


Ipnnoxenue 1 k padoyeii nporpamme
Mo IMCIUIINHE «AKTHBHBbIE ONITHYECKHE KOMIIOHEHThI)
®enepanbHOE areHTCTBO CBS3U
denepanbHOE rocy1apcTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEXKIEHUE BBICILIET0 00pa30BaHUs
«CuOupCKU TOCYAaPCTBEHHBIM YHUBEPCUTET TEIEKOMMYHUKAIIUI U HHPOPMATHKI

(CuoI'YTH)
VYpanbckuii TEXHUYECKUI HHCTUTYT CBA3H U MHpopmatuku (punuan) B r. ExatepunOypre
(YpTUCH Cubl'YTHN)
YTBepxaaro
Hupextop YpTUCH Cubl'YTU
E.A. Mununa
« » 2020 1.

OHNEHOYHBIE CPEACTBA
TEKYINIETI'O KOHTPOJA
U NPOMEXYTOUYUHOM ATTECTALIUU

MO TUCIUILINHE «AKTHBHbIE ONITHYECKHE KOMIIOHEHTHD
JUIsL OCHOBHOM MpodeccroHanbHONU 00pa3oBaTeNbHOM MPOrpaMMbl IO HAITPABICHUIO
11.03.02 «MH()OKOMMYHHKAITMOHHBIC TEXHOJIOTHH U CUCTEMBI CBSI3M)
HarpaBJIeHHOCTH (MpOoduih) — TEXHOIOTHH U CUCTEMBI ONITHYECKOU CBSI3H
KkBasn(uKanus — 6akaiaBp
dbopma oOyueHust — ouHast
roji Hayaja MoJroToBkH (o yueOHoMy 1iany) — 2020

ExarepunOypr 2020



1. [lepeyeHb KOMIIETEHIIUIT 1 MHAUKATOPOB UX I0CTUKEHHUSA

[Tporniecc n3ydeHus: NMCIMIUIMHBI HAITpaBJIeH Ha (JOPMUPOBAHUE CICAYIOMUX KOMITCTCHIIUN
Konn Kon 1 HanmeHoBaHMe UHIUKATOPA [IpenmectByromiue 3tarsbl (C
HanMEHOBaHHE " Jral
IOCTHKEHUS KOMITETEHIII yYKa3aHUEM JUCITUTIIINH )
KOMIIETEHIINHA
[1K-1 Crocoben k [ITIK-1.1 3naem: 4  Oram 1:
DKCIUTyaTallud U |00IIrue TEXHUYECKHEe TpeOOBaHMS OcHOBBI TEOpHUU TIeTIEH
Pa3BUTUIO K OIITUYECKUM YCUIIUTEIISM; Oran 2:
CETEBBIX (bU3UYECKUEe MPUHIUIIBI YCHIICHHS OCHOBHI TEOpUU
miatdopm, OINTHUYECKOTO CUTHANA, PJIEKTPOMArHUTHBIX TOJIEH 1 BOJIH,

CUCTEM WU CceTel
nepeaaun JaHHBIX

IPUHLKAI  JCHCTBUS, OCHOBHBIE
napaMeTpsl U XapaKTePUCTHKU
pa3IMYHBIX ONTUYECKUX
YCUJIUTEIIEH;

NEPCIIEKTUBHbBIE HaIpPaBICHUS
pa3BUTHSA anmnaparypsl
ONTHUYECKUX YCUIIUTEIIEH.

IIK-1.2 ymeem:

paccuMThIBaTh  XapaKTEPUCTUKU
ONTUYECKUX YCHIINTENIEH;
[IPOU3BOIUTH U3MEpEHUs
XapaKTEPUCTHK ONTUYECKUX
YCWIMTEJIEW TpPU  pa3IM4YHBIX
CXeMax  HMX  BKIIOYECHHS B
JIMHENHBIN TPAaKT;

paboTaTh c TEXHUYECKON
JTOKYMEHTALEH;

paccuuThIBaThH JarpamMmmbl
YpOBHEU JUIMHHOIIPOJIETHBIX
BOJIC;

I1K-1.3 énaoeem:

HaBbIKaMU 10JIb30BAHHUSA
M3MEPUTENbHBIMU TPUOOpaMU,
HaBbIKaMU IIPOEKTUPOBAHMUS
MPOTSKEHHBIX BOJIOKOHHO-

ONTHUYCCKUX CUCTEM IICpeaavu C
MNEPUOANYCCKUM YCUIICHHUEM

HaBbIKAMU MIOCTPOEHUS
J(MarpaMMbl YPOBHEU
OITUYECKOTO CUTHAJIa

nmHHONposieTHRIX BOJIC;
HABBIKAMHU pacueTa JuarpaMMbl
YPOBHEW ONTHUYECKOTO CHUTHAJIA

nmHHONponeTHbIXx BOJIC.

BBenenue B onepanyoHHYyIO
cuctemy Unix, ITakeTsl
MPUKJIQJHBIX TPOTPaMM, SI3bIKU
[MPOrpaMMHUPOBaHUS, DJIEMEHTHAS
0a3a TEeJICKOMMYHUKAIIMOHHBIX
cucteM, OCHOBBI IOCTPOCHUS
MH()OKOMMYHUKAIIMOHHBIX CHCTEM
U ceTeH

Oram 3

Teopus cBsizu, Ouzndeckue
OCHOBBI KBAHTOBOI OITHKH,
CXxeMOTeXHHKa
TEIICKOMMYHHUKAITHOHHBIX
yCTpPOUCTB, BriunciutenbHas
TEXHHUKA U UH(POPMAIMOHHBIC
TEXHOJOTHH, MUuKpoIponeccopHas
TEXHUKA B CHCTEMaXx CBSI3H,
[lepcrieKTUBHBIE TEXHOJIOTHUU B
oTpaciau HH(HOKOMMYHUKAIIUH,
CeTH CBSA3H U CUCTEMBI
KoMMyTaluu, ONTOAIEKTPOHHBIE U
KBAHTOBBIE IPHOOPHI U
YCTPOMCTBA,

®opma(bl) MPOMEKYTOUHON aTTECTAllMU 1O JUCIUILIUHE: 3a4eT.

2. [loka3aTe/iu, KpUTEPHUH U IIKAJIBI OIeHUBAHUS KOMIIETEHIIUI

2.1 TlokazaTeneM OIICHWBaHUS KOMIIETCHIIMH Ha JTare WX (OPMHPOBAHUS TIPH H3YYCHUU

AUCHUIUIMHEI SBJISACTCA YPOBCHD UX OCBOCHHUA.

[Ixama
OLIEHUBaHUS

PesynbTaThl 00yueHus

JleckpunTOpbl ypOBHEMN
OCBOEHUSA KOMITETEHIIUN

ITK-1 CnocobeH K 3KcIuTyaTalluu M pa3BUTHIO CETEBBIX MIATPOPM, CUCTEM U ceTel Nepeadn JaHHbIX




Husknii IIK-1.1 3naem: Cnaoo 3naem:

(moporoBblii) | oOIIMe TEeXHUYECKHe TpeOoBaHMWS K | oOIIMe TeXHUYeCKHe TpeOoBaHUS K

YPOBEHB ONTHYECKUM YCHIIHTEIISIM; ONTHYECKUM YCHIIUTEIISIM;
dbuznuecKkue  TPHUHIMIBI  yCUJICHHS | GU3MYECKUE  TNPHUHIMIBI  yCUJICHUS
ONITUYECKOTO CUTHAJIA; ONTHYECKOTO CUTHAJIA;
TIPUHIIATT JeHCTBUS, OCHOBHBIC | TIPUHITUTI NeNCTBUS, OCHOBHBIE
napameTpbl u XapaKTEPUCTUKHU | TTApaMETPhI u XapaKTEPUCTUKU
Pa3IUYHBIX ONTHYECKUX YCUIUTEIICH; PA3IMYHBIX ONTHYECKUX YCUIUTENICH;
MEePCICKTUBHBIC HAMPABIICHUSI Pa3BUTHS | IEPCIICKTUBHBIC HAINPABICHUS Pa3BUTHUS
anmnapaTypbl ONTUYECKUX YCUIIUTEIEH. anmnaparypbl ONTHYECKUX YCUITUTEICH.
IIK-1.2 ymeem: Cnabo ymeem:
paccuUMTHIBATD XapaKTEPUCTUKU | paCCUUTHIBATh XapaKTEePUCTUKU
ONTHYECKUX YCUITUTEIICH; ONTHUYCCKUX YCUITUTEIICH;
MPOU3BOJUTH U3MEPEHUS XapaKTEPUCTUK | IPOU3BOAUTD U3MEPEHUS XapaAKTEPUCTUK
ONTHYECKUX yCHIIUTETEH MIPH | ONTHYECKUX YCHIIUTETIEH npu
Pa3MYHBIX CXEMaxX MX BKJIIOYEHHUS B | Pa3IMYHBIX CXEMaX HX BKIIOUYECHHUS B
JIMHEWHBIN TPAKT; JIMHEWHBIN TPAKT;
paboTatb c TEXHUYECKOH | paboTarhb c TEXHUUYECKON
JIOKYMEHTaLlUEH; JIOKyMEHTaUEH;
paccuuThIBaTh  AMArpaMMbl  YPOBHEM | pacCUMTHIBATH  JMAarpaMMbl  ypOBHEHU
nnuHHomnposetHbix BOJIC; nnuHHomnposetHbix BOJIC;
IIK-1.3 ¢naoeem: Cnabo enaoeem:
HaBBIKAMH MOJIb30BaHHUS | HABBIKAMH MOJIb30BaHUS
M3MEPUTEIILHBIMU TTPUOOpamMH, M3MEPUTEIILHBIMU TTPUOOpamMH,
HaBBIKAMH MIPOCKTUPOBAHUS | HABBIKAMU MPOCKTUPOBAHUS
MPOTSHKEHHBIX  BOJIOKOHHO-ONTHYECKHUX | MPOTSIKEHHBIX  BOJIOKOHHO-OMTUYECKUX
CHUCTEM IIepefadyd C TMEPUOJUYCCKUM | CUCTEM IIepeladyd ¢ IEePUOJAMYCCKUM
YCUJICHHEM; YCUJICHHUEM;
HaBBIKAMH  TIOCTPOCHHUS  JUArpaMMbl | HABBIKAMH ~ TIOCTPOCHHS  JAHarpaMMBbl
YPOBHEU OIITUYECKOI O CUTHAQJIA | ypOBHEHU OIITUYECKOIO CUrHaia
nnuHHonposeTHbix BOJIC; nnuHHomnposetHbix BOJIC;
HaBBIKAMH pacueTa JuarpaMMbl ypOBHEH | HABBIKAMU pacueTa JuarpaMMmbl YPOBHEH
ONTHYECKOTO CUTHaJIa | ONTHYECKOTO CUTHaja
JumHHonponeTHbix BOJIC. JmHHonponetHbix BOJIC.

Cpennnii IIK-1.1 3naem: Cpeone 3naem:

YPOBEHb o0Ire TeXHWYEeCKHe TpeOOBaHHS K | OOIIME TEXHHYECKHEe TpeOOBaHUS K
ONTHUYECKUM YCHIIUTEIISIM; ONTHYECKUM YCUITUTEISM;
du3nYecKkue  MPUHLUINBI  YCUJICHHUS | QU3MYECKHE  TPUHIUIBI  YCHJICHHS
ONTUYECKOT0 CUTHAJIA; ONTHUYECKOTO CUTHAJIA;
TIPHHITATT JEeHCTBUS, OCHOBHBIC | TIPUHITATI NeNCTBUS, OCHOBHBIE
napameTpsl u XapaKTePUCTHKH | TapaMeTpPbl u XapaKTePUCTHKU

PAa3JINYHBIX ONTUYECKUX YCHUIIUTENEH;
MEPCIIEKTUBHBIE HANPABIICHUS Pa3BUTHUSA
armapaTypbl ONTHYECKUX YCUIINTEIIEH.
IIK-1.2 ymeem:

paccUMTHIBATH XapaKTEPUCTUKU
ONTHUYECKUX YCUIIUTENECH;

MIPOU3BOJUTH U3MEPEHHUS XapaKTEPUCTUK
ONTHYECKUX YCUIIUTEIIEN pu
pa3IMYHBIX CXEMaxX MX BKJIKOYEHUS B
JIMHEUHBIN TPAKT;

paborath c TEXHUYECKON
JIOKYMEHTALUEH;
pacCUMTHIBaTh  JAWArpaMMbl  YPOBHEH

JnuHHonponetHsix BOJIC;

Pa3IMYHbIX ONTUYECKUX YCUIIUTENEH;
NEPCIIEKTUBHBIE HAIPABICHUS PAa3BUTHSA
anmnapaTypbl ONTHYECKUX YCUIIUTENEH.
Cpeone ymeem:

paccuuThIBaTh XapaKTePUCTUKU
ONTUYECKUX YCHIINTEIEH;

MIPOU3BOJIUTH U3MEPEHHUS XapaKTEPUCTUK
ONTHUYECKUX YCUIIUTENEN pu
pa3IMYHBIX CXEMax HX BKIIOYEHUS B
JIMHEUHBIN TPAKT;

paboratb c TEXHUYECKON
JIOKyMEHTaIUeH;
paccuUMTBIBaTh  JAMAarpaMMbl  YpOBHEH

JqnuHHonponetHsix BOJIC;




IIK-1.3 énaoeem:

HABBIKAMU MOJIb30BaHUS
U3MEPUTENIbHBIMU TPHUOOPaMU,
HABBIKAMU MIPOEKTUPOBAHHUS

MMPOTAKECHHBIX BOJIOKOHHO-OIITHUYCCKHUX
CUCTCM IHepcaaun C MNCPpUOANYCCKUM

YCUIICHUEM;
HaBbIKaMU MMOCTPOCHUA AuarpaMMbl
ypOBHeﬁ OIITHYCCKOTI'O CHUIrHajia

nnuHHonposietHsix BOJIC;

HaBBIKAMH pacyeTa JuarpaMMbl ypOBHEH
OITHUYECKOTO CUTHAa
JqiuHHonposieTHeix BOJIC.

Cpeone eénaoeem:

HABBIKAMU MOJIb30BaHUS
M3MEPUTENIbHBIMU TPUOOPAMU,
HABBIKAMU MIPOSKTUPOBAHHUS

MPOTSAXKCHHBIX BOJIOKOHHO-OIITUYCCKHUX
CUCTEM IHepcaadyn C MNECPpUOANYCCKUM

YCUIICHUEM,
HaBBIKaMU IMOCTPOCHUA AuarpamMmal
ypOBHCfI OIITHYCCKOI'O CHUT'HaJIa

nnuHHonponeTHsix BOJIC;
HaBBIKAMH pacyeTa IuarpaMMbl ypOBHEH
OINTHUYECKOTO CHTHana
JniuHHomnposeTHbix BOJIC.

Bricokuit
YPOBEHb

IIK-1.1 3naem:

o0mme TEeXHUYECKHEe TpeOOBaHUS K
OINITHYECKUM YCHITUTEIISM;

¢usuveckue - TPUHIMIBI  YCUJICHHS
ONTUYECKOTO CUTHAJIA;

NPUHIINAT JEeUCTBHA, OCHOBHBIE
napameTpsl u XapaKTePUCTHKH

Pa3IMYHBIX ONITUYECKUX YCUIIUTEINIEH;
NEPCIIEKTUBHBIE HANPABICHUS Pa3BUTHS
annaparypbl ONTUYECKUX YyCUIUTEIEH.
IIK-1.2 ymeem:

paccuuThIBaTh XapaKTEPUCTUKHU
ONTHUYECKUX YCUIIUTENEH;

IIPOU3BOJUTH U3MEPEHNUS XapaKTEPUCTHK
ONTUYECKUX yCcUIUTeNnen npu
pa3M4YHBIX CXEMax MX BKIIOUEHHUS B
JIMHEUHBIN TPAaKT;

paboTarth c TEXHUYECKOMH
JIOKYMEHTAIEH;

paccuuThIBaTh  JUArpaMMbl  YpOBHEH
nuHHONposneTHeIX BOJIC;

IIK-1.3 énaoeem:

HaBLIKaMHU MIOJIL30BAHUS
U3MEPUTENbHBIMH IPHOOPaMU,
HaBLIKaMHU MIPOCKTUPOBAHHUS

MMPOTAKCHHBIX BOJIOKOHHO-OIITUYCCKUX
CUCTEM nepcaadn C MNECPpUOANYCCKUM

YCUIICHUCM;,
HaBBIKaMU MOCTPOCHUA JAuarpaMMbl
ypOBHefI OIITHYCCKOI'O CHUTrHaJ1a

nuHHONponeTHeIXx BOJIC;

HaBBIKAMH pacyeTa AuarpaMMbl ypOBHEH
OITUYECKOTO0 CUTHAJIA
JiuHHonponeTHsix BOJIC.

Xopouwio 3naem:

o0mme TEeXHUYECKHe TpeOOBaHUS K
ONTUYECKUM YCHIIUTEIISAM;

¢usnyeckue - TPUHIMIBI  YCHIJICHHS
ONTHUYECKOT0 CUTHAJIA;

IIPUHLIAII NEeUCTBYS, OCHOBHBIE
rapameTpsl 51 XapaKTePUCTUKU

Pa3IMYHBIX ONTUYECKUX YCUIINTENIECH;
NEPCIEKTUBHbIE HAIPABJICHUS PA3BUTHUS
anmnapaTypsl ONTHYECKUX YCUIIUTEIICH.
Xopout ymeem:

paccuuThIBaTh XapaKTEPUCTUKU
ONTHUYECKUX YCUIIUTENEH;

IIPOU3BOIUTH U3MEPEHHUS XapaKTEPUCTHK
ONTUYECKUX yCUIIUTENEH npu
pa3IMYHBIX CXEMax MX BKIIOUEHUS B
JIMHEHHBIN TPAKT;

paboTarthb c TEXHUYECKOH
JIOKyMEHTaLEH;

paccuMThIBaTh  AUArpaMMbl  YpPOBHEM
nnuHHONponeTHhIX BOJIC;

Xopow eénaoeem:

HaBBIKAMHU MOJIb30BaAHUS
M3MEPUTENbHBIMH TPUOOPAMU,
HaBBIKAMHU MIPOCKTUPOBAHUS

MPOTAKCHHBIX BOJIOKOHHO-OIITUYCCKUX
CUCTEM IMCpcaadyu C MNECPUOANYCCKUM

YCUIICHUCM;,
HaBBIKaMU IMOCTPOCHUA AuarpaMMbl
ypOBHeI\/’I OIITHYCCKOI'O CHUT'HaJIa

nnuHHOTponeTHhIX BOJIC;
HaBBIKAMH pacueTa JuarpaMmbl ypOBHEH
OINTHYECKOTO CHTHaJa
JnuHHOonponeTHsIx BOJIC.,

2.2 Tabnuiia COOTBETCTBHSI PE3yIbTATOB MPOMEKYTOUHON aTTECTAIMH O JUCIUILINHE YPOBHIO
sTana (GOPMUPOBAHKS KOMIIETEHITUN

Kox uannkaropa
[xamna LR P YpoBeHb OCBOCHUS
dopmMa KOHTPOJIA TOCTU)KEHUS
OLICHHUBAaHUS . KOMIIETEHIINHT

KOMIIETEHITH
.. .. TIK-1.1 BBICOKHH
3ayér 3auér -
TIK-1.2 CpeHUM




| | TK-1.3 |

HU3KUU

3. MeTtoauyeckue MaTepuaJbl, onpeaesiiouye Npoueaypbl OeHMBaHUS

[Iponiecc  oneHuBaHuWsi 3HAHUM, YMEHUN, HABBIKOB U (WJIM) ONBITA JESATEIBHOCTH,
XapaKTepU3YIOMIUX ATanbl (OPMUPOBAHUSA KOMIIETEHIIMM, MpencTaBieH B TalOnuuax mno Gopmam
o0yueHusI:

OueHouHbIE
Tun 3ansaTus Tema (paznen) H
cpencTBa

IIK-1.1 3naem:. oOmuye TEXHUYECKHE TPEOOBAHHMSA K ONTHYCCKUM YCHIUTEISAM; (U3ndecKue
MPUHIIAIIB YCWICHHUS ONTHUYECKOTO CUTHAJNA, MPHHIMII JEHCTBHUS, OCHOBHBIC NapaMeTpbl U
XAPAKTEPUCTHKH Pa3IMYHBIX ONTHYECKUX YCUJIMTEJICH; MEPCIICKTUBHBIC HANPABICHUS Pa3BUTHS
anmnaparypbl ONTHYECKUX YCHUITUTEICH.

Jlexuns Bce pazzensl IUCUUILTAHBL Hluckycens
3auet
HccnenoBanue xapakTepuCTHK onTuyeckux ycunutened  |JlaGopaTopHas
EDFA pabora
JlaGoparopHas .
habora Uccnenosanne EDFA YCI/IJ'II/ITCJ'ICI:I B cucteMax DWDM 3arura §
HccnenoBanne EDFA ycunuTeneil B JUIMHHONIPOJIETHBIX  |1Ta00OPaTOPHOMA
BOJIC paboTHI
Pacuet nuarpamMmmbl ypoBHEN ONTUYECKOTO CUTHANA [IpakTueckas
[IpakTrueckoe nnHHonposetHor BOJIC paboTa.
3aHsITHE Pacuer OSNR nnunnonponernoit BOJIC WuauBuayaibHoe
Pacuer napamerpoB ROA 3a7aHue
OTtyeTsl 110
[MPAKTUYECKUM U
CamocrosiTenbHas 1abopaTOpPHBIM
Bce pa3nenbl AucuumiMHbI
pabora paboTam.
[ToaroroBka k
3auery

IIK-1.2 ymeem: paccUuTHIBATh XapaKTEPUCTHKH ONTHYECKUX YCHUIINTEICH;
U3MEPEHUS] XapaKTePUCTHK ONTHYECKUX YCHIIMTENICH MpPU Pa3IMYHBIX CXEMaxX WX BKIIIOUEHHS B
JIMHEHHBIH TpakT, paboTaTh C TEXHUYECKOW JOKyMEHTallMed; pacCUMThIBaTh JUarpaMMbl
ypoBHell nnuHHonpoaeTHbIX BOJIC

IIPpOU3BOJUTDH

Jluckyccus
Jlextmst Bce pazaensr nucuIuiMHbI
3auer
HccnenoBanue xapakTepUCTHK onTUdeckux ycunutene  |JlaGopaTopHas
EDFA pabota
JlaGopatopHas .
a60Ta Uccnenoanne EDFA ycunureneii B cuctremax DWDM 3amura
P Uccnenoanne EDFA ycunurtenel B ITUHHOMPOJIETHBIX  |Tab0paToOpHOI
BOJIC paboThI
PacueT nuarpamMmel ypoBHEN ONTUYECKOTO CUTHAA [IpakTueckas
[IpakTrueckoe nnHHOonposnetHor BOJIC paboTa.
3aHITHE Pacuer OSNR gnunnonponernoit BOJIC NuauBuayanbHOe
Pacuer napamerpoB ROA 3a/1aHKE
Ot4eTsl IO
MPAaKTUYECKUM U
CamocrosiTenpHas 1ab0paTOPHBIM
Bce paznensl nuCuIInHbI
pabota paboTtam.

[loaroroBka K

3aueTy




I1K-1.3

eénaoeem.

HaBbIKaMHM  II0JIb30BAHHA HU3MCPHUTCIBHBIMHA an6opaMH,

HaBBIKaMU

IMPOCKTUPOBAHUA MPOTAKCHHBIX BOJIOKOHHO-OIITHYCCKHUX CHCTCM MNCpeaavyu C MNCPUOIUYCCKUM

YCUJICHUEM;

HaBBbIKaMU

MIOCTPOCHMSI  JUarpaMMmbl  YpOBHEM

OIITUYCCKOI'O

CHI'HaJia

nuHHONposieTHbix BOJIC; HaBbikaMu pacuera guarpaMMbl YPOBHEW ONTHYECKOTO CHUTHAalIa
nmHHOTNIposieTHBIX BOJIC

Jluckyccus
Jlexuust Bce pazaenbl nucuuIuiMHb
3auet
HccnenoBanue xapakTepuCTHK onTuyeckux ycunutened  |JlaGopaTopHas
EDFA paboTta
JlaGopaTopHas .
aGoTa Uccnenosanue EDFA ycunuteneit B cucteMax DWDM 3amura
P UccnenoBanne EDFA ycunuTeneil B JUIMHHONIPOJIETHBIX  |Ta00OpaTOpHOMA
BOJIC paboTHI
Pacuer nuarpaMmbl ypOBHEM ONTHYECKOTO CUTHANa [IpakTuyeckas
[IpakTueckoe nmHHoIposetHoit BOJIC pabora.
3aHATHE Pacuer OSNR mmunanomnposnernoit BOJIC NunuBuayanbHoe
Pacuer mapamerpoB ROA 3a7aHue
Otuetsl IO
[IPAKTUYECKUM U
CamocrosiTenbHas 1abopaTOpPHBIM
Bce pazzensl IUCUUILTAHBL
pabora paboTam.

[loaroroBka K

3ayery




4. TunoBble KOHTPOJILHbIE 32 IAHUS
Hpel[CTaBI/ITB OIWH NMPUMEP 3aJaHUs 1O KAXKAOMY TUITY OHCHOYHLIX CPCACTB AJIA Ka)KHOﬁ
KOMITETCHIINH, (OPMUPYEMON JTAaHHOHN AUCIIUTUIMHOM.

[1K-1 Crioco6eH K 3KCITyaTalliy U pa3BUTHIO CETEBBIX MIATPOPM, CUCTEM U CeTel
nepesayu JaHHbIX

IIK-1.1 3naem: oOuye TeXHUYECKUE TPEOOBAHUS K ONITUYECKUM YCHUIUTEISIM; (DU3UUICCKUE
MIPUHIIMITHI YCUJICHHUS] ONTHYECKOTO CUTHAJA; MPUHIUT ICHCTBUS, OCHOBHBIC TapaMETPhl U
XapaKTEPUCTHKH PA3IMYHBIX ONITUYCCKUX YCUIIUTENICH; IEPCIICKTUBHBIC HAITPABIICHHS PAa3BUTHS
anmnapaTypbl ONTHYECKUX YCHUITHTEICH.

Koncnekr nexkuun Ha temy «EDFA yenimrean»

BonokonHo-ontuueckue ycunurend (BOY) momyunnm nHambosnbliiee pacpocTpaHeHHE B BOJIOKOHHO-
OINITHYECKUX CHCTEMAX Mepeaayr. ITO CBSI3aHO C PSIIOM X HEOCTIOPUMBIX JOCTOMHCTB:

e MIPOCTOTa KOHCTPYKIIUH;

* BEICOKAsI HAJIE)KHOCTH;

Oonpure K03 OUIMEHTH! YCHICHHUS;

® MAJIBIC IITYMBEI;

e IIMPOKast OJI0CA YCHIICHUS;

® HEUYBCTBHUTEIBHOCTH K MOJSAPHU3AINN YCHIMBAEMOTO CBETA.

B npumecusix BOY B KauecTBe aKTUBHOT'O MaTepHaia UCIIOIB3YIOTCA pPeIKO3eMeNbHbIE d1eMeHTHI (P30)
(wnu nanTaHUABI - dneMeHThI ¢ 57 o 71 B [lepuoanueckoit Tabnuue .M. Menneneesa).

B mporecce msroroBnenuss B cepaednuk OB mobapmstorcs mpumecH. JWHA JETHPOBAHHOTO TaKUM
obpazom OB 3akmrouaercst B mpeziesiax OT OJHOTO JI0 HECKOJNBKHX JIECATKOB METPOB. B mpakTuyeckux cxemax
KaTyuika OB IMOAKIIIOYACTCA Y€pe3 CICHUAIBHBIC Pa3beMbl K JAPYIUM DJJICMCHTAM CXCEMbI OITHYECKOI'O
YCUIIATETIS.

obonoyka i nokpbiTne OB

cepaueBuHa

........ (
obnacTtb

nprMecu

-

-

\

-
B e R TR e (g . B

HoHbl penko3eMenbHBIX METANIOB CO3/IAI0T aKTHBHYIO Cpelly U YCHJICHHUSI B OIPEIENICHHBIX MOJI0Cax
JUIMH BOJIH, COOTBETCTBYIOIIMM IIOJIOCAaM IOTJIOLICHMS JIETHpYoLero mMarepuana. [IpuMecHble MOHBI MOTYT
OBITH JIETKO BO30YKAeHBI (TiepeBelieHbl Ha 0oJiee BBHICOKUI 3HEPreTHYECKUH ypOBEHb) M3YUEHHEM JIa3epHOU
HAKa4YKH COOTBETCTBYIOIIUX JJIMH BOJH W Jaliee OTHOCHUTENHHO JIETKO MOTYT (IOJ JEHCTBUEM HPUHSTOTO
MH(OPMAITMOHHOTO CBETOBOTO CHTHANIa) COPOCHUTH BO30YXKICHHBIE 3JIEKTPOHBI HAa HIDKHUN yPOBEHb B IIpOIlecce
penakcanuu.

OTOT NMpoIecC MOXKET HE YKJIAABIBATHCS B IBYXYPOBHEBYIO MOJIEINb B3aUMOCHCTBYS, IPUHATYIO paHee B
KayecTBE OCHOBHOM, TaK KaK OH MOXKET IMPOXOJIUTh Kak 0e3 H3ITy4eHNs], TaK U ¢ UITyuYeHHEM ()OTOHOB.

Br10op nerupyroiero aneMeHTa ornpeaensercs TpeOyeMbIM Al YCUIICHUS IUana30HOM JJIHH BOJIH:

- tymuii (Tu) u urrepowuii (Yb) — s ycunenus B oonactu 800 HM;

- meoauM (Nd) u mpazeoaum (Pr) - amst ycuinenus curaanos B okae 1300 Hwm;

- opbwmii (Er) - nns ycunmenus curHaioB B okHe 1550 HM.

HawuGonpimee npumenenue nonyuynin IpoueBbie BOY (EDFA - erbium-doped fiber amplifier). B
JTAHHBIX YCHIIUTENAX MPUMEHSIETCS ONTHYecKas Hakadka. B kauectBe ncrounmnka npumensiercs JIJ1 ¢ 2,=980 um



uwm A =1480 um.

IIpn wucnonmszoBanmu Ay=980 HM TIpOIleCCHl B YCHJIMTENIE NPOTEKAIOT II0 TPEXYPOBHEBOW CXEME,
WCTIONB30BaHKE ATOU JJTMHBI BOJHBI CHIKAET BO3JICHCTBHE COOCTBEHHBIX LITYMOB YCHIIATEIIS.

Hnst Ay =1480 HM mpolecc MPOTEKAeT MO ABYXYPOBHEBOM CXeMe U CHIKAETCSl TOYHOCTh HACTPOMKH ISt
JUIMHBI BOJIHBI W3-3a IIMPOKOI'0 Mara3oHa MOMJIOEHUS 3HEPIHH B 3TOM JHalla30He.

Hakauka Ha A+=980 HM wmm 1480 HM BBOOUTCA B ONpENENCHHBI TOpEl NPUMECHOTO BOJIOKHA
COHAIIPAaBJIEHHO WM IPOTHUBOHAIPABIEHO OTHOCHUTEIBHO MOJE3HOrOo cUrHana. s MOIy4deHHsS BBICOKOTO
ko3 duLmeHTa yCuneHus MOXXeT IPUMEHAThCA ABYCTOPOHHSS HAKAUKa OT Pa3JIMUHBIX JIa3epOB HAKauKH.

Cnalpiii ontueckuii curaan Ha A=1550 uM yepe3 ontuueckuii nzonsatop (ON) u 6ok GUIBTPOB IS
BonHbl Hakaukn (B®H) mocrymaer B mpuMecHOE ONTHYECKOE BOJOKHO. JlaHHOE BOJOKHO TIOABEpPraeTcs
HETPEPHIBHON HaKauke, IPU 3TOM CO3/1aeTCsl MHBEPCHUS HETMHEHHOCTEH MEXIy OCHOBHBIM M METaCTaOHMIbHBIM
ypoBHeM. BsaumopeiictBue B030YKICHHBIX aTOMOB 3pOusi C (OTOHAMH BXOIHOTO CHTHaja TMPHUBOAUT
BBIHY)KICHHOMY H3JIy4€HHIO, B Pe3ylbTaTe KOTOPOro (opMHpYeTCs KOI€pPEHTHBIE BOJIHBI, IIPUBOAALINE K
YBEJIUYEHHIO MOIHOCTH I0JIE3HOTO curHajia. CHeKTpalbHO CEeNeKTHBHBIM Pa3BETBUTEIb BHIBOJUT yCHUIICHHBIN
ontudeckuil curnan yepe3 OU B BBIXOJJHOE BOJIOKHO.

Bnok dunsTpoB Ans BonHa Hakauku YeuneHHbli
BOMMHbI Haka4kn Eb\XO/ZlHOVI curHan

Cnabbiit BXOAHOM /
curkan

—
—
OnTuyeckuii BonHa CenekTuBHbIA OnTudeckuit

MpuMecHoe BonokHO \\ \
uzonaTop Hakauku passeTsuTenb u3onaTop

BbixogHoi curian

_

A H
Hakadka —3 HecTabuneHeIA YOOBEHR
80 HM Beanamyyatent -
HeIR Nepexog
Hakauka X MeTacTabHNEHEIA YpoBEHs
1480 HM YCHNeHWe
s 1500 - CNOHTAHHEIR Nepexo
Arpe|Boe 1B00 HM .

CCHOBHOWR 3HEepreTHYeCHHA
YROBEHE MOHE 3pBKra

Bo30yx1€HHbIE aTOMBI, KOTOPbIE HE B3aUMOJICHCTBYIOT C BXOJHBIM CUTHAJIOM, CIIOHTAHHO MEPEXO/IAT Ha
OCHOBHOW YpOBEHb U CTAHOBSATCS HCTOUHHKOM ONMUYECKO20 uiyma. DTOT IIyM TakK K€ yCHUIIMBAETCS W HOCHUT
Ha3BaHUE wyma ycuienno2o cnonmannoz2o usnywenust (ASE — Amplified spontaneous emission).

Baxxnoit ocobennoctero EDFA siBrisiercst To, 9T0 3(pexT ycuiieHus: He 3aBUCUT OT CKOPOCTH CUTHaja U
ero xapakrepuctuk. EDFA uMeror B 00sacT JuiMHbI BOJIHBL 1550 Hm mojiocy ycuiieHus, paBHyto 35 um. OHu
00J1a1ar0T CIoCOOHOCTHIO OHOBPEMEHHO ycriuBaTh MHOKecTBo WDM kananos B auanazone 1530...1565 am.
Koaddumment ycunenus G=10...40 nb.

Koappuyuenm ycunenus G - onpenesnsiercsi U3 COOTHOIICHHUS:

P
G- _BBIX ,

PBX

rne Pgpix 1 Pppry - MOITHOCTH (TIOJIE3HBIX) CHUTHAJIIOB Ha BXOJIE M BBIXOJIE YCHIIUTENS, a JIOTapu(hMUUECKHMA
9KBUBAJIEHT OllpeielisieTcs 1o Ghopmylie:

g=10lgG (ub).

KOE)(b(I)I/II_II/IeHT YCUJICHHUS CUT'HAJIa 3aBUCUT OT €TI0 BXOJHOM AMIUIMTYAbl U JJIMHBI BOJIHBIL. HpI/I



MaJIbIX CUTHaJaxX aMIUIMTyAa BBIXOJHOTO CUTHaja JMHEWHO PacTe€T ¢ POCTOM BXOJHOTO CHUTHAJA,
KOA((UIIMEHT yCUJICHHS] JOCTUTAeT IMPH 3TOM CBOETO MAaKCHUMAIIbHOTO 3HaueHus. [lpu Gombiom
BXOJIHOM CHUTHAJI€ CHUTHAJ HA BBIXOJE JOCTUTAET CBOEr0 HACBIIMICHWS, YTO MPUBOJAUT K MAJACHUIO
kodpunnenta ycunaeHus. OOBICHIETCS 3TO CIETYIOUUM 00pa3oM.

B mporecce ycuiieHUs ONTHUYECKOTO CHTHANA MPOHMCXOJHT IOCTENICHHOE OOCTHEHHE HACENEHHOCTH
nHBepcHOH (ycmnmBaromieit) cpensl. [lockonmpky wmHBepcHas cpema BOY pacmpenenenHa mo Bcel UiMHE
AKTHUBHOTO BOJIOKHA, CTENEHb OOCAHEHUS MO Mepe PacHpOCTpPaHEHHs YCHIMBAEMOTO CHUTHAala BO3PACTacT U B
KBaHTOBO-PHEPT€TUUECKOM  OTHOIIGHUH Cpelda CTPEMHUTHCS K HACHIIICHHIO, KOTAAa HAacelIEHHOCTH
MemacmaduibHO20 U OCHOBHO20 YPOBHEH BBIPABHUBAIOTCSI.

CkopocTh M cTeneHb OOETHEHHs HACEIEHHOCTH 3aBUCUT OT CpeJHEeld MOIIHOCTH YCHIMBAEMOTO
ONTUYECKOT0 CHUTHANA, TO €CTh OT YHucCiia (POTOHOB, NMEPECHOCHUMBIX CHUTHAIBHBIM H3IydeHueM. Eciu dumcio
(hOTOHOB BO MHOTO pa3 MEHbIIIE, YeM YHCIIO JIEKTPOHOB Ha BO30YXAEHHOM (HEyCTONYHNBOM) YPOBHE, TO 3TO B
MaJIOi CTETeHW CKa3bIBacTCsS Ha HACEIEHHOCTH, TaK KaK YObIBAaHHE 3JICKTPOHOB W3-32 BO3JCHCTBHS CHTrHalia
yCIIeBaeT KOMIICHCHPOBAThCA 3a CYET W3IydeHUs Hakadyku. [Ipu 3tom ko3ddunment ycunenus BOY
MaKCUMaJICH.

I[lo mepe Bo3pacTaHusi 4YKWclIa CHTHAIBHBIX (OTOHOB, KOMIICHCUPOBAHHE 4YHCIA DICKTPOHOB Ha
MeTacTabUIBHOM YpOBHE IMOCTENEHHO ociabeBaeT W MPH HEKOTOPOM 3HAYEHWH MOLIHOCTH BXOIHOTO
OINITUYECKOT'0 CHTHAJa HACTYTMAaeT HACHIICHHE.

Ha pucynke npezacraBineHa KpuBasi 3aBHCHMOCTH BbIXOJHOH MommHOCTH EDFA 0T MOmHOCTH BXOJHOTO
cUrHasa.
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W3 atoro rpaduka BUAHO, YTO BBIXOAHAS MOITHOCTh BO3pacTaeT JUHEWHO TMPH YBEIHMYECHUH YPOBHS
BXOJIHOTO curHaiia B npenenax ot — 40 10 —10 nbwm (obnacte A — B), a npu naneHeieM yBeIMYCHUHA BXOTHOM
MOIITHOCTH HAaYMHAETCS M3TM0 KPHUBOW M NPH YPOBHE BXOJHOTO CHUTHaNa mpuOiusntensHo 0 nbm HacTymaet
HaceimeHune. [lpuuéM, BbIXOMHAs MOIMHOCTh HachlmeHus: (Pu.) ompenensercs 3HauYe€HUEM BBIXOJIHOW
MOIIHOCTH, TIPU KOTOpO# ycuieHne nanaeT Ha 3 n1b. Korma ypoBeHb BXOJHOW MOITHOCTH CTAHOBHTCS TaKOTO
e MOPSJIKA, YTO M BEIXOJTHOM, KpUBAs UAET BHHU3 U YCUIICHHE YMEHbBIIIACTCSI.

B coBpemennbsix BOCII, B kotopeix npumenstorcs EDFA, ckopocts nepenaun pasna 155 Mour/c ... 10
I'out/c. Ilpum TakuX CKOpPOCTSAX JUIMTEIBHOCTH OINTHYECKHX HWMITyJIBCOB JIeKAT B TpeAeNaX OT €IUHHII
HaHOCEKYH/ JI0 JIECSITKOB MUKOCEKYHI.

Taxast ITUTENTFHOCTH BO MHOTO pa3 (OT JECATKOB JIO0 THICSY Pa3) MEHbIIIE BPEMEHH KU3HH HACETIEHHOCTEH
BO30YXAEHHBIX ypoBHeW. llosToMy 3a BpeMs CHUTHaJIbHBIX HWMITYJIbCOB CYIIECTBEHHOTO YyOBIBaHUS
HaceNEHHOCTEH He MPOUCXOJUT U CUTHAIl ycHiuBaeTrcsi 06e3 mckaxeHus Gopmel. [1o 3Toi mpHUMHE CHCTEMBI
BOCII ¢ onTrueckuMu yCHIUTEIIME padoTaroT B oosacty Hackimenus (B — T Ha kpuBoit).
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Koagppuyuenm wyma (wym-gpaxmop) onpenensiercs mo hopmye:

NF =10lg (ch /(ch
Puw 6x.yc Puw 6bIx.yC

Jua peansabix yeunureneit NF >31b u moxer gocturats 6-8 nb.

IIK-1.2 ymeem: pacCUuuTHIBAaTh XapaKTEPUCTUKU ONTHUYECKUX YCHUIIUTENEH; IPOU3BOIUTD

M3MEPEHUS XaPAKTEPUCTUK ONTUYECKUX YCHIIUTENIEH P Pa3IMUHbIX CXE€MaX X BKIKOYEHUS B
JUHEUHBIN TPaKT; paboTaTh C TEXHUYECKOU JTOKYMEHTAIMEN; pACCUUTHIBAThH IUArpaMMbl YPOBHEH

ninuHHOMNposeTHbix BOJIC

I[NPAKTUYECKOE 3AHATUE

Pacuyer napamerpos ROA

1 ean padoThI:

1.1

OcBoeHME METOIMKHU pacyeTa HapaMeTpoB PAMaHOBCKOI'O ONTHYECKOTO YCUIIUTEIS.

2 IloaroroBka Kk padoTe:

2.1
2.2

IToaroToBUTH OJIAHK OTYETA, B OTYETE OTPA3UTH IIENb PA0OTHI, OTBETHI HA KOHTPOJIBHEIC BOMPOCHI.
[IpopabGoTaTh KOHCTIEKT JIEKIIHIA.

3 3aganue n MeTOIHYECKHE YKAZAHMS:

3.1

IIo PUCYHKY 1nu HCXOIHBbIM TA0JIMYHBIM JAaHHBIM ONPEIAC/INTD paMaHOBCKI/Iﬁ KOZ)(l)(l)HIIHeHT

yCcuJieHus JR.
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Pucynok 5.14 - Koa¢dduimeHT paMaHOBCKOTO YCUJICHHUS B
CTaH/IapTHOM ONTHYECKOM BOJIOKHE (HaKadka Ha JJIMHE BOJNHEI 1445 HM)

Taoauna 1 — Ucxoanple JaHHbIE

Bapuant A, HM Asppy MKM? Ksrs L, km
0 1520 50 2,0 50
1 1525 50 1,8 80
2 1530 55 1,7 65
3 1535 55 1,8 70
4 1540 55 2,0 45
5 1545 50 2,0 83
6 1550 52 1,9 49
7 1555 53 1,8 57
8 1560 54 1,7 68
9 1565 56 1,6 73
10 1550 60 2,0 55




11 1530 65 2,1 65
12 1528 62 2,2 75
13 1555 63 2,1 80
14 1540 67 2,0 72
15 1530 68 2,3 49
16 1520 70 2,4 59
17 1560 71 2,5 69
18 1565 72 2,6 73
19 1540 75 1,7 81
20 1525 59 15 960

3.2 PaccyuTaTh 3HaYeHHE MOPOrOBOii MOIIHOCTH NMPOSIBJIEHUS BBHIHYKIEHHOT0 KOMOUHAIMOHHOTO
(pamanoBckoro) paccesuusi (Ppkp) onTuueckoro curHajga Ha QuaykTyanusx MoJieKyJd KBapua
ONTOBOJIOKHA.

IToporosast MmotTHOCTE Ppip paccunteiBaercs o ¢opmyie (1):

16 N A,pp * Kps

g R L3(])(]7

: )

Pop =

rac KSRS_ YHCJIOBOC 3HAYCHUE, 3aBUCALICE OT MOJIAPU3AITUOHHOI'O COCTOAHMA BOJIHBI,

9, paMaHOBCKHI KOG GUINUEHT yCUIICHUS,

A oo 3¢ (heKTHBHAS TUTOIIAH SIAPA ONTOBOJIIOKHA;
el

L o addextusnas anuaa OB, onpenensemast u3 BeIpakeHus (2):
4,343
La(])(j)[mf] = o [l - CXp(— 0,23 aL[KH] )] (2)

rie 0 — KWJoMeTpUYecKoe 3aTyXaHue ONTOBOJOKHA Ha padoyeil JJIMHE BOJIHBI;

L — ¢pusnueckas nmmua BOJIIL.

3.3 MMocTpouts 3aBUCHUMOCTD Logp. (L) 11 Pprp(L).

Hpumeuanue. 1llar ¢usuyeckoii AIHHBI BOJIHBI OpaTh paBHoOi 50 kM. CoorHomenue Pggp(L)
NMOCTPOUTH B JorapugmMuyeckoii 3aBHCUMOCTH, BOCIO0JIb30BABIINCH BhIpaxeHueM (3):

| A3<}f"1f7

3.4 PaccunTaTh MOLIHOCTHh HAKAYKU PaMAaHOBCKOro ycuiauresist (P,). Beinunna P, HaxoauTcest U3
BbIpa:keHus (4):

P, L
GR :expg—R—” (4)

A ahp

rie g - paMaHOBCKHI KO3 GHULNEHT yCUIICHUS,

L — ¢puznueckas gauna BOJIIL.

A o 3¢ deKTHBHAS TUIONIA/h SI/IPa ONTOBOJIOKHA.
2¢)q
3.5 Moctponts rpadux 3aBucumoctu P,(L).
3.6 Paccuntath k03(punuent myma NFr BKP-ycuaurensi, 1jis 3TOro cjieayer BOCHOJb30BATHCS

BbIpa:keHHeM () onpeeasieTcsi U3 BbIpa:keHus (5):

2
In G,

NF, = : ()

rae Gr— K03 QUIMEHT YCUICHH pAMaHOBCKOT'O YCHIIUTEIIS.




[Ipumeuanne. Pacder mpomssectn mist mmmHBl BOJIIL. Benwmumua L Gepercss w3 BapuaHTa IIEPBOTO
MPAKTHIECKOTO 3aHSTHSL.

3.7 HoctpouTts 3aBucHMOcTh NFr o1 mymmaBl BOJIIL

3.8 Cpenare BbIBOABI N0 paGore. B BBIBOAE OCHOBHOW aKIEHT O00paTMThL BHUMaHHMe HAa
3(eKTHBHYIO JJINHY YCHJIMBAEMOT0 YYacTKa, TO €CTh, KAKOBA MaKCHMAaJIbHasl AJHHA YCHINTEIHLHOTO
Y4aCTKa, CKOJIbKO HY:KHO TAKHX YCUJIMTeJIeil, U caMoe IJIaBHOe, VINHA PereHepaluoHHOI0 y4acTKa.

4 KoHTpPOJbHbIE BONPOCHI:

4.1 TlosicHNTb MeXaHM3M YCHJIEHHSl ONTHYECKOT0 CHIHAJIA PAMAHOBCKHM ONTHYECKHM
ycuaurtenem?

4.2 U300pa3uTh CTPYKTYpPHYIO cxeMy HauHHonposaeTHoii BOJIII na ocioBe ROA ycuaurensi?

4.3 Kakue nuHbI BOJTH Hakauku npuMeHsioTes B ROA ycuiaurensix?

5 Conep:xaHue oT4yeTa:

5.1 Heanb pa6doThI.

5.2 3aganue u UCXOAHBIE JaHHbIE.

5.3 Pacuernsl napamerpoB ROA ycununrens. luarpamma ypoBHSI ONTHYECKOr0 CUTHAJIA.
5.4 BeiBoanbl mo padore.

5.5 OTBeTHI Ha KOHTPOJIbHbIE BONMPOCHI.

IIK-1.3 6nadeem’: HaBBIKAMH TTOJIH30BAHMS H3MEPUTEITHHBIMU TIPUOOPAMU, HABBIKAMU
MIPOEKTUPOBAHUS IPOTKEHHBIX BOJIOKOHHO-ONTUYECKUX CUCTEM IEepeAadu ¢ NEPUOIUIECKUM
YCWJICHHEM; HaBBIKAMH IIOCTPOCHHS IMarpaMMbl YPOBHEH ONTHYECKOTO CUTHAJA JJIMHHOMPOJIETHBIX
BOJIC; naBblkamu pacueTa AuarpaMMbl YpOBHEH ONTHYECKOT0 CUTHAJIA JUIMHHOIIposieTHbIX BOJIC

JIABOPATOPHAS PABOTA

Hccnenopanne EDFA ycuimredeii B cuctemax DWDM

1 Heas padoTsi:
1.1 UccnenoBanue EDFA ycunureneit B cuctemax DWDM.

2 TloaroroBka Kk padoTe:

2.1 IloaroroButk OGNaHK OTYETa, B OTYETE OTPA3UTH LIE€TIb PAaOOTHI, OTBETHl HA KOHTPOJIbHBIE BOIMPOCHI,
m1a6J10H Tabmumps! 1.

2.2 IlpopaboTaTh KOHCIIEKT JISKIIUK TI0 TEMATHKe Jab0paTOpHON pabOTHI.

3 Mertoguueckue yKa3aHus M0 BBINOJTHEHUIO PadOTHI:

3.1 3anycrute mporpammy OptiPerformer. Ha xommeiotepe: «auck D:\Kadheapa MOC\BIIO\AKTHBHEIE
ONITHYECKHE KOMIIOHEHTHL...», B OTKpbIBILEHcS manke jaboparopHoil pa®otel Nel, mpaBoil KHONKOH MBIIMIN
nepetanture ¢aiin «JIP2.0Sp» Ha pabouee mose mporpammsr OptiPerformer.

3.2 TlepeHecTn B OTYET CTPYKTYPHYIO CXEMy MakKeTa JIaOOpaTOPHOH YCTaHOBKH IO HCCIIEIOBAHHIO
xapakrepuctuku EDFA ycunurens.

Ipumeuanue. CxeMy NpeiCTaBUTh CXEMAaTHUECKH, B BUIE OJIOKOB C YKa3aHHWEM Ha3BaHWUM 3THUX OJIOKOB.

3.3 3aparp 3nauenusa FiberLength (m), ChannelPower (dBm), PumpForwardPower (mW),
PumpBackwardPower (mW). 3nauenus ykasaHsl B Tabaununei 1.

3.4 OTpa3uTh B 0TYeTE CHEKTP CUrHaJa Ha Beixoae EDFA ycuaurens.

3.5 PaccuutaTh HEpaBHOMEPHOCTHh AMIJIUTYAHO-BOJHOBOI XxapakTepuctuku EDFA ycuamrens.
st 3TOrO0, HA CHEKTpOrpamMMe cjeayeT YBeJMYUTH 00J1aCTh ¢ YCWJIEHHBIMH ONTHYECKUMHM KaHAJaMM,
KaK M0Ka3aHO Ha puCyHKe 1.
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Pucynok 1 — [Ipumep yBetn4eHHO# 00/1aCTH CIEKTPOrpaMMBblI
110J1€3HOT0 CUTHAJIA

3aTeMm, cienyeT U3MEPUTH YPOBHM JBYX ONTHYECKUX KAHAJIOB, ¢ MAKCUMAJIbHBLIM U MUHUMAJIbLHBIM
YPOBHEM, IOCJIe 3TOr0 MPOU3BECTH PA3HUILY MeKIY dITUMH 3HadYeHusMu. [lonydeHHoe 3HaueHue 3aHeCTH
B Ta0auny 1

3.6 IoBToputh nyHkT 3.5 aas apyrux 3Hauvenuii FiberLength (m), ChannelPower (dBm),
PumpForwardPower (mW), PumpBackwardPower (mW) yka3zanubix B Tadauue 1.

Tabauna 1 — Pe3yabTaThl u3mMepeHuii

FiberLength (m) ChannelPower (dBm) | PumpForwardPower PumpBackwardPower
(mW) (mW)

10 -20 150 50

Aaapx = ab

FiberLength (m) ChannelPower (dBm) | PumpForwardPower PumpBackwardPower
(mW) (mW)

10 -20 50 150

Aoapx = ab

FiberLength (m) ChannelPower (dBm) | PumpForwardPower PumpBackwardPower
(mw) (mw)

5 -30 150 150

Aoapx = ab

FiberLength (m) ChannelPower (dBm) | PumpForwardPower PumpBackwardPower
(mW) (mW)

15 -30 50 50

Aaapx = b

3.7 CnesaTs BBIBOIBI 0 padoTe.

4 KoHTpoJibHbIE BONIPOCHI:
4.1 Yro Takoe aMITUTYIHO-BOJHOBas xapakrepuctuka EDFA ycunurens?

4.2 KakoBa 3nauenune HepaBHoMepHOCTH ABX y npombimernoro EDFA ycunmutens?
4.3 OT KaKkux mapaMeTpoB YCUIIMTEIIS 3aBUCHT BeTMYNHA A0ABx?
4.4 Tlpusectu npumep uneansHoii ABX EDFA ycunurens?

5 Coaep:xanue oTuyera:

5.1 Ileab pa0doTHI.

5.2 CTpykTypHas cXeMa MaKeTa JIa0OPaTOPHOIl yCTAHOBKH.
5.3 Tadauna ¢ pe3yibTaTaMu U3MEpPeHHil U pacyeThl MapamMeTpa Adapx.
5.4 CnexTporpammsl Ha Bbixoae EDFA ycnnurtens ajs yersipex Ta0IMYHBIX 3HAYEHMIA.
5.5 BeiBoasI o padore.
5.6 OTBeTHI HA KOHTPOJIbHbIE BONPOCHI.




Tunossie Bonpocskl Kk 3auery

1. Ontuueckuit ycwnrens EDFA, cTpykTypHas cxema, IpUHLINI YCUIIEHUS.

2. Ontuueckuit BKP-ycunurens, CTpykTypHas cxema, MPpUHIUIT YCUIICHHUS.

3. Ontuueckuit BPMb-ycunutens, CTpykTypHas cXeMa, IPUHLUI YCUIICHHUS.

4. Tunsl 1 BUIBI ONTUYECKUX yeunuTeneid. Cxema BKIIFOUEHHUS.

5. XapaKTepUCTUKHU ONTUUECKUX YCUITUTEIICH.

6. OnTuyeckuii yCWIHMTENIb Ha JIETHPOBAHHOM oNTOBOJIOKHE. CTpykTypHas cxema. OkHa
ycusnieHus. [IpuMeHnsiemble peiko3eMeNbHbIE METAJLIbI.

7. Huarpamma ypoBHeW. B kakux equHHIIAX U3MeEpsieTCsl YPOBEHb ONTHYECKOIO CHUTHajla U
ONTUYECKUE NOTEPHU B JIMHUU CBA3U? J(MarpaMMa ypoBHEH - 3TO 3aBUCHMOCTb KaKOIr'O IapaMmerpa OT
kakoro mapamerpa BOJIC? UYro mokas3piBaeT guarpamMma ypoBHEH omnTuyeckoro curhaia? Kak Ha
JuarpamMMme ypoBHEH IOKa3bIBaroTCs onTHueckue norepu? Kak Ha nuarpaMme ypoBHEH IOKa3bIBa€TCs
3aTyXaHue CUTHaja B ONTOBOJOKHE?

8. Ionsarue OSNR. Enunnma usmepenue napamerpa OSNR u kakue mnpenensl TaHHOH
BesunHbI? OT kakux napamerpoB BOJIC 3aBucutr OSNR? Ha kakoil mapaMeTp ONTHUYECKON CUCTEMBI
ces3u Bamser BeinmunHa OSNR? M300pasute npumepnsie rpaduku 3aBucumoctd BER(OSNR),
OSNR(LBOJIC), OSNR(NOY).

9. IlosicHUTH MeXaHM3M YCWJIEHMSI ONTHYECKOIO CHTHajla paMaHOBCKUM OINTHYECKUM
yeunureneMm? M300pa3uth cTpykTypHyto cxemy umHHonposaetHo BOJIII na ocHoBe ROA
yeunutenst? Kakue anuHbl BOJIH Hakauky npuMeHstoTest B ROA ycunurensax?

10. ROPA ycunurenu. Xapakrepuctuku. Cxema opranuzanuu JyiuHHonponetnoit BOJIC.

11. T'ubpumasie OY. Cxema peanusanuu.

Tunosblie 321241 K 3a49€eTyY

1. Jano: mmnHa BOJIC, Puyscroy, ypoBeHb cursHana Ha Bbixoge JIJI, 4yBCTBUTEIBHOCTH
¢doronnona. [To HCXOAHBIM JaHHBIM, TPOU3BECTH PACUYET JUArPaMMBbl YPOBHEH ONTHYECKOTO CUTHAIA.

2. PaccuurtaTth K03(pPULUEHT yCUIEHHS YCHIINTEIIS €CIIM U3BECTEH YPOBEHb CUTHAJA HA BXOJE U
BbIxoze OVY.

3. Paccunrate napamerp OSNR anunnonposerHoit BOJIC ecnu n3BecTHO: BBOAMMAS B BOJIOKHO
MOIIIHOCTh ONTHUYECKOT0 KaHaja; KOA((UIHMEHT yCHIEHUs; MyM-PaKkTop U KOJIUYECTBO ONTUYECKUX
YCUJIUTETIEN.

S. baHK KOHTPOJIbHBIX 33aJlaHHl M HHBIX MAaTepHAJ0B, HCHOJIb3yeMbIX B IIpolecce
MpoLeayp TeKYIIero KOHTPOJISA H MPOMEKYTOYHOI aTTecTanun
[IpencrapieH B 35IeKTpOHHON MHPOPMaLIMOHHO-00pa3oBaTenbHOM cpene no URI:
http://www.aup.uisi.ru.
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