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OBILIHNE YKA3ZAHUA

3ajaHue Ha KOHTPOJIBHYIO paboTy COCTaBICHO B COOTBETCTBUM C JCHCTBYIO-
et padodeit mporpaMmMoi.

KoHTposibHasg paboTa COCTOUT M3 JBYX 3ajad, MOCBAIICHHBIX COBPEMCHHBIM
METO/IaM U TEXHOJIOTUSM HM3MCPEHUH B BOJIOKOHHO-ONTHYECKUX CUCTEMAaX CBSI3H.
BapuaHTbl MCXOAHBIX AAHHBIX K 33/ladaM CTYJIEHT BBIOMPAET IO JBYM IOCIICIHUM
mudpam cBoero yueobHoro mudpa.

K BLINONHEHHIO KOHTPOJIBHOW pabOThl PEKOMEHIYeTCs MPHUCTYNaTh MOCIe
WU3YUYEHUS TEOPETUUYECKON YaCTH Kypca B IEJIOM U MOAPOOHOTO M3YUCHHsS Pa3/elioB,
PCKOMCH/IOBAaHHBIX B 3ajadax. [Ipy BBINOJIHGHMM KOHTPOJILHOW pPabOTHI ClIEIyeT
MPUBECTH HMCXOJHBIE JaHHBIC ISl KaKIOW 3aayd B COOTBETCTBHH C BapHAHTOM,
KpaTKHE TMOSICHCHHSI, PACUCTHI U CXEMBI, MPCyCMOTPCHHBIC METOJAMYCCKUMH yKa3a-
HUsMU. Bce cXeMpl JI0JDKHBI OBITh BBIIIOJIHCHBI B rpadidecKkux peaakropax. Pesyis-
TaThl PACYCTOB MPECTABISAIOTCS B TaOMMYHON (OpMeE, B COOTBETCTBHU C METOIHUUE-
CKMMH YKAa3aHUSAMH.

OdopmneHre KOHTPOJIBHON pabOThl BHIMOJHAETCS HA OJTHOM CTOPOHE CTaH-
JAPTHBIX JINCTOB A4, ¢ UCIIOJIH30BAHUECM TCKCTOBBIX PEIAKTOPOB, B COOTBETCTBHU C
TpeboBanus 1o odopmiicHUO (14 mpudT, MOIYTOPHBIA MEKCTPOUYHBIN WHTEPBAJ,
noJisi crpaBa — 3 ¢M, cieBa — 3 CM, CBEPXY U CHU3Y — 2 ¢M). JIMCTBI JOJIKHBI OBIThH
COpPOIIIOPOBaHbl W IPOHYMEPOBaHBL. B KOHIIC KOHTPOJIBHOH padOThI HEOOXOIHMO

MPUBECTH CIIUCOK UCIIOIB30BAHHOM JTUTEPATYPHI.



3AJIAYA 1

Onpenenuts cymmapuslie morepu OB nHa DKV, nucnepcuto OB Ha OKYVY.

HcxoaHble JaHHDbIE

Hcxonuble maHHbIe K WHAWBUAYATHLHOMY 3aJaHHIO ONPEIEISIOTCS, COTJIACHO
HOMEpY yueOHoTo Iudpa, CaeayroIuM 00pa3oM.
Jnuna snementapHoro kadenbnoro ydactka (OKVY) BonoKOHHO-ONTUYECKON

munuu nepenayuu (BOJI), Loky:
LgKy =40 + (m+n) , KM,

r€ m W n — NPEANOCIeIHsISA U nocaeaHssa uudpa HoMepa yueoHoro mudpa, COOTBET-
CTBCHHO, a N — COCTABJICHHOC M3 HUX YHCJIO.

PaGouas qyimHa BOIHBI A BEIOMpAETCs, corjiacHo tabiuie 1.1.

Tabmuna 1.1
A, HM
m — 4YETHOE 1310
m — HEYETHOE 1550

MOoITHOCTh CHTHAJIa Ha BBIXO/C HCTOYHUKA ONTHYCCKOTO U3IIYYCHHUS (OJHOMO-
JOBBIN JazepHblil Auon), Po:
Py=1+0,1 - n, MBr

[lupuHa criekTpa U3ITydeH!s OTHOMOAOBOTO Ja3epHOT0 AHOAa, AL
Ak =10,1 - (3+|m —nl|), am

Ecnn m = n, TO npu ONpeAcneHUH IUPUHBI CIEKTPa HU3IYHYECHUs JIA3€PHOTO
JIMO0J1a TIO BBILIETIPUBE/IEHHON (hopMyie NpUHIThH n = 0.
VY poBeHb YyBCTBUTEIBLHOCTH (POTOMPHUEMHHUKA ONITUYECKOW CHCTEMBbI Mepeadu

(OCID), pr:



pr=-—34+22 n,nb

XapakTepuCTUKH CTaHIApTHOTO OJHOMOJOBOIO ONTHYECKOro BoJokHa Corn-

ing SMF-28 co ctynen4yaTsiM mpoduieM Imokazaress npemomicHus ((G.652) npuse-

nennl B Tabmuie 1.2.

Tabmuma 1.2
[TapameTp En. uzm. | 3nadenue
3atyxanue Ha A = 1310 um, o nb/km 0,34
3aryxanue Ha A = 1550 HM, o nb/xm 0,204
JInuna BOJMHBI HYJIEBOM TUCOEPCHH, Ay HM 1302-1321
[TapameTp HaKIOHA CIEKTPATBHOU XapaKTEPUCTUKH TUC- ne
nepcur OB B Touke HyJNeBOU AMCIIEPCHH, Sy HM - KM 0,090
Tapamerp [IMJ] OB, PMD J% 0,1
YpoBeHs 1udpoBoii nepapxun onpeeisieTes coriacHo radumue 1.3.
Tabmuua 1.3
A, HM
m — Y€THOE, N — YCTHOC E3 PDH
m — YE€THOE;, N — HEYETHOE SDH STM-1
m — HEYETHOE; N — YETHOE SDH STM-4
m — HCUCTHOC; N — HCYCTHOC Gigabit Ethernet

[loydeHHBIC HCXOIHBIC JAHHBIC K PACUCTY MPEACTaBUTH B BUjI¢ TaOuIs 1.4.

Tabnuua 1.4 — McxonHbie TaHHBIE K pacueTy

[locnennue nBe udpsl yaebuoro mudpa

I{HI/IHa 2KV LgKy, KM
Pabouast 1ymmHa BOJIHEI A, HM
MOIIHOCTE ONTUYECKOTO U3TYyYEHHUS a3epa Py, MBT
[[IupuHa cnekTpa U3JIyYCHHS Ja3epa AA, HM
YpoBeHb 4yBCTBUTENHHOCTH (DOTOTPUEMHHKA Dr, Ab
Yposens upoBoii nepapxuu




MeToanyeckue ykazanus K 3aaade 1

1.1. Pacuer cymmapubix noreps OB Ha DOKY

Cymmapnsie norepu OB Ha DKY Aoky ckiIagpIBaloTCs W3 COOCTBEHHBIX ITO-
Teph OB, moreps B HepasbeMHBIX cocAMHEHHAX (coenuHeHus OB cTpouTenbHBIX
JUIUH ONTHYEeCKOro kabens B onTuueckux my@rax; Ha npoTsxennsx JDKY BOJIII
BBITIOJIHAIOTCS C TIOMOIIBIO CBAPOUYHOTO anmapara (CBapHbIC COCAMHEHUS)) U MOTEPh
B Pa3beMHBIX COEAMHEHUSX (ONTHYECKHE pPa3beMbl HA OKOHEUYHBIX YCTpPOMCTBaxX —

ONTHYECKHE KPOCCHI, & TAKXKE ONTHYECKHE TPHEMO/TIEPEIAIOIIHE MOTYIIH ):
Ay =0 - Loxy + Autap - N, , b, (1.1)

raec o — koaddunueHr 3aryxanus OB na paboueit jymHe BoaHBI A (Tabn. 1.2 );

Lrgy — 3aj1anHas mpoTsiKeHHOCTh DKV

Ay — MaKCUMaJIbHOE 3HaYEHUE TOTEPb B HEPAZBEMHBIX COSIUHEHUSIX;

p — IOTEPHU B Pa3bEMHBIX COCIMHEHUSX;

N, — KOIM4eCTBO pa3beMHBIX coeauHenul Ha OKYVY.

Jnst onpeneneHuss MaKCHMallbHOTO 3HAUEHUS MOTEPh B HEPA3BEMHBIX COE/IH-
HCHUSX, CHayaja HEOOXOJMMO OMPECICIUTh KOJIUYCCTBO HCPA3bEMHBIX COCIHHCHUM
Ny o hopmyie:

N = Logy —1

H
Loy

, (1.2)

rae Lcyg— CTpouTenbHas AJIMHA ONTHYECKOTO Kabens, Ly = 4 KM.
MaxkcuMaJIbHO IOIIyCTUMBIC IIOTEPH B HEPA3bEMHBIX COCIMHCHUAX IS PA3HBIX

3HAYCHHUN PAabOYMX JIJTMH BOJIHBI A OTIPEICIIOTCS 110 Tadnuie 1.5.

Tabmuma 1.5
MakcumanbHO JOMYCTUMBIE TTOTEPH
JIIMHA BOJHBIL A, HM B HEPa3bEMHBIX COCTMHEHHUSIX
100% coenvHeHuH, ay, nb 50% coenuHeHul «,
1310 0,20 0,10
1550 0,10 0,05




Takum 00pazom, Kak BUAHO U3 TabmuIpl 1.5, obliee 3aTyxaHue, BHOCHMOE He-

pa3beMHBIMU COETMHEHUSIMU, ONIPEAETUTCA 10 (POpMYJIE:

]\;’-aH,I{B (1.3)

B paccMarpuBaeMoii BOTOKOHHO-ONTHYECKOM CETH CBSI3H MPEAINOJIAraeTcsl, 4YTo
B KaueCTBE ONTUYECKUX PA3bEMOB HCIOIL3YIOTCS HanOoJIee TOIMYISIPHBIE Pa3bheMbl
tuna FC/PC, BHOcUMoOE 3aTyxaHHE KOTOPBIX cocTaBisieT a, = 0,5 nb. KomnuectBo
pa3zbeMHBIX coequHeHUH N, = 4, o 2 pa3beMa Ha Ipueme U Ha nepenade (1 Ha onrtu-
YECKOM Kpocce U | Ha IpueMoliepeIaloieM MOJYJIe ONTHYECKOM CUCTEMBI IIepeia-

4u).
1.2 Pacuer aucnepcun OB na DOKY

Hucniepcueit OB Ha3bIBalOT YBEJIMYEHUE JUIMTEILHOCTU OLITUYECKUX UMILYJIb-
coB 1pu ux pacupocrpaHeHuu 1o OB. HeonnHakoBasi CKOpoCTh pacipoCTpaHEHUS
OTHENBHBIX COCTABJISIOIIMX ONTHYECKOIO CHUrHana SIBJISIETCS OCHOBHOW MPUYMHON
nuctiepcuu. OpHomojioBbie ontuyeckue OB xapakrepu3yroTcss XpoMaTHYeCcKOW u
nosisipu3aoHHo MooBoit aucnepcueit (IIMJ1). ducnepcuss OB co3naer nepexo/i-
HbIE TTOMEXH, MPUBOJUT K MEKCHUMBOJIbHBIM UCKAKEHUAM U, KaK CJEJACTBUE, OrpaHU-
YUBACT CKOPOCTH MEPCAAUH B JIMHUHU (JUIMHY PETCHEPAIMOHHOTO YYaCTKA).

JlaHHbIl aKkTOp UCKaXKEHUS YUUTBHIBACTCS MYTEM pacyeTa JOMOJHUTEIbHBIX
noTephb (MPUPAICHUST YPOBHS TIOMEX) HM3-32 IIYMOB MCKCHUMBOJILHOM HHTEp(EpPCH-
iuu (ISI — Intersymbol Interference), koTopsic BKIIFOUAIOT B CeOsI IEPEKPECTHBIC T10-
MEXH W IIyMbl CMHXpoHU3auuu. llorepu m3-3a ISI onpenenstoTcss U3 CIEAYIOLIETO

BBIPAXKCHUS:

1

1—1,425-exp[—1,28-(%ﬂ
TL

a,, =101g , 1b (1.4)



rae Tp — Bpems HapacTanusi (poHTA ONTHYECKOTO MMITYJIbCa Ha BBIXOJE MCTOYHHMKA
ontuyeckoro uanydeHus ot 10% no 90% ero MakcuManabHOroO 3HAYEHUS, HETOCPE -

CTBCHHO CBsA3aHO CO CKOPOCTEBIO IICPCAAYUHN OIITUYICCKOI'O CUI'HAJIA B JINHHUH:

T, = ,C (1.5)

rae By, — CKOpOCTh epeavyn ONTUYECKOrO CUTHAIIA B JTUHHM.
B nanHo# paboTe paccmaTpuBaeTcs NMpHUMEHEHHE OJIOYHOTO JMHEHHOro Kojaa
ontuueckoro curaja MBNB, rie M — 4HciI0 cHMBOJIOB KOJOBOH IIOCJICI0BATCIIE-

HOCTH, a N — 4UHCJIO UMITYJIbCOB, HEOOXOAUMOE JIJIsl TTepeIayuu:

B = B, M6ur/c (1.6)
M

B — ckopocTh nepenaun MHPOPMALIMK, COOTBETCTBYIOIAs 33JaHHOMY YPOBHIO
i poBoil uepapxuu. Tak, Hanpumep, I iepeaadn norokos E1 u E2 nnesnoxpon-
Ho#l uudposoit uepapxuu (PDH) ucnonbsyercsa 6sounsiii tuHeHbId koa 1B2B. Ilo-
Tok E3 PDH cootBerctByer kon 5B6B. Jlng ypoBHEl CHHXpPOHHOW UM(PPOBOI
ucpapxuu (SDH) STM-1 u Benue ycinoBao npuasate 10B11B. lns crarmapra Gigabit
Ethernet (GE) ucnons3yetcsa 6mounstii koa 8B/10B.

T}, — Bpems HapacTaHusi (PPOHTA OITUYECKOTO UMITYJIbCA Ha BBIXOJIE (poTorpu-

emuuka OCII ot 10% 10 90% ero MakcumasibHOI'O 3HAYCHUS:

2
T, = T02+(2’V3V5] +07 ey 5 Cs (1.7)

R

rie BWx—nonoca nponyckanus GoTonpueMHnka, 111
Ooky — MNPOTHO3UPYEMOE CPEIHEKBAJPATHUECKOE 3HAYEHHE AUCIEPCUM Ha
OKY.

[Tomoca mpomyckanusi GoToNpreMHUKA BBIOUpaeTCcs: U3 ycinoBus BWy > Bj.



[IpornosupyemMoe cpeaHEeKBajpaTHUecKoe 3HadeHue aucrnepcun Ha OKVY

ompenensercs no Gopmyie:

Oory :\)Dczh +D}2’MD > G, (18)

tae Dep 1 Dpyp — 3HAUEHUA XPOMATAYECKON M IMOJAPU3AUOHHON MOJOBOW JTUCIIEP-
cum Ha DKV, cooTBETCTBEHHO.
[Ipornosupyemoe 3HaueHHE XpoMaTuueckou aucnepcun D, Ha DKV 3aganHOM

IMPOTAXKCHHOCTH LgKy ONPCACIIACTCA 110 CJ'IGI[YIOHIeﬁ Q)opMyﬂe:
Dch=D - A}L'LQKY,C, (19)

riae  AA— mMpUHA CHEKTPa U3ITyUYCHUS] HCTOYHUKA (MCXO/THBIC JIAHHBIC);
D — ko3 dpHuIHEeHT XpOMaTHUECKON OMCIEPCHUU HA 3aJaHHON paboyei IiIuHe

BOJIHBI A

D:i-{l ﬂ, ne (1.10)

4 _? HM KM

So — mapaMeTp HakJIOHA CIEKTPAIBHON XapaKTEepUCTUKHU aucniepcnn OB B TOU-

K€ HYJIEBOU JUCIEPCUH, —

HM KM
Ao — JJIMHA BOJIHBI HYJIEBOW AUCIEPCUU, HM.

ITpornosupyemoe 3Hauenue [IM/] nHa DKV 3a1aHHON NPOTSKEHHOCTH:

Dy =PMD- L, , C (1.11)

rane PMD — napametp 1IM/] BookHa, R
N KM

[lapameTpsl Sy, Ao u PMD BeiOuparotcst u3 tadn. 2.2. [Ipu pacuere kodpdunu-
€HTa XpOMATUYECKOW NUCIEPCUH, IS JUIMHBI BOAHBL 1310 HM NpPUHATE MUHUMAIb-

HOE 3HAYE€HUE JIJIMHBI BOJIHBI HYJIEBOW JUCHEPCUM, & NI IJMHBI BOJHBI 1550 HM —

MAaKCUMAJBHOC.



1.3. BoinojiHeHUE 3alaHUuA

B cootBercTBHE c 11. 1.1 MCTOOUYICCKHNX yKa3aHHﬁ, BBIYUCIIMTC CYMMAPHBIC I10-

Tepu B OB na OKYVY. Cornacuo n. 1.2, paccuutaiire qucnepcuto OB na DKV, nonon-

HHUTCJIBHBIC IIOTCPH, 06YCJIOBJI€HHI>I€ I[HCHCpCI’ICﬁ, a TAKXKC XapPaKTCPUCTHKH HM-

IIYJbCOB HA BBIXOAC HMCTOYHHKA OIITHUYCCKOT'O H3JIYUCHHA IICPCHAIOMICTO MOIVYIIA

BOJIII u Beixoae ¢oronpuemnrka npuemuoro moaynst BOJIII ans ckopocreit mepe-

naun PDH E3, SDH STM-1 u STM-4, a taxxke Gigabit Ethernet (cM. Tabiuiy 1.3).

Pe3ynbrathl pacuera npencraBbTe B BUAe Ta0mubl 1.5.

Tabmuua 1.5.
[Tapamertp En. uzm. E3 STM-1 STM-4 GE

B Mo6ut/c

By Mobwut/c
T0s Tnc
T ¢
SL 1ic
T Tic
Den 1
Drnvp e
OoKy nc
Qust nb




3AJJAYA 2
[lepen BbIMOIHEHHEM 337a4H HEOOXOAUMO MOAPOOHO M3YUUTH MPUHIUMNBI U3~
MEPEHUS MTapaMeTpOB OLINOOK MU(PPOBBIX CUCTEM IIEpeIaul, METOJAUKY U3MEPCHHUS C
MPUMEHEHUEM TJIa3-AuarpamMm, MPUHIUIEI IOCTPOSHUS TJIa3KOBBIX AHArpaMm, U3Me-
peHUE mapaMeTpoB HUGPOBBIX CUCTEM IIEpeIayu Mo IM1a3KoBoU Tuarpamme. Matepu-

aJIbl HaXoJsATCs B 5,6 paznenax yueOHOIo Mmocoousl.

2.1 Pacuer rias-gmarpamMmmabl

MeTton pacueTa BEpOSTHOCTH OLUMOKH pereHeparopa IUisl ONpeeeHHs Kade-
CTBA II€pEain HE YUUTHIBACT P/l BIHUSIOIINX (PaKTOPOB:

- IIyMBI, 00YCIIOBJIEHHbIE AUCIEPCHOHHBIMU siBIeHUSAMU B OB, 4acTOTHBIMU U
(da3zoBbIMH HUCKaKeHUsIMH, BHOCUMbIMH 3emMeHTamu OJIT, T. e. uHTepdepeHunon-
HBIC WJIM MEKCHUMBOJIBHBIC IIOMCXH;

- IOTPEIIHOCTh pabOThl yCTPOUCTB BBIACIEHNUS TAKTOBOM YaCTOTHI;

- KOPPEKTHPYIOIIYIO CIIOCOOHOCTh pEereHepaTopa.

Y 100HBIM TSl NPAKTUKH SIBISIETCS] ONPENETIEHUE BEPOSTHOCTH OLIMOKHU € T0-
MOILIBEO DKCIIEPUMEHTAIBHOTO MeTo1a ria3-auarpaMm (I'21), y4UTBIBArOIIMX BIUSHHUE
Bcex (pakTOpPOB Ha KauecTBO Iepedadd. lJas-guarpamMma IpejacraBisieT co0oi pe-
3yJbTaT MHOTOKPATHOI'O HAJOKEHUS OUTOBBIX TMOCIEN0BATEILHOCTEH C BBIXOAA Te-
Hepatopa 1ceaocinydaiiHoit mocneaosarenbHocTH (IICIT), oroOpaxaembiii Ha
JKpaHe ocuusuiorpada B BUAE AMArpaMMbl paclpeaeieHuss aMILUTMTYIbl CUTHaNA 10
BpeMeHH. [[1s1 CHHXpOHU3alMKN ocIuTorpada UCIoIb3YIOTCS KOJeOaHUsl TaKTOBOU
4acTOThl, 4 HA JPYIOM BXOJ IIOAACTCA CIIydalHas I10CICI0BATCIIBHOCTh UMITYJIBCOB,
noctynawiuas Ha Bxox YP. Ilepuoa pa3sepTku BeIOMpaEeTCss paBHBIM OT OJHOTO 0
HECKOJIBKHX TAKTOBBIX HHTEPBAJIOB ITOCIECA0BATEIBHOCTH.

[Ipumep rnaz-guarpaMmmbl IpeACTaBIEH Ha puc. 2.1.
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ONTHYECKOTO (DUIbTpa COCTaBIs He MeHee 2 1b. B aToMm ciydae BeITIONHSAETCS Clie-

AyIOIee YCIOBHE MO OTHOIICHUIO CUTHAJ/IIYM:

OSNR = 20-12(Oror)+ 2, 1B, (2.13)

rae OSNR — ontuyeckoe oTHomenue curuain/mym (Optical Signal-to-Noise Ratio);

Quon — HOMUHAJIBHOE 3HaUCHUE (J-paKkTopa, COOTBETCTBYIONIECTO HOPMUPOBAH-
HOMY KO3 GUITHEeHTy OMTUO0K BER 0 .

CortacHo oIpe/eICHUI0, YPOBEHb YyBCTBUTEIBHOCTH PoTonpuemuuka OCII —
3TO MUHUMAJIBHOE 3HAYCHUC YPOBHSA MOIIHOCTH ONTHYCCKOTO M3My4YCHUS B TOUKE
HOPMHPOBAHHUS ONTHYECKOTO TPAKTa Ha pHUEMe, MPU KOTOPBIX 00eCcTIeunBaeTcs Tpe-
OyeMoe KadecTBO nepeaadyn nudpoBoro ontuyeckoro curaana. C yuerom BhINICCKa-
3aHHOTO, a TaKXE UCIMOb3ys yciaoBue (2.13), MakCUMalbHBIA YPOBEHb MOIIHOCTH

yma (POTONMPUEMHHUKA Proise MOKHO OLIEHUTH 1O (hopMyIie:

Proise = PR — 201g(QH0M) -2 ) HB 5 (2 14)

rJIc PR — YPOBCHb UyBCTBUTCIBHOCTH (DOTOPUEMHHUKA, JIb;
Prnoise — YPOBEHB IlIyMa (QOTONpUEMHUKA, 1b.
HomuHanbsHbie 3HaueHust (J-pakTtopa U COOTBETCTBYIOLIHE MM HOPMHUPOBAH-

HbI¢ K03(pduimeHTs ommod0K BER,0, IPEACTABICHBI B TAOHIIE 2.5.

Tabmuua 2.5.
BER o 107 10-1 10! 1072
Oron 5,99 6,63 6,71 7,04
Cranupapr E3 STM-1 STM-4

O4eBUHO, YyBCTBUTEIHLHOCTH (DOTOMPUEMHHKA W MOIITHOCTD IIIyMa PACCUYHUTHI-

BACTCHA KaK:
— 0’1'pR — Oﬂl'pnoise
PR =10 ) MBT Bmise =10 ) MBT
[TocTpoeHue TIa3-guarpaMMbl OCYIICCTBIISCTCS MyTeM HAJOKEHHUS OTKIIMKA
CHUCTEMBI B MPEIIOJNIOKCHUN TayccoBOM (hOpPMBI MMITYJIbCA HA Tepeaaqy «H30JIUpO-

12



BAHHOT0» JIOrMYeCKOro «0» B MOCIEAOBATENBHOCTH JOrMueckux «1» (Hampumep,

koMmOuHanusa 101 — npu 3-X cUMBOJILHOM MOCJIEIOBATEILHOCTH)

¢+n),1 [
SL\/E +2e”f SL\/E (2.15)

out

PY(t)="P, - 1—%erf

U OTKJIMKA CUCTEMBI Ha Mepeavy «M30JMPOBAHHONY JIOTHUECKOM «1» B mocimenosa-
TEIBHOCTU JoTHuecKux «0» (Hampumep, komOunHamus 010 — npu 3-X CUMBOJIBHOMN

MOCTEA0BATEILHOCTH)

" 1 Tern)] 1 )
Pl t)=P S—erf ——erf , 2.16
¢ t5 s, \/5 > 5, \/5 ( )
rac sy - CpCAHCKBAAPATHICCKAA AJTUTCIbHOCTE IdyCCOBA NMITYJIbCd HA BBIXOAC (I)OTO-
npuemuuka OCII; nanHas BeaMYMHA HENOCPEJACTBEHHO CBs3aHa ¢ T cleayromum

COOTHOIIICHUECM .

S 2.17
256370 (2.17)

T — waTepBa nepeaayr OMTOBOM TOCIICIOBATCIIBHOCTH:

T:Nsymb *Tps 5 G (218)

1€ Neymb — KOJIMUYECTBO CUMBOJIOB OMTOBOII 110CIIEIOBATEIILHOCTH, B JIAHHOM CIly-
4ae NPUHATh Neymp =3;

Tos — JUIMTCIIBHOCTh MMITYJIbca Ha ypoBHE 0,5 OT €ro MakcMMyMa Ha BBIXOJIC
MCTOYHHKA ONTUYECKOTO M3Iy4CHHsI; 0OpaTHO MPOMOPIIMOHANIEHA CKOPOCTH Tepeia-

Y4 CUTHaJjJa B JIMHUU:

=, C (2.19)
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BelmmonHuTe nmocTpoeHue ria3-auarpaMmsl B auanaszone (-27; 27). Ha nua-
rpaMMe YKa)kKHUT€ MOIIHOCTH ITyMa (OTONPHEMHHKA, a TaKKe, MO BO3MOXKHOCTH,
YyBCTBUTEIBHOCTh (POTOIPUEMHUKA (€CIM MOUTHOCTh CUTHANA Ha BbIXOZE (HOTOIpH-
eMHHMKa Pp U 4yBCTBUTENBHOCTH (poTompuemnuka Pr — oxmoro mopsanka). [Ipumep

ITOCTPOCHUA IVIa3-AHarpaMMEBI 110 PC3YIIbTaTaM pPacucTa IIPCACTABJICH HA PHCYHKC 2.2.

0.004
Plout(t)

POout(t)

Pnoise

P 0.002

=308 -210" -1.10° 0 110t 2100 310

Puc. 2.2. IIpumep noctpoeHus ria3-IuarpaMmMbl

2.2. Pacyer mokasarelieil KauecTBa KaHaIa HU(PPOBOM ONTHYCCKOH CH-

CTEMBI IHEpeaaImn

®dyHaMEHTAIBHBIM 1I0Ka3aTeJIeM KadecTBa HU(POBBIX CUCTEM NEpeadu sB-
asiercst kKo puuuent ommbok BER. PaboTa nudpoBeix cuctem nepegaum CHUTaeTCs
HOPMAJIBHOM TOJIBKO B TOM ciry4ae, eciii BER He npeBpimaer onpeaeiieHHoe Jomy-
CTUMO€ 3HAYEHUE, COOTBETCTBYIOLIEE UCII0JIB3YEMOMY CETEBOMY CTaHIapTYy.

M3BecTHa MeToauKa olleHKH kodddunmenta ommbok BER Ha ocHoBe onpese-
nennst Q-daxropa. Q-pakTop — 3TO MapaMeTp, KOTOPHI HENOCPEACTBEHHO OTPaXKaeT
kauecTBo curHana ugposoi CII. CyiiecTByeT onpeseneHHas pyHKIMOHAIbHAS 3a-
BUCUMOCTh QQ-(hakTopa cuUrHasia u usMmepsemoro kodddunuenta ommbdok BER. Q-
dakTop OnpeAeNseTcs MyTeM CTAaTUCTUYECKONH 0oOpabOTKHM pe3yibTaTOB M3MEPCHUS
aMIUIUTYJIBI 1 (a3bl CUTHajla Ha J3JEKTPUYECKOM YpOBHE, a UMEHHO — HENOCpe/l-
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PaccuuTaiiTe rpaHrLbl paCKpbIBA I1a3-AHarpaMMBbl (30HBI IPUHATHUS PELLIECHMYS),
COOTBETCTBYIOIIIME MHHHMMAIbHON 3apETUCTPUPOBAHHONW MOIIHOCTH IIPU NEpenade
jaoru4eckol «1» Plmin 1 MAKCHMaIbHOHN 3apEeTrUCTPUPOBAHHON MOITHOCTH IIPH IEepe-

naye Jorudeckoro «0» POpax:

lein = ])z;;,tlz"(ropen) 9 MBT

PO, =P, (,,.), MBT (2.21)

out

Hcxond u3 npeAnoaoKeHns rayccoBa pacnpeieseHusl COCTOSHUN JTOTH4YEeCKON
«1» 1 gorudeckoro «0», onpeIeTuTe XapaKTCPUCTHKH PACIPEICIICHUI COCTOSHUMA —

mateMaThuueckoe oxunanue El1 n EO:

P, P>P

El1=¢" "7 % MBr (2.22)
By B <F

EO=P,,,MBT (2.23)

H CPCAHCKBAAPATUICCKOC OTKIIOHCHHUC G| U Gg, COOTBCTCTBCHHO, BOCIIOJIb30BABIIKCH

IPaBUIIOM «TPH CUTMay:

o = % MBT (2.24)
B0 PO po<po_

%=1 o 2}30 , MBT (2.25)
%, EO>PO__

Q-dakTop paccuuThIBaeTCS MO Cieaywleil hopmye:

_|E1-EQ)

o, +0,

(2.26)

[Ipu stom cam kodddunuent ommbox BER ompenensercs mo crnenyronieit

dbopmye:
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D PN ¢ DU TN B i
BER—zerfc(\/Ej 0on Xp[ ZJ’ (2.27)

erfe(x) = ! Texp[—’g—zjdﬁ (2.28)

Heobxoaumo oTMeTHTh, uTO TIpubIMKeHHas ¢popmyna pacuera BER, cripaBen-
JVBa TIPU 3HAYCHMSIX apryMeHTa erfc OOJbIne 3, MHBIMU CIIOBAMU, TOJIBKO TIPH BHI-

I[NOJIHCHHNH YCJIOBHSL:

Q .3, (2.30)

2.3. Buino1HeHHUe 3a1aHUA

Onpenenure 3HEPreTHYECKUE XAPAKTEPUCTUKN ONTHYECKOIO CUTHAJA, COTJIac-
HO 1. 2.1. Pe3ynprarel pacdyera 3aHeCUTE B BUjAC TaOIUIp 2.1.

[TocTpoiiTe veThipe rnaz-auarpamMmbl B nuanaszone (-27; 27) nng kaxaou u3
3a/JaHHBIX CKOpPOCTEH mepenayu curHajia. Ha nuarpamme ykaXuTe MOIIHOCTH IIyMa
(oTonprEeMHHKA, a TaKXKE, 110 BO3MOXKHOCTH, YYBCTBUTEIBHOCTH (DOTOIPHEMHHMKA
(ecii MOIITHOCTh CHMTHaja Ha BbIXoAe (OTONpUEMHUKA Pr M UyBCTBUTEIBHOCTH (O-
TOIPHUEMHHMKA Pr — 0HOrO nopsaka). Ilpumep nocrpoeHus rias-auarpaMmmsl 10 pe-
3yJibTaTaMm pacuera MpeICTaBiIeH Ha puc. 2.2.

CornacHo METOIMKE M. 2.2, pacCUMTaNTe MTOKA3aTENN Ka4eCTBa KaHAJIa UCCIIe-
ayembix nugpossix OCII 3agaHHbIX cTaHAapTOB. Pe3yibTaThl pacueTa 3aHECUTE B
Tabnuiry 2.2. CpaBHUTE pacCUYMTaHHBIE MO TJa3-AuarpaMmaM KodQ@OUIIMEHTHl ONIu-
00k BER ¢ HOMUHaIbHBIMU AOMYCTUMBIMHU 3HaueHUAMU BER4,y, cooTBEeTCTBYIOIIME

ceTeBbIM cTtanmaptaM. CaemaiTe BBIBOABI O pabOTOCTIOCOOHOCTH KaHAJIOB MCCIETye-

MbIxX OCII.
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Tabmuna 2.1.

[Tapametp En. n3m. E3 STM-1 STM-4 GE
Po nb
Py MBT
pL nb
Py MBT
PR 1b
Pr MBT
Proise nb
Phoise MBT
T Tic
Tabnuua 2.2.
[Tapamerp En. usm. E3 STM-1 STM-4 GE
Topen
Pl
POax
El
EO
01
Go
Q
BER
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