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���������� �������� ������ �� 

��������
��, �� �� ����� 
����

 
������

 OTDR (optical time 

domain reflectometer), 
��� �	�� ����  

�����
 
�����. #���������� ���	�� 

���������� ������
 
��

 ��������� ����  ���  
����	���

 �� ����
� 
���

 ���  
��	���. 

 $��������� ��� ����������� �������� ������ �� 
��������
�� ��� ��������� �� ����		�	� 

����	���
. ��� 

�����
: 

1. %��
 
����

 
����� laser (light source) 

���
 
���

 
������

 
�������� �������� ���
�� (power meter). # 

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

���	����
.  

2. 
������������

 
���

 ��� ��������� (connectors) 
��

 �� 
���������� ����  �����������. 

3. &�	���� 
��������

 
�����  

������������  
��

 
��� ��� ������������ �� ��� ����		�	�� ���������. 

4. '����� 
������
 

���������
 
���	�����  (Visual Fault Locator) 

5. (	��� 
���������
 

���
 ��� ���������. 

6. Optical Time Domain Reflectometer (OTDR) 
���

 
��	���� 

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

 ���  
����������� 

��
 �� 

���������. 
 "�������� 

���������� ��)� �� �� 
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�����

 
��

 
�����)�

 �� ����� ��� ��� �� 
�����

 
�!�����������

 
��

 
���. %�	������ �� 

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

������
 
����

 
�������� ��� 

�����.  
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��

 �� 
�	��!�

. %�	������ ���  ���������� �� ����
� 
���

 
��������� �� ���� 

�	��
 ���  

��	����� �� 
�����

 
�����
��� �� 

���������. ��������� ��� 
	�������� 

�
		�
 
��

 �� 
�������� �� ����
� 

��� 
�����

 �� 
���	������� ��� ���������. 

 ������� 
����  

����	���
. #� ������������ ����� ����� �� �����������
���� ���� ������� ������������ ��� ��� 

������
 
�������� ����� ������ 

������ 
�������� ��� 

��
 �����	����

 
������

 
����� �	��� 

��� 
�����. 

����	�
 
��� 

������
 
�������� ����
��  DWDM 

�
 CATV ��������  

������ 
���
 

���
 
��

 �����������  
����	���

. ����, 	�����  
��

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

������. ��  
������

 
��
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��
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������

 
�������� �������� ���
�� ��� 

��
 ������������ ��  

�
 ���

 
�����

 
��������� 

�
 
���. 

 # 
�	����� �������  

����
 
������� ������ �� ���� ����������� ����.  

1. *��  
������ 

�	���� 
���

 �� 
������� ��� ���� � ���  

��������� ���  ��������� . 

2. *� 
������� 

���	����
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3. *��  
�	���� ����
�. 

  !"#$%&
 '()*+,& 

  !"#$%&
 '()*+,& -./'+)#0& 12

 345  
463789 :;2<=4 >64?4@>2 5A B7A67C3DC4E>2 A5  >7A 

46378F G5A 
2G5A7 CE52=FH 8A7

 B25  
E6I?=27 8I6474E 2GB4EH ACE5:=27A, 

6
.=. C6IC7>4. J7A

 345  :;2<=4 AE39 >64?4@>2 5A =?KC7>4647FC4E>2 >7A 
6K<F

 
4?A34@ LM39H (

6
.=. :5A B2G83K laser, 

F
 :5A visual fault locator). N5

 LM3GC4E>2 34 :5A 
I8?4

 
8A7

 
8473IO4E>2 C34 I;;4 PA 

6?:627 5A B4@>2 34 LMH. N5 9=7 3932 2G32 8473I>2 C2 ;IP4H I8?4 2G32 K G5A :=27 8I64E 8462G.  
 

 12
 345  3?964 AE39 >64?4@>2 5A 

2;:<O4E>2 937 34 8A;DB74 46378FH G5AH 64E >9;7H >AH 6A?:BMC2 4 6?4>KP2E3FH >AH 2G5A7 CE52=:H 8A7 B25  :=27 89Q7>4. R6GCKH, >64?4@>2 5A 
25346GC4E>2 3A B7AL4?2378I 

75GB7A 
C2

 :5A 
8A;DB74 64E B7AP:327 64;;:H G52H. N89>K >64?4@>2 5A 

25346GC4E>2 F 
5A

 
6?4CB74?GC4E>2 3A S2@<K 

2864>6FH – ;FQKH C2 :5A BG83E4 
46378D5  

75D5
 
6?75

 
CE5B:C4E>2 345  3K;2678475M57A89 2O46;7C>9. 

 TUVWXYZ
 [\]^_`Z aUb\]Wcd . efghijkl  mhnolo po 

jfjqo 
jljrgsjlpot Visual Fault Locators uot rfjhjvrw lo po ihxytrjfjtzyjkrw nto 

lo
 
wlpjfqyjkrw pxl  

ouht{z |}yx 
wlm~ honqyropj~ z yfoyqropj~ yw jfptuz 

qlo
. �lo p}pjtj mhnolj 

wqlot
 ypxl  fhonroptumpxpo }lo 

tyikhm umuutlj laser pjk jfjqjk pj ��~ �oqlwpot lo fhj{g�wt ofm pxl  
wf}l�kyx pjk uo���qjk ypj yxrwqj pjk yfoyqropj~ (fhjyjiz: 

okpm �wl  ykr{oqlwt yw uo���to 
rw

 rovhx
 
z

 
nuhqso 

wf}l�kyx). �o VFL 
wqlot

 
t�toqpwho 

ihzytro ypx 
�to�tuoyqo rxioltuz~ yknum��xyx~ (mechanical splicing) 

jfptu�l  
tl�l

. �pxl  fhonroptumpxpo wqlot
 yiw�ml  

o�vlopj lo uglwt ugfjtj~ rto p}pjto yvl�wyx 
i�hq~ VFL. 

 �������
 ������� ����������  ��

 ��� ¡¢�£¤�� 
¡¤¥��¦§  �§¦§  ¨©§�� £ ª�§� 

¤¡«
 ¬ ¢��¡¤¡�¡®§¥�� ª�� ¥¡§  

¡¤¥��£ ¯°¨ª¬¡ 
¢«§±¨¥² ³§  (connectors). ´ �¨ª¯µ«§¢ ¥¡«¶ �«��©§¨¥�� �¤£ 40 

¯³¶
 400 ·¡ ¯¶

. ¸�� ��°² ¥��² �¨ª¯µ«§¢¶ ¹ ©¢�¨¥�� �º¤¡« ¢¥ �¯¢. ¸¨ ¥¡ ��� ¡¢�£¤�¡ �¤¡ ¡®�¨ §� ¨°¯ª»¡«�¨ ¥§  
¤¡�£¥¥� 

°¨©�§¢¶ §̈£¶ ¢«§±¨¥² � 
£¤³¶

 ¨¤©¢¶ ��� ¥§  ��µ� £¥¥º ¥¡«. ¸¤¡ ¡®�¨ ¨¤©¢¶ §� 
§̈¥¡¤©¢¡«�¨ ¢¤�¢©��¥� 

²
 
 �ª©¢��¥� 

¢¥¡ ¢¦�� ¥¶ ¡¤¥��²¶ ©§�¶. ¼§�
 ��°£ ��� ¡¢�£¤�¡ ¨¤�¥ ¯¤¨� ��� ¥¡§  

¯°¨ª¬¡ ¥¡« ¢«§±¨¥² � 
«¤£

 
ª³§©�, ¨©¥¨ ¨¤�¥ ¯¤¡§¥�¶ ¥ 

¢¥ ¡·² ¥¡« ¨©¥¨ ·³¥©½¡§¥º¶ ¥¡§  
«¤£

 
ª³§©�. ¾ 

¯°¨ª¬¡¶ �«¥£¶ �¤¡ ¨© §�
 
�¤¡��°®¿¨� ¤¡°°º 

ª�� ¥§  
¤¡�£¥¥� ¥¨ ��¥�¢�¡®. 
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  ¡¢¡¬²: 
  ¡¢¥�¥¯¿¥¨ ¥� �º¥�� 

¢�¶
. 
  �§  �¡�¥º»¨¥¨ ��� ©§� �¨ ��� ¡¢�£¤�¡ ¹¨¹��³µ¨©¥¨ £¥� �«¥² 

± §̈
 ¨©§�� ¢«§±¨±¨� §̄ 

¢¨ §̈¨ ª£ ¨»¡¤°�¢�£. 
 

 

 !"#$%&
 '()*+ – ,"-./#0 

&
 ()1#$%& 23#40(0; 5678

 9:;<=>= >8 ?@;AB:C DE8C FEFG:<8;FA >8 ?@;ABH 
A>IJ (optical power). K 

A>IJC 8LMN?O 
8EMC @?9@?J 

H
 
=

 
8D>?N?C 8EMC @?9@?J 

8DEFA F@MPO;8C 98;<H>8AC ?@;ABHC A>IJ?C. K F@QP8AF (Loss) 
8DEFA >I8;ABH 9:;<=>= 

A>IJ?C. RDEFA = 
NAFG?<6 98;FLJ ;=C A>IJ?C @?O ?N=S8D;FA >8 :EF >OEN8;H<F 

H
 :EF 

BFPQNA? 
BFA ;=C A>IJ?C @?O 

8B@:9@8;FA 9:>F F@M FO;M (>;? 
6PP? 

6B<? ;?O). TO;H 
=

 F@QP8AF ?@;ABHC A>IJ?C @<?>NA?<DU8A ;=E  
8@DN?>= 

8EMC BFPVND?O, 
8EMC B?E:B;?<F, 9AFC >JEN8>=C, BP@. WXYZ[\[

 ]\^_`a bcd
 ef ghgei jkcelmnopd 

kqrs
 gmgeitdels luecvwq  

cqwq
 
kpqdc

 gftdqecvr 
qd

 
muxnykc

 dnvkei 
luecvi 

cgyzs, ryc rths mukn{ljcvx 
uljji. | 

ydtfji 
cgyzs }ykc gdq  dule}jkgtd 

l
 ~}vefs qd tfq  tulnkp qd 

dqdoqhnpgkc el gitd. | 
mukn{ljcvi 

cgyzs tulnkp qd 
muknl~foigkc elq  ~}vef 

vdc
 
qd

 ~ftclmnoigkc g�xjtded. bcd
 
qd

 tkeniglmtk efq  
cgyz 

ynkcd�rtdgek trql }qd 
rnodql

 t}enfgfs cgyzls vdc qd kqknolulciglmtk elq  
ultur elm gmgeitdels tkex~lgfs. �edq  tkenxek cgyz el rnodql

 t}enfgfs un}ukc qd 
kpqdc

 gefq  
vdexjjfjf 

vjptdvd (gmqi�hs dBm 
i

 

microwatts, 
ryc

 
rths dB). �upgfs, un}ukc qd }ykek kucj}�kc el 

vdexjjfjl tivls vztdels ulm 
qd

 edcncx�kc tk kvkpql efs ufois. �lvctxgek elq  
k�lujcgtr gds uncq �kvcqigkek ef ~lmjkcx. bcd

 
qd

 tkenigkek cgyz gmq~}gek el 
rnodql

 t}enfgfs gefq  
vdexjjfjf }�l~l elm gmgeitdels tkex~lgfs. �mei tulnkp qd 

{npgvkedc kpek gefq  
ujkmnx elm ~}vef 

wgek qd
 tkenigkek efq  

cgyz 
ulm

 �exqkc kvkp, kpek gefq  
ujkmnx elm 

ultulz 
ocd

 
qd

 tkenigkek efq  
kvukturtkqf 

cgyz. �ljj}s �ln}s gefq  
ujkmnx elm 

ultulz, 
ocd

 
qd

 gmq~}glmtk el 
rnodql

 gefq  
ufoi

 elm �hers, ynfgctlulclztk }qd 
vdjr 

vdc
 ucgelulcft}ql 

vdjw~cl el 
lulpl

 
oqhnp�lmtk rec jkcelmnokp ghgex,. �movnpqkek ef t}enfgf elm 

lnoxqlm
 tk kvkpqf 

ulm
 
uknct}qkek dur ecs unl~cdond�}s elm k�lujcgtlz 

i
 efs kovdexgedgfs. �pqdc vdjr 

f
 
cgyzs qd 

kpqdc
 
dnvkei 

djjx 
ryc

 mukn{ljcvi. 
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 !"#$%$
 &'()*+,-  .

 /012343 56789:5; <6=8=>?@9: 13 A:5B=2C 13; :4DE=; 6=< 12=B=A=19?15: 41= 0F5 CG2=
 
9FH;

 
G58IA:5G=E 4<41J/51=; 56H 13F  :4DE 6=< 9K02D915: 56H 1= C88= CG2= 1=<. . /012343 13; 56789:5; 62=L6=M019: 13 /012343 13; =61:GJ; :4DE=; 6=< DCF915: /045 41= G58IA:5GH 4E413/5 (692:85/N5F=/0FIF  1IF  4<FA91J2IF , 1IF  9F749IF  (splices), 

G
.5.). . /012343 5<1J >?F915: D234:/=6=:7F15; /:5 63>J BI1H; G5: 0F5 H2>5F= /012343; =61:GJ; :4DE=;, 4<FA0=F15; 1= G587A:= 6=< M08=</9 F5 /912J4=</9 49 0F5 >FI41H G587A:= 5F5B=2C;.  .

 63>J BI1H; 6=< M5 D234:/=6=:J4=</9 >:5 1=F  089>D= 62069: F5 15:2:C@9: /9 1=F  1E6= 13; 63>J; 6=< D234:/=6=:9? 1= 4E413/5 9G6=/6J; (LED 
J

 LASER) 
G5M7; G5: 1= /JG=; GE/51H; 13; (850, 1300, 1550 nm). O:5 /:5 5GH/3 B=2C 3 9K=:G9?I43 /9 1=F  9K=68:4/H /5; 9?F5: 43/5F1:GJ. P6?43;, 5FC8=>5 /9 1=F  089>D= 6=< M5 GCF=</9, D29:C@=F15: 0F5 J AE= G587A:5 5F5B=2C;. . 5G2?N9:5 13; /012343; 9K521C15: 6=8E 56H 13F  6=:H1315 1IF  G58IA?IF  5F5B=2C;.  Q2=4=DJ! QCF15 F5 980>D919 15 G587A:5 5F5B=2C; D234:/=6=:7F15; 13 /0M=A= /012343; 9FH; CG2=< (692:>2CB915: 6525GC1I) 62:F  K9G:FJ4919 1:; /912J49:; 41= 69A?=.   R5M52?419 H8=<; 1=<; 4<FA91J29; (connectors), 4<FA0419 15 G587A:5 G5: 62=91=:/C419 1=F  9K=68:4/H I; 9KJ;:  SF=?K19 13F  63>J G5: 96:80K19 (5F  /6=29?19) 1= G51C8838= /JG=; GE/51=; >:5 13 /012343. SBJ419 13F  49 G51C41543 89:1=<2>?5; >:5 692?6=< 0F5 8961H 7419 F5 415M92=6=:3M9?. SF=?K19 1= H2>5F= /012343; :4DE=; G5: 96:80K19 9?19 13F  G8?/5G5 

dBm 
9?19 13F  G8?/5G5 dB. T912J419 13F  :4DE 41= H2>5F=. . 0FA9:KJ 1=< 45; A?F9: 13F  :4DE 5F5B=2C; >:5 H89; 1:; C889; /912J49:;. SF  1= H2>5F= /012343; A:5M019: 89:1=<2>?5 /3A9F:4/=E 1=< 43/9?=< 5F5B=2C; D234:/=6=:9?419 13F . U9 5F1?M913 692?61I43 G515>2CV19 13F  0FA9:KJ 1=<. T92:GC H2>5F5 A9F  96:1206=<F  1= 

Q=/6H; 4<41J/51=; 
 

 

 W2>5F= -11.8dBm 

R587A:= 5F5B=2C; 
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/3A9F:4/H 588C 96:1206=<F  13 2EM/:43 13; 0FA9:K3;, 014: 2<M/?419 F5 A9?DF9: /:5 9<G=8=/F3/HF9<13 1:/J (6.D. 5F1? >:5 -11,2 
2<M/?419 41= -10). 

 Q2=4=DJ! S6H 13 41:>/J 6=< M5 GCF919 5<1J 13 /012343 5F5B=2C;, /3F  56=4<FA04919 1= G587A:= 5F5B=2C; 56H 13F  63>J.  !"#$% &#&'() * !+, !#"(-#) -!(, ./0. 12 ,"*32 -4/ $)'5-(5. ).)6/"%7 30.-!-!89.5. 8!1):4 1/07 8! 9.). ).1%;1/"). <'') ).)69"/0. 12 ,"*32 1"#=. $)'5-(5. ).)6/"%7. >
 89?/-/7 )01* !(.)# );/-!$1* 3! 8!"#$97 ;!"#;1=3!#7, !.= 

!(.)# 0;/,"!51#$* ). 1) $)'=-#) ).)6/"%7 -#)?91/0. -#)6/"!1#$/4 14;/0 30.-!1*"!7 );@ !$!(./07 127 !+$)1%31)327. A)"@') )01% !;2"!%B!# 12 891"232 ).)6/"%7 ).%'/+) 8! 1/ ;/3@ 127 );='!#)7 31/ 328!(/ 34.-!327 8!1):4 15. $)'5-(5. ).)6/"%7. C;(327, ). 9.) 
);@ 1) $)'=-#) ).)6/"%7 9, !# ;"@&'28), 2 "4?8#32 127 31%?827 ).)6/"%7 $)# 8! 1) -4/ );/$"4;1!# 1/ ;"@&'28). D13#, @'!7 /# 8!1"*3!#7 ;/0 ?) 

-#!:), ?/4. 8! , )')389.) $)'=-#) ?) !(.)# ').?)389.!7. E/ CFG/EFG  568 ;"/-#)+"%6!# 8!1"*3!#7 8! 9.) $)'=-#/ ).)6/"%7, !.= 1/ ;"@10;/ OFSTP-14 
!;#1"9;!# $)# 1#7 -4/ 8!?@-/07. HIJKLML NOPQRSTU MJLU OKVWL XYZ[\] _̂  `a] bcd]`]e bcf[ghgi fgi jYklmeji Y]^ ]_]bZn]_fje "single-ended loss" 

(b]_oYlm^[g bcf[ghg jYklmeji) pje "double-ended loss" (jbqrYlm^[g bcf[ghg jYklmeji). s Y[kfg \[gheb]Y]emr c_j bo_] pjlk`e] j_jq][Zi h _̂`m`mbc_] hfg_  Ygtu, m_k 
g

 `mafm[g jYjefmr pje fg \[uhg `mafm[]^ pjlv`r]^ j_jq][Zi h _̂`m`mbc_]^ hf] o[tj_] bcf[ghgi.  s bcf[ghg Single-ended tr_mfje h _̂`c]_fji f] c_j Zp[] f]^ pjlk`e]^ Y]^ dcl]^bm _j bmf[uh]^bm hf] mlmadm[] Zp[] f]^ pjlv`r]^ j_jq][Zi pje bmf[k_fji fg_  
eh\a hf] Zll] f]^ Zp[] bm f] o[tj_] bcf[ghgi eh\a]i. s `ejq][Z bmfjwa fgi febui Y]^ bmf[Zbm fk[j pje fgi febui j_jq][Zi Y]^ Yu[jbm pjfZ fg_  j[\ep]Y]rghg fgi `eZfjwgi bcf[ghgi mr_je g jYklmej 

eh\a]i hf] pjlk`e] Y]^ bmf[Zbm. s bcf[ghg j^fu bji `r_me: 1) fei jYklmemi hf]_  p]_cpf][j Y]^ h _̂`cmfje bm f] pjlk`e] j_jq][Zi pje 2) fg_  jYklmej eh\a]i hf] ha_]l] f]^ bup]^i fgi ]Yfepui r_ji 
(h^bYm[eljbxj_]bc_v_  pje f^\o_  

m_khmv_  pje h _̂`chmv_  Y]^ ^YZ[\] _̂  pjfZ 

 ygtu qvfoi 
 

 

 z[tj_] -20 dB 

{jlk`e] j_jq][Zi 
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bup]i fgi). s bcd]`]i Ym[et[Zqmfje hf] Y[of^Y] FOTP-171  pje qjr_mfje hf] h\ubj.  _  dcl]^bm _j bmf[uh]^bm fei jYklmemi hf]_  p]_cpf][j Y]^ mr_je h _̂`m`mbc_]i bm f] o[tj_] bcf[ghgi Y[cYme _j j_fehf[c!]^bm f] pjlk`e] Y]^ mlct\]^bm.  

 "m
 bej bcf[ghg double-ended, h _̂`c]^bm f] pjlk`e] Y]^ dcl]^bm _j bmf[uh]^bm bmfjwa fv_  `a] pjlv`rv_  j_jq][Zi fj 

]Y]rj 
mr_je h _̂`m`mbc_j f] c_j hfg_  Ygtu pje f] Zll] hf] o[tj_] bcf[ghgi. s `ejq][Z bmfjwa fgi febui Y]^ bmf[Zbm fk[j pje fgi febui j_jq][Zi Y]^ Yu[jbm pjfZ fg_  j[\ep]Y]rghg fgi `eZfjwgi bcf[ghgi mr_je g jYklmej eh\a]i hf] pjlk`e] Y]^ bmf[Zbm. #m f]_  f[oY] j^fo bmf[Zbm fei jYklmemi pje hf]^i `a] h _̂`mfu[mi Y]^ x[rhp]_fje hfj Zp[j f]^ ^Yo bcf[ghg pjlv`r]^ pjdki pje olmi fei jYklmemi hf] bup]i f]^ pjlv`r]^ j^f]a. s bmd]`]l]trj Ym[et[Zqmfje hf] Y[of^Y] OFSTP-14 pje \[gheb]Y]emrfje tej fg_  Yehf]Y]rghg mtpjfmhfgbc_v_  pjlv`rv_ . 

 

 ygtu qvfoi 
 

 

 z[tj_] -20.3 dB 

$%&'()*
 
%+%,*-./

 
0112+343/ 

53602*
 
%+%,*-./

 

$%&'()*
 7-*/ 689-343 

:lmt\]i pjfZ 
OSFTP-14 

$%&'()*
 
%+%,*-./

 
&;<3/

 

 ygtu qvfoi 
 

 

 z[tj_] -20.3 dB 

$%&'()*
 
%+%,*-./

 

53602*
 
%+%,*-./

 

$%&'()*
 7-*/ 689-343 

:lmt\]i pjfZ 
FOTP-171 
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����
 ������ 	
 ��	
� � 


����
 
��
	

 ������ 
�
���
; ��

 ��� ����� ������� 
��

  �������� �����!, "�#�$%&�'(� "�#��)&* 
(�#��%! ��+ ��!:  

- ,� �)$� �'���&-#� 
�".���� 0,5 dB (0.7 max)  

- ,� �)$� �+(��� 
�' �/��+�+! (splice) 0.2 dB  

- ,&�! "���&#�"�! ���! + 
�".���� ����� "�#�"�' 3 dB 

��)
 km 

�&�
 850 nm, 1 dB 

��)
 

km 
�&�

 1300 nm.  

- ,&�! (��/&#�"�! ���! + 
�".���� ����� "�#�"�' 0,5 dB 

��)
 km 

�&�
 1300 nm, 0,4 dB ��)

 km 
�&�

 1550 nm.  0&��
  �� 

&�! �".����! ��&) 
(-��! ��/! � ��&��&+(%�� ���*���' 

'"��� ��&� (�� "#���  ��&��- 
&�(-

 
*!:  

(0,5 dB X 
�#�$(/! �'���&-#*�) + (0.2 dB 1 

�#�$(/! splices) + 
&+�

 
�".���� "�' ��&��&��2�� �&� 

�'�����/ 
(-��! ���*���'  �� 

&��
 
&�"� 

&�'
 ���*���' ��� &� 

(-��! ��(�&�! 34567
 
7689:75;<=>9?@

 AB
 CDEDFGEHIJFJ KJLMNJO DCPNJQJO IJ RBD SDNPTQU, 

DBFQIFERVFJ FU SDQ WDBDKJFEHIFJ IFGB  
DBFXYJFG SDFJZY[BIG \EGIQKUCUQPBFDO FG KRYUTU single-ended. ]^_IUB  G KRYUTUO JNRL\JQ K_BU FGB  CUQ_FGFD FU[ I[BTJFHED IFU RBD 

MSEU, JXBDQ JZSUNU 
BD

 JBFUCXIJFJ FU CE_`NGKD. a CEU`NGKDFQS_O I[BTJFHEDO JXBDQ D[F_O CU[ JXBDQ I[BTJTJKRBUO IFU SDNPTQU 
DBD^UEMO _FDB  R\JFJ FGB  

[VGN_FJEG RBTJQWG DCPNJQDO. b
 ZCDEWG 

[VGNPB  
DCcNJQPB  IFGB  CJEXCFcIG KRFEGIGO double ended CERCJQ BD DCUKUBcYJX JNRL\UBFDO JS 

BRU[ FU SDNPTQU \EGIQKUCUQPBFDO FG KRYUTU single ended _CcO CEQB  
PIFJ BD 

DCUKUBcYJX U CEU`NGKDFQS_O I[BTJFHEDO. AB  G 
DCPNJQD JXBDQ XTQD SDQ FU SDNPTQU 

DCUFJNJXFDQ DC_ FKHKDFD F_FJ D[FM CERCJQ BD 
DCUKUBcYUZB PIFJ BD JBFUCQIFJX FU CE_`NGKD 

H
 
BD

 LXBJQ RNJL\UO KJ OTDR.  dFGB  CJEXCFcIG CU[ 
TJB  «

`NRCJFJ» SDY_NU[ 
^cO IFU 

MSEU FU[ SDNcTXU[ (CUNZ [VGNH 
DCPNJQD)  F_FJ FU CE_`NGKD CQYDBM (SDQ DB  JXIFJ F[\JEUX) U^JXNJFDQ IJ RBD DC_ FU[O I[BTJFHEJO. ACUKUBPIFJ FU CEU`NGKDFQS_ SDNPTQU, S_VFJ RBDB  

DC_ FU[O I[BTJFHEJO (
TJB  KCUEJXFJ BD 

WREJFJ CUQ_B) SDQ WDBDFJEKDFXIFJ FUB . e\JFJ 50% CQYDB_FGFD 
BD

 CJFZ\JFJ FUB  CEU`NGKDFQS_ SDQ BD 
NZIJFJ FU CE_`NGKD KJ FGB  CEPFG. dJ DBFXYJFG CJEXCFcIG \EGIQKUCUQHIFJ RBD OTDR 

H
 RBD 

_ELDBU Visual Fault 

Locator (VFL) LQD 
BD

 JBFUCXIJFJ IGKJXD IFGB  JLSDFMIFDIG 
_CU[ G UCFQSH 

XBD
 TR\JFDQ QI\[EH CXJIG (C.\. JXBDQ CUNZ I^QLKRBU FU SDNPTQU 

H
 R\JQ SDKC[NcYJX CUNZ). ]CXIGO, DB  FU CE_`NGKD 

`EXISJFDQ IJ I[BTJFHED CU[ R\JQ FUCUYJFGYJX KJ splicing F_FJ KCUEJX BD JBFUCQIFJX K_BU KJ OTDR 
H

 VFL. 
dFG \JQE_FJEG CJEXCFcIG FU SDNPTQU SMCU[ R\JQ ICMIJQ. 

 
fghijkl

  mh OTDR  no
 Optical Time Domain Reflectometer (OTDR) pqrst urs vwxsro pyuxzo{ 

o|}t~�r  tr�r
 }o 

o|oqo pqrst s|swsq}�}o v}sr  �uyo{�p rs pyux�o{�p �q~}{s 
�px�yo{ 

��~o{�
 �p �{r�u�pt� ~st �{x~oyy��pt�. �sws~�}� 

|pwtxw��p}st � zw��� }o{� }v�o xts |t�}o|oq��� v�o 
~st

 xts pr}o|t��v 
~st

 
sr}t�p}�|t�� 

|wo�y���}�r .   
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 !"
 #$%&'($%)  *+ OTDR ,-./01.2

 31 .45 67895 :;.<5 =24 .2 
<>82-2 39.>7?75 4?@AB5 .2 

B6B/2 31.>C-1 .45 26DE1415 C31?2, 
9-2

 OTDR =C-14 .B-  
9E18@B 9331?2. F 678G =24 .B <>82-B 39.>7?75 4?@AB5 H6B=204?.BA-  

.B-
 6B36< =24 .B-  I9=.7 ?1 342 

18=2.C?.2?7 =4 9.?4 7
 39.>7?G 

.BH5 ?H?@1./J1.24 =2EC 31 .7-  6>2832.4=G 
26DE142 

4?@AB5 ?.B ?A?.732. ,-./01.2
 
9-2

 OTDR @>7?43B6B41/ .7-  
B64?0B?=9I2?7 

.BH :;.<5 39?2 ?.7-  
/-2

 842 -2
 
1-.B6/?14 26DE1415. K2 36B>BA?231  

-2
 6BA31 <.4 .B OTDR IBHE1A14 ?2- 

RADAR, ?.9E-14 62E3BA5 laser 318CE75 4?@AB5 39?2 ?.7-  
B6.4=G 

/-2
 =24 31.>C14 .B :;5 6BH ?=1ICJ1.24 6>B5 .2 6/?; 

26< .B HE4=< .75 /-25 G 
2H.< 6BH 2-2=EC.24 26< .2

 ?731/2 ?A-I1?75 .;-  ?H-I1.G>;-  =24 .45 =BEEG?145.  L1
 =C01 @>B-4=G ?.483G 

.B
 :;5 6BH ME9614 .B OTDR 

1/-24
 
.B

 :;5 .BH 62E3BA 6BH ?=1ICJ1.24 =20D5 B 62E3<5 I49>@1.24 26< =C6B42 61>4B@G 
.75

 
/-25

. NB 6B?B?.< .BH :;.<5 6BH 164?.>9:14 1/-24 6BEA 34=>< 2EEC 
7

 
2-/@-1H?G 

.BH 8/-1.24 IH-2.G 31 .7 @>G?7 
1H2/?07.;-  I1=.D-  =24 .1@-4=D-  H6BEB84?3BA .75 39?75 .43G5 .BH ?G32.B5. O.?4, 36B>BA31 -2 =C-BH31 31.>G?145 ?1 ?@1.4=C 318CE15 26B?.C?145. ,6< .7 ?.483G 6BH 36B>BA31 -2 

>H03/?BH31 .7-  
.2@A.7.2 

.BH 62E3BA =20D5 I49>@1.24 39?2 26< .7-  
/-2

 =20D5 =24 .7 I4C>=14C 
.BH, .B OTDR 36B>1/ -2 31.>C 

.B
 @><-B =24 -2 H6BEB8/J14 .7 

09?7 
.BH 62E3BA ?.7-  

/-2
. 
O.?4, ?H?@1./J14 2H.< 6BH 2-2I14=-A1.24 26< .B B64?0B?=1I2?39-B :;5 31 ?H8=1=>439-15 09?145 ?.7-  

B6.4=G 
/-2

. P1 .B-  .><6B 2H.< 36B>1/ -2 :.4CQ14 9-2 I4C8>2332 31 .B 6B?< .BH :;.<5 6BH ?=1IC?.7=1 6>B5 .2 6/?; 842 =C01 ?731/B .75 /-25. ,6< .7-  
CEE7

 =20D5 B 62E3<5 .2Q4I1A14 39?2 ?.7-  
/-2

 
26B?M9-1.24 ?.2I42=C, 

1-D
 6><?01.15 26DE1415 ?H3M2/-BH-  ?.2 ?731/2 ?H8=<EE7?75 =24 ?.BH5 ?H-I1.G>15. O.?4, 7 

4?@A5 .BH 62E3BA 314D-1.24 ?.2I42=C =20D5 61>-C14 39?2 
26< .7-  

/-2
 9@B-.25 ?2-  

26B.9E1?32 
.B

 6B?B?.< .BH :;.<5 6BH ?=1ICJ1.24 -2 314D-1.24 2-2EB84=C 62>C8B-.25, 31 .B-  
.><6B 

2H.<, 342 
14=<-2 

.75
 
26DE1425 6BH ?H3M2/-14 ?.7-  

/-2
. R614IG 

2H.G 
7

 I42I4=2?/2 ?H3M2/-14 IAB :B>95, 3/2 =20D5 .B :;5 :1A814 =24 342 =20D5 164?.>9:14, 7 31.2.>B6G 
2H.G5 .75 6E7>B:B>/25 ?1 9-I14Q7 

2624.1/ =2.CEE7EBH5 H6BEB84?3BA5 6BH ?H3M2/-BH-  39?2 ?.B <>82-B. S6C>@BH-  6BEE95 6E7>B:B>/15 ?.7-  
B0<-7

 
1-<5

 OTDR. T 
B>4J<-.4B5

 
CQB-25

 I1/@-14 3G=B5 ?1 Km 
1-D

 
B
 =C01.B5 26DE142 ?1 dB. F =E/?7 

.BH /@-BH5 I/-14 .B ?H-.1E1?.G 1Q2?09-7?75 ?.7-  
/-2

 ?1 dB/Km. U42 
-2

 31.>G?BH31 .B ?H-.1E1?.G 
1Q2?09-7?75 ?1 9-2

 =2EDI4B B6.4=G5 /-25 @>142J<32?.1 9-2 
2>=1.C 32=>A =2EDI4B =24 ?.7 39.>7?7 -2

 37-  H6C>@BH-  62>23B>:D?145 ?.2 
C=>2 (6BH B:1/EB-.24 1/.1 ?.7-  I42=>4.4=G 4=2-<.7.2 (resolution) 

.BH B>8C-BH 1/.1 ?1 H61>:<>.;?7 
E<8; 

4?@H>D- 2-.2-2=EC?1;-). 
,-

 
7

 
/-2

 I1/@-14 ?73CI42 37-8>2334=<.7.25 ?1 =C6B4B 26< .2 C=>2, 
14I4=C =B-.C ?1 2-2=EC?145 6.@. 26< ?H-I1.G>15, .<.1 I1-  6>9614 -2 ?H361>4ECMBH31 1=1/-7 

.7-
 61>4B@G ?.B-  H6BEB84?3< .;-  

26;E14D- . 
L.7

 «8ED??2» .;-  OTDR 
B4

 ?H-I1.G>15 =24 B4 ?H8=BEEG?145 2-2:9>B-.24 ;5 818B-<.2 (events). V24
 
.2

 IAB 13:2-/JBH-  
26DE142, 

14I4=C 
<3;5 B4 ?H-I1.G>15 =24 B4 37@2-4=95 ?H8=BEEG?145 62>BH?4CJBH-  =24 342 

.B64=G =B>H:G 
7

 
B6B/2 

B:1/E1.24 ?1 2-C=E2?7 =24 Q1@;>/J14 .2 818B-<.2 
2H.C 

26< .45 ?H8=BEEG?145 ?A-.7Q75 (fusion splices) 
B4

 B6B/15 62>BH?4CJBH-  3<-B 26DE142. NB AWB5 .;-  =B>H:D-  I1/@-14 .B 6B?< .75 2-C=E2?75 ?.B 818B-<5, 1=.<5 2-  
1/-24

 
.<?B 4?@H>G 6BH -2 

BI781/ .B <>82-B ?.B-  =<>B (saturation). 
L1

 
2H.G 

.7-
 61>/6.;?7 

7
 =B>H:G 

02
 
9@14 9-2 6E2.D ?.7-  

C=>7 
.75
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=20D5 =24 342 
BH>C ?.B 32=>4-< C=>B. NB 6EC.B5 .75 =B>H:G5 I1/@-14 .7-  

2-CEH?7 .BH B>8C-BH ?1 3G=B5 =24 .B 6<?B =B-.4-C 818B-<.2 36B>1/ -2 
2-28-;>/?14. 

  !"#$%
 1. &!% 

'(#$)
 
*$#+

 OTDR 

 ,-
 ./0 OTDR 1234351- /0 

0/67/-58391- :06 243;<=10>0 239 
3?-@<3/>06 8- <AB3C -D:0>A8>08E. 

,60
 
82081./E (:311./E) 

@/0
 
B0

 
?0@/->06 16:4F>-4E 

02F >3 1=:3C :0<GH@39 239 I.4391- F>6 .7391- -D:0>08>=8-6. J/  >3 :0<KH63 
H.7->06 92-4;3<6:= 2@-8E 

8-
 :A2363 

8E1-@3 
=

 
0/

 
E

 
0:>@/0 

8>43?=C >39 
-@/06

 1-D0<5>-4E 
02F >E/  -26>4-2>= >F>- >3 

8E1-@3 
-:-@/3 

B0
 
8912-46?.4->06 80/  

8E1-@3 
89D:F<<E8EC -/K 

B0
 I.4391- F>6 H-/  .7391- :A/-6 :A>6 >.>363 

-:-@.  

L
 
MNOPQ RST 

OUVSTW
 
XOVYZ

 RQV 
Y[\P]^VQPQ RQW OV\W 

_RSTW PTVXYR`aYW (connectors) Ybc\VOdYR\Z M\Z \VeMN\PQ 
M\Z

 
\fgNYZ\ 

_TV`]hW PY PTiMjNNQPQ PkVRQ[QW Ybc\VOdYR\Z bjVS \fgNYZ\ (Loss) (
jUZ

 
\VeMN\PQ) 
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 !"#$"#%&$'
 ()*  OTDR +

 ,-./0./12345 67489:9598 
-4:;

 OTDR 
48

 «<=3,-/» 
1-

 
2/>.3;

 
8,019?1-/; >?4-/ 95 @.A15 907 6B1>0=5 

1-
 90,/>? 6C>978 

>8/
 
1-

 
>9/./8>3; -D>89819?1-/; :,07 98 

2A>5
 -C48/

 95; 9?E5; 9F4  
2-./>G4

 
->89049?6F4  

239.F4 . H48 OTDR 6-4  
3@-/ 95 6/8>./9/>A />84:9598 

48
 
8486-CE-/ D-D04:98 

1-
 
>049? 

>8=G6/8 
>8/

 
-C48/

 ,0=B ,/I84: 
48

 6-C@4-/ 
«
J849?12898» 

8,: 848>=?1-/; 1- 1746-9A.-; 9:10 17@4? ,07 48 
2,-.6-B-/ 904  @-/./19A 907.  K

 LMNOP QRS OTDR T
 UVWXY Z[\] OTDR ^_[Z`ab cbd ZefdgY fab h_[Zb cbd fa`a[dY`i 

acd`ZgjXka`a 
a[

 gYlmde[  kZVbfi 
acgi kj`Va. nVo`a 

ac\ga cVjcZb [a UVYXbkdcdbZ_`ab j[a kafVe fagohbd aVUbfdcd_YXY] (launch cable) 
oX`Z alZ[\] kZ[  

[a
 ZpaXmZ[WXZb kZVbfo] d aVUbf\] cagk\] fab alZ`jVdq [a 

qciVUZb j[a fagohbd a[aldVi] ^ba 
[a

 kcdVjXdqkZ [a
 kZ`VWXdqkZ `Y[  cdb\`Y`a `dq cVo`dq Xq[hZ`WVa X`d fagohbd cdq kZ`VikZ. ni[`a 

[a
 pZfb[i`Z `b] kZ`VWXZb] UVYXbkdcdbo[`a] `Y kbfV\`ZVY hbiVfZba cagkde cdq h_[Zb `d \V^a[d (

oX`Z [a Zcb`q^Ui[Z`ab Y kj^bX`Y 
a[igqXY fab hbafVb`bfW bfa[\`Y`a) fab fg_kafa kWfdq] `dqgiUbX`d[  hbcgiXba 

ac\ `d kWfd] cdq a[akj[Z`Z [a
 
jUZb `d fagohbd cdq mjgZ`Z [a kZ`VWXZ`Z. ri[`Z kba 

aVUbfW kj`VYXY kZ aq`j] `b] Vqmk_XZb] fab jcZb`a fi[`Z `b] fa`iggYgZ] agga^j] oX`Z [a ciVZ`Z `Y[  fa[d[bfW kj`VYXY. stuvuw x! yz wtzv{|u}u{~��~ �z �~{�u�t��� 
����|��z� |��tzvz� (auto-test). Ta OTDR �~� ~���{ ���}�� 

�t���� �v�~ �� }�tu�� |��� 
�u�� �{� �}u��v~{� ��� t��|�v~�� x �z� ���~{�z� pass/fail. ���vu� �w ~�~ t��|�v~{ |��u{ v�� �u �t���u v�|���� |~ �{� }tu�{��t���� �z� ~�����v��vz� ���~ |}ut~��~ �� ���~�~ ��{ |{� |��tzvz wtzv{|u}u{����� �z� ����|��z �~{�u�t��� �v�~ �� ~����~�~ �� ���~{ ��{�}{v�� �}u�~��v|���.  

su�� �|�� |z �z wtzv{|u}u{~��~ �{� �� }�t���|�~�~ x �� ~}{��w ��~�~ �z �u��~{� ~��� �|}~{tu� w ~{t{v�x. �������
 
�������� ¡¢

 £¤¥¦§¨ ©ª«¨§¬ ® ¯§°±² ¥¦³ ¥ª©¥¨ ´¬ µª¨¶ ·¬ ´¬ ¸¦ª¹º¯¨¶ ©́ ¬ ¥ª»µ¼®±¬ ¯§®́  ·¬¼½¸¾½¯® 
§¦³

 ¸·§¿¦³. À´  
§¦

 ¸¾·§³¦ ¨¾́ ¬ ±·ª» §»§¨ ¹¬ ¥ª©¥¨ ´¬ ¥ª¦¯¼¤µ¨¶ ·¤¥¦¦́  ́
¬

 ·¤́ ¨ §® ¸¦³¼¨¤. À´  ©«¨¶ ©́ ¬ ±¨°¤¼¦ ¸¾·§³¦ ±¨ ·ª¾¯±¨¶ ¨Á¬ª±¦°©¶ §»§¨ ¥¹¬́ »́  ́
¬

 ¸¬¹©§¨¶ ·¬ §¦ ·¬§¤¼¼®¼¦ ¥ª¦¯½¥·». Â¨ ¬³§² 
§®́  ¥¨ª¾¥§½¯® 

¨·§»¶ ¬¥» §¦
 ¥ª¦¯½¥·» «ª¨¤Ã¦́ §¬ ·¬ §¬ ·¬§¤¼¼®¼¬ »ª°¬́ ¬ ·¬ ¨Ä¦¥¼¯±»¶ (»¥½¶ ·¬¼º¸¬, ¯³́ ¸¨§²ª¨¶, ³¼·¤ ¯³°·»¼¼®¯®¶, »ª°¬́ ¬ ±©§ª®¯®¶, ·.¬.) 

΅ º 
§¦

 ¥ª¦¯½¥·» ¥ª©¥¨ ´¬
 
°́ ½ª¾Ã¨ §® «ª²¯® 

§¦³¶
.   À¥» §¶ ¥¦ ·ª¾¯±¨¶ ¥¬ª¬±©§ª¦³¶ ¨¾́ ¬ ® 

¿¥¬ªÄ® ·¬§¤¼¼®¼®¶ ·¬ ¨¥¬ª·¦¿¶ §¨·±®ª¾½¯®¶ §®¶ ¨°·¬§¤¯§¬¯®¶, ±¬ ¸¦³¼¨¤ ¥¦³ ·¬́ ¦́ ·¤ ¥ª©¥¨ ´¬ 
¨¾«¨ ·¤́ ¨ ¦ ¨°·¬§¬¯§¤§®¶ ·¬ ´¬ 

§®´  
¨¾«¨ ¥¬ª¬¸º¯¨ ±¬Ã¾ ±¨ §¦ ©ª°¦. À´  ¸΅  

°́ ½ª¾Ã¨¶ ¥¦³ µª¾¯·¦́ §¬ §¬ ·¬¼º¸¬, ¥¦¦ ¨¾́ ¬ §¦ ±²·¦¶ §¦³¶, ¥¦¬ ²§¬́  ® ±©§ª®¯® 
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