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BBEJAEHUE

CamocTtosiTenbHast paboTa CTYJEHTOB SIBISIETCSl 4acThi0 y4eOHOTO Mpoliecca
IpU TOJATOTOBKE KBATH(PHUIIMPOBAHHBIX CHEIIHAINCTOB, CIOCOOHBIX CAMOCTOATEIHHO
¥ TBOPUYECKU pellaTh CTOAIIUE Nepe]l HUMU 331auu. B xozie camocTositensHO pabo-
ThI JOPMUPYIOTCS BaxKHEHIIINE TPO(dhecCHOHATFHBIE HABBIKK OYIyIIET0 CIEIHaInCTa,
TaKue KaK: BHYTPEHHSS TOTOBHOCTh K CaMOOOPa30BaHUIO B MPodhecCHOHATBHOM cde-
pe, CaMOCTOSTENbHOCTh, MHULIMATUBHOCTh U OTBETCTBEHHOCTb, YMEHHE PabOTaTh C
UCTOYHHUKAMU UH(GOPMALIUH.

Kaxxnas nucuuiuinHa J0JKHA UMETh METOIMYECKOe COMTPOBOXKIEHUE M0 CaMO-
CTOSITEIBHOMY HM3YYEHHIO pa3/iejioB M TeM, YKa3aHHbIX B pabouell mporpamme, 1o
HaMMCcaHuIo pedepaToB, BHIMOIHEHUIO pacyeTHO-TpadUyeCKUX U 1abOpaTOpHBIX pa-
00T. B cBs13u ¢ 3TiM 3 hekTUBHAS OpraHU3alusl CaMOCTOSITENIbHOU pabOThl CTYACH-
TOB TpeOyeT MPOBEACHUS LIEJIOT0 psja MEPONPUITHI, CO3JAI0OMUX MPEATOCHUIKU U
YCIIOBHSI ISl pealM3alli CaMOCTOSTEIbHOM pabO0ThI, @ UMEHHO:

- o0ecrieueHre CTyJAeHTOB MH(OPMAMOHHBIMU pecypcamu (y4eOHBIMH MOCO-
OusIMH, CTIPAaBOYHUKAMM, OaHKAaMU UHIUBUIYAJIbHBIX 3a1aHUN);

o0OecrieyeHne CTYJEHTOB METOJMYECKHMMH MaTepuanamu  (yueOHo-
METOJAMYECKUMHU MPAKTUKyMaMH, COOPHUKAMHM 3aJ]1a4, YKa3aHUSIMHU 110 BBIIOJHEHUIO
71a00paTOPHBIX padoT);

- Hanuuue matepuaibHbIX pecypcoB (IIK, m3amMepuTenbHOro M TEXHOJIOTHYE-
CKOT0 000pyI0BaHuUs JUIsl BRIMOJTHEHUS 3aanuii B pamkax HUP u ['TIO);

* OpraHu3alys KOHCYJIbTAIMN TpernogaBaTeiei;

* BO3MOKHOCTb IIYOJIMYHOTO OOCYKIACHHSI TEOPETUUECKUX U MPAKTUUECKUX pe-
3yJbTaTOB, TIOJYYEHHBIX CTYJEHTOM camMocToATeNbHO TpH BeinodHeHun HUPC wu
I[TIO (xkoHpepeHnn, OMUMNIHAIBI, KOHKYPCHI).

BaxHBIM 37IEMEHTOM B OpTraHU3aIlMU CAMOCTOSITEIbHON PaOOThI CTY/IEHTOB SIB-
nsiercs KoHTpouib. KoHTposib TpeOyeT pa3pabOTKu MpenojaBaTesieM KOHTPOJIUPYIO-
IIMX MaTepUaJIOB B TEKCTOBOM WJIM TECTOBOM HMCIOJHEHUHU, a MPU MCIOJIb30BAHUU
[IK - makeTa mpUKIaJAHBIX IPOTrpamMM sl IPOBEPKHU 3HAHUM CTYyIEHTOB. D(P(HEKTHB-
Has cUCTeMa KOHTPOJIA (B T.4. JIEKTPOHHAs CHUCTEMa KOHTPOJIs), HApsAy C peUTHH-
TOBOM CHUCTEMOM OIIEHKH 3HAHHMM, ITO3BOJUT JOOUTHCS CHCTEMATHYECKOM CaMOCTOS-
TEJIBHON pabOThl CTYAEHTOB HaJl Y4YE€OHBIMM MaTepuajiaMd U TMOBBICUTh KayeCTBO
o0yueHwus.

[Tocobue pa3zpabotaHo 1Mo AuUCHUILIMHE “MyIBTUILIEKCOPHOE O000PYIO0BaHUE
ONTUYECKUX LU(POBBIX CUCTEM CBSI3M~ B COOTBETCTBHE C BPEMEHHBIMH pEKOMEH/a-
[USAMH TI0 OPTaHU3AIMKI CAMOCTOSITEIbBHON paboThl CTyZeHTOB (MuchbMo MuHOOpa3o-
Banust PO ot 27.11.2002 "OO6 akTUBH3alUU CAMOCTOSITEILHOW PabOTHI CTYIECHTOB
BBICIIUX Y4eOHBIX 3aBe/ieHUi").

[Tocobue mpegHazHAue€HO Ui CTYACHTOB OYHOM B 3a04HOW (opMm oOydeHus
TEXHUYECKUX BY30B CTapIlMX KypcoB, oOydarouuxcs mo crnenuanbHoctu 210401
«Du3nka U TeXHUKA ONTUYECKOU cBsi3n» HampasiaeHus noarotoku 210400 «Teme-
KOMMYHHUKAITUN,



1 HEJHA U 3AJAYN JTUCHUITINHBI
1.1. Hesun npenogaBaHus JUCUMILIMHBI.

Huctuminaa “MyNnbTHUILIEKCOPHOE 00O0pYIOBaHME ONTHUYECKUX IUMPOBBIX CH-
CTEM CBSI3U”~ OTHOCHUTCS K OJIOKY CHEUUaIbHBIX TUCHUILIINH, YUTAEMBIX JUISl CTYICH-
TOB crenpagbHOCTH 210401 - "®dusnka m TeXHHKa ONTHYCCKOHN CBSA3M', U SABIISICTCS
JUCIMILTAHON 1O BBIOOPY, ycTaHaBIuBaeMoil BY3om.

Hesabi0 n3yyeHus: TUCIUIUIMHBI SABJISETCA 3HAKOMCTBO CTYIEHTOB C HPUHYUNAMU
NnOCMpoeHyss MHOTOBOJIHOBBIX ONTHYECKUX CUCTEM NEpeAadd, UCIOIb3YIOIMMNX BOJI-
HoBoe WDM wu ymnotnennoe DVDM mynbTuniekcupoBanue, ¢ mMemooamu u cpeo-
cmeamu CTEKTPAIbHOTO YIJIOTHEHUS ONTHYECKUX CHUTHAJIOB, MO3BOJISIIOIINX MHOTO-
KPaTHO YBEJIWYUTH MPONYCKHYIO ciocoOHOCTh UG poBeix BOCII, ¢ TexHuueckumu
XapaKTEePUCTUKAMHU, OTPAHUYEHUSIMU U TIEPCIIEKTUBAMU PA3BUTHUSL OTICIBbHBIX AJie-
MEHTOB MYJIbTUILNIEKCOPHOTO 000pYI0BaHUS

B nucuuminHe u3nararoTcs CTaHAAPTHI U CTPYKTYpa CUCTEM BOJIHOBOT'O YILIOT-
HEHUS, pACCMAaTPUBAIOTCS OCOOCHHOCTH XapaKTEPUCTUK MACCUBHBIX (MYJIbTHUILIEKCO-
POB, IEMYJIbTUIUIEKCOPOB) U AKTUBHBIX KOMIIOHEHT (ONTUYECKHX YCHIIUTENEH, UcC-
TOYHHKOB U3JTyUYEHHUSI) MYJIbTUILIEKCOPHOTO 000PYI0BaAHUS.

1.2. 3agaum u3y4eHus: AU CUUILIHUHBI.

B pe3ynbprare nzydeHus IUCUUILUIMHBI CTYIEHT JOJKEH:
® UMETh MPEJCTABJICHUE: O HAan0OJiee MEPCIEKTUBHBIX HAMPABICHUSAX Pa3BU-
T MHOTOBOJTHOBBIX BOCII 1 mpuMeHsieMbIX B HUX KOMIIOHEHTaX MYJIbTH-
TUIEKCOPHOTO 000pYAOBaHUS, O MIPUHIUIIAX PAaOOTHI U XapaKTEPUCTUKAX aK-
TUBHBIX U MACCUBHBIX KOMIIOHEHT MYJbTUILIEKCOPHOTO OOOPY/IOBaHUS BE-
JYIUX OT€YECTBEHHBIX U 3apyOCKHBIX MPOU3BOIUTEIICH;
® 3HaTh W yMETh HWCMOJB30BATh METONBI Pa3pabOTKH W TMPOSKTUPOBAHUS
YCTPOMCTB TEIIEKOMMYHHUKAIMOHHOTO 000PY/I0BAHUS JJIsl ONTUYECKUX TPaK-
TOB Ha COBPEMEHHOH 3JEMEHTHOI 0a3ze MYJIbTUILNIEKCOPHOTO 00OpyAoBa-
HUS,
® 3HATh TEHJCHIIMM Pa3BUTHUS DJIEMEHTHON TEXHOJOTHYECKOW Oa3bl MYJIbTH-
IUIEKCOPHOTO 00OPY/IOBaHUS U €€ BIUSHHUSA Ha BHIOOP TEXHUYECKUX pele-
HUM I CO3JJaHusI KOHKYPEHTHO CIIOCOOHOM ammaparypbl ONTHYECKOUN CBSI-
3H.

1.3. Ilepeuenn o0ecnneyuBAKOIINX JUCHUIJINH,

Jannas qucuuruiiHa Oasupyercs Ha 3HAHUSAX, MOJYYEHHBIX CTYIEHTaMU B
Mpoliecce U3yUYEHUs CIAEAYIOIMUX AUCHUIUINH: «OCHOBBI (PU3MUYECKOW W KBAaHTOBOWU
onTUKW», «ONTUYECKUE HAMPABISIIONIME CPEIbl U MACCUBHBIE KOMIIOHEHTHI BOJIO-
KOHHO-onTuueckux nuHui cBsizu (BOJIC)», «Ontuyeckue nu@poBble TEIEKOMMY-
HUKAIIMOHHbIE CUCTEMBD», «CETH CBA3U U CUCTEMbI KOMMYTALIUN.



1.4 O0beM NMCHUNJIMHBI M BUbI Y4eOHOI padoThbl.

Bijt o6ydcHus Ounoe 3aouHoE
(9 cemectp) (10,11 cemecTpsr)

Buy yueOHOM paOOThI Bcero yacos
OO6m1ast TpyJ10EMKOCTh AUCIU- 118 102
TUTUHBI
Jlexiuu 45 14 (10 cem)
JlaGopatopHbIe 3aHITHS 15 8 (11 cem)
Ko0:1-BO KOHTPOJIbHBIX padoT 3 1
CamocTosiTenbHas paboTa 58 80
Bua uToroBoro KOHTpos

9 cemecTp DK3aMeH

11 cemecTp 3auer

1.5 CAMOCTOATEJIBHASA PABOTA

CamocTosiTenbHass paboTa CTYIAEHTOB MpPEANoJiaraeT yriyOJeHHOe H3yueHue
pa3esioB IUCUUIUIMHBI, KOTOPBIE CBSA3aHbI C BBIIOJHEHUEM JaOOPATOPHBIX 3aHATUH.
KOHTPOJIBHBIX pa0oT, MOATOTOBKY peepaToB M CaMOCTOSTENIBHOE OCBOCHHUE psaa
TEOPETHYECKUX BOIIPOCOB MPHU MOATOTOBKE K C/Ia4e 3K3aMEHaA.

No | HaumenoBanue pabot Kon- | ®opma koHTpOIA
n/m BO 4a-
COB
1. | IIpopaGoTka JEKIIMOHHOTO MaTepHraa 20 | Onpoc, TecTOBBIC KOH-
TPOJIbHBIE paOOThI
2. |IloaroroBka k J1abopaTopHBIM paboTaM U 4 Homyck k 1ab. pabo-
BBITIOJIHEHUE OTYETOB TaM. DalluTa OTYETOB
3. | [TogroToBka K KOHTPOJIBHBIM paboTam 4 [IpoBepka KOHTpPOJIb-

HbIX palboT, OLEHKa
KauecTBa  BBINOJIHEH-

HBIX paboT

4. | BollloTHEHHE WHIUBUYAIbHBIX TBOpYE- 6 3amura pedepara
CKUX 3asiaHuii (pedepatsl)

5. | U3ydenne BOMpPOCOB JEKIIMOHHOTO Kypca, 4 Ompoc. ITpoBepka
BBIHECEHHBIX Ha CaMOCTOSITEIBHYIO TIPO- KOHCITEKTOB CaMOCTO-
paboTKy SATEITb HOTO U3YYCHUS

6. | [loaroroBka K 3K3aMeHy 20 Cnaua bx3ameHa

Bcero yacos 58




2. COAEP/KAHMUE JEKIIMOHHOI'O KYPCA

Pa3gennl THCHUNIJINHLI U BUALI 3AHATHH

Ne Jlekuyuu
/L Pa3gen nucnuIninHbI (uace)
1. BBenenue 2
2. MeTtos! yrmoTHeHHUsSI ”HG)OPMAIIMOHHBIX TTOTOKOB 2
3. | Obmas cTpykTypa ¥ HapaMeTpbl ONTHYECKUX CHCTEM 2
BOJIHOBOTO YILJIOTHEHUS
4. | CTanmapTel Ha CHCTEMBI, 000PYIOBAHUE U KOMIIOHEH- 5
Thl BOJIHOBOT'O YIJIOTHECHUS
5 | XapaKTepUCTUKH KOMIIOHEHT ONTUYECKUX CUCTEM 8
BOJIHOBOTO YIJIOTHEHUS
6. | YcTpoiicTBa M KOMIIOHEHTEI BOJHOBOTO YIIJIOTHEHUS 23
WDM.
7. | MOHUTOPHMHI ¥ TECTUPOBAHUE MYJIBTUIUIEKCOPHOTO 6
000py10BaHUs BOJJOKOHHO-ONTHYECKUX CETEH
Hroro 45

2.1 Pa3nesibl JIEKIHHOHHOTO Kypca.

2.1.1 Beenenue (2 yac).

[Ipenmer u 3amaunm kypca. Hcrtopus pazButusi MHOroBoiaHoBbix BOCIL
YcerpotictBa BoHOBOro yruiotHeHuss WDM  MupoBoit ypoBeHb pa3BUTHSI ONTHYE-
CKOM CBsi3M ¢ ucnoyib3oBanuem WDM

Memoouueckue ykazanusa. B xadecTBe IUTEPATYPHI MOKHO PEKOMEHAOBATH
u [1,2,6].

2.1.2. Metoambl yIJioTHeHUs] HHPOPMAIMOHHBIX MOTOKOB (2 4ac.)

Meron Bpemennoro ymiotHenuss (TDM). Meroa 4acTOTHOTO YIJIOTHEHHH
(FDM). MogaoBoe ymiotHenne (MDM). YmiotHenue no monspusaiuu (PDM).
MHoroBotHOBOe ymuioTHeHHe onTudecknx Hecymux (WDM). Ontuueckoe BpeMeH-
Hoe ymiotHenue (OTDM). Meroapl yIUIOTHEHHS KaHAJIOB 1o nosispHOCTH CpaBHU-
TeJbHAs XapaKTEPUCTUKA, 00TACTH UCTIOIb30BAHMUSI, IEPCIICKTUBBI.

Memoouueckue ykazanus. B xadecTBe TUTEPATYPbl MOKHO PEKOMEHAOBATh
[7].

2.1.3. O0masi CTpyKTypa M mapaMerpbl ONTHYECKUX CHCTEM BOJHOBOIO
yILUIOTHeHus (2 4ac.)

OO61re NpUHLIKIIBI TOCTPOEHUS, onKrcaHue U cTpykrypa mudpossix WDM cu-
cteM. Obmee onucanue u napamerpel CWDM, DWDM, HDWDM cucrem. Kpure-
puu obecnieueHus: TpeOyeMbIX XapakTepucTuk. OmnpeneseHue 3anaca 1mno MOIHOCTH.
OreHKa 3HEPreTHYecKoro O KeTa



Memoouueckue ykazanusa. B xadecTBe IUTEPATYPHI MOKHO PEKOMEHAOBATH
u [1,2,6].

2.1.4. CtanaapTbl Ha CHCTEMbl, 000PY10BaHUE U KOMIIOHEHTHI BOJIHOBOI'O
ynjioTHenus (4 gac.)

Crannaptel MexXayHapoaHOrO TeIeKOMMYHUKaIMOHHOTO coto3a ITU Ha npu-
MEHEHHE TEXHOJOTMH M 000pynoBaHUsA, MeXAyHApOIHON 3IEKTPOTEXHUYECKOU
xkomuccust IEC s o6opynoBanus SDH/SONET ontuveckux 1udpoBbIX CHCTEM Tie-
penaun. YactotHelii 1miaH, cra"naaptu3oBaHHbld |TU-T. Pexkomenpamuu ITU-T
G.mcs Ha onTrueckue UHTEPGENCH Al MHOTOKaHaNbHBIX cucteM u |IEC 6129X mns
ONTHUYECKUX BOJIOKOH, TACCUBHBIX U AKTUBHBIX KOMIOHEHT o0opynoBanus WWDM.

Memoouueckue ykazanusn. 1lpu uzydenuu ctangaptoB | TU Ha yacToTHBIC
T1aHbl 1 ontrueckue natepdeiicsr komnoneHT WDM obGopynoBanus HE00X0UMO
BOCHoJb30BatThes [1,2, 7-10].

2.1.5 XapaxkTepucTHKH KOMIIOHEHT ONTHYECKMX CHCTEM BOJHOBOIO
yYILIOTHeHus1 (6 4ac.)

IlepenaTumkm — BBIXOJHASI MOIIHOCTh, CTA0OUJILHOCTH LIEHTPAIBHOM YacTOTHI,
CHEKTP U OOKOBBIE JICTIECTKU M3IIy4eHHsS. MEeTOIbI MOMYJISIIUU U METOJIbI CTaOMIIM3a-
LIUU JITTUHBI BOJIHBI

Onruyeckoe BOJIOKHO — XpOMAaTHYECKasl JUCIIEPCHUs, TOJSIPU3ALMOHHAS MO-
J0Basi; HENUHEHbIE () PEKTHI

MyabTHILIEKCOPBI M 1eMYJIbTHILIEKCOPBI — YUCIIO KAaHAJIOB, MOJIOCa MPO-
MyCKaHUs, ILEHTpaAJIbHAS YacTOTAa U MEXKAHAIbHBIN UHTEPBAJ, U30JISIIUS U JTaJIbHUE
MepEeX0/IHbIC TTIOMEXH, HEPABHOMEPHOCTD pacIpe/ieiieHus MOTeph M0 KaHaJlaM; MOJis-
pHU3aIMOHHBIC SIBJICHUS, CIIEKTpalbHas 3aBUCMMOCTh BHOCHUMBIX MOTEpPh; MOTEPU Ha
OTpaKCHUE.

Onruyeckue yCHJIMTENH - CIEKTpalibHas 3aBUCUMOCTb U PABHOMEPHOCTH
koddduimenTa ycuneHus, KodpOUIIMEHT YCUICHHS CJIa0bIX CUTHAJIOB U TIEPEKPECT-
HOT'O HACHIIIEHUS, BBIXOJHAS! MOITHOCTh HACBIIICHUS, IIIYyMOBBIE IMApaMETPhbl , 3aBU-
CUMOCTb YCUJICHUS OT MOJISPU3ALIU.

Onruyeckue MyJbTHILIEKCOPHI BBOIA/BbIBOIa KAHAJIOB — YCTPOMCTBA OII-
THYECKOW KPOCC-KOMMYTalMu. BOJIHOBBIE pa3BETBUTENMU. Y CTPOMCTBA KOMIICHCALIUN
TUCIIEPCUH .

Memoouueckue ykazanusa. O4eHb BaXKHO 3HATh ONMPEACIEHNS OCHOBHBIX Xa-
PAKTEPUCTUK KOMIIOHEHT ONTUYECKUX CUCTEM BOJTHOBOTO YIUIOTHEHUS, UX KOJIUYE-
CTBCHHBIC 3HAYCHHS. Y Ka3aHHBIC BOMPOCHI XOPOIIIO H3JI0XKeHB B [2,7,9].

2.1.6 YcrpoiicTBa 1 KOMIIOHEHTHI BOJIHOBOrO yiuiotHenusi \WDM

2.1.6.1 BoiokonHo-onTHYeckne GpuiabTpsl (7 yac).

OcHoBHbIe TexHuYeckue napamerpsl WDM ¢puasTpos
JUISl MYJIBTUTIIEKCUPOBAHUS U JEMYJIbTUIIIIEKCUPOBAHUS ABYHAIPABICHHBIX MTOTOKOB
brnwxuaue u ganpHue nepexonnsie nomexu. Crnennduxanuy napaMeTpoB, HCIOIb3Y-
€MBbIX ISl OMMCAaHMS MYJbTUILIEKcOopa B ceTsax ymiuoTHenus WDM ucciegoBaTens-
ckoii 1abopatopueii Bell Communication GR-2883-CORE

9



Ucnoanzosanne WDM ¢puibTpos .
OUIbTPHI B MIMPOKO30HHBIX ABYXKaHAIbHBIX CUCTEMAX, MPEIU3HUOHHbBIE Y3KO30HHbBIC
WDM ycTpoiicTBa, My abTUILIEKCOPHI q00aBiaeHus / ycrpanenus (ADM). MHoroka-
HajgpHble MynbTUIIEKCOppl WDM u nemynbstumuiekcopsl ¢ maccuBHbiMH WDM
¢unpTpamu. DOUIBTPHI B Y3KOMOJIOCHBIX BHICOKOCTAOMIM3UPOBAHHBIX JIa3epax.

DuUIbTPbI HA OCHOBE TU(PPAKIUOHHBIX PEIETOK.
[lepuonuueckass BomHoBonHas pemerka AWG, TlpuHiun nedcTBUS U HapaMeTpsl
AWG. lN'onorpaduueckne quppakuOHHbIE CTPYKTYPBHI.

DUIbTPHI € peryJupyemMo mojaocoi NponycKaHus .
HactpauBaembie ¢GpuiabTpel ¢ HHTEpHEPEHIIMOHHBIM MOKphITHEM. OCHOBHBIE XapaKTe-
PUCTHKH MEPECTPANBAEMOTO ONTUYECKOTO (QUIbTPa. AKYCTOONITUYECKUE (DUIBTPHI, a
TaKxe pesoHaropsl Padpu-Ilepo.

WDM BoJ10kOHHO-ONITHYECKHE UHTePdepeHIINOHHbIE (PUIbTPHI .
[upoxo3zonusie WDM (puibTphl, ©X OCHOBHBIE TEXHUYECKHE MapaMeTphl Y 3KO30H-
Hbie WDM ¢unbTpel, X OCHOBHBIE TEXHUUYECKHUE MTapaMETPHI.

Memoouueckue ykazanus. B xadecTBe TUTEPATYPbl MOKHO PEKOMEHAOBATh
[2,7].

2.1.6.2 . OnTuyeckue ycuaureau (74ac).
Ycuiaurean Ha BOJIOKHE, HCIIOJIb3YIOIINE OPU/LIIIHOBCKOE paccesiHue.
Onucanue CTUMYJIUPOBAHHOTO OPHIUIIOIHOBCKOTO PACCEsTHUS , IPUHIIUIT JEHCTBUSA

U CTPYKTYpHAasi CXeMa YCUJIUTENs, TUIIOBBIC MTapaMeTphbl U 00JIaCTU UCTIOJIb30BAHUS.

Yceunauresin Ha BOJIOKHE, MCIIOJIB3YOLIE PAMAHOBCKOE paccesiHue.

OnucaHnue paMaHOBCKOTO pacCesHUs, TPUHIMUI JEUCTBUS M CTPYKTypHas cxema

YCUJIUTENS, TUTIOBBIE MapaMeTphl U O0JACTH MCIOJIL30BaHUA. MEPEXOJAHBIC MOMEXHU
MEXK]ly YCUJIMBAEMbIMU KaHaJlaMU

IoaynpoBoaHukoBbie Ja3epHble yewaurean ([ITUIY).

[IpuHIun nEeWCcTBUS U CTPYKTYpHAsi CXeMa yCHIIUTENS, TUTIOBBIE MapaMeTphl U 00JIa-
ctu ucnosibzoBanus. KIIJI ycunurens ripu COBMENEHUN CBETOU3ITYYAOIIETO Ja3ep-
Horo auoxa c IHIUIY. Uurerpanus [IIIJTY ¢ npyrumMu onTHYECKUMH YCTPOUCTBAMM.

Ycuwiaurean Ha NIPUMECHOM BOJIOKHE
O6mme cBenenusi 00 EDFA Knaccudukanus EDFA mo cnocobam mpumeHeHus
[Tpunumn npeivictBus EDFA Texnuueckue napametrpsl u xapakrepuctuku EDFA Oc-
HOBHbIE CTPYKTypHble cxeMbl EDFA Marematuueckass MoJielb MHOTOBOJIHOBOTO
EDFA.

PasnoBuaHocTH yeuauresaeit EDFA
Yeunurenu EDFA Ha kpeMHUeBOM ocHOBE U Ha GTOp-LIUpKOHATHOM ocHOBE. CpaB-
HUTEJIbHBIC XapaKTEPUCTUKU, 00JIACTH UCTIOIH30BAHUSI.

Memoouueckue ykazanus. Ou3ndeckre OCHOBBI IOCTPOCHUS, CTPYKTYPHBIE
CXEMbI 1 OCHOBHBIE XapaKTEPUCTUKH ONTHUYECKUX YCHIIMTENICH XOPOIIIO U3JI0KEHBI B
[2,5,8]. [Ipu n3ydennn oOpaTuTh BHUMaHUE HA CIIOCOOBI YMEHBIIIEHUSI HEPaBHOMED-
HOCTH KO3((DHUIIMEHTA YCUIICHHUS M PaCIIMPEHHUE IMOJIOCHI YaCTOT ycunuTenei [2].

2.1.6.3. BouiHOBO/HbIE ONTHYECKHE KOMIIOHEHTbI CHEKTPAJILHOI0 MYJIb-
TUILJIEKCUPOBAHMS /IeMyJbTUILIEKCHpoBaHus (9 1ac)
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[TpuHuMNIMATBHBIE CXEMBI U OCHOBHBIE Xapaktepuctuku BCM/J]. Cxems! auc-
neprupyromux cucreM BCA. HMHTerpanus OonTHYECKUX YCTPOWCTB. MHTEerpanpHble
UCTOYHUKM n3nydeHus. Wuterpanus BCM u ¢poronpruemMHukoB. BonHoBoaHbIE OII-
TUYECKHE MYJIbTUILUIEKCOPBI.

Memoouueckue ykazanua. 1lpu n3ydeHnn oOpaTUTh BHUMAHHUE Ha TUIaHAp-
Hbl€ ¥ OOBEMHBIE TEXHOJOTUHU TPU peannu3ali HHTETPUPOBAHHBIX ONTOAJIEKTPOH-
HBIX MOJyJiell . OCHOBHBIE IPUHLIUIIBI MHTEIPALlUU ONITUYECKUX KOMIIOHEHT (YCUIu-
TeJEeH, TPaHCIIOHAEPOB, MYJIBTUILIEKCOPOB) H3JIOKEHBI B [5,7].

2.2. Pa3nesibl , BbIHECEHHbIE HA CAMOCTOSITEILHYIO PadOTy

2.1.6.2 . OnTHYecKne yCUJINTEIH.

Ycuaurean Ha ocHoBe pe3oHaTopoB Madpu-Ilepo.
CrpykTypHas cxema YCUJIUTENS, TUIOBBIE XAPAKTEPUCTUKU B CXEMaX JAEMYJIbTHU-
MJIEKCUPOBAHUS.

Yceunauresin Ha BOJIOKHE, HCIIOJIB3YOLITE OPUILTIOIHOBCKOE paccesiHue.

OnucaHnue CTUMYJIMPOBAHHOTO  OPHJUIFOPHOBCKOTO PACCESIHUS , MPUHIIUI
NEUCTBUS U CTPYKTYpHAsl CX€Ma YCUJIUTEISA, TUTIOBBIE MMAapaMeTPhl U 00aCTH UCIIONb-
30BaHUsA
Memoouueckue ykazanua. 1lpyu M3ydyeHUH yKa3aHHBIX THUIIOB YCUJIUTEIEH MOXKHO
pPEKOMEHI0BaTh uTepaTypy [5,7].

2.1.7 MOHUTOPHUHI M TeCTHPOBAHHME MYJbTHILICKCOPHOI0 000PYyI0BAHUS
BOJIOKOHHO-ONITHYECKUX ceTeil (6 yac)

2.1.7.1. Koutpoab cocrosinus 1 MOHUTOPUHT B BOJIC.
Cucrempr monuTopuHra BOCC2..CoBpeMeHHBIE CHCTEMBI MOHUTOPHHIA
BOJIC.
2.1.7.2. TecrupoBanne DWDM.
OcHOBHBIE METO/BI, MapaMeTpbl U MPUOOPHI AJII TECTUPOBAHUS CUCTEM CO
CIIEKTPAJIbHBIM YIUIOTHEHMEM. [lapaMeTpbl CUTHAJIIOB U KOMIIOHEHTOB. MeTo bl U3-
MepeHus U KoHTposs. Usmepenus DWDM Ha ripou3BoACTBE.

2.1.7.3. TectrupoBaHue U cepTUPUKAIUA MOCTE YCTAHOBKH
TpeboBanus x Ilogpsauuky. Ilponece rectupoBanusa. CoOTBETCTBUE CTaHIAp-
TaM U TeCTOBBIe TpeboBaHus. JlokyMeHnTanus. TecTtoBoe 000opyaoBaHHeE.

Memoouueckue ykazanusa. Bonpocbl TECTUPOBAHUS U U3MEPEHUS XapaKTEPUCTUK
KOMITOHEHT ONTHYECKHUX CUCTEM CO CIEKTPaIbHBbIM YIIJIOTHEHHEM, a TaKk)Ke TpeboBa-
HUS HOPMATUBHBIX JIOKYMEHTOB H3JI0KEHBI  XOPOIIO U3j10KeHbI B [8-10]/

dopMoii OTYETHOCTH TI0 pa3jiejiaM CaMOCTOATEIIBHOM pabOoThI siBisieTCs pede-
part, pedepar-gokiaa win npe3entanus . Oobem pedepata ot 10 10 25 nevyaTHbIX
cTpanull. Pexomenaanuu o cocrapiieHuto pedepara nansl B [Ipunoxenuu A, a pe-
KOMEHAAIuu 1o 0(pOpMIICHUIO CIIalI0B Mpe3eHTalui - B [Ipunoxenun b.

[Ipu oneHke Baiero Tpyjaa npernoiapaTess HHTEPECyeT:
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COOTBETCTBHE COJIEP>KaHUS BRIOPAHHOU TEME;

rIyoruHa npopaboTKu MaTepuana;

MIPaBUIILHOCTH U MOJTHOTA UCIIOJIH30BAHUS HCTOYHHUKOB,;
odopmieHue pedepara.
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3. JABOPATOPHBIN MPAKTUKYM

OCHOBHBIMH 1eJISIMH TIPOBEJICHUS U BBIMOJHEHUS TAOOPATOPHOTO MPAKTUKyMa
SABJISIFOTCS :

e yrayOJIEHHOE OCBOEHUE CTYJCHTAMHU TEOPETHUECKUX MOJIOKEHUN H3yda-
eMOW JTUCHUIUTUHBL «MYyJIbTHILUIEKCOPHOE OO0OpYIOBAaHUE ONTHYECKUX
U(POBBIX CUCTEM CBSI3HY;

® U3yYeHHE OCOOCHHOCTEH CTPOEHHs, COCTOSIHUS, MOBEACHUS U (YHKIHO-
HUPOBAHMS ONTUYECKHUX JIEMEHTOB MYJIbTUIIIIEKCOPHOTO 000PY10BaHUS

® OCBOECHHUE IPUEMOB, METOJIOB U CIIOCOOOB BBISBJICHUSI, HAOTIOJCHUS, U3-
MEPEHHUS U KOHTPOJII OCHOBHBIX NIAPaMETPOB U XapaKTEPUCTUK ONTHYE-
CKHUX HYJIBTUILIEKCOPOB U YCUIIUTEIICH;

® YCBOGHHUE MPHEMOB, METOJIOB U CIIOCOO0B 00pabOTKU, MPEACTABICHUS U
MHTEPHPETALNH PE3YIbTATOB MPOBEIECHHBIX UCCIEAOBAHMIA.

[Ipy BBIMOTHEHUHM J1a0OPATOPHBIX PAaOOT CTYACHT JOJKEH HPOJAEMOHCTPHUPO-
BAaTh:

® BJIAJICHUE COOTBETCTBYIOLUIUM IOHATHUWHBIM M TEPMHUHOJOTHYECKUM all-
napaToMm;

® 3HAKOMCTBO C y4€OHO-METOJMYECKOM M JONOJHUTENIbHON JUTepaTypoiu
I10 33JIaHHOU TEME.

Cnucoxk KOMNBIOTEPHBIX J1a0opaTopHbIX pador (JIP) 1js1 cTy1eHTOB 0YHOUM
(opMmbI:
1. HccrnenoBaHue MHOTOBOJHOBBIX 3pOHEBBIX BOJIOKOHHO-ONTHYECKUX
YCUWIIUTENEH;
2. HWccnepoBaHue ONTHUECKUX JEMYJIbTHILUIEKCOPOB Ha OCHOBE MHTEp(e-
peHIMOHHBIX (GUILTPOB U punsTpoB Dadpu-Ileppo;
3. HccnenoBaHue ONTUYECKUX JEMYJBTUIIIICKCOPOB HA OCHOBE HAJIOXKEH-
HBIX TOJIOTpaMM B (POTONOJUMEPHOM MaTepuae
4. HccnenoBaHue ONTHUYECKOTO MYJBTUILIEKCOpPA HAa OCHOBE MAacCHBa
IJIaHApHBIX BOJHOBOIOB (AWG) .
[TpoaoMmKUTENLHOCTD KaX a0 paboThI - 4 Hac..
Cnucoxk KOMNBIOTEPHBIX JIA00PATOPHBLIX PadOT Ml CTYJACHTOB 3204HOH
(opmMmbI:
1. .MccnenoBanue MHOTOBOJHOBBIX HPOUEBBIX BOJOKOHHO-ONTHYECKUX
YCUJIUTENEH;
2. HccnepoBaHne ONTHYECKOTO MYJIBTUIIEKCOpa Ha OCHOBE MAacCHBa
MJIaHapHBIX BOJHOBOZOB (AWG).

IHopsinok BbINOJIHEHNS JIAa00PATOPHBIX padoT

=

[TonyuuTh BapuaHT 7151 BBIIOJIHEHUS TaO0OpaTOPHOM padOThI y MpernogaBaTess.

BrImoTHUTE pacy€THOE 3ajaHUE, COTJIACHO CBOEMY BapUAHTY.

3. O3HaKOMHUTCS C PyKOBOJCTBOM IOJIb30BATENS MO pabOTE ¢ MPUIIOKEHUEM MO MO-
JEIINPOBAHUIO.

4. 3anyCTUTh NPUIIOKEHHE.

N
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5. IIpoiTH TECT-KOHTPOJIb.
6. BBINOJHUTH MyHKTHI SKCIIEPUMEHTAIIBHOT'O 33/1aHUS, COTJIACHO CBOEMY BapHaHTY.

7. OdpopMuth OTYET O MpOAEIaHHOW JlabopaTopHOM paboTe B HpuiIOKeHUHM MS
Word.

Conepxanue oryera

Otuet o npojeIaHHON paboTe TOKEH COJIepKATh CICAYIONINE Pa3Ieiibl:

o Ilens paboThr;

e Kparkas Teopus ;

e PesynbTaThl paboThl — pacdyeThl U IpadUKU ¢ KPATKUMHU MOSICHEHUSIMH TOJY-
YEHHBIX 3aBUCUMOCTEH;

e BrIBojBI 110 TIpOJICIIAHHON padoTe.

MeToanyeckue yKa3aHusl K KOMIIbIOTEPHBIM JIA0OPATOPHBIM paboTam U Mpo-
IrpaMMHOE oOecriedeHHe sl UX BBIMOJIHEHUS MPEACTaBICHbI B JIOKAIBHOW CETHU Ka-
dbenper CBUuKP B paznene ¢ MarepuanaMu yueOHO-METOJMYECKOTO KOMIUIEKCA 1O
mucrumimae MOOILICC (S:\IapanrosnaCH\YMK MOOIICC 210401) , cootBer-
CTByIOIIME y4eOHO-METOAMYecKue mocobusi  Haxonsarca B Oubmumorexke TYCVYP
[4,17-20] w pa3mereHbl Ha 3JCKTPOHHOM oOpaszoBatesibHOM moprane TYCYPa
(URL.: http://portal.tusur.ru/portal).

[TporpamMmMHoOe oOecrnieueHre (IIPOrpaMMbl) BBIMOJIHEHO B Cpefie pa3pabOTKH
DELPHI 7.0 u 3apeructpupoBano B OtpacieBoM (QOHJIe aTOPUTMOB U MPOrpaMm
[21-24]. TIporpamMMbl MOTYT OBITh KCIIOJIB30BaHbI KaK OJHHAM IIOJb30BaTEICM JJIsl
CAMOCTOSAITEILHOTO BbiNoJHeHus JIP, Tak u JJ1s MCHOJB30BaHMs B Y4EOHOU ayau-
TOPHH IPU MHO>KECTBEHHOM OJJTHOBPEMEHHOM JIOCTYTIE.

OO0os04Kka MOJETUPOBAHMS KaXIOW padOThl MOCTPOEHA MO MOJAIbHOMY
NPUHIUMIY U TMpeaycMaTpUBaeT MOCIEAOBATEIbHOE pa3BepThIBAHUE CIIPABOYHBIX,
pacyeTHbIX U rpadguueckux okoH. [Ipu 3ToM mnpegycMoTpeHa peructpaius CTyIeHTa
U mpernoAaBaTeis Il 3anojJHeHus GopM OTUeTa, FTEHEPUPYEMOT0 M0 OKOHYAHUHU pa-
601l B MS Word. Takxe MOXHO BbIOpaTh BapUAHT U HOMEP CTapTOBOrO MyHKTA pa-
0otel. Kaxxnass pabota comepxuT 15 BapuaHTOB 3aJaHuid mo 7 MyHKTOB. Jns ocy-
IIECTBJICHUS JIOIyCKa NMPEAYCMOTPEH aBTOMAaTUYECKHUI TECTOBBIM KOHTPOJIb, BBINOJI-
HSIEMBIN B OTACJIBHOM OKHE.

[To pe3ynbraTam pacuera 3amOJIHSAIOTCS TaOMUIBI ¢ UH(pOpMaImen, Tpedye-
MOU B 33JJaHUU K BBINIOJHSIEMOMY MYHKTY. [lociie BBIMOTHEHUS MyHKTA MporpaMma
CTPOUT HEOOXOIUMBbIe I'paUKH B OTAEIBHOM OKHE, IIe TaKK€ €CTh BO3MOXHOCTh
JUIS 3allMCH BBIBOJOB IO MPOJEIIAHHOMY IMYHKTY U MEPeX0/ia K BBIIIOJIHEHUIO CIIeNy-
FOLLIETO MyHKTA.

[Tpu BO3BpallleHHH K BBIIIOJHEHUIO IMyHKTA, KOTOPBIM OBbLI yXKe cleNlaH, AaH-
Hble B Ta0aunax ¢ uHpopmaimeit, TpeOyemMoil B 3aJaHUU K 3TOMY ITYHKTY, U BBIBOJIbI
10 HEMY COXPaHSIOTCS B MOCJHEAHEN pelakiiMi UCToJHUTEN. B KoHIIEe paboThl TeHe-
pupyercs 0T4eT co Bcel HeoOXoauMoi nH(popMaleil 0 BHITOJIHEHUH PAOOTHI.
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3.1. IIporpaMMbl BBINOJHEHUSI KOMIIBIOTEPHBIX JJA00PaATOPHBIX padoT

JlaGopaTtopnas padora Nel KomnboTepHoe uccieg0BaHHMEe MHOTOBOJIHO-
BbIX 9pOHEBBHIX BOJTOKOHHO-ONITHYECKUX YCHITUTEIeH

Ilesnb padoThI: U3yueHHE PUHIUIIOB JICHCTBHUS U KOMITBIOTEPHOE HCCIICIO-
BaHME OCHOBHBIX XapPaKTCPUCTUK U MAapaMETPOB ONTHUECKUX MHOTOBOJIHOBBIX dPOH-
CBBIX BOJIOKOHHO-ONTHYCCKUX YCHIIUTENICH  C HWCIOJB30BAaHUEM IPOTPAMMHOIO
obecneuenus [23].

PexoMeHganum 1o BbINOJHEHUIO PadOThI
[Ipu BbIMONHEHUU J1TA0OPATOPHBIX PabOT K MCCIEAOBAHUIO PEKOMEHIYIOTCS
CIEAYIOIINE CTPYKTYPHBIE CXEMBI YCUIIUTENEH:
- YCUJIUTENb MOIIHOCTH C OOpaTHOW CXeMON HaKauKu
- JINHEWHBIN YCUJIUTEND C PSIMOM CXEMOW HAKauKH.

JKCIepUMEHTAJIbHOE 3aIaHue

JIJIs1 KasKA0ro TUNA YCHJIUTEJIsI HE00X0IMMO:

1. MHccnenosaTh 3aBUCHUMOCTh ONTUMAIBHON UIMHBI Lot 1 MAKCUMAIBHOTO KOD(]-
dbunmenTa ycuneHus: Kna, oT MomHocTu curHana Pg B nuanazone ot 0.001MBT
no 0,5MBt misa A,=1480 um 1 A,=980 uMm. (P, u A5 3anar0TCcad BapuaHTOM 3a/1a-
HHUS)

2. MHccnenosarh 3aBUCUMOCTh MaKCUMAJIBHOTO Kod(duinreHTa ycuneHus Kpax OT
MOIIHOCTY Hakayku P, B nmanasone or 100 mo 300MBT, mis A,=1480HM u
Ap=980HM. (Ps 1 As 3a1a10TCSI BADUAHTOM 3aJaHUA)

3. HccnenoBarh 3aBUCUMOCTh MakKCUMalbHOTO Ko3(duuuenta ycunenus K., or
IJIMHBI BOJIHBI CUTHana As B auanasoHe 1530 um — 1560 um qisa A,=1480HM u
Ap=980nM. (Ps u Pj, 3anarorcs BappaHTOM 3a1aHU)

4.  HccnenoBaTh 3aBUCUMOCTh MaKCUMAJIBHOTO Kod(duiireHTa ycuneHus Kpax OT
TeMmreparypsl B auamasone ot —20 o +40°C, st Ao=1480HM 1 A;=980HM. (As,
P n P, 3anaroTcs BapuaHTOM 3aaHus)

5. HccnenoBarh 3aBUCHMOCTh MakKCUMaidbHOro Kodpduumenta ycuneHus Kpax
MEPBOTO KaHaja OT KOJMYECTBA KAHAJOB IMPH PaBHBIX BXOJHBIX MOIIHOCTSIX
Ka10ro kanana ais A,=14808M n A;=980uM. (Ps, A5, AL, u P, 3anarorca Bapu-
AQHTOM 3aJI1aHU)

6. Jlns MHOTOKaHAJIBHOTO YCHJIMTENS HCCIIEI0BAaTh 3aBUCHMOCTh MAaKCUMAJIbHOTO
kod(pdunrerTa ycuneHus Ky, MEpBOro KaHajia oT MEKKaHAILHOTO MHTEpBaJIa
no juHe BosHbl AL oT 0.48M 10 1.6HM (As, Ps 1 Py, KonudecTBO kaHaloB 3a-
JAI0TCA BApUAHTOM 3aJJaHus).

7. JIms MHOTOKaHAJIBHOTO YCHJIUTEIS MPU PaBHBIX MOITHOCTSIX BXOJHBIX CUTHAJIOB
OTIPENEIUTh ONTUMATBHYIO JUIMHY YCUIUTENS (BCE MapaMeTphl 3a/1al0TCsl BapH-
aHTOM 3aJlaHus1). Y CTaHOBUTH uibTp 11 BeipaBHUBaHusA AUX. Ucnons3oBath
¢buabTp Ha BXOAE M Ha BbIXoje ycuiutens. [ o6oux ¢GuiabTpoB COXpaHUTh
cienyrome rpaduku:

e rpaduk ¢ AUX ycumurens 6e3 punbtpa, AUX dunbtpa u AUX ycunure-
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751 ¢ PUIBTPOM;
® rpaduK C 3aBUCUMOCTSIMU BXOJHOM MOUIHOCTH, BBIXOJHOW MOUIHOCTH U
BBIXOJTHOM MOITHOCTH TOCJe PUIbTpa OT HOMEpa KaHaa;
® rpaduK ¢ 3aBUCUMOCTHIO MOILITHOCTH CHTHAjIa B K&XJIOM KaHalle OT JJIMHbI
BOJIOKHA MIPU ONTHUMAJIBHOU JUTMHE BOJIOKHA.
Onpenenute HepaBHOMEpHOCTh AUX ycumurens u AUX ycunurens ¢ Qpuiib-

TPOM.

8.  Jlis MHOTOKaHAJIBHOTO YCHJIUTEINS MPU HEPABHBIX MOITHOCTSX BXOJHBIX CUTHA-
JIOB OMPEIEIUTh ONTUMAJIBHYIO JUIMHY YCHJIMTENS (BCEe MapaMeTphl 3aJaroTcs
BapUAHTOM 3a/laHusi). YCTaHOBUTh (HIIBTP 7 BBIPABHUBAHUS BBIXOJHOMU
MotHocTy. Mcnons3oBath (UIABTP Ha BXOJE M Ha BBIXOJAE ycuiuutens. [lms
000uX (DUIIBTPOB COXPAHUTH CIAEAYIOITHE IPadUKU:

e rpaduk ¢ AUX ycunutens 6e3 punbrpa, AUX ¢unsTpa u AUX ycunure-
751 ¢ PUIBTPOM;
e TpaduK C 3aBUCUMOCTSIMH BXOJHOW MOIIHOCTH, BBIXOJIHOM MOIIHOCTH U
BBIXOJHOW MOIITHOCTH TIOCTe PUIbTpa OT HOMEpa KaHama;
¢ TpaduK Cc 3aBUCUMOCTHIO MOIITHOCTH CHTHAA B KQXKIOM KaHaje OT JAJTUHBI
BOJIOKHA IIPY ONTUMAJIbHOW JUIMHE BOJIOKHA.
Omnpenenuts HEPABHOMEPHOCTh BBIXOJHOM XapaKTEpUCTUKU YCUIUTENs 0e3
buabTpa U ¢ GUIBTPAMH.

JIJIsl KaKI0TO BapyaHTa JaHHBIC IS BBITTOJIHEHHS PabOThI 33al0TCsl U3 Tao-
el 2.1.

No Bapu- | Tun ycu- Ps, MW | A, nm Pp, MW n AN, NM
aHTa JIATEIIS
1 JIMHEHHBIN 0.01 1520 250 16 1.6
2 MOILIHOCTH 0.001 1530 200 24 0.4
3 JIMHEWHBIN 0.005 1535 280 16 0.8
4 MOIITHOCTH 0.002 1525 250 24 0.8
5 JIMHEWHBIN 0.02 1540 270 8 1.6
6 MOII[HOCTH 0.05 1550 300 8 1.2
7 MOILIHOCTH 0.01 1560 290 8 0.8
8 JIMHEHHBIN 0.001 1555 250 8 0.4
9 MOILIHOCTH 0.005 1520 200 16 0.8
10 JIMHEWHBIN 0.002 1530 280 24 0.8
11 MOIITHOCTH 0.02 1535 250 16 0.4
12 JIMHEWHBIN 0.05 1525 270 16 1.2
13 JINHEWHBIN 0.01 1540 300 16 0.8
14 MOIIIHOCTH 0.001 1550 250 8 1.6
15 JIMHENHBIN 0.005 1560 200 8 0.4
16 MOII[HOCTH 0.002 1555 280 24 0.4
17 JIMHEWHBIN 0.02 1520 250 24 0.4
18 MOIIIHOCTH 0.05 1530 270 16 0.8
19 MOII[HOCTH 0.01 1535 300 24 0.4
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| 20 | ;mmedimert | 0.001 | 1525 | 300 | 24 | 04 |

JlaGopaTtopHasi padora Ne2 KOMIBITEpPHOE HCCIAEAOBAHHME ONTHYECKHX
AeMYJbTHILIEKCOPOB HA OCHOBE MHTepP(epeHUMOHHBIX (PUILTPOB U (PUILTPOB
®aopu-Ilepo

Heap padoThl: M3ydeHUE NIPUHLMIIOB JECUCTBUSA U KOMIIBIOTEPHOE MCCIENO-
BAHME OCHOBHBIX XapAKTEPUCTHUK U MAPAMETPOB ONTHYECKUX MYJIBTUIIEKCOPOB Ha
ocHOBe MHTepdepeHinoHHbx 1 dadbpu-Ilepo uiIbTpoB ¢ UCMOIB30BaHUEM MPO-
rpaMMHOTO obecrieueHus [22].

PexoMeHaanuu Mo BHINOJHEHUIO PA00ThI
PacuéTHoe 3ag1anue

1. CormacHo cBOeMY BapHaHTy 3aJIaHUs, U3 TAOJHIIBI 1 MOTYyYUTh UCXOTHBIC TaHHBIC
JUIS pacuéTa IeMyJIbTHILICKCOpa.
2. Tlo tabmuue ITU-T HaliTk 4niciio KaHAJIOB N M IIEHTPaIbHBIC YaCTOTHI ;.

Tab6nuna 4.1 — VcxoHbie JaHHbIE 17151 BHITIOJIHEHUS pa0OThI

Bapuant
ITapamerpsl 1 2 3 4 5
Jnamnazon 1528,77 um — | 1528,77 um — 1546,12 um — | 1539,77 um — | 1535,82 um —
JUIMH BOJIH* 1532,68 um 1536,61 um 1554,13 am 1549,32 um 1538,98 um
Af, TT 100 200 400 200 100
Po (Z16)** 20 22 25 26 22
Tun [ML.®]*** | B.P. P.O.IIL N.M-11. B.P. P.®.IL
N, [M.@]**** 1.458 1.56 1.55 1.458 1.51
Bapuant
ITapamerpsl 6 7 8 9 10
Jnamnazon 1549,32 um — | 1533,47 um — 1546,12 am — | 1535,04 am — | 1530,33 aMm —
JUIVH BOJIH* 1553,33 um 1542,94 am 1554,13 am 1557,36 am 1536,61 am
Af, TTg 100 200 400 500 200
Po (Z16)** 21 19 25 18 24
Tun [U.O]*** | UM-1I. B.P. P.®.IL U.M-11. B.P.
Ny [A.@]**** 15 1.458 1.59 1.52 1.458
Bapuant
Hapaverps1 11 12 13 14 15




Jnamazon 1550,92 um — | 1550,92 um — 1533,47 um — | 1533,47 um — | 1541,35 am —
JUIMH BOJIH* 1554,13 um 1560,61 um 1557,36 um 1557,36 um 1550,92 um
Af, T 100 200 600 1000 200

Py (J16)** 23 20 18 19 24

Tun [A.®]*** | P.O.IL M-I, B.P. P.®.IL. U.M-I1.

ny [A.@]**** | 1.557 1533 1.458 1.55 1.565

* — IIEHTPaJIbHbIE MAaKCUMYMBI TIEPBOTO U MOCJIEAHET0 KaHama;

**  — ypoBEHb MEPEXOJIHBIX MMOMEX, KOTOPHIN JOHKEH 00ecrieunBaTh JIEMYIIb-
THUILJIEKCOP.

*** — TUI 1eMYJIbTUILUIEKCOPa, TOCTPOCHHOTO Ha UHTEP(PEPEHITMOHHBIX (HHUITh-
tpax: U.M-II — Untepdepomerp Maxa-llenaepa, P.®-II. — pe3onarop
®abpu-Ileppo, B.P. — BoJOKOHHAas pelIETKa;

**k*

— 3HAYEHUE MOKa3aTeNsl NIPeJOMIIEHUS Ny I 1EMYJIbTUIUIEKCOpa MOCTPO-
* €HHOT'0 Ha MHTep(EePEHINOHHBIX (PUITBTpaX.

PacyeTr onTHYeCKOr0 1eMYyJIbTHILIEKCOPA, HA OCHOBE HHTepP(depeHIIHOHHO-
ro puiabTpa.

1. Ompenenuth yroi MajieHust CBETOBOTO ITyYKa Ha (PMIBTP, UCXOMS M3 TaHHOH B 3a-
JTAaHUU CXEMBI TOCTPOCHUS JEeMYJIbTUTIIEKCOPA.

2. Paccunrath nmepuoa CTpyKTYpHI Ul BCEX TOHKOILIEHOYHBIX (DUIIBTPOB, BXOISAIITNX
B JCMYJBTUIICKCOP M TOJIIMHY (UIBTPOB JJIS An=10"* 3-10* 710 u 10°,
TommuHy BceX PUIBTPOB CUUTATH MOCTOSHHOM, paBHOM TOJIIIMHE IIEHTPATHLHOTO
dbunbTpa. Pesynbrarsl pacuéra mis Bcex AN 3aHECTH B TaOJIUILY:

[Tapamerp/

Ne punpTpa 1 2
i
A
Lte

n

Pacuer onTu4eckoro AemMyJIbTHILIEKCOPA, HA 0CHOBE (PUJIbLTPOB Padpu-

IIeppo.

1. Haiitu nokaszarenu npenoMiIeHUs Cpeibl pe3oHaTopa JUIsl KaXI0To (pUiIbTpa.

2. OueHuTh 3HAYCHHE KOIPDUIIMEHTA OTPAKEHUS 3epKaJl.

3. OueHuTh 3HAYCHHE JUIMHBI pe30HATOpa IS ILIEHTPAIbHOrO (UiIbTpa JAEMYJIbTH-
IUIEKCOpa HACTPOEHHOI'0 HAa OTPa)KEHHE CIEKTpa ¢ MAKCHUMAaJIbHOM IEHTpaIbHON
JUTMHHOM BOJIHBI. DTO 3Ha4YeHHE OyJeM CUUTATh MOCTOSHHBIM ISl BCeX (PHIBTPOB
nemynbTUILIeKcopa. OHO paBHO JuMHE mocienHero ¢uiusTpa. Bee pesynpTaThi
pacuéra 3aHeCTU B TaOJUILY:

[Tapametp/ 1 2
Ne punbTpa
A
n
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Rep
Lep

JKCIepUMEHTAJIbHOE 3aIaHe

3aHecTu B paC‘IéTHYI-O ImporpamMmy KOJHYCCTBA KAaHAJIOB IACMYIJIBTHUIIIICKCOpA U
HCHTPAJIBHBIC YaCTOTHI, OTPAKACMbBIC (bHHLTpaMI/I

HcciienoBanue onTHYECKOro 1eMyJIbTHILICEKCOPA, HA OCHOBE HHTepdepeHIH-
OHHOTr0 puabTpAa.

1. HccrenoBath 3aBUCUMOCTh MAaKCHMAITBHBIX MEPEXOIHBIX MMOMEX (Pnax) OT An. Jlns
ATOTO HEOOXOIUMO OIPEACTUTh MEePEXOJIHbIC MOMEXHU JEeMYJbTHIUIEKCOpa, MpHU
Pa3IMYHBIX 3HAYCHUAX AN, BEIYUCICHHBIX B pacuéTHOM 3a7aHuu (Tepes] pacuéTom
P, Heobxoaumo onpenenuts AL). Pe3synbTaTel 3aHecTy B TaOIUITY:

Hapamerp /An | 10 [3-10"]7-107| 10°

A\ (HM)

Pmax

[To Tabmuiie MOCTPONTE 3aBUCHUMOCTD Ppa(An). B oTuére, Tak e oTOOpasuTe
MOJIy4eHHbIC TpadUKH alrmapaTHBIX PYHKIUU IEMYJIbTUILIEKCOPOB U PaCCUUTaH-
HbIe TpadUKU MEePEXOIHBIX MOMEX, MPU Pa3IUYHBIX 3HAUeHUsX AN. OObsICHUTE,
YeM BBI3BAHO Pa3Inyue B MEPEXOAHBIX MOMEXaX.

2. HaiiTn onTHUMalbHYIO pa3HUIlYy MOKa3aTeNeil MpeToMIICHHs, TP KOTOPOH MaKCH-
MaJbHBIM YpPOBEHb NEPEXOAHbIX ToMeX OyaeT paBeH Pot1ab. [ns storo, HeoOxo-
JMMO, Ha OCHOBE aIPOKCUMAIIUH 3aBUCUMOCTH Ppay (AN) HaliguTe Takoi An, xo-
TOPBIA YIOBIETBOPSUT Obl ypaBHCHHIO P (ANn)=Pyt1ab. O6o3Hauum ero kak
ANgpt.

3. PaccunrtaTh KOHCTPYKIMOHHBIE ITapaMeTpbl PUIBTPOB, IpH ANgy. Ha ocHoBe mo-
JYYEHHBIX MapaMeTpOB CMOJEIMPOBATh aNmnapaTHyl0 (YHKUUIO JEMYJIbTUILICK-
copa M paccuuTaTh NepexoaHble MoMexu. Pe3ynbrarel 3aHeCTH B TaOIUILY:

IMapamerp / 11 2
Ne puabTpa
A

Anopt i

Are

LTF ,int (n/2)

AA (HM)

P [ [ ]

n

B otuére oTobOpa3uTe cMoAeIUpOBaHHBIN TpaduK anmapaTHOW QPYHKITUU JeMYJITb-
TUTIJIEKCOPA U PACCUMTAHHBIN rpaduK MmepexoaHbix nomex. OObSICHUTE, YEM BHI-
3BaH TMOJYYCHHBIN BUJ] 3aBUCIMOCTH ITEPEXO0HBIX ITOMEX OT HOMEpa KaHaIa.

4. Jlns nemMynbTUIIEKCOpa C ONTUMAJIbHBIMH MapaMeTpaMu, NpOHaOI0AaTh BIIUS-
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HHEC BCCX COCCIHHX KaHAJIOB Ha Ka)I(I[BII;'I KaHall B OTACIIbHOCTH. O6’BHCHI/ITC, 4CM
BbI3BaH HOqueHHBIfI BU/J 3aBUCMMOCTH IIEPCXOAHBIX ITIOMEX OT HOMCPpa KaHajia.

HccnenoBanue onTHYECKOr0 AeMYJIbTHILIEKCOPA, HA 0CHOBe puiibTpoB Pad-
pu-Ileppo.

1. HccnenoBarh 3aBUCUMOCTb MEPEXOAHBIX MOMEX OT KOI(PUIIMEHTa OTpaKEHUs
3epkas. Jljisi 3TOro HEOOXOJIMMO OMNPENEIUTh MEPEXOJIHbIE MOMEXU AEMYJIbTHU-
IJeKcopa s JBYX UEHTPAIbHBIX COCEIHMX KaHalOB (KaHaldbl C HOMEpaMu
int(n/2) u int(n/2)+1) mpu Rep = 0.9, 0,95 1 0.99. JInsa kaxxaoro ko3 puieHTa
OTPaKEHHUsI PACCUMTATh JUIMHY PE30HATOpA. 3HAYEHHE A2 TIPU 9TOM OyIeT pas-

HO: A2 =Ad,, +(1-R), THE Az, B MuKpomerpax. [lepen pacuérom P, Heobxo-
IUMO onpenenTb AA. Pe3ynbraTsl 3aHECTH B TAOIUILY:
Hapamerp / Rep | 0.90 | 0.95 | 0.99
AN (M)
Lep (mrm)

Pmax

[To Tabnuie moctpoiite 3aBUCUMOCTD Prax(Rep). B oTuére, Tak e oTobOpasute
HOJyYeHHbIE TPaQUKU alMapaTHbIX (PYHKIHUA JEMYJIbTUILIEKCOPOB (TOJIBKO IS
IBYX MCCIEAYEMbIX KaHAjJOB) M pacCUMTaHHbIe I'padUKH IMEPEXOIHBIX IOMEX,
MIpU Pa3TUIHBIX 3HAYeHUSIX R. OOBSACHWTE, YeM BBI3BAHO pa3lInYue B MEPEXO/I-
HBIX TIOMEXaX W Mo4YeMy OBLIM B3sAThI KaHAIbI ¢ HOMepamu INt(N/2) u int(n/2)+1.

2. Haiitn ontumanbHbIil KOA(MOUITMEHT OTpa)KeHHS 3epKall, MpH KOTOPOM MaKCH-
MaJIbHBIA YPOBEHB MEPEXOIHbIX ToMex Oynaet paBeH Potlnb. Jlns atoro, HeoO6Xxo-
JMMO, Ha OCHOBE aIMPOKCUMAIINH (JINOO SKCTPATOJISAIUHN) 3aBUCUMOCTH Pax(Rep)
HalauTe Takoh Rpp, KOTOPBIH ynoBiICTBOPSUT Obl ypaBHEHHUIO Ppax(Rpp)=Pot1nb.
O06o03Ha4MM €ro Kak Rep gpt.

3. HccrmemoBaTh 3aBUCUMOCTD TIEPEXOAHBIX TTIOMEX OT JUTMHBI pe3oHaropa. s aToro
HEOOXOJIUMO OMPEJETUTh MEPEXOAHBIC TOMEXHU JEMYJIbTUILTIEKCOpA JJIs MEPBOTO
M IOCJICAHCTO KaHaJla IIpH LFP:LFP, pacuémnoes I—FP, pacuémnoe 10% u LFP, pacqé'mno+
10%, (mepen pacuérom P, HeoOxoaumo onpenenuts AL). Koaddunmuent orpaxe-
HUA 3epKall 171 BeeX Lep OyneT Rep, opr. Pe3ynbTaTel 3anecTn B TaOIMILY:

HapaMeTp / I—FP LFP,pacqé’mHae I—FP,pacqémHoe —10% LFP,pacué"myoe + 10%
A\ (HM)

Pmax

[To Tabmuiue moctporte 3aBUCUMOCTD Pha(Lep). B oTuéTe, Tak e otobpasute
MOJIyYCHHBIC TPaUKH anmapaTHbIX (YHKIMH AEMYIbTHILICKCOPOB (TOJIBKO IS
IIEPBOrO M MOCIEAHET0 KaHAJIOB) U PacCUUTaHHBIC TPAPHUKU ITEPEXOAHBIX ITOMEX,
IIPH Pa3INYHbIX 3HAYCHUSAX Lpp. OOBSICHUTE, YeM BBI3BAHO Pa3IudHe B IIEPEXO/I-
HBIX TIOMEXaX W TI0YeMy OBLIIH B3SThI KaHAJBI C IEPBBIM U TIOCJICTHUM HOMEpaMHU.

4. HaiiTu onTUMaJIbHYIO IJIUHY PE30HATOpA IS MOCIeAHEr0 GUIbTpa, Ipu KOTOPOM
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MaKCUMaJbHBIA YPOBEHb MEPEXOAHBIX Momex Oyzaer paBeH Pytlab. ns storo,
HEOOXOJMMO, Ha OCHOBE aIPOKCUMALMU (MO0 IKCTPAINOALNN) 3aBUCUMOCTH
Pmax(Lrp) HalimuTe Takyr Lpp, KOTOpas YIOBJIETBOpsUIa OBl YPaBHCHHIO
Pmax(Lep)=Pot1ab. O603HaunM e€ kak Lep gpt.

PaccuntaTh KOHCTPYKIIMOHHBIE IapaMeTpbl QUIBTPOB, MPH Rep, opt B Lep, op. Ha
OCHOBE TMOJIYYEHHBIX MapaMeTpPOB CMOJEIUPOBATH allllapaTHy0 (QYHKIUIO -
MYJIBTUILJIEKCOpPA M PACCUUTATh MEPEXOHbIC TOMexHU. Pe3ynbpTaThl 3aHeCTH B Ta0-

JULY:

IMapametp/ 1 2
Ne puabTpa
Ai
n
REP, opt
Lep, opt

B otuére oTobpazute cMoAeIUpPOBaHHBIN rpaduk annapaTHOW QPYHKIIUU AEMYJIb-
TUILJIEKCOPA U PACCUMTAHHBIN rpaduK nepexoaHbix nomex. O0bsICHUTE, YEM BBI-
3BaH MOJYYECHHBIN BUJl 3aBUCUMOCTH IIEPEXOHBIX IIOMEX OT HOMEpa KaHaJIa.

I[JBI ACMYJIbTUILICKCOpPAa C OIITHMAJIbHBIMHK IIapaMCTpaMu, HpOHa6J'IIOI[aTB BJIM -
HHEC BCCX COCCIHHUX KaHAJIOB Ha K&)KI[BII\//I KaHall B OTACIIBHOCTH. O6’BHCHI/ITC, 4CM
BbI3BaH HOqueHHBIﬁ BUJ 3aBUCMMOCTH IICPCXOJHBIX ITOMEX OT HOMCPpa KaHajia.

CpaBHUTH MEPEXOJIHbIE TTOMEXHU 000UX JEeMYIbTUIUIEKCOPOB. Clenarb BBIBOJBI O
BO3MOKHOCTH TPAKTUYECKOTO MOCTPOCHUS JIEMYJbTUILIEKCOpa Ha MHTEp(epeH-
MOHHBIX punbTpax u ¢unbTpax dadpu-Ileppo, yaosieTBopstomux TpeOOBaHU-
SIM HOPMATUBHBIX TokyMeHTOB [9,10].

JlabopaTopHas padora Ne3 KoMnbroTepHoe HCCIeI0BAHUE ONITHYECKUX

AeMYJIbTHILIEKCOPOB HA OCHOBE HAJI0’KEHHBIX roJIorpaMM B (poTONoIMMepPHOM
MaTtepuaJie

Heab padoThl: U3y4eHUE TPUHIUIIOB JEUCTBUSL U KOMIIBIOTEPHOE HCCIEN0-

BaHUE OCHOBHBIX XapaKTEPUCTUK U MMapaMeTPOB OMTUYCCKOTO JEMYJIbTHILICKCOpa Ha
OCHOBE HAJIOKEHHBIX FOJIOrPaMM B (POTOMOJIMMEPHOM MaTepHalie C UCIOJIb30BaHUEM
porpaMMHOTo odecrieueHus [24].

PexomMeHaanum mo BINOJHEHHUIO paﬁoTbI

PacuérHoe 3aganune

1. Cormnacuo CBOCMY BAapHWaAHTY 3aJ/IaHUsA, U3 Ta6J'II/ILH>I HCXOAHBIX JAHHBIX IIO TalbIu-

ue ITU-T (mpunoxeHue) HaWTH YUCIIO KaHAIOB (PEHIETOK) N U IIEHTpalbHbIE Ya-
CTOTHI ;.

Tabmuma — VcxomgHbie JaHHBIE JJ1S1 BBITIOTHEHUS PAOOTHI
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*

IMapamerp Bapuant
1 2 3 4 5
Juamazon * 1528,77 — | 1528,77 — | 1546,12 — | 1539,77— | 1535,82 —
(HM) 1532,68 | 1536,61 1554,13 | 1549,32 | 1538,98
Afy, TT 100 200 400 200 100
Po (110) 25 22 25 26 22
IMapameTp Bapuant
6 7 8 9 10
Juamazon * 1549,32 — | 1533,47— | 1546,12 — | 1535,04 — | 1530,33 —
(HM) 1553,33 | 1542,94 1554,13 | 1557,36 | 1536,61
Afy, TT 100 200 400 500 200
Po (J16) 21 19 25 18 24
IHapamerp Bapuanr
11 12 13 14 15
Junanazon * 1550,92 — | 1550,92— | 1533,47— | 1533,47— | 1541,35-
(HM) 1554,13 | 1560,61 1557,36 | 1557,36 | 1550,92
Af, TT 100 200 400 100 200
Po (J16) 23 20 18 19 24

— OCHTPAJIbHBIC MAKCUMYMBI IICPBOTO U ITOCJIICAHCTO KaHala,

. Ouenutp u3meHenue yria HakiaoHa OIIM (AY) ucxons u3 otHouieHuss AY =
(160° —2-6)In.

. Onenuts Tommuny OIIM (d), HEOOXOMUMYIO TSI JOCTHXKEHUS 3aJJaHHOW CEJIeK-
TUBHOCTH, UCXO/JI U3 BhIpakeHu# (2.24) u (2.25).

. Haiitu yrnsl 6; nog KotopbiM OyayT IudparupoBath JIy4 ¢ IJIMHAMU BOJH A HC-
X0/ U3 BeIpaxeHus (2.21).

. OLICHUTh TEOPETUUECKU MAKCUMAaIbHYIO JOCTIKUMYIO TUPpaKkinoHHYIO dhPek-
TUBHOCTH ToJiIoTpaMm 1o gopmyie (2.20).

JKCIePUMEHTAJIbHOE 3a/IaHKE.

. 3aHeCTH B mporpaMMmy mapamMeTphl AEMYJIbTUIIEKCOpPA MUCXO M3 TaOJIUIIBI HC-
XOJHBIX JAaHHBIX M MaTepuajbHble mNapameTpbl DPIIM: 5ni:lO‘3, 5np:10'2, s=1,
D=1-10"°, n=1.45. Illar YIJIOB HakJIOHa U TojimuHa PIIM HaxonuTcsa U3 pacyeT-
HOTO 3a/aHus. [[JTMHY BOJIHBI M YTOJ 3alMCH B3STh U TaOIHUIIbI

Bapuanrt
ITapamerpsl 1 5 3 4 5
A3an (HM); 640 680 700 750 800
63an (rpan); 20 15 10 12 15
Bapuant
ITapamerpbl 6 7 8 9 10
A3an (HM); 850 900 950 630 1100
O3an (rpan); 10 15 20 10 18
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Bapuant
Hapavetpet 11 12 13 14 15
Azan (HM); 730 990 620 785 700
63an (rpan); 13 15 12 13 10

2. Onpenenutb MaKCUMaJbHO JOCTIDKUMYIO JU(PPaKIMOHHYIO 3((HEKTUBHOCTD
N4 mex AU HAIOXKEHHBIX TOJIOTPAMM IPU OTCYTCTBHHM ONTHYECKOTO 3aTyXaHUS.

JI1st 3TOro HEOOXOAMMO OMPENCIUTh TaKylo AUGPAKIUOHHYIO 3()PEKTUBHOCTD,
pU KOTOPO MaKCUMyM KPHBOM JMHAMHMKH 3alMCH TOCIIEIHEN TOJI0TpaMMBbI IIPo-
XOJUA OBl 4epe3 74 .., - 3AHECTU B TAOJIMILY MMOJYUMBIIHUECS BPEMEHA 3aIUCU IS

Ka)XI0W TOJ0rpaMMbl U MAaKCUMYMBbI OTHOCUTENIBHON OpATOBCKOI paccTpoiiku Ai;

No rosiorpammsbl Bpewms 3anucu, cex Aj

3. UccnenoBath 3aBUCUMOCTH AU(PpakiinoOHHON 3(H(PEKTHBHOCTH OT OTHOCHTEIHHOU
oparroeckoit paccrporiku Kd(A). I[IpoHabnronath U3MEHEHUSI CYMMAapHBIX Tepe-
XOJIHBIX MOMEX Ha KaXJIbI KaHall U COOTBETCTBHE MX TpeOyeMbiM Hopmam (PO).
Jlnst 3TOrO0, NEepexoHble MOMEXHU MEPEBECTU B IEUUOEIBI U OTPA3UTh B OTYETE B
BUJIe Tabnui U rpadukoB. Eciau nepexoaHas momexa CIMIIKOM OoJbIiasi, HE0O-
X0auMo yBemnuuTh ToNmuHy OIIM 1 mMOBTOPUTH MyHKT 2 3aHOBO.

4. TloBTOpPUTH MYHKTHI 2-3, 71 onTHYecKoro 3aryxanus B 3 Hoam. CrenaTh BBIBOJIBI
O BIMSHHUH ONTHYECKOTO 3aTyxaHus B ®IIM Ha nuHaMuKy 3ammcu TOJIOTPaMM U
TU(PaKIIMOHHBIE XapAaKTEPUCTUKH.

5. Caenatb BBIBOJBI 10 UCIIOJIB30BAHUIO ONTHYECKOTO IEMYJIbTUILUIEKCOPA HA OCHO-
BE€ HAJIOKEHHBIX TU(PpaKIMOHHBIX penéTok 3anucanubix B OIIM, kak ycTpoiicTBa
cenekuuu kaHasioB B BOCII. BrisiBUTH 1OCTOMHCTBA, HEAOCTATKU U MPOBECTH
CPABHUTENBHBIN aHAJIU3 UCCIIEAYEMOTO AEMYJIBTUIIIIEKCOPA, 10 CPABHEHUIO C HC-
CJIElyEMBIMH paHee AEMYJIBTUIIIIEKCOPAMMU.

JlaGopaTopHasi padora Ne4 KomMnblOTepHOe HCCIeJ0BAHNE ONITHYECKOTO
MYJIbTHILIEKCOPA HA OCHOBE MACCHBA IJIAHAPHBIX BOJIHOBOA0B (AWG)

Leap padoThl: N3ydeHUE NIPUHLMUIIOB JEUCTBUS U KOMIIBIOTEPHOE MCCIENO-
BaHHME OCHOBHBIX XapaKTEPUCTHK M MapaMeTPOB ONTHYECKOTO MYJIbTHUIUIEKCOpA Ha
OCHOBE MacCHBa IJIaHAPHBIX BOIHOBOI0B (AWG) ¢ HCIob30BaHUEM MPOTPAMMHOTO
obecneuenus [21].

PexoMeHIanun MO BHINMOJTHEHUIO PA0OTHI
PacuerHoe 3axanue
JIyst BBITIOJTHEHUS JTaOOPaTOPHBIX pabOT HEOOXOAUMO PACCUUTATh OCHOBHBIC

KOHCTPYKTHBHBIE mapameTpbl Aemyibtuiuiekcopa AWG (Lo, dw; K, Ly a; m, Al).
JlanHbIe MTapaMeTpbl MOTYT OBITH PACCYUTAHBI IO opMysiam u3 1 2.3.
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Hcxoanble gaHHbIE A7 BHIMOIHEHUS paboThl OepyTcs u3 Tabn.2.1 cormacHo
OIIpEeJIeJIEHHOTO MPEToIaBaTeNIeM BapuaHTa.

Ta6nuna 2.1 — MicxoHble JaHHBIE JIs BBITTOJTHEHUS PaOOThI

Bapuant
ITapamerpsl 1 2 3 4 5
JTHanas3oH: 1921 Tlu— | 1941 TTm— | 1925 TTu— | 192,1TTu— | 192.9 TIm—
194,6 TI'n 196,1 T’ 196,1 Tl 196,1 T’ 1959 Tl
Kan. untepsan
T 100 200 100 200 100
Bapuant
IMapamerpsl 6 7 8 9 10
Auanasou: 193,7 Tlu— | 1922 Tru— | 192,5Trm— | 193,6 TTu— | 193,5 Tlo—
1953 TI'n 1954 T’ 195,7 Tl 195,7 TI'n 192,7 Tl
Kan. unteppan
(I'T): 50 100 100 50 100
Bapuant
LBy LRI 11 12 13 14 15
Ananason: 1952 Tlu— | 1945TIru— | 194,77 Tlu— | 1952 Tru— | 193,1 TI'i—
Kar, snrepaan | 1969 T 196,5 TI't 196,3 Tl 196,8 TI't 196,7 Tl
(MT): 100 100 100 200 100

BHenHne mapameTpsl:m; = g = 0o = 7.16 MKM.
Matepuanbnbie napameTpsl: N = 1.454, np = 1.451, n, = 1.453.

Jlanee HEOOXOIUMO BBECTH JIaHHBIE MapaMeTpPbl B COOTBETCTBYIOIIME OIS
MPOTPAMMHOTO 00€CTICUEHUSI.

3KCHepI/IMeHTa.JIbHOC 3aJaHHue

1 UccenoBaTh OIHHOYHbIN KaHAJ

1.1 BbiOpath Npou3BOJIbHBIN KaHa (HampuMep LeHTpaabHbIi kaHai (), B co-
oTBeTCTBUM ¢ onrcanueM [10.

1.2 Onpenenutb HEOAHOPOIHOCTH BHOCUMBIX TTOTEPh OJHOIO KaHaa.

1.3 Haiitu noJsiocy npornyckaHus OJHOTO KaHaia Ha ypoBHe -3 u -201b.

1.4 UccnenoBath 3aBUCUMOCTh BHOCHUMBIX IOTEPH OT JJIMHBI BOJHBI KaHala.

2. Ha ogHoii M3 4acTOT ONTHYECKOI0 IMANA30HA UCCJIeI0BATH BJAMSIHHE
KOHCTPYKTHBHBIX napamerpos (K, d,, Lf, m) na:

- K03 puIMeHT nepenayu;

- MOJIO’KEeHHE BbIxoaHOro mopta do;

- oJiocy npormyckanus Ha yposae -20 nb.

2.1 UccnenoBatk BausiHue K Ha BBIIIEU3II0KEHHbBIC TTAPAMETPHI.

2.2 UccnenoBath BausiHue AW Ha BBIMICU3JI0KEHHBIC TTapaMEeTPhI.

2.3 Uccnenoats BimsiHue L Ha BbIIEN310)KEHHBIC TAPAMETPBI.
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2.4 UccnenoBath BIMSHUE M Ha BBIIEU3JI0KEHHBIE TAPAMETPHI.

3. HccienoBaTh COBOKYIIHOCTh KAHAJIOB

3.1 IlpuBectn cyMMapHOE IIOJIE Ha BBIXOJE, ONPEIECIUTH IOJIOKECHHUE BbI-
XOJIHBIX ITIOPTOB.

3.2 HccnenoBaTh 3aBUCUMOCTD MIEPEXOIHBIX IOMEX OT HOMEpa KaHAJIOB.

3.2. IIpuMep BbINIOJHEHHS JIA0OPATOPHOH PAdOTHI

1. KoMnboTepHOE MOAeJIMPOBAHIE MHOTOBOJIHOBOI0 3p0OHUEBOT0 BOJIO-
KOHHO-ONTHYECKOT0 YCUJINTEJIsI
2. UcxoaHble TaHHBIE

CoriacHO BapuaHTy 3a/1aHMs BBIOUPAIOTCS WCXOJIHBIE JAHHBIE:

Ne apit- | Tunycu-—fp oy | am [P, mw A, nm
aHTa JIATEIIS
7 MOIIHOCTH 0,01 1560 290 8 0,8

3. KomnbrTepHoe Mo1e TMPOBAHHE

B nannoit mabopatopHoii paboTe uccineayercst IMHEHHBIN yCUIUTEIh ¢ 00paT-
HOU CXEMOM HaKayKH.

3.1 UcciaenoBanue 3aBUCHMOCTH ONTHMAJIBLHON MuHbI Lopt m makcu-
MaJIbHOTO KO3 uuuenra ycwienuss Kmax or momHocTu curdaJga Ps B qjuama-
30He ot 0.001 MBT 1o 0,5 MBt pus Ap=1480 um u Ap=980 um (As=1580 Hm,
Pp=290 mBr).
Lopt,

Kmax$
300 - 5

. 0
s 25 -

200 RN

250 -
AN 20 -
\ 15 7
N 10 : ’
) \\D\ ! 1

0 - e
| T T T T | 0 -
0 0.000 0.001 0.01 01ps »
b
MBT

150 -
100

50 -

0000 0001 o001 o1 Ps,
Pucynok 3.1.1 - 3aBucumocts Lopt(Ps) u Kmax(Ps)
BbIBOBI 110 IyHKTY 3.1:
OntumanbHast AivHa ycunutens Lopt yMeHbIIaeTcsi ¢ poCTOM MOIIHOCTH
BxoaHOTO curHaia Ps (puc. 3.1.1 crmeBa). D10 0OBSICHIETCS TEM, YTO MPHU OOJBIITUX

MOHOIHOCTAX BXOJHOI'O CUI'HAaJIa YCHUJICHUC 10 MAKCUMAJIBHOTO 3HAYCHUSA ITPOUCXOJIUT
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Ha OoJiee KOPOTKOM Y4aCTKC BOJIOKHA.

Koaddumment ycunenuss Kmax ymeHbIIaeTcsi ¢ pOCTOM MOIIHOCTH BXOJIHOTO
curtana Ps (cm. puc. 3.1.1 crpaBa). 910 00BsCHAETCS cleAyomuM odopazoM. Hucio
BO30Y’K/1aeMbIX aTOMOB 3pOHs MPOMOPIMOHAIBHO MOIIIHOCTH BXOJIHOTO cUTHaia Ps,
HO 3TO YHMCJIO KOHEYHO B CHJIYy OIPAaHMYEHHOCTH KOJIMYECTBA MOHOB 3pOUs, TaK YTO
yBenu4eHNEe PS B KOHEYHOM MTOTE MIPUBOANT K HACHIIICHUIO YCUITUTENS U, KaK CIIe]I-
cTBUe, ciaay kodddurmenta ycunenus Kmax.

Jnanazon Hakadku A, = 0.98 mxm. EDFA HakaunBaemble B 3TOM JIMaIla3oHE,
obanaroT HaubobIIeH (PPEeKTUBHOCThIO HAKaYKH. DTH CBOMCTBA CBS3aHBI ¢ 0OJIb-
IIMM CEUYEHUEM IOTJIOIMIEHUSI U TOJHBIM OTCYTCTBUEM CTUMYJIHMPOBAHHOTO HU3ITyue-
HUS Y TIOTJIONICHUS BO30YXICHHBIM cocTosiHuEM 4113/2 Ha nyirHe BOJHBI HAKAYKHU.

3.2. HUccaenoBanne 3aBUCHMOCTH MAKCUMAJIBHOTO KO3(QUIIHEHTa yCH-
Jenuss Kmax or momuHocT Hakayku Pp B auamazone or 100 go 300 mBT, nisa
Ap=1480uMm u Ap=980uMm (Ps=0.01 mBT, As=1560 um).

Kmax |

?

8 -

|

100 150 200 250 30Pp,

Pucynok 3.2.1 - 3aBucuMoCTb Gmax(Pp)M

BriBoabI 110 TyHKTY 2:

KoaddunmenT ycunenuss Kmax yBeamduBaeTcsi ¢ pOCTOM MOITHOCTH HaKauyKH
Pp (cm. puc. 3.2.1). D10 pe3ynbTar TOro, 4ro Npu pocte Pp Bo3pacTaer 3aceleHHOCTh
METacTa0MIBHOTO YPOBHSI BO30YXIEHHBIMU aTOMaMu 3pOHs, UTO B CBOIO OYEpE.lb
CIOCOOCTBYET YBEJIIMUYEHHUIO YMCJIA BBIHYKJICHHBIX MEPEX0JI0B U, KaK CJIEACTBUE MO-
clelHero, Bo3pactaer KoddduimeHT ycunenus. Kmax IOCTUTHET mopora mpH J10-
CTH>KEHUHU MOIIHOCTHIO HAKaUKH HACBIILIEHUSI.

3.3. UccaenoBanue 3apucumoctd KMax or JJIMHBI BOJHBI CUTHAJIA AS B
nuana3one 1530 um — 1560 um aas Ap=1480um u Ap=980um (Ps=0.01 mBrT,
Pp=290 mBT).
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Kmax #

10 -

—

] —— R
| T - i ‘ : ‘ | | :
1530 1540 1550 1}§§,OHM

Pucynoxk 3.3.1 - 3aBucumocth Kmax(As)
BBIBOJIBI 110 TYHKTY 3:

Koaddumnuent ycunenuss Kmax ymeHbIIaeTcss ¢ pocTOM JJIMHBI BOJIHBI HH-
dbopmanronHoro curana (cMm. puc. 3.3.1). 310 00BICHSAETCS OTPAHUUYEHHOCTHIO pa-
0ouelt nmonocel ycwienuss EDFA, MakcuMyM KOTOPOWl COOTBETCTBYET JUIMHE BOJHBI
1530 ™.

XapakTep 3TOW 3aBHCHUMOCTH OOYCJOBJIEH TE€M, YTO yXOJ OT LEHTPaJbHOU
JUIMHBl BOJIHBI M3JIy4aTEJIbHOIO IMEPEX0/a 3JIEKTPOHA C OJHOIO 3HEPreTHUYECKOIro
YPOBHS Ha Apyroi (IoJ LEeHTPaJIbHOM JJIMHOM BOJIHBI 3/IeCh IOHUMAETCS JUIMHA BOJI-
HBI CIIEKTPa U3Jy4YEHUs MOLIHOCTb U3IyYEHUs U1l KOTOPOM MaKCHUMaJIbHA, a PUCYT-
CTBUE BMECTO OJHOW UIMHBI BOJHBI IIEJIOTO CIIEKTPa U3IYUYEHUsS] OOBSICHIETCA HaJlH-
YUEM HEKOr'0 JMana3zoHa YHEPreTUYECKUHA COCTOSHUN KaKIOro YPOBHS) PE3KO CHU-
&aeT 3P(HEKTUBHOCTh M3IYyYEHUs HAa JAHHOM JJIMHE BOJHBI, a CJIEIOBATEIBHO U (-
(EKTUBHOCTb YCUJIUTENS B LIEJIOM.

3.4 UccaenoBanne 3aBUCHMOCTH MAKCUMAJIbHOT0 KO3(Punuenra ycuie-

Huss Kmax ot tremneparypsl B 1nana3one ot -20 1o +40 0C, nas Ap=1480 um u
Ap=980uMm (Ps=0,01 mBT, As=1560 um, Pp=290 mBT).

Kmaxp

8

L L
-20 410 0 10 20 30 40T, C°

Pucynok 3.4.1 - 3aBucumocts Kmax(T)
BriBosibI 110 TyHKTY 4:
Koaddumment ycunenus Gmax yMmeHbIaeTcss ¢ poctoM temrepatypsl T (cM.
puc.3.4.1) Ot1o pe3ynbTaT U3BMEHEHUSI HHBEPCUU HACEIIEHHOCTH.
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N3menenne Kmax(T) nnst Hakauku Ha jqymHe BOJHBI 1480 HM Oosee 3Ha4u-
TEJIbHBI, YEM COOTBETCTBYIOIIME M3MEHEHUs s 980 HM. ManmoMy M3MEHEHUIO KO-
addunuenta ycwienuss Kmax B juarna3oHe TeMIlepaTyp CIIOCOOCTBYET MEHBIIIEE
BIIMSIHUE TEMIIEPATypbl HA BEPOSITHOCTh MEPEXOJA0B B TPEXYPOBHEBOM CHCTEME, COOT-
BETCTBYIOIIEH HaKauKe HA JJIMHE BOJHBI 980 HM.

HccnenoBanre TemnepaTypHOM 3aBUCUMOCTH KOA(PUIlMEeHTa yCUIeHUs TTOKa-
3aJ10 €€ JIUHEHHOCTh B IJaHHOM TE€MIIEpAaTypHOM Juana3oHe. Tak e W3 MOJTy4YEeHHBIX
rpauKoOB CIeAyeT CAENaTh BHIBOJ O MPEAMNOYTCHHH HAKAYKH C JJIUHOW BOJIHBI
980HM, B CHIIy TOTO 4YTO IIPH HEW TeMIlepaTypHas CTa0MIBHOCTh PabOThl YCUIIMTEISA
ropas/io BbIIIE, HEXKEIU Ha JIJIMHE BOJIHBI 1480HM.

3.5. UccaenoBanue 3aBUCHMOCTH MAKCHMAJBbHOI0 KO3 PUIHEHTA YCHU-
Jennss Kmax nmepBoro kaHajia or KOJIMYeCTBA KAHAJOB IPH PABHBIX BXOJAHBIX
MOITHOCTAX Kaxkaoro kanaaa aias Ap=1480 uam m Ap=980 um (Ps=0.01 mBrT,
As=1560 um, Pp=R90 MF3T, AA=0.8 HMm).

max

8
7 1%

s | A\

‘20 | ‘40 | ‘60 B 80 | 10b le n
Pucynok 3.5.1 - 3aBucumocts Kmax(n, KOJIJIM4eCTBO KaHAJIOB)
BBIBOIBI 11O TYHKTY 5:

Koaddumment ycunennss Kmax ymMeHbIIaeTcsi ¢ poCTOM YMcia KaHAJIOB N (CM.
puc. 3.5.1). 310 OOBSACHSIETCS PAaBHOMEPHBIM pacCMpe/IeIEHHEM MOITHOCTH HaKauKu
MEXy BO3PACTAIOIINM YHCIOM KaHAJIOB.

CHsTast 3aBUCUMOCTh MaKCUMaIbHOTO KOd((PUITMEHTa YCUICHHS TIEPBOTO Ka-
Haja OT YMCJia KaHAJIOB, MPU PACIIPECIICHUH MOIIIHOCTH HAKAYKW MEXTy KaHaJIaMmH,

MMOKa3bIBACT, YTO JOCTHXKECHHE HE0OXO0AUMOro Kod(phulMeHTa yCUIeHNUs KaXI0ro U3
KaHAJIOB HAKJIQJBIBACT )KECTKOE OTPaHUYEHUE HA MX KOJUYICCTRBO.

3.6. UccienoBanue 3aBUCMMOCTH MAKCHMMAJIBHOIO KO3(p(puuueHra ycu-
Jenuss Kmax nmepBoro kanaja (151 MHOTOKAHAJIBHOTO YCHJINTEJIsI) OT MeKKa-

HAJILHOT0 MHTEpPBaJa mo JjuHe BoaHbI AA ot 0,4 M g0 1,6 um (Ps=0,01 mBrT,
As=1560 um, Pp=290 MrBT, n=8)
max
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1 AN, HM

Pucynok 3.6.1 - 3aBucumocts Gmax(AL)
BriBosIbI 110 TYHKTY 6:

C pocToM MeXKaHaJIbHOTO MHTEpBajia AL B3aUMHOE BJIMSIHUE KaHAJIOB JAPYT Ha
Jpyra yMEHBIIAETCs, B pe3yjbTaTe 4ero Kod(p@uimeHT ycuiaeHus 1-ro xaHama mo-
BbITIIaeTCs (IIPU JOCTATOYHO MAJIOM 3HAYCHUU MEXKaHAJILHOTO MHTEpBajia HaOJro1a-
€TCs NePEKAYNBAHUE YHEPTUH U3 OAHOTO KaHajla B IPYTOM 3a CUET CBA3U MEXKAY HU-
MH). (cM. puc.3.6.1).

JImax(A)) umeet OoJblINe 3HAYCHUS I HAKAYKU Ha JJIMHE BOJHBI 1480 HM,
YeM COOTBETCTBYIOIIUE 3HAUCHUS JIsl HAaKauky Ha 980 HM, Tak Kak MOCIEAHSS MPe/i-
MoJIaraeT HaJIu4ure SHepreTuyeckoro yposHs 4111/2 (Bbie MeTacTaOMIBHOTO YPOB-
HSI).

3.7. OnpenesumM ONTUMAJIBHYIO JUIMHY JJS MHOTOKAHAJIBHOI0 yYCHJIUTE-

JiSi TIPH PABHBIX MOIIHOCTAX BXOAHBIX CUTHAJOB (Ps=0,01 mBt, As=1560 HM™,
Pp=290 mBT, n=8, AA=0,8 um).

YcranoBuM Quuibtp 115 BeipaBHUBaHus AUX. Mcnonb3yem GuiabTp Ha BXoje
Y Ha BbIXojie ycumutens. s o0oux GuibTpoB coXpaHuM clieyroniue rpaduku:

- rpaduk ¢ AUX ycunutens 6e3 punbtpa, AUX dunstpa u AUX ycunurens ¢
buIbTPOM;

- TpaUK ¢ 3aBUCUMOCTSIMH BXOJITHOM MOIIIHOCTH, BBIXOJIHOM MOIIIHOCTU U BbI-
XOJTHOM MOIIHOCTH Tociie GUIbTpa OT HOMEpa KaHala;

- TpadK ¢ 3aBHCHMOCTBHIO MOITHOCTH CUTHAJIa B KaXJIOM KaHajie OT JJIUHBI
BOJIOKHA TP ONTUMATBHOM JIJTMHE BOJIOKHA.
BripaBHuBanue aux Ha Bxoje 1480
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o 0K

Pucynok 3.7.1 - 3aBucumocTts Ps(L), K(Ls), Ps(Ls)

BriBoabI IO TyHKTY 7:
[Ipumenenue QuibTpa Ha BXOJAE WM BBIXOJE YCWIUTEINSI MPUBOAUT K BBIPAB-

HuBanuio AYX. B pesynbrare npumenenus ¢unbTpa s BblpaBHUBaHUA AYX Ha

Bxoje EDFA mnone3nslil curnai ociabisercs, a yMbl YCUIIUTENS HE U3MEHSAIOTCS, B
UTOTe YMEHbBIIAETCA OTHOIIEHUE curHan/mryMm. [Ipu npumenennn ¢uibTpa Ha BBIXO-
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ne EDF none3uslii curan npakTuiecku He ociadisieTcs, a mrymbl BHocuMbl EDFA B
CIIEKTP BBIXOJHOTO CUTHAJa MOJABISIOTCS.

N3 pucynkos 2.13, 2.14, 2.15, 2.16 BUIHO, YTO NIPU PaBHBIX MOIIHOCTSIX CHUT-
Haja 3aBUCUMOCTH BEIyT ce0s MouTH JuHeHo. Mcnons3oBanue GUILTPOB HA BXOJE
WJIY BBIXOJE YCUJIUTENS MO3BOJSET BRIPOBHATH AUX cucTeMbl Ha BXOAE WJIU BBIXOIE
YCHJIUTENS OJIMHAKOBO A(()EKTUBHO, OHAKO, (PUIIBTP, CTOSALIUMN HA BXOAE, YXYAIIUT
OTHOUIEHUE CUTHAJI/IIIYM MPUTOM K€ 3HAUCHUH BBIXOJHOTO CUTHAJA.

3.8. OnpenenieHue ONTUMAIBbHON JIJIMHBI JJS MHOTOKAHAJIBHOIO YCHJIU-
TeJIS IPU HEPABHBIX MOIIHOCTAX BXOAHBIX CUTHAJIOB (Ps=0.01 MBT, As=1560 HMm,
Pp=290 mBT, n=8, AA=0.8 um).

YcraHoBUM (QuUIBTP Ul BBIPAaBHUBAHUS BBIXOJHOW MouiHOCTH. Mcmoib3o-
BaTh (PWIIBTP HAa BXOJE M Ha BBIXOJEe ycuiurtens. [[ns odoux uiabTpoB coxpaHuM
cleAyonue rpapuKku:
- rpaduk ¢ AUX ycunurensa 6e3 punprpa, AUX dpunstpa 1 AYX ycunurens
¢ GUIBTPOM;
- rpaduK ¢ 3aBUCUMOCTSIMU BXOJHOW MOILIHOCTH, BBIXOAHOW MOIIHOCTH U
BBIXO/JTHOI MOILHOCTH MOcje GUiIbTpa OT HOMEpa KaHaja;

BripaBHrBanue MouHocTH Ha Bxoje 1480
o R R i e =F

BrewHmqi exg EDFA ] Beitiop Bapwama] Ece napamerpel  FeSUiETATEl pacYeToR l Mogrotoeka o'rwe'ra] MeTanmieckos nocoﬁue] Momowe ] |' MapaMeTpb: HaKauKm
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JnA MHOTOEIBANBHOTO VCHIHTZIE OPH HEPABHER MOIIHOCTAX
EXOQOHBIX CHIHATOE ONPEISIHIE ONTHMANTBEYEC UTHHY YCOHTHTSTA.

P =001 mW, A, =1560 nm, Pp=290 mW,
n=8, A3=0.8 nm

Veranoeume  MIBTP 1M ERIPAEMMEAMMA  BREOAHOIL
MOLTHOCTH. Henomssoeats cpm'rp HAa EX0Of M HA EBRINOOS
youmrens. Qo ofomx GIIBIPOE COXPAMITE CHETYIOLINE
rpaciE: ~
- rpadme ¢ ATX yewmHTend Ges duetpa, ATX dwmeTpa m ATX T Ha eoinoge younrens

Creayiow il nyHkT =
=L ..
This program has been made by Dovolnov EA.

E v HWcnonesosate funeTp
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(+ Bripasrueane Pebix

* Ha Bxoge younuTena
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BripaBHMBaHue MOIHOCTH Ha Bbixozae 1480
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Pucynok 13 - 3aBucumocts Ps(L), K(LS), Ps(Ls)

3akioueHue

Jlannas paboTa Mmo3BOJIMIIa MPOBECTH U3YYCHUE MPUHIIMIIOB JIEUCTBUS U KOM-
MBIOTEPHOE HCCIIEJOBAHUE OCHOBHBIX XapaKTEPUCTUK M MAapaMETPOB MHOT'OBOJIHO-
BBIX 3POMEBBIX BOJOKOHHO-OMTHYECKUX YCUITUTENEH SISl OOpaTHOW CXEMBbI HAKAYKH.

[To momy4eHHBIM pe3yJibTaTaM MOXKHO CYJIUTh O MPUTOJHOCTU CMOJCIUPOBAH-
HOTrOo B JaHHOU pabore EDFA ycunutens momuoctu. [ns 3Toro Bocmosib3lyemcs
TpebOBaHUsIMU K napameTrpaMm ontudeckux ycuiurened (Pl 45.286-2002, npuiio-
xKeHue A).

Htak, B n.1 mpoBOAMIIOCH UCCIEIOBAHUE 3aBUCUMOCTH ONTUMAIBHOM JIJTUHBI
Lopt 1 MakcuManbHOTO KodGdunuenTa ycuneHus K., or Mmomuoctu curnana Ps. ITo
MOJIYYEHHBIM PE3YyJbTaTaM, PYKOBOJCTBYSACH MPUIIOKEHUEM A MOMKHO CII€NIaTh BbI-
BOJI: MUH. ypoBeHb BXoaHOU MorHocTH 0,017 MBT cooTBeTcTBYyeT KO3 dUlIMeHTam
ycuneHus: Ha juHe BoiHbl 1480 — K=6,16/16, 980 — K=8,51]J10, 4ro HE cOOTBeT-
CTBYET MHH. TpeOoBaHusM Koddduimenta ycunenust K=14716.

B 1.2 mpoBoauiock ucclieqoBaHue 3aBUCUMOCTH MaKCUMAJIBHOTO KO3 duIiu-
eHra ycuieHnss Kmax ot MmomHocty Hakauku Pp. I1o noiryyeHHbIM pe3ynbraTam, py-
KOBOJICTBYSICh TPUJIOKEHUEM A MOXHO CJeNaTh BBIBOJ: MHH. YPOBEHb BXOJHOU
MorrHoctu 0,017 MBT — cootBeTcTBYyeT TpeboBanusam PJI 45.286-2002, Ho npu pasz-
JUYHBIX MOIIHOCTSAX HAKAauyKH, JOMYCTUMBIM ypOBeHb KOd((UIIMEHTA YCUICHUS HE
HaOIromaeTcs.

B 1.3 npoBoauiock ucciienoBaHue 3aBUCUMOCTH KMax OT AJIMHBI BOJIHBI CUT-
Hana As. [lo momydeHHBIM pe3ysibTaTaMm, PyKOBOJCTBYSCH MPUIIOKEHUEM A MOXKHO
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clenaTh BbIBOJI: MUH. YPOBEHb BxoaHOU MomiHocTH 0,017 MBT — cooTBETCTBYET Tpe-
ooBanusam P/ 45.286-2002, HO pu pa3IMUHBIX JJIMHAX BOJIH CUTHaja, JOMYCTHUMBIM
ypOBeHb KO3(pbHUIIMeHTa YCUIICHHUS He HAa0Ir01aeTCsl.

B 1.4 npoBoaunoce MccnenoBanue 3aBUCUMOCTH MaKCUMaJIbHOTO K03 uiiu-
eHTa ycwieHns Kmax or temmneparypsl. [Io momydeHHBIM pesyiibraTaM, pyKOBOJ-
CTBYSICh IIPUJIOKEHUEM A MOXHO CII€JIaTh BBIBOJ: MUH. YPOBEHb BXOJHOW MOLTHOCTH
0,017 MBT — cooTBercTBYyeT TpeboBanusm PJ[ 45.286-2002, HO npu pa3IudHBIX TEM-
neparypax, JOMyCTUMBIA ypOBEHb KO3(pPHIMEeHTa yCUIeHUS HE HAOII01aeTCsl.

B 1.5 npoBoauiock uccienoBaHue 3aBUCMMOCTH MaKCUMalbHOTO KO3(duiiu-
eHTa ycwieHuss Kmax mepBoro kaHaiaa OT KOJIMYECTBA KAHAJIOB MPU PAaBHBIX BXOM-
HBIX MOIIHOCTSX KaxAoro kaHaia. [Io mosydeHHbIM pe3yibTaTaM, pyKOBOJCTBYACH
MPUWIOKEHUEM A MOXHO CIeNaTh BBIBOJA: MUH. YPOBEHb BXOJHOU MomHocTy 0,017
MBT — cooTBercTByeT TpeGoBanusim PJI 45.286-2002, HO npu yBeIMYEHUU KOJIHUYE-
CTBa KaHAJOB PAaBHOM BXOJHOW MOIIHOCTH, JOIMYCTUMBIM YpOBEHb KO3(duineHTa
yCUJICHUS HE HAaOII01aeTCs.

B 1.6 npoBoauiock uccieqoBaHue 3aBUCMMOCTH MaKCUMaJIbHOTO KO3(hduiiu-
eHTa ycwieHuss Kmax nepBoro kaHana (4711 MHOTOKAaHAJIbHOTO YCUJIMTENS) OT MEX-
KaHaJbHOTO MHTEpBaia Mo JuiHE BOHBI AA. ITo moiydeHHBIM pe3ynbTaTam, pyKo-
BOJICTBYSICh IIPHJIO)KEHHUEM A MOKHO ClI€JIaTh BBIBOJ: MHUH. YPOBEHb BXOJAHOW MOII-
HoctH 0,017 MBT — cootBerctByeT TpeboBanusm P/ 45.286-2002, Ho npu paznuy-
HBIX 3HAYEHUSAX MEKKAHAJIBHOIO MHTEpBAJIa MO JJIMHE BOJHBI AA, TOMYCTUMBINA ypo-
BEeHb K0d(PUIIMEHTa YyCUIICHUS HE Ha0IogaeTcsl.

B 1.7 u n.8 npoBoAMIIOCH HCCIEAOBAaHUE ONTUMAIBHOW JUIMHBI BOJIHBI JUIS
MHOTOKaHAaJIbHOT'O YCHJIMTENSI MPU PABHBIX MOIIHOCTSX BXOJHBIX CUTHAJIOB U TMpU
HEpaBHBIX MOIIHOCTSAX BXOAHBIX CUTHANOB. bbuin yctaHoBieHnsl ¢unbTpsl AUX Ha
BXOJI€ M Ha BbIXOJE ycunuTens B 1.7. B 1.8 OblIM ycTaHOBIEHBI (GUIBTPHI ISl BbI-
paBHUBaHUS BBIXOJHON MomIHOCTU. B 1.7 TpeboBanusim P/l 45.286-2002 cooTBet-
CTBOBAJI TOJIbKO YPOBEHb BXOJHOM MOLIHOCTH, paBHBIA y Bcex kaHanos 0,01 J1om. B
n. 8 tpedoBanusiM PJ[ 45.286-2002 cooTBETCTBOBaJl ypOBEHb BXOAHOW MOIIHOCTHU
TOJIBKO y HEKOTOPBIX KAHAJIOB, T.K. IO YCIOBUSM MPOBEICHUS UCCIECAOBAaHUS YPOBHH
MOIIIHOCTHU Pa3HbIX KAHAJIOB - PA3JIMYHBI.
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4 UTHANBUAYAJIBHBIE PACUETHBIE 3ATAHUA

WuauBHyanbHbIC pacueTHBIC 3aJaHus (KOHTPOJIbHAS padoTa) BBIMOJHSIIOTCS
CTy/ZIcHTaMH 3a04HO# (hopMbl 00yuenust B 10 cemectpe 1o Teme «KoMmmbroTepHoe
MOJICIMPOBAHNE ONTUYCCKUX MYJIBTUIUICKCOPOB Ha MHTEP(EPECHIIMOHHBIX U Dadpu-
[lepo dunbTpax». 3amanus BRIOTHSIIOTCA 3a CYET BPEMEHHOTO pecypca, OTBOJIUMO-
ro Ha CaMOCTOSATEIbHYIO paboTy. IlepedeHb BOIPOCOB U METOIUYCCKUAC MATCPUAIIBI
T10 BBITIOJTHEHUIO PACUSTHBIX 3aJJaHUK M3JI0XKEHBI B [3].

4.1. BapuaHnTbl 3a1aHuil

Ucxonnbie naHHbIC ISl BBIMIOJHEHUS pacyeTHOM paboThl «MojenupoBaHue
ONTHYECKOT0 MYJbTHILUIEKCOPa» HAaXOAATCs W3 Tabnuipsl 4.1 Mo HOMEpy BapUaHTy
3a/1aHHUsl, BBIJAHHOTO MPENOAaBaTENIEM. .

Tabmuua 4.1 — VicxoqHple JaHHBIE 17151 BBIOJHEHUS pacyeTHOM pabOoThI

IHapameTtpsl Bapuanr
1 2 3 4 5
JlnanazoH 1nH 1528,77 — | 1528,77 — | 1546,12 | 1539,77 | 1535,82
BOJIH®, HM 1532,68 | 1536,61 —1554,13 | -1549,32 | -1538,98
Af, T 200 200 400 200 100
Po (J16)** 20 22 25 26 22
Tun [U.D]*** B.P. P.®.II NM-1. |B.P. P.®.IIL
Ny [W.D]**** 1.458 1.56 1.55 1.458 1.51
IHapameTtpsl Bapuanr
6 7 8 9 10
JlnanaszoH JJIHH 1549,32— | 1533,47— | 1546,12— | 1535,04— | 1530,33—
BOJIH*, HM 1553,33 | 1542,94 1554,13 | 1557,36 |1536,61
Af, Ty 100 200 400 500 200
Po (16)** 21 19 25 18 24
Tun [N.O]*** NM-1. |B.P. P.®.II. NnM-1. |B.P.
Ny [W.D]**** 1.5 1.458 1.59 1.52 1.458
IHapameTtpsl Bapuanr
11 12 13 14 15
Jwnamna3oH mivH 1550,92— | 1550,92— | 1533,47— | 1533,47— | 1541,35—
BOJIH®, HM 1554,13 | 1560,61 1557,36 | 1557,36 | 1550,92
Af, Ty 100 200 600 1000 200
Po (16)** 23 20 18 19 24
Tun [U.D]*** P.®.IL N.M-11. B.P. P.®.II. N.M-11I.
Ny [ ]**** 1.557 1.533 1.458 1.55 1.565

* HNCHTPAJIBbHBIC MAKCHUMYMBI IICPBOT'0 U MMOCIICIHCTO KaHaJIa
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**_ ypoBEHb MEPEXOAHBIX TOMEX, KOTOPHIN JOHKEH 00eCTIeYnBaTh AEMYJIbTH-
IJIEKCOP

***_ TUN JeMYNBTUILIEKCOPA, TOCTPOCHHOTO Ha HHTEP(EPECHIIMOHHBIX (PHIIBTpaX:
N.M-I1 — Uurepdepomerp Maxa-Ilennepa, P.d-I1. — pezonarop ®adpu-Ileppo,
B.P. — BonmokoHHas pemérka

**FX_ 3HaUEHHUE MOKa3aTelNs MPEJIOMIICHHUs Ny JIJIs AEMYJIbTUILIIEKCOpA MOCTPOCH-
HOTO Ha MHTEP(PEPEHIIMOHHBIX (PUITbTpaX

4.2. IlpuMep BHIIOTHEHUSI PACYETHOT0 3aJaHUS
1 JlemyJbTHILIEKCOP HA OCHOBEe HHTepP(epeHIMOHHBIX PUILTPOB

1.1. HayaabpHble JaHHbIE

ITapameTtpsl Bapuant Nel2
Jlnanazon mmuH BoaH | 1550,92-1560,61
Af, Ty 200
Po (116) 20
Tun [N.0] N.M-11.

n; [1.@] 1.533

Uucno kaHalIOB BBRIYMCIMM MCXOJs M3 YacToTHOro miada ITU-T. Jlnsa nuama-
30Ha JUIMH oNTU4eCKuX BOJH ¢ 1550,92 uMm 1o 1560,61 HM ¢ 4aCTOTHBIM HHTEPBAJIOM
200 I'rx, yucio xKaHajioB N=7.

Tabmuua 1.1 — Bapuant Nel2

Yacrora, TI'11 JIINHHA BOJIHBI, HM
193,3 1550,92
193,1 1552,52
192,9 1554,13
192,7 1555,75
192,5 1557,36
192,3 1558,98
192,1 1560,61

1.2. PacuéT oCHOBHBIX MApaMeTPOB

Paccuntaem mepuoi CTPYKTYpBI JJIsl BCEX TOHKOIUIEHOYHBIX (PHIBTPOB, BXO-
JSTIUX B IEMYJIBTUILICKCOP, U TOJIIUHY (QUIBTPOB IJis An = 1'10'4, 3-10% , 1 10* u
10°. Tommuny Beex GHIBTPOB OYIEM CUMTATh IOCTOSHHOM. Pacuer mpoBeeH B cpe-
ne MathCad.
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-9 -
|(1550.92 .10 \| |(193.3.1o . \|
| 155252 .10 ° | | 1931.10" 2 |
| ' | | |
An =
-9 -
: 1554.13 10 : : 192910 :
ro=| 155575 .10 0 | fi=| 1907.10° % |
| N L
| 1557.36 .10 = | | 192.5.10 |
| N | |
| 1558.98 -10 | | 192.3.10 | n2j
| g | | o |
\ 1560.61 -10 = ) ( 192.1-10 )
A
Aj =
~6
2. n1” o+ (n2 ) -cos (0)-10
j
7 2 2V’
atanh (~/0.999 ) i-cos (2i)- (n j) o
M . 2 2| -3 L=
\/E (n2j) -nl |[-10

Pesynbratel pacuéra nis Bcex An 3anecém B Tabmwmipst 1.2, 1.3, 1.4 u 1.5.

-4
( 10 ) nl := 1533 0 :=0
| _a
| 310 |
i=0.6 j:=0.3
| “a
| 7-10 |
| |
-3
{10 )
(1.5331 w (00001 \
| 15333 | | 0.0003 |
::n1+Anj n2 = An =
| 15337 | | 0.0007 |
| | | |
\ 1534 ) \ 0.001 )
0 1 2 3
0 0.505828 0.505795 0.505729 0.50568
1 0.50635 0.506317 0.506251 0.506201
_ 2 0.506875 0.506842 0.506776 0.506726
3 0.507404 0.50737 0.507304 0.507255
4 0.507929 0.507896 0.507829 0.50778
5 0.508457 0.508424 0.508358 0.508308
6 0.508989 0.508955 0.508389 0.508339
0 1 2 &
0 32.156579 10.71886 4.593797 3.215658
1 32.189754 10.729918 4.598536 3.218976
2 32.223135 10.741045 4.603305 3.222314
3 32.256724 10.752241 4.608104 3.225673
4 32.290105 10.763369 4.612872 3.229011
5 32.323694 10.774565 4.617671 3.23237
6 32.357491 10.78583 4.622499 3.235749

Tabmuna 1.2 — Pesynbrarsl pacuéra AeMyJbTUILIEKCOpPAa HAa TOHKOIJIEHOUYHBIX
dbumpTpax wis An = 1-10™

[Tapametp/
3 G 1 2 3 4 5 6 7
Ai, HM 1550,92 | 1552,52 | 1554,13 | 1555,75 | 1557,36 | 1558,98 | 1560,61
Ai, mxm | 0,505828 | 0,50635 | 0,506875 | 0,507404 | 0,507929 | 0,508457 | 0,508989
L o (n/2) MM 32,256724

Tabmuua 1.3 — Pesynbrarsl pacuéra JeMyJIbTUILIEKCOpPAa HAa TOHKOIJIEHOYHBIX
dbumbTpax wis An = 3-10™

[Tapametp/
T 2 3 4 5 6 7
A, HM 1550,92 | 1552,52 | 1554,13 | 1555,75| 1557,36 | 1558,98 | 1560,61
Ai, MM | 0,505795 | 0,506317 | 0,506842 | 0,50737 | 0,507896 | 0,508424 | 0,508955
L (o/o) s MM 10,752241

Tabnumna 1.4 — Pe3ynbrarsl pacuéra AeMyJIbTUIIEKCOPA Ha TOHKOIUIEHOYHBIX
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dunpTpax aist An=7-10™

[Tapamerp/
No dumsTpa 1 2 3 4 5 6 7

Ai, HM 1550,92 | 1552,52 | 1554,13 | 1555,75 | 1557,36 | 1558,98 | 1560,61

Ai, mkm | 0,505729 | 0,506251 | 0,506776 | 0,507304 | 0,507829 | 0,508358 | 0,508889

L it (n/2) MM 4,608104

Tabmuua 1.5 — Pe3ynbrarsel pacué€ra JeMyJIbTUILIEKCOPA HAa TOHKOIIEHOYHBIX
duasTpax ast An = 107

[Tapametp/
Ne punpTpa
Ai, HM 1550,92 | 1552,52 | 1554,13 | 1555,75 | 1557,36 | 1558,98 | 1560,61
Ai, mxm | 0,50568 | 0,506201 | 0,506726 | 0,507255 | 0,50778 | 0,508308 | 0,508839

L ot (n/2) MM 3,225673

1 2 3 4 S) 6 7

1.3. KomnbroTepHoe MoieIMPpOBAHNE

1.3.1 UccaenoBanne 3aBHCMMOCTH MAKCHMAJIbHBIX NMEPEXOIHBIX MOMeX
(Pmax) OoT AN.

OnpenenuM nepexoaHble MOMEXH JNEMYJIbTUINIEKCOPA NMPU PA3IUYHBIX 3HA-
YeHUsX AN, BBIYMCIICHHBIX B PAacU€THOM 3aJaHuU. Pe3ynbTarhl 3aHecéM B TaOIUILy

1.6.

Tabnuma 1.6 — 3aBHCHMOCTh MAaKCUMAJTLHBIX TTEPEXOAHBIX TTOMEX OT AN.

Mapamerp / An | 10* | 3-10* | 710" | 107
AN, HM 0,074 | 0,246 | 0,533 | 0,745
Prnax, 1B -28,9 | -24,81 | -19,97 | -17,54

[Tonyuennsle rpaduKu anmapaTHbIX (YHKIHH JEeMYJIbTHUILIEKCOPOB U pac-
CUMTAHHBIC TPaPUKN EPEXOAHBIX TIOMEX, TIPHU PA3TUYHBIX 3HAYCHUSX AN, IpUBEe-
Hbl Ha pucynke 1.1 a, 0, B, r. Jlanee, moab3ysach maHHBIMUA TaOnuIpl 1.6, moctpoum
3aBUCUMOCTH Pmax(AN), OHa TipeicTaBieHa Ha pucynke 1.2.
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Pucynox 1.1 — I'paduku anmapaTtHbIX QYHKIIMN IeMYIbTHUIUIEKCOPOB (CI€Ba) U pac-
cumMTaHHBIE padHKY IEPEXOIHbIX ToMeX (crpasa), mpu An = 10™ (kpusas a), An =
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3-10™ (xpuBas 6), An = 7-10" (xpuBas B), An = 10 (kpuBas r).

~15

4 —4
6.102 | x10 8.1 x10

-20

Pmax

Pmax
000

-25

—30

4
0 2-10 4 -10 6 -10 8 -10 0.001

Pucynok 1.2 — I'paduk 3aBUCUMOCTH Pa(AN).

ITo pucynky 1.1 u Tabmuie 1.6 BUaHO, YTO C YBEIMYEHUEM BETUIMHBI AN yYBEIUYH-
Ba€TCs 1M0JIOCA MPOIYCKaHUsS (PUIBTPOB, TEM CaMbIM B IOJIOCY MPOIYCKaHHs IMOTMa-
Jal0T OOKOBBIE JICTIECTKH CUTHAJA COCEIHUX KaHaJIOB, YTO B CBOIO OYEpPEb TPUBOIUT
K YBEJIMYCHUIO TEPEXOJHBIX MOMEX, YTO OYEHb XOPOIIO MPOJIEMOHCTPUPOBAHO HA
pucynke 1.2.

1.3.2. Haxo:xkaeHue onTUMAJIBLHOI Pa3HUIIbI IOKa3aTe/ el MpeoMIeHus

Haiiném onTuMalbHYIO pa3HHUIly IOKa3aTesied NPEJOMIICHHS, IPU KOTOPOU
MaKCUMaJlbHBIA YPOBEHb NEPEXOAHBIX TOMeX OyaeT paBeH Pot+1xab. Jlig atoro Ha oc-
HOBE amnmpOKCUMAIIMHN 3aBUCUMOCTH P (AN) HalinéM Takoit AN, KOTOPBIA y/IOBIIe-
TBOPsT ObI ypaBHEHHIO Prax(AN)=Pot11ab. ITo pucynky 1.2 BHIHO, 4TO ONTHMAJIbHbIH
JIMana3oH HaXOAUThCA B auamna3zoHe oT 6,102- 107 mo 8,1 10'4, a OIITUMAJILHOE 3Haue-
HHE OyneT: Angy = 7- 10,

1.3.3 Pac4ér KOHCTPYKIIMOHHBIX NapaMeTPOB GHUIBTPOB NMPH ANy

PaccuntaeM KOHCTPYKIMOHHBIE IIapaMeTpbl (PHUIIBTPOB IMPU ANgy, @ 3aTEM Ha
OCHOBE TIOJIYYCHHBIX IMapaMEeTPOB CMOJCIUPYEM anmapaTHyr (YHKIUIO TeMYyJIbTH-
maekcopa (pucyHok 1.4 crneBa) U paccuMTaeM MepexojHble moMexu (pucyHok 1.4
cripaBa). [lonyueHHsbie pe3yiabTaThl 3aHEeCEM B TabmIly 1.7.

Tabmuna 1.7 — Pesynprarel pacuéra 1 MOACTMPOBAHUS IPUA ANy

[Tapamerp/
Ne pums- 1 2 3 4 5 6 7
Tpa
Ai, HM 1550,92 | 1552,52 | 1554,13 | 1555,75 | 1557,36 | 1558,98 | 1560,61
ANy 7-10"
A, MKM 0,505729 | 0,506251 | 0,506776 | 0,507304 | 0,507829 | 0,508358 | 0,508889
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Lt (n/2)» MM 4,608104

A\ (HM) 0,533

P;, nb -19,67 | -1926 | -19,14 | -193 | -22,02 | |

1.3.4. I/ICCJICIIOBaHI/Ie MEPEXOAHBIX NMOMEX TEMYJbTHUILTIEKCOPA € ONTH-
MaJbHBIMH IIAPpaAaMETPaAMHU

Jlis 1eMyNbTUIIEKCOpa C ONTUMAJIbHBIMU TapaMeTpaMu, MpOHaOIIoaeM
BIIMSHUE BCEX COCEIHMX KAaHAJIOB HAa KaXKIbl KaHal B OTACIBHOCTH. [loiryueHHBIC
3aBUCUMOCTH MEPEXOIHBIX IOMEX MPEICTAaBIECHbI Ha pucyHke 1.4.

YpoBeHE: NepeKpécTHLIX Nnomex, 116
YpoBeHb NepeKpeécTHbIX NoMex, A6

bbbl
RORISTEm®NS
7-1/

<~

2 3 4 5 6 7 1 2 3 4 5 6
Homep kanana Homep kaHana

Bausuue 1 xanana Bnausaue 2 kanana

o | s

YpoBeHb NepekpécTHbLIX NoMmex, A6

YpoBeHb rnepekpecTHbIX nomex, [16
R
> o

~le~

1 2 3 4 5 6

Homep kanana
Homep kanana

Bausaue 3 kanana Bausuue 4 xanana

YpoBeHkL NepeKpeécTHbIX nomex, A6

YpoBeHb NepekpécTHbIX nomex, 16

Homep kanana

Biausuue 5 kanana

Homep kaHana

Bnusaue 7 xanana
Pucynok 1.3 — 3aBUCHUMOCTb MEPEXOAHBIX TOMEX OT HOMEpa KaHaja.

AHanu3upysi 3aBUCUMOCTH, TPEACTaBIeHHbIe Ha pucyHke 1.3, BUAMM, YTO
IepexoHasl IOMeXa UCCIEAYyEeMOro KaHaua Ha COCEJHUN TEM MEHBUIE, YEM Jalblle
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PACMOJIOKEH 3TOT COCENHUM KaHall. JIpyrumu cioBamu, 4eM Jajblle KaHAJI OTCTOUT
OT COCEHETO, TeM MEHbIIIE OH BHOCHUT MoMeX. du3udeckasi CyTh 3TOTO 3aKIH0YAeTCs
B CJICIYIOIIEM: aMIUIUTY1a OOKOBBIX JICTIECTKOB CUTHAJIA, TIEPEIaBaeMOTO B UCCIICTY-
€MOM KaHaJie YMEHBIIIaeTCs C yNaJeHHEeM OT IEHTPAJbHOW YacTOTHl KaHalla, U TEM
CaMbIM HX BIIMSHHE, B BUC TIEPEXOTHON MOMEXU, YMEHBIIIAETCS, YTO XOPOIIO 3aMEeT-
HO Ha rpadukax, mpeACTaBIeHHBIX Ha pUcyHKe 1.3.

Pesynprupyromuii rpaduk anmapaTHOW (YHKIMH JAEMYJIbTHILIEKCOPOB (cie-
Ba) U paCCUMTaHHBII rpauK IMepexoJHbIX IOMeEX (crpasa), Ipu Angy = 7*10™. mpexn-
crtaBjeH Ha. Puc.1.4.

-18,5

e
a

CneKTp oTpaxeHUs

YpoBeHB NepekpécTHbIX Nomex, 16
.

1,55 1,555 1,56 1 2 3 4 5 6
[OnvHa cBeTOBOW BOMHbI, MKM Homep kaHana

Pucynox 1.4 — I'paduk anmnapaTHo#l PyHKIIUU AEMYIbTUILIIEKCOPOB (CIEeBa) U pac-
CUUTAHHBII rpauK MEPEXOAHBIX MOMEX (CIpasa), IPH Angp: = 7*10™,

5. KOHTPOJIBHBIE PABOTbI

Hwxe npuBeieH nepeyeHb TeEM U BOIIPOCOB KOHTPOJIBHBIX PadOT, IPOBOIUMBIX
JUISl CTYAE€HTOB THEBHOU (pOopMBbI 00yueHus.. [Ipu moaroroBke K KOHTPOJIbHBIM pado-
TaM CJIEAyEeT UCIIOIb30BaTh METOANYECKUE MAaTEPUAIbl, YKa3aHHBIE P OMUCAHUHN
pa3ielioB JJIEKIMOHHOTO Kypca B m.2. 1.

KonTpoabnas padora Nel

TEMA: Metoabl M CTaHAAPTHI YILIOTHEHUSI MH(POPMAIMOHHBIX OTOKOB

MeToab! yILIOTHeHHSI HHPOPMAIIMOHHBIX NOTOKOB
1. Meton BpemenHoro ymiotaenus: (TDM).
2. Metoa yactotHoro yriotHenun (FDM).
3. Mogogoe ymiotaenue (MDM). Ymotaenue no nossipuzaiuu (PDM).
4. MHOroBOJIHOBOE YIUIOTHEHUE onTHdyeckux Hecymux (WDM).
5. Onrtuueckoe BpeMeHHoe ymioTHeHue (OTDM).
6. MeTobl YIUIOTHEHHS KaHAJIOB T10 MOJISPHOCTH

OO0masi cTpyKTypa M mapamMeTpbl ONTHYECKUX CHCTEM BOJHOBOIO YIIJIOTHEHUS
7. OOume NpUHILMIBI TOCTPOCHUS, ONTUCAHUE U CTPYKTypa 1udpoBeix WDM cu-
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CTEM.
8. O6mee onucanue u napamerpsl CWDM, DWDM, HDWDM cucrewm.
9. Kputepuu obecnieueHus TpeOyeMbIX XapaKTePUCTHK.
10.0Omnpenenenue 3anaca nmo MOIHOCTUA. OIleHKAa HYHEPreTUYECKOro OroKeTa

CrangapTbl HA CHUCTeMbl, 000PYI0BAHME M KOMIIOHEHTHI BOJHOBOIO YILUIOTHE-
HHUS
11.Crangaptel MexayHapOIHOTO TeJIeKOMMYHHKaIIMOHHOTO coto3a ITU Ha mpu-
MEHEHHE TEXHOJIOTHI M 000opyAoBaHUs, MeXIyHapOIHON AIEKTPOTEXHUYE-
ckoit komuccus IEC qia o6opynoBanuss SDH/SONET ontudecknx nndpoBsix
CHCTEM IEepeaayuH.
12.YacToTHslii maH, cranaaptuzoBanubid [TU-T.
13.Pexomenmanmu ITU-T G.mcs Ha ontryeckue HHTEPPEHCHI TSI MHOTOKaHATb-
HBIX CUCTEM
14. Pexomenmaumu ITU-T G.mcs u IEC 6129x 111 ONTHYECKUX BOJIOKOH,
15.Pexomenmaniuun ITU-T G.mcs a1l 1MacCHMBHBIX KOMIIOHEHT OOOpYAOBaHUS
WDM
16.Pexomennanuu ITU-T G.mcs 1 akTUBHBIX KOMITOHEHT 00opyaoBanuss WDM.

KonTpoabnas padora Ne2

TEMA: XapakTepucTUKH KOMIIOHEHT ONTHYECKHX CHMCTEeM BOJIHOBOIO YILUIOT-
HEeHUS

My abTHILIEKCOPBI M 1eMYJIbTHILIEKCOPHI

1. Ywucno kaHaaoB, 0JIOCA MPOMYCKAHMUS, :

2. llenTpanpHas 4acTOTa U MEXKaHAIBHBIN HHTEPBAI,

3. W3omsmms u manpHUE epexoHbIe TOMEXH, HEPaBHOMEPHOCTH pacipeieeHuUs
NOTEPBH 110 KaHajaMm;
[Tonsipu3anmoHHBIE SBJICHUS — NOJSPU3ALMOHHO 3aBUCUMBIE ITOTEPH,
[Tonsipu3amoHHBIE SBJICHUS - NOJIAPU3ALMOHHO-MO/I0Bast JUCIIEPCHS;
CrnexTpasibHast 3aBUCUMOCTb BHOCUMBIX ITOTEPb;
HanpasrneHHOCTb — OJM>KHUE NIEPEXOIHBIE TIOMEXHU; TOTEPH HA OTPaKEHHUE

No ok

OnrTuyeckoe BOJIOKHO

8. XpomaTtuueckasi JUCTIEpCHs,

9. TonspuzanmoHHas MOIOBask AUCTIEPCHUS TIEPBOTO ¥ BTOPOTO MOPSIKA;

10.Henuneiinsie 3 QexThl -BBIHYKICHHOE OOpaTHOE paccesHhe OpHILTIOIHA—
MaH/ieblITama,

11.Henuneitnbie 3pQPeKThl - BBIHYKJIEHHOE PaMaHOBCKOE MJIM KOMOMHAIMOHHOE
paccesiHue ,

12.Henuneitnbie 3pPpexTol -PpazoBas aBTOMOLYISALUS,

13.Henuneitnsie 3 dekxTo! - mepekpectHas pazoBas MOAYIAINA,

14 Henuneitabie 3QQEeKThI - 4eTHIPEXBOJIHOBOE CMEIIICHUE.

Onruyeckue ycujanTeau
15.CnexTpasibHast 3aBUCUMOCTb U PABHOMEPHOCTH KO PHUITMEHTa YCUIICHNUS,
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16.KoaddurmenT ycunenus ciabblX CUTHAJIOB U MIEPEKPECTHOTO HACKIIICHHS,
17.BbIxo1Hass MOIITHOCTE HACBIIICHUS,
18.11TymoBBIe TapaMeTphl — IIyM-(PaKTOPhl YCUICHHOTO CIIOHTAHHOTO U3TYYCHISI

U MHOTOJIy4eBOU MHTEep(epeHIInH,

19.3aBUCHMOCTD yCUIICHUS OT MOJSPU3ALIUU.

IMepenaTuuku
20. BeIxonHas MOIIHOCTb, CTAOMJIBHOCTD LIEHTPAJIbHOM YacTOTHI,
21.CriexkTp 1 OOKOBBIE JETIECTKH U3ITyUCHUS.
22.MeTopl MOYJIALIUY — BHYTPEHHSS (TOKOBasi) M BHEWIHSS (MHTEPHEPOMETPHI

Maxa-leHiepa, FIEKTPOONTHYECKAs)

23.Metoapl CTaOMIM3AIUY JJTMHBI BOJIHBI — TEMITEpaTypHasi, TOKOBAsI.

24.Ctabunn3aTopsl JIMHBI BOJTHBI HA OCHOBE TUAJICKTPUIECKUX (PHIIBTPOB.

25.BripaBHUBaHNE CIICKTPAIBHOTO PACIIPEICTICHUS MOIITHOCTH.
OnTuyeckue MyJbTHILIEKCOPHI BBOIa/BbIBOIA KAHAJIOB

26.CKOpOCTb MEPEKIIOUEHUS U EMKOCTh

27 .Koapumuent ocnabienus , BHOCUMbIE TTOTEPU

28.I1epexoHoe 3aTyXaHue, MOJISIPU3AIMOHHBIC TTOTEPU

KonTpoabnas padora Ne3

TEMA: KoMIoHEeHTBI MYJIbTHILICKCOPHOT0 000PY10BAHUA

TexH0JIOTMH U CXeMbl peaju3allui MyJbTHILIEKCHBIX MoayJeilt WDM

1.

2.

TexHoa0russ MyJIbTUILUIEKCUPOBAHMS HA OCHOBE UHTEP(PEPEHIIMOHHBIX (PUIIb-
TPOB

TexHOoJIOrus MyJIbTUINIEKCUPOBAHUS HA OCHOBE SIBJIEHUS YIJIOBOUW THCIIEPCUU
CoBpeMeHHbIE TEXHOJIOTUU MYJIbTUILIEKCUPOBaHUs (TPUHLIUI IEUCTBUSA, CXE-
Ma) Ha OCHOBE AU(PAKIIMOHHOMN PEIIeTKH Ha MacCUBE BOJHOBOJIOB
CoBpeMeHHbIE TEXHOJIOTUU MYJIbTUILIEKCUPOBaHUs (TPUHLIUIL IEUCTBUS, CXE-
Ma) Ha OCHOBE AUGPAKIIUOHHOMN PEIIETKH Ha MacCUBE BOJHOBOJIOB
CoBpeMeHHbIE TEXHOJIOTUU MYJIbTUIIEKCUPOBaHUs (IPUHLIUIL IEUCTBUSA, CXE-
Ma) Ha OCHOBE Ha OCHOBE TPEXMEPHOTO ONTUYECKOTO MYJIbTUILIEKCUPOBAHUS

OnTuueckue MYJbTHUILICKCOPLI BBO/1a-BbIBO/1a

6.
7.
8.

9.

CTpyKTypa ONTHYECKUX MYJbTUILJIEKCOPOB MEPBOrO MOKOJIEHUS

CTpyKTypa ONTHYECKUX MYJBTUIIIIEKCOPOB BTOPOTO OKOJICHHUS

OnTuyeckre TEXHOJOTMK BBOJA-BBIBOJA HECYMIMX (MPUHLMN JEHUCTBHS, CXe-
Ma) C MCHOJIb30BaHUe (UIBTPOB Ha OCHOBE ONTOBOJOKOHHBIX NH(PPAKIMOH-
HBIX peleTok bparra

OnTuyeckue TEXHOJOTUH BBOJA-BbIBOJA HECyMIMX (TMPUHLMM IEHCTBUS, CXe-
Ma) C UCTOJIb30BaHue (PUIHTPOB HA OCHOBE pe3oHatopoB Dadpu-Ilepo

10.0OnTryeckne TEXHOJOTUM BBOJIA-BBIBOA HECYIIMX (TIPUHIIUM JEHCTBUSI, CXe-

Ma) C UCTOJIb30BaHNe HHTEP(PEPEHIIMOHHBIX (DHIBTPOB HA TOHKHX TIJICHKAX

11. OnTruyeckne TEXHOJIOIMH BBOJA-BBIBOJA HECYIIMX (TPUHLIMII JEHCTBUS, CXe-

Ma) ¢ UCIOJIb30BaHUE TMOJISIPU3AIMOHHBIX (PHIIBTPOB HA OCHOBE OCHOBE KHJI-
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KHX KpUCTaJUIOB

12.0nTryeckre TEXHOJOTUM BBOJA-BbIBOJA HECYHIMX (MPUHILIMM JEHCTBUS, CXe-
Ma) C MUCTOJIb30BAHNE aKYCTOONTHUYECKUX MEpPECTpanuBaeMbIX (GUILTPOB

13.4. Ontuueckass KOMMYTAIKS 1 KOMMYTaTOPBI

14. Tunbl 0a30BBIX ONTUYECKUX KPOCC-KOMMYTATOPOB, OCHOBHBIE MapaMeTPhI

15.[1punnun aeicTBuUs, cxema, mapaMeTpbl. MEXaHUYECKUX U JIEKTPOOTITUHYECKUX
ONTHYECKHX KOMMYTaTOPOB

16.IlpuHumn nefcTBus, cxema, mapaMmeTpbl TEPMOONTUYECKUX U OMTOIJIEKTPOH-
HBIX KOMMYTaTOpPOB

17.IlpuHuun  nelcTBHs, CXema, IapaMeTpbl  MHTErpajbHbIX  AKTUBHO-
BOJIHOBOJIHBIX KOMMYTAaTOPOB U KOMMYTaTOPOB Ha (DOTOHHBIX KpUCTAIIAX.

18. IlpuHiun AeicTBUs, cxema, mapaMeTpbl KOMMYTAaTOPOB Ha MaTpUIIaX OITO-
ANIEKTPOHHBIX BEHTHJIEH, KOMMYTUPYEMBIX JIA3EPHBIM JTy4eEM

OnruyecKkue BOJTHOBbIE KOHBEPTOPHI (TPAHCIIOHAEPHbI)
19.Tunsl BOJTHOBBIX KOHBEPTOPOB, OCHOBHBIE ITapaMeTPhl
20.[TpuHnumn AeiCTBUA, CXEMHAas pean3allis ONTOAIEKTPOHHBIX KOHBEPTOPOB
21.[lpuHnuun neicTBUs, CXeMHasi peajau3alus KOHBEPTOPOB Ha OCHOBE OITHYE-
CKOW MEPEKPECTHON MOAYJIALINU
22 IlpuHuun neicTBUs, CXeMHas peaiu3alus KOHBEPTOPOB Ha OCHOBE 3(dekTa
YETHIPEXBOJIHOBOI'O CMEIIEHUS

Memoouueckue ykazanusa: [Ipu oTBeTE Ha BOIIPOCAX MCIIOIH30BATh XaPAKTEPUCTUKU
MPOMBIIIJICHHBIX TEPMHHAIBHBIX MyJIbTHILIEKCOPOoB WDM, MynbTHILIEKCOPOB BBO-
Ja/BBIBOJIA, ONITHYECKUX YCHIIMTENEH, TPaHCIOHIEPOB, KOTOphIe OepyTcs A cre-
AyIOIMUX nmpousBoautenei [2,1-16]:

e oOopynoBanue Optix BWS 320G (Huawei Technologies Company),
obopynosanue SpectralWave 40/80 DWDM System (NEC),
obopynoBanue 1640 WM (Alcatel),
obopynosanue 1648 WM (Alcatel),
obopynosanue "llyck" (HTO "Upa-ITomroc"),
ooopynoBanue SURPASS hit 7550 (Siemens).
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6 DJK3AMEHAIIMOHHBIE BOITPOCHI

HOI[FOTOBK& K 9K3aMCHaM COHCﬁCTByeT CHUCTCMAaTHU3allNu, O606HIGHI/II-O u 3a-

KPEIUICHUIO 3HaHWM, YCTPaHEHUIO NMpOoOEOB, BOZHUKAIOUIMX B Mpolecce Yy4eOHbIX
3aHATHI, U JOJDKHA BECTUCh B TEUEHHE BCEero ceMmecrpa. OpraHusanus camoCTOS-
TeIbHON pabOThI B CEMECTpE SBISETCS 3aJI0TOM YCTICITHOW CIa4yH 3a4€TOB U dK3ame-

6.1 Cnucok IK3AaMCHAIIMOHHBIX BOIIPOCOB

Hctopust pazsutust MHOToBOIHOBBIX BOCII u yCTpOKCTB BOJHOBOIO YILIOT-
HeHuss WDM MupoBol ypOBEHb Pa3BUTHS ONITUUYECKOW CBSI3U C MCIOJIb30Ba-
Huem WDM.

MeToapl ymioTHeHUs WH(GOPMALMOHHBIX IMOTOKOB. METOA BpPEMEHHOTO
ymotHeHus (TDM). Obsnactu ucnonb3oBaHMsl, IEPCIIEKTUBBI.

MeToapl ymIOTHEHHS WH(OPMALMOHHBIX MOTOKOB. MOJ0OBOE YIUIOTHEHHE
(MDM). O6nacTu UCHOIb30BaHMs, MEPCIIEKTUBHI.

MeTonpl ymioTHEHUs WH(POPMAMOHHBIX MOTOKOB- MHOrOBOJIHOBOE YIUIOT-
HeHue ontudeckux Hecymux (WDM). Ob6nactu ucnoib30BaHusl, MEPCHEKTUBEI

Cranmaptel MeXAayHapOOHOTO TENEKOMMYHHUKAanHMOHHOro coro3a ITU Ha
MIPUMEHEHUE TEXHOJIOTH U 000pyI0BaHUs, MeXIyHApOJHON AIIEKTPOTEXHU-
yeckoi komuccusa [EC ms o6opynosanuss SDH/SONET ontrnyeckux mudpo-
BBIX CHCTEM Nepeaaur. HacToTHbIN 1aH, crangapTtu3oBanubiil [TU-T.
Pexomennauuu ITU-T G.mcs Ha onTudeckue HHTEPPENCHI AJI MHOTOKaHaJb-
HeIX cucteM U IEC 6129X ni1d onTHYECKUX BOJIOKOH, MACCHUBHBIX M aKTHUBHBIX
KOMITOHEHT o0opyaoBaHuss WDM.

OO11as CTpyKTypa U napaMeTpbl ONTUYECKUX CUCTEM BOJIHOBOT'O YIUIOTHEHUS.
Kputepun obecnieuenus: TpedyeMbIx XapakTepucTuk OneHKa SHepreTHYecKo-
ro Oroxera.

OO011e MPUHIKITEI TOCTPOCHHUS, OTIMCAHKE U CTPYKTYpa 1udposix WDM cu-
cteM. OOmee onucanue u napamerpsl DWDM, HDWDM cucrtem. Onpenene-
HHE 3a11aca 1o MOUTHOCTH.

XapaKTEpUCTUKHU NEPEAAIOIINX KOMIIOHEHT CUCTEM BOJIHOBOTO YIUIOTHEHUS —
BBIXOJIHAsl MOIIHOCTb, CTAOMJIBHOCTh IIEHTPAJIbHON YacTOTHI, CIIEKTP U OOKO-
BBIE JIENIECTKU U3ITy4YECHUSI.

10. XapakTepuCTUKHA KOMIIOHEHT CUCTEM BOJIHOBOTO yItoTHeHUs. [lepenaTunky -

METO/bl MOJYJISIIIUN — BHYTPEHHSSI (TOKOBasi) W BHEMIHAS (MHTEPHEPOMETPHI
Maxa- I{ennepa, 2JeKTpoOnTHYECKAs ).

11. Metoapl crabuim3aiyy JIHHBI BOJHBI ONTHYECKUX MEePeIaTYNKOB— TeMIIepa-

TypHas, TokoBasi. CTaOUIN3aTOPHI ITTUHBI BOJIHBI HA OCHOBE JTUAJICKTPUIECKUX
¢buasTpOB. BrlpaBHUBaHKE CIEKTPAIILHOTO Pacpe/IeTICHUS MOIITHOCTH.

12. TTpuHIMIIBI UHTETPAIIMN TEPEIAIONINX ONTHYECKUX MOAyJel— (1a3ep, MOmy-

JATOP, MOJYIPOBOJHUKOBBIA YCWIHTENb, (MYJbTHIA3€p, MYJBTHILIEKCOP,
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YCUJIMTEIIb).

13. IIpuHIMIIBI TOCTPOCHHUSI KOMMYTATOpPOB JJIsl YCTPOMCTB ONTHUYECKOM Kpocc-
koMmmyTtaruu OXC. BomHOBBIE pa3BETBUTEIH.

14. BoIOKOHHO-ONTHYECKHE- ONTUYECKHE MHTEPPEpEeHIIMOHHbIE (QUIBTPHI - OJ-
HOCTOpOHHHE PUILTPHI ( GUIBTPHI KOPOTKUX U JUTMHHBIX JIJTUH BOJIH).

15. BoJIOKOHHO-ONITHYECKHE- ONTHUYECKHUE UHTEepPEpeHITMOHHBIE (PUIBTPhI- U30U-
paTelbHbIe PEKEKTOPHBIE U MOJIOCOBbIE (PUIIBTPHI, XapaKTEPUCTUKU (HUKCHPO-
BaHHOTO onTudeckoro punbtpa komnanuu DiCon.

16. BomokoHHO-ONITHYECKHE- ONTUYECKHE (PUIBTPHI HA OCHOBE TU(MPAKIIMOHHBIX
pemeTok. TUIIoBbIE TapaMeTphl

17. llepunoanueckas BonHoBojHas pemetka AWG, Ilpunuun aeiicteus AWG u
apameTpsbl.

18. ®OunbTpEI ¢ peryIupyeMon mojxocoi MponycKaHus, HacCTpauBacMble (PUIbTPHI
C UHTEpP(PEPEHIIMOHHBIM MOKPhITHEM. OCHOBHBIE XapaKTEPUCTUKHU MEPECTpau-
BaeMoro onrtuueckoro ¢puiaptpa komnanuu DiCon

19. Akycroontuyeckue QuiIbTphl, a Takxke pezoHaTopsl @adpu- [lepo xak Bono-
KOHHO-ONTUYECKUE -ONTHYECKHE (PUITBTPHI.

20. WDM BosnokoHHO-OnTHYECKHE UHTEP(HEPEHIIMOHHBIE (PUIBTPBI- peaau3anus
JUI. MHOTO- BXOJIOBBIX CEJIEKTOPOB Ha OCHOBE TPEXIMOIKOCHOTO JENUTENs (He-
MOTJIONIAOIIET0 UHTEP(HEPEHIITMOHHOTO QUIBTPA).

21. Ontrueckue ycuwmurenn At WDM cucteM — 0COOEHHOCTH MOCTPOCHHS H
XapaKTEPUCTHK.

22. ONTAYECKUE YCUIIUTENN Ha BOJOKHE, MCIOJIB3YIOIINE OPUIUTFODHOBCKOE pac-
cessHue. CTUMYJIUPOBAaHHOE OPHILTIO3HOBCKOE pPACCESIHHUE - HETUHEHHBIN 3(-
dekT. XapaKTepUCTUKHU.

23. OnTryecKkne YCWIMTENM Ha BOJIOKHE, MCIOJB3YIOIINE PaMaHOBCKOE pacces-
HUE. IEPEXOIHBIE TOMEXH MEKY YCUIMBAEMbIMU KaHAJIAMU

24. 11onynpOoBOJHUKOBBIE JIa3€pHbIE YCHIIUTENU — MPUHIMUN JEHCTBUS, XapaKTe-
puctuku, uarerpauus [HIIJIY ¢ qpyrumu ontuyeckumMu yCTpoOMCTBaMM.

25. Ycemnmtenu Ha npuMecHoM BoJiokHe O6mme cenenust 00 EDFA Knaccudu-
karust EDFA no cnoco6am npuMmeHeHus.

26. [Tpunnun  nevicteust EDFA  TexHuueckue mnapameTpbl U XapaKTEPUCTUKH
EDFA OcHoBHble cTpykTypHBIE cxembl EDFA.

27. Marematudeckasi Mojiesib MHOToBOJTHOBOr0 EDFA OcHoBHBIE XapakTepucTH-
ku yeunuteneid EDFA npoussoautens THORLABS (Snonus, 2002)

28. PaznoBuanoctu ycunuteneid EDFA Ycunmutemn EDFA Ha kpeMHHEBO# 0CHO-
B€ U Ha (TOp- HMPKOHATHOU OcHOBE. CpaBHUTENbHAS XapaAKTEPUCTHKA.

29. Tunoseie xapaktepuctuku EDFA VYcunenue BOJTOKOHHO-ONTHYECKOTO YCH-
nutens. YcuieHue ciiaboro curHaia HaceieHHoe ycwieHue 3aBUCHUMOCTh
yCcuiIeHHs oT nosisipru3aui CreKTpajibHbI NpOBajl YCUIICHUS.

30. TunoBeie xapaktepuctuku EDFA HepaBHoMepHOCTh U cman ycuieHusi Pac-
IIMPEHUE TOJIOCHI YacTOT ycuiauTenei- ucnoib3doBanun EDFA ycunureneit ¢
ONTUYECKUMU (PUIBTPAMHU, BEIPABHUBAIOIIMMH YCHIICHUE.

31. CpaBHuTENbHASA XapaKTEPUCTHKA ONTUYECKUX JIEMYJIbTUIIIIEKCOPOB HA OCHOBE
uHTephepEHITMOHHBIX GUIbTPOB, hunsTpoB dadpu- [leppo.
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32. IlpuHUMI JEHCTBUS ONTHYECKUX JAEMYJIbTUILIEKCOPOB HAa OCHOBE HHTEpQe-
pEeHIMOHHBIX GUIBTPOB OCHOBHBIE MMAPaAMETPhI U XapaKTEPUCTUKH.

33. IlpuHIMIT OEHCTBUS ONTHYECKUX IEMYJIbTHILUIEKCOPOB Ha OCHOBE (HIBTPOB
®abpu-Ileppo OCHOBHBIE TApaMETPHI M XapaKTEPUCTHKU

34. IlpuHIHIT JEHCTBHUS ONTUYECKUX JIEMYIbTUIUIEKCOPOB Ha OCHOBE TU(PAKIIH-
OHHBIX pemeTok. OCHOBHBIE MMapaMeTPhl U XapaKTEPUCTUKHU.

35. Ontuyeckre MyJIbTUIIEKCOPHI ¢ J0OaBIEHUEM M OTBOJOM KaHaioB. KoHdu-
rypaiusi U XapaKTepUCTHKH BOJHOBOAHOTO MHOTOKAHAJIBHOTO ONTHYECKOTO
MYJIBTUILUIEKCOPA

36. UuTerpamus ontuueckux yctpoict. Ilepcnexktusl ncnonb3oBanus BCM//]
Ha okoHeuHbIX cTaHusax BOJIC, cBs3aHHBIE ¢ BO3MOXKHOCTSAMU MX WHTErpa-
IIUU C UICTOYHUKAMH U3ITy4CHUS.

37. llpuHuunuanbHast cXeMa U OCHOBHBIE XapaKTEPUCTUKHU BOJTHOBOIHON OMTHYE-
CKOM CHCTEMBI CIEKTPATBHOTO MYJIbTHUIUICKCHPOBAHUS/ JIEMYIbTUILIEKCHPO-
BaHUS HAa OCHOBE aHAJIM3aTOpa CIEKTpa TUIa 311en0Ha MaliKkelnbcoHa.

38. [IpuHuMnuanbpHast cXxeMa U OCHOBHBIE XapaKTEPUCTUKHU BOJTHOBOJHOM ONTHYE-
CKOIl CHCTEMBI CIEKTPAJIbHOIO MYJIbTHUIUIEKCUPOBAHUS/ JEMYJIbTUILIIEKCUPO-
BaHUS Ha OCHOBE MaTpuilbl c(ha3upOBaHHBIX BOJHOBOAOB ((hazap).

39. Oco0eHHOCTH TECTUPOBAHUSA CUCTEM CO CHEKTPaJbHBIM YIJIOoTHEeHHEM. Oc-
HOBHBIE NTapaMETPbl CUTHAJIOB U KOMIIOHEHTOB. TpeOoBaHUs K U3MEPUTEIHHO-
My 000pyI0BaHUIO.

IIpu oTBeTe HA BONPOCHI HEOOXOAUMO AaTh OAPOOHOE ONUCAHME:
e HA3HAYECHUS YCTPOWCTBA;
o (u3MUecKuil MpUHLHUI PabOThI YCTPOUCTBA (CXEMa, PUCYHOK);
¢ MaTeMaTUYECKUE BbIPAKECHHUSI, ONUCHIBAIOLIUE TApAMETPhI YCTPOMCTBA;
¢ OCHOBHBIE TEXHUYECKHE XapaKTEPUCTUKU;
e TEPCIEKTUBBI U HANPABJIECHUS PA3BUTHSI.

6.2 CrTpykTypa 3K3aMeHAIIMOHHOIO OMjIeTa
DK3aMEHAIIMOHHBIM OWJIET COCTOUT M3 JIByX TEOPETUYECKUX BOIMPOCOB MO OC-

HOBHBIM paszzenaMm Kypca « MynbTHILIEKCOPHOE 000pYI0BaHUE ONTUYECKUX LUDpO-
BBIX CHUCTEM CBSI3U.
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7. KOHTPOJIBHBIE 3TAIIbI U UX OLHEHKA 110 BPC

7.1. MeToauKa TeKYIIero KOHTPOJIsI OCBOEHMSI MCIUIIIMHBI

Ocymectiisiercss B cootBeTcTBUM ¢ IloJioskeHneM 0 mopsiike MCIOJIb30Ba-
HHUSl PEMTUHIOBOM CHCTEMBI VISl OLIEHKH YCIIeBAEMOCTH CTYAEeHTOB (IIPUKa3 peK-
topa 25.02.2010 Ne 1902) 1 ocHoBaHa Ha OadbHO- PEUTUHIOBOW CHCTEMBI OLIEHKU
ycreBaeMocTH, AekctBytomeit ¢ 2009 r., koTopas BKIIOYAeT TEKYLIUil KOHTPOJIb
BBITIOJIHEHUS DJIEMEHTOB 00beMa JUCIUIUIMHBI 0 3JIEMEHTaM KOHTPOJIS C MO/ABEe-
HUEM TEKyIIero peiTuHra (1.7.2.) ¥ HTOroBbId KOHTPOJIb.

IIpaBuaa ¢popMupoBaHus NATHOANIBLHBIX OLEHOK 32 KXK]IYI0 KOHTPOJIbHYIO
touky (KT1, KT2) ocymectBisieTcsi myTeM OKpYTJIEHUS BEIMYUHBI, PACCUMTAHHOMU 10

dhopmyie:

_k_KIx )*5
KTx

(Cymma  _ bannos , _ nabpannas

x=1,2 -
_ bannos

Tpebyemas _ packiaoke

HToroBnii KOHTPOJIb OCBOCHUSA JUCHUIIIMHBI OCYHICCTBIIACTCS HAa DK3aMCHE
110 TpaHHHHOHHOﬁ IATHOAIBHON 1Kajie. O0s3aTeNbHBIM YCIOBUCM IICPCH CI[&“IGIZ
9K3aMCHa ABJIICTCA BBIIIOJIHCHHUC CTYACHTOM HGO6XOIII/IMI>IX I10 pa60qeﬁ ImporpamMme
JI1 AUCHOUIIJIIMHBI BHJ10B 3aHSITUU: BBINOJHECHHUE U 3alquTa pC3yJIbTAaTOB na60paT0p-
HBIX pa60T, Ccada KOHTPOJIbHBIX pa60T.

(I)OpMHpOBaHI’Ie HTOIrOBOM CYMMBI 0aJJ10B OCYHCCTBICTCA IIYTEM CYMMMU-
pOBaHU:A CeMeCTpOBOﬁ (IIO 70 63HJIOB) )41 BKSaMeHaHHOHHOﬁ COCTAaBJIAOIIINX (I[O 30

0asioB).

_ cymma _ no _ bannvHou

7.2. llpumeHeHue HATLHO-PEHTHHIOBOI CHCTEMBI
JJIl CTY/IEHTOB 04HOI1 (popMbI 00yUeHHA

Pacnpeneneﬂne 0aJJ10B 1O dJIeMeHTaM KOHTPOJIA

OnemeHTsl yueOHOU aedrens- | Kon-so | Jmurens- | Kou - Bo Cpox Kox - Bo
HOCTHU JJIEMEH- | HOCTh 3Jie- | OalioB 32 | KOHT- OaoB
TOB MEHTa, 1 anemeHT | pos, (Bcero)
Jac. KoHTpoJst | (Heme- st
C Hauana
cemecTpa)
ITocemenwue 3aHATHI 22 2 0,5 1-17 11
Beinmonuenue u 3amura pe-
3yJIbTATOB JIA0OPATOPHBIX pa- 4 4 6 5-17 24
oot
BrImoHeHne KOHTPOJIBHBIX 3 1 5 6-17 15
pabot
KomnokBuym 1 2 11 15 11
KoMnoHeHT cBO€BpEMEHHOCTH 1-17 9
Crava sx3amMeHa(MaKCHMYM ) 30
Hror 100
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Tabdauua pacnpenejieHus 0a/VI0B B TeUeHHE ceMecTpa

MaxkcuManbHbIH 6ayt Ha MaxcHmaisHbIH
DneMeHThl y4eOHOH esaTenbHO- GaL 3a IepHos Bcero 3a
1-y1o KOHTPOJILHYIO TOY- ey 1KT u Ha
cTn Ky C Hadaja ceMecTpa Y cemectp
KOHCI] CCMCCTpa
[Mocenienue 3ansTui 4 7 11
BeInonHeHNe U 3amuTa pe3yib-TaToB 6 18 24
7abopaTOPHBIX PaboT
BrimmorHeHEe KOHTPOJIBHBIX padboT 10 5 15
BrITNONHEHHE HHANBUTYaTbHBIX 11 11
TBOPYECKHUX 3aaHui (pedepaToB)
KoMmoHeHT cBOEBpEMEHHOCTH 3 6 9
HTOoro MakcMMyM 3a nepHoa: 23 47 70
Crnava sk3aMeHa (MakCUMyM) 30
Hapacrawoummm UTorom 23 70 100
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8. YYHEBHO-METOANYECKOE OBECHHEYEHUE JUCIIUIIJINHBI

[To qucuunuze “MyIbTUIUIEKCOPHOE 000PYI0BaHUE ONTHYECKUX HU(PPOBBIX
CUCTEM CBsI3M~ Y4eOHas JHUTepaTypa, OXBaThIBAIOIAs BCE pPa3Aeiibl MPOrPaMMBL,
IpUBEJIeHA B cIMCKe JauTepaTypsl [1-4,7]. J{nsa Gonee yriayOneHHOro U3ydeHHs OT-
JEJIbHBIX pa3/ieliOB M HamucCaHUs peepaToB PEKOMEHAYETCS JOMOJHUTEIBHO MC-
[0JIb30BaTh HAyYHO-TEXHUUYECKYIO JHUTEpaTypy [9,6,8], HOpMaTHBHBIE MaTepHUAaJIbI
[9,10], wHpOpManmMIO OT BEAYIINX KOMIAHHUN IO TPOU3BOJCTBY O0OPYIOBAHUS OTI-
TUYECKHUX MU(POBBIX CHCTEM CBsi3M (Katayoru , 0030pbl, MHTepHET-CcaiiThl) [11-16].
DJEKTPOHHBIE BEPCUU BCEX MEPEUYUCICHHBIX HUXKE HUCTOYHHUKOB UMEIOTCS B DJIEK-
TPOHHOUM OMOMMOTEKEe Kadeapsl W AOCTYMHBI CTyACHTaM Ipu paboTe B JOKAIbHOM
BBIYMCIIUTENLHON ceTH kKadeapwl. JlabopaTopHbBIH MpakTUKyM oOecrniedeH pa3pado-
taHHbIMHA Ha Kad. CBUuKP yuebHO-MeTommueckumu nocobusmu [4,17-19] u mpo-
rpaMMHBIM oOecniedeHueM [21-24], 3apeructpupoBanubiM B ODAII, u ocymiecTBis-

€TCs B CIEHHAIM3UPOBAHHON KOMIBIOTEpHON JnadopaTtopun kadeapsr CBUuKP
(;1a6.333a).
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IIpuioxkenue A

BBIIIOJIHEHUE PE®@EPATUBHbBIX PABOT

1. O6uue TpeGoBaHNS

Pegepar - KPATKOE H3JIOKEHUE COAEP)KAHUS MEPBUYHOIO TOKYMEHTA (WA €ro
YacTH) C OCHOBHBIMH (PAKTUUYECKHUMH CBEICHUSIMU. PoJib MEpBUYHOTO JOKYMEHTa
BBITIOJIHAET Hay4YHOE W3/aHue, MoHoTpadus, cratbi. BTopoe 3HaueHue 3Toro moHs-
TUA - JOKJIAJ Ha ONpENIeJICHHYIO TEMY, BKJIIOYAIOMUKA 0030p COOTBETCTBYIONIUX JIU-
TepaTypHBIX U IPYTUX UCTOYHHUKOB, Jajiee Oy/ieM Ha3bIBaTh ATOT BUJ pabOTHI «pede-
paT-1okna . OOBIYHO CTYIEHT CTAJIKMBAETCS U € TOM, U ¢ APyroi ¢popmoii pedepara
[15].

[Ipexne yem BbIOpaTh TeMy pedepara, ONpeaesIuTe CBOMl MHTEpEC, Haj KaKoil
npobiemoil Bel xoTenu Obl mopadoTath, 0osiee TITyOOKO U3yUUTh, U CHPOPMYIUPYITE
teMy. Ilepen Hadyamom paboTsl Haa pedepaToM ciaeayeT HaMETUTh HEOOJBIION IIaH
U noaoOpath nurepatypy. llpexae Bcero, BOCIONb3yUTECh JIUTEPATYPOH, PEKOMEH-
JOBaHHOM y4eOHOM MpOrpaMMoid, a 3aTeM pacIIMpbTe CIUCOK MCTOYHHUKOB, HE 3a-
OyIpTe KCIONb30BaTh ped)epaTUBHBIE W CIIELUAIbHBIE KypHalbl, I71e Bbl Haiinere
HOBEHIIYIO HAYYHYIO HH(OPMAIHIO.

Pecpepam cocmasnsaemcesa no cnedyrouiemy npumepHomy niamy:
1.Tema, mpeameT usydeHus, Leiab pedepupyemMoit paboTsl;

2.MEeTOfIbl MPOBEJEHUSI UCCIENOBaHUA B pedepupyemoil padore. Eciu onu
HOBBI, TO UX CJEAYEeT ONHUCaTh, €CIM IIMPOKO H3BECTHBI, TO UX CJIEAYET TOJBKO
Ha3BaTh;

3.cyIIecTBO pabOThl, KOHKPETHBIE pe3ynbTaThl padoThl. [IpUBOASTCS OCHOBHBIC
TEOPETHUUECKUE, HKCIEPUMEHTANbHbIC, OMNMUCATENIbHBIE PE3YyIbTaThl, MpPU STOM
MIPEANOYTEHUE OTIa€TCS HOBBIM PE3ylbTaTaM;

4.BbIBONIBI (OIICHKH, TPUIIOKCHHSI), MPHUHATHIE W OTBEPTHYTHIE THIIOTE3HI,
onucaHHbIE B pehepupyeMoOM UCTOUHHKE.

Ecnu xe pedepaT BBINONHIETCS IO HECKOJBKUM HCTOYHMKaM (pedepart-
JOKJIa/a), HEOOXOAMMO HANMCATh 6600HYI0 YACH b, PACKPHIBAIOIIYIO OOIIKE MOIXOIbI
K paccMaTpuBaeMoi mpobsieMe, U 1MoKa3aTb T€é OCOOCHHOCTH TE€Mbl, KOTOpPbIE BbI CO-
OupaeTech pacKpbITh, OCHOBBIBAACH Ha pepeprupyeMbIX UCTOUHHUKAX, B KOHIIE PAOOTHI
clenaTh 00o0warouue 66160061 U 3aKat0yeHusn. Taxxe HE0OXoaAuUMO B pedepate-
JoKJ1a7e 0QOPMIIST CCLIKYU HA KKl peeprupyeMblil HCTOUHUK.

OO6buyHO B pedepare m3zberaroT BBOAHBIX, 00muUX (pasz (Hanmpumep, «asmop
cmamvu paccmampugaen...»), U3JIaraloT MaTeprail KpaTKo U TOYHO. YMEHHUE OTIie-
JSITh OCHOBHYIO MH()OPMALIKIO OT BTOPOCTENIEHHOMN - OJIHO U3 OCHOBHBIX TPeOOBaHMI
K pedepupyroniemy. Xopolire pe3ybTaTbl B BRIPA0OOTKE YMEHHUS BBIIEISATH OCHOB-
HYI0 MH(OpManuio aeT W3BECTHBIM MpueM, Ha3BaHHBIM YCIIOBHO @uibmpayuei u
colcamuem mekcma, KOTOPbIN BKIIIOYaeT B ce0s ABe onepauuu: "

1.pa30uBKy TEKCTa HAa YACTH 110 CMBICTTY;

2.HaxOXKJIEHHE B Ka)XJOW YacTH TEKCTa OJHOTO CJIOBA, Kparkod (pasbl WUiu
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o0oOmaronier GOpMyTUPOBKU, BBIPAKAIONIUX OCHOBY CONEpKaHHUS (KITIOYEBOE
MOHATHE) 3TOM YaCTH.

OcHOBHOE omauuue pegepama om peghepupyemozo mexcma - OTCYTCTBUE
M30BITOYHOTO MaTepHala, TO €CTh yAaJIEHUE OTAEIbHBIX CIOB WIN YacTel TEKCTa, HE
HECYUIMX 3HAYMMOM MH(pOpMaluy, a TaKKe 3aMEHa pa3BEpHYTHIX 00OPOTOB TEKCTa
0oJiee JTaKOHUYHBIMU COUYETaHUSMHU (CBEPTHIBAHUE).

2. CTpykTypa n opopmienue pedepara

[TpumepHnsIii 1aH pedepara:

1. TATYIBHBIN JTUCT.

2. [Inan-ornasieHue.

3. Beenenue.

JlaeTcst mocTaHOBKa BOMPOCa, OOBSICHIETCS BHIOOP TEMBI, €€ aKTyalbHOCTb H
3HaYMMOCTb, YyKa3bIBAIOTCS II€Ib M 3aJa4u pedepara, TaeTcs XapaKTepUCTHKA
UCIIOIb3YEMOM JTUTEPATYPBHI.

4. OcHOBHas 4acThb.

CocTouT W3 HECKOJIbKUX pa3aenoB. Kaxaplii pa3gen OCHOBHOW 4acTu
pacKpbIBaeT OTIEIbHYIO MPOOJIEMY WIN OJHY U3 €€ CTOPOH U JIOTUYECKHU SIBIISAETCS
MPOAOJKEHUEM TNpeabIayiero. JlomyckaeTcst BKIOUeHUE Ta0null, TpauKoB, CXEM.

5. 3akiroueHue.

[TonBoasATCs WTOrM WM AaeTcs OOOOIIEHHBIM BBIBOA IO TeMe pedepara,
JArOTCsl PEKOMEHIAITIH.

6. bubmamorpadus. Crnucok pedeprupyeMbIX UCTOUHUKOB C YKa3aHUEM HX MOJI-
HBIX OMOIHorpauUecKux TaHHbIX

[Ipn Hanucanuu pedepara UCHob3yrOTCs He MeHee 8-10 pa3nuuHbIX UCTOY-
HUKOB.

Temsbl pedeparToB

MHOTOBOIHOBBIE ONTUYECKUE UCTOUYHUKH U3ITYUEHUS

MHOTOBOJIHOBBIE ONTHYECKUE MYJIBTUILIIEKCOPBI U AEMYJIbTUIIIIEKCOPBI
OnTuyeckre MyJIbTHILUIEKCOPBI BBOAA/BbIBO/Ia KAHAJIOB
MHOTOBOTHOBBIE ONTHYECKUE YCUIIUTETN

WDM B0JIOKOHHO-ONITUYECKHE UHTEP(HEPEHIMOHHBIE (PUITBTPHI

WDM ¢unbsTpsl Ha OCHOBE TU(PAKIIMOHHBIX PEIIETOK

BoaHOBOIHBIE ONITHYECKHE KOMIIOHEHTHI CIIEKTPAIIBHOTO MYJIbTHUILIEKCH-
pPOBaHMUsI /1EMYJIbTUILIEKCUPOBAHUS

8. IIpuHIUMIBI ONTUYECKOTO MYJIbTUILIEKCUPOBAHUS B IMTOJIHOCTHIO ONTHUYE-
CKHX CEeTAX

['uGonnHble yCTPONCTBA U KOMIIOHEHTHI BOJHOBOTO yriotHeHus WDM

NogoghkowdE

©
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IHpuioxenue b
MHOATI'OTOBKA NPEZEHTAIIMU B POWER POINT

OCHOBHbBIC TIPUHIIMITBI TOATOTOBKU MH(OpMaIuu Ha ciaiaax [15].

1.Ilpunyun Konmpacma — BKJIIOYaTh KOHTPACTHBIC AJIIEMEHTHI, T.€. UC-
M0JIb30BaTh pa3HbIid pa3Mep MpUQTOB, pa3HbIE I[BETA, CAMBOJIBI.

KoHTpacT — 3T0 TO, 4TO MpUBJIEKaCT BHUMAHUE.

2 IIpunyun noemopsaemocmu — B OJHOW TE€ME€ HCIIOJIB30BATh MOBTOPEHUE
HEKOTOPBIX JIEMEHTOB O()OPMIICHUS, HAPUMEP, UCIIOIH30BaTh OJMHAKOBBIC PAMKH,
IBET MOJIs, TUI MIpU@Ta. ITO CO3AAET OIIYIIEHNE OPTAaHU30BAHHOCTH U €MHCTBA.

3.IIpunyun ynopsaoouennocmu — >JIEMEHTBI Ha CTPAHUIIEC HE JOJIKHBI OBITh
PaCIOJIOKEHBI TTPOU3BOJIBHO (XaOTUYHO), OHU JOJKHBI UMETh HEKOTOPYIO BHIUMYIO
CBSI3b MEXKTy COOOM.

4 Ilpunyun 6au3ocmu — SIEMEHTHI, CBA3aHHBIE OOIIUM CMBICIOM, JTOJKHBI
OBITH CTPYIIIUPOBAHBI BMECTE, 00pa3ys Kak Obl HEKOTOPYIO BU3YAIbHYIO CAHHUILY.

Kpome »3TOro, CymecTBylOT HEKOTOpPBIE KOHKDEMmiHble npaguia npeo-
CMAG1eHUA MEKCM OGOl U CIAMUCMU4ecKoil uHhopmayuu Ha cianoax:

3anumaiime ne 001vUe Yemplpex-uiecmu cmpok. He BKIroyas 3aroyioBoK M
M10/13ar0JIOBOK, TEKCTOBasl MH(OpMaIus T0KHA 3aHUMaTh He Oonee 4-6 cTpok. Ute-
HUE OOJBIIET0 KOJIMYECTBA CTPOK OTBIIEKAET BHUMAHHE CIIyIIaTeNleld W 3aTpyAHSET
MMOHUMaHUe.

Hcnonwvzyitme ne oonee 40 cumeonoe ¢ cmpoke, éknwuas npooenvt. Ecin
MCIIOJIb30BaTh OOJIbIIEE KOJIMYECTBO CMMBOJIOB, TO Ha ciaiiie OyJeT HEeJOCTATOYHO
CBOOOJHOrO (YHUCTOTO) MPOCTPAHCTBA, KOTOPOE HEOOXOAMMO OCTAaBIATH ISl TOTO,
YTOOBI CIIYIIATENI MOTJIA OBICTPO «CXBaThIBaTh» WH(MOpMaluio. KpoMe Toro, mioTHO
3aMOJHEHHBIN CHaij BBINJISIAUT HE CTPYKTYpUPOBAHHBIM. HeoOXomauMo OCTaBIISITH
cBOOOIHOE MPOCTPAHCTBO IO KPasiM U ¢ OOKOB.

He nuwume npeonoscenusn, a moavko Kiiouegvle c106a. I10CKONbKY MOKa3
CJIA/IOB COMPOBOXKAACTCS OOBSICHEHUSMH, HET HUKAKON HEOOXOIMMOCTU TEperpy-
KaTh UX CIIOBaMHU.

Hcnonv3yiime Kax 3az2naénvie, max u cmpounvle 0ykevi. ViccienoBanus Io-
Ka3bIBAIOT, YTO MCIOJB30BAHUE 3arJIaBHBIX M CTPOYHBIX OYKB OOJierdaeT YTCHUE W
pacrio3HaBanue cjoB. [Ipu MCMONB30BAaHUU K€ TOJIBKO 3arjlaBHbIX OYKB UTEHHUE U
pacno3HaBaHUE CIIOB 3aMEISIOTCA.

Hcnonwv3yitme oounaxoevie u cmanoapmusie wpughmal. Vcnonb3oBaHue
CJIMIIIKOM 3aMBICJIOBATHIX W HETIPUBBIYHBIX MIPU(TOB (MIM MX YepeIOBAHUE) IMOTPE-
OyeT JOMOTHUTEIBHBIX YCUIIUH, 3aTPYIHUT YTCHUE U BOCIIPUATHE HH(POPMAITHH.

Hcnonvsyiime yeem, 6onvuiue 0ykevl 011 moz20, 4moowvl evloeums 2j1a6Hoe.
MOXXHO yCHIIUTh KOHTPACTHOCTH, UCIIOJB3YS IBET, OYKBBI OOJBIIIETO pa3Mepa WIH
no0aBnsAs TpocThie u300pakenust (KapTuHku). KpymHble OyKBBI W SIPKUI IIBET
HaIPaBJISIOT B3I CITyIIATENIeH Ha TO, YTO HEOOXOUMO TIOTYEPKHYTh.

He yenexaimecoy cneyrppexkmamu. OHU JOJDKHBI TPUMEHSITHCS 000C-
HOBaHHO. [loMHHUTE, UTO OT «JIeTaroMmuUX» OYKB pAOUT B raa3ax.

Ilposepome coomeemcmeue cnaii0oé mekcmy 0okaaoa. O4eHb HENPUATHO
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BUJETH YAWUBJIEHHOIO JOKJIAIUMKa, Y KOTOPOTO HEOKHUAAHHO 3aKOHUYHMIIUCH CIIANIBI.
Ionw3yiimece dononnumenvuvimu eo3moxcnocmamnu Power Point. B
YaCTHOCTH, Y HETO €CTh BO3MOYKHOCTh BKIIFOUHUTH «IIPEACTABICHUE TOKJIA[-

yuka». [lpu sTom chymarensm OyayT BUAHBI TOJIBKO CIIAIIbI, & HA MOHUTOPE

JOKJIauuKa OyIyT BBIBOJUTHCS TaKXKE 3aMETKHU K CIai1y, UATH OTCUET BPEMEHU U

MOKAa3bIBaThCS CIACAYIOIIUE CIANIBI.

Ilpezenmayus - 3mo He mekcm 0oxkaaoa. JJoKIaauuK, peBpaliarommi CBOM
JOKJIaJT B KOMMEHTapUU K ClaijaM WM TOTO XYX€ - JIEKJIaMHUPYIOIIUN TEKCT CO
CHal0B, BRITTSAAAT HENPUIIIsiAHO. Cliaiiibl JOJIKHBI IOMOJHATh CKa3aHHOE UM, a HE
MOBTOPATH. B KpailHeEM ciydae ciiaiiibl MOTYT KOHCIIEKTUBHO (PUKCHPOBATH OCHOB-
HBIC ITYHKTHI, IOMOTas CJICAUTH 3a PEYBIO.

Ilpunamo 3aeepuwiamep npe3eHmayuio ciaii0omM ¢ KOHMAKMHIMU OAHHBIMU
unu 3asepwarowient hpazon. Hanpumep, «Cnacubo 3a enumanue!y. Torna aynuro-
pust He OyJIeT MOKUPOBaHA BHE3AITHO OOOPBABIIMMCS MTOKA30M CIIAiI0B.
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