JlabGoparopHas pabora 1

NCCIEAJOBAHUE XAPAKTEPUCTUK CUTHAJIOB
MHOI'OKAHAJIbHOM TEJIE®GOHUHU

1.1. Hean 3ansaTuii
B mporiecce BBIMONHEHUS 3aJaHUH HEOOXOMMO:

° HU3y4YUTb CBOICTBA U XapaKTEPUCTHUKU CUTHAJIOB MHOTI'OKaHaJILHOM TGJ'IC(i)OHI/II/I C 4aCTOTHBIM
pa3aciICHUuEM;

®  MPOBECTHU NMPEABAPUTEIIBHBIC PACUETHI IO MHAUBUAYATbHBIM 3aJaHUSIM;
®  3apHCOBaTh OCHWIJIOTPAMMBbI CUTHAJIOB U U3MEPUTh OCHOBHBIC ITAPAMETPHI;
®  CpPaBHHUTh PACUETHBIC M SKCIIEPUMEHTAIbHBIC JaHHBIC.

1.2. O0mue moHATHSA

COBpCMeHHI)IG CHUCTCMBbI CBA3W NPCAHA3HAYCHBI IJIA ICpCaadn pa3HOO6paSH€I7IHII/IX BUJ0B
COO6H.[€HI/II712 TCJ'IC(bOHHbIX, TenerpachLIX, (1)aKCI/IMI/IJ'IBHBIX, TCJIICBU3UOHHOI'O U 3BYKOBOI'O
BCIIaHHA. B MOCJICAHEC BPEMA 3HAYHUTCIbHO PACIHUPHUIIUCE PA3JIMYHBIC BU/Ibl CUTHAJIOB JAHHBIX,
MMPpEAHAa3HAYCHHBIX IJI CBA3U MCKAY KOMIIBIOTCPpAMU WJIM TCpMUHAJIAMU, AJISI CUCTEM
TCIICCUTHAIIM3AllUH, TCICYIIPABIICHUA U ITPOYCC.

O‘-IGBI/I)IHO, YTO XapaKTECPHUCTHUKU CUCTEM CBA3U BO MHOT'OM OIMPCACIIAIOTCA XapaKTCPUCTUKAMU
nepe1aBacMbIX CUTHAJIOB. B JaHHOM J'Ia60paTOpHOM Kypce yACIs€TCsI BHUMAHNEC B OCHOBHOM
ABYM IrpyiiamM CUTHAJIOB - CUTHaJIaM MHOTOKaHaJbHOU Teﬂe(i)OHI/II/I " TCJICBU3MOHHBIM
curHanaM. Bce octanbHbIe CUTHANIBI B TOM HMJIM HHOM CTEIIEHU MMPOU3BOJAHBI OT 3TUX T'PYIIII.

B MeTonnuecKkux yKa3aHHIX IPUBOISATCS TOIBKO CaMble OOINE CBEICHUS O XapaKTEPUCTUKAX
curHaioB. bosee moapoOHO MOXKHO MO3HAKOMUTRCS B [ 1, ¢. 15-24, 33-37; 2, ¢. 190-195].

YenoBeueckas peub MpeicTaBiseT co00i ciaydaiHblil mporecc ¢ noysocoit yactot ot 80 10
12000 I'y. @opmaHThI, onpenesstone pa30opuuBOCTh PEUU, PACTION0KEHBI, B OCHOBHOM, B
nosioce yactoT 300-3400 I'n. IToaTOMy B 11€NX MOBBIIEHUS YKOHOMUYECKUX IT0KA3aTEIEH
MesxtyHapoiHbIi coro3 31eKTpocBa3u (MCO-T) npuHsi s OTAENbHBIX TeNe()OHHBIX KaHATIOB
TaKyto 3¢ (HEeKTUBHO MEpeaaBaeMyo MMoJIOCY YacToT. [l pa3nIuuHbIX ClIeUaATbHBIX KaHAJIOB
(xaHaJIBI CITy>K€OHOMU CBSA3H, JTOKAJIbHBIE U HEKOTOPbIE BOCHHBIE CHCTEMbI) MOXKET
ucnonb3oBarecs nosuoca 300-2700 I'm.

Kak npaBuio, otenbHble TeaeOHHbIE KaHAIbI 00bEeIMHAIOTCSA B 00U (IPyNIOBOM) CUTHAII,
KOTOPBII U TiepeaeTcs Mo cucteMam cBsizu. Onepanus 00beJUHEHUs! KaHAJIOB HAa3bIBAETCS
YIUIOTHEHHEM, KOTOPOE MOKET ObITh KaK YacCTOTHBIM, TaK U BpeMEHHbIM. B naHHOM
71a0opaTOpHOM Kypce OyaeM u3ydaTb B OCHOBHOM YaCTOTHOE YIUIOTHEHHUE.

[Tpy 9acTOTHOM YIIIOTHEHHH MHOTOKaHAIBHBIA CHTHAIT TIPECTABIISIET COO0H CyMMY
peoOpa30BaHHBIX 110 YACTOTE OTACIBHBIX TeIe(POHHBIX cooOmeHnH. OOIMA TPUHITHIT
YaCTOTHOI'O YIIOTHEHMS TTOKa3aH Ha puc. 1.1.
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3/1ech CUTHAJBI OTACIBHBIX TEIEPOHHBIX KaHAJIOB, 3aHUMAaroIIHe mojocy yactot 0,3-3,4 kI 11,
MOCTYMAIOT Ha aMIUIUTYTHBIE MOYISITOPBI (AM;, AM,, 1 T. 11.), TJi€ MPOBOJUTCS MOTYISIUS
nogHecymux 4actort f,, f.,....,fin. [TogHeCyIMe 4acTOThI OTIMYAIOTCS IPYT OT Apyra Ha
BEJIMYMHY, UCKIIIOYAIONIYI0 BO3MOKHOCTh HAJIOKEHUS CIEKTPOB OTJIEIbHBIX KaHAJIOB JPYT Ha
npyra. OOBIYHO pa3HHILA MO YaCTOTe coCTaBisaeT 4 K[ 1. AMIUTUTYIHBIE MOYJISITOPBI CTPOSITCS
1o 0aJTaHCHOM cXeMe U MO3TOMY CIIEKTPhI CUTHAJIOB Ha BBIXOAaX COJEPKaT TOIbKO OOKOBBIE
MOJIOCHI YaCTOT C MOJaBIeHHOM Hecymeld. OaHa 13 GOKOBBIX MOJIOC KaKIOTO KaHasla
bunbTpyeTcs, ¥ MOTYYCHHBIE CHTHAIB O0BEIUHSIOTCS B OO MHOTOKaHABLHBIN CUTHAIL.
Takum 00pa3om, CTpOSITCS ABEHAIIATUKAHAIBHBIC IEPBUYHBIC TPYIIIEI. J{71s ToTydeHus
0OJBIIET0 KOJTMYECTBA KaHATIOB MIEPBUYHBIE TPYIIIBI 00bETUHSIIOTCS METOJOM YaCTOTHOTO
YVIUIOTHEHUSI BO BTOPUYHBIC MIECTHACCATUKAHAIBHBIE TPYMIBI (5 TIEPBUYHBIX TPYII ), BTOPUIHBIE
rpynmnbl OOBEAUHSIIOTCS B TPETHUHBIE TPEXCOTKAHANBHBIE (5 BTOPUYHBIX TPYIIN) U T. A., 00pa3ys
TPYIIIIOBOM CUTHAJI B THICSYH TesIePOHHBIX cooOmennii. Ha mpreMHOM KOHIIE TMHUU CBS3H
yCTaHaBIIMBAETCS ammapaTypa pas/ieJeHus KaHAJIOB, TJe TeJIe(OHHbIE CUTHAIIBI OTACISIOTCS
buIpTpamMu, IETEKTUPYIOTCS M MOCTYNaroT K aboHeHTaM. CIIeKTp MHOTOKaHAJILHOTO CUTHAJIA
COCTOMT M3 MHOXECTBA TAPMOHUYECKIX COCTABIISIONINX OTACTBHBIX COOOIICHUH, SIBISFOIIUXCSI
HEKOPPEJIMPOBAHHBIMU CITy4aitHbIMH miporieccamu [Ipu uncne kanamoB N > 240 MOKHO CUHMTATH,



YTO MHOT'OKAHAJILHBIM CUTHAII SIBIIACTCS H_IYMOHO,Z[O6HBIM nmponeccom ¢ HOpMaJIbHbIM
(rayCCOBCKHMM) pacmpeesieHueM CydalHbIX BEIMUMH (TaKUM paclpeieieHHeM 001aaaeT
Oeblif IIyMm).

1.3. IIpoBenenne uccjie0BaHu

[IpumepHas hopMa HanpsKEHUs: CUTHAJA MoKa3aHa Ha puc.1.2.

Puc.1.2

N3 pucyHKa BUIHO, YTO B HEKOTOPbIE MOMEHTHI BpPEMEHH aMIUIUTY/a CUTHAIa MOXKET JOCTUTaTh
BeCcbMa OOJBIINX BEJIMYUH (U1 O€s10T0 11ymMa — 0ECKOHEYHO OOJIBIINX ).

Ha MPOXOKIACHUC KaKNX aMIJIUTY/Q H€06XOI[I/IMO pacCUUThIBATE CUCTEMY cBsa3u? 1TukoBBIM
(KBa3I/IHI/IKOBHM) HAIIPSZKCHUEM CUT'HAJIa IIPUHATO CUUTATh TAKOC. KOTOPOC MOKET OBITh
MPEBBINICHO B TCYCHHUEC OMPCACIICHHOI'O BpECMCHU.

JI71s1 BBICOKOKAa4eCTBEHHBIX MaruCTPaIbHBIX JIMHUI CBSI3U 3TO Bpemsi cooTBeTcTBYeT 0,1% 1
CHCTEMa CBSI3U JIOJDKHA 00€CTIeunTh Nepeady KBa3UIMMKOBOTO 3HAYEHUS HAIIPSKEHHUSI CUTHAIA
U, (0,1%). JInst HU3KOKaYeCTBEHHBIX CHCTEM KBa3UIMHKOBOE HATIPSKEHUE OTpeIesieTcs Ipu

BpeMeHHU INpeBbiteHus 1%.

OTtHo1eHne MMKOBOro U 3P(GEKTUBHOIO 3HAYEHHUH HANPSKEHNUN Ha3bIBaeTCsl MUK-(PaKTOpOM,
KOTOPBII onpezensercs no hopmyam:

x=U,../Usdpd,
X:10|g( P / Pcp )=20|g(UHI/IK/ UCp ): ab.

['paduk 3aBUCHMOCTH TTHK-(aKTOpa OT YKCciIa KaHAJIOB MOKa3aH Ha puc. 1.3.



Puc.1.3

CpenHsisi MOIIHOCTh MHOTOKaHAJIbHOTO COOOIIEHUS CKJIabIBACTCS U3 MOLIHOCTEH OTIEIBHBIX
KaHaJoB ( Pk ).

CrnenoBarenbHO, IPU YCIOBUH, YTO BCE KaHAJbl CTaH/IapPTHBI,
P, =Npk Pep, MBT,
a YpOBEHb CpeJIHEel MOIIHOCTH B lerubenax
Py= pr+10L\IgN,
rae:
JUISL OTEUECTBEHHBIX AaHHbIX Pk = —13 nbm (50 mxBT),
a ana jaHaeix MCO - T px = —15 nbm (32 MxBT).
Taxum 006pa3oM, OCHOBHBIE TapaMETPhI IPYIIIIOBOIO CUTHAJIA CIIEIYIOIHE:
ks (F) u Bepxssist (F,) yacToThI;

s dexTrBHOE (CpeaHee) U MuKoBoe 3HaueHue HanpsokeHuH (U, 1 U, ); cpennss u
IUKOBast MOIMHOCTH (P, U P,.);

nUK-(pakTop.



Haubosee 0:113KuM K MHOTOKaHAJIbHOMY CUTHAITY IPOLIECCOM siBisgeTcs Oenblil mym. Kax
MOKa3aHo B [7] O€MbIil IIIyM MOKET CIY>KUTh YAOBJIETBOPUTEIHLHOM MOJIEIHI0 MHOTOKAaHAIBHOTO
curHaina npu N > 240 u Ha IpaKTUKE IPUMEHSIETCA JUIsl UCTIBITAHUNA U HACTPOMKHU CHCTEM CBSI3U
C Y4€TOM IONPaBOYHBIX KOAPPHUIIUEHTOB.

B naGopatopHbIX HcCaeI0BaHUAX UCHIOIB3YIOTCS IPUOOPHI ISl U3MEPEHHUS IIEPEXOAHBIX IIOMEX
(MUIIII), xoTOpBIE B CBOEM COCTABE COAEPKAT HMUTATOPBl MHOTOKaHAIbHBIX CUTHANIOB. KpaTkoe
ONMCAHNE U3MEPUTEIIEH IIEPEXOJHBIX IOMEX IIPUBEACHO B HPUIL. 3.

1.4. Ilopsinok BHINOJHEHUSA PA0OTHI

[To HoMepy BapuaHTa UHAWBUIYAIBHOTO 3aaHHsI BeIOepHUTe KomuuecTBOo KaHanoB N (tabu. 1.1).

Tabauua 1.1
Howmep 213 4 5 6 7.8 9 10
BApUAHTa
Hucio
xamanos 300 600 | 720 11020 1320 1920 60 120 960 /1800
N

e I3 TaGuuiel TMHEHHBIX CIIEKTPOB (MpuJl. 1) BEIOEpHUTE U 3apUCYITE CIIEKTP
MHOroKaHaiabHOro curdaiua s 3agagnoro N. 3amumure 3Hauenus F, u F;;

e  OmIpeenuTe TEOPEeTUYECKOe 3HaUeHne MUK-(hakTopa s 3a1aHHOro N;
e  mpoBenuTe pacyersl P, P, 1 MUK-(hakTopa;

e colepuTe cxeMmy /i MPOBEACHUS ucciaeaoBanuii (puc. 1.4);

Puc. 14

e  yCTaHOBHUTE MepekiouaTens «Hucno kaHaioB» Ha nepenaromieii yactu npudopa UIIII B
MOJIOKEHHE, COOTBETCTBYIOIIEE 3a1aHHOMY N (IIpH HEBO3MOKHOCTH YCTAHOBKH TOYHOTO
3HayeHus N, BeiOepuTe Oipkaiiiiee 3HaUeHue);

e  JIaHHBIE pacyueTa U HKCIepUMeHTa 3aHecute B Tadi. 1.2. u tabmn.1.3

e  u3MephTe 3PPEKTUBHOE 3HAUCHUE HAMPSIKEHHS CUTHAJIA TP MOMOIIY MUJUTUBOJIBTMETPA U
UKOBOE 3HAUEHHE MTPU IOMOIIH OCIIHIUIOTrpada;

Tabnuya 1.2



N Uspp | U | TeOp IKCI P, Prux

Tabnuya 1.3
Yucno Teopernueckoe OKCepUMEHTAIbHOE
3Ha4YeHUE 3HaYeHUE
KaHaJIOB Fum Fuare Fuum Fuaxe

L4 3apHcyﬁTe HpHMGpHBIfI BUJ OCHUJUIOTPpAMMEBI I'PYIIIIOBOTO CUIHAJIa U OTMCTHTC 3HAUCHUA

Uad) u Unm{;

L4 MMPOBEANUTC UCCICAOBAHUA CIICKTPpAa MHOTOKAHAJIbHOI'O CUTHAJIA ITPHU ITOMOIIH
CIICKTpOaHAJIM3aTOopa.

1.5. KpaTkoe pyKkoBoACTBO 10 padoTe €O CleKTPOAHAIU3ATOPOM
AHaIM3aTOphI CIEKTpa MpeIHA3HAYCHBI I BU3YaJIbHOTO HAOIIOIEHUS U UCCIIETOBAHUS
CHEKTPAJIbHBIX XapaKTEPUCTUK CUTHAIOB. OCHOBHBIMU XapaKTEPUCTUKAMHU caMoro mpubopa
SIBIISTIOTCSI TT0JIOCA YaCTOT, B KOTOPOU MOXeT (DYHKIIMOHHPOBAThH aHaIM3aTop (Tooca 0630pa), u
pasperniaronas CiocoOHOCTb, T. €. BO3MOXKHOCTb Pa3JIMUYEHUS CTPYKTYPhI CIIEKTPOB. DTH
XapaKTEPUCTUKU MOKHO MeHATh nepexiouatesnsiMu «Ob30P» u «I1IOJIOCA».
CriekTpoaHaIu3aToOp COCTOUT U3 OCLIIIIOrpauuecKoro u BbICOKOYaCTOTHOro 0J10KoB. B
1ab0paTOPUN UCTIONB3YIOTCS BhICOKOYacTOTHBIE O0s1okH 4C-59 u S14C-55, ornuyarontuecs
MaKCUMaJIbHON 4aCTOTON MCCIIelyeMOro CUrHaja.

YcTraHoBKa OPraHoB ynpasJieHHsI IPUOOpoM
Ha ocyunnoepaguuecxom onoxe:

® CKOPOCTb Pa3BEPTKHU - 1 mMKc/nen;

® HOpPMaJIbHBIH YPOBEHb

mutst 6;moka S14C-59 — 0 (coBMeCTUTPH HYJIEBOE JICTICHNE IITKATBI CO CBETSIIMMCS
UHAUKATOPOM);
st 6moka S14C-55 — (COBMECTUTB JEJIIEHHUE CO CBETALIMMCS UHIUKATOPOM);
e MaciITad - JIOT.;
® 3aITyCK — aBT.;
® BUJI — BHYTP.;
® BHICODUIBTP — BBIKJI.

Ha svicoxouacmommuom bnoke:



® 0030p — 5 Mru;

® [10J10Ca - 30 xI'1x;
® yacToTa - 0 xI'11 (ycTaHOBUTH 110 MHIAUKATOPY ¢ MOMOIIbio pydek «I PYBO» u
«TOYHO».

Jns 610ka SA4C-55:

® MHOXUTENb - 0.1;

e ocitabiieHue - 30 nb;
® BpeMs cueTa - 2Mmc;

® MCTKA M MEePEKIL. PEK. - nu3Mep.

VY cTaHOBHB OpraHbl YIPaBJiICHUs CIEKTPOAHAIN3ATOPOM B TpeOyeMble MOJI0KEHUS, TOAalTe Ha
BXx0J nprbopa mHorokaHansHbIi curHan ¢ UII-ma. [lepexmouarenem «OB30P» n pyukamu
YCTAHOBKH YacTOTHI IOCTABbTE M300paKEHHUE CIIEKTPa Ha SKpaHe CIIEKTPOaHaIN3aTopa B
ynobHoe nojuoxenue. Cieayer uMeTh BBUY, UTO, COTJIaCHO IPUHILIMILY JIeHcTBUS Tpulopa, Ha
9KpaHe HaOJIr01aeTCsl CHEKTP aMIUIUTYAHO-MOAYJIMPOBAHHOIO CUTHAJIA C HECYIIEH U IByMsI
OOKOBBIMH MOJ0CcaMu 4acToT. [Ipu nccaenoBaHUy MIMPOKOIIOJIOCHBIX CUTHAJIOB, JIJIS1 KOTOPBIX
pasHHLIa MEXIY TPAaHUYHBIMHU YaCTOTAMU J0CTATOYHO BEJIMKA, CUNTAETCS, UTO HECyIlas
COOTBETCTBYET HYJIEBOH 4aCTOTE CIEKTPa MCCIIEyEMOro CUTHaNa, a BIIPaBO U BJIEBO OT HEe
pacrosararTcs COOTBETCTBEHHO MIPSIMON M MHBEPTUPOBAHHBIN clIeKTphl. [ [puHIMNMansHo 31
CHEKTPBI OTINYAIOTCS TOJIBKO HAIIPABJIEHUEM OCH YacTOT (7151 IPSIMOTO CIEKTpa - HalpaBJIEHUE
CJIeBa - HalpaBo, a JUIsl HHBEPTUPOBAHHOIO - HA000poT). i1t paboThl yI00HEE MOIB30BAThCS
IPSIMBIM U300paKEHUEM CIIEKTpa.

3apucyiTe CIeKTp MHOTOKAaHAJIBHOTO CUTHAJIA JJIsl 3a/IaHHOTO KOJIMYECTBA KaHAJIOB N,
ONPEAEIUTE TPAHUYHBIE YACTOTHI F; U F,.

[TocMoTpuTe U 3apHCyiiTe U3MEHEHHSI CTIEKTPa CUTHANA NP BKIIOYEHUH Pa3IMUHbIX
3arpaxaaronux GuIbTPOB.

1.6. Conep:xkanmne oTuera
1. VYcnoBHoe H300pakeHUE TUHEWHOTO CIIEKTPAa MHOTOKAHAJILHOTO CUTHANA JJIS 3aJJaHHOTO N.
2. Teopernueckoe 3HaYCHHE MHK-(PAKTOPA.
3. Pesynbratsl pacuera P, P,
4. CrpyKTypHas cxema U3MEpEeHUH.
5. OcumiuiorpaMma IpynroBOro CUrHaia.

6. PesynbraThl U3MepeHHii TUK-(PaKTOpa U CPAaBHEHHUE TIOTYYEHHBIX 3HAUCHH C
TEOPETUYECKUMH.

7. CpoekTporpaMma IrpynrnoBOro CUrHaia ¢ pe3yjabTaTaMu u3MepeHuit F; u F,.



8. DBriBogbl.



