PASIVNE CWDM FILTRE A ICH
PRAKTICKE APLIKACIE

Spektralna konektivita prenosovych zariadeni na SM vlakne
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SPEKTRALNE MOZNOSTI SM VLAKIEN
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Pre lepSie spektralne vyuzitie SM optickych vlakien je vhodné vyuzit CWDM mriezku v pasme s najnizSim
mernym timenim - poslednych 8 kanalov (od 11 do 18; pasmo S, C a L),

NevyluCuje sa tym vyuzitie ostatnych kanalov.
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CWDM FILTRE 1

CWDM kanal 20nm
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SPEKTRALNE MERANIA CWDM FILTROV 18

Meracie pristroje

Sirokospektralny Zdroj Svetla [ Fionium P/N: WhiteLaser micro

Horna Priepust L’? Fianium P/N: ATOF wystup 1 1 260nm — 2 600nm
Konektorovy Spoj optocon SC/APC

VInovo-selektivny Detektor EXFO Platforma: P/N: FTB-500-51-OCT

Optical Spectral Analyzer: P/N: FTB-5240S-EA 1 260nm — 1 650nm

Referencéné meranie

350nm, 1_L 2 600nm 1260nm 2 600nm

S/N: 10-1368 A - vinova dizka v meranom rozsahu 1260nm — 1650nm

S/N: 10-1391 Spektraina presnost meracej zostavy 0,071nm
Hodnotenie vysledkov s krokom 1nm

Pr(4) - referenény vykon [dBm]

S/N- 675579 P(4) - vykon prechddzajici testovanym prvkom [dBm]

S/N: 0000669612

Spektralnu charakteristiku timenia ,A“ v dB meraného prvku
potom mozno vyjadrit nasledovnym vypoctom.
A(A) = Pr(4) - Pr(4)  [dB]

[y [nm] P [nm] Rozsah: 1260nm - 1650nm
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Meranie pasivneho prvku
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SPEKTRALNE MERANIA CWDM FILTROV

Pasivny filter
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SPEKTRALNE MERANIA CWDM FILTROV 38

Mera: Ladisav Petko Opticky pasivny CWDM filter

CWDM raster pod'a ITU-T G.694.2

Kanal 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
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SPEKTRALNE MERANIA CWDM FILTROV
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Mera: Ladisav Petko Opticky pasivny CWDM filter

CWDM raster podra ITU-T G.694.2
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SPEKTRALNE MERANIA CWDM FILTROV
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SPEKTRALNE MERANIA CWDM FILTROV 618

Meral: Ladislav Petio Opticky pasivny CWDM filter i

CWDM raster podra ITU-T G.694.2

Kanél 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
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SPEKTRALNE MERANIA CWDM FILTROV
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SPEKTRALNE MERANIA CWDM FILTROV 818

Meral: Ladislav Petko Optlcky pasivny CWDM filter P/N: 7M9-31003

CWDM raster podfa ITU-T G.694.2 SIN: 2C-6170015
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APLIKACNE MOZNOSTI

Fyzicka vrstva: kaskdda

2132337435 1697 38

2132337425287 28

2132337425287 28

Alternativa #1 = 2 vlaknova prevadzka

2122337452677 38

2132324753627 18

2122337456778

2132333425767 48

1/4

3132733435 3647 18

2o 2 fom] o fom] 2 fom] o] 2 [om] 2o qom] o fom]
Node #1 Node #2 Node #3 Node #4 Node #5 Node #6 Node #7 Node #8
out out out out out out out
[ 99 777777 1
| in 1 14710m |
| in 2 1491nm |
} in 3 1511nm }
| :[’t% CWDM|comi CWDM - CWDM - CWDM - CWDM - CWDM - CWDM - CWDM - CWDM|
! in6 8 channels ) Channel: 11 gl Channel: 12 > Channel: 13 ld Channel: 14 > Channel: 15 gl Channel: 16 ld Channel: 17 gl Channel: 18
| ﬂ) ! 2:1471nm 2:1491nm 2:1511nm 2:1531nm 2:1651nm 2:1571nm 2:1591nm 2:1611nm
| 0T tsotom ! Downstream >
in8 1611nm — .
} } 71121374 15761718 121374151627 78 1237425782718 1237425782718 1121374151627 78 7121374257617 18 4121324952627 78 2112137475162778
| |
| |
it
| Sz p o Il nloml ) Inm] ). Iom] A fom . fom] fom]
[ TR ! - Upstream
4
|4 E _:::ﬁ CWDM |com P CWDM P CWDM P CWDM P CWDM P CWDM P CWDM P CWDM P CWDM |
[ T 8 channels[ T < Channel: 11 N Channel: 12 ) Channel: 13 ) Channel: 14 ) Channel: 15 ) Channel: 16 X Channel: 17 - Channel: 18
| QULO1571nm | 2 1471nm 22 1491nm 22 1511nm 2:1531nm 2 1551nm 2 1571nm 2 1591nm 2:1611nm
| Qut7 1501nm |
| Qut8 1611nm |
| |
Node #1 Node #2 Node #3 Node #4 Node #5 Node #6 Node #7 Node #8
in in in in in in in in
3132337475617 18 2123304 153637 18 M 2223724250637 28 3132337415767 38 31227374 25363738 3327374751637 38 3132337475617 18 33273747516 4738
P ———— S A —— ——— ———++—+— —————+ —————4
2o fom] 2 [om] 3 fom] 7 fom] 2 [om] 2 om] 2 [om] 2 om]
. / .
Linkova vrstva: Aviezda
Node #1 Node #2 Node #3 Node #4 Node #5 Node #6 Node #7 Node #8
co out out out out out out out out
e —— 7 Channel: 11 Channel: 12 Channel: 13 Channel: 14 Channel: 15 Channel: 16 Channel: 17 A Channel: 18
| in 1 14710m | T 2:1471nm T 2:1491nm 2:1511nm 2: 1531nm 2:1551nm 2z 1571nm 2:1591nm 2:1611nm
| in 2 1491nm |
I in3 1511nm T
I in 4 1531nm o j
} in 5 1551nm )
| in 6 15710m i
| in_7 1591nm |
| in 8 1611nm !
I T >
| | Downstream
| [ Upstream
| Qut8 161inm | < —
| Qut 7 15910m |
| ut6 1571nm T
I @ut5 1551nm T
} ut 4 15310m j
| Qut3 1s1inm I
| Qut2 1491nm |
| 4)_ut 1 1471nm |
| T Channel: 11 Channel: 12 Channel: 13 Channel: 14 Channel: 15 Channel: 16 Channel: 17 Channel: 18
,,,,,,,,,,,,, o % 1471nm 2:1491nm 2:1511nm 2:1531nm . 1551nm 2:1571nm 3:1591nm 2:1611nm
Node #1 Node #2 Node #3 Node #4 Node #5 Node #6 Node #7 Node #8
in in in in in in in in
. / . / / . / . .
Prevadzkované 2 optické vlakna, Downstream - jedno vlakno, Upstream - druhé vlakno.
Konfiguracia vhodna pre 8 uzl lativne kratke vzdial ti (priblizne do 30km)
ontiguracCla vnodna pre o uziov na relativne Kratke vzalalenostl (priolizne ao m).
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APLIKACNE MOZNOSTI

Fyzicka vrstva: kaskdda

313213147576 77 78
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Alternativa #2 = 1 vlaknova prevadzka
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A
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A
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1

out in
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213233743516 47 78
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Channel: 13 Channel: 17
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INode #3

A

4
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2 [nm]

Channel: 14 Channel: 18
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|

|

[
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|
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|

| Qutd teiinm
<
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Jedno-vlaknova prevadzka, Downstream/Upstream oddelenie roznymi vinovymi dizkami.

Konfiguracia vhodna pre 4 uzly na relativne velku vzdialenost (priblizne do 80km).
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APLIKAéN E MozNOSTI Alternativa #3 = 1 vlaknova prevadzka 3/4
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add/drop add/drop 3323334351627 28 add/drop

ut 2 1491nm
ut 3 1511nm

add/drop -loml add/drop J-loml add/drop -l add/drop
ut 4 1531m] s\ADM | comi CWDM|(CWDM CWDM||CWDM CWDM||CWDM CWDM||CWDM
_’_<—

ut 5 1551nm H
UL6 1571nm Channel: 18 | [Channel: 18

ut 7 1591nm

BN o 5 F

out in out out in out
Node #8 Node #7 Node #6

2132337435267 18 2132333425767 48

|
|
|
|
|
ut 1 1471nm |
|
|
|
|

AcAoA A

Channel: 17 | | Channel: 17

A
A

8 channels|

A

Channel: 16 | | Channel: 16 Channel: 15[ | Channel: 15

2:1611nm || 2: 1611nm 2:1591nm || 2:1591nm 2:1571nm || 2:1571nm 2:1551nm | | 7:1551nm

2122337425677 38

2 [nm] 3 [nm] 5 fom]

Linkova vrstva: Aviezda

Node #1 Node #2 Node #3 Node #4
co out in out in out in out in

T T | r
In_1 14710m

In 2 1491nm
in 3 1511nm
in 4 1531m
in5 1551nm
in 6 1571nm
in 7 1591nm
in 8 1611nm

out 1 1471nm
“out 2 1491nm
ut 3 1511nm
ut 4 1531nm
ut 5 1551nm
ut 6 15710m
ut 7 15910m
ut 8 1611nm

A
in out in out in out in out
Node #8 Node #7 Node #6 Node #5

Jedno-vldknova prevadzka, Downstream/Upstream na rovnakych vinovych dizkach v rozdielnych smeroch prenosu.

Konfiguracia vhodna pre 8 uzlov s dizkou sluCky (priblizne do 50km).
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APLIKACNE MOZNOSTI  Atomativa#4 > 1 vidknové prevdzka »

#1223374252677 28 31323743516 4738 2132324753627 18 2132337425287 28

Fyzicka vrstva: kruh

IS I G ,

a0 e . 1m] apm
Node #1 Node #2

inW outE  outW inwW OoutE  outW

,,,,,,, co_____| e inE
! in 1 1471nm T f ; ; T f
in 2 14910m

in 3 1511nm
CWDM||CWDM||CwDM||cwDM CWDM||CWDM||CWDM||CWDM

in 4 1531
om
————"» CWDM |com
Channel: 11| | Channel: 11| | Channel: 15| | Channel: 15
2:1471nm 2:1471nm 2:1551nm 2:1551nm

-
g t 1
ut 1 1551nm
w ﬁ:u‘ D 1571nm 8 channels|
add/drop

A
Y

Channel: 12 | Channel: 12| | Channel: 16 | | Channel: 16
2:14910m || 2:1491nm [ | 2:15710m | [ 2:15710m

add/drop

2432334753627 18 2432334753627 18

add/drop add/drop

B Doy cyypM[com! {CWDM || CWDM | CWDM|[CWDM HEPIN CWDM||CWDM|[CWDM||CWDM LN
; 2:::::: Channel: 18 | Channel: 18 | Channet: 14 [Channel: 14 T Channel: 17 | | channel: 17 [ | channe: 13 [ | channel: 13

ut
m 8 channels|
2:153tnm [ 2:1531t0m || 2:1611nm || 2:16110m 2:15710m || 2:157tam [ | 2:15110m || 2:15110m

ut 3 1501nm
SU( 4 16110m T T T T * +
1+1 backup ]
i i inE

************** inW inE outW  outE in W outw  outE

in 2 1491nm

in 3 1511nm

A
A

| |
| |
| |
| |
| |
| T
| |
| |
| |
| |
| |
| in 1 1471nm }
|

| |
| |
| |
|

| |
| |
| |
| |
| |
| |

Node #1 Node #2
co inE inW outE outw inE in W outE outW

in 1 1471nm
in 2 1491nm
in 3 1511nm

% in4 1531m
@ out 1 1551nm
W Sut2 1s7mm
ut 3 15910m
Qut 4 1611nm

in 1 1471nm
in 2 1491nm
in 3 1511nm
@ 4 153tm

QD out 1 1s51mm
; ut 2 1571nm
ut 3 1591nm
ut 4 1611nm

y

A
inW inE outW  outE inW inE outW  outE
Node #4 Node #3

Jedno-vlaknova prevadzka, Dvojnasobny Downstream/ Dvojnasobny Upstream do dvoch rdznych vinowych dizok $ireny odlignymi smermi.
Konfiguracia vhodna pre 4 uzly s dizkou slucky (priblizne do 60km).
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APLI KAéN E MozNOSTI Sposoby zapojenia kanalovych filtrov 4/4

’ .
Alternativa #1 Alternativa #2 cwom
I~
add/drop CWDM | {out 1
2o |owom| o U+ lcwom » |cwom|[cwom| = f/\/
Channel: X ~ Chamety [ — Channel: X [| channel: y < o ! /5/\/4/ out 1 <> com Channel: y
" * M 2 Y % L £
com
h : >~ |out2
e Channel: X <=
¢ ¢ T + : /-X_/ |
>
infout in/out in out % out 2
217233734 252617 1.8 2132237341516 07 A8
A 222374252627 18

2 [nm] 2 [nm] Py |
’ Node
Alternativa #3 cwom cwom
~_| [out1 out1|| ~_
add/drop - i
t e e CWDM CWDM CWDM CWDM
T CWDM|(CWDM M m com
e QB Channel: 18 Channel: 18 .
—<— Char::elzx anTekx _'(_ H 2-1611mn A-1611mn > % out1 out1 % % out1 out1 %
/@u out2  out 2 //{/u I~ 4 —l f s a4
ad Sad —— com Channel: X Channel: X com Channel: y Channel: y com —
M M A2 22
A East West
" out in out > |lout2 out2|| >~ >~ lout2 out2|| >~
1112137475716 1778 V% V. X X
2 [nm]
Alternativa #4
add/drop CWDM CWDM
M g M g
" CWDM||CWDM|{CWDM||CWDM "
I H H > lout1 outif] >~
annel: annel: annel: annel: CWDM Yo % X CWDM
East cnul.x Che lzl.y Che lzl.y cnul.x West f/\/ sy
% com Channel: y Channel: y com %
—~Z||out 1 X 2 out 1| | —~=r
<o . > [out2 out2f| > w— com
out E in E out W in W i 2 t % % o M o €
East West
212223734 1516 A7 28 212223734 1516 A7 28 % OUt 2 OUt 2 %
ﬂ ———— Al ——— f ¢
2 [nm] 2 [nm]
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PREVADZKA & UDRZBA

Vhodnost variant
Na zaklade skusenosti su odporucané nasledovné varianty:
Variant #1, Varinat # 2 vhodné pre agregacnu a pristupovu Cast siete.
Variant # 3 ma obmedzené realne vyuzitie - vhodné iba ak existuju fyzicky odlisné cesty.
Variant # 4 vhodné pre vysoku bezpecnost prevadzky v agregacnej a pristupovej Casti siete

Dokumentacia

V technicke] dokumentacii operatora musi byt implementovany spektralny manazment na fyzicke;
vrstve (optickych vlakien) vratane manazmentu SFP modulov. Tieto funkcionality je vhodné doplnit do
OSS systémov operatora.

Poruchovy manazment

Poruchovy manazment (procedury) pre prvu vrstvu (fyzickd) su rovnaké ako pre akukolvek PON siet.
Ostatné poruchové procedury sa nemenia a su rovnakeé ako pre vSetky ostatné vyssie vrstvy modelu OSI.
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EXPE R I M E NT Experiment #1 (Variant #1 - 8 uzlov)

Zdroj
] r,,,,,c,o, ,,,,, N Al 1471nm  1491nm  1511nm  1531nm  1551nm  1571nm  1591nm  1611nm
@$ | #1 warm ! Channel: 11 12 13 14 15 16 17 18
B2 51| | Node:  #1 #2 # #4 #5 #6 #7 #8
I #4 15310m | D A1[dB] A2[dB] A3[dB] A4[dB] A5[dB] A6[dB] A7[dB] A8[dB]
vt —CWDM | Node #1 etektor )
S scnanne.s%r“ ode Attenuationat2: 2,69 4,37 572 7,56 871 10,12 12,19 13,81
e | | . |CWDM[ A1 »@ Min. 6<750m) 249 4,10 545 7,32 845 995 11,88 13,56
% #8 15110m ' 5757m Charnet: 11 Max. ¢+750m) 3,50 4,86 6,34 801 9,08 1065 12,72 14,47
S [ I A (Max-Min) 1,01 0,76 089 069 063 070 084 0,91
e D Node #2
CWDM ¢ (+7.50m) 2,89 445 577 7,62 875 1027 12,26 13,92
=D, . | A2 Length from COm] 5757 9791 14221 18718 23116 26 110 30 116 33216
403m |G
L: Node #3
CWDM
e - A3
4430m (Gt
e Node #4
CWDM
" channet: 14 - A4
4497m 32 1531nm
Meral: Ladislav Petko H H i H - 1 - i
CDM oo e TULT G 6342 Experiment zapojenia CWDM filterov - Alternativa #1 (8 uzlov) - Detail =D Node#5
Kanal 12 13 " 15 16 17 18 CWDM
Vinova dizka 147||\m 1491nm 1511nm 1531nm 1551nm 1571nm 1591nm 1611nm o o A5
54 “ e T — —— — 4 398m Chamet 15
52 ““’h“ . l”" Wh”' A 1 !
TR VT U "W" (T A e e A R TR * e — 2w
50 H‘ I ' ' R4 1 ]’ H‘" \. ' 'l' i m;“” H T R S
| ‘ 1 SV (v T VRGN CWDM
2 N | | T w,nm e R
2994m e 15T im
46 T i
44 { o Node #7
42 | CWDM
s - A7
40 1 4006m Chanmel 17
38 I B Node #8
: | o,
- ! stoom |2
a 30
o 28
é 26
= 24
22
20
18
16
14
12
10
8
. \ [ | |
) | I
2
0
5 5 S 5 > 5 = 5 b3 pr o 3 . o z b= = 5 =
~ < <+ < < '] w n [e] [Te} wn n n wn n © © © ©
Node#1 Node#2 Node#3 Node#4 Node#5 Node#6 Node#7 Node#8 Vinova dizka [nm]
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EXPERIMENT

Experiment #2 (Varinat#1 - 4 uzly; 1491nm, 1531nm, 1571nm, 1611)

Zdroj i
- n/a 1a7inm
— - | #1 14910m
— |_n/a 1s1tm

#2 1531nm

n/a 1551nm

. #3 15710m
v |_D/@15910m
#4 16110m
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4 034m Node #1
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Channel: 12
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8927m
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o

Node #2
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|

Channel: 14|
7: 1531nm

i

LAl

i
i

1}

»@ A2
—

Detektor

Meral: Ladislav Petko
CWDM raster podfa ITU-T G.694.2
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56
54

11
1471nm

Experiment zapojenia CWDM filtrov - Alternativa #1 (4 uzly) - Detail

12 13
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17 18
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1581+
1591+
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Vinova dizka [nm]
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7392m

—

2994m
=2

Node #3

CWDM

™| channer: 16

2 1571nm

A: 1491nm

Channel: 12
Node:  #1

A1 [dB]

Attenuation at A:
Min. (+7,5nm)

Max. (+7,5nm)

A (Max.-Min.)

¢ (:+7,5nm)

Length from CO [m]

4,06
3,77
4,40
0,63
4,13
9791

7 106m

4006m 3 100m Node #4

t CwbM

Channel: 18|
2:1611nm

A4

19.05.2014

1531nm  1571nm  1611nm
14 16 18
#2 #3 #4
A2[dB] A3[dB] A4 [dB]
6,50 892 1224
6,28 875 12,00
6,91 930 1285
063 055 0,85
6,63 9,03 1238

18718 26 110 33 216
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EXPERIMENT

Zdroj

Experiment #3 (Variant#1 - 4 uzly; 1531nm, 1551nm, 1571nm, 1591)

==

v |_D/a 14710m
oo |_DV/@ 14910m

v |_D/a 15110m
#

; 1 1531nm

- #2 1551nm
| #3 1571nm

[8 channels|

| #4 1591m

1| N/@16110m

CWDM |com!

5757m  4034m

t ¢ &
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Node #1 8927m
CWDM 4430m  4497m Node #2
chamer 14|
32 1531nm H CWDM
= ———
Channet: 16
% 15510m
Al
H

j@ A2

Meral: Ladislav Petko
CWDM raster podfa ITU-T G.694.2

Timenie [dB]

Kan: 11 12 13
Vinové dizka 1471nm 1491nm 1511nm
T I I

"
1531nm

15
15510m

16
1571nm

17
1591nm

Experiment zapojenia CWDM filtrov - Alternativa #1 (4 uzly) - Detail

1451
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A 1531nm
Channel: 14
Node: #1

A1[dB]

Attenuation at A: 3,93
Min. (=7,5nm) 3,73

Max. (:+7,5nm) 4,33
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i
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19.05.2014
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EXPERIMENT

Zdroj

#1 14710m

Experiment #4 (Variant#2 - 4 uzly) x

-
- 1
- |

|

#2 14910m
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0,82
3,89
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0,63
7,18
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A4 [dB]
7,15
7,00
7,61
0,61
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10,92
10,49
11,34
0,85
10,87
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|
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Experiment zapojenia CWDM filtrov - Alternativa #2 (4 uzly) - Detail
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EXPE R I M E NT Experiment #5 (Varinat#4 i 2 uz|y) cr‘anne};; 1471‘:nm 14i12nm 1511‘an 15::14nm 15.’:15nm 157116nm 159117nm 16‘:1Bnm

Node: #1 #2
A1[dB] A2[dB] A3[dB] A4 [dB] A5[dB] A6[dB] A7[dB] A8 [dB]
Side:  East West  East West | West East West  East
Attenuation atA: 382 942 358 849 261 939 292 1021
Min. ¢+7.60m) - 3,71 9,38 3,56 8,26 | 241 9,14 271 9,99

Detektor Max. 0=750m) 460 10,14 4,39 881 301 974 312 1088
AMax-Min) 089 0,76 083 055 060 060 041 089
Zdroj = ¢ 0+750m) 401 961 3,83 851 265 940 292 1040
R co._____ ‘ Length from COm]  East: 9 791 West: 23 425 | East: 26 110 West: 7 106
== i riom ! 0791m Tl e A3 A2 s Ad v
= " #115tm | Eastside [ ———— | i |
% oy 30| Wb loom) __ S22n, 2T "~ o P e | 16 319m e e the e
T #2 s I | | [cpamner 11 Channer: 13 Channel: 12 Chame: 14 | 4430m  4497m  4398m  2994m **Jr 777777 l 777777 L 777777 L77
P"m& channels| } ﬁ]ﬁ_mk% pctartom | octstem | foctaotem | ] qsstom 4—% | ‘
. #2 1611nm | I (CWDM CWDM CWDM CWDM| »ﬂrﬂ{ﬁj } Channel: 16 Channel: 18 Cranner 17 crames 16 |
| | | | sctszinm | | ctetiem | | octsetm | | o 1551nm |
R Eri ! L Nodew } [cwom| jewom]  jowowm|  |cwou |
& e A W Tovem 3 00 1 Node #2 i
R s — | I N
- #2 1591nm | e
- } n/a 1611nm }
g@%‘wﬁfﬂfﬁfﬁ’m o042 Experiment zapojenia CWDM filtrov - Alternativa #4 (2 uzly) - Detail
Kanal 1" 12 13 14 15 16 17 18
Vinova dizka 1471nm 1491nm 1511nm 1531nm 1551nm 1571nm 1591nm 1611nm
56 — —— —— —— —— —
54
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50
48
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44
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40
38
36
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T 3
2 3
2
g
oo
22
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16
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8
6
: : : J \ )
2 ul
0 + + T T T + + + + + + + + + + i
2 g § g g 8 5 8 8 b3 2 ] 5 2 ] 2 5 3 ]
Node#1 Node#2 Node#3 Node#4 Node#5 Node#6 Node#7 Node#8 Vinova dizka [nm]
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ZAVER

Na trhu existuju dve moznosti ako riesit problém s nedostatoCnym poctom optickych vlakien pomocou
CWDM technoldgii. A aktivnymi CWDM zariadeniami a pasivnymi CWDM filtrami. Porovnanie oboch
pristupov je v tabulke nizsSie.

Aktivne zariadenia CWDM | Pasivne filtre CWDM | Poznamka

Investicie (CAPEX)
Prevadzka (OPEX)
Udrzba (OPEX)
Oprava poruch (OPEX)

Manazment

Spotreba energie

na zaklade MTBF

Technické porovnanie aktivnych CWDM zariadeni a pasivnych prvkov CWDM nie je celkom spravne.
Pretoze aktivne CWDM zariadenia pacuju na urovni 2. vrstvy (linkova) a pripadne 3. vrstve (sietova)
modelu OSI. Pasivne CWDM zariadenia su prvky iba 1. vrstvy (fyzicka) modelu OSl.

Dohlad nad sietou pri pouziti pasivnych CWDM filtrov zostane nema vplyv nad dohladom na vySsich
vrstvach cez pouzité aktivne prvky siete. Rovnako identifikacia a lokalizacia poruch v sieti je mozna na

neprevadzkovanych vinovych dlzkach a to bez prerusSenia prevadzky nedotknutych Casti siete alebo aj
priamo za plnej prevadzky.
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