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Îïðåäåëåíèÿ

Îøèáî÷íûé áèò

Áèò íàçûâàåòñÿ îøèáî÷íî ïðèíÿòûì, åñëè åãî çíà÷åíèå ïîñëå
äåòåêòîðà íå ñîâïàäàåò ñ íà÷àëüíûì çíà÷åíèåì

Êîýôôèöèåíò îøèáêè

Êîýôôèöèåíòîì îøèáêè (BER) ñèñòåìû ñâÿçè íàçûâàåòñÿ
îòíîøåíèå îøèáî÷íî ïðèíÿòûõ áèòîâ ê îáùåìó ÷èñëó
ïåðåäàííûõ áèòîâ: BER = Nerr/Nall
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Îáúåêò èññëåäîâàíèÿ

− ïðîòÿæåííîñòü ëèíèè 1000 êì
− ñêîðîñòü ïåðåäà÷è 40 Ãáèò/ñ
− ôîðìàò ìîäóëÿöèè NRZ-DPSK
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Íåëèíåéíîå óðàâíåíèå Øð¼äèíãåðà

i
∂A

∂z
+ iαA− β2

2

∂2A

∂t2
+ γ |A|2 A = 0

⇓

∂A

∂z
= (D̂ + N̂)A

↙↘
D̂ = −i β2

2

∂2

∂t2 − α N̂ = iγ|A|2

Àëåêñåé Ðåäþê 40 Gbit/s NRZ-DPSK



Ìàòåìàòè÷åñêèå ìîäåëè
Çàâèñèìîñòü BER îò äèñïåðñèè
Îïòèìèçàöèÿ ïàðàìåòðîâ ÂÎËÑ

Çàêëþ÷åíèå

Äåòåêòèðîâàíèå

I0 =

∣∣∣∣An + An−1
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∣∣∣∣2

∆ = I0 − I1
∆ > 0 =⇒ ¾0¿
∆ < 0 =⇒ ¾1¿
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Q-ôàêòîð

Q =
|µ0 − µ1|
σ0 + σ1

µ0 � ìàò. îæèäàíèå ∆ äëÿ íóëåâûõ áèòîâ
µ1 � ìàò. îæèäàíèå ∆ äëÿ åäèíè÷íûõ áèòîâ
σ0 � ñðåäíåêâ. îòêëîíåíèå ∆ äëÿ íóëåâûõ áèòîâ
σ1 � ñðåäíåêâ. îòêëîíåíèå ∆ äëÿ åäèíè÷íûõ áèòîâ

BER =
1

2
erfc

(
Q√
2

)

erfc(x) � äîïîëíèòåëüíàÿ ôóíêöèÿ îøèáîê
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Ëèíèÿ ¾back-to-back¿

noise � èñòî÷íèê øóìà
TeraXion � ïåðåìåííûé êîìïåíñàòîð
äèñïåðñèè
BPF � îïòè÷åêèé ôèëüòð
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Ñõåìà êîððåêöèè îøèáîê
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×èñëåííûå ðàñ÷åòû - I
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×èñëåííûå ðàñ÷åòû - II
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×èñëåííûå ðàñ÷åòû - III
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Îñíîâíàÿ ëèíèÿ

P � ñðåäíÿÿ ìîùíîñòü ñèãíàëà
D � íàêîïëåííàÿ äèñïåðñèÿ
〈D〉 � ñðåäíÿÿ äèñïåðñèÿ ñåêöèè
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Ëèíèè óðîâíÿ Q-ôàêòîðà

Ëèíèè óðîâíÿ Q-ôàêòîðà â ïëîñêîñòè ïàðàìåòðîâ íà÷àëüíîé ñðåäíåé
ìîùíîñòè ñèãíàëà è ñðåäíåé äèñïåðñèè ñåêöèè ïðè D = 0 ïñ/íì
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Ëèíèè óðîâíÿ Q-ôàêòîðà

Ëèíèè óðîâíÿ Q-ôàêòîðà â ïëîñêîñòè ïàðàìåòðîâ íà÷àëüíîé ñðåäíåé
ìîùíîñòè ñèãíàëà è íàêîïëåííîé äèñïåðñèè ïðè 〈D〉 = −1.1 ïñ/íì/êì
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Èíäèêàòîðíàÿ äèàãðàììà

Èíäèêàòîðíàÿ äèàãðàìì ïðèíÿòîãî ýëåêòðè÷åñêîãî ñèãíàëà
ïðè P = 3 äÁì, 〈D〉 = −1.1 ïñ/íì/êì, D = 0 ïñ/íì
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Çàêëþ÷åíèå

- âûïîëíåíî ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå ÂÎËÑ
40 Ãáèò/ñ 1000-êì NRZ-DPSK

- îïðåäåëåíû îïòèìàëüíûå ìîùíîñòü èçëó÷åíèÿ, ñðåäíÿÿ
äèñïåðñèÿ ñåêöèÿ è íàêîïëåííàÿ äèñïåðñèÿ

- ýêñïåðèìåíòàëüíî îáíàðóæåíî, ÷òî çàâèñèìîñòü BER îò
íàêîïëåííîé äèñïåðñèè èìååò âèä ¾ïîëî÷êè¿. Ðåçóëüòàòû
÷èñëåííûõ ðàñ÷åòîâ ïîäòâåðæäàþò ýòîò ôàêò ïðè øèðèíå
ýëåêòðè÷åñêîãî ôèëüòðà áîëüøå 80 ÃÃö
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