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5. =GURMH VWHMQRVP�UQpKR QDS�Wt � ]HMPpQD UHIHUHQþQt ]GURMH

9ODVWQRVWL �DG\ HOHNWURQLFNêFK ]D�t]HQt MVRX XUþRYiQ\ S�HVQRVWt D VWDELOLWRX UHIHUHQþQtFK ]GURM$

QDS�Wt� 7\SLFNRX XNi]NRX WDNRYêFK REYRG$ MVRX UHJXOiWRU\ VWHMQRVP�UQpKR QDS�Wt� = �DG\

GDOãtFK DSOLNDFt MPHQXMPH DOHVSR� þtVOLFRYp YROWPHWU\� S�HYRGQtN\ $�' D '�$� NDOLEUiWRU\

QDS�Wt� S�HVQp QDSiMHFt ]GURMH D GDOãt�

'$OHåLWêPL SDUDPHWU\ W�FKWR UHIHUHQþQtFK ]GURM$ MVRX NURP� YHOLNRVWL QDS�Wt MHMLFK GORXKRGREi

VWDELOLWD D ]iYLVORVW YêVWXSQtKR QDS�Wt QD RNROQtFK SRGPtQNiFK� ]HMPpQD QD WHSORW��

,GHiOQt ]GURM E\ P�O PtW FKDUDNWHULVWLNX SRGOH Obr. 5-1 .

Obr. 5-1

Toto je ovšem idealizace a reálné prvky odpovídají tomuto jenom zhruba. VG�tY�MãtFK GREiFK

VH MDNR UHIHUHQþQt ]GURMH SRXåtYDO\ W]Y� :HVWRQRY\ þOiQN\� =iNODGQt SURYHGHQt :HVWRQRYD

þOiQNX XND]XMH Obr. 5-2� -HKR YêVWXSQt QDS�Wt MH �������� 9 D YQLW�Qt RGSRU PHQãt QHå � NΩ.
9\ND]XMH SRP�UQ� YHONRX WHSORWQt ]iYLVORVW �� µ9��&� QHVQiãt RW�HV\� QHVPt VH ]DW�åRYDW

proudem.

Obr. 5-2

V G�tY�MãtFK GREiFK VH Wpå XåtYDO\ GRXWQDYNRYp UHIHUHQþQt ]GURMH SUR PpQ� QiURþQp ~þHO\�

Charakteristice na Obr. 5-1VH S�LEOLåXMH FKDUDNWHULVWLND SRGOH Obr. 5-3 .

Obr. 5-3

7DNRYRXWR FKDUDNWHULVWLNX Y\ND]XMH S � Q S�HFKRG Y S�tPpP VP�UX D S � Q S�HFKRG Y oblasti
=HQHURYD QHER ODYLQRYpKR SU$UD]X� -H YLG�W� åH XåLWHþQi REODVW MH RPH]HQD Y oblasti velkých
SURXG$ � QHMþDVW�ML PD[LPiOQtP YêNRQHP �� DOH L Y REODVWL PDOêFK SURXG$ SRåDGDYNHP�

DE\FKRP VH QDFKi]HOL ]D RK\EHP FKDUDNWHULVWLN\� 0H]L W�PLWR PH]HPL P$åHPH SUYHN

SRYDåRYDW ]D S�LEOLåQ� OLQHiUQt D ] JHRPHWULFNpKR L REYRGRYpKR Y\MiG�HQt MHKR FKDUDNWHULVWLN\

plyne náhradní schéma podle Obr. 5-4 .
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Obr. 5-4

Velikost Rd je dána vztahem    5
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PLQ PLQ PD[ PD[                             ( 5.1)

Typické zapojení je na Obr. 5-5 .

Obr. 5-5

9êVWXSQt ]DW�åRYDFt UH]LVWRU VH P$åH P�QLW RG RZmin GR QHNRQHþQD� 9 UHiOQpP S�tSDG� WR

bude spíše od RZ1 do RZ2 a tomu odpovídají proudy od I1min do I2max � � 2GSRMtPH�OL QDS��

RZ � QHVPt SUYNHP WpFL Y�Wãt SURXG QHåOL IRmax a minimální odpor RZ QHVPt ]S$VRELW SRNOHV

pod IRmin. / Musí tedy platit následující
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Výstupní odpor tohoto zdroje bude   5
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3RXåLWp SUYN\ � SRORYRGLþRYi GLRGD Y S�tPpP VP�UX QHER Y ]iY�UQpP VP�UX Y REODVWL SU$UD]X
MVRX ]iYLVOp QD WHSORW�� =QDPHQi WR� åH QiV EXGH YHOLFH ]DMtPDW W]Y� WHSORWQt þLQLWHO UHIHUHQþQtKR
QDS�Wt� WM� KRGQRWD tk
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S�tSDGQ� WHSORWQt SRP�UQê þLQLWHO Tk

 7
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∆                                                         ( 5.7)

'LRGD QD Ei]L N�HPtNX Y SURSXVWQpP VP�UX � þLOL S�HFKRG S � Q � P$åH WR EêW L MHGHQ
z S�HFKRG$ ELSROiUQtKR WUDQ]LVWRUX � S�L VR ≈ 0.7 VPi WHSORWQt þLQLWHO tk ≈ -2 mV/°C
S�L IR  NRQVW� 3RP�UQê WHSORWQt þLQLWHO EXGH Tk ≈ -3⋅10-3 /°C .
V G$VOHGNX RGSRUX PDWHULiOX D NRQWDNW$ MH WHSORWQt NRHILFLHQW tk SRQ�NXG ]iYLVOê QD SURXGX
SURWpNDMtFtP S � Q S�HFKRGHP� 7DWR ]iYLVORVW Y\SDGi SRGOH Obr. 5-6 takto :

Obr. 5-6

3RORYRGLþRYi GLRGD Y REODVWL SU$UD]X MH GUXKRX PRåQRVWt SUR Y\WYR�HQt UHIHUHQþQtKR ]GURMH� 8
W�FKWR GLRG ]iYLVt WHSORWQt NRHILFLHQW QD YHOLNRVWL SU$UD]RYpKR QDS�Wt WHG\ YODVWQ� QD W\SX
SU$UD]RYpKR PHFKDQLVPX� 3�L PDOêFK QDS�WtFK GRPLQXMH =HQHU$Y SU$UD]� X Q�KRå GRVWiYiPH
záporný tk � VH ]Y\ãRYiQtP WHSORW\ URVWH SRþHW QRVLþ$ VFKRSQêFK WXQHORYiQt �� S�L SU$UD]QêFK
QDS�WtFK Y�WãtFK QHå DVL ��� 9 GRPLQXMH ODYLQRYê SU$UD] D tk je kladné / se zvyšující se teplotou
NOHVi VW�HGQt YROQi GUiKD QRVLþ$ SURXGX �� 3U$E�K WHSORWQtKR þLQLWHOH MDNR IXQNFH SU$UD]QpKR
QDS�Wt MH QD Obr. 5-7� NGH MH Wpå XYDåRYiQ WHFKQRORJLFNê UR]SW\O SDUDPHWUX tk .

Obr. 5-7

ýDVWR VH Y LQWHJURYDQêFK REYRGHFK XåtYi WUDQ]LVWRU YH IXQNFL GLRG\ � MHGHQ ] S�HFKRG$ � �
QHMþDVW�ML S�HFKRG Ei]H � HPLWHU� NWHUê S�L ]DYHGHQp WHFKQRORJLL Pi VR ≅ 7 V D WHSORWQt þLQLWHO
tk ≈ 2 ÷ 4 mV/°. D SRP�UQê WHSORWQt þLQLWHO Tk ≈ 2.9⋅10-4 ÷ 5.7⋅10-4 /°. � 5HIHUHQþQt ]GURMH
s WRXWR WHSORWQt VWDELOLWRX QHPXVt YåG\ Y\KRYRYDW SUR GDQê ~þHO� 3UYQt PRåQRVWt SUR ]OHSãHQt MH
NRPSHQ]DþQt PHWRGD� NG\ NRPELQXMHPH NODGQê D ]iSRUQê WHSORWQt NRHILFLHQW� WR MHVW
XVNXWHþQtPH ]DSRMHQt SRGOH Obr. 5-8 .

Obr. 5-8
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9êVWXSQt QDS�Wt EXGH 9 9 95 = )= + D MHKR WHSORWQt þLQLWHO
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-H ]�HMPp� åH WHSORWD RERX S�HFKRG$ PXVt EêW VWHMQi � WDN MH WRPX SUDNWLFN\ SRX]H
v integrovaném obvodu /. Pro VZ = 7 V je  ∆VZ/∆T ≅ 3 mV/°K a pro VF = 0.7 V je

∆VF/∆T ≅ -2 mV/°. D SRWRP YêVOHGQp UHIHUHQþQt QDS�Wt MH VR = VZ + VF = 7.7 V a má

WHSORWQt þLQLWHO ∆VR/∆T ≅ 1 mV/°. � 0�UQê WHSORWQt þLQLWHO EXGH Tk ≅ 1.3⋅10-4/°. � FRå MH
OHSãt QHå Y S�tSDG� SRXåLWt SRX]H S � Q S�HFKRGX� -H PRåQp VDPR]�HMP� ]DSRMRYDW GR VpULH i
YtFH SUYN$� Obr. 5-9XND]XMH XVSR�iGiQt GYRX GLVNUpWQtFK UHIHUHQþQtFK ]GURM$ �

Obr. 5-9

V LQWHJURYDQpP REYRGX VH E�åQ� XåtYi WRKRWR ]DSRMHQt � Obr. 5-10 :

Obr. 5-10

V Obr. 5-10MH PtVWR =HQHURY\ GLRG\ SRXåLW WUDQ]LVWRU� 3RNXG XåtYiPH S�HFKRG Ei]H � HPLWHU�
PiPH PRåQRVWL ]DSRMHQt SRGOH Obr. 5-11� 3UR Y\ããt QDS�Wt P$åHPH SRXåtW S�HFKRG Ei]H �
NROHNWRU D PiPH PRåQRVWL SRGOH Obr. 5-11 .

Obr. 5-11

Plovoucí báze na Obr. 5-10P$åH PtW ]D QiVOHGHN QHVWDELOLWX ] G$YRG$ SDUD]LWQt LQMHNFH� OpSH MH
GUåHW Ei]L YH VWDELOQtFK SRGPtQNiFK� FRå P$åHPH XþLQLW S�LSRMHQtP UH]LVWRUX RB ≅ 1 kΩ .
9HOPL S�HVQp NRPSHQ]DFH O]H GRViKQRXW REYRGHP SRGOH Obr. 5-12 � �tNi VH PX ÄQiVRELþ
VBE“.
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Obr. 5-12

Platí   9 9 9 9 9&( 5 5 5 %(= + = +
� � � ( 5.8)
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Dosadíme-li  (5.9) do (5.8) , dostaneme
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Bude-li β >> 1 D R]QDþtPH�OL R1/R2 = a , bude

9
D5 ,

D 9
&( %(

= + + ⋅�
�

β
� �                                      ( 5.11)

a nakonec pokud bude 5 D 9 D ,
%(�

�<< + ⋅� � � �β , bude 9 D 9
&( %(

≅ + ⋅� �� � 3URWRåH

WHQWR REYRG XPRå�XMH QiVRELW 9BE þLQLWHOHP (1+a) � O]H WtPWpå þLQLWHOHP QiVRELW L WHSORWQt

koeficient ∆VBE/∆T S�HFKRGX Ei]H � HPLWHU XåLWpKR WUDQ]LVWRUX� D WtP GRViKQRXW SRGVWDWQ�

OHSãt NRPSHQ]DFL� 7RKRWR SULQFLSX MH PRåQp XåtW L SUR UHDOL]DFL HOHNWURQLFNpKR WHSORP�UX�

9UD"PH VH YãDN ]QRYX QD ]DþiWHN QDãLFK ~YDK � WDP MVPH YLG�OL� åH R NYDOLW� QDãHKR ]GURMH

EXGH UR]KRGRYDW L MHKR YQLW�Qt RGSRU� 9QLW�Qt RGSRU\ MHGQRGXFKpKR S � Q S�HFKRGX� D" MLå

v REODVWL GLIX]QtKR SURXGX Y S�tPpP VP�UX QHER Y REODVWL SU$UD]RYêFK PHFKDQLVP$ MVRX GiQ\

I\]LNiOQtPL SURFHV\� 1D VWUDQ� GUXKp MH MDVQp� åH VpULRYêP �D]HQtP SUR NRPSHQ]DFL EXGH

YêVWXSQt RGSRU VWRXSDW� 7R ]QDPHQi� åH QDS�Wt UHIHUHQþQtKR ]GURMH EXGH ]iYLVOp QD ]iW�åL�

6QtåHQt YêVWXSQtKR RGSRUX P$åHPH GRViKQRXW SULQFLSHP SDUDOHOQtKR UHJXOiWRUX SRGOH

Obr. 5-13 .

Obr. 5-13
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1HMMHGQRGXããt XVSR�iGiQt MH QD Obr. 5-14 .

Obr. 5-14

3�HGSRNOiGHMPH� åH I2 = 0  a potom  I1 = IZ + β⋅IB . Jedná se o kompenzovaný obvod
skládající se ze Zenerovy diody / tranzistor T1 � D S � Q S�HFKRGX � Ei]H � HPLWHU T2 /. Aby
REYRG VSUiYQ� IXQJRYDO� MH QXWQp� DE\ SURXG WHNRXFt WUDQ]LVWRUHP T2 E\O SRGVWDWQ� Y�Wãt QHå

proud IZ � 9ROPH QDS�� I1 = 5IZ . Takový proud lze vXYHGHQpP XVSR�iGiQt QDVWDYLW

rezistorem R1 � 3ODWt WRWLå
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a pro odpor R1 dostaneme
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-DN MH PRåQp Y\XåtW SULQFLS$ ]GH S�HGYHGHQêFK VL P$åHPH XNi]DW QD S�tNODGX QDS�"RYpKR

UHIHUHQþQtKR ]GURMH � VWDELOL]iWRUX SUR QDS�Wt �� � �� 9 � W\S 0$$ ���� -HKR ]DSRMHQt XND]XMH

Obr. 5-16� -HKR þLQQRVW MH QiVOHGXMtFt � WUDQ]LVWRU T1 a rezistory R1 a R2 WYR�t QiVRELþ QDS�Wt

VBE T1 . T2, T3, T4 MVRX WHSORWQ� NRPSHQ]RYDQp ]GURMH D T5, T6 v 'DUOLQJWRQRY� ]DSRMHQt
VQLåXMt YêVWXSQt RGSRU� 9ODVWQRVWL REYRGX MVRX � VR  �� 9 ���� 9� S�L SURXGX ,  � P$ ���

Rvýst < 25 Ω (typicky 12 Ω) , tk = ∆VR/∆T  �� P9��. � ���� Då ����� P9��. �

9HOPL þDVWR VH WHQWR REYRG XåtYi SUR QDS�"RYp �t]HQt YDULFDS$ D S�HGVWDYXMH MHGQRGXFKê D

QHQiURþQê ]GURM QDS�Wt�

'DOãt PRåQRVWt SUR ]OHSãHQt SDUDPHWU$ MH YêE�U ] SURGXNFH D W�tG�Qt GR W�tG SRGOH tk� 1DS��
UHIHUHQþQt GLRGD �1��� � �1��� PDMt tk SR �DG� �� � � � � � � � ��� ⋅ 10-4 [V/°C] . Další
PRåQRVWt MH XGUåRYiQt NRPSHQ]RYDQpKR ]GURMH S�L NRQVWDQWQt WHSORW� SRPRFt WHUPRVWDWX

Y\WYR�HQpKR S�tPR Y LQWHJURYDQpP REYRGX� S�LþHPå P�UQp L Y\K�tYDFt HOHPHQW\ MVRX WYR�HQ\

WUDQ]LVWRU\� 7DN MH �HãHQD FHOi �DGD UHIHUHQþQtFK ]GURM$� ] QHM]QiP�MãtFK /0 ��� � YL]

Obr. 5-15 .
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Obr. 5-15
7HUPRVWDW XGUåXMH WHSORWX þLSX QD �� �&� D WtP VH ]PHQãt WHSORWQt ]iYLVORVW YêVWXSQtKR QDS�Wt

QD PpQ� QHå ��
-6
9��& � 1D ]FHOD MLQpP SULQFLSX MVRX ]DORåHQ\ UHIHUHQþQt ]GURMH V Y\XåLWtP

ãt�N\ ]DNi]DQpKR SiVX Y N�HPtNX � ÄEDQG JDS UHIHUHQFH³ �� NWHUp PDMt XSODWQ�Qt Y �DG�

UHJXOiWRU$� ] QLFKå MPHQXMPH DOHVSR� �DGX ;; ���� ÷ ���� � SRVOHGQt GYRMþtVOt XGiYi

VWDELOL]RYDQp QDS�Wt � QHER �LGLWHOQê UHJXOiWRU /0 ��� D GDOãt�

                   
Obr. 5-16
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