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Streszczenie�� :UD]� ]H� Z]URVWHP� FHQ� HQHUJLL� HOHNWU\F]QHM�� VWDáD� EDWHULD� NRQGHQVDWRUyZ

SU]H]QDF]RQD� GR� NRPSHQVDFML� �� Z� SU]\SDGNX� ]PLHQQHM� PRF\� ELHUQHM� �� MHVW� MX*� REHFQLH� FRUD]

F]
�FLHM� QLH� DNFHSWRZDQ\P� UR]ZL�]DQLHP�� 3RWU]HEQH� V�� EDWHULH� SU]Há�F]DOQH�� ]PLHQLDM�FH

ZDUWR�ü� PRF\� ELHUQHM� Z� �ODG� ]D� ]PLDQDPL� VWDQX� NRPSHQVRZDQ\FK� RGELRUQLNyZ�� 3RQLHZD*

ZDUWR�ü�LFK�PRF\�RUD]�ZDUXQNL�SUDF\�V\VWHPX�]DVLODM�FHJR�SRGOHJDM��]PLDQLH��NRQGHQVDWRU\�V�

]Dá�F]DQH� L� Z\á�F]DQH�� QLHNLHG\� EDUG]R� F]
VWR�� Z� FHOX� VSHáQLHQLD� Z\PDJD�� UHJXODFML� QDSL
FLD

L�NRUHNFML�ZVSyáF]\QQLND�PRF\��3URFHV�á�F]HQLD�EDWHULL�NRQGHQVDWRUyZ�WR�(UyGáR�]DEXU]H��Z�VLHFL

]DVLODM�FHM�� :D*QD� MHVW� ]QDMRPR�ü� LVWRW\� W\FK� SURFHVyZ�� ]ZL�]DQ\FK� ]� QLPL� ]DJUR*H�� RUD]

sposobów redukcji negatywnych skutków.

1. :67	3

=Dá�F]DQLH�EDWHULL�NRQGHQVDWRUyZ�MHVW�SURFHVHP�EDUG]R�F]
VWR�Z\VW
SXM�F\P�Z�V\VWHPLH

]DVLODM�F\P�� .RQGHQVDWRU\� VáX*�� ERZLHP� GR� UHDOL]DFML� WU]HFK� SRGVWDZRZ\FK� FHOyZ

�UyZQRF]H�QLH� E�G(� RGG]LHOQLH��� NRPSHQVDFML� PRF\� ELHUQHM� �W\P� VDP\P� UHGXNFML� PRF\

SR]RUQHM� RGELRUQLND�� Z]URVWX� SU]HV\áDQHM� V\VWHPHP� HOHNWURHQHUJHW\F]Q\P� PRF\� F]\QQHM�

UHGXNFML� VWUDW� SU]HV\áX� HQHUJLL�� XQLNQL
FLD� HZHQWXDOQ\FK� RSáDW� NDUQ\FK� SáDFRQ\FK� SU]H]

RGELRUF
�GRVWDZF\�HQHUJLL�LWS���±�U\VXQHN����ILOWUDFML�Z\*V]\FK�KDUPRQLF]Q\FK��ZK��±�U\VXQHN

��RUD]�VWDELOL]DFML�QDSL
FLD�±�U\VXQHN���

              (a) (b) (c)

5\V����=DVDGD�VWRVRZDQLD�EDWHULL�NRQGHQVDWRUyZ�Z�XNáDGDFK�NRPSHQVDFML�PRF\�ELHUQHM��P, Q, S – moc czynna,
bierna i pozorna, QC – moc baterii kondensatorów): (a) wskazy mocy odbiornika; (b) wskazy mocy po

]Dá�F]HQLX�EDWHULL�NRQGHQVDWRUyZ���F��Z]URVW�PRF\�F]\QQHM�Z�OLQLL�]DVLODM�FHM��SU]\�QLH]PLHQLRQHM�ZDUWR�FL�PRF\

SR]RUQHM��X]\VNDQ\�Z�HIHNFLH�SU]\á�F]HQLD�EDWHULL�NRQGHQVDWRUyZ
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(a) (b) (c)

5\V������D��8NáDG�SDV\ZQ\FK�ILOWUyZ�Z\*V]\FK�KDUPRQLF]Q\FK���E��SU�G�RGELRUQLND���F��SU�G�RGELRUQLND�SR

RGILOWURZDQLX�SL�WHM�KDUPRQLF]QHM�Z�ILOWU]H�)�

(a)

(b)

5\V�����-HGQRID]RZ\�VFKHPDW�]DVW
SF]\�VLHFL�]DVLODM�FHM��D��RUD]��E��Z\NUHV�ZVND]RZ\�GOD�RGELRUQLND

UH]\VWDQF\MQR�SRMHPQR�FLRZHJR��SR�GRá�F]HQLX�EDWHULL�NRQGHQVDWRUyZ���� 0UUS ≤

à�F]HQLH� EDWHULL� WR� SURFHV�Z\ZRáXM�F\� ]DEXU]HQLH�Z�XNáDG]LH� ]DVLODM�F\P��6NXWNLHP� V�

VWDQ\� SU]HM�FLRZH� Z� QDSL
FLX�� NWyUH� QDMF]
�FLHM� QLH� VWDQRZL�� SUREOHPX� ]� SXQNWX� ZLG]HQLD

XU]�G]H�� HOHNWURHQHUJHW\F]Q\FK�� OHF]� NWyUH� Z� SHZQ\FK� RNROLF]QR�FLDFK� PRJ�� QHJDW\ZQLH
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RGG]LDá\ZDü�QD�RGELRUFyZ� ILQDOQ\FK��=DLQVWDORZDQD�X� W\FK�RVWDWQLFK�RFKURQD�SU]HSL
FLRZD

RG� ]DEXU]H�� Z\VRNLHM� F]
VWRWOLZR�FL� PR*H� QLH� E\ü� SU]\VWRVRZDQD� GR� SU]HM
FLD� HQHUJLL

QLVNRF]
VWRWOLZR�FLRZ\FK� SU]HELHJyZ� WRZDU]\V]�F\FK� á�F]HQLX� NRQGHQVDWRUyZ�� :LHOH

XU]�G]H�� HOHNWURQLF]Q\FK� L� HQHUJRHOHNWURQLF]Q\FK�� SRVLDGDM�F\FK� Z� VZ\FK� XNáDGDFK

]DVLODM�F\FK�NRQGHQVDWRU\�V��F]XáH�QD�WHQ�URG]DM�]DEXU]HQLD�QDZHW��MH*HOL�MHJR�ZDUWR�ü�QLH�MHVW

]E\W�GX*D��6NXWNLHP�PRJ��E\ü��QLHSUDZLGáRZR�FL�Z�LFK�G]LDáDQLX�OXE�QDZHW��Z�NUD�FRZ\FK

SU]\SDGNDFK��WUZDáH�XV]NRG]HQLD�

2. 352&(6�à�&=(1,$�%$7(5,,�.21'(16$725Ï:

:� SURFHVLH� á�F]HQLD� PR*QD� Z\Uy*QLü� GZD� SU]\SDGNL�� LVWRWQH� ]� SXQNWX� ZLG]HQLD

Z\VW
SXM�F\FK�SURFHVyZ�á�F]HQLRZ\FK�

• á�F]HQLH�SRMHG\QF]HM�EDWHULL�NRQGHQVDWRUyZ��GRPLQXM��SU]HSL
FLD��

• SU]\á�F]DQLH� NROHMQHM� EDWHULL� GR� V]\Q�� GR� NWyU\FK� V�� MX*� GRá�F]RQH� LQQH

NRQGHQVDWRU\��GRPLQXM��SU]HW
*HQLD�R�GX*HM�F]
VWRWOLZR�FL��

�����à�F]HQLH�SRMHG\QF]HM�EDWHULL�NRQGHQVDWRUyZ
1D� U\VXQNX���SU]HGVWDZLRQR�XSURV]F]RQ\� VFKHPDW� ]DVW
SF]\�REZRGX�� NWyU\� SRVáX*\�GR

DQDOL]\�SURFHVX� á�F]HQLD�SRMHG\QF]HM�EDWHULL�NRQGHQVDWRUyZ�R�SRMHPQR�FL�C��=DáR*RQR�EUDN
UH]\VWDQFML� Z� REZRG]LH� RUD]� EUDN� QDSL
FLRZHJR� ZDUXQNX� SRF]�WNRZHJR� QD� NRQGHQVDWRU]H

Z�FKZLOL�]DPNQL
FLD�á�F]QLND�.�

US ��QDSL
FLH�VLHFL�]DVLODM�FHM��ZDUWR�ü�VNXWHF]QD�

LS ��LQGXNF\MQR�ü�VLHFL�]DVLODM�FHM

LB �� LQGXNF\MQR�ü� Z\VW
SXM�FD� Z� REZRG]LH

SU]\á�F]DQHM� EDWHULL� NRQGHQVDWRUyZ� �QS�

LQGXNF\MQR�ü�SU]HZRGyZ�á�F]�F\FK�

C ��SRMHPQR�ü�]Dá�F]DQHM�EDWHULL�NRQGHQVDWRUyZ

5\V�����8SURV]F]RQ\�VFKHPDW�]DVW
SF]\�REZRGX��Z�NWyU\P�SU]\á�F]DQD�MHVW�SRMHG\QF]D�EDWHULD�NRQGHQVDWRUyZ

&KZLOD� ]Dá�F]HQLD� NRQGHQVDWRUD�� WR� PRPHQW� ]ZDUFLD� VLHFL� ]DVLODM�FHM� Z� PLHMVFX� MHJR

SU]\á�F]HQLD�Z\QLNDM�F\�]�IDNWX��*H�QDSL
FLH�QD�NRQGHQVDWRU]H�QLH�PR*H�]PLHQLü�VL
�Z�VSRVyE

QDW\FKPLDVWRZ\�� -H*HOL� Z� V]HUHJ� ]� NRQGHQVDWRUHP� QLH� PD� GáDZLND�� ZyZF]DV� QDSL
FLH� QD

V]\QDFK� RVL�JD� Z� SUDNW\FH� ZDUWR�ü� EOLVN�� ]HUR� Z� F]DVLH� NLONX� �V�� 1LH� QDáDGRZDQ\

NRQGHQVDWRU� PR*H� E\ü� WUDNWRZDQ\� Z� SRF]�WNRZHM� FKZLOL� ]Dá�F]DQLD� MDNR� ]ZDUFLH�

:� PRPHQFLH� ]DPNQL
FLD� á�F]QLND� SU�G� R� Z\VRNLHM� F]
VWRWOLZR�FL� L� GX*HM� ZDUWR�FL� Sá\QLH

SRPL
G]\� (UyGáHP� ]DVLODQLD� L� NRQGHQVDWRUHP� SRZRGXM�F� Z\UyZQDQLH� QDSL
ü� PL
G]\� W\PL

GZRPD� HOHPHQWDPL� REZRGX�� -HJR� ZDUWR�ü� GHWHUPLQRZDQD� MHVW� QDSL
FLHP� (UyGáRZ\P

Z� FKZLOL� ]DP\NDQLD� á�F]QLND�� LQGXNF\MQR�FL�� ]DVW
SF]�� REZRGX� RUD]� SRMHPQR�FL�

SU]\á�F]DQHJR� NRQGHQVDWRUD� �SU]\� ]DáR*HQLX�� *H� EDWHULD� QLH� E\áD� ZVW
SQLH� QDáDGRZDQD��

:DUWR�ü�PDNV\PDOQD�WHJR�SU�GX�PR*H�E\ü�RNUH�ORQD�]ZL�]NLHP�
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(1)

gdzie:

CZ  - impedancja charakterystyczna analizowanego obwodu

.ZWI ��SU�G�]ZDUFLD�Z�PLHMVFX�SU]\á�F]DQLD�EDWHULL

CNI ��]QDPLRQRZ\�SU�G�EDWHULL�

3RZ\*V]D� ]DOH*QR�ü� QLH� XZ]JO
GQLD� WáXPL�FHJR� HIHNWX�Z\VW
SXM�FHJR�Z� U]HF]\ZLVW\FK

XNáDGDFK�� :� SUDNW\FH� WáXPLHQLH� UHGXNXMH� SU�G� PDNV\PDOQ\� GR� RNRáR� ���� ZDUWR�FL

Z\]QDF]RQHM� ]� ]DOH*QR�FL� ����� 3U�G� WHQ� E
G]LH� ]DZV]H� PQLHMV]\� QL*� SU�G� ]ZDUFLD

analizowanego obwodu.
3RGF]DV�SURFHVX�á�F]HQLRZHJR�Z\VW
SXM��]QDF]�FH�VSDGNL�QDSL
FLD�QD�LPSHGDQFMDFK�VLHFL

]DVLODM�FHM�� FR�PR*H� XDNW\ZQLü� XNáDG\� ]DEH]SLHF]H��� 1D� U\VXQNX� �� SU]HGVWDZLRQR� W\SRZ\

SU]HELHJ�QDSL
FLD��Z�MHGQRVWNDFK�Z]JO
GQ\FK�±�M�Z���SRGF]DV�á�F]HQLD�EDWHULL�NRQGHQVDWRUyZ�

5\V�����7\SRZ\�SU]HELHJ�QDSL
FLD�]DVLODM�FHJR�SRGF]DV�SURFHVX�á�F]HQLD�EDWHULL

1DJáH� REQL*HQLH� QDSL
FLD� QD� V]\QDFK� GR� NWyU\FK� SU]\á�F]DQ\� MHVW� NRQGHQVDWRU�� SRGF]DV

MHJR� áDGRZDQLD�� Z\ZRáXMH� EDUG]R� GX*�� SRFKRGQ�� ]PLDQ\� QDSL
FLD�� 0R*H� WR� VSRZRGRZDü

]QDF]�FH�SU]HSL
FLD�QD�NR�FDFK�]ZRMyZ�X]ZRMH��WUDQVIRUPDWRUyZ�]H�Z]JO
GX�QD�SRMHPQR�FL

PL
G]\� ]ZRMRZH� L� PL
G]\� X]ZRMHQLDPL�� :J� >��@� VSU]
*HQLH� SRMHPQR�FLRZH� SRPL
G]\

X]ZRMHQLDPL� PR*H� VSRZRGRZDü� ÄG\QDPLF]Q�´� WUDQVIRUPDFM
� QDSL
ü�� LQQ�� QL*� Z\QLND� WR

]� SU]HáR*HQLD� ]ZRMRZHJR�� :J� WHJR� VDPHJR� (UyGáD� SU]\NáDGRZR� GOD� WUDQVIRUPDWRUD

R�SU]HáR*HQLX�]ZRMRZ\P�������SRMHPQR�FLRZD�WUDQVIRUPDFMD�QDSL
FLD�PR*H�SU]\M�ü�ZDUWR�ü

������ 2]QDF]D� WR�� *H� Z]JO
GQD� ]PLDQD� QDSL
FLD� R� ZDUWR�FL� ��� Z\VW
SXM�FD� QD� SLHUZRWQHM

VWURQLH�WUDQVIRUPDWRUD�Z\ZRáD�]PLDQ
�QDSL
FLD�R�ZDUWR�FL�GR����Z�MHGQRVWNDFK�Z]JO
GQ\FK�

na stronie wtórnej.
:Sá\Z� VSU]
*H�� SRMHPQR�FLRZ\FK� X]ZRMH�� WUDQVIRUPDWRUD� ]Z\NOH� QLH� MHVW� UR]ZD*DQ\�

ERZLHP� RGELRUQLN� OXE� GRGDWNRZD� SRMHPQR�ü� QD� VWURQLH� ZWyUQHM� �QS�� SRMHPQR�ü

SU]\á�F]RQ\FK� NDEOL�� VLOQLH� UHGXNXMH� WHQ� HIHNW�� -HGQDN*H� Z� SU]\SDGNX� EDUG]R� VáDER

REFL�*RQHJR� WUDQVIRUPDWRUD� L�OXE� NUyWNLFK� NDEOL�� SU]HM�FLRZH� SU]HSL
FLD� PRJ�� SRZRGRZDü

XV]NRG]HQLH� VSU]
WX� HOHNWURQLF]QHJR� QS�� GLRG� Z� ZHM�FLRZ\FK� SURVWRZQLNDFK� XU]�G]H�

HOHNWUR�� L� HQHUJRHOHNWURQLF]Q\FK��:�JUDQLF]Q\FK� SU]\SDGNDFK� SU]HSL
FLD� WH�PRJ��Z\ZRáDü

WDN*H�XV]NRG]HQLH�L]RODFML�WUDQVIRUPDWRUD��'OD�LOXVWUDFML�]MDZLVND�QD�U\VXQNX���SU]HGVWDZLRQR



5

SU]HELHJ� F]DVRZ\� QDSL
FLD� ZWyUQHJR� VáDER� REFL�*RQHJR� WUDQVIRUPDWRUD� SRGF]DV� ]Dá�F]DQLD

baterii kondensatorów na jego stronie pierwotnej.
=Z\NOH� ZDUWR�ü� HQHUJLL� W\FK� RVF\ODFML� QLH� MHVW� GX*D� L� NRQZHQFMRQDOQH� XNáDG\

SU]HSL
FLRZH�VWRVRZDQH�Z�LQVWDODFMDFK�X*\WNRZQLND�VWDQRZL��Z\VWDUF]DM�FH�]DEH]SLHF]HQLH�

5\V�����>��@�3U]HSL
FLH�QD�ZWyUQHM�VWURQLH�VáDER�REFL�*RQHJR�WUDQVIRUPDWRUD�VSRZRGRZDQH�PL
G]\�]ZRMRZ\P

VSU]
*HQLHP�SRMHPQR�FLRZ\P�SRGF]DV�V]\ENLHJR�VWDQX�SU]HM�FLRZHJR�Z\ZRáDQHJR�]Dá�F]DQLHP�EDWHULL

kondensatorów

1DJáH� REQL*HQLH� QDSL
FLD� SRGF]DV� SURFHVX� SU]\á�F]DQLD� EDWHULL� Z\ZRáXMH�� V]F]HJyOQLH

Z� VLHFLDFK� Z\VRNLHJR� QDSL
FLD�� ]MDZLVNR� IDO� Z
GUXM�F\FK� Z]GáX*� ZV]\VWNLFK� OLQLL

SU]\á�F]RQ\FK� GR� V]\Q� QD� NWyU\FK� RGE\ZD� VL
� SURFHV� á�F]HQLD�� )DOH� WH� RGELMDM�F� VL
� RG

RWZDUW\FK�NR�FyZ� OLQLL�RUD]� UDGLDOQLH�SUDFXM�F\FK� WUDQVIRUPDWRUyZ�SRZUDFDM�� SRQRZQLH�GR

PLHMVFD� SU]\á�F]HQLD� NRQGHQVDWRUD� L� Z� SURFHVLH� NROHMQ\FK� RGELü� XOHJDM�� Z]PRFQLHQLX�

:
GUXM�FH� IDOH� XOHJDM�� ZLHORNURWQHPX� RGELFLX� ]DQLP� ]RVWDQ�� RVWDWHF]QLH� Z\WáXPLRQH

VWUDWDPL��:� HIHNFLH�PRJ�� SRZVWDü� SU]HSL
FLD� R� EDUG]R� GX*\FK� ZDUWR�FLDFK�� F]
VWR� JUR(QH

w skutkach.
:� GUXJLP� HWDSLH� SURFHVX� á�F]HQLD� QDSL
FLH� NRQGHQVDWRUD� QDUDVWD� RG� ]HUD� GR� ZDUWR�FL

PDNV\PDOQHM�� F]HPX� WRZDU]\V]\� SU]HW
*HQLH� SU�GRZH�� 5R]SRF]\QD� VL
� RVF\ODF\MQ\� SURFHV

Z\PLDQ\�HQHUJLL�±�SRPL
G]\�SRMHPQR�FL�� NRQGHQVDWRUD� L� LQGXNF\MQR�FL�� VLHFL� ]DVLODM�FHM�±

SRGF]DV� NWyUHJR� QDSL
FLH� RG]\VNXMH� VZyM� SLHUZRWQ\� SU]HELHJ� F]DVRZ\�� &]
VWRWOLZR�ü� W\FK

oscylacji (f��PR*H�E\ü�V]DFRZDQD�QD�SRGVWDZLH�]DVW
SF]HM�LQGXNF\MQR�FL�V\VWHPX�Z�PLHMVFX

SU]\á�F]HQLD�EDWHULL�L�ZDUWR�FL�MHM�SRMHPQR�FL�

)(2

1

BSCL
f

π
= lub

CN

.ZW
S I

I
ff =  Hz gdzie HzfS 50=

=Z\NOH� F]
VWRWOLZR�ü� WD� Z\QRVL� NLONDVHW� Hz (typowo 300-600). W szczególnych
SU]\SDGNDFK�PR*H�RVL�JQ�ü�ZDUWR�ü�����+]�L�ZL
FHM�

1D�U\VXQNX���SU]HGVWDZLRQR�SU]HELHJL�F]DVRZH�QDSL
FLD�SRGF]DV� á�F]HQLD�GZyFK�EDWHULL

R� Uy*Q\FK�PRFDFK��3U]HELHJ� MDN�QD� U\VXQNX��D�GRW\F]\�EDWHULL�R�GX*HM�PRF\��F]
VWRWOLZR�ü

RVF\ODFML� MHVW� U]
GX� RNRáR� ���� Hz), natomiast na rysunku 7b baterii o mniejszej mocy
�F]
VWRWOLZR�ü�RVF\ODFML�MHVW�U]
GX��N+]��

:�SRF]�WNRZ\P�RNUHVLH� RVF\ODFML� FKZLORZH� QDSL
FLH��Z� ]DOH*QR�FL� RG� ID]\� ]Dá�F]HQLD�

PR*H� RVL�JQ�ü�Z� QDMEDUG]LHM� QLHNRU]\VWQ\P�SU]\SDGNX� �]Dá�F]HQLH� QLH� QDáDGRZDQHM� EDWHULL

NRQGHQVDWRUyZ�Z� V]F]\FLH� OXE� EOLVNR� V]F]\WX� SU]HELHJX� F]DVRZHJR� QDSL
FLD� ]DVLODM�FHJR��

PDNV\PDOQ�� ZDUWR�ü� UyZQ�� SRGZyMQHM� DPSOLWXG]LH� QLH� ]DEXU]RQHJR� SU]HELHJX�� 7áXPLHQLH

V\VWHPX�UHGXNXMH�W
�ZDUWR�ü�GR�RNRáR�����������&]DV�WUZDQLD�]MDZLVND�]PLHQLD�VL
�W\SRZR
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RG� ���� GR� �� RNUHVyZ�� :� SU]\SDGNX� GRá�F]RQ\FK� UyZQROHJOH� RGELRUQLNyZ�� LFK� WáXPL�F\

ZSá\Z�VSUDZLD��*H�SURFHV�SU]HM�FLRZ\�NR�F]\�VL
�]D]Z\F]DM�SU]HG�XSá\ZHP�RNUHVX�QDSL
FLD�

    (a) (b)

5\V�����>�@�3U]\NáDGRZH�SU]HELHJL�QDSL
FLD�SRGF]DV�á�F]HQLD�EDWHULL�NRQGHQVDWRUyZ��3U]HELHJ��D��GRW\F]\�EDWHULL

GX*HM�PRF\��GOD�NWyUHM�F]
VWRWOLZR�ü�RVF\ODFML�Z\QRVL�RNRáR����+]��3U]HELHJ��E��GRW\F]\�PDáHM�EDWHULL��GOD

NWyUHM�F]
VWRWOLZR�ü�RVF\ODFML�PLDáD�ZDUWR�ü�RNRáR��N+]

1D� U\VXQNX� �� SU]HGVWDZLRQR� SU]\NáDGRZ\� SU]HELHJ� F]DVRZ\� QDSL
FLD� ]DEXU]RQ\

SURFHVHP�]Dá�F]DQLD�EDWHULL��3U]HGVWDZLRQR�WDN*H�SU]HELHJ�SU�GX�Z�OLQLL��GR�NWyUHM�GRá�F]RQR

NRQGHQVDWRU\�� 3URFHV� á�F]HQLD� EDWHULL� WR� UyZQLH*� VWUHV� GOD� NRQGHQVDWRUyZ� ]ZL�]DQ\

]�SU]HW
*HQLHP�SU�GRZ\P�

5\V�����>�@�3U]HELHJ�F]DVRZ\�QDSL
FLD��D��L�SU�GX��E��SRGF]DV�á�F]HQLD�EDWHULL�NRQGHQVDWRUyZ

1D� U\VXQNX� �� SU]HGVWDZLRQR� SURFHV� á�F]HQLD� EDWHULL� WUyMID]RZHM�� =DZV]H� MHGQD� ]� ID]

Z\ND]XMH�V]F]HJyOQLH�GX*\�Z]URVW�SU]HM�FLRZHJR�QDSL
FLD�

5\V����>�@�3URFHV�á�F]HQLD�WUyMID]RZHM�EDWHULL�NRQGHQVDWRUyZ
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=DUyZQR� SRF]�WNRZD�� VNRNRZD� ]PLDQD� MDN� L� Sy(QLHMV]H� RVF\ODFMH� QDSL
FLD� V�� ZD*Q�

F]
�FL�� á�F]HQLRZ\FK�VWDQyZ�SU]HM�FLRZ\FK��3RF]�WNRZD�]PLDQD� MHVW� LVWRWQD�]H�Z]JO
GX�QD

GX*�� SRFKRGQ�� Z\VW
SXM�FHM� ZyZF]DV� UHGXNFML� QDSL
FLD�� 1DVW
SXM�FH� SR� QLHM� RVF\ODFMH

VWDQRZL�� ]QDF]QLH�ZL
NV]\� SUREOHP�� ,FK�ZDUWR�ü� QLH� MHVW� QLHEH]SLHF]QD� ]� SXQNWX�ZLG]HQLD

V\VWHPX� WUDQVPLVML� L� G\VWU\EXFML�� 6SU]
W� HOHNWURHQHUJHW\F]Q\� MHVW� ERZLHP� SURMHNWRZDQ\� GOD

SU]HSL
ü�R�ZDUWR�FL�GR������QDSL
FLD�]QDPLRQRZHJR��-HGQDN*H�RVF\ODFMH�WH��]H�Z]JO
GX�QD

UHODW\ZQLH� QLVN�� F]
VWRWOLZR�ü�� SU]HQLNDM�� SU]H]� WUDQVIRUPDWRU\� REQL*DM�FH� QDSL
FLH

L�X� ILQDOQHJR�X*\WNRZQLND�PRJ�� E\ü�(UyGáHP�HNVSORDWDF\MQ\FK�NáRSRWyZ��0R*QD�Z\Uy*QLü

dwie kategorie problemów:
- Z]PRFQLHQLH�]DEXU]HQLD��3URFHV�á�F]HQLRZ\�Z\ZRáXMH�]MDZLVNR�Z]PRFQLHQLD�RVF\ODFML�

F]HJR� VNXWNLHP� PR*H� E\ü� PL
G]\� LQQ\PL� XV]NRG]HQLH� QDSL
FLRZH� VSU]
WX

elektronicznego, kondensatorów, przepalenie bezpieczników, uszkodzenie elementów
RFKURQ\�SU]HSL
FLRZHM��LWS�

- DZDU\MQH� Z\á�F]HQLH� F]Xá\FK� RGELRUQLNyZ�� 1DZHW�� MH*HOL� SU]HELHJL� RVF\ODF\MQH� QLH

SRGOHJDM�� Z]PRFQLHQLX�� SHZQH� NDWHJRULH� RGELRUQLNyZ�PRJ�� E\ü� F]XáH� QD� WHQ� URG]DM

]DEXU]HQLD�� ,FK�ZDUWR�ü� MHVW�Z\VWDUF]DM�FD�� DE\� VSRZRGRZDü�DZDU\MQH�Z\á�F]HQLD�QS�

UHJXORZDQ\FK� QDS
GyZ� L� LQQ\FK� RGELRUQLNyZ� ]� HOHNWURQLF]Q\PL� ]DVLODF]DPL� OXE

]�QDSL
FLRZ��V\QFKURQL]DFM��

2.2 3URFHV�Z]PDFQLDQLD�RVF\ODFML�á�F]HQLRZ\FK
:]PRFQLHQLH�RVF\ODFML�Z\VW
SXMH�MDNR�UH]XOWDW�SREXG]HQLD�±�SURFHVHP�á�F]HQLD�EDWHULL

±� GUJD�� ZáDVQ\FK� Z� VáDER� WáXPLRQ\P� REZRG]LH� CLS � XWZRU]RQ\P� ]� ]DVW
SF]\FK

LQGXNF\MQR�FL�V\VWHPX�]DVLODM�FHJR��Z�VLHFLDFK�UR]G]LHOF]\FK�JáRZQLH�WUDQVIRUPDWRUyZ��RUD]

SRMHPQR�FL� GRá�F]DQHM� L� MX*� SU]\á�F]RQ\FK� EDWHULL� NRQGHQVDWRUyZ�� 5H]XOWDWHP� MHVW� PL
G]\

LQQ\PL� Z]URVW� QDSL
FLD� QD� V]\QDFK� QLVNLHJR� QDSL
FLD� �nn). Rysunek 10 przedstawia taki
przypadek w typowej sieci rozdzielczej. Bateria C��MHVW�SU]\á�F]DQD�GR�UyZQROHJáHJR�REZRGX
XWZRU]RQHJR� SU]H]� V]HUHJRZH� SRá�F]HQLH� LPSHGDQFML� ]DVW
SF]HM� WUDQVIRUPDWRUD� L� EDWHULL

kondensatorów nn przeznaczonej do kompensacji mocy biernej. Wzmocnienie oscylacji
Z\VW
SXMH�Z�SUDNW\FH��MH*HOL�

- SRMHPQR�ü� NRQGHQVDWRUD� C�� MHVW� GX*R� ZL
NV]D� QL*� SRMHPQR�ü� NRQGHQVDWRUD� C2, (co
QDMPQLHM����UD]\���QS���09$U�L����N9$U��ZVSyáF]\QQLN�����MDN�QD�U\VXQNDFK����L����

- F]
VWRWOLZR�ü�Äá�F]HQLRZD´�
C

ZW

Q

S
 (SZW�±�PRF�]ZDUFLD�Z�SXQNFLH�SU]\á�F]HQLD�EDWHULL�

QC� ±� PRF� ]Dá�F]DQHM� EDWHULL�� MHVW� EOLVND� F]
VWRWOLZR�FL� V]HUHJRZHJR� REZRGX

XWZRU]RQHJR� SU]H]� WUDQVIRUPDWRU� REQL*DM�F\� L� EDWHUL
� C�� SU]H]QDF]RQ�� GR� NRUHNFML
ZVSyáF]\QQLND�PRF\�

- QLH�PD�Z\VWDUF]DM�FHM� OLF]E\�RGELRUQLNyZ�ÄUH]\VWDQF\MQ\FK´�Z�VLHFL�QQ�� ,FK�REHFQR�ü

JZDUDQWXMH�WáXPLHQLH�RVF\ODFML��:�ZLHOX�]DNáDGDFK�SU]HP\VáRZ\FK�GRPLQXM�� MHGQDN*H

RGELRUQLNL�VLOQLNRZH��NWyUH�QLH�]DSHZQLDM��Z\VWDUF]DM�FHJR�WáXPLHQLD�L�Z�LFK�SU]\SDGNX

Z]PRFQLHQLH� RVF\ODFML� PR*H� E\ü� V]F]HJyOQLH� SRZD*Q\P� SUREOHPHP�� 3U]\SDGHN� WDNL

przedstawiono na rysunku 11.

1DOH*\� ]DXZD*\ü�� *H� WHQ� URG]DM�Z]PRFQLRQ\FK� SU]HSL
ü�PR*H�Z\VW�SLü� GOD� V]HURNLHJR

SU]HG]LDáX�ZDUWR�FL�PRF\�EDWHULL�NRQGHQVDWRUyZ�QLVNLHJR�QDSL
FLD��5\VXQHN����SU]HGVWDZLD

UH]XOWDW\�REOLF]H��GOD�XNáDGX�]DVLODQLD� MDN�QD� U\VXQNX�����3U]HGVWDZLRQ\�SU]HELHJ�SRND]XMH

VWRSLH�� Z]PRFQLHQLD� QDSL
FLD� QD� V]\QDFK� ���9� VSRZRGRZDQ\� ]Dá�F]HQLHP� EDWHULL

kondensatorów o mocy 3 MVAr (C���Z�VLHFL��UHGQLHJR�QDSL
FLD��3U]HSL
FLH�X]DOH*QLRQH�MHVW
od mocy baterii kondensatorów nn (C��� ]PLHQLDM�FHM� VL
� Z� SU]HG]LDOH� �������� kVAr
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�W\SRZH�ZDUWR�FL�PRF\�EDWHULL� GOD� WUDQVIRUPDWRUD�REQL*DM�FHJR�R�PRF\�����09$���6WRSLH�

Z]PRFQLHQLD� SU]HNUDF]D� �� �Z� MHGQRVWNDFK�Z]JO
GQ\FK��� %DGDQLD�Z\ND]XM��� *H�Z� SUDNW\FH

ZDUWR�ü�WD�]DZLHUD�VL
�Z�SU]HG]LDOH�����

5\V�����>��@�3U]\NáDGRZ\�VFKHPDW�XNáDGX�]DVLODQLD�]DNáDGX��Z�NWyU\P�PR*H�Z\VW�SLü�SUREOHP�SREXG]HQLD

RVF\ODFML�QD�VNXWHN�á�F]HQLD�EDWHULL�NRQGHQVDWRUyZ

5\V������>��@�3U]HELHJL�LOXVWUXM�FH�Z]PRFQLHQLH�RVF\ODFML�SR�VWURQLH�QLVNLHJR�QDSL
FLD

5\V������>��@�:Sá\Z�PRF\�EDWHULL�NRQGHQVDWRUyZ�QQ��C���QD�Z]PRFQLHQLH�SU]HSL
ü�á�F]HQLRZ\FK��0RF

SU]\á�F]DQHM�EDWHULL��C1) wynosi 3 MVAr
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5\V������>��@�:Sá\Z�VNRQILJXURZDQLD�EDWHULL�C��MDNR�ILOWUX�KDUPRQLF]QHM�QD�ZDUWR�ü�SU]HSL
FLD�Z�VLHFL�nn (C1 –
3MVAr)

2.3 'Rá�F]DQLH�NROHMQHM�EDWHULL
7HQ� URG]DM� á�F]HQLD� Z\ZRáXMH� Z� VLHFLDFK� ]DVLODM�F\FK� SRJRUV]HQLH� MDNR�FL� ]DVLODQLD

Z� QDVW
SVWZLH� VWDQyZ� SU]HM�FLRZ\FK� R� GX*HM� F]
VWRWOLZR�FL� Z\VW
SXM�F\FK� Z� QDSL
FLX

L�Z�SU�G]LH��:DUWR�ü�L�F]
VWRWOLZR�ü�SU�GX�á�F]HQLRZHJR�EDWHULL�]DOH*��RG�

�� LPSHGDQFML� FKDUDNWHU\VW\F]QHM� REZRG\� ]DZLHUDM�FHJR� LQGXNF\MQR�ü� (UyGáD� ]DVLODQLD

L�SRMHPQR�ü�SU]\á�F]DQHM�EDWHULL�

�� FKZLOL� F]DVX� Z]JO
GHP� SU]HELHJX� F]DVRZHJR� QDSL
FLD� ]DVLODM�FHJR�� Z� NWyUHM� á�F]QLN

zamknie obwód;
��WáXPLHQLD�]Dá�F]DQHJR�REZRGX�

1D� U\VXQNX� ��� SU]HGVWDZLRQR� SU]\NáDGRZ\� VFKHPDW� LGHRZ\� �D�� L� ]DVW
SF]\� �E�

VWRVRZDQ\�GR�DQDOL]\�SURFHVX�SU]\á�F]DQLD�UyZQROHJáHM�EDWHULL�NRQGHQVDWRUyZ�GR�EDWHULL� MX*

SUDFXM�FHM�

(a) (b)

5\V�������D��6]\Q\�]�SU]\á�F]RQ\PL�GZRPD�EDWHULDPL�NRQGHQVDWRUyZ���E��XSURV]F]RQ\�VFKHPDW�]DVW
SF]\�GR

DQDOL]\�SURFHVX�]Dá�F]DQLD�NROHMQHM�EDWHULL�NRQGHQVDWRUyZ���Lzew.�±�LQGXNF\MQR�ü�]DVW
SF]D�oszynowania; 
��

�&/

��]DVW
SF]D�LQGXNF\MQR�ü�L�SRMHPQR�ü��SU]\M
WR�L1=L2=L3; C1=C2=C3)

1D� U\VXQNX� ��E� SRPLQL
WR� LQGXNF\MQR�ü� L� QDSL
FLH� (UyGáD� ]DVLODQLD�� 8F]\QLRQR� WDN�

SRQLHZD*� SRGF]DV�NLONX�SLHUZV]\FK�PLOLVHNXQG�SR�]DPNQL
FLX� á�F]QLND�GRPLQXM�F\�ZSá\Z

QD�SURFHV\�SU]HM�FLRZH�Z\ZLHUDM���Z�DQDOL]RZDQ\P�SU]\SDGNX��MX*�SU]\á�F]RQH�UyZQROHJáH

EDWHULH� NRQGHQVDWRUyZ�� :� W\P� RNUHVLH� ZSá\Z� VLHFL� ]DVLODM�FHM� MHVW� SUDNW\F]QLH� QLHZLHONL�

6W�G�

��

��

�
�

 
//

//
/ ���

� &&&

US

SL

1L

1C

2L 3L

2C 3C

3LΣL

ΣC 3C

.zewL
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3RGF]DV�SU]\á�F]DQLD�WU]HFLHM�EDWHULL�� MDN�QD�U\VXQNX�����ZV]\VWNLH�HOHPHQW\�REZRGX�V�

SRá�F]RQH� V]HUHJRZR�� GDM�F� Z\SDGNRZ�� ZDUWR�ü� LQGXNF\MQR�FL� L� SRMHPQR�FL� ]DVW
SF]HM

odpowiednio:

���
�� ////

]HZ

��

��

�
 

&&

&&
&

-X*� SU]\á�F]RQH� EDWHULH� VWDQRZL�� (UyGáR� QDSL
FLD� R� PLQLPDOQHM� LPSHGDQFML� ]DVW
SF]HM�

'ODWHJR� ZDUWR�ü� PDNV\PDOQD� SU�GX� á�F]HQLRZHJR� PR*H� SU]HNURF]\ü� SU�G� ]ZDUFLD

DQDOL]RZDQHJR�REZRGX�L�Z\VW
SXMH�RQD� WX*�SR�]DPNQL
FLX� á�F]QLND��0R*QD�M��V]DFRZDü�QD

SRGVWDZLH�]ZL�]NX�DQDORJLF]QHJR�MDN�GOD�SRMHG\QF]HM�EDWHULL�NRQGHQVDWRUyZ�

)(
2

2
2

21.

21
.max

CNCNzew

CNCNS
S

C

S

IIL

IIU

L

C
U

Z

U
I

+
===

ω

gdzie: 2CN1CN I,I  ��]QDPLRQRZH�SU�G\�]Dá�F]RQHM�L�]Dá�F]DQ\FK�EDWHULL�

7áXPLHQLH� ]ZL�]DQH� ]� Uy*Q�� RG� ]HUD� ]DVW
SF]�� UH]\VWDQFM�� REZRGX� SRZRGXMH� UHGXNFM


ZDUWR�FL�PDNV\PDOQHM�SU�GX�GR�RNRáR�����ZDUWR�FL�Z\]QDF]RQHM�]�SRZ\*V]HM�]DOH*QR�FL�

'X*D� MHVW� QLH� W\ONR� ZDUWR�ü�� OHF]� WDN*H� F]
VWRWOLZR�ü� SU�GX� á�F]HQLRZHJR� RNUH�ORQD

]ZL�]NLHP�

LC
f

π2

1=

:DUWR�ü� WHM� F]
VWRWOLZR�FL� ]DZDUWD� MHVW� W\SRZR� Z� SU]HG]LDOH� ������ kHz. Czas trwania
SURFHVX� SU]HM�FLRZHJR� MHVW� ]Z\NOH� NUyWNL�� FR� SU]HGVWDZLRQR� SU]\NáDGRZR� QD� U\VXQNX� ���

3U]\NáDGRZH� SU]HELHJL� SU�GX� EDWHULL� NRQGHQVDWRUyZ� GRá�F]DQHM� MDNR� SLHUZV]D� L� NROHMQD

SU]HGVWDZLRQR�WDN*H�QD�U\VXQNX����

5\V������3U�G�á�F]HQLRZ\�SRGF]DV�SURFHVX�SU]\á�F]DQLD�EDWHULL�NRQGHQVDWRUyZ�GR�EDWHULL�MX*�SUDFXM�FHM��'OD

F]\WHOQR�FL�U\VXQNX�QLH�SU]HGVWDZLRQR�VWDQX�SU]HM�FLRZHJR�Z�QDSL
FLX�
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5\V������>��@��D��3U�G�SRGF]DV�SURFHVX�]Dá�F]DQLD�SRMHG\QF]HM�EDWHULL�RUD]�EDWHULL�GRá�F]DQHM�GR�MX*

SUDFXM�FHM��E�

6WDQ\� á�F]HQLRZH� Z� QDSL
FLX� V�� UHGXNRZDQH� SU]H]� NRQGHQVDWRU\� MX*� SU]\á�F]RQH�� WDN�

ZL
F� QDMEDUG]LHM� QLHNRU]\VWQH� ZDUXQNL�� ]� SXQNWX� ZLG]HQLD� QDSL
FLD�� GRW\F]�� á�F]HQLD

SLHUZV]HJR�VWRSQLD��5HGXNFMD�QDSL
FLD�QD�V]\QDFK�UR]G]LHOQL� MHVW�PQLHMV]D�QL*�Z�SU]\SDGNX

á�F]HQLD� SRMHG\QF]HM� EDWHULL� ]H� Z]JO
GX� QD� áDGXQHN� HOHNWU\F]Q\� Z� NRQGHQVDWRUDFK� MX*

SUDFXM�F\FK��3U]\NáDGRZR�GOD�GZyFK�EDWHULL�R�WDNLHM�VDPHM�PRF\��PLQLPDOQD�ZDUWR�ü�QDSL
FLD

Z\QRVL�RNRáR�����WHM�NWyUD�E\áD�QD�]Dá�F]RQHM�EDWHULL�WX*�SU]HG�FKZLO��GRá�F]HQLD�NROHMQHM�

1D� U\VXQNX� ��� SU]HGVWDZLRQR� ���� RNUHVX� SU]HELHJX� F]DVRZHJR� QDSL
FLD� GOD� GZyFK

SU]\SDGNyZ�� ]Dá�F]DQLH� SLHUZV]HM� EDWHULL� NRQGHQVDWRUyZ� �ZLGRF]QD� VNáDGRZD� RVF\ODF\MQD

SRMHG\QF]HM� F]
VWRWOLZR�FL��� GRá�F]DQLH� GUXJLHM� EDWHULL� �ZLGRF]QH� VNáDGRZH� RVF\ODF\MQH

R�ZL
FHM�QL*�MHGQHM�F]
VWRWOLZR�FL��

5\V������>�@��3RZL
NV]RQ\�SU]HELHJ�F]DVRZ\�QDSL
FLD�SRGF]DV�]Dá�F]DQLD�EDWHULL�NRQGHQVDWRUyZ��3U]HELHJ��D�

GRW\F]\�]Dá�F]HQLD�SLHUZV]HJR�VWRSQLD�EDWHULL��:LGRF]QH�V��RVF\ODFMH�R�SRMHG\QF]H�M�F]
VWRWOLZR�FL��3R�WU]HFK

PLQXWDFK�]RVWDá�]Dá�F]RQ\�GUXJL�VWRSLH��±�SU]HELHJ��E���:LGDü�VNáDGRZH�RVF\ODF\MQH�R�ZL
FHM�QL*�MHGQHM

F]
VWRWOLZR�FL�

2.4 6]F]HJyOQH�ZDUXQNL�á�F]HQLD�EDWHULL
:V]\VWNLH� SRZ\*V]H� UR]ZD*DQLD� GRW\F]\á\� LGHDOQ\FK� ZDUXQNyZ� á�F]HQLD�� ,VWQLHM�

MHGQDN*H� SHZQH� V]F]HJyOQH� SU]\SDGNL� PDM�FH� ]DVDGQLF]\� ZSá\Z� QD� SU]HELHJ� SURFHVyZ

á�F]HQLRZ\FK��6��WR�

• ]Dá�F]DQLH�EDWHULL�ZVW
SQLH�QDáDGRZDQHM

• ]DSáRQ�áXNX�SRGF]DV�SURFHVX�Z\á�F]DQLD�EDWHULL�
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=Dá�F]DQLH�EDWHULL�ZVW
SQLH�QDáDGRZDQHM

:� QRUPDOQ\FK� ZDUXQNDFK� HNVSORDWDF\MQ\FK� NRQGHQVDWRU� SR� Z\á�F]HQLX� SRZLQLHQ� E\ü

UR]áDGRZDQ\�Z�RNUH�ORQ\P�F]DVLH�� GR� RNUH�ORQHJR� QDSL
FLD� �QS�� ��PLQ��� ��9���1DMEDUG]LHM

QLHNRU]\VWQH� ZDUXQNL� á�F]HQLD� Z\VW�SL�� ZyZF]DV�� JG\� ]DPNQL
FLH� á�F]QLND� QDVW�SL

Z�V]F]\FLH�QDSL
FLD�]DVLODM�FHJR��D�NRQGHQVDWRU�E
G]LH�QDáDGRZDQ\�GR�QDSL
FLD�R�WDNLHM�VDPHM

ZDUWR�FL��OHF]�SU]HFLZQHM�SRODU\]DFML��0R*H�QDVW�SLü�ZyZF]DV�SRGZRMHQLH�SU�GX�Z�VWRVXQNX

GR�MHJR�ZDUWR�FL�SU]\�á�F]HQLX�UR]áDGRZDQHM�EDWHULL�

=DSáRQ�áXNX�SRGF]DV�SURFHVX�Z\á�F]DQLD�EDWHULL

6NXWNLHP� V�� VWDQ\� SU]HM�FLRZH� Z� QDSL
FLX� ]DVLODM�F\P�� MDNNROZLHN� Z� SU]\SDGNX

ZVSyáF]HVQ\FK�NRQVWUXNFML�Z\á�F]QLNyZ�UHDOQR�ü�WHJR�]DJUR*HQLD�MHVW�QLHZLHOND��=MDZLVNR�WR

PR*H�Z\VW�SLü�Z�Z\á�F]QLNDFK�VWRVXM�F\FK�PDJQHW\F]Q��FHZN
�Z\GPXFKRZ���*G\�XVWDORQ\

SU�G�EDWHULL� MHVW� ]QDF]�FR�PQLHMV]\�RG�SU�GX� ]QDPLRQRZHJR�Z\á�F]QLND��ZyZF]DV� SRGF]DV

RWZLHUDQLD�� VWUXPLH�� PDJQHW\F]Q\� PDM�F\� VSRZRGRZDü� SU]HUZDQLH� áXNX�� PR*H� E\ü� ]E\W

VáDE\�E\�VNXWHF]QLH�SU]HUZDü�REZyG�

5\V������>�@�3U]HELHJL�SU]HM�FLRZH�QDSL
FLD�L�SU�GX�Z�SU]\SDGNX�Z\VW�SLHQLD�SU]HVNRNX�áXNRZHJR�Z�Z\á�F]QLNX

SRGF]DV�SU]HU\ZDQLD�SU�GX�SRMHPQR�FLRZHJR
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3URFHV�RWZLHUDQLD�Z\á�F]QLND��Z�NWyU\P�Z\VW�SLá\�SU]HVNRNL� áXNRZH�SU]HGVWDZLRQR�QD

U\VXQNX�����*G\�VW\NL�á�F]QLND�]DF]\QDM��VL
�RWZLHUDü��SU�G�SRMHPQR�FLRZ\�SU]HVWDMH�Sá\Q�ü

SU]\�SLHUZV]\P�SU]HM�FLX�SU]H]�ZDUWR�ü�]HURZ���3U]HUZDQLH�SU�GX�SRMHPQR�FLRZHJR�QLH�MHVW

WUXGQH��V]F]HJyOQLH�Z�SRUyZQDQLX�]�SU�GHP�LQGXNF\MQ\P��1DSL
FLH�QD�Z\á�F]QLNX�SR�VWURQLH

]DVLODQLD�L�QDSL
FLH�QD�NRQGHQVDWRU]H�V��ZyZF]DV�UyZQH�D�LFK�ZDUWR�FL�PDNV\PDOQH��1DSL
FLH

QD� NRQGHQVDWRU]H� ]DFKRZD� W
� VWDá�� ZDUWR�ü�� 3yá� RNUHVX� Sy(QLHM� QDSL
FLH� (UyGáD� ]DVLODQLD

]PLHQL�VL
�QD�XMHPQH���Z�VWRVXQNX�GR�QDSL
FLD�NRQGHQVDWRUD��:yZF]DV�Uy*QLFD�SRWHQFMDáyZ

PL
G]\� VW\NDPL� Z\á�F]QLND� RVL�JQLH� SRGZyMQ�� DPSOLWXG
� QDSL
FLD� ]DVLODM�FHJR�� -H*HOL

WD� ZDUWR�ü� SU]HNURF]\� Z\WU]\PDáR�ü� SU]HUZ\� PL
G]\VW\NRZHM� Z\áDGRZDQLH� áXNRZH

SRPL
G]\�QLPL�VSRZRGXMH�JZDáWRZQ\�Z]URVW�SU�GX�(UyGáD�]DVLODQLD��1D�SU]HFLZQ��]PLHQL�VL


SRODU\]DFMD�QDSL
FLD�NRQGHQVDWRUD��0R*H�RQR�RVL�JQ�ü�ZDUWR�ü�UyZQ��SRWUyMQHM�DPSOLWXG]LH

QDSL
FLD�VLHFL��3URFHV�WHQ�PR*H�XOHF�SRZLHOHQLX�Z�GDOV]\FK�FKZLODFK�F]DVX�

3. 63262%<�5('8.&-,�35=(3,	û�,�35=(7	)(��à�&=(1,2:<&+

=Z\NOH�QLH�PD�SRWU]HE\�NRQWURORZDQLD�]Dá�F]DQLD�EDWHULL��MH*HOL�SURFHV�WHQ�QLH�Z\VW
SXMH

F]
VWR��,VWQLHM�� MHGQDN*H�SU]\SDGNL�Z\PDJDM�FH�WDNLFK�G]LDáD���V]F]HJyOQLH�GOD�EDWHULL�GX*HM

PRF\� SU]\á�F]DQ\FK�Z� V\VWHPLH� UR]G]LHOF]\P��Z� UR]G]LHOQLDFK� RGELRUFyZ� SU]HP\VáRZ\FK

OXE�Z�V\VWHPLH�WUDQVPLV\MQ\P��0R*OLZH�MHVW�ZyZF]DV�

− á�F]HQLH�EDWHULL�ZUD]�]�UH]\VWRUDPL�Z�FHOX�]ZL
NV]HQLD�WáXPLHQLD�REZRGX�L�RJUDQLF]HQLD

SU�GX�á�F]HQLRZHJR�

− Zá�F]HQLH�GáDZLND�Z�V]HUHJ�]�NRQGHQVDWRUDPL��'áDZLN�WHQ�PR*H�RGVWURLü�REZyG�L�Z�WHQ

VSRVyE� SU]HFLZG]LDáDü� Z]PRFQLHQLX� GUJD�� �W]Z�� GáDZLN� RGVWUDMDM�F\��� 0R*H� UyZQLH*

Z�SRá�F]HQLX�]�EDWHUL��NRQGHQVDWRUyZ�SHáQLü�URO
�ILOWUX�GOD�Z\EUDQHM�KDUPRQLF]QHM���MH*HOL

QS��RGELRUQLNL�V��QLHOLQLRZH�L�LVWQLHMH�SRWU]HED�LFK�ILOWUDFML��

− UR]VWURMHQLH� REZRGX� SU]H]� ]PLDQ
� PRF\� EDWHULL� OXE� MHM� SU]\á�F]HQLH� GR� LQQHJR� SXQNWX

Z�VLHFL�]DVLODM�FHM��Z�FHOX�UHGXNFML�HIHNWX�Z]PRFQLHQLD�RVF\ODFML��

:á�F]HQLH� V]HUHJRZR� ]� ]Dá�F]DQ�� EDWHUL�� LPSHGDQFML� GRGDWNRZHM� � �� UH]\VWDQFML� OXE

UHDNWDQFML� LQGXNF\MQHM� ±� MHVW� MHGQ\P� ]H� VSRVREyZ� RJUDQLF]HQLD� SU�GyZ� L� QDSL
ü

WRZDU]\V]�F\FK� ]Z\NOH� SURFHVRZL� á�F]HQLD� EDWHULL� NRQGHQVDWRUyZ�� 3R� ]DNR�F]HQLX

SU]HELHJyZ� SU]HM�FLRZ\FK� LPSHGDQFMD� GRGDWNRZD� PR*H� E\ü� HOLPLQRZDQD� ]� REZRGX

�ERF]QLNRZDQD��� 7RZDU]\V]\� WHPX� ]D]Z\F]DM� VWDQ� SU]HM�FLRZ\� OHF]� MHJR� ZDUWR�ü� L� F]DV

WUZDQLD� V�� ]QDF]�FR� ]UHGXNRZDQH�� :DUWR�ü� GRGDWNRZHM� LPSHGDQFML� MHVW� V]DFRZDQD

QD� SRGVWDZLH� SRF]�WNRZHJR� VWDQX� á�F]HQLRZHJR�� SU]HSL
ü� L� SU]HW
*H�� WRZDU]\V]�F\FK� MHM

HOLPLQDFML� ]� REZRGX�� MDN� UyZQLH*� Z� RSDUFLX� R� ]GROQR�ü� GR� G\V\SDFML� HQHUJLL� ]ZL�]DQHM

]� ]DEXU]HQLDPL� L� PR*OLZR�FL�� UHJXODUQHJR� SRZWDU]DQLD� WHJR� SURFHVX� Z� ]DOH*QR�FL

RG�ELH*�F\FK�SRWU]HE�HNVSORDWDF\MQ\FK�

0RJ�� WR�E\ü�WDN*H�G]LDáDQLD�HOLPLQXM�FH�SU]\SDGNRZR�ü�SURFHVX�á�F]HQLD��QD�U]HF]�MHJR

VWHURZQLD��D�ZL
F�V\QFKURQL]DFMD�FKZLOL�]Dá�F]DQLD�WDN��DE\�QDVW�SLáR�RQR�QS��

- SU]\�SU]HM�FLX�QDSL
FLD�SU]H]�ZDUWR�ü�]HURZ��

- SU]\� SU]HM�FLX� QDSL
FLD� SU]H]� ZDUWR�ü� PDNV\PDOQ�� ]� UyZQRF]HVQ\P� ZF]H�QLHMV]\P

QDáDGRZDQLHP�ZVW
SQ\P�NRQGHQVDWRUD��7HQ�URG]DM�á�F]HQLD�MHVW�VWRVRZDQ\�Z�XNáDGDFK

kompensatorów statycznych TSC (Thyristor Switched Capacitors).



14

5\V������3URFHV�á�F]HQLD�NRQGHQVDWRUD���09$U����D��EH]�UH]\VWRUD���E��]�UH]\VWRUHP�V]HUHJRZ\P

5\V������>�@�3URFHV�á�F]HQLD�EDWHULL�]�UH]\VWRUHP�WáXPL�F\P��1D�SU]HELHJDFK�SLRQRZ��SU]HU\ZDQ��OLQL�

]D]QDF]RQR�PRPHQW�Z\á�F]HQLD�UH]\VWRUD
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3.1. Szeregowa rezystancja
Jest jednym z najprostszych, a zarazem najskuteczniejszych sposobów kontrolowania

SRMHPQR�FLRZ\FK� VWDQyZ� SU]HM�FLRZ\FK� �U\V�� ����� MDNNROZLHN� Z]JO
G\� QLH]DZRGQR�FLRZH

�XV]NRG]HQLD�WHUPLF]QH��L�NRV]W\�HNVSORDWDF\MQH��SU]\�]QDF]�FHM�F]
VWR�FL�á�F]H���VSUDZLDM��

*H� X*\WNRZQLF\� F]
VWR� UH]\JQXM�� ]� VWRVRZDQLD� WHJR� HOHPHQWX� QD� U]HF]� GáDZLNyZ

V]HUHJRZ\FK�� 2SW\PDOQD� ZDUWR�ü� RSRUQR�FL� ]DOH*\� RG� PRF\� ]Dá�F]DQHM� EDWHULL

NRQGHQVDWRUyZ� L� RG�PRF\� ]ZDUFLRZHM� (UyGáD� ]DVLODQLD��:DUWR�ü� V]HUHJRZHM� UH]\VWDQFML� �R)

V]DFRZDQD�MHVW�]D�SRPRF��]DOH*QR�FL��
C

L
R S≈ ��-HVW�ZL
F�RQD�GRELHUDQD�LQG\ZLGXDOQLH�GOD

ND*GHJR�SU]\SDGNX�L�]Z\NOH�]DZLHUD�VL
�Z�SU]HG]LDOH�������2PyZ�

6WRVRZDQH�E\ZDM��XNáDG\��Z�NWyU\FK�UH]\VWRU� MHVW�Zá�F]RQ\� W\ONR�QD�NUyWNL�RNUHV�F]DVX

(10-15 PV��� =H� Z]JO
GX� QD� GRSXV]F]DOQ�� REFL�*DOQR�ü� SU�GRZ�� VW\NyZ� Z\á�F]QLND�� NWyUH

UHDOL]XM�� SURFHV� á�F]HQLD� UH]\VWRUyZ�]Z\NOH� LFK�ZDUWR�ü� ]DZLHUD� VL
�ZyZF]DV�Z�SU]HG]LDOH

�������
�� ,P� ZL
NV]D� UH]\VWDQFMD�� W\P� EDUG]LHM� HIHNW\ZQH� MHVW� WáXPLHQLH� VWDQyZ

SU]HM�FLRZ\FK�Z�QDSL
FLX��-HGQDN*H�]�GUXJLHM�VWURQ\�ZUD]�]H�Z]URVWHP�ZDUWR�FL� UH]\VWDQFML

]ZL
NV]D�VL
�VWDQ�SU]HM�FLRZ\�WRZDU]\V]�F\�MHM�Z\á�F]DQLX��ERF]QLNRZDQLX��±�U\VXQHN����

 �����6]HUHJRZ\�GáDZLN
-HVW�]�VXNFHVHP�VWRVRZDQ\�GR�RJUDQLF]DQLD�SU�GX�á�F]HQLRZHJR�EDWHULL��:SURZDG]D�WDN*H

SHZLHQ�SR]LRP�RJUDQLF]HQLD�QDSL
FLRZ\FK�VWDQyZ�SU]HM�FLRZ\FK��MDNNROZLHN�QLH�]DZV]H��:

ÄVáDE\FK´� VLHFLDFK� ]DVLODM�F\FK� R� PDáHM� PRF\� ]ZDUFLRZHM� Z� SXQNFLH� SU]\á�F]HQLD� EDWHULL

PR*H� Z� QLHNRU]\VWQ\FK� ZDUXQNDFK� Z\VW�SLü� Z]PRFQLHQLH� ZDUWR�FL� FKZLORZ\FK� QDSL
FLD

SRGF]DV�SURFHVX�]Dá�F]DQLD��=DOHW��GáDZLNyZ�MHVW�WR��*H�Z�SU]HFLZLH�VWZLH�GR�UH]\VWRUyZ��V�

EDUG]LHM�QLH]DZRGQH��PQLHM�LVWRWQH�Z]JO
G\�WHUPLF]QH��L�EDUG]LHM�HNRQRPLF]QH�Z�HNVSORDWDFML

�PQLHMV]H�VWUDW\�PRF\���'áDZLNL�RJUDQLF]DM��WDN*H�SU�G�EDWHULL�SRGF]DV�]ZDUü�Z\VW
SXM�F\FK

Z�LFK�SREOL*X�

,VWQLHM�� XNáDG\�� Z� NWyU\FK� GáDZLN� MHVW� ERF]QLNRZDQ\� SR� ]DNR�F]HQLX� SURFHVX

á�F]HQLRZHJR�� -HJR� LPSHGDQFMD�� ]DOH*QD� RG� F]
VWRWOLZR�FL�� MHVW� ZL
NV]D� Z� SRF]�WNRZ\P

RNUHVLH�� JG\� F]
VWRWOLZR�ü� SU]HELHJyZ� MHVW� GX*D��1DVW
SQLH� XOHJD� ]PQLHMV]HQLX�� JG\� Sá\QLH

SU�G�R�F]
VWRWOLZR�FL�VLHFL�]DVLODM�FHM��3RGREQLH� MDN�Z�SU]\SDGNX�Z\á�F]DQHJR�UH]\VWRUD�� WX

UyZQLH*� Z\VW
SXMH� GUXJL� VWDQ� SU]HM�FLRZ\� SRGF]DV� ERF]QLNRZDQLD� GáDZLND�� :\VW
SXM�FH

ZyZF]DV� SU]HSL
FLD� L� SU]HW
*HQLD� V�� MHGQDN*H� ]QDF]�FR�PQLHMV]H�� ]H� Z]JO
GX� QD� PQLHMV]�

ZDUWR�ü�UHDNWDQFML�GáDZLND�GOD�F]
VWRWOLZR�FL�SRGVWDZRZHM�

'áDZLNL�V]HUHJRZH�PRJ��E\ü�UyZQLH*� á�F]RQH�SR�VWURQLH�RGELRUF\�� MDN�PD�WR�PLHMVFH�Z

SU]\SDGNX�UHJXORZDQ\FK�QDS
GyZ�HOHNWU\F]Q\FK��FKURQL�F�W\P�VDP\P�MHJR�LQVWDODFM
�SU]HG

QHJDW\ZQ\PL�VNXWNDPL�]Dá�F]DQLD�EDWHULL�NRQGHQVDWRUyZ�

�������$ZDU\MQH�Z\á�F]HQLD�F]Xá\FK�RGELRUQLNyZ

5\V�����6FKHPDW�SR�UHGQLHJR�SU]HPLHQQLND�F]
VWRWOLZR�FL�GR�]DVLODQLD�QDS
GX�HOHNWU\F]QHJR
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:� LQVWDODFML� NR�FRZHJR� X*\WNRZQLND� Z\VW
SXMH� F]
VWR� VSU]
W� F]Xá\� QD� ]DEXU]HQLD

WRZDU]\V]�FH� SURFHVRZL� á�F]HQLD� NRQGHQVDWRUyZ�� 3U]\NáDGHP� WDNLFK� RGELRUQLNyZ

V�� UHJXORZDQH� QDS
G\� HOHNWU\F]QH�� NWyUH� PRJ�� XOHF� Z\á�F]HQLX� SRGF]DV� SU]HELHJyZ

SU]HM�FLRZ\FK�QDZHW�R�PDáHM�ZDUWR�FL�WRZDU]\V]�F\FK�á�F]HQLX�NRQGHQVDWRUyZ�

:� SU]\SDGNX� QDS
GyZ� SU�GX� SU]HPLHQQHJR� �U\V�� ���� LFK� RJUDQLF]RQD� RGSRUQR�ü� MHVW

VSRZRGRZDQD� JáyZQLH� ]PLDQ�� QDSL
FLD� Z� REZRG]LH� SR�UHGQLF]�F\P� �GOD� QDSL
FLRZ\FK

SU]HPLHQQLNyZ�F]
VWRWOLZR�FL�� L� XDNW\ZQLHQLHP�]DEH]SLHF]H�� NRQWUROXM�F\FK� QDSL
FLH� VWDáH

Z� W\P� REZRG]LH�� *UR(ED� WDNLHJR� Z\á�F]HQLD� ]DOH*\� RG� ZLHOX� F]\QQLNyZ�� Z�UyG� NWyU\FK

QDOH*\�Z\PLHQLü��ZLHONR�ü�EDWHULL�NRQGHQVDWRUyZ�Z�REZRG]LH�SU�GX�VWDáHJR��SR]LRP�QDVWDZ\

]DEH]SLHF]HQLD� QDSL
FLRZHJR1
� RUD]� ZDUWR�ü� ]DVW
SF]HM� LQGXNF\MQR�FL� SRPL
G]\� GZRPD

NRQGHQVDWRUDPL��]Dá�F]DQ\P�Z�REZRG]LH�ac�L�LVWQLHM�F\P�Z�REZRG]LH�dc�QDS
GX��3U]\SDGHN
taki przedstawiono na rysunku 22.

5\V������:Sá\Z�SU]HSL
ü�SRGF]DV�]Dá�F]DQLD�EDWHULL�NRQGHQVDWRUyZ�QD�SU�G�ZHM�FLRZ\�QDSL
FLRZHJR

SU]HPLHQQLND�F]
VWRWOLZR�FL

35=<.à$'� �� 'OD� QDS
GX� ]DVLODQHJR� ]� VLHFL� ���� 9�� ZDUWR�ü� QDSL
FLD� SREXG]DM�FD� ]DEH]SLHF]HQLH

QDGQDSL
FLRZH�Z�REZRG]LH�dc przemiennika jest ustawiona na poziomie 760 V (rys. 23). W takim przypadku
PL
G]\ID]RZH� QDSL
FLH� PQLHMV]H� RG� ����� ZDUWR�FL� ]QDPLRQRZHM� �Z� SUDNW\FH� SUDZLH� ]DZV]H� SU]HNURF]RQH

SRGF]DV� á�F]HQLD�NRQGHQVDWRUyZ��PR*H�VSRZRGRZDü�Z\á�F]HQLH�QDS
GX��'RW\F]\� WR� UyZQLH*� LQQ\FK�XNáDGyZ

elektro- i energoelektronicznych z kondensatorami dc.

5\V������>��@�:Sá\Z�ZHM�FLRZ\FK�GáDZLNyZ�QD�ZDUWR�ü�QDSL
FLD�Z�REZRG]LH�dc�SU]HPLHQQLND�F]
VWRWOLZR�FL

SRGF]DV�]Dá�F]DQLD�EDWHULL�NRQGHQVDWRUyZ��2��SLRQRZD�MHVW�Z\VNDORZDQD�Z�ZDUWR�FL�QDSL
FLD�NRQGHQVDWRUD�dc
>9@��D�R��SR]LRPD���Z�ms

3UREOHP� WHQ� GR�ZLDGF]D� ZLHOX� X*\WNRZQLNyZ�� .RU]\VWQ\P� MHJR� UR]ZL�]DQLHP� MHVW

]DVWRVRZDQLH� QD�ZHM�FLX� QDS
GX� GáDZLNyZ� R� RGSRZLHGQLR� GREUDQHM� LQGXNF\MQR�FL� WDN�� DE\

                  
1� 'OD� ZLHOX� QDS
GyZ� SU�GX� SU]HPLHQQHJR� PDáHM� L� �UHGQLHM� PRF\� SR]LRP� ]DEH]SLHF]HQLD� Z� REZRG]LH� SU�GX

VWDáHJR� Z\QRVL� F]
VWR� ��������� QDSL
FLD� ]QDPLRQRZHJR�� 7DND� ZDUWR�ü� PR*H� E\ü� RVL�JQL
WD� QDZHW

Z� SU]\SDGNX� V\QFKURQLF]QHJR� á�F]HQLD� EDWHULL�� MH*HOL� Eá�G� GHWHNFML� SU]HM�FLD� QDSL
FLD� SU]H]� ]HUR�� FR� MHVW

SRGVWDZ��Z\ERUX�FKZLOL�á�F]HQLD�EDWHULL��E
G]LH�]DZDUW\�Z�SU]HG]LDOH� 1± ms [2, 3].
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MHJR�LPSHGDQFMD�SU]HFLZG]LDáDáD�WDN*H�SU]HW
*HQLRP�SU�GRZ\P�GRáDGRZXM�F\P�NRQGHQVDWRU

dc� MDN� QD� U\VXQNDFK����� -DN�ZLGDü�SU�G�EH]� GáDZLNyZ�ZHM�FLRZ\FK�RVL�JD�Z� UR]ZD*DQ\P
SU]\SDGNX� ZDUWR�ü� V]F]\WRZ�� ����$� L� FKDUDNWHU\]XMH� VL
� GX*�� V]\ENR�FL�� QDUDVWDQLD�

3R�Zá�F]HQLX�GáDZLND�ZHM�FLRZHJR�SU�G�MHVW�EDUG]LHM�ÄUR]P\W\´�L�MHJR�PDNV\PDOQD�ZDUWR�ü

QLH� SU]HNUDF]D� ���� $�� 5HGXNFML� XOHJáD� UyZQLH*� ZDUWR�ü� VNáDGRZHM� ]PLHQQHM� QDSL
FLD

kondensatora dc.
2EHFQLH�Z�ZL
NV]R�FL�SU]\SDGNyZ�SU]HPLHQQLNL�F]
VWRWOLZR�FL�V��Z\SRVD*DQH�Z�GáDZLNL

ZHM�FLRZH� OXE� GáDZLNL� SR� VWURQLH� SU�GX� VWDáHJR� �WHQ� VDP� FHO� G]LDáDQLD��� 3R]ZDOD� WR� F]
VWR

XQLNQ�ü� DZDU\MQ\FK� Z\á�F]H�� VSRZRGRZDQ\FK� SURFHVHP� á�F]HQLD� NRQGHQVDWRUyZ�� :\EyU

ZDUWR�FL� LQGXNF\MQR�FL� WDNLHJR� GáDZLND� QDOH*\� SU]HSURZDG]Dü�Z� RSDUFLX� R� XZD*Q�� DQDOL]


ZSá\ZX� VSDGNX� QDSL
FLD� QD� GáDZLNX� QD� SUDF
� QDS
GX�� 7\SRZH� ZLHONR�FL� V]HUHJRZ\FK

GáDZLNyZ������������L�����max.)

5\V������>�@��3U]HELHJL�F]DVRZH�QDSL
FLD��U��L�SU�GX��I��VLHFL�]DVLODM�FHM�RUD]�QDSL
FLD��Udc) w obwodzie
SR�UHGQLF]�F\P�SU]HPLHQQLND�F]
VWRWOLZR�FL�GOD�SU]\SDGNX���D��EH]�GáDZLND�L��E��]�GáDZLNLHP�ZHM�FLRZ\P

�����2FKURQD�SU]HSL
FLRZD
=DEH]SLHF]D� SU]HG� Z]URVWHP� ZDUWR�FL� QDSL
FLD� SRGF]DV� SURFHVX� á�F]HQLRZHJR� W\SRZR

QD� SR]LRPLH� �������� QDSL
FLD� ]QDPLRQRZHJR�� .U\W\F]QH� GOD� SUDF\� ]DEH]SLHF]HQLD

V�� Z\áDGRZDQLD� SRZWyUQH� ]D� ]DFLVNDFK� Z\á�F]QLND� SRGF]DV� SURFHVX� á�F]HQLD� EDWHULL�

:� SU]\SDGNX� LQVWDORZDQLD� RFKURQ\� SU]HSL
FLRZHM� SR� VWURQLH� nn, podczas wzmocnienia
RVF\ODFML� QDSL
FLRZ\FK�Z� XNáDG]LH�PR*H� ]GDU]\ü� VL
�� *H� HQHUJLD� W\FK� RVF\ODFML�przekraczy
PR*OLZR�FL�DEVRUEFML�]DEH]SLHF]HQLD��]Z\NOH�NLONDVHW�-��SRZRGXM�F�MHJR�XV]NRG]HQLH�

=DEH]SLHF]HQLD� WH� QLH� UHGXNXM�� ZDUWR�FL� SU�GyZ� á�F]HQLRZ\FK� L� VSDGNyZ� QDSL
FLD

SRGF]DV�á�F]HQLD�NRQGHQVDWRUyZ�
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3.4. Filtry wh
6�� VWRVRZDQH� JáyZQLH� GR� UHGXNFML� ZDUWR�ü� Z\*V]\FK� KDUPRQLF]Q\FK�� :� ZL
NV]R�FL

SU]\SDGNyZ�]PQLHMV]DM��WDN*H�ZDUWR�ü�SU]HSL
FLD�ERZLHP�

− GRGDQLH� GáDZLND� Z� JDá
]L� ILOWUX� PR*H� ]PLHQLü� NRU]\VWQLH� FKDUDNWHU\VW\N


F]
VWRWOLZR�FLRZ��XNáDGX�

− QDZHW� Z� SU]\SDGNX� Z]PRFQLHQLD� RVF\ODFML� ZL
NV]R�ü� QDSL
FLD� RGáR*\� VL
� QD

NRQGHQVDWRU]H�L�GáDZLNX��Z�PQLHMV]\P�VWRSQLX�QD�V]\QDFK�]DVLODM�F\FK

Porównanie rysunków 12 i 13 uwidacznia korzystny efekt skonfigurowania baterii
kompensacyjnej nn jako filtru harmonicznego.

�����6\QFKURQLF]QH�á�F]HQLH
2]QDF]D�NRQWURORZDQLH�FKZLOL�]Dá�F]HQLD�OXE�UR]á�F]HQLD�Z\á�F]QLND�Z]JO
GHP�SU]HELHJX

F]DVRZHJR� QDSL
FLD� OXE� SU�GX�� 5HDOL]XMH� VL
� ZyZF]DV� V\QFKURQLF]QH� á�F]HQLH� QS�� SU]\

SU]HM�FLX� QDSL
FLD� SU]H]� ZDUWR�ü� ]HURZ��� ]D� SRPRF�� Z\á�F]QLNyZ� 6)�� OXE� SUy*QLRZ\FK

]�QLH]DOH*Q�� SUDF�� SRV]F]HJyOQ\FK� VW\NyZ� ID]RZ\FK��:�SUDNW\FH�Z\PDJD� WR� DQDOL]RZDQLD

V\JQDáyZ� QDSL
FLD� L�OXE� SU�GX� L� HNVWUDSRODFM
� PR*OLZHM� FKZLOL� Z\NRQDQLD� ]DGDQLD� ±

SU]\FKRG]�F\�V\JQDá�]Dá�F]HQLD�OXE�Z\á�F]HQLD�MHVW�ZyZF]DV�RGSRZLHGQLR�RSy(QLRQ\�

%DWHULD�SRá�F]RQD�Z�X]LHPLRQ��JZLD]G


=Dá�F]DQLH�SROHJD�QD�QLH]DOH*Q\P�]DP\NDQLX�VW\NyZ�GOD�ND*GHM�ID]\�Z�SREOL*X�SU]HM�FLD

QDSL
FLD� ID]RZHJR�SU]H]�ZDUWR�ü�]HURZ�� MDN�QD� U\VXQNX�����2]QDF]D� WR��*H� F]DV�SRPL
G]\

NROHMQ\PL�á�F]HQLDPL�Z\QRVL����PV�����ms, 1/6 okresu, 1/3 okresu).

5\V������.RQFHSFMD�V\QFKURQLF]QHJR�á�F]HQLD�EDWHULL�NRQGHQVDWRUyZ�SRá�F]RQHM�Z�JZLD]G
��X]LHPLRQ��

:�FHOX�]UHDOL]RZDQLD�]Dá�F]HQLD�Z��OXE�SREOL*X�SU]HM�FLD�QDSL
FLD�SU]H]�ZDUWR�ü�]HURZ�

QLH]E
GQH� MHVW� ]DVWRVRZDQLH� DSDUDWX� á�F]HQLRZHJR� R� Z\WU]\PDáR�FL� QDSL
FLRZHM

Z\VWDUF]DM�FHM� GOD� Z\HOLPLQRZDQLD� Z\áDGRZD�� SRPL
G]\� VW\NDPL� SU]HG� LFK� IL]\F]Q\P

]HWNQL
FLHP� VL
�� 3R*�GDQH� MHVW�� DE\� SU�G� ]DF]\QDá� Sá\Q�ü� GRSLHUR� Z� FKZLOL� X]\VNDQLD

PHFKDQLF]QHJR� NRQWDNWX� VW\NyZ�� D� QLH� ZF]H�QLHM�� Z� HIHNFLH� Z\áDGRZDQLD� áXNRZHJR�

To wymaganie zilustrowano na rysunku 26, gdzie u(t)� MHVW� QDSL
FLHP� SRPL
G]\� VW\NDPL

á�F]QLND�� SyáSURVWH� D�G� LOXVWUXM�� SR]LRP� UHGXNFML� Z\WU]\PDáR�FL� QDSL
FLRZHM� V]F]HOLQ\

powietrznej PL
G]\VW\NRZHM�� /LQLD� �D�� Z\ND]XMH� UHGXNFM
� Z\WU]\PDáR�FL� QDSL
FLRZHM

V]F]HOLQ\� XQLHPR*OLZLDM�F�� V\QFKURQLF]QH� á�F]HQLH�� 3U�G� ]DF]QLH� Sá\Q�ü� ±� Z� HIHNFLH
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]DLQLFMRZDQHJR�Z\áDGRZDQLD� áXNRZHJR� ��ZyZF]DV� JG\� OLQLD� �D�� SU]HWQLH� VL
� ]� SU]HELHJLHP

u(t).� :� SU]\SDGNX� OLQLL� �E�� Z\WU]\PDáR�ü� QDSL
FLRZD� V]F]HOLQ\� PDOHMH� V]\EFLHM�� FR� F]\QL

PR*OLZ\P� UHDOL]DFM
� V\QFKURQLF]QHJR� á�F]HQLD�� .RQWDNW� VW\NyZ� Z\VW�SL� Z� QDMEDUG]LHM

SR*�GDQHM�FKZLOL�� F]\OL�Z�]HU]H�QDSL
FLD��1D� U\VXQNX����SU]HGVWDZLRQR� WDN*H� OLQLH� �F�� L� �G�

GRW\F]�FH�JUDQLF]Q\FK�SU]\SDGNyZ�RSy(QLHQLD�L�Z\SU]HG]HQLD�SU]HM�FLD�QDSL
FLD�SU]H]�]HUR��

.1ms± �:LGDü�Z\UD(QLH��*H�NRU]\VWQLHMV]H�ZDUXQNL�Z\VW
SXM�� SU]\�RSy(QLRQ\P�]Dá�F]HQLX�

FR� SRZRGXMH� Z� SUDNW\FH� ]DPLHU]RQH� RSy(QLDQLH� ]Dá�F]HQLD� Z]JO
GHP� SU]HM�FLD� QDSL
FLD

SU]H]�]HUR��ZJ�>��@�RSy(QLHQLH�WR�Z\QRVL�RNRáR�����ms).

5\V������:\WU]\PDáR�ü�QDSL
FLRZD�V]F]HOLQ\�PL
G]\VW\NRZHM�SRGF]DV�V\QFKURQLF]QHJR�á�F]HQLD�EDWHULL

�REMD�QLHQLD�Z�WHN�FLH�

:�SUDNW\FH�PR*OLZH�MHVW�RVL�JQL
FLH�SUHF\]ML�á�F]HQLD� 5,0± PV�ZRNyá�SU]HM�FLD�QDSL
FLD

SU]H]� ZDUWR�ü� ]HURZ�2
�� %DGDQLD� Z\ND]Dá\�� *H� GRNáDGQR�ü� V\QFKURQL]DFML� U]
GX� 0,1± ms

JZDUDQWXMH� Z� SUDNW\FH� SR]LRP� UHGXNFML� SU]HSL
ü� RVL�JDQ\� Z� SU]\SDGNX� ]DVWRVRZDQLD

SUDZLGáRZR� GREUDQHM� UH]\VWDQFML� V]HUHJRZHM3�� :� W\P� SURFHVLH� LVWRWQD� MHVW� PR*OLZR�ü

]DVWRVRZDQLD� WHM� PHWRG\� Z� Uy*Q\FK� ]PLHQLDM�F\FK� VL
� ZDUXQNDFK� ]DVLODQLD� L� ZDUXQNDFK

PHWURORJLF]Q\FK�� :\PDJD� WR� SUHF\]\MQHM� SUHG\NFML� FKZLOL� á�F]HQLD�� FR� QLHNLHG\� QLH� MHVW

]DGDQLHP� WU\ZLDOQ\P�� =DOHW�� WHJR� VSRVREX� MHVW� SRWU]HED� MHG\QLH� QLHZLHONLHM� PRG\ILNDFML

NRQVWUXNF\MQHM�W\SRZHJR�á�F]QLND�±�JáyZQLH�LQVWDODFMD�XNáDGX�V\QFKURQL]DFML�

5\V�����>��@�1DSL
FLD�L�SU�G\�ID]RZH�GOD�QLH

synchronic]QHJR�á�F]HQLH�SRMHG\QF]HM�baterii
kondensatorów

5\V������>��@�1DSL
FLD�L�SU�G\�ID]RZH�GOD

synchronicznego á�F]HQLH�SRMHG\QF]HM�EDWHULL
kondensatorów

                  

2�:� >��@�SRGDQR� MDNR�JUDQLF]QH�ZDUWR�FL�Eá
GX� V\QFKURQL]DFML� á�F]HQLD� �VSRZRGRZDQH�JáyZQLH� WHPSHUDWXU�� L

F]DVHP�HNVSORDWDFML�Z\á�F]QLND��RG������GR�����PV�ZRNyá�SU]HM�FLD�QDSL
FLD�SU]H]�ZDUWR�ü�]HURZ��
3�:J�>��@�WHQ�SR]LRP�WROHUDQFML�JZDUDQWXMH�RNRáR�����UHGXNFML�SU�GX�á�F]HQLRZHJR�
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35=<.à$'���:�DUW\NXOH�>��@�RSLVDQR�GR�ZLDGF]HQLD�R�PLROHWQLHM�HNVSORDWDFML�GZyFK�EDWHULL�NRQGHQVDWRUyZ

�[��09$U�����N9�Z�.DQDG]LH�Z�NWyU\FK�]DVWRVRZDQR�V\QFKURQLF]QH�á�F]HQLH��1D�U\VXQNX����SU]HGVWDZLRQR

SURFHV� á�F]HQLD� SRMHG\QF]HM� EDWHULL� EH]� V\QFKURQL]DFML�� D� QD� U\VXQNX� ��� WHQ� VDP� SURFHV� Z� SU]\SDGNX

]DVWRVRZDQLD� V\QFKURQLF]QHJR� á�F]HQLD�� :\UD(QLH� ZLGDü� UHGXNFM
� SU]HSL
ü� L� SU]HW
*H�� WRZDU]\V]�F\FK

]Dá�F]DQLX�EDWHULL�

%DWHULD�SRá�F]RQD�Z�QLH�X]LHPLRQ��JZLD]G


:�SLHUZV]HM�NROHMQR�FL�]DP\NDQH�V��VW\NL�QDSL
FLD�PL
G]\ID]RZHJR�SU]\�MHJR�SU]HM�FLX

SU]H]�]HUR��D�QDVW
SQLH�]DP\NDQH�V��VW\NL�Z\á�F]QLND�WU]HFLHM�ID]\�]�RSy(QLHQLHP���ms (900)
– rysunek 29.

5\V������>��@��6\QFKURQLF]QH�á�F]HQLH�WUyMID]RZHM�QLH�X]LHPLRQHM�JZLD]G\�NRQGHQVDWRUyZ

������=Dá�F]DQLH�NRQGHQVDWRUyZ�]D�SRPRF��á�F]QLNyZ�W\U\VWRURZ\FK
:� SU]HFLZLH�VWZLH� GR� á�F]QLNyZ� PHFKDQLF]Q\FK�� á�F]QLNL� W\U\VWRURZH� XPR*OLZLDM�

EDUG]R�SUHF\]\MQ\�Z\EyU�ID]\�]Dá�F]DQLD��Z�WHQ�VSRVyE�UHGXNXM�F�OXE�SUDNW\F]QLH�HOLPLQXM�F

á�F]HQLRZH�VWDQ\�SU]HM�FLRZH�

1D�U\VXQNX����SU]HGVWDZLRQR�Uy*QH�PR*OLZH�NRQILJXUDFMH�á�F]HQLD�EDWHULL�NRQGHQVDWRUyZ

]D� SRPRF�� á�F]QLNyZ� W\U\VWRURZ\FK� Z� VLHFLDFK� WUyMID]RZ\FK� QLVNLHJR� QDSL
FLD�

.RQGHQVDWRU\� L� á�F]QLNL��PRJ�� E\ü� SRá�F]RQH�Z�JZLD]G
� OXE�Z� WUyMN�W�� MHGHQ� ]� W\U\VWRUyZ

á�F]QLND�PR*H�E\ü�]DVW�SLRQ\�SU]H]�GLRG
��PRJ��E\ü�]DVWRVRZDQH�W\ONR�GZD�á�F]QLNL��PR*H

E\ü�SU]HZyG�QHXWUDOQ\� OXE�PR*H�JR�QLH� E\ü� LWS��:�ND*G\P�SU]\SDGNX�RERZL�]XMH� ]DVDGD�

]JRGQLH� ]� NWyU�� á�F]QLN� PR*H� E\ü� ]DPNQL
W\� JG\� MHJR� QDSL
FLH� SU]HFKRG]L� SU]H]� ZDUWR�ü

]HURZ��� 1D� U\VXQNX� ��� ]DVWRVRZDQR� QDVW
SXM�F\� NRG� R]QDF]H�� �]JRGQ\� ]� ,(((� 6WDQGDUG

428):

• SLHUZV]D� OLWHUD� LGHQW\ILNXMH� ]DVWRVRZDQ\� HOHPHQW� SyáSU]HZRGQLNRZ\�� U –
pojedynczy tyrystor; V – jeden tyrystor i jedna dioda; W – dwa przeciw-równolegle
SRá�F]RQH�W\U\VWRU\�

• GZLH�NROHMQH�F\IU\�LGHQW\ILNXM��OLF]E
�ID]�RUD]�OLF]E
�VWHURZDQ\FK�á�F]QLNyZ

• GZLH� RVWDWQLH� OLWHU\� RNUH�ODM�� VSRVyE� SRá�F]HQLD� á�F]QLNyZ� L� NRQGHQVDWRUyZ�� '� ±

SRá�F]HQLH� Z� WUyMN�W�� <� ±� SRá�F]HQLH� Z� JZLD]G
�� 1� ±� JZLD]GD� ]� SU]HZRGHP

]HURZ\P��$�±�LQQH�SRá�F]HQLH�
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5\V������>�@�0R*OLZH�NRQILJXUDFMH�VFKHPDWyZ�á�F]HQLRZ\FK�EDWHULL�NRQGHQVDWRUyZ�]D�SRPRF��HOHPHQWyZ

SyáSU]HZRGQLNRZ\FK

3U]HGVWDZLRQH�NRQILJXUDFMH�REZRGX�PR*QD�SRG]LHOLü�QD�WU]\�JUXS\�

,� JUXSD� ±� REZyG� XWZRU]RQ\� MHVW� SU]H]� WU]\� MHGQRID]RZH� JDá
]LH�� :� GZyFK� SLHUZV]\FK

NRQILJXUDFMDFK�� :��1$� L� :��$1� á�F]QLNL� L� NRQGHQVDWRU\� SRá�F]RQH� V�

V]HUHJRZR� Z� JZLD]G
�� 3XQNW� ]HURZ\� JZLD]G\� SRá�F]RQ\� MHVW� ]� SXQNWHP

QHXWUDOQ\P� V\VWHPX� ]DVLODM�FHJR�� :� WU]HFLP� SU]\SDGNX� ±� :��$$�� SRá�F]RQH

V]HUHJRZR� á�F]QLNL� L� NRQGHQVDWRU\� WZRU]�� WUyMN�W�� ,VWRWQ\� MHVW� EUDN� Z]DMHPQHM

LQWHUDNFML�SRPL
G]\�WU]HPD�JDá
]LDPL�±�MHGQR�UyZQDQLH�PR*H�E\ü�]DVWRVRZDQH�GR

RSLVX�SUDF\�WU]HFK�á�F]QLNyZ�
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,,�JUXSD�±�FKDUDNWHU\]XMH�VL
� LVWQLHQLHP� LQWHUDNFML�SRPL
G]\� WU]HPD� á�F]QLNDPL��]DPNQL
FLH

L� RWZDUFLH� á�F]QLNyZ� ]DOH*\� RG� DNWXDOQHJR� VWDQX� GZyFK� LQQ\FK� á�F]QLNyZ�

W pierwszej podgrupie – konfiguracje W33YA, W33AY i W33AD – zastosowano
WU]\� á�F]QLNL� W\U\VWRURZH��:� GUXJLHM� SRGJUXSLH� ±� NRQILJXUDFMD� 9��<$�� 9��$<

L�9��$'�±�]DVWRVRZDQR�á�F]QLNL�XWZRU]H�]�GLRG\�L�W\U\VWRUD��:�WU]HFLHM�SRGJUXSLH

±�:��<$��:��'$��:��$<�L�:��$'�±�]DVWRVRZDQR�W\ONR�á�F]QLNL�W\U\VWRURZH�

.RQILJXUDFMH�Z� ND*GHM� SRGJUXSLH� Uy*QL�� VL
� SR]\FM�� W\U\VWRUyZ� OXE� SRá�F]HQLHP

NRQGHQVDWRUyZ� �JZLD]GD� OXE� WUyMN�W��� .RQILJXUDFMH� :��<$� L� :��'$� V�

V]F]HJyOQH��7H�GZD�REZRG\�V��HOHNWU\F]QLH�MHGQDNRZH��MHGQDN*H�SLHUZV]\�]�QLFK

SRZVWDá�MDNR�PRG\ILNDFMD�NRQILJXUDFML�:��<$��D�GUXJL�]�:��'$�

,,,�JUXSD�±�:��'$�L�8��'$�WZRU]��REZRG\�SRá�F]RQ\FK�Z�WUyMN�W�á�F]QLNyZ��:�SU]\SDGNX

SLHUZV]HM� NRQILJXUDFML� UR]Sá\Z� SU�GyZ� SRPL
G]\� W\U\VWRUDPL� ]DOH*\� RG

XVWDORQHJR�VSDGNX�QDSL
FLD�QD�HOHPHQWDFK�SyáSU]HZRGQLNRZ\FK��'OD�NRQILJXUDFML

8��'$� W\U\VWRU\� QLH� PRJ�� E\ü� SRQRZQLH� ]Dá�F]RQH� ]DQLP� QDSL
FLH� QD

NRQGHQVDWRUDFK�QLH�]PQLHMV]\�VL
�SRQL*HM�NU\W\F]Q\FK�ZDUWR�FL�

=DVDGQLF]D� Uy*QLFD� Z\VW
SXMH� SRPL
G]\� NRQILJXUDFMDPL� ÄMHGQRID]RZ\PL´� �JUXSD� ,�

L� SR]RVWDá\PL��3RGF]DV�JG\�NRQILJXUDFMH� ÄMHGQRID]RZH´�PRJ�� E\ü�SRQRZQLH� ]Dá�F]DQH�EH]

*DGQ\FK�RJUDQLF]H���SR]RVWDáH�Z\PDJDM���DE\�á�F]QLNL�E\á\�]DP\NDQH�Z��FL�OH�]GHILQLRZDQHM

NROHMQR�FL�� -H*HOL� RNUH�ORQD� VHNZHQFMD� á�F]HQLD� QLH� E
G]LH� VSHáQLRQD�� SR]RVWDM�FH�Z� FKZLOL

]DQLNX�SU�GX�QDSL
FLD�NRQGHQVDWRUyZ�VSUDZL���*H�QDSL
FLH�QD�MHGQ\P�]�á�F]QLNyZ�QLJG\�QLH

RVL�JQLH� ZDUWR�FL� ]HURZHM� XQLHPR*OLZLDM�F� W\P� VDP\P� MHJR� ]DPNQL
FLH� EH]� SU]HSL
ü

i SU]HW
*H��
.RQILJXUDFMH�SU]HGVWDZLRQH�QD�U\VXQNX����Uy*QL��VL
�SRPL
G]\�VRE��QLH�W\ONR�Z\PLDUHP

SU�GRZ\P�á�F]QLNyZ��OHF]�WDN*H�RSy(QLHQLDPL�Z�Z\á�F]DQLX�L�]Dá�F]DQLX�EDWHULL��QDSL
FLHP

PDNV\PDOQ\P� QD� á�F]QLNX� L� QD� NRQGHQVDWRUDFK�� 1D� U\VXQNX� SRGDQR� VNXWHF]QH� ZDUWR�FL

SU�GyZ� W\U\VWRUyZ� L� NRQGHQVDWRUyZ� �IT i IC��� LFK� PDNV\PDOQH� QDSL
FLD� �UT i UC) oraz
VNáDGRZ�� VWDá�� QDSL
FLD� NRQGHQVDWRUD� JG\� á�F]QLNL� V�� RWZDUWH� �Udc), maksymalny czas
RSy(QLHQLD� ]Dá�F]DQLD� Z� SU]\SDGNX� FDáNRZLWHJR� UR]áDGRZDQLD� NRQGHQVDWRUyZ� �Ton),
PDNV\PDOQ\�F]DV�RSy(QLHQLD�Z\á�F]HQLD��Toff��L�PLQLPDOQH�RSy(QLHQLH�SRPL
G]\�FKZLO��JG\

á�F]QLNL� ]DNR�F]�� SU]HZRG]HQLH� L� FKZLO�� JG\� RQH� PRJ�� E\ü� SRQRZQLH� ]Dá�F]RQH� �Trec).
1D� W\P� VDP\P� U\VXQNX� QDSL
FLD� L� SU�G\� ]RVWDá\� Z\UD*RQH� Z� MHGQRVWNDFK� Z]JO
GQ\FK

RGQLHVLRQ\FK� GR� VNXWHF]QHM� ZDUWR�FL� QDSL
FLD� PL
G]\ID]RZHJR� �U�� L� VNXWHF]QHM� ZDUWR�FL

SU�GX�OLQLRZHJR��I���RSy(QLHQLD�V��Z\UD*RQH�MDNR�XáDPNL�RNUHVX�SRGVWDZRZHJR��T).

5\V������6FKHPDW�NRPSHQVDWRUD�VWDW\F]QHJR�]�EDWHULDPL�NRPSHQVDWRUyZ�]Dá�F]DQ\PL�á�F]QLNDPL�W\U\VWRURZ\PL��T S C )
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3.6.1. Konfiguracja W33AA (kompensator statyczny TSC)
:� SU]\SDGNX� NRPSHQVDWRUD� 76&� PL
G]\ID]RZR� á�F]RQH� V�� EDWHULH� NRQGHQVDWRUyZ�

SRG]LHORQH� QD� VHNFMH�� ]� NWyU\FK� ND*GD� MHVW� ]Dá�F]DQD� �OXE� Z\á�F]DQD�� LQG\ZLGXDOQLH

]D� SRPRF�� á�F]QLNyZ� W\U\VWRURZ\FK� SU�GX� SU]HPLHQQHJR� �U\V�� ����� :DUWR�FL� susceptancji
NRPSHQVDF\MQ\FK� ]PLHQLDM�� VL
� ZL
F� Z� VSRVyE� G\VNUHWQ\� Z� ]DOH*QR�FL� RG� OLF]E\

SU]HZRG]�F\FK�VHNFML��3RSU]H]�Z\EyU�RGSRZLHGQLR�GX*HM�LFK�OLF]E\�PR*QD�X]\VNDü�GRZROQLH

PDá��ZDUWR�ü�PRF\�ELHUQHM�SRMHG\QF]HJR�VWRSQLD�

.D*G\� PL
G]\ID]RZ\� REZyG� Z� ERNX� SRMHG\QF]HJR� WUyMN�WD� susceptancji zawiera trzy
JáyZQH� HOHPHQW\� VNáDGRZH�� SRMHPQR�ü� C (Xc��� LQGXNF\MQR�ü� L (XL�� �QLH� ]D]QDF]RQ�� QD

U\VXQNX� ���� RUD]� á�F]QLN� W\U\VWRURZ\� SU�GX� SU]HPLHQQHJR� 7�� 3U]HELHJ� F]DVRZ\� SU�GX

NRQGHQVDWRUD�SR�]Dá�F]HQLX�á�F]QLND�W\U\VWRURZHJR�RSLVDQ\�MHVW�]DOH*QR�FL������

tItU
n

n
UnBtIti mSmCCm 002

2

0 coscossin)sin
1

()cos()( ωαωααω −
−

−−+= (2)

=)(ti .usti    + .osci

gdzie: α ��ID]D�SRF]�WNRZD�RNUH�ORQD�FKZLO��]Dá�F]DQLD�W\U\VWRUD�

ωω n
LC

== 1
0    ��F]
VWRWOLZR�ü�ZáDVQD�]Dá�F]DQHJR�REZRGX�

ω
ω0==

L

C

X

X
n �� Z]JO
GQD� F]
VWRWOLZR�ü� ZáDVQD� ]Dá�F]DQHJR� REZRGX

RGQLHVLRQD�GR�F]
VWRWOLZR�FL�QDSL
FLD�]DVLODM�FHJR�ω .
BC  = ω C

�=DVDGQLF]\� ZSá\Z� QD� ZDUWR�ü� QDSL
ü� L� SU�GyZ� SR� ]Dá�F]HQLX� W\U\VWRUyZ� PD� ZDUWR�ü

F]
VWRWOLZR�FL�ZáDVQHM� 0ω �� -HVW� RQD� WUXGQD� GR� SUHF\]\MQHJR� RNUH�OHQLD�� ERZLHP� UHDNWDQFMD

LQGXNF\MQD� VLHFL� ]DVLODM�FHM�� NWyUD� VWDQRZL� HOHPHQW� VNáDGRZ\� ]Dá�F]DQHJR� REZRGX� MHVW

Z� SUDNW\FH� ]QDQD� MHG\QLH� ]� SHZQ\P� SU]\EOL*HQLHP�� =JRQLH� ]� ]DOH*QR�FL�� ���� Z� SU�G]LH

EDWHULL�SR�]Dá�F]HQLX�PR*QD�Z\Uy*QLü�VNáDGRZ��SRGVWDZRZ�� .usti ��NWyUD�Z\SU]HG]D�QDSL
FLH

X�R�N�W�
2

π
��$PSOLWXG
� mI �WHJR�SU�GX�RNUH�OD�]DOH*QR�ü�����

12

2

−
=

n

n
BUI CSmm (3)

'ZD� RVWDWQLH� VNáDGQLNL� SUDZHM� VWURQ\� ]DOH*QR�FL� ����� UHSUH]HQWXM�� VNáDGRZ�� RVF\ODF\MQ�

.osci ��,FK�DQDOL]D�Z\ND]XMH��L*�MHVW�PR*OLZH�]Dá�F]HQLH�REZRGX�LC�EH]�VWDQyZ�SU]HM�FLRZ\FK

QD�GRZROQ��FDáNRZLW��LOR�ü�SyáRNUHVyZ�SU]HZRG]HQLD��-HVW�WR�PR*OLZH�SU]\�VSHáQLHQLX�GZyFK

warunków (4):

a)  0cos =α            (4a)

b)   mCSmC IX
n

n
UU ±=

−
=

12

2

0           (4b)
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  :DUXQHN� SLHUZV]\� ��D��� R]QDF]D�� *H� W\U\VWRU\� SRZLQQ\� E\ü� ]Dá�F]DQH�Z� GRGDWQLP� OXE

XMHPQ\P�V]F]\FLH�QDSL
FLD�]DVLODQLD�

��:DUXQHN� GUXJL� ��E��� R]QDF]D�� *H� NRQGHQVDWRU� ZLQLHQ� E\ü� XSU]HGQLR� QDáDGRZDQ\

GR� QDSL
FLD�
12

2

0 n

n
UU SmC = � R� WDNLHM� VDPHM� ELHJXQRZR�FL� MDN� QDSL
FLH� ]DVLODQLD� Z� FKZLOL

]Dá�F]DQLD� W\U\VWRUyZ��2EHFQR�ü� LQGXNF\MQR�FL�Z�REZRG]LH� VSUDZLD�� � *H� NRQGHQVDWRU�PXVL

E\ü� QDáDGRZDQ\� GR� QDSL
FLD� Z\*V]HJR� RG� DPSOLWXG\� QDSL
FLD� ]DVLODQLD� USm�� 0LDU�

�SU]HáDGRZDQLD�� NRQGHQVDWRUD� MHVW� ZVSyáF]\QQLN�
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2

−n

n
�� *G\� ZDUWR�ü� n� MHVW� PDáD

ZVSyáF]\QQLN�WHQ�PR*H�E\ü�]QDF]�F\�

:�ND*G\P�NRPSHQVDWRU]H�]H�Z]JO
GX�QD�]DVWRVRZDQH�W\U\VWRU\��V]HUHJRZR�]�á�F]QLNLHP

7�PXVL�E\ü�]DZV]H�SRá�F]RQD�QLHZLHOND�LQGXNF\MQR�ü�Z�FHOX�RJUDQLF]HQLD�SRFKRGQHM�SU�GX

(di/dt���:�ZL
NV]R�FL�SU]\SDGNyZ�ZDUWR�ü�WHM� LQGXNF\MQR�FL� MHVW�ZL
NV]D�QL*�Z\QLNDáRE\�WR

]�SRZ\*V]HJR�NU\WHULXP��3HáQL�RQD�ERZLHP�UyZQLH*�URO
� LQGXNF\MQR�FL�RGVWUDMDM�FHM�REZyG

szeregowy LC� RG� KDUPRQLF]Q\FK� Z\VW
SXM�F\FK� Z� QDSL
FLX� ]DVLODQLD� �LQGXNF\MQR�ü

SU]HFLZUH]RQDQVRZD��� 3U]\� SRPLQL
FLX� UH]\VWDQFML� ]Dá�F]DQHJR� REZRGX� Z� SUDNW\F]Q\FK

XNáDGDFK�VáXV]QD�MHVW�]DOH*QR�ü�
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8Z]JO
GQLDM�F� ]PLDQ\� QDSL
FLD� ]DVLODQLD� ZDUXQHN� ��E�� E
G]LH� VSHáQLRQ\�� MH*HOL

NRQGHQVDWRU� QLH� E
G]LH� UR]áDGRZDQ\� SRGF]DV� VWDQyZ� QLH� SU]HZRG]HQLD� á�F]QLNyZ� �7�� OXE

MH*HOL�Z�XNáDG]LH�E
G��UHDOL]RZDQH�MHJR�GRáDGRZDQLD�GR�QDSL
FLD�UyZQHJR�
12

2

−n

n
USm .

6SHáQLHQLH� ZDUXQNyZ� á�F]HQLRZ\FK� ���� Z\PDJD� RG� XNáDGX� VWHURZDQLD� V\QFKURQL]DFML

PRPHQWX� ]Dá�F]DQLD� W\U\VWRUyZ�� ,VWQLHM�� MHGQDN*H� SHZQH� V]F]HJyOQH� VWDQ\� SUDF\� XNáDGX�

Z�NWyU\FK�ZDUXQNL�á�F]HQLRZH�����V��GDOHNLH�RG�VSHáQLHQLD��

-HGQ\P� ]� QLFK� MHVW� FKZLOD� XUXFKDPLDQLD� XNáDGX�� Z� NWyUHM� NRQGHQVDWRU� MHVW� FDáNRZLFLH

UR]áDGRZDQ\�W]Q�� 00 =CU . W bardziej ogólnym przypadku 0CU �PR*H�PLHü�GRZROQ��ZDUWR�ü

Z� ]DOH*QR�FL� RG� ZDUXQNyZ�� Z� NWyU\FK� ]DNR�F]\áR� VL
� RVWDWQLH� SU]HZRG]HQLH� W\U\VWRUyZ�

,VWRWQH� V�� ZyZF]DV� RGSRZLHG]L� QD� S\WDQLD�� MDN� DPSOLWXGD� VNáDGRZHM� RVF\ODF\MQHM� SU�GX

]DOH*\� RG� 0CU � Z� FKZLOL� ]Dá�F]DQLD"� -DN� QDOH*\� Z\EUDü� FKZLO
� ]Dá�F]DQLD� W\U\VWRUyZ� DE\

]PLQLPDOL]RZDü� ZDUWR�ü� VNáDGRZHM� RVF\ODF\MQHM� GOD� ]DGDQHJR� QDSL
FLRZHJR� ZDUXQNX

SRF]�WNRZHJR�NRQGHQVDWRUD"�:�SUDNW\FH�PR*OLZH�V��GZLH�VWUDWHJLH�]Dá�F]DQLD�W\U\VWRUyZ�

a) w chwili gdy 
m

C
C U

U
Uu 0

0 sin =⇒= α          (5a)

b) w chwili gdy 0cos0 =⇒= α
dt

du
         (5b)

:� SLHUZV]\P� SU]\SDGNX� ��D��� LVWQLHMH� JUR(ED� XWUDW\� VWHURZDOQR�FL� XNáDGX�� MH*HOL

SmC UU 〉0 �� -H*HOL� SmC UU =0 �ZyZF]DV� QLH]HURZD� VNáDGRZD�RVF\ODF\MQD� SU�GX�PD� WDN�� VDP�

ZDUWR�ü� GOD� RE\GZX� VWUDWHJLL� ]Dá�F]DQLD� W\U\VWRUyZ�� EH]�Z]JO
GX� QD�ZDUWR�ü� F]
VWRWOLZR�FL
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Z]JO
GQHM�n��'OD�ND*GHM�ZDUWR�FL� SmC UU 〈0 �]Dá�F]DQLH�]JRGQLH�]�ZDUXQNLHP���D��GDMH�]DZV]H

SHZQ��ZDUWR�ü�VNáDGRZHM�RVF\ODF\MQHM�

*G\� QDSL
FLRZ\� ZDUXQHN� SRF]�WNRZ\� 0CU � MHVW� UyZQ\� DPSOLWXG]LH� QDSL
FLD� VLHFL

]DVLODM�FHM� SmU �� ZyZF]DV� SU]\� ]Dá�F]DQLX� W\U\VWRUyZ� Z� V]F]\FLH� QDSL
FLD�� DPSOLWXGD

VNáDGRZHM�RVF\ODF\MQHM� .oscI �PD�ZDUWR�ü�

nX

X

I

I

C

L

m

osc 1. == (6)

,P� ZL
NV]D� E
G]LH� ZDUWR�ü� UHDNWDQFML� LX �� W\P� ZL
NV]D� E
G]LH� NURWQR�ü� WHM� VNáDGRZHM

Z� RGQLHVLHQLX� GR� ZDUWR�FL� XVWDORQHM�� -HGQDN*H� ZH� ZV]\VWNLFK� SU]\SDGNDFK� JG\� CL XX 〈〈
VNáDGRZD�RVF\ODF\MQD�SU�GX�QLH�SU]HNUDF]D�DPSOLWXG�SU�GX�XVWDORQHJR�

1D� U\VXQNX����SU]HGVWDZLRQR�SU]\NáDGRZR�Z\EUDQH�SU]HELHJL� F]DVRZH�SU�GX� L� QDSL
FLD

Z�]DOH*QR�FL�RG�Z]DMHPQHM�UHODFML�QDSL
FLRZHJR�ZDUXQNX�SRF]�WNRZHJR�L�DPSOLWXG\�QDSL
FLD

]DVLODM�FHJR�� 0≈LX ).

5\V������6\QFKURQLF]QH�á�F]HQLH�EDWHULL�NRQGHQVDWRUyZ�VWRVRZDQH�Z�NRPSHQVDWRUDFK�76&��UC0�±�QDSL
FLRZ\

ZDUXQHN�SRF]�WNRZ\�NRQGHQVDWRUD�
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5\VXQHN� ��E� SU]HGVWDZLD� SURFHV� ]Dá�F]DQLD� ZHGáXJ� ZDUXQNX� ��D�� W]Q�� JG\� QDSL
FLH

]DVLODQLD�PD�SR]LRP�QDSL
FLD�NRQGHQVDWRUD�SU]HG�RVL�JQL
FLHP�VZHM�ZDUWR�FL�PDNV\PDOQHM�

.RQGHQVDWRU� MHVW� ZyZF]DV� ]Dá�F]DQ\� ]� SHZQ\P� VWDQHP� SU]HM�FLRZ\P� R� FKDUDNWHU]H

RVF\ODF\MQR�WáXPLRQ\P�� SU]\� F]\P� VWRSLH�� WáXPLHQLD� ]DOH*Q\� MHVW� ]DUyZQR� RG� GREURFL

GáDZLND� L� NRQGHQVDWRUD� MDN� UyZQLH*� RG� UH]\VWDQFML� VLHFL� ]DVLODM�FHM� L� UyZQROHJOH

SU]\á�F]RQ\FK� RGELRUQLNyZ�� 'UXJL� SU]\SDGHN� U\VXQHN� ��F� �� WR� ]Dá�F]HQLH� Z� FKZLOL�� JG\

QDSL
FLH� RVL�JD� ZDUWR�ü� PDNV\PDOQ��� NWyUD� MHVW� PQLHMV]D� RG� QDSL
FLRZHJR� ZDUXQNX

SRF]�WNRZHJR� NRQGHQVDWRUD� 0CU � �]Dá�F]DQLH� ZHGáXJ� VWUDWHJLL� ��E���� ,GHDOQH� ]Dá�F]DQLH

SU]HGVWDZLRQR�QD�U\VXQNX���D�R]QDF]D�VSHáQLHQLH�RE\GZX�ZDUXQNyZ���D��L���E��

4. WNIOSKI

3URFHV� á�F]HQLD� EDWHULL� NRQGHQVDWRUyZ� WR� (UyGáR� ZLHOX� ]DEXU]H�� Z� VLHFL� ]DVLODM�FHM�

:D*QD�MHVW�ZL
F�]QDMRPR�ü�LVWRW\�W\FK�SURFHVyZ��]ZL�]DQ\FK�]�QLPL�]DJUR*H��RUD]�VSRVREyZ

UHGXNFML�QHJDW\ZQ\FK�LFK�VNXWNyZ��:�SU]\SDGNX�LQVWDODFML�NRQGHQVDWRUyZ�ZD*QH�MHVW��DE\�

1. Z\NRU]\VWDü� LVWQLHM�FH� PR*OLZR�FL� UHGXNFML� QHJDW\ZQ\FK� HIHNWyZ� SURFHVX� á�F]HQLD

EDWHULL� V]F]HJyOQLH�Z�SU]\SDGNX�RGELRUFyZ�SU]HP\VáRZ\FK�SRVLDGDM�F\FK�GX*�� OLF]E


UHJXORZDQ\FK�QDS
GyZ�OXE�LQQHJR�VSU]
WX�HQHUJRHOHNWURQLF]QHJR�

2. HQHUJHW\ND� ]DZRGRZD� SRVLDGDáD� LQIRUPDFMH� RUD]� LQIRUPRZDáD� VZRLFK� JáyZQ\FK

SU]HP\VáRZ\FK� RGELRUFyZ� RGQR�QLH� ORNDOL]DFML� L� SURFHGXU\� á�F]HQLD� �F]DVX�� VSRVREX

á�F]HQLD�LWS���GX*\FK�EDWHULL�NRQGHQVDWRUyZ�

3. QLH� ]DSRPLQDü�� *H� LQVWDORZDQLH� ZHM�FLRZ\FK� GáDZLNyZ� GOD� XU]�G]H�

HQHUJRHOHNWURQLF]Q\FK�� V]F]HJyOQLH� UHJXORZDQ\FK�QDS
GyZ��SRGZ\*V]D� LFK�RGSRUQR�ü

QD�SU]HELHJL�á�F]HQLRZH�EDWHULL�NRQGHQVDWRUyZ��UyZQLH*�]PQLHMV]D�RGNV]WDáFHQLH�SU�GX

ZHM�FLRZHJR��

4. EDWHULH� NRQGHQVDWRUyZ�� V]F]HJyOQLH� Z� V�VLHG]WZLH� RGELRUQLNyZ� QLHOLQLRZ\FK

Z\SRVD*\ü�Z�GáDZLNL�RGVWUDMDM�FH�OXE�LQVWDORZDü�MDNR�ILOWU\�KDUPRQLF]Q\FK�
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