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�����3RPLDU�WáXPLHQQR�FL�]á�F]\
�����3RPLDU�PRF\�QD�Z\M�FLX�WRUX
�����3URMHNWRZDQLH�L�NRQWUROD�OLQLL��ZLDWáRZRGRZ\FK
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����&]\P�MHVW��ZLDWáRZyG�"

�ZLDWáRZyG� MHVW� R�URGNLHP� GLHOHNWU\F]Q\P�� Z� NWyU\P� QR�QLNLHP� LQIRUPDFML� MHVW� IDOD

HOHNWURPDJQHW\F]QD� R� EDUG]R�PDáHM� GáXJR�FL�� ]� ]DNUHVX� ���� GR� ����µP�� F]\OL� IDOD� �ZLHWOQD� � �W]Z�
zakres bliskiej  podczerwieni).

0DWHULDáHP�WZRU]�F\P��ZLDWáRZyG�MHVW�QDMF]
�FLHM�NZDUF�R�EDUG]R�Z\VRNLHM�F]\VWR�FL��']L
NL
RGSRZLHGQLHPX� GRPLHV]NRZDQLX� ]PLHQLDM�FHPX� VL
� Z]GáX*� SURPLHQLD�� X]\VNXMH� VL
� VWUXNWXU\
�ZLDWáRZRGyZ�SRND]DQH�QD�U\V���

5\V���7\SRZH�SURILOH��ZLDWáRZRGyZ

:�SU]HNURMX��ZLDWáRZRGX�PR*QD�Z\Uy*QLü�UG]H��L�SáDV]F]���5G]H��PD�ZL
NV]\�ZVSyáF]\QQLN
]DáDPDQLD�QL*��SáDV]F]��Z�Z\QLNX�F]HJR�QD�JUDQLF\�SRPL
G]\�QLPL�QDVW
SXMH�FDáNRZLWH�ZHZQ
WU]QH
RGELFLH�� =DSRELHJD� WR�Z\GRVWDZDQLX� VL
� �ZLDWáD� QD� ]HZQ�WU]� L� SRZRGXMH� MHJR� SURSDJDFM
� Z]GáX*
UG]HQLD��ZLDWáRZRGX��

1D�U\V����SRND]DQH�V��WU]\�W\S\��ZLDWáRZRGyZ�
D����ZLDWáRZyG�VNRNRZ\�ZLHORPRGRZ\�

E����ZLDWáRZyG�MHGQRPRGRZ\�

F����ZLDWáRZyG�JUDGLHQWRZ\�

�ZLDWáRZyG�VNRNRZ\�ZLHORPRGRZ\�SRVLDGD�UG]H��R��UHGQLF\����GR������µm (praktycznie 50
do 200 µP���:��ZLDWáRZRG]LH�W\P�SURSDJXMH�ZLHOH�URG]DMyZ�IDO��PRGyZ��SRG�Uy*Q\PL�N�WDPL��FR

R]QDF]D��*H�Uy*QH�SRUFMH�HQHUJLL�PDM��GR�SU]HE\FLD�Uy*QH�GURJL�L���Z�NRQVHNZHQFML���SRNRQXM��RQH
�ZLDWáRZyG�Z�Uy*Q\P�F]DVLH��:�Z\QLNX�WHJR�NUyWNL�LPSXOV�RSW\F]Q\�ZSURZDG]RQ\�GR��ZLDWáRZRGX
SR�SU]HE\FLX�JR�XOHJD�UR]V]HU]HQLX��(IHNW�WHQ�RNUH�ODQ\�MHVW�PLDQHP�G\VSHUVML�PRGRZHM�L�RJUDQLF]D

SDVPR�SU]HSXVWRZH��ZLDWáRZRGX�
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�ZLDWáRZyG� MHGQRPRGRZ\� MHVW� WDN*H� �ZLDWáRZRGHP� VNRNRZ\P�� DOH� G]L
NL� PDáHM� �UHGQLF\
UG]HQLD� �� SRQL*HM��� µP���SURSDJXMH�Z�QLP� W\ONR� MHGHQ�PRG��1LH�PD�]DWHP�]Uy*QLFRZDQLD�GUyJ� L
F]DVyZ� SURSDJDFML�� ']L
NL� WHPX� QLH� Z\VW
SXMH� Z� W\P� W\SLH� �ZLDWáRZRGX� G\VSHUVMD� PRGRZD�

2JUDQLF]HQLH� SDVPD� SU]HSXVWRZHJR� Z\QLND� QDWRPLDVW� ]H� ]Uy*QLFRZDQLD� V]\ENR�FL� SURSDJDFML
�ZLDWáD�Z�]DOH*QR�FL�RG�GáXJR�FL�IDOL��(IHNW�WHQ�QRVL�QD]Z
�G\VSHUVML�FKURPDW\F]QHM�

�ZLDWáRZyG� JUDGLHQWRZ\� SRVLDGD� Sá\QQLH� ]PLHQLDM�F\� VL
� Z]GáX*� SURPLHQLD� ZVSyáF]\QQLN

]DáDPDQLD�� 1LH� PD� Z� W\P� �ZLDWáRZRG]LH� Z\UD(QHM� JUDQLF\� SRPL
G]\� UG]HQLHP�� D� SáDV]F]HP�

3URPLH���ZLHWOQ\�QLH�RGELMD�VL
�]DWHP��D�XJLQD�SU]HFKRG]�F�SU]H]�ZDUVWZ\�R�Uy*Q\P�ZVSyáF]\QQLNX

]DáDPDQLD�� 2]QDF]D� WR�� *H� V]\ENR�ü� SURSDJDFML� WDN*H� VL
� ]PLHQLD�� SU]\� F]\P� LP� GDOHM� RG� RVL

�ZLDWáRZRGX�� W\P� MHVW� RQD� ZL
NV]D�� 3U]\� RGSRZLHGQLP� XNV]WDáWRZDQLX� SURILOX� ZVSyáF]\QQLND

]DáDPDQLD� X]\VNXMH� VL
� HIHNW� Z]DMHPQHM� NRPSHQVDFML� Z\GáX*HQLD� GURJL� L� Z]URVWX� SU
GNR�FL�� :
LGHDOL]RZDQ\P�SU]\SDGNX�G\VSHUVMD�PRGRZD�]DQLND��3UDNW\F]QLH���X]\VNXMH�VL
�]QDF]QH�SRV]HU]HQLH
SDVPD� SU]HSXVWRZHJR� Z� VWRVXQNX� GR� �ZLDWáRZRGX� VNRNRZHJR� �� SU]HNUDF]DM�FH� QDZHW� U]�G
ZLHONR�FL�

:� ZL
NV]R�FL� NRQVWUXNFML� �ZLDWáRZRGyZ� SRV]F]HJyOQH� ZDUVWZ\� WZRU]RQH� V�� Z� SURFHVLH
technologicznym przez  odpowiednie domieszkowanie kwarcu. Dodatkowe pokrycie z tworzyw
V]WXF]Q\FK� PD� MHG\QLH� ]D� ]DGDQLH� RFKURQ
� ZáyNQD� �ZLDWáRZRGRZHJR� SU]HG� F]\QQLNDPL

]HZQ
WU]Q\PL��:\M�WHN�VWDQRZL���ZLDWáRZRG\�NZDUFRZR���SROLPHURZH��3&6���SODVWLF�FODGHG�VLOLFD��

NWyUH� SRVLDGDM�� MHGQROLW\� UG]H�� NZDUFRZ\� L� QDáR*RQ\� QD� QLHJR� SáDV]F]� ]� WZRU]\Z� V]WXF]Q\FK�
3áDV]F]�WHQ��QLH]DOH*QLH�RG�VZRLFK�IXQNFML�RFKURQQ\FK���MHVW�R�URGNLHP�RGELMDM�F\P�SURPLHQLRZDQLH

GR�ZQ
WU]D��ZLDWáRZRGX�
,VWQLHM��WDN*H��ZLDWáRZRG\�FDáNRZLFLH�Z\NRQDQH�]�WZRU]\Z�V]WXF]Q\FK��DOH�LFK�]DVWRVRZDQLH

RJUDQLF]RQH�MHVW�GR�SU]HV\áDQLD�V\JQDáyZ�QD�PDáH�RGOHJáR�FL��U]
GX�NLONX�P��

:� VLHFLDFK� ORNDOQ\FK� ]QDMGXM�� ]DVWRVRZDQLH� SU]HGH� ZV]\VWNLP� �ZLDWáRZRG\� JUDGLHQWRZH�
�ZLDWáRZRG\� MHGQRPRGRZH� QLH� V�� �� QD� RJyá� �� VWRVRZDQH�� 6NáDGDM�� VL
� QD� WR� GZD� SRZRG\�� 3R
SLHUZV]H� ��PQLHMV]H�Z\PLDU\� UG]HQLD�SRZRGXM��ZL
NV]H�Z\PDJDQLD�RGQR�QLH�SUHF\]ML�Z\NRQDQLD
]á�F]\�� FR� SRZRGXMH� Z]URVW� LFK� NRV]WX�� 3R� GUXJLH� �� �ZLDWáRZRG\� MHGQRPRGRZH� Z\PDJDM�
VSHFMDOQ\FK� (UyGHá� SURPLHQLRZDQLD�� NWyU\FK� FHQD� MHVW� ]QDF]QLH� Z\*V]D� RG� VWRVRZDQ\FK� GOD
�ZLDWáRZRGyZ�JUDGLHQWRZ\FK�

1DOH*\�SU]HZLG\ZDü�]QDF]Q\�Z]URVW�UROL��ZLDWáRZRGyZ�MHGQRPRGRZ\FK�]�FKZLO��ZL
NV]HJR
UR]SRZV]HFKQLHQLD� VLHFL� )'',� �� ]H�Z]JO
GX� QD� GX*�� V]\ENR�ü� WUDQVPLVML�Z� W\P� V\VWHPLH�� UyZQ�
100 Mbit/s.

8]DVDGQLRQH�MHVW�X*\FLH� ��ZLDWáRZRGyZ�MHGQRPRGRZ\FK�GR�UHDOL]DFML�VLHFL� ORNDOQHM�ZyZF]DV�

JG\�LVWQLHM��MX*�NDEOH�XáR*RQH�GR�LQQ\FK�FHOyZ��QS��WHOHNRPXQLNDF\MQH�á�F]D�PL
G]\FHQWUDORZH��L�V�

Z�QLFK�ZROQH�ZáyNQD�MHGQRPRGRZH��2SáDFL�VL
�ZyZF]DV�]DVWRVRZDQLH�]QDF]QLH�GUR*V]HJR�VSU]
WX��=

P\�O�� R� WDNLFK� ]DVWRVRZDQLDFK� ILUPD� /$1(;� � SURGXNXMH� ZHUVMH� ZV]\VWNLFK� VZRLFK� XU]�G]H�

SU]\VWRVRZDQH�GR�ZVSyáSUDF\�]H��ZLDWáRZRGDPL�MHGQRPRGRZ\PL�

����3DUDPHWU\��ZLDWáRZRGyZ

=� SXQNWX� ZLG]HQLD� X*\WNRZQLND� LVWRWQH� ]QDF]HQLH� PDM�� GZD� SDUDPHWU\� JHRPHWU\F]QH

�ZLDWáRZRGX�
- apertura numeryczna,
���UHGQLFD�UG]HQLD�L�SáDV]F]D
oraz dwa transmisyjne:
��WáXPLHQQR�ü�MHGQRVWNRZD�
- pasmo przepustowe.

$SHUWXUD�QXPHU\F]QD��1$��RNUH�OD�N�W��SRG�MDNLP��ZLDWáRZyG�DNFHSWXMH�ZSURZDG]DQH��ZLDWáR
L� HPLWXMH� MH� QD� Z\M�FLX�� /LF]ERZR� Z\UD*D� M�� VLQXV� SRáRZ\� NDWD� DNFHSWDFML�� 3DUDPHWU� WHQ� MHVW

V]F]HJyOQLH�LVWRWQ\�]�SXQNWX�ZLG]HQLD�VSU]
JDQLD��ZLDWáRZRGX�]H�(UyGáHP�SURPLHQLRZDQLD�

=QDF]HQLH� SR]RVWDá\FK� SDUDPHWUyZ� MHVW� LQWXLF\MQLH� ]UR]XPLDáH�� :DUWR� MHG\QLH� SRGDü

QDVW
SXM�FH�XZDJL�
���UHGQLFH�SáDV]F]D�L�UG]HQLD�V��EDUG]R�LVWRWQH�SU]\�á�F]HQLX�RGFLQNyZ��ZLDWáRZRGyZ��GOD�X]\VNDQLD
PDáR�VWUDWQHJR�SRá�F]HQLD�SRZLQQ\�RQH�E\ü�MHGQDNRZH���WR�VDPR�GRW\F]\�DSHUWXU\�QXPHU\F]QHM�
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�� WáXPLHQQR�ü�RGFLQND� �ZLDWáRZRGX� �Z\UD*RQD�Z�G%�� MHVW� LORF]\QHP� MHJR� GáXJR�FL� L� WáXPLHQQR�FL
MHGQRVWNRZHM��Z\UD*RQHM�Z�G%�NP���7áXPLHQQR�ü�MHGQRVWNRZD�]DOH*\�RG�GáXJR�FL�IDOL�
��V]HURNR�ü�SDVPD�SU]HSXVWRZHJR�RNUH�ORQD�MHVW�GOD�MHGQRVWNRZHJR�RGFLQND��ZLDWáRZRGX��Z\UD*RQD
jest w MHz *�NP��� 0DOHMH� RQD� ZUD]� ]� GáXJR�FL�� RGFLQND� �� QD� RJyá� ZROQLHM� QL*� RGZURWQLH
proporcjonalnie.

7\SRZH�ZDUWR�FL�SDUDPHWUyZ��ZLDWáRZRGyZ

typ
�ZLDWáRZRGX

�UHGQLFD NA V]HURNR�ü
pasma

WáXPLHQQR�ü
jednostkowa

rdzenia SáDV]F]D

----- µm ----- MHz dB/km
gradientowy 50 125 0,2 400 3 (850 nm)
gradientowy 62,5 125 0,27 250 4 (850 nm)
jednomodowy 8 125 ----- > 1 GHz 0,5 (1300 nm)
PCS 200 350 0,3 20 20 (820 nm)

����=DOHW\��ZLDWáRZRGX�MDNR�PHGLXP�WUDQVPLV\MQHJR

=� IDNWX�� *H� �ZLDWáRZyG� MHVW� R�URGNLHP� GLHOHNWU\F]Q\P�� Z\QLNDM�� Z� VSRVyE� RF]\ZLVW\� MHJR
]DOHW\� �� LVWRWQH� Z� VLHFLDFK� ORNDOQ\FK�� 1LH� LVWQLHM�� GOD� �ZLDWáRZRGX� SUREOHP\� ]ZL�]DQH� ]
]DNáyFHQLDPL� HOHNWURPDJQHW\F]Q\PL�� SU�GDPL� Eá�G]�F\PL�� F]\� Uy*QLFDPL� SRWHQFMDáyZ� ]HURZ\FK

VLHFL�]DVLODM�F\FK�
7HQ� RVWDWQL� SUREOHP� MHVW� V]F]HJyOQLH� XFL�*OLZ\� SU]\� UHDOL]DFML� VLHFL� NRQZHQFMRQDOQ\FK�� -HJR

UR]ZL�]DQLH�Z\PDJD�F]
VWR�EXGRZ\�VSHFMDOQ\FK�VLHFL�GR�]DVLODQLD�VWDFML�URERF]\FK��:L�*H�VL
�WR�]
SRZD*Q\PL�NRV]WDPL��D�PR*H� WDN*H�VWDü�VL
�(UyGáHP�QRZ\FK�SUREOHPyZ�� MDN�QS��]DNáyFDQLH�NDEOD

WUDQVPLV\MQHJR�SU]H]�OLQL
�]DVLODM�F��
:� SHZQ\FK�ZDUXQNDFK�� QS�� QD� WHUHQLH� HOHNWURZQL�� VWRVRZDQLH� NDEOL�PLHG]LDQ\FK� MHVW�ZU
F]

QLHPR*OLZH� L� ]DVWRVRZDQLH� �ZLDWáRZRGyZ� MHVW� MHG\Q\P� �URGNLHP� SR]ZDODM�F\P� QD� ]UHDOL]RZDQLH

sieci.
'UXJD�IXQGDPHQWDOQD�]DOHWD��ZLDWáRZRGX��WR�MHJR�PDáD�WáXPLHQQR�ü��']L
NL�QLHM�PR*OLZH�MHVW

]UHDOL]RZDQLH� WUDQVPLVML� SRPL
G]\� SXQNWDPL� RGOHJá\PL� R� NLOND� NLORPHWUyZ�� FR� QLH� Z\NRU]\VWXMH

MHV]F]H� Z� SHáQL� PR*OLZR�FL� WHJR� PHGLXP�� :� SRUyZQDQLX� ]� NDEOHP� NRQFHQWU\F]Q\P� ]\VN� MHVW

wielokrotny.
$QDOL]XM�F�PR*OLZR�FL� EXGRZ\� VLHFL� �ZLDWáRZRGRZ\FK�ZDUWR� ZVSRPQLHü� R� V]HURNLHM� JDPLH

NRQVWUXNFML� NDEOL� �ZLDWáRZRGRZ\FK�� SU]H]QDF]RQ\FK� GR� SUDF\� Z� QDMWUXGQLHMV]\FK� ZDUXQNDFK� L
RGSRUQ\FK�QD�Uy*QRURGQH�QDUD*HQLD��URGRZLVNRZH��.DEOH�WH�V��áDWZR�GRVW
SQH�Z�.UDMX��,FK�WUZDáR�ü
jest obliczona na co najmniej 25 lat.

2OEU]\PLD� SRMHPQR�ü� LQIRUPDF\MQD� �ZLDWáRZRGX� ]QDF]QLH� SU]HNUDF]D� REHFQH� SRWU]HE\� VLHFL
ORNDOQ\FK�� 'ODWHJR� WH*� G]LVLHMV]D� LQZHVW\FMD� Z� XáR*HQLH� NDEOL� �ZLDWáRZRGRZ\FK� MHVW� LQZHVW\FM�
Z\ELHJDM�FD�QDSU]HFLZ�SU]\V]á\FK�SRWU]HE��0RJ��RQH�E\ü�QS��Z\NRU]\VWDQH�GR�EXGRZ\�VLHFL�)'',�
Z�NWyU\FK�WUDQVPLVMD�RGE\ZD�VL
�]�V]\ENR�FL����� MBit/s.

:\PLHQLRQH�F]\QQLNL�ZDUWR�Z]L�ü�SRG�XZDJ
�SU]\�SURMHNWRZDQLX�QRZHM�VLHFL��.RPSOHNVRZH

VSRMU]HQLH� SR]ZROL� F]
VWR� VWZLHUG]Lü�� *H� NRV]W� EXGRZ\� Z� RSDUFLX� R� �ZLDWáRZRG\� QLH� MHVW� UD*�FR
Z\*V]\� QL*� Z� WHFKQLFH� NRQZHQFMRQDOQHM�� D� F]DVHP� PR*H� E\ü� QDZHW� QL*V]\�� 3R]RVWDáH� Z]JO
G\
SU]HPDZLDM��]GHF\GRZDQLH�QD�NRU]\�ü��ZLDWáRZRGyZ�
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����.DEOH��ZLDWáRZRGRZH

=�XZDJL�QD�PLQLPDOQ���UHGQLF
�L�RJUDQLF]RQ��RGSRUQR�ü�QD�QDUD*HQLD�]HZQ
WU]QH���ZLDWáRZyG
Z\PDJD�GRGDWNRZHM�RFKURQ\��NWyU��]DSHZQLD�SRZáRND�NDEORZD�

3URGXNRZDQH� V�� NDEOH� R� Uy*Q\FK� NRQVWUXNFMDFK� L� SU]H]QDF]HQLX�� =� SXQNWX� ZLG]HQLD
]DVWRVRZD��PR*QD�MH�SRG]LHOLü�QD�VWDF\MQH��ZHZQ
WU]QH��L�PL
G]\RELHNWRZH��]HZQ
WU]QH��

.DEOH� VWDF\MQH� ]DZLHUDM�� MHGQR� OXE� GZD�ZáyNQD� �ZLDWáRZRGRZH�� ,FK� �UHGQLFD� ]DZLHUD� VL
�Z
granicach od 2,5 do 4�PP�� D� SURPLH�� JL
FLD� RG� ��� GR� ��� PP�� &HQ\� VWDF\MQ\FK� NDEOL

�ZLDWáRZRGRZ\FK�V��SRUyZQ\ZDOQH�]�FHQDPL�NDEOL�NRQFHQWU\F]Q\FK�

%XGRZD�VLHFL� ORNDOQHM�REHMPXM�FHM�RGG]LHOQH�EXG\QNL�Z\PDJD�XNáDGDQLD�NDEOL�Z�NDQDOL]DFML

WHOHIRQLF]QHM�� SRGZLHV]DQLD� LFK� QD� VáXSDFK� OXE� QD� PXU]H�� 'R� W\FK� FHOyZ� SURGXNRZDQH� V�� NDEOH
PL
G]\RELHNWRZH� �NDQDáRZH� OXE� VDPR� ZLV]�FH�� R� Uy*QRURGQ\FK� NRQVWUXNFMDFK�� Uy*Q\P
]DEH]SLHF]HQLX�SU]HG�F]\QQLNDPL�]HZQ
WU]Q\PL��Uy*QHM�LOR�FL�ZáyNLHQ�RSW\F]Q\FK�L�Uy*Q\FK�FHQDFK�

:DUWR� SU]\� W\P� ]ZUyFLü� XZDJ
�� *H� SRZV]HFKQLH� VWRVRZDQH� Z� VLHFLDFK� ORNDOQ\FK� NDEOH
NRQFHQWU\F]QH�5*����L�5*����8�V��Z�]DVDG]LH�NDEODPL�VWDF\MQ\PL�

:\EyU� W\SX� NDEOD� �ZLDWáRZRGRZHJR� SRZLQLHQ� E\ü� SRSU]HG]RQ\� DQDOL]�� ZDUXQNyZ� L
SU]\V]á\FK�SODQyZ�]ZL�]DQ\FK�]�EXGRZDQ��VLHFL���1D�RJyá�Z�MHGQHM�LQVWDODFML�SRWU]HEQH�V��GZD�W\S\
NDEOL�� VWDF\MQ\� �� GR� SRá�F]H�� ZHZQ�WU]� EXG\QNyZ� L� NDQDáRZ\� OXE� SRGZLHV]DQ\� �� GR� SRá�F]H�
]HZQ
WU]Q\FK�

����=á�F]D��ZLDWáRZRGRZH

.DEOH��ZLDWáRZRGRZH�SURGXNRZDQH�V��Z�RGFLQNDFK�IDEU\NDF\MQ\FK�R�RJUDQLF]RQHM�GáXJR�FL�
6W�G�� D� WDN*H� ]� IDNWX�� *H� Z� SUDNW\FH� E\ZD� NRQLHF]QH� VWRVRZDQLH� Uy*Q\FK� W\SyZ� NDEOL�� Z\QLND
NRQLHF]QR�ü�Z\NRQ\ZDQLD�SRá�F]H��]DUyZQR�NDEOL��MDN�L�VDP\FK��ZLDWáRZRGyZ�

�1DMSURVWV]H�NRQILJXUDFMH�SRá�F]H���ZLDWáRZRGRZ\FK�SRND]DQH�V��QD�U\V����

D��SRá�F]HQLH�EH]SR�UHGQLH�ZHZQ�WU]RELHNWRZH

E��SRá�F]HQLH�G]LHORQH�ZHZQ�WU]RELHNWRZH

PXID

VWDF\MQD

F��SRá�F]HQLH�PL
G]\RELHNWRZH

PXID

VWDF\MQD VWDF\MQD

PXID

G��SRá�F]HQLH�PL
G]\RELHNWRZH�]�á�F]HQLHP�RGFLQNyZ�IDEU\NDF\MQ\FK�QD�]HZQ�WU]�EXG\QNyZ

PXID

VWDF\MQD

PXID

NDEHO�VWDF\MQ\

NDEHO�PL
G]\RELHNWRZ\

]HZQ
WU]QD VWDF\MQD

PXID

5\V���3RGVWDZRZH�NRQILJXUDFMH�SRá�F]H���ZLDWáRZRGRZ\FK

:REHF� NRQLHF]QR�FL� á�F]HQLD� ]H� VRE�� RGFLQNyZ� �ZLDWáRZRGyZ�� MDN� UyZQLH*� L� NDEOL

RSUDFRZDQR� ]á�F]D� �ZLDWáRZRGRZH� RUD]� HOHPHQW\� FKURQL�FH� SRá�F]HQLD� �PXI\�� SU]Há�F]QLFH
�ZLDWáRZRGRZH��� 2SUyF]� Z\NRQDQLD� VDPHJR� SRá�F]HQLD� RSW\F]QHJR� ]DSHZQLDM�� RQH� SUDZLGáRZH
]DEH]SLHF]HQLH��ZLDWáRZRGyZ�SU]HG�XV]NRG]HQLDPL�PHFKDQLF]Q\PL�L�G]LDáDQLHP�ZLOJRFL�

=á�F]D� �ZLDWáRZRGRZH� G]LHOLP\� QD� VWDáH� L� UR]á�F]QH�� 'R� SLHUZV]HM� JUXS\� ]DOLF]DP\� ]á�F]D
VSDZDQH�RUD]�]á�F]D�PHFKDQLF]QH�QLHUR]á�F]QH��GR�GUXJLHM���]á�F]D�ZW\NRZH�
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6WUDW\�PRF\�Z�]á�F]DFK��ZLDWáRZRGRZ\FK

,VWQLHMH�V]HUHJ�SU]\F]\Q�Z\ZRáXM�F\FK�VWUDW\�PRF\�RSW\F]QHM�QD�]á�F]DFK��0R*QD�MH�SRG]LHOLü
QD� ]HZQ
WU]QH� L� ZHZQ
WU]QH�� 'R� SU]\F]\Q� ZHZQ
WU]Q\FK� ]DOLF]DP\� ZSá\Z� JHRPHWULL� REX

�ZLDWáRZRGyZ�Z� VWUHILH� SRá�F]HQLD�� 6WUDW\� ]HZQ
WU]QH� ]ZL�]DQH� V�� ]� QLHGRNáDGQR�FL�� Z\NRQDQLD
]á�F]D��=DOH*QR�ü�WáXPLHQQR�FL�]á�F]\�RG�Uy*Q\FK�F]\QQLNyZ�REUD]XMH�U\V����1DOH*\�]D]QDF]\ü��*H
F]\QQLNL� WH� Z� MHGQDNRZ\� VSRVyE� ZSá\ZDM�� QD� SDUDPHWU\� ]á�F]\� VWDá\FK�� MDN� L� UR]á�F]Q\FK�
.RQVWUXNFMD� ]á�F]D� SRZLQQD� ]DSHZQLü� PLQLPDOL]DFM
� VWUDW� Z\QLNDM�F\FK� ]H� Z]DMHPQHJR

XV\WXRZDQLD��ZLDWáRZRGyZ��SU]\F]\Q\�]HZQ
WU]QH��

5\V���:Sá\Z�F]\QQLNyZ�JHRPHWU\F]Q\FK�QD�WáXPLHQQR�ü�]á�F]\

=á�F]D�VWDáH
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,VWQLHM�� GZLH� SRGVWDZRZH�PHWRG\� WZRU]HQLD� ]á�F]\� VWDá\FK�� 3LHUZV]D� SROHJD� QD� VWDSLDQLX�Z
áXNX� HOHNWU\F]Q\P� RGSRZLHGQLR� SU]\JRWRZDQ\FK� NR�FyZ� ZáyNLHQ� �]JU]HZDQLH��� D� GUXJD� �� QD
]DEH]SLHF]DQLX� ]HVWDZLRQ\FK� F]RáRZR� �ZLDWáRZRGyZ� SU]\� SRPRF\� PHFKDQLF]Q\FK� HOHPHQWyZ

FHQWUXM�F\FK�
7HFKQLND� ]JU]HZDQLD� ]DSHZQLD� QDMOHSV]H� SDUDPHWU\� SRá�F]H���8]\VNXMH� VL
� �UHGQLH�ZDUWR�FL

WáXPLHQQR�FL� U]
GX� ����� G%�� -HM� VWRVRZDQLH� Z\PDJD� MHGQDN� SRVLDGDQLD� GURJLHM� DSDUDWXU\� �NRV]W

]JU]HZDUNL����.RV]W�VDPHJR�SRá�F]HQLD�MHVW�]D�WR�PLQLPDOQ\�

=á�F]D�PHFKDQLF]QH�GDM�� UR]V�GQ\�NRPSURPLV�SRPL
G]\�NRV]WHP� LQZHVW\F\MQ\P��D�NRV]WHP

VDPHJR� HOHPHQWX� ]á�F]QHJR�� 6�� RQH� GREU\P� UR]ZL�]DQLHP� ZWHG\�� JG\� LOR�FL� Z\NRQ\ZDQ\FK
SRá�F]H�� QLH� V�� GX*H�� FKRü� QLHNWyUH� NRQVWUXNFMH� QDGDM�� VL
� GR� VWRVRZDQLD� PDVRZHJR�� 'R� WDNLFK

QDOH*��P�LQ��]á�F]D�),%5/2.��ILUP\ 3M.
=á�F]H� ),%5/2.� MHVW� ]á�F]HP� PHFKDQLF]Q\P� MHGQRUD]RZHJR� X*\WNX�� Z� NWyU\P� HOHPHQW

FHQWUXM�F\� �ZLDWáRZRG\� MHVW� Z� WUDNFLH� á�F]HQLD� WUZDOH� RGNV]WDáFDQ\� �U\V����� 0LHMVFH� VW\NX� F]yá

�ZLDWáRZRGyZ�MHVW�Z\SHáQLRQH�Sá\QHP�LPHUV\MQ\P��HOLPLQXM�F\P�VWUDW\�]�W\WXáX�RGELFLD��0DWHULDá\�

JHRPHWULD� ]á�F]D� L� SUHF\]MD� Z\NRQDQLD� ]DSHZQLDM�� X]\VNDQLH� WáXPLHQQR�FL� U]
GX� ���� G%� �
RF]\ZL�FLH� SRG� ZDUXQNLHP� ]DFKRZDQLD� RGSRZLHGQLHM� WROHUDQFML� JHRPHWU\F]Q\FK� á�F]RQ\FK
�ZLDWáRZRGyZ�� VWDUDQQR�FL�Z\NRQDQLD�XFL
FLD� �SURVWRSDGáD�GR�RVL�� OXVWU]DQD�SRZLHU]FKQLD� F]RáD�� L
XWU]\PDQLD� F]\VWR�FL�� =á�F]H� WR� FKDUDNWHU\]XMH� VL
� Z\VRN�� RGSRUQR�FL�� QD� ZLEUDFMH� L� ZLOJRü�� D
WUZDáR�ü�JZDUDQWRZDQD�SU]H]�SURGXFHQWD�Z\QRVL����ODW��=á�F]D�),%52.�SURGXNRZDQH�V��Z�WU]HFK
ZHUVMDFK���GOD��ZLDWáRZRGyZ�R�Uy*Q\FK��UHGQLFDFK�SRNU\ü�����������P�����������P�L����������P�

5\V���=á�F]H�PHFKDQLF]QH�),%5(/2.

)LUPD� �0� GRVWDUF]D� UyZQLH*� ]HVWDZ\� QDU]
G]L� � QLH]E
GQ\FK� GR� SU]\JRWRZDQLD� ]DNR�F]H�
�ZLDWáRZRGyZ�L�Z\NRQDQLD�SRá�F]HQLD�
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=á�F]D�UR]á�F]QH�

=á�F]D�UR]á�F]QH�VáX*��SU]HGH�ZV]\VWNLP�GR�SRGá�F]HQLD�NDEOD��ZLDWáRZRGRZHJR�GR�XU]�G]H�
nadawczo -�RGELRUF]\FK��6WRVXMH�VL
�MH�WDN*H�GR�Z\NRQ\ZDQLD�SRá�F]H��SRPL
G]\�RGFLQNDPL�NDEOD�

ZyZF]DV� JG\� Z\PDJDQD� MHVW� PR*OLZR�ü� ]PLDQ� NRQILJXUDFML� VLHFL�� 3RQDGWR� GDM�� RQH� PR*OLZR�ü
áDWZHJR�GRVW
SX�GR�WRUyZ��ZLDWáRZRGRZ\FK�Z�FHOX�Z\NRQDQLD�SRPLDUyZ�HNVSORDWDF\MQ\FK�

6WRVRZDQH�ZVSyáF]H�QLH� �ZLDWáRZRGRZH� ]á�F]H� UR]á�F]QH� VNáDGD� VL
� ]� GZyFK�ZW\NyZ�� NWyUH
]DEH]SLHF]DM�� L� SUHF\]\MQLH� ORNXM��Z�SU]HVWU]HQL� F]RáD� �ZLDWáRZRGyZ�RUD]� DGDSWHUD� SU]HORWRZHJR�
NWyU\� ]DSHZQLD� FHQWU\F]QH� SRá�F]HQLH� ZW\NyZ�� :� GUXJLP� ZDULDQFLH� MHGHQ� ]� ZW\NyZ� ]RVWDMH

]DVW�SLRQ\� SU]H]� � ]DPRQWRZDQ\� QD� VWDáH� Z� DGDSWHU]H� HOHPHQW� DNW\ZQ\� �GLRG

HOHNWUROXPLQHVFHQF\MQ�� OXE�IRWRGLRG
���3RV]F]HJyOQH�HOHPHQW\�]á�F]D�Z\NRQDQH�V��]�GRNáDGQR�FL�
U]
GX������P�

2EHFQLH�VWRVRZDQH� MHVW�NLOND�VWDQGDUGyZ�]á�F]\� UR]á�F]Q\FK��1DMEDUG]LHM� UR]SRZV]HFKQLRQH�
to ST - popularne w sieciach lokalnych i instalacjDFK� SU]HP\VáRZ\FK� RUD]� )& - powszechnie
stosowane w telekomunikacji.

7\SRZH�WáXPLHQQR�FL�]á�F]\�UR]á�F]Q\FK�]DZLHUDM��VL
�Z�JUDQLFDFK�����GR�����G%��D�VWDáR�ü�WHM
ZDUWR�FL�MHVW�JZDUDQWRZDQD�SU]H]�FR�QDMPQLHM�����UR]á�F]H��

���3RGVWDZRZH�SUREOHP\�SRPLDUyZ�L�SURMHNWRZDQLD�Z�OLQLDFK��ZLDWáRZRGRZ\FK

,QVWDODFMD� L� HNVSORDWDFMD� VLHFL� �ZLDWáRZRGRZHM� VWDZLD� SU]HG� MHM�Z\NRQDZF�� L� X*\WNRZQLNLHP
FDáNLH� QRZH� ]DGDQLD�� Uy*QH� RG� W\FK�� MDNLH� LVWQLHM�� Z� VLHFLDFK� NRQZHQFMRQDOQ\FK�� 2� LOH� Z� VLHFL
SU]HZRGRZHM� PR*QD� SU]\M�ü�� *H� ]HVWDZLHQLH� MHM� HOHPHQWyZ� ]JRGQLH� ]� QRUPDPL� OXE� ZDUXQNDPL

WHFKQLF]Q\PL�SURGXFHQWD�JZDUDQWXMH�SRSUDZQ��SUDF
�VLHFL��MH�OL�SRPLQ�ü�ZSá\Z�WDNLFK�F]\QQLNyZ�
MDN�]DNáyFHQLD�L�ZDUXQNL�]DVLODQLD���R�W\OH�Z�VLHFL��ZLDWáRZRGRZHM�Z�ND*G\P�SU]\SDGNX�NRQLHF]QH

V�� SRPLDU\�RSW\F]QH�� VSUDZG]DM�FH� ]JRGQR�ü�X]\VNDQ\FK�Z\QLNyZ�]� ]DáR*HQLDPL� L�Z\PDJDQLDPL

SURGXFHQWD�XU]�G]H���-HVW�WR�VSRZRGRZDQH�SU]H]�F]WHU\�F]\QQLNL�

1. 6]HURNL�]DNUHV�SR]LRPyZ�V\JQDáyZ��GX*D�G\QDPLND��

2. 'X*\�UR]U]XW�SDUDPHWUyZ�XU]�G]H��
3. 'X*\�UR]U]XW�SDUDPHWUyZ�WUDQVPLV\MQ\FK��ZLDWáRZRGyZ�
4. =QDF]Q\�ZSá\Z�ZLHOX�WUXGQ\FK�GR�NRQWURORZDQLD�F]\QQLNyZ�QD�MDNR�ü�]á�F]\�

6]F]HJyOQLH� RVWDWQL� F]\QQLN� PD� LVWRWQH� ]QDF]HQLH�� =� XZDJL� QD� PLQLPDOQ�� �UHGQLF

�ZLDWáRZRGyZ��Z\PDJDQD� MHVW�EDUG]R�Z\VRND�SUHF\]MD�Z\NRQDQLD�]á�F]\� L�]DFKRZDQLH�DEVROXWQHM
F]\VWR�FL�� .RQWUROD� MDNR�FL� ]á�F]D� Z� GURG]H� RJO
G]LQ� MHVW� SUDNW\F]QLH� QLHPR*OLZD�� 0R*OLZD� MHVW
natomiast ocena skutków w postaci wzrostu strat, a co za tym idzie spadku mocy transmitowanego
promieniowania.

3RPLDU\� PRF\� RSW\F]QHM� Z� �ZLDWáRZRG]LH� SR]ZDODM�� Z� V\QWHW\F]Q\� VSRVyE� RFHQLü�� F]\
VSHáQLRQH�V��ZDUXQNL�SUDZLGáRZHM�SUDF\�XU]�G]H��

3RPLDU\�WH�PR*QD�SRG]LHOLü�QD�WU]\�JUXS\�

- SRPLDU\�SDUDPHWUyZ�XU]�G]H��
- SRPLDU\�SDUDPHWUyZ�WRUyZ��ZLDWáRZRGRZ\FK�L�LFK�HOHPHQWyZ�

- SRPLDU\�Z\QLNRZH�OLQLL��ZLDWáRZRGRZ\FK�ZVSyáSUDFXM�F\FK�]�XU]�G]HQLDPL�

'R�JUXS\�SLHUZV]HM�QDOH*\�PRF�QDGDMQLND�L�F]XáR�ü�RGELRUQLND��GR�GUXJLHM���WáXPLHQQR�ü
RGFLQNyZ�WRUyZ��ZLDWáRZRGRZ\FK��WáXPLHQQR�ü�]á�F]\�L�WáXPLHQQR�ü�]PRQWRZDQHM�OLQLL

�ZLDWáRZRGRZHM�D�GR�WU]HFLHM���PRF�QD�Z\M�FLX�WRUX�
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2.1. Pomiar mocy nadajnika

3DUDPHWU� WHQ� FKDUDNWHU\]XMH� XU]�G]HQLH� QDGDZF]H�� QLH� MHVW� MHGQDN� GOD� QLHJR� RNUH�ORQ\
MHGQR]QDF]QLH�� 1LH� FKRG]L� ERZLHP� R� PRF� FDáNRZLW��� HPLWRZDQ�� SU]H]� (UyGáR� �GLRG

HOHNWUROXPLQHVFHQF\MQ����OHF]�W
� MHM�F]
�ü��NWyUD�MHVW�VSU]
*RQD�GR�UG]HQLD��ZLDWáRZRGX��6SUDZQR�ü
VSU]
*HQLD�]DOH*\�RG��UHGQLF\�UG]HQLD�RUD]�DSHUWXU\�QXPHU\F]QHM��ZLDWáRZRGX�L�ZDKD�VL
�RG�RN��� %
GOD� �ZLDWáRZRGyZ� JUDGLHQWRZ\FK� ��������P� GR� NLONXG]LHVL
FLX� �� GOD� �ZLDWáRZRGyZ� grubo
rdzeniowych

:� VLHFLDFK� ORNDOQ\FK� VWRVRZDQH� V�� �ZLDWáRZRG\� 50/125 µm, 62,5/125 µm, 85/125 µm
i 100/140 µm��:�ZDUXQNDFK�NUDMRZ\FK�SUDNW\F]QH�]QDF]HQLH�PDM��MHG\QLH�GZD�SLHUZV]H�

Z�SRZ\*V]\FK�GDQ\FK�Z\QLND��*H�Z�FHOX�Z\NRQDQLD�SRPLDUX�PRF\�QDGDMQLND�QDOH*\�SRPL
G]\
PLHUQLN� D� QDGDMQLN� Zá�F]\ü� RGFLQHN� �ZLDWáRZRGX� R� SDUDPHWUDFK� WDNLFK�� MDNLH� SRVLDGD� OLQLD

�ZLDWáRZRGRZD�� ]� NWyU�� QDGDMQLN� E
G]LH� ZVSyáSUDFRZDá�� 3RUyZQXM�F� X]\VNDQ\� Z\QLN� SRPLDUX� ]

SDUDPHWUHP� SRGDQ\P� SU]H]� SURGXFHQWD� XU]�G]HQLD�� QDOH*\� ]ZUyFLü� XZDJ
� F]\� RED� SRPLDU\

Z\NRQDQH�E\á\� SU]\�SRPRF\� WDNLHJR� VDPHJR� �ZLDWáRZRGX��5y*QLFD� SR]LRPyZ�PRF\�Z rdzeniach
QDMF]
�FLHM��X*\ZDQ\FK��ZLDWáRZRGyZ�50/125 µm i 62,5/125 µm wynosi ok. 4 dB.

&]\QQLNLHP� XWUXGQLDM�F\P� Z\NRQDQLH� SUDZLGáRZHJR� SRPLDUX� PRF\� QDGDMQLND� MHVW� WUXGQR�ü
X]\VNDQLD�ZáD�FLZHJR�SREXG]HQLD��ZLDWáRZRGX��3RPLDU�E\áE\�SUDZLGáRZ\��JG\E\�SURPLHQLRZDQLH

]H�(UyGáD�E\áR�VSU]
JDQH�Z\á�F]QLH�GR�UG]HQLD�L�WR�]�WDNLP�UR]NáDGHP�PRF\�Z�MHJR�SU]HNURMX��MDNL

Z\VW
SXMH� Z� VWDQLH� XVWDORQ\P� �SR� SU]HE\FLX� GáXJLHJR� RGFLQND� �ZLDWáRZRGX��� :�U]HF]\ZLVWR�FL
SURPLHQLRZDQLH� ZSURZDG]DQH� MHVW� WDN*H� GR� SáDV]F]D� L� ZDUWR�ü� PRF\� ]PLHU]RQD� SU]\� SRPRF\

NUyWNLHJR�RGFLQND��ZLDWáRZRGX�MHVW�]DZ\*RQD��7]Z���PRG\�SáDV]F]RZH��V��]QDF]QLH�VLOQLHM�WáXPLRQH

QL*��rdzeniowe��L�QLH�PDM��SUDNW\F]QHJR�]QDF]HQLD�SU]\�NDONXODFML�]DVL
JX�WUDQVPLVML�

2PyZLRQ\� HIHNW� REUD]XMH� U\V���� SU]HGVWDZLDM�F\� UR]NáDG� PRF\� Z]GáX*� �ZLDWáRZRGX�
5]HF]\ZLVWHM�PRF\�� ]PLHU]RQHM� SU]\�SRPRF\�NUyWNLHJR�RGFLQND��ZLDWáRZRGX�RGSRZLDGD�SXQNW A,
QDWRPLDVW�SUDZLGáRZD�MHVW�ZDUWR�ü�RGSRZLDGDM�FD�SXQNWRZL B��7DND�ZDUWR�ü�SRZLQQD�E\ü�SRGDZDQD
SU]H]� SURGXFHQWD� � XU]�G]H�� MDNR� SDUDPHWU� QDGDMQLND� L� WDND� SRGDZDQD� MHVW� ]DZV]H� SU]H]� ILUP

LANEX ��%á�G�]ZL�]DQ\�]�RPyZLRQ\P�HIHNWHP�PR*H�PLHü�ZDUWR�ü�RG�XáDPND dB do kilku dB.

6NXWNL�Z]L
FLD�GR�REOLF]H��PRF\�QDGDMQLND�]PLHU]RQHM��]�SU]HSHáQLHQLHP��REUD]XMH�SXQNW C  na
U\V����3R]LRP�PRF\�QD�Z\M�FLX�WRUX�REOLF]RQ\�MDNR�Uy*QLFD�SR]LRPX�PRF\�QDGDMQLND�L�WáXPLHQQR�FL

WRUX� R� GáXJR�FL� 4 km� E\áE\� Z\VWDUF]DM�F\� GR� ]DSHZQLHQLD� SUDZLGáRZ\FK� ZDUXQNyZ� SUDF\
RGELRUQLND� R� F]XáR�FL� 34 dBm�� :� U]HF]\ZLVWR�FL� VWUDW\� QD� SRF]�WNRZ\P� RGFLQNX� WRUX� E\á\E\

]QDF]QLH�ZL
NV]H��L�QD�Z\M�FLX�X]\VNDQ\�E\áE\�SR]LRP�RGSRZLDGDM�F\�SXQNWRZL D��D�ZL
F�]D�PDá\�

:�FHOX�X]\VNDQLD�ZDUWR�FL�RGSRZLDGDM�FHM�SXQNWRZL B�SRPLDU�QDOH*\�Z\NRQDü�SU]\�SRPRF\

WáXPLND� PRGyZ� SáDV]F]RZ\FK�� 5RO
� W
� PR*H� ]� SRZRG]HQLHP� VSHáQLü� RGFLQHN� �ZLDWáRZRGX� R
GáXJR�FL� RN� 1 km� �QDZLQL
W\� QD� V]SXOL�� R� GRNáDGQLH� ]PLHU]RQHM� WáXPLHQQR�FL�� 3R]LRP� PRF\

QDGDMQLND�PR*QD�X]\VNDü�GRGDM�F�WáXPLHQQR�ü��ZLDWáRZRGX�SRPLDURZHJR�GR�SR]LRPX�]PLHU]RQHJR

QD�MHJR�Z\M�FLX�
:L
NV]R�ü�PLHUQLNyZ�PRF\�RSW\F]QHM�UHDJXMH�QD�ZDUWR�ü��UHGQL��PRF\��QDOH*\�]DWHP�]ZUyFLü

XZDJ
��MDND�MHVW�]DOH*QR�ü�PRF\�QDGDMQLND�RG�WUH�FL�V\JQDáX�
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Rys.6 3R���PRF�VSU]
*RQD�GR�UG]HQLD��ZLDWáRZRGX
M - margines (zapas) mocy
3G���EXG*HW�PRF\�G\VSRQRZDQHM

�����3RPLDU�F]XáR�FL�RGELRUQLND�

&]XáR�ü� RGELRUQLND� MHVW� RNUH�ORQD� SU]H]� QDMQL*V]\� SR]LRP� PRF\� QD� MHJR� ZHM�FLX� �F]\OL� QD
Z\M�FLX� WRUX��� SU]\� NWyU\P� ]DFKRZDQD� MHVW� MHV]F]H� Z\PDJDQD� ZDUWR�ü� SDUDPHWUX� MDNR�FLRZHJR�
FKDUDNWHU\]XM�FHJR�RGELRUQLN��:�SU]\SDGNX�WUDQVPLVML�F\IURZHM�SDUDPHWUHP�W\P�MHVW�QD�RJyá�VWRSD

Eá
GyZ��D�Z\PDJDQD�ZDUWR�ü�Z\QRVL�SU]HZD*QLH�10-9 lub 10-10.
:L
NV]R�ü��ZLDWáRZRGRZ\FK�XU]�G]H�� RGELRUF]\FK�SRVLDGD�DXWRPDW\F]Q�� V\JQDOL]DFM
� VSDGNX

SR]LRPX�ZHM�FLRZHJR�SRQL*HM�ZDUWR�FL�JZDUDQWXM�FHM�SRSUDZQ��SUDF
��6\JQDOL]DFMD�WD�]ZL�]DQD�MHVW
]�]DEORNRZDQLHP�RGELRUQLND��3UDNW\F]QLH�PR*QD�]DWHP�SU]\M�ü��*H�F]XáR�ü� UyZQD� MHVW�SR]LRPRZL

PRF\��SU]\�NWyU\P�QDVW
SXMH�SRQRZQH�RGEORNRZDQLH�RGELRUQLND�
$E\� Z\NRQDü� SRPLDU� F]XáR�FL� SRWU]HEQ\� MHVW� UHJXORZDQ\� WáXPLN� RSW\F]Q\�� :� XSURV]F]HQLX

F]XáR�ü�PR*QD�]PLHU]\ü�Z�VSRVyE�QDVW
SXM�F\�
- SRá�F]\ü� QDGDMQLN� ]� RGELRUQLNLHP� RGFLQNLHP� �ZLDWáRZRGX� ]DNR�F]RQ\P� ]á�F]DPL� �QD

RJyá�QLH�PR*QD�X*\ü�QDGDMQLND�L�RGELRUQLND�WHJR�VDPHJR�XU]�G]HQLD��
- Z\VXQ�ü�ZW\N�]á�F]D�]�QDGDMQLND�WDN��DE\�Zá�F]\áD�VL
�V\JQDOL]DFMD�]DQLNX�PRF\��QDOH*\
VSUDZG]Lü�Z�LQVWUXNFML�XU]�G]HQLD��F]\�VWDQ�WHQ�MHVW�V\JQDOL]RZDQ\�SU]H]�]DSDOHQLH�VL
�F]\
]JD�QL
FLH�GLRG\��

- RVWUR*QLH�ZVXQ�ü�ZW\N�]á�F]D�WDN��DE\�PR*OLZLH�GRNáDGQLH�XFKZ\FLü�PRPHQW�Z\á�F]HQLD
VL
�V\JQDOL]DFML�

- Z\M�ü�GUXJL�ZW\N�]�JQLD]GD�RGELRUQLND�L�]PLHU]\ü�HPLWRZDQ��]�QLHJR�PRF�

8]\VNDQ\�Z�RVWDWQLP�SXQNFLH�Z\QLN�PR*QD� X]QDü� MDNR� UyZQ\� F]XáR�FL� RGELRUQLND� ]GHILQLRZDQHM
GOD�ZDUWR�FL��UHGQLHM�
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3RZ\*V]\�SRPLDU� MHVW�RF]\ZL�FLH�PR*OLZ\�GR�Z\NRQDQLD� W\ONR�ZWHG\��JG\�QDGDMQLN� HPLWXMH

SURPLHQLRZDQLH�R�VWDáHM�PRF\��UHGQLHM��QLH]DOH*QHM�RG�WUH�FL�V\JQDáX�
3RUyZQXM�F� X]\VNDQ\�Z\QLN� ]� GDQ\PL� WHFKQLF]Q\PL� XU]�G]HQLD� QDOH*\� ]ZUyFLü� XZDJ
�� F]\

LQVWUXNFMD�SRGDMH�F]XáR�ü�]GHILQLRZDQ��GOD�ZDUWR�FL��UHGQLHM��F]\�V]F]\WRZHM�

�����3RPLDU�WáXPLHQQR�FL�WRUyZ��ZLDWáRZRGRZ\FK

3RGVWDZRZ\P�SRPLDUHP��NWyU\�QDOH*\�Z\NRQDü�Z�WUDNFLH�EXGRZ\�OLQLL��ZLDWáRZRGRZHM�� MHVW
SRPLDU�MHM�WáXPLHQQR�FL��7áXPLHQQR�ü�WD�UyZQD�MHVW�Uy*QLF\�SRPL
G]\�SR]LRPDPL�PRF\�QD�ZHM�FLX�L
QD� Z\M�FLX� WRUX�� =� Z\VWDUF]DM�F�� GR� FHOyZ� SUDNW\F]Q\FK� GRNáDGQR�FL�� WáXPLHQQR�ü� WRUX� PR*QD
RNUH�OLü� PLHU]�F� SR]LRP� PRF\� ]� QDGDMQLND� SRPLDURZHJR� �OXE� ]� QDGDMQLND� XU]�G]HQLD
SU]H]QDF]RQHJR�GR�SUDF\�Z�VLHFL��L�PRF\�QD�Z\M�FLX�WRUX��D�QDVW
SQLH�RGHMPXM�F�WH�ZDUWR�FL��:�WHQ

VSRVyE�X]\VNDQD�ZDUWR�ü�]DZLHUD�Z�VRELH� WáXPLHQQR�ü�]á�F]D�SRPL
G]\�QDGDMQLNLHP�D�PLHU]RQ\P

WRUHP��ZLDWáRZRGRZ\P�

1D�Z\QLN�SRPLDUX�]DVDGQLF]\�ZSá\Z�PD�VWDELOQR�ü�PRF\�QDGDMQLND�� MH�OL� ]DWHP� MDNR�(UyGáR
X*\W\� MHVW� QDGDMQLN� XU]�G]HQLD� WUDQVPLV\MQHJR�� GREU]H� MHVW� ]PLHU]\ü� M�� GZXNURWQLH� �� SU]HG� L� SR
SRPLDU]H�PRF\�QD�Z\M�FLX�WRUX�

'UXJLH�(UyGáR�Eá
GX�ZL�*H�VL
�]�HIHNWHP�RPyZLRQ\P�Z�SXQNFLH 1��'OD�SUDZLGáRZHJR�SRPLDUX

WáXPLHQQR�FL�NRQLHF]QH�MHVW�ZáD�FLZH�SREXG]HQLH��ZLDWáRZRGX��]JRGQLH�]�SXQNWHP B na rys. 1). W
ZDUXQNDFK� U]HF]\ZLVW\FK� �ZLDWáRZyG� SREXG]RQ\� MHVW� �]� SU]HSHáQLHQLHP" (co odpowiada
punktowi A��L�REOLF]RQD�Z�SRGDQ\�Z\*HM�VSRVyE�ZDUWR�ü�WáXPLHQQR�FL�MHVW�]DZ\*RQD��2V]DFRZDQLH
SRZVWDáHJR�Eá
GX�MHVW�EDUG]R�WUXGQH��JG\*�]DOH*\�RQ�RG�ZáDVQR�FL��ZLDWáRZRGX��:DUWR�SDPL
WDü��*H
Eá�G�WHQ�MHVW�]DZV]H�GRGDWQL��'OD�QLHNWyU\FK�W\SyZ��ZLDWáRZRGyZ�MHJR�ZDUWR�ü�QLH�SU]HNUDF]D�NLONX
G]LHVL�W\FK�G%��DOH�PR*H�RVL�JQ�ü�WDN*H�NLOND dB.

$E\� SRPLDU� E\á� Z� SHáQL� SUDZLGáRZ\�� PLHU]RQ\� WRU� �ZLDWáRZRGRZ\� QDOH*\� SREXG]Dü� ]D
SR�UHGQLFWZHP� WáXPLND�PRGyZ�SáDV]F]RZ\FK� OXE�GáXJLHJR�RGFLQND��ZLDWáRZRGX��:�RVWDWHF]QR�FL
PR*QD� X*\ü� NUyWNLHJR� RGFLQND� �ZLDWáRZRGX�� R� NWyU\P�ZLDGRPR�� *H� SURSDJXMH�Z� QLP�PLQLPDOQD

LOR�ü�PRGyZ�SáDV]F]RZ\FK�

�����3RPLDU�WáXPLHQQR�FL�]á�F]\�

7áXPLHQQR�ü� ]á�F]D� PR*QD� RNUH�OLü� PLHU]�F� PRF� ]H� �ZLDWáRZRGX� SU]HG� Z\NRQDQLHP
SRá�F]HQLD��D�QDVW
SQLH�QD�Z\M�FLX��ZLDWáRZRGX�GRá�F]RQHJR��3RPLDU�WHQ�MHVW�PR*OLZ\�W\ONR�ZWHG\�
JG\�WHQ�GUXJL��ZLDWáRZyG�MHVW�QD�W\OH�NUyWNL��*H�MHJR�WáXPLHQQR�ü�PR*QD�SRPLQ�ü��PQLHM�QL*�30 m,
co odpowiada ok. 0,1 dB�SU]\�GáXJR�FL�IDOL�850 nm).

=H� Z]JO
GX� QD� QLHZLHONLH� ZDUWR�FL� WáXPLHQQR�FL� ]á�F]\� �NLOND� G]LHVL�W\FK�G%��� VWDELOQR�ü
(UyGáD� L� PLHUQLND� PDM�� GHF\GXM�F\� ZSá\Z� QD� GRNáDGQR�ü� SRPLDUX�� QLH� PD� QDWRPLDVW� ]QDF]HQLD

GRNáDGQR�ü� RGF]\WX� ZDUWR�FL� EH]Z]JO
GQHM� SR]LRPX�� 1DGDMQLN� XU]�G]HQLD� WUDQVPLV\MQHJR� MHVW� Z

W\P� SU]\SDGNX� SUDNW\F]QLH� QLHSU]\GDWQ\�� JG\*� MHJR� PRF� Z\M�FLRZD� PR*H� ]PLHQLü� VL
� Z� WUDNFLH
pomiaru nawet o 1 dB.

:LDU\JRGQH�SRPLDU\�WáXPLHQQR�FL�]á�F]\�SU]HORWRZ\FK�Z�]PRQWRZDQHM�OLQLL�PR*QD�Z\NRQDü
MHG\QLH�SU]\�SRPRF\�PHWRG�UHIOHNWRPHWU\F]Q\FK��NWyUH�QLH�E
G��WXWDM�RPDZLDQH�
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�����3RPLDU�PRF\�QD�Z\M�FLX�WRUX

3RPLDU� WHQ� MHVW� QDMSURVWV]\� ]� RPDZLDQ\FK� L� QLH�Z\PDJD�Z\MD�QLH���:DUWR�ü� ]PLHU]RQD� MHVW

RELHNW\ZQD�� QLH� PD� SU]\� W\P� ]QDF]HQLD�� F]\� UR]NáDG� PRF\� Z� SU]HNURMX� NR�FRZHJR� RGFLQND
�ZLDWáRZRGX�RVL�JQ�á�VWDQ�XVWDORQ\��F]\�WH*�QLH�

0R*OLZD�MHVW�WDND�V\WXDFMD��GOD�NUyWNLFK�OLQLL���*H�PRF�QD�Z\M�FLX�WRUX�MHVW�ZL
NV]D�QL*

PRF�QDGDMQLND�RNUH�ORQD�SU]H]�SURGXFHQWD�OXE�]PLHU]RQD�]�WáXPLNLHP�PRGyZ�SáDV]F]RZ\FK�

2]QDF]D� WR�� *H� SURPLHQLRZDQLH� VSU]
*RQH� GR� SáDV]F]D� �ZLDWáRZRGX� QLH� XOHJáR� MHV]F]H

VWáXPLHQLX�� 3U]\SDGHN� WDNL� MHVW� ZD*Q\� ]� WHJR� Z]JO
GX�� *H� PR*H� QDVW�SLü� SU]HVWHURZDQLH

RGELRUQLND��SRZRGXM�F�ZDGOLZ��MHJR�SUDF
�

=� SXQNWX� ZLG]HQLD� SRSUDZQR�FL� SUDF\� XU]�G]H�� PRF� QD� Z\M�FLX� WRUX� VWDQRZL� RVWDWHF]Q�
ZHU\ILNDFM
�� F]\� ]DSHZQLRQH� V�� ZáD�FLZH�ZDUXQNL� LFK� SUDF\��:DUWR�ü�PRF\�Z\M�FLRZHM� SRZLQQD
E\ü�R�NLOND�G%�Z\*V]D�RG�F]XáR�FL�RGELRUQLND��1LH�PD�SU]\�W\P�]QDF]HQLD��F]\�NRQNUHWQ\�SR]LRP

Z\QLND�]�GX*HM�GáXJR�FL�OLQLL��F]\�]�QLVNLHM�MDNR�FL��ZLDWáRZRGX�OXE�(OH�Z\NRQDQ\FK�]á�F]\�

�����3URMHNWRZDQLH�L�NRQWUROD�OLQLL��ZLDWáRZRGRZ\FK

3RGVWDZRZ\P� UDFKXQNLHP�� NWyU\� QDOH*\� SU]HSURZDG]Lü� Z� WUDNFLH� SURMHNWRZDQLD� OLQLL

�ZLDWáRZRGRZHM� MHVW� W]Z�� bilans mocy�� :� ELODQVLH� WDNLP� ]HVWDZLRQH� V�� SDUDPHWU\� XU]�G]H��
�ZLDWáRZRGyZ�RUD]�]á�F]\�L�SR]ZDOD�RQ�RFHQLü�]DVL
J�WUDQVPLVML�

3RQL*HM�MHVW�SU]HGVWDZLRQ\�SU]\NáDGRZ\�ELODQV�PRF\�

A. poziom  mocy  nadajnika (λ = 850 nm) - 18 dBm
%��F]XáR�ü�RGELRUQLND - 33 dBm
&��G\QDPLND�XU]�G]H���$���%� 15 dB
D. zalecany zapas mocy 5 dB
E. moc dysponowana (C - D) 10 dB
)��WáXPLHQQR�ü�MHGQRVWNRZD��ZLDWáRZRGX��GOD�λ = 850 nm) 3 dB/km
*��WáXPLHQQR�ü�]á�F]\ 0,3 dB/km
+��]DVL
J�WUDQVPLVML�>(����)���*�@ 3 km

6SHáQLHQLH�ZDUXQNX D�R]QDF]D��*H�Z�FKZLOL�]PRQWRZDQLD� OLQLL�SR]LRP�PRF\�QD�Z\M�FLX� WRUX
SRZLQLHQ�E\ü�ZL
NV]\�R�FR�QDMPQLHM�5 dB�RG�F]XáR�FL�RGELRUQLND��']L
NL�WHPX�]DSHZQLRQD�MHVW�MHJR

VWDELOQD�SUDFD�Z�SU]\SDGNX�REQL*HQLD�VL
�PRF\�QDGDMQLND��VWDU]HQLH��OXE�Z]URVWX�WáXPLHQQR�FL�OLQLL
�QS��Z�SU]\SDGNX�Z\NRQDQLD�]á�F]\�DZDU\MQ\FK��

3U]\M
WD� Z� SXQNFLH G� WáXPLHQQR�ü� ]á�F]\� 0,3 dB/km� R]QDF]D� SU]HFL
WQLH� MHGQR� ]á�F]H� R
WáXPLHQQR�FL�0,3 dB co 1 km� �ZLDWáRZRGX�� FR� MHVW�ZDUWR�FL�� W\SRZ��� 5]HF]\ZLVWH�ZDUXQNL�PRJ�
]QDF]QLH�RGELHJDü�RG�]DáR*RQ\FK�Z�WDEHOL��-H�OL��GáXJR�ü�OLQLL�MHVW�PQLHMV]D�RG�PDNV\PDOQHM��PR*QD
GRSX�FLü�X*\FLH��ZLDWáRZRGX�R�ZL
NV]HM�WáXPLHQQR�FL�MHGQRVWNRZHM��D�WDN*H�PR*QD�VRELH�SR]ZROLü
QD�]DVWRVRZDQLH�WHFKQLNL�á�F]HQLD��ZLDWáRZRGyZ�GDM�FHM�JRUV]H�Z\QLNL��DOH�]D�WR�WD�V]HM��

3R�]JURPDG]HQLX�ZV]\VWNLFK�HOHPHQWyZ�EXGRZDQHM�OLQLL��ZLDWáRZRGRZHM��D�SU]HG�MHM
]PRQWRZDQLHP��QDOH*\�RV]DFRZDü�SU]HZLG\ZDQH�Z\QLNL��7áXPLHQQR�ü�Z\SDGNRZD�OLQLL�SRZLQQD
E\ü�VXP��WáXPLHQQR�FL�VNáDGDM�F\FK�VL
�QD�QL��RGFLQNyZ��ZJ�SRPLDUyZ�IDEU\F]Q\FK��L�WáXPLHQQR�FL
]á�F]\��0,1 do 0,5 dB�ND*GH���D�SR]LRP�PRF\�QD�Z\M�FLX�WRUX -�UyZQ\�Uy*QLF\�SR]LRPX�PRF\

QDGDMQLND�L�WáXPLHQQR�FL�FDáNRZLWHM�OLQLL�
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3R� ]PRQWRZDQLX� OLQLL� QDOH*\� ]PLHU]\ü� PRF� QDGDMQLND�� QDVW
SQLH� GRá�F]\ü� GR� QLHJR� OLQL

�ZLDWáRZRGRZ�� L�]PLHU]\ü�PRF�QD� MHM�Z\M�FLX��'OD�SRSUDZQHM�SUDF\�RGELRUQLND�Z\VWDUF]DM�FH� MHVW
DE\�SR]LRP�Z\M�FLRZ\�E\á�ZL
NV]\�RG�MHJR�F]XáR�FL��=�RPyZLRQ\FK�Z]JO
GyZ�Z\PDJDQH�MHVW��DE\

Z�FKZLOL�LQVWDODFML�PRF�QD�Z\M�FLX�WRUX�E\áD�ZL
NV]D�R�RN��5 dB.
1DOH*\� ]ZUyFLü� XZDJ
�� F]\� X]\VNDQH�Z\QLNL� V�� ]JRGQH� ]� SU]HZLG\ZDQLDPL�� -H�OL� V�� JRUV]H�

QDOH*\� GRNáDGQLH� SU]HDQDOL]RZDü� PR*OLZH� SU]\F]\Q\�� QDZHW� MH�OL� ]DSDV� PRF\� MHVW� ZL
NV]\� RG
]DOHFDQHJR��3U]\F]\Q��ZL
NV]\FK�QL*� SU]HZLG\ZDQH� VWUDW�PRJ�� E\ü�QLHVWDUDQQLH�Z\NRQDQH�]á�F]D
OXE�]DáDPDQLH��ZLDWáRZRGX��FR�PR*H�VSRZRGRZDü�SU]HUZ
�Z�OLQLL�Z�QLHVSRG]LHZDQ\P�PRPHQFLH�

7U]HED� SRGNUH�OLF�� *H� VWDQRZF]R� QLHZ\VWDUF]DM�FD� MHVW� RFHQD� MDNR�FL� OLQLL� QD� SRGVWDZLH
V\JQDOL]DFML�� MDN�� ]DSHZQLD� RGELRUQLN� XU]�G]HQLD� WUDQVPLV\MQHJR�� 6\JQDOL]DFMD� WD� QLH� GDMH

RGSRZLHG]L��F]\�]DSHZQLRQ\�MHVW�Z\VWDUF]DM�F\�]DSDV�PRF\��JZDUDQWXM�F\�VWDELOQ��SUDF
�SU]H]�GáXJL
okres czasu.

:�SU]\SDGNX�Z\VW
SRZDQLD�]DNáyFH��Z�SUDF\� OLQLL��REMDZLDM�F\FK�VL
�QS��Eá
GDPL� WUDQVPLVML

OXE�EORNRZDQLHP�VL
�RGELRUQLND��QDOH*\�SU]HGH�ZV]\VWNLP�]PLHU]\ü�SR]LRP�PRF\�QD�Z\M�FLX�WRUX�
-H�OL�MHVW�]E\W�QLVNL -�QDOH*\�]PLHU]\ü�SR]LRP�PRF\�QDGDZDQHM��1D�SRGVWDZLH�W\FK�GZyFK�SRPLDUyZ

PR*QD�RFHQLü�VWDQ�XU]�G]H��L�OLQLL��ZLDWáRZRGRZHM�
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