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á�F]HQLRZ��� XNáDG� SRPLDURZR�VWHUXM�F\� RUD]� F]
�ü� HQHUJRHOHNWURQLF]Q��� 7HQ� URG]DM� RGELRUQLND
]RVWDá� Z\EUDQ\� ]H� Z]JO
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1. :67	3

-DNR�ü�QDSL
FLD�RF]HNLZDQD�SU]H]�RGELRUFyZ�QLH�RJUDQLF]D� VL
� W\ONR�GR� FL�JáR�FL� ]DVLODQLD
Z�VNDOL�QS��URNX��OHF]�FRUD]�F]
�FLHM�Z�VNDOL�VHNXQG��D�QDZHW�PV��6W�G�]DSDG\�QDSL
FLD�L�NUyWNLH
SU]HUZ\� Z� ]DVLODQLX� V�� WUDNWRZDQH� REHFQLH� MDNR� MHGQH� ]� QDMEDUG]LHM� NáRSRWOLZ\FK� ]DEXU]H�
elektromagnetycznych.

5\V����3U]\NáDGRZ\�]DSDG�QDSL
FLD�L�NUyWND�SU]HUZD�Z�]DVLODQLX�� NU ��QDSL
FLH�]QDPLRQRZH

]DSDG�QDSL
FLD krótka przerwa
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1D� U\VXQNX� �� SU]HGVWDZLRQR� SU]\NáDGRZ\� SU]HELHJ� ]DSDGX� QDSL
FLD� L� NUyWN�� SU]HUZ

Z�]DVLODQLX�ZUD]�]�ZLHONR�FLDPL�NWyUH�FKDUDNWHU\]XM��]MDZLVND�Z�VSRVyE�LOR�FLRZ\�
'HILQLFMD�0L
G]\QDURGRZHM�.RPLVML�(OHNWURWHFKQLNL��,(&��G\VNXWRZDQD�REHFQLH�Z�UDPDFK�SUDF
QDG� QRUP�� GRW\F]�F�� MDNR�FL� HQHUJLL� �SU]\V]á\� VWDQGDUG� ,(&� ������������ RNUH�OD� MDNR� zapad
QDSL
FLD� MHJR� QDJáH� ]PQLHMV]HQLH� GR� ZDUWR�FL� ]DZDUWHM� SRPL
G]\� ���� L� ���� GHNODURZDQHJR
QDSL
FLD1 UDEK.�� SR� NWyU\P�� SR� NUyWNLP� RNUHVLH� F]DVX�� QDVW
SXMH� SRZUyW� GR� ZDUWR�FL
deklarowanej.

3U]\MPXMH�VL
��*H�F]DV�WUZDQLD�]DEXU]HQLD�Z\QRVL�RG����PV�GR���PLQ��=PQLHMV]HQLH�QDSL
FLD
GR�ZDUWR�FL�ZL
NV]HM�QL*�����ZDUWR�FL�GHNODURZDQHM�QLH�MHVW�WUDNWRZDQH�MDNR�]DSDG�QDSL
FLD�

:]JO
GQD� DPSOLWXGD� ]DSDGX� QDSL
FLD� � U∆ ��� MHVW� GHILQLRZDQD� MDNR� Uy*QLFD� SRPL
G]\
PLQLPDOQ��VNXWHF]Q��ZDUWR�FL��QDSL
FLD�SRGF]DV�zapadu (U��L�QDSL
FLHP�GHNODURZDQ\P2:

U∆ [%] = %100
DEK

DEK

U

UU −

:� F]DVLH� WUZDM�FHM� G\VNXVML� QDG� XQLILNDFM�� GHILQLFML� Z\VXQL
WR� V]HUHJ� LQQ\FK� SURSR]\FML
NWyUH� ]DZLHUDM�� WDN*H� VXJHVWLH� GRW\F]�FH� VSRVREX� SRPLDUX� SRGVWDZRZ\FK� SDUDPHWUyZ
FKDUDNWHU\]XM�F\FK� ]DEXU]HQLH� Z� VSRVyE� LOR�FLRZ\�� 1DMEDUG]LHM� UHSUH]HQWDW\ZQD� MHVW

SURSR]\FMD� IUDQFXVND��ZJ� NWyUHM�Z� QDSL
FLX� MHGQRID]RZ\P�R� RNUHVLH�T��Z\VW
SXMH� ]DáDPDQLH
QDSL
FLD� MH*HOL� MHJR� VNXWHF]QD� ZDUWR�ü� Z\]QDF]RQD� Z� RNQLH� F]DVRZ\P� �E
G�F\P� FDáNRZLW�
NURWQR�FL�� T���� MHVW� PQLHMV]D� QL*� ���� ZDUWR�FL� GHNODURZDQHM 3. =DSDG� QDSL
FLD� ]DF]\QD� VL

QD�SRF]�WNX�SLHUZV]HJR�RNQD�F]DVRZHJR�L�NR�F]\�QD�NR�FX�RVWDWQLHJR�RNQD�F]DVRZHJR�SRGF]DV
NWyU\FK�QDSL
FLH�]DZDUWH�MHVW�Z�SRGDQ\P�SU]HG]LDOH�

'OD� QDSL
ü� ZLHORID]RZ\FK� Z\VW
SXMH� ]DSDG� QDSL
FLD� MH*HOL� Z\VW
SXMH� RQ� SU]\QDMPQLHM
Z� MHGQ\P�]� ID]RZ\FK� OXE�PL
G]\ID]RZ\FK�QDSL
ü��=DF]\QD� VL
�Z�FKZLOL�Z�NWyUHM�SRMDZL� VL

Z�SLHUZV]HM�ID]LH�L�NR�F]\�]�NR�FHP�zapadu w ostatniej fazie (rys. 2).

.UyWND�SU]HUZD�R]QDF]D�QDSL
FLH�R�ZDUWR�FL�PQLHMV]HM�RG�PLQLPDOQHM�GHILQLXM�FHM�zapad. Dla
FHOyZ�SRPLDURZ\FK�SU]\MPXMH�VL
�QDMF]
�FLHM�MDNR�GROQ��JUDQLF
�����QDSL
FLD�GHNODURZDQHJR4.
                                                
1� 1DSL
FLH� GHNODURZDQH� WR� ]Z\NOH� QDSL
FLH� ]QDPLRQRZH� V\VWHPX�� -H*HOL� Z� HIHNFLH� SRUR]XPLHQLD� SRPL
G]\
GRVWDZF�� L� RGELRUF�� HQHUJLL� QDSL
FLH� Uy*QL� VL
� RG� ]QDPLRQRZHJR��ZyZF]DV� MHVW� RQR� GHNODURZDQ\P�QDSL
FLHP
]DVLODQLD�� :� VLHFLDFK� :1� MDNR� QDSL
FLH� GHNODURZDQH� SU]\MPXMH� VL
� ZDUWR�ü� VNXWHF]Q�� QDSL
FLD� Z\]QDF]RQ�
Z�RNUHVLH�SRSU]HG]DM�F\P�]DáDPDQLH�

2�:�M
]\NX�DQJLHOVNLP�Z\VW
SXM��GZD�RNUH�OHQLD�]DSDGX�QDSL
FLD��supply voltage dip – preferowane przez IEC oraz
voltage sag� VWRVRZDQH� JáyZQLH� Z� OLWHUDWXU]H� DPHU\ND�VNLHM� �QS�� 6WG�� ,(((� ������� 5y*QLFH� QLH� GRW\F]�� W\ONR
WHUPLQX��5y*QH�V��WDN*H�GHILQLFMH�W\FK�SRM
ü��,�WDN�

- voltage dip�PD�ZDUWR�ü�RNUH�ORQ��LORUD]HP�UHGXNFML�QDSL
FLD�GR�MHJR�ZDUWR�FL�SU]HG�Z\VW�SLHQLHP�]DEXU]HQLD
*U tzn.:

voltage dip magnitude = %100
*U

U∆

Np. 20%-wy ]DSDG� QDSL
FLD�ZJ� WHM� GHILQLFML� R]QDF]D� WDN��ZDUWR�ü� QDSL
FLD� SRGF]DV�zapadu, która jest o 20%
PQLHMV]D�RG�MHJR�ZDUWR�FL�SRF]�WNRZHM�SU]HG�Z\VW�SLHQLHP�]DEXU]HQLD�

- Voltage sag�MHVW�FKZLORZ��UHGXNFM��QDSL
FLD�]DVLODM�FHJR�NWyUHJR�ZDUWR�ü�SRGF]DV�]DEXU]HQLD�Z\QRVL�������
QDSL
FLD�SRF]�WNRZHJR��3U]HFLZQLH�QL*�Z�SU]\SDGNX voltage dip��ZDUWR�ü�voltage sag amplitude�MHVW�Z]JO
GQ�
ZDUWR�FL�� DNWXDOQLH� Z\VW
SXM�FHJR� QDSL
FLD� RGQLHVLRQ�� GR� QDSL
FLD� SRF]�WNRZHJR� SU]HG� Z\VW�SLHQLHP
zaburzenia.

voltage sag magnitude = %100
*U

U

3U]\NáDGRZR�� ����Z\� ]DSDG� QDSL
FLD� ZJ� WHM� GHILQLFML� R]QDF]D� FKZLORZH� ]PQLHMV]HQLH� ZDUWR�FL� QDSL
FLD
GR�SR]LRPX�����ZDUWR�FL�SRF]�WNRZHM�

3� =DVW�SLHQLH� ZDUWR�FL� GHNODURZDQHM� LQQ�� X]JRGQLRQ�� SRPL
G]\� GRVWDZF�� L� RGELRUF�� HQHUJLL� F]\QL� W
� GHILQLFM

RGSRZLHGQL��GOD�FHOyZ�NRQWUDNWRZ\FK�

4� 'HILQLFMH� W\FK� ]DEXU]H�� VWRVRZDQH� Z� ZLHOX� QDURGRZ\FK� L� PL
G]\QDURGRZ\FK� GRNXPHQWDFK� Uy*QL�� VL

ZDUWR�FLDPL�OLF]ERZ\PL�DPSOLWXG\�L�F]DVX�WUZDQLD�]DEXU]HQLD��QS��IEC 61000-4-11, EN50160, IEEE1159, CEA,
CENELEC, EPRI, EMERALD CONTRACT itd.)
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Rys. 2 Trójfazowy wielostopniowy ]DSDG�QDSL
FLD

=DSDG� QDSL
FLD� PR*H� PLHü� SURVW\� MHGQRVWRSQLRZ\� NV]WDáW� OXE� ]áR*RQ\�� SRGF]DV� NWyUHJR
QDSL
FLH� ]PLHQLD� VL
� Z� GZyFK� OXE� ZL
FHM� VWRSQLDFK� �U\V�� ���� :� SUDNW\F]Q\FK� UR]ZD*DQLDFK
QLH]DOH*QLH� RG� NV]WDáWX� MHVW� RQR� WUDNWRZDQH� ]D]Z\F]DM� MDNR� SRMHG\QF]H� ]DEXU]HQLH�� -DNR
amplituda ]DSDGX� R� ]áR*RQ\P� NV]WDáFLH� MHVW� SU]\MPRZDQD� QDMF]
�FLHM� QDMZL
NV]D� ]PLDQD
QDSL
FLD��D�F]DV�WUZDQLD�MHVW�F]DVHP�WUZDQLD�FDáHJR�]DEXU]HQLD�SRGF]DV�NWyUHJR�ZDUWR�ü�QDSL
FLD
MHVW�PQLHMV]D�QL*�����ZDUWR�FL�GHNODURZDQHM�

%DUG]R�F]
VWR��]H�Z]JO
GX�QD�V\VWHP�SRQRZQHJR�]Dá�F]DQLD�SRGF]DV�HOLPLQDFML�]ZDUü��63=��
]DSDG\� QDSL
FLD� Z\VW
SXM�� Z� SRVWDFL� VHNZHQFML� NLONX� QDVW
SXM�F\FK� SR� VRELH� ]DEXU]H��
Skutkiem kilku ]DSDGyZ�Z\VW
SXM�F\FK�EOLVNR�VLHELH�PR*H�E\ü�MHGQR�]DNáyFHQLH�QS��SU]HUZDQLH
procesu produkcyjnego pierwszym ]DSDGHP��6W�G�Z�ZDUXQNDFK�NRQWUDNWX�QD�GRVWDZ
� HQHUJLL
G\VNXWXMH� VL
� SURFHGXU
� DJUHJDFML� ]GDU]H�� SROHJDM�F�� QD� � ZSURZDG]HQLX� PLQLPDOQHJR� F]DVX
SRPL
G]\� GZRPD� SU]\SDGNDPL� SR� SU]HNURF]HQLX� NWyUHJR� V�� RQH� WUDNWRZDQH� MDNR� QLH]DOH*QH
zaburzenia.

$PSOLWXGD��F]DV�WUZDQLD�L�F]
VWR�ü�Z\VW
SRZDQLD�]PLDQ�QDSL
FLD��UyZQLH*�]DSDGyZ��]DOH*\
RG� ZLHOX� F]\QQLNyZ�� Z� W\P� PL
G]\� LQQ\PL� RG� URG]DMX� VLHFL� �SXEOLF]QD� OXE� SU]HP\VáRZD�
transmisyjna lub rozdzielcza), jej konfiguracji (radialna, promieniowa, mieszana), poziomu
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QDSL
FLD�� SURFHQWRZHJR� XG]LDáX� NDEOL�� URG]DMX� X]LHPLHQLD�� XNáDGyZ� ]DEH]SLHF]H�� L� SUDNW\NL
HOLPLQDFML�]ZDUü��ORNDOL]DFML�VLHFL��ZSá\Z�F]\QQLNyZ�DWPRVIHU\F]Q\FK��LWS�

2. CHARAKTERYSTYKI  ZABURZENIA

Charakterystyki NRPSDW\ELOQR�FLRZH� GRW\F]�FH� UR]ZD*DQHJR� ]DEXU]HQLD� SU]HGVWDZLDM�
QDMF]
�FLHM� ]ZL�]HN� DPSOLWXG\� QDSL
FLD� SRGF]DV� ]DSDGX� RUD]� F]DVX� MHJR� Z\VW
SRZDQLD
(w postaci graficznej lub tabelarycznej).

:LHOH� ODW� GR�ZLDGF]H�� HXURSHMVNLFK� ]DNáDGyZ� HQHUJHW\F]Q\FK� ]DRZRFRZDáR� IRUP�
NODV\ILNDFML� RPDZLDQ\FK� ]DEXU]H�� SU]HGVWDZLRQ��Z� WDEOLFDFK� �� L� ��� /LF]ED�zapadów podczas
]DGDQHJR� SU]HG]LDáX� F]DVX� ±� G]LH��� W\G]LH��� PLHVL�F�� URN� LWS�� ±� MHVW� ZSLV\ZDQD� Z� WDEOLF

RGQRV]�F�� VL
� GR�Z\Uy*QLRQHJR� SXQNWX� ]DVLODQLD�� 3RVWDü� WDEOLF�PR*H� E\ü� Uy*QD�Z� ]DOH*QR�FL
RG�SRVWDQRZLH��NRQWUDNWX��3RQL*HM�SU]HGVWDZLRQR�GZLH�SU]\NáDGRZH5.

� w g  U N I P E D E  ]DSDG\�V��VRUWRZDQH�L�]OLF]DQH�]JRGQLH�]�LFK�PDNV\PDOQ��DPSOLWXG�
i czasem trwania – tablica 1.

Tablica 1
Czas trwania

Amplituda

(%) DEKU

od 20ms
do 100ms

od 100ms
do 500ms

od 500ms
do 1s

od 1s do 3s od 3s do 20s od 20s do 60s

Od 10 do 15
Od 15 do 30
Od 30 do 60
Od 60 do 90
Od 90 do 100
100

� DOWHUQDW\ZQ\P� VSRVREHP� MHVW� NODV\ILNDFMD� ZJ� ÄF]DVX� Z\VW
SRZDQLD� ]DEXU]HQLD� SRQL*HM
]DGDQHJR� SURJX� QDSL
FLRZHJR´� ±� WDEOLFD� ��� 7DEOLFD� WD�� SRGREQD� GR� ]DOHFDQHM� SU]H]
81,3('(�� ]DZLHUD� Z� SRV]F]HJyOQ\FK� NUDWNDFK� OLF]E
� zapadów których amplituda ma
ZDUWR�ü�ZL
NV]��QL*�RNUH�ORQD�GOD�GDQHJR�ZLHUV]D�

Tablica 2
Czas trwania

Amplituda

(%) DEKU

od 20ms
do 100ms

od 100ms
do 500ms

od 500ms
do 1s

od 1s do 3s od 3s do 20s od 20s do 60s

≥ 10
≥  15
≥ 30
≥ 60
≥ 90

,QQ\P��F]
VWR�VWRVRZDQ\P�VSRVREHP�MHVW�SUH]HQWDFMD�]DSDGyZ�QDSL
FLD�Z�SRVWDFL�SXQNWyZ
R� ZVSyáU]
GQ\FK�� F]DV� Z\VW�SLHQLD� ]DEXU]HQLD�DPSOLWXGD� QD� WOH� FKDUDNWHU\VW\NL� &%(0$

(Computer Business Manufacturers Association) – rysunek 3.  Charakterystyka ta definiuje
GRSXV]F]DOQH�ZDUWR�FL�]DSDGyZ�L�Z]URVWyZ�QDSL
FLD�Z�IXQNFML�F]DVX�LFK�Z\VW
SRZDQLD��2EV]DU

                                                
5�'OD�WHM�IRUP\�WDEXODFML�SURVWRN�WQ\�]DSDG�QDSL
FLD�SRMDZLD�VL
�Z�SRMHG\QF]\FK�NROXPQDFK�L�Z�NLONX�ZLHUV]DFK
Z� ]DOH*QR�FL� RG� PDNV\PDOQHM� DPSOLWXG\�� SRGF]DV� JG\� ]áR*RQ\� ]DSDG� PR*H� SRMDZLü� Z� ZL
FHM� QL*� MHGQHM
kolumnie.
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SRPL
G]\� JDá
]LDPL� FKDUDNWHU\VW\NL� MHVW� REV]DUHP� DNFHSWRZDQHM� �]� SXQNWX� ZLG]HQLD� VSU]
WX
LQIRUPDW\F]QHJR��MDNR�FL�QDSL
FLD�]DVLODM�FHJR�

5\V�����3UH]HQWDFMD�]DáDPD��QDSL
FLD�QD�WOH�NU]\ZHM�F]XáR�FL�&%(0$

&KDUDNWHU\VW\ND� WD� ]RVWDáD� SRGGDQD� PRG\ILNDFML� Z� ����� URNX� L� REHFQLH� MHVW� ]QDQD� MDNR

charakterystyka ITIC (Information Technology Industry Council)6
�� 2GQRVL� VL
� GR� ]DEXU]H�

o czasie trwania od sµ1 do stanu ustalonego, o amplitudach zawartych w przedziale 0-500%
QDSL
FLD� ]QDPLRQRZHJR�� -DN� ZLGDü� QD� FKDUDNWHU\VW\FH� F]DV� WUZDQLD� MHGQHM� ]� QDMEDUG]LHM
podstawowych przyczyn ]DSDGyZ� ±� MHGQRID]RZHJR� ]ZDUFLD� ±� QLH� PR*H� E\ü� GáX*V]\� QL*
NLONDQD�FLH� PV�� DE\� SXQNW� UHSUH]HQWXM�F\� WR� ]DEXU]HQLH� E\á� ]DZDUW\� Z� GRSXV]F]DOQ\FK
JUDQLFDFK��:\QLND�]�QLHM�WDN*H��MDN�EDUG]R�ZD*Q\�MHVW��]�SXQNWX�ZLG]HQLD�UHGXNFML�QHJDW\ZQ\FK
VNXWNyZ�WHJR�]DEXU]HQLD��F]DV�]DG]LDáDQLD�V\VWHPyZ�]DEH]SLHF]H��]ZDUFLRZ\FK�

3. PRZYCZYNY ZABURZENIA

=D�JáyZQH�SU]\F]\Q\�]DSDGyZ�QDSL
FLD�L�NUyWNLFK�SU]HUZ�Z�]DVLODQLX�QDOH*\�X]QDü�
- zwarcia systemowe lub zwarcia w samych instalacjach;
- SURFHV\�]Dá�F]DQLD�RGELRUQLNyZ�GX*HM�PRF\�
- zmiany konfiguracji sieci;
- SUDF
�RGELRUQLNyZ�R�]PLHQQ\P�REFL�*HQLX��V]F]HJyOQLH�ELHUQ\P��

3.1 Zwarcia systemowe lub zwarcia w instalacjach odbiorcy
=ZDUFLD� PRJ�� E\ü� MHGQRID]RZH� �QDMF]
�FLHM�� OXE� U]DGV]H� GZX�� L� WUyMID]RZH�� 0RJ�

Z\VW
SRZDü� ]DUyZQR� Z� VLHFLDFK� WUDQVPLV\MQ\FK� MDN� L� UR]G]LHOF]\FK�� D� WDN*H� Z� LQVWDODFMDFK
RGELRUFyZ��3RZRGXM��SU]HW
*HQLD�SU�GRZH��VNXWNLHP�NWyU\FK�V��VSDGNL�QDSL
ü�QD�LPSHGDQFMDFK
systemu i w konsekwencji ]DSDG\�QDSL
FLD��3U]\F]\Q\�]ZDUü�PR*QD�SRG]LHOLü�QD�
- ]HZQ
WU]QH�� D� Z� �UyG� QLFK� QD� QDWXUDOQH�� QLH]DOH*QH� RG� SUDF\� V\VWHPX� ]DVLODM�FHJR� WM�

Z\áDGRZDQLD� DWPRVIHU\F]QH� �SU]\F]\QD� �������]ZDUü�Z� OLQLDFK���PJáD�� VDG(�� �QLHJ�� LWS�

                                                
6 http://www.itic.org
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RUD]� SU]\SDGNRZH� R� LQF\GHQWDOQ\P� FKDUDNWHU]H� �GU]HZD�� ]ZLHU]
WD�� Z\SDGNL

komunikacyjne i konstrukcyjne, itp.).
- ZHZQ
WU]QH�� PDM�FH� VZH� (UyGáR� Z� V\VWHPLH� ]DVLODM�F\P� QS�� XV]NRG]HQLD� L]RODFML� NDEOL�

WUDQVIRUPDWRUyZ�� á�F]QLNyZ�� ]ZDUFLD� PDQHZURZH� SRZRGRZDQH� Eá
GDPL� OXG]L� OXE
QLHZáD�FLZ\P�G]LDáDQLHP�XU]�G]H��HOHNWURHQHUJHW\F]Q\FK�LWS�

:L
NV]R�ü�]ZDUü�Z�V\VWHPLH�MHVW�HOLPLQRZDQD�SRSU]H]�G]LDáDQLH�]DEH]SLHF]H���:�W\SRZ\FK

UR]ZL�]DQLDFK� Z\á�F]QLNL� QD� UR]G]LHOQLDFK� SRZRGXM�� RGá�F]HQLH� XV]NRG]RQ\FK� OLQLL

L� XPR*OLZLDM�� VDPRF]\QQ�� HOLPLQDFM
� ]ZDUFLD��&]DV� ]DG]LDáDQLD� ]DEH]SLHF]HQLD� �F]DV� WUZDQLD
zwarcia i zarazem czas ]DSDGX� OXE�SU]HUZ\�Z�]DVLODQLX�� ]DOH*\�PL
G]\� LQQ\PL�RG� ORNDOL]DFML
RGELRUF\�Z�VWRVXQNX�GR�PLHMVFD�]ZDUFLD�RUD]�SUDNW\NL�HOLPLQDFML�]ZDUü��

           

5\V�� �� 3URFHGXUD� G]LDáDQLD� XNáDGX� ]DEH]SLHF]H�� � 0t �� FKZLOD� SRMDZLHQLD� VL
� ]ZDUFLD�� � 10 tt − ) - detekcja

]ZDUFLD� L� F]DV� ]DG]LDáDQLD� ]DEH]SLHF]HQLD�� � 21 tt − �� �� F]DV�Z\á�F]HQLD� ]ZDUWHM� OLQLL�� 2t  - czas ponownego

]Dá�F]HQLD��]ZDUFLH�MHVW�Z\HOLPLQRZDQH�7

6\VWHP\� ]DEH]SLHF]H�� V�� WDN� SURMHNWRZDQH�� DE\� RJUDQLF]\ü� OLF]E
� RGELRUFyZ� NWyU]\
GR�ZLDGF]DM�� VNXWNyZ� WHJR� ]DEXU]HQLD��'OD� RGELRUFyZ�SRQL*HM�PLHMVFD� ]ZDUFLD� VNXWNLHP� MHVW
NUyWND� OXE�GáXJD�SU]HUZD�Z�]DVLODQLX��'OD�RGELRUFyZ�SU]\á�F]RQ\FK�SRZ\*HM�PLHMVFD�]ZDUFLD
OXE� GR� UyZQROHJá\FK� OLQLL� MHVW� WR� ]DSDG� QDSL
FLD� R� DPSOLWXG]LH� ]DOH*QHM� RG� ÄHOHNWU\F]QHM´
RGOHJáR�FL� RG� PLHMVFD� ]ZDUFLD�� 5\VXQHN� �� SU]HGVWDZLD� W\SRZ\� V\VWHP� UR]G]LHOF]\� ]� SHZQ�
OLF]E��OLQLL�]DVLODQ\FK�]H�ZVSyOQ\FK�V]\Q��=ZDUFLH�QD�OLQLL���VSRZRGXMH�SU]HUZ
�]DVLODQLD�NWyU�
GR�ZLDGF]��RGELRUF\�WHM�OLQLL��:�WU]HFK�SR]RVWDá\FK�OLQLDFK�Z\VW�SL�]DSDG�QDSL
FLD��2Gá�F]HQLH
UyZQROHJáHM� OLQLL�QLH�]DZV]H�R]QDF]D�*H� MHM�QDSL
FLH�]PDOHMH�QDW\FKPLDVW�GR�]HUD��6WDMH� VL
� WR
F]
VWR� VWRSQLRZR� ]H� Z]JO
GX� QD� REHFQR�ü� PDV]\Q� ZLUXM�F\FK�� 3U]H]� NUyWNL� RNUHV� F]DVX
PDV]\Q\�WH�E
G��SUDFRZDü�MDNR�JHQHUDWRU\�SU]HND]XM�FH�HQHUJL
�GR�OLQLL�]DVLODM�FHM�

:� SU]\SDGNX� DXWRPDW\NL� SRQRZQHJR� ]Dá�F]DQLD� RGELRUF\� UyZQROHJá\FK� OLQLL� PRJ�
GR�ZLDGF]\ü� NLONX� ]DSDGyZ� QDSL
FLD� WUZDM�F\FK� RG� SRMHG\QF]\FK� GR� NLONXQDVWX� RNUHVyZ
Z�]DOH*QR�FL�RG�VWRVRZDQHM�SUDNW\NL�HOLPLQDFML�]ZDUü�

                                                
7� .V]WDáW� SU]HELHJX� F]DVRZH� ]DSDGX� QDSL
FLD� RUD]�Z\VW
SXM�F\�ZyZF]DV� SU�G� ]DUHMHVWURZDQR�PLHUQLNLHP�$6��

produkcji firmy Twelve Electric�� 0LHUQLN� WHQ� XPR*OLZLD� JURPDG]HQLH� Z� UHMHVWU]H� ]GDU]H�� RVWDWQLH� ����
SU]HNURF]H�� ]DGDQ\FK� SU]H]� RSHUDWRUD�� JUDQLF]Q\FK�ZDUWR�FL� VNXWHF]Q\FK� QDSL
ü�ZUD]� ]� DPSOLWXG�� ]DEXU]HQLD
RUD]�GDW��L�F]DVHP�MHJR�Z\VW�SLHQLD�

1I

1U

t

t

1 2 3 4
t

0t 1t 2t

2U



7

/LF]E
� ]ZDUü� �W\P� VDP\P�]DSDGyZ�QDSL
FLD� L� SU]HUZ�Z�]DVLODQLX��PR*QD� ]PQLHMV]Dü� �QLH
FDáNRZLFLH�HOLPLQRZDü��SRSU]H]�

- ZáD�FLZ��HNVSORDWDFM
�V\VWHPX�SROHJDM�F��QD�FL�JáHM�NRQVHUZDFML�L�PRGHUQL]DFML�VLHFL�
- instalowanie odgromników;
- UHGXNFM
�GáXJR�FL�OLQLL�QDSRZLHWU]Q\FK�
- ]DP\NDQLH�VLHFL�Z�XNáDG]LH�S
WOL�
- RJUDQLF]HQLH�SU�GyZ�]ZDUFLRZ\FK�SRSU]H]�]ZL
NV]HQLH�LPSHGDQFML�REZRGX�]ZDUFLD�LWS�

:\áDGRZDQLD� DWPRVIHU\F]QH� QDOH*\� WUDNWRZDü� JáyZQLH� MDNR� (UyGáR� SU]HSL
ü
L�Z�NRQVHNZHQFML�SU]HPLMDM�F\FK�]ZDUü�±�U\VXQHN���

5\V����3U]\NáDGRZ\�]DSDG�QDSL
FLD�VSRZRGRZDQ\�Z\áDGRZDQLDPL�DWPRVIHU\F]Q\PL�
:LGDü�Z\UD(QLH�GZD�RGG]LHOQH�]ZDUFLD�Z\ZRáDQH�NROHMQ\PL�Z\áDGRZDQLDPL�

����3URFHV�]Dá�F]DQLD�RGELRUQLNyZ�GX*HM�PRF\

'RW\F]\� WR�Z� V]F]HJyOQR�FL� UR]UXFKX� VLOQLNyZ� HOHNWU\F]Q\FK��1DSL
FLH�Z� OLQLL� ]DVLODM�FHM�
Z� NWyUHM� GRNRQ\ZDQ\� MHVW� UR]UXFK�� PDOHMH� QD� VNXWHN� GX*HM� ZDUWR�FL� SU�GX� á�F]HQLRZHJR
�JáyZQLH� R� FKDUDNWHU]H� ELHUQ\P�� L� Z� NRQVHNZHQFML� VSDGNX� QDSL
FLD� QD� LPSHGDQFML� V\VWHPX�
Amplituda ]DSDGX�QLH� MHVW� VWDáD�SRGF]DV� UR]UXFKX� L� ]DOH*\�RG�]PLHQLDM�FHM� VL
�ZDUWR�FL�SU�GX
UR]UXFKX�� -HVW� RQ� QDMZL
NV]\� Z� SRF]�WNRZ\P� RNUHVLH�� SR� F]\P� ]DQLND� ZUD]� ]H� Z]URVWHP
SU
GNR�FL�VLOQLND��3U�G�WHQ�L�]ZL�]DQ\�]�QLP��VSDGHN�QDSL
FLD�QD�LPSHGDQFML�VLHFL�]DVLODM�FHM�MHVW
ZL
F�QDMZL
NV]\��QD�SRF]�WNX�UR]UXFKX�VLOQLND��D�QDVW
SQLH�MHJR�ZDUWR�ü�XOHJD�UHGXNFML��U\V�����
W tym przypadku ]DSDG� QDSL
FLD� PD� SU]HZLG\ZDOQ\� FKDUDNWHU� L� VW�G� Z]JO
GQLH� áDWZH
]DSURMHNWRZDQLH� XNáDGX� QDS
GRZHJR� L� XNáDGX� ]DVLODQLD� Z� WDNL� VSRVyE�� DE\� UR]UXFK� QDS
GX
QLH� SRZRGRZDá� ]QDF]�F\FK� ]DEXU]H��� -HVW� WR� SUREOHPHP� R� FKDUDNWHU]H� JáyZQLH� ORNDOQ\P
L�]�UHJXá\�QLH�ZSá\ZD�QD�SUDF
�]E\W�GX*HM�OLF]E\�LQQ\FK�RGELRUQLNyZ�
6WRVRZDQH� V�� Uy*QH� VSRVRE\� ]áDJRG]HQLD� UR]UXFKX� WM��� UR]UXV]QLN� JZLD]GD�WUyMN�W�� UR]UXFK
rezystancyjny i reaktancyjny, rozruch DXWRWUDQVIRURZ\�� � V]HUHJRZH� OXE� UyZQROHJOH� á�F]HQLH
X]ZRMH��Z�VLOQLNDFK�]�G]LHORQ\PL�X]ZRMHQLDPL��XNáDG\�³soft-start” itp.

6LOQLNL� PRJ�� E\ü� UyZQLH*� (UyGáHP� ]DSDGyZ� QDSL
FLD� �QLHNLHG\� ZLHORNURWQ\FK�

SRZRGRZDQ\FK�]PLHQQ\P�Z�F]DVLH�REFL�*HQLHP�PHFKDQLF]Q\P�
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5\V�����3U]\NáDGRZH�]DáDPDQLD�QDSL
FLD�VSRZRGRZDQH�UR]UXFKHP�VLOQLND�SU�GX�
�D��VWDáHJR�L��E��SU�GX�SU]HPLHQQHJR
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1D� U\VXQNX� �� SU]HGVWDZLRQR� SU]\NáDGRZ\� SU]HELHJ� ]DSDGX� QDSL
FLD� VSRZRGRZDQ\
SU]Há�F]HQLHP�RGELRUQLND�]�VLHFL�]DVLODM�FHM�QD�]DFLVNL�836�

Rys. 7. =DSDG�QDSL
FLD�Z\ZRáDQ\�SU]Há�F]HQLHP�RGELRUQLND�]�VLHFL�]DVLODM�FHM�QD�]DFLVNL�836

4. SKUTKI  ZABURZENIA

6�� ]DOH*QH� RG� ZLHOX� F]\QQLNyZ� Z�UyG� NWyU\FK� MDNR� QDMEDUG]LHM� LVWRWQH� QDOH*\� Z\PLHQLü
DPSOLWXG
� L� F]DV� WUZDQLD� ]MDZLVND�� 2GELRUQLN� PR*H� ]RVWDü� RGá�F]RQ\� SU]H]� XNáDG\
]DEH]SLHF]DM�FH� OXE� MHJR� SUDFD� PR*H� E\ü� QLHZáD�FLZD� MH*HOL� QDSL
FLH� RVL�JQLH� ]E\W� PDá�
ZDUWR�ü� OXE� MH*HOL� ]DSDG�E
G]LH� WUZDá� ]E\W� GáXJR��6NXWNL�PRJ�� E\ü� EDUG]R� ]QDF]�FH� ]DUyZQR
z technicznego jak i ekonomicznego punktu widzenia.

=�SR�UyG�ZLHOX�RGELRUQLNyZ�F]Xá\FK�QD�]DSDG\�QDSL
FLD��QDOH*\�Z\PLHQLü�Z�V]F]HJyOQR�FL
QDS
G\�HOHNWU\F]QH�]DUyZQR�R� VWDáHM� MDN� L� UHJXORZDQHM�SU
GNR�FL��:�VWUXNWXU]H� W\FK�RVWDWQLFK

PR*QD� Z\Uy*QLü� WU]\� SRGVWDZRZH� HOHPHQW\� VNáDGRZH� R� Uy*Q\P� VWRSQLX� RGSRUQR�FL
QD� ]DEXU]HQLH�� �D�� DSDUDWXU
� á�F]HQLRZ��� �E�� XNáDG� HQHUJRHOHNWURQLF]Q\�� �F�� XNáDG

SRPLDURZR�VWHUXM�F\�

����$SDUDWXUD�á�F]HQLRZD���VW\F]QLNL�L�SU]HND(QLNL

1LH]DOH*QLH� RG� DSOLNDFML� Z\VW
SXMH� ]DZV]H� SUREOHP�� JG\� VW\F]QLN�SU]HND(QLN� UR]á�F]\� VL

w sposób niezamierzony podczas zaburzenia elektromagnetycznego. Prowadzi to zwykle
GR�QLHNRQWURORZDQHJR�SU]HUZDQLD�SURFHVX��:LHOX�Z\WZyUFyZ�SRGDMH��*H�LFK�VW\F]QLNL�RGSDGDM�
SU]\� ���� QDSL
FLD� ]QDPLRQRZHJR� �UN�� MH*HOL� WH� ZDUXQNL� WUZDM�� GáX*HM� QL*� MHGHQ� RNUHV
(0F*UDQDJKDQ� ������� 7H� GDQH� ]PLHQLDM�� VL
� Z� ]DOH*QR�FL� RG� SURGXFHQWD�� OHF]� Z� SUDNW\FH
QLHSUDZLGáRZR�ü�G]LDáDQLD�VW\F]QLNyZ�Z\VW
SXMH�F]
VWR�MX*�SU]\����UN�OXE�ZL
FHM�

:� VW\F]QLNDFK� ]MDZLVNR� KLVWHUH]\� L� ]PLDQ\� REZRGX� PDJQHW\F]QHJR� ]ZL�]DQH� ]� UXFKHP
]ZRU\� VSUDZLDM��� *H� LFK� ]DFKRZDQLH� VL
� SRGF]DV� ]DSDGX� QDSL
FLD� MHVW� Z� SHZQ\P� VWRSQLX
SURFHVHP� ORVRZ\P�� 6LáD� XWU]\PXM�FD� SU]HVXZQ�� ]ZRU
� Z� RGSRZLHGQLHM� SR]\FML� MHVW
SURSRUFMRQDOQD�GR�NZDGUDWX�SU�GX�Z�FHZFH� L�RVL�JD�ZDUWR�ü�]HUR�GZXNURWQLH�SRGF]DV�RNUHVX
QDSL
FLD�� .RQVWUXNFMD� PHFKDQLF]QD� VW\F]QLND� RUD]� LQHUFMD� MHJR� UXFKRP\FK� F]
�FL� VSUDZLDM��
*H� SUDFXMH� RQ� SUDZLGáRZR� UyZQLH*� Z� W\FK� SU]HG]LDáDFK� ZDUWR�FL� SU�GX�� Z� NWyU\FK� VLáD
SU]\FL�JDQLD�PDOHMH� SRQL*HM�PLQLPDOQHM�ZDUWR�FL� SRGWU]\PDQLD�� 7DN�ZL
F� SRGF]DV� QRUPDOQHM
SUDF\� VW\NL� VW\F]QLND� SR]RVWDM�� Z� SR*�GDQ\P� VWDQLH�� :\VW�SLHQLH� QLHSUDZLGáRZR�FL� Z� MHJR
G]LDáDQLX�Z\PDJD�UyZQRF]HVQHJR�Z\VW�SLHQLD�NLONX�QLHNRU]\VWQ\FK�F]\QQLNyZ�Z�UyG�NWyU\FK
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Z\PLHQLü� QDOH*\�� SUyF]� DPSOLWXG\� ]DSDGX� RUD]� F]DVX� MHJR� WUZDQLD�� WDN*H� SXQNW� SU]HELHJX
F]DVRZHJR�QDSL
FLD�Z�NWyU\P�UR]SRF]\QD�VL
� ]DSDG� �ID]D�SRF]�WNRZD�]DEXU]HQLD��RUD]�SXQNW
Z� NWyU\P� QDSL
FLH� ZUDFD� GR� SLHUZRWQHM� ZDUWR�FL� �ID]D� NR�FRZD� ]DEXU]HQLD��� 1DJáD� ]PLDQD
QDSL
FLD� SRGF]DV� ]DEXU]HQLD� SRZRGXMH� ERZLHP� ]áR*RQ\� SU]HELHJ� F]DVRZ\� SU�GX� Z� FHZFH
(Turner i inni, 1996).

Podczas ]DSDGX�Z\VW
SXMH�VNáDGRZD�VWDáD�SU�GX�PDM�FD�]DVDGQLF]\�ZSá\Z�QD�]DFKRZDQLH�VL

VW\F]QLND��1DZHW�QLHZLHOND�ZDUWR�ü� WHM� VNáDGRZHM�Z�QDSL
FLX�SRZRGXMH�SU]HSá\Z�]QDF]�FHJR
SU�GX�VWDáHJR� �dc���1DZHW�PDáD� MHJR�ZDUWR�ü�PR*H� VSRZRGRZDü�SRGWU]\PDQLH� VW\F]QLND�SU]\
SU�G]LH�R�PQLHMV]HM�ZDUWR�FL�VNXWHF]QHM�QL*�Z�SU]\SDGNX�SU�GX�]PLHQQHJR�EH]�VNáDGRZHM�VWDáHM�
'RGDWNRZR��VNáDGRZD�dc�SR]ZDOD�XQLNQ�ü�VWUDW�]ZL�]DQ\FK�]�KLVWHUH]��REZRGX�PDJQHW\F]QHJR
L�Z�WHQ�VSRVyE�SR]ZDOD�X]\VNDü�ZL
NV]���UHGQL��ZDUWR�ü�VWUXPLHQLD�

1LH� LVWQLHMH� *DGQD� QRUPD� �PLPR�� *H� SRGM
WR� MX*� SUyE\� MHM� RSUDFRZDQLD�� NWyUD� RNUH�ODáDE\
ZDUWR�ü�QDSL
FLD�SU]\�NWyU\P�VW\F]QLN�VLOQLND�SRZLQLHQ�RGá�F]\ü�QDS
G��1LHNWyU]\�SURGXFHQFL
SRGDM�� WDNLH� GDQH�� OHF]� QDMF]
�FLHM� SRZVWDM�� SUREOHP\� ]� LFK� LQWHUSUHWDFM��� 3U]\NáDGRZR�
]DVDGQLF]D� MHVW� Uy*QLFD� Z� ]DG]LDáDQLX� ]DEH]SLHF]HQLD� QDS
GX� Z� SU]\SDGNX� VWRSQLRZHM
L�VNRNRZHM�UHGXNFML�ZDUWR�FL�QDSL
FLD�

1DMF]
�FLHM�VW\F]QLN�GX*HM�PRF\�PD�Z\VWDUF]DM�FR�GX*R�HQHUJLL�]PDJD]\QRZDQHM�Z�FHZFH
DE\� ]DSRELHF� SU]HGZF]HVQ\P� Z\á�F]HQLRP�� =DVWRVRZDQLH� SR�UHGQLFK� SU]HND(QLNyZ
Z� REZRGDFK� ]DVLODM�F\FK� QDS
G\� GR� ]Dá�F]DQLD� VW\F]QLNyZ� JáyZQ\FK�� ]DVDGQLF]R� ]PQLHMV]D
RGSRUQR�ü�LQVWDODFML�MDNR�FDáR�FL��3U]HND(QLNL�V��]�UHJXá\�EDUG]LHM�F]XáH�QD�]DEXU]HQLH��ERZLHP
]PDJD]\QRZDQD�Z�QLFK�HQHUJLD�MHVW�PQLHMV]D�RUD]�PQLHMV]D�MHVW�LQHUFMD�LFK�UXFKRP\FK�F]
�FL�

'�*HQLH� GR� UHGXNFML� Z\PLDUyZ� DSDUDWXU\� á�F]HQLRZHM� SURZDG]L� F]
VWR� Z� NRQVHNZHQFML
GR�XU]�G]H��R�PQLHMV]HM�ZDUWR�FL�JURPDG]RQHM�HQHUJLL�L�W\P�VDP\P�PQLHM�RGSRUQ\FK�QD�zapady
QDSL
FLD�

:�XNáDGDFK�UR]UXFKRZ\FK�VLOQLNyZ��1�VWRVRZDQH�V��]�UHJXá\�FHZNL�SU�GX�VWDáHJR�]DVLODQH
]� VLHFL� SU�GX� SU]HPLHQQHJR� SRSU]H]� SURVWRZQLNL�� ,FK� RGSRUQR�ü� QD� ]DSDG\� MHVW� ZL
NV]D� QL*
VW\F]QLNyZ�SU�GX�SU]HPLHQQHJR�

������5HJXORZDQH�QDS
G\

6WDQRZL�� MHGHQ� ]� QDMZL
NV]\FK� SUREOHPyZ� SRGF]DV� ]DSDGyZ� QDSL
FLD� L� NUyWNLFK� SU]HUZ
Z�]DVLODQLX��6�� V]F]HJyOQLH�F]XáH�QD� WHQ� URG]DM� ]DEXU]HQLD�� D� LFK�]QDF]�FH�PRFH� MHGQRVWNRZH
F]\QL�� ZV]HONLH� VSRVRE\� UHGXNFML� VNXWNyZ� ]DEXU]HQLD� SUREOHPHP� WUXGQ\P� WHFKQLF]QLH
L� QDMF]
�FLHM� EDUG]R� NRV]WRZQ\P�� 1HJDW\ZQ\� HIHNW� MHVW� QDW\FKPLDVWRZ\�� QLH� WDN� MDN� MHVW
Z�SU]\SDGNX�LQQ\FK�URG]DMyZ�]DEXU]H��WM��KDUPRQLF]QH��DV\PHWULD�LWS�

:�SU]\SDGNX� UHJXORZDQ\FK�QDS
GyZ�FKDUDNWHU\]RZDQLH�]DSDGX�QDSL
FLD� W\ONR�Z�XNáDG]LH
ZVSyáU]
GQ\FK�DPSOLWXGD�F]DV�WUZDQLD�]DEXU]HQLD�MHVW�]E\W�GX*\P�XSURV]F]HQLHP�PLPR��*H�MHVW
WR� SRZV]HFKQ\� VSRVyE�RSLVX� L� SRGVWDZRZ\�FHO� SRPLDUyZ��1LH� XZ]JO
GQLD� RQ�ERZLHP� Uy*QLF
ZDUWR�FL�SRV]F]HJyOQ\FK�QDSL
ü�ID]RZ\FK��DV\PHWULL�W\FK�QDSL
ü��L�Z\VW
SXM�F��WDN*H�SRGF]DV
]DSDGX� ]PLDQ
� LFK� N�WyZ� ID]RZ\FK�� 'RGDWNRZR�� WD� XSURV]F]RQD� FKDUDNWHU\VW\ND

QLH�XZ]JO
GQLD�WDN*H�QLHVLQXVRLGDOQHM�QDWXU\�SU]HELHJX�QDSL
FLD�SRGF]DV�zapadu.
1DS
G\� SU�GX� VWDáHJR� L� SU]HPLHQQHJR�� E
G�FH� QDMEDUG]LHM� SRZV]HFKQ\PL� XNáDGDPL

HQHUJRHOHNWURQLF]Q\PL��UHDJXM�� Uy*QLH�QD�]DSDG\�QDSL
FLD�� Uy*QL��VL
�ERZLHP�WRSRORJL��F]
�FL
HQHUJRHOHNWURQLF]QHM�L�XNáDGDPL�VWHURZDQLD��]DUyZQR�softwarem jak i hardwarem)8.
6��WU]\�JáyZQH�SU]\F]\Q\�NWyUH�VSUDZLDM���*H�QDS
G\�V��F]XáH�QD�UR]ZD*DQ\�URG]DM�]DEXU]H��
Pierwsza�WR�]DVLODQLH�XNáDGX�VWHURZDQLD�QDS
GX��-H*HOL�MHJR�]DVLODF]H�QLH�V��Z�VWDQLH�]DSHZQLü
Z\VWDUF]DM�FHJR�SR]LRPX�QDSL
FLD��ZyZF]DV�QDS
G�PXVL�E\ü�Z\á�F]RQ\�]H�Z]JO
GX�QD�JUR(E

XWUDW\� NRQWUROL� QDG� MHJR� SUDF��� 7DN� ZL
F� SLHUZV]H� G]LDáDQLD� QDSUDZF]H� LG�� Z� NLHUXQNX

                                                
8�1LH�PD�REHFQLH� QRUP\�NWyUD� FKDUDNWHU\]RZDáDE\� UHDNFM
� UHJXORZDQ\FK�QDS
GyZ�QD� ]DSDG\� QDSL
FLD� L� NUyWNLH

przerwy w zasilaniu.
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SRGWU]\PDQLD�]DVLODQLD�XNáDGX�SRPLDURZR�VWHUXM�FHJR�
Druga� JUXSD� SUREOHPyZ� GRW\F]\� PR*OLZ\FK� QLHSUDZLGáRZR�FL� Z� SUDF\� OXE� QDZHW� JUR(E\
Z\VW�SLHQLD�VWDQX�DZDU\MQHJR�Z�F]
�FL�ÄVLáRZHM´��HQHUJRHOHNWURQLF]QHM��XNáDGX�Z�QDVW
SVWZLH
zaburzenia.
7U]HFL�� SU]\F]\Q�� MHVW� IDNW�� *H�ZLHOH� SURFHVyZ�� ]H�Z]JO
GyZ� WHFKQRORJLF]Q\FK�� QLH� � WROHUXMH
XWUDW\�SUHF\]\MQHM�NRQWUROL�SU
GNR�FL�OXE�PRPHQWX�QDZHW�SU]H]�NLOND�VHNXQG�

5HDNFMD� QDS
GX� QD� ]DSDG\� QDSL
FLD� MHVW�� SUyF]� ZLHONR�FL� RSLVXM�F\FK� ]DEXU]HQLH�� WDN*H
IXQNFM��URG]DMX�REFL�*HQLD�RUD]�SDUDPHWUyZ�QDS
GX��3HZQH�SURFHV\�PRJ�� WROHURZDü�]QDF]�FH
]PQLHMV]HQLH� SU
GNR�FL� L� PRPHQWX� VLOQLND�� ,QQH� WDNLFK� ]PLDQ� QLH� GRSXV]F]DM���:LHOH� ]� QLFK

Z\PDJD� SUHF\]\MQHM� L� GRNáDGQHM� NRQWUROL� WDNLFK� ZVND(QLNyZ� MDN� QS�� FL�QLHQLH�� WHPSHUDWXUD�
SU]HSá\Z� LWS�� 3RQLHZD*� ZL
NV]R�ü� W\FK� SURFHVyZ� MHVW� QDS
G]DQD� SU]H]� VLOQLNL� HOHNWU\F]QH�
PRPHQW�L�SU
GNR�ü�VLOQLND�EH]SR�UHGQLR�ZSá\ZD�QD�]PLHQQH�SURFHVX�

1DS
G\�SU�GX�VWDáHJR
Skutki ]DSDGyZ�QDSL
FLD�L�NUyWNLFK�SU]HUZ�Z�]DVLODQLX�V��V]F]HJyOQLH�SRZD*QH�Z�SU]\SDGNX

QDS
GyZ� SU�GX� VWDáHJR� ]� SU]HNV]WDáWQLNDPL� ac/dc� L� LQQH� Z� SRUyZQDQLX� GR� QDS
GyZ� SU�GX
SU]HPLHQQHJR��1D�V]F]
�FLH�QDS
G\�WH�V��REHFQLH�PQLHM�SRZV]HFKQH��MDNNROZLHN�GX*D�LFK�OLF]ED
MHVW�MHV]F]H�Z�X*\FLX�

1LH�VWHURZDQH�SURVWRZQLNL�V��XZD*DQH�]D�SUDNW\F]QLH�QLHF]XáH�QD�]DSDG\�QDSL
FLD��-HGQDN*H
Z� SU]\SDGNX� REFL�*RQ\FK� SURVWRZQLNyZ� ]� ILOWUHP� SRMHPQR�FLRZ\P� SR� VWURQLH� SU�GX� VWDáHJR
PR*H� � Z\VW�SLü� SUREOHP� SRGF]DV� SRZURWX� QDSL
FLD� SR� ]DSDG]LH� GR� SLHUZRWQHM� ZDUWR�FL�
W czasie ]DSDGX� NRQGHQVDWRU� UR]áDGRZXMH� VL
�� -H*HOL� QLH� V�� SRGM
WH� *DGQH� G]LDáDQLD
]DEH]SLHF]DM�FH��ZyZF]DV�SRGF]DV�SRZURWX�QDSL
FLD�GX*D�ZDUWR�ü�SU�GX� áDGRZDQLD�PR*H�E\ü
QLHEH]SLHF]QD� GOD� SURVWRZQLND�� =� WHJR� PL
G]\� LQQ\PL� SRZRGX� VWRVRZDQH� V�� ]DEH]SLHF]HQLD
SRGQDSL
FLRZH�Z�REZRG]LH�SU�GX�VWDáHJR�Z\á�F]DM�FH�XU]�G]HQLH�Z�SU]\SDGNX�]E\W�Já
ERNLHJR
L�OXE�]E\W�GáXJLHJR�]DEXU]HQLD�Z�QDSL
FLX�

Wg (&DOGRQ��L�LQQL�������QLH�QDZURWQH�VWHURZDQH�SURVWRZQLNL�V��Z�ZL
NV]R�FL�SU]\SDGNyZ
F]XáH� QD� ]DáDPDQLD� QDSL
FLD� R� F]DVLH� WUZDQLD� GáX*V]\P� RG� NLONX�PV� L� DPSOLWXG]LH� ]DáDPDQLD
ZL
NV]HM� QL*� ����� 7\ONR� Z� V]F]HJyOQ\FK� ZDUXQNDFK� PRJ�� RQH� WROHURZDü� UHGXNFM
� QDSL
FLD
GR��������ZDUWR�FL�]QDPLRQRZHM��1DZURWQH�SU]HNV]WDáWQLNL�V��PQLHM�RGSRUQH�L�]Z\NOH�zapady
QDSL
FLD�R�DPSOLWXG]LH�ZL
NV]HM�QL*�����PRJ��VSRZRGRZDü�DZDUL
�W\FK�XU]�G]H��

W przypadku regulowanych prostowników o sterowaniu fazowym, podczas ]DSDGX�QDSL
FLD
S
WOD�VSU]
*HQLD�]ZURWQHJR�VWDUD�VL
�SRGWU]\PDü�VWDáH�QDSL
FLH�Z\M�FLRZH�SRSU]H]�]PQLHMV]HQLH
N�WD� Z\VWHURZDQLD� W\U\VWRUyZ�� :� ZL
NV]R�FL� SU]\SDGNyZ�� SRGF]DV� GáXJLFK� L� Já
ERNLFK
]DSDGyZ�� QDSL
FLH� WR� PDOHMH� ]PQLHMV]DM�F� Z� NRQVHNZHQFML� SU
GNR�ü� VLOQLND�� 3U]\� SRZURFLH
QDSL
FLD� VLHFL�� GOD� JUDQLF]Q\FK� ZDUWR�FL� N�WyZ� Z\VWHURZDQLD� W\U\VWRUyZ� L� ]DNáyFRQHM
V\QFKURQL]DFML� ]� VLHFL�� ]DVLODM�F�� PR*H� Z\VW�SLü� SU]HW
*HQLH� SU�GRZH� SRZRGXM�F� ]DG]LDáDQLH
V\VWHPX�]DEH]SLHF]DM�FHJR�

W przypadku niesymetrycznych ]DSDGyZ�� DPSOLWXGD� SHZQ\FK� QDSL
ü� ]DVLODM�F\FK�PDOHMH�
ZyZF]DV� UHJXODWRU� SU�GX� SU]\� VWDá\P� PRPHQFLH� REFL�*HQLD� SRZRGXMH� ]ZL
NV]HQLH� N�WD
SU]HZRG]HQLD� W\U\VWRUyZ� L� WR� PR*H� VSRZRGRZDü� ZL
NV]H� REFL�*HQLH� SU�GRZH� W\FK

SyáSU]HZRGQLNyZ� NWyUH� V�� ]DVLODQH� ]� ID]� NWyU\FK� QDSL
FLD� QLH� XOHJá\� ]PLDQLH�� 1DS
G� PR*H
]RVWDü�Z\á�F]RQ\�]DEH]SLHF]HQLHP�QDGSU�GRZ\P�

,QQ��SU]\F]\Q��SU�GRZHJR�SU]HW
*HQLD��D�]DUD]HP�]DVDGQLF]\P�SUREOHPHP�SU]HNV]WDáWQLNyZ
ac/dc� MHVW� V\QFKURQL]DFMD� LFK� XNáDGyZ� UHJXODFML� NWyUD� Z\PDJD� SUHF\]\MQHM� GHWHNFML� SU]HM�FLD
RGSRZLHGQLFK� QDSL
ü� SU]H]� ZDUWR�ü� ]HURZ��� 6NRN� ID]\� WRZDU]\V]�F\� ]DSDGRP� QDSL
FLD�
]PLHQLD� UHJXODUQR�ü� RGVW
SyZ� SRPL
G]\� SXQNWDPL� QDWXUDOQHM� NRPXWDFML� L� PR*H� SRZRGRZDü
XWUDW
�V\QFKURQL]DFLL�SRPL
G]\�XNáDGHP�VWHURZDQLD�L�VLHFL��]DVLODM�F��

Podczas ]DSDGyZ�QDSL
FLD�V]F]HJyOQLH�LVWRWQH�MHVW�]DFKRZDQLH�VL
�SU]HNV]WDáWQLND�E
G�FHJR
w zakresie pracy LQZHUWRURZHM�� %UDN� OXE� UHGXNFMD� ZDUWR�FL� QDSL
FLD� VLHFL� ]PQLHMV]D� ZDUWR�ü
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QDSL
FLD� QD� ]DFLVNDFK� VLOQLND� L� ZyZF]DV�� Z� FHOX� SRGWU]\PDQLD� WDNLHJR� VDPHJR� HIHNWX
KDPRZDQLD��VSU]
*HQLH�]ZURWQH�SU]HNV]WDáWQLND�]ZL
NV]D�DXWRPDW\F]QLH�N�W�VWHURZDQLD��,VWQLHMH
UHDOQD� JUR(ED� SU]HU]XWX� IDORZQLNRZHJR� ]� ZV]HONLPL� QLHNRU]\VWQ\PL� VNXWNDPL� WHJR� ]MDZLVND�
6WDQGDUGRZR� NRPHUF\MQLH� GRVW
SQ\� UHJXORZDQ\� QDS
G� SU�GX� VWDáHJR� MHVW� Z\SRVD*RQ\
w SRGQDSL
FLRZH� L� QDGSU�GRZH� ]DEH]SLHF]HQLD�� *G\� NWyUHNROZLHN� ]� ]DEH]SLHF]H�� ]RVWDQLH

SREXG]RQH��EORNRZDQH�V��ZyZF]DV�LPSXOV\�Z\]ZDODM�FH��Z�WHQ�VSRVyE�VLOQLN�SR]EDZLRQ\�MHVW
]DVLODQLD��8U]�G]HQLH�MHVW�FKURQLRQH�SU]HG�XV]NRG]HQLHP��MHGQDN*H�UHDOL]RZDQ\�SURFHV�]RVWDMH
SU]HUZDQ\�� 6W�G� SRWU]HED� WDNLFK� UR]ZL�]D�� NWyUH� ]ZL
NV]�� RGSRUQR�ü� QDS
GX� SR]ZDODM�F
SU]HGáX*\ü� F]DV� MHJR� SUDF\� SRGF]DV� ]DEXU]HQLD� GR� NLONXQDVWX� RNUHVyZ�� FR� Z� ZL
NV]R�FL
SU]\SDGNyZ�MHVW�F]DVHP�Z\VWDUF]DM�F\P�

1DS
G\�SU�GX�SU]HPLHQQHJR
2GSRUQR�ü� QD� ]DSDG\� QDSL
FLD� W\SRZHJR� UHJXORZDQHJR� QDS
GX� SU�GX� SU]HPLHQQHJR

]�SR�UHGQLP�SU]HPLHQQLNLHP�F]
VWRWOLZR�FL�96,��voltage source invertor – rys. 8a) i diodowym
PRVWNLHP� ZHM�FLRZ\P� MHVW� ]� UHJXá\� ]QDF]QD�� ERZLHP� NRQGHQVDWRU� L� ]JURPDG]RQD� Z� QLP
HQHUJLD� MHVW� ]GROQD� GR� F]DVRZHM� NRPSHQVDFML� ]PLDQ\� QDSL
FLD� ]DVLODM�FHJR� �SU]\� ]DáR*HQLX
NUyWNLHJR�F]DVX�WUZDQLD�L�PDáHM�DPSOLWXG\�]DEXU]HQLD��

*G\� QDSL
FLH� ZHM�FLRZH� MHVW� V\PHWU\F]QH�� GLRG\� Z� PRVWNX� ZHM�FLRZ\P� SRGHMPXM�
SU]HZRG]HQLH�Z�VSRVyE�UHJXODUQ\��D�SU�G\�ZHM�FLRZH�PDM��V\PHWU\F]QH�SU]HELHJL��U\V��E��

:� SU]\SDGNX� JG\� QDSL
FLD� ID]RZH� V�� QLHV\PHWU\F]QH�� QS�� MDN� PD� WR� PLHMVFH� SRGF]DV
MHGQRID]RZHJR� ]ZDUFLD�� SU]HZRG]HQLH� GLRG�PRVWND�ZHM�FLRZHJR�QLH� MHVW� UHJXODUQH� �U\V�� �F�9.
:� U]HF]\ZLVW\FK� ZDUXQNDFK� PDNV\PDOQH� QDSL
FLD� MHGQHM� OXE� ZL
FHM� ID]� V�� UHGXNRZDQH
GR�ZDUWR�FL�PQLHMV]HM� QL*� ]QDPLRQRZH� QDSL
FLH� NRQGHQVDWRUD�� VW�G� QLH�PD� WUDQVPLVML� HQHUJLL
]� VLHFL� ]DVLODM�FHM� GR� NRQGHQVDWRUD��7HQ� RVWDWQL� UR]áDGRZXMH� VL
� GR� FKZLOL� JG\� NROHMQ\� V]F]\W
QDSL
FLD� VWZRU]\� ZDUXQNL� GR� MHJR� GRáDGRZDQLD�� 3RQLHZD*� NRQGHQVDWRU� UR]áDGRZXMH� VL

ZyZF]DV� Z� VWRSQLX� ZL
NV]\P� QL*� QRUPDOQLH�� SU�G� Sá\Q�F\� ]� VLHFL� Z� FHOX� MHJR� GRáDGRZDQLD
E
G]LH�GX*\10

��:\VW
SXM��SU]HG]LDá\�F]DVX�Z�NWyU\FK�WUyMID]RZ\�PRVWHN�SUDFXMH�MDN�XU]�G]HQLH
MHGQRID]RZH� SRGá�F]RQH� SRPL
G]\� GZLH� OLQLH� ]DVLODM�FH� R� QDMZL
NV]HM� ZDUWR�FL� QDSL
FLD
PL
G]\ID]RZHJR�� 3U�G\� ]DZLHUDM�� WU]HFL�� KDUPRQLF]Q�� R� ]QDF]�FHM� ZDUWR�FL�� NWyUD� MHVW
VNáDGRZ��QLH�FKDUDNWHU\VW\F]Q��GOD�WHM�NRQILJXUDFML�

3U]HW
*HQLH� SU�GRZH�PR*H� XDNW\ZQLü� ]DEH]SLHF]HQLD� QDGSU�GRZH� L�Z� NRQVHNZHQFML�PR*H
Z\VW�SLü� ]DWU]\PDQLH� QDS
GX�� 0R*H� WH*� QDVW�SLü� SU]HSDOHQLH� EH]SLHF]QLNyZ�� :\VW
SXMH� WR
V]F]HJyOQLH� Z� SU]\SDGNX�Z\SRVD*HQLD� IDORZQLND� Z� V]\ENLH� EH]SLHF]QLNL� ZHM�FLRZH� �]Z\NOH
Z\PDJDQH�SU]H]�SURGXFHQWD�XNáDGX��SU]\�PDá\P�PDUJLQHVLH�NRRUG\QDFML�]DEH]SLHF]H���&]
VWR
nawet niewielka QLHV\PHWULD�QDSL
ü�]DVLODM�F\FK�PR*H�VSRZRGRZDü�]DG]LDáDQLH�EH]SLHF]QLNyZ
QDZHW� Z� SU]\SDGNDFK�� JG\� WR� ]DEXU]HQLH� QLH� MHVW� Z\VWDUF]DM�FR� GX*H�� DE\� VSRZRGRZDü
]QDF]�F��UHGXNFM
�QDSL
FLD�Z�REZRG]LH�SR�UHGQLF]�F\P�SU]HPLHQQLND��:áD�FLZD�NRRUG\QDFMD
EH]SLHF]QLNyZ� RUD]� VWRVRZDQLH� GáDZLNyZ� VLHFLRZ\FK� SR]ZDOD� F]
VWR� Z� SUDNW\FH� VNXWHF]QLH
Z\HOLPLQRZDü�W
�HNVSORDWDF\MQ��QLHGRJRGQR�ü��1DOH*\�SRGNUH�OLü��*H�GR�PRPHQWX�Z\á�F]HQLD
QDS
GX�SU]HELHJL�F]DVRZH�QDSL
ü�Z\M�FLRZ\FK�LQZHUWRUD�SR]RVWDM��SUDNW\F]QLH�QLH]PLHQQH�

                                                
9� 3RQLHZD*� QDSL
FLH� NRQGHQVDWRUD�Z� REZRG]LH� SU�GX� VWDáHJR� RVL�JD� SR]LRP� SUDZLH� UyZQ\�ZDUWR�FL� V]F]\WRZHM
QDSL
ü� PL
G]\ID]RZ\FK�� MHGQRID]RZH� GR]LHPLHQLH� Z� ZL
NV]R�FL� SU]\SDGNyZ� QLH� SRZRGXMH� ]PQLHMV]HQLD
QDSL
FLD�VWDáHJR�SRQL*HM�SURJX�]DG]LDáDQLD�]DEH]SLHF]HQLD�SRGQDSL
FLRZHJR��SRQLHZD*�QDGDO� MHVW�Z\VWDUF]DM�FR
GX*D�ZDUWR�ü�QDSL
ü�PL
G]\ID]RZ\FK��:�WDNLFK�SU]\SDGNyZ�QDS
G�]RVWDMH�MHGQDN*H�F]
VWR�Z\á�F]RQ\��ERZLHP
DOER� REZyG� VWHURZDQLD� MHVW� QLHRGSRUQ\�� DOER� DSDUDWXUD� á�F]HQLRZD� �VW\F]QLNL�� SU]HND(QLNL�� QLH� SRVLDGD
Z\VWDUF]DM�FHJR�VWRSQLD�RGSRUQR�FL��DOER�Z�VLHFL�]DVLODM�FHM�LQVWDORZDQH�V��]DEH]SLHF]HQLD�SU]HG�doziemieniem
fazy (szczególnie istotne w sieciach z izolowanym punktem zerowym).

10� :� SHZQ\FK� SU]\SDGNDFK� MHJR� ZDUWR�ü� VNXWHF]QD� Z� MHGQHM� ID]LH� PR*H� SU]HNURF]\ü� QDZHW� ����� SU�GX
]QDPLRQRZHJR��D�ZDUWR�ü�V]F]\WRZD�WHJR�SU�GX�PR*H�SU]HNURF]\ü�NURWQR�ü����Mansoor i inni, 1996).
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(a)

(b) (c)

5\V�����6FKHPDW�LGHRZ\�SR�UHGQLHJR�SU]HPLHQQLND�F]
VWRWOLZR�FL��96,���D��RUD]�SU]\NáDGRZH�SU]HELHJL
F]DVRZH�SU�GyZ�ZHM�FLRZ\FK�GOD���E��V\PHWU\F]Q\FK�L��F� QLHV\PHWU\F]Q\FK�QDSL
ü�]DVLODM�F\FK

W przypadku ]DSDGX� SRGF]DV� NWyUHJR� QLH� MHVW� GRVW
SQD� HQHUJLD� ]� V\VWHPX� ]DVLODM�FHJR
�QS�� WUyMID]RZH�]ZDUFLH��� HQHUJLD� ]JURPDG]RQD�Z�REZRG]LH�SR�UHGQLF]�F\P�SU�GX� VWDáHJR�dc
�Z�NRQGHQVDWRU]H��MHVW�DEVRUERZDQD�SU]H]�VLOQLN�Z�NLONX�RNUHVDFK�L�QDSL
FLH�VWDáH�NRQGHQVDWRUD
Udc�PDOHMH�GR�]HUD��Z�W\SRZ\P�F]DVLH�NLONXG]LHVL
FLX�ms ('DYLG�L�LQQL��������3U
GNR�ü�VLOQLND
]PQLHMV]D� VL
� ]� SRFKRGQ�� ]DOH*Q�� RG� PRPHQWX� EH]ZáDGQR�FL� L� PRPHQWX� REFL�*HQLD
PHFKDQLF]QHJR�]UHGXNRZDQ\FK�QD�ZDá�VLOQLND�

:L
NV]R�ü�QDS
GyZ�SRVLDGD�ZHZQ
WU]QH�]DEH]SLHF]HQLD�NRQWUROXM�FH�QDSL
FLH�Z�REZRG]LH
SR�UHGQLF]�F\P�L�SRZRGXM�FH�Z\á�F]HQLH�QDS
GX�JG\�ZDUWR�ü�WHJR�QDSL
FLD�E
G]LH�]E\W�PDáD�
:�W\FK�ZDUXQNDFK�XNáDG�]RVWDQLH�DZDU\MQLH�Z\á�F]RQ\�]DEH]SLHF]HQLHP�SRGQDSL
FLRZ\P�JG\
QDSL
FLH� VWDáH� ]PQLHMV]\� VL
� SRQL*HM� SU]\M
WHM� ZDUWR�FL� SURJRZHM� �]Z\NOH� ������� ZDUWR�FL

dcU



14

]QDPLRQRZHM��� *G\� QDSL
FLH� SRZUyFL� SRQRZQLH� GR� VZRMHM� SLHUZRWQHM� SRF]�WNRZHM� ZDUWR�FL�
VLOQLN�QLH�PR*H�E\ü�QDW\FKPLDVW�]DVLORQ\�SU]H]�SU]HNV]WDáWQLN�]H�Z]JO
GX�QD�JUR(E
�Z\VW�SLHQLD
SU]HW
*HQLD�R�GX*HM�ZDUWR�FL�VWZDU]DM�FHJR�QLHEH]SLHF]H�VWZR�SU]HSDOHQLD�EH]SLHF]QLNyZ�L�OXE
XV]NRG]HQLD� HOHPHQWyZ� SyáSU]HZRGQLNRZ\FK� OXE� PR*OLZR�ü� Z\VW�SLHQLD� ]PLDQ\� PRPHQWX
QLHNRU]\VWQHM�GOD�QDS
G]DQHJR�VLOQLNLHP�DJUHJDWX�

:�GX*HM� OLF]ELH�QDS
GyZ�� V]F]HJyOQLH� VWDUV]HM�JHQHUDFML�� XNáDG\� VWHURZDQLD� L� ]DEH]SLHF]H�
]DVLODQH�E\á\�]�VLHFL��ac��FR�VSUDZLD��*H�V��RQH�V]F]HJyOQLH�F]XáH�QD�Z\VW
SXM�FH�WDP�]DEXU]HQLD�
6\VWHP\�VWHURZDQLD�ZL
NV]R�FL�REHFQLH�VWRVRZDQ\FK�QDS
GyZ�NRQWUROXM��QDSL
FLH�VWDáH��:�LFK

SU]\SDGNX� XNáDG\� VWHURZDQLD� L� ]DEH]SLHF]H�� ]DVLODQH� V�� EH]SR�UHGQLR� ]� WHJR� QDSL
FLD�
*ZDUDQWXMH� WR� NRQWURO
� SUDF\� QDS
GX� GR� FKZLOL� MHJR� FDáNRZLWHJR� Z\á�F]HQLD� G]L
NL� GX*HM
HQHUJLL� ]JURPDG]RQHM� Z� NRQGHQVDWRU]H�� 1DSL
FLD� ]DVLODM�FH� ac� V�� ZyZF]DV� F]
VWR� SR]D
NRQWURO���OHF]�XNáDG\�V��PQLHM�F]XáH�QD�]DEXU]HQLD�

:� EDGDQLDFK� UHDNFML� QDS
GX� QD� ]DSDG\� QDSL
FLD� �DPSOLWXG
�� F]DV� WUZDQLD� LWS��� SRPLMD� VL

F]
VWR� GZD� LVWRWQH� F]\QQLNL� PDM�FH� ZSá\Z� QD� SU]HELHJ� WHJR� ]MDZLVND�� PRPHQW� REFL�*HQLD
PHFKDQLF]QHJR��QS��R�VWDáHM�OXE�]PLHQQHM���Z�IXQNFML�SU
GNR�FL���ZDUWR�FL��VWDáD�PRF�REFL�*HQLD
LWS��� RUD]� EH]ZáDGQR�ü� VLOQLND� L� QDS
G]DQHJR� DJUHJDWX�� 3U]\NáDGRZR�� SU]\� VWDáHM� PRF\
PHFKDQLF]QHM� QD� ZDOH�� SU
GNR�ü� VLOQLND� PDOHMH� SRGF]DV� ]DSDGX� Z� ZL
NV]\P� VWRSQLX� QL*
Z� SU]\SDGNX� PRPHQWX� R� ÄNZDGUDWRZHM´� FKDUDNWHU\VW\FH�� 'OD� VWDáHM� PRF\� REFL�*HQLD
PHFKDQLF]QHJR� PRPHQW� VLOQLND� Z]UDVWD� SRGF]DV� ]PQLHMV]DQLD� SU
GNR�FL� SRGF]DV� JG\
GOD� ÄNZDGUDWRZHM´� FKDUDNWHU\VW\NL� MHVW� SU]HFLZQLH�� 2F]\ZLVW\� MHVW� UyZQLH*� NRU]\VWQ\� ZSá\Z
QD�SUDF
�QDS
GX�GX*HJR�PRPHQWX�EH]ZáDGQR�FL��]H�Z]URVWHP�NWyUHJR�QDVW
SXMH��]PQLHMV]HQLH
]PLDQ\�SU
GNR�FL�VLOQLND�SRGF]DV�zapadu.

����6SU]
W�LQIRUPDW\F]Q\

:�ND*G\P�]DVWRVRZDQLX�MHVW�RQ�EDUG]R�F]Xá\��]DUyZQR�hardware jak i software) na zmiany
QDSL
FLD� MH*HOL� LFK� DPSOLWXGD� SU]HNUDF]D� ���UN�� 1DMSRZV]HFKQLHM� Z\VW
SXM�F\PL� VNXWNDPL
WHJR� ]DEXU]HQLD� V��� EUDN� WUDQVPLVML� V\JQDáyZ� OXE� Eá
G\�Z� LFK� SU]HND]LH11

��:L
NV]R�ü� VSU]
WX
LQIRUPDW\F]QHJR� PD� ZEXGRZDQH� GHWHNWRU\� ]DEXU]H�� ]DVLODQLD� Z� FHOX� RFKURQ\� GDQ\FK
Z� ZHZQ
WU]QHM� SDPL
FL� �Z� W\P� UyZQLH*� SURJUDPRZR� ]DSLVDQ�� SURFHGXU
� UHDNFML� QD� zapady
L�NUyWNLH�SU]HUZ\�Z�]DVLODQLX��JZDUDQWXM�F��]DFKRZDQLH�GDQ\FK�L�SRSUDZQ��SUDF
�SR�SRZURFLH
QDSL
FLD�� OXE� ]H�Z]JO
GyZ� EH]SLHF]H�VWZD� �EUDN� WUDQVPLVML� OXE� Eá
GQH� UR]ND]\�Z� SU]\SDGNX
VWHURZDQLD�GX*\PL�SURFHVDPL��

7HQ� URG]DM� VSU]
WX� MHVW� EDUG]LHM� F]Xá\� QD� VWRSQLRZH� ]PLDQ\� QDSL
FLD� �]PQLHMV]DQLH�� QL*
QD� QDJá�� SU]HUZ
� ]DVLODQLD�� 1LHNWyUH� GHWHNWRU\� XV]NRG]H�� QLH� UHDJXM�� ERZLHP� GRVWDWHF]QLH
V]\ENR� QD� VWRSQLRZ�� UHGXNFM
ZDUWR�FL� QDSL
FLD� ]DVLODM�FHJR�� :yZF]DV� QDSL
FLH� dc dla
REZRGyZ�VFDORQ\FK�PR*H�]PQLHMV]\ü�VL
�GR�SR]LRPX�QL*V]HJR�QL*�PLQLPDOQH�QDSL
FLH�SUDF\�
]DQLP� GHWHNWRU� XV]NRG]HQLD� ]RVWDQLH� SREXG]RQ\�� :� HIHNFLH� GDQH� PRJ�� E\ü� XWUDFRQH� OXE
VIDáV]RZDQH��3R�SRZURFLH�QDSL
FLD�VSU]
W�WDNL�PR*H�QLH�E\ü�]GROQ\�GR�SRSUDZQHJR�SRQRZQHJR
XUXFKRPLHQLD� L� Z\PDJDü� SU]HSURJUDPRZDQLD�� =� WHJR� SRZRGX� GOD� VSU]
WX� LQIRUPDW\F]QHJR
SRGDQR� Z� QRUPDFK� V]F]HJyáRZH� SURFHGXU\� WHVWRZDQLD� MHJR� RGSRUQR�FL� QD� RPDZLDQ\� URG]DM
zaburzenia.

Sterowanie realizowane przez programowalne sterowniki logiczne PLC (Programmable
Logic Controller��PR*QD� RSLVDü�Z� F]WHUHFK� SRGVWDZRZ\FK� NURNDFK� IXQNFMRQDOQ\FK�� F]\WDQLH
GDQ\FK� ZHM�FLRZ\FK� �PRGXá� ZHM�FLRZ\��� UR]ZL�]\ZDQLH� SURJUDPX� VWHURZDQLD� �&38��
VDPRGLDJQRVW\ND��&38���PRG\ILNDFMD�VWDQyZ�Z\M�ü�]JRGQLH�]�SURJUDPHP��PRGXá�Z\M�FLRZ\��
=DSDG\� QDSL
FLD� PRJ�� RGG]LDá\ZDü� QD� &38�� NDUW\� ,�2� L� WDN*H� QD� SR]LRP\� ORJLF]QH� 3/&
SRGF]DV�UHDOL]DFML�Z\Uy*QLRQ\FK�SURFHGXU��=DNáyFHQLH�Z\VW
SXM�FH�Z�ND*G\P�]�PRGXáyZ�PR*H

                                                
11�0R*OLZ\P��V\JQDOL]RZDQ\P�Z�OLWHUDWXU]H��VNXWNLHP�MHVW�WDN*H�XWUDWD�V\QFKURQL]DFML�QDS
GyZ�G\VNyZ�
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SU]HUZDü�FL�JáR�ü�FDáHJR�SURFHVX�WHFKQRORJLF]QHJR��&]DV�SRMHG\QF]HJR�F\NOX�SUDF\�3/&�F]
VWR
QLH�SU]HNUDF]D���PV��D�ZL
F�MHVW�ZVSyáPLHUQ\�]�F]DVHP�Z\VW
SRZDQLD�]DEXU]H��

-HGQ\P� ]H� ÄVáDEV]\FK� PLHMVF´� Z� 3/&� MHVW� MHJR� XNáDG� ]DVLODM�F\�� -HVW� WR� W\SRZ\� XNáDG
HOHNWURQLF]Q\� ]DVLODQ\� QDSL
FLHP� SU]HPLHQQ\P� NWyUH� SU]HNV]WDáFD� �QDMF]
�FLHM� LPSXOVRZR�
QD� QDSL
FLD� VWDáH� ]DVLODM�FH� SR]RVWDáH� HOHPHQW\� 3/&�� 2GSRUQR�ü� ]DVLODF]D� ]DOH*\� SU]HGH
ZV]\VWNLP� RG� Z\PDJDQHJR� VWRSQLD� VWDELOL]DFML� QDSL
FLD� VWDáHJR� RUD]� HQHUJLL� ]JURPDG]RQHM
Z� NRQGHQVDWRU]H� ]DVLODF]D�� 1LHNLHG\� XU]�G]HQLD� ,�2� V�� ORNDOL]RZDQH� Z� SREOL*X� XU]�G]H�
SHU\IHU\MQ\FK�Z�FHOX�PLQLPDOL]DFML�Z\PDJDQHJR�RNDEORZDQLD��SUDFXM�F�QS��MDNR�NRQFHQWUDWRU\
GDQ\FK�� :yZF]DV� NU\W\F]Q\PL� SXQNWDPL� VWDM�� VL
� UyZQLH*� LFK� ]DVLODF]H�� W\P� EDUG]LHM�� *H
Z�ZL
NV]R�FL�LQVWDODFML�&38�PD�QDMF]
�FLHM�JZDUDQWRZDQH�bezprzerwowe zasilanie realizowane
SU]\�SRPRF\�836��QDWRPLDVW�QLH�]DZV]H�VWRVXMH�VL
�WR�GR�NRQFHQWUDWRUyZ�

:HM�FLRZH� XU]�G]HQLD� SHU\IHU\MQH� WM�� SU]\FLVNL�� F]XMQLNL� LWS�� V�� JDOZDQLF]QLH� SRá�F]RQH
]� VWHURZQLNLHP�� 3RZV]HFKQ\� MHVW� G\VNUHWQ\� FKDUDNWHU� ZHM�ü�� 1DSL
FLD� SURJRZH� Z� RSDUFLX
R�NWyUH�XVWDORQD�MHVW�ZDUWR�ü�V\JQDáX�ORJLF]QHJR�±���OXE���±�QLH�V��VWDQGDU\]RZDQH��1S��MH*HOL
]DSDG� � QDSL
FLD� VSRZRGXMH�Z� F]DVLH� NLONX� RNUHVyZ� REQL*HQLH�ZDUWR�FL� V\JQDáX�ZHM�FLRZHJR�
PR*H�Z\QLNQ�ü�SUREOHP�ZáD�FLZHJR�UR]SR]QDQLD�VWDQX�ORJLF]QHJR�

:�ND*G\P�XNáDG]LH�VWHURZQLND�LVWQLHMH�SU]\FLVN�DZDU\MQHJR�]DWU]\PDQLD�OLQLL��%\ZD�RQ�WH*
QLHNLHG\� SU]\F]\Q�� QLHSR*�GDQ\FK� Z\á�F]H��� MH*HOL� MHVW� VNRQILJXURZDQ\� Z� WDNL� VSRVyE�� *H
]DSDG� QDSL
FLD� PR*H� Z\ZRáDü� ]DG]LDáDQLH� DQDORJLF]QH� GR� VNXWNyZ� MHJR� ]DPLHU]RQHJR
uaktywnienia.

��� 7(&+1,&=1(� � 63262%<� � 35=(&,:'=,$à$1,$� � 6.87.20� � =$3$'Ï:
1$3,	&,$

1D�U\QNX�MHVW�REHFQLH�GRVW
SQD�EDUG]R�GX*D�OLF]ED�QDS
GyZ��OHF]�QDZHW�Uy*QH�PRGHOH�WHJR
VDPHJR�URG]DMX�QDS
GX�SRVLDGDM��LQQ��RGSRUQR�ü�QD�]DSDG\�QDSL
FLD��,VWQLHMH�JHQHUDOQ\�SRJO�G�
Z\UD*RQ\�Z�OLF]Q\FK�SXEOLNDFMDFK��*H�SU]\�]DSDGDFK�QDSL
FLD�R�DPSOLWXG]LH�ZL
NV]HM�QL*����
L�F]DVLH�WUZDQLD�GáX*V]\P�QL*����RNUHVyZ�QDVW
SXMH�DZDU\MQH�Z\á�F]HQLH�ZL
NV]R�FL�QDS
GyZ
(van Zyl A. 1998)12

�� 'X*D� OLF]ED� ]DSDGyZ� QDSL
FLD� SU]HNUDF]D� WH� ZDUWR�FL�� $PSOLWXG\� W\FK
]DEXU]H��F]
VWR�RVL�JDM��SR]LRP������GODWHJR�VNRQVWUXRZDQLH�QDS
GX�]GROQHJR�GR�SUDF\�SU]\
]DSDGDFK� R� WDNLFK� ZDUWR�FLDFK�� MHVW� ]DGDQLHP� R� RJURPQ\P� ]QDF]HQLX�� 3URGXFHQW� SRZLQLHQ
GRVWDUF]\ü� QDE\ZF\� QDS
G� G]LDáDM�F\� SRSUDZQLH� Z� ]GHILQLRZDQ\FK� SU]H]� QLHJR� ZDUXQNDFK
]DVLODQLD� L�QLH]E\W�GURJL��3R*�GDQH� MHVW� WDNLH�UR]ZL�]DQLH�SUREOHPX��NWyUH�QLH�ZSURZDG]L�]E\W
GDOHNR�LG�F\FK�]PLDQ�Z�LVWQLHM�F\FK�NRQVWUXNFMDFK13.

=DSURSRQRZDQR� ZLHOH� Uy*Q\FK� VSRVREyZ� WHFKQLF]Q\FK�� NWyUH� PDM�� ]DEH]SLHF]\ü

UHDOL]RZDQ�� WHFKQRORJL
� SU]HG� VNXWNDPL� DZDU\MQ\FK� Z\á�F]H�� QDS
GyZ�� 0R*QD� Z\Uy*QLü
Z��UyG�QLFK�F]WHU\�NDWHJRULH�
(i) ]PLDQD�VSRVREX�HNVSORDWDFML�QDS
GX�L�PRG\ILNDFMD�MHJR�VWHURZDQLD�
(ii)  PRG\ILNDFMD�WRSRORJLL�XNáDGyZ�HQHUJRHOHNWURQLF]Q\FK�

(iii)  alternatywne zasilanie,
(iv) LQVWDORZDQLH�NRPSHQVXM�FHJR�VSU]
WX�

                                                
12�:LHOH�HNVSORDWRZDQ\FK�UHJXORZDQ\FK�QDS
GyZ�XOHJD�DZDU\MQHPX�Z\á�F]HQLX�QDZHW�MH*HOL�QDSL
FLH�]PQLHMV]\
VL
�QLHZLHOH�SRQL*HM�����Z�F]DVLH�GáX*V]\P�QL*�GZD�RNUHV\�QDSL
FLD��A guide ...EPRI TR-103208).

13 Wg [-RXDQQH� ����@� �UyZQLH*� >van =\OO� ����@�� PLDU�� QDMEDUG]LHM� SR*�GDQHM� RGSRUQR�FL� QDS
GX� E\áDE\� MHJR
]GROQR�ü� GR� SUDF\� SRGF]DV� zapadu o amplitudzie 50% i czasie trwania zawartym w przedziale 0,5-5s, przy
]DFKRZDQLD�VWDáHM�ZDUWR�FL�SU
GNR�FL�L�PRPHQWX�
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:� DUW\NXOH� RJUDQLF]RQR� UR]ZD*DQLD� GR� GZyFK� SLHUZV]\FK� NDWHJRULL� VWRVRZDQ\FK� GR
UHJXORZDQ\FK�QDS
GyZ�SU�GX�SU]HPLHQQHJR�]�SR�UHGQLP�SU]HPLHQQLNLHP�F]
VWRWOLZR�FL� W\SX
VSI14

��']LDáDQLD�GRW\F]��JáyZQLH�
- XNáDGyZ�VWHURZDQLD��]DEH]SLHF]HQLD�SRSUDZQR�FL�SUDF\�MHGQRVWNL�FHQWUDOQHM�L�XU]�G]H��,�2�

VW\F]QLNyZ��SU]HND(QLNyZ��XNáDGyZ�]DVLODQLD�HOHNWURQLNL�VWHUXM�FHM�LWS����1LH�V��WR�]�UHJXá\
RGELRUQLNL�GX*HM�PRFH��OHF]�V��RQH�V]F]HJyOQLH�ZUD*OLZH�QD�]DEXU]HQLD��.RV]W�]ZL
NV]HQLD
LFK�RGSRUQR�FL�MHVW�XPLDUNRZDQ\�

- XNáDGyZ� HQHUJRHOHNWURQLF]Q\FK�� 6�� WR� REZRG\� QDMF]
�FLHM� ]QDF]�F\FK� PRF\�� VW�G� NRV]W
SU]HGVL
Z]L
ü�]�QLPL�]ZL�]DQ\FK�MHVW�GX*\��D�UR]ZL�]DQLD�WHFKQLF]QH�QLH�V��WU\ZLDOQH�

����=PLDQD�VSRVREX�HNVSORDWDFML�QDS
GX�L�PRG\ILNDFMD�VWHURZDQLD

6��WR�G]LDáDQLD�SRGHMPRZDQH�SR�DZDU\MQ\P�Z\á�F]HQLX�QDS
GX�±�QD�VNXWHN�]DSDGX�QDSL
FLD
OXE� NUyWNLHM� SU]HUZ\� Z� ]DVLODQLX�� ,FK� FHOHP� MHVW� EH]SLHF]QH� L� PR*OLZLH� V]\ENLH� SRQRZQH
XUXFKRPLHQLH�VLOQLND��1DOH*��GR�QLFK�

1  s p o s ó b
5
F]Q\� OXE� DXWRPDW\F]Q\� SRQRZQ\� VWDUW� QDS
GX� SR� XSá\ZLH� F]DVX� ]DGDQHJR� RSy(QLHQLD

SRGF]DV� NWyUHJR� VLOQLN� ]DWU]\PD� VL
�� 7D� WHFKQLND� MHVW� WUDNWRZDQD� UDF]HM� MDNR� SRGVWDZRZH
]DEH]SLHF]HQLH��D�QLH�VWUDWHJLD�Z�SU]\SDGNX�Z\VW�SLHQLD�]DEXU]HQLD�

2  s p o s ó b
6]\ENLH�]DKDPRZDQLH�QDS
GX�GR�]HURZHM�SU
GNR�FL��D�QDVW
SQLH�NRQZHQFMRQDOQ\�SRQRZQ\

UR]UXFK�� 6WDQ� SU]HM�FLRZ\� Z� SU
GNR�FL� QDS
GX� ±� R� GX*HM� SRFKRGQHM� ]PLDQ\� �� PR*H� QLH� E\ü
WROHURZDQ\�SU]H]�XU]�G]HQLD�Z\NRQDZF]H�VSU]
*RQH�]�VLOQLNLHP�

3  s p o s ó b
$XWRPDW\F]Q\� SRQRZQ\� UR]UXFK� SR� ]DGDQ\P� F]DVLH� RSy(QLHQLD� �W\SRZR� RG� ���PV� GR� �V

Z� ]DOH*QR�FL� RG� HOHNWURPHFKDQLF]QHM� VWDáHM� F]DVRZHM� ZLUQLND��� 2GSRZLDGD� WR� F]DVRZL
SRWU]HEQHPX� GR� ]DQLNX� QDSL
FLD� QD� ]DFLVNDFK� VWRMDQD�� 6LOQLN� QLH� MHVW� Z\KDPRZ\ZDQ\
GR�]HURZHM�SU
GNR�FL�� OHF]�]H�Z]JO
GX�QD�ZSURZDG]RQ��]ZáRN
�F]DVRZ���SU]HG�UR]SRF]
FLHP
SRQRZQHJR� UR]UXFKX� Z\VW�SL� ]D]Z\F]DM� ]QDF]�FH� ]PQLHMV]HQLH� SU
GNR�FL�� -H*HOL� LQZHUWRU
QLH�MHVW�]V\QFKURQL]RZDQ\�]�SU
GNR�FL��VLOQLND��SRQRZQ\�UR]UXFK�MHVW�ZROQ\�Z�FHOX�XQLNQL
FLD
QLHEH]SLHF]Q\FK� SU�GyZ� SU]HM�FLRZ\FK�� -H*HOL� SU
GNR�ü� MHVW� ]QDQD� �]� F]XMQLND� SU
GNR�FL� OXE
XNáDGX� LGHQW\ILNDFML� MHM� ZDUWR�FL��� SRQRZQ\� UR]UXFK� MHVW� EDUG]LHM� HIHNW\ZQ\�� áDJRGQLHMV]\
i szybszy.

4  s p o s ó b
=DVWRVRZDQLH� VWUDWHJLL� VWHURZDQLD� NWyUD� XWU]\PXMH� LQZHUWRU� ]V\QFKURQL]RZDQ\� Z]JO
GHP

QDSL
FLD� VLOQLND�SRGF]DV�]DSDGX��:�FKZLOL�SRZURWX�QDSL
FLD�Z\VW�SL�EH]�RSy(QLHQLD� F]DVRZR
RSW\PDOQ\�UR]UXFK��5HGXNFMD�SU
GNR�FL� MHVW�PLQLPDOL]RZDQD� L�SUDFD�VLOQLND� MHVW�NRQWURORZDQD
UyZQLH*�SRGF]DV�]DáDPDQLD�

:\V]F]HJyOQLRQH� GDOHM� VSRVRE\� QLH� V�� VWUDWHJLDPL� SRVW
SRZDQLD�Z� SU]\SDGNX� DZDU\MQHJR
Z\á�F]HQLD� QDS
GX� OHF]� sensu stricte� WHFKQLNDPL� VWRVRZDQ\PL� Z� FHOX� ]ZL
NV]HQLD� MHJR
RGSRUQR�FL�QD�]DáDPDQLD�QDSL
FLD�

                                                
14� 3R]RVWDáH� UR]ZLD]DQLD� E
G�� ]DSUH]HQWRZDQH� Z� NROHMQ\FK� DUW\NXáDFK�� 6WRVRZDQH� V�� RQH� ERZLHP� WDN*H� GR
UHGXNFML�VNXWNyZ�LQQ\FK�URG]DMyZ�]DEXU]H��HOHNWURPDJQHW\F]Q\FK�
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5  s p o s ó b
3ROHJD� QD�Z\NRU]\VWDQLX� LQHUF\MQR�FL� REFL�*HQLD�PHFKDQLF]QHJR� L�PRG\ILNDFML� VWHURZDQLD

Z� WDNL� VSRVyE�� DE\� Z� SU]\SDGNX� JG\� ]DEXU]HQLH� Z� ]DVLODQLX� VSRZRGXMH� UHGXNFM
� QDSL
FLD
VWDáHJR�Z�REZRG]LH�SR�UHGQLF]�F\P��dc��SU]HPLHQQLND�F]
VWRWOLZR�FL�SRQL*HM�]DGDQHM�ZDUWR�FL
JUDQLF]QHM�� LQZHUWRU� NRQW\QXRZDá� SUDF
� ]� F]
VWRWOLZR�FL�� QLHZLHOH�PQLHMV]�� RG� F]
VWRWOLZR�FL
VLá� HOHNWURPRWRU\F]Q\FK� VWRMDQD�� 3RZRGXMH� WR� SU]HM�FLH� VLOQLND� Z� ]DNUHV� KDPRZDQLD�� 1DS
G
SRELHUD��HQHUJL
�RG�ZLUXM�F\FK�PDV���REFL�*HQLD�PHFKDQLF]QHJR�L�ZLUQLND���Z�FHOX�XWU]\PDQLD
QDSL
FLD� V]\Q�dc� QD� SR*�GDQ\P�SR]LRPLH�ZDUWR�FL15

�� =DOHW�� WHJR� UR]ZL�]DQLD� MHVW� QLVNL� NRV]W
UHDOL]DFML� ]ZL�]DQ\� ]� PRG\ILNDFM�� DOJRU\WPX� VWHURZDQLD� LQZHUWRUD�� 3RGF]DV� SUDF\� QDS
GX
zachowana jest ZVSyáID]RZR�ü�QDSL
ü�VLOQLND� L�Z\M�FLRZ\FK�QDSL
ü� LQZHUWRUD�RUD]�QLH�]DQLND
VWUXPLH�� Z� VLOQLNX�� 1LH� PD� ZL
F� RSy(QLHQLD� SRGF]DV� SU]\VSLHV]DQLD� QDS
GX� JG\� ]DVLODQLH
SRZUDFD� GR� QRUPDOQHJR� VWDQX�� :DGDPL� MHVW� QDWRPLDVW� UHGXNFMD� SU
GNR�FL� VLOQLND� L� ]PLDQD
NLHUXQNX� PRPHQWX� QD� ZDOH�� FR� MHVW� DNFHSWRZDQH� QS�� Z� SU]\SDGNX� QDS
GyZ� SRPS
L�ZHQW\ODWRUyZ��OHF]�PR*H�QLH�E\ü�DNFHSWRZDQH�GOD�LQQ\FK�URG]DMyZ�REFL�*HQLD�

6  s p o s ó b
3ROHJD�QD�SUDF\�QDS
GX�SU]\�]PQLHMV]RQHM�SU
GNR�FL�PRPHQFLH�REFL�*HQLD�PHFKDQLF]QHJR�

3RQLHZD*� SU�G� Z� REZRG]LH� SR�UHGQLF]�F\P� dc� ]PLHQLD� VL
� ZUD]� ]� F]
VWRWOLZR�FL�� QDSL
ü
Z\M�FLRZ\FK�LQZHUWRUD��GOD�REFL�*H��R�]PLHQQ\P�QS��Z�IXQNFML�SU
GNR�FL�ZLURZDQLD�PRPHQFLH
PHFKDQLF]Q\P�� UHGXNFMD� SU
GNR�FL� VLOQLND� GDMH� Z� UH]XOWDFLH� ]PQLHMV]HQLH� ZDUWR�FL� SU�GX�dc.
8NáDG�QDS
GRZ\�SRPS\�OXE�ZHQW\ODWRUD�SUDFXM�F\�]�F]
VWRWOLZR�FL��QS����+]�E
G]LH�SRELHUDá
PQLHMV]\� SU�G� QL*� SUDFXM�F� ]� F]
VWRWOLZR�FL�� ��+]�� %
G]LH� ZL
F� ]GROQ\� GR� SUDF\� SRGF]DV
GáX*V]HJR� ]DSDGX� QDSL
FLD�� 3RGREQ\� HIHNW� PR*QD� X]\VNDü� UHGXNXM�F� PRPHQW� REFL�*HQLD�
3U]\NáDGRZR� UHGXNFMD� SU
GNR�FL� GR� ���� �SU]\� ÄNZDGUDWRZHM´� FKDUDNWHU\VW\FH� PRPHQWX
REFL�*HQLD��R]QDF]D�SUDZLH�F]WHURNURWQ\�Z]URVW�RGSRUQR�FL�QDS
GX�

=DOHW�� UR]ZL�]DQLD� MHVW�SUDNW\F]Q\�EUDN�GRGDWNRZ\FK�NRV]WyZ��:DG��QDWRPLDVW� MHVW�]DNUHV
VWRVRZDQLD� RJUDQLF]RQ\� W\ONR� GR� REFL�*H�� R� ]PLHQQ\FK� Z� IXQNFML� SU
GNR�FL� ZDUWR�FLDFK
momentów oraz tylko do tych przypadków w których realizowana technologia zezwala
QD�UHGXNFM
�SU
GNR�FL�

7  s p o s ó b
3ROHJD�QD��VWRVRZDQLX�VLOQLNyZ�R�PQLHMV]\P�QDSL
FLX�]QDPLRQRZ\P�-H*HOL����9�Z\�VLOQLN

E
G]LH� ]DVWRVRZDQ\� ]� SU]HNV]WDáWQLNLHP� QS�� ���9�� ZyZF]DV� QDSL
FLH� QD� V]\QDFK� dc
�]QDPLRQRZH����9��PR*H�XOHF�]PQLHMV]HQLX�QS��GR������GR����9��L�Z�GDOV]\P�FL�JX�LQZHUWRU
GRVWDUF]D� GR� VLOQLND� MHJR� ]QDPLRQRZH� QDSL
FLH� �� ���916

�� *G\� QDSL
FLH� ]DVLODM�FH� XOHJQLH
zmniejszeniu podczas ]DSDGX�� LQZHUWRU� ]PLHQL� F\NO� SU]Há�F]DQLD� HOHPHQWyZ

SyáSU]HZRGQLNRZ\FK�Z� FHOX� SRGWU]\PDQLD� VWDáHJR� QDSL
FLD� QD� ]DFLVNDFK� VLOQLND� R� SR*�GDQHM
ZDUWR�FL� ���9�� 0R*QD� UyZQLH*� ]DVWRVRZDü� SU]HZ\PLDURZDQ\� QDSL
FLRZR� VWHURZDQ\

SU]HNV]WDáWQLN�ZHM�FLRZ\�SUDFXM�F\� ]� REQL*RQ\P�QDSL
FLHP�Z\M�FLRZ\P�dc�� 3
WOD� VSU]
*HQLD
]ZURWQHJR� ZJ� QDSL
FLD� NRQGHQVDWRUD� dc� JZDUDQWXMH� VWDáH� ZDUXQNL� QDSL
FLRZH� GOD� LQZHUWRUD�
:DG�� WHJR�UR]ZL�]DQLD�MHVW��Z�SU]\SDGNX�]DVWRVRZDQLD�VWHURZDQLD�ID]RZHJR�Z�W\U\VWRURZ\P
SU]HNV]WDáWQLNX� ZHM�FLRZ\P�� ]PQLHMV]HQLH� ZVSyáF]\QQLND� PRF\� XNáDGX� QDS
GRZHJR� RUD]
SUREOHP\�]� V\QFKURQL]DFM�� ]Dá�F]DQLD� W\U\VWRUyZ�SRGF]DV� ]DSDGX�QDSL
FLD��=DOHW�� XNáDGX� MHVW
X]\VNDQLH�]QDF]�FHJR�Z]URVWX�RGSRUQR�FL�QDS
GX��ZDGDPL�QDWRPLDVW�
− ZL
NV]\� NRV]W� SU]HPLHQQLND� Z\QLNDM�F\� ]� MHJR� SU]HZ\PLDURZDQLD� �Z� UR]ZD*DQ\P

SU]\NáDG]LH�GZXNURWQ\��

− wzrost wymiarów silnika. Silnik 230V o takiej samej mocy jak silnik 460V wymaga przy
SHáQ\P�REFL�*HQLX�SUDZLH�GZXNURWQLH�ZL
NV]HJR�SU�GX�

                                                
15 Wg  [-RXDQQH�����@�QDS
G\�Z\SRVD*RQH�Z�W
�RSFMH�VWHURZDQLD��GRVW
SQH�QD�U\QNX�DPHU\ND�VNLP��V��]GROQH�GR
XWU]\PDQLD�]DGDQHJR�SR]LRPX�QDSL
FLD�GOD�]DSDGyZ�R�DPSOLWXG]LH�QLH�ZL
NV]HM�QL*�����L�F]DVLH�WUZDQLD�GR��V�

16�0DNV\PDOQH�QDSL
FLH�Z\M�FLRZH�LQZHUWRUD�Z\QRVL� dcU82,0 .
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− Z]URVW�Z\PDJD��GRW\F]�F\FK�L]RODFML�VLOQLND��0XVL�RQD�E\ü�RGSRUQD�QD�ZL
NV]H�FKZLORZH
ZDUWR�FL�QDSL
ü�Z\VW
SXM�FH�QD�]DFLVNDFK�Z\M�FLRZ\FK�SU]HPLHQQLND����9�

7HFKQLNL�]ZL
NV]HQLD�RGSRUQR�FL�VWRVRZDQH�Z�QDS
GDFK�]DVLODQ\FK�]�VLHFL��UHGQLHJR�QDSL
FLD
��1�

:L
NV]R�ü� W\FK� QDS
GyZ� MHVW� VWRVRZDQD� GR� SRPS� L� ZHQW\ODWRUyZ�� :� XNáDG]LH� 96,� GOD

QDS
GyZ� �1� GRPLQXMH� WHFKQRORJLD� SU]HNV]WDáWQLNyZ� ZLHORSR]LRPRZ\FK�� 8NáDG\� WH� PR*QD
SRG]LHOLü�QD�

− kaskadowe wielopoziomowe typu VSI (cascaded inverter-type multilevel VSI – CI-ML-
96,�� ±� SU]\NáDGRZR� WUyMSR]LRPRZ\� QD� U\VXQNX� ��� 8NáDG\� &,�0/�96,� ]DZLHUDM�� NLOND
HOHPHQWDUQ\FK� PRGXáyZ� SRá�F]RQ\FK� Z� V]HUHJ�� .D*G\� PRGXá� MHVW� MHGQRID]RZ\P

SU]HNV]WDáWQLNLHP� 96,�� :� XNáDGDFK� W\FK� F]
VWR� VWRVXMH� VL
�� ]H� Z]JO
GyZ
QLH]DZRGQR�FLRZ\FK�1���PRGXáyZ��JG]LH�1� MHVW� OLF]E��PRGXáyZ�Z\QLNDM�F��]�ZDUXQNyZ
QDSL
FLRZ\FK�� *ZDUDQWXMH� WR� ]ZL
NV]RQ�� RGSRUQR�ü� XNáDGX� MDNR� FDáR�FL� QD� zapady
QDSL
FLD17.

− wielopoziomowe z punktem neutralnym (neutral-point-clamped� ±�13/���:�XNáDGDFK� W\FK

ZVSyOQ\�REZyG�QDSL
FLD�dc ]DVLOD�ZV]\VWNLH�LQZHUWRU\��:�LFK�SU]\SDGNX�VWRVRZDQH�V��Uy*QH
VSRVRE\� ]ZL
NV]HQLD� RGSRUQR�FL�� ]� SR�UyG� NWyU\FK� QDMNRU]\VWQLHMV]\PL� Z\GDM�� VL
� E\ü�
Z\NRU]\VWDQLH� LQHUF\MQR�FL� REFL�*HQLD�� SU]HNV]WDáWQLN� SRGZ\*V]DM�F\� QDSL
FLH�Z�REZRG]LH
dc�RUD]�UR]ZL�]DQLD�]�HOHPHQWDPL�JURPDG]�F\PL�HQHUJL
�MDN�QS��NRáR�]DPDFKRZH�OXE�60(6

(Superconducting Magnetic Energy Storage).

����0RG\ILNDFMD�WRSRORJLL�XNáDGyZ�HQHUJRHOHNWURQLF]Q\FK

&HOHP� ]PLDQ� NRQVWUXNF\MQ\FK� MHVW� X]\VNDQLH� WDNLHM� PR*OLZR�FL� UHJXODFML� QDSL
FLD� VWDáHJR
Z� REZRG]LH� SR�UHGQLF]�F\P�� DE\� E\áR� RQR�� SRGF]DV� Z\VW�SLHQLD� ]DEXU]HQLD�� ]DZDUWH
Z� GRSXV]F]DOQ\P� SU]HG]LDOH� ]PLDQ� ZDUWR�FL�� 1DOH*\� UyZQLH� ]DSHZQLü� ZáD�FLZ�� ZDUWR�ü
QDSL
FLD� ]DVLODM�FHJR� XNáDG� VWHUXM�F\�� 5R]ZL�]DQLD� VSHáQLDM�FH� JáyZQLH� GUXJL� ZDUXQHN
V��SRZV]HFKQLH�GRVW
SQH�QD�U\QNX��]QDF]QLH�WUXGQLHM�X]\VNDü�LQIRUPDFM
�GRW\F]�F��SLHUZV]HJR
]DJDGQLHQLD� W]Q�� ]DEH]SLHF]HQLD� REZRGX� VLáRZHJR�� ,VWQLHMH� NLOND� PR*OLZ\FK� VSRVREyZ
SRVW
SRZDQLD�

8  s p o s ó b – d o d a t k o w e  k o n d e n s a t o r y  l u b  b a t e r i e  w  o b w o d z i e  dc
:�W\P�UR]ZL�]DQLX�HQHUJLD�SRWU]HEQD�GOD�SRSUDZQHM�SUDF\�QDS
GX�MHVW�GRVWDUF]RQD�SRGF]DV

]DSDGX� ]� EDWHULL� NRQGHQVDWRUyZ� Z� REZRG]LH� SU�GX� VWDáHJR�� 'OD� VLOQLND� R� QDSL
FLX
PL
G]\ID]RZ\P� =U 460V i mocy =P �����N:��SRMHPQR�ü�Z�REZRG]LH�SR�UHGQLF]�F\P��dc)
PD� SU]\NáDGRZ�� ZDUWR�ü� FCdc µ5000= �� :yZF]DV� QDSL
FLH� VWDáH� �SU]\� ]DáR*HQLX� FL�JáHJR

przewodzenia) wynosi:

62035,1 == UUdc V

3UyJ�Z\á�F]HQLD�QDS
GX�Z�]DEH]SLHF]HQLX�SRGQDSL
FLRZ\P�XVWDOD�VL
� W\SRZR�QD�SR]LRPLH
0,9 dcU �� FR� Z� UR]ZD*DQ\P� SU]\SDGNX� Z\QRVL� 558)( =grdcU 9�� :DUWR�ü� �UHGQLD� SU�GX

w obwodzie dc:

                                                
17� 8NáDG� G]L
NL� RGSRZLHGQLR� VNRMDU]RQ\P� X]ZRMHQLRP� WUDQVIRUPDWRUD� JZDUDQWXMH� WDN*H� EDUG]R� NRU]\VWQ�
Z]DMHPQ��NRPSHQVDFM
�Z\*V]\FK�KDUPRQLF]Q\FK�JHQHURZDQ\FK�SU]H]�SRV]F]HJyOQH�PRGXá\�
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5\V�����8NáDG�&,�0/�96,�GOD�QDS
GyZ�]DVLODQ\FK�]�VLHFL��1

12==
dc

dc U

P
I  A

:� SU]\SDGNX� ]DSDGX� QDSL
FLD� OXE� NUyWNLHM� SU]HUZ\� Z� ]DVLODQLX� HQHUJLD� SU]HND]\ZDQD
silnikowi pobierana jest z kondensatora. Dopuszczalny czas zaburzenia rt � PR*QD� ZL
F
V]DFRZDü�]�]DOH*QR�FL�

ms
I

UUC
t

dc

grdcdc
r 8,25

12

)558620(105000])([ 6

=−⋅=
−

≈
−

6LHü�]DVLODM�FD
�1

transformator

Elementarny
PRGXá
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5R]ZD*DQ\�QDS
G�MHVW�ZL
F�RGSRUQ\�QD�]DEXU]HQLD�R�F]DVLH�WUZDQLD�QLH�GáX*V]\P�QL*� �����
RNUHVX� QDSL
FLD� ]DVLODMDFHJR� ���+]��� *G\E\� QDS
G�PLDá� E\ü� RGSRUQ\� QD� ]DEXU]HQLH� R� F]DVLH
trwania =rt ���V�  � ��� RNUHVyZ�� ZyZF]DV� SRMHPQR�ü� Z� REZRG]LH� SU�GX� VWDáHJR� SRZLQQD

Z]URVQ�ü�GR�ZDUWR�FL�

097,0
558620

5,012

)(
=

−
⋅=

−
=

grdcdc

rdc
dc UU

tI
C F

2]QDF]D� WR�SUDZLH����NURWQ\�Z]URVW�SRMHPQR�FL� L�PLPR�QLHZ�WSOLZHM�SURVWRW\� UR]ZL�]DQLD
znaczacy wzost gabarytów i kosztów przemiennika18.

1D� U\QNX� DPHU\ND�VNLP� RIHURZDQH� V�� NRQGHQVDWRU\� VSHFMDOQHM� NRQVWUXNFML� SU]H]QDF]RQH
PL
G]\� LQQ\PL� GOD� UHJXORZDQ\FK� QDS
GyZ� HOHNWU\F]Q\FK�� &HFKXMH� MH� EDUG]R� GX*D� J
VWR�ü
HQHUJLL� Z� SU]HOLF]HQLX� QD� MHGQRVWN
� REM
WR�FL� Z� VWRVXQNX� GR� SRZV]HFKQLH� GRVW
SQ\FK
NRQGHQVDWRUyZ�� 3U]\NáDGRZR� GOD� VLOQLND� R� PRF\� ���N:� PR*QD� ]DVWRVRZDü� EDWHUL

NRQGHQVDWRUyZ�]áR*RQ��]�R�PLX�V]HUHJRZR�SRá�F]RQ\FK�PRGXáyZ��ND*G\�R�SRMHPQR�FL�����)�
QDSL
FLX� ]QDPLRQRZ\P� ��9� L� HQHUJLL� 2,151)56(4,965,05,0 22 =⋅⋅== CUEC N-�� &DáNRZLWD

HQHUJLD�EDWHULL�Z\QRVL�ZL
F��EC=���0-��3U]\MPXM�F��*H�]DEXU]HQLH�QDSL
FLD�±�NUyWND�SU]HUZD
Z�]DVLODQLX��DQDOL]D�QDMPQLHM�NRU]\VWQHJR�SU]\SDGNX��±�Z\ZRáXMH�]PLDQ
�QDSL
FLD�dc do 70%
ZDUWR�FL�]QDPLRQRZHM�PR*QD�RV]DFRZDü�GRSXV]F]DOQ\�F]DV� rt  na podstawie równania:

8])7,0([5,0100 22 ⋅−⋅=⋅ UCCUtkW r

Dla C=96,4F i U=56V ⇒  =rt �V��:� UR]ZD*DQ\P� SU]\SDGNX� PR*QD� ZL
F� VNRQVWUXRZDü

QDS
G�RGSRUQ\�QD�]DEXU]HQLD�R�F]DVLH�WUZDQLD�GR��V�

9  s p o s ó b
3URVW\P� L� ]DUD]HP� EDUG]R� VNXWHF]Q\P� UR]ZL�]DQLHP� MHVW� SRSUDZD� QLH]DZRGQR�FL� SUDF\

XNáDGyZ� VWHURZDQLD� SRSU]H]� ]DVWRVRZDQLH� QS�� bezprzerwowego ich zasilania (UPS, rys. 10).
6\QFKURQL]DFMD�]Dá�F]DQLD�HOHPHQWyZ�SyáSU]HZRGQLNRZ\FK�±�NWyUD�MHVW�SUREOHPHP�V]F]HJyOQLH
VWHURZDQ\FK�QDZURWQ\FK�SURVWRZQLNyZ���PR*H�E\ü�]DFKRZDQD�SRGF]DV�]DSDGyZ�QDSL
FLD�SU]H]
RGWZRU]HQLH�� SU]\� SRPRF\� RVF\ODWRUD� 3//�� VLQXVRLGDOQHJR� SU]HELHJX� R� F]
VWRWOLZR�FL� ��+]�
']L
NL� WHPX� SUDFD� QDS
GX� PR*H� E\ü� Z� ZLHOX� SU]\SDGNDFK� EH]DZDU\MQLH� NRQW\QXRZDQD
SR�SRZURFLH�QDSL
FLD��6WRVRZDQLH�S
WOL�ID]RZHM�3//�GR�V\QFKURQL]DFML�LPSXOVyZ�]DSáRQRZ\FK
W\U\VWRUyZ�]�QDSL
FLDPL�VLHFL�]DVLODM�FHM�MHVW�SRZV]HFKQ��SUDNW\N���3//�MHVW�XNáDGHP�GUXJLHJR
U]
GX� L� DE\� XWU]\PDü� JR� Z� ZDUXQNDFK� VWDELOQHM� SUDF\� QLH]E
GQH� MHVW� ]DVWRVRZDQLH� ILOWUX
R�QLVNLHM�F]
VWRWOLZR�FL�RGFL
FLD��5HDNFMD�QD�VNRN�ID]\�QDSL
FLD�]DVLODM�FHJR��D� WDNL�Z\VW
SXMH
nieomal zawsze podczas ]DSDGX�QDSL
FLD��MHVW�RJUDQLF]RQD�SU]H]�VWDá��F]DVRZ��WHJR�ILOWUX��NWyUD
GOD� V\VWHPyZ� F]
VWRWOLZR�FL� ]DVLODQLD� PD� ]Z\NOH� ZDUWR�ü� NLONXVHW� ms. W tym czasie PLL
QLH� PD� PR*OLZR�FL� ]DUHDJRZDü� QD� VNRNRZ�� ]PLDQ
� ID]\� QDSL
FLD� L� Z� NRQVHNZHQFML� PR*H
Z\VW�SLü�QLHSUDZLGáRZH�]Dá�F]HQLH�W\U\VWRUyZ�

                                                
18 3UyF]�FHQ\�NRQGHQVDWRUyZ�QDOH*\�XZ]JO
GQLü�UyZQLH*�NRV]W�RVSU]
WX�]ZL�]DQHJR�]�UR]áDGRZ\ZDQLHP�EDWHULL�L

jej zabezpieczeniami.
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5\V�����3URVW\�VSRVyE�]ZL
NV]HQLD�RGSRUQR�FL�QDS
GyZ

=DVLODF]H�XU]�G]H��HOHNWURQLF]Q\FK
Zasilacz ac/dc, z mostkiem diodowym i kondensatorem, jest powszechnie stosowany

Z� XNáDGDFK� VWHURZDQLD� L� LQQ\FK� XU]�G]HQLDFK� HOHNWURQLF]Q\FK� �NRPSXWHU\�� V\VWHP\

WHOHNRPXQLNDF\MQH��VWHURZQLNL�SURJUDPRZDOQH�LWS����,FK�REFL�*HQLHP�V��]Z\NOH�SU]HNV]WDáWQLNL
dc/dc�NWyUH�]DSHZQLDM��ZáD�FLZH�SR]LRP\�QDSL
ü�]DVLODM�F\FK�GOD�NR�FRZ\FK�XU]�G]H���3HZQD
HQHUJLD� MHVW� ]PDJD]\QRZDQD� Z� NRQGHQVDWRUDFK� ]DVLODF]D�� OHF]� F]
VWR� JZDUDQWXMH� RQD� EDUG]R
NUyWNLH� DXWRQRPLF]QH� ]DVLODQLH�Z� SU]\SDGNX�Z\VW�SLHQLD� ]DSDGX��1DSL
FLH�dc maleje zwykle
GR�]HUD�Z�F]DVLH�NLONXG]LHVL
FLX�PV��7DNLH�XNáDG\�]DVLODM�FH�L�]DVLODQ\�SU]H]�QLH�VSU]
W�V��ZL
F
EDUG]R� F]XáH� QD� ]DSDG\� L� SU]HUZ\� Z� ]DVLODQLX�� 5R]ZL�]DQLHP� MHVW� VWRVRZDQLH� GX*\FK
kondensatorów, dc/dc� SU]HNV]WDáWQLNyZ� R� GX*HM� WROHUDQFML� ZDUWR�FL� QDSL
FLD� ZHM�FLRZHJR�
UPS-ów lub dodatkowych generatorów.

 Styczniki
6WRVRZDQLH� Uy*Q\FK� VSRVREyZ� ]ZL
NV]HQLD� RGSRUQR�FL� VW\F]QLNyZ� QD� ]DEXU]HQLD�Z\PDJD

LQG\ZLGXDOQHM� DQDOL]\� ND*GHJR� SU]\SDGNX�� V]F]HJyOQLH� GOD� ]DVLODQLD� VLOQLNyZ� L� UHJXORZDQ\FK
QDS
GyZ�SRGF]DV�SRZURWX�QDSL
FLD��0R*OLZH�V��QDVW
SXM�FH��URGNL�]DUDGF]H�
- zasilanie styczników przez systemy bezprzerwowego zasilania (silnik-generator, UPS itp.);
- NRQZHQFMRQDOQLH� VWRVXMH� VL
� VW\F]QLNL� ac�� ,VWQLHMH� PR*OLZR�ü� ]DVWRVRZDQLD� VW\F]QLNyZ

]�FHZN��SU�GX�VWDáHJR�]DVLODQ\FK�]�VLHFL�SU�GX�SU]HPLHQQHJR�SRSU]H]�SURVWRZQLN�]�GX*\P
NRQGHQVDWRUHP�QD�Z\M�FLX��(QHUJLD�]JURPDG]RQD�Z�NRQGHQVDWRU]H�XPR*OLZLD�SRGWU]\PDQLH
stycznika podczas ]DSDGyZ� R� ]QDF]Q\P� F]DVLH� WUZDQLD� �]DOH*Q\P� RG� ZLHONR�FL
NRQGHQVDWRUD��� &HFK\� NRQVWUXNF\MQH� VW\F]QLNyZ� ]� FHZNDPL� QD� QDSL
FLH� VWDáH� JZDUDQWXM�
ZL
NV]�� RGSRUQR�ü� QD� UR]ZD*DQ\� URG]DM� ]DEXU]H�� �ZL
NV]D� HQHUJLD� ]JURPDG]RQD�Z� SROX
magnetycznym rdzenia)

10  s p o s ó b
Polega na wytworzeniu wspólnych szyn dc�GOD�]DVLODQLD�ZLHOX�QDS
GyZ�MDN�QD�U\VXQNX����

5R]ZL�]DQLH� WR� JZDUDQWXMH� SRSUDZQH� G]LDáDQLH�� D� UyZQRF]H�QLH� MHVW� WD�V]H� L� PD� PQLHMV]H
Z\PLDU\� QL*� NLOND� QLH]DOH*Q\FK� QDS
GyZ�� 6WRVRZDQH� MHVW� JáyZQLH� Z� SU]\SDGNX

ZLHORVLOQLNRZ\FK� SURFHVyZ� SURGXNF\MQ\FK�� NWyUH� V�� ]DVLODQH� SU]\� SRPRF\� QDZURWQ\FK
SU]HNV]WDáWQLNyZ� JZDUDQWXM�F\FK� UHJXODFM
� SU
GNR�FL� L� Z]DMHPQ�� V\QFKURQL]DFM
� SUDF\
VLOQLNyZ�� :� UHODFML� GR� WUDG\F\MQHJR� UR]ZL�]DQLD� Z� NWyU\P� ND*G\� SU]HNV]WDáWQLN� MHVW
SU]\á�F]RQ\�EH]SR�UHGQLR�GR�VLHFL�]DVLODM�FHM��Z�SURSRQRZDQ\P�UR]ZL�]DQLX�Z\PLDQD�HQHUJLL
SRPL
G]\� QDS
GDPL� SUDFXM�F\PL� Z� ]DNUHVLH� SUDF\� VLOQLNRZHM� L� JHQHUDWRURZHM� �KDPRZDQLH
RG]\VNRZH�� RGE\ZD� VL
� EH]SR�UHGQLR� SRSU]H]� ZVSyOQH� V]\Q\� QDSL
FLD� VWDáHJR� L� JáyZQ\
SU]HNV]WDáWQLN�ac/dc��0RF�WHJR�RVWDWQLHJR�PR*H�E\ü�]QDF]�FR�]UHGXNRZDQD��'RGDWNRZR�PR*H
RQ�E\ü�Z\SRVD*RQ\�Z�RSFM
�DNW\ZQHM�NRPSHQVDFML�KDUPRQLF]Q\FK�L�NRPSHQVDFML�PRF\�ELHUQHM�
]ZL
NV]DM�F�W\P�VDP\P�ZDUWR�ü�ZVSyáF]\QQLND�PRF\�XNáDGX�MDNR�FDáR�FL�

M M

UPS

System
sterowania

(PLL)
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(a) (b)

5\V������D��7\SRZ\�XNáDG�]DVLODQLD�ZLHORVLOQLNRZ\FK�SURFHVyZ���E��XNáDG�]H�ZVSyOQ\PL�V]\QDPL�QDSL
FLD�VWDáHJR
(dc)

Rysunek 11a przedstawia typowy schemat wielosilnikowego procesu, podczas gdy
QD�U\VXQNX���E�]DSUH]HQWRZDQR�SURSRQRZDQH�UR]ZL�]DQLH��:�SU]\SDGNX�]DSDGX�QDSL
FLD� OXE
SU]HUZ\� Z� ]DVLODQLX�� PR*H� E\ü� UHDOL]RZDQD� ]DUyZQR� SDV\ZQD� MDN� L� DNW\ZQD� VHNZHQFMD
VWHURZDQLD�� 3U]\� EUDNX� QDSL
FLD� ]� VLHFL�� QDVW
SXMH� DXWRPDW\F]QH� ]Dá�F]HQLH� UH]\VWRUD� Z� FHOX
NRQWUROL� QDSL
FLD�dc��:� WHQ� VSRVyE� HQHUJLD� KDPRZDQLD�PR*H� E\ü� UR]SURV]RQD� QD� UH]\VWRU]H�
0R*QD�UyZQLH*�]DVWRVRZDü�DNW\ZQH�VWHURZDQLH�SROHJDM�FH�QD�SU]\á�F]HQLX�GR�V]\Q�dc�XNáDGX
JURPDG]�FHJR� HQHUJL
� QS�� EDWHULL� DNXPXODWRUyZ� OXE�836��=DOHW���Z� VWRVXQNX� GR� UR]ZL�]DQLD
Z�NWyU\P�ND*G\�VLOQLN�MHVW�]DVLORQ\�]�RGG]LHOQHJR�836�MHVW�WR��*H�V\VWHP�JURPDG]HQLD�HQHUJLL
PR*H�E\ü�Z\PLDURZDQ\�W\ONR�QD�QDGZ\*N
�PRF\�F]\QQHM�SRQDG�Z\PLDQ
�SRPL
G]\�VLOQLNDPL�

11  s p o s ó b
'OD�MHGQRID]RZ\FK�]ZDUü�L�]DSDGyZ�QDSL
FLD�SU]\�NWyU\FK�LVWQLHMH�PR*OLZR�ü�GRVWDUF]DQLD

HQHUJLL�]�VLHFL�]DVLODM�FHM��UHDOQH�WHFKQLF]QLH�MHVW�Z\SUDFRZDQLH�WDNLHM�VWUDWHJLL�VWHURZDQLD�NWyUD
]DJZDUDQWXMH� Z\PDJDQ\� SR]LRP� RGSRUQR�FL� QDS
GX�� -HGQD� ]� WHFKQLN� SROHJD� QD� NRPSHQVDFML
]PLDQ�QDSL
FLD�Z�REZRG]LH�SU�GX�VWDáHJR�Z�FHOX�SRGWU]\PDQLD�VWDáHJR�PRPHQWX�VLOQLND�

.RQWURO
�ZDUWR�FL�QDSL
FLD�Z�REZRG]LH�dc�PR*QD�]UHDOL]RZDü�Z�Uy*Q\�VSRVyE�

SU]HNV]WDáWQLN� VWDELOL]XM�F\� QDSL
FLH� Z� REZRG]LH� SR�UHGQLF]�F\P (dalej nazywany
stabilizatorem) –  rysunek 12.

8PLHV]F]RQ\�SRPL
G]\�SURVWRZQLNLHP�L�NRQGHQVDWRUHP�Z�REZRG]LH�SR�UHGQLF]�F\P�SU�GX
VWDáHJR� JZDUDQWXMH�� Z� SU]\SDGNX� Z\VW�SLHQLD� ]DSDGX�� VWDELOL]DFM
� QDSL
FLH� dc na poziomie
PLQLPDOQHM�ZDUWR�FL�Z\PDJDQHM�SU]H]�LQZHUWRU��:�UR]ZL�]DQLX�W\P�QLH]E
GQ\�MHVW�GRGDWNRZ\
SU]HNV]WDáWQLN� L�RGSRZLHGQLD�VWUDWHJLD�VWHURZDQLD��3URVWRZQLN�JáyZQ\�L�VWDELOL]DWRU�PXV]��E\ü
SU]HZ\PLDURZDQH�Z�VWRVXQNX�GR�PRF\�VLOQLND��3U]\NáDGRZR�MH*HOL�QDS
G�MHVW�]DSURMHNWRZDQ\
WDN�� DE\� E\á� RGSRUQ\� QD� ]DSDG\� R� DPSOLWXG]LH� ����� SURVWRZQLN� L� GRGDWNRZ\� SU]HNV]WDáWQLN

PXV]��PLHü�PRF�RNRáR�GZXNURWQLH�ZL
NV]��Z�UHODFML�GR�PRF\�LQZHUWRUD��:�FHOX�SRZL
NV]HQLD
RGSRUQR�FL� QDS
GX� PR*QD� ZSURZDG]Lü� GRGDWNRZ\� HOHPHQW� JURPDG]�F\� HQHUJL
� �QS�

NRQGHQVDWRU\�R�ZL
NV]HM�SRMHPQR�FL�OXE�EDWHULH�DNXPXODWRUyZ��

Prostownik
JáyZQ\

Wspólne szyny
QDSL
FLD�VWDáHJR
(dc)

Rezystor
UR]áDGRZXM�F\

System
gromadzenia
energii
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(a)

(b)

5\V������1DS
G�SU�GX�SU]HPLHQQHJR�]�VWDELOL]DWRUHP�QDSL
FLD�dc�Z�REZRG]LH�SU�GX�VWDáHJR�Z�GZyFK
DOWHUQDW\ZQ\FK�UR]ZL�]DQLDFK

:� SU]\SDGNX� PRGHUQL]DFML� LVWQLHM�F\FK� QDS
GyZ�� SURVWRZQLN� L� VWDELOL]DWRU� PRJ�� E\ü
SRá�F]RQH�UyZQROHJOH�]�SURVWRZQLNLHP�JáyZQ\P�MDN�WR�SRND]DQR�QD�U\VXQNX����

5\V������1DS
G�SU�GX�SU]HPLHQQHJR�]�SU]HNV]WDáWQLNLHP�VWDELOL]XM�F\P�QDSL
FLH�Z�REZRG]LH�SU�GX�VWDáHJR
SU]\á�F]RQ\P�UyZQROHJOH�GR�JáyZQHJR�SURVWRZQLND

GRGDWNRZH�(UyGáR
energii np. bateria
akumulatorów
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Podczas ]DSDGX� HQHUJLD� MHVW� GRVWDUF]DQD� SU]H]� REZyG� UyZQROHJá\�� D� QDSL
FLH� dc
NRQWURORZDQH� SU]\� SRPRF\� VWDELOL]DWRUD�� 5yZQROHJá\� REZyG� PR*H� E\ü� ]DVLODQ\� UyZQLH*
]�LQQHJR��UH]HUZRZHJR�(UyGáD�QDSL
FLD�VWDáHJR��U\V������

Podczas ]DSDGX�XNáDG�VWHURZDQLD�VWDELOL]DWRUD�VWZLHUG]D�]PQLHMV]HQLH�QDSL
FLD�VWDáHJR� �dc)
L�UR]SRF]\QD�SUDF
�Z�FHOX�MHJR�XWU]\PDQLD�QD�SR*�GDQ\P�SR]LRPLH�Z\QLNDM�F\P�]�ZDUXQNyZ
SUDF\�LQZHUWRUD��=Z\NOH�QDSL
FLH�Z\M�FLRZH�VWDELOL]DWRUD�MHVW�XVWDORQH�QD�SR]LRPLH�RNRáR����
SRQL*HM� ]QDPLRQRZHJR� QDSL
FLD� V]\Q�dc�� 1S�� GOD� QDSL
FLD�ac� ���9� QDSL
FLH� ]QDPLRQRZH�dc
Z\QRVL� ���9� L� ZyZF]DV� QDSL
FLH� Z\M�FLRZH� VWDELOL]DWRUD� E
G]LH� SU]\NáDGRZR� QD� SR]LRPLH
���9��*G\�QDSL
FLH�Z�VLHFL�REQL*\�VL
�R�����RE\GZD�SU]HNV]WDáWQLNL�W]Q��Z�REZRG]LH�JáyZQ\P
L�VWDELOL]DWRU�GRVWDUF]DM��HQHUJL
�GR�LQZHUWRUD��-H*HOL�UHGXNFMD�QDSL
FLD�E
G]LH�ZL
NV]D�ZyZF]DV
SU]HNV]WDáWQLN�JáyZQ\�MHVW�]DEORNRZDQ\�L�FDá��SRWU]HEQ��HQHUJL
�GRVWDUF]D�VWDELOL]DWRU19.

6��WU]\�]DVDGQLF]H�Uy*QLFH�Z�SURMHNWRZDQLX�SURVWRZQLND�Z�REZRG]LH�JáyZQ\P�QDS
GX�RUD]
SURVWRZQLND�Z� REZRG]LH� VWDELOL]DWRUD��Z\PLDU� SU�GRZ\��Z\PDJDQH�ZDUXQNL� FKáRG]HQLD� RUD]
ZDUWR�ü�SRMHPQR�FL�Z�REZRG]LH�dc.

3URVWRZQLN� VWDELOL]DWRUD� MHVW� SURMHNWRZDQ\� WDN�� DE\� GRVWDUF]Dá� ]QDPLRQRZ�� PRF� �F]\QQ�
D� QLH� SR]RUQ��� GR� QDS
GX� SU]\� ]PQLHMV]RQ\P� QDSL
FLX� QS�� GR� ���� QDSL
FLD� ]QDPLRQRZHJR�
6W�G� MHJR� EH]SLHF]QLNL� ZHM�FLRZH� L� HOHPHQW\� SyáSU]HZRGQLNRZH� PDM�� GZXNURWQLH� ZL
NV]\
Z\PLDU�SU�GRZ\�Z�SRUyZQDQLX�]�LFK�RGSRZLHGQLNDPL�Z�REZRG]LH�JáyZQ\P�

Zwykle stabilizator jest projektowany dla podtrzymania ]DSDGX� QDSL
FLD� Z� RJUDQLF]RQ\P
F]DVLH�QS���V��5HODW\ZQLH�NUyWNL�F]DV�MHJR�SUDF\�SR]ZDOD�QD�]DVDGQLF]H�]PQLHMV]HQLH�Z\PDJD�
GRW\F]�F\FK� V\VWHPX� FKáRG]HQLD��0R*OLZH� MHVW� QS�� ]DVWRVRZDQLH� PQLHMV]\FK� UDGLDWRUyZ� RUD]
PQLHM� LQWHQV\ZQHJR� SU]HSá\ZX� SRZLHWU]D�Z]GáX*� UDGLDWRUyZ�Z� SRUyZQDQLX� ]� SURVWRZQLNLHP
JáyZQ\P�LWS�

3RMHPQR�ü� Z� REZRG]LH� dc� VWDELOL]DWRUD� PR*H� E\ü� ]QDF]�FR� PQLHMV]D� Z� SRUyZQDQLX
]� SU]HNV]WDáWQLNLHP� JáyZQ\P�� 3HáQL� RQD� ]DVDGQLF]R� URO
� ILOWUDF\MQ�� L� MHVW� SU]H]QDF]RQD
GR� PDJD]\QRZDQLD� HQHUJLL� FR� QDMZ\*HM� Z� F]DVLH� MHGQHJR� RNUHVX�� SRGF]DV� JG\� SRMHPQR�ü
SU]HNV]WDáWQLND� JáyZQHJR� MHVW� ]Z\NOH� Z\PLDURZDQD� QD� SRGVWDZLH� SRWU]HE� HQHUJHW\F]Q\FK

Z\QLNDM�F\FK�]�NUyWNLFK�SU]HUZ�Z�]DVLODQLX�
-H*HOL� QDSL
FLH� Z� VLHFL� ]DVLODM�FHM� �]QDPLRQRZR� UyZQH� ���9�� ]PQLHMV]\� VL
� GR� ���9

�]DáDPDQLH�R�DPSOLWXG]LH�������ZyZF]DV�QD�V]\QDFK�dc�Z\VW�SL�QDSL
FLH����9��*G\�QDSL
FLH
WR�]PQLHMV]\�VL
�SRQL*HM����9��SRGHMPXMH�SUDF
�VWDELOL]DWRU�GRVWDUF]DM�F�HQHUJL
�GR�LQZHUWRUD�
6HNZHQFM
� SUDF\� VWDELOL]DWRUD� SU]HGVWDZLRQR� VFKHPDW\F]QLH� QD� U\VXQNX� ���� 3U�G

Z� LQGXNF\MQR�FL� ]DF]\QD� Z]UDVWDü� ]� SRFKRGQ��
L

V

dt

di 310= , gdzie L� MHVW� LQGXNF\MQR�FL�

w obwodzie dc�� *G\� SU�G� RVL�JQLH� ]DGDQ�� PDNV\PDOQ�� ZDUWR�ü� WUDQ]\VWRU� 7� Z\á�F]D� VL
�
,QGXNF\MQR�ü� L� MHVW� WHUD]� SU]\á�F]RQD� SRSU]H]� GLRG
� GR� V]\Q� dc� SU]HNV]WDáWQLND�� 1DSL
FLH

QD� LQGXNF\MQR�FL�Z\QRVL� ±� ���9� L� SU�G�Z�GáDZLNX� ]DQLND� ]� SRFKRGQ��
L

V

dt

di 310−= . Energia

]� GáDZLND� MHVW� GRVWDUF]DQD� GR� LQZHUWRUD� SRSU]H]� NRQGHQVDWRU� dc� Z� REZRG]LH� JáyZQ\P�
&]
VWRWOLZR�ü� SUDF\� VWDELOL]DWRUD� PR*H� Z\QRVLü� NLOND� kHz. W przypadku zastosowania
SU]HNV]WDáWQLNyZ� SUDFXM�F\FK� UyZQROHJOH� �U\V�� ���� R� SU]HVXQL
W\FK� Z� ID]DFK� F\NODFK� SUDF\
PR*QD� X]\VNDü� NRU]\VWQH� ZDUXQNL� ILOWUDFML� VNáDGRZ\FK� ]PLHQQ\FK� L� á�F]HQLRZ\FK� SU]H]
NRQGHQVDWRU�Z�REZRG]LH�JáyZQ\P�

=DOHW�� WHJR� UR]ZL�]DQLD� MHVW� WROHURZDQLH� SU]H]� XNáDG� ]DSDGyZ� QDSL
FLD� R� GX*HM� ZDUWR�FL�
GR�����SU]\�QLHRJUDQLF]RQ\P�F]DVLH� WUZDQLD� ]DEXU]HQLD��=D�ZDG
�PR*QD�X]QDü�NRQLHF]QR�ü
]DVWRVRZDQLD� GRGDWNRZ\FK� HOHPHQWyZ� �UR]EXGRZD� VWUXNWXU\� SU]HNV]WDáWQLND��� :� SU]\SDGNX

MH*HOL� ]DSDG�QDSL
FLD� E
G]LH�PLDá�ZDUWR�ü�ZL
NV]�� QL*� ����PR*QD�SU]HZLG]LHü� SREyU� HQHUJLL
]�]HZQ
WU]QHJR�(UyGáD�QS��]�EDWHULL�DNXPXODWRUyZ�

                                                
19�$OWHUQDW\ZQ\P�UR]ZL�]DQLHP�MHVW�DNW\ZQ\�SURVWRZQLN�ZHM�FLRZ\��Z�SU]\SDGNX�NWyUHJR�VWDELOL]DWRU�GRVWDUF]D
MHG\QLH�W
�F]
�ü�HQHUJLL�NWyU��QLH�PR*H�E\ü�GRVWDUF]RQD�GR�LQZHUWRUD�SU]H]�SURVWRZQLN�JáyZQ\�
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(a)

(b)

(c)

Rys. 14 Cykl pracy stabilizatora: (a) tranzystor w stanie przewodzenia, dioda w stanie blokowania;
(b) tranzystor w stanie nie przewodzenia, dioda w stanie przewodzenia;

(c) sekwencja pracy stabilizatora podczas ]DSDGX�QDSL
FLD

:�XNáDGDFK�MDN�QD�U\VXQNDFK�������]DVWRVRZDQR�GRGDWNRZ\�VSRVyE�]ZL
NV]DM�F\�RGSRUQR�ü
QDS
GX�QD�SU]HUZ\�Z�]DVLODQLX�

5\V�����8NáDG�SRGWU]\PDQLD�QDSL
FLD�Z�REZRG]LH�SR�UHGQLF]�F\P�Z\NRU]\VWXM�F\�]HZQ
WU]QH�(UyGáR�HQHUJLL

*ZDUDQWXMH� WR� UH]HUZRZH� ]DVLODQLH� Z� RNUHVDFK� Z\VW�SLHQLD� ]DEXU]HQLD�� SRGREQLH� MDN
Z� SU]\SDGNX� EDWHULL� NRQGHQVDWRUyZ�� OHF]� ZVSyáF]\QQLN�� HQHUJLD� QD� MHGQRVWN
� REM
WR�FL� MHVW
Z�W\P�SU]\SDGNX�GX*R�ZL
NV]\�QL*�VWDQGDUGRZ\FK�NRQGHQVDWRUyZ��7DNLH�UR]ZL�]DQLH�PD�ZLHOH

:\á�
310V dc
=PQLHMV]RQH�QDSL
FLH
ZHM�FLRZH�VWDELOL]DWRUD

620V dc
QDSL
FLH�ZHM�FLRZH
do inwertora

310V dc

(OHPHQW� JURPDG]�F\
HQHUJL
� �QS�� EDWHULD
akumulatorów) wraz z
XNáDGHP GRáDGRZDQLD

czas

SU�G
w indu-
NF\MQR�FL�L

Ldt

di 310=
Ldt

di 310−=

=DáDPDQLH�R�DPSOLWXG]LH� ����

=Dá�
310V dc
=PQLHMV]RQH�QDSL
FLH
ZHM�FLRZH�VWDELOL]DWRUD

620V dc
QDSL
FLH�ZHM�FLRZH
do inwertora

L

T
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RJUDQLF]H��Z\QLNDM�F\FK�JáyZQLH�]�RJUDQLF]H��WHFKQLF]Q\FK�]HZQ
WU]QHJR�(UyGáD�HQHUJLL�MDNLP
MHVW�QS��EDWHULD�DNXPXODWRUyZ��6��WR�
− RJUDQLF]RQD�GRSXV]F]DOQD�OLF]ED�SURFHVyZ�áDGRZDQLD�L�UR]áDGRZDQLD�EDWHULL�

− RJUDQLF]RQ\�SR]LRP� UR]áDGRZDQLD�EDWHULL�� GHWHUPLQXM�F\�GRSXV]F]DOQ\�SR]LRP�]DEXU]HQLD
RUD]�F]DV�MHJR�Z\VW�SLHQLD�

− WUXGQR�FL�HNVSORDWDFML�EDWHULL��Z\PDJDQD�SU]HVWU]H���VWRSLH��RFKURQ\�LWS�
1D�U\VXQNX����SU]HGVWDZLRQR�SU]\NáDGRZ\�XNáDG�]�Z\NRU]\VWDQLHP�]HVSRáX�VLOQLN�JHQHUDWRU

(dc��L�NRáD�]DPDFKRZHJR��=HZQ
WU]Q\P�(UyGáHP�HQHUJLL�PR*H�E\ü�WH*�QDGSU]HZRG]�FD�FHZND
�60(6��Z� XNáDG]LH� MDN� QD� U\VXQNX� ���� 8Z]JO
GQLDM�F�� *H� 60(6� � MHVW� UDF]HM� (UyGáHP� SU�GX
VWDáHJR�� PR*H� E\ü� SRGá�F]RQ\�� ]JRGQLH� ]H� VFKHPDWHP� LGHRZ\P� MDN� QD� U\VXQNX� ���
EH]SR�UHGQLR� GR� V]\Q�dc�� 3RGF]DV� Z\VW�SLHQLD� ]DEXU]HQLD� á�F]QLN� à� RWZLHUD� VL
� Z\PXV]DM�F
SU]HSá\Z�SU�GX�Z�REZRG]LH�EDWHULL�NRQGHQVDWRUyZ�Z�FHOX�SRGWU]\PDQLD�ZDUWR�FL�QDSL
FLD�dc.

5\V�����=DVWRVRZDQLH�]HVSRáX�VLOQLN�JHQHUDWRU�RUD]�NRáD��]DPDFKRZHJR�GR�]ZL
NV]HQLD�RGSRUQR�FL�QDS
GX

5\V�����=DVWRVRZDQLH�60(6�GR�]ZL
NV]HQLD�RGSRUQR�FL�QDS
GX

:� ZLHOX� SU]\SDGNDFK� QDS
G\� V�� SU]\á�F]RQH� GR� ZVSyOQ\FK� V]\Q� MDN� QD� U\VXQNX� ���
:yZF]DV� SU]HGVWDZLRQH� SRZ\*HM� XNáDG\� VWDELOL]DWRUyZ� UHDOL]XM�� VWDELOL]DFM
� QDSL
FLD� VWDáHJR
GOD�JUXS\�QDS
GyZ�

inteligentny energetyczny interface�ZHM�FLRZ\
Oferowany wg (Jouanne 1999) przez wielu producentów w przedziale mocy do 500kW.

:�UR]ZL�]DQLX�W\P�PRVWHN�GLRGRZ\�MHVW�]DVW�SLRQ\�SU]H]�DNW\ZQ\�SURVWRZQLN�MDN�QD�U\VXQNX
����5R]ZL�]DQLH� WR� VWDMH� VL
� FRUD]� SRZV]HFKQLHMV]H� SRQLHZD*� FRUD]�ZL
FHM� QDS
GyZ�Z\PDJD
GZXNLHUXQNRZHJR� SU]HSá\ZX� HQHUJLL� �KDPRZDQLH� RG]\VNRZH�� RUD]� NV]WDáWRZDQLD� SU]HELHJX

NRáR�]DPDFKRZH

8NáDG

zasilania 'áDZLN

QDGSU]HZRG]�F\F\

à
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F]DVRZHJR� SU�GyZ�ZHM�FLRZ\FK� XNáDGX� HQHUJRHOHNWURQLF]QHJR��:yZF]DV� IXQNFMD� RGSRUQR�FL
na ]DSDG\� MHVW� GRGDWNRZ�� RSFM�� VWHURZDQLD� Z\PXV]DM�F�� SU]HZ\PLDURZDQLH� SURVWRZQLND�
7D�FHFKD�PR*H�E\ü�L�F]
VWR�MX*�MHVW��GRGDWNRZ\P�HOHPHQWHP�SURPRFML�U\QNRZHM�QDS
GX�

Amplituda ]DSDGyZ� QD� NWyUH� RGSRUQ\� MHVW� QDS
G� RJUDQLF]RQD� MHVW� Z\PLDUHP� SU�GRZ\P
SURVWRZQLND��:�XNáDG]LH�W\P�QLH�MHVW�QDWRPLDVW�RJUDQLF]RQ\�F]DV�WUZDQLD�]DEXU]HQLD��3RSU]H]

SU]\M
W\� VWRSLH�� SU]HZ\PLDURZDQLD� SU�GRZHJR� SURVWRZQLND� PR*QD� NV]WDáWRZDü� RGSRUQR�ü
QDS
GX�QD� ]DSDG\�R� Uy*QHM� DPSOLWXG]LH��3RQLHZD*�Z\PLDU� WHUPLF]Q\� WUDQ]\VWRUyZ�XPR*OLZLD
LFK� NUyWNRWUZDáH� SU]HFL�*HQLD�� LVWQLHMH� PR*OLZR�ü� NRPSHQVDFML� zapadów o krótkim czasie
WUZDQLD�OHF]�R�GX*HM�DPSOLWXG]LH�

)XQNFM�� SURVWRZQLND� MHVW� GRVWDUF]HQLH� Z\á�F]QLH� PRF\� F]\QQHM�� GODWHJR� SUDFXMH� RQ� FRUD]
F]
�FLHM� ]� MHGQRVWNRZ\P� ZVSyáF]\QQLNLHP� PRF\�� :� WDNLP� SU]\SDGNX�� GOD� W\SRZHM� SUDF\

VLOQLND�]�LQGXNF\MQ\P�ZVSyáF]\QQLNLHP�PRF\��SURVWRZQLN�SU]HZRG]L�PQLHM�SU�GX�QL*�LQZHUWRU�
'OD� WDN� VDPR� ]Z\PLDURZDQ\FK�� SURVWRZQLND� L� LQZHUWRUD� R]QDF]D� WR�� *H� SHZLHQ� SURFHQW
SU�GRZ\FK� PR*OLZR�FL� SURVWRZQLND� PR*QD� Z\NRU]\VWDü� GOD� ]ZL
NV]HQLD� RGSRUQR�FL� QDS
GX
na ]DSDG\�QDSL
FLD�

5\V�����1DS
G�SU�GX�SU]HPLHQQHJR�]H�VWHURZDQ\P�SU]HNV]WDáWQLNLHP�ZHM�FLRZ\P

Podczas ]DSDGX�� QDSL
FLH� VWDáH� Z� REZRG]LH� SR�UHGQLF]�F\P� PDOHMH� ]H� Z]JO
GX� QD� EUDN
UyZQRZDJL� HQHUJHW\F]QHM� SRPL
G]\� SURVWRZQLNLHP� L� LQZHUWRUHP�� FR� ZL�*H� VL
� ]� SREUDQLHP
HQHUJLL� ]� NRQGHQVDWRUD��:� FHOX� UHJXODFML� QDSL
FLD� VWDáHJR� dc podczas ]DSDGX�� QLH]E
GQH� MHVW
]DJZDUDQWRZDQLH��*H�WDND�VDPD�PRF�F]\QQD�MHVW�SRELHUDQD�SU]H]�SURVWRZQLN�SRGF]DV�zapadu jak
i przed zapadem tzn.:

..0. )1(33 zapprostprost IUUUI ∆−=

U ��VNXWHF]QD�ZDUWR�ü�QDSL
FLD�PL
G]\ID]RZHJR

.prostI ��VNXWHF]QD�ZDUWR�ü�SU�GX�ZHM�FLRZHJR�SURVWRZQLND�SU]HG�Z\VW�SLHQLHP�zapadu,

..zapprostI �� VNXWHF]QD� ZDUWR�ü� SU�GX� ZHM�FLRZHJR� SURVWRZQLND� Z� F]DVLH� WUZDQLD� zapadu

�SU]\�]DáR*HQLX�MHGQRVWNRZHJR�ZVSyáF]\QQLN�SU]HVXQL
FLD��

0U∆ - amplituda zapadu.

2]QDF]D�WR�Z]URVW�SU�GX�ZHM�FLRZHJR�SURVWRZQLND��PLDU��NWyUHJR�MHVW�ZVSyáF]\QQLN�K:

0.

..

1

1

UI

I
K

prost

zapprost

∆−
==

.prosI

U

dcU

.inwS

0U

.inwI
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Maksymalna amplituda ]DSDGX�QD�NWyU\�RGSRUQ\� MHVW�QDS
G�� MHVW�ZL
F�]DOH*QD�RG�Z\PLDUX
SU�GRZHJR� SURVWRZQLND� L� ZDUXQNyZ� SUDF\� VLOQLND�� :� FHOX� LOR�FLRZHJR� RV]DFRZDQLD� PR*QD
]DáR*\ü��*H�Z\PLDU�SU�GRZ\�LQZHUWRUD�L�SURVWRZQLND�MHVW�WDNL�VDP�

-H*HOL� LQZHUWRU� MHVW� Z\PLDURZDQ\� QD� PDNV\PDOQ�� ZDUWR�ü� QDSL
FLH� dc - dcU , a wymiar

SU�GRZ\� MHVW� GHWHUPLQRZDQ\� QDMEDUG]LHM� QLHNRU]\VWQ\P� SU]\SDGNLHP� Z\VW
SXM�F\P� SU]\
dostarczaniu znamionowej mocy pozornej inwertora - NinwS . � SU]\� PLQLPDOQHM� ZDUWR�FL

VNáDGRZHM�SRGVWDZRZHM�QDSL
FLD�Z\M�FLRZHJR��PL
G]\ID]RZHJR���� min,0U  tzn.:

min,0

.
.

3
2

U

S
I Ninw

Ninw =

NinwI . � R]QDF]D� DPSOLWXG
� Z\M�FLRZHJR�� ]QDPLRQRZHJR� SU�GX� LQZHUWRUD�� =DNáDGDM�F� WDNL� VDP

Z\PLDU� SU�GRZ\� SURVWRZQLND� MHVW� WR� UyZQLH*� MHJR� PDNV\PDOQD� ZDUWR�ü� SU�GX�� 3RQLHZD*
SURVWRZQLN� SUDFXMH� ]� MHGQRVWNRZ\P� ZVSyáF]\QQLNLHP� SU]HVXQL
FLD� �DPF), dostarcza on
GR�RGELRUQLND�W\ONR�PRF�F]\QQ���8Z]JO
GQLDM�F�SRZ\*V]H�]DOH*QR�FL��VNXWHF]QD�ZDUWR�ü�SU�GX
ZHM�FLRZHJR�SURVWRZQLND�MHVW�RJUDQLF]RQD�GR�SR]LRPX�RNUH�ORQHJR�]DOH*QR�FL��

N

Ninw

prostinwN

silinw
zapprost

U

S

UU

DPFS
I

,0

.

..0

..
..

3)1(3
≤

∆−
⋅=

ηη

gdzie .silDPF � MHVW� ZVSyáF]\QQLNLHP� SU]HVXQL
FLD� VLOQLND� LQGXNF\MQHJR�� :� HIHNFLH� ZDUWR�ü

maksymalnej amplitudy ]DSDGX� QDSL
FLD� NWyUD� PR*H� E\ü� NRPSHQVRZDQD�� PR*QD� Z\]QDF]\ü
]�]DOH*QR�FL�

...

.min,0.
0 1

prostinwNNinw

inw

US

USDPF
U

ηη
⋅

−≤∆

3U]\NáDGRZR��MH*HOL�VLOQLN�LQGXNF\MQ\�MHVW�REFL�*RQ\�Z������MHJR�ZVSyáF]\QQLN�SU]HVXQL
FLD
Z\QRVL� ����� VSUDZQR�FL� LQZHUWRUD� L� SURVWRZQLND� V�� WDNLH� VDPH� L� Z\QRV]�� ���� RUD]

NUU 9,0min,0 = ��QDS
G�MHVW�RGSRUQ\�QD�]DSDG�QDSL
FLD�R�GRZROQ\P�F]DVLH�WUZDQLD�L�DPSOLWXG]LH

do 19%20
��:L
NV]���GRSXV]F]DOQ��ZDUWR�ü�]DSDGX�PR*QD�X]\VNDü�]ZL
NV]DM�F�Z\PLDU�SU�GRZ\

SURVWRZQLND�� :DUWR�ü� zapadu xU∆ � RWU]\PDQD� SRSU]H]� ]ZL
NV]HQLH� Z\PLDUX� SURVWRZQLND

]DOH*\� RG� ZVSyáF]\QQLND� xK � SU]H]� NWyU\� ]ZL
NV]RQR� Z\PLDU� SURVWRZQLND� RUD]� RG� ZDUWR�FL

]DáDPDQLD� 0U∆ �QD�NWyU��QDS
G�E\á�SLHUZRWQLH�]DSURMHNWRZDQ\�W]Q��

x
x K

U
U 01

1
∆−

−=∆

5R]XPRZDQLH�WR�PR*H�E\ü�UyZQLH*�]DVWRVRZDQH�GR�XNáDGX�]�UyZQROHJá\P�SU]HNV]WDáWQLNLHP
SRGZ\*V]DM�F\P�QDSL
FLH� �U\V�� ���� MDN� UyZQLH*� GR� XNáDGX� ]�ZLHORPD� LQZHUWRUDPL� ]DVLODQ\PL
]H�ZVSyOQ\FK�V]\Q�QDSL
FLD�VWDáHJR�dc (rys. 11).

=DOHWDPL�UR]ZL�]DQLD�V��
− MHGQRVWNRZ\�ZHM�FLRZ\�ZVSyáF]\QQLN�SU]HVXQL
FLD�
− UHGXNFMD�RGNV]WDáFHQLD�SU�GyZ�ZHM�FLRZ\FK�SU]HPLHQQLND�

                                                
20 Wg [-RXDQQH�����@�����NURWQH�SU]HZ\PLDURZDQLH�SURVWRZQLND�JZDUDQWXMH�RGSRUQR�ü�QDS
GX�QD�]DSDG\�QDSL
FLD

o amplitudzie do 40%.
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− VDPRUHJXODFMD� QDSL
FLD� VWDáHJR� dc podczas zapadów uzyskana w efekcie aktywnej
SUDF\�SU]HNV]WDáWQLND�ZHM�FLRZHJR�

− GZXNLHUXQNRZ\�SU]HSá\Z�PRF\�

:DGDPL�UR]ZL�]DQLD�V��
− ZL
NV]H� JDEDU\W\� ]ZL�]DQH� ]� REHFQR�FL�� GáDZLNyZ� ILOWUyZ� ZHM�FLRZ\FK� NWyU\FK

LQVWDODFMD�MHVW�QLH]E
GQD�]H�Z]JO
GX�QD�SUDF
�DNW\ZQHJR�SURVWRZQLND�
− Z]URVW� ]DEXU]H�� Z\VRNLHM� F]
VWRWOLZR�FL� �]DUyZQR� V\PHWU\F]Q\FK� MDN� L� QLH

V\PHWU\F]Q\FK��RUD]��]DEXU]H��(0,�

− ]QDF]QLH�ZL
NV]D�FHQD21.

6. WNIOSKI

3RZV]HFKQR�ü�Z\VW
SRZDQLD�]DSDGyZ�QDSL
FLD�L�NUyWNLFK�SU]HUZ�Z�]DVLODQLX�±�V]F]HJyOQLH
QD� SR]LRPLH� QLVNLHJR� QDSL
FLD� �OHF]� QLH� W\ONR�� ±� VSUDZLD�� *H� ]DJDGQLHQLH� RGSRUQR�FL
RGELRUQLNyZ�HQHUJLL�HOHNWU\F]QHM��Z�W\P�V]F]HJyOQLH�QDS
GyZ�HOHNWU\F]Q\FK�L�LQQ\FK�XNáDGyZ
HQHUJRHOHNWURQLF]Q\FK� VWDMH� VL
� MHGQ\P� ]� SUREOHPyZ� R� NDSLWDOQ\P� ]QDF]HQLX� ]DUyZQR
WHFKQLF]Q\P� MDN� L� HNRQRPLF]Q\P�� .RQVHNZHQFM�� UR]SR]QDQLD� RGSRUQR�FL� RGELRUQLND� MHVW
UR]ZyM�PHWRG�MHM�SRSUDZ\��]DUyZQR�SRSU]H]�XU]�G]HQLD�]HZQ
WU]QH�Z�VWRVXQNX�GR�QDS
GX�MDN�L
]PLDQ\�MHJR�NRQVWUXNFML�L�]DVDG�VWHURZDQLD��:\GDMH�VL
��*H�Z�ZL
NV]R�FL�RIHURZDQ\FK�REHFQLH
QD� U\QNX�QDS
GyZ�QLH� VWRVXMH� VL
� V]F]HJyOQ\FK� VWUDWHJLL� VWHURZDQLD�Z�SU]\SDGNX�Z\VW�SLHQLD
]DEXU]HQLD��:\M�WNLHP� MHVW� ]DWU]\PDQLH� QDS
GX�Z� SU]\SDGNX� JG\� ]DSDG� QDSL
FLD� SU]HNURF]\
]DGDQ�� ZDUWR�ü� JUDQLF]Q��� :� W\P� FHOX� VWRVRZDQD� MHVW� NRQWUROD� QDSL
FLD� dc� L� QDS
G� MHVW
Z\á�F]DQ\�QLH]DOH*QLH�RG�WHJR�MDNL�URG]DM�]DEXU]HQLD�Z\VW�SLá��zapad czy przerwa w zasilaniu).
7HQ� VWDQ� ZLQLHQ� XOHF� ]PLDQLH�� 8*\WNRZQLN� SRZLQLHQ� X]\VNDü� PR*OLZR�ü� ]DNXSX� QDS
GX
R� SR]LRPLH� RGSRUQR�FL� ZáD�FLZ\P� GOD� �URGRZLVND� HOHNWURPDJQHW\F]QHJR� Z� NWyU\P� QDS
G
PD�E\ü�]DLQVWDORZDQ\�

                                                
21 Dodatkowe informacje: http://www.baldor.com
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