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OLF]ED� VSUDZLD�� *H�QHJDW\ZQ\� HIHNW� VXPDU\F]Q\� MHVW� EDUG]R� ]QDF]�F\�� D� UR]SURV]RQD� LQVWDODFMD
]DVDGQLF]R� XWUXGQLD� MHJR� UHGXNFM
�� :� DUW\NXáDFK� SR�ZL
FRQ\FK� KDUPRQLF]Q\P� �F]
�ü� �� L� �
F\NOX�� RPyZLRQR� SRGVWDZRZH� LQIRUPDFMH� GRW\F]�FH� WHJR� ]DEXU]HQLD�� ]H� V]F]HJyOQ\P
SRGNUH�OHQLHP�MHJR�(UyGHá��VNXWNyZ�RUD]�VSRVREyZ�HOLPLQDFML�

1. WPROWADZENIE

1.1. Definicja harmonicznej
3RM
FLH�KDUPRQLF]QHM�Z\ZRG]L�VL
�]�DNXVW\NL��JG]LH�RGQRV]RQH�E\áR�GR�ZLEUDFML�VWUXQ\�OXE

NROXPQ\�SRZLHWU]D��:�SU]\SDGNX�SU]HELHJyZ�Z\VW
SXM�F\FK�Z�HOHNWURWHFKQLFH��KDUPRQLF]QD
MHVW� GHILQLRZDQD� MDNR� VNáDGRZD� SU]HELHJX� R� F]
VWRWOLZR�FL� E
G�FHM� FDáNRZLW�� NURWQR�FL�
F]
VWRWOLZR�FL�SRGVWDZRZHM��U\V�����

5\V�����3U]HELHJ�VLQXVRLG\�R�F]
VWRWOLZR�FL�SRGVWDZRZHM
50 Hz i jego harmoniczne: a) druga (100Hz), b) trzecia

����+]���F��F]ZDUWD�����+]���G��SL�WD�����+]�

5\V�����.RPSR]\FMD�SU]HELHJX�RGNV]WDáFRQHJR
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�����.RPSR]\FMD�SU]HELHJX�RGNV]WDáFRQHJR
3RSU]H]� VXSHUSR]\FM
� SU]HELHJyZ� VLQXVRLGDOQ\FK� R� Uy*Q\FK� F]
VWRWOLZR�FLDFK

L� DPSOLWXGDFK�� PR*OLZH� MHVW� RWU]\PDQLH� SU]HELHJX� RGNV]WDáFRQHJR� �D� ZL
F� Uy*QHJR� RG
VLQXVRLG\��R�GRZROQ\P��]DGDQ\P�NV]WDáFLH��U\V�����

3U]\NáDGRZR�� SU]HELHJ� SURVWRN�WQ\FK� MDN� QD� U\VXQNX� �� MHVW� Z\QLNLHP� VXPRZDQLD
QLHVNR�F]RQHM�OLF]E\�KDUPRQLF]Q\FK��NWyU\FK�DPSOLWXG\�PDOHM��RGZURWQLH�SURSRUFMRQDOQLH�GR
LFK�U]
GyZ�n (=f(n)/f(1)���D�LFK�F]
VWRWOLZR�FL�f(n) = (2k+1)f(1) Hz, k� �������������V��QLHSDU]\VW\PL
NURWQR�FLDPL� F]
VWRWOLZR�FL� KDUPRQLF]QHM� SRGVWDZRZHM� f(1) = 50 Hz. Zaniedbanie
KDUPRQLF]Q\FK� R� QLHZLHONLFK� DPSOLWXGDFK� L� SU]\M
FLH� VNR�F]RQHM� OLF]E\� VNáDGQLNyZ
SRZRGXMH� Ä]áDJRG]HQLH´� ZLHU]FKRáNyZ� SU]HELHJX� Z\SDGNRZHJR� L� ]PQLHMV]HQLH� QDFK\OH�
jego boków.

5]�G�KDUPRQLF]QHM &]
VWRWOLZR�ü�>Hz] :]JO
GQD�ZDUWR�ü�DPSOLWXG\
1 50 1,0
3 150 1/3
5 250 1/5
7 350 1/7
9 450 1/9
... ... ...
n 50n 1/n

5\V�����3U]HELHJ�SURVWRN�WQ\�E
G�F\�VXSHUSR]\FM��SRGVWDZRZHM�L�QLHSDU]\VW\FK�KDUPRQLF]Q\FK

2�NV]WDáFLH�SU]HELHJX�GHF\GXM��QLH� W\ONR�F]
VWRWOLZR�FL� L�ZDUWR�FL�DPSOLWXG� VNáDGRZ\FK
KDUPRQLF]Q\FK��OHF]�UyZQLH*�N�W\�LFK�Z]DMHPQ\FK�SU]HVXQL
ü�ID]RZ\FK��5\VXQHN���LOXVWUXMH
ZSá\Z�ZDUWR�FL�DPSOLWXG\�L�ID]\�KDUPRQLF]QHM�QD�NV]WDáW�SU]HELHJX�Z\SDGNRZHJR�

5\V�����3U]HELHJL�Uy*QL�FH�VL
�ZDUWR�FLDPL�L�N�WDPL�ID]RZ\PL�RGNV]WDáFDM�FHM�KDUPRQLF]QHM��D�����KDUPRQLF]QD
podstawowa) -100%, 5 (5 harmoniczna) -15%, ϕ15 = 0, b) 1-100%, 5-30%, ϕ15 = 0, c) 1-100%, 5-15%, ϕ15 =

1800

3U]HELHJL� QD� U\VXQNDFK� �D� L� E� ]DZLHUDM�� SUyF]� VNáDGRZHM� SRGVWDZRZHM�� NWyUHM�ZDUWR�ü
Z�MHGQRVWNDFK�Z]JO
GQ\FK�Z\QRVL� MHGHQ��UyZQLH*�ZVSyáID]RZ��]�QL����KDUPRQLF]Q���NWyUHM
ZDUWR�ü� Z\QRVL� ����� �U\V�� �D�� L� ����� �U\V�� �E��� 3U]HELHJ� QD� U\VXQNX� �F�� ]DZLHUD� SUyF]

t
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KDUPRQLF]QHM� SRGVWDZRZHM�� UyZQLH*� SU]HVXQL
W�� Z]JO
GHP� QLHM� Z� ID]LH� R� 0180 � SL�W�
KDUPRQLF]Q��R�DPSOLWXG]LH������

�����'HNRPSR]\FMD�SU]HELHJX�RGNV]WDáFRQHJR
7DN� MDN�ND*G\�RGNV]WDáFRQ\�SU]HELHJ�F]DVRZ\�QDSL
FLD� OXE�SU�GX�PR*H�E\ü�XWZRU]RQ\

]� KDUPRQLF]Q\FK�� WDN� ND*G\� RNUHVRZ\� SU]HELHJ� PR*H� E\ü� SRGGDQ\� UR]NáDGRZL� QD
harmoniczne (rys. 5)1.

5\V�����'HNRPSR]\FMD�SU]HELHJX�RGNV]WDáFRQHJR�QD�VNáDGRZH�KDUPRQLF]QH��SRGVWDZRZ��RUD]�SL�W��L�VLyGP�

7D� WHFKQLND� DQDOL]\� SR]ZDOD� UR]ZD*Dü� RGG]LHOQLH� ND*G�� VNáDGRZ�� RGNV]WDáFRQHJR
SU]HELHJX�� D� QDVW
SQLH� VWRVXM�F� VWDQGDUGRZH� PHWRG\� DQDOL]\� OLQLRZ\FK� REZRGyZ

HOHNWU\F]Q\FK��X]\VNDü�Z\QLN�RVWDWHF]Q\�MDNR�HIHNW�VXPRZDQLD�UH]XOWDWyZ�F]
�FLRZ\FK�
=D� WZyUF
� WHM� WHFKQLNL� DQDOL]\� XZD*D� VL
� SRZV]HFKQLH� IUDQFXVNLHJR� PDWHPDW\ND� -DQD

%DSW\VW
�)RXULHUD��NWyU\�SR�UD]�SLHUZV]\�SU]HGVWDZLá�W
�NRQFHSFM
�Z������U��GOD�UR]ZL�]DQLD
UyZQDQLD� SU]HZRG]HQLD� FLHSáD�� =H� Z]JO
GX� QD� QLHGRVWDWNL� IRUPDOQH� SUDFD� QLH� X]\VNDáD
SR]\W\ZQ\FK�RFHQ�RG� MHM�SLHUZV]\FK�UHFHQ]HQWyZ��F]áRQNyZ�)UDQFXVNLHM�$NDGHPLL�1DXN�±

Laplace’a, Langrange’a i Legandre’a. Ostatecznie w 1822 roku, po dwóch dalszych
UHFHQ]MDFK��)RXULHU�RSXEOLNRZDá�VZRM��SUDF
� �Theorie Analytique de la Chaleur���=DZLHUDáD

RQD� Z�UyG� LQQ\FK� Z\QLNyZ� EDGD��� UyZQLH*� OLF]ERZ�� SRVWDü� FDáNL� L� V]HUHJX� )RXULHUD� GOD
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1� 6SHáQLDM�F\� W]Z�� ZDUXQNL� Dirichleta: (a) w przedziale czasu 0-T (okres przebiegu) liczba ekstremów
�PDNVLPyZ�L�PLQLPyZ��MHVW�VNR�F]RQD���E��MH*HOL�Z\VW
SXM��SXQNW\�QLHFL�JáR�FL�WR�V��RQH�SLHUZV]HJR�URG]DMX�
D�LFK�OLF]ED�MHVW�VNR�F]RQD�
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Szereg Fouriera dotyczy dowolnych niesinusoidalnych okresowych przebiegów.
1DMQL*V]D� VNáDGRZD�KDUPRQLF]QD� ±�c(1)� �QLH� VWDáD�a0�� QD]\ZDQD� MHVW� SRGVWDZRZ��� 3R]RVWDáH
VNáDGRZH�V]HUHJX�]ZDQH�V��Z\*V]\PL�KDUPRQLF]Q\PL�

�����+DUPRQLF]QH�L�VNáDGRZH�V\PHWU\F]QH
+DUPRQLF]QH� Z\VW
SXM�FH� Z� XNáDG]LH� WUyMID]RZ\P� PRJ�� E\ü� UR]ZD*DQH

]� XZ]JO
GQLHQLHP� SRM
ü� VNáDGRZ\FK� V\PHWU\F]Q\FK� SRGREQLH� MDN� Z� SU]\SDGNX� VNáDGRZHM
SRGVWDZRZHM�� :� WUyMID]RZ\P� V\PHWU\F]Q\P� XNáDG]LH�� GOD� SRGVWDZRZHM� L� ND*GHM
]�KDUPRQLF]Q\FK��LVWQLHMH�SURVWD�UHODFMD�SRPL
G]\�U]
GHP�KDUPRQLF]QHM�L�RGSRZLDGDM�F��PX
NROHMQR�FL��ID]��WDEOLFD����

7DEOLFD�����5HODFMD�SRPL
G]\�NROHMQR�FL��ID]��VNáDGRZ��V\PHWU\F]Q���L�U]
GHP�KDUPRQLF]QHM

zgodna przeciwna zerowa
1 2 3
4 5 6
7 8 9
10 11 12
... ... ...

.ROHMQR�ü�ID]

5]�G�KDUPRQLF]QHM

3k+1 3k+2 3k+3 dla k=0,1,2,3,...

5\V�����6\PHWU\F]Q\�XNáDG�QDSL
ü�WUyMID]RZ\FK�RUD]�SU�G\�WU]HFLHM�KDUPRQLF]QHM

1D� U\VXQNX� �� SU]HGVWDZLRQR� SU]\NáDGRZR� SU]HELHJL� WU]HFLHM� KDUPRQLF]QHM� SU�GX� QD� WOH
QDSL
ü�ID]RZ\FK��:LGDü�Z\UD(QLH��*H�VNáDGRZH� WH�Z�SRV]F]HJyOQ\FK�ID]DFK�SRNU\ZDM�� VL
�
:� SRGREQ\� VSRVyE� PR*QD� Z\ND]Dü�� *H� �� KDUPRQLF]QH� Z� SRV]F]HJyOQ\FK� ID]DFK� V�
SU]HVXQL
WH�Z]JO
GHP�VLHELH�R����0

��D�NROHMQR�ü�LFK�ID]�RSLVDQD�MHVW�VHNZHQFM���5�→  T →  S.
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1.5. Klasyfikacja harmonicznych
=� SXQNWX� ZLG]HQLD� URG]DMX� DQDOL]RZDQ\FK� Z� HOHNWURWHFKQLFH� SU]HELHJyZ� PR*QD

Z\Uy*QLü�KDUPRQLF]QH�QDSL
FLD�OXE�SU�GX�
=H� Z]JO
GX� QD� UHODFM
� F]
VWRWOLZR�FL� VNáDGRZ\FK� DQDOL]RZDQHJR� SU]HELHJX

RGNV]WDáFRQHJR�� GR� F]
VWRWOLZR�FL� VNáDGRZHM� SRGVWDZRZHM�� PR*QD� Z\Uy*QLü�� SUyF]

harmonicznych dodatkowo:
interharmoniczne� ±� VNáDGRZH� R� U]
GDFK� QLH� E
G�F\FK� FDáNRZLW�� NURWQR�FL�� F]
VWRWOLZR�FL

podstawowej;
subharmoniczne� ±� VNáDGRZH� R� F]
VWRWOLZR�FLDFK� PQLHMV]\FK� RG� F]
VWRWOLZR�FL� VNáDGRZHM

podstawowej.
+DUPRQLF]QH�VWDFMRQDUQH��KDUPRQLF]QH�VWDQX�XVWDORQHJR��V�� UH]XOWDWHP�DQDOL]\�)RXULHUD

]DVWRVRZDQHM� GR� IXQNFML� RNUHVRZ\FK��+DUPRQLF]QH� RNUH�ODQH� F]
VWR� MDNR� ÄQLH� VWDFMRQDUQH´
OXE�ÄSU]HM�FLRZH´�GRW\F]�� IXQNFML�QLHRNUHVRZ\FK��DQDOL]RZDQ\FK�Z�VNR�F]RQ\P�SU]HG]LDOH
czasu.

:�XNáDGDFK�SU]HNV]WDáWQLNRZ\FK��GRGDWNRZR�Z\Uy*QLD�VL
�GZLH�JUXS\�KDUPRQLF]Q\FK�
- FKDUDNWHU\VW\F]QH�� Z\VW
SXM�FH� Z� SU�GDFK� SU]HNV]WDáWQLND� Z� Z\LGHDOL]RZDQ\FK

warunkach jego pracy,
- QLH�FKDUDNWHU\VW\F]QH��Z\VW
SXM�FH�Z�U]HF]\ZLVW\FK�ZDUXQNDFK�SUDF\��NWyU\FK�REHFQR�ü

QLH� Z\QLND� ]� OLF]E\� SXOVyZ� SU]HNV]WDáWQLND� QS�� �� KDUPRQLF]QD� Z� SU]HNV]WDáWQLNX

12- pulsowym.
&]
VWR�VSRW\NDQ\P�WHUPLQHP�MHVW�RNUH�OHQLH�±�KDUPRQLF]QH�ÄSRWUyMQH´�±�Z�RGQLHVLHQLX

GR� VNáDGRZ\FK�� NWyU\FK� U]
G\� V�� FDáNRZLW�� NURWQR�FL�� WU]HFK�� 1LH� Z\PDJDM�� Z\MD�QLHQLD
WDNLH�SRM
FLD�MDN��KDUPRQLF]QH�SDU]\VWH�L�QLHSDU]\VWH�

5\V�����3U]\NáDGRZH�SU]HELHJL�F]DVRZH�IXQNFML�f(t) i spektrum harmoniczne

'OD�ZL
NV]R�FL�RGELRUQLNyZ�QLHOLQLRZ\FK�ZDUWR�ü�SRV]F]HJyOQ\FK�KDUPRQLF]Q\FK�PDOHMH
ZUD]� ]H� Z]URVWHP� LFK� U]
GyZ�� 7
� W\SRZ�� SRVWDü� VSHNWUXP� KDUPRQLF]QHJR� �ZLGPD��
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SU]HGVWDZLRQHJR� SU]\NáDGRZR� QD� U\VXQNX� �D�� QDOH*\� RGUy*QLü� RG� ]QDF]QLH� U]DG]LHM
Z\VW
SXM�FHJR�SU]HELHJX�ZLGPD�±� U\VXQHN��E�� NWyUHJR�SRVWDü�PR*H�E\ü� VSRZRGRZDQD�QS�
wzmocnieniem rezonansowym.

����:,(/.2�&,�23,68-�&(�2'.6=7$à&(1,(�1$3,	û�,�35�'Ï:

2GNV]WDáFHQLH�SU]HELHJX�QDSL
FLD�SU�GX�PR*H�E\ü�FKDUDNWHU\]RZDQH�Z�G]LHG]LQLH�F]DVX
OXE� F]
VWRWOLZR�FL�� 2SLV� Z� G]LHG]LQLH� F]DVX� SROHJD� QD� RNUH�OHQLX� Uy*QLF� SRPL
G]\
ZDUWR�FLDPL�U]HF]\ZLVWHJR��RGNV]WDáFRQHJR�SU]HELHJX��D�ZDUWR�FLDPL�Z]RUFRZHJR�SU]HELHJX
VLQXVRLGDOQHJR�� 7HQ� VSRVyE� RSLVX� SU]\M
W\� ]RVWDá� QS�� Z� SROVNLHM� QRUPLH� 31����(�������
Z� NWyUHM� ]GHILQLRZDQR� ÄSUDNW\F]QLH� VLQXVRLGDOQH� QDSL
FLH�SU�G´� MDNR� SU]HELHJ�� NWyUHJR
GRZROQD�ZDUWR�ü�FKZLORZD�QLH�Uy*QL�VL
�ZL
FHM�QL*�R����RG�ZDUWR�FL�SLHUZV]HM�KDUPRQLF]QHM�
7UXGQR�ü� SRPLDURZHJR� RNUH�OHQLD� W\FK� Uy*QLF� VSUDZLD�� *H� WHQ� VSRVyE� RSLVX� SUDNW\F]QLH
QLH� MHVW� VWRVRZDQ\�� 1LH� PD� WH*� PL
G]\QDURGRZHJR� SRUR]XPLHQLD� GRW\F]�FHJR� SRM
FLD
ÄSU]HELHJ� SUDZLH� VLQXVRLGDOQ\´� RUD]� SRUR]XPLHQLD� GRW\F]�FHJR� GRSXV]F]DOQHM� ZDUWR�FL
Uy*QLF�FKZLORZ\FK�

0L
G]\� LQQ\PL� ]� W\FK� SRZRGyZ� SRZV]HFKQLH� ]DDNFHSWRZDQR� RSLV� RGNV]WDáFHQLD
SU]HELHJX� Z� G]LHG]LQLH� F]
VWRWOLZR�FL�� 1DMEDUG]LHM� SHáQ�� LQIRUPDFM
� GRVWDUF]D� ]ELyU� OLF]E
RNUH�ODM�F\�U]
G\��DPSOLWXG\��ZDUWR�FL�VNXWHF]QH��L�ID]\�SRV]F]HJyOQ\FK�KDUPRQLF]Q\FK�

:� GRNXPHQWDFK� QRUPDOL]XM�F\FK� SU]\MPRZDQH� V�� Uy*QH� ZLHONR�FL� OLF]ERZH�

]GHILQLRZDQH�QD�W\P�]ELRU]H��QDMF]
�FLHM�EH]�XZ]JO
GQLHQLD�ID]\�KDUPRQLF]Q\FK���6��WR�

ZVSyáF]\QQLN�XG]LDáX�Q�WHM�KDUPRQLF]QHM�QDSL
FLD��DQDORJLF]QLH�GOD�KDUPRQLF]Q\FK�SU�GX��

( )
( )

( )1U

U
D n

n =  

ZVSyáF]\QQLN� XG]LDáX� VNáDGRZHM� SRGVWDZRZHM� QDSL
FLD (analogicznie dla harmonicznej
SU�GX��

( )
( )

U

U
D 1

1 =

gdzie U�MHVW�ZDUWR�FL��VNXWHF]Q��RGNV]WDáFRQHJR�QDSL
FLD�

ZVSyáF]\QQLN�NV]WDáWX�

'HILQLRZDQ\� MHVW� MDNR� LORUD]� ZDUWR�FL� V]F]\WRZHM� L� VNXWHF]QHM�� FR� GOD� SU]HELHJX
VLQXVRLGDOQHJR�Z\QRVL�������,QQD�ZDUWR�ü�R]QDF]D�RGNV]WDáFHQLH�SU]HELHJX�
]DZDUWR�ü�KDUPRQLF]Q\FK��ZDUWR�ü�VNXWHF]QD�wh):

∑
≥

=
2

2
)(

n
nwh DD

FDáNRZLW\�ZVSyáF]\QQLN�RGNV]WDáFHQLD�QDSL
FLD�±�THDU:
-HVW� WR� LORUD]� � ZDUWR�FL� VNXWHF]QHM� KDUPRQLF]Q\FK� GR�ZDUWR�FL� VNXWHF]QHM� SRGVWDZRZHM

harmonicznej:
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( )

( )
%100

1

2

2

U

U

THD n
n

U

∑
==

-DNR�JyUQ�� JUDQLF
� VXPRZDQLD�SU]\MPXMH� VL
� QDMF]
�FLHM�n ���� -H*HOL� U\]\NR� UH]RQDQVX
GOD�KDUPRQLF]Q\FK�Z\*V]\FK�U]
GyZ�MHVW�PDáH��PR*QD�RJUDQLF]\ü�VXPRZDQLH�GR� U]
GX����
:VSyáF]\QQLN� WHQ� SU]\MPXMH� DQDORJLF]Q�� SRVWDü� GOD� SU�GX2

�� -HVW� RQ� ZyZF]DV� PLDU�
GRGDWNRZHJR� SU�GX� KDUPRQLF]QHJR� Z� FDáNRZLWHM� ZDUWR�FL� VNXWHF]QHM�� :DG�� WHJR

ZVSyáF]\QQLND� MHVW� QLHXZ]JO
GQLHQLH�Z� GHILQLFML� F]
VWRWOLZR�FL� KDUPRQLF]Q\FK�� 7DN�� VDP�
MHJR�ZDUWR�ü�PR*QD�RWU]\PDü�GOD�QLHVNR�F]RQHM�NRPELQDFML�Uy*Q\FK�KDUPRQLF]Q\FK�

3U]\M
FLH�ZVSyáF]\QQLND� RGNV]WDáFHQLD� W\ONR�GOD� MHGQHM� ID]\� MHVW� VáXV]QH� SU]\� ]DáR*HQLX
SHáQHM� V\PHWULL�GOD�KDUPRQLF]Q\FK�ZV]\VWNLFK� U]
GyZ��:�SUDNW\FH� WHQ�ZDUXQHN� MHVW� U]DGNR

VSHáQLRQ\�� &]
VWR� UyZQRF]H�QLH� Z\VW
SXMH� ]MDZLVNR� niesymetrii i QLHVLQXVRLGDOQR�FL�
:\PDJD�WR�Z\]QDF]HQLD�ZDUWR�FL�ZVSyáF]\QQLND�THD�RGG]LHOQLH�GOD�ND*GHM�ID]\�

3UyF]� SRGDQHM� SRZ\*HM� GHILQLFML� ZVSyáF]\QQLND� THD� VWRVRZDQH� V�� VSRUDG\F]QLH
Z�OLWHUDWXU]H�WHFKQLF]QHM�UyZQLH*�LQQH�MHJR�SRVWDFLH��6��WR�QS��
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ZVSyáF]\QQLN�RGNV]WDáFHQLD�DW

6WUDW\� Z� X]ZRMHQLDFK� WUDQVIRUPDWRUD� VSRZRGRZDQH� GRGDWNRZ\PL� SU�GDPL� Z]UDVWDM�
Z� SURSRUFML� GR� NZDGUDWX� SU�GX� REFL�*HQLD� L� F]
VWRWOLZR�FL�� 'OD� RNUH�OHQLD� SURFHVX
QDJU]HZDQLD� WUDQVIRUPDWRUD� QLH]E
GQD� MHVW� ZL
F� ]QDMRPR�ü� U]
GyZ� Z\VW
SXM�F\FK� wh.
=QDMRPR�ü�ZVSyáF]\QQLND� NV]WDáWX� L�ZVSyáF]\QQLND� RGNV]WDáFHQLD� MHVW� QLHZ\VWDUF]DM�FD� GOD
GRERUX� PRF\� WUDQVIRUPDWRUD� Z� ZDUXQNDFK� SU]HELHJyZ� RGNV]WDáFRQ\FK�� 7DN�� PR*OLZR�ü
VWZDU]D�ZVSyáF]\QQLN�DW�� -HVW�RQ�GHILQLRZDQ\� MDNR� VXPD�NZDGUDWyZ�Z]JO
GQ\FK�ZDUWR�FL
SU�GyZ�SRV]F]HJyOQ\FK�KDUPRQLF]Q\FK�PQR*RQ\FK�SU]H]�U]�G�KDUPRQLF]QHM�
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:VSyáF]\QQLN� WHQ� XZ]JO
GQLD� F]
VWRWOLZR�ü� SU�GyZ� KDUPRQLF]Q\FK�� W\P� VDP\P� MHJR
X*\WNRZD� ZDUWR�ü� ]ZL�]DQD� ]� RFHQ�� ZDUXQNyZ� SUDF\� WUDQVIRUPDWRUD� Z� ZDUXQNDFK
RGNV]WDáFRQ\FK�SU]HELHJyZ�MHVW�]QDF]�FD�

3RGDQH� SRZ\*HM� ZLHONR�FL� V�� SRGVWDZ�� QRUPDOL]DFML� Z� G]LHG]LQLH� MDNR�FL� HQHUJLL
HOHNWU\F]QHM�� ,FK� U]HF]\ZLVWH� ZDUWR�FL� V�� SRUyZQ\ZDQH� ]� ZDUWR�FLDPL� GRSXV]F]DOQ\PL
RNUH�ORQ\PL�Z�QRUPDFK�L�SU]HGPLRWRZ\FK�SU]HSLVDFK��1D�WHM�SRGVWDZLH�Z\GDZDQH�V��PL
G]\
LQQ\PL� ZDUXQNL� WHFKQLF]QH� SU]\á�F]HQLD� OXE� FHUW\ILNDW� GOD� XU]�G]H�� L� VSU]
WX�� =DVDG�� MHVW�
*H� GOD� SRMHG\QF]\FK� XU]�G]H�� LFK� HPLV\MQR�ü� �ZDUWR�FL� KDUPRQLF]Q\FK�� RNUH�ODQD� MHVW
SRSU]H]� GRSXV]F]DOQH� ZDUWR�FL� RSLVXM�FH� RGNV]WDáFHQLH� SU�GX�� SRGF]DV� JG\� RGSRUQR�ü
XU]�G]H�� RUD]� HPLV\MQR�ü� GX*\FK� LQVWDODFML� RSLV\ZDQD� MHVW� SRSU]H]� RGNV]WDáFHQLH� QDSL
FLD
NWyUH�Z\ZRáXM��Z�SXQNFLH�LFK�SU]\á�F]HQLD�OXE�NWyUH�QD�QLH�RGG]LDáXMH�

:�'2'$7.8�$� SRGDQR� SU]\NáDGRZR� GRSXV]F]DOQH�ZDUWR�FL� KDUPRQLF]Q\FK� QDSL
FLD
na podstawie wybranych dokumentów i norm.

2. '5Ï'à$�:<)6=<&+�+$5021,&=1<&+�35�'8

'UyGáDPL� ZK� V�� RJyOQLH� RGELRUQLNL� R� QLHOLQLRZHM� FKDUDNWHU\VW\FH� SU�GRZR�QDSL
FLRZHM
OXE� RGELRUQLNL� ]Dá�F]DQH� L� Z\á�F]DQH� V\QFKURQLF]QLH� Z]JO
GHP� QDSL
FLD� VLHFL�� :�UyG
Z\VW
SXM�F\FK�Z�V\VWHPLH�HQHUJHW\F]Q\P�(UyGHá�KDUPRQLF]Q\FK�PR*QD�Z\Uy*QLü�WU]\�JUXS\
XU]�G]H��
a) XU]�G]HQLD�]�UG]HQLDPL�PDJQHW\F]Q\PL��QS��WUDQVIRUPDWRU\��VLOQLNL��JHQHUDWRU\�LWS�
b) XU]�G]HQLD�áXNRZH��QS��SLHFH�áXNRZH��Z\áDGRZF]H�(UyGáD��ZLDWáD��XU]�G]HQLD�VSDZDOQLF]H

itp.
c) XU]�G]HQLD�HOHNWURQLF]QH�L�HQHUJRHOHNWURQLF]QH�

W DODATKU B SRGDQR� ZDUWR�FL� KDUPRQLF]Q\FK� GOD� Z\EUDQ\FK� SU]\NáDGRZR� MHGQR�
i trójfazowych odbiorników.

2.1. Transformatory
%\á\� KLVWRU\F]QLH� MHGQ\P� ]� SLHUZV]\FK� (UyGHá� KDUPRQLF]Q\FK� Z� V\VWHPLH

HOHNWURHQHUJHW\F]Q\P�� =DOH*QR�ü� SRPL
G]\� QDSL
FLHP� L� SU�GHP� VWURQ\� SLHUZRWQHM

transformatora – przedstawiona na rysunku 8b jako charakterystyka magnesowania – jest
VLOQLH�QLHOLQLRZD�L�VW�G�ORNDOL]DFMD�SXQNWX�SUDF\�Z�REV]DU]H�MHM�QDV\FHQLD�SRZRGXMH�]QDF]�FH
RGNV]WDáFHQLD�SU�GX�PDJQHVXM�FHJR��U\V�����

Rys. 8. a) Schemat ideowy i b) charakterystyka magnesowania transformatora (IN�±�SU�G�]QDPLRQRZ\�

UwyjUwej

Iwej Iwyj-

Uwej

UN

Wzrost
QDSL
FLD

Obszar
nasycenia

Znamionowy
punkt pracy

1-2%IN

Iwej

(a) (b)
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5\V�����3U]\NáDGRZ\��RGNV]WDáFRQ\�SU]HELHJ�SU�GX�PDJQHVXM�FHJR�WUDQVIRUPDWRUD�RUD]�MHJR�ZLGPR�KDUPRQLF]QH
( Nwej UU %115= )

5\V������*HQHUDFMD�KDUPRQLF]Q\FK�Z�SU�G]LH�PDJQHVRZDQLD�WUDQVIRUPDWRUD��φ ��VWUXPLH��

0HFKDQL]P� JHQHUDFML� KDUPRQLF]Q\FK� SU]HGVWDZLRQR� QD� U\VXQNX� ���� 'OD� ND*GHM� FKZLOL
F]DVX�PR*QD�� RGF]\WXM�F� NROHMQH�ZDUWR�FL� ]� SU]HELHJyZ�� RGWZRU]\ü� NV]WDáW� RGNV]WDáFRQHJR
SU�GX�PDJQHVRZDQLD�WUDQVIRUPDWRUD�

7UDQVIRUPDWRU\�V��SURMHNWRZDQH�WDN��DE\�SU�G�PDJQHVXM�F\�QLH�SU]HNURF]\á������SU�GX
]QDPLRQRZHJR�� =QDPLRQRZ\� SXQNW� SUDF\� ]QDMGXMH� VL
� ZyZF]DV� SRQL*HM� NRODQD

FKDUDNWHU\VW\NL�PDJQHVRZDQLD�QD� MHM�SURVWROLQLRZHM�F]
�FL��']L
NL� WHPX��QDZHW�PLPR�GX*HM
OLF]E\� WUDQVIRUPDWRUyZ� SUDFXM�F\FK� Z� V\VWHPLH� HOHNWURHQHUJHW\F]Q\P� QLH� V�� RQH�

Z� QRUPDOQ\FK�� XVWDORQ\FK� ZDUXQNDFK� SUDF\�� ]QDF]�F\P� (UyGáHP� KDUPRQLF]Q\FK�� 6WDQ� WHQ
PR*H�XOHF� UDG\NDOQHM�]PLDQLH�Z�SU]\SDGNX�QS��QDZHW�QLHZLHONLHJR�Z]URVWX�QDSL
FLD�SRQDG
ZDUWR�ü�]QDPLRQRZ���3RZRGXMH�WR�]QDF]�F\�Z]URVW�SU�GX�PDJQHVXM�FHJR�RUD]�SR]LRPX�MHJR
RGNV]WDáFHQLD��7DNLH�ZDUXQNL�PRJ��Z\VW�SLü�Z�V\VWHPDFK�VáDER�REFL�*RQ\FK�Z�QDVW
SVWZLH
]DEXU]H��SROHJDM�F\FK�QD�Z\á�F]HQLX� OXE�]Dá�F]HQLX�]QDF]�F\FK�RGELRUQLNyZ�PRF\�ELHUQHM
QS�� Z\á�F]HQLX� UyZQROHJá\FK� GáDZLNyZ� OXE� ]Dá�F]HQLX� EDWHULL� NRQGHQVDWRUyZ�� (IHNWHP� V�
VWDQ\� SU]HM�FLRZH� UR]FKRG]�FH� VL
� Z� V\VWHPLH�� NWyUH� PRJ�� VSRZRGRZDü� QDV\FHQLH
WUDQVIRUPDWRUyZ�QLHNLHG\�QD�]QDF]�F\P�REV]DU]H��8Z]JO
GQLDM�F� LFK�GX*�� OLF]E
�RUD]� IDNW�
*H� ZLHOH� ]� QLFK� SUDFXMH� ]� PDá\P� REFL�*HQLHP�� HIHNWHP� PR*H� E\ü� ]QDF]Q\� Z]URVW

...1 3 75 9

100%

50%

20%
5% 2,5%

czas
U]�G�KDUPRQLF]QHM
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RGNV]WDáFHQLD� QDSL
FLD�� :� V\VWHPDFK� WUDQVPLV\MQ\FK� VWRVRZDQH� V�� F]
VWR� WUDQVIRUPDWRU\
o skojarzeniu Y0/y0��2GNV]WDáFRQ\�SU�G�PDJQHVXM�F\�SU]\� WDNLP�VNRMDU]HQLX�X]ZRMH��PR*H
VSRZRGRZDü� GX*H� RGNV]WDáFHQLH� QDSL
FLD� QD� ZWyUQHM� VWURQLH� WUDQVIRUPDWRUD�� 3U]HFLZQLH�
SRá�F]HQLH� '�\� JZDUDQWXMH� QLVNRLPSHGDQF\MQ\� REZyG� X]ZRMH�� SRá�F]RQ\FK� Z� WUyMN�W
GOD� WU]HFLHM� KDUPRQLF]QHM�� :� UH]XOWDFLH� SU]HELHJ� QDSL
FLD� SR� VWURQLH� ZWyUQHM� QLH� XOHJD
RGNV]WDáFHQLX� W�� KDUPRQLF]Q��� :� VLHFLDFK� UR]G]LHOF]\FK� L� ]DNáDGRZ\FK� SRZV]HFKQLH

VWRVRZDQH�V��WUDQVIRUPDWRU\�R�SRá�F]HQLX�WUyMN�W�JZLD]GD��FR�HOLPLQXMH�SUREOHP�RGNV]WDáFH�
QDSL
FLD�WU]HFL��KDUPRQLF]Q��

2.2. Silniki i generatory
3RGREQLH� MDN� WUDQVIRUPDWRU\�� UyZQLH*� VLOQLNL� PRJ�� VSRZRGRZDü� SU]HSá\Z� SU�GyZ

KDUPRQLF]Q\FK�Z�FHOX�Z\WZRU]HQLD�SROD�PDJQHW\F]QHJR��-HGQDN*H�LFK�]QDF]HQLH�SUDNW\F]QH
MHVW� PDáH�� ERZLHP� FKDUDNWHU\VW\ND� PDJQHVRZDQLD� VLOQLND� MHVW� ]QDF]QLH� EDUG]LHM� OLQLRZD

Z� SRUyZQDQLX� ]� FKDUDNWHU\VW\N�� PDJQHVRZDQLD� WUDQVIRUPDWRUD�� 3U]\F]\Q�� MHVW� REHFQR�ü
szczeliny powietrznej.

3RVNRN�X]ZRMH��VLOQLND�PR*H�E\ü�WDN*H�SU]\F]\Q��Z\VW�SLHQLD�KDUPRQLF]Q\FK��7\SRZH
X]ZRMHQLD� VLOQLND� SRVLDGDM�� �� GR� �� *áRENyZ� QD� ELHJXQ�� FR� SRZRGXMH�Z\WZRU]HQLH� �� OXE� �
KDUPRQLF]QHM�� 0LPR�� *H� V�� RQH� QLHSRUyZQ\ZDOQLH� PQLHMV]H� QL*� ZK� Z� XNáDGDFK

SU]HNV]WDáWQLNRZ\FK��LFK�REHFQR�ü�Z�SU]\SDGNX�EDUG]R�GX*\FK�VLOQLNyZ�MHVW�]DXZD*DOQD�
:�QDSL
FLX�JHQHUDWRUyZ�Z\VW�SL��KDUPRQLF]QH��R�PDá\FK�ZDUWR�FLDFK���QLH�MHVW�ERZLHP

PR*OLZ\� DQL� FHORZ\� ]� SUDNW\F]QHJR� L� HNRQRPLF]QHJR� SXQNWX� ZLG]HQLD�� WDNL� UR]NáDG
SU]HVWU]HQQ\� X]ZRMH�� VWRMDQD�� NWyU\� JZDUDQWRZDáE\� VLQXVRLGDOQR�ü� QDSL
FLD�� ,QGXNRZDQH
QDSL
FLD� V�� ZL
F� OHNNR� RGNV]WDáFRQH�� GRPLQXMH� F]
VWR� ��FLD� KDUPRQLF]QD�� 3RZRGXMH� RQD
SU]HSá\Z�SU�GX�GOD�WHM�KDUPRQLF]QHM�Z�SU]\SDGNX�REFL�*HQLD�JHQHUDWRUD3.

�����3LHFH�áXNRZH�SU�GX�SU]HPLHQQHJR
3U]HELHJL�F]DVRZH�QDSL
FLD�L�SU�GyZ�SLHFD�VSUDZLDM���*H�SU]HGVWDZLHQLH�LFK�RGNV]WDáFHQLD

SRSU]H]� G\VNUHWQH� VSHNWUXP� MHVW� SHZQ\P�� SRZV]HFKQLH� VWRVRZDQ\P� SU]\EOL*HQLHP
U]HF]\ZLVWR�FL� WHFKQLF]QHM�� .V]WDáW\� W\FK� SU]HELHJyZ� PDM�� ERZLHP� FKDUDNWHU� ]PLHQQ\FK
ORVRZ\FK��V��QLHRNUHVRZ\PL�IXQNFMDPL�F]DVX��U\V������

5\V������3U]\NáDGRZ\�SU]HELHJ�F]DVRZ\�SU�GX�SLHFD�Z�SLHUZV]\FK�PLQXWDFK�UR]WDSLDQLD

:DUXQNL� Z\áDGRZDQLD� áXNRZHJR� XOHJDM�� ]PLDQRP� Z� SRV]F]HJyOQ\FK� ID]DFK� Z\WRSX�
:� HIHNFLH� QDMZL
NV]\� VWRSLH�� RGNV]WDáFHQLD� SU�GX� Z\VW
SXMH� Z� RNUHVLH� UR]WDSLDQLD�
W przypadku SLHFR�NDG]L�MHVW�]QDF]QLH�PQLHMV]\��=�SRMDZLHQLHP�VL
�OXVWUD�Z\VW
SXMH�ERZLHP
NUyWNL� áXN�� ZDKDQLD� SU�GX� VWDM�� VL
� PQLHMV]H�� D� NU]\ZD� SU�GX� FRUD]� PQLHM� Uy*QL� VL

RG� SU]HELHJX� VLQXVRLGDOQHJR�� 3U]\NáDGRZH� SU]HELHJL� DPSOLWXGRZHJR� VSHNWUXP� SU�GX

                                                
3�2VL�JD�RQ�SU]\NáDGRZR�ZDUWR�ü�RNRáR���$�Z�SU]HZRG]LH�QHXWUDOQ\P�MHGQRVWHN�R�PRFDFK������09$�>��@�
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SU]HGVWDZLRQR� QD� U\VXQNX� ���� :� ZLGPLH� W\P� ]DZV]H� XZLGDF]QLDM�� VL
� GRPLQXM�FH
KDUPRQLF]QH�R�QDMEDUG]LHM�]QDF]�F\FK�DPSOLWXGDFK�L� U]
GDFK�E
G�F\FK�]DUyZQR�SDU]\VW\PL
MDN�L�QLHSDU]\VW\PL�NURWQR�FLDPL�F]
VWRWOLZR�FL�SRGVWDZRZHM�������������

5\V������3U]\NáDGRZH�VSHNWUXP�KDUPRQLF]QH�SU�GX���D��SLHFD�áXNRZHJR���E��pieco-kadzi

3UDZLGáRZR�FL�� MHVW�� *H� DPSOLWXG\� WH� �RNUH�ORQH� MDNR� ZDUWR�FL� VSRG]LHZDQH�� V]\ENR
PDOHM��ZUD]�]H�Z]URVWHP�F]
VWRWOLZR�FL�KDUPRQLF]QHM�RUD]�Z]URVWHP�PRF\�SLHFD��7DEOLFD��
przedstawia rezultaty pomiarów ZK�SU�GX�GOD�SLHFyZ�R�Uy*Q\FK�SRMHPQR�FLDFK�ZVDGRZ\FK
(w procentach harmonicznej podstawowej).

7DEOLFD�����:DUWR�FL�ZVSyáF]\QQLNyZ�XG]LDáX�n�WHM�KDUPRQLF]QHM�Z�SU�G]LH�SLHFD�áXNRZHJR�Z�]DOH*QR�FL
od mocy znamionowej transformatora piecowego [29]

5]�G�wh
2 3 4 5 6 7 9 11 13-25

Moc
znamionowa

transformatora
piecowego

[MVA] %
2,5 36 25 8 10 4 3 2 1 0
5 26 20 5 7 2 3 2 1 0
10 26 13 4 5 1 2 1 1 0
16 16 18 6 8 3 3 2 1 0
60 7 10 4 5 1 2 2 1 0

:K�R� U]
GDFK�n!��� SRVLDGDM�� SUDNW\F]QLH� SRPLMDOQH�ZDUWR�FL��2EHFQR�ü� KDUPRQLF]QHM
WU]HFLHM� �RJyOQLH� R� U]
GDFK� E
G�F\FK� FDáNRZLW�� NURWQR�FL�� WU]HFK�� MHVW� UH]XOWDWHP

asymetrycznej pracy pieca. Pomiary ZK�Z\ND]XM���FR�MHVW�UDFMRQDOQLH�X]DVDGQLRQH��RJURPQLH
GX*H�]Uy*QLFRZDQLH�E
G�FH�UH]XOWDWHP�ORVRZR�FL�]MDZLVND�Z\áDGRZDQLD�áXNRZHJR��QLHNLHG\
UyZQLH*� VWRVRZDQ\FK� PHWRG� L� �URGNyZ� SRPLDURZ\FK��� 3RPL
G]\� Z\Uy*QLRQ\PL�
GRPLQXM�F\PL� KDUPRQLF]Q\PL� VSHNWUXP� PD� FKDUDNWHU� ELDáHJR� V]XPX� R� ]QDF]�F\FK
ZDUWR�FLDFK�

:DUWR�ü� RGNV]WDáFHQLD� NU]\ZHM� QDSL
FLD�� Z\ZRáDQHJR� REHFQR�FL�� ZK� ]DOH*\� RG
RGNV]WDáFHQLD� SU�GX� SLHFD� RUD]� LPSHGDQFML� ]DVW
SF]HM� VLHFL� ]DVLODM�FHM�� =� GRW\FKF]DVRZ\FK
GR�ZLDGF]H��Z\QLND��*H�SLHFH�áXNRZH�QLH�VWDQRZL��QD�RJyá�LVWRWQ\FK�SUREOHPyZ�Z�]DNUHVLH

...1 2 3 87654 9

100%

7-8%

...1 2 3 87654 9

100%

25%

(a) (b)
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RGNV]WDáFHQLD�QDSL
FLD� �Z�SRUyZQDQLX�QS�� ]�XU]�G]HQLDPL�HQHUJRHOHNWURQLF]Q\PL���'RW\F]\
WR� ]ZáDV]F]D� VLHFL� HQHUJHW\NL� ]DZRGRZHM�� :� VLHFLDFK� ZHZQ
WU]Q\FK� ]DNáDGyZ

SU]HP\VáRZ\FK�PRJ�� Z\VW�SLü� SUREOHP\� QS��Z� SU]\SDGNX�ZVSyáSUDF\� SLHFyZ� ]� EDWHULDPL
NRQGHQVDWRUyZ� R� QLHZáD�FLZLH� GREUDQ\FK� PRFDFK� ]QDPLRQRZ\FK� OXE� QLHSUDZLGáRZR
GREUDQHM� F]
VWRWOLZR�FL� UH]RQDQVX� V]HUHJRZHJR� GOD� EDWHULL� ]� GáDZLNDPL� SU]HFLZ�

UH]RQDQVRZ\PL�� 1DMZL
NV]\� VWRSLH�� RGNV]WDáFHQLD� QDSL
FLD� VSRZRGRZDQ\� SUDF�� SLHFyZ
Z\VW
SXMH�QD�V]\QDFK�]DVLODM�F\FK�EH]SR�UHGQLR�SLHFH�WM��Z�HOHNWURVWDORZQLDFK��=DZDUWR�ü�wh
Z� QDSL
FLX� MHVW� WDP� ZSURVW� SURSRUFMRQDOQD� GR� PRF\� SLHFyZ� ]DVLODQ\FK� ]� WHM� UR]G]LHOQL
L�RGZURWQLH�SURSRUFMRQDOQD�GR�MHM�PRF\�]ZDUFLD��-HVW�RQD�WáXPLRQD�Z�SU]\SDGNX�UyZQROHJáHM

SUDF\� LQQ\FK� RGELRUQLNyZ� �JáRZQLH� VLOQLNyZ� V\QFKURQLF]Q\FK� L� DV\QFKURQLF]Q\FK�

]DVLODQ\FK�]�WHJR�VDPHJR�WUDQVIRUPDWRUD�JáyZQHJR��FR�SLHFH�áXNRZH�

2GG]LDá\ZDQLH�KDUPRQLF]QH�SLHFyZ�áXNRZ\FK�SU�GX�VWDáHJR�MHVW�]DVDGQLF]R�SRGREQH�MDN
GOD� SURVWRZQLNyZ� R� OLF]ELH� SXOVyZ� RGSRZLDGDM�FHM� OLF]ELH� SXOVyZ� SU]HNV]WDáWQLND

zastosowanego w instalacji piecowej.

�����:\áDGRZF]H�(UyGáD��ZLDWáD
:�XU]�G]HQLDFK�W\FK��ZLDWáR�MHVW�Z\WZDU]DQH�Z�RSDUFLX�R�SU]HSá\Z�SU�GX�SU]H]�SDU
�OXE

JD]�� D� QLH� SU]H]� *DUQLN� MDN� WR� PD� PLHMVFH� Z� *DURZ\FK� (UyGáDFK� �ZLDWáD�� :\VW
SXM�F\
Z� LFK� VWUXNWXU]H� V]HUHJRZ\� GáDZLN� ]� UG]HQLHP� �EDODVW�� MHVW� (UyGáHP� WU]HFLHM� KDUPRQLF]QHM
R� ]QDF]QHM� ZDUWR�FL�� -HJR� ]DVW�SLHQLH� Z� QRZRF]HVQ\FK� NRQVWUXNFMDFK� XNáDGHP

HOHNWURQLF]Q\P�� PLPR� QLHZ�WSOLZ\FK� ]DOHW� X*\WNRZ\FK�� ]ZL
NV]D� ]� UHJXá\� VWRSLH�
RGNV]WDáFHQLD� SU�GX�� SU�GX� THDI �� � NWyUHJR� ZDUWR�ü� ]DZLHUD� VL
� Z� SU]HG]LDáDFK� MDN� QD
rysunku 12.

=QDF]HQLH� KDUPRQLF]Q\FK� SU�GX� JHQHURZDQ\FK� SU]H]� Z\áDGRZF]H� (UyGáD� �ZLDWáD
Z]UDVWD�� VWDQRZL�� RQH� ERZLHP� FRUD]� EDUG]LHM� ]QDF]�F�� SRG� Z]JO
GHP� PRF\� F]
�ü
odbiorników komunalnych.

5\V�������D��SU�G�HQHUJRRV]F]
GQHM�ODPS\�W\SX�COMPACT (THDI= 80-130% - balast elektroniczny);
�E��GX*HM�ODPS\�IOXRUHVFHQF\MQHM��THDI=20-30%)

�����3U]HNV]WDáWQLNL�MDNR�(UyGáD�wh
3U]HNV]WDáWQLNL� VWDW\F]QH� MDNR� (UyGáD� ZK� VWDQRZL�� RGG]LHOQH�� EDUG]R� REV]HUQH

]DJDGQLHQLH�� NWyUHJR� RPyZLHQLH� SU]HNUDF]D� ]DNUHV� QLQLHMV]HJR� DUW\NXáX�� :� WDEOLF\� �

SU]HGVWDZLRQR� MHG\QLH� SU]\NáDGRZH� SU]HELHJL� F]DVRZH� SU�GyZ� Uy*Q\FK�� QDMEDUG]LHM
W\SRZ\FK�XNáDGyZ�SU]HNV]WDáWQLNRZ\FK�
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7DEOLFD�����3U]HELHJL�F]DVRZH�SU�GyZ�W\SRZ\FK�RGELRUQLNyZ�SU]HNV]WDáWQLNRZ\FK

SU]HELHJ�SU�GX URG]DM�SU]HNV]WDáWQLND

jednofazowy prostownik
THDI  80%
GRPLQXM�FD�WU]HFLD�KDUPRQLF]QD

��SXOVRZ\�SURVWRZQLN�]�ILOWUHP�SRMHPQR�FLRZ\P
EH]�V]HUHJRZHM�LQGXNF\MQR�FL
THDI  80%

��SXOVRZ\�SURVWRZQLN�]�ILOWUHP�SRMHPQR�FLRZ\P
L�V]HUHJRZ\P�GáDZLNLHP�!����OXE�QDS
G
SU�GX�VWDáHJR
THDI  40%

��SXOVRZ\�SU]HNV]WDáWQLN�]�GáDZLNLHP
R�GX*HM�LQGXNF\MQR�FL�GOD�UHGXNFML�VNáDGRZHM
]PLHQQHM�SU�GX�VWDáHJR
THDI  28%

SU]HNV]WDáWQLN����SXOVRZ\
THDI  15%

VWHURZQLN�SU�GX�SU]HPLHQQHJR
(odbiornik rezystencyjny)
THDI��]PLHQQH�ZUD]�]H�]PLDQ��N�WD
wysterowania

IDORZQLN�]���SXOVRZ\P�SU]HNV]WDáWQLNLHP
ZHM�FLRZ\P�GR�]DVLODQLD�QDS
GX
SU�GX�SU]HPLHQQHJR
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2.6. Kompensator FC/TCR
6FKHPDW�LGHRZ\�XNáDGX�MHVW�SU]HGVWDZLRQ\�QD�U\VXQNX����

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���F��VFKHPDW�XNáDGX�WUyMID]RZHJR

LF

R S T

Filtr n-tej
harmonicznej 6WRSLH��GáDZLNRZ\��TCR)

CF

L

(c)
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'OD� N�WD� Z\VWHURZDQLD� W\U\VWRUyZ�
2

πα = � �Z� RGQLHVLHQLX� GR� SU]HM�FLD� SU]H]� ]HUR

VLQXVRLG\�QDSL
FLD�]DVLODM�FHJR��SU�G�ID]RZ\�VWRSQLD�GáDZLNRZHJR�MHVW�VLQXVRLGDOQ\��:]URVW

N�WD� Z\VWHURZDQLD� �α 〉
2

π
�� SRZRGXMH� QLH� W\ONR� UHGXNFM
� ZDUWR�FL� SU�GX�� OHF]� WDN*H

QLHFL�JáR�ü� Z� MHJR� SU]HELHJX� F]DVRZ\P�� 3RMDZLDM�� VL
� KDUPRQLF]QH� QLHSDU]\VW\FK� U]
GyZ
�MH*HOL� N�W\� Z\VWHURZDQLD� V�� MHGQDNRZH� GOD� RE\GZX� W\U\VWRUyZ� á�F]QLND��� ,FK� ZDUWR�FL
VNXWHF]QH�RSLVDQH�V��]ZL�]NLHP�

( )
( )

( )
( )

( ) 






 −
−
−+

+
+=

nn

n

n

n

X

U
I n

αααα
π

sin
cos

12

1sin

12

1sin4 0

gdzie: n = 3, 5, 7,...
U0  �QDSL
FLH�PL
G]\ID]RZH��ZDUWR�ü�VNXWHF]QD��
X  �FDáNRZLWD�UHDNWDQFMD�Z�MHGQ\P�ERNX�VWRSQLD�GáDZLNRZHJR�

α  �N�W�Z\VWHURZDQLD�

:�WDEOLF\���SRGDQR�PDNV\PDOQH�ZDUWR�FL�KDUPRQLF]Q\FK��GR������1DOH*\�]DXZD*\ü��*H
Z\VW
SXM�� RQH� SU]\� Uy*Q\FK� N�WDFK� Z\VWHURZDQLD�� :� V\PHWU\F]Q\FK� ZDUXQNDFK� SUDF\

WUyMID]RZHJR� VWRSQLD�GáDZLNRZHJR�SRGDQH�Z� WDEOLF\�ZDUWR�FL�SURFHQWRZH�GRW\F]�� ]DUyZQR
SU�GyZ�ID]RZ\FK�MDN�L�OLQLRZ\FK��+DUPRQLF]QH�SRWUyMQH��Z�WDEOLF\���Z�QDZLDVDFK��REHFQH�Z
SU�GDFK� ID]RZ\FK�� QLH� SRMDZLDM�� VL
� Z� SU�GDFK� OLQLRZ\FK� GOD� V\PHWU\F]QHM� SUDF\
kompensatora.

7DEOLFD�����0DNV\PDOQD�ZDUWR�ü�KDUPRQLF]Q\FK�VWRSQLD�GáDZLNRZHJR�NRPSHQVDWRUD�FC/TCR.

5]�G�KDUPRQLF]QHM :DUWR�ü�>�@ =DOH*QR�ü�ZK�RG�N�WD�Z\VWHURZDQLD�α
1 100

3 (13,78)

5 5,05

7 2,59

9 (1,57)

11 1,05

13 0,75

15 (0,57)

17 0,44

19 0,35

21 (0,29)

23 0,24

25 0,2

�����8U]�G]HQLD�LQIRUPDW\F]QH
5\VXQHN� ��� SU]HGVWDZLD� W\SRZ\� SU]HELHJ� SU�GX� NRPSXWHUD� 3&� ZUD]� ]� MHJR� ZLGPHP

KDUPRQLF]Q\P�� :LGDü� Z\UD(QLH�� *H� ��� �� L� �� KDUPRQLF]QD� PDM�� ZDUWR�FL� SRUyZQ\ZDOQH
]� ZDUWR�FL�� VNáDGRZHM� SRGVWDZRZHM�� :VSyáF]\QQLN� RGNV]WDáFHQLD� SU�GX� ]DZDUW\� MHVW
Z�RJURPQHM�ZL
NV]R�FL�SU]\SDGNyZ�Z�SU]HG]LDOH�����������D�ZDUWR�ü�PDNV\PDOQD�WU]HFLHM
KDUPRQLF]QHM�RVL�JD�SR]LRP��������VNáDGRZHM�SRGVWDZRZHM�
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5\V������3U]\NáDGRZ\�SU]HELHJ�F]DVRZ\�SU�GX�]DVLODM�FHJR�NRPSXWHU��3&��ZUD]�]H�VSHNWUXP�KDUPRQLF]Q\P

3U]\NáDGRZ\� SU]HELHJ� F]DVRZ\� SU�GX� Z� SU]HZRG]LH� QHXWUDOQ\P� ODERUDWRULXP

NRPSXWHURZHJR� �NLONDQD�FLH� NRPSXWHUyZ� Z\NRQXM�F\FK� Uy*QH� RSHUDFMH�� SU]HGVWDZLD
U\VXQHN� ���� 2EHFQR�ü� KDUPRQLF]Q\FK�� NWyUH� QLH� WZRU]�� XNáDGX� NROHMQR�FL� ]HURZHM� MHVW
UH]XOWDWHP� REHFQR�FL� Z� ODERUDWRULXP� Uy*Q\FK� NRPSXWHUyZ� RUD]� UH]XOWDWHP� niesymetrii ich
SU�GyZ�ID]RZ\FK�

5\V������D��SU]\NáDGRZ\�SU]HELHJ�F]DVRZ\�SU�GX�Z�SU]HZRG]LH�QHXWUDOQ\P�ODERUDWRULXP�NRPSXWHURZHJR�RUD]
b) jego spektrum harmoniczne

5\V������3U]\NáDGRZ\�SU]HELHJ�F]DVRZ\�QDSL
FLD�]DVLODM�FHJR�Z�ODERUDWRULXP�NRPSXWHURZ\P�RUD]�MHJR
spektrum harmoniczne (THDU= 4%)
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0LPR��*H�EH]Z]JO
GQH�ZDUWR�FL�SU�GyZ�KDUPRQLF]Q\FK�JHQHURZDQ\FK�SU]H]�NRPSXWHU\
V��PDáH��HIHNW�VXPDU\F]Q\�Z�SRVWDFL�RGNV]WDáFHQLD�QDSL
FLD�PR*H�E\ü�]QDF]�F\��5\VXQHN���
SU]HGVWDZLD� QDSL
FLH� ]DVLODM�FH� UR]ZD*DQH� ODERUDWRULXP� NRPSXWHURZH�� :LGDü� Z\UD(QLH
W\SRZH� GOD� WHJR� URG]DMX� RGELRUQLNyZ� � ÄVSáDV]F]HQLH´� V]F]\WX� QDSL
FLD� �VSRZRGRZDQH
JáyZQLH���L���KDUPRQLF]Q���

���+$5021,&=1(��1$3,	û��,��35�'Ï:

6NáDGRZD� SU�GX� ]DVLODM�FHJR� RGELRUQLN� QLHOLQLRZ\� �� ( )nI � Z\ZRáXMH� QD� LPSHGDQFML

]DVW
SF]HM�VLHFL�]DVLODM�FHM� ( )nsZ �VSDGHN�QDSL
FLD� ( ) ( ) ( )nnsn IZU =∆  (rys. 17).

5\V������2GNV]WDáFHQLD�QDSL
FLD�Z�3:3�E
G�FHJR�UH]XOWDWHP�VSDGNX�QDSL
FLD� ( )nU∆

6SDGHN� WHQ� SRZRGXMH� RGNV]WDáFHQLH� QDSL
FLD�Z�SXQNFLH�ZVSyOQHJR� SU]\á�F]HQLD� �3:3�

F]XáHJR�QD�RGNV]WDáFHQLH�QDSL
FLD�RGELRUQLND�
6\WXDFMD� NRPSOLNXMH� VL
�� MH*HOL� Z\]QDF]DQ\� MHVW� Z\SDGNRZ\� HIHNW� RGNV]WDáFHQLD

Z\ZRáDQ\�REHFQR�FL��ZLHOX�Uy*Q\FK�RGELRUQLNyZ�QLHOQLRZ\FK��1DOH*\�ZyZF]DV�XZ]JO
GQLü
kilka aspektów tj.:

�D��Z]DMHPQH�SU]HVXQL
FLH�ID]RZH�KDUPRQLF]Q\FK�SRFKRG]�F\FK�RG�Uy*Q\FK�(UyGHá�
- KDUPRQLF]QH�QLVNLFK�U]
GyZ�PDM��]EOL*RQH�N�W\�ID]RZH��PDM��ZL
F�WHQGHQFM�

GR�DU\WPHW\F]QHJR�GRGDZDQLD�VL
�
- KDUPRQLF]QH� Z\*V]\FK� U]
GyZ� PDM�� ]� UHJXá\� ]Uy*QLFRZDQH� N�W\� ID]RZH�

LFK� Z\SDGNRZD� ZDUWR�ü� MHVW� Z\]QDF]DQD� ]� UHJXá\� MDNR� SLHUZLDVWHN� ]� VXP\
NZDGUDWyZ�ZDUWR�FL�LQG\ZLGXDOQ\FK

- SHZQH� KDUPRQLF]QH� PRJ�� PLHü� ]DVDGQLF]R� Uy*QH� N�W\� ID]RZH� Z� ]DOH*QR�FL
RG� WHJR�� F]\� V�� Z\ZRáDQH� SUDF�� RGELRUQLNyZ� MHGQR�� F]\� WUyMID]RZ\FK�
.ODV\F]Q\P�SU]\NáDGHP�MHVW���KDUPRQLF]QD�

PWP

U(1)
 )()1()1( nPWP UUUU ∆+∆+=

Odbiornik
nieliniowy

Odbiornik
F]Xá\�QD�wh
QDSL
FLD

)()1( nII +

)(

)1(

nS

S

Z

Z

)()()(

)1()1()1(

nnSn

S

IZU

IZU

=∆

=∆

t t

UPWP
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�E��HIHNW�UHGXNFML�]ZL�]DQ\�]�PDá��LPSHGDQFM��]DVW
SF]��(UyGáD�RUD]�WáXPL�F\P�G]LDáDQLH
RGELRUQLNyZ�UyZQROHJá\FK�

�F��HIHNW�UHGXNFML�]ZL�]DQ\�]H�VSRVREHP�HNVSORDWDFML�VSU]
WX�QS��QLH�UyZQRF]HVQ��SUDF�
XU]�G]H��

1RZ�� MDNR�FL��Z� G]LHG]LQLH�Z\*V]\FK� KDUPRQLF]Q\FK� MHVW� IDNW�� *H�Z� FRUD]�ZL
NV]\P
VWRSQLX� URO
� GRPLQXM�F\FK� (UyGHá� WHJR� ]DEXU]HQLD� SHáQL�� QLH� RGELRUQLNL� SU]HP\VáRZH� OHF]
UR]SURV]RQH� RGELRUQLNL� NRPXQDOQH� R� PDá\FK� PRFDFK� MHGQRVWNRZ\FK� OHF]� Z\VW
SXM�FH
Z�EDUG]R�GX*HM�OLF]ELH��,FK�á�F]QH�QHJDW\ZQH�RGG]LDá\ZDQLH�QD�VLHü�]DVLODM�F��XZLGDF]QLD�VL

V]F]HJyOQLH�Z�SRU]H�ZLHF]RUQHJR�V]F]\WX�REFL�*HQLRZHJR��U\V������

5\V������3U]\NáDGRZD�GRERZD�ZDUWR�ü���KDUPRQLF]QHM�Z�QDSL
FLX�VLHFL����N9

���6.87.,�2%(&12�&,�:<)6=<&+�+$5021,&=1<&+

3R]LRP� GRSXV]F]DOQHJR� RGNV]WDáFHQLD� QDSL
FLD�SU�GX� MHVW� GHWHUPLQRZDQ\� F]XáR�FL�
RGELRUQLNyZ��UyZQLH*�(UyGHá�HQHUJLL���NWyUH�SRGOHJDM��ZSá\ZRZL�RGNV]WDáFRQ\FK�ZLHONR�FL�
1DMPQLHM�F]Xá\P�URG]DMHP�VSU]
WX�V��WH�XU]�G]HQLD��NWyU\FK�JáyZQ��IXQNFM��MHVW�RJU]HZDQLH�
D� ZL
F� QS�� ZV]HONLHJR� URG]DMX� SLHFH� RSRURZH�� 1DMEDUG]LHM� F]Xá\P� URG]DMHP� VSU]
WX� V�
WH� XU]�G]HQLD� HOHNWURQLF]QH�� NWyU\FK� SURMHNWDQW� OXE� NRQVWUXNWRU� ]DáR*\á� �SUDZLH�� LGHDOQH�
VLQXVRLGDOQH�SU]HELHJL�QDSL
ü�L�SU�GyZ�F]
VWRWOLZR�FL�SRGVWDZRZHM��7HQ�URG]DM�XU]�G]H��MHVW
F]
VWR� VWRVRZDQ\� Z� WHOHNRPXQLNDFML� OXE� GR� SU]HWZDU]DQLD� GDQ\FK�� 6LOQLNL� HOHNWU\F]QH�
QDMEDUG]LHM� SRSXODUQH� RGELRUQLNL� HQHUJLL� HOHNWU\F]QHM�� PLHV]F]�� VL
� SRPL
G]\� W\PL� GZRPD
JUDQLF]Q\PL� NDWHJRULDPL�� :L
NV]R�ü� ]� QLFK� WROHUXMH� ]QDF]�FH� SR]LRP\� RGNV]WDáFH��� /HF]
QDZHW�Z�SU]\SDGNX�QDMPQLHM�F]Xá\FK�RGELRUQLNyZ�MDNLPL�V��SLHFH��REHFQR�ü�KDUPRQLF]Q\FK
MHVW� QLHNRU]\VWQD��0RJ�� RQH� ERZLHP� SRZRGRZDü� QS�� V]NRGOLZH� RGG]LDá\ZDQLH� QDSL
FLRZH
L�WHUPLF]QH�QD�GLHOHNWU\N�L]RODFML�SRZRGXM�F�SU]\VSLHV]HQLH�SURFHVX�MHM�VWDU]HQLD�OXE�QLHNLHG\
WUZDáH�XV]NRG]HQLH�
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4.1. Klasyfikacja skutków
:�WDEOLF\���SRGDQR�SU]\NáDGRZ��NODV\ILNDFM
�VNXWNyZ�REHFQR�FL�wh.

7DEOLFD���±�.ODV\ILNDFMD�VNXWNyZ�REHFQR�FL�ZK�]H�Z]JO
GX�QD�SU]\M
WH�NU\WHULD

Kryterium
SRG]LDáX

Rodzaj skutku Komentarz

Skutki chwilowe
lub o charakterze
natychmiastowym

7H� HIHNW\� V�� ]ZL�]DQH� ]� XV]NRG]HQLDPL�� ZDGOLZ\P� G]LDáDQLHP� OXE� ]DQLNLHP� G]LDáDQLD
XU]�G]H�� SRGGDQ\FK� ZSá\ZRZL� ZK�� 'R� WDNLFK� XU]�G]H�� PR*QD� ]DOLF]\ü� SU]\NáDGRZR�
XU]�G]HQLD�VWHUXM�FH�L�SRPLDURZH��VSU]
W�HOHNWURQLF]Q\��VSU]
W�NRPSXWHURZ\��LWS�=H�Z]JO
GX

na czas
Z\VW
SRZDQLD

6NXWNL�GáXJRWUZDáH

0DM�� ]DVDGQLF]R� WHUPLF]Q�� QDWXU
�� :\VW
SXM�� JáyZQLH� Z� W\FK� SU]\SDGNDFK�� Z� NWyU\FK
FLHSOQD� VWDáD� F]DVRZD� XU]�G]HQLD� MHVW� NUyWV]D� RG� F]DVX� HPLVML� KDUPRQLF]Q\FK�� NWyUH� QD
WR� XU]�G]HQLH� RGG]LDáXM��� (IHNW� FLHSOQ\� �SRZRGXM�F\� QS�� SU]\VSLHV]RQ\� SURFHV� VWDU]HQLD
L]RODFML� OXE� U]DG]LHM� XV]NRG]HQLD� VSU]
WX�� MHVW� IXQNFM�� ZLHOX� ]PLHQQ\FK� Z�UyG�� NWyU\FK
Z\PLHQLü�QDOH*\�MDNR�QDMEDUG]LHM�LVWRWQH�U]
G\�L�ZDUWR�FL�KDUPRQLF]Q\FK�

6NXWNL�SU�GRZH

=ZL�]DQH� V�� ]� ZDUWR�FL�� FKZLORZ�� OXE� X�UHGQLRQ�� Z� F]DVLH� SU]HSá\ZDM�FHJR� SU�GX
(przegrzanie maszyn elektrycznych, przepalenie bezpieczników w kondensatorach, wzrost
VWUDW� Z� OLQLL� SU]HV\áRZHM�� QLHSR*�GDQH� ]DG]LDáDQLH� SU]HND(QLNyZ� LWS���� :� V\VWHPLH

]DVLODM�F\P� KDUPRQLF]QH� SU�GX� V�� JáyZQ�� SU]\F]\Q�� Z]URVWX� WHPSHUDWXU\� XU]�G]H�� RUD]
VNUyFHQLD� F]DVX� LFK� SUDF\�� :Sá\Z� WHQ� RVL�JD� HNVWUHPDOQLH� GX*H� ZDUWR�FL� Z� ZDUXQNDFK
UH]RQDQVRZHJR�Z]PRFQLHQLD�SU�GyZ�KDUPRQLF]Q\FK�

=H�Z]JO
GX
na charakter
fizyczny
RGNV]WDáFRQHJR

przebiegu
6NXWNL�QDSL
FLRZH =ZL�]DQH�]�ZDUWR�FL��V]F]\WRZ����UHGQL��OXE�VNXWHF]Q��RGNV]WDáFRQHJR�QDSL
FLD
:�V\VWHPDFK�UR]G]LDáX

i transmisji mocy
W systemach
transmisji danych
i systemach
telekomunikacyjnych

=H�Z]JO
GX
na miejsce
Z\VW
SRZDQLD
RGNV]WDáFRQ\FK

przebiegów
:�VSU]
FLH
L�XU]�G]HQLDFK
elektrycznych
6NáDGRZD�VWDáD =H�Z]JO
GX� QD� VWRVRZDQLH� SURVWRZQLNyZ� RUD]� HOHNWURQLF]QHJR� VSU]
WX� Z� JRVSRGDUVWZDFK

GRPRZ\FK� L� SU]HP\�OH� PR*H� Z\VW�SLü� VNáDGRZD� VWDáD� Z� QDSL
FLX�� JáyZQLH� Z� VLHFL� QQ�
-HM� SR]LRP� MHVW� ]Z\NOH� QLVNL�� 1LHPQLHM� Z� ZLHOX� SU]\SDGNDFK� MHVW� Z\VWDUF]DM�F\� GOD
ZSURZDG]HQLD� UG]HQL� WUDQVIRUPDWRUyZ� Z� VWDQ� QDV\FHQLD� �FR� PR*H� SURZDG]Lü� GR� LFK
XV]NRG]HQLD��D�Z�NRU]\VWQLHMV]HM�V\WXDFML�GR�JHQHUDFML�GRGDWNRZ\FK�KDUPRQLF]Q\FK�SU �GX��
0R*H� UyZQLH*� SRZRGRZDü� SURFHV\� NRUR]\MQH�� ]DNáyFHQLD� Z� SUDF\� XNáDGyZ

]DEH]SLHF]DM�F\FK� L� LQQ\FK� RGELRUQLNyZ� F]Xá\FK� QD� ZDUWR�ü� L� FKDUDNWHU� SU]HELHJX
F]DVRZHJR�SU�GX�

Harmoniczne niskich
U]
GyZ�GR�RNRáR��N+]

=H�Z]JO
GX
QD�ZDUWR�ü
F]
VWRWOLZR�FL4

Harmoniczne
w przedziale 9 kHz-30
MHz (EMC)

�����:Sá\Z�KDUPRQLF]Q\FK�QD�ZVSyáF]\QQLN�PRF\

5\V������-HGQRID]RZ\�RGELRUQLN�QLHOLQLRZ\�ZUD]�]�NRQGHQVDWRUHP�NRPSHQVXM�F\P

                                                
4�3RG]LDá�]JRGQ\�]�VWRVRZDQ\P�Z�SUDFDFK�0L
G]\QDURGRZHM�.RPLVML�(OHNWURWHFKQLNL��,(&��

i(t)

Odbiornik
nieliniowy

C
u(t)
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:�RJyOQ\P�SU]\SDGNX�SU]HELHJL�F]DVRZH�QDSL
FLD� L�SU�GX�RGELRUQLND� MDN�QD�U\VXQNX���
RNUH�ORQH�V��]ZL�]NDPL�����

( ) ( ) ( )( ) ( ) ( )( )∑ ∑ +++=
n m

mmnn tmUtnUtu αωαω sin2sin2                (1 a)

( ) ( ) ( ) ( )( ) ( ) ( )∑ ∑ ++++=
n p

ppnnn tpItnIti )(sin2sin2 αωϕαω           (1 b)

gdzie:
n,  m, p ��U]
G\�KDUPRQLF]Q\FK�QDSL
ü�L�SU�GyZ�
U(n), U(m), I(n), I(p) �� QDSL
FLD� L� SU�G\� GOD� KDUPRQLF]Q\FK� U]
GyZ�� n, m, p� �ZDUWR�FL

skuteczne);
α(n), α(m), ϕ(n), α (p) ��ID]\�SRF]�WNRZH�RUD]�N�W\�SU]HVXQL
ü�ID]RZ\FK�QDSL
ü�L�SU�GyZ�GOD

poszczególnych harmonicznych.

:VSyáF]\QQLN�PRF\�±�PF (power factor����RGELRUQLND�RNUH�ORQ\�MHVW�]ZL�]NLHP�

( ) ( )

( )

( )

( )

( ) [ ] [ ]IIDPFI
S

S

S

P

P

P

UI

dttitu
T

S

P
PF

T

⋅⋅====
∫

1

1

1

1

0

1

             (2 a)

gdzie: P, S – moc czynna i pozorna,
P(1), S(1) – moc czynna i pozorna dla harmonicznej podstawowej,
U, I ±�VNXWHF]QH�ZDUWR�FL�QDSL
FLD�L�SU�GX�

Czynnik [I]:

( )

( ) ( ) ( )

( ) ( ) ( )111 cos

cos
][

ϕ

ϕ

IU

IU

P

P
I n

nnn

I

∑
==                                                 (3)

:VSyáF]\QQLN� PRF\� GOD� KDUPRQLF]QHM� SRGVWDZRZHM� ]ZDQ\� WDN*H� ZVSyáF]\QQLNLHP
SU]HVXQL
FLD�DPF (displacement power factor):

( ) ( ) ( )

( ) ( )
( )1

11

111 cos
cos

ϕ
ϕ

==
IU

IU
DPF                                                (4)

Czynnik [II]:

( )

( )( )22

1

11

1

UI THDTHDS

S

++
=                                                   (5)
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:DUWR�FL�VNXWHF]QH�QDSL
FLD�L�SU�GX�RUD]�ZVSyáF]\QQLNL�RGNV]WDáFH��

( ) ( )
2

)1(
22 1 U

n m
mn THDUUUU +=+= ∑ ∑    ( ) ( )

2
)1(

22 1 I
n p

pn THDIIII +=+= ∑ ∑    (6)

( )

( )1

2
1

2

U

UU
THDU

−
=                    

( )

( )1

2
1

2

I

II
THDI

−
=                  (7)

-H*HOL�QDSL
FLH�MHVW�VLQXVRLGDOQH�ZyZF]DV�]DOH*QR�ü���D��SU]\MPXMH�SRVWDü�

2

*

1

1

ITHD
DPFPF

+
=                                                              (2b)

-H*HOL� NRPSHQVDFMD� UHDOL]RZDQD� MHVW�Z� VSRVyE� SDV\ZQ\� W]Q�� ]D� SRPRF�� NRQGHQVDWRUyZ�
wówczas powstaje pytanie:

-DND� SRZLQQD� E\ü� ZDUWR�ü� SRMHPQR�FL� &� SU]\á�F]RQHJR� UyZQROHJOH� GR� RGELRUQLND
NRQGHQVDWRUD��NWyU��PR*QD�X]QDü�]D�RSW\PDOQ�� W]Q��PLQLPDOL]XM�F��ZDUWR�ü�PRF\�SR]RUQHM
(UyGáD� ]DVLODQLD� L� JZDUDQWXM�F�� W\P� VDP\P� PDNV\PDOQ�� ZDUWR�ü� ZVSyáF]\QQLND� PRF\
L�PLQLPDOQ��ZDUWR�ü�VNXWHF]Q��SU�GX�(UyGáD�]DVLODQLD��U\V�����"

2GSRZLHG(�QD�WDN�SRVWDZLRQH�S\WDQLH�SU]HGVWDZLOL�Z�VZ\FK�SUDFDFK�Shepherd i Zand (np.
>��@��� 3R� SRGá�F]HQLX� UyZQROHJáHM� SRMHPQR�FL� C� ZDUWR�ü� PRF\� SR]RUQHM� (UyGáD� ]DVLODQLD
PR*QD�RNUH�OLü�]ZL�]NLHP�

( ) ( )∑ ∑+=
n m

mn UUS 22

       ( ) ( ) ( ) ( ) ( )( ) ( ) ( )∑ ∑∑ ++++
n p

p
m

mnnnnn ICmUCnIUCnUI 2222222222 sin2 ωφωω

                                                                                                                        (8)

3U]\UyZQDQLH�GR�]HUD�SRFKRGQHM�PRF\�SR]RUQHM�SR]ZDOD�Z\]QDF]\ü�ZDUWR�ü�RSW\PDOQHM
SRMHPQR�FL�Copt:

( ) ( ) ( )

( ) ( )∑ ∑

∑

+
=⇒=

n m
mn

n
nnn

opt

UmUn

InU
C

dC

dS

2222

sin
1

0
ϕ

ω                                              (9)

4.3. Silniki i generatory
3RGVWDZRZ\P� VNXWNLHP� REHFQR�FL� KDUPRQLF]Q\FK� QDSL
FLD� L� SU�GX� Z� PDV]\QDFK

ZLUXM�F\FK� �DV\QFKURQLF]Q\FK� L� V\QFKURQLF]Q\FK�� MHVW� Z]URVW� WHPSHUDWXU\� SUDF\

spowodowany stratami mocy. Jest to dodatkowy stres dla izolacji, który w przypadku
GáXJRWUZDáHJR�Z\VW
SRZDQLD�PR*H�VNUyFLü�F]DV�LFK�HNVSORDWDFML��6WUDW\��Z\VW
SXM��Z�UG]HQLX
i uzwojeniach maszyn:
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1. w z r o s t  s t r a t  w  u z w o j e n i a c h  stojana i wirnika spowodowany jest zarówno
]ZL
NV]HQLHP�ZDUWR�FL� VNXWHF]QHM� SU�GX� QD� VNXWHN� RGNV]WDáFHQLD� MDN� UyZQLH*�Z]URVWHP
HIHNW\ZQHM�UH]\VWDQFML�X]ZRMH��QD�VNXWHN�]MDZLVND�QDVNyUNRZR�FL�

2. w z r o s t  s t r a t  w  m a g n e t o w o d a c h  stojana i wirnika.
W przypadku silników (szczególnie asynchronicznych, trójfazowych) nawet niewielka
ZDUWR�ü� KDUPRQLF]QHM� SRZRGXMH� SRZVWDQLH� GRGDWNRZ\FK� VWUXPLHQL� PDJQHW\F]Q\FK
L� ]ZL�]DQ\FK� ]� W\P� GRGDWNRZ\FK� SU�GyZ� Z� X]ZRMHQLDFK� ZLUQLND� L� *HOD]LH� UG]HQLD�
7H�GRGDWNRZH�SU�G\��Z�SU]\SDGNX�]QDF]QHJR�RGNV]WDáFHQLD�QDSL
FLD��WHJR�VDPHJR�U]
GX
FR� SU�G� PDJQHVXM�F\� GOD� VNáDGRZHM� SRGVWDZRZHM�� SRZRGXM�� GRGDWNRZH� VWUDW\� PRF\
F]\QQHM�� JU]DQLH� VL
� PDV]\Q\� L� ]ZL
NV]RQ�� DZDU\MQR�ü� MHM� SUDF\�� 'RGDWNRZH� VWUDW\
RG� SU�GyZ� ZLURZ\FK� ]DOH*�� RG� VSRVREX� Z\NRQDQLD�magnetowodów maszyn - lite czy
SDNLHWRZDQH���RUD]�FKDUDNWHU\VW\NL�PDJQHW\F]QHM�*HOD]D�
'RGDWNRZH� VWUDW\� ]ZL�]DQH� ]� REHFQR�FL�� ZK� Z\VW
SXM�� Z� PDV]\QLH� V\QFKURQLF]QHM
JáyZQLH� Z� X]ZRMHQLDFK� VWRMDQD� RUD]� Z� NODWFH� WáXPL�FHM�� 6WUDW\� ZLUQLND� V�� ]� UHJXá\
]QDF]�FR�PQLHMV]H��,VWRWQH�V��JáyZQLH�KDUPRQLF]QH�WZRU]�FH�XNáDG�NROHMQR�FL�SU]HFLZQHM
tzn. 5, 11, 17, 23...itd5�� :� VLOQLNDFK� DV\QFKURQLF]Q\FK� Z\VRNLHJR� QDSL
FLD� VWUDW\
Z� VWRMDQLH� L� ZLUQLNX� V�� PQLHM� ZL
FHM� MHGQDNRZH�� 6LOQLNL� DV\QFKURQLF]QH� SLHU�FLHQLRZH
GRSXV]F]DM��ZL
NV]H�VWUDW\�PRF\�Z�ZLUQLNX�QL*�VLOQLNL�NODWNRZH�

��� G� R� G� D� W� N� R� Z� H� � P� R�P� H� Q� W� \� � K� D� U� P� R� Q� L� F� ]� Q� H�� 6�� UH]XOWDWHP�Z]DMHPQHJR
RGG]LDá\ZDQLD� SRPL
G]\� VWUXPLHQLHP� Z� V]F]HOLQLH� SRZLHWU]QHM� �JáyZQLH� VNáDGRZD
SRGVWDZRZD�� L� VWUXPLHQLDPL� Z\WZDU]DQ\PL� SU]H]� SRV]F]HJyOQH� SU�G\� KDUPRQLF]QH
ZLUQLND�� ,FK� HIHNW� Z� Z\SDGNRZHM�� �UHGQLHM� ZDUWR�FL� PRPHQWX� VLOQLND� MHVW� Z� SUDNW\FH
PDá\�� 0DM�� RQH� GRGDWNRZR� WHQGHQFM
� GR� Z]DMHPQHJR� ]QRV]HQLD� VL
�� +DUPRQLF]QH
WZRU]�FH� XNáDG� NROHMQR�FL� ]JRGQHM� Z\WZDU]DM�� VNáDGRZH� PRPHQWX� ZVSLHUDM�FH� URWDFM

VLOQLND�� SRGF]DV� JG\� GOD� SR]RVWDá\FK� KDUPRQLF]Q\FK� ���� ���� ���� �������� G]LDáDM�
przeciwnie6�� 0RPHQW\� KDUPRQLF]QH� PDM�� QDWRPLDVW� ZSá\Z� QD� ZDUWR�ü� FKZLORZ�
PRPHQWX�Z\SDGNRZHJR�VLOQLND�Z\ZRáXM�F�MHJR�SXOVDFM
�

4. O s c y l a c j e  m e c h a n i c z n e  maszyn elektrycznych zasilanych
RGNV]WDáFRQ\P� QDSL
FLHP� RVL�JDM�� VZRMH� PDNV\PDOQH� ZDUWR�FL�� JG\� F]
VWRWOLZR�ü
]PLHQQHJR� PRPHQWX� VLOQLND� MHVW� ]JRGQD� ]� F]
VWRWOLZR�FL�� UH]RQDQVX� PHFKDQLF]QHJR
XNáDGX� VLOQLN� �� DJUHJDW� QDS
G]DQ\�� ,VWRWQ\P� F]\QQLNLHP� MHVW� ZDUWR�ü� PRPHQWX
REFL�*DM�FHJR�VLOQLN��=MDZLVNR�WR�PR*H�Z\VW�SLü�UyZQLH*�Z�XNáDGDFK�WXUELQD��JHQHUDWRU�

����3U�G\�KDUPRQLF]QH�Z�VLOQLNX�PRJ��VSRZRGRZDü�]�Z�L�
�N�V�]�R�Q�\���S�R�]�L�R�P��H�P�L�V�M
L� �]�D�N� á�y�F�H��� � D�N�X�V� W�\�F�]�Q�\�F�K� �Z�SRUyZQDQLX�GR� LFK�ZDUWR�FL�SU]\�]DVLODQLX
przebiegami sinusoidalnymi.

                                                
5� :J� >��@� VWUDW\� RG� SU�GyZ� ZLURZ\FK� Z� PDV]\QLH� V\QFKURQLF]QHM� ]� SDNLHWRZDQ\P� VWRMDQHP� L� ZLUQLNLHP
QLH�SU]HNUDF]DM��SRMHG\QF]\FK�SURFHQWyZ�VWUDW�]QDPLRQRZ\FK��QDZHW�SU]\�EDUG]R�]QDF]�F\P�RGNV]WDáFHQLX
QDSL
FLD� ]DVLODM�FHJR� �� %1510−=UTHD �� FR� MHVW� ZDUWR�FL�� PDáR� UHDOQ�� Z� SUDNW\FH� SU]\� EH]SR�UHGQLP

zasilaniu maszyny z sieci. Straty dodatkowe w silnikach i kompensatorach synchronicznych z litymi
ELHJXQDPL�V��ZL
NV]H��:J� WHJR�VDPHJR�(UyGáD� VWUDW\�Z�PDV]\QDFK�ZLUXM�F\FK�PDM�� ]QDF]HQLH�JáyZQLH�GOD
KDUPRQLF]Q\FK� QLVNLFK� U]
GyZ�� SU]HGH� ZV]\VWNLP� �� L� ��� 6WUDW\� RG� KDUPRQLF]Q\FK� R� U]
GDFK� SRZ\*HM� ��
PR*QD�SUDNW\F]QLH�]DQLHGEDü�

6�:J� >��@�Z� VLOQLNDFK� DV\QFKURQLF]Q\FK� �UHGQLHM�PRF\�� ]DVLODQ\FK� QDSL
FLHP� RGNV]WDáFRQ\P��� KDUPRQLF]Q�
R�ZDUWR�FL������PRPHQW�GOD�WHM�KDUPRQLF]QHM�QLH�SU]HNUDF]D������PRPHQWX�GOD�VNáDGRZHM�SRGVWDZRZHM�
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��� +DUPRQLF]QH�� ZSá\ZDM�F� QD� UR]NáDG� VWUXPLHQLD� Z� V]F]HOLQLH� SRZLHWU]QHM�� PRJ�
VSRZRGRZDü�X�W�U�X�G�Q�L�R�Q�\��á�D�J�R�G�Q�\��U�R�]�U�X�F�K��V�L�O�Q�L�N�D��OXE�]ZL
NV]\ü�MHJR
SR�OL]J�

4.4. Transformatory
7UDQVIRUPDWRU\� �]DZV]H�GR�ZLDGF]DM�� VNXWNyZ�REHFQR�FL�wh, bowiem filtry instalowane

V��SUDZLH�Z\á�F]QLH�SR�LFK�SLHUZRWQHM�VWURQLH�
%H]SR�UHGQLP� VNXWNLHP� REHFQR�FL� KDUPRQLF]Q\FK� MHVW�� SUyF]� ]DNáyFH�� DNXVW\F]Q\FK�

Z]URVW�VWUDW�PRF\�Z�UG]HQLX��VWUDW\��KLVWHUH]RZH���SURSRUFMRQDOQH�GR�F]
VWRWOLZR�FL�L�VWUDW\�RG
SU�GyZ� ZLURZ\FK� �� SURSRUFMRQDOQH� GR� NZDGUDWX� F]
VWRWOLZR�FL�� RUD]� Z� X]ZRMHQLDFK�
Z� QDVW
SVWZLH� Z]URVWX� ZDUWR�FL� VNXWHF]QHM� SU�GX� RUD]� ]ZL
NV]RQHM� UH]\VWDQFML� �HIHNW

QDVNyUNRZR�FL��� 3U]\MPXMH� VL
��*H� WH� RVWDWQLH� V�� SURSRUFMRQDOQH�GR� ( )∑≈
n

n nI 22  gdzie n jest

U]
GHP� KDUPRQLF]QHM� SU�GX� R� ZDUWR�FL� VNXWHF]QHM� ( )nI 7
�� :\ZRáDQ\� W\P� WHUPLF]Q\� VWUHV

L]RODFML�PR*H�E\ü�SU]\F]\Q��VNUyFHQLD�F]DVX�HNVSORDWDFML�WUDQVIRUPDWRUyZ�
:D*Q\P�PLHMVFHP� ORNDOL]DFML� VWUDW�PRF\� V�� SRá�F]RQH�Z� WUyMN�W� X]ZRMHQLD� VWDQRZL�FH

REZyG�]ZDUW\�GOD�SU�GyZ�KDUPRQLF]Q\FK�SRWUyMQ\FK.
2EHFQR�ü� VNáDGRZHM� VWDáHM� SU�GX� �MDNR� UH]XOWDW� SUDF\� SHZQ\FK� URG]DMyZ� RGELRUQLNyZ�

PR*H�Z\ZRáDü�QDV\FHQLH�UG]HQLD�L�Z\QLNDM�F\�VW�G�GDOV]\�Z]URVW�RGNV]WDáFHQLD�SU�GX��5G]H�
WUDQVIRUPDWRUD� PR*H� XOHJDü� QDV\FHQLX� UyZQLH*� QD� VNXWHN� Z]URVWX� ZDUWR�FL� V]F]\WRZHM
QDSL
FLD�Z\VW
SXM�FHJR�Z�QDVW
SVWZLH�RGNV]WDáFHQLD�KDUPRQLF]QHJR�

=H� Z]JO
GX� QD� QLHEH]SLHF]H�VWZR� Z\VW�SLHQLD� ]MDZLVND� UH]RQDQVRZHJR� SRPL
G]\
UHDNWDQFM�� LQGXNF\MQ�� WUDQVIRUPDWRUD� D� UHDNWDQFM�� RGELRUQLNyZ� SRMHPQR�FLRZ\FK
SU]\á�F]RQ\FK�GR�MHJR�ZWyUQHM�VWURQ\��RJUDQLF]D�VL
�PRF�EDWHULL�NRQGHQVDWRUyZ��1LH�SRZLQQD
RQD�SU]HNURF]\ü�RNRáR������PRF\�]QDPLRQRZHM�WUDQVIRUPDWRUD�

3UDFD� WUDQVIRUPDWRUyZ� Z� �URGRZLVNX� HOHNWURPDJQHW\F]Q\P� ]� RGNV]WDáFRQ\PL
SU]HELHJDPL�QDSL
ü�L�SU�GyZ�]PXV]D�SURMHNWDQWyZ�L�SURGXFHQWyZ�W\FK�PDV]\Q�GR�GRNRQDQLD
WDNLFK�]PLDQ�NRQVWUXNF\MQ\FK��NWyUH�SURZDG]��Z�NRQVHNZHQFML�GR�PLQLPDOL]DFML�VWUDW��6��WR�
− SU]HZ\PLDURZDQLH� X]ZRMH�� SRá�F]RQ\FK� Z� WUyMN�W� L� SU]HZRGX� QHXWUDOQHJR� SU]\

SRá�F]HQLX� X]ZRMH�� Z� JZLD]G
� ]H� Z]JO
GX� QD� REHFQR�ü� KDUPRQLF]Q\FK� SRWUyMQ\FK
(do 200% przekroju przewodów fazowych);

− SURMHNWRZDQLH� UG]HQL�PDJQHW\F]Q\FK� WDN�� DE\�Z� ]QDPLRQRZ\P� SXQNFLH� SUDF\� X]\VNDü

RGSRZLHGQL�� ZDUWR�ü� VWUXPLHQLD� PDJQHW\F]QHJR� �SRQL*HM� NRODQD� FKDUDNWHU\VW\NL

PDJQHVRZDQLD��� 8]\VNXMH� VL
� WR� PL
G]\� LQQ\PL� SRSU]H]� VWRVRZDQLH� UG]HQL� ]� *HOD]D
R�RGSRZLHGQLHM�MDNR�FL�L�R�RGSRZLHGQLP�SU]HNURMX�SRSU]HF]Q\P�

- Z\NRQ\ZDQLH� X]ZRMH�� WUDQVIRUPDWRUyZ� ]�ZL�]HN� SU]HZRGyZ�Z� FHOX� UHGXNFML� ]MDZLVND
QDVNyUNRZR�FL�
W USA i Kanadzie wprowadzono specjalny sposób oznaczania transformatorów

NRQVWUXNF\MQLH� SU]\VWRVRZDQ\FK� GR� SUDF\� ]� RGELRUQLNDPL� QLHOLQLRZ\PL��&KDUDNWHU\]XM�� VL

RQH� ZL
NV]�� ]GROQR�FL�� DNXPXODFML� FLHSáD� Z� SRUyZQDQLX� ]� W\SRZ\PL� UR]ZL�]DQLDPL
R� WHM� VDPHM� PRF\� ]QDPLRQRZHM�� 6WRVRZDQH� V�� Z� LFK� NRQVWUXNFML� ]PLDQ\� ]PLHU]DM�FH� GR
UHGXNFML� VWUDW� PRF\�� 7UDQVIRUPDWRU\� WH� R]QDF]RQH� V�� V\PEROHP� .� ZUD]� ]� OLF]E�
]H� ]QRUPDOL]RZDQHJR� V]HUHJX�� ��� ��� ���� ���� ���� ��� L� ����:L
NV]D� ZDUWR�ü� ZVSyáF]\QQLND

                                                
7� :J� >��@� Z� SU]\SDGNX� ]QDF]�FHM� ZDUWR�FL� ZVSyáF]\QQLND� RGNV]WDáFHQLD� SU�GX� THDI PR*H� Z\VW�SLü� QDZHW
SRGZRMHQLH� VWUDW� PRF\� F]\QQHM�� ,� WDN� SU]\NáDGRZR�� GOD� WUDQVIRUPDWRUD� R� PRF\� ��N9$�� Z� ZDUXQNDFK

]QDPLRQRZHJR� REFL�*HQLD� VWUDW\� WH� Z\QRV]�� RGSRZLHGQLR�� THDI=0% ∆P=800W; THDI=20% ∆P=1152W;
THDI=35% ∆P=1600W.
Wg [31] straty mocy w transformatorach 61�QQ�� ]DVLODM�F\FK� RGELRUFyZ� E\WRZR� NRPXQDOQ\FK� Z]UDVWDM�
R�RNRáR��������Z�]DOH*QR�FL�RG�VWRSQLD�RGNV]WDáFHQLD�QDSL
FLD�
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R]QDF]D� ZL
NV]�� ]GROQR�FL� WUDQVIRUPDWRUD� GR� SUDF\� Z� �URGRZLVNX� HOHNWURPDJQHW\F]Q\P
FKDUDNWHU\]XM�F\P�VL
�ZL
NV]��ZDUWR�FL��ZVSyáF]\QQLND�RGNV]WDáFHQLD�SU�GX�THDI. Np. K4
R]QDF]D�� *H� ]GROQR�ü� DNXPXODFML� FLHSáD� MHVW� RNRáR� F]WHU\� UD]\� ZL
NV]D� Z� SRUyZQDQLX
]�W\SRZ\P�WUDQVIRUPDWRUHP��NWyUHPX�Z�SU]\M
WHM�NRQZHQFML�RGSRZLDGD�V\PERO�.���=ZL�]HN
WHQ� QLH� MHVW� OLQLRZ\�� ERZLHP�.���R]QDF]D� RNRáR� GZXNURWQ\�Z]URVW�PR*OLZR�FL� DNXPXODFML
FLHSáD�Z�SRUyZQDQLX�GR�.���D�.���GDOV]H�SRGZRMHQLH��OHF]�Z�UHODFML�GR�.���

4.5. Kondensatory
1DOH*�� GR� WHM� NDWHJRULL� XU]�G]H��� NWyUH�Z�EDUG]R� GX*\P� VWRSQLX� GR�ZLDGF]DM�� VNXWNyZ

SUDF\� Z� �URGRZLVNX� HOHNWURPDJQHW\F]Q\P� ]� SU]HELHJDPL� RGNV]WDáFRQ\PL�� 3U]HFL�*HQLD�
NWyU\P�SRGOHJDM���GRW\F]���QDSL
FLD��SU�GX�L�PRF\��'ODWHJR�WH*�GR�W\FK�ZLHONR�FL�RGQRV]��VL
�
RNUH�ODQH�SU]H]�SURGXFHQWyZ��GRSXV]F]DOQH�ZVSyáF]\QQLNL�SU]HFL�*HQLRZH�SRGDM�FH�NURWQR�ü
LFK� ZDUWR�FL� ]QDPLRQRZ\FK�� :\]QDF]DM�� RQH�� GOD� EDWHULL� NRQGHQVDWRUyZ�� REV]DU

QLHQLV]F]�F\FK�ZDUXQNyZ��OHF]�SUDFD�]�GáXJRWUZDá\P�SU]HFL�*HQLHP�VNUDFD�]QDF]�FR�F]DV�LFK
eksploatacji.

:]URVW� ZDUWR�FL� V]F]\WRZHM� QDSL
FLD�� E
G�F\� UH]XOWDWHP� REHFQR�FL� wh, to dodatkowy
VWUHV� GOD� L]RODFML�� 0R*H� RQ� VSRZRGRZDü� Z� NRQVHNZHQFML� F]
�FLRZH� Z\áDGRZDQLH
Z� GLHOHNWU\NX�� ]ZDUFLH� NR�FyZ� IROLL� L� WUZDáH� XV]NRG]HQLH� NRQGHQVDWRUD�� =JRGQLH

]� ZL
NV]R�FL�� QDURGRZ\FK� L� PL
G]\QDURGRZ\FK� QRUP�� GRSXV]F]DOQ\� ZVSyáF]\QQLN

SU]HFL�*HQLD�QDSL
FLRZHJR�NRQGHQVDWRUD�QLH�SU]HNUDF]D������ZDUWR�FL�]QDPLRQRZHM�
:L
NV]R�ü�SUREOHPyZ�Z\VW
SXM�F\FK�Z�NRQGHQVDWRUDFK��D�Z\ZRáDQ\FK�KDUPRQLF]Q\PL

ma SU�GRZ\� FKDUDNWHU�� 2EHFQR�ü� ZK� Z� QDSL
FLX� SRZRGXMH� SU]HSá\Z� SU]H]� NRQGHQVDWRU
GRGDWNRZ\FK�SU�GyZ��NWyU\FK�ZDUWR�ü�PR*H�E\ü�]QDF]�FD�L�PR*H�URVQ�ü�ZUD]�]H�Z]URVWHP

U]
GX�KDUPRQLF]QHM��Z�HIHNFLH�UHGXNFML�LPSHGDQFML�]DVW
SF]HM�NRQGHQVDWRUD� ( ) 1−≈ CnZC ω ).

:]JO
GQ�� ZDUWR�ü� SU�GX� NRQGHQVDWRUD� GOD� n-tej harmonicznej ( )
*

nI , RGQLHVLRQ�� GR

harmonicznej podstawowej: ( ) ( ) ( )( )1
1

* −= III nn ��PR*QD�RNUH�OLü� ]ZL�]NLHP� ( ) ( )
**

nn nUI = gdzie:

( )
*

nU jest Z]JO
GQ�� ZDUWR�FL�� QDSL
FLD� n�WHM� KDUPRQLF]QHM� RGQLHVLRQ�� GR� KDUPRQLF]QHM

podstawowej - ( ) ( ) ( )
1

1
* −= UUU nn . 3U]\NáDGRZR�� �� KDUPRQLF]QD� QDSL
FLD� R� ZDUWR�FL� ��� �

VSRZRGXMH� SU]HSá\Z� SU�GX� GOD� WHM� KDUPRQLF]QHM� VWDQRZL�FHJR� ����� SU�GX� KDUPRQLF]QHM
SRGVWDZRZHM�� 0R*H� WR� VSRZRGRZDü� SU]HFL�*HQLH� SU�GRZH� NRQGHQVDWRUD�� :VSyáF]\QQLN

SU]HFL�*HQLD�SU�GRZHJR�REHFQLH�SURGXNRZDQ\FK�NRQGHQVDWRUyZ�QLH�SU]HNUDF]D�]�UHJXá\�����
3U]HSá\Z� SU]H]� EDWHUL
� SU�GX� R� ]E\W� GX*HM� ZDUWR�FL� SRZRGXMH� Z\VW�SLHQLH

Z� NRQGHQVDWRUDFK� GRGDWNRZ\FK� VWUDW� PRF\�� ]� Z\QLNDM�F\PL� ]� WHJR� IDNWX� QLHNRU]\VWQ\PL
zjawiskami takimi jak: przepalenie bezpieczników8, procesy fizyko-chemiczne dielektryków
SRZRGXM�FH�SU]\VSLHV]RQ\�SURFHV�VWDU]HQLD�L�VNUyFHQLD�F]DVX�HNVSORDWDFML��WUZDáH�XV]NRG]HQLH
itp.

6WUDW\�PRF\�Z�NRQGHQVDWRU]H�PR*QD�V]DFRZDü�SU]\�SRPRF\�]DOH*QR�FL�

( )( ) ( )∑
∞

=

=∆
1

2

n
nn UntgP ωδ                                                                               (10)

gdzie ( )( )ntgδ � MHVW�ZVSyáF]\QQLNLHP�VWUDWQR�FL�GOD�n-tej harmonicznej ( )CnRω= . Do 13-tej
KDUPRQLF]QHM�PR*QD�SU]\M�ü�VWDá��ZDUWR�ü�WHJR�ZVSyáF]\QQLND��:yZF]DV�

                                                
8�:DUWR�ü� SU�GX� SU]HSDOHQLH� EH]SLHF]QLNyZ�Z� NRQGHQVDWRUDFK� 61� SU]\MPRZDQD� MHVW� QD� SR]LRPLH� ��������
SU�GX�]QDPLRQRZHJR�IN. Dla kondensatorów QQ�Z\QRVL�RQD�F]
VWR������IN.
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( ) ( )∑
∞

=
∑ =∆

1

2

n
nnUtgCP δω                                                                               (11)

-H*HOL� ZDUWR�ü� SU�GX� NRQGHQVDWRUD� SU]HNURF]\�� Z� HIHNFLH� RGNV]WDáFHQLD�� GRSXV]F]DOQ\
SR]LRP�PR*QD�SRSUDZLü�WHQ�VWDQ�SRSU]H]�
- ]PLDQ
�ORNDOL]DFML�EDWHULL9

- RGá�F]HQLH� SU]HZRGX� QHXWUDOQHJR� GOD� EDWHULL� SRá�F]RQ\FK� Z� JZLD]G
� Z� FHOX
Z\HOLPLQRZDQLD�REFL�*HQLD�SU�GDPL�KDUPRQLF]Q\FK�SRWUyMQ\FK���MH*HOL�WDNLH�Z\VW
SXM�
L� MH*HOL� MHVW� WR� GRSXV]F]DOQH� ]� SXQNWX� ZLG]HQLD� L]RODFML� EDWHULL� L� SDUDPHWUyZ
Z\á�F]QLND��

- ]DVWRVRZDQLH�GáDZLNyZ�przeciwrezonansowych.
:V]\VWNLH� Z\PLHQLRQH� QLHNRU]\VWQH� ]MDZLVND� XOHJDM�� GUDVW\F]QHPX� Z]PRFQLHQLX

Z�ZDUXQNDFK�UH]RQDQVyZ��V]HUHJRZHJR�L�UyZQROHJáHJR�

4.5.1 Kompensacja mocy biernej
.RQGHQVDWRU\� V�� QDMSURVWV]\P�� ]� WHFKQLF]QHJR� SXQNWX� ZLG]HQLD�� �URGNLHP� VáX*�F\P

GR� NRPSHQVDFML� SU�GX� ELHUQHJR�� -H*HOL� QRUPDW\ZQH� ZDUWR�FL� ]DEXU]H�� WM�� ZVSyáF]\QQLN
RGNV]WDáFHQLD�QDSL
FLD�L�DPSOLWXGD�ZDKD��QDSL
FLD�PLHV]F]��VL
�Z�GRSXV]F]DOQ\FK�JUDQLFDFK�
UHDOL]DFMD�NRPSHQVDFML�SU]\�X*\FLX�VWDá\FK�EDWHULL�NRQGHQVDWRUyZ�MHVW�]D]Z\F]DM�X]DVDGQLRQD
HNRQRPLF]QLH�� 3UH]HQWXM�� ERZLHP� V]HUHJ� LVWRWQ\FK� ]DOHW� WM��� QLHZLHONL� ZáDVQ\� SREyU� PRF\
F]\QQHM� �PDáH� VWUDW\��� GáXJD� *\ZRWQR�ü� �SU]\� ZáD�FLZ\FK� ZDUXQNDFK� HNVSORDWDF\MQ\FK��
SURVW\� PRQWD*�� EUDN� SRWU]HE\� NRQVHUZDFML�� PR*OLZR�ü� UR]EXGRZ\� LWS�� ,FK� ]DVWRVRZDQLH
Z\PDJD� MHGQDN*H� UR]ZD*HQLD� V]HUHJX� ]DJUR*H�� PRJ�F\FK� REQL*\ü� OXE� ZU
F]� FDáNRZLFLH
Z\HOLPLQRZDü� HIHNW� NRPSHQVDF\MQ\�� 1D� U\VXQNX� ��� SU]HGVWDZLRQR� XSURV]F]RQ\� VFKHPDW

LGHRZ\� L� ]DVW
SF]\�XNáDGX��RGELRUQLN�QLHOLQLRZ\�±� VLHü� ]DVLODM�FD�±�EDWHULD�NRQGHQVDWRUyZ�
2GELRUQLN� UHSUH]HQWRZDQ\� MHVW� QD� VFKHPDFLH� ]DVW
SF]\P� MDNR� LGHDOQH� (UyGáR� SU�GX
SRV]F]HJyOQ\FK� Z\*V]\FK� KDUPRQLF]Q\FK�� ZDUWR�ü� NWyUHJR� MHVW� QLH]DOH*QD� RG� LPSHGDQFML
REFL�*HQLD�

3U]\á�F]HQLH�EDWHULL�NRQGHQVDWRUyZ�GR�V]\Q��]�NWyU\FK�]DVLODQ\�MHVW�RGELRUQLN�QLHOLQLRZ\
]PLHQLD� DPSOLWXGRZH� ZLGPR� KDUPRQLF]Q\FK� QDSL
FLD� Z� PWP (rys. 20c). Zmianie ulega,
ERZLHP�F]
VWRWOLZR�FLRZD�FKDUDNWHU\VW\ND�LPSHGDQF\MQD�ZLG]LDQD�]�]DFLVNyZ�QLHOLQLRZHJR
RGELRUQLND��=ZL
NV]HQLX�XOHJDM��ZDUWR�FL�KDUPRQLF]Q\FK�QDSL
FLD�U(n)�R�U]
GDFK�PQLHMV]\FK
RG� U]
GX� KDUPRQLF]QHM� QHXWUDOQHM� ±� nj: U(n)= ZΣ(n)I(n) gdzie ZΣ(n)� MHVW� LPSHGDQFM�� ZLG]LDQ�
z zacisków odbiornika dla n�WHM�KDUPRQLF]QHM��=PQLHMV]DM�� VL
�QDWRPLDVW� �QD�VNXWHN�]PLDQ\
FKDUDNWHU\VW\NL�LPSHGDQF\MQHM�V\VWHPX�]DVLODM�FHJR���QDSL
FLD�R�U]
GDFK�ZL
NV]\FK�RG�U]
GX
harmonicznej neutralnej nj (rys. 20c).

Dobór mocy baterii kondensatorów Qk�� SU]H]QDF]RQ\FK� Z\á�F]QLH� GR� SRSUDZ\
ZVSyáF]\QQLND� PRF\�� SRZLQLHQ� E\ü� SU]HSURZDG]RQ\� ZQLNOLZLH� L� VWDUDQQLH�� UyZQLH*
Z�RSDUFLX�R�FKDUDNWHU\VW\NL�F]
VWRWOLZR�FLRZH�LPSHGDQFML�Z�3:3��1DOH*\�XQLNDü�PRJ�F\FK
Z\VW�SLü� WUXGQR�FL� Z� HNVSORDWDFML� XNáDGX� SRZRGRZDQ\FK� ]MDZLVNDPL� UH]RQDQVRZ\PL
]ZL�]DQ\PL� ]� REHFQR�FL�� ZK�� 1DOH*\� PLHü� SHZQR�ü�� *H� F]
VWRWOLZR�ü� UH]RQDQVRZD� nR

XNáDGX��VLHü�]DVLODM�FD�±�EDWHULD�NRQGHQVDWRUyZ�

nR 
Σ

=≈
X

X

Q

S C

k

zw

                                                
9� -DNR� ]DVDG
� QDOH*\� SU]\M�ü�� *H� RGELRUQLN� QLHOLQLRZ\� L� NRQGHQVDWRU\� QLH� SRZLQQ\� PLHü� ZVSyOQHJR

transformatora.
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PD� ZDUWR�ü� JZDUDQWXM�F�� RGVWURMHQLH� XNáDGX� RG� VWDQyZ� ]EOL*RQ\FK� GR� UH]RQDQVX
UyZQROHJáHJR�GOD�MHGQHM�]�]QDF]�F\FK�KDUPRQLF]Q\FK�Z\WZRU]RQ\FK�REHFQR�FL��RGELRUQLND
nieliniowego.

5\V������D��VFKHPDW�LGHRZ\�L�E��]DVW
SF]\�XNáDGX�NRPSHQVDFML�RUD]�F��F]
VWRWOLZR�FLRZH�FKDUDNWHU\VW\NL
impedancyjne

5\VXQHN� ��� SU]HGVWDZLD� SU]\NáDGRZ\� VFKHPDW� LGHRZ\� XNáDGX�� Z� NWyU\P�� Z� HIHNFLH

]MDZLVN� UH]RQDQVRZ\FK�� QDVW�SLáR� Z]PRFQLHQLH� SU�GX� GOD� MHGQHM� ]� FKDUDNWHU\VW\F]Q\FK
harmonicznych V]H�FLRSXOVRZHJR�QDS
GX�SU]HNV]WDáWQLNRZHJR�

2GVWURMHQLH� VL
� RG� UH]RQDQVX� UyZQROHJáHJR�PR*QD� ]UHDOL]RZDü�GRELHUDM�F�RGSRZLHGQLR
SDUDPHWU\� XNáDGX� NRPSHQVDF\MQHJR� W]Q�� ]PLHQLDM�F� PRF� EDWHULL� L�OXE� Zá�F]DM�F� GáDZLN
SU]HFLZUH]RQDQVRZ\�� 7HQ� RVWDWQL� Zá�F]D� VL
� V]HUHJRZR� ]� EDWHUL�� NRQGHQVDWRUyZ�� JG\
RGNV]WDáFHQLH�QDSL
FLD�]DZDUWH�MHVW�Z�GRSXV]F]DOQ\FK�JUDQLFDFK��DOH�LVWQLHMH�SRWU]HED�RFKURQ\
EDWHULL� SU]HG� SU]HFL�*HQLHP� MHM� SU�GDPL� Z\*V]\FK� KDUPRQLF]Q\FK�� 8NáDG� EDWHULL� ZUD]� ]
GáDZLNLHP�RFKURQQ\P��Uy*QL�VL
�RG� MHGQRJDá
]LRZHJR�ILOWUX�Z\*V]HM�KDUPRQLF]QHM� �UR]G]LDá
������� MHG\QLH� F]
VWRWOLZR�FL�� UH]RQDQVX� V]HUHJRZHJR�� D� energetycznie innym
SU]H]QDF]HQLHP�� 1DOH*\� MHGQDN*H� ]D]QDF]\ü�� *H� EDWHULD� ]� GáDZLNLHP� RFKURQQ\P� ZSá\ZD
UyZQLH*�QD�]PQLHMV]HQLH�RGNV]WDáFHQLD�QDSL
FLD�QD�V]\QDFK��DF]NROZLHN�Z�PQLHMV]\P�VWRSQLX
QL*�ILOWU�

PWP

System
elektroenergetyczny

Odbiornik
nieliniowy

Tr1

Tr2 XTr2

XTr1

XS

XC

I(n)

Impedancja
widziana z zacisków
odbiornika
nieliniowego

n

Charakterystyka
impedancyjna systemu
]DVLODM�FHJR� SS LZ ω=

Charakterystyka impedancyjna systemu
]DVLODM�FHJR��ZUD]�]�EDWHUL��NRQGHQVDWRUyZ�XC

nR nj

(a) (b)

(c)

QK



27

5\V������:]PRFQLHQLH�UH]RQDQVRZH�SU�GX�KDUPRQLF]QHJR�Z�XNáDG]LH��VLHü�]DVLODM�FD�±�EDWHULD�NRQGHQVDWRUyZ

:á�F]DQLH� Z� V]HUHJ� ]� EDWHUL�� GáDZLND� VWZDU]D� HOHPHQWRP� VNáDGRZ\P� WDNLHM� LQVWDODFML
dodatkowe wymagania, a mianowicie:
- MHGQRVWNL� NRQGHQVDWRURZH� SRZLQQ\� PLHü� QDSL
FLH� ]QDPLRQRZH� ZL
NV]H� QL*� QDSL
FLH

]QDPLRQRZH� VLHFL� ]DVLODM�FHM� �UC = Un2/(n2-1) gdzie n� MHVW� U]
GHP� KDUPRQLF]QHM�� GR
której dostrojony jest obwód szeregowy LC);

- L]RODFMD� Z]GáX*QD� GáDZLNyZ� SRZLQQD� E\ü� WDN� ]Z\PLDURZDQD�� DE\� Z\WU]\PDáD
SU]HSL
FLD� SRFKRG]�FH� RG� SU]HSá\ZDM�F\FK� SU�GyZ� á�F]HQLRZ\FK� EDWHULL��:DUWR�ü� W\FK
SU]HSL
ü�]DOH*QD�MHVW�RG�SDUDPHWUyZ�LC�XNáDGX�NRPSHQVDF\MQHJR�
3U]\� QLHZáD�FLZ\P� GRERU]H� SDUDPHWUyZ� EDWHULL� NRQGHQVDWRUyZ� L� HZHQWXDOQLH

ZVSyáSUDFXM�F\FK�]�QLPL�GáDZLNyZ��SU]HSL
FLD�L�SU]HW
*HQLD�SU�GRZH�EDWHULL��D�Z�QDVW
SVWZLH
XV]NRG]HQLD� MHGQRVWHN� NRQGHQVDWRURZ\FK�� PRJ�� ZU
F]� XQLHPR*OLZLü� HNVSORDWDFMH� XNáDGX
kompensacji mocy biernej.

4.5.2. Rezonans szeregowy
W pewnych warunkach w systemie elektroenergetycznym, w których zainstalowano

EDWHULH� NRQGHQVDWRUyZ�� PR*H� Z\VW�SLü� ]MDZLVNR� UH]RQDQVX� V]HUHJRZHJR�� 3U]\SDGHN� WDNL
LOXVWUXMH�U\VXQHN�����=�VLHFL�UR]G]LHOF]HM�R�QDSL
FLX����kV poprzez transformator (Tr) o mocy
����N9$� L� QDSL
FLX� ]ZDUFLD� ������]DVLODQH� V�� V]\Q\�QLVNLHJR�QDSL
FLD� ����kV. Dla celów
NRPSHQVDFML�PRF\� ELHUQHM� SU]\á�F]RQH� ]RVWDá\� EDWHULH� NRQGHQVDWRUyZ� R�PRF\� ���N9$U�� =
szyn 61�]DVLODQ\�MHVW���SXOVRZ\�SU]HNV]WDáWQLN�W\U\VWRURZ\��RGELRUQLN�QLHOLQLRZ\���6FKHPDW
]DVW
SF]\�XNáDGX�RUD]�F]
VWRWOLZR�FLRZ��FKDUDNWHU\VW\N
�LPSHGDQF\MQ��ZLG]LDQ��]�]DFLVNyZ
SU]HNV]WDáWQLND�SU]HGVWDZLRQR�QD�U\VXQNDFK���E�L�F�

:LGDü� Z\UD(QLH�� *H� SUyF]� UH]RQDQVX� UyZQROHJáHJR� GOD� F]
VWRWOLZR�FL� fR� Z� XNáDG]LH
Z\VW
SXMH�UyZQLH*�UH]RQDQV�V]HUHJRZ\�GOD�F]
VWRWOLZR�FL�fSZ��GOD�NWyUHM�FDáNRZLWD�LPSHGDQFMD

RVL�JD�PDá��ZDUWR�ü��2]QDF]D�WR��*H�REZyG�UH]RQDQVRZ\�GOD�WHM�KDUPRQLF]QHM�PD�FHFK\�ILOWUX
UyZQROHJáHJR�� -H*HOL� F]
VWRWOLZR�ü� UH]RQDQVRZD� fSZ� MHVW� EOLVND� F]
VWRWOLZR�FL� QS�� SL�WHM� OXE
VLyGPHM� KDUPRQLF]QHM�� ZyZF]DV� SU�G� WHM� KDUPRQLF]QHM� JHQHURZDQHM� SU]H]� SU]HNV]WDáWQLN
E
G]LH�Sá\Q�á�Z�REZRG]LH�V]HUHJRZR�SRá�F]RQHM�UHDNWDQFML�WUDQVIRUPDWRUD�L�NRQGHQVDWRUD�GR
NRPSHQVDFML�PRF\�ELHUQHM��:�SU]HFLZLH�VWZLH�GR�]MDZLVND�UH]RQDQVX�UyZQROHJáHJR��Z� W\P
SU]\SDGNX� QLH� PD� Z]PRFQLHQLD� SU�GX� KDUPRQLF]QHJR�� OHF]� REZyG� UH]RQDQVX� Z\PXV]D
SU]HSá\Z� SU�GX� Z� QLH� SU]H]QDF]RQ\P� GR� WHJR� REZRG]LH�� 0R*H� Z\VW�SLü� EDUG]R� GX*H
RGNV]WDáFHQLH�QDSL
FLD�Z�REZRG]LH�QLVNLHJR�QDSL
FLD�

3U�G�I(n)

2EZyG�SU�GX
harmonicznego
wzmocnionego w efekcie
zjawiska rezonansu
UyZQROHJáHJR
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5\V������6FKHPDW�LGHRZ\��D��RUD]�]DVW
SF]\��E��ZUD]�]�FKDUDNWHU\VW\NDPL�F]
VWRWOLZR�FLRZ\PL��F��GOD
SU]\NáDGRZHM�LQVWDODFML�]�QLHOLQLRZ\P�RGELRUQLNLHP�L�EDWHUL��NRQGHQVDWRUyZ�GR�NRPSHQVDFML�PRF\�ELHUQHM

C.D.N.

Tr 0,4kV

10kV

6\VWHP�]DVLODM�F\
��

6
;

SN = 1,5 MVA
e% = 5,75

QC  = 0,5 MVAr

Odbiornik
nieliniowy

Odbiorniki
liniowe

(a)

'UyGáR
harmonicznych
SU�GX XS

XTr

XC

Impedancja Z

(b)

Impedancja Z widziana z zacisków
odbiornika nieliniowego

fR fSZ

f

(c)

I(n)
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DODATEK A

7DEHOD�$���±�:\EUDQH�SU]\NáDGRZR�SROVNLH�QRUP\�GRW\F]�FH�Z\*V]\FK�KDUPRQLF]Q\FK

31�7������������.RPSDW\ELOQR�ü�HOHNWURPDJQHW\F]QD�±�7HUPLQRORJLD
31�(1����������������.RPSDW\ELOQR�ü�HOHNWURPDJQHW\F]QD���'RSXV]F]DOQH�SR]LRP\�±�'RSXV]F]DOQH�SR]LRP\�HPLVML
KDUPRQLF]Q\FK�SU�GX��ID]RZ\�SU�G�]DVLODM�F\�RGELRUQLND�≤ 16A)
31�(1����������������.RPSDW\ELOQR�ü�HOHNWURPDJQHW\F]QD��(0&����0HWRG\�EDGD��L pomiarów - Ogólne wytyczne dla
SU]\U]�GyZ�L�PHWRG�SRPLDUyZ�KDUPRQLF]Q\FK�L interharmonicznych dla systemów zasilania i�XU]�G]H��SU]\á�F]RQ\FK�GR
sieci.
PN (1� ������������� .RPSDW\ELOQR�ü� HOHNWURPDJQHW\F]QD� �(0&�� ±� :\PDJDQLD� RJyOQH� GRW\F]�FH� RGSRUQR�FL� QD
]DEXU]HQLD�±��URGRZLVNR�PLHV]NDOQH��KDQGORZH�L�OHNNR�XSU]HP\VáRZLRQH
PN (1��������������.RPSDW\ELOQR�ü�HOHNWURPDJQHW\F]QD�±�:\PDJDQLD�RJyOQH�GRW\F]�FH�HPLV\MQR�FL�±��URGRZLVNR
PLHV]NDOQH��KDQGORZH�L�OHNNR�XSU]HP\VáRZLRQH

PN (1���������������.RPSDW\ELOQR�ü�HOHNWURPDJQHW\F]QD�±�:\PDJDQLD�RJyOQH�GRW\F]�FH�HPLV\MQR�FL�±��URGRZLVNR
SU]HP\VáRZH

PN (1�����������������.RPSDW\ELOQR�ü�HOHNWURPDJQHW\F]QD�����URGRZLVNR�±�3R]LRP\�NRPSDW\ELOQR�FL�GRW\F]�FH
]DEXU]H��SU]HZRG]RQ\FK�PDáHM�F]
VWRWOLZR�FL�Z�VLHFLDFK�]DNáDGyZ�SU]HP\VáRZ\FK
PN (1�������������&KDUDNWHU\VW\NL�QDSL
FLD�Z�SXEOLF]Q\FK�VLHFLDFK�]DVLODM�F\FK
Pr10 PN ,(&�����������.RPSDW\ELOQR�ü�HOHNWURPDJQHW\F]QD�±�&]
�ü����:DUWR�FL�GRSXV]F]DOQH�±�$UNXV]���
:\]QDF]DQLH�GRSXV]F]DOQ\FK�SR]LRPyZ�HPLVML�KDUPRQLF]Q\FK�REFL�*H��]DEXU]DM�F\FK�Z�VLHFLDFK
elektroenergetycznych SN i WN – Podstawowa publikacja EMC
Pr9 PN ,(&�����������.RPSDW\ELOQR�ü�HOHNWURPDJQHW\F]QD��(0&��±�&]
�ü����$UNXV]����:DUWR�FL�GRSXV]F]DOQH�±
2JUDQLF]HQLH�HPLVML�KDUPRQLF]Q\FK�SU�GyZ�Z�QLVNRQDSL
FLRZ\FK�V\VWHPDFK�]DVLODQLD�GOD�VSU]
WX�SUDFXM�FHJR�SU]\
SU�G]LH�]QDPLRQRZ\P�ZL
NV]\P�QL*����$

7DEHOD� $�� �� 3R]LRP\� NRPSDW\ELOQR�FL� Z\*V]\FK� KDUPRQLF]Q\FK� QDSL
FLD� Z� VLHFLDFK� nn dyskutowane
Z�UDPDFK�0L
G]\QDURGRZHM�.RPLVML�(OHNWURWHFKQLNL�IEC (IEC 61000-2-2: 1990)

+DUPRQLF]QH�QLHSDU]\VWH��R�U]
GDFK
QLH�E
G�F\FK�NURWQR�FL���

+DUPRQLF]QH�QLHSDU]\VWH�R�U]
GDFK
E
G�F\FK�NURWQR�FL���

Harmoniczne parzyste

5]�G
harmonicznej, n

:DUWR�ü
harmonicznej
Z���VNáDGRZHM

podstawowej

5]�G
harmonicznej, n

:DUWR�ü
harmonicznej
Z���VNáDGRZHM

podstawowej

5]�G
harmonicznej, n

:DUWR�ü
harmonicznej
Z���VNáDGRZHM

podstawowej
5 6 3 5 2 2
7 5 9 1,5 4 1
11 3,5 15 0,3 6 0,5
13 3 21 0,2 8 0,5
17 2 21〉 0,2 10 0,5
19 1,5 12 0,2
23 1,5 12〉 0,2
25 1,5
25〉 0,2+12,5/n

7DEHOD� $�� ±� 'RSXV]F]DOQH� ZDUWR�FL� ZVSyáF]\QQLND� RGNV]WDáFHQLD� QDSL
FLD� RUD]� ]DZDUWR�FL� SRV]F]HJyOQ\FK
KDUPRQLF]Q\FK� >5R]SRU]�G]HQLH� 0LQLVWUD� *RVSRGDUNL� ]� GQLD� ��� ZU]H�QLD� ����� U�� Z� VSUDZLH
V]F]HJyáRZ\FK� ZDUXQNyZ� SU]\á�F]HQLD� SRGPLRWyZ� GR� VLHFL� HOHNWURHQHUJHW\F]Q\FK�� REURWX
HQHUJL��HOHNWU\F]Q����ZLDGF]HQLD�XVáXJ�SU]HV\áRZ\FK��UXFKX�VLHFLRZHJR�L�HNVSORDWDFML�VLHFL�RUD]
VWDQGDUGyZ�MDNR�FLRZ\FK�REVáXJL�RGELRUFyZ��']LHQQLN�8VWDZ�1U�����3R]�����@

:DUWR�ü�QDSL
FLD
znamionowego UN

Dopuszczalny
ZVSyáF]\QQLN

RGNV]WDáFHQLD

QDSL
FLD�>�@

'RSXV]F]DOQH�ZDUWR�FL�SRV]F]HJyOQ\FK
harmonicznych odniesionych do harmonicznej

podstawowej [%]

kVU N 110〉 1,5 1,0

kVUkV N 30110 〉≥ 2,5 1,5

kVUkV N 130 〉≥ 5,0 3,0

kVU N 1〈 8,0 5,0

                                                
10 Norma w opracowywaniu.
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DODATEK B - :DUWR�FL�KDUPRQLF]Q\FK�SU�GX�GOD�Z\EUDQ\FK�SU]\NáDGRZR�RGELRUQLNyZ11

���7DEOLFD�%����8U]�G]HQLH�MHGQRID]RZH

5]�G
harmonicznych

Spawarka [%] Komputer
[%]

Lampa
fluorescencyjna [%]

1 100 100 100
3 29,6 75 12,3
5 8,8 47,3 13,8
7 2,0 22,9 3,0
9 2,3 9,0 1,1
11 2,3 3,3 0,7
13 1,1 3,0 0,5
15 0,4 2,1
17 0,9 1,9

         7DEOLFD�%����8U]�G]HQLH�WUyMID]RZH

5]�G
harmonicznej

Piec
indukcyjny

1DS
G�SU�GX
VWDáHJR12

3LHF�áXNRZ\
SU�GX�VWDáHJR

3:0�QDS
G13

1 100 100 100 100
5 20,9 37,1 18,9 25
7 12,7 1,1 10,3 11
11 7,8 8,6 5,4 7,5
13 7,2 2,5 3,9 5,0
17 4,3 4,7 1,8 4,4
19 4,9 2,3 1,3 3,2
23 2,6 3,1 0,6 2,6
25 3,6 2,1 0,5 2,0
29 1,7 2,2 0,5 1,7
31 2,7 1,9 0,5 1,3
35 1,2 1,7 0,4 1,0
37 2,0 1,8 0,4 0,8
41 0,8 1,4 0,3 0,6
43 1,4 1,6 0,3 0,5
47 0,5 1,1 0,2 0,4
49 1,0 1,3 0,2 0,3

                                                
11�:DUWR�FL�WH�QDOH*\�WUDNWRZDü�MHG\QLH�MDNR�SU]\NáDGRZH��SRGOHJDM��RQH�ERZLHP�EDUG]R�VLOQ\P�]PLDQRP�
12�3U]HNV]WDáWQLN�R�VWHURZDQLX�ID]RZ\P�]�GX*��ZDUWR�FL��N�WD�Z\VWHURZDQLD�
13� 1DS
G�Z\SRVD*RQ\� E\á� Z� GáDZLN� ZHM�FLRZ\�� %H]� GáDZLND� SURFHQWRZH� ]DZDUWR�FL� ��� ��� ���� ��� E
G�� GX*R
ZL
NV]H�


