HPEHOCHHU CPEIU U CUCTEMHA

1.00mu cBeleHNsl, BUJTOBE

NPEeKbCHATH, HETIPEKbCHATU
METaJIHU, ONITUYECKH, epup

[ J
[ ]
® XOMOTEHHU BEPUTH (JIMHUU C pa3Npele]eHU NapaMeTpH)
® DPa3NpPOCTPAHEHUE HA €JIEKTPOMArHUTHUTE BbJIHU

2. JIMHMHM ¢ METAJHU NPOBOAHHUIH

— EBuBaJjIeHTHA cxeMa

—

—t % JUHUA
Us P,U;

P2>U2 22

6) 1

— Ilapamerpu

ITapamerpu Ha npexaBaHe:

/

N\

IIbpBUYHU

BTOPUYHU

Coenpotusienune R <—l
NunykrusHoct L

Kamanuter C <—e

VYTeuka G <—e

CkopocT Ha pa3NpocTPpaHeHHe

e— DBxoaen umnenanc

R+ joL

G+ joC

e— KoHcranTaTa Ha pa3npocTpaHeHue

y =R+ jal)(G+ jaC)

NPUCIYyIIBaHE

Z, =

Max. npaz —65dB

— EJQHONPOBOAHA U ABYNIPOBOIHA BPb3KAa

—- ——
[Tepenasa- ¢ - —> l IIpreMHHK Ilepenasa [Tpuemuuk
Ccur
TEJ Low TEJ
—_—
3eMs 3eMA T
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Bb3aymiHu JJUHUHA

MeIHU OUMeTaIHU CTOMAHCHU
g—_S 1n'Slz)nkHz [TosbpxHOCTEH ehEKT ?Smkrlrjl ]
30-40 TeneponHu 3 kaHaya
KaHajia

Kab6eann meagnu JuHuM

Cumerpuynu
CLOOLIMTETHHN Kadeau

HHUCKOYCCTOTHU BHUCOKOYECTOTHHU

| cenuwHu I | MeHCOYCenuuHu I D=1,2 mm;

il

e | e
C=45-55nF =535—-J5Un C = 27nf
0——{ Tonaynu curuaam I._, JTo 150 KHz I o— Jlo 552 KHz

J

AOoHATHHM Ka0eJIHM IBOMKHU CumeTpu4HHM Ka0eJHH JTMHUH
e 04,0,5 0,630,9mm e YEeTBOPKHU 3a MYJITUILIEKC
e 10 3000 ycykaHu * MEXKIYTPAJICKA Pa3roBOpU
JBONKH B Kabel ¢ 120 TenedonHu KaHaa
e wusonanus PVC, PE * fmax =550-800 kHz
® BXOJIEH MMIIE/IAHC ea(f)= k\/7 +k f.dB/km
Z,=600Q e pascrosiare 12,500 km
* Yciosue 3a e BEITHOBO ChIpoTHBIICHHE 120 O
MUHHMAITHO
3aTHUXBaHE Z.

LG =CR L
e MakcHUMaJHa i

nemkuHa 5-10km | = [TTUTTTTTTTTTTTTTTTTTTTTT

O~
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a [dB]

o )=k f +k f-dB kn

0.4 mm

62,5+

6,251

0,625 -

f 10 100 1000 10000 100000 Hz
KoHcTpyKIIMu Ha Ka0eauTe

1. Koncmpyxkyus

2. Xapaxmepucmuxu u napamempu: dectoTHa jgeHta 10 60 MHz, 2000 Tenedhonnu
KaHalia, 2 TeJIEBU3MOHHHU KaHalla, OTChCTBA MPECTYIIIBAHE
® 8BIHOBO CHNPOMUBTIEHUE

70 = 60 In QQ
d

NS

®  KUioMempudHo zamuxeane

a(f)=k+kyf +kof
3. Buoose:

— MAarucTpajHu (CTaHJapTHH);
— MajorabapuTHU;
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— noasoaHu. (4200 xaHana)
—  Paguo4YeCTOTHH
Cnopen quamerpute: D =2,9 mm + 25 mm. d = 0,7 mm +11 mm.

BnanoBoan

nuaMeTsp Ha Tpwoara - 50, 60 win 70 mm, nedenuHa - 3 mm.
Xapaxkrepuctuku: 30 1o 100 GHz, 30 000 xanana

Koncrpykuus

E.]'IeKTpl/I‘IeCKI/I ChbC¢INHUTCIN

BunoBe: kpvenu, npasovewvinu, MHO2OU3800HU, KEAZUNPABObSHIHU, HCAKOBE,
KOAKCUATIHU, MHO2OU3800HU

TexH0JI0TUs HA ChbeIMHEHUSTA: 3aN0s6aHe, KpamnoeaHe, penuncoeane,

npuu;un@ane
Kabdeaum ¢ ONTHYHHU BJUAKHA
EO BOCT = OE
' KA % npeoopasypa- ====—F mpeoGpmsysa= > KA |
: TeJ Tel |

________________________________

PasnpocrpaHeHue HA CBETJIMHATA B CTHKJIOBJIAKHO (CTHKIJIOBO)

8b30VX 0 < 0,  pasceiisane

1
1
I v
1
|

cr CMBKIIO - CbpYeBUHA

1
|
[l
]
|
1
1

CMBKIO - 008UBKA

8b30VX
®., — KpUTUYECH bI'bJ HA MaJlaHe

Ak0 ©>0,, — IBJIHO BBTPEIIHO OTPAKEHHUE; PA3POCTPAHEHHE MO JTbIX>KMHATA HA BIIAKHOTO
Axo O<0,, — pa3ceiiBaHe Ha CBETJIMHATA U3BbH BIAKHOTO
OTtaenHUTE CBETJIMHHU BBJIHU (JIBUM) C€ HApU4aT MOJH. B chpiieBuHA ¢ MallbK TMaMETHP
Ce pa3lpoCTpaHsBa €/1Ha, a C TOJISIM JUAMEThP — MHOTO MOJH.
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Onmulmu 6/1aKHa

| Eonoomooosu i | MnonMOOOeu l

2paoueHmuu CMBNAIHU

Eonomoooeo eénaxkno

o JIMaMEThP Ha chplieBuHara: 8 UM | Jlucrnepcusi Ha BJIaKHATA

° oOBHMBKa: 125 um —! tx ,.,ﬁ,.
1

° MHOI'O MaJIKO 3aTUXBAaHC : i

. M3II0JI3BA CE JIa3ePEH M3TOUHUK I ' RV
| |

Mmnozomooo060 énaxkno ' :

° JUaMEThp Ha ChplieBUHATA: 50 LM 5 5

° oOBuBKa: 125-150 um T =l —lox

° TOJIEMH 3aTUXBaHWs M U3KPUBSABAHHSA | T e MApKa 3a M3KpUBsBaHe (yAbIDKaBa-

° 1I00pH 3a KbCH PA3CTOSHUS U HUCKH | HE) HA UMITYJICUTE

CKOPOCTH Ha IIpelaBaHe 0.44

P P AF =222 MHz km
. M3TOYHUK Ha BXOJA - CBETOIHO/I T
KoncTpykuus

YkpenBari eJIEMSHT

[TonmuyperanoBa 0OBUBKa
bydepna o6BuBKa yp

Copuesuna SiO,

CunukoHOBa 0OBHUBKA
O6sBuBKa Si0,
XapakTepuCTUKH:

TTonicuna na ceemmunnume evanu: 300 nm = 1600 nm; f =1.10" Hz

0
Kpumuqu b2bjl HA eparuyama cmbmo-ewdyx: 90,, =42

Ilponyckamenna év3moorcnocm: F = 3000 6 000 GHz, 20 000 GHz. peanno 600 Mbit/s.
5 mn0. meneghonnu unu HAKOAKO MUTUOHA MENEBUSUOHHU KAHALA

IIpo¢. I'eopru Crosinos, TenexkomyHukauuu - jJexkuuu, Tema 4, OHP 5




HpEI[I/IMCTBa: HC CC BJIMSAC OT CIICKTPUICCKU CMYIICHUSA, MAJIKO 3aTHUXBAHC, IIUPOKaA
YCCTOTHA JICHTA, HUCKA IICHA.

BuaoBe onTHyHM Ka0ean
| OnTu4yHHu Kadeau I

ITo ITo
KOHCMPYKYUSL npeonaznauenue

L—» MOBHUBHA L’ MEK Ty CCITHIITHH

O [o1BONHH

®—> xJiicOoBa O ccnumHEA
3a JIOKAJIHA
BPB3KH

@—»| JicHTOBA

, 00000000000

:‘ 3.5 mm

__!V__jﬁ/

Hanpeuen paspes na onmuunu xabenu:
a) ¢ NOGUBHA KOHCMPYKYUSL,
0) ¢ nosueHa KOHCMPYKYUsl, YEHMPATHO MEOHO HCULO U OJIOBHA 0DBUBKA,
8) onmuueH Kabeiu ¢ 1eHmo8a KOHCMPYKYUs.

Kabenute ¢ xeboBa KOHCTPYKIMS MMaT MOJHMETUIIEHOBA ChPLEBUHA C *kJeOOBe, B
KOHUTO C€ pasrojaraT OTJSITHUTE BIaKHA.

CpIiecTByBaT MHOTO pa3jiMuHU KOHCTPYKIIMU Ha KaOeH 3a MarucTpaaHu
(ToA3eMHU ¥ TIOABOTHU) BPB3KH, 3a CENUIIHHU, BbTperrHd U LAN Mpexu. OnTuaau
ka0enu ce U3IMoI3BaT Beue U 3a aboHaTHU kKomyHukanmoHHu mpexu: FTTC, FTTB,
FTTH. U B Codus Beue uma nacusHu ontuunu mpexku (PON — Passive Optical
Network).

OnTtuynute kadbenu ce Hopmupart oT ITU ¢ npenopbku G-651 — G.655, 3anaBa-
1M BCUYKU NTapaMeTpH. Te3n HOpMU ce cria3BaT OT MPOU3BIIUTENUTE.
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IIapamerpy Ha ONMMYHMTE BJIAKHA

3amixBaHe O—0,1Q; Jucniepenst T
3aBKCH OT:
. - CBolicTBaTa Ha MaTepUaAIA
cobcmeeHU 3a2)y0UC, OonwmHumenHu 3a2youc, | - Hanpasrsmsarpre
[ - CBOJCTBA Ha CBETOBOZA
- CkopocruTe Ha pa3IpoCTpaHeH e
HOETHOPOIHOCT Mex. iehopmaLimn - YecrorHa JieHTa Ha IPOITyCKaHe F
o TIOMJTBIIAHE HA 044
-~ i o— CHEPIUSI - MHz/fkam
Jmvencurst Ha mctiepeusira ps/km

Co0OCTBEHO 3aTHXBAHE

KiaacuyeckKu 6J1aKHAa 6J1AKHA no MO@@pHM MexXHoJlocuu
a, dB.km™
3,5k
3,0}
dB 2.5
o — 2,0{
km N
1,07
2
| 0,5
0.5dB/ km &
0,11

¥ 0809 1,0 1,1 12 13 14 15 1,6 17 A pum
0,8 1,2 1.6 um H

MopaepHuTe TEXHOJIOTUM Ha TPOU3BOJICTBO HA BJIAKHA €JIMMUHUPAT 3aTUXBAHETO
OT XUAPOKCUIIHH TPYTH, OOII0 HaMaJIABaT 3aTUXBAHETO U TTO3BOJSBAT O(hOpPMSIHE
Ha 5 mPO30PIM 32 MpeiaBaHe BMECTO 3.

CeraacHo npenopbka G.651 Ha [TU-T, MHOroMo10BUTE ONTHYHHU Ka0esu C
rpajiueHTeH uHAeKC (InamMeTsp Ha chpleBuHaTa 62.5 pum u Ha oOBUBKaTta - 125
um)tpsioBa ga umar 3atuxBase 3.2 dB/km npu napmxuna Ha BeiaHaTta 0.85 pm u 0.9
dB/km npu 1.3 pm.

EnnomonoBute kabdeau, cvri. npenopbka G.652 va ITU-T ¢ auamersp Ha
cbhplueBuHaTa 9.3 um u Ha oOBHUBKaTa 125 pm TpsOBa Aa UMAT OpH IbIHKUHA HA
BbiHaTa 1.310 um 3atuxBane <0.5 dB/km u gucnepcus <3.5 ps/m.km, a ipu
IBJDKUHA Ha BbiHATa 1.550 um croTBeTHO 3atuxBane <0.4 dB/km u nucnepcus
<18 ps/m.km

(G.653 — G.655 HOpMUpAaT KabeNnH ¢ OIlle MO-MaJiKa JUCIIePCHS
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OnTuyHM MN3TOYHUIM, IPUCMHHUIMN U YCHUJIBATEJIHU

3a ONTHYHHU M3TOYHUIM CE U3MOJI3BAT JIA3EPHU JUOAU U CBETOIHOIN

JlazepHuTe N1MOAM U3THUYBAT KOXEPEHTHA CBETIMHA B CUIIHO KOHLIEHTPH-
paH b4, KOUTO JIECHO C€ M0/IaBa B €THOMO/JIOBO BJIakKHO. To3u cUrHaim Moxe Ja
ce MOJYyJIUpa C MHOTO BUCOKA YECTOTa — C MHOT'O KbCH UMIYJICU ChbC CKOPOCTH
Ha nipenaBaHe aeceTku Gbit/s.

CBeroamoauTe W3Tb4YBAT CBETJIMHA C MO-IIUPOK CIEKTHP (HEKOXEPEHTHA),
MO-HEKOHIIEHTPpHUPaHa (C MO-TOJISIM bI'bJ HA U3JITbUBAHE) U OT MO-TOJIsIMA
U3JIbUBallla MOBBPXHOCT, 3aTOBA MOTAT Jla C€ U3I0JI3BaT CaMO ITPH MHOTOMOJIOBU
BJIaKHA TIPH TIpefiaBaHe ¢ Hucku ckopoctu 10 200-300 Mbit/s. [Ipexoguusr
MPOIIEC MIPU TAX € HaJl 2-5 NS ¥ TOBA JIMMUTHUPA CKOPOCTTA HA MPEIaBaHe
3a onTHYHM pUeMHHIU ce n3moa3BaT PIN- u naBuanu poroauoau. U nBara
ca 0OpaTHO 3aXpaHEHU P-N-MPEXOU, HO MapaMETPUTE UM ca JI0CTa PATUIHU

PIN-anoaure (Si, Ge mimm InGaAs) ca 1o-eBTHHH 1 c€ 3aXpaHBaT C I10-
HUCKH HAIMPEKECHUS, HO UMAT MO-MaJIka YyBCTBUTEIHOCT, HIMAT BbTPEIIIHO
YCUJIBAHE M CE€ U3MOJI3BAT MPHU MO-HUCKU CKOPOCTH Ha IIpeaBaHe Ha MO-KbCU
pascrosiHus. [lonsikora ce uznosnssar ¢ nojiesu Tpanzuctopu (PIN-FET).

Jlapunnurte poroguoau (APD — Avalanche Photo-Diode) ca mHOTO
MO-4YyBCTBUTEIIHHA, UMAT BHTPEUTHO YCUIIBAHE U MHOTO MO-TOJISIMO OBbP30,1€Hi-
CTBHE, 3aTOBA Ca MOJXOASAIIN 32 BACOKOCKOPOCTHU KOMYHHUKAIIHOHHU CUCTE-

MU 3a JaJiedHu pa3cTosaHus. Te, obaue, ca HIKOJIKO MbTH MO-CKbIN, U3UCKBAT
MHOT'0 TIO-BUCOKO 3aXpaHBal0 HANPEXEHUE (CTOTUIIM BOJITOBE), UMAT O-BH-
COKO HHBO Ha IIIyMOBETE U TOK Ha ThMHO M U3UCKBAT JIOMBJIHUTEIIHU CTa0u-
JU3UPAIIM BEPUTH 32 KOMIICHCAIMS Ha TEMIIEPATYPHUTE UM 3aBUCUMOCTH.

OnTuYHU YCHJIBATEJIN: ChIIIECTBYBAT BEYE METO/IU 32 YCUJIBAHE U pe-
reHepanys Ha ONTUYHU CUTHAIU 0e3 J1a ce Hajlara npeodpasyBaHe B €JIEKTPO-
HeH curHai. ToBa ce mocTura ¢ 100aBsiHe Ha IPUMECH OT €pOryM B ONITUYHO-
TO BJIAKHO Y HAITOMIIBAHE HA €HEPTrHs OT CIIEIUAJIEH Ja3ep.

Ontuynu cbeauHenusi: ONTUYHUTE BJIAKHA CE€ CBBP3BAT UPE3 HEPA3TIIO0sIEMHU
(3aBapKH WJIM MEXaHUYHH BPB3KU) U pa3rio0sieMu (pa3inyHu KYIUTYHTH C JIEIU WK C
YEJIHO CB’BpSBaHC) CbCAUHCHHS. 3a TuX uMa CTPOT HOPMHU 34 3aTUXBAHUATA.

OrmydeH Cre,
—> ;gmMDMW \: >

— > H
\\\ EnexTpoHHO-oITvYeH 11p. FspORE>- OMAEA I, //
Vnpagnenve Ha F/Op. Ipeycimsaren
I peoOpazyBarest Ha Koma
Pereneparop Kormos npeoOpazysarern
Enexrorecku naTendeiic

bnokosa cxema na onmuuna KOMYHUKAYUOHHA cucmemda
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EpupbT KaTO NpeHocHa cpeaa
E.]IeKTpOMaFHl/ITHI/ITe BBJIHH — HOCHUTEJ Ha

curHaJjia PanuopbiiHK
® 1epuoo na xapmonuunama évana 1’ 1= cT=£
e yecmoma na mpenmenemo f = 1/T, Hz f Lfem].
® OWBINCUHA HA bIHAMA N AL>10"m (f<3.10" Hz)
Yecmomnu odoxeamu Bwanosu ooxeam
I panuyu Haumenosanue I'panuyu | Haumenosanue
(03HaueHue) (o3Hauenue)
30 -300kHz | HUCKM yecTOTH 10 - 1km | abaru BeaHU ([B)
(HY, LF)
300 - 3000kHz | cpeaau uectotn (CY, MF) | 1 - 0,1km | cpenau Bbsinu (CB)
3 -30MHz BHCOKHU YECTOTH 100 - 10m| kbcu BbaHU (KB)
(BY, HF)
30 —-300MHz | MHOTO BUCOKH YE€CTOTH 10 - Im | MmetpoBu BbiHU (MB)
(MBUY, VHF)
300 — 3000MH]| ynTpaBuCOKH YECTOTH 1-0,Im | geuruMeTpoBH BHIHU
(YBY, UHF) (JIMB)
3 -30GHz CBPBXBUCOKH YECTOTH 10 - lcm | canTHMETPOBHU
(CBY, SHF) BbJIHU (CMB)
Panuopesieiinu
JIMHUM
Kpaiinu ctanunmn MexxaIuHHU CTaHIIUU
KC MC
Mc f MC

Q \V\k
2

KC

OcTpa HACOYEHOCT Ha aHTEHUTE, IBE YECTOTH 3a BCsKa OTceuka, Hamp. f;=4,6 GHz
u f5, = 11GHz . Te3u uecToTH ce pa3npocTpaHsIBaT caMO B 30HaTa Ha Ipsika
BUIUMOCT. CMsIHA HA YECTOTUTE BBB BCSAKA MEXKIMHHA CTaHIMA. UeCTOTHA JIEHTA -
30-40 MHz , 6000 TenedonHM KaHaIa, HIKOJKO TEJIEBU3MOHHH MPOTPaAMU
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KoMyHUKAIIMOHHU CHBTHUIH (CATEJUTHA KOMYHUKAIUA)

® MOOMITHH KOMYHUKAIIUH

® KOMYHHUKAIINU B OTACIIHU PECTUOHU

¢ MCKY-KOHTUHCHTAJIHU KOMYHUKAIIUN

¢ TUPCKTHO TCIICBU3MOHHO U PaAXO-Pa3IIPbCKBAHC
®JACTHU KOMYHUKAIINHN

Satellite dish

Satellite dish

Ilepuon na
opOurara [h]

30 T

20

[lepuon Ha
opOutara

10

'
) ) ) N v Ll

10000 20000 30000 40000 sucoyuna,km

Bpw3xa meancdy eucouuna u nepuoo na opouma Ha CNbMHUK

e AJTepHaTHBa Ha MPE30KEAHCKUTE Kabenu

e BucouuHa Ha cnbTHUKA 35 788 km, nepuopa 24 h (reocramnmonapHa
opOura)

e UYecrorHara nenra 20 MHz

PasnpocTpaneHnne Ha cCUTHaNa «3eMs-CIbTHHUK-3eMs» 275 ms
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