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2. 3RORYRGLþRYp SUYN\� MHMLFK SULQFLS\� YODVWQRVWL D XåLWt

2.1 Úvod

-H ]QiPR� åH Y L]RORYDQpP DWRPX P$åH HQHUJLH HOHNWURQX QDEêYDW SRX]H MLVWêFK GLVNUpWQtFK

KRGQRW� -HVWOLåH EXGHPH XYDåRYDW VRXVWDYX V více atomy a jejich vzájemnou vzdálenost budeme
VQLåRYDW � þLOL EXGHPH ]Y�WãRYDW KXVWRWX DWRP$� GRVWDQHPH MDNR YêVOHGHN� åH Y WRPWR S�tSDG�

EXGRX PRåQp HQHUJLH HOHNWURQ$ VH QDFKi]HW Y jistých pásech. Situaci nám ukazuje následující
obrázek :

Obr. 2.1-1

3iV\ PRåQêFK HQHUJHWLFNêFK VWDY$ MVRX RGG�OHQ\ W]Y� ]DNi]DQêPL SiV\� 3UR QDãH ~þHO\ VH

EXGHPH ]DEêYDW SRX]H SRVOHGQtPL GY�PD SiV\ V nejvyššími energiemi. Tyto dva pásy budeme
QD]êYDW SiV YDOHQþQt D SiV YRGLYRVWQt��

Obr. 2.1-2

Pevné látky, to jest látky sYHOLNRX KXVWRWRX DWRP$ Y S�tVOXãQpP REMHPX� SRWRP P$åHPH G�OLW

QD YRGLþH� NWHUp QHPDMt ]DNi]DQê SiV� L]RODQW\� SUR NWHUp MH YHOLNRVW ]DNi]DQpKR SiVX Y�Wãt QHå

� H9 D SRORYRGLþH� MHMLFKå ]DNi]DQê SiV MH PHQãt � WHG\ Eg = Ec - Ev < 5 eV .
8YDåXMPH Q\Qt þLVWê SRORYRGLþ � PRQRNU\VWDO � � WR ]QDPHQi� åH Y FHOpP XYDåRYDQpP

REMHPX VH QDFKi]HMt VWHMQp DWRP\ � QDS�� *H QHER 6L �� 3�L WHSORW� DEVROXWQt QXO\ VH EXGRX

YãHFKQ\ HOHNWURQ\ QDFKi]HW YH YDOHQþQtP SiVX� NWHUê EXGH ]FHOD ]DSOQ�Q D åiGQê HOHNWURQ

nebude mít energii odpovídající zcela prázdnému vodivostnímu pásu. Budeme-li nyní zvyšovat
WHSORWX� WM� GRGiYDW HQHUJLL HOHNWURQ$P YH YDOHQþQtP SiVX� MH SUDYG�SRGREQp� åH Q�NWHUp ]tVNDMt
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WDNRYRX HQHUJLL� NWHUi RGSRYtGi GRYROHQêP HQHUJLtP YRGLYRVWQtKR SiVX� %XGHPH �tNDW� åH W\WR

HOHNWURQ\ VH QDFKi]HMt YH YRGLYRVWQtP SiVX� =D WRKRWR VWDYX� NG\ PiPH þiVWHþQ� ]DSOQ�Qê

YRGLYRVWQt SiV D þiVWHþQ� SUi]GQê YDOHQþQt SiV � MDNêNROLY HOHNWURQ� QDFKi]HMtFt VH YH

YRGLYRVWQtP SiVX MH WHQ� NWHUê RSXVWLO YDOHQþQt SiV D WHG\ Y Q�P FK\Et � VWDþt VODEp HOHNWULFNp

SROH� DE\ VH HOHNWURQ\ YH YRGLYRVWQtP SiVX ]DþDO\ SRK\ERYDW YH VP�UX W�HED x � 7RWpå VH

RYãHP P$åH GtW L YH YDOHQþQtP SiVX� 6LWXDFL E\FKRP PXVHOL WHG\ SRSLVRYDW MDNR SRK\E

HOHNWURQ$ YH YRGLYRVWQtP SiVX � þLOL SURXGRYi KXVWRWD MH
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3URWRåH PiPH PQRKR HOHNWURQ$ YH YDOHQþQtP SiVX D MHQRP PiOR YROQêFK VWDY$� EXGH

MHGQRGXããt SRSLVRYDW YHGHQt SURXGX YH YDOHQþQtP SiVX MDNR YêVOHGHN LQWHUDNFH HOHNWURQ$

s W�PLWR YROQêPL VWDY\ QHå SRSLVRYDW SRK\E YãHFK HOHNWURQ$ YH YDOHQþQtP SiVX� 0DWHPDWLFN\

P$åHPH SRSVDW SURXG YH YDOHQþQtP SiVX� NWHUê E\ PRKO WpFL� NG\E\ YDOHQþQt SiV E\O ]FHOD

]DSOQ�Q PLQXV WHQ� NWHUê MH VSRMHQ V FK\E�MtFtPL HOHNWURQ\� þLOL
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V ~SOQ� ]DSOQ�QpP YDOHQþQtP SiVX YãDN N åiGQpPX SRK\EX HOHNWURQ$ GRMtW QHP$åH� D SURWR

SUYQt þOHQ MH QXORYê� 9êVOHGQê SURXG MH SURWR GiQ MDNR SRK\E QiERMH S�HV YROQp VWDY\ D

P$åHPH SURWR XYDåRYDW R WRP� MDNRE\ WR E\OD þiVWLFH V kladným nábojem +q .
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7�PWR P\ãOHQêP þiVWLFtP EXGHPH �tNDW GtU\� (OHNWULFNê SURXG Y þLVWpP SRORYRGLþL MH WHG\ GiQ

VRXþWHP SURXGX HOHNWURQ$ YH YRGLYRVWQtP SiVX D SURXGX G�U YH YDOHQþQtP SiVX� -DN DOH EXGRX

v W�FKWR SiVHFK HOHNWURQ\ D GtU\ UR]ORåHQ\� Y\SO\QH ] následující úvahy.
9tPH� åH HOHNWURQ\ � WHG\ L GtU\ � VH �tGt 3DXOLKR Y\OXþRYDFtP SULQFLSHP D SUR WDNRYp

þiVWLFH E\OD RGYR]HQD UR]G�ORYDFt IXQNFH )HUPL � 'LUDFRYD
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kde  k  -  Boltzmanova konstanta  1,38⋅10-23 J°K-1 = 8,62⋅10-6 eV°K-1
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3URWRåH GtUD ]QDPHQi QHS�tWRPQRVW HOHNWURQX � MLVWRWD � SUDYG�SRGREQRVW HOHNWURQ$  

SUDYG�SRGREQRVW SUi]GQpKR VWDYX � � SODWt SUR GtU\
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V W�FKWR Y]WD]tFK ]QDþt Ef W]Y� )HUPLKR HQHUJLL QHER )HUPLKR ~URYH�� %XGH�OL E = Ef , bude
v RERX S�tSDGHFK ED,n = ED,p = 1/2 . Tyto funkce máme zobrazeny na následujícím obrázku

       

Obr. 2.1-3

7RWR MH RYãHP SRX]H SUDYG�SRGREQp UR]ORåHQt HQHUJLt� 3RþHW þiVWLF � HOHNWURQ$ QHER G�U EXGH

MHãW� ]iYLVHW QD WRP� NROLN MH SUR GDQRX HQHUJLL VWDY$ PRåQêFK� 2GSRY�� QiP GiYi NYDQWRYi

WHRULH WtP� åH O]H VSRþtWDW KXVWRWX PRåQêFK VWDY$ Y závislosti na energii  g(E) � 5R]ORåHQt
HOHNWURQ$ D G�U EXGH WHG\ GiQR VRXþLQHP )HUPL � 'LUDNRY\ IXQNFH D IXQNFH KXVWRW\ VWDY$�
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SUR GtU\ YH YDOHQþQtP SiVX

3UR þLVWê � YODVWQt � LQWULQVLFNê � SRORYRGLþ PiPH WRWR UR]ORåHQt QD GDOãtP REUi]NX�

Obr. 2.1-4
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Obr. 2.1-5

   
Obr. 2.1-6

ýDVWR ]D SRPRFt SiVRYêFK GLDJUDP$ VOHGXMHPH UR]ORåHQt QRVLþ$ Y PRQRNU\VWDOX SRORYRGLþH�
$E\FKRP VLWXDFL ]MHGQRGXãLOL� EXGHPH XYDåRYDW SRX]H MHGHQ VP�U � MHGHQ SURVWRURYê UR]P�U �
QDS�� R]QDþHQê x � 3RWRP SiVRYê GLDJUDP QDãHKR PRQRNU\VWDOX SRORYRGLþH EXGH VSROX
s UR]ORåHQtP þiVWLF � HOHNWURQ$ D G�U � Y\SDGDW GOH Obr. 2.1-7

Obr. 2.1-7

V KRPRJHQQtP YODVWQtP SRORYRGLþL S�L VWHMQp WHSORW� EXGH UR]ORåHQt QRVLþ$ YãXGH VWHMQp�
3�HGVWDYPH VL VLWXDFL� åH YHOLFH PDOê SRþHW DWRP$ SRORYRGLþH Q\Qt QDKUDGtPH DWRP\

SUYN$� NWHUp PDMt R MHGHQ HOHNWURQ YtFH QHER PpQ� QHå Qiã SRORYRGLþ� %XGRX WR WHG\ SUYN\
z YHGOHMãtFK VORXSF$ 0HQG�OHMHYRY\ WDEXON\� 6WDþt SRP�UQ� YHOPL malá energie k tomu, aby se
QDGE\WHþQê HOHNWURQ XYROQLO D VWDO VH YODVWQ� HOHNWURQHP YH YRGLYRVWQtP SiVX SRORYRGLþH�
%RKDW� VWDþt WHSORWD NROHP ��� �K, aby kWRPXWR MHYX GRãOR� 3URWRåH DWRP\ WDNRYêFKWR
S�tP�Vt MVRX YHOLFH �tGFH UR]ORåHQ\ Y SRORYRGLþL � � � ��6 Då ��7 /, budou v našem pásovém
GLDJUDPX Y\WYi�HW MHGQX GLVNUpWQt ~URYH� W�VQ� SRG KUDQRX YRGLYRVWQtKR SiVX� 3RNXV E\FKRP
YãDN KXVWRWX S�tP�Vt ]Y\ãRYDOL� GRãOR E\ RS�W N UR]ãW�SHQt KODGLQ D N Y\WYR�HQt SiVX
GRYROHQêFK HQHUJLt S�tP�Vt� 3URWRåH WDNRYpWR S�tP�VL � QDS�� $V � GRGiYDMt GR YRGLYRVWQtKR
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SiVX HOHNWURQ\� QD]êYiPH SUYN\ WRKRWR SiVX GRQRU\� 1DRSDN SUYN\ ]H W�HWtKR VORXSFH
0HQG�OHMHYRY\ WDEXON\ EXGRX S�HEtUDW HOHNWURQ ] YDOHQþQtKR SiVX � MHMLFK GLVNUpWQt ~URYH� VH
WHG\ EXGH QDFKi]HW W�VQ� QDG KUDQRX EV YDOHQþQtKR SiVX� 3URWRåH MLå S�L WHSORW� ��� �. D
Y\ããt S�LMPRX W\WR DWRP\ HOHNWURQ ] YDOHQþQtKR SiVX� QD]êYiPH MH DNFHSWRU\ � QDS�� % � �
7tPWR SRVWXSHP P$åHPH Y\WYR�LW GYD W\S\ SRORYRGLþ$ � SRORYRGLþ REVDKXMtFt GRQRU\� NGH
EXGRX KODYQt UROL KUiW HOHNWURQ\� SURWRåH MLFK EXGH YH YRGLYRVWQtP SiVX SUDNWLFN\ WROLN� NROLN
EXGH DWRP$ GRQRU$ D PHQãt PLQRULWQt UROL EXGRX KUiW GtU\ YH YDOHQþQtP SiVX� 6LWXDFH EXGH
podle Obr. 2.1-8 .

Obr. 2.1-8

)HUPLKR ~URYH� MLå QHEXGH XSURVW�HG ]DNi]DQpKR SiVX� DOH SRVXQH VH EOtåH N vodivostnímu
SiVX� 3RORYRGLþ WRKRWR W\SX Pi WHG\ PDMRULWQt QRVLþH HOHNWURQ\ � R]QDþXMHPH MHM MDNR Q � W\S D
PLQRULWQt QRVLþH MVRX GtU\� 2EUiFHQi VLWXDFH QDVWiYi Y S�tSDG�� EXGHPH�OL XYDåRYDW
DNFHSWRURYê W\S� =GH EXGRX PDMRULWQtPL QRVLþL GtU\ D PLQRULWQtPL HOHNWURQ\� 6LWXDFH EXGH
SRGOH QiVOHGXMtFtKR REUi]NX � S�LSRPtQiPH� åH SUR GtU\ MH Y�Wãt HQHUJLH VP�UHP GRO$� SURWRåH
má obrácený náboj.

Obr. 2.1-9

7HQWR W\S SRORYRGLþH R]QDþXMHPH MDNR S � W\S� -HKR )HUPLKR ~URYH� VH QDFKi]t Q�NGH PH]L
VW�HGHP ]DNi]DQpKR SiVX D KRUQt KUDQRX YDOHQþQtKR SiVX EV.

8YDåXMPH Q\Qt� åH MVPH Y\WYR�LOL RED W\S\ SRORYRGLþH þLOL S � W\S D Q � W\S D W\WR
SRORYRGLþH VSRMtPH� 1DVWDORX VLWXDFL PiPH QD Obr. 2.1-10 .
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Obr. 2.1-10

V SRORYRGLþL Y]QLNi HOHNWULFNê SURXG WDP� NGH MH S�tWRPQR HOHNWULFNp SROH QHER WDP� NGH
H[LVWXMH QHQXORYê JUDGLHQW NRQFHQWUDFH QRVLþ$� 3UYQtPX W\SX SURXGX �tNiPH SURXG GULIWRYê
/unášivý/ , druhý typ je proud difuzní. VQDãHP S�tSDG� ]DWtP QHXYDåXMPH åiGQp HOHNWULFNp
SROH� DOH PiPH ]�HMP� QHQXORYê JUDGLHQW NRQFHQWUDFH MDN HOHNWURQ$ WDN L G�U� 'LIX]Qt WRN VH
�tGt )LFNRYêP ]iNRQHP

) '
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G[
= −                                                ( 2.1.6 )

Potom proudová hustota bude
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Pro díry bychom dostali
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= −                                           ( 2.1.8 )

8YDåXMPH YHOLNRVW GLIX]QtKR SURXGX SUR S�tSDG JHUPDQLD Q D S W\SX� %XGH�OL QDS�� nn = 1017

cm-3 a np = 1010 cm-3 D WDWR ]P�QD VH EXGH GtW YH Y]GiOHQRVWL l = 10-4 cm = 1 µm, bude
SURXGRYi KXVWRWD � SRGREQ� L SUR GtU\ �
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�� ��

��
�� ����

�� ��

�

� �� � �

V QDãLFK SRORYRGLþtFK �VSRMHQêFK� YãDN åiGQê SURXG QHWHþH� QDWRå WDNWR YHOLNê� =QDPHQi WR�
åH QXWQ� PXVt WpFL SURXG RSDþQpKR VP\VOX D VWHMQ� YHOLNê� 0$åH WR EêW MHQRP SURXG GULIWRYê�
to znamená vPtVW� VW\NX PXVt Y]QLNQRXW HOHNWULFNp SROH� NWHUp ]S$VREt ]DN�LYHQt SiV$� /]H
XNi]DW� åH SRGPtQNRX QXORYpKR YêVOHGQpKR SURXGX MH WR� åH )HUPLKR ~URYH� Y celém systému
je konstantní. Náš výsledný pásový diagram nebude tedy vypadat jak byl nakreslen, ale bude
PtW NRQVWDQWQt )HUPLKR ~URYH� D EXGH Y\SDGDW WDN� MDN MH QD QiVOHGXMtFtP Obr. 2.1-11 .
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Intenzita elektrického pole
&

( je dána gradientem potenciálu, tj. platí

&

Ε Φ= −JUDG         a         Ε
Φ

[

G

G[
= −                         ( 2.1.9 )

Obr. 2.1-11

0H]L HQHUJLL � SRWHQFLiOQt � HOHNWURQ QDFKi]HMtFt VH QD KUDQ� EC má pouze potenciální energii )
a elektrickým potenciálem je vztah

T ( ( TΦ Φ= − ⇒ = − �               ( 2.1.10 )

(OHNWULFNp SROH MH GiQR ]iSRUQ� Y]DWêP JUDGLHQWHP SRWHQFLiOX

JUDG
T
JUDG (

T

G(

G[[

&Φ Ε= − ⇒ =
� �

            ( 2.1.11 )

Z této úvahySO\QRX GYD G$OHåLWp SR]QDWN\� 1iã SiVRYê GLDJUDP RGUiåt L SU$E�K SRWHQFLiOX

v ]iYLVORVWL QD VRX�DGQLFL� 9ãXGH WDP� NGH GRFKi]t N RK\EX SiV$ � WHG\ NGH
G(

G[

& ≠ �  ,

Y]QLNi HOHNWULFNp SROH� 3�LSRMtPH�OL Q\Qt N QDãHPX S � Q S�HFKRGX YQ�Mãt ]GURM VWHMQRVP�UQpKR

QDS�Wt� PRKRX QDVWDW GYD S�tSDG\ �

D � 3�tSDG W]Y� S�tPpKR VP�UX� NG\ VH EDULpUD VQtåt

           Obr. 2.1-12



53

Obr. 2.1-13

V WRPWR S�tSDG� WHG\ GLIX]Qt SURXG\ HOHNWURQ$ D G�U S�HY\ãXMt GULIWRYp SURXG\ � GLRGRX
� S � Q S�HFKRGHP � SURWpNi YHONê SURXG Y ]iYLVORVWL QD S�LORåHQpP QDS�Wt�

E� 3�tSDG RSDþQp SRODULW\

            Obr. 2.1-14

Obr. 2.1-15
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V WRPWR S�tSDG� WHþRX SRX]H YHOLFH PDOp SURXG\ PLQRULWQtFK QRVLþ$ D W\WR SURXG\ SUR Y�tší
Va2  prakticky na jeho velikosti nebudou závislé.

7RWR MH WHG\ Y\VY�WOHQt ]iNODGQtFK I\]LNiOQtFK G�M$ Y S � Q S�HFKRGX þLOL
v SRORYRGLþRYêFK GLRGiFK�

2.2 3RORYRGLþRYp GLRG\

,GHiOQt FKDUDNWHULVWLNX SRORYRGLþRYp GLRG\ MH PRåQp RGYRGLW YH WYDUX

, , H
T9 N7

6
= −









�
�                                      ( 2.2.1 )

kde  V MH S�LORåHQp QDS�Wt � q - náboj elektronu , k - Boltzmanova konstanta , T - teplota ve
°K, IS  � W]Y� VDWXUDþQt SURXG GLRG\ D I je protékající proud. Charakteristika je zobrazena na
dalším obrázku spolu s charakteristikou reálné diody.

             
Obr. 2.2-1

5HiOQi GLRGD VH RSURWL LGHiOQt OLãt KODYQ� YH GYRX REODVWHFK �

a/  VREODVWL S�tPpKR VP�UX SUR YHONp SURXG\ S�HVWiYi EêW FKDUDNWHULVWLND H[SRQHQFLiOQt D EOtåt
VH VStãH OLQHiUQt ]iYLVORVWL� 3�tþLQ\ MVRX ]S$VREHQ\ NRQHþQêPL RGSRU\ NRQWDNW$ GLRG\ D
Y\VRNRX LQMHNFt PLQRULWQtFK QRVLþ$ D WHG\ L ]P�QRX SRþWX QRVLþ$ PDMRULWQtFK�

b/ V REODVWL YHONêFK ]iY�UQêFK QDS�Wt Y G$VOHGNX VLOQpKR HOHNWULFNpKR SROH Y S�HFKRGRYp
oblasti dochází kQiUD]RYp LRQL]DFL D ODYLQRYpPX QiVREHQt SRþWX QRVLþ$ D WtP L SUXGNpPX
Y]U$VWX SURXGX� 9 VLOQ� GRSRYDQêFK S � Q S�HFKRGHFK P$åH EêW HOHNWULFNp SROH WDN VLOQp � Då
107 9�FP � � åH UXãt YD]E\ HOHNWURQ$� FRå NYDQWRYi WHRULH PRGHOXMH W]Y� WXQHORYêP
jevem objevil Zener ; od toho název Zenerovy diody pro oba typy.

9\XåLWt S � Q S�HFKRG$ GLRG MH YHOLFH ãLURNp� %�åQ� VH XåtYDMt N XVP�U�RYiQt VW�tGDvého
proudu.

-HGQRFHVWQê XVP�U�RYDþ

Obr. 2.2-2
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3U$E�K\

      

Obr. 2.2-3

1HYêKRG\ � 3R GORXKRX GREX � YtF QHå S$OSHULRGD � GRGiYi SURXG NDSDFLWD� SURWR MH WRWR
]DSRMHQt YKRGQp MHQ SUR PDOp RGHEtUDQp SURXG\ QHER WDP� NGH QHYDGt YHONp ]YOQ�Qt� ,QYHU]Qt
QDS�Wt QD GLRG� MH ]KUXED 2 VM = 3 Vef � 'iOH VH SURMHYXMH YêUD]Qp VWHMQRVP�UQp V\FHQt
jádra transformátoru.

'YRXFHVWQp XVP�UQ�Qt

Obr. 2.2-4

Obr. 2.2-5

1HYêKRG\ � 'Y� VKRGQi YLQXWt QD WUDQVIRUPiWRUX ; GYRMQiVREQê SRþHW GLRG ; LQYHU]Qt QDS�Wt
diod jako vS�tSDG� MHGQRFHVWQpKR XVP�U�RYDþH�
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=HMPpQD WtåLY� S$VREt VORåLWRVW WUDQVIRUPiWRU$� D SURWR VH SUR E�åQp ~þHO\ XåtYi W]Y� P$VWNRYp
QHER WDNp SRGOH WY$UFH � *UDHW]RYR ]DSRMHQt� NWHUp MH QD QiVOHGXMtFtP REUi]NX�

Obr. 2.2-6
3U$E�K\

Obr. 2.2-7

1HYêKRG\ D YODVWQRVWL � 0XVtPH XåtW þW\� GLRG � Y GQHãQt GRE� WR QHQt QD ]iYDGX � Y\UiE�Mt VH
levné bloky ; QHMGUDåãt MH WUDIR � ; QHQt ]GH VWHMQRVP�UQi PDJQHWL]DFH MiGUD WUDQVIRUPiWRUX ;
inverznt QDS�Wt GLRG MH U1M ; QHMþDVW�ML SRXåtYDQp ]DSRMHQt SUR REHFQp SRXåLWt�

Pro malé RGE�U\ MH PRåQp SRXåtW W]Y� QiVRELþ$ QDS�Wt � ãHW�t VH WtP YLQXWt WUDID� DOH MH
PRåQp RGHEtUDW SRX]H PDOp SURXG\� 1HMYtFH VH XåtYi Y osciloskopech a televizorech pro
]tVNiYiQt QDS�Wt �iGX N9� =DSRMHQt MH QD QiVOHGXMtFtP REUi]NX�   

'YRMQiVRELþ QDS�Wt

Obr. 2.2-8

2SURWL S�HGFKR]tPX ]DSRMHQt MGH YODVWQ� R GYD MHGQRFHVWQp XVP�U�RYDþH ]DSRMHQp GR VpULH� S�L
þHPå S�HGFKR]t ]DSRMHQt IXQJRYDO\ L EH] QDEtMHFt NDSDFLW\� ]DWtPFR Y WRPWR S�tSDG� MVRX
NDSDFLW\ SRGVWDWQp SUR þLQQRVW�
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ýDVWp MH SRXåLWt GLRG Y RPH]RYDþtFK ; VFKpPD MHGQRGXFKpKR RPH]RYDþH MH QD Obr. 2.2-9

Obr. 2.2-9

Obr. 2.2-10
Oboustranné omezení poskytne obvod

Obr. 2.2-11

Obr. 2.2-12
0RåQêFK ]DSRMHQt MH FHOi �DGD�

2EODVWL ODYLQRYpKR SU$UD]X P$åHPH SRXåtW SUR VWDELOL]DFL QDS�Wt� 8VP�U�RYDþH� NWHUp MVPH
XYHGOL� GiYDMt VWHMQRVP�UQp QDS�Wt� NWHUp MH ]iYLVOp QD RGHEtUDQpP SURXGX D QDYtF MH ]YOQ�Qp D
WRWR ]YOQ�Qt VH ]Y�WãXMH V URVWRXFtP RGHEtUDQêP SURXGHP� 7DNRYêWR ]GURM P$åHPH PRGHORYDW
tímto obvodem

Obr. 2.2-13
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Obr. 2.2-14

$E\FKRP GRViKOL PHQãtFK ]P�Q QDS�Wt QDãHKR ]GURMH� ]DSRMPH REYRG SRGOH Obr. 2.2-15

Obr. 2.2-15

ýLQQRVW VL Y\VY�WOtPH QHMOpSH WtPWR REUi]NHP �

Obr. 2.2-16

ýtP PHQãt EXGH RGSRU =HQHURY\ GLRG\ Y ODYLQRYp REODVWL� WtP EXGRX ]P�Q\ YêVWXSQtKR QDS�Wt
menší.

1�NG\ � ]HMPpQD L LQWHJURYDQêFK REYRGHFK � QDOH]QHPH L WDNRYpWR ]apojení :

-HGQi VH WHG\ R VpULRYp VSRMHQt =HQHURY\ GLRG\ D W�t S�HFKRG$ S � Q Y SURSXVWQpP VP�UX�
Zenerovy diody mají pro UZ > 7 V NODGQê WHSORWQt VRXþLQLWHO =HQHURYD QDS�Wt� WR ]QDPHQi� åH
MHMLFK QDS�Wt VH ]Y�WãXMH V WHSORWRX � NOHVi VW�HGQt YROQi GUiKD Y G$VOHGNX ]Y\ãXMtFtFK VH NPLW$
P�tåH� D SURWR MH ]DSRW�HEt Y�Wãt LQWHQ]LW\ HOHNWULFNpKR SROH SUR SU$UD] �� 8 GLRG\ Y S�tPpP
VP�UX MH WHSORWQt NRHILFLHQW QDS�Wt QD GLRG� � S�L NRQVWDQWQtP SURXGX � ]iSRUQê � ]KUXED ��
P9��. � � D SURWR P$åHPH XåtW NRPSHQ]DþQtFK PHWRG SUR VQtåHQt YêVOHGQpKR WHSORWQtKR
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NRHILFLHQWX� 3RGPtQNRX RYãHP MH� åH VH YãHFKQ\ S�HFKRG\ EXGRX QDFKi]HW S�L VWHMQêFK
WHSORWiFK � FRå MH X LQWHJURYDQêFK REYRG$ SUDNWLFN\ VSOQ�QR�

3 � Q S�HFKRG Y REODVWL ]iY�UQp þiVWL FKDUDNWHULVWLN\ VH FKRYi MDNR NDSDFLWD ]iYLVOi QD
S�LORåHQpP QDS�Wt � ]iY�UQê SURXG MH YHOLFH Qt]Nê � � =iYLVORVW QD QDS�Wt MH GiQD Y]WDKHP

( )
&

&

8 8
'

Q
=

−
�

�
                                         ( 2.2.3 )

kde  C0 MH NDSDFLWD GLRG\ S�L QXORYpP QDS�Wt ; UD MH W]Y� GLIX]Qt QDS�Wt GDQp GRSRYiQtP
� X N�HPtNX UD  ��� Då ��� 9 � D n MH NRHILFLHQW ]iYLVOê QD SU$E�KX GRWDþQtKR SURILOX � QDS��
SUR OLQHiUQt SU$E�K Pi KRGQRWX ��� � SUR VWUPê S�HFKRG MH WR ��� DWG� 1HMþDVW�Mãt SRXåLWt
W�FKWR YDULFDS$ MH SUR GRVDåHQt ]P�Q\ UH]RQDQþQtKR NPLWRþWX 5/& REYRGX�

Obr. 2.2-17

-H PRåQp YêE�UHP UHDOL]RYDW GYRMLFH L WURMLFH YDULFDS$ SUR VRXE�åQp ODG�Qt YtFH REYRG$� $E\

závislost frekvence I
/&

=
�

�π E\OD QD S�LORåHQpP QDS�Wt OLQHiUQt� MH ]DSRW�HEt UHDOL]RYDW

W]Y� K\SHUVWUPê S�HFKRG þLOL S�HFKRG V LQYHU]QtP JUDGLHQWHP S�tP�Vt � QHYêKRGRX MH� åH S�L
KOHGiQt GYRMLF D WURMLF MH QXWQê VRXE�K YH � ERGHFK ��

3RGVWDWQp MH� åH X YDULFDSX VH QHSURMHYt QD VLJQiOX WR� åH MH WR QHOLQHiUQt NDSDFLWD�
SURWRåH S�LORåHQp Y\VRNRIUHNYHQþQt QDS�Wt MH YHOLFH PDOp� &KRYi VH SURWR MDNR OLQHiUQt
NDSDFLWRU� MHKRå YHOLNRVW MH �t]HQD S�LORåHQêP VWHMQRVP�UQêP QDS�WtP�

PodoEQRX VRXþiVWt MH YDUDFWRU� NWHUê YãDN Y�WãLQRX SUDFXMH V tak velkým
Y\VRNRIUHNYHQþQtP VLJQiOHP� åH Y MHKR G$VOHGNX GRFKi]t N YêUD]QêP ]P�QiP NDSDFLW\� &KRYi
VH WHG\ MDNR QHOLQHiUQt NDSDFLWRU D MH PRåQp WRKRWR IDNWX XåtW SUR ]HVLORYiQt D JHQHUDFL� 'DOãt
~YDK\ YãDN ]QDþQ� S�HVDKXMt UiPHF S�HGQiãHN�

7XQHORYp GLRG\ MVRX S � Q S�HFKRG\� NGH YHOPL Y\VRNi ~URYH� S�tP�Vt � Då ��19 cm-3 /
]S$VREXMH� åH HOHNWULFNp SROH Y S�HFKRGRYp YUVWY� GRVDKXMH YHOPL Y\VRNêFK KRGQRW� =D W�FKWR
podmínek dochází k anomáliím na charDNWHULVWLFH S�HFKRGX Y ]iY�UQpP VP�UX D Y oblasti
PDOêFK QDS�Wt�

Obr. 2.2-18

Tunelová dioda není perspektivním prvkem / nedá se integrovat /, a proto se s ní nebudeme
více zabývat.
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'LRGD NRY � SRORYRGLþ
V WRPWR S�tSDG� MH MHGQD VWUDQD S � Q S�HFKRGX QDKUD]HQD NRYHP D EXGH ]iOHåHW QD

SRP�UX YêVWXSQtFK SUDFt NRYX D SRORYRGLþH� N þHPX GRMGH� 9êVWXSQt SUiFH MH HQHUJLH� NWHURX
PXVtPH GRGDW HOHNWURQX� NWHUê VH QDFKi]t QD )HUPLKR KODGLQ�� DE\ VH SUiY� VWDO YROQêP
HOHNWURQHP� 3URWRåH X SRORYRGLþ$ VH )HUPLKR ~URYH� P�Qt V dotací, nahrazuje se elektronovou
DILQLWRX� FRå MH HQHUJLH� NWHURX PXVtPH GRGDW HOHNWURQX QDFKi]HMtFtPX VH QD KUDQ�
vodivostního pásu, aby se stal volným elektronem.

Obr. 2.2-19

3iVRYê GLDJUDP SUR ~SOQRVW D SUR S�tSDG WH > WS MH QD REUi]NX� 9]QLNi RS�W GLRGRYi
charakteristika sWtP UR]GtOHP� åH SURXG MH ]SURVW�HGNRYiQ QRVLþL PDMRULWQtKR W\SX � Y našem
S�tSDG� HOHNWURQ\ � D QHGRFKi]t WHG\ SURWR N WYUGpPX SU$UD]X Y ]iY�UQp þiVWL FKDUDNWHULVWLN\�

Obr. 2.2-20

3RGVWDWQRX YODVWQRVWt S�HFKRG$ NRY � SRORYRGLþ MH WR� åH QDS�Wt Y S�tPpP VP�UX MH QLåãt QHå X
S�HFKRGX S � Q � YL] REUi]HN �� 7RKR VH þDVWR XåtYi SUR ~SUDYX YODVWQRVWt ELSROiUQtFK
WUDQ]LVWRU$� 3URWRåH VH S�HFKRG\ NRY � SRORYRGLþ ]DEêYDO :DOWHU 6FKRWWN\� �tNi VH MLP Wpå
Schottkyho diody.

([LVWXMH MHãW� FHOi �DGD SUYN$ R]QDþRYDQêFK MDNR GLRG\� Q�NWHUp DQi neobsahují p - n
S�HFKRG D QD]êYDMt VH WDN SRX]H SURWR� åH PDMt GYD YêYRG\� 6 Q�NWHUêPL VH VH]QiPtPH SR]G�ML
D VWHMQ� WDN SR]G�ML VH EXGHPH ]DEêYDW G\QDPLFNêPL YODVWQRVWPL S � Q S�HFKRGX�
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2.3 Bipolární tranzistory

Vrátíme-li se zpátky kREUi]NX� QD Q�På MVPH VL Y\VY�WORYDOL þLQQRVW S � Q S�HFKRGX
v ]iY�UQpP VP�UX� P$åHPH ]QRYX NRQVWDWRYDW� åH Y ]iY�UQpP VP�UX WHþH SRX]H SURXG
PLQRULWQtFK QRVLþ$� 3RNXG VH QiP SRGD�t ]Y�WãLW SRSXODFL PLQRULWQtFK QRVLþ$ Y blízkosti
S�HFKRGX� ]Y�Wãt VH ]iY�UQê SURXG� 7RKR P$åHPH GRViKQRXW QDS�� S$VREHQtP VY�WOD QHER WtP�
åH EOt]NR WRKRWR LQYHU]Q� SRODUL]RYDQpKR S�HFKRGX XPtVWtPH S � Q S�HFKRG Y S�tPpP VP�UX�
Potom budeme mít situaci následující:

6WHMQ� WDN P$åHPH RYãHP Y\WYR�LW VWUXNWXUX

-HGQRWOLYp HOHNWURG\ QD]YHPH� MDN MH QD]QDþHQR QD REUi]FtFK � HPLWRU � Ei]H � NROHNWRU�
6RXVW�H�PH VH Q\Qt QD VWUXNWXUX Q � S � Q D VOHGXMPH SRX]H WRN HOHNWURQ$� 3URWRåH S�HFKRG
emitor - báze je vS�tPpP VP�UX� EXGRX HOHNWURQ\ ] HPLWRUX S�HFKi]HW S�HV REODVW S�HFKRGX GR
Ei]H� NGH VH RYãHP VWiYDMt PLQRULWQtPL QRVLþL D MDNR WDNRYp MVRX HOHNWULFNêP SROHP S�HFKRGX
Ei]H NROHNWRU YWDKRYiQ\ GR REODVWL NROHNWRUX� 3iVRYê GLDJUDP WDNRYpKR S$VREHQt WHG\
]tVNiPH� GiPH�OL GRKURPDG\ SiVRYê GLDJUDP S�tPpKR D LQYHU]Q� SRODUL]RYDQpKR S�HFKRGX
p-n .

Obr. 2.3-1
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Kolektorový proud se tedy skládá zYHOLFH PDOpKR SURXGX� NWHUê QHQt �LGLWHOQê QDS�WtP PH]L
bází a emitorem - nazveme ho IC0  D SURXGX� NWHUê MH �t]HQ QDS�WtP PH]L Ei]t D HPLWRUHP�
3�HFKRG Ei]H HPLWRU MH Y S�tPpP UHåLPX D S�HFKRG Ei]H NROHNWRU MH X]DY�HQ� 3URWR EXGRX
SRODULW\ S�tVOXãQêFK ]GURM$ WDNRYp MDNR MH QD]QDþHQR QD REUi]FtFK �

V S�tSDG� VWUXNWXU\ S � Q � S EXGH VLWXDFH

=iYLVORVW NROHNWRURYpKR SURXGX QD NROHNWRURYpP QDS�Wt EXGH WHG\ PtW GLRGRYê FKDUDNWHU
s WtP� åH ]iY�UQê SURXG WpWR GLRG\ EXGH ]iYLVOê QD SURXGX HPLWRUX MDNR SDUDPHWUX�

Obr. 2.3-2

=iYLVORVW HPLWRURYpKR SURXGX QD QDS�Wt VEB je normální charakteristika diody.

ýDVWR VH XåtYi Ei]H MDNR YVWXSQt HOHNWURGD� SURWR MH YêKRGQp RGYRGLW FKDUDNWHULVWLN\ SUR WHQWR
S�tSDG� -DNR VSROHþQRX HOHNWURGX� Y$þL Qtå EXGHPH Y]WDKRYDW YãHFKQD QDS�Wt� YROtPH HPLWRU�
Potom  VCE = VCB + VBE    ,      IE = IC + IB      .
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Výsledkem budou tyto závislosti

Obr. 2.3-3

3RP�U SURXGX NROHNWRUX N SURXGX HPLWRUX QD]êYiPH SURXGRYê ]HVLORYDFt þLQLWHO � MH YåG\
PHQãt QHå MHGQD � L NG\å VH P$åH MHGQRWFH YHOLFH S�LEOLåRYDW�
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         ( 2.3.1 )

β0 QD]êYiPH SURXGRYê ]HVLORYDFt þLQLWHO SUR VSROHþQê HPLWRU� � %XGH�OL α0 = 0,99 ,

bude  β0 ≅ 100  . /

Koeficient β0 FKDUDNWHUL]XMH WHG\ ]iNODGQt ]HVLORYDFt þLQQRVW WUDQ]LVWRUX � WUDQ]LVWRU  
WUDQVIHU UH]LVWRU � D MH XUþHQ WtP� MDNRX þiVW SURXGX HPLWRUX GRNiåHPH GRYpVW GR NROHNWRUX�
V REODVWL Ei]H GRFKi]t WRWLå N UHNRPELQDFL PLQRULWQtFK QRVLþ$� 7DWR UHNRPELQDFH EXGH ]�HMP�

WtP Y�Wãt� þtP GpOH EXGH HOHNWURQ MDNR PLQRULWQt QRVLþ Y REODVWL Ei]H� þLOL þtP EXGH Ei]H GHOãt�
7R Y\VY�WOXMH Qiã SRþiWHþQt SRåDGDYHN EOt]NpKR XPtVW�Qt RWHY�HQpKR S�HFKRGX YHGOH
X]DY�HQpKR� � 8 E�åQêFK WUDQ]LVWRU$ EêYi Ei]H NUDWãt QHå � µm . /

9êNRQRYp SRP�U\ ELSROiUQtKR WUDQ]LVWRUX D MHKR RPH]HQt�

8YDåXMHPH�OL VSROHþQRX VYRUNX HPLWRU� EXGRX SRP�U\ SRGOH REUi]NX �

    Obr. 2.3-4

%�åQ� β0  ≅ 100    ⇒     IB ≅ IC/100

Z þtVHOQêFK ~GDM$ QD S�HGFKR]tP REUi]NX YLGtPH� åH YêNRQRYi ]WUiWD WUDQ]LVWRUX MH WYR�HQD
S�HYiåQ� ]WUiWRX NROHNWRURYpKR REYRGX� 1D Obr. 2.3-5 máme charakteristiky tranzistoru
v ãLUãt REODVWL QDS�Wt D SURXG$ �
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Obr. 2.3-5

Z  Obr. 2.3-5� NGH PiPH Y\QHVHQX K\SHUEROX PD[LPiOQt YêNRQRYp S�tSXVWQp ]WUiW\� YLGtPH
GiOH� åH SUR Y\VRNi QDS�Wt VCE dochází kSU$UD]X � REGRED ODYLQRYpKR SU$UD]X X S � Q
S�HFKRGX �� D SURWR QHP$åHPH XåtW Y\ããt QDS�Wt QHå MH VCEmax . Z WHFKQLFNêFK G$YRG$ MH
omezen i maximální proud kolektorem. K dispozici je proto pouze takto vymezená oblast.

3 � Q S�HFKRG Ei]H HPLWRU Pi E�åQ� SU$UD]Qp QDS�Wt VBE  hodnotu  - 7 V , a proto
PXVtPH ]DEH]SHþLW� DE\ QLNG\ WRWR QDS�Wt QHE\OR S�HNURþHQR Y UHåLPX X]DY�HQpKR WUDQ]LVWRUX�

3URWRåH PiPH VWUXNWXUX Q � S � Q � S�tSDGQ� S � Q � S � � QDVNêWi VH RWi]ND� N þHPX
GRMGH� ]DP�QtPH�OL HPLWRU NROHNWRUHP D NROHNWRU HPLWRUHP� 3RNXG E\ REODVWL NROHNWRUX L
HPLWRUX P�O\ VKRGQp I\]LNiOQt D JHRPHWULFNp YODVWQRVWL � YHOLNRVW GRWDFH� UR]P�U\� DWG� � WM�
WUDQ]LVWRU E\ E\O ]FHOD V\PHWULFNê� QHVWDOR E\ VH Y$EHF QLF D YêVOHGQê WUDQ]LVWRU E\ P�O W\Wpå
FKDUDNWHULVWLN\� 6NXWHþQp WUDQ]LVWRU\ YãDN V\PHWULFNp QHMVRX � HPLWRU Pi Y\ããt GRSRYiQt QHå
NROHNWRU� Pi L PHQãt JHRPHWULFNp UR]P�U\� DWG� � � D SURWR Y WRPWR W]Y� LQYHU]QtP UHåLPX EXGH
PtW WUDQ]LVWRU QLåãt β0 D Wpå L SRGVWDWQ� QLåãt SU$UD]Qp QDS�Wt�

%LSROiUQt WUDQ]LVWRU VH E�åQ� XåtYi YH GYRX UHåLPHFK � Y UHåLPX ]HVLORYiQt D Y UHåLPX
spínání. VSUYQtP S�tSDG� � Y ]HVLORYDFtP UHåLPX QDVWDYtPH SUDFRYQt SRGPtQN\ � WM� NOLGRYp
SURXG\ D QDS�Wt GR Q�MDNpKR YKRGQpKR ERGX D S�LYHGHQtP UHODWLYQ� PDOpKR VLJQiOX QD YVWXS
WUDQ]LVWRUX GRMGH NH ]P�QiP QDS�Wt D SURXG$� 9 S�tSDG� GUXKpP � Y UHåLPX VStQiQt � D Wpå
VDPR]�HMP� L UR]StQiQt � EXGRX SRþiWHþQt SRGPtQN\ WDNRYp� åH WUDQ]LVWRU QHYHGH � QDS�Wt 9BE

je nula nebo záporné / a kolektorem protéká pouze nepatrný proud   ≈ 10-6 A = IC0 .Sepnutí
GRViKQHPH WtP� åH ÄVNRNHP³ QDS�Wt VBE ]P�QtPH QD KRGQRWX ≈ +0,7 V . Tranzistor se
RWHY�H D SRWHþH MtP YHONê SURXG� S�L þHPå QDS�Wt VCE  bude nízké. Tranzistor tedy funguje
MDNR QH ]FHOD LGHiOQt VStQDþ� 3URWRåH Y WRPWR UHåLPX MH SRGVWDWQp VOHGRYiQt G\QDPLFNpKR
S$VREHQt� SRQHFKiPH WHQWR VStQDFt UHåLP QD SR]G�Mãt GREX D EXGHPH VH G�tYH ]DEêYDW UHåLPHP
]HVLORYDFtP� 8YDåXMPH QiVOHGXMtFt ]DSRMHQt �

Obr. 2.3-6
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1D ]iNODG� .LUFKKRIIRYêFK ]iNRQ$ P$åHPH SViW

9 5 , 9
&& & & &(

= ⋅ +            ⇒          , 9 9 5
& && &( &

= −             ( 2.3.2 )

FRå MH URYQLFH S�tPN\ SURFKi]HMtFt ERG\ 9CC  a  VCC/RC .

Obr. 2.3-7

%XGHPH�OL Q\Qt SRPDOX P�QLW IB � EXGH VH RNDPåLWê SUDFRYQt ERG WUDQ]LVWRUX SRK\ERYDW SR
WpWR S�tPFH� � 9 UHåLPX VStQiQt E\FKRP VH SRK\ERYDOL PH]L RE�PD NUDMQtPL ERG\� QD WpWR
S�tPFH R]QDþHQêPL NURXåN\� � -HVWOLåH Q\Qt ]DMLVWtPH Q�MDNêP ]S$VREHP WR� DE\ GR Ei]H WHNO
proud  IB0 , bude se klidový pracovní bod nacházet vERG�  A  , vQ�På SURWpNi NROHNWRURYê
proud  ICA D PH]L NROHNWRUHP D HPLWRUHP MH QDS�Wt VCEA � %XGHPH�OL Q\Qt P�QLW Ei]RYê

proud - vG$VOHGNX S�LYHGHQpKR VLJQiOX � R ± ∆,
% � EXGH VH QDS�Wt QD NROHNWRUX P�QLW R

9 9
&($ &($

# ∆ � FRå ]QDPHQi� åH VLJQiO QD NROHNWRUX MH Ii]RY� SRVXQXW R ���� � =HVtOHQê
VLJQiO EXGH ]�HMP� WtP Y�Wãt� þtP EXGH PHQãt VNORQ S�tPN\� WHG\ þtP Y�Wãt EXGH KRGQRWD
UH]LVWRUX ]D�D]HQpKR GR NROHNWRUX�

-HGQRGXFKê ]HVLORYDþ WRKRWR W\SX PiPH QD Obr. 2.3-8 � 6WHMQRVP�UQi QDS�Wt MVRX
RGG�OHQD GRVWDWHþQ� YHONêPL NDSDFLWRU\�

Obr. 2.3-8
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9HOPL þDVWR VH ]HVLORYDþH ]DSRMXMt GR NDVNiG\ ]D VHERX� DE\FKRP ]tVNDOL SRW�HEQp YHONp
]HVtOHQt� 3URWR QiV QXWQ� EXGRX ]DMtPDW W]Y� YVWXSQt D YêVWXSQt LPSHGDQFH� 9ê]QDP D ]S$VRE
XUþHQt W�FKWR LPSHGDQFt EXGH MDVQ�Mãt� MHVWOLåH VL Qiã ]HVLORYDþ QDKUDGtPH ] hlediska signálu
následujícím obvodem :

Obr. 2.3-9

Potom tedy  Zvst EXGH LPSHGDQFH� NWHURX E\FKRP QDP��LOL QHER Y\SRþHWOL QD YVWXSQtFK
svorkách našeho obvodu. Zvýst EXGH SRGREQ� LPSHGDQFH� NWHURX E\FKRP QDP��LOL QD
výstupních svorkách a  KEXGH ]HVtOHQt QDãHKR REYRGX þLOL SRP�U e2(t)/e1(t) SUR S�tSDG� åH
ZL þLOL LPSHGDQFH ]iW�åH VH EXGH EOtåLW N QHNRQHþQX� $OH ZL P$åH EêW W�HED YVWXSQt
LPSHGDQFH GDOãtKR ]HVLORYDFtKR VWXSQ� D Mtå YtPH� åH PD[LPiOQt S�HQRV YêNRQX E\ QDVWDO SUR
S�tSDG ZL = Zvýst

* � 3RNXG E\FKRP VH ]DMtPDOL SRX]H R QDS�"RYê S�HQRV� RSWLPiOQt SRGPtQN\
]�HMP� QDVWiYDMt SUR S�tSDG  ZL  >> Zvýst .

S WUDQ]LVWRUHP P$åHPH UHDOL]RYDW W�L U$]Qi ]iNODGQt ]DSRMHQt � PH]L Q� SDW�t L WR� NWHUp
MVPH SUiY� SR]QDOL� WM� ]DSRMHQt VH VSROHþQêP HPLWRUHP � R]QDþRYDQp 6( � =EêYDMtFt GY� MVRX
]DSRMHQt VH VSROHþQêP NROHNWRUHP � 6& D VH VSROHþQRX Ei]t 6% � 9 následující tabulce jsou
XYHGHQD VFKpPDWD D W\SLFNp KRGQRW\ SDUDPHWU$ W�FKWR W�t ]DSRMHQt�

Zapojení SE SC SB
NPN

PNP

Zesílení
QDS�"RYp
proudové
výkonové

�� Då ���
�� Då ���
��� Då ����

��� Då ����
�� Då ���
�� Då ���

�� Då ���
��� Då �����
�� Då ���

Impedance
vstupní
výstupní

∼ 1 kΩ
(10kΩ Då ���NΩ)||RC

∼ 100 kΩ
(10 Ω Då � NΩ)||RE

∼ �� Då ��� Ω
(100kΩ Då �0Ω)||RC

Výstupní fáze
QDS�Wt
proud

180°
0°

0°
0°

0°
0°

Výhody velké zesílení
 pro RC ∼ 1kΩ
QHMOHSãt S�L]S$VREHQt
impedancí

vhodný jako
LPSHGDQþQt P�QLþ

vhodný jako
LPSHGDQþQt P�QLþ �
nejvyšší mezní
NPLWRþHW
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3UR QDS�"RYp ]HVLORYiQt QHO]H WHG\ XåtW ]DSRMHQt 6& DQL MHKR NDVNiG\� 5RYQ�å WDN QHO]H XåtW
NDVNiGX ]DSRMHQt 6% � SURWRåH NG\E\FKRP XYiåLOL Zvst = 100 Ω  a  Zvýst ≅ RC = 1 kΩ ,
dostáváme situaci :

Obr. 2.3-10

H H W H W
� � �

��
���

��� ����
� �= ⋅ ⋅

+
≅ ⋅� � � � �

=EêYi QiP WHG\ XåtW ]DSRMHQt 6( QHER Q�MDNêP ]S$VREHP SURYpVW WUDQVIRUPDFL LPSHGDQFH�
K WRPX P$åHPH XYDåRYDW L ]DSRMHQt 6& D GRVWDQHPH REYRG

Obr. 2.3-11

$å GRSRVXG MVPH VH ]DEêYDOL S�tSDG\� NG\ NPLWRþHW VLJQiOX MH YHOPL Qt]Nê� 8ND]XMH VH YãDN� åH
VH VWRXSDMtFtP NPLWRþWHP XEêYi GREUêFK YODVWQRVWt WUDQ]LVWRUX D WHQ ]DþtQi ]HVLORYDW PpQ� D
PpQ�� -H WR G$VOHGHN I\]LNiOQtFK G\QDPLFNêFK SURFHV$� NWHUp VH Y tranzistoru odehrávají
� NRQHþQi SU$OHWRYi GRED REODVWt Ei]H� NDSDFLW\ D MHMLFK QDEtMHQt� DWG� � � $E\FKRP SRVWLKOL W\WR
YOLY\� XYDåXMHPH S$VREHQt MHQ PDOêFK VLJQiO$� ] þHKRå Y\SOêYi� åH VH WUDQ]LVWRU � VYRMt
SRGVWDWRX QHOLQHiUQt SUYHN � EXGH FKRYDW MDNR SUYHN OLQHiUQt D P$åH EêW WHG\ UHSUH]HQWRYiQ
REYRGHP VORåHQêP ] OLQHiUQtFK SUYN$ � UH]LVWRU$ D NDSDFLWRU$� NWHUp PRGHOXMt IUHNYHQþQt
YODVWQRVWL WUDQ]LVWRUX� 7DNRYpPX REYRGX �tNiPH QiKUDGQt REYRG SUR PDOê VLJQiO�

7�FKWR QiKUDGQtFK REYRG$ MH ]QiPR Q�NROLN � OLãt VH VORåLWRVWt D S�HVQRVWt� V jakou
DSUR[LPXMt VNXWHþQp YODVWQRVWL WUDQ]LVWRUX � � DOH QHMþDVW�ML VH XåtYi *LDFROOHW$Y PRGHO � π
þOiQHN � � NWHUê MH QD Obr. 2.3-12 ( zjednodušený ) .

 
Obr. 2.3-12
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3RWRP SUR XUþHQt IUHNYHQþQtFK YODVWQRVWt E\FKRP QDKUDGLOL WUDQ]LVWRU WtPWR QiKUDGQtP
REYRGHP D ]D SRPRFL .LUFKKRIIRYêFK ]iNRQ$ VHVWDYLOL URYQLFH WRKRWR REYRGX� 3URWRåH QD
VYRUNiFK QDSiMHFtFK ]GURM$ S�HGSRNOiGiPH VWHMQRVP�UQp ]GURMH LGHiOQt � PDMt QXORYê RGSRU �
QHEXGH QD QLFK åiGQp QDS�Wt VLJQiOX� 3RWRP SUR ~þHO\ YêSRþWX P$åHPH W\WR VYRUN\ VSRMLW VH
svorkou nulového potenciálu.

1D GDOãtP REUi]NX PiPH QDNUHVOHQ QiKUDGQt REYRG ]HVLORYDþH 6( � NWHUê MVPH MLå G�tYH
uvedli

Obr. 2.3-13

-H WR MLå SRP�UQ� VORåLWê REYRG � D WR Qiã REYRG E\O YHOLFH MHGQRGXFKê� � 2EVDKXMH þW\�L SUYN\
VFKRSQp KURPDGLW HQHUJLL � þW\�L NDSDFLWRU\ � SURWR EXGH GiQ Y]WDK SUR YêVWXSQt VLJQiO e2(t)
GLIHUHQFLiOQt URYQLFt �� �iGX � S�tSDGQ� DOJHEUDLFNRX URYQLFt �� �iGX�

9êSRþWHP VH ]DEêYDW QHEXGHPH � GRVWDOL E\FKRP SRP�UQ� VORåLWê Y]WDK SUR

K(jω) = e2(jω)/e1(jω) � ] Q�KRå E\FKRP PRKOL RGYRGLW DPSOLWXGRYRX FKDUDNWHULVWLNX

A(ω) = |K(jω)| . Tato amplitudová charakteristika by vypadala asi takto

Obr. 2.3-14

8Ni]DOR E\ VH� åH WDWR DPSOLWXGRYi FKDUDNWHULVWLND NOHVi QD Qt]NêFK L Y\VRNêFK NPLWRþWHFK�
3RNOHV QD Qt]NêFK NPLWRþWHFK MH ]S$VRERYiQ NDSDFLWDPL CB  a CC � NWHUêPL MVPH RGG�ORYDOL
VWHMQRVP�UQi QDS�Wt RG GDOãtFK REYRG$ � Y WRPWR S�tSDG� ]GURMH VLJQiOX D ]iW�åH� � 3RNOHV QD
Y\VRNêFK NPLWRþWHFK MH ]S$VRERYiQ NDSDFLWRU\ Cπ  a  C0b � DOH W�PLWR NDSDFLWRU\ MVPH VH
VQDåLOL PRGHORYDW IUHNYHQþQt YODVWQRVWL WUDQ]LVWRUX D WR WHG\ ]QDPHQi� åH SRNOHV QD Y\VRNêFK
IUHNYHQFtFK MH ]S$VRERYiQ QHGRNRQDORVWt WUDQ]LVWRUX þLOL MHKR YODVWQRVWPL QD Y\VRNêFK
frekvencích.

$E\FKRP P�OL Q�MDNp ]iNODGQt P��tWNR SUR IUHNYHQþQt YODVWQRVWL WUDQ]LVWRUX� XYH�PH VL
IUHNYHQþQt YODVWQRVWL RERX MLå ]PL�RYDQêFK SURXGRYêFK ]HVLORYDFtFK þLQLWHO$ α  a  β .
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3RP�UQ� VORåLWê YêUD] SUR α , plynoucí zI\]LNiOQtKR UR]ERUX þLQQRVWL WUDQ]LVWRUX� EêYi
QHMþDVW�ML DSUR[LPRYiQ YêUD]HP

α ω
α

ω
ω

α

α α

� �M

M M
I

I

=
+

=
+

� �

� �
                             ( 2.3.3 )

kde  ωα  MH PH]Qt NPLWRþHW SUR ]DSRMHQt 6% � 3UR ]DSRMHQt 6( MVPH RGYRGLOL� åH

β ω
α ω

α ω
� �

� �

� �
M

M

M
=

−�
                                       ( 2.3.4 )

D NG\E\FKRP GRVDGLOL� GRVWDOL E\FKRP SUR PH]Qt NPLWRþHW

I
I

β
α

β
=

+�
�

                                                ( 2.3.5 )

3U$E�K\ MVRX QDNUHVOHQ\ QD GDOãtP REUi]NX �

Obr. 2.3-15

8ND]XMH VH� åH PH]Qt NPLWRþHW fβ MH SRGVWDWQ� QLåãt QHå fα � 7R RYãHP ]QDPHQi� åH ]DSRMHQt
6( Pi WDNp SRGVWDWQ� KRUãt IUHNYHQþQt YODVWQRVWL QHå ]DSRMHQt 6% � þLOL DPSOLWXGRYi
FKDUDNWHULVWLND ]DþtQi NOHVDW QD PQRKHP QLåãtP NPLWRþWX� 9\VY�WOHQt MH WDNRYp� åH S�L ]DSRMHQt
6% �tGtPH HPLWRURYê SURXG D WHQ MH SUDNWLFN\ URYHQ SURXGX NROHNWRUX� �t]HQt MH WHG\ YHOPL
~þLQQp D U\FKOp� $YãDN S�L ]DSRMHQt 6( VH VQDåtPH YHONê SURXG NROHNWRUX �tGLW D RYOiGDW
β NUiW PHQãtP SURXGHP Ei]H� �t]HQt EXGH SURWR GDOHNR SRPDOHMãt� EXGX SRW�HERYDW ]KUXED

β NUiW Y�Wãt þDV QD WR� DE\FK VWHMQêP ]S$VREHP RYOLYQLO QiERMH XYQLW� WUDQ]LVWRUX� 3R]G�ML
XYLGtPH� MDN P$åHPH YKRGQêP ]DSRMHQtP REYRGX ]tVNDW OHSãt YêVOHGN\ � ]S�WQi YD]ED � �

%LSROiUQt WUDQ]LVWRU QHQt MHGLQêP ]QiPêP SRORYRGLþRYêP SUYNHP VFKRSQêP ]HVLORYDW�
%LSROiUQt VH PX �tNi SURWR� åH Y Q�P S$VREt VRXþDVQ� RED W\S\ QRVLþ$ SURXGX� WM� HOHNWURQ\ D
GtU\� ([LVWXMH YãDN �DGD SUYN$� NGH S$VREt MHQRP MHGHQ W\S QRVLþ$ � EX� WHG\ MHQRP HOHNWURQ\
QHER MHQRP GtU\� 7UDQ]LVWRU$P WRKRWR W\SX �tNiPH XQLSROiUQt�

2.4 Unipolární tranzistory

8QLSROiUQt WUDQ]LVWRU\ WDNp QD]êYiPH WUDQ]LVWRU\ �t]HQp HOHNWULFNêP SROHP D XåtYiPH SUR Q�
zkratku  FET ( Field Effect Transistor ).

.G\å MVPH UR]HEtUDOL YODVWQRVWL S � Q S�HFKRGX� GRãOL MVPH N ]iY�UX� åH QD VW\NX
SRORYRGLþH W\SX S D Q Y]QLNi S�HFKRGRYi REODVW� YH NWHUp H[LVWXMH HOHNWULFNp SROH� ât�ND WpWR
S�HFKRGRYp REODVWL VH P�Qt V S�LORåHQêP QDS�WtP D WR WDN� åH ãt�ND MH WtP Y�Wãt� þtP Y�Wãt MH
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]iY�UQp QDS�Wt� = WRKR WDNp SO\QH� åH S � Q S�HFKRG VH FKRYi Y ]iY�UQp REODVWL MDNR QDS�"RY�
závislá kapacita. VS�HFKRGRYp REODVWL QHMVRX SUDNWLFN\ åiGQp YROQp QRVLþH � HOHNWURQ\ D GtU\ ��
SURWR VH Mt WDNp �tNiYi RFKX]HQi YUVWYD� 3�HGVWDYPH VL Q\Qt WDNRYpWR XVSR�iGiQt

Obr. 2.4-1

3RODUL]XMHPH�OL S�HFKRG J � H Y LQYHU]QtP VP�UX� EXGHPH PRFL YHOLNRVWt ]iY�UQpKR QDS�Wt
P�QLW SU$�H] YRGLYpKR NDQiOX PH]L NROHNWRUHP D HPLWRUHP� D WHG\ L S�tSDGQê SURXG PH]L
W�PLWR GY�PD HOHNWURGDPL� (OHNWURG� R]QDþHQp * �tNiPH KUDGOR�

Proti bipolárnímu tranzistoru budeme mít výhodu vWRP� åH EXGHPH�OL �t]HQt S�LSRMRYDW
NH KUDGOX� EXGH SURXG ]DQHGEDWHOQ� PDOê � ]DY�HQê S�HFKRG �� 7DNRYê SUYHN WHG\ EXGH �t]HQ
SRX]H QDS�WtP � IG  ∼ 10-9 A / .

3RNXG E\ QDS�Wt PH]L NROHNWRUHP D HPLWRUHP E\OR ]DQHGEDWHOQ� PDOp WM� GHVHWLQ\ YROWX�
]$VWDOD E\ VLWXDFH WDNRYi MDN MVPH SRSVDOL� =Y�WãtPH�OL YãDN QDS�Wt PH]L NROHNWRUHP D
emitorem, bude existovat pole Ey � NWHUp VH EXGH SURMHYRYDW WDN� åH ]iY�UQp QDS�Wt SRGpO
KUDGOD EXGH U$]Qp � EXGH Y\ããt VP�UHP NH NROHNWRUX� 7R RYãHP Pi ]D QiVOHGHN� åH ãt�ND
RFKX]HQp YUVWY\ EXGH U$]Qi SRGpO KUDGOD � YL] Obr. 2.4-2 /.

Obr. 2.4-2

3�L GDOãtP ]YêãHQt QDS�Wt PH]L NROHNWRUHP D HPLWRUHP VH GRNRQFH PRKRX RE� RFKX]HQp YUVWY\
GRWNQRXW� $OH RG WRKR RNDPåLNX Xå GiOH NROHNWRURYê SURXG QHP$åH VWRXSDW D XVWiOt VH QD
Q�MDNp KRGQRW� GDQp Vge � 3URWR FKDUDNWHULVWLN\ WRKRWR WUDQ]LVWRUX EXGRX PtW GY� REODVWL �
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REODVW PDOêFK QDS�Wt Vce � NG\ SURXG MH ~P�UQê Vce D REODVW YHONêFK QDS�Wt Vce , kdy proud
prakticky nezávisí na Vce � WpWR REODVWL �tNiPH REODVW QDV\FHQt QHER VDWXUDFH � QH]DP��RYDW
sREODVWt VDWXUDFH X ELSROiUQtKR WUDQ]LVWRUX R Qtå EXGH �Hþ SR]G�ML � � � 3�L GDOãtP ]YêãHQt QDS�Wt
Vce  by došlo kODYLQRYpPX SU$UD]X PH]L NROHNWRUHP D HPLWRUHP� �

&KDUDNWHULVWLN\ WUDQ]LVWRUX � - � )(7 � -XQFWLRQ )(7 � 7UDQ]LVWRU �t]HQê SROHP � MVRX
na následujícím obrázku .

Obr. 2.4-3

7HQWR WUDQ]LVWRU P$åHPH SRXåtW YH IXQNFL SURP�QQpKR RGSRUX �t]HQpKR QDS�WtP Vge  / pro
PDOp QDS�Wt Vce MH SURXG OLQHiUQ� ]iYLVOê QD Vge /  - viz Obr. 2.4-4 .

Obr. 2.4-4

QHER � D WR MH þDVW�Mãt S�tSDG � Y VDWXURYDQp REODVWL MDNR ]HVLORYDþ V velmi malým vstupním
SURXGHP � QDS�� RSHUDþQt ]HVLORYDþ Pi QD YVWXSX WUDQ]LVWRU\ - � )(7 SUR SRGVWDWQp VQtåHQt
YVWXSQtFK SURXG$ � �

3RGREQ� MDNR MVPH VL XYHGOL QiKUDGQt obvod pro malý signál, který reprezentoval
IUHNYHQþQt ]iYLVORVWL WUDQ]LVWRUX ELSROiUQtKR� P$åHPH VL WRWpå XþLQLW L ]GH SUR S�tSDG - � )(7 �
8ND]XMH VH� åH Y WRPWR S�tSDG� VH EXGRX MDNR RPH]XMtFt MHYLW SDUD]LWQt NDSDFLW\ PH]L
MHGQRWOLYêPL HOHNWURGDPL D ]MHGQRGXãHQê QiKUDGQt REYRG P$åH Y\SDGDW WDNWR �

Obr. 2.4-5
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∂
∂ �                                            ( 2.4.1 )

.G\E\FKRP QDKUDGLOL S � Q S�HFKRG KUDGOR � HPLWRU S�HFKRGHP NRY � SRORYRGLþ� GRVWDOL
E\FKRP W]Y� 0(6)(7 � '$YRGHP MH WR� åH U\FKOHMãt WUDQ]LVWRU\ MVRX Y\UiE�Q\ QD Ei]L *D$V �
X NWHUpKR MH RYãHP YHOLNê UR]GtO PH]L YODVWQRVWPL HOHNWURQ$ D G�U MDNR QRVLþ$ SURXGX� 3URWR
QHO]H Y\WYR�LW ELSROiUQt WUDQ]LVWRU QD *D$V D MHGLQêP PRåQêP �HãHQtP MH XQLSROiUQt VWUXNWXUD
sS�HFKRGHP NRY � SRORYRGLþ � Q W\S WUDQ]LVWRUX � � ÒSUDYD WUDQ]LVWRUX 0(6)( ]D ~þHOHP
]tVNiQt OHSãtP Y\VRNRIUHNYHQþQtFK YODVWQRVWt Y oblasti desítek  GHz  se nazývá  TEGFET  a je
XåtYiQ S�HYiåQ� YH YQ�MãtFK MHGQRWNiFK GUXåLFRYp WHOHYL]H D PLNURYOQQêFK VSRMRYDFtFK
]D�t]HQtFK� � *D$V Pi Y\ããt SRK\EOLYRVW HOHNWURQ$ QHå 6L D WtP L PHQãt SU$OHWRYp GRE\ �

7UDQ]LVWRU\ �t]HQp SROHP V L]RORYDQêP KUDGOHP QD]êYiPH REHFQ� ,*)(7 D SRNXG MH
MDNR L]RODQW XåLW N\VOLþQtN N�HPLþLWê 6L22 � QD]êYiPH WHQWR WUDQ]LVWRU 026)(7 � 3U$�H]
tranzistorem  IGFET  máme na Obr. 2.4-6 .

Obr. 2.4-6

0iPH WHG\ GY� REODVWL W\SX Q QD VXEVWUiWX W\SX S � SRNXG PH]L NROHNWRU D HPLWRU S�LSRMtPH
QDS�Wt D QD KUDGOH � * � EXGH QXORYê SRWHQFLiO Y$þL HPLWRUX� MHGQi VH YODVWQ� R GY� GLRG\
]DSRMHQp SURWL VRE�

a v WRPWR XVSR�iGiQt ÄåiGQê³ SURXG QHWHþH� 9ãLPQHPH�OL VL EOtåH SRP�U$ SRG KUDGOHP þLOL YH
VP�UX x � SDN EH] QDS�Wt EXGH SiVRYê GLDJUDP Y\SDGDW DVL WDN� MDN MH LGHDOL]RYDQ� QD]QDþHQR
na Obr. 2.4-8 .

Obr. 2.4-7
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Obr. 2.4-8

3�LYHGHPH�OL Q\Qt N KUDGOX QDS�Wt � VG SURWL HPLWRUX� Y\WYR�tPH HOHNWULFNp SROH� NWHUp EXGH
RYOLY�RYDW Qiã SiVRYê GLDJUDP� �HNOL MVPH VL Xå� åH Y PtVW�� NGH MH HOHNWULFNp SROH� PXVt QXWQ�
dojít k RK\EX SiV$� (OHNWULFNp SROH EXGH ]DVDKRYDW GR WHQNp YUVWY\ SRORYRGLþH SRG YUVWYRX
N\VOLþQtNX� MDN MH QD]QDþHQR QD Obr. 2.4-9� NGH PiPH QDNUHVOHQR UR]ORåHQt SRWHQFLiOX SUR GY�
U$]Qp GRWDFH S � W\SX�

Obr. 2.4-9

� 5$]Qi P��tWND QD x - ose jsou, aby nedošlo kGLVNRQWLQXLW� YH VNORQX QD UR]KUDQt 6L22 a  Si ;
k0  a  ks  jsou relativní dielektrické konstanty  SiO2  a  Si  ./ Pásový diagram sS�LORåHQêP
QDS�WtP PH]L * D ( EXGH SRWRP Y\SDGDW WDNWR �

Obr. 2.4-10

Ei MH )HUPLKR ~URYH� YODVWQtKR SRORYRGLþH QDFKi]HMtFt VH XSURVW�HG ]DNi]DQpKR SiVX� 3RNXG
EXGH )HUPLKR ~URYH� SRG ~URYQt  Ei � MGH R SRORYRGLþ S � W\SX D SRNXG MH )HUPLKR ~URYH�
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nad úrovní  Ei � MHGQi VH SRORYRGLþ W\SX Q � 3URWRåH )HUPLKR ~URYH� ]$VWiYi Y oblasti
SRORYRGLþH NRQVWDQWQt � SURWRåH QHWHþH åiGQê SURXG YH VP�UX x � ]DEUD�XMH WRPX L]ROXMtFt
SiO2 � � VWiYi VH WHQNi YUVWYD SRORYRGLþH SRG KUDGOHP Då GR Y]GiOHQRVWL  xj SRORYRGLþHP
typu  n . Potom máme situaci takovouto :

Obr. 2.4-11

2E� REODVWL Q � W\SX N�HPtNX MVRX VSRMHQ\ LQGXNRYDQêP NDQiOHP W\SX Q D SR S�LSRMHQt
PDOpKR QDS�Wt PH]L NROHNWRU � GUDLQ � D HPLWRU � VRXUFH � SRWHþH WtPWR NDQiOHP SURXG
PDMRULWQtFK QRVLþ$ � HOHNWURQ$ D WHQWR SURXG EXGH ]iYLVHW QD QDS�Wt PH]L KUDGOHP D HPLWRUHP�
3�L ]YêãHQt QDS�Wt PH]L NROHNWRUHP D HPLWRUHP VH EXGH XSODW�RYDW SROH PH]L NROHNWRUHP D
emitorem a dojde ke stejnému efektu jako vS�tSDG� - � )(7X� 3URWR L FKDUDNWHULVWLN\ WRKRWR
WUDQ]LVWRUX MVRX YHOLFH SRGREQp Då QD SRODULWX D YHOLNRVW QDS�Wt QD KUDGOH� 7\SLFNp
charakteristiky vypadají takto :

Obr. 2.4-12

5RYQ�å L QiKUDGQt REYRG SUR PDOê VLJQiO MH VWHMQê � MDNê MVPH SR]QDOL X - � )(7X� .URP�

tranzistoru sLQGXNRYDQêP Q � NDQiOHP P$åHPH Y\WYR�LW L LQGXNRYDQê S � NDQiO D GRNRQFH
mohou být i tranzistory sY\WYR�HQêP � WHFKQRORJLFN\ � YRGLYêP NDQiOHP� NWHUê VH SROHP
]XåXMH � RFKX]RYDQê W\S�

6WHMQ� MDNR X S�HGHãOêFK W\S$ WUDQ]LVWRU$ MVRX MHMLFK YODVWQRVWL ]iYLVOp QD IUHNYHQFL� 2S�W
WHG\ P$åHPH GHILQRYDW PH]Qt NPLWRþHW 026)(7X D WR WDN� åH MH WR IUHNYHQFH� NGH WUDQ]LVWRU
S�HVWiYi ]HVLORYDW YVWXSQt VLJQiO� 8YDåXMHPH�OL QiKUDGQt REYRG WUDQ]LVWRUX D ]NUDWXMHPH
YêVWXSQt VYRUN\� P$åHPH VSRþtWDW SRP�U YêVWXSQtKR D YVWXSQtKR VLJQiORYpKR SURXGX�
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Obr. 2.4-13

9VWXSQt SURXG MH GiQ � PH]Qt IUHNYHQFH EXGLå fc /
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Zanedbáme-li proud tekoucí kapacitorem  Cgc  / výstupní svorky jsou zkratovány / , je
výstupní proud dán
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Kdybychom sledovali  MOSFET zKOHGLVND I\]LN\� GRVWDOL E\FKRP SUR WXWpå IUHNYHQFL

I
9

/&

Q &=
⋅

µ
π� �                                                  ( 2.4.3 )

kde  µn MH SRK\EOLYRVW HOHNWURQ$ �
&

&

Y (= ⋅µ  ) ,   Vc MH QDS�Wt QD NROHNWRUX D L  je délka
kanálu. Vyplývá z toho pracovat s materiálem sFR PRåQi QHMY�Wãt SRK\EOLYRVWt D ]HMPpQD
VQLåRYDW GpONX NDQiOX�

� 3RGREQêP ]S$VREHP MDNR MVPH GHILQRYDOL PH]Qt NPLWRþHW X 026)(7X � P$åHPH
GHILQRYDW L PH]Qt NPLWRþHW X ELSROiUQtKR WUDQ]LVWRUX � GRVWDQHPH W]Y� WUDQ]LWQt NPLWRþHW fT  ,
NWHUê MH EOt]Nê PH]QtPX NPLWRþWX  fα . /

Tranzistory typu MOSFET hrají dominantní roli v oblasti digitální elektroniky a se
]Y\ãXMtFtPL VH QiURN\ QD U\FKORVW SRþtWDþ$ Y]U$VWDO\ L SRåDGDYN\ QD PH]Qt NPLWRþW\ D WHG\
GpON\ NDQiO$� = S$YRGQtFK � Då �� µm  se délka hradla  L SRVWXSQ� VQLåRYDOD Då QD � µm  a
0,7 µP� 6RXþDVQ� VH ]PHQãRYiQtP UR]P�U$ VH ]Y�WãRYDOD KXVWRWD WUDQ]LVWRU$ QD þLSX� 7R VH
QHMYtFH SURMHYLOR X W]Y� G\QDPLFNêFK SDP�Wt� NWHUp ] S$YRGQtFK NLORELWRYêFK þLS$ þLOL þLS$
XFKRYiYDMtFtFK WLVtF ]iNODGQtFK LQIRUPDþQtFK MHGQRWHN � ELW$ � � QHER � � XFKRYiYDMt PLOLRQ\
ELW$ QD MHGQp GHVWLþFH � � � � � �� � �� 0ELW � D WR ]QDPHQi� åH QD MHGQp GHVWLþFH MH QDS�� DVL ��
PLOLRQ$ WUDQ]LVWRU$ 026 � 7DNRYRX KXVWRWX LQWHJUDFH XPRå�XMH WR� åH VWUXNWXUD MH VYRMt
podstatou samoizolující se.

8 ELSROiUQt WHFKQRORJLH PXVtPH SURYiG�W L]RODFL MHGQRWOLYêFK SUYN$ Y\WYR�HQtP S � Q
S�HFKRG$� NWHUp MVRX Y LQYHU]QtP VP�UX � YL] Obr. 2.4-14 .
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Obr. 2.4-14

D YH Y]QLNOêFK RVWU$YFtFK Y\WYi�HW WHSUYH SRW�HEQp SUYN\� 9 S�tSDG� 026 WUDQ]LVWRU$
Y\WYi�tPH NROHNWRURYp D HPLWRURYp REODVWL REUiFHQpKR W\SX SRORYRGLþH� D SURWR MH L]RODFH
S�HFKRGHP DXWRPDWLFNi � YL] Obr. 2.4-15 .

Obr. 2.4-15

V SRVOHGQtFK OHWHFK VH VWiOH YtFH XSODW�XMt REYRG\ &026 � FRå MH VSRMHQt GYRX WUDQ]LVWRU$
MOS  s kanálem  p  a  s kanálem  n .

Obr. 2.4-16

-HMLFK YHONRX YêKRGRX MH� åH Y NOLGRYpP VWDYX QHRGHEtUDMt SURXG� SURWRåH YåG\ MHGHQ
z WUDQ]LVWRU$ MH X]DY�HQ� 1DFKi]HMt SRXåLWt Y moderní digitální elektronice.

'DOãt Yê]QDPQRX REODVWt XåLWt WUDQ]LVWRU$ 026 MH YêNRQRYi HOHNWURQLND� NWHUi XåtYi
YêNRQRYêFK 026 WUDQ]LVWRU$ SUR VStQiQt � H[LVWXMH �DGD YDULDQW 6,3026 � 9 � 026 � DWG� ��

'DOãt SRORYRGLþRYp SUYN\ D ]S$VRE\ MHMLFK XåLWt VL SRQHFKiPH SUR GUXKê VHPHVWU�
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3. 7UDQVIRUPDFH þDVRY� ]iYLVOêFK VLJQiO$

3.1 7UDQVIRUPiWRU\ VH VRXVW�HG�QêPL SDUDPHWU\

0�MPH GY� LQGXNþQRVWL Yi]DQp PDJQHWLFNêP SROHP� ,QGXNþQRVW SUYQt FtYN\ EXGLå L1  a
LQGXNþQRVW GUXKp  L2 � 9]iMHPQRX LQGXNþQRVW R]QDþPH M .

Obr. 3.1-1

H W ( H
M W

� �
� � =

ω
             H W ( H

M W
� �
� � =

ω
                      ( 3.1.1 )

3UR QD]QDþHQê REYRG EXGRX SODWLW URYQLFH

( M / , M 0,
� � � �

= +ω ω            ( M / , M 0,
� � � �

= +ω ω                ( 3.1.2 )

kde  E1  ,  E2  ,  I1  a  I2  jsou fázory.
3URWRåH VH MHGQi R UHFLSURNê REYRG� MH KRGQRWD M  v obou rovnicích stejná. V první

�DG� QiV EXGH ]DMtPDW� MDNp SRP�U\ PRKRX QDVWDW PH]L YHOLNRVWPL L1 , L2  a M � 0iPH GY�

PRåQRVWL � YH VWDYX� NWHUê PiPH� VSRMtPH RE� LQGXNþQRVWL MHGQRX GR VpULH D SRGUXKp SDUDOHOQ�

D YêVOHGNHP EXGH YåG\ Q�MDNi LQGXNþQRVW� � 7HþN\ R]QDþXMt ]DþiWN\ YLQXWt �� 'RVWDQHPH W\WR

dva obvody :

1/ sériové spojení

    

          Obr. 3.1-2

Vezmeme-li variantu  a/ , pak     i1(t) = i2(t) = i(t) D P$åHPH SViW

M / , M 0, M / , M 0, (ω ω ω ω
� � �

+ + + =                ,
(

M / / 0
=

+ +
�

� �
�ω � �

3UR GUXKê REYRG E\FKRP GRVWDOL SRGREQ�

                                                                ,
(

M / / 0
=

+ −
�

� �
�ω� �
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Z WRKR WHG\ SO\QH� åH HNYLYDOHQWQt LQGXNþQRVW Y S�tSDG� VpULRYpKR VSRMHQt EXGH SUR RE�

kombinace
/ / / 0
HNY

= + ±
� �

�                                     ( 3.1.3 )

3UDNWLFNê G$VOHGHN � P��tPH�OL GY� LQGXNþQRVWL Y]iMHPQ� VYi]DQp D EXGH�OL YêVOHGHN P��HQt

L1  a  L2 � QHQt YêVOHGQi LQGXNþQRVW / / /≠ +
� �   , ale hodnota výše uvedená

/ / 0
� �

�+ ± .

�� .G\E\FKRP Q\Qt VSRMLOL RE� LQGXNþQRVWL SDUDOHOQ�� GRVWDOL E\FKRP

Obr. 3.1-3

( M / , M / , M 0,
� � � � � �

= − +ω ω ω

� �
� � � � � � � �

= − + + + −M / , M 0, M / , M / , M 0,ω ω ω ω ω

.G\E\FKRP XYiåLOL NRPELQDFH VP\VO$ YLQXWt� GRVWDOL E\FKRP SUR SDUDOHOQt VSRMHQt SUR U$]Qp

kombinace

/
/ / 0

/ / 0
HNY

=
−

+ ±
� �

�

� �

                                          ( 3.1.4 )

9êVOHGQi HNYLYDOHQWQt LQGXNþQRVW YãDN PXVt EêW Y�Wãt QHå QXOD� D SURWR / / 0
� �

� �⋅ − ≥ .
Z ~YDK\ Y\SOêYi� åH I\]LNiOQ� UHDOL]RYDQi Y]iMHPQi LQGXNþQRVW PXVt EêW PHQãt QHå XGiYDMt

vztahy

0
/ /

=
+

� �

�
                           0 / /=

� �                    ( 3.1.5 )

'UXKê Y]WDK GiYi PHQãt KRGQRWX� D MH SURWR RPH]XMtFtP Y]WDKHP� 9D]EX PH]L GY�PD

LQGXNþQRVWPL WHG\ EXGHPH PtW Y mezích  0 Då  Mmax � =DYH�PH SURWR NRHILFLHQW YD]E\ k
PH]L GY�PD LQGXNþQRVWPL

0 / /
PD[

=
� �                     N

0

/ /
=

� �

                        ( 3.1.6 )

k P$åH QDEêYDW KRGQRW RG QXO\ GR MHGQLþN\�

8YDåXMPH Q\Qt GY� LQGXNþQRVWL Yi]DQp Y]iMHPQRX LQGXNþQRVWt� D WR WDN� åH SODWt

E2 = N⋅E1 , kde  N MH Q�MDNi UHiOQi NRQVWDQWD NODGQi D FKFHPH WRWR UHDOL]RYDW ]D SRPRFt

transformátoru.
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Máme tedy obvod

Obr. 3.1-4
3DN P$åHPH QDSVDW W\WR URYQLFH

( M / , M 0,
� � � �

= +ω ω             1( M 0, M / ,
� � � �

= +ω ω

Z W�FKWR URYQLF SO\QH� åH

1
0, / ,

/ , 0,
=

+
+

� � �

� � �

3�HGSRNOiGHMPH GiOH� åH EXGH SODWLW I1⋅E1 = I2⋅E2 . Pak dostaneme

1
01 /

/ 1 0
=

+
+

�

�

D WHG\ P$åHPH Y\SRþtWDW 1

1
/

/

Q

Q
= =�

�

�

�

                                             ( 3.1.7 )

Poslední rovnost plyne zWRKR� åH LQGXNþQRVW FtYN\ MH ~P�UQi NYDGUiWX SRþWX ]iYLW$� %XGH�OL

Qiã LGHiOQt WUDQVIRUPiWRU QD VHNXQGiUQt VWUDQ� ]DWtåHQ Q�MDNRX LPSHGDQFt  Z , bude

VDPR]�HMP� SODWLW  E2 = I2⋅Z � D WR P$åHPH SViW 1( , = , = 1
� � �

= = �   nebo-li

(

,

=

1

�

�

�
=                                                  ( 3.1.8 )

=QDPHQi WR� åH X LGHiOQtKR WUDQVIRUPiWRUX MH LPSHGDQFH WUDQVIRUPRYiQD VH þWYHUFHP S�HYRGX�

3RWRP WHG\ NDåGê REYRG REVDKXMtFt LGHiOQt WUDQVIRUPiWRU P$åHPH S�HNUHVOLW QD QiKUDGQt

obvod

Obr. 3.1-5
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1D ]iNODG� S�HGFKR]tFK ~YDK MVPH XUþLOL MDNê PXVt EêW X LGHiOQtKR WUDQVIRUPiWRUX SRP�U

YHOLNRVWt RERX LQGXNþQRVWt� DOH QHYtP QLF R MHMLFK KRGQRWiFK� 8YDåXMPH SURWR GiOH REYRG SRGOH

obrázku :

Obr. 3.1-6

3�HGSRNOiGHMPH� åH NRHILFLHQW YD]E\ N dosahuje limitní hodnoty, to znamená  L1⋅L2 - M
2 = 0

D LQGXNþQRVWL PDMt NRQHþQp KRGQRW\� 3UR Qiã REYRG P$åHPH SViW URYQLFH

( M / , M 0,
� � � �

= +ω ω                 � � � � �
= + +M 0, M / , =,ω ω

Z W�FKWR URYQLF Y\SRþWHPH SRP�U  I1/E1

,

(

M / =

0 / / M / =

�

�

�

� �

� � �

=
+

− +
ω

ω ω� �

D SRXåLMHPH�OL M2 = L1L2 , bude

<
,

( M /

1

=YVW
= = +�

� �

��

ω                                        ( 3.1.9 )

Této rovnici odpovídá ekvivalentní obvod podle obrázku

         Obr. 3.1-7

$E\ VH WDNRYê WUDQVIRUPiWRU EOtåLO VYêPL YODVWQRVWPL LGHiOQtPX� PXVHO E\ SURXG iL1 být
nulový, a proto  L1 E\ PXVHOD EêW QHNRQHþQ� YHOLNi� 1iKUDGQt VFKpPD QDãHKR WUDQVIRUPiWRUX

P$åHPH WDNp QDNUHVOLW WDNWR �

              

Obr. 3.1-8



81

0�MPH Q\Qt REHFQê S�tSDG GYRX LQGXNþQRVWt Yi]DQêFK PDJQHWLFNêP SROHP WYR�tFtFK

WUDQVIRUPiWRU� 1D UR]GtO RG S�HGFKR]tFK S�tSDG$ PDMt YãDN LQGXNþQRVWL NRQHþQp KRGQRW\ D

NRHILFLHQW YD]E\ EXGH PHQãt QHå MHGQLþND� 1Dãt VQDKRX Q\Qt EXGH ]tVNDW HNYLYDOHQWQt REYRG

WDNRYpKR WUDQVIRUPiWRUX D QD MHKR ]iNODG� VH SRNXVLW RGKDGQRXW YODVWQRVWL UHiOQêFK

WUDQVIRUPiWRU$� 3RNXVPH VH Q\Qt S�HYpVW WHQWR S�tSDG QD Q�MDNê� NWHUê MVPH Xå �HãLOL�

Obr. 3.1-9
Tento obvod je popsán rovnicemi

( M / , M 0,
� � � �

= −ω ω             ( M / , M 0,
� � � �

= − +ω ω               ( 3.1.10 )

3URWRåH NRHILFLHQW YD]E\ MH PHQãt QHå MHGQLþND� ]QDPHQi WR� åH LQGXNþQRVWL L1  a  L2  jsou
SRQ�NXG Y�Wãt QHå E\ RGSRYtGDOR NRHILFLHQWX YD]E\ URYQpPX MHGQRWFH� 3�HP�QtPH WHG\ WHQWR

obvod na jiný sMHGQRWNRY� Yi]DQêPL LQGXNþQRVWPL�

Obr. 3.1-10

Obr. 3.1-11

3URWRåH  L1 - La  a  L2 - Lb  mají mezi sebou jednotkový koeficient vazby, platí

0 / / / /
D E

�

� �
= − −� �� �                                  ( 3.1.11 )
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2EYRG� NWHUê MVPH QDNUHVOLOL WHG\ XåtYi QDãLFK SR]QDWN$ R MHGQRWNRY� Yi]DQêFK LQGXNþQRVWHFK

D P$åHPH SUR Q�M SViW URYQLFH

( M / , (
D [� �

= +ω           ( M / , 1,
[ P

= −ω � �
� �          ( M / , ( 1

E [� �
= − +ω

D P$åHPH SRURYQiYDW NRHILFLHQW\ S$YRGQtFK URYQLF V W�PLWR D GRVWDQHPH

/ / /
D P�

= +               0 / 1
P

=              / / 1 /
E P�

�= +            ( 3.1.12 )

'RVWDOL MVPH W�L URYQLFH D PiPH þW\�L QH]QiPp YHOLþLQ\ � La , Lb , Lm , N � � 0$åHPH VL SURWR

MHGQX YHOLþLQX ]YROLW V WtP� åH YROED PXVt PtW I\]LNiOQt VP\VO� = S�HGFKi]HMtFtFK URYQLF SO\QH

/ /
0

1D
= −

�              /
0

1P
=                   / / 01

E
= −

�            ( 3.1.13 )

V UHiOQpP S�tSDG� DOH � � �/ /
D E

≥ �   , a proto musí platit             
0

/
1

/

0
�

�≤ ≤    .

=YROtPH�OL QDS��  N  tak, aby  Lb = 0    ⇒    N = L2/M  , bude pro  N
0

/ /
=

� �

po dosazení         1
N

/

/
=

�
�

�

       / / N
D

= −
�

��� �          / N /
P

= �

               ( 3.1.14 )

D QiKUDGQt REYRG WDNRYpKR WUDQVIRUPiWRUX ]DWtåHQpKR LPSHGDQFt = bude

Obr. 3.1-12

D WHQWR REYRG P$åHPH QD ]iNODG� QDãLFK ]QDORVWt S�HNUHVOLW

Obr. 3.1-13

8 E�åQpKR UHiOQpKR WUDQVIRUPiWRUX EXGH  k → 1 . Potom  σ = L1(1-k2) ≅ 2L1(1-k)  bude

PDOi LQGXNþQRVW � �tNiPH Mt UR]SW\ORYi D Lm = k2⋅L1 EXGH ]KUXED URYQD LQGXNþQRVWL SULPiUX

� PDJQHWL]DþQt LQGXNþQRVW � �
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V S�tSDGHFK� NG\ WUDQVIRUPiWRU PXVt EêWL RGROQê SURWL ]NUDWX WM� S�tSDG  Z → 0 � WR MH S�tSDG

]YRQNRYpKR WUDQVIRUPiWRUX� DOH ]HMPpQD VYi�HFtFK WUDQVIRUPiWRU$ S�L ]DSDORYiQt REORXNX PXVt

naopak  σ EêW SRP�UQ� YHONi� SURWRåH MH WR SUiY� MHQRP RQD� NWHUi RPH]XMH SURXG WHNRXFt GR

transformátoru vS�tSDG� ]NUDWX QD VHNXQGiUX � UHDOL]DFH Y]GXFKRYRX PH]HURX � �

8 VNXWHþQpKR WUDQVIRUPiWRUX VH EXGH MHãW� XSODW�RYDW NDSDFLWD YLQXWt� WDNåH NRQHþQê

náhradní obvod bude

Obr. 3.1-14

7HQWR QiKUDGQt REYRG E\FKRP PRKOL SRXåtW SUR RGYR]HQt DPSOLWXGRYp� Ii]RYp D GDOãtFK

FKDUDNWHULVWLN� -GH YãDN R REYRG REVDKXMtFt W�L SUYN\ VFKRSQp KURPDGLW HQHUJLL� D WR ]QDPHQi�

åH E\ E\O SRSViQ GLIHUHQFLiOQt URYQLFt W�HWtKR �iGX� �HãLW WRWR QHEXGHPH � VStãH VL �HNQHPH

Yê]QDP SUYN$ �

σ � UR]SW\ORYi LQGXNþQRVW EUiQt SU$FKRGX SURXGX ]HMPpQD QD Y\VRNêFK NPLWRþWHFK D X

E�åQpKR WUDID E\ P�OD EêW FR QHMPHQãt

Lm � PDJQHWL]DþQt LQGXNþQRVW E\ P�OD PtW QDRSDN FR QHMY�Wãt KRGQRWX � QD Qt]NêFK NPLWRþWHFK

omezuje  e2(t)
C � NDSDFLWD YLQXWt � S�tSDGQ� WUDQVIRUPRYDQi NDSDFLWD ]iW�åH E\ P�OD EêW FR QHMPHQãt �

omezuje vREODVWL Y\VRNêFK NPLWRþW$�

Abychom dosáhli maximální  Lm , minimální  σ  a omezili tak i  C � QDYLQHPH LQGXNþQRVWL

NROHP VSROHþQpKR IHURPDJQHWLFNpKR MiGUD � VSHFLiOQt åHOH]Qp SOHFK\ SURILOX ( , QHER 0 QHER

MiGUD W\SX & QHER KUQtþNRYi L WRURLGQt MiGUD � � 9ODVWQRVWt W�FKWR IHURPDJQHWLFNêFK PDWHULiO$

MH YãDN W]Y� K\VWHUH]H Y\]QDþXMtFt VH QD JUDIX ]iYLVORVWL B  na  H þLOL LQGXNFH QD LQWHQ]LW�

PDJQHWLFNpKR SROH K\VWHUH]Qt VP\þNRX � YL] Obr. 3.1-15 .

                                                                 Obr. 3.1-15
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V G$VOHGNX Y\VRNp SHUPHDELOLW\ þLOL SRP�UX B/H = µ VWRXSQH PQRKRQiVREQ� LQGXNþQRVW

Lm D WHG\ EXGH L RPH]HQ SURXG WRXWR LQGXNþQRVWt WHNRXFt� %XGHPH�OL PtW RERXVWUDQQê þLOL

VW�tGDYê SU$E�K D EXGHPH�OL ]Y�WãRYDW H , bude se zvyšovat  B Då GRViKQHPH QDV\FHQt� NG\

B MLå GiOH QHY]U$VWi� 7RPXWR UHåLPX MH QXWQp VH Y\KQRXW�

Jiná je ovšem situace vS�tSDG� SU$E�K$ MHGQp SRODULW\ QDS�� LPSXOVQtFK SU$E�K$� NG\

~þLQQi SHUPHDELOLWD MH QLåãt � DVL �[ Då �[ � QHå SRþiWHþQt SHUPHDELOLWD� .RQHþQ� EXGHPH�OL

SURGOXåRYDW ãt�NX S�HQiãHQpKR LPSXOVX � MHGQRVP�UQpKR � � EXGH SODWLW

H Q
G

GW

Q

1
$
G%

GW� �

�= =
Φ

                                    ( 3.1.15 )

kde  A MH SU$�H] � SORFKD S�tþQpKR SU$�H]X � MiGUD� ,QWHJUXMHPH�OL SRVOHGQt URYQLFL Y mezích
0 Då  t , dostaneme

%
H 1

$Q
GW NRQVW W

W

= = ⋅∫ �

��

�                                   ( 3.1.16 )

V WRPWR S�tSDG� WHG\ PDJQHWLFNi LQGXNFH QDU$VWi OLQHiUQ� V þDVHP� =QDPHQi WR� åH QDS�� SUR

MHGQRVP�UQp LPSXOV\ GpON\  T1  nedosáhneme  Bsat  a pro impulsy délky  T2 > T1  budeme
v nasycení.

4. (OHNWULFNp WRþLYp VWURMH � PRWRU\

(OHNWULFNp WRþLYp VWURMH � PRWRU\ � P�Qt HOHNWULFNRX HQHUJLL QD HQHUJLL PHFKDQLFNRX� 9 ]iVDG�

UR]H]QiYiPH VWURMH QD SURXG VW�tGDYê � QHMþDVW�ML WURMIi]RYê � D QD VWURMH QD SURXG

VWHMQRVP�UQê� -DN XYLGtPH� Y n�NWHUêFK S�tSDGHFK WDWR KUDQLFH QHPXVt H[LVWRYDW� 3UREHUPH

QHMSUYH VWURMH QD VW�tGDYê SURXG�

4.1 Asynchronní motory

3�HGVWDYPH VL VWDWRU PRWRUX� Y MHKRå GUiåNiFK MVRX QDYLQXWD YLQXWt W�t Ii]t WDN� åH WDWR YLQXWt

MVRX SUDYLGHOQ� JHRPHWULFN\ UR]PtVW�QD SR REYRG� � YL] QiVOHGXMtFt REUi]HN�

                                      Obr. 4.1-1
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9LQXWt ����� MVRX SURWpNiQD SURXG\ W�t Ii]t þLOL S�tVOXãQp SURXG\ EXGRX

L , W
P�

= VLQω        L , W
P�

� �= −VLQ� � �ω π          L , W
P�

� �= +VLQ� � �ω π       ( 4.1.1 )

3URXG SURWpNDMtFt FtYNRX Y\EXGt SROH� NWHUp EXGH ~P�UQp WRPXWR SURXGX D EXGH NROPp QD

URYLQX FtYN\� 2]QDþtPH�OL WRWR SROH F1 , F2 , F3 � GRVWDQHPH SUR Q� Y]WDK\ �

) ) W
P�

= VLQω     ) ) W
P�

� �= −VLQ� � �ω π       ) ) W
P�

� �= +VLQ� � �ω π     ( 4.1.2 )

7RWR MVRX SROH RG MHGQRWOLYêFK YLQXWt SURWpNDQêFK Ii]RYêPL SURXG\� $E\FKRP XUþLOL VNXWHþQp

pole sRKOHGHP QD JHRPHWULFNp XVSR�iGiQt YLQXWt SR REYRGX VWDWRUX� PXVHOL E\FKRP YãHFKQD

WDWR SROH VHþtVW V RKOHGHP QD YHOLNRVW L VP�U Y SURVWRUX� 5R]ORåPH WDWR W�L SROH GR VORåHN YH

VP�UX  x  a  y D VORåN\ VHþW�PH� 8UþtPH�OL VORåN\  F1x , F2x , F3x D VWHMQ� F1y , F2y , F3y ,
dostaneme :

Obr. 4.1-2
Bude tedy platit

Φ
[ [ [ [

) ) )= + +
� � �            Φ \ \ \ \

) ) )= + +
� � �

Φ
[ P P

) W ) W= − − ⋅ + + ⋅� � � � � � �VLQ� � � FRV � VLQ� � � FRV �ω π π ω π π

Φ
\ P P P

) W ) W ) W= − − ⋅ − + ⋅VLQ VLQ� � � VLQ � VLQ� � � VLQ �ω ω π π ω π π� � � � � �

Dostáváme tedy

Φ
[ P

) W=
�

�
FRVω               Φ \ P

) W=
�

�
VLQω                     ( 4.1.3 )

Nakonec tedy jako výsledek dostáváme

Φ Φ Φ= + =
[ \ P

)� �
�

�
                                 ( 4.1.4 )

FRå ]QDPHQi� åH SROH Pi NRQVWDQWQt YHOLNRVW  3⋅Fm/2 D RWiþt VH ~KORYRX U\FKORVWt ω = 2πf .
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Obr. 4.1-3

Mechanická úhlová rychlost je dána  ω π
P

Q
= �

��
� NGH Q MH SRþHW RWiþHN ]D PLQXWX�

.G\E\ SODWLOR� åH PHFKDQLFNi ~KORYi U\FKORVW MH VWHMQi MDNR HOHNWULFNi ~KORYi U\FKORVW� SDN

� �
��

π πI
Q

=       ⇒       Q I= ��                                  ( 4.1.5 )

=QDPHQi WR WHG\� åH Y QDãHP XVSR�iGiQt Pi SROH NRQVWDQWQt YHOLNRVW D RWiþt VH V\QFKURQQtPL

RWiþNDPL  n = 60f� 9]QLNOR W]Y� WRþLYp SROH� -H ]�HMPp� åH NG\E\FKRP XVSR�iGDOL SR REYRGX

statoru cívky tak, aby se vše  p � NUiW ]RSDNRYDOR� EXGRX V\QFKURQQt RWiþN\ n = 60⋅f / p.
� 3RWRP QDS�� SUR p = 2  budou  n = 1500 ot/min ./

3ROH VH EXGH WRþLW REUiFHQ�� MHVWOLåH S�HKRGtPH GY� Ii]H�

Obr. 4.1-4

9ORåtPH�OL GR GXWLQ\ VWDWRUX URWRU QHVRXFt MHGQRGXFKp NOHFRYp YLQXWt� NWHUp VH VNOiGi

z QHL]RORYDQêFK W\þt YORåHQêFK GR GUiåHN URWRUX D VSRMHQêFK QDNUiWNR þHOQtPL NUXK\� SRWRP

WRþLYp PDJQHWLFNp SROH EXGH LQGXNRYDW Y W\þtFK SURXG\�

Obr. 4.1-5
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7\WR SURXG\ VSROHþQ� V WRþLYêP PDJQHWLFNêP SROHP Y\WYi�HMt VtO\ YH VP�UX SRK\EX WRþLYpKR

SROH� 6RXKUQ YãHFK VLO � WDQJHQFLiOQtFK � QiP GiYi XåLWHþQê WRþLYê PRPHQW VWURMH� NWHUê S$VREt

YH VWHMQpP VP�UX MDNR WRþLYp SROH�

-H ]�HMPp� åH VH URWRU QLNG\ QHP$åH SRK\ERYDW V\QFKURQQtPL RWiþNDPL� SURWRåH Y WRP S�tSDG�

se vW\þtFK URWRUX QLF QHLQGXNXMH � QHSURFKi]t MLPL åiGQê SURXG� 3URWR YåG\ PHFKDQLFNp RWiþN\

W�FKWR PRWRU$ MVRX WURFKX QLåãt � QDS�� ���� SURWL ���� � � 3URWR WDNp W�PWR VWURM$P �tNiPH

asynchronní motory  ( s kotvou nakrátko ) .
5R]GtO PH]L V\QFKURQQtPL D DV\QFKURQQtPL RWiþNDPL QD]êYiPH VNOX]� -H ]�HMPp� åH X

W�FKWR PRWRU$ QHP$åHPH OLERYROQ� P�QLW RWiþN\ � W\ MVRX GiQ\ Vt"RYêP NPLWRþWHP D SRþWHP

SyORYêFK SiU$ S VWDWRUX D VNOX]HP� NWHUê E�åQ� þLQt Q�NROLN SURFHQW�

Asynchronní motor sNRWYRX QDNUiWNR MH QHME�åQ�Mãt D QHMVSROHKOLY�Mãt PRWRU Y$EHF� -HKR GDOãt

YêKRGRX MH L WR� åH ]D FKRGX QH]S$VREXMH UXãHQt� 0i YãDN SRP�UQ� PDOê ]iE�URYê PRPHQW�

6YRUNRYQLFH DV\QFKURQQtKR PRWRUX S�L VSRMHQt GR KY�]G\

Obr. 4.1-6
a spojení do trojúhelníku

Obr. 4.1-7
6SRXãW�Qt DV\QFKURQQtKR PRWRUX �

V RNDPåLNX VSRXãW�Qt RGHEtUi DV\QFKURQQt PRWRU Q�NROLNDQiVREQ� Y�Wãt SURXG � �[ Då �[ �

QHå MH MHKR SURXG QRPLQiOQt� 7R MH RYãHP QHYêKRGQp� SURWRåH MVRX ]YêãHQp QiURN\ QD Vt" D

jsou problémy sMLãW�QtP PRWRUX� =D�DGtPH�OL GR S�tYRGX PRWRUX SRMLVWN\� SDN MH PXVtPH

z WRKRWR G$YRGX GLPHQ]RYDW QD SRGVWDWQ� Y\ããt SURXG� DOH SDN QHFKUiQt PRWRU QDS�� S�L

]iYLWRYpP ]NUDWX� �HãHQtP MVRX MLVWLþH VH ]SRåG�QêP ~þLQNHP � R]QDþRYDQp 0 �� 0HWRG

VSRXãW�Qt MH Q�NROLN �
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�� 3�tPp S�LSRMHQt PRWRUX QD Vt"

Obr. 4.1-8

%�åQ� VH XåtYi QD VSRW�HELWHOVNp VtWL SUR PHQãt YêNRQ\ � GR � N: � MLQGH YãXGH WDP� NGH QHYDGt

veliký proudový náraz - rozhoduje vWRP �DGD IDNWRU$ D NDåGê S�tSDG MH QXWQp �HãLW

LQGLYLGXiOQ�� 7DNWR VH VSRXãW�Mt PRWRU\ Då GR YêNRQX �� N:�

�� 6SRXãW�Qt KY�]GD � WURM~KHOQtN

       Obr. 4.1-9

1RUPiOQ� PRWRU SUDFXMH V YLQXWtPL VSRMHQêPL GR WURM~KHOQtNX � WR ]QDPHQi� åH Y síti
�������9 MH QD NDåGp FtYFH Y E�KX ��� 9� 6SRXãWt VH DOH WDN� åH MH ]DSRMHQ GR KY�]G\ D WR

]QDPHQi� åH QD NDåGp FtYFH MH ��� 9� 9ãHFK ãHVW YLQXWt MH S�LSRMHQR N S�HStQDþL KY�]GD �

WURM~KHOQtN� NWHUê PXVt ]DEH]SHþLW U\FKOp S�HSQXWt� 9 SURYR]X GR KY�]G\ GiYi PRWRU SRX]H

W�HWLQRYê YêNRQ� 0RWRU YãDN P$åH QHRPH]HQ� GORXKR SUDFRYDW YH VSRMHQt GR KY�]G\�

�� 6SRXãW�Qt ]PHQãHQêP QDS�WtP

Do série sYLQXWtPL VH ]D�D]XMt RGSRU\� 3URWRåH VH YãDN ]iE�URYê PRPHQW P�Qt V kvadrátem
]iE�URYpKR SURXGX� MH WRWR �HãHQt QHYêKRGQp � RPH]tPH�OL ]iE�URYê SURXG QD SRORYLQX� NOHVQH

]iE�URYê PRPHQW QD þWYUWLQX �� 3URWR VH WHQWR ]S$VRE XåtYi PiOR� -H PRåQp Y\XåtW L

W\ULVWRURYêFK UHJXOiWRU$� 8 PHQãtFK PRWRU$ VH ]D�D]XMH RGSRU GR MHGQp Ii]H� D WtP VH GRViKQH

]PHQãHQt ]iE�URYpKR PRPHQWX D MHPQpKR UR]E�KX � WH[WLOQt VWURMH � DSRG���

4/ Motor sNURXåNRYRX NRWYRX

5RWRU WRKRWR PRWRUX Pi W�L YLQXWt Y\YHGHQp QD NURXåN\� 3�L UR]EtKiQt MH XåLWR UHJXODþQtFK

RGSRU$� NWHUp SRVWXSQ� Y\�D]XMHPH� Då QDNRQHF VSRMtPH NRWYX QDNUiWNR� 'QHV VH W\WR PRWRU\

XåtYDMt SUR Y�Wãt YêNRQ\ RG �� N:� /]H GRViKQRXW SO\QXOpKR UR]E�KX L S�L YHONêFK ]DWtåHQtFK
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VHWUYDþQêPL KPRWDPL� 1HYêKRGRX MH VORåLW�Mãt PRWRU D Y\ããt FHQD� 8 Y�WãtFK PRWRU$ VH SR

UR]E�KX ]NUDWXMt NURXåN\ D XKOtN\ VH ]YHGQRX� DE\ VH ]E\WHþQ� QHRSRW�HERYiYDO\� .URXåNRYi

kotva je navinuta z izolovanéhoGUiWX D MH ]DSRMHQD GR KY�]G\� 6FKpPD PRWRUX V NURXåNRYRX

kotvou je na následujícím obrázku :

Obr. 4.1-10

�t]HQt U\FKORVWL RWiþHQt DV\QFKURQQtFK PRWRU$ � O]H Y\XåtW ]�HMP� W\WR PRåQRVWL �

D� ]P�QD SRþWX SyO$ � SyORYêFK SiU$ � � O]H VNRNRY� P�QLW RWiþN\

Motor 2WiþN\ p
dvoupólový 2700-2850 1
þW\�SyORYê 1350-1440 2
šestipólový 890-910 3
osmipólový 665-690 4

E� ]P�QRX NPLWRþWX QDSiMHFtKR QDS�Wt

F� ]P�QRX RGSRUX YH YLQXWt URWRUX X NURXåNRYêFK PRWRU$

G� ]P�QRX QDSiMHFtKR QDS�Wt

.URP� ]S$VRE$ D� � E� YãDN GRVDKRYDQp ]P�Q\ RWiþHN MVRX SRP�UQ� PDOp�

4.2 Jednofázové motory

8 GUREQêFK VSRW�HELWHO$ QHEêYi YåG\ N GLVSR]LFL W�tIi]RYê SURXG� , ]GH E\ VH YKRGQ� XSODWQLO

princip asynchronního motoru zG$YRGX MHGQRGXFKRVWL D QHQiURþQRVWL Y provozu. Zapneme-li
MHQ GY� VYRUN\ HOHNWURPRWRUX � W�HED 6; D 6< � V NRWYRX QDNUiWNR� PRWRU MHQRP EUXþt D

nerozebíhá se. Jednofázový proud vQ�P Y\YRODO SRX]H VWRMDWp � NPLWDMtFt � SROH� QLNROLY SROH

WRþLYp� 6WRMDWp NPLWDMtFt PDJQHWLFNp SROH VLFH LQGXNXMH Y W\þtFK URWRUX SURXG\� DOH MLPL

Y\YRODQp WDQJHQFLiOQt VtO\ VH QDY]iMHP UXãt� =H ]NXãHQRVWL YãDN YtPH� åH S�HUXãtPH�OL MHGHQ
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S�tYRG MLå UR]HE�KQXWpKR DV\QFKURQQtKR PRWRUX� WDN PRWRU E�åt GiOH � SRNXG KR RYãHP

]DW�åXMHPH PD[LPiOQ� QD ��� �� -H Wpå ]QiPR� åH WURMIi]RYê PRWRU ]DSRMHQê MHGQRIi]RY�� WM�

SRX]H QD GY� Ii]H� VH UR]HE�KQH� GiPH�OL PX Q�MDNRX SRþiWHþQt PHFKDQLFNRX U\FKORVW � D WR

EX� MHGQtP QHER GUXKêP VP�UHP SRGOH WRKR MDN KR UR]WRþtPH �� 7R WHG\ ]QDPHQi� åH

v MHGQRIi]RY� ]DSRMHQpP DV\QFKURQQtP PRWRUX VH Y\WYR�t WRþLYp SROH YOLYHP SURXG$

indukovaných v rotoru. Jde tedy vSRGVWDW� R WR� MDNêP ]S$VREHP ]DMLVWLW SRþiWHþQt UR]E�K

PRWRUX� -H Q�NROLN ]iVDGQtFK ]S$VRE$ �HãHQt WRKRWR SUREOpPX�

a/ Pomocná odporová fáze

6WDWRU MH QDYLQXW WDN� åH REVDKXMH YLQXWt KODYQt Ii]H � GLPHQ]RYDQp QD ãWtWNRYê YêNRQ � D

SRPRFQp Ii]H WDN� åH RV\ PDJQHWLFNêFK SROt MVRX Y]iMHPQ� NROPp� � 7RþLYp SROH W�tIi]RYpKR

motoru vzniklo vS�tSDG�� åH SURXG\ MHGQRWOLYêFK Ii]t þDVRY� SRVXQXWêFK SURFKi]HMt YLQXWtPL,
NWHUp MVRX SURVWRURY� SRRWRþHQ\ R VWHMQê ~KHO ��� π . V QDãHP S�tSDG� E\ WHG\ VWDþLOR QDSiMHW

YLQXWt SRPRFQp Ii]H SURXGHP þDVRY� SRVXQXWêP R π/2 proti proudu v hlavní fázi. /
'RViKQHPH WRKR WtP� åH QDYLQHPH SRPRFQRX Ii]L QD YHONê SURXG D PDOp QDS�Wt � VQtåtPH

LQGXNþQRVW � D ]EêYDMtFt QDS�Wt ]PD�tPH Y RGSRUX� MDN MH QD]QDþHQR QD REUi]NX�

Pomocná fáze bude ale zapojena pouze vRNDPåLNX UR]E�KX � QD REUi]NX QD]QDþHQR

Wattovým regulátorem /. VSUD[L VH QHXåtYi ]YOiãWQt RGSRU 5 � DOH YLQXWt SRPRFQp Ii]H VH

navine zRGSRURYpKR PDWHULiOX � QDS�� ] PRVD]L �� 6P�U WRþHQt WDNRYpKR PRWRUX VH REUiWt�

S�HKRGtPH�OL S�tYRG\ EX� MHQ KODYQt QHER MHQRP SRPRFQp Ii]H�

Obr. 4.2-1

9H VNXWHþQRVWL QHGRViKQHPH SRVXQXWt R π�� DOH SRQ�NXG PpQ�� FRå ]QDPHQi� åH Y]QLNQH

SRX]H HOLSWLFNp WRþLYp SROH � P$åHPH VL S�HGVWDYLW WRWR SROH VORåHQp ]H VWRMDWpKR NPLWDMtFtKR

SROH D SROH NUXKRYpKR WRþLYpKR �� 7\SLFN\ VH WRKRWR ]S$VREX UR]E�KX SRXåtYi X OHGQLþHN D

PUD]QLþHN� NGH IXQNFL RGVW�HGLYpKR UHJXOiWRUX S�HEtUi HOHNWURPHFKDQLFNp UHOp QHER

SRORYRGLþRYê SUYHN� � 5HOp VHSQH S�L YHONpP ]iE�URYpP SURXGX D RGSDGQH� NG\å SURXG SR

UR]WRþHQt PRWRUX SRNOHVQH� SRORYRGLþRYê SUYHN SR Y\K�iWt SURXGHP Y\ND]XMH YHONê RGSRU �

E� .DSDFLWQt UR]E�K

0RWRU Pi RS�W SRPRFQRX Ii]L� V Qtå MH GR VpULH ]D�D]HQ YHONê NRQGHQ]iWRU� 3URWRåH SUDFRYQt

YLQXWt VWDWRUX VH FKRYi MDNR LQGXNþQRVW Y sérii sRGSRUHP � þLOL SURXG VH ]SRå�XMH ]D QDS�WtP �
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v S�tSDG� SRPRFQp Ii]H MH WRPX QDRSDN� 9ROERX YHOLNRVWL NRQGHQ]iWRUX P$åHPH GRViKQRXW

WRKR� åH SURXG SRPRFQp Ii]H S�HGEtKi SUiY� R π/2 proud pracovního vinutí / viz obrázek / a
GRVWiYiPH WDN SRP�UQ� GREUê ]iE�URYê PRPHQW�

Obr. 4.2-2

3RPRFQRX UR]E�KRYRX Ii]L O]H QDYUKQRXW L WDN� åH NRQGHQ]iWRU P$åH EêW WUYDOH S�LSRMHQ� 0i

však vWRPWR S�tSDG� PHQãt NDSDFLWX� 7RKRWR ]S$VREX VH XåtYi YHOLFH þDVWR � SUDþN\� OHGQLþN\�

þHUSDGOD ~VW�HGQtKR WRSHQt� ��� ��

F� 0RWRU VH VWtQ�QêP SyOHP

Obr. 4.2-3

6WDWRURYp YLQXWt VH VNOiGi ]H GYRX FtYHN � D � � NWHUp PDJQHWXMt SyO\ � D � � .DåGê SyO MH YãDN

UR]ãW�SHQ D S�tVOXãQi þiVW MH REHPNQXWD ]iYLWHP QDNUiWNR� 3RNXG E\ ]GH ]iYLW QDNUiWNR QHE\O�

SURFKi]HO\ E\ RE�PD þiVWPL SyOX WRN\ ΦA  a  ΦB D E\O\ E\ þDVRY� YH Ii]L� 9OLYHP

LQGXNRYDQêFK SURXG$ Y závitu nakrátko vznikne tok  FK SRVXQXWê þDVRY� R ]QDþQê ~KHO SURWL

ΦB . Ten se k toku  ΦA S�LþtWi D N toku  ΦB VH RGHþtWi� 9]QLNi WtP MDNpVL � L NG\å

QHGRNRQDOp WRþLYp SROH� 7YDU SROH Q�NG\ ]OHSãXMt SOtãN\ � D � �

=iE�URYê PRPHQW MH PDOê� ~þLQQRVW Qt]Ni � Y ]iYLWHFK � D � VH WRWLå LQGXNXMt SURXG\ L ]D

FKRGX PRWRUNX �� 7\WR PRWRUN\ VH XåtYDMt MHQRP SUR PDOp YêNRQ\ � Q�NROLN Då Q�NROLN GHVtWHN

:DWW$� 8åtYDMt VH SUR SRKRQ PDOêFK Y�WUiN$� þHUSDGHO Y SUDþNiFK� DWG� 6P�U MHMLFK RWiþHQt

QHO]H P�QLW� 0DMt YêKRGX Y jednoduchosti a v tichém chodu.
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4.3 6WHMQRVP�UQp PRWRU\

0H]L SyO\ VWDWRUX D URWRUX S$VREt PDJQHWLFNp SROH � YL] QiVOHGXMtFt REUi]HN�

Obr. 4.3-1

'$OHåLWRX VRXþiVWt W�FKWR PRWRU$ MH NRPXWiWRU� NWHUê Y S�tSDG� QD]QDþHQpP YêãH REUiWt VP�U
proudu vNRWY�� � %�åQ� PtYi NRWYD Y�Wãt SRþHW SyO$ D WtP L VHJPHQW$ NRPXWiWRUX D MHGQRWOLYi
YLQXWt NRWY\ VH WHG\ PHFKDQLFN\ S�HStQDMt� � .RPXWiWRU VH VNOiGi ] P�G�QêFK ODPHO WYDUX
YiOFRYêFK YêVHþt� NWHUp MVRX Y]iMHPQ� L]RORYiQ\�

                     Obr. 4.3-2

6WHMQRVP�UQp PRWRU\ VH OLãt Y]iMHPQêP SURSRMHQtP YLQXWt VWDWRUX D URWRUX� ([LVWXMt W�L PRåQp
]S$VRE\ ]DSRMHQt � QD]QDþHQp MVRX QD REUi]FtFK�

Obr. 4.3-3

První obrázek ukazuje sériové spojení statorového a rotorového vinutí. Motor tohoto typu se
Y\]QDþXMH YHONêP ]iE�URYêP PRPHQWHP� DYãDN MHKR RWiþN\ ]iYLVt QD ]DWtåHQt� 7\SLFNp SRXåLWt
� VWDUWpU\ DXWRPRELORYêFK PRWRU$�

3DUDOHOQt PRWRU � PDJQHWLFNp SROH VWDWRUX MH VWiOp� D SURWR VH WHQWR W\S PRWRUX Y\]QDþXMH
PDORX ]iYLVORVWt RWiþHN QD ]iW�åL� 2WiþN\ O]H �tGLW ]P�QRX QDS�Wt QD NRWY� QHER QD VWDWRUX� 3�L
]PHQãRYiQt QDS�Wt QD VWDWRUX VH U\FKORVW RWiþHQt ]Y�WãXMH D QDRSDN� � 3R]RU QD S�HUXãHQt
EX]HQt VWDWRUX X Y�WãtFK VWURM$ � GRMGH N GHVWUXNFL VWURMH� � ýDVW�ML VH RWiþN\ �tGt ]P�QRX QDS�Wt
QD NRWY� � Y rozmezí 1 ku 3 /.
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.RPSDXGQt PRWRU � MH YODVWQ� VSRMHQt GYRX S�HGFKR]tFK W\S$� O]H WDN Y\KRY�W NRQNUpWQtP
DSOLNDFtP� NG\ P$åHPH SRP�UHP ]iYLW$ VpULRYpKR D SDUDOHOQtKR YLQXWt QDVWDYRYDW ]iE�URYê
PRPHQW D VWDELOLWX U\FKORVWL RWiþHQt�

.URP W�FKWR W�t XVSR�iGiQt H[LVWXMH MHãW� X PDOêFK PRWRUN$ GDOãt YDULDQWD� NG\ MH PDJQHWLFNp
SROH VWDWRUX Y\WYR�HQR WUYDOêP PDJQHWHP � RGSDGi WHG\ VWDWRURYp YLQXWt� 7HQWR PRWRUHN
]�HMP� RGSRYtGi YODVWQRVWPL PRWRUX V paralelním buzením statoru. Výhodou je jednoduchost,
OHSãt ~þLQQRVW� VQDGQi ]P�QD VP\VOX RWiþHQt ]iP�QRX S�tYRG$� 7\WR PRWRUN\ VH XåtYDMt X
KUDþHN D þDVWR Y DXWRPRELORYpP SU$P\VOX � RVW�LNRYDþH DSRG� �� 1HO]H MH YãDN SURYR]RYDW QD
VW�tGDYê SURXG�

Obr. 4.3-4

Tím se dostáváme kPRWRUN$P NRPXWiWRURYpKR W\SX S�L SURYR]X QD VW�tGDYpP SURXGX� 3RNXG
W\WR PRWRUN\ QHPDMt WUYDOp PDJQHW\ YH VWDWRUX� QH]iYLVt VP�U RWiþHQt QD SRODULW� QDS�Wt� �
3RNXG E\FKRP FKW�OL S�L VWHMQRVP�UQpP SURYR]X REUiWLW VP\VO RWiþHQt� PXVHOL E\FKRP
S�HKRGLW YêYRG\ MHQRP VWDWRUX QHER MHQRP URWRUX� � 3�L ]P�Q� SRODULW\ ]DSRMHQpKR PRWRUX VH
P�Qt MDN PDJQHWLFNp SROH VWDWRUX� WDN L PDJQHWLFNp SROH URWRUX D VP\VO Y]iMHPQpKR WRþLYpKR
PRPHQWX ]$VWDQH ]DFKRYiQ� 7DNRYp PRWRU\ PRKRX WHG\ SUDFRYDW QD VW�tGDYpP SURXGX �
VDPR]�HMP� MHMLFK PDJQHWLFNp REYRG\ PXVt EêW XVSR�iGiQ\ WDN� DE\ SURYR] QD VW�tGDYpP
proudu dovolily /.

0DJQHWLFNp SROH MH ~P�UQp SURXGX� NWHUê SURWpNi YLQXWtP� 9 S�tSDG� SDUDOHOQtKR PRWRUX
� GHULYDþQtKR VH YãDN VWDWRURYp YLQXWt MHYt MDNR LQGXNþQRVW D GRFKi]t WDN N ]QDþQpPX Ii]RYpPX
posuvu oproti proudu vNRWY�� 3URWR VH QD VW�tGDYpP SURXGX XåtYi ]iVDGQ� PRWRU$ VH
VpULRYêP EX]HQtP� 7DNRYp PRWRUN\ VH XåtYDMt X YHONpKR SRþWX GRPiFtFK VSRW�HELþ$� 0DMt
Y�WãLQRX YHONp REUiWN\ � þDVWR YtFH QHå ����� RWiþHN�PLQ � D SURWR VH S�L PDOêFK UR]P�UHFK D
KPRWQRVWHFK GRVDKXMH ]QDþQêFK YêNRQ$ � Y\VDYDþH� PL[HU\� URERW\� UXþQt HOHNWULFNp YUWDþN\ D
GDOãt �� &KOD]HQt REVWDUiYDMt Y�WãLQRX YHVWDY�Qp Y�WUiN\�

=QDþQp SRWtåH YãDN þLQt UXãHQt W�FKWR PRWRU$ QD UDGLRIUHNYHQþQtFK D WHOHYL]QtFK YOQiFK�
NWHUp MH RYãHP YODVWQt YãHP NRPXWiWRURYêP PRWRU$P � QD NRPXWiWRUX GRFKi]t N rozepínání
SURXG$ Y pracovním vinutí rotoru a kUR]HStQiQt YHONêFK SURXG$ ]NUDWRYDQêFK YLQXWt URWRU$ �
NDUWiþ GRVHGi QD Q�NROLN ODPHO PRWRUX �� 3UR VQtåHQt UXãHQt VH XåtYDMt NRQGHQ]iWRU\ � ]S$VRE\
]DSRMHQt MVRX U$]Qp� -HGQD PRåQRVW MH XYHGHQD QD QiVOHGXMtFtP REUi]NX�

Obr. 4.3-5
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.URP� XYHGHQêFK W\S$ � KODYQtFK � H[LVWXMH FHOi �DGD VSHFLiOQtFK NRQVWUXNFt PRWRU$ D
PRWRUN$� -VRX MLPL QDS�� OLQHiUQt WUDNþQt PRWRU\ SUR VWDUWRYiQt OHWDGHO� SRKRQ ORNRPRWLY�
S�tSDGQ� QiUD]RYp ]NRXãN\ DXWRPRELO$� PRWRUN\� NWHUp PDMt URWRU\ V PLQLPiOQt VHWUYDþQRX
KPRWRX � MVRX VFKRSQ\ YHOPL U\FKOpKR UR]E�KX D ]DVWDYHQt� PRWRUN\ V YHOLNêP SRþWHP RWiþHN
XåtYDQp YH YRMHQVNp WHFKQLFH� DWG�

Z QLFK Yê]QDPQp MVRX ]HMPpQD PRWRU\ D PRWRUN\ V\QFKURQQt� NWHUp VH RWiþHMt S�HVQ�
V\QFKURQQtPL RWiþNDPL � ViP VH QHUR]HE�KQH � UR]EtKi VH EX� MDNR DV\QFKURQQt QHER UHSXO]Qt�
� 0RWRU Pi NRWYX SRGREQRX NRPXWiWRURYpPX VWURML� SURXG VH S�LYiGt SRX]H GR VWDWRUX�
NDUWiþH MVRX VSRMHQ\ QDNUiWNR� LQGXNXMt VH VLOQp SURXG\ Y rotoru a stroj se rozebíhá jako
NRPXWiWRURYê VW�tGDYê PRWRU� 3R UR]E�KX VH ]YOiãWQtP VSRMRYDþHP ODPHO\ NRPXWiWRUX VSRMXMt
nakrátko. /

3RVOHGQtP W\SHP PRWRU$� R NWHUpP VH ]PtQtPH� MH W]Y� NURNRYê PRWRU� NWHUê MH RYOiGiQ
LPSXOV\ YH YLQXWtFK D MH VFKRSHQ VH SRRWRþLW R S�HVQ� XUþHQê ~KHO Y závislosti na budících
LPSXOVHFK D MHMLFK SRþWX� 6 W�PLWR PRWRUN\ � RYãHP Y PLQLDWXUQtP SURYHGHQt � VH P$åHPH
VHWNDW X GLJLWiOQtFK KRGRQHN DQDORJRYpKR W\SX� DOH L S�L QDVWDYRYiQt DQWpQQtFK V\VWpP$� YH
YêSRþHWQt WHFKQLFH � GLVNHWRYp PHFKDQLN\ �� DWG� .RQVWUXNFH W�FKWR PRWRU$ L MHMLFK XåLWt MH
QDWROLN VSHFLiOQt� åH S�HNUDþXMH UiPHF WpWR LQIRUPDWLYQt S�HGQiãN\�


