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BBEJAEHUE

TexHOMOTHSI BOTHOBOTO onTtu4eckoro mynsruiuiekcupoBanus (WDM/ DWDM)
MO3BOJIAET OCYIIECTBHUTH Mepeaady HHPOpMaIHu TepaOUTHBIX 0OBEMOB CO CKOPO-
ctsamu, nocturatomumu 400 I'6ut/cek, u B HACcTOSIIEe BPpeMs ITUPOKO BHEAPSETCS OT
IO0ANBHBIX J0 JIOKAJTBHBIX ONTHYECKUX CETeH CBs3W. B03MOXKHOCTH mepenaqn
OOJBIIIOr0 KOJMMYeCTBAa HWH(MOPMAIIMU IO BOJOKOHHO-ONTHYECKUM CETSIM CBSI3U
(BOJIC) cBsizaHa ¢ MCHOJB30BAHUEM TEXHOJIOTMH CHEKTPAJIbHOIO YIUIOTHEHHMS, T'ZIE
nepenada MH(GOpMANMU MO BOJIOKHY BEAETCS OJHOBPEMEHHO Ha PAa3HBIX JIMHAX
BoJIH. [Ipu 3TOM BBeneHHe MHPOPMAIMOHHBIX ONTHUYECKUX CUTHAJIOB C pa3iHyaro-
mmucs qiuHamMu 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-
KOMMYHUKalMoHHOe obOopynoBanue WDM-cucrteM BKIIOYAET IIMPOKUNA CIIEKTP
YCHJIUTENBHOTO ¥ MYJIBTHILIEKCOPHOTO 000PYA0BaHUs, TIPEJCTABICHHOTO HA PHIHKE .

B nanHOM y4eOHOM METOIMYECKOM MOCOOUH MPEACTaBICHBI MAaTEpUAIBI 10 Ca-
MOCTOSITEIBHOMY M3YYCHHIO U BBHIMIOJHEHUIO KOMITBIOTEPHOTO Jab0pPaTOpPHOTO Mpak-
THKyMa TI0 pacyeTy ¥ MOJCIMPOBAHUIO ONTHUYCCKUX YCUIMTEIICH M  ONTHYCCKUX
MYJIBTHILIEKCOPOB, KOTOPBIE JOIMOJHSIOT MaTepHalibl TCOPETUIECKOM JacTH [2] Kyp-
ca «MynpTHIUIEKCOPHOE 000pYAOBaHWE MHOTOBOJHOBBIX OMNTHYECKHX CHUCTEM CBS-
31,

[lepBbIil paznen mocoOust MOCBSIIEH M3JI0KEHUIO OOIIMX MPUHIUIIOB ONTHYE-
CKOTO  MYJbTUIUICKCUPOBAHUS W YCWICHHS B MHOTOBOJIHOBBIX BOJIOKOHHO-
ONTUYECKUX CHUCTEMax CBs3U. Bo BTOpOM, TpeTheM, UETBEPTOM M IISITOM paszjenax
paccMaTpuBalOTCsl OCHOBBI MocTpoeHust U pacuera EDFA ontudeckux ycunurene,
ONTUYECKUX MYJIbTUIUIEKCOPOB Ha MHTepdepeHnnonusix u ®adpu-Ilepo punprpax,
rojorpadpuueckux audpakuonaeix 1 AWG ctpykrypax. B xaxmom pasnene npea-
CTaBJICHBI 33J]JaHUSI U OMMCAHBl METOAMYECKHE PEKOMEHIAINH TI0 BBIIOJHEHHUIO Jia-
OopaTopHBIX pabOT, OCHOBAHHBIX Ha KOMITBIOTEPHOM MOJICITUPOBAHNUH, a TAK)KE OITH-
CaHO COOTBETCTBYIOIIEE MporpamMMHoe oOecrieueHue. B npunoxenusix A,b,B mpu-
BeJleHbl pekoMmeHmanuu craHgapToB ITU u PJ[ 45-286, a takke XapaKTepHUCTUKH
BoiltyckaeMoro WDM o6opyoBaHusi OT€UECTBEHHBIX U 3apyOeXHBIX (pupM. B KOH-
1€ KaXJ0ro pa3fena u NPUJIOKEHUSIX MPUBEACH CIMCOK MCIOJIb30BaHHOM JIUTEPATY-
DB

[TocoOue mpemHa3HaueHO JUIsl CTYJIEHTOB OYHOM B 3a04HOM (opMm oOydeHHs
TEXHUYECKUX BY30B CTapIIMX KypcoB, oOywaromuxcs mo Hampasienuio 11.03.02
«MHPOKOMMYHUKAIIMOHHBIE TEXHOJIOTHH U CHUCTEMBI CBS3M» (AuciuruimHa «Myib-
TUTIJIEKCOPHOE O0OpPYIOBAHHE MHOTOBOJIHOBBIX ONTHYECKUX CHCTEM CBSI3U») H
Hamnpasieauto 11.03.01 «Pagnorexnukay (auciumimHa «ONTHuYecKue yCTpOMcTBa B
PaTUOTEXHUKEY),



1. CTPYKTYPA U OBOPYJAOBAHHME MHOI'OBOJIHOBBIX
OIITUYECKHUX CUCTEM CBA3U

1.1. Moaeas BOCII co cnekTpajJbHbIM YILIOTHEHHEM

BoiokoHHO-ONTHYECKOI cHCTEMOM Tepeaur Ha3bIBAETCSl COBOKYMHOCTH OII-
TUYECKUX YCTPOWCTB M ONTHUYCCKUX JIMHUW TIEpPeNadd JIsd CO3JaHus, 00pabOTKH U
nepeaadn ONTUYECKUX CHUTHAJIOB. [Ipy 3TOM ONTHYECKUM CHTHAJIOM CIY)KHUT MOJY-
JUPOBAHHOE ONTHYECKOE M3ITyUICHHE J1a3epa Wik cBeroamnoma.[1]

Oaun u3 HamOoJiee MEPCHEKTUBHBIX METOJOB YBEIMUEHUS KOA(PPUIIUEHTA
UCIIOJIb30BaHUSI MPOIMYCKHOW CIIOCOOHOCTH ONTHUYECKOTO BOJIOKHA — CHEKTPAIBHOE
ymotHenue, wim WDM (Wavelength Division Multiplexing). Cyts 3Toro merosa
COCTOUT B TOM, YTO M HMH(OPMAIMOHHBIX ITU(PPOBBIX MOTOKOB, MEPEHOCUMBIX KaXK-
Tl Ha CBOEM ONTHUYECKOW HECylled Ha JIJMHE BOJHBI Ay M pa3HECEHHBIX B IMPO-
CTPaHCTBE, C MOMOIIBIO CIEIUABHBIX YCTPOMCTB — ONTUYECKUX MYJIbTHUILUIEKCOPOB
(MUX) — 00beIUHSAIOTCS B OJJUH ONTHYCCKUMN MOTOK A; ... Ay, IIOCJIE YErO OH BBOIMT-
Csl B ONTHUYECKOE JIMHEHHOE BOJIOKHO, BXOJSINEE B COCTAB OMTHYECKOTo Kabens.[3]
Ha npuemMHo#t cTopoHe Mpou3BOAUTCS oOpaTHAasi onepaius 1eMyIbTUTIIIEKCUPOBAHUS
(DMUX).

CrpykrypHas cxema BOCII-WDM, cootBercTByIOImas pEeKOMEHAAINN
G.692 MCD-T, npuBenena Ha puc. 1.1 [1,16,17].

Kak BugHO u3 pucyHka 1.1, crpykrypHas cxema BOCII-WDM copnepxut on-
trueckuil nepenatunk (TX), ontuyeckuid nmpueMHuk (RX) u rinaBHbIM ONTHYECKUI

TpakT (OP).
OnTHyeckuil mepeaaTyuk CoACPKUT KaHAJIbHbBIE PUeMOTepeIaTIuKh (TPaHC-
nouaepbl) TXi -=- TX,,, KOTOpBIE, B YaCTHOCTH, Pe0OPa3yoT AauHy BoJHBI STM-N

(mm ATM) Ay B JsIMHBI BOJIH cHieKTpa KaHasioB A;,. Ha Bbixozme TX; oOpasyercs ka-
HaJIBHBIA CUTHAJ, CIIEKTP KOTOPOTO COOTBETCTBYET ckopoctu nepenaun STM-N. Ka-
HAJIbHBIE CUTHAJIBI, 4, CJIEIOBATENIHO, U UX CIIEKTPHI OOBEAUHSIOTCS C TIOMOIIBIO OTI-
TU4yeckoro mynbsTuruiekcopa (OM), Ha BBIXOJIe KOTOPOTO 00pa3yeTcsi rPyIIOBOM CUT-
HaJI, CIIEKTP KOTOPOTO COJEPKUT CYMMAPHBIN CIIEKTP KaHAIbHBIX CUTHAJIOB:

Af = Af_ +(n-1)-Af

wap 1
IZie Af_ - CIIEKTp TPYNIIOBOTO CUTHAJA;
Af_ - CIIEKTp KaHAJIbHOTO CUTHAJA;
Af, - HOMMHAJIBHOE YaCTOTHOE pasHeceHue kaHanos (HYP),

HY;

['pynmnoBoii curHan yCUJIMBaeTCsl OKOHEYHBIM ONTHYEeCKUM ycunutenem BOA
(Oycrep), ¢ momoipio koToporo B untepderice MPI-S ycranaBnuBaercs Heobxomau-
Mast 00111asi CpeHsISI MOIIIHOCTh JINHEWHOTO curHana P, .
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Puc. 1.1 - CtpykTypHas cxema BOJOKOHHO-ONTHYECKON CUCTEMBI CBSI3U CO
CIIEKTPAJIbHBIM YIIOTHEHUEM KaHAJIOB [4]

351ech.

TX;u RX; (I =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 - KoHTposIbHBIE TOYKHK (MHTEPGENCHI) HA BXOJE MEePEAarONINX TPAHCIIOH-
JepoB,

Sti - KOHTPOJIbHBIE TOUKH Ha BBIXOJIaX MMPUEMHBIX 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 I 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 01oka OA/OD, Ha Beixoae OC,

OSC - ToukM MOAKIIOYEHHS ONITUYECKOTO CIIyKEeOHOT0 KaHara,

OADM - MynbTHILUIEKCOP BBOJa-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), koMrneHcupyroiye 3aTyXaHue, BHOCUMOE Y4acTKaMU 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 mnpeaBapUTEIbHBI ONTHYECKUI YCUIIUTEINb
(POA), ycunuBaronuii TMHEWHBIA cUTHaIN, Aemyibtuiiekcop (DM), paznensromimii
IPYNIIOBOM CUTHAJ HAa KaHAJIbHbIE CUTHAJIBI, IPUEMHbBIE TpaHCIIOHAEPH RX, mpeoo-
pa3yroIue JUTMHBI BOJH Aj, B JUTHHY BOJIHBI Ag, COOTBETCTBYOMIYI0 STM-N nmm ATM.

OnTuyeckuii ciayeOubii kanan (OSC) opranusyeTcsi Ha IJTUHE BOJIHBI, Jie-
ared BHe nuara3ona crekrpa WDM. OSC BBoauTCS U BBIBOJUTCS KaK B ONTHYC-
CKUX TIEpelaTYNKe U MPUEMHUKE, TaK U B JIMHEUHBIX YCUIUTENAX U B MYJIbTUIUIEKCO-
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 kanana. CorylacHO O3THUM PEKOMEHJAIUSIM, MHOTOBOJHOBBIE  CHCTEMBbI
nepefgaun padbotaroT B 3-M okHe mnpo3paudHoctu OB, T.e. B auama3oHe JJIMH BOJH
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 ¢ uatepanom 0,8 HM. OgHaKko B MOCIEIHEE
BpEMsl YCTAaHOBUJIACH YETKasl TCHACHIUSI YMEHBIICHUSI YaCTOTHOTO MHTEPBAIa MEXIY
CIIeKTpaJdbHbIMU  KaHalamMu g0 S0u  gaxe 25 ITu, d9ro nOpuBOIUT
K 00Jiee MJIOTHOMY PACIOJIOKEHHUIO CIIEKTPATBHBIX KaHAJIOB B OTBEICHHOM JIMAMa30HEe



JUTUH BOJIH (1530...1565 HM). Takoe YIUIOTHEHUE MOJTYYHUIIO
Ha3BaHWE ILJIOTHOTO BOJIHOBOro yrwioTHeHus, i DWDM (Dense Wavelength
Division Multiplexing). I'py6oe cnektpanbhoe ymiaotHenue (Coarse Wavelength
Division Multiplexing, CWDM) xapakTepusyercs TEM, YTO PAaCCTOSTHUE MEXIY 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 mmmu BoyH | 20 HM mim 25 HM <1,6 am <0,4 am
(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 ucnoiab30Ba-
Hbl O0O3HAYCHUS CIEKTPAIBbHBIX nauana3oHoB : O — HavaubHBIA , MEPBHYHBINA
(Original, 1250-1360 um); E — pactmpennsriii (Extended, 1360-1450 um); S — kopoT-
xoBoJHOBBIN (Short wavelength, 146—1530 um); C — oObIuHbIH, cTangapTHBIA (CoON-
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 -
z ‘Region It Region lle B C
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B =
g § 0 3,"_\ OH
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Pucynok 1.2 — YacroTHbil 11aH ctangaptuzoBanublil | TU-T.

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

DOyHKIMOHAJIbHbIE TapaMeTPbl KoMnoHeHTOB \WDM




Onruyeckuit nopr. IlopTom siBIsSETCS BXOX ONTHYECKOIO BOJIOKHA WIIM OII-
TUYECKOTO pa3beMa (IIPUCOCAUHEHHOIO K ONTHUYECKOMY 3JIEMEHTY), UCIOJb3YEMBbIN
JUISl BBOAA ONITUYECKON MOIIIHOCTH.

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

Matpuna 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:

w T, T, T
21 22 : 2] ) T2 N

~
|
|
T, T, . T. . T, I (1.1)
e
LTNl Tws - Ty - T J
B cnyuae ontuueckoro ycunurens (mpumep EDFA) marpuna nepenayu Bbl-
pokaercsa B OAUH KO3(pdUUMEHT nepeaaun: T = [T, ].
Paboty muoromoptoBoro NXN pacrpeaeiauTenass MOXKHO HPEeACTaBUTh HC-
H0JIb3YS MaTpuLly K03 PUIMEHTOB Nepeaayn. .
CrpykrypHas cxema MHoronoptoBoro NxN pacnpeaenuTens n300paxeHa Ha
puc. 1.3, rme i=1..N u j=1..N — HOMepa COOTBETCTBYIOIIMX BXOJTHBIX M BBIXOHBIX
nopToB; [ Tjj] — MaTpuna nepenaym.
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B i | 2
:[ ..."'n_ ""
E """u_,_.: = ) TI." E
n o n
=10, LG

Pucynok 1.3 — CTpykTypHas cxeMa MHOTOIOPTOBOTO N XN pacrpeaenuTens

JleMyIbTHILIEKCOP, B OTJIMIKME OT paCHpeIeUTeNs] UMEIOT ouH BXxoa 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.) (1.2)

1
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 BOJTOKOHHO-ONTHYECKUX YCUIIMTENEH, JIETUPOBAHHBIX PEIKO3EMEIIb-
HBIMU 3JIEMEHTaMHu, BOCXoUT K 1960 romam, korja BoepBbie ObUT IPOJAEMOHCTPUPO-
BaH OINTHUYECKUN YCHIIUTENIb Ha CTEKJSIHHOM BOJIOKHE C MOKPBITHEM M3 HUOAMMA C
paboueit nmuHOM BoHBI 1.06MKM. [lo mpormiecTBuu psija JeT ObLIO BBHITOJIHEHO 00b-
elnHeHne (PU3MYECKUX MPUHLUIIOB, MOJO0KEHHBIX B OCHOBY pabOThl OJJHOMOJOBOTO
CTEKJISIHHOTO BOJIOKHA U MOJYIIPOBOJHUKOBOIO JIa3epa, CO3/IaBIINX YCIOBUS IS T1O-
ABJICHUSI BOJIOKOHHO-ONTUYECKOT0 ycriutels Ha 1.55mkm B 1987 rony .

Tak Kak ONTHYECKHWE IOTEPU B KPEMHHEBOM CTEKJISTHHOM BOJIOKHE IpHU
A=1.55MkM nmeroT HanMmeHbIee 3HadeHue (-0.2 1b/km), TaHHas JIMHA BOJHBI CTaja
HanOoJIee YacTo MUCIOJIb30BATHCS JUISl TalIbHUX TEJIEKOMMYHUKAIUH.

OpOueble BonokoHHO-onTHueckue ycumnurenu (EDFA) no cpaBHenuto ¢ mo-
JYOPOBOJHUKOBBIMA W PAMAHOBCKMMHU BOJOKOHHBIMU YCUJIUTEISIMU ONTHYECKUX
CUTHAJIOB 00JIaat0T CJIEAYIONMMU MTPEUMYIIECTBAMMU:

1. Majbie (MeHbie 11b) BHOCUMBIE TIOTEPU TIPH BBICOKOM KO UITUEHTE
YCUJIEHUS, KOTOPbIM HE YYBCTBUTEIEH K MOJISIPU3ALUHA yCUIMBAEMOTO
CBETA;

MaJible MEPEKPECTHBIE TOMEXHU NPHU YCUICHUH HECKOJIBKUX CUTHAJIOB;
BHOCHMBIE IIIyMbI Ha YPOBHE KBaHTOBOTO nipenena (~ 3...4 ab);
CHEKTpajbHasi 3aBHUCHUMOCTb YCHJIEHHS XOPOUIO BOCIPOM3BOAMTCS OT
oOpasua K 00pasiy u caado 3aBUCUT OT TEMIIEPATYpHI.

W

K nenocrarkam EDFA cnenyetr otHecTu:
1. BO3MOXHOCTbH YCHJIEHUS TOJBKO B OJM3H 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 PA3JINYAOT MPCABAPUTCIIBHBIC YCHUIIUTCIIN,

11



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

Ilpeosapumenvnvie ycunumenu (NpeayCUIUTEIN) YCTAHABIUBAIOTCS HEIO-
CPEIICTBEHHO Tepe]l MPUEMHHKOM pereHeparopa U CIOCOOCTBYIOT YBEIUYEHUIO OT-
HOILICHUSI CUTHAJI/IIyM Ha BBIXOJE JJIGKTPOHHOTO KacKaJa yCHUJICHUS B OITORJICK-
TPOHHOM NpUeMHHUKE. ONTHYECKUE MPEAYCUITUTENHN YacTO UCIOIb3YIOTCA B KAUE€CTBE
3aMEHbI CJIOKHBIX U OOBIYHO IOPOTHX KOTEPEHTHBIX ONTUYECKUX MPUEMHUKOB.

Jluneitnvle ycunumenu yCTaHABIVBAIOTCA B MPOMEXKYTOUHBIX TOUKAX MPOTS-
JKCHHBIX JIMHUU CBSI3W MEXKJy pereHepaTopaMy WM Ha BBIXOJE ONTUYECKUX Pa3BeT-
BUTEJICH C IIEJIbI0 KOMIICHCAIIMKM OCJa0JIeHUs CUTHAJIa, KOTOPOE MPOUCXOJAUT H3-3a
3aTyXaHUs B ONTUYECKOM BOJIOKHE WJIM U3-3a PA3BETBICHUS B ONTUYECKUX PA3BETBU-
TEJISIX, OTBETBUTEIAX, MyJbTUILIEKCOpax WDM. JIuHElWHbIE YCUIIUTEIN 3aMEHSIOT
ONTO3JIEKTPOHHBIEC TTOBTOPUTENIM U PETEHEPATOPHI B TEX CIIy4asx, KOrja HeT HeoOXo-
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 mouwnocmu (6yctepbl) yCTaHaBIMBAIOTCS HEMOCPEICTBEHHO TIO-
CJIe JIa3epHBIX TMEPEAATIYMKOB W TIPEIHA3HAYCHBI JJIS JTOMOJHHUTEIIBHOTO YCHIICHUS
CUTHAJIA 0 YPOBHS, KOTOPBIM HE MOXKET OBITh JIOCTUTHYT Ha OCHOBE JIA3€PHOTO JIHO-
na. bycTepbl MOTYT TakKe YCTAaHABIMBATHCS TeEpeNl ONTHYECKUM Pa3BETBUTEIIEM,
HalpuMep TpH Tepelaye HUCXOMAIIEr0o Tpaduka B THOPUIHBIX BOJIOKOHHO-
KOAKCHAIBHBIX apXUTEKTypax KaOEIbHOTO TEICBUIACHUS.

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

Tabnuua 1.1 CpaBHUTENbHBIN aHAIU3 TapaMeTpoB TpeX TuoB EFDA

JInnenHwIN Ycunureinn
[TapameTp [Ipenycunurens

YCUJIUTEND MOIITHOCTH
Kordduiment ycu- . . .

Gun 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;

** - HEIMHEHHOCTHh 0XBATHIBAET COBOKYITHOCTh XaPaKTEPUCTHK: 3aBH-
cuMocTb G oT Py, , MONSPU3ALIMOHHYIO YyBCTBUTEIBHOCTD, MIEpe-
KPECTHBIE TIOMEXU MEXy KaHaJIaMu

1.2.3. Hpunuun geiicreusa EDFA

Ha pucyrke 1.6 mprBexeHa dHeprerTmdeckas uarpaMMa i HOHOB Er'* B
KPUCTAJUIMYECKOW MaTpHUIle KPEMHHUEBOIO CTEKJa. B criekTpe MOTJOIEeHUs] TaKuX
KOMIIO3UTOB HaOIIOJaroTCd NUKKA Ha jgiamHax BoaH A=1.48, 0.98, 0.8, 0.667, 0.532,
0.514pm, cOOTBETCTBYIOIIKNE MEPEXOAAM C OCHOBHOT'O YPOBHSI 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 HAKayKW, TaK U B PE3yJIbTaTe€ CTYNEHYATOM O€3bI3TydyaTeabHOM
pelaKcaluy BCEX pacIlONOXKEHHBIX BhIIE ypoBHEH. Ero omycromeHue nmpoucxoauT
10J] BIMSHAEM CTHMYIHPYIONMX H3IydaTedbHBIX MepexonoB |y —*lis, Ha miuHe
BOJIHBI A, = 1.53um, (pucyHok 1.6).

MopenupoBanue noBeaeHuss U xapakrepuctunk EDFA ocymectBisiercs ¢ 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) M ypaBHEHHH paclpoCcTpaHEHHUs IS ONTHYECKON MOIIHOCTH. MaTeMaru-
yeckasi MoJiesib 0JlHOBOJIHOBOro EDFA niist cTalmoOHapHOToO peXuMa, OCHOBaHHask Ha
JIAHHBIX YPaBHEHUSX, MpejcTaBieHa B [2]. MoauduiiupoBap Mojeiab u3 [2] mis ciry-
qasi paCHpOCTPAHEHMSI HECKOJIBKUX CUTHAJIOB, MOXHO IOJYYUTh MOJENb MHOTOBOJI-
HoBOoro EDFA.

XOTsl HAaKaykKa MOXET MPOUCXOJUTh Ha JJMHAX BOJH JIIOOOT0 W3 MHKOB MO-
rinomieHus (pucyHok 1.2), HanOosee pacnpoCTpaHEHHBIMH JHANA30HAMH HaKayKd
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, 00JanaroT HauOoabued 3¢ heKTuB-
HOCTBIO HaKauKH, a TaK’K€ MUHUMAJIbHBIM KO3 puimentom mryma (~ 3 ab), Oau3kum
K KBaHTOBOMY Ipejieny. BbIxoHas MOIIHOCTh YCUJIEHHOTO CHUTHAla MOYET COCTaB-
a5tk 60siee SOOMBT nipu 80% nuddepenunansuoit 3¢ hexTuBHOCTH TPeoOpa3oBaAHMS
($hOoTOHOB Hakayku B (POTOHBI CUTHAJIA. DTH CBOMCTBA CBSA3AHBI C OOJIBIITUM CEUECHUEM
MOTJIOIIEHUS U TIOJIHBIM OTCYTCTBHEM CTUMYJUPOBAHHOIO M3JIyYEHHS U MOTJIOILIECHUS
BO30Y’KIEHHBIM COCTOSHHEM *l13/, Ha JUTHHE BOTHBI HAKAUKH.
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Pucynok 1.6- JlnarpaMma SHEpreTHUCCKUX ypOBHEH s HoHoB Er™,

Hakauka B nuamnaszone 0.98 mxMm umeer 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 CEJIEKTUBHBIM OT-
BeTBUTEINIIM B coctaBe EDFA.

Junana3son Hakauku A, = 1.48 mkm. Pesonancnas nakauka EDFA Hemo-
CPEIICTBEHHO B METACTAOMIIBHBIN YPOBEHD |13, TakKe HPHBOAUT K MOSBICHUIO HH-
BEPCUM HACEIICHHOCTH Ha IEpPEexXoJe 4I13,2 — 4I15,2 U JIaeT BBICOKUU KOI(PUIIMEHT
YCWICHHS. DTO SBJISAETCS CIEJACTBUEM YaCTOTHOTO CABUTA U OOJBIIETO Pa3Iuuus
CIEKTPOB TOTJIOMICHUS] U U3ITyUYCHHs ITOr0 TEepexo/aa, 00yCIOBICHHBIX HEOAHOPOI-
HOCTBIO 3aCeJIeHUs] TOHKOM CTPYKTYphl METAcTaOWJIHHOTO YPOBHS MO JIEUCTBHEM
apdekra ltapka. IToT 3ddexT obecneunBaet nojocy ycuienus a0 30 HM BOIU3H
A=1.53 MKM.

[TomynmpoBogHUKOBBIA Ao HA 1.48 MKM JaeT Jy4Iiuii KBaHTOBBIN KOd(DPu-
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 WHBEPCUU HACEJIEHHOCTH METacTaOMIIBHOTO SHEPreTHYeCKOro
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 jiist ycunurened EDFA

JlmnHa BOJIHEI 1480 Hm 980 HM
Hcrouynuk ceta 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
i[;l;;aspclm JUTAH BOJIH IJJI/IpOKHIIZIr,9 %OHlﬁ\;{ (1470- yaKuit, 2 1M (979-981 1)
BLIXOIEa3 MOIHOCT: 50-200 nB1 1020 B

Hakauka EDFA B HE3aBUCUMOCTH OT Juaria3oHa, OCYIIECTBIISICTCS IO YEThI-
pPEM OCHOBHBIM CXeMaM, MPEICTaBICHHBIM 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 BIUSHUS OTPAKCHUH OT TOPIIOB BOJIOKHA HA PEXUM PabOThI HICTOYHUKA
CUTHAJIA JIJIsl YBEITWYCHUS OTHOIIICHUSI CUTHAI-IITYM Ha BBIXOJIe ycuauTens. 3omsaro-
PBI CTaBAT Ha 000MX KOHIIAX YCHJIMTEIIS, YTOOBI MUHUMHU3HPOBATh KojieOanus u ASE
WU IPYTHE IIYMBI, IPOUCXOIAIINE OT OTPAKECHUN MJIM HEMOCPEICTBEHHO OT CHUCTE-
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, KOADPUIUEHT YCUIICHHS, MOITHOCTh YCUJIEHHOT'O CIOHTaH-
HOTO U3NTyYEHHUS U ITyM-(PaKkTop.

MournocTs HachimeHnus Pg, (saturation output power) - omnpeaensieT Makcu-
MaJbHYI0 BBIXOJHYIO MOIIHOCTH YCWJIMTENA. bosbliee 3Ha4eHME MOIIHOCTH MO3BO-
JSIeT YBETUYUBATh PAcCTOSIHUE O0€3pETPAHCIMOHHOTO ydyacTKa. 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
(TONIe3HBIX) CUTHAJIOB HAa BXOJI€ M BbIXOJe ycunutens. Benmnuumna koddduimenta
YCHJICHUS 3aBUCUT OT BXOJIHOW MOIIHOCTH M CTPEMHTHCS K CBOEMY MaKCHMaJIbHOMY
TIpeIeTy Mo Mepe YMEHBIIICHHSI MOIITHOCTH BXOJHOTO CHTHAJIA

MouHocTh ycWJIeHHOro cmnoHtanHoro wusaydenuss ASE (amplified
spontaneous emission). B orcyrcTBumn BxoaHoro curHana EDFA sBisercs uCTOYHU-
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, Tupaxupyrores, B pe3yJabTaTe 4ero co-
3/1al0TCSl BTOpUYHBIE (DOTOHBI HA TOW K€ JUIMHE BOJIHBI, C TOU ke (a3oii, momsipusa-
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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 MOAAETCs CUTHAI, OT Ja3epa, TO ONpeaeNeHHas J0s
HHEPreTHYECKUX MEePEX0I0B, paHee paboTaBIIasi Ha YCHICHHOE CIIOHTAHHOE M3JIyde-
HUE, HAYMHAET MPOUCXOAUTH MO/ ACHCTBUEM CHTHAJA OT ja3epa, yCHINBas BXOTHOU
curHai. Takum 00pa3oM, MPOUCXOAUT HE TOJIBKO YCHJIEHHE IOJIE3HOTO BXOJHOTO
curHaia, Ho u ociabdnenue ASE, (pucynok 1.7).

= 10

o ASE Npr oToyTCTEMKM

= CHHana Ha Bxon e
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Pucynox 1.7 - Beixognoii criektp EDFA, cHATHIN criekTpaibHBIM aHAN3aTO-
pom (ASE - criekTpanbHas TIIOTHOCTH IITyMa)

OnTtuueckue nuHUMU ¢ KackagoM EDFA nposBisitoT ceOs yulie, Koraa MyJiib-
TUTUIEKCHBINA CUTHaJI MPEJCTaBIICH 00Jie€ Y3KMUMH B CIIEKTPAIbHOM OTHOILICHUH OT-
JeTbHBIMUA KaHanamu. VIcnosib30BaHUE Y3KOMOJIOCHBIX (PUIBLTPOB HEMOCPEACTBEHHO
nepea MPUEMHBIM ONTORJIEKTPOHHBIM MOJYJIEM, HACTPOCHHBIX Ha Pabouyio JIHHY
BOJIHBI, TaK)X€ MOMOTaeT YMEHBIIUTh YPOBEHb IIyMa OT YCWJIEHHOIO CIIOHTAHHOTO
W3JIy4YEHUS.

Bbonbmnie coocTBeHHbIE BpeMeHHble TocTosiHHble EDFA - mocTosiHHas Bpeme-
HU Mepexo/ia B METacCTaOUIBLHOE COCTOSIHUE ~]1 MKC, BpeMsl ’KU3HU METACTaOUILHOTO
coctostHusl ~10 MKC - yCTpaHsIOT Kpocc-Moayisiiuio ASE B ycunurene u aenaet 6o-
jee cTabuIIbHOM paboTy Kackaja ONTUYECKUX YCUIIUTEIEH.

MoOIIHOCTh YCUJIEHHOTO CIIOHTAHHOTO M3TY4YeHHUs CBs3aHa K Kod(PUimeHTOM
ycuiieHus GopMysion

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

rae h - mocrosiHHas 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 dQPexkTuBHOCTD. B naeansnoM ciyuae Ng,=7=1 npu G>>1, oTHeceHHast KO BXO-
Ty MOIIHOCTh YCUJIEHHOTO CIIOHTAHHOIO M3IyYEHUS HI€AIBbHOIO KBAHTOBOI'O YCUJIU-
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 M3iydeHus 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 SBISETCH KBAHTOBO-

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

MK BaKyyMa . MOH_IHOCTI) ImryMa Ha BBIXOJC COCTOUT M3 CYMMBI

MOIIHOCTH YCHJIEHHOTO CTIOHTaHHOTO u3nyudeHus: ASE 4, 1 MomHoCTH IITyMa HYJIEBBIX
¢GuaykTyanuii Bakyyma, KOTOpbIE MPOXOAAT YEpe3 YCWIUTENb 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)
Yacto nipu onucannu EDFA 3nauenue mrym - dakrtopa ykaseiBaercs B 1b. Tu-
MUYHBIC 3HAYCHUSI IIIyM - pakTopa cocTaBisitoT 5,5 nb.

3aBHCHUMOCTDH YCWICHUA OT NOJIsIpU3AllNN.

b0 ycranoBieHo, uyTO moJisipu3anronHas 3aBucumoct EDFA Bo3HuKkaer B
CJIEICTBUH 3aBUCUMOCTH TOJISIPU3ALIMN OT MONEPEYHOro CEUYEHUs: HOHOB 3pOus B BO-
JIOKHE M3 KBaplEeBOro crekia. JlaHHoe siBIeHUe NPUBOIUT K CIlaly YCUJICHHS B 3aBU-
CUMOCTH OT TOJISIpU3aliiy, u3BecTHOMy Kak polarization hole-burning (PHB), mu
MOJIIPU3ALMOHHBIN MPOBaJl YCUJICHUS C TIIYOMHOW 3aBHUCSIIEH OT CTENEHU CHKATUs
BOJIOKHA:

_ _ 2
PHB =0.027C, —0.001C, (L.6)

1t ko3 dunuenta cxatust Cp<81b.
MmeeT MecTo 3aBUCUMOCTh YCUJIEHUS OT MOJSPU3ALUHU CBETA Ja3epa HaKayKy,
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HO 3TO SIBJICHUE MPOSIBISAETCS NPU OOJIBIIOM KOJUYECTBE YCUIIUTENEH HA IMHUM.
CrnexkTpajbHbIii NPOBAJ yCUJICHUS.

3aBUCHMOE OT MOIIHOCTH OCJIA0JIEHHWE CHTHAIA B OMPEICIICHHOM TUala30He
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-
JICHHSI Ha OTIPEACIICHHON JUTMHE BOJIHBI.

WccnenoBanus moka3ail, 4TO CHIDKCHUE YCHIICHUS UMEET TEHICHITUIO K TIPO-
SIBJICHHUIO B 00JIACTH IJTMHBI BOJHBI 1.55 MkM co ckopocTthio 0.3 1b Ha kaxsiii nb.

HepaBHOMepHOCTL H cnial YCHUJICHUSI.

HepaBHomepnocts ycunenuss EDFA npuBoauT kK HEraTUBHBIM MOCIIEICTBUSM
B CHUCTEMaX, 4yBCTBUTEIbHBIX K uckaxkeHussM (WDM, DWDM). Otknonenue ycume-
HUSI OTIPE/ICIISIETCSl KaK OTHOIIEHUE U3MEHEHUSI YCUJICHUSI HAa TECTOBOM JJIMHE BOJIHBI
K U3MEHEHUIO YCUJICHUS Ha 3TAJIOHHOW JIMHE BOJIHBI.

PacmupeHnue moJiocbl 4acToT yCUJIUuTe 1eH.

B cBs3u ¢ pazButmem DWDM cucrem B HampaBieHUM YBEIWYCHHS YHCIIA
JUTMH BOJIH TIepeayun, BOSHUKAET HEOOXOAUMOCTh YBETUUYCHUS AUana3oHa JJIMH BOJIH
ycuieHus . B Hacrosiee BpeMs mosioca ycuienus ais EDFA B o6nactu 1.55 MM
cocTaBisieT nopsiaka 35 HM. OHaKo, UMesl BBUY, UTO OHM MMEIOT IJIOCKYIO Xapak-
TEPUCTUKY ycuJieHus B oOmactu 1.58 u 1.55 MKM, yBenuueHue guanazoHa MOXKET
OBITh JOCTUTHYTO MYTEM HMCIOJIb30BaHUSI 000X TMOJIOC TOCPEICTBOM METOJIOB OCHO-
BAaHHBIX HA:

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

HUBAIOIIUMH YCUJICHHUE;

2.  AByX moJjoc yactoT ycuienus EDFA ¢ mapannensHON KOHGUTYpaImei;

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

murtensa Pamana.

[Ipy BBIMOSHEHWN CEJIEKTUBHOTO OCTA0JICEHUS MPUXOJIUTCA TMPUHUMATH BO
BHUMAaHHE TO, YTO SHEPIHs Ha JPYTrUX KaHaIaxX TaKxke mepepacnpenensercs. B pe-
3yJbTaT€ YE€ro ONTUMHU3ALNS CUCTEMBI CTAHOBUTCS CII0KHOW UTEpPAllMOHHOM MpoIle-
nypoi. JIomoJHUTENBHBIE CIIOKHOCTH BO3HUKAIOT, KOTJa OMTOBBIE CKOPOCTU J00aB-
JISIEMBIX WJIM YCTPAHSEMbIX KaHAJIOB paznnuHbl. Hanpumep, cootHomenune SNR mis
nepenaun STM-64 (10 I'6ut/c) nomxHo ObITh HAa 6 nb Ooibie, YeM I TIepeaadu
STM-16 (2,5 I'6ut/c). B nocnennem ciydyae, JOTOJHUTEIbHAS MOIIHOCTH JTOJDKHA
OBITH noOaBiieHa B kaHail STM-64.

[IpousBoauTtenu o0OpPyI0BaHUS, TIOHUMAs ATy TPoOJIeMy, HAUUHAIOT BHEIPSATH
pa3IMYHbIC CAaMOONITUMHU3UPYIOIIUECS AITOPUTMBI B 3JIEMEHTHI TTOJIHOCTHIO ONTHYE-
ckoii cetu. O0ecrneueHre BO3MOXXHOCTH JUHAMUYECKOTO ONTUYECKOTO OajlaHCUpPOBa-
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 niocTpoeHusi EDFA npeacTaBieHsl Ha pUCyH-
ke 1.8 (a-2). Dnementamu EDFA Oeryrmieit BOJHBI SIBISIFOTCS: BOJIOKHO, JISTHPOBaH-
HOE 3pOueM, CENEeKTUBHBIM ONTHYECKUN OTBETBUTENb U MCTOUYHUK HAKAUKHU — IOJIY-
IIPOBOJHUKOBBIN Ja3ep. JONOJHUTEIBPHO MCHOJIB3YEMBIE ONTHYECKUE H3O0JIATOPBI
00ecreunBaOT YMEHBIIECHUE BIAUSHUS OTPAXKEHUHM OT TOPLIOB BOJIOKHA HA PEXUM pa-
OOTBI UCTOYHMKA CUTHAJIA JUIsl YBEJTMUYEHUS OTHOILLEHUS CUTHAJI-IIYM Ha BBIXOJIE€ YCH-
JIUTEIISL.

OTu cxembl 00J1a4aI0T IPUMEPHO OJAMHAKOBBIMU XapaKTEPUCTUKAMH YCHIICHUS
c1a00ro CUrHaja, OJHAaKO JUIsl TOCTH>KEHUs 00Jiee BHICOKMX HEHACBHIIICHHBIX BBIXO-
HBIX MOIIHOCTEH MPEANOYTUTEIBHEE CXEMbI C Pa3HOHANPABICHHBIMU HAKAYKON WU
curHasioMm (puc. 1.8, 6) u ¢ nBymMs ucrounukamu Hakauku (puc. 1.8, B). OpOuepnie
BOJIOKOHHBIC YCHJIMTENH OTpakarenpHoro tuma (puc. 1.8, r) obecneunBaior 6omee
BbICOKUI U depeHunanbubiii KoapduuueHT ycuneHus (ycuieHue B neuudenax Ha
KKl MUUIMBATT MOILIHOCTH HAKayKH), YTO MPUBOIUT K Oosiee 3PPEeKTHBHOMY
VCIIOJIb30BaHUIO MOIIHOCTH HAKAYKHU U YBEIIMYMBAET YyBCTBUTENIBHOCTH 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, JTACT JIYYIIHA KBAHTOBBIN KO PHUIIN-
€HT IpeoOpa3oBaHusi, U padboTaeT B OOJIBIIOM JUANA30HE CIEKTPAIbHOTO MOTJIOIIe-
HUSA, YTO 00ECIeurBaeT MPEBOCXOJHYIO CTAOMJIBHOCTh JUIMHBI BOJNHBI. [lonoca mo-
IJIOLIEHUS JIETUPOBAHHOTO BOJOKHA Ha (.98-MKM He Takas mupokas, Kak Ha 1.48-
MKM. 0.98-MKM J1a3epHBIN IMOJ TaKK€ BHOCUT CaMblii HU3KUM KOA(PUIIMEHT 11yma,
MOTOMY YTO OH JIOCTUTAET MOJIHOM MHBEPCUM HACEIIEHHOCTU METACTA0UIILHOTO SHEP-
retudyeckoro ypoBHsa. U 1.48- u 0.98-MkM na3epHbie MOl MOTYT HAaTH MpPUMEHE-
HUE€ B KOMMEPYECKUX YCUIIUTEISAX ONTUYECKOrO IUana3oHa.

Haumnas ¢ pa3paboTKu MEpBBIX MPOEKTOB JIETUPOBAHHBIX IPOMEM BOJIOKOH,
HECKOJIbKO JIa0opaTopuii paboTamu HaJ METOJAMH YIYUIICHHS XapaKTePUCTHK OTI-
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TUYECKUX ycunuTenen. JlernpoBaHHbIe BOJIOKHA OBLIN MCCIICOBAHBI C IETbI0 ONTH-
MU3aIMK crieKTpa ucnyckanus. Hanpumep, k03PGUIMEHT yCUlIEHUs YCUIIUTENS MO-
KeT OBbITh YJYUIIEH JIESTUPOBAHUEM BOJIOKHA 3pOMEM M I'eépMaHUEM, a CIEKTP MOMKET
OBITH PaCIIUPEH C TOMOIIBIO0 T0OABKU aTIOMUHHSL.

Pa3HocTh mMokazaTens MpeIoMIICHUS MEXAY CEPJALIEBUHOW ONTHUYECKOTO BO-
JIOKHA U 000JI0YKOH, TaK)Ke KaK pa3Mep CEpJIlleBUHBI BOJIOKHA, MOXKET OBITh pa3pado-
TaHa, 4YTOOBI COIJIacoBaTh NMPO(UIIb pacnpeseneHsi HHTEHCUBHOCTA HaKayku JJis
ontuMuzanuu kodpduurenta ycuneHus. BooOmie, yToObl HM30€XKaTh CIHMIIKOM
OOJNBINION JIMHBI JIETHPOBAHHOTO BOJIOKHA, YBEJIMYEHWE WHTCHCUBHOCTH HAKA4YKU
COMPOBOXKIACTCS YBEIIMUEHHON KOHIIEHTpaIuei spous (¥, Cie1oBaTeIbHO, H30BITOY-
HBIMH TIOTEpsiMH). boJbIioe ycuiieHne MOCTHTaeTCs YBEIWMYCHUEM HHTCHCHUBHOCTH
HaKauKH.

C npyroit CTOpOHBI, BBICOKHH KO3(pduimeHT mnpeoOpa3oBaHus MOIIHOCTH
YIIYYIlIEH UCTHOJb30BaHUEM BOJIOKHA C HU3KMMHU M30BITOYHBIMU MOTEPSIMU. Y COBEp-
[ICHCTBOBAHUE B M30BITOYHOW MOTEPE JOCTUTACTCS CHUKEHHWEM KOHIEHTpAIMH 3p-
Ousi, HO COTPOBOKIAETCS YBEIIMUEHUEM JJTMHBI BojlokHa. K coxkanenuto, kodpduiiu-
CHT YCUJICHUS TAaK)K€ YMEHBIIIAeTCsl.

HakoHel1, ©30J1TOpHI CTaBAT Ha 00OMX KOHIAX YCUIIUTENS, YTOOB MUHUMU3HU-
poBaTh kosnieOanus u ASE wim apyrue mrymel, TPOUCXOASIINE OT OTPAKECHUN WM
HEIMOCPEJICTBEHHO OT cUCcTeMbI cBsizu. Bece kommonenTsl EDFA gomxHBI BHOCUTH Kak
MO>KHO MEHBIIIE TTOTEPH, OTPAKEHNE, U TICPEXOTHBIC TTOMEXH.

Konctpykuus EDFA npenycMarpuBaeT Takke HATMUUE MOAYJISI CEJIEKTUBHOTO
K JumHe BoJHBI (WDM Moayis) st 00beIMHEHNS MOIITHOCTH CUTHAIA U HAKAYKH.

Hanee paccmotpum noapodoHo EDFA, ve yaensas Baumanus WDM monysito.

1.3. IlpuHUUNBI IOCTPOCHUS M NApaMeTPbl ONTHYECKUX MYJIbTHILICK-
copoB

JIro0o# oNTHUYECKHII MYJIBTUILIEKCOP MOXET ObITh KJIAaCCU(UIIMPOBAH KaK
no (pU3MYECKON CTPYKTYpE W MPUHIUIY OPraHU3allMU CHEKTPaIbHOrO pasjelie-
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 mynsTiiekcop/aemynbrumiekcop B BOCII ¢ CP mMoxkeT Bbl-
MOJIHATH CIEAYIOIINE PYHKUUU'
o TepmMuHaNBHBINA MYJIBTUILIIEKCOP
o MyIbTHILIEKCOp BBOJ1a/BbIBOIA
o JIByXKaHaJIbHBIN MHUPOKOIOJIOCHBIA MYJIbTUILIIEKCOP
PaccmoTpum niepBble 1Be PyHKIIMHU TOAPOOHEE:
o TepmuHaabHbIH MyabTHILIEKCOP (OTM)
TepMuUHaNBHBIN MYJIBTUIUIEKCOP PACHOJIAraeTcs Ha OKOHEYHOW CTaHIUH.
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 npunumaromein cropone OTM aemynstumekcupyer curtan WDM u

OTIPABIISIET CUTHAJIBI K COOTBETCTBYIOLIEMY 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 BKJIIOYaeT B ceOsi clenyromue (yHKIMOHAIbHBIE OJIOKU:
0JI0k TpeoOpa3oBaHUsl ONTHUYECKOW JJIMHBI BOJHBI, OJIOK ONTHYECKOTO MYJbTH-
MJIEKCUPOBAHUS, OJIOK ONTUYECKOTO YCHIICHHS, OJIOK ONTHUYECKOTO JEeMYJIbTUILICK-
CUpOBaHUs, OJOK 00pabOTKM ONTHYECKOr0 KaHaja yIpaBlieHHs, OJOK CBS3U H
yrpaBiieHus 1 6JI0K 00paOOTKH 3ar0JI0BKOB.

o  MyabTHILUIEKCOP BBOAa/BbIBOAa (OADM)

MynbTUIIIIEKCOP BBOJIa/BBIBOJA YCTAHABIMWBACTCA B TPAKTE TMEpeAadd, U
CITY)KUT JIJISI OTBETBIICHUS FUIH JOOABJICHUS ONITHYECKUX KaHAJOB. PaccMoTpum miis
npumepa OADM OptiX BWS 320G (puc. 1.10).

VYcranaBnmuBaerca B y3ie OADM, ucnonb3yeTcst Ajisi BBOJA/BbIBOJIA 10 &
KaHaJIOB, OCTaJIbHbIC KaHAJIbl (TPAH3UTHBIC) MTPOXOISIT YEPE3 CTAHIMIO 0€3 U3MEHe-
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 moOTOKe. COCTOUT U3 CIEAYIOMMNX (PYHKIIMOHAIBHBIX JJIEMEH-
TOB: OJIOK ONTHYECKOTO YCUJIEHUS, OJOK 00OpabOTKM ONTHYECKOTO KaHalla ymnpaB-
JeHus, OJOK ONTHUYECKOT0 MYJbTHUIUIEKCUPOBAHUS BBOJA/BbIBOJIA, OJOK mpeobpa-
30BaHUs OMTUYECKON JJIMHBI BOJHBI (JIJI1 OTKPBITHIX CUCTEM), OJIOK CBSI3M U YIIPaB-
JeHusi, u 070K 00pabOTKHU 3ar0JIOBKOB.
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MR2 - 6710k MyJIBTUIIIICKCHPOBaHHUS BBOAA/BhIBOA 2-X kKaHanoB, WPA - WDM
010K npenBaputenbHoro ycunutens, WBA - WDM biok ycunurens-Oycrepa,
TWC - STM-16 Ilepenatomuii 6,10k mpeodpazoBanus HIUHBI BOJHB, 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 MUKPOONITHYECKHUX YCTPOMCTB
a) unmepghepenyuonHvle hurbmpol
*Ha ocHOBe pe3oHaTopa dadpu-Ilepo (FP),
*Ha MHOTOCJIOMHBIX AUAJIEKTpUUECKUX TOHKUX MuieHkax (DTF),
*Ha OTpPa)KaTeJIbHBIX 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-
0ol MHTEeppEepEeHIIMOHHBIN (UIBTP, HacTpauBaeTcad Ha (UIbTPALUIO OJHOW JIMHBI
BOJIHBL. OH pa3fensier MoToK 4.4, Ha JABa MOTOKA: A, U 4,..4, , BBLACISAS HECYLIYIO 4,

U3 MHOTOBOJIHOBOTO MOTOKA, U JJISl IEMYJIbTUIUIEKCUPOBAaHUS N HECYIIUX HEOOXOIH-
MO YCTaHOBHUTH 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 mpuBeacHa Ha pucyHke 1.11. [5]

M . 7“2, Iupxynstop
Yo e e

Puc. 1.11 -Cxema aemynptuiiekcopa WDM Ha ocHoBe perietk bparra

3/ech OTpakKeHUE BOJIHBI OMPENCIICHHON JUTMHBI MPOUCXOIUT OT AUPPAKIU-
OHHOM pemieTku bparra cooTBETCTBYIOIIETO Meprojia, cHhOPMUPOBAHHON B OJJHOMO-
noBoM OB. OtpaxeHHas BOJIHA TPaHCIUPYETCS LUPKYISTOpoM. Tak Kak pemierka
bparra paccuntaHa Ha (UKCUPOBAHHYIO JIMHY BOJIHBI, TO IS JE€MYJIbTHUI-
JIEKCUPOBaHUs N HECYIIMX HEOOX0IUMO c(POPMHUPOBATh KacKaj U3 N OTpaxKaTeIbHBIX
pemieTok bparra, HACTPOEHHBIX HA COOTBETCTBYIOIINE JTTUHBI BOJIH.

Texnonocua mMynbmunieKcupo8anus Ha OCHO8e A81eHUs Y2060l Oucnep-
cuu WCTIOJB3YET COBEPILICHHO APYrHe (PU3NYecKHe MPUHLHUIBI. 3eCh BXOJHOM KOJI-
JUMUPOBAHHBIA MYyYOK MaJaeT Ha JAMCIEPTUPYIOMIUNA 3JIEMEHT U MPOCTPAHCTBEHHO
pa3AensieTcss UM Ha HECKOJIBKO ITyYKOB, B 3aBHCUMOCTHU OT JUJIMHBI BOJIHBI HECYLIEH.
OTHU MyYKH, PACXOASIIUECS O] Pa3TUYHBIMU yTIIaMU, (POKYCUPYIOTCS U COOMparoTCs
OTJICJIbHBIMU TPUEMHBIMU ONTHYECKUMHU 3yieMeHTamu. Ha Bwixome (B (pokaibHOU
IUIOCKOCTH) 3TUX 3JIEMEHTOB (POPMHUPYIOTCS M300paKeHHsI BXOAHOIO IydKa, pa3Me-
PBbI KOTOPBIX (C MOMOIIBI0O MUKPOJIMH30BBIX CHUCTEM) IOCTHPYIOTCA TaK, YTOOBI OHH
COOTBETCTBOBAJIM JHAMETPY CEPALICBUHBI TpUeMHOTOo (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 YCTPOICTB

a) onmogonokonHvle HanpasieHuvie pazgemsumenu (OBHP),

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

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

Hecmompsa Ha 3HauUTENbHBIC JOCTHKEHUS B 00JIACTH TEXHOJIOTUU MYJIbTH-
MJIEKCUPOBAHUSI HA OCHOBE OOBEMHBIX MHUKPOONTHYECKUX YCTPOMCTB, OOIas TEH-
JEHITUS Pa3BUTHS BOJIOKOHHO-onTHueckux cucteM rnepeaaun (BOCII) n oTaenbHbBIX
€€ YCTPOUCTB (B MEPBYIO Ouepe/lb MYJbTUILUIEKCOPOB IJIOTHBIX M BBICOKOILIOTHBIX
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WDM) coCTOUT B COBEPIIEHCTBOBAHUHM TUIAHAPHBIX TEXHOJOTUNA, KOTOPhIE OpraHuy-
HO COYETAJIUCh Obl C TEXHOJOTUSIMHU, HUCIOIB3YEMBIMU MPHU CO3AAHUHM ONTHYECKHUX
uHTerpanbHbix cxem (OUC).

HaunbGoiiee mpocThIM U JIETKO peain3yeMbIM B O0JIACTH IJIAHAPHBIX TEXHOJIO-
Uil BapuaHTOM MyJbTUILiekcopa WDM sBisieTcsl MyJIbTUILIEKCOP HA ONTOBOJIOKOH-
HBbIX HarpaBieHHbIX pa3BerBuUTeNsiXx (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 METOJI TOCTPOEHUSI CXEMBI UMEET OUEBHUIHBIN HEJOCTATOK — BBICOKUI
YPOBEHb BHOCHUMBIX TTOTEPh (Teopetnuecku 3 nb/kackam). PazBurruem storo pemnieHus
SBIISIETCSL UCTIONIb30BaHue uHTephepomerpoB Maxa-llennepa (MZI), nns nemynsTu-
IIJIEKCOPOB BMECTO Pa3BETBUTEIIEH.

Paccmompum onTUYECKHE MYJIBTUILIEKCOPHI ¢ UCIIOIB30BAaHUEM IJIAHAPHBIX
BOJTHOBOJIOB. CyIIIECTBYIOT pa3iMuHble KOHPUTYpAIUU YCTPOUCTB Ha OCHOBE MacCH-
Ba IUIAHAPHBIX BOJIHOBOJOB, HAIIPUMEP, TAKUX KakK:

- MHOTOITIOPTOBBIE PA3BETBUTEIU TUIIA «3BE3a»;

- CX€Mbl IJIAHAPHBIX HHTETPAIbHO-ONTHYECKUX BOJIHOBOJIHBIX CTPYKTYp Ha
OCHOBE MPU3MBbI, JUPPAKIUOHHON PEIICTKH MPOBOJSIIETO THUIA, OTpa’kaTeIbHOU
TudpakIMOHHOM PENIeTKH, d1iesioHa MalKenbCoHa,

- Pa3BETBUTEND C IUIOCKUM OTPAXKAIOIIAM 3€PKAIOM;

- Arrayed Waiveguide Grating (AWG);

B panHux pabotax mo pazpaboTke
yctpoiicte  WDM  ucnosib30BaINCh HHTE-
rpajibHble CXeMbl Ha cTekie. KaHanbHble
BOJTHOBOJBI ONTHYECKUX OOBEIUHUTENICU U
paznenuTenei, GOpMUPYIOTCS TMYyTEM HOHO-
oOMeHa 3a cuer auddy3un JIETUPYIOIIETO
Marepuajia ¢ MOBEPXHOCTH B MOAMNOBEPX-
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 JyiMHaX BOJH B oOsactu 0,85 MxMm st
CIIEKTPAJIBHOTO Pa3JeeHNs KaHAJIOB, UCIIOJIb30BAIIMCH PA3IECIUTENN KaHAJIOB, AHAJIO-
TUYHBIC MYJIBTUILIEKCOpPaM/AEMYJIbTUIIIIEKCOPaM, Ha BBIXOJIE KOTOPBIX (POpMUpPOBa-
JIUCh Y3KOMOJIOCHBIE MHTEPPEPEHIIMOHHBIE (PUIBTPBI, 00ECICUUBAIOLINE CEIEKIIUIO
CUTHaJIa TpeOyeMol NIWHBI BOJHBL. HemocTaTkoM Takoil CXeMbl SBISIOCH CHUIIBHOE
ocla0JIeHHEe NHTEHCUBHOCTH CUTHAJIOB Ha BBIXOJIE BCJICICTBUE JCICHUS KaXKIOTO U3
CUTHAJIOB HA N KaHAJIOB.

JIJist yCTpaHeHHs 9TOTO HeJI0CTaTka HeoOX0oAruMO OBLIO pa3paboTaTh MiaHap-
HOE YCTPOMCTBO pa3JejeHUsl CIEKTPAIBbHBIX COCTABIISIIOIIUX MaruCTPaJIbHOTO CBETO-
BOJIa MO OTAENIbHBIM KaHasiaM. C 3TOH 1eblo ObLIO MPEII0KEeHO UCII0JIb30BaTh B UH-
TErpaIbHBIX AEMYJIBTUILIEKCOPAX MJIaHAPHbIE KOJTTUMUPYIOIIUE JTUH3bI U Pa3TUYHBIC

W /M

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

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

[5]

6)

Pucynox 1.14 - CxeMbl MIaHapHBIX UHTETPAIBHO-ONTHYECKUX BOJIHOBOHBIX
CTPYKTYp (Ha OCHOBE @ - IPU3MBI, 6 - TUHPAKITUOHHOU PEIIECTKU MPOBOISIIIIETO
THUIIA, 8 - OTPAXKATEIbHON TU(PPaAKIIMOHHON pEelIeTKH, & - d1ienona MalikenbcoHa)

Oxkazajnoch, UTO TaKHe yCTPONCTBA UMEIOT OOJbIINE MOTEepH, ciraboe aere-
HUE KaHAJOB U OOJIBIINE MEPEKPECTHBIE TOMEXU, 00YCIOBIICHHBIE B3aUMO/ICHCTBUEM
CHEKTPaIbHBIX COCTaBIAIOMMX. [IpenenbHoe Ynucino pa3aenseMblx KaHaJIoB B M0/100-
HBIX YCTpOMCTBaxX He mnpebimano 10.

bosnee mmogoTBOpHON OKa3anach HUjiesl pa3AesieHUsl KaHAJIOB C MOMOIIBIO CH-
cTemMbl (ha3UpPOBAHHBIX KaHAJIBHBIX BOJHOBOJOB, (POPMHUPYIOMIUX dienoH Maii-
kenabcoHa (puc. 1.15). B 3apyb6exnoii nuteparype @bP Ha3piBaeTcs 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
VYerpolicTBo cniekTpanbHOro pasneneHus Ha ocHoBe AWG coctout u3 ciie-
JTYIOUIUX COCTABHBIX AJIEMEHTOB: BXOAHOIO MAarucCTpajbHOTO CBETOBOJAA, BXOJIHOM
dbokycupyromieid cucteMbl (00beAUHUTETh KaHAJOB), (pa3upoBaHHOU (YIOPSIOYCH-
HOI1) BOJIHOBOJAHOM PELIETKH, BEIXOAHOU (POKYCUPYIOLIEH CUCTEMBI (POCTPAHCTBEH-
HOTO JIEJIUTEIIsS KaHAJIOB), OTBOJSAIIMX BOJTHOBOJIOB CIIEKTPAIBHO Pa3/IeJIEHHbIX KaHa-
JIOB, BBIXOJHBIX BOJIHOBOJOB. Bce yCTpOWCTBO BBINOJHEHO IO IIJJAHAPHOW HWHTE-
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IpajJbHO-ONTUYECKON TEXHOJOTMH Ha KPEMHHUEBOH MOMJIOKKE UM CHA0XKEHO YCTpOM-
CTBOM CTBIKOBKU C OTBOJSIIKMMHU BOJIOKOHHBIMU CBETOBOJIAMH WJIN JMHEUKOU (HOTO-
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 XapaKTePUCTUKH MYJIbTIJIEKCOPOB
(3a ocHoBy B3sT cranmapt [TU-T G.671)

Hioke npuBeneHbl crieluuKaiuy IapaMeTpoB, KOTOPhIC B HACTOSIIEE BPEMs
UCTIONIB3YIOTCS I OTMMCAaHUsl MYJbTHILICKcopa B ceTsax ymiotHeHuss WDM. Ompe-
JIeJICHUST HEKOTOPBIX U3 ITUX MMapaMETPOB TaKKe AaroTcs McciemoBaTenbeKoit 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 MOy OOJIbIIIE WJIM PABHO MOJOBHUHE €r0 MaKCHMAaJIbHOTO 3Ha-
YyeHUs. TUIOBBIC TTOJIOCHI ITPOMYCKAaHMs B TEKyIUX cucteMmax yruiotHenuss 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 MOIIHOCTBIO U MEPEJAHHON MOIIHO-
CTBIO B 11I000M Touke coctaBisieT meHee 0,5 nb. ITo cormamenuro 0,5 b moioca va-
CTOT OOBIYHO pPaBHA PA3HOCTH MAKCUMAJIbHOM U MUHMMAJILHOM JJIMH BOJIH B TI0JIOCE
MPOMYCKAaHUS KaXKJI0T0 KaHaJja.

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

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

MakcuMalilbHble U MHUHUMAaJbHbIE BHOCHMBIC MOTEPU SIBISIOTCA COOTBET-
CTBEHHO BEPXHUM M HIDKHUM MpeleslaMi BHOCHMBIX TOTEPh paccMaTpHUBAEMOIO
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 OMPEACIICHHOM
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HeHTpaHBHOﬁ JJINHBI BOJIHEI. OOBIYHO MaKCHMaJIbHbIE BHOCUMBIE MOTCPN 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 3TO 3HAUYCHHE PaBHO
BHOCHMBIM IIOTCPAM B TOUKC IMMKOBOM MOITHOCTH IIJIFOC 0,5 I[B.

3. Ilepexoonvie nomexu (P,) — IOKa3bIBAIOT, PA3HOC ONTUYECKHX KaHa-

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

N
2
>
1
i=l,izj
2

T

]

rJ€ T, - HOPMUPOBAHHBINA KO3(Q(UIMEHT Nepejadn nopTa.

4. MH3onayua cocednezo Kanana ONpeneisieT CTENEHb, 10 KOTOPOU Hexe-
JaTeNbHbIE KaHAJbl OCIa0JISAIOTCS Ha KaKJIOM KaHalle J00aBlieHUs/YCTpaHEHUSs, U
HAIpsIMYIO CBSI3aHA C YXYIIICHUEM OTHOIICHMSI CUTHAJI-IIYM U OUTOBOM CKOPOCTH,
OOYCJIOBJIEHHBIM TPHUCYTCTBHEM MHOTOYHMCIICHHBIX ONTHYECKUX Hecylux. Bcerien-
CTBUE TOTO, YTO HJeanbHasi ¢opmMa CIEKTpa CXOJIHA C TayCCOBCKOM KPUBOM, KaHAJIbI
WJIM KaHaJl, PacrloJIOKEHHBIN OJMKe BCEro K KaHairy J00aBJIeHHs/yCTpaHEHUS, UMEET
caMyl0 IUIOXYH0 M30JsLMi0. [1oaToMy H305sIusl COCEIHEro KaHalla IMPECTABISIET
HaUXyAIMIMA Cliydaid U u3MepsieTcs B Mpejenax BCeX COCEIHUX IMOJIOC MPOMYCKaHUS
KAaHAJIOB.

5.  Kananonouit unmepean (af,) npeacraBisieT co00# paccTosHUE (MHTEP-

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

[ToMrMO yKa3aHHBIX MAapaMETPOB, CIEAYET TAKKE YUUTHIBATH IMAPaMETPHI,
XapaKTEPU3YIOIINE CTA0MIBHOCTh KAXKIOTO MYJIBTHUIUIEKCOpAa TIPU BO3JIEHCTBUU
BHEITHUX (aKTOPOB, TAKUX, KAK TEMIIEpaTypa U COCTOSIHHE MOJSPU3alUU. IDTO CBS-
3aHO C TE€M, YTO MPHU JOCTATOYHO OOJIBIIIOM BIUSHUU JAHHBIX (DAKTOPOB TOJIOCY MPO-
MyCKaHUsl KaHalla MYJIbTUILJIEKCOpa HEOOXOAMMO BBIOUpATh IIMPE MO CPABHEHUIO C
Bapualed eHTPAIbHOW JUIMHBI BOJHBI Jla3epa, 4TO, B CBOKO Ouepellb, MPUBEIET K
HEO0OXOJIMMOCTH YBEJIMUYCHUSI KaHATBHBIX MHTEPBAJIOB. B CBS3M C 3TUM YUUTHIBAIOTCS
CJIEAYIONINE TPU THUIIA TApaMETPOB.

7. Honapusayuonno — 3asucumosie nomepu (PDL) - moTepu cOOTBETCTBY-
IOIIME MAaKCUMAJIBHOM BapUalMi BHOCUMBIX IOTEPH, BBI3BBI3BAHHOM BapualUed Co-
CTOSIHUA MOJIIpU3allMi, PACCMATPUBAEMON HAa MHOYKECTBE BCEX BO3MOYHBIX COCTOSI-
HUW TOJISIPU3ALUH.

Jns MUX/DEMUX npeactaBisioT co0oil MoTepu, BO3HHKAIOIIWE BCIIC-
CTBHE TOTO, YTO CIEKTPATbHOE (PYHKIIMOHUPOBAHUE KAXKJIOTO TTOPTa MYJIBTUILIEKCO-
pa 3aBUCHUT OT BXOJHOTO COCTOSIHMS MOJIIPU3AIMU, KOTOPOE HEONPEACIUMO B Ja3ep-
HBIX CHCTEMax Mepenadd. DTO 3HaYeHHUE MOTePh UMEET caMylo OOJIBIIIYIO BapHAaIHIO
B IpeJieiaX MoJIOCkl MPOITyCKaHUs KaXa0ro MopTa MyJIbTUILIEKCOpa.
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6. Temnepamypnasa cmabunvnocmsy Onunst 601npl. CTaOMIBHOCTH IICH-
TPaJIbHOW JUTMHBI BOJHBI OINPEIEseT e MaKCUMaTbHOE U3MEHEHHE MTPUMEHHUTEIBHO
K K&KJIOMY TOPTY B IIpeeiax Ipe/rnoaraeMoro Juamna3ona pabounx TeMIeparyp.

7. Tennosan cmabunvbhocmp — 3TO TapaMeTp, KOTOPBIA TPEICTABISICT
co00if MaKCHMaJIbHYIO BapHAaIlMIO MOTEPh BCTABKH MPU M3MEHEHUH paboueil Temrie-
paTypsl B TIpeieax MoJ0Ckl MPOMYCKaHUS KaKI0To MopTa.

PaccMoTpuM a1t mpuMepa THUITOBBIE MMOKa3aTeld 3TUX MMapaMeTpoB 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 mapaMeTpaM ONTHYECKUX MYJIbTUILIEKCOPOB TMPECTABIICHBI B
npuiiokeHnu b. B npuiioxkennn B nipuBeneHbl XapakTEpUCTUKU BBIITYCKAeMOIO Mpo-
MBIIIICHHOCTBIO MYJIBTIZICKCOPHOTO U YCHIIUTEIILHOTO 00ypyaoBanust [6-11].

Hwuxe, B pa3znenax 2-5 mpeacTaBiI€Hbl METOAUYECKHE MaTepualibl KOMIIbIO-
TEPHOTO JTA0OPATOPHOTO MPAKTUKYMA IO pacdeTy u mojaenupoBannio EDFA ontuue-
CKUX YCUJIUTENICH , ONTUYECKUX MYJbTUIJIEKCOPOB Ha MHTEPPEPEHITMOHHBIX 1 Dab-

pu-Ilepo ¢unprpax, romorpadpuueckux audpakunonusix u AWG crpykrypax [12-
15].
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Henr padoThl: W3yyeHUE NPHUHIMUIOB JEUCTBHS M  KOMIIBIOTEPHOE
UCCIJIEJOBAaHNE OCHOBHBIX XapaKTEPUCTHUK M MapaMeTPOB MHOTI'OBOJIHOBBIX IPOMEBBIX
BOJIOKOHHO-ONITHYECKUX YCUJIUTENEH /U1 Pa3IMYHbIX CXEM HAaKadykKh - IPsIMOi,
oOpaTHOM W JBYHAIIPABICHHOM.

1. BBeaenue

B nocnegHue roapl Npou30MeNn CKa4yOK B Pa3BUTUU TEXHOJOTUA ONTUYECKHUX
YCWINTENEH W CHEKTPaIbHOro YIIoTHEHUs. CerojHs NpPaKTHYECKH BCE BEAYIHE
(GupMBI B 00JIaCTH CPEJICTB CBSI3U OCBAaMBAIOT MTPOMBIIUICHHBIN BBITYCK annaparypbl
C HCIIOJIb30BAaHUEM CHEKTPAIBHOIO YIUIOTHEHUS U BOJOKOHHO-ONTUYECKUX YCUIIUTE-
neil. Jlerko oOBACHUTH C TOYKM 3PEHUSI TEXHUKH, YTO 3TH JBA HAINPABIEHUS CTOAT
paaoM. DPPEeKTUBHOE MYJIbTUILNIEKCUPOBAHUE U (PUIBTpalys MPU CHEKTPAIBLHOM
YIUIOTHEHUU XOTS U TIO3BOJISIIOT YBEITUYUTH IMPOMYCKHYIO CIOCOOHOCTh JIMHUU Tepe-
Jla4d, HO BHOCST IPU 3TOM JIOIOJHUTENbHBIE ONITUYECKUE NMOTEPH, O€3 KOMIIECHCALIUU
KOTOPBIX 3HAYUTENBHO COKPAILAETCA JJIMHA PEreHEPAIMOHHOTO yJacTKa. B kauecTse
KOMIIEHCATOPa 3TUX MOTEPh UCIOJIb3YETCSI BOJIOKOHHO-ONTUYECKUM YCUIUTEND [ 1].

JlerupoBaHHbIe 3pOreM BojokoHHbBIe yeuautean (Erbium-Doped Fiber Ampli-
fier, EDFA), paboratonue B obsactu 1550 HM, YCIEIIHO HCIOJIB3YIOTCS B COBpE-
MEHHBIX BOJIOKOHHO-onThyeckux cucrem nepenaun (BOCII) B kauecTBe npeaBapu-
TEJIbHBIX W JIMHEWHBIX YCHIINTENIEH, a TaKKE YCHUIMTENEH MOIIHOCTH. [IpumeneHne
EDFA no3Bosser nepenaBaTh ONTHYECKHE CUTHANBI Ha paccrosaue Oonee 1000 km
0€3 UCI0JIb30BaHUS AIEKTPOHHBIX TOBTOPUTEIIEH.

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

MopenupoBanue noBeaeHuss u xapakrepuctuk EDFA ocymiectBisieTcs c
TIOMOIIIEI0 CKOPOCTHBIX yYpPaBHEHHH JJIsl HACEJIEHHOCTEH Ny ,(r,¢,z,t) pabounx ypos-
neit *lys;, 1 *lizp (IByXypOBHEBas MOJEINB) U YPAaBHEHMI PACIPOCTPAHEHHS U 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 HAIMYUN HAKauKu U HHPOP-
MAaILIMOHHBIX CUTHAJIOB.
Ha puc. 2.1 cxemarnuecku moka3zaHa auarpaMma pabOuux YpOBHEH MpH
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HAJIMYUHA HAKAQYKU U HECKOJIBKUX MH(GOPMAIIMOHHBIX CUTHAJIOB.

3anucaB UCXOHBIC YPaBHEHUS MOJICTH U3 [2] IS caydas pacrpoCTpaHeHUs
HECKOJBbKHMX CHUTHAJIOB M HMCITOJIb3YS METOJIBI PEIICHUS TIOCTABIICHHOM 3a7a4u U 000-
3HAYCHHS, ONMCAHHBIC B [2], MOKHO MOJYYUTh YPaBHEHHUS, XapaKTePU3YIOIINE ITOBE-
nedue MHOrososiHosoro EDFA.

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

dn NooptLgl
dtz =Y . }S lS [csfu.nl(r,(p,z,t)—Gzinz(r,(p,z,t)]+
ot h - fS
P i n,(r,p,z,t)
p P 2 b b bl
+—[Gapnl(r,(p,z,t)—Gepnz(r,(p,z,t)]——
h-fp -Sf T

rue PP, Py, i, ip u f7, f, - MomHOCTH, HODMUPOBaHHBIE HHTEHCUBHOCTH U YacTOTHI
ONTHYECKOTO M3JydeHHs i-ro MHpopManuoHHoro curaana () ¥ Hakauku (p) B cede-
HUH Z;

21 oo

P(z)= [ [I(r.@.2)rdr dg, (2.2)
0 0
(g z) = S22 (2.3)
P(z)

I(r, @, Z) - pactipenienieHe MHTEHCUBHOCTH ONITHYECKOTO M3JIyUCHHUS B BOJIOKHE,

Gai’» Oap U Ogi» Ogp - IQDEKTHBHBIC CEYEHHs MOITIOIEHHUS U M3IIYYEHHs!, OMMCHIBAIO-
mpe cBoiicTBa MOHOB Er’* B Marpuiie cTekia COOTBETCTBYIOIIME YacTOTAM i-rO HH-
(hopMallMOHHOTO CUTHAJIA U HAKAYKH,

21 ©

a(h)=oc,(A) [ [i(r.¢.2)n,(r,¢.2)rdr dg=c (M (L), (2.4)
0 0

21 ©

g M) =0, [i(r.0,2)n,(r,¢,z)rdr dog=c (M (1), (2.5)
00

(1) u g (1) — criekrpanbHble KOA()(OUIMEHTHI TOTJIONICHUS U YCHJICHUS aKTHBHOM

CpeIbL;

T=nS,/S,=n4d, 2 d fz — UHTErpasl MEePEeKPHITUSI MEKAY pacrpeeICHUsIMH OTl-

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,@,z,t) - obIiee urcao yacTuil (KOHIIEHTPAIUS pOHs).
['paduixu 3aBUCUMOCTEN Oy U Oy IPECTABICHBI HA PUC. 2.2.
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m
IN
|

s

-25

Cross section *10

1.4 1.45 1.5 1.55 1.6
A, um
PucyHok 2.2 - DpheKTUBHBIC CEYCHHS TTOTJIOMICHUS (C,) U U3ITyUCHHSI(Cp).
Huddepennnanbabie ypaBHEHHsI, ONUCHIBAIOIINE PACIIPOCTPAHEHHUE ONTHYE-
CKOW MOIIHOCTH TIO BOJIOKHY IpH ycioBuu Ny(r,@)=n=const npu r < b u n(r,p)=0

npu > b (b — paguyc 001acTH JIerMPOBaHUS CEPIICBHHBI ONTHYECKOTO BOJIOKHA),
MMEIOT BHI:

dP [ a +g* g* —|2”hn (r,o,z,t)
Loju, =4 "Pk+Vk—"mhkafk|”—2 i rdrd ¢ — (o, +1,)P,
dz | r, r, Joo ny

’ (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

HAMpPaBJICHUIO PACTIPOCTPAHEHUS U3TYYEHUs; T, =T, /n, =d; /d}; | - ko>puim-

€HT HEPE30HAHCHOTO MOTJIONICHUS B CEPALICBUHE, 00YCIOBIEHHOIO HAJIMYUEM TPYI-
sl OH , a Takke pacceHMBAHMEM BCIECICTBHE PACCTEKIOBAHMS CEPILEBHHBI C BBICO-
KIM 3HAYCHHEM TTOKA3aTelIs PSIOMICHHS MM HU3KHM COJIepKaHmeM HoHoB Er"; m
= 2 — 9UCJI0 MOJ OJHOMOJIOBOTO ONITHYECKOTO BOJIOKHA C YIETOM IMOJISIPU3AIMOHHOTO
BBIPOXKJICHUS. [

VYpaBaenue (2.6) 3anucaHo I U3JIYYCHUS CUTHAJIA, HAKAYKH M YCHIICHHOM
cnoHTanHou smuccuu (ASE). [ y3KOIMOJOCHBIX M3TyYEHUN CUTHAIA U HAKaYKU
Af—0, a g mupokononocHoi ASE paBHO 4aCTOTHOMY IIIary, MCIOJIb3yeMOMY B
BbIuncieHusX. [lepBoe ciaraeMoe B ypaBHEHUHU OTBEUYAET 3a YCUJICHHE — YeM OO0JIbIIe
3 (EeKTUBHOE CEUEHME, TUAMETP CEPALICBUHBI BOJOKHA U MHBEPCHUS HACEIEHHOCTH,
TeMm OoJbllle TpUpalleHue curHaiga. Bropoe ciiaraemoe nmeeT oOpaTHOE JEUCTBUE
(HEepe30HaHCHOE MOIJIOLIEHNUE U morjolieHue). TpeThe cinaraeMoe YCUJIUBAET CUTHA,
HO OTBEYACT 3a CIOHTAHHOE M3JTYYCHHE, TEM CaMbIM YUHUTHIBACT ITyMbI, BHOCUMBIC
ycwurteneM. T.0. nryMbl TeM 0oJibiie, 4eM OO0JIbIlie MHBEPCHSI HACEIICHHOCTH, (P heK-
TUBHOE CEYCHHUE U3TyUCHHE.

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

B HEenmpephIBHOM peXuMe U MPU MOIYJISLMU ONTUYECKON HECYIIEW C 4acTo-
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toit f >10 k' mns omucanmss EDFA moctaToyHO MCClieZoBaTh CTallMOHAPHBIN pe-
’KUM, T.0. HAlJEeM pelleHne CUCTeMbl ypaBHeHui (2.4), (2.10) npu 0/ot=0. A Takxe
OyaeM cUHuTaTh, YTO yCHJICHHAs CIIOHTaHHAsl dYMUCCHS MPEHEOPEKMMO Mala, TOornaa
ypaBHeHus (2.6) unrerpupyrorces mpu m-hf-Af—0.

PaccMmoTpum ciydaii, Korla MHTEHCUBHOCTh HM3JIYyYCHUS PaBHOMEPHO pac-
npejerneHa o mwioniaau ceuenus BosokHa (1(r,¢,z)=1(z)). YuureiBas Bce BbIIIEC CKa-
3aHHOE, YpaBHEHUsI, onmuchiBaromue noseacane EDFA mMoxHO ympocTuTh U npuBe-
CTH K BUJIY:

21 w
P(z)= | [I(z)rdrdo = 1(2)S , (2.7)
0 0
i(r,p,z) = I(r,(p,z): : , (28)
P(z) S,

rie S=ndi*/4 - mromans momepeunoro cederns OB.
[Moacrasnsas (2.7), (2.8) B ypaBHenue (2.1) u, yuutsiBas, 4to 0/0t=0, moimy-
qaeM
O=m| ———+ E = -m| Lo
| /) -1 S | | i=1 7 /, T
Hanee, yuutbiBas N(r,e,z,t)= ny(r,p,z,t)+ ny(r,e,z,t), Beipasum u3z (2.9)
Ny=Ny/Ny :

[P o N pSgt ] [~ piss P,o thT|. (2.9)

s __ s
Ppcal’ + é\/: Pi Gal
712 fp i=1 fl‘S
n, =2 . (2.10)
K s s
nt hS f n PP(GQP + GCP)+ g Pl (Gal + Gal)
T 7, i=1 i

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

*
dp, o, + 2”bnz(r,(p,z,t).

8k
=U P [[———————iyrdrd ¢ - P (o, +1,)=
k ; k k e (O g k
- STERRCE - (2.11)
= pr U ! d2/a?]
=P WUnny(o, +oy)-1l —oyn, dp/d}
Pacniuiiem Beipaskenue (2.15) B cuctemy ypaBHEHUM:
[dpp 2 2
I~ :Pp[Upntnﬂ(cap+cep)—lp—capntdE/df]
|
| dp,°
1 N N S s S s s 2 2
=P, -P, U, nn, (6., +06_,)-1, —c.,nd d
J a4z 1 1[ 17t al el 1 al''t E/ f] ’ (212)
| ...................................................................................
|
ldp 2
N 2 2
{d :PNS_PI\T[UNntnﬂ(GaN +GeN)_IN_GZNntdE/df]
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P o N pigt
p > ap P o,

rﬂen _—1’1_2__ fp i=1 f,'
21 = =
n, th Pp(cap+cep) NPiS(GZfJ“GZi)
+ + >
T f, i=1 17

Takum oOpa3om, MbI MOTYYWJIM CUCTEMY AUPPEpEHLUATBHBIX YPABHEHUIH,
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 Y4€CTh MYTE€M BBEJCHUSI TeMIEPaTypHBIX KO-
3¢ GUIHEHTOB, B3SATHIX U3 SKCIIEPUMEHTAIBHBIX HCCIICIOBAHUM.

[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 temmneparypsl 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 KoddduimeHTa
U,.:

Up = 1 — nu1s npsiMOI HaKauKH;

Up = -1 — 11 0OpaTHOM HaKa4KH.

U, =0, P, = 2P, — n1s nByHanpaBlIeHHOM HAaKa4yKH JIa3epaMu ¢ OJUHAKOBOU
MOIITHOCTBIO (CIIEYET U3 MAaTEMATUUECKON MOJICIIN).

2.2. 3aBuCUMOCTH KOI(PPUIIHEHTA YCHIIEHUS] H ONITUMAJILHOM JJIMHBI J10-
IMMPOBAHHOI0 BOJIOKHA OT MapaMeTpPoB CUIHAJI0B U HaKkauKu 1 EDFA ¢
NPAMOI HAKAYKOM

[Tpu npoextupoBanuu EDFA BaxHbIM siBisIeTCsl BBIOOP ONTUMAIBHON JUTUHBI
JONMMPOBAHHOTO BOJIOKHA. Hannuue onTMyMa AJMHBI BOJIOKHA OOYCIIOBJIEHO Hajlu-
YHMEM MaKCUMYMa 3aBUCHUMOCTH KOA(DPUIIMEHTa YCUIIEeHUs OT JUIMHBI BOJIOKHA. OnTH-
ManbHOU JumHOW EDF B ycnoBusix ycuneHuss oAHOrO MH(OPMAIMOHHOIO CHUTHaa
ABJIAETCA JUIMHA BOJIOKHA, HA KOTOPOM JIOCTUTA€TC MAaKCUMAJIbHOE YCUJICHUE.

OpnHako, HaMM4YKWe 3aBUCUMOCTH KOA(Q(UIIMEHTAa YCWICHUS U ONTUMAaIbHOU
JUIMHBI BOJIOKHA OT JJIMHBI BOJIHBI cUrHana (puc.2.3 a,0) ¥ MOIIHOCTH BXOJHOI'O CHT-
Hana (puc.2.3 B,r) MPUBOJUT K TOMY, YTO B YCIIOBUSX YCHUJICHUS HECKOJBKUX CHUTHA-
JIOB, JUISl Ka)XXIOTO0 KaHajga CYLIECTBYET CBOsS ONTUMalbHas JJIMHA, HAa KOTOPOM

HaOJI01aeTcsa CBOM MakCUMyM Ko3((UIIMEeHTa YCHIICHUS JJIs KaXXA0ro KaHaia (puc.
2.4).
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Pucynok 2.2

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

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

JICHUA U OIITUMAJIbBHYIO JJINHY

JUTS KaKI0ro KaHana (puc.2.5).
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Pucynok 2.5

Bce Bblllle MPUBEIEHHBIE 3aBHCHMOCTH IOKA3bIBAIOT HEOOXOAUMOCTH J0-
MOJIHUTENIbHBIX CTPYKTYPHBIX 3neMeHTOB B EDFA st BelpaBHUBaHuS 1 cTaOMIIA3a-
MU KO3 pUIeHTa yCUIeHUs.

2.3. YueT TeMIiepaTypHOii 3aBUCHMOCTH M CXeMbl HAKAYKH

W3 BeimenpuBeeHHbIX BeIpaxkeHuit (2.10) sBHO HE MPOCIS)KUBACTCS TEMITepa-
TypHasi 3aBUCUMOCTh, HO €€ MOKHO y4eCTh ITyTEM BBEACHUS TeMIEpaTypHbIX KO3 (-
(ULIMEHTOB, B3SATHIX U3 IKCTIEPUMEHTATIBHBIX UCCIICIOBAHUH .

[Tpu paszpadborke BOCII HeoOX0AMMO U3YYHTh BIMSHHE TEMIIEPATypbl OKpY-
)Karorieit cpeanl Ha yeunenue EDFA. Takue nccnenoBanust mpoBoamuich st EDFA
C IMOJIHOM HAaKa4yKoOM Ha JyimHax BOJH Hakadyku 0,8 u 0,98 MKM U mokazajiu, 4To Mpu
M3MEHEeHUH Temneparypsl ot - 40 no +60°C ycunenne ymensianoch ¢ 21,6 no 20,1
nb . B apyroii pabote [ ycuiieHne yMEeHbIIANOCh 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 XapaKTEPUCTHK OT CXEMbl HaKauyku (s MpsSMOM U 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
MOIIHOCTBIO (CJIEAYET U3 MaTEMaTUYECKON MOJIEIIN ).

3. PexomeHauuu Mo BBIMOJHEHUIO PA0OTHI

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

- IUHEUHBIU YCUUMETL C NPAMOU CXEMOU HAKAYKU.

JUJ1sl KasKI0ro THIA YCHJIUTE/IsI He00X0AUMO:
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HccnenoBaTs 3aBUCUMOCTb ONTHUMAIbHOM AMMHBI Loyt 1 MaKCUMaNbHOTO KO3(-
bunmenTa ycusenus 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 3a1a10TCsl BAPHAHTOM 3a1aHHA)
HccnenoBaTh 3aBUCUMOCTh MaKkCUMaidbHOTO Kod(dduumenta ycunenus K,.x oT
JUIUHBI BOJIHBI CUTHajla As B AuanasoHe 1530 um — 1560 um g A,=1480HM 1
Ap=980nM. (Ps u Pj, 3anarorcs BappaHTOM 3a1aHKA)
HccnenoBaTh 3aBUCUMOCTh MaKCUMAIbHOTO Kod(¢uiimenTa ycuiaeHus: 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
MEePBOTO KaHaJla OT KOJIMYECTBA KAHAJIOB IMPH PaBHBIX BXOJHBIX MOIIHOCTSIX
Kakaoro kaHana s A,=1480uM u A;=980nM. (Ps, As, AA, u P, 3anarotcs Bapu-
aHTOM 3aJIaHMUS)
JI71s1 MHOTOKAHAJILHOTO YCWJIMTEIISI UCCIIEOBATh 3aBUCUMOCTh MaKCUMaIbHOTO
koahurenTa ycuneHus: Ky MepBOTo KaHajaa OT MEXKaHaJIbHOTO MHTEpBaa
1o anauHe BoyHBL AL oT 0.48M 10 1.6HM (As, Ps 11 Py, KOIMYeCTBO KaHANOB 3a-
JTAIOTCSl BAPUAHTOM 3aaHUsA).
JI71s1 MHOTOKAHAJTLHOTO YCHIIUTEIS TIPH PABHBIX MOIITHOCTSX BXOHBIX CUTHAJIOB
OTIPEAETUTh ONTUMATBHYIO JUIMHY YCUIUTENs (BCe TapaMeTphl 3a/1al0TCs Bapu-
aHTOM 3aJaHus1). Y CTaHOBUTH (GUIIbTP 11 BhipaBHUBaHUA AUX. Mcronb3oBaTh
¢GuabTp Ha BXOAE W Ha BbIXoJe ycuiuTend. g o0oux (UIbTPOB COXpaHUTh
cienyronme rpaduxu:
rpaduk ¢ AUX ycunurens 6e3 punbrpa, AUX dunsrpa u AUX ycunurens ¢
buIbTPOM;
rpaduK ¢ 3aBUCUMOCTSIMU BXOJIHOM MOIITHOCTH, BBIXOJIHOM MOIIHOCTH U 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.

J171s1 MHOTOKAHAJIBHOTO YCHIIUTEIS TIPH HEPABHBIX MOITHOCTSX BXOJHBIX CHUTHA-
JIOB OMPEACIUTh ONTHUMANBbHYIO JIMHY YCHIHTENs (BCE MapaMeTphbl 3adaroTcs
BapHAHTOM 3aJaHus). YCTaHOBUTh (WIBTP IJIs BBIPABHUBAHUS BBIXOJIHOU
MOIIHOCTH. Vcmonp30BaTh (UIBTP HAa BXOJE M HA BBIXOAC ycwuuTens. J[ms
00oux (PUIBTPOB COXPAHUTH CIEAYIONHe TpaduKu:

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

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

rpaduK ¢ 3aBUCUMOCTHIO MOIIHOCTH CHUTHAJIa B KaXJOM KaHaje OT JUIMHBI BO-
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JIOKHA TIPY ONITUMAJILHOM JITTHHE BOJIOKHA.
Onpenenuth HEPABHOMEPHOCTh BBIXOJHON XapaKTEPUCTUKHU YCHIUTEN 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
OTtuet o mpojenaHHoN paboTe JOMKEH COJEPKATh CICAYIONINE pa3aeibl:
[ens paboThI;
Kparkas teopus ;
PesynbpTaTel paboThl — rpaduku ¢ KpaTKUMHU TMOSICHEHUSMH TOJYYCHHBIX
3aBUCHUMOCTEH;
BbIBOIBI 110 TIpOIEIaHHOM paboTe.

5 KoHTposbHbIE BOPOCHI
1 Kakue BUIbI ONTUYECKUX YCUTTUTENEH BbI 3HAETE?
2 ATOMaMHM KaKoro peiKo3eMEIbHOTO MeTana HauOoJiee 4acTo JIETUPYOT BO-

JIOKHO, UCTIONIH3YEMOE B YCUJTUTENSIX HA JOMMMPOBAHHOM BOJIOKHE?
3 B xakom nuamnasone jymmH BoiH padotaer EDFA?
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I

O6mactu npumenenus EDFA no knaccudukarnum?

5 Kakas MuHMMallbHasi 4acTOTa MOAYJISILMU TO3BOJISIET CUUTATh PEKUM pa-

6otel EDFA cranmonapHbimM?

Kakue mexxkanaibHble HHTEpBaJIbl cOOTBETCTBYIOT DWDM crangapty?

Kakue crangapTHbIC JJIMHBI BOJH HaKauKu UCIIOIb3yt0TCs B EDFA?

8 Kakas makcuManbHasi MOIIHOCTbh HAaKauykd MOXKET OBITh peann3oBaHa OJ-
HUM JIa3€pHBIM JTMO/IOM B HACTOSIIIEe BpeMsi?

9 Kakue MeTobl UCTIONB3YIOTCS ISl YBETMYECHUS 1oI0ckl ycuneHust EDFA?

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

11 OcuoBueble mapameTpsl EDFA?

~N o

4. Onucanue NPOrpaMMHOro odecrnevyeHust

KomnbrorepHsie J1adopaTopHbie padoThl

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

PykoBoncTBO mosp3oBaTens
(Penakius ot 12.10.2006)

1. Oo0mee onucanue

1.1 @OyHKuMOHAIbHOE HA3HAYEHNE CUCTEMbI, 00J1aCTh PUMEHEHUS U
orpaHNYeHust

KommnbroTepnas maboparopHas padota «KommbroTepHoe uccieoBaHUE MHO-
TOBOJTHOBBIX 3POMEBBIX BOJIOKOHHO-ONTUYECKHX YCUIUTENCH» MpeaHa3HaueHa aJis
pacueTta pabo4YMX XapaKTEPUCTUK MHOTOBOJHOBBIX APOHMEBBIX  BOJOKOHHO-
ontudeckux ycunuteneil (EDFA) B yueOHbIX nensx. JlaHHas pa3paOoTkKa MOMKET
OBITh MCMOJIb30BAaHA MPU OOYUYEHUM CTYJEHTOB TEXHUUYECKUX BY30B 10 HANpaBJICHU-
aM «OnTHKa U TEJIGKOMMYHUKAIIMW», KaK B KaueCTBE Ja0OpaTOpHOM pabOThl, TaK U B
Ka4ueCcTBE HHCTPYMEHTA Il pacueTta u 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 obecrieueHne MpeACcTaBiIsieT cO00H MaKkeT MporpaMM T'eHepalun
dopm s 3amanus napametpoB EDFA, oToOpakeHus: pe3ynbTaTOB pacdera, BhIBOJIA
METOJMYECKOT0 TTOCOOHMS M OMHCAHHS MPOTPAMMHOTO OOECIEYeHUS! ¢ TUIIEPTEKCTO-
Boi HaBuranuei. [laker Bkarouaer 20 BapuaHTOB 3aaHUN ISl POBEICHMS J1abopa-
TOPHBIX Pa0OT, a TaKXke MPHUKIAJAHBIC MPOTPAMMBI IO TPOBEIECHUIO HEOOXOIUMBIX
BBIUUCIICHUN, MPEAYCMATPUBAIONIMX YHUCICHHOE PENICHHE CHUCTEMBbl HEJIMHEHWHBIX
nuddepeHnanbHbBIX YPAaBHEHUNM U OMUCHIBAIOIMINX MHOTOBOJIHOBBIM EDFA B cranu-
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OHApHOM peXuMe. B 0CHOBY pa3pabOTaHHOTO MPOTPAMMHOTO 00ECIIeUEHUS MOJI0Ke-
Ha MaTemaTuyeckas Mojieiab ogHoBoJiHOBoro EDFA, o6o0imenHas ajis ciydass MHO-
roBoTHOBBIX EDFA u fomnonHeHHass ydeToM TeMIIEpaTypHOU 3aBUCUMOCTH. OJHUM
13 OTPAaHUYCHHUI MOJICIH SBJISETCS OTCYTCTBUE YUeTa YCUJIGHHONW CIIOHTAaHHOM dMMC-
cun (ASE). B meToanueckoM nocoduu [2] mpuBeieHa MaTeMaTH4YecKasi MOJIelb, T0-
JIO’)KEHHAsl B OCHOBY ITPOTPAMMHOTO 00€CTICUCHUSI.

1.2 KpaTKOG ONMMUCAHUE CUCTEMDBI M €€ TCXHUYCCKUEC XaAPAKTEPUCTUKH

Komnreiorepnas naboparopnas pabota, qajiee mporpamma, MpeacTaBisieT CO-
00l KOMIBIOTEPHYIO TPOrpaMMy, KOTOpas COCTOUT M3 METOJIWYECKOTO TOCOOMS
(kpaTkas Teopus C 3aJlaHMEM Ha paboTy), BXOJHOIO TecTa U 000JIOUKH MOJIEIUpPOBa-
Hus. [Iporpamma MoxeT (yHKIMOHUPOBATH IO YIPaBICHUEM OIEpPAllMOHHBIX CH-
cteM Windows Bcex nmokoseHui, HaunHas ¢ Windows 95. Jlins HopManbHOro (pyHK-
IMOHUPOBAHMS MPOTPAMMBI KOMIIBIOTEp JOHKEH OBITh OCHAIlEH He MeHee ueM 16
M6 omnepaTuBHOM mamsTH U He MeHee yeM 6 MO cBOOOAHOTO MecTa Ha KECTKOM
nucke. Cama nporpamma 3anumMaet okojio 0,25 M6 auckoBoit mamsaru. [Iporpamma
He TpeOyeT YCTaHOBKH.

1.3 3amyck mporpaMmbl U BBIX0/l U3 POTrPaMMBbI

3amyck mporpammsel ocymiecTBisieTcs: 3amyckoM ¢aiina EDFA.exe Ha BbInod-
HeHue, JaHHbIlA (aitn pacnonoxen B nanke EDFA. Tlocne 3amycka Ha skpaHe KOM-
IbpIOTEpa MOSBISAETCS IVIABHOE OKHO IporpaMMbl «KommblOTEpHOE MOJEIUpPOBaHUE
MHOTOBOJIHOBOT'O 3pOHEBOI0 BOJIOKOHHO-ONTHYECKOIO YCHIIUTENSD (Jajiee Mo TEKCTY
OIKCaHUs JaHHOE OKHO HazbiBaeTcs I naenoe). JJanHOE OKHO COAEPIKUT TJIaBHOE Me-
HIO U OCHOBHBIE€ KHOIIKU yTIPABJICHHUS.

Bbixoa 13 mporpaMMbl OCYIIECTBIISIETCS] HAKATUEM KHOIIKU Xl g BEpXHEM TIpa-

BOM YTy OKHa «I JTaBHOE».

2. Pabora ¢ nporpammoii

B paneHeiimieM npenronaraercs, 4To I0Jb30BaTEIb HMEET ONPEIACICHHBIC
HaBBIKK paboTHI B onepanmonHoi cuctreme Windows 95 unu Windows 98.

[Tpu pabote ¢ nmporpaMmoi Juist mepeMenieH s MeX 1y OJIsIMHU BBOJa, U HaKa-
TUM Ha KHONIKYM YJTOOHEH BCETO UCIOIb30BaTh MAHUITYJISITOP "MBIIIb'".

B xoze BbINIONHEHMS pa0OThl IPETYCMOTPEH BHIOOP TUIIA YCUITUTENS:

- YCWJIMTEIIb MOITHOCTHU (IIpsiMasi CXxemMa HaKadyKku),

- TIMHEUHBIN ycunuTeNb (00paTHas cXxeMa HaKauKH).

B Tom e okHe mpeaycMoTpeHa BO3MOXHOCTh BBoja @.M.0. cTyneHTa u mnpe-
nojaBaTesNs AJi 3ano0JIHeHUs] GOpM OT4YeTa, TEHEPUPYEMOTo IO OKOHYAaHUU pabOThHI B
MS Word. Takke MOXXHO BBIOpaTh BapUaHT U HOMEP CTAPTOBOTO IyHKTa PabOTHI.
Bcero pa6ota conepxut 20 BapuaHTOB 33JJaHUM IO 8 TyHKTOB.

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

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

3)  uH)OPMAIIMOHHBIX CUTHAJIOB:

—KOJIMYECTBO CUTHAJIOB Ha BXoze ycumureis (1-150);

—Ha BOJHBI (1400HM - 1600HM) - TpexyCMOTPEHO MCHOJB30BAHUE PA3HBIX
MEXKAHAJIbHBIX MHTEPBAJIOB, YCTAHOBKA JUIMH BOJH IS KaXJA0r0 KaHajla CaMOCTOS-
TEJIbHO, UCIOJIb30BaHUE CTaHIApTHU30BaHHBIX WDM 4acTOTHBIX IJIAHOB C IIAroM
1000 IT— 50 IT;

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

4)  wucnonp3oBaHue puabTpa I BeIpaBHUBaHUS AUX ycmimTens - GUIbTp
Ha BXoJie, GUIbTp Ha BBIXOJE, 0€3 puibTpa;

5)  wucnonp3oBaHue (GWIBTpPa IS BHIPABHUBAHHS BBIXOIHBIX MOIIHOCTEH
CUTHAJIOB - (UIIBTP Ha BXOJi€, (PUIBTP HA BBIXOJE, O€3 (huibpTpa.

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

1)  3aBUCHMMOCTH MOIIHOCTH HAaKa4KH OT JITHHBI yCUIIATEIIS;

2)  3aBHCHUMOCTH MOIIHOCTEH BBIXOJIHBIX CUTHAJIOB OT JITMHBI YCUITHTEIIS;

3)  3aBHCHUMOCTH KOA(GUIMEHTA YCHICHUS OT JUIMHBI BOJIHBI IIPH 3aJJaHHOM
JUIMHE YCUJIUTEIIS;

4)  AYX ¢uibTpa.

Taxxe B CBOJIHOM Ta0nMIle MPUBEACHBI APAMETPHI I KaXKJI0ro MH(POpMaIu-
OHHOI'O CHTHaJa: JJIMHA BOJIHBI, BXOJHAs MOIIHOCTh, MOIIIHOCTh Ha BBIXOJE yCUIIUTE-
75, ONTUMAaJIbHAsL JJIMHA — JJIMHA YCWIMTENs, IPU KOTOPOM JOCTUTAETCd MAaKCUMyM
MOIIIHOCTH CHUTHAJIa, MAKCUMaJIbHAsi MOIIIHOCTh CUTHAJIA.

[To pe3ynbTatam pacuera 3anojHsIIOTCs Tabaullbl ¢ HHpopMalued, TpedyeMon
B 33/IaHMH K BBINOJHAEMOMY IMYHKTY. [lociie BbINIONHEHHS yHKTa MporpaMMa CTPOUT
He00XoauMble rpaMKi B OTAEIBHOM OKHE, II€ TAK)KE €CTh BOBMOXKHOCTH ISl 3alu-
CH BBIBOJIOB IO IPOJEJIAHHOMY ITYHKTY M II€PEX0Jla K BBINOJHEHUIO CIIEIYIOLIETO
MyHKTA.

[Tpu BO3BpallleHUU K BBINOJHEHHUIO MyHKTa, KOTOPBIA OBLI YK€ clejaH, 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 BHIMIOJIHEHUN Pa0OTHl COXPAHAIOTCS TOJIBKO B rpauyecKkoM
Bujzie B popmare *.emf B moAIMPEKTOPUM C HA3BAaHUEM BBITNOJHsAEMON pabOTHI B Ka-
tajgore «Mou JOKyMEeHTbI». [Ipu 3TOM COXpaHSAIOTCS TOJIBKO T€ Ipa@uKU, KOTOPHIE
HE00X0AUMBI U1l 0hOpPMIIEHHSI OTYeTa 1Mo padoTe.

[Tocne BBIMOJIHEHUSI TTOCIIEIHETO MyHKTA 3aJlaHus WM 110 JKEeJaHUI0 HCTOJIHU-
TeJsl B TI0OOH MOMEHT BBINIOJHEHUSI PAOOTHI MPOUCXOIUT TeHEpAIUs oT4YeTa 1o ¢op-
Me, MPUHATON B By3e-pa3pabOTUMKe MpOorpaMMbl, BKIOYaroniel mHdopmanuio o0
UCIIOJIHUTENE paboThl, TpeOyeMble B 3aJlaHUH TpauKu (TOJTYyYEHHBIE B PE3yJbTaTe
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BBHITIOJIHEHUS PaOOThI), a TaK)KE BBIBOJIbI, HAIMMCAHHBIE HCIIOJHHUTEIIEM TI0 KaKIOMY
MYHKTY.

[Tocne renepanuu otyera paboTa 3aKkaHYMBaeTcs. J{J1s BHITOJHEHHS] HOBOM pa-
00THI (Apyroro BapuaHTa) HEOOXOAMMO BBIUTH U3 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 HAXOJAUTCS B BEPXHEHW YaCTH, BHE 3aBUCUMOCTH OT TOTO B KaKOM OKHE TIPO-
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 OMIMH (COOTBETCTBYIOT YIIPaBISIOIINM
KHOTIKaM):
Daiin:
Hoeuvtit — BbI3bIBACT OKHO Botoop eapuanma niis Hadana paboOThI;
OmKpoims — MO3BOJISIET MOCJE Hayana pabOThl OTKPHITh COXPAHEHHbIE
pe3ynbTaThl B rpaduiyeckom Gpopmare;
Coxpanump — M03BOJIIET COXPAHUTh MOCTPOEHHBIN Ipaduk ¢ pe3yibTa-
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Tamu ¢ okHa Iloozomoeéxka omuema,
Omuem — co3naer oryeT B WOrd ¢ pesyibrataMu BBIIOJIHEHHON pado-
THI;
Paooma:
Ilocooue — BrI3pIBacT OKHO Memoouueckoe nocooue,
Tecm — BbI3BIBACT OKHO Tecm;
Boinonnenue:
Bwioop éapuanma — Bb13bIBacT OKHO Boldop eapuanma 1o 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 ¢ uHpopManmeit
00 aBTOpax MporpamMMmal.
Memoouueckoe nocobue - BhI3bIBa€T OKHO Memoouueckoe no-
cobue.

2.2 OxHO Bwioop sapuanma

B nmanHoM oxHe 3ampammBaercs WH(oOpMmalusa, KoTopas HeoOXoauma jis
Hayaya J17abopaTopHO pabOThI: BapUaHT 3a7aHus (Kak MpPaBHIIO, COOTBETCTBYET HO-
Mepy B CIHCKE Tpynmbl), GpaMUIusl 1 HOMEp TPYNIbl CTYACHTA, BBITOJHSIOUIETO pa-
00Ty (cM. puCyHOK 2.7), dbaMmiivsi U TODKHOCTh MPENojaBatesis, TUIl YCUIUTENS U
HOMED MYyHKTA 3a/1aHUsI, C KOTOPOI'0 HY>KHO HayaTh padoTy.

[Tocne Toro Kak Bbl 3alOJHUIM HEOOXOJMMBIE TOJI U BHIOpAJIM HOMEpP Bapu-
aHTa, MporpaMMa aBTOMaTHYE€CKU BBICTABJISIET THUIl 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, ¢
HA3BaHUSIMU, COOTBETCTBYIOIIMMH HOMEPY NyHKTa W HOMEpy rpaduka B IYyHKTE,
Hanpumep «punktl-1.emf». IIpu nHaxxatuu kHonku Hawath padoty otoOpakaeTcs
OKHO Bce napamempui. Best nndopmanins U3 JaHHOTO OKHAa 0TOOpa)kaeTcsi B OTUETeE,
reHepupyeMomM B KoHIle paboTel. [locie okoHwanust paboThl rpaduuecKue JaHHBIC B
BUJIE COXpaHEHHBIX (haiyioB He yaanstorcs. [loaTromy npu moBTopHOM (IIpU HEOOXO-
JTMMOCTH) BBITIOJIHEHUHU TOM K€ caMoil pabOThl, MOKHO HayaTh Cpa3y C TOTO MyHKTA,
Ha KOTOPOM ObL1a 3aKOHYEHA pabdoTa NpeabIayInil pa3, TM00 KOTOPBIA HYXKHO Nepe-
nenatb. [Ipu mocnenyrouieit renepaiuu oTyera Bce rpaduku OyyT BCTaBIIEHBI B OT-
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Yer.
[locne naxartus kHonku Hawats padory mHbopmanus B JAHHOM OKHE HE
MOKET ObITh U3MEHEHA.

Homep oapwanta 1

Pamnanni Crymonra
Homop rpyvess
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Pucynok 2.7 — atepdeiic okHa Butoop eapuanma

Kak BugHO u3 puc. 2.5 Bo Bpems pabotsl nporpammel EDFA ¢ nomonisto 3a-
KJIaJIOK B BEpXHEW 4YacTH OKHA BO3MOXHA HaBUTAIlUsl MEXJIY BCEMU OKHaMHU 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 Hauamov pabomy B OxHE Bwvloop eéapuanma, NOCTYNHBIMH 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, nHTEpdEiic KOTOpOro nokasax 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 SIBJSETCS TOJBKO OJWH BapuaHT. [lociie TOro kak Bbl BhIOpaaud 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 TTpUBEEH 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
HaxaTusl KHONKH Pacyer HE0OX0IMMO yCTAaHOBHUTH YKa3aHHBIE B 3aJlaHUU NapameT-
pBI Ui pacuera. B nosne 3agaHue oToOpakaeTcsl TEKCT BBINOJHAEMOrO MyHKTA 33]1a-
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 paBHOM 1160 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 BO3MOYKHOCTh CAMOCTOSITEIILHOTO BhIOOpa KOJIMYECTBA, MOIIIHOCTEN U JNTMH
BOJIH MH(OPMAIIMOHHBIX CUTHAJIOB. Bce mapameTpbl CUrHaNIoOB 0TOOpaXeHbl B Ta0Iu-

ac.

[Ipu 3agaHUM MOILHOCTEN CUTHAJIOB MOKHO MCIOJIb30BaTh CIEIYIOIINE Bapu-
aHTBI:

CamocTOsITeIbHO - MOIIHOCTH BCEX CUTHAJIOB MOXHO 33J1aBaTb CaMOCTOS-
TEJIbHO B TAaOJIUIIE CUTHAJIOB;

PaBHbIe - CTaHOBUTCS JOCTYITHBIM IOJIE PEIAKTUPOBAHUS, B KOTOPOM MOXHO
YCTAaHOBUTh 3HAYEHUE MOIIHOCTH IS BCEX CUTHAJIOB

HepaBHble — KaKk U B IPEIbIAYLIEM ITYHKTE CTAHOBUTCS JOCTYIHBIM IOJIE pe-
JAKTUPOBAHUS, B KOTOPOM MOKHO YCTaHOBUTH 3Hau€HUE 0a30BOW MOUIHOCTH CHUTHA-
JIOB, OTHOCUTENIBHO KOTOPOM MpOrpaMMa aBTOMATHYECKH MOJOEPET CIydyailHbIM 00-
pPa3oM MOIIHOCTH BCEX CUTHAJIOB.

JIMHY BOJIHBI CUTHAJIa MOKHO YCTaHOBHUTH C OMPEIECIEHHBIM HHTEPBAJIOM BbI-
OpaB u3 crnrcka MexKaHAJIbHbIA HHTEPBAJI, MYHKT 3aaaTh nHTepBaJ. [locie sto-
ro HEOOXOJMMO B OKHE PEIaKTUPOBAHUSI, HAXOASAIIEMCS O] CIIUCKOM BBECTH 3Haye-
HUE MHTEpBaJIa U YCTAHOBUTH 3HAYCHHE JIIMHBI BOJIHBI IIEPBOTO CUTHANA B COOTBET-
CTBYIOLIEM OKHE peJaKkTUpoBaHUsA. /IMHBI BOJH BCEX CUTHAJIOB M3MEHATCS B COOT-
BETCTBUU C BHIOPAHHBIM UHTEPBAJIOM.

JInmvHa BOJHBI CUTHAJIa MOXKET JiexkaTh B nquanazone oT 1400 am g0 1600 HMm.
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[ToaToMy, ceayeT BHUMATEILHO OTHOCUTHCS K BEIOOPY MHTEpBAIA IO JUTMHE BOJTHBI
Mexay curHanamu. Ecnu nimHa BoJIHBI curHasia (OAHOrO MM BceX) OyJeT BHE Aua-
Ma30Ha, TO MporpaMMa BhICTaBUT OJIMKaNIIIEe T0MyCTUMOE 3HAaUCHHE.

Taxke B ciucke 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: JJIMHBI MCIIOJIL3YEMOTO BOJIOKHA, AMAMETpa OOJacTH JICTUPOBAHMS, AHa-
MeTpa CEpAIICBUHBI BOJIOKHA, KOHIICHTPAIIUU 3pOUs, BPEMEHHU KU3HU METACTa0MITh-
HOro ypoBHA. Kak mpaBuiio, Bce 3TH MapaMeTpbl MEHATh HE HY>KHO. /[aHHBIe mapa-
METpPbI YCTAHOBJICHBI 110 TUTEPATYPHBIM JTAHHBIM.

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

HUcnoan3oBanue ¢puiabTpoB: BriOpaTh GUiIbTp MOXXHO MOCTaBUB TAIOYKY C
MIOMOIIBI0 MAHUITYJISITOPA MBIIIb B KBaApaTUKe ¢ HaAnucbio Ucmoab3oBaTh GuiabTp
U 3aTEM HYXHO BbIOpaTh 00 GunbTp /st BeipaBHUBaHUS AUX ycunurens, 1u6o
MOIIIHOCTEN CUTHAJIOB Ha BBIXOJI€ YCHIIMTENS, 3aT€M BBIOPATh, IJIe TOCTABUThH (DUIIBTP
- Ha BXO/I€ WM HA BBIXOJAE YCUIIUTEIIA.

[Tpu HaxaTuu KHONKK Pacuyer oCyliecTBIsAETCS pacyeT YCUIIUTENS 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. Mcrionp30BaHre JaHHOTO OKHA YCKOPSIET MPOLECC 3a/1aHNsI U U3MEHEHHUS IaHHBIX
napaMeTpoB MPH BBIIIOJIHEHUH 3a7jaHuil paboThl. [1pyu n3MeHeHnn napaMeTpoB B OKHE
Ilapamempsr POUCXOIUT IMApPAJUIEIBHOE W3MEHEHUE B OKHE Bce napamempul, n
Hao00OPOT.

2.5 OxHo Pe3yrvmamot pacuemos

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

B nanHOM OKHE 0TOOpa)karoTCs BCE BBIXOJHBIC IMApAMETPHl M XapaKTePUCTHKU
yewmrensa. Crenys yKa3aHHsM U3 OKHAa OTOOpaKEHWs 3aJaHUs BBITIOJHSIEMOTO
MyHKTA, CJIETYET BBICTABIISITH HCXOAHBIC MTapaMEeTPhI JIsl pacyeTa.

BrITIoNTHSIST MYHKTBI 33/1aHUS HY>)KHO OTCJICKMBATh MMapaMeTphbl CUTHAJIOB, MPH-
BeJicHHBIC B TaOymie «[lapameTpsl HHPOPMAITMOHHBIX CUTHAJIOBY.
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Pucynox 2.10 - OxHo Pe3ynavmamot pacuemos

HasxaTtne 51eBoil KHOIKW MEBIIIA HA KHOIIKE @L HaXOJAIIENCS B JIEBOM HIDKHEM
yriay J000ro rpaduka IpUBOAUT K YBEIMUEHUIO pa3Mepa rpaduka B 4 pasa, Kak Io-
Ka3aHo Ha puc. 2.11. HaxxaTie 7eBOi KHOIIKH MBIIIK HA KHOMKE [\ IPUBOIUT K HC-
XOJHOMY BUAY OKHa, Kak Ha puc. 2.10.

2 A L0 o e A 00 v
Ariiem, B ea0aW

Pucynoxk 2.11

HaxaTre neBoii KHOIKOW MBIIIN Ha OCH TpaduKa MPOUCXONUT MEPEX0.T OT JI0-
rapu(MUIECKOTO MaciiTada K JMHEHHOMY U Ha000poT. CleryeT OTMETUTh, YTO TIPH
HAJIMYUU OTPULATENIbHBIX 3HAUEHUH WM HYJSl IO OCH HE IMO3BOJISIET MEPEXOAUTh K
JorapuMuyeckoil mkarne.

Bou16op oToOpakaeMbIX KPHUBBIX Ha Ka)XJ0M rpauKe OCYIIECTBISIETCS C MO-
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 OTACIHLHOM BCIUTbIBaroOIIeM OkHe (puc.2.12), BeI3bIBaeMOM
JUTS KQKJI0To rpadrika HaKaTUEM MPaBOil KHOIIKH Ha ToJie Tpaduka.
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Formating curently selected XY plot

Kohsis YoAsis
[~ Log scale I lLog scals
v Giidines v Gidines
[~ Auto G v Auto Gad
v Setinciement|t [~ Setinciement(o
v Auoscals v Autoscale
Maavum 693 Mawm [0.3577
M. [0 Misimam [001
X Coce |

Pucynok 2.12
Bo3mokHO Takke coxpaHeHue rpaduka Ha )KECTKUH JUCK C MTOMOIIBIO KHOITKH
Ha rpaduke B BEpXHEM JIEBOM YTITy.
HaxaTtue j1eBoil KHONMKOW MBIIIM Ha JIFOOOW KPUBOM JIBYX BEPXHHUX IpaUKOB
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 Cuemyrommi
nyHKT. [losBurcsa okHo Ilodzomoexka omuema ¢ TOCTPOSHHBIMHA Ha OCHOBE TaOJIUIIbI
3aBHCUMOCTSIMU. BHemHuii Bua okHa mpuBeieH Ha puc. 2.14.

2.6 Oxno Iloozomoeka omuema

[Tpu nosiBnennn nanHoro okHa (puc.2.14), mpoaHaanu3upoBaB MOJyUYCHHbIE 3a-
BUCHMOCTH HEOOXOJMMO HaIMCaTh BBIBOJBI B MMOJI€ peaakTupoBanus. [Ipu Haxartun
kHonku IlepexesaTs TeKylMii MyHKT MOXHO YaCTUYHO WJIM TMOJHOCTBIO Iepese-
JaTh MYHKT, KOTOPbIA OBLI TOJBKO YTO BBIMOJHEH. JlJIs MPOAOIHKEHUS BBIOJHEHUS
paboThl, HEOOXOAMMO BBHIOPATh HOMEpP MyHKTa M HaxkaTh KHoOnKy la. Ilpu BbIOOpE
HOBOT'O MyHKTa HO 0e3 HakaTusi KHONKU [la mpu mepexoie K BBIMOJHEHUIO 3a/1aHUs
yepe3 3aKJIaJIKU B BEPXHEW YaCTH OKHA, HOBBIM MyHKT HE OyJeT oToOpakeH. BriOpath
MO>KHO JIFOOOHM MyHKT, HECMOTPS Ha TO, BBIMOJHEH JAHHBIN MyHKT uiu HeT. [Ipu BbI-
O0ope HoMepa IMyHKTa, KOTOPBIN YK€ ObLT BHITIONHEH, Ta0IuIla ¢ JaHHBIMUA OYJET CO-
JIepKaTh BCE UMCIIa, KOTOPbIE OBLIN YK€ 3aHECEHBI.
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Pucynox 2.14 — Unrtepdetic okna IToozomoeka 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
0TYeTa, COJEPIKAIIET0 BCE MOTYYCHHBIE B XO/I€ BBIOJHEHUS paOOThI JaHHBIE B BUJIE
rpauKOB U 3aMKMCAHHBIC BEIBOJIBI 110 KAXIOMY MTYHKTY.

=

ID:::"}:; 20w ows om  omz aow o
o asems 1132 M2 M3 T 1 8

yoowenmn K o o waven F, 5 meesetome v
100 a Jnalby. awe 4,3 Eme w A, “Sme
reamaw,  AsiiNes

Pucynok 2.16 — UuTepdeiic mporpaMMel ¢ OTKpBITBIM OKHOM Tlapamempewl (cipaBa)
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2.7 Oxno Ilapamemput

HuTepdeiic mporpamMmsl ¢ OTKPBHITHIM OKHOM Ilapamempul (cripaBa) NpuBEICH
Ha pucyHke 2.16.

B nannom oxHe mpuBeneHBI T€ XK€ (DYHKIMOHAIBHBIC 3JIEMEHTHI 3a/laHuUs Ta-
pamMeTpoB HaKaykd M MHPOPMAIIMOHHBIX cUrHaNoOB. [Ipy M3MeHeHnu 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
nocoOust. Mexay mMyHKTaMH IMOCOOUST MOKHO TTEPEXOUTh C IIOMOIIIBIO THIIEPTEKCTO-
BBIX CCHUIOK, HAXOJAIIMXCS B BEpHEH 4acTh OKHa. B TekcTe mpuBeseHa KpaTKasi WH-
dbopmanus Mo yCHIATEISIM U METOJMKA BBITIOJIHCHUSI paOOTHI.
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3, Pexoviaupupot 0o swoosicnne pader
4 THepsass nnuss i paborn
£ Coarpemnic orvictn

& Koupenisse nonpecs)

CIMCOR TMEEPRTIPIE

P oo n L. pune Do Cuwibuss £ A

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 JaHHOI'O JOKYMCHTA, MCXKIAY ITYHKTa-
MHU KOTOPOI'O MOKHO IICPCXOAUTH C IIOMOINBIO THIICPTCKCTOBLIX CCBIIIOK, HAXOIA-
mXCs B BCpXHCﬁ JaCTHu OKHA.

Cnucok aureparypsl

1. 3acnasckuii K.E. BonokoHHO-onTHYECKHE CHCTEMBI MEpeayl CO CIEKTpalb-
HBIM YIUIOTHEHHEM: YueOHoe nocobue it By30B. - HoBocubupck: Cudl'VTU,
2005. - 136 c.

2. JlosonbHOB E.A., Ky3nenos B.B., Mupropoa B.I'., llapanrosuu C.H. Mynb-
TUIUIEKCOPHOE U YCHJIMTEIbHOE 00OpYJAOBaHHWE MHOTOBOJHOBBIX ONTHYECKUX
cucteM nepenaun: yaed. mocoobue. — Tomck : Tomck. roc. yH-T CUCTEM yIp. H
paauosnexkTponnku, 2016. — 156 c.

3. ®puman P. BonokoHHO-ONTHYECKHE CUCTEMBI CBSI3H (4-€, JOMOJHEHHOE H37a-
Hue)- M. : Oko-Tpena. 2007. -512 c..

4. ®okun B.I'. OnTudeckue cucTeMsbl nepeiadyd U TPAaHCIOPTHBIE CETH. YUueOHOe
nocobwue .- M.: Dko-Tpenas, 2008. -288 c.

5. CxisapoB O K. Bo1OKOHHO-ONTHYECKUE CETU M CUCTEMBI CBSI3U. YUeOHOE MOCOo-
oue.- C-I16 : Jlann, 2010.—-272 c.

6. PJI 45.286-2002. PykoBonsmuii JOKyMEHT OTpaciu armapaTypa BOJIOKOHHO-
ONTUYECKON CHCTEMBI MEpelauul CO CHEKTPAJIbHBbIM pa3jiejeHueM. TexHuuecKue
TpeOOBaHMUS.

7.  JosombHOB E.A., Illapanrosuuy C.H. KommnbiorepHas nabopatopHas padota
«KoMmbroTepHoe HcCCleOBaHHE MHOTOBOJIHOBBIX AOPOMEBBIX BOJOKOHHO-
ontuueckux ycwiurened - M.: BHTHUL, 2006. - Ne 50200501793 . (CBuge-
TenbcTBO Ne5497 o6 orpacneBoil peructpauuu pa3zpabotku «KomibroTepHas
naboparopHas pabora «KoMmbproTepHOE MCCIIeTI0OBaHIE MHOTOBOJIHOBBIX dpOue-
BBIX BOJIOKOHHO-ONTHYECKHUX ycuiuTenei» B «OTpacieBoM (GOHIE alropuTMOB
u nporpamm» oT 20.12.2005. Mocksa. )

IIpunoxenune A

OcHoBHbIe XapakTepucTuku ycuaureneid EDFA npousBoaurens

THORLABS (SInonust)
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Pucynok A.l — Buemnuit Bua yeunurens npousojactea THORLABS.

Tabmuia A.1 — [Tapamerps! ycwmmrtenei 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
BrixomHas MOIIHOCTE HACHIIIICHUS - >17 -
(1bm)
CrabuiapHOCTh K03(. yemnernus (nb) 0.001 0,005 0.005
BrIxogHOoE BOJIOKHO SMF28 SMF28 SMF28
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+40°C +45°C
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Pucynok A.2 — 3aBucumocts ko3(pdunmenta ycunenus u koddduimenrta myma s
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Pucynok A.3 — 3aBucuMocTs kKoddduiiMeHTa ycuineHus: 1 KodpuiuenTa nmyma ot
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Henr padoThl: W3yyeHUE NPHUHIMUIOB JEUCTBHS M  KOMIIBIOTEPHOE
HCCJIEIOBAHUE XAPAKTEPUCTUK M MapaMEeTPOB, ONTHUUYECKUX JEMYJIbTUILIEKCOPOB Ha
OCHOBE MHTEP(DEPECHIIMOHHBIX QMIBTPOB U GpuiabTpoB Dadpu-Ileppo.

1. BBenenue

OnHuM #3 OCHOBHBIX HAIpPaBJICHUNM COBPEMEHHOIO HAYyYHO-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-ONTUYECKHE JIMHUU CBSI3U OO0JBIION HH(DOPMAITMOHHONW €MKOCTH C JJIMHOM pe-
reHepaIMoHHbIX y4acTKoB 10 200 kM u 6oJee.

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

Ha ceromusmnuii AeHb CymIECTBYIOT MHOKECTBO Pa3JIMYHBIX YCTPOMCTB, JJIS
MYJIBTUILIIEKCUPOBAHUS/ IEMYJIbTUIVICKCUPOBAHUS ONTUYECKOTO0 MOTOKA, U3TOTOBJISI-
eMBIX U3 PA3JIMYHBIX MaTepuaios [1-5].

Ontuueckuid JEMYIbTUILIEKCOP JOBOJIBHO CIIOXKHOE YCTPOMCTBO, U Ha JaH-
HBIII MOMEHT SIBJISIETCSA aKTyaJIbHBIM pa3pa0dOoTKa MpPOrpaMMHOr0 0OecredeHus, mo3-
BOJISIIOIIETO HE 3aKymas JOpOoroctosiinee 000pyJoBaHUE 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()EPEHIMOHHBIX (TOHKOIIIEHOYHBIX) (uibTpoB (thin films). Wn-
TepdepeHIIMOHHBIA (PUIBTP COCTOUT U3 HECKOJIBKUX YEPEAYIOIIMNXCS CIIOEB MPO3pay-
HOTO JM3JIEKTPUYECKOTO MaTepuaya ¢ Pa3jIMYHbIMU IOKA3aTEISIMU TPETOMIICHHUS,
HAHECEHHBIX Ha MPO3payHyl0 MOJJIO0KKY (pucyHok. 2.1). IIpo3pauHblii AUAIEKTPUK
MMEET TOYHBIM MOKA3aTEIb MPEIOMIICHUS, KOTOPBIA MOXKET U3MEHAThCA OT 1.42 1o
2.0 (TOYHOCTH 10 6 3HAKOB IMOCJE 3aIATOMN), a PA3HOCTh MOKAa3aTeIe MPeTOMICHHUS
06bI4HO cocTapisier mopsaka 10° — 10™. Tommmna ctpyktyps! Le 00bI4HO cocTaB-
JSI€T HECKOJIBKO JECSITKOB MUJUIUMETPOB.

HNuTepdepeHImonabld GUIBTP, OTpakaeT 3aJaHHbI WHTEPBAJ JJIUH 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 — TONMIIKUHA CTPYKTYPBI, AT — IEPHO
cTpyktyphl, K, K’, K> — BoTHOBBIE BEeKTOpa MaaroIei, OTpakEHHON U MPOIISAIICH
CBETOBBIX BOJIH, frF — YTOJI MaJICHUS BOJIHBI.

Pacuérabie dhopmyIbl 11 onpeaeIeHs MapaMeTpoB (GUIbTpa MIPUBEICHBI B JIH-
Teparype [1] a TeXHMKa HAaHECEHHUsI CJIOEB XOPOIIO M3BECTHHI B ONTUYECKOW IPO-
MBIIIUICHHOCTH, YTO TTO3BOJIAET CO3/IaBaTh HEJIOPOTrue (GUILTPHI C PA3TMIHBIMH CITCK-
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, COCTOsIAs U3 HAbOpa TOHKOIJICHOUYHBIX (DUIIBTPOB, KaXKIbIN
U3 KOTOPBIX J00aBSET/BBIACISACT M3 OOIIEro CUTHala OJWH HUH(POPMAIMOHHBIN.
OuabTPhl PACMONIOXKEHBI MOJI HAKIOHOM Hrp=45° K onTHYecKOd OcHu, 4TOOBI 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 BBIJCICHH/OTBETBICHUSI OJTHOIO KaHala U3 TPYIHIIOBOTO
curHasia. OCHOBY MOJYJsl COCTABJISIIOT JBa OJMHAKOBBIX HHTEP(PEPEHIIMOHHBIX
(GHIbTpa HAXOMAIIMXCS B pa3HbIX Iiecuax natephepomerpa Maxa-Llennepa [2].

1 Dunsrp 1 3

JFL-]. § sss 8

Ay Dunsrp 2

}bl 5 ;"lu-:,‘ ERCELE J"'u

n

Pucynok 2.3 — Moayib MyJIbTUTIIICKCHPOBAHUS/ IEMYIbTUIUICKCUPOBAHUS 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 nmojaaercs Ha BXoja 1, NeTUTCs MOPOBHY M T10-
najgaeT Ha QUIBTPHI, I KOTOPBIX yclioBUe bperra BuIMOTHSAETCS JJIsl ONTHYECKOM
HecylIlel BTOporo kaHana. Jlajnee curHaig BTOpPOro KaHaja oTpa)aeTcsi OT QuibTpa,
BHOBb TIOTIQ/TA€T HA HAMPABJICHHBIN OTBETBUTENb, I'7I¢ KOTEPEHTHO CKJIAIBIBACTCS H
MOCTYIIaeT Ha BXOJ 2. DTOT MOIYJIb MOXKET TaK K€ JOOaBJATh CHTHAJT C 3aJaHHOU
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/ IEMYIBTUILUIEKCOP HA OCHOBE
unteppepomerpoB Maxa-Ilennepa.

K HemocTaTkam OeMyJbTUIIIIEKCOPOB 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.

YacTo, npu NOCTPOCHUU AEMYIbTHILIEKCOPOB, UCIIOIB3YETCS CTPYKTYpHAs CXeMa
n300pakE€HHAst HA pUCYHKeE 2.5. V3 rpymnmoBoro curxana, GuiabTp OTpakaeT 00paTHO
TOJIKO OJTMH KaHaJ, KOTOPBIA 3aT€M OTBOJUTCS C MMOMOIIBIO IUPKYIISATOpPA.

JlanHasi cxeMa IMO3BOJISIET M3TOTABIMBATh HMHTEPPEPCHIIMOHHBIA (PHIBTP 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 MOKA3aTeNsl MPEIOMIICHHUS B CEPILIEBUHE BOJIOKHA.
OObIYHO peméTKa co3AaéTCsl C MOMOUIBI0 OOJydYeHHs] BOJIOKHA ABYMsI MHTEpQepu-
PYIOIIUMHU yIBTPA(QHOIETOBBIMH JTydaMHu.

Cep.ElLLeBMHalOB Ml}lTedeEDGHLLMOHHbIﬁ puUnsTp
----- =0 M) D=>
- ‘ATF 7\‘] ERRARS ?\'k-l s )‘k-l-] 9 sus o )\'ll
' T Ly
T

Pucynok 2.6 — Koncrpykiust uHTEphEpEeHIIMOHHOTO (PUIBTPA, BBIIIOJIHEHHOTO B OI-
THYECKOM BOJIOKHE (BOJIOKOHHAS PEIIETKA).

JI71st mpOM3BOJICTBA PEIIETOK TaKyKe MOXKET ObITh MCIOJIb30BaHa (Da3zoBasi Macka,
KOTOpast pacuIeIIsieT My4oK yIbTpaduoIeTOBOrO CBETA Ha pa3inyHble AUGPaKIIMOH-
HBIE MOPSAKU, KOTOpPBIE, UHTEphEPUPYs, CO3IAI0T PEIIETKY BHYTPHU

2.2. MaremaTnueckass MoaeJab

Pacuér OCHOBHBIX XapaKTEPUCTHK MHTEPPEPEHIIMOHHOTO (PUIIbTPA OCHOBAH HA
TEOpUH Bp3rroBCKOro OTpakeHUsI U MPEJICTABISAECT COOOM THUIMHMYHBIA MPUMEDP CBS3H
MEK1y IPOTUBOIOJIOKHO HAIPaBJIEHHBIMU MOJaMH [ 1].

Ha xaxxzio¥ rpaHuiie paszesna, 4acTh MaJarllero CBETOBOrO Iy4YKa OTpakaeTcs,
BCJICZICTBUE pa3sinuusl nokasarenei npeiaomiieHus. OTpakeHHbIE BOJHBI 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 maremartnueckoil Mojenu MHTEP(EPEHUUOHHOr0 (UIbTPA, MPEANOI0KUM,
YTO TOJIIMHA BCEX CJIOEB OJMHAKOBA, 4 3aBUCUMOCTb AUAJICKTPUYECKON NPOHUIIAE-
MOCTH OT Z UMEET BUJ:

e,n,, 0<z< iATF
oo -] : (2.1)

) 1
{eonl, ;ATF <Z<ATF

HOEM%UIBHBIC MOJ/Ibl HEBO3MYIIEHHOW Cpelibl MPEACTaBISAIOT COOOW IUIOCKHE

BOJIHBI €~ C BOJIHOBBIM YHCJIOM, OIIPEIEIIAEMbIM BbIPAKEHUEM:
k(1) = 2_7[ u (22)
Y 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 IUAIEKTPUYECKUE IPOHUIIAEMOCTH SIBISIOTCSA CKa-
JSpHBIMU BelnuuHaMu. CieoBaTeNlbHO, CBSA3b MEXKI1Y BOJIHAMHU MOKET OBITh, TOJBKO
€CJIM OHM UMEIOT OJVHAKOBBIE COCTOSIHUS MOJIAPU3ALMNA. JDTO BO3MOXKHO JIMIIb IS
Cly4yas IPOTHBOMOJIOKHO HAMPABIEHHBIX MO, MTOCKOJBKY JJIsI OAMHAKOBO HAINPAB-
JICHHBIX MOJI YCJIOBHE (PA30BOTO CUHXPOHU3MA BOOOIIIE HE BBIITOJIHSETCS.

XapakTep MOJOBOU CBA3M Kak must TE-, Tak u qnusg I M-eoan ananorudeH. Or-
JIMYUE COCTOUT TOJIBKO B TOM, YTO OHU MUMEIOT PAa3HbIEC 3HAYEHHUSI ITOCTOSTHHOW CBS3H,
KOTOpasi BBIYUCIISAETCS COTJIACHO BBIPAKCHUSAM:

[ i 2
| > > (nz2 - nlz) (TE - Bomma )
Jmﬂcos 0 n, +n

1 (2.3)

| I 2 2 2
. . (n2 -n; )COS 0. (TM - BosHa )
[mﬂcos@ n,

IlocTOsSiHHBIE CBSI3M  OTJIMYAKOTCA JIMIIb  HAIPaBILAIOIIUMM  MHOXHUTEIEM
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 OTpaxeHuto 7M-gosin nipu yrie bprocrepa.

Bennunna dazoBoro paccoriacoBanus AS(A) (onpenenset, mpu kakom A OyeT
BBINOJIHATRLCS YCIIOBUE bperra), onpenessercss BhIpaKCHUEM:

AB(2) = 2k(2)cos 6., —m[z—ﬂ] (2.4)
A

™

B cooTBeTCTBUU C 3TUM BBIpa)KEHHEM, OPEITOBCKOE OTPAXKEHUE YETHBIX IO-
PSIKOB OTCYTCTBYET, IMOCKOJIBKY Mpu M=2,4,6, 1 T.1., kK=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, TMPEIMOIOKUM, YTO I CBETa, magaromiero mnpu z2=0,
BBITIOJHSAIOTCS 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, anmnapaTHas QYHKIUS WU CIIEKTP OTPaKEHUsI) ONpeesieT-
Csl CJIeIyIoUM 00pa3zoM:

2

A, (0)
A, (0)

(2.5)

riae A1(0) u Ay(0) — amMruTy bl amaroiel 1 OTpaXEHHOM BOMH. Peras ypaB-
HEHHS CBS3aHHBIX MOJ, IOTYYHM:
K(2)-K(2)-sh’s(2)L,,

s(2)°ch “s(A)L,. + [Aﬂ(l))

T.(4) =

(2.6)

sh *s(2)L,,

7€ S(4) MaeTCs BBIPAKEHUEM s(1)° = K (1)-K (4) - (A5 (4)/2)".

Takum oGpazom, anmaparHast GyHKIUA (K0dPIUIIMEHT OTpakeHus) uuTepde-
pPEeHIIMOHHOTO (QUIbTpa paccuuThiBacTcs mo Gopmyse (2.6). OHa COCTOUT U3 OCHOB-
HOTO TIMKAa C OTYETIMBBIM MAaKCUMYMOM U Psijia TOOOYHBIX MTHUKOB.

LO}

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, uzoOpakeHa ammapatHas (PyHKIUS WHTEpP(EPEHIIMOHHOTO
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¢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 OIpENeTUTh MOJIO0CY Mporyckanus kaHaia (AA) — 0.14um.

2.3. PacueT 0CHOBHBIX OLCHOYHLIX XapaKTEePUCTUK

JIyist Toro 94TO00BI TOCTPOUTH JEMYJIBTUILIEKCOP Ha OCHOBE MHTEP(EpEeHIINOH-
HBIX (QUIBTPOB, MO KAKOW JINOO W3 CTPYKTYPHBIX CXeM, H300paXKEHHBIX Ha PUCYHKaX
2.2, 2.4, nu6o 2.6, HEOOXOAMMO pacCcYUTaTh 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)

[Ipexne Bcero, Kaxablii GUIBTP AOHKEH OBITh HACTPOEH Ha CBOIO JJIMHY BOJI-
HBI Aj, IJIs BBIJEJICHUS U3 TPYMNIOBOTO CUTHAJA OAHOrO0 MH(GOPMAIIMOHHOTO KaHaja.
DTO0 03HayYaeT, UTO HA 3aJIaHHOM JIJIMHE BOJIHBI, KO PuImeHT T; T0KEH OBITh MaK-
CHUMaJIbHBIM, 4TO gocturaercs mnpu AF(A;)=0, T.e. koraa BhIMOJHACTCS yciaoBue bpe-
ra:

T(2) e = th (K (4)|Lyr) (2.7)

T.x. peub UAET 0 GUIBTPE HACTPOSHHOM Ha OTPAKEHUE LIEHTPAIbHOU JJIUHBI

BOJIHBI 4j, TO UHJCKC | y KodduimeHTa nepeaaun omyckaeM. M3 3Toro BeIpaKeHHS

HaUOEM ;.
ﬂi:\/z'ATF,i. /n12i+n22i ©C0S O (28)

BumHO, 9TO Ha MEHTPAIBHYIO JUIMHY OTPAKEHHOW BOJHBI BIHUSIOT BCE KOH-
CTPYKIIMOHHBIE TIapamMeTpbl (GUIbTpa, KPOME TOJIIUHBI CTPYKTYphI Lrr. s mpuse-
JNEHHBIX CTPYKTYPHBIX CXEM JIEMYJIbTHILICKCOPOB, Yrod Grg i GUKCHpOBaHHBIN (MO0
0°, muoo 45°). Tlokazarenu NpeaOMIICHHUS, KPOME BEJIMYHMHBI (Pa30BOil paccTporku
BXOJIST M B BBIPAKCHHUE MMOCTOSHHOMW CBS3M, CIICIOBATEIHHO, OKA3bIBAIOT BIUSHHUC H
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 ¢ 3aJJaHHOM LIEHTPAJIbHON JIMHHOW BOJHBI Aj, (COTJIACHO Ya-
crotHomy twiany ITU-T), HeoOXoauMo 1oo0paTh Il HErO TOJIBKO MEPUO CTPYK-
Typbl Atgj, KOTOPBI OJHO3HAYHO ompeaensercs: BeipakenneM 2.8. CormacHO 3ToMy
BBIPKEHUIO, (PHIIBTP, MOCTPOCHHBII Ha OCHOBE MapaMeTPOB, COOTBETCTBYIOIIUX all-
napaTHo (PYHKITMH, M300pakeHHON Ha puc.2.8, OTpakaeT CIEKTP C IEHTPaJIbLHOU
JUTMHOW BOJIHBI paBHOU 1.53MKM.

IlInpuna mosockl mpomyckanus (AL)

[IIupuHa MOJIOCH MPOMYyCKaHUsT (PHIIBTPA OMpPEACISICT IEPEXOAHBIC TTOMEXHU B
neMyJbTUIIeKcope. YeM oHa yke, TeM OOJbIIee YUCIIO KaHATIOB MOKHO Pa3MECTHUTh
B OJHOM M TOM JK€ YAaCTOTHOM Juana3oHe. Ha mmpuHy mNONOCH MNpPOIYyCKaHUS
uHTEep(PEepEeHITMOHHOTO (QUIBTPA OKA3bIBACT BIMSHUE 3HAYCHHUE MOCTOSSHHOM CBSI3H, B

KOTOPYIO BXOJMUT PA3HOCTBIO MOKA3aTeNe MPEIOMIIEHUS An M TONIIMHA CTPYKTYPHI
I—TF-
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Baxxno mopoOparh Takue 3HAYEHMsI 3TUX MapamMeTpoB, 4TOObI Kod(dduimeHt
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 HAUTH MaKCUMAIILHOE OTPAXKEHUE, TIPU 3aJJaHHOM IIeH-
TpaJIbHOU JUIMHE BOJIHBI Aj HEOOXOJIMMO PEIINTh YpaBHEHUE:

T, (4,) =099 (2.9)

Kak Obu10 Cka3aHO BbINIE, HA MAaKCUMAJIbHOE OTPAKEHUE U HIMPUHY MOJOCHI
MPOITYCKAHMS CYIIECTBEHHOE BIMSHUE OKa3bIBACT JJIMHA MEPUOTUUYECKON CTPYKTYPHI
Ltr u Pa3HOCTh nokasaresen peIOMIICHUS
ANn=|n; —ny|. Yem yxe moKHA OBITH MIMPHHA TMOJOCHI MPOITyCKAHHS, TEM OOJIBIIEe
JOJKHO OBITH Lt 1 MeHbIIe an . Clie1oBaTeNbHO, YpaBHEHHE 2.9 MOKHO MEepEnucaTh
B BUJIC:

T,. (4, L, An) = 0999 (2.10)

W3 31010 ypaBHEHUSI MOKHO BBIPA3UTh TOJIBKO TOJIIMHY CTPYKTYpBl Ltg;, ipu

3aIaHHOM An !

ath (V0,99 ) ﬂ“i - €C0s (ﬂ’i)' nz2 + n12
LTF‘i - \/E :

Takum oOpa3zom, Ui JOCTHXKEHUS Y JEMYJbTHUIUIEKCOpA 3aJaHHBIX
NepexXoAHbIX TOMEX, HeoOXoAumMo y (UIBTPOB BapbUPOBATh BEIUYHHY An, a
TOJIIIIMHA CTPYKTYPHI s i1-0ro GuiabTpa OyaeT onpeneseTcs Beipakenuem 2.11.

(2.11)

2 2
n, -n

[ {IF
L0k Lt
- ﬂ = (IRE
= 8 = B
2 2
% Gk —i- Dok
2 04} & 041
< 02k “ nat
0.0 RN - E——— -
1 573046 1 3300 1.53014 1.52256 1,230 .33
. HM a) E i 6)
|
2 08t
o
= 06+
E 04k
Z
0.2k
0.0 L
1.5200 1.3300 1.533004
. HM B)
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Pucynok 2.9 — AnnapatHbie (yHKIIMH TOHKOTUIEHOYHBIX (PUIBTPOB,
paccUrMTaHHBIX 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 gpopmyie (2.27) (Ltr=5.725Mkm). DTa TOMIMUHA SIBISETCS ONTHMAIBHOM.
Ha pucynke 2.96, 3aBUCUMOCTb pacCUMTaHa MPU MEHBIINUX 3HAYECHUAX TOJIIIUHBI, YTO
CKa3bIBaeTCs Ha Kod(huimeHTe oTpakeHus, a Ha 2.98 1pu OOJIBIINX, YTO MPUBOJAUT
K HaCBIIICHHUIO.

BriBOa
Takum oOpa3om, [ist TOrO YTOOBI TPOrPAMMHO PACCUUTATh KOHCTPYKIIMOHHBIE
napaMeTpsl 1eMYJIbTUIUIEKCOP HAa OCHOBE MHTEPHEPEHLUUOHHBIX (UIBTPOB 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, /
(bopMaIMOHHBIX 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 TpONyCKaHust 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 .

/. Bappupyss 3Ha4YeHHE An JIOOUTHCH,
gTOOBl MaKCHMAaJIbHAas  TIEPEeXO IHas !
rmoMexa Ppay, ObIa He OOJIBIIIE YeM 3a-
JaHHas B TeXHHUUeCKoM 3aganuu (Py).

Onpepnenexve Al

Bbluncnenne P,

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. MakcuMalibHas MepexoaHas mo-

Pucynok 2.10 — biiok-cxema mno-
CTPOCHHMSI IeMyJIbTUILIEKCOpa Ha
OCHOBE MHTEP(PEPEHITMOHHBIX
(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 1eMYJIbTHILIEKCOpA HA OCHOBE UHTEp(hepeH-
IIUOHHBIX (DPUITBTPOB.

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

JIBa mOJIynmpO3payHbIX 3€pKajia, PAcOJOKEHHBIX Ha HEKOTOPOM PAaCCTOSHUU
JPyT OT Apyra oopa3yroT pe3onatop adbpu—Ileppo (pucynok 3.1).

3epkana
R

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

Cpena pesoHaTopa

OTpaxeHHBIN JTyd BHYTPH PE30HATOpAa MHOTOKPATHO OTpaXkKaeTCs OT 3epKail U
eciu Lgg KpaTHO Ay/2, TO BCE JIy4H, IPOXOJSIINE Yepe3 MPaBoe 3epKaJI0, OKa3bIBAIOT-
cs B (haze. JJTuHBI ONTHYECKUX BOJIH Ak HAa3BIBAIOTCS PE30HAHCHBIMH.

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

[Tonoca mpomnyckanus Takux GUIBTPOB JIOCTATOYHO MIUPOKAs MO CPABHEHUIO C
¢wIbTpaMu Ha IUIEHKAX, a anmnapaTHas (QYHKIUS UMEET TePUOTUUSCKUN XapakKTep,
4TO JenaeT ux npuMeHeHne B WDM cucrtemax ¢ 00JIbIION IOTHOCTBIO Pa3MEIICHHS
KaHAJIOB, MPAKTHYECKU HEBO3MOXKHBIM.

s punsTpoB @adbpu—Ileppo MOKHO MPEATIOKUTH CXEMY, TIOKa3aHHYIO Ha pH-
cyHke 3.2. C oNTHYECKOro BOJIOKHA CHUTHAJ 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 HACTPONKU Ha 3aJlaHHYIO JIJTMHY BOJIHBI IyTEM U3MEHEHHUs pac-
CTOSIHUSI MKy 3epKasiaMu. Ho BBICOKYIO pa3peliarolnyio CiocCOOHOCTh MOXKHO pea-
JIM30BaTh TOJLKO B TOM cllydae, Korjga Ko3h(GUIMEeHT OoTpa)keHUs 3epKasl OJIU30K K
CAMHHMIIC.

3.2. MaremaTu4ueckas MoaeJb

Koaddumment maTpuiipl nepenaun uis i-oro KaHajga JeMYJIbTHILIEKCOpa TO-
ctpoeHHoro Ha ¢unsTpax dabpu-Ileppo, onpenensiercs CAeAyrOUIUM BbIPaXKEHUEM

[2]:

T(4) = G-Ry) 2 (3.1)
(1-R. ) +4R,_, {sin {27[ bee nw

i)

rae, Rep — kodpuimmenT orpakeHus 3epkai, N — Mmoka3aTeiab MPeTOMIICHUS
cpenbl pe3oHaTopa. Takke B BBIPAKEHHM MPEIIOJIAraeTcs, YTO CBET MAagaeT 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 GyHKUIHS WK CIIEKTP MPOMYCKaHUs) PACCUUTHIBAECTCS MO
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 (PUIBTpa 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 JEMYJBTHILUIEKCOP MO cXeMe M300pak€HHOUN Ha
pucyHke 3.2, HEOOXOJUMO PacCUUTATh HEKOTOPbIE KOHCTPYKLMOHHBIE MapaMeETphI
(GUIBTPOB, B COOTBETCTBUU C 33JJaHHBIMU TPEOOBAHMSIMU K pa3padaThIBAEMOMY Jie-
MyJIbTHILIEKCOPY. ONpEeaennm 3TU apaMeTphl.

LenTpanbHasi AJMHA OTPAKEHHON ONTUYECKON BOJHBI /i

Jlist Toro 4ToOBl Ha 33JJaHHOM JJIMHE BOJHBI Aj (COIVIACHO 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 ILIEJIBIM YHCIOM, JUISl MPOMYCKaHUS ONTHYECKOW BOJIHBI C
LEHTPOM Ha A, TOJKHO BBITIOJHATHCS CIEAYIOIIEe OTHOIICHHUE:

LT (3.2)

A

rie N; — mokasaTesb IpeoMIICHuUs i I-oro GpuibTpa, a Aj B 0epércs B MUKPO-
MeTpax.

CornacHo 3TOMY OTHOILIEHUIO, PUIIBTP, TOCTPOCHHBIN HA OCHOBE MapaMeTpoB,
COOTBETCTBYIOIIUX ammapaTHOW (PyHKIMHU, N300pakKeHHON Ha pucyHke 3.3, IpOoITycC-
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 mos1ochbl NPONMyCKAHUSA
Ha mmpuny momocwl mpomyckaHusi ¢GuibTpa Ha OCHOBE HHTEpQepomeTpa
®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 MOJI0CH IPOITyCKaHUSI.

W3-3a mepruoanYHOCTH anmapaTHOW (YHKIMH (QHIBTpa, CICAYIOIUNA 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 (yHKIMHU ObLI 00JIbIIIe CBOOOHOTO CIEKTPATLHOIO
JMana3oHa JeMyJibTUIuiekcopa Adrsg (a4, = 2, - 4,). Ha pucynke 3.4, 3ToT mepuos

0003HAYEH KaK A1, .

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, Mpu W3BECTHOM IEPHOJIC anmnapaTHOW (QPYHKIUU A4, , U

FSR 2

IIEHTPAIBHON JJIMHE BOJHBI A HAXOIUTCS W3 BeIpakeHus 3.1 u paBHa:

Ad oy + A

L = [ﬂi —J (3.3)
2-Ad g oM

rae 3HadueHust A, U Ai,, Oepyrcs B Mukpomerpax. M3 Qopmynbl BUIHO, YTO

HauOoJbIIas JUIMHA pe3oHaTopa OyaeT y (uiabTpa HACTPOCHHOI'O Ha MPOIYyCKAHUE
MOCIIEIHETO KaHala. BennuuHy a1, MOXHO OIICHHUTH MO GopMmyIe:

+ AR, (34)

A€ A4, — KaHaJbHBIM MHTEPBAN JAEMYJBTUIUIEKCOpPA B MHUKpoMeTpax. JlaHHas

AL = Adg

R

dbopmyrna SBISETCS SMIUPUYECKON, TOMYYEHHOW MPHU YCIOBUHU, YTO MOCIEIHUN
KaHaJ IeMYJbTUILIEKCOpa OyJeT BHOCUTh MEPEXOAHYIO TTOMEXY B MIEPBbIA KaHaI 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):

Rep =1_\/E (35)

Tak kak KaHalbHBIA WHTEpBAN AJIA BCceX (DUIBTPOB €AUHBINA, TO MOTYUYEHHBIH
ko3 PuIMeHT oTpakeHus OyAeT chpaBelIuB Mg BceX (UIBTPOB BXOASIIMX B
JNEMYIIbTUILIIEKCOP.
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@®opmyna (3.5) Takke SMOHMpUYecKas W IMOJydeHa MpPHU YCIOBUHU, YTO I-bIif

KaHAJI JIeMYJIbTHIUIEKCOpa OYIET BHOCHUTH
MIEPEXOAHYI0 TTIOMEXY B COCCIHHUM KaHaa 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 ICHTPAJIbHBIE YaCTOTHI WH-
(opMaIMOHHBIX KaHAIOB (i) U YHCIIO
kaHajoB (N).

2. Bpramcnute s Kaxaoro ¢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 3nauenust 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 TIOCTIE0BATEIBLHOCTh JACHCTBHM MOSICHSAET 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 JaHHBIC 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-

THUILICKCOP.
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PEHUMOHHOI0 PUJIbTPA.

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

2. PaccunTtarh nepuoj CTPYKTYpPHI JIJIsl BCEX TOHKOIUIEHOUHBIX (DUIBTPOB, BXOISAIINX
B JIeMyJIBTHIUIEKCOP M TomImHy $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 NPEJIOMIICHUS Ny VIS IEMYJIBTUILIEKCOPA MTOCTPO-
€HHOTO Ha UHTep(EepEeHIIMOHHBIX (DUITBTpaX.

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 OTPAXKCHHS 3EPKaJl.

3. OueHuTh 3HAUYECHUE JUIMHBI pe30HATOpa JUIsl LEHTPAIbHOTO (UIbTpA JAEMYJbTH-
IUIEKCOPa HACTPOEHHOTO Ha OTPAXXEHHUE CIIEKTPa C MAaKCHUMAJIbHOW LIEHTPAJIbHOM
JUIMHHOM BOJIHBI. DTO 3HAaUeHHE Oy/JeM CUMTATh MOCTOSHHBIM JIJIsl BCeX (DUIBTPOB
nemyibTHILIIEKcopa. OHO paBHO AJMHE mnocieAaHero ¢uiabTpa. Bee pesynbrars
pacyéTa 3aHECTH B TAOJIHUILY:

[Tapamerp/
Ne punbrpa

4.2. JKcnepuMeHTAIbHOE 3aJlaHHe

3aHECTH B PACUETHYIO MPOrpaMMy KOJIMYECTBA KAHAJIOB JIEMYJbTHIUIEKCOpPA U

[EHTPAIbHBIC YACTOTHI, OTpaKaeMbie HUILTpaMu

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 Pprax(AN). B oTuére, Tak ke oToOpasuTe
MOJIy4eHHbIE Tpa(UKH armapaTHBIX (PYHKIUU JIEMYJIbTUILIEKCOPOB M PacCUUTaH-
Hble TpadUKU MEPEXOTHBIX MOMEX, PU Pa3IUYHbIX 3HAYeHUSIX AN. OObsICHUTE,
Y€M BBI3BAHO PA3IMYUE B NEPEXOJAHBIX MIOMEXAX.

2. HaiiTu onTUMallbHYIO pa3HUILYy IOKa3aTeNeil MpeloMIIeHHs, TPU 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 KOHCTPYKILMOHHBIE TapaMeTpsl GPUIBTPOB, IpH ANy, Ha ocHoBe mo-
JYYEHHBIX MapaMeTpOB CMOJAEIHUPOBAThH almapaTHYI (QYHKUHUIO AEMYJIbTUILIEK-
COpa M paccuMTaTh MEPeXoHbIe MOMeXH. Pe3ynbTarsl 3aHeCTH B TaOIUILY:

IMapamerp / 11 2
Ne puabTpa
A

Anopt i

Are

LTF Lint (n/2)

AN (M)

Pi ]

n

B otuére oToOpazuTe cMoAeIMpOBaHHBIN TpaduK annapaTHOW QYHKIUU JEMYIIb-
TUIJIEKCOPA U PACCUMTAHHBIN rpaduk nepexogHbix nomex. OObsICHUTE, YEM BbI-
3BaH MOJyYEHHBIM BUJ] 3aBUCUMOCTH MEPEXOIHBIX TOMEX OT HOMEpa KaHaa.

4. Jlns aemMynpTUIUIEKCOpa C ONTUMAJIbHBIMM MapaMeTpaMu, IPOHAOII0AaTh BIIMS-
HUE BCEX COCEIHUX KaHAJIOB Ha KaXIbIi KaHal B OTAEIbHOCTU. OOBSICHUTE, YEM
BBI3BaH ITOJYYEHHBIA BUJ 3aBUCUMOCTH MIEPEXOIHBIX TOMEX OT HOMEpa KaHaJa.

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

1. HccnenoBarh 3aBUCHMOCTh TEPEXOMHBIX MOMEX OT KOd(PQuImeHTa OTpaKeHUs
3epkas. JlJis 5TOTO HEOOXOIWMO OIPENEIUTh MEPEXOJIHbIE MOMEXHU JAEMYJIbTH-
IJieKcopa sl JBYX UEHTPalIbHBIX COCEIHMX KaHalloB (KaHalbl C HOMEpPaMH
int(n/2) u int(n/2)+1) npu Rep = 0.9, 0,95 u 0.99. [lng kaxaoro kosdduiipenta
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OTPAKEHUS PACCUMTATD JJIMHY PE30HATOpA. 3HAUCHUE AZ  NPH OTOM OYJET paB-
HO: A2 =AZ., +(1-R)", TO€ A2, B Mukpomerpax. [lepex pacuérom P, HeoOxo-
JTUMO orpeaeuTb AL, Pe3ynbTaThl 3aHECTH B TaOJIUILY:

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

Lep (uxm)

Pmax

[To Tabiuie moctpoiiTe 3aBUCUMOCTD Prax(Rep). B oTuéTe, Tak ke oToOpasute
MOJTydeHHBIC TPaQHUKH aIlapaTHbIX (PYHKIHMHA JIEMYJIbTUIICKCOPOB (TOJIBKO JUIS
JIBYX MCCIICAYEMbIX KaHAJIOB) M pacCUMTaHHBIC TpadUKH MEPEXOJIHBIX 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 (JINOO IKCTPATOIISINHN) 3aBUCUMOCTH Pay(Rep)
HalIuTe Takol Rpp, KOTOPBIH yA0BICTBOPST Obl ypaBHEHUIO Prax(Rep)=Pot11b.
O0603Ha4MM €10 KaK Rep qpt.

3. HccmenoBaTh 3aBUCUMOCTH TIEPEXOTHBIX TTOMEX OT JUTHHBI pe3oHaTopa. [lyist aToro
HEOOXOJMMO OIPEACIUTh MEePEXOIHbIC TTIOMEXH JEMYJIBTHILICKCOpA IS 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-
HH 3epKall U BeeX Lep OyneT Rep, opr. Pe3ynbTarTel 3aHeCTH B TaOMLy:

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
HOJydeHHbIE TPa(pUKU alapaTHbIX (PYHKIHMH IEMYJIbTHILICKCOPOB (TOIBKO IS
IICPBOrO M MOCICAHEr0 KaHAJIOB) M PacCUUTAHHBIC IPA(PHKHU ITEPEXOIHBIX 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 AJIA MOCAeaHero GuisTpa, mpyu KOTOPOM
MaKCUMaJIbHBIA YPOBEHb MEPEXOHBIX MoMmex Oynmet 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 KOHCTPYKUMOHHBIE MapaMeTpbl (GpUIBTPOB, 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 cMoACIMPOBAaHHBIN TpaduK anmapaTHOW (PYHKITUU JEMYITb-
TUIIJIEKCOPA U PACCUMTAHHBIN rpaduk nepexogHbix nomex. OObsICHUTE, YEM BbI-
3BaH MMOJIYYCHHBIN BUJI 3aBUCHMOCTH TEPEXOAHBIX IIOMEX OT HOMEpa KaHaa.

6. [na nemyibTHILIEKCOpa C ONTHMAJIbHBIMU MapaMeTpaMu, MPOHAOMI0NaTh BIHs-
HUE€ BCEX COCEJHUX KaHAJOB Ha KaXXIIbIi KaHal B OTAEAbHOCTH. OOBSICHUTE, YEM
BBI3BaH IT0JIyYE€HHBIA BUJ 3aBUCUMOCTH IIEPEXOIHBIX IOMEX OT HOMEpa KaHala.

3akI04YHuTebHAS YACTh

CpaBHUTH TIEPEXOJIHBIC TTIOMEXH 000MX JAeMYIbTUILIEKCOpOB. CrenaTh BBIBOJIBI O
BO3MOXXHOCTH TTOCTPOCHHS JeMYJIbTUIIIEKCOpa Ha HHTEP(HEPEHITMOHHBIX (GUIbTPaX U
bunsTpax @adpu-Ileppo.

Copaepxanue oryera
Otuer o npoaenaHHol padoTe JOJIKEH COAEPKATh CAEAYIOIINE Pa3/Iebl:
e [Ilenb paGoThI.
e Kparkas Teopus.
e Pesynbrarhl paboThl — rpadUKU ¢ KPAaTKUMU MOSCHEHUSIMU MOJTYYECHHbIX
3aBUCHMOCTEM.
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 ¥ HEJOCTATKH KaXJI0TO U3 HUX?

3 Kak knaccupuuupyroTcsi ONTHYECKUE NeMYIbTHUILIEKCOPHI?

4 Ha xakux jmnax BosiH padoraror WDM u DWDM pemynbTuriiiekcopbi?

5 HazoBuTe 0CHOBHBIE XapaKTEPUCTUKH ONITUYECKUX AEMYIbTUIIIIEKCOPOB?

5. Onucanue NporpaMMHOro odecrnedeHust

«KOMIIBIOTEPHOE UCCIJIIEJOBAHHUE OIITHYECKUX
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 @OyHKuMOHAIbHOE HA3HAYEHHUE CUCTEMbI, 00J1aCTh NPUMEHEHUS U
OrpaHUYeHHs

KommbroTepnas naboparopnas padora «lccnenoBanue onTUYECKUX JIEMYIbTH-
IJIEKCOPOB Ha OCHOBE MHTEPPEPEHIIMOHHBIX QriIbTpoB U GunbTpoB dadpu-Ileppo»
NpeAHa3HaueHa JJi1 pacyeTa M ONTUMH3ALUHA XapaKTEPUCTHK ONTUYECKUX JIEMYJb-
TUIIJIEKCOPOB B yUeOHBIX 1emsiX. JlaHHast pa3paboTKa MOXKET ObITh UCIIOJIb30BaHA MIPU
OOy4EeHHH CTYJEHTOB TEXHUYECKHX BY30B I10 HampaBieHUIO «TeleKoMMYyHUKAIIUNY,
KAaK B KaueCTBE JJADOpAaTOPHOM padOThI, TaK U B KAYECTBE MHCTPYMEHTA ISl pacyera
Y ONTUMH3ALHUH JAHHBIX JEMYJIbTHUIUIEKCOPOB IPHU KypCOBOM MPOEKTUPOBAHUU BO-
JIOKOHHO-ONTHYECKUX CUCTEM MEpelayu CcO CIeKTpalbHbIM pasjaenenueM (BOCII-
CP), ucnonp3yomux AeMyJIbTHUIUIEKCOPl Ha OCHOBE HMHTEPPEPEHIMOHHBIX (PHIIb-
TpoB win punsTpoB dadpu-Ileppo B kauecTBe OAHOTO U3 OCHOBHBIX 3JIEMEHTOB.

[IporpammHoe obecrieueHre NpeCcTaBIseT cOO0U MakeT MporpaMM r'eHepauuu
dbopm 11 3aaHus TApaMEeTPOB 00OUX JAEMYJIbTUILIEKCOPOB, OTOOpPaXKEHUSI PE3YIib-
TAaTOB pacyeTa U BbIBOJIAa METOJUYECKUX PEKOMEHJAIMH 10 paboTe ¢ rUInepTeKCcTo-
Bol HaBuramuei. [laker Bkiarouaer 15 BapuaHTOB 3aaHUM I TIPOBEACHUS Tabopa-
TOPHBIX Pa0OT, a TaKXe MPHUKIAJAHBIC MPOTPaMMBbI MO MPOBEICHUIO HEOOXOIUMBIX
BBIYHCIICHUM, TIPEIyCMaTPUBAIOIIMX YUCICHHBIM pacdeT MpeoOpa3zoBaHUM, OIMHUCHI-
BAIOIIMX BOJHOBBIE MPOIIECCHI B MHTEPPEPEHIIMOHHBIX GUIbTpax u GuibTpax Pad-
pu-Ileppo. B OCHOBY pacyeToB IOJIOKEHBI MATEMAaTUYECKAE MOJIEIH, ONMCAHHBIC B
[1]. Orpannyenwust a1 MOJEIH, ONMKUCHIBAIOIICH paboTy HHTEP(EPEHIIMOHHOTO (QUIb-
Tpa, SIBJISETCA OJMHAKOBAsl TOJIIIMHA BCEX CIOEB U OTCYTCTBHME OOPATHOIO OTpake-
HUS, a JUIsi MOJICJIM OmNuchiBatole padory dunbrpa ®adpu-Ileppo — HOpmanmbHOE
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 naboparopHast paboTa, fajiee mporpamma, MpeacTaBiisieT CO-
00l KOMITBPIOTEPHYIO TMPOTPaMMy, KOTOpas COCTOMT M3 METOAMYECKOTO IOCOOUS
(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 HopManbHOro QyHK-
MOHUPOBAHMS MPOTPAMMbI KOMIBIOTEp JOJHKEH OBbITh OCHAIEH He MeHee ueM 16
MG onepaTuBHOW 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. Iy ocyiecTBieHus JI0MycKa K 000JI0YKEe MOJICITMPOBAHUS TPEAY-
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 MOIEIMPOBAHNE
MHOTOBOJIHOBOT'O 3pOHEBOI0 BOJIOKOHHO-ONTHYECKOIO YCHIIUTENSD (fajiee Mo TEKCTY
OIKCaHUs JaHHOE OKHO HazbiBaeTcs I naenoe). JJanHHOE OKHO COAEPIKUT IJIaBHOE Me-
HIO U OCHOBHBIE€ KHOIIKM yNpaBJieHUs. BpIXo1 U3 mporpamMmsl OCYyIIECTBIISIETCS 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 HaXKa-
TUW HA KHOTIKH YJ0OHEH BCETro UCTOIb30BaTh MAHUIYJISITOP "MBIIIIb'".

B ToMm e okHe nmpenycMOTpeHa Bo3MOXHOCTh BBoja @.M.0. cTyneHTa u mpe-
Mo/IaBaTels JJis 3anoJiHeHUust GOpM OTUYeTa, TEHEPUPYEMOro M0 OKOHYAHUU PabOThHI B
MS Word. Takke MOXXHO BbIOpaTh BapUaHT U HOMEp CTAPTOBOrO ITyHKTa PaOOTHI.
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
HE0OXOMMO BBECTH UCXOAHBIE NTApaMETPhI pacuera:

OO6osi0uka MOJIETUPOBAHUS MOCTPOCHA MO MOJAIBHOMY MPUHLHUIY U MpPeay-
CMaTpUBAET IMOCIEI0BATEIbHOE KOMIIBIOTEPHOE MOJCIMPOBAHUE KAXKJOTO TUMA Je-
MYJIBTUILIEKCOPA ¢ BO3MOXKHOCTBHIO CPABHEHHsI WX PaOOTHI MO pe3yibTaTaM BBIYHUC-
JIEHUs TIepeKpECTHBIX MomMeX. [Ipu 3ToM mpeaycMOTpeHa perucTpanus CTyJeHTa U
MpernoiaBaTesis ISl 3arojHeHus GopM OT4YeTa, TEHEPUPYEMOro 0 OKOHYaHUU pado-
el B MS Word. [[ist ocymiecTBaeH s T0MycKa K 000J0YKe MOAECIUPOBAHUS MIPEIY-
CMOTPEH aBTOMATUYECKUN TECTOBBIM KOHTPOJIb, BBIIIOJIHSAEMBbIN B OTICIIbHOM OKHE.

JIsist MoJleTMpOBaHUsl IEMYJIbTUIIIICKCOPOB HCIIOTHUTENI0 HEOOXOIUMO BBECTH
HCXOJIHBIC MTapaMeTphI:

6) MH()OPMAIMOHHBIX CUTHAJIOB:

— 9YHCIo onTuveckux kanainoB (1-150);

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

7) uHTEepPEePEHIIMOHHBIX (GHIBTPOB: MOKA3aATEIN MPEIOMICHHUS MTEPUOINIECCKON

CTPYKTYpBbI, TOJIIMHA U MEPUOJ] CTPYKTYpPHI, YTOJ MaJeHUsl CBETa U3 TOplia
ONTHUYECKOT0 BOJIOKHA HA MYJIbTUILJIEKCOP, M0JIOCA MPOITYyCKAHMUS.
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8) dumpTpoB dadpu-Ileppo: mokazarens MpeIOMIICHUS, KO3(DPHUIIMEHT OTpake-
HUS 3epKaJl, TOJIIMHA CTPYKTYPBbI, MOJ0Ca MPOMYCKaHUS.

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

5) rpaduk anmapatHo# GyHKIHMH (U1 HHTEPGEPEHIIMOHHOTO (GHILTPa - 3aBH-
CUMOCTh KO3((HIIMEeHTa OTpa)X€HUsi OT JJIMHBI ONTUYECKOM BOJHBI, MAJIA (UIbTpa
®abpu-Ileppo - 3aBucuMOCTh KO3GGUIIMEHTA MPOXOKACHUS OT IJIUHBI ONTUYECKON
BOJIHBI);

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

Hactpoiika ¢unpTpa Ha 3aaHHYIO JJIMHY BOJHBI MPOU3BOJIUTCS BU3YaIbHO IO
rpaduky anmapatHoil pyHKIMH, TyTEM U3MEHEHHUSI BHYyTPEHHUX MapaMeTPOB.

[Taker mporpaMM Tak)kKe MO3BOJIAET OCYIIECTBUTH ONTHUMH3AIMIO BHYTPEHHUX
napamMeTpoB JIOOOT0 U3 UCCIEAYEMBIX JIEMYJbTUIIEKCOPOB ISl JOCTHXKEHUS 3a-
JAHHOT'O YPOBHS NEPEKPECTHBIX MOMEX.

I[To pe3ynbTaTam pacyeTa 3anoJHAIOTCS TaOIUIBI ¢ HHPOpMALel, TpeOyeMoil
B 33JIJaHUU K BBINOJIHIEMOMY MyHKTY. [lociie BbINOIHEHNs MyHKTa MporpaMmma CTPOUT
HEOOXOUMbIE TpaQUKU B OTIECIBHOM OKHE, I'7I€ TAK)KE €CTh BO3MOXKHOCTD JIJIS 3aIlu-
CH BBIBOJOB 0 IPOEIIAHHOMY IYHKTY U IMEPEX0/Ja K BBHINOJIHEHUIO CIEAYIOLIEro
MyHKTA.

[Tpu BO3BpallleHWU K BBHIMOJHEHHUIO MyHKTA, KOTOPBIA OBLT YK€ CleiaH, JaH-
Hble B Ta0nuax ¢ uHpopmaimeii, TpedyemMoil B 3aJaHUU K 3TOMY IIYHKTY, U BBIBOJbI
0 HEMY COXPAHSIOTCS B MOCNEIHEH penakuuu ucroaHuTens. OHAKO MPH BBIXOJIE
U3 MPOTPaMMBbI IaHHBIE O BHITIOJTHEHUN PAaOOTHI COXPAHSIIOTCS TOJIBKO B TpaduIecKoM
BUJie B popmare *.emf B mOAMPEKTOPUM C HA3BAaHUEM BBINOJHAEMON pabOTHI B Ka-
tanore «Mou AOKyMeHThI». [Ipr 3TOM COXpaHSIOTCS TOJNBKO T€ rpaduKh, KOTOPHIE
HE00X0aUMBI 11t 0hOPMIICHHSI OTYETa 1Mo padoTe.

[Tocne BBIMOJIHEHUS MOCIEIHEr0 MYHKTA 3aJJaHUsl UJIU 110 JKEJIaHUIO UCIIOJIHU-
TeJs B JI000H MOMEHT BBITTOJTHEHUS PAOOTHI MMPOUCXOIUT TeHEPAIUs oT4YeTa 1Mo (op-
Me, TMPUHATON B By3e-pa3pabOTUMKe MpOorpaMMbl, BKIIOYaromie mHdopmaimioo 00
UCIIOJIHUTENIE padoThl, TpeOyeMble B 3aJaHUH TpaduKku (TMOTyYEHHBIE B PE3yJbTaTe
BBITMIOJIHEHMsI pabOThI), a TAKXKE BBIBOJIbI, HAIIMCAHHbBIE MCIOJHUTENIEM IO KaKIOMY
MYHKTY.

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

Janee Oosee moApOOHO OCTAHOBUMCS Ha MPOTPAMMHBIX OKHaX.

2.1 TJ1aBHOE OKHO

B rnmaBHOM OkHe (pucyHOK 2.1) ocymiecTBisieTcsl BBOJ TaHHBIX M pacuéT mapa-
METPOB Ka)J10ro JeMyJIbTUILIEKCOopa. OHO COCTOUT H3:
e (baitloBOTO MEHIO, T/Ie OTOOpAXKAIOTCA BCE (PYHKITUU TTPOTPAMMBIL;
® [IaHEIU MHCTPYMEHTOB, IJ€ AYOJHMPYIOTCS HEKOTOPbIE BAaXKHBIE JIEMEHTHI
(aitI0BOro MeHIo;
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® 3aKJaJI0K BHJIa MOJEITUPOBAHMUS;

e T[aHesel BBO/Ia OCHOBHBIX MTAPaMETPOB JIEMYJIbTUILIIEKCOPA;

e 00JacTH MOCTPOCHUS IPapUKOB.

Tax xe, nmpu 3arpy3ke IPUIIOKEHUS, TOSIBIIETCA OKHO MOMOIIIH, TAe 0ToOpa-
KAIOTCS TIOJICKA3KH MO BBIMOIHIEMOMY IMMyHKTY JTJaOOpaTOpHOU paOOTHI.

- 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 COCTOUT M3 ABYX pa3nenoB: Daiin, Paboma v [lomouis. Pac-
CMOTPHUM ITyHKTBI KaXKJI0TO pa3zaena.

Daiin

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

OTKpBITH (paiin ¢ UCXOTHBIMU 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 KommpoBats Texkymmii 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. IlaHes1b peJaKTHPOBAHMS HEHTPAJBLHBIX YACTOT VISl KAHAJIOB J1eMYJIbTH-
IieKcopa

Jlns BBOAa umcia KaHaiaoB (N) W HEHTPAIbHBIX MIMH BOIH (Mg, Ap, ... , An),
IpeIHa3HaYeHa IaHelb, HaXOZAIasAcid B JCBOW 4YacTU IJIABHOI'O
OKHa (PHCYHOK 2.2). OTH JaHHbBIE ABJIAIOTCA OOLIMMHM UL MOJE-  Hem J1
JTUPOBAHUSA AEMYJIbTUILIEKCOPOB Ha OCHOBE HHTEP(MEPEHIUOHHOTO [ [ rawt |
u ®abpu-llepo dunbrpoB. B BepxHeil yactu nanenu, yepe3 cyér- |5
YUK 33J1a€TCSl YUCJIO KAHAJIOB JIEMYJbTUILIEKCOPa, a HUXKE B Ta0-
JIUILY, BBOJSTCS LIEHTPAJIbHBI JUIMHBI BOJH (B MHUKPOMETpPAxX) HMC-
xoxs u3 ITU-T nnana.

[To 3aBeprieHUI0 3amoOJHEHUS TaOJIUIBI  HEOOXOIUMMO
HaxaTh Kiasuiry Enter, mi0o BbIOpaTh MyHKT (hailIoBOrO MEHIO
«Paboma — O6Hoeumb 6ecy ouanazony. Eciv monb3oBaTens B Asmo b
TaOauIly BBEI HEBEpHBIC JaHHBIC, TO MaHEIb 3arojloBKa CTaHET ,3‘“”'3“»2]
KpacHOTO IIBETA.

Hmwxke Tabmuiel pacmosioKeHbl KHOIMKH aBTOMATHYECKOTO
3aMOJIHCHUS TAOIUIIbI LICHTPAIBHBIX JJIMH BOJIH:

o Asmo (I,N) — pacrpenensieT paBHOMEPHO JJTMHBI BOJH MEXIY MEPBBIM U TI0-
CJICTHUM KaHaJIaMH,

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

Pucynok 2.2

2.2. 3aKkJIaJIKU BH1a MOAeJIMPOBAHUS

s MozenupoBaHus MapaMeTpoB JIEMYJIbTUILIEKCOPOB, MPEIHA3HAYECHBI 3a-
KJIQJIKU, PACTIONIOKEHHBIE CHU3Y HHCTPYMEHTAJILHOM MaHeu (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 TpeThs — pPaCCUNUTHIBACT MEPEXOJHBIE TTIOMEXHU B KaXIOM Jie-
MYJIBTUILIEKCOPE ¥ OTOOpaXKaeT uxX B TAOJUYHOM U TpauuaeckoM BUAAX.
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2.3. MonenupoBanue 1eMyJabTHILIEKCOPA

[lepBbie ABE 3aKiIaJK¥ MOACITUPOBAHUS JEMYIBTHILIEKCOPA COCTOST M3 TPEX
obJracteil: rpaduk amnmapatHo (yHKIMHU, MaHEeIb BIOOpa (QHIIBTPOB U MaHEIb Mapa-
MeTpOB BeIOpaHHOTO (prutbTpa. PaccMoTpum 3Tu obsactu 0osee moapooHo.

I'padpuk anmapaTHoii GpyHKIHHM AeMyJabTHILIEKcopa (pucyHok 2.5). I'pa-
¢duKk oTOOpaXKaeT camy anmapatHyo QYHKIUIO U IICHTPaIbHBIC YaCTOTHI, 3aHECCHHBIC
B TaOJUITy, B BUJIE BEPTUKAIBHBIX JHHUNA W YHCIOBBIX MOAMKUCEH CHU3Y. AKTHUBHBIN
KaHa (mapameTpbl GUIbTPa KOTOPOTO B JAHHBIA 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

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

paTHOM (YHKIIMU), €CIIH JIEBOW KHOTIKOM MBIIIIH, CJIEBA HA MPABO, BBIICIUTh HE00XO-
JTMMBIN y4acToK Ha rpaduke (pUCyHOK 2.6).
0.2 iy T

_‘l T A
=
z
:
5 04
3
=
o
Pm M.
ool 155413
1.552 1554 1,556 1.558 1.56 1.562

OrkvkHa cBeToBON BOfHLI, MKM a)

0,2

CRaKTp oTpassHHA
=
—

NEENPAN /\/\/\ 155413

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).
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['panunsl orobpaxenus rpaduka Bceil anmapaTtHOW (yHKUMU ONPEAeNsioTCs
aBTOMaTU4ecKu. Il pydHOTO 3aJjaHusl TPAHULl OTOOPAKCHUS  [[Eueep—
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 epexona 06paTHO B PEXHUM aBTOMATHYECKHX L HCYHOK 2.7
TpaHull, HEOOXOAUMO BKIIOYUTH MEPEKITIOUATEND «A8moMamuuecku.

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 IMEPEKPECTHEM Ha BCIO 00JIACTh

[Tapametrpsl oTOOpakeHHss TpadUKOB MOXKHO HW3MEHHUTh 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, TapaMeTpbl 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. [Jns orobpaxkeHus ogqHOro GuiIbTpa, HEOOXOAUMO IBAXKbl HA HEM MIENK-
HYTh MBILIBIO.

Kuonku «Bce» n «Hem» npenna3HadeHbl 71 BBIOOpa AMOO0 IS UCKIIOUYEHUS
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 mapaMeTpoB OYyIeT [ 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 Jisi UH-
CAMHBIMU JUIss  BCeX QUIBTPOB. IIpU  repdepenumonnsix (a) 1 Gadpu-Tleppo
BKJIIOUEHHOM TIepeKiirogaTesne, Moaudu- ¢bunbTpoB (0)

KaIus rmapameTpa B J1I000M U3 (GHIBTPOB, aBTOMATHICCKU IMOBIICYET U3MEHEHHUE ITO-
O MapameTpa u y Apyrux GuiabTPOB.

[To 3aBepiieHnto MomuduKanyy MapaMmeTpoB HEOOXOIUMO HaXaTh KIIABHIILY
Enter, mu6o BbIOpaTh myHKT (haiioBoro MeHio «Paboma — Obénosums éecy ouana-
30n» uin «Paboma — Qonoeums eviopanuslii ouanazony». EclM MoOJb30BaTeNb B
TaOnuIly BBENI HEBEPHBIE TaHHBIC, TO MAaHEJh 3ar0JIOBKA CTAHET KPACHOTO IIBETA.

83



2.4. PacyéT nepexoJHbIX MOMeX

Jlis pacyéra ypoBHS TIEPEXOJHBIX MOMEX, HEOOXOIUMO OMPEAEITUTH MOJIOCY
IPOIMyCKaHUS KaXIoro ¢GuibTpa (B MaHEIH MapamMeTpoB (QubTpa 00O3HAUEHA 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  BKIAAKy  IIpOrpammbl > / 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 BBIOOP 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 nepexoaHas moMexa, JjIs TeKyIIero Kanaja, 0oToOpakaeTcs B TaOJIUIe B
MyHKTE «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 MaHebio «I paguk
ona uiabmpos.

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

HCHUA Ha60paT0pHOI\/'I pa6OTBI, METOOANYCCKOI'O rmocoous u PYKOBOJACTBA IIOJIB30BATC-

JIA.

10.

11.

12.

13.

14,

& 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-ONITHYECKHE CUCTEMBI NEPENAadnd 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, moanep:kuBaro-
HIyIO Mepeaavy MUPOKOTO CIEKTpa MPOTOKOJIOB M UHTEP(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., IO3BOJISIET CTPOUTH KaK KOPIOPATUBHBIC 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

MakcumalibHasi TaJIbHOCTh TMpoJieTa 0e3 pereHepalud curuaaia: 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 pe3epBUPOBAHUS: MACCUBHAs 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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Kondurypanus 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);

10 16 tpancnionaepoB (TSP). IlponymepoBansi ¢ 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 ONTHYECKOT0 KaHaja yrpaBjieHus u oocinyxxkuanus (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);

oauH ciyxeoHsbIi 0110k (housekeeping board) ¢ 8 BxoasnuMu U 8 UCXOISAIIHN-
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 mojka uMeeT 1Ba N30BITOYHBIX CHIIOBBIX pa3bemMa

-48

B.
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4. JJABOPATOPHAS PABOTA Ne3 KOMIIBIOTEPHOE
NCCIEAOBAHUE OIITHYECKUX JEMYJIBTHIIVIEKCOPOB HA
OCHOBE HAJIOKEHHBIX I'OJIOI'PAMM B ®OTOINIOJIMMEPHOM
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Henab padorbi: M3ydyeHHE MNPUHUMUIIOB JECUCTBUS M KOMIIBIOTEPHOE HUCCIEIOBAHUE
XapakTepUCTUK M IapaMETPOB, ONTHYECKOrO0 JEMYJbTUIIIEKCOpPA Ha OCHOBE
HAJIOKEHHBIX ~ JU(PPAKIMOHHBIX pEHETOK 3allMCaHHBIX B  (DOTOMOJIMMEPHOM
Marepuaie.

1. BBeaenue

OnHUM W3 OCHOBHBIX HAIPABJICHUN 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 OO0JIBIION MH(POPMAIITMOHHOM €MKOCTH C JJIMHOMN 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
MH(pOpMaIMK MO BOJIOKHY BEAETCS OJHOBPEMEHHO Ha Pa3HbIX IMHAX BOJH. s
ATOTO HEOOXOAMMO BBECTU Pa3HbIE JIJTMHBI BOJIH B BOJIOKHO C MOMOIIBIO OMTHYECKUX
mynbTUIiekcopoB (MUX) Ha mepenade, U BbIBECTH Ha MPUEME TPU MOMOIIM Je-
mynbTUILIekcopa (DMUX).

Ha ceromusimnuii AeHb CyIIECTBYIOT MHOYKECTBO PAa3JIMYHBIX YCTPOWMCTB, IJIS
MYJIbTUILIEKCUPOBAHUS/ IEMYIbTUTIIIEKCUPOBAHUSL 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 AUGpakiuoOHHBIX (ronorpaduueckux) pemeérok (HIP) B dboTomomnu-
mepHoM Mmatepuaie (DIIM).

[Nonorpaduyeckas 3anuck undopmaruu Ha OIIM MoxeT OBITh TaK K€ HUCTIOIb-
30BaHa JJIsl CO3/IaHUS PA3IUYHBIX AJIEMEHTOB OJIOTPAMMHON ONTHUKH U CUCTEM J10JI-
roppeMeHHoN namMaTu. [1epCcrneKTHBHOCTh YKa3aHHBIX CpPeJl Ji MOAOOHBIX MPUMEHE-
HUN OOYCJIOBJIMBAETCS MX BBICOKOM paspeliaroniedl crocoOHOCThIO, BBICOKOW 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 XUMUYECKOMH 00paboTKe.

Onrruecknii JEMYIbTUILIEKCOP JOBOJIBHO CIIOKHOE YCTPOMCTBO, M Ha JaH-
HBIII MOMEHT SIBJIIETCSA aKTyaJIbHBIM pa3padOoTKa MpOrpaMMHOTO 0OecredeHus, mo3-
BOJISIIOIIETO HE 3aKymas JOpOorocTosiiee o00pyJoBaHUE MOJIEIUPOBATh OCHOBHBIC
XapakTepUCTHKHU paznuanbix DMUX.
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2. TeopeTuyeckue 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(DPUIMEHTHI MPEACTABISIOT YaCTh MOIIHOCTH, IEpPEIAaBaEMON MEXKITY
Ha3HAUYECHHBIMU NTopTaMu. B o61iem cirydae Mmatpunia nepenadn 7 MMeeT BU/L:

|FT11 Ty, le S P —i
T Ty sz Ton |
|
T | (2.1)
T T, Tij . T, |
|

T T, - Tm

| 21
|
= |
| i1
|
|
LT nl n2 ' nj
CTpykTypHas cxemMa MHOTOIIOPTOBOrO NXN pachnpenenuress n3o0paxeHa Ha
pucynke 2.1, rae i=1..n u j=1..n — HOMEpa COOTBETCTBYIOIIMX BXOIHBIX U BBIXOAHBIX

nopToB; [Ti;] — 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

JleMyJIbTUILIEKCOP, B OTJIMYHUE OT PACHpEACTUTES UMEIOT OJMH BXOJ U N BBIXO-
70B (pUCYHOK 2.2), MEXKIAY KOTOPBIMH PaclpeiesieTCss MOITHOCTh BXOJHOIO CHUTHA-
na. CiaemoBarenbHO, MaTpulia nepenadn (2.1) TpanchopMupyercs: B BEKTOP:

T =(T, .. T, .. T.) (2.2)

B naHHOM 3ammcu OMyIIEH MEPBBIM MHIEKC, a BBIXOJBI JEMYJIBTHUILIEKCOPA
0003Ha4YeHBI Yepe3 HHAEKC I. Tak e He yUYUThIBACTCs 3aTyXaHHWE CHTHala B ONTHYC-
CKHMX 3JIEMEHTAX JIEMYJIbTUILIEKCOPA.
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Pucynok 2.2 — CTpykTypHasi cxema JAeMyJIbTUIIIEKCOpa

2.1 llpuHIMN AeHCTBUSA U CTPYKTYPA AeMYJIbTHILJIEKCOPA

[IpuHIMIT NEWCTBUS TAHHOTO JEMYJBTUIIEKCOpPAa OCHOBAaH Ha MPOCTpaH-
CTBEHHOM pa3JIeJICHUU TPYIIIOBOTO CUTHAIA C TIOMOIIBIO ToJorpadudecknx audpax-
[IMOHHBIX PEIIETOK 3amUcaHHBIX B (poronosumepHom matepuaine (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-
JMYCHUIO MOIIHOCTH JU(PPArupyeMbIX JIydel IMOJIE3HOTO CHTHaja, 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 eMynbTHILIEKCHPOBAHUS 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. JIJIMHBI BOJIH, CO CBOMMH BOJIHOBBIMU BEKTOPaMU COOTBETCTBYIOIIUE
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
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\ 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 CENEKIMU JJIUH BOJH NOKa3aH 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 BTOPOU 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 KAKJOM 3alMMCaHHOW pelérke, AUPpparupyroT 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-
MepHu3aIuy MoApoOHO u3okeH B [6]. OcHOBHBIMU KoMmioHeHTaMu PIIM siBisiroTCs
MOJINMEPHU3AITMOHHO-CITOCOOHBIE COSAMHEHHSI (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 COOO0M pacTBOpP KOMIIOHEHT B HEUTpaJIbHOM MonuMepHor 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 TIOTHOCTH U TOJIIPU3YEMOCTH MOJMMEpa, a TaKKe MOIYJIs-
el ero cocraBa BciieAcTBHE AUG(Y3HOHHOTO TEpepacrpenaesieHuss KOMIIOHEHT
MEXy OCBEIICHHBIMH M HEOCBEIIEHHBIMU O0JIACTSIMU perucTpupytomero cios. Ku-
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HETHYECKOE OMHMCaHWE CBOOOAHO-PAIUKAIBLHON MOJMMMEPU3aLUU BKIIIOUAET CIEIYIO-
II1€ OCHOBHBIE 3JIEMEHTAPHBIE PEaAKIINU:

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

2) o0pa3oBaHHE AKTHBHBIX IOJUMEPHBIX PAIUKAJIOB B Pe3yJIbTaTe B3aMMO-
NEUCTBUS TEPBUYHBIX PAJUKAIOB C MOJIEKYJaMU MOHOMepa (peakius WHUIU-
MUPOBaHUS 1IETH);

3) yBeNWYCHHE JUIMHBI MOJIMMEPHOTO PaJHKala 3a CYET MPUCOSAUHEHHS MO-
HOMEPHBIX 3BEHBLEB (peakius pocta uenu). CKopocTh poCcTa LEMH XapaKTepu3yeTcs
napaMeTpoM pocra nenu Kg;

4) mepexo. MOJIMMEPHOTO pajyKalia B HEAKTHBHYIO (popMmy ¢ oOpa3oBaHHEM
KOHEYHOTO MPOAYKTa pPEeaKIMy - MOJIEKYJIbI IouMepa (peakuus oopeiBa 1enu). Cko-
pocTh OOpBIBA MOJMMEPHOH IIEMH XapaKTepU3yeTcs mapameTpom oopbiBa Kp;
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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-
NENUCTBUS JIa3€pHBIX MYYKOB HAa y4YaCTKE 3alUCH, MPUBOJUT K HEPABHOMEPHON 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. [lorTomy 0b6racT 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, KpacuTeidb U JOHOP NUPPYHAUPYIOT 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 A0 TeX Mop, NOKAa MX KOHILIEHTPALMU HE BBIPABHSTCS 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 HOJIBUYKHOCTb MOJIEKYJ OOpa3yrollerocs MmojimMepa 3HaUUTEIbHO 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, MOyJIAIUS TTOKa3a-
tens npenomiieHus: An B @IIK Bo3HUKaeT Kak CIeACTBUE MOIYJISIMA KOHIIEHTPAIIUMH
nonuMepa. CKOpOCTh M3MEHEHUS] KOHIICHTPAIlMM MOHOMEpPa CO BPEMEHEM 3allucu

paBHa:
oM KI (r
— =div (D, gad M)-K K ** LTLCORVIES (2.3)
At 1z, + M

rae |(r) — IHTEeHCHBHOCTh CBETOBOTO M3IyYEHHS B TOUYKE C Paauyc-BeKTOpoM I, Dy —
koauiueHT nuddy3un MoHOMEpa, g — KOIPPUIIUEHT MOTIIoNIeHNs KpacuTens , K
— KOHIIGHTpALUsl KpacuTens, [ — mapameTp peakuuud (poTOMHUIMUPOBAaHUS. DKCIie-
PUMEHTANIFHO OBLJIO ompeaeneHo, 4To koddduiumeHt auddy3un yMmMeHbIIAeTCs 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 cyer mnpoueccoB audpdy3un MOHOMEpa MPOUCXOAUT TAKKE BBHITECHEHHE
MHEPTHOM KOMITIOHEHTHI. Bce 3T mpoliecchl BeIyT K M3MEHEHUIO IoKa3aTelss Ipe-
JOMJIEHUS N:

on L | aBKI(x)y M _
—=An K K, . + An div( D grad M)

ot l/To+ﬂM Mo (24)

rae My — HauanbHas KOHLUEHTPALUST MOHOMEpPA
Cucrema ypaBHennii (2.3) u (2.4) siBiseTcss 6a30BOH ISl OMIHCAHUS TIPO-
1[ecca 3arucy rojiorpaMM B (POTOMOJIMMEPHOM MaTepuale.

AHAJINTHYECKOE OIMHCAHHNE AUHAMHKHA 3alIMCH OJAMHOYHLIX I0JOrpamMmm
nponyckammero tuna. CxeMa 3alMCH ToJIOrPaMMBbl B IIOIMMEPHOI cpejie u300pa-
’KeHa Ha pucyHKe 2.6. OnTH4ecKoe mojie MpeaCcTaBIAeTCs CYMMOM JIBYX BOJH C BEK-
TOPHBIMH amIIuTynaMu Eq,E; 1 BonHoBeIMU BekTopamu Ko, Ki:

E,=e,-Ae E,=e,-Ae ", (25)

rae Ap, A; MEIJIEHHO MEHSIOIIUECS MO I' U BpeMEHU aMILIUTYAbl BOJH, €y, €1 — BEK-
TOPBI MOJISIPU3ALNHU ITUX BOJIH.

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

Cucrema ypaBHEHMI CBSI3aHHBIX BOJH JJIA 3aJa4M 3allMCU, HAXOAUTCS U3 pe-
meHuit YpaBHeHusi MakcBesuia (BOJHOBOTO YpaBHEHMsI), Tl€ B KaU€CTBE MCXOJIHBIX
noJieit B3sThI (2.5). BBINONMHUB ycpeiHEeHHE 10 TEPUOY 3alMCaHHON PeETKH I Ag
u Ay, nomydum:

oA

1

3 = —i-g,-n, (y,t)-exp [iAy] A,
on * | : (2.6)
—>=—i-g,-n, (y,t)-exp [-iAy]- A
oy
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(epeHIInoHHY0 KapTuHy. [Ipeanonoxum, uto Ag = A;, U 4TO cpeaa obaagaeT
KO3 PUIIMEHTOM 3aTyXaHUsl @, TaK 4YTO HUHTEp(EPEHUMOHHAs KapTHHA CBETOBOIO
moJis OyJieT:

I(r,t)=1,(t)exp [~ ey ]l + cos (p)} (2.7)
rie lo (t) -BpemeHHas orudaromas J1a3epHOro HMITYJIbCA.

3anuch roiorpa@uueckoil pemeTkd Mpou30iaeT B COOTBETCTBUU € paclpese-
nenueM cBeta (2.7). ludpakius CBETOBBIX MMyYKOB Ha ATON pelieTKe MPUBEAET K 13-
MEHEHHIO JTAHHOTO paclpe/esieHus, OJIHaKo, Oy/ieM mosarath AUGPaKIIMOHHYIO (-
(eKTUBHOCTH Majioil W Bo3MylleHueM noJia (2.7) Oynem nmpeHeOperarb. ITO MO3BO-
JSIeT He pemniath 3a1a4y Judpakiiuy U TOJ0KUTh aMIUTUTYIy OTIOPHOTO My4dka Ag mo-
cTostHHOU. Torna u3 cucteMsl (2.6) MoIyYrM CIEAYIONMINUE BRIPAXKEHUS JIJIST aMILTUTY-
JbI TU(ParupoOBaHHOTO MyYKa A; 1 tero HHTEHCUBHOCTH ;!

1 1 2

:
A1) = =i-d g, A [0, (ty)dy > 1,(0) = 1,(0)]d-g,[n,(ty)dy | (2.8)
0 |_ 0 J

rae |y, lg — UHTEHCUBHOCTH MpONIEANIEro U AUGPArupoOBAaHHOTO 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 AUPPAKIUOHHON ADPEKTUBHOCTHIO
H/IP. B ®IIM Heobxoaumo 3anucath Oosbinoe kommuectBo HJIP ¢ paBHoit nudpax-
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 OyZeT HOCTaTOYHBIM pacCMaTpHUBaTh Ciaydail Majbix 3QPEeKTUBHOCTEH AU-
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:

CoToar 1y
Mo(r,y)—MnL1+ﬂexpL—a2H , (2.9)
rie - %p ~ OTHOCHMTENLHOE BPEMS, T * = fupr (KM 1, K g/ [2x, —Bpems momnu-

MEpH3alIUU.
YpaBHEHUS ISl aMIUTATY b1 TiepBoit rapmonuku M (t,y) u ny(t,y) OyayT:

M (z,y) = : ! [BGy) o [J'A(z'"y)dr"sz", (2.10)
exp [IA(I',y)dr'] 0 °

0

T

TA€ [A(z' y)dz'=exp K2~ID (r', y)dz'+

I(
| ' !
0 ; L » 1 P T rﬂﬂ { M, (z)dr

T

5.6 -exp(—a ZJ

)
|
|
|

)

Jist ny(t,y):
n (tz,)=n, (tz,)+n, (t.7,), (2.11)
[
N () = | s 3,2j\/M (c'y) M, (r'y)dr'+
> (2.12)
8 : 2 y)
+3nTp.Mn3’2{M°(T' e ‘xexpL J
sn K °F
nli(r,y)z—#ij(r',y)Ml(r',y)dr' (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 3aNUCHIBAEMON PEIIETKU SBJISETCS 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 3a cyeT Auddy3ur 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-
Il IEPBOM TApMOHUKH MOKa3aTels npenomienus, rae b=Ty/Ty, 1, = %( ., — Bpemi

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 3alKcH. ITO OOYCIOBIEHO YMEHBIIEHUEM 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 BO3PACTAIOLIMM. JTO CBSI3aHO 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 BO3PACTAIOIIMM U, KaK CIeACTBUE, 3P(PEKTUBHOCTh TU(DPAKIINN 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) NpOUCXOAUT 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 (PEKTUBHOCTD 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:

7,(8) {S‘”AA} (2.14)
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Ta >xe 3aBUCUMOCTB, HO C Y4ETOM MPOIECCOB MPOTEKAEMBIX B MOTJIOMIAIOIINAX
®IIM Oyner:

1

ny(8)=g,-d-[n,(c.y)-ep( 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 MEpecurTaHa B JJTUHY ONTHYECKOW BOJIHBI
iy B yroy HakjoHa OIIM.

AHaJIUTHYECKOE ONMKMCAHUE U AJropuTm npouecca sanucu H/AP npomyc-
KAIOLIEro TUNA MYyTEéM yIJOBOr0 MYJbTHILIEKCUPOBaHMSA. MaTeMaTHYECKYIO MO-
JIeb 1JI 3alUCH OJUHOYHOM TOJIOFPaMMBbI, MOXHO MOJU(PUIIMPOBATH HA Cly4yail mo-
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 H/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

BpeMmenH ti. IIpu stom B ®IIM, m3 3a mpoueccoB paauKaIbHOW IMOJIUMEpPHU3ALUH,

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 MexaHu3Ma rnocieaoBarenbHoi 3anucu 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 HAYaIbHOUM KOHIIeHTpared MmonoMmepa 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-
nmuu {3, 3amuch TroJIoTpaMMBbI Tpekpamiaercs (pucyHok 2.4 a) W 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 TOJIOTPAaMMBbI HE MpeKpalanach, a MpoaoKaiach 1aib-
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 3anucannbix HJIP (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 OMNPEAENISIETCS OCTAaBIIAsCS KOHIIEHTpAIMsT MOHOMEpa
Mps < M. Jlanmee »TOT mpoiiecc MOBTOPSIETCS TaKOE YUCIO pas, CKOJIBKO TOJIO-
rpaMM HeoOXoauMo 3amucaTb. OTMETHUM, YTO BPEMS SKCIO3UIUMHU, C POCTOM II0-
PSAIKOBOTO HOMEpA 3aMMChIBAEMOM TOJIOTPAMMBI M TIPH YCIIOBUU PaBHBIX JU(pak-
IUOHHBIX A(H(PEKTUBHOCTEN YBEIMUUBAETCS. DTO CBSI3aHO C U3MEHEHUEM JTUHAMU-
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 HaWJIEHHBIX BPEMEH 3aITUCU PACCUUTHIBAETCS 3aBUCUMOCTh MHTEHCUB-
HOCTH TU(PparupoBaHHOTO IMyYKa OT OTHOCUTEILHOM paccTpoiiku bperra, mu6o ot
yrijla MajieHusl CYUTHIBAIOUIErO roJIorpaMMy Jiydya, Wid OT JJIMHHBI ONTHYECKOMN
BOJIHBI. B mocienHux AByX cilydasx ITOJIy4aeM YIJIOBOM WIIM YAaCTOTHBIM 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-
BEJICHA 3aBUCUMOCTh HOPMUPOBAHHOU NUPPAKIMOHHON >PPEKTUBHOCTH 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 dhdekTuBHOCTEH (779 = 1%0).

OTMeTUM, YTO CIIEKTPAJIbHBIE COCTABJISIONIUE TPYIIIOBOTO CUTHAJA C Ag, Ay, ...

An, TEPPATUPYIOT HE TOJIBKO HA «CBOEH» peméTke ¢ BeKTopoM K, 71t KOTOpO# BbI-

MOJIHSAETCS 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

BoM peméTke ¢ BektopoMm Kj. [ns asToit 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 Ks. B atom ciyuae, uH-

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 HMCTOLICHUS MOHOMEpA JUISI KaXIO0M MOCIEAYIOLIECH 3alMCAHHOM PEIIETKH.
BeipakeHue 1)1 aMIUTATY/IbI TIEPBOM TapMOHHMKHM KOHIIEHTPAIMK MOHOMEpaA IS 1-0i
roJIOTPaMMBbI 3aUIIETCS:

) 8-M . —|T 312
Ml(‘[ryrl):_ expt JJ‘ (lel)M (T!yl)

Aty 0)-32T, M2 o (2.16)

exp } j,/Mo(r',y,i)dr',

Pucynox 2.9 — BektopHas nuarpamma
cuntbiBanusg HI'P

TAE A(r,y,i)=K:[D (¢, y,i)de'+ ——
p{ M 57rT

aAMILTUTY/1a HYJCBOW TapPMOHHUKHU:
-2
M,(z,y,i)=M, {l+ Zﬂ—rexp [—a %H
: (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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on

p

n(z,y,i)= -expL—a

ﬂTpi

I . 3/2\ 5'KZT
8 (Mo(r,y,l)\| Jdr._Lij(T-,y,i)lvll(r',y,i)df.
32T, L M, ) M

" "o (2.18)

Bripaxkenne (2.18) coBmecTHO ¢ nepBbIM ypaBHeHHEM (2.37) cocTaBisIET OC-

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

1
=|G; -fnli(r,y)‘exp( i-A-y)dy| ,
0
rne G; =zd/Acos(8), 6 — yron CuuThiBaHUS I-0¥ TOJIOTPaMMBI B (hOTOMOIUMEPE, U

COOTBCTCTBCHHO KOZ)(l)(i)I/II_[I/IGHTa nepcaadunu I-oro xanasia JACMYJIbTUILICKCOpPA,.
2

2 2
ng(A)=|Ay|" 1]A]

1
T (A) =[G [ny(z, 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)

4dznd 27nd
sin @, , A =04
A A

A =660

tan 6.,

OTHOCHTEJIBHO UX 3HAUCHHIA, YIOBJICTBOPSIIOMMX 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. PacuéTr 0CHOBHBIX OLICHOYHBIX XapPaKTEePUCTUK

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 pa3zpadaTeiBaeMOMY JeMYJIbTUILIEKCOPY. ONpeaenum 3Ty apamMmeTphl.

JAudpakuuonnas 3peKTHBHOCTH

HMudpakunonnas 3¢pGHeKTUBHOCTh — 3TO MOITHOCTh U3ITyUCHHsI, HAITPaBIsIEMOE
B Iu(parupoBanHyto BoJHy. OHa BJISIETCS BaXKHOM KOJIMYECTBEHHOW XapaKTEepUCTH-
KOM roJIOrpaMMbl M 3aBUCUT OT MHOXECTBa (pakTopoB (mapaMeTpoB (oTomnoaumep-
HOTO MaTepuasa, yCIOBHI 3alKMCH U CUUTHIBAHUS, YHCIIa HAJIOKEHHBIX TOJIOTpaMM U
T.4.). Audpakimonnas 3¢ppexTuBHOCTD OnpeenseTcs Kak OTHOIIEHUE MOTOKa U3ITy-
yeHus: B qudparupoBaHHOM BoJIHE |; K MajaroiieMy Ha rojiorpaMMy MOTOKY H3JIy4e-
Hus | (pucyHok 2.6).
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MaxkcuManbHyI0 JOCTHKUMYIO TU(PPaKIHOHHYIO 3(P(HEKTUBHOCTH MOXKHO OLle-
HUTH 110 popMmyiie:

L (2.20)

M4 max ™ !
n

rae N — uucio HanmokeHHBIX pemérok B OIIM. Ha mpaktuke sta mudpaxinuoHHas
3¢ HEeKTUBHOCTD OYyJIET 3HAUUTENILHO HUKE U3-3a pacxoja 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-
JIEHHBIE MeTOAbI Ha OBM.

Yroa nudparupoBanHoii BoJHbI (Opy) ¢ 3a1aHHON ONITHYECKOH TJIMHOI ;.

[Ipu gudpaknuu HA 00bEeMHOHN rojorpaduueckor pemérke (pucyHok 2.10)
CBETOBO IIyYOK IMOCJIEI0BATEIBHO PACCEUBAETCS OT OOJIBIIOIO YUCIa NEPUOJUIECKU
pAcCIIONIOKEHHBIX TMMOBEpXHOCTEH (mydHocTel), Ha pucyHke 2.10. 0003HaUEHHBIX
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 CBSA3BIBAECT MEXKIY COOO0M IJIMHY BOJIHBI CBETA B BO3AYXE Ag, CPEI-
Hee 3HaueHue mnokazatens npesnomiieHus OIIM — n, 6y — yron majgeHusi CBETOBOM
BOJIHBI Ha PAaCCEUBAIOIIME MOBEPXHOCTH U PACCTOSIHUE A MEXKIYy dTUMH MOBEPXHO-
CTSIMU, HA3bIBAEMOE NepuooomM peuiémku. 3aKOH 3alKChIBACTCS CIEAYIOIMHNM 00pa-
30M:

2Asin 0, = 22 (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 4j 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 @, (ow) n_ (2 22)
sin 6, 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 3aITu-
CH O\ (sanucu)-BCEX TOJIOTPaMM, a M3MeHseTca Toibko HakiIoH ®IIM Ha yron AY.
VYuuteiBas 370, iepenuiiem (2.21) B Bue:

oy = asin (ﬂ“—'w ~AY (i -1), (2.23)
| \2A )
riae | — naaekc 3anuceiBaemon HJIP.
Takum 00pazoM, yros AUpparupoBaHHON BOIHBI Opy € 33JaHHON ONTUYECKON
mHOU A 1t i-oro punsTpa (HAP) onpenensiercs Beipakenuem (2.23).

0

CesexkTuBHOCTBb rosiorpapuuecknx H/IP

CelleKTUBHOCTh TOJIOTPAMMBI OMNPENEIAET XapaKTEP YMEHBIICHHE WHTEHCHB-
HOCTH TU(PparupoBaHHON BOJIHBI MPU OTKJIOHEHUU YCIIOBUW CUYUTBHIBAHUS TOJOTPaM-
MbI OT ycinoBuid bperra. CyllecTByeT CHEKTpaibHasi CEJIEKTUBHOCTH TOJIOTPaMMBI,
CBSI3aHHAS] C U3BMEHEHUEM JIJIMHBI BOJHBI MU3JyYCHHS! CUMTHIBAHMS, U YIoBas CEJIeK-
TUBHOCTb, 00YCJIOBJICHHAS] M3MEHEHHEM YTJla CUUTBIBAHUS TOJIOrpaMMbl. [omorpam-
MBI, 3anmucadible B @IIM 001a1a10T BEICOKOH CEIEKTUBHOCTBIO, T.K. SIBIISIOTCS 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 TU(PArMpOBaHHON 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 IPEBOCXOJMUT IOJOBUHY €€ 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 ToBOpmIIOCH 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:

80 -2 -7 -n

A= ———

A

rae 06 — oTcTpoiika oT yriia bperra. YTiioByo CeNneKTUBHOCTh PEIIETKH, B paMKax

JIBYXBOJIHOBOI TEOPHUH (I1J1s1 CUHYCOUJANBHOTO Mpoduis (Ga30BOM PEIETKH) MOXKHO
OLICHUTH BBIPAXKEHUEM:

d -sin 6, (2.24)

0

a0~ 2 (2.25)
d

Buano, yto TonmuHa ®IIM d sBisieTcsl BBDKHBIM MapaMeTpOM YIPaBJICHHUS
YIJIOBOM CENEKTUBHOCTHIO. {11 COBPEMEHHBIX CaMOMpPOSBISAIOMUXCA (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 celeKTUBHOCTh TECHO CBsi3aHa ¢ Benn4YuHOM 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-A0 (2.26)
T.€ YIJIOBOM pa3HOC KaHAJOB, JOJKEH ObITh KaK MUHUMYM B JIBa pa3a OoOJIbIIE 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(PPEeKTUBHOCTD Oy/IeT HAOMIOJAeTCsS IPU OCBEIICHUH HE MOoJ yriom Oy, a
1oJ HOBBIM yIJIoM bparra 6y + 66. Bennuuny 66 MOXXHO BBIpa3uTh uepe3 OA, BBE/S B
(2.21) HOBBIEC OpATOBCKHUE MapaMeTpbl Hy + 66 1 Ao + O

2ANsin (0, + 80 )= A, + A (2.27)
[Tonaras, uto sin (60) = 60 u cos (60) =~ 1 u ucnonb3ys (2.21), HoayInM:
50 = ﬁtg 0, (2.28)

0
[Toncraisis (2.28) B (2.24), moJy4uM BBIpAXKEHUE JJI1 3aBUCUMOCTH OTHOCH-
TenbHOU BperoBckoit pacCTpoku A OT BEIMUMHBI OTKJIOHEHUS JITTUHBI BOJHBI O\

A= - aitg HO{M—mJ -d -sin 6, (2.29)
AO ﬂ’O
CrekTpanbHyI0 CEIEKTUBHOCTh PEHIETKH, B paMKax JIBYXBOJHOBOW TEOpUH
(i1 cunycouanbHOro npoduist pa3oBoil peléTKN) MOKHO OLIEHUThH BHIPAKEHUEM

204 ~ 2, [;—cot 0, (2.30)

Tak ke Kak U B CiIy4ae ONpeIeJICHUs! YTI0BOM CENeKTUBHOCTH (2.25), Ha criek-
TPAJbHYIO CEJIEKTHBHOCTh TaK JK€ OKA3bIBACT CYIISCTBCHHOE BJIMSHUE TOJIIIUHA
®I1IM d.

Ha pucynke 2.12 n300pakeHbl HOPMUPOBAHHBIE 3aBUCUMOCTH OTHOCHTEIILHOMN
nudpakiiMoHHON d()PEKTUBHOCTH NJIsl IBYX TOJIOTPAMM, OT JJUHBI ONTHYECKOW BOJI-
HBI, IPY 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. PekoMeH1aMK MO BBINOJTHEHHIO Pa0OThI

ITopsaoK BbINOJIHEHHS JIA00OPATOPHBIX padoT

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

O3HAaKOMUTCSI C PYKOBOJICTBOM IIOJIb30BaTelIA MO padboTe C MPUIOKEHUEM IO 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

OTtuéT 0 mpoenaHHoN paboTe JOHKEH COJEPKATh CICAYIOIINE Pa3/IeIbl:

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 BapHWaHTYy 3aJaHUs, U3 TAOJUIIBI UCXOIHBIX JAHHBIX IO TaOIU-
e ITU-T (mpunoskeHue) 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-
X015 U3 BeIpaxkeHus (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 DIIM: 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
Ny e AU HUIOXKEHHBIX T'OJIOTPAMM IIPU OTCYTCTBHHM ONTHUYECKOTO 3aTyXaHUS.
Jl5is 3TOro HEoOXOAUMO OINPEAETUTh TaKyl TUGPaKIUOHHYIO 3()PEKTUBHOCTD,
IIPU KOTOPOM MAKCUMyM KpPHUBOM [IWHAMHUKHM 3allMCH IOCJIEAHEN TOJOTPaMMBI
IIPOXOWII OBl Yepe3 7, ... . 3AHECTU B TAOJIMIly MOIY4YUBIIMECS 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.

CrenaTh BBIBOJIBI 110 MCHOJIB30BAHUIO ONTHYECKOTO IEMYJIBTUIUIEKCOPA 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 JEMYJIbTUILIEKCOPAMHU.

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 nmporiecc (GOTOnoIMMEPU3ALINH?
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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 3aBHCHUMOCTbh MEPEXOAHBIX MOMEX OT YIJIOBOTO PacCOrlaCOBaHUS TO-
JIoTpaMm?

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

o

4. Onucanue NpPOrpaMMHOro odecrneyeHus

«ACCIIEJOBAHHUE OIITUYHECKUX JEMYJbTHUIVIEKCOPOB 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 «lccnenoBanue onTUYECKUX AEMYIIbTH-
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-
MHU3AIUNA XaPAKTEPUCTUK ONTHYECKUX JEMYJIBTUILIEKCOPOB HA X OCHOBE B yUE€OHBIX
LETISX.

[IporpamMHOe oOecrieueHue MpeCcTaBiseT coO0M MPUIIOKEHUE, B KOTOPOM 3a-
JTAFOTCSL MapamMeTphl 3aMUCHA U CUYUTHIBAHUS HAJIOKEHHBIX TOJIOTPAMM, MATEPHUAIbHBIC
napameTpsl (POTOMOJIMMEPHOTO MaTepuaia U OTOOPaKAOTCS Pe3ysbTaThl 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 MaTepuasie. B OCHOBy pacdeToB MOJIOKEHA 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 ee 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 GyHKITMOHUPOBATH TOJ YIIPABJICHUEM 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 cBOOOJHOTO MecTa 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 PA3IMYHBIX XaPAKTEPUCTUK JEMYIBTHILICKCOPA.

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
DKpaHE KOMIIBIOTEPA IOSABIISAECTCA IVIABHOE OKHO IporpamMmbl. 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 mpeanonaraeTcsi, 4To MOJIb30BaTElb MMEET ONPE/ICIICHHbIC
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 AEMYJIbTUIIEKCOPA, 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 ONTHUYECKOTO U3YyYEHUS, YUCIO TO-
JorpamMM, YroJl CXOXJACHHS 3alUCBHIBAIONIUX My4YKOB, Ha0Op yrioB HakioHa DIIM
JUTSA 3aIUCH KaXKOM PEIIETKHU.

JIns 3alaHHBIX NapaMeTpPOB MPOU3BOJUTCS PaCUET CIEAYIOIIUX OCHOBHBIX Xa-
PaKTEPUCTHUK, MIPEACTABICHHBIX B rpadUuecKoi win TabanyHon popmax:

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 mosydeHHBIM pe3yibTaTaM pacuera MPOU3BOAMUTCS OLIEHKA BHOCHUMBIX IO-
TEPb U CEJIEKTUBHBIX CBOMCTB MCCIIEAYEMOIO IEMYJIbTUILICKCOPA.

110



Hactpoiika ronorpadudeckoil peméTku Ha 3aJlaHHYIO JUIMHY BOJHBI IPOU3BO-
JUTCS ITyTEM U3MEHEHUS YIJI0B HAKJIOHA (POTONOJMMEPHOIO MaTepralia Uil KaKI0ou
rojiorpaguyeckor pemeTKy BO BpeMs € 3aIHiCH.

[Ipunoxenue NO3BOJSIET OCYIIECTBUTh ONTHMM3ALMI0O MATEPUAIBHBIX Iapa-
METPOB (POTOMOIMMEPHOTO MaTepHaa JUisl JOCTUKEHHS ONPEAEIEHHOIO yPOBHS I1e-
PEKPECTHBIX NTOMEX MPU 3aJaHHOM YHCJIE KAHAJIOB, JINOO MPU U3BECTHBIX MaTepUab-
HBIX IapaMerpax (HOTOMOJIMMEPHOrO0 MaTepuajia U 3aJaHHOM YHUCIIE 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 MCXOIHBIX JAHHBIX 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 MOJEIUPOBAHMS (3aIUCh TOJOTrPaMM, CUUTHIBAHHE 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 UCXOJHBIX JIaHHBIX, IAHHBIMH 10 YMOI4a-
Hoebuit HUIO.
A 1 *
y OTKpBITH (aiil ¢ UCXOAHBIMU JAHHBIMH.
Omkpvimeo aiin
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E 5 CoxpaHUTh UCXO/IHBIE TaHHBIC B (pait. *
Coxpanumo ¢haiin

W] VMIOpTUPOBaTh PE3yIbTAaThl MOJACIUPOBAHUS B
Omuém ¢ MSWord npunoxerne MSWord.

* daiin ¢ JTaHHBIMU IMEET pacimpenue .glm.

Paoboma
T DNEKTPOHHBIA BapUAHT y4eOHOTO TTOCOOUSI.
Ilocobue
- [IpoxoxaeHue Tecra.
*= Tecmupoeanue
HP [lepecunTtarh TeKyIIUH rpaduK WK TaOIUILY.
accuumamsu

. OcTaHOBKa TEKYIIETO pacyeTa.
Ocmanoseum pacuem

D Komuposats Tekymuii rpadgux B Oydep oOMeHa B
= Konupoeams zpaghux ¢ BUJIE OGMTOBOTO N300PAKEHUS.

oOyep

Homowp.

. PykoBOCTBO M0OJIb30BaHUSI IPOTPAMMOH.

=4 ITomoun

E HNudopmarus o pazpaboTunukax mporpaMMbl.
O npozpamme

2.2. [laneap mapaMeTpoOB 3alIUCH FOJIOTPAMMbI

B neBoii yacTH IJIaBHOTO OKHa pacIiojioeHa naHenb «IIpouzeoocmeo» s
3aJIaHMs 3HAYCHHMM IapamMeTpaM 3allicy TojiorpamMm (pucy-
HOK 2.2):

MpouzeoacTeo

3 j M2 Fonorparm

® YKCJIO HAJOKEHHBIX TOJIOTPaMM; % = Tonama ormi
o TtonmuHa OIIM, MxMm; ilﬁﬂ Hpmers vons
® JUIMHHA CBETOBOH BOJHBI, HA KOTOPOH MPOHCXOAMT [~ |
3aIuCh TOJIOTPaMM, HM; - Bmammel
e udpakuroHHasd 3(P(OEKTUBHOCTb BCEX 3ANUCAHHBIX 1t |4 rpan | ¥ rpas |f, cox
rOJIOTpaMM; 1 0 08
e TabnWua JUIA 3a0aHKs YIIOB CXOXKICHUS 0, yrioB Mo- i jg '05 g:
Bopota ®IIM ¥ u BpeMEH 3amucH KaxKJI0M rosiorpa- '
Pucynok 2.2.

buyeckoi peméTku (Mpu OTKIIOUYEHHON ommuu «On-
mumanwvHoe t»). UUCIIO CTPOK B TAOIHIE ONpeeseTcs 3HAaUCHUEM TI0JISI BBO-
Jla TaHHBIX «/Ne 2ontocpamm».
[lepexmtouatens «Onmumanvhoe 1, peTHa3HAYCH TSI OTOOPAKEHUS JTOTIOJTHU-
TEJIBLHOTO CTONOMa Tabmuiel «t, cex». B Hero BBOASATCS 3aJaHHBIC TOJIH30BATEIEM
BpEMEHA 3aIMCH KaXKI0H 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, aMmiuTy sl pemeéTKu:
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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 YMCIEHHOW MOJAEIMPOBAHUE 3a-
MHUCH HAJIOKEHHBIX ToJorpaMMm (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 TOpU30HTaIbHAS JIMHUS — 3TO 3Ha4YCHHE NU]paKiu-
onHo 3¢ dpextuBHOCTH Kdg.

=D

=1%

=2%
J#

W]
L

(]

KA(t/Tp), %

0 1 2 3 4 :
Bpem#a 3anucu (t), cek

A
[=3

Pucynok 2.4.

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

2.5. MoaenupoBaHue 3aIUCH HAJIOKEHHBIX F0J10rpaMMm

Bropas 3akiiagka TJIaBHOTO OKHa IPOM3BOJMUT YHCJIEHHOE MOJICIUPOBAHUE
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 nomMoiblo nepekntouarens «/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-
THIBAHUS HAJIO)KEHHBIX ToJorpamm (pucyHok 2.6). B 3akiajake HaxXoauTcs: TaOJIUYHOE
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 NOIMMEPH3AIMH, IS OYEPEIHOM rOJI0IPaAMMEI;
e 1, 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 jy4va: 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. OxkHO TecTHPOBAHUS

[lepen HayanoM BBIMOJIHEHUS J1A0OPATOPHOM PabOTHI U B IMpoIiecce €€ BBIMOJI-
HeHus (Paboma— Tecmuposanue), MOXHO TIPOUTH TecTUpoBaHUs 1o Teme «Co3pa-

HUSL JEMYJIbTUILNIEKCOPOB Ha OCHOBE MHTepdepeHIMoHHbIX 1 Dabpu-Ileppo ¢uib-
TpoB». OKHO TECTUPOBAHUS NIPEACTABICHO HA PUCYHKE 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
ITHA OAJIBHOM 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 0oubinoro koaudectsa nadopmanuu no BOJIC cBs-
3aHa ¢ ucnojib3oBanreM Texunosorun WDM/DWDM, rae nepenadya uHbOpMaIyuu 10
BOJIOKHY BEAETCSI OJJHOBPEMEHHO Ha pa3HbIX JUIMHAX BOJH. [ 3TOro HeoOXoaumo
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 HepocTaTku. OHUM W3 MPHOPUTETOB SBIISETCS BO3-
MoxHOCTh co3fganuss WDM/DWDM  ycTpoiicTB ¢ NpUMEHEHHEM HWHTErPaIbHO-
ONTUYECKON TEXHOJOTUHU.

WHTerpanbHas ONTHKA YCTICITHO MPUMEHSETCS IS CO3/IaHUsI PEIIeTOK Ha OC-
HOBE MACCHBA IJIAHAPHBIX BOJTHOBOJIOB PA3IMYHON JUTMHBI MEXKY IBYMS TUTAaHAPHBI-
mu nuH3amu cMecutensiMu AWG (Arrayed Waveguide Gratings).

Pemetkn Ha ocHOBe MaccuBa BOJIHOBOJOB AWG HCHONB3YIOTCS ISl TOTO,
4YTOOBI TIEpepacpeieNisiTh CUTHAIBI PA3JIMYHBIX JIJTMH BOJH (KaHAJIbl) MEXIY JBYMS
Ha0OpaMu BOJIOKOH WJIM BBIACIUTH (JIEMYJIbTUILIEKCUPOBATH) OTACIbHbIC KaHAJIbI CO-
CTaBHOTO CHMTHaja B OT/EJbHBIC BOJOKHA. JTa TEXHOJOTUSA celdyac CTaHOBUTCS OC-
HOBHOM 11 MPOU3BOJUTENCH MYJIbTHUIUIEKCOPOB M JIEMYJIbTHIUIEKCOPOB CHUCTEM
DWDM. bnaronmapst 1erko MacmrabupyemMoil CTpyKType, OHa MOKET IIUPOKO TPH-
MEHSTBHCS B CUCTEMAX C COTHSIMM KaHaJIoB [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 MIOACOEMHUTH OJHOMOJIOBBIM CBETOBOJ U T0/IaBaTh 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 KOJIJTMMATOPa, CBET PABHOMEPHO Pa3NIeIUTCS U OyAET PacpOCTPaHSATHCS MO Ka-
HAJIBHBIM BOJIHOBOJIaM C PAa3HBIMU JTMHAMH MPOOEra, OTIMYAIOITUMICS TTOCTOSHHBIM
WHTEPBAJIOM. 3a CYET MaTEPUAILHON U BOJTHOBOJHOM TUCTIEPCUU Pa3HbIEC JJIMHBI BOJIH
JOCTUTHYT BTOPOTO (hOKYCHPYIOIIETO 3JIEMEHTA C pa3HBIMU (azamMu. B 3aBUCIMOCTH OT
a3 cBETOBBIC MYYKH PA3HBIX CICKTPATBHBIX COCTABJISIONINX, BHIXOMISIINAE 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 YCTPONCTBA MOXKET OBbITh MOACOENMHEHA JIMHEHKa (OTOANONOB WM JIU-
HeliKa ¢ BCTPOCHHBIMH CTaHIAPTHBIMH OJHOMOJOBBIMHU BOJIOKHAMHU JUISI TPAHCIOP-
TUPOBKU ONTHUYECKHX CUTHAIOB HA PA3JIMYHBIX JUIMHAX BOJH K ONTORJIEKTPOHHBIM
610xkamM. OcOOEHHOCThIO PACCMOTPEHHOM BOJTHOBOJAHOW CTPYKTYpHI SIBJISIETCS €€ 00-
patuMocTh. OHa MOXET HCIOJIB30BATHCS KaK MYJBTUIUIEKCOP U KaK JAEMYJIbTHILICK-
cop. [8]

Oonoit uz xougpucypayui AWG (cm. puc. 2.1) — siBiseTcs TUIaHAPHBIA ONTH-
YeCKU MHOTOMOPTOBBIM pa3BeTBUTENb B (opMe TaOJETKH C MOPTOM BXOAA A o H
rpymmoii BeIXoAHBX mOpToB A%, A%, ... A%, pacmonokeHHoO! CHMMETPHUYHO OTHOCH-
TENILHO A o Ha Iepudepun BOJIHOBOJA CIEBA, M IPYNIION BHYTPEHHHUX BBIXOIHBIX MIOP-
TOB Ao, A'1, ... A'n, PACIIONIOKEHHOM CMMMETPHYHO TPYIIIE BBIXOAHBIX OPTOB Ha II€E-
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 PaCHpPOCTPAHSAETCS MO MACCUBY CBETOBOOB (C pa3HbIM (Da30BbIM 3ara3/IbIBAHUEM )
710 3epKaja, OTPaKaeTCs W MOJAETCS CO CTOPOHBI BHYTPEHHHMX BBIXOJHBIX IMOPTOB B
TOT K€ BOJIHOBOJI, TJI€ MPOUCXOIUT UHTEPPEPEHIINS BXOJIHON U OTPAKCHHBIX BOJH
[9].

Ewe oonon konguzypayueit nianapnvix 1UCEpCUOHHBIX YCTPOMCTB, 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 HauMeHbUIy 0 JUIMHY UMEET CPEAHHUM BOJIHOBOJ Mac-
CHBa, a ipupanieHue HbI Al MpoucxoauT B 06€ CTOPOHBI OT HETro, IO3TOMY BEpPX-
HUI ¥ HWKHUI KpallHHUE BOJIHOBO/IbI UMEIOT HauOOJIBIIYIO JJINHY.

[IpuBeneHHbIe BbIlIE KOH(OUTYpAIIMH UHTETPATBHO-ONTHYECKUX PEIIETOK Ha
OCHOBE MacCHBa IJTAHAPHBIX BOJHOBOJOB, IO CYTH, OTHOCATCA K OJTHOMY U TOMY K€
ycrpoiictBy (AWG), HO ¢ HEOOMBIIMMH KOHCTPYKTOPCKHUMH U3MEHEHHUSIMH.

2.2 MaremMaTruyecKkas MoaeJb

1 MuoronoproBblii NXN 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 j=1..N — HOMepa COOTBETCTBYIOIIHNX BXOJHBIX U BbI-
XOJHBIX NOPTOB; [Tjj] — MaTpuIla nepenayu.

1 T 1 .
ES----m-mem=m==-
2 SSS T T, - =
R R e
o \,«<’v\" T o)
: a:,”>\\ \\\ jJ :
- [ A ~ ~
= \==:: _____ ;¢\_§ > ><'
g > T~ ~~~~~~ 3 » E
m N > 1] > m
N

Pucynok 2.3 — CtpykrypHas cxema AWG

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

n

}—Elom (0)1 @y CUN)—} :—Tn le Tl] TlN—} }—El (0)1 2 WN)—}
| E;m (0, ..o . a)N)‘ |T21 Ty - Ty o Ty | E) (0, o, . a)N)‘
| | ] \
| = <l (LY
| By (o, @ o) | Ta T - Ty o T | JE (o @ @) |
| | ] \
out ‘ | | | in
|Ey (@0, o .. o.)] |_TN1 Ty - Ty - TNNJ |Ey (0, o o)

rac BXO}IHOﬁ 151 BBIXO)IHOﬁ MHOI'O4aCTOTHBIC PIH(i)OpMaL[I/IOHHble CHUI'HaJIbI BO BXOAHBIX
M BBIXOJHBIX IMOPTax UMCIOT BHU:

Eiin(a)1 @, .. a)N)ZZ fi(o,),

N N
EM (0, o . o )=33T" f(0,)

k=1 i=1
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rJie | — HOMep BXOJHOTO TOPTa, | — HOMEP BBIXOJHOTO TOpTa, a K — TeKyIuidi 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:

out _ @y in
fj (a)k)_Tij 'fi (C()k)
Takum 0Opa3om, 3a7aBITUCh MAaCCHBOM BXOJHBIX CUTHAJIOB M 3HAs MaTPHUILY
nepenaun [Tjj], MOKHO pacCUUTaTh CUTHAN Ha Bbixone MyiusTHiniekcopa AWG. Ilo-

9TOMY IJIA IMOJYUYCHUS MaCCHBA BBIXOIHBIX I/IH(bOpMaHI/IOHHLIX CUTHAJIOB, OaJICC pac-
CUHMTBIBAIOTCA 3JICMCHTHI Tij--

2 dusnueckas cxeMa AWG MyabTHILIEKCOpPa

s onpeneneHus >1eMeHTOB [ Matpunbl nepeaayu [T] B (1.1) Bocnonb3y-
eMcsl (pM3UYECKO CXeMOW MpeoOpa3oBaHMs BXOJHOTO ONTHYECKOro curHana fi, B
AWG, n3zo06paxkeHHo# Ha puc. 2.4.

AWG cocTouT U3 MaccrBa BOJIHOBOJIOB, HA KOHI[AX KOTOPOTO HAXOJATCS JBE
aun3bl FPR1 u FPR2, uMeroniye oruHaKOBbIE T€OMETpUUYECKHE pa3Mephl. B BbIXo-
Hol mockoctd FPR1 (X;) momeneHbl CHMMETPHUYHO OTHOCUTENIbHO ocu X; K BosHO-
BOJI0B MaccuBa (AW), KOTOpbIe OTIENCHBI APYT OT JApyra Ha pacctosHue O,. ITuHbI
AW oTnuyaroTcs Ha MOCTOSIHHYIO BEIMYMHY A/, KOTOpasi sIBJASETCS PaBHOM ILIEJIOMY
grciy (M-MOpSI0K pelIeTKH) JJTUH BOJH YCTpoiicTBa (dg) BHyTpu AW. BXoaHbIe U
BBIXOJ/IHBIC BOJTHOBOJIBI HAXOASATCS B IMPOU3BOJBHBIX MecTax O u g COOTBETCTBEHHO.
BxonHOM, BBIXOJHOM M BOJIHOBOABI MACCHUBA XapaKTEPU3YIOTCS CBOEH MOIIHOCTHIO,
HOpMaJn30BaHHOH npoduiem MoxoBoro nmoist 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®T2®T1(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

[TocmenoBaTeIbHO PACCUUTHIBASs OMEPATOPhI MPeoOpa3oBaHMs, MOXKHO IIPO-
CIIEIUTHh MPOXOXKIEHHE CHTHANa uepe3 aJeMeHTHl ycrpoiictBa AWG, a takxke pac-
CUMTATh IEMEHTHI Tjj MATPHIIBI IIEPEeIayH.

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 (nmockocTs X; Ha puc. 1.14) u BBINOJTHSAET CIEAYIONUINE TSHCTBUS.

IloJe B Xg

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

fo(x,,d,,v)= biv(x0 -d,),

rae b'i(x) — MOIHOCTD, HOPMAIHM3YIOIIas MPO(PHIL MOJIOBOTO TOJISI BXOHOTO BOJHO-
BOJIa HA YacCTOTE Vv, MPEINOIaraeMblii pacrol0XeHHbBIM CHMMETPUYHO OTHOCUTEIBHO
MCTOYHHUKA, KOTOPBIA 3aBUCUT TOJBKO OT IIMPUHBI M TIOKa3aTeNs MPETOMIICHUS
BXOJHOTO BOJTHOBO/1a, HO HE OT €r0 MOJIOKECHHUS.

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

f(x,)=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 TO-
mo f1()), 1 mocne maockocTu (Ml 06pamaeMcsi K ’TOMy Kak IIOCKOCTH X;© U K COOT-
BeTCTBYIOIIEMY OO f14()). DTO HEOOX0OAMMO, TaK Kak IoJie, KOTOpoe OYIET paccyu-
TAaHO B IJIOCKOCTH X3, BKJIFOYAET TOJIBKO TEpeJaHHoe T10J1e, TPAHCIOPTHPYEMOE MO-
namu AW. Takas xe cutyauust OyieT UMETh MECTO U B IJIOCKOCTH X3.

[Tome, uzmydyaemoe B mepBom FPR B oOmactm @paynrodepa (mudpakuus B
JaNbHEN 30HE) U TOJ] MapaKCUaTbHBIM NMPUOIMKEHUEM (JTydH, UIYIUE 1Mo HeOOIb-
IIMMH yTJIaMH K OCH JIMH3bI) U OCBEUIAIONIEe MIOCKOCTh X; , MOXKET OBITh 3aITMCAHO
KaK:

C_x
o

1 1 X
(0 = o= F (1)1 = 2 e[ (L3)
N o "\a)’
rae Fin"(f) — npamoe npeo6pazoBanue ®ypoe BxogHoi ¢pynkuun fin(Xo), 1 a - mpo-
CTPAHCTBEHHBIA YaCTOTHBIN (haKTOp, KOTOPBIH BKIIOYAET JUIMHY BOJHBI, (POKYyCHOE
paccTosIHKE, U 3alTUCHIBACTCS KaK:

AL

f

N
Il

n

5
rae Ls - pokycHoe paccTosiHue, U Ng - okazarens npeaomieHus: FPR1.
Hoae X';
[Tone, ocemaromee AWS, 4aCTUYHO CBSA3aHO C HAINPaBISEMbIMU MOJAMHU KaXk-
JIOTO U3 BOJIHOBOJIOB MaccuBa. Eciu CBsI3pi0 M@Ky BOJHOBOJAMH MOKHO MpEHE-
Opeub, TO HampaBisieMoe 1ose, noaoauMoe Kk AW, MOKeT ObITh BBIPAXKEHO 4Yepe3

CYMMY KaXXI0I'0 U3 HHAWBUAYAJIbHBIX HAIIPABJIIACMBIX MO
N -1

2
fa(x))= > a, b (x,—r-d,)
N -1

r=
2

rae by(X) — MomHOCTE, HOpMaNH3yIOLIask MPOGUIE MOJOBOTO IO JIIOOOTO BOJIHO-
BOJIa B MacCHBE, NPE/IoJIaraéMblii pacroi0O)KEHHBIM CHMMETPHUYHO OTHOCHUTEIHHO
HUCTOYHUKA, U &, - KOO PUIIMESHT BO3SHCTBUS Ha BOJHOBOJ I, KOTOPBIN MOXKET OBITh
paccuuTaH co CJICAYIOIIUM HAJIOXEHUEM HHTErpaa;

a, = [ f(x)-b(x, ~r-d,)dx,
ITocne maTtemMaTHUECKUX ynpomeHHﬁ, II0JIC B X+1 MOJKET OBITh 3aIIMCAaHO KakK:

fro(x) =% g, (r-d )b (x;-r-d,)=0(g,(x,)-5,(x;) *b (x,), (1.4)

r=-—w

rac

9,(x) = (£,(x) b, (-x))- 1| ——| | (1.5)
K

w
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rae /1 () - npsmMoyronpHas GyHKIUS OKHA, OTpeeiseMast:
K-d,,

|(1, si|x1|§ ]|
X, 2

al =4 f.
(K'dle K.dwl |

|L0, si|xl|> ) J

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

f,(x,) = zg1(r~dw)-bg(x1—r-dw)={(Fi;(xn*bg(—xl))-n[led ]-(nul»}*bg(xl), (1.6)

r=-o w

Takum obOpazom, u3 popmynsl (1.6) BuaHo, uTto omeparop T1l mpeoOpasyer
BxojHOE ToJte i B moute f14(X;) 1 yauThIBaeT pu 3TOM:

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

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

- IPSMOYTOJIbHYIO (DYHKIUIO OKHa [/(), KOTOpas SIBJISETCS 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 IMMOCTOSHHYIO IENTYI0 BeTMUUHY 4|, KoTopas sBIIseTCs KpaTHON
JICVUCTBYIONIEH JIJIMHE BOJHBI B MACCUBE, TO €CTh:

mAi, mc
Al = = ,
nc chO
[ (v ) ([ x, )]
(X, v)=exp|-j2-z -m| — || — ||,
L \Vo ) Ldy )]

e ¢(Xp,V) — Ga3oBbIii HAOET B KaXKJIOM BOJHOBOJIE, /71~ MOPSJIOK PEIICTKH, N - TTOKa-
3aTelb MPEJIOMIIEHUSI B BOJIHOBOJAAX, U Vp - paboyas 4acToTa, TOrJa pacnpocTpaHe-
Hue yepe3 AW MoxkeT ObITh CMOAECIUPOBAHO MPOCTHIM YMHOKEHUEM (PYHKIIUU:

f,(x,) = (9,(x,)-6,(x,) 9(x,,v))*b (x,), (1.7)
B pesynbpraTe oneparop T2 ocymiecTBiseT npeoOpa3oBaHue MOJIs 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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f_X_3
a

F, (f)

a a

”X)_J_ _ F;{ ), (1.8)

+
rae F," - mpssimoe npeobpaszoBanmne Dypre mos fH(Xy).
[IpoBenss maTeMaTHYECKHE pacdeThl W MPeoOpa30BaHUs, B KOHEYHOM HTOTE
TIOJTy9aeM CIICYIOIee BRIpAXEHUE IS pacdeTa moss B KoHie FPR2:

1 d, X, * m o roa
fa(xgldivv):E'Bg{;}Bg{;}'rZ}mfM{X3+di+ d v V_d_ (19)

0 w

K-d, (K.dw U
rIe f, (x;)=Db,(-x,)*| ———-Sinc | —-x,
a \ «a )
BCC 3arjlaBHbIC OYKBBI (DYHKIIMHM yKa3bIBAIOT, YTO IMPOHMCXOJUT Mpeodpa3oBa-
HUs1 Oyphbe COOTBETCTBYIONIMX (DYHKIUHN C MPOTTMCHBIMU OYKBaMHU.

3nmech Bo3BpamaeTcs mojHoe obo3HaueHue f3(Xs, di, V), YTOOBI SICHO BBIJABH-
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, oCBeIIalONMii BRIXOIHYIO TUIOCKOCTh FPR,, vacTrnuHo coemu-
HEHHBIN ¢ HaIpaBISICMBIMH MOJAMH BOJHOBOJIa Ha BBIXOJIC, PACIIONIOKEH B IOJIOMKE-
Huu dg. OHO MOKET OBITH PACCUMTAHO YEPE3 CBEPTKY CBETOBOIO ITOJISI M BBIXOIHOM
MOIIIHOCTH HOPMAaJIM30BAaHHOTO MPO(UIS MOJIBI BOJIHOBO/A, TO €CTh:

foo(x,)=f,(x,,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, Haxoasieecs 3a JuH30i FPR2 u
YYUTHIBACT MPHU ITOM:

- npeoOpazoBanre Oypbe, KOTOPOE OCYIIECTBIISIET BTOPAs JIMH3A,;

- TTOJIO’KEHNE BXOIHBIX M BBIXOJIHBIX 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]:

R G X G RN I | RS RER g cRe)

\a ) \a ) d v d

w 0 w
[locne nmpumenenusi cBoiicTBa JuHeHHOCTH MHTerpaia K (1.11) mbl Moxem
3alUCaTh PEe3yJbTHPYIONIEE BBIPAKCHUE AT DIEMEHTOB MaTpuibl nepegauu [ T]
CJIEAYIOIIUM 00pa3oMm:

r=-owo

T, =i.89[i—i)8 {ZO} F_Zm:qu di+d0+d : v—d ’ (1.12)

rac
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K -.d .
qM(x)=b0<—x)*fM<x)=(bo(—x)*bi(—x))*£ . sinc | xn (1.13)

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-
TYIOIINX OKOHYATEIIbHBIX BBIPAKCHUI:

2

T =27 &exp - ﬂwi”} (dii+d2 ) 'qu(din+dout+ ma V_r_a ,
d

q (X)=exp(— . W-Real erf
)

w r=-—w

7Kd | o,

X
+ ]
2w V2w

V4TS HEeHTpaIbHOE PaCIIOJIOKEHHUE BXOIHOTO HHpopMalmoHHoro motoka (di,=0 ),
0JIy4aeM:

. o K /2 m o ro
T..wK =27 ¢6Xp _( - doutw ) Z qM dout + V- d_ 1 (115)

d, \ « ) r=—K /2 d,v, w

2.3 Pacuer 0CHOBHBIX OICHOYHBIX XapaKTECPUCTUK

[Ipexne, ueM HaunHATH MosenupoBaTh AWG MyNIbTHIUIEKCOP Ha KOMITBIOTE-
pe, He0OXOUMO 3HATh HEKOTOPHIE OCHOBHBIE KOHCTPYKTUBHBIC TTapaMeTphl yCTPOU-
CTBa:

- pabo4yIO JUIMHY BOJIHBI Ag;

- PacCTOSIHUE MEXKIY BOJTHOBOJAMHU B MacCUBE Oy,

- YUCJIO BOJHOBOJIOB B MaccuBe K;

- (poxycHoe paccrosinue Ly;

- MPOCTPAHCTBEHHO YaCTOTHBIN (aKkTop 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 000JIOYKHU Ng U Ng
MOJ/IJTOXKKH, ¥ MaTepuasa JIMH3HI Ns.

- paanychl MOJOBBIX TOJIEH BXOJHBIX, BBIXOJHBIX U BOJHOBOJIOB MacCuBa o,
(09 U (0g COOTBETCTBEHHO.

KanajbHblil MHTEPBAJI U YUCJIO0 IOPTOB
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KananpHbIl HHTEpBAT IJIWHBI BOJTHBI A4 M YHCIIO KaHAJIOB JUTHHBI BOJHBI N -
HanOoJiee BakHbIe apamMeTpsl i npoektupoBanuss AWG mynbTuriekcopa. O0bu-

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 nony4yeHus CBEACHUN O BEIMYMHE KaHAJIIBHOTO MHTEpBaia A4 U 4yucia
KaHajoB JUIMH BOJH N, MOXXHO paccuMTaTh CBOOOJHBIM CHEKTPaJIbHBIM IUarna3oH
AZFsgR:

Ad. = NAZ, (1.16)
U 1A (ppaKkIMOHHBIN TOPSAIOK M’
m<n, 2,/[n,.NaZ]
A
m = floor 1 (1.17)
A//iFSR

Pazanuue niamubl A/ BOJTHOBOJOB MAaCCHBA
Paznuune mmnbl Al MEXIy COCEIHUMH BOJIHOBOAAMH MacCHBA PAaCCUHMTHIBA-

eTcsl:
10
Al =m— (1.18)
nC
®DokycHoe paccrosinue Lf
doKyCcHOE pacCTOSHHUE JUH3BI Ly MOYKHO OIpeNeuTh Mo cieayromei ¢op-
MyJi€:
L, - 1.19
Yoa,-c’ (1.19)

rae C=(0,8...1,2) — ko3 PpuuUEHT, yUUTHIBAIOIINUNA TO, YTO CUTHAI 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

Yucs10 BOJTHOBOAOB B MacCUBe

Uucno BoHOBOI0B MaccuBa K - He TOMUHHUPYIOIIMI MapaMeTp yCTpOMCTBa
AWG, notomy uto AA u N He 3aBucuT oT Hero. Bemmunna K BeiOnpaeTcst U3 yclo-
BUSI, UTOOBI CBET, TU(PParupoBaHHbIA B CBOOOJIHYIO CIIEKTPAIbHYIO 001acTh, ObLI CO-
OpaH aneptypoit MmaccuBa. Kak nmpaBuiio, 3To 4MCIIO JOJKHO OBITH OOJIbIIe, YeM B 2-3
paza 1udpakIMOHHOTO TOPSIIKA.

K=(2-3)m (pek.K =2.3-m), (1.20)

Pacuer nepexoaHoi nomexu

127



[lepexomHas moMexa Ha KaHall | MOXKET OBITh pacCuyMTaHa W3 CIEAYIOMmeH

bopmyie:

N 2
P; = Z ‘Ti‘ ‘Ti

i=1,i# j

2

3. PekoMeHaauMu 1O BHINOJHEHUIO PadOThI

3.1. PacueTHoe 3a1aHune

(1.21)

JInst BBIIOJTHEHHSI JTaOOpaTOPHBIX paboT HEOOXOIMMO PACCUMTATh OCHOBHBIC
KOHCTPYKTHUBHBIC TapaMeTpbl aemyiabTuiuiekcopa AWG (Ao, dw; K, Ly a; m, Al).

JlaHHBIE TTapaMeTPbl MOTYT OBITh PaCCUMTAHBI 110 (hopMynam u3 1 2.3.

Ncxonnbie naHHbIe AJ1 BBINOJHEHUST pabOThl OepyTcs U3 Tabn.2.1 corjmacHo

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, mrepsan | 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

Bremnne napaMeTphL:o; = g = g = 7.16 MKM.
Marepuanbhble napameTpsl: N = 1.454, np = 1.451, n, = 1.453.

Jlanee HEOOXOAUMO BBECTU JAHHBIC MapaMeTPhl B COOTBETCTBYIOIIHUE ITOJIS
IIPOTPAMMHOT0 00ECTICUCHUS.

3.2. DKcnepuMEHTAJIbHOE 3alaHHue

1 UccaenoBaTh OIMHOYHBIA KaHAJ
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1.1 BeiOpaTh mpon3BONIbHBIN KaHal (HanmpuMep LeHTpaibHbli kaHai 0), B co-
orBeTcTBUU ¢ onucanueM [10.

1.2 OnpenennuTh HEOMHOPOIHOCTH BHOCUMBIX IIOTEPh OJAHOIO KaHaa.

1.3 Haiit noJsiocy nporyCcKaHusi OJHOTO KaHaJlla Ha ypoBHE -3 u -201b.

1.4 MccnenoBarh 3aBUCHMOCT BHOCUMBIX ITOTEPH OT JAJIMHBI BOJIHBI KaHaja.

2. Ha oaHOM M3 4acTOT ONTHYECKOI0 IHANA30HA MCCIEA0BATH BIUSIHUE
KOHCTPYKTHBHBIX napamerpos (K, d,, Lf, m) na:

- K03 (HUILIMEHT MepeIayu;

- TIOJIO’KEHUE BhIXOHOTO TIopTa d0;

- II0JIOCY IpOITyCKaHus Ha ypoBHe -20 nb.

2.1 UccnenoBarh BiusiHUE K Ha BBIIEHU3JI0KEHHBIE TAPAMETPBI.

2.2 Uccnenosath BiustHEE AW Ha BBINICU3IOKEHHBIC TAPAMETPHI.

2.3 Uccnenosate BiusHue L Ha BBIIEN3I0KEHHBIC TAPAMETPHI.

2.4 NccnenoBarh BIMSIHUE M HA BBILIEU3JI0KEHHBIE TTAPAMETPHI.

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 mpoaenaHHoN paboTe JOIHKEH COJEPKATh CICAYIOIINE Pa3IeIbl:
1 Iens paboThr;

2 Kpatkas Teopus;
3 PesynbTarhl paboThl — rpauKky 3aBUCUMOCTEHN ¢ KPAaTKUMHU MOSICHEHUSMU;

4 Tabnuua u rpaduK MepexoIHbIX TOMEX;
5 BbIBOBI 110 TIPOJIETAHHOM padoTe.

5. KoHTpoJibHbIE BONPOCHI

1. Kakue MexxkaHaabHbIe UHTEPBaIBI COOTBETCTBYIOT DWDM crangapry?
2. Kakue BUbI ONTHYECKUX JIEMYIbTHUIUIEKCOPOB BbI 3HaeTE?
3. Kakue ocHOBHBIE mapameTphl AEeMYJIbTUIIEKCOPOB U TPEOOBAHMS K HUM

BbI 3HaeTe?
4. Kakue OCHOBHbIE mapameTpbl pa3zpaboTaHHbBIX AWG MynbTHILIEKCOPOB

BAM U3BECTHBI?
5. Ha3zoBuTe OCHOBHBIC CTPYKTYpHBIE cXeMbl qemynbTuruiekcopa AWG u ux

OTIINYUs?
6. IlosicHute npunuun padotel nemyabTuriekcopa AWG?
/. Ha uem ocHoBana maTtematudeckast mojesb AWG mynbrumiexkcopa?
8. Kaxoe BiMsiHHE OKa3bIBAIOT HA BBIXOJHON CHUTHAJI OCHOBHBIE KOHCTPYK-

TuBHBIC TapameTpbel AWG?
9. Kakwue nocromnctsa u HegoctaTku AWG 1Mo cpaBHEHHUIO C JPYTUMU BHJ1a-

MH OIITHUYCCKHUX MYJ'IBTI/IHJIGKCOpOB?
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IMpuioxenue b

Onncanne NporpaMMHOro ooecneyenusi [14]

KOMHBIOTepHaﬂ naﬁopaTopHaﬂ paGOTa « McciaenoBanne onTu4ecKoro MYJb-
THILICEKCOPpAa HA OCHOBE€ MaCCHBA IVIAaHAPHLIX BOJITHOBOAO0OB)»

PykoBozcTBO mosp3oBaTens
(Penakius ot 16.10.2006)

1. OO01ee onucanue

1.1 @OyHKkuMOHAJIbHOE HA3HAYEHHE CUCTEMbI, 00J1aCTh IPUMEHEHUS U
OrpaHuYeHust

PaboTa npenHa3HadeHa /st IpoBeACHUS J1a00paTOPHOM pabOTHl y CTY/IEHTOB
nsAToro kypca crneuuainbHocTd 201410 mo kypey «MynbTHILIEKCOpHOE 000pyAOBa-
HUE ONTUYECKUX U(PPOBBIX CUCTEM CBSI3N.

Kowmmnbrotepnas naboparopHas padota «KommbloTepHOE HCCIEIOBAaHUE OTI-
TUYECKOTO MYJIbTUIUIEKCOPA HA OCHOBE MAacCUBA IJIAHAPHBIX BOJHOBOJOBY» IMpEIHA-
3HAuYEHAa ISl pacyeTa U ONTUMU3ALMH XapaKTEPUCTUK ONTUYECKOTO MYJIbTUILIEKCOPA
Ha OCHOBE MaccCHBa IJIaHAPHBIX 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 M UHCTPYMEHTA AJiA pacyeta U ontuMusaiui AWG MyJIbTHUIIEKCOPOB
IIPU KYPCOBOM MPOEKTUPOBAHUU BOJIOKOHHO-ONTHUYECKUX CUCTEM MEPENaun CO CIIEK-
TpanbHbIM pazaenenremM (BOCII-CP), ucnons3yrommnx AWG MyabTUILIEKCOPHI B Ka-
YECTBE OJIHOTO U3 OCHOBHBIX AJIEMEHTOB.

[IporpamMmMHOe oOecrieueHne MpeAcTaBsieT coOO0M MakeT MporpaMm IeHepa-
uu Gopm 11 3aaanus napametpoB AWG, oToOpakeHus pe3ysibTaToB pacyueTa, Bbl-
BO/Ia METOJIMYECKOT0 MOCOOUS U OMHUCAHUS MPOTPAMMHOI0 00ECIEYEHUSs C TUIEePTEK-
cToBoi Hapuranueit. [TakeT BkitovaeT 15 BapuaHTOB 3ajaHui JJisl MPOBEACHUS Jia-
OopaTopHBIX paldOT, a TaKKe MPHUKIAAHBIC TMPOrPaMMbl MO MPOBEICHUIO HEOOXOIH-
MBIX BBIUMCIICHUH, MPEeIyCMAaTPUBAIOIINX YUCICHHBIN pacueT UHTETPaIbHbBIX MPeo0-
pa30BaHUii, OMHUCHIBAIOIIMX BOJHOBBIE MpOLECCHl (IU(PPaKIU0 U UHTEP(PEPEHLINIO)
Ha AWG mynerumniekcope. B 0CHOBY pacueToB MOJIOKEHA YIy4YIlIEHHAs] MaTeMaTH-
yeckass monenb Pypoe misa pacueta Ha AWG mynpturuiekcope [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
nocobun [4] mpuBeneHa MaTeMaTuyeckas MOJelb, IMOJOXKEHHAas B OCHOBY TMIPO-
rpaMMHOT0 oOecrieueHusi. OnucaHue MPOTPAMMHOTO OOECTICYCHUS U Pe3yIbTaThl
TECTUPOBAHUS KOMITBIOTEPHOM J1a00paTOPHOM pabOTHI MPEICTABIIEHBI HIKE B [4].
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1) Amngpe XXupap. PykoBoACTBO 1O TEXHOJIOTUU U TECTHPOBAHUIO CHUCTEM
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) Jlamox A.IL., llapanrosuu C.H. AHanu3 oNTHYECKOTO MYJIbTHILIEKCO-
pa Ha OCHOBE MaccuBa IIaHapHbIX BOTHOBOJOB (AWG)// C6. Hayd. TpynoB Bceepoc-
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 MYJbTHUILIEKCOpPa HAa 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 IMOCJIEA0BATENLHOE Pa3BEPTHIBAHUE CIIPABOYHBIX, PACUETHBIX U Tpadu-
4ecKuX OKOH. IIpm 3TOM mpenycMoTpeHa perucrpanus CTyJICHTa U MPErnoJaBaTelis
JUTSL 3am0JIHeHUs (POopM OoTyeTa, FreHepUpPyeMoro o okoH4aHuu pabotsl B MS Word.
Tak>ke MOXKHO BBIOpaTh BApUAHT U HOMEP CTAPTOBOTO MyHKTa paboThl. Beero padota
CONIEPXUT 15 BapumaHTOB 3alaHui MO 7 MYHKTOB. J[Jisi OCyIIECTBIEHUS JIOMycCKa
MPETYCMOTPEH aBTOMATUYECKUM TECTOBBIM KOHTPOJIb, BBITIOJHSIEMBI B OTACIBHOM
OKHE.

B cOOTBETCTBUM C BBIMOJIHIEMBIM ITYHKTOM 33JaHUsl, TEKCT KOTOPOIo 3arpy-
YKaeTcs MpU BbIOOpPE BapuaHTa M HOMEpA IMyHKTa aBTOMAaTUYECKH, HUCIIOTHUTEIIO
HE0OXOJMMO BBECTH UCXOAHBIE ITapaMETPBI:

11) wHDOPMAITMOHHBIX CUTHAJIOB:

— yucio ontudeckux kananos (1-150);

— YacToTa IeHTpalbHOTO KaHana (jymHa BoaHbl 1400HM - 1600HM);

— KaHaJbHBIM MHTEPBAJI MEX]Y COCEIHUMH KaHajaMHu, MPEeayCMOTPEHO
UCIIOJIb30BAHUE PA3HBIX MEXKKaHAJbHBIX HMHTEPBAJIOB, YCTAHOBKA JJIMH BOJIH IJIs
KQKJIOr0 KaHajla CaMOCTOSTENIBHO, WCIIOJb30BaHUE CTAaHAAPTU30BaHHBIX WDM ua-
ctoTHBIX maHoB ¢ maromM 1000 I'T'm — 50 I'T;

12) xpuctammdeckor noioxkkn AWG: mokaszareiau MpeoMIICHHS cepi-
[IEBUHBI BOJIHOBOJIOB, 000JIOYKH BOJTHOBOJIOB, JIMH3HI;

13) xapakTepHBIX TeOMETPUYCCKHX pa3MepoB dneMeHTOB AWG: momnepeu-
HOE PACCTOSIHUE MEXY COCEJHUMH BOJHOBOJAMHM , , PaTUYChl BXOJHOTO MOJOBOIO
TOJISL U TIOJIS B BOJIHOBOZAX, TOJIOKEHHE BXOHOTO BOJIHOBO/IA;

14) maccrBa BOJHOBOJOB M JIMH30BBIX CUCTEM: Pa3HMIIA JJIUH MEXKIY JBYMSI
COCEHMUMH BOJIHOBOJJAMHU B MACCHBE, YUCIIO BOJIHOBOJIOB B MaccHBe, (JOKYCHBIE pac-
CTOSIHUSI BXOJTHOM M BBIXOJHOM JIMH3.

JIJist 3a1aHHBIX MMapaMEeTPOB MPOU3BOJUTCS PACUET CIEAYIONIMX XapaKTepH-
ctuk AWG mynbTuUIiiekcopa, BBIBOJMMBIX B rpaduyeckoit popme:

10) ko3 durmeHT nepenayn ¥ BHOCUMOE 3aTyXaHUE MEXIy JIF000# mapoit
BXOJIHBIX — BBIXOHBIX TTOPTOB 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) mmpurHa MOJI0CHl MPOMYCKAHUS I JTI000r0 KaHaa,

14) mepexoaHbIC TOMEXH MEXTy KaHaJIaMH.

B xozme pacyera BO3MOXXKHO CXEMAaTHUYHOE T€OMETPUUYECKOE H300pa’keHue
yctpoiictBa AWG 1 ocTpoeHue IBETOBOW KapTHHBI pacIpeieNieHus MoJs B JII000H
TOYKE MEX/TYy BXOJHBIMU U BBIXOAHBIMH ITOPTAMHU.

Tak>xe B CBOAHON TaOJIUIE MPUBEICHBI TAPAMETPhI JUIsl KAXKJIOTO BBIXOTHOTO
MopTa: IEHTPATIbHAs YacTOTa BOJIHBI, KOX(DPUIMEHT mepesayr U TeoMETPHIECKOe
MOJIOKEHHE.

[TakeT mporpamMm TakKe MO3BOJISIET OCYIIECTBUTH ONTUMU3ALIUIO BHYTPEHHUX
napameTpoB AWG, Takux Kak KOJIMYECTBO BOJTHOBOJOB B MYJbTHILIEKCOpE, (OKYyC-
HOE PACCTOSIHUE JIMH3 JUISl 33JJaHHBIX MapaMeTPOB Pa3HECEHMs] KAHAJOB U YPOBHEM
MEPEKPECTHBIX TTOMEX.

[To pesynbpTaTam pacyeTa 3amoOJHSAIOTCS TaONHIBI ¢ UHDOpMaluen, Tpedye-
MOU B 3aJJaHUU K BBITIOJIHSIEMOMY IyHKTY. [locie BBITIOJIHEHHSI TyHKTa MporpaMmma
CTPOUT HEOOXOJIUMbIE TpaUKU B OTIEITHLHOM OKHE, TJ€ TaKXKE €CTh BO3MOXXHOCTH
JUIS1 3alMCH BBIBOJOB I10 MPOJICIIAHHOMY ITYHKTY M MEPEX0/Ia K BBIMOJIHEHUIO CIEAY-
IOILIETO MTyHKTA.

[Ipu BO3BpallleHUH K BHITIOJIHEHUIO ITyHKTA, KOTOPBIM OBLI YXKe clieiaH, JTaH-
HbIe B Ta0nuIax ¢ nHbopmaimeii, TpedyemMoil B 3aJaHUH K 3TOMY ITYHKTY, U BBIBO/IBI
10 HEMY COXPaHSIOTCS B MOCTEAHEN pelaKI[uy UCTIOJHUTEN. B KOHIIe pabOThI TeHE-
pUpyeTcs OTYET CO BCel He0OX0AUMOM MH(pOpMAaIE O BBIITOJIHEHUH PaOOThI

[IporpammHuoe obecrieueHue MpeaHA3HAYEHO MJIS CTYJIEHTOB TEXHHYECKUX
BY30B 110 HampaBieHUsIM «OnTrUKa U TEICKOMMYHHUKAIUI TIPU MIPOBEAECHUHU J1abopa-
TOPHBIX Pa0OT MO JJAHHBIM HANPABJICHUSAM, ACHUPAHTOB U MHKEHEPHBIX pAOOTHUKOB,
3aHUMAIOIINXCS UCCIEAOBAHUEM ONTUUYECKUX MYJIBTUILIIEKCOPOB.

[IporpammHoOe oOecrieueHne BBITIOIHEHO B cpene paspadorku DELPHI 7.0.
[Iporpamma MOXeT OBITH UCIOJIb30BaHA KaK OJHUM I0JIh30BaTEIEM JJIsl CAMOCTOS-
TEJIHLHOTO M3YYECHHS, TaK U JJISl UCIOJIb30BAHUSI B YUEOHOU ayJUTOPUU MPU MHOXeE-
CTBEHHOM OJIHOBPEMEHHOM JIOCTYIIE.

1.2 KparTkoe onucaHue cCHCTeMbI U ee TEXHHYECKHE XapPaAKTePUCTUKH

KomnbroTepHnas naboparopHas paborta, jgajnee mporpaMmma, MpeacTaBisieT Co-
00l KOMIBIOTEPHYIO NpPOrpamMmy, KOTOpas COCTOUT M3 METOJIMYECKOro MOCOOus
(kpaTkasi Teopus ¢ 3aJaHueM Ha paboTy) U 000JI0YKU MojenupoBanus. [Iporpamma
MOeT (DYHKIIMOHUPOBATh IO YIPABJICHUEM ONEpalMoHHbIX cucteM Windows 98,
2000, XP, Vista. [{nsg HOpManbHOTrO ()YHKIIMOHHPOBAHUS 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 qUCKOBOM mamMsATH. Y CTAHOBKH MTporpamMma He TpeOyeT.

1.3 3amyck mporpaMmbl M BBIX0/1 U3 POrPaMMBbI

3anyck mporpaMMbl ocymiecTBisercs 3amyckoM ¢aitna AWG.exe, TaHHBIN
daiin pacronoxen B nanke AWG. 3amyck Bo3MOXKEH Takke BHIOOPOM ITyHKTa «3a-
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myck» B myHKTe «AWG» Merro nmporpammel. [loce 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 yrIiry 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 KHOMKU yI0O0HEH BCEro UCIOIb30BaTh MAHUITYJISITOP "MBIIIB".

HekoTtopsie OkHa mporpamMmbl SIBISIOTCS MOJATbHBIMHU, 3TO O3HAYaeT, YTO
MYHKTBHI TJIABHOTO MEHIO M IpyTUe OKHA OYIyT HEOCTYIHBI, ITOKa 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 mpuBeeH 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 3aBUCUMOCTH OT TOTO B KAKOM 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 IIapaMCTPOB
IIOJIB30BaTCIIA.

3 «CoxpaHuTh» BBI3BIBACT JAUAJIOT COXPAHEHUS MapaMeTPOB TOJIb30Ba-
TEJ.

4 «OT4eT» TeHepHUpyeT OTYET 1O IpoaeTIanHoi padbore B MS Word.

5 «IlocoOme» BBI3BIBAET METOAMYECKOE MOCOOME MO J1TabopaTopHOH pa-
oore.

6 «TecT» BBEI3BIBACT TECTOBOE OKHO, I'IC I1O0JIB30BAaTC/Ib UMCCT BO3MOXK-
HOCTB IIPOBCPHUTHL CBOX 3HAHUA.

/ «BbINOJIHEHHE)» BBI3bIBAET IYHKTHI MPOTPAMMBI, BBIIIOJIHEHHE KOTO-
PBIX IPETYCMOTPEHO 3aJaHUEM.

8 «IloMo1b)» TeHEepHPYET MOMOIIIH IO TOJIB30BAHUIO TPOTPAMMOIA.

9 «O mporpamMme» BBI3BIBACT OKHO C Pa3pabOTUYMKAMH IMPOTPAMMHOTO
oOecrieueHus.

2.2 Paborta ¢ okHoM «HoBbIi»

JlaHHO€ OKHO TpeaHa3HAYEHO JIs 3alOJIHEHUS BKJIAJKU MMapaMeTpoB mapa-
MeTpamu 1o ymoiyanuto. [lo ymomuanuto Beioupaetcs 16 kananpasii MUX 1o 100
I'T' nmama3zonoMm.

2.3 Pa6ora ¢ okHOM «OTKpPBITH»

[Tocne Haxkatusi KHOMKHA «OTKPBITHY» OTKPHIBAIOTCS IOJb30BATEIBCKHE Ta-
pametpsbl. [TapaMeTpbl HaxosTCs B (ailyiax ¢ pacimpeHueM «iniy».

2.4 Pabora ¢ okHOM «CoXpaHHUTB»
CoxpaHseT Mojib30BaTeIbCKHUE MapaMeTpsl B INI daii.
2.5 Pa6ora ¢ okHoMm «OT4eT»

OKHO TpeAHa3HAYEHO JI1 TeHEPUPOBAHUSI OTYETAa B TEKCTOBOM IPOLECCOPE
Word. Cieayer mOMHHMTB, YTO TeHEpalys OTYeTa MPOUCXOAMUT MOCIC BBHITOJHCHHUS
OCHOBHOM 4acTH J1abOpaTOpPHOM pabOTHI.

2.6 Paoorta c oxkaoMm «Ilocooue»

134



JlaHHast KHOTIKA BBI3BIBAET METOJIMYECKOE MOCOOWE MO BBIMOJIHEHHIO J1abopa-
TOpHOM PabOTHI B 3JIEKTPOHHOM BH/JIE.

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 KaXKIbI M3 JECATU MPEIIOAKEHHBIX
BOIIPOCOB HEOOXOIMMO HaxaTh KHOMKY «/Jlanmeey. Ilociie 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
napaMeTpbD» IpeIHa3HAYEeHbl U1 BBOJA TPeOYyeMBbIX
10 pacyeTy napaMmeTpoB. Eciu npu BBOJE apaMeTpoB
JomyleHa omrOKa BBO/A, JIMOO MmapaMeTphl paccuuTa-
HBbl HEBEPHO, TO 3aroparoTcs KPacCHBIM COOTBETCTBYIO-
[I1E MTAHEIN B «CTATYC». B «BBIOOP KaHAJIOBY» MTPOU3-
BOJUTCSA BHIOOp KaHAJIOB, MOJUISkKAIIMX pacueTy. B
«['paHMuBI pacyeTa) BBICTABIIIOTCS TPAaHULBI pacye-
Ta B IPOCTPAHCTBEHHON M BpeMeHHOW oOnacTsax. llpu
MTOCTAHOBKE TaJIOYKU «ABTOMATHYECKHM» 3TH Mapa-
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 MyHKTbI:

«MccnenoBanue  OJMHOYHOTO
KaHajay,

«3aBHCUMOCTb OT TAPAMETPOBY,

«HccrnenoBaHne COBOKYITHOCTH
KaHAJIOBY.

«I/ICCJIeI[OBaHI/Ie OJUHOYHOI'0O KaHAJa»

Hpez[Ha3Haquo JJIs1 UCCIICA0BAHHA OAMHOYHOI'O KaHallda, €0 ITOJIOCHI IIPO-
IMyCKaHHs, IMOJIOKCHHA BBIXOAHOI'O IIOpPTA, KOB(i)(l)I/IL[I/IeHTa nepeaadin U BHOCHUMBIX

norepb. Bu okHa mokaszaH Ha pUCYHKE 2.5.
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Pucynok 2.5 Bug okHa «VcciaenoBaHue OqUHOYHOTO KaHala

[Tocne pacuera, B cooTBeTCTBUU ¢ maHenbio «[lapamerpbl» BbIOOp KaHaia
OCYILECTBIISIETCS ¢ TOMOIIBIO BbINanaroniero crnucka «Kanam». [Ipu sTom nmapamer-
pBI ATOTO KaHajla 0TOOpa)xaroTcs B TEKCTOBBIX MOJsAX. llepeximoueHne Mexay mpo-
CTPAHCTBEHHBIM M YaCTOTHBIM pacIpelielIeHueM ocyuiecTnisiercs Bkinaakamu «Ilpo-
CTPAHCTBEHHOE pacnpenejgeHue» v «YacrorHoe pacnpeneseHue». J[BOWHBIM
HISTYKOM 0 Tpaduky JTubO0 HaKaTHEeM COOTBETCTBYIOIIEH KHOINKHU B MeHIO «Ilapa-
MeTpbD» OCYILIECTBIIETCS NepekiroueHne K Buay B ab. Haxatuem knonku «Ilapa-
meTpbl/Iloka3pIBaTh METKH MAaKCHMYMOB)» BKJIIOYAIOTCS/OTKIIIOYAIOTCA METKH
MaKCHUMYMOB.

«3aBHCHMOCTD OT IAPAMETPOB)

[IpennaznaueHo 1Sl BIUSIHUASL KOHCTPYKTUBHBIX MapaMEeTPOB HA OJWHOYHBIN
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 pacdera HEOOXOMMO BBIOpATh TUI pacyeTa B cnucke «Tum pacueray.
[Tocne pacuera, B COOTBETCTBUHU C maHenbto «llapamerpel», pasnuyHble 3aBUCUMO-
CTH BbIOHMparoTCs yTeM BeiOOpa B mosie «IIpocmotpy. Tlepexiitouenre Mexmy mpo-
CTPAHCTBEHHBIMM M YaCTOTHBIMM 3aBHUCUMOCTSIMU OCYIIECTBIIAETCA BKJIAAKAMU
«IIpocTrpancTBeHHOe pacupeneaeHue» u «HacrorHoe pacnpenesenue». 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 Jjis MCCIEIOBAHUS COBOKYMHOCTH KaHasioB. 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 nepexIOYeHHE MEXy IPOCTPAHCTBEHHBIM, YaCTOTHBIM pac-
OpeeIeHUIMHU U KyMYJSITUBHON MOMEXON OCYIIECTBIISIETCS BEIOOPOM COOTBETCTBY-
IOLIUX BKJIAJIOK.

«Pacnpenesienne moJis»

[MpenHa3zHaueHO IS MOTYyYSHHSI IETATLHOTO PACIIPEICICHHUS TOJISl B TUIOCKO-
CTH MyJbTHIUIEKCOpa. [lociie BhIOOpA IIMPHHBI, BBICOTHI U MaciiTtada B COOTBET-
CTBYIOIIMX TIOJSIX M Ha)XaTus KHOMKH «PacueT KapTHHKA TMOSIBJIICTCS Ha DKPaHEy.
OxkHO n300pakeHo Ha pucC. 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»

[MpenHa3zHaueHO AJ1s OTOOPaKEHHSI U BBIOOpA CIICIYIOIINX MapaMeTPOB.

«B nenuobesax» - BKIIOYACT/BBIKIIIOYACT OTOOpaKEHHE IPauKOB B ACIHOeC-
Jax.

«ABTOMATHYECKHIi pacyeT rpaHMID - BKIIOUACT/BBIKIIOYAET aBTOMaTHYe-
CKHUU pacyueT rpaHuil.

«IToka3bIBaTh METKH MAKCHMYMOB) - BKJIFOUACT/BBIKITIOYAET OTOOpaKEHHUE
METOK MaKCUMYMOB.
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IIpuioxenue A

YacTOoTHBIH naaH ITU-T

Taboauua 1 Yacrornselii mian WDM no pexomenganuu MCI-T G.692

YacrorTa, Wurepsain, [T JITMHHA 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 ° ° ° ° 1547,72
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
192,9 ° ° ° 1554,13
192,8 ° 1554,94
192,7 ° ° 1555,75
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192,6 ° 1556,55
192,5 ° ° ° ° ° 1557,36
194.,4 ° 1558,17
192,3 ) ° 1558,98
192,2 ) 1559,79
192,1 ° ° ° ° 1560,61

Taoauna 2 Yacroruslii miian DWDM no pekomenaannu MCI-T G.694.1

Homunanenast nenrpanpHas yacrora, 11 HomuhansHoe 3Ha-
YEeHUE JJIUHBI BOJI-
YacToTHBIM UHTEPBAII MEXKTY KaHanaMu, [T 11 HEIL, HM
12,5 25 50 100

(1) (2) 3 (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
195.6625 — - - 1532.19
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Homunanenas uenrpanpHas yacrora, T1'n

YacToTHBIM UHTEPBAII MEXKTY KaHanaMu, [T 11

HomunanpHOE 3Ha-
YeHUE JJIMHBI BOJI-

HbI, HM
12,5 25 50 100
(1) (2) 3 (4) (5)
[] [] [] [] []
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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Tadanuma 3 Yacrornelii mwian CWDM no pexkomenpanun MCI-T G.694.2

HoMunanbHO€E 3HaU€HKE JJIMHBI BOJIHBL, HM  |HOMUHANIbHAS LIEHTpaIbHas 4acTo-
HNutepBan Mmexay kaHanamu 20 HM Ta, TI'y
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-ONITHYECKOH
CHCTEMBEI NNepeAadH CO CIEKTPAABHBIM pa3eA€HHEM.
TexHHYEeCKHE TPeOOBaHHUS

Ta6auua 1 Ilapamerpsl onTHYeckuX ycuiauTeseil nepeaayn (Ycuanreab MOII-

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 MOIIHOCTH), He Oonee, nb ’
Koadduiment orpaskenus or BXoaa, He MeHee, 1b -30
3aryxaHue OTpaXeHUs Ha BbIXOJle, He Oonee, nb 30,0

Tabimua 2 ITapamerpsl ONTHYECKUX MPOMEKYTOYHBIX YeuauTenen (JInnenHbii

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 -

MaKCHMAaJILHBIN, 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 CYMMApHOM BXOJIHOM MOIIHOCTH), HE OoJiee, n1b

KoaddunmenT orpakenus ot Bxoja, He MeHee, 1b

-30

3aTyxaHue OTpaXeHUs Ha BhIXOE, HE Ooiee, 1b

30,0

Ta6auua 3 Ilapamerpsl onTu4eckux ycuuuresei npuema (Ilpexycuianresn)

HaumenoBanue nmapametpoB OVYIlp

3HayeHue mna-

paMeTpoB
5 5 MHMHUMAJIBHBIN, 1bM -36,0

YpoBeHb BXOIHOM CyMMapHOH MOITHOCTH -

MaKCUMAJIbHBIN, 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
paboumx 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 orpaxenus ot BXoja, He MeHee, 1b -30
3aryxaHue OTpakeHHsI Ha BbIXoj1e, He Ootee, b 30,0

Tabamua 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'Ty

50
80

25
40

50
80

25
40

4 JIP Nelnotepwu, He 60-
nee, 1b

0,5
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5 IlepexoaHast 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 ABYXKAHAJIBHBIX IIMPOKONOJOCHBIX 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 OTpakeHHs Ha BbIXOJIe, He Ooiee, nb 40,0

Tabaunua 6 IlapameTpsl ONTHYECKUX MYJILTHILIEKCOPOB BBOAa/BbIBOAa (OMBB)

HanmMeHnoBaHue mapamMcTpoOB

3HaueHue mapamMeTpoB

KonandecTBO ONTHUECKUX KAaHAIOB

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’I?[GMI)IX/ BBOJIUMBIX
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'T1g

80,0 40,0

[Toasipu3aninoHHO-3aBUCUMBIE TTOTEpH, HE Oonee, b

0,5

[TepexotHast TOMEXa OT CMEKHOTO ONTHIECKOTO 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 MeHee, 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
cienyromux kommanuii: 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 macmTaba. B cemeiictBo OPTINEX Bxomsat Tpu moaenu o00pyaoOBaHUS
DWDM. Alcatel 1686 WM-cuctema ¢ momnepxkoii 16 mimm 32 onTHYeCKUX KaHAJIOB.
Kaxnpiii u3 Hux cnocoOeH paborath Ha ckopocTsax ot 100 Mout/c no 10 I'our/c.
Pa3HOBUAHOCTH JaHHOM Mojenu karteropum metro — Alcatel 1686 WM Metro u
Alcatel 1696 Metro Span — onTuMu3upoBaHa i TOPOJACKUX ceTeid. J{si BBICOKO-
MIPOM3BOJIUTEIBHBIX MaruCTpalbHBIX ceTel moaouaer moaenb Alcatel 1640 WM,
o0ecrevynBaroias MyJbTUIIIEKCHpOBaHKEe 10 80 ONTUYECKUX KaHAJIOB.

Kommanus Lucent Technologies Beimyckaer 1ieiryro raMMy 000pyIOBaHUs CHH-
XPOHHOM TIepe/ladyu U ONTHYECKOrO YIUIOTHEHUS, 00bETMHEHHBIX OOIMM 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 MOAEPKKOU 10 16 onTrdecknx kaHaioB B nuanas3one 1550 um. /lannas 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 MOXeET IepeaaBaTh HH(GopMaIuio co ckopocTthio 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 criocOOHOCTh, 1 OPTera
Metro 5000, mpenHa3zHaYeHHOE /JIs1 CO3aHMs CKOPOCTHBIX CEeTel MaciiTaba ropoa.

Kommnanust SiemMeNns BBIIyCKAaeT — IEJI0E CEMEWCTBO MYJIbTHILICKCOPOB IO
HazBaHueM TransXpress. B o6mactu DWDM npearaercs mmpokuiit BEIOOp 000py-
JOBaHUS IS MAaruCTPaJbHBIX, PETHOHAIBHBIX H TOPOACKWX cereid. Hampu-
Mep, mozaenb MTS2, co3ganHHas [jisi MarucTpajbHBIX CETel OOJIBIION EMKOCTH
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 Bxoaut odopyaoBanue DWDM na 16/32
KaHana.

Kommnanus NEC coBMeCTHO ¢ MOJMOCKOBHBIM 3aBOJIOM HAy4YHOTO TpPHUOOPO-
ctpoenusi PAH paspa6orano cuctemy SpectralWave 40/80, nmpenna3sHadueHHYIO ISt
peaii3ali MarucTpajJbHOTO y37a, CIIOCOOHOTO O0eCneUYnTh THOKYIO U MOATAMHYIO
opraam3aruto cuctembl DWDM. Cuctema SpectralWave 40/80 oGmamaer mpormyck-
HOM criocoOHOoCTHIO 10 400 I'6uT/C.
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Komnanus ECI Telecom BblTycTHIIa CEPHIO YHHBEPCAIBHBIX MYJIBTHUILIEKCO-
poB XDM, B KOTOpOM Ha OJIHOH TIaTGOpME UHTETPUPOBAHBI PYHKIIMU MYJIbTUILIICK-
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 onTHyecknx KaHaJIOB B JHa-
na3oHe JUIMH BOJIH 1530-1605 HM ¢ BO3MOXXHOCTBIO
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-
wwwwwwe » B CTHPOBAHUS OTACIBHBIX DSJIEMEHTOB W Y3JIOB IS

' J J ..' J J J J || ompeneneHus (yHKIMOHMPOBAHUS aNIapaTypbl 6e3
nepepsiBa cBsizu. O0Opy0BaHUE KOHTPOJIHUPYETCS U
YOpaBIsieTCd C TOMOIIBI0O BCTPOCHHBIX MHUKPO-
KOHTPOJUIEPOB U CHEIUATM3UPOBAHHOIO MPOTrpaMM-
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 perenepainuu nudpoBbix curHaigoB. O6opyaoBa-
Hue «Ilyck» Mmo3BOJIIET OCYIIECTBISATh TMOKOE KOH-
(burypupoBaHue ONTHUYECKUX CETEH, BKIIOYAs 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 B3auMoyBsi3aHHOM ceTH cBs3u Poccuu: MaructpaibHas epBUYHAS
CETh, BHYTPU30HOBBIE IEPBUYHBIE CETH, MECTHBIE TIEPBUYHBIE CETH, ONITHYECKUE CETU
JOCTYTIA.

B tabn. 1.6-1.8 mpuBeaeHsl mapamMeTpbl ONTHYECKUX TEPMHHAIBHBIX JIEMYJIb-
TUIIJICKCOPOB, MYJIBTUIIJIEKCOPOB BBOJIA/BBIBOJIA M JIMHEHHBIX YCUIUTENEH 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 ontaae- | 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 OoJiee,
nb

-25,0

KoaddunmeHT orpakeHus
OT BXOJIa, HEe MeHee, b

3aTyXaHUe OTPAKECHHS Ha
BBIXOJIe, He Oouee, nb

30,0

Tabnuua 1.7
[TapameTpsl ONTHYECKUX MYJIBTHUIUIEKCOPOB BBOIa/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
OTKIJIOHEHHE 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 IIoME€Xa 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 ontudeckoi nepeaaun DWDM ¢ BbICOKMM 00bEMOM Mepeiauu Ha
JUIMHHBIE ~ PACCTOSIHHUS.
SBnssice  mpeacTaBUTE-
JeM cepuu 00opyaoBa-
Hust OptiX, OptiX BWS
320G oOmamaer rHOKOM

A o ([ .,? KOH(pUTypaueit, CcoB-
WA lﬁ'., SULES I | {wg i g MeCTUMOCTEIO. CrcTeMa

‘ : BWS 320G cnoco6na

MYJIBTHILIEKCUPOBATH
32 ngauHBI BOJIHBI B OJ-
HOM OTITOBOJIOKHE,
HampUMep, TIepeaaBaTh
32 Hecylue C pasiuy-
HBIMH JIJIMHAMH  BOJIH
KOTOpbIE B CBOIO Oue-
penb TepenarT CUrHal
STM-16 ¢ obmeit mpo-
MyCKHOU criocoOHOCThIO 10 80 ['6ut/c. B HacTosimuii MOMEHT 000pYyI0BaHHE CIIO-
COOHO MYJIBTHILIEKCUPOBATh 0 32 ontuieckux kanaimoB 10 I'6ut/c (STM-64), ¢ 06-
nieit ckopocthio nepenayn 320 I'out/c. B cucreme BWS 320G npumeHsieTcst 0JIHO-
CTOPOHHSISI TIepeaada M0 OJHOMY ONTHYECKOMY BOJIOKHY C BO3MOYKHOCTBIO OCY-
IICCTBJICHUS Tepefadd B 00€ CTOPOHBI C MCIOJb30BAHMEM HAJICKHOW TEXHOJIOTHUU
MYJIBTUTITIEKCUPOBAHUS /EMYJIbTUTIIICKCHPOBAHHMS JJIMHBI BOJIHBI, TEXHOJIOTHH OTITH-
YECKOTO yCHWJICHUS Ha BOJIOKHE, JISTUPOBAHHOM ApOMEM, TEXHOJIOTHH CTaOUIIU3alun
JUTMHBI BOJIHBI, TEXHOJIOTUM KOMITCHCAIIUU JUCIIEPCUU, TEXHOJIOTUH OOBETUHEHHOM
CUCTEMBI CETEBOTO YIPABJICHUS M TEXHOJIOTUM HE3aBUCHUMOTO KaHaJia yIpaBIICHUS U
T.J1. DTO 000pYyI0BaHNE MOXKET OBITH MOCTPOEHO IO PA3JIMYHBIM TOTIOJIOTHUSM, TaAKUX
KaK «TOYKa — TOUYKA», «IIeTh», «KOJIBII0», 1 MOKET MPUMEHSATHCS 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 mapameTpbl ONTUYECKOTO JEMYJIbTHUILIEKCOpA
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

Bnaocumeie notepu, nb <10 <7

Koaddunuent orpaxkenus, nb <-40 <-40

[TonspuzarmonHsie notepu, n1b <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 napamerpa 8x22 1B 5x30 1B 3x33 1B
OO6nactb ycusieHus, HM 1535-1561 | 1535-1561 1535-1561
Koaddumment myma (NF), nb <955 <955 <55
Bxoanas orpaxarenbHas criocoo- <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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Cucrema SpectralWave 40/80 pazpabotana mis pea-
JAU3alMyd MarucTpajibHOro y3Jia, CIOCOOHOro 00ecneduThb
ruOKyl0 M MOATANHYI0 oOpraHuzanuio cucreMbl DWDM.
Cucrema SpectralWave 40/80 oGnamaer nmpomycKHOU CIHo-
. cobnocteio 10 800 I'6uT/c. OHa moaaepxkuBacT 10 40 1auH
BOJIH B nojioce C U o0ecriednBaeT OTKPBIThIN HHTEepdeEc B
mr000it komOuHanuu curtaiaoB STM-64, STM-16, STM-4,
. STM-1 u 100 M6wut/c ~ 1,25 I'éut/c. Murpamus ot 40 g0
80 mIMH BOJH MOXET JIETKO OCYIIECTBIATHCS B paboTaro-
meit cucreme oobenuHenueM mojoc C u L. DT ocobeHHo-
CTH TIO3BOJISIFOT OPTaHU30BBIBATh MYJIbTUCEPBHUCHBIE IITUPO-
KOITOJIOCHBIE CETH JIJISl IPEOCTABIICHUS ITUPOKOTO CIIEKTPa
pacTymux MOTPeOHOCTEH, TaKWX Kak Oojee CKOpPOCTHAS
nepenaya royioca, JaHHBIX, BUICO- U JIPYTUX BHUJIOB HH-
dopmarun ogHoBpeMeHHo. Cucrema SpectralWave 40/80
KOHTpospyeTcsi cuctemoil ynpasienus INC-100MS npo-
u3BojictBa NEC, koTopasi sBisieTcsi HHTETPUPOBAHHON CHU-
cTeMoi ympaBieHus s obopynoBanus WDM u SDH
¢bupmbr NEC.
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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 IMHEWHOTO YCUIIUTEINSI ONTUYECKON MOIIHOCTH

80-kanaJsibHas1 cucTeMa
22/25 nb mng | 30/33 nb nos

Ha3zpanue napamerpa i(;gjﬂilss 1;\[/;11;1 caBers caBerst
NZDSF NZDSF
OO6macth ycusieHus, HM 1530-1562.5 | 1530-1562.5 | 1530-1562.5

Koaddumnment mryma (NF), nb <7.0 (30 nb) |<8.5(22 nb)

<63 (33 1B) | <7.5 (25 1) <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 MacmTabupyemoe ruOKoe perieHue
WDM 11 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 OoJjpllieM U 0OoJjiee TMOKOM Auaria3oHe U
ABJISETCS WACAIBHBIM CPEACTBOM IUISL CO-

EREER  ERRREEE Oy

.a e

. ; ;!:g E:!l ;;;:::;; s\l smaEms onTHUYECKHX TEPMHUHATBHEIX MYITb-
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 CETAX C TOMOJOTHEH «MHOIO TO-
YeK — MHOT'O TOUEK)..

Tabnuua 1.9
[TapameTpbl TMHEWHOTO YCUIIUTEINSI ONTUYECKON MOIIIHOCTH

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
Hepasnomepnocts AUYX, 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:zﬁffﬁu 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 5048
= 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

223 F00 |s= =B
n25 | 232 |28 = 3
dupma < < g— S0 (o8 o=
20 5 5838 13 O &
°8° | 884 |~ S5
Hucno kaHaIOB 32 40 80 —
AHamason MOUWOCTH HA | 3. 13| 225.25( - -36 + +10
BXxoje, 1bm
;(E)BCI)(l)Hul/IeHT myma (NF), <55 6.7 5 7
MakcumanbHasi MOIIIHOCTh 20 8 21 28 3,527
Ha BBIXOJE, 1bMm
Kosgduuerr 32-35 30-33 20 15-30
ycuenus, 1b
HepaBuomepnocts AUX, nb <2 <2 <1 2
[lonspuzanoHHbIe <05 B B B
norepu, 1b
Jlureparypa
1. TIpoekruposanue BOCII-WDM/ CnpaBounuk..- HoBocubupck: Cuol'YTU, 2005.
[DneKTpoHHBIH pecypc].
2. Alcatel-Lucent 1696 Metrospan (Metro WDM) [DsekTponHsiii pecypc]. — Pe-
xuM fgocryna : http://wwwl.alcatel-lucent.com.
3. WaveStar® OLS 1.6T, Lucent's core DWDM system [2aekTpoHHBIN pecypc]. —
Pesxum noctyna: http://www.alcatel-lucent.com/wps/portal/products.
4. Nortel's Wavelength Division Multiplexer (WDM) Portfolio [9nexkrponHslii pe-
cype]. — Pexxum nocryma: http://products.nortel.com.
5. Oo6opynoBanue ontuyeckoi nepeaaun OptiX [DnaexkTpoHHbIN pecypc]. — Pexxum
noctyna : http://www.huawei.ru/products/catalog/optix
6. SpectralWave 40/80. Overview [DnekTpoHHBIH pecypc]. — Pexxum moctyma:
http://www.nec.co.uk/Spectral_Wave_4080.aspx
7. ECI Telecom Technologies [OnexktponHbiii pecypc]. — Pexum pgoctyma:

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 — ycunuTens Ha BOJIOKHE, JIETUPOBAHHBIM 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 MyJbTUILIEKCOP BBOIa/BBIBOIA
OD — onrtuyeckuii 1eMyJIbTUILIEKCOP
OM — ontuyecKkuii MyJIbTUILIEKCOP
OTM — onTuueckuii TepMUHATIBHBIA MYJTBTHILIECOD
OP — ontuueckuid TpakT
WDM — cnektpainbHOE MYJIbTUILIEKCUPOBAHUE
BOCII — BOJIOKOHHO-ONITUYECKAs CUCTEMA ITEpEaAYN

L — TommuHA MepuoandecKOd CTPYKTYPHI
A — Tmepuo/ ClieJOBaHUs CIOEB
0 — HakIJIOH QUIBTPOB
A — JUIMHA BOJIHBI

£ — JOUAJICKTpUYECcKasi 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 pynkus punstpa @adpu-Ilepo
AMgsg  — CBOOOJHBIN CHIEKTPaIbHBIN JUAINA30H IeMYJIbTUILIEKCOPa
Li — anuHa pe3oHaTopa
Tf — mepuon anmapatHOW PyHKIIUU
R — koadpdumment orpaxenus
A)y — KaHaJbHBIN UHTEPBAJ AEMYJbTUILIIEKCOPA
Nomax — MaKCHUMAaJIbHO JOCTHXKUMas TudpakironHas 3pPeKTuBHOCTD
Ti — BXO/HBIE/BBIXOIHBIE TIOPTHI MYJIHTUILIEKCOPA
fi, — BXOHHOI cUTHAI

t y
fi™" — BBIXOIHO} curHaN

[Ti] — marpuna nepenaun
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