
25

2. 2SHUDþQt ]HVLORYDþH

-Lå QD ]DþiWNX PLQXOpKR VHPHVWUX MVPH QDUD]LOL QD SRMHP RSHUDþQt ]HVLORYDþ D VH]QiPLOL MVPH VH

s MHKR ]iNODGQtPL YODVWQRVWPL� 8åLOL MVPH KR Y Q�NROLND S�tNODGHFK MHGQRGXFKp DQDOê]\ REYRG$

SRPRFt .LUFKKRIIRYêFK ]iNRQ$� 3�LSRPH�PH� åH RSHUDþQt ]HVLORYDþ Pi W]Y� GLIHUHQþQt YVWXS �

LQYHUWXMtFt D QHLQYHUWXMtFt YVWXS D UHDJXMH SRX]H QD UR]GtO QDS�Wt PH]L W�PLWR GY�PD YVWXS\ D

má jednoduchý výstup / viz následující obrázek /.

  Obr. 2-1

1i]HY RSHUDþQt ]HVLORYDþ Y]QLNO Y GRE�� NG\ E\O\ Y ãLUãtP SRXåLWt W]Y� DQDORJRYp SRþtWDþH D

W]Y� RSHUDþQt ]HVLORYDþH VORXåLO\ N SRP�UQ� S�HVQpPX Y\WYi�HQt PDWHPDWLFNêFK RSHUDFt�

� (OHNWURQLFNp REYRG\ DQDORJRYpKR W\SX QHPRKRX Y\WYi�HW S�HVQp PDWHPDWLFNp RSHUDFH�

SURWRåH QDS�� RSHUDFH LQWHJURYiQt E\ Y\åDGRYDOD� DE\ VH SyO REYRGX QDFKi]HO Y SRþiWNX

NRPSOH[Qt URYLQ\ � WR E\ Y\åDGRYDOR� DE\ REYRG QHREVDKRYDO UH]LVWLYQt SUYN\� D WR QHQt

PRåQp� 2SHUDFH LQWHJURYiQt P$åH PtW MDNR YêVOHGHN SU$E�K URVWRXFt QDGH YãHFKQ\ PH]H � WRWR

RS�W QHQt VSOQLWHOQp� 3RGREQ� E\FKRP PRKOL XYDåRYDW L R GDOãtFK RSHUDFtFK� �

-Lå G�tYH MVPH SR]QDOL� åH YODVWQRVWL HOHNWURQLFNêFK REYRG$ P$åHPH YêUD]Q� ]OHSãLW XåLWtP

]iSRUQp ]S�WQp YD]E\� 9êVOHGNHP MVRX SRWRP REYRG\� MHMLFKå YODVWQRVWL ] KOHGLVND S�HQRVX

VLJQiOX MVRX YêUD]Q� OHSãt D QH]iYLVt QD YQ�MãtFK SRGPtQNiFK MDNR MH QDSiMHFt QDS�Wt� WHSORWD

DWG� 6RXþDVQ� MVPH Wpå SR]QDOL� åH PXVtPH ]DYpVW VLOQRX ]S�WQRX YD]EX D ] WRKR Y\SO\QXOR� åH

]HVtOHQt REYRG$ EH] ]S�WQp YD]E\ PXVt EêWL YHOLNp� 3URWR WHG\ MHGQRX ]H ]iNODGQtFK YODVWQRVWt

RSHUDþQtFK ]HVLORYDþ$ MH YHOLNp ]HVtOHQt � a0 = 104 Då ��
7 /.

=LGHDOL]XMPH VL QHMSUYH Qiã RSHUDþQt ]HVLORYDþ D WR WDN� åH EXGHPH S�HGSRNOiGDW åH �

D� 9VWXSQt VYRUN\ � � D � � QHRGHEtUDMt åiGQê SURXG

E� 1D YêVWXSX MH QXORYp QDS�Wt� MH�OL YVWXSQt QDS�Wt Vi = 0
8YDåXMPH ]DSRMHQt RSHUDþQtKR ]HVLORYDþH VH ]S�WQRX YD]ERX SRGOH QiVOHGXMtFtKR REUi]NX �

                      
Obr. 2-2

Pro obvod podle Obr. 2-2P$åHPH SViW SRGOH ,� .LUFKKRIIRYD ]iNRQD i1 = i2   a dosazením

� � � � � �Y Y 5 Y Y 5L 6 L 6 2− = −
�              Y D Y2 6= − ⋅

3R YêSRþWX GRVWDQHPH Y
DY

5 5 D
2

L=
−

+ +� �
� �

� �� �
       ( 2.1)
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%�åQ� EXGH a ≈ 105 a pro R1/R2 > 10-2 P$åHPH ]DQHGEDW MHGQLþN\ D SRWRP EXGH

Y
5

5
Y2 L= − �

�

                                                  ( 2.2)

9\SRþWHPH�OL Q\Qt QDS�Wt PH]L YVWXS\ RSHUDþQtKR ]HVLORYDþH� GRVWDQHPH

Y
Y

D

5

D5
Y6

2

L= − = �

�

                                           ( 2.3)

Bude-li se R2/R1 pohybovat v mezích 10-2
Då ��

2 a  a bude 105 � GRVWDQHPH åH

Y Y6 L= ÷− −� ��� ��� �

� =QDPHQi WR� åH ]iSRUQi ]S�WQi YD]ED VH VQDåt XGUåHW QDS�Wt PH]L

YVWXS\ EOt]Np QXOH� 3URWR VH þDVWR XYDåXMH� åH X LGHDOL]RYDQpKR RSHUDþQtKR ]HVLORYDþH MH

vS = 0. V WRP S�tSDG� SUR Obr. 2-2P$åHPH SViW vS = 0  ;  i1 = i2   a dále

� � � � � �Y 5 Y 5L 2− = −� �
� �       zþHKRå

Y

Y

5

5

2

L

= − �

�

� FRå MH VWHMQê Y]WDK MDNR MVPH

dostali z����� SR ]DQHGEiQt PDOêFK YHOLþLQ�
V G�tY�Mãt NDSLWROH MVPH GRVS�OL N SR]QiQt� åH ]S�WQi YD]ED P$åH YpVW N QHVWDELOLW�� FRå

]QDPHQi� åH S$YRGQ� VWDELOQt REYRG SR ]DYHGHQt ]S�WQp YD]E\ VH P$åH ]P�QLW Y generátor
� DXWRQRPQt REYRG �� 8ND]XMH VH� åH þtP MH ]S�WQi YD]ED VLOQ�Mãt� WtP VStãH VH REYRG GRVWiYi GR

QHVWDELOLW\� 0\ YãDN SUiY� SRåDGXMHPH ]DYHGHQt VLOQp ]S�WQp YD]E\� DE\FKRP GRViKOL VWiORVWL

SDUDPHWU$ YêVOHGQpKR REYRGX� 8Ni]DOL MVPH VL Wpå� MDN VH P�Qt SRORKD SyO$ Y závislosti na
stupni vazby. Zatímco vS�tSDG� MHGQRGXFKêFK REYRG$ SUYQtKR D GUXKpKR �iGX QHGRFKi]HOR

k nestabilitám /SyO\ ]$VWiYDO\ Y OHYp þiVWL NRPSOH[Qt URYLQ\ �� Y S�tSDG� XåLWt REYRGX W�HWtKR

�iGX GRãOR ]iK\ NH Y]QLNX QHVWDELOLW\� 3�LSRPH�PH VL S�tVOXãQp NR�HQRYp KRGRJUDI\

/ viz Obr. 2-3 /.

Obr. 2-3

2G RSHUDþQtKR ]HVLORYDþH YãDN SRåDGXMHPH YHOPL Y\VRNp ]HVtOHQt � ��
4
Då ��

7 ), které není
GRVDåLWHOQp MHGQRGXFKêP REYRGHP SUYQtKR QHER GUXKpKR �iGX� 1HMVStãH WHG\ Qiã RSHUDþQt

]HVLORYDþ EXGH SRP�UQ� VORåLWêP REYRGHP VHVWiYDMtFtP VH QHMPpQ� ]H W�t VWXS�$ ]HVLORYDþH

zapojených vNDVNiG�� D SURWR VH EXGH QHMVStãH SRGREDW S�tSDGX REYRG$ W�HWtKR �iGX D Y\ããtP�

9]QLN QHVWDELOLW\ P$åHPH Wpå Y\VY�WOLW QD ]iNODG� DPSOLWXGRYêFK D Ii]RYêFK FKDUDNWHULVWLN�

9LG�OL MVPH MLå� åH Y G$VOHGNX QHGRNRQDORVWL DNWLYQtFK SUYN$ � WUDQ]LVWRU$ � D UHDNWLYQtFK SUYN$

v REYRGX REVDåHQêFK GRFKi]t Y SRNOHVX DPSOLWXGRYp FKDUDNWHULVWLN\ QD Y\VRNêFK NPLWRþWHFK D
k Ii]RYpPX SRVXYX � S�tGDYQpPX NURP� ]iNODGQtKR ��� � ������ =QDPHQi WR� åH Qa vyšších
IUHNYHQFtFK Xå Ii]H QHQt S�HVQ� Wiå MDNR QD Qt]NêFK NPLWRþWHFK� DOH ]Y�WãXMH VH R S�tGDYQê

SRVXY� 3RNXG WHQWR S�tGDYQê SRVXY GRViKQH ����� SDN Xå RYãHP EXGHPH PtW FR þLQLW VH
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]S�WQRX YD]ERX NODGQRX D MHMtP G$VOHGNHP EXGH JHQHUDFH � SRNXG FHONRYp ]HVtOHQt EXGH Y�Wãt

QHå �� 3URWR MDNR SRGPtQNX VWDELOQtKR S$VREHQt ]S�WQRYD]HEQtKR REYRGX P$åHPH NOiVW� DE\

modul výrazu a(ω)⋅f(ω) E\O PHQãt QHå � SUR IUHNYHQFL� NG\ Ii]RYê S�tGDYQê SRVXY GRViKQH

����� 3�HKOHGQê REUi]HN S$VREHQt QiP GiYi W]Y� 1\TXLVW$Y GLDJUDP� Y Q�På Y\QiãtPH

a(ω)⋅f(ω) v NRPSOH[Qt URYLQ�� 0RGXO D Ii]H a⋅f MVRX MDVQ� SDWUQp MDNR GpOND YHNWRUX D ~KHO

v grafu.
0�MPH QDS�� REYRG V charakteristikami podle Obr. 2-4� RGSRYtGi REYRGX GUXKpKR �iGX �

Obr. 2-4
1\TXLVW$Y GLDJUDP SUR WHQWR S�tSDG EXGH Y\SDGDW SRGOH Obr. 2-5 :

Obr. 2-5

Jiná situace nastane vS�tSDG� REYRGX W�HWtKR �iGX� 9 S�tSDG� REYRGX GUXKpKR �iGX E\O

PD[LPiOQt S�tGDYQê SRVXY ���� � WM� �  ��� RG LQWHJUDþQtFK REYRG$ �� DOH WRPX WDN E\OR Då QD

frekvenci ω → ∞ , proto zde nedocházelo ke generaci. VS�tSDG� REYRGX W�HWtKR �iGX � ]D

S�HGSRNODGX VWHMQêFK VWXS�$ � VWDþt N SRVXYX R ���� SRVXY MHGQRKR VWXSQ� R ������  ��� D

k WRPX WDN EXGH QD Q�MDNp UHiOQp IUHNYHQFL� � 1D WpWR IUHNYHQFL MHãW� EXGH REYRG GiYDW ]LVN�

WDNåH a⋅f > 1 �� 3URWR MH WDNRYê REYRG QiFK\OQê NH JHQHUDFL� SRNXG ]DYHGHPH GRVWDWHþQ�

VLOQRX ]S�WQRX YD]EX�

$PSOLWXGRYRX D Ii]RYRX FKDUDNWHULVWLNX REYRGX W�HWtKR �iGX PiPH QD Obr. 2-6D S�tVOXãQê
1\TXLVW$Y GLDJUDP QD Obr. 2-7 .

Obr. 2-6

Obr. 2-7
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$E\FKRP ]DMLVWLOL VWDELOQt þLQQRVW REYRGX� PXVtPH ]DEH]SHþLW WR� DE\ ERG ������ E\O YQ�

WUDMHNWRULH 1\TXLVWRY\ N�LYN\� $E\FKRP ]MHGQRGXãLOL DQDOê]X� EXGHPH Y GDOãtP XYDåRYDW� åH

Qiã RSHUDþQt ]HVLORYDþ MH LGHiOQt�

6þtWDFt REYRG �

Obr. 2-8

3RGOH �� .LUFKKRIIRYD ]iNRQD SODWt� åH VRXþHW SURXG$ Y uzlu A je roven nule, a proto

� � � � � � � � � � � �� � � �
� � � �

− = − + − + + −Y 5 Y 5 Y 5 Y 52 I Q Q�

a proto v0  bude

[ ]Y 5 Y 5 Y 5 Y 5I Q Q� � � � �
= − + + +� � ��                                ( 2.4)

8YHGHQê REYRG ]DEH]SHþXMH WR� åH MHGQRWOLYp ]GURMH VH Y]iMHPQ� QHRYOLY�XMt MDNR E\ WRPX E\OR

v S�tSDG� REYodu na Obr. 2-9 / v0 je vS�tSDG� Obr. 2-8 velmi malé /.

Obr. 2-9

2EYRG� NWHUê QiP RGHþWH GY� YVWXSQt QDS�Wt� P$åHPH Y\WYR�LW SRGOH Obr. 2-10 .

 
Obr. 2-10
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V ERG� A EXGH QDS�Wt v2/2 � 9VWXS\ QHRGHEtUDMt åiGQê SURXG D PH]L QLPL MH QXORYp QDS�Wt D

proto i1 = i2 . Dosazením

     � � � � � � � �Y Y 5 Y Y 52� � �
� �− = − þLOL Y Y Y2 = − −� �

� �    ( 2.5)

-H YLG�W� åH RGSRU\ 5 D 5� QHPXVt EêW QXWQ� VWHMQp � SRNXG WR QHY\åDGXMt GDOãt SRGPtQN\ ��

DYãDN PXVt EêW VSOQ�QR 5  5 � 5�  5� � 7HQWR REYRG P$åHPH Y\XåtW S�L VSRMHQt GYRX

HOHNWURQLFNêFK VRXVWDY� NWHUp QHPDMt VWHMQê VSROHþQê ERG� � 0H]L VSROHþQêPL ERG\ RERX

VRXVWDY P$åH EêW ]QDþQê SRWHQFLiORYê UR]GtO Y G$VOHGNX LQGXNRYDQêFK QDS�Wt RG VW�tGDYêFK D

Y\VRNRIUHNYHQþQtFK ]GURM$ DWG� �� 2EYRG� NWHUê P$åHPH SRXåtW MH QD Obr. 2-11 . Na výstupu
GRVWiYiPH þLVWê YêVWXSQt VLJQiO� NWHUê QHREVDKXMH UXãLYp VORåN\�

Obr. 2-11

3RNXG E\FKRP S�tPR VSRMLOL YêVWXS DQDORJRYp VRXVWDY\ VH YVWXSHP GLJLWiOQt VRXVWDY\� S$VRELO

by zde signál vO = -(v1+vR-vR) = -v1 .
3�HYRGQtN SURXG QDS�Wt P$åHPH MHGQRGXãH UHDOL]RYDW SRGOH Obr. 2-12 .

Obr. 2-12

L
Y

5
Y L 5

2

I

2 I� �

�
=

−
⇒ = − ⋅                                         ( 2.6)

-Lå G�tYH MVPH SR]QDOL REYRG� NWHUpPX VH �tNi VOHGRYDþ� MHKRå YêVWXSQt VLJQiO E\O VWHMQê MDNR

signál vstupní / vLGHiOQtP S�tSDG� �� 6OHGRYDþ PiPH XYHGHQ QD Obr. 2-13 .

Obr. 2-13
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8åtYiPH KR N LPSHGDQþQt WUDQVIRUPDFL� NG\ ]GURM v1 QHQt VFKRSHQ GRGDW GR ]iW�åH SRW�HEQê

výkon - vS�tSDG� VOHGRYDþH MH WHQWR YêNRQ EUiQ ] QDSiMHFtFK ]GURM$ D QLNROLY ]H VLJQiORYpKR

zdroje.
8VNXWHþQtPH�OL ]DSRMHQt SRGOH Obr. 2-14, dostaneme tzv. integrátor

Obr. 2-14

L L
� �

=         Y
&

L W GW2

W

= − ∫
�

�

�

� �

Y
&

Y W

5
GW

5&
Y W GW2

W W

= − = −∫ ∫
� �

�

�

�

�

� �
� �                              ( 2.7)

9êVWXSQt QDS�"RYê VLJQiO MH WHG\ Y tomto LGHiOQtP � QHUHDOL]RYDWHOQpP XVSR�iGiQt � URYHQ

LQWHJUiOX YVWXSQtKR QDS�Wt�

3RGtYHMPH VH QD WHQWR S�tSDG ] KOHGLVND IUHNYHQþQt DQDOê]\ � WR ]QDPHQi� åH XåLMHPH

LPSHGDQFH D Ii]RU\� 2EHFQp VFKpPD ]S�WQRYD]HEQtKR REYRGX V RSHUDþQtP ]HVLORYDþHP PiPH

na Obr. 2-15 .

Obr. 2-15

Podle toho, co jsme poznali v]LPQtP VHPHVWUX� P$åHPH RNDPåLW� QDSVDW� åH

9
=

=
92

I

L

L= −                                                       ( 2.8)

D SUR S�tSDG LQWHJUiWRUX ] Obr. 2-14 dostaneme

9
9

M 5&2

L= −
ω                                                     ( 2.9)

Porovnejme nyní vlastnosti tohoto integrátoru sSDVLYQtP LQWHJUDþQtP REYRGHP� NWHUê MVPH

SR]QDOL MLå G�tYH D NGH MVPH GRVWDOL

. S
H S

H S S M 5&

H M

H M
S M

� �
� �

� �

� �

� �
= =

+
=

+
=

=

�

�

�

�

�

�

�

�τ ω
ω
ωω

              ( 2.10)
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V S�tSDG� LQWHJUiWRUX GRVWiYiPH YODVWQ� V XYDåRYiQtP SULQFLSX VXSHUSR]LFH

H M

H M M 5&

�

�

�� �

� �

ω
ω ω

= −                                             ( 2.11)

1HEXGHPH�OL VH ]DMtPDW R ]QDPpQNR � PRKX KR ]P�QLW� SURSXVWtPH�OL VLJQiO LGHiOQtP REYRGHP

VH ]HVtOHQtP �� �� P$åHPH QD Obr. 2-16QDNUHVOLW DPSOLWXGRYp FKDUDNWHULVWLN\ SUR RED S�tSDG\�

Obr. 2-16

,QWHJUiWRU QDFKi]t ãLURNp SRXåLWt � S�L Y\WYi�HQt OLQHiUQtFK þDVRYêFK SU$E�K$� MDNR VRXþiVW

P��tFtFK S�tVWURM$ DWG� 3RYãLPQ�PH VL MHãW�� åH DPSOLWXGRYi FKDUDNWHULVWLND LQWHJUiWRUX MH

v souladu sDPSOLWXGRYRX FKDUDNWHULVWLNRX VDPRWQpKR RSHUDþQtKR ]HVLORYDþH � GRFKi]t

k SRNOHVX QD Y\VRNêFK NPLWRþWHFK ��
Obrátíme-li pozici rezistoru a kapacitoru, dostaneme derivátor / viz Obr. 2-17 /.

Obr. 2-17

Z URYQRVWL SURXG$ i1 a i2 plyne   &
GY W

GW

Y W

5

2�
�� � � �

=
−

⇒ Y 5&
GY

GW2 = − �

   ( 2.12)

3RNXG E\FKRP S�HãOL N IUHNYHQþQt DQDOê]H� GRVWDOL E\FKRP ]H Y]WDKX ����� D Obr. 2-15

9 5& M 92 = − ⋅ ω
�                                                ( 2.13)

1DNUHVOtPH SRURYQiQt SDVLYQtKR 5& REYRGX � GHULYDþQtKR V derivátorem - Obr. 2-18 .

Obr. 2-18
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6RXþDVQ� ] Obr. 2-18MDVQ� Y\SOêYi SUREOpP GHULYiWRUX� -HKR DPSOLWXGRYi FKDUDNWHULVWLND Pi

VWRXSDW VH VWRXSDMtFt IUHNYHQFt� FRå MH Y ostrém rozporu s amplitudovou charakteristikou
RSHUDþQtKR ]HVLORYDþH� NWHUi QDRSDN X UHiOQpKR 2= NOHVi� 9êVOHGNHP WHG\ QHEXGH LGHiOQt

charakteristika podle Obr. 2-18 , ale naopak amplitudová charakteristika podle Obr. 2-19 ,
která odpovídá tzv. pásmové propusti.

Obr. 2-19

.G\E\FKRP SURYHGOL SRGUREQRX DQDOê]X ]D SRXåLWt /DSODFHRY\ WUDQVIRUPDFH� GRVWDOL E\FKRP�

åH Qiã GHULYiWRU EXGH QD OLQHiUQ� VWRXSDMtFt SU$E�K RGSRYtGDW YêVWXSQtP SU$E�KHP SRGOH

Obr. 2-20 .

Obr. 2-20

%H]SURVW�HGQ� SR ]DþiWNX OLQHiUQtKR SU$E�KX VH REMHYXMt WOXPHQp NPLW\� ]S$VREHQp Ii]RYêP

SRVXYHP EOtåtFtP VH ����� þtPå VH REYRG GRVWiYi GR SRGPtQHN EOtåtFtFK VH PH]L QHVWDELOLW\�

6NXWHþQi DPSOLWXGRYi FKDUDNWHULVWLND EXGH PtW WYDU� NWHUê MH QD Obr. 2-19QD]QDþHQ þiUNRYDQ�
� WR MH WDNp G$YRG SURþ VH DQDORJRYp VRXVWDY\ UDG�ML GHULYiWRUX Y\KêEDMt D QDKUD]XMt MHM SRNXG

MH PRåQp LQWHJUiWRU\ ��

9\XåtW P$åHPH GHULYiWRUX SRGREQ� MDNR SDVLYQtKR GHULYDþQtKR REYRGX SUR RGG�OHQt VLJQiOX

MDNR MH WRPX QDS�� Y S�tSDGHFK SRGOH Obr. 2-21� NGH VH SRW�HEXMHPH ]EDYLW Qt]NRIUHNYHQþQtFK
QHER SRPDOêFK SU$E�K$�

       Obr. 2-21

V S�HGFKR]tP MVPH VH Xå YODVWQ� GRWNOL RWi]N\ MDN VH EXGH OLãLW VNXWHþQê � UHDOL]RYDWHOQê

RSHUDþQt ]HVLORYDþ RG LGHiOQtKR� 6RXþDVQê RSHUDþQt ]HVLORYDþ MH SRQHMYtFH UHDOL]RYiQ

PRQROLWLFNRX WHFKQRORJLt D MH GRGiYiQ MDNR ]DSRX]G�HQê LQWHJURYDQê REYRG� 7�FKWR REYRG$

H[LVWXMH FHOi �DGD � OLãt VH MHQ YQLW�Qt VWUXNWXURX D SRFKRSLWHOQ� VYêPL YQ�MãtPL YODVWQRVWPL D
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VDPR]�HMP� L FHQRX� 1D Obr. 2-22PiPH QiKUDGQt REYRG RSHUDþQtKR ]HVLORYDþH � QHLGHiOQtKR �
sY\]QDþHQtP GDOãtFK YODVWQRVWt�

                         
Obr. 2-22

+RGQRW\ QD]QDþHQp Y Obr. 2-22 jsou také udávány vNDWDORJX SUR MHGQRWOLYp W\S\ RSHUDþQtFK

]HVLORYDþ$ �

a � ]HVtOHQt � SRP�U YêVWXSQtKR QDS�Wt VLJQiOX N GLIHUHQþQtPX VLJQiOX QD YVWXSX �

VMAX;IMAX � ãSLþNRYp QDS�Wt D SURXG� NWHUê P$åH RSHUDþQt ]HVLORYDþ GRGDW

RO � YêVWXSQt RGSRU RSHUDþQtKR ]HVLORYDþH

Ri � GLIHUHQþQt YVWXSQt RGSRU

fU � ãt�H SiVPD SUR ]HVtOHQt URYQp MHGQRWFH

(dVO/dt)MAX � U\FKORVW S�HE�KX � PD[LPiOQt U\FKORVW ]P�Q\ YêVWXSQtKR QDS�Wt SUR YHONRX

VNRNRYRX ]P�QX QD YVWXSX

tS - doba ustálení / plyne z obrázku /
V0S � YVWXSQt RIVHWRYp QDS�Wt QXWQp N WRPX� DE\FKRP GRViKOL QXORYp ~URYQ� QDS�Wt

na  výstupu
Ib - vstupní proudy tekoucí do nebo zRSHUDþQtKR ]HVLORYDþH� NG\å RED YVWXSQt

VLJQiO\ D RIVHWRYp QDS�Wt MVRX QXORYp

VIN � YVWXSQt ãXPRYp QDS�Wt

IN � YVWXSQt ãXPRYê SURXG SUR S�tSDG ]GURM$ V velikým odporem

.URP� W�FKWR ]iNODGQtFK SDUDPHWU$ MVRX XYiG�Q\ L GDOãt � R MHMLFK Yê]QDPX VH GR]YtPH

v S�tVOXãQpP NDWDORJX RSHUDþQtFK ]HVLORYDþ$�
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=iNODGHP RSHUDþQtKR ]HVLORYDþH MH GLIHUHQþQt ]HVLORYDþ SRGOH Obr. 2-23 .

Obr. 2-23

=DQHGEiPH SURXG\ Ei]HPL WUDQ]LVWRU$� 3UR NROHNWRURYê SURXG P$åHPH SViW
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NGH VDWXUDþQt SURXG MVPH R]QDþLOL ITO1 a dále
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H[S     ( 2.15)

3�HGSRNOiGHMPH� åH RED WUDQ]LVWRU\ MVRX VWHMQp D SRWRP E\ SODWLOR IT01 = IT02 . 3�HVWR� åH RED

WUDQ]LVWRU\ VH QDFKi]HMt EOt]NR VHEH QD MHGQRP þLSX� QHEXGRX QLNG\ ~SOQ� VWHMQp� $E\FKRP WRWR

Y\MiG�LOL� ]DYH�PH W]Y� RIVHWRYp QDS�Wt� NWHUp PXVtPH S�LYpVW PH]L RED YVWXS\� DE\ E\O\ SURXG\

S�HVQ� VWHMQp� þLOL R]QDþPH WRWR QDS�Wt V0SD XYDåXMPH� åH IT01 ≠ IT02 .
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'iO P$åHPH SViW

, ,
9

9
,

9 9

972

%(

7

72

%( 26

7

� �

�

�

�=






 =

+





H[S H[S

D SURWRåH , , ,4� �
+ =

, ,
9

9

9 9

9
4 72

%(

7

%( 26

7

=






 + +
















�

� �H[S H[S



35

tedy                               ,
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3RGREQ� SUR I2
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Ale VBE1 = VB1 - VE1   ;   VBE2 = VB2 - VE2    D SURWRåH VE1 = VE2  ,
bude VBE1 - VBE2 = VB1 - VB2 = Vi . Pak dostaneme
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            ( 2.19)

Bude-li IQ - konstanta nezávislá na vstupních signálech, budou proudy I1 a I2 závislé pouze na
UR]GtOX QDS�Wt PH]L RE�PD YVWXS\� ,GHRYê QiYUK RSHUDþQtKR ]HVLORYDþH E\ WHG\ PRKO Y\FKi]HW

z ~YDK\� åH XåLMHPH GLIHUHQþQt ]HVLORYDþ QD YVWXSX � S�tSDGQ� EXGH�OL QD ]iYDGX YVWXSQt SURXG�

S�HG�DGtPH WUDQ]LVWRU\ - � )(7 D VLJQiO ] WRKRWR GLIHUHQþQtKR ]HVLORYDþH S�LYHGHPH QD YêVWXS�

S�LþHPå Q�MDNêP ]S$VREHP GRViKQHPH QD YêVWXSX QXORYp ~URYQ� SUR S�tSDG QXORYêFK

YVWXSQtFK QDS�Wt � =HQHURYD GLRGD Y emiteru T3 /. Schéma takového obvodu je na Obr. 2-24 .

Obr. 2-24
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3�LSRPH�PH VL FKDUDNWHULVWLN\ ELSROiUQtKR WUDQ]LVWRUX D W]Y� ]DW�åRYDFt S�tPNX� -H ]�HMPp� åH

]HVtOHQt EXGH WtP Y�Wãt� þtP EXGH Y\ããt ]DW�åRYDFt RGSRU � DOH VWRXSi WtP SRW�HEQp QDSiMHFt

QDS�Wt VCC /.
-H MDVQp� åH ]HVtOHQt � DOHVSR� QD Qt]NêFK IUHNYHQFtFK EXGH WtP Y�Wãt� þtP Y�Wãt EXGH RK .
,GHiOQt S�tSDG SUR QiV EXGH VLWXDFH SRGOH Obr. 2-25 .

Obr. 2-25

Obr. 2-25 a charakteristika pro RK → ∞ však odpovídá charakteristice proudového zdroje,
MDN MVPH ML SR]QDOL QD ]DþiWNX QDãHKR NXU]X�

V LQWHJURYDQêFK REYRGHFK VH YHOLFH þDVWR XSODW�XMH ]GURM SURXGX �t]HQê SURXGHP � D MHKR

U$]Qp ]iNODGQt D ]GRNRQDOHQp YDULDFH �� �tNi VH MLP WDNp ÄSURXGRYp ]UFDGOR³ � FXUUHQW PLUURU ��

Základní zapojení máme na Obr. 2-26 .

Obr. 2-26

3�HGSRNOiGHMPH� åH RED WUDQ]LVWRU\ MVRX S�HVQ� VWHMQp � SODQiUQt PRQROLWLFNi WHFKQRORJLH � W]Q�

åH WDNp β1 = β2 = β a rezistory R1 a R2 mají stejný odpor (R1 = R2). / V planární
PRQROLWLFNp WHFKQRORJLL MVPH VFKRSQL YHOPL GRE�H XG�ODW VRXþiVWL� NWHUp PDMt VWHMQp YODVWQRVWL �

WRWR MH XUþHQR JHRPHWULt WHFKQRORJLH D WX MVPH VFKRSQL YHOPL S�HVQ� GRGUåHW � DOH MLå SRGVWDWQ�

K$� MVPH VFKRSQL XGUåHW KRGQRW\� SURWRåH WRWR MH XUþHQR WHFKQRORJLFNêPL SURFHV\� 3URWR WDNp

jsou vLQWHJURYDQêFK REYRGHFK SUHIHURYiQ\ REYRG\� MHMLFKå YêVOHGQp YODVWQRVWL ]iYLVt QD

SRP�UX SUYN$ S�HG REYRG\� X QLFKå YODVWQRVWL ]iYLVHMt QD KRGQRWiFK MHGQRWOLYêFK SUYN$ � YL]

Wpå WHRULH FLWOLYRVWL REYRG$ D WROHUDQþQt DQDOê]D ��

V našem obvodu podle Obr. 2-26EXGH QXWQ� SODWLW vBE1 = vBE2 , a proto bude iE1 = iE2 .

-DNR SURXGRYê S�HQRV GHILQXMPH KRGQRWX . L LL =
� � D DSOLNXMHPH�OL ML QD Qiã S�tSDG�

dostaneme
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β        ( 2.20)

3UR S�tSDG β = 100 bude Ki ≅ ���� � /]H XNi]DW� åH SRP�U Ki MH PRåQp RYOiGDW JHRPHWULt

RERX WUDQ]LVWRU$�

1D W�FKWR SULQFLSHFK MH PRåQp ]DORåLW REYRGRYp �HãHQt RSHUDþQtKR ]HVLORYDþH� = WHRULH ]S�WQp

YD]E\ MH QiP MDVQp� åH SUR GRVDåHQt YêKRGQêFK YODVWQRVWt RSHUDþQtKR ]HVLORYDþH PXVt EêW

]HVtOHQt FR PRåQi QHMY�Wãt� 3RWRP EXGH LGHRYê QiYUK KODYQtFK REYRG$ Y\SDGDW DVL SRGOH

Obr. 2-27 / viz MAA 741 /.
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Tranzistory T1 a T2 WYR�t GLIHUHQþQt ]HVLORYDþ D WUDQ]LVWRU\ T3 a T4 Y\WYi�HMt SURXGRYp

]UFDGOR� %XGH�OL H[LVWRYDW GLIHUHQþQt VLJQiO� QHPRKRX EêW SURXG\ iC1 a iC2 stejné.
V kolektorech T1 a T2 MH YãDN SURXGRYp ]UFDGOR� D SURWR UR]GtORYê SURXG WHþH MDNR Ei]RYê

SURXG GDOãtKR ]HVLORYDþH� $E\FKRP QH]PHQãRYDOL RGSRU Y NROHNWRUX� SRW�HEXMHPH� DE\ YVWXSQt

RGSRU WRKRWR ]HVLORYDþH E\O YHOLNê� 7R ]DEH]SHþt 'DUOLQJWRQRYR ]DSRMHQt WUDQ]LVWRU$ T5 a T6 .

Obr. 2-27

1D YêVWXSX MH VOHGRYDþ WYR�HQê T7 a T8 � GY�PD NRPSOHPHQWiUQtPL WUDQ]LVWRU\ ] G$YRGX

dynamiky obvodu. Diody D1 a D2 ]DEH]SHþXMt SUDFRYQt ERG\� .DSDFLWRU C VORXåt SUR

NRPSHQ]DFL D ~SUDYX IUHNYHQþQtFK YODVWQRVWt�

6NXWHþQp VFKpPD RSHUDþQtKR ]HVLORYDþH W\SX ��� EXGH VORåLW�Mãt� SURWRåH REVDKXMH L Q�NWHUp

ochranné obvody a jednoduché tranzistory jsou nahrazeny Darlingtonovými zapojeními.
8YDåXMPH Q\Qt � FR ]S$VREt YVWXSQt QDS�"RYê RIVHW D YVWXSQt SURXG\ UHiOQpKR ]HVLORYDþH� 1D

Obr. 2-28PiPH QHLGHiOQt RSHUDþQt ]HVLORYDþ V NRQHþQêP ]HVtOHQtP D RIVHWRYêP QDS�WtP VOS.

Obr. 2-28

3�HVWRåH RIVHWRYp QDS�Wt GtN\ PRQROLWLFNp SODQiUQt WHFKQRORJLL MH YHOPL PDOp � W�HED � P9 �

v G$VOHGNX YHOLNpKR ]HVtOHQt � ��
5
� E\FKRP P�OL QD YêVWXSX PtW a⋅VOS = 10-3⋅105 = 102 =

���9 � 7RWR RYãHP VH QHVWDQH� SURWRåH QDSiMHFt QDS�Wt QDãHKR REYRGX MH E�åQ� ±�� 9 � þLOL

QDS�Wt QD YêVWXSX QHEXGH W�FK VWR YROW$ DOH Q�FR EOt]NR � QHER � �� 9� 9 G$VOHGNX REURYVNpKR
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]HVtOHQt MH Qiã ]HVLORYDþ SUDNWLFN\ Y WRPWR VWDYX W�åNR SRXåLWHOQê� -LQi VLWXDFH EXGH Y S�tSDG�

]S�WQRYD]HEQtKR REYRGX� 0iPH KR QDNUHVOHQ QD Obr. 2-29 .

Obr. 2-29

8YDåXMPH� åH YVWXS\ QHEHURX åiGQê SURXG� 3RWRP ]�HMP� SODWt URYQLFH

, 9 5 9 9 52= − = −− −� � � � � ��
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=iSRUQi ]S�WQi YD]ED WHG\ UHGXNXMH YOLY VOS. / Bude-li však zesílení sYD]ERX YHONp þLOL

R2/R1 >> 1 , bude (R1 + R2 )/R2 → 1 � D SRP�U VLJQiOX D RIVHWX QD YêVWXSX EXGH VWHMQê

MDNR EH] YD]E\� � 1DYtF SRNXG MH WR ]DSRW�HEt� P$åHPH GRVWDYLW YQ�MãtPL SUYN\ RIVHW QD QXOX �

na Obr. 2-27MH WR YQ�Mãt SRWHQFLRPHWU 3� 9 WRP S�tSDG� RYãHP VH GDOHNR G$OHåLW�MãtP

parametrem stává drift tohoto ofsetu vG$VOHGNX WHSORWQtFK ]P�Q D VWiUQXWt þLSX� 7R MH MHGHQ

z G$YRG$ H[LVWHQFH W\SRYêFK SRGVNXSLQ LQWHJURYDQêFK REYRG$ R]QDþRYDQêFK GDOãtP

StVPHQHP QDS�� $' ���& � $' ���- DSRG� 7DP NGH EXGH ]iOHåHW QD Qt]NpP GULIWX RIVHWRYpKR

QDS�Wt� PXVtPH Y\EUDW YKRGQê W\S � MVRX W\S\� NGH dVOS/dT MH PHQãt QHå �µV/°C - bude
RYãHP SDW�LþQ� GUDåãt�

$å GRVXG MVPH RYãHP XYDåRYDOL� åH YVWXS\ RSHUDþQtKR ]HVLORYDþH QHRGHEtUDMt åiGQê SURXG � YH

VNXWHþQRVWL WRPX WDN QHP$åH EêW� 9VWXSQt SURXG\ MVRX PDOp� DOH Y Q�NWHUêFK DSOLNDFtFK MH

]DQHGEDW QHO]H� 8YDåXMPH S�tSDG SRGOH Obr. 2-30 .

Obr. 2-30
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Potom platí  � � � � � ��
� �

− = + −− −9 5 , 9 9 5E 2   , 9 D 9 92 = − −− +� � . Dohromady
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&K\ED YêVWXSQtKR QDS�Wt ]S$VREHQi YVWXSQtP SURXGHP RSHUDþQtKR ]HVLORYDþH MH GiQD

VRXþLQHP Ib D ]S�WQRYD]HEQtKR UH]LVWRUX R2� 7DWR FK\ED RPH]XMH KRGQRW\ ]S�WQRYD]HEQtFK

UH]LVWRU$� NWHUp P$åHPH SRXåtW Y obvodech sRSHUDþQtPL ]HVLORYDþL� 1DS�� EXGH�OL Ib = 10-7 A a
]S�WQRYD]HEQt UH]LVWRU EXGH PtW KRGQRWX �� 0Ω � EXGH FK\ED YêVWXSQtKR QDS�Wt Y G$VOHGNX

YVWXSQtKR SURXGX þLQLW � 9� 7R MH WDNp G$YRG� SURþ X E�åQpKR REYRGX ��� MH ]S�WQRYD]HEQt

rezistor omezován na hodnotu max 1 MΩ . Druhý vztah vURYQLFL ������ QiP �tNi� åH SUR GDQp

]HVtOHQt � SRP�U R2/R1 / závisí proudová chyba na R1. Hodnota R1 MH RYãHP VRXþDVQ� WRWRåQi

VH YVWXSQt LPSHGDQFt REYRGX� �HãHQt WHG\ EXGH ]�HMP� RS�W NRPSURPLV PH]L YVWXSQtP

odporem a proudovou chybou.
3URWRåH X ELSROiUQtFK WUDQ]LVWRU$ YVWXSQt SURXG\ XUþXMt SUDFRYQt ERG\� P$åHPH PtW GY� �HãHQt

problému. VSUYQtP S�HG�DGtPH ELSROiUQtP WUDQ]LVWRU$P WUDQ]LVWRU\ W\SX -�)(7 � MHMLFKå

YVWXSQt SURXG MH R þW\�L Då S�W �iG$ QLåãt QHå X ELSROiUQtFK WUDQ]LVWRU$� 9 GUXKpP �HãHQt

P$åHPH SRXåtW REYRG SRGOH Obr. 2-31 .

Obr. 2-31
1D ]iNODG� SULQFLSX VXSHUSR]LFH SODWt �
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1DS�Wt QD QHLQYHUWXMtFtP YVWXSX EXGH 9 5 ,% E

+
+= − ⋅  . Dosadíme-li do vztahu

9 D 9 92 = ⋅ −− +� � � GRVWDQHPH SR ~SUDY�

( ) ( )9 D 5 , 5 , D 5 52 % E E= ⋅ − ′ − ⋅ ′+ − �
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Bude-li Ib+ = Ib- � SDN SRåDGXMHPH�OL VO = 0 musí být
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                                               ( 2.23)

7DNWR O]H WHG\ GRVDKRYDW SUDNWLFN\ QXORYp SURXGRYp FK\E\ QD YêVWXSX� � 9H VNXWHþQRVWL

proudy nebudou zcela stejné - jejich rozdíl udává tzv. ofsetový proud. Bude-li RB proveden
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MDNR SRWHQFLRPHWU� O]H VH ]EDYLW L WpWR FK\E\� DOH QHVPtPH ]DSRPtQDW QD WR� åH NOLGRYp SURXG\ L

RIVHWRYp SURXG\ VH P�Qt V WHSORWRX D VWiUQXWtP SUYN$� D SURWR Y QiURþQêFK S�tSDGHFK EXGH

]�HMP� MHGLQêP �HãHQtP XåtW OHSãt � D GUDåãt � RSHUDþQt ]HVLORYDþ� . obGREQêP MHY$P EXGH

docházet i vS�tSDG� LQWHJUiWRUX � YL] Obr. 2-32 /.

Obr. 2-32

0$åHPH SViW URYQLFL � � � � �� − = + −− −9 5 , &
G

GW
9 9E 2 D Wpå

9 D 9 9 D92 = − − = −− + −� �

D Y\ORXþtPH�OL V- , dostaneme diferenciální rovnici
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                                        ( 2.24)

1HE\O E\ SUREOpP URYQLFL �HãLW� DOH XYiåtPH�OL� åH 1/a << 1 , budeme mít jednodušší vztah

G9

GW

,

&

2 E=                                                        ( 2.25)

Bude-li Ib NRQVWDQWQt� GRVWiYiPH OLQHiUQt SU$E�K YêVWXSQtKR QDS�Wt VO sþDVHP� $E\FKRP

omezili tyto efekty, musíme volit C SRNXG PRåQR QHMY�Wãt � NDSDFLWRU\ �iGX � µ) VH E�åQ�

vyskytují v integrátorech, které jsou stabilní vþDVHFK �iGRY� YWH�LQ\�

8åLWt RSHUDþQtFK ]HVLORYDþ$ MH YHOLFH UR]ViKOp� 1D ]iY�U WpWR NDSLWRO\ VL XYH�PH Q�NROLN

REYRG$� NWHUp XåtYDMt RSHUDþQt ]HVLORYDþH�

9UiWtPH�OL VH NH NRQYHUWRUX SURXGX QD QDS�Wt SRGOH Obr. 2-12D EXGHPH�OL XYDåRYDW NRQHþQp

]HVtOHQt RSHUDþQtKR ]HVLORYDþH AD � GLIHUHQþQt ]HVtOHQt � � GRVWDQHPH
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a bude-li AD → ∞ , dostaneme výraz VO = - i1⋅Rf � 3�HYRGQtN SURXG QDS�Wt PXVt PtW YHOLFH

PDOê YVWXSQt RGSRU� DE\ S�LSRMHQtP NH ]GURML SURXGX QHRYOLY�RYDO ]GURM SURXGX � QHLGHiOQt �
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= = − ⋅ =
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�
            Y $ Y2 G= − ⋅

�                 ( 2.27)

Bude-li Rf = 104Ω ; AD = 106 , bude RVST ≅ 104/106 = 10-2Ω D QHRYOLYQt WHG\ E�åQê SURXGRYê

zdroj.
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1DS�"RY� �t]HQê SURXGRYê ]GURM MH QDNUHVOHQ QD Obr. 2-33

Obr. 2-33

=DQHGEiPH�OL YVWXSQt SURXG\ RSHUDþQtKR ]HVLORYDþH� EXGHPH SViW URYQLFH
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pokud AD >> 1 + RL/R1 .
8YHGHQê SURXGRYê ]GURM Pi YãDN MHGQX QHYêKRGX D WR� åH åiGQi ]H VYRUHN UH]LVWRUX� NWHUêP

SURXG SURWpNi� QHQt QD VSROHþQpP SRWHQFLiOX� 9DULDQWRX WRKRWR REYRGX MH SRWRP REYRG SRGOH

Obr. 2-34� NWHUê Y\FKi]t ]H ]iNODGQt YODVWQRVWL RSHUDþQtKR ]HVLORYDþH � YVWXS QHEHUH SURXG ��

Obr. 2-34

3RNXG MHGHQ NRQHF ]iW�åH PXVt EêW X]HPQ�Q � QD VSROHþQpP SRWHQFLiOX � D VRXþDVQ� L ]GURM

SURXGX PXVt EêW X]HPQ�Q� Y\KRYt REYRG SRGOH Obr. 2-35

Obr. 2-35
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2SHUDþQt ]HVLORYDþ VH SRGOH QDãLFK S�HGFKR]tFK SR]QDWN$ EXGH VQDåLW XGUåHW QDS�Wt PH]L

vstupy na velmi nízké úrovni tj. v- ≅ v+ . Pak platí  tyto rovnice :  a = konst.

L D 5 Y Y Y Y L D 5 L 5 L 52 2� � � � � � � �
⋅ ⋅ = − = − = ⋅ ⋅ ⇒ =− +

Dále platí              Y Y L 5
� � �

− =+
       Y Y L 5 L 5

� � � � �
− = =−

   , zþHKRå

L L L
Y Y

5

Y Y

5

Y Y

5/ = − =
−

−
−

=
−+ −

� �

�

�

�

�

� �

�

                           ( 2.29)

3URXG ]iW�åt ]iYLVt WHG\ QD SRP�UHFK QD RERX YVWXSHFK REYRGX� -H VDPR]�HMP� PRåQp MHGHQ

]H YVWXS$ X]HPQLW� -H OpSH X]HPQLW YVWXS v2 QHåOL v1 � SURWRåH R2 XUþXMH ]DW�åRYDFt SURXG D

P$åH EêW PDOê DE\FKRP GRViKOL YHONpKR SURXGX i2� S�LþHPå R1 P$åHPH GUåHW QD GRVWDWHþQ�

PDOp YHOLNRVWL� SURWRåH iL QD Q�P QH]iYLVt� 3UR S�tSDG� NG\ v2 = 0 dostaneme vztahy :

L
Y

5/ = − �

�

       
L

L

5

5

5

5/

/� �

� �

�= − +
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                                           ( 2.30)

2SHUDþQt ]HVLORYDþ P$åHPH Y\XåtW YH IXQNFL QiERMRYpKR ]HVLORYDþH SRGOH Obr. 2-36 .

Obr. 2-36

3UR Q�M SODWt Y
&

L GW
4

&2

W

= − = −
−∞
∫

�
      ( 2.31)

0$åHPH Wpå Y\XåtYDW L QHOLQHiUQtFK YODVWQRVWt SUYN$� 1D Obr. 2-37 máme základní zapojení
logaritmujícího obvodu

Obr. 2-37
3UR SURXG LGHiOQt SRORYRGLþRYRX GLRGRX MVPH P�OL Y]WDK

, , H
T9 N7

G 6= −






�                                            ( 2.32)

kde
IS MH VDWXUDþQt SURXG GLRG\ ∼ 10-12

Då ��
-14 A

q je náboj elektronu ∼ 1.602⋅10-19 C
k je Boltzmanova konstanta 1.38⋅10-23 J/°K
T je teplota ve stupních kelvina                                 kT/q = 25.6 mV  pro T = 300°K
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=DQHGEiPH�OL MHGQLþNX � GLRGD EXGH SUDFRYDW Y SURSXVWQpP VP�UX � D XYiåtPH�OL� åH

ID = i = vi/R , bude        / v = vO /

Y
N7

T

Y

5 ,2

L

2

= −
⋅







OQ                                            ( 2.33)

3RNXG E\ WHG\ SRORYRGLþRYi GLRGD VSO�RYDOD URYQLFL ������ � GRVWDOL E\FKRP LGHiOQt

ORJDULWPXMtFt REYRG� %RKXåHO S � Q S�HFKRG VSO�XMH URYQLFL ������ SRX]H Y jisté oblasti a tato
REODVW VH ]XåXMH WtP YtFH� þtP MH SUR WYRUEX GLRG\ SRXåLW PDWHULiO V Y�Wãt ãt�NRX ]DNi]DQpKR

pásu. Na Obr. 2-38MH QDNUHVOHQD ]iYLVORVW SURXGX N�HPtNRYRX GLRGRX QD QDS�Wt Y S�tPpP

VP�UX Y ORJDULWPLFNpP P��tWNX � P�OL E\FKRP GRVWDW S�tPNX � ]DQHGEiPH � ��

Obr. 2-38

6NXWHþQi GLRGD VSO�XMH WHG\ URYQLFL ������ SRX]H Y UR]PH]t Q�NROLND GHNiG D QHQt WHG\ SUR Qiã

~þHO S�tOLã YKRGQi� 3RURYQHMPH Q\Qt V Obr. 2-38 závislost bázového a kolektorového proudu
tranzistoru, kterou máme na Obr. 2-39 . Závislost bázového proudu bude mít obdobný
FKDUDNWHU� SURWRåH VH MHGQi R S � Q S�HFKRG Ei]H HPLWHU� .ROHNWRURYê SURXG LQMHNWRYDQê

emiterem bude však v daleko širším rozsahu zachovávat exponenciální závislost.

Obr. 2-39

Proto místo diody bude lépe vORJDULWPXMtFtP REYRGX XåtW WUDQ]LVWRU � YL] Obr. 2-40 .

Obr. 2-40
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6NXWHþQê REYRG ORJDULWPXMtFtKR ]HVLORYDþH E\ E\O VORåLW�Mãt� SURWRåH EXGH QXWQp ]DMLVWLW VWDELOLWX

D WHSORWQt QH]iYLVORVW YêVWXSX � QDS�Wt Ei]H HPLWHU Pi WHSORWQt NRHILFLHQW ���� P9��& ��

.G\E\FKRP XVNXWHþQLOL ]DSRMHQt SRGOH Obr. 2-41D QHER OpSH � G$YRG MH VWHMQê MDNR X

ORJDULWPLFNpKR S�HYRGQtNX � SRGOH Obr. 2-41E � GRVWiYiPH H[SRQHQFLiOQt S�HYRGQtN

           
Obr. 2-41

V S�tSDG� Obr. 2-41D VQDGQR RGYRGtPH� åH

            Y 5 , H
Y

2 6

7= ⋅ ⋅
−

�
Φ

            kde          Φ7

N7

T
=     ( 2.34)

Pro zapojení dle Obr. 2-41b  platí             Y 5 , H
Y

2 (6

7= ⋅ ⋅ ⋅
−

α �
Φ

   ( 2.35)

V RERX S�tSDGHFK MH MDVQp� åH PXVt EêW V1 < 0 . vS�tSDG� ORJDULWPXMtFtKR REYRGX E\FKRP

dostali / viz Obr. 2-40� � åH

Y
Y

, 52 7
(6

= −
⋅ ⋅







Φ OQ

�

α                                             ( 2.36)

V URYQLFtFK ������ D ������ ]QDþt α SURXGRYê ]HVLORYDFt þLQLWHO WUDQ]LVWRUX Y normálním jeho
UHåLPX � WM� HPLWHU  HPLWHU � NROHNWRU  NROHNWRU � � IES � VDWXUDþQt SURXG S�HFKRGX Ei]H

emiter. ZURYQLF ������ D ������ SO\QH� åH QHMG$OHåLW�Mãt WHSORWQt YOLY\ MVRX ]DS�tþLQ�Q\ ]P�QDPL

VDWXUDþQtKR SURXGX IES D GiOH ]P�QDPL ΦT . V N�HPtNRYpP S � Q S�HFKRGX � ]D S�HGSRNODGX

Eg(0)  ���� H9 D S�L QDS�Wt Y S�tPpP VP�UX ��� 9 S�L SRNRMRYp WHSORW� ����. � VH SURXG

]GYRMQiVREXMH S�L ]YêãHQt WHSORW\ R ��& D QDS�Wt VH ]PHQãXMH V koeficientem -2 mV/°C .
.RPSHQ]DFH WHSORWQtFK YOLY$ ORJDULWPLFNpKR S�HYRGQtNX MH PRåQp GRViKQRXW REYRGHP SRGOH

Obr. 2-42 .

Obr. 2-42
3DUDPHWU\ WUDQ]LVWRU$ 71 a T2 jsou stejné a oba tranzistory mají stejnou teplotu. Potom

L ,
9

& (6

%(

7
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�= ⋅






α H[S

Φ       L ,
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α H[S
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a tedy   
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Φ OQ                                      ( 2.37)

9H YêUD]X ������ ]EêYi MHãW� ]iYLVORVW ΦT QD WHSORW�� NWHURX P$åHPH NRPSHQ]RYDW WHSORWQt

závislostí R3� 3RGREQ� E\FKRP PRKOL GRViKQRXW L þiVWHþQp WHSORWQt NRPSHQ]DFH

H[SRQHQFLiOQtKR S�HYRGQtNX�

V S�HGQiãNiFK PLQXOpKR VHPHVWUX MVPH VH VH]QiPLOL sPHWRGRX S�HYRGX VSRMLWpKR DQDORJRYpKR
VLJQiOX QD VLJQiO GLVNUpWQt� 7XWR PHWRGX MVPH QD]YDOL Y]RUNRYiQtP D ]D�t]HQt� NWHUp

XVNXWHþ�RYDOR WHQWR S�HYRG MVPH QD]YDOL Y]RUNRYDþHP� 7HQWR Y]RUNRYDþ WHG\ ] daného
spojitého signálu v1(t) RGYR]XMH �DGX Y]RUN$ VQtPDQêFK Y þDVRYêFK RNDPåLFtFK tn , kde
n  ������������ 'RVWiYiPH �DGX NUDWLþNêFK LPSXOV$� NWHUp PDMt DPSOLWXG\ v1(tn). Pro další
]SUDFRYiQt W�FKWR Y]RUN$ MH YêKRGQp W\WR SURGORXåLW D WR QHMþDVW�ML WDN� åH Y SDP�"RYpP

REYRGX ]$VWDQH ~GDM R DPSOLWXG� v1(tn) ]DFKRYiQ Då GR GRE\  tn+1 / viz Obr. 2-43 /.

Obr. 2-43
2EYRG� NWHUê WRWR P$åH XVNXWHþQLW� MH QDNUHVOHQ QD Obr. 2-44 .

Obr. 2-44

1DPtVWR VStQDþH 6 XåLMHPH YãDN VStQDþ YH IRUP� WUDQ]LVWRUX � QHMþDVW�ML )(7� S�tSDGQ� SUR

QHMU\FKOHMãt REYRG\ 6FKRWWN\KR GLRG\� 7DNRYê VStQDþ YãDN QHEXGH PtW QXORYê RGSRU

v VHSQXWpP VWDYX� D SURWR VH SDP�"RYê NRQGHQ]iWRU EXGH QDEtMHW V þDVRYRX NRQVWDQWRX RS⋅C
a vG$VOHGNX NRQHþQpKR RZ dojde kþiVWHþQpPX Y\EtMHQt� 6RXþDVQ� P$åH GRMtW N S�HQRVX

RYOiGDFtFK � Y]RUNRYDFtFK� U\FKOêFK � LPSXOV$ GR YVWXSQtKR VLJQiOX v1(t)� 7RWR P$åHPH

odstranit obvodem  podle Obr. 2-45 .

Obr. 2-45
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$E\ VH QHXSODW�RYDO SOQ� RGSRU VHSQXWpKR VStQDþH S1 � P$åHPH MHM ]DKUQRXW GR REYRGX

]S�WQp YD]E\ � Obr. 2-46 /.

Obr. 2-46

Pokud ovšem v zapojení podle Obr. 2-46EXGH VStQDþ S1 rozepnut, pracuje OZ1 EH] ]S�WQp

YD]E\ D MHKR YêVWXS P$åH EêW ]DKQiQ QD QDS�Wt� NWHUp MH EOt]Np QDSiMHFtPX� 3URWR VH þDVWR �Hãt

WHQWR SUREOpP XåLWtP GUXKpKR VStQDþH � YL] Obr. 2-47 .

Obr. 2-47

3UREOpP\ ]DþQRX QDU$VWDW� EXGHPH�OL XYDåRYDW NDSDFLWQt ]iW�å D Y�Wãt ãt�L SiVPD RSHUDþQtFK

]HVLORYDþ$� 3UR ]S�WQRX YD]EX MH ]�HMP� QHMKRUãtP S�tSDGHP S�tSDG WRWiOQt ]S�WQp YD]E\

v S�tSDG� VOHGRYDþH � EXGH�OL WHQWR ]DWtåHQ NDSDFLWRX CL, bude schéma vypadat podle
Obr. 2-48 .

Obr. 2-48

V E�åQpP S�tSDG� EXGH DPSOLWXGRYi FKDUDNWHULVWLND PtW WYDU SRGOH Obr. 2-49 / viz i programy
SUR �HãHQt REYRG$ D PRGHO\ RSHUDþQtFK ]HVLORYDþ$ ��

Obr. 2-49
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Amplitudová charakteristika podle Obr. 2-49MH FKDUDNWHULVWLND YODVWQtKR ]HVLORYDþH� .DSDFLWRU
CL VSROX V YêVWXSQtP RGSRUHP RSHUDþQtKR ]HVLORYDþH WYR�t GDOãt LQWHJUDþQt REYRG D YQiãt WHG\

další pól. Proto pro A = 1 P$åH EêW REYRG QHVWDELOQt� SRNXG QHPRKX SURYpVW S�tVOXãQRX

NRPSHQ]DFL � þLOL QHQt S�tVWXSQê YQLW�Qt ERG RSHUDþQtKR ]HVLORYDþH� NGH E\FK WXWR NRPSHQ]DFL

PRKO SURYpVW� 7êNi VH WR KODYQ� RSHUDþQtFK ]HVLORYDþ$ V Y�Wãt ãt�t SiVPD� $E\FKRP VH WHG\ L

v S�tSDG� NDSDFLWQt ]iW�åH GRVWDOL GR VWDELOQtFK SRGPtQHN� PXVtPH VH QDFKi]HW Y oblasti, kde
A(ω) NOHVi MHQRP R �� G%�GHN� � SURWRåH GDOãt SyO ] WRKR XG�Oi �� G%�GHN� D �� G%�GHN� ��

Obr. 2-50

Z WRKR Y\SOêYi� åH PXVtP PtW ]HVtOHQt > � MDN MH WR ]Qi]RUQ�QR QD Obr. 2-50 a tomu
odpovídající obvod na Obr. 2-51 .

Obr. 2-51

-Lå G�tYH MVPH XNi]DOL MHGQRGXFKêP YêSRþWHP� åH A = 1 + R2/R1  , kde A je zisk, který
XUþXMH ]S�WQi YD]ED� 9 S�tSDG� REYRGX QD Obr. 2-51 dostáváme ale zesílení 1 + R2/R1 þLOL

Y�Wãt QHå MHGQD � QDS�� �� �� D DE\FKRP VH GRVWDOL QD ]HVtOHQt MHGQD� PXVtPH QD YêVWXS S�LSRMLW

G�OLþ ���� � EXGH VLFH VWDELOQt� DOH Y\åDGXMH S�HVQp UH]LVWRU\ D KODYQ� GHVHWNUiW VQtåt G\QDPLFNê

UR]VDK �� 0$åHPH XVNXWHþQLW QiVOHGXMtFt ]DSRMHQt � Obr. 2-52 /.

Obr. 2-52

8YDåXMHPH�OL� åH RSHUDþQt ]HVLORYDþ Pi ]HVtOHQt NRQHþQp a  a mezi vstupy vWRP G$VOHGNX MH

QDS�Wt VS sY\]QDþHQRX SRODULWRX�
9 D 9
287 6

= ⋅           5 L 9
' 6

⋅ = −          5 L 9 9 9
) 6 ,1 287

⋅ = + −
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− = + −9 5 9 5 9 5 9 5
6 ) 6 ' ,1 ' 287 '          

9 5

D

9 5

D
9 5 9 5

287 ) 287 '

,1 ' 287 '
= − + −

9

9

D5

5 5 D

287

,1

'

) '

=
+ +� ��

                                    ( 2.38)

Pro  5 D 5
' )
� ��+ >>     a   D → ∞     bude     9 9

287 ,1
→ �

8YH�PH VOUT/VIN = A do obvyklého tvaru, abychom identifikovali a0 a a0⋅f0

$
9

9

D5 5

D 5 5

D5 5

D5 5

287

,1
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= =
+ +

≅
+
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                   ( 2.39)

þLOL D D
5

5

'

)

�
=          a       D I D

5

5

'

)

� �
=     ( 2.40)

9\SRþWHPH�OL ] W�FKWR URYQLF YVWXSQt RGSRU Rvst = VIN/i � GRVWDQHPH SR YêSRþWX

5 D5 5
967 ' )

= +                                                ( 2.41)

3UR E�åQê VOHGRYDþ GRVWDQHPH � Obr. 2-53 /

Obr. 2-53

9 9 9
287 6 ,1

= +         9 D 9
287 6

= −       a proto        
9

9

D

D

287

,1

=
+�

  ( 2.42)

 Zesílení a0 = a         a          f0 = 1

V RERX S�tSDGHFK A0 → 1 ; Rvst → ∞ ale zapojení podle Obr. 2-53QHEXGH VWDELOQt� 3RGREQ�
P$åHPH Y\WYR�LW L LQYHUWRU � YL] Obr. 2-54 .

Obr. 2-54

Platí  I1 = I2 + I3     þLOL
9 9

5

9

5

9 9

5

,1 6

,1

6

'

6 287

)

−
= +

−
D Wpå 9 D9

287 6
= −
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Z W�FKWR URYQLF GRVWDQHPH
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D5 5

5 5 5 D 5 5
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         ( 2.43)

/ 1+ a  zanedbáme /

Porovnáním se vztahem  $
D

D I�

�

� �
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=
−   dostaneme  D D
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' ,1

�
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=DQHGEiPH�OL MHGQLþNX YH MPHQRYDWHOL� GRVWDQHPH
9
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5

287

,1

)

,1

= −    ( 2.44)

D SURWRåH
9

9

287

,1

= −�    bude     5 5
) ,1

=   ( 2.45)

Potom bude   D D
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5 5
D

D5

5 5

'

' ,1

'

' )

�
= −

+
= −

+     (2.46)

2EYRG E�åQpKR LQYHUWRUX QD Qt]NêFK IUHNYHQFtFK EXGH � Obr. 2-55 /

Obr. 2-55

Platí     L
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Pro        
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>> �        bude    
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a proto   D I D
� �

= −    ( 2.48)

V RERX S�tSDGHFK EXGH Rvst ≅ RIN , ale vS�tSDG� NODVLFNpKR LQYHUWRUX MH a0⋅f0 = -a þLOL

S�tSDG SRGOH Obr. 2-49, zatímco upravený invertor podle Obr. 2-54 má
a0⋅f0 = -a⋅RD/(RD+RF)  a odpovídá tedy Obr. 2-50 .



50

8YHGHQp REYRG\ �Hãt MHãW� MHGHQ SUREOpP � Obr. 2-56 /

Obr. 2-56

-H ]�HMPp� åH Y G$VOHGNX S�tWRPQRVWL NDSDFLW\ CS Y]QLNi GDOãt QHS�tMHPQê SyO a(p)⋅f(p) , který
GHVWDELOL]XMH VP\þNX ]S�WQp YD]E\ VRXVWDY\� -HQ SUR S�tNODG � EXGH�OL R1 = 2k5 a CS asi 15 pF,
bude tento pól vRNROt � 0+]� � 7R MH E�åQi SUDFRYQt REODVW L QRUPiOQtFK RSHUDþQtFK

]HVLORYDþ$� � =DEUiQLW WRPX P$åHPH MHQRP VQtåHQtP YVWXSQtKR RGSRUX QD YVWXSX � WDN WRPX

bylo i v S�tSDGHFK� NWHUp MVPH XYDåRYDOL G�tYH � UH]LVWRU RD ∼ 50 Ω� 3URWR VH Y\UiE�Mt QRYp

RSHUDþQt ]HVLORYDþH V nízkým vstupním odporem na svorce - / vstup + má vysoký odpor /.

1DS�� $' ���� Pi SUR |A| = 1 ; fH = 880 MHz ; tφ = 1.4 ns  vstupní odpor - vstup + = 10
MΩ ; vstup - = 50 Ω� 9VWXSQt RGSRU QD LQYHUWXMtFtP YVWXSX MH YQLW�Qt YVWXSQt RGSRU � YVWXS\

v HPLWHUHFK WUDQ]LVWRU$ �� -VRX WR YODVWQ� WUDQVLPSHGDQþQt ]HVLORYDþH D MHMLFK QiKUDGQt REYRG

P$åH Y\SDGDW WDNWR �

Obr. 2-57

1DS�"RYê ]LVN EXGH VOUT/VIN = IIN⋅3⋅106/(IIN⋅50) = 60000 .
7\WR REYRG\ QDFKi]HMt XSODWQ�Qt MDNR $ � ' GULYHU\� U\FKOp VStQDþH� Y rychlých kamerách, jako
EXGLþH YHGHQt� UDGLRIUHNYHQþQt S�HStQDþH DWG�


