <CIMM?HMIL; 

 AJFC=;L ;GIMNL;M >? JF;MG; >? C>IMIM M;O>YP?CM IO >? C>IMIM 

>C;AHIMNC=;>IM =IG NL;HMNILHI >?JL?MMCPI G;CIL MI<L? I MCMN?G; >?M?HPIFPC>I ? 

;P;FC;L ;M ;FN?L;]c?M ?F?NLIKOíGC=;M (2,  ? E%/) ? NIJIAL;fC; >; MOJ?Lfí=C? (AF)); 

 EMNO>;L ; P;LC;]ãI >; =IH=?HNL;]ãI >I GC.NA-184 HI JF;MG; BOG;HI 

? =IHMNLOCL OG; =OLP; >? =;FC<L;]ãI >I <CIMM?HMIL; 

 AP;FC;L ; L?A?H?L;]ãI >I <CIMM?HMIL; 

 AP;FC;L ; ?MN;<CFC>;>? ?G fOH]ãI >I N?GJI J;L; I <CIMM?HMIL; 

  ?M?HPIFP?L ;JFC=;NCPI J;L; smartphones =IG I CHNOCNI >? ;ORCFC;L H; 
ONCFCT;]ãI >I <CIMM?HMIL ? NLC;A?G >;M ;GIMNL;M. 

 

 

 



3 Mat.r2a5 . MHt8-8s 
 

3.1 E:u29a6.7t8s . r.a0.7t.s 
 

0I>;M ;M MIFO]c?M fIL;G JL?J;L;>;M ; J;LNCL >? L?;A?HN?M >? AL;O ;H;FíNC=I, 

M?G JOLCfC=;]ãI JLéPC; ? MIFO<CFCT;>;M ?G YAO; >?CIHCT;>; OFNL;JOL; (L?MCMNCPC>;>? >? 

18,2 MΩ cm, G?B;E;), ; KO;F fIC >?MIRCA?H;>; =IG AYM HCNLIA_HCI OFNL;JOLI JIL 

<IL<OFB;G?HNI (1,0 GCH G(–1), J;L; A;L;HNCL KO? I IRCA_HCI HãI CHN?LfCL; H;M G?>C>;M 

?F?NLIKOíGC=;M. AM ;HYFCM?M PIFN;GéNLC=;M fIL;G L?;FCT;>;M ?G OG JIN?H=CIMN;NI (CH% 

%HMNLOG?HNM). A N?GJ?L;NOL; ? =IH=?HNL;]ãI >;M MIFO]c?M ?H=IHNL;G-M? CH>C=;>;M 

;JaM MO; =CN;]ãI ;I FIHAI I N?RNI. +M L?;A?HN?M ONCFCT;>IM fIL;G >? J;>LãI ;H;FíNC=I 

? ?MNãI FCMN;>IM H; 0;<?F; 1: 

&ab.5a 1. .?;A?HN?M ONCFCT;>IM. 
R.a0.7t.s Fór6u5a :uJ62,a F87t. Pur.Ca % 

m=C>I MOFfdLC=I H2/+4 /CAG; 98% 

BLIG?NI >? ?Ní>CI C21H20BLN3 2?N?= 95% 

CFIL?NI >? JINYMMCI 'CF N?IH 99% 

CFIL?NI >? B?R;GCHLON_HCI (%%) 7.O(NH3)68CF3 /CAG; 99,9% 

FIMf;NI >? Ma>CI >C<YMC=I N;2H,+4 /SHNB 99% 

FIMf;NI >? Ma>CI GIHI<YMC=I N;H2,+4 /SHNB 99% 

 

CIG I I<D?NCPI >? A;L;HNCL ; L?>O]ãI >; CHN?Lf?L_H=C; JLIPI=;>; J?F; JL?M?H]; 

>? IRCA_HCI, NI>;M ;M MIFO]c?M ONCFCT;>;M H?MN? NL;<;FBI J;L; fCHM ?F?NLIKOíGC=IM fIL;G 

>?;?L;>;M JIL G?CI >? <IL<OFB;G?HNI F?HNI >? AYM HCNLIA_HCI OFNL;JOLI, M?H>I 1 

GCHONI >? <IL<OFB;G?HNI =IG N2 A;MIMI J;L; =;>; G( >? MIFO]ãI JL?J;L;>;. AFéG 

>CMMI, NI>IM IM N?MN?M ?F?NLIKOíGC=IM fIL;G L?;FCT;>IM ?G =éFOF; ?F?NLIKOíGC=; >? 3 

?F?NLI>IM, JIMMOCH>I NL_M =IGJ;LNCG?HNIM (FCAOL; 8) ;=IJF;>IM ; OG JIN?H=CIMN;NI. 

+M ?F?NLI>IM ONCFCT;>IM fIL;G: ?F?NLI>I >? NL;<;FBI >? IOLI =IG >C[G?NLI >? 2,0 GG, 

?F?NLI>I >? L?f?L_H=C; >? AA/AACF/CF– ('CF 3,0 GIF (−1) ? ?F?NLI>I ;ORCFC;L >? JF;NCH;.  

 



3.2 A68stras b285ó02,as 

 

AM ;GIMNL;M >? GC.NA NIN;F ?RNL;í>;M >? >Cf?L?HN?M J;=C?HN?M fIL;G =?>C>;M 

J?FI (;<IL;NaLCI >? #?HéNC=; ((AB#EN) >; 1HCP?LMC>;>? F?>?L;F >? 1<?LF[H>C;. A 

MIFO]ãI ?MNIKO? >IM IFCAIHO=F?INí>?IM ( E,1/ - MIH>; GI>CfC=;>; =IG ?HRIfL? H; 

extremidade 5’, GC.NA-184  E,2 - ;FPI ?MJ?=ífC=I ? IM =IHNLIF?M H?A;NCPIM  .NA 

A?HbGC=I (A.NA) >I PíLOM 6CE; ? IFCAIHO=F?INí>?I B.CA (>I CHAF_M Breast Cancer) ? 
NLIJIHCH; %, fIL;G G;HNC>IM H; =IH=?HNL;]ãI 1,0 GGIF (–1 ?G YAO; >?CIHCT;>;, 

OFNL;JOL;. 

AM M?KO_H=C;M >IM IFCAIHO=F?INí>?IM JI>?G M?L PCMNIM H; 0;<?F; 2. 

&ab.5a 2. /?KO_H=C;M >IM IFCAIHO=F?INí>?IM ONCFCT;>IM HI JL?M?HN? NL;<;FBI. 

O52087u,5.8tJ-.8 %.:uI7,2a F87t. 

 E,1/ 5'-(H/)ACCC00A0CA#00C0CC#0CC#-3'  NA ?RJL?MM 

 E,2 5'- C##AC##A#AAC1#A1AA###1-3'  NA ?RJL?MM 

B.CA 5’-C#AA#ACCA#A0AAA0CCA00-3’ ERRN?H> 

 

3.3 B28ss.7s8r .5.tr8:uJ62,8 

 

3.3.1 PrH-,87-2,287a6.7t8s -8s .5.tr8-8s -. 8ur8  
 

+ JLé-=IH>C=CIH;G?HNI >IM ?F?NLI>IM >? IOLI (AO) fIC L?;FCT;>I J;L; A;L;HNCL 

OG; YL?; >? NL;<;FBI BIGIA_H?; ? <I; L?JLI>ONC<CFC>;>? >IM L?MOFN;>IM. ,;L; I JLé 

=IH>C=CIH;G?HNI, IM ?F?NLI>IM >? IOLI fIL;G NL;N;>IM =IG OFNL;MMIG ?G MIFO]ãI >? 

?N;HIF 70 % (P P), >OL;HN? >?T GCHONIM ?, ?G M?KO_H=C;, F;P;>IM =IG YAO; 

>?CIHCT;>;. EG M?AOC>;, fIL;G JIFC>IM G?=;HC=;G?HN? ?G OG; fF;H?F; 100 % 

algodão embebida em suspensão de alumina 0,3 μm (Micropolish A, BuehF?L) ?G 

YAO; >?CIHCT;>;. ,;L; L?NCL;L ;FOGCH; L?G;H?M=?HN?, IM ?F?NLI>IM fIL;G NL;N;>IM =IG 

OFNL;MMIG ?G YAO; >?CIHCT;>; JIL 1 GCHONI. N; M?KO_H=C;, OG; MIFO]ãI >? Y=C>I 



MOFfdLC=I (H2/+4) 0,5 GIF (−1 fIC AIN?D;>; MI<L? ; MOJ?Lfí=C? >I ?F?NLI>I, I MOfC=C?HN? 

J;L; =I<LCL ; MOJ?Lfí=C? >? 2 GG >? >C[G?NLI >I ?F?NLI>I >? NL;<;FBI (IOLI), CGJ?>CH>I 

;MMCG ; fILG;]ãI >? aRC>IM MI< ; G?MG; ? JL?M?LP;H>I I JIFCG?HNI J;L; ;M ?N;J;M 

MO<M?KO?HN?M.  

A M?AOCL fIC L?;FCT;>I I JLé-=IH>C=CIH;G?HNI ?F?NLIKOíGC=I >; MOJ?Lfí=C? >I 

?F?NLI>I ONCFCT;H>I-M? ; Né=HC=; >? PIFN;G?NLC; =í=FC=; ?G MIFO]ãI >? H2/+4 0,5 GIF 

(−1. N?MN; ?N;J;, IM ?F?NLI>IM MãI JIFC>IM ?F?NLIKOCGC=;G?HN? (IRC>;H>I ?/IO 

L?>OTCH>I CGJOL?T;M/CHN?Lf?L?HN?M KO? ?MN?D;G H; MOJ?Lfí=C? >I AO). AJaM ?MN; ?N;J;, 

IM PIFN;GIAL;G;M L?MOFN;HN?M MãI =IFI=;>IM ?G ALYfC=I ? MIG?HN? IM J;>LIHCT;>IM, 

IO M?D;, ;KO?F?M =IG YL?;M MCGCF;L?M ;I J?LfCF J;>LãI >I ?F?NLI>I >? IOLI (FCAOL; 13), 

MãI ?M=IFBC>IM J;L; IM JLaRCGIM JLI=?>CG?HNIM.  

CIG I JLé-=IH>C=CIH;G?HNI ?F?NLIKOíGC=I ?G MIFO]ãI >? H2/+4 0,5 GIF (−1 

L?;FCT;>I, é H?=?MMYLCI ; >?N?LGCH;]ãI >; FCHB; >? <;M? >? =;>; ?F?NLI>I. EMM; FCHB; 

>? <;M? é fOH>;G?HN;F, OG; P?T KO? =IHNLC<OC J;L; I JLé-=IH>C=CIH;G?HNI >IM 

?F?NLI>IM ?G OG JH = 7,4  J;L; ; CGI<CFCT;]ãI >; MIH>; (AO/ E,1/). ,IL IONLI F;>I, 

é ?MM?H=C;F J;L; >?N?LGCH;]ãI >; =ILL?HN? >? JC=I, ;JaM ; >?N?=]ãI fCH;F, JICM ?MM; 

FCHB; >? <;M? M?LY MO<NL;í>; >I PIFN;GIAL;G; I<NC>I HIM ?MNO>IM JIMN?LCIL?M, PCM;H>I 

L?NCL;L I ?f?CNI >; =ILL?HN? =;J;=CNCP;, ?PC>?H=C;H>I ; =ILL?HN? f;L;>;C=;, ; KO;F é ; >? 

CHN?L?MM? J;L; I JL?M?HN? NL;<;FBI. (IAI, fIC =IH>OTC>; OG; PIFN;G?NLC; >? JOFMI 

>Cf?L?H=C;F =IG IM M?AOCHN?M J;L[G?NLIM: JIN?H=C;CM >? +0,0 2 ? +0,8 2, =IG 6 

P;LL?>OL;M H; P?FI=C>;>? >? 30 G2 M−1, CH=L?G?HNI >? JOFMI CAO;F ; 0,006 2 ? J?LíI>I 

>? JOFMI >? 0,2 M, N?H>I =IGI ?F?NLaFCNI MOJILN? OG; MIFO]ãI N;GJãI fIMf;NI >? Ma>CI 

(0,1 GIF (–1, JH = 7,4). 

 

3.3.2 Ot262CaGF8 -a ,87,.7traGF8 -a s87-a DEP1% 
 

 A INCGCT;]ãI >; =IH=?HNL;]ãI >; MIH>;  E,1/ fIC =IH>OTC>; =IG I I<D?NCPI 

>? I<N?L ; G?FBIL L?MJIMN; >? =ILL?HN? J;L; I <CI?F?NLI>I (AO/ E,1/). ,;L; ?MN; 

;HYFCM?, NL_M =IH=?HNL;]c?M >? MIH>; fIL;G N?MN;>;M: 0,1, 2, ? 10,0 tGIF (–1. ,;L; 

N;HNI, fIL;G AIN?D;>IM 3,0 μL da solução de sIH>; H; MOJ?Lfí=C? >IM ?F?NLI>IM ? 

L?;FCT;>; OG; >?N?=]ãI >CL?N;. + JC=I >? IRC>;]ãI >;M <;M?M HCNLIA?H;>;M AO;HCH; ? 

;>?HCH; fIC GIHCNIL;>I, ONCFCT;H>I ; Né=HC=; >? PIFN;G?NLC; >? JOFMI >Cf?L?H=C;F =IG 



D;H?F; >? JIN?H=C;F >? +0,6 2 ; +1,4 2 ? P?FI=C>;>? >? 30 G2 M−1, CH=L?G?HNI >? JOFMI 

CAO;F ; 0,006 2 ? J?LíI>I >? JOFMI >? 0,2 M, N?H>I =IGI ?F?NLaFCNI MOJILN? OG; MIFO]ãI 

N;GJãI fIMf;NI >? Ma>CI (0,1 GIF (–1, JH = 7,4).  

 

3.3.3 I68b252CaGF8 -a s87-a -. D A (DEP1%) . -.t.,GF8 -8 a5v8 .6 95as6a 
1u6a78 
 

AJaM ; ?N;J; >? JLé-=IH>C=CIH;G?HNI >IM ?F?NLI>IM >? IOLI ? INCGCT;]ãI >; 

=IH=?HNL;]ãI >; MIH>;, CHC=CIO-M? ; ?N;J; >? =IHMNLO]ãI >I <CI?F?NLI>I JIL G?CI >; 

CGI<CFCT;]ãI >; MIH>; >?  NA ( E,1/) H; =IH=?HNL;]ãI INCGCT;>;. A CGI<CFCT;]ãI 

>?  E,1/ (AO/ E,1/) fIC L?;FCT;>; JIL G?CI >I AIN?D;G?HNI >? 3,0 μL de solução 

da sonda (2,0 μmol L–1) MI<L? ; MOJ?Lfí=C? >I ?F?NLI>I. +M ?F?NLI>IM fIL;G 

B?LG?NC=;G?HN? ;=IH>C=CIH;>IM, =IG I I<D?NCPI >? G;HN?L ; MIFO]ãI =IHN?H>I ; 

MIH>; >?  NA ?G PIFOG? =IHMN;HN? H; MOJ?Lfí=C? >IM ?F?NLI>IM >? IOLI, >OL;HN? 30 

GCHONIM, ?G N?GJ?L;NOL; ;G<C?HN?.  

A CGI<CFCT;]ãI >; MIH>; I=ILL?O >? fILG; ?fC=C?HN?, JICM é =IHB?=C>I H; FCN?L;NOL; 

KO? I IOLI JIMMOC <I; ;fCHC>;>? =IG YNIGIM >? ?HRIfL? (A/H3E(( ?N ;F., 2011).  

 E,1/ JIMMOC OG; GI>CfC=;]ãI =IG ALOJ;G?nto tiol na extremidade 5’, a qual 

A;L;HN? CHN?L;]ãI ?f?NCP; ?HNL? ; MOJ?Lfí=C? >IM ?F?NLI>IM >? IOLI =IG ; MIH>; >? 

 NA. ,IMN?LCILG?HN?, IM ?F?NLI>IM fIL;G F;P;>IM JIL CG?LMãI MI< ;ACN;]ãI ?G 

MIFO]ãI N;GJãI fIMf;NI >? Ma>CI (0,1 GIF (–1, JH 7,4), MI< ;ACN;]ãI, JIL 7 M?AOH>IM, 

J;L; L?NCL;>; >? IFCAIHO=F?INí>?IM HãI CGI<CFCT;>IM H; MOJ?Lfí=C? >I ?F?NLI>I. 

,;L; ; >?N?=]ãI >I ;FPI, fIL;G AIN?D;>IM 5,0 μL >? JF;MG; ?HLCKO?=C>I =IG 

GC.NA-184 (10-9 GIF (–1) MI<L? I <CI?F?NLI>I (AO/ E,1/), ? I JLI=?MMI >? 

BC<LC>CT;]ãI fIC ?f?NO;>I ?G N?GJ?L;NOL; >? 55 kC >OL;HN? 15 GCHONIM. AJaM ?MN? 

JLI=?>CG?HNI, fIC L?;FCT;>; F;P;A?G >IM ?F?NLI>IM JIL CG?LMãI MI< ;ACN;]ãI ?G 

MIFO]ãI N;GJãI fIMf;NI >? Ma>CI (0,1 GIF (–1, JH 7,4) MI< ;ACN;]ãI JIL 7 M?AOH>IM, 

PCM;H>I L?GIP?L GIFé=OF;M-;FPI KO? HãI BC<LC>CT;L;G H; MOJ?Lfí=C? >I ?F?NLI>I. EG 

M?AOC>;, I CHN?L=;F;HN? >?  NA <LIG?NI >? ?Ní>CI (BE) fIC ONCFCT;>I J;L; ;P?LCAO;L M? 

BIOP? I ?P?HNI >? BC<LC>CT;]ãI, sendo gotejado 4,0 μL de brometo de etídio (100,0 

μmol L–1) MI<L? ; MOJ?Lfí=C? (AO/ E,1/  GC.NA-184). +M ?F?NLI>IM GI>CfC=;>IM =IG 



<CIGIFé=OF;M (AO/ E,1/  GC.NA-184) fIL;G B?LG?NC=;G?HN? ;=IH>C=CIH;>IM, =IG I 

I<D?NCPI >? G;HN?L ; MIFO]ãI >? CHN?L=;F;HN? =IG PIFOG? =IHMN;HN? H; MOJ?Lfí=C? >IM 

?F?NLI>IM >? IOLI, >OL;HN? 10 GCHONIM, ?G N?GJ?L;NOL; ;G<C?HN? ? HI ?M=OLI, OG; 

P?T KO? I BE é fINIMM?HMíP?F. AJaM I N?GJI >? CH=O<;]ãI >;M <CIGIFé=OF;M, IM 

?F?NLI>IM fIL;G F;P;>IM JIL CG?LMãI MI< ;ACN;]ãI ?G MIFO]ãI N;GJãI fIMf;NI >? Ma>CI 

(0,1 GIF (–1, JH 7,4), MI< ;ACN;]ãI, JIL 7 M?AOH>IM ? ; >?N?=]ãI CH>CL?N; ?F?NLIKOíGC=; 

fIC =IH>OTC>; ONCFCT;H>I ; Né=HC=; >? PIFN;G?NLC; >? JOFMI >Cf?L?H=C;F =IG IM G?MGIM 

J;L[G?NLIM >; FCHB; >? <;M?: D;H?F; >? JIN?H=C;F >? +0,0 2 ; +0,8 2 ? P?FI=C>;>? >? 

30 G2 M−1, N?H>I =IGI ?F?NLaFCNI MOJILN? OG; MIFO]ãI N;GJãI fIMf;NI >? Ma>CI (0,1 

GIF (–1, JH = 7,4). + JC=I >? IRC>;]ãI >I <LIG?NI >? ?Ní>CI fIC GIHCNIL;>I. 

A FCAOL; 12 ;JL?M?HN; OG ?MKO?G; KO? CFOMNL; >? G;H?CL; >C>YNC=; ? 

L?JL?M?HN;NCP; ;M ?N;J;M ?MM?H=C;CM >I JL?J;LI >I <CIMM?HMIL. 

 
F20ura 12. %FOMNL;]ãI ?MKO?GYNC=; >; CGI<CFCT;]ãI ? >?N?=]ãI >I ;FPI ?G ?F?NLI>I AO/ E,1//AFPI. 

 
FIHN?: AONIL, 2019. 

 

 

 



3.3.4 &rata6.7t8 -8 95as6a 
 

+ JF;MG; BOG;HI ;JL?M?HN; =IGJIMC]ãI =IGJF?R;, CH=FOCH>I >CP?LMIM 

GC.NAM FCPL?M, IM KO;CM JI>?G CHN?Lf?LCL H; >?N?=]ãI >I ;FPI =IGJF?G?HN;L >I 

JL?M?HN? NL;<;FBI (GC.NA-184). N?MM? M?HNC>I, fIC H?=?MMYLCI L?;FCT;L OG NL;N;G?HNI 

=IG L;>C;]ãI OFNL;-PCIF?N; ? N?GJ?L;NOL; ?F?P;>; =IG I CHNOCNI >? >?AL;>;L IM 

GC.NAM JL?M?HN?M H; ;GIMNL;, I<N?H>I OG JF;MG; G;CM JOLI J;L; M?L ONCFCT;>I =IGI 

<L;H=I HIM N?MN?M >? CHN?Lf?L_H=C;, ?MN;<CFC>;>?, L?A?H?L;]ãI ? =OLP; >? =;FC<L;]ãI.  

,;L; N;HNI, I JF;MG; I<NC>I fIC >CFOí>I 10 P?T?M ?G YAO; >?CIHCT;>; 

;ONI=F;P;>;. A M?AOCL, 2,0 G( >I JF;MG; >CFOí>I fIC ;>C=CIH;>I ; GC=LINO<IM, KO? 

fIL;G MO<G?NC>IM ;I NL;N;G?HNI NéLGC=I, MI< N?GJ?L;NOL; =IHMN;HN? >? 100 kC, 

>OL;HN? 30 GCHONIM ?, ?G M?AOC>;, fIL;G L?NCL;>IM >I fILHI ? =IFI=;>IM ?RJIMNIM ?G 

FOT OFNL;PCIF?N; JIL 30 GCHONIM, ?G N?GJ?L;NOL; ;G<C?HN?. X CGJILN;HN? L?MM;FN;L KO? 

IM GC=LINO<IM >?P?G M?L B?LG?NC=;G?HN? F;=L;>IM J;L; KO? HãI I=ILL; J?L>; >? 

PIFOG? ?, JIL =IHM?AOCHN?, ;FN?L;]ãI H; =IH=?HNL;]ãI >; MIFO]ãI. FCH;FG?HN?, OG; 

>?N?=]ãI CH>CL?N; ONCFCT;H>I BE ? PIFN;G?NLC; >? JOFMI >Cf?L?H=C;F fIC L?;FCT;>;.  

 

3.3.5 &.st. -. .s9.,2f2,2-a-. 
 

CIG I I<D?NCPI >? =IGJLIP;L KO? I MCMN?G; JLIJIMNI é ?MJ?=ífC=I, OG N?MN? >? 

?MJ?=CfC=C>;>? fIC L?;FCT;>I. 1G JF;MG; ?HLCKO?=C>I =IG GC.NA-184 (0,032 HGIF (–

1) fIC ONCFCT;>I =IGI =IHNLIF? JIMCNCPI. &Y J;L; I =IHNLIF? H?A;NCPI, fIL;G ONCFCT;>IM 

.NA A?HbGC=I >I PíLOM 6CE; ? IFCAIHO=F?INí>?I B.CA, ;G<IM H; G?MG; 

=IH=?HNL;]ãI KO? I =IHNLIF? JIMCNCPI. AFéG >CMMI, =IGI I JF;MG; é OG fFOC>I =ILJIL;F 

=IGJF?RI, LC=I ?G JLIN?íH;M, fIC N?MN;>; ; ?MJ?=CfC=C>;>? >I <CI?F?NLI>I fL?HN? ; 

=IH=?HNL;]ãI >; NLIJIHCH; C >? OG CH>CPí>OI M;O>YP?F (1,0 HA G(–1).  

AJaM I JLé-=IH>C=CIH;G?HNI ? CGI<CFCT;]ãI >; MIH>;, fIL;G AIN?D;>IM 5,0 μL 

>I ;FPI (=IHNLIF?M JIMCNCPI IO H?A;NCPI) MI<L? I <CI?F?NLI>I ? I JLI=?MMI >? 

BC<LC>CT;]ãI fIC ?f?NO;>I ?G N?GJ?L;NOL; >? 55 kC >OL;HN? 15 GCHONIM. AJaM ?MN? 

JLI=?>CG?HNI, fIC L?;FCT;>; ; F;P;A?G >IM ?F?NLI>IM JIL CG?LMãI MI< ;ACN;]ãI ?G 

MIFO]ãI N;GJãI fIMf;NI >? Ma>CI (0,1 GIF (–1, JH 7,4) MI< ;ACN;]ãI JIL 7 M?AOH>IM, 

PCM;H>I L?GIP?L GIFé=OF;M-;FPI KO? HãI BC<LC>CT;L;G H; MOJ?Lfí=C? >I ?F?NLI>I. 



,IMN?LCILG?HN?, ; >?N?=]ãI CH>CL?N; ONCFCT;H>I BE ? PIFN;G?NLC; >? JOFMI >Cf?L?H=C;F fIC 

?R?=ON;>;. 

 

3.3.6 D.t.,GF8 -. 9a,2.7t.s 2-8s8s sau-Dv.2s . ,86 tra7st8r78 -.9r.ss2v8 
6a28r  

 

A >CM=LCGCH;]ãI >? J;=C?HN?M C>IMIM M;O>YP?CM >IM C>IMIM =IG 0 ) é =LO=C;F 

J;L; ; P?LCfC=;]ãI >I fOH=CIH;G?HNI ? ?fC=Y=C; >I JL?M?HN? <CIMM?HMIL. ,;L; CMMI, 

GC.NA total (0,4 ng μL–1) ?RNL;í>I >I JF;MG; >? J;=C?HN?M M;O>YP?CM (=IHNLIF? 

H?A;NCPI) ? =IG 0 ) (=IHNLIF? JIMCNCPI) fIC MO<G?NC>I ;I N?MN? >? BC<LC>CT;]ãI. AJaM 

IM ?F?NLI>IM M?L?G JLé-=IH>C=CIH;>IM, ; MIH>; fIC CGI<CFCT;>;, ? fIL;G AIN?D;>IM 5 

μL de miRNA totaF (0,4 HA μ(–1) H; MOJ?Lfí=C? >I ?F?NLI>I, ; BC<LC>CT;]ãI fIC =IH>OTC>; 

H; N?GJ?L;NOL; >? 55 kC JIL 15 GCHONIM. 

 EG M?AOC>;, fIC L?;FCT;>; ; F;P;A?G >IM ?F?NLI>IM JIL CG?LMãI ?G MIFO]ãI 

N;GJãI fIMf;NI >? Ma>CI (0,1 GIF (–1, JH = 7,4) MI< ;ACN;]ãI JIL 7 M?AOH>IM, PCM;H>I 

L?GIP?L ;FPIM KO? HãI M? FCA;L;G. FCH;FG?HN?, ; >?N?=]ãI CH>CL?N; ONCFCT;H>I 

PIFN;G?NLC; >? JOFMI >Cf?L?H=C;F fIC L?;FCT;>;. 

 

3.3.7 C87struGF8 -a ,urva -. ,a52braGF8 
 

2CM;H>I ; I<N?H]ãI >IM J;L[G?NLIM KO;HNCN;NCPIM >I <CIMM?HMIL, ; =OLP; >? 

=;FC<L;]ãI >?P? M?L =IHMNLOí>;. CIG I I<D?NCPI >? P?LCfC=;L M? I <CI?F?NLI>I é M?HMíP?F 

Z P;LC;]ãI >; =IH=?HNL;]ãI, I JF;MG; NL;N;>I ? >CFOí>I ?G 10 P?T?M, fIC ?HLCKO?=C>I 

=IG >Cf?L?HN?M =IH=?HNL;]c?M >? GC.NA (10–9 GIF (–1, 10–10,5 GIF (–1, 10–12 GIF (–1, 

10–13,5 GIF (–1, 10–15 GIF (–1, 10–17 GIF (–1). ,IMN?LCILG?HN?, 5,0 μL de cada MIFO]ãI 

fIL;G ;>C=CIH;>IM H; MOJ?Lfí=C? >I <CI?F?NLI>I ? ; >?N?=]ãI CH>CL?N; fIC =IH>OTC>;. 

,IMN?LCILG?HN?, IM >;>IM fIL;G ONCFCT;>IM J;L; =IHMNLO]ãI >? OG; =OLP; ;H;FíNC=; ? 

MO; L?AL?MMãI FCH?;L, M?H>I >?N?LGCH;>; ; ?KO;]ãI >; L?N;, ONCFCT;H>I I so tware 
Origin 7. 

 



3.3.8  R.0.7.raGF8 -8 b28.5.tr8-8 
 

,;L; ;P;FC;L ; =;J;=C>;>? >? L?A?H?L;]ãI >I <CIF?NLI>I, fIC =LC;>I OG JLINI=IFI 

=IGI >?M=LCNI ; M?AOCL. AJaM ; CGI<CFCT;]ãI >; MIH>; >?  NA  E,1/ ? ; >?N?=]ãI 

CH>CL?N; >I ;FPI JL?M?HN? HI JF;MG; NL;N;>I, KO? fIC CHC=C;FG?HN? >CFOí>I ?G 10 P?T?M 

? JIMN?LCILG?HN? ?HLCKO?=C>I ;Né ; =IH=?HNL;]ãI >? 10-13,5 GIF (–1 >? GC.NA-184, IM 

?F?NLI>IM ?MN;P;G JLIHNIM J;L; I CHí=CI >I JLI=?>CG?HNI >? L?A?H?L;]ãI. EMM? 

JLI=?>CG?HNI PCM; A;L;HNCL ; L?GI]ãI >? ;FPIM, GIFé=OF;M IO L?Mí>OIM ;=OGOF;>IM 

>OL;HN? I JLI=?MMI >; >?N?=]ãI ;HN?LCIL. + JLINI=IFI =IHMCMN? ?G, FIAI ;JaM ; 

>?N?=]ãI CH>CL?N;, MO<G?N?L IM ?F?NLI>IM ; OG JLI=?>CG?HNI >? F;P;A?G JIL CG?LMãI 

?G MIFO]ãI N;GJãI fIMf;NI >? Ma>CI (0,1 GIF (–1, JH = 7,4) MI< ;ACN;]ãI JIL 30 

M?AOH>IM. EG M?AOC>;, IM ?F?NLI>IM MãI CG?LMIM ?G YAO; >?CIHCT;>; ? MO<G?NC>IM 

; OG NL;N;G?HNI NéLGC=I ; 90 kC JIL 5 GCHONIM, PCM;H>I I LIGJCG?HNI >; >OJF; fCN; >? 

 NA =IHMNLOí>; ?HNL? MIH>; ? ;FPI. CIHNO>I, ; MIH>; >?P? M?L JL?M?LP;>; MI<L? ; 

MOJ?Lfí=C? >I <CI?F?NLI>I, IO M?D;, ; MIH>; J?LG;H?=?LY FCA;>; Z MOJ?Lfí=C? >IM 

?F?NLI>IM ?HKO;HNI I ;FPI FCRCPC;LY H; YAO; >?CIHCT;>;. AJaM ?MM? JLI=?>CG?HNI, IM 

?F?NLI>IM >? IOLI ?MNãI JLIHNIM J;L; ;M JLaRCG;M >?N?=]c?M. AI fCH;F >? =;>; 

>?N?=]ãI, I JLINI=IFI >? L?A?H?L;]ãI é CHC=C;>I >; G?MG; fILG; ? L?J?NC>I ;Né KO? 

; L?MJIMN; >I <CI?F?NLI>I M?D; ;FN?L;>;.  

 

3.3.9  Estab252-a-. -8 b28.5.tr8-8 
 

CIG I I<D?NCPI >? ;P;FC;L I =IGJILN;G?HNI >I <CIMM?HMIL fL?HN? ;I 

;LG;T?H;G?HNI, MO; L?MJIMN; ?F?NLIKOíGC=; ;JaM CHN?L;]ãI =IG ;GIMNL;M JIMCNCP;M 

fIC ;P;FC;>; J?LCI>C=;G?HN? JIL G?CI >; >?N?=]ãI CH>CL?N;, GIHCNIL;H>I ; IRC>;]ãI >I 

CHN?L=;F;HN? >?  NA <LIG?NI >? ?Ní>CI JIL PIFN;G?NLC; >? JOFMI >Cf?L?H=C;F. /?AOCH>I 

; JLCG?CL; F?CNOL; (>C; T?LI), fIL;G f?CN;M HIP;M F?CNOL;M ;JaM 10, 20, 30, 40 ? 50 >C;M. 

+ ;LG;T?H;G?HNI fIC L?;FCT;>I ; 8 eC, ?G L?=CJC?HN?M B?LG?NC=;G?HN? f?=B;>IM. AM 

;GIMNL;M =IHMCMNC;G ?G JF;MG; NL;N;>I ? >CFOí>I 10 P?T?M KO? fIC ?HLCKO?=C>I H; 

=IH=?HNL;]ãI >? 10–13,5 GIF (–1 >? GC.NA-184. 

 



3.3.10 A7D52s.s -. .s9.,tr8s,892a -. 269.-E7,2a .5.tr8:uJ62,a 9ara 8 
b28ss.7s8r 

 

,;L; ;M ;HYFCM?M >? ?MJ?=NLIM=IJC; >? CGJ?>[H=C; ?F?NLIKOíGC=;, IM 

?RJ?LCG?HNIM fIL;G L?;FCT;>IM J;L; ; >Cf?L?H=C;]ãI >; MIH>; ( E,1/) H; 

=IH=?HNL;]ãI >? 2,0 μmol L–1, >I ;FPI (10,0 μmol (–1), ;MMCG =IGI J;L; >?N?=N;L I 

GC.NA-184 ?G ;GIMNL;M >? J;=C?HN?M M;O>YP?CM ? >?JL?MMCPIM >CFOí>;M ?G JF;MG; 

BOG;HI. AM G?>C>;M fIL;G L?;FCT;>;M ?G MIFO]ãI ;KOIM; >? =FIL?NI >? 

B?R;GCHLON_HCI (%%) (5,0 GGIF (–1, =IHN?H>I 0,1 GIF (–1 >? 'CF), ?G JIN?H=C;F ;JFC=;>I 

>? -0,15 2, f;CR; >? fL?KO_H=C; >? 100 EHT ; 0,1 HT ? ;GJFCNO>? >? 5 G2. ,;L; ;M 

G?>C>;M ? ;HYFCM?M >IM ALYfC=IM, fIC ONCFCT;>I I so tware No.a 2.1.3 JLIPC>I J?FI 
JIN?H=CIMN;NI A10+(AB (,#/0A0302).  

3.3.11  A7D52s.s 98r M2,r8s,892a -. f8rGa atL62,a 
 

AM ;HYFCM?M GILfIFaAC=;M >I <CIMM?HMIL fIL;G L?;FCT;>;M JIL )C=LIM=IJC; >? 

FIL]; ANbGC=; (AF)) H; ?N;J; >? >?N?=]ãI >? J;=C?HN?M M;O>YP?CM ? >?JL?MMCPIM. 

AM ;HYFCM?M NIJIALYfC=;M fIL;G L?;FCT;>;M HI GC=LIM=aJCI HCN;=BC GI>?FI AF)5100N 

HI GI>I >? =IHN;NI CHN?LGCN?HN? =IG =;HNCF?P?L >? MCFí=CI >? =IHMN;HN? >? GIF; 1.0 

N/G =IG fL?KO_H=C; >? 0,38 HT. ,;L; =;>; ?F?NLI>I, fIL;G ;H;FCM;>;M NL_M YL?;M 

>Cf?L?HN?M. 

 

3.3.12 D.s.7v85v26.7t8 -8 a952,at2v8 DEPSENSOR 
 

+ ;JFC=;NCPI fIC >?M?HPIFPC>I ?G OG so tware web =B;G;>I A99 I7v.7t8r KO? 
M? NL;N; >? OG so tware >?M?HPIFPC>I J?FI Google ?, ;NO;FG?HN?, G;HNC>; J?F; 
OHCP?LMC>;>? ;G?LC=;H; Massach-setts Instit-te o  Technolog1 ()%0) KO? J?LGCN? I 
>?M?HPIFPCG?HNI >? ;JFC=;NCPIM Android OM;H>I OG H;P?A;>IL >; Web ? OG N?F?fIH? 
IO ?GOF;>IL (MCGOF;>IL >? OG N?F?fIH?) =IH?=N;>IM.  

A JF;N;fILG; >? =LC;]ãI fIC >?M?HPIFPC>; =IG OG; JLIAL;G;]ãI ?G <FI=IM ? 

FCHAO;A?G D;P;, M?H>I JIMMíP?F M?F?=CIH;L OG; P;LC?>;>? >? =IGJIH?HN?M J;L; I 

;JFC=;NCPI ?G JLI>O]ãI, GIHN;H>I <FI=IM KO? ?MJ?=CfC=;G =IGI IM =IGJIH?HN?M 



>?P?G M? =IGJILN;L. 0I>; =LC;]ãI >I ;JFC=;NCPI é f?CN; >? fILG; PCMO;F, DOHN;H>I J?];M 

=IG J?];M, =IGI OG KO?<L;-=;<?];. 

+ so tware App In.entor JIMMOC ; J;LN? >? designer, H?MN; J;LN? >; f?LL;G?HN; 
é JIMMíP?F NL;<;FB;L =IG ; ;J;L_H=C; >I ;JFC=;NCPI, N;G<éG é f?CN; ;NL;PéM >? <FI=IM 

>? fOH=CIH;FC>;>?M MCGJF?M M?H>I JIMMíP?F ?M=IFB?L =IGJIH?HN?M H; CHN?Lf;=? >I 

OMOYLCI =IGI <INc?M, CG;A?HM, =;CR;M >? N?RNI.  

AM fOH=CIH;FC>;>?M >I ;JFC=;NCPI, =IGI <INc?M ? ;<?LNOL; >? N?F;M N;G<éG é 

L?;FCT;>; H; J;LN? >? JLIAL;G;]ãI ?G <FI=IM, J?LGCNCH>I JLI>OTCL IM >?PC>IM 

=IG;H>IM J;L; NI>IM IM =IGJIH?HN?M ;>C=CIH;>IM ;I ;JFC=;NCPI. + ;JFC=;NCPI ;J;L?=? 

HI ?GOF;>IL IO HI JLaJLCI smartphone Z G?>C>; KO? é ;>C=CIH;>I J?];M ; ?F?, J;L; 
KO? M?D; JIMMíP?F M?O JLID?NI Z G?>C>; KO? PI=_ =LC;.  

AJaM I JLID?NI M?L fCH;FCT;>I, é JLI>OTC>I OG ;JFC=;NCPI ?R?=ONYP?F J;L; ; 

CHMN;F;]ãI ?G IONLIM =?FOF;L?M. 

 

3.3.13 EstatJst2,a . trata6.7t8 -. -a-8s 
 

,;L; I JL?M?HN? NL;<;FBI, NI>IM IM PIFN;GIAL;G;M ? BCMNIAL;G;M fIL;G 

?F;<IL;>IM JIL G?CI >; ONCFCT;]ãI >I so tware Origin 7. +M ?RJ?LCG?HNIM 
?F?NLIKOíGC=IM fIL;G =IH>OTC>IM ?G NLCJFC=;N; ?, KO;H>I HãI G?H=CIH;>I HI N?RNI, ; 

Gé>C; ;LCNGéNC=; =IG M?O L?MJ?=NCPI >?MPCI J;>LãI fIL;G ;JL?M?HN;>IM ?G 

BCMNIAL;G;M. CIG I I<D?NCPI >? G;HN?L >?MPCIM-J;>LãI <;CRIM, NI>IM IM L?MOFN;>IM 

=IG >?MPCIM-J;>LãI MOJ?LCIL?M ; 10% >; Gé>C; fIL;G >?M=;LN;>IM. +M 

PIFN;GIAL;G;M ;JL?M?HN;>IM fIL;G MO<NL;í>IM >? MO;M L?MJ?=NCP;M FCHB;M >? <;M?, 

M?H>I IM JC=IM ;FCHB;>IM P?LNC=;FG?HN? ? ;FNOL;M >IM G?MGIM fIL;G I<NC>IM I<NC>;M 

J?F; f?LL;G?HN; >? CHN?AL;]ãI >I so tware Origin 7, ; P;LC;]ãI >? =ILL?HN? >? JC=I 
(∆iJ) fIC I<NC>; J?F; ;FNOL; =;F=OF;>; HIM ALYfC=IM >? =ILL?HN? JIL JIN?H=C;F ?FéNLC=I, 

ONCFCT;H>I I ?MM? G?MGI so tware. 

 

4 R.su5ta-8s . D2s,ussF8 
 

4.1 %.5.GF8 -8s .5.tr8-8s -. 8ur8 



 

+ J?LfCF ?F?NLIKOíGC=I >IM ?F?NLI>IM >? IOLI M?G GI>CfC=;]ãI I<NC>IM ;JaM I 

JLI=?>CG?HNI >? JLé-=IH>C=CIH;G?HNI ONCFCT;H>I ; Né=HC=; >? PIFN;G?NLC; =í=FC=; ?G 

MIFO]ãI >? H2/+4 0,5 GIF (–1 é ;JL?M?HN;>I H; FCAOL; 13. 

F20ura 13. 2IFN;GIAL;G; =í=FC=I >I AO ?G ?F?NLaFCNI MOJILN? H2/+4 0,5 GIF (–1 =IG P?FI=C>;>? >? 30 

G2 M−1. 

 

 

 

 

 

 

 

 

 

CIG I I<D?NCPI >? L?;FCT;L IM ?RJ?LCG?HNIM ? I<N?L OG; L?JLI>ONC<CFC>;>? 

M;NCMf;NaLC;, MIG?HN? IM ?F?NLI>IM KO? ;JL?M?HN;L;G J?LfCF M?G?FB;HN? ;I CFOMNL;>I H; 

FCAOL; 13 fIL;G ONCFCT;>IM.  

 

4.2 Ot262CaGF8 -a ,87,.7traGF8 -a s87-a DEP1% 

 

A FCAOL; 14 ;JL?M?HN; IM PIFN;GIAL;G;M L?JL?M?HN;NCPIM ? BCMNIAL;G; 

L?f?L?HN?M ; INCGCT;]ãI >; =IH=?HNL;]ãI >; MIH>;  E,1/ ONCFCT;>; H?MN? NL;<;FBI.  

 

 

 



F20ura 14. .?MJIMN; ?F?NLIKOíGC=; >; INCGCT;]ãI >; =IH=?HNL;]ãI >; MIH>; >?  NA ( E,1/). A) 
2IFN;GIAL;G;M >? JOFMI >Cf?L?H=C;F, P?FI=C>;>?: 30 G2 M–1 ? ?F?NLaFCNI MOJILN? MIFO]ãI N;GJãI fIMf;NI 
>? Ma>CI (0,1 GIF (–1, JH = 7,4). B) HCMNIAL;G; =IG Gé>C; ? >?MPCI-J;>LãI L?f?L?HN? ;IM P;FIL?M >;M 
=ILL?HN?M >? JC=I ;I M? GIHCNIL;L ; IRC>;]ãI >; ;>?HCH; >;M =IH=?HNL;]c?M 0,1 μmol L–1 (---), 2,0 μmol 
(–1 (—) e 10,0 μmol L–1 (- -). 

 

 

 

 

 

 

 

 

 

A FCAOL; 14A GIMNL; ; INCGCT;]ãI >; =IH=?HNL;]ãI >?  E,1/ ?G NL_M P;FIL?M 

>Cf?L?HN?M: 0,1, 2,0 ? 10,0 μmol (–1. A ;P;FC;]ãI >I JLI=?MMI IRC>;NCPI GIMNLIO KO? IM 

JC=IM >? IRC>;]ãI >; AO;HIMCH; ? ;>?HIMCH; I=ILL?G, A?L;FG?HN?, ?G NILHI >? +0,9 

2 ? +1,2 2 (.s. AA/AACF/CF– ('CF 3,0 GIF (–1), L?MJ?=NCP;G?HN?. +<M?LPIO-M? KO? H; 

=IH=?HNL;]ãI 2,0 μmol (–1 fIC I<NC>I OG CH=L?G?HNI H; ;GJFCNO>? >? L?MJIMN; >? 

=ILL?HN? >? JC=I KO;H>I =IGJ;L;>I ; =IH=?HNL;]ãI 10,0 μmol L–1  E,1/, MOA?LCH>I 

KO? I ;OG?HNI H; =IH=?HNL;]ãI >; MIH>;  E,1/ JLIGIP? OG; J;MMCP;]ãI >; 



MOJ?Lfí=C? >I ?F?NLI>I >? IOLI. FIC I<M?LP;>I KO? J;L; I ?F?NLI>I >? IOLI GI>CfC=;>I 

=IG 10,0 μmol (–1  E,1/, I JC=I >? IRC>;]ãI >;M <;M?M AO;HIMCH; ? ;>?HIMCH; 

fIL;G >?MFI=;>IM J;L; JIN?H=C;CM G;CM ;Ha>C=IM, +1,1 2 ? +1,35 2 L?MJ?=NCP;G?HN?, 

CH>C=;H>I ;OG?HNI >? L?MCMN_H=C; ; NL;HMf?L_H=C; >? =;LA; MI<L? ; MOJ?Lfí=C? 

(AO  E,1/). N; =IH=?HNL;]ãI de 0,1 μmol (–1 >; MIH>; >?  NA HãI fIC JIMMíP?F 

C>?HNCfC=;L IM JC=IM >? IRC>;]ãI >; AO;HIMCH; ? ;>?HIMCH;.  

A FCAOL; 14B GIMNL; OG BCMNIAL;G; L?f?L?HN? ;IM P;FIL?M >;M =ILL?HN?M >? JC=I 

J;L; ; IRC>;]ãI >; ;>?HIMCH; H;M =IH=?HNL;]c?M 2,0 ? 10,0 μmol (–1. ,;L; 2,0 ? 10,0 

μmol (–1 fIL;G I<NC>IM IM P;FIL?M Gé>CIM >? =ILL?HN? >? JC=I de 5,21 e 1,7 μA, 

L?MJ?=NCP;G?HN?, GIMNL;H>I KO? I JLCG?CLI P;FIL >? =ILL?HN? >? JC=I é 3,1 P?T?M 

MOJ?LCIL ;I M?AOH>I. %MMI CH>C=; KO? ; CGI<CFCT;]ãI >?  E,1/ fIC G;CM ?fC=;T H; 

=IH=?HNL;]ãI >? 2,0 μmol (–1, M?H>I ?MN; ; =IH=?HNL;]ãI >? MIH>; ?M=IFBC>; J;L; I 

JL?J;LI >I <CIMM?HMIL <;M?;>I ?G >?N?=]ãI >? GC.NA J;L; >C;AHaMNC=I >? 

NL;HMNILHI >?JL?MMCPI G;CIL ?G C>IMIM. 

 

4.3 &rata6.7t8 -8 95as6a 

 

A FCAOL; 15 ;JL?M?HN;, ?G fILG; >? BCMNIAL;G; =IG Gé>C; ? >?MPCI J;>LãI, 

IM P;FIL?M >;M =ILL?HN?M >? JC=I L?f?L?HN?M ;I JF;MG; M?G NL;N;G?HNI (JF;MG;), 

JF;MG; NL;N;>I ? MIH>;. 

 

 

 

 

 

 

 

 



F20ura 15. .?MJIMN; ?F?NLIKOíGC=; ?G fILG; >? BCMNIAL;G; =IG Gé>C; ? >?MPCI-J;>LãI L?f?L?HN? ;I 
N?MN? >I NL;N;G?HNI >I JF;MG; NéLGC=I ? ?RJIMC]ãI ?G FOT 12. ERJ?LCG?HNI fIC L?;FCT;>I ?G ?F?NLaFCNI 
MOJILN? MIFO]ãI N;GJãI fIMf;NI >? Ma>CI (0,1 GIF (–1, JH = 7,4), ONCFCT;H>I ; Né=HC=; >? PIFN;G?NLC; >? 
JOFMI >Cf?L?H=C;F, P?FI=C>;>?: 30 G2 M–1. + JC=I >? IRC>;]ãI >I <LIG?NI >? ?Ní>CI fIC GIHCNIL;>I. 

 
 

,;L; ;HYFCM?M =IG ;M ;GIMNL;M <CIFaAC=;M, fIC ONCFCT;>I JF;MG; BOG;HI >CFOí>I 

10 P?T?M ?G YAO; >?CIHCT;>; ? ;ONI=F;P;>;. NIN;-M? KO? I .NA JI>? M?L f;=CFG?HN? 

>;HCfC=;>I JIL BC>LaFCM? =;N;FCM;>; JIL ;FN;M N?GJ?L;NOL;M, CLL;>C;]ãI OFNL;PCIF?N; (12), 

Y=C>I IO <;M? ? JIL >?AL;>;]ãI ?HTCGYNC=; (%BBE./+N ?N ;F., 2009). EG<IL; I .NA 

M?D; G;CM L?MCMN?HN? Z CLL;>C;]ãI OFNL;PCIF?N; >I KO? I  NA, ; 12 JI>? =;OM;M PYLCIM 

NCJIM >? >;HIM, CH=FOCH>I GI>CfC=;]ãI fINIKOíGC=;, L?NC=OF;]ãI ? IRC>;]ãI H?MM; 

GIFé=OF; ('1B%/0A ?N ;F., 2012). ,ILN;HNI, fIC H?=?MMYLCI MO<G?N?L I JF;MG; ; OG 

NL;N;G?HNI NéLGC=I ? ?RJIMC]ãI ?G FOT 12 J;L; >?AL;>;]ãI >? JIMMíP?CM GC=LI.NAM 

JL?M?HN?M H;NOL;FG?HN? H; ;GIMNL; J;L; KO? ?MN? JIMM; M?L ONCFCT;>I J;L; ; 

=IHMNLO]ãI >I <CIMM?HMIL.  

AJaM I ?RJ?LCG?HNI ?F?NLIKOíGC=I ONCFCT;H>I JF;MG; M?G ? =IG NL;N;G?HNI, ; 

FCAOL; 15 GIMNL; KO? fIC JIMMíP?F P?LCfC=;L I P;FIL >? =ILL?HN? >? JC=I I<NC>I J;L; =;>; 

CN?G MO<G?NC>I ;I N?MN?, GIHCNIL;H>I I P;FIL >? =ILL?HN? >I JC=I >? IRC>;]ãI >I 

<LIG?NI >? ?Ní>CI, I KO;F CHN?L=;F; JL?f?L?H=C;FG?HN? KO;H>I ; MIH>; ( E,1/) M? FCA; 

;I ;FPI (GC.NA-184), fILG;H>I OG d-plex. FIC I<M?LP;>I KO?, ;JaM I NL;N;G?HNI >I 
JF;MG;, I P;FIL >? =ILL?HN? J;L; ; IRC>;]ãI >I <LIG?NI >? ?Ní>CI NILH;-M? G;CM 

JLaRCGI >I P;FIL I<NC>I J;L; ; MIH>;.  ?MN; G;H?CL;, fIC JIMMíP?F =IH=FOCL KO? I 

NL;N;G?HNI NéLGC=I =IG<CH;>I =IG ; 12 fIC ;>?KO;>I, OG; P?T KO? ;<;CRIO I P;FIL 



>; =ILL?HN? =?L=; >? 1,8 P?T?M >I JF;MG;, J?LGCNCH>I ;MMCG, ; ONCFCT;]ãI >I JF;MG; 

NL;N;>I J;L; I ?HLCKO?=CG?HNI N;HNI >? ;GIMNL;M L?;CM =IGI >I GC.NA JOLCfC=;>I. 

 

4.4 &.st. -. .s9.,2f2,2-a-. 

 

A FCAOL; 16 ;JL?M?HN; IM PIFN;GIAL;G;M L?JL?M?HN;NCPIM ? BCMNIAL;G; 

L?f?L?HN?M Z >?N?=]ãI >? ;FPIM H?A;NCPIM (NLIJIHCH; %, IFCAIHO=F?INí>?I B.CA, A.NA 

>I PíLOM 6CE;) ? ;FPI JIMCNCPI (GC.NA-184) =IG I I<D?NCPI >? GIMNL;L ; ?MJ?=CfC=C>;>? 

>I <CI?F?NLI>I.  

F20ura 16. .?MJIMN; ?F?NLIKOíGC=; >I N?MN? >? ?MJ?=CfC=C>;>? L?;FCT;>I ?G ?F?NLaFCNI MOJILN? MIFO]ãI 
N;GJãI fIMf;NI >? Ma>CI (0,1 GIF (–1, JH = 7,4), GIHCNIL;H>I I JC=I >? IRC>;]ãI >I <LIG?NI >? ?Ní>CI 
;HN?M ? ;JaM ; CH=O<;]ãI =IG ;M >Cf?L?HN?M ;GIMNL;M (JIMCNCP; ? H?A;NCP;M). A) 2IFN;GIAL;G;M >? 
JOFMI >Cf?L?H=C;F, P?FI=C>;>?: 30 G2 M–1. B) HCMNIAL;G; =IG Gé>C; ? >?MPCI-J;>LãI I<NC>IM J?F; ;HYFCM? 
>IM PIFN;GIAL;G;M. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



N?MN? ?RJ?LCG?HNI fIC ONCFCT;>I I JF;MG; NL;N;>I ? ?HLCKO?=C>I =IG IM =IHNLIF?M 

JIMCNCPI (GC.NA-184) ? H?A;NCPIM (NLIJIHCH; %, B.CA ? A.NA6CE;). A ;GIMNL; 

?MJ?=ífC=;  GC.NA-184 (0,032 HGIF (–1) ;JL?M?HNIO P;FIL >? =ILL?HN? CAO;F ; 2,0 μA. 

CIG ?R=?]ãI >; NLIJIHCH; % KO? fIC G;HNC>; H; =IH=?HNL;]ãI >? 1 HA (–1, ; KO;F é ; 

=IH=?HNL;]ãI JL?M?HN? HI JF;MG; >? J?MMI;M M;O>YP?CM ? M?G JLI<F?G;M =;L>í;=IM, 

NI>IM IM ;FPIM H?A;NCPIM N?MN;>IM fIL;G >CFOí>IM J;L; ; G?MG; =IH=?HNL;]ãI >I 

GC.NA-184 (0,032 HGIF (–1), JIMMC<CFCN;H>I ; =IGJ;L;]ãI >IM P;FIL?M >? =ILL?HN? 

?HNL? IM G?MGIM. N; FCAOL; 16A, é JIMMíP?F I<M?LP;L KO? NI>IM IM =IHNLIF?M 

H?A;NCPIM ;JL?M?HN;L;G =ILL?HN? CHf?LCIL ;I >I GC.NA-184 ? JLaRCGIM ;I P;FIL >; 

sonda (0,31 μA), diferenciando a resposta >? =ILL?HN? >? JC=I ? CH>C=;H>I KO? I 

<CIMM?HMIL é M?F?NCPI. 

A FCAOL; 16B GIMNL; ?G fILG; >? BCMNIAL;G;, IM P;FIL?M >;M Gé>C;M >? 

=ILL?HN? >? JC=I ? M?OM L?MJ?=NCPIM >?MPCIM-J;>LãI L?f?L?HN?M ;IM =IHNLIF?M H?A;NCPIM 

testados. O valor de corrente para o oligonucleotídeo BRCA foi igual a 0,52 μA que é 

3,8 P?T?M G?HIL KO? I ;FPI JIMCNCPI.  ; G?MG; G;H?CL;, I A.NA >I PíLOM TCE; 

;JL?M?HNIO P;FIL >? =ILL?HN? >? 0,477 μA, sendo 4,19 vezes menor que a do miRNA 

184. ,IL IONLI F;>I, I P;FIL >? =ILL?HN? I<NC>I J;L; NLIJIHCH; % foi de 0,67 μA, sendo 

; G;CM ;JLIRCG;>; >I ;FPI JIMCNCPI KO?, G?MGI ;MMCG, ;JL?M?HNIO =ILL?HN? 2,98 

P?T?M G;CM ;FN;. + GINCPI >?MN; JLIN?íH; ;JL?M?HN;L OG P;FIL >? =ILL?HN? OG JIO=I 

G;CM ?F?P;>I JI>? M?L ?RJFC=;>I J?FI f;NI >? KO? ; G?MG; JIMMOC ;J?H;M 210 

;GCHIY=C>IM, ? HI L?Mí>OI >? =CMN?íH; ?RJIMN; H; JIMC]ãI 80 BY OG YNIGI >? ?HRIfL? 

(1N%,.+0, 2019), I KO;F JI>? CHN?L;ACL =IG ; MOJ?Lfí=C? >I ?F?NLI>I >? IOLI, J?F; 

KOCGCMMIL]ãI ?HNL? I ALOJ;G?HNI NCIF ?RJIMNI HI L?Mí>OI >? ;GCHIY=C>I =CMN?íH; ? ; 

MOJ?Lfí=C? >IM ?F?NLI>IM >? IOLI. AFéG >CMMI I <LIG?NI >? ?Ní>CI JI>? CHN?L;ACL =IG 

=IGJIMNIM ;LIGYNC=IM JL?M?HN?M H; ?MNLONOL; >; NLIJIHCH; %, =IG CMMI, ;OG?HN;H>I 

I MCH;F >; =ILL?HN?. 

 

 

 

 



4.5 &.st. -. 27t.rf.rI7,2a -8 95as6a .7r2:u.,2-8 ,86 a68stra -. 9a,2.7t.s 
9ur2f2,a-as  
 

A FCAOL; 17 GIMNL; I BCMNIAL;G; >IM P;FIL?M >; Gé>C; >? =ILL?HN? >? JC=I ? 

M?OM L?MJ?=NCPIM >?MPCIM-J;>LãI >I N?MN? >? CHN?Lf?L_H=C; >I JF;MG; =IG ;M ;GIMNL;M 

>? J;=C?HN?M. 
F20ura 17. .?MJIMN; ?F?NLIKOíGC=; ?G fILG; >? BCMNIAL;G;M >I N?MN? >? CHN?Lf?L_H=C; ? >?N?=]ãI 
CH>CL?N; >? ;GIMNL;M >? J;=C?HN?M M;O>YP?CM (/) ? >?JL?MMCPIM ( ) =IG ? M?G JF;MG;. A) HCMNIAL;G; 
=IG Gé>C; ? >?MPCI-J;>LãI L?f?L?HN? ;I N?MN? >? CHN?Lf?L_H=C; ONCFCT;H>I ;GIMNL;M >? J;=C?HN?M 
(M;O>YP?CM ? >?JL?MMCPIM) JOLCfC=;>;M =IG ? M?G JF;MG;. B) HCMNIAL;G; =IG Gé>C; ? >?MPCI-J;>LãI 
>; >?N?=]ãI CH>CL?N; >? ;GIMNL;M >? J;=C?HN?M (M;O>YP?CM ? >?JL?MMCPIM) >CFOí>;M ?G YAO;. 
ERJ?LCG?HNIM L?;FCT;>IM ?G ?F?NLaFCNI MOJILN? MIFO]ãI N;GJãI fIMf;NI >? Ma>CI (0,1 GIF (–1, JH = 7,4), 
PIFN;G?NLC; >? JOFMI >Cf?L?H=C;F, P?FI=C>;>?: 30 G2 M–1. + JC=I >? IRC>;]ãI >I <LIG?NI >? ?Ní>CI fIC 
GIHCNIL;>I. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 CIG I CHNOCNI >? =IGJLIP;L KO? IM =IGJIH?HN?M >I JF;MG; HãI L?MOFN;G ?G 

?F?P;>; CHN?Lf?L_H=C; HI P;FIL >; =ILL?HN?, fIL;G ONCFCT;>;M ;GIMNL;M JOLCfC=;>;M >IM 

G?MGIM J;=C?HN?M (M;O>YP?F ? >?JL?MMCPI) J;L; I N?MN? =IG ? M?G ?HLCKO?=CG?HNI 

>I JF;MG;. N; FCAOL; 17A, I<M?LP;-M? KO? I P;FIL >? =ILL?HN? J;L; ; ;GIMNL; >I 

paciente depressivo sem enriquecimento foi de 0,82 μA e o com o enriquecimento foi 

de 0,84 μA, sendo C = 0,02 μA. + G?MGI JLI=?>CG?HNI fIC L?;FCT;>I J;L; ;GIMNL; 

>I J;=C?HN? M;O>YP?F KO? M?G ?HLCKO?=CG?HNI fIC I<NC>I 1,95 μA de corrente e com o 

enriquecimento foi de 1,90 μA, M?H>I C = 0,05 μA. Logo, é possível observar que as 

;GIMNL;M >? ;G<IM J;=C?HN?M N?MN;>IM =IG I JF;MG; ;=L?M=C>I ?MNãI >?HNLI >I P;FIL 

>I >?MPCI J;>LãI >;M ;GIMNL;M M?G ?HLCKO?=CG?HNI, HãI B;P?H>I >Cf?L?H];M 

MCAHCfC=;NCP;M HI P;FIL >; =ILL?HN? >? JC=I >? IRC>;]ãI >I <LIG?NI >? ?Ní>CI.  ?MM; 

fILG;, =IH=FOCO-M? KO? é JIMMíP?F ; ONCFCT;]ãI >I JF;MG; NL;N;>I.  

N; FCAOL; 17B é ;JL?M?HN;>I I BCMNIAL;G; =IG IM P;FIL?M >? =ILL?HN? ?G 

Gé>C; ? >?MPCI J;>LãI J;L; J;=C?HN?M (M;O>YP?CM ? >?JL?MMCPIM) N?MN;>IM J?FI 

JL?M?HN? <CIMM?HMIL. FIC I<M?LP;>I KO? BIOP? AL;H>? >Cf?L?H]; ?HNL? IM P;FIL?M >? 

=ILL?HN? >IM J;=C?HN?M M;O>YP?CM ? >?JL?MMCPIM. FIL;G ;H;FCM;>IM KO;NLI (04) 

J;=C?HN?M M;O>YP?CM ? IHT? (11) J;=C?HN?M >?JL?MMCPIM ? NI>IM IM ?RJ?LCG?HNIM 

fIL;G L?;FCT;>IM ?G NLCJFC=;N;. ,;L; IM JF;MG;M >? J;=C?HN?M M;O>YP?CM fIL;G 

I<M?LP;>IM P;FIL?M >? =ILL?HN? =?L=; 2 P?T?M MOJ?LCIL?M KO;H>I =IGJ;L;>I ;IM >IM 

J;=C?HN?M =IG >?JL?MMãI. (IAI, ; JL?M?HN? NL;<;FBI fIC =;J;T >? >Cf?L?H=C;L, 

ONCFCT;H>I ;GIMNL;M L?;CM, C>IMIM M;O>YP?CM ? >?JL?MMCPIM. 

 

4.6 Curva -. ,a52braGF8 

 

A FCAOL; 18A GIMNL; IM PIFN;GIAL;G;M >? JOFMI >Cf?L?H=C;F L?f?L?HN?M Z 

>?N?=]ãI CH>CL?N; >I GC.NA-184 ;>C=CIH;>I HI JF;MG; ?G >Cf?L?HN?M =IH=?HNL;]c?M 

? ; L?MJIMN; FCH?;L CH=FOCH>I J;L[G?NLIM >; ;HYFCM? >? L?AL?MMãI >; =OLP; ;H;FíNC=;. 

 

 





N; FCAOL; 18B, é GIMNL;>I OG ALYfC=I >; =OLP; >? =;FC<L;]ãI >I <CI?F?NLI>I, 

I<M?LP;H>I KO?, =IG ; >CGCHOC]ãI >; =IH=?HNL;]ãI >? GC.NA-184 HI JF;MG;, I P;FIL 

>? =ILL?HN? >CGCHOC, CH>C=;H>I KO? I <CI?F?NLI>I é =;J;T >? L?MJIH>?L ; >Cf?L?HN?M 

=IH=?HNL;]c?M >I ;FPI JIMCNCPI =IG OG =I?fC=C?HN? . = 0,9981 ? ?KO;]ãI >; L?N; C 

(μA) = 322785 – 0,15305 (μA/mol (–1) R (– FIA7GC.NA-1848) (GIF (–1), M?H>I I FCGCN? 

>? >?N?=]ãI ?RJ?LCG?HN;F, IO M?D;, ; =IH=?HNL;]ãI GíHCG; >?N?=N;>; CAO;F ; 10 ;GIF 

(–1. ,ILN;HNI, I JL?M?HN? NL;<;FBI GIMNL;-M? ?fC=C?HN? J;L; KO;HNCfC=;L ; =IH=?HNL;]ãI 

>I GC.NA-184 ?G JF;MG;. 

 
4.7 R.0.7.raGF8 -8 b28.5.tr8-8 

 

A FCAOL; 19 GIMNL; ?G fILG; >? BCMNIAL;G; ; =;J;=C>;>? >? L?A?H?L;]ãI >I 

<CI?F?NLI>I >I JL?M?HN? NL;<;FBI. 

F20ura 19. .?MJIMN; ?F?NLIKOíGC=; ?G fILG; >? ALYfC=I (Gé>C;M ? >?MPCIM-J;>LãI >I C) >? >?N?=]c?M 
CH>CL?N;M GIMNL;H>I ; =;J;=C>;>? >? L?A?H?L;]ãI >I <CI?F?NLI>I. CIH=?HNL;]ãI ONCFCT;>; >I GC.NA-
184 fIC >? 10-13,5 GIF (–1. ERJ?LCG?HNIM fIL;G =IH>OTC>IM ?G ?F?NLaFCNI MOJILN? MIFO]ãI N;GJãI fIMf;NI 
>? Ma>CI (0,1 GIF (–1, JH = 7,4), PIFN;G?NLC; >? JOFMI >Cf?L?H=C;F =IG P?FI=C>;>?: 30 G2 M–1, 
GIHCNIL;H>I I JC=I >? IRC>;]ãI >I <LIG?NI >? ?Ní>CI. 

 

 

 

 

 

 

 

 

 

A J;LNCL >; FCAOL; 19, é JIMMíP?F I<M?LP;L KO? ; L?MJIMN; fIC G;HNC>; ;Né ; 7j. 

>?N?=]ãI (P;FIL >? =ILL?HN? CAO;F ; 1,0 μA) ? G;HN?P? =?L=; >? 90% HI P;FIL >? 

L?MJIMN; >? =ILL?HN? ; J;LNCL >; 8j. >?N?=]ãI, GIMNL;H>I =;J;=C>;>? >? L?OMI =IG 

?fC=C_H=C; >? 100% ;Né 7 P?T?M. 1G; >;M DOMNCfC=;NCP;M J;L; ?MM; ?R=?F?HN? L?MJIMN; 



>I <CIMM?HMIL, é J?FI f;NI >; MIH>; >?  NA  E,1/ M?L GI>CfC=;>; H; ?RNL?GC>;>? 

5' =IG OG ALOJ;G?HNI NCIF, JLIJC=C;H>I OG; CHN?L;]ãI =IP;F?HN? (NCIF-IOLI) ?MNYP?F 

(40-50 E=;F/GIF) ( % FE(%CE; /E((+N%, 2004; 01.'E2%CH; /0E2EN/+N; H%((%E., 

1951).  

  

4.8 Estab252-a-. -8 b28.5.tr8-8 

 

A FCAOL; 20 GIMNL; ?G fILG; >? ALYfC=I (Gé>C;M M? >?MPCIM-J;>LãI >I C) ; 

?MN;<CFC>;>? >I <CI?F?NLI>I. 

F20ura 20. .?MJIMN; ?F?NLIKOíGC=; ?G fILG; >? ALYfC=I (Gé>C;M ? >?MPCIM-J;>LãI >I C) >? >?N?=]c?M 
CH>CL?N;M GIMNL;H>I I P;FIL >; =ILL?HN? ?G fOH]ãI >I HdG?LI >? >C;M >? ;LG;T?H;G?HNI >I <CIMM?HMIL 
; 8 kC ? ; M?=I. CIH=?HNL;]ãI ONCFCT;>; >I GC.NA-184 fIC >? 10-13,5 GIF (–1. ERJ?LCG?HNIM fIL;G 
=IH>OTC>IM ?G ?F?NLaFCNI MOJILN? MIFO]ãI N;GJãI fIMf;NI >? Ma>CI (0,1 GIF (–1, JH = 7,4), PIFN;G?NLC; 
>? JOFMI >Cf?L?H=C;F =IG P?FI=C>;>?: 30 G2 M–1, GIHCNIL;H>I I JC=I >? IRC>;]ãI >I <LIG?NI >? ?Ní>CI. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A ?MN;<CFC>;>? >I <CI?F?NLI>I (FCAOL; 20) fIC ;P;FC;>; JIL G?CI >; >?N?=]ãI 

CH>CL?N;, =IG CHN?LP;FI >? 10 >C;M ?HNL? =;>; ;HYFCM? ? ?MNI=;>IM >OL;HN? 50 >C;M. X 

JIMMíP?F I<M?LP;L KO? I <CI?F?NLI>I G;HN?P? MO; L?MJIMN; >? =ILL?HN? >? JC=I >? 

IRC>;]ãI ;Né 40 >C;M. EG 50 >C;M >? >?N?=]ãI I <CIMM?HMIL G;HN?P? =?L=; >? 72% 

>? L?MJIMN; >? =ILL?HN? >? IRC>;]ãI. ,ILN;HNI, I JL?M?HN? <CIMM?HMIL GIMNL;-M? 



;NL;NCPI J;L; OG; JIMMíP?F =IG?L=C;FCT;]ãI, DY KO? I<N?P? ?R=?F?HN? ?MN;<CFC>;>? ?G 

;Né 40 >C;M. 

 

4.9 (a52-aGF8 -8 b28ss.7s8r 98r .s9.,tr8s,892a -. 269.-E7,2a .5.tr8:uJ62,a 

 

A Né=HC=; >? ?MJ?=NLIM=IJC; >? CGJ?>[H=C; ?F?NLIKOíGC=; fIC ONCFCT;>; J;L; 

G?FBIL =IGJL??HMãI >IM f?HbG?HIM ?F?NLIKOíGC=IM >? CHN?Lf;=? >;M MOJ?Lfí=C?M (AO, 

AO  E,1/, AO  E,1/ M;O>YP?F, AO  E,1/ >?JL?MMCPI, =ODIM L?MOFN;>IM ?MNãI 

;JL?M?HN;>IM H; FCAOL; 21. 

F20ura 21.  C;AL;G;M >? NSKOCMN (;) ? ALYfC=I >? BI>? (<) I<NC>IM JIL ?MJ?=NLIM=IJC; >? CGJ?>[H=C; 
?F?NLIKOíGC=; ?G MIFO]ãI 'CF (0,1 GIF (–1) =IHN?H>I =FIL?NI >? B?R;GCHLON_HCI (%%) (5,0 GGIF (–1), J;L; 
I ?F?NLI>I >? IOLI >?M=I<?LNI ? M?HMC<CFCT;>I =IG  E,1/, ;HN?M ? ;JaM ; ;>C=ãI >? ;GIMNL;M >? 
JF;MG; >?JL?MMCPI ? M;O>YP?F. ,;L[G?NLIM: f;CR; >? fL?KO_H=C; >? 100 EHT ; 10 GHT, ;GJFCNO>? >? 10 
G2 ? JIN?H=C;F >? G?C;-IH>;. 

 

 

 

  

 

 

 

 

 

+M >;>IM I<NC>IM J?FIM >C;AL;G;M >? NSKOCMN (FCAOL; 21A) ? >? BI>? (FCAOL; 

21B) J?LGCN?G ; ?KOCJ;L;]ãI =IG OG =CL=OCNI ?KOCP;F?HN?, ;I KO;F MCGOF; IM 

f?HbG?HIM >? CHN?Lf;=? ?F?NLI>I-MIFO]ãI. + GI>?FI >? =CL=OCNI I<NC>I ;JL?M?HNIO IM 

M?AOCHN?M =IGJIH?HN?M: .M, L?F;NCPI ; L?MCMN_H=C; =;OM;>; J?F; MIFO]ãI ?F?NLIFíNC=;; 

OG; P?T KO? I ALYfC=I >? BI>? ;JL?M?HN; >ICM J;N;G;L?M, fIL;G ;>C=CIH;>;M >O;M 

L?MCMN_H=C;M ; NL;HMf?L_H=C; >? =;LA;, .C0, KO? ?MNãI L?F;=CIH;>;M ;I JLI=?MMI >I 

=IGJIMNI L?>IR =IG ; MOJ?Lfí=C? >I ?F?NLI>I; =IHM?KO?HN?G?HN?, fIL;G ;>C=CIH;>IM 



>ICM ?F?G?HNIM >? f;M? =IHMN;HN?, -, KO? ?MNãI L?F;=CIH;>IM ;I =;LL?A;G?HNI >; 

>OJF; =;G;>; ?FéNLC=; H;M CHN?Lf;=?M, ?G MO<MNCNOC]ãI ;I =IGJIH?HN? >? =;J;=CN[H=C; 

(C (), >?PC>I ; =;G;>; CLL?AOF;L >; MOJ?Lfí=C? >IM ?F?NLI>IM; JIL fCG, ; CGJ?>[H=C; >? 

3;L<OLA fIC ;>C=CIH;>;, >?PC>I ;I J?LfCF CH=FCH;>I JLaRCGI ; 45e ;JaM I M?AOH>I 

M?GC=íL=OFI HI >C;AL;G; >? NSKOCMN, KO? CGJFC=; >CT?L KO? I MCMN?G; ?MNY M?H>I 

FCGCN;>I J?FI JLI=?MMI >CfOMCIH;F. + =CL=OCNI JLIJIMNI ;JL?M?HNIO OG P;FIL >? X2 (KOC-
KO;>L;>I) ;>?KO;>I, >; IL>?G >? 10–2, MCAHCfC=;H>I KO? I =CL=OCNI L?JL?M?HN; IM 

f?HbG?HIM ?F?NLIKOíGC=IM I<M?LP;>IM. 

AI I<M?LP;L IM J?LfCM >IM M?GC=íL=OFIM HI >C;AL;G; >? NSKOCMN (FCAOL; 21A), é 

I<M?LP;>I KO? I ?F?NLI>I >? IOLI JOLI, ;JL?M?HN; J?LfCF =;L;=N?LíMNC=I ; OG =;J;=CNIL, 

B;P?H>I OG >?MPCI H; ;HAOF;]ãI >; L?N;, >?PC>I ; LOAIMC>;>? >I ?F?NLI>I. -O;H>I 

; MIH>; >?  NA fIC CGI<CFCT;>; H; MOJ?Lfí=C? >I ?F?NLI>I >? IOLI (AO/ E,1/), ;MMCG 

=IGI ;HN?M IO ;JaM CHN?L;]ãI =IG JF;MG; >? J;=C?HN?M >?JL?MMCPIM IO M;O>YP?CM, 

IM f?HbG?HIM >? =;LL?A;G?HNI >; >OJF; =;G;>; ?FéNLC=; ? ; L?MJIMN; ?F?NLIKOíGC=; 

fL?HN? ; ;JFC=;]ãI >; IH>; M?HIC>;F >? <;CR; fL?KO_H=C; fIC J?LNOL<;>; ? I<M?LPIO-M? 

I ;J;L?=CG?HNI >? OG M?GC=íL=OFI, L?MOFN;HN? >; L?MCMN_H=C; Z NL;HMf?L_H=C; >? =;LA; 

>; ?MJé=C? ?F?NLI;NCP;, JLIGIPC>I J?F; >?JIMC]ãI >;M =;G;>;M >? <CIGIFé=OF;M.  

A BC<LC>CT;]ãI >?  E,1/ ? I GC.NA-184 fIC ?PC>?H=C;>; J?FI ;OG?HNI 

I<M?LP;>I H; L?MCMN_H=C; Z NL;HMf?L_H=C; >? =;LA; JLIGIPC>; J?F; JL?M?H]; >; 

;GIMNL; >? JF;MG; ILCOH>; >? J;=C?HN?M >?JL?MMCPIM (AO/ E,1// ?JL?MMCPI). +M 

L?MOFN;>IM >? CGJ?>[H=C; I<NC>IM CH>C=;G KO? H; JL?M?H]; >; <CIGIFé=OF; ;FPI, JI>? 

M?L fILG;>I OG G;N?LC;F G;CM =IGJ;=NI MI<L? ; MOJ?Lfí=C? >I M?HMIL, L?MOFN;H>I ?G 

OG ;OG?HNI H; L?MCMN_H=C;, =IGJ;L;H>I-M? =IG MIG?HN? ; CGI<CFCT;]ãI >; MIH>; 

 E,1/, I KO? é =IGJ;NíP?F =IG ; BC<LC>CT;]ãI >;M fCN;M.  

N; JL?M?H]; >? JF;MG; >? J;=C?HN?M M;O>YP?CM (AO/ E,1///;O>YP?F), I 

M?GC=íL=OFI I<M?LP;>I ;JL?M?HN; OG; L?MCMN_H=C; Z NL;HMf?L_H=C; >? =;LA; MOJ?LCIL 

KO;H>I =IGJ;L;>I ;I ?F?NLI>I =IHN?H>I MIH>; (AO/ E,1/) ? ;I ?F?NLI>I ;JaM 

CHN?L;]ãI MIH>;-JF;MG; >?JL?MMCPI. EMN? f;NI ?MNY =IH>CT?HN? =IG IM L?MOFN;>IM >? 

PIFN;G?NLC; >? JOFMI ?, JI>? M?L ;NLC<Oí>I ;I f;NI >? KO? I JF;MG; >? J;=C?HN?M 

M;O>YP?CM =IHNéG OG; KO;HNC>;>? <;MN;HN? ?F?P;>; >? GC.NA-184, KO;H>I 

=IGJ;L;>I ;I JF;MG; >? J;=C?HN?M >?JL?MMCPIM. EMN; KO;HNC>;>? ?F?P;>; >? GC.NA-
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184 JLIPI=; OG CGJ?>CG?HNI H; MOJ?Lfí=C? >I ?F?NLI>I, I KO? ;OG?HN; ; L?MCMN_H=C; 

; NL;HMf?L_H=C; >? =;LA;, >;>I J?FI ;OG?HNI >; =CL=OHf?L_H=C; >I M?GC=íL=OFI. 

+M P;FIL?M >? L?MCMN_H=C; Z NL;HMf?L_H=C; >? =;LA; (.C0) I<NC>IM =IG I =CL=OCNI 

?KOCP;F?HN? ?MNãI ;JL?M?HN;>IM H; fILG; >? ALYfC=I >? <;LL;M, FCAOL; 22, ? fIL;G 

ONCFCT;>IM J;L; ;H;FCM;L IM >Cf?L?HN?M ALOJIM ?RJ?LCG?HN;CM. 

F20ura 22. #LYfC=I >? <;LL;M L?JL?M?HN;H>I IM P;FIL?M I<NC>IM >? L?MCMN_H=C; Z NL;HMf?L_H=C; >? =;LA; 
(.C0) I<NC>IM JIL G?CI >; ?MJ?=NLIM=IJC; >? CGJ?>[H=C; ?F?NLIKOíGC=; J;L; IM >Cf?L?HN?M ALOJIM 
?RJ?LCG?HN;CM.  

 

 

 

 

 

 

 

 

 

 

+M P;FIL?M Gé>CIM I<NC>IM >? L?MCMN_H=C; Z NL;HMf?L_H=C; >? =;LA; fIL;G >? (26 

h 3) R 101 Ω, (35 h 7) R 101 Ω, (52 h 3) R 101 Ω J;L; AO/ E,1/, AO/ E,1// ?JL?MMCPIM, 

AO/ E,1///;O>YP?CM, L?MJ?=NCP;G?HN?, L?fIL];H>I I f;NI DY >CM=ONC>I ;=CG; >? G;CIL 

KO;HNC>;>? >? <CIGIFé=OF; ;FPI. A MOJ?Lfí=C? AO/ E,1// ?JL?MMCPIM ;JL?M?HNIO 

;OG?HNI >? L?MCMN_H=C; ; NL;HMf?L_H=C; >? =;LA; >? =?L=; >? 1,3 P?T?M, ?G 

=IGJ;L;]ãI =IG AO/ E,1/. AFéG >CMMI, é JIMMíP?F I<M?LP;L OG ;OG?HNI >? .C0 >? 

1,5 P?T?M J;L; >I P;FIL L?f?L?HN? ;I .C0 >? AO/ E,1///;O>YP?CM KO;H>I =IGJ;L;>I 

; AO/ E,1//>?JL?MMCPIM. EMN? >?=LéM=CGI HIM P;FIL?M >? .C0 ;JaM ; CHN?L;]ãI =IG 

I ;FPI ?MJ?=ífC=I (GC=LI.NA-184) MOA?L? ;FN?L;]ãI =IHfILG;=CIH;F H; ?MNLONOL; >I 

GC=LI.NA-184 ;JaM ; CHN?L;]ãI =IG ; JF;N;fILG; (AO  E,1/), G?FBIL;H>I ; 

NL;HMf?L_H=C; ?F?NLbHC=; J;L; I B?R;GCHLON_HCI (%%). EG IONL; P?LN?HN?, ; CHN?L;]ãI 

AO  E,1//GC=LI.NA-184 JLIGIP? ;OG?HNI >? =;LA;M H?A;NCP;M, JLIP?HC?HN?M >I 



ALOJ;G?HNI fIMf;NI, ?G JH 7,4 , >I ;FPI ?MJ?=ífC=I (GC=LI.NA-184) MI<L? ; 

MOJ?Lfí=C?, f;=CFCN;H>I ; CHN?L;]ãI =IG B?R;GCHLON_HCI (%%) KO? JIMMOC =;LA; JIMCNCP;, 

JLIGIP?H>I I >?=LéM=CGI HIM P;FIL?M >? L?MCMN_H=C; ; NL;HMf?L_H=C; >? =;LA;. 

0;G<éG fC=; ?PC>?HN? KO? I <CIMM?HMIL JLIJIMNI =IHM?AO? >Cf?L?H=C;L =IH=?HNL;]c?M 

>? ;FPI, OG; P?T KO? ;M ;GIMNL;M ;H;FCM;>;M J?LN?H=C;G ; >Cf?L?HN?M J;=C?HN?M =IG 

IO M?G >?JL?MMãI G;CIL. 

 

4.10 M2,r8s,892a -. F8rGa AtL62,a 

 

A FCAOL; 23 ;JL?M?HN; ;M CG;A?HM >? GC=LIM=IJC; >? fIL]; ;NbGC=; J;L; 

>?N?=]ãI >IM ?F?NLI>IM =IHN?H>I CHN?L;]ãI =IG ;GIMNL;M >? J;=C?HN?M, >?MN;=;H>I 

I ;MJ?=NI NIJIALYfC=I >;M MOJ?Lfí=C?M ;JaM ;>C]ãI >? JF;MG; ?HLCKO?=C>I =IG 

;GIMNL;M >? J;=C?HN? M;O>YP?F ? J;=C?HN? >?JL?MMCPI. 

F20ura 23. )C=LIM=IJC;M >? fIL]; ;NbGC=; >; MOJ?Lfí=C? >I <CIMM?HMIL ;JaM CHN?L;]ãI =IG I JF;MG; >? 
J;=C?HN?M. A) /;O>YP?F B)  ?JL?MMCPI. AM F?CNOL;M fIL;G L?;FCT;>;M HI GI>I =IHN;NI CHN?LGCN?HN?. 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 



,I>? M?L I<M?LP;>I KO?, HI JIHNI >? PCMN; NIJIALYfC=I, I=ILL?G ;FN?L;]c?M H; 

LOAIMC>;>? ;I M? ;H;FCM;L I =I?fC=C?HN? >? LOAIMC>;>? Gé>C; KO;>LYNC=; (.K) >;M 

;GIMNL;M. A ;HYFCM? L?f?L?HN? ; ;GIMNL; >I J;=C?HN? M;O>YP?F AO/ E,1///;O>YP?F 

(FCAOL; 23A) ;JL?M?HNIO .K = (50,5 h 0,7) HG. &Y I .K I<NC>I J;L; I J;=C?HN? =IG 

NL;HMNILHI >?JL?MMCPI G;CIL AO/ E,1// ?JL?MMCPI (FCAOL; 23B) fIC (7,49 h 0,6) HG. 

,ILN;HNI, ; LOAIMC>;>? Gé>C; KO;>LY>C=; ;JaM ;>C]ãI >I JF;MG; ?HLCKO?=C>I =IG 

;GIMNL; >I C>IMI M;O>YP?F fIC 6,75 P?T?M G;CIL =IGJ;L;H>I-M? =IG I P;FIL >? .K 

I<NC>I >; ;GIMNL; >I C>IMI >?JL?MMCPI. EMM? L?MOFN;>I JI>? M?L ?RJFC=;>I J?FI f;NI 

>? KO? J;=C?HN?M M;O>YP?CM ;JL?M?HN;L?G G;CIL =IH=?HNL;]ãI >? GC.NA-184 >I KO? 

IM JILN;>IL?M >? 0 ) (/%(2A ?N ;F., 2019), FIAI ; CHN?L;]ãI >I ;H;FCNI >? CHN?L?MM? 

=IG ; MIH>;  E,1/ é G;CIL HIM M;O>YP?CM, F?P;H>I OG; G;CIL fILG;]ãI >? d-plex 
>?  NA, MOA?LCH>I I ;OG?HNI >; LOAIMC>;>? I<M?LP;>;. EMM? G?MGI 

=IGJILN;G?HNI fIC I<M?LP;>I  JIL F?LL?CL; ? =IF;<IL;>IL?M (2018) H; ?F;<IL;]ãI >? 

OG A?HIMM?HMIL <;M?;>I ?G JIFíG?LI J;L; ; >?N?=]ãI ? KO;HNCfC=;]ãI >? 

Streptococc-s pne-moniae ?G ;GIMNL;M >?  NA A?HbGC=I; L?MOFN;>I M?G?FB;HN? fIC 
I<NC>I JIL C;MNLI ? =IF;<IL;>IL?M (2014) H; JL?J;L;]ãI >? OG A?HIMM?HMIL J;L; 

>?N?=]ãI >; M?KO_H=C; ?MJ?=ífC=; >?  NA >I PíLOM >; B?J;NCN? B. EG =IHNL;J;LNC>;, 

IM CH>CPí>OIM =IG 0 ) JIMMO?G ?MM? GC.NA-184, G;M ?G =IH=?HNL;]ãI CHf?LCIL >I 

KO? IM M;O>YP?CM, FIAI, BY ; JL?M?H]; >? fILG;]ãI >; >OJF; fCN; (AO/ E,1//GC.NA-

184) G?HIL KO;HNC>;>?. 

 

4.11 D.s.7v85v26.7t8 -8 a952,at2v8 DEPSENSOR 

 

A FCAOL; 24 CFOMNL; OG fFORIAL;G; MCGJFCfC=;>I KO? CFOMNL; NI>;M ;M IJ]c?M >? 

N?F;M =IG ;M CHfILG;]c?M. 

 

 

 

 

 



F20ura 24. FFORIAL;G; >? N?F;M >I ;JFC=;NCPI DEPSENSOR. 

 

 

 

 

 

 

 

 

 

 

 

N; FCAOL; 24, é JIMMíP?F I<M?LP;L NI>IM IM <INc?M =IHf?==CIH;>IM J;LI ; 

?F;<IL;]ãI >I ;JFC=;NCPI DEPSENSOR. ,I>? M?L I<M?LP;>I KO? =;>; <INãI ;<L? ; 
IJ]ãI >? N?F;M >? ;=IL>I =IG ; CHfILG;]ãI KO? I OMOYLCI <OM=;, M?H>I >CPC>C>I ?G 

“Ajuda e Informação” e “Biossensor”. Cada um desses <INc?M M?LY ?RJFIL;>I ; M?AOCL.  

A FCAOL; 25 ;JL?M?HN; ; JLCG?CL; N?F; =LC;>; >I ;JFC=;NCPI DEPSENSOR ? 
MCGOF;>; ?G OG PCMIL >? smartphone. 

F20ura 25. 0?F; CHC=C;F >I ;JFC=;NCPI  E,/EN/+.. 

 

 

 

 

 

 



A JLCG?CL; N?F; >I ;JFC=;NCPI DEPSENSOR fIC =LC;>; =IG I I<D?NCPI >? If?L?=?L 
;DO>; ;IM OMOYLCIM (FCAOL; 25). A CG;A?G >; N?F; KO? ;J;L?=? =IGI í=IH? >I 

;JFC=;NCPI fIC =OC>;>IM;G?HN? >?M?HPIFPC>;, ONCFCT;H>I OG; CG;A?G =IHN?H>I 

>?M?HBIM >? GãIM MCG<IFCT;H>I OG J?>C>I >? ;DO>; (GIMNL;>I H; J;LN? CHf?LCIL 

>?HNLI >I =íL=OFI) ? OG >?M?HBI >? OG; GãI KO? MCG<IFCT; ; If?LN; >I ;JICI (J;LN? 

MOJ?LCIL >?HNLI >I =íL=OFI). NIN;-M? KO? ; =IL ;G;L?F; KO? ;J;L?=? H; J;LN? CHf?LCIL 

fIC CHM?LC>; >? G;H?CL; JLIJIMCN;F, OG; P?T KO? ?MM; =IL ?MNY ;MMI=C;>; Z FON; =IHNL; 

I MOC=í>CI JL?M?HN? H; =;GJ;HB; >?HIGCH;>; /?N?G<LI AG;L?FI; PCMNI KO?, 

N?HN;NCP;M >? MOC=í>CI ? ;Né G?MGI ; =IH=FOMãI >?MM? ;NI ?MNY, CHdG?L;M P?T?M, 

;MMI=C;>I ;IM NL;HMNILHIM >? BOGIL, N;CM =IGI ; >?JL?MMãI G;CIL (,+N/+N% ?N ;F., 

2018).  

A =;GJ;HB; /?N?G<LI AG;L?FI ;JL?M?HN; =IGI GCMMãI ; =IHM=C?HNCT;]ãI 

MI<L? ; JL?P?H]ãI >I MOC=í>CI, N?H>I =IGI I<D?NCPI CHfILG;L, =IHM=C?HNCT;L ? ;F?LN;L ; 

JIJOF;]ãI MI<L? ; L?;FC>;>? >I MOC=í>CI HI BL;MCF ? HI GOH>I =IG _Hf;M? H;M 

G;H?CL;M >? JL?P?H]ãI. EMM; =;GJ;HB; ;=IHN?=? HI G_M >? M?N?G<LI ? N?P? CHí=CI 

HI ;HI >? 2015, N?H>I =IGI fILG; >? ?RJL?MMãI ; >?=IL;]ãI H; =IL ;G;L?F; >? 

FI=;CM Jd<FC=IM ? J;LNC=OF;L?M (+.#AN%6AWl+ /E0E)B.+ A)A.E(+, 2016). 

AFéG >CMMI, é JIMMíP?F I<M?LP;L KO? ;I M? =FC=;L HI <INãI “M?HO” (FCAOL; 25), 

I ;JFC=;NCPI ;<L? OG; M?AOH>; N?F; KO? GIMNL; ;M IJ]c?M KO? I G?MGI fILH?=?, =IGI 

CFOMNL;>I H; FCAOL; 26.  

F20ura 26. 0?F; “M?HO” >I ;JFC=;NCPI DEPSENSOR. 

 

 

 

 

 

 

 





A FCAOL; 27 GIMNL; KO? ;I =FC=;L HI <INãI “BCIMM?HMIL”, I ;JFC=;NCPI ;<L? ; N?F; 

KO?, ;JaM Cnserir o valor de corrente obtido no experimento no campo “Digite o valor 

de corrente”, é ?f?NO;>; I =YF=OFI >; =IH=?HNL;]ãI >? GC.NA-184, ONCFCT;H>I ; =OLP; 

>? =;FC<L;]ãI >I <CIMM?HMIL >?M?HPIFPC>; HI JL?M?HN? NL;<;FBI, ? CHfILG;L I 
>C;AHaMNC=I >I J;=C?HN? (>?JL?MMCPI IO M;O>YP?F).  

A NíNOFI >? >?GIHMNL;]ãI, I<M?LP;-M? KO?, H; FCAOL; 26B, fIC I<NC>I I P;FIL >? 

=ILL?HN? CAO;F ; 1,89 μA ?G OG MOJIMNI ?RJ?LCG?HNI, ? ;I M? CHM?LCL ?MM? HdG?LI H; 

caixa “Digite o valor de corrente” e pressionar “Calcular”, o DEPSENSOR CHfILG; I 
diagnóstico do paciente escrito em vermelho “O paciente é saudável”; ? =;F=OF; ; 

=IH=?HNL;]ãI >I GC.NA-184 JL?M?Hte na amostra e informa “1.8151E-9 GIF (-1”. &Y 

H; FCAOL; 27C é CFOMNL;>I ; I<N?H]ãI >? OG P;FIL >? =ILL?HN? >? 1,10 μA; ?MM? P;FIL 

é inserido no campo “Digite o valor de corrente” e o botão “Calcular” foi pressionado; 

H?MN? =;MI, I >C;AHaMNC=I >I J;=C?HN? idoso é dado como “O paciente é depressivo” e 

; KO;HNC>;>? >? GC.NA-184 N;G<éG é GIMNL;>; =IGI “1,2513E-14 GIF (-1”. 

A segunda opção da tela “M?HO”, “Ajuda e informação”, após ser selecionada 

;<L? ; M?AOCHN? N?F; CFOMNL;>; H; FCAOL; 28. 

F20ura 28. 0?F; >e “ADO>; ? CHfILG;]ãI” >I ;JFC=;NCPI DEPSENSOR. 

 

 

 

 

 

 

 



CIG I CHNOCNI >? CHfILG;L ; MI=C?>;>? ? ;DO>;L ;KO?F?M KO? ;JL?M?HN;G 

>?JL?MMãI IO KO? =IHPCP?G =IG J?MMI;M KO? PCP?G =IG ; >I?H];, I ;JFC=;NCPI 

DEPSENSOR =IHN; =IG OG; N?F; >? ;DO>; ? CHfILG;]ãI (FCAOL; 28). N?MM; N?F;, MãI 
?H=IHNL;>;M >CP?LM;M CHfILG;]c?M MI<L? ; >I?H];. + <INãI “+ KO? é >?JL?MMãI?” 

>?fCH? I KO? é ? KO;CM MãI ;M JLCH=CJ;CM fILG;M =IGI ?F; M? G;HCf?MN;; DY ?G 

“Sintomas” nota-M? IM JLCH=CJ;CM MCHNIG;M JL?M?HN?M H?MM; ?Hf?LGC>;>?; ?G 

“Tratamentos” MãI ;JL?M?HN;>;M >Cf?L?HN?M ;<IL>;A?HM KO? If?L?=?G G;H?CL;M >? 

lidar e buscar ajuda; o botão “Como lidar com pessoas com depressão” oferece 

MOJILN? J;L; NI>IM KO? <OM=;G ;DO>;L ;M J?MMI;M =IG ?MM; >I?H];, M?H>I >? MOG; 

CGJILN[H=C; JICM CHdG?L;M J?MMI;M HãI M;<?G =IGI If?L?=?L ;DO>; ZM J?MMI;M KO? 

MIfL?G =IG ?MM? NL;HMNILHI >? BOGIL; a opção de “Classificação” informa sobre os 

>Cf?L?HN?M NCJIM >? >?JL?MMãI; em “Depressão e Comorbidade”, é possível observar a 

L?F;]ãI >; >?MM; >I?H]; =IG IONL;M ?Hf?LGC>;>?M; por fim, “Depressão e Idade” 

=IHN; =IG CHfILG;]c?M MI<L? ; G;HCf?MN;]ãI >I NL;HMNILHI >?JL?MMCPI ?G >Cf?L?HN?M 

C>;>?M. 

 

6 C87,5usM.s  
 

EG =IHfILGC>;>? =IG I I<D?NCPI A?L;F >I NL;<;FBI, fIC >?M?HPIFPC>I =IG _RCNI 

OG <CIMM?HMIL ?F?NLIKOíGC=I ? ;JFC=;NCPI J;L; >C;AHaMNC=I >? 0 ) ?G C>IMIM, 

ONCFCT;H>I ; >?N?=]ãI >I <CIG;L=;>IL GC.NA-184 ?G ;GIMNL;M >? JF;MG; BOG;HI. 

A MIH>; >? IFCAIHO=F?INí>?IM  E,1/ ?MJ?=ífC=; ;I GC=LI.NA-184 fIC 

CGI<CFCT;>; =IG MO=?MMI HIM ?F?NLI>IM >? IOLI. A ?MJ?=CfC=C>;>? >; MIH>; fIC 

=IGJLIP;>; ONCFCT;H>I .NA A?HbGC=I >I PíLOM 6CE;, IFCAIHO=F?INí>?I B.CA ? 

JLIN?íH; NLIJIHCH; %.  

A G?NI>IFIAC;, =IG<CH;H>I I NL;N;G?HNI NéLGC=I ? ?RJIMC]ãI ?G FOT 12, fIC 

?fC=;T H; >?AL;>;]ãI >? JIMMíP?CM GC=LI.NAM JL?M?HN?M H;NOL;FG?HN? H;M ;GIMNL;M 

ONCFCT;>;M, JIMMC<CFCN;H>I I JIMN?LCIL ?HLCKO?=CG?HNI =IG GC.NA-184 JOLCfC=;>I, 

J?LGCNCH>I ; GCG?NCT;]ãI >? MCMN?G;M <CIFaAC=IM L?;CM.   

AGIMNL;M >? J;=C?HN?M C>IMIM M;O>YP?CM ? C>IMIM =IG 0 ) fIL;G ONCFCT;>;M 

J;L; P;FC>;]ãI >I <CIMM?HMIL JIL G?CI >? PIFN;G?NLC; >? JOFMI >Cf?L?H=C;F. N?MM; 

Né=HC=;, ; ONCFCT;]ãI >? CHN?L=;F;HN? >I d-plex >?  NA, I <LIG?NI >? ?Ní>?I, J?LGCNCO 



; >Cf?L?H=C;]ãI ?HNL? IM J;=C?HN?M >? G;H?CL; CH>CL?N;, IO M?D;, GIHCNIL;H>I I JC=I 

>? IRC>;]ãI >I <LIG?NI >? ?Ní>?I. ACH>;, GIHCNIL;H>I I JC=I >? IRC>;]ãI >I <LIG?NI 

>? ?Ní>?I, I <CI?F?NLI>I fIC =;J;T >? L?MJIH>?L ; >Cf?L?HN?M =IH=?HNL;]c?M >? GC.NA-

184 HI JF;MG;, JIMMC<CFCN;H>I ; =IHMNLO]ãI >; =OLP; >? =;FC<L;]ãI =IG FCGCN? >? 

>?N?=]ãI >? 10 ;GIF (–1. AMMCG, I JL?M?HN? NL;<;FBI GIMNL;-M? ?fC=C?HN? J;L; 

KO;HNCfC=;L ; =IH=?HNL;]ãI >I GC.NA-184 ?G JF;MG;.  

+ JL?M?HN? <CIMM?HMIL fIC =;J;T >? >Cf?L?H=C;L J;=C?HN?M M;O>YP?CM ? 

>?JL?MMCPIM ONCFCT;H>I ; ?MJ?=NLIM=IJC; >? CGJ?>[H=C; ?F?NLIKOíGC=;. FIC I<M?LP;>I 

OG ;OG?HNI H; L?MCMN_H=C; Z NL;HMf?L_H=C; >? =;LA; HIM J;=C?HN?M M;O>YP?CM, 

=IGJ;L;H>I-M? =IG IM >?JL?MMCPIM, ?G =IH=IL>[H=C; =IG IM L?MOFN;>IM I<NC>IM 

ONCFCT;H>I PIFN;G?NLC; >? JOFMI >Cf?L?H=C;F. 

A =;J;=C>;>? >? L?OMI >I <CIMM?HMIL fIC JIMMíP?F ?G 7 P?T?M, M?G J?L>; G; 

L?MJIMN; >? =ILL?HN? >? JC=I >? IRC>;]ãI. EMM?M >;>IM >?GIHMNL;G KO? I JL?M?HN? 

<CIMM?HMIL JI>? M?L ONCFCT;>I PYLC;M P?T?M ;Né I >?M=;LN?, =IHNLC<OCH>I J;L; L?>O]ãI 

>? =OMNIM ?G OG; JIMMíP?F f;<LC=;]ãI ? CHM?L]ãI HI G?L=;>I. AFéG >CMMI, IONLI f;NIL 

=LO=C;F J;L; I >?M?HPIFPCG?HNI =IG?L=C;F >?MM; JF;N;fILG; é ; MO; ?MN;<CFC>;>?, OG; 

P?T KO? ; L?MJIMN; >? =ILL?HN? fL?HN? ;I N?GJI G;HN?P?-M? JL;NC=;G?HN? ; G?MG; 

JIL =?L=; >? 50 >C;M. 

EG f;=? >; CH?RCMN_H=C; >? GéNI>IM >C;AHaMNC=IM GIF?=OF;L?M J;L; I 0 ) ? 

?F?P;>I HdG?LI >? J?MMI;M ;=IG?NC>;M GOH>C;FG?HN?, ?MN? NL;<;FBI GIMNLIO-M? 

JCIH?CLI ? CGJILN;HN? H; YL?; >C;AHaMNC=;, ;JL?M?HN;H>I OG <CIMM?HMIL J;L; >?N?=]ãI 

>? <CIG;L=;>IL >I 0 ) =IG ;JL?M?HNIO <I; M?HMC<CFC>;>?, ?MJ?=CfC=C>;>?, <;CRI 

FCGCN? >? >?N?=]ãI ? ONCFCT;]ãI >? PIFOG? L?>OTC>I >? ;GIMNL;.  

FCH;FG?HN?, I ;JFC=;NCPI >?M?HPIFPC>I DEPSENSOR J;L; smartphones 
GIMNLIO-M? dNCF HI ;ORíFCI, HãI Ma >; ONCFCT;]ãI >I <CIMM?HMIL, G;M N;G<éG J;L; 

fILH?=?L MOJILN? ZM J?MMI;M KO? <OM=;G G?FBIL ?HN?H>CG?HNI MI<L? ?MM; >I?H]; 

KO? ;JL?M?HN; AL;H>? CGJ;=NI H; MI=C?>;>?. 

 

7 P.rs9.,t2vas 
 

 AJFC=;]ãI >I <CIMM?HMIL ?G OG n ;GIMNL;F G;CIL; 
 )CHC;NOLCT;]ãI >I MCMN?G; JLIJIMNI HI JL?M?HN? NL;<;FBI. 
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