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BBEJIEHUE

TexHomorust BOIHOBOTO onTudeckoro mynsturuiekcuposanus (WDM/ DWDM)
MO3BOJIAET OCYUIECTBUTH Mepefady MHPOpMaui TepaOUTHBIX 0OBEMOB CO CKOPO-
ctamu, pocturaromumu 1001°6ut/cex, u B HacTosIIee BpeMs IIIMPOKO BHEAPSAETCS OT
rJI00ANBHBIX J0 JIOKAJNBHBIX ONTUYECKUX ceTed CBsA3M. BO3MOXHOCTH mepenayu
0OJBIIOTO KOJMYECTBA HH(OpPMALMKA 1O BOJOKOHHO-ONTHYECKUM CETSIM CBS3U
(BOJIC) cBsizaHa ¢ HCIONB30BAaHUEM TEXHOJOTHH CIIEKTPAIBLHOTO YIUIOTHEHUS, TIe
nepeaadya MHQOpMANMU MO BOJOKHY BEAETCS OJHOBPEMEHHO Ha Pa3HbIX JJIMHAX
BoJIH. [Ipu 3TOM BBeneHHe MHPOPMALMOHHBIX ONTHUYECKUX CUTHAJIOB C Pa3inyaro-
mmmucs giuHamu BosiH B BOJIC ocyiecTiisieTcs ¢ TOMOIIBIO ONTUYECKUX MYJIbTH-
wiekcopoB (MUX) Ha mepenaue, a BRIBEJICHUE HA MPUEME — IPH MTOMOIIU JIEMYJTb-
turiekcopoB (DMUX). HeoOXoauMbIM 371€EMEHTOM MYJIbTHILIEKCOPHOIO 000pYI0-
Banuss WDM-cucreM gBisItoTCS ONTHYECKUE ycuiuTenu. B Hacrosiee Bpems Tee-
KOMMYyHHKaIMoHHoe obopynoBanue WDM-cuctem BkiIIO4aeT HIMPOKUN CHEKTP
YCUJIUTENBHOTO ¥ MYJIBTHILIEKCOPHOTO 000PYA0BaHUs, PEJCTABICHHOTO Ha PHIHKE.

B nanHoM y4yeOHOM METOAMYECKOM MOCOOMU MPEACTABIECHBI MaTepuaibl Mo ca-
MOCTOSITEIBHOMY M3YYEHHIO U BBITIOJHEHHIO KOMITBIOTEPHOTO JTaOOPaTOPHOIO Mpak-
TUKyMa [0 pacueTy W MOJCIUPOBAHMIO ONTHUYECKUX YCHIIUTENEH M ONTUYECKUX
MYJIbTHILIEKCOPOB, KOTOPBIE JOIMOIHSIIOT MaTepHaIbl TEOPETHUECKON YacTh [2] Kyp-
ca «MHOTOBOJTHOBBIE ONITUYECKUE CHCTEMBI CBSI3U».

[lepBblil paznen mocoOusi MOCBALIEH M3JI0KEHUIO OOMIMX MPUHIUMIIOB ONTHYE-
CKOrO0  MYJIbTUIUIEKCUPOBAHMUSI M YCUJIEHUS B MHOTOBOJHOBBIX BOJIOKOHHO-
ONTUYECKUX CHUCTEMax CBA3U. Bo BTOpOM, TpeTheM, YETBEPTOM U ISITOM pasjeliax
paccMaTpuBalOTCsl OCHOBBI mocTpoenust U pacuera EDFA ontuyeckux ycunurene,
ONTUYECKUX MYJBTUIIEKCOPOB Ha MHTepPepeHnoHHbX 1 Padbpu-Ilepo punbrpax,
rojiorpadguyeckux audpakimonueix 1 AWG cTpykrypax. B xaxmom paszaene npen-
CTaBJICHBI 3a/IaHUSl U OMHKCAHBl METOJUYECKHE PEKOMEHJAIMU MO BBIMOJIHEHHIO Jia-
OOpaTopHBIX pabOT, OCHOBAaHHBIX HA KOMITBIOTEPHOM MOJICTMPOBAHHH, a TAKKE OIH-
CaHO COOTBETCTBYIOIIEE MporpaMMHoe oOecrieuenue. B nmpunoxenusx A,b,B mpu-
BeZieHbl pekoMmeHnganmu cranaaptoB ITU u PJ[ 45-286,a Takxke XapakTepUCTUKU
BbImyckaeMoro WDM oGopynoBanusi 0T€UeCTBEHHBIX U 3apyOexHbIX Gupm. B xoH-
e KaXJ0ro pas3zesia U MPUIOKEHUSIX MPUBEIEH CIUCOK HCIOIb30BAaHHON JINTEPATY-
PHI.

[TocoOue npeaHa3Hau€HO IJIsl CTYJIEHTOB TEXHUYECKUX BY30B CTApIINX KYpCOB,
00yyarommxcs Mo HampapjiaeHUto moaArotroBku 6akamaBpoB 210700.62 Mupoxommy-
HUKAIMOHHBIE TEXHOJOTUU U CUCTeMbI cBsi3u" (mpodmip "OnTHueckre CHCTEMbI U
cetu cBsizu") W HanpasieHuio 210400.62 RaguorexHuka.



1. CTPYKTYPA U OBOPYJJOBAHUE MHOI'OBOJTHOBBIX OITHYECKHUX
CUCTEM CBA3U

1.1. Moaeas BOCII co cnieKTpaJbHbIM YILIOTHEHHEM

Bo10KOHHO-ONTHYECKOW CHCTEMOU Tepeladl Ha3hbIBAETCS COBOKYITHOCTH OII-
TUYECKUX YCTPOWCTB M ONTHUYECKUX JMHUNA TIEpenadd Jis CO3AaHus, o0pabOTKU |
nepesayn ONTUYSCKUX CUTHAJIOB. [Ipy 3TOM ONTHYECKUM CHUTHAJIOM CIYXHUT MOJIY-
JIMPOBAHHOE ONTUYECKOE M3TyUCHHUE Jla3epa WK cBeToaroa. [1]

OnuH W3 HamOoJee MEePCIEKTUBHBIX METOJOB YBENHUEHHUS KOIPPUIIMEHTA
UCTIONIb30BaHUs MPOITYCKHOM CIIOCOOHOCTH ONTHYECKOTO BOJIOKHA — CIIEKTPAIbHOE
ymnotaenne, wm WDM (Wavelength Division Multiplexing)CyTs atoro merona
COCTOUT B TOM, 4TO M HH(POPMAIIMOHHBIX MHU(POBBIX MOTOKOB, EPEHOCHUMBIX KaX-
JBIA Ha CBOEHM ONTHYECKOW HECYIIeH Ha JJIMHE BOJHBI Ay M pa3HECEHHBIX B TPO-
CTPAHCTBE, C MOMOIMIBIO CTCIHATBHBIX YCTPOUCTB — ONTHYECKUX MYJIbTUILIIEKCOPOB
(MUX) — 00beIMHSIIOTCS B OJIMH ONTUYCCKHUM MOTOK A; ... Ay, TIOCIIE YETO OH BBOJMT-
Cs B ONTHYECKOE JMHEHHOE BOJIOKHO, BXOJSIIEE B COCTAB ONTHYECKOTO Kabes.[3]
Ha nmpuemHo#i cTropoHe MpOU3BOAUTCST 0OpaTHAS OTepaius 1eMyJIbTUILICKCUPOBAHUS
(DMUX).

Crpykryprass cxema BOCII-WDM, cootBeTcTByIOIas peKOMEHIAINH
G.692MCD-T, npuBeaeHa na puc. 1.1 [1].

Kaxk Buano u3 pucynka 1.1,ctpykrypHas cxema BOCII-WDM coaepxur ori-
tuueckuid nepeaatyrk (TX), ontuueckuii npueMHuK (RX) W riaBHBIN ONTHYSCKUIA

tpakt (OP).
OnTrueckuil mepeaTauK COACPKHUT KaHAIbHBIC TIPHEMOTiepeIaTIuKh (TpaHC-
nouzepel) TXi -=- TX,, KOTOpBIE, B YaCTHOCTH, NPeoOpa3yroT mrHy BoiHB STM-N

(mm ATM) Ao B IMHBI BOJIH CIIeKTpa KaHaJoB A;,. Ha Beixoge TX; oOpa3syercs ka-
HAJBHBIA CUTHAJ, CIIEKTP KOTOPOTO COOTBETCTBYET ckopoctu nepenaun STM-N. Ka-
HaJIbHBIE CUTHAJIBI, &, CJIEIOBATEIbHO, U UX CHEKTPbl O0BEIUHSIOTCS C MOMOIIBIO OI-
THYeCKoro MyibTuruiekcopa (OM), Ha BBIXO/Ie KOTOPOTO 00pa3yeTcs TPYIIOBON CHT-
HaJl, CEKTP KOTOPOT'O COAEPKUT CYMMAapHBIN CIEKTP KaHAIbHBIX CUTHAJIOB!
Af=Af_ +(n-1)Af
rae Af, - CHEKTp IpyIIOBOIO CUIHAla,

Hup !

Of - CIICKTP KaHAJIbHOI'O CUTHaJIa,

KC

Af - HOMHHAJIbHOE YaCTOTHOE pa3Hecenue kanajaos (HUP),

HYp

['pymnroBoii CUTHA YCHIIMBAETCS OKOHEUHBIM ONITUYECKUM ycuuteiaem BOA
(6ycrep), ¢ momoripio kotoporo B uaTepdeiice MPI-S ycranaBnuBaeTcss HeoOX0au-
Masi o0IIast CpeAHsSIsI MOIITHOCTh JIMHEHHOTO curHana P, .



|
S I Rt1 S Rm1
o HCOH ™ M) |
] ) |
p— S I Rt1 S5 Rm2 <—OSC|
o T e HE) ow
| A BOA —(I:I—
S I Rtn Sh Rmn MPI-S
T ™ S
Ao An
I

STM-16
SD1 R1 )\1 St1 I R )\0
ST™M
—C ) e HEH| S
I
So2 Rz St, I R Ao
OSC—P»- 2
por [—(C P re HCHC I S
oD |
SDn Rn )\n Stn I R )\0
——H | e D A
| MPI-R |
I I
| Rx |
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Puc. 1.1 -CtpykTypHas cxemMa BOJIOKOHHO-OIITHYECKOW CUCTEMBI CBS3H CO
CTIIEKTPAIBHBIM YIJIOTHEHHEM KaHAJIOB [4]

31ech.

TX;m RX (i=1, 2,... ) - nepenaromiyie 1 MpUEeMHbIC TPAHCIIOHEPHI (TIpHe-
MoIiepeIaTaukn) Kaxaoro kanana N-kanansaoit BOCIT-WDM,

OM - onTUYeCKUid MyJIbTUILICKCOD,

OA - onTuyYecKuil yCUIJINTEb,

OD - onTruyeckuii 1eMyIbTUILIEKCOP,

Rt - KoHTposIbHBIE TOUKK (MHTEp(dEchl) Ha BXOE NEPeAaroIIuX TPAHCIIOH-
JIEPOB,

Srj - KOHTPOJIbHBIE TOYKH Ha BBIXO/IaX MPUEMHBIX TPAHCTIOHIEPOB,



S - xoHTponpHBIE TOUkM Ha OB, Ha BBIXOAAX ONTHUYECKUX COCAUHUTEIECH
(OC) nepenaronmx TPAHCIOHACPOB, COOTBETCTBEHHO IS KAHAJIOB |,

Rmi - koHTponbHble Toukun Ha OB HemocpeACTBEHHO Tmiepen OJOoKOM
OM./BOA, Ha Bxoae OC, COOTBETCTBEHHO I KAHAJIOB |,

MPI-S - kontpoabHas Touka (uHTepdeiic) Ha OB cpa3y mocie Onoka
OM/BOA na Beixoae OC,

S' - KOHTpOJIbHAsL TOYKA Cpasy IMOCJE JUHEWHOTO ONTHUYECKOTO YCHUIIUTEIsS
LOA Ha Beixone OC,

R' - koHTpoapHas Touka Ha OB nepen TMHEHHBIM ONTUYECKUM YCHITUTENEM,
Ha Bxojae OC,

MPI-R - xonTponbHas Touka (nHTepdeiic) Ha OB mepen onTHYecKuM ycu-
mutenieM POA Ha Bxoze onrtrdeckoro aemonyisitopa (OD), Ha Bxone OC,

SDi - koHTpOTBHBIE TOukH Ha Bbxoe 061oka OA/OD, Ha Beixoae OC,

OSC - ToukM NMOAKITIOYEHHS ONITUYECKOTO CIIYKEOHOT0 KaHana,

OADM - MynbTUIIIIEKCOP BBO/Ia-BBIBOJIA ONITHUYECKUX KAHAJIOB,

S, R- uHTEpdeiichl Ha BBIXO/IE MEPEAATINKOB U BXOJIE IPUEMHHUKOB arapa-
typel STM-N (06b19H0 N=16, 11160 64), nau ATM.

['maBublii ontryeckuit TpakT (OP) comep kT NMHEHHbIE ONTUYCCKUE YCHIIU-
tenm (LOA), KOMIIEHCHPYIOIIME 3aTyXaHHWE, BHOCUMOE YYacTKaMHU ONTHYECKHX BO-
JIOKOH JTHOM |- |y BMecTo r000ro U3 ycuimTeneir MoKeT ObITh BKITFOUEH MYJIBTH-
ruiekcop BBoja/BeiBojia kananoB OADM c takumu xe untepdeiicamu R'u S',xak u
y ONITUYECKOTO YCUITUTEIIS.

[Mpuemunk (RX) comepXUT TNpeABAPUTENBHBIA ONTHYECKUN yCUIUTENb
(POA), ycunmuBaronuii JIMHEHHBIA cuTHAI, AemyibTainiekcop (DM), pasnensromuii
TPYIIIOBOM CUTHAJ HAa KaHAJIbHBIC CUTHANBI, MPUEMHBIE TpaHCTIOHAEPHl RX, mpeos-
pa3yroliye JUIMHBI BOJH Aj, B JUIMHY BOJHBI Ag, COOTBETCTBYIONTYI0 STM-N i ATM.

OnTuueckuii ciayxeOnbiii kanan (OSC)opranusyercst Ha JUIMHE BOJIHBI, Jie-
aned BHe nuama3ona crnekrpa WDM. OSCBBoauTcs ¥ BBIBOJUTCS KaK B ONTHYE-
CKUX MepeIaTIiKe U MPUEMHUKE, TaK U B TMHEHHBIX YCUIUTEISAX H B MYJIbTHILIEKCO-
pax BBoaa/BeiBoga (OADM) ontuyeckoro Tpakra.

Yacrorubiii miaan [ TU-T

Ontuueckue mapameTpbl cucteM WDM  pernmaMeHTHPYIOTCS pPEKOMEH[1a-
M G.692,B KOTOPBIX OMPECIICHBI JJIMHBI BOJH M ONITHYECKHAE YaCTOTHI IS KaX-
noro kaHaima. CorimacHO JTUM PEKOMEHJANMSIM, MHOTOBOJHOBBIC CHCTEMBI
nepenayn pabotaroT B 3-M OKHe mpo3paduHoctd OB, T.e. B amama3oHe IJWH BOJH
1530...1565aM. [/Ins 9TOTO YCTAaHOBJICH CTaHAAPT JJIMH BOJIH, MIPEICTABIISIONIANA CO-
OOl CeTKy ONTUYECKUX YaCTOT, B KOTOPOU pacHucaHbl perjJaMEeHTUPOBAHHbBIE 3HAYE-
Hust ontudeckux yactor 196,1 TI'm mo 192,1 TI'm c¢ wmarepBamamu 100 I'Tn
u qyHbl BosH oT 1528,7710 1560,618Mm ¢ uatepBaiom 0,8 M. OgHako B mocieaHee
BpEMs YCTAaHOBHUJIACH YETKas TEHICHITUS YMEHBIIICHUS YaCTOTHOTO MHTEPBaa MEKIY
CIIeKTpaJIbHBIMU ~ KaHamamMu o0 S0  gaxe 25 [ITu, 49ro mnpuBoauT
K 0o0JIee IJIOTHOMY PacCITOJIOKEHHUIO CIIEKTPaIbHBIX KaHAJIOB B OTBEICHHOM JHAara3oHe



JUTHH BOJIH (1530...1565 um). Takoe YIUIOTHEHUE TIOJTYYHIIO
Ha3BaHWE IUIOTHOTO BOJHOBOro ymuioTHenus, wiu DWDM (Dense Wavelength
Division Multiplexing). I'pyboe cnekrpanbaoe yiiotHenue (Coarse Wavelength
Division Multiplexing, CWDM) xapaktepu3yeTcss TeM, 4TO PACCTOSHHUE MEXKIY CO-
cennumu kaHamamu paBHO 20 HM (B HEKOTOPBIX citydasx 25 HM). CpaBHUTEIbHAS Xa-
PaKTepUCTUKA TEXHOJIOTUH CrieKTpaiibHOTO yiutoTHeHus (CY) mpeacraBieHa HIKE.

CWDM DWDM HWDM , CVY BuI-

['py6oe CY ITnotHoe CY COKOM IUIOTHOCTH
Pasznoc mmH BomH | 20HM mwim 25HM < 1,6am < 0,48M
(gacToT) KaHAJIOB (200, 100, 50T) (25, 12,5'T'n)
Ucnons3yembie O,E,S,Cu L SCul CulL
JIHAITa30HBI
Tunnynoe  4mcio 18 makcumym JIecsATKM KaHAJIOB COTHU KaHaJIOB
KaHaJIOB (HEeCKOJIbKO COTEH)
CronMOCTh KaHajia Hwuzkas Bricokas Bricokas

B cootBerctBHM ¢ pexomenmanuei ITU-T G.692.2 puc.1.2)31ech HCnonbp30Ba-
Hbl O0O3HAYEHUS CIEKTPAIBbHBIX nauana3oHoB : O — HavampHBIA , MEPBUYHBINA
(Original, 1250-136Qim); E —pacmmpennsiii (Extended, 1360-1450v); S —kopoT-
xoBosHOBBIN (Short wavelength, 146—153fh); C —o0brunbIi, cTanmapTHbi (Con-
ventional, 1530-1578wm); L — ymanoBoaHOBEIH (LONg wavelength, 1570-16261.

' N

ITU WAVELENGTH RANGE DESIGMATIONS:
Proposed S+ BAND 1430-14800m

S-BAND: 1440 - 1530nm L-BAMD: 1565 - 1625mm
C-BAMD: 1530 - 1565nm U-BAND: 1625 - 167530m

Region ila 5 51!: L
1:360-1480nm :

OH
DEFLETED SMF

ATTEMLIATICN
{dB/km)

G WAVELENGTH (rim} 3

Pucynok 1.2 —YactoTHbil 11aH cTanaaptuzoBanubii [TU-T.

Yacrorusie mwianbl ITU-T WDM ( pex. MCD-T G.692, DWDM fpex. MCD-T
G.694.1)u CWDM (pex. MCO-T G.694.2) npuBenenst B Tadn.1,2u 3 Tlpunoxe-

HUA A.

DOyHKIHOHAJIbHbIE TapaMeTpbl KoMnoHeHToB \WWDM



Onruyeckuit nopr. IlopTom sBIsSETCS BXOX ONTHYECKOIO BOJIOKHA WIHA OII-
THYECKOTO pa3beMa (IPUCOCAMHEHHOTO K ONTHYECKOMY 3JIEMEHTY), UCIOJIb3YEeMBbIil
JUISI BBOA ONITUYECKON MOIIHOCTH.

Koapduumnent nepenaun. Kospduurenrom nepenaun Mexay AByMs HOp-

TaMU ABJIACTCA 4aCTb HCpCHaHHOﬁ MCXKIY 3TUMHU IMIOPpTAaMHU MOIIHOCTH.

Martpuuna mnepegavu.

qu T UMeeT BUL.

OnTuyeckue CBOMCTBA BOJOKOHHO-ONTHYECKUX
YCTPOMCTB BETBJIEHUSI MOTYT ObITh OIPEAESICHbI B TEPMUHAX MATPHULIbI KO3 PuIueH-
TOB N X N, T7€ N -4KCJIO0 TOPTOB, a KOADPHUITUEHTHI IPEACTABISIOT YaCTh MOIIHOCTH,
nepeaaBaeMoil MEeXy Ha3HAYCHHBIMU MOpTaMu. B o01mieM ciaydae maTpwuiia nepesa-

T, T, . le
Ty T o sz
T T, T,
_TNl LIPRE TNj

TZ N

TNN_

TlN

T.

iN

(1.1)

B ciyuae ontrueckoro ycunurens (mpumep EDFA) marpuina nepenadu Bbl-
pokaaeTcs B oauH K03 duiieHT nepeaaun: T = [Tll )
Pa6oty muoromoptoBoro NXN pacnpenenuTenss MOXHO MpPEICTaBUTh HC-
MOJIb3Ysl MaTpUIly KO3(PHUIIMEHTOB TIepeadH. .
CrpykrypHas cxema MHoronoptoBoro NxN pacnpenenurens no0paxeHa Ha
puc. 1.3, rme i=1..N u j=1..N — HOMepa COOTBETCTBYIOIINX BXOIHBIX U BBIXOIAHBIX

nopToB; [Tj] — MaTpuna nepenaum.

Bxoa. mopte

l= l.u.
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BeIX. mopTel

Pucynok 1.3 —CtpykrypHas cxema mHoronoptoBoro NXN pacnpenenuresns

I[CMYJIBTI/IHJICKCOP, B OTJIMYHC OT PACHpCACIUTCIIA UMCIOT OAWH BXO U N BbIXO-
10B (pucyHok 1.4), Mexay KOTOPBIMH PacIpeaesseTcs MOIHOCTh BXOJHOTO CHTHA-
na. CnefoBarenbHo, MaTpuna nepeaaun (1.1) tpancopmMupyercst B BEKTOP:

T=(, ... T

B nmanHoOl 3amucu omyIlieH NEpBbIM MHACKC, a BBIXOJABI JAEMYJIbTHILIEKCOpA

0003HAYEHBI Yepe3 HHJEKC I.
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Pucynok 1.4 —CTtpyKTypHas cxema IeMyIbTHIUIEKCOpa

1.2. IlpuHUMIBI HOCTPOEHHUS M MapaMeTPbl ONTHYECKHUX YCHIUTeeil

1.2.1.06mue cBeaenus 00 EDFA

HcTopusi BOTOKOHHO-ONTHYECKUX YCHUIIUTENICH, JIETUPOBAHHBIX PEIKO3EMENh-
HBIMH 3JIeMeHTamMu, BocxoauT K 1960romam, korja BrepBbie ObLT TPOIEMOHCTPHPO-
BaH OINTHUYECKUI yCHJIUTENh Ha CTEKJISTHHOM BOJIOKHE C MOKPHITUEM W3 HUOJIHMMA C
paboueit qiuHoM BosHBI 1.0GvukM. [To mpoirecTBuu psifa JgeT ObLIO BBITIOJIHEHO 00h-
enuHeHne (HU3MYECKUX TPUHIIUIIOB, TIOJOKEHHBIX B OCHOBY paOOTHI OJTHOMOJIOBOTO
CTEKJISTHHOTO BOJIOKHA W TOJIYITPOBOAHUKOBOTO JIa3epa, CO3aBIINX YCIOBUS IS T10-
SIBJICHUSI BOJIOKOHHO-ONITHYECKOro ycriutens Ha 1.55vkm B 1987Tony .

Tak kak oONTHYECKHWE TMOTEPH B KPEMHHEBOM CTCKISIHHOM BOJIOKHE TIPHU
A=1.55km nmeroT HanMmenbinee 3HadeHue (-0.2 nb/km), naHHas JIMHA BOJHBI CTajla
HanboJee YaCTo UCTIOIB30BATHCS IS JATbHUX TEJICKOMMYHHUKAIIHA.

DpoueBbie BojokoHHO-onTHUeckue ycunurean (EDFA) o cpaBuenuio ¢ mo-
JYTIPOBOJHUKOBBIMA W PaMaHOBCKMMHU BOJIOKOHHBIMU YCHUJIUTEISIMUA ONTHYECKUX
CUTHAJIOB 00JIaZIat0T CIEAYIONUMU PEUMYIIECTBAMHU:

1. wmanbie (MeHbie 11B) BHOCHMBIEC IMOTEPU MPH BHICOKOM KO3 QHUIHEHTE
YCHJICHUS, KOTOPHI HE YYBCTBUTEJCH K TOJSPU3AINH YCHUIUBAEMOTO
CBETa,

MaJible MePEKPECTHBIC TOMEXH MIPHU YCUIICHUU HECKOIBKUX CUTHAJIOB,;
BHOCHMBIE IITyMBbI Ha YpOBHE KBaHTOBOTO Tipenena (~ 3...41b);
CHEKTpaJibHAsi 3aBUCUMOCTb YCHJIEHUS XOPOIIO BOCIPOU3BOJIUTCS OT
oOpa3sia kK o0pasity 1 ci1ado 3aBUCUT OT TEMIIEPATYPHI.

B ownN

K Henocratkam EDFA cnenyer otHecTu:
1. BO3MOXXHOCTH YCHJICHHS TOJBKO B Oyin3n A,;=1.53MKwm;
2. HE00XOIMMOCTbh MOIIHOTO MCTOYHMKA ONTHYECKONM HAaKauKH U CEIEKTHUB-
HOT'O OTBETBUTEIIS;
3. HEBO3MOXXHOCTh MHTETPAJIBHOTO HCIOJHEHUS U HEOOXOIUMOCTh MpHUME-
HEHUS BOJIOKOH OOJIBIION JJINHBI.

1.2.2. Knaccuduxanusa EDFA no cnoco6am npumenennst

B 3aBucumoctu ot IMPUMCHCHUS PA3JIUYalOT IMPCABAPUTCIbHBIC YCHUIIMUTCIIN,
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JMHEHHBIC YCUJIMTEIN M YCUIINTEIH MOIIHOCTH, (pucyHok 1.5). [1-5]

Ilpeosapumenvuvie ycunumenu (NperyCUIUTEIN) yCTaHABIMBAIOTCS HETO-
CPEICTBEHHO Tepe] MPUEMHUKOM pereHepaTopa U CIOCOOCTBYIOT YBEJIMUYEHUIO OT-
HOIIIEHUSI CHTHAI/IIYM Ha BBIXOJE AJICKTPOHHOTO KAacKaja YCWJICHHS B OITOAJICK-
TPOHHOM MpueMHUKe. ONTUYECKUE MPETYCUIUTENN YaCTO UCIIOIB3YIOTCSI B KAUECTBE
3aMEHBI CJIOKHBIX U OOBIYHO JIOPOTUX KOTEPEHTHBIX ONTHUYECKUX MTPUEMHHUKOB.

Jluneiinvie ycunumenu yCTaHABIMBAIOTCS B MPOMEXKYTOYHBIX TOUKaX MpPOTS-
YKEHHBIX JIMHUM CBA3U MEXK/y pPEreHepaTopaMy WJIM Ha BBIXOJI€ ONTUYECKUX pa3BET-
BUTEJIEH C IIEJIbI0 KOMIIEHCAIlMU OCJIa0JeHUs] CUTHAJIA, KOTOPOE MPOUCXOJUT M3-32a
3aTyXaHHs B ONTHYECKOM BOJIOKHE WJI M3-32 PA3BETBJICHUSA B ONTUYECKUX PA3BETBU-
TeJSAX, OTBETBUTENAX, MyJbTuIuiekcopax WDM. Jlunelinble yCuiIUTeNd 3aMEHSIOT
OITORJIEKTPOHHBIE TOBTOPUTENIN U PEreHEPATOPhI B TE€X CIIy4asiX, KOr/1a HET He00Xo-
JMMOCTH B TOUHOM BOCCTAHOBJICHUM CUTHAJA.

MNpeaBapuTenbHbIA yeunuTens

™ HIHE @ (>-|:|)—(|:|— Rx

JInHeiiHbIN yeunuTenb

Tx Rx

Yennutenb MOLLHOCTH

™ —|:|)-(|:|—I> Q OHCEH =

Pucynok 1.5 -IlpuMmeHeHne pa3HbIX TUIIOB ONTUYECKUX YCHIINTENEH

Yeunumenu mowgnocmu (0ycrepbl) yCTaHABIMBAIOTCS HEMOCPEIACTBEHHO I10-
Clle Ja3epHBIX MEPEeIaTYNKOB M IMpeaHa3HAYeHbl IS JAOMOJHUTEIBHOIO YCHICHHS
CHTHAJIa 10 YPOBHS, KOTOPBIH HE MOXET OBITh JOCTUTHYT Ha OCHOBE JIA3€PHOI'O JHO-
na. BycTepsl MOTYT TakKe yCTaHABIMBATHCS IEPE] ONTUYECKUM Pa3BETBHUTEIIEM,
HAampUMep MpHU Tepenavye HUCXOASmEero Ttpadhuka B THOPHIHBIX BOJOKOHHO-
KOAKCHAIIbHBIX apXUTEKTYPax KaOeabHOr0 TeJICBUICHUS.

B tabmuue 1.1 yka3ana crenens 3Haunmoctu napametpoB EDFA B 3aBucumo-
CTH OT THIIa YCUJIUTEJIA.

Tabnuna 1.1 CpaBHUTENBHBIN aHAIM3 TapaMeTpoB Tpex TunoB EFDA

JInHenHbIN Ycunureiab
[TapameTp IIpenycunurens

YCUJTUTEIh MOIIHOCTH
Kosdduuuenr ycu- o o .

Gpun Y Bricoknii * Cpennuit Husknii

neaus G
Kordduiment nryma o o .
NE (bun y Husknit Cpennuii * Huskuit

11



MoI1HOCTE HaChIIIE-

IH m Huzkas Cpennsis Bricokas *
HUs Pout sy
HenuneiitHocTh ** Huzkasa Huzkas Huzkasa
30HA YCUJICHUS Y3kas [Inupokas [Inpokas

*- yka3aH Hanbosiee 3HaYUMBIH MapameTp;

** - HEJTMHEMHOCTh OXBAThIBAET COBOKYITHOCTh XapaKTEPUCTHUK: 3aBH-
cumoctb G ot Py, , ospHU3alIMOHHYIO UyBCTBUTEIBHOCTD, ITEpE-
KPECTHbIE MOMEXH MEXAY KaHaJaMU

1.2.3.Ilpunuun geiicreust EDFA

Ha pucyske 1.6 npuBeneHa SHepreTHueckas auarpamMma juis HoHoB Er' B
KPUCTAJUIMYECKOM MaTpule KPEMHHUEBOIO CTEKIAa. B cHekTpe MOrjomeHus Takux
KOMIIO3UTOB HAOJIOIAI0TCI NMUKKA HA JUiMHaxXx BOJH A=1.48, 0.98, 0.8, 0.667, 0.532,
9.51444m, ZOOTBETCTByiomHe MepexoJilaM ¢ OCHOBHOTO YPOBHS 4 15/2 HA YPOBHU 4I13,2,

112, “lo2, "Fosp, "Szo 1 "Hp1/2 COOTBETCTBEHHO.

MeTacTaGuIBHEIH YPOBEHD |13/ ABIAETCS BEPXHUM JUIS CTHMY/IHPOBAHHS H3-
JTy4aTeIbHBIX TIEPEX0J0B HA HIKHHH OCHOBHOH ypoBeHb ‘lis,. OH 3acernsercss Kak
o]l BO3ACMCTBHEM HAKauykd, TaK M B pe3yJbTaTe CTYNEHUYaTOW Oe3bI3TydaTreabHON
pellakcaliy BCeX PacloJOKEHHBIX Bbllle ypoBHEH. Ero omycTomeHue mpoucxoaur
10/ BINSHAEM CTHMYIHPYIOIAX H3TydaTeabHbIX MepexonoB lizp — lis, Ha mmuHe
BOJIHBI A, = 1.53um, (pucynok 1.6).

MopenupoBanue nosenenus u xapakrepuctuk EDFA ocymectsisiercs ¢ no-
MOIIBIO0 CKOPOCTHBIX YpaBHEHUH JIst HaceleHHocTer Ny »(r, §, z, t)pabounx ypoBHei
*l132 1 *l1572 (IByXypOBHEBAsI MOJIE/Ib. METACTAGMIIBHBIH U OCHOBHOM YPOBHH, CM. PH-
cyHOK 1.2)u ypaBHEHHH pacnpOoCTpaHEHHs sl ONTHYECKONH MOITHOCTH. Maremaru-
yeckasi Mojiesib 0AHOBOJIHOBOT0 EDFA 1151 ctanmoHapHOro pekuma, OCHOBaHHasl Ha
IaHHBIX YpaBHEHHSIX, pejacTaBieHa B [2]. Moaudumuposas Moxenb u3 [2] mist ciy-
4asi pacIpOCTPAHEHUSI HECKOJIBKUX CUTHAJIOB, MOKHO MOJYYUTh MOJEIb MHOI'OBOJI-
HoBoro EDFA.

XOTsl Hakauka MOXKET MPOMCXOAUTHh Ha JJMHAX BOJH JHOOOr0 U3 MUKOB IO-
riomeHust (pucyHok 1.2), HanOojee pacnpoCTpaHEHHBIMH JHAra30HAMH HaKaYKH
spisitorest A, = 1.48, 0.98um, Ha KOTOpPBIX pabOTalOT MOIIHBIC  MHHUATIOPHBIE T10-
JTYIPOBOJHUKOBBIE Ja3€PBHI.

Jnana3on Hakauku A, = 0.98 mkm. DpOueBble BOJOKOHHO-ONTHYECKUE
YCUJIUTENN, HaKauMBaeMble B 3TOM Juarna3oHe, obnanaroT HanOonbiel 3ddexTus-
HOCTBIO HAKAYKH, a TAK)KE MUHUMAIILHBIM Kodpdunrentom myma (~ 3 1b), 6muzkum
K KBaHTOBOMY Ipeseny. BbIXxogHass MOIIHOCTh YCHUJICHHOTO CUTHAJIa MOXET COCTaB-
1s1h 601ee SOMBT npu 80% nud depenumansHoit 3pPexTuBHOCTU MTPEOOPa30BaAHUS
(OoTOHOB Hakayky B (POTOHBI CUTHAjIa. JTH CBOICTBA CBA3aHbI C OOJIBIIUM CEYEHHEM
HOTJIOUIEHHS] U TIOJIHBIM OTCYTCTBUEM CTUMYJIMPOBAHHOTO U3IY4YEHMs M MOIJIOMIEHHUS
BO30Y3K/I€HHBIM COCTOSHHEM “l13/> Ha JTHHE BOHBI HAKAUKH.

12
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Pucynok 1.6-/lnarpaMma sHepreTHIeCKnx ypoBHeit amst noxos Er®*,

Hakauka B nuamazone 0.98Mkm nmeer Oojbliiee MpakKTHUYECKOE 3HAUYCHHE T10
CpPaBHEHMIO C Hakauykoil B nuamna3zoHe 1,48Mkw, T.K. OoJiblliee OTIMYME JIJIMH BOJH
curHana (A.~1,55MxmM) u Hakadku (A,) yMeHbIIaeT TpeOOBAHHS K CEICKTUBHBIM OT-
BeTBUTEIISIM B coctaBe EDFA.

Juana3on Hakauku A, = 1.48 mxm. Pezonanchas Hakauka EDFA neno-
CPEICTBEHHO B METAaCTAOMIIBHBIA YPOBEHB | 1312 TAKOKE MPUBOJUT K TOSIBIICHUIO WH-
BEPCUM HACEJIEHHOCTU Ha MEPEXoJie N1z —» Y115, u maer BeICOKHIA koahpureHT
YCWICHHS. DTO SBIISICTCS CIEACTBUEM YaCTOTHOTO CABUTA U OOJIBIIETO Pa3IHUHs
CIIEKTPOB TOTJIOMICHHUS W M3JIYYCHHUS 3TOTO IMepexoja, o0yCIOBIECHHBIX HEOTHOPO-
HOCTBIO 3aCeJICHUSI TOHKOW CTPYKTYpPhl METAacTaOWJIBLHOTO YPOBHS IOJ| JIEWCTBHEM
apdekra [ltapka. 10T 3p ekt obecneunBaeT nonocy ycuieHus a0 30 HM BOIU3U
A=1.53mKMm.

[TonynpoBogHukoBbIi nuoa Ha 1.48MKM gaeT Jydiiuii KBaHTOBBIM K03 du-
IIUEHT MpeoOpa3oBaHmsi, U padoTaeT B OOJBIIOM JAHMANa30HE CIEKTPAILHOTO IOTJIO-
IICHUS, YTO 00ECTICUNBACT MPEBOCXOAHYIO CTAOMILHOCTD JUIMHBI BOJHBI. Jla3epHbIi
auon ¢ 1.48MkM Takke BHOCUT CaMblil HU3KUM KOA(DPHUIIMEHT IITyMa, TOTOMY YTO OH
JOCTHTaeT ITOJIHOW WHBEPCHHM HACEIICHHOCTH METacTaOMIBHOTO JHEPreTHYECCKOTO
YPOBHS.

CpaBHurenbHbli  aHanmu3 Hakauku EDFA na A,=1.48vmMkmM u Ha
A, = 0.98mkm npuBezeH B Tabnuie 1.2
Tabnuna 1.2 -CpaBHeHue OBYX JJIMH BOJIH Hakayku aiis yeunuteneir EDFA

JlmmHA BOJTHBI 1480uM 980uMm

HcTounuk cBeTa InGaAsP/InP JIJ] ®-I1 InGaAs -JI/1 © CYHep
peneTKOn

D) PeKTUBHOCTD YCUIICHUS 5 nb/MBT 10 nb/MBT
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Koaddunment mryma ~5,51b 3-4,51b
BrIxogHas MOIITHOCTH +20 1Bm +52BM
HACBIIICHUS

Jnamna3oH JJIMH BOJIH mmpokuit, 20um (1470- " i
S 149011m) y3kuii, 2 uM (979-981um)
Brixonsas momoCTs 50-200mBT 10-20MmBT
HaKayKu

Hakauka EDFA B HE3aBUCUMOCTH OT Juaria3oHa, OCYIIECTBIISIETCS MO YEThI-
pPEM OCHOBHBIM CXeMaM, MPEICTaBICHHBIM Ha puc. 2.2 (a-2). Dnementamu EDFA Ge-
TyIied BOJHBI SBJISIOTCS: BOJOKHO, JISTHPOBAHHOE 3pOMEM, CEJCKTHUBHBIN K JJIMHE
BOJTHBI ONITHYECKUN PA3BETBUTENIb U UCTOYHUK HAKAYKH — MOJYIPOBOTHUKOBBIN Jia-
3ep. JIOMOJHUTENHEHO WCMOIB3YEMbIE ONTUYECKUE H30JSATOPHl  O0ECIEeYNBAIOT
YMEHBITICHUE BIUSHUAS OTPAKCHUIN OT TOPIIOB BOJIOKHA HA PEKUM PaOOTHI HCTOYHUKA
CUTHAJIA JIJISI YBEJIMYEHUSI OTHOIICHUS CUTHAI-IITYM Ha BBIXOJ€ ycunutens. M3omsro-
pBI CTaBAT Ha 0OOOMX KOHIIAX YCHJIMTENsI, YTOOBI MUHUMHU3UPOBATh Kosiebanus u ASE
WIHA APYTHE UIyMBI, TIPOUCXOASINNE OT OTPAKEHUH MM HETIOCPEICTBEHHO OT CUCTE-
MBI CBsi3H. Bece kommoHeHTsl EDFA o/KHBI BHOCHTD KaK MOYKHO MEHBIIIHE TIOTEPH,
OTpakeHHE, U TIEPEXOTHBIC TIOMEXH.

1.2.4. Texunueckue napaMmeTpbl U xapakrepuctuku EDFA

Hwxe omnpenenstorcss KiOYeBbIE IMapaMeTpsl, Xapakrepusywomune EDFA:
MOIIIHOCTh HACBHIIIEHUA, KOAP(ULINEHT YCUTICHHS, MOLTHOCTh YCHJIEHHOTO CIIOHTaH-
HOT'O U3JIy4EHHUS U IIyM-(PaKTop.

MomHnocTh Hachlmenus Ps, (Saturation output poweér- onpeaensier Makcu-
MaJbHYIO BBIXOJIHYIO MOIIHOCTh YCHJIHTENA. bosbliiee 3HaYeHME MOIIHOCTU MO3BO-
JSIET yBEJIMYUBATh PACCTOSIHUE O€3pETPaHCISIIMOHHOTO y4acTKa. DTOT mapaMeTp Ba-
pbUpYETCA B 3aBUCHMOCTH OT MOJEJH ONTHYECKOro ycunurens. Y moumHeix EDFA
OH MOXET MPEBOCXOIUTh 36 1bM.

Koxppumment ycuienuss G (gain) onpeaensieTcs U3 OTHOIICHUS MOIIHOCTH
(rmoJIe3HBIX) CHTHAJIOB HAa BXOJC M BBIXOJE ycuiauTens. Benmuunna koddduimenrta
YCWJICHHMS 3aBUCUT OT BXOJIHOM MOIIHOCTH U CTPEMUTHCS K CBOEMY MaKCUMAJIbHOMY
npezeny Mo Mepe YMEHbIIIEHHUSI MOIIIHOCTH BXOJIHOTO CUTHAJIA

MomHOCTh YCWJIEHHOTO CcHoHTaHHoro wusiaydenuss ASE (amplified
spontaneous emissiprB otcyrcTBun BXxoaHoro curnaia EDFA sBisercs ucrounu-
KOM CIIOHTaHHOTO u3MydeHuss (HoToHOB. CHEKTp HM3ITydeHUs] 3aBUCUT OT (POPMBI
DHEPreTUYECKON 30HBI aTOMOB PpOUS U OT CTATHCTHYECKOTO PaCIpe/IesIeHUs 3ace-
JIEHHOCTe! ypoBHel 30HbI. CIIOHTaHHO 00pa3oBaHHbIE (DOTOHBI, PACTIPOCTPAHSISCH 10
BOJIOKHY B akTUBHOM 30He ycunutens EDFA, Tupaxupyrores, B pe3yibTare 4ero co-
3/1al0TCSl BTOpUYHBIEC (DOTOHBI HA TOW K€ JJIMHE BOJIHBI, C TOM ke (a3oi, moiaspusa-
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LIME€W W HAIIPABJICHHEM pacCHpOCTpaHEHMs. Pe3ynbTUpyrOnui CIEKTP CIIOHTAHHBIX
(OTOHOB Ha3bIBAE€TCS YCHWJICHHBIM CIIOHTAHHBIM H3JlydeHHe. Ero MOIHOCTh HOpMHU-
pyertcs B pacuete Ha 1 'y u umeet pazmepHocts BT/I 1.

Ecnu Ha BXOA YCHIIMTEIIS MMOJAETCS CHTHAI, OT JIa3epa, TO OMpeae/ICHHAast 0
SHEPreTHYECKUX MEePEeX0/I0B, paHee paboTaBIlias Ha YCHICHHOE CIIOHTAHHOE U3JTyue-
HHUE, HAYMHAET MIPOUCXOIUTh MO ACHCTBUEM CHUTHAIA OT jia3epa, YCUINBas BXOIHOM
curHai. TakuM 00pa3oM, MPOUCXOAUT HE TOJIBKO YCHJIEHHE IMOJE3HOTO BXOJIHOTO
curHaia, Ho u ocnabnenne ASE, pucynok 1.7).

= 10

o AZE npu oTCyYTCTEMM

= 0 FATHANA HA R, R

= 3

T

= -0}

[

=]

o N

2

& -30

E x
a 40 AZE mpoM Hanu4aM _f’f
; CHMHAMA HE EXOg &

= &N | | | |

1500 15z0 1540 15€E0 1580 1607
LnHa son-el A, (Hw)

Pucynok 1.7 -Breixonnot criektp EDFA, CHATBIN cieKTpalibHBIM aHAJIM3aTO-
poMm (ASE -cnektpanbHas IIOTHOCTH MIyMa)

Ontuueckue muHuu ¢ kackagoM EDFA mposBisitoT cebs nmyure, koraa Myiib-
TUIUIEKCHBIA CUTHAN MPECTaBieH 0ojee y3KMMHU B CIIEKTPATbHOM OTHOIIEHUHU OT-
JIeNbHBIMU KaHanaMu. Vcnosib30BaHne y3KOIMOJIOCHBIX (PUIBTPOB HEMOCPEICTBEHHO
nepesl IPUEMHBIM OINTO3JEKTPOHHBIM MOJYJIEM, HAaCTPOEHHBIX Ha pabouylo JJIUHY
BOJIHBI, TaK’K€ MOMOIaeT YMEHBUIUTh YPOBEHb IIyMa OT YCHUJIEHHOI'O CIIOHTAHHOTO
U3ITy4EHHUS.

Bonbmne cobcTBeHHBIE BpeMeHHbIe nocTosHHble EDFA - moctosinHas Bpeme-
HU TIepexo/ia B METacTaOuIbHOE COCTOSIHUE ~1 MKC, BpeMsl KHU3HU METacTaOUILHOTO
cocrosiHus ~10MKc - ycTpaHsioT kpocc-monyssiiuio ASE B ycunutene u nenaer 6o-
jee cTaOMIIbHOM paboTy Kackaaa ONTHYECKUX YCUIIUTENEH.

MOITHOCTh YCHJIEHHOTO CIIOHTAHHOTO HM3JIy4eHUs CBsi3aHa K KO3 (UIIMEHTOM
ycusieHus: GopMyIoit

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

rae h - mocrosiHHas 1utaHka, V- vactota (['1), COOTBETCTByIOINAs JIMHE BOJIHBI B
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nuanasone 1.53 — 1.56vukM, Ny - K03((ULHUEHT CIIOHTAHHOU dMUCCHUH, I] - KBAHTO-
Bas dpdexTuBHOCTB. B naeansHoM ciydae Ng=/7=1 npu G>>1, oTHeceHHas KO BXO-
JTy MOIIIHOCTh YCHUJICHHOTO CITIOHTAHHOTO M3JTyYEHUs UCATHHOTO0 KBAHTOBOTO YCUJIHU-
Tesst mpocto paeHa hv, uto mpu A=1.550mkM cocrasmsier 1.28 10'° Br/I'n B pacuere
Ha cnekTpanbHyo nonocy 1 ['m. Pasmepy okna anammusaropa B 0,8 HM cooTBeTCTBYET
cnektpanbHoe okHO B 100 T, uto ompexnensier mpuBEACHHYIO K BXOY BEITUYUHY

> EeKTHBHON MOIIHOCTH yCHJIEHHOTO crioHTaHHOro m3nydenns 1.28 10° Bt wm -
48,9 1bwm .

Ilym-pakrop NF (noise figure omnpenensercs kak OTHOLICHUE CHTHAI/IIyM
Ha BXoze (SNR,) x curaan/mrym Ha Beixoze (SNRyy):

LR
Pn Pn

NF =
in out, (1.4)

BakHO OTMETHTH, YTO MOIIHOCTH IIyMa Ha BXOJE SIBISCTCS KBAaHTOBO-
OTPaHMYCHHOM MHUHHMAIBHOIN BEIMYMHOM M OIpPEee/sieTcsl HyIeBbIMH (QIIyKTyarusi-

Phin = hlviAvy
MU BdKyyMa . MOHIHOCTB IIyMa Ha BBIXOJAC COCTOHUT H3 CYMMBbI

MOTIIHOCTH YCHJICHHOTO CIIOHTAaHHOTO u3nydeHust ASE;, 1 MOTITHOCTH TITyMa HYJIEBBIX
GbaykTyanuii BakyyMa, KOTOpbIE MPOXOASAT YEpe3 YCUIUTENb 0€3 H3MEHEHUS:

Prout = ASEay +h[V[AV. Ecau yuecth, uTO PSOUt/PSi” :G, TO MIyM-(akTop

MOKHO BBIPA3UTh 4epe3 KOIPPUIMEHT YCHUICHHUS U MOIIHOCTh YCHUJICHHOTO CIIOH-
TaHHOT'O U3JIy4YCHU:

- :EEE“ ASE}
Gl hw

(1.5)
Yacro npu onucanun EDFA 3nauenue mywm - pakropa ykassiaetcs B 1b. Tu-
MAYHbIE 3HAUYCHUS IITyM - (pakTopa cocTaBisioT 5,5 1b.

3aBuUCHMOCTDH YCHJICHHSA OT IOJAPHU3AIUHA.

BbIJIO yCTaHOBJIEHO, YTO MOJsIpU3allHOHHAas 3aBucMMOCTh EDFA Bo3HuKaeT B
CIICICTBUH 3aBUCHMOCTH TOJISIPU3AIMN OT TOMEPEYHOr0 CEUYEHHsI HOHOB 3pOus B BO-
JIOKHE M3 KBapIeBOro CTekia. JJaHHOe SIBJICHHE MPUBOIUT K CHaay YCHJICHUS B 3aBH-
CUMOCTH OT TOJISIpHU3aIliH, U3BECTHOMY Kak polarization hole-burning(PHB), niu
HOJISIPU3AIIMOHHBIA TIPOBAJ YCUJICHUS C TJIyOMHOM 3aBUCSINEH OT CTEIEHH CKATHS
BOJIOKHA!

— _ 2
PHB = 0.027C,, - 0.00C,, (1.6)

s kospdunrenta cxxatus Cp<8nb.
HmeeT MecTo 3aBUCMMOCTh YCUJICHHS OT TOJISIPU3AIMK CBETA Ja3epa HaKauKH,
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HO 3TO SIBJICHUE TIPOSBIIICTCS MPU OOJBIIIOM KOJMYECTBE YCHIINTEIICH Ha JIMHAH.
CrnekTpajbHbIii NPOBAJ YCUJICHUS.

3aBUCHMOE OT MOIIHOCTH OCJIa0JICHWE CUTHAaja B OMpPEISICHHOM JHara3oHe
JUTMH BOJIH HOCHT Ha3BaHHUE CIICKTPAJILHOrO MpoBaia ycuieHus spectral hole-burning
(SHB. D10 sBiaenne mmeer mecto B EDFA, Korma CHIIBHBIM CHUTHal yMEHBIIIAET
CpeIHee KOJIMYECTBO MOHOB, CIIOCOOCTBYS TeM CaMbIM BO3HHKHOBEHHIO CTIajia YCH-
JICHHSI Ha OTIPEICIICHHOW JIJTMHE BOJTHBI.

HccnenoBanus moka3ai, 4TO CHIDKCHHUE YCHIICHHS] UIMEET TEHIEHITUIO K Tpo-
SIBJICHUIO B 00J1aCTH JJIMHBI BOJHBI 1.55MKM co ckopocThio 0.3 1b Ha kaxnbrit ab.

HepaBHOMEpPHOCTH U CHIAJl YyCUJICHHS.

HepaBnomepHnocts ycunenus EDFA npuBoAuT K HEraTUBHBIM MOCIJEICTBUSM
B CHCTEMax, YyBCTBUTEIBbHBIX K nckakeHusM (WDM, DWDM). OtkiioneHue ycuie-
HUSI ONPEICIISIETCSl KaK OTHOIIEHUE U3MEHEHUS YCUJICHUSI HAa TE€CTOBOM JJIMHE BOJIHBI
K U3MEHEHUIO YCUJICHUS Ha 3TAJIOHHOM JIJTMHE BOJIHBI.

Paciuvpenue mosiocbl 4acToT YCUIIMTEICH.

B cBsa3u ¢ pazButuem DWDM cuctem B HanpaBlIeHHH YBEIMYEHHUS YHUCIa
JUTMH BOJIH MepeAayur, BOSHUKAET HEOOXOAUMOCTb YBEIMYCHUS Arana3oHa JJIMH BOJIH
ycuieHus . B Hactosiee Bpemst nosioca ycuiienust 1isi EDFA B o6nactu 1.55 Mxm
cocTaBisieT nopsiaka 35 HM. OHAKO, UMesl BBULY, YTO OHM MUMEIOT IJIOCKYIO Xapak-
TEPUCTUKY ycusieHHs B oOnactu 1.58 m 1.55 MkM, yBeaudeHue auama3zoHa MOXKET
OBITh JOCTUTHYTO MyTE€M HCIOJIb30BAaHUS 000UX MOJIOC MOCPEACTBOM METOJI0B OCHO-
BaHHBIX HA!

1. wucnonb3oBanuu EDFA ycunureneii ¢ ontuueckumu GuiIbTpamMu, BbIpaB-

HUBAIOIINMH YCUIICHUE;

2.  7AByX mojoc yactoT ycuienus EDFA ¢ napannenbHON KOHGUTYpalue;

3.  kackanHoro coenuHeHusi EDFA ¢ 4acTUYHO MIIOCKUM YCHJIEHUEM U YCH-

nurens Pamana.

[Ipy BBINOJHEHUU CEJIEKTUBHOTO OCTA0JIEHUs] MPUXOAUTCS TMPUHUMATH BO
BHUMAaHHE TO, YTO SHEPIHs Ha JPYTrUX KaHalaxX Takxke rnepepacnpenensercs. B pe-
3yJbTaTe Yero ONTUMU3ALMS CUCTEMbl CTAHOBUTCS CIIOHOW MTEPALlMOHHON Mpolie-
nypoi. JIonmoJHUTENbHBIE CIOXKHOCTH BO3HUKAIOT, KOTJIa OMTOBBIE CKOPOCTH J100aB-
JSIEMBIX WUJIU yCTpaHsEeMbIX KaHajoB paznuuHbl. Hanpumep, cootHomenne SNR s
nepegaun STM-64 (10I'0ut/c) nomkHo ObITh Ha 6 1b Oonblie, YeM s Tepeaadn
STM-16 (2,5T6ut/c). B nocnexneM ciydae, JOMOJHHUTEIbHAS MOIIHOCTh JIOJDKHA
ObITh f0OaBeHa B KaHast STM-64.

[TpousBoauTenu 000pyAOBaHMS, TOHUMAS Ty MPOOIEMY, HAUNHAIOT BHEAPSTH
pa3ITUYHBIC CAMOONITUMHU3HPYIONINECS AJITOPUTMBI B 3JIEMEHTHI TTOJIHOCTHIO ONTHYE-
ckoil cetu. ObecneyeHre BO3MOKHOCTHA TMHAMUYECKOTO ONTHYECKOro OajaHCHpOBa-
HUS 110 PHEPTUU MEX]y KaHallaMd Ba)XHO HE TOJIbKO aJisi pabotel ¢ EDFA Ha xpewm-
HUEBOM OCHOBE, HO U CaMO MO cede, MOCKOJbKY MO3BOJISIET 3HAUUTEIHLHO TOBBICUTD
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HaJCKHOCTDb CCTHU.

1.2.5.0cHoBHBIE CTPYKTYpPHBbIe cxeMbl EDFA

OcHOBHBIE CTPYKTYpHBIE cxeMbl nocTpoeHusi EDFA npencrasiensl Ha pucys-
ke 1.8 @-2). Dnemenramu EDFA Gerymieil BOJTHBI SBISIFOTCS: BOJIOKHO, JIETUPOBAH-
HOE 3pOUeM, CENEeKTUBHBIM ONTHUYECKUNA OTBETBUTENIb U MUCTOUYHUK HAKAUYKH — IOJIY-
IPOBOJHUKOBBIN Ja3ep. JlOMOJHUTENBHO HCIOJIb3YyEMbIE ONTHYECKHE H30JSATOPBI
o0ecreynBarOT yMEHbIIEHUE BIUSHUS OTPAaXEHUI OT TOPLIOB BOJIOKHA HAa PEKUM pa-
OOTBI UCTOUYHUKA CUTHAJIA JIUIsl YBEJTMYEHHS OTHOLLIEHUS! CUTHAJI-IIYM HA BBIXOJIE YCH-
JUTENS.

OTu cxembl 00Ja4at0T IPUMEPHO OAMHAKOBBIMU XapaKTEPUCTUKAMU YCUIICHUS
c1aboro curHasa, OJHAKO AJIs TOCTHXKEHUsI 00jiee BHICOKUX HEHACBHIIIEHHBIX BBIXO/I-
HBIX MOIIHOCTEH MpPEIMOYTUTENbHEE CXEMbl C Pa3HOHANPABICHHBIMU HAaKauKOW U
curHaiioM (puc. 1.8,0) u ¢ nByms ucrouHnkamu Hakadku (puc. 1.8, B). DpOuessie
BOJIOKOHHBIC YCWIIMTENH oTpaxkartenpHoro Ttuma (puc. 1.8,T) obecmeunBaror Oomee
BBICOKMH nuddepeHnnanbabiii KodpGUIMEeHT ycuinenus (YCuieHue B renuoenax Ha
KaXIblii MUJUTMBATT MOIIHOCTU HAKa4KH), YTO MPUBOJUT K Oosiee 3PpPexkTHBHOMY
VCITOJIb30BAaHUIO MOITHOCTH HAaKauyKd M YBEJIWYMBAET 4yBCTBUTENIbHOCTE EDFA K ee
U3MEHEHUSIM.

EDF

EDF

Pin Pin |

dunbTp + | Pout Iml | |VI Pout
—>| W3onsaTop |—>| WDM ILQL Wsonsitop T> —>|As MN3onsaTtop WDM 3onaTop N
° ] Ay * k)\
Ao o
Jlasep Jlaszep
Hakauku Hakauku

a) mpsiMasi HaKavka 0) oOpaTHas HaKauka
Pin EDF

EDF
Pin P
—>|M30nmop|_>l WDM I@' WDM |—>|V|30nﬂT0p|—0m> As WDM W3sonsitop
~ As g JP— E
T A3 T A3 Pout ‘ b

Nasep Nasep A Ao
HaKayku Hakauku < INazep
HakKa4vku

B) JIByHAIIpaBJICHHAs HaKayKa I') OTpaKATEIHLHOTO THIIA
Pucynok 1.8.0OcHoBHbIe cxembl mocTpoenus EDFA.

1.48MKkM nuon - HAACKHBIA MCTOYHUK, JTAET JIYYIIUA KBAHTOBBIN K03 duiiu-
eHT mpeoOpa3oBaHus, U paboTaeT B OOJBIIOM AMANA30HE CHEKTPAIBHOTO MOTJIONIE-
HUS, 9YTO 00ECIeUnBaeT MPEBOCXOHYIO0 CTAOMIBHOCTH JIMHBI BOJHBI. [lomoca mo-
TJIOIIEHUS JIeTUPOBaHHOTO BojiokHA Ha 0.98MkM He Takas mmpokas, kak Ha 1.48-
MKkM. 0.98MKM N1a3epHbIN THOJ TaKKe BHOCUT CaMbld HU3KUN KOA(DHUIMEHT 1Tyma,
MOTOMY YTO OH JIOCTUTAET MOJIHOW MHBEPCHH HACEICHHOCTH METACTaOUIILHOTO YHEP-
retudeckoro ypoBHs. M 1.48-u 0.98Mkm nazepHble AMOBI MOTYT HAaWTH MpUMEHE-
HUE B KOMMEPYECKUX YCHIIUTEISIX OMTHYECKOTO AUara3oHa.

Haunnas ¢ pa3paboTKy MEpBBIX MPOEKTOB JIETUPOBAHHBIX pOMEM BOJIOKOH,
HECKOJIBKO J1abopaTopuil paboTanu HaJ METOJIaMH YIYYIICHUS XapaKTePUCTHK OI-
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TUYECKHUX ycuiuTesen. JlerupoBaHHbIe BOJIOKHA OB MCCIIEIOBAHbI C IEJBIO OINTH-
MU3alMK criekTpa ucnyckanus. Hanpumep, k03QpGUUMEHT yCUIIEHUS YCUIIUTEIS MO-
eT OBbITh YJYUIIEH JISTHPOBAHUEM BOJIOKHA SpOMEM U T€pMaHUEM, a CIEKTP MOXKET
OBITh PaCIIMPEH C TOMOIIBIO TI00ABKH aTFOMUHHUS.

Pa3nocTh mokaszaTens MpejoMIIEHUS MEXKIY CEpALEBUHON ONTHYECKOTrO BO-
JIOKHA U 000JI0YKOM, TaK)Ke KaK pa3Mep CepALIeBUHBI BOJIOKHA, MOXKET ObITh pa3zpado-
TaHa, 4TOObI COIJIacoBaTh NMPO(UIIb paclpenereHus] UHTEHCUBHOCTH HAKAuKH JUIs
onTuMu3anuu Koddhduinmuenta ycuieHus. BooOmie, 4ToObl n30eXKaTh CIUIIKOM
OOMBINION JJIMHBI JISTUPOBAHHOTO BOJIOKHA, YBEJIMYCHHE WHTCHCHUBHOCTH HAKAYKU
COIIPOBOXKIACTCS YBEIIMYCHHOW KOHIIEHTpaIel spoust (1, ciaenoBaTeabHO, H30BITOY-
HBIMH TIOTEPSIMH). BOJIBIIOE YCHIICHHE JTOCTHTACTCS YBEIUYCHHEM HHTEHCUBHOCTH
HaKaydKH.

C npyroit CTOpOHBI, BBICOKHW KO3(duimeHT mnpeoOpa3oBaHus MOIIHOCTH
YIIyYIlIeH MCHOJIb30BAaHUEM BOJIOKHA C HU3KUMH M30BITOYHBIMHU MOTEPSMHU. Y COBEp-
IICHCTBOBAHUE B M30BITOYHOW MOTEPE IOCTUTAETCS CHUXKEHHWEM KOHUEHTpAlU 3p-
Ousi, HO COMPOBOXKAAETCS YBEIMUEHUEM JJIMHBI BoJlokHa. K coxanenuro, koadduiim-
€HT YCUJICHUS TAaK)KE€ YMEHBIIIACTCS.

HakoHel, U30JI9TOPBI CTABAT Ha 00OMX KOHI[AX YCUIIUTENS, YTOOBI MUHUMU3H-
poBath kosieOanuss U ASE wiaum apyrue mrymsl, TPOUCXOJSAIINME OT OTPAKEHUM WU
HEIMOCPEJICTBEHHO OT CUCTEMBI CcBsi3U. Bee kommnonenTsl EDFA nomxHbI BHOCUTH Kak
MO’KHO MEHBIIINE TIOTEPH, OTPAKEHHE, U TIEPEXOHBIC TOMEXH.

Koncrpykuuss EDFA npenycmaTtpuBaeT Takke HaIM4ue MOAYJSl CEIEKTUBHOIO
K juymHae BoyHBI (WDM Momyib) i 00beIMHEHHSI MOIITHOCTH CHTHAJIA U HAKAYKH.

Jlanee paccmotpum noapooHo EDFA, e yaenss saumanus WDM monyo.

1.3.IIpuHI MBI IOCTPOEHNUS U NApaMeTPbl ONTHYECKUX MYJIbTHILICK-
copoB

JIt060i1 onTHYECKUN MYJIBTUILIEKCOP MOXKET ObITh KilacCU(UIHMPOBAH KaK
no (U3UYECKON CTPYKType M MPHUHIUITY OpraHU3alUy CIEKTPaJbHOTO paszjeie-
Hus1/00beuHeHNs, Tak ¥ 1o (yHKuuH, BeimosHssemoi B BOCII ¢ CP (puc. 1.1).
PaccmoTpuM 3T Kiaccuukanuu moapoOHe:

1.3.1. Knaccudpuxanus MUX/DEMUX no ¢pynkuuu

Ontrueckuit mynbriekcop/nemynpruriekcop B BOCII ¢ CP moxer BbI-
NOJIHATD CIEAYIOIINE PYHKUUU:
o TepMHuHANBHBIN MYJIBTUILUIEKCOP
o MynbpTHILIEKCOp BBOAA/BHIBOIA
o JIByXKaHaJIbHBIN IIUPOKOIIOJOCHBIM MYJIbTHILUIEKCOP
PaccmoTpum nepBble 1Be GyHKLIUH MTOIpOOHEE:
o TepmuHanabHbIi MyJbTHIIEKCOP (OTM)
TepMmuHanbHBIA MYJIBTUIUIEKCOP pAaclojaraeTcsi Ha OKOHEYHOW CTaHILMM.
Ha nepenatomieit cropone OTM ocymecTBisieT npeoOpa3oBaHue BCEX CHUTHAJIOB,
3aTeM MYJbTUIIEKCUPYET UX B OJAUH CUTHAJ JAJis JalbHEHIIEro YCUJIEHUs U nepe-
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nayu. Ha npunumaromeit cropoue OTM aemynstumekcupyer cursan WDM u

OTITPABJIAET CUTHAJIBI K COOTBETCTBYIOIIEMY 000PYI0BaHHIO.
Paccmorpum mist mpumepa OTM OptiX BWS 320G (puc. 1.9).

TpaHcno M GE)E_':Q) WDM
_L> Heo-1 » M nepexoAHuK
AHep U 0
(XL X A |
( ) TpaHcno )‘g 32
AHep-32 OSC TX
Ontnieckni karan 120 km OB
ynpaenexus PEKOMeHAauwi
G.652
Q Tpatcno M EDFA WDM l
aHep-1 [« M NPeAyCUIINTENb nepexoaHMK O
Yy U 4_<}=
Q | TpaHcno | Az :;(2 v
AHep-32 OSC TX

OnNTUYECKNT KaHan
ynpaeneHus

Puc. 1.9 -Ctpykrypa OTM OptiX BWS 320G

OGopynoBaHue BKIOYaeT B ceOs cieayromue (QYHKIMOHAJIbHBIE OJOKH:
050K MpeoOpa3oBaHUs ONTUYECKOW JIMHBI BOJHBI, OJOK ONTHYECKOTO MYIJIBTH-
IJICKCUPOBAHUS, OJIOK ONMTUYECKOTO YCUJICHHS, OJIOK ONMTHYECKOTO JAEMYJIbTUIIICK-
cupoBaHus, OJOK 0OpaOOTKM ONTHYECKOTO KaHaia yMpaBlieHHs, OJIOK CBA3U H
yrpaBjieHUs U 070K 00pabOTKHU 3ar0JI0BKOB.

o MyabTHLiekcop BBoaa/BeiBoga (OADM)

MynbTHIUIEKCOp BBOAA/BBIBOJA yCTaHABIMBACTCS B TPAKTe Iepeladd, W
CITYKHT JJIsl OTBETBJICHUS WJIU JOOABIEHUs ONTUYECKUX KaHaloB. PaccMoTpuMm miis
npumepa OADM OptiX BWS 320G (puc. 1.10.

YcranaBnmuBaercs B y3ne OADM, ucnons3yercs ans BBoja/BeiBoga 10 8
KaHAJIOB, OCTaJbHbIC KaHAbI (TPaH3UTHBIC) MPOXOAT Yepe3 CTAHINI0 0e3 H3MEHE-
HUl. BBIMOAHSAET (QYHKIMU ONTHYECKOTO yCcWieHWs W (yHKIMH BBOJA/BBIBOJA,
MOKET OCYIIECTBIISTh YPaBHUBAHWE MOIIHOCTH JUIsl BHOBb JOOABICHHBIX KaHAJIOB
U IPYTUX KaHAJOB B JINHWH, C IIEJIbI0 00€CTICUNTh YPABHUBAHNE MOITHOCTH Pa3HbIX
KaHaJIOB B OCHOBHOM NOTOKe. COCTOUT U3 CIeNYIOMUX (PyHKIIMOHATBHBIX 3JIEMEH-
TOB: OJIOK ONTHYECKOTO YCHJICHUs, OJIOK 00pabOTKM ONTHYECKOr0 KaHaia ympaB-
JeHusI, OJIOK ONTHYECKOr0 MYJIbTUIUICKCUPOBAaHMS BBOJA/BBIBOMA, OJIOK mpeodpa-
30BaHUS ONTUYCCKOM JTMHBI BOJHBI (711 OTKPBITHIX CUCTEM), OJIOK CBSI3U U YIIPaB-
JeHus, u 0JIOK 00pabOTKH 3ar0JIOBKOB.

20



RI|IR THT
Wl W Wl W
- C||C C||C
WPA )\1 )\2 )\1 )\2 WPA
2

—» MR

\
Y

SC2

As As
[ scc OHP |

WPA WP,

— ] <—4+ MR2 4—4— .

As AN, Ay Mg
— THT RI|IR L |
Wl W Wl W
C||C C||C

MR2 - 610k MyJIBTHIICKCHPOBaHUS BBOJa/BhIBOIA 2-X kKaHaioB, WPA - WDM
onox npensapurenbHoro ycuiurens, WBA - WDM bnok ycunurens-6ycrepa,
TWC - STM-16Ilepenarommii 610k mpeodpazoBanust JymuHbI BOHB, RWC -
STM-16Ipunumaromuii 6;10k mpeodpa3oBaHus AJIUHBI BOJTHbBI

Puc. 1.10 -Ctpyxrypa OADM OptiX BWS 320G

A
A

>0wm
>00m

1.3.2. Kaaccnpukanua MUX/DEMUX no ¢pusuveckoMy NpHHIHITY

Breigensitor cnenyromue tunsl WDM ycTpoiicTB, 00ecreuynBarOmmux MyJIbTH-
TJICKCUPOBAHUE!
o DEMUX Hna ocHOBe 00beMHBIX MUKPOONITHYECKUX YCTPOICTB
a) unmeppepenyuonnvie puibmpuol
*Ha ocHOBe pe3onaropa Padpu-Ilepo (FP),
*Ha MHOTOCJIOMHBIX JUIJICKTPHUECKUX TOHKUX 1uieHkax (DTF),
*Ha OTPaXKATEJILHBIX ONTOBOJIOKOHHBIX perierkax bparra (FBG);
0) se1eHUE YeN0601 OUCnepCuU
*B TPEXI'PAHHOM MPU3ME,
*Ha TUPPAKIIUOHHON PEIIETKE.

Pezonamop @abpu — Ilepo pabotaet caenyromum oopa3oM. OH, KakK U JItO-
0ol uHTEep(hepeHIMOHHBIA (HUIBTP, HACTPAUBACTCS HA (PUIBTPALMIO OAHOW JJTUHBI
BOJIHBL. OH pa3fensieT noTok A,..A, Ha JABa NOTOKA: A, U A,..A,, BBLACIAS HECYLIYIO A,

13 MHOTOBOJIHOBOTO TIOTOKA, M JJISl AEMYJIbTUIUIEKCHPOBAaHUS N HECYIIUX HE0OX01u-
MO YCTaHOBHTH KacKagHO N GuiabTpoB. Ananozuuno pezonamopy FP pabotaer u
(GUIBTP Ha MHOTOCIOMHBIX TUIIEKTPUYECKUX MOHKUX nienkax. VI B 3ToM ciydae s
JEeMYJIbTUILUIEKCHPOBAHUS N HECYNTUX HEOOXOIMMO YCTaHOBHTH KacKajHO N (Huib-
TpoB. Hy>XHO y4UTBIBaTh, UTO 3aTyXaHHe TaKUX (UIBTPOB HA LIEHTPAJIHHON YacTOTe
MIOJIOCHI TIPOITYCKaHUS JOCTATOYHO BEJIMKO, UYTO JIEIAET 1eJIeCO00pa3HbIM UX UCIIOIb-
3oBanue B WDM c 8-16 kananamu. /lpyzoii npunyun vcnoyib30BaH B (puibTpax C
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UPKYJIATOPOM U oTpaxkateabHbiMU OB-pemerkamu bparra. Cxema Takoro aemyJib-
TUIUIEKCOpa npuBeacHa Ha pucynke 1.11. [5]

Tlupkyastop

Puc. 1.11 €Cxema nemynsturiekcopa WDM na ocHoBe pemetk bparra

31ech OTpaskeHHE BOJHBI ONMPEICICHHOW UIMHBI MPOMCXOANUT OT AudpaKiim-
OHHOH peIIeTKH Bparra coOTBETCTBYIOIIETO Meproaa, CHOPMUPOBAHHON B OAHOMO-
noBoM OB. OtpakeHHass BOJIHA TPAHCIUPYETCSA IUPKYIATOpoM. Tak Kak perierka
bparra paccunrtaHa Ha (QUKCHMPOBAHHYIO JUIMHY BOJIHBI, TO IS JCMYJIbTHII-
JIEKCUPOBAHHUS N HECYIIHUX HEOOX0auMO chOpMHUPOBATH KacKaj U3 N OTpayKaTeIbHBIX
pemieTok bparra, HAaCTPOEHHBIX HA COOTBETCTBYIOIIUE ITTMHBI BOJIH.

Texnonozus myn1bmunieKCupo8arus Ha OCHOGE s6IeHUsl Y2080l OUCnep-
cuu WCIIOJIb3YeT COBEPIICHHO Apyrue Gu3ndecKre MPUHIUIIBI. 31eCh BXOAHON KOJI-
JMMHAPOBAHHBIA MyYOK MaJaeT Ha JUCICPTHPYIOMIUN 3JEMEHT M MPOCTPAHCTBEHHO
paszenseTcss UM Ha HECKOJIBKO MYyYKOB, B 3aBUCUMOCTH OT JIJIMHBI BOJIHBI HECYIICH.
DTH MyYKH, PACXOSIIUECS O] PA3IMYHBIMU yriIaMH, (DOKYCHPYIOTCS i COOUPAIOTCS
OTAEIbHBIMA TPUEMHBIMU ONTHYECKUMH dyieMeHTamu. Ha Beixoge (B (oKaibHOI
IUTOCKOCTH) 3THX DJIEMEHTOB (DOPMHUPYIOTCS U300paKEHHUSI BXOJHOTO IydKa, pa3Me-
PBI KOTOPBIX (C MOMOIIBI0 MHUKPOJUH30BBIX CHCTEM) IOCTUPYIOTCS TaK, 4TOOBI OHU
COOTBETCTBOBAJIN JMAMETPY CEP/IEBUHBI ITpreMHOro (BeixogHoro) OB (puc. 1.12).

[5]

/Hpmma
BonokHa

M
Bxoa: A, A,—» GRIN - nuH3a

e
Ortpasatomias A
HIOBEPXHOCTh 2

Oundbp. peweTtka

Pucynok 1.12Cxema nemynstuiuiekcopa WDM (a) —Ha oTpakareabHOU pH3-
Me, (0) —Ha oTpakaTelbHOH IIOCKOW PEIIeTKE
o DEMUX Ha ocHOBe MJIaHAPHBIX MHTEIPAJIbHBIX YCTPOHCTB

@) onmosonokonHble Hanpasiennvle pazsemsumenu (OBHP);

0) unmepgpepomempor Maxa-Il{enoepa (MZI);

8) oughpaxyuonnyio pewemxy na maccuee 8011060008 (AWG).

Hecmompsa Ha 3HaYUTEIbHBIC JOCTHIKEHHS B 007aCTH TEXHOJOTHH MYJIbTH-
IUIEKCHPOBAaHUS Ha OCHOBE OOBEMHBIX MHUKPOONTHYECKHX YCTPOMCTB, OOINAs TCH-
JICHIIASL Pa3BUTHS BOJIOKOHHO-oNTHYeCKHX cucteM nepeaayun (BOCII) u otaenbHBIX
ee yCcTpoucTB (B MEPBYIO OYEpEeh MYJIbTHUIUIEKCOPOB IUIOTHBIX M BBICOKOILTOTHBIX
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WDM) cocTouT B COBEPIICHCTBOBAHNY IUIAHAPHBIX TEXHOJIOTHIA, KOTOPBIE OpraHmy-
HO COYETAJIUCh Obl C TEXHOJOTUSMHU, UCTOIB3YEMBIMU MPHU CO3JAHUU ONTHYECKUX
uaTerpaibHbix cxem (OUC).

Haunbosiee mpocThiM U JIETKO pean3yeMbIM B 00JACTH IJIAHAPHBIX TEXHOJIO-
ruil Bapuantom MynbTuIuiekcopa WDM sBisieTcss MyIbTHUIUIEKCOP HAa ONTOBOJIOKOH-
HbIX HampaBieHHbIX pa3BerBuTelsix (OBHP). Takas cxema mocTpoeHa MmyTeM Kac-
KaJHOTO COCIMHEHMS OJHOTUIHBIX sS4Yeek pa3BerBurenei tuma 2:1 (qBa Bxoma —
OJIUH BBIXOJ), NAIOIIETO B UTOTe MyJbTHILIEKCOp N:1.

Takoi METOJl MOCTPOCHUSI CXEMbI UMEET OYEBHUIHBIN HEOCTATOK — BBICOKHM
ypOBEHb BHOCUMBIX MOTEPh (Teopernuecku 3 nb/kackan). PasBuTrem 3T0r0 penieHus
SIBIISIETCSI HCIIONIb30BaHue nHTephepomeTpoB Maxa-Llennepa (MZI), mis nemynbTu-
IJIEKCOPOB BMECTO Pa3BETBUTEIICH.

Paccmompum onTHYECKHE MYJIBTUIUIEKCOPBI C UCIOIb30BAaHUEM IIJIaHAPHBIX
BOJTHOBOJIOB. CYIIIECTBYIOT pa3IMuHble KOH(PUTYpAIlMU YCTPOUCTB HA OCHOBE MacCH-
Ba IUIAHAPHBIX BOJIHOBOJOB, HAIIPUMED, TAKUX KAK:

- MHOTOITIOPTOBBIE PAa3BETBUTEIM TUIA «3BE3a»;

- CX€MBbI IJIAHAPHBIX MHTETPAJIbHO-ONTUYECKUX BOJHOBOJHBIX CTPYKTYp Ha
OCHOBE NPU3MbI, AU(GPAKIIMOHHOW PEIIETKH MPOBOJSAIIEIO THUMA, OTpaKaTelbHOU
Tu(dPpaKIMOHHON peleTKH, d1ieaoHa MalkeabCcoHa,;

- Pa3BETBUTEND C IUNIOCKUM OTPAKAIOIIMM 3EPKAJIOM;

- Arrayed Waiveguide Grating (AWG);

B pannux pabGotax mo pazpaboTke
yctpoiictB WDM  ucnosib30BaiuCh HUHTE-
rpaJIbHbIE CXEMbl Ha cTekie. KaHanmbHble
BOJIHOBOJIBI ONTHUYECKUX OOBEAUHUTENCH H
paznenuteneit, GOpMHUPYIOTCS MyTEM HOHO-
obmeHa 3a cueT aAubdy3uu JETUPYIOIIETO
Mareprajia ¢ NOBEPXHOCTH B MOANOBEPX-
HOCTHBIM CJIOW CTEeKJa. B KauecTBe Jerupy-
IOIIUX TMPHUCAAOK [JIs HATPHUM-KaJIbLHUEBBIX
CTEKOJI MCIOJIb30BAJIA MOHBI Kajus, cepeopa,
CBHHIIAa M TUTaHA. TakuM MyTeM MOJIydalu
MHOTOITIOPTOBBIE PAa3BETBUTENIHN THIIA <GBE3-
na» (puc. 1.13).

B pazpaboTkax ¢ m3nmydeHweMm Ha JiuHaX BojgH B obmactu 0,85 mxm ms
CHEKTPAJIbHOIO PAa3JEJICHHs KaHaJOB, UCIOIb30BAINCH PA3JEIUTEIN KaHAIOB, aHAJIO-
THYHBIE MYJIBTHILIEKCOpaM/IeMyIbTUINIEKCOPaM, Ha BBIXOJIE KOTOPBHIX (OPMUPOBA-
JUCHh Y3KOIOJIOCHbIE MHTEPPEPEHIIMOHHbIE (PUIBTPHI, 00ECTIEYNBAIOLIUE CENICKIINIO
curHasia TpedyemMoil JJIMHbI BOJIHBI. HemocTaTtkoM Takoil cXembl SIBISLIOCH CHUIIBHOE
oclia0JeHue UHTEHCUBHOCTH CUTHAJIOB HA BBIXOJIE€ BCJIEACTBUE JEICHUS KaXKI0ro U3
CUTHAJIOB Ha N KaHaJOB.

JIJist ycTpaHeHus 3TOro He0CTaTka HeoOXoAUMO ObLIO pa3zpaboTaTh IJIaHap-
HOE YCTPOMCTBO Pa3JeJEHUsl CIEKTPAIBbHBIX COCTABISIOMINX MaruCTpPaibHOTO CBETO-
BOJIa MO OTAENbHBIM KaHanaM. C 3Toi LeJbio ObLIO MPEII0KEHO UCIOIB30BaTh B HH-
TErpaIbHBIX AEMYJbTUILUIEKCOPAX MJIaHAPHBIE KOJUTUMUPYIOIIHUE JIMH3bI U Pa3TUYHbIC

Pucynok 1.13 -MHoronopToBbIii
Pa3BETBUTEIH TUTIA <3BE3/1a»
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JTUCTIEPTUPYIONIKE 31eMEHThI. CXeMbl IUIaHAPHBIX UHTETPaIbHO-ONTHYECKUX BOJHO-
BOJHBIX CTPYKTYp JUIsl CIIEKTPAJILHOIO pa3/eieHusl KaHaloB Moka3zaHbl Ha puc. 1.14.

[5]

6)

Pucynoxk 1.14 -Cxembl IUIaHAPHBIX UHTETPATBHO-ONTUYECKUX BOJHOBOIHBIX
CTPYKTYp (Ha OCHOBE @ - TIPU3MBI, 6 - TUPPAKIUOHHON PEIICTKH MTPOBOISIIETO
THUIIA, 6 - OTpaXKaTeabHON AM(PPAKIIMOHHON PEIIETKH, 2 - d1IeIoHa MalKeIbCoHa)

Oxkazanoch, 4TO TaKhe yCTPOMCTBA UMEIOT OOJbIINE MOTEepH, ciaaboe aene-
HUE KaHAJOB U OOJIbIINE NMEPEKPECTHBIE TOMEXH, 00YCIOBICHHbBIE B3aUMOJIEHCTBHEM
CHEKTpaJbHBIX cocTaBisitonux. [IpeaenbHoe yncno paszaensieMbiXx KaHajloB B MOA00-
HBIX yCTpoMcTBaxX He npebimano 10.

bosee mmogoTBOpHONM OKa3anach UJIEs pa3feieHUsl KaHAIOB C MOMOIIBIO CH-
cTeMbl (ha3MpOBAHHBIX KaHAJIbHBIX BOJIHOBOJOB, (OPMHUPYIOIIHUX 3IIEIOH Maii-
kenbcoHa (puc. 1.15).B 3apybexnoit mureparype @BP Has3piBaeTcs yrmopsimoueHHON
BOJTHOBOTHOH pemierkorr (AWG - arrayed waiveguide grating).

Bxopg
A A2, As A A

BxopHol BbixogHoi
3Be34000pasHbIii 3Be34000pasHbIii
pasBeTBUTENDb NyyKa pasBeTBUTENDb NyyKa

M

M

Puc. 1.15 -Ctpykrypa AWG nemynbTUIiekcopa
YcTpoiicTBO cniekTpanbHOTrO pasaenenus Ha ocHoBe AWG cocTouT u3 cre-
OYIOIIMX COCTABHBIX 3JEMEHTOB. BXOAHOIO MAaruCTpajibHOIO CBETOBOJAA, BXOJIHOM
dokycupyromei cuctemMbl (00beAMHHUTETh KaHAIOB), (ha3upoBaHHOW (YIOPSIOYCH-
HOM) BOJIHOBOJHOM PEUIETKH, BBIXOJAHOH (POKYCHUPYIOIIEeH CUCTEMBI (IIPOCTPAHCTBEH-
HOTO JISIIUTENS KaHAJIOB), OTBOJISIINX BOJHOBOJOB CIIEKTPATBHO Pa3IeliCHHBIX KaHa-
JIOB, BBIXOJIHBIX BOJIHOBOJAOB. Bce yCTpOWCTBO BBINOJHEHO MO IUIAHAPHOM HHTE-
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IpajJbHO-ONTUYECKON TEXHOJOTHMH Ha KPEMHHEBOH IMOMAJIOKKE U CHA0XEHO YCTpOW-
CTBOM CTBIKOBKHM C OTBOJSIIMMH BOJIOKOHHBIMU CBETOBOJAMM WJIM JTUHEHKOU (poTo-
npueMHUKOB. OCOOEHHOCTBIO TAaKOTO0 YCTPOMCTBA CHEKTPAIBLHOTO Pa3yIUIOTHEHUS
KaHAJIOB SIBJISIETCSl €r0 paboTa B OJHOMOJOBOM PEXHUME, T.€. BCE KaHAJIbHbIE BOJHO-
BO/JIbI JOJKHBI MOIJIEPKUBATH TOJIBKO OJHY MPOJOJIBHYIO ONTUYECKYIO MOJTY.

1.3.3.Texunueckue napaMeTpbl M XapaKTEPUCTHKH MYJIbTILIEKCOPOB
(3a ocHOBY B3sT cTtanmapt ITU-T G.671)

Hioke npuBeneHbl crieliudrKaiuy apaMmeTpoB, KOTOPhIC B HACTOSIIIEE BPeMs
UCIIOJIL3YIOTCS ISl ONMCAHUS MYJIbTUILIEKCopa B ceTsix yriotHenuss WDM. Omnpe-
JIeJICHUs] HEKOTOPBIX M3 3TUX MMapaMeTPOB Takke aaroTcs MccienoBaTenbckoi gabo-
patopueii Bell Communication GR-2883-CORHysxkr 1.

CnekmparnbHas
mowHocme, P

+ fo - f Yacmoma, f

1. Ilonoca nponyckanus kanana (BW) - HHTepBan 4acToT, B KOTOpPOM
3HAQUYEHHE aMIUIUTYJAHO-4aCTOTHON XapaKTepUCTUKH aHaJOTOBOTO IEPENarolIero
ONTORJIEKTPOHHOTO MOJYJIsi OOJIbIIIE MM PAaBHO IMOJIOBUHE €r0 MaKCHMMAaJIbHOTO 3Ha-
yeHus. TUNoBbIe MOJOCHI MPOMYCKaHUs B TeKyIUX cucremax yrotHenus WDM Ba-
peupytorcst ot 1.0 10 8.0HmM.

2. 0,505 nonoca wacmom (BWps5) — 310 mmpuHa CriekTpa, B mpeaeaax
KOTOpPOM pa3HHIla MEXKy MUKOBOW MEpelaHHON MOUTHOCTBIO U NIEPETAHHON MOIIHO-
CThIO B M0O0M Touke coctasisieT menee 0,5 nb. Ilo cormamenwnro 0,5 ab momnoca 4va-
CTOT OOBIYHO paBHA Pa3HOCTH MAKCUMaJIbHOW W MUHUMAJILHOM JIJTMH BOJIH B TOJIOCE
MIPOITYCKAHMS KaXI0T0 KaHaa.

3. BHocumbie nmotepu (IL) BHocuMbie moTepu - yMEHBIICHUE ONMTHYECKOM
MOIIHOCTH MEXJy BXOJTHBIM M BBIXOJHBIM IIOPTaMH TTACCHBHOTO 3jJieMeHTa B 1b,
oTpenensieMoe Kak:

IL =-10Ig(P,/P,)
rae  Po - ontryeckast MOIIHOCTD, BBOAUMAS BO BXOJHOW TOPT,
Pl- OIITHUYCCKAA MOIMHOCTD, IMMOJYUYCHHAA U3 BBEIXOJHOI'O ITOPTA.

MaxkcuMasapHble ¥ MUHUMAaJbHBIE BHOCHMBIE TOTEPU SIBISIOTCSI COOTBET-
CTBEHHO BEPXHUM W HIDKHUM TIpelejaMH BHOCHMBIX TIOTE€Ph PAacCMaTpPHUBAEMOTO
yCTPOMCTBA M MPHUMEHSIOTCSI BO BCEM JWANa3OHE JJIMH BOJH, ONPEICICHHOM s
nannoro ¢uibtpa wim WDM MUX. Ilog TUMMYHBIME BHOCUMBIMU MOTEPSIMH TTOHU-
MaeTcsl OKUAaeMOe 3Haue€HUE BHOCHMBIX MOTEPh, U3MEPEHHOE ISl ONpeaeseHHON
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IEHTPAITBHON JITTMHBI BOJHBI. OOBIYHO MaKCHMAaJIbHBIC BHOCHUMBIE IOTEPH U3MEPSIOT-
Cs 1A BCEX JIJTMH BOJIH B 00JIACTH TOJIOCHI MporyckaHus kaHaina, B 0,5 nb momoce
4acTOT M B MOJIHOM JHana3zoHe padounx temneparyp. OObIYHO 3TO 3HAYEHHUE PABHO
BHOCHMBIM TIOTEPSIM B TOUKE MUKOBOM MoIiHoCcTH tutroc 0,5 1b.

3. Ilepexoonvie nomexu (P,) — NOKa3bIBAIOT, Pa3HOC ONTHYECKUX KaHa-

708 MyabTHIiekcopoM. I Ha j-xanan YWMCIEHHO paBHBI OTHOIICHHUIO MOITHOCTH
BCEX KaHAJIOB KPOME |-m020 B J-KaHajle Ha MOIIHOCTD |-KaHAlA.

N
2
2N
_i=li#]
I:)j - 2
il
rae T, - HOPMUPOBAHHEIN KO3 (DUIMEHT Iepeadn IopTa.

4. H3onauus coceOne20 Kamaa ONPENENseT CTENeHb, 10 KOTOPOil Hexe-
JaTeNibHbIe KaHAJbI OCTA0JIAIOTCS Ha KaXIOM KaHaje J00aBieHus/yCTpaHEeHUs, U
HAMPSIMYIO CBSI3aHA C YXYIIICHHEM OTHOIIECHHS CHTHAJ-IIIYM M OUTOBOW CKOPOCTH,
0OYCIIOBJIEHHBIM TMPHUCYTCTBHEM MHOTOYHCIICHHBIX ONTHYCCKMX Hecymmx. Bemen-
CTBHE TOTO, YTO HeaibHast (hopMa CIIeKTpa CXOHA C rayCCOBCKOW KPHUBOM, KaHAJIbI
WITH KaHaJl, pacroJIOKCHHBINA OJIM)KE BCETO K KaHaIy 100aBIeHuUs/yCTpaHEHUS, HMEET
caMyro IUIOXYI0 H30JSIHI0. [103TOMYy H30JAIMS COCETHEro KaHaja MpeACTaBIIseT
HAMX YA CTydail U U3MEpseTcsl B IpejesiaX BCeX COCEIHUX IMOJIOC MPOIyCKaHMS
KaHaJIOB.

5. Kananonotii unmepesan (Af,) npencrapiseT co0oi paccrosiHue (MHTEp-

Bajl) MEXAY LEHTPAIbHBIMU JUTMHAMH BOJH COCCAHHMX KaHAJOB U SIBIIIETCSA CHCTEM-
HBIM ITapaMeTPOM, OIPEACIIIONINM MapaMeTpbl KOMIIOHECHTA.

[ToMuMO yKa3aHHBIX IMAPaMETPOB, CIICAYET TAKXKE YYUTBHIBATh MapaMeTphbl,
XapaKTEPU3YIOIIKEe CTAOMIBHOCTh KaXKIOTO MYJIBTHIUIEKCOpA TPHU BO3JCHCTBUU
BHEIIHUX (aKTOPOB, TAKUX, KaK TEMIIEpaTypa U COCTOSIHUE TOJISPU3ALNHA. DTO CBsI-
3aHO C T€M, YTO MPH JTOCTATOYHO OOJIBIIIOM BIUSHUU JTAHHBIX (JAaKTOPOB MOJIOCY MPO-
MyCKaHUs KaHajla MYJbTUIIEKCOpa HEOOXOAMMO BHIOMpATH MIMPE MO CPABHEHHIO C
Bapualyell MeHTPaIbHON JUTMHBI BOJIHBI jla3epa, 4To, B CBOIO OuYepedb, MPUBEACT K
HEOOXOMMOCTH YBETUYCHUS KAaHAIbHBIX MHTEPBAIOB. B CBS3M C 3THM yUUTHIBAIOTCS
CJIeNYIOIINE TPH THIIA TAPAMETPOB.

7. Honapuzauyuonno — 3asucumvie nomepu (PDL) - motepu cooTBETCTBY-
IOIMe MAaKCUMaJbHOW BapHallii BHOCHMBIX MOTEPh, BBI3BBI3BAHHON BapHaIuei co-
CTOSIHUS TIOJIIPU3AIlMH, pPaCCMAaTPUBAEMON Ha MHOXECTBE BCEX BO3MOIKHBIX COCTOS-
HUH TOJIIPU3ALIHH.

Jins MUX/DEMUX mnpeactaBistor coOOH MOTEpH, BO3HUKAIOIINAE BCIIEI-
CTBHE TOTO, YTO CIIEKTPAIbHOE (HYHKIIMOHUPOBAHUE KAXIOTO IMOPTa MYJIbTHILICKCO-
pa 3aBHCHUT OT BXOJIHOTO COCTOSHUS TOJIAPU3AINK, KOTOPOE HEONPEACIUMO B Jla3ep-
HBIX CHUCTEMax Iepefavr. DTO 3HaUYeHUE TOTEPh UMEET CaMyI0 OOJBIIIYIO0 BapHaIlUIO
B TIpeIeIIax MOJIOCHI MTPOITYCKAHUS KaXK0TO TIOPTa MYJIbTUILIIEKCOPA.
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6. Temnepamypnasa cmabunvnocms Onunsl 6071Hpl. CTaOMIBHOCTD IICH-
TpaJIbHOW JJIMHBI BOJIHBI ONpPEACINISIeT €€ MAKCUMaIbHOE U3MEHEHUE MPUMEHUTEIHHO
K K&XJI0MY MOPTY B Mpejenax MpearnoaaraeMoro Idamna3oHa pabouux TemMmneparyp.

7. Tennoeaa cmadunbnocms — 5TO TApaAMETP, KOTOPBIM MPEACTaBISET
co00l MakCHUMaJIbHYIO BapHalllio MOTepbh BCTABKU MPU W3MEHEHUU paboyeil Temre-
paTyphbl B Iipeieiax MoJjJoChl IPOIYCKaHUsI KaXI0ro nopTa.

PaccmoTpum A nmpuMepa TUIOBBIE MMOKA3aTENM 3TUX NapaMeTpoB IS pas-
JIMYHBIX BUJOB TEPMUHAIBHBIX MYJIbTIUIEKCOPOB/ temynbTuiniecopoB (Taou. 1.3).

Ta6muna 1. 3 -CpaBaenue texnosnoruii WDM

Wntepo.
[Tapamerp S BG ¢unstp AWG Judp. pemrerka
KasabHBif >100 >100 >25 >10
uHTepBai, [T
H3meHeHue A yriaoBast neopManMoHHas | TeMIeparypHas | TeMIeparypHas
ITorepu HEOJHOPOIHBIE Huskne, neonwo- Ouenr Hu3kue | O4YeHL HU3KHE
pOJIIHBIE
ITepexonnas
HOMEXa 0T €07 o5~ .35 -30 ~-35 -25 ~-35 -25 ~-35
CEHETo KaHa-
n1a, n1b
ITepexonnas
Imomexa oT Bcex | OueHb HM3KaAs OueHb HU3KAS -25~-35 a<-32
KaHaJIOB, I1b
PDL, nb 0.25 MIPEBOCXO/THBIE 0.5 0.5
Ii?(gga)pow;gg : JuckperHas JuckperHas WNurerpanbuas | MHTerpanbHas
e p CTPYKTypa CTPYKTypa cxema cxema
Pazmep bosbiion bousbiioi MariieHbK. MasteHbK.
Hanexnocth XOpoIast Tnoxas (pery- Quens xopo- XOpoIast
JHp.) mrast
Llena 3a kaHan $500 $3000 $50 $30
- + - + -
e s masmoro Jns mamoro kon- | Jlnsg 16+xana- | Jlng 16+xkana
KOJI-Ba KaHAJIOB Ba KaHAJIOB JIOB JIOB

TpebGoBanust K mapamMeTpaM ONTUYECKUX MYJIBTHILIEKCOPOB MPEICTABICHBI B
npunoxeHnu b. B npunoxennn B mpuBeneHbl XapaKTEPUCTHKU BBITYCKaeMOTO TPo-
MBIIIEHHOCTBIO MYJIBTIZICKCOPHOTO U YCHJIMTEIILHOTO 00ypyAoBaHus [6-11].

Hwuxe, B paszngenax 2-5 mpenctaBieHbl METOIUYECKHE MAaTEPUATBI KOMIIBIO-
TEPHOTO JIA0OPATOPHOTO MPAKTUKyMa IO pacueTy u mojenupoBannio EDFA ontuue-
CKUX YCUJIUTENICH, ONTUYECKUX MYJIbTHILIEKCOPOB Ha MHTEp(epeHIIMOHHbIX 1 Dab-
pu-Ilepo dunbrpax, romorpadpudeckux mudppaximonubix u AWG crpykrypax [12-
14].
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Henr padoThl: wW3yyeHUE NOPUHIUIOB JEUCTBUS M  KOMIBIOTEPHOE
UCCJIEJOBAaHNE OCHOBHBIX XapaKTEPUCTHK U MapaMETPOB MHOTOBOJIHOBBIX 3POHEBBIX
BOJIOKOHHO-ONITHYECKUX YCHIIMTENEH JUIsl PA3JMYHBIX CXEM HAKaukKu - IPsMOH,
00paTHOM U JIByHANPaBICHHOM.

1. BBeaenue

B mocnenHue roapl mpou3omen CKa4oK B Pa3BUTHU TEXHOJIOTHHA ONMTHYCCKHX
YCHIIUTEJIEW W CHEKTPAJbHOTO YIUTOTHEHHS. CEerojHs MPaKTUYSCKU BCE BEAYIIHE
(GupMBI B 00JIACTH CPEJICTB CBS3U OCBAaWBAIOT IIPOMBINIJICHHBIN BBIITYCK ammapaTypbl
C HCITOJIb30BAHUEM CIICKTPAJILHOTO YIDIOTHEHUS M BOJIOKOHHO-ONITHYECKUX YCHITUTE-
aei. Jlerko oOBSCHUTH C TOYKU 3PEHUS TEXHUKH, YTO 3TH JIBA HAIPABICHUS CTOST
psaaoM. DPPeKTUBHOE MYJIHTHIUIEKCUPOBAHWE W (DUIBTpAIMs MPU CHEKTPATHHOM
YIUIOTHEHUH XOTSI U TIO3BOJISIIOT YBEIMYUTh MPOITYCKHYIO CITIOCOOHOCTH JIMHUU TIepe-
Jla4d, HO BHOCST TIPY 3TOM JIOMOJIHUTENBHBIE ONITUYECKUE MTOTEPH, O€3 KOMITCHCAIIH
KOTOPBIX 3HAYUTEIILHO COKpAIAeTCsl JJIMHA PEereHepallMOHHOro yyacTka. B kadecTBe
KOMIICHCATOPA ATHX MOTEPh UCTIOIB3YETCSI BOJIOKOHHO-ONTHUSCKUH YCHIINTENb [1].

JlerupoBanHbIe 3pOueM BojiokoHHbIe yeuautenu (Erbium-Doped Fiber Ampli-
fier, EDFA), paboratonue B obmactu 1550 HM, ycIeniHO HCHOJB3YIOTCS B COBpe-
MEHHBIX BOJIOKOHHO-omTHYecKuX cucteM nepeaaun (BOCII) B kauecTBe mpenBapu-
TEJIbHBIX U JIMHEMHBIX YCHJIMTEIEH, 4 TAKXKE YCUIMTENIEeH MOIIHOCTHU. [Ipumenenune
EDFA no3BossieT nepeaaBaTh ONTHYECKUE CUTHaAIBI Ha pacctosiHue 6onee 1000 km
0€3 HCITOJIb30BaHMS SJICKTPOHHBIX TIOBTOPHUTEIICH.

2. TeopeTnueckmii maTepuasa no EDFA
2.1.MaremaTn4eckasi MoJaeJ b MHOTOBOJTHOBOro EDFA

MopaenupoBanue mnoBefeHus U xapakrepuctuk EDFA ocymectBisieTcs c
IIOMOIIBI0 CKOPOCTHBIX ypaBHEHWH I HacelaeHHocTed Ny o(r,¢$,z,) pabounx ypos-
et 115, 1 13 (AByXypOBHEBas MOJIENb) U YPABHEHMH PacIpOCTPAHEHHUs s OIl-
TH4eckoi MomHocTH P(2).

n2 .4113&

s GezHamy.
P P Pi N W nepexos

n

4
nl Y

Pucynok 2.1 -JIuarpamma pabouyux ypoBHEW Mpy HAIMYUKM HAKauyKu U HHOOP-
MAaI[MOHHBIX CUTHAJIOB.
Ha puc. 2.1 cxemaTudecku IMOKa3aHa auarpamMma pabouyux ypOBHEW Tpu
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HAJIMYUHA HAKAYKW U HECKOJIBKUX MH(OPMAITMOHHBIX CHUTHAJIOB.

3anncaB UCXOAHbBIC YpaBHEHUs MOJCIN U3 [2] Ui cilydast paclipoCTpaHEeHHUs
HECKOJIbKMX CHUTHAJIOB M MCIIOJIb3YSl METOJIbI PEIICHHUS MMOCTaBICHHOH 3a71a4u U 000-
3HAYEHUs, OMMKMCAHHBIE B [2], MOKHO MOJIYYUTh YPaBHEHHMSI, XapaKTEPHU3YIOIIUE MOBe-
nedue MHorososiHosoro EDFA.

3anuiieM ypaBHEHHE, ONMCHIBAIONIEE CKOPOCTh U3MEHECHHS KOHIICHTpAIlUU
YJACTHI] JIJI1 BEPXHETO YPOBHS Y13

dn, _ % R® 07
dt i3h [f,° (B
Py O
hf , [5¢
rue P Py, ii% ip u £ f, - MomHOCTH, HOPMHUPOBaHHBIE MHTEHCHMBHOCTH W YaCTOTHI
ONTUYECKOTO U3Iy4eHHs i-r0 uHpopManroHHoro curnaia () 1 Hakayku (p) B ceye-

HUU Z;

[Gginl(r,q),Z,t) —Gginz(r,¢,z’t)]+

, (2.1)

]_ n2(r’¢’z’t)
T

+ [Gapnl(r’(l)!Z’t) _Gean (r,(l),Z,t)

P(2) = Zjﬂojol (r,,2)rdrd¢, (2.2)
00
: _1(r,9,2)
i(r,9,2) =P (2.3)

I(r, @, Z)- pacnipenesieHue HHTEHCUBHOCTH ONITUYECKOTO U3JTy4YCHHUS B BOJIOKHE,

Gai'y Oap M Oeiy Oep - YONEKTUBHBIE CEUESHHUS! TIOTTIOMEHUS M U3IYYEHHs], ONUCHIBAIO-
mpe cBoiicTBa MOHOB Er’* B MarTpuIle CTeKia COOTBETCTBYIOMIME YACTOTAM I-TO HH-
(GhOpMaIMOHHOTO CUTHAJIA U HAKAYKH,

2T

a\) =a,(\) [ [i(r,d,2n (r,¢,2)rdrdp=0,(A)F(A), (2.4)
00
2Tco

g A) =0, [ [i(r,4,2n(r,0,2)rdrdd= 0N (A), (2.9)
00

a(A) u g (A) — cnexrpanpHble K09OOHUIUEHTH! OITOMEHHST U YCHICHHS aKTHBHOM

CpeIIbl;

F=nSg/S; = ntdE2 /d; 2 UHTErpajl ICPEKPLITUA MEXKIY PaCOpeACIICHUIMU OII-

TUYECKOU MHTEHCHBHOCTH i° WJIH i M HOHOB SpOHs Er*";

de - nuameTp o6Js1acTH, JIETUPOBAHHOM IpOUEM;

di - mnameTp cepIeBUHBI BOJIOKHA;

n(r,¢,z,tF ny(r,d,z,t)+ n(r,¢,z,t) - ob1ee urcio yacTuil (KOHICHTPAIUS IPOHSI).
['paduku 3aBUCUMOCTEN O, U O IPENICTaBICHBI Ha pUC. 2.2.
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Cross section *1&, n?

14 145 15 155 16
A, um
Pucynok 2.2 -D¢dexkTrBHBIC ceueHUs MOrIomeHUs (Oy) U u3aydeHusi(Og).
JuddepeHimanbHple ypaBHEHHSI, OMUCHIBAIOIINE PACIPOCTPAHEHUE ONITHYE-
CKOHM MOIIHOCTH 0 BOJIOKHY Tipu ycinoBuu Ny(r,¢)=n=constmpu r < b u n(r,$)=0
npu r > b (b — panguyc obiactu erupoBaHus CEPAIICBUHBI ONTHYECKOTO BOJIOKHA),
UMCIOT BH/I;

R _ uk—gkpk Vi, 3K mh. af, ”nz(r 0205 drde - (0, +1,)P,
dz M M N,
. (2.6)
rae unaexc K mpunumaer 3Hadenue () - 1 BOJHBI i—20 HHGOPMALMOHHOTO CUIHA-
) — mus BosHbl Hakauk, Uy,V=xl cOOTBETCTBYeT MPsAMOMY U OOpaTHOMY

HATIPABJIEHHIO pacrpocTpaHenus minyuenus; [, =y /n, =dZ /d?; |, - koadumu-

€HT HEPE30HAHCHOTO TOTJIONMICHUS B CEPAIICBUHE, 00YCIOBICHHOTO HAIMYUEM TPYT-
me1 OH , a Takke pacceMBaHHEM BCIENCTBHE PACCTEKIOBAHHUS CEPALEBHHBI C BHICO-
KIM 3HAYCHHEM TI0KA3aTelIs IPETOMICHHS MM HU3KHM CoIepKaHueM noHoB Er'; m
= 2 —4HKCI0 MOJ OTHOMOJIOBOTO ONTHYECKOTO BOJIOKHA C YYETOM IMOJIAPU3ALHOHHOTO
BBIPOXKIICHUS. [

VYpaBHenue (2.6) 3anucaHo AJis U3TyYCHUs] CHTHAJIA, HAKAYKUA M YCHIICHHON
crionTanHoi smuccuu (ASE). JIns y3KOMOJIOCHBIX W3IYYCHUH CHTHAJIa U HAaKauKd
Af -0, a g mmpoxononocHoir ASE paBHO 4acTOTHOMY IIary, MCIOJb3yeMOMY B
BEIYHCIICHUsX. [lepBoe ciiaraemoe B ypaBHEHHH OTBEUYAET 33 YCUIJICHHE — YeM OOJIbIIe
b (deKTUBHOE ceueHue, TuaMeTp CepAIICBUHBI BOJOKHA U MHBEPCHUS HACEIEHHOCTH,
TeM OoJbllle TpUpalleHue curiaiga. Bropoe ciaraemoe mmeer oOpaTHOE JeiCTBHE
(Hepe3oHaHCHOE MOTJIONICHUE U MOTJIOoNIeHNE). TpeThe cllaraeéMoe yCUINBaeT CUTHAI,
HO OTBEYACT 3a CINIOHTAHHOE HM3JIyYeHUE, TEeM CaMbIM yUUTHIBAET IIyMbI, BHOCUMBIC
ycunutesaeM. T.0. mryMbl TeM OoJblie, 4eM 00JIbllle HHBEPCHS HACEIECHHOCTH, Y dek-
TUBHOE CEUCHHUE U3ITyICHHUE.

Tak kak HE MPeACTaBISAETCS BO3MOXXHBIM IMOJYyYUTh AHATUTHYECKOE perlie-
Hue ypaBHenuit (2.1)u (2.6) B o01iem citydae, 03TOMY HCIIOJIB3YIOT YHUCIICHHbBIC M-
TOJIbI PEIICHMSI.

B HempephIBHOM pekuMe B TIPH MOAYJISAIIMHA ONITUYECKON HECyIed ¢ 4acTo-
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toit f >10 k' ans ormmcanuss EDFA noctaTtouHo ucciieoBath CTallMOHAPHBIN pe-
’KUM, T.0. HaljeM pelleHne cuctembl ypaBHenuit (2.4), (2.10)upu 0/0t=0. A Taxxe
OyZeM cYuTaTh, YTO YCHJIEHHAs CIIOHTAHHAs SMHUCCHUS MPEHEOpPEKMMO MaJia, TOornaa
ypaBHeHus (2.6) unrerpupyrorcs npu mMAZAT - 0.

PaccMoTpuM ciydaii, KOrjia MHTEHCHBHOCTh W3JTyUEHHUs PaBHOMEPHO pac-
npenesieHa mo wioniaau cedenus BosiokHa (I(r,§,2)=1(2)). YuureiBas Bce BbIlIe CKa-
3aHHOE, ypaBHEHMsI, onuckIBaromue noseaeHue EDFA MoXHO ynmpocTuTh U npuBe-
CTH K BUJLY:

P(2) = Zjn TI (2)rdrdd = 1(2)S; » (2.7)
00
ir9.7)=10®2_ 1 (2.8)

P(z) S
rne S=ndi?/4 - momans nomnepeunoro ceuenus OB.

[Moxacrasnss (2.7), (2.8)B ypaBHenue (2.1) u, yuutsiBas, 4to 0/0t=0, moiy-
qaeM

O=n Po0ap +§: R0ai | _ n % R0 PoOep + nS . (2.9)

Hanee, yumtbiBas N(r,0,zt)= ny(r,@,zt)+ ny(r,$,zt), Beipazum u3z (2.9)
Ny1=Ny/Ny :

Po0ap N % P03
Ny =—== : (2.10)
n, hS N Pp(Oap +0¢p) + % P°(03 +03)

[TpeoOpazyem ypaBHeHue (2.6), mpuHMMas BO BHUMaHHE BCE BBIIIE H3JIO-
YKCHHBIC YCJIOBHSI, Jieyiasi HeOOXOIMMBIEC 3aMEHBI U IOACTaBIIsAs BhipakeHue (2.10).

* 2rb
dR _,, % "9 p ”Mikrdrdcb—Pk(Gk )=
= r ) n (2.11)

=R [U kNeN21(O gk +0g) — I = Oy dé/dfz]
Pacrumem Beipakenue (2.15)B cucteMy ypaBHCHHIA:

dr

dzp - PID[U pMtN21(Oap + Oep) ~lp ~Ogpny dé/d?]

dp®

d; - Pls‘Pls[Ulsntnzl(Ozl"'ozl)_lls_Gglntdé/d‘g] (2.12)
dpy

dlz\l =P - Pﬁ[uﬁlntnﬂ(OZN +0en) =R — 0oy dé/dfz]
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PoOap , % R°o3
_Ny _ fp ia f°
TAe N, =—= = :
n hS + Pp(0ap + Tep) +§: R*(0a *+0a)
T fp i=1 fis
TakuMm oOpa3oM, Mbl MOXYYWIN CUCTEMY AU(PQPEpPEHLNATbHBIX YpaBHEHUH,
onuchIBaroImMX padboty mMHoroBoniHoBoro EDFA ans cramumonapHoro pexuma, 0e3

y4eTa YCUJICHHOM CIIOHTAaHHOW 3MUCCHU.

W3 BBIIENpUBEICHHBIX BhIpaKeHUH (2.12)IBHO HE MPOCICKUBACTCS TEMITC-
paTypHas 3aBUCHMOCTh, HO €€ MOXKHO y4YeCTh ITyTE€M BBEICHHS TEMIEPATYPHBIX KO-
3¢ GUIHEHTOB, B3ATHIX U3 IKCIIEPUMEHTATBHBIX UCCIICIOBAHUMN.

[Tpu paspabotke BOCII HeoOXOauMO H3YyYHTh BJIUSHHUE TEMIICPATypPhI
oKkpyxatomei cpeanl Ha ycwiienue EDFA. Takue uccienoBanusi mpoOBOJUINCH IS
EDFA ¢ nuomHoi Hakaykod Ha qiuuHax BoJH Hakauku 0,8 u 0,98 MkMm u moxkasany,
4TO IpU U3MeHeHuu temnepaTtypsl ot - 40 no +60°C ycunenue ymensinaiocs ¢ 21,6
no 20,1 a1b . B ngpyroit pabore [4] ycuieHne yMmMeHbIIaaoch co ckopocthio -0,07
1b/°C npu u3menenun temneparypsl oT -20 no +85C (A , = 1,48wmkm). Ilpu A , =
0,98 MKM W3MEHEHHS YCWJICHHS MaJlbl, YTO BBI3BAHO M3MEHEHHWEM WHBEPCUU Hace-
JaeHHoCTH [3].

3aBUCHMOCTh XapaKTEPUCTHK OT CXEMbI HaKaukKu (s IpsIMOM M 0OpaTHOMU
HAKa4YK{) OTCJCKUBACTCS B MAaTeMAaTHYCCKOW MOJEIH C IOMOIIBbI0 KO3 hHUIMEHTA
U,.:

Up = 1 —u1s npsAMOM HaKa4KH;

U, = -1 —nns oOpaTHON HaKa4yKH.

U, =0 ,P,= 2P, — nns nByHanpaBiieHHOM HAKAYKH Ja3epaMu ¢ OJUHAKOBOU
MOIITHOCTBIO (CIICMYeT U3 MaTEeMaTHICCKOM MOJICIIH).

2.2.3aBucUMOCTH KO3(PPUIIHEHTA YCHIIEHUS] H ONITUMAJILHOM JJIMHBI J10-
NMPOBAHHOI0 BOJIOKHA OT MapaMeTPOB CUTHAJIOB U Hakauku s EDFA ¢
NPAMOI HAKAYKOM

[Tpu mpoektupoBannn EDFA BaxxHbIM siBisieTcst BBIOOp ONTUMAIBHON AJTUHBI
JONIMPOBAHHOTO BOJIOKHA. Hanmuune onTuMyma JUIMHBI BOJIOKHA OOYCIIOBIIEHO HAJH-
YreM MaKkCUMyMa 3aBUCUMOCTH KO3 (PUIMEHTa YCHICHUS OT AJUHBI BOJOKHA. OnTu-
manbHOM anmuHoM EDF B ycnmoBusix ycuneHus: oqHOTO MH(OPMALMOHHOTO CUTHaja
SBJISIETCS JIMHA BOJIOKHA, HA KOTOPOM JOCTUTAETCSI MAKCUMAJIbHOE YCUIICHHUE.

OnHako, HaM4YKME 3aBUCUMOCTH KO3((UIIMEeHTa YCHUICHHS U ONTUMAJIbHOMN
JUTMHBI BOJIOKHA OT JUTMHBI BOJHBI curHaia (puc.2.3a,0) 1 MOIIHOCTH BXO/HOTO CHT-
Hana (puc.2.3 B,I) MIPUBOAUT K TOMY, YTO B YCIIOBUSIX YCHJICHHS HECKOJIBKUX CHUIHA-
JOB, U1 KaXXIOr0 KaHaja CYyIIECTBYET CBOSl ONTHUMAalbHAas [UIMHA, Ha KOTOPOM

HaOJIF0IaeTCs CBOM MakCUMyM KO3(HIIMEHTa yCUICHUS IS KaKI0ro KaHaia (puc.
2.4).
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Pucynok 2.2

Takum 06pa30M, AJIs1 MHOTOBOJIHOBOI'O YCHUIIUTEIIA IO ONTHMAJILHOM ,Z[J'IPIHOﬁ
CJIeayeT nNoHnMarThp JJIIMHY BOJIOKHA, Ha KOTOpOﬁ HaxXOoIUTCs HOCJ'IC,Z[HI/Iﬁ MaKCUMYyM

Kod(puIMenTa yCuiaeHus: CUTH
0,4

0,3

% 0,2

ana (puc. 2.4).

_Howmep kanana

-1
—---2
— =3

- - -4

CMBbIX KaHaJIOB TAKXKC OKa3bIBa

Pucynok 2.4
CrnenyeT Takke OTMETUTh, YTO MOIIHOCTh HAKAUYKH U KOJIMYECTBO YCHJIMBA-

€T HeMOCPEICTBEHHOE BIMSIHNE HAa KO3 PHUIIMEHT ycu-

JICHUS ¥ ONTHMAJIBHYIO JITMHY IS KaX0ro KaHana (puc.2.5).
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Pucynok 2.5

Bce Bblle mpuBefeHHbIE 3aBHCUMOCTH TOKa3bIBAIOT HEOOXOIWMOCTH J10-
MOJIHUTENBHBIX CTPYKTYpPHBIX 35ieMeHTOoB B EDFA 1715t BelpaBHUBaHUA U CTaOMIM3a-
U K03(pPHUIMeHTa yCUICHUS.

2.3.Y4er TeMIepaTypHOil 3aBUCHMOCTH U CXeMbl HAKAYKHU

W3 BeIIenpuBeIcHHBIX BhIpakeHui (2.10)sBHO He TIPOCIIEKUBACTCS TEMIIEpa-
TypHasi 3aBUCUMOCTb, HO €€ MOXHO Y4€CTh ITyTEM BBEICHHS TEeMIEPATYPHBIX KOA(-
(UIIUEHTOB, B3SITHIX U3 IKCIIEPUMEHTAILHBIX UCCIEAOBAHUH .

[Tpu pazpaborke BOCII HeoOX0nIMMO M3y4HUTh BIMSIHHE TEMIEPATypbl OKPY-
)arotieit cpeanl Ha yeunienue EDFA. Takue uccnenoBanus nmpoBoawmch st EDFA
C IMOJTHOM HaKauyKoW Ha JjuHax BoJiH Hakauku 0,8 0,98 MkM u mokaszanu, 4yTo mpu
u3MeHeHun temneparypsl ot - 40 1o +60°C ycunenune ymensinaiocs ¢ 21,6 no 20,1
b . B apyroii pabote [ ycuiieHrne yMeHbInanoch co ckopoctbio -0,07 nb/°C npu us-
MeHeHuu temmeparypsl ot -20 1o +85°C (A , = 1,48 mkm). Ilpu A , = 0,98 MkMm n3-
MEHEHHUS YCUJICHUS MaJbl, YTO BEI3BAaHO M3MEHEHNEM WHBEPCUU HACEIICHHOCTH .

3aBUCHMOCTh XapaKTEPUCTHK OT CXEMbl HaKadky (i1 mpsMoil U oOpaTHOMH
HAKa4YK{) OTCJICKHUBACTCS B MATEMaTHYCCKOW MOJEIH C MOMOIIBIO KO3 PUITUEHTA
U,.:

Up = 1 —u1 npsAAMOM HaKa4KH;

U, = -1 —ns oOpaTHON HaKa4yKH.

U, =0 ,P,= 2P, — nins nByHanpaBiieHHOM HAKAYKHU Ja3epaMu ¢ OJUHAKOBOU
MOIIHOCTBIO (CACYeT U3 MAaTEMAaTHYCCKOM MOJIEIIN).

3. PexoMeH1a1IuM M0 BHINOJHEHUIO Pa0OTHI

[Ipu BbIMOJIHEHUH JAOOPATOPHBIX PA0OT K HMCCIEAOBAHUIO PEKOMEHIYIOTCS
CJIeYIOLIUE CTPYKTYPHBIE CXEMbI YCUITUTENCH
- ycunumeinb MOWHOCMU ¢ 0OPAMHOL CXeMOU HAKA4KU

- IUHEUHbIU YCUTUMENb C NPAMOU CXeMOU HAKAYKU.

,):[JIH KaKA0ro Tuia yCHJINTECIA HCOﬁXOIII/IMOZ
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HccnenoBath 3aBUCMMOCTh ONTHUMANIBHON JUIUHBI Lopt 1 MAKCHMAJIBHOTO KO3(-
dbunmenTa ycuineHus: Ky, OT MomHocT curHana Pg B nuanazone ot 0.00MBT
no 0,5vuBt mna A;=1480uM u A;=980uM. (P, 1 A 3a1at0TCsl BApHaHTOM 3a7a-
HUSA)
HccnenoBarh 3aBUCUMOCTh MaKCUMAIIBHOTO KO3 duiinenta ycuneHus: Kpay OT
MOIIHOCTH Hakayku P, B nuanazone ot 100 mo 30QMBT, mis A,=148Gim u
Ap=980uM. (Psu As3amatoTcst BApUAHTOM 3a/1aHHUS)
HccnenoBath 3aBUCMMOCTh MaKCUMaIbHOTO Kodddunmenta ycunenus K, ot
JJIMHBI BOJHBI CUTHana Ag B auanasoHe 1530uM — 1560um mis A,=1480im u
Ap=980umM. (Psu Py 3anarorcst BapuaHTOM 3a71aHKsA)
HccnenoBarh 3aBUCUMOCTh MaKCUMAIIBHOTO KO3 duiinenTa ycuneHus: Ky OT
TeMIiepaTypbl B quamnazone ot —20 10 +40PC, nna Ap=1480im u A,=980Mm. (A,
Ps 1 Py 3a1atoTcs BapuaHTOM 3a/1aHHUSA)
HccnenoBaTh 3aBUCHMOCTh MaKCHUMAJIBHOTO KodpduimeHTa ycmieHus Kmax
NEPBOr0 KaHaJIa OT KOJMYECTBA KAHAJIOB MPHU PABHBIX BXOJHBIX MOITHOCTSIX
Kakzoro kanana st A,=1480im u Ap=98Cm. (Ps, As, AN, u Py 3aarorcst Bapu-
aHTOM 3aJIaHU)
JlJis MHOTOKAaHaITBbHOTO YCHJIMTENS UCCIIEIOBATh 3aBUCUMOCTh MaKCHMAJIbHOTO
KodduimenTa ycmieHus Kyay IEpBOro KaHaiza OT MEXKaHaIbHOTO WHTEepBaja
no amuHe BoiHbl AN ot 0.4am 1o 1.Gam (A, Ps u Py, kommuecTBo KaHanoB 3a-
JAIOTCSl BAPHAHTOM 3a/IaHHS).
J1JIss MHOTOKaHAJIbHOT'O YCHIIUTEISI IIPH PABHBIX MOIITHOCTSAX BXOJHBIX CUTHAJIOB
OTPEACIUTh ONTHMAIILHYIO JUTMHY YCHIINTENsI (BCe MapaMeTpsl 3aar0TCsl Bapu-
aHTOM 3a/1aHus). Y CTAaHOBUTH GUIIBTP IUIsl BeipaBHuBaHus AUX. Mcmonp3oBath
¢unbTp Ha BXOJAE M Ha BbIXOoZAe ycunutens. s o0oux ¢(uiIbTpoB COXpaHUTH
clenyromue rpaduKu;
rpaduk ¢ AUX ycunurens 6e3 ¢punprpa, AUX dbunbrpa u AUX ycunurens ¢
buIbTpOM,;
rpaduK ¢ 3aBUCHMOCTSIMU BXOJHOW MOIIHOCTH, BBIXOJHON MOIIHOCTH M BBI-
XOJTHOW MOIIHOCTH TOcJie GUIbTPa OT HOMEpa KaHaa;
rpaduK ¢ 3aBUCMMOCTHIO MOIIHOCTH CHTHaJIa B K&KJIOM KaHalle OT JJIUHBI
BOJIOKHA TIPY ONITUMAJILHOMW JJIMHE BOJIOKHA.
Omnpenenuts HepaBHOMepHOCTh AUX ycunurens u AUX ycunurens ¢ Guib-

TPOM.

8.

J1J1s1 MHOTOKAHAIIBHOTO YCHUJIUTEINS TIPU HEPABHBIX MOITHOCTSX BXOJHBIX CHUTHA-
JIOB OTPEICIIATh ONTUMAIBHYIO JUIMHY YCWIIHTENs (BCe mapaMeTphl 3aTaroTcs
BApUAHTOM 3aJIaHWs). YCTAaHOBHTH QWIBTP JUIS BBIPABHUBAHUS BBIXOJIHOM
MOMIHOCTU. Vcrmons30Bath (GUIBTP HAa BXOJI€ M Ha BhIXOAE ycwimtens. Jlms
000uX (PUIBTPOB COXPAHUTH CIEAyIONTHE IPadUKH:

rpaduk ¢ AUX ycuurens 6e3 ¢unptpa, AUX dunstpa 1 AUX ycunutens c
bUIbTpOM;

rpaduK ¢ 3aBUCUMOCTSIMH BXOJHOW MOIIIHOCTH, BBIXOJHOW MOIIHOCTH W BHI-
XOJHOW MOIIIHOCTH Tociie GUIBTPa OT HOMEpa KaHaa,

rpaduk ¢ 3aBUCHIMOCTBHIO MOIIIHOCTH CHUTHAJIa B Ka)KIOM KaHajie OT JJIUHBI BO-
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JIOKHA TIPH ONITUMAJILHOW JITTHHE BOJIOKHA.
Onpenenuth HEPABHOMEPHOCTh BBIXOJHON XapaKTEPUCTUKH YCHIUTENS 0e3
bunbTpa u ¢ QrUIbTpaMH.

JIisl KakJI0TO BapWaHTa JAaHHBIC JJIS BBIMOJHEHUS paOOTHI 3aJar0TCs M3 Tao-
el 2.1.

Ne Bapu-| Tunmycu- | P, mW | Ay nm | P, MW n AN, nm
aHTa JIATENSA
1 JIMHENHBIN 0.01 1520 250 16 1.6
2 MOIIIHOCTH 0.001 1530 200 24 0.4
3 JTUMHEWHBIN 0.005 1535 280 16 0.8
4 MOII[HOCTH 0.002 1525 250 24 0.8
5 JIMHENHBIN 0.02 1540 270 8 1.6
6 MOIIIHOCTH 0.05 1550 300 8 1.2
7 MOIIIHOCTHU 0.01 1560 290 8 0.8
8 JIMHENHBIN 0.001 1555 250 8 0.4
9 MOII[HOCTHU 0.005 1520 200 16 0.8
10 JTUHEWHBIN 0.002 1530 280 24 0.8
11 MOII[HOCTHU 0.02 1535 250 16 0.4
12 JINHEWHBIN 0.05 1525 270 16 1.2
13 JIMHENHBII 0.01 1540 300 16 0.8
14 MOIIIHOCTHU 0.001 1550 250 8 1.6
15 JTUHEWHBIN 0.005 1560 200 8 0.4
16 MOII[HOCTHU 0.002 1555 280 24 0.4
17 JTUHEWHBIN 0.02 1520 250 24 0.4
18 MOIIIHOCTH 0.05 1530 270 16 0.8
19 MOII[HOCTH 0.01 1535 300 24 0.4
20 JINHEWHBIN 0.001 1525 300 24 0.4

4  Copep:kaHue oTUYeTA
Otuyet o npojenaHHoN paboTe TOHKEH CONEPIKATh CIICYIONINE Pa3eibl:
[lens paboOTHI;
Kpartkas Teopus ;
PesynbTaTel paboThl — rpaduku C KpaTKUMH TMOSCHEHUSMH TOTYYEHHBIX
3aBUCUMOCTEM,
BriBosbI MO mpojenanHoi padoTe.

5 KoHTposbHBIEC BONIPOCHI
1 Kakue BUIbI ONTHUECKUX YCUIIUTETCH BBl 3HaeTE?
2 AtomMamM Kakoro peako3eMelIbHOro MeTana Haubosee 4yacTo JETUPYIOT BO-

JIOKHO, UCIIOJIh3YEMOE B YCHIIUTESAX HAa JOMTMPOBAHHOM BOJIOKHE?
3 B kakoMm nuama3one JJIMH BOJIH pabotaeT EDFA?
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O6mactu npumenenus EDFA no knaccudukanun?

Kakass MuHMManpHasg 4acToTa MOAYJISIIUU TO3BOJISIET CUUTATh PEKUM pa-

6otel EDFA cTaniuonapHbiM?

Kakue mexxkananbHble HHTEpBaJbl co0TBeTCTBYIOT DWDM crangapty?

Kakue crangapTHbie JJIMHBI BOJIH HAKa4yKH UCIOIL3YIOTCs B EDFA?

Kakass MakcumanbHasi MOIIHOCTh HAKauYKH MOKET OBITh peain30oBaHa OJI-

HUM JIa3epHbIM TMO/IOM B HACTOSIIEE BPeMs?

9 Kakue MeToabl UCTIOIB3YIOTCS 7Sl yBETUUeHUs 1osockl ycunenuss EDFA?

10 Kakue mocromnctBa u Hepoctatkn EDFA o cpaBHeHUIo ¢ npyruMu Buja-
MU ONITHYECKUX YCUIIUTEIICH?

11 OcuoBueble napameTpsl EDFA?

62 [N~
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4. OnucaHue NPOrpaMMHOro odecrneyeHus

KomnbioTepHbie j1adopaTopHbie padoThI

«KOMIIBIOTEPHOE UCCJIEJOBAHUE MHOI'OBOJIHOBOI'O
IPBUEBOI'O BOJIOKOHHO-OIITHYECKOI'O YCHUJIMTEJISA»

PyKkoBOJCTBO MOJIb30BaTES
(Pemakius ot 12.10.2006)

1. OO011ee onucanue

1.1 dOyHkuMoHAJIbHOE HA3HAYEHHE CUCTEMbI, 00,1aCTh IPUMEHEHUS U
OrpaHUYeHHs

KommbroTepras ymaboparopHas padota «KoMmmbloTepHOE HCCIIEOBAaHUE MHO-
TOBOJIHOBBIX 3pOMEBBIX BOJIOKOHHO-ONTHUYECKUX YCHIIUTENIENH» NpelHa3HaueHa Jis
pacuera pabouMx XapaKTEPUCTUK MHOTOBOJHOBBIX 3pOMEBBIX  BOJOKOHHO-
ontrueckux ycwmrenein (EDFA) B yueOHbIX mensx. JlaHHas pa3paboTka MOXKET
OBITh MCIIOJIB30BaHA MPH OOYUYEHHH CTYJIEHTOB TEXHHUYECKHUX BY30B 10 HANpaBJICHH-
aM «ONTUKa U TEICKOMMYHUKAIIUK», KaK B Ka4eCTBE JIaOOpaTOPHOU paboThI, Tak U B
KauecTBEe MHCTPyMEHTA ISl pacuera u ontuMusanuu EDFA npu KkypcoBoM MpoeKTH-
POBaHUU MPOTSHKEHHBIX BOJIOKOHHO-ONTUYECKUX CHCTEM IMEpeAadyd CO CIEKTpPajib-
HeiM pazaeneHuem (BOCII-CP), ucnonssytomux EDFA B xadecTBe 0JHOTO U3 OC-
HOBHBIX 3JIEMEHTOB.

ITporpaMMHOe oOecnieueHre npeacTaBisieT co00i makeT nporpaMM reHepanuu
dbopm st 3amanus mapametpoB EDFA, oToOpakeHus: pe3ynbTaToB pacuera, BHIBOAA
METOJMYECKOT0 MOCOOHs M ONMHUCAaHUs MPOrPaMMHOIO OOECIEeUEHUsl ¢ TUIEPTEKCTO-
BoI1 HaBuranuei. Ilaker Bkarouaer 20 BapuaHTOB 3alaHUM sl TPOBEIEHUS Jlabopa-
TOPHBIX pabOT, a TakKe MPHUKJIAJHbIE MPOrpamMMbl IO MPOBEACHHUIO HEOOXOAMMBIX
BBIUMCJICHUM, MPEeIyCMaTPUBAIOIIMX YHUCICHHOE PEUICHHE CHUCTEMbl HEIMHEHHBIX
g depeHIMaTbHBIX YPAaBHEHHM U OMUCHIBAIOIINUX MHOTOBONIHOBBIM EDFA B cranu-
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OHApHOM pexumMe. B oCHOBY pa3paboTaHHOTO MPOTPaAaMMHOTO OOECTICUECHHSI TTOJIOXKE-
Ha MaTeMaTuyeckass MoJieiab oJaHOBoJIHOBoro EDFA, o6o6mienHas s ciydasi MHO-
roBojHOBeIX EDFA u nomonHeHHas ydeToM TemneparypHou 3aBHcHMOCTH. OJTHHM
U3 OTPaHUYCHHH MOJIEIN SIBJISETCS OTCYTCTBUE ydeTa YCUJICHHOUN CITOHTAaHHOW YMUC-
cun (ASE). B meroaudeckoM nmocobuu [2] mpuBeneHa MaTreMaTH4yecKkasi MOJENb, IM0-
JIO’)KEHHAs B OCHOBY IMPOTPaMMHOT'0 00CCIICUCHHSI.

1.2 KpaTkoe onucaHue CHCTeMbI U ee TEXHHYECKHE XapaKTePUCTUKH

KommbproTepnas nmaboparoprast pabota, jgaiee mporpamma, IpeicTaBlsIeT CO-
00l KOMIBIOTEPHYIO TPOrpamMMmy, KOTOpas COCTOUT M3 METOJAMYECKOTO IMOCOOUs
(kpaTkas TeopHs ¢ 3aJjaHHEM Ha pabOTy), BXOJHOTO TeCTa U 000JOYKH MOJICIHPOBA-
Hus. [Iporpamma MokeT (yHKIIMOHUPOBATH TMOJ YMPABICHHEM OTEPAIMOHHBIX CH-
ctem Windowsscex nokosienuit, HaunHas ¢ Windows 95.J{ins HopMallbHOTO (hyHK-
IIMOHUPOBAHMSI MIPOTPAMMBI KOMITHIOTEp JOJDKEH OBITh OCHAIEH HE MeHee yem 16
MO omnepaTuBHOM mamsATH U HE MeHee yeM 6 MO cBOOOAHOTO MecTa Ha JKECTKOM
nucke. Cama nporpamma 3anumaer okoisio 0,25 M6 auckoBoit mamsatu. [Iporpamma
HE TpeOyeT YCTaHOBKHU.

1.3 3amyck nporpamMmbl H BBIXOJ U3 POTrPaMMBbI

3amyck mporpamMMBbl OCYIIECTBIsIETCs 3amyckoM ¢aiina EDFA.exena Bwimo-
HEHUe, aHHbIA (aiin pacnosioxkeH B nanke EDFA. Ilocie 3amycka Ha sKpaHe KOM-
IBIOTEpa TMOSBISETCS TJIABHOE OKHO TporpaMMbl «KOMIIBIOTEPHOE MOJECIUPOBAHHE
MHOT'OBOJIHOBOT'O 3POMEBOTO BOJIOKOHHO-ONTHYECKOTO YCHIIUTEN» (qajiee 1o TEKCTY
OIMCaHMsI TAaHHOE OKHO Ha3biBaeTCsl I 1agHoe). JlaHHOE OKHO COJIEPIKUT TJIaBHOE Me-
HIO U OCHOBHBIE KHOTIKH yTPaBIICHUS.

Brixon U3 mporpamMmbl OCYIIECTBIISIETCS HAXKATUEM KHOIKH Xl g BEpPXHEM TIpa-

BOM yTIiIy OKHA «[ maBHOE».

2. PabGorta ¢ nporpammoii

B nanpHelimeMm mpeanosiaraercsi, 4Tro MOJIb30BAaTEIb HMEET ONpeAeiCHHbIE
HaBBIKU paboThI B onepannonHoin cucteme Windows 95umun Windows 98.

IIpu pabote ¢ mporpaMMoi Ui epeMeIeHrs MeX/y MOJISIMA BBOJA, U HaXa-
TUH Ha KHOIIKH yI00HEH BCETo UCIOJIb30BATh MAHUITYJISITOP "MBIIIb .

B xone BeimonHeHus paboThl MPEeTyCMOTPEH BHIOOD THUIIA YCUITUTEIS:

- YCHJIUTENh MOIITHOCTH (TIpsiMasi cxeMa HaKa4dKu),

- TMHEWHBINA ycunuTenb (0OOpaTHas cxemMa HaKavyKH).

B Tom e okHe npeaycMoTpeHa Bo3MOKHOCTh BBoaa @.1.O. cryneHnra u npe-
noJlaBatTesst AJisl 3aMO0IHEHUs (JOPM OTUEeTa, TEHEPUPYEMOTO 110 OKOHYAHUHU PaOOTHI B
MS Word. Takxe MOXHO BHIOpAaTh BapUAHT M HOMEP CTAPTOBOTO IMYHKTa PaOOTHI.
Bcero pa6ota conepxxut 20 BapuaHTOB 3aaHUM 110 8 MYyHKTOB.

B cooTBeTCTBUM C BBIMONHAEMBIM ITYHKTOM 33/IaHUs, TEKCT KOTOPOTO 3arpy-
’KaeTcs Ipu BbIOOpE BapHMaHTa M HOMepa IyHKTa aBTOMATUYECKH, WCIOJIHUTEINIO
HE00X0IMMO BBECTH MCXOHBIE TapaMeTpPhl pacuera;
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1)  JONMMPOBAHHOTO BOJIOKHA: JIJIMHA BOJIOKHA, TUAMETpP CEPHALICBHHBI BO-
JIOKHA, TUaMETP JOTMPOBAHHON 001acTH, KOHIIEHTPAIUS HOHOB dpOUsI, BpeMsl )KU3HH
METacTaOUIHLHOTO YPOBHS,

2) UCTOYHMKA HAKAYKHW. JJIMHA BOJHBI MCTOYHMKA Hakauku (148CiM, 980
uM), MoiHocTh (50MBT-300vBT), cxema Hakauku (mpsmMasi, oOpaTHas);

3)  wuH)OPMAIMOHHBIX CHTHAJIOB:

—KOJIMYECTBO CUTHAJIOB Ha BXxoje ycuautens (1-150);

—nmaa BosHBL (140Gim - 160GiM) - mperycMOTPEHO HCIIONIb30BaHUE Pa3HBIX
MEXKAHAJIbHBIX WHTEPBAJIOB, YCTAHOBKA JUTMH BOJH JIJISl KQXKIOTO KaHaiaa CaMOCTOSI-
TEJNBHO, WCIOJIb30BaHUE CTaHAapTu30BaHHBIX WDM dacTOTHBIX TUTaHOB € IIarom
1000I T — 500 T,

—BxoaHas MmomHocTh (0 MBT — 0.54BT) - mpemycMoTpeHo HCHOIb30BaHUE
OJIMHAKOBBIX BXOJHBIX MOIIHOCTEH AJI BCEX BXOJHBIX CUTHAJIOB, CAMOCTOSITEIILHON
YCTaHOBKH U3 IOCTYITHOTO TMANa3oHa;

4)  wucnonb3oBaHue GUIbTPa NI BeIpaBHUBaHUS AUX ycunuTens - GuibTp
Ha BXoJie, GUILTP HA BBIXOJIE, 03 QUIbTPAa;

5)  wucrosb3oBaHWe (QWIBTPa IS BBIPABHUBAHUS BBIXOJHBIX MOIIHOCTEH
CUTHAJIOB - (UIBTP Ha BXOAE, (GUIBTP Ha BBIXOJE, O€3 PuibTpa.

JJ14 3a1aHHBIX TApaMEeTPOB MPOU3BOIUTCS PACUET CIAEAYIOLIUX XapaKTEPUCTHK
ycunutenss EDFA, BeiBoguMbIX B rpadgudeckoii popme:

1)  3aBUCHMOCTH MOIIHOCTH HAKAYKU OT JUTUHBI YCUIIUTEIIS;

2)  3aBHCHUMOCTH MOIIHOCTEH BBIXOHBIX CUTHAJIOB OT JIJTMHBI YCHIIUTEIIS,

3)  3aBUCHUMOCTH KOO PHIIMEHTA YCUIICHHUS OT JJIUHBI BOJHBI TIPU 3aJIaHHOM
JUTUHE yCUITUTEIIS;

4)  AUX ¢unptpa.

Taxxe B CBOHOUM TaOiMIle MPUBEIACHBI MTAPAMETPHI ISl KAKI0TO MHGOpMAaITu-
OHHOTO CHTHAJa: JUTMHA BOJIHBI, BXOJIHASI MOITHOCTh, MOIITHOCTh HA BBIXOJEC YCHIIUTE-
75, ONTHMAJIbHAS JIJIMHA — JIJIMHA YCWINTENS, TIPU KOTOPOH JOCTUTAECTCS MAKCUMYyM
MOIITHOCTH CUTHAJIA, MAKCUMAaJIbHAs! MOIIIHOCTh CUTHAJIA.

[To pesynbpTaTam pacuera 3amoaHSIIOTCS TaOIUIBI ¢ HHPOpMaNHEH, TpeOyemoit
B 33JIaHUH K BBITIOJTHSEMOMY IyHKTY. [lociie BBITTOTHEHMSI TTYHKTa MpOrpaMMa CTPOUT
HEOOXO0MbIE TPapUKU B OTJAEIHHOM OKHE, IJI€ TAK)XKE €CTh BO3MOKHOCTb IS 3aIH-
CH BBIBOJIOB TIO TMPOJICTAHHOMY IMYHKTY M TIEpeX0Ja K BBITOJHEHHUIO CIICIYIOIIETO
MyHKTA.

[Tpu BO3BpallleHWU K BBHITIOJHEHHUIO MyHKTA, KOTOPBIA OBLT YK€ clefaH, JaH-
HbIe B Tabnumax ¢ nHopmarmei, TpedyemMoil B 3aJaHUU K 3TOMY MTYHKTY, U BBIBOJIBI
0 HEMY COXPaHSIOTCS B MOCJENHEH penakmuu ucrmoinHuTess. OQHaKO MPU BBIXOE
U3 MIPOTPaMMBbI IaHHBIE O BHIMIOJTHEHUH PAOOTHI COXPAHSIIOTCS TOJIBKO B TpaduIecKoM
Bue B popmare *.emf B moaIupeKTOpU ¢ Ha3BaHUEM BBITIOJIHSIEMONW PabOTHI B Ka-
tajgore «Mou JOKyMEeHTBI». [Ipu 3TOM COXpaHSIOTCS TOJNBKO T€ TrpaduKu, KOTOPHIC
HE0O0X0MMBI 1Sl 0DOpPMIICHHS OTYETa TI0 padoTe.

[Tocie BBITIOJIHEHUSI TTOCIEIHETO MyHKTA 3a/IaHUs WU 110 JKEJIAHUIO MCTIOTHU-
TeJs B JIFOOOH MOMEHT BBITIOJTHEHUS! PaOOTHI IPOUCXOIUT TeHEpaIus oT4eTa Mo ¢op-
Me, TIPUHIATON B By3e-pa3pabOTUMKE MpOrpamMmbl, BKIOYANOMEH HHOpMaiuio 00
UCTIONTHUTENE paboThl, TpeOyemble B 3aaHuu rpaduku (MOTydeHHBIE B pE3yJbTaTe
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BBITIOJTHEHMSI Pa0OTHI), @ TAaK)KE BBIBOJIBI, HAITMCAHHBIC HCIIOJIHUTEIEM TI0 KaXIOMY
MYHKTY.

[Tocne renepanuu otyeTa paboTa 3aKkaHuuBaeTcs. JJsi BHITOTHEHUS] HOBOU pa-
0OTHI (Apyroro BapuaHTa) HEOOXOJUMO BBIUTH M3 MPOrPAMMbI U 3aIIyCTUTh €€ 3aHO-
BO.

Jlanee Oosiee moApOOHO OCTAHOBUMCS Ha IPOTPAMMHBIX OKHAX.

2.1 T.J1aBHOE OKHO

[Tpu 3amycke mporpammbl EDFA aBToMaTnuecku oToOpaxaercs riaBHOE OK-
Ho. HTepdeiic okHa mpuBeeH Ha pUCyHke 2.5.
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Pucynok 2.5 -Unrepdeiic okua I'nagnoe

[Tocne 3amycka mporpaMmel, 10 T€X MOp MOKa B MporpaMMe He BBIOpaH gapu-
anm 331aHMs U HE Hakata kKHonka Hauamw padomy B okHe Bwibop eapuanma, 11o-
CTYNHBIMU SIBJIIIOTCS TOJBKO clenyomue okHa: Inaenoe, Bvioop eapuanma, Me-
moouueckoe nocooue, Onucanue npozpammol.

Ha puc. 2.6npuBeneH Bua BepxXHEl 4aCTH OKHA, KOTOpasi Ha MPOTSXKEHUU BCel
paboThl HAXOIUTCS B BEPXHEHM 4acTH, BHE 3aBUCUMOCTH OT TOI'O B KAaKOM OKHE TpO-
UCXOJIUT BBITIOJIHEHUE PAOOTHI.
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Pucynok 2.6 —MeH0 u ynpapisitoniue KHONku okHa I nagnoe
['TaBHOE MEHIO COAEPIKUT CIICAYIONINE ONIMU (COOTBETCTBYIOT YIIPABIISIONINM
KHOITKaM):
QDain:
Hoebtit —BI3bIBACT OKHO Boibop eapuanma nins Havana paboThI;
OmKpbims — NO3BOJIAET MOCJE Hayajga pabOThl OTKPBITH COXpAaHEHHbBIE
pe3yabTaThl B rpaduueckoM Gopmare;
Coxpanump — 1103BOJISIET COXPAHUTH MOCTPOCHHBIN IpaduK ¢ pe3ysbTa-
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Tamu ¢ okHa Iloozomoexka omuema,
Omuem — co3naer oryeT B WOrd ¢ pe3yinbraTaMu BBIIIOJIHEHHOM pado-
THI,
Paooma:
Ilocooue —BrI3BIBacT OKHO Memoouueckoe nocooue,
Tecm — BrI3bIBACT OKHO Tecm;
Buinoanenue:.
Buvioop eapuanma — Bb13bIBacT OKHO Boloop eapuanma no Haua-
Ja paboTBhl;
Bwvioop nynkma — BbI3bIBa€T OKHO Bwvioop eapuanma 10 Havana
paboOThl U OKHO MOJATOTOBKA OTYETa BO BpPEeMs BBHITIOJHEHUS pabo-
THI JIJIs1 BEIOOpA WJIH TIePEX0/1a K BBITTOJIHECHHUIO APYTOTO MyHKTA;
Pe3ynvmamul pacuemos — BbI3bIBa€T OKHO Pe3ynomamot pacue-
moe,;
Hapamemppor:
OkHo éce napamempul — BbI3bIBaeT OKHO Bce napamempeut,
Cuznan u Hakauka ¢ omoeabHoM OKHe — BbI3bIBaeT okHO Ilapa-
Mempeul,
Homowp:
Homowp -
O npozpamme — BbI3bIBacT OKHO O npocpamme c uHpopmanuen
00 aBTOpax MpPOrpaMMel.
Memoouueckoe nocobue - BuI3BIBACT OKHO Memoouueckoe no-
cobue.

2.2 OxHO Bwioop sapuanma

B nanHOM OKHE 3ampamuBaeTcss WHQOpMaIus, KoTopas HeoOxoauma s
Hayasa jJabopaToOpHO# pabOThI: BapuaHT 3a1aHus (Kak MpaBUIIO, COOTBETCTBYET HO-
MEpPY B CIHICKE TPYIIIbI), (haMUIMsi © HOMEp TPYIIIBI CTYACHTA, BHIOIHSIOIIETO pa-
ooty (cM. pucyHok 2.7), hbaMuinsi ¥ JODKHOCTH IPEIoaaBaTess, THI YCUIUTENS U
HOMED MyHKTA 33/IaHMsI, C KOTOPOTO HYKHO HadaTh paboTy.

[Toce Toro Kak BBl 3aMOJHUIN HEOOXOIUMBIE TIOJISI U BHIOpAIM HOMEP BapH-
aHTa, MporpaMMa aBTOMATHYECKU BBICTABJISIET THI YCUJIMTENS B COOTBETCTBUU C Ba-
PUAHTOM M 3arpy’kaeT COOTBETCTBYIOIIUE 3aJJaHUS JJIsl BBITIOJTHEHUS TyHKTOB.

[Iporpamma co3maer manky ¢ Ha3BaHUEM pabOTHI B aupektopur Mou q0Ky-
MEHTBI, TJI¢ COXpaHjIeT BCE pe3yJbTaThl pabOThl B BHJE Ipaduueckux (aiios, ¢
HA3BaHUSMH, COOTBETCTBYIOIIMMH HOMEPY MYHKTa W HOMEpYy Tpaduka B MyHKTE,
Hanpumep «punktl-1.emf»Ilpu Haxkatuu kHonku HawaTh padoTy ortoOpaxkaercs
OKHO Bce napamempot. Bes nndopmanys w3 JaHHOTO OKHAa 0TOOpaXkaeTcsi B OTUETE,
reHepupyeMoM B KoHIle paboTsl. [locie okoHuaHust paboThl rpaduueckre TaHHBIC B
BUJIC COXPaHCHHBIX (ailyioB He yaamnstotrcs. [loaToMy mpu noBropHoM (Mpu HEOOXO-
JUMOCTH) BBITIOJTHEHUH TOW kK€ caMOi pabOThl, MOXKHO HAadaTh Cpa3y C TOTO IyHKTA,
Ha KOTOPOM ObLTa 3aKOHUYEHA paboTa MPeabIAYIINi pa3, TMO0 KOTOPBIM HY)KHO Tepe-
nenath. [Ipu mocnemytomeii renepauu ot4eTa Bee rpaduku OyayT BCTaBICHBI B OT-
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Yer.
[Tocne naxatus kHonku Hawath padory mHbopmanus B JaHHOM OKHE HE
MOKET ObITh U3MEHEHA.
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Pucynok 2.7 —Uurtepdeiic okua Buibop eapuanma

Kak BunHo u3 puc. 2.5B0 Bpemst paboTsl mporpamMmmbl EDFA ¢ momoribio 3a-
KJIaJIOK B BEpXHEW YacTH OKHAa BO3MOXHA HABUTAIUMs MEXIY BCEMU OKHAMHU MPO-
rpamMmel. I naenoe, Bvioop eapuanma, Bce napamemput, Pezynomamut pacuemos,
Tecm, Iloozomoeka omuema, Memoouueckoe nocooue, Onucanue npozpammot.

[Tocne 3amycka mporpamMmbl, 10 T€X MOP MOKA HE BRIOpaH éapuanm v HE HaXa-
Ta kHonka Hauamws padomy B oxkHe Bwldop eapuanma, NOCTYNHBIMHU SBISIOTCS
TOJIBKO cheaywoliue okHa: Inaenoe, Bvioop eapuanma, Memoouueckoe nocooue,
Onucanue npozpammot.

2.3 Oxno Tecm

C DoMOILIpI0 TJIABHOTO MEHIO WJIM YIPABJSIOIIMX KHOMOK IJIABHOTO OKHA
MO’KHO BBI3BaTh OKHO Tecm, nuntepdeiic KoToporo nokasad Ha puc 2.8.
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Pucynok 2.8 —HUnTepdeiic okna Tecm.

B 5ieBoM mosie MoSIBIAIOTCS BONPOCHI, B IPAaBOM BapUaHThI OTBETOB. lIpaBuiib-
HBIM BCETJ]a SIBJISIETCS TOJBKO OJMWH BapwaHT. [locie Toro kak BBl BRIOpaJM OTBET,
KOTOPBIM BBl CYNTAECTE BEPHBIM, HAKMUTE KHONIKY /lanee.

[Tociie mpoxXOXkaeHHS TecTa MOSIBUTCA OLICHKA 3a TECT. T€CT MPOUTH MOKHO
TOJIbKO OJIVH Pas3.

2.4 OxHoO Bce napamemput

Buennuii Bua okHa IpuBeIeH Ha pucyHke 2.9.
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Pucynok 2.9 —UnTepdeiic okna Bee napamempuot.

JlaHHOE OKHO BKJIIOYaeT B ceOs Bce 3aJaBaeMble mapameTpbl ycuiutens. o
Hakatusg KHONKU Pacyer HEOOXOAMMO yCTaHOBUTH yKa3aHHBIC B 3aJlaHUU MapaMeT-
pbl 175 pacuera. B mone 3aganne oroOpaxkaeTcs TEKCT BBINOIHSAEMOTO MyHKTa 3a/a-
HUSL.

B nenom B JaHHOM OKHE MOYKHO BBIACIUTH CIEAYIONINE TPYIIIBI TapaMeTPOB:

IlapamMeTpbl HAKAYKHU: OIUHA GOJIHbL U MOWHOCMb UICTOYHUKA HAKAYKH, CXe-
Ma Hakadyku (ompenersieTcss THIIOM YCHIMTENs B OKHE Bwvioop eapuanma). /[numv
60./1Hbl HAKAYKU MOKET ObITh BhIOpaHa paBHOM 1160 1.48um, 1u60 0.98 M.

MoIIHOCTh HAKAYKH MOYKHO M3MEHHTH B TIOJIE peIaKTUPOBaHUs «MOIHOCTS,
MBT1» B ipeaenax or 0 no 300mBT.

Ilapamerpbl MHPOPMALMOHHBIX CUTHAJOB: B 1aHHOM OKHE Takxke mpexay-
CMOTpEHA BO3MOXKHOCTb CAMOCTOSITEIbHOTO BHIOOpA KOJIMYECTBA, MOITHOCTEH U JTMH
BOJIH UH()OPMAIIMOHHBIX CUTHAJIOB. Bce mapaMeTpsl CUrHANIOB OTOOpaXKeHbl B TaOIH-

Ic.

[Tpu 3agaHUM MOIIIHOCTEN CUTHAJIOB MOKHO MCIOJIb30BaTh CIICIYIOIIUE BapH-
AHTHI.

CaMoCTOAITEJIbHO - MOIIHOCTH BCEX CHUTHAJIOB MOXKHO 3aJaBaTh CaMOCTOSI-
TEIBLHO B TaOJIMIIE CUTHAJIOB,

PaBHbIe - CTAaHOBUTCS JOCTYITHBIM TOJIe PEAAKTUPOBAHUS, B KOTOPOM MOXKHO
YCTAHOBUTH 3HAUYCHHE MOIIIHOCTH JIJII BCEX CUTHAJIOB

HepaBHble — KaK ¥ B MPEIBIAYIIEM ITYHKTE CTAHOBUTCS JOCTYIHBIM TOJIE pe-
JTAKTUPOBAHUs, B KOTOPOM MOHO YCTAaHOBUTH 3HAUeHHE 0a30BOM MOIIHOCTH CHUTHA-
JIOB, OTHOCUTEIHHO KOTOPOM MpOrpaMMa aBTOMATHYECKU MOAOEPET CIIydailHbIM 00-
pa3oM MOIITHOCTH BCEX CUTHAJIOB.

JImvHY BOJIHBI CUTHAJIAa MOKHO YCTAaHOBUTH C OINPEICIICHHBIM HHTEPBAJIOM BbI-
OpaB u3 cnucka MeKKaHaJIbHbII HHTEPBaJ, MyHKT 3agaTh HHTepBaJ. [locne 3to-
ro HEOOXOIMMO B OKHE PEAAKTUPOBAHUS, HAXOIAIIEMCS TI0]T CIIMCKOM BBECTH 3Haue-
HUE WHTEPBAJIA U YCTAHOBUTH 3HAYCHUE JJIMHBI BOJHBI MIEPBOTO CUTHANIA B COOTBET-
CTBYIOIIIEM OKHE PeAaKTUpOBaHMS. [[JIMHBI BOJIH BCEX CUTHAJIOB M3MEHSTCS B COOT-
BETCTBUU C BHIOPAHHBIM HHTEPBAJIOM.

JlnrHa BOJHBI CUTHAJIa MOXET JiexkaTh B auana3one oT 1400um go 1600 HM.
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[ToaToMy, cneayeT BHUMATEILHO OTHOCUTHCS K BRIOOPY MHTEpBAja IO JIJTHHE BOJHBI
MEXIy curHaiamu. Eciin IivHa BOJHBI cHrHaia (OJHOTO WM BCeX) OyJeT BHE Jua-
Ma30Ha, TO MPOrpaMMa BBICTABUT OJMKaiiilee JOMyCTUMOE 3HaYEHUE.

Taxke B cniucke Me:KKaHAJbHbIN HHTEPBAJ MOXKHO BBIOpAaTh CTaHIAPTHU30-
BaHHbIe M1anbl WDM iy BO3MOKHOCTh BBICTABIICHUS JIMHBI BOJIHBI KaXJA0TO CHUT-
Haja CaMOCTOSITEIbHO.

IlapamMeTpbl 10NMPOBAHHOIO BOJOKHA: MMeeTcsi BO3MOXKHOCTh U3MEHEHHUS
CIEAYIOUIUX MapaMeTPOB BOJOKHA C MOMOIIBIO COOTBETCTBYIOLIUX IMOJEH PEIaKTHU-
pPOBaHUS: JIJTMHBI MCIOJIB3YEMOT0 BOJIOKHA, quaMeTpa oOJIacTH JIETMPOBAHUS, JUa-
MeTpa CEpAIEBUHBI BOJIOKHA, KOHIICHTPAIUKA 3pOUs, BDEMEHHU KU3HU METacTa0uIh-
HOro ypoBHs. Kak mpaBuio, Bce 3TU MapaMeTpbl MEHSATHh HE HYXHO. JlaHHBIE mapa-
METpPbI YCTAHOBJIEHBI 110 JIUTEPATYPHBIM TAHHBIM.

TemnepaTypHasi 3aBMCHMMOCTh. 3aBUCUMOCTh OT TeMIEpaTypbl MOKHO
ydecTb BbIOpaB omniuio 3a1aTh TeMIEPaTypy U BbICTABUB 3HAUCHUE TEMIIEPATYPHI B
10JIe PeAaKTUPOBaHUs ¢ Haanuchio OnpeaesieHHAasi TeMnepaTypa.

Hcnoan3oBanue GpuiabTpoB: BriOpaTh GuiIbTp MOXKHO MOCTaBUB TajoyKy C
MOMOILIbIO MAaHUTTYJIATOPA MBIIIb B KBaJpaTHKe ¢ Haanucbio Ucnoab3oBaTh GuiIbTp
U 3aTEM HYXKHO BbIOpatTh 00 GunbTp 1is BeipaBHUBaHus AUX ycunurens, 1100
MOIIIHOCTEN CUTHAJIOB HA BBIXOJI€ YCUIIMTEIS, 3aT€M BhIOpaTh, IJI€ TOCTABUTh (DUIIBTP
- Ha BXO/I€ WJIM Ha BBIXOJIE YCUITUTENS.

[Ipn Haxxatum kHONKM Pacuyer ocymecTBIsIeTCS pacuyeT YCHINTEN C YCTaHOB-
JICHHBIMU TIapaMeTpaMu, U oToOpaxkaercs okHO Pezyromamot pacuemos.

Knonka COpoc oCyHIeCTBISIET YCTaHOBJIEHUE HAYAJIBHBIX HACTPOEK JAHHOIO
OKHA.

B Bepxneit yactu okHa rpu BeiOope nmyHKTa OTOOpa3uTh NapaMeTpbl CUTHA-
JIOB M HAKAYKHM B OTAEJBHOM OKHeE IIOSBIIICTCS JOIOJHHUTENIbHOE OKHO [lapamer-
pbl. Mcnonp30BaHKe TaHHOTO OKHA YCKOPSET IIPOLiecC 3a4aHus U U3MEHEHUS JaHHBIX
apaMeTpoB MPH BBIIIOJIHEHUH 3aJjaHuil paOboTel. [Ipy n3MeHeHnn napamMeTpoB B OKHE
Ilapamempvr IpOUCXOIUT MApPAJUIEIBHOE M3MEHEHUE B OKHE Bce napamempul, n
Ha00OPOT.

2.5 OkHo Pezyrvmamot pacuemos

[Ipu naxxatun kHONIKKM Pacyer B okHE Bce napamempuvt 0CylmieCTBISIETCS MO-
JEIIMPOBAHUE XaPAKTEPUCTHUK YCUIIUTENSI U OTKPBIBAECTCA OKHO Pe3yibmamul pacue-
moe, natepdeiic koToporo npurezeH Ha puc. 2.10.

B nannom okHe 0TOOpa)karoTCsl BCE BBIXOJHBIE TAPAMETPhI U XapaKTEPUCTUKH
yewnurensa. Crenys yKa3aHUsIM M3 OKHa OTOOpaKeHMsI 3aJaHusl BBIIOJHIEMOTO
MYHKTA, CJIEYET BBICTABIIITh UCXOIHBIE TAPAMETPHI ISl pACUETa.

BpInosiHAsS MyHKTHI 3aJJaHUs] HY’)KHO OTCJIEXKUBATh IMAPAMETPbl CUTHAJIOB, MPU-
BeJieHHbIe B Tabnuue «[lapameTpbl HHGOPMAIIMOHHBIX CUTHAJIOBY.
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Pucynoxk 2.10 -OkHo Pe3yavmamot pacuemos

HasxaTue 1eBoM KHOIKHM MBIIIIM HA KHOIIKE @L HaXOSIIEHCS B JIEBOM HHKHEM
yriy J1r000ro rpaduka NpuBOIUT K YBEIMYEHHIO pa3Mmepa rpaduka B 4 pasza, Kak Io-
Kka3aHo Ha puc. 2.11.HaxaTue 1eBoi KHOIKH MbIIIN Ha KHOMKe [\ mpuBoauT K HC-
XOJHOMY BHUY OKHa, Kak Ha puc. 2.10.

Pucynok 2.11

Haxatne neBoi KHOMKOM MBI Ha OCH Tpaduka MPOUCXOIUT IEPEXO OT JIO-
rapu(MUIECKOTO MaciiTada K JUHEHHOMY W HA000poT. ClemyeT OTMETUTh, YTO TIPH
HaJIMYUKU OTPULATEIBHBIX 3HAYEHUM WM HYJSl 10 OCH HE MO3BOJISIET NEPEXOAUTH K
jgorapu(pMUYECKON IIKaJe.

Bri0op oTOOpaskaeMblx KpPHUBBIX Ha KaxJAOM Ipaduke OCYyHIECTBISIETCS C IO-
MOIIIbIO KHOIIOK B BEpXHEHN yacTu rpaduka.

CrBUT MaKCUMaJIbHBIX 1 MUHUMAJIBHBIX 3HAYEHUI MO OCSIM, BKIIFOUEHHE U BbI-
KJIFOUEHUE CETKH, U3MEHEHUE CETKU, U3MEHEHHE MacliTada Mo OocCsAM IS KaxJoro
rpaduka MpOU3BOIUTCS B OTAEILHOM BCILIBIBAMONIEM OKHE (prc.2.12), BEI3bIBAEMOM
JUTSL KaXKA0T0 rpaduka HaKaTHeM MPaBOil KHOTIKY Ha ToJie Tpaduka.
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Formating curently selected XY plot

Mooz iy

[ Logscale [ |Log scale

v Giid e v Giid les

[ Ao Gnd v st G

¥ Setinceement1 [ Setincisenerd(0

W Bulccale v Auloscale
Madwam (593 Madmum 03977
Minirnu [0 Mivinun (001

_X Coca |

Pucynok 2.12

Bo3mokHO Takke coxpaneHne rpaduka Ha )KECTKUH AUCK C MTOMOIIBIO KHOMKH
Ha rpaduke B BEpXHEM JIEBOM YTIIy.

Haxxatue neBoit KHOMKOW MBI Ha JIFOOON KPUBOM ABYX BEPXHHUX I'pa(uKOB
MPUBOJUT K OTOOPAXKEHUIO M CKPBHITHIO MOANKUCEN K TOUKaM Ha rpaduke ¢ uHdopma-
1ueit 0 KoopauHaTe 1o ocH y (cM. puc.2.13).
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Pucynok 2.13

CHHUMaeMble B COOTBETCTBHH C 3aJaHUEM JTAHHBIE 3aHOCSTCSI BPYYHYIO B HUXK-
HIol0 Tabmuny. [locne 3amonHeHust TabMUIBI HYKHO HaxaTh KHONKY Clieqyrommi
nyHKT. [losBurcs okno Ilodzomoexka omuema ¢ TOCTPOCHHBIMHA Ha OCHOBE TaOJIHUIIbI
3aBHCUMOCTSIMU. BHemHuil Buj OKHA pHUBeIeH Ha puc. 2.14.
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2.6 Oxno Iloozomoeka omuema

I[Ipu nosiBnennu ganHoro okHa (puc.2.14), mpoaHaan3upoBaB MOTyYCHHBIC 3a-
BUCHUMOCTH HEO0OXOJUMO HaIucaTh BBIBOJBI B MOJIe peqakTupoBanud. [Ipu Haxatuu
kHonku Ilepeaenarh TekylMili MyHKT MOXXHO YaCTHUYHO WJIM MOJHOCTBIO Tepese-
JaTh MyHKT, KOTOPBIA OBLT TOJBKO YTO BBIMOJHEH. {151 mpomomKeHusT BBIIOTHEHHS
paboThl, HEOOXOIUMO BBHIOpAaTh HOMEp MyHKTa W HaxkaTh KHOmMKy Jla. [Ipu BbIOOpE
HOBOT'O MTyHKTa HO 0e3 HaxaTus KHONKH Jla mpu mepexojie K BHIMOJIHEHHIO 3a1aHus
yepe3 3aKJIa/IKi B BEpXHEH YaCTH OKHA, HOBBIM MYHKT He OyJeT oToOpaskeH. BeiOpaTh
MO>KHO JIFO0OH ITyHKT, HECMOTPsI Ha TO, BHINOJIHEH AAHHBIM MMyHKT win HeT. [lpu BbI-
Oope HOMepa MyHKTa, KOTOPBIH yxe ObLT BBINOJIHEH, Ta0IuIa ¢ JaHHBIMU OyZIeT co-
JiepKaTh BCE YUCIIA, KOTOPBIE ObUIN y’KE 3aHECEHHBI.
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Pucynok 2.14 —Nutepdeiic oxkna Iloozomoexa omuema

[Tpu Haxatuu kHOMKH Jla MOSABISIETCS OKHO € 3alPOCOM O COXpaHCHUHU Tpadu-
KOB B KQUeCTBE Pe3yJbTaTOB JaHHOrO myHKTa (puc. 2.15).

Dialog

CoXpaHUTE NaHHEe
rpaguEl B KavecTee
pe3yneTatoe 1-ro

NyHKTa

Pucynok 2.15 —JluanoroBoe oKHO.

[Tpu BeIOOpe «CrenepupoBaTh OTYET» M Haxkatuu Jla mpoucxonuT reHepanus
0TYeTa, COJAEPKAIIEero BCE MOJIYYCHHbBIE B XO/I€ BBIIOJIHEHUS pabOThl JAHHBIE B BUJIE
rpauKoOB U 3aMKUCAaHHBIE BHIBOBI 110 KaXJAOMY ITyHKTY.
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Pucynoxk 2.16 —utepdeiic nporpamMmbl ¢ OTKpLITEIM OKHOM Ilapamemput (cripaBa)
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2.7 Oxno Ilapamemput

WuTepdeiic nporpaMMbl ¢ OTKPBITBIM OKHOM Ilapamempot (cripaBa) mpuBeeH
Ha pucyHke 2.16.

B nanHom okHe mpuBeneHbI T€ K€ (PYHKIMOHAIbHBIE 3JIEMEHTHI 3aJaHUs T1a-
pamMeTpoB HaKayku M MHGOPMAIMOHHBIX CUTHANOB. [Ipy M3MeHEeHMH MapaMeTpoB B
JAHHOM OKHE IIPOMCXOJHUT Iapajule]IbHOE U3MEHEHHE U B OKHE Bce napamempot, u
Ha00OPOT.

2.8 OxHo Memoouueckoe nocooue

B oxne Memoouueckoe nocodue (puc. 2.12)HaxoanuTcsi TEKCT METOAMYECKOTO
nocoOust. Mexay MyHKTaMy MOCOOUSI MOYKHO MEPEXOUTh C MOMOIIIBIO THIIEPTEKCTO-
BBIX CCBUIOK, HAXOJISIIMXCS B BEPHEH 4acTH OKHA. B TekcTe mpuBeeHa KpaTKas WH-
(opmMaIust Mo yCUITUTEINISIM M METO/IMKA BHIIOJIHEHUS PaOOTHI.
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Pucynok 2.17 —Mutepdetic okna Memoouueckoe nocobue.

2.9 OxHo Onucanue npozpammul

WNutepdeiic okHa Onucanue npozpammsl TPEACTABICHO HA pucyHKe 2.18.
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Pucynok 2.18 -Untepdeiic okna Onucanue npozpammul

I[aHHOC OKHO OTO6pa}KaCT COACPIKUMOC JaHHOTIO JOKYMCHTA, MCXKIAY ITYHKTa-
MH KOTOPOIO MOXXHO ICPEXOJHUTH C IMOMOIIBIO THIICPTCKCTOBBLIX CCBIIOK, HAXOOs-
mXCs B BCpXHCﬁ JaCTHu OKHA.
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1. 3acnasckuii K.E. BosokoHHO-ONTHYECKHE CUCTEMBI NEPENayu CO CIEKTPalib-
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2005. — 136 c.

2. JosoupHOB E.A., Ky3nenos B.B., Mupropon B.I'., [llapanrosuu C.H. Myub-
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«KommploTepHOE HWCCIIEIOBAHNE MHOTOBOJHOBBIX JPOMEBBIX BOJIOKOHHO-
omtryeckux ycwmrened - M.: BHTHUIL], 2006. -Ne 50200501793 .(Bue-
TenbcTBO Ne5497 06 otpacieBoil peructpammu pazpadotku «KommbroTepHas
nabopaTtopHas pabota «KoMmmbroTepHOE MCCIET0BAaHIE MHOTOBOJTHOBBIX dpOHe-
BBIX BOJIOKOHHO-ONITUYECKHUX ycuiuTenei» B «OTpacieBoM (HOHIE alrOpUTMOB
u nporpamm» ot 20.12.2005Mockaa. )

8. C.H. lllapanrosuy, E.A. JIoBosbHOB KoMIIbIOTEpHOE HCCIIEIOBAaHUE MHOTOBOJI-
HOBBIX 3pOMEBBIX BOJIOKOHHO-ONTHYECKUX ycuiuTesneil: Meroanueckue ykasza-
HUS K Ja0OpaTOPHBIM paboTaM MO JUCHUILUIMHE "MyNbTHIIIIEKCOPHOE 000PY/10-

BaHUE OINTUYECKUX LU(QPOBBIX CUCTEM CBSI3U JUIsSl CTYJIEHTOB CIELHAIbHOCTU
210401/ -Tomck: TYCVYP, 2006. - 3.

IIpuioxkenue A

OcHoBHbIE XapakTepucTuku yeusnreneid EDFA npousBoaurtens

THORLABS (SInonmns)
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Pucynok A.1 —Buemmuii Bua ycunurens npousBojactea THORLABS.

Tabmuma A.1 —ITapameTrpsl ycuurenei Tpex auana3zoHos: S, C, L.

HaszBanue auanasoHa JJIMH BOJH S-BAND C-BAND L-BAND
Jlnama3oH JUIMH BOJIH (HM) 14551488 153(-156%| 156(-160C
Kos¢. yeunenns (P,,=-301bm), (1b) >2F >4C >3(
Kosd. Yceunenns (P,,=0nbm), n1b 13 - 13
Kosddurment myma (nbm) <7 <5 <5
BrixoaHas MOIIHOCTE HACHIIICHUS - >17 -
(abm)
CrabmibHOCTh K03(. yenyernus (nb) 0.001 0,00¢ 0.00¢
BrIxo1HOE BOJIOKHO SMF28 SMF28 SMF28
TeMmneparypa XpaHeHuUs -10°C - -10°C - -10°C -
+45°C +45°C +45°C
Pabouas tremneparypa +10°C- | 0°C-+40Q -10°C-
+40°C +45°C
Ilena ($) 2800( 1700( 1900(

OcHOBHBIE XApaKTCPUCTUKHU YCHHI/ITeHeﬁ pa3IM4YHbIX JHUAIIa30HOB.
Input power : -30dBm

40

35
30

Gain and noise figure (dB)

noise figure

_ 1455-1485nm
- {30nm) A

\
by
-]

1420 1440

1460
Wavelength (nm)

1480

a)
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Gain and Noise Figures
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Pucynok A.2 —3aBucumocTts K03 PUIeHTa YCUICHHU U KO3(PPUIMEeHTa IIymMa JJIst
YCHIIUTEISI TMana3oHa S OT JJIMHBI BOJHEI (pHC. a, 0) ¥ OT BXOJIHOU
MOIIHOCTH curHaia (puc. B).
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Pucynok A.3 —3aBucumMocTs kKoddduirieHTa ycuiaeHus u kordpduiirenTa myma ot
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Pucynok A.4 —3aBucumocth K03pduUlIMeHTa YCUICHUS U KO3PULIUEHTa 1IyMa OT
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Pucynok A.6 —3aBucumocth K03pdullMeHTa YCUIeHUS U KO3PULIUEHTa 1IymMa OT
BXOJIHOM MOIIHOCTH CUTHaja (pHC. a) U OT JJUHBI BOJIHBI (pHc. 0)

JUISL yCUITMTENS Auanas3ona L.
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Henr padoThl: wW3yyeHUE NOPUHIUIOB JEUCTBUS M  KOMIBIOTEPHOE
UCCJIEIOBAHUE XAPAKTEPUCTUK M MapaMeTPOB, ONTHUYECKUX JIEMYJIBTUILIEKCOPOB HA
OCHOBE MHTep(PepeHITMOHHBIX PuIbTPOB U GunbTpoB Padpu-Ileppo.

1. BBenenue

OmHuUM W3 OCHOBHBIX HAINpaBJIEHUW COBPEMEHHOTO HAYYHO-TEXHHYECKOTO
nporpecca sIBJISI€TCS Pa3BUTHE BOJIOKOHHO-ONTUYECKUX CHCTEM CBS3H, OOecrednBa-
IOIMX BO3MOXHOCTh JIOCTABKM HAa 3HAYUTENIbHbIE PACCTOSHMS YpE3BBIYAHHO OO0JIb-
moro oobema MHGOPMAILIMKU C HAUBBICIIEH CKOPOCThIO. YiKe ceiuac MMEIOTCsl BOJIO-
KOHHO-ONTUYECKHE JIMHUU CBSI3U OO0JBIION MH(DOPMAIMOHHOW €MKOCTH C JJIMHOM pe-
reHepanmoHHbIX yyacTtkoB 10 200kM u Goriee.

Bo3moxkHOCTh Tiepenada Takoro OOJIBIIOTO KOJMYecTBAa HHGOPMALMK T10
BOJIC cBsi3ana ¢ ucrionb3oBanneM texaonorun WDM/DWDM [1,2], rae nepenava
uH(OpPMAIMU TI0 BOJOKHY BEIETCS OJHOBPEMEHHO HA Pa3HBIX JUIMHAX BOJH. Jlys
ATOT0 HEOOXOJAMMO BBECTH Pa3HBIC JIMHBI BOJIH B BOJIOKHO C TIOMOIIBI0 OMTHYECKUX
mynsTuIuiekcopoB (MUX) Ha mepenmade, ¥ BBIBECTH Ha TpUEME MPH ITOMOIIU Je-
myabTamexcopa (DMUX).

Ha ceronssimHui eHb CyIIECTBYIOT MHOXKECTBO PAa3JIMYHBIX YCTPOWCTB, IS
MYJIBTUIUICKCUPOBAHU/ IEMYIbTHIUICKCHPOBAHMSI ONTHYECKOTO MOTOKA, U3TOTOBJIS-
eMbIX M3 Pa3InYHbIX MaTeprayion [1-5].

OnTuyeckuid JeMYJIbTUILIEKCOP TOBOJBHO CIOKHOE YCTPOMCTBO, M Ha JaH-
HBI MOMEHT SIBJIIETCA aKTyaJIbHbIM pa3paboTKa MPOrpaMMHOT0 oOecrnedeHus, mo3-
BOJISIFOLIETO HE 3aKymas JOpOrocTosiiee 000pyI0BaHHWE MOJETUPOBATh OCHOBHBIC
XapaKTepUCTUKHU paznuuHbix DMUX.

2. MyJbTHILIEKCOPHI HA MHTep(epeHUNOHHBIX (PUIbTPAX
2.1. IlpuHuun AeificTBUS U CTPYKTYpa MYJIbTHILIEKCOpPA

[MpuHIMN MEeHCTBHUS TAaHHOTO MYJIBTUILIEKCOPA/IeMYIbTUIIIEKCOPA OCHOBAH Ha
NpUMEHEHHN WHTEp(EepPEHIMOHHBIX (TOHKOIUIEHOYHBIX) umbTpoB (thin films). 1n-
TepPepeHIMOHHBIN (UIBTP COCTOUT U3 HECKOJIBKUX YEPEAYIOIIUXCS CIOEB MPO3pay-
HOTO JUAJIEKTPUYECKOTO0 MaTepuaia C Pa3IMYHbIMH IOKa3aTeIsIMU MPEIOMIICHHS,
HAHECEHHBIX Ha IMPO3pavyHyr0 MOMIOXKKY (pucyHok. 2.1).TIpo3paunblii TUIIEKTPUK
UMEET TOYHBIA MOKAa3aTesb MPEJIOMIICHHS, KOTOPbI MOXET U3MeHsThes oT 1.42 no
2.0 (rouHocTh 10 6 3HAKOB IMOCJE 3aMATOH), a Pa3HOCTh MOKa3aTeNeH MPeIoOMIICHHS
00bI4HO cocTasisier mopsiaka 10° — 10%. Tommmaa crpykryps Ltr 06bIMHO cocTas-
J5IeT HECKOJIBKO JIECSITKOB MUJTIMETPOB.

HutepdepeHMoHHbINH QUIBTP, OTpaXkaeT 3aJaHHBIA MHTEpBaJ JUIMH BOJH U
NpOMyCKaeT Bce ocTanbHble. [y onpeneneHust 3TOro MHTEpBaja HEOOXOAUMO pac-
CUMTATh CIEAYIOIIUE TTapaMeTpbl QUIbTpa: mokazarenu npenomieHus (Ng, Np), TOI-
IIMHY TEPUOANYECKON CTPYKTYphl — L, mepuoa crnenoBanus cio€B — Atg U ompene-
JUTH YTOJI MAJCHUS] CBETOBOTO My4Ka Ha PHIBTP — OrF.
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Mopnoxka

Pucynok 2.1 —KoncTpykuust uHTEpPEepeHIMOHHOTO (GUIbTPa, Te l w[]—crom ¢
MOKa3aTeJSIMU NPEJOMIIEHHS Ny U Ny, Ltg — TonmuHa cTpyKTYypHhl, ATg — Iepuosa
cTpykTypHI, K, K’ , K” — BOTHOBBIC BEKTOpa Magaronien, OTpaXEHHON U MPOIIEAIIEH
CBETOBBIX BOJIH, O1F — yTOJI MaJeHUs BOJHHI.

Pacuérubie hopMymbl U1 onpeaeNeHus apaMeTpoB (GUIbTpa MPUBEACHBI B JIU-
Tepatype [1] a TexHMKa HaHECEHHs CJIOEB XOPOIIO M3BECTHBI B ONTHYECKOH IPO-
MBIIUIEHHOCTH, YTO MO3BOJISIET CO3/1aBaTh HENOPOTue (GUIBTPHI C Pa3IUYHBIMU CIIEK-
TPaJbHBIMU CBOHCTBAMHU.

TonkomieHOYHBIE (PUIBTPHI UMEIOT MOJIOCY MPOMYCKAHUS JOCTAaTOYHYIO MJISt
ucnosb3oBanus B cucreMax WDM ¢ 1640 u 32-ms kaHanamu.

Ha pucynok 2.2 mpuBeneHa CTpYKTypHasl CXeMa ONTUYECKOTO MYJbTHUILIEKCO-
pa/neMynbTHIIIIEKCOpa, COCTOAMIast U3 Habopa TOHKOIJICHOYHBIX (PHIIBTPOB, KaXKIbIi
U3 KOTOPBIX J00ABIISICT/BBIACIACT M3 OOIIEro CUTHANA OJUH WH(POPMAIMOHHEIH.
OUILTPHI PACIIONIOKEHBI MO HAKIOHOM OrF=45 K ONTHYeCKOH OCH, 4TOOBI OTpa-
KEHHBIN CBET HE IMOMaiaj 0OpaTHO B OOIIMI CUTHA.
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PucyHnok 2.2 —MynbTumuiekcop/ 1eMynbTUILNIEKCOP HA OCHOBE MHOTOCTYIICHYATOM
CUCTEMbI TOHKOIUIEHOYHBIX (punbTpoB, rae F;, F, ... , Fy —Habop ¢uibTpos,
HACTPOCHHBIX KaXK/Iblii HAa CBOIO AJTUHY BOJIHBI.



Ha pucynke 2.3 mpeacraBineHa CTPYKTypHas cxemMa MOZYJS MYJIbTHILIEKCO-
pa/neMynbTHILIEKCOpa JIJIs BBIACIICHHUSI/OTBETBIICHUST OJTHOTO KaHajaa M3 TPYIIIOBOTO
curHasia. OCHOBY MOJYJSl COCTaBJSIOT JIBAa OJMHAKOBBIX HWHTEP(PEPEHIIMOHHBIX
(GUIbTpa HAXOASALIMXCS B pa3HBIX Mieuax natepdepomerpa Maxa-Ilennepa [2].

3

1 MuneTp 1
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Pucynok 2.3 —Mopynb MyJIbTUILIEKCUPOBaHUS/ 1My IbTUTUIEKCUPOBAHUS OHOTO
KaHajia, Ha OCHOBE UHTep(epEHIIMOHHBIX GUIBTPOB U HHTEpPepomeTpa Maxa-
ennepa.

PaccMoTpuM npuHIMN AEWCTBUS 3TOTO YCTPOIICTBA HA IPUMEPE BBIAEIECHUS BTO-
poro kaHana c Ap. I'pynnoBoil curHan nojpaercss Ha BXoj 1, nenuTcs NOPOBHY U IO-
najaer Ha (QUIbTPHI, JUIsl KOTOPHIX yciloBUE bperra BbIMONHSETCS ISl ONTUYECKON
Hecylleil BToporo kaHana. Jlajee cursag BTOpOro KaHaja OTpa)kaeTcsi oT QuibTpa,
BHOBb IIONA/Ia€T HA HANPABIICHHBIA OTBETBUTEIb, IJI€ KOT€PEHTHO CKJIAJBIBACTCS U
MOCTyHaeT Ha BXOJ 2. DTOT MOIYJb MOXET TaK e J00aBJISATh CHUTHAN C 33aJaHHOU
Hecymiel (B JaHHOM Cllydae ¢ Ap) B ITPYIIIOBOM curHai, dyepe3 nopt 3. CTpyKTypHas
cXema JeMyJIbTHILIEKCOpa Ha OCHOBE ATOT0 MOJIYJIsA, IPE/ICTaBICHA HA pUCYHKE 2.4.

Pucynox 2.4 —MynbTHILIEKCOP/ AEMYTBTUILIEKCOP HA OCHOBE
unrephepomerpoB Maxa-Ilennepa.

K HemocraTkam AeMyJbTUIIEKCOPOB Ha OCHOBE 3THX MOJYJEH MOXHO OTHECTH
yCJIOBHE TOYHOT'O paBEHCTBa ey y unrepdepomerpa Maxa-llenaepa.
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Pucynok 2.5 —JleMyJIbTUILUIEKCOP HA OCHOBE IUPKYJISATOPA.

YacTo, npu MOCTPOCHUU JEMYIBTUIUIEKCOPOB, UCIIONIB3YETCSl CTPYKTYpHAs cxXxema
n300paxEHHas Ha pucyHke 2.5. M3 rpynmnoBoro curuana, GuibTp oTpaxkaeT 0OpaTHO
TOJILKO OJIMH KaHaJl, KOTOPBIH 3aTéM OTBOJIUTCS C IOMOILBIO IIUPKYJIATOPA.

JlaHHas cxeMa MO3BOJISIET M3TOTABIUBATh MHTEP(EPEHLIMOHHBIN (QHIBTP HEmo-
CPEICTBEHHO B onTUYeCKOM ((pOTOUYBCTBUTEILHOM) BOJIOKHE, KaK MMOKa3aHO Ha pU-
cyHke 2.6.Takast KOHCTPYKIUS Ha3bIBACTCS 80I0KOHHAS PEUEMKA.

BonokHo MOXHO cenath (OTOUYyBCTBUTENBHBIM, €CIIM B HEro 100aBUTh MpHMe-
CH repMaHusi. 3aTeM 3TO BOJIOKHO IOJIBEPTalOT BO3ACUCTBUIO YIbTPA(pUOIETOBOTO
CBETa, YTO BBI3bIBACT U3MEHEHMS IMOKa3aTess MPEJOMIICHHS B CEPALEBUHE BOJIOKHA.
OObIYHO peméTKa CO3MaéTCsl C MOMOIIBI0 OOJTYYeHHs] BOJIOKHA IBYMsI MHTEp(epH-
PYIOLIUMU YIbTPa()PHOIETOBBIMH TyYaMHu.

Cep,queBMHaxOB NHTepdepeHUNOHHBbIN MNbTP

!
..... '@ A)))) )
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Pucynoxk 2.6 —KoHcTpykius nHTEpPEepeHIIMOHHOTO (GUIBTPA, BHINTOIHEHHOTO B OII-
THUYECKOM BOJIOKHE (BOJIOKOHHAS PEIIETKA).

JI71st mpoM3BOJICTBA PEUIETOK TaK)Ke€ MOXET ObITh MCIOJIb30BaHa (pazoBasi Macka,
KOTOpast paclIEIIseT My4Y0K yIbTpadroIeTOBOrO CBETA HA pa3lInyHble AU(PPAKIUOH-
HbIE MOPSAKU, KOTOpPbIE, MUHTEp(dEepUpys, CO3/Ial0T PEUIETKY BHYTpU

2.2.MaremaTnueckas Moaejib

Pacy€T OCHOBHBIX XapaKTEPUCTUK MHTEP(EPEHIIMOHHOTO (UIbTPAa OCHOBAaH Ha
T€Opuu BpArroBckoro oTpaskeHus: U MPeACTaBISET COOON TUMMMYHBIA MPUMEP CBA3H
MEXTy IPOTHBOIIOJIOKHO HaIpaBJIeHHBIMA MoaMu [1].

Ha xaxxnou rpanuie paszaena, 4acThb IMaJAr0LIEr0 CBETOBOIO ITyYKa OTPAXKAETCH,
BCJIEICTBUE pa3NuyMsl MoKazarenei npenomieHus. OTpakeHHbIe BOJIHBI HHTEphepu-
pYyET ¢ Majarouierd BOJHOW U B 3aBUCUMOCTH OT JJIMHBI ONTUYECKOW BOJIHBI, YCUJIM-
BalOTCs 1100 nofaBisoTcs (pucyHok 2.7).
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Pucynok 2.7 —BparroBckoe oTpakeHue

B marematuueckoil Moaenu MHTEPGEPEHIUOHHOTO (PUIBTPaA, MPEANONIOKUM,
YTO TOJIIMHA BCEX CIOEB OJMHAKOBA, 4 3aBUCUMOCTb JUAIEKTPUYECKOU IPOHULIAE-
MOCTH OT Z UMEET BUJ!

&N, 0<Z<%ATF

&(2) = 1 (2.1)
eonlzi EATF <Z<Ag
HOl[()MaJIBHLIe MO/JbI HeBOBMYHleHHOI/I Cp€abl IpCACTaBJIAIOT co0OH IIIIOCKHE
BOJIHBI € = C BOJTHOBBIM YHCJIOM, ONIPEACIIICMbIM BBIPAXKCHUEM.

k(A) = 2L n+ng (2.2)
A 2

B cooTBeTrcTBUUM € COCTOSIHMEM MOJISIPU3ALHUM ATU IUIOCKUE BOJIHBI MOJpa3Jie-
narorcsa Ha TE- u TM-60inbl, MEXY KOTOPBIMU HET CBA3U, IOCKOJIBKY KaK BO3MY-
HIEHHAs TaK U HEBO3MYILECHHAs NMAJIEKTPUUYECKUE NMPOHUIIAEMOCTU SIBISFOTCS CKa-
JSpHBIME BelnurnHaMu. ClieIoBaTEIbHO, CBA3b MEXKIY BOJTHAMHU MOXKET OBITh, TOJHKO
€CJIM OHU UMEIOT OJMHAKOBBIE COCTOSIHUS MOJISIpU3alUKU. DTO BO3MOXKHO JIMIIb JJIs
Clydasi MPOTUBOIIOJIOXKHO HAIPABJIEHHBIX MOJ, IMOCKOJBKY ISl OJMHAKOBO HAIpaB-
JICHHBIX MOJI YCJIOBHE (Pa30BOTO CHHXPOHU3MA BOOOIIIE HE BBHITTOJIHSICTCS.

XapakTep MOJ0BOM cBsi3U Kak st TE-, Tak u qnst TM-eoan ananoruded. Ot-
JIMYHAE COCTOUT TOJIBKO B TOM, UTO OHM UMEIOT PA3HbIC 3HAYEHUSI MIOCTOSIHHOW CBSI3H,

KOTOpas BBIYUCIICTCA COTJIACHO BBIPAXKCHUAM.

[ 2 ,
B TE-
MA costr, \/nzz +n? (n2 " ) ( BOJIHA)
K1) = 23
[ 2 ,
- s, ™ -
mA cosd,, \/ nZ +n? (n2 n )CO TR (TM -BounHa)

[locTOsSiHHBIE CBSI3W  OTJIMYAKOTCA JIMIIb  HAIMpPaBIIOLIUM  MHOXHUTEIEM
C0S(2Grr), KOTOPBIH paBeH KOCHHYCY yIila MEXI1y BEKTOpaMu nojisipusaiuu TM-som.
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Jiis TM-6onn ipu @1 =45°, mocTosIHHAS CBSI3U O0OpaIaeTCcs B HYJIb. DTO COOTBET-
CTBYET HYJIEBOMY OTpakeHuto 1M-eosn tipu yrie bprocrepa.

Benmnunna dazoBoro paccorinacoBanus A1) (onpenernser, npu kakom A Oyaer
BBINOJIHATKLCS YCJIOBUE bperra), onpenessiercss BRIpaKEHUEM

AB(A) = 2K(A) cosB,, — w{j—”j (2.4)

B cooTBeTcTBUU C 3TUM BBIp@KEHHEM, OPETTOBCKOE OTPaXCHHE YETHBIX IIO-
PAIKOB OTCYTCTBYET, MOCKOJIbKY ipu M=2,4,6,u 1.1., K=0. DTO cOoOTBETCTBYET CIly-
4a10, KOT/Ia TOJIIMHA KaXKJI0TO CJIOSI COCTABIIAET IEJI0€ YUCIIO JIJTMH BOJIH, YTO TPH-
BOJUT K HYJIEBOMY OTPaKEHHUIO.

Jlyis Toro yToOBI MONYYHUTH BBIpaKEHUE AN KOIPPUIMEHTa OTPaXKCHUS HH-
TephepeHITMOHHOTO (UIBTPA, TMPEIMOI0KUM, YTO I CBETa, magatomero npu z=0,
BBITIOJHSIOTCS cienyromme rpanndnbie yeimoBus: A1(0)=1, A,(L)=0, rne Ay u A; —
HOPMHPOBAHHBIE AMIUIATYABI MAJAIONIEH U OTPAKEHHOM BOJTH.

KoadduumenT Matpuiipl epenadn ajis i-oro KaHajaa JeMyJbTHILIEKcopa (KO-
3 PUIMEHT OTpaKeHUsI, anmnaparHas QyHKIHMS WU CIICKTP OTPaKEHUS) ONpe/IeIiseT-
Csl CIIETYIOIUM 00pa3oM:

A0 (2.5)
A )
riae Ai(0) m Ax(0) — amruaTy bl Tagaromiei ¥ oTpakEHHON BOJIH. Pernas ypas-
HEHUS CBSI3aHHBIX MO/, TIOJYYHM:
K (1) K (1) BHs()L,.

T(A) = (2.6)

S(1)2chs(A) Ly, +(Aﬂ2f)')j SHPs(A)L,

rae S(1) naercs BeipaxkenneM s(A)? = K (1) K (1) - (AB()/2).
Takum oOpa3om, anmapatHas QyHkius (KoddduimeHT oTpaxkeHus) nHTepde-

PCHIIMOHHOTO (PHIIBTpa paccuuThiBaeTcs mo Gopmysie (2.6). OHa COCTOUT U3 OCHOB-
HOTO NTUKAa C OTYETIUBBIM MAaKCUMYMOM U Psiia MOOOYHBIX MHUKOB.

1o}
= |
2 0.8t
jan)
N
= 0.6}
< |
=
s 04t
(=9
< L
= 02
< i +

0.0 b~ - _ - ~—

1.5296 1.5300 1.5304
2, MKM
Pucynok 2.8 —Tunuunbslii Buj anmnapaTHON GyHKIIUN HHTEPHEPEHLIIMOHHOTO (DUITh-
Tpa.

Ha pucynke 2.8, m3oOpakena anmapatHas (yHKIHUsS HUHTEP(PEpEHIIMOHHOTO
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¢unbTpa, paCCYUTAHHOTO COTIACHO BBIPAKEHUIO 2.6 CO CIEAYIOMUMHU TapaMeTpaMu:
M=3.47, ,=3.4704, L1¢=5.7251m, G=0°, A1r=0.220448ixm. ITo mpuseaeHHOMY
rpaduKy MOKHO OIPEIETUTh ITOJIOCY MpoIryckanus kanaia (AA) — 0.141m.

2.3.PacyeTr 0CHOBHBIX OLIEHOYHBIX XaPAKTEPUCTUK

Jl5is TOro 4yToOBl MOCTPOUTH AEMYJIBTHUILUIEKCOP HA OCHOBE MHTEP(EpPEHIINOH-
HBIX (PUIBTPOB, MO KAKOM JIUOO U3 CTPYKTYPHBIX CXEeM, H300paKEHHBIX HA PUCYHKAX
2.2, 2.4,1m60 2.6, HEOOXOAMMO pPaCCUNUTATh HEKOTOPHIE KOHCTPYKIIMOHHBIE Tapa-
METPBI 3TUX (UIBTPOB, B COOTBETCTBUU C 33JaHHBIMU TPEOOBAaHUAMHU K pa3padathi-
BAaEMOMY JeMYJIbTUIUIEKCOPY. OnpenenuMm 3Tu apaMeTphl.

IenTpanbHas JJIMHA OTPAKEHHOM ONTUYECKON BOJIHBI A

(rme, i=1, 2, ...,N; N —4KCIIO KAaHAJIOB JIEMYJIbTUILICKCOPA)

[Ipexxne Bcero, Kaxblii GUIBTP TODKEH OBITh HACTPOCH HA CBOIO JUTMHY BOJI-
HBI Jj, JUIS BBIAEJICHUS U3 TPYIIOBOTO CUTHAjIa OJHOTO MH(POPMAIIMOHHOTO KaHaja.
DTO0 03HAYaeT, 4TO Ha 3aJaHHOU JIJIMHE BOJIHBI, KOddduumeHT T; J0HKEeH ObITh MaK-
CUMaJIbHBIM, uTO nocturaercs npu A3A)=0, T.e. koraa BeINoNHsAETCS ycioBue bpe-
ra.

T(A) :th2(|K(/1i )| L) (2.7)

T.x. peub uaét 0 QUILTPEe HACTPOCHHOM Ha OTPAKECHHUE ICHTPATHLHOMW JJIMHBI

BOJIHBI 4j, TO UHJACKC | y KoadumueHTa nepenadn omyckaem. M3 3Toro BeipaxeHHs

HAUIEM A;:
A= \/EmTF,i Wnﬁ +n;; [G0sg | (2.8)

Bunno, 4yTo Ha LEHTpabHYIO JJIMHY OTPaKEHHOM BOJIHBI BIHSIOT BCE KOH-
CTPYKIIMOHHBIE MapaMeTpbl PriIbTpa, KpoOMe TOJIUHBI CTPYKTYphI Lrg. st mpuBe-
JNEHHBIX CTPYKTYPHBIX CXEM JIEMYJIbTHILICKCOPOB, Yroi &rj GUKCUpOBaHHBIN (71100
0°, mu6o 45°). IokaszaTenn NpeJoMIEHHs!, KpOME BEIMYMHBLI (a30BOH PaccTPOiku
BXOJISIT U B BBIPAKEHHE MOCTOSIHHON CBS3H, CIEI0BATENbHO, OKA3bIBAIOT BIMSIHUE U
Ha MoJjocy npomnyckanus ¢puiabrpa. Takum 00pazomM, y mokazaTeneil mpeaoMIICHHs U
y yria HakJioHa QUIBTPA WHAEKC | MOKHO OIYCTHTb, & JUII HACTPOUKH 1-0r0 (pUIIbTpa
Ha OTPa)KEHUS CIIEKTPa C 3aJ[aHHOW IEHTPATbHOMN JUIMHHOW BOJHBI Aj, (COTJIacHO Ya-
crotHoMy 1any |TU-T), HeoOxomumo momo0path Ui HETO TOJBKO MEPUOJ CTPYK-
Typbl Atgj, KOTOPBIM OJHO3HAYHO ompezernsiercs BeipaxkeHneMm 2.8. CoraacHO 3TOMy
BBIPKEHUIO, (PUIIBTP, MOCTPOCHHBIN HA OCHOBE MapaMeTPOB, COOTBETCTBYIOIIUX arl-
napaTHoM (PyHKIIUM, U300paKEHHOW Ha puc.2.8, OTpakaeT CIEKTP C IEHTPaIbHOMI
JUTMHOM BOJTHBI paBHOM 1.53vikMm.

max

IIupuna nojockl npomyckanus (AL)

[IIupuHa MOJOCHI MPOMYCKAHKs (HUIbTPA ONpEAessIeT MePEX0aHbIe TOMEXU B
naeMyabTHIUIEKcope. UeM oHa yke, TeM 0OJIbllice YUCIO KaHATIOB MOXHO Pa3MECTHUTh
B OJHOM M TOM >K€ YaCTOTHOM Juamna3oHe. Ha MmMpuHY MOJOCHI MPOIMyCKaHHUS
UHTEPHEPEHITHOHHOTO (PHIBTPA OKAa3bIBACT BIMSHUEC 3HAUYCHHUE TIOCTOSIHHOW CBSI3H, B

KOTOPYIO BXOJMUT PA3HOCTBIO MOKA3aTENEN MPEIOMIIEHUS An U TOJNIIWHA CTPYKTYpPHI
I—TF-
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Baxxno momoOpath Takue 3HAYEHHS 3TUX MapaMETPOB, YTOOBI KOI(PPUIHEHT
oTpaxxeHus uis A; ObLT MAKCUMAaJIbHBIM (T.. OJHM30K K €JMHUIIE), a IIHUPUHA TTOJIOCHI
NpONyCKaHus (UIBTPOB Takas, YTO IepexoaHble momexu P; y nemyibTursiekcopa
OyayT He Ooutee 3agaHHbBIX (prIokeHue b).

Taxum 06pazom, yTOOBI HATH MaKCUMAIbHOE OTPAXKEHUE, IPU 3aJaHHOM 1IeH-
TpaJbHOW JJIMHE BOJHBI A HEOOXOAMMO PEIINTh YpaBHEHHE:

T . (4)=0.999 (2.9)

Kak Obut0 cKa3aHO BbIIIE, HA MAaKCUMAJIbHOE OTPa)KEHHE M HIMPUHY IOJIOCHI
NPOMYCKaHUS CYIIECTBEHHOE BIUSHUE OKa3bIBACT JJIMHA MEPUOANYECKON CTPYKTYPHI
Lrr u Pa3HOCTh nokasarenein IpeIOMIICHUS
An=|n, —y|. Yem yxe momkHa OBITH HMIMPHHA IMOJIOCHI MPOITYCKAHHsI, TEM OOJIbIIIe
JOJKHO OBITh Ltr 1 MeHbIIe An. CreoBaTenbHO, ypaBHEHHE 2.9 MOKHO MepenucaTh
B BUJIC:

T (A, L,An) =0.999 (2.10)

N3 3TOr0 ypaBHEHHSI MOKHO BBIPA3UTh TOJILKO TOJIIIUHY CTPYKTYPHI L1g i, Ipu

3aJaHHOM An:

_ath(x/0.99) 4 @ogA )Q/nZ +n?
LTF,i - \/_ D 2 2 (2'11)
2 ‘nz - nl‘
TaKI/IM 06paBOM, JJIs1 JOCTHUIKCHUA y ,Z[CMyJ'II)TI/IHJICKCOpa 3aIaHHbBIX

NEePeXOAHbIX TOMeX, HEeoOXOoauMO y (GMIBTPOB BapbUpOBaTh BEIUMYMHY An, a
TOJIIIMHA CTPYKTYPHI JUIA 1-0r0 GUiIbTpa Oyaer onpeaessiercs Beipaxkenuem 2.11.

ot
Lot L
= - m = |:'_:‘;-
2 08 z
2 g
= sk _i“ 0.6f
2 04} & 041
< 02tk < o2t
(0 RN i E— —
1.57306 1 3300 1.53014 .53256 1,230 .33
b T a) E i 6)
(S
2 08
o
= 0.6
E 04F
&
0.2k
0.0 L
1.5 1.33000 1.5304
2. HM B)
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Pucynok 2.9 —AnnapaTtHsie GyHKIIUN TOHKOIUIEHOYHBIX (PUIBTPOB,
paccUrMTaHHBIX MPHU Pa3InYHbIX 3HaYeHusx Lr (Mxm): a) 5.725,0) 1.5,8) 20.

Ha pucynke 2.9, uzoOpaxensl ammapaTHble (GyHkuuu ¢uinbtpoB (N,=3.47,
n,=3.4704, &=0°, A1r=0.2204481xM.), HACTPOECHHBIX HAa LEHTPAILHYIO IJIMHY
BOJIHBI 1.53vKkM, ipu pa3iauyuHbIX 3HaYEHUSX L1F.

VY 3aBucumMocTH M300paKEHHON Ha pHCYHKe 2.9, TOJNIIMHA CTPYKTYpPHI pac-
cunrtana 1o popmyiie (2.27) Lr=5.725%4xm). DTa TONIIMHA SBISIETCS ONTHMAIBHOM.
Ha pucynke 2.9, 3aBUCUIMOCTb pacCuuTaHa MPU MEHBIINX 3HAYCHHUSX TOJIIMHBI, 4TO
CKa3bIBaeTCs Ha KO3 UITMEHTE OTpaKeHUs, a Ha 2.98 npu OOJIBIINX, YTO MPUBOIUT
K HaCBIIIEHUIO.

BriBOO
Takum 06pazom, A TOTO YTOOBI MPOTPAMMHO PACCUUTATh KOHCTPYKIIMOHHBIC
napaMeTpsl IeMYJIbTUIUIEKCOP HAa OCHOBE MHTEp(EpPEHIMOHHBIX (PUIBTPOB HEOOXO-
JTUMO:
1. Onpenenuth yroji najcHUsi CBETOBOTO IMyYKa Ha QHIBTPBI GrF, HCXOIS U3 CXE-
MBI IIOCTPOCHHS JeMYJIbTHILIEKCOpa (pucynku 2.2, 2.4, 2.6);
2. Ucxoas n3 yacrorHoro rwiada |TU-T,
BbIOpaTh IICHTPAIbHBIC YaCTOTHI HH- / Onpenenexns Oy /
(bopMaIMOHHBIX KaHAIOB (A;) U 4KCIIO

KaHajoB (N). / 3a,£|aHme YPOBHS
ne

3. Paccunrarh aas Kakaoro i-oro Quiib- peXOﬂHb!X nomex P,
Tpa 3HadeHus Atg; 1o popmye (2.8).
4. Paccuutath 3HaueHue Ltk o ¢popmyn / /
(2.11).
5. Ompenenutsb 1jisi QUIBTPOB 3HAYCHUS
MOJIOCHI MPOTyCKaHus AA. 4/ OueHKa 1, 1 n, /
6. 3amate A QUIBTPOB OLIEHOYHBIE IO-
Ka3aTead MPeJoMIICHUs Ny M Ny, UCXO-

Onpegenenuna i, U n

1 3 CTaHAAPTHBIX I'PaHUI] I ITOKa- Bbluncnenune ATF,i W Lyg;
3aTeNIE TIPEJIOMJIEHUSI W BEJIUYHUHBI l
An.

7. Bappupyss 3HaueHue An 100UTHCH, Onpenenerue Ak,
yTOOBl MaKCHMaJIbHasi TEpPeXO IHasl l

noMexa Ppay OblIa He OOMbIIIE YEM 3a-

Bbrvmcrnenwne P
JaHHas B TexHuueckoM 3amanuu (Po).

max

JlaHHYI0 1[OCJIEeNOBATEIbHOCTD JIEH-
CTBUU TIOSICHAET OJIOK-CXeMa Ha PHUCYHKE P <P,
2.10. HeT Oa

Ha pucynke 2.11 u3obpaxxena amma-
paTHas QYHKIUS AEMYJIbTUIIEKCOpA Ha de-
TBIpE KaHajga , I 4YacTOTHOTO TUIaHA
100I'rn, paccuumTanHasi MO BBIIMICTPUBEIEH-

HOHN cxeMe. MakcumaibHas nepexogHas 110-

Pucynok 2.10 —bnok-cxema mo-
CTPOCHHS IEMYJIbTUIIIICKCOpa Ha
OCHOBE MHTEP(HEPEHIIMOHHBIX
bUIBTPOB.
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Mexa JiJIg Hero cocTaBisteT -23 J10.

N N A N

0.25

0.20

0.15

0.10

ArmapaTHas (v HKITISA

0.05

0,00% 3 A -
1,528 1,529 1,530 1,531 1.532

A, MKM

Pucynok 2.11 —AnnapaTtHas QyHKIMS AeMyJbTUILIEKCOpPa HA OCHOBE HHTEp(epeH-
IIUOHHBIX (PUITBTPOB.

3. MyasTumiekcopsl Ha puabTpax @adpu —Ilepo
3.1.lIpuHUMN 1eiicTBUS M CTPYKTYpPa MYyJbTHILJIEKCOPA

JIBa MOMympo3padyHbIX 3epKalia, pacloyIOKEHHBIX Ha HEKOTOPOM PAaCCTOSHUU
JpyT OT apyra oopasyiot pe3onarop Padpu—Ileppo (pucynok 3.1).

3epkana
R

Pucynok 3.1 —Koncrpykuus ¢punbsrpa Ha ocHOBe pe3oHaropa ®abpu—Ileppo, rue Lrr — nmna pe-
30HATOPA.

Cpepna pe3oHartopa

OTpakeHHBIN Jyd BHYTPH PE30HATOPAa MHOTOKPATHO OTPAXAETCS OT 3epKajl U
ecii Lgg KpaTHO Ay/2, TO BCe JTydH, MPOXOIAIIUE Yepe3 MPaBoe 3epKalo, OKa3bIBAIOT-
cs B (paze. JITMHBI ONTUYECKHUX BOJIH Ax Ha3bIBAIOTCS PE30HAHCHBIMHU.

JlaHHasi KOHCTPYKIMS OYE€Hb YYBCTBHUTENIbHA K TOTPEIIHOCTSM H3TOTOBJICHHUS.
Hanuure o4eHb Y3KMX MAaKCUMyMOM IPUBOAUT K TOMY, YTO NMPH HE3HAYUTCIHHOM
OTKJIOHCHHH JJIMHBI PE30HATOpA OT 3aJIaHHOM, MUK MPOMYCKaHUs CYIIECTBEHHO CME-
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maercsa. OcCOOEHHO KPUTHYHBI K TIOTPEITHOCTH JUIMHBI Pe30HAaTOpa PUIBTPHI ¢ Ooee
BBICOKMMH KOA((DUIIMEHTAMU OTPAKEHUS 3epKal.

[Tomoca mponyckanusi TaKUX (GUIBTPOB JTOCTATOYHO IIUPOKAS TIO CPABHEHUIO C
dunpTpamMu Ha IUIEHKAX, a anmapatHas (QYHKIHS WUMEET MEePHOINYECKH XapakTep,
yTo fenaeT ux npuMmenenue B WDM cuctemax ¢ 00JbI10# MIIOTHOCTHIO Pa3MEIICHUS
KaHaJIOB, TPAKTHYECKH HEBO3MOXKHBIM.

Hisa dpunsTpoB adbpu—Ileppo MOKHO MPEATIOKUTH CXEMY, TOKa3aHHYIO Ha PH-
cyake 3.2.C onTHYecKoro BOJIOKHA CHUTHAJ MOCTYIMAeT Ha HAbop GUILTPOB, HACTPO-
CHHBIC KaXKJIBIH HA «CBOIO» ONMTHUYECKYIO HECYTIIYIO.

PuneTp,

Bts eoe Thir ces o I,

PaszBeTBUTENDb —
Fola err by vin s
Mk
———
OB
'y

his eve hgy een b
PI/ICYHOK 3.2 —Cxema ONTHYECKOro AEMYJbTUIINICKCOpAa MHOI'OBOJIHOBOI'O CUT'HAJIA.

NutepecHoit ocoOeHHOCThIO (puinbTpa Dadbpu-lleppo siBiaseTcss BO3MOXKHOCTH
€ro JMHAMHUYECKON HACTPOMKHM Ha 3aJlaHHYIO JUIMHY BOJIHBI IIyTEM W3MEHEHHUs pac-
CTOSIHUSI MEX]y 3epkanamMu. Ho BBICOKYIO pa3pelaroniyto CiocOOHOCTh MOXKHO pea-
JN30BaTh TOJBKO B TOM Cllydae, KOrza KO3 (GUIIMEHT OTPaKEHUS 3epKai OJM30K K
€AUHULIE.

3.2.MaTremaTruuyeckas Moaejib

Koaddumuent maTpuiipl nepenadn Uit i-oro KaHana IeMyJIbTHILIEKCOpa TO-
ctpoeHHoro Ha Quustpax dabpu-Ileppo, onpenensercs cleAylOUUM BhIPAKEHUEM

[2]:

o= (L-Re)’ |
e (1-R, ) +4RF{sin(2ﬂLF;mﬂ2 ob

rae, Rep — KO3 duIMEeHT oTpaxeHus 3epkas, N — MoKa3areiab MPeIOMIICHUS
cpenbl pe3oHaTopa. Takke B BBIPRKEHUH IMPEAINONaraercs, 4To CBET MaJaeT Hop-
MaJIbHO Ha pe3oHaTtop. M3 ¢popMyssl BUIHO, YTO CIIEKTP MPOIYCKaHUs (HIBTPa UMe-
eT MEPUOANICCKHIA XapaKTep.

Taxum 06pazoM, ko3 HULIMEHT MpoIycKaHusl PUIbTpa HA OCHOBE pe3oHaTopa
®abpu-Ileppo (ammaparHas GYHKIHS WIH CIIEKTP MPOITYCKAHUS) PACCYUTHIBACTCS TI0
dopmyie (3.1).

Ha pucynke 3.3, n300paxeHa ammapatHas QyHKIUs GUIBTPA HA OCHOBE Pe30-
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Hatopa ®abpu—Ileppo, paccunranHoro mo Qopmyne (3.1) co ciaemyromumMu napa-
metpamu: N=1.53,Lp=10QukM, Rep=0.9.

1.0

ol | |

b b

041

Annaparuas ¢y HELRA

(i .
L.

il I
[t
A
]
ol

30 1.535 L.541)

[ ]

. MEM
Pucynok 3.3 —Tunuunslii Buj anmnapaTHON GyHKIIUH (UIBTPa HA OCHOBE pe-
3oHaTopa ®adpu—Ileppo.

[To npuBeneHHOMY I'padHKy MOXKHO OIPEICIUTD MMOJIOCY MPOIYCKaHMs KaHaja
— 0.59m.

3.3.PacueTr 0CHOBHBIX OII€HOYHBIX XapPaAKTEPUCTUK

Jlist Toro 4yToOBl MOCTPOUTH AEMYJIBTUILUIEKCOP IO CXeMe H300pakEHHOW Ha
pucyHke 3.2, HEOOXOUMO PacCUUTaTh HEKOTOPbIE KOHCTPYKIIMOHHBIE MapaMeTphbl
(GuIbTPOB, B COOTBETCTBUU C 33JaHHBIMU TPEOOBAaHUSMHU K pa3padaThIBAEMOMY Jie-
MYJbTUIUIEKCOPY. Onpenennm 3TH mapaMeTpshl.

LenTpajabHasi ATUHA OTPAKEHHOH ONITUYECKOI BOJIHBI A

JIyist Toro 4TOoOBI Ha 3aJaHHOM JTMHE BOJIHBI J; (COTIACHO YaCTOTHOMY ILIAHY
ITU-T) nponyckanue (ribTpa ObLIO MaKCUMAaJIBHO HEOOXOIMMO, YTOOBI BBIpaKe-
HUE, CTOSIIEE MO 3HAKOM CHHYyca paBHsUIOCH M7T rae M=1,2,3, ... T.e. Ipu JyIMHE
pe30oHaTOpa BBIPAKEHHOW IEJIBIM YHUCIIOM, JUTSl TIPOITYCKAHUSI ONTHYECKOW BOJHBI C
IIEHTPOM Ha Aj, IOJDKHO BBITIONHATHCS CJIEAYIOINIEe OTHOIICHHUE!

n
—L=m (3.2)
/1i
rae N; — mokasaresb MPeJOMIICHUS IS i-0r0 GUiIbTpa, a A B 6epéTcs B MUKPO-

MeTpax.

CorracHO 3TOMYy OTHOIICHHUIO, (PUIIBTP, TOCTPOSCHHBIM HA OCHOBE TTapaMETPOB,
COOTBETCTBYIOIIMX aIlllapaTHOW (PYHKIINH, U300paKEHHON Ha PUCYHKEe 3.3, IpOITyC-
KaeT CIEKTP CO CICAYIOMHUMHU I[EHTPAIbHBIMU JJuHaMu BoJH: 1.5223%KwM,
1.53vkMm, 1.5376%1km (B ipenenax wusMmenenus A oT 1.5210 1.54Mmkm).

IInpuHa mosochbl NPONyCKaHUA
Ha mmpuny mnonocsl mpomyckaHusi ¢uibTpa Ha OCHOBE HHTepdhepoMeTpa
dabpu-Ileppo okaszpiBaeT BIUSHUE KOAIDPUIMEHT OTpaxeHus 3epkal Reg u minHa
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pezonaropa Lpp. Uem Bblle KO3PPHUIMEHT OTpak€HUS 3€pKail M 4YeM OoJiblie
3HaueHue Lrp TeM yke OyAeT mupruHa mojiockl MPOMyCKaHMS.

W3-3a mepnoanyHOCTH anmapaTtHON (yHKIUH (UIbTpa, CIETYOIIMA MaKCH-
MYyM TIEPBOTO KaHaia MOXKET IMOMAcTh B CIIEKTP TMOCIEAHET0 WH()OPMAIIMOHHOTO Ka-
Hasa (pucynok 3.4).Ilo 3Ttomy, HEOOXOUMO PACCUMTATh TAKYIO JJIMHY PE30HATOPA
Lrp, uTOOBI TIepuo anmapaTHON (yHKIMHU ObLI O00JIbIIEe CBOOOJHOTO CIEKTPATLHOTO
JMana3oHa JeMyJIbTUIUIEKCOPa AArsg (Ar = A, —A,). Ha pucynke 3.4,3T0T nepuon
0003HaYeH KaK AA,.

r

A7\‘FSR
AA‘FSR

b

.l
A

>

)

-

>
A R o Ay My A

Pucynok 3.4
JlnuHa pe3oHaTopa, MpH M3BECTHOM MEpuojie annapaTHod QyHKIUM Al g, U
IIEHTPAIBHOM JUTMHE BOJHBI A; HAXOIUTCA U3 BeIpakeHus 3.1u paBHa:

L, =inf A Pese*4 (3.3)
' 2\,

rae 3HaueHus A, U Al Oepyrcs B Mukpomerpax. M3 ¢opmynbl BHIHO, 4TO

HauOoJIpIIas AJMHA pe3oHaTopa OyJeT y (uiabTpa HAaCTPOEHHOTO HAa MPOIyCKaHHE
HOCJIE/IHEro KaHana. BenmuunHy AA.g, MOXKHO OIEHHUTH 10 (hopmysie:

AN =DAge + DA, (3.4)
rae AA, — KaHaJIbHBIM MHTEPBAI JAEMYJBTUIUIEKCOpPAa B MUKpoMeTpax. JlaHHas

dbopmyna sBISETCS SMIUPUYECKOM, TOJYYEHHOM MpPHU YCIOBUHU, YTO MOCIEIHUN

KaHaJl JeMYJIbTUIIEKCOpa OyeT BHOCHTH MEPEXOIHYIO TTIOMEXY B TIEPBBIN KaHa HE
oompire yem -25 J16.

3nayenne R o0braHo nexur B auanaszoHe ot 0.9 no 0.99u musa ero oneHku
MOJKHO BOCIIOJIB30BaThCsl (popmyinoit (A, B MEKpOMETpax):

Rep =104, (3.5)
Tak kak KaHanbHBIM MHTEPBAN AN BCeX (DUIBTPOB €IUHBINA, TO MOTYyYEHHBIN

kKodhumueHT oTpakenus OyAeT COpaBeIuB I BceX (DUIBTPOB BXOISAIINX B
JEMYJIbTUTIIEKCOP.
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@®opmyna (3.5) Takke sMmEpuYecKkas M IMOJNydyeHa IMPH YCIOBHUHU, YTO I-BIif

KaHAJI JIeMYJIbTHIUICKCOpa OyJeT BHOCHUTH
MEPEXOAHYIO TTOMEXY B COCCIHHMM KaHall HE
OoubIie yem -25 J10.

BriBOO

Takum oOpa3om, Hjsi TOro YTOOBI
IPOrPaMMHO PacCYUTATh JEMYJIbTUILIIEKCOP
ocHoBe (umbTpoB Dadbpu-Ileppo HEoOXO0-
JTIUMO

1. Ucxons u3 wactorHoro miana ITU-T,
BBIOpATh IICHTPAJIbHBIE YaCTOTHI WH-
(dbopMaIMOHHBIX KaHATOB (4;) ¥ 4nCI0
kaHajos (N).

2. Beruucnuth 11 Kaxaoro ¢uiabTpa
ToKa3aTeNb MPEIOMIICHHS pe30HaTOpa
(ni)s'

3. Beruuciaute mna kaxaoro ¢uiabTpa
UIMHY pe3oHaTopa Lep ;.

4. Ouenutb KOAQPUIMEHT OTpakKeHUs
3epkaj pe3oHaTopoB Rep 1o dhopmyie
(3.5).

5. OmpenenuTs sl GUIBTPOB 3HAUCHUS
MIOJIOCHI MPONyCKaHus AA.

6. Bapeupys 3nauenuss Rep u Lepj, 10-
OuThCS, YTOOBI MaKCUMaJlbHAS TIEpe-

3apaHue ypoBHA
nepexoaHblx nomex P,

.

/Onpe,qeneHMﬂ n n/

l Ha

BbiuncneHue n;

!

47/ Ouenka R,-n L, /

!

Onpepenenne A,

!

Bblrumncnexwe P,

HeTt Oa

Pucynok 3.5 —biok-cxema 1o-
CTPOCHHSI IEMYJIbTUILIEKCOpa Ha
ocHoBe ¢uibTpoB Dadpu-Ileppo.

XoaHas nmoMexa P, ObLIa He OOJbllIe YeM 3aJaHHas B TEXHUYECKOM 3aJaHUU

(Po).

I[aHHYIO MOoCJICA0BATCIBHOCTD I[CﬁCTBPIﬁ MOSICHSICT OJIOK-CXeMa Ha PUCYHKEC

3.5.
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1. CornacHo cBoeMy BapuaHTy 3aJaHusl, U3 TaOIUIbl 1 MONTyYUTh UCXOHBIE TaHHbBIE
JUTsl pacyé€Ta 1eMyJIbTUILIEKCOpA.

4. PexoMeHIALNH 110 BBITMIOJIHEHUIO PadOTHI

4.1. PacuéTHoe 3a1aHue

2. Tlo tabnuue ITU-T HailTH 4nCIIO KaHATIOB N U IEHTPAIbHbBIE YaCTOTHI ;.

*

Ta6nuna 4.1 —McxoaHble TaHHbBIC JJIS1 BHITIOTHEHUS PaOOThI

Bapuant
ITapameTpsl 1 2 3 4 5
Junamazon 1528,77am — | 1528,77um — 1546,12am — | 1539,77am — | 1535,82um —
JUIMH BOIH* 1532,68um 1536,61um 1554,13um 1549,32um 1538,98um
Afy, Ty 100 200 400 200 100
Po (16)** 20 22 25 26 22
Tumn [U.OJ*** B.P. P.®.II. U.M-1I. B.P. P.OII
Ny [A.@]x*** 1.458 1.56 1.55 1.458 1.51
Bapuant
ITapameTpsl 6 7 8 9 10
Jnana3zon 1549,32um — | 1533,47um — 1546,12um — | 1535,04am — | 1530,33uMm —
JUIAH BOIH* 1553,33uam 1542 ,94am 1554,13am 1557,36am 1536,61am
Afy, Ty 100 200 400 500 200
Po (16)** 21 19 25 18 24
Tun [U.OJ*** U.M-1I. B.P. P.OII U.M-1I. B.P.
Ny [U.@]**** 1.5 1.458 1.59 1.52 1.458
Bapuant
Hapaverpst 11 12 13 14 15
Jnana3zon 1550,92um — | 1550,92aMm — 1533,47am — | 1533,47am — | 1541,35aMm —
JUIMH BOIH* 1554,13um 1560,61am 1557,36uMm 1557,36am 1550,92um
Af, T 100 200 600 1000 200
Po (16)** 23 20 18 19 24
Tun [U.OJ*** P.OII U.M-11. B.P. P.®.II. N.M-11.
Ny [U.O]**** 1.557 1.533 1.458 1.55 1.565

— LCHTPAJIBbHBIC MAKCUMYMBI IICPBOTO M ITOCICAHETO KaHala,
— YPOBCHb IICPEXOAHBIX IMOMCEX, KOTOpLIﬁ JOJIZKCH o0ecrneynBaTh AEMYJIb-
THUIIJICKCOP.

*%*
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***  — TUI AEMYJIbTHIUIEKCOPA, MOCTPOSHHOTO HAa UHTEPhEPEHIIMOHHBIX (PUITh-

tpax: U.M-II — Unrepdepomerp Maxa-lIlennepa, P.d-II. — pe3onarop
®dab6pu-Ileppo, B.P. —BonokoHHas peméTka,
— 3HAYEHHE NOKA3aTEeNs IPEJOMIICHHS Ny VISl IEMYJIBTUILIEKCOpa MOCTPO-
€HHOTO Ha UHTep(PEPEHIIMOHHBIX (PUIIbTPaX.

*k*k

HccaenoBanue onTu4ecKOro AeMyJabTHILNIEKCOPA, HA OCHOBE HHTep(e-

PEHUMOHHOI0 PUIbTPA.

1. Onpenenutp yroma najieHus CBETOBOTO Iyyka Ha GUIBTP, UCXOMs U3 JaHHOU B 3a-
JAHUH CXEMBI IIOCTPOECHUS AEMYIIbTUILIEKCOPA.

2. Paccunrtath nepuoj CTPYKTYpHI 711 BCEX TOHKOIUIEHOUHBIX (PUIBTPOB, BXOISAIINX
B JIeMyJIbTHIUIEKCOp M TommmHy duastpos mis An=10%, 3107 710% u 10°
Tonmuny Bcex GUIBTPOB CUYUTATH MMOCTOSHHOM, PAaBHOW TOJIIHMHE LIEHTPATHHOTO
¢bunbTpa. PezynpraThl pacuéra nms Bcex AN 3aHECTH B TaOJIHILY:

ITapametp/

Ne punbTpa 1 2
A
e,
Lre

n

HccnenoBanue onTu4eckoro AeMyJbTHILIEKCOPA, HA 0CHOBe (PMJILTPOB
®aopu-Ileppo.

1. Haiftu nmokasarenau NpeJIoOMIICHUS CPEIbl pe30HaTOpa s KaXa0ro GuibTpa.

2. OueHuTh 3HaUeHHE KOAPPUIIUEHTA OTPAXKEHUS 3EPKaJl.

3. OueHuThs 3HaUEHHUE JUIMHBI PE30HATOpa IS LEHTPAIbHOTO (pUIbTpa IEMYJIbTH-
IUIEKCOpa HACTPOCHHOTO Ha OTPaXEHHE CIIEKTPAa C MAKCHMAaJbHON HEHTPaIbHON
JUIMHHOM BOJIHBI. DTO 3HaYeHHE OyJIeM CUUTATh MOCTOSHHBIM JUIS BCeX (PUIBTPOB
aeMmynbTuIuiekcopa. OHO paBHO AJHMHE MOcieAHero (GuibTpa. Bee pesynbTath
pacuéTa 3aHeCTH B TaOIUILy:

ITapametp/

Ne punbTpa 1 2
i
n

Rep
Lep

4.2. IkcnepuMEeHTAJIbHOE 3aJaHUe

3aHecTH B Pacu€THYIO MpOrpaMMy KOJIMYECTBA KaHAJIOB JIEMYJIbTUILUIEKCOpA U
LEHTpaJIbHbIE YACTOTHI, OTpakaembie HpUIbTpaMu

HcciienoBanue onTu4ecKoro 1eMyJbTHILICKCOPA, HA OCHOBe HHTep(epeHIH-
OHHOTI0 (pUIbLTpA.
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1. UccnenoBath 3aBUCUMOCTh MAaKCHMAITbHBIX TIEPEXOIHBIX TOMeX (Pmay 0T AN, Jlis
ATOTO HEOOXOIUMO OIPEETUTh MEPEXOJHbIe MOMEXHU JeMYJbTUILUIEKCOpa, MpHU
pa3IMYHbIX 3HaYeHUSIX AN, BBIYUCICHHBIX B pacuETHOM 3a/iaHuu (epe pacuéTom
P, HeoOxoauMo orpeneauTh AL). Pe3yabTaTel 3aHECTH B TaOJIHILY:

Hapamerp /An | 10 | 310" | 710" | 10°

AN (M)

Pma)

[To Tabnuie mocTpoiTe 3aBUCUMOCTH PpafAN). B otuére, Tak xe oTOOpasurte
NoJIy4eHHbIEe TpadUKu anmapaTHbiX GYHKUIUU AEMYJIbTUIIIIEKCOPOB U pacCUUTaH-
Hble TpadUKu MEePEXOJHBIX MOMEX, IPHU pa3uuHbIX 3HaueHusx An. OObsIcHUTE,
YEM BBI3BAHO PA3JIMYMUE B IEPEXOJAHBIX MIOMEXAX.

2. HaiiTu onTUMalIbHYIO pa3HUILy MOKa3aTeNel MpeaoMIIeHHs], TP KOTOPOM MaKCH-
MaJbHBIN YPOBEHB MEPEXOAHBIX MoMeX OyaeT paBeH Py+lnb. Jlns sToro, Heobxo-
JAMMO, Ha OCHOBE aIlpPOKCUMAIIUH 3aBHCUMOCTH Py (AN) HaliguTe Takoi An, xo-
TOPBIA YIOBIETBOPSI Obl ypaBHEHUIO Pna(AN)=Potlnb. O0o3HaunMM ero kak
ANgypt.

3. PaccunTtarh KOHCTPYKIIMOHHBIE MapaMeTpbl GUIBTPOB, IpU ANy, Ha ocHoBe mo-
JY4YEHHBIX MapaMeTPOB CMOJAEIUPOBATH alMapaTHyl (QYHKIHUIO TEeMYJIbTUILICK-
copa M paccuuTaTh NepexoHble ToMexu. Pe3ynbTaTsl 3aHECTH B TAOIHILY:

IIa

| | 2
Ai

A nopti

e
I—TF,int(n/z)
AN (M)

P [ ]

n

B otuére oToOpasuTe cMoaenupoBaHHbIi rpaduk anmnapaTHOW QyHKINUU JeMYITb-
TUIUJIEKCOpPA U PACCUUTAHHBIN rpauK nepexoqHbix nomex. OObACHUTE, YEM BbI-
3BaH ITOJYYEHHBIA BUJ 3aBUCUMOCTH IIEPEXOJAHBIX IIOMEX OT HOMEPA KaHaJIa.

4. Jlna neMyabTHILUIEKCOpa C ONTUMAIbHBIMU TapaMeTpamu, MPOHa0II0AaTh BIIUS-
HUE BCEX COCETHUX KaHAJOB Ha Ka)JbIi KaHaI B OTAEIbHOCTH. OOBICHUTE, YeM
BBI3BaH I1OJyYECHHBIM BUJ 3aBUCHMOCTH IIEPEXOAHBIX IIOMEX OT HOMEpPA KaHAJIa.

HccaenoBanue onTu4ecKoOro 1eMyJabTHILNIEKCOPA, HA OCHOBe puiabTpoB Pad-
pu-Ileppo.

1. UccnenoBath 3aBUCHUMOCTb MEPEXOAHBIX MOMEX OT KO3(p(ULMEHTa OTPAKEHUS
3epkai. [[ns aToro HEOOXOIMMO ONPENENUTh MEPEXOJIHBbIE MOMEXU AEMYJbTH-
TUIEKCOpa ISl BYX LEHTPAIBHBIX COCETHHX KaHaIOB (KaHAJIbl C HOMEpaMH
int(n/2) u int(n/2)+1) npu Rep = 0.9, 0,951 0.99. [Ing kaxmoro kosdduimeHTa

73



OTpa’KEHHUs PACCUMTATh JUIMHY pe30HaTopa. 3HaueHue A _ 1pu 3ToMm OyleT pas-
HO: A/TFSR =A/1FSR+(1— R)Z, rae Al B Mukpometpax. Ilepen pacuétom P, HeoOxo-
TUMO orpeAenuTb AL, Pe3ynbTaTsl 3aHECTH B TAOIUILY:

Mapamerp / Rep | 0.90] 0.95| 0.99
AN (M)

Lep (xn)
Pma)

[To Tabiuie moctpoiTe 3aBUCUMOCTD Pha(Rep). B otuéte, Tak ke oToOpasute
MOJTydeHHBIC TPapUKH aIapaTHbIX (YHKIMH JEMYJIBTHIICKCOPOB (TOJIBKO IS
JIBYX MCCIIElyeMbIX KaHAJOB) W pacCUMTaHHbIC Tpa(UKH IMEePEXOJHBIX IMOMEX,
P pa3INIHBIX 3HaYeHUSX R. OOBsSCHUTE, YeM BBI3BAHO PA3JIMYUE B MEPEXOJ-
HBIX TIOMEXaX U Mo4YeMy ObLIHM B3sThI KaHaIIbI ¢ HOMepamu INt(N/2) u int(n/2)+1.

2. Haiitn onTuManbHbId KO3()PUIIMEHT OTpakeHHs 3€pKaj, MPU KOTOPOM MaKCH-
MaJIbHBIN YPOBEHB MEPEXOAHBIX moMex OyaeT paBeH Po+lnb. [lns saToro, Heobxo-
IMMO, Ha OCHOBE anmpoKcUMaIuu (JIN0O 3KCTPAIONSIMN) 3aBUCUMOCTH PrayRep)
HaiiauTe Takoi Rep, KOTOPBIH ya0BIeTBOPSUT Obl ypaBHEHHIO PraRrp)=Pot1ab.
O06o03Ha4uM ero Kak Rep, op:

3. UccnenoBaTh 3aBUCUMOCTH TIEPEXOAHBIX TTIOMEX OT JUTHHBI pe3oHaTopa. s atoro
HEOOXOMMO OTPEAEIUTh MEPEXOIHBIE TTOMEXH NEMYIbTHUIUIEKCOPA JIJISl TIEPBOTO
K IOCJICAHCTO KaHaJla IIpH LFP=LFP, pacuémmoer LFP, pacuémnoe 10%mn I—FP, paCllémH0+
10%, (mepen pacuérom P, HeoOxoaumo omnpeaenuth AL). Koaddunuent orpaxe-
HHA 3epKall 11 BeeX Lep OyneT Rep, ope Pe3ynbraTel 3aHecTH B TaOMLy:

HapaMeTp / LFP LFP,pacué’mHoe LFP,pactté'mﬂoe —10% LFP,pactté'mﬂoe"' 10%
AN (M)
Pma

[To Tabiuiie moctpoite 3aBUCUMOCTh PmafLrp). B oTuéTe, Tak sxe oToOpasurte
HOJyYCHHbIC TpadUKK anmnapaTHeiX (QYHKIMHA JEMYJIbTHILICKCOPOB (TOJBKO IS
TICPBOTO U IMOCJIEJHEr0 KaHAJIO0B) U PACCUUTAHHBIC TPAPHUKH MEPEXOIHBIX TOMEX,
P Pa3TUYHBIX 3HAYCHUSIX Lep. OOBSICHHUTE, YeM BBI3BAHO pPa3IudHe B MEPEXO/-
HBIX TTOMEXaX U MoYeMy OBLITH B3SITHI KAHAJIBI C TIEPBBIM U TTOCJICTHUM HOMEPAMHU.

4. Haiitu onTUMaJBHYIO JUTUHY PEe30HATOpA IS MOCIEAHEr0 (GUIbTpa, MPH KOTOPOM
MaKCUMAaJIbHBI YPOBEHb MEPEXOJHBIX MoMex OyneT paBeH Potlnb. s srtoro,
HE0O0XO0JMMO, Ha OCHOBE aIMMPOKCHUMAIMH (JTMO0 SKCTPAIOISIIAHA) 3aBUCHMOCTH
Pma{Lrp) Halimure Takyr Lgp, KkoTOpas ymomierBopsiia Obl ypaBHEHHIO
Pma{Lrp)=Pot1lnb. O603naunM €€ kax Lep, ops

5. PaccunTarh KOHCTPYKIMOHHBIE IapaMeTpbl GUIBTPOB, NpU Rep, opt U Lep, ope Ha
OCHOBE TIOJIYYCHHBIX IapaMeTPOB CMOJEIMPOBAThH allapaTHYK (DYHKIUIO e-
MYJIBTHIUIEKCOPA U PACCUYUTATh MEPEXOIHBIC TTOMEXH. Pe3ynbpTaThl 3aHECTH B Ta0-
JIHILY:

| Mapamerp/ | 1 | 2 | ... | n |
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Ne puabTpa
A
n
I:QFP, opl

I—FP, opt

B otuére oToOpasuTe cMoaenupoBaHHbIi rpaduK anmnapaTHOH QyHKUINUU JEeMYITb-
TUIUIEKCOpA U PACCUUTAHHBIN rpapuk nepexoqHbIx nomex. OObsACHUTE, YEM BbI-
3BaH IOJIyYCHHBIN BHJI 3aBUCUMOCTH IIEPEXOIHBIX IIOMEX OT HOMEpPA KaHaJa.

6. Jlns aemMyibTHILIEKCOpa C ONTUMAJIbHBIMU HapaMeTpamH, MPOHAOI0ATh BIIHS-
HUE BCEX COCETHUX KaHAJOB Ha Ka)JbIi KaHaI B OTAEIbHOCTH. OOBICHUTE, YeM
BBI3BaH ITOJIYYEHHBIA BUJ 3aBUCUMOCTH IIEPEXOIHBIX IIOMEX OT HOMEpa KaHaJja.

3akiounTeIbHAA YACTh

CpaBHUTH MEPEXOIHBIE TIOMEXU 00OUX NEMYIbTUIUIEKCOPOB. ChaenaTh BBIBOBI O
BO3MOXKHOCTH TIOCTPOEHUS JeMYJIbTHILIEKCOpa Ha MHTEPPEPESHIIMOHHBIX (QUIBTPaX U
bunbrpax Padbpu-Ileppo.

Conep:xkanue oTyera
Otuer o npoaenaHHoON padoTe JOJIKEH COJAEPKATh CICAYIOIINE pa3/Ieibl:
* Ilens paboThI.
* Kpatkas teopus.
e Pe3ynbrarsl paboThl — rpaUKu ¢ KPaTKUMU HOSCHEHUSMU MOJIYYEHHBIX
3aBUCHMOCTEM.
e BrIBobI O ITpoOJIETAHHOI padoTe.

KoHTposbHBIE BONIPOCHI
1 Yro Takoe BoJOKOHHO-onTHueckas junus cBsizu (BOJIC). Mzobpasure
00600ménnyto cxemy BOJIC. HazoBute ocHoBHBIE 351ieMeHThl BOJIC.
2 Kakue Bbl 3HaeTe BHUJIbI ONTHYECKUX JEMYJIbTUILIEKCOPOB. B uém noctoun-
CTBa U HEJOCTATKHU KaXJOTO U3 HUX?
3 Kak kinaccupuuupyroTcsi ONTHYECKUE AEMYIbTUILIEKCOPHI?
4 Ha xakux jiuHax BoyiH padotaror WDM u DWDM neMynbTUIIeKcophl ?
5 HazoBuTe 0OCHOBHbBIE XapaKTEPUCTUKHU ONTUYECKUX JEMYIbTUILIIEKCOPOB?

5. Onucanue NporpaMMHOro odecrnevdeHust

«KOMIIBIOTEPHOE UCCJIEJOBAHUE OIITUYECKHUX
JAEMYJIBbTUIVIEKCOPOB HA OCHOBE UHTEPOEPEHIIMOHHBIX
PUJIbTPOB U ®PUJIBTPOB ®ALPU-TIIEPO»

PyKkoBOJCTBO MOJIb30BATES
(Pemakius ot 12.10.2006)
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1. OO01ee onucanue

1.1 dOyHkuuoHAJIbHOE HA3HAYEHHE CUCTEMbI, 00,1aCTh PUMEHEHUS U
OrpaHUYeHH s

KomnerorepHast madoparopHas padota «lcciieqoBaHre ONTHYSCKUX IEMYJIbTH-
IUIEKCOPOB Ha OCHOBE MHTEp(EepeHINOHHBIX GUIbTPoB U QuiisTpoB Dadbpu-Ileppo»
npeHa3HayeHa JJIs pacueTa M ONTHMHU3AIUHN XapaKTEPUCTHK ONTUYECKHX JEMYJIb-
THUIUIEKCOPOB B Y4eOHBIX 1emsix. JlanHas pa3paboTka MOXKET ObITh HCIIOJIb30BaHA MPH
00y4YeHHH CTYJCHTOB TEXHHYECKUX BY30B I10 HampaBieHHUIO «TeneKoMMyHHUKAIMN»,
KaK B KauecTBe Ja0OpaTopHOi paboThl, TAK U B KAUECTBE MHCTPYMEHTA JJIs pacyera
U ONTHMU3ALNU JaHHBIX JIEMYJbTUIIEKCOPOB MPU KypPCOBOM MPOEKTUPOBAHUU BO-
JIOKOHHO-ONITHYECKUX CHCTEM TMepeladn cO CHeKTpaibHbiM pasnenenuem (BOCII-
CP), ucmonp3yronmx IeMyIbTUIUIEKCOPHI HA OCHOBE WHTEP(EPEHIIMOHHBIX (HUITh-
TpoB win GuiabTpoB Padbpu-Ileppo B kauecTBE OJHOTO U3 OCHOBHBIX 3JIEMEHTOB.

[IporpamMmMHoe oOecrieueHne npeAcTaBisieT co00i MakeT MporpaMM reHepaluu
dbopM ans 3aAaHUS TApaMETPOB 000UX AEMYJIbTHILIEKCOPOB, OTOOPAKEHUS PE3yIib-
TaTOB pacueTa M BbIBOJIa METOJUYECKUX PEKOMEHIAIMH MO0 padoTe ¢ TUMepTeKCTOo-
Boif HaBuramuei. [laker Bkarouaer 15 BapuaHTOB 3amanuil Ui npoBeneHus gadopa-
TOPHBIX paboT, a TaKkKe MPHUKIAIHbIE MPOTPAMMBI M0 MPOBEIECHUI0 HEOOXOIUMBIX
BBIYUCIICHUH, MpeAyCMaTPUBAIOIINX YHUCICHHBIM pacdeT NpeoOpa3oBaHMid, OMHCHI-
BAIOIIMX BOJIHOBBIE MPOIIECCHl B MHTEPPEPEHIIMOHHBIX GriIbTpax u ¢puibTpax dad-
pu-Ileppo. B ocHOBY pacueToB IM0JIOKEHbI MaTeMaTUYECKHE MOJIENH, OIMCAHHbIE B
[1]. OrpanmueHwust 51 MO, ONMCHIBAIOIIECH paboTy HHTEP(HEPEHIIMOHHOTO (HHUITb-
Tpa, SIBISIETCA OJMHAKOBAs TOJIIMHA BCEX CIOEB M OTCYTCTBHE OOPATHOTO OTpaxe-
HUS, a IJI MOJENIM OMHChIBaromieil padory ¢unbtpa ®adpu-Ileppo — HOpMambHOE
najJieHue CBETa U3 TOpIla ONTUYECKOTO BOJOKHA HA (PUIBTP U OTCYTCTBUE OOpPAaTHOTO
oTpaxkeHus ot ¢puibTpa. B m.2.2 mpuBeneHa MatemaTHUecKasi MOJIENb, MOJIOKEHHAs
B OCHOBY NPOTPaMMHOT0 00€CTIeUEeHHUS.

1.2 KparTkoe onucaHue CHCTeMbI U ee TEXHHYECKHE XapaKTePUCTUKHI

Kommnbrotepnast 1abopaTtopHas pabora, Janee mporpamma, MpeacTaBisieT Co-
O0Oll KOMITBIOTEpHYIO MPOTpaMMy, KOTOpas COCTOMT U3 METOJUYECKOro MocoOus
(kpaTkast TeopHs C 3aJjaHHEM Ha pa0OTy), BXOJHOTO TeCTa M 000JIOYKH MOJETHPOBA-
Hus. [Iporpamma mMoxeT (yHKIIMOHHPOBATH TOJ] YIIPABICHUEM ONEPAIIMOHHBIX CH-
crem Windowsgcex mokonenuid, HauuHast ¢ Windows 95 .J{nst HopmaibHOTO (hyHK-
[IUOHUPOBAHKS MTPOTPAMMbI KOMITBIOTEDP JOJDKEH OBITh OCHAIlEH HEe MeHee yeM 16
M6 onepaTvBHON maMsTH U HE MeHee 4yeM 6 MO cBOOOJHOrO MecTa Ha KECTKOM
nucke. Cama nporpamma 3anumaeTr okojio 0,25 M6 auckoBoit mamsatu. [Iporpamma
He TpeOyeT yCTaHOBKH.
OO0osouka MOJENUPOBAHUS MOCTPOEHA MO MOAAIBLHOMY MPHUHLUIY U Tpeny-
CMaTpHUBaeT MOCJIEJOBATEIbHOE KOMIIBIOTEPHOE MOJEIMPOBAHNE KAKIOrO THIA JIe-
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MYJIBTUILIEKCOPA ¢ BO3MOXKHOCTHIO CPABHEHHsI UX PaOOTHI MO Pe3ysbTaTaM BBIYHC-
JeHHs epeKpEcTHRIX momeX. [Ipu 3ToM mpeaycMoTpeHa peructpanus CTyJAeHTa U
IperoaaBaTens sl 3aMoJIHeHusT (PopM O0T4YeTa, TEHEPUPYEMOTO 10 OKOHYAHUH pabo-
el B MS Word. /]ist ocyiiecTBiIeHHs T0MycKa K 000J0YKe MOACIUPOBAHUS MPEIy-
CMOTPEH aBTOMAaTUYECKUI TECTOBBI KOHTPOJIb, BEITIOTHSAEMBIN B OT/IETILHOM OKHE.

1.3 3amyck mporpamMMbl U BBIXO/ U3 POTPaAMMBbI

3amyck mporpamMMBbl OCYIIECTBIsIeTCsl 3amyckoM ¢aiina EDFA.exena Bwimo-
HeHHe, JaHHbIN (aiin pacnonoxkeH B nanke EDFA. [locne 3amycka Ha 9KkpaHe KOM-
NbIOTEpa MOSBISETCS TJIABHOE OKHO MporpamMmbl «KOMIBIOTEpPHOE MOJETUPOBAHUE
MHOTOBOJIHOBOTO 3pOHEBOTO BOJIOKOHHO-ONTHYECKOTO YCHIUTEISD (Jajiee 1mo TeKCTy
OIMCaHUs JaHHOE OKHO Has3bIBaeTcsi I 1agHnoe). JlanHOE OKHO COAEPIKUT TIIaBHOE Me-
HIO U OCHOBHbIE€ KHOIIKH yNpaBiIeHUS.BpIXo U3 mporpammbl OCYLIECTBIISIETCS Haxa-
trem kronku X g BEPXHEM IIPABOM YyIi1y OKHa «I 1aBHOE».

2. Paborta ¢ nporpammoii

B npanmpHelimiem mpeamnonaraercs, 4TO TOJIB30BaTeNb MMEET OIpe/IeTICHHBIS
HaBBIKU paboThI B onepannonHoi cucteme Windows 95umun Windows 98.

[Tpu pabote ¢ mporpaMmoi It IepeMeIIeHIsT MEXTy TOJISIMU BBOJA, M HaXKa-
TUM Ha KHONIKM YJI0OHEH BCETO MCIOIb30BaTh MAHUMYJIATOP "'MBIIIb .

B ToMm jxe okHe mpemycMoTpeHa BO3MOKHOCTh BBoja @.M.0. cryaeHTta u mpe-
1oJ1aBaTeIsl IS 3aMOTHEHUS (JOPM OTUETa, TEHEPUPYEMOTO 110 OKOHYAHUHU PaOOTHI B
MS Word. Tak:xe MOXHO BHIOpAaTh BapUaHT M HOMEP CTAPTOBOTO MYHKTa PaOOTHI.
Bcero pabota comepxxkut 20 BapraHTOB 3a/1aHui MO 8 MyHKTOB.

B cooTBeTCTBMU C BHITIOJHAEMBIM ITYHKTOM 3aJIaHUsI, TEKCT KOTOPOTO 3arpy-
JKAETCS TIPU BhIOOpPE BapwaHTa M HOMEpa IMyHKTa aBTOMATUYECKH, HCIIOTHUTEIIO
HEO0OXOMMO BBECTH MCXOIHBIC TTapaMeTPhl pacuera:

OO6osouka MOIETUPOBAHKS TOCTPOCHA MO MOJAIBHOMY TMPUHIMIYY W TIPEIy-
CMaTpPUBAET MOCJEIOBATEIILHOE KOMITBIOTEPHOE MOJICTMPOBAHUE KAXKIOTO THIMA Je-
MYJIBTUIUIEKCOpPA C BO3MOXHOCTBIO CPaBHEHHS MX pabOTHI MO pe3yibTaTaM BBIYHUC-
JeHus epeKpEcTHRIX momeX. [Ipu 3ToM mpeaycMoTpeHa peructpanus CTyJAeHTa U
IpernoaaBaTens sl 3aMoJHeHusT PopM OT4YeTa, TEHEPUPYEMOTO 10 OKOHYAHUH pabo-
el B MS Word. /]ist ocyiiecTBiIeH s T0IMycKa K 000J0YKe MOACIUPOBAHUS MPEIy-
CMOTPEH aBTOMAaTUYECKHI TECTOBBI KOHTPOJIb, BEITIOTHSAEMBIN B OT/IETILHOM OKHE.

Jliss MojenupoBaHusl JeMYJIbTHILUIEKCOPOB HCIOJHUTENI0 HEOOXOAMMO BBECTH
WCXOJTHBIE TTAPAMETPHI:

6) WHPOPMAITMOHHBIX CUTHAJIOB:

— yucio onTudeckux kanaiaop (1-150);

— TeHTpaJbHbIe JUIMHBI BOTH KaHamoB (140GiM - 160Gim)

7) uHTEepPEePEHIIMOHHBIX (BHIBTPOB. MOKA3ATENIN MPEIOMIICHHS MEPUOTNICCKON

CTPYKTYpPHI, TOJIIWHA U TIEPUOJ CTPYKTYPHI, YTOJI MaJCHUS CBETa U3 TOPIA
ONTUYECKOTO BOJIOKHA Ha MYJIbTUILIIEKCOP, IMOJ0Ca TPOITYCKAHMS.
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8) ¢ouapTpoB Dadpu-Ileppo: mokaszarensb MperoMIIeHUs, KO3()PHUIIMEHT oTpake-
HUS 3€pKaJl, TOJIIHUHA CTPYKTYPHI, ITOJIOCA MPOITYCKAHUS.

Jl7is 3a1aHHBIX MTapaMeTPOB MPOU3BOAUTCS PACUET CISAYIONINX XapaKTEPUCTHK
TUTSL KQKJIOTO IEMYJIbTUIUIEKCOpa!

5) rpaduk anmapatHoW GyHkIMH (U1 HHTEPGEPEHIIMOHHOrO (UIbTpa - 3aBHU-
CUMOCTh KOd(HIIMEHTa OTpaXECHHUS OT JJIMHBI ONTHYECKOW BOJHBI, Js (QribTpa
dabpu-Ileppo - 3aBuCHMOCTh KO3 PUIMEHTAa TPOXOKIACHHS OT JJIUHBI ONTHYECKON
BOJIHEI);

6) rpadmk W TabyMIA MMePEeKPECTHBIX NOMEX (3aBHCHMOCTH MEPEKPECTHBIX IO-
MeX OT HOMepa KaHaa).

Hacrpoiika ¢punbTpa Ha 3a1aHHYIO0 IJIMHY BOJHBI MPOW3BOIUTCS BU3YaJbHO IO
rpaduky annmapatHon QYHKINH, TyTEM U3MEHEHHUS! BHYTPEHHHX MTapaMeTPOB.

[TakeT mporpaMMm Tak»Xe MO3BOJSET OCYIIECTBUTH ONTHMHU3AIUI0 BHYTPEHHUX
napaMeTpoB JIOOOTO M3 MCCIEAYEMbIX IEMYJIbTHIUIEKCOPOB ISl TOCTHIKEHUS 3a-
JAHHOTO YPOBHS TIEPEKPECTHBIX TIOMEX.

[To pe3ynbTaTam pacueTa 3amoJHAIOTCS TaOIUIBl ¢ HHPopMaIuei, TpedyeMoi
B 33J]JaHUU K BBITIOJTHIEMOMY ITyHKTY. [lociie BBITIOTHEHMSI ITyHKTa IPOrpaMMa CTPOUT
HE0O0XO0UMBbIE TPapUKH B OTIEIHPHOM OKHE, IJIe TAK)KE €CTh BO3MOXKHOCTbH IS 3aITH-
CH BBIBOJIOB TIO TMPOJICTAHHOMY IMYHKTY M TIEpeX0Ja K BBITOJHEHHUIO CIIECIYIOIIETO
MyHKTA.

[Tpu Bo3BpalieHUH K BBHIMOJHEHUIO MMYHKTAa, KOTOPBIH ObUT YK€ cleaH, JdaH-
HbIC B Ta0nuIax ¢ nadopmarmeit, TpedyeMoil B 3aJaHUU K TOMY ITYHKTY, U BBIBO/IBI
10 HEMY COXPAHSIOTCS B MOCJIEAHEH penakiuu ucrnoiauTels. OHaKO MPU BBIXOJE
U3 MPOTPAMMBbI JTAaHHBIC O BHITIOJHEHUN PAaOO0THI COXPAHSIOTCS TOJIHKO B Tpadraeckom
Bue B popmare *.emf B moaIupeKTOpuu ¢ Ha3BaHWEM BBITIOJTHSAEMON PabOTHI B Ka-
tajgore «Mou JOKyMEeHTBI». [Ipu 3TOM COXpaHSIOTCS TOJNBKO T€ TrpaduKu, KOTOPHIC
HEO0OXO0IUMBI JIs1 0(pOPMIICHHS OTYETa MO padoTe.

[Tocne BBITTOJIHEHUS TIOCEIHETO MYHKTA 3aJaHuUsl WU 110 JKEJAHWIO MCIIOJTHU-
TeJsI B JTF0O0H MOMEHT BBITIOJTHEHHUST paOOThI MPOUCXOIUT TeHEpaIs oTdeTa mo ¢op-
Me, TIPUHITON B By3e-pa3pabdOTYMKE MPOTpaMMbl, BKIIOUYAONIEH HHopMmamuio 00
UCTIOIHUTENEe paboThl, TpeOyemble B 3afaHuu rpaduku (MOJydeHHBIE B pE3yJbTaTe
BBITTOJIHEHUSI PA0OTHI), & TAKXKE BBIBObI, HAMIMCAHHBIC UCIOJHHUTEIEM MO KOKIOMY
MyHKTY.

[Tocne reneparuu ot4yeTa paboTta 3aKkaHuYMBaeTCs. J{1s1 BHITOTHEHNST HOBOM pa-
00ThI (Ipyroro BapuaHTa) HEOOXOJAUMO BBIHTH M3 MPOrPAMMBbI U 3aIlyCTUTh €€ 3aHO-
BO.

Janee 6011ee moapoOHO OCTAHOBUMCS Ha IPOrPAMMHBIX OKHaX.

2.1 T'J1aBHOE OKHO

B rnaBHOM okHe (pucyHok 2.1)ocymiecTBisieTcsl BBOJ JaHHBIX U pacyér mapa-
METPOB KaXKI0T0 AeMyJIbTHILIEKcopa. OHO COCTOUT U3:
* (aiutoBOro MeHo, rae oToOpaskaroTcs Bce (QYHKIMH TPOrpaMMBbl;
* [aHEeJIM WHCTPYMEHTOB, TJle AYOJUPYIOTCS HEKOTOphIE Ba)KHBIC DJIEMEHTHI
(baitI0BOTO MEHIO;
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* 3aKJIAJ0K BUJIa MOJACITHPOBAHMS,

* [aHesei BBOJAa OCHOBHBIX IapPaMETPOB AEMYJIbTUILIEKCOPA;

e 00JaCTH MOCTPOECHUS TPaPUKOB.

Tak sxe, ipu 3arpy3Ke MPHIIOKEHHSI, MOSBIISIETCS OKHO TOMOIIH, TJe 0ToOpa-
KAFOTCS MOJICKA3KH IO BHITIOJIHIEMOMY IYHKTY J1a00paTOpPHOI paboTHI.

4 GACBYYWdm Encore\ProjectiExample.wdg. 2EE
maiin  PafoTa  MoMowe

EENEE - R RE N R

Hosbii Dtrpemrs LoxpaHure Otuér MNocofive TeCTUPOBAHME Momows O nporpardre
I {Torikonner blﬁl "Paﬁpu-l'leppu} Mep. nar. I

e o =

KSHAN0E. v E i E E =

M [niwn | | : : : : %

L = vid

2 155575 V|5

3 |issie

4 |1550m8 =

5 |1se01 z ; ; : :

_ § E i E E Maparerpel gunsTpa
§ o (= = == [Dapaverp [anaene |
3 q ' ' ' nil V347
E nZ2 v |3.47

ﬁxxm @ L |32
& reea | 0,223906
JgAEm (.2 g .rpaa V|0
I paHuyel pacuéra i MK, v ] 0,334
or: , 1man
il ’7 » Imax ol

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

[V ABTOMATHIECKM o
NnuHa cBETOBOI BOJIHBI, MKW

Boifiop Homepa dHneTpa ANA 0ToBpaMEHA H PEASKTHPOBEHHSA

Pucynok 2.1 —['maBHOE OKHO POTrpaMMBI.

['maBHOE MEHIO COCTOUT U3 IBYX pasznenoB. Paiin, Paooma v Ilomouwss. Pac-
CMOTPHM ITYHKTHI KOKA0TO pasjaena.

Daun

3aMeHa UCXOIHBIX JAHHBIX, JAHHBIMH II0 YMOJIYa-
| Hoewui HUIO.

OTKpHITH aiia ¢ HICXOAHBIMUA JAHHBIMU. *

= Omkpvimos aiin

B 5 CoxpaHHUTb UCXOAHBIE JaHHbIE B (haili. *
Coxpanumo ¢haiin

VIMIOpTHpOBaTh PE3yJbTaThl MOJIEIMPOBAHUS B
® Omuim & MSWord npuiokenne MSWord.

E [TapameTpsl, oTBeuaroye 3a BHEIIHUN BUA OTOO-
Ilapamempul cpagpukos  pasxaeMbIx rpadUKOB.

* MDaiis ¢ TaHHBIMU UMEET pacmupenue .wdg.

Paooma

5 DJIEKTPOHHBIM BapuaHT yueOHOr0 MOoCoOus.
L& ITocobue

= IIpoxoxnenue recra.
. Tecmupoeanue

[lepecunTaTh Tekymuii rpaduk Mo Bcemy auarna-

Oonosumo éeco 30HY.

ouanazon
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[lTepecunurare Tekymui rpaduk 1Mo AUANa30HY,

P O6nosums eviopanmsuii BBIOPaHHOMY II0JIb30BATEIIEM.

ouanazon

Komuposate Texymuii rpaguk B Oydpep oOmeHa B

J Konuposams 2pagpux BHJI€ OGUTOBOIO U300PaKCHHUS.

Oyep
Homowp:
@ PykoBOCTBO MOTE30BaHMS TIPOTPAMMON.
Homoun
‘:! Nudopmarus o pazpaboTIrKax mporpaMMEI.
O npozpamme

2.2.11aHesb peJaKTHPOBAHUS HEHTPAJBLHBIX YACTOT /ISl KAHAJIOB 1eMYJIbTH-
IieKcopa

Jlns BBOAa umcia kaHaiaoB (N) ¥ HEHTPaIbHBIX JIMH BOJH (A1, Ap, ... , Ap),
IpeIHa3HayeHa IaHelb, HaXOAAIIascs B JEBOW 4YaCTU IJIABHOIO
OKHa (puUCyHOK 2.2).DTH JaHHBIE SBIAIOTCA OOIIMMU JUI MOje-  em J1
JIMPOBAHUS JEMYJIbTUIUIEKCOPOB HA OCHOBE HHTEPPEPEHLUUOHHOTO [ 3 .vamt |
u ®abpu-Ilepo punsrpoB. B Bepxuelt yactu manenu, yepe3 cuér- |L_115
YUK 33/1a€TCsl YUCIIO KAHAJIOB JIEMYJIbTUIUIEKCOPA, & HIXKE B Ta0-
JIMITY, BBOJATCS IICHTPAIBbHBI JUTMHBI BOJH (B MUKpOMETpax) WC-
xond n3 I TU-T mmana.

[To 3aBeprieHuto 3amojHEHUsS TaOIUIBI  HEOOXOAUMO
HakaTh kjaBuinry Enter, mibo BeiOpaTh MyHKT (hailIoBOr0o MEHIO
«Paboma — O6noeump eeco duanazon». Eciy nonb3oBareis B Akl
TaOauIly BBET HEBEpHBIC JaHHbBIC, TO MaHEIb 3arojioBKa CTaHET ,3’““'3“»2]
KpacHOTO IIBETA.

Huxe TaGauIiel pacrosioXeHbl KHOIKH aBTOMAaTHYECKOTO
3aMOJIHEHUS TAOIUIbI LIECHTPAIBHBIX JJIMH BOJIH:

e Aeémo (1,N) — pacrpenensieT paBHOMEPHO JIIMHBI BOJIH MEXIy IEPBBIM U II0-
cJIeJHUM KaHaJIaMH,

* Aemo (1,2) —3anonHseT TaOIMINY JJTUH BOJH ¢ marom (1,—4,).

Pucynok 2.2

2.2.3akJaKu BU1a MOAeJIMPOBAHUS

Jlist MozenupoBaHus NapamMeTpoB AEMYJIbTUILIEKCOPOB, MpEIHA3HAYEHBI 3a-
KJIaJIKH, PACIOJIOKCHHBIC CHU3Y HHCTPYMEHTAIBbHOM naHen (pucyHok 2.4).

ToHKOMAEHOHEIA || B a6puNeppo | Mep. nom. |

-

Pucynox 2.4

[lepBbie nBe 3aKIagku OTOOpaXKAIOT anmmapaTtHble GYHKIIMA W TTapaMeTphl Jie-
MYJIBTHILICKCOpPA Ha MHTEP()EPCHIMOHHBIX (TOHKOIUIEHOYHBIX) (QuiabTpax U (puib-
Tpax ®abpu-Ilepo, a TpeTbs — pacCUUTHIBAET MEPEXOAHbIE MOMEXH B KaXIOM Jie-
MYJIBTUILIEKCOPE U OTOOpaXKaeT ux B TAOJUYHOM U rpapUUeCcKOM BUIAX.
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2.3.MoaenupoBanue 1eMyJbTHILIEKCOPA

[lepBbie ABe 3aKiIaJK¥ MOACITUPOBAHUS JAEMYJIBTHILIEKCOPA COCTOST M3 TPEX
obusacteil: rpaduk anmapatHor GyHKIUH, MaHEIb BIOOpa (GHIBTPOB U MaHEINb Mapa-
MeTpOB BeIOpaHHOTO puibTpa. PaccMoTpuM 3TH 00s1acT 6071€€ TOAPOOHO.

I'padpuk anmapaTHoii PpyHKOHMH AeMyJbTHILIEKcopa (pucyHok 2.5). I'pa-
¢uKk oTOOpaKaeT camy anmapaTtHyro QYHKIUIO U IIEHTPaJbHbIC YaCTOThI, 3aHECEHHBIC
B TaONUILy, B BUJE BEPTUKAIBHBIX JTMHUNA W YHCIOBBIX MOAMKUCEH CHU3Y. AKTHUBHBIN
kaHan (mapameTpbl (PHIBTPa KOTOPOTO B JaHHBI MOMEHT MOYKHO PEIaKTHPOBAThH)
BBIJICIISIETCSI IIBETOM.

LU [- P =

=

-

=

£

=1

5 0.1

f=1

; h

@

=

6 i I,
ol 155413
1.552 1,554 1,556 1,558 1,56 1,562

AnuHa ceeTOBOA BOMHbI, MKM
Pucynok 2.5

['paHMIIbI TPOCMOTpPA JJIMH BOJH MOYKHO M3MEHSATH (YBEIMUMBAThH YacTh arlra-
paTHOM (YHKIIMH), €CJIM JICBOM KHOIKOW MBIIIH, CJIeBa HA NIPABO, BBIACIUTh HEO00XO-
JTUMBIH y4acTOK Ha rpaduke (pucyHok 2.6).

0.2 7

il _|| T iy
=
3
4
5 0,1
3
=5
(53
Al
o et 155413
1.552 1.554 1.556 1.558 1.56 1.562
Anuua ceeToR ol BOMHEL, MKM a)

0,2
=
=
=
]
i
o
= 0
a
£ !
@ H H 1
[~ i i |
o ; : ;

N NAN /\/\/\ 155413

1.5534 1.5536 1.5538 1.554 1.5542 1.5544 1.5546 1.5548
AnHHa CEETOEOA BOMHbL MKEM 0)

Pucynok 2.6 —Mcxonublil Bua anmapatHoi Gpysaknuu (a) v BU mocie yBenudeHus (0).
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['panunpl otobpaxenus rpaduka Bcel anmapaTtHON (QyHKIHMU ONpeAenstoTcs
aBTOMaTU4YeCKu. /|y pydHOro 3a/laHus TPAHUL] OTOOPAKCHUS  [[rumpm—,
HEOOXO0IMMO BOCIIONB30BATLCA MAHENbI0 «I panuybl pacuéma EmE A»
(pucyHok 2.7).B OJHOCTpOUYHBIC PEAAKTOPHI, IPU OTKIIOYCH- . =G o
HOM TIepeKrouarese «4emomamuyecku», 3aHOCSITCS 4acTo-
B Mpejienax KOTOpPhIX OyAeT mpou3BeAEH pacy€T anmnapaTHOU
dbynkuuu. s nepexoma oOpaTHO B peKUM aBTOMATUUYECKHUX
TPaHMII], HEOOXOAMMO BKIIOYUTH IEPEKITIOUATEND «A8MOMAMUYECKU> .

3HayeHre KOOPJUHAT MO OcsiM X U Y, BBIBOJSATCSI aBTOMAaTHUYECKU B CTPOK CTa-
Tyca, pU nepeMenieHnu Haj rpadukom meimbio. [Ipu a3Tom Ha Tpaduke, momoxeHue
Kypcopa OyeT yka3zaHO PO30BBIM MEPEKPECTHEM Ha BCIO 00JIaCTh

[Tapametrpsl oTOOpakeHHs TpadUKOB MOXHO HW3MEHHUTh B  pasfele:
Dain—Ilapamempeul epaghuxos (cM. pasnen 2.6).

[ ABTOMETHYECK M ThL,

Pucynox 2.7

IManens BoIoOpa puabTpoB (pucyHok 2.8).IlaHens ciayKuT s BeIOOpa U3
CIIUCKa, COOTBETCTBYIOIIETO (QUIIBTPA, TApaMETPhl KOTOPOTO 1 anerpa SN,

MOYKHO MOAU(GUIIMPOBATH (BbIOpaHHBIT buIbTp [, Ba-
€TCA Ha TaHeld M Ha rpauke anmnapatHo QyHkuuu je- |[¥ 2
MYJIbTHILICKCOPA).

IlaHesb [O3BONSET OTKIIOYATH/BKIFOYATh GUIBTPEL C | ’
HIOMOIIBIO HE3aBHCHUMBIX IIEpEKIIIoUaTesel, cjaeBa OT HOMe- Pucynok 2.8 pa

bunbTpa. s orobOpaxkeHus ogHOro GUIBTPA, HEOOXOAMMO JBAXKIBI HA HEM MIEIK-
HYTb MBIIIBIO.

Knonku «Bce» u «Hem» nipeHa3HAvYEHbI ISl BBIOOpA JTUO0 AJI UCKIIOUECHHUS
U3 pacuéra BcexX (PUIbTPOB.

IManensr mapamerpoB BbIOpaHHOro puiabtTpa (pucynok 2.9).Ilanens cocro-
UT W3 TaONULBI, Te oToOpa)xaroTcs mna-

MapareTpel PUAETRA

pameTpe! BhIOpaHHOTO (uibtpa. Jmst uH- [t = o |

teppepeHunonHplx  u - Pabpu-Ilepo [ 13471

bunbTpoB, HAOOp TApaMeTpoB OYyIeT |2 V|47 Naparaetpe gunsTpa

pa3JIUYCH. L |32 Napaverp | Sravene |
H A I |0.224608 CR 1155413

ANpoTHB  K&KJOTO  Mapamerpa |A [l |0 W T
PACIIOIOKEH HE3aBUCHUMBIA MEpeKioya- |9 . ¥ |0 R |
Telb, C MOMOIIBI0 KOTOPOrO MOXKHO BbI- LK. HviV|0.334 a) IIMEIER0.1 6)

Oupath, Kakme M3 NapamerpoB OyayT Pucynoxk 2.9 —Habop napameTpoB 11sl HH-
equHbIME Uit BeeX  ¢uibTpoB. IIpu  repdepenumonnsix (a) u ®a6pu-Teppo
BKJIFOUCHHOM TIEpeKirodaTene, mMoaudu- ¢unsTpos (0)

KaIwysi mapameTpa B J1I000M u3 (PrIbTPOB, aBTOMATUYECKU MOBIICYET U3MEHEHUE ITO-
ro napameTpa U y Apyrux GuibTpoB.

[To 3aBepiieHr0 MoaU(UKALUKU MAPAMETPOB HEOOXOAMMO HAXKATh KJIABUIILY
Enter, iu6o BEIOpaTh MyHKT (haiiyioBoro MeHIO «Padoma — ObHoeumsb éech ouana-
30u» unu «Paboma — Oo6noeumsb eviOpannwlii ouana3on». ECiu MoJib30BaTeNb B
TaOJMILy BBENI HEBEPHBIE TAHHbBIE, TO MaHEeJ b 3aroJIOBKa CTAHET KPACHOTO 1IBETA.
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2.4.Pacyér nepexoJHbIX IOMeX

Jlnst pacuéra ypoBHS TEPEXOHBIX MOMEX, HEOOXOIMMO OMPEACTUTh MOJIOCY
IpoIyCKaHusl Kakaoro ¢uibrpa (B maHeiad mapamerpoB (GuiabTpa o0O3HaUYeHa Kak
«IITTK, nm»). J{ist 3TOr0 Hy)KHO HCKIIIOYHTH U3 pacuéra Bce (QHIBTPHI KPOME BbI-
OpaHHOTO, YBEJIIMYUThH anmapaTHyo GpyHkuuo u yaepxusas kiaasuiry Ctrl , Shift winm
Alt, MBIIIIBIO BBIAEIUTH 00JacTh 10 ypoBHIO 0.5 prcyHok 2.7).

Jlanee HE0OXOUMO TIeperTH //’* I a Ha
TPeThbI0  BKJIAAKy  nOporpammbr  *° / MK, e {0,334
«Ilep. mom.» (pucynok 2.8).B neii 08 / \\ f Oy-
JyT OTOOp@XEHbI MEPEXOIHBIE TTO- & 07 / o-
MeXU I TOT0 IEMYIIbTHIIIIEKCO- % 0,6 ' pa, ¢
KaKoM BKJIAJKU nepemen & 05 Ba-
tenb. CripaBa (manens «Kananpt») g 04 Oy-
eT 0TOOPaXEH CIIHCOK BBIOOP Ka- & 03| ~ Ha-
JIOB ISl pacuéra MepexoHbIX IMOo- 0,2 [\ | |/ Mex
(8 J16): oal | /

«Bce» - Pacu€t cymMapHbIX 0 \/ 1,53 \/ Ie-
PEXOJHBIX TIOMEX OT BCEX COCE.- 15299 n;ff:iiawl’sionHJ:5§335 19301 gpx

KaHaJoB, I BCEX @HPLTpOB Pucytok 2.7

«1..N» - Pacuér mepexonu- HBIX
MOMEX OT Ka)XJOr0 COCEAHETO KaHajla B OTIEIBHOCTH, ISl BRIOPAHHOTO KaHaja.
(Cymmapnas niepexojiHasi moMexa, JiIs TeKYyIero KaHajaa, 0ToOpakaeTcsl B TaOJIUIIE B
IMyHKTE «SUn).

'/l/ ‘\ R Hal arwn
all ol e -\ N

3;{// >~

1 2 3 4 8
Homep kaHana

¥pooeHh NEpeKPEcTHEX MoMex, 6
2a
=

i T e e T e |

twrp i B I E IH [E |
(e T 1 T R =T

Pucynoxk 2.8 —Pacuét ypoBHS nepexoHbIX TOMEX

Paccuntannbie nmepexoiHble TOMEXU O0TOOpaXKaroTCs B TAOJIMYHOM U rpaduye-
cKoM BuIax. Jysi BKIFOUEHUS/OTKIIOYCHHST OTOOPaKEHUS! TIEPEXOJHBIX TMOMEX IS
KaKoro-au0o TUma AeMyJIbTUIIEKCOPa, MOKHO BOCIIOJIB30BAThHCS MaHenbio «I paguk
0114 punompoe».

2.5.0OkHO noMoIiu
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OxHo oMoy (pucyHok 3.1) mpenHa3zHaueHO IS OTOOpPaKEHUS X0/ BBITIOJI-

HCHUA Ha60paT0pHOﬁ pa6OTBI, METOIUYCCKOI'O rmocoous u PYKOBOJACTBA ITOJIB30BATC-

JIA.

10.

11.

12.

13.

14.

15.

16.

& NoxowHHE E]@EJ

ocoﬁHe| HMHTepderic |

dwmtp Pabpn-Teppo: Heonegosars ormeie crrit JehyiE THIEEC 0P, Ha
orHobe (emeTpa Pabpelleppo. Qo sToro Beobxogemao mogobpare g
Ea#goro GEIETH A Takke SHatdeHEm o, I, R wro 651 go0eTECA cOBTageHEm
MAKCENYIOE EOEA0H aTIIapaTHol QVHEIRE 00 OB OMMEL SEEHANE E O, B
P 4EEHCTE 8 IO G I OITy cEarEra. [Too ca Mpoly CRAMMA KEasgoro GumeTpa
AoiCEHA DRITE B mpedenax oT 015 go 1 eme [TomyesE® e map aneTREI ST
Kamgoro QIOmbTRa, 0T 45HTE B OTHETE.

[DOKATATE  OOIMEYED  TeoprEr] [JEBa DoMyIpoSpadEeDl  SepEAls
PACTIOMOMEHHED HA PaccTOMRH APYT 0T ApyTa ofpasyror pesoxaTop Pabpe-

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

< ?

W

Pucynox 3.1 —OxHo momornu

Cnmcok iureparypsl

3acnaBckuii K.E. BOJOKOHHO-ONTHYECKHE CHCTEMBI MEPENAYU CO CIEKTpPaJb-
HBIM yIUIOTHEHHEM: Y4eOHoe mocobue s By30B. - HoBocubupck: Cubl'YTU,
2005. - 136 c.

JoBosbHOB E.A., Ky3uenos B.B., Mupropon B.I'., Illapanrosuy C.H. Myis-
TUTIJIEKCOPHOE W YCHJIUTEITHLHOE O0OpPYJAOBAHME MHOTOBOJHOBBIX ONTHYECKUX
cucteMm rnepenayu. yued. mocobue. — Tomck : ToMck. Troc. yH-T cUCTEM ymp. U
panuosnexktponuku, 2007. — 153.

®puman P. BojoKOHHO-ONITHYECKHE CUCTEMBI CBs3U (4-e, IOMOJHEHHOE U3/a-
Hue)- M. : Dko-Tpenn. 2007. -512 c..

®okun B.I'. Ontuueckre cUCTEMBI Tepeladyu U TPAHCIOPTHBIC CETH. YdyeOHoe
nocobue .- M.: Dko-Tpenasz, 2008. -288.

CxusipoB O K. BOJ0KOHHO-ONTHYECKUE CETH U CUCTEMBI CBSI3H. Y4eOHOE 1MOoco-
owue.- C-I16 : Jlann, 2010. — 272.

PJ] 45.286-2002. PykoBoasmuii JOKyMEHT OTpaciH ammaparypa BOJOKOHHO-
OTNITHYECKOW CUCTEMBI TIepeIaur CO CIEKTPATbHBIM pa3feieHneM. TeXHnIecKue
TpeOOBaHMUS.

Kysunenos B.B., Illlapanrosuy C.H. KomnerotepHnas mnabopatopHas paboTa
«HccnenoBanue ONTUYECKUX JAEMYJIbTUILIEKCOPOB HA OCHOBE HMHTEPQEpeHLH-
OoHHbIX (QuIbTpoB U ¢QuibTpoB Dadpu-Ileppo» .- M.: BHTUL, 2006. - Ne
50200501792.
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IIpuioxkenue A

XapaKkTepUCTHKH M CTPYKTYpPa 000py/10BaHMsl NMPOMBIILJIEHHBIX MYJIbTHILIEK-

copoB Alcatel 1696 Metro Span

[IpencraBnsier coboit mynbrucepBucHyro DWDM mnardopmy, noanepkusaro-
IIyIO Iepeady MUPOKOTO CIEKTpa MPOTOKOJIOB M MHTEP(PEHCOB CHTHAIOB JaHHBIX.
Kondwuryparus cuctemspl, BKIIOYANONIAs OKOHEYHOE OO0OpPYHIOBAHHE C BOJTHOBBIMH
amanrepamu (o 32X KaHAJIOB), ONTHYECKHE MYJIBTUILICKCOPHI BBOJIA/BBIBO/IA C WA
0€3 ONTUYCCKUX YCHIIUTEJICH | T.II., [IO3BOJISICT CTPOUTH KaK KOPIIOPATHBHBIE UJIH T'O-
POJICKHE, TaK W PETHOHAJIbHBIC CETH. BHENIHMI BHJI CTOMKH CHCTEMBI MPEICTaBICH
Ha pucyHke A.2.

EREERRERE
EEREERRR
|| EFEEFEER
EFRERERE

Pucynok A.2

OCHOBHBIE XapaKTePUCTHKH

KonugecTBo kananoB — 1o 32 ¢ yactotHeiM pazHeceHuem 1001 T
Ontuueckuii quanason: C

MaxkcumanpsHasi JalbHOCTh MpoJjieTa 0e3 pereHepaluy Curuaia: 10 /S5 kM — B
KoHburypauuu 6e3 ycunureneit u 10 380 kM — B KOH(UTYpalMK C YCUIUTE-
JSIMH

HUB — 8+8+8+8kananos

OADM — 4 unu 8 xaHasoB

CucTtema KOHTPOJIS KauecTBa Iepeiaun

PaznuunHble cucTeMbl pe3epBHpPOBAHUS. MACCHUBHAs ONTHYECKas CHUCTEMa pe-
3epBHUPOBAHMUS, CUCTEMA PE3EPBUPOBAHNUS KaHAJIOB JaHHBIX

CereBast TomoJsiorust
Alcatel 1696 Metro SpanonaepkuBaeT CETEBbIC TOMOJIIOTUH CIIEIYIOIINX THUIIOB:

«TOYKa-TOYKA»;
«TOYKA-TOYKA» C MPOMEKYTOYHBIMHU Y3JaMH BBO/Ia/BBIBOJIA;

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

KOJIBIIO M3 JBYX BOJIOKOH C IOJIHOCTBIO pacmpezerneHHoi tomonoruei (full
mesh)

KOJIbIIA, COCIMHEHHBIC MEX1y COOOH C MCIOJIB30BaHUEM TOIOJIOTHUH “CKBO3HAS
nepeaava ¢ orserienuem” (dropand-continue).
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Kondurypanus croiiku
CrneunanbHas MoJjKa ¢ TUIaTOMeCTaMu MpeAHa3HayeHa i pa3MelleHus BceX Oc-
HOBHBIX CUCTEMHBIX IJ1aT. JIMlieBasi 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

LAN | OMDX EXP SPV
SPV Management
ESC Module

LAN
oPC
OPC
OPC
OPC
oPC
OoPC
oPC
OPC
ul
ul
PWS

PWS

Pucynox A.3

[Tonka umeer mmpuHy 533 MM (Y4TO MONHOCTBIO COOTBETCTBYET IUPUHE CTaH-
naptHbix ctoek NEBSwu ETSI), Beicoty 442 MM u riry6uny 269 mm. [Tonka cocrout
U3 TPEX YacTel. OCHOBHOM YAaCTU WM JBYX PACIIMPEHUN. B OCHOBHOM 4acTH MOJIKH
MOXHO YCTaHOBUTH 10 24 maT. OOBIYHO YCTAHABIMBAECTCS CIIEIYIONIEE:

0JIHA TUTaTa KOHTpoyuiepa obopyaoBanus (aBe s mactep-monku) (ESC);

1o 16 tpancrnonaepos (TSP).IIponymepoBansi ¢ 1 o 16;

OJIUH OINTHUYECCKUN MYJIbTUILUICKCOP/IEMYIBTUIUICKCOP ISl KOH(UTryparuu
OKOHEYHOTO y37a ([Ba ONTUYECKUX MYJbTUIUIEKCOpa/IeMyIbTUIUIEKCOPA WITH
OADM pnnst moaepsKku ABYX HaIpaBICHUH — HA BOCTOK M Ha 3ara);

OJTHA TIJIaTa JJIsl ONTHYECKOTO KaHaja yrpasieHus u oocnyxuanus (SPVM).

Kpome detbipex clI0TOB, BBIAECIEHHBIX IS IJIAThl KOHTPOJJIEpA 000PYI0BaHUS U
ONTUYECKOTO KaHalla YIpaBJEHUS, BCE OCTAJIbHBIE CJIOTHl MOTYT MPUHUMATh IJIATh
ao6oro Tuna. B nepBoM paciimpeHnn yCTaHABIMBAETCS CIEAYIOIIEE:

nBa Onoka nutanus -48 B (PWS);

OJIMH OJIOK MECTHOTO JOCTYIa I MOJAKIIOUEHHUS TOPTATHBHOTO TEPMHHAJA
00OpyI0BaHUs WK cucTeMbI ceTeBoro ynpasnenust EML (LAN_Q);

OJIMH OJIOK MECTHOTO JIOCTYTIA JUTs CBI3U Mexk 1y mmosikamu (LAN _[);

omuH ciayxeOHbiii 610k (housekeeping board)8 sxoasmuvu u 8 ucxoasimu-
MU MIOpTaMH CayeOHbIX nHTepdeiicoB (HK, Tonbpko Ha MacTep-1oJKe);

OJIiH OJIOK yJaJIeHHbIX CUrHaaoB TpeBoru (RA);

nBa OJo0ka mosbp3oBaTenbeckux uHTepderico (Ul) (Tobko Ha MacTep-1oske);

M0 OJHOMY OJIOKY ONTHYECKOM 3allUThl KaHAJIOB HA KaXKIbIH 3allUIIEHHBIN
kanai (optical SNCP/UPSR) (OPC).

BTOpOC paCcIMPCHUC HUCIIOJB3YCTCA AJISI BCHTUJIATOPOB OXJIAXKIACHHA. Bce COCOHUHEC-
HUA (OHTI/I‘{CCKI/IG 141 G)J'ICKTpI/I‘ICCKI/IC) BBIIIOJTHAIOTCS Ha HCpCI[HCﬁ IMIaHCJIK, YTO 3HAYU-
TEJILHO 00JIeryaeT HOCTYII. Ka}K,Z[a}I IMOJIKa UMECT ABa M30BITOYHBIX CHJIOBBIX pasbEMa

-48

B.
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4. JTABOPATOPHASA PABOTA Ne3 KOMIIBIOTEPHOE
NCCIEJOBAHUE OIITUYECKUX JEMYJIbTHIIVIEKCOPOB HA
OCHOBE HAJIO’KEHHBIX I'OJIOI'PAMM B ®OTOINIOJIMMEPHOM

MATEPHAJIE
Conep:xanue
I 2 3101 (<3 & % (< 89
AN N<To) o Tot 07 (S0 4% (S =101 ()2 1. S 90
2.1 IlpuHUUIBL AEHCTBUS U CTPYKTYPA MYJIBTUIIEKCOPA  wuvvrvveraenenannnnn 92
2.2. MaTEMATAYECKAS MOIEITD .+ uvttneetnre tneesnesann eeneesreeesnneeeaneerenes 93
2.3.Pacuer OCHOBHBIX OLEHOUHBIX XAPAKTEPHUCTHK ... ..vuvnnrnenaenaneaneens 101
3. PeKOMEeHIAINY TTO BBITTOTHEHUEO PAOOTBL. .. o.u v etenvaeetenaeeaneeenenannenn 106
IC T 0 7 T0= (s (o TR T2 Vi 02 ) 0 (< 106
3.2.9KCTICPUMEHTATBHOE 3ATTAHITIC ... .ever e aueennen eaeaneaeneneneeanaennannens 107
4. OnucaHue MPOTPAMMHOTO OOCCIICUCHUSM . . v v uvenenseeneeneneannene e aneeenes 109
(03707 (670) 1176 (] 0121 14 o) SR 116
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Henab padorbl: M3ydyeHHE MPUHUUIIOB JACUCTBUS M KOMIIBIOTEPHOE HCCIEAOBAHUE
XapakTepUCTUK M IapaMeTpOB, ONTUYECKOIO JIEMYJBTUILIEKCOpPA Ha OCHOBE
HQJIOKEHHBIX ~ JAU(PPAKIMOHHBIX pEHIETOK 3allMCaHHBIX B  (DOTONOIMMEPHOM
Marepuaie.

1. BBeaenue

OgHuM U3 OCHOBHBIX HAINpPAaBIEHUNW COBPEMEHHOIO0 HAay4YHO-TEXHHUYECKOTO
nporpecca sIBJISI€TCS Pa3BUTHE BOJOKOHHO-ONTUYECKUX CHCTEM CBS3H, OOecrednBa-
IOIMX BO3MOXHOCTh JIOCTABKM HAa 3HAYMTENIbHbIE PACCTOSHMS YpE3BBIYAHHO OO0JIb-
moro oobema MHGOPMAIIMKM C HAUBBICIIEH CKOPOCThIO. YiKe ceiuac MMEIOTCs BOJIO-
KOHHO-ONTUYECKHUE JIMHUU CBSI3U OO0JBIION MH(DOPMAIMOHHOW €MKOCTH C AJIMHOM pe-
reHepanmoHHbIX yyacTtkoB 10 200kMm u Goriee.

Bo3moxHOCTh Tiepeaua Takoro OONBIIOTO KOJWYecTBa HH(OpPMALMU O
BOJIC cBsi3ana ¢ ucrionb3oBannem texaonorun WDM/DWDM [1,2], rae nepenava
uH(OpPMAIMU TI0 BOJOKHY BEIETCS OJHOBPEMEHHO HA Pa3HBIX JUIMHAX BOJH. Jlys
ATOT0 HEOOXOJAMMO BBECTU Pa3HBIC JJIMHBI BOJIH B BOJIOKHO C TIOMOIIBI0 OMITHYECKUX
mynsTuIniekcopoB (MUX) Ha mepenmade, ¥ BBIBECTH Ha HpUEME NMPH ITOMOIIU Je-
myabTaiekcopa (DMUX).

Ha ceromssimHui eHb CyIIECTBYIOT MHOXKECTBO PAa3JIMYHBIX YCTPOWCTB, IS
MYJIbTHILICKCUPOBAHUS/ IEMYJIbTUIIIICKCUPOBAHUSL ONTUYECKOTO MOTOKA, M3rOTOBIIS-
eMbIX U3 pa3ndHbIX MaTepuaiioB [3,4]. B ganHoii nadoparopHoii padoTe OyaeT pac-
CMOTpEH eI OJIMH METOJ CEJIEKIIMU JJIMH BOJH, OCHOBAaHHBII Ha HMCIOJb30BAHUU
HAJIOKCHHBIX AU(PpaKkIHOHHBIX (rojorpaduueckux) pemérok (HIAP) B ¢oromnosu-
mMepHoM MaTepuaie (PIIM).

INonmorpaduueckas 3anuck nHGopmaruu Ha GIIM MoxkeT OBITH TaK K€ UCTIOJIb-
30BaHA JUIsl CO3/IaHUS PA3TUYHBIX 3JIEMEHTOB TOJOTPAMMHOUN ONMTUKH U CUCTEM JOJ-
TOBPEMEHHOU NaMsTH. [[epCreKTUBHOCTh YKa3aHHBIX CPEIl IJIsl TIOJJOOHBIX MTPUMEHE-
HUll 00yCIIOBIMBAETCS MX BBICOKOM pa3periarolieid crnocoOHOCTbIO, BBICOKOW IH-
dpaxkoHHO# 3 (PEKTUBHOCTHIO U CTAOMIBHOCTBIO 3aITUCH. Tak jk€ OCHOBHBIM IIpe-
UMYIIECTBOM (POTOMOIMMEPOB SIBIISIETCS TO, YTO TOJIOTPAMMBI B HUX ()OPMHUPYIOTCS B
MIPOIIECCE 3aUCH M HE HYKIAIOTCS B XUMUYECKOH 00paboTKe.

OnTuueckuii AeMyJIbTHILIEKCOP JOBOJBHO CIOXHOE YCTPOWCTBO, M Ha JaH-
HBII MOMEHT SIBJIIETCA aKTyaJIbHbIM pa3paboTKa MpPOrpaMMHOT0 oOecredeHus, mo3-
BOJISIFOLIETO HE 3aKymas JOpOrocTosiiee 000pyIoBaHWE MOJETUPOBATh OCHOBHBIC
XapaKTepUCTUKHU paznuyabix DMUX.
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2. TeopeTuyeckue cBeleHUs

Marpuua nepegauu

OnTuyeckrue CBOMCTBAa BOJIOKOHHO-ONTUYECKUX YCTPOWCTB BETBJICHUS MOTYT
OBITH OMpEEICHBl B TEPMUHAX MATPUIIBI KOAPPHUIIMEHTOB NXN, re N — YUCIIO0 Mop-
TOB, a KOA(DPUIMEHTHl MPEJICTABISAIOT YacTh MOIIHOCTH, IepeaaBacMOil MEXIy
Ha3HAYEHHBIMU MOpTaMu. B o01ieM ciydae maTpuiia nepegadu 7 uMeeT BU/L:

Tll T12 . le Tln
T21 T22 . T2j T2n
T = . . . . . . ’1
Til Ti 2 Tij . Tin ( )
_Tnl Tn2 . Tnj Tnn |

CTpykTypHasi cxemMa MHOTOIIOPTOBOTO NXN pachpenenuTesis n3o0pakeHa Ha
pucynke 2.1,rae i=1.n u j=1.N — HOMepa COOTBETCTBYIOIIMX BXOIHBIX U BBIXOAHBIX
noptoB; [T;;] — MaTpuIa nepeaadu.

i T i
3 [T g
% i ..--:""'iJT-'.;' T Y g’
B l!EE::""-"-"'*."_""""“*‘—P B
S S T -
aia] n ] "'--p.‘* n aial

Pucynok 2.1 —CTpyKkTypHas cxema pacnpeaeauTeis

I[CMYJIBTI/IHJICKCOP, B OTJIMYHUEC OT paCHpC,Z[CJ'II/ITCJ'I}I HUMCHOT OJHWH BXOO U N BBIXO-
J0B (pUCYHOK 2.2), MEXIy KOTOPBIMU PACIPEACIAETCS MOIHOCTh BXOJHOTO CHTHA-
na. CrnefoBarenbHo, MaTpuia nepeaaun (2.1) rpanchopMupyeTcst B BEKTOP:

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

B nmanHOl 3amucu omyIlieH NEpBbIM MHACKC, a BBIXOJBI JAEMYJIbTHILIEKCOpA
0003HaYeHbI Yepe3 HMHJIEKC I. Tak jke He yUHUThIBACTCS 3aTyXaHUE CUTHajIa B ONTHYE-
CKHMX 3JIEMEHTaX JIeMYJIbTUILIEKCOpA.
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Pucynoxk 2.2 —CTtpyKTypHasi cxema IeMyIbTUIUIEKCOpa

2. 1TIpuHUMN 1eiicTBUS M CTPYKTYPa AeMyJIbTHILIEKCOPa

[IpyHUMNO [OEUCTBUS NAHHOTO JEMYJIBTUILUIEKCOPA OCHOBAH HAa MPOCTpPaH-
CTBEHHOM pa3ieJICHUU TPYIIIOBOTO CUTHAA C TIOMOIIBIO Tojiorpaduueckux nudpak-
IHOHHBIX PEIIETOK 3alMCaHHBIX B (oTonoaumepHoM matepuaie (PIIM). dakruye-
CKH, 3TO cepusi AUPPAKIMOHHBIX PEHIETOK, HACTPOEHHBIX Ha OMPEACNIEHHYIO JIUHY
BOJIHBI, HO HE CTOSIIIMX MOCJIEIOBATENIBHO, a 3alIUCAHHBIX B OJIHY ITPOCTPAHCTBEHHYIO
obnacte OIIM.

[IpruMmeHeHre 3TOM TEXHOJOTUH JEMYJIbTUILNIEKCUPOBAHUS MPUBEAET K yBe-
JMYEHUIO MOIIHOCTH JU(parupyeMbiX Jydyel MOJIE3HOrO CUrHaja, TaK Kak OHU He
OyIayT MpOXOAUThH Yepe3 IEMOUYKY IMOCIEeN0BATeILHO CTOAMUX (UILTPOB W 3HAYH-
TETHHO OOJIETYUT KOHCTPYKIUIO AEMYIbTUIIEKCOPA, YTO MPHUBEAET K yICIICBICHUIO
YCTPOMCTBA.

TN PAMANORAHHRIE My
ANA ANKH BONH A W A, .
Ontudeckoe - N ;Yo
BOMCKHO . e
OnTiyeckan r
CHCTEME © .
OnTuyeckas cucTama 2

]
minHwauduolog

Poronanymep

Pucynok 2.3 —IIpumenenne H/IP B ®IIM, ayia nemMyabTHUILIEKCUPOBAHUS TPYIIIIOBO-
r'0 ONTHYECKOTO CUTHAJIA.

Ha pucynke 2.3 cxematnyecku n300pakeHa cXxeMa JeMYJIbTUIIIEKCOpa Ha OC-
HoBe DIIM, B KOTOPOM 3arucaHbl IBE PEIIETKH MPOITYCKAIOIIETO TUIIA MO Pa3HbIMHU
yIJIaMH K OCH Z. JIJTMHBI BOJIH, CO CBOMMU BOJTHOBBIMU BEKTOPaMHU COOTBETCTBYIOLIUE
BEKTOpaM JTHUX PEHIETOK AM(parupyroT Ha HUX MOJ pasdindHbiMH yriaamu (Opw. 1,
Opw, 2, TOCIIE YETO MOCTYNAT KaKIbIH Ha CBOE (hOTONMPUEMHOE YCTPOICTBO.

90
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Pemérka 1

Pucynoxk 2.4 —IIpuHuun cenekiuu JIJIMH BOJIH Ha OCHOBE (pa30BbIX PEHIETOK

bonee neranbHO NPUHIMN CENEKIUU JJIMH BOJIH NOKa3aH Ha pucyHke 2.4. Jlns
ynooctBa Buzyanusanuu, H/IP pa3memiensl nocienoBarensHo. Ilycts U3 ontuuecko-
ro BosiokHa Ha PIIM nagaer my4ok CBeTa C COCTABISAIOIIMMU JUIMHAMU BOJIH Aj, Ay,
... »h. Tak xe nycts B @IIM 3anucanbl 1Be pemi€TkA co cBOMMH Bektopamu K, n
K>, cooTBeTCTBYIOIIMMH JJIMHAM BOJIH A1 U Ap. Ha mepBoil U BTOPOid pEeIIETKE CBET C
JUIMHaM{ BOJIH A3 M Ay COOTBETCTBEHHO, OyneT nudparupoBaTh Ha yribl Opyw 1 H
Opw. 2 , @ OCTaIbHBIC AJIMHBI BOJIH MpoiayT yepe3 OIIM.

CrnenyeT OTMETUTD, YTO Ha KAXKIOW 3alIMCAHHON peméTke, Au(pparupyroT BOJI-
HBI CO BCEMHU JJIMHAMU BOJIH, BHOCS B BBIJICJICHHBIN MH()OPMAIIMOHHBIN KaHAJ Tepe-
XOJIHBIE TIOMEXHU.

2.2 MatemaTnueckas Mojejb

Mexanusm 3anucu auppakuuoHHbix peméTok B ®IIM. Ilpouecc nonu-
MEpHU3aluU MoAPOOHO u3nokeH B [6]. OcHoBHBIMU KoMIoHeHTamMu DPIIM sBisiroTCS
HOJIMMEPHU3AI[HOHHO-CIIOCOOHBIE cCOeTMHCHHS (MOHOMEPHI, OJIMTOMEpPbI), HHALIUATOP
U CEHCHOMIN3aTOp paJuKalbHON (oTomomumepusanuu (pucyHok 2.5a). Kommosu-
IIMU BBIITYCKAIOTCS JTMOO KaK KUIKAs CMECh KOMIIOHEHT, JIM0O B BUJE IJICHOK, Mpe/-
CTaBJISIIOIIMX COOOM pacTBOpP KOMIIOHEHT B HENTpaJIbHOU mosmMepHor MaTtpurie. [1pu
W3FOTOBJICHUH PETUCTPUPYIOLIETO CJIOSI )KUJKAs CMECh 3aJMBAETC MEKIY CTEKISH-
HBIMU MOJIOKKAMHU.

[Tonumepu3zamust cpeasl B HHTEPGEPEHIMOHHOM TOJie MPUBOAUT K TIPO-
CTPAaHCTBEHHOM MOAYJSLUMU TNOKazarenas npenomsieHuss An. Ero BemmuuHa ompe-
JENSIeTCsl MOAYJSIUMEN UIOTHOCTH U MOJIAPU3YEMOCTH IMOJMMEPA, & TAKKE MOAYJIS-
nuen ero cocraBa BciencTBHE TU(G(PY3MOHHOTO MepepacnpeieieHus] KOMIOHEHT
MEXIy OCBEUIEHHBIMH M HEOCBEIIEHHBIMU 00JacTsIMU perucTpupytoiiero cios. Ku-

91



HETHYECKOE OMHUCAHHE CBOOOIHO-PAJUKAIBHON MOJMMEPH3AIMH BKIIIOYACT CIIEIyIO-
IIi€ OCHOBHBIC DJIEMCHTAPHBIE PEaKI[HH:

1) ¢doro(repmo)pacran uHHIIEATOpA C OOpa3oBaHHEM CBOOOMHBIX (IEpBHY-
HBIX) paJMKaJIOB;

2) oOpa3oBaHHE AKTHUBHBIX IMOJHUMEPHBIX PaIUKAIOB B PE3yJIbTaTe B3aMMO-
JEWCTBHMSI TEPBUYHBIX PAIUKAIIOB C MOJIEKyJaMu MOHOMepa (peakuusi HHHUIIM-
UPOBAHUS 1IEIIH);

3) yBenuMyeHHE UIMHBI MOJMMEPHOTO pajHKalia 3a CYCT MPUCOCAUHEHHUS MO-
HOMEPHBIX 3BeHbEB (peakius pocta 1enu). CKOpoCTh pocTa IeNH XapaKTepu3yeTcs
napameTpoM pocta uenu Kg;

4) nepexo] MOJIMMEPHOTO paauKkajia B HEAKTHBHYIO (GOpMy ¢ 0O0pa3oBaHHEM
KOHEYHOTO MPOAYKTA PEAKIMU - MOJICKYJIbI mosmmepa (peakiius oOpbiBa 1iernu). Cko-
POCTh 0OpBIBA MOJUMEPHOM IICTTH XapaKTepU3yeTcs mapaMmeTpoM o0pbeiBa Ky,

Ceer
MNonumepHese
tboToncnuMep /j,,, MONekynsl
":'a'% ‘DD-C‘.;.'{" - S IOD'OD -" I‘I1 %“2 " r"1
olﬂ-‘jq'ﬂ- ol s © %ﬂa e ™ 5
cioiﬂoo"ﬂ' l LI .,
v f.'ﬁ'-ﬁﬁoﬁo'g'pioo t-ﬂ" %ﬂ?’ﬂ;:}‘t .. '%%E
] a
\ NS i il

VHEpTHBbIE Monekynel dudadiyana Oudhchyana
KOMMNOHEHTE  MOHOMEPS WHEPTHOW KOMNOHEHTBI MONekyn MOoHOMEepa

a) 6) B)

Pucynox 2.5 —IlIponecc nommmepusamnuu B GIIM

WNuTtepdepennimonnas KapTHHA, KOTOpas SIBISETCS CJEICTBUEM B3aWMO-
JEHCTBUS JIa3epHBIX MYyYKOB HA YYAaCTKE 3alMCH, TPUBOJUT K HEPAaBHOMEPHOW WH-
TEHCUBHOCTH M/IAI0IIETO CBETa B MONEPEYHOM HarpaBiieHHH (BIOJIb TPAHUIIBI pa3-
nena ®OIIK ¢ Bo3myxom). B Tex Mecrax, rie MHTEHCHBHOCTB CBETa OOJIBIIE, PEeaKIus
(doTononumepuszanuu nporekaer ovicrpee. [loaTomy 0051aCTH MakCUMyMOB HHTEp-
(epEeHLIMOHHON KapTUHBI COAEPKAT MAKCUMAJIBHOE KOJIMYECTBO IMOJIMMEPA U MUHM-
MaJbHOE KOJIMYECTBO MOHOMEpPA, KpPacUTENs U JIOHOpa, KOTOpPbHIE pPacXOAYHTCsS B
npouecce peakiuu. Bo3HMKarolye mpu 3TOM T'paJMEHThl KOHLIEHTpAlMM BEIIECTB
OPUBOJAT K TOMY, YTO MOHOMEp, KpPAacUTEIb U JAOHOP AUPPYHIUPYIOT U3 TEMHBIX
oOnacTeil B CBETJIbIE M, €CJIM IKCHO3UIMS MPOJIOJDKAETCS, TaKKe MPUHUMAIOT yya-
ctue B peakiuu poronomumepusanuu (pucyHok 2.5). uddys3us ykazaHHBIX KOM-
noHeHT PIIK mpoucxoaut 10 TeX Mop, NOKAa UX KOHILIEHTPALMU HE BBIPABHATCS BO
BceM ciioe (pucyHok 2.58).

AHaJOTMYHBIM 00pa30M BO3HHUKAET TPAJUEHT KOHIIEHTPAIMH TOJIUMEpa.
Juddys3us TOTUMEPHBIX MOJIEKYIT U3 MakCUMyMoB B MuHUMyMbl UK mpuBoaut k
paccacblBaHUIO PEIIETKH U YMEHBIICHHIO €€ nudpakunoHHON 3 ¢dekTuBHOCTH. [l0-
CKOJIBKY IOJIBJKHOCTh MOJIEKYJ OOpasyrollerocs MojJiMMepa 3Ha4UTEIbHO MEHBIIIE
HOJIBUYKHOCTH MOJIEKYJI MOHOMEpA, KpAacUTelsl U JOHOpa, TO Audy3us nmoaumepa
IPOSIBIISIETCS HA ropa3o 0OJIbLIIMX BPEMEHHBIX HHTEPBAJIAX.
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[TokazaTenp mpemomiieHHs] TIOTMMEpa OOJBIIE TOKA3aTeNs MPETOMIICHUS HC-
XOJHOTO MOHOMepa (Ha pucyHke 2.5, np > ny). Takum 00pazom, MOAYJISLIUS MTOKa3a-
tens npenomiieHus AN B @IIK Bo3HUKAET Kak CAeACTBUE MOAYJISLUA KOHIEHTPALIMH
nosumepa. CKOpOCTb M3MEHEHUS KOHIEHTPAIlMM MOHOMEpPA CO BPEMEHEM 3amucH
paBHa:

M~ div(D, gradM ) - K K22 [ AL o2 (2.3)
a 1r,+ M
riae |(r) — FHTEeHCHBHOCTH CBETOBOTO M3IyYEHHS B TOYKE C Paguyc-BeKTOpOM I, Dp—
kodhpummenT nuddy3un MoHomepa, dy —KodhGuIueHT noriomeHus kpacurens , K
— KOHLIEHTpALusl Kpacutens, [ — nmapaMeTp peakuun (pOTOMHHIUUPOBAHUS. DKCIIe-
PUMEHTANBHO OBLIO ompeaeneHo, 4To koddduuueHt audQy3un yMmMeHbIIAeTCs BO
BpeMs oJmMepu3anu [6].

WN3menenue BoO BpeMeHU M B HEKOTOPOM TOYKE IMPUBOAMUT 3a CUET IIpolecca
NOJIUMEPU3AINH K U3MEHEHUIO BO BPEMEHH MIOTHOCTH MOJIMMEPHBIX MOJIEKYJI B 3TOU
TOYKe. 3a cYeT MmpoueccoB AU(QPy3uu MOHOMEpA MPOUCXOAUT TAKKE BBHITECHEHUE
MHEPTHON KOMITOHEHTHI. Bce 3Tu mporecchl BeAyT K M3MEHEHHIO MOKa3aTels Impe-
JOMIIeHus N:

ch e | aBKI(r . :
— =An K K M) M +An div(D, gradM)
A UVr,+M M,
rne My — HauanbHast KOHIIEHTpAIUsS MOHOMEpa
Cucrema ypaBHenuit (2.3)u (2.4) sBnsieTcss 6a30BOM ISl OIIUCAHUS MTPO-
1iecca 3alucy rojorpaMm B (DOTOMOJUMEPHOM MaTepHale.

(2.4)

AHAIMTHYECKOE ONHCAHUE IMHAMMKM 3alHMCH OAMHOYHBIX TO0JIOTPaMM
npomyckammero Tuna. Cxema 3anucu rojiorpaMMbl B OJIMMEPHOH cpejie u3o0pa-
KeHa Ha pucyHke 2.6.0nTuyeckoe mnoje npeAcTaBiIseTcsi CYMMOM JIBYX BOJIH C BEK-
TOpHbIMU aMITuTyiamMu Eg,E; 1 BoHOBBIMU BekTOpaMu Ko, K1:

E, =6 D%e-iﬂior; E, :%Dﬁe_”&” ! (2'5)
rae Ay, Ay MEIJIEHHO MEHSIONIUECS MO I U BPEMEHU aMIUIUTYIbl BOJH, €, € — BEK-
TOPBI OJIAPHU3AIIUH 3THX BOJIH.

¥ 4

H b = = = _—— = =
o a) 0)
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Pucynox 2.6 —IIpoctpancTBenHas reometpust (a) 1 BeKTopHas quarpamma (0) He-
CTaIMOHAPHOTO B3aMMO/ICHCTBHUSI CBETOBBIX BOJIH C TOJOTPApHUECKON PEIIETKON B
(oTonoaMMepHOM MaTepHaie sl HCCHMMETPUYIHOW MOZICIIH 3aITUCH.

CucreMa ypaBHEHUI CBSI3aHHBIX BOJIH JJISl 33/1a4M 3alKMCH, HAXOAMUTCS U3 pe-
nieHui YpaBHeHus MakcBesuia (BOJTHOBOTO YPaBHEHUS), IJie B KAYECTBE MCXOIHBIX
noJieit B3aThI (2.5). BeIMONHUB ycpeHeH e 110 TepUOy 3alMCaHHON pemeTKu A1 Ag
U Ay, TIOITy4nM:

= —i [y, M, (y.t) exdiny] A,
: (2.6)
= i, My (y.t) xp - iAy] (A

rone y=xd=(rbg)/d, xo—Hopmasp Kk Trpanune cpensl, A = (Ko—k; + K)Xold,
01= 7T/ Asunucn 8O &); G — yriel MeXAy OCbIO Y M BeKkTopamu K; BHYTpH
MOJIUMEPHOTO CJIOS.

PaccMoTpuM HECHMMETPHUHYIO TEOMETPHIO 3allMCH TON0rpaduyecKoi pemeT-
KM, TIOKa3aHHYI0 Ha pucyHke 2.66. Ha 3ToM pucyHKe, paanyc molyoOKpyKHOCTH pa-
BeH 2TUA .

[Tagarorme BoTHBI HHTEPHEPUPYIOT BHYTPU MOJTUMEPHOTO CII0SI U GOPMHUPYIOT
uHTep(epeHInonnyo kaptuny. [Ipeanonoxum, 4to Ag = A1, U 4TO cpena odragaer
KO3 GUIIMEHTOM 3aTyXaHUsl @, TaK YTO WMHTEp(EpPEeHIMOHHAs KapTHHA CBETOBOTO

noJist OyJer:
1(r.t)=1,(t)exd- a1+ codp )} (2.7)

rne lo () -Bpemennas orubdaromas 1a3epHOTO UMITYJIbCA.

3anuch rogorpapuueckoi pemeTKyu MpOor30iiIeT B COOTBETCTBUH C pacmpee-
nerreM cBeta (2.7). Jludpakiust CBETOBBIX ITyYKOB Ha 3TOW pPEIIeTKE MPUBEIET K H3-
MEHEHHUIO JAaHHOTO pacmpeeieHus, 0OJHaKo, Oyaem mosaraTh TudpakimruoHHYIO d¢]-
(EKTUBHOCTh MaJION M Bo3MymIeHHueM ToJist (2.7) OynmeM mpeHeOperatb. ITo MO3BO-
JISIET HEe pemiaTh 3aaqy Judpakiuy ¥ TOJI0XKHUTh aMIUTUTYy OIMIOPHOTO My4ka Ag Io-
crosiuHOU. Torna u3 cuctemsl (2.6) MOTYYHM CIICAYIOIINE BRIPAXKCHUS IS AMILIUTY-
IIbI AUPPArupOBaHHOTO MyYKa A1 U tero HHTEeHCUBHOCTH |4

A = =i [ g, (A, [y (4 y)dy  1,(1) = Io(t){d [ nu(t y)dy} (2.8)

R

rne |;, lp — UHTEHCHBHOCTH TMpOIIEANIEro U IU(PArupOBAHHOTO IYYKOB COOTBET-
CTBEHHO.

CoBokynHocTh ypaBHeHuil (2.3), (2.4), (2.6)o0pa3yeT 3aMKHYTYI0 CHCTEMY,
OTHCHIBAIOIIYIO MPOIIECC 3aMHUCH TOJOrPaMM B (DOTOMOIMMEPHOM MaTepHale.

[losicHUM MOMEHT, CBA3aHHBIA C Majoi AUPPAKIHOHHON 3((HEKTHBHOCTHIO
H/IP. B ®IIM neobxonumo 3anucaTh Oosbiioe komudectBo HJIP ¢ paBHOW nudpak-
MUOHHOU 3(p(PEeKTHBHOCTBIO. DTO MPUBEAET K TOMY, YTO MOHOMEpPA HE XBATUT JUIS
JOCTIKEHUST OONBINX TU(PPAKIIMOHHBIX XaPaKTEPUCTHK Y KaXKIAOH ronorpammel. U
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10 3TOMY OyJIeT JOCTaTOYHBIM PacCMaTPHUBATh CiIydail Masbix dhPeKTuBHOCTEN TH-
¢dpakuuu. B atom ciydae, u3 cuctemsl (2.6) oCTaHETCS TOJIBKO MIEPBOE ypaBHEHHE.

VYpaBHeHUE JUIS HYJICBOW TapMOHUKH KOHIEHTpaiuu MoHomepa Moz, Y),
onpeesIolee CpeIHee ero 3HaueHue OyIeT:

-2
2r y
My(7,y) =M, |1+—exg —-a=|| , 2.9
o) { To 2ﬂ 29)
e r:% — OTHOCUTEJILHOE BpEMH, Tp_l: /a,gro<K>|\/|n|0 K, / /2K, —BpeMs I0JH-
p

MEpH3aInu.
YpaBHeHHMS IS aMILTUTY (b1 TepBoii rapMoHuku Mi(t,y) u ny(t,y) OyayT:

M,(7,y) = Ej B(r',Y) @xr{} AT" y)d r")d r, (2.10)

1
expﬁ AT, y)d T'J 0

5.6[éxp{—ay

T . L 2r ' ' er . .
rz:e{A(r,y)dr—ex KpE!Dm(r,y)dr+ ﬂTp\/M—n L/M)Q‘)d

s ny(t,y):

nl(t'ry):nlp(t’ry)-"nli(t’ry)’ (2'11)

_ 28 o , , ,
nlp(rl y) —l:sﬂTpMng/z _([\] Mo(T', Y) M (7', y) dr '+ 212

8 M (rwvidr xexd —aY |
+37TTp EMn3’2J;M°(T Y) dr} exp( a 2) [Bn,
M K

N (7, Y) =—ﬁIDm(T',y)M1(T', y)dr' (2.13)

Pemenne (2.10), (2.11panucanpl kak GyHKIIUH OT MPOCTPAHCTBEHHON M Bpe-
MEHHOHM KoopauHaThl. OTCIO/Ia CIIEAYET, YTO B MPOIIECCEe 3aMKMCH, BO-TIEPBBIX aMILIU-
TYJIHBIA TPOQHIL 3aMUCHIBAEMON PEHICTKH SIBJISETCS HEOJIHOPOIHBIM, BO-BTOPBIX
TpaHCPOPMHUPYETCS BO BPEMECHH, W B TPEThUX, KMHETHKA W3MCHEHUS aMILTUTY/IbI
PELIETKU B KAKJIOM IPOCTPAHCTBEHHOW TOYKE SIBIACTCA PA3IMYHOU U ONPEAEISAETCS
BKJIaJJaMH B aMILTUTYy TOJOrpadUuecKoll PemieTKH MPOIECCOB MOIMMEPU3AIUN U
BBITCCHEHUSI HHEPTHONH KOMITOHEHTHI 3a cueT Mud@y3uu MOHOMEpa, KOTOPhIE Mpo-
MOPIIMOHAIBHBI ANy U ANj. DTO WILTIOCTPUPYIOT IpaMKK Ha pHCYHOKE 2.7.
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+ 1.08
- 0.86
- 0.65 M
- 0.43

- 0.22

Pucynok 2.7 —IIpocTpancTBEHHO-BpEMEHHbIE TPOGUIN HOPMUPOBAHHON aMILIUTY-
IbI IEPBOM TAPMOHMKY MOKa3aTess npesnomienus, rae b=Ty/ Ty, T, = }{UD — BpeMs
m

auddys3nu MoHOMEpa, T, —BpeMs OJIUMEPHU3ALIUY.

B obnactu mapamerpa b <1 (pucyHok 2.7 a) mOTrJIONICHHE MPUBOIUT K TPAHC-
dopmanmu ipodusis Mo TIyOMHE PEmIeTKH OT CHAJAloIero K BO3pACTaIoNEeMy 3a
BpeMs 3alucH. ITO 00YCIOBICHO YMEHBIIEHUEM CKOPOCTH TOJIMMEpH3AINK B 00JIa-
ctu (0.5 <y/d< 1) BciencrBue yMEHBIICHUS HHTEHCUBHOCTH 3aIlTACHIBAIONINX ITy4Y-
KOB, BBI3BAHHOTO ONTHYECKUM 3aTyXaHUEM, YTO MPUBOJIUT HA HAYAJILHOHN CTaJnu 3a-
IUCH K CMajaronieMy Npo@uiio pemeTkd. 3aTeM MpoduiIb pemeTku cO BpeMEeHEeM
3alCA CTAaHOBUTCS BO3PACTAOIIMM. DTO CBSA3aHO C W3MEHEHHEM COOTHOIICHHSI
MEXIy BpEeMEHEM TMOJIMMepU3alud U BpeMeHeM nuddy3nn MOHOMEpa Mo TIyOnHe
pemretku. B pesynbrate nudy3noHHBIE POIIECCHl MOHOMEPa B 00JIaCTSIX PEIIETKH C
HauMeHbIneld nHTeHcuBHOCTRIO (0.5 <y/d < 1) npuBoOAST B IpoIeCCe 3allUCH K yBe-
JMYCHUIO0 KOHIICHTPAIIMK MOHOMEpA U BCIIEACTBHE 3TOTO K YBEIHUCHUIO aMILTATYIbI
pCIIeTKH B YKa3aHHBIX 00JIaCTSIX.

B pesynbrare mpu BbIXOJE HAa CTAIIMOHAPHBIM y4acTOK 3alicu NMPO(HIIbL CTa-
HOBHTCSI BO3PACTAIOLIUM U, KaK CJIEICTBUE, 3PPEKTUBHOCTh AUPPAKIINHA YBETUUUTCS
10 CPaBHEHHUIO €O ciiydaeM Oe3 3aryxanus. CienyeT OTMETUTh, YTO JAaHHBIN 3ddeKT
UMEET MECTO TOJBKO B JIaHHOW oOiactu mapametpa b, korma nuddysmonnsie npo-
IIECCHI HE 0T BKJIA/Ia B TIOJIMMEPHU3AIOHHBIE TIPOIIECCHI 3aITUCH.

B ciyuae b=Tp/Tm> 1 (pucynok 2.70) nporcXoauT YMEHBIICHHE BKJIaaa ca-
MOTO TOJIMMEPHU3AIMOHHOTO TpoIlecca B pe3yibTaTe YMEHBIIEHUS CKOPOCTH TOJH-
mepu3aru B odmactu (0.5 <y/d < 1) BBI3BaHHOIO yYMEHBIICHHEM HHTEHCHBHOCTEH
3aMMChIBAIONIMX MydkoB. Kak pe3ynbrar mpoduib BO BCE BpEeMs 3alIUCH OCTaCTCs
yObIBaronuM 1 3¢ (HEeKTUBHOCTH TUGPAKIINN Ha CTAIIHOHAPHOM y4acTKE MEHBIIE YeM
I cydasi 6e3 3aTyXaHus.

B orcyrcTBum ontuueckoro noriomieHus B @IIM, 3aBucuMocTs nudpakiimnon-
HOM 3(()EeKTUBHOCTH JIydya OT OTHOCUTEIBHON OPEroBCKON pacCTpOrKH OyieT:

7,(8) 0 (S‘%Ajz (2.14)
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Ta >xe 3aBUCUMOCTB, HO C Y4ETOM MPOIECCOB MPOTEKAEMBIX B TOTJIOMIAIOIINX
®IIM Oyner:

2

1
75(8) =g, @ [ ny(z, y) [exp( (A TY) d (2.15)
0
rae | — MHUMas eauHuia. TakuMm oOpa3oM, ammapaTtHas (QyHKIHsS (pa3oBOH roJio-

rpamMmel, 3anucanHor B ®IIM, ompenensiercst BeipaxkeHreMm (2.15). OTHOCUTENbHAS
Bbperosckas paccTpoiika A MOKeT ObITh NE€pecUdTaHa B JJIMHY ONTHYECKON BOJIHBI
Win B yroi HakiioHa OIIM.

AHaJIMTHYeCKOe onmucaHue H ajaropurMm npouecca sanucu H/AP nponyc-
KAIOLIero TUIMa MyTéM YIJIOBOI0 MYJbTHILJIEKCMPOBAHUS. MaTeMaTUYECKYI0 MO-
JIeNb JUTsl 3alACH OJIMHOYHOM TOJIOTPaMMBbl, MOKHO MOIU(UIIMPOBATH HA CIIy4ai Io-
canenoBarenbHor 3anucu HeckoJibkux H/IP B ®IIM. Kak yxe roBopunocs, nocieno-
BaTesbHAs 3anuch roorpamMmm B @IIM oTinmyaercs OT 3alKUcu B KpUCTAIaX TEM, 4TO
[0 MEepe 3aMuCH PEUIETKU PacXoayeTcs MOHOMEp Ha 00pa30BaHUE MOJIMMEPHOH Iie-
IH.

[Tpunnmn 3anucu rojgorpaduyeckux H/IP cxematnuecky mokasaH Ha pUCYHKE
2.8a. Kaxpaas ronorpamma 3anucbiBaeTcs Moj cBouM yrioM ¥, ¢ oIMHAKOBBIM yT-
JIOM CXOJKJICHUS 3alMCHIBAIOIINX JIa3epPHBIX MYYKOB Oy B TCUCHHE OMPEIEIEHHOTO
Bpemenu . Ilpu stom B ®IIM, m3 3a mpoueccoB paguKaIbHOW ITOJIMMEPHU3ALNH,
dbopmupyetcsi dazoBas rojorpadudeckas pemeéTka. THUNoBbIe XapaKTEPUCTUKU IH-
HAMUKU 3alHCH TaKUX PEHIETOK, T.€. 3aBUCUMOCTH AU(PPAKIUOHHON 3(PPEKTUBHOCTH
OT BpeMeHH 3anucu (IKCro3uIyn), 1 Tpéx nepsbix H/IP, npeacraBieHsl Ha pucyH-
ke 2.8. MoaenupoBanue mMexaHuszma mnocieaoBarenbHoi 3anucu HAP B ®IIM co-
CTOUT B CIEAYIOUIEM:

e 3anmceiBaeTcs mepsas romorpamma (kpuBas 1, Ha pucyHke 2.80) moja yriiom ¥
(yros Mexmay HOPMAJIBIO K IMOJIMMEPY U OMCCEKTPUCOM yTila CXOXKICHUS 3aIUChI-
BAIOIIUX ITYYKOB), H C HAYAIBHOW KOHIIeHTpanueld MoroMepa Mp;=M o, TIe M0 —
HayajapHas KOHLEHTpalUs MOHOMeEpa JI0 Ipouecca 3anucu. [1lo mepe 3anucu pe-
HIETKM MOHOMEDP PACXOJyeTCs 3a CUET peakiuu noiauMmepusanuu. [Ipu nocruxke-
HUM 331aHHON TU(PaKIUOHHON 3(DPEKTUBHOCTU PEIIETKH 7o, 32 BPEMS IKCIIO3U-
UK 13, 3amMUCh TOJIOTPaMMBbI Tpekpamaercs (pucyHok 2.4a) U ompeaenseTcs
ocTaBIIasiCs KOHLEHTpanuss MoHomepa Mp,< M;;. OTmMeTuM, 4TO Ha PUCYHKE
2.80, MyHKTUPHOUN JMHKMEN 00O3HAUYC€HA TUHAMHUKA 3amucy AUGPaKIIMOHHON pe-
mETKU, €cau Obl 3aMKCh TOJOTpaMMbl HE MpeKpallanachk, a IpoaoJKaIach Jajib-
uie.
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Pucynok 2.8 —Cxema nocnefoBarenbHoi 3anucu HIAP B ®IIM (a), amHamuka

nudpaxkimoHHon 3QPEKTUBHOCTH, TS TPEX MOCaea0BaTEIbHO 3anuckiBaeMbix HIP
(6) 1 3aBHCHMMOCTH HOPMHUPOBAHHOM TUGPAKIIUOHHOMN 3()PEKTUBHOCTH OT PacCTPO-

ku bperra ns tpéx 3anucanusix H/P (B).

3amuceiBaeTcs BTopasi rosiorpamma (kpuBast 2 Ha pucyHke 2.80) nmon yriiom ¥
(pucyHok 2.8a), HO yKe ¢ HaYaJlbHOW KOHIICHTpanued MoHomepa Mp,. Tlpu go-
CTHKEHUU 3HAYEHUS 7)o, 4Yepe3 MPOMEXKYTOK BpeMeHH tp, 3aluch TroJIOrpaMMBbl
CHOBA TNpPEKpalllaeTcs U ONpEeNeNsieTCs OCTaBIIasCs KOHILEHTpalus MOHOMeEpa
Mns < Mp,. [lanee 3TOT mpoliiecc MOBTOPSIETCS TAKOE YUCIO pa3, CKOJbKO ToJIo-
rpaMM HeoOXoIuMO 3amucaTh. OTMETHUM, YTO BpeMs 3KCIO3UIUHU, C POCTOM IO-
PSAIKOBOIO HOMEpA 3aUChIBAEMOI TOJI0OrpaMMBbl U MPU YCIOBUH PaBHBIX IU(pak-
UOHHBIX 3()PEKTUBHOCTEN YBEIUUUBAETCS. DTO CBSI3aHO C U3MEHEHUEM JIMHAMMU-
KH 3amucH TojiorpaMMm (pucyHok 2.80). BceitlencTBue UCTONMCHUS KOHICHTPAIIUU
MOHOMEpa HE0OXOUMO OO0JIbIlIe SHEPTUU TSl TOCTHXKEHUS TOM ke TupaKuoH-
HOM 3(()EKTUBHOCTH, KaK U Y IPEIbIIYIIHUX TOJIOTPaMM.

Ha ocHoBe HaliieHHBIX BPEMEH 3aIMCH PACCUUTHIBAETCS 3aBUCUMOCTh WHTEHCHUB-
HOCTH TU(PParupoBaHHOTO My4YKa OT OTHOCUTENIBHOU paccTpoiiku bperra, mu6o ot
yria najieHusl CYUTHIBAIOUIETO TOJIOTpaMMy Jiyda, WM OT JJMHHBI ONTUYECKOU
BOJIHBL. B mociienHux AByX ciydasx MOJy4aeM YIJIOBOM MJIM YacTOTHBIN CIEKTP
JUIA YCTPOMCTBA CEJIEKIMU JJIMH BOJH Ha ocHOBe HI'P 3anmmucanneix B @IIM. Ha
OCHOBE 3THX CIIEKTPOB (ammapaTHbIX (YHKIUI) OMpPEACsSIOTCS ePEXOIHbIC 1MO-
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MEXH, U COOTBETCTBHE MX MOCTaBJICHHBIM TpeboBaHusM. Ha pucynke 2.8B, mpu-
BeJIeHA 3aBUCUMOCTbh HOPMUPOBAHHOU AUPPAKIUOHHONU >P(HEKTUBHOCTH OT pac-
cTpoviku bperra nisa Tpéx 3anucannbix HAP npu cnexyromux mapamerpax moje-
mr: o= 1Hn, dn,=107% dnj=107 d=20mkM, n=1.45, Oy =20°, ¥;=0°,
¥,=5% ¥;=10° Bce Tpu rojorpaMmbl 3amucaHbl MPH YCIOBHUH PaBEHCTBA HX
TG PaKIMOHHBIX ¢ dekTuBHOCTEH (70 = 1%0).

OTMeTuM, YTO CHIEKTPaJIbHBIC COCTABIISIONIME IPYIIIOBOTO CUTHAMA C A, Ay, ...
, An, AEQPATUPYIOT HE TONBKO Ha «CBOECH» pemérke ¢ BeKTopoM K;, a1t KOTOpOil BbI-
noJiHseTcs ycioBue bpera, HO U Ha Bcex OCTaJbHBIX. B 3TOM ciiydae ypoBeHb «I1po-
COYMBIIIETOCS» CUTHANA U3 COCEIHUX Ka-
HaAJIOB OyJeT HUXKE, U €r0 MaKCHUMAaJIbHOE

[ 3

7
3Ha4YeHue OyJeT ONpenessaThCsl 3HAYCHU- Makcumym
em bperrosckoil paccrpoiiku A;. Ha pu- A, NOMEXN B
cyHke 2.9 n3oOpakeHa BEKTOpHas Jua- k . TpEeTWUiA KaHan
|

rpamma Uit 3anucaHHbiXx B OIIM, Tpéx

HI'P B MomeHT nudpakuuu cBeTa Ha Tep- A Makcumym
Boi pemérke ¢ Bekropom K;. Jlist aToit nomexu 8o

. BTOPOW KaHar
pelmETKY  BBIMOJHSETC yciaoBue bpera
(A =0). Tak ke cBeToBas BoyHA au(pa- > X
TUpPYET U Ha JBYX OCTAJIbHBIX PEIIETKaX C
BekTopamu K; u Ks. B atom ciyuae, un- )
TEHCUBHOCTb JU(pParupoOBaHHBIX JIy4eil OchoeHoN
Oyaer odenb Mmana (T.K. Oyay MpHUCYT- MAKCHRYM

CTBOBaTh paccTpoiika bpera A; u A,) Ho,
TEM HE MEHee, OHU OyIyT BHOCHUTH Iepe-
XOJHBIE TIOMEXH B COCETHUE KAHAJIbI.

Jlns yd€ra HayanpbHOM KOHLEHTpa-
uuu MoHomepa Juta kaxaou HI'P, BBeném
B ypaBHenus (2.10, 2.11uHaeek | — HOMEp rojorpaMMbl, M MEPEIUIIEM UX, YXKE C
YYETOM MCTOLICHUS MOHOMEpPA Ul KaXKIOW MOCHEAYIOIIEH 3alMCAaHHOW PELIETKH.
BripaxkeHue U1 aMILTUTY/IbI IEPBOI TAPMOHUKU KOHIICHTPAIIMKA MOHOMEpa JUIs 1-0#
roJIOFPAMMBI 3aIHILETCS:

-BDMni . @X[{—O’X}q{AQ’ YiXM, €y i/zdl'
A(t! Y, I) EBrfl—pi El\/lni/2 2 0 (2 16)

Y| o d
rac A(Tyl) K ID r' y) dT+\/— 7ﬂ' [{_az}q; MO(T,y,|)dT,

aMIlINTyda HYJ'ICBOI/I TapMOHHKH.

. 2r y11°
M,(7,V,l :Mn[l+—ex —a—}
(5.1 4 F{ 2} , (2.17)

Mpi — HayabHAst KOHLEHTPALMs MOHOMEPA Ha MOMEHT 3allUCH i-Of TOJIOrpaMMBl, Tp,
— BpeMs IOJIMMEPU3AIlMA Ha MOMEHT 3aITUCH 1-0i rOJI0rpaMMBbl.
[TepBas rapMoHuKa mokasares npeixomiaeHus Ny(t,y,)) Oyaer:

Pucynok 2.9 —BekTopHas quarpaMmma
cuutbiBanus HI'P

M, (7,y,i)=~-
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.. on y| [ 28 [M,(7',y,i)

T,y i) =—2[exp —a= —or M Vi

N = p[ Z}Ej 2 el v, ¢y i
L N\3/2 2 .

8 M (Tl’yll) ' 5niK 1 . 1 . '
+ 0 dr'-———2\|D_(r',y,i)M, (r',y,i)dr

3Zﬂ-pi I\/lni I\/lni 0 m( Y ) 1( y )

(2.18)

Bripakenue (2.18) coBMecTHO ¢ mepBbIM ypaBHeHHeM (2.37) cocTaBiseT oc-

HOBY IS OTIpee/ieHus AudpakironHoi s3¢pdexTruBHOCTH - 0¥t H/IP
2

1
N (D) =| A /|4 = |G, O ny (7, y) exp( (AT dy |,
0

rne G; =7d/Acoqf), § — yron CuuThiBaHUs i-0i TOJOTPaMMBI B (HOTOMOIMMEPE, U

COOTBETCTBEHHO K03(uiineHTa nepeaaun i-oro KaHajaa JeMyJIbTUIUICKCOPA,:
2

1
T.(8) = |G [ ny (7, y,i) [exp( (A TY) dy . (2.19)
0

OtHocutenbHas pacctpoiika A B (2.48)cBs3aHa ¢ MI3MEHEHHEM JJTUHBI OIITH-
yecKoi BOJIHBI OA=A-A; u yria cuuteiBanus 06= 8- (06= A/2nN cosh)

A= Je%dsne, A= JAZAidtanH-

OTHOCHUTEJIHO MX 3HAYCHHH, YIOBICTBOPSIOIIMX yCI0BHIO bparra sind=A,/2nA.

Takum o6pa3zom , Beipakenus (2.46),(2.48) aBnstorcss MaTeMaTHYECKON OC-
HOBOM ISl KOMIIBIOTEPHOTO MoOAenupoBanus anmnapaTHod ¢Gynkuus WDM aemysib-
TUIUIEKCOPA HA OCHOBE HAJIOKEHHBIX TojorpamMm B OIIM.

2.3.Pac4éTr 0CHOBHBIX OIIEHOYHBIX XaPAKTEPUCTHK

J7ist TOro 4TOOBI MOCTPOUTH JEMYJIBTUILIEKCOP HA OCHOBE HAJIOKEHHBIX PEeIlIé-
TOK B (DOTONOJIMMEPHOM MaTepuaiie, HeOOXOIUMO PacCUUTATh HEKOTOPHIE MapaMeT-
PBI X 3aIMCH U YCJIOBUSI CUUTHIBAHUS, B COOTBETCTBUHU C 33JIaHHBIMU TPEOOBAHUSIMU
K pa3zpabaTbhiBaeMOMY JeMYJIbTUILIEKCOPY. ONpeaenum 3Tu napaMeTphl.

JAudpakuuoHHasi 3(PeKTUBHOCTH

Hudpakumonnas 3¢p(HeKTUBHOCTh — 3TO MOIIHOCTb M3JIy4eHUs!, HalpaBisieMoe
B nudparupoBaHHyio BoHY. OHa SBISETCS BaXKHON KOJIMUYECTBEHHOW XapaKTepUCTH-
KOM TOJIOTpaMMBI M 3aBUCUT OT MHOKECTBa (akTopoB (mapamerpoB (HoTOmoammep-
HOTO MaTepuaja, yCJIOBHM 3alUCU M CYMTHIBAHUS, YUCIIa HAIOKEHHBIX TOJIOTPaMM U
T.1.). JudpakuuonHas 3pPeKTHBHOCTH ONpenenseTcss Kak OTHOIIEHHE TIOTOKA U3ITy-
4yeHus B Au(parupoBaHHON BoJHE |; K MajaomeMy Ha rojiorpaMmy MOTOKY U3Tyde-
Hus |o (pucyHok 2.6).
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MakcuManbHyI0 JOCTHRUMYIO TUPPAKITMOHHYIO 3()(PEKTUBHOCTH MOXKHO OIIe-
HUTH 110 popMmyIie:
1
ndmaxzﬁa (2.20)

rae N — uucio HamoxxkeHHbIX pemérok B OIIM. Ha mpaxtuke sta nudpakumoHHas
3¢ HEeKTUBHOCTD OyJIeT 3HAUUTENILHO HUXKE M3-3a pacxoja MOHOMEpa Ha 00pa3oBaHUe
MOJIMMEPHBIX 1erneu, kotoporo B @IIM orpanndeHHoe koiauuectBo. [1o aTomy pe-
aNbHYI0 TUPPAKIMOHHYIO ()PEKTUBHOCTh, a TeM 0oJjiee paBHYIO, JJI BCEX HaJIO-
YKEHHBIX ToJorpamM, 3anucaHHbix B OIIM MOXHO HaWTH, TOJNBKO MCIOJIb3Ys YHUC-
JIEHHBIE MeTOIbI Ha DBM.

¥Yroa nudparupoBanHoii BoJHbI (Opy) ¢ 3aJaHHOI ONTHYECKOH TJIMHOI ;.

[Tpu mudpaknum Ha 00BEeMHOU Tonorpaduueckoit pemérke (pucyHok 2.10)
CBETOBOM MYYOK MOCIIEIOBATEILHO PACCEUBAECTCS OT OOJIBIIOTO YKCIa NEPUOANUECKU
pacIojIoKeHHBIX ToBepxHOCTeH (myuyHocrtel), Ha pucyHke 2.10. 0003HaYCHHBIX
OYHKTHPOM. UTOOBI aMIuIMTyna pe3yabTHPYIOMIeH nudparupoBaHHON BOJHBI ObLIa
MaKCUMAaJIbHOM, PacCesTHHBIE BOJHBI JOJDKHBI OBITH B (paze. [l 3Toro Heo0Xoammo,
9YTOOBI BBIOJHSIICS 3aK0H bparra.

E

z
OrM
I."_? .___.-'I- - E Em E mE o E e momom om o=y [!
(napawwan ' ) (AudparipoBaHHas
BOMNHA) BONnHa)

*

Pucynok 2.10 —ludpakius cBeta Ha 00BEMHON peméTKe
DTOT 3aKOH CBSI3BIBAET MEXAY COOOM JJIMHY BOJIHBI CBETA B BO3MyXE Ag, Cpe-
Hee 3HaueHue mokaszarens npeiomieHus OIIM — n, 6y — yron mageHusi CBETOBOU
BOJIHBI Ha PACCEUBAIOIME IIOBEPXHOCTH M PACCTOSIHUE A MEXIYy 3TUMHU IOBEPXHO-
CTSIMH, Ha3bIBAEMOE NnepuoooM peuwlémku. 3aKOH 3aIUCBhIBAETCS CIEIYIOIIUM o0pa-
30M:

2/\sing, =A—_°, (2.21)
n

Takum oOpaszom, mpu HCHONB30BaHUU rojorpadudeckoir HJIP B kauectBe
buabTpa BaXXHO ONpPENENUTh Yroil Opg, MO KOTOPHIM OyneT nudparupoBarh Jdyd C
3aJIaHHOM JJIMHOW BOJHBI Ag = A; (rae A cooTBeTcTBYeT YactoTHOMY Iuiany ITU-T).
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[lepuon pemérkun A ompemensercs W3 yCIOBHUN 3alUCH TOJOTPAMMBI Ha OCHOBE

(2.21),c yuérom 3aMeHBI: Ao = A sumucus G0 = Ow anucu)- TAK XK€ CIEIyET y4ecTh, 4TO yrI-

7b1 Oy, O 1 Opy, cBsi3aHbI 3ak0HOM CHeInyca:
sin@,W(DW) =E

sing, n’

re N —IoKa3aTelb npenoMieHus cpesl BHe PIIM (w1 Bosgyxa N = 1).

I

(2.22)

z
®rMm
].'? .. - o o o m e om o g I!
(napawwan ) (AudbparnposaHHan
BOMNHA) BONHa}

Pucynok 2.10 —ludpakius cBeta Ha 00BEMHON peméTke

IIpn 3ammmen H/IP, mo paccmarpuBaemon cxeMe MOCIeI0BATEIbHOTO MYJIbTH-
IUIEKCUPOBAHUS, NEpUOA pelIETKU A OyJeT NOCTOSHHBIM, T.K. IOCTOSIHEH yTOJI 3alu-
CH O\ anucu)-BCEX TOJIOTPAMM, a U3MeHsAeTCca Toubko HakioH PIIM nHa yrom AY.
YuwurteiBas 370, nepenuiiem (2.21)B Buze:

Oow i = asir(z/]—/i\j AW -1), (2.23)

rae | —unaekc 3anuceiBaemon HJIP.
Takum 0OpazoM, yros audparupoBaHHON BOJTHBI Hpy C 33JaHHON ONMTUYECKON
JUTHHOM A s i-oro ¢punbTpa (HJIP) onpenensercs Beipaxenunem (2.23).

CesekTuBHOCTSH rosiorpapuyeckux H/IP

CeneKkTUBHOCTh TOJIOrPAaMMbI OIpPEAENAET XapakTep yYMEHbIIEHHE UHTEHCHUB-
HOCTH JM(PparupOBaHHON BOJHBI MPU OTKJIOHEHWHU YCIIOBUM CUUTHIBAHUS TOJOTpam-
Mbl OT ycioBui bperra. CyuiecTByeT CHeKTpaibHas CEJIEKTUBHOCTH T'OJIOTPAMMBI,
CBSI3aHHAsl C UBMEHEHHUEM JIJIMHBI BOJIHBI U3JyY€HUs CUUTHIBAHUS, U YIJIOBas CeJieK-
TUBHOCTb, 00YCJIOBJICHHAs] U3MEHEHHEM YTjla CUMTBIBAHMS TojorpamMmbl. ['omorpam-
MBI, 3anucagasie B @IIM 001a1a10T BBICOKON CEIEKTUBHOCTBIO, T.K. ABIISIFOTCS 00b-
E€MHBIMHU.

MakcuMyM MHTEHCUBHOCTH TU(PparupoOBaHHON BOJIHBI HAOIIOAACTCS MIPHU yTIIe
Bporra 6y u qmune Bonubl bparra Ag (mpu atom, A = 0). IIpu OTKIOHEHUH OT YCIOBUIA
Bpoarra (0 = 6y = 60 u A = Ao £ OA) HHTEHCUBHOCTD AM(PPArUPOBAHHON BOJHBI YMCHbB-
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mraercs (A # 0), kak moka3aHo Ha pucyHke 2.11.
{h

| 1]

:H‘H-u;

54 (80; 61

0(0,; i,) A (6,250, A, 564)
Pucynox 2.11 —ITapameTpsl, onpeaenstoniue CeIeKTUBHOCTb TOJIOTPaMMBbI

VYrnoBasi CENEKTUBHOCTh TOJIOTPAaMMBbI ONIPEAEISIETCS KaK MHTEPBaJ YIJIOB Ma-
J€HUSI INIOCKOM MOHOXPOMATUYECKOW BOCCTAHABIIMBAIOIIEH BOJHBI HA FOJIOTPaMMYy, B
KOTOPOM MHTEHCHUBHOCTH JU(PArupoOBaHHON BOJHBI MPEBBIIAET MOJIOBUHY €€ MaK-
CUMaJIHOTO 3HaveHus (IBYXCTOpOHHSS cTpeika Ha pucyHke 2.11). CnekTpasibHas
CEJIEKTUBHOCTh T'OJIOrPaMMBbI ONPEICISICTCS KaK HHTEPBaJI UTHMH BOJIH (4acTOT), B KO-
TOPOM WHTEHCHUBHOCTH AU(PArupOBaHHON BOJIHBI MPEBOCXOAWT IMOJOBUHY €€ Mak-
CUMAaJIBHOTO 3HA4YCHHS (JIBYXCTOPOHHSS CTpeika Ha pucynke 2.11).IIpu 3Tom roso-
rpaMMa JOJDKHA OCBEIIAThCS HU3JyYEHHEM, PACXOAUMOCTb KOTOPOIO CYIIECTBEHHO
MEHBIIIEC YTIIOBOW CEJICKTUBHOCTH JAHHOH rOJIOTPaMMBI).

YrioBas cejiekTuBHOCTH (AD). Kak yxe roBopuiioch Beiiie, mapameTp A siB-
asieTcst 00001EHHON paccTporikoit bperra u MoeT ObITh MEPEeCUUTaH B Yol HAKIIO-
Ha ®IIM (1100, 4yTO TOKE caMoe, B yroJj majaeHus uzaydeHus Ha OIIM) cnenyromum
obpazom:

=—5‘9[2["[”d@;in90 (2.24)

A
0
rae 06 — otcTpoiika ot yriia bperra. YriioByro CeleKTHBHOCTb PEIIETKH, B paMKax
JIBYXBOJIHOBOUM Teopuu (11 CHHYCOHMJIAIBHOTO TTPOdUis (pa30BOM PEIIETKHA) MOYKHO
OLICHUTH BBIPAXKEHUEM:

2A<9~% (2.25)

Bunno, uro Tommuua ®IIM d sBisieTcss BBIKHBIM ITapamMeTpoM YIPaBICHHUSI
YIJI0OBOM CENIEKTUBHOCTBIO. {151 COBpPEMEHHBIX CaMOMPOSBISIOMIMXCSA (HOTONOIUME-
POB BO3MOKHBI Bapuanuu ux TodmuHbl 0T 10 10 2000MKMm.
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[Ipu ompeneneHnn MepexoqHBIX MOMEX B JAEMYJIBTUILIEKCOPE HA OCHOBE TIO-
CJICZIOBATEJILHOM 3alTUCH TOJI0rpaMM, TIpU pa3audHoM yriie HakioHa PIIM (BekTopa
K), yrioBas ceneKTUBHOCTh TECHO CBsi3aHa ¢ BeMM4YMHOM yriia AV (mar yria Hakio-
Ha ®IIM). Yem oH OoJibliie, TEM Ha OOJBIINN yroj OyaeT Au(parupoBaTh CBETOBas
BOJIHA U TEM MEHbIIINE NEePEXOAHbIC IOMEXHU OyayT y AeMyJbTUILIeKcopa. Bennuuny
AY MO>XXHO OLIEHUTH CJIEAYIOIIMM 00pa3oMm:

AW = 4[A6 (2.26)
T.€ YIJIOBOM Pa3HOC KaHAJOB, IOJDKEH OBITh KaK MUHUMYM B JIBa pa3a OOJbIIE YeM
yIJ0Bast CENEKTUBHOCTH rosorpapuueckux HI'P.

CnekTpanbHasi ceJleKTUBHOCTH (AA). [Ipy OTKIIOHEHWM JUTMHBI BOJIHBI, T1a-
Jaroliei Ha rojorpaMmy OT ycioBus bperra Ha 3nauenune A (OA / Ao << 1), makcu-
MajibHas 3(PpPEeKTUBHOCTh Oy/IeT HAOMIOAaeTCs MPU OCBEIICHUH HE oA yrioMm O, a
1oj HOBBIM yryioM bparra 6y + 66. Benuuuny 60 MOXXHO BBIpa3uTh uepe3 OA, BBES B
(2.21)H0BBIC OparOBCKHE MapaMeTphl Oy + 66 1 Ao = OA:

2ANSIN(G, + 06) = Ao + A (2.27)
[Tonarast, uto Sin ©0) =~ 60 u cos 00) ~ 1 u ucnonb3ys (2.21),moay4um:
o0 = j-—/]tgﬁo (2.28)

0
[Moncrasisist (2.28) B (2.24), moryduM BBIpasKEHHE UL 3aBHCUMOCTH OTHOCH-
TeNnbHON bperoBckoil paccTpoiiku A 0T BETMYHUHBI OTKJIOHEHUS JJTMHBI BOJTHBI OA

oA 20rh :
A =—-—1tgf)| — |[d [3ing, (2.29)
Ao Ao
CHexkTpallbHyI0 CEJIEKTUBHOCTh PELIETKH, B paMKax JABYXBOJHOBOW TEOpPUH
(st cuayconnanbHOTO PO ISt pa3oBOM PEMIETKN) MOYKHO OIICHUTH BRIPAKEHUEM:

20 = A, % coté, (2.30)

Tak ke Kak u B ClTydae OIpe/IeIeHUs YIIIOBOW celeKTuBHOCTH (2.25),Ha criek-
TPAIbHYIO CEJEKTHBHOCTh TaK JKE€ OKA3bIBAET CYIIECTBEHHOE BIMSHUE TOJIIMHA
®IIM d.

Ha pucynke 2.12u300paskeHbl HOpMUPOBAaHHBIE 3aBUCHUMOCTH OTHOCHTEIHLHOU
TUGPaKITMOHHON A((HEKTUBHOCTH IS ABYX TOJIOTPAMM, OT JIJTMHBI ONTHYECKON BOJI-
HBI, TIPH YaCTOTHOM pPa3HOCE IEHTPAJIbHBIX MAKCUMYMOB TU(PArupOBaHHBIX CBETO-
BbIX BoJIH — 4001 tu. CnextpansHas cenekTuBHOCTH 3TuXx HI'P cocrabmser 0.8Hm
npu totuie @IIM — 300mkMm u yrite 3anucu Gy = 70°.
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1.525 1.530 1.535 |54 1545

Fo. MIEMI

Pucynok 2.12 —3aBUCUMOCTb OTHOCUTENBEHOU TU(MPAKIIMOHHOMN 3P PEKTUBHOCTH IS
JBYX TOJIOTPaMM, OT JJIMHBI ONTHYECKON BOJIHBI.

3. PekoMeHaauM K MO BBITOJTHEHUIO PA0OTHI

IHopsaok BeINOJTHEHUsI JIa0OPATOPHBIX PadoT

[Tosy4unTh BapuaHT 7151 BEIIOJHEHUS Ta00PaTOPHOH pabOThI y MperogaBaTes.

. BoimonHuTe pacu€THOE 337]aHKE, COTIIACHO CBOEMY BapHaHTY.

O3HaKOMUTCSI ¢ PyKOBOJICTBOM I0JIb30BATENS 1O paboTe C MPUIIOKEHUEM 110 MO-
JIEIUPOBAHHUIO.

3amyCTUTh NPUIIOKEHNE.

[IpoiiTh TECT-KOHTPOJIb.

BBINOAHUTE MYHKTHI SKCIIEPUMEHTAIILHOT'O 33/I1aHUsI, COTJIACHO CBOEMY BApUAHTY.
OdopMutps OoT4ET O TpojeaHHOW JabopaTopHO pabore B mnpuiiokeHun MS
Word.

oA W

©o0oNO

Conep:xanue oTuéra

OT4éT 0 mpojaenaHHON paboTe MTOJKEH COJIEPKATh CISAYIONINE Pa3Iebl:

[{ean paboThI.

Kparkas teopus.

Pe3ynbTarsl pacy€THOTO 3a1aHUS.
Pe3ynbTarhl 5KCIEpUMEHTANIBHOTO 3aJaHMS.
BriBosbI MO mpojenanHoi padore.

akrwNPE

3.1. PacuérHoe 3aganue
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CTOTBHI 4.

Tabmumna —VcxoaHble faHHBIC 1JIS BBITOJHEHHUS pabOThI

1. CormacHo cBOeMY BapHaHTy 3aJaHusl, U3 TAOJHIIBl HCXOAHBIX JAHHBIX IO Ta0JIH-
e ITU-T (npusioxkeHue) HATH 9KCIIO KaHAIOB (PEemETOK) N ¥ IEHTPaJIbHbIC Ya-

IMapamerp Bapuant
1 2 3 4 S
Juamna3zon * 1528,77 — 1528,77 —| 1546,12 — 1539,77—| 1535,82 —
(aMm) 1532,68 |1536,61 |1554,13 |1549,32 |1538,98
Af, Ty 100 200 400 200 100
Po (110) 25 22 25 26 22
IMapamerp Bapuant
6 7 8 9 10
Juamnazon * 1549,32 - 1533,47— | 1546,12 — 1535,04 — 1530,33 —
(aMm) 1553,33 |1542,94 |1554,13 |1557,36 |1536,61
Af, Ty 100 200 400 500 200
Po (1106) 21 19 25 18 24
IMapamerp Bapuant
11 12 13 14 15
JnanazoH * 1550,92 — 1550,92— | 1533,47—| 1533,47—| 1541,35—
(aMm) 1554,13 |1560,61 |1557,36 |1557,36 |1550,92
Af, Ty 100 200 400 100 200
Py (16) 23 20 18 19 24

— ICHTPAJIBbHBIC MAKCUMYMBI IICPBOTO M ITOCICAHETO KaHala,

2. Ouenuth u3MmeHnenue yria HakioHa ®IIM (AY) ucxons u3 oTHouieHHS AY =
(160° — 26)/n.

3. Ouenuth Toamuny OIIM (d), HeoOXogUMYIO /IS JOCTHIKCHHS 3aJaHHOM CelleK-
TUBHOCTH, UCXOS U3 BeIpakeHuii (2.24)u (2.25).

4. Haiitu yrasl 0; moa KOTOpbIM OyyT AudparupoBaTh Jy4H C JJIMHAMU BOJH A; UC-
X015 U3 BeIpaxkeHus (2.21).

5. OueHuTh TEOPETHUECKH MAKCUMAIBHYIO JOCTHKUMYIO AUPPAKIHOHHYIO P heK-
TUBHOCTH rosiorpamMm 1o gopmyse (2.20).

3.2.JKkcnepuMeHTAIbHOE 3a/IaHUE.

1. 3a"ecTn B mporpaMMy MapaMeTphl AEMYJIbTUIUIEKCOpPA UCXOAS U3 TAOIHLBI HC-
XOJIHBIX JIaHHBIX M MaTepualibHble mapameTpbl DIIM: 5ni=103, 5np=102, =1,
D=1-10", n=1.45.11lar yri0B HakyioHa U TonmuHa OIIM HaxoauTest U3 pacuér-
HOTO 3a/1aHus. J|JIMHY BOJIHBI ¥ YTOJ 3alUCH B3SITh U TAOIHIIBI

Bapuant
1 2 3 4 5

ITapameTrpsl
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Azan (HM); 640 680 700 750 800
O3an (rpan); 20 15 10 12 15
Bapuant
ITapameTtpsl 6 7 3 9 10
Azan (HM); 850 900 950 630 1100
O3an (rpan); 10 15 20 10 18
Bapuant
Hapaverpu: 11 12 13 14 15
Azan (HM); 730 990 620 785 700
O3an (rpan); 13 15 12 13 10

2. OnpenenuTh MaKCUMaJIbHO JOCTIKUMYIO JTU(pakinoHHy0 S(PGhEeKTUBHOCTD
N4 max AJ11 HaJOXKEHHBIX TOJIOIpPaMM IpPH OTCYTCTBUU ONTHUYECKOTO 3aTyXaHUS.
Jlsis 3TOro HeoOXOIUMO OMPEAETUTh TaKyl AU(PAKIUOHHYIO 3(PPEKTUBHOCTD,
IIpU KOTOPOW MAKCUMYM KPHBOM JIHHAMHUKHM 3aIlCH IIOCIEAHEN TOJOTPaMMBbI
IPOXOAUT OBl Yepe3 /)y max- JAHECTH B TAOJIUIly MOJYUYUBIINECS BPEMEHA 3aIllUCH

JUTSL KOKJIOM roJIOrpaMMbl 1 MAaKCHUMYMbI OTHOCUTEILHON OPATOBCKOM PacCTpOMKU
Al;

Ne ronorpammbl Bpewms 3anucu, cex A

3. HccnenoBaTh 3aBUCHUMOCTb AU(PPAKIMOHHON 3()H(PEKTUBHOCTH OT OTHOCUTEIBHOU
Opoarrosekoit paccrpoiiku Kd(A). [Iponabnronate W3MEHEHUS] CyMMapHBIX Iepe-
XOJHBIX TIOMEX Ha KaXIblii KaHaJ U COOTBETCTBUE MX TpedyembiM HOopMmam (PO).
Jli 3TOTO, NMEPEXOAHBIE TIOMEXH MEPEBECTU B JAEIUOEIBl U OTPA3UTh B OTYETE B
Bujie Tabiui u rpaduxoB. Eciu mepexoaHas momexa CIUIIKOM OoJiblas, He0O-
XOAUMO yBeIUUUTh ToNUHY PIIM 1 OBTOPUTH MYHKT 2 3aHOBO.

4. TloBTOpUTH MYHKTHI 2-3, U1l onTUYecKoro 3aryxanus B 3 Han. Cnenath BbIBOJbI
O BJIMSIHUM onTHYecKoro 3atyxaHus B ®IIM Ha 1uHaMuKy 3amucu ToJ0rpaMM U
IU(PPAKIIMOHHBIE XapaKTEPUCTHKHU.

5. Cnenatb BBIBOJBI 10 UCTIONB30BAHUIO ONTHYECKOTO AEMYJIbTUILIEKCOPA HA OCHO-
B€ HAJIOXKEHHBIX TU(PAKIMOHHBIX perI€ToK 3anucanHbix B OIIM, kak ycrpoiicTa
cenekuun kaHainoB B BOCII. BwIIBUTH NOCTOMHCTBA, HEOCTAaTKU M MPOBECTH
CPaBHHUTEIbHBIA aHAIN3 UCCIEAYEMOTO JEMYIbTUILUIEKCOPA, MO CPABHEHUIO C HC-
CJIETyeMbIMU paHee AeMYJIbTUIIIICKCOPAMHU.

KoHTpoJibHBIE BOPOCHI

1. Onumure npuHUMI pabOThl AEMYJIbTUILIEKCOPA HA OCHOBE HAJIOXKEHHBIX JIU-
(pakIMOHHBIX PEIIETOK.

2. B uém ornmune AeMyJbTHILNIEKCOPOB HAa OCHOBE HAJOXKEHHBIX TOJIOTpaMM B
®OIIM 0T OCTaNbHBIX CYIIECTBYIOMINX AEMYIbTHILIEKCOPOB?

3. B uém 3akmouaetcs nporecc GoTononuMepusanum?
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4. OnuiuTe OCHOBHBIE MEXaHU3MBbI 3alMCU TOJOTPaMMbl B (HOTOMOIUMEPHOM
matepuaie (PIIM).
. Kax ¢hopmupyrorcs Hajio)keHHbIe rojiorpamMMbl B GIIM?
. Uem ompezensercst yriaoBasi U 4YacTOTHAsl CEJIEKTUBHOCTb TojorpaduyecKux
TU(PaKIIUOHHBIX PEIIETOK?
7. KakoBa 3aBHCHUMOCTbh NEPEXOAHBIX MOMEX OT YIJIOBOTO pacCOrylacoOBaHUS TO-
JoTpaMm?
8. Kak 3aBucuTr MakcumanbHas AUQpakiuoHHAs 3()(PEKTUBHOCTH TOJIOTpaMM
(BHOCHMBIE MTOTEPH) OT KOJIMYECTBA KAHAJIOB JIEMYJIbTHILIIEKCOPA. ?

o Ol

4. Onucanue NpOrpaMMHOro odecrnevyeHust

«ACCIEAOBAHUE OINTUYECKHUX JEMYJIBTUIIVIEKCOPOB HA
OCHOBE HAJIOKEHHBIX I'OJIOT'PAMM B ®OTOINIOJIMMEPHOM
MATEPHUAJIE»

PyKoBOJCTBO 1OJIb30BaTES
(Pemakius ot 12.10.2006)

1. OO011ee onucanue

1.1 dOyHkuMoHAJIbHOE HA3HAYEHHE CUCTEMbI, 00,1aCTh IPUMEHEHUSs U
OrpaHUYeHHs

KomnerorepHas madoparopHas padota «lccienoBaHue ONTHUYESCKHUX JIEMYJIbTH-
IUIEKCOPOB Ha OCHOBE HAJIOKEHHBIX TOJIOTpaMM B (DOTOMOJIMMEPHOM MaTepHae»
npeaHa3HayeHa I UCCIIeOBaHUs MPOILIECCOB To0rpaduuecKoil 3arnmucu HaJoXKeH-
HBIX TU(PPAKIIMOHHBIX PEMIETOK B (POTOMOJMMEPHBIX MaTepHaliax, pacyeTa U ONTH-
MU3AIIHN XapaKTEPUCTUK OMTHYECKUX JEMYIbTUIIIICKCOPOB HA X OCHOBE B yU4E€OHBIX
TETX.

[Iporpammuoe obecrieueHne MpeacTaBiseT coOoil MPHIOKEHHE, B KOTOPOM 3a-
JAIOTCSl TTapaMeTPhl 3aITMCU U CYUTHIBAHUS HAJOKEHHBIX TOJIOTPAMM, MAaTEPUATbHBIC
napaMeTpsl (POTOMOIMMEPHOTO MaTepuana W OTOOPAKAIOTCS PE3yNIbTaThl pacyeTa B
Bujie rpadukoB u Tadnui. [Ipunoxxenue Bkitodaer 15 BapuaHToOB 3a1aHuii AJ1 MpOBe-
JeHust 1abopaTOpHBIX paboT, MperycMaTPUBAIOIINX YUCICHHBIA pacdeT WHTETpallb-
HBIX TIpe0oOpa30BaHMi, ONMCHIBAIONINX MPOIIECCHI 3aMMCH U CYMTHIBAHUS HAJIOKEHHBIX
rojorpaMm B (POTOMOJIMMEPHOM Marepuaie. B OCHOBY pacueToB IMOJIOKEHA OPHTH-
HaJIbHAs MaTeMaTu4eckas MOJEb MpoIlecca MOCIeI0BaTeIbHON TONIOTpaduuecKoi
3alMCU HAJIOKEHHBIX TU(GPAKIMOHHBIX pemieTok B moriomaromux OIIM npu yrio-
BOM MYJIbTUIUIEKCHPOBAHUH, OTMCaHHas B 11.2.4.

1.2 KpaTkoe onucaHue CHCTEMbI U ee TEXHHYECKHE XapPaKTePUCTUKH

KommeroTepHast mabopatopHas paboTa, nanee mporpaMma, NpeacTaBisieT Co-
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00l KOMIBIOTEPHYIO TPOrpamMMmy, KOTOpas COCTOUT M3 METOJMYECKOTO MOCOOUs
(kpaTkast TeopHs ¢ 3aJaHHEeM Ha padOTy), BXOJHOTO TeCTa U 000JI0YKHA MOJICINPOBA-
Hus. [Iporpamma MoXeT (yHKIIMOHUPOBATH IO YIPABICHUEM OIEPAllMOHHBIX CH-
ctem Windowsscex nokosienuii, HaunHas ¢ Windows 95.J{ins HopMmallbHOTO (hyHK-
IIMOHUPOBAHMSI MMPOTPAMMBI KOMITBIOTEp JOJKEH OBITh OCHAIllEH HEe MeHee dyeMm 16
MO onepaTuBHOM mamsATH U HE MeHee yeM 8 MO cBOOOAHOTO MecTa Ha JKECTKOM
mucke. Cama nporpamma 3aHuMaet okosio 20 MO auckoBoit mamsit. [Iporpamma He
TpeOyeT yCTaHOBKH.

O00s109Ka MOJICTMPOBAHUS ITOCTPOEHA IO MOJAIBHOMY IPHUHITUIY U TpEIy-
CMaTpUBAET IMOCJIEIOBATEIHLHOE MCCIIEIOBAHNE Ha OCHOBE KOMITBIOTEPHOTO MOJIEIH-
POBaHUS Pa3IMYHBIX XapAKTEPUCTHK JIEMYJIbTUILICKCOpA.

1.3 3amyck nporpamMmbl H BBIXOJ U3 POTrPaMMBbI

3amyck HporpaMMbl OCYIIECTBIIsIeTCS 3amyckom (haiia PolyGrating.exena
BBINOJIHEHUE, JaHHBIA (aiin pacrnosiokeH B nanke PolyGrating.Ilocie 3anmycka Ha
DKpaHE KOMIIbIOTEpA MOSBIISETCS TNIABHOE OKHO IMpOrpaMmbl. OHO OKHO COIEPHKHUT
[JIABHOE MEHIO, MMaHEJIb UHCTPYMEHTOB, MMaHEJIeH I BBOJAA UCXOHBIX JAHHBIX pac-
4yéTHbIE TAOMUUbBl W rpauku. BeIxog u3 mporpaMmbl OCYIIECTBISIETCS Ha)KaTHEM
xronku X s BEPXHEM MPABOM YTJIy [JJaBHOI'O OKHA.

2.  Pabora c nporpammoi

B nanbHeiimem mnpeamnosiaraercsi, 4ro MOJb30BATENb HUMEET ONpe/ieJICHHBIC
HaBBIKU paboOTHI B onepannonHoi cucteme Windows 95imu Beie.

[Tpu pabote ¢ mporpaMmon Jisi IepeMEIeHUs MEXTy MOJISIMHU BBOJA, U HaXKa-
TUH Ha KHOTIKH y100HEH BCETo UCIOJIb30BATh MAHUITYJISITOP "MBIIIb .

Jlis MoJenupoBaHus JEeMYJIbTUIUIEKCOpa, UCIOJHUTEN0 HEOOXOJUMO BBECTH
CJIEyIOIINE UCXOAHBIC TapaMeTphI:

9) mns GOTOMONMMEPHOTO MaTepHaia: CpeHee 3HAYCHUE TOKa3aTeNsl MPEJIOM-
JICHUSI U €r0 U3MEHEHHe Ipu ¢doTonoauMepu3anuu, koddpdunrent nuddy3un Kom-
MOHEHT, TONIIHUHA, KO3 PUITMEHT NOTIOLIEHUS;

10)  nmns ycioOBUS 3allUCH: JUTMHY BOJIHBI ONTHYECKOTO M3Y4YCHHsI, YHCIIO IO-
JorpamM, YroJl CXOXACHHS 3alMUCHIBAIOLIMX MYy4YKOB, Ha0Op yrioB HakioHa DIIM
JUTA 3aIIUCH KaXIOW PEIIETKHU.

JIist 3a1aHHBIX MapaMeTPOB MPOU3BOJAUTCA PacyeT CIEAYIOIIUX OCHOBHBIX Xa-
PaKTEpUCTUK, MPEACTABICHHBIX B Tpaduueckoi uinu TabauyHoi popmax:

7) XuHEeTHKa rojorpaduyecKoi 3arruch HaJOKEHHBIX ToJorpaduyecKux pemie-
TOK ¥ UX AU(PPaKIHOHHBIX 3PPEKTUBHOCTEN;

8) mudpaknronHas 3PpPEKTUBHOCTh HAJOKEHHBIX TOJIOTPAMM OT OTHOCHTEIb-
HOM Op3rTOBCKOM pacCTpONKY;

9) mepekpécTHbIC TOMEXU B KAXKIIOM KaHaJe.

[lo momydeHHBIM pe3yJbTaTaM pacdeTa MPOU3BOJUTCS OLIEHKA BHOCHUMBIX IO-
TEPb U CEJIEKTUBHBIX CBOMCTB UCCIEAYEMOI0 JEMYJIbTUILIIEKCOPA.
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Hactpoiika ronorpaduyeckoil pemérku Ha 3aJaHHYIO JJIMHY BOJIHBI MPOU3BO-
JUTCS TyTEM U3MEHEHUs YIJIOB HaKJIOHa (POTOIMOJIMMEPHOIO MaTepuana Jjs KaxIou
rojiorpaguyeckoi penmeéTky BO BpeMs €€ 3aIucH.

[TpunokeHne MO3BOJSAET OCYIIECTBUTh ONTHMHU3ALMIO MATEPUAIBHBIX IHapa-
METPOB (POTOMOJUMEPHOTO MaTepHalia JiyIsl JOCTUKEHUS! ONPEIeIEHHOIO YPOBHS Iie-
PEKPECTHBIX MOMEX MPU 33JaHHOM UYHUCII€ KaHAJIOB, JTUOO MPU U3BECTHBIX MaTepHUallb-
HBIX IapaMerpax (hOTONMOJIMMEPHOrO0 MaTepuala U 3aJaHHOM YHUCIIEe KaHAJIOB, OIpe-
JICIATh MAKCUMAJIbHYIO TU(PaKIMOHHYIO 3(PPEKTUBHOCTH, KOTOpas OyIeT y Bcex
KaHaJIOB Ha BBIXO/I€ JEMYJIbTHILIEKCOPA.

2.1.'ntaBHOE OKHO

B rmaBHOM okHe (pucyHOK 2.1) ocymiecTBIIIeTCs BBOJ MCXOIHBIX JTAHHBIX U
pacuéT mapaMeTpoB 3alUCH M CUUTHIBAHUS HAJOXKEHHBIX TOJIOTPaAdUUECKUX peré-
ToK. OHO COCTOWT HU3:

* (haii;IoBOrO MEHIO, T/Ie 0TOOpakaroTcs Bce (PYHKIIUU TPOTPaMMBI;

* TaHeNMM WHCTPYMEHTOB, TNIe AYOIUPYIOTCS HEKOTOPBIC Ba)KHBIC DJIEMEHTHI

(bait10BOrO MEHIO,

* 3aKIQJIOK BUJAa MOJEIMPOBaHUsS (3aMCh TOJIOTPAMM, CUUTHIBAHUE TOJIO-

rpamMM u pacu€THas Ta0iuIa);

* TaHeNel BBOJa OCHOBHBIX IMAPaAMETPOB,;

* 00yacTu nMocTpoeHus rpauKoB.

" PolyGrating 1.0 (S]]

Maiin  Pabota Momowe

S B mps s e R

Hoeslii OTepems CoxpaHuTe OTyér FPacuurare Mocotie TecTHPOEaHKE Morowe 0 nporpardtae

MpouzeaacTes 3ance ronarparn ] CUMTBIEAHWE MO0rpatdta ] PacuéTHaa Tagnuua ] M arepuan

=
. R Saryxanue |
20 j Tonua OMK. | =52 - - 17823
,ﬁﬂ JNMHHE E 0Nk - z
| = ANMCH, HM E - fp Je-d
1 ﬂ kal, % - =] 3 1
[v OnTHransHoe b - diels 1
= f 1.45
Mz & rpan | ¥rpan :[ ].
1 -10 x
2 a0 5 : : : : : [ paEHWLEl pACHETE
5 20 0 T T T T T
[ 0 1 2 30 4 5 6 oo
cwarom |0.2
R ECRL Bpemsa 3anucu (t), cek

t=1,327; Ka(t/Tp)=3,55

Pucynok 2.1

['maBHOE MEHIO COCTOUT U3 TPEX pa3nenoB. Paiin, Paboma v Ilomows. PaccmoT-
PUM IYHKTBI KOKA0TO pasjaena.

Daiin
3aMeHa UCXOJIHBIX JIaHHBIX, IAHHBIMH 10 YMOJI4a-
| Hoegwuii HUIO.
1 *
. y OTKpBITH haiiia ¢ HICXOAHBIMUA JAHHBIMHU.
mKpoimo haiin
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E Coxpanumo ¢haiin
[ Omuém ¢ MSWord

npuioxeane MSWord.

* Daiis ¢ TaHHBIMHU UMEET pacmupenue .glm.

Paooma

L2 Mocobue

)

&
-~ Tecmupoeanue
B Paccuumams

O Ocmanoeum pacuem

[Ipoxoxnenue Tecra.

CoxpaHUTh UCXOHBIC JaHHbBIE B (aili. *

NmnoptupoBars pe3yibTaTsl MOACIMPOBAHUSA B

DONEeKTPOHHBIA BapUAHT yI€OHOTO TTOCOOUSI.

[lepecuntarh TeKymui rpa@uK UM Ta0IUILY.
OcTaHOBKa TEKYIIETO pacyéTa.

Komuposats Tekyuuii rpadux B Oydep ooOMeHa B

<d Konuposams zpagux ¢ BHJIC OUTOBOTO M300PaKEHHS.
oygpep
IHomowp:
g PykoB0CTBO MOSTE30BaHMS TIPOTPAMMON.
Homown
'H HNudopmarus o pazpaboTurKax IporpaMMsl.
O npozpamme

2.2.11aHeJ b MAPAMETPOB 3aNUCH TOJIOTPAMMbI

B neBoi yacTtu riiaBHOro OkKHa paciojIoKC€Ha ITaHCIIb

3aJ[aHus 3HAYCHUH MapameTpaM 3alucu rojorpamm (pucy-
HOK 2.2):

YUCJIO HAJIOKEHHBIX TOJIOTPaMM,

toammaa OIIM, MkwMm;

JUIMHHA CBETOBOM BOJIHBI, HA KOTOPOW HPOUCXOIUT
3aluCh roJI0rpamMm, Hw;

nudpakionHas 3¢G@dEKTUBHOCTh BCEX 3allMCaHHBIX
roJIOTpamu;

TabnuIa Uil 3a1aHusl YTII0B CXOXKICHUS @, yTII0B MO-
BopoTa ®IIM ¥ u BpeMEH 3amucu KaXA0u rosorpa-
budeckoi pemérku (Ipu OTKIYSHHON onuuu «On-

«IIpouzeoocmeo» nns

Mpouzeoacteo

|3_ ill M2 rosorpaem
'T %{ Tonwpsa 3k

:Iﬁ;l Jesisia ponu

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

3 20 0 na

Pucynox 2.2.

mumajibHoe t»). Yucno CTPOK B Ta6J'II/IIIC OIIpCACIIACTCA 3HAYCHUEM I10JIs1 BBO-

Jia TAaHHBIX <N 2ostozpamm.

[lepexntouatens «Onmumanvroe t», IpeIHa3HaYeH ISl OTOOPaKEHUS JOTOJIHU-
TEJILHOTO CTOJOIA TaOmuibl «t, cex». B Hero BBOOSTCA 3amaHHBIE IMOJIL30BATEIEM
BpEMEHA 3aMKCH KaKI0H TOJIOTPaMMBI.

2.3.lanenp maTepuaJbHbIX NapameTpoB @IIM

B mpaBoii yacTu IJIaBHOrO OKHA pAaCIIONIOKEHA MaHeNb Ui 3aJaHusl MaTepu-
anpHBIX mapameTpoB OIIM (pucynok 1.3):3aryxanue B @IIM, aMmmuTyapl peméTKu:
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on;, 0Ny, ckopocTs Anddy3un MoHoMmepa d, mokaszarens nperomiaeHust GIIM.

b arepuan

[MNaparerp | 3HaveHue |

BaTYHaHHE

hii 1.78e-3
np le-2

s 1
d*1e-15 1

n 1,45

Pucynox 2.3.

2.4.MopenupoBaHue 3aIMCH HAJIOKEHHBIX I0JIOTPaMM

[lepBas 3aknanka raaBHOTO OKHA MPOW3BOIUT YUCIEHHON MOJEIMPOBAHUEC 3a-
ITUCH HAJIOXKEHHBIX TojiorpamMM (pucyHok 2.4).B 3akimanke HaxoauTcs rpaduk JTuHa-
MUKH 3aIUCH T0CIIE0BAaTEIbHO-HAIOKEHHBIX TosiorpaMmM B ®IIM (3aBUCHMOCTH
TG PaKIMOHHON 3()(HEKTUBHOCTH KaXI0#M M3 HaloXKeHHbIX rojorpamm B OIIM ot
BPEMEHHU DKCIO3UIIMK). YepHas rOpU30HTAJIbHAS JIMHUS — ATO 3HAa4YCHUE Audpakiu-
onHo# 3¢ dextuBrocTr Kdp.

=Dt

=1#

=2%
X

LN

[

Ka(t/Tp), %

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

B nmanenu «Pacuem>» MOXHO U3MEHUTh IPOCMOTP BPEMEHH 3alIUCH TOJIOTPamMM
Y 1L1ar OCTPOEHUS IPaPUKOB.

2.5.MojaeaupoBaHue 3aNMCH HAJIOKEHHBIX I'0JI0TPaMM

Bropas 3akiiazka T7aBHOTO OKHA IPOU3BOJIUT YHUCIEHHOE MOJEIMPOBAHUE
CUMTBIBAHUS HAJIOKEHHBIX rojorpamm (pucyHok 2.5). B 3akmanke HaxomuTcs rpaduk
3aBUCUMOCTH MHTEHCUBHOCTH AU(PPArupyeMoro jyya OT OTHOCUTENbHOU PACCTPONKH
bpera 4. B nanenu «Pacuém>» 3a1ar0TCsi MUHUMAJIBHOE U MAaKCUMaJIbHOE 3HAUYECHHUS
pacuéta 4 u mar. C noMmouplo nepexitouarens «lozapugpmuueckuit macuimao»
MO’KHO OTOOpa3uTh 3aBUCUMOCTH B Jerr0enax.
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2%

3%
]
—5#

e _______ ﬂ _____ _____ = N ...... =

KA, %

AL WA WAL :' RVAVEYN
-40 -30-20 -10 0O 10 20 30 40 50
OTHOCUTeNbHasA GperoBckas paccTponka

Pucynox 2.5

2.6.PacuéTrHas Tadauna

Bropas 3akiagka r1aBHOTO OKHA MPOM3BOJIUT YUCIEHHOE MOJIETUPOBAHHUE CUM-
THIBaHHUS HAJIOKEHHBIX rojiorpaMM (pucyHok 2.6).B 3akiagke HaXoauTCs TaOJIMIHOES
IPE/ICTABICHUE PE3YJIbTATOB MOJAEIUMpOBaHUsA. B He, mis Kaxaoill ToJorpaMMbl
OTOOpaXKAIOTCS CIEIYIOUIUE TapaMeTPhI:

 Mn — HayanpHas OTHOCUTEIbHAS KOHIEHTpPAIMsi MOHOMEpa, HA MOMEHT 3aIu-
CH TOJIOTPaMMBI;

e Tp—BpeMs moauMepu3aIuu, i O9ePETHON rOJIOTPaMMBbI,

* 1, cex —Bpems 3amuCU roJIOrPaMMBbl;

» Delta—makcuMyMbl OTHOCHTEILHOM OPErOBCKOM pPacCTPOMKH;

* |, Single — uaTeHCMBHOCTH AU(PPArUPOBAHHOTO JIyUa,;

* |eHec. —IHTEHCUBHOCTD MEPEKPECTHBIX MMOMEX OT COCETHHUX PEIIETOK;

* |Sum — cymmapHasi ”HTCHCHBHOCTD AudparupoBanHoro jyda: ISum =1Single

+ lgnec.
ik kn Tp b, cek delta Ka, % |. Single  |lEHEC. [Surm
1 1.41421359 0,4131691-35,19560] 0,0039953 9,.935E-03( 1.483E-03(1,148E-02
2 091824621 4758267 0,45871329€ 17 BER0Z, 0,0100005 1,000E-02 2,462E-03 1.246E-02
3 08390705 1 5438874 051068120 0.003333E 1.000E-02| 4.000E-02 5.000E-02
4 07626224 1 6194226 0 5725441 17 665022 0,0100005 1.000E-02 2.464E-03 1.246E-02
] 0,623074C 71,7037 30€ 0,64E65187 35,195602 0,010001= 1,000E-02 1.485E-03 1.149€E-02

Pucynok 2.6

2.7.0OKHO TIOMOIIHA

OxHo noMon | (pUCYHOK 2.7) peaHa3HAuEHO JIJIsi OTOOpaXKeHUs X0JIa BBIMOJI-
HEHUs JIabopaTOpHOU pabOThl, METOAUYECKOTO MOCOOUSI U PYKOBOJICTBA 0JIb30BaTE-
JIs1.
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[ I o

" -~
BEKTOPAM STHX PEIIETOK JHPPATHPYIOT Ha HIX I0J PasTHMHBIMH
VINaMH (T.e. pasie/BIoTea IPocTPAHCTR eHHO), TIOCTe 1ero MocTyIaloT
Ka:KIObII Ha cBoé doTonpHéMHOe yeTpoiicTRo (PITV).

Maxaomuii ceer

Pemiérra 2

Pucynox 2.7 —OkHO oMo

2.8.0kHO TecTUPOBaHMS

[lepen HayanoM BBINOJHEHUS J1a0OPATOPHOU pabOThI U B mpolecce e€ BbIOJ-
Henus (Paboma— Tecmuposanue), MOXHO TIPOWTH TecTUpoBaHus 1o Teme «Co3zna-

HUSl IEMYJIBTUIJIEKCOPOB Ha OCHOBe MHTepdepeHunoHHbIXx u Padbpu-lleppo dumb-
TpoB». OKHO TECTUPOBAHUS MPEACTaBICHO HA pucyHke 1.8.

Tect KoHTpoAL NabopaTopHok paGoTni: CpasHe HHe xapanTe puctHe WDM oemynsTHnaekcopos

Bonpoc Brifop oTEETOE

Bonpoc 12 " Omser 1

" Oreerd

" Oteer 3

Danee c« | ()cTANMOCE 2 BOIIpOcoB I3 10

Pucynok 2.8 —OkHO TeCT KOHTPOJIS

CrneBa pacmoyiokeHa 00JacTh BOTPOCOB, CIpaBa 001acTh BAPHUAHTOB OTBETOB.
BHu3y pacrnosoxeHa KHOIKA Mepexo/a Ha CIEAYIOUIHA BOIPOC, 00IIee KOJINIeCTBO

BOIIPOCOB M CKOJIBKO BOIIPOCOB OCTa0Ch. [10 OKOHUaHWU TecTa BBIIAETCS OIEHKA TI0
ATH OAJIbHOM IIKAJIE.
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Henab padoThl: N3yyeHUE NPUHLMIIOB JEHCTBHUS U KOMIIBIOTEPHOE HCCIIEN0-
BaHHE OCHOBHBIX XAapaKTEPUCTHK M MapaMeTpOB ONTHYECKOIO0 MYJbTHIUIEKCOPA HA
OCHOBE MaccuBa IUIaHapHBIX BOJHOBOIOB (AWG) Ha 0cHOBE IpOTrpaMMHOTo obecrie-
yenus [14],

1. BBenenue

BosmoxHOCT TIepenadn 60mpmoro konmyectBa nHpopmaiuu o BOJIC cBs-
3aHa ¢ ucnojab3oBanuem texuonorun WDM/DWDM, rae nepenadya uHGOpMAIUH 110
BOJIOKHY BEAETCS OAHOBPEMEHHO Ha Pa3HBIX JJIMHAX BOJH. {715 3TOro HeoOXoaumo
BBECTH pa3HbIC JJIUHBI BOJH B BOJOKHO C TIOMOIIBIO ONTHYECKUX MYJIbTHILIEKCOPOB
(MUX) Ha mepenaue, W BBIBECTH Ha MPUEME IMPH IMOMOIIM JIEMYJIBTUIIEKCOPOB
(DMUX).

Ha cerogusimiamii 1eHb CYIIECTBYIOT pa3jMYHBIC yCTPOWCTBA NJISI MYJIBTH-
TUICKCUPOBAHU/ IEMY I TUILIEKCHPOBAHKSI ONITUYECKOTO TIOTOKA, Y KaXKJIOTO U3 KOTO-
PBIX €CTh CBOU JIOCTOMHCTBA M HepocTaTku. OMHUM U3 MIPUOPUTETOB SBIISIETCS] BO3-
MoxHocTh co3fganus WDM/DWDM  ycTpolicTB ¢ TpUMEHEHHEM HHTErPaIbHO-
ONTUYECKOW TEXHOJIOTHH.

WHuTerpanbHas ONTUKA YCTIEITHO MPUMEHSETCS JJISI CO3/IaHMs PEIIETOK Ha OC-
HOBE MACCHBA IJITAHAPHBIX BOJHOBOJIOB PA3IMYHON JIMHBI MEXTY TBYMS TUIAHAPHBI-
mu uH3amu cMmecutensimu AWG (Arrayed Waveguide Gratings).

Pemerkn Ha ocHoBe mMaccuBa BoJHOBOJOB AWG HUCTONB3YIOTCS ISl TOTO,
4TOOBI MepepacipeesaTh CUTHAIBI PA3IMYHBIX JUTMH BOJIH (KaHAJIbI) MEXKIY TBYMS
Ha0OpaMu BOJIOKOH WJIM BBIICIHTD (IEMYJIbTUILIEKCUPOBATh) OT/ICIbHBIC KaHAIIBI CO-
CTaBHOTO CUTHAajia B OTJC/IbHBIC BOJIOKHA. DTa TEXHOJIOTHS CeiYac CTaHOBUTCS OC-
HOBHOW I TIPOU3BOJUTENCH MYJIbTUIUICKCOPOB M JIEMYJIBTUIIJICKCOPOB CHCTEM
DWDM. bnarogaps jerko macmrTabupyeMou CTpYKType, OHa MOXKET IIMPOKO MpH-
MEHSTBHCS B CUCTEMAaX C COTHSIMU KaHAIOB [1].

2 Teopernuecknii maTepuaa no AWG

2. 1T1lpuHUMNIbI AeHCTBUS U CTPYKTYPa MYJIbTHILIEKCOPA

[MpuHuun geucreus

YerpotictBo paboTaeT ciemyronuM oopazoM. Eciu Ha BX01 IJ1aHapHOM CTPYK-
Typbl IOJICOEAUHUTH OJTHOMOJAOBBI CBETOBOJ M MOJAaBaTh IO HEMY ONTUYECKHUE CHUT-
HAJTbI C HECKOJIBKMMHU CHIEKTPAIbHBIMK COCTABJISIONIMMU (HA JUTMHAX BOJH Ag, Ap, Agz,...
An) B MaruCTpaJIbHbIA KaHaJI, TO B IEPBOM (DOKYCHUPYIOIIEM 3JIEMEHTE, BBITIOIHSIOICM
POJIb KOJJTUMATOPA, CBET PABHOMEPHO PA3NEIUTCS U OYIEeT pacipOoCTpaHsATLCS MO Ka-
HAJIbHBIM BOJIHOBOJIAaM C PAa3HBIMU JIMHAMU MPOOEra, OTIMYAIOUUMUCS MOCTOSHHBIM
MHTEPBAJIOM. 33 CUET MATEPUAIBHON U BOJJHOBOAHOM AUCIIEPCUU PA3HBIE IJIMHBI BOJIH
JOCTUTHYT BTOPOTO (hOKYCHUPYIOIIETO dJIEMEHTA ¢ pa3HbIMU (azamu. B 3aBucumoctu ot
a3 cBETOBBIC MYYKH PA3HBIX CIEKTPATBHBIX COCTABJISIONINX, BBIXOMISIINAE U3 ITOTO
dboxycupyroiero neMenTa, OyayT uHTepdeprupoBaTh, U CO3/1aBaTh PAaBHOMEPHOE YT-
JIOBOE€ CIEKTPAJIbHOE paclpe/iesieHNEe, HAMPaBIsisl Pa3IMUHbIE CIIEKTPalbHbIE COCTaB-
JSIIOIIME B Pa3Hble BBIXONAIINE KaHalbl. K BBIXOJHBIM KaHalaM Ha TOPLEBOM KOHIIE
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IUITAHAPHOTO YCTPOMCTBA MOXKET OBITh MOACOEIWHEHA JIMHeWKa (HOTOANOIOB WIH JH-
HeliKa ¢ BCTPOCHHBIMH CTaHIAPTHBHIMU OJHOMOJOBBIMU BOJIOKHAMHM JJIsi TPAHCIIOP-
TUPOBKM ONTHUYECKHX CUTHAJOB Ha PAa3lUYHBIX JJIMHAX BOJH K OINTORJIEKTPOHHBIM
610xamM. OcoOEHHOCThIO PACCMOTPEHHOM BOJTHOBOJHOM CTPYKTYPBI SIBJISETCS €€ 00-
patuMocTh. OHa MOXKET HUCIOJIB30BATHCS KAaK MYJIbTHUILIEKCOP U KaK JEMYJIbTUILICK-
cop. [8]

Oonoit uz kongpuzypauuii AWG (cMm. puc. 2.1) —saBasieTCs ITaHAPHBINA OITH-
YeCKU MHOTOMOPTOBBIN pa3BETBUTENb B (popMe TaOJETKU C MOPTOM BXOAa A o H
rpymmoii BeIXoAHBIX mOpToB A%, A %, ... A%, pPaconoxkeHHON# CHMMETPHYHO OTHOCH-
TEIBHO A o HA Iepu(epun BOJIHOBOJA CIE€BA, U IPYNIION BHYTPEHHHUX BBIXOAHBIX I1OP-
TOB Ao, A'1, ... A 'n, PACIIONIOKEHHOM CHMMETPHYHO TPYIIIE BBIXOAHBIX MOPTOB Ha 1€~
pudepun crpana.

MopTbl BBOAA/
BblBOAA

Ao -— BxofHble BONMHOBObI

[undpakumoHHas CTpyKkTypa Ha
OCHOBE MaccuBa BOMHOBOAOB

Puc. 2.1 -MHOronopToBbIif pa3BeTBUTEIH

BuyTpenHue BBIXOJIHbIE MOPTHI COEAUHEHBI YEPE3 MACCUB CBETOBOJIOB C
TUTOCKAM OTPKAIONIUM 3epKajioM. BxomHol motok Ao = Y. 4; (I=1,2, ... n)nomaeTcs
B ONTUYECKHI BOJHOBOJ M pacIpeiessieTcs M0 BCEM BHYTPEHHUM IOPTaM, OTKYJa
OH PacHpOCTPaHAETCS TI0 MACCUBY CBETOBOJIOB (C pa3HBIM (ha30BBIM 3aria3IbIBAaHAEM)
JI0 3epKajia, OTPaXaeTcs U MOJIAeTCsl CO CTOPOHBI BHYTPEHHUX BBIXOJHBIX MOPTOB B
TOT K€ BOJIHOBOJI, TJI€ MPOUCXOIUT MHTEPHEPEHIUS BXOAHOU U OTPAXKEHHBIX BOJH
[9].

Ewe o0non konguzypayueit nianapnplx 1UCIEPCUOHHBIX YCTPOMCTB, ABJIS-
€TCSl YCTPOMCTBO C BOJIHOBOJAMHU MAacCHMBa OJAMHAKOBOM JJIMHBI, HO C YYaCTKaMHU pas-
JIMYHBIX 3aMEJICHUM.

Cywecmeyem ewe oona moougpuxkauua AWG, nazsiBacmas Cross Array
Waveguide (XWGumm Crossing Focal Points Waveguide (XFP-W@i)o(2.2).

Maccus
BOJTHOBO/OB

Maccus
BOSTHOBOAOB

X0 X3

X3
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Puc. 2.2 —Kondurypamus a) AWG, 6) XWG

Ee ornuune 3akmouaercs B ToM, uto y AWG npupamienne umabl Al Mexay
COCEIHUMHM BOJHOBOJAMU HAUMHAETCS C HUKHErO0 BOJIHOBOJA, KOTOPBIA HMEET
HaUMeEHbIYI0 JUIHHY, a y XWG HauMeHbIIYI0 JJIMHY UMEET CPEIHHUI BOJIHOBO Mac-
CHBa, a TpupaiieHue IHbI Al IporcxoauT B 00€ CTOPOHBI OT HETro, MOITOMY BEpX-
HUW U HUKHUI KpailHUEe BOJIHOBObI UMEIOT HAMOOBIIIYIO JTHHY.

[IpuBenenHbie BhIlE KOHDUTYpAIIMH WHTETPATHLHO-ONTHYECKUX PEMIETOK Ha
OCHOBE MacCHBa IJIaHAPHBIX BOJHOBOJOB, IO CYTH, OTHOCSITCA K OJJHOMY U TOMY K€
ycrpoiictBy (AWG), HO ¢ HEOOJIBIITMMH KOHCTPYKTOPCKUMH H3MEHCHHSIMH.

2.2 MatemaTruueckas MoaeJb

1 MuoronoproBblii NXN myabTumiexkcop AWG

MuoronoptoBbiii NXN mynbruruiekcop/ nemynbruriekcop AWG ocymecTs-
JSIeT MYJIbTUTUIEKCUPOBAHUE UITU IEMYJIbTUIUIEKCUPOBAHUE BXOJIHOTO MHOTO4acToT-
HOT0 UH(OPMALIMOHHOTO CUTHAJIA.

Crpykrypnas cxema mHoronoptroBoro NXN mynerumiexkcopa AWG u3obpa-
xena Ha puc. 2.3,r1e i=1..N u j=1..N — HOMepa COOTBETCTBYIOIIMX BXOJHBIX U BbI-
XOJHBIX NOpTOB; [Tj] — MaTpua nepenaun.

B3anmocBs3b BXOIHBIX U BBIXOAHBIX cUTHAIOB AWG MOXeT ObITh TIpeCTaB-

1 T 1

— SEIIZ-TTTTT Z —
[Sa) \\\\ ~~~~~ s ¥
= > \\\\\ ’,‘.’; 2 > =
o \‘<’ _-" (e}
o ,,\’>’v\ T Q
= ’,’”—’ \\\\\\ J :
Lé( > ==::::___= \-i N 5
5 Ty "7~ S
M [N N

Pucynok 2.3 —CtpykrypHas cxema AWG

JICHa B CICIYIOLIEM BUIE:

EMw ... wy)]| [Tu To T, Tl [E"w ... w)]
B @ @ @) T Ty LPY Ton ENw, ... @)

t X in 11
EM(w @ @) To T T Tin E'"(w ..w... wy) (1.1)
Eom(a).[ il a)N) TN1 TN2 TNJ TNN Em (C{)l .. a)N)

rac BXOI[HOI/I n BBIXOI[HOI/I MHOI'O4aCTOTHBIC HH(l)OpMaHI/IOHHBIe CHTHAJIbI BO BXOAHBIX
M BBIXOJIHBIX ITOpTAaX UMCIOT BUJI.

E"(w, ..0...

wy ) :le: f, (@)

©)=3"3 T (@)

k=1 i=

E(w ..o



rze | — HoMep BXOAHOTO IMOPTa, | — HOMEP BBIXOJHOTO MOPTa, a K — Texymmii Homep
Y4aCTOTHI, HA KOTOPOH repeaaeTcss HHYOPMALMOHHBIN CUTHAT.

Ecnu curHan ectb TOJBKO Ha i-OM BXOJHOM MopTe Ha K-oif yacToTe, TO BBI-
XOJIHOW CHTHAJI, PETHCTPUPYEMBIH Ha |-OM TOPTE, MOYKHO 3aITHCaTh.

out — T @ in
(@) =Ty U ().
Takum oOpa3om, 3aJaBITMCh MACCHBOM BXOJIHBIX CHTHAJIOB W 3HAsl MATPHILY
nepenauu [Tj], MOXKHO paccuuTaTh CUTHAN Ha BbIxoje MynbTuILiekcopa AWG. Ilo-

9TOMY JIA MOJIYUCHHS MAaCCHUBA BBIXOJHBIX I/IH(bOpMaHI/IOHHBIX CHUT'HAJIOB, AaJIc€ pac-
CUHUTBIBAKOTCA DJICMCHTHI Tij .

2 ®usnyeckas cxema AWG myJbTHILIEKCOPa

Jst onpenenenus aneMeHToB T marpunsl nepegaun [T;] B (1.1) Bocons3y-
eMcs (pU3UYECKOil CXeMol MpeoOpa3oBaHMs BXOJHOTO OINTHYECKOro curHana fi, B
AWG, nzobpakeHHoM Ha puc. 2.4.

AWG cocTouT U3 MaccruBa BOJHOBOJIOB, HA KOHI[AX KOTOPOTO HAXOJSATCS JIBE
mun3el FPR1u FPR2 umeronue oanHakoBbie reoMeTpudeckue pasMepsl. B BbIxo-
Hoit ttockocT FPR1(X;) moMeIeHbl CHMMETPUYHO OTHOCHTEIBHO ocH X; K BOJIHO-
BoJ10B MaccuBa (AW), KOTOpbIE OTIEICHBI APYT OT Apyra Ha paccrosiaue . JJIMHbI
AW oTnu4aroTcsi Ha TIOCTOSIHHYIO BennuuHy Al, KOTopas SBIsSETCSI paBHOW LEIOMY
gyrcy (IMHIOpSI0K pelIeTKH) JJIMH BOJH YCTpoiicTBa (Ag) BHyTpu AW. BxoaHbie u
BBIXOJTHBIE BOJHOBOJIBI HAXOASTCS B MPOU3BOJIBHBIX MecTax O 1 0y COOTBETCTBEHHO.
BxoaHoM#, BBIXOJTHOW M BOJHOBOJIBI MAaCCHBA XapaKTEPU3YIOTCA CBOEH MOIIHOCTHIO,
HOpMaJIN30BaHHON mpoduieM MogoBoro moist bi(X), (X) u by(X) coorBercTBenHO.

Pucynok 2.4 -Ontuueckas cxema AWG

3 Pacuer 3;1eMeHTOB MaTpPHIIbI NlepeIayun
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B cuny nunelinoctu paccmarpuBaeMoit ontuueckoi cucrembl AWG, npeo0-
pa3oBaHKE BXOJHOTO ONTHYECKOro curHana fi, MOXeT OBITh MPENCTAaBICHO B BUIE
IOCJIEI0BATEIBLHOCTH OIIEPATOPOB MPEOOPA3OBAHMSI HAJl HUM:

[T(f)]=T30T20TA(f ),

rJiec COOTBETCTBHUE OIepaTopoB mpeodpazoBanus 11, T2, T3 pusznueckomy mpoxox-
nenuto curnaia fi, uepes AWG, nokasano Ha puc. 2.5.

X, Xz b, (X3-X)
| I I

X3

T1 T2 T3
Pucynok 2.5 —CooTBeTCTBHE ONEpaTopoB MpeodpazoBanusl (U3NIECKOMY ITPOXOK-
JICHUIO CUTHAJAa

[TocnenoBaTtenbHO paccUMTHIBAS OMEPATOPbl MPEeoOpa3oBaHUs, MOXKHO MpPO-
CIeIUTh MPOXOXKJICHWE CUTHaIa 4epe3 deMeHThl yctporictBa AWG, a Takxke pac-
CUUTATh 3JIEMEHTHI Tj; MAaTPHLbI IEpEAayH.

Omneparopbl TpeoOpa3oBaHUSl MPENCTAaBUM, HCIHOJB3YS MaTEeMaTHYECKYIO
®ypoe mogens AWG u o6o3nauenus [10,11].

Pacuyer omeparopa T1

Omneparop 71 nmpeoOpasyet BxogHOe moJe fi, B ToJie, Haxoasmeecs 3a TUH30M
FPR1 {uiockocts X; Ha puc. 1.14)u BRIIOTHSET CIEAYIONTUE TeHCTBHA.

IloJe B X

BxoaHoe mojse Bo BxomHOH mi1ockocTH fin(Xg, v) Ha yacToTe v MOXKET OBITH
HAIKCAHO KaK:

fi (X0, di V) =07 (%, —d;),

rae b'i(x) — MomHOCTE, HOpMaIH3yomas TPOGUIL MOJIOBOTO IOJIE BXOIHOTO BOJIHO-
BOJa HA YacTOTE Vv, IPEAINOJIaraéMblii paciio0KEHHBIM CHMMETPUYIHO OTHOCHUTEIBHO
WCTOYHHMKA, KOTOPBIM 3aBUCUT TOJBKO OT IIMPHHBI M IOKa3aTeIs MPETOMIICHHS
BXOJHOTO BOJIHOBO/A, HO HE OT €r0 MOJI0KEHUS.

[TockosbKy MBI OyZieM HMETh JIEJIO TOJBKO C OTACIbHBIM YaCTOTHBIM BO3-
OyXJIeHHeM M 4TOOBI yIPOCTUTh 0003HAYCHHE, YCTPAaHUM YacTOTy V M 3aBUCUMOCTD
noJiekt ot noJioxkeHus d; 1 OyeM HCIToIb30BaTh WX, KOTIa He00X0IMMO. 3aIuIeM:

fin (X0) =07 (%, = d;), (1.2)

121



IJIe X — IIepexoJ1 K HOBOM KoopauHaTe (X = Xg- d).

Iloae X;

Jlns ynoOctBa OyaeM paccMaTpuBaTh IOJie, KOTOPOE CYIIECTBYET Iepes
IUIOCKOCTHIO, (0OpamaeMcst K 3TOMY Kak IJIOCKOCTH X; U K COOTBETCTBYIOIIEMY I10-
mo f()), u mocne mockocTu (Ml 0OpalaeMcs K 3TOMy Kak MJIOCKOCTH X;' M K COOT-
BeTcTBYOIEeMy 1010 f14()). DT0 HEOOXO0AMMO, TaK KakK IoJie, KOTopoe OyIeT paccuu-
TAaHO B MJIOCKOCTH X; ', BKJIFOYAET TOJIBKO IEPENaHHOE T10J1e, TPAHCIOPTHPYEMOE MO-
namu AW. Takast ke cutyanus OyeT UMETh MECTO M B IJIOCKOCTH Xa.

[Tone, u3nydaemoe B mepBom FPR B oOmactn ®paynrodepa (audpaxmus B
JalbHEH 30HE) M MO MapaKCHAIbHBIM MPUOIMKeHneM (JIydud, WAYIIHE MO HE0OIb-
IIMMHU YTJIaMH K OCH JIMH3BI) U OCBEINAIOIIEe TNIOCKOCTh X; , MOJKET OBITh 3aIHMCaHO

KakK.
f,04) % EJ(f){f %‘ :% F[gj (1.3)

rae Fin' () — npamoe npeobpasoBanne dypre BXoaHOM GyHKuun fin(X), U a - mpo-
CTPAHCTBEHHBIH YaCTOTHBIA (DAKTOP, KOTOPBIA BKIIOYACT JJIMHY BOJHBI, (POKYCHOE
paccTosiHKE, U 3aMMChIBACTCS Kak:

AL,
a = ’
nS
rae L - hokycHoe paccrosinue, u Ng - mokazatenb npenomiienns FPR1.

Hoae X3
[Tone, oceemaroree AWS, 4aCTUYHO CBSI3aHO C HAIIPaBISEMBIMU MOJAMHU KaX-
JIOTO M3 BOJIHOBOJOB MaccuBa. EciM CBS3bI0 MEXy BOJHOBOJAMHM MOXHO IpEHE-
Opeub, TO HampapisieMoe MoJje, moaoaumMoe kK AW, MoxeT ObITh BBIPAXKEHO Yepes

CYMMY KaXJI0I'0 U3 HHAMBUAYaAJIbHbBIX HAIIPpaBJISICMbIX MO/
N-1

2
fld (Xl) = Zar Eﬂ)g (Xl -r Bjw) ,
=Nt

r
2

rae by(X) — MomHOCTh, HOpManU3ytoLas NPoGHUIb MOLOBOTO MO TH0O0T0 BOJIHO-
BOJIla B MAacCHBE, MPENoJaracMblii pacroyO)KeHHbIM CUMMETPUYHO OTHOCHTEIBHO
HUCTOYHUKA, U & - KO3 PUIIMEHT BO3EHCTBUS Ha BOJTHOBOJ ', KOTOPBIM MOXXET OBIThH
pacCUUTaH CO CIAEAYIONTMM HAJIOKEHUEeM UHTErpara:

a, = [ f,(x,) Dby (x, —r [, )dx,

o +
ITocne MmaTeMaTHYECKUX YIPOLICHUH, II0JIE B X 1 MOXKECT OBITH 3aIIMCAaHO KaK:

fq(Xx)= i g, (rtd,) b, (x, —r td,) =(9,(x) D, (%)) b, (%), (1.4)
rac
_ _ X
6,0%) = (1,(%) Db, (-x))m| 2 |, (L5)

w
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rne 11 () - npsMoyronbHast (yHKIHMS OKHA, OTIpeIesieMast:

( A j 1 six] < <
M = 2
K [d,, 0, Si‘xlb K ?m

qTO6LI MMOJIYYUTE OKOHYATCJIbHOC BBIPAXKCHUEC AJIA OoIlCcpaTropa Tl, moaCTaBUM
(1.2)8 (1.4), (1.5)

1a00) = 300 8,041 (8) = {(Fi:(xi) )| | @w(xi))} ), (L6)

fomee

Takum oGpazom, u3 dopmynsl (1.6) BugHO, uTo omeparop T1 mpeoOpasyer
BxoHOe Toute fin B moute f14(X;) 1 yauThIBaeT npu 3TOM:

- mpeobpazosanue Pypre Fi," (f), KoTopoe ocymecTBnseT muH3a;

- QyHKIHUIO OCYIIECTBICHHUS BBIOOPKH J,,(X1) M3-3a Hanmuuusi K BOJHOBOIOB
MaCCHBa,;

- MPAMOYTOJIbHYIO (DYHKITUIO OKHA [1(), KOTOpast ABJISACTCS aliepTypOr MacCH-
Ba BOJTHOBOJIOB.

Pacuer oneparopa T2

Onepatop 72 nmpou3BOAUT IpeoOpa3zoBaHue MOJIsA, MPOUISANIEro Yepe3 Mac-
cuB BOJIHOBOI0B AW (ILTOCKOCTB Xp).

IoJe X,

IIpeneOperas 3atyxanuem B AWS, nose Ha Beixoae AWS —3To BapuaHT Ipo-
CTPAHCTBEHHO (pa30BOM MOMYIISIIIUU TOJIA HA BXxone. Eciu IMHBI CMEXHBIX BOJIHO-
BOJIOB OTJIMYAIOTCS HA IMTOCTOSIHHYIO IIeNTyI0 Benuuny Al, KoTopas sBIisieTcss KpaTHOU
JEVCTBYIOIIEN JJIMHE BOJIHBI B MACCUBE, TO €CTh!

Al = ™o =c
nc chO
B(%,,V) = expl -] 2@%(1) [Eﬁj
I/O dw ’

rie ¢(X,V) — Ga3oBblii Ha0ET B KQXKJOM BOJIHOBOJIE, 71- TIOPSIOK PEIIETKH, N - TIOKa-
3aTellb PEJOMJIEHHS B BOJIHOBOJAX, U Vo - pabodasi yacToTa, TOTAa paclpocTpaHe-
Hue yepe3 AW MOKeT ObITh CMOJIETTUPOBAHO MPOCTHIM YMHOKEHUEM (YHKIUH:

(%) = (8:(%,) 1B, (x,) B(x,.,v)) Oby (%,) (1.7)
B pesynpraTe oneparop T2 ocymiecTBisieT npeoOpa3oBaHHe MOJIA HA BBIXOJIE
AW uepes (1.7).

Pacuer oneparopa T3

Omneparop 73 mpeoOpa3zyer nosie Ha Bbixoge AW B moje, Haxozsmieecs 3a
mna30i FPR2 {u1ockocTs X3).

HoJje X3

[Tone B xon1e FPR2moxeT Teneps ObITh pacCUUTaHO Kak:
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- % F;[%j, (1.8)

+
rae F,' - mpsimoe npeoOpazoBanue ypbe moiis f(Xy).
[IpoBenss maTemMaTH4YecKue pacdyeThl U MpeoOpa3oBaHMs, B KOHEYHOM HTOTE
MOJIy9aeM CIIeyIOIee BRIpaKEeHUe I pacdyeTa mojs B konie FPR2:

fg(x3)=%F;(f)‘f =5

1 d, X > ma ra
f3(%3,d;,V) ZEEBQ [FJ EBQ [ij Dr:Z_OOfM (XS +d; + d.V, V_EJ, (1.9)
K, ... (Kb,
e Tw(X3)=h (_X3)[( a [Sm{ p D(sjj

BCE 3arjiaBHbIe OYKBBI (DYHKIIMH yKa3bIBAIOT, YTO IMPOMCXOJUT MpeoOdpa3oBa-

HUs1 Dyphe COOTBETCTBYIONIMX (DYHKIIUHN C MPOTIMCHBIMU OYKBaMH.

3nmech Bo3BpamaeTcs mojiHoe obo3HaueHue f3(Xs, O, V), 4TOOBI SICHO BBIIBU-
HYTh Ha MepBblid 1aH, uto (1.9) maeT ocBelieHne B TUIOCKOCTH X3 HM3-32 BXOJHOTO
BO30YKJICHUS, PACIIOJIOKEHHOTO B TIOJI0XeHHuH 0, Ha YacToTe V.

Houe X3

Haxkower, cBeT, OCBEIIAONIUI BBIXOIHYIO TIIOCKOCTh FPR, yacTuuHo coemu-
HCHHBIM C HAIpPaBJIsIEMBIMH MOJIaMH BOJIHOBOJIA Ha BBIXOJIE, PACIIOJIOKEH B TIOJI0XKE-
HUK dg. OHO MOXKET OBITh PACCYMTAHO YEPe3 CBEPTKY CBETOBOT'O TOJISI U BBIXOJIHOW
MOIITHOCTH HOPMAJIM30BaHHOTO IPOQHIIS MOJIBI BOJIHOBOJIA, TO €CTh.

faq (X5) = f5(X5,d;, V) Lby (X, —d,), (1.10)

Takum obpazom, uepe3 Beipakenue (1.10)paccuntsiBaetcs orepatop T3, KO-
TOpBIN TIpeoOpa3yet mosie Ha Beixoge AW B mose, Haxomasieecs 3a muH3oi FPR2wu
YYUTHIBAET MIPHU ITOM:

- mpeoOpazoBanne Pypre, KOTOPOE OCYIIECTBISET BTOPast JINH3A,;

- TIOJIO’KEHNE BXO/IHBIX M BBIXOJIHBIX KaHATBHBIX BOJTHOBOJIOB,

- YaCTOTY, HAa KOTOPOM NepeacTCsl CUTHAI,

- PACCTOSIHUE MEX]ly COCEIHUMH BOJHOBOJIaMU B MACCHBE.

Kosgppunuent nepexaun
[TocnenoBarensHo nmoactasiss (1.7)B (1.9), (1.10)momydnm 3aeMeHThI MaT-
punp! nepenaun [Tj]:
1 d, do ) of | ma  ra
T = — B 2 |B.l=2 |0 f +d +—v-—— -d,)d )
Al S e, o
[Tocre mpuMeHEeHHsT CBOMCTBA JMHEWHOCTH WHTerpaia K (1.11) Mbr Moxem
3alMCaTh PE3yJIbTHPYIONIEE BBIPAKEHUE IS JIEMEHTOB MAaTpHIbl nepenadu [Tj]
CIIeTYIOMUM 00pa3oM:

1 d, d > ma ra
T =d— [B, (—j (B, (—Oj O ay| d; +d, + r V- (1.12)

w a a r=—oo w” 0 dW ’

rIe
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G () = B,(=) 1y (0 = () (—x))E(Kf’W sing EXD (1.13)

Ipudaun:xenue I'aycca

Teneph, A yHpOINEHHUS BBIPAXKEHHUH, y4TEM, YTO BXOJHOW Iy4OK HUMEET
raycCoBO pacrpejiejieHue MOJIOBOTO IPO(UIst, C PaaruycoM MOIOBOTO MPOQHIS i,
wo, 0g. B 9101 cutyarun Beipaxenus (1.12), (1.13)MoryT ObITh YIPOILEHBI 1O Clle-
JYIOIIMX OKOHYATEIbHBIX BBIPAKECHUI:

2 o
-I_”(Uk = ’\/ﬁ%ex - ]an (df] + dozut) DZ qM [din + dout +MV _EJ ’

a e dv, d,
2 e (1.14)
gy (X) =exp - X | |(Reallerf w + ] X
V2w Joa 2w

VYuTs neHTpaNIbHOE PACTIONOKEHNE BXOAHOTO HHPopMannoHHOTo notoka (di,=0 ),
HOJTy4aeM:

2 K /2
(0] T ma ra
T4 =vJ2mr—"exp -| —*d,, U] d,,.+ V——o 1.15
: d ( a J rz—ZKllqu ‘od Vo d, )’ ( )

W

w w

2.3PacyeT OCHOBHBIX OLIEHOYHBIX XapPAKTEPUCTHK

[Ipexne, uem HaunHaTh MosenupoBath AWG MyIBTHILIEKCOpP Ha KOMIIBIOTE-
pe, HeoOXOIMMO 3HAaTh HEKOTOPbIE OCHOBHBIE KOHCTPYKTUBHBIE MapaMeTphbl YCTPOM-
CTBa:

- pabo4yI0 JUIMHY BOJIHBI Ag;

- PacCTOSIHUE MEXKIY BOJHOBOJAMHU B MacCUBE Cy;

- YUCJIO BOJHOBOJIOB B Maccuse K;

- okycHoe paccTosiHue Ly;

- POCTPAHCTBEHHO YaCTOTHBIN (aKToOp «;

- T paKIMOHHBIN TOPSIOK M,

- pa3HUIla JIJTUH BOJHOBOJIOB Al;

JIJIst OIIEHKM OCHOBHBIX KOHCTPYKTHBHBIX MapaMeTpPOB YCTPOMCTBA HEOOXO-
JTUMO 3HATh.

- ypuCJI0 kaHainoB N;

- KQaHAJIbHBINA UHTEPBAT A4;

- 3(ppexTUBHBIE MOKA3aTENN MPETOMIICHHS CEPJILIEBUHBI U 000JOUKH Ne U Ng
MO/JIOXKKH, U MaTepuana JUH3bI Ne.

- paanychl MOJOBBIX MOJIEH BXOJHBIX, BBIXOJHBIX U BOJIHOBOJOB MaccHUBa o,
(o B (Vg COOTBETCTBEHHO.

KananbHblii HHTEPBaJ U YMCJI0 IOPTOB
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KananpHpIl MHTEpBA JJIMHBI BOJHBI AL ¥ YUCJIO KaHAJIOB JIIMHBI BOTHBI N -
HauOoJiee BakHbIe apamMeTpsl 11l mpoektupoBanuss AWG mynbTumiekcopa. OObIy-

HO KaHaJIbHBbI WHTEpBaJl JJIMHBI BOJHBI A/l BbiOUpaetrcs coriacHo ITU - cerku 50
GHz, 100 GHzpau 200 GHz Cwm. npui. A).

CB00OAHBIH CHIEKTPAJIBLHBIN IMANA30H U IM(PPAKINOHHBIN NOPAIOK
[Tocne nony4yeHust CBEJEHUIM O BEIMUMHE KaHAJIIBHOTO MHTEpBasia Al 1 yncia

KaHajoB JJWH BOJH N, MOXHO paccuuTarh CBOOOJHBINA CIEKTPAIbHBIM IUara3zoH
AZrsg

Ao, = NAA, (1.16)
U TuppaKIHOHHBINA TOPSAIOK 71
m<n, A,/[n.NAA|
m= floor| 2o |, (1.17)
FSR

Pasauuue niuabl Al BOIHOBOI0OB MaccuBa
Pasznuune mmHbl Al MEXIy COCETHUMHU BOJHOBOJAMH MacCHBa PacCUMTHIBA-
eTCsl:

Al =m—= (1.18)

dokycHoe paccrosinue Lf

®dokycHOE pacCTOSIHUE JMH3BI L MOXHO ONPENeIuTh MO CICAYIoNIeH Gop-
MyJIe:

_DId
N

rae C = (0,8...1,2) 03¢ duIineHT, YIUTHIBAIONIUN TO, YTO CUTHAJI UMEET pacipeie-
nenwne [Naycca; (pex C = 1)

D — nuameTp BbIXOAHOTO Iyuka (3a juH30i); D = Kd,,

d — nuameTp BXoaHOro mydka (mepea auH30#); d = 2w

/. — JUTMHA BOJIHBI BXOJIHOTO CHUTHAJa

(1.19)

YucJs10 BOJIHOBOAOB B MaccHuBe

Uucno BoHOBOIOB MaccuBa K - HE IOMUHHMPYIOIIHMI MTapaMeTp yCTpOICTBa
AWG, notomy uto A4 u N He 3aBucut ot Hero. Bemmunna K BeiOupaetcs u3 ycio-
BUS, YTOOBI CBET, TU(parupoBaHHbIN B CBOOOJHYIO CIEKTPaIbHYIO 00JacTh, ObLI CO-
OpaH anepTypoit maccuBa. Kak mpaBmuiio, 3To 4UCII0 JOKHO OBITh O0JbINE, YeM B 2-3
pa3a IM(PpaKkIMOHHOTO MOPSIIKA.

K=(2-3)0n (pex.K = 23[m), (1.20)

Pacuer nmepexoaHoi nomexu
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[lepexomHas moMexa Ha KaHaJl | MOXKET OBITh pacCuyMTaHa W3 CIICAYIOMIEH
dbopmyie:

N
= > /[ (1.21)

i=1i#]

3. PexoMeHganumu 1o BbINMOJHEHUIO PAadOTHI

3.1.PacuerHoe 3agaHue

Jliis BBITIOJTHEHUST Ta00paTOPHBIX pabOT HEOOXOIUMO PACCUUTATH OCHOBHEIC
KOHCTPYKTHBHBIC TapaMeTpbl aemyiabTuiniekcopa AWG (1o, du; K, Li; a; m, Al).
JlaHHBIE TTapaMeTpbl MOTYT OBITh pacCUMTaHbl o Gpopmysam u3 n 2.3.

Hcxoanbie gaHHbIE AJS BBINOJHEHHs paboThl OepyTcs u3 Tabn.2.1 cornmacHo
OTIpEIeNIEHHOTO MPEMNO/IaBaTeIeM BapHuaHTa.

Tabnuma 2.1 —Mcxonupie qaHHBIE AJIs1 BBITOTHEHHS paOOTHI

Bapuant
ITapameTpsl 1 2 3 4 5
JnanazoH: 192,1TT'y — 194,1TT 'y — 192,5TI'y — 192, T — 192,9TI ' —
194,6TI'y 196,1TT' 196,1TI'g 196,1TT' 195,9TI'y
Kan. unrtepBan
I'To: 100 200 100 200 100
Bapuanrt
ITapameTpbi 6 7 8 9 10
JWanaso: | g3 7rry | 192,2Tru— | 192,5TTu— | 193,6Tu— | 193,5TTu—
195,3TI' 195,4TT'n 195,7TI'y 195,7TT'n 192,7TI'y
Kan. unrepsan
(IT): 50 100 100 50 100
Bapuant
TMapaverpst 11 12 13 14 15
Jnanasom: 1952TTu— | 194,5TTu— | 194,7TTu— | 1952TIu— | 193,1TIn—
196,9TI'y 196,5TI' 196,3TI'y 196,8TI'y 196,7TI'y
Kan. unrtepBan
(IT): 100 100 100 200 100

BHemnne napaMeTpbLo; = g = g = 7.16MKM.
Martepuanbabie mapameTpsl: N = 1.454, g= 1.451, g= 1.453.

Jlanee HEOOXOOUMO BBECTH JIaHHBIE MapaMeTpbl B COOTBETCTBYIOIIME MOJIS
POrpaMMHOT0 0OeCreYeHUsI.

3.2.9KkcnepuMeHTAJIbLHOE 3a/JaHHe

1 UccaenoBaTh OAMHOYHBIN KAaHAJ
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1.1 BeiOpath Mpou3BONIBbHEIN KaHan (HarpuMep HeHTpaibHbIi kaHai 0), B co-
orBeTcTBHH ¢ orncanueM [10.
1.2 OnpenenuTh HEOAHOPOJHOCTH BHOCHMBIX ITOTEPh OJHOTO KaHaJa.
1.3 Haiitu nmojocy npomnyckaHusi OJHOTO KaHana Ha ypoBHe -3 u -201b.
1.4 WccnenoBaTh 3aBUCHMOCTh BHOCUMBIX TIOTEPh OT JJTUHBI BOJIHBI KaHAJA.
2. Ha oaHOIi M3 4acTOT ONTHYECKOT0 THAMA30HA UCC/IEA0BATH BIUSIHUE
KOHCTPYKTHBHBIX mapamerpos (K, d,, Lf, m) na:
- K03 (HULIMEHT nepeaayu,
- TIOJIO’KEeHHE BbIXOaHOTO TIopTa dO;
- IoJIocy Ipornyckanus Ha ypoBHe -20 1b.
2.1UccnenoBats BiusiHue K Ha BBIIIEH3TI0KEHHBIE TTAPAMETPHI.
2.2 UccnenoBath BiusiHue W Ha BBIIIEH3I0KEHHBIC TAPAMETPHI.
2.3 Uccnenosats Biusinue Lf Ha Bhien3mokeHHbIC TAPAMETPHI.
2.4 VccnenoBath BAMSIHUE M HA BBIIICH3I0KCHHBIC TTApaMETPHI.
3. HUcciienoBaTh COBOKYITHOCTh KAHAJIOB
3.1 [lpuBecTn cymMmMapHOE TOJIe Ha BBIXOJE, OMPEICIUTh MOJIOKEHUE BBI-

XOOHBIX ITIOPTOB.
3.2 HCCJ’ICI{OB&TL 3aBUCUMOCTD MMEPEXOAHBIX ITOMEX OT HOMECPA KaHaJIOB.

4. Coaepxanue oT4eTa
OTtuet o mpoaenanHoN paboTe JOIKEH COMEPKATh CICAYIOIINE Pa3Ieibl:
1 [enb paboThI;

2 Kpatkas Teopus;
3 PesynbTatsl paboThl — rpadMKku 3aBUCUMOCTEN ¢ KPaTKUMU MOSICHEHUSIMH;

4 Tabnuua u rpaduK NEPEeXoIHBIX TTOMEX;
5 BeiBozbI O MIpOIEIaHHO padoTe.

5. KoHTpo/ibHBIE BONPOCHI

1. Kakue MexkaHalibHbIe UHTEpBabl co0TBeTCTBYIOT DWDM crangapty?

2. Kakue BUbl ONTHYECKUX IEMYJIbTUILIEKCOPOB Bbl 3HAETE?

3. Kakue ocHOBHBIE MapaMmeTpbl AEMYJIbTUILIIEKCOPOB U TPEOOBAHMS K HUM
BbI 3HaeTe?

4. Kaxkue ocHOBHBIE MapameTpsl pazpabotaHHbix AWG MynbTUIIIEKCOPOB
BaM U3BECTHBI?

5. Ha3zoBute 0CHOBHBIE CTPYKTYpHBIE cxeMbl feMynbTuruiekcopa AWG u ux
OTIINYUSA?

6. IlosicuuTe npuHIUN paboThl AemynbTUILIeKcopa AWG?

7. Ha yem ocHoBana maremaruueckast mojie’tb AWG mynbpTumiexcopa?

8. Kakoe BnMsiHME OKa3bIBalOT Ha BBIXOJHOM CUTHAJl OCHOBHBIE KOHCTPYK-

TuBHBIE apameTpel AWG?
9. Kakue nocrouncta u Henpoctatku AWG 1o cpaBHEHHIO C APYTrUMU BUA-

MH OIITHYCCKHUX MYJII)TI/IHJICKCOPOB?
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Ipunoxenue b

OnucaHue MporpaMMHoOro odecnevennst [14]

Komnbrorepnas nadoparopnasi padora «HccienoBanue onTH4ecKOro MyJib-
THIIEKCOPA HA OCHOBE MACCHBA IJIAHAPHBIX BOJTHOBOI0BY

PyKkoBOJCTBO MOJIb30BATES
(Pemaxmus ot 16.10.2006)

1. OO011ee onucanue

1.1 dOyHkuMoHAJIbHOE HA3HAYEHHE CUCTEMbI, 00,1aCTh PUMEHEHUS U
OrpaHUYeHHs

PaboTa npenHa3HaueHa ajsi poBeAeHUs 1a00paTOpHOM pabOThl y CTYIE€HTOB
naroro kypca cneruaibHoctd 20141010 kypcy «MybTUILIEKCOPHOE 000pya0Ba-
HUE ONTUYECKUX HU(PPOBBIX CUCTEM CBSI3U».

KommerorepHast mabopatopHas pabora «KoMmproTepHOE HCCIICIOBAaHUE OIl-
TUYECKOT0 MYJIbTUILIEKCOPA HAa OCHOBE MACCHBA IJIAHAPHBIX BOJIHOBOJOB» MpeHA-
3Ha4YeHa JAJIs pacyeTa U ONTUMHU3ALUU XapAaKTEPUCTUK ONTUYECKOTO MYJIbTHILIEKCOPA
Ha OCHOBE MaccHBa IuiaHapHbBIX BOJHOBOJOB (AWG) B yueOHBIX neisax. lanHas pas-
paboTKa MOXKET OBITh MCIIOJIb30BaHA MPU OOYUYEHUU CTYAEHTOB TEXHUYECKUX BY30B
no HampaBieHusM «ONTHKA U TeICKOMMYHUKAIIMKU», KaK B KaueCTBE JIa0OpaTOPHOU
paboThl, TaK M MHCTPYMEHTa A pacueta u ontumuzauu AWG MynbTUIIEKCOPOB
IpU KypCOBOM MPOEKTUPOBAHUN BOJOKOHHO-ONTHYECKHX CHCTEM IEpeay CO CIeK-
tpanbHbIM paznenenuem (BOCII-CP), ucnomnb3yrommx AWG MyJIbTHIUIEKCOPHI B Ka-
YEeCTBE OJIHOTO U3 OCHOBHBIX 3JIEMEHTOB.

[IporpamMHOe obecrnieueHne MpecTaBisgeT co00il MakeT MmporpamMm reHepa-
uu dhopm s 3ananus napamerpoB AWG, otoOpakeHus pe3yIbTaToB pacyeTa, Bbl-
BOJIa METOJIMYECKOT0 MOCOOUS ¥ ONMHUCAHUS TPOTPAMMHOI0 00ECIIeYeHUs ¢ TUIePTeK-
cTtoBoil HaBuranuei. [laker Bkimtowaer 15 BapuaHTOB 3aaHUM sl IPOBEACHUS Ja-
OopaTopHBIX paloOT, a TakkKe MPUKIAAHbIE MPOrpaMMbl MO MPOBEIECHUIO HEOOXOIH-
MBIX BBIYMCIICHUH, MPEAYyCMaTPUBAIOIINX YUCICHHBIA pacyeT WHTETPAIbHBIX MPeoo-
pa30BaHWH, OMHCHIBAIOIINX BOJIHOBBIE MPOLECCH (MUdpaknnio U WHTEP(HEPEHIUIO)
Ha AWG mynpTuIuiekcope. B ocHOBY pacueToB mosiokeHa yaydlleHHas MaTeMaTH-
yeckast mojienb Oypee st pacuera Ha AWG mynsTumuiekcope [2]. Oqaum u3 orpa-
HUYECHUN MOJIENIU ABIISETCS OTCYTCTBUE yueTa HEOJAUHAKOBOCTH Npoduiei BXOIHBIX,
BBIXOJTHBIX BOJTHOBOJIOB B MacCHBE MOJIOBBIX MoJiei. B pabote [3] u B MmeToamueckom
nocobuun [4] mpuBeneHa MareMaTH4YecKash MOJIENb, IOJIOKEHHAs B OCHOBY IIPO-
rpaMMHOro otecriedyeHus. OnucaHue MPOrpaMMHOIO OOECTEYEHUsI U PEe3yJIbTaThI
TECTUPOBAHUS KOMITBIOTEPHOH J1Ta00paTOPHON pabOThI IPECTABICHBI HIDKE B [4].
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1) Anape XXupap. PykoBOoACTBO 1O TEXHOJOTHU U TECTUPOBAHUIO CHCTEM
WDM. — M.: EXFO, 2001. Mlep. ¢ aurt. nmox pea. A. M. Bpoauukosckoro, P. P.
VYo6aiinymiaesa, A. B. [lImansko.

2) Molina-Fernandez, Wangtiemert-Pérez J.G. ImprovedsAWMdurier op-
tics model// Opt. Express.-2004.-Vol.12.—P. 480248

3) Jlumok A.Il., llapanrosuuy C.H. AHajau3 ONTHYECKOTO MYJIbTHILIEKCO-
pa Ha OCHOBE MaccuBa IiaHapHbIX BoJHOBO0B (AWG)// C6. nayy. TpynoB Beepoc-
cuiickori Hayd-TexHnd. KoH}. «Hayunas ceccus TYCYP-2005».Yacte 3. -Tomck:
Tomck. roc. yH-T cucteM ynpasiaeHus u paauosniekrpornku, 2005. — C.323-326.

4) Jlamok A.IL, Ilapanrosmu C.H. KoMmbioTepHOE UCCIEIOBAHIE OITH-
YEeCKOr0 MYJIBTHILIEKCOPA Ha OCHOBE MAacCHBa IUIAHAPHBIX BONHOBOIOB (AWG)//
Pyk-Bo k mab. pab-m mo kypcy “MyibTHIIIEKCOPHOE 00OpPYIOBAaHUE ONTUYECKUX
1 poBbIX cucteM cBsizu». -Tomck, TYCVYP . -2005. -3%.

O0607109Ka MOJIEIMPOBAHUS ITOCTPOEHA 10 MOJAIBHOMY MPUHIIMITY W MPEIy-
CMaTpUBAET TOCJENIOBATEIILHOE Pa3BEPThIBAHUE CIPABOYHBIX, PACUETHBIX U rpadu-
4ecKMX OKOH. [Ipu sTOM mpeaycMOTpeHa perucTpanus CTyACHTa W MpernoaBaTelis
JUIS 3arojiHeHus (opM OoTdeTa, FeHEpUPYeMOro 1Mo okoH4daHuu padotsl B MS Word.
Taxxe MOXKHO BBIOpaTh BapUaHT M HOMEP CTapTOBOTO MMyHKTa paboThl. Beero pabota
comepkut 15 BapmaHTOB 3amaHuii 1o 7 TyHKTOB. [[JIs OCYIECTBICHHS OMYCKa
PEeTyCMOTPEH aBTOMATHUECKUW TECTOBBIM KOHTPOJb, BBITIOJHSAEMBIH B OTIEIHHOM
OKHE.

B coOTBETCTBUY C BBITIOJIHSIEMBIM ITyYHKTOM 3aJ[aHUsI, TEKCT KOTOPOTO 3arpy-
JKAETCs TPU BhIOOpPE BapwaHTa M HOMEpa IMyHKTa aBTOMATUYECKH, HMCIIOTHUTEIIO
HEO0OXOMMO BBECTH MCXOHBIC TTApaAMETPHI:

11) uaOPMAIMOHHBIX CUTHAJIOB!

— yucio onTudeckux kananos (1-150);

— YacToTa HeHTpaibHOro KaHama (amuHa BojaHbl 140GiM - 160Qim);

— KaHaJIbHBIA WHTEPBAT MEXAY COCETHUMHU KaHajJaMH, MPETyCMOTPEHO
WCITOJIb30BAHUE PA3HBIX MEXKAHAJIBHBIX HHTEPBAJIIOB, YCTAHOBKA IJIUMH BOJH IS
KaXXJIOr0 KaHalla CaMOCTOATENIbHO, UCIMOJb30BaHue cTranaaptu3oBanHbix WDM ya-
ctotHbIX TUIaHOB ¢ TaroM 10001 T — S0 T,

12) xpuctammmdeckoit noioxkkn AWG:  mokaszareinu MpeioMIICHHS Cepi-
IIEBUHBI BOJTHOBO/IOB, 000JIOUYKH BOJHOBOJIOB, JIMH3HI;

13) xapakTepHbIX TeoMeTpHUYECKUX pa3mepoB daemeHToB AWG: momepeu-
HOE€ PaCCTOSTHHE MEKy COCEIHHUMH BOJIHOBOJAMH , , PaaUyChl BXOJHOTO MOJIOBOTO
TIOJISL ¥ TIOJISl B BOJTHOBOJIAX, TIOJIOKEHUE BXOAHOTO BOJIHOBOJIA;

14) maccuBa BOJHOBOJIOB M JIMH30BBIX CUCTEM: Pa3HMIIA JJIUH MEXKIY IBYMSI
COCETHUMU BOJIHOBOJIaMH B MAacCHBE, YHCJIO BOJHOBOJOB B MaccuBe, (DOKyCHBIE pac-
CTOSIHUS BXOJHOM U BBIXOJHOM JINH3.

JIJist 3aIaHABIX MapaMeTPOB MPOU3BOJIUTCS PacdeT CIEAYIONUX XapaKTepH-
ctuk AWG MynbTuIIeKcopa, BBIBOAUMBIX B rpaduueckoit popme:

10) xoaddunmenT nepenayr 1 BHOCUMOE 3aTyXaHHE MEXIy JTI000H mapoii
BXOJIHBIX — BBIXOJIHBIX TTOPTOB MYJIBTHILIEKCOPA,;

11) pacnpeneneHue BBIXOJHOTO TIOJIS MPU 3aJaHHOM PACIOJIOKESHUU BXOJI-
HOTO TOPTa,;

130



12) wactoTHast 3aBUCUMOCTD BBIXOHOTO TIOJIS B JIFOOOH TOYKE BBIXOJIA;

13) mmpuHa MoJ0Ckl MPOITYCKAHUS JJIs JTF000r0 KaHaa;

14) nepexoHbIe MOMEXH MEXTY KaHATaMH.

B xone pacdera BO3MOXKHO CXEMAaTHYHOE T'€OMETPHUYECKOE H300paKeHHe
yctpoiictBa AWG 1 nmocTpoeHre LBETOBOM KapTHUHBI pacipeaesICHus Mojis B 0001
TOYKE MEXIY BXOJHBIMU U BBIXOIHBIMH ITOPTAMHU.

Taxxe B CBOAHOMN TabNIHMIE MPUBEACHBI TAPAMETPHI IS KaXKAOTO BBIXOHOTO
nopTa: LEHTpaJbHAs YacTOTa BOJHBI, KOA()(UIIMEHT mepeaadyu U TeoMETPUUYECcKOoe
MOJIOKEHUE.

[TakeT mporpaMM TakKe MO3BOJIIET OCYIIECTBUTH ONMTUMHU3AINIO BHYTPEHHUX
napametpoB AWG, Takux Kak KOJMYECTBO BOJHOBOJOB B MYJIBTHILIEKCOPE, HOKYC-
HO€ PACCTOSTHUE JIMH3 JJIs 33JaHHBIX MapaMeTpOB Pa3HECEHMs KaHAJOB U YPOBHEU
MEPEKPECTHBIX TTOMEX.

[To pe3ynpTaTam pacuera 3amoJHSIIOTCS TaOnMIbl ¢ HHPOpMaImei, Tpedye-
MOW B 3a/laHWU K BBIMOJHSIEMOMY MyHKTY. [lociie BBIONIHEHUSI MyHKTa MPOrpaMMa
CTPOUT HEOOXOIuUMbIe TpaHUKH B OTACIHHOM OKHE, TJ€ TaKKe €CTh BO3MOXKHOCTH
JUTSL 3alMCH BBIBOJIOB IO MPOJICTAHHOMY IYHKTY W ME€pPeX0/1a K BHITIOJTHCHHUIO CIIeIY-
IOIIETO MyHKTA.

[Tpu Bo3BpaIeHNH K BBIOJHEHUIO MTyHKTA, KOTOPBIA OBLT yXKe CIeNaH, 1aH-
HbIe B Tabnmumax ¢ nHopmarmei, TpedyemMoil B 3aJaHUU K 3TOMY ITYHKTY, U BBIBOJIBI
10 HEMY COXPaHSIOTCS B IMOCJIEIHEH pelaKIuy UCIOJHATENSA. B KoHIle paboThI TeHe-
pHUpYETCs OTUET CO Bcel HeoOXoauMoii nH(popMaluen 0 BHITOJTHEHUH PaOOTHI

[IporpamMmMHOe obecrieueHne MpeaHA3HAYEHO AJI  CTYIACHTOB TEXHHUYECKUX
BY30B 10 HampaBieHusIM «ONTHKA ¥ TEICKOMMYHHUKAIUW» MIPU MIPOBEACHUH Jabopa-
TOPHBIX pa0OT MO JaHHBIM HAMPABICHUSAM, ACIUPAHTOB M MHXCHEPHBIX PAOOTHHUKOB,
3aHUMAIOIITUXCS KCCIICIOBAHUEM ONITHYECKUX MYJIbTHUILIEKCOPOB.

[IporpammHoe oOecrieueHue BBITIOIHEHO B cpene paspaborku DELPHI 7.0.
[TporpamMma MoXeT OBITh UCTIOJB30BaHA KaK OJHUM IIOJIH30BATENIEM ISl CaMOCTOSI-
TEIBHOTO M3YYCHHMsI, TAaK W JIJISl UCTIOJIH30BaHUS B yU4eOHOW ayJAUTOPUU MPH MHOXKE-
CTBEHHOM OJIHOBPEMEHHOM JIOCTYTIC.

1.2 KparTkoe onucaHue CHCTeMbI U ee TEXHHYECKHE XapaKTePUCTUKHI

KommberoTepras maboparopras pabota, jganee mporpamma, IpeiCcTaBlsIeT Co-
00l KOMIBIOTEPHYIO TPOrpamMMmy, KOTOpas COCTOUT M3 METOJMYECKOTO MOCOOHs
(kpaTkast Teopus ¢ 3aJlaHueM Ha paboTy) u 000J0YKH MojaenupoBaHus. [IporpamMma
MOXeT (YHKIIMOHMPOBATH IO/ YIpaBleHHEM orepanuoHHeix cuctem Windows 98,
2000, XP, Vista.Jlns HOpMaabHOro (ByHKIIMOHHPOBAHHUS MPOTrPaMMbl KOMITBIOTED
JIOJDKEH OBITh OCHAIlEeH He MeHee yeM 256 MOaiitamMu OnepaTUBHON MaMATH U HE
menee yeM 100 MbaiitamMu cBOOOAHOTO MecTa Ha KecTKkoM jaucke. Cama mporpamma
3aHuMaeT okoJyio 20 MOalT 1uCcKOBOM MaMATH. Y CTAHOBKH MporpaMmMa He TpeOyer.

1.3 3anmyck mporpamMMbl U BBIXO/ M3 POTPAMMBI

3amyck mporpamMMbl OCyIIeCTBIsieTcss 3amyckoMm (aitima AWG.exe, nanHsbIi
¢aiin pacnonoxken B nanke AWG. 3anmyck BO3MOKEH TakyKe BHIOOpPOM IyHKTa <«3a-
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nyck» B myHkTe «AWG» mento nmporpammel. [locie 3amycka Ha SKkpaHe KOMIBIOTEPA
nosipisgercsa rinaBHoe okHO «AWG», coneprkaliiee Bce IMMyHKThI JJabopaTOpHOU pado-
THI.

BrIxon U3 nmporpamMmsl OCYILECTBIISIETCS HAXKAaTUEM KHOIIKU x| g BEpXHEM IIpa-
BOM yTIiIy OKHA «[ maBHOE».

2. Paborta ¢ nporpammoii

B nanpHeimeM mpenamnonaraeTcsi, 4TO TOJIB30BATEb UMEET ONPEICICHHBIC
HaBBIKU paboThl B onepannonHoin cucteme Windows 95umun Windows 98.

[Ipu paboTe ¢ mporpaMMoil Ijsi TEepeMelIeHUs MEeXAy MOJISIMH BBOIA, W
Ha)KaTU Ha KHOMKH YJI00HEH BCETro MCI0Ib30BaTh MAHUMYJISTOP ' MBIIIb .

Hekotoppie OkHa MporpamMMbl SIBISFOTCS MOJQJIBHBIMH, 3TO O3HA4YaeT, YTO
MYHKTHI TJIABHOTO MEHIO M APYTHE OKHA OyIyT HEJOCTYITHBI, TIOKa HE OyAeT 3aKphITO
TEKyIIlee aKTUBHOE OKHO. J[J151 3aKpBITHS OKOH UCTIOJB3YHTE KHOTIKY 3aKPbITh.

2.1 T1aBHOe OKHO

[Ipu 3amycke nmporpammbl AWG aBTOMaTHYECKH 0TOOpakaeTCs TIIaBHOE OKHO.

Nutepdeiic okHa npuBeaeH Ha pUCyHKe 2.1.

®afin Pafota MapareTps! Mool

S = P T R 2

Hosbii Orepere LCorpatire et Nocotie Teer Brinonketie Nomowe O nporpardre

Pucynok 2.1 —I'naBHOE OKHO

Ha puc. 2.2npuBeneH By BepxHEil 4acTH OKHA, KOTOpasi Ha MPOTSHKEHUU BCel
paboOThl HAXOJUTCSI B BEPXHEW 4acTH, BHE 3aBUCUMOCTH OT TOTO B KAKOM OKHE ITpO-
UCXOAUT BBIIIOJHEHUE PAOOTHI.

L E R B ] 2 RO R

Hoekii Otepems LCoxpaHiTs OTyer Mocofue Tect BrinonHeHWe Morowe O nporpatdrae

PucyHok 2.2 —MeH10 ¥ yIIpaBJISIIOIIAE KHOTKH
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JlaHHOE OKHO SIBJISIETCS MCXOJHBIM MECTOM CTapTa Jito00ro MmyHKTa jabopa-
TOpHOM paboThl. PaccMoTpuM coepKumMoe riaBHOrO MEHIO 10 MyHKTaM:

[ DU — T 2 (£ 0 &

Hoewi Orepbms CoxpaHurs Oruer MNocobue Tect Brinonnesme MNaorowe 0 nporpardme

1 «HoBbIii» BbI3BIBAECT 3aMOJHEHUE BCEX NApaMETPOB pacuera mnapa-
METPaMH 110 YMOJIYAHMUIO.

2 ((OTKprTb)) BBI3BIBACT AUAJIOT OTKPBLITHUA COXPAHCHHBIX IMapaMCETpPOB
ITOJIB30BATCIIA.

3 «CoxpaHUTBH» BBI3BIBAET HUAJOT COXPAHEHHsI MTapaMeTPOB IMOJIb30Ba-
TEJS.

4 «OT4eT» TeHepupyeT OTUYET Mo MpoaenanHoi padore B MS Word.

5 «IlocoOue» BBI3BIBAET METOAMYECKOE MOCOOUe 10 JIabOpaTOpHOU pa-
oore.

6 «TecT>» BBI3BIBAET TECTOBOE OKHO, I'I€ ITOJb30BaTC]Ib UMCCT BO3MOK-
HOCTL IPOBEPUTH CBOU 3HAHMUS.

{ «BpINOJIHEHHE» BbI3bIBAET IMYHKTHI MPOTPaMMBbI, BBIIIOJIHEHHE KOTO-
PBIX NIPEYCMOTPEHO 3aJaHUEM.

8 «IloMo1b>» reHepupyeT MOMOIIH M0 MOJIB30BAHUIO TPOTPAMMO.

9 «O mporpamMme» BBI3bIBACT OKHO C Pa3pabOTUYNKAMU MTPOTPAMMHOTO
o0ecneyeHus.

2.2Paoorta ¢ okHoMm «HoBbIii»

JlaHHO€ OKHO TpeIHa3HA4YeHO JJIs 3alOJIHEHUs BKIAIKW MapaMeTpoB Mapa-
MeTpaMu 1o yMmomyanuio. [lo ymomyanuto Beioupaercs 16 kananpubii MUX 1o 100
I'Tn nnamazonom.

2.3Pab6orta c okHOM «OTKPBITH»

ITocne HaxaTusa KHONMKH «OTKPBITH» OTKPBHIBAIOTCS I0JIb30BATEIIbCKUE I1a-
pametpsl. [TapameTpbl HaxoaaTCs B (haiiiiax ¢ pacuimpeHreM «ini».

2.4Pab6ora ¢ okHOM «COXpaHUTH>»
CoxpaHseT MoJIb30BaTEIbCKHE TapaMeTPHI B INi daii.
2.5Pabora ¢ okHOM «OTHeT»

OkHO TpeAHa3HA4YEeHO /IS TeHEPUPOBAHUS OTYETAa B TEKCTOBOM IPOIIECCOPE
Word. Ciienyer mOMHHTD, YTO T€HEpalKs OTYETa MPOMCXOIUT IOCIE BBIMOIHCHHS
OCHOBHOM 4acCTH JJa0OPaTOPHOM PaOOTHI.

2.6 Paoora ¢ okaoMm «Ilocooue»
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JlaHHast KHOTIKA BBI3BIBAET METOJIMYECKOE MOCOOME MO0 BBIMOJIHEHUIO JT1abopa-
TOpHOM PabOThI B 3JIEKTPOHHOM BHJIE.

2.7Paoorta ¢ okHoM «TecT»

JlaHHasi KHOITKA BBI3BIBACT TECTHPOBAHKE IO MPOWeHHOMY Marepuany (Puc.
2.3).

¢ Tect KoHTpo/ib Nabio patopHoi paboThl g]
Bonpoc Beifiop oTEeTOR

YeM oTNHYAETCA IPHHIHN AeRcTEHA

AWG o7 npmsmima aeficren " AW pceras mockaz erpysTypa, a Sabpullepo seeraa ofenman.

Tabpu-Ilepo. " AWG pabotasT ¢ 6O UDM KOS 0T 0M KAHATOE

o AT pafioTaer A o3 ARy prssorTH has, 2 Gabpuilepn Ba
3r30up AT AR CEOFCTEAX 06 EMa.

" WIemay MMM HET {ATHEITEL.

Hanee = | (cranock | pompocor m3 10

Pucynok 2.4Bun okHa «TectupoBaHue»

[Tocne BbIOOpa MPaBUIBLHOTO OTBETA HA KaXABIA M3 JIECATH MPEITIOKEHHBIX
BOIPOCOB HEOOXOAMMO HaxkaTh KHONKY «/lanee». [locie mpoxoxaeHus: TeCTUpOBa-
HUS BBIIACTCS PE3YyJIbTaT C PEKOMEHIAMEN.

2.8 Padora ¢ okHOM «BbInmoJiHeHHE»

M PacueT napaneTpos IIpucyrcTByroT ciaenyromue
_ ITYHKTBI:
@ Mo AENMPOEaHHE r «Pacuer nmapamMeTpoB>»,
j «MoaeaupoBaHue»,
PEEI'IDE.EI.EHEHHE nanAa .
«Pacnpenesenue moss»,

Paccmotpum nx HazHaueHUe
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1 cxoaHEE NapareTpel

Yucno kaHanoe, N

UeHTpancHan yacTaTa, My 1931E12

K aHansHeIR uHTensan. [u 100E9

MNokas. Npen. cepauesHHE! 1.454

MNokaz. Npen. oGonoYkK 1.451

MNokas. Npen. AMHSE! 1.453

War dw, r 2661E-B

Paguyc mogd. noaa v, m 7 1EE-B

Monosedue ex. gonH. d_in, s |0

FPac4eTHbIE gaHHbIE |

CnerTpaEHEH AHANAS0H, M

120
12,9E-005
BE-2

250

JlHpaKUHOHHENIR NOpAGOK

PazHuua 0iuH BOH. B Macc., M
P OKYCHOE PACCTOAHME, M

Yucno BonH, B macc,

BiGop kaHanos

F-.aHain -8 [Hacrora =
O} |- aHan -7 [HacTora = 132.4
v| K.aHan -6 [HacTor 5 TTu)
K.aHan 5 [Hactora = 1926 Tlu)

ABTOMATHYECHKH

[paHMLEl pacyETa

NMpocTp. pacnpen. YacT. pacnpen.
01 Dout (S 15255 12 |
C warat [1E-G Cwarotd|0.0005E12
AoDouw |30E-4 Nov 153.8E12
b

PacyeTHele aHHEIE BEPHB
Owkbior B500a HET

Pacer |
Facyer
Pucynok 2.4

«MOﬂe.]'II/IPOBaHI/Ie)) MNpEeAHAa3HAYCHO AJIs1 MOJACIUMPOBAHHA OCHOBHBIX Xapak-

«Pacyer mapamMeTpoB>» BBI3BIBAET OKHO pacue-
ta napametpos: (Puc.2.4)

3nech, «McxoaHbIe MapaMeTpbI» IpeIHa3Ha-
YeHBI I BBOJIA UCXOAHBIX ITapaMeTpoB., «PacyeTHbIe
napaMeTpbI» MpeJaHa3HAYEHbl JIJIl BBOJA TPeOyeMbIX
10 pacyeTy napameTpoB. Ecii npu BBOJE napamMeTpoB
JomylleHa omrOKa BBOAa, JIMOO mapaMeTpbl paccuuTa-
Hbl HEBEPHO, TO 3aroparoTcs KPacHBIM COOTBETCTBYIO-
[I1E NAHEIN B «CTATyC». B «BBIOOP KaHAJI0B» IPOU3-
BOJAMUTCA BBIOOp KaHAJIOB, MOJUISKANIMX pacueTy. B
«['paHuMuBI pacyeTa» BHICTABISIOTCA TPAHUIIBI pacye-
Ta B MPOCTPAHCTBEHHOW M BpeMeHHON obnacTsx. [Ipu
IIOCTAHOBKE TaJOYKUM «ABTOMATHYECKH» 3TH Iapa-
METpBl BBIUHCIIOTCA aBTOMarhdecku. [lims pacdera
A000ro MyHKTa HEOOXOAMMO HaxaTb KHONKY «Pac-
YyeT» IIPU BKJIKOYEHHOM OKHE 3TOr0 MYHKTA.

tepuctTuk AWG MysibTUILIEKCOpA.

3AEHCHMOCTE OT MAPAMETPOE

MEcneA0EaHKE COBOKYMHOCTH

PaccmoTpum ux:
«UccaenoBanme

IIpenHa3sHayeHo I MCCIEIOBAHUS OJMHOYHOIO KaHaja, €ro MOJIOCH IPO-
MyCKaHMs, TOJOKEHUSI BBIXOJHOTO TOPTa, KO3PQUIMEHTa mepeaayd U BHOCHUMBIX

Mecne A 0BaHKE 0AHHOYHOMD KaHana

ITO TaKue MYHKTHI:

«MccnenqoBaHue  OJMHOYHOTO
KaHasa»,

«3aBUCUMOCTb OT MapaMeTPOB»,

«MccnenoBanue COBOKYITHOCTH
KaHaJIOB».

EAHAN0E

OAMHOYHOI'0 KaHaJa»

notepb. Bui okHa nmokasaH Ha pucyHke 2.5.
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[ pocTFaHCr EerHos pacrpeganerie | DACTTHNe 1Arnnane e |

K|
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Pucynok 2.5Buj okna «lccnenoBanue 0JJUHOYHOTO KaHama»

[locne pacuera, B cOOTBETCTBUU ¢ NaHenbio «Ilapamerpbl» BbIOOp KaHaia
OCYLIECTBIISAETCS C MOMOLIBIO Bhnagatomero cnucka «Kanama». [Ipu aToM napamer-
pBI 3TOTO KaHajla OTOOpPaXKarOTCsl B TEKCTOBBIX NOJIsAX. llepekitouenue Mexay mpo-
CTPAHCTBEHHBIM M YaCTOTHBIM PaCIpEACIICHHEM OCYIIecTBIseTCs BKiaakamu «IIpo-
CTPAHCTBEHHOE pacnpeaejeHue» v «YHacrorHoe pacnpenejaeHue». J[BOWHBIM
HIETYKOM 10 rpaduKy 1100 Ha)KaTUEM COOTBETCTBYHOLIEH KHONKU B MeHI0 «Ilapa-
MeTPbI» OCYILIECTBISIETCA Nepekiouenue K Buay B ab. Haxxatnem xkHonku «Ilapa-
MeTpbl/Iloka3pIBaTh METKH MAaKCHMYMOB» BKIIOYAIOTCS/OTKIIIOUAIOTCS METKH
MaKCUMYMOB.

«3aBHCHMOCTH OT MAPAMETPOB»

[Ipeana3zHayeHo sl BIMSHUS KOHCTPYKTHBHBIX ApaMETPOB HA OJIMHOYHBIN
KaHajl, €ro MOJIOChl MPOMYCKAaHMsI, TOJOXKEHUS BBIXOJHOTO TMOpTa, KO3PPUIIUEHTA
nepesay 1 BHOCUMBIX NOTepb. By okHa 1mokaszaH Ha pucyHke 2.6.

E
LWar D, wikm

llnocmore:
| Nepezoanbie novzm |

Pucynok 2.6 Bun oxna «/ccnenoBanue 3aBUCUMOCTH OT MTapaMeTPOB»

Jlist pacdera HEOOXOMMO BBHIOpATh THUI pacyeTa B CHUCKE «THWIl pacuerar.
[Tocnie pacyera, B COOTBETCTBHM € maHelblo «[lapaMeTpsr», pa3jauyHbIE 3aBUCHMO-
CTU BBIOMpAIOTCS myTeM BbiOopa B mosie «lIpocmotp». [lepexinouenrne Mexmay mnpo-
CTPAHCTBEHHBIMU M YaCTOTHBIMU 3aBUCHUMOCTSAMM OCYIIECTBIISIETCS BKJIAJIKaAMU
«IIpocTpaHcTBeHHOE pacnpenenenue» u «dacrorHoe pacnpeneaeHue». Eciu Ha

136



rpadukax BuIHA yIIoBaTOCTh, KaK MOKAa3aHO HA PUCYHKe 2.6,1u00 CTpaHHOE IMOBe-
JIeHHEe KPUBBIX HEOOXOAMMO YMEHBIIUTH 1IAT pacyeTa B apaMeTpax.

«HceeoBanue COBOKYITHOCTH KAaHAJIOB»
[IpenHnasHaueHo AJIsA WCCIEAOBAHUS COBOKYMHOCTH KaHaioB. OKHO M300pa-
KeHO Ha puc. 2.7.

Wrrne ANRAHWE MENEYIHOCTY KAHATNR

Tt patrCisenuE pacipeueemre | 12eToTios pacipsasaci e | Kyynariion 198 NEpoHoa) 138 norcsa

JAOononHYTEALHD

Pucynok 2.7Bun okHa «/ccnenoBaHre COBOKYITHOCTH KaHAIOBY

[Tocne pacuera nepeKIrOYEHNEe MEXIY MPOCTPAHCTBEHHBIM, YACTOTHBIM pac-
NpelesICHUsAMH U KyMYJISITUBHOW MMOMEXOW OCYILECTBIISIETCSI BBIOOPOM COOTBETCTBY-
IOILIUX BKJIQJIOK.

«PacnpenesieHue moJis»

[Ipenna3znayeHo Juisi MOTYUYEHHUs! JETAaTbHOTO paclpeiesIeHUsl OIS B MIIOCKO-
cti MynbTurviekcopa. [locne BpiOOpa MIMPHHBI, BBHICOTHI U MacliTaba B COOTBET-
CTBYIOIJ_II/IX II0JIAX WM HaAXATHUA KHOIIKHU «Pacqu KapTI/IHKa IIOABJILICTCS Ha 3KpaHe».
OxHo n300pakeHo Ha puc. 2.8.
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Pucynok 2.8 Bun okHa «PacrpeneiacHue mos»

2.9Paodora ¢ okaom «Ilomome»

OKHO npenHa3HAYEHO I F€HEpaluu PYKOBOACTBA IOJIb30BATENA MO MOJb-
30BaHUIO IPOrpaMMOM

2.10Padora ¢ okHOM «O mporpamMmme»

OkHO mpeaHa3HAuYeHO IS MOMy4YeHUss MHPOpMALMK O pa3paboTyMKax Mpo-
TPaMMBI.

2.11.Pabota ¢ okHom «IlapameTpbI»

[IpeanaznaueHo 7151 OTOOPAKEHUS U BHIOOpA CIEAYIONMINX TapaMeTPOB.

«B memubenax» - BKIHOYACT/BBIKIIIOYACT 0TOOpaskeHue rpa)ukoB B Aemuoe-
nax.

«ABTOMATHYECKHH pacyeT rPaHUID> - BKIIOYACT/BHIKIIOYAET aBTOMAaTHYE-
CKHUU pacyeT rpaHull.

«Iloka3pIBaTh METKH MAKCMMYMOB> - BKIIF0OUaeT/BBIKIIOYAaET OTOOPaKEHHE
METOK MaKCUMYMOB.
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Ipunoxenue A

YacTOoTHBIH naaH ITU-T

Taboauua 1 Yacrornelii mian WDM no pekomengaunu MCI-T G.692

YacroTa, Wurepsain, [T JIIMHHA BOJIHBI,
TI' 100 200 400 500 60Q 10Q0 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
195,14 ° 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 ° ° ° ° 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
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192,7 ° ° 1555,75
192,6 ° 1556,55
192,5 ° ° ° ° ° 1557,36
194.,4 ° 1558,17
192,3 ° ° 1558,98
192,2 ° 1559,79
192,1 ° ° ° ° 1560,61

Ta6nauna 2 Yacrorubiii mian DWDM no pekomenaanmuu MCI-T G.694.1

Homunanenas nenrpansHas yactora, T1' HomuhanbHoe 3Ha-
YacToTHbIN HHTEpBAN MEXAY KaHanamu, [T quHeHiJII’H:;I Bo
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
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Homunanenas nentpanpHas yacrora, T1'n

YacToTHBIM UHTEPBAII MEXKTY KaHanaMmu, ['T1g

HomuuanpHOE 3HA-
YeHUE JINHBI BOJI-

HBI, HM

12,5 25 50 100
(1) (2) (3) (4) (5)
195.6625 - - - 1532.19
[] [] [] [] []
193.1375 - - - 1552.22
193.1250 193.125 - - 1552.32
193.1125 - - - 1552.42
193.1000 193.100 193.10 193.1 1552.52
193.0875 - - - 1552.62
193.0750 193.075 - - 1552.73
193.0625 - - - 1552.83
193.0500 193.050 193.05 — 1552.93
193.0375 - - - 1553.03
193.0250 193.025 - - 1553.13
193.0125 - - - 1553.23
193.0000 193.000 193.00 193.0 1553.33
192.9875 - - - 1553.43
192.9750 192.975 - - 1553.53
192.9625 - - - 1553.63
[] [] [] [] []
184.7750 184.775 - - 1622.47
184.7625 - - - 1622.58
184.7500 184.750 184.75 - 1622.69
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Taboauna 3 Yacrornslii mian CWDM no pexkomenganun MCI-T G.694.2

HomuHanpHOE 3HAUCHHE UTMHBI BOJIHBI, HM  |HoMuHambHAS [IEHTpajIbHAs YacTo-
WuTepBan mexny kananamu 20HM Ta, Thn
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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Ipuiaoxenue b

Pl 45.286-2002 AnnapaTypa BOAOKOHHO-OIITHYECKOH
CHCTEMBI IIepeaadyH CO CIIEKTPAABHBIM pa3ZAeA€HHEM.
TexHHYEeCKHE TpPeOOBaHHS

Tadoauna 1 IlapaMmeTrpbl onTHYeCKHX ycuinTeseil nepenauun (Y CHauTe/b MOII-

HOCTH)

HaumenoBanue napamerpoB OVYIln

3HayeHue 1na-

paMeTpoB
5 . MUHUMAaIbHBIN, 1bMm -17.,5

YpoBeHb BXOJHON CYMMapHON MOIIHOCTH -

MaKCHUMaIbHBIHI, 1bM +16,0
YPpOoBEHB BBIXOJHOW CYMMapHOW MOIIHO- MUHHUMAJIbHBIH, 1IbM +3,5
CTH MaKCUMAJIbHBIN, 1bM +27,0

MUHUMAJIBLHBINA, 1bM 14,0
Koadbdumment ycunenus y

MaKCUMAJILHBIN, 1bM 28,0
HepaBHomepHOCTD KO3 PHIIMEHTA yCUIICHHUS B 3aJaHHOM JTHANa30He 20
pabouux JIMH BOJIH He Oosee, 1b ’
[Iym dakTop B 33aHHOM JTHana3oHe padouux JUIMH BOJIH (Ipy MU- 70
HUMAJIBHOM YPOBHE CYMMAapHO# BXOTHOM MOIIIHOCTH), He OoJiee, 1b '
Koadduiment orpaskenus ot Bxozaa, He MeHee, 1b -30
3aryxaHue OTpaXeHUs Ha BbIXojie, He Oonee, nb 30,0

Taoauna 2 [TapameTpsl ONTHYECKUX MPOMEKYTOUHBIX yeuunTesei (JInHednsIi

YCHJINTEJIDb)

HaumenoBanue napamerpon OITY

3HayeHue 1na-

pameTpoB
5 5 MWUHHMAaJIbHBINA, 1bM -36,0

YpoBeHb BXOJHON CyMMapHOH MOIITHOCTH -

MaKCUMAJILHBIN, 1bM +10,0
YPOBEHB BBIXOIHON CyMMapHOI MOIIHO- MHHUMAJIbHBIH, 1bM +3,5
cTH MaKCHUMaJIbHBIN, 1bM +27,0

MUHUMAILHBINA, 1bM 15,0
Koaddurment ycunenus y

MaKCUMAaJILHBIN, 1bM 41.0
HepaBHomepHOCTh KO3 duUIIMEeHTa YCUIICHHS B 3aIaHHOM JIMana3oHe 20
pabouux IJIMH BOJIH HE OoJiee, 1b !
Iywm dakTop B 3a7aHHOM AHana3oHe padounx JIUH BOJIH (IPH MH- 7,0

144




HUMAaJIbHOM YPOBHE CyMMapHO#H BXOJHOM MOIIHOCTH), HE Oojiee, 1b

KoaddunmenT orpakenus ot BXoja, He MeHee, 1b

-30

3aTyxaHue OTpaXeHUs Ha BBIXOJE, He Ooee, 1b

30,0

Tadoauna 3 [IapameTpsl onTuyeckux ycuintesei npuema ([Ipexycuiaurein)

HaumenoBanue napamerpos OVYIIp

3HayeHue na-

paMeTpoB
5 5 MHUHUMAaJIBHBIH, 1bM -36,0

YpoBeHb BXOJIHOM CyMMapHON MOIIIHOCTH -

MaKCUMAaJIbHBIN, 1bM +1,0
YPOBEHD BBIXOJHON CyMMApHOH MOIIHO- |MUHUMAILHBIH, J1bM -10,0
2 MaKCHUMAaJIbHBIN, 1bM +17,0

MHUHUMAJIbHBIN, 1bM 10,0
Koadpdumnment ycunenus »

MaKCUMAaJIbHBIN, 1bM 33,0
HepaBaomepHoCTh K03(hunreHTa yCuieHus B 33 JaHHOM JTHANa30He 30
pabounx JyH BOJH HE Ooee, 1b ’
[Iym dakTop B 3aJaHHOM JHAITa30He PA0OYHX JUTMH BOJIH (IIPU MH- 6.0
HUMAJILHOM YPOBHE CYMMAapHOI BXOIHOW MOIITHOCTH), He OoJiee, 1b ’
KoaddunmeHnt orpaxkenus ot Bxoja, He MeHee, 1b -30
3aryxaHue oTpakeHHsI Ha BbIXoje, He Oosiee, b 30,0

Tab6anua 4 [TapameTpbl ONTHYECKUX TEPMUHAIBHBIX MYJIbTHILIEKCOPOB

KonnuecTBO onTHYECKUX
KaHaJIOB

16

40

80

160

Paccrosinue mexny onrtu-
yecKUMH KaHaigamu, I T

200

200, 100

100

50

50

100

100 50

HaumenoBanue napamer-
poB

3HayeHue nmapameTpoB

1 OTknoHEHue neHTpab-
HOM YaCTOTHI ONTHYECKOTO
KkaHaia, He ooiee, I'T'1g

+3

2 Baocumoe 3aTyxaHue,
He Ooitee, b

7,5

12

14

16

3 [llupuHa moI0CHl ONTHU-
YECKOro KaHaja Ha
YpOBHE:

-3 1b, ue menee, I'T

-20 nb, e menee, [T

50
80

25
40

50
80

25
40

4 JIP Nelnotepwu, e 60-
nee, n1b

0,5
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5 Ilepexonnas momexa ot
CMEXHOT0 OIITHYECKOTO
KaH”aia, He Oouee, nb

6 KymynatuBHas nepexoaHas nomexa mnpu
MaKCUMaJIbHOM YHUCIIe ACHUCTBYIOUIUX OINTHU-

YyecKUX KaHaJIOB, He Ooitee, n1b -25
7 KoaddunmeHT oTpakeHus Ha BXOJE U
BBIXOJE, HE Oouee, n1b -30

Ta6auna 5 [HapaMeTpbl IBYXKAHAJIbHBIX IIMPOKOIMOJOCHBIX ONITHYECKUX MYJIb-

THILIEKCOPOB/1eMYJIbTHILIEKCOPOB

HanmeHnoBanue napaMeTpoB

3HavYeHHE MapaMeTPOB

Brocumoe 3aryxanue, He 6onee, n1b 0,7

Brocumoe 3aryxanue, He 6onee, n1b 25,0
Koaddunment orpaxenus ot Bxoaa, He MeHee, 1b -40,0
3aryxaHue OTpaskeHHs Ha BbIXoJe, He Oonee, 1b 40,0

Ta6smua 6 [TapameTpbl ONTHYECKHX MYJIbTHILIEKCOPOB BBoAa/BuiBoaa (OMBB)

HanmenoBanue napaMeTpoB

3HayeHue nmapameTpoB

KonnuecTBo onTHYECKNX KaHAJIOB

16

40

KOJ’II/I‘IGCTBO OTBGTBHHGMBIX/ BBOJANMBIX OIITHUYCCKHUX
KaHaJIOB, He Oosee

8

16

Paccrosinue Mexny onTudecKuMH KaHasiamu, [T

200

200

100

100

50

OTKJIOHGHI/IG HeHTpaHBHOﬁ YacCTOThI OIITUYCCKOI'O
KaHaia, He oonee, ' T

+/-5,0

+/-3,0

1Sl OTBETBIISIEMBIX/BBOIUMBIX
BrocuMmoe 3a- ONITUYECKUX KaHAIIOB, HE Oolee,

TyXaHue nb'

6,0

7,5

8,0

JJI OTBGTBHHGMBIX/ BBOJIUMBIX
OIITUYECKUX KAaHAJIOB, HE OoJree,
nb;

12,0

15,0

16,0

[lIupuna monocsl |-3 gb, He menee, I' Ty

50,0

25,0

-20 nb, ue menee, I'T

80,0

40,0

[MonspuzannoHHO-3aBUCUMBIE TTOTEpH, He Ooee, 1b

0,5

[Tepexomnas momexa OT CMEKHOTO ONITHYECKOTO Ka-
Haja, He Ooiee, nb

-30,0

KymynatuBHas nepexoaHas momexa npu MakcH-
MaJIbHOM YHCJI€ JCHCTBYIOIINUX ONTHYECKUX KAHAIOB,
He Oouee, nb

-27,0

Koaddunuent orpaxkenus ot Bxona, He MeHee, 1b

3aTyxaHue OTpa)KeHUs Ha BbIXoJie, He Oonee, n1b

30,0
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Ipunoxenue B

IlapaMeTphbl IPOMBIIIACHHBIX ONITHYECKHX YCHAHTEAEH H
MYABTHIIAEKCOPOB

Haunbonee mupoko Ha pOCCUMCKOM phIHKE TIpeacTaBieHo obopynoBanue WDM
crenyronmx kommanwii: Alcatel, Lucent Technologies, Nortel Networksei8ens,
Huawei Technologies, NEC, ECI Telecom [1-7].

Kommanus Alcatel npencrasisier Ha peiHke cemeiictBo nmpoayktoB OPTINEX
JUIsl orepaTopoB cBsaA3M. Psaa npoayktoB DWDM ontumusupoBan 1uist ceteil ropoa-
ckoro macmraba. B cemeiictBo OPTINEX Bxonmar Tpu Moxenu 000pyIOBaHUs
DWDM. Alcatel 1686 WMencrema ¢ momnepxkoii 16 mimm 32 onTHYecKuX KaHAJIOB.
Kaxapiii 3 HUX crocoOeH pabdorats Ha ckopocTsx or 100 Mout/c mo 10 I'6ut/c.
Pa3HoBUAHOCTH JaHHON Mojenu kateropuu metro — Alcatel 1686 WM Metra
Alcatel 1696 Metro Span —enTumu3UpoBaHa JJisi TOPOACKUX ceTei. J[as BhICOKO-
IPOM3BOAMTEIBHBIX MarvCTpPalIbHBIX ceTel momoimer mozens Alcatel 1640 WM,
obecnieunBaromas MyJabTHILIEKCHpoBaHue 10 80 ONTHUYECKUX KaHATIOB.

Kommanus Lucent Technologiesseimyckaer 1ieiyro raMmy 000py1IOBaHUs CHH-
XPOHHOH Tepenayn U ONTHYECKOTO YIUIOTHEHHSI, O0BheIMHEHHBIX OOIMM Ha3BaHHEM
WaveStarO6opynosaane DWDM kommanuu Lucent Technologieskirodaer B cedst
cemericteo WaveStar OLSu wmynerucepBucHyto tiargpopmy Metropolis MSX.
Haubonee  mpocras  cucrema DWDM —  WaveStar OLS  80G
¢ ToAZIepKKoi 10 16 onTudecknx kaHanoB B auama3zone 1550uMm. /lanHas cuctema B
momudukarmun WaveStar OLS 400Gacmmpsiercst 10 80 onTHYecKnMX KaHAJOB,
a B Mogudukanun WaveStar OLS 1.6T —go 160 kananos. Kaxapiii u3 dhopmupye-
MBIX KaHaJOB MOJKET IepeaaBaTh nHpopMaIuio co ckopocthio 10 'out/c (STM-64),
4TO COOTBETCTBYET MPOITYCKHOM CIIOCOOHOCTH TI0 OTHOMY ONTHYECKOMY BOJIOKHY 1,6
Towut/c.

Komnanus Nortel Networks sreimyckaer o6opynoanus DWDM cepun OPTera
Long Haul 1600p6ecneunBatoliiee BEICOKYIO IIPONMYCKHYIO criocoOHoCTh, 1 OPTera
Metro 5000 1penna3sHadeHHOE JJIsi CO3/IaHUsI CKOPOCTHBIX ceTel mMaciiTada ropoja.

Kommanus Siemens BbIllyCcKaeT — Iejoe CEMEHCTBO MYJIBTHUILUIEKCOPOB O]
Ha3BaHueM |ransXpressB obmactu DWDM npennaraercst mmpoxuiit BBIOOp 000py-
JOBaHUS IS MAaruCTPalbHBIX, PETHOHAIBHBIX H TOPOACKUX cereil. Hampu-
Mmep, mozenb MTS2, co3maHHas ajii MarucTpaldbHBIX CETeH OOJBIIONW E€MKOCTU
U OOJBIION MPOIMYCKHOW CIMOCOOHOCTH, crocoOHa mepenats A0 640 xaHaloB Mo
2,5T'6ut/c Ha paccrosaue cBbire 1000km.

Kommanus Huawei Technologies nnsi npuMeHeHHss Ha MarucTpaibHBIX
ceTsix paspaboraino cemerictBo OptiX, kyaa Bxoaut odopynosanne DWDM na 16/32
KaHaJa.

Komnanuss NEC coBmecTHO ¢ MOJAMOCKOBHBIM 3aBOJIOM HAy4yHOI'O MPHOOpPO-
ctpoernss PAH paspabotano cucremy SpectralWave 40/8Gipenna3HadeHHy 0 11
peanm3anyyi MarucTPaIbHOTO y3I1a, CIIOCOOHOTO 00eCIeYnTh TMOKYIO U MO3TAIHYIO
opranm3anuio cucrembl DWDM. Cucrema SpectralWave 40/80061amaeT npomyck-
HOM criocoOoHocThIO 10 400I6uT/c.
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Kommanuss ECl Telecom BeimycTina cepuro yHHBEPCATBHBIX MYJIbTHILIEKCO-
poB XDM, B koTOpOM Ha OJIHOH M1aT(opMe UHTETPUPOBAHBI (DYHKIIMH MYJIbTHILICK-
cupoBanus DWDM, kpocc-kommyTariuu, Mapuipytuzaropa |P, kommyratopa ATM u
MynbTHILIEKCOpOoB SDH.

1.5.1. O6opyanoBauue «Ilyck»

Oo6opynoBanne DWDM «Ilyck» npeaHazHa4eHo IS OPraHu3aiK B OJTHOM OII-
tuaeckoM BosiokHe tuna G.652, G.6541 G.65510 160 onTtryecknx KaHAJIOB B JIHA-
na3oHe e BoaH 1530-1605aM ¢ BO3MOKHOCTBIO
nepeiayu B KaKJIOM ONTHYSCKOM KaHajie IU(GPOBBIX
curHajgoB co ckopocteio ot 0,1 no 2,5 I'out/c (10
['6uTt/c), mpomyckHas criocooHocth — 10 4001°0ut/c

%"‘*‘u u;

| l "[ I ' . B OJHOM ONTHYECKOM BOJIOKHE. B o00opynoBaHuu
' 3 MPEAYCMOTPEHA BO3MOYKHOCTh aBTOMATUYECKOTO Te-
Trerrr v B CTUPOBAaHUSA OTHAEJIBHBIX DJJIEMEHTOB W Y3JI0B JUIA

JJJJJJJJ 8 onpenenenns (HYHKIMOHMPOBAHUS ammaparypbl 0Oe3
N | nepepbiBa cBsizu. OO0pyIOBaHUE KOHTPOJIUPYETCS U

VOPABIAETCS C TIOMOIINBI0 BCTPOCHHBIX MHKPO-
KOHTPOJUIEPOB U CHEIUAITU3UPOBAHHOTO MPOTPaAMM-
Horo ooOecnedyeHnusi Bepcun WII-1.5. AnmapartHo-
NPOrpaMMHBIA KOMIUIEKC UMEET CThIKM C padouei
CTaHIMEN U MECTHBIM TEPMHHAJIOM CUCTEMBbI TEXHU-
YEeCKOro oOcCiyxkuBaHus. Bo3MoxkHa peanuzanus
y4acTKOB 00Jbmoi mpotsokeHHoctd (10 1500 km)
0e3 perenepanuu MUppoBeIX curdHanoB. O6opyaoBa-
Hue «[lyck» mo3BOMSIET OCYIIECTBISATh THOKOE KOH-
burypupoBaHUE ONTUYECKUX CETEH, BKIOYAS CETH
Ethernet, IP, ATM,kabeapHoro teneBuaeHus. Jlus
KOHTPOJISI U YIPABJICHUS, a TaKXKE JJI OPTaHU3aIIN
CITyXK€OHOW CBSI3U, MCMOJL3YETCS BBIICICHHBIN OIl-
trdeckuii kaHait. O6opynoBanne «llyck» mpenHa3HadueHO Ui MPUMEHEHUS Ha pas-
JIMYHBIX y4acTKax B3anMoyBsa3aHHOM ceTu cBsi3u Poccun: MarucrpanbHas IepBUYHAS
CEeTh, BHYTPU30HOBBIC MIEPBUYHBIE CETH, MECTHBIEC IEPBUYHBIEC CETH, ONITUYECKUE CETU
JoCTyna.

B tabn. 1.6—1.8npuBeneHsl mapaMeTphbl ONTUYECKUX TEPMHUHAIBHBIX JIEMYJIb-
TUIUIEKCOPOB, MYJIbTUILUIEKCOPOB BBOJA/BHIBO/IA M JIMHEHHBIX YCUIIUTENICH 000pyI0-
Banust DWDM «Ilyck».

Tabomuna 1.6
[TapaMeTpsl ONTHYECKUX TEPMUHAILHBIX JEMYJIBTUILIEKCOPOB
HaunmenoBanue
3HauyeHHE [MapaMeTPOB
napaMeTpoB
KommuecTBo

8 16 40 80 160
ONTHUYECKUX KAHAJIOB

Paccrosiane Mexcay ontiue- | 200| 200 ] 100 100| 50 | 50 | 100] 100 | 50
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ckuMHU Ka"aimamu, I'T'1g

OTKII0OHEHHUE TICHTPATLHOMN
YaCTOTHI OIITHYECKOTO
KaHaia, e 6osee, ['T11

+3,0

BHocumoe 3atyxanue,He

ooiee, nb

6,0

7,5

12,0

14,0

16,0

[[Inpuna no-
JIOCBI OIITH-
YECKOro Ka-
Haja Ha
YpOBHE

-3 1b, He
MmeHee, [T

50,0

25,0

50,0

25,0

—-201b, "e
meHee, ['T1g

80,0

40,0

80,0

40,0

HOJ'IHpI/IBaHI/IOHHO-
3aBUCHUMBIC IIOTCPH, HC 0o-

nee, 1b

0,5

[Iepexonnas momexa ot
CMEXHOTO ONTHUYECKOIo Ka-
Haja, He ooee, nb

- 30,0

KymynaruBHas nepexoaHas
noMexa Mpu MakCUMallbHOM
YUCIIe JEUCTBYIONIUX ONTH-
YyeCKHUX KaHaJIOB, He 0oJee,

nb

-25,0

KoaddunmeHt orpakenus
OT BXO/a, He MeHee, 1b

3aTyxaHue OTpaXECHUs Ha
BBIXOJIe, HE Ooutee, nb

30,0

[TapameTpsl ONTHYECKUX MYJIbTHILIEKCOPOB BBoAa/BhiBoja (OMBB)

Tadomuma 1.7

HaunmenoBanue nmapamerpon

3HaueHHE MapaMeTPOB

KonuuecTBO ONTUUECKMX KaHAJIOB

8

16

40

KomnuecTBO 0TBETBIsIEMBIX/ BBOAHMMBIX OIITHYCCKUX

KaHaJoB, He OoJiee

4

8

16

PaccrosiHne mexay ontnyeckumu KaHajgamu, [T

200

200 100

100| 50

Otknonenne I_ICHTpaJinOI;'I 4aCTOThI OIITUYCCKOI'O Ka-

Haja, He ooiee, [T

+5,0

+

3,0

Brocumoe
3aTyXaHue

nb

JUISL OTBETBIIIEMBIX /BBOIMMBIX
ONITUYECKUX KaHAJIOB, HE OoJiee,

6,0

7,5

8,0

[IIupuna

ITOJIOCHI OIITUYCCKOT'O KaHajia

Ha ypOBHE

-3 1b,
He MeHee, [ T11

50,0

25,0

—201b,
He MeHee, ['T11

80,0

40,0
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HOJ'IHpI/IBaHI/IOHHO-SaBI/ICI/IMBIG

norepH, He Gonee, 1b 0,5

HCpCXO,Z[HaH IoMeExa OT CMECKHOTI'O

- 30,0
OIITHUYECKOI0 KaHasa, He Oosee, n1b

KymynstuBHas nmepexoHas nmomMexa mpyu MakCuMaib-
HOM YHCJIE ICUCTBYIOIIMNX ONTUYECKUX KAHAIIOB, HE - 27,0
ooxee, n1b

Koaddunuent orpakenus ot Bxoja,

He MeHee, 1b - 30

1.5.2. O6opyaoBanue OptiX BWS 320G

Ontrueckas cucrema nepemaun OptiX BWS 320G Ha ocHOBE TEXHOJIOTHH
DWDM, paspadorannas Huawei Technologies Company., Ltaeasercst HOBbIM 10-
KOJIeHHeM cucteM ontuyeckoi nepenaun DWDM c BeicokuMm 00beMOM niepenaun Ha

- JUIMHHBIC  PACCTOSIHHSI.

_ ==k SBnssAces  mipencraBUTe-
JeM cepun 00Opy/OBa-

aust OptiX, OptiX BWS
320G ob6mamaer rubKoi
KoHurypauuen, Ccos-
MecTUMOCThI0. CucTema
BWS 320G cnocobna
MYJIbTUILUICEKCUPOBATH
32 [UIMHBI BOJIHBI B OJI-
HOM OTITOBOJIOKHE,
t HampuMmep, TepeaaBaTh

4 32 mecymue ¢ pasimy-
- T _ : HBIMH JIUTMHAMH  BOJIH
KOTOpBIE B CBOIO OYe-

: penp TepeaaroT CUTHA

STM-16 ¢ obmieii mpo-

nyckHol crocoOHocThio 10 80 ['out/c. B HacTosmmii MOMEHT 000pyAOBaHUE CITO-
COOHO MYJBTHILIEKCHPOBATh 10 32 onTryecknx kananoB 10 ['6ut/c (STM-64),c 06-
el ckopocthio niepeaaun 320 'out/c. B cucreme BWS 320Gnpumensiercst o1HO-
CTOPOHHSISI TIepefada MO OJHOMY ONTHYECKOMY BOJIOKHY C BO3MOKHOCTBIO OCY-
IIECTBJICHUS Tepeaadd B 00€ CTOPOHBI C MCIOJB30BAHUEM HAJICKHOW TEXHOJOTUU
MYJIbTUIUIEKCUPOBAHUS /IeMYIbTHILICKCUPOBAHUS JUIMHBI BOJHBI, TEXHOJIOTHN OTITH-
4EeCKOT0 YCHJICHHUS Ha BOJIOKHE, JISTUPOBAHHOM 3pOMEM, TEXHOJOTUHN CTaOMIH3AINN
JUTMHBI BOJIHBI, TEXHOJIOTUM KOMIICHCAIIMU JUCIIEPCUN, TEXHOJOTHH OOBEIMHEHHOM
CHCTEMBI CETEBOTO YIPABICHHUS M TEXHOJOTUM HE3aBUCUMOTO KaHaja YIpaBICHUS U
T.1. TO 000pPYyIOBaHHE MOXKET OBITH TIOCTPOEHO TIO PA3JIMYHBIM TOTIOJOTHSAM, TAaKUX
KaK «TOYKa — TOYKa», ICMb», «KOJbI0», © MOYKET IPUMEHATLCS IS IepeIadn HH-

dopMary Kak 1Mo MarMcTpajibHBIM KaHalaM, TaK U B JIOKAIbHO-BBIYHC-TUTEIbHBIX
cetsx (LAN).

i R T o Febsinay

O ||
I

|
AR AERHIA AR
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B tabn. 1.8-1.9 mpuBeneHsl mapameTphl ONTHUYECKOTO JEMYJIbTHILIEKCOpA

U JIMHEHHOTO yeunuTels obopymoBanus OptiX BWS 320G.

Ta0muma 1.8

HapaMeprI OIITUYCCKOI'o ACMYJIbTHUIIIICKCOPA

Ha3zBanwne napamerpa

32-KaHaJIbHBIN

16«aHanbHBIN

JEMYJIBTHILICKCOP JEMYJIbTUTIIIEKCOP
Pasuecenue xananos, [T 100 100
Buocumeie notepu, nb <10 <7
Koaddunuent orpaxkenus, n1b <-40 <-40
[TonspuzarnmonHsie norepu, 1b <0,5 <0,5
MakcumanbHasi pa3HUIla BXOTHBIX <3 <3
MOTeph KaHana, 1b
—1ab nonoca npornyckanus, HM > 0,2 > 0,2
—20 nb nosioca nponyckanus, HM <14 <14
Tun AWG TOHKOIICHOYHBIH

Ta6muma 1.9

[TapameTpbl IMHENHOIO YCUIIUTENS ONTUYECKOW MOIIHOCTH

H 32Kka”ajJbHas cucTeMa

A3BATHE MapameTpa 8x22 b 5x30 1B 3x33 1B
OO6nacTh yCuieHHUs, HM 1535-1561] 1535-1561 1535-1561
Koaddunment myma (NF), nb <55 <55 <55
Bxoanas otpaxaTenpHas criocoo- <_30 <_30 <_30
HOCTb, 1b
MaxkcuManbHast MOII[HOCTb Ha BbI- 20 20 20
xonue, 1bm
Bpemst peakiyiyi CHCTEMBbI YCHIICHHSI <10 <10 <10
IIPH BBO/IE/BBIBOJIC KAHAJIOB, MC
Koaddunment ycunenus, 1b 22 ~ 25 29 ~ 32 32 ~35
HepaBHomepHocts AUX, nb <2 <2 <2
BenmnunHa nonspru3alimoHHON _ _ _
JTUCTIEPCHH, TIC
[Tonsipuzarnmonnsie norepu, nb <0,5 <0,5 <0,5

1.5.3. ObopymoBanue Spectral Wave 40/80 DWDM

System (NEC)
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Cucrema SpectralWave 40/8pPa3paborana mis pea-
JU3allMd MarucTpajbHOTO Y3JIa, CIOCOOHOTO OOECHEYHThH
rMOKYI0 U TIOATanHyK opraHuzaiuio cuctembl DWDM.,
Cucrema SpectralWave 40/806yagaeT npomycKHO# Cro-
I cooHocthio 10 800I'6ut/c. OHa nmoaaepkuBaet a0 40 miuH
'| BOJIH B iojioce C 1 o0ecreurBaeT OTKPBITBIN HHTEpdelc B
[t L [ .|'.‘r 1 10001 koMOuHarmu curtaioB STM-64, STM-16, STM-4,

Hﬂ . STM-1wu 100 Mowur/c ~ 1,25I'6ut/c. Murpanus ot 40 o
VRS S8 | 80 mmH BOJIH MOXET JIETKO OCYIIECTBISATHCA B paboTaro-

l o
1 "" A ;)I et cucteMe oobeauuenueM mojoc C u L. DTH 0coOeHHO-
|
— KOIIOJIOCHBIE CETH JUISl IIPEOCTABIEHUS IUPOKOTO CIEKTPa
:.' -am _&q .. _-:.

i
! H!Furﬂd- 'I-_Ill'ﬂ"ll-'l":

Sl SRLLL L LRY Rl oA

CTH TIO3BOJISIFOT OPTaHNW30BhIBATH MYJIbTUCEPBUCHBIC IIIHPO-
|| pacTymmux NOTPeOHOCTEH, Takux Kak Oosiee CKOpOCTHas
| mepemava rojoca, JAaHHBIX, BUJEO- M JPYTUX BHUIOB HH-
dopmaruu oxHoBpemenHo. Cucrema SpectralWave 40/80
KoHTposnpyetcs cuctemoit yrpasienuss INC-100MS npo-
m3BojctBa NEC, koTopast siBlisieTcsi HHTETPUPOBAHHOM CH-

cTeMoi ympaBieHus st odopynoBanus WDM u SDH
dbupmer NEC.

Tabmuma 1.10
[TapameTphl ONTHYECKOTO JEMYJIbTUIIIICKCOPA

40«aHanbHbBIN 40«aHaIbHBIN
Ha3zBanwne napamerpa
MYJIBTHTIEKCOP JEMYJIBTUTIIIEKCOP
Pasnecenue xananos, [T 100 100
Brocumsie otepu, 1b 14+/-0,5 7+/-0,5
JlnanaszoH IJIMH BOJIH, HM 1530.33 - 1562.23| 1530.33 - 1562.23
Tum AWG AWG
Tabmuma 1.9
[TapameTpbl TMHEHHOTO YCUIUTEIS ONITHYECKONH MOIITHOCTH
80«ananpHas cucremMa
Hazpanme nmapamerpa 30/33ab s 22/2515 ans | 30/33nb nns
cabens SME Kabest Kabest
. NZDSF NZDSF
OO6nacTp ycuiaeHUs, HM 1530-1562.5| 1530-1562.5| 1530-1562.5
Koadpumnument mryma (NF), nb < 7.0 (30nb) |<8.5(221b) <7
< 6.3 (331b) | <7.5 (251b)
MakcuMaibHass MOIITHOCTD Ha 21 17 19
BBEIXOJ€E, 1bM
Koaddunment ycunenus, 1b 28 27 30
Hepasnomepnocts AUYX, nb <2 <2 <2
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BenmnunHa nonspru3alinoHHON
JMCTIEPCHUH, TIC

[Tonsipuzarnmonnsie norepu, nb <0,5 <0,5 <0,5

1.5.4. ObopyaoBauue Alcatel 1640WM (Alcatel)

MynbsTHILIIEKCOp € pasaenenueM mo aauHam BonH Alcatel 1640WM (WM —
Wavelength Multiplexeryipencrasnser coboit macmTabupyeMoe rHOKoe pelieHHe
WDM nsis co3aaHusi ONTUYECKUX CETEH CBEPXOO0JIBIION MPOMYCKHON CIIOCOOHOCTH U
NPOTSHKEHHOCTH ¢ opranu3anueit 1o 80,a B
nepcrektuBe — 10 240 onTuueckux KaHa-
noB. JlamHas cucrema paspaboTaHa s
YIOBJICTBOPCHUS PACTYIIMX NOTpeOHOCTEH
B OonpiieM u Oojiee TMOKOM Juama3oHe U
SIBIIICTCS. WJCAILHBIM CPEIACTBOM JUISL CO-
3JIaHUS ONTUYCCKUX TEPMHUHAIBHBIX MYJIb-
TUIUIEKCOPOB, SIBIISIOLINXCS YaCThIO CETeH C
L] 8 TOTIOJIOTHEH «TOYKa — TOYKa» M OINTHYE-
CKUX  MYJIBTUIUIEKCOPOB  BBOJIa/BBIBOIA
(OADM), mpeaHazHAYEeHHBIX JJISI HCIIOJb-
30BaHUS B CETAX C TOMOJOTHENW «MHOTO TO-
YeK — MHOTO TOYEKY..

EEREEERR
FRREE

Tabmuma 1.9
[TapamMeTpsl TMHEHHOTO YCUITUTES ONITHYECKONH MOIITHOCTH

q 80«ananbHast cucTeMa

a3BaHHE MapaMeTpa 1415 1716 2015
OO6macth ycusieHus, HM 1530-1562 1530-1562 1530-1562
Koadbdunuent myma (NF), nb 5 5 5
MaxkcuManbHast MOIIHOCTDb Ha 14 17 20
BBEIXOJ€E, 1bM
Koaddunment ycunenus, n1b 28 28 38
HepaBHomepHocts AUX, nb <1 <1 <1
BenmnunHa nonsipru3alinoHHON _ _ _
JTUCTIEPCHH, TIC
[Tonsipuzarnmonnsie norepu, nb <0,5 <0,5 <0,5

1.5.5. CpaBHHTEeABHBIE XapaKTEPHCTHKH 000pyAOBaHHUS

B T1a6bn. 1.10 mpencraBieHa cpaBHHUTEIbHAs XapaKTEPUCTHKA ONTUYECKHX

153




MYJIBTHIUIEKCOPOB BBOA/BBIBOMIa paccMoTpeHHBIX Bbie WDM-cucrem.

XapaKTepI/ICTI/IKI/I MYJBbTHUILIICKCOPOB BBOI[a/ BBIBOJA

Tabmuma 1.10

w | ® s ©) &
=~ L¥ e = | x | a2 &R
208 £Q28qg =T |=5329| 553
dupma ~N8 Posod of 8<35| 2o ¢
S, 3 Q_>;(%\é ﬂ‘<—t 80;0 :Og
§ T pEgod S |<gb=| ¥YEE
Pa3necenue 100 _ 50 100 50
KaHayoB, [T
Buocumeie <10 14 _ 5,5 8
rorepu, 1b
Koaddunment < 40 _ _ — 45 - 30
OTpakeHus, nb
[Tosstpuzanmon- <05 _ _ 0,5 0,5
HbIEC IOTEpH, 1b
MakcumanbHas
pa3HUIla BXOJHBIX <3 - - 1 B
ypoBHeH, 1b
—1nb momnoca >02 _ _ > 0,4 > 0,2
PONYCKaHUs, HM
PONYCKaHUs, HM
Yucno KaHauoB 16/32 16 16 40 40
Tun TOHKO- TOHKO- TOHKO-
TJICHOY- AWG MIJICHOY- AWG TJICHOY-
MYJIBTUILIEKCOPA . = i
HBIN HBIN HBIN

B 1abn. 1.11 nana cpaBHHUTENbHAs XapaKTEPUCTHKA TEPMHUHAIBHBIX OINTHYE-
CKUX MYJIbTHILIEKCOPOB.

XapaKTEepUCTUKU TEPMUHAIBHBIX MYJIbTUIUIEKCOPOB

Tabmuma 1.11

x008 Eeg=5d o4 3
= o & PN = QK a @
Drpz SENEESezZE 255
Buocumeie notepu, 1b <17 14 12
Kosddunument orpakenus, n1b <-40 — -30
[longpuzanmonnsie norepu, b <0.5 - 0,5
MakcumanbHas pa3HUIla BXOTHBIX <3 - -
ypoBHEH, ab

O6acTh TPO3PAYHOCTH, HM 1530-1570 | 1530 - 1562 -
Uucno kaHanoB 32 16 40
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| Tun MybTHIDIEKCOPA

| AWG |

AWG

B Tabn. 1.12 npencraBiieHa CpaBHUTENbHAS XapaKTEPUCTHKA OMTHYECKUX JIU-

HEWHBIX ycwiHuTene paccMoTpeHHbIX Boilie WDM-cuctem nepegaum.

XapakTEepUCTUKN ONTHYECKUX JIMHEUHBIX YCUIIUTENEN

Tabmuma 1.12

() [ Ty -~
N 32 0 s - = %
= 23 =22 |23 T E
dupma < = = CO0g |o8 e
2o E Sog | Y= <
5833 | gag |8< =y
> SN eR=
Yuciio kaHaJIOB 32 40 80 —
Jlnamna3oH MOIIHOCTH Ha . ] _ ap
sxoe, 1B -30+-13 | -22,5-2,5 36+ +10
Koaddumument myma (NF), B
B <55 6—7 5 7
MaxkcuMaibHasi MOITHOCTb
12 BBIXOE, 1BM 20 8-21 28 3,5-27
Kospduuuent 32-35 30-33 20 15-30
ycusienus, 1b
Hepasnomepnocts AUX, n1b <2 <2 <1 2
[TonmsapuzanimoHHbIE <05 _ B _
norepu, 1b '
Jlurepartypa

16. TIpoektupoBanue BOCII-WDM/ CnpaBounuk..- Hoocubupck: Cubl'VYTH,
2005. PrexrponHsIit pecypc].

17. Alcatel-Lucent 1696 Metrospan (Metro WDMD)ifekrpounsiii pecypc]. — Pe-
*um noctyna . http://www1l.alcatel-lucent.com.

18. WaveStar® OLS 1.6T, Lucent's core DWDM systémekrponnsiii pecypc]. —
Pexxum nocryna: http://www.alcatel-lucent.com/wps/portal/products

19. Nortel's Wavelength Division Multiplexer (WDM) Péotio [DaexTponublii pe-
cypc]. — Pexxum nocryma: http://products.nortel.com.

20. Oo6opynoBanue onrudeckoit nepenaun OptiX [DnexTpoHHEIH pecypc]. — Pexxnm
nocryma : http://www.huawei.ru/products/catalog/optix

21. SpectralWave 40/80. Overview Djfextponnsiii pecypc]. — Pexxum nmoctyma:

http://www.nec.co.uk/Spectral_Wave 4080.aspx

22. EClI Telecom TechnologiesDfiektponnsiii pecypc]. — Pexum moctyma:
http://www.eci-telecom.com .
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CIIHCOK OCHOBHBIX COKpAallleHHH H 0003HaYeHHH

AWG — maccuB (ha3upyromnmx BOJTHOBOIOB
DRA — pacnpeneneHHblid paMaHOBCKHI YCUIIUTEIb
DWDM — ymIOoTHEHHOE CHEKTPATbHOE MYJIbTHILUIEKCUPOBAHUE
EDFA — ycunurens Ha BOJIOKHE, JJIETUPOBAHHBIM 3pOHeM
EDTFA — ycunurens Ha TETypUTOBOM BOJIOKHE, JIETUPOBAHHOM 3pOueM
FP — pesonatop ®abpu — Ilepo
LOA — nuHelHbIH ONTUYECKUN YCHIIUTENb
LRA — nuckpeTHBIN paMaHOBCKUN YCUITUTEh
MZ| — unTtepdepomerp Maxa-llenaepa
OADM — onrtryeckuii MyJIbTHILIEKCOP BBO1a/BBIBOIA
OD — onrtuyeckuil 1eMyIbTUILIEKCOP
OM — onTUYeCcKuil MyJIbTUILIEKCOP
OTM — onTuueckuil TEpMUHATIBHBIA MYJIBTUILIECOD
OP — onTuueckuil TpakT
WDM — cnektpanbHOE MyJIbTUILUIEKCUPOBAHUE
BOCII — BOJOKOHHO-ONTHYECKAsl CUCTEMA NIEpPENAYN
L — TommmMHa NepuoOANYECKON CTPYKTYPHI
A — nepuoJ Ccle0BaHUS CI0EB
6 — HakJI0H GUIBTPOB
A — JUIMHA BOJIHBI
€ — IUPIEKTpUYECKas MPOHUIIAEMOCTb
K — BOJIHOBO# BEKTOp
K(A) — mocrositHHas CBSI3U MO/
AB(L) — da3oBoe paccoriiacoBaHue
|max — MakKCHUMaJIbHOE OTPa’KEHUE OT TOHKOIUJICHOYHOTO (hUiIbTpa
An — pa3HOCTb NOKa3aTesIel NPETOMIICHUS
Pmax — MakcuManbHas mepexoaHast momexa
|(A\) — ammaparnas ¢yukuus ¢pmistpa @adpu-Ilepo
AAgsg — CBOOOJTHBIN CIIEKTPAIBHBIN JUATIA30H AEMYILTUILIIEKCOPA
Li — anunHa pe3oHaTopa
Ty — nmepuon anmapatHo QyHKIUN
R — koa¢ddunment orpaxkenus
ALy — KaHaIbHBIA UHTEPBAJ IEMYJIbTUILIIEKCOpA
Nomax — MAKCHUMaJbHO JOCTHKUMAs TUPpakimoHHas 3pHeKTUBHOCTD
Ti — BXOJHBIE/BBIXOHBIC TIOPTHI MYJILTUILICKCOPA
fi, — BXomHOIM cursai
f°®"' — BbIXOmHO! cHTHAN
[Ti] — marpuma nepempaun
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