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Streszczenie�� 3U]HGVWDZLRQR� SRGVWDZRZH� LQIRUPDFMH� GRW\F]�FH� ZDKD�� QDSL
FLD� L� PLJRWDQLD
�ZLDWáD�Z� VLHFLDFK� HOHNWURHQHUJHW\F]Q\FK��2SLVDQR� SU]\U]�G� SRPLDURZ\� VáX*�F\� GR� LOR�FLRZHM
RFHQ\� ]DEXU]HQLD�� 3RGDQR� ZVND(QLNL�� FKDUDNWHU\]XM�FH� ZDKDQLD� QDSL
FLD�� L� Z\PDJDQLD� QRUP�
GRW\F]�FH�LFK�GRSXV]F]DOQ\FK�ZDUWR�FL�

5R]ZyM�HQHUJRHOHNWURQLNL��D�JáyZQLH� WHFKQRORJLL�HOHPHQWyZ�SyáSU]HZRGQLNRZ\FK��SR]ZDOD

REHFQLH� QD� VWRVRZDQLH�� SUyF]� WUDG\F\MQ\FK� VSRVREyZ� UHGXNFML� VNXWNyZ� PLJRWDQLD� �ZLDWáD�
UyZQLH*� SU]HNV]WDáWQLNRZ\FK�� G\QDPLF]Q\FK� VWDELOL]DWRUyZ� QDSL
FLD� R� EDUG]R� GX*HM� V]\ENR�FL
G]LDáDQLD� L� R� ]QDF]�F\FK� PRFDFK� MHGQRVWNRZ\FK�� :\EUDQH� UR]ZL�]DQLD� WDNLFK� VWDELOL]DWRUyZ
]RVWDá\�RPyZLRQH�Z�DUW\NXOH�

1. WPROWADZENIE

1D� U\VXQNX� �� SU]HGVWDZLRQR�� Z� XNáDG]LH� ZVSyáU]
GQ\FK�� ZDUWR�ü�F]DV� WUZDQLD� ]DEXU]HQLD
NODV\ILNDFM
� ]MDZLVN� ZSá\ZDM�F\FK� QD� ZDUWR�ü� VNXWHF]Q�� QDSL
FLD�� &LHPQLHMV]\P� NRORUHP
]D]QDF]RQR�REV]DU�]PLDQ��E
G�F\�SU]HGPLRWHP�UR]ZD*D��Z�QLQLHMV]\P�DUW\NXOH�

5\V�����=MDZLVND�ZSá\ZDM�FH�QD�ZDUWR�ü�VNXWHF]Q��QDSL
FLD��UN ±�QDSL
FLH�]QDPLRQRZH�

1DSL
FLD�QD�SRF]�WNX� L�NR�FX� OLQLL� ]DVLODM�FHM� Uy*QL�� VL
� SRPL
G]\� VRE���0R*QD� WR�Z\ND]Dü
QD�SRGVWDZLH�SURVWHJR�MHGQRID]RZHJR�VFKHPDWX�]DVW
SF]HJR�MDN�QD�U\VXQNX����QD�NWyU\P��E jest
QDSL
FLHP�(UyGáRZ\P��U0�±�QDSL
FLHP�QD�]DFLVNDFK�UR]ZD*DQHJR�RGELRUQLND��I0�±�SU�GHP��D�ZS,
XS, RS� ±� RGSRZLHGQLR� LPSHGDQFM��� UHDNWDQFM�� L� UH]\VWDQFM�� ]DVW
SF]�� OLQLL� ]DVLODM�FHM�
Na podstawie wykresu ZVND]RZHJR� RUD]� SURVW\FK� ]DOH*QR�FL� JHRPHWU\F]Q\FK� PR*QD
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Z\SURZDG]Lü� ]DOH*QR�ü� ���� RNUH�ODM�F�� ZDUWR�ü� Uy*QLF\� QDSL
ü� 8©
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na rysunku (2b):
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gdzie P, Q�V��RGSRZLHGQLR�PRF��F]\QQ��L�ELHUQ��RGELRUQLND�

(a)

(b)

5\V�����-HGQRID]RZ\�VFKHPDW�]DVW
SF]\�VLHFL�]DVLODM�FHM��D��RUD]�Z\NUHV�wskazowy dla (b) odbiornika
rezystancyjno-indukcyjnego (ind.) - 0UE ≥ ��GOD�RGELRUQLND�UH]\VWDQF\MQR�SRMHPQR�FLRZHJR��poj.) - 0UE ≤

3U]\MPXM�F�� *H� ZDUWR�ü� ]DVW
SF]HM� UH]\VWDQFML� OLQLL� MHVW� SRPLMDOQLH� PDáD� Z� SRUyZQDQLX
]�MHM�UHDNWDQFM��� SS RX 10〉 ���FR�Z�SUDNW\F]Q\FK�V\VWHPDFK�]DVLODM�F\FK�61�L�:1�MHVW�]DáR*HQLHP

SUDZG]LZ\P��RWU]\PXMH�VL
�XSURV]F]RQ��]DOH*QR�ü�RSLVXM�F��Z]JO
GQ��ZDUWR�ü�]PLDQ\�QDSL
FLD
QD�RGELRUF]\P�NR�FX�OLQLL�

                                                
1�-HVW� WR�W]Z��SRGáX*QD�]PLDQD�QDSL
FLD��Z�RGUy*QLHQLX�RG�SRSU]HF]QHM� qU∆  (rys. 2b), powszechnie przyjmowana

MDNR�PLDUD�Uy*QLF\�ZDUWR�FL�QDSL
ü�QD�NR�FDFK�OLQLL�]DVLODM�FHM�
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gdzie SZW� MHVW�PRF�� ]ZDUFLD�Z� SXQNFLH� SU]\á�F]HQLD� RGELRUQLND�� =PLDQ
� QDSL
FLD� U∆ �PR*QD
SRG]LHOLü�� ]H� Z]JO
GX� QD� G\QDPLN
� SU]HELHJX� L� SU]\F]\Q
� SRZVWDQLD�� QD�� RGFK\OHQLH� �VSDGHN
QDSL
FLD��PDM�F\�VWDá��ZDUWR�ü�Z�GáX*V]HM�VNDOL�F]DVX�RUD]�ZDKDQLD�QDSL
FLD��:DKDQLD�QDSL
FLD
WR�� ZHGáXJ� PL
G]\QDURGRZHJR� VáRZQLND� HOHNWURWHFKQLF]QHJR� >�@� RUD]� SROVNLHM� QRUP\

WHUPLQRORJLF]QHM� >��@�� VHULD� ]PLDQ� ZDUWR�FL� VNXWHF]QHM� OXE� REZLHGQL� SU]HELHJX� F]DVRZHJR
QDSL
FLD��U\V�����

(a)

(b)
5\V�����3U]\NáDG�ZDKD��QDSL
FLD��D��Z�SU]HELHJX�ZDUWR�FL�VNXWHF]QHM��E��Z�SU]HELHJX�ZDUWR�FL�FKZLORZHM��PRGXODFMD����H z)

:�SU]\SDGNX�WHJR�]DEXU]HQLD�PR*QD�PyZLü�R�NV]WDáFLH�ZDKD��QDSL
FLD��REZLHGQLD�ZDUWR�FL
V]F]\WRZ\FK� QDSL
FLD� SU]HGVWDZLRQD� Z� IXQNFML� F]DVX2), DPSOLWXG]LH� ]PLDQ� QDSL
FLD� �Uy*QLFD
PDNV\PDOQHM� L� PLQLPDOQHM� ZDUWR�FL� VNXWHF]QHM� OXE� V]F]\WRZHM� QDSL
FLD� Z\VW
SXM�FD� SRGF]DV
zaburzenia) oraz F]
VWR�FL��F]
VWRWOLZR�FL�GOD�SU]HELHJyZ�RNUHVRZ\FK��]PLDQ�QDSL
FLD (liczba
]PLDQ�QDSL
FLD�Z\VW
SXM�FD�Z�MHGQRVWFH�F]DVX��
                                                
2�=H�Z]JO
GX�QD�FKDUDNWHU�WHM�IXQNFML�PR*QD�PyZLü�R�ZDKDQLDFK�RNUHVRZ\FK�OXE�QLHRNUHVRZ\FK��]GHWHUPLQRZDQ\FK
�U]DG]LHM��OXE�ORVRZ\FK��F]
�FLHM��
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3RGVWDZRZ��SU]\F]\Q��]PLDQ�QDSL
FLD��Z�W\P�UyZQLH*�ZDKD���MHVW���MDN�Z\QLND�]�]DOH*QR�FL
���� �� ]PLHQQR�ü� Z� F]DVLH� JáyZQLH� PRF\� ELHUQHM� RGELRUQLNyZ�� RNUH�ODQ\FK� RJyOQLH� PLDQHP
QLHVSRNRMQ\FK�� 1D� U\VXQNX� �� SU]HGVWDZLRQR� SU]\NáDGRZH� ]PLDQ\� ZDUWR�FL� PRF\� ELHUQHM� RUD]
Z\ZRáDQH�W��PRF��]PLDQ\�QDSL
FLD�GOD�MHGQHJR�]�QDMEDUG]LHM�]DEXU]DM�F\FK�RGELRUQLNyZ��MDNLP
MHVW�SLHF�áXNRZ\��3RGREQ\�FKDUDNWHU�PDM��]PLDQ\�Z\ZRáDQH�SUDF��QDS
GyZ�HOHNWU\F]Q\FK�GX*HM
PRF\�� QS�� QDS
GyZ� ZDOFRZQLF]\FK�� PDV]\Q� Z\FL�JRZ\FK� LWS�� :DKDQLD� QDSL
FLD� V�
SRZRGRZDQH�WDN*H�SU]H]�SURFHV\�á�F]HQLRZH�EDWHULL�NRQGHQVDWRUyZ��QLHSUDZLGáRZR�FL�Z�SUDF\
SU]Há�F]QLND� ]DF]HSyZ� WUDQVIRUPDWRUD�� UR]UXFK\� VLOQLNyZ� DV\QFKURQLF]Q\FK�� VSDZDUNL

HOHNWU\F]QH� �U\V�� ���� ERMOHU\�� UHJXODWRU\�PRF\�� SLá\� L� PáRW\� HOHNWU\F]QH�� SRPS\� L� NRPSUHVRU\�

ZLQG\��G(ZLJL�� D�ZL
F�RJyOQLH�SU]H]�(UyGáD�R� ]PLHQQ\P�REFL�*HQLX��NWyU\FK�PRF� MHVW� ]QDF]QD
Z�UHODFML�GR�PRF\�]ZDUFLD�Z�SXQNFLH�LFK�SU]\á�F]HQLD�GR�V\VWHPX�]DVLODM�FHJR��'UyGáHP�ZDKD�
QDSL
FLD� PRJ�� E\ü� WDN*H� Z� SHZQ\FK� SU]\SDGNDFK� �R�ZLHWOHQLH� IOXRUHVFHQF\MQH�

LQWHUKDUPRQLF]QH�QDSL
FLD�

5\V������=PLDQ\�PRF\�ELHUQHM��D��L�ZDKDQLD�QDSL
FLD��E��QD�V]\QDFK�elektrostalowni

���6.87.,��:$+$���1$3,	&,$

:DKDQLD�QDSL
FLD�Z\VW
SXM�FH�Z�VLHFLDFK�HOHNWURHQHUJHW\F]Q\FK�SRZRGXM��V]HUHJ�XMHPQ\FK
skutków o charakterze techniczno-technologicznym i ergonomicznym. W sferze produkcyjnej
MHGQH� L�GUXJLH�Z\ZRáXM��GRGDWNRZH�NRV]W\��:�GDOV]HM�F]
�FL�SU]HGVWDZLRQR�SU]\NáDGRZR�NLOND
Z\EUDQ\FK� QHJDW\ZQ\FK� HIHNWyZ� Z\VW
SRZDQLD� ZDKD�� QDSL
FLD�� 3UyF]� Z\V]F]HJyOQLRQ\FK�
QDOH*\�ZVSRPQLHü�WDN*H�R�QLHSUDZLGáRZR�FLDFK�Z�SUDF\�DSDUDWXU\�VW\F]QLNRZR�SU]HND(QLNRZHM
Z\VW
SXM�F\FK�EDUG]R�F]
VWR��NWyU\FK�HNRQRPLF]QH�VNXWNL�E\ZDM��QLHNLHG\�RJURPQH�

3.1. Maszyny elektryczne
:DKDQLD� QDSL
FLD� QD� ]DFLVNDFK� VLOQLND� DV\QFKURQLF]QHJR� SRZRGXM�� ]PLDQ\� PRPHQWX�

Z� NRQVHNZHQFML� PDM�� ZSá\Z� QD� SR�OL]J� VLOQLND� L� SURFHV� WHFKQRORJLF]Q\�� :� VNUDMQ\FK

SU]\SDGNDFK� PRJ�� SURZDG]Lü� GR� Z]PR*RQ\FK� GUJD�� PHFKDQLF]Q\FK�� D� ZL
F� GR� REQL*HQLD
Z\WU]\PDáR�FL�PHFKDQLF]QHM�L�VNUyFHQLD�F]DVX�HNVSORDWDFML�VLOQLND�
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5\V�����=PLDQD�ZDUWR�FL�VNXWHF]QHM�QDSL
FLD�RUD]�SU�GX��SRGF]DV�SURFHVX�VSDZDQLD

:DKDQLD� QDSL
FLD� QD� ]DFLVNDFK� VLOQLNyZ� L� SU�GQLF� V\QFKURQLF]Q\FK� SURZDG]�� GR� NRá\VD�
L� ZF]H�QLHMV]HJR� ]X*\FLD� ZLUQLNyZ� W\FK� PDV]\Q�� Z\ZRáXM�� GRGDWNRZH� PRPHQW\� REURWRZH�
zmiany mocy i wzrost strat.

�����3U]HNV]WDáWQLNL
=PLDQD�QDSL
FLD�]DVLODM�FHJR�Z�SU]HNV]WDáWQLNDFK�VWHURZDQ\FK�ID]RZR�]�XNáDGHP�VWDELOL]DFML

SDUDPHWUyZ� SR� VWURQLH� SU�GX� VWDáHJR� SRZRGXMH� QDMF]
�FLHM� ]PQLHMV]HQLH� ZVSyáF]\QQLND� PRF\
L�JHQHUDFM
�KDUPRQLF]Q\FK�QLH�FKDUDNWHU\VW\F]Q\FK�L�LQWHUKDUPRQLF]Q\FK��:�SU]\SDGNX�QDS
GX
SRGF]DV�KDPRZDQLD�]PLDQD�QDSL
FLD�PR*H�SURZDG]Lü�GR�SU]HU]XWX�IDORZQLNRZHJR�

�����8U]�G]HQLD�GR�HOHNWUROL]\
:\VW
SXMH� VNUyFHQLX� F]DVX� HNVSORDWDFML� XU]�G]H�� RUD]� ]PQLHMV]HQLH� Z\GDMQR�FL� SURFHVX

technologicznego.

�����8U]�G]HQLD�HOHNWURWHUPLF]QH
:� ND*G\P� SU]\SDGNX� QDVW
SXMH� ]PQLHMV]HQLH� Z\GDMQR�FL� �� Z� SU]\SDGNX� SLHFD� áXNRZHJR

Z� QDVW
SVWZLH� Z\GáX*HQLD� F]DVX� Z\WRSX� �� OHF]� ]� UHJXá\� ]DXZD*DOQH� MHVW� WR� GRSLHUR� SU]\
]QDF]�F\FK�DPSOLWXGDFK�ZDKD��QDSL
FLD�
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�����'UyGáD��ZLDWáD
=PLDQD� QDSL
FLD� ]DVLODM�FHJR� Z\ZRáXMH� MDNR� VNXWHN� ]PLDQ
� VWUXPLHQLD� �ZLHWOQHJR� (UyGáD

�ZLDWáD��]QDQ��MDNR�]MDZLVNR�PLJRWDQLD��ZLDWáD��DQJ��flicker). Jest to subiektywne odczucie zmian
VWUXPLHQLD��ZLHWOQHJR��NWyUHJR�OXPLQDQFMD�OXE�UR]NáDG�VSHNWUDOQ\�SRGOHJD�]PLDQRP�Z�F]DVLH�

:� WHM� JUXSLH� RGELRUQLNyZ�QD� ]PLDQ\� QDSL
FLD� ]DVLODM�FHJR� V]F]HJyOQLH�ZUD*OLZH� V�� *DURZH
(UyGáD��ZLDWáD��:�LFK�SU]\SDGNX�VWUXPLH���ZLHWOQ\� - � MHVW�SURSRUFMRQDOQ\�GR�QDSL
FLD�]JRGQLH
]� ]DOH*QR�FL��� �

8a- �� JG]LH� Z\NáDGQLN� � � SU]\MPXMH� ZDUWR�ü� ]� SU]HG]LDáX�� �������� >��@3.
1D� U\VXQNX� �� >ZJ� �@� SU]HGVWDZLRQR� SU]\NáDGRZR� ]PLDQ
� VWUXPLHQLD� �ZLHWOQHJR� *DUyZNL
Z�UHDNFML�QD�NUyWNRWUZDá��]PLDQ
�QDSL
FLD�]DVLODM�FHJR�

5\V����=PLDQD�VWUXPLHQLD��ZLHWOQHJR�*DUyZNL�Z\ZRáDQD�]PLDQ��QDSL
FLD�]DVLODM�FHJR

0LJRWDQLH� �ZLDWáD�� VSRZRGRZDQH� ZDKDQLDPL� QDSL
FLD�� ZSá\ZD� LVWRWQLH� QD� RJUDQLF]HQLH
]GROQR�FL� ZLG]HQLD� L� ]P
F]HQLH� RUJDQL]PX�� SRZRGXMH� SRJRUV]HQLH� VDPRSRF]XFLD� L� REQL*HQLH
MDNR�FL�SUDF\��:�VNUDMQ\FK�SU]\SDGNDFK�PR*H�VWDü�VL
�EH]SR�UHGQL��SU]\F]\Q��Z\SDGNyZ�SU]\
pracy.

���320,$5��:$+$���1$3,	&,$

�����.ODV\F]QH�ZVND(QLNL�ZDKD��QDSL
FLD
'R� QLHGDZQD� ZDKDQLD� QDSL
FLD� Z� VLHFLDFK� HOHNWURHQHUJHW\F]Q\FK� OXE� QD� ]DFLVNDFK

RGELRUQLNyZ� HQHUJLL� HOHNWU\F]QHM� FKDUDNWHU\]RZDQR� SU]HGH�ZV]\VWNLP� QDVW
SXM�F\PL� FHFKDPL�
QD]\ZDQ\PL�UyZQLH*�NODV\F]Q\PL�ZVND(QLNDPL�ZDKD��QDSL
FLD�>��@�

��� DPSOLWXGDPL� ZDKD�� �dV� Z� ZROWDFK� OXE� F]
�FLHM� dV* � Z� MHGQRVWNDFK� Z]JO
GQ\FK
SURFHQWRZ\FK��RGQLHVLRQ\FK�GR�QDSL
FLD�]QDPLRQRZHJR��

���F]
VWR�FL��DPSOLWXG�ZDKD��QDSL
FLD��FV w 1/s  (+]�����PLQ�OXE���K��L�F]
VWR���Z�SU]\SDGNX
RNUHVRZ\FK�ZDKD����F]
VWRWOLZR�FL��ZDKD��QDSL
FLD��FU w Hz, 1/min lub 1/h);

���HQHUJHW\F]Q��GDZN��ZDKD��QDSL
FLD��MHGQRVWNRZ��DV w V2 lub %2�OXE�á�F]Q��DVT w V2s

lub %2V��E�G(�WUDG\F\MQLH�Z�92PLQ�OXE�QDMF]
�FLHM�Z��2min).

                                                
3�:J�WHJR�VDPHJR�(UyGáD�GOD��ZLHWOyZHN�IOXRUHVFHQF\MQ\FK�ZDUWR�ü�Z\NáDGQLND�Z\QRVL����������
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:�RFHQLH�ZDKD��QDSL
FLD�EUDQH�E\á\� WDN*H�SRG�XZDJ
��HQHUJLD�ZDKD��QDSL
FLD�RUD]�J
VWR�ü
ZLGPRZD��UHGQLHM�PRF\�SURFHVX�ZDKD��QDSL
FLD��]ZDQD�UyZQLH*�ZLGPHP�HQHUJHW\F]Q\P�ZDKD�
QDSL
FLD� �QS�� >��@��� 8Z]JO
GQLDQR� UyZQLH*� F]DV� WUZDQLD� ZDKD�� RUD]� �]ZL�]DQ\� ]� F]
VWR�FL�
ZDKD���SU]HG]LDá�F]DVX�PL
G]\�ZDKDQLDPL�QDSL
FLD��tp).

4.2. Metody pomiaru
3RPLDU�ZDKD��QDSL
FLD�MHVW�SRWU]HEQ\���D��GR�VSUDZG]HQLD�]JRGQR�FL�LVWQLHM�F\FK�SR]LRPyZ

zjawiska z normami NRPSDW\ELOQR�FLRZ\PL�� �E�� GR� RNUH�OHQLD� SR]LRPX� HPLVML� GDQHJR
RGELRUQLND�L�SRUyZQDQLD�JR�]�ZDUWR�FLDPL�GRSXV]F]DOQ\PL�Z�QRUPDFK�

0R*QD�Z\Uy*QLü�GZLH�SRGVWDZRZH�PHWRG\�SRPLDURZH��Pierwsza�SROHJD�QD�LOR�FLRZHM�RFHQLH
]MDZLVND� QD� SRGVWDZLH� F]DVRZHM� ]PLDQ\� ZDUWR�FL� VNXWHF]QHM� OXE� REZLHGQL� QDSL
FLD� �]JRGQLH
]�NODV\F]Q\PL�ZVND(QLNDPL���Druga - QD�SRPLDU]H�SR�UHGQLP��W]Q��SRPLDU]H�]MDZLVND�PLJRWDQLD
�ZLDWáD� E
G�FHJR� EH]SR�UHGQLP� VNXWNLHP� ZDKD�� QDSL
FLD�� %DGDQLD� ]ZL�]DQH� ]� SURFHVHP
SHUFHSFML� Z]URNRZHM� OLF]�� MX*� SRQDG� ��� ODW� �ZJ� >�@���:� SLHUZV]\P� RNUHVLH� SROHJDá\� JáyZQLH

na przeprowadzaniu testów w wybranych grupach ludzi, reprezentatywnych dla populacji,
]� ]DVWRVRZDQLHP� Uy*Q\FK� (UyGHá� �ZLDWáD� L� Uy*Q\FK� NV]WDáWyZ� F]DVRZ\FK� ]PLDQ� QDSL
FLD�
:\]QDF]RQR� QD� WHM� SRGVWDZLH� NU]\Z�� GRVWU]HJDQLD� L� NU]\Z�� XFL�*OLZR�FL� �LU\WDFML�� ]PLDQ
VWUXPLHQLD� �ZLHWOQHJR�� 8G]LDá� IL]MRORJyZ� L� SV\FKRORJyZ� Z� W\FK� HNVSHU\PHQWDFK� XPR*OLZLá
opracowywanie coraz doskonalszych modeli matematycznych procesu neurofizjologicznego.
Eksperymenty de' /DQJH�>�@�SR]ZROLá\�SR�UD]�SLHUZV]\�SRVWDZLü�WH]
�R�SRGRELH�VWZLH�SRPL
G]\
ZUD*OLZR�FL�� RND� OXG]NLHJR� QD� ERG(FH� �ZLHWOQH� D� FKDUDNWHU\VW\N�� F]
VWRWOLZR�FLRZ�� DQDORJX
elektrycznego. Dalsze badania prowadzone przez .HOO\
HJR� XZ]JO
GQLDá\� QLH� W\ONR� DPSOLWXG

]PLDQ�� OHF]� WDN*H�SR]LRP\�DGDSWDFML�RND�GR� �UHGQLHM� OXPLQDQFML��2JURPQ\�ZNáDG�Z� UR]ZyM� WHM
JDá
]L� ZLHG]\� ZQLH�OL� Rashbass, Koenderink i Van 'RRP� >�@�� ,FK� EDGDQLD� GRSURZDG]Lá\
EH]SR�UHGQLR� GR� RSUDFRZDQLD�PLHUQLND�PLJRWDQLD�8,(4

��:�PLHUQLNX� W\P�SU]\M
WR� MDNR� V\JQDá
ZHM�FLRZ\� ]PLDQ\� QDSL
FLD� ]DVLODM�FHJR� (UyGáR� �ZLDWáD�� D� QLH� EH]SR�UHGQLR� ]PLDQ\� VWUXPLHQLD
�ZLHWOQHJR��7R�Z\PDJDáR�RGWZRU]HQLD�Z�SU]\U]�G]LH�SURFHVX� IL]MRORJLF]QHJR�SRVWU]HJDQLD� L� W

URO
� SHáQL� PRGHO� Rashbassa i Koenderinka (rys. 7, blok 3 i 4). Przeprowadzone przez nich
EDGDQLD� Z\ND]Dá\�� *H� RNR� OXG]NLH� PD� FKDUDNWHU� ILOWUX� SDVPRZHJR� �R� SD�PLH� ���� �� ��� Hz5),
]�PDNV\PDOQ\P�ZVSyáF]\QQLNLHP�Z]PRFQLHQLD� �PDNV\PDOQ�� F]XáR�FL�� QD� ]PLDQ\� VWUXPLHQLD
�ZLHWOQHJR�� GOD� F]
VWRWOLZR�FL� ���� +]�� 'OD� *DURZ\FK� (UyGHá� �ZLDWáD� RGSRZLDGD� WR� ZDKDQLRP
QDSL
FLD�R�DPSOLWXG]LH������ZDUWR�FL��UHGQLHM��6NXWNL� IL]MRORJLF]QH�]DOH*��RG�DPSOLWXG\�]PLDQ
VWUXPLHQLD� �ZLHWOQHJR� �DPSOLWXG\� ]PLDQ� QDSL
FLD� ]DVLODM�FHJR� (UyGáR� �ZLDWáD��� VHNZHQFML
SRZWyU]H���VSHNWUXP�F]
VWRWOLZR�FLRZHJR�RUD]�F]DVX�Z\VW
SRZDQLD�]DEXU]HQLD��5HDNFMD�Py]JX
QD� SREXG]HQLH� ERG(FHP� �ZLHWOQ\P� PD� FKDUDNWHU� FDáNXM�F\� ]� RNUHVHP� FDáNRZDQLD� R� ZDUWR�FL

                                                
4�:�SU]\SDGNX�]MDZLVND�PLJRWDQLD��ZLDWáD��SLHUZV]H�SUDFH�EDGDZF]H�E\á\�LQVSLURZDQH�SU]H]�0L
G]\QDURGRZ��8QL


Elektrotermii UIE (obecnie (OHNWURWHFKQRORJLL��� SRZVWDá�� Z� ����� URNX� L� VNXSLDM�F�� ��� SD�VWZ� F]áRQNRZVNLFK
Z�W\P�UyZQLH*�3ROVN
��5DSRUW� WHFKQLF]Q\�GRW\F]�F\�WHRULL� L�PHWRG�SRPLDURZ\FK�]MDZLVN�E\á�RSUDFRZDQ\�SU]H]
JUXS
�URERF]��GV��MDNR�FL�HQHUJLL��WG2 Power Quality���8,(��L�QDVW
SQLH�SU]\M
W\�MDNR�VWDQGDUG�Z�UDPDFK�JUXS\
URERF]HM�GV��ZDKD��QDSL
FLD��WG2 Voltage Fluctuation), podkomitetu 77A IEC.

5�2VWDWQLH�EDGDQLD�GRW\F]�FH�79�L�REUD]yZ�YLGHR�SU]HVXQ
á\�JyUQ��JUDQLF
�F]
VWRWOLZR�FL�SDVPD�SRVWU]HJDQLD�]PLDQ
obrazu (ang. flicker fussion boundary��GR�RNRáR�����+]��:\ND]Dá\�RQH��*H�VWUHV�L�]P
F]HQLH�PR*H�E\ü�Z\ZRáDQH
SU]H]� ]MDZLVNR�PLJRWDQLD��ZLDWáD� UyZQLH*�Z�SRG�ZLDGRPR�FL��*UDQLFD� SRVWU]HJDQLD� ]DOH*\�RG�ZDUWR�FL� �UHGQLHM
VWUXPLHQLD� �ZLHWOQHJR� SRGOHJDM�FHJR� ]PLDQLH�� -HM� Z]URVW� SRZRGXMH� ]ZL
NV]HQLH� F]
VWRWOLZR�FL� JUDQLF]QHM�
&]
VWRWOLZR�ü�WD�]DOH*\�UyZQLH*�RG�EDUZ\��ZLDWáD
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RNRáR� ����PV�� 2]QDF]D� WR�� *H�Z\VW
SXMH� �OHG]HQLH�ZROQ\FK6 L� ÄZ\JáDG]DQLH�� V]\ENLFK� ]PLDQ
VWUXPLHQLD� �ZLHWOQHJR�� 1S�� GZLH� NUyWNLH� ]PLDQ\� VWUXPLHQLD� Z\VW
SXM�FH� Z� F]DVLH� ���� ms
V��SRVWU]HJDQH�MDNR�MHGQD�]PLDQD��%DUG]LHM�GRNXF]OLZH�V��]PLDQ\�VWUXPLHQLD��ZLHWOQHJR��GDM�FH
NUyWNL� LPSXOV� �ZLHWOQ\�� SR�NWyU\P�Z\VW
SXMH�GáX*V]D�SU]HUZD��=MDZLVNR�PLJRWDQLD� �ZLDWáD� MHVW
EDUG]LHM�GRPLQXM�FH�Z�ERF]Q\FK�QL*�Z�EH]SR�UHGQLFK�REUD]DFK��QD�NWyU\FK�VNRQFHQWURZDQD�MHVW
XZDJD�SDWU]�FHJR��=PLDQ\�VWUXPLHQLD��ZLHWOQHJR�V��Z\ZRá\ZDQH�Z�WDNL�VDP�VSRVyE��QLH]DOH*QLH
RG�URG]DMX�QDSL
FLD�]DVLODM�FHJR�(UyGáR��ZLDWáD���]PLHQQHJR�OXE�VWDáHJR�

�����0LHUQLN�PLJRWDQLD��ZLDWáD
:�SU]\SDGNX��JG\�]PLDQ\�QDSL
FLD�QLH�PDM�� UHJXODUQHJR�NV]WDáWX� �W\SRZHJR�GOD�ZL
NV]R�FL

RGELRUQLNyZ�SU]HP\VáRZ\FK���SU]\MPXMH�VL
�MDNR�ZVND(QLN�ZDKD��QDSL
FLD�PLJRWDQLH�VWUXPLHQLD
�ZLHWOQHJR� *DURZ\FK� (UyGHá� �ZLDWáD�� &HOHP� SRPLDURZHM� RFHQ\� WHJR� ]MDZLVND� MHVW� RNUH�OHQLH
VWRSQLD� OXG]NLHM� LU\WDFML� Z\ZRáDQHM� ]PLDQDPL� VWUXPLHQLD� �ZLHWOQHJR�� :� W\P� SURFHVLH� PR*QD
Z\Uy*QLü� WU]\� ]DVDGQLF]H� HOHPHQW\�� (UyGáR� QDSL
FLD� R� ]PLHQQHM� ZDUWR�FL�� RNR� OXG]NLH
L� UHDOL]XM�F\� VL
� Z� QLP� SURFHV� SRVWU]HJDQLD� RUD]� Py]J� ]� MHJR� QLHOLQLRZ\PL� �Z� IXQNFML
F]
VWRWOLZR�FL�� UHDNFMDPL�� 'RVW
SQ\� GR� SRPLDURZHM� RFHQ\� MHVW� W\ONR� SLHUZV]\� VNáDGQLN�
3R]RVWDáH� PXV]�� E\ü� PRGHORZDQH�� 7\ONR� ZyZF]DV�� JG\� PRGHORZDQLH� WHJR� ]áR*RQHJR� XNáDGX
E
G]LH� SUDZLGáRZH�� PR*OLZH� E
G]LH� GHGXNRZDQLH� UHODFML� SRPL
G]\� ]PLDQDPL� QDSL
FLD
�R�Uy*Q\FK�NV]WDáWDFK��D�VWRSQLHP�OXG]NLHM�LU\WDFML�

7H� IDNW\�� RUD]� FDáD� ]áR*RQR�ü� SURFHVX� IL]MRORJLF]QHJR� SRVWU]HJDQLD�� ]RVWDá\� XZ]JO
GQLRQH
SU]\�WZRU]HQLX�PLHUQLND�PLJRWDQLD�0L
G]\QDURGRZHM�8QLL�(OHNWURWHFKQRORJLL��8,(���8PR*OLZLD
RQ� RFHQ
� ]MDZLVND� PLJRWDQLD� �ZLDWáD� �ZLDU\JRGQH� ZVND]DQLD� UHDNFML� REVHUZDWRUD�� QLH]DOH*QLH
RG� NV]WDáWX� ZDKD�� QDSL
FLD� L� (UyGáD� ]DEXU]HQLD�� 2SUDFRZDQD� VSHF\ILNDFMD� WHFKQLF]QD ]RVWDáD
SRGGDQD�PL
G]\QDURGRZHM�G\VNXVML�Z�UDPDFK�,(&�L�RSXEOLNRZDQD�MDNR�QRUPD�,(& 61000-4-15
�Z�3ROVFH�31�(1��������������0LHUQLN�8,(�SRZVWDá�MDNR�UH]XOWDW�PL
G]\QDURGRZHM�ZVSyáSUDF\
L� Z\QLN� GR�ZLDGF]H�� X]\VNDQ\FK� SU]\� NRQVWUXNFML� L� HNVSORDWDFML� LQQ\FK� ZF]H�QLHMV]\FK
SU]\U]�GyZ7. Rysunek 7 przedstawia jego uproszczony schemat blokowy. W strukturze
SU]\U]�GX�PR*QD�Z\Uy*QLü�SL
ü�EORNyZ�IXQNFMRQDOQ\FK�

5\V�����6FKHPDW�EORNRZ\�PLHUQLND�PLJRWDQLD��ZLDWáD�8,(

Blok 1
:�EORNX�W\P�]�V\JQDáX�SURSRUFMRQDOQHJR�GR�]PLHQQHM�Z�F]DVLH�VNXWHF]QHM�ZDUWR�FL�QDSL
FLD

]DVLODM�FHJR� u(t)� X]\VNLZDQD� MHVW� LQIRUPDFMD� R� Z]JO
GQ\FK� ]PLDQDFK� �ZDKDQLDFK�� QDSL
FLD� �
d(t) = U/U�U - przy czym U�U MHVW� �UHGQL�� VNXWHF]Q��ZDUWR�FL�� QDSL
FLD�Z\]QDF]RQ��Z� WUDNFLH

                                                
6�2NR�OXG]NLH�DGDSWXMH�VL
�GR�ZROQ\FK�]PLDQ�VWUXPLHQLD��ZLHWOQHJR�SRSU]H]�]PLDQ
��UHGQLF\�(UHQLF\�RND�
7�:DUWR�WX�Z\PLHQLü��PLHUQLN�EU\W\MVNL�(5$ (Electrical Research Association); miernik francuski EDF (Electricite

de France); miernik niemiecki FGH (Forschungsgemeinschaft für Hochspannungs und Hochstromtechnik e. V.);
PLHUQLN�MDSR�VNL�∆ V10.
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ND*GHM� RVWDWQLHM� PLQXW\� SRGF]DV� UHDOL]DFML� SRPLDUX�� 3R]ZDOD� WR� QD� �OHG]HQLH� ZROQ\FK� ]PLDQ
VSRZRGRZDQ\FK�QS��SURFHVDPL�UHJXODFML�QDSL
FLD�UHDOL]RZDQ\PL�Z�V\VWHPLH�]DVLODM�F\P��1LH�V�
RQH� SRVWU]HJDQH� MDNR�PLJRWDQLH�� SRQLHZD*� RNR� OXG]NLH�PR*H� MH� áDWZR� �OHG]Lü� SRSU]H]� ]PLDQ

�UHGQLF\� (UHQLF\�� 8NáDG� ZHM�FLRZ\� Z� EORNX� �� ]DSHZQLD� UyZQLH*� RGSRZLHGQL� SR]LRP� L]RODFML
SU]\U]�GX� RUD]� VNDORZDQLH� V\JQDáX� ZHM�FLRZHJR� GR� EORNX� ��� =DZLHUD� UyZQLH*� JHQHUDWRU
V\JQDáyZ�GOD�NDOLEUDFML�PLHUQLND�

.ROHMQH�EORNL�������L���VWDQRZL��PRGHO�XNáDGX��*DURZH�(UyGáR��ZLDWáD���RNR�OXG]NLH���Py]J�

Blok 2 (demodulator)
8*\WHF]Q\P� V\JQDáHP� GOD� SU]\U]�GX� MHVW� Z]JO
GQD� ]PLDQD� QDSL
FLD�� NWyUD� PR*H� E\ü

LQWHUSUHWRZDQD� MDNR� V\JQDá�PRGXOXM�F\�QDáR*RQ\�QD� ���+]�SU]HELHJ�QR�Q\��=DFKRG]L� SRWU]HED
Z\]QDF]HQLD� V\JQDáX� PRGXOXM�FHJR�� VW�G� REHFQR�ü� GHPRGXODWRUD� Z� VFKHPDFLH� EORNRZ\P
PLHUQLND�� 3RGQRV]HQLH� GR� NZDGUDWX� V\JQDáX� ZHM�FLRZHJR� MHVW� UyZQR]QDF]QH� ]� RGWZRU]HQLHP
NZDGUDWX� ZDUWR�FL� VNXWHF]QHM� V\JQDáX�� FR� Z� VSRVyE� EH]SR�UHGQL� PR*QD� RGQLH�ü� GR� PRF\
*DURZHJR�(UyGáD��ZLDWáD��8*\FLH�ÄNZDGUDWRZHJR��GHPRGXODWRUD�MHVW�X]DVDGQLRQH�áDWZR�FL��MHJR
WHFKQLF]QHM�UHDOL]DFML�RUD]�]DGRZDODM�F��VNXWHF]QR�FL��G]LDáDQLD�

Blok 3
3LHUZV]\�ILOWU�HOLPLQXMH�VNáDGRZ��VWDá��RUD]�LQQH�QLHSR*�GDQH�VNáDGRZH�V\JQDáX�Z\M�FLRZHJR

GHPRGXODWRUD��&KDUDNWHU\VW\ND�F]
VWRWOLZR�FLRZD�XNáDGX��*DURZH�(UyGáR��ZLDWáD�����9����:�±

SDUDPHWU\�� NWyUH� X]QDQR� ]D� QDMEDUG]LHM� SRZV]HFKQH��� RNR� OXG]NLH�� ]RVWDáD� RGWZRU]RQD

Z�SU]\U]�G]LH� ]D� SRPRF�� ILOWUX� SDVPRZR�SU]HSXVWRZHJR� �� U]
GX� R� WUDQVPLWDQFML� RSHUDWRURZHM
RNUH�ORQHM�]DOH*QR�FL������L�FKDUDNWHU\VW\FH�F]
VWRWOLZR�FLRZHM�SU]HGVWDZLRQHM�QD�U\VXQNX���

)1)(1(

1

2
)(

43

2
2
1

2
1

230

ωω

ω
ωλ

ω
ss

s

ss

sk
sH V

++

+
⋅

++
= (2)

gdzie: k = 1,74802 λ = 05981,42π 1ω = 15494,92π
  2ω = 27979,22π 3ω = 22535,12π 4ω = 9,212π

3RVWDü� WHM� WUDQVPLWDQFML� L� SU]HELHJ� MHM� FKDUDNWHU\VW\NL� F]
VWRWOLZR�FLRZHM� MHVW� ZáD�FLZ\
Z\á�F]QLH� GOD� ���9� ODPS� *DURZ\FK�� 'OD� LQQ\FK� URG]DMyZ� (UyGHá� �ZLDWáD� QS�� ODPS
IOXRUHVFHQF\MQ\FK��QDOH*\�VWRVRZDü�LQQ��SRVWDü�WUDQVPLWDQFML�

Blok 4 (nieliniowa reakcja mózgu)
Model percepcji wzrokowej 5DVKEDVVD� ]DZLHUD�� SUyF]� ILOWUX� ZD*RQHJR�� UyZQLH*� IXQNFM


SRGQRV]HQLD� GR� NZDGUDWX� RUD]� IXQNFM
� FDáNRZDQLD� WDN� RWU]\PDQHJR� V\JQDáX� UHDOL]RZDQ�
]D�SRPRF��ILOWUX�GROQRSU]HSXVWRZHJR�SLHUZV]HJR�U]
GX�R�VWDáHM�F]DVRZHM��Z\QRV]�FHM�RNRáR����
PV�� :\M�FLH� ]� EORNX� �� �� V\JQDá� SURSRUFMRQDOQ\� GR� ]PLDQ� QDSL
FLD�� ZD*RQ\FK� SU]H]� F]XáR�ü
XNáDGX��*DUyZND���RNR���Py]J��UHSUH]HQWXMH�FKZLORZ\�SR]LRP�PLJRWDQLD��-HVW�RQ�SU]HNV]WDáFRQ\
Z�ZDUWR�ü�Z]JO
GQ��Z�HIHNFLH�SRG]LHOHQLD�SU]H]�ZDUWR�ü�RGSRZLDGDM�F�� SURJRZL�SRVWU]HJDQLD
PLJRWDQLD��ZLDWáD��:L
NV]D�RG���ZDUWR�ü�V\JQDáX�Z\M�FLRZHJR�EORNX���R]QDF]D��*H�LQWHQV\ZQR�ü
PLJRWDQLD�SU]HNURF]\áD�SR]LRP�SRVWU]HJDQLD�L�PR*H�E\ü�XFL�*OLZD�OXE�QDZHW�QLH�WROHURZDQD�
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5\V�����&KDUDNWHU\VW\ND�F]
VWRWOLZR�FLRZD�ILOWUX�ZD*RQHJR�PLHUQLND�PLJRWDQLD��ZLDWáD�8,(��S(t)�±�V\JQDá
Z\M�FLRZ\�EORNX���QD�U\VXQNX��

%ORN����VWDW\VW\F]QD�RFHQD�XFL�*OLZR�FL�PLJRWDQLD�

=H� ]QDMRPR�FL� PHFKDQL]PX� SRVWU]HJDQLD� Z\QLND�� *H� PLJRWDQLH� SRZLQQR� E\ü� RFHQLDQH
Z� RGSRZLHGQLR� ]QDF]�F\P� RNUHVLH�� 'RGDWNRZR�� ]H� Z]JO
GX� QD� ORVRZ\� FKDUDNWHU� ]MDZLVND�
QDOH*\� ]DáR*\ü�� *H� Z� F]DVLH� REVHUZDFML� FKZLORZD� ZDUWR�ü� E
G]LH� VL
� ]PLHQLDáD� Z� V]HURNLP
SU]HG]LDOH� Z� VSRVyE� ORVRZ\�� :\QLND� VW�G� SRWU]HED� RFHQ\� VWDW\VW\F]QHM� L� NRQWUROL� QLH� W\ONR
PDNV\PDOQHJR� SR]LRPX�� OHF]� WDN*H�� Z� MDNLP� SURFHQWRZR� F]DVLH� REVHUZDFML� GDQ\� SR]LRP
PLJRWDQLD� MHVW� SU]HNURF]RQ\�� $QDOL]D� VWDW\VW\F]QD� Z\PDJD� ]DWHP� XVWDOHQLD� UHODFML� SRPL
G]\
OLF]ERZ\PL�ZDUWR�FLDPL�RNUH�ODM�F\PL�SR]LRP\�PLJRWDQLD�L�F]DVDPL�LFK�Z\VW
SRZDQLD��:�W\P

FHOX�� QD� SRGVWDZLH� V\JQDáX� Z\M�FLRZHJR�S(t) z bloku 4, miernik wyznacza dwa statystyczne
ZVND(QLNL��W]Z��ZVND(QLN�NUyWNRRNUHVRZHJR�PLJRWDQLD��DQJ��short-term flicker severity value) -
Pst��L�ZVND(QLN�GáXJRRNUHVRZHJR�PLJRWDQLD��DQJ��long-term flicker severity value) - Plt. Te dwie
ZLHONR�FL� WZRU]�� EH]Z\PLDURZH� MHGQRVWNL� ]DDNFHSWRZDQH� SU]H]�PL
G]\QDURGRZ�� VSRáHF]QR�ü
QDXNRZ��� :VND(QLN� Pst = 1 odpowiada progowi postrzegania, granicy migotania, która
QLH� SRZLQQD� E\ü� SU]HNURF]RQD�� DE\� QLH� SRZRGRZDü� G\VNRPIRUWX� SV\FKLF]QHJR� REVHUZDWRUD�

8VWDOHQLH�ZDUWR�FL�ZVND(QLND�Pst wymaga:

���3RPLDUX�FKZLORZ\FK�SR]LRPyZ�PLJRWDQLD�L�LFK�NODV\ILNDFML�ZJ�ZDUWR�FL���U\VXQHN��D�
��� :\]QDF]HQLD� W]Z�� IXQNFML� VNXPXORZDQHJR� SUDZGRSRGRELH�VWZD� &3)� �DQJ. cumulative

probability function�� �� U\VXQHN� �E�� 5\VXQHN� SU]HGVWDZLD� SU]\NáDGRZ\� SU]HELHJ� IXQNFML
&3)��JG]LH�GOD�F]\WHOQR�FL�SUH]HQWDFML�Z\Uy*QLRQR�QLHZLHON�� OLF]E
�NODV�ZDUWR�FL��)XQNFMD
&3)� MHVW� W\SRZ�� NU]\Z�� XSRU]�GNRZDQ\FK� SUDZGRSRGRELH�VWZ� nieprzekroczenia
RNUH�ORQ\FK� ZDUWR�FL� �SR]LRPyZ��� Z\VW
SXM�F\FK� Z� RGSRZLHGQLP� F]DVLH�� .V]WDáW\
NU]\Z\FK�&3)�]QDF]QLH�Uy*QL��VL
�SRPL
G]\�VRE��GOD�UR]PDLW\FK�URG]DMyZ�ZDKD��QDSL
FLD�
VW�G�Z\QLND�SRWU]HED�VIRUPXáRZDQLD�MHGQR]QDF]QHM��RELHNW\ZQHM��D�]DUD]HP�SURVWHM�PHWRG\
LFK�LQWHUSUHWDFML�L�ZDUWR�FLRZDQLD�

2. 2NUH�OHQLD�ZDUWR�FL�ZVND(QLND�NUyWNR��L�GáXJRRNUHVRZHJR�PLJRWDQLD��ZLDWáD�

Czas obserwacji
3RGVWDZ�� RNUH�OHQLD� ZDUWR�FL� ZVND(QLNyZ� PLJRWDQLD� PR*H� E\ü� F\NO� SUDF\� ]DEXU]DM�FHJR

RGELRUQLND�� 8Z]JO
GQLDM�F� MHGQDN*H� GX*�� LFK� Uy*QRURGQR�ü� QDOH*DáR� ]QDOH(ü� SHZQ�� ZVSyOQ�
PLDU
� F]DVX�� 3R� XZ]JO
GQLHQLX� SRGVWDZ� IL]MRORJLF]QHM� SHUFHSFML�Z]URNRZHM� RUD]� QD� SRGVWDZLH
WHVWyZ�ZUD*OLZR�FL�SU]HFL
WQHJR�REVHUZDWRUD��SU]\M
WR�GZD�SU]HG]LDá\�REVHUZDFML�

�� NUyWNL� RNUHV� REVHUZDFML� Z\QRV]�F\� G]LHVL
ü� PLQXW�� MHVW� WR� F]DV� GRVWDWHF]QLH� GáXJL�� DE\
NUyWNRWUZDáH��VSRUDG\F]QLH�Z\VW
SXM�FH�]PLDQ\�QDSL
FLD�QLH�PLDá\�]E\W�]QDF]�FHJR�ZSá\ZX
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QD� RVWDWHF]Q\� Z\QLN� SRPLDUX�� D� Z\VWDUF]DM�FR� NUyWNL�� DE\� XPR*OLZLü� V]F]HJyáRZ\� RSLV
RGELRUQLND�]DEXU]DM�FHJR�R�GáXJLP�F\NOX�SUDF\�

�� GáXJL� F]DV� REVHUZDFML� Z\QRV]�F\� GZLH� JRG]LQ\�� MHVW� WR� F]DV� GRVWDWHF]QLH� GáXJL�� DE\
XPR*OLZLü� DQDOL]
� RGELRUQLNyZ� SU]HP\VáRZ\FK� FKDUDNWHU\]XM�F\FK� VL
� ]� UHJXá\� GáXJLP
cyklem pracy, szczególnie o losowym jego charakterze.

7H� GZD� ZVND(QLNL� GDM�� EDUG]R� Uy*Q\� ZJO�G� Z� ]MDZLVNR� PLJRWDQLD� �ZLDWáD� L� JZDUDQWXM�
NRPSOHPHQWDUQR�ü�RFHQ\�]DEXU]HQLD�Z�SXQNFLH�SRPLDURZ\P�

5\V������D��LOXVWUDFMD�VSRVREX�Z\]QDF]DQLD�F]DVX�Z\VW
SRZDQLD�PLJRWDQLD�QD�Uy*Q\FK�SR]LRPDFK�ZDUWR�FL���MDNR

SU]\NáDG�Z\Uy*QLRQR���NODV
�ZDUWR�FL�� ∑=
3

1
4 itT ����E��)XQNFMD�VNXPXORZDQHJR�SUDZGRSRGRELH�VWZD��&3)��V\JQDáX

R�ZDUWR�FLDFK�]DZDUW\FK�Z�Z\Uy*QLRQ\FK�NODVDFK�� ΣD ��FDáNRZLW\�F]DV�SRPLDUX�

:VND(QLN�NUyWNRRNUHVRZHJR�PLJRWDQLD��ZLDWáD��3st)
:\]QDF]DQ\�MHVW�]JRGQLH�]�]DOH*QR�FL��

5050101033111,01,0 PkPkPkPkPkPst ++++= (3)

gdzie: k0,1 ....k50 ZVSyáF]\QQLNL� ZDJRZH� �ZD*HQLD��� NWyU\FK� ZDUWR�FL� Z\QLNDM�

]�SU]\M
W\FK�SURFHGXU�REOLF]HQLRZ\FK�
P0,1 ....P50 SR]LRP\� PLJRWDQLD� �ZDUWR�FL� V\JQDáyZ� Z\M�FLRZ\FK� ]� EORNX� ���

GOD�NWyU\FK�RNUH�ORQH�MHVW�SUDZGRSRGRELH�VWZR�LFK�SU]HNURF]HQLD�
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-DNR� Z\VWDUF]DM�FH� �]� SUDNW\F]QHJR� SXQNWX� ZLG]HQLD�� X]QDQR� �� SR]LRPyZ� OXE� LQDF]HM
percentyli (ang. gauge points���6��WR�

P0,1��SR]LRP�SU]HNURF]RQ\�Z�WUDNFLH������F]DVX�REVHUZDFML��ZVSyáF]\QQLN�ZDJL�k0,1 = 0,0314
P1�����SR]LRP�SU]HNURF]RQ\�Z�WUDNFLH�����F]DVX�REVHUZDFML��ZVSyáF]\QQLN�ZDJL�k1 = 0,00525
P3   ��SR]LRP�SU]HNURF]RQ\�Z�WUDNFLH�����F]DVX�REVHUZDFML��ZVSyáF]\QQLN�ZDJL�k3 = 0,0657
P10 ��SR]LRP�SU]HNURF]RQ\�Z�WUDNFLH������F]DVX�REVHUZDFML��ZVSyáF]\QQLN�ZDJL�k10 = 0,28
P50 ��SR]LRP�SU]HNURF]RQ\�Z�WUDNFLH������F]DVX�REVHUZDFML��ZVSyáF]\QQLN�ZDJL�k50 = 0,08

:V]\VWNLH�ZVSyáF]\QQLNL�ZDJRZH�V��GRGDWQLH��FR�JZDUDQWXMH�VWDELOQR�ü�Z\]QDF]RQ\FK�QD�LFK
SRGVWDZLH�ZVND(QLNyZ�PLJRWDQLD�� %DGDQLD� SUDNW\F]QH�Z\ND]Dá\�� *H�Z� SHZQ\FK� SU]\SDGNDFK�
Z� QDVW
SVWZLH� JáyZQLH� RSHUDFML� á�F]HQLRZ\FK�� Z� V\VWHPLH� PR*H� Z\VW�SLü� VNRNRZD�� ]QDF]�FD
]PLDQD� ZDUWR�FL� MHGQHJR� ]� SHUFHQW\OL� L� Z� NRQVHNZHQFML� ]QDF]�FD� ]PLDQD� ZDUWR�FL� ZVND(QLND
PLJRWDQLD�� 0LPR� *H� WDNLH� SU]\SDGNL� Z� SUDNW\FH� V�� PDáR� SUDZGRSRGREQH�� XZ]JO
GQLRQR� MH
UyZQLH*� Z� PHWRG]LH� SRPLDURZHM�� :� W\P� FHOX� GOD� Z\]QDF]HQLD� SU]\M
W\FK� SR]LRPyZ
XZ]JO
GQLRQR�GRGDWNRZH�SXQNW\�SRPRFQLF]H�QD�NU]\ZHM�VNXPXORZDQHJR�SUDZGRSRGRELH�VWZD�
X]\VNXM�F� Z� WHQ� VSRVyE� W]Z�� ÄJáDG]RQH�� ZDUWR�FL�� D� ZL
F� R� ZL
NV]\P� VWRSQLX� RGSRUQR�FL
QD� QDJáH� ]PLDQ\� VWDQX� SUDF\� (UyGHá� ZDKD�� QDSL
FLD�� ,QGHNV� �V�� ZVND]XMH�� *H� GDQ\� percentyl
SRGOHJD�RSHUDFML�Z\JáDG]HQLD�QD�SRGVWDZLH�QDVW
SXM�F\FK�]DOH*QR�FL�

3/)( 5,117,011 PPPPP s ++==
3/)( 432,233 PPPPP s ++==

5/)( 171310861010 PPPPPPP s ++++== (4)

3/)( 8050305050 PPPPP s ++==

przy czym P0,7 ... P80� R]QDF]DM�� SR]LRP\�PLJRWDQLD�� NWyU\FK�ZDUWR�FL� QLH� V�� SU]HNURF]RQH

RGSRZLHGQLR�Z�FL�JX��������������F]DVX�REVHUZDFML8. Percentyl P0,1 �QLH�PR*H�]PLHQLDü�Z�VSRVyE

QDJá\� VZRMHM� ZDUWR�FL� ]H� Z]JO
GX� QD� ����VHNXQGRZ�� VWDá�� F]DVRZ��� SU]\M
W�� Z� PLHUQLNX�
1LH�Z\PDJD�ZL
F�GRGDWNRZHM�RSHUDFML�JáDG]HQLD9.

1DOH*\� ]DXZD*\ü�� *H� QLH� MHVW� UR]ZD*DQD� PDNV\PDOQD� ZDUWR�ü� PLJRWDQLD�� PR*H� E\ü� RQD
ERZLHP� ]E\W� UHVWU\NF\MQD�� 6]F]\WRZD� ZDUWR�ü� Z\VW
SXM�FD� Z� NUyWNLP� F]DVLH� QLH� QLHVLH
SUDZG]LZHM� LQIRUPDFML� R� V]NRGOLZR�FL� ]MDZLVND�� ���� SXQNW� UHIHUHQF\MQ\� RNUH�OD� SR]LRP
PLJRWDQLD�� NWyU\� PR*H� E\ü� SU]HNURF]RQ\� Z� WUDNFLH� SRáRZ\� F]DVX� REVHUZDFML�� FKDUDNWHU\]XM�F
Z�WHQ�VSRVyE��UHGQL�SR]LRP�XFL�*OLZR�FL�]MDZLVND�L�LQIRUPXM�F�R�U]
G]LH�ZDUWR�FL�]DEXU]HQLD�

$OJRU\WP� ]RVWDá� Z\NRU]\VWDQ\� GR� RNUH�OHQLD� SU]HELHJX� NU]\ZHM� Pst = 1 w przypadku
SURVWRN�WQ\FK��UyZQR�RGOHJá\FK�]PLDQ�QDSL
FLD��-HVW�RQD�SU]HGVWDZLRQD�QD�U\VXQNX�����%DGDQLD
SU]HSURZDG]RQH� SU]H]� 8,(� Z\ND]Dá\�� *H� ZL
NV]R�ü� LFK� XF]HVWQLNyZ� X]QDáD� ZDKDQLD� QDSL
FLD
RGSRZLDGDM�FH�ZVSyáF]\QQLNRZL�Pst ≥ ���]D�XFL�*OLZH�
                                                
83R����JRG]LQDFK�SRPLDUX�RWU]\PXMH� VL
� ����ZDUWR�FL�� ,VWQLHMH� UyZQLH*�PR*OLZR�ü� ]DVWRVRZDQLD����PLQXWRZHJR�
SU]HVXZDM�FHJR� VL
� RNQD� SRPLDURZHJR�� G]L
NL� F]HPX� QRZD� ZDUWR�ü� ZVND(QLND� Pst� E
G]LH� Z\]QDF]DQD� FR� �

PLQXW
��=ZL
NV]D� WR� OLF]E
� SRPLDUyZ�GR������Z�FL�JX�GRE\��:� WHQ� VSRVyE� UH]XOWDW\� SRPLDUyZ� VWDM�� VL
�PQLHM
]DOH*QH�RG�SXQNWX�SRF]�WNRZHJR��FR�MHVW�ZD*QH�QS��GOD�SLHFD�áXNRZHJR�

96WRVRZDQH� V�� Uy*QH� WHFKQLNL�Z� FHOX� SRSUDZ\�GRNáDGQR�FL� SRPLDUX� �OLQLRZD� L� QLHOLQLRZD� LQWHUSRODFMD�� QLHOLQLRZD
klasyfikacja itp.).



13

Rys. 10 Krzywa Pst� ����GOD�SURVWRN�WQ\FK��UyZQR�RGOHJá\FK�]PLDQ�QDSL
FLD�

1D� U\VXQNX� ��� SU]HGVWDZLRQR� SU]\NáDGRZH� W\JRGQLRZH� ]PLDQ\�ZDUWR�FL�ZVSyáF]\QQLND�Pst

GOD�RGELRUF\�NRPXQDOQHJR�]DVLODQHJR�]�VLHFL�QLVNLHJR�QDSL
FLD�

(a)                                                                                 (b)
5\V�������D��SU]\NáDGRZH��W\JRGQLRZH�]PLDQ\�ZDUWR�FL�ZVND(QLND�Pst�GOD�RGELRUF\�NRPXQDOQHJR��E��SRZL
NV]HQLH
Z\EUDQHJR�IUDJPHQWX��QD�NWyU\P�Z\UD(QLH�ZLGDü�]PLDQ
�ZDUWR�FL�ZVSyáF]\QQLND�Z�RNUHVDFK����PLQXWRZ\FK�

:VND(QLN�GáXJRRNUHVRZHJR�PLJRWDQLD��ZLDWáD��Plt)
']LHVL
FLRPLQXWRZ\� RNUHV�� E
G�F\� SRGVWDZ�� Z\]QDF]DQLD� ZVND(QLND� NUyWNRRNUHVRZHJR

PLJRWDQLD��MHVW�RGSRZLHGQL�GR�RFHQ\�]DEXU]H��SRZRGRZDQ\FK�SUDF��SRMHG\QF]\FK�RGELRUQLNyZ�
WM�� ZDOFRZQL�� SRPS�� VSU]
WX� GRPRZHJR� LWS�� :� SU]\SDGNX�� JG\� RFHQLH� SRGGDZDQ\� MHVW

VXPDU\F]Q\� ]DEXU]DM�F\� HIHNW� SUDF\� NLONX� RGELRUQLNyZ�� R� ORVRZ\P� FKDUDNWHU]H�� OXE� JG\
UR]ZD*DQ\� MHVW� RGELRUQLN� R� GáXJLP� F\NOX� SUDF\� �QS�� SLHF� áXNRZ\�� QLH]E
GQ\� MHVW� ZVND(QLN
GáXJRRNUHVRZHM�RFHQ\�]DEXU]HQLD��:\NRU]\VWDQR�GR�WHJR�FHOX�WHFKQLN
�RSDUW��QD�DQDOL]LH�]ELRUX
G]LHVL
FLRPLQXWRZ\FK� ZDUWR�FL� Pst� SU]\MPXM�F� MDNR� ZVND(QLN� GáXJRRNUHVRZHJR� PLJRWDQLD

QDVW
SXM�F��ZLHONR�ü�
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gdzie Pst,i�V��NROHMQ\PL�ZDUWR�FLDPL�Pst�Z�UR]ZD*DQ\P�F]DVLH�REVHUZDFML�]MDZLVND��3RZV]HFKQLH

SU]\MPXMH� VL
�ZDUWR�ü�N ����2]QDF]D� WR��*H�ZVND(QLN�XFL�*OLZR�FL�PLJRWDQLD�Z\]QDF]DQ\� MHVW
QD� SRGVWDZLH� SLHUZLDVWND� WU]HFLHJR� U]
GX� ]� ��� NROHMQ\FK� ZVND(QLNyZ� NUyWNRRNUHVRZHJR
PLJRWDQLD�Z�FL�JX���JRG]LQ�

1D�U\VXQNX���D�SU]HGVWDZLRQR�W\JRGQLRZH�]PLDQ\�ZDUWR�FL�ZVSyáF]\QQLND�Plt dla odbiorcy
NRPXQDOQHJR��MDN�QD�U\V�������5\VXQHN���E�SU]HGVWDZLD�FKDUDNWHU\VW\N
�XSRU]�GNRZDQ���:LGDü�

*H� Z� FL�JX� ���� F]DVX� REVHUZDFML� ����� W\JRGQLD�� ZDUWR�ü� ZVSyáF]\QQLND� SU]HNURF]\áD� ��
FR�]JRGQLH�QS��]�QRUP��31�(1�������MHVW�ZDUWR�FL��JUDQLF]Q���:��ZLHWOH� WHM�QRUP\��]�SXQNWX
ZLG]HQLD�ZDKD��QDSL
FLD��ZDUXQNL�]DVLODQLD�UR]SDWU\ZDQHJR�RGELRUF\�V��QLHSUDZLGáRZH�

(a)

)D]D�&

�����

�����

�����

�����

�����

�����

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

��F]DVX�SRPLDUX

3
/
7

(b)

5\V������=PLDQ\�Z�F]DVLH�ZDUWR�FL�ZVSyáF]\QQLND�Plt�RUD]�FKDUDNWHU\VW\ND�XSRU]�GNRZDQD�]�]D]QDF]RQ�
ZDUWR�FL�����VWDQRZL�F��]JRGQLH�]�QRUP��31�(1�������SR]LRP�JUDQLF]Q\FK
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5. NORMALIZACJA

0LJRWDQLH� �ZLDWáD� MHVW� V]F]HJyOQ\P� ]DEXU]HQLHP�� V]F]HJyOQ\P� ]H� Z]JO
GX� QD� IDNW�
*H� XZLGDF]QLD� VL
� RQR� MHG\QLH� Z� R�ZLHWOHQLX� QD� SR]LRPLH� QLVNLHJR� QDSL
FLD�� 7D� NRQVWDWDFMD
]QDMGXMH�VZRMH�RG]ZLHUFLHGOHQLH�Z�GZyFK�]DVDGDFK�SU]\M
W\FK�Z�VWDQGDU\]DFML�
�� REOLJDWRU\MQH� MHVW� UR]ZD*DQLH� PLJRWDQLD� �ZLDWáD� QD� SR]LRPLH� QLVNLHJR� QDSL
FLD�� GOD� NWyUHJR
GHILQLRZDQH�V��SR]LRP\�HPLVML�L�NRPSDW\ELOQR�FL�

�� QLH� MHVW� UR]ZD*DQ\� SR]LRP� PLJRWDQLD� Z� VLHFLDFK� ]DVLODM�F\FK� QLH� ]DZLHUDM�F\FK� F]Xá\FK
QD� ZDKDQLD� QDSL
FLD� (UyGHá� �ZLDWáD�� 'RW\F]\� WR� Z� V]F]HJyOQR�FL� QLHNWyU\FK� SU]HP\VáRZ\FK
VLHFL� UR]G]LHOF]\FK��Z�SU]\SDGNX�NWyU\FK�ZVND(QLN�Pst�PR*H�SU]HNUDF]Dü�ZDUWR�ü���� ,VWRWQ\�

]� QRUPDOL]DF\MQHJR� SXQNWX� ZLG]HQLD�� MHVW� SR]LRP� PLJRWDQLD� Z� SXQNFLH� SU]\á�F]HQLD
QDMEOL*V]HJR� �Z� VWRVXQNX� GR� (UyGáD� ]DEXU]HQLD�� RGELRUQLND�� NWyU\� MHVW� Z\SRVD*RQ\
Z�R�ZLHWOHQLH�*DURZH�
6WDQGDU\]DFMD� GRSXV]F]DOQ\FK� SR]LRPyZ� UR]ZD*DQHJR� ]MDZLVND� ZSURZDG]D� WU]\� Uy*QH

SRM
FLD�� SR]LRP� HPLVML�� SR]LRP� NRPSDW\ELOQR�FL� L� SR]LRP� RGSRUQR�FL�� $� RWR� NUyWND
FKDUDNWHU\VW\ND�SRV]F]HJyOQ\FK�GRNXPHQWyZ�QRUPDOL]DF\MQ\FK�GRW\F]�F\FK�]MDZLVND�PLJRWDQLD
�ZLDWáD�

5.1. Definicje

PN-T-01030 1996.RPSDW\ELOQR�ü�HOHNWURPDJQHW\F]QD����7HUPLQRORJLD
IEC 1000-2-1 1990Electromagnetic compatibility (EMC)

Part 2: Environment - Section 1:
Description of the environment -
Electromagnetic environment for
low-frequency conducted
disturbances and signalling in public
power supply systems

.RPSDW\ELOQR�ü� HOHNWURPDJQHW\F]QD� �� &]
�ü
����URGRZLVNR� ��$UNXV]� ���2SLV� �URGRZLVND� �
�URGRZLVNR� HOHNWURPDJQHW\F]QH� GOD� ]DEXU]H�
SU]HZRG]RQ\FK� QLVNLHM� F]
VWRWOLZR�FL
i sygnalizacji w publicznych sieciach
]DVLODM�F\FK�QLVNLHJR�QDSL
FLX

IEC 1000-2-2 1990Electromagnetic compatibility (EMC)
Part 2: Environment - Section 2: -
Compatibility levels for low-
frequency conducted disturbances
and signalling in public low-voltage
power supply systems

.RPSDW\ELOQR�ü� HOHNWURPDJQHW\F]QD� �� &]
�ü
��� �URGRZLVNR� �� $UNXV]� ��� 3R]LRP\

NRPSDW\ELOQR�FL� GOD� ]DEXU]H�� SU]HZRG]RQ\FK
QLVNLHM� F]
VWRWOLZR�FL� L� V\JQDOL]DFML

Z� SXEOLF]Q\FK� VLHFLDFK� ]DVLODM�F\FK� QLVNLHJR
QDSL
FLD

PN EN 61000-4-15 19990LHUQLN�PLJRWDQLD��ZLDWáD�±�FKDUDNWHU\VW\ND�IXQNFMRQDOQD�L�WHFKQLF]QD

�����3R]LRP\�NRPSDW\ELOQR�FL

PN EN 50160 1998 &KDUDNWHU\VW\NL�QDSL
FLD�Z�SXEOLF]Q\FK�VLHFLDFK�]DVLODM�F\FK

1RUPD� GHILQLXMH� SDUDPHWU\� ]DVLODQLD� HQHUJL�� HOHNWU\F]Q��� NWyUH� SRZLQQ\� E\ü� JZDUDQWRZDQH
SU]H]� G\VWU\EXWRUD� �GRVWDZF
� HQHUJLL�� Z� VWRVXQNX� GR� RGELRUFyZ� �NRQVXPHQWyZ� HQHUJLL��
'RNXPHQW� ]DZLHUD� WU]\� F]
�FL�� �D�� F]
�ü� RJyOQ��� GRW\F]�F�� JáyZQLH� GHILQLFML� WHUPLQyZ
WHFKQLF]Q\FK�� �E�� FKDUDNWHU\VW\N
� QLVNRQDSL
FLRZHJR� (UyGáD� ]DVLODQLD�� �F�� FKDUDNWHU\VW\N

�UHGQLRQDSL
FLRZHJR� (UyGáD� ]DVLODQLD�� 'RNXPHQW� QDNáDGD� RJUDQLF]HQLD� MHG\QLH

QD�GáXJRRNUHVRZ\�ZVND(QLN�PLJRWDQLD�Plt��:DUWR�SRGNUH�OLü�GZLH�MHJR�FHFK\�
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��:VND(QLN�Plt MHVW�Z\]QDF]DQ\�Z�FL�JX�GZyFK�JRG]LQ�QD�SRGVWDZLH����NROHMQ\FK�ZDUWR�FL�Pst
�]DOH*QR�ü� ���� 2]QDF]D� WR�� *H� Z� Z\PDJDQ\P� W\JRGQLRZ\P� F]DVLH� SRPLDUyZ� RWU]\PXMH� VL

]ELyU� ��� ZDUWR�FL� Plt�� 'RNXPHQW� RNUH�OD� ZDUWR�ü� JUDQLF]Q��� NWyUD� QLH� SRZLQQD� E\ü

SU]HNURF]RQD� Z� WUDNFLH� ��� �� RNUHVX� SRPLDUX�� 2]QDF]D� WR�� *H� GáXJRRNUHVRZ\� ZVND(QLN
PLJRWDQLD�PR*H�SU]HNURF]\ü� �QDZHW�EDUG]R�]QDF]QLH��Z\PDJDQ��ZDUWR�ü���SRGF]DV���JRG]LQ
Z� W\JRGQLX�� 3RVWDQRZLHQLH� WR� MHVW� UH]XOWDWHP� NRPSURPLVX�� NWyU\�PXVLDá� UyZQLH*� XZ]JO
GQLü
obszary Europy o gorszych warunkach dostawy energii.

�� 7HRUHW\F]QLH� MHVW� PR*OLZD� V\WXDFMD� Z� NWyUHM� Pst PR*H� RVL�JQ�ü� ZDUWR�ü� ��� Z� SLHUZV]\FK

���PLQ��SRPLDUX�L�]HUR�SRGF]DV�QDVW
SQ\FK�����PLQ��2EOLF]RQD�GOD�WDNLHJR�RNUHVX�ZDUWR�ü�Plt
E
G]LH� VSHáQLDü� Z\PRJL� QRUP\� �Plt = 1). Z tego punktu widzenia postanowienia normy
V��áDJRGQH�
2NUH�ORQH�Z�GRNXPHQFLH�ZDUWR�FL� QLH�PRJ�� E\ü� WUDNWRZDQH� MDNR�JUDQLF]QH�ZDUWR�FL� HPLVML

PLJRWDQLD� GOD� RGELRUF\� HQHUJLL�� Z� W\FK� ERZLHP� SU]\SDGNDFK� VWDQGDUG� SRZLQLHQ� E\ü� ]QDF]QLH

EDUG]LHM� UHVWU\NF\MQ\� L� SU]\MPRZDü� ]D� SRGVWDZ
� GHF\]ML� ]DUyZQR� ZVND(QLN� NUyWNR�� �� MDN
L�GáXJRRNUHVRZHJR�PLJRWDQLD�

'RNXPHQW� GRW\F]\� MHG\QLH� QRUPDOQ\FK� ZDUXQNyZ� SUDF\� VLHFL� ]DVLODM�FHM�� :� LQQ\FK

SU]\SDGNDFK� PR*QD� VL
� VSRG]LHZDü� SU]HNURF]HQLD� SR]LRPyZ� NRPSDW\ELOQR�FL� L� ZyZF]DV
GRVWDZFD� HQHUJLL� RNUH�OD� JUDQLF]QH� ZDUWR�FL� Z� ]DOH*QR�FL� RG� RNROLF]QR�FL� L� VWRVRZDQ\FK
preferencji.

5.3. Poziomy  emisji

PN-EN 61000-3-3 1997 .RPSDW\ELOQR�ü�HOHNWURPDJQHW\F]QD���'RSXV]F]DOQH�SR]LRP\���2JUDQLF]DQLH
ZDKD��QDSL
FLD�L�PLJRWDQLD��ZLDWáD�SRZRGRZDQ\FK�SU]H]�RGELRUQLNL�R�SU�G]LH
znamionowym ≤���$�Z�VLHFLDFK�]DVLODM�F\FK�QLVNLHJR�QDSL
FLD

8VWDORQR�GRSXV]F]DOQH�SR]LRP\�]PLDQ�QDSL
FLD��NWyUH�PRJ��E\ü�SRZRGRZDQH�SU]H]�EDGDQH
XU]�G]HQLD�Z� RNUH�ORQ\FK�ZDUXQNDFK�� L� SRGDQR�ZVND]yZNL� GRW\F]�FH�PHWRG� LFK�Z\]QDF]DQLD
�SRVWDQRZLHQLD� QRUP\� VWRVXMH� VL
� GR� XU]�G]H�� HOHNWU\F]Q\FK� L elektronicznych o fazowym
SU�G]LH� ]DVLODM�F\P� GR� ��� $� Zá�F]QLH�� SU]H]QDF]RQ\FK� GR� SU]\á�F]HQLD� GR� SXEOLF]Q\FK� VLHFL
UR]G]LHOF]\FK� QLVNLHJR� QDSL
FLD� R� QDSL
FLX� ID]RZ\P� ]DZDUW\P� SRPL
G]\� ���� L� ���� 9� RUD]
F]
VWRWOLZR�FL� ��� +]�� EDGDQLD� ]JRGQH� ]� QRUP�� V�� EDGDQLDPL� W\SX���Dokument IEC 1000-3-3
]DVWU]HJD� VWRVRZDQLH� GR� EH]SR�UHGQLHM� RFHQ\� ]MDZLVND� PLJRWDQLD� �ZLDWáD� PLHUQLND� ]JRGQHJR
]H�VSHF\ILNDFM��SRGDQ��Z�31�(1������������

IEC 1000-3-5 1994 Electromagnetic compatibility (EMC)
– Part 3: Limits - Section 5:
Limitation of voltage fluctuations and
flicker in low-voltage supply systems
for equipment with rated current
greater than 16 A

.RPSDW\ELOQR�ü�HOHNWURPDJQHW\F]QD��&]
�ü���
Dopuszczalne poziomy - Arkusz 5:
2JUDQLF]HQLH� ZDKD�� QDSL
FLD� SRZRGRZDQ\FK
SU]H]� XU]�G]HQLD� R� SU�G]LH� ]QDPLRQRZ\P
ZL
NV]\P� RG� ��� $� Z� VLHFLDFK� ]DVLODM�F\FK
QLVNLHJR�QDSL
FLD

Publikacja IEC 1000-3-5 jest raportem technicznym. Zgodnie z jej postanowieniami,
GOD�ND*GHJR�XU]�G]HQLD�� XZ]JO
GQLDM�F� FKDUDNWHU� MHJR� ]DSRWU]HERZDQLD�QD� HQHUJL
� HOHNWU\F]Q��
QDOH*\� Z\]QDF]\ü� ZDUWR�ü� PDNV\PDOQHM� LPSHGDQFML� VLHFL� ]DVLODM�FHM�� GOD� NWyUHM� QLH� E
G�
SU]HNURF]RQH�SR]LRP\�RNUH�ORQH�Z�GRNXPHQFLH�����������'RVWDZFD�HQHUJLL�PXVL�]DDNFHSWRZDü
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ND*GH�SU]\á�F]HQLH��SR�VSUDZG]HQLX��*H�Z�SXQNFLH�ZVSyOQHJR�SU]\á�F]HQLD�GR�VLHFL�UR]G]LHOF]HM
LPSHGDQFMD�]DVW
SF]D�MHVW�QLH�ZL
NV]D�RG�PDNV\PDOQHM��SRGDQHM�SU]H]�SURGXFHQWD�

IEC 1000-3-7 1996 Electromagnetic compatibility (EMC)
- Part 3: Limits - Section 7:
Assessment of emission limits for
fluctuating loads in MV and HV power
systems – basic EMC publication

.RPSDW\ELOQR�ü�HOHNWURPDJQHW\F]QD��&]
�ü���
Dopuszczalne poziomy - Arkusz 7: Ocena
ZDUWR�FL� JUDQLF]Q\FK� HPLVML� RGELRUQLNyZ

QLHVSRNRMQ\FK� SU]\á�F]RQ\FK� GR� VLHFL� 61� L
WN – podstawowa publikacja EMC

�����3R]LRP\�RGSRUQR�FL
1LH�LVWQLHM��QRUP\�RNUH�ODM�FH�RGSRUQR�ü�VSU]
WX�QD�V]\ENLH�]PLDQ\�QDSL
FLD��1RUPD�31�(1

61000-4-11: 1997 (.RPSDW\ELOQR�ü� HOHNWURPDJQHW\F]QD� �� 7HFKQLNL� EDGDZF]H� L� SRPLDURZH� �
%DGDQLD� RGSRUQR�FL� QD� QDJáH� REQL*HQLH� QDSL
FLD�� NUyWNLH� SU]HUZ\� L� ]PLDQ\� QDSL
FLD�� RNUH�OD
VSRVRE\� SU]HSURZDG]DQLD� WHVWyZ� RGSRUQR�FLRZ\FK� VSU]
WX� Z� SU]\SDGNX� ÄREQL*HQLD� QDSL
FLD�
NUyWNLFK� SU]HUZ� L� ]PLDQ� QDSL
FLD��� :� U]HF]\ZLVWR�FL� WUDNWXMH� RQD� R� GZyFK� SLHUZV]\FK
]MDZLVNDFK�L�Z�PQLHMV]\P�VWRSQLX�GRW\F]\�]MDZLVND�PLJRWDQLD��ZLDWáD�

�����:\W\F]QH�8,(�Ä3U]\á�F]HQLH�RGELRUQLNyZ�QLHVSRNRMQ\FK´
5DSRUW\� WHFKQLF]QH� GRW\F]�FH� SURFHGXU\� Z\GDZDQLD� ZDUXQNyZ� WHFKQLF]Q\FK� SU]\á�F]HQLD

RGELRUQLNyZ� ]DEXU]DM�F\FK� V�� REHFQLH� QD� HWDSLH� RSUDFRZ\ZDQLD�� :� ZLHOX� NUDMDFK� LVWQLHM�
QDURGRZH�Z\W\F]QH��NWyU\FK�SRVWDQRZLHQLD�V��Z�ZL
NV]R�FL�SU]\SDGNyZ�RSDUWH�QD�Z\W\F]Q\FK
8,(���WDEOLFD����,VWQLHMH�RSLQLD��*H�Z\PDJDQLD�WH�V��Z�SUDNW\FH�]E\W�UHVWU\NF\MQH�

Tablica 1
6LHü nn SN WN

Pst (max) 1,0 1,0 0,79

Plt (max) 0,74 0,74 0,58

:HGáXJ�Z\W\F]Q\FK�8,(�UHNRPHQGRZDQH�V��QDVW
SXM�FH�SURFHGXU\�SU]\á�F]HQLD�RGELRUQLNyZ
QLHVSRNRMQ\FK�GR�VLHFL�]DVLODM�FHM�
�� DXWRPDW\F]QLH� SU]\á�F]DQH� V�� RGELRUQLNL� PDáHM� PRF\� �PQLHMV]HM� RG� ������� PRF\� ]ZDUFLD
Z�3:3�OXE�NWyUH�Z\ZRáXM��ZDKDQLD�QDSL
FLD�R�ZDUWR�FL�PQLHMV]HM�QL*��������

��SU]\á�F]HQLH�RGELRUQLNyZ�ZL
NV]HM�PRF\�MHVW�X]DOH*QLRQH�RG�LVWQLHM�F\FK�ZDUXQNyZ�]DVLODQLD�
�� LVWQLHMH� PR*OLZR�ü� Z\GDQLD� ZDUXQNRZHM� ]JRG\� QD� SU]\á�F]HQLH� Z� SU]\SDGNX� RGELRUQLNyZ
SU]HNUDF]DM�F\FK�Z�QLHZLHONLP�VWRSQLX�RERZL�]XM�FH�ZDUWR�FL�JUDQLF]QH�
=PLHU]RQH�ZDUWR�FL�Pst�QLH�PRJ��SU]HNURF]\ü�SRGDQHJR�Z�GRNXPHQFLH�SR]LRPX�Z�����F]DVX

SRPLDUX� �Z� FL�JX� MHGQHJR� W\JRGQLD��� -HGHQDVWD� ]� NROHL�� QDMZL
NV]D� ZDUWR�ü� ZVND(QLND� Pst
]H� ]ELRUX� ����� G]LHVL
FLRPLQXWRZ\FK� ZVND]D�� PLHUQLND� PLJRWDQLD� QLH� SRZLQQD� E\ü

przekroczona podczas 99 % czasu  pomiarów.
=PLHU]RQD�ZDUWR�ü�ZVND(QLND�Plt�QLH�SRZLQQD�SU]HNURF]\ü�ZDUWR�FL�GRSXV]F]DOQ\FK�Z����

tygodnia.
3U]HGVWDZLRQH�ZDUWR�FL�Z\PDJDM��GRGDWNRZHJR�NRPHQWDU]D�
��0R*OLZH�MHVW�SU]HNURF]HQLH�Z�FL�JX�W\JRGQLD�GRSXV]F]DOQ\FK�ZDUWR�FL�ZVND(QLND�Pst w czasie
����PLQXW��7HQ�PDUJLQHV����WROHUDQFML�XZ]JO
GQLD�ORVRZ\�FKDUDNWHU�]MDZLVND�ZDKD��QDSL
FLD�
1LH�MHVW�RJUDQLF]DQD�ZDUWR�ü�PDNV\PDOQD�ZVND(QLND��NWyUHM�SUDZGRSRGRELH�VWZR�Z\VW�SLHQLD
MHVW�]�UHJXá\�QLHZLHONLH�



18

�� 3RGDQD� Z� GRNXPHQFLH� GRSXV]F]DOQD� ZDUWR�ü� ZVND(QLND� PLJRWDQLD� QD� SR]LRPLH� Z\VRNLHJR
QDSL
FLD�MHVW�UH]XOWDWHP�XZ]JO
GQLHQLD�HIHNWX�VXPXM�FHJR�GOD�]MDZLVND�PLJRWDQLD�Z\ZRáDQHJR
SU]H]�Uy*QH�(UyGáD�SU]\á�F]RQH�GR�VLHFL�UR]G]LHOF]\FK�L�WUDQVPLV\MQ\FK�
:� RGQLHVLHQLX� GR� VLHFL� Z\VRNLHJR� QDSL
FLD� GRNXPHQW� SURSRQXMH� ZSURZDG]HQLH� W]Z�

SR]LRPyZ� SODQRZDQ\FK�� 1LH� V�� RQH� EH]SR�UHGQLR� RGQLHVLRQH� GR� SR]LRPyZ� RGSRUQR�FL�� PDM�
MHG\QLH� VáX*\ü� NRRUG\QDFML� SUDF\� Uy*Q\FK� HOHPHQWyZ� V\VWHPX� ]DVLODM�FHJR�� 6�� XVWDODQH� SU]H]
GRVWDZF
� HQHUJLL� Z� ]DOH*QR�FL� RG� LVWQLHM�F\FK�� ORNDOQ\FK� ZDUXQNyZ� SUDF\� V\VWHPX

L�SU]HZLG\ZDQ\FK�]PLDQ��3URSRQRZDQH�ZDUWR�FL�WR��Pst. = 0,8 i Plt = 0,6. Przy przeliczaniu tych
ZDUWR�FL�QD�LQQH�SR]LRP\�QDSL
FLD�QDOH*\�XZ]JO
GQLDü�RGSRZLHGQLH�ZVSyáF]\QQLNL�WáXPLHQLD�

���63262%<��5('8.&-,��:$+$���1$3,	&,$

6NXWNL� RGG]LDá\ZDQLD� ZDKD�� QDSL
FLD� ]DOH*�� SU]HGH� ZV]\VWNLP� RG� LFK� DPSOLWXG\� RUD]
RG� F]
VWR�FL� Z\VW
SRZDQLD�� 2� LOH� QD� DPSOLWXG
� PD� ZSá\Z� PL
G]\� LQQ\PL� XNáDG� ]DVLODM�F\
RGELRUQLNL� QLHVSRNRMQH�� R� W\OH� F]
VWR�ü� Z\VW
SRZDQLD� ZDKD�� ]DOH*\� RG� URG]DMX� RGELRUQLND
L�FKDUDNWHUX�MHJR�SUDF\��2�F]
VWR�FL�Z\VW
SRZDQLD�ZDKD��GHF\GXMH�ZL
F�SURFHV�WHFKQRORJLF]Q\�
-DN� GRW\FKF]DV�� VWRVXMH� VL
� SU]HGH� ZV]\VWNLP� PHWRG\� RJUDQLF]DQLD� DPSOLWXG� ZDKD�� QDSL
FLD�
Z�PQLHMV]\P�VWRSQLX� LQJHUXMH� VL
�Z�SURFHV� WHFKQRORJLF]Q\��3U]\NáDGHP� W\FK�RVWDWQLFK�G]LDáD�
PRJ��E\ü�SU]\NáDGRZR�
- Z�SU]\SDGNX�SLHFD�áXNRZHJR�±�GRGDQLH�V]HUHJRZHJR�GáDZLND��UyZQLH*�R�]PLHQQ\P�VWRSQLX

QDV\FHQLD��� ZáD�FLZD� SUDFD� DXWRPDW\NL� SU]HVXZX� HOHNWURG�� VHJUHJDFMD� L� ZVW
SQH
SU]\JRWRZDQLH� ZVDGX�� GRPLHV]NRZDQLH� HOHNWURG� LWS��� V�� WR� VSRVRE\� GREU]H� ]QDQH
technologom-metalurgom;

- Z�SU]\SDGNX� OLQLL� VSDZDOQLF]HM�±�Z\G]LHOHQLH�GOD� ]DVLODQLD� OLQLL� RGU
EQHJR� WUDQVIRUPDWRUD�
SU]\á�F]HQLH� ZLHOX� MHGQRID]RZ\FK� DJUHJDWyZ� VSDZDOQLF]\FK� GR� VLHFL� WUyMID]RZHM

]� V\PHWU\F]Q\P� UR]G]LDáHP� REFL�*H�� SRPL
G]\� SRV]F]HJyOQH� ID]\�� SU]\á�F]HQLH
MHGQRID]RZHM�VSDZDUNL�GR�ID]\��NWyUD�QLH�MHVW�REFL�*RQD�RGELRUQLNDPL�R�ZLHWOHQLRZ\PL�LWS�

-DN�Z\QLND�]�]DOH*QR�FL���D��DPSOLWXG
�ZDKD��QDSL
FLD�PR*QD�RJUDQLF]\ü�GZRPD�VSRVREDPL�
− ]ZL
NV]DM�F� PRF� ]ZDUFLD� Z� SXQNFLH� SU]\á�F]HQLD� RGELRUQLND� QLHVSRNRMQHJR� �Z� UHODFML

GR�PRF\�RGELRUQLND���Z�SUDNW\F]Q\FK�G]LDáDQLDFK�R]QDF]D�WR���D��SU]\á�F]DQLH�RGELRUQLND
GR� V]\Q� R� FRUD]� Z\*V]\P� QDSL
FLX� ]QDPLRQRZ\P�� �E�� Z\G]LHODQLH� VSHFMDOQ\FK�
GHG\NRZDQ\FK� OLQLL� EH]SR�UHGQLR� ]� VLHFL� :1� GR� ]DVLODQLD� WHM� NDWHJRULL� RGELRUQLNyZ�

]DVLODQLH�RGELRUQLNyZ�VSRNRMQ\FK�L�QLHVSRNRMQ\FK�]�RGG]LHOQ\FK�X]ZRMH��WUDQVIRUPDWRUyZ
trójuzwojeniowych lub oddzielnych transformatorów (seperacja odbiornika niespokojnego),
�F��]ZL
NV]DQLH�PRF\�WUDQVIRUPDWRUD�]DVLODM�FHJR�RGELRUQLN�QLHVSRNRMQ\���G�� LQVWDORZDQLH
kondensatorów szeregowych itp.

− ]PQLHMV]DM�F� ]PLDQ\� PRF\� ELHUQHM� Z� VLHFL� ]DVLODM�FHM� SRSU]H]� LQVWDODFM
� W]Z�

kompensatorów/ stabilizatorów dynamicznych.

�����'\QDPLF]QH�VWDELOL]DWRU\�QDSL
FLD
'\QDPLF]QH� VWDELOL]DWRU\� V�� MHGQ\P� ]� WHFKQLF]QLH� PR*OLZ\FK� VSRVREyZ� HOLPLQDFML� ]PLDQ

QDSL
FLD� OXE� UHGXNFML� LFK� ZDUWR�FL�� 6NXWHF]QR�ü� G]LDáDQLD� ]DOH*\� JáyZQLH� RG� LFK� PRF\
]QDPLRQRZHM� RUD]� DPSOLWXG\� ]PLDQ� QDSL
FLD� �SU]\� ]DáR*HQLX� RNUHVRZR�FL� LFK� Z\VW
SRZDQLD��
3RZRGXM�F�SU]HSá\Z�SU�GX�PRF\�ELHUQHM�SRGVWDZRZHM�KDUPRQLF]QHM�Z\ZRáXM�� VSDGNL�QDSL
FLD
QD� LPSHGDQFMDFK� VLHFL� ]DVLODM�FHM��:� ]DOH*QR�FL� RG� FKDUDNWHUX� SU�GX� ELHUQHJR� �LQGXNF\MQ\� OXE
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SRMHPQR�FLRZ\�� SRZRGXMH� WR�Z]URVW� OXE� ]PQLHMV]HQLH�ZDUWR�FL� VNXWHF]QHM� QDSL
FLD�Z� SXQNFLH
ZVSyOQHJR�SU]\á�F]HQLD��3:3��

5\V������.ODV\ILNDFMD�G\QDPLF]Q\FK�VWDELOL]DWRUyZ�QDSL
FLD

5\VXQHN� ��� SU]HGVWDZLD� NODV\ILNDFM
� Uy*Q\FK� UR]ZL�]D�� G\QDPLF]Q\FK� VWDELOL]DWRUyZ
QDSL
FLD�� 6�� WR� JáyZQLH� XNáDG\� WUyMID]RZH� R� ]QDF]QHM� PRF\� ]QDPLRQRZHM�� SU]H]QDF]RQH
GR� VWDELOL]DFML� QDSL
FLD� Z� SXQNFLH� Z
]áRZ\P� VLHFL� UR]G]LHOF]HM� OXE� VWDELOL]DFML� QDSL
FLD
Z\Uy*QLRQHJR�RGELRUQLND�JUXS\�RGELRUQLNyZ�Z�3:3��3RQLHZD*�XNáDG\�WH�EDUG]R�F]
VWR�SHáQL�
WDN*H� IXQNFM
� G\QDPLF]Q\FK�NRPSHQVDWRUyZ�PRF\�SU�GX�ELHUQHJR�SRGVWDZRZHM� KDUPRQLF]QHM�
SRM
FLD��VWDELOL]DWRU�L�NRPSHQVDWRU�X*\ZDQH�E
G��]DPLHQQLH�

6.1.1. Maszyna synchroniczna
0DV]\Q\�V\QFKURQLF]QH�V��WUDG\F\MQ\P�(UyGáHP�UHJXORZDQHM�Z�VSRVyE�FL�Já\�PRF\�ELHUQHM

SRGVWDZRZHM�KDUPRQLF]QHM��LQGXNF\MQHM�OXE�SRMHPQR�FLRZHM���0RJ��E\ü�UyZQRF]H�QLH�(UyGáHP
HQHUJLL�PHFKDQLF]QHM�Z�SU]\SDGNX�SUDF\�PDV]\Q�QLH�W\ONR�MDNR�NRPSHQVDWRU��OHF]�UyZQLH*�MDNR
QDS
G�� 3U]\NáDGRZ\� VFKHPDW� LQVWDODFML�� Z� NWyUHM� Z\NRU]\VWDQR� PDV]\Q
� V\QFKURQLF]Q�
GR�VWDELOL]DFML�QDSL
FLD��SU]HGVWDZLD�U\VXQHN����

:� XVWDORQ\P� VWDQLH� SUDF\� NRPSHQVDWRU� V\QFKURQLF]Q\� PR*QD� SU]HGVWDZLü� ]D� SRPRF�
uproszczonego jednofazowego schematu, jak na rysunku 15, gdzie:

E0, Xd�±�6(0�L�]DVW
SF]D�reakantacja maszyny,
ES, ZS�±�QDSL
FLH�VLHFL�]DVLODM�FHM�SU]\�RGá�F]RQ\P�RGELRUQLNX�RUD]�LPSHGDQFMD�]DVW
SF]D�VLHFL�
ZTr ±�LPSHGDQFMD�]DVW
SF]D�WUDQVIRUPDWRUD�
QK ±�PRF�ELHUQD�PDV]\Q\��R�]PLHQQHM�ZDUWR�FL�L�]QDNX��

'<1$0,&=1(�67$%,/,=$725<�1$3,	&,$

statyczne ZLUXM�FH
(maszyna synchroniczna)

SU]HNV]WDáWQLNL

o komutacji
ZáDVQHM

XNáDG\�HQHUJRHOHNWURQLF]QH QDV\FRQH�GáDZLNL

SU]HNV]WDáWQLNL

o komutacji
sieciowej

samonasycajacy
VL
�GáDZLN

GáDZLN�]

obwodem
VWHUXM�F\P
SU�GX VWDáHJR

EDWHULH�NRQGHQVDWRUyZ�]Dá�F]DQH�á�F]QLNDPL�W\U\VWRURZ\PL��76&�

GáDZLN�]�á�F]QLNDPL�W\U\VWRURZ\PL��7&5��RUD]�VWDá���)&��OXE
SU]Há�F]DOQ���76&��EDWHUL��NRQGHQVDWRUyZ
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:V]\VWNLH�ZLHONR�FL�GRW\F]��SRGVWDZRZHM�KDUPRQLF]QHM�
=PLDQ
� SU�GX� NRPSHQVDWRUD� � KI∆ � Z� MHGQRVWNDFK� Z]JO
GQ\FK�� Z� IXQNFML� ]PLDQ\� MHJR

QDSL
FLD� � 0U∆ � UyZQLH*� Z� MHGQRVWNDFK� Z]JO
GQ\FK�� SU]HGVWDZLD� U\VXQHN� ��� �GOD� PDV]\Q\

SU]HZ]EXG]RQHM��� 3U]\URVW\� QDSL
FLD� L� SU�GX� RGQLHVLRQR� GR� ZDUWR�FL� ]QDPLRQRZ\FK�

'OD� SRUyZQDQLD�� QD� U\VXQNX� ��� SU]HGVWDZLRQR� OLQL�� SU]HU\ZDQ�� ]DOH*QR�ü� ]PLDQ\� SU�GX
RG�]PLDQ\�QDSL
FLD�GOD�VWDáHM�EDWHULL�NRQGHQVDWRUyZ�

5\V������6FKHPDW�XNáDGX�VWDELOL]DFML�QDSL
FLD�]�]DVWRVRZDQLHP�PDV]\Q\�V\QFKURQLF]QHM

5\V������-HGQRID]RZ\�VFKHPDW�]DVW
SF]\�VLHFL�]DVLODM�FHM�L�NRPSHQVDWRUD�V\QFKURQLF]QHJR

:�SU]\SDGNX�� JG\� QDSL
FLH� ]DVLODM�FH�U0 PDOHMH��Z]UDVWD�ZDUWR�ü� SRMHPQR�FLRZHJR� SU�GX
PDV]\Q\�� =DWHP� NRPSHQVDWRU� V\QFKURQLF]Q\�ZSá\ZD� VWDELOL]XM�FR� QD�ZDUWR�ü� QDSL
FLD�� QDZHW
JG\� MHJR� SU�G�Z]EXG]HQLD� QLH� SRGOHJD� UHJXODFML�� 5\VXQHN� ��� SU]HGVWDZLD� URG]LQ
� VWDW\F]Q\FK
charakterystyk U0-IK,�GOD�NWyU\FK�SU]\M
WR�MDNR�SDUDPHWU�ZDUWR�ü�SU�GX�Z]EXG]HQLD��1DFK\OHQLH
charakterystyk jest proporcjonalne do (Xd+ZTr���6WRSLH��UHGXNFML�V]\ENLFK�]PLDQ�QDSL
FLD�]DOH*\
od reaktancji synchronicznej kompensatora w stanach dynamicznych. Reaktancja Xd maleje
ZyZF]DV� GR�ZDUWR�FL�X’d < Xd  gdzie X’d� MHVW� UHDNWDQFM�� SRGSU]HM�FLRZ��PDV]\Q\��:� HIHNFLH

WHJR�� QDZHW� EH]� XNáDGX� UHJXODFML� SU�GX� Z]EXG]HQLD�� QDFK\OHQLH� FKDUDNWHU\VW\NL� G\QDPLF]QHM
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(U0-IK��E
G]LH�PQLHMV]H��D�W\P�VDP\P�ZL
NV]D�E
G]LH�]GROQR�ü�PDV]\Q\�GR�UHGXNFML�DPSOLWXG\
ZDKD��QDSL
FLD�

5\V������=PLDQD�SU�GX�NRPSHQVDWRUD�V\QFKURQLF]QHJR�����L�EDWHULL�NRQGHQVDWRUyZ�����Z�IXQNFML�]PLDQ\�QDSL
FLD
]DVLODM�FHJR

Rys. 17. Statyczne i dynamiczne charakterystyki (U0-IK) kompensatora synchronicznego

6WRVRZDQLH�PDV]\Q\�V\QFKURQLF]QHM�EH]�XNáDGyZ�UHJXODFML�SU�GX�Z]EXG]HQLD� MHVW� MHGQDN*H
QLHFHORZH��GOD�RVL�JQL
FLD�ERZLHP�GRSXV]F]DOQHJR�QRUPDPL�SR]LRPX�]PLDQ�QDSL
FLD�QLH]E
GQD
E\áDE\� PDV]\QD� R� ]QDPLRQRZHM� PRF\� ZLHORNURWQLH� SU]HNUDF]DM�FHM� PRF� RGELRUQLND�� NWyUHJR
QDSL
FLH�SRGOHJD�VWDELOL]DFML��7HQ�IDNW�ZUD]�]�Z\PDJDQLHP�GREUHM�G\QDPLNL�SURFHVX�VWDELOL]DFML
X]DVDGQLD�SRWU]HE
�SUDF\�PDV]\Q\�V\QFKURQLF]QHM�Z�]DPNQL
W\P�XNáDG]LH�VWDELOL]DFML�QDSL
FLD�
2EZyG� Z]EXG]HQLD� ]DVLODQ\� MHVW� ZyZF]DV� ]� WUyMID]RZHJR� QDZURWQHJR� XNáDGX

SU]HNV]WDáWQLNRZHJR� �U\V�� ����� 1DSL
FLH� ]DVLODM�FH� REZyG� Z]EXG]HQLD�� R� RGSRZLHGQLR� GX*HM
ZDUWR�FL� Z� UHODFML� GR� QDSL
FLD� ]QDPLRQRZHJR�� SR]ZDOD� X]\VNDü� GX*�� V]\ENR�ü� ]PLDQ� SU�GX
ELHUQHJR�PDV]\Q\�V\QFKURQLF]QHM��0R*OLZ\�MHVW�UyZQLH*�]ZURW�HQHUJLL�SROD�PDJQHW\F]QHJR�SU]\
odwzbudzaniu.

:� SU]HFLZLH�VWZLH� GR� NRPSHQVDWRUyZ� VWDW\F]Q\FK�� Z� SU]\SDGNX�PDV]\Q\� V\QFKURQLF]QHM
QLH�QDOH*\�SU]\MPRZDü�]D�NU\WHULXP�MDNR�FL�G]LDáDQLD��Z�VWDQDFK�G\QDPLF]Q\FK��F]DVX�UHDNFML�
OHF]�V]\ENR�ü�]PLDQ�SU�GX�PRF\�ELHUQHM��:LHONR�ü�WD�MHVW�UyZQLH*�PLDU��V]\ENR�FL�NRU\JRZDQLD
SU]H]� NRPSHQVDWRU� ]PLDQ� QDSL
FLD� Z� 3:3�� :� SU]\EOL*HQLX� MHVW� RQD� UyZQD� V]\ENR�FL� ]PLDQ
SU�GX� Z]EXG]HQLD� L� MHVW� ZL
NV]D� SU]\� RGZ]EXG]DQLX� QL*� SU]\� GRZ]EXG]DQLX� PDV]\Q�� =DOH*\
RG� ZLHOX� Uy*Q\FK� F]\QQLNyZ�� WM�� FHFK� NRQVWUXNF\MQ\FK� PDV]\Q\�� GRSXV]F]DOQHM� PDNV\PDOQHM
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ZDUWR�FL� QDSL
FLD� Z]EXG]HQLD�� SU]\M
WHJR� ZVSyáF]\QQLND� QDSL
FLRZHJR� IRUVRZDQLD� LWS�

'OD�VLOQLNyZ�V\QFKURQLF]Q\FK�V]\ENR�ü�WD�QLH�SU]HNUDF]D�QD�RJyá�����MVAr/sek.

6.1.2. Kompensatory statyczne
:�ZL
NV]R�FL�SU]\SDGNyZ��]�Z\á�F]HQLHP�ÄHQHUJRHOHNWURQLF]Q\FK´�(UyGHá�SU�GX�ELHUQHJR�

VWDW\F]QH� NRPSHQVDWRU\� Z\NRU]\VWXM�� HOHPHQW\� ELHUQH� SRMHPQR�FLRZH� L�OXE� LQGXNF\MQH
]Dá�F]DQH�� VWHURZDQH� ID]RZR� OXE� R� ]PLHQQ\P� VWRSQLX� QDV\FHQLD� UG]HQLD�� :\ZRáXM�� RQH
SU]HSá\Z��Z\PDJDQHJR�]H�Z]JO
GyZ�VWDELOL]DF\MQ\FK��SU�GX�ELHUQHJR�Z�VSRVyE�G\VNUHWQ\� OXE
F]
�FLHM� Z� VSRVyE� FL�Já\��:�ZLHOX� SXEOLNRZDQ\FK� SUDFDFK�� QD� SRGVWDZLH� XGRNXPHQWRZDQ\FK

GR�ZLDGF]H�� HNVSORDWDF\MQ\FK�� IRUPXáRZDQ\� MHVW� ZQLRVHN�� *H� V�� RQH� REHFQLH� QDMEDUG]LHM
korzystnym – z technicznego i ekonomicznego punktu widzenia – sposobem poprawy warunków
dostawy energii elektrycznej.

6.1.3. 8NáDG\�]�QDV\FRQ\PL�GáDZLNDPL
6NRQVWUXRZDQR� ZLHOH� XU]�G]H�� SU]H]QDF]RQ\FK� GR� VWDELOL]DFML� QDSL
FLD�� Z� NWyU\FK

wykorzystano zjawisko nasycenia obwodu magnetycznego. Szersze, praktyczne zastosowanie
]QDOD]á\� JáyZQLH� GZD� UR]ZL�]DQLD�� �D�� GáDZLN� ]� REZRGHP� VWHUXM�F\P� SU�GX� VWDáHJR�
(b) VDPRQDV\FDM�F\�VL
�GáDZLN��65��

'áDZLN�]�REZRGHP�VWHUXM�F\P�SU�GX�VWDáHJR

8U]�G]HQLH� WR� SUDFXMH� QDMF]
�FLHM� ]� UyZQROHJá�� EDWHUL�� NRQGHQVDWRUyZ� WZRU]�F�� ILOWU�ILOWU\
Z\*V]\FK� KDUPRQLF]Q\FK�� -HVW� Z� VZHM� LVWRFLH� G]LDáDQLD� WUDQVGXNWRUHP�� Z� NWyU\P� ZDUWR�ü
]PLHQQHJR� SU�GX� SLHUZRWQHJR� � aci �� U\V�� ���� UHJXORZDQD� MHVW� SRSU]H]� ]PLDQ
� VWDáHJR� SU�GX

PDJQHVXM�FHJR� dci �� 8]ZRMHQLH� VWHUXM�FH� ]DVLODQH� MHVW� QDMF]
�FLHM� ]� Z� SHáQL� VWHURZDQHJR

SU]HNV]WDáWQLND�W\U\VWRURZHJR��MHJR�PRF�QLH�SU]HNUDF]D�]D]Z\F]DM����PRF\�FDáHJR�XU]�G]HQLD��
']L
NL� WHPX� PR*OLZH� MHVW� IRUVRZDQLH� SU]HELHJyZ� SU]HM�FLRZ\FK� SU�GX�� D� W\P� VDP\P� GX*D
V]\ENR�ü�G]LDáDQLD�XU]�G]HQLD�

:� HIHNFLH� ]PLDQ\� SU�GX� PDJQHVXM�FHJR� dci �� SU�G� SLHUZRWQ\� aci � PR*H� ]PLHQLDü� VL


SUDNW\F]QLH�RG�]HUD� �UG]H�� QLH�QDV\FRQ\��GR�ZDUWR�FL�PDNV\PDOQHM� �UG]H�� QDV\FRQ\��Z�FDá\P
SU]HG]LDOH� ]PLDQ� SU�GX10

�� 8NáDG� MHVW� ]D]Z\F]DM� SU]\á�F]RQ\� GR� VLHFL� Z\VRNLHJR� QDSL
FLD
EH]�SR�UHGQLFWZD�WUDQVIRUPDWRUD�REQL*DM�FHJR�

=DVDG
� MHJR� G]LDáDQLD� QDMáDWZLHM� SU]HGVWDZLü� ]D� SRPRF�� XSURV]F]RQHM�� MHGQRID]RZHM�ZHUVML
XNáDGX� �U\V�� ��D��� 8]ZRMHQLD� XPLHV]F]RQH� V�� QD� UG]HQLX� Z\NRQDQ\P� ]� PDWHULDáX

o charakterystyce magnesowania pokazanej w wyidealizowanej formie na rysunku 18b.
8]ZRMHQLD� SLHUZRWQH� SRá�F]RQH� V�� V]HUHJRZR�� QDWRPLDVW� X]ZRMHQLD� SU�GX� VWDáHJR� SU]HFLZQLH
Z]JO
GHP�VLHELH��*ZDUDQWXMH�WR�X]\VNDQLH�VWDQX�QDV\FHQLD�UG]HQLD�]DUyZQR�GOD�GRGDWQLHJR��MDN
L� XMHPQHJR� SyáRNUHVX� SU]HELHJX� VWUXPLHQLD� acΦ �� 1DSL
FLH� ]DVLODM�FH� SRZRGXMH� Z\WZRU]HQLH

Z�UG]HQLX�]PLHQQHJR�VWUXPLHQLD�PDJQHW\F]QHJR�R�NV]WDáFLH�VLQXVRLGDOQ\P��'OD� dci = 0 amplituda

strumienia wypadkowego dcac Φ+Φ=ΦΣ  nie przekracza poziomu nasycenia rdzenia. Wzrost

ZDUWR�FL�SU�GX� dci  powoduje wytworzenie strumienia 0≠Φ dc ��:�SHZQ\FK�SU]HG]LDáDFK�F]DVX

VWUXPLH��Z\SDGNRZ\�SU]HNUDF]D�SR]LRP�QDV\FHQLD�REZRGX�]DUyZQR�GOD�XMHPQHM��MDN�L�GRGDWQLHM
MHJR� ZDUWR�FL�� &]DV� SR]RVWDZDQLD� UG]HQLD� Z� VWDQLH� QDV\FHQLD� β �� OLF]RQ\� Z� PLHU]H� N�WRZHM

                                                
10� =JRGQLH� ]� >��@� Z� LQVWDODFMDFK� R� PRF\� QLH� ZL
NV]HM� QL*� ���09$U� SU]\� ���NURWQ\P� IRUVRZDQLX� QDSL
FLRZ\P
Z�REZRG]LH�VWHUXM�F\P�PR*QD�X]\VNDü�V]\ENR�ü�]PLDQ�PRF\�ELHUQHM�GáDZLND�Z\QRV]�F����������MVAr/s.
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�U\V�� ��E��� Z]UDVWD� ZUD]� ]H� Z]URVWHP� ZDUWR�FL� SU�GX� VWHUXM�FHJR� dci � SRZRGXM�F� SUDZLH

SURSRUFMRQDOQ\�Z]URVW� SRGVWDZRZHM�KDUPRQLF]QHM� SU�GX�X]ZRMHQLD�SLHUZRWQHJR� �PRF\�ELHUQHM
podstawowej harmonicznej LQ ). Dla πβ = �SU�G�PD�NV]WDáW�VLQXVRLGDOQ\��D�GOD� πβ 2= RVL�JDQD

jest granica VWHURZDOQR�FL�� ,VWRWQ�� ZDG�� WHJR� UR]ZL�]DQLD� V�� JHQHURZDQH�Z\*V]H� KDUPRQLF]QH
(ZK��SU�GyZ��:�ZHUVML�WUyMID]RZHM��GáDZLN�Friedlandera) wzrost liczby kolumn rdzenia (6 lub 9)
RUD]�RGSRZLHGQL�VSRVyE�NRMDU]HQLD�OLF]Q\FK�X]ZRMH���GR�����SR]ZDOD�QD�SUDNW\F]Q��HOLPLQDFM

ZK� SU�GX�� MHGQDN*H� ]D� FHQ
� Z]URVWX� F]DVX� UHDNFML� XNáDGX�� 0R*OLZH� MHVW� ]DVWRVRZDQLH� WU]HFK
XNáDGyZ� MHGQRID]RZ\FK�� FR� SR]ZDOD� UyZQLH*� QD� UHDOL]DFM
� V\PHWU\]DFML�� 8U]�G]HQLH� SUDFXMH
Z� ]DPNQL
W\P� XNáDG]LH� UHJXODFML�� NRQWUROXM�F� ZDUWR�ü� SU�GX� VWDáHJR� dci  w taki sposób, aby

wypadkowa moc bierna kompensatora - LFC QQ + ���JZDUDQWRZDáD�SR*�GDQ\�VWRSLH��VWDELOL]DFML

QDSL
FLD�� FCQ ���PRF�VWDáHM�EDWHULL�NRQGHQVDWRUyZ�SU]\á�F]RQHM�UyZQROHJOH�GR�GáDZLND��

5\V������'áDZLN�]�REZRGHP�VWHUXM�F\P�SU�GX�VWDáHJR��D��MHGQRID]RZ\�VFKHPDW�]DVW
SF]\��E��SU]HELHJL�F]DVRZH
VWUXPLHQL�PDJQHW\F]Q\FK�LOXVWUXM�FH�]DVDG
�G]LDáDQLD�NRPSHQVDWRUD
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6DPRQDV\FDM�F\�VL
�GáDZLN��65�
-HVW�WR�MHGHQ�]�SLHUZV]\FK�NRPSHQVDWRUyZ�VWDW\F]Q\FK�]DVWRVRZDQ\FK�QD�VNDO
�SU]HP\VáRZ�

GR� UHGXNFML� ZDKD�� QDSL
FLD� L� PLJRWDQLD� �ZLDWáD�� 0R*H� UyZQLH*� VáX*\ü� GR� UHGXNFML� ]DáDPD�
QDSL
FLD�� .RQWUROD� SU�GX� ELHUQHJR� GáDZLND� UHDOL]RZDQD� MHVW� Z� QDWXUDOQ\� VSRVyE� SRSU]H]
Z\NRU]\VWDQLH�ZáDVQR�FL�UG]HQLD�PDJQHW\F]QHJR�Z�VWDQLH�QDV\FHQLD��JG\�PDáD�]PLDQD�QDSL
FLD
]DVLODM�FHJR� Z\ZRáXMH� GX*�� ]PLDQ
� SU�GX�� =DVDGD� G]LDáDQLD� VDPRQDV\FDM�FHJR� VL
� GáDZLND
SU]HGVWDZLRQD� MHVW� VFKHPDW\F]QLH� QD� U\VXQNX� ���� *áyZQ\P� HOHPHQWHP� VNáDGRZ\P� MHVW

QDV\FDM�F\� VL
� REZyG� PDJQHW\F]Q\�� NWyUHJR� Z\LGHDOL]RZDQ�� FKDUDNWHU\VW\N
� SU]HGVWDZLD
U\VXQHN� ��E�� 7HFKQLND� SURMHNWRZDQLD� WDNLHJR� GáDZLND� ]PLHU]D� GR� XNV]WDáWRZDQLD� MHJR

FKDUDNWHU\VW\NL� PDJQHVRZDQLD�� D� W\P� VDP\P� FKDUDNWHU\VW\NL� SU�GRZR�QDSL
FLRZHM� GOD
SRGVWDZRZHM� KDUPRQLF]QHM�� ]� Z\UD(Q\P� SXQNWHP� ]DJL
FLD� L� OLQLRZ\P� SU]HELHJLHP� Z� VWDQLH
QDV\FHQLD� R� QLHZLHONLP� GRGDWQLP� QDFK\OHQLX� Z� GX*\P� SU]HG]LDOH� ]PLDQ� SU�GX�� 3U]\� PDáHM
ZDUWR�FL�QDSL
FLD�]DVLODM�FHJR�GáDZLN�Z\FKRG]L�]H�VWDQX�QDV\FHQLD�L�Z\ZRáXM�F�SU]HSá\Z�SU�GX
PDJQHVXM�FHJR� PR*H� E\ü� UR]ZD*DQ\� MDN� QLH� REFL�*RQ\� WUDQVIRUPDWRU�� :� W\P� VWDQLH� QLH� PD

SUDNW\F]QLH�*DGQHJR�ZSá\ZX�QD�SR]LRP�QDSL
FLD�

5\V������=DVDGD�G]LDáDQLD�VDPRQDV\FDM�FHJR�VL
�GáDZLND��D��VFKHPDW�LGHRZ\�REZRGX��E��FKDUDNWHU\VW\ND
magnesowania rdzenia

.RPSHQVDWRU�MHVW�SU]\á�F]RQ\�GR�VLHFL�]DVLODM�FHM�QDMF]
�FLHM�EH]�SR�UHGQLFWZD�REQL*DM�FHJR
WUDQVIRUPDWRUD� �U\V�� ����� =DVWRVRZDQ\� WUDQVIRUPDWRU� MHVW�Z\SRVD*RQ\�Z� SU]Há�F]QLN� ]DF]HSyZ
SRG� REFL�*HQLHP�� VWHURZDQ\� ]GDOQLH� Z� IXQNFML� QDSL
FLD� OXE� SU�GX� GáDZLND�� 3U�G� WHQ� SRGF]DV
SUDF\�LQVWDODFML�]PLHQLD�VZ��ZDUWR�ü�RG�SUDZLH�]HUD�GR�IKmax, F]HPX�RGSRZLDGD�]PLDQD�ZDUWR�FL
QDSL
FLD�U0 ∈  (U0min, U0max) �U\VXQHN� ��E�� -H*HOL� Z\PDJDQD� MHVW� OHSV]D� VWDELOL]DFMD� QDSL
FLD�
X]\VNXMH� VL
� M�� DOER� SRSU]H]� RGSRZLHGQL�� NRQVWUXNFM
� GáDZLND� �GX*H� NRV]W\��� DOER� ZáDVQH
QDFK\OHQLH� FKDUDNWHU\VW\NL� GáDZLND�� Z\QRV]�FH� Z� W\SRZ\FK� UR]ZL�]DQLDFK� ������

NRPSHQVRZDQH� MHVW� ]D� SRPRF�� NRQGHQVDWRUD� NRUHNFML� QDFK\OHQLD� Ck - rysunek 20c. Efektem
NRUHNFML� MHVW� SRJRUV]HQLH� VL
� MDNR�FL� SU]HELHJyZ� SU]HM�FLRZ\FK� L� QLHEH]SLHF]H�VWZR� GUJD�
VXEKDUPRQLF]Q\FK� �VW�G� ILOWU� VXEKDUPRQLF]Q\FK��RUD]�]PQLHMV]HQLH�V]\ENR�FL�G]LDáDQLD�XNáDGX�
RVL�JQL
FLH�VWDQX�XVWDORQHJR�SR�ND*GHM�]PLDQLH�ZDUXQNyZ�SUDF\�Z\PDJD�ERZLHP�NLONX�RNUHVyZ
SU]HELHJX�QDSL
FLD�
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Rys. 20: a) schemat kompensatora z VDPRQDV\FDM�F\P�VL
�GáDZLNLHP��E��FKDUDNWHU\VW\ND�QDWXUDOQD�GáDZLND�
F��FKDUDNWHU\VW\ND�]�NRUHNFM��QDFK\OHQLD��G��FKDUDNWHU\VW\NL�]�UyZQROHJá\PL�NRQGHQVDWRUDPL

=PLDQD� QDSL
FLD� ]DVLODM�FHJR� SRZRGXMH� ]PLDQ
� ZDUWR�FL� SU�GX� ELHUQHJR� XNáDGX�� D� Z� �ODG
]D� W\P� ]PLDQ
� ZDUWR�FL� VSDGNyZ� QDSL
FLD� QD� LPSHGDQFML� V\VWHPX� ]DVLODM�FHJR��:� WHQ� VSRVyE

NRPSHQVDWRU� SHáQL� URO
� VWDELOL]DWRUD� L� MDNR� WDNL� MHVW� JáyZQLH� VWRVRZDQ\��8NáDG�PR*H�Z\ZRáDü
UyZQLH*� SU]HSá\Z� SRMHPQR�FLRZHJR� SU�GX� ELHUQHJR� �Z� HIHNFLH� UyZQROHJáHJR� SU]\á�F]HQLD
EDWHULL� NRQGHQVDWRUyZ� SUDFXM�F\FK� MDNR� ILOWU�ZK�� �� U\VXQHN� ��G�� %DWHULH�PRJ�� E\ü� SRG]LHORQH
na sekcje (CI, C�������]Dá�F]DQH�QS��á�F]QLNDPL�W\U\VWRURZ\PL��FR�Z�SRá�F]HQLX�]�SU]Há�F]QLNLHP
]DF]HSyZ� WUDQVIRUPDWRUD� SR]ZDOD� ]ORNDOL]RZDü� SXQNW� SUDF\� GáDZLND�Z� NRU]\VWQ\P� SU]HG]LDOH

]PLDQ�ZDUWR�FL�QDSL
FLD�
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%DWHULH�NRQGHQVDWRUyZ�]Dá�F]DQH�á�F]QLNDPL�W\U\VWRURZ\PL��76&�

:�W\P�UR]ZL�]DQLX�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��:DUWR�ü�]DVW
SF]\FK�VXVFHSWDQFML�NRPSHQVDWRUD�]PLHQLD�VL

ZL
F�Z�VSRVyE�G\VNUHWQ\�Z�]DOH*QR�FL�RG�OLF]E\�SU]HZRG]�F\FK�VHNFML��U\V����D���3RSU]H]�Z\EyU
RGSRZLHGQLR� GX*HM� LFK� OLF]ED� PR*QD� X]\VNDü� GRZROQLH� PDá�� ]DVW
SF]�� VXFVHSWDQFM

SRMHG\QF]HJR� VWRSQLD�� 6\QFKURQL]DFMD�PRPHQWX� ]Dá�F]DQLD� á�F]QLND� RUD]�ZVW
SQH�QDáDGRZDQLH
EDWHULL�SR]ZDOD�XQLNQ�ü�SU]HW
*H�� L�SU]HSL
ü��NWyUH� WRZDU]\V]�� ]Z\NOH� á�F]HQLX�NRQGHQVDWRUyZ
(rys. 21b). Czas reakcji przy pracy symetrycznej nie przekracza 20 ms.

5\V������D��VFKHPDW�NRPSHQVDWRUD�VWDW\F]QHJR�]�EDWHULDPL�NRQGHQVDWRUyZ�]Dá�F]DQ\PL�á�F]QLNDPL�W\U\VWRURZ\PL�
E��SU]HELHJL�QDSL
FLD�L�SU�GX�SU]\�á�F]HQLX�NRQGHQVDWRUD

8NáDG� ]H� VWDá�� EDWHUL�� NRQGHQVDWRUyZ� �)&�� RUD]� VWHURZQLNLHP� SRGVWDZRZHM� KDUPRQLF]QHM

SU�GX�LQGXNF\MQHJR��7&5�

5R]ZL�]DQLH� WR� MHVW� SU]\NáDGHP� SR�UHGQLHM� PHWRG\� NRPSHQVDFML�� Z� NWyUHM�� Z� ]DOH*QR�FL
RG� SRWU]HE� Z\QLNDM�F\FK� ]� IXQNFML� VWDELOL]DWRUD� QDSL
FLD� OXE� NRPSHQVDWRUD� PRF\� ELHUQHM�
UHJXORZDQD�MHVW�ZDUWR�ü�VXP\�GZyFK�VNáDGRZ\FK�SU�GX��U\V������
��SRGVWDZRZHM�KDUPRQLF]QHM�SU�GX� iFC NRQGHQVDWRUD��SUDFXM�FHJR�SUDZLH�]DZV]H�MDNR�ILOWU�ILOWU\

wh OXE�MDNR�SU]Há�F]DOQH�VWRSQLH�NRQGHQVDWRUyZ��XNáDG�7&5�76&��
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�� SRGVWDZRZHM� KDUPRQLF]QHM� SU�GX� GáDZLND� iTCR regulowanej poprzez sterowanie fazowe
W\U\VWRURZHJR�á�F]QLND�SU�GX�SU]HPLHQQHJR��7��

Rysunek 22a przedstawia jednofazowy schemat ideowy takiej instalacji, a rysunek 22b
SU]HELHJL� F]DVRZH� SU�GX� GáDZLND� GOD� Uy*Q\FK� ZDUWR�FL� N�WD� Z\VWHURZDQLD� α  (odniesionego
GR�SXQNWyZ�]HURZDQLD�VL
�QDSL
FLD���.�W� WHQ��D�ZUD]�]�QLP�ZDUWR�ü�SRGVWDZRZHM�KDUPRQLF]QHM
SU�GX�GáDZLND�L�SRGVWDZRZHM�KDUPRQLF]QHM�SU�GX�NRPSHQVDWRUD��UyZQLH*�ZDUWR�ü�L�]QDN�VSDGNX
QDSL
FLD� QD� LPSHGDQFML� V\VWHPX��� PR*H� ]PLHQLDü� VL
� Z� ND*G\P� SyáRNUHVLH� QDSL
FLD� ]DVLODQLD
SU]\MPXM�F�GRZROQH�ZDUWR�FL�]�SU]HG]LDáX�� ππ ;5,0 ).

5\V������D��MHGQRID]RZ\�VFKHPDW�]DVW
SF]\�XNáDGX�)&�7&5��E��SU]HELHJL�F]DVRZH�QDSL
FLD�L�SU�GX�LOXVWUXM�FH
]DVDG
�G]LDáDQLD

1D� U\VXQNX� ��� QLH� XZ]JO
GQLRQR� QLH]E
GQHJR� QD� RJyá� GRSDVRZDQLD� QDSL
FLRZHJR� �� ]D
SR�UHGQLFWZHP� WUDQVIRUPDWRUD� �� SRV]F]HJyOQ\FK� HOHPHQWyZ� NRPSHQVDWRUD�� :� NODV\F]QHM

WUyMID]RZ
M�NRQILJXUDFML�JDá
]LH�GáDZLNRZH�SRá�F]RQH�V��Z�WUyMN�W�L�ZUD]�]�UyZQROHJá\PL�ILOWUDPL
wh VWDQRZL�� GOD� VLHFL� ]DVLODM�FHM� Zá�F]RQH� PL
G]\ID]RZR� ]DVW
SF]H� susceptancje (rys. 23).
,FK�ZDUWR�FL�]PLHQLDM�� VL
�QD� VNXWHN�]PLDQ\�N�WyZ�Z\VWHURZDQLD� � ,,, 312312 ααα 1,2, 3 - numery

SRU]�GNRZH� ID]�� Z� VSRVyE� RG� VLHELH� QLH]DOH*Q\� L� EH]VWRSQLRZ\�� 5RO
� GáDZLND� PRJ�� SHáQLü
UyZQLH*� UHDNWDQFMH� ]DVW
SF]H� WUDQVIRUPDWRUD� R� GX*\P� QDSL
FLX� ]ZDUFLD� �W]Z�� XNáDG� thyristor
controlled transformer).
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5\V������6FKHPDW�LGHRZ\�]DPNQL
WHJR�XNáDGX�VWHURZDQLD�NRPSHQVDWRUD�)&�7&5

1D�U\VXQNX����SU]HGVWDZLRQR�SU]\NáDGRZH�SU]HELHJL� LOXVWUXM�FH�]PLDQ\�ZDUWR�FL� VNXWHF]QHM
QDSL
FLD� QD� V]\QDFK� elektrostalowni (20 N9�� GOD� SU]\SDGNX� Z\á�F]RQHJR� L� ]Dá�F]RQHJR
kompensatora FC/TCR.

5\V������3U]\NáDGRZ\�SU]HELHJ�QDSL
FLD�QD�V]\QDFK�HOHNWURVWDORZQL�GOD��D��Z\á�F]RQHJR�L��E��]Dá�F]RQHJR
kompensatora FC/TCR

8NáDG�76&�7&5

5R]ZL�]DQLH� WR�� VWRVRZDQH� SUDZLH�Z\á�F]QLH�Z� XNáDGDFK� VWDELOL]DFML� QDSL
FLD�� á�F]\� ]DOHW\
XNáDGX� 76&� L� )&�7&5�� 3R]ZDOD� PLQLPDOL]RZDü� ZDUWR�ü� ZK� SU�GyZ� Z\WZDU]DQ\FK� SRGF]DV
SUDF\�7&5�RUD]�PLQLPDOL]RZDü�VWUDW\�PRF\�F]\QQHM�Z�LQVWDODFML�NRPSHQVDF\MQHM�

3U]HNV]WDáWQLNRZH�(UyGáD�SU�GX�PRF\�ELHUQHM�R�NRPXWDFML�ZáDVQHM

8NáDG� ]DZLHUD� SU]HNV]WDáWQLN� &6,� �DQJ�� current source inverter�� OXE� F]
�FLHM� 96,
(ang. voltage source inverter��� NWyUHJR� VWDQ\� á�F]HQLRZH� HOHPHQWyZ� SyáSU]HZRGQLNRZ\FK
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�PRGXODFMD� 3:0�� GHF\GXM�� R� ZDUWR�FL�� D� Z� ZLHOX� SU]\SDGNDFK� UyZQLH*� R� FKDUDNWHU]H� PRF\
ELHUQHM�NRPSHQVDWRUD��LQGXNF\MQD�OXE�SRMHPQR�FLRZD��

5\V������6FKHPDW�LGHRZ\�DNW\ZQHJR��VWDW\F]QHJR�JHQHUDWRUD�SU�GX�ELHUQHJR�SRGVWDZRZHM�KDUPRQLF]QHM

:� OLWHUDWXU]H� RSLVDQR� ZLHOH� Uy*Q\FK�� SUDNW\F]Q\FK� UR]ZL�]D�� WDNLFK� NRPSHQVDWRUyZ11.
.D*G\� ]� QLFK� MHVW� QDMF]
�FLHM� RGU
EQ\P� XNáDGHP� R� FKDUDNWHU\VW\F]Q\FK�� W\SRZ\FK� GOD� QLHJR�
V]F]HJyáRZ\FK� FHFKDFK�� 0R*OLZR�FL� WDNLHJR� NRPSHQVDWRUD� V�� DQDORJLF]QH� MDN� PDV]\Q\
V\QFKURQLF]QHM� �DOH� R� ]QDF]QLH� ZL
NV]HM� V]\ENR�FL� G]LDáDQLD��� 3RGREQ\� MHVW� WH*� MHJR� VFKHPDW
LGHRZ\��NWyU\�ZUD]�]�NRPSHQVRZDQ\P�RGELRUQLNLHP�]RVWDá�SU]HGVWDZLRQ\�QD�U\VXQNX�����JG]LH�

Xk ��UHDNWDQFMD�GáDZLND�OXE�WUDQVIRUPDWRUD�SU]HNV]WDáWQLNRZHJR�

Up ��QDSL
FLH�ID]RZH�QD�]DFLVNDFK�SU]HNV]WDáWQLND�
U∆ ��VSDGHN�QDSL
FLD�QD�UHDNWDQFML�ZHM�FLRZHM�SU]HNV]WDáWQLND�� �Xk Ik),

Ik ��SRGVWDZRZD�KDUPRQLF]QD�SU�GX�NRPSHQVDWRUD�

3U]\MPXM�F�� 1
00

δjeUU = 2δj
PP eUU = (6)

gdzie 1δ i 2δ � V�� SRF]�WNRZ\PL� ID]DPL� ZVND]yZ� QDSL
FLD� Z� 3:3� L� QDSL
FLD� Z\M�FLRZHJR

SU]HNV]WDáWQLND��SU�G�NRPSHQVDWRUD�RSLVDQ\�MHVW�]ZL�]NLHP�

k

P

k

p

k

P
k

X

UU
j

X

UU

jX

UU
I 2102100 coscossinsin δδδδ −−

−
=−= (7)

                                                
11� 2EHFQ\� SRVW
S� Z� SURGXNFML� HOHPHQWyZ� SyáSU]HZRGQLNRZ\FK� GX*HM� PRF\� XPR*OLZLD� NRQVWUXRZDQLH� WDNLFK

kompensatorów o mocach do kilkunastu MVA [6].
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Moc pozorna kS �NRPSHQVDWRUD�UyZQD�VL
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δδ
(8)

gdzie 21 δδδ −= �� 1D� SRGVWDZLH� ]DOH*QR�FL� ���� SU]HGVWDZLRQR� QD� U\VXQNX� ��� Z\NUHV� PRF\

NRPSHQVDWRUD�Z�XNáDG]LH�ZVSyáU]
GQ\FK�Pk-Qk��-HJR�SRVWDü�DQDOLW\F]Q��RSLVXMH�]DOH*QR�ü�����

202
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kk X

UU
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QP =−+ (9)

5\V������:\NUHV�PRF\�NRPSHQVDWRUD�Z�XNáDG]LH�ZVSyáU]
GQ\FK�Pk-Qk

=DVDG
�G]LDáDQLD�XNáDGX�SU]HGVWDZLRQR�QD�U\VXQNX����]D�SRPRF��Z\NUHVyZ�wskazowych dla
SU]\NáDGRZR�Z\EUDQ\FK�ZDUWR�FL� N�WD� δ �� =PLDQD� DPSOLWXG\� VNáDGRZHM� SRGVWDZRZHM� QDSL
FLD
Z\M�FLRZHJR� SU]HNV]WDáWQLND�Up (dla δ �  � ��� SR]ZDOD� X]\VNDü� SU�G�PRF� ELHUQ�� R� FKDUDNWHU]H
]DUyZQR� SRMHPQR�FLRZ\P�� MDN� L� LQGXNF\MQ\P� �U\V�� ��E� L� G�� Na rysunku 27a przedstawiono,
]D�SRPRF��GZyFK�RNU
JyZ�R�SURPLHQLDFK�RGSRZLHGQLR�Ik i U0 = FRQVW��]PLDQ
�ZDUWR�FL�QDSL
FLD
Up. 'OD�]DGDQHJR�QDSL
FLD�U0 = const i reaktancji Xk ZDUWR�ü�PRF\�Pk i Qk PR*H�XOHJDü�]PLDQLH
Z�QDVW
SVWZLH�]PLDQ\�ZDUWR�FL�N�WD�δ ��-DN�Z\QLND�]�]DOH*QR�FL�����

- dla  δ ����NRPSHQVDWRU�SRELHUD�PRF�F]\QQ��]�VLHFL�]DVLODM�FHM�
- dla δ �!���NRPSHQVDWRU�RGGDMH�PRF�F]\QQ��GR�VLHFL�]DVLODM�FHM�
- dla δ � ���NRPSHQVDWRU�SRELHUD�Z\á�F]QLH�PRF�ELHUQ�� R� FKDUDNWHU]H�SRMHPQR�FLRZ\P�

gdy Up > U0 (rys. 27b ), lub indukcyjnym, gdy Up < U0 (rys. 27d).
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Przedstawione na rysunku 27 wykresy ZVND]RZH�GRW\F]��Z\LGHDOL]RZDQHJR�SU]\SDGNX��JG\
QLH�V��XZ]JO
GQLDQH�VWUDW\�PRF\�F]\QQHM�Z�NRPSHQVDWRU]H�

Rys. 27. Wykresy ZVND]RZH�LOXVWUXM�FH�SUDF
�NRPSHQVDWRUD��D��GOD�Ik, U0  = const, var=δ ; E�G��GOD�Z\Uy*QLRQ\FK
SU]\SDGNyZ��JG\�NRPSHQVDWRU�MHVW�RGELRUQLNLHP�Z\á�F]QLH�PRF\�ELHUQHM�OXE�]QDMGXMH�VL
�Z�VWDQLH�ELHJX�MDáRZHJR

3UyF]� UyZQROHJáHJR� VWDELOL]DWRUD� QDSL
FLD�� LVWQLHMH� PR*OLZR�ü� SUDNW\F]QHM� UHDOL]DFML

VWDELOL]DWRUD� V]HUHJRZHJR�� IXQNFMRQXM�FHJR� QD� ]DVDG]LH� WUDQVIRUPDWRUD� GRGDZF]HJR� �UyZQLH*
SU]HVXZQLND�ID]RZHJR�QDSL
FLD�GRGDZF]HJR���&HOHP�G]LDáDQLD�WDNLHJR�XNáDGX�MHVW�Z\WZRU]HQLH�
QS�� ]D� SRPRF�� XNáDGX� SU]HNV]WDáWQLNRZHJR� 3:0�� GRGDZF]HJR� QDSL
FLD�Udq, NWyUHJR� ZDUWR�ü
L�ID]D���UHODFML�GR�SU�GX�RGELRUQLND� i0���SRGOHJDM��UHJXODFML��6FKHPDW�LGHRZ\�WDNLHJR�XNáDGX�MHVW
przedstawiony na rysunku 28. W ogólnym przypadku taka topologia obwodu pozwala
NRQWURORZDü�SU]HSá\Z�PRF\��]DUyZQR�F]\QQHM��MDN�L�ELHUQHM��MDN�UyZQLH*�ZDUWR�ü�LPSHGDQFML�OLQLL
]DVLODM�FHM�

:LHORSXOVRZ\��OXE�3:0��SU]HNV]WDáWQLN�PR*H�E\ü�WUDNWRZDQ\�MDNR�LGHDOQH�(UyGáR�QDSL
FLD��
V\QFKURQL]RZDQH� QDSL
FLHP� VLHFL� ]DVLODM�FHM� �� UHSUH]HQWRZDQH� QD� SáDV]F]\(QLH� dq przez dwie
RUWRJRQDOQH�VNáDGRZH�R�UHJXORZDQ\FK�ZDUWR�FLDFK��U\V������

VNáDGRZ�� Ud - UHJXODFMD� VNáDGRZHM� ZVSyáID]RZHM� OXE� Z� SU]HFLZID]LH� GR� SU�GX� OLQLRZHJR
GHF\GXMH� R� Z\PLDQLH� PRF\� F]\QQHM� SRPL
G]\� V\VWHPHP� ]DVLODM�F\P
i kompensatorem;
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VNáDGRZ�� Uq - UHJXODFMD� VNáDGRZHM� QDSL
FLD� RUWRJRQDOQHM� GR� SU�GX� OLQLRZHJR� GHF\GXMH
R�ZDUWR�FL��UyZQLH*�FKDUDNWHU]H��PRF\�ELHUQHM�NRPSHQVDWRUD�V]HUHJRZHJR�

5\V������D��VFKHPDW�LGHRZ\�V]HUHJRZHJR�NRPSHQVDWRUD��E��PR*OLZH�VWDQ\�SUDF\�Z\Uy*QLRQH�RGGDZDQLHP�OXE
pobieraniem mocy czynnej i biernej; c) wykres ZVND]RZ\�GOD�REZRGX�SU�GX�VWDáHJR�SU]HNV]WDáWQLND

-H*HOL� KDUPRQLF]QD� SRGVWDZRZD� QDSL
FLD� Z\M�FLRZHJR�� SURSRUFMRQDOQD� L� RUWRJRQDOQD
GR� SU�GX� OLQLRZHJR�� VSy(QLD� VL
� Z]JO
GHP� WHJR� RVWDWQLHJR�� ZyZF]DV� NRPSHQVDWRU� V]HUHJRZ\
UHDOL]XMH� NRPSHQVDFM
� VSDGNX� QDSL
FLD�UHDNWDQFML� ]DVW
SF]HM� OLQLL� ]DVLODM�FHM�� DQDORJLF]QLH
jak kondensatory szeregowe Xc. :DUWR�ü� QDSL
FLD� Z\M�FLRZHJR� SU]HNV]WDáWQLND� RNUH�ORQD� MHVW
ZyZF]DV�]DOH*QR�FL��

0IjkXU Sdq −= (10)

JG]LH�ZVSyáF]\QQLN�SURSRUFMRQDOQR�FL�(k) jest stopniem szeregowej kompensacji.



33

-H*HOL� SU]HNV]WDáWQLN� PD� GRGDWNRZR� PR*OLZR�ü� UHDOL]DFML� WDNLHJR� VWDQX� SUDF\�� Z� NWyU\P
QDSL
FLH� Z\M�FLRZH� NRPSHQVDWRUD� Z\SU]HG]D� SU�G� OLQLRZ\� R� N�W� 2/π , wówczas jest to
UyZQR]QDF]QH� ]H�Z]URVWHP� HIHNW\ZQHM� UHDNWDQFML� OLQLL� ]DVLODM�FHM�� 6WDQ� WHQ� SR]ZDOD� QD� EDUG]R
VNXWHF]QH� WáXPLHQLH� RVF\ODFML� PRF\� Z� V\VWHPLH� RUD]� RJUDQLF]HQLH� Z]URVWX� QDSL
FLD
QD� RGELRUF]\P� NR�FX� OLQLL�� .RQFHSFMD� WD� MHVW� ZL
F� DOWHUQDW\Z�� GOD� XNáDGyZ� SU]HGVWDZLRQ\FK
VFKHPDW\F]QLH�QD�U\VXQNX�����Z�SU]\SDGNX�NWyU\FK�]PLDQD�UHDNWDQFML�]DVW
SF]HM�OLQLL�]DVLODM�FHM
UHDOL]RZDQD� MHVW� SRSU]H]� ]PLDQ
� UHDNWDQFML� �]D� SRPRF�� W\U\VWRURZ\FK� á�F]QLNyZ� SU�GX
SU]HPLHQQHJR��V]HUHJRZR�SU]\á�F]RQ\FK�HOHPHQWyZ�ELHUQ\FK�

(a)                                                                       (b)

Rys. 29. Zmienna reaktancja szeregowego kompensatora (Xk��UHDOL]RZDQD�Z�XNáDG]LH���D��)&�7&5���E��76&

���=$.2�&=(1,(
:�ZLHOX�NUDMDFK�SURZDG]RQH�V��REHFQLH�EDUG]R�LQWHQV\ZQH�EDGDQLD�QDG�Uy*Q\PL�DVSHNWDPL

]MDZLVND�PLJRWDQLD� �ZLDWáD� L�ZDKD�� QDSL
FLD�� -HVW� WR� V\WXDFMD� ]DVDGQLF]R� LQQD� RG�Z\VW
SXM�FHM
Z� 3ROVFH�� :� QDMEOL*V]\FK� NLONX� ODWDFK� HXURSHMVNLH� L� PL
G]\QDURGRZH� QRUP\� GRW\F]�FH� W\FK
]MDZLVN� ]DF]Q�� RERZL�]\ZDü� UyZQLH*� Z� QDV]\P� NUDMX�� 6WDQ� ZLHG]\� R� QLFK� Z� �URGRZLVNX
]DUyZQR� RGELRUFyZ�� MDN� L� GRVWDZFyZ� HQHUJLL� HOHNWU\F]QHM� MHVW� QLHZ\VWDUF]DM�F\�� %UDN
WHFKQLF]Q\FK�PR*OLZR�FL�UHDOL]DFML�SRPLDUyZ�RNUH�ORQ\FK�Z�RGSRZLHGQLFK�VWDQGDUGDFK��1LH�MHVW
UyZQLH*� Z� V]HUV]HM� VNDOL� UR]SR]QDQ\� VWDQ� NUDMRZ\FK� VLHFL� ]DVLODM�F\FK� ]� SXQNWX� ZLG]HQLD
Z\VW
SXM�F\FK�Z�QLFK�ZDKD��QDSL
FLD�L�PLJRWDQLD��ZLDWáD�

5R]ZyM�HQHUJRHOHNWURQLNL��D�JáyZQLH�WHFKQRORJLL�SURGXNFML�HOHPHQWyZ�SyáSU]HZRGQLNRZ\FK�

SR]ZDOD� REHFQLH� QD� UHDOL]DFM
� XNáDGyZ� G\QDPLF]QHM� VWDELOL]DFML� QDSL
FLD� R� FRUD]� ZL
NV]\FK
mocach jednostkowych przy równoczesnej minimalizacji ich kosztów zarówno inwestycyjnych,
jak i eksploatacyjnych.

2SUDFRZDQH�� ]áR*RQH� DOJRU\WP\� VWHURZDQLD� RUD]� GRVW
SQR�ü� XU]�G]H�� SR]ZDODM�F\FK
QD�V]\EN�� LFK�UHDOL]DFM
�XPR*OLZLD�Z\SRVD*HQLH� W\FK�XNáDGyZ�Z�ZLHORUDNLH� IXQNFMH�X*\WNRZH�
LVWRWQH� ]� SXQNWX� ZLG]HQLD� ZáD�FLZHM� SUDF\� V\VWHPX� HQHUJHW\F]QHJR�� Z� W\P� UyZQLH*� IXQNFM

VWDELOL]DFML� QDSL
FLD� Z� VWDQDFK� G\QDPLF]Q\FK�� -H*HOL� SU]\M�ü� ]D� SRF]�WHN� KLVWRU\F]QHM� GURJL
UR]ZRMX� SU]HP\VáRZ\FK� VWDELOL]DWRUyZ� QDSL
FLD� PDV]\Q
� V\QFKURQLF]Q��� WR� QDOH*\� VWZLHUG]Lü�
*H�ZVSyáF]HVQD�HQHUJRHOHNWURQLND�RIHUXMH�EDUG]R�OLF]Q��URG]LQ
�Uy*Q\FK�UR]ZL�]D��WHFKQLF]Q\FK
SHáQL�F\FK�PL
G]\� LQQ\PL�]DGDQLH�VWDELOL]DFML��8U]�G]HQLD� WDNLH�RNUH�ODQH� V��Z�DQJORM
]\F]QHM
literaturze ogólnym mianem XNODG�Z� HODVW\F]QHM� �UHJXORZDQHM�� WUDQVPLVML� HQHUJLL� SU�GX
przemiennego FACTS (Flexible AC Transmission System). 6WDQRZL��RQH�Z�VZHM� LVWRFLH�EDUG]R
Z\UDILQRZDQH�WHFKQLF]QH�UR]ZL�]DQLD�WZRU]�FH�QRZ��MDNR�ü�ZH�ZVSyáF]HVQHM�HOHNWURHQHUJHW\FH�

KX
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