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BBEJAEHUE

TexHOMOTHSI BOTHOBOTO onTtu4eckoro mynsruiuiekcupoBanus (WDM/ DWDM)
MO3BOJISIET OCYLIECTBUTH Mepeaady MHPOpMalud TepaOUTHBIX O0OBEMOB CO CKOpO-
ctamu, nocturatomumu 100 '6ut/cex, u B HacTOsIIIEe BPeMs IITUPOKO BHEAPSETCS OT
III00ANBHBIX /0 JIOKAJbHBIX ONTHYECKUX ceTell cBsizu. Bo3MokHOCTH mepenauu
OOJBIIIOr0 KOJMMYeCTBAa HWH(MOPMAIIMU IO BOJOKOHHO-ONTHYECKUM CETSIM CBSI3U
(BOJIC) cBsizaHa ¢ MCHOJB30BAHUEM TEXHOJIOTMH CHEKTPAJIbHOIO YIUIOTHEHHS, T'ZIE
nepenada MH(GOpMANMU MO BOJIOKHY BEAETCS OJHOBPEMEHHO Ha PAa3HBIX JIMHAX
BoJIH. [Ipu 3TOM BBeneHHe MHPOPMAIMOHHBIX ONTHUYECKUX CUTHAJIOB C pa3iHyaro-
mmucs giuHamu BosiH B BOJIC ocymecTBisieTcs: ¢ MOMOIIBIO ONTUYECKUX MYJIbTH-
mekcopoB (MUX) Ha nepenade, a BbIBeJICHUE HA MpHEME — IIPU TTOMOIIH JIeMYJIb-
turiekcopoB (DMUX). HeoO6XouMBIM 3JIEMEHTOM MYJIBTHILIEKCOPHOTO 000pY10-
BaHuss WDM-cucreM SBISIIOTCS ONTHYECKUE ycwiuTenu. B Hacrosiee Bpems Tene-
KOMMYHHUKallMoHHOe oOopynoBanue WDM-cucteM BKIIIOYAaEeT IIUPOKUN CIEKTP
YCHJIUTENBHOTO ¥ MYJIBTHILIEKCOPHOTO 000PYI0BaHUs, PEACTABICHHOTO HA PHIHKE.

B nanHOM y4eOHOM METOIMYECKOM MOCOOUH MPEACTaBICHBI MAaTEpUAIBI 10 Ca-
MOCTOSITEIBHOMY M3YYCHHIO U BBHIMIOJHEHUIO KOMITBIOTEPHOTO Jab0pPaTOpPHOTO Mpak-
TUKyMa IO pacyeTy W MOJCIMPOBAHHMIO ONTHUYECKUX YCHIIUTENEH M ONTUYECKUX
MYJIBTHILICKCOPOB, KOTOPBIE JOMOJIHIIOT MaTePHAIIbl TEOPETHUECKOM yacTh [2] Kyp-
ca «MHOTOBOJTHOBBIE ONITUYECKUE CHCTEMBI CBSI3M.

[lepBbIil paznen mocoOust MOCBSIIEH M3JI0KEHUIO OOIIMX MPUHIUIIOB ONTHYE-
CKOTO  MYJbTUIUICKCUPOBAHUS U YCWICHHS B MHOTOBOJIHOBBIX BOJIOKOHHO-
ONTUYECKUX CHUCTEMax CBs3U. Bo BTOpOM, TpeThbeM, UETBEPTOM M IISITOM paszjenax
paccMaTpuBalOTCsl OCHOBBI MocTpoeHust U pacuera EDFA ontudeckux ycunurene,
ONTUYECKUX MYJIbTUIUIEKCOPOB Ha MHTepdepeHunonusix u ®adpu-Ilepo punbrpax,
ronorpapuyeckux nudpakmumonnsix 1 AWG crpykrypax. B kaxmom pasaene npen-
CTaBJICHBI 33aJ]JaHUSI U OMMCAHBl METOAMYECKHE PEKOMEHIAINH TI0 BBIIOJHEHHUIO Jia-
O0opaTopHBIX pabOT, OCHOBAHHBIX Ha KOMIBIOTEPHOM MOJACIMPOBAHUH, & TAKKE OIH-
CaHO COOTBETCTBYIOIIEE MporpaMmmHoe oOecrieuenure. B npunoxenusix A,b,B mpu-
BeJleHbl pekoMmeHmanuu craHgapToB ITU u PJ[ 45-286, a Takke XapaKTepHUCTUKH
BbimyckaeMoro WWDM o0opyoBaHusi OT€UECTBEHHBIX U 3apyOexkHbIX pupm. B koH-
e KaKJI0T0 pa3zelia U MPUJIOKEHHUSIX MPUBEIEH CIIMCOK MCIIOIb30BAHHON JTUTEpaTYy-
PBI.

[TocoOue npeaHa3HaueHo JJI CTYJEHTOB TEXHUYECKUX BY30B CTAPIINX KYpPCOB,
oOy4Jaronuxcs Mo HanpapieHnto0 moAroToBku OakazaBpos 11.03.02 "Uudoxommynu-
KaI[MOHHBIC TEXHOJIOTUU U cUCcTeMbl cBsa3u u HampasiaeHuto 11.03.01 «Pamgnorexuu-
Kay.



1. CTPYKTYPA U OBOPYJJOBAHUE MHOI'OBOJIHOBBIX OINTUYECKUX
CUCTEM CBA3HU

1.1. Moaeas BOCII co cnekTpajJbHbIM YIUIOTHEHHEM

Bo0JI0OKOHHO-ONITHYECKOW CUCTEMOM MEPENAYN HA3BIBAECTCS COBOKYITHOCTH OII-
TUYECKUX YCTPOMCTB M ONTUYECKUX JIMHUW MEpenadu i Co3JaHusi, o0paboTKU U
nepesayu ONTUYECKUX CUTHAJOB. 1Ipy 3TOM ONTHYECKHM CHUTHAJIOM CIIYKUT MOXY-
JIMPOBAHHOE ONTUYECKOE M3TyUCHHUE Jla3epa Win cBeToanoaa.[1]

OnuH u3 HamOoJiee TEPCHEKTUBHBIX METOJOB YBeNWYeHUs KoddduimeHTa
HCITIOJIb30BaHUSI MPOMYCKHOM CMOCOOHOCTU OINTHUYECKOTO BOJOKHA — CIEKTPaJIbHOE
ymnotHenue, wim WDM (Wavelength Division Multiplexing). Cyts 3Toro meroza
COCTOUT B TOM, 4TO M UH(POPMAIMOHHBIX HU(PPOBBIX MOTOKOB, IEPEHOCUMBIX KaXk-
NI HAa CBOEHM ONTHUYECKOW HECYIeW Ha JJIMHE BOJHBI Apn M Pa3HECEHHBIX B IPO-
CTPAHCTBE, C MOMOIIBIO CIEHUAIBHBIX YCTPOMUCTB — ONTUUYECKUX MYJIbTHUILIEKCOPOB
(MUX) — 00beIMHSIIOTCS B OJMH ONTUYCCKUM MOTOK Aj ... Ay, ITOCIIE Y€r0 OH BBOIMT-
Csi B ONTHYECKOE JHUHEHHOE BOJOKHO, BXOJAIIEE B COCTAB ONTHYECKOro Kadens.[3]
Ha npuemHoit cropoHe mpou3BoaUTCSE 0OpaTHas onepalus 1eMyIbTUILIEKCUPOBAHUS
(DMUX).

CrpykrypHas cxema BOCII-WDM, cooTBeTcTByIOIIAasl PEKOMEHAAIUN
G.692 MCD-T, npusenena ua puc. 1.1 [1].

Kak Bumno u3 pucyska 1.1, crpykrypnas cxema BOCIT-WDM coxnepxut on-
tudyeckuit nepefatuuk (TX), ontuueckuit nmpueMHuk (RX) U TJIaBHBIM ONTHYECKHIA

tpakt (OP).
OnTuyeckuil nepenaTuuk COAECPKUT KaHAJIbHbIE IPUEMONEPEAaTIYNKH (TpaHC-
nonyepbl) TXi -=- TX,,, KOTOpBIE, B YaCTHOCTH, NPe0Opa3yroT AauHy BoIHBI STM-N

(umu ATM) Ay B [UIMHBI BOJIH crieKTpa KaHaioB Aj,. Ha Beixome TX; oOpa3yercst ka-
HAJIBHBIN CUTHAJ, CIIEKTP KOTOPOTO COOTBETCTBYET ckopoctu nepenaun STM-N. Ka-
HaJIbHBIE CUTHAJIBI, 4, CJIEIOBATENIbHO, U UX CIEKTPhl OOBEAUHSAIOTCS C MIOMOILBIO OTl-
TUYEeCKOro myibsTuriekcopa (OM), Ha BbIX0OJIe KOTOPOTo 00paszyeTcsi rPyMIoBOM CHUT-
HaJl, CHEKTP KOTOPOTO COJAEPKUT CYMMApHBINA CIIEKTP KaHAIbHBIX CUTHAJIOB!

Af = Af_ +(n—1)- Af

rae Af, - CIeKTp IpyIImoOBOro CUrHamia;

Hup !

Af . - CLIEKTp KaHaJbHOTO CUTHAJIA;
Af,,, - HOMMHAJILHOE YaCTOTHOE pasHecenue Kananos (HUP),

['pynmoBoii curHaN yCHIIMBAETCSI OKOHEYHBIM ONTHYECKUM ycunutenem BOA
(Oyctep), ¢ momotipio kotoporo B unrepderice MPI-S ycranaBnuBaercs HeoOxoau-
Mast 00I11ast CpeIHsS MOIIHOCTD JIMHEWHOro curHana P,.. .
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Puc. 1.1 - CtpykTypHas cxema BOJOKOHHO-ONTHYECKON CUCTEMBI CBSI3U CO
CIIEKTPAJIbHBIM YIUIOTHEHUEM KAaHAJIOB [4]

351ech.

TX;u RX; (1 =1, 2,... n) - nepenaroiue u MpueMHbIC TPAHCIIOHAEPHI (TIpHe-
MornepenaTuyrukn ) Kaxaoro kanana N-kananpHoit BOCIT-WDM,

OM - onTuyecKuil MyJIbTUILIEKCOD,

OA - onTu4ecKuil yCUITUTEITD,

OD - onTrueckuil 1eMyJIbTUILIEKCOP,

Rt - KoHTposbHBIE TOUYKHK (MHTEPGENCHI) HA BXOJE MEPEIArOINX TPAHCIIOH-
JepoB,

Sti - KOHTPOJIbHBIE TOUKH Ha BBIXOJ[aX MTPHUEMHBIX TPAHCIIOHEPOB,



S; - xoHTpONBbHEIE Toukn Ha OB, Ha BBIXOJaX ONTUYECKUX COCTUHUTEICH
(OC) nepenaroimux TPaHCIIOHIEPOB, COOTBETCTBEHHO JIJIsl KAHAJIOB |,

Rmi - koHTponbHble Toukn Ha OB HemocpeACTBEHHO Tiepes] OJIOKOM
OM./BOA, Ha Bxone OC, COOTBETCTBEHHO 11 KAHAJIOB I,

MPI-S -  kontponbHas Touka (uHTepdeiic) Ha OB cpa3y mocie 6ioka
OM/BOA Ha Beixoae OC,

S' - KOHTpOJIbHASI TOYKA Cpa3y MOCJE JUHEHHOTO ONTUYECKOTO YCHUIIUTENS
LOA ua Berxozae OC,

R' - kouTponpHas Touka Ha OB nepen TMHEHHBIM ONITUYECKUM YCHUITUTENEM,
Ha Bxojie OC,

MPI-R - xouTponsHas Touka (nHTEep(eiic) Ha OB mepen onTudeckum ycu-
muteneMm POA na Bxone onrtuueckoro nemoayssaropa (OD), na Bxome OC,

SDi - KOHTpOJIbHBIE TOYKH Ha BbIxoje 61oka OA/OD, Ha Beixoae OC,

OSC - ToukM MOAKIIOYEHHS ONITUYECKOTO CIIyKEeOHOT0 KaHara,

OADM - MynbTHIUIEKCOP BBOa-BBIBOJIA ONITUYECKUX KAHAJIOB,

S, R - unTepdeiicel Ha BBIXOJE IEPEIAaTYNKOB U BXOJIE€ TPUEMHHUKOB arlrapa-
Typbl STM-N (06s1un0 N=16, 111160 64), umu ATM.

['maBubiit ontryeckuit TpakT (OP) comep XUt IMHEHHBIE ONTUYECKUE YCUIIH-
tean (LOA), koMrneHcupyrolye 3aTyXaHue, BHOCUMOE y4acTKaMH ONTHYECKUX BO-
JIOKOH JTHHOM |- l,. BMecTo mr000r0 M3 ycuimTenei MokeT ObITh BKIIFOUCH MYJIBTH-
TieKcop BBoja/BeiBoga kananoB OADM c takumu ke uHTepdeiicamu R' u S', kak u
y ONTHYECKOTO YCUITHTEIIA.

[Ipuemuuk (RX) comepXuT mpeABapUTEIbHBI ONTHYECKUI YCHUIUTEIb
(POA), ycunuBaronuii TMHEWHBIA cUTHaIN, Aemyibtuiiekcop (DM), paznensromimii
IPYNIIOBOM CUTHAJ HAa KaHAJIbHbIE CUTHAJIBI, IPUEMHbBIE TpaHCIIOHAEPH RX, mpeoo-
pa3yIoIue JUTMHBI BOJH Aj, B JUTHHY BOJIHBI Ag, COOTBETCTBYOMIYI0 STM-N mmm ATM.

OnTuyeckuii cayxeoubiii kanan (OSC) opranusyeTcsi Ha JTUHE BOJIHBI, Jie-
ared BHe nuara3ona crekrpa WDM. OSC BBoauTCS U BBIBOJUTCS KaK B ONTHYC-
CKUX TIEpelaTYNKe U MMPUEMHUKE, TaK U B JIMHEUHBIX YCUIIUTENSIX U B MYJIbTUILICKCO-
pax BBosia/BeiBojia (OADM) ontuueckoro Tpakra.

Yacrorubiii miaan ITU-T

Onrtnueckne mnapamerpbl cucteM WDM  perinamMeHTUPYHOTCS pPEKOMEHa-
nusiMua G.692, B KOTOPBIX ONPEACIICHBI JJIMHBI BOJH U ONTUYECKUE YaCTOThI JIJI KaX-
noro kaHana. CorylacHO 3THUM PEKOMEHJALUSIM, MHOTOBOJIHOBBIE  CHUCTEMBbI
nepegaun padbotaroT B 3-M okHe mnpo3paudHoctu OB, T.e. B auamna3oHe JJIMH BOJIH
1530...1565 um. /{14 3TOro yCTaHOBJIEH CTaHAAPT JJIMH BOJIH, TPEACTABIISIIOIINAM CO-
00l CeTKy ONTUYECKHX YacTOT, B KOTOPOW pacIucaHbl perjiaMeHTUPOBAHHbBIC 3HAYeE-
Hus ontudeckux vactor 196,1 TI'm mo 192,1 TI'n ¢ wunatepBamamu 100 1T
Y JuHbl BoJH oT 1528,77 no 1560,61 uM ¢ untepsanom 0,8 HM. OgHaKo B MOCIEIHEE
BpEMsl YCTAaHOBUJIACH YETKasl TCHACHIUSI YMEHBIICHUSI YaCTOTHOTO MHTEPBAIa MEXIY
CIeKTpaJdbHBIMU  KaHasamMu A0 S0u  gaxkxe 25 ITu, 49ro  mOpUBOIUT
K 00Jiee MJIOTHOMY PACIOJIOKEHHUIO CIIEKTPATBHBIX KaHAJIOB B OTBEICHHOM JIMAMa30HEe



JUTMH BOJIH (1530...1565 HM). Takoe YIUIOTHEHUE MOJIY4HJIO
Ha3BaHWE ILJIOTHOTO BOJIHOBOro yrwioTHeHus, i DWDM (Dense Wavelength
Division Multiplexing). I'py6oe cnektpanbhoe ymiaotHenue (Coarse Wavelength
Division Multiplexing, CWDM) xapakTepusyercs TEM, YTO PAaCCTOSTHUE MEXKIY CO-
CeIHMMHM KaHajamMu paBHO 20 HM (B HEKOTOPHIX ciydasx 25 HMm). CpaBHUTENbHAS Xa-
PaKTEPUCTHKA TEXHOJIOTUH crieKTpaibHOTO yroTHeHus (CY) mpencrapieHa (HIKe.

CWDM DWDM HWDM, CV BhbI-

['py6oe CY [InotHOE CY COKOU IUIOTHOCTH
Pasnoc gmmu BoaH | 20 HM uim 25 HM <1,6 am <0,4 um
(4acToT) KaHaJIOB (200, 100, 50 I'T'r) (25,12,51Tm)
Hcnonszyembie OESCulL SCulL CulL
Jana30HbI
TunuaHoe  9wHCIIO 18 makcumym JlecsTKM KaHAIOB COTHM KaHAJIOB
KaHaJIOB (HECKOJIBKO COTEH)
CroumocTh KaHana Huzkas Bricokas Bricokas

B cootBerctBuM ¢ pekomengarueit ITU-T G.692.2 (puc.1.2) 3meck ucnonab30Ba-
Hbl O0O3HAYCHUS CIEKTPAIBbHBIX nauana3oHoB : O — HavaubHBIA , MEPBHYHBINA
(Original, 1250-1360 um); E — pacimpennsiii (Extended, 1360-1450 um); S — kopoT-
xoBoJiHOBBIN (Short wavelength, 146—1530 um); C — oObIuHbIH, cTaHgapTHBIA (CON-
ventional, 1530-1570 um); L — mmmaHOBOIHOBEIH (LOng wavelength, 1570-1625 uwm.

ITU WAVELENGTH RANGE DESIGNATIONS: \
Proposed S+ BAND 1430-1480nm

S-BAND: 1440 - 1530nm L-BAND: 1565 - 1625nm
C-BAND: 1530 - 1565nm U-BAND: 1625 - 1675nm

hT T

SRR ] o TRt g -
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Pucynok 1.2 — YacroTHbil 11aH ctangaptuzoBanublil | TU-T.

Yactotasie iansl [TU-T WDM ( pek. MCO-T G.692, DWDM (pek. MCO-T
G.694.1) u CWDM (pex. MCDO-T G.694.2) npusenensl B Ta01.1,2 u 3 Ilpunoxe-
HUS A.

DOyHKIMOHAJIbHbIE TapaMeTPbl KoMnoHeHTOB \WDM




Onruyeckuit nopr. IlopTom siBIsSETCS BXOX ONTHYECKOIO BOJIOKHA WIIM OII-
TUYECKOTO pa3beMa (IIPUCOECIUHEHHOTO K ONTHUYECKOMY 3JIEMEHTY), UCIOJIb3YEMBIN
JUISI BBOAA ONITUYECKON MOIIHOCTH.

Koapdpuument nepenauu. Kospduumrenrom nepenaun Mexy AByMs MHOp-
TaMH SIBJIIETCS YaCTh NIEPEAAHHON MEKIY STUMHU ITOPTAMHU MOLIHOCTH.

Martpuna mnepegayu. ONTHYECKHME CBOWCTBA BOJOKOHHO-ONTHYECKHUX
YCTPOMCTB BETBJIEHUS MOTYT OBbITh ONPEAEICHBI B TEPMUHAX MAaTPULBl KO3PPUIEH-
TOB N X N, TJ€ N -4HCIO MOPTOB, a KOIPPHUIMEHTHI MPEACTABISAIOT YaCTh MOIIHOCTH,
nepesaBaeMoil Mex1y Ha3Hau€HHBIMH MopTamMu. B obiiem ciydae maTpuna nepeaa-
yn T umeer BUA:

T11 T12 : le : TlN
T21 T22 ) T2] ) TZN

I @y

_TNl Ty - TNj : TNN_

B cnyuae ontuueckoro ycunurensa (mpumep EDFA) marpuna nepenayu Bbl-
pokaeTcs B oauH Kodhdunuent nepenadn: T =[T,,].

Paboty muoromoptoBoro NXN pacrpeaeiauTenass MOXKHO HPEeACTaBUTh HC-
H0JIb3YSl MaTpuLly K03 PUIMEHTOB Nepeaayn. .

CrpykrypHas cxema MHoronoproBoro NxN pacnpeaenutenis n300paxeHa Ha
puc. 1.3, rme i=1..N u j=1..N — HOMepa COOTBETCTBYIOIIMX BXOJTHBIX M BBIXOHBIX
nopToB; [ Tjj] — MaTpuna nepenaym.

1 T, 1
=B B R e
g2 | . T, . =4
] I __.-*"-" - ij =g _,, =}
B i | 2
:[ ..."'n_ ""
E """u_,_.: = ) TI." E
n o n
=10, LG

Pucynok 1.3 — CTpykTypHas cxeMa MHOTOIOPTOBOTO N XN pacrpeaenuTens

JleMyIbTUIIIEKCOp, B OTIWYHE OT pacIpeIeIUTeNsI UMEIOT OauH BX01 U N BBIXO-
10B (pucyHok 1.4), MexXay KOTOPBIMU PacIpeAeiseTcsi MOIHOCTh BXOIHOTO CHTHA-
na. CiaenoBarenbHo, MaTpuna nepenadn (1.1) Tpanchopmupyercs: B BEKTOP:

T=(T, ... T, ... T,) (1.2)
B nanHOW 3ammcu omylieH INEpBbIM WUHAEKC, a BBIXOAbI JIEMYJIbTHUILICKCOPA
0003HAYCHBI Uepe3 HHICKC .
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Pucynox 1.4 — CTpykTypHas cxema JAeMyJIbTUIIEKCOpa

1.2. TIpuHUMIIBI HOCTPOEHHUS U MapaMeTPhbl ONITHYECKUX YCHIUTeIel

1.2.1. O6mue cBenenust 00 EDFA

HcToprsi BOTOKOHHO-ONTHYECKUX YCUIIMTENEH, JIETUPOBAHHBIX PEIKO3EMEIIb-
HBIMU 3JIEMEHTaMHu, BOCXoUT K 1960 romam, Koraa BOepBbie ObLIT POJIEMOHCTPUPO-
BaH OINTHUYECKUN YCHIIUTENIb Ha CTEKJSIHHOM BOJIOKHE C MOKPBITHEM M3 HUOAMMA C
paboueit nmuHOM BoHBI 1.06MKM. [lo npomiecTBuu psijga JeT ObUIO BHIMOIHEHO 00b-
elnHeHne (PU3MYECKUX MPUHLUIIOB, MOJO0KEHHBIX B OCHOBY pabOThl OJJHOMOJOBOTO
CTEKJISIHHOTO BOJIOKHA U MOJYIIPOBOJHUKOBOIO JIa3epa, CO3/IaBIINX YCIOBUS IS TO-
ABJICHUSI BOJIOKOHHO-ONTUYECKOT0 ycriutels Ha 1.55mkm B 1987 rony .

Tak Kak ONTHYECKHWE IOTEPU B KPEMHUEBOM CTEKJISSHHOM BOJIOKHE IIpU
A=1.55MkM nmeroT HanMeHbIee 3HadeHue (-0.2 1b/km), TaHHas JIMHA BOJIHBI CTala
HanOoJIee YacTo MUCIOJIb30BATHCS JUISl TalIbHUX TEJIEKOMMYHUKAIUH.

OpOueble BonokoHHO-onTHueckue ycumnurenu (EDFA) no cpaBHenuto ¢ mo-
JYOPOBOJHUKOBBIMA W PaMAHOBCKMMHU BOJOKOHHBIMHU YCUJIUTEISIMH ONTHYECKUX
CUTHAJIOB 00JIaat0T CJIEAYIONMMU MTPEUMYIIECTBAMMU:

1. Majbie (MeHbie 11b) BHOCUMBIE TIOTEPU TIPU BBICOKOM K0P UIIMEHTE
YCUJIEHUS, KOTOPbIM HE YYBCTBUTEIEH K MOJISIPU3ALUHA yCUIMBAEMOTO
CBETA;

MaJible MEPEKPECTHBIE MOMEXHU NPH YCUIECHUH HECKOJIBKUX CUTHAJIOB;
BHOCHMBIE IIIyMbI Ha YPOBHE KBaHTOBOTO nipenena (~ 3...4 ab);
CHEKTpajbHasi 3aBUCHUMOCTb YCWJICHHSI XOPOUIO BOCIPOMU3BOAMTCS OT
oOpasua K 00pasiy u caado 3aBUCUT OT TEMIIEPATYpHI.

W

K nenocrarkam EDFA cnenyetr otHecTu:
1. BO3MOXHOCTbH YCHJIEHUS TOJBKO B OJIM3H A =1.53 MKM;
2. HE0OXOIMMOCTh MOIIHOTO MCTOYHHKA ONTHYECKONW HAKAYKU U CEJECKTHB-
HOTO OTBETBUTEJIS;
3. HEBO3MOXXHOCTb MHTETPAIbHOTO HCIOJHEHUS M HEOOXOJUMOCThH MpUMe-
HEHUS1 BOJIOKOH OOJIBIION JIJTUHBI.

1.2.2.. Knaccudpuxkanusa EDFA no cnoco6am npuMeHeHust

B 3aBucumocTtu ot INPUMCHCHUA PA3JINYA0T MPCABAPUTCIBHBIC YCUIIUTCIIN,

10



JMHEHHBIC YCUIUTEIN U YCHIINTEIH MOIIHOCTH, (prucyHok 1.5). [1-5]

Ilpeosapumenvnvie ycunumenu (NpeayCUIUTEIN) YCTAHABIUBAIOTCS HEIO-
CPEIICTBEHHO Tepe]l MPUEMHHKOM pereHeparopa U CIOCOOCTBYIOT YBEIUYEHUIO OT-
HOILIEHUSI CUTHAJI/IIyM Ha BBIXOJE AJIGKTPOHHOTO KacKaja yCHJICHUS B ONTORJICK-
TPOHHOM NpUeMHHUKE. ONTHYECKUE MPEAYCUITUTENHN YaCTO UCIIONIb3YIOTCA B KAUECTBE
3aMEHbI CJIOKHBIX U OOBIYHO IOPOTHX KOTEPEHTHBIX ONTUYECKUX MPUEMHUKOB.

Jluneitnvle ycunumenu yCTaHABIVBAIOTCA B MPOMEXKYTOUHBIX TOUKAX MPOTS-
JKCHHBIX JIMHUU CBSI3U MEXKJy pereHepaTopaMy WM Ha BBIXOJE ONTUYECKUX Pa3BeT-
BUTEJICH C IIEJIbI0 KOMIICHCAIIUM OCJa0JICHUs CUTHAJIa, KOTOPOE MPOUCXOAUT HM3-3a
3aTyXaHUs B ONTUYECKOM BOJIOKHE WJIM U3-3a PA3BETBICHUS B ONTUYECKUX PA3BETBU-
TEJISIX, OTBETBUTEIAX, MyJbTUILIEKCOpax WDM. JInHEWHbIE YCUIIUTEIN 3aMEHSIOT
ONTO3JIEKTPOHHBIEC TTOBTOPUTENIM U PETEHEPATOPHI B TEX CIIy4asix, KOTJla HET HEO0XO-
JIJUMOCTH B TOYHOM BOCCTAHOBJICHHUM CUTHAJA.

[MpensapuTenbHbIn yeunuTenb

n HHD @ {>-|:D—(|:|— Rx

JInHenHbIN yeunutenb

Tx Rx

Yeunutenb MOLLHOCTK

Tx —|:|)-(|:|—I> D ) o (o

Pucynox 1.5 - [IlpumeHeHe pa3HbIX TUOB ONTUYECKUX YCUITUTENEH

Ycunumenu mownocmu (Oycrepbl) yCTaHABIMBAIOTCS HEMOCPEICTBEHHO IO~
CJie JIa3epHBIX MEPENATUMKOB U TMPEIHA3HAYEHBI JJI JOMOJHUTEIBHOTO YCHUJICHUS
CUTHaJIa JI0 YPOBHS, KOTOPBII HE MOXKET OBITh JOCTUTHYT HA OCHOBE JIa3€PHOIO JAUO-
na. byctepbl MOryT TakKe YCTaHABIMBATBHCS IEPE]l ONTUYECKUM pPa3BETBUTEIIEM,
HalpuMep TpH Tepelaye HUCXOMAIIEr0o Tpaduka B THOPUIHBIX BOJIOKOHHO-
KOAKCUAJIbHBIX apXUTEKTypaxX KaOeJIbHOTO TEICBUICHHUS.

B Tabmuue 1.1 ykazana crenens 3HaunMocTty napamerpoB EDFA B 3aBucumo-
CTH OT THIIA YCUITUTEIIS.

Tabnuua 1.1 CpaBHUTENbHBIN aHAIN3 TapaMeTpoB Tpex TunoB EFDA

JInnenHwIN Ycunureinn
[TapameTp [Ipenycunurens

YCUJIUTEND MOIITHOCTH
Kordduiment ycu- . . .

Gpun Y Bricokuii * Cpennuii Huskuit

nenus G
Kordbduiment nryma o o o
NE (b y Hwuzknit Cpennuii * Hwuzkuit
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Mo1HoCTE HachIIIE-

i m Hwuzkas Cpennsis Bricokas *
HUSL Poyt sut
HenuneitHoctp ** Huskas Huskas Huskas
30Ha yCWICHHS VY3Kas IIupokas [Inpokas

*- yKa3aH HauOoJee 3HaYuMbIil MapaMeTp;

** - HEIMHEHHOCTh 0XBATHIBAET COBOKYITHOCTb XaPaKTEPUCTHK: 3aBU-
cuMocTb G oT Py, , MONSPU3ALIMOHHYIO YyBCTBUTEIBHOCTD, MIEpe-
KPECTHBIE TIOMEXU MEXy KaHaJIaMu

1.2.3. Hpunuun geiicrusa EDFA

Ha pucyrke 1.6 mprBexeHa dHeprerTmdeckas uarpaMMa i HOHOB Er'* B
KPUCTAJUIMYECKOW MaTpHUIle KPEMHHUEBOIO CTEKJa. B crekTpe MorjomeHus TaKux
KOMIIO3UTOB HaOIIOJaroTCd NUKKA Ha jgiamHax BoaH A=1.48, 0.98, 0.8, 0.667, 0.532,
0.514pm, cOOTBETCTBYIOIINE MEPEXOAAM C OCHOBHOTO YPOBHS 4I15/2 Ha YPOBHHU 4 13/2,
4|11/2, 4|g/2, 4Fg/2, 483/2 )51 4H11/2 COOTBCTCTBCHHO.

MeTacTabuIIbHBIH YPOBEHb i3, ABISETCS BEPXHUM JUI CTHMYJIMPOBAHUS H3-
JydaTeIbHBIX TIEPEX010B HA HIDKHWH OCHOBHOH ypoBeHb ‘lis,. OH 3acernsercs Kak
MO0JI BO3JICUCTBUEM HAKayKH, TaK U B PE3YJIbTATE CTYNEHYATOM O€3bI3TydaTeabHOM
peNaKcalMy BCEX pPacIOOKEHHBIX BhIIIE YpoBHEH. Ero omycromeHue mpoucxoauT
10J] BIMSHAEM CTHMYIHPYIONMX H3IydaTedbHBIX MepexonoB |y —*lis, Ha miuHe
BOJIHBI A, = 1.53um, (pucyHok 1.6).

MopenupoBanue noseaeHus u xapakrepuctuk EDFA ocymecTtisercs ¢ mo-
MOIIBI0 CKOPOCTHBIX YPaBHEHUH ISl HACEIIEHHOCTEH Ny 5 (I, ¢, Z, t) pabounx ypoBHEH
*liaro 1 *lys, (AByXypOBHEBAsI MOJIE/Ib: METACTAOMIIBHBIH U OCHOBHOM YPOBHH, CM. PH-
CyHOK 1.2) ¥ ypaBHEHHH pacrpoCTpaHEHHUs IS ONTHYECKON MOIIHOCTH. MaremaTu-
yeckasi MoJiesib 0JlHOBOJIHOBOro EDFA niist cTalmoOHapHOToO peXuMa, OCHOBaHHask Ha
JAHHBIX YpPaBHEHMSX, MpeacTaBieHa B [2]. MoauduiupoBaB Moaeinb u3 [2] 1 ciry-
qasi paCHpOCTPAHEHMSI HECKOJIBKUX CUTHAJIOB, MOXHO IOJYYUTh MOJENb MHOTOBOJI-
HoBoro EDFA.

XOTsl HaKayKa MOXET MPOUCXOIUTh Ha JJMHAX BOJIH JIHOOOr0 U3 MHUKOB MO-
riomieHus (pucyHok 1.2), HauOosee pacnpoCTpaHEHHBIMHM IHUANAa30HAMH HAaKaYKU
sBisitores A, = 1.48, 0.98 um, Ha KOTOpBIX PabOTAIOT MOIIHBIE 1 MUHUATIOPHBIE TTO-
JYTIPOBOJHHUKOBBIE JIA3€PHI.

Jduanazon Hakauku A, = 0.98 mMxm. OpOueBbie BOJOKOHHO-ONTHYECKHE
YCWINTENW, HAKAYMBAaE€MbIE€ B 3TOM JHaNa3zoHe, 00JagaroT HauOoabuel 3pgpexTus-
HOCTBIO HaKauKH, a TaK’K€ MUHUMAJIbHBIM KO3 puimentom mryma (~ 3 ab), Oau3kum
K KBaHTOBOMY Ipejieny. BbIxoHas MOIIHOCTh YCUJIEHHOTO CHUTHAla MOYET COCTaB-
a5tk 60siee SO0MBT nipu 80% nuddepennnansuoi 3¢ pexkTuBHOCTH PeoOpa3oBAHMS
($hOoTOHOB Hakayku B (POTOHBI CUTHAJIA. DTH CBOMCTBA CBSA3AHBI C OOJIBIITUM CEUCHUEM
MOTJIOIIEHUS U TIOJIHBIM OTCYTCTBHEM CTUMYJUPOBAHHOIO M3JIyYEHHS U MOTJIOILIECHUS
BO30YKICHHBIM COCTOSHHEM *l13/, Ha JUTHHE BOTHBI HAKAUKH.
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Pucynok 1.6- JlnarpaMma SHEpreTHUCCKUX ypOBHEH s HoHoB Er™,

Hakauka B nuamnaszone 0.98 MmxkMm umMeet Oosbliiee MpakTUYECKOE 3HAYEHUE 110
CpPaBHEHUIO C HAaKa4yKoil B jguamna3zoHe 1,48 MM, T.K. OoJiblliee OTJIMYME JJIUH BOJIH
cur"ana (A.~1,55 Mxm) n Hakadku (A,) yMeHbIIaeT TPeOOBAHUSA K CEJICKTUBHBIM OT-
BeTBUTEINIIM B coctaBe EDFA.

Jdunana3zon Hakauku A, = 1.48 mMkxm. Pesonancnas nakauka EDFA nemno-
CPEIICTBEHHO B METACTAOMIIBHBIN YPOBEHD |13, TakKe HPHBOAUT K MOSBICHUIO HH-
BEPCUM HACEIICHHOCTH Ha IEpPEexXoJe 4I13,2 — 4I15,2 U JaeT BBICOKUU K03 UIIMEHT
YCWICHHS. DTO SBJISAETCS CIEJACTBUEM YaCTOTHOTO CABUTA U OOJBIIETO Pa3Iuuus
CIEKTPOB TOTJIOMICHUS] M U3ITyUYCHUs ITOT0 TEpexo/1a, 00yCIOBICHHBIX HEOTHOPOI-
HOCTBIO 3aCeJIeHUs] TOHKOM CTPYKTYphl METAcTaOWJIHHOTO YPOBHS MO JIEUCTBHEM
s dekra [ltapka. IToT 3P dexT odbecneunBaet nojocy ycuienus a0 30 HM BOIU3U
A=1.53 MKM.

[TomynpoBoaHUKOBBIA Ao HA 1.48 MKM JaeT Jy4IIuil KBaHTOBBIN Kod(hPu-
IIUCHT TIpeoOpa3oBaHus, U padoTacT B OOJBIIOM JHUAMA30HE CIEKTPATBLHOTO IOTJIO-
IICHUS, YTO 00ECTeurnBaeT MPEBOCXOIHYIO0 CTAOUIBLHOCTH JJIMHBI BOJHBIL. JlazepHblii
muon ¢ 1.48 MKM Taxke BHOCUT CaMblil HU3KUI KO (DHUIIMEHT 11ymMa, TOTOMY YTO OH
JIOCTUTaeT TOJIHOW WHBEPCHUU HACENEHHOCTH METacTaOMIIBHOTO SHEPreTHUYeCKOro
YPOBHSI.

CpaBHutenbHbli  aHamu3 Hakauku EDFA na A,=148mMkM u Ha
A, = 0.98 mxm npuBeneH B Tabnuie 1.2
Tabnuna 1.2 - CpaBHeHue IBYX JJIMH BOJIH Hakauku st ycunurenend EDFA

JlmnHa BOJIHEI 1480 Hm 980 HM
Hcro4yHuk cBeta InGaAsP/InP - JI]1 &-I1 InGaAs - JI ¢ Cynep-
peLIEeTKON

D¢} dexTuBHOCTD YCUITCHUS 5 nb/MBT 10 nb/MBT
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Koaddunment mryma ~5,5 nb 3-4,5 nb
BrixogHas MOIIIHOCTE +20 nbm +51bm
HACBIIECHUS

Hara3oH JAJIUH BOJH mmpokui, 20 am (1470- o
ilaKa‘IKI/I p 1490 1) ( y3kui, 2 HM (979-981 um)
E;f;?{iiaﬂ MOMHOCTE 50-200 MBT 10-20 MBT

Hakauka EDFA B HE3aBUCUMOCTH OT Juaria3oHa, OCYIIECTBIISICTCS IO YEThI-
pPEM OCHOBHBIM CXeMaM, TPEeICTaBICHHBIM Ha puc. 2.2 (a-2). Dnemenramu EDFA Ge-
TyIied BOJHBI SBIISIOTCS: BOJOKHO, JETUPOBAHHOE 3pOMEM, CEIICKTUBHBIN K JJIMHE
BOJTHBI ONTHYECKUH PA3BETBUTENIb U UCTOYHHUK HAKAYKHM — IOJTYIPOBOHUKOBBIN Jia-
3ep. JlOMOJHUTENHEHO HWCIOIB3YEMbIE ONTHYSCKUE H30JSATOPHI  OO0ECIECYHBAIOT
YMEHBITICHUE BIUSHUAS OTPAKCHUH OT TOPIIOB BOJIOKHA HA PEXUM PabOThI HICTOYHUKA
CUTHAJIA JIJIsl YBEITWYCHUS OTHOIIICHUS CUTHAJI-IITYM Ha BBIXOJIe ycuauTens. 3omsaTo-
PBI CTaBAT Ha 000MX KOHIIAX YCHJIMTEIIS, YTOOBI MUHUMHU3HPOBATh KojieOanus u ASE
WU IPYTHE IIYMBI, IPOUCXOIAIINE OT OTPAKECHUN WJIM HEIOCPEACTBEHHO OT CHCTe-
MBI cBsi3U. Bece kommoneHTsl EDFA 10IKHBI BHOCUTH KaK MOKHO MEHBIIIUE TTOTEPH,
OTPaXCHHE, M TIEPEXOTHBIC TTIOMEXH.

1.2.4. Texunueckue napamerpsbl u xapakrepuctuku EDFA

Hwxe onpenensroTcs KIOUEBBIE MapaMmeTpsl, xapakrepusytommne EDFA:
MOIITHOCTh HACBHIIIECHUSI, KOADPUIIUEHT YCUICHUS!, MOUTHOCTh YCUJIEHHOT'O CIIOHTaH-
HOTO U3NTyYEHHUS U ITyM-(PaKkTop.

MournocTs Hachimenusi Pg, (saturation output power) - onpeaensieT Makcu-
MaJbHYI0 BBIXOJHYIO MOIIHOCTH YCWJIMTENA. bosbliee 3Ha4eHME MOIIHOCTH MO3BO-
JSIeT YBEJTUYUBATh PAcCTOSIHUE O0€3pETPAHCIALMOHHOrO y4acTKa. DTOT MapaMeTp Ba-
PBUPYETCS B 3aBUCUMOCTH OT MOJIENIM ONTHYECKOTO ycuiurens. Y momHbix EDFA
OH MOXET MPEBOCXOAUTH 36 1bMm.

Kosdppumment ycuiaenuss G (gain) omnpeaensieTcs U3 OTHOIICHUS MOIIHOCTH
(TOTIe3HBIX) CUTHAJIOB HA BXOJI€ M BbIXoJe ycunutens. Benmnuumna kosdduimenrta
YCHJICHUS 3aBUCUT OT BXOJIHOW MOIIHOCTH M CTPEMHTHCS K CBOEMY MaKCHMaJIbHOMY
TpeelTy o Mepe YMEHbBIIICHHSI MOIITHOCTH BXOJHOTO CHTHAJIa

MouHocTh ycWJIeHHOro cmnoHtanHoro wusaydenuss ASE (amplified
spontaneous emission). B orcyrcTBumn BxoaHoro curHana EDFA siBisercs uctouHu-
KOM CHOHTAHHOTO u3Ny4deHus (oToHOB. CHEKTp H3Iy4YeHHUs 3aBHUCUT OT (HOPMBI
HYHEPreTUYECKON 30HBI ATOMOB ApOMSA U OT CTATUCTUYECKOrO paclpenesieHus: 3ace-
JeHHOCTEH ypoBHE 30HbI. CIOHTaHHO 00pa30BaHHbIE (POTOHBI, PACHPOCTPAHSSACH IO
BOJIOKHY B akTUBHOM 30He ycunutenss EDFA, Tupaxupytorcs, B pe3yJbTare 4ero co-
3/1al0TCSl BTOpUYHBIE (DOTOHBI HA TOW K€ JUIMHE BOJHBI, C TOU ke (a3oi, moysapu3a-
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L€ W HAIPABICHHEM paCIpOCTpaHeHUs. Pe3ylbTUPYIONIMN CHEKTP CIIOHTAHHBIX
(OTOHOB Ha3bIBAE€TCA YCWJICHHBIM CHOHTaHHBIM H3JlydyeHue. Ero MouHocTh HOpMHU-
pyetcs B pacuete Ha | I'm u umeet pasmeprocts B1/I'.

Ecnu Ha BXOA yCHIHMTENS MOAAETCsl CUTHAN, OT Jia3epa, TO OINpeneieHHAs IO
HHEPreTHYECKUX MEePEX0I0B, paHee paboTaBIIasi Ha YCHICHHOE CIIOHTAHHOE M3JIyde-
HUE, HAYMHAET MPOUCXOAUTH MO/ ACHCTBUEM CHTHAJA OT Jla3epa, YCUIMBAs BXOTHOM
curHai. Takum 00pa3oM, MPOUCXOAUT HE TOJIBKO YCHJIEHHE IOJIE3HOTO BXOJHOTO
curHaia, Ho u ociabdnenue ASE, (pucynok 1.7).

= 10
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Pucynox 1.7 - Beixognoii criektp EDFA, cHATHIN criekTpaibHBIM aHAN3aTO-
poM (ASE - criekTpasibHasi IJIOTHOCTH IIIyMa)

OnTtuueckue nuHUMU ¢ KackagoM EDFA nposBisitoT ceOs yulie, Koraa MyJiib-
TUTUICKCHBINA CUTHaJI MPEJCTaBJICH 00Jie€ Y3KMMH B CIIEKTPAIbHOM OTHOIIEHUHU OT-
JeTbHBIMUA KaHanamu. VIcnosib30BaHUE Y3KOMOJIOCHBIX (PUIBLTPOB HEMOCPEACTBEHHO
nepea MPUEMHBIM OMTORJEKTPOHHBIM MOMAYJIEM, HACTPOCHHBIX Ha pabouyro JIUHY
BOJIHBI, TaK)X€ MOMOTaeT YMEHBIIUTh YPOBEHb IIyMa OT YCWJIEHHOIO CIIOHTAHHOTO
W3JIy4YEHUS.

Bonbmie coocTBeHHBIE BpeMeHHble TocTossHHbIe EDFA - mocTosiHHas Bpeme-
HU Mepexo/ia B METacCTadMIbHOE COCTOSIHUE ~]1 MKC, BpeMsl dKU3HH METacTaOUIbLHOTO
coctostHusl ~10 MKC - yCTpaHsIOT Kpocc-Moayisiiuio ASE B ycunurene u aenaet 6o-
jee cTabuIIbHOM paboTy Kackaja ONTUYECKUX YCUIIUTEIEH.

MoOIIHOCTh YCUJIEHHOTO CIIOHTAHHOTO M3Jy4eHUs CBsA3aHa K Kod(PUIeHToMm
ycuiieHus GopMysion

ASE =h-v-1.(G-1)
n , (1.3)

rae h - mocrosHHas mianka, v- dactota (I'm), cCOOTBEeTCTBYyIOMIAs JJIMHE BOJIHBI B
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auanasone 1.53 — 1.56 MkM, Ng, - K03(GGULKUEHT CIOHTaHHOM SMHCCUH, | - KBAHTO-
Bas dQPeKkTuBHOCTD. B nneansnoM ciaydae Ng,=7=1 npu G>>1, oTHeceHHass KO BXO-
Ty MOIIIHOCTbH YCUJIEHHOTO CIIOHTAHHOTO M3JyYEHUS HI€ATbHOTO KBAHTOBOIO YCUIIU-
TeJst mpocTo paBHa hv, uto mpu A=1.550 MkmM cocTaBmser 1.28 10 Br/T'u B pacuere
Ha criekTpanbpHyto nonocy 1 I'u. Pa3mepy okna ananuzatopa B 0,8 HM COOTBETCTBYET
cnektpainbHoe okHO B 100 I'T'w, urto ompenensier NpUBENCHHYIO K BXOJAY BEIMYHHY

3¢ (HEKTUBHON MOITHOCTH YCHJIEHHOTO CIIOHTAHHOTO M3iy4deHus 1.28 10® Br wm -
48,9 nbwm .

IIym-dakrop NF (noise figure) onpenensercs kKak OTHOIIEHHUE CHTHAJ/IIYM
Ha BXoze (SNRj,) x curaan/mrym Ha Beixojie (SNRqy):

NF =| 5 P
P, ) /P
N /in NJout, (1.4)
Ba)kHO OTMETHTH, YTO MOIIHOCTh ILIyMa HA BXOJE SBIAETCA KBAHTOBO-

OFpaHquHHOﬁ MHHUMAJIbHOW BEJIMUYMHOM M OIIpCACIIACTCA HYJICBBIMHU (bHYKTyaI_[I/IH-

MK BaKyyMa . MOH_IHOCTI) ImryMa Ha BBIXOJC COCTOUT M3 CYMMBI

MOIIHOCTH YCHJIEHHOTO CTIOHTaHHOTO n3nmyueHus: ASE 4, 1 MomHOCTH IITyMa HYJEBBIX
¢GuaykTyanuii Bakyyma, KOTOpbIE MPOXOAAT Yepe3 YCWIMTENb 0e3 H3MEHEHUS:

Pyout = ASEx, +h- V-AV B y4eCTh, YTO Ps OUt/PS in=G , TO MIyM-(akTop

MO>KHO BBIPa3UTh 4depe3 KOIPPUUUEHT YCUIEHUS U MOIIHOCTh YCHUJIEHHOIO CIOH-
TaHHOT'O U3JIy4YCHUS:

NF:i-[l

ASE}
G

+ [
h-v (1.5)
YacTto nipu onucannu EDFA 3nauenue nrym - dakrtopa ykaseiBaercs B 1b. Tu-
MUYHBIC 3HAYCHUSI IIIyM - pakTopa cocTaBisitor 5,5 nb.

3aBHCHUMOCTDH YCWICHUA OT NOJIsIpU3AllNN.

b0 ycranoBieHo, uyTO moJisipu3anronHas 3aBucumoct EDFA Bo3HuKkaer B
CJIEICTBUH 3aBUCUMOCTH TOJISIPU3ALIMN OT MOMEPEYHOro CEYeHUs: HOHOB 3pOUsl B BO-
JIOKHE M3 KBaplEeBOro crekia. JlaHHoe siBIeHUe NPUBOJUT K CIIaJy YCUJICHUS B 3aBU-
CUMOCTH OT TOJISIpU3aliiy, u3BecTHOMy Kak polarization hole-burning (PHB), mu
MOJIIPU3ALMOHHBIN MPOBaJl YCUJICHUS C TIIyOMHOW 3aBHUCSIIEH OT CTENEHU CHKATUA
BOJIOKHA:

_ _ 2
PHB =0.027C, —0.001C, (L.6)

1t ko3 dunuenta cxatust Cp<81b.
MmeeT MecTo 3aBUCUMOCTh YCUJIEHUS OT MOJISIPU3ALMM CBETA J1a3epa HaKayKy,

16



HO 3TO SIBJICHUE MPOSIBISAETCS NPU OOJIBIIOM KOJUYECTBE YCUIIUTENEH HA IMHUM.
CrnexkTpajbHbIii NPOBAJ yCUJICHUS.

3aBUCHMOE OT MOIIHOCTH OCJIa0JIeHWE CUTHAaja B ONPEICICHHOM JHara3oHe
JUIMH BOJIH HOCHT Ha3BaHHUE CIIEKTPaJIbHOIO MpoBaia ycuiaeHus spectral hole-burning
(SHB). Oto sBnenne mmeer mecro B EDFA, xorma CwIbHBIA CHTHAT yMEHBIIAET
CpeaHee KOJIMYECTBO MOHOB, CIIOCOOCTBYSI TEM CaMbIM BO3HHKHOBEHUIO CIaja yCH-
JICHHsSI Ha OTIPEACIICHHON JUTMHE BOJIHBI.

WccnenoBanus moka3aiu, 4TO CHIDKCHUE YCHIICHUS UMEET TEHICHITUIO K MPO-
SIBJICHHUIO B 00JIACTH IJTMHBI BOJHBI 1.55 MkM co ckopocTthio 0.3 1b Ha kaxsiii nb.

HepaBHOMepHOCTL H cnial YCHUJICHUSI.

HepaBHomepHocts ycunenuss EDFA npuBoauT Kk HEraTUBHBIM MOCIIEICTBUSIM
B CHUCTEMaX, 4yBCTBUTEIbHBIX K uckaxkeHussM (WDM, DWDM). Otknonenue ycume-
HUSI OTIPEICIISIETCSl KaK OTHOIICHUE U3MEHEHUSI YCUJICHUSI Ha TECTOBOM JJIMHE BOJIHBI
K U3MEHEHUIO YCUJICHUS Ha 3TAJIOHHOW JIMHE BOJIHBI.

PacmupeHnue moJiocbl 4acToT yCUJIUuTe 1eH.

B cBs3u ¢ pazBurmem DWDM cucrem B HampaBieHUM YBEIWYCHHS YHCIIA
JUTMH BOJIH TIepeaur, BOSHUKAET HEOOXOIUMOCTh YBEIMYCHHUSI TUANa30Ha JITTUH BOJIH
ycuieHus . B Hacrosiee BpeMs mosioca ycuienus ais EDFA B o6nactu 1.55 MM
cocTaBisieT nopsiaka 35 HM. OHaKo, UMesl BBUY, UTO OHM MMEIOT IUIOCKYIO Xapak-
TEPUCTUKY ycuJieHus B oOmactu 1.58 u 1.55 MKM, yBenuueHue guanazoHa MOXKET
OBITh JJOCTUTHYTO MYTEM HUCHOJIb30BaHUSI 000X TMOJIOC TTOCPEICTBOM METOJIOB OCHO-
BAaHHBIX HA:

1.  wucnonb3oBanuu EDFA ycunuteneii ¢ ontuueckumu (puiabTpamu, BbIpaB-

HUBAIOIIUMH YCUJICHHUE;

2.  AByX moJjoc yactoT ycuienus EDFA ¢ mapannensHON KOHGUTYpaIHei;

3. kackamgHoro coeauHeHuss EDFA ¢ wacTHUHO MIOCKUM YCHUJICHUEM H YCH-

murtensa Pamana.

[Ipy BBIMOSHEHWN CEJIEKTUBHOTO OCTA0JICEHUS MPUXOJIUTCA TMPUHUMATH BO
BHUMAaHHE TO, YTO SHEPIHs Ha JPYTrUX KaHaIax Takxke mepepacnpenensercsa. B pe-
3yJbTaT€ YE€ro ONTUMHU3ALNS CUCTEMBI CTAHOBUTCS CII0KHOW UTEpPAllMOHHOM MpoIle-
nypoi. JIonmoJHUTEbHBIE CII0KHOCTA BO3HHUKAIOT, KOTJa OMTOBBIE CKOPOCTU J00aB-
JISIEMBIX WJIM YCTPAHSEMbIX KaHAJIOB paznnuHbl. Hanpumep, cootHomenune SNR mis
nepenaun STM-64 (10 I'6ut/c) nomxkHo ObITh Ha 6 nb Oosbie, Yem I Tepeaadn
STM-16 (2,5 I'6ut/c). B nocnennem ciydyae, JOTOJHUTENIbHAS MOIIHOCTH JTOJDKHA
OBITH noOaBiieHa B kaHail STM-64.

[IpousBoauTtenu o0OpPyI0BaHUS, TIOHUMAs ATy TPoOJIeMy, HAUUHAIOT BHEIPSATH
pa3IMYHbIC CAaMOONITUMHU3UPYIOIIUECS AITOPUTMBI B DJIEMEHTHI TTOJTHOCTBIO ONTHYE-
ckoii cetu. O0ecrneueHre BO3MOXXHOCTH JUHAMUYECKOTO ONTUYECKOTO OalaHCUpOBa-
HUS TI0 SHEPTUM MEXIYy KaHaJlaMHd Ba)KHO HE TOJIbKO J1sl pabothl ¢ EDFA Ha kpewm-
HUEBOW OCHOBE, HO U CaMO M0 cebe, MOCKOIbKY MO3BOJISET 3HAYUTEIHLHO TOBBICUTH
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HaJCKHOCTDb CCTH.

1.2.5. OcHoBHBIE CTPYKTYpPHBIEe cxeMbl EDFA

OcHoBHBIE CTPYKTYpHBIE cxembl niocTpoeHust EDFA npeacraBiensl Ha pUCyH-
ke 1.8 (a-2). Dnementamu EDFA Oeryrmieit BOJHBI SIBISIFOTCS: BOJIOKHO, JISTHPOBaH-
HOE 3pOueM, CENEeKTUBHBIM ONTHYECKUN OTBETBUTENb U MCTOUYHUK HAKAUKHU — IOJIY-
IIPOBOJIHUKOBBIN Ja3ep. JlONOJHUTEIBPHO MCHOJIB3YEMBIE ONTHYECKUE H3O0JISTOPBI
00ecreunBaOT YMEHbBIIECHUE BIAUSHUS OTPAXKEHUH OT TOPLIOB BOJIOKHA HA PEXUM pa-
OOTBI UCTOYHMKA CUTHAJIA JUIsl YBEJTMUYEHUS OTHOILLEHUS CUTHAJI-IIYM Ha BBIXOJIE€ YCH-
JIUTEIISL.

OTu cxembl 00J1a4aI0T IPUMEPHO OJAMHAKOBBIMU XapaKTEPUCTHUKAMU YCUIICHUS
c1a00ro CUrHaja, OJHAKO JUJISl TOCTHXKEHUs 00Jiee BHICOKMX HEHACBHIIIEHHBIX BBIXOJ-
HBIX MOIIHOCTEH MPEANOYTUTEIBHEE CXEMbI C Pa3HOHANPABICHHBIMU HAKAYKON WU
curHasioMm (puc. 1.8, 6) u ¢ nBymMs ucrounukamu Hakauku (puc. 1.8, B). OpOuepnie
BOJIOKOHHBIC YCHUJIMTENH OTpakarenbHoro tuma (puc. 1.8, r) obecmeunBaior 6omee
BbICOKUI MU depeHunanbupiii koapduuuent ycuineHnus (ycuiieHue B neuudenax Ha
KKl MUUIMBATT MOILIHOCTH HAKayKH), YTO MPUBOIUT K Oosiee 3PPEeKTHBHOMY
VCIIOJIb30BaHUIO MOIIHOCTH HAKAYKHU U YBEIIMYMBAET YyBCTBUTENBHOCTh EDFA K ee
VU3MEHEHUSIM.

EDF

EDF
Pin Pin
®dunbTp + | Pout ; | Iml | |l/I | POUIt
—>|I/I3onmop|—>| WDM |m)— Wsonsitop T> N M3onsaTop WDM 30n5TOp n
s ] s ° A
Ao

3 Ao
)\P

Jlasep INasep
Hakauku Hakaukm

a) mpsiMasi HaKa4YKa 0) oOpaTHas Hakayka
Pin EDF

EDF
Pin P
—PII/IsonﬂTopl—pl WDM I@' WDM I—p'l/]sonmopl;.m» As WDM . Msonmop‘
: As -—>
A

A A
z . Pout A P
Jlasep Jlasep A i
Hakaukm Hakauku ° Nasep

HaKa4ku

B) JIBYHAINpaBJICHHAS HaKa4Ka ') OTPAKATEIHLHOTO THUIIA
Pucynox 1.8. OcnoBHbie cxeMmbl moctpoenusi EDFA.

1.48-MkM nron - HaACKHBIA UCTOYHHUK, JTAET JIYYIIHA KBAHTOBBIN K03 uIin-
€HT IpeoOpa3oBaHusi, U padboTaeT B OOJIBIIOM JUANA30HE CIEKTPAIbHOTO MOTJIOIIe-
HUSA, YTO 00ECIeurBaeT MPEBOCXOJHYIO CTAOMJIBHOCTh JUIMHBI BOJNHBI. [lonoca mo-
IJIOLIEHUS JIETUPOBAHHOTO BOJIOKHA Ha (.98-MKM He Takas mupokas, Kak Ha 1.48-
MKM. 0.98-MKM J1a3epHBIN AMOJ TakK€ BHOCUT CaMbIi HU3KUM KOA(PUITMEHT 11yma,
MOTOMY YTO OH JIOCTUTAET MOJIHOM MHBEPCUM HACEIIEHHOCTU METACTA0UIILHOTO SHEP-
retudyeckoro ypoBHsa. U 1.48- u 0.98-MkM na3epHbie AMOABI MOTYT HAUTH HNpUMEHE-
HUE€ B KOMMEPYECKUX YCUIIUTEISAX ONTUYECKOrO IUana3oHa.

Hauwmnast ¢ pa3paboTKu MEpBBIX MPOEKTOB JIETMPOBAHHBIX 3POMEM BOJIOKOH,
HECKOJIbKO JIa0opaTopuii paboTamu HaJ METOJAMH YIYUIICHHS XapaKTePUCTHK OTI-
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TUYECKUX ycunuTenen. JlermpoBaHHbIe BOJIOKHA OBLIM MCCIIEIOBAHEI C IETBI0 ONTH-
MU3aIMK crieKTpa ucnyckanus. Hanpumep, k03QGUIMEHT yCUlIeHUs YCUIIMTENS MO-
KeT OBbITh YJYUIIEH JIESTUPOBAHUEM BOJIOKHA 3pOMEM M I'eépMaHUEM, a CIEKTP MOMKET
OBITH PaCIIUPEH C TOMOIIBIO0 T0OABKU aTIOMUHHSL.

Pa3HocTh mMokazaTens MpeloMIICHUS MEXAY CEPJALIEBUHOM ONTHYECKOTO BO-
JIOKHA U 000JI0YKOH, TaK)Ke KaK pa3Mep CEpJIlleBUHBI BOJIOKHA, MOXKET OBITh pa3pado-
TaHa, 4TOOBI COIJIacOBaTh NMPO(UIIb pacnpeseseHnsi MHTEHCUBHOCTA HaKaykd JJis
ontuMuzanuu kodpduurenta ycuneHus. BooOmie, yToObl HM30€XKaTh CIHMIIKOM
OOJNBINION JJIMHBI JISTHPOBAHHOTO BOJIOKHA, YBEIMYCHHE WHTCHCHBHOCTH HAKaYKU
COMPOBOK/IA€TCS] YBETMUECHHON KOHIIEHTpaluen 3poust (1, ciaeaoBaTeabHO, U30bITOY-
HBIMH TIOTEpsiMH). boJbIioe ycuiieHne MOCTHTaeTCs YBEIWMYCHUEM HHTCHCHUBHOCTH
HaKauKH.

C npyroii CTOpOHBI, BBICOKHH KOd(duimeHT npeoOpa3oBaHusi MOITHOCTH
YIIYYIlIEH UCTHOJb30BaHUEM BOJIOKHA C HU3KMMHU M30BITOYHBIMU MOTEPSIMU. Y COBEp-
[ICHCTBOBAHUE B M30BITOYHOW TMOTEPE JIOCTUTACTCS CHUIKEHHUEM KOHIIEHTPAIUH dP-
Ousi, HO COTPOBOKIAETCS YBEIIMUEHUEM JJTMHBI BojlokHa. K coxkanenuto, kodpduiiu-
CHT YCUJICHUS TAaK)K€ YMEHBIIIAeTCsl.

HakoHel1, ©30J19TOpHI CTaBAT Ha 00OMX KOHIAX YCUIUTENS, YTOOBI MUHUMU3HU-
poBaTh kosieOanus u ASE wim apyrue mrymbl, TPOUCXOMASIINUE OT OTPAKCHUU WIH
HEIMOCPEJICTBEHHO OT cUCcTeMbI cBsizu. Bece kommonenTsl EDFA gomxHBI BHOCUTH Kak
MO>KHO MEHBIIIE TTOTEPH, OTPAKEHNE, U TICPEXOTHBIC TTOMEXH.

Koncrpykuus EDFA npenycMarpuBaeT Takke HAMYUE MOAYJISI CEJIEKTUBHOTO
K JumHe BoJHB (WDM Moayis) st 00beTuHEHNS MOIITHOCTH CUTHAIA U HAKAYKH.

Hanee paccmotpum noapodoHo EDFA, ve yaensas Baumanus WDM monysito.

1.3. IlpuHUUNBI IOCTPOCHUS M TApaMeTPbl ONTHYECKUX MYJIbTHILICK-
copoB

JIro0o# oNTHUYECKHII MYJIBTUILIEKCOP MOXET ObITh KJIAaCCU(UIIMPOBAH KaK
no (pU3MYECKON CTPYKTYpe M MPUHLMIY OPraHu3allu CIEKTPaJIbHOIO pasjese-
HUs/00beIMHEHUsA, Tak U 10 pyHkuuu, BoinoaHsiemoi B BOCII ¢ CP (puc. 1.1).
PaccmoTpum 3TH ki1accupuKaluy moIpoOHe :

1.3.1. Knaccudpuxanus MUX/DEMUX no ¢pynxuuu

Ontuueckuid mynbTiiekcop/aemynbrumiekcop B BOCII ¢ CP mMoxkeT BbI-
MOJIHATH CIEAYIOIINE PYHKUUU'
o TepmMuHaNBHBINA MYJIBTUILIIEKCOP
o MyIbTHILIEKCOp BBOJ1a/BbIBOIA
o JIByXKaHaJIbHBIN MHUPOKOIOJIOCHBIA MYJIbTUILIIEKCOP
PaccmoTpum niepBbie Be PyHKIMH TOAPOOHEE:
o TepmuHaabHbIH MyabTHILIEKCOP (OTM)
TepMuUHaANBHBIN MYJBTUIUIEKCOP PACHOaraeTcs Ha OKOHEYHOW CTAHLHM.
Ha mepenaromieit cropone OTM ocymiecTBisier npeoOpa3oBaHue BCEX CHUTHAJIOB,
3aT€M MYJbTUIUIEKCUPYET UX B OJMH CUTHAJ JUIs JAJbHEMIIEro YCWICHUs U mepe-
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nayn. Ha npunumaromeit cropone OTM aemynsturekcupyer curtan WDM u

OTIPABIISIET CUTHAJIBI K COOTBETCTBYIOIIEMY 000PY/I0BAHHIO.
Paccmorpum mis npumepa OTM OptiX BWS 320G (puc. 1.9).

_L» TpaHcno A EDFA WDM
AHep-1 > M Bycrep nepexoaHuK
U
(X X ) X I_‘u »
_L> TpaHcno )\3é 32
Anep-32 OSC TX
Ontudeckin karan 120 kv OB
ynpasnexuss PeKOMeHAauun
G.652
S ) TpaHcno M p EDFA WDM
prep-l [ M | npedycupuTenb nepexogHUK O
[ X 1 J U -«
S) TpaHcno | Az2| X —
| aHep-32 | 32 Y
2 OSC TX

OnTUYECKN KaHan
ynpasneHua

Puc. 1.9 - Crpykrypa OTM OptiX BWS 320G

O6opynoBanue BKIIOYaeT B ceOs cieayroomue (QyHKIUOHAIbHBIE OJOKH:
0JI0k TpeoOpa3oBaHUsl ONTHUYECKOW JJIMHBI BOJHBI, OJIOK ONTHYECKOTO MYJIbTH-
MJIEKCUPOBAHUS, OJIOK ONTUYECKOTO YCHIICHHS, OJIOK ONTHUYECKOTO JEeMYJIbTUILICK-
CUpOBaHUs, OJOK 00pabOTKM ONTHYECKOr0 KaHaja yIpaBlieHHs, OJOK CBS3U H
yrIpaBiieHust 1 610K 00paOOTKH 3ar0JIOBKOB.

o  MyabTHILUIEKCOP BBOAa/BbIBOAa (OADM)

MynbTUIIIIEKCOP BBOJIa/BBIBOJIa YCTAHABIMBACTCS B TpaKTe Iepeaadd, |
CITY)KUT JIJISI OTBETBIICHUS FUIH JOOABJICHUS ONITHYECKUX KaHAJOB. PaccMoTpum miis
npumepa OADM OptiX BWS 320G (puc. 1.10).

VYcranaBnuBaetrca B y3ine OADM, ucnonb3yercs 1js BBOJA/BbIBOAA 10 8
KaHaJIOB, OCTaJIbHbIC KaHAJIbl (TPAaH3UTHBIC) MTPOXOIST Yepe3 CTaHLMIO Oe3 N3MEH e-
HUN. BeimonHseT QyHKIUM ONTHYECKOTO yCWICHUS M (DYHKIMM BBOJIa/BHIBOA,
MOET OCYIIECTBISATh YPABHUBAHME MOUTHOCTH JIJIi BHOBH JI00ABJICHHBIX KaHAJIOB
U PYTUX KaHAJIOB B JIMHUU, C IIEJIbI0 00ECTICYNTh YPAaBHUBAHUE MOIIIHOCTH Pa3HBIX
KaHaJIOB B OCHOBHOM MOTOKE. COCTOUT U3 CIEAYIOMUX (YHKIIMOHAIBHBIX JIEME H-
TOB: OJIOK ONTHYECKOTO YCUJIEHUS, OJOK 00OpabOTKM ONTHYECKOTO KaHalla ymnpaB-
JieHus, OJOK ONTHUYECKOTO MYJIbTHUIUIEKCUPOBAHUS BBOJIa/BbIBOA, OJIOK mpeodpa-
30BaHUs OMTUYECKON JJIMHBI BOJHBI (JIJI1 OTKPBITHIX CUCTEM), OJIOK CBSI3U U YIIpaB-
JeHusi, u 070K 00pabOTKHU 3ar0JIOBKOB.

20



R[[R TIT
W[| W W] | W
- Cl|C C||C
WPA MEA MY A WPA
4>l>—> MR2

As

Y
Y

SC2

As As
[ scc oHP |
WPA
<—Q+ MR2 4—4—
)\3 )\4 )\3 )\4
L T[T RI[R ||
wi|w wl|w
cllc cllc
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010K npenBaputenbHoro ycunutensi, WBA - WDM biok ycunurens-Oycrepa,
TWC - STM-16 Ilepenatomuii 6510k mpeodpazoBarus JIUHBI BoJHBL, RWC -
STM-16 [Ipuaumaromuii 6J10K Tpeodpa3oBaHuUs JITUHBI BOTHBI

Puc. 1.10 - Ctpykrypa OADM OptiX BWS 320G

A
A

>0W0m
>0W0m

1.3.2. Knaccupuxanus MUX/DEMUX no ¢pusuueckoMy NpHHIHILY

Beigenstor cnenyromue tunel WDM ycTpoiicTB, 00€CieYnBaOIUX MYJIbTH-
IJIEKCUPOBAaHUE:
o DEMUX Ha ocHOBe 00beMHbIX MUKPOONITHYECKUX YCTPOCTB
a) unmepghepenyuonHvle hurbmpol
*Ha ocHOBe pe3oHaTopa dadpu-Ilepo (FP),
*Ha MHOTOCJIOMHBIX AUAJIEKTpUUECKUX TOHKUX MuieHkax (DTF),
*Ha OTpaKaTeJIbHbIX ONTOBOJIOKOHHBIX pemieTkax bparra (FBG);
0) s1871eHUe V210801l ducnepcuu
*B TPEXI'PAHHOU NPU3ME,
*Ha TU(PPaKIIMOHHON peIIeTKeE.

Pezonamop @aopu — Ilepo paboraer cineayronuM oopazoM. OH, Kak H JIFO-
00if uHTEpPEpPEeHIIMOHHBIN (UIBTP, HACTPAUBACTCAd HAa (PUIBTPAIMIO OJHOW JTUHBI
BOJIHBI. OH pa3femnseT NoToK A,...4, Ha ABa MOTOKAa: 4, U A,...A, , BBIAEISASA HECYLIYIO

U3 MHOTOBOJIHOBOTO MOTOKA, U JJISl IEMYJIbTUIUIEKCUPOBAaHUS N HECYIIUX HEOOXOIH-
MO YCTaHOBHUTb KackaJHO N (QuiIbTpoB. Ananozuuno pezonamopy FP pabGotaer u
(GuIbTp HA MHOTOCTIOWHBIX JUAJIEKTPUUECKUX MOHKUX nienkax. VI B 3TOM citydae s
JEeMYJIbTUILIEKCUPOBAHUSI N HECYUIMX HEOOXOJUMO YCTAaHOBUTH KacKaJHO N (uiib-
TpoB. Hy»HO y4uThIBaTh, UTO 3aTyXaHHE TaKuX (PUIBTPOB Ha LEHTPAJIHLHON YacTOTE
MOJIOCHI TIPOITYCKaHMs JOCTATOYHO BEJIMKO, UTO JENAeT 11eJIeCO00pa3HbIM UX UCTOJb-
3oBanne B WDM c 8-16 kananamu. /[pyeoui npunyun ucnonb3oBaH B (uUiIbTpax C
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UPKYJIATOPOM U oTpaxkareabHbiMH OB-pemerkamu bparra. Cxema Takoro aemyiib-
TUIUIEKCOpa npuBeacHa Ha pucyHke 1.11. [5]

M . 7“2, Iupxynstop
Yo e e

Puc. 1.11 -Cxema aemynptuiiekcopa WDM Ha ocHoBe perretk bparra

3/ech OTpakKeHUE BOJIHBI OMPENCIICHHON JUTMHBI MPOUCXOIUT OT AUPPAKIU-
OHHOM pemieTku bparra cooTBETCTBYIOIIETO Meprojia, cHhOPMUPOBAHHON B OJJHOMO-
noBoM OB. OtpaxeHHas BOJIHA TPaHCIUPYETCS LUPKYISITOpoM. Tak Kak pemierka
bparra paccuntaHa Ha (UKCUPOBAHHYIO JJIMHY BOJHBI, TO I JEMYJbTHUI-
JIEKCUPOBaHUs N HECYIIMX HEOOX0IUMO c(POPMHUPOBATh KacKaj U3 N OTpaxKaTeIbHBIX
pemieTok bparra, HACTPOEHHBIX HA COOTBETCTBYIOLIUE JUTMHBI BOJIH.

Texnonocua mMynbmunieKcupo8anus Ha OCHO8e A81eHUs Y2060l Oucnep-
cuu WCTIOJB3YET COBEPILICHHO APyTrue (PU3NYEeCKUe MPUHUMUIIBL. 31eCh BXOIHON KOJI-
JUMUPOBAHHBIA MYyYOK MaJaeT Ha JAMCIEPTUPYIOMIUNA 3JIEMEHT U MPOCTPAHCTBEHHO
pa3AesieTcss UM Ha HECKOJIBKO MYYKOB, B 3aBUCUMOCTHU OT JUIMHBI BOJIHBI HECYLIEH.
OTHU MyYKH, PACXOAAIIMECS TOJT PA3TUYHBIMU yTIIaMU, POKYCUPYIOTCS U COOMPAIOTCS
OTJICJIbHBIMU TPUEMHBIMU ONTHYECKUMHU 3yieMeHTamu. Ha Bwixome (B (pokaibHOU
IUIOCKOCTH) 3TUX 3JIEMEHTOB (POPMHUPYIOTCS M300paKeHHsI BXOAHOIO IydKa, pa3Me-
PBI KOTOPBIX (C TOMOIIBI0O MUKPOJIMH30BBIX CHUCTEM) IOCTHPYIOTCA TaK, YTOOBI OHH
COOTBETCTBOBAJIM JHAMETPY CEPALICBUHBI pueMHOro (BhixoaHoro) OB (puc. 1.12).

[5]

/HpI/BMa
BonokHa Ondp. peweTka
M
[ Bxoga: Ay, A,—» GRIN - nnH3a
Otpaxaroras A
MOBEPXHOCTH 2

Bxox: xl,xzxz/:/
Pucynok 1.12 Cxema nemynstumiekcopa WDM (a) — Ha oTpakaTenbHON Tpu3-
Me, (0) — Ha OTpakaTeIbHOM TIOCKOM pelieTke
o DEMUX Ha ocHOBe IVIAHAPHBIX HHTEIPAJbHBIX YCTPOMCTB

a) onmogonokonHvle HanpasieHuvie pazgemsumenu (OBHP),

0) unmepghepomempuor Maxa-I]enoepa (MZI),

8) OuhpakyuoHHyI0 peulemky Ha maccusge 80aH080008 (AWG).

Hecmompsa Ha 3HaUUTENIbHBIC JOCTHXKEHHUS B 00JIACTH TEXHOJIOTUU MYJIBTH-
MJIEKCUPOBAHUSI HA OCHOBE OOBEMHBIX MHUKPOONTHYECKUX YCTPOWUCTB, 0OIIas TEH-
JEHITUS Pa3BUTHS BOJIOKOHHO-onTHueckux cucteM rnepeaaun (BOCII) n oTaenbHbBIX
€€ YCTPOWCTB (B MEPBYIO ouepe/lb MYJIbTUILUIEKCOPOB IUIOTHBIX M BBICOKOILIOTHBIX
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WDM) coCTOUT B COBEPIIEHCTBOBAHUHM TUIAHAPHBIX TEXHOJOTUNA, KOTOPhIE OpraHuy-
HO COYETAJIUCh Obl C TEXHOJOTHSIMHU, WCIOJNB3YEMBbIMH MPHU CO3JAHUHM ONTUYECKHUX
uHTerpanbHbix cxem (OUC).

HaunbGoiiee mpocThIM U JIETKO peain3yeMbIM B O0JIACTH IJIAHAPHBIX TEXHOJIO-
Uil BapuaHTOM MyJbTuruiekcopa WDM sBisieTcsi MyJIbTUILIEKCOP HA ONTOBOJIOKOH-
HBbIX HarpaBieHHbIX pa3BerBuTeNsiXx (OBHP). Takas cxema moctpoeHa myTeM Kac-
KaJIHOTO COEJIMHEHUS OJHOTHUIIHBIX sS4YeeK pa3BeTBUTeNei Tuma 2:1 (nBa Bxoma —
OJIMH BBIXO[), TAIOIIEr0 B UTOre MyJbTUILIEKCOp N:1.

Takoi METOJl MOCTPOCHUSI CXEMbI UMEET OUEBHUIHBIN HEJOCTATOK — BBICOKUI
YPOBEHbh BHOCHUMBIX MOTEPh (Teopetnuecku 3 nb/kackam). PasButnemM 3Toro pemnieHus
SBIISIETCSL UCTIONIb30BaHue uHTephepomerpoB Maxa-llennepa (MZI), nns nemynsTu-
IIJIEKCOPOB BMECTO Pa3BETBUTEIIEH.

Paccmompum onTUYECKHE MYJIBTUILIEKCOPHI ¢ UCIOIB30BAaHUEM IJIAHAPHBIX
BOJTHOBOJIOB. CyIIIECTBYIOT pa3iMuHble KOHPUTYpAIUU YCTPOUCTB HA OCHOBE MacCu-
Ba IUIAHAPHBIX BOJIHOBOJOB, HAIIPUMEP, TAKUX KakK:

- MHOTOITIOPTOBBIE PA3BETBUTEIU TUIIA «3BE3a»;

- CX€Mbl IUIAHAPHBIX HHTETPAIbHO-ONTHYECKUX BOJIHOBOJIHBIX CTPYKTYp Ha
OCHOBE MPU3MBbI, JUPPAKIUOHHON PEIICTKH MPOBOJSIIETO THUIA, OTpa’kaTeIbHOU
TudpakMOHHOM PENIeTKH, d1iesioHa MalKelnbCoHa,

- Pa3BETBUTEND C IUIOCKUM OTPAXKAIOIIAM 3€PKAIOM;

- Arrayed Waiveguide Grating (AWG);

B panHux pabotax mo pazpaboTke
yctpoiicte  WDM  ucnosib30BaINCh UHTE-
rpajibHble CXeMbl Ha cTekie. KaHanbHble
BOJTHOBOJBI ONTHYECKUX OOBEIUHUTENICU U
paznenuTenei, GOpMUPYIOTCS TMYyTEM HOHO-
oOMeHa 3a cuer auddy3un JIETUPYIOIIETO
Marepuajia ¢ MOBEPXHOCTH B MOANOBEPX-
HOCTHBIW CJIOW CTeKJa. B kadecTBe jerupy-
IOIIUX TMPUCAAOK ISl HAaTPUM-KaJbLHUEBBIX
CTEKOJI UCTIOJIb30BAJIM MOHBI Kaiusl, cepedpa,
CBHUHIIAa U TUTaHA. TakuMm IMyTeM MOIy4Yaau
MHOTOTIOPTOBBIE PAa3BETBUTEIN THUIA «3BE3-
na» (puc. 1.13).

B paspaboTkax ¢ usnydeHHeM Ha JuiMHaxX BOJH B oOsactu 0,85 MkMm st
CIIEKTPAJIBHOTO Pa3JeeHNs KaHAJIOB, UCTIOJIb30BAIIMCH PA3ICIUTENN KaHAJIOB, AHAJIO-
TUYHBIC MYJIBTUILIEKCOpPaM/AEMYJIbTUIIIIEKCOPaM, Ha BBIXOJIE KOTOPBIX (POpMUpPOBa-
JIUCh Y3KOMOJIOCHBIE MHTEPPEPEHIIMOHHBIE (PUIBTPBI, 00ECICUUBAIOLINE CEIEKIIUIO
CUTHaJIa TpeOyeMol NIWHBI BOJHBL. HemocTaTkoM Takoil CXeMbl SBISIOCH CHUIIBHOE
ocla0JIeHNEe NHTEHCUBHOCTH CUTHAJIOB Ha BBIXOJIE BCIICICTBUE JCICHUS KaXKIOTO U3
CUTHAJIOB HA N KaHAJIOB.

JIJist yCTpaHeHHs 9TOTO HeJI0CTaTka HeoOX0oAruMO OBLIO pa3paboTaTh MiaHap-
HOE YCTPOMCTBO pa3JeieHUsl CIEKTPAIBbHBIX COCTABIISIIOIIUX MaruCTPaIbHOTO CBETO-
BOJIa MO OTAENIbHBIM KaHasiaM. C 3TOH 1eblo ObLUTO NPEI0KEHO UCIIOJIb30BaTh B UH-
TErpaIbHBIX AEMYJIBTUILIEKCOPAX MJIaHAPHbIE KOJTTUMUPYIOIIUE JTUH3bI U Pa3TUYHBIC

W /M

/////////////

Pucynok 1.13 — MHOTONOPTOBBII
Pa3BETBUTENb THIIA «3BE3/1a»
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JUCTIEPTUPYIOLIKE 31eMEHThI. CXeMbl MJIaHAPHBIX WHTETPAIbHO-ONTUYECKUX BOJHO-
BOJHBIX CTPYKTYP JUIsl CIIEKTPAJIBHOTO pa3/iejieHUs] KaHAIOB MOoKa3aHbl Ha puc. 1.14.

[5]

6)

Pucynox 1.14 - CxeMbl mIaHapHBIX UHTETPATIBHO-ONTHYECKUX BOJIHOBOHBIX
CTPYKTYp (Ha OCHOBE @ - IPU3MBI, 6 - TUHPAKITUOHHOMN PEIIETKU MPOBOISIIETO
THUIIA, 8 - OTPAXKATEIbHON TU(PPaAKIIMOHHON pEelIeTKH, & - d1ienona MalikenbcoHa)

Oxkazajnoch, UTO TaKHe yCTPONCTBA UMEIOT OOJbIINE MOTEepH, ciraboe aere-
HUE KaHAJOB U OOJIbIINE MEPEKPECTHBIE TOMEXU, 00YCIOBIIEHHbBIE B3aMMO/ICHCTBUEM
CHEKTPaIbHBIX COCTaBIAOMMX. [IpenensHoe Ynucno pasaenseMblx KaHaJIoB B M0/100-
HBIX YCTpOMCTBaxX He mnpebimano 10.

bosnee mmogoTBOpHON OKa3anach HUjiesl pa3AesieHUsl KaHAJIOB C MOMOIIBIO CH-
cTeMbl (ha3UpPOBAHHBIX KaHAJIBHBIX BOJHOBOJOB, (OPMHUPYIOMIUX dIIejoH Maii-
keabcoHa (puc. 1.15). B 3apy6exnoii tutepatype @bP Ha3piBaeTcst ynopsaoueHHON
BOJIHOBOJIHO# perietkori (AWG - arrayed waiveguide grating).

Bxopn

An
A1, A2, Az As An :

BxogHon BbixogHon
3Be30006pas3HbIn 3B8e300006pasHbIn

pa3BeTBUTENb Nyyka pa3BeTBUTENb NyyKa

M

Puc. 1.15 - Ctpykrypa AWG nemynpTuIuiekcopa
YerpolicTBo cniekTpanbHOro pasneneHusi Ha ocHoBe AWG cocrtout u3 ciie-
JTYIOUIUX COCTABHBIX AJIEMEHTOB: BXOAHOIO MAarucCTpajbHOTO CBETOBOJA, BXOJIHOM
dbokycupyromieid cucteMbl (00beAUHUTETh KaHAJOB), (pa3upoBaHHOU (YIOPSIOYCH-
HOI1) BOJIHOBOJAHOM PELIETKH, BEIXOAHOU (POKYCUPYIOLIEH CUCTEMBI (POCTPAHCTBEH-
HOTO JIEJIUTEIIsSI KaHAJIOB), OTBOJSAIIMX BOJHOBOJIOB CIIEKTPAIBHO Pa3/IeJIEHHbIX KaHa-
JIOB, BBIXOJHBIX BOJIHOBOJOB. Bce yCTpONCTBO BBINOJHEHO IO IIJJAHAPHOW HWHTE-
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IpajJbHO-ONTUYECKON TEXHOJOTMH Ha KPEMHHUEBOH MOMJIOKKE UM CHA0XKEHO YCTpOM-
CTBOM CTBIKOBKU C OTBOJSIIKMMHU BOJIOKOHHBIMU CBETOBOJIAMHU WJIM JIMHENKOU (oTo-
IpUEMHUKOB. OCOOEHHOCTBIO TaKOTO YCTPONCTBA CHEKTPAJIBHOTO Pa3yIIOTHEHUS
KaHaJIOB SIBJISIETCSI €ro paboTa B OJJHOMOJIOBOM PEXHUME, T.€. BCE KaHAJIbHbIE BOJIHO-
BOJIbI JOJKHBI TOAIEPKUBATH TOJBKO OAHY MPOJOJIBHYIO ONITUYECKYIO MOJY.

1.3.3. Texunueckne napaMeTpbl H XapaKTePUCTHKH MYJIbTIJIEKCOPOB
(3a ocHoBy B3sT cranmapt [TU-T G.671)

Hioke npuBeeHb! CrieliupuKaniy mapaMeTpoB, KOTOPbIE B HACTOSIIEE BPEMs
UCTIONIB3YIOTCS I OTMMCAaHUsl MYJbTHILICKcopa B ceTsax ymiotHeHuss WDM. Ompe-
JIeJICHNST HEKOTOPBIX U3 ITUX MMapaMEeTPOB TakkKe MaroTcs McciemnoBaTeabekoil 1abo-
patopueii Bell Communication GR-2883-CORE, Ilynkr 1.

CriekmparnbHas
mMowHocms, P

I ) O 71 Hacmoma, f

1. Ionoca nponyckanus kanana (BW) - WuTepBay 4acTOT, B KOTOPOM
3HAYEHHWE AaMIUIMTYJIHO-YaCTOTHON XapaKTEPUCTUKHU aHaJOrOBOTO MEPEHAIOIIEro
ONTO3JIEKTPOHHOTO MOJYJISl OOJIBIIIE MM PABHO MOJIOBUHE €TI0 MaKCHMAJIbHOTO 3Ha-
YyeHUs. TUIOBBIC TTOJIOCHI ITPOMYCKAaHMs B TEKYIIUMX cucreMax yrtotHenus WDM Ba-
peupytorcs ot 1.0 1o 8.0 HM.

2. 0,5 0B nonoca wacmom (BWjs5) — 3T0 mmMpHHA CIIEKTpa, B Ipeaeaax
KOTOpPOM pa3HULa MEXKIY ITUKOBOU MEPEIAHHON MOILIHOCTBIO Y NEPEIaHHON MOIIHO-
CTBIO B 11I000M Touke coctaBisieT meHee 0,5 nb. ITo cormamenuro 0,5 nb nmojoca 4ga-
CTOT OOBIYHO pPaBHA PA3HOCTH MAKCUMAJIbHOM U MUHMMAJILHOM JJIMH BOJIH B TI0JIOCE
MPOMYCKAaHUS KaXKJI0T0 KaHaJja.

3. Buocumbie norepu (IL) BHocuMBIe moTepu - yMEHbBIIEHHE ONTHYECKOW
MOIIHOCTH MEXAY BXOJHBIM W BBIXOJHBIM ITOPTAMH NACCUBHOrO 3JIeMEHTa B 1b,
OIIPENENSIEMOE KaK:

IL=-10lg(P,/P,)
rne Py - ontmdeckas MOIIHOCTb, BBOJAMMAS BO BXOJHOW MOPT,
P;- onTnyeckas MOIIHOCTb, ITOJYYEHHAs U3 BBIXOIHOTO MTOPTA.

MakcuMalibHble U MHUHUMAJIbHbIE BHOCHUMBIE IOTEPU SIBIISIIOTCA COOTBET-
CTBEHHO BEPXHUM UM HIDKHUM MpelesiaMi BHOCHUMBIX TOTEPh PAaCCMATPUBAEMOIO
YCTPOMCTBAa M MPUMEHSIOTCSI BO BCEM JUAIAa30HE JIJIMH BOJIH, OMPEICIICHHOM IS
nanHoro ¢uibrpa unmu WDM MUX. Tloa THNUYHBIME BHOCUMBIMH TTOTEPSIMH TTOHU-
MaeTcsi 0)KUJAAEMOE 3HAYEHUE BHOCUMBIX MOTEPb, U3MEPEHHOE ISl OMPEACICHHOM
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HeHTpaHBHOﬁ JJINHBI BOJIHEI. OOBIYHO MaKCHUMaJabHbIE BHOCHMEIE MMOTCPH N3MCPAIOT-
Cia OJi1 BCEX AJIMH BOJIH B 00J1aCTH TIOJIOCHI I[MPOITyCKaHUA KaHajla, B 0,5 I[B ITOJIOCE
9aCTOT U B IIOJIHOM JHUAIIa30HC pa60‘{I/IX TCMIICPATYP. OOBIYHO ATO 3HAYCHUE PaBHO
BHOCHMBIM IIOTCPAM B TOUKC IMMKOBOM MOITHOCTH IIJIFOC 0,5 I[B.

3. Ilepexoonvie nomexu (P,) — NOKa3bIBAIOT, PA3HOC ONTHYECKUX KaHA-

noB mynbsTHILiekcopoM. Il Ha j-xawan YucIEHHO paBHBI OTHOIICHWIO MOIIHOCTH
BCEX KaHAJIOB KPOME |-mo20 B |-KaHajle Ha MOIIHOCTD |-KaHald.

N
2
2Tl
_i=Lizj
Pj - T 2
ul
roe T i - HOPMHPOBAHHBIN Koa(bcpHuHeHT Iepeavyy mopra.

4. MH3onayua cocednezo Kanana ONpeneisieT CTENEHb, 10 KOTOPOU Hexe-
JaTeNbHbIE KaHAJbl OCHaOJISIOTCS Ha KaKJIOM KaHalle J00aBICHUsS/YCTpaHEHHS, U
HAIpsIMYIO CBSI3aHA C YXYIIICHUEM OTHOIICHMSI CUTHAJI-IIYM U OUTOBOM CKOPOCTH,
OOYCJIOBJIEHHBIM TPHUCYTCTBUEM MHOTOYHCIICHHBIX ONTHUYECKHX Hecylux. Bceien-
CTBUE TOTO, YTO HJeanbHasi ¢opmMa CIEKTpa CXOJIHA C TayCCOBCKOM KPUBOM, KaHAJIbI
WM KaHaJl, PacroJIOKEHHBIN OJMKe BCEro K KaHaly J0OaBJIeHHs/yCTpaHEHUS, UMEET
camylo IUIOXyl u3oinuio. [losromy M30Js1Us COCEAHEro KaHaja MpeCTaBIseT
HAUXYIIIUN CTydail ¥ U3MeEpsIeTCs B MpeJeinax BCeX COCEAHUX IMOJI0C MPOITyCKaHUS
KaHaJoB.

5.  Kananonouii unmepesan (Af,) npencrapisieT co0oi paccTossHue (MHTEp-

BaJI) MEXK/ly UEHTPAJIbHBIMU JIJIMHAMHU BOJH COCEAHUX KAHAJIOB W SIBJIAETCS CUCTEM-
HBIM [TapaMEeTPOM, ONPEICIIAIONIUM [MapaMEeTPbl KOMIIOHEHTA.

[ToMrMO yKa3aHHBIX MAapaMETPOB, CIEAYET TAKKE YUUTHIBATH IMAPaMETPHI,
XapaKTEPU3YIOIINEe CTAOMIBHOCTh KaXKIOTO MYJIBTHUIUIEKCOpA TPU BO3JICUCTBUH
BHEITHUX (aKTOPOB, TAKUX, KAK TEMIIEpaTypa U COCTOSIHHE MOJSPU3alUU. IDTO CBS-
3aHO C TE€M, YTO MPHU JOCTATOYHO OOJIBIIIOM BIUSHUU JAHHBIX (DAKTOPOB MOJIOCY MPO-
MyCKaHUsl KaHalla MYJIbTUILJIEKCOpa HEOOXOAMMO BBIOUpATh IIMPE MO CPABHEHUIO C
Bapualed eHTPAIbHOW JUIMHBI BOJIHBI Jlazepa, 4TO, B CBOIO Ouepellb, MPUBEIET K
HEOOXOJIMMOCTH YBEJIMUYCHUSI KaHATBHBIX MHTEPBAJIOB. B CBS3M C 3TUM YUUTBHIBAIOTCS
CJIEAYIONINE TPU THUIIA TApaMETPOB.

7. Honapusayuonno — 3asucumosie nomepu (PDL) - moTepu cOOTBETCTBY-
IOIIME MAaKCUMAJIBHOM BapUali BHOCUMBIX IOTEPH, BBI3BBI3BAHHOW BapUallMEn CO-
CTOSIHUA MOJIIpU3allMy, PACCMATPUBAEMON HAa MHOYKECTBE BCEX BO3MOYHBIX COCTOS-
HUW TOJISIPU3ALUH.

Jns MUX/DEMUX npeactaBisioT co0oil MoTepu, BO3HHKAIOIIWE BCIIC-
CTBHE TOTO, YTO CIEKTPATbHOE (PYHKIIMOHUPOBAHUE KAXKJIOTO TTOPTa MYJIBTUILIEKCO-
pa 3aBUCHUT OT BXOJHOTO COCTOSIHUS MOJIAPU3AIMU, KOTOPOE HEOMPEACINMO B Ja3ep-
HBIX CHCTEMax mepenadd. DTO 3HAYCHUE MOTePh UMEET caMylo OOJIBIIIYI0 BapHAaIHIO
B IpeJieiaX MoJIOCkl MPOITyCKaHUs KaXa0ro MopTa MyJIbTUILIEKCOpa.
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6. Temnepamypnasa cmabunvnocmsy Onunst 601npl. CTaOMIBHOCTH IICH-
TPaJIbHOW JUTMHBI BOJHBI ONPENeseT e MaKCUMalbHOE U3MEHEHHE MTPUMEHHUTEIHHO
K K&KJIOMY TIOPTY B IIpe/eiax MpernoiaraeMoro Juamna3ona pabouux TeMmeparyp.

7. Tennosan cmabunvbhocmp — 3TO TapaMeTp, KOTOPBIA TPEICTABISICT
co00if MaKCHMAaJIbHYIO BapHAaIMIO MOTEPb BCTABKH MPU U3MEHEHUHU padoueil Temrie-
paTypsl B TIpeieax MoJ0Ckl MPOMYCKaHUS KaKI0To MopTa.

PaccMoTpuM aiist mpuMepa THUITOBBIE MTOKA3aTeIN 3TUX IMapaMeTpOB IS pas-
JMYHBIX BUJIOB TEPMUHAIBHBIX MYJIbTIUIEKCOPOB/ teMyibruiniecopos (Taom. 1.3).

Ta6mumna 1. 3 - CpaBHenue Texnosnoruit WDM

Wntepo.
[Tapamerp s BG ¢unbtp AWG Hudp. pemerka
e >100 >100 525 >10
unrepBai, [T
Hsmenenue A yrioBas nedopmanioHHas | TEMIEpaTypHas | TeMreparypHas
[Torepu HEOTHOPOJIHBIE Huskue, neonwo- Ouenb Hu3kue | OdeHb HU3KHE
pOJIIHBIC
[Iepexonnas
HOMEXa 0T €O=) 55 _ 35 -30 ~-35 -25~-35 .25~ -35
CEIHETO KaHa-
nma, n1b
[Iepexonnas
rmomexa ot Bcex | OueHb HU3Kas OueHb HU3KaAs -25~-35 a<-32
KaHajoB, 1b
PDL, nb 0.25 MIPEBOCXOTHBIE 0.5 0.5
Iiigg;powl\jgg _- JuckperHas JuckperHas WNurerpanbnas | MHTerpanbHas
e P CTPYKTypa CTPYKTypa cxemMa cxeMma
Pa3mep Bosbmion Bbosnpmion MaiieHbK. MaiieHbK.
HanexxHoCTE xopotas Inoxas (pery- Otenb xopo- xopormas
Tup.) mrast
Llena 3a kaHan $500 $3000 $50 $30
- + - + _
Mjrmsmme Jlitst mamoro Jnst manoro kon- | Jlns 16+ kana- | s 16+ kana
KOJI-Ba KaHAJIOB Ba KaHaJIOB JIOB JIOB

TpeGoBanus K mapameTpaMm ONTHYECKUX MYJIbTUILIEKCOPOB MPE/ICTABICHBI B
npuiiokeHnu b. B npuiioxkxennn B npuBeneHbl XapaKTEpUCTUKY BBIITYCKAEMOIO ITPO-
MBIIIICHHOCTBIO MYJIBTIZICKCOPHOTO U YCHIIUTEIILHOTO 00ypyaoBanust [6-11].

Hwuxe, B pa3znenax 2-5 mpeacTaBiI€Hbl METOAUYECKHE MaTepualibl KOMIIbIO-
TEPHOTO JJA0OPATOPHOTO MPAKTUKYMA IO pacdeTy u mojaenupoBanuio EDFA ontuue-
CKUX yCWJIUTEJIEH, ONTHYECKUX MYJIbTUILJIEKCOPOB Ha MHTEP(PEPEHIIMOHHBIX U Dab-

pu-Ilepo ¢unprpax, romorpadpuueckux audpakunonusix u AWG crpykrypax [12-
14].
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Henr padoThl: W3yyeHUE NPHUHIMUIOB JEUCTBHS M  KOMIIBIOTEPHOE
UCCJIEJOBAaHNE OCHOBHBIX XapaKTEPUCTHK U I1apaMETPOB MHOI'OBOJIHOBBIX 3pOMEBBIX
BOJIOKOHHO-ONITHYECKUX YCUJIUTENEH /U1 Pa3IMYHbIX CXEM HAaKadykKh - IPsIMOi,
oOpaTHOM U JBYHAIIPABICHHOM.

1. BBeaenue

B nocnegHue roapl Npou30MeNn CKa4yOK B Pa3BUTUU TEXHOJOTUA ONTUYECKHUX
YCWINTENEH W CHEKTPaJbHOTO YIUIOTHEHUs. CeroiHs NpaKTHYECKH BCE BEIYILHE
(GupMBI B 00JIaCTH CPEJICTB CBSI3U OCBAaMBAIOT MTPOMBIIUICHHBIN BBITYCK annaparypbl
C HCIIOJIb30BaHUEM CIEKTPAIBHOIO YIUIOTHEHUS U BOJIOKOHHO-ONTUYECKUX YCUIIUTE-
neil. Jlerko oOBACHUTH C TOYKU 3PEHUS TEXHUKH, YTO 3TH JBA HANPABICHHS CTOST
paaoM. DPPEeKTUBHOE MYJIbTUILNIEKCUPOBAHUE U (PUIBTpalys MPU CHEKTPAIBLHOM
YIUIOTHEHUU XOTS U TIO3BOJISIFOT YBEITUYUTH MPOMYCKHYIO CIOCOOHOCTh JIMHUM Tepe-
Jla4d, HO BHOCST IPU 3TOM JIOIOJHUTENbHBIE ONITUYECKUE NMOTEPH, O€3 KOMIIECHCALIUU
KOTOPBIX 3HAYUTENBHO COKPAIAETCA JJIMHA PEreHEPAIMOHHOTO yJacTKa. B xauecTse
KOMIIEHCATOPa 3TUX MOTEPh UCIOJIb3YETCSI BOJIOKOHHO-ONTUYECKUM YCUIUTEND [ 1].

JlerupoBaHHbIe 3pOreM BojokoHHbBIe yeuuteau (Erbium-Doped Fiber Ampli-
fier, EDFA), paboratonue B obysact 1550 HM, YCIEIIHO HCIOJIB3YIOTCS B COBpE-
MEHHBIX BOJIOKOHHO-onThyeckux cucrem nepenaun (BOCII) B kauecTBe npeaBapu-
TEJIbHBIX W JIMHEWHBIX YCHINTENICH, a TAKXKE YCWIMTENEH MOIIHOCTU. [IpuMeHnenue
EDFA no3Bosser nepenaBaTh ONTHYECKHE CUTHANBI Ha paccrosaue Oonee 1000 km
0€3 UCIO0JIb30BaHUS AIIEKTPOHHBIX TIOBTOPUTEIIEH.

2. TeopeTnueckmii maTepuan no EDFA
2.1. MaremaTnyeckass MoaeJ b MHOroBotHoBoro EDFA

MopenupoBanue noBeaeHuss u xapakrepuctuk EDFA ocymiectBisieTcs: ¢
TIOMOIIIEI0 CKOPOCTHBIX yYpPaBHEHHH JJIsl HACEJIEHHOCTEH Ny ,(r,¢,z,t) pabounx ypos-
neit *lys;, 1 *lizp (IByXypOBHEBas MOENb) U YPABHEHMI PACIPOCTPAHEHHS TS OII-
TUYECKO# MoIHocTH P(2).

nl .4113&

s GezHaIy.
P. P .| P N A nepexo

n

4
nl >y

Pucynox 2.1 - Jluarpamma pabounx ypoBHEW MPU HAIMYWUW HAKAYKH U HHPOP-
MAaILIMOHHBIX CUTHAJIOB.
Ha puc. 2.1 cxemarnuecku moka3zaHa auarpaMma pabOuux YpOBHEH MpH
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HAJIMYUHA HAKAYKW U HECKOJIBKUX WH(OPMAITMOHHBIX CHUTHAJIOB.

3anucaB UCXOHBIC YPaBHEHUS MOJICTH U3 [2] IS caydas pacrpoCTpaHeHUs
HECKOJBbKHMX CHUTHAJIOB M HUCITOJIB3YS METOJIbI PEIICHUS IMOCTaBICHHON 3a1a4u U 000-
3HAYCHHS, ONMCAHHBIC B [2], MOKHO MOJYYUTh YPaBHEHHUS, XapaKTePU3YIOIINE ITOBE-
nedue MHOrososHosoro EDFA.

3anuiieM ypaBHEHHUE, OMHUCHIBAIOIIEE CKOPOCTh M3MEHEHHUS KOHIIEHTpaIluu
YJACTHII JIJI1 BEPXHETO YPOBHS a0

anZJZV: Piss'iis
dt i=1h'f,~ 'Sf

[GZl'nl (r,(P,Z,t) - GZinZ (r,(P,Z,t)]-F

L))
Fp ny(r,Q,z,t)
+#[Ga nl(r)(P)Z,t)_Ge nz(r’(pjzpt)]—#

rue PP, Py, i, ip u f7, f, - MomHOCTH, HODMUPOBaHHBIE HHTEHCUBHOCTH U YacTOTHI
ONTHYECKOTO M3JIydeHHs i-ro MH(popManuoHHoro curaana () U Hakauku (p) B cede-
HUH Z;

21 oo
P(z) = I Il(r,(p,z)rdrd(p, (2.2)
00
i(r,@,z) = 1r:9.2) , (2.3)

P(z)
I(r, @, Z) - pactipenienieHe MHTEHCUBHOCTH ONITHYECKOTO M3JIyUCHHUS B BOJIOKHE,
Gai’» Oap U Ogi» Ogp - IQDEKTHBHBIC CeYEHHs MOITIOIEHHUS U M3ITYYEHHs], OIMChIBAIO-
mpe cBoiicTBa MOHOB Er’* B Marpuiie cTekia COOTBETCTBYIOIIME YacTOTAM i-rO HH-

(hopMallMOHHOTO CUTHAJIA U HAKAYKH,
21w oo

a(h) =, [ [i(r,e,2)n,(r,¢,z)rdrde=oc,(MT(L), (2.4)
00
27 00

g W) =0, ] [i(r,g,2)n,(r,¢,2)rdrdo=c, (M R), (2.5)
00

a(A) u g (A) — criexrpanbHble K0AOMHUIUEHTH! MOMIOMEHHS i YCHICHHS aKTHBHOM

Cpebl;

C=nS;/S;=n,d 2 /d f2 — MHTErpaJl NEPEKPBITHS MEKIY PACIIPENeICHUIMH OII-

TUYECKOM MHTEHCUBHOCTH i;° FITH I, 1 HOHOB 3pOus Ers:

de - IuameTp 00JIaCTH, JIETUPOBAHHOM IpOreM;

d¢- TMameTp cepIeBUHBI BOJOKHA;

ny(r,e,z,t)= ny(r,,z,t)+ ny(r,e,z,t) - obIiee urcao yacTuil (KOHIIEHTPAIUS pOUs).
['paduixu 3aBUCUMOCTEN Oy U Oy IPECTABICHBI HA PUC. 2.2.
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Pucynok 2.2 - DpheKTHBHBIC CEUCHHS MOTJIOMICHUS (C,) U U3ITyUCHUSI(Cp).
Huddepennnanbabie ypaBHEHHsI, ONUCHIBAIOIINE PACIIPOCTPAHEHHUE ONTHYE-
CKOW MOIIHOCTH TIO BOJIOKHY IpH ycinoBuu Ny(r,@)=n=const npu r < b u n(r,p)=0
npu r > b (b — paguyc obnactu nerupoBaHusl CEPALCBHUHBI ONITUYECKOTO BOJIOKHA),
UMEIOT BUJ:

dP, o, + r,Q,z,
=\, "r—g’fpk +Vk mhkafk j | %‘Mzkrdrdcp (o, +1)P,
k k t
. (2.6)
rae unaexc K mpunumaer 3aagenwe (%) - A7 BOJHBI i—20 MH(GOPMALMOHHOIO CUTHA-
ma, (p) — st BoiHBl Hakaukw; U, V=%l cooTBeTCTBYyeT HpsAMOMY M OOpaTHOMY

HATPABIEHUIO pacTpocTpanenus usnydenus; I =T} /n, =d3 /d }; Ik - ko3 duru-

€HT HEPE30HAHCHOTO TMOTJIONICHHS B CEP/ILIEBUHE, 00YCIOBIECHHOIO HAJIMYUEM IPYII-
el OH , a Takke pacceHMBAHMEM BCIECICTBHE PACCTEKIOBAHMS CEPJILEBHHBI C BHICO-
KIM 3HAYCHHEM TTOKA3aTelIs PSIOMICHHS MM HU3KUM COJIepKaHHeM HoHoB Er"; m
= 2 — YUCJI0 MOJ OJHOMOJIOBOTO ONTHYECKOTO BOJIOKHA C YUETOM TMOJIIPU3AIMOHHOTO
BBIPOXKJICHUS. [

VYpaBaenue (2.6) 3anucaHo I U3JIYYCHUS CUTHAJIA, HAKAYKH M YCHIICHHOM
cnoHTanHou smuccun (ASE). [ y3KOIMOJOCHBIX M3TyYEHUN CUTHAIA U HAKaYKU
Af—0, a g mupokononocHoi ASE paBHO 4aCTOTHOMY IIIary, MCIOJIb3yeMOMY B
BbIuKCeHusX. [lepBoe caraeMoe B ypaBHEHUHU OTBEUYAET 3a YCUJICHHE — 4eM OO0JIbIIe
3 (EeKTUBHOE CEUEHHE, TUAMETP CEPALIEBUHBI BOJOKHA U MHBEPCHUS HACEIEHHOCTH,
TeMm OoJbllle TpUpalleHue curHaiga. Bropoe ciiaraemoe nmeeT oOpaTHOE JEUCTBUE
(HEepe30HaHCHOE TMOIJIOLIEHNUE U MorjolieHue). TpeThe cinaraeMoe YCUJIUBAET CUTHA,
HO OTBEYACT 3a CIOHTAHHOE M3JTYYCHHE, TEM CaMbIM YUHUTHIBACT ITyMbI, BHOCUMBIC
ycwiurteneM. T.0. nryMbl TeM 0oJibiiie, 4eM OO0JbIle MHBEPCHSI HACEIICHHOCTH, Y heK-
TUBHOE CEYCHHUE U3TyUCHHE.

Tak kak HEe MPEACTaBISACTCS BO3MOXKHBIM TMOJTYYUTh AHAIUTUYECKOE peIlie-
Hue ypaBHeHu# (2.1) u (2.6) B 001mieM cirydae, modTOMY UCTIOIB3YIOT YUCIICHHBIE Me-
TOJBI PEIICHUS.

B HenmpephIBHOM peXUME U NMPU MOAYJISILIMM ONTUYECKOM HECYILEUW C 4acTo-
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toit f >10 k' mns omucanmss EDFA moctaToyHO MCClieZoBaTh CTallMOHAPHBIN pe-
’KUM, T.0. HalJeM pellleHne CUCTeMbl ypaBHeHHi (2.4), (2.10) npu o/ot=0. A Takxe
OyZeM CYWTaTh, YTO YCHWJICHHAs CIIOHTaHHAs SMHUCCHUS MPEHEOPEkKUMO Maia, TOT/a
ypaBHeHus (2.6) unrerpupyrorces mpu m-hf-Af—0.

PaccMmoTpum ciydaii, Korla MHTEHCUBHOCTh HM3JIYyYCHUS PaBHOMEPHO pac-
npejeneHa o iomnaau cedenus BojokHa (1(r,¢,z)=1(z)). YuureiBas Bce BBIIIEC CKa-
3aHHOE, YpaBHEHUsI, onmuchiBaromue noseacane EDFA mMoxxHO ympocTuTs U mpuBe-
CTH K BUJIY:

27 ©

P(z)= [ [I(z)rdrde=1(z)S (2.7)
00

roz= 092 _ 1 2.8

e ==p 07 (28)

rie S=ndi*/4 - mromans momepeuroro cederus OB.
[Moacrasnsas (2.7), (2.8) B ypaBHenue (2.1) u, yuutsiBas, 4to 0/0t=0, moimy-
qaeM

P N PSS, N psgS. P hS
0= 2o 3 P10 |y |5 T % Zr% 1] (2)
fp i=l1 f‘l's i=l1 f‘l's fp T
aJiee, YUTHhIBAs nt r,p,z,1)= nl ryoz, + n2 r,o,z, , BbIpa3duM H3 .
A y OFA YA ¢zt p 2.9
Ny=Ny/Ny :
PPGaP +§ fzi
. S
ny =12 = Jp = i . (2.10)
n, hSy +Pp(0ap+cep)+NPiS(G?:i+GZi

T I El 1P

[IpeoOpasyem ypaBHeHue (2.6), mpuHMMas BO BHHUMaHHE BCE BBINIC H3JI0-
JKCHHBIC YCJIOBHSI, Jieyiast HeOOXOIMMbIC 3aMEHBI | MOICTaBIIsAs Bhipaxkenue (2.10).

dP, o +gr o Py (re,z,t)
=U P || ——————irdrdp— P, (o, +1;,)=
Az k r k (I)(j) n, k ©— P (o +1;) (2.11)

=Py [UknthI(Gak + 0y )=l —Oun, dé/d]%]
Pacniuiiem Beipaskenue (2.15) B cuctemy ypaBHEHUM:

P'o

dP
d_zp B PP[U pNiN21(Cap +Gep) —1p — Oy dé/di]

dr®

e Sl UUMCHEE AR YL PP
dPy

dzN =P§ - Py [Ulilntnﬂ(GZN +oay) — Iy —oan dé/d?]
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P,c,, N P’cs,
Y B
n2 fp i=1 ﬁ
l“,[[e n21 = — = s
n; th +PP(GGP+G N ( +Ga1)

+2.—
T f p i=1
Takum O6p&30M, MBI IIOJIYYHJIN CHCTCMY I[I/I(b(bepCHHI/IaHI)HBIX ypaBHeHPIﬁ,

OMHCHIBAIOIINX pad0Ty MHOroBoiHoBoro EDFA nns cranmonHapHOro pexuma, 0e3
y4eTa YCUJICHHON CIIOHTAaHHOM 3MUCCHH.

W3 BeienpuBeIeHHBIX BhIpakeHUi (2.12) SBHO HE MPOCIEKHUBACTCS TEMIIe-
paTypHasi 3aBUCUMOCTb, HO €€ MOXHO YY€CTh MYTE€M BBEJCHUSI TeMIEPaTypHBIX KO-
3¢ GUIIEHTOB, B3ATHIX U3 SKCIEPUMEHTAIBHBIX HCCIICIOBAHUH.

[Ipu pazpaborke BOCII HeoOX0AMMO H3Y4YUTh BIMSHHUE TEMIIEPATypPhl
okpyxaromieir cpeapl Ha ycuienne EDFA. Takue uccrnenoBanus mMpoOBOIUIUCH IS
EDFA ¢ nuoaHoii Hakauko# Ha AiauHax BOJH Hakauku 0,8 u 0,98 MKM u Imokaszaiu,
YTO IIPU U3MEHEHUU TemnepaTypsl oT - 40 no +60°C ycunenue ymeHsmanocs ¢ 21,6
no 20,1 n1b . B apyroii pabore [4] ycuiieHHe yMEHbBIIAIOCh cO ckopocThio -0,07
1b/°C npu n3Menenuu temreparypsl oT -20 go +85°C (A , = 1,48 mxm). Ilpu A | =
0,98 MKM H3MEHEHHUsI YCWJICHHUS Majbl, YTO BBI3BAHO M3MEHEHHEM WHBEPCHUH HAce-
JIEHHOCTH [3].

3aBUCHMOCTb XapaKTePUCTHK OT CXEMbl HaKaukKu (JUIs TIPSMOM M 0OpaTHOMU
HAaKa4YKH{) OTCJEKHUBACTCS B MaTEMAaTHYECKOH MOJEIU C MOMOIIBI0 Kod¢duimeHTa
U,.:

Up = 1 — nu1s npsiMOI HaKauKH;

Up = -1 — 11 0OpaTHOM HaKa4KH.

U, =0, P, = 2P, — n1s nByHanpaBlIeHHOM HAaKa4yKH J1a3epaMU ¢ OJAUHAKOBOU
MOIITHOCTBIO (CIIEYET U3 MAaTEMATUUECKON MOJICIIN).

2.2. 3aBuCUMOCTH KOI(PPUIIHEHTA YCHIIEHUS] H ONITUMAJILHOM JJIMHBI J10-
IMPOBAHHOI'0 BOJIOKHA OT NMapaMeTPOB CUTHAJIOB U Hakauku 1jas EDFA ¢
NPAMOI HAKAYKOM

[Tpu npoextupoBanuu EDFA BaxHbIM siBisIeTCsl BBIOOP ONTUMANBHOW JTMHBI
JONMMPOBAHHOTO BOJIOKHA. Hannuue onTMyMa AJMHBI BOJIOKHA OOYCIIOBJIEHO Hajlu-
YHMEM MaKCUMYMa 3aBUCUMOCTH KO3(PUIIMEHTa yCUlleHUs OT JUIMHBI BoJoKHa. OnTu-
ManbHOU JumHOW EDF B ycnoBusix ycuneHuss oAHOrO MH(OPMAIMOHHOIO CHUTHaa
ABJIAETCA JUIMHA BOJIOKHA, HA KOTOPOM JIOCTUTAETCS MaKCUMAJIbHOE YCUIICHUE.

OpnHako, HaMM4YKWe 3aBUCUMOCTH KOA(Q(UIIMEHTAa YCWICHUS U ONTUMAaIbHOU
JUIMHBI BOJIOKHA OT JJIMHBI BOJIHBI cUrHana (puc.2.3 a,0) 1 MOIIHOCTH BXOJHOI'O CHT-
Hana (puc.2.3 B,r) MPUBOJUT K TOMY, YTO B YCIIOBUSX YCHUJICHUS HECKOJBKUX CHUTHA-
JIOB, JUISl Ka)XXIOrO0 KaHajga CYLIECTBYET CBOsS ONTUMaibHas JIMHA, HA KOTOPOM

HaO0aeTcs CBOM MakCUMyM Kod(ddullMeHTa yCHIIeHus )il KaKIO0ro KaHaja (puc.
2.4).
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Pucynok 2.2

Takum 006pa3oM, JJisi MHOTOBOJTHOBOT'O YCHJIMTEIIS TTO/T ONTUMAIbHON JUTMHON
CJIelyeT MOHUMATh JJIWHY BOJIOKHA, HA KOTOPON HAXOAMTCS IMOCJIEIHUNA MaKCUMyM
ko3 durtnenra ycuiienus curaana (puc. 2.4).
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Pucynok 2.4

Cnez[yeT TAKKC OTMCTUTH, YTO MOIIMHOCTh HAKAYKHW U KOJIMYCCTBO YCHIIMBA-
CMbBIX KaHAJIOB TAK)KC OKa3bIBACT HCIIOCPECACTBCHHOC BJIMAHUC Ha K03(1)(1)I/II_II/I€HT ycu-

JICHUA U OIITUMAJIbHYIO JJIMHY

JUTS KaKI0ro Kanana (puc.2.5).
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Pucynok 2.5

Bce Bblllle MPUBEIEHHBIE 3aBHCHUMOCTH IOKA3bIBAIOT HEOOXOAUMOCTH J10-
MOJIHUTENIbHBIX CTPYKTYPHBIX 3neMeHTOB B EDFA st BelpaBHUBaHuS 1 cTaOMIIA3a-
MU KO3 pUIeHTa yCUIeHUs.

2.3. YueT TeMIiepaTypHOii 3aBHCHUMOCTH ¥ CXeMbl HAKAYKH

W3 BeimenpuBeeHHbIX BeIpaxkeHuit (2.10) sBHO HE MPOCIS)KUBACTCS TEMITepa-
TypHasi 3aBUCUMOCTh, HO €€ MOKHO y4€CTh MyTeM BBEACHUS TEMIEPATYPHBIX KO3 (-
(UIIUEHTOB, B3SATHIX U3 IKCIIEPUMEHTAIBHBIX UCCICIOBAHMH .

[Tpu paszpadborke BOCII HeoOX0AMMO U3YUUTh BIHMSHUE TEMIIEPATYpPbl OKpY-
)Karorieit cpeanl Ha yeunenue EDFA. Takue nccnenoBanust mpoBoamuich st EDFA
C IMOJIHOM HAaKa4yKoM Ha JyimHax BOJH Hakadku 0,8 u 0,98 MKM U mokazajii, 4To Mpu
M3MEHEeHUH Temneparypsl ot - 40 no +60°C ycunenne ymensianoch ¢ 21,6 no 20,1
nb . B apyroii pabote [ ycuiieHne yMEeHbIIaN0oCh co ckopocThio -0,07 nb/°C npu us-
MeHeHuH Temnepatypsl ot -20 no +85°C (A , = 1,48 mxm). Ilpu A , = 0,98 MM us-
MEHEHUS YCUJICHUS MaJIbl, YTO BbI3BAHO M3MEHEHHEM MHBEPCUM HACEIICHHOCTH .

3aBUCUMOCTh XapaKTEPUCTUK OT CXEMbl HakKauku (AJid OpsMoid M oOpaTHOM
HAKa4YKH) OTCJEKHUBACTCS B MAaTEMAaTHYECKONW MOJEIU C MOMOUIbI0 Kod(duineHTa
U,.:

U, = 1 — 11 npsiMOI HaKauKu;

U, = -1 — 111 0OpaTHOM HaKa4KH.

U, =0, P, = 2P, — nins nByHanpaBlIeHHOM HAaKa4yKH JIa3epaMu C OJUHAKOBOU
MOIIIHOCTBIO (CIIEAYET U3 MAaTEeMAaTHUYECKOU MOJIEIH).

3. PexomeHauuu Mo BBIMOJHEHUIO PA0OTHI

[Ipu BbIMONHEHUU J1a0OPATOPHBIX PAOOT K HCCIEAOBAHUIO PEKOMEHAYIOTCS
CJIEIYIOLIME CTPYKTYPHBIE CXEMBI YCUITUTEIICH:
- ycunumesnb MOWHOCMU ¢ 0OPAMHOU CXeMOU HAKAYKU

- IUHEUHBIU YCUTUMENL C NPAMOU CXEMOU HAKAYKU.

JUJ1sl KasKI0ro THIA YCHJIUTE/IsI He00X0AUMO:
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HccnenoBaTs 3aBUCUMOCTb ONTHUMAIbHOM AMMHBI Loyt 1 MaKCUMaNbHOTO KO3(-
bunmenTa ycuseHus Knac OT MomHocT curHana Pg B nuanazone ot 0.001MBT
no 0,5MBt misa A,=1480 um 1 A,=980 uMm. (P, 1 As 3amaroTca BapuaHTOM 3a7a-
HUS)
HccnenoBaTh 3aBUCUMOCTh MaKCUMAIBHOTO Kod(duimeHTa ycuiaeHust Kpa OT
MOIIHOCTH Hakayku P, B amamasone ot 100 mo 300MBrt, mms A,=1480HM u
Ap=980HM. (Ps 1 As 3a1a10TCs1 BAPHAHTOM 3a1aHHsA)
HccnenoBaTh 3aBUCUMOCTh MaKkCUMaidbHOTO Kod(dduumenta ycunenus K,.x oT
JUIUHBI BOJIHBI CUTHala As B AuanasoHe 1530 um — 1560 um g A,=1480HM 1
Ap=980nM. (Ps u Pj, 3anarorcs BappaHTOM 3a1aHKA)
HccnenoBaTh 3aBUCHMOCTh MaKCUMAIBHOTO Kod(¢uimeHTa ycuiaeHust Kpa OT
TemmepaTypsl B auamasone ot —20 10 +40°C, s Ap=1480HM 1 A;=980HM. (A,
Ps n P, 3anatorca BappanToM 3amaHus)
HccnenoBarh 3aBUCUMOCTh MaKCUMAJIBHOTO Kod(@uimeHta ycuieHus Kpay
MEPBOTO KaHajla OT KOJIMYECTBA KaHAJOB MPH PABHBIX BXOJHBIX MOITHOCTSX
Kakaoro kaHana s A,=1480uM u A;=980nM. (Ps, As, AA, u P, 3anarotcs Bapu-
aHTOM 3aJIaHMUS)
JI71s1 MHOTOKAaHAJILHOTO YCWJIMTEIIS MCCIIEI0OBATh 3aBUCUMOCTh MaKCUMAaIbHOTO
koahurenTa ycuneHus: Ky MepBOTo KaHajaa OT MEXKaHaJIbHOTO MHTEpBaa
1o anauHe BoyHBI AL oT 0.4HM 10 1.6HM (As, Ps 11 Py, KOIMYeECTBO KaHANOB 3a-
JTAIOTCSl BAPUAHTOM 3aaHUsA).
JIJ1s1 MHOTOKaHAJIBLHOTO YCHIIUTENS TIPH PABHBIX MOIIIHOCTSX BXOJTHBIX CUTHAJIOB
OTIPEAETUTh ONTUMATBHYIO JUIMHY YCUIUTENs (BCe TapaMeTphl 3a/1al0TCs Bapu-
aHTOM 3aJaHus1). Y CTaHOBUTH (GUIbTp AJiA BelpaBHUBaHus AUX. Mcnonb3oBaTh
¢GuabTp Ha BXOAE W Ha BbIXoJe ycuiuTend. g o0oux (UIbTPOB COXpaHUTh
cienyronue rpaduku:
rpaduk ¢ AUX ycunurens 6e3 punbrpa, AUX dunsrpa u AUX ycunurens ¢
buIbTPOM;
rpaduK ¢ 3aBUCUMOCTSIMU BXOJIHOM MOIITHOCTH, BBIXOJIHOM MOIIIHOCTH H BBI-
XOJTHOM MOIITHOCTH mociie GUIbTpa OT HOMEpa KaHala;
rpauK ¢ 3aBUCUMOCTHIO MOIIIHOCTH CHUTHaJIA B Ka)XJIOM KaHaJle OT JJIUHBI
BOJIOKHA MPU ONTUMAIBHON JJIMHE BOJIOKHA.
Onpenenute HepaBHOMEpHOCTh AUX ycunutens u AUX ycunurens ¢ puiib-

TPOM.

8.

J1J1s1 MHOTOKAHAJIBHOTO YCHIIUTEIS TIPU HEPABHBIX MOIIHOCTSX BXOJHBIX CHUTHA-
JIOB OMPEACIUTh ONTHUMANBbHYIO JIMHY YCHIHTENs (BCE MapaMeTphbl 3adaroTcs
BapHAHTOM 3aJaHWs). YCTaHOBUTh (WIBTP IJis BBIPABHHBAHUS BBIXOTHOU
MOIIHOCTH. Vcmonp30BaTh (UIBTP HAa BXOJE M HA BBIXOAC ycwuuTens. J[ms
000uX (PUIIBTPOB COXPAHUTH CIEIYIONTUE TPaAdUKH:

rpaduk ¢ AUX ycumurens 6e3 punbrpa, AUX dunstpa 1 AUX ycunurens c
buIbTpOM;

rpaguK ¢ 3aBUCUMOCTSIMH BXOJHOW MOIIIHOCTH, BBIXOJHOW MOIIHOCTH M BBI-
XOJIHOM MOIIHOCTH Tociie (UIbTpa OT HOMepa KaHaa;

rpaduK ¢ 3aBUCUMOCTHIO MOIIHOCTH CHUTHAJIa B KaXJIOM KaHaJle OT JJIUHBI BO-
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JIOKHA TIPY ONITUMAJILHOM JITTHHE BOJIOKHA.
OnpenenuTh HEPABHOMEPHOCTh BBIXOJHON XapaKTEPUCTUKU YCHUIUTENs 0e3
bunbTpa u ¢ GUIBTpaMH.

JI1sl Ka)kJI0TO BapHWaHTa JIAHHBIC IS BBITOJHCHHS PaOOThI 3aJIal0TCS U3 TaO-
el 2.1.

Ne Bapu-| Tunmycun- | P, mW | A, nm | P, mW n AA, NM
aHTa JIATEIA
1 JIMHENHBII 0.01 1520 250 16 1.6
2 MOIIIHOCTH 0.001 1530 200 24 0.4
3 JINHENHBIN 0.005 1535 280 16 0.8
4 MOII[HOCTH 0.002 1525 250 24 0.8
5 JINHENHBIN 0.02 1540 270 8 1.6
6 MOIIIHOCTH 0.05 1550 300 8 1.2
7 MOIITHOCTH 0.01 1560 290 8 0.8
8 JIMHENHBII 0.001 1555 250 8 0.4
9 MOIITHOCTH 0.005 1520 200 16 0.8
10 JIMHEHHBIN 0.002 1530 280 24 0.8
11 MOIITHOCTH 0.02 1535 250 16 0.4
12 JINHEWHBIA 0.05 1525 270 16 1.2
13 JIMHENHBII 0.01 1540 300 16 0.8
14 MOIITHOCTH 0.001 1550 250 8 1.6
15 JIMHEHHBIN 0.005 1560 200 8 0.4
16 MOIITHOCTH 0.002 1555 280 24 0.4
17 JIMHEHHBIN 0.02 1520 250 24 0.4
18 MOIIIHOCTH 0.05 1530 270 16 0.8
19 MOIIIHOCTH 0.01 1535 300 24 0.4
20 JINHEWHBIN 0.001 1525 300 24 0.4

4  Copep:xaHue oTUeTa
Otuer o npojenanHol paboTe TOKEH COIepKATh CIICAYIONINE Pa3Ieiibl:
[ens paboThI;
Kparkas teopus ;
PesynbraThl paboThl — rpaduKyd ¢ KPaTKUMH TOSICHCHHSIMHU TMOJYYCHHBIX
3aBUCHUMOCTEH;
BriBo1bI TIO TIpOJIETIaHHOM paboTe.

5 KoHTposbHbIE BOPOCHI
1 Kakue BUIbI ONTUYECKUX YCUTTUTENEH BbI 3HAETE?
2 ATOMaMHM KaKoro peiKo3eMEeIbHOTO MeTana HauboJiee 4acTo JETUPYIOT BO-

JIOKHO, UCTIONIH3YEMOE B YCUJTUTENSIX HA JOMMMPOBAHHOM BOJIOKHE?
3 B xakom nuamnasone jymmH BoiH padotaer EDFA?
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O6mactu npumenenus EDFA no knaccudukarnum?

5 Kakas MuHMMallbHasi 4acTOTa MOAYJISILMU TO3BOJISIET CUUTATh PEKUM pa-

6otel EDFA cranmonapHbimM?

Kakue mexxkanaibHble MHTEpBabl cOOTBETCTBYIOT DWDM crangapty?

Kakue crangapTHbIC JJIMHBI BOJH HaKauKu UCIIOIb3yt0TCs B EDFA?

8 Kakas makcuManbHas MOIIHOCTh HAaKaukd MOXKET OBITh peain3oBaHa OJ-
HUM JIa3€pHBIM JTMO/IOM B HACTOSIIIEe BpeMsi?

9 Kakue MeTobl UCTIONB3YIOTCS ISl YBETMYECHU 1oyIockl ycuneHust EDFA?

10 Kakue mocromnctBa u HepoctaTku EDFA 1o cpaBHEHHIO ¢ IpyrMH BHJA-
MU ONTHUYECKUX YCUIIUTENIEH?

11 OcuoBuble mapameTpsl EDFA?

~N o

4. Onucanue NPOrpaMMHOro odecrnevyeHust

KomnbrorepHsie J1adopaTopHbie padoThl

«KOMIIBIOTEPHOE NCCJIEAOBAHHUE MHOI'OBOJIHOBOI'O
IPBUEBOI'O BOJIOKOHHO-OIITHYECKOT'O YCUJIMTEJIS»

PykoBoncTBO mosp3oBaTens
(Penakius ot 12.10.2006)

1. Oo0mee onucanue

1.1 dOyHKuUMOHAIBbHOE HA3HAYEHNE CUCTEMbI, 00J1aCTh IPUMEHEHUS U
orpaHNYeHust

KommnbroTepnas maboparopHas padota «KommbroTepHoe uccieoBaHUE MHO-
TOBOJTHOBBIX 3POMEBBIX BOJIOKOHHO-ONTUYECKHX YCUIUTENCH» MpeaHa3HaueHa IJis
pacueTta pabO4YMX XapaKTEPUCTUK MHOTOBOJHOBBIX APOHMEBBIX  BOJIOKOHHO-
ontudeckux ycunuteneil (EDFA) B yueOHbIX nensx. JlaHHas pa3paOoTkKa MOMKET
OBITH MCMOJIb30BAaHA MPU OOYUYEHUM CTYJEHTOB TEXHUUYECKUX BY30B IO HaIpaBJICHU-
aM «OnTHKa U TEJIGKOMMYHUKAIIMW», KaK B KaueCTBE Ja0OpaTOpHOM pabOThl, TaK U B
Ka4ueCcTBE HHCTPYMEHTA Il pacyeTa n ontumuzaunu EDFA npu kypcoBoM npoekTu-
POBAHUU TPOTSKEHHBIX BOJIOKOHHO-ONTHUYECKUX CHCTEM IMEPENAuYd CO CIEKTPAIIb-
HbiM pazaeneHueM (BOCII-CP), ucnonssyromux EDFA B kauecTBe 0JHOTrO U3 OC-
HOBHBIX 3JIEMEHTOB.

[Iporpammuoe obOecrieueHre MpeACTaBiIseT cOO0H MakeT MPOrpaMM reHEpaIiH
dopm s 3amanus napametpoB EDFA, oToOpakeHus: pe3ynbTaTOB pacdera, BhIBOJIA
METOJMYECKOT0 TTOCOOMS M OMHCAHHS MPOTPAMMHOTO OOECTICYECHHS C TUTIEPTEKCTO-
Boi HaBuranuei. [laker Bkarouaer 20 BapuaHTOB 3aaHUN ISl POBEICHMS J1abopa-
TOPHBIX Pa0OT, a TaKXKe MPHUKIAIHBIC MPOTPAMMBI MO TPOBEIECHUIO HEOOXOIUMBIX
BBIUUCIICHUN, MPEAYCMATPUBAIONIMX YHUCICHHOE PENICHHE CHUCTEMBbl HEJIMHEHWHBIX
nuddepeHnanbHbBIX YPAaBHEHUN U ONMKCHIBAIOMKUX MHOTOBOJIHOBBIM EDFA B cTanu-
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OHApHOM peXuMe. B 0CHOBY pa3pabOTaHHOTO MPOTPAMMHOTO 00ECIIeUEHUS MOJI0Ke-
Ha MaTemaTuuyeckass Mojieiab oJaHoBoJIHOBoro EDFA, o6o0menHas ajis ciydas MHO-
roBoTHOBBIX EDFA u fomnonHeHHass ydeToM TeMIIEpaTypHOU 3aBUCUMOCTH. OJHUM
13 OTPAaHUYCHHUI MOJICIIH SBIISETCS OTCYTCTBUE YUeTa YCUJIEHHONW CIIOHTAaHHOMN SMMC-
cun (ASE). B meToanueckoM nocoduu [2] mpuBeieHa MaTeMaTiyecKkasi MoJielb, T0-
JIO’)KEHHAsl B OCHOBY ITPOTPAMMHOTO 00€CTICUCHUSI.

1.2 KpaTKOG ONMMUCAHUE CUCTEMDBI M €€ TCXHUYCCKUEC XaAPAKTEPUCTUKH

Komnreiorepnast nmaboparopnas paboTa, gajiee mporpamma, MpeacTaBisieT CO-
00l KOMIIBIOTEPHYIO TPOrpaMMy, KOTOpas COCTOUT M3 METOJIWYECKOTO TOCOOHs
(kpaTkas Teopus C 3aJlaHMEM Ha paboTy), BXOJHOIO TecTa U 000JIOUKH MOJIEIUpPOBa-
Hus. [Iporpamma MoxeT (yHKIHOHUPOBATH IO YIPaBICHUEM OIEPAIMOHHBIX CH-
cteM Windows Bcex nmokoseHui, HaunHas ¢ Windows 95. Jlins HopManbHOro (pyHK-
[IMOHUPOBAHMS TPOTPAMMBI KOMIIBIOTEp JOJIKEH ObITh OCHAILEH HE MeHee ueM 16
M6 omnepaTuBHOM mamsTH U He MeHee yeM 6 MO cBOOOAHOTO MecTa Ha KECTKOM
nucke. Cama nporpamma 3anumMaet okojo 0,25 M6 auckoBoit mamsaru. [Iporpamma
He TpeOyeT YCTaHOBKH.

1.3 3amyck mporpaMmbl U BBIX0/l U3 POTrPaMMBbI

3amyck mporpamMMmbl ocyuiecTBisieTcs: 3anyckom (aiina EDFA.exe Ha BbINod-
HeHue, JaHHbIlA (aitn pacnonoxen B nanke EDFA. Tlocne 3amycka Ha skpaHe KOM-
IBIOTEpa MOSBISETCS [VIAaBHOE OKHO IporpamMmbl «KoMMbIOTEpHOE MOIEIMPOBAHNE
MHOTOBOJIHOBOT'O 3pOHEBOI0 BOJIOKOHHO-ONTHYECKOIO YCHIIUTENSD (Aaee Mo TEKCTY
OIKCaHUs JaHHOE OKHO HazbiBaeTcs I naenoe). JJanHOE OKHO COAEPIKUT TJIaBHOE Me-
HIO U OCHOBHBIE€ KHOIIKU yTIPABJICHHUS.

Bbixoa 13 mporpaMMbl OCYIECTBIISIETCS HAKaTHEM KHOIIKU Xl g BEpXHEM TIpa-

BOM YTy OKHa «I JTaBHOE».

2. Pabora ¢ nporpammoii

B paneHeiimeM npenrnonaraercs, 4TO IOJb30BATENb HMEET ONpPEIEICHHBIC
HaBBIKK paboTHI B onepanmonHoi cuctreme Windows 95 unu Windows 98.

[Tpu pabote ¢ nmporpaMmoi Juist mepeMeIeHns MEeXIy MOJIsIMU BBOAA, U HaXKa-
TUM Ha KHONIKYM YJTOOHEH BCETO UCIOIb30BaTh MAHUITYJISITOP "MBIIIb'".

B xone BbINIONIHEHMS pabOThI IPEAYCMOTPEH BHIOOP THIIA YCHIIUTEIS:

- YCWJIMTEIIb MOITHOCTHU (IIpsiMasi CXxemMa HaKadyKku),

- TIMHEUHBIN ycunuTeNb (00paTHas cXxeMa HaKauKH).

B Tom e okHe mpeaycMoTpeHa Bo3MOXHOCTh BBojia @.M.0. cTyaeHTa u npe-
no/IaBaTess JJis 3anoJIHeHUs GOpM OTYeTa, TEHEPUPYEMOTo M0 OKOHYaHUU padOThI B
MS Word. Takke MOXXHO BBIOpaTh BapUaHT U HOMEP CTAPTOBOTO IyHKTa PabOTHI.
Bcero pa6oTta coaepskut 20 BapuaHTOB 3ajaHUM TIO 8 TYHKTOB.

B coOTBETCTBUM € BBINOJHSAEMBIM IYHKTOM 33JlaHUs, TEKCT KOTOPOro 3arpy-
’KaeTcsl Mpu BbIOOpE BapHaHTa W HOMEpa IYHKTa aBTOMATHYECKH, HCIIOJHUTEINIO
HEOOXOMMO BBECTH UCXOHbIE MTapaMeTPhl pacyera:
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1)  nmomMMPOBAaHHOTO BOJIOKHA: JUIMHA BOJIOKHA, JTUAMETP CEPALICBUHBI BO-
JIOKHA, IUAMETP JONMUPOBAHHON 00JIACTH, KOHIEHTPALIMS MOHOB 3pOUs, BpeMs KU3HU
METacTa0UIBLHOTO YPOBHS;

2)  HCTOYHMKA HAKAayK{: JJIMHA BOJHBI MCTOYHHKA Hakadyku (1480mM, 980
HM), MoITHOCTh (S0MBT-300MBT), cxema Hakauku (ripsiMasi, oOpaTHas);

3)  uH)OPMAIIMOHHBIX CUTHAJIOB:

—KOJIMYECTBO CUTHAJIOB Ha BXoje ycuurens (1-150);

—Ha BOJHBI (1400HM - 1600HM) - TpexyCMOTPEHO MCHOJB30BAHUE PA3HBIX
MEXKAHAJIbHBIX MHTEPBAJIOB, YCTAHOBKA JUIMH BOJH JUIS KaXJAOT0 KaHajaa CaMOCTOS-
TEJIbHO, UCIOJIb30BaHUE CTaHIApTHU30BaHHBIX WDM 4acTOTHBIX IJIAHOB C IIAroM
1000 I'T1r— 50 I'T'm;

—BxoaHas MomHocTh (0 MBt — 0.5MBT) - mpegycMoTpeHo wHcmonab30BaHue
OJIMHAKOBBIX BXOJIHBIX MOITHOCTEW JIJIsl BCEX BXOJHBIX CHUTHAJIOB, CAMOCTOSITEIHLHON
YCTaHOBKH W3 IOCTYITHOI'O TUANa30Ha;

4)  wucnonp3oBaHue puabTpa I BeIpaBHUBaHUS AUX ycmimTens - GUIbTp
Ha BXoJie, (GUIBTpP HA BBIXOJIE, 0€3 (hubTpa;

5)  wucnonp3oBaHue (GWIBTpPa IS BHIPABHUBAHHS BBIXOIHBIX MOIIHOCTEH
CUTHAJIOB - GUIIBTP Ha BX0OJ€, (DUIBTP HA BbIXOJE, 0€3 puibTpa.

JI1s1 3ajaHHBIX TapaMETPOB MPOU3BOAUTCS PACUET CIEAYIOIUX XapaKTEPUCTUK
yewurenss EDFA, BIBoguMbIX B rpadudeckoit popme:

1)  3aBUCHUMOCTH MOIIHOCTH HAaKa4KH OT JTHHBI yCUIIATEIIS;

2)  3aBHCHUMOCTH MOIIHOCTEH BBIXOJIHBIX CUTHAJIOB OT JITMHBI YCUITHTEIIS;

3)  3aBHCHUMOCTH KOA(D(UIMEHTA YCUICHHUS OT JUTHHBI BOJHBI TIPH 3a/IaHHOM
JUIMHE YCUJIUTEIIS;

4)  AYX ¢uibTpa.

Taxxe B CBOJIHOM Ta0nMIle MPUBEACHBI APAMETPHI I KaXKI0r0 MH(pOpMaIu-
OHHOI'O CHTHaJa: JJIMHA BOJIHBI, BXOJHAs MOIIHOCTh, MOIIIHOCTh Ha BBIXOJE yCUIIUTE-
75, ONTUMAaJIbHAsL JJIMHA — JJIMHA YCWIMTENS, TP KOTOPOM JOCTUTraeTcs MaKCUMyM
MOIIIHOCTH CHUTHAJIa, MAKCUMaJIbHAsi MOIIIHOCTh CUTHAJIA.

[To pe3ynbTatam pacuera 3anojHAIOTCA TabIUIlbl ¢ UH(popMaluen, TpedyeMon
B 33/IaHMH K BBINOJHAEMOMY IMYHKTY. [lociie BbINIONHEHHS yHKTa MporpaMMa CTPOUT
He00XoauMble rpaMKi B OTAEIBHOM OKHE, IJIe TAK)KE €CTh BO3MOKHOCTD JIJIS 3aIu-
CH BBIBOJIOB IO IPOJEJIAHHOMY ITYHKTY M II€PEX0Jla K BBINOJHEHUIO CIIEIYIOLIETO
MyHKTA.

[Tpu BO3BpallleHWU K BBINOJIHEHUIO MyHKTA, KOTOPBIA OBLI YK€ clelaH, JaH-
Hble B Tabnaumax ¢ uHpopmanuen, TpeOyemMoi B 3aJJaHUH K 3TOMY ITYHKTY, U BBIBOJIbI
[0 HEMY COXPAHSIOTCS B MOCIEAHEN pelakiuu ucnoyHuTeNsA. OJHAKO MpU BBIXOJE
U3 MPOrPaMMBbI IaHHBIE O BHIMOJHEHUN PAa0OTHI COXPAHAIOTCS TOJIBKO B IpauuecKkoM
Bujzie B popmare *.emf B moAIMPEKTOPUM C HA3BAaHUEM BBITNOJHsAEMON pabOTHI B Ka-
tajgore «Mou JOKyMeHTbI». [Ipu 3TOM COXpaHSIOTCS TONBKO T€ rpaduKu, KOTOphIE
HE00X0AUMBI U1l 0hOpPMIIEHHSI OTYeTa 1Mo padoTe.

[Tocne BBIMIOJIHEHUSI MTOCIEIHETO MyHKTA 3aJlaHus WM 110 JKEeJAHUIO0 UCTIOHU-
TeJsl B TI0OOH MOMEHT BBINIOJHEHUSI PAOOTHI MPOUCXOIUT TeHEpAIUs oT4YeTa 1o ¢op-
Me, MPUHATON B By3e-pa3pabOTUMKe MpOorpaMMbl, BKIOYarouieil nHdopmanuoo 00
UCIIOJIHUTENE paboThl, TpeOyeMble B 3aJlaHUH TpauKu (TOJTYyYEHHBIE B PE3yJbTaTe
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BBITIOJTHEHUS PA0OThI), a TAK)KE BBIBOJIbI, HAITMCAHHBIC WCIIOJTHUTEIIEM TI0 KaKIOMY
MYHKTY.

[Tocne renepanuu otyera paboTa 3aKkaHYMBaeTcs. J{J1s BHITOJHEHHS] HOBOM pa-
00THI (Apyroro BapuaHTa) HEOOXOAUMO BBIUTH M3 MPOTPAMMBI U 3aIyCTUTh €€ 3aHO-
BO.

Jlanee Oosiee moAPOOHO OCTAHOBUMCS Ha MPOrPaMMHBIX OKHAaX.

2.1 TJ1aBHOE OKHO

[Ipu 3amycke mporpammel EDFA aBTOMaTHueckun oTOOpa)kaeTcsl IJIaBHOE OK-
Ho. HTepdeiic okHa mpuBeaeH HA PUCYHKE 2.5.

D Komervrsese prase =<3 00aEnE 20w 200 ST 3PSt JUD BTG STTWCEAE YOI WD

S Paors Maswerpn Do

' = S % (R e R s

Bmd  Growe  [ocews  Orer Tecobe Ter  Bumeess  Newes  Owotess

Pucynoxk 2.5 - Untepdeiic okna I'nasnoe

[Tocne 3amycka mporpamMMsl, 10 T€X MOP MOKa B MporpaMMe He BBIOpaH eapu-
anm 337aHusl U HE HaxaTta kHonka Hauame pabomy B okue Bwioop eapuanma, no-
CTYIHBIMU SIBIIIFOTCS TOJIBKO clienyrouine okHa: Inaenoe, Bovioop eapuanma, Me-
moouueckoe nocooue, Onucarnue npozcpammol.

Ha puc. 2.6 npuBeneH By BepXHEH 4acTH OKHA, KOTOpasi Ha MPOTSKEHUU BCer
paboThl HAXOAUTCS B BEPXHEHM 4aCTH, BHE 3aBUCHMOCTU OT TOTO B KAaKOM OKHE MpO-
UCXOJIUT BBITIOJIHEHHE PAOOTHI.

B Monmr v 19 gt o 50 masrt et 69w AW E FPENT PR 99 M OS €1 w CE WL P TR b

Pucynok 2.6 — MeHto u ynpasJisitoniie KHOIKY okHa I 1aenoe
['TaBHOE MEHIO COAEPKUT CIAEAYIOIINE ONMIMH (COOTBETCTBYIOT YIIPABJISIOIINM
KHOTIKaM):
Daiin:
Hoeuvtit — BbI3bIBACT OKHO Botoop eapuanma niis Hadana paboOThI;
OmKpoims — MO3BOJISIET MOCJE Hayana pabOThl OTKPHITH COXPAHEHHbIE
pe3ynbTaThl B rpaduiyeckom Gpopmare;
Coxpanump — M03BOJIAET COXPAHUTh MOCTPOEHHBIN IrpaduK ¢ pe3ybTa-
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Tamu ¢ okHa Iloozomoeéxka omuema,
Omuem — co3naer oryeT B WOrd ¢ pesyibrataMu BBIIOJIHEHHON pado-
THI;
Paooma:
Ilocooue — BrI3bIBacT OKHO Memoouueckoe nocooue,
Tecm — BbI3BIBACT OKHO Tecm;
Boinonnenue:
Bwioop eapuanma — Bb13bIBacT OKHO Boidop eapuanma 10 Hada-
Ja paboThI;
Bwvioop nynkma — BbI3BIBAaCT OKHO Bwvioop eapuanma 1o Hadana
paboThI U OKHO MOJITOTOBKA OTYETA BO BPEMSs BHITIOIHEHUS pado-
THI JIJIs1 BEIOOpA WM TTePEX0/1a K BBHITTOJIHCHHUIO APYTOTO MyHKTA;
Pe3ynvmamul pacuemoe — BbI3bIBACT OKHO Pe3ynomamot pacue-
moe;
Hapamempuoi:
OKHo 6éce napamempbl — BBI3bIBACT OKHO Bce napamemput,
Cucnan u nakauka ¢ omoeabHOM OKHe — BbI3bIBacT OkHO Ilapa-
Mempul,
Homowb:
Homoww -
O npozpamme — BbI3bIBACT OKHO O npocpamme ¢ uHpopMaiueit
00 aBTOpax MporpamMMmal.
Memoouueckoe nocobue - BhI3bIBa€T OKHO Memoouueckoe no-
cobue.

2.2 OxHO Bwioop sapuanma

B nanHoM okxHe 3ampammuBaeTcs HH(OpManus, KoTopas HeoOXoauma Juis
Hayaja J1abopaTopHOW pabOThl: BapUaHT 3a/laHus (Kak MpaBUiIO, COOTBETCTBYET HO-
Mepy B CIHCKE Tpynmbl), GpaMUIusl 1 HOMEp TPYNIbl CTYACHTA, BBITOJHSIOUIETO pa-
00Ty (cM. pUCyHOK 2.7), dbaMmiivsl U JTODKHOCTh MPENoaBaTesis, TUIl YCUITUTENS U
HOMED MYyHKTA 3a/1aHUsI, C KOTOPOI'0 HY>KHO HayaTh padoTy.

[Tocne Toro Kak Bbl 3aMOJHUIM HEOOXOJUMBIE MOJISl U BHIOpAIM HOMEDP Bapu-
aHTa, MporpaMMa aBTOMaTHYE€CKU BBICTABJISIET TUIl YCUJIUTENSI B COOTBETCTBUM C Ba-
PUAHTOM M 3arpy’KaeT COOTBETCTBYIOIINE 3aJaHUs JJIsl BHITOJTHEHUS ITYHKTOB.

[Iporpamma co3naer nanky ¢ Ha3BaHUEM padoOThl B qupekTtopun Mom HOKYy-
MEHTBI, TJ€ COXpaHSAET BCE PE3yIbTaThl pabOThl B BUJIE rpaduyeckux (aityios, ¢
HA3BaHUSMM, COOTBETCTBYIOIIMMHU HOMEPY MYHKTa U HOMEpY rpaduka B IYyHKTE,
Hanpumep «punktl-1.emf». IIpu nHaxxatuu kHonku Hawath padoty otoOpakaeTcs
OKHO Bce napamempui. Best nndopmaniys U3 JaHHOTO OKHa OTOOpa)kaeTcsi B OTYETE,
reHepupyeMomM B KoHIle paboTel. [locie okoHwanust paboThl rpaduuecKue JaHHBIC B
BUJIE COXpaHEHHBIX (haiiyioB He ynansawoTcs. [loatomy npu moBTopHOM (IIpH HEOOXO-
JTMMOCTH) BBITIOJIHEHUHU TOM K€ caMoil pabOThl, MOKHO HayaTh Cpa3y C TOTO MyHKTA,
Ha KOTOpPOM ObLTa 3aKOHYEHA pabdoTa NpeablayIil pa3, 1100 KOTOPBIA HYKHO Tepe-
nenatb. [Ipu mocnenyromieit renepaiuy oTyera Bce rpaduku Oya1yT BCTaBJIEHBI B OT-

44



Yer.
[locne naxartus kHonku Hawats padory mHbopmanus B JAHHOM OKHE HE
MOKET ObITh U3MEHEHA.

Homep oapwanta 1

Pamnanni Crymonra
Homop rpyvess
P it NPONO Mo
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Pucynok 2.7 — atepdeiic okua Butoop eéapuanma

Kak BugHO u3 puc. 2.5 Bo Bpems pabotsl nporpammel EDFA ¢ nomonisto 3a-
KJIaJIOK B BEpXHEW YacTH OKHA BO3MOXHA HABUTAIMS MEXIAY BCEMU OKHAMU MPO-
rpammsl: I naenoe, Bvioop eapuanma, Bce napamemput, Pezyromamut pacuemoe,
Tecm, Iloozomoexka omuema, Memoouueckoe nocooue, Onucanue npozpammol.

[Tocne 3amycka mporpaMmel, 10 TE€X MOpP MOKa HE BHIOpaH éapuanm v HE HaXa-
Ta kHOonka Hauamwv pabomy B OxHE Bwvlioop eéapuanma, NOCTYIHBIMH SIBIISIFOTCS
TOJNBKO cieaywroume okHa: Inasnoe, Boibop eapuanma, Memoouueckoe nocooue,
Onucanue npozpammot.

2.3 Oxno Tecm

C moMolIbI0 TJIABHOTO MEHIO WJIM YIPABJSIIONMX KHOIMOK TJIABHOIO OKHA
MOJKHO BBI3BaTh OKHO Tecm, nHTEpdEic KOTOPOro mokaszaH Ha puc 2.8.

THT k0w 1 Abopamapeos pataar. Cpabee wo Lapm iw puc T WZAL 2000y 10 Lo Wi D00
o bueao ovverce

owes sercogid mE2omanoTes ase Cnm——-
TR R ORI
- -
= Camevperse ey ———
T e Pt
fame - | Ocranock | ponpocor iz 10

Pucynok 2.8 — Unrepdeiic okna Tecm.

B 5nieBOM mosie mosIBISIFOTCST BOIIPOCHI, B MPABOM BapHUAHTHI OTBETOB. [IpaBuiib-
HBIM BCerJa sIBISI€TCS TOJIbKO OAuH BapuaHT. [lociie TOro kak Bl BHIOpaiu OTBET,
KOTOPBIN Bbl CYUTAETE BEPHBIM, HAXKMUTE KHOIIKY /aiee.

ITocne mpoxoXaeHusl TecTa MOSIBUTCS OLEHKA 3a TECT. TecT MPOMTH MOKHO
TOJIBKO OJIUH Pas3.

2.4 OxHoO Bce napamempui

BremHuii Bu1 OKHA TPUBEEH HA pucyHke 2.9,
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Pucynok 2.9 — UnTepdeiic okna Bee napamempuot.

JlaHHOE OKHO BKJIIOYAeT B ceOs BCE 3a/JaBaeMble mapameTpsl ycunutens. Jo
HaxxaTusl KHONKK Pacuyer HE0OX0IMMO yCTAHOBHUTH YKAa3aHHBIE B 3aJlaHUU NapameT-
pBI Ui pacuera. B nosne 3agaHue oToOpakaeTcsl TEKCT BBIOJHAEMOrO yHKTa 3a7a-
HUSL.

B 1enom B JaHHOM OKHE MOHO BBIJICIHUTH CIEAYIOIIME IPYIIIbl APaMETPOB:

IlapamMeTpbl HAKAYKM: OIUHA B0IHbI U MOUWHOCHb UICTOUYHUKA HAKAYKH, CXe-
Ma Hakadyku (OmpenersieTcss TUIIOM YCWIHTEIS B OKHEe Bwioop eapuanma). /[nunvi
80./1Hbl HAKAYKU MOKET OBbITh BhIOpaHa paBHoOM 1100 1.48 um, 1160 0.98 pm.

MONIHOCTh HaKaYKU MOKHO M3MEHHUTH B MOJIE pelaKTUpoBaHUsA «MOIIHOCTb,
MB1» B npeaenax ot 0 1o 300 mBrT.

IHapameTpbl MHGOPMALMOHHBIX CHTHAJIOB: B 1aHHOM OKHE Takke mpeny-
CMOTpPEHA BO3MOKHOCTh CAMOCTOSATEILHOTO BEIOOpA KOJIMYECTBA, MOIIHOCTEN U AJIMH
BOJIH MH(OPMAIIMOHHBIX CUTHAJIOB. Bce mapameTpbl CUrHaNIoOB 0TOOpaXeHbl B Ta0Iu-

ac.

[Tpu 3agaHUM MOIIIHOCTEH CHTHAJIOB MOKHO HCIIOJB30BaTh CIEIYIONTUE BapH-
aHTBI:

CamocTosSITeIbHO - MOIIHOCTH BCEX CHTHAJIOB MOXHO 3aJlaBaTh CaMOCTOSI-
TEJIHHO B TaOJIUIE CUTHAJIOB,;

PaBHbIe - CTAaHOBUTCA JOCTYITHBIM TI0JI€ PEIaKTUPOBAHUS, B KOTOPOM MOYKHO
YCTaHOBUTH 3HAYEHUE MOIIHOCTH JIJI1 BCEX CUTHAJIOB

HepaBHble — Kak U B IPEIbIIYIIEM MYHKTE CTAHOBUTCS JOCTYITHBIM TIOJIE pe-
JTAKTUPOBAHUS, B KOTOPOM MOKHO YCTaHOBUTH 3HAUCHHE 0A30BOM MOITHOCTH CUTHA-
JIOB, OTHOCUTEIHPHO KOTOPOM MpOTpaMMa aBTOMATUUYECKH TMOI0EPET CIydaiiHbIM 00-
Pa3oM MOIITHOCTH BCEX CUTHAJIOB.

JInMrHY BOJIHBI CUTHAJIA MOYKHO YCTAaHOBHTH C ONPEICIICHHBIM HHTEPBAJIOM BHI-
OpaB u3 crnrcka MexKaHAJIbHbIA HHTEPBAJI, MYHKT 3aaaTh nHTepBaJ. [locie sto-
r0 HEOOXOIUMMO B OKHE PEIaKTUPOBAHUS, HAXOAIIEMCS O CTUCKOM BBECTH 3HAYe-
HUE MHTEpBaa U YCTAHOBHUTH 3HAYCHHE JIJTMHBI BOJHBI IIEPBOTO CUTHAJIA B COOTBET-
CTBYIOIIIEM OKHE peJaKTUpOBaHUs. [[TMHBI BOJH BCEX CHUTHAJIOB M3MEHATCS B COOT-
BETCTBHH C BHIOPAHHBIM UHTEPBAJIOM.

JImvHa BOJHBI CUTHAJIa MOXKET JieXKaTh B auanazo”e oT 1400 um go 1600 HM.
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[ToaToMy, ceayeT BHUMATEILHO OTHOCUTHCS K BEIOOPY MHTEpBAIA IO JUTMHE BOJTHBI
Mexay curHanamu. Ecnu nimHa BoJIHBI curHajia (OJHOTO UK BcexX) OyleT BHE Aua-
Ma30Ha, TO MporpaMMa BhICTaBUT OJIMKaNIIIEe T0MyCTUMOE 3HAaUCHHE.

Taxke B cniucke Me:KKaHAJBHBIN HHTEPBAJ MOXXHO BBHIOpATh CTaHIApPTH30-
BaHHbIe M1aHbl WDM uiu BO3MOKHOCTh BBICTABJICHUSI JITIMHBI BOJHBI KaXJA0TO CHUT-
Haja caMOCTOSITEIbHO.

IlapamMeTpbl 10NUPOBAHHOIO BOJOKHA: VIMeeTcsi BO3MOKHOCTh U3MEHEHHUS
CJIEAYIONINX MapaMeTPOB BOJIOKHA C MOMOIIBI0O COOTBETCTBYIOIIUX IMOJIEH peJaKTu-
pPOBaHUS: JIMHBI MCIIOJIL3YEMOTO BOJIOKHA, AMAMETpa O0JacTH JICTUPOBAHUS, AHa-
MeTpa CEep/ILIEBUHBI BOJIOKHA, KOHIIEHTPALIUKU HPOUs, BPEMEHHU >KU3HU METACTA0UIIb-
HOro ypoBHA. Kak mpaBuiio, Bce 3TH MapaMeTpbl MEHATh HE HY>KHO. /[aHHBIe mapa-
METpPbI YCTAHOBJICHBI 110 TUTEPATYPHBIM JTAHHBIM.

TemnepatypHasi  3aBMCHMOCTh: 3aBUCUMOCTh OT TEMIEpaTypbl MOKHO
y4ecTh BbIOpaB omniuio 3a1aTh TeMIEPATYPy U BHICTABUB 3HAUCHUE TEMIIEPATYpPHI B
M0JI€ pETaKTUPOBAHUA ¢ HAAMKCHI0 OnpeaesieHHAs TeMIepaTypa.

HUcnoan3oBanue ¢puiabTpoB: BriOpaTh GUiIbTp MOXXHO MOCTaBUB TAIOYKY C
MIOMOIIBI0 MAHUITYJISITOPA MBIIIb B KBaApaTUKe ¢ HaAnuchbio Ucmoab3oBaTh GuiabTp
U 3aTEM HYXHO BbIOpaTh MO0 unbTp /it BbipaBHUBaHUS AUYX ycunurens, 160
MOIIIHOCTEN CUTHAJIOB Ha BBIXOJI€ YCHIIMTENS, 3aT€M BBIOPATh, IJIe TOCTABUThH (DUIIBTP
- Ha BXO/I€ WM HA BBIXOJAE YCUIIUTEIIA.

[Ipu HaxaTuu KHONMKKM Pacuyer oCcyliecTBIAETCS pacyeT YCUIIUTEINS C YCTaHOB-
JIEHHBIMH MTapaMeTpaMu, U 0TOOpaxkaeTcs OKHO Pesyromamul pacuemos.

Knonka COpoc OCyIIECTBIAET YCTAaHOBIICHUE HAYAJIBHBIX HACTPOEK JTAHHOTO
OKHa.

B BepxHeii yactu okHa npu BeIOOpe MyHKTa OTOOpPAa3UTH NapaMeTpbl CUTHA-
JIOB M HAKAYKHM B OTAEJBHOM OKHeE IOSBIISICTCA JONOJIHUTENbHOE OKHO Ilapamer-
pbl. Mcrionbp30BaHrEe JAHHOTO OKHA YCKOPSIET MPOLECC 3a1aHHUSI 1 U3MEHEHHUSI TaHHBIX
napaMeTpoB MPH BBIIIOJIHEHUH 3a7jaHuil paboThl. [1pyu n3MeHeHnn napaMeTpoB B OKHE
Ilapamempsr IPOUCXOIUT IMAPAJUIEIBHOE W3MEHEHUE B OKHE Bce napamempul, n
Hao00OPOT.

2.5 OxHo Pe3yrvmamot pacuemos

[Tpn Haxkatnm kHOTIKK Pacuer B okHe Bce napamempst OCymecTBIIETCS MO-
JETMPOBAHNE XapaKTEPUCTUK YCUIIUTENS U OTKPBIBaeTCS OKHO Pe3ynvmamul pacue-
moe, natepdeiic KoToporo npuseacH Ha puc. 2.10.

B nanHOM OKHE 0TOOpakaroTCs BCE BBIXOIAHBIC IMApAMETPHl M XapaKTePUCTHKU
yewurens. Crenys yKa3aHWsM U3 OKHA OTOOpaKEHWs 3aJaHUs BBITOJIHIEMOTO
MyHKTA, CJIETYET BBICTABIISITH HCXOAHBIC MTapaMEeTPhI JIsl pacyeTa.

BrITIONTHSIS YHKTBI 33/1aHUS HY>)KHO OTCJICKMBATh MMapaMeTphbl CUTHAJIOB, TIPU-
BeJicHHBIC B TaOymie «[lapameTpsl HHPOPMAITMOHHBIX CUTHAJIOBY.

47



13 3022 2 TV £ YET0 O 4006 0 Y 4 29

o e
o e g a {14 5006 14570 13 7740 12 0009 120087 10970

Msncmtem s Ls fasgrs yre—" ot
r» ]

s S oL 5-‘”—
O

Pucynox 2.10 - OxHo Pe3ynavmamot pacuemos

HasxaTtne 5neBoil KHOIKM MBIIIA HAa KHOIIKE @L HaXOJAIIENCS B JIEBOM HIDKHEM
yriay J000ro rpaduka IpUBOAUT K YBEIMUEHUIO pa3Mepa rpaduka B 4 pasa, Kak Io-
Kka3aHo Ha puc. 2.11. HaxaTue 1eBoii KHOIKM MbIIHN Ha KHomke &\ mpuBomuT K HC-
XOJHOMY BUAY OKHa, Kak Ha puc. 2.10.
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Pucynoxk 2.11

HaxaTre neBoii KHOMKOW MBI Ha OCH TpaduKa MPOUCXONUT MEPEX0.T OT JIO-
rapu(MUIECKOTO MaciiTada K JMHEHHOMY U Ha000poT. CleryeT OTMETUTh, YTO TIPH
HAJIMYUU OTPULATENIbHBIX 3HAUEHUH WM HYJSI IO OCH HE IMO3BOJISIET MEPEXOAUTh K
JorapuMuyeckoil mkarne.

Bru16op oToOpakaeMbIX KPHUBBIX Ha Ka)XAOM TpauKe OCYIIECTBISETCS C I0-
MOILbIO KHOIIOK B BEpXHEHN yacTu rpaduka.

CBuUr MaKCUMaIbHBIX 1 MUHUMAJIbHBIX 3HAYEHHUM IO OCSM, BKIIFOUCHUE U BbI-
KJIIOYEHHE CETKHU, U3MEHEHHUE CETKH, M3MEHEHHE MaciuTada Mo ocsM s Kaxa0ro
rpaduka Mpou3BOIUTCS B OTACIHHOM BCIUIBIBArOIIEM OKHE (puc.2.12), BEI3bIBaeMOM
JUTS KQKJI0To rpadrika HaKaTUEM MPaBOil KHOIIKH Ha ToJie Tpaduka.
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Formating curently selected XY plot
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Pucynok 2.12
Bo3mokHO Takke coxpaHeHne rpaduka Ha )KECTKUH AUCK C TTOMOIIBI0 KHOITKH
Ha rpaduke B BEpXHEM JIEBOM YTITy.
HaxxaTue j1eBoil KHONMKOW MBIIIM Ha JIFOOOW KpUBOW JIBYX BEPXHHUX TpaduKOB
MPUBOIUT K OTOOPAKEHUIO U CKPBITUIO MOAMKUCEN K TOUKaM Ha rpaduke ¢ nHbopma-
uen o KOOPMHATE 10 OCH y (CM puc. 2. 13)
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Pucynok 2.13
CHrMaeMbIe B COOTBETCTBUU C 33JJaHUEM JaHHbBIE 3aHOCSATCS BPYUYHYIO B HUXK-
Hiot0 Tabmuny. Ilocie 3amonHeHust TaOaUIBI HY>)KHO HaxaTh KHONKY Ciemayrommi
nyHKT. [losBurcsa okHo Ilodzomoexka omuema ¢ TOCTPOSHHBIMHA Ha OCHOBE TaOJIUIIbI
3aBUCUMOCTSIMU. BHEIIHUI B OKHA IPUBEAEH Ha puc. 2.14.

2.6 Oxno Iloozomoeka omuema

[Tpu nosiBnennn nanHoro okHa (puc.2.14), mpoaHaanu3upoBaB MOJyUYCHHbIE 3a-
BUCHMOCTH HEOOXOJMMO HaIKMCaTh BBIBOJBI B MOJI€ peaakTupoBanus. [Ipu Haxxatun
kHonku IlepexesaTs TeKylMii MyHKT MOXHO YaCTUYHO WJIM TMOJHOCTBIO Iepese-
JaTh MYHKT, KOTOPbIA OBLI TOJBKO YTO BBIMOJHEH. JlJIg MPOAOIKEHHS BBIIOJHEHUS
paboThl, HEOOXOAMMO BBHIOPATh HOMEpP MyHKTa M HaxkaTh kKHonKy la. Ilpu BbIOOpE
HOBOT'O MyHKTa HO 0e3 HakaTusi KHONKU [la mpu mepexoie K BBIMOJHEHUIO 3a/1aHUs
yepe3 3aKJIaJIKU B BEpXHEW YaCTH OKHA, HOBBIM MTyHKT HE OyJeT oToOpakeH. BriOparth
MO>KHO JIFOOOHM MyHKT, HECMOTPS Ha TO, BBIMOJHEH JAHHBIN MyHKT uiu HeT. [Ipu BbI-
O0ope HoMepa IMyHKTa, KOTOPbIN yKe ObUT BHITIOJNHEH, Ta0IUIa ¢ JaHHBIMH OyZIeT Co-
JIepKaTh BCE UMCIIa, KOTOPbIE OBLIN YK€ 3aHECEHBI.
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Pucynok 2.14 — Unrtepdeiic okna Iloozomoexka omuema

[Ipu Haxxatum kHONKMU /la MOSBISETCS OKHO € 3allpOCOM O COXpaHEHUU rpadu-
KOB B KaUeCTBE PE3yJIbTaTOB JAHHOTO MyHKTa (puc. 2.15).

Dialog

CoXpaHuTb AaHHbie
rpaguKu B KayecTee
pe3ynbtaros 1-ro

nyHKTa

Pucynok 2.15 — JluanoroBoe 0KHO.

[Tpu BeIGOpe «CrenepupoBaTh OTYET» W HakaTtuu Jla mpomcxomuT reHepanus
0TueTa, COJEPIKAIIETO BCE MOJIYUYCHHBIE B X0JI€ BBITOJIHEHUS paOOTHI TaHHBIC B BHJIE
rpauKOB U 3aMKMCAHHBIC BEIBOJIBI 110 KAXIOMY MTYHKTY.
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Pucynok 2.16 — UuTepdeiic mporpaMMbl ¢ OTKPBITBIM OKHOM Tlapamempewl (cipaBa)

50



2.7 Oxno Ilapamemput

HuTepdeiic mporpammsl ¢ OTKPHITEIM OKHOM Ilapamemput (cripaBa) IpUBEICH
Ha pucyHke 2.16.

B nannom oxHe mpuBeneHBI T€ XK€ (DYHKIMOHAIBHBIC 3JIEMEHTHI 3a/laHuUs Ta-
pamMeTpoB HaKaykd M MH(POPMAIIMOHHBIX CUTHAJIOB. [Ipu M3MEHEeHHH MapaMeTpoB B
JAHHOM OKHE IIPOMCXOJHUT IapajuleIbHOE U3MEHEHUE U B OKHE Bce napamempul, u
Hao00OPOT.

2.8 OxHo Memoouueckoe nocooue

B oxne Memoouueckoe nocooue (puc. 2.12) HaX0IUTCSI TEKCT METOANYECKOTO
nocoOus. Mexay mMyHKTaMH MOCOOUST MOKHO TEPEXOIUTh ¢ TIOMOIIBIO TUIIEPTEKCTO-
BBIX CCHUIOK, HAXOJAIIMXCS B BEpHEH 4acTh OKHa. B TekcTe mpuBeseHa KpaTKasi WH-
dbopmanus Mo yCHIATEISIM U METOAMKA BBITIOJIHCHUS PaOOTHI.
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Pucynok 2.17 — Untepdetic okna Memoouueckoe nocooue.

2.9 OxHoO Onucanue npozpammul

WuTepdetic okHa Onucanue npozpammsl TPEACTaBICHO Ha pucyHke 2.18.
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Pucynok 2.18 - UnTepdeiic okna Onucanue npozpammol

I[aHHOC OKHO OTO6pa}KaCT COACPKUMOC JAaHHOT'O JOKYMCHTA, MCKAY IIYHKTa-
MHU KOTOPOI'O MOKHO IICPCXOAUTH C IIOMOINBIO THIICPTCKCTOBLIX CCBIIIOK, HAXOIA-
mXCs B BGpXHCﬁ JaCTHu OKHA.
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IIpuioxkenue A

OcHoBHbIe XapakTepucTuku ycuianreneid EDFA npousBoaures

THORLABS (SInonusi)
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C-Band Power Amplifier

Pucynok A.l — Buemnuit Bua yeunurens npousojactea THORLABS.

Tabmuia A.1 — [Tapamerps! ycwmmrenei Tpex auanazoHos: S, C, L.

Ha3Banue nuanaszoHa JJIMH BOJIH S-BAND C-BAND L-BAND
JlnanasoH JJIMH BOJTH (HM) 1455-1485| 1530-1565| 1560-1600
Koad. ycunenns (P,=-301bm), (1b) >25 >40 >30
Koad. Yeunenus (P,=0nbwm), n1b 13 - 13
Koadpdbunment myma (1bm) <7 <5 <5
BrixoaHas MOITHOCTE HACBIIIICHUS - >17 -
(1bm)
CrabuiapHOCTh K03(. yemnernus (nb) 0.001 0,005 0.005
BrIxogHOoE BOJIOKHO SMF28 SMF28 SMF28
TeMmneparypa XxpaHeHus -10°C - -10°C - -10°C -
+45°C +45°C +45°C
PaGouas remneparypa +10°C - | 0°C -+40°C  -10°C -
+40°C +45°C
IleHa ($) 28000 17000 19000
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Gain and Noise Figures
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Pucynok A.2 — 3aBucumocts ko3(pdunmenta ycunenus u koddduimenrta myma s
YCUJIMTEISA JUara3oHa S OT JUIMHBI BOJIHEI (pUC. a, 0) U OT BXOJAHOU
MOIITHOCTH CUTHaJja (puc. B).
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Pucynok A.3 — 3aBucuMocTs kKoddduiiMeHTa ycuineHus: 1 KodpuiuenTa nmyma ot
JUTMHBI BOJIHBI JUISI yCUIIUTeNs nuarnas3ona C.
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Pucynok A.6 — 3aBucumocts kod3dduiinenta ycuieHus u kodpduimenta nyma ot
BXOJIHOM MOIIHOCTH CHTHaja (pUC. a) U OT JJIUHBI BOJIHBI (pHUC. 0)

AJI1 YCUIIATCIIA TUAITa30Ha L.
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Hen» padoThl: wW3yyeHUE NOPHUHIMUIOB JEWCTBHS M KOMIIBIOTEPHOE
HCCJIEIOBAHUE XAPAKTEPUCTUK M MapaMEeTPOB, ONTHUUYECKUX JEMYJIbTUILIEKCOPOB Ha
OCHOBE MHTEP(DEPECHIIMOHHBIX QMIBTPOB U GpuiabTpoB Dadpu-Ileppo.

1. BBenenue

OnHuM #3 OCHOBHBIX HAIPABJICHUN COBPEMEHHOIO HAYYHO-TEXHUYECKOTO
mporpecca sIBJII€TCS Pa3BUTHE BOJIOKOHHO-ONTUYECKUX CHCTEM CBSI3U, O0OecrevHnBa-
IOIMX BO3MOXHOCTh JIOCTABKM HAa 3HAYUTENIbHBIE PACCTOSHUS YpE3BbIYAHHO OO0JIb-
moro oobema MHGOPMAIIMKM C HAUBBICILIEH CKOPOCThIO. Y3Ke ceuac UMMEIOTCs BOJIO-
KOHHO-ONTUYECKHUE JIMHUU CBSI3U OOJIBIION MH(DOPMAITMOHHONW €MKOCTH C JJIMHOM pe-
reHepaImoHHbIX y4acTkoB 0 200 kM u GoJee.

Bo3moxxHOCTh Tiepenaya Takoro OOJIBIIOTO KOJIMYECTBAa HH(OpPMALUU IO
BOJIC cBs3ana ¢ ucnons3oBanrem Texnonoruu WDM/DWDM [1,2], roe nepenava
nH(pOpMaIMu MO BOJIOKHY BEAETCS OJHOBPEMEHHO Ha Pa3HBIX JJIMHAX BOJH. Jljis
ATOTO HEOOXOAMMO BBECTU Pa3HbIE IJIMHBI BOJIH B BOJIOKHO C MOMOIIBIO OMTHYECKUX
mynbTUIiekcopoB (MUX) Ha mepenade, U BbIBECTH Ha MPUEME IPU MOMOIIM Je-
mynbTUILiekcopa (DMUX).

Ha ceromusimnuii AeHb CyIIECTBYIOT MHOYKECTBO PAa3JIMYHBIX YCTPOWMCTB, IJIS
MYJIBTUILIIEKCUPOBAHUS/ IEMYJIbTUIVICKCUPOBAHUST ONTUYECKOTO MOTOKA, U3TOTOBJIS-
eMBIX U3 PA3JIMYHBIX MaTepuaios [1-5].

Ontuueckuid JEMYIbTUILIEKCOP JOBOJIBHO CIIOXKHOE YCTPOMCTBO, U Ha JaH-
HBII MOMEHT SIBJISIETCSA aKTyaJIbHBIM pa3padoTKa MpOrpaMMHOr0 oOecredeHus, mo3-
BOJISIIOIIETO HE 3aKymas JOpOoroctosiiee o00pyJoBaHUE MOJIEIUPOBATH OCHOBHBIC
XapakTepucTuku paznuuubix DMUX.

2. MyJIbTHILIEKCOPBI HA MHTep(epeHUMOHHBIX (pUIbLTPaX
2.1. TlpuHuun geiicTBUS U CTPYKTYPa MYJIbTHUILIEKCOPA

[IpuHIMO AEHUCTBUSI JAHHOTO MYJBTUILIEKCOPA/AEMYIbTUIIIIEKCOPA OCHOBAH Ha
NPUMEHEHUN WHTEP()EPCHIMOHHBIX (TOHKOIUIIEHOYHBIX) ¢uibTpoB (thin films). Wn-
TepdepeHIIMOHHBIA (PUIBTP COCTOUT U3 HECKOJIBKUX YEPEAYIOIIMNXCS CIIOEB MPO3pay-
HOTO JM3JIEKTPUYECKOTO MaTepuaya ¢ Pa3jIMYHbIMU IOKA3aTEISIMU TPETOMIICHHUS,
HAHECEHHBIX Ha MPO3payHYI0 MOJUIOKKY (pucyHok. 2.1). IIpo3pauHblii AIUAIEKTPUK
MMEET TOYHBIM MOKA3aTEb MPEIIOMIICHUS, KOTOPBIM MOXKET U3MEHAThCA OT 1.42 1o
2.0 (TOYHOCTH 10 6 3HAKOB IMOCJE 3aIATOMN), a PA3HOCTh MOKAa3aTeIe MPeTOMICHHUS
06bI4HO coctapisier mopsaka 10° — 10™. Tommmnaa crpyktypsl Le 00bI4HO cocTaB-
JSI€T HECKOJIBKO JECSITKOB MUJUIUMETPOB.

HNuTepbepeHmonHbld GUIBTP, OTpakaeT 3aJaHHbI WHTEPBAJ JJIMH BOJH H
IpOIycKaeT Bce ocTajbHbIe. [lJig ompenenaeHus: 3TOro UHTEpBajia HEOOXOIUMO pac-
CUMTATh CJENYIONIME MmapaMeTpbl (GUiIbTpa: Mmokazarenau npeaomieHus (Ng, Ny), ToJ-
IIUHY TIEPUOJANYECKON CTPYKTYphl — L, mepuoa cienoBaHusi ciio€B — Atg U omnpese-
JIUTH YToJ MAJIEHUsl CBETOBOI'O ITyyka Ha QUiIbTp — Ore.
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Pucynok 2.1 — Konctpykuust uHTepPepeHIInOHHOTO GUIbTpa, TAe l u[]-cmom ¢
MOKa3aTeISIMH MPEJIOMIICHHS Ny U Ny, Lg — TOMIIKUHA CTPYKTYPHBI, AT — IEPHO
cTpyktyphl, K, K’, K> — BoTHOBBIE BEKTOpa MaaroIiei, OTpaXkEHHOW U MPOIIEAIICH
CBETOBBIX BOJIH, frF — YTOJI MaJICHUS BOJIHBI.

Pacuérabie dhopmyIbl 11 onpeaeIeHs MapaMeTpoB (GUIbTpa MIPUBEICHBI B JIH-
Teparype [1] a TeXHHMKa HAaHECEHHUsI CJIOEB XOPOIIO HM3BECTHHI B ONTHUYECKOW MPO-
MBIIIUICHHOCTH, YTO MTO3BOJIAET CO3/IaBaTh HEIOPOTHE (DUIBTPHI C PA3TUYHBIMH CIICK-
TpaJIbHBIMU CBOMCTBaMHU.

ToHKoIIeHOYHBIE (UIBTPHI UMEIOT IOJIOCY MPONMYCKAHHUSA JOCTATOUYHYIO IS
HCIIOIb30BaHusA B cucteMax WDM c¢ 16-10 1 32-Ms1 KaHaIaMu.

Ha pucyHnok 2.2 mpuBeneHa CTPYKTypHAs cXeMa ONTHYECKOTO MYJIbTHILICKCO-
pa/eMyIbTUILIEKCOPA, COCTOsAIIAs U3 HAOOpa TOHKOIIJICHOYHBIX (DUIIBTPOB, KaXKIbIN
U3 KOTOPBIX J00aBSET/BBIACISACT M3 OOIIEro CUTHala OJWH HUH(POPMAIMOHHBIN.
OuabTphl PaCMONOXKEHBI MOJI HAKJIOHOM Hrp=45° K onTH4ecKkod ocu, 4TOoObI OTpa-
YKEHHBIN CBET HE Tomnajan o0paTHO B OOIIMM CUTHAI.

i Ay A

n

Ay My A

Pucynok 2.2 — MynbTUIIekcop/aeMyabTUILIEKCOP Ha OCHOBE MHOTOCTYTIEHYATOM
CUCTEMbI TOHKOILJIEHOUHBIX (puiibTpoB, rae Fi, F,, ..., Fy,—Habop puibTpos,
HACTPOEHHBIX KaXK/IbIH HA CBOIO JUIMHY BOJIHBI.
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Ha pucynke 2.3 mpencraBieHa CTPYKTypHas CXeMa MOJAYJS MYJbTHUILICKCO-
pa/neMyabTHILICKCOpa JIJIsl BBIJCIICHHS/OTBETBICHUSI OJTHOIO KaHala U3 TPYIHIIOBOTO
curHasia. OCHOBY MOJYJsl COCTABJISIIOT JBa OJMHAKOBBIX HHTEP(PEPEHIIMOHHBIX
buIbTpa HAXOASIIMUXCS B pa3HbIX IUieyax uurepdepomerpa Maxa-llenaepa [2].

1 Dunsrp 1 3

JFL-]. § sss 8

Ay Dunsrp 2

}bl 5 ;"lu-:,‘ ERCELE J"'u

n

Pucynok 2.3 — Moayib MyJIbTUIIIICKCHPOBAHUS/ IEMYIETUTUICKCUPOBAHUS OJTHOTO
KaHaJia, Ha OCHOBE MHTEP(EPEHITMOHHBIX (GUIBTPOB U HHTEphepomeTpa Maxa-
Lennepa.

PaccMoTpuM mpuHIUI NEHCTBUS ATOTO YCTPOIMCTBA HA IPUMEPE BBIJICTICHUS BTO-
poro kaHana c A,. ['pynmoBoii curnan nojgaercs Ha Bxoj 1, IeTUTCS MOPOBHY M T0-
najgaeT Ha QUIBTPHI, I KOTOPBIX yclioBUe bperra BhINOMHAETCS NIl ONTHYECKOM
HecylIlel BTOporo kaHana. Jlajnee curHaig BTOpPOro KaHaja oTpa)aeTcsi OT QuibTpa,
BHOBb ITIOTIA/TA€T HA HAMPABJICHHBI OTBETBUTENb, I'JI¢ KOTEPEHTHO CKJIAIBIBACTCS H
MOCTYIIaeT Ha BXOJ 2. DTOT MOIYJIb MOXKET TakK K€ JOOaBIATh CHTHAJ C 3aJaHHOM
HecyIen (B JTaHHOM CiIydae ¢ Ay) B TPYMIIOBOM CUTHAI, dyepe3 mopT 3. CTpyKTypHas
cxeMa JAeMyJIbTHILIEKCOpa Ha OCHOBE 3TOTO MOJYJIS, IPECTaBICHa HA pUCYHKE 2.4.

Pucynox 2.4 — MynbTUIIEKCOP/ 1EMYIBTUILUIEKCOP HA OCHOBE
unteppepomerpoB Maxa-Ilennepa.

K HemocTaTkam OeMyNbTUIIEKCOPOB HA OCHOBE 3TUX MOJYJIEH MOXHO OTHECTH
yCJIOBHE TOYHOTO PAaBEHCTBA Iiey y uurephepomerpa Maxa-llenaepa.
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Pucynok 2.5 — JleMynbTHILIEKCOp HA OCHOBE LIUPKYJISITOPA.

Yacro, mpu NOCTPOCHUU AEMYJIbTHILIEKCOPOB, UCIOIB3YETCS CTPYKTYpHAs CXeMa
n300pak€HHAst HAa pUCYHKe 2.5. V3 rpymnmoBoro curxana, GuiabTp OTpakaeT 00paTHO
TOJIKO OJTMH KaHaJ, KOTOPBIA 3aT€M OTBOJUTCS C MMOMOIIBIO IUPKYIISATOpPA.

JlanHasi cxeMa MO3BOJISIET M3TOTaBIMBATh MHTEPPEPCHIIMOHHBIA (DUIBTP HETOo-
CPEICTBEHHO B ONTHYECKOM ((pOTOUYBCTBUTEIHHOM) BOJIOKHE, KaK MOKa3aHO HA PH-
cyHke 2.6. Takast KOHCTpYKIUSI HA3bIBACTCS 80JIOKOHHASL PEULEMKA.

BonokHo MOXHO cienaTh (OTOUYBCTBUTENBHBIM, €CIM B HErO J100aBUTh NpUMe-
CH repMaHMsi. 3aTeM 3TO BOJIOKHO IOJBEPraroT BO3JEHCTBUIO YIbTPapuOIETOBOIO
CBETa, YTO BbI3bIBAET M3MEHEHHUS MMOKA3aTENsl MPEIOMIICHHS B CEP/LIEBUHE BOJIOKHA.
OObIYHO peméTKa co3AaéTCsl C MOMOUIBI0 OOJydYeHHs] BOJIOKHA ABYMsI MHTEpQepu-
PYIOIIUMHU yIBTPA(QHOIETOBBIMH JTydaMHu.

Cep,El,Ll,eBVIHaxOB NHTepdhepeHUNOHHbIN PUnbTp

J
..... .@ )] ) =
L N ATF 7\;1 9 sses 7\1{_1 ’ kk"'l 5 ses s ?\/n
. 1L
. IF,
M >
Pucynok 2.6 — Korctpykuus mHTep()EepeHIIMOHHOT0 (UIbTPa, BEIIOJIHEHHOTO B OII-
THYECKOM BOJIOKHE (BOJIOKOHHAS PEIIETKA).

JI71st mpOM3BOJICTBA PEIIETOK TaKyKe MOXKET ObITh MCIOJIb30BaHa (Da3zoBasi Macka,
KOTOpast pacuIeIIsieT My4oK yIbTpaduoIeTOBOrO CBETA Ha pa3inyHble AUGPaKIIMOH-
HBIC MOPSAKU, KOTOpPBIE, UHTEphEPUPYs, CO3/IAI0T PEIIETKY BHYTPHU

2.2. MaremaTnueckass MoaeJab

Pacuér OCHOBHBIX XapaKTEPUCTUK MHTEP(HEPEHIMOHHOTO (UIBTPA OCHOBAH HA
TEOpUH Bp3rroBCKOro OTpakeHUsI U MPEJICTABISAECT COOOM THUIMHMYHBIA MPUMEDP CBS3H
MEK1y IPOTUBOIOJIOKHO HAIPaBJIEHHBIMU MOJaMH [ 1].

Ha xaxxzio¥ rpanuiie paszena, 4acTh MaJaroIlero CBETOBOIO My4Ka OTpa)aeTcs,
BCJICZICTBUE pa3sinuusl nokasarened npeaomiieHus. OTpakeHHbIE BOJHbBI UHTEpdEpu-
PYET C Majgarouieil BOJHOM U B 3aBUCUMOCTH OT JUIMHBI ONTHYECKON BOJIHBI, YCUJIH-
BAIOTCS JTIUOO MOAABISAIOTCS (PUCYHOK 2.7).
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Pucynox 2.7 — bparroBckoe oTpaxeHue

B maremartuueckoil Moaenu MHTEp(EPEHUUOHHOrO (UIbTPA, MPEANOI0KHUM,
YTO TOJIIMHA BCEX CJIOEB OJMHAKOBA, 4 3aBUCUMOCTb AUAJICKTPUYECKON NPOHUIIAE-
MOCTH OT Z UMEET BUJ:

e, 0<z< 1ATF
£(2) = 2 (2.1)

&N/, EATF <Z<A

HOEMZUIBHBIC MOABI HGBOSMyH_[eHHOI/I cpeabl PCACTABIIAIOT co0OM IIIOCKHE
BOJIHBI € = C BOJIHOBBIM YHCJIOM, OIIPEACIIICMbIM BBIPAKCHUEM

K(2) =27”,/% (2.2)

B cooTBeTcTBUHM € COCTOSIHMEM MOJIAPU3ALMU 3THU IIJIOCKUE BOJIHBI IIOAPA3IE-
nsarotes Ha TE- u TM-6oiiHbl, M€Ky KOTOPBIMU HET CBSI3U, ITOCKOJIBKY KaK BO3MY-
LICHHAs TaK U HEBO3MYILECHHAs IMAJIEKTPUYECKUE IPOHUIAEMOCTH SBJISAIOTCS CKa-
JASpHBIMU BenuuHaMu. CieoBaTeNbHO, CBA3b MEXKAY BOJTHAMHU MOXKET OBITh, TOJIBKO
€CJIM OHM UMEIOT OJVHAKOBBIE COCTOSIHUS MOJIAPU3ALMNA. JDTO BO3MOXKHO JIMIIb IS
Cly4yas IPOTHBOMNOJIOKHO HAMPABIEHHBIX MO, TOCKOJBKY JJIsI OAMHAKOBO HaIlpaB-
JICHHBIX MOJI YCJIOBHE (PA30BOTO CUHXPOHU3MA BOOOIIIE HE BBIITOJIHSETCS.

XapakTep MOJOBOU CBS3M Kak st TE-, Tak u qnusg I M-eoan ananorudeH. Ot-
JIMYUE COCTOUT TOJIBKO B TOM, YTO OHU MUMEIOT PAa3HbIEC 3HAYEHHUSI ITOCTOSTHHOW CBS3H,
KOTOpasi BBIYUCIISAETCS COTJIACHO BBIPAKCHUSAM:

i 2 .
n, —n TE - BoHA
MA CoS &, \/n22 +n12( 2 1) ( BOJTHA)
o ' 2 (2.3)
i .
n, —n; Jcoso. TM - BomHa
MA CoS &, \/n22+n12( 2 1) TF ( BOJIHA)

[locTOsSIHHBIE CBSI3M  OTIMYAKOTCA JIMIIb  HAIPABIAIOLIMM  MHOXXHUTEIEM
C0S(2GrF), KOTOPBIN paBeH KOCHHYCY yIiIa MEXKIY BEKTOpaMU moJisipuzaiuu T M-8oH.
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Hst TM-eonn ipu @1 =45°, IOCTOSIHHAS CBSI3W OOpAIaeTCsi B HYJIb. DTO COOTBET-
CTBYET HYJIEBOMY OTpaxkeHuto 1M-goin nipu yrie bprocrepa.

Bennunna daszoBoro paccoriacoBanus AS(A) (onpenenser, nmpu kakom A OyeT
BBINOJIHATRLCS YCIIOBUE bperra), onpenessercss BhIpaKCHUEM:

AB(A) = 2k(A)cos O, — m(j—”j (2.4)

TF

B cooTBeTCTBUU C 3TUM BBIpa)KEHHEM, OPEITOBCKOE OTPAXKEHUE YETHBIX IO-
PSIKOB OTCYTCTBYET, IMOCKOJIBKY Ipr M=2,4,6, 1 T.1., K=0. DTO COOTBETCTBYET CIIy-
4aro, KOT/la TOJIIMHA KaXKI0ro CJIOS COCTABJISIET L[EI0€ YKUCIO JUIMH BOJH, YTO MPHU-
BOJIUT K HYJIEBOMY OTPaKEHUIO.

Jlist Toro 9TOoOBI MOMYYUTH BBIpaXKEHHE NI KOd(h(HUIMEHTa OTpakKeHHs WH-
TephepeHITMOHHOTO (UILTPA, TMPEANOIOKNM, YTO JJIs CBETa, magaromiero mpu z2=0,
BBITIOJHSIOTCS cienyromue rpanndable yeimoBus: A1(0)=1, A,(L)=0, rme Ay u A, —
HOPMUPOBAHHBIE aMILIUTY/IbI MaJIa0IIeH U OTPaKEHHOM BOJIH.

KoadduumenT MaTpulisl epeaaun s i-oro kaHajga JeMyJIbTHILICKcopa (KO-
b uMeHT oTpaxeHus, anmapaTHas QYHKIUS WU CIIEKTP OTPaKEHUsI) OmpeesieT-
Csl CJIEIyIOIUM 00pa3zoM:

A0
A (0)
rie A1(0) u Ay(0) — amrumMTy bl TIaAarOIIeH ¥ OTpakEHHOM BOJIH. Pemas ypag-

HCHHUA CBA3AHHBIX MO, ITOJTYYUM:
K(2)-K(4)-sh?s(A)L,.

(2.5)

Ti(2) = (2.6)

S(A)2ch?s(A)L +(Aﬁ2(ﬂ)j sh’s(A)L,,

r7e s(4) naercs BeipakenueM s(4)? = K(1)-K(1) —(AB(1)/2)" .

Takum oGpazom, anmaparHast GyHKUUS (K0dPGUIIMEHT OTpakeHus) uuTepde-
pPEeHIIMOHHOTO (QUIbTpa paccuuThiBacTcs mo Gopmyse (2.6). OHa COCTOUT U3 OCHOB-
HOTO TIMKAa C OTYETIMBBIM MAaKCUMYMOM U Psijia TOOOYHBIX MTHUKOB.

1.0}
x |
2 0.8}
jan)
.
= 0.6f
< L
=
s 04t
(=9
< L
E 02
< ‘ +

0,0 b - . / ~

1.5296 1.5300 1.5304
2, MKM
Pucynok 2.8 — TunuuHblil Buj annapatHoil GyHKUKUNA UHTEPHEPEHITMOHHOTO (PHITb-
Tpa.

Ha pucynke 2.8, nzoOpaxena amnmapatHas (yHKUHS HHTEP(EPEHIUOHHOTO

62



¢unbTpa, paCCYUTAHHOTO COTIACHO BBHIPAKEHUIO 2.6 CO CIEMYIOIIMMHU MapaMeTPaMu:
n,=3.47, n,=3.4704, Lg=5.725mm, Gr=0°, A1r=0.220448mxMm. [lo mpuBeneHHOMY
rpaduKy MOKHO OTIPEACIUTh MOJIOCy mporryckanus kanana (AL) — 0.14um.

2.3. PacueT 0CHOBHBIX OLCHOYHLIX XapaKTEePUCTUK

JIyist Toro 94TO00BI TOCTPOUTH JEMYJIBTUILIEKCOP Ha OCHOBE MHTEP(EpEeHIINOH-
HBIX QUIBTPOB, MO KAKOW JINOO M3 CTPYKTYPHBIX CXeM, H300pakKEHHBIX Ha PUCYHKAX
2.2, 2.4, nu6o 2.6, HEOOXOAMMO pacCYUTaTh HEKOTOPHIE KOHCTPYKIIMOHHBIC Tapa-
METpPBI ATUX (PUIBTPOB, B COOTBETCTBUU C 3aJaHHBIMH TPEOOBAHUSIMHU K pa3pabaThI-
BaeMOMY JIEMYJIbTUILIEKCOPY. OnpeaenuM 3T napaMeTphl.

IenTpanbHasi JJIMHA OTPAKEHHON ONTUYECKOI BOJIHBI A

(rme, 1=1, 2, ..., N; N — 9KCIIO KAHAJIOB JAEMYJIbTHILICKCOPA)

[Ipexxae Bcero, Kaxaplii (PUILTP IOJDKEH OBITH HACTPOEH HA CBOIO UIMHY BOJI-
HBI Aj, JUIS BBIACIICHUS M3 TPYIIIOBOTO CHTHaja OJHOrO0 MH(POPMAIMOHHOrO KaHaa.
DT0 03HAYAET, YTO Ha 3aJaHHON JUIMHE BOJHBI, KOAPGHUIUCHT T; HJOKEH ObITh MaK-
CHUMaJIbHBIM, 4TO gocTuraercs npu AL(Z;)=0, T.e. Koraa BBIIOJIHICTCS yciioBue bpe-
ra.

T (4 e = t* (K (4)|Lre ) (2.7)
T.x. peub UAET 0 GUIBTPE HACTPOSHHOM Ha OTPAKEHUE LIEHTPAIbHOU JJIUHBI
BOJIHBI 4j, TO UHJCKC | y KodduimeHTa nepeaaun omyckaeM. M3 31oro BeIpaxeHHs

HaWJIEM A
4 :\/E‘ATFJ R n12i +n22i +COS Gre | (2-8)

BunHo, yTo Ha LEHTpaATbHYIO MJIWHY OTPAKEHHOW BOJHBI BIUAIOT BCE KOH-
CTPYKIIMOHHBIE TIapaMeTpbl (GUIIbTPa, KPOME TONIIUHBI CTPYKTYphI Le. [l mpuBe-
JNEHHBIX CTPYKTYPHBIX CXEM JIEMYJIbTHILICKCOPOB, Yrod Grg i GUKCHpOBaHHBIN (MO0
0°, muoo 45°). Tlokazarenu NpeIOMIICHHUS, KPOME BEJIMYHMHBI (Pa30BOi paccTpoUKH
BXOJISIT U B BBIP@KEHHE TMOCTOSTHHON CBSI3M, CIIEIOBATEIBHO, OKA3bIBAIOT BIMSHHUE U
Ha MOJI0oCy Tpomyckanus ¢uibTpa. Takum oOpa3om, y mokaszareseil mpeToMICHUs U
y yria HakJIoHa GWIBTPA UHACKC | MOKHO OIYCTHTD, & JUISl HACTPOUKH I-0ro GuibTpa
Ha OTpaXKeHMs CHEKTpa C 3aJlaHHOM IEHTPaJbHOM JJIMHHOW BOJHBI Aj, (COTJIACHO Ya-
crotHomy 1iany [TU-T), HeoOX0auMo 1moa00patTh it HErO TOJILKO TIEPUOJ] CTPYK-
Typbl Atgj, KOTOPBI OJHO3HAYHO ompeaensercs: BeipakenneM 2.8. CormacHo 3ToMy
BBIPQXEHUIO, (PUITBTP, TOCTPOEHHBI HA OCHOBE MapaMeTPOB, COOTBETCTBYIOUINX afl-
napaTHo (PYHKITMH, M300pakeHHON Ha puc.2.8, OTpakaeT CIEKTP C IEHTPaJIbLHOU
JUTMHOW BOJIHBI paBHOU 1.53MKM.

IlInpuna mosockl mpomyckanus (AL)

[IIupuHa MOJIOCH MPOMyCKaHUsI (PUIBTPA ONPEACIISICT NEPEXOAHbIC TIOMEXHU B
neMyJbTUILIeKcope. YeM oHa yke, TeM OOJbIlee YUCIIO KaHAJIOB MOXKHO Pa3MECTHUTh
B OJHOM M TOM JK€ YAaCTOTHOM Juana3oHe. Ha mmpuHy mNONOCH MNpPOIYyCKaHUS
uHTEep(PEepEeHITMOHHOTO (QUIBTPA OKA3bIBACT BIMSHUE 3HAYCHHUE MOCTOSSHHOM CBSI3H, B

KOTOPYIO BXOJMUT PA3HOCTBIO MOKA3aTeNeH MPEIOMIIEHUsT An M TOJNIIMHA CTPYKTYPHI
I—TF-
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Baxxno momoOparh Takue 3HA4YEHHs] 3TUX MapaMeTpoB, uTOObI Ko3(duimeHt
OTPaKEHMS I Aj ObLJT MAKCUMAJIbHBIM (T.€. OJIM30K K €UHUIIC), a IIHUPHUHA TOJIOCHI
npornyckanus GUIbTPOB Takasi, YTO MEpPEXOJHbIe MoMexu P; y neMynbTUIUIEKCOpa
OynyT He OoJiee 3aAaHHBIX (MpuiioxeHue b).

Takum 06pa3zom, 4TOOBI HANTH MaKCUMAJILHOE OTPAXKEHUE, ITPU 3aJJaHHOM IIECH-
TpaJIbHOU JUIMHE BOJIHBI Aj HEOOXOJIMMO PEIINTh YpaBHEHUE:

T (4)=0.999 (2.9)

Kak Obu10 Cka3aHO BbINIE, HA MAaKCUMAaJIbHOE OTPAKEHHUE U IIUPUHY IMOJIOCHI
MPOITYCKAHMS CYIIECTBEHHOE BIMSHUE OKa3bIBACT JJIMHA MEPUOTUYECKON CTPYKTYPHI
Ltr u Pa3HOCTh nokasaresen peIOMIICHUS
ANn=|n; —ny|. Yem yxe moKHA OBITH MIMPHHA TMOJOCHI MPOITyCKAHHS, TEM OOJIBIIEe
JOJKHO OBIT L1 1 MeHbIIe An. CrieroBaTeNbHO, ypaBHEHHE 2.9 MOKHO MEpEnucaTh
B BUJIC:

T .. (A4, L,An)=0.999 (2.10)
N3 3TOr0 YypaBHEHUS MOXKHO BBIPAa3UTh TOJBKO TONIIUHY CTPYKTYPBI Lt1gj, Ipu
3aJJaHHOM An.
ath(v/0.99) 4, -cos(4,)-y/nZ +n?
L, = : (2.11)
’ J2 ‘nzz —~ nf‘

Takum oOpa3zom, Ui JOCTHXKEHUS Y JEMYJbTHUIUIEKCOpA 3aJaHHBIX
NepexXoAHbIX TOMEX, HE0OXO0AMMO y (QWIBTPOB BapbUPOBATh BEIMYMHY An, a
TOJIIIIMHA CTPYKTYPHI IS i1-0ro GuiabTpa OyaeT onpenenseTcs Beipakenuem 2.11.

10 Lok
= - = |:'_:‘;-
= (bR =
g =
= gak & 0.6
2 04} & 041
< 02t “ nat
X1 RN — —— -
15290 133000 15304 1,529 1.5300  1.5304
. HM a) E i 6)
Ltk
2 08t
g
= 06+
E 04k
<
02l
0,0 -
1.5200 1.3300 1.533004
i HM B)
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Pucynok 2.9 — AnnapatHbie (yHKIIMH TOHKOTUIEHOYHBIX (PUIBTPOB,
pacCcUrMTaHHBIX MPHU Pa3InYHbIX 3HaUYeHusAX Lt (MkM): a) 5.725, 0) 1.5, B) 20.

Ha pucynke 2.9, uzoOpaxensl anmapaTHbie (QyHkimu GuibtpoB (N1=3.47,
n,=3.4704, 6=0°, A7r=0.220448MKM.), HACTPOCHHBIX Ha IEHTPAIbHYIO JIUHY
BOJIHBI 1.53MKM, [IpU pa3nUyYHbIX 3HAaYCHUSIX Lrr.

VY 3aBucuMocTH M300pakE€HHON Ha puUCyHKe 2.9a, TONIIMHA CTPYKTYPHI pac-
canrtana 1mo gopmyie (2.27) (Ltr=5.725Mkm). DTa TOMIMIUHA SIBISETCS ONTUMAIBHOM.
Ha pucynke 2.96, 3aBUCUMOCTb pacCUMTaHa MPU MEHBIIUX 3HAYECHUSAX TOJIIIUHBI, YTO
CKa3bIBaeTCs Ha Kod(huimeHTe oTpakeHus, a Ha 2.98 1pu OOJIBIINX, YTO MPUBOJAUT
K HaCBIIICHHUIO.

BriBOa
Takum oOpazoMm, JUist TOTO YTOOBI TPOrPAMMHO PACCUUTATh KOHCTPYKIIMOHHBIE
napaMeTpsl 1eMYJIbTUIUIEKCOP HAa OCHOBE MHTEP(EPEHIUOHHBIX (PUIBTPOB HEOOXO-
JMO:
1. Omnpenenutpb yroJ nmajieHusi CBETOBOTO My4Ka Ha (PUIBTPBI Brp, UCXOMS U3 CXE-
MBI TIOCTPOCHHUS JeMYJIbTUILIEKCOpa (pUcyHku 2.2, 2.4, 2.6);

2. Ucxons n3 yactororo miana ITU-T,
BbIOpaTh IICHTPAIBHBIC YaCTOTHl HWH- / Onpenenenme O, /
(bOopMaIMOHHBIX KaHAJOB (4;) U YUCIIO !
KaHajos (N). 3anaHue ypoBHs
3. Paccumrarh a1 Kakaoro i-oro (puiib- nepexofHbIx nomex P,
Tpa 3HaveHus At o popmyiie (2.8). i
4. Paccuurtarh 3HaueHue Lt mo popmyn / OnpepeneHys A, v n /
(2.11).
5. Onpenenuts s (GUIBTPOB 3HAUEHUS v
MOJIOCHI TPONyCKaHus AA. 47/ OueHka n, 1 n, /
6. 3amate ans GUIBTPOB OLIEHOYHBIE TO-
Ka3aTeau MPeJOMIICHUS Ny U Ny, UCXO- !
JIs1 U3 CTaHJAPTHBIX I'PaHUILl 1A IT0Ka- Bbiuncnenune Aqg; v Ly,
3areneldl MPEeOMIICHUS] W BEJIMYUHBI T
An.
7. Bappupysi 3HaueHHE An JIOOUTHCH, Onpenenetve A,
9TOOBl MaKCUMajbHasi TMEPEeXOIHAs !

rmoMexa Ppay, ObIa He OOJIBIIIE YeM 3a-

Bbluncnenne P,
JaHHas B TexHUUecKoM 3ananuu (Po).

JlaHHYI0 TIOCTIEIOBATENBHOCTh  JICH-
CTBUU TIOSICHSAET OJIOK-CXeMa Ha PHCYHKE P <P,
2.10. Het Oa

Ha pucynke 2.11 uzoOpakena amma-
patHas QyHKIHS ASMYJIbTUIIEKCOpa Ha de-
TBIpE KaHajga , I 4YacTOTHOTO TUIaHa
100 I'ru1, paccumTaHHas MO BBIMIETTPUBEIEH-

HOU cxeme. MakcuMalibHasi MepexXoaHas Mmo-

Pucynok 2.10 — biiok-cxema mno-
CTPOCHHMSI IeMyJIbTUILIEKCOpa Ha
OCHOBE MHTEP()EPEHITMOHHBIX
(buUILTPOB.
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MeXxa JIJIg Hero cocTasiiseT -23 J10.

N N N N

0.25

0.20

0.15

0.10

ArmapaTtHast QY HKITI

0.05

0,00t nan . A Anaa n
1,528 1,529 1,530 1,531 1.532

7., MKM

Pucynok 2.11 — AnmnapaTtHast GyHKIHS 1eMYJIbTUILIEKCOpa HA OCHOBE UHTEp(depeH-
IIUOHHBIX (DPUITBTPOB.

3. MyasbTumiexkcopsl Ha puiabTpax @adpu —Ilepo
3.1. lIpyHuMI AeiicTBUA M CTPYKTYPAa MYJIbTHILIEKCOPA

JIBa mOJIynmpO3payHbIX 3€pKalia, PACIOIO0KEHHBIX Ha HEKOTOPOM PAaCCTOSHUU
JPyT OT Apyra oopa3yrot pezonatop ®adbpu—Ileppo (pucynok 3.1).

3epkana
R

Pucynoxk 3.1 — Koncrpyknust puimsTpa Ha ocHOBe pe3oHaTopa ®adpu—Ileppo, rae Lgg — amuHa pe-
30HaTOpA.

Cpena pesoHaTopa

OTpakeHHBIN JTyd BHYTPH PE30HATOpPAa MHOTOKPATHO OTPaKaeTcs OT 3epKall |
eciu Lgg KpaTHO Ay/2, TO BCE JIy4H, IPOXOJSAIINE YEpe3 MPaBOe 3€PKAJI0, OKa3bIBAIOT-
cs B (haze. JJTuHBI ONTHYECKUX BOJIH Ak HAa3BIBAIOTCS PE30HAHCHBIMH.

JlaHHasT KOHCTPYKITMS OYECHb UYyBCTBHUTEIbHA K IMOTPEITHOCTSIM H3TOTOBJICHUS.
Hanuare o4yeHb y3KMX MaKCUMyMOM MPUBOAUT K TOMY, YTO MPH HE3HAYUTEIHHOM
OTKJIOHEHUH JJIMHBI PE30HATOPA OT 3aJ]aHHOM, MUK MPOITYCKAHMS CYIIECTBEHHO CMe-
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mraercs. OcCOOCHHO KPUTHYHBI K MOTPENTHOCTH JUTHHBI pe30HaTopa QUIBTPHI ¢ Ooiee
BBICOKUMU KOA(D(DUITMCHTAMU OTPAKCHHUS 3EPKAJL.

[Tonoca mponyckanusi Takux GUIBTPOB JIOCTATOYHO MIUPOKAs MO CPABHEHUIO C
¢GwIbTpaMu Ha IUIEHKAX, a anmnapaTHas (QYHKIUS WMECST MEPUOIMUSCKUN XapakTep,
4TO JenaeT ux npuMeHeHne B WDM cucrtemax ¢ 00JIbIION IOTHOCTBIO Pa3MEIICHHS
KaHAJIOB, MPAKTHYECKU HEBO3MOXKHBIM.

s punsTpoB @adbpu—Ileppo MOKHO MPEATIOKUTH CXEMY, TIOKa3aHHYIO Ha pHU-
cyHke 3.2. C onTHYeCKOro BOJIOKHA CHTHAJ MOCTYIAeT Ha Habop PUIbTPOB, HACTPO-
CHHBIC KaXK/IBIH Ha «CBOI0» ONTHYCCKYIO HECYITYIO.

DuneTp,

Ry wee shics wer sh Iy

PaszeetBuTENnDL

}hla e alln e J‘-n
A
——
OB
A

Ay wen shics ee hn
PI/ICYHOK 32 — CXCMa OIITHYCCKOT'O ACMYJIbTHUIICKCOPA MHOI'OBOJIHOBOI'O CUTHAJIA.

HurepecHoit ocobeHHocThio (unbTpa Pabpu-Ileppo sBisieTcs BO3ZMOXKHOCTD
€ro JTMHAMHUYECKOW HACTPOWKM Ha 3aJIaHHYIO JIJTMHY BOJIHBI ITyTEM M3MEHEHHUs pac-
CTOSIHUSI MKy 3epKasiaMu. Ho BBICOKYIO pa3peliarolnyio CiocCOOHOCTh MOXKHO pea-
JIM30BaTh TOJILKO B TOM cllydae, Korjga Ko3h(UIMEeHT OoTpa)keHUs 3epKasl OJIU30K K
CAMHHMIIC.

3.2. MaremaTu4ueckas MoaeJb

Koaddumment maTpuiipl nepenavn uist 1-oro KaHajga JeMYJIbTHILIEKCOpa TO-
ctpoeHHoro Ha ¢unsTpax dabpu-Ileppo, onpenensiercs CAeAyrOUIUM BbIPaXKEHUEM

[2]:

Ti(4) = U-Re ) z (3.1)
2 . L -n
(1-Rep ) +4R, {Sln(Zﬂﬁﬂ

rae, Rep — kodduimmenT orpakeHus 3epkaji, N — Mmoka3areiab MPeTOMIICHUS
cpenbl pe3oHaTopa. Takke B BBIPAKEHHH NPEAIONaraercs, 4To CBET IMaJaeT HOp-
MaJIbHO Ha pe3oHarop. U3 ¢popMyiibl BUAHO, UTO CHEKTP MPOMYCKaHUS QUIbTpa UMe-
€T MEPUOJUYECCKUN XapAKTED.

Takum oOpazoM, KodDPUIIUEHT TTponycKaHus (PUIbTpa Ha OCHOBE pe30HATOpA
®abpu-Ileppo (annaparHast GyHKUHS WK CIIEKTP MPOMYCKAHUs) PACCUUTHIBAECTCS 1O
dopmye (3.1).

Ha pucynke 3.3, uzo0paxeHna annapaTtHas GyHKIHUS GUIBTpa HA OCHOBE PE30-
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Hatopa ®abpu-Ileppo, paccuntannoro no dopmyne (3.1) co ciemyromumu mapa-
metpamu: N=1.53, Lgp=100mkM, Rep=0.9.

o | |

041

Annaparuas ¢y HELA

(i .
L.

il I
]
A
]
ol

30 1.535 .54

[ ]

oy MEM
Pucynok 3.3 — TunuuHelil Bu annapatHoil GyHKUUU (PUIIBTpa HA OCHOBE pe-
3oHaropa ®abpu—Ileppo.

ITo mpuBeaeHHOMY TpauKy MOKHO ONPECIUTh MOJIOCY MPOMyCKaHUs KaHajla
— 0.58M.

3.3. PacueT 0CHOBHBIX OII€HOYHBIX XapPaAKTePUCTUK

Jlis Toro 4yToOBl MOCTPOUTH AEMYJIBTHILIEKCOP MO CXeME M300pakEHHOM Ha
pucyHke 3.2, HEOOXOJUMO PacCUUTATh HEKOTOPHIE KOHCTPYKLHMOHHBIE MapaMeTphbI
(GUIBTPOB, B COOTBETCTBUU C 33JJaHHBIMU TPEOOBAHMSIMU K pa3padaThIBAEMOMY Jie-
MyJIbTHILIEKCOPY. ONpEeaennm 3TU apaMeTphl.

LenTpanbHasi AJMHA OTPAKEHHON ONTUYECKON BOJHBI /i

Jlsist Toro 4ToOBl Ha 33aJlaHHOM JJIMHE BOJIHBI A; (COIIACHO YACTOTHOMY IUIAHY
ITU-T) nponyckanue ¢uibTpa OBUIO MaKCHMAaTbHO HEOOXOJIUMO, YTOOBI BBIpaXKe-
HUE, CTOAIIEE MO/ 3HAKOM CHHYCa PaBHSAJIOCH Mz, rae m=1,2.3, ..., T.e. IpHu JJMHE
pPE30HaTOpa BBIPAKEHHOM LIEJIBIM YHCIIOM, JUISl MPOIYCKAHUSI ONTHYECKOW BOJIHBI C
LEHTPOM Ha Aj, TOJKHO BBITIOJHATHCS CIEAYIOIIEe OTHOIICHHUE:

n.
—L=m (3.2)
ﬂ“i
rie N; — mokasaTesb IpeoMIICHuUs i I-oro GpuibTpa, a Aj B 0epércs B MUKPO-

MeTpax.

CornacHo 3TOMY OTHOILIEHUIO, PUIIBTP, HIOCTPOEHHBIH HA OCHOBE IMApaMETPOB,
COOTBETCTBYIOIIUX ammapaTHOW (PyHKIMHU, N300pa’keHHON Ha pHCYHKe 3.3, TpOITyC-
KAaeT CHEKTp CO CIEAYIOIIMMH ILEHTPaJbHbIMU JUIMHAMU BOJH: 1.52239MKwM,
1.53MmkMm, 1.53769MKkMm (B ipeaenax uzmeHeHus A oT 1.52 no 1.54 Mxm).

IInpuHa mosochbl NPONMyCKaHUSA
Ha mmpuny momocsl mpomyckaHusi ¢uiIbTpa Ha OCHOBE HHTEphepoMeTpa
®abpu-Ileppo okaspiBaeT BiausiHUE KOAGOUIIMEHT OTpakeHUs 3epkan Rpg u maymHa
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pezonaropa Lgp. Uem Bbllie KO3(QPUIMEHT OTpaxKeHHs 3€pKal U 4YeM OOJblle
3HaueHue Lrp TeM yxe OyneT mmpuHa MOJI0Ckl MPOITyCKaHUSI.

W3-3a mepruoanYHOCTH anmapaTHOW (YHKIMH (QHIBTpa, CICTYIOIIUNA MaKCH-
MyM TEPBOTO KaHaJa MOXKET IMOMAcTh B CIEKTP MOCIEAHEro WH(OPMAIMOHHOTO Ka-
Haja (pucyHok 3.4). [To aToMy, HEOOXOAUMO pacCUUTATh TAKyIO JIJIMHY PE30HATOpa
Lrp, 4TOOBI TIEpHO anmapaTHON (yHKIMH ObLI OOJbIIE CBOOOJHOTO CHEKTPATBHOIO
JMana3oHa JeMyIbTUIUIEKCOPa AArsg (Al = A, —4,). Ha pucynke 3.4, 3ToT nepuos
0003HAYCH KaK Al .

r

A7\‘FSR
t A}\‘FSR

Y
Y

A
Y
T T T R

)

LT T re——

»

M Ay Ay MmN A

Pucynok 3.4

JlnuHa pe3oHaTopa, MPH M3BECTHOM IEPUOJIE anmapaTHONH QYHKIMH Ad.,, U
IIEHTPAIBHON JJIMHE BOJHBI A HAXOIUTCS W3 BeIpakeHus 3.1 u paBHa:
: Adegn + A
L, =int| 4, - —2——1 (3.3)
‘ 2-Adegg N
re 3HAUCHHUS A, U Al., OepyTcs B MuKpoMeTpax. M3 ¢opmynbl BHIHO, YTO
HauOoJbIIas JUIMHA pe3oHaTopa OyaeT y (uiabTpa HACTPOCHHOTO Ha MPOMYCKaHHE
NOCJICTHETO KaHaa. Bennuuny Al MOXHO OLICHUTH 1O GopmyIie:
AL = Al + A4, (3.4)
rie Al, — KaHAJIBHBIH HWHTEPBAI JEMYJIbTHUIUICKCOpa B MUKpomeTpax. JlaHHas

dbopmyrna SBISETCS SMIUPUYECKOM, TMOTYYEHHON NPH YCJIOBUHM, UYTO TOCIETHUMN

KaHAJl JEMYJIbTUIIIEKcOpa OyeT BHOCUTH MEPEXOIHYI0 TTIOMEXY B TIEPBBIM KaHAT HE
oomnpire uem -25 J106.

3nauenne R oObryHo nexut B auamaszoHe oT 0.9 no 0.99 u st ero oueHKH
MOYKHO BOCIIOJIb30BaThCsl popmyiioit (A4, B MUKpOMETpax):
R =1— /A, (3.5)
Tak kak KaHaNbHBIA MHTEpBAN IS BCeX (DUIBTPOB €IUHBIN, TO MOTYyYEHHBIN

Kod(phunreHT oTpaxkeHus: OyJeT CIpaBeIJIUB IJisd BCeX (PUIBTPOB BXOMSIIMX B
JNEMYIbTUILIEKCOP.
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@®opmyna (3.5) Takke SMOHMpUYecKas W IMOJydeHa MpPHU YCIOBUHU, YTO I-bIif

KaHAJI JIeMYJIbTHIUIEKCOpa OYIET BHOCHUTH
MEPEXOAHYIO TTIOMEXY B COCCIHMMA KaHal HE
Ooubiie yem -25 J10.

BriBOa

Takum oOpa3om, s TOrO 4YTOOBI
MIPOTPAMMHO PACCUUTATh JIEMYJIbTUILICKCOP
ocHoBe GunbTpoB dDabpu-Ileppo HEOOXO-
JIAMO:

1. Ucxons u3 gacrornoro miana ITU-T,
BBIOpATh ICHTPAIbHBIC YaCTOTHI HWH-
(opMaIMOHHBIX KaHAIOB (i) U YHCIIO
kaHajoB (N).

2. Bpraucnute s Kaxkaoro ¢GuiabTpa
MoKa3aTellb MPeIOMJICHUS pe30HaATOpa
(ni)"

3. Berumcaute mna kaxaoro ¢GuiabTpa
JUTUHY pe3oHaTopa Lep .

4. OueHuth KOIPGUIHUEHT OTpPAKEHUS
3epKasl pe3oHaTopoB Rep 1o dopmyrie
(3.5).

5. Onpeaenuts AJjisi GUILTPOB 3HAUCHUS
ITOJIOCHI ITPOITYCKaHUS AA.

6. Bapeupys 3nauenus Rgp u Lgpj, 10-
OuThCA, YTOOBI MaKCUMallbHasl mepe-

3aaaHve ypoBHSA
nepexogHbIx nomex P,

/OnpeneneHmsl An n/

l Ha

Bbluucnexue n;

:

47/ OueHka R, v L, /

Onpepenexve AL,

:

Bblumucnexue P,

Pmax<PO

Het Na

Pucynok 3.5 — bnok-cxema mno-
CTPOEHHUS AEMYJIBTUILIEKCOpPA Ha

ocHoBe punbTpoB Dadpu-Ileppo.

XoJIHasg noMexa Py, Obl1a He OOJIbIIIe YeM 3aJlaHHas B TEXHUYSCKOM 3aJlaHUH

(Po).

JlaHHYIO TIOCTIE0BATEILHOCTh JACHCTBHM MOSCHSAET OJIOK-CXeMa Ha PHUCYHKE

3.5.
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1. CormnacHo cBoeMy BapHaHTy 3aJaHusi, U3 TaOIHIIbI | TONYyYUTh UCXOHBIE TaHHbBIE
JUTsL pacyéTa 1eMyJIbTUILUIEKCOpA.

4. PekoMeHIAIIUM 110 BBHIMOJTHEHUIO PA0OTHI

4.1. PacuéTHoe 3a1aHue

2. Tlo tabnuue ITU-T HaiiTh 4Kciio KaHAIOB N U IEHTPaIbHbBIE YaCTOTHI A;.

Ta6nuna 4.1 — VicxonHble JaHHbBIC JJIs BBITTOJTHEHUS PaOOThI

Bapuant
ITapamerpsl 1 2 3 4 -
Jlnamazon 1528,77 um — | 1528,77 um — 1546,12 um — | 1539,77 um — | 1535,82 um —
JUIMH BOJIH* 1532,68 uMm 1536,61 um 1554,13 am 1549,32 um 1538,98 um
Af, T 100 200 400 200 100
Po (Z16)** 20 22 25 26 22
Tum [U.O]*** B.P. P.®O.II N.M-11. B.P. P.®.II
n; [U.@]**** 1.458 1.56 1.55 1.458 151
Bapuant
ITapamerpsl 6 7 8 9 10
Jlnamazon 1549,32 um — | 1533,47 um — 1546,12 am — | 1535,04 am — | 1530,33 aMm —
JUTHH BOIH™ 1553,33 am 1542,94 am 1554,13 am 1557,36 um 1536,61 am
Af, T 100 200 400 500 200
Po (J16)** 21 19 25 18 24
Tum [U.O]*** N.M-11. B.P. P.®.II. U.M-11. B.P.
Ny [A.@]**** 15 1.458 1.59 1.52 1.458
Bapuant
Hapaverps1 11 12 13 14 15
Jlnamazon 1550,92 um — | 1550,92 am — 1533,47 um — | 1533,47 um — | 1541,35 um —
JUTAH BOJIH* 1554,13 um 1560,61 am 1557,36 am 1557,36 um 1550,92 am
Afy, TTq 100 200 600 1000 200
Po (16)** 23 20 18 19 24
Tun [M1.®]*** | P.O.IL U.M-11. B.P. P.®.II. U.M-11.
Ny [A.@]**** 1.557 1.533 1.458 1.55 1.565
* — LEHTPAJIbHbIE MAaKCUMYMBI IIEPBOTO U MOCJIEAHETO KaHama;
**  — ypoBEHb MEPEXOJIHBIX MMOMEX, KOTOPHIN JTOHKEH 00ecTieunBaTh IEMYITb-

THUILJICKCOP.
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***k

PEHUMOHHOI0 PUJIbTPA.

1. Onpenenutp yron najieHus CBETOBOIO Myyka Ha PUIBTP, UCXOMS U3 JaHHOM B 3a-
JAHUH CXEMBI IIOCTPOCHUS AEMYIIBTUILIIEKCOPA.

2. PaccunTtath nepuoj CTPyKTYpPHI JIJIsl BCEX TOHKOIUIEHOUHBIX (PUIBTPOB, BXOISAIINX
B JIeMyJIbTHIUIEKCOP M TommmHy $uistpos mrsi An=10" 3:10* 7-10* u 107,
Tonmuny Bcex QUIBTPOB CUUTATH MOCTOSHHOM, PAaBHOW TOJIIHMHE IIEHTPATHHOTO
¢unbTpa. PesynpraTsl pacuéra 11 Bcex AN 3aHECTH B TaOJIHUILY:

— TUI AEMYJbTUIJIEKCOPA, TOCTPOEHHOTO Ha UHTEP(PEPEHIIMOHHBIX (UITb-
tpax: U.M-Il — Uurepdepomerp Maxa-llennepa, P.®-II. — pe3onatop
®dab6pu-Ileppo, B.P. — BojokoHHas pemérka;
— 3HAYEHHE MOKA3aTeNs MPEIOMIICHUS Ny VIS IEMYJIBTUILIEKCOPA MTOCTPO-
€HHOTO Ha UHTeP(PEPEHIIMOHHBIX (PUIbTPaX.

HccnenoBanue onTu4ecKOro 1eMyJbTHILIEKCOPA, HA 0CHOBE HHTeP(e-

[Tapamerp/
Ne punpTpa

1

2 n

A

A

Le

HccaenoBanue onTu4ecKOro 1eMyJabTHILNIEKCOPA, HA OCHOBe GWILTPOB
®aopu-Ileppo.

1. HaiiTu nokasareyu npeoMJIEHHUS CPEIbl pe30HaTOpa IS KaKI0ro (puiIbTpa.

2. OueHuTh 3Ha4eHHE KOAPPUITUEHTA OTPAKEHUS 3EPKAJL.

3. OueHuTh 3HAUYECHUE JUIMHBI pe30HATOpa JJs LEHTPalIbHOrO (UIbTpa AEMYIbTH-
IUIEKCOPa HACTPOEHHOTO Ha OTPAXXEHHUE CIIEKTPa C MAaKCHUMAJIbHOW LIEHTPAJIbHOM
JUIMHHOM BOJIHBI. DTO 3HAaUeHHE Oy/JeM CUMTATh MOCTOSHHBIM JIJIsl BCeX (DUIBTPOB
nemyibTHILIIEKcopa. OHO paBHO AJiMHE mocieaHero ¢uiabTpa. Bee pesynbTars
pacuéTa 3aHECTH B TAOJIHUILY:

[Tapamerp/
Ne punbrpa

4.2. JKcnepuMeHTAIbHOE 3aJlaHHe

3aHECTH B PACUETHYIO MPOrpaMMy KOJIMYECTBA KAHAJIOB JIEMYJbTHIUIEKCOpPA U

[EHTPAIbHBIC YACTOTHI, OTpaKaeMble GUILTpaAMHU

HcciienoBanue onTu4eCKOro 1eMyJIbTHILIEKCOPA, HA OCHOBe HHTep(epeHIH-

OHHOIO uabTpA.
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1. WccrmenoBath 3aBUCUMOCTh MAaKCHMAITBHBIX MTEPEXOIHBIX TOMEX (Pnax) OT An. Jlis
ATOTO HEOOXOIUMO OMPENEIUTh IMEePEeXOJHbIC MOMEXHU JEMYJbTUILUIEKCOpa, MpHU
Pa3TUYHBIX 3HAYEHUAX AN, BEIMUCICHHBIX B PACUETHOM 3a7jaHuU (TIEpel pacuéToM
P, HeoOxoaumo ompeaenuTs AA). Pe3ynbTarsl 3aHECTH B TaOJHUILY:

Mapamerp/An | 10* |3-10%]7-10*] 103

AL (HM)

Pmax

[To Tabnuile mocTpoiTe 3aBUCUMOCTh Ppax(AN). B oTuére, Tak ke oTOOpasurte
MOJIy4eHHbIE Tpa(UKH armapaTHBIX (PYHKIUU IEMYJIbTUILIEKCOPOB M PacCUUTaH-
Hble TpadUKU MEPEXOTHBIX MOMEX, PU Pa3IUYHbIX 3HAYeHUSIX AN. OObsICHUTE,
Y€M BBI3BAHO PA3IMYUE B NEPEXOJAHBIX MIOMEXAX.

2. HaiiTu onTUMallbHYIO pa3HUILYy MOKa3aTeNeil MpeIoMIIeHHs, IPU KOTOPO MaKCH-
MaJIbHBIN YpOBEHb MEPEXOJHbIX ToMeX OyaeT paBeH Pot1ab. [{ns sToro, HeoOxo-
JMMO, Ha OCHOBE aIPOKCUMAIIUH 3aBUCUMOCTH Ppay (AN) HaliguTe Takoi An, xo-
TOPBIA YJIOBICTBOPSUT Obl ypaBHEHUIO Ppa(ANn)=Pytlnb. O6o3HaurM ero kak
ANgpt.

3. PaccunraTh KOHCTPYKLMOHHBIE TapaMeTpsl GUIBTPOB, IpH ANy, Ha ocHoBe mo-
JYYEHHBIX MapaMeTpOB CMOJAEIHUPOBAThH allapaTHYI (DYHKIHMIO JEMYJIbTUILIEK-
COpa M paccuMTaTh MEPeXoHbIe MOMeXH. Pe3ynbTarsl 3aHeCTH B TaOIUILY:

IMapamerp / 11 2
Ne puabTpa
A

Anopt i

Are

LTF, int(n/2)

A\ (HM)

Pi ]

n

B otuéte otoOpasure cMoAenpoBaHHbIN rpaduk annapaTHON QYHKIIUU AEMYIIb-
TUILIEKCOpPA U PacCYMTAHHBIN Tpaduk nepexoaHbix nomex. OObICHUTE, YEM BHI-
3BaH MOJYYEHHBIA BUJ 3aBUCUMOCTH MEPEXOIHBIX TTOMEX OT HOMEpa KaHaJja.

4. Jlns aemMynpTUIUIEKCOpa C ONTUMAJIbHBIMM MapaMeTpaMu, MPOHAOII0AaTh BIIUS-
HUE BCEX COCEIHUX KaHAJIOB Ha KaXXIbIi KaHal B OTAEIbHOCTH. OOBSICHUTE, YeEM
BBI3BaH ITOJYYEHHBIA BUJ 3aBUCUMOCTH MIEPEXOIHBIX TOMEX OT HOMEpa KaHaJa.

HccnenoBanue oNTUYECKOr0 AeMYJIbTHILIEKCOPA, HA 0CHOBe puiibTpoB Pad-
pu-Ileppo.

1. HccnenoBath 3aBUCHMOCTh TEPEXOMHBIX MOMEX OT KOd(PQuImeHTa OTpakKeHUs
3epkasl. JlJis 5TOTO HEOOXOIMMO OIPENEIUTh MEPEXOJHbIE MOMEXU JEMYJIbTHU-
IJieKcopa sl JBYX UEHTPalIbHBIX COCEIHMX KaHalloB (KaHalbl C HOMEpPaMH
int(n/2) u int(n/2)+1) mpu Rep = 0.9, 0,95 u 0.99. [Insa kaxaoro koddduimenta
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OTPa)KEHUS PACCUUTATh JJIMHY PE30HATOpPA. 3HAYECHUE A/IFSR pu 3TOM OyneT paBs-
HO: MLFSR = Alesq +(1— R)z, rae A, B Mukpomerpax. [lepea pacu€érom P, HeoOxo-
JTUMO orpeaeuTb AL, Pe3ynbTaThl 3aHECTH B TaOJIUILY:

Mapamerp / Rep | 0.90 | 0.95 | 0.99
A\ (HM)

Lep (uxm)

Pmax

[To Tabiuie moctpoiTe 3aBUCUMOCTD Prax(Rrp). B oTuéTe, Tak ke oToOpasute
MOJTydeHHBIC TPaQHUKH aIlapaTHbIX (PYHKIHMHA JIEMYJIbTUIICKCOPOB (TOJIBKO JUIS
JIBYX MCCIIEyeMbIX KaHAJOB) W pacCUMTaHHBbIC T'pa(UKH IEPEXOJHBIX IOMEX,
IpU Pa3TUIHBIX 3HadYeHUsIX R. OOBsICHUTE, YeM BBI3BAHO PAa3IMYHE B TEPEXO]-
HBIX TIOMEXaX W MoYeMy ObLIH B3SAThI KaHAIBI ¢ HoMepamu iNt(n/2) u int(n/2)+1.

2. Haiitn onTuManbpHbId KO3(PPHUIIMEHT OTpaKeHHUs 3€pKal, MPU KOTOPOM MaKCH-
MaJbHBIM YpPOBEHb MEPEXOIHBIX ToMeX Oyaet paBeH Pot1ab. g sToro, Heo6xo-
JIMMO, HAa OCHOBE allpOKCUMAIUH (JIMOO IKCTPAOISINHN ) 3aBUCUMOCTH Ppay(Rep)
HalIuTe Takol Rpp, KOTOPBIH yA0BICTBOPST Obl ypaBHEHUIO Prax(Rep)=Pot11b.
O0603Ha4MM €10 KaK Rep qpt.

3. HccmenoBaTh 3aBUCUMOCTH TIEPEXOTHBIX TTOMEX OT JUTHHBI pe3oHaTopa. [ljist aToro
HEOOXOMMO OTPEACIUTh MEePEXOHBIC TIOMEXH JEMYJIBTHILICKCOpa ISl TIEPBOTO
1 TIOCICAHCIO KaHajla IIpH I—FP=LFP, pacuémmoes LFP, pacuémmnoe 10% n I—FP, pacqémﬁo_l_
10%, (nepen pacuérom P, Heo6xoaumo onpenenuts AL). Koaddunuent orpaxe-
HHA 3epKall U BeeX Lep OyneT Rep, opr. Pe3ynbTarTel 3aHecTH B TaOIMLy:

HapaMeTp / I—FP I—FP,pacwé’mHoe I—FP,pactté'mHoe —10% I—FP,pacwé’mHoe + 10%
A\ (HM)

Pmax

[To Tabmuie moctpoiite 3aBUCUMOCTE Prax(Lrp). B oTuéTe, Tak ke oToOpasurte
MOJydeHHbIE TPa(pUKU alapaTHbIX (PYHKIHMH IEMYJIbTUIIIEKCOPOB (TOIBKO IS
IICPBOrO M MOCICAHEr0 KaHAJIOB) M PacCUUTAHHBIC IPAPHUKU MEPEXOTHBIX ITOMEX,
IpY pa3MyHbIX 3HAYEHUAX Lpp. OOBSICHHUTE, YEM BBI3BAHO Pa3IMyHe B IIEPEXO/I-
HBIX IOMEXaX U Mo4YeMy OBLIH B3SThl KAHAJIBI C TIEPBBIM U IOCIETHIM HOMEPAMH.

4. HailTu onTUMAaJIbHYIO IJTUHY pEe30HATOpA IS MOCIEAHETr0 QUIbTpa, Mpyu KOTOPOM
MaKCUMaJIbHBIA YpOBEHb IMEpPEXOoHbIX momex Oymer paBeH Potlnb. [ns storo,
HEO0OXOAMMO, Ha OCHOBE aNMpPOKCUMALMK (JIMOO 3KCTPamnoJsiluK) 3aBUCUMOCTH
Pmax(Lrp) HalimuTe Takyo Lpp, KOTOpas yIOBIIETBOpsia OBl ypaBHEHHIO
Prax(Lrp)=Pot1nb. O603naunM €€ kak Lep opt.

5. PaccunTtarh KOHCTPYKIMOHHBIE MapaMeTpbl GUABTPOB, IPU Rep opt U Lep, opr. Ha
OCHOBE TMOJYYCHHBIX MapaMeTpoOB CMOJICTUPOBATH ammapaTHyo (YHKIUIO Je-
MYJIBTUILJIEKCOPA M PACCUUTATh MEPEXOHbIE TOMeXHU. Pe3ynbTaThl 3aHecTH B Ta0-

JUILY:

| Mapamerp/ | 1 | 2 | ... | n |
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Ne puabTpa
Ai
n
REP, opt
I—FP, opt

B otuére oToOpazuTe cMoAeIMpOBaHHBIN TpaduK anmapaTHOW (PYHKITUU JEMYITb-
TUIIJIEKCOPA U PACCUMTAHHBIN rpaduk nepexogHbix nomex. OObsICHUTE, YEM BbI-
3BaH IMOJYYEHHBIA BUJ 3aBUCUMOCTH MEPEXOIHBIX TOMEX OT HOMEpa KaHaJja.

6. Jna nemyibTHILIEKCOpa C ONTUMAJIbHBIMU MapaMeTpaMu, MPOHAOMI0aTh BIIHs-
HUE€ BCEX COCEJHUX KaHAJOB Ha KaXXIIbIi KaHal B OTAEAbHOCTH. OOBSICHUTE, YEM
BBI3BaH IT0JIyYE€HHBIA BUJ 3aBUCUMOCTH IIEPEXOIHBIX IOMEX OT HOMEpa KaHala.

3akI04YHuTebHAS YACTh

CpaBHUTD TIEPEXOJIHBIE TIOMEXH 000X AEeMYJIbTUILIEKCOPOB. CaenaTh BBIBOJIBI O
BO3MOXXHOCTH TTOCTPOCHHS JEeMYJIbTUILIEKCOpa Ha HHTEP(HEPECHITMOHHBIX QUIBTPaX U
bunsTpax @adpu-Ileppo.

Copaepxanue oryera
Otuer o npoaenaHHol padoTe JOJIKEH COAEPKATh CAEAYIOIINE Pa3/Iebl:
e [Ilenb paGoThI.
e Kpartkas Teopus.
e Pesynbrarhl paboThl — rpadUKU ¢ KPAaTKUMU MOSCHEHUSIMU MOJTYYECHHbIX
3aBUCHUMOCTEM.
e BrIBOJBI 110 IpOJIEIaHHON padoTe.

KouTposbHbBIe BONIPOCHI

1 Yro Ttakoe BomokoHHO-onTHueckas JuHus cBsa3u (BOJIC). Mzobpasute

o0606ménnyto cxemy BOJIC. HazoBure ocHoBHBIC eMeHTHI BOJIC.
2 Kakwue Bbl 3HaeTE BHUJIBI ONTHYECKUX JEMYJIbTUILIIEKCOPOB. B uém noctomH-
CTBa U HEJAOCTATKH KaXJA0ro U3 HUX?

3 Kak knaccupuuupyroTcsi ONTHYECKUE NeMYIbTHUILIEKCOPHI?

4 Ha xakux jmnax BosiH padoraror WDM u DWDM pemynbTuriiiekcopbi?

5 HazoBuTe 0CHOBHBIE XapaKTEPUCTUKH ONTUYECKUX AEMYIbTUIIIIEKCOPOB?

5. Onucanue NporpaMMHOro odecrnedeHust

«KOMIIBIOTEPHOE UCCJIIEJOBAHHUE OIITUYECKHUX
JAEMYJBTUIVIEKCOPOB HA OCHOBE UHTEP®EPEHIIMOHHBIX
OUJIbBTPOB U ®PUJIBTPOB ®ABPU-ITEPO»

PykoBoacTBO nosib3oBaTess
(Pemaxuus ot 12.10.2006)
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1. OO011ee onucanue

1.1 @OyHKuMOHAJIBbHOE HA3HAYEHNE CUCTEMbI, 00J1aCTh PUMEHEHUS U
OrpaHUYeHHs

Kommbrotepnas naboparopnas pabora «lccnenoBanue onTUYECKUX IEMYIIbTH-
IJIEKCOPOB Ha OCHOBE MHTEPPEPEHIIMOHHBIX QriIbTpoB U GunbTpoB dadpu-Ileppo»
MpeaHa3HaueHa [JI1 pacyeTa M ONTUMH3ALUHA XapaKTEPUCTHK ONTUYECKUX JEMYJIb-
TUIIJIEKCOPOB B yUeOHBIX 1essX. JlaHHas pa3paboTka MOKET ObITh UCIIOJIb30BaHa MPH
OOy4EeHHH CTYJEHTOB TEXHUYECKHX BY30B I10 HampaBieHUIO «TeleKoMMYyHUKAIIUNY,
KAaK B KaueCTBE JJADOpAaTOPHOM padOThI, TaK U B KAYECTBE MHCTPYMEHTA ISl pacyera
Y ONTUMH3ALHUH JAHHBIX JIEMYJIbTUIUIEKCOPOB MpPHU KypCOBOM IPOEKTUPOBAHUU BO-
JIOKOHHO-ONTUYECKUX CUCTEM Mepeayu co crnekTpaibHbIM paszzaenenuem (BOCII-
CP), ucnonp3yomux AeMyJIbTHUIUIEKCOPl Ha OCHOBE HMHTEPPEPEHIMOHHBIX (PHIIb-
TpoB win punsTpoB dadpu-Ileppo B kauecTBe OAHOTO U3 OCHOBHBIX 3JIEMEHTOB.

[IporpammHoe obOecrieueHre NpeacTaBiIseT coO0M MakeT MporpaMM reHepanuu
dbopm 11 3aaHus TapaMEeTPOB 00OUX JAEMYJIBbTUILIEKCOPOB, OTOOpPaXKEHUSI PE3YJib-
TAaTOB pacyeTa U BbIBOJIAa METOJUYECKUX PEKOMEHJAIMH 10 paboTe ¢ rUInepTeKCcTo-
Bol HaBuramuei. [laker Bkiarouaer 15 BapuaHTOB 3aaHUM IS MPOBEICHUS J1abopa-
TOPHBIX Pa0OT, a TaKXe MPHUKJIAJHBIC MPOTrpaMMBbl MO MPOBEJICHUIO HEOOXOIUMBIX
BBIYHCIICHUM, TIPEIyCMaTPUBAIOIIMX YUCICHHBIM pacdeT MpeoOpa3zoBaHUM, OIMHUCHI-
BAIOIIMX BOJHOBBIE MPOIIECCHI B MHTEPPEPEHIIMOHHBIX GUIbTpax u GuibTpax Pad-
pu-Ileppo. B 0CHOBY pacyeToB IOJIOKEHBI MAaTEMAaTUYECKAE MOJIEIH, ONMCAHHBIC B
[1]. Orpannyenwust s MOJEIH, OMMCHIBAIONICH paboTy HHTEP(PEPEHITMOHHOTO (HUIIb-
Tpa, SIBJISETCA OJMHAKOBAsl TOJIIIMHA BCEX CIOEB U OTCYTCTBHME OOPATHOIO OTpake-
HUS, a JUIsi MOJICJIM OmNuchiBatole padory dunbrpa ®adpu-Ileppo — HOpManbHOE
NaJieHue CBETa M3 TOPLA ONTHYECKOTO BOJIOKHA Ha (DUIBTP U OTCYTCTBHE OOpPaTHOTO
oTpaxeHust oT puiabTpa. B 1.2.2 mpuBeneHa MaremMaTruecKas MOJENb, MOJIOKEHHAs
B OCHOBY IIPOTPaMMHOT0 00€CTIeUEHUSI.

1.2 KparTkoe onucaHue cCHCTeMbI U ee TEXHHYECKHE XapPaKTePUCTUKHI

Komnreiorepnast nmaboparopHast paboTa, fajiee mporpamma, MpeacTaBisieT Co-
O0lf KOMITBIOTEpHYIO TMPOTPaMMy, KOTOpas COCTOUT M3 METOAMYECKOTO IMOCOOUS
(kpaTkas Teopus C 3alaHMEM Ha padoTy), BXOJHOIO TecTa U 000JIOUKH MOJEIUpPOBa-
Hus. [Iporpamma MoxkeT (yHKIIMOHHPOBATH TOJ YIPABJICHWEM OIEPAIIMOHHBIX CH-
cteM Windows Bcex nokoseHuil, HaunHas ¢ Windows 95. Jlns HopmasibHOTO (hyHK-
MOHUPOBAHMS MPOTPAMMbI KOMIBIOTEp JOJHKEH OBbITh OCHAIEH He MeHee ueM 16
MG omnepaTuBHOU MaMsATH W HEe MeHee yeM 6 MO cBOOOJHOro MecTa Ha KECTKOM
nucke. Cama mporpamma 3anumaet okojio 0,25 M6 muckoBoit mamsaru. [Iporpamma
HE TpeOyeT YCTaHOBKHU.
O06o004YKa MOJEIMPOBAHUS TMOCTPOEHA MO MOJAIBHOMY HPHUHILMIY U Tpeny-
CMaTpUBAaET IMOCJIEI0BATEIbHOE KOMIBIOTEPHOE MOEIMPOBAHUE KAXIOTr0 THUIIA Jie-
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MYJIBTHILIEKCOpPA ¢ BO3MOXXHOCTHIO CPABHEHHSI WX PaOOTHI MO Pe3ysbTaTaM BBIYHC-
JeHust nepekpéctHbix nomex. [Ipu 3ToM mnpeaycMoTpeHa perucTpanus CTyJIeHTa U
MpernojiaBaresis s 3arojHeHus GopM OT4YeTa, TeHEPUPYEMOro 0 OKOHYaHUU pado-
el B MS Word. [Iyis ocyiecTBiieHus JI0MycKa K 000JI04Ke MOJICITUPOBAHUS TPEIY-
CMOTPEH aBTOMAaTUYECKUN TECTOBBIN KOHTPOJIb, BHIMOIHSAEMBIN B OTJIEJILHOM OKHE.

1.3 3amyck mporpamMMbl 4 BbBIXO/ M3 IPOrPaMMBblI

3amyck mporpaMMbl OCyIIeCTBIsAeTCs 3amyckoM (paitna EDFA.exe Ha BbINoOI-
HEeHHe, TaHHbIN (aiin pacnonoxkeH B manke EDFA. Tlocne 3amycka Ha SKpaHe KOM-
IBIOTEpa MOSBISETCS [VIABHOE OKHO IporpamMmbl «KoMIbIOTEPHOE MOJEIUPOBAHUE
MHOTOBOJIHOBOT'O 3pOHEBOI0 BOJIOKOHHO-ONTHYECKOIO YCHIIUTENSD (fajiee Mo TEKCTY
OIKCaHUs JaHHOE OKHO HazbiBaeTcs I naenoe). JJanHHOE OKHO COAEPIKUT IJIaBHOE Me-
HIO U OCHOBHBIE€ KHOIIKM yTIpaBJieHMs. BbIXo U3 mporpamMmsl OCyIIECTBIISIETCS HaXa-
trem kronku X g BEPXHEM IIPaBOM YTy okHa «['1aBHOEY.

2. Pabora ¢ mporpammoit

B nanpHelileM mpeamnonaraercsi, 4To IOJb30BaTElb HUMEET ONPEJICIICHHbIC
HaBBIKU paboTHI B onepannonHou cucreme Windows 95 unu Windows 98.

[Tpu pabote ¢ mporpaMMoi /sl IEPEMENICHHS MEXIY MOJISIMU BBOJIA, U Ha)a-
TUW HA KHOTIKH YJ0OHEH BCETro UCTOIb30BaTh MAHUIYJISITOP "MBIIIIb'".

B ToMm e okHe nmpenycMOTpeHa Bo3MOXHOCTh BBoja @.M.0. cTyneHTa u mpe-
Mo/IaBaTels i 3anoJiHeHust GopM OT4YeTa, TEHEPUPYEMOTo IO OKOHYAHUU PaOOTHI B
MS Word. Takxxe MOXXHO BbIOpaTh BapUaHT U HOMEp CTapTOBOTO IYHKTa PabOTHI.
Bcero pabota conaepxut 20 BapraHTOB 3aJlaHU M0 8 TyHKTOB.

B cOOTBETCTBUU C BBIMOJHAEMBIM IMYHKTOM 3aJaHus, TEKCT KOTOPOTO 3arpy-
YKAeTcs MpU BbIOOpE BapHaHTa M HOMEpa IYHKTAa aBTOMATUYECKH, HUCIIOTHHUTEIO
HE0OXO0IMMO BBECTH UCXOJHbIE TAPAMETPhI pacyera:

OO6osi0uka MOJIETUPOBAHUS MOCTPOCHA MO MOJAIBHOMY MPUHLHUIY U MpPeay-
CMaTpUBAET IMOCIEI0BATEIbHOE KOMIIBIOTEPHOE MOJCIMPOBAHUE KAXKJOTO TUMA Je-
MYJIBTUILIEKCOPA ¢ BO3MOXKHOCTBHIO CPABHEHHSI WX PaOOTHI MO Pe3ysbTaTaM BBIYHC-
JIEHUs TIepeKpECTHBIX momeX. [Ipu 3ToM mpeaycMoTpeHa perucrpauus CTyAeHTa U
MpernoiaBaTesis ISl 3arojHeHus GopM OT4YeTa, TEHEPUPYEMOro 0 OKOHYaHUU pado-
el B MS Word. [[ist ocymiecTBaeH s T0MycKa K 000J0YKe MOAECIUPOBAHUS MIPEIY-
CMOTPEH aBTOMATUYECKUN TECTOBBIA KOHTPOJIb, BBIIIOJIHSAEMbIN B OTICIIbHOM OKHE.

JIsist MOJleTMpOBaHUs IEMYJIbTUIIIICKCOPOB HCIIOTHUTENI0 HEOOXOIUMO BBECTH
HCXOJIHBIC MTapaMeTphI:

6) MH()OPMAIMOHHBIX CUTHAJIOB:

— 9YHCIo onTuveckux kanainoB (1-150);

— ILeHTpajibHbIe ITUHBI BOJH KaHaioB (1400uM - 1600uM)

7) uHTEepPEePEHIIMOHHBIX (BHIBTPOB: MOKA3aTEIN MPEIOMICHHUS MEPUOINICCKON

CTPYKTYpBbI, TOJIIMHA U MEPUOJ] CTPYKTYpPHI, YTOJ MaJeHUsi CBETa U3 Topla
ONTHUYECKOT0 BOJIOKHA HA MYJIbTUILJIEKCOP, M0JIOCA MPOITYyCKAHMUS.
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8) dumpTpoB dadpu-Ileppo: mokazarens MpeIOMIICHUS, KO3(DPHUIIMEHT OTpake-
HUS 3epKaJl, TOJIIMHA CTPYKTYPHI, OJI0CA MPOMYCKaHUSI.

JIJist 3aJaHHBIX MMapaMeTPOB MPOU3BOAUTCA PACUET CIEAYIOIIUX XapaKTePUCTUK
JUTSL KQXKA0TO JIEMYJIbTHILIEKCOpa:

5) rpaduk anmapatHo# GyHKIHMH (U1 HHTEPGEPEHIIMOHHOTO (GHILTPa - 3aBH-
CUMOCTh KO3(h(HIIMEeHTa OTpaX€HUsI OT JJIMHBI ONTUYECKOM BOJHBI, IJisi QUiIbTpa
®abpu-Ileppo - 3aBucuMOCTh KO3G UIIMEHTA MPOXOKACHUS OT JAJIUHBI ONTHYECKON
BOJIHBI);

6) rpaduk u Tabmuia MepeKpECTHBIX MOMEX (3aBHCUMOCTH MEPEKPECTHBIX T10-
MeX OT HOMEpa KaHala).

Hactpoiika ¢unpTpa Ha 3aaHHYIO JJIMHY BOJHBI MPOU3BOJIUTCS BU3YaIbHO IO
rpaduky annmapatHoil pyHKINH, TyTEM U3MEHEHHUSI BHYTPEHHUX MapaMeTPOB.

[Taker mporpaMM Tak)kKe MO3BOJIAET OCYIIECTBUTH ONTHUMH3AIUIO BHYTPEHHUX
napamMeTpoB JIOOOT0 U3 UCCIEAYEMBIX JIEMYJbTUIIEKCOPOB ISl JOCTHXKEHUS 3a-
JAHHOT'O YPOBHS NEPEKPECTHBIX MOMEX.

[To pe3ynbTaTam pacyeTa 3amoJIHAIOTCS TaOIULBI ¢ HHPOpMaIel, TpedyeMoit
B 33JIJaHUU K BBINOJIHIEMOMY IyHKTY. [lociie BBINOIHEHMSI yHKTa IpOrpaMMa CTPOUT
HEOOXOUMbIE TpaQUKU B OTIECIBHOM OKHE, I'7I€ TAK)KE €CTh BO3MOXKHOCTD JIJIS 3aIlu-
CH BBIBOJOB 10 IPOJEIIAHHOMY IMYHKTY WU MEPEX0/Aa K BBHINOJIHEHUIO CIEAYIOLIEro
MyHKTA.

[Tpu BO3BpallleHNU K BBIMOJHEHHUIO MyHKTA, KOTOPBIA OBLT YK€ CAeNaH, JAaH-
Hble B Ta0nuax ¢ uHpopmaimeii, TpedyemMoil B 3aJaHUU K 3TOMY IIYHKTY, U BBIBOJbI
0 HEMY COXPAHSIOTCS B MOCNEIHEH penakuuu ucroaHuTens. OHAKO MPH BBIXOJIE
U3 MIPOTPaMMBbI IaHHBIE O BHITIOJTHEHUN PA0OTHI COXPAHAIOTCS TOJBKO B rparueckomM
BUJie B popmare *.emf B mOANUPEKTOPUM C Ha3BAaHUEM BBINIOJIHAEMOU pabOTHI B Ka-
tanore «Mou AOKyMeHThI». [Ipr 3TOM COXpaHSIOTCS TOJNBKO T€ rpaduKh, KOTOPHIE
HE00X0aUMBI 11t 0hOPMIICHHSI OTYETa 1Mo padoTe.

[Tocne BBIMOJIHEHUS MOCIEIHEr0 MYHKTA 3aJaHUs WU T10 YKEJTaHUIO UCTIOJHHU-
TeJIs B J1000H MOMEHT BBITTOJTHEHHS PaOOTHI MMPOUCXOIUT TeHEpAIUs oTYeTa 1Mo ¢Gop-
Me, TMPUHATON B By3e-pa3pabOTUMKe MpOorpaMMbl, BKIIOYaromie mHdopmaimioo 00
UCIIOJIHUTENIE padoThl, TpeOyeMble B 3aJaHUH TpaduKku (TMOTyYEHHBIE B PE3yJbTaTe
BBITMIOJIHEHHsI pabOThI), a TaKXKe BbIBOJIbI, HAIIMCAHHbBIE UCIOJHUTENEM M0 KaKIOMY
MYHKTY.

[Tocne renepanuu otyera paboTa 3aKkaHYMBaeTCA. [ BHITOJHEHHS] HOBOM pa-
00ThI (Apyroro BapuaHTa) HEOOXOAMMO BBIMTH M3 MPOTPAMMBI U 3aIyCTUTh €€ 3aHO-
BO.

Janee Oosiee moAPOOHO OCTAHOBUMCS Ha MPOrPaMMHBIX OKHAaX.

2.1 TJ1aBHOE OKHO

B rimaBHOM okHe (prcyHOK 2.1) OCyIIecTBIsIeTCss BBOJ JaHHBIX M pacyéT mapa-
METPOB KaXA0T0 AeMyibTUILIEKCOpa. OHO COCTOUT H3:
e (baitloBOTO MEHIO, T/Ie OTOOpAXKAIOTCA BCE (PYHKITUU TTPOTPAMMBIL;
® TIaHEeNW WHCTPYMEHTOB, TJe MyOTUPYIOTCS HEKOTOPHIE BAKHBIE JIEMEHTHI
(aitI0BOro MeHIo;
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® 3aKJaJI0K BHJIa MOJEITUPOBAHMUS;

e T[aHesell BBO/Ia OCHOBHBIX MTAPaMETPOB JIEMYJIbTUILIIEKCOPA;

e 00JacTH MOCTPOCHUS IPapUKOB.

Tax xe, nmpu 3arpy3ke IPUIIOKEHUS, TOSIBIIETCA OKHO MOMOIIIH, TAe 0ToOpa-
KAIOTCS TIOJICKA3KH MO BBIMOJIHIEMOMY IMyHKTY JTJaOOpaTOpHOU padOTHI.

- GACBYYWdm Encore\ProjectiExample.wdg. 2EE

tafin  Pafiota Momowe

CENE e

Hoebii DTrpemre Loxpatume Oryér MNocofue TECTHPOBAHHE Momowe O mporpardre
I {Torkonner b‘ﬁl "Paﬁpu-l'leppu} Mep. nar. I
TR TR B | ==
KAHanNosE: E i E i v
PR | : : : : %
1_ 155413 v i
2 1.65575 v 5
3 |15
4 |1550m =
5 |1s8081 z ; ; : ;
_ § E i E i Mapamerpel gunsTpa
KD S i i i e |
E q ' ' 3 nil V3471
2 n2 ¥|347
ﬁxxm @ L |32
A& reea [|0,223906
JgAEno i1.2) a0
I paHuye pacuéra i MK, v | 0,334
or: , 3man
ﬂﬂ ’7 » NEIT 0 A

1552 1554 155 1,558 1,56 1,562

[V heTOMaTH4ECKM o
NnuHa cBeTOBOI BOTNIHBI, MKW

Boifiop Homepa dHneTpa ANA 0ToBpEMEHA H PEAAKTHPOBEHHSA

Pucynok 2.1 — ['maBHOE OKHO MPOTPaMMBI.

['maBHOE MEHIO COCTOMUT U3 ABYX pa3neinoB: Daiin, Paboma v [lomouis. Pac-
CMOTPHUM ITyHKTBI KaXKJI0TO pa3zaena.

Daiin

I ] 3aMeHa UCXOJHBIX JAHHBIX, JAHHBIMH 10 YMOJI4a-
Hoebwuit HUIO.

OTKpBITH aiiin ¢ UICXOMHBIMU JaHHBIMH. *

Omkpvimos aiin

E 5 CoxpaHUTh UCXO/IHBIE JaHHbIE B (paili1. *
Coxpanumo ¢haiin

o VMIIOpTHPOBaTh PE3yNIbTaThl MOJAEIMPOBAHHSA B
Omuém ¢ MSWord npunoxenre MSWord.

[TapameTpsbl, OTBEYArOIIKME 3a BHEIIHUM BUJ OTOO-
==l Ilapamemput cpagpuxos  paxaembIx rpadHKoB.
* daiiy ¢ JTaHHBIMU IMEET pacimpenue .wdg.

Paooma

I:E DNeKTPOHHBIA BapUAHT yueOHOTO TTOCOOUSI.
Ilocooue

i [TpoxoxaeHue Tecra.

oy
-~ Tecmupoeanue

b [lepecuntarh TeKymuil rpadux Mo BceMy auarna-
Oo6noeumo eeco 30HY

ouanazon
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u _ llepecunrats TeKymui rpaduk IO AMAIA30HY,
Oobnosumb 6b16PARNBIL by 160 41HOMY TIONB30BATENEM.
ouanason
D Kommposats Tekymmii rpaduk B 6ydep oOmeHa B
Konuposams cpagux 6 gy e Gurosoro nzobpakeHus.
Oygep
Homowp.
. PykoBOCTBO M0OJIB30BaHUSI TPOTPAMMOHN.
=4 ITomouyn
H HNudopmanus o pazpaboTurKax IpoOrpaMMBbl.
O npozpamme

2.2. IlaHes b peJaKTHPOBAHUS HEHTPAJBHBIX YACTOT /ISl KAHAJIOB J1eMYJIbTH-
IieKcopa

Jlns BBOJA umciia KaHAOB (N) M UEHTPAIbHBIX JUTMH BOJH (A1, Ap, ... , Ap),
IpeIHa3HaYeHa IaHelb, HaXOZAIasAcid B JCBOW 4YacTU IJIABHOI'O
OKHa (PUCYHOK 2.2). DTH NaHHbIE ABISIOTCS OOLIMMH JUIS MOJE- e =4
JTUPOBAHUSA AEMYJIbTUILIEKCOPOB Ha OCHOBE HHTEP(MEPEHIUOHHOTO [ [4 rawt |
u ®abpu-llepo dunbTpoB. B BepxHeil yactu nma"enu, yepes cuér- |LI5
YUK 33J1a€TCSl YUCJIO KAHAJIOB JIEMYJbTUILIEKCOPa, a HUXKE B Ta0-
JIUILY, BBOJSTCS LIEHTPAJIbHBI JUIMHBI BOJH (B MHUKPOMETpPAxX) HMC-
xons u3 [TU-T nnana.

[lo 3aBepiieHHIO 3aMOJHEHHS TaOJIMUIBI HEO0OXOJUMO
HaxaTh Kiasuiry Enter, miGo BbeIOpaTh MyHKT (HaillIoBOro MEHIO
«Paboma — O6nosums eecv duanazon». Eciu nons3oBatens B O8N
TaOauIly BBEI HEBEpHBIC JaHHBIC, TO MaHEIb 3arojloBKa CTaHET ,3‘“”'3“»2]
KpPaCHOTO IIBETA.

Hwxe TaOnuIel pacmosioKeHbl KHOMKH aBTOMAaTHYECKOTO
3aMOJIHCHUS TaOIUIIbI LIEHTPAIBHBIX JJIMH BOJIH:

o Aemo (I,N) — pacnpenensieT paBHOMEPHO JUTMHBI BOJH MEXIY MEPBBIM U TI0-
CJICIHUM KaHaJlaMu;

o Aemo (1,2) —3anoaHACT TAOIHILY JJTMH BOJH ¢ 1Iarom (A, —4;).

Pucynok 2.2

2.2. 3aKkJIaJIKU BH1a MOAeJIMPOBAHUS

s MozenupoBaHus MapaMeTpoB JIEMYJIbTUILICKCOPOB, IPEAHA3HAYCHBI 3a-
KJIQJIKU, PACTIONIOKEHHBIE CHU3Y HHCTPYMEHTAIBHON TTaHe I (PUCYHOK 2.4).

ToHKOMAEHouHEIA || B a6pu-Neppo | Mep. nom. |

-

Pucynok 2.4

[TepBbic nBE 3aKIagKd OTOOpaKAIOT amnmapaTHble GYHKIIMA W TapaMeTphl Jie-
MYJIBTUILIEKCOpPAa Ha HHTEP(PEPEeHIIMOHHBIX (TOHKOIIEHOUHBIX) (QMIbTpax U (uib-
tpax ®abpu-Ilepo, a TpeThss — pPaCCUNTHIBACT MEPEXOJHBIE TTIOMEXHU B KaXIOM Jie-
MYJIBTUILIEKCOPE ¥ OTOOpaXKaeT uX B TAOJTUYHOM U TpauueckoM BUAAX.

80



2.3. MonenupoBanue 1eMyJabTHILIEKCOPA

[lepBbie ABE 3aKiIaJK¥ MOACITUPOBAHUS JEMYIBTHILIEKCOPA COCTOST M3 TPEX
obutacteil: rpaduk anmapatHo (yHKIUMH, IMaHEIb BIOOpa (DUIBTPOB U MAaHEIb Iapa-
MeTpOB BeIOpaHHOTO (pribTpa. PaccMoTpuM 3TH 00s1acTH 6071€€ ToAPOOHO.

I'padpuk anmapaTHoii GpyHKIHHM AeMyJabTHILIEKcopa (pucyHok 2.5). I'pa-
¢duKk oTOOpaXKaeT camy anmapatHyo QYHKIUIO U IICHTPaIbHBIC YaCTOTHI, 3aHECCHHBIC
B TaOJUITy, B BUJE BEPTUKAIBHBIX JIMHAWA W YHUCIOBBIX MOAMKUCEH CHU3Y. AKTHBHBIN
KaHal (TmapameTpbl GUIbTPa KOTOPOTO B JAHHBIH MOMEHT MOXKHO PEIaKTHPOBATH)
BBIJICIISICTCSI IIBETOM.

LU [- P =

=

-

=

£

=1

5 0.1

f=1

; h

@

=

6 i I,
ol 1155413
1.552 1,554 1,556 1,558 1,56 1,562

OnuHa cEeTOBOR BOMHbI, MKM
Pucynox 2.5
FpaHI/IHBI IMpocMoOTpa AJIHMH BOJH MOXKXHO U3MCHATH (yBeJII/I‘{I/IBaTL qacTh allra-

paTHOM (YHKIIMU), €CIIH JIEBOW KHOIKOM MBIIIH, CJI€Ba HA MPaBO, BBIICIUTh HEO0XO-
JMMBIN y4acToK Ha rpaduke (pUCyHOK 2.6).
0.2 7

[k _‘l T M
=
z
:
5 04
3
=
o
Pm M.
0 et 1.55443
1.552 1,554 1.556 1.558 1.56 1.562
OrkvkHa cBeToBON BOfHLI, MKM a)
0.2

s f*\ A /\//\/\ *1,55:5,13E /WW

1.5534 1.5536 1.5538 1.554 1.5542 1.5544 1.5546 1.5548
AnHHa cEETOBOA BOMHBL, MEM 6)

Pucynox 2.6 — Vicxoanslif BUJ anmnapaTtHoi ¢GyHKIKU (2) U BUA mocie yBenndeHus (0).

CRaKTp oTpassHHA
=
—
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['panunsl orobpaxenus rpaduka Bceil anmapaTtHOW (yHKUMU ONPEAeNsioTCs
aBTOMaTU4ecKu. [l py4HOTO 3aJjaHusl TPAHULl OTOOPAXKCHUS  [[re—
HEOOXOIMMO BOCIIONIB30BATLCA MAHENbIO «I panuysl pacuéma 55015 A»
(pucyHok 2.7). B omHOCTpOYHBIE PEAAKTOPHI, MPU OTKIIFOYCH- R o
HOM TIepeKIrouatTene «Aemomamuueckuy, 3aHOCITCS 4acTo-
B Mpejesiax KOTOPBIX OyJeT MpOu3BeNEH pacuéT ammapaTHOM
dyukmpm. Jl1s mepexona 06paTHO B PEXHUM aBTOMATHYECKHX L HCYHOK 2.7
TpaHull, HEOOXOANMO BKIIOYUTH MEPEKITIOUATEND «A8MmoMamuuecku.

3HavyeHue KOOpAuHAT 1Mo ocaM X U Y, BEIBOJSTCS aBTOMAaTUYECKU B CTPOK CTa-
Tyca, IpH MepeMeIIeHnr HaJ rpagukoM Mblibio. [Ipu aTom Ha rpaduke, monoxeHue
Kypcopa OyJeT yka3aHO PO30BBIM IEPEKPECTHEM Ha BCIO 00JIACTh

[Tapametrpsl oToOpakeHHss TpadUKOB MOXKHO H3MEHHUTh B  pasJelne:
Daiin— Iapamempul cpaghukos (cM. paznen 2.6).

[ AETORATHISCE M ThL,

IManean BbIOOpa GuabTPOB (pucyHok 2.8). [TaHens CyKUT Ui BEIOOpa U3
CIIUCKA, COOTBETCTBYIOIIETO (QUIBTPA, MapaMeTpbl KOTOPOTO 1 quners [

MOYHO MOAU(PUITUPOBATH (BBIOpaHHBIM buneTp o Ba-
eTCA Ha TaHeld M Ha Tpaduke anmapaTtHod QyHKuuM ne- |[¥ 2
MYJIBTUILIEKCOPA).

ITaHesb [O3BONSET OTKIIOYATH/BKIFOYATh GUIBTPEL C | ’
HIOMOIIBIO HE3aBHCUMBIX IIEPEKIIOUaTEs e, cjeBa OT HOMeE- PrcyHok 2.8 pa

¢unbTpa. 1 orobOpaxkeHus ogHOro GuiIbTpa, HEOOXOAUMO IBAXKbl HA HEM MIEINK-
HYTh MBILIBIO.

Kuonku «Bce» n «Hem» npenna3HadeHbl 71 BBIOOpa AHOO0 IS UCKIOYEHUS
U3 pacuéra Bcex QUiIbTPOB.

IManean» mapamMeTpoB BbIOpaHHOTO GuabTpa (pucyHok 2.9). [Tanens cocro-
UT U3 TaOIUIBI, TAe OTOOpa)KaroTCs mMa-

MNapameTpel PUNETRA

pameTpsl BbIOpaHHOTO (QuibTpa. s uH- TR e

teppepeHunonHbix  u - Pabpu-Ilepo [ v a2

¢unbTpoB, HaOOp mnapaMeTpoB OYIET [ w|a47 [P ——

Ppa3In4dCH. Loea  v|32 MNaparetp | 2HaveHus I
H A ™ |0.224805 n_[1ae

arpoOTUB  KaXJO0ro Iapamerpa |4 .mem [0, e B (10
pacrnoJjiO’KCH HE3aBHCHUMBIM MNEPCKI0Ya- |8 -Pad |0 i ~ |
T€Jlb, C TTOMOIIBIK KOTOPOTO MOKHO BbI- MNK, b {0,334 a) LOOK. rra b [ 0.1 6)

Oupath, Kakue M3 TapaMeTpoB OyayT Pucynok 2.9 — nabop napameTpoB Jisl UH-
CAMHBIMU I8 BCeX QUIBTPOB. IIpU  repdepenumonnsix (a) 1 Gadpu-Tleppo
BKJIIOUEHHOM TIepeKiirogaTesne, Moaudu- ¢bunbTpoB (0)

KaIus rmapameTpa B J1I000M U3 (GHIBTPOB, aBTOMATHYCCKH TIOBJICYET U3MEHEHUE ITO-
O MapameTpa u y Apyrux GuiabTPOB.

[To 3aBepiieHnto MomuduKanyy MapaMmeTpoB HEOOXOIUMO HaXaTh KIIABHIILY
Enter, mu6o BbIOpaTh myHKT (aiioBoro MeHio «Paboma — Oonosums eecy ouana-
30n» uin «Paboma — Qonoeums eviopanuslii ouanazony». EcM MOJb30BaTENb B
TaOnuIly BBENI HEBEPHBIE TaHHBIC, TO MAaHEJh 3ar0JIOBKA CTAHET KPACHOTO IIBETA.
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2.4. PacyéT nepexoJHbIX MOMeX

Jlis pacyéra ypoBHS TIEPEXOJHBIX MOMEX, HEOOXOIUMO OMPEAEITUTH MOJIOCY
IPOMyCKaHUs KaXIoTro ¢GuibTpa (B MaHENIH MapamMeTpoB QuibTpa 00O3HAUYCHA Kak
(K, umy). JIns 3TOTO HY)XKHO HCKJIIOYHUTh M3 pacdéra Bce (QMIBTPHI KpOME BHI-
OpaHHOTO, YBEJIMYMTD anapaTHyO GYHKIHIO U yaepxkuBas kiasuiry Ctrl, Shift vim
Alt, MBIIIBIO BBIIEIUTH 00JacTh 110 ypoBHIO 0.5 (pucyHOK 2.7).

Jlanee He0OX0UMO TIeperTH // [~ Ha
TPeThl0  BKIAAKYy  IIporpammbr > / IR 0334
«Iep. mom.» (pucynok 2.8). B ueii ’ / \ Oy-
JIyT OTOOpaXKEHBI TEPEXOHbIE mo- £ 07 | 1o-
MEXU Ui TOTO JEMyJIbTHIUIEKCO- ¥ 0.8 ' \ pa, ¢
KaKoMu BKJIQJIK1 nmepemén 5 0.5 Ba-
tenb. CrpaBa (manens «Kanansr») g 04 Oy-

. @

JET OTOOpaKEH CIHMCOK BBIOOpP Ka- § 03| - Ha-
JOB 117151 pacuéTa NEepeXOJHBIX MO- 0,2 / \ | / Mex
(5 J16): o\ | \/

«Bce» - Pacu€t cymMapHBIX 0 \/ 1,53 \/ Ie-

15209 152995 1,53  1,53005 1,5301

PEXOIHBIX MOMEX OT BCEX COCEl- [IMMHa CEETOROM BONHLI. MKM HUX

KaHaJIOB, JJId BCEX (bHFBTpOB Pucytiox 2.7

«1..N» - Pacuér mepexo- HBIX
MOMEX OT KaXJO0r0 COCEAHETO0 KaHaja B OTIEIBHOCTH, JJISI BRIOPAHHOTO KaHaa.
(Cymmapnas mepexoaHas moMexa, Juisl TeKyIIero KaHajaa, OToOpakaeTcs B TaOJIUIe B
yHKTE «SUMy).

_‘,/ ‘.\-\. o walurien
I -\ \

il{// \_

1 2 3 4 5
Homep kaHana

¥pooeds NEpeKPEcTHEX NoMex, 4o
2a
2

e Vo el STy - vts BEs TR |

[twurp p 1 J» N IH | = |
i WH I ) g T
|y 3 |= | i |
I EX = ECEEE

Pucynok 2.8 — Pacuér ypoBHs epexoIHbIX IOMeX

PaccunTanHble nepexoHble TOMEXH OTOOPAXKAIOTCS B TAOJIMYHOM U Tpaduue-
CKkoM BuIax. J[ns BKIFOUEHUS/OTKIIOYCHUSI OTOOpaKEHHS MEPEXOIHBIX IMOMEX ISt
KaKoro-J1u0o0 Tumna JeMyJIbTUILIEKCOpa, MOKHO BOCIOJIB30BAThCS NaHebio «I paguk
ona uiabmpos.

2.5. OxkHO moMoOIIH
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OxHo oMo (pucyHok 3.1) mpeaHa3zHaueHo IUIsi 0TOOpayKEHHsI X012 BBITIOJI-

HCHUA Ha60paT0pH0ﬁ pa6OTBI, METOOANYCCKOI'O rmocoous u PYKOBOJACTBA IIOJIB30BATC-

JIA.

10.

11.

12.

13.

14,

15.

16.

& MoxowHHE E]@EJ

ocoﬁue| HMHTepderic |

b1ty Pabpn-Teppo: Hoonegosars ormeiecrrit AehyIE THIIEKC 0P, Ha
orHoEe emeTpa Pabperlleppo. Qo sToro Beobxogemao mogobpare g
Ea#goro GEIETY A Takke SHadeHEm #, L R wro 651 g00HTECA cOBTIageHEmT
MAKCHNYIMOE EOE0H ATIApaTHoR GVHEITE 00 CF OMMEL AIEEHANE B O, H
P 4EEHCTE & IO C I OITy cEarera. [Too ca MpolTy CRAMMA Easgoro GHmeTpa
AoioEHa DRITE B mpedenax o7 015 go 1 sme [TomyesEE e Tap aneTRED ST
Kamgoro QIumbTha, OT) 45HTE B OTHETE.

(IOKATATE  OOIHYES  Teoprro] JEa DOMyIpoSpadHbD;  3epKama,
PACTIOMIOMEHHEL Ha paccTOMEDE FPYT 0T ApyTa ofpacyroT pesonarop Palbpe-

TTmamam amw rmrrrem - hriEnt T rrrrrn e A s R s am  aErsmeATeraT e

< ?

W

Pucynox 3.1 — OxHO momornu

Cnucok aureparypsl

3acnaBckuii K.E. BoJIOKOHHO-ONITHYECKME CUCTEMBI NEPENadnd CO CIEKTPalb-
HBIM yIUIOTHEHHEM: YueOHoe mocobue st By30B. - HoBocubupck: Cubl'YTH,
2005. — 136 c.
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IIpuioxkenue A

XapaKkTepUCTHKH M CTPYKTYpPa 000py10BaAHUS NPOMBINLJIEHHBIX MYJIbTHILIEK-

copos Alcatel 1696 Metro Span

[IpencraBisier coboit MynprucepBucHyto DWDM mnatdopmy, moaaep:kuBaro-
HIyIO Mepefavy MUPOKOTro CIEKTpa MPOTOKOJIOB M MHTEP(EHCOB CUTHANIOB JaHHBIX.
Kongurypauust cucremsl, BKIIOYAION[asi OKOHEYHOE O0OpYyIOBaHHE C BOJHOBBIMU
ananrepamu (10 32-X KaHAJIOB), ONTHYECKUE MYJIbTUILIIEKCOPHI BBOJIA/BBIBOIA C WU
0€3 ONTUYECKUX YCHIIUTEICH U T.II., O3BOJISIET CTPOUTH KaK KOPIOPATUBHBIE UM TO-
POJICKHE, TaK U PETMOHAJIbHbIE CETU. BHEIIHMN BUJ CTOMKHM CHUCTEMBI IIPEICTABIICH
Ha pUCyHKe A.2.

jRiERDERERR  RRrRRee:
"REBDRREERE  BRRRERER
r Fannpg;;‘ REPRERE?

i

FERRREP?

Pucynok A.2

OCHOBHBIE XapaKTePUCTHKH

KommuecTBo kaHainoB — 710 32 ¢ yacToTHBIM pasHecenueM 100 I'T'h
OnTtrueckuii nuamna3oH: C

MakcumaibHasi TaJIbHOCTh MpoJieTa 0e3 pereHepalyu curaaia: 10 75 kM — B
KoH(purypauuu 6e3 ycunurenei 1 10 380 kM — B KOH(UTypallUU C YCUTTUTE-
JISIMH

HUB — 8+8+8+8 xananos

OADM — 4 unu 8 xaHaioB

Cucrema KOHTPOJIS KauecTBa Mepeiaun

PaznuuHbie cHCTEMBbI pPe3epBUPOBAHUS: MACCHBHAS ONTHYECKAs CHCTEMa pe-
3€pBUPOBAHUS, CUCTEMA PE3EPBUPOBAHNS KAHAJIOB JIAHHBIX

CeTeBas TONOJIOTUSA
Alcatel 1696 Metro Span moiep>KuBaeT ceTeBbIE TOMOJOTHH CICIYIOIIUX THITOB:

«TOYKA-TOYKAY;
«TOYKA-TOYKA» C MPOMEXYTOUYHBIMHU y3J1aMH BBO/1a/BBIBOIA;

JIBYXBOJIOKOHHOE KOJIBIIO C OJHHUM IIEHTPAIbHBIM Y3JIOMKOHIIEHTPATOPOM
(single HUB-node);

KOJIBIIO M3 JIBYX BOJOKOH C TIOJIHOCTBIO pacmpeseieHHoi tomosorueii (full
mesh)

KOJIbI[a, COSIMHEHHBIC MKy COOOM C HCIOIh30BAHUEM TOIOJIOTHHU ‘‘CKBO3HAS
nepezaya ¢ orBersiacHueM” (dropand-continue).
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Kondurypauus croiiku
CrnenuanpHas MoJika ¢ IIATOMECTaMU MPEAHAa3HAYeHa ISl pa3MEILEHUS BCEX OC-
HOBHBIX CUCTEMHBIX IJ1aT. JIulieBast CTOpoHa MOJKU M300pakeHa Ha pucyHke A.3.

112(3(4|5|6|7|8 9 110{11|12|13|14|15]|16

Fans

ESC Module
SPV Management
ESC Module

LAN | OMDX EXP SPV

PWS
LAN
OPC
OPC
OPC
OPC
OPC
OPC
OPC
OPC
ul
ul
PWS

Pucynok A.3

[Tonka nmeer mmpuHy 533 MM (YTO MOJHOCTBIO COOTBETCTBYET LIMPUHE CTaH-
naptHeix croek NEBS u ETSI), Beicoty 442 mMm u rimy6uny 269 mwm. [lonka cocrout
U3 TPEX 4YacTel: OCHOBHOM YaCTH M JBYX PACHIMPECHHU. B OCHOBHOM 4YacTH IOJKH
MOYHO YCTaHOBUTH 10 24 1maT. OOBIUHO yCTaHABIUBAETCSA CIIEYIOIIEE:

OJIHA TIaTa KOHTpoJuIepa o0opynoBanus (aBe a1t mactep-nosku) (ESC);

1o 16 tpancnionaepos (TSP). IlponymepoBasnsi ¢ 1 o 16;

OJIMH ONTUYECKUH MYJIbTUILUIEKCOP/IEMYIbTUILUIEKCOP I KOH(pUTypaluu
OKOHEYHOTO y37a (iBa ONTHYECKUX MYJIbTHUILIEKCOPa/AeMYIbTUILIEKCOPA WU
OADM niis noaiep kK1 JIByX HaIllpaBJICHU — HA BOCTOK U Ha 3aman);

OJIHA TJIaTa Il ONTHYECKOro KaHaja yrpasieHus u oociayxkuBanus (SPVM).

Kpome detbipex clI0TOB, BBIICIECHHBIX IS IJIAThl KOHTPOJJIEpa 000PYyI0BAHUS U
ONTUYECKOT0 KaHajla YIPABJICHUS, BCE OCTAJIbHBIE CIOTHl MOTYT IPUHHUMAThH ILIATHI
ato0oro Tuna. B nepBoM pacimmpeHnn ycTaHaBIMBAETCS CIEAYIOIIee:

nBa Oyioka nutanus -48 B (PWS);

OJIMH OJIOK MECTHOTO JOCTYIa JJi MOJKIIOYEHUS MOPTATUBHOIO TEpPMMHAJA
o0opynoBaHus wiK cuctemsl cereBoro ynpasnenuss EML (LAN_Q);

OJIMH OJIOK MECTHOTO JOCTYTIA JUisl CBsA3U Mex 1y nojkamu (LAN_I);

omuH ciryxeonbIit 610k (housekeeping board) ¢ 8 BxoasmumMu U 8 UCXOASIIH-
MU noptamu ciykeOHbIx unrepdericoB (HK, Tonbko Ha Mactep-mnonke);

OJIUH OJIOK yJaJIeHHBIX CUTHANIOB TpeBoru (RA);

nBa 0yi0Ka noib3oBareabckux uaTepdeiicon (Ul) (Toabko Ha MacTep-ToJIKe);

10 OJHOMY OJIOKY ONTHYECKOW 3aIUThl KaHAJIOB Ha Ka)XIbIM 3alllMIICHHBIHI
kaHani (optical SNCP/UPSR) (OPC).

Bropoe pacummpenne ucnonb3yercs sl BEHTWISITOPOB OxJaxaeHus. Bee coennne-
HUS (ONITUYECKUE U DIIEKTPUUYECKUE) BHITIOIHAIOTCS HA TIEPEAHEN MMaHeNn, YTO 3HAYu-
TeIpHO obseryaeT poctyn. Kaxmas mojika uMeeT 1Ba N30BITOYHBIX CUIIOBBIX pazbeMa

-48

B.
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4. JJABOPATOPHAS PABOTA Ne3 KOMIIBIOTEPHOE
NCCIEAOBAHUE OIITHYECKUX JEMYJIBTHIIVIEKCOPOB HA
OCHOBE HAJIOKEHHBIX I'OJIOI'PAMM B ®OTOINIOJIMMEPHOM

MATEPHAJIE
Conep:xanue
(I 2 1531 (535 1 (<R 89
2. TCOPETUUCCKUE CBEIECHUS - ... 'vveenreenteenneenneeeneeenneeeneeaneeanneenneenseenness 90
2.1 [lpuHIMMBI AEUCTBUSA U CTPYKTYPA MYITBTHUIUIEKCOPA  «vvenneneeenannn.. 92
2.2. MaTeMaTHUCCKAST MOJICIID ....veureenneeenteenneenneeaneenaeeenneeensiianeens 93
2.3. PacdyeT OCHOBHBIX OIICHOUHBIX XAPAKTEPHCTHK ...uvvnrrenrreanneannennnns 101
3. PexkoMeHIAINM 10 BBIMTOTHEHHUIO PAOOTBL. ....tuutt et iteeaneeiiieaneaaneannnnns 106
3.1. PaCUETHOC BAMAHTE ... .vveeetieteente et eeteete et eete et eeteeensereene s 106
3.2. DKCTICPUMEHTAITBHOE 3ATTAHHC .. .\venveentenneeenneenneenneeanneenaiinnanenss 107
4. OnucaHue MPOTPAMMHOTO OOCCIICUCHHUS. ...\ nrreeenrreennreeenraeeaanneannnennns 109
(03717 (670) Q1176 (] 121 14 o) SRR 116
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Henab padorbi: M3ydyeHHE MPUHUMUIIOB JECUCTBUS M KOMIIBIOTEPHOE HMCCIEI0BAaHUE
XapakTepUCTUK W IIapaMETPOB ONTHYECKOTO JEMYJbTUILIEKCOpPA HAa OCHOBE
HAJIOKEHHBIX ~ JU(PPAKIMOHHBIX pEHETOK 3allMCaHHBIX B  (DOTOMOJIMMEPHOM
Marepuaie.

1. BBeaenue

OnHMM W3 OCHOBHBIX HAIPaBICHUN COBPEMEHHOIO HAYYHO-TEXHUYECKOTO
mporpecca sIBJII€TCS Pa3BUTHE BOJIOKOHHO-ONTUYECKUX CHCTEM CBSI3U, O0OecreqHnBa-
IOIMX BO3MOXHOCTh JIOCTABKM HAa 3HAYUTENIbHBIE PACCTOSHUS YPE3BbIYAHHO OO0JIb-
moro oobema MHGOPMAIIMKM C HAUBBICIIIEH CKOPOCThIO. Y3Ke ceuac UMEI0TCs BOJIO-
KOHHO-ONTUYECKHUE JIMHUU CBSI3U 00JIBIION MH(YOPMAITMOHHOW €MKOCTH C JJIMHOM pe-
reHepaImoOHHbIX y4acTKoB 10 200 kM u 6oJee.

Bo3moxHOCT Tepefada Takoro OOJBIIOr0 KoJudecTBa WHGOpPMAIMU IO
BOJIC cBsizana ¢ ucnons3oBanueM texnoiorun WDM/DWDM [1,2], roe nepenava
uH(pOpMaIMU MO BOJOKHY BEIETCS OJHOBPEMEHHO HAa Pa3HbIX JJIMHAxX BOJH. s
3TOr0 HEOOXOJAMMO BBECTU Pa3HbIC IJIMHBI BOJIH B BOJIOKHO C OMOIIBIO ONTHYECKUX
mynbTUIiekcopoB (MUX) Ha mepenade, U BbIBECTH Ha MPUEME TPU MOMOIIM Je-
mynbTUILIekcopa (DMUX).

Ha ceromssmuuil 1eHb CyIIECTBYIOT MHOXECTBO PA3JUYHBIX YCTPOMCTB, IS
MYJIbTUILIEKCUPOBAHUS/ IEMYIbTUIIIICKCUPOBAHUSL ONTHYECKOTO TMOTOKA, W3TOTOBIIS-
E€MBIX W3 pa3IUnYHbIX MaTtepuasioB [3,4]. B nanHoi# madopaTopHoii pabore OyaeT pac-
CMOTpPEH €€ OJIMH METOJ CEJICKUWU JJIMH BOJH, OCHOBAaHHBIN HAa HCIIOJIb30BaHUU
HAJOKEHHBIX AUGpakiUOHHBIX (ronorpaduueckux) pemeérok (HJP) B doTtomomnu-
mepHoM Mmatepuaie (DIIM).

[Nonorpaduyeckas 3anuck undopmaruu Ha OIIM MoxeT OBITh TaK K€ HUCTIOIb-
30BaHA JUISl CO3/IaHUS PA3IUYHBIX 3JIEMEHTOB T'OJOTPAMMHON ONTUKH U CUCTEM JI0JI-
roBpeMeHHoN namMaTu. [1epCcrneKTHBHOCTh YKa3aHHBIX CpPeJl AJis MOAOOHBIX MPUMEHE-
HUN OOYCJIOBIMBAETCS WX BBICOKOW paspeliaroniell crocoOHOCThIO, BBICOKOU IH-
(bpakuroHHON 3(PPEKTUBHOCTHIO U CTAOMIBHOCTBIO 3alIUCU. TaK K€ OCHOBHBIM IIpe-
UMYIIECTBOM (hOTOMOJUMEPOB SIBIISETCS TO, UTO FOJIOrPaMMBbI B HUX (POPMUPYIOTCS B
IpoLIecCe 3aUCH U HE HYKJAI0TCA B XUMUYECKON 00paboTKe.

Onrruecknii JEMYIbTUILIEKCOP JOBOJIBHO CIIOKHOE YCTPOMCTBO, M Ha JaH-
HBIII MOMEHT SIBJIIETCSA aKTyaJIbHBIM pa3padOoTKa MpOrpaMMHOTO 0OecredeHus, mo3-
BOJIAIOIIETO HE 3aKymas JOPOrocrosiiee 00OpyIOBaHHUE MOJAEIUPOBATH OCHOBHBIE
XapakTepUCTHKHU paznuanbix DMUX.
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2. TeopeTudeckue cBeieHUS

MaTtpuua nepeaayuu

OnTuyeckue CBOWCTBA BOJIOKOHHO-ONTUYECKUX YCTPOMCTB BETBJICHHUS MOTYT
OBITH OTpeEEICHbl B TEPMUHAX MATPUIIBI KOOPHUIIMEHTOB N XN, rae N — YUCIIO MOp-
TOB, a KOA(DPUIMEHTHl MPEACTABISIOT YaCTh MOUIHOCTH, IE€pPEIaBaeMON MEXKITy
Ha3HAUYCHHBIMU NIopTaMu. B 061iem ciydae Matpuna nepenaun 7 MMeeT BU/L:

Tll T12 y le Tln
T21 T22 y T2j T2n

T=_ - - 2.1
Til Ti2 y Tij . Tin ( )
_Tnl Tn2 . Tnj . Tnn_

CrpykTypHas cxemMa MHOTOMOPTOBOrO NXN pacrpenenuTens n3o00pa)keHa Ha
pucynke 2.1, rae i=1..n u j=1..n — HOMepa COOTBETCTBYIOIINX BXOMAHBIX U BBIXOTHBIX
nopToB; [Tij] — MaTpuia nepegadu.

1 &% 1
= B R e
2 | . T, . e
o I L B T o
S S DR R, e =
= h""’h,._ ‘q .
E """u_,_.: L n TII" E

n i n
=10, A0,

Pucynox 2.1 — CTpykTypHas cxema pacripeaeanuTens

JleMyIbTUILIEKCOp, B OTJIUYME OT PACHPEACTUTENS UMEIOT OAUH BXOJ M N BBIXO-
TOB (pUCYHOK 2.2), MEXIy KOTOPHIMHU PACTIPEEISIECTCS MOIIHOCTh BXOJIHOTO CHUTHA-
na. CiaemoBarenbHO, MaTpuiia nepenadn (2.1) tpanchopMupyercs: B BEKTOP:

T=(T, ... T, ... T,) (2.2)
B nanHOW 3amucu OmylleH IEpBbIM WUHAEKC, a BBIXOAbI JIEMYJIbTHUILIEKCOPA
0003Ha4YeHBI Yepe3 HHAEKC I. Tak e He yUYUThIBACTCs 3aTyXaHHWE CHTHala B ONTHYC-
CKHX 3JIEMEHTAX JIEMYJIbTUILIEKCOpA.
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Pucynok 2.2 — CTpyKTypHasi cxema JIeMyJIbTHIUIEKCOpa

2.1 llpuHIMN AeHCTBUSA U CTPYKTYPA AeMYJIbTHILJIEKCOPA

[IpuHIMIT NEWCTBUS TAHHOTO JEMYJBTUIIEKCOpPAa OCHOBAaH Ha MPOCTpaH-
CTBEHHOM pa3JIeJICHUU TPYIIIOBOTO CUTHAIA C TIOMOIIBIO ToJorpadudecknx audpax-
[IMOHHBIX PEMIETOK 3amUcaHHBIX B (poronosumepHoM matepuaie (PIIM). daktuye-
CKH, 9TO cepusi AUPPAKIMOHHBIX PEMIETOK, HACTPOSCHHBIX Ha OMPEACNEHHYIO JUTUHY
BOJIHBI, HO HE CTOSIILIHUX [OCJIEN0BATEIIBHO, 4 3AIIMCAHHBIX B OJHY IIPOCTPAHCTBEHHYO
obnacte OIIM.

[IprumeHeHne 3TOM TEXHOJIOTUM JIEMYJIbTUILNIEKCUPOBAHUs MPUBEIET K yBE-
JUYCHUIO MOIIHOCTH JU(PparupyeMbIX Jydel MOJIE3HOTO CHUrHajla, TaK Kak OHU He
OyIyT MPOXOJAUTH Yepe3 ILEMOUYKYy MOCJEIOBATEIIBHO CTOAMUX (PUIBTPOB M 3HAYM-
TEJILHO OOJIETYUT KOHCTPYKIUIO JEMYJIbTUILICKCOPA, YTO MPUBEIET K YACIICBICHUIO
YCTPOMCTBA.

OucbparnposaHHble nyyu
ANS ANWH BONH A, U 7.,.

LOLOG

OnTuyeckoe
BOMOKHO

X - e O g el
Ao A, OnTuueckasn r i

UIMHWNBY

cuctema 1

doTtononumep

OnTtunyeckasa cucrema 2

Pucynok 2.3 — I[Ipumenenne H/IP B ®IIM, mist neMynbTHILIEKCHPOBAHUS TPYIIIIOBO-
ro ONTHYECKOTO CUTHANA.

Ha pucynke 2.3 cxemMaTH4YeCKH M300pakeHa cxema JIEMYyJIbTUILIEKCopa Ha OcC-
HoBe DPIIM, B KOTOPOM 3arKcaHbl JBE PEMIETKHU MPOITYCKAIIEr0 TUIIA IO PA3HBIMU
yrjlaMH K OcH Z. J[JIMHBI BOJIH, CO CBOMMH BOJIHOBBIMU BEKTOPaMHU COOTBETCTBYIOLIUE
BEKTOpaM 3TUX PEMIETOK AU(PPArdpyrOT HA HUX MO PA3IUYHBIMU yriamu (Opw 1,
Opw, 2), TIOCJIE YETO MOCTYMAIOT KaX bl Ha CBOE (DOTONMPUEMHOE YCTPOIMCTBO.
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OudparnpoeaHHas
OudpparnposanHan BOMHA C A,

BOMHAa C h]
mx_ODW. 1
K “‘x\ Mpowepnwas
\ BOMHa
I
Mapawowas
BOMNHAa Pemérka 2

}H]!}'-z !.}'-3,, - ﬁ}'"

Pemérka 1

Pucynox 2.4 — IlpuHnun cenekiuu JIJTMH BOJIH Ha OCHOBE (Pa30BbIX PEHIETOK

bonee neranbHO NMPUHIMI CENEKIUH JJIMH BOJH MOKa3aH Ha pucyHke 2.4. Jlns
ynooctBa Buszyanusanuu, HJIP pa3memiensl nociaenoBarenbHo. Ilycts U3 ontuuecko-
ro BosiokHa Ha PIIM nagaeT Mmy4ok CBETa ¢ COCTABISAIOIIMMHU JUIMHAMU BOJIH Ag, Ay,
... oAy, Tak xxe mycts B @IIM 3amnmcansl 1Be pEMIETKM CO CBOMMH BekTopamu Ki, n
K>, cooTBeTCTBYIOIIMMU JJIMHAM BOJIH A1 U Ay. Ha mepBoi u BTOPOUl pELIETKE CBET C
JUIMHAMHU BOJIH A U A, COOTBETCTBEHHO, Oyner audparupoBaTh Ha yribl Opy 1 H
Opw, 2 , @ OCTaJIbHBIE ITIMHBI BOJIH NporayT yepe3 OIIM.

Crnenyer OTMETHTb, UTO HAa KAKJIOM 3amMCcaHHON peméTke, TudparupyroTr BoJi-
HbI CO BCEMU JJIMHAMH BOJIH, BHOCSI B BBIJEICHHBI MH(DOPMAIMOHHBIA KaHAI TIepe-
XOJIHBIE TIOMEXH.

2.2 Maremarnyeckas MoaeJab

Mexanusm 3anucu auppakuuoHHbIX pemérok B ®IIM. IIpouecc nonu-
MepHu3aIiy MoApoOHO u3okeH B [6]. OcHOBHBIMU KoMmioHeHTaMu PIIM siBisiroTCs
MOJINMEPHU3AIIMOHHO-CITIOCOOHBIE COSMHEHHSI (MOHOMEPHI, OJIUTOMEPHI), HHUIIUATOP
U CEHCUOMIM3aTop paJuKalbHOW (oTononuMepusanuu (pucyHok 2.5a). Kommnosu-
IIMU BBITYCKAIOTCS JTINOO KaK KUKAsE CMECh KOMIIOHEHT, JIN0O B BUJE IJICHOK, MPE/I-
CTaBJISIOLIMX COOOM pacTBOP KOMIIOHEHT B HEUTpaJIbHON MoNMMepHON MaTpule. [lpu
W3TOTOBJICHUU PETUCTPUPYIOMIETO CJIOS JKHUAKAs CMECh 3aJIMBACTCS MEXKIY CTEKJISTH-
HBIMU TMOJTOKKAMHU.

[Tonumepuzarust cpeabl B UHTEPPEPEHIIMOHHOM II0JI€ TPUBOAUT K TMPO-
CTPAaHCTBEHHOM MOJYJISIIIUK TIoKaszaTesss mpesnomieHuss An. Ero BenuumHa orpe-
JesieTcsl MOAYJIAIMEN TIOTHOCTU U TOJIIPU3YEeMOCTH MOJMMEpa, a TaKKe MOIYJIs-
el ero cocraBa BciieAcTBHE AUG(Y3HOHHOTO TEpepacrpenaesieHuss KOMIIOHEHT
MEXy OCBEIICHHBIMH M HEOCBEIIEHHBIMU O0JIACTSIMU perucTpupytomero cios. Ku-
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HETUYECKOE OMHCAHNE CBOOOIHO-PAIUKAIHLHON MOJIMMEPHU3AINK BKIIOYACT CIACAYIO-
1€ OCHOBHBIE DJIEMEHTAPHBIC PEAKIUU:

1) ¢doro(Tepmo)paciiag MHHIEATOPA C OOpa30BaHHEM CBOOOMHBIX (IICPBHY-
HBIX ) PaJNKaJIOB;

2) o0pa3oBaHHE AKTHBHBIX IOJUMEPHBIX PAIUKAJIOB B Pe3yJIbTaTe B3aMMO-
JCHCTBUS TIEPBUYHBIX pATUKajIOB C MOJIGKYJIaMH MOHOMepa (peakiuus WHHUIIU-
UPOBaHUS TICTIH );

3) yBeIWYCHHE JUIMHBI MOJIMMEPHOTO pajJiMKalia 3a CYEeT MPUCOCTUHEHUS MO-
HOMEPHBIX 3BEHBLEB (peakius pocta uenu). CKopocTh poCcTa LEMH XapaKTepu3yeTcs
napaMeTpoM pocra nenu Kg;

4) mepexo. MOJIMMEPHOTO pajyKalia B HEAKTHBHYIO (popMmy ¢ oOpa3oBaHHEM
KOHEYHOTO MPOYKTa PEAKIIMH - MOJISKYJIbI oJuMepa (peakiusi oopeiBa memu). Cro-
POCTh OOpBIBA MOJIMMEPHOH IIEMU XapaKTepru3yeTcs mapamerpoM oopsia Ky;

Ceer
| MNonumepHbie
doTononumep j{, MOnEKyNbI
O 080 * N n ' n
s0, 8% %0 40, % O s® e ‘?J;,;,o s . 1 %2 1
ola-‘:"’:"‘?-‘- gw o D'oﬁ o e 8
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HMHepTHbie Monekynel OQudsdhyana Ochebyans
KOMMOOHEHTEl  MOHOMEDS HHEDTHUH KOMMOOHEHTEI MOMEKyYn MOoHOMERE

a) 0) B)

Pucynok 2.5 — IIpouecc nonmumepuszanuu B OI1IM

NurepdepeHumonHas KapTHUHa, KOTOpas SBJSETCS CJEICTBHEM B3aMMO-
NEUCTBUS JIA3€pHBIX MYYKOB HAa y4YacTKE 3alMCH, MPUBOJUT K HEPABHOMEPHOM HH-
TEHCUBHOCTHU MAJaloIer0 CBETa B MOMEPEUYHOM HampaBieHUM (BIOJIb TPAHUIIBI pa3-
nena GIIK ¢ Bo3myxom). B Tex mecTax, r/ie ”HTEHCUBHOCTD CBeTa OOJIbIIE, peaKIus
dboTononumepusaiuu nporekaer Ovictpee. [losTomy 06macT MakCUMyMOB WHTEP-
(bepeHLMOHHON KapTUHBI COAEPKAT MaKCUMAaJIbHOE KOJMYECTBO MOJIMMEpa U MUHU-
MajbHOE KOJIMYECTBO MOHOMEpA, KPacUTENsl M JOHOpA, KOTOPBIE PACXOIYIOTCS B
npolecce peakiuuu. Bo3HMKaromye Mpu 3TOM IPaJWEHThl KOHLUEHTpAalUU BEIECTB
IPUBOAST K TOMY, YTO MOHOMED, KpacUTelb U JOHOP IUPPYHAUPYIOT U3 TEMHBIX
o0nacTeil B CBETJIbIE M, €CJIM IKCIO3ULMS MPOAOHKAETCS, TAKKEe MPUHUMAIOT yda-
CTHE B peakuuu Qoronosumepusanuu (pucyHok 2.50). Juddys3us ykazaHHBIX KOM-
noHeHT PIIK mpoucxomut 10 TeX Mop, MOKa MX KOHILIEHTPALMU HE BBIPABHATCS BO
BCEM cJI0€ (PUCYHOK 2.5B).

AHanornyHeiM 00pa3oM BO3HHMKAET TPAJUEHT KOHUEHTpAIMU TOJUMepa.
Hudbdy3us nomuMepHbIX MOJIEKYN U3 MakcuMymoB B MuHuMymbl UK mpuBonutr k
paccachIBaHUIO PEIIETKH W YMEHBIIEHUI0 ee nudpakmuonnoi r¢dexruBnoctu. Ilo-
CKOJIBKY HOJIBUKHOCTH MOJIEKYJ OOpa3yrollerocs MmojiMMepa 3HAUYUTEIbHO MEHBIIE
MOJIBYKHOCTH MOJIEKYJI MOHOMEpa, KpacuTessd U JAOHOpa, TO Au(Py3us moaumepa
IPOSIBIISIETCS HA rOpa30 OOJBIINX BPEMEHHbBIX HHTEpBaNaXx.
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[Tokazarensp mpeiaoMiIeHHs MOJIMMepa OOJbllIe MOoKa3aTelsl MPEJTOMIICHHS HC-
XOJHOTO MOHOMepa (Ha pucyHke 2.58B, np > N;). Takum 0Opa3zom, MOITyJIAIUS TTOKa3a-
tens npenomiieHus: An B @IIK Bo3HUKaeT Kak CIeACTBUE MOIYJISIMA KOHIIEHTPAIIUMH
nonuMepa. CKOpOCTh M3MEHEHUS] KOHIICHTPAIlMM MOHOMEpPa CO BPEMEHEM 3allucu

paBHa:
M ~ /aﬁKI(r) ar2
= =div(D_grad M )- K K2 |[ZdZ2 7 \p3/2 2.3
d IV( mgra ) g' b 1/TO+ﬁM ( )

riae |(r) — HIHTEeHCHBHOCTH CBETOBOTO M3IIyUEHHS B TOUKE C PAIyc-BeKTOpOM I, Dy —
koauiueHT nuddy3un MoHOMEpa, g — KOIPPUIIUEHT MOTIIoNIeHNs KpacuTens , K
— KOHIIGHTpALUsl KpacuTens, [ — mapameTp peakuuud (poTOMHUIMUPOBAaHUS. DKCIie-
PUMEHTaIBbHO OBLIO ompeaeneHo, 4To koddduumeHt nud@ys3un ymeHbIIaeTcs BO
BpeMs oJIMMepu3auu [6].

N3menenune Bo BpeMeHH M B HEKOTOPOM TOYKE MPHUBOJMT 3a CYET IpoILecca
MOJIUMEPU3AINH K U3MEHEHHIO BO BPEMEHH TUIOTHOCTH IMOJIMMEPHBIX MOJIEKYJI B 3TOU
TOUKe. 3a cyeT mnpoueccoB audpdy3un MOHOMEpa MPOUCXOAUT TAKKE BBITECHEHHE
MHEPTHOM KOMIIOHEHTHI. Bce 3T mpoueccsl BeayT K U3MEHEHHUIO MoKa3aTels Ipe-
JOMJIEHUS N:

3/2
a_ An K K" afKI) M~ Ay div(D. gradM)
a Ve, + M M, . (2.4)
rae My — HauanbHas KOHLUEHTPALUST MOHOMEpPA
Cucrema ypaBHennii (2.3) u (2.4) siBiseTcss 6a30BOH ISl OMIHCAHUS TIPO-
1[ecca 3arucy rojiorpaMM B (POTOMOJIMMEPHOM MaTepHale.

AHAJHTHYECKOE ONHCAHME JHHAMHKH 3allMCH OAMHOYHBIX TIOJIOIPaMM
nponyckarmomero Tuma. CxeMa 3allicy rojorpaMMbl B IIOJIMMEPHOM cpejie n300pa-
’KeHa Ha pucyHKe 2.6. OnTH4ecKoe mojie MpeaCcTaBIAeTCs CYMMOM JIBYX BOJH C BEK-
TOPHBIMH amIIuTynaMu Eq,E; 1 BonHoBeIMU BekTopamu Ko, Ki:

E, =€, -Ae ™", E =e -Ae "™, (2.5)
rae Ag, A; MEIJIEHHO MEHSIOIIMECS 1O ' ¥ BpEMEHH aMIUIUTYIbI BOJIH, €, €; — BEK-
TOPBI MOJISIPU3ALMH STHX BOJIH.

0)
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Pucynok 2.6 — [IpoctpancTBeHHast reomeTpus () M BeKTopHas nuarpamma (0) He-
CTallMOHAPHOI'O B3aUMOJEMCTBHSI CBETOBBIX BOJIH C TOJIOrpauiuecKoi peleTkon B
($oTOnOIMMEPHOM MaTepuae Juisi HECUMMETPUYHOW MOJIEIN 3aIIUCH.

Cucrema ypaBHEHMI CBSI3aHHBIX BOJH JJIA 3aJa4M 3allMCU, HAXOAUTCS U3 pe-
meHuit YpaBHeHusi MakcBesuia (BOJHOBOTO YpaBHEHMs), TI€ B KaU€CTBE MCXOJIHBIX
noJiei B3sThI (2.5). BBINONMHUB ycpeiHEHHE 10 IEPUOY 3aMCaHHON PeETKH i Ag
u Ay, nomydum:

=—i-g,-n, (y,t)-expliay] A,
’ (2.6)

——i-g, - (y,1)-exp[-iAy] A

2|2 o2

rae Yy =x/d=(rxgp)/d, xo—Hopmanp Kk Trpanune cpeapl, A= (Ko—Kk;+ K)-xq-d,
01=7/ Asanucu -COS(&); 6 — yIIIBI MEXAY OCBIO Y M BekTopamu Kj; BHYTpH
TOJIUMEPHOTO CJIOSI.

PaccMoTpuM HeCHMMETPUUYHYIO TEOMETPHIO 3aIHUCH TONOTpadUIECKON peréT-
KU, TIOKa3aHHYIO0 Ha pUcyHKe 2.6 6. Ha 3ToM pucyHke, paanyc moilyoKpy>KHOCTH pa-
BeH 21/ 4 .

[Taparoiye BOIHBI UHTEPHEPUPYIOT BHYTPHU MOJUMEPHOTO CJI0S U POPMUPYIOT
uHTep(PepeHIIMOHHYI0 KapTuHy. [Ipeanonoxum, uto Ag = Ay, U 4TO cpeaa obaagaeT
KO3 PUIIMEHTOM 3aTyXaHUsl @, TaK 4YTO HUHTEp(EPEHUMOHHAs KapTHHA CBETOBOIO
moJis OyJieT:

1(r,t)=1,(t)exp[-ayfiL+cos(p)} (2.7)
rie lo (t) -BpemeHHas orudaromas J1a3epHOro HMITYJIbCA.

3anuch rojorpa@uueckoil pemeTkl MpoU30iMIeT B COOTBETCTBUU C paclpese-
nenueM cBeta (2.7). ludpakius CBETOBBIX MMyYKOB Ha ATON pelieTKe MPUBEAET K 13-
MEHEHHIO JTAHHOTO paclpe/esieHus, OJIHaKo, Oy/ieM mosarath AUGPaKIIMOHHYIO (-
(eKTUBHOCTH Majioll W Bo3MyIleHueM noJia (2.7) Oynem nmpeHeOperarb. ITO MO3BO-
JISIeT He pemiaTh 3a1a4y Judpakiiuy U MOJ0KUTh aMIUIUTYy OTIOPHOTO My4dkKa Ay mo-
cTostHHOU. Torna u3 cucteMsl (2.6) MoIyYrM CIEAYIONMINUE BRIPAXKEHUS JIJIST aMILTUTY-
JbI TU(ParupoOBaHHOTO MyYKa A; 1 tero HHTEHCUBHOCTH ;!

Ai(t) =—i-d- 9. AbJ.nl(L y)dy - |1(t) = Io(t)|:d ’ glJ.nl(t’ y)dy:| (28)

rae |y, lg — UHTEHCUBHOCTH MPONIENNIEr0 U AU(PPArUPOBAHHOTO IMYYKOB COOTBET-
CTBEHHO.

CoBokynHOCcTh ypaBHenu#t (2.3), (2.4), (2.6) oOpa3yeT 3aMKHYTYIO CHCTEMY,
OTKCHIBAIONIYIO MTPOLIECC 3alMCHU TOJIOTpaMM B (POTONOJIUMEPHOM MaTepuase.

[TosicHUM MOMEHT, CBSI3aHHBIA C Malod AUPPAKIMOHHOU 3(HPEKTUBHOCTHIO
H/IP. B ®IIM nHeobxoaumo 3anucath Oosbinoe kommuectBo HJIP ¢ paBHoit nudpak-
HUOHHOW 3((PEKTUBHOCTHIO. DTO MPUBEAET K TOMY, YTO MOHOMEpA HE XBAaTUT JIA
JOCTHKEHUSI OOJBIINX NU(PPAKIIMOHHBIX XAPAKTEPUCTUK y KaXKI0W rojorpammsl. U
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1o 3ToMy OyJeT HOCTaTOYHBIM paccMaTpHUBaTh Cioy4yail ManbiX 3QPEeKTUBHOCTEN AH-
dbpakuuu. B aTom ciydae, u3 cuctemsl (2.6) ocTaHeTcs TOIBKO NEPBOE YpaBHEHUE.

VYpaBHeHHE IS HYJICBOW TapMOHHKH KOHIGHTpammu MoHomepa Mo(z, ),
OTIpEJIEIISIIONIEE CPeIHEE ero 3HaUeHue Oy IeT:

M, (z,y)=M, {1+2—;exp{—a%ﬂ2, (2.9)

rae r:%p— OTHOCHUTCIIBHOE BpeMms, T -1 algfo< > Ay ] / /2K — BpeMs IOJIN-
MepHU3alu.
VYpaBHeHHS JIs1 aMILTUTYAbI TiepBoii rapmMoHuku M(t,y) u ny(t,y) OymyT:
1 T ' 7' . . '
M, (7,y) = — -jB(r,y)-eprA(r y)dz jdr, (2.10)
exp(j Az, y)dr'} 0 0
0

. . 5.6- exp[ j
e J.A(r',y)dr'=exp K;.ij(r',y)dH j M, (z)d7"
0 0 0

I"I

HHH nl(tly):
nl(t,ry)znlp (t,ry)Jrn1i (t,ry), (2.11)
,(5,Y) {ﬁj/w V) -M,(e',y)de'+
g (2.12)

8 f I y
+W-([MO(T ,y)sz }xexp(—aaj-é‘np

o, K,
N (7,Y) === = [ Dy (ML (' y)d (2.13)

Pemrenne (2.10), (2.11) 3amucanbl kak (yHKIIMH OT MPOCTPAHCTBEHHON U Bpe-
MEHHOH KoopauHatsl. OTCIOA CIEAYET, YTO B MPOLECCE 3AIIMCH, BO-TIEPBBIX aMILIU-
TYJIHBI NPOQUIIb 3aNHUCHIBAEMON PEIIETKU SBJISAETCS HEOJHOPOAHBIM, BO-BTOPBIX
TpaHC(HOPMHUPYETCS BO BPEMEHU, M B TPETbHX, KUHETHKA U3MEHEHHS aMIUIMTYIbI
PEIETKN B KaKJIOM IPOCTPAHCTBEHHOW TOYKE SBJISETCS PA3NIMYHOU U ONPEAEISETCS
BKJIaJlaMd B aMIUIMTYAy Tojorpaduyeckoi peleTkd MpoleccoB MOJIMMEpPU3ANU U
BBITECHEHUSI UHEPTHON KOMITOHEHTHI 32 cyeT AU y3un MOHOMEpa, KOTOpPbIE Mpo-
HOPLUHOHATBHBI ANy U AN;. DTO UILUTIOCTPUPYIOT I'pauKU HA pHUCYHOKE 2.7.
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+ 1.08
- 0.86
- 0.65 M
- 0.43

- 0.22

Pucynok 2.7 — [IpocTpaHCTBEHHO-BpEMEHHbIE MPOPUIN HOPMUPOBAHHOMN aMILITUTY-
IbI IEPBOM TAPMOHUKH MOKa3aTels mpesomieHus, rae b=Ty/Ty, T, = }{GD — Bpems
m

naddy3ur MOHOMEPA, T, — BpeMs ITOJIMMEPHU3ALIUH.

B oGmactu mapamerpa b <1 (pucynok 2.7 a) noryiomneH1e NpuBOJUT K TPAHC-
dbopmanu poduiis Mo IyOMHE PEIIeTKH OT CHAJaroliero K BO3pacTarolleMy 3a
BpeMs 3amKcH. ITO OOYCIOBIEHO YMEHbBIIEHHEM CKOPOCTH MOJIMMEpPHU3ALUU B 00Ja-
cta (0.5 <y/d <1) BciencTBue YMEHBIICHHS WHTCHCUBHOCTH 3aITUCBIBAIOIINX ITyY-
KOB, BBI3BAHHOT'O ONTHYECKUM 3aTyXaHHEM, YTO MPUBOJUT HA HaYaJbHOU CTaJHNH 3a-
MUCH K crajaromeMy npopuio pemeTkd. 3aTeM Npoduiib pemeTku co BpeMeHeM
3alMCU CTAHOBHUTCS BO3PACTAIOIIMM. JTO CBS3aHO C W3MEHEHHEM COOTHOIICHUS
MEXIy BpEMEHEM MOJIMMEpHU3aluil U BpeMeHeM auddy3un MoHOMEpa Mo riayOuHe
pemeTku. B pesynbrate nuddy3noHHbIE MPOIIECCHl MOHOMEPA B 00JIACTSIX PEIIETKH C
HauMeHbIIel nHTeHCHBHOCTHIO (0.5 <Yy/d < 1) mpuBOAST B Mpoliecce 3amucu K yBe-
JMYECHUIO KOHIIEHTPALlUd MOHOMEpA U BCIEACTBUE 3TOTO K YBEJIUYEHHUIO aMILIUTY/IbI
PELIETKU B YKA3aHHBIX 00JIACTSX.

B pesynbrare npu BbIXOJI€ HA CTAIMOHAPHBIN y4acTOK 3alucy Npopuib cTa-
HOBUTCSI BO3PACTAIONINM U, KaK CIeACTBUE, 3PPEKTUBHOCTD TUPPAKIUN YBEIUUUTCS
M0 CPaBHEHHUIO CO ciaydyaeM Oe3 3aTyxaHud. Ciaeayer OTMETUTh, UTO JaHHbIN 3D deKT
UMEET MECTO TOJBKO B JJaHHOW oOsacty mapamerpa b, korma nauddy3noHHBIC MPO-
LECChI HE JIAIOT BKJIA/1a B MOJIMMEPU3ALMOHHBIE MPOLECCHI 3aITUCH.

B ciygae b=Tp/Tm > 1 (pucyHok 2.7 6) MpOUCXOAUT YMEHbBIIICHUE BKJIaaa ca-
MOT0 MOJUMEPHU3AIMOHHOTO MpoIecca B pe3ysibTaTe€ YMEHBUIECHUSI CKOPOCTH MOJIH-
mepusanuu B o0aactu (0.5 <y/d < 1) BBI3BAHHOTO YMEHBIIICHHEM HHTECHCHBHOCTCH
3aMMChIBAONIMX My4KkoB. Kak pe3ynbTaT mpoduiib BO BCE BpPEMs 3alHMCH OCTaeTCs
yObIBaroIuM U 3()PEKTUBHOCTH MU(PPAKITNN HA CTAIIMOHAPHOM YYaCTKE MEHBIIIE YeM
JUTst citydasi 6e3 3aTyXaHHsl.

B orcyrcTBUM ontudeckoro norfomieHus B @IIM, 3aBucumocth qudpakiinoH-
HOM 2 (PEKTUBHOCTH JTyda OT OTHOCUTEJILHOM OpEroBCKOM pacCTpOUKHU OYJIeT:

2y (8) < (S‘”TAJ (2.14)
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Ta xe 3aBUCUMOCTB, HO C Y4ETOM MPOIECCOB MPOTEKAEMBIX B MOTJIOMIAIOIINX
®IIM Oyner:

2

7,(8) =|9,-d- [n(z,y)-0p(j-A-y) dy (2.15)

rIe ] — MHAMas eauHuIia. TakuM oOpa3oM, ammapatHas (QyHKIHsS (a3oBOH ToJIO-
rpaMmbl, 3anucanHoi B @IIM, onpenensiercst BeipaxkeHueM (2.15). OTHOCUTENbHAS
Bbperosckas paccTpoiika A MOXeT ObITh MEpecuruTaHa B JJUHY ONTHYECKOW BOJIHBI
iy B yroy HakjoHa OIIM.

AHaJIUTHYECKOE ONMKMCAHUE U AJropuTm npouecca sanucu H/AP npomyc-
KAIOLIEro TUNA MYyTEéM yIJOBOr0 MYJbTHILIEKCUPOBaHMSA. MaTeMaTHYECKYIO MO-
JeNb JUTsl 3aIACH OJTMHOYHOU TOJIOTPAMMBI, MOKHO MOAU(MUIINPOBATH HA CIIy4ai To-
cinenoBarenbHOM 3anucu Heckoabkux H/IP B ®IIM. Kak yxe roBopuiocs, nocieno-
BaTeIbHAs 3anuch rojorpaMm B @IIM oTimyaercs OT 3aliCU B KpUCTAIaX TEM, 4TO
M0 MEpe 3alucu PEHIETKH pacXoayeTcsi MOHOMEp Ha 00pa30BaHHE MOJUMEPHOU I1e-
TH.

[Mpunnun 3anucu ronorpapudeckux HJ/IP cxemaTudecku mokasaH Ha pUCYHKE

2.8 a. Kaxmas ronorpamMma 3amuchIBaeTCs Mo CBOUM yriioM ¥, ¢ OJIMHAKOBBIM YT-

JIOM CXOXJICHHUS 3alMCHIBAIONIUX JIa3€PHBIX MYyYKOB Oy B T€UECHHUE OMpPEACIEHHOTO

Bpemenu ti. IIpm stom B ®IIM, u3 3a mpoueccoB paguKaIbHOW IOIUMEPHU3ALUY,

dbopmupyetcs dazoBas ronorpaduueckas pemerka. TUNOBbIE XapaKTEPUCTUKU IU-

HAMUKH 3aIHCH TaKUX PEHIETOK, T.€. 3aBUCUMOCTH JUPPAKIUOHHON 3P(HEKTUBHOCTH

OT BPEMEHHM 3allucy (IKCIO3UIMM), 17151 TpEX nepBbix HJIP, npencraBieHbl HAa pUCYH-

ke 2.80. MoaenupoBanue MexaHuszMma rnociegoBareasbHoi 3anvcu HJIP B ®IIM co-

CTOUT B CIEAYIOIIEM:

e 3anmceiBaeTCs TmepBasi rosorpamma (kpuasi 1, Ha pucysnke 2.8 6) mox yrimom ¥
(yros Mexay HOpPMaJlblO K MOJIUMEPY U OMCCEKTPUCOU yIJia CXOXKACHUS 3aIUChI-
BAIOIIUX MYYKOB), U C HAYaJIbHOUM KOHIIEHTpalnueid moHoMmepa M, =My, rie Mg —
HayajgbHas KOHLIEHTpaIMs MOHOMepa 110 Tpoiliecca 3anucu. [lo mepe 3amnucu pe-
HIETKM MOHOMEDP PACXOJyeTCs 3a CUET peakiuu noiaumepusaiuu. [Ipu noctmxke-
HUU 33JJaHHOUN TU(paKIMOHHON >(PEKTUBHOCTH PEMIETKH 7o, 32 BPEMS DKCIO3U-
1y {3, 3amuch TroJIorpaMMBbI Tpekpamiaercs (pucyHok 2.4 a) u ompenesnseTcs
ocTaBIIasiCsl KOHIEHTparuss MoHomepa Mp,< M,;. OTmeTum, 4TO Ha PHUCYHKE
2.8 6, MyHKTUPHOM JIMHHUEH 00O03HAUCHA JMHAMMKA 3alMHMCH JTU(PPAKIIMOHHOU pe-
mETKU, eCau Obl 3aMKiCh TOJIOTPAMMBbI HE MpeKpalanach, a MpoaoKaiach 1allb-
ie.
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Pucynok 2.8 — Cxema nocnenoBarenbHoi 3anvcu HJIP B ®IIM (a), nunamuka
nudpakiiMOHHON 3P GEKTUBHOCTH, JJIsl TPEX MOCIeI0BaTENbHO 3anuchiBaeMbix HJIP
(0) 1 3aBUCMMOCTH HOPMUPOBAHHOH TU(PAKIIMOHHOMN 3()PEKTUBHOCTH OT PacCTpoOii-

ku bperra ans Tpéx 3anucannubix HJP (B).

e 3anuceIBaeTcs BTOpas rojiorpamMma (KpuBas 2 Ha pucyHke 2.8 0) mox yrioMm ¥,
(pucyHok 2.8 a), HO YK€ C Ha4aJIbHOW KOHIIeHTpainend MmoHomepa My,. Ilpu no-
CTUKEHUU 3HAYEHUS 7]g, Y€pe3 MPOMEXKYTOK BpeMEHH ,, 3amuch rosorpammsbl
CHOBa IMPEKPAIIAECTCS W OMNPEACNISIETCS OCTAaBIIAsCS KOHIIEHTPAIMsT MOHOMEpa
Mz < Mp,. lanee 3T0oT mpoliecc MOBTOPSIETCS TAaKO€ YUCIO Pa3, CKOJIBKO TOJIO-
rpaMM HeoOXoauMo 3amucaTb. OTMETHUM, YTO BPEMS SKCIO3UIUMHU, C POCTOM II0-
PSAIKOBOTO HOMEpA 3aMMChIBAEMOM TOJIOTPAMMBI M TIPH YCIIOBUU PaBHBIX JU(pak-
MMOHHBIX A(D(PEKTUBHOCTEN YBEIMUYUBAETCS. ITO CBSI3aHO C U3MEHEHUEM JUHAMU-
KM 3amucu rojorpamMm (pucyHok 2.8 0). BenencTBue ucTOlIeHUsT KOHIICHTPAIIUU
MOHOMeEpa HE0OXOAMMO OOJIBIIE SHEPTUU JJISI TOCTUKEHUS TOM K€ TudpaKkiuoH-
HOM 2 (PEKTUBHOCTH, KaK U y MPEABIAYIINX FOJOTPaAMM.

e Ha ocHOBe HaWIEHHBIX BPEMEH 3aIIMCU PACCUUTHIBAETCS 3aBUCUMOCTh UHTECHCHUB-
HOCTH TU(PparupoBaHHOTO IMyYKa OT OTHOCUTEILHOM paccTpoiiku bperra, mu6o ot
yrijla MajieHusl CYUTHIBAIOUIErO roJIorpaMMy Jiydya, Wid OT JJIMHHBI ONTHYECKOMN
BOJIHBI. B mociienHuX nByX cilydasx IIOJIy4aeM YIJIOBOM WJIM YaCTOTHBIA CIIEKTP
JUIsl YCTPOWCTBA CEJNEKIUU JUIMH BOJIH Ha ocHOBe HI'P 3ammcanubix B @IIM. Ha
OCHOBE JTHX CIIEKTPOB (aMMmapaTHBIX (PYHKIMN) OMPEAEISIOTCS MEePEXOaHBIEC TO-
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MEXH, U COOTBETCTBHE WX MOCTaBJIECHHBIM TpeOoBanusM. Ha pucynke 2.8 B, mpu-
B€JICHA 3aBUCUMOCTh HOPMUPOBAHHOU NUPPAKIUOHHON 3PPEKTUBHOCTU OT pac-
cTtpouriku bperra s Tpéx 3anucannbix HJP npu cnenyromux napamerpax moze-
mi: o=1Hn, dn,=107% om=107 d=20mxM, n=1.45 Oy =20° ¥ =0°,
?,=5° ¥3=10°. Bce Tpu rosiorpaMMbl 3allMCaHbl MPU YCIOBUM PABEHCTBA UX
TG PaKIUOHHBIX b dekTuBHOCTEH (779 = 1%0).

OTMeTUM, YTO CIIEKTPAJIbHBIE COCTABJISIONIUE TPYIIIOBOTO CUTHAJA C Ag, Ay, ...
, An, TUGPATUPYIOT HE TOJIBKO HA «CBOEH» peméTke ¢ BeKTopoM K, s KOTOpoi BbI-
IIOJIHSAETCS ycioBue bpera, HO U Ha BCeX OCTaJbHBIX. B 3TOM Cilyyae ypOBEHb «IIpO-
COYMBIIETOCS» CUTHAlA U3 COCEAHUX Ka-
HaJIOB Oy/IeT HWXKE, U ero MakCUMaibHOE .,

L 3

3HaueHHUE OyIEeT OMpEeNesThCS 3HAYCHU- Makcumym

eM bperrosckon paccrporku A;. Ha pu- A~ TNOMEXW B

cyHke 2.9 m3oOpakeHa BEKTOpHas aua- k 2 TPeTui KaHan

rpamMma Uit 3anucaHHbiX B DIIM, Tpéx 1

HI'P B MoMeHT nudpakiuu cBeTa Ha mnep- A Makcumym

BOoM peméTke ¢ BektopoMm Kj. [lns sToit rlomexu Bo

pPELIETKN BBINOJIHAETCS ycloBue bpera 8TOpOM karan

(A =0). Tak >xe cBeroBas BOJIHA Audpa- > X

TUPYET U Ha JBYX OCTaJbHBIX PEHIETKAX C

BekTopamu K; u Ksz. B atom ciyvae, un- }

TEHCUBHOCTb JU(PAarupOBaHHBIX JIy4el OcHosHOW
MaKCHUMYM

Oyner odeHb Mana (T.K. Oyay MpHUCYT- _
CTBOBaTh pacctpoiika bpera A; u A;) Ho, 1
TEM HE MEHEE, OHU OYyJIyT BHOCHUTH Tepe-
XOJHBIE TIOMEXH B COCEJIHUE KaHaJIbI.

JIns ydy€ra HayaapbHOM KOHIIEHTpa-
1y MoHomepa Juia kaxaou HI'P, BBeném
B ypaBHeHus (2.10, 2.11) unaeek | — HOMEp TOJIOIPaMMBbI, U TICPEIHUILEM X, YXKE C
Y4ETOM HMCTOLIECHUS MOHOMEpA ISl KaXIO0M MOCIEAYIOLIEH 3alMCAHHOM PELIETKH.
BeipakeHue 1)1 aMIUTATY/IbI TIEPBOM TapMOHHMKHM KOHIIEHTPAIMK MOHOMEpaA IS 1-0i
roJIOTPaMMBbI 3aUIIETCS:

Pucynox 2.9 — BektopHas nuarpamma
cuntbiBanusg HI'P

M,(z,y,i)=— _8'M”i y-exp‘:—a%]jA(T',y,i)-Mo(T',y,i)3/2dT'

Alt,y,i)-32T;-M 2 0 (2.16)

. f vy 28 YT T

rae Az, y,i)=K2[D, (s, y,i)dc+————"¢ {— —] JM (7', y,D)dz",

A (z,y,1) p.([ (T y ) 4 \/M—m'57TTpi XP az E[ o(7' y,i)dz

aAMILTUTY/1a HYJCBOW TapPMOHHUKHU:
-2
MO(Tl y’i):Mni |:1+£exp|:—ai:l:|

7 21] (2.17)

Mpi — HaYaJIbHAs! KOHIIEHTPAIHM MOHOMEpa Ha MOMEHT 3aIlUCH -0 TOJIOTPaMMBI, T p;
— BpeMs TIOJIMMEPH3aIii Ha MOMEHT 3aIMCH I-OH TOJIOTPaMMBI.
[TepBas rapMoHuKa mokaszaress npeaomicHus Ny(ty,i) Oymer:
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N on, y
nl(T, y, |) = Fpi-exp[—a E:| .
. \3/2
4+ 8 MO(T|1y1I) dT'—
37T, M

ni ni 0

(2.18)

Bripaxkenue (2.18) coBmecTHO ¢ nepBbIM ypaBHeHHEM (2.37) cocTaBisIeT OC-

HOBY IS OTIpeeiieHus AudpakironHoi s3¢dekTuBHoCcTH i- 0if HJIP
2

1
14 (A) =|Ay | 1|Ag|° =|G; - [y (7, y) -exp(i-A-y) dy| |
0

rne G; =zd/Acos(8), 6 — yron CuuThiBaHUS I-0¥ TOJIOTPaMMBI B (hOTOMOIUMEPE, U

COOTBCTCTBCHHO KOZ)(i)(i)I/II_[I/IeHTa nepcaadunu I-oro xanasia JACMYJIbTUILIICKCOpPA,.
2

Ti(4) =|G; ']:nli(fi y,i)-exp(i-A-y) dy| . (2.19)
0

OtHocuTenbHas pacctpoiika A B (2.48) cBs3aHa ¢ U3MEHEHUEM JITTUHBI OITH-

4eCKOM BOJHBI OA=A-/; | yria cuuteiBanus 00=0-6 (06=0o1/2nA cosé)

A:54947md sing; , A=5/1@tan9i,

OTHOCHTEJIBHO UX 3HAUCHHA, YIOBJICTBOPSIONINX YCiIoBHIO bparra sinG=4/2nA.

Takum o6pa3om , Belpakenus (2.46),(2.48). sBiustoTcs MaTeMaTHYEeCKOH OC-
HOBOM JJI1 KOMIIBIOTEPHOTO MOJENMpPOBaHus annapatHod QyHkuus WDM nemyib-
TUIUIEKCOPA HA OCHOBE HAJIOKEHHBIX TojorpamMm B OIIM.

2.3. PacuyéT OCHOBHBIX OLICHOYHBIX XapPaAKTEPUCTUK

J1j1st TOrO 4TOOBI MOCTPOUTH AEMYJIBTUIIIIEKCOP HA OCHOBE HAJIOKEHHBIX pemié-
TOK B (DOTOMOIIMMEPHOM MaTepuaie, HE0OXOIUMO pacCunuTaTh HEKOTOpPhIE apaMmeT-
PBI MIX 3aITUCH U YCJIOBHS CYUTHIBAHUS, B COOTBETCTBUU C 33JJaHHBIMH TPEOOBaHUSIMHU
K pa3zpabaTeiBaeMOMY JeMYJIbTUILIEKCOPY. ONpeaennum 3Ty apameTphl.

JAudpakuuonnas 3peKTHBHOCTH

HMudpakunonnas 3¢pGHeKTUBHOCTh — 3TO MOITHOCTh U3ITyUCHHsI, HAITPaBIsIEMOE
B Iu(parupoBanHyto BoJHy. OHa BJISIETCS BaXKHOM KOJIMYECTBEHHOW XapaKTEepUCTH-
KOM roJIOrpaMMbl M 3aBHCUT OT MHOecTBa (pakTopoB (mapamMeTpoB (oTomnoaumep-
HOTO MaTepuasa, yCIOBHI 3alKMCH U CUUTHIBAHUS, YHCIIa HAJIOKEHHBIX TOJIOTpaMM U
T.4.). Audpakimonnas 3¢ppexTuBHOCTD OnpeenseTcs Kak OTHOIIEHUE MOTOKa U3ITy-
4yeHus: B qudparuipoBaHHOM BoJIHE |; K MajaroiieMy Ha rojiorpaMMy MOTOKY H3JIyde-
Hus | (pucyHok 2.6).
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MaxkcuManbHyI0 JOCTHKUMYIO TU(PPaKIHOHHYIO 3(P(HEKTUBHOCTH MOXKHO OLle-
HUTH 110 popMmyiie:

1
Mdmax =~ (2.20)
n

rae N — uucio HanmokeHHBIX pemérok B OIIM. Ha mpaktuke sta mudpaxinuoHHas
3¢ HEeKTUBHOCTD OyJIET 3HAUUTENILHO HUKE U3-3a pacxojJa MOHOMEpa Ha 00pa3oBaHUe
MOJIMMEPHBIX Liernen, kotoporo B OIIM orpanmuenHoe konmyectBo. IIo atomy pe-
aTbHYI0 TUPPAKIMOHHYIO 3(h()EKTUBHOCTh, a TeM 0oJiee paBHYIO, JUIsl BCEX HAJO-
JKEHHBIX TOJOTpaMM, 3anucaHHbiXx B PIIM MOKHO HaWTH, TOJBKO HCIIOJIb3YS YHUC-
JIEHHBbIE MeToAbI Ha DOBM.

Yroa nudparupoBanHoii BoJHbI (Opy) € 32JaHHON ONTHYECKON TJIMHOI ;.

[Ipu gudpaknuu HA 00bEeMHOHN rojorpaduueckor pemérke (pucyHok 2.10)
CBETOBO IIyYOK IMOCJIEI0BATEIBHO PACCEUBAETCS OT OOJIBIIOIO YUCIa NEPUOJUIECKU
PAcCIIONIOKEHHBIX TMMOBEpXHOCTEeH (mydHoctel), Ha pucyHke 2.10. 0003HaUYEHHBIX
NYHKTUPOM. UTOOBI aMIUTUTy1a pe3ynbTHpYIOWEH AudparupoBaHHON BOJIHBI ObLIa
MaKCHUMAaJIbHOM, pacCesSHHBIE BOJIHBI JOJIKHBI ObITH B (haze. /s 3Toro Heo6xoaumo,
4yTOOBI BBITIOJIHSJICA 3aKOH bparra.

F

£
oM
(napgawowas 4 ) (AndparvposaHHas
BOMNHA) BONHa)

4 "

Pucynok 2.10 — JIludpakuus cBeta Ha 00bEMHON peréTKe
DTOT 3aKOH CBSA3BIBAET MEXIY COOOU JIMHY BOJIHBI CBETA B BO3AYXE Ag, CPE/I-
Hee 3HaueHue mnokazatens npesnomiieHus OIIM — n, 6y — yron majgeHusi CBETOBOM
BOJIHBI Ha PAaCCEUBAIOIIME MOBEPXHOCTH U PACCTOSIHUE A MEXKIYy dTUMH MOBEPXHO-
CTSIMU, HA3bIBAEMOE Nepuooom pewiémku. 3aKOH 3alHChIBACTCS CIEAYIOIMNM 00pa-
30M:

2Asing, = @ : (2.21)
n

Takum oOpaszoMm, mpu wucnosb3oBaHuM rosorpaduueckoir HJIP B kadecTBe
buIbTpa BOXHO OMPENETUTh Yrod Opg, O KOTOPHIM OyneT nudparupoBaTh Jyd C
3aJJaHHOM JTMHOM BOJIHBI Ao = 4; (TZie 4;j cooTBeTCTBYeT YacToTHOMY Iuiany ITU-T).
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[lepuon pemérku A ompenensercs W3 YCIOBUW 3alUCH TOJOTPaMMbI Ha OCHOBE
(2.21), c yuérom 3aMeHBI: Ao = A samucus Oo = O (sanucu)- TAK Ke CIETYET y4ecTb, UTO yI-
7b1 Oy, O\ 1 Opw, cBsI3aHbl 3akoHOM CHenyca:

sin 4, n'’ '

rae N’ — nokasatens npegomienus cpeasl Bue OIIM (uis Bozgyxa n’ = 1).

F

£
oM
(napgawowas 4 ) (AndparvposaHHas
BOMNHA) BONHa)

4 "

Pucynok 2.10 — [Iludpakuus cBeta Ha 00bEMHON peréTke

ITpu 3anucu H/IP, mo paccmarpuBaeMoil cxeMe IMOCIeI0BaTEIbHOTO MYJIBTH-
IJICKCUPOBAHUS, IEPUOJT pelIETKA A OyJeT MOCTOSIHHBIM, T.K. IOCTOSIHEH YTOJI 3aIu-
CH O\ (sanucu)-BCEX TOJIOTPaMM, a M3MeHseTca Toibko HakiIoH ®IIM Ha yron AY.
VYuuteiBas 370, iepenuiiem (2.21) B Bue:

Obw. i = asin(;‘—['\] —AY-(1-1), (2.23)

riae | — naaekc 3anuceiBaemon HJIP.
Takum 00pazoM, yros AUpparupoBaHHON BOIHBI Opy € 33JaHHON ONTUYECKON
mHOU A 1t i-oro punsTpa (HAP) onpenensiercs Beipakenuem (2.23).

CesexkTuBHOCTBb rosiorpapuuecknx H/IP

CelleKTUBHOCTh TOJIOTPAMMBI OMNPENEIAET XapaKTEP YMEHBIICHHE WHTEHCHB-
HOCTH TU(PparupoBaHHON BOJIHBI MPU OTKJIOHEHUU YCIIOBUW CUYUTBHIBAHUS TOJOTPaM-
MbI OT ycnoBuid bperra. CyllecTByeT CHEKTpajibHasi CEJIEKTUBHOCTH TOJIOTPaMMBI,
CBSI3aHHAS] C U3BMEHEHUEM JIJIMHBI BOJHBI MU3JyYCHHS! CUMTHIBAHMS, U YIoBas CEJIeK-
TUBHOCTb, 00YCJIOBJICHHAS] M3MEHEHHEM YTJla CUUTBIBAHUS TOJIOrpaMMbl. [omorpam-
MbI, 3anucadible B @IIM 001a7a10T BEICOKOM CEIIEKTUBHOCTBIO, T.K. SBIISIOTCS 00b-
E€MHBIMU.

MakcuMyM MHTEHCUBHOCTH JTU(PParupoOBaHHOM BOJHBI HAOIIOIA€TCS MPHU YIJIE
bparra 6y u nnuae BostHbl bparra Aq (pu atom, A = 0). [Ipu OTKJIIOHEHHU OT YCIIOBHIA
bparra (0 = 6y &+ 60 u A = A £ O\) UHTEHCUBHOCTH TU(PParupOBaHHON BOJHBI YMEHbB-
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mraercs (A # 0), kak moka3aHo Ha pucyHke 2.11.
1

A (50; 51

Y

00, 4,) A (0,450; A,+61)
Pucynok 2.11 — TlapameTpsl, onpeAesioniue CeIeKTUBHOCTh TOJI0TPaMMBbl

VYrioBasi CENEKTUBHOCTh TOJIOTPaMMBbl ONIPEACIISIETCS KaK UHTEPBaJ YIJIOB Ia-
JIEHUSI INIOCKOW MOHOXPOMATUYECKOW BOCCTaHABIIMBAIOIIEH BOJIHBI HA TOJIOTPAMMY, B
KOTOPOM MHTEHCHUBHOCTH JU(ParupoBaHHON BOJHBI MPEBBIIIAET MOJOBUHY €€ MaK-
CUMaJIbHOTO 3HA4YeHUs (ABYXCTOPOHHSA cTpeska Ha pucyHke 2.11). ChnekrpanbHas
CEJICKTUBHOCTH T'OJIOTPAMMBI OTPEIETIIeTCSl KaK MHTEpBAJI JIJIMH BOJIH (4acTOT), B KO-
TOPOM MHTEHCHUBHOCTH AU(PArupOBaHHON BOJIHBI IMPEBOCXOAUT MOJOBUHY €€ MaK-
CUMAJILHOTO 3HA4YeHUs (JBYXCTOPOHHSISI cTpelika Ha pucyHke 2.11). Ilpu stom rosio-
rpaMMa JOJDKHA OCBEIIAThCS HU3IyYEHHEM, PACXOAMMOCTh KOTOPOTO CYLIECTBEHHO
MEHBIIIE YTI0BOU CEEKTUBHOCTH JAHHOM rOJIOTPAMMBI).

YrioBas cejieKTUBHOCTH (AD). Kak yxe ToBOpHIIOCH BhIIIE, TapaMeTp A siB-
asieTcst 0000MEHHOM paccTpoiikoi bperra u MoxeT ObITh IEPECUNTAH B YTOJI HAKIIO-
Ha ®OIIM (imbo, 4To TOXKE caMoe, B yrou najaeHus uznydenus Ha ®IIM) ciaenyromum
o0Opazom:

A= Tol sin (2.24)

rae 06 — oTcTpoiika oT yriia bperra. YTiioByro CelneKTUBHOCTh PEIIETKH, B paMKax
JIBYXBOJHOBOUM TeopuM (IIJis1 CUHYCOUJAIbHOTO npodusis Gpa3zoBoi peniéTkr) MOKHO
OIICHHUTH BBIPAKCHUEM:

2A0 z% (2.25)

Buano, yto TonmuHa ®IIM d sBisieTcsl BBDKHBIM MapaMeTpOM YIPaBJICHHUS
YIJIOBOM CENEKTUBHOCTHIO. {11 COBPEMEHHBIX CaMOMpPOSBISIOMUXCA (HOTOMOIUME-
POB BO3MOKHBI Bapyauuu ux ToamuHbl OT 10 70 2000 MKM.
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[Ipu ompeneneHnn mepexoHBIX MOMEX B JEMYJBTUIIEKCOPE HA OCHOBE IO-
CJIEIOBATEIBLHON 3aliCH roJIorpaMm, MpHu pazinyHoM yrie HakiioHa DIIM (BekTopa
K), yrioBas celneKTUBHOCTh TECHO CBsI3aHa ¢ BenM4yuHOM yriia AW (imar yria Hakiio-
Ha ®IIM). YUem oH Oosibllie, TeM Ha OOJBIIUN yroa OyaeT audparupoBaTh CBETOBAs
BOJIHA U TEM MEHbIIIME TIEPEXOIHbIC TOMEXHU OyayT y AeMyJbTUILIeKcopa. Benmnunny
AY MOXHO OLIEHUTH CIEAYIOIIUM 00pa3oM:

AY > 4-A6 (2.26)
T.€ YIJIOBOM pa3HOC KaHAJOB, JOJHKEH ObITh KaK MUHUMYM B JIBa pa3a OoJIbIIe YeM
yIJI0Basi CENEKTUBHOCTH rosorpadpuueckux HI'P.

CnekTpajbHasi ceJleKTUBHOCTH (AA). [Ipy OTKIIOHCHHH JUTMHBI BOJIHBI, T1a-
Jaroliei Ha rojorpaMmy ot yciaoBus bperra Ha 3nadenue £0A (OA / Ay << 1), makcu-
MajibHas d(PPeKTUBHOCTD Oy/IeT HAOMIOJAeTCsS IMPU OCBEIICHUH HE oM yrioMm O, a
1oJ HOBBIM yIJIoM bparra 6y + 66. Bennuuny 66 MOXXHO BBIpa3uTh uepe3 OA, BBE/S B
(2.21) HOBBIC OpATOBCKHUE MapaMeTpbl Hy + 66 u Ao + oA

2ANSIN(Gy + 50) = Apoe + OA (2.27)
[Tonaras, uto sin (60) = 60 u cos (60) =~ 1 u ucnonb3ys (2.21), HoayInM:
00 = ﬁtg 6, (2.28)

Ao

[Toncraisis (2.28) B (2.24), moJy4uM BBIpAXKEHUE JJI1 3aBUCUMOCTH OTHOCH-
TenbHOU BperoBckoit pacCTpoku A OT BEIMUMHBI OTKJIOHEHUS JITTUHBI BOJHBI O\

A=—%tga( 27" .4 sing, (2.29)
Ao Ao

CrekTpanbHyI0 CEIEKTUBHOCTh PEHIETKH, B paMKax JIBYXBOJHOBOW TEOpUH
(i1 cunycouanbHOro npoduist pa3oBoil peléTKN) MOKHO OLIEHUThH BHIPAKEHUEM

2AA ~ %%cot@o (2.30)

Tak ke Kak U B CiIy4ae ONpeIeJICHUs! YTI0BOM CENeKTUBHOCTH (2.25), Ha criek-
TPAbHYIO CEJIEKTHBHOCTh TaK K€ OKAa3bIBACT CYIICCTBEHHOE BIIMSHUE TOJIIIMHA
®I1IM d.

Ha pucynke 2.12 n300pakeHbl HOPMUPOBAHHBIE 3aBUCUMOCTH OTHOCHTEIILHOMN
nudpakiiMoHHON d()PEKTUBHOCTH NJIsl IBYX TOJIOTPAMM, OT JJUHBI ONTHYECKOW BOJI-
HBI, IPU YaCTOTHOM Pa3HOCE IEHTPAIBHBIX MAaKCUMYMOB JH(parupoBaHHBIX CBETO-
BbIX BOJIH — 400 I'ru. CnektpansHas ceneKTuBHOCTH 3Tux HI'P cocraBmser 0.8 HM
nipu Tomuae OIIM — 300 mxm u yrie 3anucu Gy = 70°.
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Pucynox 2.12 — 3aBUCHMOCTh OTHOCUTEIHLHOW THU(PpaKIImOHHON 3 (HEKTUBHOCTH IS

B W

o

© 0o~

ABYX I0JIOrpaMM, OT IJIMHBI OINTHUYCCKOMN BOJIHEI.

3. PekoMeH1auMu MO BBINOJTHEHHIO Pa0OThI

ITopsaoK BbINOJIHEHHS JIA00OPATOPHBIX padoT

[Tomy4unTh BapyaHT JJ1s1 BBIOJHEHUS Ja00OPAaTOPHOM pabOThI y MpenogaBaTess.
BbINONTHUTH pacy€THOE 3a/1aHKE, COTJIACHO CBOEMY BAPUAHTY.

O3HAaKOMUTCS C PYKOBOJICTBOM IIOJIb30BaTelIA MO padboTe C MPUIIOKEHUEM 10 MO-
JEITMPOBAHUIO.

3anmyCTUTh IIPUIIOKEHUE.

[IpoiT TECT-KOHTPOJIB.

BBINTOIHATB MYHKTBI SKCIIEPUMEHTAIBHOTO 33JaHusl, COTJIaCHO CBOEMY BApUAHTY.
Odopmuth OTUET O MpOJETAHHON J1abOpaTOpHON paboTe B MpHIOKEHUH MS
Word.

Conep:xanue oTuéra

OTtuéTt 0 mpoenaHHoN paboTe JOKEH COJAEPKATh CISAYIOIINE PA3/IEIIbI:

oW E

[lenb pabOTHI.

Kparkas teopusi.

Pe3ynbTaThl pacuéTHOTO 3ajaHUs.
Pe3ynbTaThl 3KCIIEPUMEHTAIBLHOTO 3a/1aHMUS.
BriBo1bI 11O TIpOJIENIaHHOM padoTe.

3.1. PacuérHoe 3aaanue
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CTOTEI A;.

Tabmuma — McxoaHble JaHHBIC 1JI BBIMOJHEHUS paOOThI

1. CormacHo cBOeMY BapHWaHTy 3aJaHUs, U3 TAOJUIIBI UCXOIHBIX JAHHBIX IO TaOJIN-
e ITU-T (mpunoskeHne) HaWTH YUCIIO KaHAIOB (PEmETOK) N U IIeHTpaIbHbIC Ya-

IMapamerp Bapuant
1 2 3 4 S
Jlnanazon * 1528,77 — | 1528,77 — | 1546,12 — | 1539,77— | 1535,82 —
(aMm) 1532,68 | 1536,61 1554,13 | 1549,32 | 1538,98
Af, T 100 200 400 200 100
Po (16) 25 22 25 26 22
IMapamerp Bapuant
6 7 8 9 10
Juama3on * 1549,32 — | 1533,47— | 1546,12 — | 1535,04 — | 1530,33 —
(aM) 1553,33 | 1542,94 1554,13 | 1557,36 | 1536,61
Af, Ty 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—
(aM) 1554,13 | 1560,61 1557,36 | 1557,36 | 1550,92
Af, Ty 100 200 400 100 200
Po (J10) 23 20 18 19 24

— OCHTPAJIbHBIC MAKCUMYMBI IICPBOTO U ITOCJIICAHCTO KaHala,

2. Ouennuth u3meHenue yria Hakiaona OIIM (AY) ucxoxas u3 otHomeHuss AY =
(160° —2-6)In.

3. Ouenuts TomuHy OIIM (d), HEOOXOIUMYIO IS JOCTHXKECHUS 3aJaHHOM CEJeK-
TUBHOCTH, UCXOJIs1 U3 BeIpaxkeHuit (2.24) u (2.25).

4. Haiitu yrasl 6 noa KOTOpsIM OyAyT AU(parupoBaTh Jy4Yu C JJIMHAMU BOJIH A; UC-
X011 U3 BeIpaxkeHust (2.21).

5. OLEHHUTHh TEOPETUYECKH MAKCUMAIBHYIO TOCTHXXKUMYIO AU(GPaKUUOHHYIO 3Ddek-
TUBHOCTH ToJIorpamMm 1o ¢opmyie (2.20).

3.2. JKkcnepuMeHTAIbLHOE 3a/IaHHeE.

1. 3a"ecTn B mporpaMMy IapaMeTphl JAEMYIbTHIUICKCOpA MCXOAS W3 TaOJHUIIBI UC-
XOJIHBIX JIaHHBIX U MaTepuaibHble Mapamerpbl DOIIM: 5ni=10'3, 5np=10'2, s=1,
D=1-10'15, n=1.45. llar yrioB HakioHa u ToimuHa @IIM Haxonutcs u3 pacuérT-
HOTO 3a7aHus. JIJIMHY BOJIHBI M YTOJI 3alUCH B3SATh U TAOJIUIIBI

Bapuanr
1 2 3 4 5

ITapameTrpsi
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Azan (HMm); 640 680 700 750 800
@3an (rpan); 20 15 10 12 15
Bapuant
ITapameTpsl 6 7 3 9 10
Azan (HM); 850 900 950 630 1100
@3an (rpan); 10 15 20 10 18
Bapuant
Hapamerper 11 12 13 14 15
Azan (HM); 730 990 620 785 700
O3an (rpan); 13 15 12 13 10

Onpenenutp MakCUMalbHO JOCTHKUMYIO JU(PAKUMOHHYIO 3(PPEKTHUBHOCTH
T4 max VI HAIOKEHHBIX TOJIOIPAMM IIPU OTCYTCTBHM ONTHYECKOIO 3aTyXaHUS.
Jl5is 3TOro HEoOXOAUMO OINPEAETUTh TaKyl TUGPaKIUOHHYIO 3()PEKTUBHOCTD,
IIPU KOTOPOM MAKCUMyM KpPHUBOM [IWHAMHUKHM 3allMCH IOCJIEAHEN TOJOTPaMMBI
IIPOXOJMII OBl YEPE3 7]y max - JAHECTU B TAOJIMIlY MOIYYHUBIIMECS BpEMEHA 3allMCH

JUTSL KQX0U TOJIOTPaMMbI 1 MAaKCUMYMbI OTHOCUTEIILHOM OPATOBCKOM pacCTpOMKU
Al

Ne ronorpammet Bpewms 3anucu, cex 4,

HccnenoBath 3aBUCUMOCTb TU(PAKIMOHHON 3((HEKTUBHOCTH OT OTHOCUTEIBHON
oparroeckoit paccrpoiiku Kd(A). [IpoHaGirogath U3MEHEHUSI CYMMAapHBIX Tepe-
XOJHBIX MOMEX Ha KaKIbId KaHaJd M COOTBETCTBHE MX TpeOyembiM HopMaM (PO).
Jljig 3TOTO0, MEPEXOAHBIE TIOMEXH MEPEBECTH B ACLMOEIbl U OTPa3uTh B OTUETE B
Buje Tabnuil U rpadukoB. Ecinu nmepexoaHas momexa CIMIIKOM OoJibInasi, HE0O-
X0IMMO yBennuuTh ToNuHy OIIM 1 moBTOPUTH MYHKT 2 3aHOBO.

[ToBTOpUTH IyHKTHI 2-3, A onTrueckoro 3atyxaHus B 3 Han. Cnenath BBIBOBI
O BIIMSIHUU onTHYecKOoro 3aryxanus B PIIM Ha nuHaMuKy 3ammcu rojorpaMmm u
TudpakIMOHHBIE XapaKTePUCTUKH.

CrnenaTh BBIBOJIBI 110 MCHOJIB30BAHUIO ONTHYECKOTO JEMYIbTHUIUIEKCOPA HA OCHO-
BE€ HAJIO)KEHHBIX TU(PPaKIIMOHHBIX pemEToK 3anucanHbix B PIIM, kak ycTpoiicTBa
cenexkuuu kKaHasoB B BOCII. BeissBUTh HOCTOMHCTBA, HEAOCTATKA M IPOBECTH
CPaBHUTENbHBIA aHAJIN3 UCCIEAYEMOTO AEMYJbTUILIIEKCOPA, 10 CPABHEHUIO C UC-
CJIelyeMbIMU paHEe JEMYIJIbTHILIEKCOPAMHU.

KoHTpoJibHBIE BONIPOCHI

1. OnumuTe NpUHIUI PabOTHI AEMYJIbTUIIEKCOPAa HA OCHOBE HAJIOKCHHBIX JTH-
(b paKIMOHHBIX PEMIETOK.

2. B uéMm oTnuuue neMyNbTUIIJIEKCOPOB Ha OCHOBE HAJOKEHHBIX IOJIOTPaMM B
@®IIM OT OCTaNbHBIX CYHIECTBYIOIINX I€MYJIbTUILIEKCOPOB?

3. B uém 3akirouaetcs mporiecc (OTONOJIMMEPU3ALINU?
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4. OnuimuTe OCHOBHBIE MEXaHHM3MBI 3alMCU TOJIOTPaMMbl B (POTONOIUMEPHOM
marepuaie (PIIM).

5. Kak dhopmupyrorcs Hajlo)KeHHbIE rojiorpammbl B GIIM?

Uem ompenensercss yrioBasi U 4YacCTOTHAs CEJIEKTUBHOCTb TOJOrpapuUyecKux

TU(GPaKIMOHHBIX PENIETOK?

7. KakoBa 3aBHCHUMOCTb MEPEXOAHBIX IMOMEX OT YIJIOBOTO PacCOIIaCOBaHUS TO-
JIoTpaMm?

8. Kak 3aBucut MmakcumainbHass JudpakiuoHHas 3(PPEeKTUBHOCTH TroJIOTpaMM
(BHOCHIMBIE TTOTEPH) OT KOJIMYECTBA KAHAJIOB AEMYJIbTUILIIEKCOPa.?

o

4. Onucanue NpPOrpaMMHOro odecrneyeHus

«ACCIIEJOBAHUE OIITHYHECKUX JEMYJbTHUINVIEKCOPOB HA
OCHOBE HAJIOKEHHBIX I'OJIOT'PAMM B ®OTOIHHOJIMMEPHOM
MATEPHUAJIE»

PykoBozcTBO mosp3oBaTens
(Penakius ot 12.10.2006)

1. Oo0mee onucanue

1.1 @OyHkuMoHAJIbHOE HA3HAYEHHE CUCTEMbI, 00J1aCTh IPUMEHEHUS U
OrpaHn4YeHust

KommbroTepnas naboparopnast padora «lcciaenoBanre onTUYECKUX NEMYIbTH-
MJIEKCOPOB HAa OCHOBE HAJIOKEHHBIX TOJIOTPAaMM B (DOTOMOIMMEPHOM MaTepuasey
MpeIHa3HaYeHa i UCCIEIOBAHUs MPOIECCOB rojiorpaduuecKoi 3anucy HaJloKeH-
HBIX AU(PAKIIMOHHBIX PEHIETOK B (POTOMOIMMEPHBIX MaTepualiax, pacyeTa U OMNTH-
MU3AIUUA XaPAKTEPUCTUK ONTUUYECKUX JIEMYJbTUILIEKCOPOB HA UX OCHOBE B YUEOHBIX
LETISX.

[IporpamMHOe oOecrieueHue MpeCcTaBiseT coO0M MPUIIOKEHUE, B KOTOPOM 3a-
JTAFOTCSL MapamMeTphl 3aMUCHA U CUYUTHIBAHUS HAJIOKEHHBIX TOJIOTPAMM, MATEPHUAIbHBIC
napameTpsl (POTOMOJIMMEPHOTO MaTepuaia U OTOOPaKAIOTCS Pe3yybTaThl pacyeTa B
Bujie rpadukoB u Tadnuil. [Ipunoxenue BkitoyaeT 15 BapuaHTOB 3a1aHUi JIJIs1 TIPOBeE-
JIeHUs1 J1a0OpaTOPHBIX PaboT, MPEeayCMATPHUBAIOIINX YUCIICHHBIM pacyeT MHTErpalib-
HBIX MPEOOPa30BaHMM, OMMCHIBAIOIINX MMPOIIECCHI 3alMCH U CUNTHIBAHHS HAIOKEHHBIX
rojorpaMMm B (pOTOMOJUMEPHOM MaTepuaie. B OCHOBY pacdeToB IMOJIO)KEHA OPUTH-
HaJbHAST MaTeMaTh4yeckas MOJENb MpoIlecca MOCIeI0BATeNIbHON TonorpaduaecKoi
3aMCH HAJOKEHHBIX JUQPPAKIHMOHHBIX pemeTok B norjomatonmx OIIM  mpu yrio-
BOM MYJIbTUIICKCUPOBAHHUY, ONTUCAHHAsA B 11.2.4.

1.2 Kparkoe onucaHue CUCTEMbI U €€ TEXHHYECKHE XaPAKTEPUCTUKHU

KommnbrotepHast 1abopaTopHas pabora, jajiee mporpamma, MpeacTaBisieT Co-
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00l KOMITBPIOTEpHYIO MPOTPaMMy, KOTOpas COCTOMT M3 METOAMYECKOTO IMOCOOUS
(kpaTkasi Teopusi ¢ 3a7aHHEM Ha paboTy), BXOJHOTO TECTa U 000JIO0YKH MOICINPOBa-
Hus. [Iporpamma MokeT QyHKIIMOHUPOBATH TOJ YIPABJICHUEM OIEPAIIMOHHBIX CH-
cteM Windows Bcex mokoseHui, HauuHas ¢ Windows 95. Jlist HopManbHOro (pyHK-
IIUOHUPOBAHMSI MTPOTPAMMBI KOMITHIOTEp JOJDKEH OBITh OCHAIEH HE MEHee 4eM 16
MO omnepaTuBHOW MaMATH U HE MeHee yeM 8 MO CBOOOIHOTO MecCTa Ha KECTKOM
mucke. Cama mporpamma 3anumaeT okosio 20 M6 nuckoBoii mamsatu. [IporpamMmma He
TpeOyeT YCTaHOBKH.

O06o010yKka MOJETHPOBAHUS TMOCTPOEHA MO MOJAIBHOMY HPHUHIIMIY U Tpeny-
CMaTpUBaeT MOCIEA0BATEIHHOE UCCIIEIOBAaHIE HA OCHOBE KOMITBIOTEPHOTO MOJIEIH-
POBaHUS PA3TMYHBIX XaPAKTEPUCTUK JEMYJIbTUILICKCOPA.

1.3 3amyck mporpaMmbl U BBIX0/l U3 POTrPaMMBbI

3amyck MporpaMMbl OcylmecTBisiercs 3amyckom (aiima PolyGrating.exe Ha
BBITIOJTHCHUE, JTaHHBIA (aiin pacnonoxkeH B manke PolyGrating. ITocne 3amycka Ha
JKpaHE KOMIIBIOTEPA IOSBIIAECTCA IVIABHOE OKHO Iporpammbl. OHO OKHO COJEPKHT
[JIABHOE MEHIO, MMaHeJIb MHCTPYMEHTOB, MaHeel I BBOJIa UCXOAHBIX JAHHBIX pac-
yéTHble TAONULBI U Tpaduku. Beixoa w3 mporpamMmbl OCYLIECTBISIETCS HaKaTHEM
xronku X BEPXHEM IPABOM YTJIy IJITABHOTO OKHA.

2. Pabora ¢ nporpammoit

B nanpHelileM mpeamnonaraercsi, 4To IMOJb30BaTelb MUMEET OMpPEICIICHHbIC
HaBBIKK PabOTHI B onepaninoHHoi cucteme Windows 95 wiu Bhlie.

[Ipu pabote ¢ mporpaMMo Jisi IEPEMEIICHUS MEXAY MOJISIMU BBOJA, U HaXKa-
TUM Ha KHONIKM YJTOOHEH BCETO UCIOIb30BaTh MAHUITYJISITOP "MBIIIb'".

JUist MoaenupoBaHus AEMYJIbTUILIEKCOPA, UCIIOIHUTENI0 HEOOXOOUMO BBECTH
CJIEIYIOLIME UCXOHBIE MMApaMETPhI:

9) nnst GOTOMONMMEPHOTO MaTepuaia: CpelHee 3HAUCHHUE MOKA3aTells MPeIoM-
JICHUS U €r0 U3MEHEHHE IpHu (poTomoauMepu3aiuu, kodhduimeHt nuddy3un KoM-
MOHEHT, TOJNIIHUHA, KOG DUIIMEHT MOTJIONICHUS;

10) JUISL YCJIOBUS 3aIMCH: JJIMHY BOJIHBI ONTUYECKOTO HU3YyUEHHSs, YUCIO IO-
JorpamMM, YroJl CXOXJACHHS 3alUCBHIBAIONIUX My4YKOB, Ha0Op yrioB HakioHa DIIM
JUTSA 3aIUCH KaXKOM PEIIETKHU.

JIns 3alaHHBIX NapaMeTpPOB MPOU3BOJUTCS PaCUET CIEAYIOIIUX OCHOBHBIX Xa-
PaKTEPUCTHUK, MIPEACTABICHHBIX B rpaduuecKkor uin TabanaHon hopmax:

7) KWHETHKA rojiorpauvyecKoi 3alucH HaJOXCHHBIX TOJOrpapUUeCKuX perré-
TOK Y UX ITU(PpaKIMOHHBIX 3)PEKTUBHOCTEH;

8) mudpaknuonHas 3pQGEKTUBHOCTh HAIOKEHHBIX TOJOIPAMM OT OTHOCHTEIb-
HOU OpATTOBCKON pacCTpONKH;

9) mepekpécTHBIC TOMEXU B KQXKIOM KaHaJIE.

[To mosiydeHHBIM pe3ysbTaTaM pacyeTa MPOU3BOAMTCS OLIEHKAa BHOCHUMBIX IO-
TEPb U CEJIEKTUBHBIX CBOMCTB MCCIIEAYEMOIO IEMYJIbTUILICKCOPA.
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Hactpoiika ronorpadudeckoil peméTku Ha 3aJlaHHYIO JUIMHY BOJHBI IPOU3BO-
JUTCS ITyTEM U3MEHEHUS YIJI0B HAKJIOHA (POTONOJMMEPHOIO MaTepraia AJis Kax10i
rojiorpaguyeckor permeéTky BO BpeMs € 3aIrCH.

[Ipunoxenue NO3BOJSIET OCYIIECTBUTh ONTHMM3ALMI0O MATEPUAIBHBIX Iapa-
METPOB (POTOMOIMMEPHOTO MaTepHaa JUisl JOCTUKEHHS ONPEAEIEHHOIO yPOBHS I1e-
PEKPECTHBIX NTOMEX MPU 3aJaHHOM YHCJIE KAaHAJIOB, JINOO MPU U3BECTHBIX MaTEpHaIIb-
HBIX IapaMerpax (hOTOMOJIMMEPHOIO0 MaTepHuaia U 3aJaHHOM YHCIIE KaHAJIOB, OIpe-
JIEIUTh MAaKCUMAJIbHYIO TU(GPaKIUOHHYIO0 3()PEeKTUBHOCTh, KOTOpas OyAeT y Bcex
KAaHaJIOB Ha BBIXOJIE JEMYJIbTUILIEKCOPA.

2.1. I'm1aBHOE OKHO

B rnaBHoM okHe (pucyHOK 2.1) ocyiiecTBisieTCs BBOJA HMCXOJIHBIX JTaHHBIX U
pacy€T mapaMeTpoB 3AMKMCH M CUMUTHIBAHUS HAJOKEHHBIX TOJOrpapUUecKuX pemié-
TOK. OHO COCTOUT U3:

e (bailloBOTO MEHIO, I7Ie 0TOOpak)arTCa Bce PYHKITUU IPOTPAMMBIL;

® [IaHEM MHCTPYMEHTOB, TJe AYOJUPYIOTCS HEKOTOPHIE BaXKHBIE DJIEMEHTHI

(aiiJI0BOro MEHIO;

® 3aKJaJ0K BUAA MOJEIMPOBAHMS (3aIUCh TOJOTPamMM, CUUTHIBAHHUE TOJIO-

rpaMM U pacdy€THas Tabauia);

e [aHesell BBOJIa OCHOBHBIX TapaMETPOB;

e 00JacTH MOCTPOECHUS rPaPUKOB.

" PolyGrating 1.0 BE®
Maiin  Pabota Momowe
. r 3 . &
SRS = O B S - R R
Hoeslii OTepems CoxpaHuTe OTyér FPacuurare Mocotie TecTHPOEaHKE Morowe 0 nporpardtae
MpouzeoacTeo 3anMct ronarparn ] CUMTEIEAHME rO0rpatda ] PacuéTHan Tagnuua ] M aTepuan
: % | SarysaHme
20 = TonuwHa o 2 -
o =N y 17823
,ﬁﬂ JNMHHE E 0Nk -
| =1 ANMCH, HM a - np Je-2
J " 2
1 | kal, % l_ ] 1
[ OATUtaneHoe b - ' : : : : d1=18 |1
= : : : : : n 1,45
Iz 8 rpan |rpam| EL 1 g g g g g
1 10| X | | | | |
2 20 5 . . . . . [paHuuLEl pacyéTa
3 0 0 T T T T T
0 1 2 3 4 5 6 ao8
4 20 5 - ,ﬁ
c warow (0.
5 |o o0 Bpemsa 3anucu (t), cek
t=1,327; Kait/Tp)=3,55

Pucynok 2.1

['maBHOE MEHIO COCTOUT U3 TPEX paznenoB: Daiin, Paboma v Ilomous. Paccmort-
PUM MYHKTBI KQXJO0T0 pa3aena.

Daiin
I _—] 3aMeHa UCXOJIHBIX JIaHHBIX, TAHHBIMH 10 yMOJI4a-
Hoebuit HUIO.
A 1 *
y OTKpBITH (aiil ¢ UCXOAHBIMU JAHHBIMH.
Omkpvimeo aiin
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E Coxpanumu ¢haiin

E Omuém ¢ MSWord

npuioxerane MSWord.

* daiin ¢ JTaHHBIMU UMEET pacmmpenue .glm.

Paooma

&

—_

e
*= Tecmupoeanue
nPaccuumamb

. Ocmanoeum pacuem

CoxpaHUTh UCXOHBIC JaHHbIE B ¢aiil. *

NmMnoptrpoBath pe3yibTaTbl MOJEIUPOBAHUS B

DNEKTPOHHBIA BapUAHT y4eOHOTO TTOCOOUSI.

Ilocooue

[IpoxoxneHue tecra.

[lepecuntarh TeKymui rpa@uK UM TaOIUILY.
OcTaHOBKa TEKYIIEro pacyera.

Komuposats Tekymnuii rpaduxk B Oydep oomMeHa B

EJ Konuposamps zpaghux ¢ BUJIE OGMTOBOTO N300PAKEHUS.
Oygep

Homowp.

. PykoBOCTBO M0OJIb30BaHUSI IPOTPAMMOH.

=4 ITomoun

E Nudopmarus o pazpaboTuukax mporpaMMel.
O npozpamme

2.2. [laneap mapaMeTpoOB 3alIUCH FOJIOTPAMMbI

B neBoi yacTu rjlaBHOro OKHa PAacCIIOJIOKCHA IIAHCIIb

3aJIaHMs 3HAYCHHMM IapamMeTpaM 3allicy TojiorpamMm (pucy-
HOK 2.2):

YHCJIO HAJIOKEHHBIX TOJIOTPaAMM;

tosrHa OIIM, MkM;

JUIMHHA CBETOBOW BOJIHBI, HA KOTOPOU ITPOUCXOIUT
3aMuCh rOJIOTPaMM, HM;

nudpakironHas ()PEeKTUBHOCTh BCEX 3alMMCAHHBIX
roJIOTpaMM;

Tabauua JJis 3aJaHusl YIII0B CXOXKIEHUS 6, YIJIOB IO-
Bopota ®IIM ¥ u BpeMEH 3amucH KaxKJI0M rosiorpa-
buyeckoi peméTku (Mpu OTKIIOUYEHHON ommuu «On-

«IIpouzeoocmeoy» nis

MpouzeoacTeo

3 j M2 Fonorparm

'2.#%{ Tonwpsa 3k
:Iﬁ;l Jesisia ponu

= | sanuen, Hm
| =1
=
[ Dmurdanenos i
e & rpam |'Erpam | f cex
1 -10 0.8
2 20 A 0.6

3 20 0 na

Pucynok 2.2.

mumanwvHoe t»). UUCIIO CTPOK B TAOIHIE ONpeeseTcs 3HAaUCHUEM TI0JISI BBO-

Jla TaHHBIX «/Ne 2ontocpamm».

[lepexmtouatens «Onmumanvhoe 1, peTHa3HAYCH 1T OTOOPAKCHUS JTOTIOJTHU-
TEJIBLHOTO CTONOMa Tabmuiel «t, cex». B Hero BBOASATCS 3aJaHHBIC TOJIH30BATEIEM
BpEMEHA 3aMKCH KaKJ0M TOJIOTPaMMBI.

2.3. [laneas maTepuaabHbIX napamerpos ®IIM

B mpaBol yacTu riaaBHOrO OKHA pacIlOIOXKEHA IaHeNb Ul 3aJaHus MaTepu-
anbHbIX TapameTpoB OIIM (pucynok 1.3): 3aryxanue B ®IIM, aMmuuTyabl peméTku:
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on;, on,, ckopocTs anddy3un MoHomepa d, mokaszarens npexomiaeHust GIIM.

b arepuan

MNaparerp | JHaveHKe |

3aTYHaHHE

hii 1.78e-2
np le-2

] 1
d*1e-15 1

n 1,45

Pucynoxk 2.3.

2.4. MO)Ie.]'lI/IpOBaHI/Ie 3allMCA HAJOKCHHBIX IoJiorpamMmm

IlepBas 3aknaznka rjiaBHOTO OKHA IMPOU3BOAUT YMCIECHHOW MOJAEIMPOBAHUE 3a-
MKMCH HAJIO)KEHHBIX ToJorpaMm (pucyHok 2.4). B 3aknanke HaxoauTcs rpaduk auHa-
MUKH 3alKUCH TOCIEA0BATEIbHO-HAIOKEHHBIX TojorpaMMm B PIIM (3aBUCHMOCTH
TU(pakIIMOHHON 3(P(PEKTUBHOCTH KaXKI0M M3 HAJOKEHHbIX rosiorpaMmMm B OIIM ot
BPEMEHHU SKCHO3UIMH). UepHasi Topu3oHTaIbHAs JTUHUS — 3TO 3HA4YeHHE NU]paKiu-
onHo 3¢ dpextuBHOCTH Kdg.

=Dt

=1%

=2%
X

L

L2

Ka(t/Tp), %

0 1 2 3 4 5 6
Bpemsa 3anucu (t), cek
Pucynok 2.4.

B manemu «Pacuem» MOXHO U3MEHUTH TIPOCMOTP BPEMEHHU 3aITUCH TOJIOTPaMM
U I1ar MOCTPOEHUS rpaduKOB.

2.5. MoaenupoBaHue 3aIUCH HAJIOKEHHBIX F0J10rpaMMm

Bropas 3akiiagka TJIIaBHOTO OKHa IPOM3BOJUT YHUCJIEHHOE MOJICJIMPOBAHUE
CUMTBHIBAHUS HAJIOKEHHBIX TOJIOTpaMM (pUCYHOK 2.5). B 3akmanke HaxoauTcs rpaduk
3aBUCHUMOCTH MHTEHCUBHOCTH JU(GPArupyeMoro Jiyda OT OTHOCUTEIILHONW PacCTPONKH
bpera 4. B nanenu «Pacuém» 3a1al0TCsi MUHUMAaJIbHOE U MAaKCUMaJbHOE 3HAUYCHUS
pacuéta 4 u mar. C noMomblo nepekntoyarens «/lozapupmuueckuit macuimaoy»
MOYHO OTOOpa3UTh 3aBUCUMOCTH B JIeIIMOEIIaX.
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2%

3%
]
—5#

N

Ka, %

VDRV IR TAY R :' RVAVEYN
-40 -30-20 -10 0O 10 20 30 40 50
OTHOCHTeNbHas GperoBckas paccTponka

Pucynok 2.5

2.6. PacuéTHas Tadauna

BTropas 3aknagka riiaBHOTO OKHA MPOW3BOIUT YKCICHHOE MOJCIMPOBAHUE CUH-
THIBAaHUS HAJIO)KEHHBIX ToJorpamm (pucyHok 2.6). B 3akianke HaxoguTcs: TaOIUYHOE
MPEACTABICHUE PE3YJIbTATOB MOAECIUPOBaHUA. B HeW, Mg KaXIOW TOJIOrpPaMMBbI
OTOOPAXKAIOTCS CIIETYIONTUE TTapaMETPHI:

e Mn — HavajbHas OTHOCUTENIbHAS KOHIICHTPAILUsI MOHOMEpPA, HA MOMEHT 3aIlu-

CH TOJIOTPAMMBI;

e Tp — BpeMs NOIMMEPH3ALMH, IS OYEPEIHOM FOI0TPAMMEI;
e t, cex — BpeMs 3aITMCH TOJIOTPAMMBI;
e Delta — MmakcuMyMBbI OTHOCHTEIBHOM OPErOBCKOM PACCTPOUKH;
e |, Single — uaTeHCHMBHOCTD THU(PArUPOBAHHOTO JIyUa,;
e lenec. — MHTEHCUBHOCTD MEPEKPECTHBIX TIOMEX OT COCEAHMX PEIIETOK;
e |Sum — cymmapHasi HHTEHCUBHOCTD AudparupoBanHoro jayda: ISum = 1Single
+ lenec.
2 kn Tp b, cek, delta Ko, & [, Single |lBHec. [Sum
1 1,4142139 04131691 -35,19560] 0,0099957 9, 995E 03[ 1,483E-03(1,148E -02
2 0,9182465 1,4758267 0, 4581 395 -17,66502] 0,0100005 1,000E-02 2,462E-03 1,246E-02
3 0,839070¢ 1,5438674 05105812 0 0,009333¢ 1,000E-02 4,000€-02 5,000€-02
4 0,7626224 1,613422¢ 0,5725441 17 565022 0,010000 1,000E-02 2,.464E-03 1,246E -02
5 0,689014C 1,703730E 0,6465197 35195602 0,010001% 1,000E-02 1,485E-03 1,149E 02

Pucynok 2.6

2.7. OKHO OMOIIHA

Oxno nomotu (pUCYHOK 2.7) mpeaHa3HaueHO JUIsl OTOOPaKEHHS X012 BBITIOJI-
HEHUs JIabOpaTOpPHOU pabOThI, METOAMYECKOTO MOCOOUS M PYKOBOJICTBA TOJIb30BaTe-
JIs1.
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N ~
BeKTOPAM 5THX pPelIéToK JHPATHPYIOT HAa HHX TMOJ PasIFHBIMH
VINaMH (T.e. pasIeBIoTeA NpocTPAHCTR eHHO), TIOCTe 1ero MocTyakT
Ka:JbIH Ha cBo€ doTorpuémHoe yeTpofictso (PIIV).

IMaxarommii ceer

Pemérka 2

Pucynok 2.7 — OxHO nmomouu

2.8. OkHO TecTUPOBaHUS

[lepen HayaoM BBIMOJTHEHUS JIa0OPATOPHOU PabOTHI U B Ipoiiecce €€ BBIMOJI-
HeHus (Paboma— Tecmuposanue), MOXHO TIPOUTH TecTUpoBaHUs 1o Teme «Co3pa-

HUSL JEMYJIbTUILNIEKCOPOB Ha OCHOBE MHTepdepeHIMoHHbIX 1 Dabpu-Ileppo ¢uib-
TpoB». OKHO TECTUPOBAHUS MPEICTABICHO Ha puUcyHKe 1.8.

TecT KoHTPO/ib JaGopaTopHok patoThi: CpasHe HHe xapanTe pucTHE WDM gemyabTHRAEKCOpOB

Bonpoc BriGop oTEETOE

EBonpoc 12 " Omzer |

" Orperl

" Ortper 3

Rasee c+ | ()cTAMOCE 2 BOIIPOCOB 112 10

Pucynok 2.8 — OKHO TeCT KOHTPOJIA

CneBa pacroliokeHa 00J1acTh BOIIPOCOB, ClipaBa 00J1acTh BAPUAHTOB OTBETOB.
BHH3Y pacronokeHa KHOIKA Mepexo/ia Ha CISAYIONMUH BOMPOC, 00IIee KOJINISCTBO

BOIIPOCOB U CKOJIBKO BOIIPOCOB OCTaNOCh. [0 okOHYaHMHU TecTa BbIAETCS OIIEHKA 110
T OAJIBHOMU IIKAJIE.
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Heanb padoThl: n3yyeHUE NPUHLMIIOB JEHCTBHUS U KOMIIBIOTEPHOE HCCIIENO-
BaHNME OCHOBHBIX XapaKTEPUCTUK M MapaMETPOB ONTHUYECKOTO0 MYJIbTHUIUIEKCOpA Ha
OCHOBE MacCHBa IUIaHapHBIX BOJHOBOI0B (AWG) Ha ocHOBE mporpaMMHOIo obecrie-
yenus [14],

1. BBenenue

Bo3moskHOCTh niepeaaun 0osbinoro koaudectsa nadopmanuu no BOJIC cBs-
3aHa ¢ ucnojib3oBanreM Texunosorun WDM/DWDM, rae nepenadya uHbOpMaIyuu 10
BOJIOKHY BEAETCSI OJTHOBPEMEHHO Ha Pa3HBIX JUIMHAX BOJH. JJig 3TOro HeoOXOoAMMO
BBECTH Pa3HbIC JJIMHBI BOJH B BOJIOKHO C TIOMOIIBIO ONTUYECKUX MYJIbTUILIIEKCOPOB
(MUX) Ha mepemaye, W BbIBECTH Ha MpUEME MPU MOMOIIU JASMYJIBTHUILUICKCOPOB
(DMUX).

Ha ceropgnsmauii eHb CyIIECTBYIOT pa3jiM4HbIC YCTPOWCTBA ISl MYJIbTH-
TJICKCHPOBAHUS/ IEMYIBTHIUICKCUPOBAHMSI ONITHYECKOTO TIOTOKA, Y KKIOTO U3 KOTO-
PBIX €CTh CBOM JOCTOMHCTBA M HemocTaTKku. OIHUM W3 TMPHOPUTETOB SBJISETCS BO3-
MoxHOCTh co3fganuss WDM/DWDM  ycTpoiicTB ¢ NpUMEHEHHEM HWHTErPaIbHO-
ONTUYECKON TEXHOJOTUHU.

WHTerpanbHas ONTHKA YCTIEITHO MPUMEHSIETCS AT CO3/IaHMs PEIIETOK Ha OC-
HOBE MACCHBA IJIAHAPHBIX BOJTHOBOJIOB PA3IMYHON JUTMHBI MEXKTY ABYMS IUIaHAPHBI-
mu nuH3amu cMecutensiMu AWG (Arrayed Waveguide Gratings).

Pemetkn Ha ocHOBe MaccuBa BOJIHOBOJOB AWG HCHONB3YIOTCS ISl TOTO,
4YTOOBI TIEpepacpeieNisiTh CUTHAIBI PA3IMYHbBIX JIJTUH BOJH (KaHAJIbl) MEXKIY JBYMS
Ha0OpaMu BOJIOKOH WJIM BBIACIUTH (JIE€MYJIbTUILIEKCUPOBATDH) OT/ACIbHbBIC KaHAJIbI CO-
CTaBHOTO CHMTHaja B OT/EJbHBIC BOJOKHA. JTa TEXHOJOTUSA celdyac CTaHOBUTCS OC-
HOBHOM 11 MPOU3BOJUTENCH MYJIbTHUIUIEKCOPOB M JIEMYJIbTHUIUIEKCOPOB CHUCTEM
DWDM. bnaronmapst 1erko MacmrabupyemMoil CTpyKType, OHa MOKET IIUPOKO TPH-
MEHSTBHCS B CUCTEMAX C COTHSIMHM KaHaJoB [1].

2 Teopernueckuii matepuan no AWG

2.1 llpuHUMNBI AeHCTBUS U CTPYKTYPa MYJIbTHILIEKCOPA

IIpuHuun geucTeus

YcrpoiictBo paboTaer ciemyrommmM oopazoM. Eciiu Ha BXOJ TUTaHAPHOM CTPYK-
TypbI MIOACOEAMHUTH OJHOMOJIOBBIM CBETOBOJ U T0JIaBaTh 10 HEMY ONTHYECKHE CHUT-
HaJIbl C HECKOJBKIMH CIIEKTPAIbHBIMU COCTABIISIFONTUMU (Ha JTTMHAX BOJIH A1, Ap, As,...
An) B MarucTpajibHBIA KaHAI, TO B TIEPBOM (DOKYCHUPYIOIIEM DIIEMEHTE, BHITIOTHSIOIIEM
POJTb KOJITMMATOPa, CBET PABHOMEPHO Pa3NIeIUTCS U OyAeT pacpOCTPaHSITHCS MO Ka-
HAJBHBIM BOJIHOBOJIaM C Pa3HBIMU JUTMHAMH MPOOETra, OTIMYAIOITIMHUCS TTOCTOSHHBIM
WHTEPBAJIOM. 3a CYET MaTEPUAILHON U BOJTHOBOJHOM TUCTIEPCUU Pa3HbIEC JJIMHBI BOJIH
JOCTUTHYT BTOPOTO (hOKYCHPYIOIIETO dJIEMEHTA ¢ pa3HbIMU (azamu. B 3aBucumMocTy oT
a3 cBETOBBIC MYYKH PA3HBIX CICKTPATBHBIX COCTABJISIONINX, BBIXOMISIINAE W3 ITOTO
dboxycupyroiiero snemMeHTa, OyayT uHTepdepupoBaTh, U CO37aBaTh PABHOMEPHOE YT-
JIOBOE CIIEKTPAJIbHOE paclpe/ieiiCHIe, HAPaBIIss Pa3InUHbIC CIIEKTPAIbHBIE COCTAB-
JISIONIME B Pa3HbIe BBIXOAIINE KaHaIbl. K BRIXOMHBIM KaHajdaM Ha TOPIIEBOM KOHIIC
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IUTAHAPHOTO YCTPOMCTBA MOXKET OBbITh MOACOENMHEHA JIMHEHKa (HOTOANONOB WM JIU-
HeliKa ¢ BCTPOCHHBIMH CTaHIAPTHBIMH OJHOMOJOBBIMHU BOJIOKHAMHU JUISI TPAHCIOP-
TUPOBKU ONTHUYECKHX CUTHAIOB HA PA3JIMYHBIX JUIMHAX BOJH K ONTOXJIEKTPOHHBIM
610xkamM. OcOOEHHOCThIO PACCMOTPEHHOM BOJTHOBOJAHOW CTPYKTYpHI SIBJISIETCS €€ 00-
patuMocTh. OHa MOXET HCIOJIB30BATHCS KaK MYJIBTUIUIEKCOP U KaK JAEMYJIbTHILICK-
cop. [8]

Oonoit uz xougpucypayui AWG (cm. puc. 2.1) — siBiseTcs TUIaHAPHBIA ONTH-
YeCKU MHOTOMOPTOBBIN pa3BETBUTENb B (opme TaOIETKHM C MOPTOM BXOAA A o H
rpymmoii BexoaHbX mopToB A%, A%, ... 1%, pacmonokeHHoO# CHMMETPHYHO OTHOCH-
TENILHO A o Ha Iepudepun BOJIHOBOJA CIEBA, M IPYNIION BHYTPEHHHUX BBIXOIHBIX MIOP-
TOB Ao, A'1, ... A'n, PACIIONIOKEHHOM CHMMMETPUYHO TPYIIE BBIXOAHBIX IOPTOB Ha II€-
pudepuu crpasa.

MopTkl BBOAA/
BblBOJA

A -— BxoaHble BornHoBoAb!

OundppakumoHHas cTpykTypa Ha
OCHOBE MaccuBa BONIHOBOOB

Puc. 2.1 — MHOTONOPTOBBIN Pa3BETBUTEND

BHyTpeHHUEe BBIXOAHBIC TOPTHI COCTUHEHBI YEpPE3 MACCHB CBETOBOIOB C
IUTOCKUM OTPXKAIOUIUM 3epKajoM. BxomHoit motok Ao = Y. 4 (1=1,2, ... n) nomaetcs
B ONTHYECKHUI BOJHOBOJ M PACTIPEICSIASTCS MO BCEM BHYTPEHHUM TOpTaM, OTKyJa
OH PacCHpPOCTPAHSAETCS MO MACCHUBY CBETOBOOB (C pa3HbIM (Da30BbIM 3ama3/IbIBAHUEM )
710 3epKaja, OTPaKaeTCs W MOJAETCS CO CTOPOHBI BHYTPEHHHMX BBIXOJHBIX IMOPTOB B
TOT K€ BOJIHOBOJI, TJI€¢ MPOUCXOIUT UHTEPHEPEHIUS BXOAHOU U OTPAKEHHBIX BOJH
[9].

Ewe oonon konguzypayueit nianapnvix 1UCEpCUOHHBIX YCTPOUCTB, SIBJIS-
€TCsl YCTPOWCTBO C BOJHOBOJAMH MAacCHUBa OJIMHAKOBOM JIJIMHBI, HO C Y4acCTKaMH pas-
JIMYHBIX 3aMeIJICHUM.

Cywecmeyem ewe oona moougpuxkauua AWG, nazpiBacMas Cross Array
Waveguide (XWG) uu Crossing Focal Points Waveguide (XFP-WG) (puc.2.2).

Maccus
BOMTHOBO/I0B

Maccus
BONHOBO/OB
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Puc. 2.2 — Koudurypanus a) AWG, 6) XWG

Ee otimume 3akirouaercs B Tom, uto y AWG npupainenue mmHbl Al Mexay
COCEJHUMH BOJIHOBOJIAMH HAYMHAETCA C HIKHEIO BOJHOBOJA, KOTOPBIA HMeEET
HauMEHbIYIO0 JIMHY, a y XWG HauMeHbIIy 0 JUIMHY UMEET CPEAHUM BOJIHOBOJ Mac-
CHBa, a ipupanieHue HbI Al MpoucxoauT B 06€ CTOPOHBI OT HETro, IO3TOMY BEpPX-
HUI ¥ HWKHUH KpallHUEe BOJIHOBO/IbI UIMEIOT HAauOOJIbIIYIO JUIUHY.

[IpuBeneHHbIe BbIlIE KOH(OUTYpAIIMH UHTETPATBHO-ONTHYECKUX PEIIETOK Ha
OCHOBE MacCHBa IJITAHAPHBIX BOJHOBOJOB, IO CYTH, OTHOCATCSA K OJJHOMY U TOMY e
ycrpoiictBy (AWG), HO ¢ HEOOMBIIMMH KOHCTPYKTOPCKHUMH U3MEHEHHUSIMH.

2.2 MaremMaTruyecKkas MoaeJb

1 MuoronoproBblii NN myabTumiexkcop AWG

MuoronopToBbiii NXN Mynbturekcop/aemyasturuiekcop AWG ocyiecTs-
JSI€T MYJIbTUIUIEKCUPOBAHUE WU JIEMYJIbTUIIEKCUPOBAHUE BXOJHOTO MHOIOYACTOT-
HOT0 MH(OPMALIMOHHOTO CUTHAJIA.

CrpykTypHasa cxema MHOronoptoBoro NxN mynsturuiekcopa AWG uzobpa-
xeHa Ha puc. 2.3, rae i=1..N u jJ=1..N — HOMepa COOTBETCTBYIOIIHNX BXOJHBIX U BbI-
XOJHBIX NOPTOB; [Tjj] — MaTpuIla nepenayu.

1 T 1 .

— §33Iz7----- 3 —
0 RS STeea -~

= > \\\\\\ ¢>‘"—% > ﬁ
8—1 \,\:<:’,—’ 8—1
= IOt O | =
E'( N :E::: ____ =¢\-‘§ N 5
% ST I > A
M N N

Pucynok 2.3 — CtpykrypHas cxema AWG

B3anMocCBs3b BXOJHBIX U BBIXOAHBIX CUTHAIOB AWG MOKeT OBITh IIpeICTaB-
JICHA B CJIEYIOIIEM BHJE:

E@, o @)] [T T - Ty - Tl [EM0, .op.. )]
E3w, ... o) |Tox Tz - Ty -+ Ty ES (0, .0... @)
| SRR _ | 11
E?Ut(a’l SNONNONY) T T o Ty o Ty E"(w, ..0. o) (1.1)
_E,(\J,Ut(a)l Dy D) | _TNl Tv - Ty - Tw _E,i\T(a)l e @) |

rac BXO}IHOfI 151 BBIXO,Z[HOﬁ MHOI'O4aCTOTHBIC PIH(i)OpMaL[I/IOHHble CHUTI'HaAJIbI BO BXOAHBIX

M BBIXOJHBIX IMOPTax UMCIOT BHU:
N

Eii”(a)l Dy - a)N)zg fi (o),
ko1
N N

E?Ut(wl SRS wN):ZZTijwk'fi(a)k)

k=1 i=1
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rJie | — HOMep BXOJHOTO TOPTa, | — HOMEP BBIXOJHOTO TOpTa, a K — TeKyIuid HoMep
Y4aCTOThI, HA KOTOPOU TiepeaaeTcss MHPOPMAIMOHHBIH CUTHAIL.

Ecnu curnan ecth TOJILKO Ha I-OM BXOJHOM IMOpTe Ha K-0if yacTtoTe, TO BBI-
XOJIHOHM CHUTHAJI, pETUCTPUPYEMBIH Ha J-OM TIOPTE, MOYHO 3aIUCaTh:

ijUt(a)k) :Tijwk . fiin (@) .

Takum 00pa3oM, 3aaBIIMCh MAaCCUBOM BXOJHBIX CUTHAJIOB W 3HAsl MaTpUIly
nepenaun [Tjj], MOKHO pacCUUTaTh CUTHAN Ha Bbixone MyiusTHiniekcopa AWG. Ilo-
ATOMY JIJISl IOJYYEHUs MACCUBA BBIXOJIHBIX MH(POPMAIIMOHHBIX CUTHAJIOB, Jlajiee pac-
CUUTHIBAIOTCS DJIEMEHTHI jj..

2 dusnueckas cxeMa AWG MyabTHILIEKCOpPa

s onpeneneHus 3yeMeHTOB [ Matpunbl nepeaayu [T] B (1.1) Bocnonb3y-
eMcsl (pU3UYECKO CXeMOW MpeoOpa3oBaHMs BXOJHOTO ONTHYECKOro curHaia fi, B
AWG, n3zo06paxkeHHo# Ha puc. 2.4.

AWG cocTouT U3 MaccrBa BOJIHOBOJIOB, HA KOHI[AX KOTOPOTO HAXOJATCS JBE
aun3bl FPR1 u FPR2, uMeroniye o1MHAKOBBIE T€OMETPHUUECKUE pa3Mepbl. B BbIxo-
Hol mockoctd FPR1 (X;) momenieHbl CHMMETPHUYHO OTHOCUTENIbHO OcH X; K BosHO-
BOJI0B MaccuBa (AW), KOTOpbIe OTIENCHBI APYT OT JApyra Ha pacctosHue O,. ITuHbI
AW oTiauyaroTcs Ha MOCTOSIHHYIO BEIMYMHY A/, KOTOpasi sIBJASETCS PaBHOM ILIEJIOMY
grciy (M-MOpSI0K pelIeTKH) JJTUH BOJH YCTpoiicTBa (dg) BHyTpu AW. BXoaHbIe U
BBIXOJ/IHBIC BOJTHOBOJIBI HAXOIATCS B MPOU3BOJBHBIX MecTax O u g COOTBETCTBEHHO.
BxonHOM, BBIXOJHOM M BOJIHOBOABI MACCHUBA XapaKTEPU3YIOTCS CBOEH MOIIHOCTHIO,
HOpMaJn30BaHHOH npoduiem MoxoBoro most bi(X), by(X) u by(X) coorBeTcTBEHHO.

T1 T2

Pucynok 2.4 - Ontuueckas cxema AWG

3 Pacuer 3J1eMeHTOB MaTpPHULBI MlepeIavu
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B cuny nunelinocTu paccMmarpuBaemMoi ontuueckoil cuctembl AWG, mpeo0-
pa3oBaHKE BXOJHOTO ONTHYECKOTO cUTHaNA fi, MOXeT OBITh MPEICTABICHO B BHIE
NOCJIeIOBATEIBHOCTH OTIEPATOPOB MPEOOPa30OBaHMS HAJl HUM:

[T(f.)]=T3®T2QT1(f,),

IJIc COOTBETCTBHUE OIepaTopoB IpeodpazoBanus 11, T2, T3 pusznueckomy mpoxox-
nenuto curnana fi, uepes AWG, nokasano Ha puc. 2.5.

Xy X, b, (X3-X)
| ] I

A
| >
|
IP !
b; (xo)
|
| Kd,,
I >
| L v L,
F;N I ]
Xo I X3
l » » »
T1 T2 T3

Pucynox 2.5 — CooTBeTCTBHE OIIEpaTOPOB IIPeoOpa3zoBaHus (PHU3NIECCKOMY MPOXOK-
JICHHUIO CUTHaJa

[TocnenoBaTeTbHO pPACCUUTHIBAS OMEPATOPBI MPeoOpa3oBaHMs, MOXKHO TPO-
CIIEIUTHh MPOXOXKIEHHE CHTHANa uepe3 aJeMeHTHl ycrpoiictBa AWG, a takxke pac-
CUMTATh IEMEHTHI Tjj MATPHIIBI IIEpeIayH.

OmepaTopbl TpeoOpa3oBaHUsl TPEACTABUM, HKCIIONB3YSI MaTeMaTHYECKYIO
dypoe moaenns AWG u o6o3nauenus [10,11].

Pacuyer oneparopa T1

Omneparop 71 npeobpasyet BxoaHoe moJe i, B mose, Haxoasmeecs 3a TUH30M
FPR1 (mockocTs X; Ha puc. 1.14) 1 BBIMOTHAET CIEAYIONINUE 1EUCTBUSA.

IloJe B Xg

Bxoanoe mone Bo BxoaHo# miaockocTH fin(Xg, v) Ha yacToTe v MOXKET OBITH
HaIMKUCaHO KakK:

fin (X0, di,v) =Dy (X, —d;),

rae b'i(x) — MOIHOCTD, HOPMAIHM3YIOIIas MPO(PHIL MOJIOBOTO TOJISI BXOHOTO BOJHO-
BOJIa HA YacCTOTE Vv, MPEINOIaraéMblil pacrojoKeHHbBIM CUMMETPUYHO OTHOCUTEIBHO
MCTOYHHUKA, KOTOPBIA 3aBUCUT TOJBKO OT IIMPUHBI M TIOKa3aTeNs MPETOMIICHUS
BXOJHOTO BOJTHOBOJIa, HO HE OT €r0 MOJIOKECHHUS.

[TockosibKy MBI OyaeM HUMETh J€JI0 TOJIBKO C OTJEIbHBIM YaCTOTHBIM BO3-
OyX)AeHrUEM U 4TOObI YIIPOCTUTh 0003HAYEHHE, YCTPAHUM YACTOTY V U 3aBUCHUMOCTb
noJiek ot nojioxkeHus d; 1 OyZeM HCIIOIB30BaTh UX, KOra HE00X0IMMO. 3arHIlIeM:

fin (%) =B (X, —d;), (1.2)
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rJIe X — Iepexo.1 K HOBoM KoopauHaTte (X = Xq - d;).

Iloae X;

Jist yaoOctBa OyneM paccMaTpuBaTh I0JIe, KOTOPOE CYUIECTBYET Iepe
IJIOCKOCTHIO, (0OpamaemMcsi K 3TOMY Kak IJIOCKOCTH X; U K COOTBETCTBYIOLIEMY IO-
mo f1()), 1 mocne maockocTH (Mbl 0OpamaeMcst K ’TOMy Kak IJIOCKOCTH X;© U K COOT-
BeTCTBYIOIIEMY OO f14()). DTO HEOOX0OAMMO, TaK Kak IoJie, KOTOpoe OYIET paccyu-
TAaHO B IJIOCKOCTH X3, BKJIFOYAET TOJIBKO TEpefaHHoe T0J1e, TPAHCIOPTHPYEMOE MO-
namu AW. Takas xe cutyauust OyieT UMETh MECTO U B IJIOCKOCTH X3.

[Tome, mzmydyaemoe B mepBom FPR B oOmactm ®@paynrodepa (mudpakuus B
JaNbHEN 30HE) U TOJ] MapaKCUaTbHBIM NMPUOIMKEHUEM (JTydH, UIYIUE 1Mo HeOOIb-
IIMMU YIJIaMH K OCH JIMH3bI) U OCBEUIAIOUIEE IIIOCKOCTh X, MOXKET OBITh 3alMCaHO

. F+(f){f =4 =%F%) (1.3)

in
a
+ )
rae Fi, (f) — mpsimoe npeoGpazoBanue dypbe BxoaHOH GyHKIuU fin(Xo), U @ - mpo-
CTPAHCTBEHHBIA YaCTOTHBIN (haKTOp, KOTOPBIH BKIIOYAET JUIMHY BOJHBI, (POKYyCHOE
paccTosIHKE, U 3alTUCHIBACTCS KaK:

fl(xl) = %

AL,
o= ,
nS
rae Ls - pokycHoe paccTosiHue, U Ng - okazarens npeaomieHus: FPR1.

Houe X'
Iose, ocsemaromee AWS, 4aCTHYHO CBA3aHO C HANPABISEMBIMU MOJIAMH KakK-
JIOTO M3 BOJIHOBOJOB MaccuBa. ECIM CBA3bI0 MEXKLy BOJIHOBOJAMH MOXKHO IIPEHE-
6pedb, TO HANPABISEMOE TOJIE, MOABOAMOE K AW, MOKET ObITh BBIPAKEHO YEPE3

CYMMY KaXXI0I'0 U3 HHAWBUAYAJIBHBIX HAIIPABJIICMBIX MOJ:
N-1

2
fld (Xl) = Zar 'bg (Xl —r- dw) ,
__N-t

2
rae by(X) — MomHOCTE, HOpMaNH3yIOLIask MPOGUIE MOJOBOTO IO JIIOOOTO BOJIHO-
BOJIa B MacCHBE, NPEIoJiaraéMblii pacrojio)KEHHBIM CHMMETPUYHO OTHOCHUTEIHHO
HUCTOYHUKA, U &, - KOO PUIIMESHT BO3SHCTBUS Ha BOJHOBOJ I, KOTOPBIN MOXKET OBITh
paccuuTaH co CJICTYIOIIUM HAJIOXCEHHUEM HHTErpaa;

o0
a, = [ f,04) by (x, —r-d,)dx,
—00
Ilocne MmaTemMaTHUeCKUX prOIHGHHﬁ, I10JIC B X+1 MOXET 6I>ITB 3aIlIUCAHO KAK:

fig (X)) = igl(r-dw)-bg (% =r-d,)=(9,(x)- 6, (X)) *by (x,), (1.4)

r=—o0

rac

0,0%) = (1,08) *b, () 1| - 2L | (1.5)
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rae /1 () - npsmMoyronpHas GyHKIUS OKHA, OTpeeiseMast:
K-d

H( X, j: 1 sijx|< 2W1
K 'dwl 0, S||X1|> K '2dwl

qTO6I>I IMOJIYYUTHb OKOHYATCIIbHOC BBIPAKCHUC IJIA OIICpaTOopa Tl, IIOACTAaBUM
(1.2) B (1.4), (1.5)

f(%) = D0,(rd) by (4 -r+d,) = {(Eﬂxl) b, (—xl))-n(ﬁ)aw(xm}*bg(xl) . (L6)

Takum o6pazom, u3 dopmynsl (1.6) BugHO, uTO Oomeparop T1 mpeoOpasyer
BxojHOe Toute i B moute fi4(X;) 1 yauThIBaeT pu 3TOM:

- mpeobpazosanue Pypre Fi, (f), koTopoe ocymecTBiseT MuH3a;

- QYHKIUIO OCYIIECTBICHUS BBIOOPKH J,,(X;) M3-3a Hanmuuusi K BOJHOBOJIOB
MacCHBa;

- IPSMOYTOJIbHYIO (PYHKIMIO OKHa [/(), KOTOpas SIBISIETCS anepTypoil Maccu-
Ba BOJIHOBOJIOB.

Pacuer oneparopa T2

Omnepatop 72 mpou3BOAUT IPeoOpa3zoBaHUE MOJIs, MPOIIEANIETO Yepe3 Mac-
CHB BOJTHOBOJIOB AW (IUTOCKOCTB X»).

IoJe X,

[Ipenebperas 3aryxanuem B AWS, nose Ha Bbixoge AWS — 3To BapuaHT mpo-
CTPaHCTBEHHO (Pa30BOI MOIYJISAIMH MOJS Ha BXOJE. ECIM JIMHBI CMEXHBIX BOJTHO-
BOJIOB OTJIMYAIOTCS HA MMOCTOSHHYIO IENYI0 BeTMUUHY 4|, KoTopas sBIIseTCss KpaTHON
JICVUCTBYIONIEH JIJIMHE BOJHBI B MACCUBE, TO €CTh:

_m4;,  mc

nc cho

o(%,,V) = eXp _jz.ﬂ.m(L],[ﬁ]
v, d ’

w

Al

e ¢(Xp,V) — Ga3oBbIii HAOET B KaXKJIOM BOJHOBOJIE, /71~ MOPSJIOK PEIICTKH, N - TTOKa-
3aTelb MPEJIOMIIEHUSI B BOJIHOBOJAAX, U Vp - paboyas yacToTa, TOrJa pacnpocTpaHe-
Hue yepe3 AW MoxkeT ObITh CMOAECIUPOBAHO MPOCTHIM YMHOKEHUEM (PYHKIIUU:

f,(%,) = (gl (X,)-0,(X;) - (X, V))* bg (%), (1.7)
B pesysbTare omnepatop T2 OCyIIECTBISET MPeoOpa3oBaHue MO HA BBIXOJIE
AW uepes (1.7).

Pacuer oneparopa T3

Omnepatop 73 npeobpaszyer nosie Ha Bbixoge AW B mose, Haxonsieecs 3a
mua30M FPR2 (TutockocTs X3).

IoJe X3

[Tone B konrie FPR2 MoxeT Teneppb ObITh pacCUYMTaHO Kak:
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1 1 X
f.(X)=—— =—F1= 1.8
3( 3) \/Z \/; 2 ( o j ' ( )
rae F," - npamoe npeo6paszosanne Oypwe mos fo(X,).

[IpoBens maTreMaTHueckue pacyeTbl U MpeoOpa3oBaHUs, B KOHEUHOM HTOTE
TIOJTy9aeM CIICYIOIee BRIpAXEHUE IS pacdeTa moss B KoHie FPR2:

F;(f)‘f =5
(04

1 d, X > Mo ra
fg(x3’di"/)ZEOBQ(;)BQ(;S]};O]‘M X3+di+dwvov_a , (1.9)
K-d, .. (K-d,
rme  fu (X3) =b; (=X;) *| ———-Sinc| ——- X,
o a

BCC 3arjlaBHbIC OYKBBI (DYHKIIMHM yKa3bIBAIOT, YTO IMPOHMCXOJUT Mpeodpa3oBa-
HUs1 Dypbe COOTBETCTBYIONIMX (DYHKITUH C MMPOIMMCHBIME OyKBaMHU.

3meck Bo3BpariaeTcs nojgHoe obo3HaueHue f3(Xs, di, V), 9TOOBI SICHO BBIJBH-
HYTh Ha NEPBBIA 1u1aH, 4To (1.9) maeT ocBeliCHUE B IIOCKOCTH X3 H3-3a BXOJIHOIO
BO30YKICHHMSI, PACIIOIOKCHHOIO B moyioskeHuu d;, Ha yacTore v.

Hoae x';

HakoHer, cBeT, OCBeIIaONUi BBIXOIHYIO TNIOCKOCTh FPR,, vacTmuHo coemu-
HEHHBIN ¢ HaIpaBISICMBIMH MOJAMH BOJHOBOJIa Ha BBIXOJIC, PACIIONIOKEH B IOJIOMKE-
Hun dg. OHO MOKET OBITH PACCUMTAHO YEPE3 CBEPTKY CBETOBOIO ITOJISI M BBIXOIHOM
MOIIIHOCTH HOPMAaJIM30BAaHHOTO MPO(UIS MOJIBI BOJIHOBO/A, TO €CTh:

faq (X3) = T5(X5,d;,v) *b,(X; —d,), (1.10)

Takum oOpazom, yepe3 Beipakerue (1.10) paccuuteiBaeTcs oneparop T3, Ko-
TOPBINA Mpeodpa3yeT nosie Ha Beixoge AW B moiie, Haxomsiieecs 3a uH30M FPR2 u
YYUTHIBACT MPHU ITOM:

- npeoOpazoBanre Oypbe, KOTOPOE OCYIIECTBIISIET BTOPAs JIMH3A,;

- TTOJIOYKEHUE BXOIHBIX M BBIXOIHBIX KaHAIBHBIX BOJIHOBOJIOB;

- YaCTOTY, Ha KOTOPOU MepeaeTcsi CUTHAIL,

- PACCTOSIHUE MEXy COCETHUMH BOJTHOBOJIaMU B MACCHBE.

Kos¢ppuuuenrt nepenauu
[TocnenoBarensHo noacrasiss (1.7) B (1.9), (1.10), momyuum aeMeHThI MaT-
purbl nepexaun [Ti]:

o 1 d, do) 7)< m r
'I'ij k zd_.Bg(_)-Bg(goj‘j Z fM(X3+di +d—av_d_aJ by (X3 — dg )X (1.11)

w a —oo (F=—% w” 0 w
[locne nmpumenenusi cBoiicTBa JuHeHHOCTH MHTerpaia K (1.11) mbl Moxem
3alUCaTh Pe3ybTHPYIONIEE BBIPAKCHUE AT DJIEMEHTOB MaTpuIbl nepegauu [Ti]
CJIEAYIOIIUM 00pa3oMm:

1 (d, d,

T, =—-B,|—|'B ma ra
d

> Qy| d; +dy + TV (1.12)

a) \a) = vy d, )

W

g

w w

rac
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0 00 =)+ 1,00 = B0 2o < 0esine ) aag

(04

Ipudaun:xenue I'aycca

Tenmeps, mIsi yNpoOIIEeHUST BBIPAKEHUH, ydTEeM, YTO BXOJHOW IMyY4OK HMEET
raycCOBO pacHpe/eieHne MOJOBOTO MPOdUis, C paInycoM MOJOBOTO Mpoduis w,
o, g. B 310 cutyanuu BeipaxkeHus (1.12), (1.13) Moryt ObITh yIpolIeHsI 1O Cie-
TYFOIINX OKOHYATEIIbHBIX BBIPAKCHUI:

2 o0
T = VZH%G‘Xp - ﬂ-a)inj (dii+d§ut) ) ZqM din+dout+(;n—av_r_a

1 )
a Vo d,

2 (1.14)

q,, (X) =exp| — X -Real:erf Wa)‘+j X
. V2w V2a V2w

w r=-0 w

V4TS HEeHTpaIbHOE PaCIIOJIOKEHHUE BXOIHOTO HHpopMalmoHHoro motoka (di,=0 ),
0JIy4aeM:

2 K/2
T :«/ZE%exp —(%doutj 0> G| Qo E 2 (115)

w o r=—K/2 dWVO dw

2.3 Pacuer 0CHOBHBIX OICHOYHBIX XapaKTECPUCTUK

[Ipexne, ueM HaunHATH MoseupoBaTh AWG MyNIbTHIUIEKCOP Ha KOMIIBIOTE-
pe, He0OXOUMO 3HATh HEKOTOPHIE OCHOBHBIE KOHCTPYKTUBHBIC TTapaMeTphl yCTPOU-
CTBa:

- pabo4yIO JUIMHY BOJIHBI Ag;

- PacCTOSIHUE MEKIY BOJHOBOJAAMHU B MacCUBE Oy,

- YUCJIO BOJHOBOJIOB B MaccuBe K;

- (poxycHoe paccrosinue Ly;

- MPOCTPAHCTBEHHO YaCTOTHBIN (aKTop a;

- Tu(PaKIIMOHHBIN TOPSIOK M;

- pa3HuIla JIJTUH BOJHOBOOB Al;

JIJIsl OIIEHKM OCHOBHBIX KOHCTPYKTHBHBIX ITApaMETPOB YCTPOMCTBA HEOOXO-
JTUMO 3HATh:

- ypcio kaHainoB N;

- KaHAJIbHBINA UHTEpBaAN A4;

- 9(ppexkTUBHBIC MOKA3ATENHN MPEITOMIICHHS CEP/IIEBUHBI U 000JOUYKH Ng U Ng
MOJ/IJTOXKKH, ¥ MaTepuasa JIMH3HI Ns.

- paanychl MOJOBBIX TOJIEH BXOJHBIX, BBIXOJHBIX U BOJHOBOJIOB MacCuBa o,
(09 U (0g COOTBETCTBEHHO.

KanajbHbIil MHTEPBAJI U YUCJI0 IOPTOB
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KananpHbIl HHTEpBAT IJIWHBI BOJTHBI A4 M YHCIIO KaHAJIOB JUTHHBI BOJHBI N -
HauOoJiee BakHbIe mapameTpsl A1l ipoektupoBanuss AWG mynbTuriekcopa. O0by-

HO KaHaJIbHBIA MHTEpBaJ JUIMHBI BOJHBI A BbiOupaetrcs corsacHo ITU - cetku 50
GHz, 100 GHz, i 200 GHz (Cwm. nput. A).

CB000AHBIH CIEKTPAJIBLHBIN IMANA30H U IM(PPAKINOHHBIN NOPAI0K

[Tocne nony4eHus CBEACHUN O BEIMYMHE KAaHAJIBHOTO MHTEpBaia A4 U 4yucia
KaHajoB JUIMH BOJH N, MOXXHO paccuMTaTh CBOOOJHBIM CHEKTPaJIbHBIM IUarna3oH
AZFsgR:

A = NAZ, (1.16)
1 JM(QPAKIUOHHBIN TIOPAIOK 71

m<n_A,/[n.NAA]
(1.17)

m = floor A ,
Aﬂ'FSR

Pazanuue niamubl A/ BOJTHOBOJOB MAaCCHBA
Paznuune mmnbl Al MEXIy COCEIHUMH BOJIHOBOAAMH MacCHBA PAaCCUHMTHIBA-
eTCs:

Ay
Al=m— (1.18)
nC
®DokycHoe paccrosinue Lf
@DOKyCcHOE pacCTOSIHUE JIMH3bI Ly MOXKHO OmNpenenuTh Mo cienyromen gop-
MyJe:
Li = D-d ,
A, -C
rae C=(0,8...1,2) — ko3 PpuUUEHT, yUUTHIBAIOLINNA TO, YTO CUTHAJI UMEET pacrpese-
nenue [aycca; (pex C = 1)
D — auameTp BBIXOIHOTO MyuKa (3a suH30i); D = Kd,,
d — muameTp BxoHOTO Ty4Ka (repen JuH30#); d = 2w;
/. — IJIMHA BOJHBI BXOJIHOTO CUTHAJa

(1.19)

Yucs10 BOJTHOBOAOB B MacCUBe

Yucno BOIHOBOI0B MaccuBa K - HE TOMUHHUPYIOIMIUM TTapaMeTp yCTpOMCTBa
AWG, notomy uto AA u N He 3aBucuT oT Hero. Bemmunna K BeiOnpaeTcst U3 yclo-
BUSI, UTOOBI CBET, TU(PParupoBaHHbIA B CBOOOJIHYIO CIIEKTPAIbHYIO 00J1aCTh, OBLI CO-
OpaH aneptypoit MmaccuBa. Kak nmpaBuiio, 3To 4MCIIO JOJKHO OBITH OOJIbIIe, YeM B 2-3
paza AudpakIMOHHOTO TOPSIIKA.

K=(2-3)-m (pex.K =2.3-m), (1.20)

Pacuer nepexoaHoi nomexu
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[lepexomHas moMexa Ha KaHall | MOXKET OBITh paccuuTaHa U3 CIICAYIOMIEH

bopmyie:

i=1i%]

N ) 9
P, = Z‘Ti‘ ‘TJ‘

3. PekoMeHaauMu 1O BHINOJHEHUIO PadOThI

3.1. PacueTHoe 3a1aHune

(1.21)

JInst BBIIOJTHEHHSI JTaOOpaTOPHBIX paboT HEOOXOIMMO PACCUMTATh OCHOBHBIC
KOHCTPYKTHUBHBIC TapaMeTpbl aemyiabTuiniekcopa AWG (Ao, dw; K, Liy a; m, Al).

JlaHHBIE TTapaMeTPbl MOTYT OBITh PaCCUMTAHBI 110 (hopMynam u3 1 2.3.

Ucxonnbie maHHbIe AJ1 BBIMIOJHEHUS paboThl OepyTcs u3 Tabdin.2.1 coriacHo

OIMPCACIICHHOTO IMPCIIOAaBaATCIICM BapHyaHTa.

Ta6nuna 2.1 — MicxonHble JaHHBIE JUTsl BHITIOJIHEHUST paOOoThI

Bapuant
ITapamerpsl 1 5 3 4 5
JlnanazoH: 192,1 TT'uy — 194,1 TT'y — 192,5 TT'u — 192,1TT — 192,9 TI'g —
194,6 TI' 196,1 Tt 196,1 TI'nx 196,1 TI'n 195,9 Tl
Kan. unteppan
T 100 200 100 200 100
Bapuant
IMapameTpsl 6 7 8 9 10
Ananason: 1937 Tlu— | 1922 Tru— | 1925 Tru— | 193,6 TTu— | 193,5 Tl —
Kart mirepsan | 1953 T8 195.4 Tl 195,7 Tl 195,7 TI'n 192,7 T’
(ITw): 50 100 100 50 100
Bapuant
LD 11 0% 13 14 15
Auwanasou: | o5 rry - | 1045 Tru— | 1947 Tru— | 1952 Tru— | 193,1 Tl —
196,9 T’ 196,5 TI'ny 196,3 T’ 196,8 TI'n 196,7 T’
Kan. uateppan
(ITw): 100 100 100 200 100

Brennue mapameTpsl:m; = 0g = wg = 7.16 MKM.

Marepuanbhble napameTpsl: N = 1.454, np = 1.451, n, = 1.453.

Jlanee HEOOXOAUMO BBECTU JAHHBIC MapaMeTPhl B COOTBETCTBYIOIINE
IIPOTPAMMHOT0 00ECTICUCHUS.

3.2. DKcnepuMEHTAJIbHOE 3alaHHue

1 UccaenoBaTh OIMHOYHBIA KaHAJ

I1OJIA



1.1 BeiOpaTh mpon3BONIbHBIN KaHa (HalpuMep LeHTpaabHbl KaHai (), B co-
orBeTcTBUU ¢ onucanueM [10.

1.2 OnpenennuTh HEOMHOPOIHOCTH BHOCUMBIX IIOTEPh OJAHOIO KaHaa.

1.3 Haiit noJsiocy npoIyCKaHusi OJHOTO KaHayia Ha ypoBHE -3 u -201b.

1.4 HccnenoBarh 3aBUCHMOCTb BHOCUMBIX ITOTEPH OT JJIMHBI BOJHBI KaHaa.

2. Ha oaHOM M3 4acTOT ONTHYECKOI0 IHANA30HA MCCIEA0BATH BIUSIHUE
KOHCTPYKTHBHBIX napamerpos (K, d,, Lf, m) na:

- K03 (HUILIMEHT MepeIayu;

- TIOJIO’KEHUE BBIXOHOTO TIopTa d0;

- II0JIOCY IpOITyCKaHus Ha ypoBHe -20 nb.

2.1 UccnenoBarh BiusiHUE K Ha BBILIEHU3JI0KEHHBIE TAPAMETPBI.

2.2 Uccnenosath BiustHEE AW Ha BBINICU3IOKEHHBIC TAPAMETPHI.

2.3 Uccnenosate BiusHue L Ha BBIIEN3I0KEHHBIC TAPAMETPHI.

2.4 NccnenoBarh BIMSIHUE M HA BBILIEU3JI0KECHHBIC ITAPaMETPHI.

3. HcciienoBaTh COBOKYITHOCTh KAHAJIOB

3.1 IlpuBecTn CyMMapHOE IIOJIE Ha BBIXOJE, ONPEIACIUTH IOJIOKEHUE BbI-

XOOHBIX IIOPTOB.
3.2 HCCHGI{OB&TB 3aBUCHUMOCTD IICPCXOAHBIX ITIOMCX OT HOMCpPA KaHAJIOB.

4. ConeprxkaHue oT4eTa
OTt4eT o mpoaenaHHoON paboTe JOIKEH COJepPKaTh CICTYIOIINE pa3aeiibl:
1 Iens paboThr;

2 Kpatkas Teopus;
3 PesynbTarhl paboThl — rpayiKky 3aBUCUMOCTEN C KPAaTKUMU MOSCHECHUSIMH;

4 Tabnuua u rpaduK MepexoIHbIX TOMEX;
5 BbIBOBI 110 IPOJETaHHON padoTe.

5. KoHTpoJibHbIE BONPOCHI

1. Kakue MexxkaHaiabHbIe UHTEPBaIBI cCOOTBETCTBYIOT DWDM crangapry?
2. Kakue BUbI ONTHYECKUX JIEMYIbTHUIUIEKCOPOB BbI 3HaeTE?
3. Kakue ocHOBHBIE mapaMeTphl AEMYJIbTUIIIEKCOPOB U TPeOOBAaHUS K HUM

BbI 3HaeTe?
4. Kakue OCHOBHbIE mapameTpbl pa3zpaboTaHHbBIX AWG MynbTHILIEKCOPOB

BAM U3BECTHBI?
5. Ha3zoBute OCHOBHBIEC CTPYKTYpHBIE cXxeMbl feMynbTuruiekcopa AWG u ux

OTIINYUs?
6. Ilosicnute npunuun padotel nemyasTuriekcopa AWG?
/. Ha uem ocHoBana maTtematudeckast mojesb AWG mynbrumiexkcopa?
8. Kaxoe BiMsiHHE OKa3bIBAIOT HA BBIXOJHON CHUTHAJI OCHOBHBIE KOHCTPYK-

TuBHBIC TapameTpbel AWG?
9. Kakwue nocromncta u HegoctaTku AWG 1o cpaBHEHUIO C JPYTUMU BUJ1a-

MH OIITHUYCCKHUX MYJ'IBTI/IHJIGKCOpOB?
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Ipuioxenue b

Onncanne NporpaMMHOro ooecneyenusi [14]

KOMHBIOTepHaﬂ naﬁopaTopHaﬂ paGOTa « McciaenoBanne onTu4ecKoro MYJb-
THILICKCOPpAa HA OCHOBE€ MaCCHBA INVIAHAPHLIX BOJIHOBO/J0B»

PykoBozcTBO mosp3oBaTens
(Penakius ot 16.10.2006)

1. OO01ee onucanue

1.1 @OyHkuMoHAIbHOE HA3HAYEHHE CUCTEMbI, 00J1aCTh IPUMEHEHUS U
OrpaHuYeHust

PaboTa npenHa3HadeHa /st IpoBeACHUS J1a00paTOPHOM pabOTHl y CTY/IEHTOB
nsAToro kypca crneuuainbHocTH 201410 mo xypey «MynbTHILIEKCOpHOE 000pyI0Ba-
HUE ONTUYECKUX U(PPOBBIX CUCTEM CBSI3N.

Kowmmnbrorepnas snaboparopHas padota «KommbioTepHoe HccleA0BaHUE OTI-
TUYECKOTO MYJIbTUIUIEKCOPA HA OCHOBE MAacCUBA IJIAHAPHBIX BOJHOBOJOBY» IMpEIHA-
3HAuYEHa ISl pacyeTa U ONTUMU3ALNH XapaKTEPUCTUK ONTHUYECKOr0 MYJIbTUILIEKCOpPA
Ha OCHOBE MaccCHBa IUIaHAPHBIX BOJHOBOJOB (AWG) B yueOHBIX mensx. JlanHas pas-
paboTKa MOKET OBbITh UCIOJIb30BaHA MPU OOYYEHUH CTYJIEHTOB TEXHUYECKUX BY30B
1o HarpabiieHusIM «OnNTHKa U TEJICKOMMYHHUKAIMM», KaK B KauecTBe J1aOOpaTOPHOM
paboThl, TAK U UHCTPpyMEHTA i pacyeTa U ontuMuszaiiui AWG MyJIbTUIIEKCOPOB
IIPU KYPCOBOM MPOEKTUPOBAHUU BOJIOKOHHO-ONTHUYECKUX CHCTEM MEPENaun CO CIIEK-
TpanbHbIM pazaenenremM (BOCII-CP), ucnons3yrommnx AWG MyabTUILIEKCOPHI B Ka-
YECTBE OJIHOTO U3 OCHOBHBIX AJIEMEHTOB.

[IporpamMmMHOe oOecrieueHne MpeACcTaBiIsgeT cOO0M MakeT MmporpamMm reHepa-
uu Gopm s 3aaanus napametpoB AWG, otoOpakeHus pe3ysbTaToB pacyeTa, Bbl-
BO/Ia METOJIMYECKOT0 MOCOOUS U OMHUCAHUS MPOTPAMMHOI0 00ECIEYEHUSs C TUIEePTEK-
cToBoi Hapuranueit. [TakeT BkitodaeT 15 BapuaHTOB 3ajaHui JJisl MPOBEJACHUS Jia-
OopaTopHBIX paldOT, a TaKKe MPHUKIAAHBIC TMPOrPaMMbl MO MPOBEICHUIO HEOOXOIH-
MBIX BBIUMCIICHUH, MPEyCMAaTPUBAIOIIUX YUCJICHHBIN pacueT MHTETpaIbHbIX MPeoo-
pa30BaHUii, OMHUCHIBAIOIIMX BOJHOBBIE MpOLECCHl (IU(PPaKIU0 U UHTEP(PEPEHLINIO)
Ha AWG mynerumniekcope. B 0oCHOBY pacueToB MOJIOKEHA YJIyUIIEHHAs MaTeMaTH-
yeckass monesb Pypoe misa pacueta Ha AWG mynpruruiekcope [2]. OqHuM U3 orpa-
HUYEHUM MOJEIH SIBJIIETCS OTCYTCTBHE yueTa HEOJUHAKOBOCTH Mpoduiiel BXOIHbIX,
BBIXOJ/IHBIX BOJTHOBOJIOB B MacCHMBE MOJIOBBIX ToJsiei. B padote [3] u B MeTOIMUECKOM
nocodun [4] mpuBeneHa MaTeMaTuuecKas MOJelb, IMOJOKEHHAas B OCHOBY TMIPO-
rpaMMHOT0 oOecrieueHusi. OnucaHue MPOTPAMMHOTO OOECICUECHHS W PEe3yIbTaThl
TECTUPOBAHUS KOMITBIOTEPHOM J1a00paTOPHOM pabOTHI MPEICTABIIEHBI HIKE B [4].
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1) Awnape XXupap. PykoBoaCTBO 1O TEXHOJOTHH M TECTHPOBAHUIO CHCTEM
WDM. — M.: EXFO, 2001. / Ilep. ¢ anru. nox pea. A. M. bpoanukosckoro, P. P.
VYoaiinymiaesa, A. B. [lImanbko.

2) Molina-Fernandez, Wangiiemert-Pérez J.G. Improved AWG Fourier op-
tics model// Opt. Express.-2004.-Vol.12.—P. 4804-4821.

3) Jlsmoxk A.Il., lapanrosuy C.H. AHaau3 ONTHYECKOTO MYJIbTHILICKCO-
pa Ha OCHOBE MaccuBa IIaHapHbIX BOIHOBOJOB (AWG)// C6. Hayd. Tpyaos Beepoc-
cuiickoil Hay4-TexHud. koH(]. «Hayunas ceccust TYCYP-2005». Hacts 3. —Tomck:
ToMck. roc. yH-T cHCTeM ympaBieHus U paauodnekrponuku, 2005. — C.323-326.

4) Jlamok A.Il, Iapanrosuu C.H. KomnbroTepHoe rcciaeoBaHue ONTH-
YEeCKOro MYJbTHILIEKCOpPA Ha OCHOBE MAacCHBa IUIaHAPHBIX BOJHOBOAOB (AWG)//
Pyk-Bo k mab. pab-m mo kypcy “MyNbTHILUIEKCOPHOE O0OPYAOBaHUE ONMTHYECKHX
1 poBbIX cucteM cBszu». -Tomck, TYCVYP . -2005. -39 c.

O06o0J104Ka MOJIETUPOBAHMSI TIOCTPOCHA 10 MOJIAJILHOMY MPUHIUIY U TIPEay-
CMaTPHUBAET IMOCJIEA0BATEILHOE PA3BEPTHIBAHUE CIIPABOYHBIX, PACUETHBIX U Tpadu-
4ecKuX OKOH. IIpm 3TOM mpenycMoTpeHa perucrpanus CTyJICHTa U MPErnoJaBaTelis
JUTSL 3am0JIHeHUsT POpM OoTueTa, TEHEPUPYEMOro Mo OKoHYaHuu padbotel B MS Word.
Tak>ke MOHO BBIOpaTh BApUAHT U HOMEP CTAPTOBOTO MyHKTa paboThl. Beero padbora
colepKUT 15 BapuaHTOB 3aiaHuil MO 7 MyHKTOB. J[JI1 OCYLIECTBICHHS IOIYyCKa
MPEAYCMOTPEH aBTOMATUYECKUI TECTOBBIA KOHTPOJIb, BBINOJIHAEMBIM B OTIEIBHOM
OKHE.

B cooTBeTCTBUU C BBIMOJHIEMBIM MTYHKTOM 3aJIaHHs, TEKCT KOTOPOTro 3arpy-
JKaeTcsl IpU BbIOOpE BapvaHTa M HOMEpa IMyHKTa aBTOMATHYECKU, HUCTIOJHUTEIIIO
HEO0OXOJIMMO BBECTH UCXO/HBIC MAPAMETPHI:

11) wHDOPMAITMOHHBIX CUTHAJIOB:

— yucio ontudeckux kananos (1-150);

— YacToTa IeHTpalbHOTO KaHana (aymHa BoiaHbl 1400HM - 1600HM);

— KaHaJbHBIM WHTEPBA MEXIY COCEIHHMMH KaHajlaMHu, MPETyCMOTPEHO
WCIIOJIb30BaHUE PA3HBIX MEXKAHAJIBHBIX MHTEPBAJIOB, YCTAHOBKA JIJIMH BOJIH JJIA
KQKJIOr0 KaHajla CaMOCTOSTENIBHO, WCIIOJb30BaHUE CTAaHAAPTU30BaHHBIX WDM ua-
ctoTHBIX maHoB ¢ maromM 1000 I'T'p — 50 I'T;

12) xpuctammdeckor noioxkkn AWG: mokaszareiau MpeoMIICHHS cepi-
[IEBUHBI BOJIHOBOJIOB, 00OJIOUKHU BOJIHOBOJIOB, JIMH3HI;

13) xapakTepHBIX TeOMETPUYCCKHX pa3MepoB dneMeHTOB AWG: momnepeu-
HOE PaCcCTOSIHUE MEKY COCETHUMH BOJHOBOAAMU , , PaJAYChl BXOJHOTO MOJIOBOTO
MOJIS1 ¥ TIOJISL B BOJTHOBO/IAX, MOJIOKEHHE BXOJIHOTO BOJIHOBOJIA;

14) maccuBa BOJHOBOJIOB M JIMH30BBIX CUCTEM: pa3HHUIIA JJIHH MEXKITY IBYMS
COCEIHUMH BOJIHOBOJAaMH B MacCHBE, YMCJIO BOJHOBOJIOB B MaccuBe, (OKYCHBIE pac-
CTOSIHUSI BXOJTHOM M BBIXOJHOM JIMH3.

JIJist 3a1aHHBIX MMapaMEeTPOB MPOU3BOJUTCS PACUET CIEIYIOUIUX XapaKTepH-
ctuk AWG MynbTUILUIEKCOPA, BRHIBOJUMEBIX B Tpadudeckoit popme:

10) xoadduimeHT nepeaayr ¥ BHOCUMOE 3aTyXaHHE MEXAy JI000# mapoi
BXOJHBIX — BBIXOJIHBIX TIOPTOB MYJIbTUILIEKCOPA;

11) pacnpezeneHre BBIXOIHOTO TOJIA MPHU 33JaHHOM PACIIOJIOKEHUH BXO/I-
HOTO TIOPTa;
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12) wacTtoTHasi 3aBUCUMOCTb BBIXOJHOTO TIOJIS B JIFOOO# TOYKE BBIXO/IA;

13) mmpuHa MOJI0CkI MPOITYCKAHUS JJIs JTF000Tr0 KaHaja,

14) mepexoHbIC MOMEXH MEXK/IY KaHATaMHU.

B xoxe pacuera BO3MOXXHO CXEMaTHUYHOE T€OMETPUUECKOE H300paKeHHE
yctpoiictBa AWG 1 oCTpoeHue I1BETOBOW KapTUHBI PACTIPEICIICHHS TIOJIS B JI000i
TOYKE MEK/1y BXOJHBIMU M BBIXOJAHBIMHU IMOPTAMH.

Taxxe B CBOAHOM TaOIHIlE MPUBEACHBI TTapaMeTPhl ISl KaKJI0T0 BBIXOIHOTO
MopTa: IEHTPATIbHAs YacTOTa BOJIHBI, KOX(DPUIMEHT mepesayr U TeoMETPHIECKOe
MTOJIOKEHHUE.

[TakeT mporpamMm TakKe MO3BOJISIET OCYILIECTBUTh ONTUMU3ALINIO BHYTPEHHHUX
napameTpoB AWG, Takux Kak KOJIMYECTBO BOJTHOBOJOB B MYJBTHUILIEKCOPE, (POKYC-
HOE€ PACCTOSIHUE JIMH3 IS 33IaHHBIX MapaMETPOB PA3HECEHUs] KAHAJIOB M YPOBHEHU
MEPEKPECTHBIX TTOMEX.

ITo pe3ynbpraTam pacdera 3amoJHAIOTCS TaOauIbl ¢ UHGOpMaIeu, Tpedye-
MOH B 33JJaHUU K BBINOJIHSIEMOMY IMYHKTY. llocie BBINIOTHEHUS MyHKTAa IMporpaMmma
CTPOUT HEOOXOJUMbIE TpadUKU B OTIEIHHOM OKHE, IJIe TaKX€ €CTh BO3MOKHOCTh
JUIS1 3alMCH BBIBOJOB I10 MPOJICIIAHHOMY ITYHKTY M MEPEX0/Ia K BBIMOJIHEHUIO CIEAY-
IOILIETO MTyHKTA.

[Ipu BO3BpallleHUH K BBITIOJIHEHHUIO ITYHKTA, KOTOPBIN ObLI YK€ CleJaH, JlaH-
HbIe B Ta0nuIax ¢ nHbopmaimeii, TpedyemMoil B 3aJaHUHM K 3TOMY ITYHKTY, U BBIBOIbI
10 HEMY COXPaHSIOTCS B MOCTEAHEN pelaKI[uy UCTIOJHUTEN. B KOHIIe pabOThI TeHE-
pUpyeTCsl OTUET CO BCel HE0OX0IMMOM MH(pOpMAIIUE O BBIIOJIHEHUH PAOOThI

[IporpammHuoe obecrieueHue MpeaHA3HAYEHO MJIS CTYJIEHTOB TEXHHYECKUX
BY30B 110 HampapieHUusIM «ONTrUKa U TEJICKOMMYHUKAIIUW MPU MPOBEACHUH J1abopa-
TOPHBIX Pa0OT MO JJAHHBIM HANPABJICHUSAM, ACHUPAHTOB U MHKEHEPHBIX pAOOTHUKOB,
3aHUMAIOIIUXCS UCCIEAOBAHUEM ONTUUYECKUX MYJIbTUIIIIEKCOPOB.

[IporpammHoOe oOecrieueHne BBITIOIHEHO B cpene paspadorku DELPHI 7.0.
[Iporpamma MOXeT OBITH MCIOJIB30BaHA KaK OJHUM IOJH30BATEIEM ISl CAMOCTOS-
TEJIHLHOTO M3YYECHHS, TaK U JJISl UCIOJIb30BAHUSI B YUEOHOU ayJUTOPUU MPU MHOXeE-
CTBEHHOM OJTHOBPEMEHHOM JOCTYIIE.

1.2 KparTkoe onucaHue cCHCTeMbI U ee TEXHHYECKHE XapPaAKTePUCTUKH

KomnbroTepHnas naboparopHas paborta, jajnee mnporpamma, IpejcTaBlseT Co-
00l KOMIBIOTEPHYIO NpPOrpamMmy, KOTOpas COCTOUT M3 METOJIMYECKOro MOCOOus
(kpaTkas TeopHs C 3aJjaHueM Ha paboTy) U 000sI0uKKM MozenupoBaHus. [Iporpamma
MOeT (DYHKIIMOHUPOBATh IO YIPABJICHUEM ONEpalMoHHbIX cucteM Windows 98,
2000, XP, Vista. [Ins HOpMaibHOTrO ()YHKIIMOHHPOBAHHUS MPOrPAMMbl KOMIIBIOTED
JOJDKEH OBITh OCHAIlEH HE MeHee 4eM 256 MOaiitamMu ommepaTUBHOW MaMsTH U HE
menee uem 100 MGaiitamu cBOOOHOTO MecTa Ha KecTKoM jaucke. Cama mporpaMmma
3aHrMaeT okoJio 20 MOalT TUCKOBOM MaMsATH. Y CTAHOBKHU MporpamMma He TpeOyeT.

1.3 3amyck mporpaMmbl M BBIX0/1 U3 POrPaMMBbI

3anyck mporpaMMbl ocymiecTBisercs 3amyckoM ¢aitna AWG.exe, TaHHBIN
daiin pacnonoxen B nanke AWG. 3amyck Bo3MOXEH Takke BHIOOPOM MYyHKTa «3a-
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nyck» B myHkTe «AWG» Menro mporpammel. [lociie 3amycka Ha 3KpaHe KOMITBIOTEpa
nosiBiisieTcst raBHoe okHO «AWGy, comeprkaliee Bce MyHKTHI JJabopaTopHO pabo-
THI.

BbIxo/1 U3 nporpaMMbl OCYIIECTBIISIETCS HaXKaTUEM KHOTIKU x| g BEpXHEM IIpa-
BOM yrIi1y OKHa «['maBHOE».

2. PaGora ¢ nporpammoii

B nanbHeiiiieM npeamnoiaraeTcsi, YTO MOJB30BATENIb UMEET OINpe/eiIeHHbIE
HaBBIKU paboThI B onepannoHHou cucreme Windows 95 unu Windows 98.

[Ipu pabGoTe ¢ mporpaMMoi A MEpEeMENICHUs MEXIy MOJsIMU BBOJA, U
Ha)KaTUI Ha KHOMKHU yI0OHEH BCEro UCMOIb30BaTh MAHUITYJISITOP "MBIIIE".

HekoTtopsie OkHa mporpamMmbl SIBISIOTCS MOJATbHBIMHU, 3TO O3HAYaeT, YTO
MYHKTBHI TJIABHOTO MEHIO M IPyTUE OKHA OYIyT HEJOCTYIIHBI, TOKa HE OYJET 3aKphITO
TEKYIIle€ AKTUBHOE OKHO. J{J1s1 3aKpBITUSI OKOH HCIIOJIb3YUTE KHOIIKY 3AKPbITh.

2.1 T1aBHOE OKHO

[Tpu 3amycke nporpammbl AWG aBTOMaTnuecku 0TOOpa)kaeTcs riIaBHOE OKHO.

WuTepdetic okHa nmpuBeeH Ha pucyHke 2.1.

®atin Pafota MapameTpel MoMowe

B = T B E @

Hosbiit OtrpeiTe CoxpaHute Orver Mocobue Tect BeinonHeHue: Momowe O nporpamme

Pucynok 2.1 — I'maBHOE OKHO

Ha puc. 2.2 npuBeneH BUI BEpXHEW YaCTH OKHA, KOTOpask Ha MPOTSIKEHUH BCEN
paboThl HAXOAUTCSA B BEPXHEW 4acTH, BHE 3aBUCUMOCTU OT TOTO B KAaKOM OKHE MpO-
UCXOJUT BHIIOJTHEHHE PAaOOTHI.

B = B T S E- S R

Hoekii Otepems LCoxpaHuTes OTyer Mocofue Tect BrinonHeHWe Morowe O nporpatdrae

Pucynok 2.2 — MeHI0 1 yIpaBJISIIOIIME KHOIKH
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I[aHHOC OKHO ABJIICTCA HMCXOJHBIM MECTOM CTapTa JF000T0 ITYHKTa J1a60pa-
TOpHOﬁ pa6OTLI. PaCCMOTpI/IM COACPKHUMOC I'NTaBHOT'O MCHIO II0 ITYHKTaM:

Hoewii Otepeme Coxpanure OTyer Mocodue Tect BrinonHeHWe Morowe O nporpakse

e
wh |
Bl

1 «HoBblil» BBI3BIBACT 3aMOJHEHHE BCEX IMApaMEeTPOB pacyeTa mnapa-
METPaMU M0 YMOJTYAHUIO.

2 «OTKpI)ITb» BBI3BIBACT NHUAJIOT OTKPBITHA COXPAHCHHBIX ITAPaAMCTPOB
IIOJIB30BaTCIIA.

3 «CoxpaHuTh» BBI3BIBACT JAUAJIOT COXPAHEHUS MapaMeTPOB TOJIb30Ba-
TEJ.

4 «OT4eT» TeHEepHUpyeT OTYET 1O IpoaeTIanHoi padore B MS Word.

5 «IlocoOme» BBI3BIBAET METOAMYECKOE MOCOOME MO J1TabopaTopHOH pa-
oore.

6 «TecT» BBI3BIBACT TECTOBOE OKHO, I'I€ I1OJIB30BATC/Ib UMCCT BO3MOXK-
HOCTB IIPOBCPHUTHL CBOX 3HAHUA.

/ «BbINOJIHEHHE)» BBI3bIBAET IYHKTHI MPOTPAMMBI, BBIIIOJIHEHHE KOTO-
PBIX IPETYCMOTPEHO 3a/ITaHUEM.

8 «IloMo1b)» TeHEepHPYET MOMOIIIH IO TOJIB30BAHUIO TPOTPAMMOIA.

9 «O nmporpamMMe)» BBI3BIBACT OKHO C pa3pabOTYMKaMU MPOTPAMMHOTO
oOecrieueHus.

2.2 Paborta ¢ okHoM «HoBbIi»

JlaHHO€ OKHO TpeaHa3HAYEHO JIs 3alOJIHEHUS BKJIAJKU MMapaMeTpoB mapa-
MeTpam 1o ymoiyanuto. [lo ymomuanuto Beioupaetcst 16 kananpabii MUX 1o 100
I'T' nmama3zonoMm.

2.3 Pa6ora ¢ okHOM «OTKpPBITH»

[Tocne Haxkatusi KHOMKH «OTKPBITHY» OTKPHIBAIOTCS TOJb30BATEIBCKHE Ta-
pametpsbl. [TapaMeTpbl HaxosTCs B (ailyiax ¢ pacimpeHueM «iniy».

2.4 Pabora ¢ okHOM «CoXpaHHUTB»
CoxpanseT Mob30BaTeIbCKHE MapaMeTpsl B INI daii.
2.5 Pa6ora ¢ okHoMm «OT4eT»

OKHO TpeAHa3HAYEHO MJI1 TEHEPUPOBAHUS OTYETA B TEKCTOBOM IPOIIECCOPE
Word. Cieayer mOMHHMTB, YTO TeHEpalys OTYeTa MPOUCXOAMUT MOCIC BBHITOJHCHHUS
OCHOBHOM 4acTH J1abOpaTOpPHOM pabOTHI.

2.6 Paoorta c oxkaoMm «Ilocooue»
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JlaHHast KHOTIKA BBI3BIBAET METOJIMYECKOE MOCOOWE MO BBIMOJIHEHHIO J1abopa-
TOpHON PabOThI B 3JIEKTPOHHOM BHJIE.

2.7 Pabora ¢ okaoM «TecT»

JlaHHasi KHOIIKA BBI3BIBAET TECTUPOBAHUE IO MpoiiIeHHOMY Martepuaiy (Puc.
2.3).

¢ Tect KouTpo/ib AaboparopHoi paboThl g]
Bonpoc Beifiop oTEeToR

Yenm oTNHYAETCA IPHHIKI AeRCTBHA

AWG o7 npmsmma aeficren AW Bceras mockan erpyrypa, a Fabpullepo peeraa ofenman.

Trabpu-Ilepo. " AWG paBoTaeT ¢ 6ONEUEM KOIEE CTE0M KAHATOE.

o I piafiomaer A o3 ARy 00T as, 2 Gabpuilepn 5a
S0P ATEBEBD: CEORCTE AX 0B eMa

(" Wemay HiME HET {aTHEIIEL

Lanee | (OcTanock | Borpocor 3 10

Pucynok 2.4 Bun oxna «TectupoBanue»

[locne BbIOOpa MPABUIIBHOTO OTBETA HA KaXKIbIM M3 JECATU MPEIIOAKEHHBIX
BOIIPOCOB HEOOXOIMMO HaxaTh KHOMKY «/Jlanmeey. Ilocime mpoxoxaeHus: TecTupoBa-
HUS BBIJAETCS PE3YyJIbTAT C PEKOMEHAALUEN.

2.8 PaGoTa ¢ okHOM «BBINNOJIHEHHE»

M PacueT napaneTpos [IpucyrcTBYIOT CIIEIYIOLINE
_ ITYHKTBI:
@ oA NHpOEaHHE * «Pacuer mapamMmeTpoB»,
j «MopgesaupoBaHue»,
F'EIIZI'IDE.EI.EHEHHE nonAa .
«Pacnpenesenue mossy,

Paccmotpum ux Ha3HaueHue
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M CronHEE NapateTpel

Yucno kaHanoe, N

Ll eHTpanEHaA YacToTa, o 193.1E12

K.aHaneHeH MbTenean. (o 100E9

Mokaz. npen. cepoueEHHE! 1.454

MNokas. npen. ofonouku 1.451

Mokaz. Npen. AWH3E 1.453

War dw, k4 2661E-B

Pagnyc rog, nona w, m 7 1EE-B

MonoseHuwe gx. sonH. d_in.m |0

FPac4eTHbIE gaHHbIE |

CnekTpabHEI AHANaS0H, M

120

JlHep aKUHOHHENR NOpAGOK

12,9E-005
BE-2
250

PazHua 0iHH BONH. B Macc., M
P OKYCHOE PACCTOAHME, M

Yuecno BonH. B macc,

I.aHan -2 [
Bl 1 aHan -7 [HacTora = 132.4
v| K.anan -6 [HacTor 5 TTu)
Kanan -5 [Hactora = 1926 Tlu)

AETOMATHYECKM

MpaHMUEl pacieTa

MpocTp. pacnpen. YacT. pacnpen.
Ot Dot
C warom [1E-R Cwaror |0.0005E12

AoDout |30E-4 Nov 153.8E12

e |
PacyerHele aHHEIE BEPHB
Owmdor BEOAE HET

pacer |
Pacuer
Pucynok 2.4

E

TV

«MOIICJ'II/II)OBaHI/Ie» MpCaAHA3HAYCHO MJII MOACIHNPOBAHHUSA OCHOBHBIX XdpadK-

«PacyeTr mapamMeTpoB» BbI3BIBAET OKHO pacye-
Ta napametpos: (Puc.2.4)

3nech, «McxoaHble mapaMeTpbD» NpeaHa3Ha-
YEHBI I BBOJIA HCXOJHBIX NIapaMeTpoB., «PacdyeTHbIe
napamMeTpbD» IpeIHa3HayeHbl Ui BBOJA TPeOyeMbIX
10 pacyeTy napaMmeTpoB. Eciu npu BBOJE apaMeTpoB
JoMyllieHa omKOKa BBOJA, JIMOO MapaMeTphbl paccuuTa-
HBbl HEBEPHO, TO 3aroparoTcs KPacCHBIM COOTBETCTBYIO-
[I1E MTAHEIN B «CTATYC». B «BBIOOP KaHAJIOBY» MTPOU3-
BOJUTCSA BHIOOp KaHAJIOB, MOJUISkKAIIMX pacueTy. B
«I'paHMuBI pacyeTa) BBICTABIIIOTCS TPAaHULBI pacye-
Ta B IPOCTPAHCTBEHHON M BpeMeHHOW oOnacTsax. llpu
MIOCTAHOBKE TaJIOYKU «ABTOMATHYECKHM» 3TH IMapa-
METpBl BBIUHCIAKOTCA aBTOMarndecku. Jlimsa pacdera
Ar000ro IMyHKTa HEOOXOAMMO HaxaTh KHONKY «Pac-
YyeT» IPU BKIIFOYEHHOM OKHE 3TOr0 IMYHKTA.,

tepuctuk AWG mynbTuriekcopa.

3AEHCHMOCTE OT MAPAMETROE

PaccmoTpum ux:

Mecne A 0BaHKE 0AHHOYHOMD KaHana

MccneA0BaHKE COBOKYNHOCTH KaHanoe

ITO TaKue MyHKThI:

«MccnenoBanue  OJMHOYHOTO
KaHajay,

«3aBHCUMOCTb OT TAPAMETPOBY,

«HccrnenoBaHne COBOKYITHOCTH
KaHAJIOBY.

«I/ICCJIeI[OBaHI/Ie OJUMHOYHOI'0O KaHaJa»

Hpez[Ha3Haquo JJIs1 UCCIICA0BAHHA OAMHOYHOI'O KaHallda, €0 ITOJIOCHI IIPO-
IMyCKaHHs, IMOJIOXKCHHA BBIXOAHOI'O IIOPTA, KOC—)(I)(l)I/IL[I/IeHTa nepeaadin U1 BHOCHMBIX

norepb. Bu okHa mokaszaH Ha pUCYHKE 2.5.
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Pucynok 2.5 Bug okHa «VcciaenoBaHue OqUHOYHOTO KaHala

[Tocne pacuera, B cooTBeTCTBUU ¢ NaHenbio «[lapamerpbl» BbIOOp KaHaia
OCYILECTBIISIETCS ¢ OMOIIBIO BbINanaroniero crnucka «Kanam». [Ipu sTom napamer-
pBI ATOTO KaHajla 0TOOpa)xaroTcs B TEKCTOBBIX MOJsAX. llepeximoueHne Mexay mpo-
CTPAHCTBEHHBIM M YaCTOTHBIM paclipelieliecHueM ocyuiectsisiercs Bkinaakamu «Ilpo-
CTPAHCTBEHHOE pacnpenejgeHue» v «YacrorHoe pacnpeneseHue». J[BOWHBIM
HISTYKOM 0 Tpaduky JTu00 HaKaTHUEeM COOTBETCTBYIOIIEH KHOMKH B MeHI0 «Ilapa-
MeTpbD» OCYILIECTBIIETCS NepekiroueHne K Buay B ab. Haxatuem knonku «Ilapa-
meTpbl/Iloka3pIBaTh METKH MAaKCHMYMOB)» BKJIIOYAIOTCS/OTKIIIOYAIOTCA METKH
MaKCHUMYMOB.

«3aBHCHMOCTD OT IAPAMETPOB)

[IpennazHaueHo AJisl BIUSIHUS KOHCTPYKTUBHBIX MMAPAMETPOB HA OJIMHOYHBIN
KaHaj, €ro MoJjoChl MPOIMYCKaHUs, MOJOKEHHUS BBIXOJHOTO MOpTa, KoddduiueHta
nepesayu ¥ BHOCUMBIX IOTEph. Bul OKHA MOKa3aH Ha pUCyHKe 2.6.

Pucynoxk 2.6 Bug oxna «¥ccnemoBanue 3aBUCUMOCTH OT TaPaMETPOBY

Jlist pacyera HEOOXOMMO BBIOpATh THUI pacyeTa B cnucke «Tum pacyeray.
[Tocne pacuera, B COOTBETCTBUHU C maHenbto «llapamerpel», pasnuyHble 3aBUCUMO-
CTH BbIOHMparoTCs yTeM BeiOOpa B mosie «IIpocmotpy. TlepexiiroueHne Mexmay mpo-
CTPAHCTBEHHBIMM M YaCTOTHBIMM 3aBHUCUMOCTSIMU OCYIIECTBIIAETCA BKJIAAKAMU
«IIpocTpancTBeHHOe pacupeneaeHue» u «HacrorHoe pacnpenesienue». Eciu Ha
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rpadukax BUIHA yriIoBaTOCTh, KaK MOKa3aHO Ha pUCYHKe 2.6, TuOO CTpaHHOE MOBe-
JIEHUE KPUBBIX HEOOXOIMMO YMEHBIINTD LIar pacyeTa B IapaMeTpax.

«HUcceeoBanue COBOKYIMHOCTH KAHAJIOB)
[IpennasnaueHo NI MCCIEIOBAHUS COBOKYIMHOCTH KaHajioB. OkHO m300pa-
’K€HO Ha puc. 2.7.

WiCCne0BaHHE COBOKYNHOCTH KaHaNoB

MpocTpaHETERHHOE pacnpeneneHue | HacToTHoE pacnpenenstie | KumunareHan neperoaHan nomexa

A ononHUTENLHD

Pucynok 2.7 Bun okHa «lccnenoBanue COBOKYITHOCTH KaHAJIOB)

[Tocne pacuera nepekIOYeHHE MEXy IPOCTPAHCTBEHHBIM, YACTOTHBIM pac-
OpeeIeHUIMHU U KyMYJSITUBHON MOMEXON OCYIIECTBIISIETCS BEIOOPOM COOTBETCTBY-
IOLIUX BKJIAJIOK.

«Pacnpenesienne moJis»

[MpenHa3zHaueHO IS MOTYyYSHHSI IETATLHOTO PACIIPEICICHHUS TOJISl B TUIOCKO-
CTH MyJbTHIUICKCOpa. [lociie BBIOOpA IMMPHHBI, BBICOTHI U MaciiTtada B COOTBET-
CTBYIOIIMX TIOJSIX M Ha)XaTus KHOMKH «PacueT KapTHHKA TMOSIBJIICTCS Ha DKPaHEy.
OxHO n300pakeHo Ha puc. 2.8.
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Pucynok 2.8 Bua okHa «PacnpeneneHue nosus»

2.9 Pa6orta ¢ oxkaoMm «IlomMomb»

OKHO mpenHa3HAYEHO Ui F€HEpaluy PYKOBOJACTBA IOJIB30BATENS O MOJb-
30BaHUIO IPOrpaMMOM

2.10 Pa6ora ¢ okHOM «O mporpamMmme»

OxHo MMPCAHA3HAYCHO JJISI ITOJTYUCHUA I/IH(I)OpMaI_II/II/I 0 pa3pa60TqHI<ax IIpo-
I'PaMMBI.

2.11. Padora ¢ okHoMm «IlapameTpbD»

[IpennaznaueHo It OTOOpaXKEHUS ¥ BBIOOpA CIIEAYIONIUX TapaMeTPOB.

«B nemmbenax» - BKIIOYACT/BBIKIIOYAET OTOOpaxeHne rpadukoB B Aennde-
nax.

«ABTOMaTHYECKHMi pacyeT I'PaHUID> - BKIIOYACT/BBIKIIOYAET aBTOMaTHYe-
CKHUU pacueT rpaHuil.

«IToka3pIBaTh METKM MAKCUMYMOBY - BKJIIOYAET/BbIKIIOYAET OTOOpAKEHUE
METOK MaKCUMYyMOB.
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Ipunoxenune A

YacTOoTHBIH naaH ITU-T

Taoauua 1 Yacrornelii miian WWDM no pexkomenganuu MCI-T G.692

YacrorTa, Wurepsain, [T JIIMHHA BOJIHBI,
TI'a 100 200 400 500 600 | 1000 HM
196,1 ° ° ° ° 1528,77
196,0 ° 1529,55
195,9 ° ° 1530,33
195,8 ° ° 1531,12
195,7 ° ° ° 1531,90
195,6 ° 1532,68
195,5 ° ° ° ° 1533,47
195,4 ° 1534,25
195,3 ° ° ° ° 1535,04
195,2 ° 1535,82
195,1 ° ° 1536,61
195,0 ° 1537,40
194.9 ° ° ° ° 1538,19
194,8 ° ° 1538,98
194,7 ° ° 1539,77
194,6 ° 1540,56
1945 ° ° ° ° 1541,35
194,4 ° 1542,14
194,3 ® o o ° 1542,94
194,2 ° 1543,73
194,1 ° ° ° 1544,53
194,0 ° 1545,32
193,9 ° ° ° 1546,12
193,8 ° 1546,92
193,7 ° ° ° ° 154772
193,6 ° 1548,51
193,5 ° ° ° 1549,32
193,4 ° ° 1550,12
193,3 ° ° ° 1550,92
193,2 ° 1551,72
193,1 ° ° ° 1552,52
193,0 ° ° 1553,33
1929 ° ° ° 1554,13
192,8 ° 1554,94
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192,7 ° ° 1555,75
192,6 ° 1556,55
192,5 ° ° ° ° ° 1557,36
194.,4 ° 1558,17
192,3 ° ° 1558,98
192,2 ° 1559,79
192,1 ° o ° o 1560,61

Taboauua 2 Yacrornelii mian DWDM no pexkomenpanun MCI-T G.694.1

Homunanenas nenrpanbsHas yactora, 111 HomuhansHoe 3Ha-
YeHHUE JJIMHBI BOJI-
YacToTHBINM UHTEpBAT MEXTY KaHanamu, [T HbI, HM
12,5 25 50 100

(1) (2) ©) (4) (5)
195.9375 — — - 1530.04
195.9250 195.925 — - 1530.14
195.9125 — — - 1530.24
195.9000 195.900 195.90 195.9 1530.33
195.8875 — — - 1530.43
195.8750 195.875 — - 1530.53
195.8625 — — - 1530.63
195.8500 195.850 195.85 - 1530.72
195.8375 — — - 1530.82
195.8250 195.825 — - 1530.92
195.8125 — — - 1531.02
195.8000 195.800 195.80 195.8 1531.12
195.7875 — - - 1531.21
195.7750 195.775 - - 1531.31
195.7625 — - - 1531.41
195.7500 195.750 195.75 - 1531.51
195.7375 — — — 1531.60
195.7250 195.725 - - 1531.70
195.7125 — — - 1531.80
195.7000 195.700 195.70 195.7 1531.90
195.6875 — — - 1532.00
195.6750 195.675 — - 1532.09

141




Homunanenas uenrpanpHas yacrora, T1'n

YacToTHBIM UHTEPBAII MEXKY KaHanaMu, [ 1'1q

HomunanpHOE 3Ha-
YeHUE JJIMHBI BOJI-

HbI, HM
12,5 25 50 100

(1) (2) 3 (4) (5)

195.6625 — — - 1532.19
[] [] [] [] []
193.1375 — — - 1552.22
193.1250 193.125 — - 1552.32
193.1125 — — - 1552.42
193.1000 193.100 193.10 193.1 1552.52
193.0875 — — - 1552.62
193.0750 193.075 — - 1552.73
193.0625 — — - 1552.83
193.0500 193.050 193.05 - 1552.93
193.0375 — — - 1553.03
193.0250 193.025 — - 1553.13
193.0125 — — - 1553.23
193.0000 193.000 193.00 193.0 1553.33
192.9875 — — - 1553.43
192.9750 192.975 — - 1553.53
192.9625 — — - 1553.63
[] [] [] [] []

184.7750 184.775 — - 1622.47
184.7625 — — - 1622.58
184.7500 184.750 184.75 - 1622.69
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Taoauna 3 Yacrorusiii mian CWDM no pekomengauuu MCI-T G.694.2

HoMuHanbHO€ 3HaYeHHe AJUHBI BOJIHBI, HM  (HOMUHalIbHAS IEeHTpajbHAs YacTo-
WNuTepBan mexay kaHanamu 20 HM Ta, TI'n
1270 236.057
1290 232.397
1310 228.849
1330 225.407
1350 222.068
1370 218.826
1390 215.678
1410 212.618
1430 209.645
1450 206.753
1470 203.940
1490 201.202
1510 198.538
1530 195.942
1550 193.414
1570 190.950
1590 188.548
1610 186.206
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IHpuiaoxenue b

Pl 45.286-2002 AnnapaTypa BOAOKOHHO-OIITHYECKOH
CHCTEMBEI NNepeAadH CO CIEKTPAABHBIM pa3eA€HHEM.
TexHHYEeCKHE TPeOOBaHHUS

Ta6auua 1 Ilapamerpsl onTHYecKUX ycuauTesieil nepeaayu (Ycuanreab MOLI-

HOCTH)

HaunmenoBanue napamerpoB OVYIln

3HayeHue 1na-

pamMeTpoB
. . MHUHHUMAaJIbHBIN, 1bM -17,5

YpoBeHb BXOJHON CYMMapHON MOIIHOCTH .

MaKCHUMaJIbHBIN, 1bM +16,0
YpoBeHb BBIXOJHOM CyMMapHOUW MOITHO- MHHUMAJIbHBIH, 1bM +3,5
CTH MaKCUMaJbHBIN, 1bM +27,0

MHUHHUMAaJIbHBIN, 1bM 14,0
Koaddunment ycunenus .

MaKCHMAaJILHBIN, 1bM 28,0
HepaBrHOMEpHOCTH KO3 (DUTIMEHTA YCHIICHHUS B 33JaHHOM JTHATIa30HE 20
pabouux JUIMH BOJIH HE Oosee, 1b ’
[Iym (hakTop B 3aJaHHOM JTaria3oHe pabouuX JJTMH BOJH (ITPH MU- 70
HUMAJIbHOM YPOBHE CyMMAapHOH BXOJTHOW MOIITHOCTH), He Oonee, nb ’
Koadduiment orpaskenus or BXoaa, He MeHee, 1b -30
3aryxaHue OTpaXeHUs Ha BbIXOJle, He Oonee, nb 30,0

Tabimua 2 ITapamerpsl ONTHYECKUX POMEKYTOYHBIX YeuauTeae (JInHenHbIi

YCHJIUTEJIb)

HaumenoBanue napamerpon OITY

3HayeHue 1ma-

pamMeTpoB
5 5 MHHHUMAJIBHBIHN, 1bM -36,0

YpoBeHb BXOJHOW CyMMAapHOW MOIITHOCTH -

MaKCHMAaJILHBIN, 1bM +10,0
YPOBEHB BBIXOTHOM CYMMApHOM MOIIHO- MUHUMAJILHBIH, 1bM +3,5
CcTH MaKCHUMAaJIbHBINA, 1bM +27,0

MHHHAMAJIBHEIN, 1bM 15,0
Koaddunment ycunenus -

MaKCHMaJIbHBIN, 1bM 41,0
HepaBHoMepHOCTH KOA(DPHUITMEHTA YCUIICHUS B 3aIaHHOM JHATIa30HE 20
pabouux IJIMH BOJIH He OoJiee, 1b ’
[IIym dhakTop B 3a1aHHOM AMana3oHe pabo4uXx JJIMH BOJH (TPU MU- 7,0
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HUMAaJIbHOM YPOBHE CYMMAapHOM BXOJIHOM MOIIIHOCTH), HE Ooiiee, 1b

KoaddunmenT orpakenus ot BXojia, He MeHee, 1b

-30

3aTyxaHue OTpaXeHUs Ha BhIXOE, HE Ooiee, 1b

30,0

Ta6auua 3 Ilapamerpsl onTu4eckux ycuuuresei npuema (Ilpexycuianresn)

HaumenoBanue nmapametpoB OVYIIp

3HayeHue mna-

paMeTpoB
5 5 MHMHUMAJIBHBIN, 1bM -36,0

YpoBeHb BXOIHOM CyMMapHOH MOITHOCTH .

MaKCUMAaJIbHBIN, 1bM +1,0
YPOBEHB BHIXOIHOM CyMMApHOif MOIHO- | MAHHMAIIBHBIH, 1TbM -10,0
CTH MaKCUMAaJIBHBIN, 1bMm +17,0

MHHUMAaJIbHBINA, 1bM 10,0
Koaddunment ycunenus -

MaKCHUMaJbHBIN, 1bM 33,0
HepaBHomepHOCTh KO03(h(pHLIMEHTA yCHUIIEHHS B 33JAHHOM JUara30He 30
pabouux JJIMH BOJIH He Ooiee, b '
[Iym (pakTop B 334aHHOM JTMania3oHe padOYMX JIJIMH BOJIH (IIPH MU- 60
HUMaJIbHOM YPOBHE CYMMapHOM BXOJIHOM MOIIIHOCTH), HE Ooniee, b ’
Koaddurment orpaxkeHus ot BXxoja, He MeHee, 1b -30
3aryxaHue OTpakeHHsI Ha BbIXoj1e, He Ootee, b 30,0

Tabauua 4 Ilapamerpsl ONTHYECKUX TEPMHUHAJBbHBIX MYJIbTHILJIEKCOPOB

KonnuecTBo onTHyeckux
KaHaJIOB

16

40 80

160

PaccrosiHne mexny ontu-
YyeCcKUMHM KaHamamu, ['111

200

200

100

100 | 50 50

100

100 50

HaumenoBanue napamer-
poB

3HaueHUe IapaMeTpOB

1 OTKJIOHEHHE LIEHTPaTTh-
HOM 4aCTOTHI ONTHYECKOTO
KaHaja, He ooiee, I'T'11

+5

+3

+5

+3

2 BHocuMoe 3aTyxaHue,
He Ooiee, 1b

7,5

12 14

16

3 IllupuHa noa0CHl ONTH-
YeCcKOro KaHaja Ha
YpOBHE:

-3 nb, He menee, I'T1

-20 nb, ne menee, I'T

50
80

25
40

50
80

25
40

4 JIP Nelnotepwu, He 60-
nee, 1b

0,5

145




5 IlepexoHast momexa ot
CMEKHOT'O OIITUYECKOTO
KaHaJa, He ooinee, 1b

6 KymynatuBHas nepexoaHas rnomexa mnpu
MaKCUMaJIbHOM YHUCIIe ICHUCTBYIOIINX ONTH-

YyeCKHUX KaHajloB, He OoJjiee, nb -25
7 KoaddunmeHT orpaskeHus Ha BXOJAC U
BBIXOJIE, HE Oonee, 1b -30

Taoauna 5 ITapaMeTpbl IBYXKAHAJBHBIX IIHPOKONOJOCHBIX ONTHYECKUX MYJIb-

THILJIEKCOPOB/1eMYJIbTHILIEKCOPOB

HanmenoBanune napaMeTpoB

3Ha4yeHue napaMeTpoB

Brocumoe 3aryxanue, He 6onee, n1b 0,7

Brocumoe 3aryxanue, He 6onee, n1b 25,0
Koadduuument orpaxkenus ot Bxona, He MeHee, 1b -40,0
3aryxaHue OTpakKeHHs Ha BbIX0j1e, He Ooiee, nb 40,0

Tabaunua 6 IlapameTpsl ONTHYECKUX MYJILTHILIEKCOPOB BBOAa/BbIBOAa (OMBB)

HanmMeHnoBaHue mapamMcTpoOB

3HaueHue mapamMeTpoB

KonndecTBO ONTUYECKUX KaHAJIOB

16 40

KomuecTBO OTBETBIISIEMBIX/BBOAUMBIX OIITUUYECKUAX
KaHAJIOB, He 0osee

8 16

Paccrosinue mexny ontruyeckuMu KaHaimamu, 1T

200

200 100 | 100 50

OTKJIOHEHUE TICHTPATBHON YaCTOTHI ONITHIESCKOTO
KaHaza, He O0oiee, ['Tix

+/-5,0 +/-3,0

IUUI OTBETBIISIEMBIX/BBOIUMBIX
OIITHYECKUX KaHaIO0B, HE OoJIee,
ab'

Buocumoe 3a-
TyXaHue

6,0

7,5 8,0

JJIA OTBCTBJ’ISICMI)IX/ BBOJIHNMBIX
OIITMYECKHUX KaHAJIOB, HE OoJlee,
nb;

12,0

15,0 16,0

Iupuna nmonocel (-3 nb, He menee, I'Tix

50,0 25,0

-20 b, ne menee, I'T

80,0 40,0

[Toasipu3aninoHHO-3aBUCUMBIE TTOTEpH, HE Oonee, b

0,5

[TepexotHast MOMeXa OT CMEKHOTO ONTHYIECKOTO Ka-
Haja, He Oouee, n1b

-30,0

KyMmynsatuBHas nepexoiHas nmomexa npyu MakCHu-
MaJIbHOM YHCTIE IEHCTBYIOMINX ONTUYECKUX KaHAJIOB,
He Ootee, nb

-27,0

KoaddumuenT orpaxenus ot Bxoaa, He MmeHee, 1b

3aryxaHue oTpakeHUs Ha BbIXoje, He Ooinee, nb

30,0
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IMpunoxenue B

IlapaMeTphl IPOMBIIIACHHBIX ONITHYECKHX YCHAHTEAEH H
MYABTHIIAEKCOPOB

Haunbonee mupoko Ha pOCCUMCKOM phIHKE TIpeAcTaBiIeHO obopynoBanue WDM
cinenyrorux kommanmid: Alcatel, Lucent Technologies, Nortel Networks, Siemens,
Huawei Technologies, NEC, ECI Telecom [1-7].

Kommanus Alcatel npencrasisier Ha peiake cemeiictBo nmpoayktoB OPTINEX
JUIsL onepaTopoB cBsa3u. Pan mponykroB DWDM ontuMusupoBaH 1uisi ceTer ropoji-
ckoro MmacmTaba. B cemeiictBo OPTINEX BxomsT Tpu mojenun 000pyAOBaHUS
DWDM. Alcatel 1686 WM-cuctema ¢ momnepxkoii 16 mimm 32 onTHYEeCKUX KaHAJIOB.
Kaxnpiii u3 Hux cnocoOeH paborath Ha ckopocTsax ot 100 Mout/c no 10 I'our/c.
Pa3noBuHOCTE JTaHHOW Mojienu kateropuu metro — Alcatel 1686 WM Metro u
Alcatel 1696 Metro Span — onTuMu3upoBaHa i TOPOJACKUX ceTeid. J{si BBICOKO-
MIPOM3BOJIUTEIBHBIX MAaruCTpPalbHBIX ceTel moaouner moaenb Alcatel 1640 WM,
o0ecrevynBaroias MyJbTUIIIEKCHpOBaHKEe 10 80 ONTUYECKUX KaHAJIOB.

Kommanus Lucent Technologies Beimyckaer 1ieiryro raMmy 000pyIOBaHUsT CHH-
XPOHHOM TIepe/layu U ONTHYECKOrO YIUIOTHEHUS, 00bETMHEHHBIX OOIUM Ha3BaHUEM
WaveStar. O6opynoBanue DWDM komnanuu Lucent Technologies Bkitouaet B ceOst
cemeiictBo WaveStar OLS u MynbrHcepBHUCHYIO miiatdhopmy Metropolis MSX.
Hambonee  mpocras  cucrema DWDM  —  WaveStar OLS  80G
C MOJAEPKKOM 10 16 onTrdecknx KaHaioB B nuana3one 1550 um. /lanHas cucrema B
moaudukanun WaveStar OLS 400G pacmupsercss 10 80 ONTHYECKUX KaHAJOB,
a B monupukanun WaveStar OLS 1.6T — no 160 xananoB. Kaxasiit u3 gpopmupye-
MBIX KaHAJIOB MOXET IepeaaBaTh HHGopMaIuio co ckopocThio 10 I'out/c (STM-64),
YTO COOTBETCTBYET MPOITYCKHOM CIIOCOOHOCTH IO OJTHOMY ONTHYECKOMY BOJIOKHY 1,6
Tour/c.

Kommanust Nortel Networks seimyckaer obopynosanuss DWDM cepun OPTera
Long Haul 1600, o6ecnieunBaroliiee BHICOKYIO MPOITYCKHYIO ClIOocOOHOCTh, 1 OPTera
Metro 5000, mpenHa3zHaYeHHOE /1JIs1 CO3aHMs CKOPOCTHBIX CEeTel MaciiTaba ropoa.

Kommnanust SiemMeNns BBIIyCKAaeT — IEJI0E CEMEWCTBO MYJIbTHILICKCOPOB IO
HazBaHueM TransXpress. B o6mactu DWDM npearaercs mmpokuiit BEIOOp 000py-
JOBaHUS IS MAaruCTPalibHBIX, PETHOHAIBHBIX H TOPOJACKUX cerei. Hampu-
Mep, moaenb MTS2, co3maHHas ajii MarucTpalibHBIX CeTed OOJIBIION E€MKOCTH
1 OOJIBIION MPOMYCKHOM CIMOCOOHOCTH, CcrocoOHa mepenatb 10 640 kaHaIoB TIO
2,5 I'6ut/c Ha paccrostaue cbime 1000 kM.

Kommanuss Huawei Technologies pans mnpuMeHeHHMs Ha MarucTpaibHBIX
ceTsix paspadoraino cemeiictBo OptiX, kyna sxoaut odopynoBanue DWDM na 16/32
KaHana.

Kommnanus NEC coBMeCTHO ¢ MOJMOCKOBHBIM 3aBOJIOM HAy4YHOTO TpPHUOOPO-
ctpoenusi PAH paspa6orano cuctemy SpectralWave 40/80, nmpenna3sHadueHHYIO ISt
peaii3alii MarucTpaJbHOTO y37a, CIIOCOOHOTO 00eCnedYnTh THOKYIO U MOATAMHYIO
opraam3aruto cuctemMbl DWDM. Cuctema SpectralWave 40/80 oGnamaer mpomyck-
HOM criocoOHOoCTHIO 10 400 I'6uT/C.
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Komnanus ECI Telecom BblTycTHIIa CEPHIO YHHBEPCAIBHBIX MYJIBTHUILIEKCO-
poB XDM, B KOTOpOM Ha OJIHOM TuIaTGOpME UHTETPUPOBAHBI (PYHKIIMH MYJIbTUILICK-
cupoBanusi DWDM, kpocc-kommyTanuu, Mapuipytuszatopa [P, kommyratopa ATM u
MynbTUILIEKCOPOB SDH.

1.5.1. ObopyanoBanuue «Ilyck»

O6opynoBanne DWDM «Ilyck» npeaHa3sHadeHo Jjisi OpraHu3allii B OJTHOM OIl-
THYeckoM BoJiokHe Tuna G.652, G.654 u G.655 no 160 onTHyeckux KaHaJlIOB B JHa-
na3oHe JUIMH BOJIH 1530-1605 HM ¢ BO3MOXHOCTBIO
nepenayu B KaKJIOM ONTUYECKOM KaHalie IU(GPOBBIX
cUrHayioB co ckopocteio ot 0,1 mo 2,5 I'dut/c (10
['6ut/c), npornyckHas cmocooHoCcTh — 70 400 I'6uT/C
B OJHOM ONTHYECKOM BOJIOKHE. B 000pynoBanuu
,- MpeAyCMOTPEHA BO3MOXKHOCTh aBTOMATHYECKOTO Te-
wwwwww » B CTUPOBAHHSA OTHEIBHBIX 3JEMEHTOB W Y3J0B JUIS

' J J ..' J J J J || ompeneneHus (yHKIMOHMPOBAHUS aNIapaTypbl 6e3
nepepsiBa cBsizu. O0Opy0BaHUE KOHTPOJIHUPYETCS U
YOpaBIsieTCd C TOMOIIBI0O BCTPOCHHBIX MHUKPO-
KOHTPOJUIEPOB U CIEIHAIM3UPOBAHHOTO MPOrpaMM-
Horo oOecnevyenust Bepcun MWII-1.5. AnmapatHo-
MPOrpaMMHBIA KOMILUIEKC UMEET CThIKM C paboueit
CTAHUMEW U MECTHBIM TEPMHUHAJIOM CHCTEMBbI TEXHU-
YECKOro oOcCiyxuBaHusi. Bo3MokHa peanuzaius
Y4acTKOB OO0JbIION MpoTsbkeHHOCTH (10 1500 kM)
6e3 perenepaiuu nudpoBeIX curHaioB. O6opyaoBa-
Hue «Ilyck» Mmo3BOJIIET OCYIIECTBISATh TMOKOE KOH-
(burypupoBaHue ONTHYECKUX CETEH, BKIOYAs CETH
Ethernet, IP, ATM, kabenbHOro TeaeBuacHMS. s
KOHTPOJISI ¥ YIIPaBJICHUs, a TAKXKe JJI OpraHU3aluu
CITY>K€OHOM CBSI3U, UCIIOJIB3YETCS BBIJICJICHHBIN OIl-
Tryeckuil kaHai. O6opynoBanue «Ilyck» mpenHa3HaueHoO AJisi MPUMEHEHUsl Ha pas-
JUYHBIX ydacTKax B3auMoyBs3aHHOM ceTH cBs3u Poccuu: MaructpaabHas epBUYHAS
CETh, BHYTPU30HOBBIE IEPBUYHBIE CETH, MECTHBIE TIEPBUYHBIE CETH, ONITHYECKUE CETU
JOCTYTIA.

B tabn. 1.6-1.8 mpuBeaeHsl mapaMeTpbl ONTHUYECKUX TEPMHHAIBHBIX JIEMYJIb-
TUIIJICKCOPOB, MYJIbTUIIJIEKCOPOB BBOJIA/BHIBOJIA U JTMHEHHBIX YCUIIUTENEH 000py10-
BaHuss DWDM «Ilyck».

Tabmuma 1.6
[TapaMeTpbl ONTHYECKUX TEPMUHAIBHBIX JEMYJIHTHUILIIEKCOPOB
Hanmenosanue
3Ha4YeHue MapaMeTpoB
rapamMeTpoB
KomunuecTBo

8 16 40 80 160
ONTUYECKUX KAHAJIOB

PaccrosiHne Mexay ontadae- | 200 | 200 | 100 | 100 | 50 | 50 | 100 | 100 | 50
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CKUMMH KaHanamu, ['T11

OTKJIOHEHHE IEHTPATIBHOM
YacTOThI OIITUYECKOTO
KaHaJja, He Ooiee, [T

+5,0

+3,0

+5,0

+3,0

Baocumoe 3aryxanue,He
ooxee, nb

6,0

7,5

12,0

14,0

16,0

—3 nb, He
MmeHee, [T

[lupuna no-
JIOCBI OIITH-

50,0

25,0

50,0

25,0

YECKOro Ka-
Haja Ha
YpOBHE

—20 nb, He
menee, [ T

80,0

40,0

80,0

40,0

[TonsapuzanimoHHO-
3aBHUCHUMBIE ITOTEPH, HE OO-
nee, 1b

0,5

[lepexonnas momexa ot
CMEXHOTO ONTUYECKOTO Ka-
Hana, He O6oJree, 1b

—-30,0

KymynsatuBHas nepexoaHas
noMexa mpu MakCUMaJIbHOM
YyUCIie IEUCTBYIONIUX OINTHU-
YeCKHMX KaHaJIoB, He OoJee,
nb

-25,0

KoaddunmeHT orpakeHus
OT BXOJIa, HEe MeHee, b

3aTyXaHUe OTPAKECHHS Ha
BBIXOJIe, He Oouee, nb

30,0

Tabnuua 1.7
[TapameTpsl ONTHYECKUX MYJIBTHUILIEKCOPOB BBO1a/BhiBO1a (OMBB)

HanmeHnoBaHne mapameTpoB 3Ha4YeHue MapaMeTpoB
KonnuecTBO ONTHYECKUX KaHAJIOB 8 16 40
KonnuecTBO OTBETBIAEMBIX/BBOIUMBIX ONITHYECKUX 4 8 16
KaHaJIOB, He OoJiee
PaccrosiHne Mexay onTudeckuMu kaHasiamu, I'T'1y 200 | 200 ‘ 100 | 100 | 50
OTKJIOHEHHE LIEHTPAIIBHON YaCTOTHI ONTHYECKOTO Ka- +50 +
Haua, He Ooiee, I'T 1 ’ 3,0
Baocumoe JUISI OTBETBIIIEMBIX /BBOIUMBIX 6.0 75 8.0
3aTyXaHHUe OIITHYECKHUX KAaHAJIOB, HE OoJIee, ' ’ ’
nb
Iupuna -3 nb,
50,0 25,0
MOJIOCHI ONITUYECKOro KaHana | He meHee, I'T1g
HA YPOBHE —20 nb,
80,0 40,0
He MeHee, [T
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HOJ’I}IpI/IBaIII/IOHHO-SaBI/ICI/IMBIG

norepu, He Gonee, 1b 0,5

HepexonHaﬂ IIoMcExa OT CMCKHOI'O

-30,0
ONITHYECKOTO KaHalia, He 0ojee, nb

KymynsiTuBHas epexoHast moMexa mpu MaKCHUMallb-
HOM YHCJIE ICUCTBYIOINX ONTUYECKUX KAHAIIOB, HE - 27,0
ooxee, nb

KoaddunmenT otpakeHus ot BXoja,

- 30
HE MeHee, 1b

1.5.2. ObopymoBanue OptiX BWS 320G

Ontuueckas cucrema mnepemaun OptiX BWS 320G Ha ocHOBE TEXHOJIOTHUU
DWDM, pa3pa6orannas Huawei Technologies Company., Ltd., siBiisieTcss HOBbIM T10-
KOJICHHEM CUCTeM orntudeckoi nepenadn DWDM ¢ BbICOKMM 00BbEMOM Mepeiaun Ha
JUIMHHBIE ~ PACCTOSIHHUS.
SBnssice  mpeacTaBUTE-
JeM cepuud o0opyloBa-
Hust OptiX, OptiX BWS
320G oOmamaer rHOKOM
KOH(Urypanuen, COB-
MeCTUMOCTBhIO. Cucrema
BWS 320G cnocoOHa

MYJIBTHILIEKCUPOBATH
32 ngauHBI BOJIHBI B OJ-
HOM OTITOBOJIOKHE,
HampUMep, TIepeaaBaTh
32 Hecylue C pasiuy-
HBIMH JIJIMHAMH  BOJIH
KOTOpbIE B CBOIO OYe-
penb TMepeaaroT CUTHAT
STM-16 ¢ obmeit mpo-
MycKHOUM cnocoOHocThio 10 80 1'6uT/c. B HacTosuii MOMEHT 00OpyAOBAaHHUE CIIO-
COOHO MYJIBTUILIEKCUPOBATh 10 32 onTudyeckux kaHainoB 10 ['out/c (STM-64), c 06-
nieit ckopocthio nepenayn 320 I'out/c. B cucreme BWS 320G npumeHsieTcst 0JIHO-
CTOpOHHSISI TIepe/aya MO OJHOMY ONTHYECKOMY BOJIOKHY C BO3MOXHOCTBIO OCY-
IICCTBJICHUS Tepefadd B 00€ CTOPOHBI C MCIOJb30BAHMEM HAJICKHOW TEXHOJIOTHUU
MYJIBTUTITIEKCUPOBAHUS /EMYJIbTUTIIICKCHPOBAHHMSI JJIMHBI BOJHBI, TEXHOJIOTHH OTITH-
YECKOTO YCHWJICHUS Ha BOJIOKHE, JISTUPOBAHHOM SpOMEM, TEXHOJIOTUHU CTAOWIIN3AINH
JUTMHBI BOJIHBI, TEXHOJIOTUM KOMITCHCAIIUU JUCIIEPCUU, TEXHOJIOTUH OOBETUHEHHOM
CUCTEMBI CETEBOTO YIPABJICHUS M TEXHOJIOTUM HE3aBUCHUMOTO KaHaJia yIpaBIICHUS U
T.J1. DTO 000PYyI0BaHNE MOXKET OBITh MOCTPOCHO IO PA3JIMYHBIM TOTIOJIOTHUSM, TaAKUX
KaK «TOYKa — TOUYKA», «IICTh», «KOJIBII0», U MOKET MPUMEHSITHCS /IS Iepeaadn UH-

dbopManuu Kak Mo MarucTpajbHBIM KaHajaM, Tak ¥ B JIOKAJIbHO-BBIUMC-TUTEIHHBIX
cetsix (LAN).
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B Tabn. 1.8-1.9 mpuBeneHsl mnapameTpbl ONTUYECKOTO JAEMYJIbTHUILIEKCOpA
U JIMHEHHOTO yeuauTens obopyaoanus OptiX BWS 320G.

TabOmuma 1.8

HapaMeTpLI OIITHYCCKOT'O ICMYJIbTHUILICKCOPA

Ha3zBanue napamerpa

32-KaHAJIbHBIN

16-kaHaIBHBIN

JEMYJIBTHILICKCOP JEMYJIbTUTIIEKCOP

Pa3snecenue xkananos, [T 100 100

Bnaocumsie notepu, nb <10 <7

Koaddunuent orpaxkenus, nb <-40 <-40

[TonspusarmonHsie notepu, 1b <05 <05

MakcumanbHas pa3HUIA BXOIHBIX <3 <3

MOTeph KaHana, 1b

—1ab nonoca npornyckaHus, HM > 0,2 > 0,2

—20 nb moJsioca npornycKaHus, HM <14 <14

Tun AWG TOHKOIIJICHOYHBIH
Tabmma 1.9

[TapameTpbl IMHEWMHOTO YCUIIATEINSI ONTUYECKON MOIITHOCTH

32-kaHajIbHAsA CUCTEMA

Hasparue napaverpa 8x22 1B 5x30 1B 3x33 1B
OO6nactb ycusieHus, HM 1535-1561 | 1535-1561 1535-1561
Koaddumment myma (NF), nb <955 <955 <55
Bxoanas orpaxartenbHas crocoo- <30 <30 <30
HOCTb, 1b
MaxkcruMasbHasi MOLTHOCTb Ha BbI- 20 20 20
xonae, 1bm
Bpems peakiuu cucteMbl yCUIICHUS <10 <10 <10
IIpY BBOJIE/BBIBOJIE KAHAJIOB, MC
Koaddutment ycunenus, 1b 22 ~ 25 29 ~ 32 32~35
HepaBnomepHocts AUX, nb <2 <2 <2
BenuuuHa nosnsipuzanmoHHON B B B
JUCIIEPCHUH, TIC
ITongpu3zanmonHeie norepu, 1b <0,5 <0,5 <05

1.5.3. ObopyanoBanue Spectral Wave 40/80 DWDM

System (NEC)
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| JAU3alMd MarucTpajibHOro y3Jia, CIHOCOOHOro 00ecrneurThb
ruOKyl0 M MOATANHYI0 oOpraHuzanuio cucreMbl DWDM.
Cucrema SpectralWave 40/80 oGnamaer nmpomycKHOW CHO-
| cobHocThio 10 800 I'Out/c. OHa moanepkuBaeT A0 40 MH
=] | | BOJH B moIOCE C u obecrieynBaeT OTKPHITHINA HHTEpdElC B
y“ =f: ‘” { U mr000it komOuHanuu curtaiaoB STM-64, STM-16, STM-4,
1“ ~ STM-1 u 100 M6wur/c ~ 1,25 I'6ut/c. Murpanus ot 40 no
2 80 IJMH BOJH MOXET JIETKO OCYILECTBIISITHCS B pabOTaro-
- mel cucteMe oobenuHenueM mojoc C u L. Dt ocodeHHo-
“H CTH TIO3BOJISIFOT OPTaHU30BBIBATh MYJIbTUCEPBHUCHBIE IITUPO-
| KOIIOJIOCHBIC CETH ISl IPEJOCTABIICHHS IMPOKOrO CIEKTpa
| pacTymmux NOTPeOHOCTEH, Takux Kak 0ojee CKOpOCTHas
| mepejada roJjioca, JaHHBIX, BUACO- M JIPYTUX BHUJOB HH-
dopmarun ogHoBpeMeHHo. Cucrema SpectralWave 40/80
KOHTpospyeTcsi cuctemoil ynpasienus INC-100MS npo-
u3BojictBa NEC, koTopasi sBisieTcsi HHTETPUPOBAHHON CHU-
cTeMoi ympaBieHus st obopynoBanus WDM u SDH
¢bupmbr NEC.

r Cucrema SpectralWave 40/80 pazpabotana mis pea-

i ,|||."r|[|-'

i A T'?T" N Wi
Qn!{m 11y 17117'{ il

o \'l‘ L\
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Tabmuma 1.10
[TapamMeTpsl ONTHYECKOTO IEMYIbTHILICKCOPA

40-xaHaIbHbBII 40-xaHanbHBIN
Ha3zBanue napamerpa

MYJIBTHILICKCOP JEMYJIBTHTIEKCOP
Pasnecenune xanaios, I'T1g 100 100
BrHocumele notepu, 1b 14+/-0,5 7+/-0,5
Jlnama3oH JJIMH BOJIH, HM 1530.33 - 1562.23 1530.33 - 1562.23
Tum AWG AWG

Tabmauma 1.9

[TapameTpbl TMHEWHOTO YCHIIUTENS ONTUYECKONW MOIIHOCTH

80-kanaJsibHas1 cucTeMa
22/25 nb mng | 30/33 nb nos

Ha3zpanue napamerpa i(;gjﬂilss 1;\[/;11;1 caBers caBerst
NZDSF NZDSF
OO6macth ycusaeHus, HM 1530-1562.5 | 1530-1562.5 | 1530-1562.5

Koaddumnment mryma (NF), nb <7.0 (30 nb) |<8.5(22 nb)

<6.3 (33 1B) | <7.5 (25 1B) <1
MaxkcumasnbHas MOIIHOCTb HA 21 17 19
BBIXOJIE, 1bM
Koaddumment ycunenus, nb 28 27 30

Hepasnomepnocts AUX, nb <2 <2 <2
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BenmnuunHa nonsiprusaninoHHON
JMCTIEPCUH, TIC

[Tonspuzanmonnsie norepu, 1b <05 <05 <05

1.5.4. O6opyaoBauue Alcatel 1640WM (Alcatel)

MynbTuIekcop ¢ paszzaeneHueM mno juymHaMm BoiH Alcatel 1640WM (WM —
Wavelength Multiplexer) npencrasnsier coboit MacmTabupyemMoe rMOKoe pelnieHue
WDM 1t co3aanusi ONTUYECKUX CeTel CBEPXOO0IIBIIION MPOIMYCKHON CITIOCOOHOCTH U
MPOTSKEHHOCTH ¢ opranu3anueit 1o 80, a B
nepcnektuBe — A0 240 onTUYecKuX KaHa-
noB. JlamHas cuctema paspaboTaHa ams
YIOBJETBOPEHUS PACTYIIMX NOTpeOHOCTEH
B OoipllieM W Oojiee TMOKOM Ouaria3oHE U
ABJISETCS WACAIBHBIM CPEACTBOM IUISL CO-

EREER  ERRREEE Oy

.a e

. ; ;!:g E:!l ;;;:::;; s\l smaEMs ONTHUYECKHX TEPMHUHATBHEIX MyITh-
o 8 h i :
: EEPRERER £3 l TUIUIEKCOPOB, SBIIOIINXCS YaCThIO CETEN C

|
!
||l.
SPFR )
\

TOIIOJIOTMEN «TOYKAa — TOYKa» M OITHYE-
CKHUX MYJIBTHUILIICKCOPOB BBOI[a/ BbIBOJa

:i'fr |

g
pei—d [r?’é (OADM), npenHa3HaYeHHBIX Uil HCHOJIb-
3 | ~
) I 30BaHUs B CETSAX C TOMOJOTHMEW «MHOIO TO-
YeK — MHOT'O TOUEK)..

Tabnuua 1.9
[TapameTpbl IMHEWHOTO YCHUIIUTENS ONTUYECKOW MOIITHOCTH

q 80-kaHasbHAsI cHCTEMa

a3BaHUE MapaMeTpa 14 1B 17 1B 20 1B
OO6macTh ycuiaeHus, HM 1530-1562 1530-1562 1530-1562
Koaddumment myma (NF), nb 5 5 5
MakcuManbHass MOIIIHOCTD Ha 14 17 20
BBIXOJE, 1bM
Koaddunment ycunenus, 1b 28 28 38
HepaBnomepnocts AYX, nb <1 <1 <1
Bennuunna nonsipruzaimoHHOM B B B
JTMCTIEPCHH, TIC
[Tonsipuzanmonnsie nmotepu, 1b <05 <0,5 <05

1.5.5. CpaBHHTEeABHBIE XapaKTEPHCTHKH 000pyAOBaHHS

B Ttabn. 1.10
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MYJBTHUILUIEKCOPOB BBO/Ia/BbIBO/Ia paccMoTpeHHbIX Bbiie WDM-cuctem.

Taomuma 1.10
XapaKTepruCTUKH MYJIbTUILIICKCOPOB BBOJIa/BBIBOJIA

D ~ 2 —~ —~ e N
=0T ESZed 2§ |22:2%| :573
06 S 5~ 0 38 I S<Q3| 2% ¢
P E9Z BS222 §2 |8328| €25
g_ Engom\ gs < gD= vEI:
E:zﬁf)?ﬁu 100 _ 50 100 50
Buocumeie <10 14 B 5.5 3
1norepu, 1b
Koaddumment
< _ _ _ _ _
oTpakeHusl, 1b 40 45 30
[Tonmapuzauunosn-
< _ _
HbIC IOTEPH, 1D 0.5 0.5 0.5
MakcuMmansHas
pa3HUIa BXOJHBIX <3 - — 1 -
ypoBHEH, 1b
—11b monoca 502 B B 504 502
PONYCKaHUsI, HM
—20 nb moioca
<l4 - — <1,2 <0,32
MPONYCKaHUsI, HM
Yuciio KaHaJIoB 16/32 16 16 40 40
Tun TOHKO- TOHKO- TOHKO-
IUIEHOY- AWG IUICHOY- AWG IUIEHOY-
MYJIBTUIIEKCOPA o o o
HBIN HBIN HBIA

B Ta6n. 1.11 nana cpaBHUTEIbHAS XapaKTEPUCTUKA TEPMHUHAIBHBIX ONTHYE-
CKHMX MYJIbTUILIEKCOPOB.

Tabmuna 1.11
XapaKkTepUCTUKH TEPMUHATIBHBIX MYJIBTHILICKCOPOB

2008 EegZEd 5043
= o &) = = = & 2
Drpse SENZESez%: 2535
Bnocumsie norepu, n1b <17 14 12
Koaddumment orpaxenus, nb <-40 — -30
[Tonsipuzanmonnsie notepu, 1b <0.5 - 0,5
MaxkcumanbHasi pa3HUIla BXOTHBIX <3 - -
ypoBHEM, 1b

O6sacTh MPO3PAaYHOCTH, HM 1530-1570 | 1530 - 1562 -
Hucno kaHaIoOB 32 16 40
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| Tun mynsTHIEKCOpa |

AWG | AWG |

B 1abn. 1.12 npencraBieHa cpaBHUTEIbHAS XapaKTEPUCTHUKA ONTUYECKUX JIU-

HEWHBIX yCHIIHTENeH paccMoTpeHHbIX Boillie WDM-cuctem nepenayn.

Ta0muma 1.12
XapakTEepUCTUKU ONTUYECKUX JTUHEUHBIX YCUIINTEIIEH

) LS o 2
225 | 583 |z= =l
=255 = =Z =2 =
06 L o =0 = o 2 S
upma X =g ECE |2 E = =
°O8° | §9& | ek
Hucno kaHaIOB 32 40 80 —
Jlnana3oH MOITHOCTH HA ) . B .
sxoze, 1B -30+-13 |-225+25 -36 + +10
Koadppunuent mryma (NF), <55 6-7 5 7
b '
MaxkcumanbHasi MOIITHOCTh 20 891 28 35 27
Ha BbIXO0JIC, 1bM ’
Kooduumerr 32-35 | 30-33 20 15-30
ycuenus, 1b
HepaBuomepnocts AUX, nb <2 <2 <1 2
[lonspuzanmoHHbIe <05 B _ _
norepu, 1b ’
Jlureparypa

16. TIpoektupoBanue BOCII-WDM/ CnpaBounuk..- Hoocubupck: Cubl'VTH,
2005. [DnexTpoHHBIH pecypc].

17. Alcatel-Lucent 1696 Metrospan (Metro WDM) [Dnexkrponnsiii pecypc]. — Pe-
xuM fgocryna : http://wwwl.alcatel-lucent.com.

18. WaveStar® OLS 1.6T, Lucent's core DWDM system [D1eKTpoHHBIN pecypc]. —
Pesxum noctyna: http://www.alcatel-lucent.com/wps/portal/products.

19. Nortel's Wavelength Division Multiplexer (WDM) Portfolio [DnexTponHblit pe-

20.

21.

22.

cype]. — Pexxum nocryma: http://products.nortel.com.

Oo6opynoBanue ontuyeckoi nepeaaun OptiX [DaekTpoHHbIN pecypc]. — Pexum
noctyna : http://www.huawei.ru/products/catalog/optix

SpectralWave 40/80. Overview [DnekTpoHHblid pecypc]. — Pexxum gocryna:
http://www.nec.co.uk/Spectral_Wave_4080.aspx

ECI Telecom Technologies [DnexkrponHbiii pecypc]. — Pexum goctyma:
http://www.eci-telecom.com .
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CIIHCOK OCHOBHBIX COKpAaIllleHHH H 0003HaYeHHH

AWG — maccuB (hazupyrommx BOTHOBOIOB
DRA — pacnpeneneHHblid paMaHOBCKHI YCUIIUTEIb
DWDM — ymIOTHEHHOE CHEKTPaIbHOE MYJIbTHILIEKCUPOBAHHE
EDFA — ycunurens Ha BOJIOKHE, JIESTUPOBAHHBIM 3pOHEM
EDTFA — ycunurtens Ha TEJUTYPUTOBOM BOJIOKHE, JIESTUPOBAHHOM 3pOreM
FP — pesonatop ®abpu — Ilepo
LOA — nuHelHbIH ONTHYECKUN YCUIIUTEIb
LRA — IucKpeTHBIN paMaHOBCKUHN YCHIIUTEINb
MZl — unarepdepomerp Maxa-llenaepa
OADM — onTtudeckuii MyJbTHILUIEKCOP BBOJIa/BBIBOIA
OD — onrtuyeckuii 1eMyJIbTUILIEKCOP
OM — ontuyecKkuii MyJIbTUILIEKCOP
OTM — onTuueckuii TEpMUHATBHBIA MYJTBTUILIECOD
OP — ontuueckuid TpakT
WDM — cnektpainbHOE MYJIbTUILIEKCUPOBAHUE
BOCII — BOJIOKOHHO-ONITUYECKAs CUCTEMA ITEpEaAYN

L — TommuHA MepuoandecKOr CTPYKTYPHI
A — Tmepuo/ ClieJOBaHUs CIOEB
0 — HakIJIOH QUIBTPOB
A — JUIMHA BOJIHBI

€& — JOUAJICKTpUYECcKasl IPOHUIIAEMOCTh

K — BOJIHOBO# BEKTOp

K(A) — mocTostHHAsI CBSA3M MO/T
AB(L) — (da3zoBoe paccornacoBaHue
Imax — MakcuUMaabHOE OTPAKEHHUE OT TOHKOIUICHOYHOTO (PriibTpa
An — pa3HOCTb MOKA3aTEJIEN TPETOMIICHUS
Prax — MakcHMalibHasi IepeXxo/IHasi moMexa
I(A\) — anmapatnas pyukius punstpa @adpu-Ilepo
AMgsg  — CBOOOJHBIN CHIEKTPaIbHBIN JUAINA30H IeMYJIbTUILIEKCOPa
Li — anuHa pe3oHaTopa
Tf — mepuon anmapatHOW PyHKIIUU
R — koadduimenT orpaxeHus
A)y — KaHaJbHBIN UHTEPBAJ AEMYJbTUILIIEKCOPA
Nomax — MAKCHUMAaJIbHO JOCTHXKUMas udpakironHas 3pGheKTuBHOCTD
Ti — BXO/HBIE/BBIXOIHBIE TIOPTHI MYJIHTUILIEKCOPA
fi, — BXOHHOI cUTHAI

t y
fi™" — BBIXOIHO} curHaN

[Ti] — marpuna nepenaun
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