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IIpexucnoBue

B Hacrosilee BpeMsi Bce Gojee WIHPOKOe DPACIPOCTPAHEHHE IOJY-
4al0T UHGpPOBble METOAbl nepelayn H 006paGoTkM unpopmaunu. B
60JbLIHHCTBE NPOMBHIIJIEHHO PA3BUTHIX CTPAH OCYLIECTBJSETCS Macco-
Bl BBIIyck uudpospix cucreM nepeiayn (LICIT), Hcnoawsylouux
NPHHUANE HMTYJbCHO-KOAOBOH Monayasund (MKM) u npeanasnauen-
HBIX [Ji1 OPraHu3aluy MHOTOKaHA/JbHOH Hepelau MO TOPOJACKHM CO-
enuHUTeNbEBIM AuHuaM Mexay ATC, a TakKe N0 MEXKAYTOPOAHBIM
JUHHSM CBS3H. '

B mHawell cTpaHe 0OCBOEH CEPHUUHBIA BBINYCK alnapaTtypel Qs ro-
poackux TenedoHHBIX cereH, ofecneunBalomeil opranusauuio 30 xa-
HaaoB TYU (nmepsuunasi crcteMa nepefaun MKM-30), annaparyps Ais
TFOPOACKHX M 30HOBBIX ceTell, ofecneyuBaiomell opranusauuio 120 ka-
najgos TY (BTopuumasi cucrema nepenaun MKM-120), a rakxke am-
naparypu anas ceqabckux cereii (MKM-12, UKM-15). Paspaboransl u
BHEAPsIOTCH B cepuiinoe mpoussoactso tpernynas LICIT na 480 kana-
gor TU (MKM-480), uerBepuunas IICII wna 1920 xaunanos TH
(UKM-1920), npegnasHaueHHble [Ji8 MHOIOKAaHAJbHON ITlepefaud Ha
30HOBBIX M MAaTHCTPaJbHbIX ceTsix. IlepBnunble UHPpPOBBIE CHCTEMbI
npenHasHayeHbl AJs Tepefayd HHPODMAUUH IO HH3KOYAaCTOTHBIM Te-
nedoHHbM Kabensm ¢ OGyMaKHOW H3oAfUMeH, a CHCTeMbl BBICHIHX IO-
DSIIKOB — TI0 BBICOKOYACTOTHBIM CHUMMETPHYHBIM, KOAKCHAJbHBIM H BO-
JIOKOHHO-ONTHYECKHM KaOedbHEIM JIKHHSAM, a TaKXKe CHYTHHKOBHIM M
pajHope/eiHbIM JIMHHSM CBS3H.

LludpoBble CHCTEMBI Nepeadu B COUETaHHU ¢ 0OOPYAOBaHHEM KOM-
MyTalun UHQPOBBIX CHIHAJOB SIBJASIOTCS OCHOBOH MOCTPOEHHS Iud-
poBoi ceTu cBsi3H. OTAesbHble palloHBl UHGPOBBIX ceTell yXke co3jia-
HBl BOo MuOorux crpanax («Ilnratom» o ®panuuu [1, 2], «Maprekc» B
Anrmuu [3], «dcceke» B CHIA [4], «Ileke» B Anonnn [5]). IMomo6-
Hple pabOTHl MPOBOJAATCA M B Hallell CTpPaHe.

HHTeHcHBHBIE HCC/IELOBaHHSI BONPOCOB MOCTPOEHHS UHMPOBLIX CHC-
TeM Tepejavy HallNM OTpPaXeHHe B H3BECTHHIX MOHOTpadHUAX M Kyp-
HaJbHBIX C€TaTbsX ofo0laouero xapakrepa [6-—14]. dtu ny6/uka-
uuu nocssuwiensl B ocHoHoM nepeuwHeiM LICII. B 1o Xe Bpema Bo-
mpochl moctpoenust LICIT BhICIINX TIOPSIKOB OCBEILEHBI HENOCTATOYHO.

Hacrosmas xHHra TOCBAILEHA H3JOXKEHHIO TMPHHIUIOB TOCTPOCHHS
UGPOBEIX CHCTEM Nepelayd pasinuuHbIX YPOBHEH HepapXHH H 3aTpa-
THBaeT OCHOBHBIE aCMeKThl HHXKEHePHOH peasiH3alu{ TaKHX CHCTEM,
Hecaeayiorcs TpeboBaHHA K KauecTBy neperaun curHanaos s LICII, mpu-
BOJSATCA OCHOBHble Napamenphl cyulecneylomnx LICIT. B xwuure noJy-
YHJW JaJjbHellliee pa3BUTHE MaTepPHAJbl, OMYGJIHKOBAHHBIE aBTOPaMH B
monorpadun [15]. ABTOpHl BHIPa¥alT rayGOKYyl 61arolapHOCTs pe-
uensentTy . B. KopmonckoMy 3a LeHHBle KDHTHUECKHE 3aMeyaHusd,
KOTOpBbIE aBTOPBI yUJH MpHU paboTe HAL PYKOIUCHIO,

3aMeuannus ¥ NPENIOKEHHs IO KHUre mpocbGa HampaBJATb [0 aj-
pecy: 101000, Mocksa, ['nasmouramrt, a/a 693, nagareavcrso «Pamuo
U CBAI3b».
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Taasa 1

IIUPPOBBIE CHCTEMBI IEPEJAYH B CETH CBA3H

1.1, OcHoBHBIE 0COGEHHOCTH
IHUPPOBEIX CUCTEM IIepelayu

" UnteHcnbBuoe pa3suTie UH(PPOBbIX CHCTeM IMepefayd OOBACHAETCH
CYUIeCTBEHHBIMH JOCTOMHCTBAMH 3THX CHCTEM IO CPABHEHHIO C aHaJjo-
TOBBIMH CHCTeMaMH nepejay.

1. Boicokas nomexoycToituHBOCThb. [IpeacraBiedne HHQOpMALHH B
uudpoBoll (opMe — B BHAE MNOCAEI0BATENBHOCTH HMIYJAbCOB ¢ Ma-
JIbIM YHCJOM paspeuleHHblX 3HaYeHHH M C AeTePMHHHPOBAHHON YacTo-
TOH ciaeloBaHHsl — IO3BOJITET OCYIIECTBJAATDL DETeHepAalHI0 3THX MM-
IYJIbCOB NPH Nepeiaue UX N0 JHUHHU CBSI3H, YTO PE3KO CHUXKAET BJHH-
HHe NMOMeX M HCKaXKeHuil Ha KauecTBo Iepefaun uupopmauun; [Tosto-
MY ¢ NOMOIUBIO E€PBHYHBIX LHPPOBLIX CHCTEM MOXKET OBITbH OPraHH30-
BAHA MHOTOKaHa/bHas fepefaya MO TOPOACKHM MHOTOTapHbiM Kade-
JsAM ¢ 6yMakHOH H30JsiLHeld, TOrAd Kak <€ IIOMOLUbI0 dHAaJOrOBBIX
cHcTeM Iepejaua IO TakHM KabessiM HEBO3MOXKHA H3-3a  BBICOKOrO
ypoBHA TepexoaubiXx nomex. Llucdposple meroisl nepefayn mnpemmoy-
THTeJIbHBl ¥ fIPW Nepejaye CHIMHAJOB 10 BOJOKOHHO-ONTHYECKHM TpPak-
TaM, OTVIMYAIOIIMMCS BBICOKHM YPOBHEM AUCIEPCHOHHBIX MCKAKEHHH U
OGONBUIOH HEJIHHEAHOCTBIO 3JMEKTPOHHO-ONTHYECKHX H ONTOJeKTPOH-
HHIX peoGpasoBaTenei.

{92 HezaBucumMOCTb KayecTBa Tepelauu OT AJHHBI JHHHH CBSI3H.
bnarogaps perenepaunu mepegasaeMplX CHTHAJIOB HCKayKeHHs B mpe-
JAenax PercHepalHOHHOr0 ydacTKa HHYTOXKHBL. Ilostomy /B undposbix
CHCTEMAX KA4uecTBO NMepelaud NPAKTHYeCKH HE 3aBUCHT OT IJIMHBI JH-
Huu csst3u] Tlpu 3TOM JMHA pereHepaliOHHOTO yyacTKa H 060pyno-
BaHHe perexHeparopa npHu nepefaye uHbopmauuun Ha Oosbplline pac-
CTOSHHSL 0CcTaloTCs GakKTHUeCKH TAKHUMH Ke, KAK W NPH Illepelaue Ha
Masble paccrosiHus. Tax, mpu yBeJHYeHHH AJHHBI auHuun B 100 pas
IJIHHA pereHepauiOHHOrO yuacTKa yMmeHpluaercd Jqumb Ha 2—3%
(NPH COXpaHeHWH HEHWAMeHHOW BepHOCTH meperauu uHdoOpMayun).
TpaH3uThl cHrHanOB, ocyllecTsisieMble B UW(POBOHl dopMme, TakKe
TIPAKTHYECKH He YXYAIIaloT KauecTBO MeperadH.

3. Cra6uabHocTb napamerpoB KaHaaoB. CrTaGH/BHOCTL NapaMmert-
POB KaHanoB (OCTATOYHOrO 3aTyXaHus, YaCTOTHOH XapaKTePHCTHKH,
BEJIMYUHBl HEeJHHeAHBIX HCKaXKeHHH) onpejesisieTCsi B OCHOBHOM  ycT-
poficTBaMu 06paGOTKH CHrHANOB B aHajsoroBoil ¢opme. Ilockonbky
TaKHe yCTPOHCTBA COCTABJAIOT HE3HAYHTEJbHYIO YacTh anllapaTypHOro
xommiekca LICII, craGunbHOCTS MapaMeTpoB KaHAJOB B TaKHX CHCTe-
Max 3HaYuTeJbHO BHIE, YeM B aHAJOrOBbIX. JTOMY crnocobecTByer
TaKXe OTCYTCTBHE B UH(POBLIX CHCTeMaxX ¢ BPEMEHHBIM DaslesNeHHeM
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KaHaJoB BJAHSAHUS 3arPy3KH CHCTeMbl Iepejayu B LEJOM Ha lapaMert-
PHl OTAeAbHOro Kanana. KpoMe Toro, mpH BpeMEHHOM pasjeneHHH Ka-
Ha/l0B obecneyHBaeTcsl yISHTHYHOCTb NMapaMeTPOB BCeX KaHaJjoB, 4TO
TakXe cNoco6CTByeT cTaGUIbHOCTH XaPaKTePUCTHK KaHaJioB B KOMMY-
TUPYEMOH ceTH cBSI3H, TOTAa Kak B CHCTeMaX C YacTOTHBIM pasjeie-
HHeM INapaMeTphl KaHAJIOB 3aBHCAT OT HX pasMellleHHA B JHHEHHOM
cHexTpe.

[ 4. 3¢ dekTUBHOCTD HCMOAB3OBAHKA NPONYCKHOH CMOCOOHOCTH nipH
nepefnaye AMCKDETHBIX CHrHaN0B. B undpoBHIX CHCTeMax mNepejauu
JAMCKPETHBiE CHTHAJBI MOTYT BBOJAHTbCS HEMOCPEICTBEHHO B IDYNMOBOH
TpakKT 3THX cHcTeM. IIpu 3TOM CKOPOCTb nepeiayd AWCKPETHBIX CHI-
HaJOB mpHOJMXKAETCS K CKODOCTH Nepeflayd TIPyNINoOBOTO CHTHana.’
Tax auCKpeTHble CHTHAJIB], BBOAMMLIE B IPYNNOBOH TPAaKT BMECTO 0O]-
Horo kasana TU, moryr mepeaaBaThcsi co ckopocTbio 50—60 xbut/c.
Ilpu nepenaue ke AWCKPETHBIX CHIHANOB no KaHaay TU Merogamu
TOHAJLHOTO TejerpadUupOBaHUA CKOPOCTb Nepefayd OOHMHO He Tpe-
soiaer 10 x6ur/c. KpoMe Toro, nepenada AMCKPETHBIX CHTHAJ0B Iy-
TeM BBOJA X HENOCPEICTBEHHO B I'PYNNOBOH TPaKT HMPPOBLIX CHC-
TEeM NO3BOAACT 3HAYUTEAbHO CHH3HUTb T]_)'€6OB3HH${ K JUHEHHOCTH aMil-
JAUTYAHOH XapaxTepucTHku Kanasta TY, KoTopbie SBAAIOTCA BeCcbMa
KEeCTKHMH [pH mnepejaye MeTOXaMH TOHAJbHOTO TejerpadnpoBaHud.

/5. BO3MOXKHOCTL NOCTpoeHus uudpoBofi cetn cBasu. PaspaGorka
LICIT napsiay ¢ cosganueM UHGPPOBOTO KOMMYTALHOHHOTO 060PyAOBA-
HHS N03BOJASIET Peafu30BaTh BECh ANNAPATYPHBIH KOMIJIEKC CeTH CBS-
34 Ha uucTo LHdPoBOH ocHoBe. B Takoil cerm mepeaaya, TPaH3HT H
KOMMYTAalUA CHCHAJIOB OcyIlecTsasioTess B uudposoit ¢opme. [lpu
3TOM napaMeTphl KaHAJI0B MPAKTHYECKH HE 3aBUCAT OT CTPYKTYPH ce-
TH CBSI3H, UTO O6eCleuHBAeT BO3MOXKHOCTb MOCTPOeHHd I'MOKOH pas-
BETBJIEHHON HU(POBOH ceTH, obaajawolleli BHICOKOH HaIeXHOCTBIO.
KpoMme Toro, mepemaya u koMMyTauusi CHrHaa0B B 1UGPOBOH dopme
T03BOJIAET peaJqH30BaTh BeCb anmapaTypHbIH KOMIJeKe LH(poBoi
«CeTH CBSI3H HAa YHCTO 3JEKTPOHHOH ocnoBe. Mcnosb3oBaHHe B uH(po-
‘BOH CETH OJIHOTHIHOIO OGCPYACBAHHSA, GCYLLECTBJAIONEr0 OMepauni
KaHawaooOpas3oBaHHSA H KCMMYTAllHH, NO3BOJSIET MOBBICHTh 3KOHOMHUYE-
CKYI10 2pdeKTHBHOCTD CeTH OBA3H.

i 6. Bpicokne TeXHHKO-aKOHOMHuecKue nokasatean LLCII. Boabuoii
YAeqbHbIA Bec WHGPOBOro 060PYLOBaHUS B annapaTypHOM KOMIIEKCE
LHQPOBBIX CHCTEM Iepelayd onpelessieT OCOGEHHOCTH H3TOTOBJICHHS,
HaCTpOﬁKI{ H 3KCIlMyaTaluHuH TakKHX CHCTEM. I/IMEK)TCH umpoxue B0O3-
MOXHOCTH Ui OPraHH3alHH aBTOMAaTH3HMPOBAHHOrO MOOMEPALHOHHONO
KOHTpoJst mpu npou3soAcTse anmapatypel LICIT. Beicoxas crabusb-
HOCTb IapamMeTPOB KaHaJoB LUH(DOBBIX CHCTEM Mepefayd yCTpaHser
HeoOXOANMOCTb PEryMMPOBKH y3JO0B aNnapatyphl, B YACTHOCTH Y3/I0B
JIHHEAHOTO TpakTa, B TPOLeECcCe KCMIYaTallMd, UTO CYLIECTBEHHO TO-
BBILIAET TeXHHKO-3KOHOMHYECKHE NOKa3aTeslH HHPPOBHIX cHCTEM. Bbl-
COKad cTemeHb yHH(OUKAUIN Y3/10B, B TOM YHCJe TAKHX MacCOBBHIX, Kak
Y36l MHAMBHAYAJNBHOTO OOOPYAOBAaHHS H DEreHepaTophl, Takxke ViI-
DOLIAeT 3KCMIyaTaUHIO CHCTEM M NOBBIIAET HAZeXKHOCTh 000pyA0Ba-
uusi. [OcHoBy paznoxomnonenTHoM 6a3wl LICTT cocTaasioT UH(POBbe
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HHTerpaJjibHble CXeMbl, MacCOBbIH BBINYCK KOTOPBIX OCYINECTBJAAETES
npoMHIIeHHOCTbio. Llnpokoe mpHMeHeHUe HHTErpafbHBIX CXeM pe3-
KO yMEHbIIAeT TPYLOEMKOCTb H3rOTOBJeHHs obopymoBanus IICIT n
NO3BOJIAET 3HAYUTENLHO CHH3HTH CTOHMOCTD X rabapuTh 3Toro o6opy-
J0BaHU.

1.2. OGopyaoBauue INPPOBBIX CHCTEM Iepefayu

O6opynoBaHue LUGPOBHIX CHCTEM Nepenaud COCTOUT U3 000pYHO-
BaHus ¢opMuposanus (npuema) unudposoro cursasa H oGopyAOBa-
HHSl JHHeHHOro tpakTa. PopMHpoBaHHe HHGPOBOrO CHrHA/JA OCYLIECT-
BJAsieTcsi B OOOpYAOBAHHM aHAJOrO-UuPPOBOTO NpeoGpa3oBaHUSA MM
B 000Dyl 0BaHHH BPEMEHHOr0 rpynnoodpasoBanusa. B mepsom ciyuae
Ha sxox LICII mocrynaior aHajsoroBble, a BO BTOPOM — LH(POBHIE
curHaisl. CTPYKTypHAas cXeMa COeJIMHeHHs OCHOBHBIX BHA0B 000pyJH0-
Banus 1ICIT noxasana na puc. 1.1.

HusxgcxapocmAaoil
SUHETHBIE /mpaKxnt

Pll~F

el Nils

Huaxo- _ Boicona-
CRGEOETHIR CKOFOCITHOE
JUHETNBIT onr Ko | __losr| (st UNEGHBIT
mIpaxm mpaxm

| Mk

Puc. 1.1. CrpykrypHas cxeMma coeguHenns oGopyposanua IICIT

Anajoroseie aGOHEHTCKHE CHTHAJB TPeo6pasyloTCs B aHAJOro-
ungpposoM obopyaosanun (ALLO), Ha BEIXOZE KoTOpOTO dhopMUDYeTCS
MHOTOKaHANbHEIH LH(GPOBOH NMOTOK Ha OCHOBE BPEMEHHOro pasjiene-
Husi xaHanaoB. Lludposbie aGOHEHTCKHE CHTHAABl BBOAATCH HeIOCPen-
CTBEHHO B MHOTOKaHAJAbHEIH HU(POBOH MOTOK. DTOT NOTOK NMOCTynder
B KOMMYTaluonHoe oGopynosanne (KO), o6pasyst BpeMenHoe KOMMY-
tanuonHoe nose. B KO uu¢pposbie curgasbl OTAEIbHLIX KaHal0B KOM-
MYTHPYIOTCS B COOTBETCTBHH ¢ CHTHAJaMH YIpPaBJAEHHS, B pe3yJabTaTe
qero (OPMHPYIOTCS HCXOAALIHe MHOTOKaHAJbHble LK(POBbIE 10TOKH
COOTBETCTBYIOILEr0 HampaBJeHHs.
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B nepejapouieli 4acTH OKOHeYHOro o6OpYAOBAHUS JHHEHHOro Lud-
posoro. Tpakta (OJIT) npeoGpasyercst CTPyKTypa HCXOASHUIHX - HOTO-
xoB, copmuposanusix B KO. Llear Takoro npeo6pasoBanust — yMeHb-
LIeHNe HCKaXeHHH uudpoBoro moroka NpH Nepejade €ro Mo JHHEH-
HOMY TPaKTy, 0GODPYJIOBAHHOMY NPOMEXKYTOYHBIMH PEreHepaTopaMu
B npremHoit yactu OJIT ocyluectsasiercs o6paTthoe npeobpasosa-
Hhe CTPYKTYPbl BXOASIUEro LUQPPOBOro MOTOKA, NOC/e Yero OH MNOCTy-
maeT B KOMMyTanuoHHoe ofopynosanue. B KO curuaanl koMMyTHDY-
JOTCA B HampasjeHusix a0OHEHTOB AAHHOIO y3Jaa CeTH CBf3H, APYrux
Y3M0B 3TOH Ke 30HBI U ApYrux 3oH ceTH. CurHajbl, nepefaBaemble
a6oHeHTaM [aHHOTO y3ja CeTH, DYNNHPYIOTCS B HCXOAsulHe LHbpo-
Bble TIOTOKH, HOCTynaiolide B npueMuyio gacts AILO, rae ocyuiecTs-
Jistiorest uuppoaHasorosoe npeobpasoBaHHe H pa3jeseHHe aHajOro-
BBIX aOOHEHTCKHX CHIHAJO0B, a TakxKe BbIIEJIEHHE LWPpPOBLIX CHUTHa-
JIOB, TlepejaBaeMblXx K a0OHEHTaM.

Coenunenue ¢ aGOHeHTaMu ADPYrHX Y3JIOB CeTH B Opejesax 3TOH
JKe 30HBI OCYIIECTBJISETCH Yepe3 HCXOIAHIHe COeIUHHTeNbHBIE JHHHUH,
OpraHH30BaHHble € MOMOLIbI0 HH3KOCKODOCTHBIX LH(POBLIX TPAKTOB.
Jas cBsasu ¢ aGoHeHTaMM, PacloOJIOXEHHbIMH B JPYruX 30HAX, HUCXO-
AsilFe MHOrOKaHaJbHble HH(PPOBble NOTOKH OODBEAHHSIOTCS B BBHICOKO-
OKOPOCTHBIE TOTOKH B OGOPYLOBAHUH BPEMEHHOro rpynnoo6pasoBa-
Hus* (OBI). 310 ke 060pyAoBaHHE OCYIIECTBJASET BBOJ IIHPOKOIO-
JIOCHBIX CHTHAJIOB (T€J€BH3HOHHLIX, BHAEOTeNe(OHHHX, I'DYNIOBHEX Te-
JIe(OHHBIX CHTHAJOB AHAJOTOBBIX CHCTEM Mepejaud), npeoGpasoBaH-
HBX B WH(bPOBYI0 (HOPMY ¢ MOMOUILIO OBLICTPOLEHCTBYIOUIHX aHaJOoro-
unpposbx npeobpasosarenelt (ALI[T), a Takxke BBHICOKOCKOPOCTHOM
JuckpetHot uEtopmaunu. Curnansl ¢ Beixoga OBT uepes OJIT mno-
CTYNalOT B BBICOKOCKOPOCTHO! JiMHEeHHBIH TpakT. B mpHeMHO# uacTu
OBT ocymecTsasieTcss pasfeseHHe BHICOKOCKOPOCTHONO — IH(POBOrO

‘TIOTOKA Ha KOMHIOHEHTHble mOTOKH, nocTynawomue B KO, a mupokomno-
JIOCHBIE HU(DPOBLle CHMHAJB! ITOCTYNAIOT B UH(POAHAJOrOBHH npeons-
pasoBartean (LIAIT). Crpyxrypras cxema, mpuBeieHHas Ha puc. 1.1
B KaueCTBE NpUMepa, He HCUepNbiBaeT BO3MOMKHBIX MOAU(HKAUUK co-
eluHenus obopynosanus LICIT. ‘

Paccmotprm Gonee mogpoGHO NPHHLMNB IOCTPOEHHS OTAELHBIX
BHIOB 06opyaosanus LICII.

O6opynosanne ananoro-uuposoro npeoGpasosanus. Ob6obuleH-
Has cTpyktypHas cxema LICIT ¢ npeoGpaszoBanueM aHaJOrOBBHIX CHI-
HaJoB mpuselena Ha puc. 1.2, Anasorosble CHrHa/Jbl TIOCTYNAT Ha
BXOX aHajoro-uudpposoro npeofpasoBartessi Uepez COOTBETCTBYIOLLHE
ycrponcra cornacosanusi (YC). B kaXmom TaxoM ycTpoiicTBe cur-
Han QuibTpyeTcs M ycuAHBAaeTCs, a B Psfle cjaydaen mnpeobpasyercs
€ro cnexrp. B ALIIl anasioroBbie CHrHadBl Npeofpasyiones B8 mudpo-
BYI0 (opMy ¢ HCNONB30BAHHCM OAHOTO U3 BUAOB LH(POBOH MOLYISA-
Hun:. umnyascno-kogosoit (MKM), xeasra (M), anddepennvanbuoi
HMOyabcHO-KopoBoH (JAMIKM) u np, TIpyu UKM anasnoroseil curuad
noigepraercss B AIIIT BpeMeHHON AHOKPETH3AUUH, 3aTeM OTCIETHl CHT-
HaJla- KBAHTYIOTCA H KOAMDYIOTcs. B arom eayuae ALl asasercs; xak

7.




NpaBuao, rpynnoBuiM ycrpoiicrsom. Ilpu IM u JUKM KBaHTyeTCs
H KOZMPYeTCA Pa3HOCTb MeXAy IABYMS COCeIHUMH oTcueramu, a ALLIT
ABJSIOTCS MHAMBUAYaJdbLHBIMH.
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Puc. 1.2. CrpykrypHas cxema LICIT ¢ npeoGpasoBanneM aHaJOrOBBIX CHTHANOB

[TocnenoBaTenbHOCTh KOXOBHX CHMBOJIOB ¢ Bhixofa AIII mocty-
naer Ha cxemy o6beaunenus (CO) curranos, moctynaiowux ot AILIT
(i or meckonbkux AL, ynpaBisieMbix oOIuM reHepaTopHHM 0060-
pyaosanunem (I'O), anmapaTypsl nepemau# JHCKPETHBIX CHTHAJOB
(AILC) u nepenarymka cuuxpocursana (I[lepC). O6beannenne und-
POBHX CHTHAJOB TPOH3BOAHTCA C ONpelesJeHHOH MNepHOAHYHOCTDIO,
buKCHpYeMOH cHrHaJOM UHWKI0BOK cHHXpoHH3aunud. Ilepuon cnezona-
HHSl CHHXPOCHTHAJla paBeH AJHTEJbHOCTH uukjaa nepelaun. Kax mpa-
BHJIO, JJHTEJbHOCTh UMKJIA Nepeaayd NpHHUMAercs PaBHOH mepuoay
AHckperusauun curnanos B AL Ilpu 3ToM B KaxK10M LMKJE cOdEp-
JKAaTc KOZOBHIE TPYINBl HJH CHMBOJB, COOTBETCTBYIOUIHE KaXKIOMY
H3 nepenasaeMbix curianos. Ha puc. 1.3 B xauecTBe nmpaMepa ToOKa-
3aH UK mepefayn curHajoB B 30-KaHaabHol cHcTeme ¢ MKM.

Curxpo- Cunxpo-—
cueHan _ . cueran
m T 11T T, 1 T_ 1 [/
Nawan 7 4 75 75 a0 T
0 Xawan nepeduvu cuzkanold
ynpabnenus u Gsaumoiedemiun
¢ 125 mxc

Puc. 1.3. Crpyxrypa uukaa nepepaun 30-kauaipnoit LICIT ¢ HKM

C BrIXozna cXeMbl oObeaHHeHns (cM. puc. 1.2) cHIHAJA nonaercs ‘Ha
BX0J 0GODYAOBaHUS JUHEHHOrO TPakKTa, NPOXOAHT €ro H NOCTynaer B
npueMuylo vyacte AILO. B npuemnoii wactu reHepatopHoe o6opyiosa-
HHEe CHHXPOHM3HPYeTCS CHT'HAJOM TaKTOBOH 4aCTOTH, BbIIEJIEHHBIM H3
JHHeHHOrO UUGPPOBOrO CHrHaja BBIJENHTEJeM TAKTOBOH YacCTOTHL
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(BTU). ®asuposaHHe TreHEPAaTOPHOro. OGOPYNOBAHUS OCYLUECTBJAETCH
TOC/EI0BATENbHOCTBIO HMIYAbCOB, (OPMHPYEMbIX B TIPHEMHHKE CHH-
xpocuriana (I1pC). Ma rpynmoBoro uudpoBoro cHriana fox ympas-
JieHueM reHepatopHoro oGopyxoBaHus B cxeMe pasienenuss (CP) Boi-
AEASIOTCA TOCAeL0BATENPHOCTH KOJZOBBIX TPyNI (CHMBOJIOB), KOTOpbIe
NOaI0TCH Ha LH(pPoaHaJOroBHIH npeoGpaszosaTenb, H CHMBOJIOB, IIO-
cTynaomux Ha Bxox nmpuemHo# wactu AIIJC. Ilocne nudpoanasnoro-
BOro Npeo6pa3oBaHUs CHCHAJBI NOCTYNAIOT HA YCTPOHCTBA COr/1acOBa-
Hug u jgajnee Ha suxox HCII Ecam LIAIT ucnonssyercsl ajas nekoau-
- POBAHHUSl CHTHAJIOB HECKOJIbKHX KaHagoB, TO MHOTOKaHaJbHas IocJje-
70BaTEJIbHOCTh OTCYETOB, COOTBETCTBYIOIIMX CHTHAJNAM Pa3/iMUYHBIX Ka-
“HaJIOB, pacnpenendercas MeXAYy KaHAJbHBIMU JeMOoNyJasATOpaMHu, BBI-
X04bl KOTOPBIX MOIKJMIOYEHBl K COMMIACYIOIIHM YCTPOHCTBAM COOTBET-
CTBYIOLIHX KaHAaJO0B.

[TocTpoenre koHKpeTHOH LHGPOBON CHCTEMBI Tepelaun ONpeless-
ercs crneunpUUECKUMH yCJ0BUSIMH ee HChmoJb3oBaHusd. MJst opranusa-
UK coeluHuTebHBIX JuHHH Mexay ATC Ha ropoickux cersx Tpu-
MEHSI0TCA CHCTEeMBl C BDEMEHHBIM pasjesneHuHeM kaHajos (BPK).
T'pynnosoit curHajs Taxkoil CHCTEMBI NpeicTaBisieT co6oH Toc/aenoBa-
TEeJbHOCTb KOJAOBHIX TPYNI (CHMBOJIOB), COOTBETCTBYIOIINX OTAEAbHBIM
xananam TU. B cucremax ¢ BPK B0o3MOXHEBI BhiZeJeHHE M TPaH3HUT
OTAEIbHBIX TeJe(hOHHBX KaHaJoB B UudpoBol popme, T. e. Ge3 Hud-
POaHaoroBoro mpeobpa3oBaHHusL.

Ha 30HOBBIX ¥ MarucTpajbHBIX CeTsIX CBSI3H KPOME BPEMEHHOro
pasjieseHdst KaHaJ OB HCIOJAb3yeTcs Hudposas mneperada TPYIIOBBIX
TeNlePOHHBIX CHTHAJIOB aHAJOTOBBLIX CHCTEM fepejauH, uTo obecneun-
BaeT TPAH3UT IPYNNOBHIX CHIMHAJOB H3 AHAJOTOBBIX CHCTEM mepelayl
B undposse. Ilpy stom Ha Bxox ALl momaloTcss orcueTrsl MHOroxa-
HAJBHOrO curyana. [locneioBaTenbHOCTb KOXOBBIX CHMBOJIOB Ha BHI-
xoxe ALIT cooTsercTByeT 3HaYEHUSM IUCKPETHBIX OTCUETOB MHOTOKA-
HaJIbHOTO CHTHAJa, a He OTCYeTaM CUIHAJOB OTHAeNbHHIX KaHajos. I1o-
3Tv0M‘y JUIS BbINeJeHHda CHUTHasa OJHOro KaHanla H006XOHI/IMO MpOHU3Be-
€TH uudpoaHaloropoe npeocbpa3oBaHHe MHOTOKAHAJIBHOTO CHrHala, a
3aTeM BLIIEJHTb O].IHOKaHaJIbeIﬁ CHTHAaJ MeETOJAaMHu, PICHOJIbSyeMbIMIrI
B aHaJVIOTOBBIX CHCTeMAaX C YaCTOTHbIM pasjeneHnem kauanos (HPK).
Undposbie crucreMbl mepeiayd TPyNNOBBHIX TEAEPOHHBIX CHTHAMOB ¢
UPK sBasiioTc B ONPEIEJEHHOM CMbICJE OJHOKAHAJIBHBIMH CHCTEMA-
MU LA Tepelayy WHPOKONOMOCHBIX CUTHAJOB.

B mocsenye rojbl pa3paGaThiBAIOTCSt TaK HA3bIBAEMblE TPAHCMYJIb-
THIJEKCOPBL, OCYilecTBAAKOLIHE MNpeo6pa3oBaHHe aHAJOTOBOIMO TIPYI-
TnoBoro rtenedonHoro curdana ¢ UPK B ungppopoil rpynnosoit curHan
¢ BPK. B 3ToM cayuae BHAeJEHHE CHTHAlIa OTHOrO TesaedOHHOro Ka-
Haja He tpebyeTr 06paGOTKH IPYNNOBOrO CHrHaJa.

B uudpoBbix cHCTeMax Mepenayn CHrHajoB TeJeBHIEHHS H BIIEO0-
TesepOHa co3gaeTcsi KaK UHMPOKONOJIOCHBIH KaHAaT sl HubpoBoil me-
Pelauu curHa/aoB H300paXKeHHs, TaK W KaHaJabl JJIsi [epegayd CHTHa-
JIOB 3BYKOBOTO CONPOBOXKACHUA; 00beANHEHHEe CHIHAJOB H300pamKeHus
H 3BYKOBOrO CONPOBOXKIEHHS NPOH3BOXHUTCH B UHGBPOBOH dopme Ha
BPEMEHHOH OCHOBE.




OGopynosanne Bpemensoro rpynnooGpasosanus. Ha puc. 1.4 npu-
BelleHa cTpykTypHas cxeMma LICIT ¢ BpeMenHbIM rpynnoo6pasoBaHH-
em. B taxoit LICII rpynnosoil uu¢pposoii curnas popMHpyeTcs nyTeM
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Puc. 1.4. Crpykrypras cxema LICIT ¢ BpeMeBHNM rpynmnoo6pa3oBaHuem
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o0heHHeHUst UHGPOBHX NOTOKOB, 06PA30BAHHBIX CHCTEMaMHU € aHaJjo-
ro-uuppoBEIM Ipe06pa3oBaHHeM CHTHANOB JHOO CHCTEMaMH C BpeMeH-
HHIM rpyniroo6pasoBanneM ©oJee HH3KOrO NMOPALKE, CKOPOCTb [PYIIO-
BOr0 NOTOKa KOTOPHIX PaBHA CKOPOCTH BXOJHOrO MOTOKA JAHHOU CHC-
rembl. CHcTeMBl nepefayu Gojee HM3KOro TOpPAJAKAa MOTYT paborarh
KaK He3aBHCHMO OT 000pynoBaHHSI OObEeNHHEHHS H PasiesleHus Lnd-
POBBIX IOTOKOB, TaK M CHHXPOHH3HDOBATLCS OOLIMM 3afalOLIHM TeHe-
patopoM. B nepBom ciyuae 6/10KH UH(PPOBOTro CONPsiKeHUS Nepeiaro-
mero o6opyaosanust BLCrep TpeobpasyloT TaKkTOBBIE HAaCTOTH BXOX-
HBHIX UH(POBHIX TMOTOKOB, 0becneduBasi KpaTHOCTb 3THX YACTOT TaKTO-
BOH YyacTOTe TIPYIMIOBOTO CHTHAaja Ha BbIXoAe 06GODPYLOBaHUS 0ObenH-
HEHHS,” U yCTAaHaBJUBAIOT HeoOXOAMMBIE BpeMeHHBIE COOTHOUIEHHS
MeX1y 5TUMH noTokaMu. IIpnm CHHXpOHHOM OODbeIHHEHHH UH(POBBHIX
notokoB B BLICpep JIHIIb yCTaHABAHBAIOTCA TpefyeMble BPEMEHHbE
'COOTHOIIEHHS! MEXAY BXOAHBIMH INIOTOKAMH, a TAKTOBbIE YaCTOTHI TO-
TOKOB HE H3MEHSAIOTCH.

Curnaaw ¢ BbixonoB BLICpep COBMECTHO C CHTHAJNaMH LHKJIOBOHK
CHHXPOHH3AlMK NOCTYNAT Ha BXOJX cXxeMbl 00belnHeHHs. BpemenHoi
CABUT MEXJIYy HMIYJbCHBIMH NOCJELOBATEJIbHOCTAMHM Ha BBIXOAAX CO-
cemHux BIICrep cOOTBETCTBYET HHTEpPBady, OTBOAUMOMY /S CHTHaNa
OJHOr0 TOTOKa B LHK/Ie mepefauu. BosMOXHO Xak NOCHMBOJbHOe,
T4K W I0KaHaJbHOe oObeluHeHHe UH(PPOBHIX NOTOKOB. Ilpm mocum-
BONIbHOM o6befuneHuu (puc. 1.5,a) cIABUr MexJAy CHTHaAJaMH Ha BbI-
xolax Bl Cgep paBen mepHOLy CJ€I0BAHHS CHMBOJOB TPYIIOBOIO CHI-
Hana. IIpu mokaHnaabHOM 00beiwHeHWH (puc. 1.5,6) BeJuunHa COBHIa
paBHa JJIHTENBHOCTH KOAOBOH rpynnbl. C Bexoga cxeMmbl 06beJUHEHHS
1mn




‘(cM.puc. 1.4) rpynnorof#t curHan moctynaer B AuHedHBIA Tpakr. B
NPHEMHOM O0ODYNOBAHHH TMPOU3BOAATCS pasjeseHue IPYNMOBOro CHr-
Hasa W BOoCCTaHOBJeHHe B KaxaoM BLIC ucxommoii ckopoctn mnepe-
JAAHHBIX LHPOBHX NOTOKOB.
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Puc. 1.5. Crpykrypa uukna nepenaun LICIT ¢ nmocuMBOMBbHBIM (@) H MOKAHAALHBIM
6) obbeanHeHHeM HH(POBHIX NMOTOKOB

OGopynosanue auHeiiHoro Tpakrta. Ilepenaua HUGPOBHIX MOTOKOB
MOXeT NPOH3BOAUTLCS MO JIHHEHHBIM TPAaKTaM PA3JHUYHBIX THIOB —
KabeJbHbIM, PafHOpe/eHHbIM, CIYTHHKOBBIM, BOJOKOHHO-ONTHYECKHM
H BOTHOBOAHKM. HecmoTpsa Ha Hanuuue crnenudHueckux ocobeHHOCTE(
OTAEJNbHBIX THIOB JHHEHHBIX TPAKTOB, HX MOCTPOGHHE OCYILECTBJSET-
€l TIO €AUHOH CTPyKTypHO#H cxeMe (puc. 1.6). Jas yMeHblleHHs HC-

7 Oronevrsid
OronevHsiic nyHKRm
nYgHRTT

o oo

Puc. 1.6. CrpykrypHaa cxema uMdpoOBOro JnHefiHOrO Tpakra

KaxeHnH!, BO3HUKAIOWNX NPH Tepeiaue UUGPOBOro TOTOKA 1O JHHHHK,
B NepelaiollleM OKOHEYHOM 06OpYAOBaHHH JHHEHHOTO TpaKTa C IO-
MOLIBIO npeoGpa3oBaresss KOAOB H3MEHSETCs CTPYKTypa LugpoBOTO
noToXa, (opmupyemoro 8 ALIO u OBL .

[Tpu ucromb3oBaHHH pajHOpeNeHHBIX, CHYTHHKOBHIX, BOJOKOHHO-
ONTHYECKUX, BOMHOBOAHBIX auuUE B OJIThp mocse mpeo6pasoBanus
KOZa OCYWIeCTBJAETCS MOAYJSILHA KOIeOaHus HecyuleHd yacToTol dug-
POBEIM CHTHAJIOM; IOC/IEAOBATE]NbHOCTh PajiHOUMNYALCOB Mepejaercs
3aTeM TIO JIHHHH. ,

B npuemroM okomeuHOM 060pYyA0BAHHM JIHHERHOTO TPAKTa BOCCTA-
HAB/NMBALTCA MCXOAHAst CTPYKTypa HH(POBOro MOTOKA, a TakkKe yCT-
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HUSL «++1%, «—1» 1 «0»), TI03TOMY B pereHepatope ycTaHaBJUBAIOTCA
JBa pa3feJbHbIX peMIAIOMHX YCTPOHCTBA — A MOJOKHTENbHBIX H
OTpHLATeJbHBIX UMIYJbCOB. B 3TOM Cilyyae CHTHAAB C BHIXOROB pe-
IAWUX YCTPOHCTB OOBENAHHAIOTCA U NOCTYNAlOT B JHHHIO.

B perenepaTopax ¢ caMOXPOHHPOBaHHEM BO3HWKAIOT (QJAYKTyaLuu
BPEMEHHOI0 TOJOXKEHHS XPOHUPYIOUHX HMIYJbCOB, UTO TPHBOAHT K
$a3oBeIM QayKTyauusM HMOYJbCOB Ha BBIXOAe pereHepatopa. [eiict-
Bylonlee 3HaueHHe (a3oBBHIX (IYKTyaUHH HMIYJIbCOB JHHEHHOr0 CHTI-
Ha/Jd, BBI3BIBAEMBIX DaGOTOfl OTAEJIBHOTO pereHepaTropa, COCTABJACT
OGbI‘IH%) 0,003—0,025 neprosa TaxKTOBOH 4YaCTOTH JUHEHHOTO CHIHajda
(1—8°).

Koneunoit nespio npeobpazoBannst KOJAOB ¥ DereHepallu JHHEHHO-
TQ CUTHAJIa SBJASETCS CHUXKeHHe BEPOATHOCTH OWMOKM IPH Ieperaue
'KOLOBBIX CHMBOJIOB M BEAWUHHB (pa30BBIX (DJAYKTyauuil HMIyJbCOB B
JHHEHHOH nocaenoBaTe bHOCTH, OOBIYHO BEPOATHOCTL OLIMGXH B IH(-
poBOM TpakTe obecrneunpaercs B mpegenax 1077—1079,

Honycrumasi Bennyuna (azoBbix (QUIYKTyalulil HMOYJAbCOB JIHHEH-
HOH TIOC/A€I0BaTeNbHOCTH OIpeje]sieTcss BHAOM INepejaBaeMoro CHT-
Haja. Haunbosee onacHe! (JIYKTyauWd TPH Iepelaue IHHPOKOTIOJCC-
HBIX CHIHAJIOB — TEJEBU3UOHHBIX ¥ TPYNOOBHIX Tene@OHHHBIX  (CM.
1. 6). Ilpn HeoGxoQuMoCTH AJsi yMeHBbLIEHHsS] MCKaXKeHH#H H3-3a (a-
30BBIX (AYKTyalUu# B NPUEMHOM OKOHEYHOM OOODYAOBAHHM MOXKeT
MCTO0Jb30BATHCA HOAABUTeNb (ra30oBbix GJykTyauuit. B srom ycTpoii-
CcTBe QJIYKTyUpyiomas ABOMUHAS TOCJIEeJ0BATEIbHOCTh 3aTHCHIBAeTCH
B OydepHyl0 NaMATb; CYUTLIBAHHE 3TOH IMOCIEA0BATEIBHOCTH  OCY-
1IECTBJIAETCS] CTJ1AXKEHHBIM C TTOMOLIBIO LeNu (pas3oBoil aBTOMOACTPOH-
KH CHIHAJIOM TaKTOBOH 4acTOTHI.

OnncanHBil cnoco6 moCTpoeHHs UU(PPOBOTO JHHEHRHOTO TpakTa He
ABJISIETCA eJUHCTBEHHO BO3MOXHBIM. IIpeacTaBasioT HHTepec TuGpHA-
Hple UMGPOBbIe TPAKTH, B KOTOPHX HCIOJb3YIOTCH KaK pereHepailu-
OHHBlE, TaK M YCUIUTEILHBIE MPOMEXYTOUHBlE NYyHKTH. B ruGpuaHBx
TPaKTax NPH HCIOJIb30BAHUH MHOTOYDOBHEBBIX (C YHCJOM YpOBHeH
fGojee Tpex) KONOB BCJAENCTBHE CHHXEHHMS TaKTOBOH YacTOThl HM-
TMyJbCOB B TPAKTe Pe3KO YMEHBIIAETCS UHCJIO0 pereHepalHOHHBIX
Tpancaaund. Ilpu HeGoabwON MJMHe JIMHHU DereHepals CHTHajxa
MOXKeT OCyWIecTBJIATHCSA JHIIL B CCTCBHIX y3aax. MioroyposHesbiit
UHPPOBOH CUTHAN MOMKeT TaKiKe IepelaBaTbCs TIO JHHEHHBIM Tpak-
TaM aHaJOorosblX CHCTEM IepeladH, YTO I03BO/AAET MCIONL30BATbL JIH-
HeHHble TPAKTHl TAKHX CHCTEM INPH TIOCTPOCHHUH LU(PPOBOH CETH.

1.3, Uepapxus mudpoBHIX CUCTEM Hepeayn

.

Llzdposeie cucTeMbl TepefauH, HCNONb3yeMble Ha CETAX CBA3H, CO-
OTBETCTBYIOT OTpeleIeHHOM Hepapxuuecko# cTpykrype. Mepapxus
HCIT gonXkua y1oBieTBOpSATh CIeIYIOUHM TPeGOBaHHAM:

CHCTeMBl Tepefaun JOJIKHBL obeclieyHBaTh Nepelayy BCeX BHAOB
aHAJIOTOBHIX M JHCKPETHBIX CHTHZJOB;
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CKOpOCTb repegayn HHGOPMalUHH NOJKHA ObITh BEIGpPaHa C yYeTOM
HCNO0JIb30BaHUS 060pPYyNOBaHHA KaK aHajoro-uudposoro npeobpasosa-
HHS, TAK H BPEMEHHOTO IPynnoo6pa3oBaHHsl CHTHAJOB; ‘

JOJIKHO ofecrmeuuBaTbCsl NMpocToe oObedUHeHUe, pa3feleHHe U
TPAH3HT IEpeJaBaeMblX CHIHAJOB;

OPH TNepejaye THIOOBBIX CHTHAJMOB HeO6X0XHMO, 4TOOB IIPONYCK-
pas cnoco6rocts LICIT nenosnb3oBasack HauaydlIuM o6pasoM;

JIOJIKHA GLITHL NPEAYCMOTpPEHA BO3MOXKHOCTL B3auMoLecTBHs Lud-
POBBIX CHCTEM Jlepelaud ¢ aHAJOTOBHIMH CHCTEMAaMH.

mnapamerpsl IICIl pmonubl BBIGHDATBCS € y4eTOM XapaKTePHCTHK
CYUIeCTBYIOIHX H NEPCIeKTHBHHIX JUHUA CBA3H.

B nacrosimee BpeMs HawOoJblllee pacnpocTPaHEHHE TOJIYYHJIH JBA
THTIA Hepapxuil uu(pPOBHIX CHCTEM Nepefadyu: eBpomelickas H CeBepo-
amepukanckas. Ilepas ocnoBbiBaercss Ha mnepsuynoit LICIT THna
HNKM-30 co CKOPOCTbIO Tepefaus rpymnmosoro cHrHana 2048 x6ur/c
(puc. 1.9,a); B ocHOBYy BTOpPOH IOJIOXKEeHa TNepBUYHAs CHCTEMa

Nlepbusnan Bmopuywarn  Tpemuswan ’/:mdf,;gw//aw Jnmepuynan
uen qen uen qen qen
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Puc. 1.9. Hepapxus uudpoBHX cUCTEM Nepeaauu:
Q) eBponefckas; 6) ceBepOAMepHKAaHCKas

HKM-24 co ckopocTbio Tpymmosoro curmana 1544 x6ut/c  (pHc.
'_1-9,6). PaspaGorannbie B Haulell cTpaHe LMH(POBbIe CUCTEMH MeEpena-
MH COOTBETCTBYIOT €BpOTelicKoi Hepapxuu.

I[TepBuunbse LICII HCIOAB3YIOTCS HA MECTHBIX CeTAX CBS3HU
[16]. B aTux cmeTeMax OCYHIECTBJSETCS BOCKMHDA3pAAHOE KOAUPOBA-
‘Hie TenedoHHbix curHajoB. Kpome 30 kanasos TU mpeaycmorpena
OpraHHsanust ABYX C/IyKeOHBIX KaHAJOB — JJisi NePefaud CHHXPOCHT-
~~'Hana u curnanoB ynpassenne npubopamun ATC. Oxoneunoe o60pyno-
1R




BaHHe TAKAX CHCTEM B LHUGPOBOH CETH CBA3H MONKET HCHOJB30BATHCH
He TOJbKO IJsi KaHajoo6pa3oBaHHUs, HO W AJs OpPraHU3alyd BpeMeH-
HOT0 KOMMYTAllHOHHOro TOJis B KOMMYTalUHOHHOM ofopynoBanuu [1,
17, 18]. CywmecTtByior MOAHGMHKAUHH NMEPBHYHOM .CHCTEMbI, HANPHMeED:
CHCTEMBI C JeabTa-MOAyJSlHel, ocyllecTBaAswme mnepenauy 40—60
TenedOHHbIX curHanos |14, 19]; cucrembl, ocyliecTBJ/SIOUWHE LHP-
POByI0 meperauy l2-KaHAJAbHOTO IPYNNOBOrO CHTHaJZa € YacTOTHBIM
pasinenenneM KaHanos (dcxoaublii crnextp 60—108 xI'm) u meckoiab-
KuX (po 10) TenedoHHBIX CHTHaJMOB, llepelaBaeMblX Ha OCHOBE Bpe-
MEHHOTO pa3je/eHus; CUCTEMbl, B KOTODPBIX IepelaloTcsl KaK TeledoH-
'Hbl€ CHTHAJBI, TaK H CHCHAJBl BEL[AHHUS.

[lepsuuneie cucTeMbt OOBIYHO MpPeIHA3HAYAIOTCS LA YIIOTHEHHS
MHOTOTAPHBIX HH3KOYACTOTHHIX Kabejedl TOPOACKHX TenedOHHBIX Ce-
Tell ¥ 0AHOYETBEPOUHBIX Kabenelf cenbckux ceTeit. [Jauma yuyacrka pe-
reHepallHi TPH 3TOM cocTasaser 1,5—3 kM.

Ln¢posble creTeMbl mepeiausl BLICLINX [OPAIKOB, TPHHATLIE B
CCCP, — BropuYHble, TpPeTHUHBle, UeTBEpHUHBIC H MATHPHYHbIE — HC-
TOJNb3YIOT METOJ [ABYCTOPOHHErO COTJIACOBaHMHA CKODOCTel, MM
PAL CYULECTBEHHBIX NPEUMYyILecTB (CM. V1. 3) MO CPaBHEHHIO C METO-
JIOM OJHOCTOPOHHEro COTJIACOBAHUSA CKOPOCTeH, NMPUMEHSeMbIM ® DA-
Jle CTPaH. ‘

Bropuunse ILICII, cxopocTh rpynnoBoro MOToka B  KOTOPHIX
cocraBasier 8448 KOHT/C, MCOAB3YIOTCS HA MECTHBIX H 30HOBBIX ce-
TAX ¢BA3H. Ilo mpUHUNNY MOCTPOEHHsT PA3/NHUYAIOT BTOPHUHbBIE CHCTEMBbI
CJe1yIoUHX BHAOB: ¢ OoObeIHHeHHeM UHGPOBBIX CHLHAJOB 4YeThbIpex
'MepBHUHBIX CHCTEM, 4TO obecnednBaer opranusaunio 120 xanaaos TY;
C HEMOCPEeACTBEHHBbIM KOoAHpOoBaHHeM 120 TeedOHHEIX CHMHAJOB; C KO-
JIMPOBAHHEM TPYnnoBoro 60-KaHAJILHOIO CHTHAaJa C YacTOTHBIM pasje-
UleHHeM (MCXOAHBIA crnekTp 312—552 kI'm) u coBMecTHOH nepenadei
3TOr0 KOJAHPOBAHHOTO CHIHAJA ¢ UH(PPOBBIM MOTOKOM NMEPBUYHOH CHC-
TEMBL.

Bropuyuste LICIT npeanasnavaiorest 1.5 paBoThl IO CHMMETPHY-
HBIM Mex1yropoausiM [20] u xoakcuanbueiM kaGeasm 0,7/3,0 u 1,2/
4,4 mm [21], a TakiKe BONOKOHHO-ONTHUECKHM, paAHOpPeseHHBIM H
CIIYTHHKOBBIM JHHUAM cBsi3d., Kpome roro, curnans sropuunofi LICII
MOTYT mepelaBaThes o TpakraM cucrem nepemaun ¢ HYPK  mpu
HCIOJIb30BAHAM MHOTOYpOBHeBHIX ko108 [22]. Ilpu pabote no kabesnb-
HBIM JIMHHSIM JJMHA y4acTKa pereHepalHi coctabaseT 3—6 k.

Tpernuanse LICII, ckopocts rpynmosoro mnOTOKa KOTODBIX
34 368 kbur/c, paccuuTanbl Ha OODbETNHEHHE CHTHAJOB UYeThIpeX BTO-
DHUYHBIX CHCTEM H UCIIOABBYIOTCS Ha MeCTHBIX, 30HOBBIX H MarucTpajb-
HbIX ceTax cssa3u. Tpernynas LICIl obecneunBaeT opraHusauuio m10
480 xaunaaor TU. ITo aToil cucteMe MOTYT TepelaBaThCsl TeNE€BU3NOH-
Hbl€ pell{aTe/bHbIE CHTHAJbI, NpeoGpa3oBanHble B LHPPOBYIO HopMy
€ HCIOJIL30BAHHEM MCTOAOB YCTPaHCHHA H3OBITOYHOCTH. PasuoBui-
wocthio Tperuuydol LICIT gmasiercst cucreMa, OCYLIECTBJAAOMAS KOJH-
pOBaHKMe M nepefauvy curHanoB 300-KaHaJbHOH IPYNIbl € YACTOTHBIM
pasgenennem (ucxoaublii cnektp 8122048 xI'm). C momowpbio Tpe-
THYHBIX CHCTEM YIJOTHAIOTCH KOaKcHAJbHHE KaGenu ¢ mapamu 1,2/
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4.4 MM, cHMMETpPHUHBIE MEeXJIyropoAnble Kabenu, a TakikKe BOJIOKOH-
'HO-ONTHYECKHe W paidopeseliHble JuHHH. JnMHa yyacTKa pereHepa-
WHH npu paBoTe Mo KoakcHaibHOMY Kabemo cocraBaser 2,3—3,2 kM.

Uerpepuudne LICII, ckopocTh TPYNmoBOrO MOTOKA KOTOPBIX
139 264 k6ut/c, ocyurecTB/silOT 00beJHHEHHE CHTHAM0B 4YeTbIpex Tpe-
THYHBIX CHCTEM M TIpeAHA3HAYeHbl A1 paboThl Ha MeCTHBIX, 30HOBBIX
T MaruCTpajbHBIX CeTAX CcBA3H. UYeTBepHyHas cucreMa obeclneyuBaer
opranusauumo 1920 TesepoHHBIX KaHAJOB H MOXeT MCIOJAL30BATHCH
YU nepelayd CHIHAJIOB TeleBM3nOHHOro Bewanns. CucreMa mpegHa-
SHayeHa a5 paboThl TO KoaKCHaJbHHIM KaGeaaM c¢ mapamu 2,6/9,5
u 1,2/4,4 MM, a Tak¥Ke MO BOJOKOHHO-ONTHYECKUM JIHHHAM CBSI3H.
Jlnuna pereHepauuoOHHOro y4acTka npu pabore mo kaGesio ¢ mapaMu
2/6/9,56 mm cocraBaser 3—3,5 KM, a npu pabore mno xabearo 1,2/
4,4 ym — 1,6—2,0 xm. Ha ropoackux cetrsax ucrBepuunas LICIT nosso-
JIieT €031aTh MHOrOKAaHa/bHble COEIHHUTENbHble JauHHH Mexay ATC
BOJILIION eMKOCTH, a TakxXKe 00ecHeuydTb BBICOKOKAYECTBEHHYIO Iiepe-
7124y TeJeBH3HOHHBIX CHIHAJ0B OT BbIHECCHHBIX MEepelaloiiX CTaH-
UHH K TENCLUEHTPY H MepeIaTuHKY.

O6bequHeHHe CUTHAI0B HECKOJIbKHX UYETBEPHUHBIX CHCTEM I0O3BO-
JUAT TIOJYYATH Gosee MmolwHylo nsatepudHyio LCIT na 7680 kana-
aoB TH. Ussectus npeanoxkenus [23, 24] mo €o3xaluio CBepXIIHPO-
KOTIOJIOCHBIX CHCTEM C TAKTOBBIMH uactoTaMu go 1,6 [l

IToMuMo uepapxHuecKux B Haluell CTPaHe HCIOIB3YIOTCA CJelylo-
miHe HeHepapXxuyeckue UHGPPOBBHe cHCTeMbl nepenayd. Ha cenbckux
CeTdX OBsi3n npuMensercs 12-kamasabnas cucrema ¢ MKM (MKM-12)
€0 CKODOCThID Tepegayu Tpynnosoro motoka 704 x6ur/c. Cucrema
mpelHazHaueHa A PaGoThl MO CEJbCKHUM OJHOUETBEPOYHBIM Kabe-
uaM. JlnuHa ydacrka perenepauun — 7,2—7,8 kv, [asg mepenaun
CHTHAJIOB 3BYKOBOrO BEHIAHHA MO JHHHAM TOPOLCKUX TesedOHHBIX ce-
Tell HCMOAB3yeTCA anmaparypa uupoBOro BellaHus, oGecneyusaro-
1lass OPraHH3aUHI0 YeThIPeX KAaHAaJOB 3BYKOBOTO BELIAHHS BBICUIETD
Kjacca no tpakty nepsuyuoit LICIT co cxopocThio mepenauu rpymnmo-
Boro moToka 2048 x6ut/c [25]. Llndposas meperaua CHrHAJIOB Teje-
BHZMOHHOr0 BELIAHHA [0 COEAMHHUTEJNbHBIM JIHHHAM TeJEBU3HOHHBIX
@nmnapaTypHO-CTYAUHHEIX KOMIJIEKCOB ofecmeunsaeTcs ammaparypoit
TCJI-1L [26]. Anmnapatypa paGoraer mo KoakcHajabHOMYy kxalegio ¢
mapamu  2,6/9,5 wmM. CxopocTb mnepeiaun  UM$POBOro  IOTOKA
114 048 xGut/c. Hdauna yuacrka pereHepanvu 3 ®kM. Ias mnepepaus
CHTHAJIOB AHCKDeTHOH undbopmauuu (Tenerpadnoil, neperaiyu JAaH-
HblX) TO UHGDPOBBIM JHHEHHBIM TpaKTaM HCIOAb3YeTCA ammaparypa
MMIYJAbCHO-KOLOBOH Tesnerpaduu, obecneynpalomas BBOJ JHCKPETHOH
uH(GOPMaLUE HENOCPeACTBEHHO B I'PYNNOBOM UHGPOBOA NMOTOK MEPBHY-
weix LICII.

Uepapxus uubposeix cucTeMm, npusepednas Ha puc. 1.9, xopowo
€OTJIACyeTCsl ¢ Mepapxued CTaHZAPTHBIX TPYNIOBLIX CHTHAJ0B, HCIOJ/Db-
ByeMOH B aHaJoOroBhHIX cucTeMax mnepegauu (12-, 60-, 300-, 900-xa-
#anapuble rpynne) ¢ UPK [23, 27]. OcHoBuble nannsie nmo LICIT, Bxo-
JAdIIMM B ONHCAHHYIO HEpapxHIo, cBeleHH B Tabs. 1.1.
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1.4, ITupoBoe KOMMYTaI[MOHHOE 060pyAOBaHUE

Curaansl, nepepasaembie mo LICIT, KOMMYTHDPYIOTCH B y3J/lax CeTH CBA3H B aH
aoroBoi Mau uudpoBoll dopme. Kommyrauus curiano B anasnorosoit Qopme mp
H3BOAMTCA UIHPOKO H3BECTHBIMH METOJaMH — C [OMONIbIO 0GODPYZOBAHHA JAeKaiH
1aTOBbIX, KOOPAHHATHLIX HJAH KBasusiekrpoHHbix ATC. B stom ciyuae B y3nae cB
3H HEOGXOZIPIMO OCyUIeCTBJIATH JOMOJIHUTEJNbHbBIE uu@upoaﬁanorosue H aHaJoro-mH
POBLle TPe006pa3oBaHus CULHAJOB, UTO YBENHYHBAET MOUIHOCTh WIYMOB B Tesnedo
HOM KaHane. KoMMmyTauns curHa/oB B 1HGPoBOH dopme He Tpefyer oCyIlecTBJeH!
JOTOJHUTE/bHBX UA(pPOaHANOrOBbIX H aHaJoro-uu(poBLIX NpeobpasoBaHuidl H M
2KeT OCYLeCTBJIATLCA C IOMOLIbIO  3JAEKTPOHHOro oBopynoBaHusi 0e3 NpPHMeEHEH:
MeXaHHUYECKHX KOHTaxkToB. [loatomy uudpoBas KOMMYTAlusi NPAKTHUECKH He YXy
‘waer napameTpoB Tele(ONHBIX KAaHAJOB M N03BOJAeT HauGosee MO/MHO peasH3oBa
l'lpeHMyLU.eCTBa ILH(i)pOBL]X MEeTOA0B [epelayvH. paCCMOTpHM OCHOBHbIE€ TPHHIHI
UHPPOBOH KOMMYyTaLHH TeNe(OHHBIX CHCHAJIOB H BO3HHKAIOLIHe NDH 3TOM CIEnH
yeckre TpeGoBaHHsi K 060PYI0BaHHI0 HHOPOBBIX CHCTEM Mepefay.

B rexuuke unpoBoil KOMMYTaLMu HCHOIBL3YIOTCH JABA BHAA KOMMYTAaUHOHHI
YCTPOHCTB — ¢ BPEMEHHBIM H NPOCTPAHCTBCHHBIM — Da3jefieHHeM KOMMYTHPyeMi
kaHajoB. [Ipn BpeMCHHOM pasjieieHHH OJHO KOMMYTALMOHHOe YCTPOHCTBO (3¢
TPOHHBIH KOHTAKT) [OC/JEA0BATEAbHO HCIOMb3YCTCH /Il KOMMYTAHMH HECKOJIbK
KaHaJjoB. IIpH NMPOCTPAHCTBEHHOM DPa3feJCHHH KOMMYTAlHOMHOe YCTPOMCTBO 3aKpe
JSeTCsT 32 ONpefe/eHHBIM KaHaIoM B TeyeHHe BCero BpeMeHH coennHeHust. Lludp
BHE CEeTH, CO3JaBaeMble B HacTofllee BpeMsa B PAa3NHUHBIX CTpaHaX, B OCHOBH(
HCIONB3YIOT NPHHIMI BPEMEHHOro pasjelleHdst KOMMYTHDYEMbIX CHFHAJOB.

BpewmenHoe ymioTHeHHe KOMMYTHPYIOUIHX YCTPOHCTB pe3Ko cHuxKaeT o6beM KO
MYTALHOHHOTO OOODY/AOBAHHA — UYHCAO 9JEKTPOHHBIX KOHTAKTOB ~ MOXeT Ol
yMmenblieno B 10—20 pas (B 3aBucuMmocTH OT ero emxocTH). Kpome Toro, npu Bf
MEHHOM pa3fleJieHHH KOMMYTHDYEMBIX KaHaJOB BO3MOXKHA HHTerpanus 06OpyoE
HHSl CHCTEM Tepejaud U KOMMYTAlMH CHFHAJMOB. IDTO JIOCTHTAeTCsi MyTeM HCIIOJ
30BaHHS KaHaao00pasyouero o6opyAOBaHHsS MHOTOKAHAJbHBIX CHCTEM Iepefaun
BPK s 06pa3oBaHust KOMMYTALHOHHOTO MO,
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Puc. 1.10. CrpykTypHas cxeMa y3jla KOMMYTauuH MaJoi
€MKOCTH

TlprHuun MOCTPOEHHS KOMMYTAaLHOHHOrO o0opyaoBanus ¢ BPK maumoctpupy
CTPYKTYpHas cXema y3la KOMMYTalHH MaJjoli eMKOocTH — 10 200 KOMMYTHpyeM
Kanasiop (puc. 1.10). K meHTpy KoMMyTauud NOAKJIIOUCHB M BXOAALIHX H M HC
JAamux coegunutenpubix aupHd (BCJI w WUCJI); umcno KaHanioB B KaXiol JHH
PpaBHo M.

[Ipn ycraHOBJMeHHH COeIMHOHHS HEOGXOAMMO BLAEATb OMpeAe]eHHbIl Kau
H3 TPYANOBOro NOoTOKa BXOAfINEH JHHHH H NOAK/IIOUHTH €0 B KOMMYTALHOHHOM I
¥ moGomy cBoGOAHOMY KaHAJdy HCXOAsIIeH JHHHH COOTBETCTBYIOLIErQ HAIpaBJeH!

B Gnok ympassieHHs Y314 KOMMYTAlMH uepe3s BBIAEAUTEIH CIYKEOHBIX CHI




nos (BCC) nocrynaior curaanui ynpae/iesHs H B3anMopefictsus (CYB), uecywme
HHQOpMaUHIO O HOMepe BhI3bIBaeMOro aGOHeHTa, HMKJAOBOH CHHXPOHH3AUHH BXOfA-
ero NoToKa (Hecylllhe HHGOPMAlHIO O TNOJOXKEHHH KOMMYTHPYeMOro KaHala B
UMKJE Nepelayn), a Takike CHTHAMB O COCTOSIHHH KaHAJOB B MCXOAAUIMX COEJHHMU-
TeNbHBIX JMHHAX. [0 NpHHHMaeMBIM cHTHanaM (GOPMHDYIOTCS HMMIyJbCHBE MOCAEAO-
BATE/IbHOCTH, ynpapJsioline paboTofl y3J0B KOMMYTaUHOHHOTO 06GOpPY/10BaHUS.

MuoroxaHaabHbI/f CHMHA BXOASULEH COeHHHTENBHON JIHHHH Yepe3 COOTBETCTBYIO-
Wyt pacnpejesHTeNb 3aNHCHIBACTCH B PETHCTPbi BXOAHOTO 3aMOMHHAIILENO YCTPOIi-
crBa 3Yex. HHCIO DETHCTPOB PaBHO YHCJY KAHAJNOB, 4 KOJHYECTBO SYEEK MAMATH
B KaXJOM perucTpe paBHO UHCJy pa3psioB 7 B KOJAOBOH Ipynme OAHOro KaHaJja.
CnenosarenbHo, a8 06paloTKH CHTHaja, NOCTYNAIOUIETO MO OAHOH COEJHHHTEJbLHON
JMHNH, eMKOCTb 3¥sx PaBHa YHCIY KO10BHIX cHMBOJOB B uukiae LICIT Bxomsmieit
coeunnTebHOM Jaunnn Mn. C NOMOUIBIO JeKTPOHHBIX KoHTakT0B OKa, 3aMmbixae-
MbIX HMIIYJIbCHBIMH NOCJIeZOBATEJBHOCTSMH € BHIXOJ0B OJIOKA YIpaBJeHHs!, CHCHAJbE
OTZeJIbHBIX KaHaJoB 00bhelHHAITCS B TPYNIOBOH HH(POBOH MOTOK.

Ynpasasiolllie 10CJe10BAaTEJIbHOCTH, NOcTynaioline Ha KoHTakTsl JKa, cdasu-
poBallll TakHM 06pasoM, 4To6b B FPYNNOBOM LH(GPOBOM MOTOKEe B pe3yJibTaTe IMO-
KaHaJbHOTO 06beaHHeHHs cHOPMHpPOBAJach CACAYOLIaf NOCIEA0BATEIbHOCTh KOA0-
BbLIX TpyNH: NepBHH KaHaJ NepBOf cucTeMbl, MepBHH KaHajl BTOPOH CHCTEMB, ...,
HepBuIH KaHasd m-f CHCTeMBl, BTOPOH KaHaJ INepBOH cHCTeMbl, .., M- ka"an m-i
ccrembl. Homepa xanajoB M CHCTeM COOTBETCTBYIOT HCXOLSAIMHM COEJIHHHTENbHBIM
anHuAM. C TIOMOLIbIO 3JeKTPOHHBIX KOHTakTOB DKs KOAOBble IpyNIbl OTJedbHBIX
KaHaJoB 3aMHCHBAIOTCS B PErUCTPHl 3aMOMHHAIOIHX YCTPOHCTB COOTBETCTBYIOLIHX
HCXOAAWMX JuHHH 3Ysux. CHrR4Ab U3 PerHCTPOB 3¥pmx CYHTHIBAIOTCA B HCXOIA-
LIY10 COeIHHHTENbHYIO JuHHIO. OnepaTHBHAas NaMsATh Ha BXOAaX M BBHIXOAAX KOMMY-
TaluMOHHOro 060pyaoBanus 3Yyx ¥ 3Vgux MOBHILIAET JAOCTYNMHOCThL K4HAJIOB, coXpa-
HAS HHQOPMALHIO BXOISAUIETO KaHala 10 MOMEHTa BPeMeHH, COOTBETCTBYKOLIErO CBO-
60AHOMY KaHaJy TpeOyeMOro HamnpaBJ/ieHHs, a TaKXe BbpaBHHBAaeT BPEMEHHHIE IMO-
JIOXKEHHS KaHaJOB PAa3JIHYHBIX BXOAAIIHX JIHHHH.

[ — 7 - N
)
E —
N ( \
X .
S
8 Ma ey ¥
5
& Peeucma M O
355
L 7]z] _{i 5% FT7
N 53D
{ ]
X Enony  Om Broxa NEL TP N P
ynpadnesun  ynpabnenun ary
oo (3Ysz | INg 2 g
8lssejzlr 3z
S |
g |
§ symxlz
LY
S
8 Kz
S
& .
< L—>
K < i/gnr > %"
X Gnoxy  Om Gnoxa ~—| yrpabnewnun —> 3
ynpaldrenus YnpaoAcRun 5 ]

Puc. 1.11. CtrpykrypHas cxeMa y3ja KOMMYyTalud GoJbLIOf eMKOCTH
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B yanax koMmyraumn 6oJbIIOf eMKOCTH 06beIMHEHHE CHTHAJOB BCEX BXOAA-
X JHHUA B eAHHBIH TPYNNOBOH NOTOK NMPHBOAHT K YPe3BbIYAaHHO BHICOKOH CKOPO-
CTH 3TOTO NOTOKA, KOTOPAs He MOXeT ObiTh ofecreueHa NMPH PeaNbHBIX CKOPOCTAX:
KOMMYTALHOHHBIX 3/eMeHTOB. [1o3ToMy B TakuMX y3/laX MCNOJb3yeTcs NapasiesbHas
nepefaya KOAOBLIX FPYNN B KOMMYTAlMOHHOM IOJe, a TaKXKe €ro MHOrOCTyleHya-
TOe NMOCTPOEHHE. Takoe MOCTPOEHHE HCMOJB3YeTCst, HanmpuMep, B y3jJe KOMMYTaUHK
cucremnt «[lnaton» [1] (puc. L11, 1.12). MHorokananbHblii CcHrHald Ka>kKAO# H3

gm nepberx AYEEK pERUCTIPOE FYgx
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X neplsim rvednam namame 3Ygpix

Puc. 1.12. Tlpuxuun BpemeHHOH KOMMYTaUMM KaHaJdo0B

32 BXOAAUNX COCAWHHTE/IbHBIX JIHHHH pacnpejeasercss no perucrpam 3¥sx. C mo-
MOIIBI0 BOCbMH (MO0 4YHC/IY pPaspsioB B KOAOBOH IpyNNe) 3JeKTPOHHBIX KOHTAKTOB:
OKa onmHoBpeMeHHO (OPMHPYIOTCS BOCEMBb TPYNNOBHLIX LUHM(POBHX IOTOKOB, B KOTO-
PbIX TOCJEOBATENBHO NEPERAIOTCH OJHOMMEHHBIE KOAOBbiE  HMIYJAbCH BXOASIHX
KaHaJoB. -

Hnreppan MoAK/IOUEHHS ONHOTO BXOASILErO KaHala K CPYNNOBOMY TDAaKTy —
BpeMa 3aMbikaHs OKa — paBeH JJIHTENbHOCTH KaHAJILHOrO HHTEPBAJa B LHKAE
nepefayd BXolsiiero 30-KaHaJbHOTO TOTOKAa (4 ‘MKC). DTOT HHTEpBaJ AJAMTCS Ha
33 BpeMeHHHIX npoMexytka. ONHH M3 3THX [POMEKYTKOB NpeiHA3HAuaeTCH /s
OllepallHil 3alHCH H CYHTHIBAHHSL B 3¥sx, OCTajbHble OTBOASTCS lla Mepejiayy CHI-
Haja B oAHOM H3 32 BO3MOXHBIX HCXOAAUIMX Hanpas/ieHuii uepes DKs. Uucao Kow-
MYTHPYeMbIX HMCXOJALIHX JHHHHA OTDaHMYHBAETCS CKOPOCTBbIO PaboTH suYeeK NaMsTH
3Y. Has peanusaumuH mNoJsi, OOECITEYHBAIOIMETO AOCTYN K 32 HCXOMAUIHM JIHHHAM
(1024 ucxopfinuM KaHaJaM), YacCTOTHI 3alHCH H CUMTHIBAHHS JOJKHBI OBITh DPaBHbI
8-32-33=28448 kI, uTO COOTBETCTBYET CKOPOCTH MNEPEKTIOUEHHS  HHTErPaJbHBIX.
cxeMm TTJ1.

B HoCcJeAHHE TOAbl B CBA3H C AOCTHZXKECHHUAMH MHKDO3JICKTPOHHKH TMOBBLICHJCSH HIH-
Tepec K MpPHMEHEHHIO NPOCTPAHCTBEHHOW KOMMYTaUHMH HupPOBBIX curHanos [28].
CHrHaabl, pasjejieHHble BO BPEMEHH NPy TNepejaue N0 MHOTOKAHAJbHBIM CO€AMHH-
TeJbHBIM JIHHHAM, INepeJ KOMMYTauueil pasiessioTcsi B IIPOCTPAHCTBE C MMOMOLIbIC
PErucTPOB OMEPATHBHOM MAaMSTH. AJITOPHTM KOMMYTaUMH UHQPOBLIX CHTHAJOB NPH
NIPOCTPAHCTBEHHOM pa3jie/leHHH MOA0GeH aJropuTMy KOMMYTAUHH aHaJOroBbIX CHI:
HaJOB B CYLIECTBYWIUHX cHCTeMax KBasusaektpouunlx ATC. Huskue ckopoctu pa-
60T KOMMYTaLHOHHBIX 3JEeMEHTOB NpPH MPOCTPAHCTBEHHOM pa3fescHHH KOMMYTH-
pyemblX CHUHAJOB MO3BOJSIOT Hcnoab3osath MOIT-cTpykTypel ¢ Mmagoit morpebisc-
MOH MOILHOCTbIO IIPH BHICOKOH cTemeHH uHTerpauuu. [Ipn mpocrpancrbeHHoM pas-
JleJIeHHY BO3MOXKHO COBMECTHOE YNpaBJieHHe KOMMYTalueHl Aas 06OMX HampabJeHHl:
nepejayy; yepe3 KOMMYTAILMOHHBIE NOJS MOTYT MNepeaBaThCsi MOTOKKH C Pa3JHYHBIMH
CKOPOCTSIMH.

Kak npu BpeMeHHOH, Tak M NPH MNPOCTPAHCTBEHHOH KOMMYyTallMH LHMGBPOBHIX.
CHTHAJ0B HeoOXOJAHMa CHHXPOHH3alUUsl BXOASLIMX H HCXOAALIUX UH(POBHIX ITOTOKOB.
B cHcTeMax ¢ NPOCTPAaHCTBEHHOH KOMMYyTauHell CHHXPOHH3aUHA BXOASULHX H HCXO-
AALIUX TIOTOKOB OCYIIeCTBJsieTcs B KaHajaoo6pasylolieM OGOpPYyAOBAaHHH CHCTEM. Ie-
pelayd ¢ NOMOLUbIO YCTPOMCTB CHHXPOHHOrO MJIH aCHHXPOHHOro compsxkenus. B cu-
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»cTEMax C BPEMEHHBIM pa3jeNeHHeM KOMMYTHPYeMBIX CHTHAaJIOB “HeOGXOAMMO, KpoMe
TOro, OGEeCNeYuTb CHHXPOHHOCTb TAKTOBBIX YACTOT BXOXALIHX LH(PPOBLIX NOTOKOB H
YaCcTOTHl KOMMYTAlLMM CHTHAJIOB B CETEBOM Y3Je. :

Ilpu pasiu4HH YacTOTHl CJeJoBaHHs KOJOBLIX T'PYRI OJHOTO KaHaja BO BXOAf-
JueM UHGPOBOM NOTOKE M YACTOThl KOMMYTAUMM 3THX KOMOBLIX TPYIN BO3HHKAWOT
HCKAXKEHHST KOMMYTUPYEMBIX CUTHANO0B. [lefcTBUTENBHO, eC/H YacTOTA 3ANHCH BXOA-
HBIX CHTHAJOB B perdcTpbl 3Ysx OTJIHYAETCS OT YacCTOTHl CUMTBIBAHHA 3THX CHIHA-
JIOB, TO BDEMEHHOH HHTEPBaJ MEXJ]y MOMEHTaMH 3allHCH H CUHTHIBAHHS H3MeHseT-
¢ B clyyae MNPeBLIUCHUR YACTOTHI 3alHCH HHTEPBAN MEXKAYy MOMEHTAMy 3amlucH
M CYUMTBIBaHWA Bo3pacraeT u Haobopor (puc. 1.13). IIpy 3TOM MOMEHTHI CYMTBIBAHHS
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Puc. 1.13. Wsmenenune BpemenHoro uH- Puc. 1.14. CrpykTypHas cxema CHH-
TepBaja MeXIy HMIYJbCHBIMH NOCJe-  XPOHHOH CeTH C eJHHBIM  3ajalolluMm
Z0BaTeNbHOCTAIMH 3aIOHCH (@) H CYH- reHepaTopom
thiBaHus (6) B 3Vax NPH  aCHHXPOH-

HOH KOMMYyTauuu

TIEPHOAMYECKY COBMEIIAloTCs ¢ MOMEHTAMH 3aNMCH, H CYATHIBAHHE KOJOBLIX TPynn
TMPOHUCXOAHT ¢ OWIHOKAaMK H3-34 HeOMPeNeNeHHOCTH COCTOSHHS siyeek 3V.

Takue owuOKH OTCYTCTBYIOT, ec/M CHHXPOHH3HDOBAaTh TAKTOBble UYacTOTHl 3a-
JA0IAX TeHePATOPOB BCeX KOMMYTANHOHHEIX Y3710B. KpoMe TOro, B KamioM Vaje
'KOMMYTallKd HeoOXOLMMO OCyWIeCTBJAATh (hasHPOBAaHHE BXOASAIIHX CHIHAJOB IJsI COB-
‘MEIleHHs BO BPEMEHH UHKAOB BXOAAUIHX HHQPPOBHX NOTOKOR, a TaKkKe NOJaBJCHUSA
‘BPEMeHHBEIX (JAyKTyauufl, Bo3HHKAOMMX B LHPPOBHIX TPAKTax BXOAAIIMX COCAMHH-
“reibHBIX JnHHA. CoBMellleHne IHKJIOB OCYILeCTBJSAETCS B KOMMYTALHMOHHOM 000py-
IOBaHHM, a NoJaBjeHHe (JAYKTyauuil MpH HeoGXOZUMOCTH — B OKOHeyHoM o060py-
AOBAHUA UHPPOBHIX TPAKTOB.

Cyumtectsyior Tpu cnocofa CHHXPOHM3AUHMH KOMMYTAUHOHHBIX Y3JIOB: €AHHLIM
'32/210IUM TEHEpaTOPOM; He3aBHCHMBIMHM CTAOHJIBHBIMU 3aJAOIHMH TEHEpaTOpaMH,
‘yapasisiomimMn  paboToll KoMmyTanuonHoro ofopynoBaHus; B3aUMHON CHHXPOHU3A-
UHell BCceX 3aj1aioliuX FeHepaTOpOB.

B nepsom ciyyae yactoTa paGoTHl BCeX KOMMYTANMOHHEIX Y3JIOB OHpejessieTcs
eIMHBIM 33JAI0IUM TEHEePaTOPOM, YCTAHABIMBAEMBIM B OLHOM H3 TJIABHBIX Y3J0B
«CETH CB#3U. [eHepaTophl, yCTAHOBJEHHblE Ha JPYIHX Y3Jax CeTH, CHHXPOHH3HDY-
I0TCS CHFHaJaMH TAKTOBOW 4YACTOTHl, BBIAENEHHBIMH H3 IH(POBBIX IOTOKOB, Nepe-
naBaeMbIX U3 raasHoro yaaa (pue. 1.14). HemocTatkom Takoro cnocofa CHHXDOHH-
3ally  sBJafeTcs HapylleHHe paGoTsl Bcefl CerH HaM  3HauuTeNbHOH ee vacrn '
HpH TIOBPEXKAEHHH 3aJalOLler0 reHepaTopa WK HCXOAsIIed COCHAHHHTENLHOH JHHUH
TnaBHoro ysna. Takoil cnoco6 nanbonee yaoGeH NpU MOCTPOEHUU NOKAThHHIX ceteit
C pajHaJbHOH TOMOJOTHEH.

[Tpy nCNOMBb30BAHHH HC3aBHCHMBIX 3aJaK0ulHX TeHEPATOPOB BO3HHKaeT pas-
NUUAE MENAY 4acTOTaMH UM(POBHX MOTOKOB, NOCTYNANOUIUX OT APYTHX Y3JO0B-sce-
TH, H YacTOTOH KOMMYyTalWH KOROBHX TPYyNN B JAaHHOM KOMMYTAlHOHHOM Y3Je.
TIpu 2ToM, Kak M B ACHHXPOHHOH CeTH, NPOHCXOJMT H3MEHEHHE BPEMEHHOTO MHH-

! Bo3sMOXHO MOBBINEHHe HAIEKHOCTH CETH MyTeM HCNOMb30BaHUA PEe3EPBHBIX
3aJa0lHX TFeHepaToOpOB, PasMelleHHBX H4 APYrHX y3aax ceTH. IIpH MoBpexJeHHH
32712101LeTO TEHEPATOpPa TJIAaBHOTO y3.1a ero (QYHKIMH [epeSJaioTcs pPesepBHOMY re-
HepaTtopy.
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TepBajia MeXJY MOMEHTAMH 3aNlHCH W CYHTHBaHHA. UToGHn H36eXaTb OWMGOK NpH
BO3MOXHOM COBMELIEHHH MOMEHTOB 3allHCH H CUHTBIBaHHs, NEPHOZHYECKH OCYILECTB-
JISIETCA BPEMEHHOK CABHT BXOAfLIETO NOTOKa. EcCAH YacToTa NOBTOpeHHs KOMOBBIX
rpynn BXOAfMIEro TMOTOKA HHXKEe YacTOTHl KOMMYTAlHH, TO BPEMEHHOH HHTepBaJ
MEXIY MOMEHTAMH 3alliCH M CUHTBIBAHHA KOJAOBBIX TPYINN OJHOI0O KaHaJja YMEHB-
mwaercs. Korjaa BesMyHHA 3TOr0 HHTepBaja NPHOJHKAETCS K HYJIO, OCYLIECTBJfETCA
NOBTOPHOE CUMTHIBAHHE OJHOM M3 KOJOBBIX TPyNN. 3TO 3KBUBAJEHTHO 3a1epXkKe
BXOJIHOTO CHFHaJla Ha IEPHON CYHTHIBaHus. Ec/id uacroTa NOBTOPeHHST KOAOBHIX
TPyl BXOASLLIEro NOTOKAa BBHINE YAaCTOTH KOMMYTALHH, TO BPEMEHHOH HHTEpBAJT
MeXJy MOMEHTaMH 3alHCH H CUXTBIBAHHS KOJOBOH TpYNNH yBeaHuusaercsa. Korna
BeJHUHHA BPEMEHHOTO HHTepBaJa NpubJHKaeTcst K NepHOJY CUHTBIBAHHSA, B 3Vsx
HE CHHTHIBACTCHA OJHA M3 KOAOBBLIX Ipymil. D10 3KBHBaJIEHTHO YMCHBIUICHHIO 3alepxK-
KH BXOJHOI'O CHrHala Ha TIEPHOJ CYHTHIBAHUS.

B pesyapraTe HeKOTOphIE MHCKPETHBIE OTCUETHl IIeelaBAEMOr0 aHaJOTOBOTO
curHana 6yayT Au60 IMOTepSHH, AHOO NMOBTOPEHbI JABax[bl, YTO NpPHBeAET K KPaTKO-
BPEMECHHEIM JAe(OpMalMsiM aHAJOroBOro curHana. Jas TenedOHHBIX CHCHANOB HCKa-
JKeHHs TaKOTO BHJAA MaJjo 3aMeTHbl. IIpH OTHOCHTEJNbHOM pAacXOXKAEHHH 4YacTOT 3a-
JAIEX reHepaTopos, paBHoM 10-%, moreps uau NOBTOpEHHE OJHOrO OTCYETA INpPO-
ucxoaur 1 pas B 3,5 vaca. Kak nokasaiaum pesyabraTe HcciaefoBauus [17], aaxe
NPH 3HAUHTEeJbHO OoablueM DACXOXKAEHHH 4YacTOT KauyecTBO MNepejayd TeleOHHBIX
CHTHAJIOB He yxyamaercd. [TosToMy MeTox CHHXPOHH3ALHMH C HE3aBHCHMBIMH TeHe-
paTopaMH MHcHoJb3yercs HPH UHGDPOBOA KOMMYTaUHH TesehOHHBIX CHI'HAJOB.

HOTep;{ WK TOBTOPHAA Hepefavya KOAOBBIX CHMBOJIOB Gosee onacHa IIpH KOM-
MyTal¥H AHCKPETHOH MH(OPMAlHH, TaK KaK IPH 3TOM H3MEHSETCS UHCI0 HMIYJbC-
HBIX TO3HIMH B LHK/Ie Nepefayd JMCKPeTHOH HHOPMaluuH, 4TO, B CBOIO OYepeib,
BbI3bIBaeT cOOM LHKJIOBOH CHHXDOHH3aLH NPHEMHOro 060pynoBaHMA. B pesyabrare
B TEUEHHE BCEr0 BPEMEHH BOCCTAHOBJIEHHS CHHXPOHH3Ma IIDHeM JHCKDeTHOH HH(bOp-
MailHH GYJer OCYLIECTBJSTBCS HEBEPHO.

Ilpn B3aHMHOH CHHXPOHH3AUMH KOMMYTAUHOHHBIX Y3J0B (DOPMHPOBaHHe CHrHaJa
TaKTOBOH YacTOTHl B KaX/0M Yy3Ji¢ OCYLICCTBIACTCA YCPEAHEHHEM YacTOT BCeX BXO-
JAAIHX TOTOKOB M 4acTOTHl COGCTBEHHOro 3ajaioulero reneparopa. CTPyKTypHast
cxeMa ycrpoHcTBa (OPMHPOBAHHA CHIHAJa TAKTOBOH YacTOTH B CETEBOM y3Je MpH-
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Puc. 1.15. CtpykTypHas cxeMa YyCTpOii- sy >
o §.l§ 1)
cTBa (OPMHPOBAHHSI TAKTOBOH YacTo- o
Tl TNPU B3aHMHOH CHHXDOHHM3ALMH 3a-  Ng§
[AI0IIMX FeHepaTopoB §

BeseHa Ha puc. 1.15. CurHain TaKTOBHIX YacTOT BXOASAUIMX UH(PPOBHIX IOTOKOB,
BH/ENeHHHE B OKOHEYHOM OOOpYIOBAHHH JHHEHHHX TPaKTOB, NOJAIOTCA HA BXOJBL
COOTBETCTBYIOWHX (a30Bbix AeTekTopoB (PJI), riae CpPaBHHBAITCS € CHrHAJIOM, MNO-
CTYNA0OUMM OT MECTHOTO 3aJalolllero reHepatopa. Pa3socTHble CUTHaAHl ¢ BBHIXOLOB:
(a30BbHIX 1ETEKTOPOB NOCTYNAKT Ha BXOALE CyMMaTopa, Ha BBIXOAE KOTOPOro Bhi-
pabGaruiBaercs curHaJj, Hecyumlud HHpOpMalHI0 O CpPeJHEB3BELIEHHOM 3HAyeHHH pac-
XOXK/leHHs 4aCTOT BXOASWMX UHPOBHIX MOTOKOB. CHrHAaM € BbIXOAA CyMMAaropa
onpejeiseT uactoTy paboThl reHepartopa, ynpasasiemoro Hanpsixennem (TVH).
C Buxoga I'VH curaan TakToBOH 4acTOThl NOjaeTcsl K KOMMYTAaHHOHHOMY o060py-
J0BaHHIO, K 060pyaoBaHui0 (OPMHPOBAHHS TPYMNOBOrO LH(POBOrO cHrhHajla H K

OKOHeuHOMY OGODYAOBAHHIO JIHHEHHBIX TPAaKTOB UH(QPOBBLIX CHCTEM MNepefayn.
Ipu TakoM crnocofe CHHXPOHM3ALMH CYLIECTBYET B3aHMHAs 3aBHCHMOCTb MEXAY
yactroramu paGoThl BCEX KOMMYTAUMOHHLIX y3/10B. [ad TOro urobhl M3MeHeHHe Bpe-
MEHH PACIPOCTPaHEHds CHTHAIOB 110 COEAHHHTE]BHBIM JIHHMAM HE NPHBOAHIO XK.
H3MEHEHHIO YaCTOTHl 3aJaOLIUX TeHePaTopoB, B HeNAX Iepejayd TAKTOBOH YacTOThl
ycTaHasauBaiotca  yerpofictBa  Kommencaunn (YK). [as mpenympexieHus mepe~
CTPOKH YacTOTH BCelf CeTH NpPH BHXOJE M3 CTPOS OJHOr0 M3 TeHEPATOPOB HA BHI-
xoge OJI ycranaBiuBaercsi 1efb GJOKHPOBKH, OTKJIOYAMOWLAs A3HHBIE AETEKTOP OT
a0




«yMMatropa B TOM cJyuae, eCJH CHTHan Ha Bhixoge PJI npepilliaeT NMOPOroBoe 3Ha-
uenpe. IlocnesHee BpIOHpaercsi ¢ y4eroM 3aJaHHOrO JHAaMa3oHa YacTOT BXOASLIHX
UHGOPOBHX MOTOKOB.

Cerb CcBfI3H, OCHOBAaHHAast Ha B3aHMHOH CHHXPOHM3AUHUH TeHepaTOPHOro oGopy-
JOBaHUSA, TpejcTaBaseT coboi, Mo cyuecTBY, CeTh C eJHHBIM paclpele]eHHBIM re-
‘HeparopoM. Vamenenue uacToTHl paboTBI TeHePATOPHOro OGOPYAOBaHHS HA OXHOM
‘U3 y3JI0B BBI3bIBACT MEPeCTPOHKY 4acTOThHl CeTH B HeJoM. B 3Tom cliyuae ycrofun-
‘Basi paboTa cHCTeMbl B3aHMHOH CHHXPOHH3ali# OOECHEeYHBAETCH COOTBETCTBYIOLIHM
‘BbIGOPOM TIOCTOSIHHBIX BpeMeHH peryanposanus I'YH, nocrtatouno BbICOKOR uyBCTBH-
‘resbHoctH PJ] B TpeOyeMoM JaHanasoHe NePecTPOHKH YacTOT, OrPaHHYCHHEM AOMY-
‘CTHMOIl BeJIHUMHBI CHIHajla Ha Beixofe O] u KoMOeHcauneldl uH3MeHEHHs 3a€PKKH
‘TiepeAaBaeMbiX -CHTHAJAOB.

B uucdposoit cern ¢Bfi3H Npeanojaraercsi HCNOJIb30BaHHe Pa3H4HBIX CIOCOGOB
'CHHXPOHH3alHH. B mnpelenax OAHON 30HH (CTPaH®) CHHXPOHH3ALHS MOMKeT ocylle-
«CTBJATHCSL eJWHbIM 33JAl0UIMM TeHepaTopoM; B CBOK Q4epeab, 30HBI MOUYT CHH-
XPOHH3HPOBATHCS HA OCHOBC JPYrHX PacCMOTPEHHbIX €l10COO0B CHHXPOHH3ALMH.

Taasa 2

AHAJOYO-IHPPOBOE U IITHPPOAHAJIOTOBOE
TIPEOBPA3SOBAHHSA B IHPPOBBIX CHCTEMAX ITEPEJAYH

2.1. AMNyJabpCcHO-KOAOBAA MOZIYJIAIIU

HMnyabcHO-KOA0Bass MOAyAALHs SIBJAsSeTCSl HauboJsee pacmpocrpa-
‘HEHHBIM MeTOLOM LH(ppPOBOro npeoGpa3oBaHUsT aHAJOTOBBIX CHIHAJIOB.
TIpu KM, xak u npu IPyrux BHAAX aHamoro-yudposoro npeofpaso-
‘BAHUS, NPOMCXOAHUT AHCKPeTH3alUHsd BO BPEMEHW TMepefaBaeMoro CHTI-
naja. ChopMHpoBaHHBIE NPH IHCKPETH3AUHH OTCUeThl Mpeobpasyiores
3aTeM B TPYNNul KOJOBBIX CHMBOJOB. ECIH KaXXABIH CHMBOJ, BX01d-
UIHfl B cocTaB KOAOBOH TPYNIbI, MOXKeT TPHHHUMATh Jb0e u3 r 3Ha-
venn#t (0, 1, 2,...,r—1), a xo10Bas rpynua COIEPXUT N CUMBONOB,
“TO BO3MOXKHO (OPMHDOBaHHe r™ pasJMyYHBIX KOAOBBIX TPYIN, TLle r—
OCHOBAHMe K014, /1 — YHCJI0 paspsiioB.

Ananorosble cHTHaAbl Ha BXOA€ LHGPOBOH CHCTEMBl TIEPefayH HpH-
HUMAIOT Jio0ble 3HAYEHHS B Npelelax 3a1aHHOTO AMILIHTYIHOTO TH-
:anasoHa. Mcmonb3ysi n-pa3psajHble KOJAOBEE [PYHIBL, MOXHO mepe-
JaTb yHopMauuio He Dojee UeM O r™ PA3NHYHBIX 3HAUEHHSIX CUTHA-
J1a. ITostomMy npu LH(POBOH mnepelauye MPOHUCXOIMT  AMIJIHTYAHOE
KBaHTOBaHHe Iepel1aBaeMOro cHrHaja. Takuv o6pa3oM, IPH HMIYJAbC-
HO-KOJ10BOH MOy SIIME OCYLIECTBJIAIOTCS TPH BHAA NpeobpasoBaHuil:
JIHCKPETH3alUHs BO BPEMEHH UCXOIHOTO CHTHAJa, KBAHTOBAHHE aMILIH-
TyZ AHCKDETHBIX OTCYETOB CHTHAJa H KOZMPOBaHHe, T. e. HOPMHPOBa-
HHE KOIO0BbIX IPYII, COOTBETCTBVIONIUX KBAHTOBAHHBLIM 3HAUGHHAM OT-
‘cueToB. Ha pue. 2.1 nokazaga cTpyKTypHas €xeMa HMMYJbCHO-KOXO-
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Piuc. 2.1. CTpykrypHas cxema HMIYJbCHO-KOJOBOTO MOAYJAATOpa
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80ro MoOJAynATopa, a Ha pHc. 2.2 — BpeMeHHble AHATPAMMbl, HJIOCT-

‘pHpYyIOLIHE OTAeAbHble BHABI

npeo6pasoBaHHil.

B peajbHBix aHa/l0ro-un@ppoBHX npeo6pasoBareasix KBaHTOBaHHE
H KOIHpOBaHHE, KaK NPaBHJIO, OCYLIECTBJASIOTCH OJHOBpEMeHHO. Bo3-

MOXHO TaK»Xe COBMELIeHHe
onmepauHil  JHCKpeTH3auuH
H kBaHTOBaHusi. M3Bectuni
anaJoro-uH¢poBee npeot-
pasoBaTe]H, B  KOTOPHIX
BpeMeHHas JHCKpeTH3alus
NpPOU3BOJHUTCS MOCJAe KBaH-
TOBAHHSl M KOJHPOBAHHUS.
BpemeHnas auckpern-
3auusa curuanos. Ilpexcras-
JasieT co00H aMIUIUTYAHO-
HMIIYJABCHYIO  MOILYJALHIO
a”aJiorosoro curuagaa. Ha
puc. 2.3 u 24 nokasaHn
BPeMEHHBIE [HarpaMMbl H
CIIEKTDHI, COOTBETCTBYIOLIHE
pa3jHyHbIM crnocobaM dop-
MHDOBAHHSA OTCYeToB. Pu-
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Puc. 2.2, Bpemennble auarpamMul
paboThl HMIYJIBCHO-KOAOBOTO MO-
AyasTopa:

@) BXOJHOH aHaJIOrOBBIi CHTHAJ; '§
6) THOCAEAOBAaTENbHOCTD — OTCYe-
TOB;  8) TNOCAENOBATENBHOCTD &
KBAHTOBAHHHIX OTCUETOB; 2) mo-
CJIe/I0BaTENbHOCTD KOJI0BBIX
rpynn
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Prc. 2.3. AMIIHTYZHO-MMNYJbCHAS MOAYJSAUHS NEPBOTO PoAA:

@) OTCYETH aHaJOrOBOTQ CHIHaJNA; 6) CIEKTP NOCJAEA0BaTECILHOCTH OTCYETOB
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CYHOK 2.3 HJUIOCTPHDPYET aMILTHTYAHO-HMIYJAbCHYIO MOAYJANMIO Iep-
Boro poga (AMM-1), npu xoTopo HanpsixeHnHe 3a BpeMsi OTCUeTa W3-
MEHARTCS! B COOTBETCTBHH C H3ME@HEHHSMH BXOJHOTO curHaja. Ipn aM-
TUIHTY IRO-HMINY IbCHOH MOJyJsiuuu Broporo poia (AMM-2) nanpsxe-
HHE OTCYeTa MPOMNOPUHOHANBHO 3HAYEHHIO CHIHAJAa B MOMEHTH -jHC-
KpetH3auuu (puc. 2.4); H3MeHEHHUs] BXOJHOTO CHTHAJMA B TEYEHHE OT-
CYET2 He BJAHSAT HA MOJYJNHPOBAHHBIHA CHIHAJ.
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Pic. 2.4. AMIIHTY THO-HMIyJIbCHAS MOAYJAUHS BTOPOTO POAA: ‘
@) OTCHETH aHAJIOrOBOrO CHIHa/ia; 6) CHeKTP MOCHef0BATEIBHOCTH OTCUETOB

CnexTp MOMy/IHPOBAHHOTO curHala B omEeM c/yuae COLEPIKHT
T2PMOHHKY YaCTOTBl AHCKPETH3AUHH, KaXK10H H3 KOTOPHIX COOTB2T-
CTBYIOT BEPXHAA M HUKHSASL OOKOBBle MOJNOCH'. AMIIHTYIb TapMOHHK
HMaCTOTEl AHCKPETH3AUUY [ H3MEHAIOTCH NPONOPUHOHANBHO CIIEKT-
PAJbHOI NJIOTHOCTH MOAYJHPYEMOro HMIMyJbca. CHeKTpasibHHE [JIOT-
HOCTH GOKOBBIX I10JI0C, COOTBETCTBYIOUIHX ONpENEJEHHOH TapMOHHKe
HacToTH Auckperusanuu, npp AMM-1 npomopunoHadbHB CMEKTPaJb-
HOH IIOTHOCTH MOJIYJHDPYEMOTo HMIY/bCa Ha YacToTe NAHHOH TapMo-
mukn. Tlpn AMIM-2 cnekTpanbhbie MIOTHOCTH BOKOBHIX TOJAOC HpO-
TIOPUHOHANBHBL 3HAYCHUAM CHNEKTPAJBHOH IJIOTHOCTH MOIAYJHPYEMOro
HMTY/bCa Ha 4aCTOTax 3THX MOJOC H pacnpeleieHHe CHEKTPaNbHON
TIIOTHOCTH B Tpefesnax OOKOBHIX WOJOC OTJAHYZETCd OT OXCGHOrO
pacnpenesieHnss B HCXOQHOM CHUTHaAJle. 3HAYEHHE OTCUETa AOJIKHO ObITh
TIOCTOSIHHBIM B Npouecce KOAHPOBaHMA. B mpoTHBHOM caydae Moryr
BOSHHKATh OWMOKH npA POPMHUPOBAHMM KOZOBOH rpymmbl. IlosTomy
BpemeHHas AHCKPeTH3aUusi curaana B cHcTeMax ¢ MKM cooTpercr-
Byer AUM-2.

Kak Buauo u3 puc. 2.3,6 u 2.4,6, HCXOLHBIA CHIHAN MOMXKET GHTb
BBIACTIEH H3 NOC/IEAOBATENBHOCTH Sy (f), ecnu GOKOBBIE MOJOCH He Ha-

! Ecan curnan s(f) u nocienoBaTeNbHOCTb MOLY/HPYEMBIX MMITYJIBCOB HE CO-
ZlepXKarT NOCTOAHHOH CcOCTABASIOMEH, TO B CleKTPe MOAYJIHPOBAHHOTO CHIHANA OT-
CYTCTBYIOT YacTOTa JIHCKPeTHSAaUWH [y 4 rapMOHHK: 3TOH 4acTOTbL:
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KJIabIBAIOTCH . APYT Ha apyra. s 3TOro HeoGXOAMMO BbIONHEHHE
YCAOBHS

fa=2fs, _ 2.1y
TAe [s — BepXHSs YacTo™a NEpeiaBaeMoro curHajaa. Yciaosue (2.1)
COOTBETCTBYeT H3BeCTHOH Teopeme B. A. KoreabHukoBa, cornacHo Ko-
TOPOH HempepHIBHBIA curnas S(f) moxer ObITb BOCCTAHOBJEH (€3 Hc-
KaXeHuH H3 NOCAeJOBaTeNbHOCTH AUCKPETHBIX OTCYETOB Sx(f) 3TOTO:
CHTHAJ1a, eCcJaM YacToTa AHCKPETH3alluu [n mo Kpaiinell Mepe B 2 pasa
Bbille HauGOJbIIEH YacTOTHl, coJepiKalleidics B CHEKTPE HCXOLHOTO:
CHrHaJja.

YBennueHHe YacTOTHl JHCKPeTH3ALUH NO3BOJISIET YNPOCTHTL (HJIbLT-
PBl, OrpaHUYHBAIOLINE CHEKTP AHAJT0rOBOTO' CHICHAaJjga B IlepejalolleM
000pyAOBaHUHA, @ Takke OQUAbTPH, BBLAEJSIOLINE CIEKTP HCXOTXHOTO
CHTHAJA NPH AEMOAYJAALMH B NpueMHOM obopyrosaHuu. Tak, mpu ne-
pelaye TenedoHHBIX curuanor ¢ nogocoft 300—3400 Iy Hopmanuso-
BAaHO 3HaueHue f=8000 I'u.

[Ipn nepelage TpynmoBHX TejeOHHBIX CHTHAJ0B yejosue (2.1)
TIDUBOJHT K CYLLECTBEHHOMY YBEJIHUEHHUIO fy, UTO, B CBOK OuUepelb, BH-
3bIBAET YBeJHUEHHEe YacTOTH CJNeLOBAHHS KOLOBBIX CUMBOJIOB. Jas
CCHHXKEHHS [y LesecoudpasHo TIEPEHECTH CIEeKTP HCXOJIHOTO CHTHAJMa B.
obnacTe Gojiee HU3KHX 4acToT. Tak, mpu mudposoil NMepejaue CHIHA-
Jla TPETHYHOH TPYNIBI C YACTOTHBIM Da3JeNeHHEM KAHAJOB HOMHHAJIb-
Hbll crnektp 812—2044 k[ BO3MOXKHO mpeoGpasoBaTh B clnekTp 60—
1292 xI'm.

[Ipn nepenaue curnajoB, IHPHHA CIHEKTPA KOTOPHIX MEHBIIE OKTa-
Bbl (2fu>>[s), BO3HHKAET HECKOJbLKO 00J1aCTedl BO3MOMKHBIX 3HAUEHHI
yacToThl auckperusauuu [29]. Tak, 15 ¢UrHANOB NEPBUYHOH H BTO-
puutoit rpynn ¢ YPK cyuiectsyror ase obaactu:

Fp<[a<<2fu u 2fz<<[z<Too. (2.2); (2.3)

[Tpn xogupoBaHun nepBHYHOH Tpynmel kKaxanoB (60—108 xI'm):
4acToTa AMCKPETH3alun MOXKeT HaxoauThest B npefenax 108—120 k[,
a TIPH KOAMpOBaHWM BTOpPHUHOH rpymmbl (312—552 xI'm) — B auama-
30He 552—624 kI'u, yro obfecneunBaeT 3HAYHUTEJbLHOE CHHIKEHHE UYac-
TOTHl JTMCKDETU3ALUU CDABHUTEJbHO ¢ BeJAHUHHOH 2[5 Ges mnepeHoca
CNEeKTpa UCXOJHOTO CHUTHAJA.

AMnauTynHoe kBaHTOBaHWe, [IpH aMIIMTYA1HOM KBaHTOBAHHH He-
NIPEPHIBHLIN AMana30H 3HAU€HUNl NepenaBaeMOTO aHaJOrOBOTO CUTHA-
Ja 3aMeHsieTcd KOHEYHBIM MHOXKeCTBOM paspelleHHbX NJg nepefauy
3HaUeHHI — ypoBHell kBaHTOBaHUA. JlMHaMHuyecKHH [ManasoH mepe-
J1aBaeMoro curHana pa30uBaeTcs Ha psid OTAEJbHBIX y4acTKOB — lLia-
TOB KBaHTOBakus. O603HAUYMM BeJHYHHY [-TO l1ara KBaHTOBAHMA Ye-
pes 8;. Ecau 3uauenne BxoaHoro curuana Usx yIOBAETBOPsieT yCJIOBHIO

Ui~6i/2< UBX<U1'+51'/£', (2-4)

TO CHTHaJy NPHCBAMBAETCS 3HAaueHWe [-ro ypoBHsi kBaHToanusg Us.
IIpu sroM Bo3HHKaeT omHOKa KBAHTOBAHHSA Agg — PA3HOCTb MEXAY
neperaBaeMofi KBaHTOBaHHOH BejMUHHOH Uygp M HCTHHHBIM 3HAYCHHEM
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curiana Ugx, KOTOpast NPHBOAHT K MOABJEHHIO IWIYMOB H3-3a HCKAXe-
HHUS CHTHA/MA NPY KBAHTOBAHHH.

Ha puc. 2.6 moxasaHbl aMIJIMTyAHO® KBaHTOBAHHe aHAaJOroBOrO
CHTHAZNA u BHA (YHKUHH, ONpelendlouwed OWHOKY KBaHTOBAHHA.
Qunbxa KBaHTOBaHUR TipeicTaBisier Co00# (yHKuHIO ¢ OOMBLIAM

| ggnacms
lozpari-
| veHuA

Upzp Upx

Puc. 2.5. Amnauwryanoe xBaxToBaHue Puc. 2.6, AMIIMTYRHble XapaKTepuUCTHKH Uud-
curHasa (¢) u owubKa KBAaHTOBa- pOBOH CcHcTeMbl nepenaun (@) u owHGOK
st (6) KBautosauus (6)

HTUC/JI0OM De3KHX CKaukKOB, 4YacToTa CJeJO0BaHHSg KOTOPBIX CYIIEeCTBCHHO
BblllIe YaCTOTHl HCXOAHOTO CHrHAJA. [103TOMY NpH aMIJIUTYJHOM KBaH-
TOBAHUU DacIIHpAeTcs CIIEKTD CuTrHaJgaa. HpH KBA@HTOBaHUKN CurHa.la,
TIpolleUIero BPeMeHHYI0 JHCKPETH3AUHO, CoceTHHe GOKOBbIE MOMOCH!
BC/JAEACTBHC pACUINDEHHA CNeKTpa OyiyT HaK/jalblBaTbCA APYT HA ApPy-
ra. B pesyabraTe B nosocy npHEMHOrO (GHABTPA, BBIALIAIOULETO
CIIEKTP HCXOAHOTO cHruana (mpu wupuHe crexrpa 0,5f7), 6yayT mo-
TIaaaTtp COCTaBJISIIOLIHE BCEro paC‘LHI/IpeHHOI'O CIICKTPA KBAHTOBAHHOIO
aHajsoroBoro curaja. C/efoBaTenbHO, TPH OUEHKE HCKaKeHUu#i uc-
XOAHOTO CHTHAJAA CJEAYeT ONpelNesiTh MOJHYI0 MOIHOCTh HCKaXKeHHH
KBAHTOBaHHUA.

[Ipy xBaHTOBaHHMM TADMOHHYECKOTO CHTHaJa BHEPreTHYECKUH
CIEeKTp HCKAMKEHUH KBAHTOBAHHS fBJIsieTcs 1HcKpeTHBIM, IIpH xBaHTO-
‘BaHUuU peasbHBIX CHIHAJ0B, 32HHMAIIINX onpeﬂeneHHym HOJIO‘Cy ac-
TOT, 3HEPreTHYECKUil CNEKTP HCKaKeHUH KBAHTOBAHMS B TNOJOCE CHI-
HaJla NPUHHMAETCS PABHOMEDHBIM.

AMinuTyaHas XapakTePUCTHKA CHCTEMBI Tepeiauyd, B  KOTOPOH
OCYLIeCTBJISIETCA KBaAHTOBAHUE CUTHAJA, NpencTaB/sdeT CTylneHyarylo
kpusyio (puc. 2.6,a). Takas xapaKTepucTuka MOKeT GbITb NPEICTAB-
JeHa B BHAE CyMMBl XapaKTEePHCTHKM HIeaJbHOH CHCTEMBl Nepeayu
‘(mynkTHpHas npsMast Ha puc. 2.6,a) M XapakTEPHCTHKH, OTpeAesso-
utefl uckaxewus curtagna (puc. 2.6,6). XapaxTepucTuka, TDPHBENEH-
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Hasi Ha puc. 2.6,6, uMeeT aBa yyacTKka — 30HYy KBAaHTOBAHMA MHPH
—Uorp<<Upx <K Uqrp 4 30my orpanuyenss npu | Ugx| > Uorp. Cootser-
CTBEHHO PA3/IHYAKOT HCKAXKEHH KBAHTOBAHMS M HCKAXEHHs OrpaHuue-
Hus. MoIHOCTD HCKAXKEHHH OrpaHMYEHUs] ONpelessieTcss BhipaKeHHeM

"‘Uorp

Porp= 5 P(Uax) (Uorp‘|‘Unx)2dUBx+
—_—
oo
+ S P(Uax) (UOFD—UHX)2dUBXy (25)

UOI‘P

rae p(Usx) — NMJIOTHOCTb pacnpejieseHdsi MTHOBEHHBbIX 3HAYeHHH BXO1-
HOTO CHTHaja. BeinyuHa HCKaKeHHH OrpaHHueHHs NPH 3aXaHHOM
Uoqrp 3aBHCHT OT BbIGOpA YPOBHSI Hepeladd H BCerza MoOXKeT ObITh cie-
Jlana J0CTaToO4HO MaaoH. HOST‘OMy OCHOBHBIMU SABJAIOTCA HCKaxXe-
HHUA KBAHTOBAHHA.
MOI.L[HOCTb HCKaXKeHui KBaHTOBaHUS onpenesideTcs BbIpaXKeHHeM
E‘OI’P

Pry= \ ,U(Unx) (UKB"“ Uzx) 2d Uy, (26)

—Lore

KOTOpO€ MPUBOAUTCA K BUAY
Pao= 3 pid2il12, (2.7)

rie p; — BEPOATHOCTb NMONAaJaHHsa CUrHaszsa B 30HY {-ro ulara KBaHTO-
BaHHA. le/l paBHOMEPHOM KBAaHTOBAHHH, KOrAa BCe WIard KBaHTOBA-
HUS paBHBI 110 BCAHYUHE,

PKB=62/]2- . (28)

Ilpu paBHOMepHOM KBaHTOBaHWM OWHMOKAa KBAHTOBAHHS Orpanuyena
npedejaMt (—98/2) <TAxe(<<0/2), 1 B 3THX IIpegesaX IJOTHOCTb pac-
npeilejeHus 3HAaYEeHHH olIHOKYU IIOCTOsSIHHA.

Mckaenusi KBaHTOBAHHS JeHACTBYIOT OJHOBPEMEHHO ¢ Heperauveit
curiana. [losromy piHsiHMe 3THX HCKaXKeHH#l y100HO OLEHHBATH TIO
OTHOLIGHHIO CHTHAJ-IyM KBaHTOBaHus. OupelesuM MaKCHMaNbHYIO
BEJIHYHHY OTHOLIEHHs CHMHAJI-IIYM, AOCTHXKUMYIO NPH DPaBHOMEDHOM
KBaHTOBAHAH ¥ HCIIOJB30BAHHUU 71-DAa3PsANHOrO ABOHUHOro koma. Ilpu
nepesaye JABYNOJSPHBIX CHIHANOB € CHMMETDHUHBIM DaclipejeseHineM
MTHOBEHHBIX 3HAYEHH [Iar KBAHTOBAHHS

6=Um‘p/2n#1y (29)
a [Ipu nepejgaye CHraaJjJoB 0XHOH MOAAPHOCTI
5= Uorp/2". (2.10)

,HJISI TapMOHHYECKOTO KOJIe@aHHSI, aMIUIHTyda KOTOpPOro paBHa
Uoqrp, OTHOLIEHHE MOIIHOCTEH CHIHA/MA W LIyMa KBAHTOBaHUs (B AelH-
Genax)

Po _1g1g 2Were/ VI g1y g (2.11)
Pyg (Uorp/2n-l)2
29




“Jasa eurnana-c HOPMAJIBHBIM 3aKOHOM DAaClpE/ie/eHHs BEPOATHO-
CTefi MTHOBEHHBIX 3HAUeHHH, KOTOPBIM annpoxcnmnpyemx pacmpere-
JIeHAE TPYNNOBOro TesiehOHHOrO CHrHANA,

1 _p2
P(Us) = —ee Uex/20", (2.12)
[Mpunnvas Ugplo=4 [30], nonyuaem
P 12 (Uope/4)?
S =10lg @;‘P—/‘;ﬁél;g—zan—7,2. (2.13)

Jast curnana ¢ 3KCHOHeHLMa/ bHbIM 3aKOHOM pacnpejesienus (an-
NPOKCHMAIHS pacnpeieseHus pequoro CUTHAJa)

_Vé' U
U [Texl/o 2.14
P(Uss) V o X (2.14)
[punumas Uorp/o=5 [31], nonyuaem
12 Uore/5)
——-—101 - —=—6n—19,2. 2.15
Pen Warn/ 21 (219)

Jast 01HOMOMAPHOrO CHrHAZa € DABHOMEPHBLIM paclpejeleHHeM
(anmpokcuMaluus pacnpeieJeHHs CHrIajga TeJCBHACHHA)

Pe _o1g 12Wonl V3 _
Pys (UOI‘P/Zn )2
HJIH CHTHaJla TeJeBHAEHHS UYaCTO HCNOJAb3YETCSA OTHOLIEHNE aMIIu-
TYABl cCHrHaJa K 3(dexTHBHOMY 3HaueHHI0 OmNOKM, HJIW, HHAYe, OT-

HOWEHNEe MUKOBOH MOIMHOCTH CHTHAJMa K MOILHOCTH IIYMOB KBAaHTOBa&-
HUA:

6(n+1). (2.16)

Pemns _g1g 2L 6,4 108, (2.17)
Pup (UorP/Qn )2
B Ta6ﬂ. 21 HpY]Beﬂ.eHbI MaKCcHUMaJbHble 3HAUYCHUA OTHOIIEHHSA CHUT-
Haﬂ'myM KBAHTOBAHUY, KOTOPLIe MOFyT GHTB NOJAYYCHDI TPH paBHO-
MepHOM KBAHTOBAHHUU paSJII/I‘IHbIX LCHUTHAJOB. 3Ha‘leHHﬂ, HpHBeﬂeHHbI'e
B Tabikie, COOTBETCTBYIOT JIUUIbL ONpeJefIeHHOMY OTHOIIEHHK MOpOra
orpaHuyenusi Kk >GOEKTHBHOMY 3HAYEHHMIO NepellaBaeMOro CHrHaJa.

Ta6auma 2.1

OTHOLIEHHe CHrHaJX-WyM, AB, AJs curxana
Yucao
paspsanos rapMoHH- ¢ HOpMAaJbHBIM C zKCﬂO;l:ll;luHaJle ¢ PaBHOMEDHbIM
KoAa YecKoro 3aKOHOM pacnpe- bIM OHOM pacnpepesieHueM
AeJeHus pacnpeneneHus
7 43,8 34,8 32,8 52,8
8 198 408 38,8 588
9 55,8 46,8 448 64,8
10 61,8 52,8 50,8 70,8

M3meneHue MOIIHOCTH IIe€pefaBaeMOro CHTHaja IPUBOAUT K CHHXKeE-
HHI0 BeJIHYMHBI curHad-wyMm. Ha puc. 2.7 npusefeHa 3aBUCHUMOCTb OT-
HOLJEHUS CHUTHAJI-IIYM (C yYeTOM HCKaxK€HHHl KaK KBAHTOBAHHS, TaK H
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OrpaHHYEHHs]) OT YPOBHS CHRHAJIA C HOPMAaJIbHBIM 3aKOHOM pachpeje-
JleHHs MIHOBEHHBIX 3HaueHHH. Peskoe majeHHe BeJHYHHBI OTHOLIEHHS
CHTHAJI-IUYM [PH TPEBbIIEHHH CHTHAJIOM . ONTHMAaJbHOTO YDPOBHS BHI-
3BaHO POCTOM MOIIHOCTH HCKaXKEeHUH OrpaHHYeHUsl. Y MEHbLIEHHE CHI-

96
/7[

et +Ppzp LT Komnpec-| | Padwameprsii | | dncran-
Jﬁii . / - < \\ > sop xGaymofamens fep [
w LN

e \ Puc. 2.8. CrpykrypHas cxemMa ycrpoii-
4 CTBa HEPABHOMEPHOIO KBaHTOBAHHA C

\ KOMMaHINpOBaHHEM aHAJIOTOBOTO CHF-
99 Haxa
=

37 #onr| Puc. 2.7. 3aBHCHMOCTb OTHOLIEHHSI CHI-
- -4 -3 2 4 0 1 2 0 HaJ-llyM OT YPOBHS CHFHaja

Ha/la BBI3bIBAET MPOMODUHOHAJbHOE CHHXKEHHE OTHOIIEHHS CHIHAJ-
mWyM, T. €. mepejaya €aabblx CHTHAJIOB CONPOBOXKIAETCS OOJLIIUMH
HCKAXKEHHSIMH.

Ecau naMeHATHh IMIar KBaHTOBAHHA INPOMNOPUHOHAJIBHO 3Ha4YeHHIO
KBAHTYEMOr0 CUIHAJa, TO OTHOIIEHWE CUTHAJ-LIYM TpH H3MEHEHHH
curiHasna 6yier coxpaHsTbes NOCTOSHEBIM. [lepemennyio BesuduHy
mara MOXKHO IOJIY4HTb, HampuMep, ¢
MOMOHMIbIO YCTPOHCTBA C HeNHHeHHOM Uppy
AMILIUTYAHOH ~ XaDaKTePUCTHKOH U
paBHOMEDIIOrO  KBaHTOBaTeJst  (pHC.
2.8). Hcxoanwit cursas nepenaercs
yepe3 yCTPOHCTBO, KOI(p(HUHEHT Ie- ”‘F

pefaud KoToporo o6paTHO MPONMOPIHO-
HaJleH BeJUYHHE CHI'HAJa, KBAHTYeTCs
H NPOXOJHT 4Yepe3 CXeMy, HejauHef-
HOCTb KOTOpOH ofpaTHa HeJHHeHHO-
CTH BXOIHOro ycrpokictBa. Takum 00-
pasoM, Iepel KBaHTOBAHHEM OCYIle-
CTBJISIETCSI KOMIpECCcHs (cxKaTue) IH-
HaMH4YeCKOro Jauama3oHa  BXOAHOIoO -Puc. 2.9. Xapakrepuctika KOM-
CHTHaJa, a IOoCJ€e KBAaHTOBAHHA — €ro npeccHr
paciiupenune, 4To obecneyuBaer 00-
LIyl JHHeAHOCTb cucTeMbl nepexayd. COBOKYLHOCTb omepauuil cxka-
THA JHama30Ha, OCYIIECTBJSEMOro KOMIIPeCCopoM, U paclIMpeHusd, npo-
H3BOAHMMOTO 3KCHAHAEpPOM, HA3bIBACTCH KOMIIAHIHPOBAaHHEM CHTHaAa.
AMnautynHasi xapakrepucTnka BxofaHoro ycrpofictBa  y(Usx)
{(puc. 2.9) nasweiBaercs xapaktepucTHkoH kommpeccnu!. [lar uepas-
HOMEPHOTO KRAHTOBAHUS oNpejensieTcs M3 BBIPaKeHus

‘Xapamepucmxa KOMIIpEeCCHH CBSI3bIBAET MIKAJy DPABHOMEDHOT'O KBAaHTOBAaHUS
(och opauHat) cO IUKaJof HepaBHOMEPHOTO KBAHTOBAHHA M XapakTepusyer Jawobylo
CHCTEeMY HEDaBHOMEPHOTO KBAHTOBAHHSA JaxKe MDH OTCYTCTBHH KOMIIpeccopa Kak
OT[EJbHOTO y3Ja. :
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8(Usx) = 8p/y' (Usx), (2.18)

rie 8p= (Uorp/2""') — BenuuuHa mwara npu paBHOMEPHOM KBaHTOBA-
HHU. TIOCTOSIHCTBO OTHOWIEHHS CHTHAJ-IIYM KBAHTOBAHHS COOTBETCT-
BYET YCJOBHIO

UBXy,(UBX) = Unxdy/dUszconSt. (2.]9)
Hocae pasiesienyad NepeMEHHbIX H HHTerpUpoOBayus oAYYUM
y=c|ln Upx+co=cln pnUss, (2.20)

TA€ ¢ U Co — NMOCTOAHHBIE HHTErPHPOBAHHA; w==eXp(c¢,;/c2). PyHKIHS
Y (Usx) RONXKHA y10BAETBOPATH YCAOBUSIM:
y(0)=0; y(l)=1. (2.21)
Yenous (2.21) He BHIIONHSIOTCS IpH KOHEYHBIX 3HAYEHHAX ¢ H
Co. Ecan sulousmennts Boipamenne (2.20) M npHHATDH

y=cIn(uUnx+0), (2.22)
10 yeaosus (2.21) sunoausuoTes npH b=1 u c=1/In(14p). Tlox-
cTaBnds b u ¢ B Bepaxenue (2.22), mosygaeM 3aBHCHMOCTb
y=In(1+p|Usc|)/In(1+p), (2.23)
KOTOpast MHPOKO HCIOAB3YeTcsi B cucreMax KM,
3aBHCHMOCTH BeJUYHUHDI Usx/8(Usx) OT BXOZHOTO cHIHada Anst

P43JHYHBIX p npHBENeHH Ha puc. 2.10. Ilpu yBeanuennu p  paciuu-
pseTca o6J1aCTb 3HAYEHMH BXOAHOTO CHTHAJA, B KOTOPOM OTHOMIGHME

L
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] =S 200
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§ “ \
&Sz \
N L \
N \
\
=Lyt "\
~4g
50 -40 ~Z0 0
g Uy 06

Puc. 2.10. 3asucumocts Usx/86(Usx) OT Beauunnbl BXOAHOrO CHriaja

CHTHAHUIYM KBAHTOBAHHA TPHOAH3HTENbHO TOCTOAHHO (mpH pUs:>>
>1). B usBectunx cucremax ¢ UKM-BPK HCMOJbL3YIOTCA  3HAYEHHS
u=230, 100, 255. Bripaxenne 8,/6(0)=y'(0) xapaxTepuayer yBenu-
UelHe OTHOMIEHHS CHTHAJM-WIYM KBAHTOBaHWSA, OGecleYHBaeMOe IpH
HEPABHOMEPHOM KBAHTOBaHHK I CAaBLIX  CUTHA0B  (BBIMIPBHILI
KOMNaHANPOBaHusA). Oas 3apucumocty (2.23)

7 (0)=p/In(1+p). (2.24)

Ipn p=100+-250 BHIUrpHI KOMNAHAHPOBAHHA cOCTaBAfeT 26—
33 1b.
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KpoMe XapakTepuCTHKH KOMIAHAHDOBAHUA,  COOTBETCTBYOILeH
BhHIpaxeHHio (2.23) (xapakTephCTHKa THma ), B cucTeMax ¢ MKM-
BPK mupoxo ucnonbsyercs xapamepncmxa tHna A, onpejensieMas
BBEIPaXKeHHEeM

Ax 1
T+na 'PH a1
y— . (2.25)
EH_A_A’ an _1_<x<1
1+InA A
‘B nepsruynoit I.CIT UKM-30 npunsitro A==87,6. IIpn 3ToM BBHIMTpBII
KOMIIaHIHPOBaHHsA cocTaBuaser 24 1b.

Kpome ofecneuennst MOCTOSHCTBA OTHOLIEHHS CHIHAJ-LIYM HEpas-
HOMEDHOE KBAHTOBaHHe TO3BOJISIET YMEHBIUHTh CPEIHION  MOLIHOCTL
HCKAXKEHHH KBAHTOBAHUSA JAJS 3aJaHHOTO 3aKOHA pacupeiesieHus 3Ha-
yeHHH KBaHTyemoro curuajga p(i). B sTom caysae xapakrepucTuka
KOMIIpecCHH BBIGMpaercss no MHHHMyMy cyMMmbl (2.7). Kpyrusna xa-
pakTepuctukn komupeccopa y (Usg), COOTBETCTBYIOIAH MHHHMAJ/IbHOA
MOIHOCTH HCKAaXK€HHH KBaHTOBAHHH, ONpeleJsieTcd BBHIPaXKEHHEM

[32]

UOl"P3 X

§I l/P (Usx) d Unyx

orp
Has teneoHHOro CHTHajga C IKCHOHEHUHAJABHBIM (2.14) 3akoHOM
pacnpeneseHdss MrHOBEHHBIX 3HaueHHH BhIpaxenue (2.26) npuBOAHT-
€51 K BUAY

yl(st) — 2 Uors VP (Usx) ) | (226)

!//(st)=z%gﬂz—e P . (2.27)

Iloce wHTErpHPOBAHHS ¢ yYETOM Hava/bHBIX ycaoBuid (2.21) mosy-
UMM BBIpAXKEHHE AJs ONTHMAIbHOH XxapaKTePHCTHKH KOMIPECCHH IPH
nepenave TeseOHHOrO CHrHaJa € 3aJaHHLIM G:

_V2 Unx
1 —e 3 [

y(UBX)= _e_ﬁ‘/s

(2.28)

Ha puc. 2.10 nyHKTHPOM TIOK43aHA 3aBUCUMOCTb OTHOUIEHHS CHT-
HaJ-UIyM KBaHTOBAHHS OT BEeJHUHHBl CHTHA/a, ofecneunsaeMast Xa-
pakTepucTukofl (2.28) npu 3snauennu o Ha 26,5 nb muxe Ugyp. Hs
rpadvka BHJHO, YTO KBAHTOBAHHe, ONTHMAJbHOE NIPH ONpPEAENEHHOH
BeJIMYHHE CHTHAJa, CYUIECTBEHHO YXYyINIaeT MapaMeTphl CHCTEMHI NPH
nepejaye CHrHaJl0B, OTJIHYAIOUIMXCS OT NPHHATHIX TNPH ONTHMHU3A-
uuyg. [TosToMy xapakKTepHCTHKUM KOMIpEeCCcHH, Hcnognsyemble B LICIT
¢ MKM, re 4BjsiOTCA ONTHMAJbHBIME JJIs KOHKDETHOR peanusalun
pacnpenenenns p(Usx), 1m0 ofecnedynBaloT HIEHTHUHBIE VCJIOBHS Iie-
pefaun B 3aJAHHOM JHAMAZOHE BXONHBIX CHIHANOB (cnnomme Kpﬂ'
Bbie Ha puc. 2.10).
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Kopuposanue. IIpy MKM nHdOpMauns o BeqHuHHe ypPOBHS KBaH-
TOBAHHA mepexaercs B (QOpPMe T'PYNN KOZOBHIX CHMBOJOB. 3aKOH, yc-
TAHABJIHBAOWHKA COOTBETCTBHE MEXKJAY BEJIHYHHOH (HJAH HOMEPOM)
YPCBHSI KBAHTOBAHUA M CTPYKTYDOH KOICBOH TPYymIbl, Ha3biBaeTcs KO-
noM. Koa Moxer 6biTh 3a1aH KaK aHaJUTHUECKH, TaK H B BHIe KOJO-
Bo# Talauupl. Haubonbilee pacnpocTpaHende NOJYUHJH IBOHUHBIE
paBHOMEepHbIe KOIbl. B 3THX KOmax ka)jgas KooBas TPyLIa COCTOUT
H3 MOCTOSTHHOTO YHCJAA £ KOJACBLIX CHMBOJMOB, Ka/blii cHMBOA MOXKET
npuHHMaTh 3Hayenue «0» uan «1» (umnyabe wau mpoder).

B HarypaibHOM IBOHYHOM KOJ€ KOAOBBE I'PYIMbl COOTBETCTBYIOT
3amMCH HOMepa NepenaBaeMOro ypOBHS KBAHTOBAHMs B JBOUUHOH CUC-

TeMe CUHCJEHHs!, T. €. CTPYKTypa KOIOBOH TPYHIBl ONpEIe/sAeTCs] Bh-
paxeHHeM

N= 3 a2, (2.29)
2

rJe a; — KOJOBBIA cHMBOJ {-To paspana (a;=0; 1).

KonoBas rabnuua HarypajibHOrO ABOMYHONO KOJAa HPHBEAEHA Ha
puc. 2.11,0. Harypasbublii ABOMYHBIA KOJA NPHHAIJEKUT X KJIACCy MO-
3HUHOHHBIX KOAOB, y KOTOPBIX «BE&C» KaXJI0r0 KOAOBOTO HMIYJbCa

123 % 1234 7234 125 #%
0 —7 :% ~78 v
7 -5 —65 7
7 — —5 —5§5 || Z
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8 1 14 g
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w 2 2504 | 7
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13 5 55 ’Z
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Puc. 2.11. KojoBble TaGauusi HATYPadbHOro MBOHYHOTO Koia (@), CHMMETPHYHOTO
JBOMYHOTO Koxa (6 u 8), pedleKCHOrO ZBOHYHOTO Koja (&)

onpeiessieTcd MO3ULUEH HJIH HOMEpOM pa3paia, 3aHHMAeMmoro 3TuM
HMIYJIbCOM B KOZOBOM rpymme. «Beca» uMNy/ancoB omnpereseHHOro
paspsina OAMHAKOBEL BO BCeX KOLOBBIX T'DYNNax NMO3HLUMOHHOTO KOJa.
B narypannHOM IBOHYHOM KOJe KOZOBEIE IPYIIEL, COOTBETCTBYIO-
e COCEeJHHM VYDOBHAM KBAHTOBAHHsi, MOrYT DAa3jiH4aTbCsd B 6ob-
woM yucge paspampos. OcoOEHHO BeJHKO TaKO€ Das/uuke B ILEHTpe
AMIUIMTYyAHOTO auanasoHa. Hanpumep, ais Kola, HOKa3aHHOTO Ha
puc. 2.11,a, npu mepexoje OT €eAbMOIO K BOCbMOMY YPOBHIO KBAHTO-
BaHHS M3MEHSIOTCA BCE CHMBOJBI KOXoBO# rpymmbl. KoseGanus sesu-
YHHEL OTCYETA BO BPEMsI KOAHPOBAHUS MOTYT BHISBATh IIEPEX0] OT OX-.
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HOTO yDOBHS KBAHTOBaHUA K JApyroMmy. [Ipm 3ToM MOryT BO3HUKATDL
HEONPeIeNEHHOCTH KA OWHOKH NpH (OPMHPOBAHHH KOJOBBIX CHMBO-
JIOB OTAeNbHBIX Pa3psapoB.

[Tpn nepemaue ABYNOJSPHBIX AHAJOTOBBIX CHMHAJOB THIA  peue-
BBIX, TPYNNOBEIX Tele@OHHBIX CHTHAJ0B, Y KOTODHX IIOTHOCTbL BEPO-
ATHOCTH MDHOBEHHBIX 3HAYEHHN MakcuMa/lbHa B 00/1acTH MajbiX Be-
JUYUH, Npeobpa3oBaHue B LEHTPe aMILINTYIHOIO QMANasoHa AOJKHO
OCYILECTBASATLCS ¢ HanGosblied TOuHOCTHIO. Il0o3TOMY HpH KOAMPOBaE-
HHH TAKHX CHTHAJOB HCIOJNB3YIOTCH CHMMETPHYHBIE ABOHUHBIE KOJHI,
B KOTOPBIX CHMBOJ TEPBOrO pa3psia KOAOBOH TPyNNbl OIpeiessercs
TOJSIPHOCTBIO TIEPEJaBAeMOro OTCUeTa, A CHMBOJB ADYIMX Da3psiiob
COOTBETCTBYIOT BelnuHHe oTcueTa. KopoBbie Tabanubl ABYX Pa3HOBUI-
HOCTeHl CHMMETPHYHOrO Kojxa npuselexsl Ha puc. 2.11,6,8. Ilpu koau-
POBAHHM MaJbIX 3HAUEHHH CHIHaJa HCIOABL3YIOTCs JHUIb — MJajliue
paspsiasl xoga. IIpa atoM CHHKaloTcst owMOKku mnpeo6pas3soBaHUS B
LUEeHTPaJbHON 30HE AMIINTYIHONH XapaKTepHCTHKH CHCTEMB Nepelaud,
TaK K4K COOTHOUIEHHST MEXKAY «BecaMmy MJIAMIRX Pa3psjioB KOJa MO-
TYT TOLAEPKHBATHCA € OO/bIIEH TOUHOCTbIO, YeM COOTHOLIEHHS MEX-
Iy «BecaMi» BCeX Pa3psiZioB KOJOBOH IPYIIHL

PazHoBHIHOCTH cHMMETPHUHOIO K012, mMokasaHusle Ha puc. 2.11,6,8,
OTJIHYAIOTCH PACIOJNONKEHHEM IEeHTPaJbHOr0 y4acTKa XapPakTepHCTHKH
KBaHTOBAHUsl OTHOCHTENbHO Hayada koopauHaT. [IpH Hclob30BaHUH
KOJa, COOTBeTCTByloUlero puc. 2.11,6, BXOAHHE CHIHAJbl MM IIYMBI,
BeJMYHHA KOTOPBIX MeHblne §/2, He mepelalTcs HA BBIXOJ CHCTEMBL.
Ilpn ucrnonb3oBaHME KOjAa, NMOKa3aHHOrO Ha puc. 2.11,8, Manbie 3Ha-
YEHHs CHI'Haja HJAH 1IyMa BHI3BIBAIOT NIOSIBJIEHUW€ Ha BBIXOAE CHCTEMBI
HMIYAbCOB C aMILIMTYAOH 8/2.

B nudppopsix cucreMax nepeiaud MIHPOKOTOJOCHHIX TEJeBH3HOH-
HBIX HJU1 TPYNTIOBEIX Tene(OHHBIX CHTHAMOB HCIOJb3YyeTes pedJieKc-
HBIA qBOMYHBIT Kox (Koja I'ped). B takoMm Kole K010BBIE I'DYIIBL, CO-
OTBETCTBYIOIHE COCELHAM YDPOBHSM KBAHTOBAHHS, OTAHUAIOTCS JIAILID
B olHOM paspsle kKoma (puc. 2.11,e). HcemoabsoBanue pedaexCcHOro
KOLa II03BOJIAIET 3HAUMTEbHO CHH3HTh UCKAXKEHHS H3-3a OWIKGOK NpH
Koamposanun. Tax, NpH nepexofe OT CEAbMOTO YPOBHS KBAHTOBAaHMS
K BOCBMOMY BO3MOXKHO (ODMHDOBaHHe X0A0BbIX rpynn 0100 wuau
1100; mpu arom omrubka e NMDEBHIIAET lllara KBaHTOBAHHS.

Boceranonienie orcuera 1o KOJIOBOH rpynme, T. e. UH{poaHaso-
roBoe npeo6pasoBaHue CHIHajJa B NPUEMHOM 0GODYAOBAHHM CHCTEM
¢ UKM, ocymecTnisiercs, KaKk HPABHAO, ¢ HCIOJAb3OBAHHEM IO3HIIU-
OHHBIX KOIOB — HATYDPaJbHOr0 JBOUYHOTO HJM CHMMETPHUHOIO JABO-
uyHoro (cm. puc. 2.11,a,6,8). B 3toM cayuae mpu UHPPOAHAAOTOBOM
Ipeofpa3oBaHuy MPOUCKOAHT CYMMHPOBAHHE HMIYJIbCOB, BXOASILHX
B COCTaB KOJOBOH NPYIIH, ¢ COOTBETCTBYIOIAMH <«BECAMMU>.

Jluneiinrie anajoro-uudpossie npeodpaszosatean. B IICIT ¢ HKM
UCMOIL3YIOTCS TPH OCHOBHAHIX METOMA NOCTPOGHHs aHAOTO-UH(POBHIX
npeoGpasosarenedt (ALIIT) [33]: marpuunbll, cueTa H MOPA3PAXHOTO
CpaBHEHHUS.

B AIIIL, ucnonbsylomHx MaTPHIHEIA Meroj HpeoGpasoBanus, obpasyercsi KOZO
BOE II0Jle, COCTOsIlee H3 MPOCTPAHCTBEHHO-Pa3jelIeHHBIX 3JIeMeHTOB, YHCJIO KOTOPHRX
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PaBHO YMCTY Da3PEIUCHHBIX IVIA llepejadd ypoBell kBanToBamus. Ilpu  Koxuposa-
HHH ONpEJlesisieTCs NPOCTPAHCTBEHHBIA 3/IEMEHT, COOTBCTCTBYIOUIHH YPOBHIO KBaH-
TOBaHUs, OauKalilieMy K TeKylleMy 3HaYeHHIO BXOAHOrO curiala. Mudopmauus o
HOMepe 3TOrO 3/MeMeHT2 B BHJEe KOAOBOH Tpynnbl MOCTyNaeT Ha BBIXOA Npeobpa-
3oBatess. Konosoe noje MaTpHuHOro npeobpasoBaTens MOXKeT HPEACTABMNTb cOBOI
160 HaGop NOPOroBLIX YCTPOHCTB (KaK NMpaBuJIO, TPH YHCAe PaspsifoB He GoJee
natu), Ju0O KOZOBYI MacCKy B CNEUHaJbHOH  3JeKTPOHHOMYUeBOit KOAHDYoHLeit
TPyOKe (NIPH BOCbMH-IEBSITH pPa3psjiax).

HenocraTkoM MaTpuuHslX aHAJIOrO-UHGPOBLIX MpPeobpasoBatesiel, MOCTPOEHHDLIX
Ha OOBIMHBIX 3JeMEHTAX, ABJAETCH HH3Kas TOYHOCTH Npeobpasosanms. HeoGxopu-
MOCTb HCIOJ/Ib30BAHHS CHEUHANBHBIX 3JIEKTPOHHOJIYUEBLIX NPUGOPOB /st NOBbIICHHUS
TOYHOCTH OrPAHUUYHBAET BO3MOKHOCTH NPpUMEHeHHA TaKHX npeoﬁpasoBaTeneﬁ B CH-
cremMax cBssu ¢ MKM.

B npeo6pasopaTejsix CYETHOIO THMA BpeMeHHAS AHCKPETH3ALHS AaHAJOTOBOrO
cHrHaja Oo0b4HO  ocyllecTBJisiercss B (oOpMe IIHPOTHO-HMIYJbCHOH — MOAYJSALHH
(UMM). C nomompio ABOMYHOTO CUETYHKA (HKCHPYETCH UYHCIO HMIYJIbCOB, (op-
MHPYEMBIX BBHICOKOCKODOCTHBIM TeHepaTopoM 3a BpeMmsi uMmnyabca LUIMM. Cocrosi-
HHE OTZEJbHBIX CTYNEHE CYeTdYMKa I10C7e OKOHYAHHSi CueTa COOTBETCTBYET 3Haye-
HHAIM CHMBOJIOB KOMOBOii TIpyNNBl ABOMYKOro Koga. [locrpoeHnc mnpeoBpaszobareseit
CYUETHOTO THIA TPeOyeT BHICOKOrO OLICTPOAEHCTBHA OT/IE/bHBIX  (PYHKUHMOHAJBHBIX
Y3J710B.

HanGoabluee pacmpocrpanedne B cucreMax cBsisu ¢ KM noaysuau npeo6pa-
30BATENM, HCIOJNb3YIOLIME METOJ NOpa3psHOro cpasHeHus. Ilpu npeo6pasosanun
110 3TOMY MeTOAY BeJMYHHa OTcyeTa cHriaja Ue BHIpakaeTcs B BHAE CYMMBI onpe-
JieJleHHOro Hafopa 3TaOHHBIX HaNpskKeHHH:

n n
Uc=3FaiUsy i=06 3 a2, (2.30)
1 =
rae Usri — 3TaJOHHOE HANpsiJKCHHE, COOTBETCTBYwLlee [-My paspsny; 8 — war
KBAaHTOBAHHA; ; — KOAOBBIA CHMBOJ [-TO Daspsiga. B npolecce KOAHPOBaHHS Npo-

H3BOJUTCA n (IO 4YHCAY DpaspAAoB KOja) onepauuil cpaBHEHHUs; CHMBOJIH OTj1eJb-
HBIX paspqajion KO}IOBOﬁ TPYyNIBI CbOpMPIpleTCP[ nocJseg0BaTe/IbHO, HauyuHag C CHM-
BOJI2 CTapluero paspsza.

Ilpeo6Gpa3oBaHKe NO HAHHOMY . aJATOPHTMY MOXKHO OCYHIECTBHTb, HampuUMep, C
MOMOILBIO TIOCJIE10BATENBHOTO COCJMHEHHS 1 pa3psAHbIX siyeeK, KaXKiasd H3 KOTOPBIX
COAEPXKHT TOPOrOBOE YCTPOHCTBO — CXeMY CPaBHEHHS C ONOPHLIM HalPAXKeHHEeM,
paBHbIM 3TAJOHHOMY HAIIPAXKEHHI0 COOTBETCTBYIOLLErO paspdana. B 3aBucumocTtH oT
pesy/bTaTa CpaBHGHHA B JaHHOM paspsie gopmupyercst «I» mmm «0». Ecim cdop-
MHpOBaHa <«l», TO NpH Nojade HAa CJAEAYOUIYI0 SYCHKY KOAHPYCMOTO NanpsKCIHA
M3 HEro BBIUMTAETCSt STAJOHHOe HampsiKeHHE NAHHOTO pas3psjaa. Beawunna curuada,
[OCTYNAOLIETO HA BXOJ suefiky i-ro paspana,

i—1

Ue ,-zUc—ékElahQ"“", (2.31)

rie ar — KOAOBHIl CHMBOJ k-ro paspsza (an=0; 1).

[TpeoGpasoBartesb, paboTaioliuil MO0 METOAY NOPA3PHAHOrO CPABHEHHS, MOKHO
MOCTPOMTH C NOMOIBI0 COEAHHEHHS N HIACHTHYHBIX Pa3pAAHBIX fueeK, aMIIUTYXHBIE
XapaKTepPHCTHKH KOTOPLIX HpuBefeHnl Ha puc. 2.12. Takue npeobpasoBarteln Hasbl-
BaIOTCS KacKagHBIMH Koaepamu. TpeGyeMoe GoicTpOAeHCTBHE Y3J0B KAacKaAHOTO KO-
nepa olpenensiercss 4acroToifl IHckperusauwud. Kackaanble KOJepbl NO3BOJSIOT, HC-
No/b3ysl JeMEHTEl ¢ MaKCHMasJbHOH uacroroit pabornt 60 MI'u, ocyutectuts mpe-
o6pa3oBaHHe CHrHaja, 1MoJoca KOToporo cootBeTctByer 7500 kanatam TU.

ITpeo6pa3oBaTeny KacKaJHOrO THNA HCMOMB3YOTCH A8 KOAHPOBAHHS INHPOKO-
MOJIOCHBIX TPYNNOBHX TeNe(OHHBIX H TeNeBH3HOHHHIX CHTHAJIOB, KOrAa HeoOXOAHMO
OCYIECTBHTb BBICOKOCKOPOCTHOE IIpeo0pasoBaiue NPH OrpaHHueHHOM ObICTPOAEHtTBHH
(yHKIHOHANBHLIX y3JI0B. B Kojepax KackamHoro THma Hapsiiy C HaTyPaJbHBIM JBO-
HYHBIM KOZOM IPHMEHAIOTCA pedJieKcHble KOAb. AMILIMTYAHblE XapaKTePUCTHKH sued-
KH KacKaJHOTO KOjepa, paboTaioliero B peduieKCHOM Koje, MpPHBEIeHb Ha puc. 2.13.
OTCyTCTRHe De3KHX CKAUKOB HANPSKEHHsl Ha CHCHAJIBHOM BHIXOJE TaKOH sdefiku
ROBLULIAET TOUHOCTb H JOCTHIKHMYIO CKOPOCTh NpeoGpasoBaHus [10° CPABHEHHIO C KO-
Hepami, pa6OTAIOIHUME B HaTYPaJbHOM. ABOMYHOM KOZE. ;
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Koauposanue cirnana meroaoM M0Opa3psaHOrO CPABHEHHS MOXKHO OCYIIECTBHTb
C NOMOWIbIO OJHOH siyelKHd, NOC/AEAOBATENbHO (OPMUPYIOWIEH KOJOBble CHMBOJBL
Just 3TOro BBOANTCH IeNb OGPATHOM CBA3H, COEIMHAIONIAS BXOA H BHIXOX AveilKH.
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Prc. 2.12. AMminryaHble Xxapak- Puc. 2.13. AMIVIHTYAHBIE XapaKTEPHCTU-
TeplulcTHKH CXeMHbl cpapiieliua KH CXeMbl CPa&BHCHHA ‘ﬂ‘[CﬁKH Kackang-
sueliku Kackaanoro AILIT (a) u Horo ALl paGoratomero B pedurexc-
noporosoro ycrpoiicrsa (6) HOM Koje (@), U TOPOrOBOrO YCTpPO#-
crBa (6)

B uenn ofpartnoii cBssH BK/IOYaeTcs LM(ppoaHaJoroBuiii npeobpasosatess LIATI, B
KOTOPOM C BHICOKOH TOYHOCTBIO (DOPMHDPYIOTCSI M CYMMHPYIOTCS 3TaJOHHBIE Hampsi-

HEHHA, COOTBETCTBYIOUINE BecaM OTAeJbHBIX paspsiaoB 27—'§, 2n»—28, .., 8. Crpykryp-
Hass CXeMa TakKoro npeoﬁpasosaTeﬂﬂ npu-
BefeHa Ha puc. 2.14. B ANII npousso- g;(t) Bsix

AHMTCA TIOCJeA0BaTENIbHOE CpPaBHEHHUE OT-
cueTa CHrHaJa C CHrHAJAMH, NOCTYHAI0-
mumMH ¢ Bhixofa UAIl. Bemnunna xoim-
PYEMOro OTCYeTa CHDHAJA COXPaHSIeTCs
NOCTOSIHHON BO BpeMsi Komuposauust. Ot-
CYeTHl CHPHAJA HJIH DA3HOCTH MEXAY Be-
JUYHHON OTCYeTa M pa3pSAHLIMM 3Tado0-
HaMH HE NEepPEelaloTCA Mo LemH oépamoﬁ
casu. [losromy B mnpeoGpasoBarene ¢
LAIT B mnmemu ofpatHOl CBSI3H MOXeT
6uiTh OfecreueHa BHICOKAs TOYHOCTH IIpe-
o0pasoBanusi, ¥ Takue mnpeoOGpagosaTeny C HOPA3PAIHLIM  CpaBHEHHEM H ¢
WIHPOKO MHCIIONB3YIOTCS B CHCTEMax Iepe- LTI B uenu obpartolt csasy:
Naux ¢ UKM. 1Y — noporosoe yerpoictso; YP — yn-
L5 CHUKEHHS BDeMEHH H HOBHIIEHHS PaRJOIHA PErHeTD
TOYHOCTH NPeoOPa30BAHUS, YMEHBLICHUS
YHcJaa 3JEMEHTOB H T. 4. MOI'YT HCIOJbB30OBATLLCA co'leTaHHsd pPA3JAHUHBIX METOLOB KO-
InpoBanus. Tak, H3BecTHl Npeo6pa3oBaTesNH, B KOTOPBIX CHMBOJIBI CTApLIMX pas-
pPAnoB Koja onpeleNdioTcss MaTpUYHBIM CHOC060M, a mJaauaux — MeTOAO0M nopas-
PAAHOTO CPaBHEHHUS.

Puc. 2.14. Crpykrypras cxema AL

Jiuneiinsie nudpoaHanoropsie npeodpasosartedn. OCHOBHBIM BUIOM
uwdpoananorosoro mpeobpasopanus s cucreMax ¢ MKM sasasercs
npeo6pa3oBaHUe NO3UIMOHHBIX KOAOB — HATYPAThHOrO JBOUYHOTO HJIH
CHMMeTpHyHOro asouusoro. IIpu stom dopMupoBaHHe OTCYETAa CHULHA-
Jla NPOHU3BOLUTCA CYMMHPOBAaHHEM CHMBOJIOB KOLOBOH IPYHIbl C IIO-
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CTOSTHHBIMH BE€CaMH. HJIH HaTypaJbHOr0O ABOWYHOTO KOAA BEJHYHHA
OTCYeTa COOTBETCTBYET BhIDAXKEHHUIO

Ue=08 3, ai2n, (2.32)

i=1
a IJ CHMMETPHUYHOI'O ABOUUHOIO KOAa

o= (—1) o3 3 a,2ni. (2.33)
=2

Iugpoanarorosoe npcodpasosaHHC MOMXKCT OCYyUIECTBAATLCA Kak
10CI€A0BATENBHON 00Pa00TKON CHMBOJOB KOAOBOKH I'PYIIIL, IOCTyNal0-
wux Ha ofwuit Bxof LIATI, Tax W mapasiedbHbBIM JAeKOJMDPOBAHHEM
BCEX CHMBOJOB KOJOBOi TPYyINBL, AeiicTByIomux Ha n Bxoaax LIAIL

Hawu6osiee H3BECTHRIM MpeoOpasoBaTeseM NOCAe0BATENBHOIO KOAa
apasiercsd IJAIT IlIennona — Peka, B KOTOPOM COOTHOLIEHHS 3TasOH-
HBIX BECOB PA3JIMYHBIX Pa3psioB ABOHUHOrO Koja obecneyHBaroTes
3KCIIOHEHIIHAJIbHBIM H3MEeHeHHeM Ha-l'IpH)KeHI/ISI npu paspsie KOHJACHCa-
Topa.

ITepexox oT moC/HENOBATENIbHOTO KOAA K NapaJjulelbHOMY I03BOJISA-
€T B 7 Pa3 yMEHBIUHTb CKOPOCTb PaGOTHl OCHOBHBIX (DYHKIHOHAMBHBIX
Y3JI0B, 4TO CHHXKAeT yPOBeHb JMHaMHUeCKHX omuO0X npeobpasobarte-
asd. Hawmbospuiee pacnpocrpanenne B cucremax ¢ MKM  nomyunin
UAIT mapaajenbsoro Koja, KCIO/Mb3ylOIHE MaTpHUHble —(JIeCTHHY-
Hble) cxeMbl (pue. 2.15). Marpuynas cXema NEKOIUPOBaHHS ABOHU-
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Puc. 2.15. luppo-ananorosuii npeo6pasoparteab MaTPHYHOTO THNA:
@) ¢ MCTOUHMKAMH TOKOB; 6) € HCTOUHHKAMH HanpszKeHHS .

HOTO MO3HIAOHHOTO KOAA COLEPIKHT DE3UCTOPH JABYX HOMHHAJIOB — R
u 2R. CHMBOJIH KOZOBOHA TPYNNBl yIPaB/sioT HCTOUHHKAMH TOKa (pHC.
2.15,a) unn Hampsixenust (2.15,6) cOOTBETCTBYIOLIHX Da3pSAAOB.
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Bce paspsiiHble 3TaJOHHblE HCTOYHHKH HIEGHTHYHBI H paboraiot
0T OOLIEro HCTOYHHKA MHTaHH. YmpasasieMble HcTouHHKH ToKoB (MT)
00pa3syioTcst MOAXK/AIOUEHHEM MHTAOIIero HalpsiXKeHUs K y3jlaM Mar-
PHYHON cXeMbl Yepe3 IKJIIOYM U BbICOKOOMHBIE CONPOTHBJEHHA (Ryx>>
>R); ynpasnseMble HcTouHukH Hanpsxenus (MH) npeacrasasior
CcoB0H KJI0UH, NOAKJIIYAIOILINE NapaJsesabHble Pe3ucTOPH (CONPOTHB-
Jnenne 2R) matpuuyHoil cxembl anbo X 3emJse, AuGo K nuTamplleMy Ha-
IPSKEHUI0 B 34BHCHMOCTH OT 3HaueHWsl KOJOBOIO CHMBOJA COOTBET-
CTByIOUIero paspsdna. Haﬂpﬂ)KEHHQ Ha BBIXOJe ManHqHOI.:I CXEMBbl 0Ol1-
penessietcs shipa)keHueMm (2.32), B KOTOPOM [AJs1 CXeMBl, NPHBELEHHO
Ha puc. 2.15,q,

5 tur ¥ Ry
3.21=2 (2/3) R+ Ry’

a 174 cxeMbl, npusefeHHo# Ha puc. 2.15,6,

(2.34)

% R
0= LE H . 235
3.2m—1 (2/3) R4 Ry ( )

VlcTouHnKn 3TaJOHHBIX CHTHAJOB HAIPYXKEHbl HA OJHHAKOBBIE CO-
IPOTHBJIEHHS, 4TO OCOGEHHO BaxHO B OblcTpoieficTBylomux LIAIT
Magblit aManasoH conpoTHBAEHHI [O3BOJSET HCNOJb30BATH METObI
TOHKOIIJIEHOYHOH - TEXHOJIOTHH, o00ecleynBalollie BBICOKYIO TeMnepa-
TYPHYIO H BPEMEHHYIO OTHOCHTE/JbHYI CTaOHIbHOCTL PE3HCTODPOB.

Iudpoananoroseie npeobpasoBatel HapaJe/bHBIX  IO3UIMOH-
HBIX KOAOB of0ecrneunBaioT HauGojee BLICOKYIO CKOPOCTb H TOYHOCTD
npeo6pasopanus, [lpu npuMeHenunm APYyrux KoOI0B, Hanpumep ped-
JIEKCHOTO, Mepes ACKOJHPOBAHHEM OCYILIECTBJsSETCA NpeABapHTeJdbHOe
npeodpazoBaHne B MO3UIIMOHABIE KOA.

Henuneiinble aHanoro-uu¢poBbie ¥ LUdpoaHasoroBpie npeodpaso-
Bateaqu. KonupoBaHHe W AeKOAMPOBaHHE C HEPaBHOMEPHOH UWIKaJOH
KBaHTOBaHMy B <ucTeMax nepegauun ¢ MKM Moryt ocyuiecTBaATbCS
HeCKOJBKUMHU CIIoco6aMHu;

KOMIpeccHed aHa/oTOBOrO CHIHaza INepel KOAUPDOBaHHEM U 3KC-
HaHIUPOBaHKEM CHNHAaJjJa MNOCJe IeKOAHPOBAHHS (AHAJOrOBOE  KOM-
NaHIHpPOBAHUE);

BIO0POM TPYNNBI 3TaJOHUBIX HANPSI’KeHHH B 3aBHCHMOCTH OT Be-
JHYUHBl CHUTHaJMa JJs1 IOPa3psi/JHOro CpaBHeHUs NPH aHaJoro-uudpo-
BOM MNpeoBpPa3oBaHHU M TI'PYNNbl CYMMHPYEMBIX DA3PSAHBIX 3TAJOHOB
npu uucppoanasorosoMm InpeofipasoBaHuu (HeaUHEHHOe KOLHPOBaHHUE
I JeKOAUpOBaHuUE);

KOAMpOBAHHEM CHTHAla [PY PABHOMEPHOH IUKaje KBAHTOBaHUSA,
OXBaThIBaIOLel Bech HepejaBaeMbli IUHAMHYECKHH AHANa3oH, H Lu@-
poBo# 06paboTKOil pe3ynbTaTOB KOJHPOBAHUS B IepejaloileM 0GOpPy-
AOBaHMy € NOC/ENYIOIUM BOCCTAHOBJAGHHEM KOAOBBIX IPYI, COOTBET-
CTBYIOLUIHX (PaBIIOMEDPHOMY KBAHTOBAHHIO, H ACKOJHDOBAHHEM B MPH-
eMHoM ofopyroBanuy (LHdpPoBOE KOMIAHAMPOBAHHUE).

IIpn aHanoroBoM KOMIAHAHDPOBAHMA (CM. puc. 2.8) KoMIIpecco-
POM n 3KCnaHiepoM SABAAITCA YCUJHTeAW C HeJHHEHHBIMH  aMILId-
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TYAHBIMH XapaKTEPHCTHKAMH, HEJHHEHHOCTb KOTOPHX ofecneunBaercs
0ObIYHO AMOLHBIMH CXeMaMH. AMIUIHTyAHAS XapaKTePHCTHKA CHCTEMBI
nepefayd B lenoM OyneT JHHEHHOH, eclH HeJHHEHHOCTb XapaKTepHuc-
THKH . 3KCllaHaepa 00paTHa HeNHHEAHOCTH XapaKTePHCTHKH KOMIpec-
copa. Has 3Toro B KOMIIpeccope H 3KcnaHnAepe HeOOXOAMMO HCIIOJb-
30BaTb AMOABLI C UAGHTHUHBIMM IapaMerpaMyu H obecneuuBaTh €Ta-
OunpHBH KOd(dHUHeHT nepejauyd B TPaKTe aHAJNOTOBOTO <CHIHa’a
MeXJy KOMIIPecCOpOM H 3KCIaHAEPOM.

ITpu aHanoroBOM KOMNAHAMPOBAHHM CTPOrOe COOTBETCTBHE Xapak-
TePHCTHK obecmeynBaeTcs JNHb AJNA ONPEJeIeHHOTO COueTaHUs KOMII-
peccop-axcnanzep. OxHako B UuppPOBOA CeTH CBA3M TaKue COYeTaHus
He 6yoyT nOCTOSHHBIMH. DoJsee Toro, npu mH(PppPOBOHi KOMMYTAalUH CHT-
HaJOB OT/EJIbHBIX KaHAJIOB B OJHOM JAEKOIUDYIONIeM YCTPOHCTBE MO-
CJIe0BAaTENbHO 00padaThBAIOTCS CHTHAJAB OT [PA3JHYHBIX KOAHDYIO-
HIHX ycTpolcTB. B 9THX ycsaoBuAX peanH3anua aHaJoOroBHIX KOMmaH-
AePOB ¢ HeOGXOAHMMOH TOUHOCTbIO XAaPAaKTEPHCTUK BeCbMa 3aTPyAHH-
TeJbHa.

HenocTaTkn aHa/lOTOBHIX KOMIMAHAEPOB SBHJUCH JIIPHYHHOH Tiepe-
X0%a K KOMIIaHZHPOBAHHIO HU(POBBIMH METOJLAaMH, NPH KOTOPHIX Tpe-
Oyemasi HeJHHeHHOCTb XAPAKTOPHCTHKH obecneunBaercsi MUGBPOBEIMH
CXeMaMH, yIpaB/SIOIHMH a/JrOPHUTMOM BHIOOpPA 3TaJOHHBIX CHTHAJIOB
npa uxHdpoanasoroBoM H aHaJjoro-uHdpoBoM mpeobpasoBauusax. [Ipu
3TOM XapaKTepHCTHKA KOMIPECCHH He fABJAETCS M1aBHOH KPUBOH, a
COCTOHT H3 MHOXKeCTBa TOUYEK, YHCJO KOTOPHIX PABHO UHCJY YPOBHEH
KBAHTOBAHUS B CHCTEMe.

B konepe nopaspsaHono ¢paBHEHHS, OCYIIECTBAB 71 ONepauyi cpas-
HEeHHst KOLHDYeMOro OTcyeTa ¢ COOTBETCTBYIOUIMM Hab0OpOM 3TasOH-
HBIX CHIHAJO0B, MOXHO ONpeleNuTh JNI0O0H H3 2" ypOBHeH KBaHTOBa-
HHA. DTAJOHHBHE CHTHAa/JBl HOJXKHB BRIOMpaThcd Tax, UTOOH mocae
KaXJ0H omepauHH CpaBHEHHA BJBOe YMEHBIIHJOCL YHCJIO YPOBHeH,
apeau KOTOPHIX HAXOAHTCS HCKOMBIH ypoBeHb KBaHToBanusd. IIpu pas-
HOMEDHOM KBAHTOBAHHUU IJIs ATOTO TpebyeTcst 1 TAJOHHBIX CHTHAJOB.
[Ipu HenuHeliHOM KBAHTOBAHWH JJIsI IePBOTO TaKTa CPaBHEHUSA Heol-
XOAMMO HMETb OJUH 3TAJOHHBIH CHTHAJ, AN BTOPOro — IBa, Jasd
TPeTbero — ueThlpe STAJOHHBIX CHDHANA U T. A.; IPH 7 TaKTax Hopas-
PSIIHOTO CpaBHEHMsI HeOoOXCAUMO HMeTb 2"—1 pasJMUHBIX 3TaJNOHHBIX
CHTHAJIOB, YTO CyHIeCTBEHHO YCJOMKHAET HeJquHefnwd xomep. Iloato-
MY Ha TpaKTHKe Ha paclpefeseHie ypoBHell KBaHTOBAHUS BBOIAT DAL
orpannyenni, XapaxkTepuCTWKa KOMIAHAHPOBAHHA NDPEACTABJSACTCH B
BHJE JIOMaHOH KPHBOH, COCTOAIIEH M3 OTAENbHBIX cerMeHTOB. Bce cer-
MEHTHl COJZepKaT OJMHAKOBOE UYHCA0 YDOBHEH KBaHTOBAHHA. 3Hauve-
HYs IIar0B KBAaHTOBAHHA COCEIHHX CErMEHTOB HaXOAATCA B IPOCTBIX
LEJOUHCACHHBIX cooTHOWeHuAX. Tak, pas cucreMsl UKM-BPK ¢ Boch-
mupaspsanbm KoxnpopanneM MKKTT pexomenayer XxapaKTePUCTHKH
KOMIIDECCHH, COCTOSIIUMEe U3 16 CerMeHTOB; KaXKAblif CErMEHT CONEDPXKUT
16 yposuefi kBanTopauns. Ilogo6Hast xapakTepHCTHKA A/ OAHOH TIO-
JISIPHOCTH aHAJIOTOBOrO CHIHAaJja NpHBeleHa Ha pHe. 2.16.

ITepBolit ¥ BTOPOH CErMEHTH XapaKTOPUCTHKH HMEIOT OXMHAKOBHIA
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Iar KBaHTOBAHHSA, B OCTAJbHHIX CErMEHTAaX BEJHYMHA Iara KBaHToO-
BAHUSI NIOCJELOBATENBHO YABAHBAETCSH. YPOBHH KBAHTOBAHHUSA, COOTBET-
CTBYIOLHE IpaHHIaM CelMeHTOB, obpasyior psta 0, 165, 328, 646, ...
(6 — MHHHEMAaJbHBIA HIar KBaHTOBaHMs), B upenenax kaxgoro cer-
MedTa 16 ypoBHeli KBaHTOBaHHS (PODMHUPYIOTCS C TIOMOIIbIO UYETHIpex
STAJIOHHBIX CHTHAJIO0B. 3HAUYEHHUS THX CHTHAJIOB A KaXKIOTO CErMeH-
T4 XapaKTePHCTHKY TpHBeNeHH B Tada. 2.2.

Tabauua 2.2

HoMep 2—4-# cuMBo- 3HaueHHds] 3TANOHOB NPH KOAKMDOBAHHH ITaAOH HHK-
cermenTta JIbl. KOLOBOH B HpefesiaxX CermeHTa Hell FpaHHLbI
TpYNIbE cermenta

1 000 18 26 48 88 08
11 001 18 26 48 868 166
111 010 26 48 86 166 326
v 011 48 86 166 326 648
\'4 100 86 166 328 646 1286
Vi 101 168 328 646 1286 2568
VII 110 328 646 12886 2560 5126
VIII 111 646 1285 25686 5120 10246

Has dopMHpoBaHHs BCex YPOBHEH KBAHTOBAaHHs NP KOAHPOBA-
HHH CHTHAJa OJHOH TOJMAPHOCTH B LAHHOM cjlydae mocraTtouxo 11 sra-
JIOHHBIX CHTHAJIOB; NPH KOJHPOBAHHM OJHOTO OTCUeTa OJHOBDEMEHHO
" HCHOJIb3yeTcs He OoJiee NMATH 3TAJOHHBIX CHTHAMOB: OAMH AJS ONpe-
JAeJIeHHsT TPAHHUbl CerMeHTa M YeThipe AJS ONpe/eseHHs 1Iara KBaH-
TOBAHHA B mpeiresax cerMeHTa. MaJjoe YHC/IO 3TaJOHHBIX CHTHAJOB,
HCIOJIb3YyeMbIX NPH (POPMHDOBAHHU OJHOTO KBAHTOBAHHOIO OTCUETa,
ynpolaer Tpeb6OBaHHS K TOYHOCTH HCTOYHHKA STAJOHHBIX CHIHAJOB H
x ALIT B uenoM. Crpyxrypuas cxema neaunefinoro AT mpusenena
Ha puc. 2.17.

Takum 06pa3oM, IpH HCIOAb30BAHHY JHHEHHO-JOMAHOH Xapakre-
PHCTHKH KOMNAHAMPOBAHHS j CTApUIHX PAa3psifoB KOJAOBOH TIPyNIibl

(%) E o (t) - Boix
0,75 E
S|
/ M
04
{ B
N Puc. 2.17. CrpykTypHas cxema He-
0725 JHHEHHOro Kojepa:
4 K T1Y — noporoBoe ycTpoficTBo; ¥YJI — yn-
paBasomWas JIOTHKa
N
. 2.16. -
g 775 a5 57 Yir Puc. 2.16. CerMenTHas xapakrepu

CTHKa KOMIIAaHAAPOBaHMA
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ONpelesoT OAHH U3 2/ CerMEHTOB XAPaKTePHCTHKHU', a Mjajllue pas-
PAAB — OJHH M3 277 ypoBHell KBAHTOBAHUS B NpejesaXx AAHHOIO Cer-
MmeHTa. [l XapakTepHCTHKH, HpeicTaBJeHHOH Ha puc. 2.16, n=S§,
j=4.

Ilpu undpoanasorosoM mpeofpasoBaHHH | CTApLIUX Pa3pAAOB Ko-
llOBOﬁ rpynnel ONpelsesior BEJIHUUHY ITAJOHHOI'Q0 CcHrHaJa, COOTBET-
CTBYIOIIEro I'pAaHULE CerMeHTa, a TakKe Habop n—j 3TaJOHHLIX CHI-
HaJ0B, HCIIOJML3YEMBIX IIPH IMOCJACAYIOHIEM JHUHEHHOM JACSKOAHPOBAHNU
n—j Myailux paspsAioB KOAOBOH rpynuetl. IIpu KOAMPOBAHHH MeTo-
JIOM NOPaspAiHOrO CDPAaBHEHHUS DA3HOCTb MEXLY BEJHUHHONH OTCUETA
CHTHala u cyMMol aranonos Ha seixoie LIAIT xozmepa moxer pocti-
raTh mara kBaHTosaHus. UToObl own6Ka HM3-3a KBAHTOBAHHA He Tpe-
Bhliana 0o aGCOMNIOTHOH BeJHuMHe IOJOBMHY 1lara KBaHTOBAaHHUS,
TIpH JeKOAMPOBAHHHU cHrHana 3 HeaunefiHom LIAIT k cymme stanoHos,
COOTBETCTRYIOIIUX TNPHHATOH rpynme, J06aBJjseTcs 35Taj0H, pPaBHBI
NOJIOBHHE liara KBAHTOBAHMS HCIIOJNbL3YE€MOTO CErMeHTa XapaKTepHuc-
THKH KOMIIaHIHpOBaHuA 2.

Lnbposeie koMIaHIepsl 06eCHeyHBAOT Ty K€ TOYHOCTh mpeodpa-
30BaHns, yTo U Heaunednsle ALIT u AT, Hcnoabsosanue JuHeHHO-
ro ALIT B couerannu ¢ uudpoBoil KOMIpecCHPYyIOlileH JOTHKOH gaer
BO2MOXHOCTb H3MEHSTb XapaKTePUCTUKY KOMIAHIHPOBAHUS NPOCTHI-
MH H3MEHEHHAMH CBA3CH B LH(PPOBOM KOMIIpeccope, 4TO IO3BO.IAET
ucnosb3osats ALIT ¢ mepectpanBaeMbiM afropuTMoOM 1751 KOXHPOBa-
HUA pasjuuHbx cHrianon. Peamwsanus ATl ¢ uudpossim kommaH-
NMPOBAHHEM CBS3aHa, OIHAKO, C HEKOTOPHIM yBeJanueHueM obObeMa
060pyAOBaHHA MO cPaBHeHHIO ¢ Heanuehnsv ALLTT,

22 Huddepeniuanbubie MeTOABI HUDPOBOK MOAYIAUUU

Ilpn nuddeperunanbibix meToxax UHGPOBOH MOIYIAIMH — T€Th-
Ta-Moayasaunn u iuddepenunansioin MKM, kax u npu KM, npous-
BOJSITCS BpeMeHHast MHCKPeTH3alus, KBAHTOBaHHe ¥ KOIMPOBaHHe Tme-
penaBaeMoro cursana. Oguako ecau B cucremax ¢ MKM B yudposom
BHJe mepefaeTcsl HH(pOPMaUus O BeJHYHHE OTCUETOB CHTHAJa, TO NPH
auddepeHHATbHBIX METOAAX MOAYJAALNU Tepegaerca HHOOpPMalNs
06 H3MEeHEeHHH JaHHOTro OTCYeTa MO OTHOIIEHHIO K ‘npe‘;rmeVCTBy}(ymeMy,
TepeganHoMy paHee orcuery. Ilpu sTOM onpeneasioTcs 3Hax U BesH-
YHHa NpHpalleHus, AJas 4ero w3 JaHHOT'O OTcYeTa BbIYHTAETCs CHrHa.l,
COOTBETCTBYIOLIMI YPOBHIO IpelIbl1ylUIero orcuera, GOpMHPYeMHi my-

! CumBoa 1-ro paspsjaa o6MYHO oNpejesisieT NMOJSAPHOCTb CHTHAJA, 4 CHMBOJIH 2,
3, ..., jTO pa3psiioB — HOMEp cerMeHra.

2 Tlogo6Has KOPPeKUMs OCYLIeCTBJAsSeTCS B HeJHHeHHbIX KOJIepax, a Takie B
TAKHX KoJAe€pax, B KOTOPLIX ONPCACIACTCA NOJAAPHOCTH OTCUCTa curiaJia, a 3artem
KOlalyETcﬂ aGCOJHOTHaﬂ BeJHYHHA OTCUYeTa. ECJ'[H B CHCTEME C paBHOMeprIM KBaH-
TOBaHHEM KOAHDPYIOTCS OTCUETHl OJHOH HOJSPHOCTH, TO KODpEKIHA B JAeKojepe He
TIPOHU3BOAXTCA. XOTA TNPH 3TOM owMOKAa KBAHTOBAHHSA MOXKET JOCTHIaTh BeJHYMWHBI
nrara, ¥ayecTBO Iepejaud AaHaJoroB CHUIHAJOB IPAKTHUECKH He YXYAlIaeTcs. Boa-
HURalOlast ownbKka MPHBOAMT JHUIb K H3MEHEHHIO MOCTOSHHOH cocTaB/soulefi no-
CJIeIOBATENBHOCTH AeKOAHPOBAHHHMX OTCUETOB Ha& BLIXOJE CHCTEMBI.
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TeM CYMMHDOBAHHS JEKOJAHPOBAHHBIX CHTHAJO0B O TPeALIeCTBOBABIINX
npupaienusx. CTPyKTypHast cxema AudipepeHIIHANLHOrO MOAYJAATOPA
npuBejleHa Ha puc. 2.18.

B mpocrefiiieM ciyuae MOXKHO NepefaBaThb AH(OPMAIUIO JHIUbL O
3HaKe NPHPAUIeHHS, Ha NPHEMHOH CTOPOHE BEJHUMHA TpHPAIIEHHA
ONpeleNsieTesl alpUOPHO 3aAaHHBIM IIaroM KsaHTomamua. Hag aToro
J0CTATOYHO TIEPeAaBaTh OLMH IBOMUHBIA CHMBOJ Ha KaXKIBIH TUCKpET-
HBlH oTcyer. Takod Bux auddepeHIHANbHOA MOLYJALHH Ha3bIBACTCA
neapta-monayasinuelt  (JM). MoxHo
nepefaBaTh MH(bOPMALHIO KaK o 3Ha- IV
Ke NPHPALIEHHs, TaK U O €ro KBaHTO-
BAaHHOM 3HAYeHHH KOAOBOH TIpyINIOH
H3 HeckoJabKux (n) cumBoJjoB. Takoit
MeTOJ Iepefaud HasbiBaeTcs Audde-
PEHIHANBHON HMIY/IbCHO-KOAOBOH MO-
nyasiuuer (JUKM). B guddepennn-
AJBHBIX MOLYJATOPAX M HEMOAYIATO- b o g™ oo nuas oxeva nud-

pax HENpEpbIBHO CYMMHDPYIOTCH B@IH-  yepenmuanpuoro momyasropa:
YHHH NepefaBaeMbix NpHpalleHui, co- BY — mbianralolmee yCTpoficTso
OTBETCTBYIOIIHX KaXKIOMY BXOAHOMY

curnaay. [ToaToMy Takue ycTpoHCTBa SBJASIOTCA OJHOKAHAJBHBIMH H
HE MO3BOJSIOT OCYLIECTBJASATH TPYNNOBOe Npeobpa3oBaHHe HA OCHOBE
BPEMEHHOTO pa3feJsieHHs] KaHaJoB. :

IprHuunuanbHbBIM oTAnUReM JAuddepeHUHATBHEX METOIOB LHb-
posoii Moagyasuun or MKM sBasercst orpaHnueHnune mpefennHo JOTyc-
THMOH CKODOCTH H3MEHEHHA MNepefaBaeMoro CHTHa/la, a HE€ ero ami-
JuTyAbl, Kax npu MKM. JeiicTBUTENbHO, €CJIH BeJHUHHA NPHUPalleHHs
epefaBaeMOro CHIHaJjia CyIeCTBEeHHO MPEeBHINAeT aMIIHTYAHLIH AHa-
na3on aupdepennnansuoro Al To mepenaua Ttakoro mnpHpalleHns
He MOXKeT OBITH OCYINECTBJeHA ¢ TOoMOUlpio ofxHoro (mpu HM) wnnu
27 (mpu JUKM) maros xsautosanus. IIpu stom curuan, dhopmupye-
Mbli B nenn obpamHoit csssm ALIll, me ycmeBaeT H3MeHHTbCS COOT-
BE€TCTBEHHO U3MEHEHHSAM BXOAHOIO CHTHajga, UTO NMPHUBOJAUT K HCKaAXKe-
HHSIM OTCUETOB IepefaBaeMOT0 CHTHAJA — HCKAXKEHHSAM <«Ieperpy3ku
10 KPYTH3HE». YBeanunsasn BeJUYHHY LIara KBaHTOBaHHS, MOXKHO
CHH3MTb HCKaXKEHHS TeperpyskH, MNpu 3TOM, OJHAKO, BO3PACTAIOT HC-
KaXKeHNsl KBaHTOBAHHUS.

AMILIHTYJa CHIHaja, KOTOPHEH MOXKeT GbiTh TNepelaH C MaJabIMA
HCKAXKEHUAMH, YMeHbLUIAeTcs ¢ YBEeJHYEHHEM UacTOTH. MHOTHe cHr-
Hasnbl (HanpuMep, TenedoHHBIE, TeJeBU3HOHHBIE, BHAeOTesnedOHHBIE)
HMEIOT CHIeKTPAAbHYIO MJIOTHOCTb, YMEHBIUAIONIYIOCS € YBEAHUEHHEM
yacToThl. B Taxux curaanax CYHIECTBYIOT KODpEJSALLHOHHBIC CBS34
Mexay orcuetamu'. B IICIT ¢ MKM mnpu mepejaue BeJHIUHE KaXKJIO-

! Koppe/iIlHOHHbIE CBA3H MEXKAY OTCYETAMH CHIHAJIOB C PABHOMEPHOH CIIEKT-
panbuofi IJIOTHOCTBIO CYILECTBYIOT, €CJAH 4acTOTa JHCKDETH3auBH fn NpeBulIaer
snavenue 2fy (fs — MakcumanbHas yacTOTa mepenaBaeMOrO CHrHaJa), NPH JHCKpe-
TH3ALHH CHIHAJOB C HePABHOMEDHON CINEKTPAJbHOH IUJIOTHOCTBIO B3aHMHas Koppe-
JISIHA OTCYETOB CYIIECTBYeT H NPH [x=2fs W BO3pacTaer ¢ yBeJMYEHHEM HYACTOTH
JHCKPETH3AUHH.
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ro oTcyera TakHe KOPPEJSLHOHHBE CBA3H He YUHTBIBAIOTCS, aNpHOP-
HOe 3HayeHHe OTCYeTa He3aBHCHMO OT BEIMUHHB TIPEABIAYLIEro OT-
¢yeTa NPUHUAMAETCs DPaBHBIM Hyaw. [Ipx aToM nocTHraercs He3aBHCH-
MOCTb KaueCTBa Hepelayl OT 0CofeHHOCTell CIeKTPabHOIO [paciupene-
JIeHUS qJepelaBaeMblX CHTHAJIOB, T. €. o0ecneuuBaeTCs yHHBepCalb-
HOCTb Kanana nuppoBoii cucteMpl nepenaun. OZHaKO u3GHITOYHOCTHL
nepefaBaeMol HHGpOPMalMH, NMPHCYIIAss TaKOMYy MeTOLy, NDHBOXHT K
NOBHIIEHHI0 TPeOyeMOl NPONYCKHOHA CIOCOGHOCTH CHCTEMEl Iepeiaun,

TIpu nuddepennnanbHBIX METORAX MOAYJISUHH HCHOJIb3YIOTCS KOP-
pensUHOHHbIE 3aBHCHMOCTH Me2KAy oTcyeTaMH. IIpu 3ToM B OcHOBHOM
NPAMEHSIOTCS METOAB, YuHTHIBAIOUIHE KOPDeJSHI0 COCeIHHX OTcHe-
TOB, T. €. aNpHOPHOE 3HAYEHHE TIePeJaBaeMoro OTcYeTa IPHHHMAETCS
PaBHHIM 3HAYEHHIO MPEIBILYILEro oTcYeTa. B pesyabrare MOXKeT ObITh
CHHeHA H30BLITOYHOCTH B IlepekaBaeMOM CHrHaJle, YTO, B CBOIO Ode-
penb, MO3BOJSIET CHU3HThL TPeOyeMyl0 NPONYCKHYIO CIOCOGHOCTH CHC-
TeMbl IepefayH.

B 3aBucuMocTn OT BHZA NepelaBaeMbiX CHTIIANOB TPHMEHAIOTCA
pasnuyHbie MeToAn AHGb(depernnanpHoii uuppoBoi Moxyasuun. Ilpu
nepegaye Tesie(OHHBIX CHCHAJOB, Y KOTOPHIX OTCYTCTBYIOT PE€3KHE H3-
MEHeHHsl VMIHOBEHHBIX 3HAYeHHH, MOXKHO, YBE&IMYHBAA YACTOTY AMC-
KPETH3alliy, CHH3HTh PA3HOCTb 3HAUEHHH IBYX COCEIHUX OTCYETOB
TaK, yTo0b OHAa He NpPEBLIIANa BEJIMYMHB OAHOTO LIara KBaHTOBA-
uusl. TlosToMy mepefaya TaKux CHTHAJSOB MOXKET OCYHIECTBASTHCA C
TOMolLIblo JAeabTa-Moayasanuu [35]. IIpn nepenaye TeJNeBUIHOHHBIX H
BHAeOTeJIe(POHHBIX CHTHAJOB BO3MOXKHBI De3KHe H3MEHEHHS 3HaYeHHs
CHTHAnNa, HaTlpuMep, TIPH [epenade TPAaHUUBl MeXKAy TeMHBIMH H SIp-
KIMH ZeTansdMH Ha H300paKeHHH. 3HaueHHe Pa3HOCTH MEXAYy cocel-
HUMH OTCUETAMH B TaKHX CHTHA/TaX MOXKET COOTBETCTBOBATb HECKO/b-
KHM 11araM KBAaHTOBaHHS JaXe mPH 3HAUHTEJBHOM YBEJHYEHHH Yac-
TOTHl AuCKperu3dauuu. I1osTOMy IpH Nepegaue CUrHa/l0B U300paxkenus
enecoo0pasHo HCHOMb30BATH He JEbTa-MOAYJIALHI, a AHddepeH-
UHAJbHYI0 HMIYJILCHO-KOLOBYIO™ MOLYAALHIO.

Henpra-Mopyasuusa. ®opMupoBanue UHOPOBOrO CHCHAJA B J€Jh-
Ta-MoayJaATope (puc. 2.19) ocyluecTisieTcss CPaBHEHHEM CHTHAJa Ha
BHIXOZe BHYHTAWOIero ycnpoiictsa (BY) ¢ sTanoHHBIM HamnpsKeHHeM,

COOTBETCTBYIOLIMM OIHOMY LIary KBaH-
gae TOBAHHS. [Tosromy ALLTT BrmosusAerca
—= B BHJe Hoporosoro ycrpo#cra (I1V),

yIpaBiasieMOro HMIYJbCaMH, CJAeAyio-
g; IUEMH C YacTOTOM JMCKPETH3aLHuH, a

LJAIT u cyMmaTop 3aMeHsieTCs HHTe-

rpatopoM. B npuemMnoM ycTporcTBe

aHAJOrOBBIA CHTHA/J BOCCTaHABJMBA-
Puc. 219. Crpystypuas cxema €TC1 C [OMOWBIO IHTerpatopa u
AeTbTa-MOAYASTOpa GUIBTPA HHXKHHX 4acToT. Bpemenunie

uft)

U(t)

Hum

| BeqHunHa LIara KBAaHTOBAHHMs BHIGHpAeTcs HCXOAS M3 JONYCTHMOH MOUIHOCTH
HCKAXKeHHHl KBAHTOBAHHMA, NONAajaoOMMX B NOJOCY HCXOJHOrO  aHAJOTOBOrO CHI-
Hana.
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AHATPAMMBL, HJLTIOCTPHPYIOLiHE XapaKTep HCKajKeHHH IpH AeJbTa-Mo-
AyasuuH, npusefenbl Ha puc. 2.20. Ha pucyHke moxasaHbl y4acTkH,
Ha KOTODHIX OCHOBHHIE HCKAXKeHHA ONPele/sioTCs OrpaHHUeHHEM Kpy-
TU3HB MEPENABAEMOr0 CHTHaJa.

Uft)

//\

ES

-y s

Uylt)-Urt)

Jona
nepezpynuL
irm KPYMUIHE

Puc. 2.20. Bpemensbie puarpaMMsl pabGoTH AelbTa-MOAYJATOpA:
@) BXOAHOH curHaj; 6) cHrHal Ha BBIXOAe MHTerpaTtopa; g) oOmWOKH NpH KBaHTO-
- BaHMH B CHCTEMe ¢ fe/IbTa-MOAyJslHed

OnpenesuM OTHOLIEHHe CHTHAJ-IIYM OPH AeabTa-Moayasuuu [9].
Ecau cuurtath OWIHGKH KBAHTOBaHHs HEKOPPeJHPOBAHHBIMH, TO MOII-
HOCTb HIYMOB KBAHTOBAaHUA B IoJIoce HpHeMHOI‘O Ct)I/IJIb‘Tpa

P — 6% fs/12 _ 6% fp
KB— — . ~ T L. -
fn/2 6fxn
Ecan maxkcumanbHas KDPyTH3HA Spax NEPELaBaeMOro (CHMHAajza mIpo-
NOPUHOHAJ bHA CPeIHEeKBAAPATHIECKOMY 3HAUEHHIO CHTHaxAa, T. €.

(2.36) -

Smax:kl Pc, (237)
TO TIpHu
kY Poofy (2.38)

UCKaXKEeHHH H3-3a OrpaHHueH’s KPYTH3HBl He NPOH30MIeT.
YuuteiBag (2.36), nonyuaem

Po/Prw<6[%/ (k*fn) . (2-39)

Huas rapvonuyeckoro xosebanusi ¢ eIHHHUHON aMIJIMTYAOH H YacTo-
TOH fo Smax=2nfc; Pc=1/2 1

k2 =877f2,. (2.40)

Honcrasasis k2 8 (2.39), monyuaem BHIpaXeHHE AJA OTHOUIEHHS CHI-
HaJ/tiym mpu nepegaue rapMOHHUECKOro KojebaHHs:

Pc/PHB<3sf3.u/ (4ﬂ2f2cfn)- (2'41)
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Ilpu mepenaue curHaja ¢ paBHOMEPHOH CIEKTPaNbHOH IJOTHOCTBIO
B nosoce 0 — fmax MaKCHMasbHasl KPYyTH3HaZ II€pefaBaeMoro CcHrHaina
Smaex MOXKeT ObITb TIPHHATA B 3 pasa Gouspllell, 4eM cpelHexBaapa-
THYECKOe 3HaueHue KPyruaubl. CpelHeKBajpaTHUIECKOe 3HAUYEHHE Kpy-
TH3HBL AJIS CHIHAJa ¢ PABHOMEPHON CHeKTPaJsbHOil NMJIOTHOCTbI OIpe-
neJsiercst BuipamenueM [36)

Sep=20tfsV PelV 3. (2.42)

Torxa
Smax=6TLfn V—P_c/ -‘//g : (243)
H k2=12n2f35. (2.44)

Ortnomenue CHTHAJI-IIYyM TIPpH nepejgaye CUr'Haga o< paBHOMepHOﬁ
CHeKTpaJIbHOﬁ IIJIOTHOCTBIO

PC/PI<B<!}t3n/(2ﬂ2f$B)- (245)

Awnanns (2.45) nokaselBaer, YTo AJs ob6ecreuennss OTHOMIGHNS CHTHAJ-
WyM KBaHTOBaHHs, paBHoro 50 1D, Heo6xoAuMo BHIGPATb YacToOTy
JHCKpEeTH3alHH HJH, YTO TO 2Ke CaMoe€, TAKTOBYIO HACTOTY IL‘H(ppOBOI‘O
noToka B 125 pa3 Bblllle MAKCHMaJBHOH YaCTOTH HCXOAHOTO CHTHAJal.
Ecnu rpebyemoe oTHOWEHHEe cHE3UTH A0 30 ab, To yacToTa AucKperu-
3aUHH yMeHpWaeTcs X0 27 fmax.

TIpu UKM B coorserctuu ¢ (2.13) u nanssiMu Taba. 2.1 orsome-
HHe CHrHaJ-WyM, paBHoe H0 nB, obecmeunBaercs Tpu TAKTOBOH uac-
TOTe UKH(POBOro MOTOKA, JHIbL B 20 pas npesbiuaiollel MaKcHMaJb-
HYI0 YaCTOTy HCXOJHOIO CHMHAja, T. €. B 6 Da3 MeHbuieH, ueM IpH
nenabTa-MoAyasiuun, Takum o6pa3oM, npH mepejaue CHIHAJOB C pas-
HOMEDHOH CHeKTPadbHOM IUIOTHOCTBIC METOJ [eJbTa-MOAYJSALIHU He
[O3BOJISIET CHHU3HTh TPefyeMyl0 NPONYCKHYIO CIOCOOHOCTb CHCTEMBI
nepenayu.

Ilpu mepenave TesedoHHOro curHajga METOJLOM JAENbTA-MOAYJISLUN
TpUHEMaercst [37], 4TO 1epenpy3kKM MO KPYTH3HE He MPOHCXOIHT, €c-
Jau ofeclmeyHBaeTCsl HEUCKAXKeHHAas Nepefayua FapMOHHYECKOro CHIHA-
Jaa (c gacroroit 800 I'), MOIIHOCTL KOTOPOrO PaBHA MOILHOCTH TeJe-
(bOHHOFO CHTHAaJa. B JAaHHOM cJydae OTHOWIIeHHe CHTHaJd-IOyM MOZKET
ObITh OmpeneseHo u3 BHpamenus (2.41). [loacrasaas & (2.41) sma-
YeHHSA [pmer=3,4 k' u f=0,8 k11, monyuaem

Po/Py<<0,0353. (2.46)

Ha puc. 2.21 npuseneHa 3aBHCHMOCTb OTHOLIEHHSI CHTHAJ-IIYM
KBAHTOBAHHs OT TAaKTOBOH 4ACTOTH UH(GPOBOrO TOTOKA, ONpPETEseH-
Hasg B COOTBETCTBHH ¢ (2.46) npu OeabTa-MOLYJSUHM U  COTJIACHO
(2.11) mpu MKM. TloxasaHHble 3aBHCHMOCTH CBHIETEJNLCTBYIOT O TOM,
YTO HCHONB3ORAHHE AeNbTA-MOLYASUUH [IO3BOJASET CHHBHTL TAKTOBYIO
Y4acTOTy UH(POBOTO MOTOKA JHIIbL NPU BeCbMa HU3KHX BEJMYHHAX OT-

' B [9] upuHATO Smax/Scp=4, 4TO TMpPHUBOAUT K elle GoJee BLHICOKOMY 3Haue-
HHIO UACTOTH JAHCKPETH3ALHH.
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HOUIeHNst cHrHad-wyM. Hro6e obecneynts KauecTBO mepelaud, HKBH-
BasieHTHO® BocbMupaspsaanoi MKM, TpeSyemas vactora uudposoro
TIOTOKA ROJIXKHa COCTaBMAATh Gosee 150 kI,

B nepsuunbix cucremax MKM-30 wactora uH(GPOBOro MOTOKA, CO-
OTBETCTBYIONlero oaHoMy kawany TY, pasua 64 x[um. Ilpu stom oGec-
NEYNBACTCSA OTHOLUEHHE CHTHAJ-IUyM KBaHTOBauus 10 36 ab B jauna-
MHYECKOM IHanasoHe ypOBHeH BXOAHBIX CHTHaJ0B 0Koao 40 1B. pu
HCHOJb30BAHHA [JeJbTa-MOJLYIALUU A5

obecnieuenns MOJNOGHOTO KauecTBa mepe- P[Py, 06

Jaud Jaxe INPH JAHHAMUUYECKOM JHana- 57

sone 10 1B TakroBas wactota un(po- 4 gp',,/-—H

BOTO IIOTOKA JOJIXKHA COCTaBJATh OoJsee _lepd 1|

120 kI TP //D
CymecrBeunoe yayumenue xayecrsa 40 P

MEePEAdYH DEYEBLIX CHTHAJIOB MOCTHTaeT- T ) -

cA NPH HCIONB3OBAHHA KOMNAHAMPOBAH- o1 A7 47 AW L

HOM J@JbTA-MOAYJAAUHH, TNPH KOTOPOH ?Zf an

urar KBaHTOBaHHUA He SIBASETCS IOCTOSIH- 8 ]

HBbIM, a HUBMEHSIeTCd B S3aBUCUMOCTH OT

L
o 4o 60 f, kY
CJA0T0BOM MOULHOCTH TQJIB‘CDOH'HOI‘O CHUrHa-

0 - 0

Ja (cJorosoe KoMmmauiuposanue). Cio-
roBOe KOMHIAHAHPOBAHHME HO3BOJSIET TOI-
JepXKUBATL MOCTOSTHHOE OTHOLIGHHE CHI-
HaJ-IIyM NIpH Tepejade CAOTOB pasJuy-

Puc. 2.21. 3aBHCHMOCTh OTHOIIe-
HHS ~ CHTHAJA-IUYM OT 'ACTOTHI
uUH(POBOro INOTOKA NPH Tepena-
ye HCPIHTATEIbHOTO CHTHAJA Ya-

croroit 800 Tuw (2p, 3p,

HOH TPOMKOCTH, HUTO sBJfercs BechbMa 10p — urcao paspsion)

3QQEKTHBHLIM IIPH TNepejave peuesbix
CHTHAJIOB !,

Oranunressnoii ocodentoctsio LICIT ¢ KoMNaHINPOBAHHON Ie/b-
Ta-molyaduuel (puc. 2.22) spasercs HaJAUUHE IONOJHHTEIBHOH Iemy
obparHoii csasu B ALITT u IIATT (mOMHMO OCHOBHOH LenH, Kak mpHu

lpueM

Sunedneiil
mpaxm

_)1______.

Nepedava l

=

Puc. 2.22. CrpykTypHas cXeMa CHCTEMBI ¢ KOMNIAH/IHPOBAHHOH 1e/bTa-MOAY/sLKel
AJI O[HOTO HaNpaBJ/ieHHs Tepeliayn

! MroBeHHOC KOMIaHAMpOBahie ofecreyuBaer BBICOKYIO  TOYHOCTb Ilepefaun
SHAuEHHH CHrHAJIA, COOTBETCTBYIOWMX LEHTPaJbHON 30He aMIINTYIHOI Xapakrcepu-
CTHKH, NPAKTHYECKH He yJyullasi KAayecTBO MEPCAayH CHIHANA BBICOKOTO M CPEAHEro
yposust. [losToMy npH c/I0POBOM KOMNAHAUPOBAHHH IPH PaBHON CKODOCTH ungpoBore
TIOTOKZ HCKAXKEHH$ 1#3-334 KBAHTOBAHHS DEUCBLIX CHIHA/NOB MeHee 3aMETHH, YeM NpH
MIHOBEHHOM KOMIIAHAHDOBAHHH. B TO e BpeMs npH nepenauye CHIHAJOB u3obpaxe-
HHS 11e/1ec006Pa3HO HCIOAb30BaTH MTHOBCHHOE KOMIAHAHPOBAHHE, TPH KOTOpPOM Miar
KBAHTOBAHHA DEryJNHPYETCH B 3aBHCHMOCTH OT KDYTH3HBI [epelaBaeMoro CHrHaJa.
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o6bIuHOH JenbTa-MoAyasinun). [lonosHuTenbHas Lenb 0OPaTHOR CBA3K
ofecneyuBaeT U3MEHEHHE 11ara KBAHTOBAHHA B 3aBHCHMOCTH OT CTPYK-
TYpH mepenasaeMoro uudposoro curiana, C 3Tof Meablo CHTHAA €
BHxoxa I1Y nopmaerTca Ha aHaausatop IioTHocTH efauuny (AIIE),
(uxcupylomuli HajJuune ONPENEJEHHOrO YHCaAa CIEAYIOIUX TOADPAX
efMHHI B UHPPOBOM cuTHajte. VIMIOysabcHas IOCHER0OBATENBbHOCTD,
¢dopmupyemMas aHaJIH3aTOPOM MJIOTHOCTH eQWHHUI, NOCTYyHaeT Ha BXOA
HHTErpaTopa 2, CHDHAJ C BBIXOAa KOTOPOTO YNPABJIAET MOLYJISTOPOM
aMIIUTY AN uMnyascos (MU). Vsmerenne aMIIUTYAH HMIyJbCa Ha
BXOJe uHTEerparopa 1 TMPHUBOAUT K HIMEHEHHIO mIara KBAHTOBAHHU{A, B
COOTBETCTBHH ¢ KOTODHIM (OPMHDYeTcss CHTHaJ, HOCTyTNaloWuil Ha
BXOZ BBIYHTaoLlero ycrpoictsa (BY), 4To, B cBOIO Ouepenn, MpUBO-
AHT K H3MEHEHHIO 1Iara KBAHTOBAHHUS KOMMPYEMOro currana. AHajo-
rAYHBe M3MEHEHHs IIara XKBAHTOBAHHA OCYLLECTBJSIOTCS ¥ B IDHEM-
HOM YCTPOMCTBE.

‘CnoroBoe KOMIIAHAHDOBAHHE MOXKHO OOECIEYHTb ¢ NOMOWIBIO UIM-
POKO M3BECTHBIX AHAJOrOBHIX XKoMmuauaepos. OZHAaKO HCIONb30OBAHME
uHdpPOBOro CHrHAJMA [Jisi YIPABJICHHS KOMIAHAMDPOBAHHEM IO3BOJAET
ofecrnednTs H3MeHeHHe liara KBAHTOBAHHS B GoJblieM AHAnasoHe H
COIIacoBaTh XapaKTePHCTHKH [epelalollero U MmpHeMHOro 060pyAoBa-
Hus ¢ Gosbured TourOCTHIO. Tak, B 60-xaHaibphoH HH(POBOH cucTeMe
nepefauy ¢ Aeabra-MoxyJsmimed [19] npu nudposoM KoMmaHZHpOBa-
HHH ofccleunpaercs nepecrpoiika miara KpawTopaHus Ha 34 ab mpu
U3MEHEeHHK MOUIHOCTH BXOAHOro cunHasa ua 40 ab. 3amucumoctb or-

ol G5 HOUIEHHS CUCHAJ/IIYM KBAHTOBA-
5; u [ HHA OT YPOBHS BXOJHOTO CHIHajJa
t=sinru| N npH lTaKOM Koynag%HpOBannn A
0 PAa3HYHBIX 3HAYEHHH YaCTOTH AHC
i KPeTH3aHH NOKa3aHa Ha pHc. 2.23,
P ; 37 J/ KoMmnaunanpoBannasi JejbTa-MOAY-
/ - JSIHS T03BOJsieT OOeCHeYnTh Kaye-
ﬂ CTBO TepejauH, COOTBETCTBYIOlIEe
HMITYJIbCHO-KOJLOBOH MOAYJIALUHH C
BOCBMHDa3pPSIHEIM KOLHDOBAHHEM,
1 IPH CKODOCTH LH(POBOro NOTOKa B
//r/ 1,50—2 pasa boJiee HU3KOH, UeM NpH
HUKM.

TakuM 00pasoM, HCIONb3OBANNKE
KOMNAHIAPOBAHHON  JIeJbTa-MOAY-

fnﬁaiﬁMST)];H%%:LC;%JTHOMGH“ JALUHH OPH nepenaue TedeOHHBIX

ciHana g cneTere ¢ Koﬁ’;gﬁigﬁf CHTHAJIOB 00Aa1aeT PsiloM NPeHMy-
BAHHOI AeJbTa-MOAYASIHEN HIECTB 10 CPaBHEHHIO C HCIOJB30-
BanneM MKM: .

CHHXKEHHE CKOPOCTH LHG(POBOTO MOTOKA, COOTBETCTBYIOLIErO Iepe-

Aaue ONHOro TefedOHHOIO CHIHAJNA;

-0 -50 -40 -39 -z20 -0 @
P 1Ps muax, 0B

yMeHbINeHHe NePeXOXHBIX BJHSHHH MeX1y KaHaJaMH 3a C¥eT To-
ro, 4To OObeJHHEHHe CHIHANOB Pa3JHYHBIX KaHaJOB OCYLIECTBJAETCH
B mudposoit dopme;
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Gosee BBHICOKAS TIOMEXOYCTONUHBOCTE M0 OTHOIICHHIO K HCKaMKeHH-
AM CHMBOJIOB NpH lepeiaue nudpoBOro INoToxKa, Tak Kak OLWIMOKH je-
'KOOUPOBAHUA PaBHbBL OAHOMY miary KBaHTOBaHUA, a4 ‘B CUCTeMax CBsA3H
¢ UKM makcuMmagbHas BO3MOXKHas OWIHOKAa MOXKET COCTaBJATH IOJO-
BHHY JMHaMHUECKOTO AHAaNa3oHa lepefaBaeMoro CuTHaJja; IPH Bepo-
ATHOCTH HOKaXKeHusl cuMBoja 10~° HCKaXKeHHs peud NPaKTHYECKH He
3aMEeTHHI,

MeHbIIAas UYBCTBHTEJNBHOCTh, K CABAHBAHHIO MJAH NpPONajgaHuIO oOT-
IeJbHBIX CHMBOJIOB, KOTOPOE HPOMUCXOAMT NPH KOMMyTalud HUPPO-
BbIX NOTOKOB B y3/laX C HE3aBUCHMOH CHHXPOHH3AUMeEH, a TaKXKe IPH
aCHHXPOHHOM OOBEIHHEHUH OXHOKAHAMbHBHIX UH(QPOBHIX MOTOKOB; 3TO
00bACHAETCS MEHbLIeH BeNHUAHOH M QJIHUTEIbHOCTBIO HCKAXKEHHH JeKo-
AMPOBAHHOTO TenedOHHOrO CHTHAJAA, BHI3LIBAEMBIX TIOBTOPEHHEM HJH
nponajanueM OXHOrO CHUMBOJa, & TakxKe TeM, uTo UudpoBoil curaal
npu M He cOmepXUT KOLOBHIX TDYII, B Pe3yJabTare Yero OTCYTCT-
BYIOT HCKAaXeHHs, noJo0Hble cOO0SM LUKJIOBOH CHHXPOHU3AUUN B CHUC-
reMax ¢ UKM;

MeHee CTPOTHe JOMYyCKM K TOYHOCTH M CTaOGHJIBHOCTH 3JIeMEHTOB
CXeM, ompelensieMble HEOOXOJUMOCTbIO IePERaud JIMIIbL OTHOCHTEJb-
HBIX U3MEHEeHHWH BXOJLHOTO CHTHAJa, a He a0COMIOTHBIX 3HAUeHHit 3TO-
To curtana, xaxk npu UKM.

B 10 Xe BpeMs cuUCTeMHl ¢ JeJbTa-MOAYJISAIIHEH 06afal0T PALOM
Heo0CTaTKOB MO cPaBHEeHHwo ¢ cucTeMamu ¢ FTKM:

fosee BBICOKAS CTOMMOCTH KaHaJXooGpasyloiero 0§OPyLOBaHHS
M3-32 MCNOJNb3OBAHHS HHAMBHAYAJbHHX (4 He TPYNNOBLIX, KaX TDH
HMKM) ALIT u AT, a Taxxke n3-32 HEOOXOAMMOCTH NPHMEHEHHUS all-
mapatyphl OObeHHEHHS AJsi Nepelaud ONHOKaHAJbHBIX HHPPOBHX mo-
TOKOB 110 TPAKTaM [IEPBUUHBIX UH(DPOBBIX cHCTeM, B cucremax ¢ MKM
Onepauud MOAYJAAUHN H OOBeJHHEHHUS COBMELIeHH B OZHOM NPYIIO-
BOM YCTDOHCTBE; :

3aBHCHMOCTb NapaMeTPOB KaHa/lOB OT CHEKTPajibHOTO paclpefese-
HHSI mepejaBaeMbIX CHTHAJOB, KOTODad 3aTPyAHSET mepenpauy HeTeje-
(OHHBIX CHTHAMOB TIO Kauaay TH, a TakXKe rpynmnoBmx TeaepOHHBIX
CHTHAJIOB.

Jduddepenunanpuas umMnyabcHO-KoaoBana Mopyasiums. JIuddepen-
unanpiylo MKM menecoo6pasio MpUMeHAT TPH epefade TAKHX CHT-
HAJIOB, Y KOTOPHIX BO3MOXHBl pe3kHe (MJIHTENbHOCTBIO 1/fmex) CKAUKH
‘MTHOBEHHBIX 3Ha4eHHH. B 9THX yC/NOBHsSX NOBLILIEHHE YACTOTHL JHC-
KDeTH3aUWH He rapaHTHPYeT CHHKEHHS DAasHHIBl COCEIHHX OTCUETOB
o BenuuuHbl wara kBaHtoBauus. IIpy JHUKM uactora auckperunsa-
iy o6HYHO BHIOHDaeTcss Takod e, Kak u npu MKM.

CTpykTypHas cxema mepeiaromiero ycrpoiictsa cucrembl ¢ JJUKM
TOJIHOCTBIO COOTBETCTBYET cXeMe, 0Ka3aHHOH Ha puc. 2.18. B mpuem-
HOM yCTpOHCTBE NPOH3BOAATCH UH(POaHajorosoe npecGpasoBaHue
H CYMMHDOBaHHE OTIe/JbHBIX MPHPALIEHHH IepelaBaeMoro CHrHaJja.
Ycrpoiictso ALIT B crcreme ¢ JIMKM Heckoabko ciokuee, yeM mpu
KM (nannune cymMmatopa, BBIYHTAIOLIEr0 YCTPOHCTBA, W, KPOMeE TO-
ro, oHO fABJIAETCAd HHAMBUAYANbHHIM - o6opyxoBaHueM). Ilostomy
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UMKM He HaXoauT WHPOKOro TiPHMEHeHHs] NPH mepelaue TeaedoH-
HbIX CHTHAJ0B, XOTf, Kak NOKa3blpaloT HceaefoBanus [38], npu pas-
HOH CKOpOCTH UM(POBOr0 NOTOKA BEJUYHHA OTHOIIEHHS CHIHAJ-IIYM
npu JUKM na 6 1b sbiure, uem mpu MKM.

HawGonbumit nHTepec BbI3bIBaeT Hcnoab3oBanue AMKM gas ne-
pexaun curuajgos u3obpaxenusi. Pe3kue nepenaibl curuajna usobpa-
JKeHHsl MOTYT JOCTHTAaTh BEJMUHMHB], PAaBHOH IOJHOMY aMIJHTYIHO-
My IHana3oHy Takoro cupHasa. Kasamoce Obl, B 3TOM c/ydae mpuMe-
HeHHe auddepeHunasbHbiX METOA0B HE NO3BOJAET YMEHBIUHTh YHCJIO
CHMBOJIOB B ‘KOJTOBOH TpYIIie, T. €. YMEHBIIHTL TPeCyeMylo NpPOIyCK-
Hyl0 cnocoOHocTh cucteMul no cpasHenuio ¢ MKM. Oanako addek-
THBHOCTb HCHNOJb30BaHuA AUGMQepeHunalbHbX METOAO0B B  JaHHOM
clyyae oTpeensieTcss OCOGEHHOCTMU 3PHTeNbHOr0 BocnpuaTtHa. Ijas
Haubosee YYBCTBUTENEH K LIyMaM H JOMXKHBIM KOHTYPaM, BO3HHKaIO-
LIMM M3-32 'KBAHTOBaHWs HPH Tepejaue n306paKeHHH ¢ TJaBHBIMI
H3MEHeHUAMH SIPKOCTH, M MAaJOUyBCTBUTEJEH K HCKa’KEHHSM IpH Ile-
penaue pe3Kux Jiepernajnos sPpKOCTH. B 3Tux yC/a0BHSX TNpHUMeHeHne
OUKM ¢ xoMmanzupoBaHueM TO3BOJSET COIMAcoBAThb CHCTEMY mepe-
Laun ¢ 0COOEHHOCTAMH BOCUPHUATHA. B 06/1acTsX ¢ MaJblM UHCJAOM 1e-
Tajgel, rie pasJHUdTeTbHAs CNOCOOHOCTH 3PEHHS BBICOKA, Pa3HOCTH
AHCKDETHBIX OTCYETOB MBI, H CHCTeMa Nepejawd BHOCHT MaJjbie HC-
kaxkenud. Ilpn mepenaye pe3xkux TepenajzoB aMIIMTYIBI pasHocTed
BO3pacTalT, NPOMOPUHOHANBHO BO3PACTAIOT U OLWIHOKH KBaHTOBAHUS,
HO OHH Ma/J0 3aMETHBI.

[Tpn nepenaue usobpaxkenuii merogrom MKM ¢ mocTosHHmM 1wma-
TOM ‘KBAHTOBaHHsl TpefyeMasl TOYHOCTb BOQNPOH3BEIEHHS IHCKPETHHIX
OTCYETOB OmpelessieTcss MaKCHMaJdbHOH — DasJMYUTEAEHOH  Crocod-
HCCTBIO 3DEHHS, UTO NPHUBOMUT K HEOGXOIMMOCTH HCMOJIL30BAHUSA Ce-
MH-BOCBMH CHMBOJOB B KOAOBOH Tpymne; B To e spevs npun JJHMKM
1A mepeirayn HHQOPMalUWM O NPHPAIIEHHH OTCUETA I10CTATOYHO iye-
THIPEX-TISITH 3HAKOB.

Fmamsa 3

BPEMEHHOE I'PYIIIIOOBPA30BAHHE
B ITHOPOBLIX CHCTEMAX ITEPEJAYH

3.1. Obmue cBegeHUS

[Tpn Bpemenndm rpynmoobpaszoBanun B nepejatwuweit uacty L[CIIT
OCYLICCTBASETC 0BbeinHenne UH(GPOBBIX NMOTOKOB, cHOPMHPOBAITHBIX
B LICIT Goaee Huskoro mopsiika, a B NPUEMHOH 4YacTH — pasjesetiie
TPYNNoBOro wu$poBOro MOTOKA HA KOMIIOHEHTHbIE IOTOKH. O6Beiu-
Hsemble motoxu ¢opmupylores B LICII, sajaouine renepatopsl Ko-
TOPBIX MOTYT ‘GbITh CHHXDOHH3HDOBaHbl HAM HECHHXDOHH3HDOBAHEl C
3a1aKUM redepaTopoM oGOPYIOBAHHS BPEMEHHOIO Ipynnoobpaso-
Banust '(OBI'). B cooTseTcTBHH ¢ 3THM (MPOH3BOINTCA  CHHXPOIHOE
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UM aCHHXPOHHOEe oObeluHeHHe UH(POBBIX NOTOKOB. OCHOBHOE BHH-
MaHHe B HacTosiLlel ryiaBe y/AeJeHO BONPOCAM aCHHXPOHHOro o6bend-
HEeHUsl UAPPOBBIX NOTOKOB; CHHXPOHHOe OObeIHHEHHE SIBJSeTCS 4acT-
HBIM CJIyYaeM acCHHXDOHHOTO ¢ allPHOPHO H3BECTHBIM COOTHONIGHHEM
4acToOT 00BbeJHHEMOro H TPYNIOBOI0 HOTOKOB.

Ob6benunenne nudporbix TOTOKOB OCYIECTBJASETCA HyTeM HX 3a-
THCH B 3aN0MAHAIOUIee YCTPOUCTBO C YACTOTOH f; M CUNTEIBAHHS C dac-
TOTOH fey, KpaTHOH TAKTOBOI BACTOTE rPYNIIOBOTO CHTHAJNA:

fS-H-“f&Hﬁfa <\fa<f&n+f3.nafs; (31)
f . fC‘I.H—‘]CC‘l,Hﬁfcq gfcq g(fC‘!.H"‘fC‘I.Iléfcq ’ (32)

rie fomu, fcen — HOMHHANbHBIE 3HAUEHHS YacTOT 3alUCH U  CUHTHIBA-
Hust; 8y, , 67, — OTHOCHTe/bHAS HECTAOUJIBLHOCTbL YACTOT 3alHCH U

CUHTbIBaHHA.

H3z-3a pazaugug 4acToT 3amucd U CUYHTBIBAHUS BPEMeHHOﬁ HHTED-
BaJ MexXJy MOMEHTAaMH 3aluCH U CYATBIBAHHSA H3MEHACTCH I10C/ae
Ka»XA0Tro CYHThIBAHHUA Ha

At:ngK:ch, (3.3)

rne Ts=1/fs; Teu=1/Jca; £=|T3/Teu| — okpyriensoe jo OaHxaiule-
ro Leaoro 3HaueHme OTHOIUIEHUS IePHOJA 3alUCH K TI€PHOAY CUHTHIBA-
HHUs.

Ecau Af<<0, to BpemeHHOH HHTEpPBAJ MeX1y MOMEHTaMH 3aNUCH
¥ CUHTHIBAHUS YBEJIHUHBAETCS X0 TeX MOP, NOKA He JOCTHTHET MakKCH-
Masnblioro 3UaYeHHS, KOTOpPOe HaXoAuTcs .B mnpefenax oT Tea—Af 10
Teo. Ipu ciexyiomeM CYMTHBAaHUH BPEMEHHOH HHTeDBAJ MEXKIY MO-
MEHTAMH 3alliCHA M CUHTBIBAHUA OKaXKeTCd MHHHMAJbHbIM (!B npeae-
Jax or 0 1o Af), a B CUMTAHHOH HMIYJBCHOH TOCJIEJOBATENbHOCTH
NPOH30HAET OTPHLUATEJNbHBN BDEMEHHOH OIBHI, DaBHBIA IEpHOLY Clle-
JOBaHHS CYUTBIBAIOLUIHNX MMIYJbCOB, 110CJAE YEr0 BHOBb HAYHeTCS TPO-
Lece yBeJHYeHHss BPEMEHHOro HHTepBaja. Ilpu OTCYTCTBHH BpeMeH-
HOro cABura HHTepBajJ MeXAy CUHNTAaHHBIMH CHMBOJAMH COCTaBJjseT
KT ¢y, TP HANNYHH BPEMEHHOrO CABHra 3TOT HHTEPBaJ OKa3hbiBaeTcs
paBubM (k—1) Tea.

Ecnn A1>0, 10 BpeMeHHOH HHTepBAJ MeXAY MOMEHTAaMH 3aNHCH
H CcYyHTBIBAHHSI YMEHBIIAETCsT X0 TeX IMop, MNO0Ka HE€ JOCTHFHECT MHHH-
MaasHoro 3Hauenuss (ot Af go 0). [Ipu caenyiomem cYMTBHIBAHHK Bpe-
MEHHOH HHTEPBa/] MeXJAy MOMEHTAMH 3alHCH M CYMTLIBAHHSA OKaMXeT-
cst MakCUMaJBHBIM (0T Teq—Af 10 Teu), 2 B CUMTAHHOH UMNYJNbCHOH
M0C/1eJ0BATEIbHOCTH [IPOU30HILT IIOJOKHUTEIbHBIA BDEMEHHOH CABHUT,
T@KXK€ PaBHBHIl [ePHOIY CIeLOBAHHUS CYHTHIBAIOLINX HMIYJIHCOB, 10C/IE
Uerg BHOBb HAYHETCS NPOLECC yMeHblIEeHHS BDEMOHHOr0 HHTepBaJa.
Ilpu nosIOKUTENLHOM BPEMEHHOM CHBHIE HHTEPBAJ MEKIy CYHTAH-
HbiMu cuMBoJiaMd paBeH (K+1)Tcq.

O‘HEBHZIHO, 4TO YyacTtoTa r@OpMHpOBaHHﬂ BPEMCHHDLIX CABHI'OB 3aBH-
CHT OT COOTHOLI®HHS YacTOT 3amucu M cuuThiBaHus. Ilpm atom Ko-
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JMUeCTB0 HHGPOPMALMOHHBIX CHMBOJOB, lepelaBaeMblx MeXKIy ABYMs
COCeIHUMH BPEMEHHBIMH CJBHTaMH, OTpejesdeTcs BhiparKeHHeM

R= chw/(Ta_‘Tc‘x) l, »(34)
a Nepnoj BO3SHUKHOBCHUS BDEMEHHBIX CIBUIOB
Tc= (‘R + 1) ch, (35)

Ecnu Teu/ (Ts—Toq) — uenoe upclo, TO CYHTAHHAS HMIyJIbCHAsA
NOCAe0BATEBHOCTL HPeAcTaBAsseT CO60H OZHOPOAHYKO  1OC/]eA0Ba-
TeJbHOCTb, XapaKTePH3YIOLIYIOCS DABHBIM 'KOJHYECTBOM HH(OPMalH-
OHHBIX CHMBOJOB, NepelaBaeMblx MeXKAy COCEIHUMH BPEMEHHBIMH
cxBuraMiu. Ecau Teof/(To—Teq) — npoBHOE UHCIO0, TO B CUHTAHHOH
HMIYJIbCHOH I0C/€10BaTeJbHOCTH BO3HHKAIOT HEONHOPOLHOCTH, BHIpa-
JXawuuecs B H3MeHEHHUH HHTEpBaJia MC}KILy COCCTHHMH BPCMCHHBIMH
CIBHTAMH B CTOPOHY YMEHbIIEHHs HJM yBEJHUeHHS Ha OJHH TIEPHOJT
4aCTOTH CYHTHIBAHHA. DTH HEOAHOPOLHOCTH BO3HHKAIOT C {EPHOJMU-
HOCTBIO, '0NIpelesisieMOi Pa3HOCThIO

Teaf (Ts—Teu)—|Tea/ (To—Ten) | = %1/l (3.6)

rae ! — X01y4ecTBO BPEMEHHBIX CABHIOB, COCTABJSIOUIMX LHKJI BO3-
HHKHOBEHHSA HEOJHODOAHOCTeH, A -— YHCA0 HEOJHODOIHOCTEHl B 3TOM
HKJe,

3Hax pasnocth B (3.6) moxasnipaeT HaNpABACHHE H3MEHEHUS Bpe-
MEHHOT0 HHTePBa/a MeX1y BPEMEeHHHMH CIABUIaMH NDH BO3HHKHOBE-
HHH HEOJLHOPOEHOCTH: IPH NOJOKHTEJIbHOH PA3HOCTH HPOHCXOIUT yBe-
AWYeHHE HHTEPBaJa MeXK1y BPEMEHHBIMM CIBHTaMH, a MPH OTpHLa-
TeJbHOI — ero ymenbiiende. Ha puc. 3.1 nokasaH MexaHH3M BO3HH-
KHOBEHHSI BDeMEHHBIX CABHIOB H HEOJHODOAHOCTEH AN caydas, Koria
Tea/T;=13/16. B cunTaiHO#d WMTYJAbCHOH MOCHEHOBATENBHOCTH (pPHC.
3.1,6) BO3HHKAIOT TIONOXKHTENBHbE BDEMEHHBIE CABHIHM C [EPHOIOM,
paBHBIM 5T ¢y, ¢ IWHKJIOM HEOAHOPOAHOCTEH, paBHbIM 16T ¢y U BKJIWOYa-
101 M lnpn BPeMEHHBIX CABHTa, #3 KOTOPHIX ONHH ¢ HEOAHODOI-
HOCTBIO!,
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’ Hfoziﬂapadwcmb ﬁﬂﬂﬁHqDﬂﬁHﬂ[mb‘ ‘ :
T e e
g - ﬁpeMEHHbIE c/dﬁ/

Pnc. 3.1. Bpemennbie auarpaMMbl, NOACHSIOMNE IIPHHUMI BOSHHKHOBEHHS BPeMEHMHIX
C/ABHIOB M HEOLHODOJHOCTEH:
@) MMOyJbCHblE NOCT€10BATEAbHOCTH 3aIHCH; 6) CUHTHIBAHHA; 8) NOCJIEROBATEIbHOCTD
CUMTAHHBIX HMIYJIbCOB

! 3nech M janec peadbHbl CHTHAJ OT HCTOYHHKA HHQOpMaumH, COCTOAME U3
eNMHHLl M HYyJel, IJS yNpOUIEHHS 3aMeHEH CHIHaJOM, COCTOALHM  TOJBKO H3
eAMHAL,
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Bennunna BpeMeHHBIX CABHIOB, BO3HHKAIOUIHNX B CYHTAHHOH HM-
TYJbCHOH MOC/Ae10BaTeNbHOCTH, PaBHA MIEPHOAY CJ6J0BaHHs CYHTHIBA-
I0IHX HMUyabcoB, Ecan jpomycruMas BelHU#HA BPeMEHHBIX CHIBHIOB
Ha BHXOJe 060pyAOBaHUS pasieseHHs UH(POBHIX NOTOKOB He JOJKHA
npeBHILATh 1/m mepuoga ciefoBanus HHOOPMANUHOHHBIX CHMBOJIOB, TO
Heo0xoauMo aAn60 BHIOHPATL YACTOTY CUHTHIBAHHS B M pas BhIlIe yac-
TOTBl 3aMMCH (HO MPH 3TOM B M pa3 yXyILIAeTcs HCIONb30BaHUE IIPO-
NyCKHOH CIOCOGHOCTY IPYNHOBOro Tpakra), Jub0o TPHHHEMATb CHEIH-
aJbHbBle MepH 1159 KOPDeKIHH BPeMeHHBIX CIBUIOB.

B cucremMax aCHHXPOHHOTO CONPSMKEHHS BBICOKOCKODOCTHBIX MLiith-
POBBHIX TIOTOKOB HEJONYCTHMBI 3HAYUTEJbHBIE IIOTEDPH B HCIOJb30BA-
HUH TPONYCKHOH «NMOCOOGHOCTH IpPymmoBOro Tpakra. IloaToMy B Taxux
cHcTeMax HaumeJ HIHPOKOe NpHMeHeHHe Crnocol, TMPH KOTOPOM YacTo-
Ta CYNTHIBAHHA JHIIb He3HAUNTEAbHO (Ha 1—4 %) ‘mpeBbiIaer wacro-
TY 3aTHCH, a BPeMeHHBIe CABHTH (GOPMHUPYIOTCS Ha CTPOrO OnpeaeneH-
HBIX TIOVIOKEHHSIX B UMKJE Nepeiaudl M KODPEKTHPYIOTCS B NPHEMHOM
ycrpoitctse [30, 40—42].

3.2, ACUHXDOHHOE COIIpAMKEHUe

Ilpa compsixkeHNH LUQPOBEIX [OTOKOB YaCTOTa CUHTBIBAHHSA BHIGH-
pPaeTcsl BCEria Bhillle YACTOTH 3amucd. IJTO OO0DbACHAETCT HEOOXOAH-
MOCTbIO Nepelauyd IOMOJHHTENbHOH CayKeOHOH HHGoODMauwu (CHrHa-
JIOB IUKJOBOH CHHXDOHH3ALWH, CJIYXKeOHOH CBSI3M, KOHTDPOJAS H 1p.).
ITostomy

fear=fcaut+fex : (3.7)

Tle feyy— 4aCTOTA CUHTHIBAHHS HHOOPMALUHOHHBHIX CHMBOJIOB; feg —
YyacToTa CAeNOBAHUS C/1yXKeOHBIX CHMBOJIOB.

CayxkeOHble CHMBOJIBI JO0/JKHBl Ne€peIaBaTbCsl Ha IO3ULHUAX Bpe-
MEHHBIX CIBHUrOB B CUMTAHHOH HMTYJbCHOH IOCJI€N0BaTeJbHOCTH. [Ipn
3TOM HeoOXoanMo, MTOObI BpeMeHHbte CIBHIH HOPMHUPOBAINCh HA CTPO-
TO OTpeleJeHHBIX TO3HUHUAX B UuKJe nepenaud. as Toro urobHl He-
OJHOPOIHOCTH, BO3HHKAIOLHE TIPH ACHHXPOHHOM CONPSIKeHHH LHGPO-
BBIX IIOTOKOB, He H3MEHSJIU MOJOKEHHS BPEMEHHBIX CIBUIOB B ILHKJE
nepenayy, HeoGXOAUMO B IepelarollieM o0OpYAOBAHMH KOMIIEHCHPO-
BATb MOMEHTHl BO3HHKHOBEHHSI HEOAHOPOIHOCTEH NHE0 BBEJEHHEM JO-
TIOJIHHTEJIbHOH TNO3MLUHKM B CUHTAHHYIO IIOCJAeLOBATENBHOCTh, JUOO HC-
KJIIOUEeHHEeM OJIHOH JTO3MUHH M3 CYHTAHHOH NOC/HeIOBATebHOCTH B 3a-
BHCHMOCTH OT 3Haxa pasHocTH B sblpaxenuu (3.6). Mudbopmauus o
TaKMX H3MEHEHHAX B CYHTAHHOH TNOCJAEI0BATEILHOCTH TiepejaeTcs B
IPHEMHYIO YacThb, Tl€ B COOTBETCTBHH ¢ 3TOH MHGOPMALHEHR OCYILECTB-
JeTCst BOCCTAHOBJICHHE HCXOJHOTO CHMHaza.

Hast o6o3Hauenus NO3HIMH, KOMIEHCHDYIOUUX BJIMSHHE HEOIHO-
POAHOCTEH Ha MEPHOJHUHOCTb QOPMHPOBAHHSA BPEMEHHBIX CIBHIOB, B
JHTEPATYype UIHPOKO HCINOJB30BANCST TEPMHH «cTaddHHI»!, KOTOpHIH
B HaCToslllee BpEeMsS 3aMeHEH TEDMHHOM «COIJIACOBAHHME CKOPOCTEH».

! Or stuffing — BcraBka (aHra).
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Pasnuuawor cucreMs ¢ OAHOCTOPOHIIHM (‘H‘OJ’IO}KPITeJIbeIM HJIH OTPH-
LaTelbHbIM) H JABYCTOPOHHHM (ITOJIOXKHTENbHO-OTPHIATEJNBHBIM) CO-
IJiaCoOBaHUEM ‘C\KO-pO-CT‘eﬁ.

B cuctemax ¢ OJHOCTODOHHHM COTJIACOBAHHEM <CKOPOCTeH yacTo-
Ta fequ BBIOHpaeTCs (B 3aBHCHMOCTH OT 3HaKa COIJIacOBaHHs CKOPO-
creff) 3aBegoMo Oosblied uju MeHpuledl, yeM f,. Ilpu atom B cucre-
MaxX ¢ NMOJOXKUTEJBHEIM COTVIaCOBAHUEM CKOPOCTeH BBINOJHAETCS YCI0-
BHe

fC‘LII,I[_’fC‘{(Squ >Vca,H+f3,n(3f3. (38)

lipy BO3HHKHOBEHHH HEOJHOPOZHOCTH B CUHTAHHYIO INOC/]€I0BATE/]b-
HOCTb BBOJHTCA JAONOJAHHTEJNbHASA HC‘HH(b'inMa’LLHDHHaH uMnyJibcHasa
NO2HIMS ((3aNPeTOM OJHOrO HMTYJ/bCA CYHTHIBAHMA), KOTOpAs B NpPHU-
€MHOH 4acTH UCK/IIOYAETCs] 10 COOTBETCTBYIOIICH KOMaH/e COI1acoBa-
HHS CKOPOCTEH.

B cucremax ¢ oTpHIlaTeNLHBIM COTJIZCOBAHUEM CKOPOCTell BBINOJ-
HSI€TCA yCJI0BHE

fC‘LM.H +v}tc‘1.n.H6,f C.{<‘)ca.ﬂ—]t3.116,r‘3- (39)

[Tpy BO3HHKHOBEHHH HEOXHODOIHOCTH B 3THX CHCTEMAax H3 HHpoOpMa-
LHOHHOH TOCJe0BaTeJBHOCTH B Nepefalollieldl MacTH u3bIMaercsa OAMH
HHGpOPMAUHOHHBIH CHMBOJ (LONONHATENbHBIM CUHTHIBAHHEM), KOTO-
PHH nepexaercs MO NOTMONHUTEJABHOMY KaHajdy, a B NPHeMHOH YacTH
10 KOMaHJae COIVIACOBAHHS CKOPOCTeH CHOBA BBOAUTCH B HHOOpMaALH-
OHHYIO II0CJIe10BATENIBHOCTD.

B cucremax ¢ ABYCTOPOHHHM COINIaCOBAHHEM (CKODOCTeil uyacroTa
Jewuww BEIGHPaeTC PaBHOH fiu TIpu 3TOM MOXKeT BBHUIOJHATHCS YCJIO-
Bue (3.8), (3.9) uam

fcq.u.u x fcu.u.ﬂafcq :‘fs.Hi fa,|16f3 - (3 1 0)

B 3aBHCHMOCTH OT 3HAKa PA3HOCTH YaCTOT f; H feq NPH BO3HHKHO-
BEHHH HEOJHODOJHOCTH HEOOXOAHMO J1uGO BBOLHTH B CUMTAHHYIO TO-
C/eL0BATENBHOCTh AONOMHHTEAbHYI0 HMIYJAbCIYIO MO3HLUI, anbo me-
pelaBarh HHOOPMALHOHHBIA CHMBOJ IO AOMOJHUTENbHOMY KaHany. B
nepeaatomes gacth OBI' neo6xoxumo opmupoBaTh HHPOPMALHUIO O
TNPOBEJ€HHH COIJIACOBAHUS CKOPOCTEH H 3HAKe 3ITOrO COIJIACOBAHHUA, a
B NPHEMHOH 4acTH B COOTBETCTBHH ¢ 3To#i mAdopMauuedl mubo muc-
KJIIOYAaTh JOTIOJHHTEJNBHYI0 HMIYJALCHYIO NMO3HUHMIO, JUOC BBOAHTL MH-
(OPMALHOHHBIE CHMBOJ B IepelaBaeMylo NOC/IEACBATEbHOCTD.

B oGopynoBannu BpeMeHHOro TpynmoodpasoBaHHs B KauecTBe He-
OJAHOPOAHOCTeHl BOCIPAHHMAIOTCSA TOJBKO BPeMEHHble CIBMTH, BBI3BaH-
Hble PasHOCTBIO WACTOT f3 U fcam, 4 CABHTH, BH3BAHHBE HONOJHHTE]b-
HbIM NOBBULIEHHEM YaCTOTHl CUMTHLIBAHUSL HA fcn, BOCTIPHHUMANOTCSA Kak
HOpMHpPOBaHHBIE, He Tpebyouiue neperayu HHPOPMALUH O COTIACOBA-
HHH CKOPOCTeH.

OnpemeauM wacToTy (OPMHPOBAHHSA CHIHAJIOB COINIACOBAHUA CKO-
pocreit fo. [IycTh BeJHUNHA 3aBEIOMOTrO JPEBLIIEHHA YaCTOTH CYHTHI-
BAHHS HAJ YacTOTOHN 3aMHCH B CHCTEMaX € NOJOXHTE/IbHHM COTacoBa-
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HHEM CKOPOCTeH H MacTOTBl 3alIHCH HAT YaCTOTOH CUHTHIBAHMA B CHC-
TEMax ¢ OTPHLATE/bHBIM COTJI2COBAHHEM CKOPOCTEH paBHA fegya, T. €.
fcrx.n:‘; C‘!.H.H—’—_fc‘{Av (3.1 1)
Torma B coorserctBHE ¢ (3.5), (3.1), (3.2) u ¢ yyerom TOTO, UYTO
feaumn=[sn=Fu, B cHCTEMAX € MOJOKUTEILHBIM COTVIACOBAHUEM CKOPO-
creit fo cocTaBaser

Futfea—AF
H_,h‘.c_}_gé _A—fs—m (feaa— Afer—Af) <fe<<
FautFogp+ Afeu
ST ha—AR
rie Afcquﬂafm Afs=fub; 3
B cucTeMax ¢ OTPHIATEIbHBIM COTaCOBAHHEM CKOpoOCTeii

(fes a +AfeatAfa), (3.12)

TR Sy

fa -+ Ofa (feun + AT+ Afen) <fe<
—fa—Foyp T Afex )
fu—Afs

B cucteMax ¢ IBYCTOPOHHHM corviacoBaHneM ckopocTefl feypy=0. Tor-
na

< (fch—Afa—Ach)- (313)

i ..
M(Afcq+A)ca)<fc< M(Ah:;—!—z&ﬁ). (3.14)
fat+Afs fa—Afs

Kak uauo us (3.12) — (3.14), yactoTa nepenayy XOMaHj coraaco-
BaHUSA CKOPOCTEil onpeaesercss OTHOCHTeNbHOH HeCTaOHAbHOCTBIO Yac-
TOT 3aTHCH W CYMTHIBAHMS H HMeeT BechMa MaJjbie 3HaueHHs, DTO I0-
3BOJISET BBIAEJIATH IJd NeperadyH KOMaHA COorJaacoBaHHA CKOpOCTe}Ui
1—2% nponyckHoi cnmocobHoCTH rpynnoBoro Tpakra. Tako# cmocob
ucnoab3yeres o seex LICII, ocylecTBASONX CONPAKSHNE aCHHXPOH-
HBIX UHEPOBLIX NOTOKOB — BTOpHUHBIX  (MKM-120),  tpeTnunsix
(MKM-480), uersepnunbix (MKM-1920) u ap. Ilockonbky mnpaxTuue-
CKOe pacnpocrpaHenye TOJAYYHIH CHCTEMBbl KaK ¢ OAHOCTOPDOHHHM I0-
JIOKHTE/bHBIM, TaK W JBYCTOPOHHHM COIJIaCOBAHHEM CKODOCTeH, pac-

CMOTPHM paJjice 0COBEHHOCTH peann3anuu CHCTEM oboux BHIOB.
O6opynosanue BPEMEHHOr0 TPYNNoo6pa3oBaHMs € ACHHXPOHHBIM
conpsaixennem uudposbix norokos., Ha puc. 3.2 npeicrasiena cTpyk-

TypHas cxema OBI' ¢ ABYCTOPOHHHM COIJ1aCOBAHHEM CKOPOCTeH.
 IudpoBble TOTOKH OT ¢ HCTOUHHKOB MOCTYNAIOT HA BXOIBI COOTBET-
CTByIOUIMX mpHeMHbX npeobpasosatesnedt koia ([1Kgp—ITKupg), ocy-
IeCTBIAICIUX NTpeobpasoBanue JUHEHAHHX KOAOB B JABOMYHBIE H (Op-
MHpPOBAHIlEe UMIIYJIbCHBIX MOCTEI0BATEJBHOCTEN ¢ YaCTOTOH f;, paBHOI
TAKTOBOH 4aCTOTe BXOAHLIX LHGPPOBHIX NOTOKOB. CHTHAJH ¢ BBIXOXOB
MKy —I1Kgpg nofawtca B 6JOKH aCHHXPOHHOTO CONPSIZKEHHS Mepeja-
owtedt acTH (BACyept — BACrepq). B 6s0Ke acHMHXPOHHOTO COMpsiKe-
HHS 1HdPOBOH NOTOK 3alIMChIBaeTCs B  3anoMUHAIOLUIEe YCTPORCTBO
(3Y) u cunThIBaeTCH CHIHANOM, TOCTYNAIUHM ¢ COOTBETCTBYIOILETO
BBIXOJAa renepatoproro obopyiosanus (I'O). Ilpoueccom 3amucu yn-
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Puc. 3.2. O6o6uieHHAA CTPYKTYpHAsi CXeMa OJHOTO HafpaBJeHHS
TOKOB

paBJ/sger HMIyJbCHAas NOCIEIOBATENBHOCTb € YaCTOTOM f[u. CHrHAIB
CUMTHIBAHUS H YIPABJAGHHS 3aNHCBIO NMOCTYHAIOT HA BXOJ BPEMEHHOTO
perextopa (BIL), B KoTOpOM ompelensioTcss MOMEHTH BO3HHWKHOBEHHS
d BHA (3HAK) HEOJIHOPOAHOCTH.
[To curHasy o HaAWYUK HEOZHOPOAHOCTH TOTO MU MHOTO BHAA, KOT-
Ja W3MeHEeHHe BPEMEHHOTO HHTEPBaJjga MeX]y mOCIeX0BaTeJbHOCTSIMH
3aniCH W CUMTHIBAHUS LOCTHrAaeT mepHoja CUUTHIBAHMS, BHpabarTbiBa-
eTcd COOTBeTCTBYIOLLAs KOMaHfaa corsnacoBanus ckopocreil. Ilpn arom
NOJIOXHATENbHOE COINIZCOBAHHE CKODOCTEH OCYLIeCTBJSRTCA 3aTPETOM ¢
nomoueio Jorugeckoro aneMenta HET oxHOro MMny/ibca CYUMTHIBAHHS,
a OTPHLATENbHOE COTJIACOBAHUE CKOPOCTEH — JOTIONHHTEIbHEIM CUHTHI-
BaHHUEM, KOTOPOE NPOH3BOAMTCH € IOMOIIBIO JIOTHIECKOrO 3JjIeMEeHTa
WJIM. EcrecTBeHHO, 4TO B cHCTEMAx ¢ OAHOCTOPOHHHM COT/ACOBAHHEM
CKOPOCTeH MMeeTCA TONBKO OJHA LeNb COLAcoBaHus ckopocred. Cur-
HaJabl ¢ BBIX0OA0B BACuepi—BACnrep, B nepefaryrka CHHXpOCHI‘HaJIa
yepes cxeMy oObelHHEHHS] NOCTYMAOT B Mepelalouil npeobpasosa-
TeAb rpynmosoro curuana [1Kgep.
PaccMoTpuM ¢ IIOMOIIbLIO BpeMeHHol auarpamMbl (puc. 3.3) xapak-

TEp NPOLECCOB, IPOUCXOJAMHUX B TIepeTaoLled YacTi, Aad cayyas, Kor-
" Ka 4acTOT4 CYMTHIBAHUS TIPEBOCXOAMT wacrtory samscu. Ha puc. 3.3,a
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nepeauy OBI npH acHHXDPOHHOM CONPSKEHMH HHGPOBHIX MO-

TI0Ka3aHO M3MEHEHHe BPEMEHHOTO HHTEePBAjia MEXAY HMIYJbCHBIMH
TMOCHENOBATEAPHOCTIMA 3aNUCH M CYUTHIBAHHS [Jig CJay4asl, KOrja co-
riacopaHHe CKOPOCTeH OCYIIECTBJSETCA MPH H3MEHEHUH BPEMEeHHOro
HHTEpBaJa Ha BEJIWUHHY, NMPEBOCXOAALYIO OAHH TEDHON CUYUTHBAHHUSA
(Momenter Ty, 2Ty, 3T4,...,iT1). Onnmako B peaJibHBIX CHCTeMax CO-
IJ1ACOBAHME CKOPOCTe MOMKET OCYLLeCTBAATHCS TOJBKO B CTPOTC OIpe-
neJeHHble MOMEHTH BPEMEHH, COOTBETCTBYIOLINE CHNHAJNAM € BEIXOJOB
I'—¢’ remepaToproro obopyroBaHus (MoMeHTH Tg, 2T, 3T, iTy
Ha puc. 3.3,6). OuesunHo, uro Ty XOMKHO ObITH MeHblIe T,

Mowmenrsr, 3 koTopble MPOU3BOAUTCH COIIACOBAaHHE CKODOCTEH, ie-
TepMuHUpoBaKbl, [103TOMY mocie TOro Kax BPeMEHHOM HHTEPBAJ U3-
MEHHTCS HA TMepHOL CUHTHIBAHMS, HMEET MECcTO BpeMs OXHIAHHI Mo-
MEHTa COTJaCcOBaHHus CKOpocTefl. DTo BPEMs PaBHO IJHTEJbHOCTH HM-
NYyJAbCOB, N300paXKeHHBIX Ha puc. 3.3,8. TopmoxKeHHe mpouecca CYHTHI-
BAHHUS TPOU3BOINTCA B MOMEHTH BPeMEHH, MOKa3aHHBle Ha pHC. 3.3,2.
HsmeneHne BpeMeHHOro MHTEPBaAia MeXAy MOMEHTAMH CUMTBIBAHUS H

34llCH ¢ YYE€TOM BDEMEHHU OXNUIA4HHA UMEET BHI, TMOKAa3aHHBH Ha puc.
3.3,0%.

I TIp oTpHuATeNBHOM COTJIACOBAHHH CKODOCTell 3TO H3MeHeHHe NpeACTaBASET
co6oli 3epka/ibHOe OTpaxeHue puc. 3.3, 0.

cy
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B npreMoii qacTH HMnyibcHBIE MOC/Ie10BATEALHOCTH ¢ BHIXOIO0B Te-
HEPATOPHOrO 0GOPYNOBAHHS OTKPBIBAIOT MOOYEPEIHO JOrHYECKIe 3ie-
MenTsl M;—H, Kanaabuoro pacnpeaeanrens, obecneunsas IpaBHABHOE
Pacnpeiesenne TPYILNOBOTO CHrHAAd MEXKAy I[PHEMHBIMH GJOKaMH
dCHHXPOHHOr0 CONPSKEHHs UHPPOBbIX MOTOKOB BACup — BACp,, B
KOTODBIX BOCCTAHABJHBAETCS nepBoHayaJbHas CKOPOCTh nepexaHHOTO

7b ¥
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Puc. 3.3. Bpemennsie 1uarpauMmbl paGoTsi Hepejawouled yacty OBT:
a) u3MeHeHHe BPEMEHHOTO WHTepBada MEXKAYy CHTHAMAMH 3aNHCH M CYHTBIBAHHA TUpH
OTCYTCTBHY BPEMEHH OXHIAHHA; 0) MOMENTL Nepcaayd KOMaHX COTJACOBAIHA CKO-
pocTeli; 8) INOCARIOBATEJBHOCTH HMITYILCOB UM, AJHTeIBHOCTL KOTOPHLX paBHa
BDEMCHH OXHIAHHS; 2) MOMEHTH COTJIACOBAHWA CKOPOCTel; 0) uaveHeHme BpeMeH-
HOTO  HHTEPBAMA MEXLY CHTHANAMH 3aNHCH H CUNTLIBAHHS C y9CTOM BPCMEHI
OKULAHUA

ungposoro notoka. Boccranosienue nponssoutes TYTEM 3amucH Lud-
POBOTO MOTOKA B 3aNOMHHAIONLEE YCTPOACTBO H ICUMTHIBAHHS € YAaCTO-
TOH, paBHOW cpefHell 4acTOTe 3aMmiCH, BBIDABATHIBAEMOH  yCcTpoficTBOM
(aszopoit aBTOmOmCTPOKY wacTOTH (PAITY). Vermpoitetso DAY
BKJOyaer B Celsi reHepaTop, ynpasaseMbli HanpAKeHueM (F'YH),
cxeMy ympasaenuss (CY) u Bpemennoii nerexrop (BJI), Ha BBIXOJ€
KOTOPOTO (hOPMHPYETCS CHIHAJ, COOTBETCTRYIOUIHM TeKyLleMy 3Haue-
HHIO BPEMEHHOI0 HHTepBana MEXKAY MOMEHTaMU 3anUcH u CHYHUTbIBAHHUA,

Hpoueccom sanucen ynpasiser HMIYJIbCHAS MOCAEI0BATENBHOCTD ¢
COOTBETCTBYIOLIEIO BLIXOAA MeHEPaTOpHOro oGopynoBanus. ITo curnany
0 HeOOXOIMUMOCTH TONOKUTEIBHOTO COTJIACOBARNS ckopocTefi, BEpaba-
TLIBAEMOMY TIPHEMHHKOM KOMaHJ COTACOBAHAA CKOPOCTeH, OCYIIECTs-
JSAETCS 3anpeT 3anucu UHGbOPMallud B 3anoMuualollee ycTpoiicTRO
(3Y). Bpemetnoe monoxenue curnana 3afipeTa COOTBETCTBYET MOMEH-
Ty OCYLIECTBJEHHS 'COTIACOBAHUS CKOPOCTeH B mepeiaiolieM YCTpOHCT-
BE,
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ITo curuany 0 HeoO6XOJHMOCTH OTPHUATEJNLHOIO COTJIACOBAHHS CKO-
pocTeil ¢ moMolibo Jordueckoro ajaeMedrta WMJIM; orxphiBaerca aJe-
MeHT M KaHalbHOTO pacnpeLesuTens, BBOAS TeM CaMbIM JOMOJHHTENb-
HBIH ¢HMBOA B mepeaaBaeMblit cunHajs., OZHOBDEMEHHO AONOJIHHTEJb-
HbIH uMnyJbc uepes Jornyeckuil anement WJIH, BBogutcs B cursan
ynpapaeHus sanucbio. Hactora I'VH ynpasasercs nanpsixeHueM, cooT-
BETCTBYIOLIIHM MOCTOSHHON COCTABJAOIIEH cuTHala Ha BHIXOAE BPEMEH-
HOTO neTekTopa. Xapakrep m3MeHenwust curHajia Ha soxoge BJL moxa-
3ad #a puc. 3.3,0.

Ilepemennbte cocraBisiollve CHPHAJA, YyIOpaBasiolero paboToil
I'YH, BBI3HIBAIOT BpeMeHHble QAYKTyallH CUMTHIBAIOLIEH qOCjAerOBa-
T€JbHOCTH, a »CJIe‘,lLOBaTeJIbHO, 1 BBIXOAHOTO CHriraJa. HO’STOMY CTelleHb
TMOAABJEHNS fI€PEMEHHBIX COCTaBJSAIOUIMX B YIPAaBJSIOIIEM HaNpsKe-
HHH ONpeleJsieT BEeJHUNHY BPEMeHHBIX (JYKTyanuil BHIXOJHOTO CHIHa-
Ja.

PaccMotpum Gosee noApoGHO HPHHIMT PaGOTHl OCHOBHBIX Y3J0B,
BXOASAUIUX B 6JIOKX aCHHXPOHHOIO COTPSIKEHUS.

3anoMuHawlee ycTPOHCTBO. B 3amoMuHaroem ycrpoiicrse HHPOP-
MalHOHHBIE CHMBOJIB 3aMHUCHBAIOTCS TMOCHENOBATENBHO B sUeitKH Tia-
matu A—51;, (puc. 3.4). Ilponeccom 3ammcy ynpasasioT JOTHYECKHE

5 ——)L PRCApEienumens 3AnLCY ,
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Puc. 3.4. CrpykrypHas cXema 3amoMpHawoilero yCTpOHCTRA

sseMenTsl M,—My, oTKpbHIBaEMble I00YEPELHO CHTHATAMIE. C COOTBETCT-
BYIOIINX BBIXONOB Pacnpe/ieuTeNst 3aMHCH, HA BXOX KOTOPOrO IOCTY-
aeT UMIYJIbCHAs 0C/AeI0BATRILHOCTD ¢ 1acToTol f5 CunThiBanHe ocy-
INECTBIAETCA UMITYJIbCHBIME [10C/IE/I0BATEILHOCTAME ¢ (COOTBETCTBYIO-
IpX BHIXOAOB pacupenenuTens cuutbipanus. CHIHAJNB € OMHOUMEHHBIX
BLIXOZL0B ‘pACHpeNeNnTeNed 3aHCH H CUHTBIBAHHA TOAAIOTCS HA BXOJ
BpeMeHHoro nerexropa. Mudopmauus, cunrannas c sueex ,—Sg,
O0beIUHsIeTCA JornyeckuM neMentom MJIM, ma Buixone KOTOPOTO
(opMupyeTcs cYHTAHHAS HMIYJIBCHAS NOCIE10BATENHHOCTD.
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Yucsmo siveek maMATH BbIGHpaercs TAKUM 06pa3oM, YTOGB MOMEHT
CYMTHIBAHHS HHKOTZA He COoBHAaJas] ¢ MOMEHTOM 3amucH (TouHee, YTO-
Obl MOMEHT CYHTBHIBAHHS BCerja OTCTaBaJj OT MOMeEHTa 3amucu). Muuu-
MaJbHOE YHCIIO siyeeK MAMATH OIlpelessieTcs BhlpaKeHHneM

Lmin=A[L1+Ly+Ls+Ls+Ls+1/Qs+1/Qcu], (3.15)

nie A[x] — oxpyraesHoe Lo GoJsbllero IeI0r0 3HaYeHHs x. PaceMmor-
PHM KaXKj0€ U3 caaraeMslx, BXoadwux 3 (3.15).

1. Cnaraemoe L; — KOJIHYECTBO CJeAYIOUIHX OOAPSA C/AYMXKeGHBIX CHMBOJIOB B
LUKAe NMepejadl, OTHOCAILMXCH K OAHOMY UubpoBOMY NOTOKy. [lepexaua ciIyKeOHBIX
CHMBOJIOB OCYIIECTBJIACTCS HA4 HMIYJbCHBIX MO3HUHAX BPEMEHHBIX CJBHIOB, KOTODBIE,
B CBOK oOuepejb, OPraHH3YIOTCS NMyTeM 3alpera CUHTHIBAHHS B COOTBETCTBYIOLHE
MOMeHTHl BpeMend. Opnako MHQODMAUMOHHBE CHMBOJbBI NPOXOAKAIOT HOCTYNATL Ha
BXOJL 3aNOMHUHAIOIEro ycTpoiictBa. [IpH 3TOM JO/MKHO ObITh NPELYCMOTDEHO COOT-
BETCTBYIOIee KOJHYECTBO JONOJHHTENbHBIX fyeek namsTH. A9 MHHUMHSAUHH 06b-
eMa 3Y elaTedbHO, uYTOGH ciayxeGHble CHMBOJB OBUIM DABHOMEPHO DACCPENOTO-
yeHbl B LHKJe nepefaun. Ho B GONBIIHHCTBe cJayyaeB (HampuMep, Npu Nepejaye
CHHXPOCHTHa/a) TaKoe paclpejeseHHe CAyXKeGHLIX CHMBOJIOB He obecneyuBaer Tpe-
G6yembix xapakTepuctHk LICII (BpemenH BOCCTaHOBJIECHHSI CHHXPOHH3Ma), B Pe3YJb-
tare uero npuberaloT K (HOPMHPOBAHHIO COCPENOTOYEHHBIX CJYXKeGHLIX CHMBOJIOB.
Tax, B LCII BHcHux HOPSAKOB (GOPMHUPYIOTCS TNOJPSJ JABa-TPH CJAYXKeOHBIX CHM-
BOJ2 Ha Kaxnublil uudposoii nmorok (Bo Bropuunoit LICI1 dopmupyooTcs BoceMb cay-
JKeOHBIX CHMBOJIOB NOAPSIA — TO JBa Ha KaxJbpii UM(POBOH MOTOK, a B TPETHUHOH
u uerBepyuHoil LICIT — 12 cayxeGHBIX CHMBOJOB — IO TPH HA KaXAabll mudposoit
norok). Ha puc. 3.5, @ nokasaHo H3MeHeHHe BpeMEHHOTO uHTepBada AT Mexay Mo-
MeHTaMH 3alHCH H CUHTBHIBAHHMSA IIPH TNepeiade JABYX CJY2KeOHBIX CHMBOJOB NOAPAX,

a7
. &
_72%’ (.
'_272’4/ Ty a)
AT
Ty 7—_::;:7—;—5_——:71_‘——?{_;‘7{;7 15
B Y i T g
2Ty T
4)

Puc. 3.5. JluarpaMMa H3MeHEHHs BPeMEHHOTO HHTePBaJa MeXJy MOMEHTaMH 3alHcH
H cunTHBaHHS MpH fs=fcva (@) B fa<feuwn (6)

Koraa fa=fcqn. B Hauase nuxaa 3a Bpems mOepelaud CJyx)eGHHX CHMBOJOB Bpe-
MEHHOH HHTepBaJ MeXIy MOMEHTAMH 3alHCH H CYHTBIBAHHS [AOCTHPAeT 3HAYeHHs
2T ¢e. OfHAKO 3a CYET TOrO, YTO YacTOTA CYMTHIBAHHS NPEBOCXOAHT YACTOTY 3amuCH
Ha fen, K Kouuy uukiga AT==0. [Ipu 3TOM BBINOJNHAETC COOTHOLUIEHHE

fcq.ﬂ/fa.a=(a+b)/a, (3.16)

rae @, b — KOJHUIECTBO ]{HQ)OpMaLLHOHHbIX H Cle}Ke6HI>IX CHMBOJIOB B ILHKJE Ilepeaa-
q¥ COOTBETCTBEHHO. Toraa Kax1oe CUUTLIBAHHME U3MEHAST BPEMEHHOH HHTEpPBaJ MeX-
Ay MOMEHTaMH 3aluCH H CUHTBHIBAHuA Ha .

At=bT¢4/a. (317)

Tlocko/IbKy B LHKJIE Mepefayll NPOH3BOAHTCA @ CUMTBIBAHHI, NEpBOe claraemoe B
Buipaxenuu (3.15):

Li=b. : (3.18)
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2. Cnaraemoe L; — KOJHYeCTBO BHAOB corvacoBadus ckopocreit B OBI. Co-
TJ1acoBaNME CKOPOCTeH MPOH3BOJHTCH TOC/e BO3HHKHOBEHHS HCOJAHOPOJHOCTH, BhIpa-
}Kaloleiics B TOM, UTO BPeMeHHOl HHTepPBaJ MEXKAY HMIYJbCHBIMH TOCJEJ0BATENb-
HOCTSIMH 3aIHCH H CUMTLIBAHMS OTJIMYAeTCs OT HOMHHAJLHOH BENMUYHHH Ha TEPHOL
cunrteBannsa  (puc. 3.5,6). CrenoBarenbno, B 3Y Heo6X0xuMO NPEAYCMOTPETb MO
olHofi Auefixe maMsTH Ha KaXkKAulit Bua cornacosauins crkopocteil. Ilosrony s ODT
¢ ABYCTOPOHHHM COT/1aCOBaHHeM ckopocrell Lo=2%.

3. Cnaraemoe L3 — OTHOCHTe/bHOE 3HaueHHe BpeMeHn oXuianus. Us puc. 3.3,6
BH/HO, 4TO MaKCHMaJIbHbI HHTCPBAJ MEXK1y MOMEHTOM (OPMHDOBAHMS CHCHala CO-
rJ1acOBaHHA CKOPOCTeH ¥ MOMEHTOM BO3HHKHOBEHHS! HEOXHODOJHOCTH paBeH MEPHO-
Ly clefOBaHUS KoMaHp corjacoBaHus ckopocreft Te¢x B Teuedne 3toro Bpemenu
HpOﬂOJ[)KaCT BO3pacTarb (I/IJIH y6bIBaTb, B 3aBHCHMOCTH OT 3HaKa COrJlacoBaHust
CKOpoCTell) BPeMeHHOH HHTepBal MeX/J1y MOMCHTAMHM 3alMCH H CYUTBIBAHHHA, UTO
TpebyeT COOTBETCTBYIOUICIO yReJIHueHHs ofbeMma namsti. Takum o6pasoM,

L3=Tc,m,Tc MIns (319)

rie Temin — MHHUMAJAbHHE Hepuoid (GOPMHPOBAHHA CHCHAJIOB COTVIACOBAHHS CKO-
pocreil. B cucreMax ¢ OIHOCTOPOHHHM COTVIACOBAHHeM CKOPOCTEl, TJe u3-3a 3aBe-
JIOMOTO HEPABEHCTBA YaCTOT 3AlMCH H CYHTBIBAHHS MePHOA (POPMHPOBAHUS CHTHAJIOB
COrJIacoBaHusi CKOPOCTell OTHOCHTENbHO MaJs, L; jpocruraer 0,5. B cucremax ¢ jBy-
CTOPOHHAM COIVIacOBalHeM CKOpOCTell, XapaKTepH3yIOUIHXCSl OTHOCHTEJBHO OGOJbLIHM
nepnoioM (OPMHPOBAHMSI CHIHAJIOB COrJacOBaHHs ckopocTedf, L; oGeunO He Tmpe-
Bocxoaur 0,03.

4. Cnaraemoe L, — OTHOCHTEJbHOE 3HayelHe BPeMeHHHIX (UIYKTyalHii BXOLHOrO
noroka. Bpevennvle ¢aykryamun mudposoro noroka Ha Bxojge 3Y B BACpep (L'4)
CKJIaablBalOTCs 13 (PAYKTYalUHil, BHOCHMBIX KaK 0GOpyLuBaHHEM AacCHHXPOHHOTO 06b-
eIHHEHHs-Da3e/leHnss UH(PPOBLHIX NOTOKOB, TaK M 000pPYLOBaHHEM JIHHEHHOrO Tpak-
Ta UUPPOBLIX CHCTeM Nepenayn 6ojiee HH3KHX CTyMeHed. AMIIMTYZa M yacToTra 3THX
daykryauuit Hopmuposansl MKKTT [43] ans uudpoBbX TMOTOKOB €O CKOPOCTAMHE
2048, 8448 u 34368 x6ur/c. Jonomyutenbublit o0beM 3¥Y, NpepHasHAYEHHBIH AJS
KOMIIEHCAUMH BPeMeHHbIX (GIYKTyaludl BXOAHOIO NOTOKA, ONpele/]AeTcs H3MeHEeHHeM
BPEMEHHOTO HHTEPBAJNA MEXK1y MOMEHTAMH 3alHCH M CYHTBIBAHHA 32 NEPHOJ Clle-
JIOBAaHXST KOMaHJ COIVIacOBaHHs cKopocreft. Torna

L’ész)/TG.H; (320)

rae Ty — aMIJMTYAa BPCMEHHHIX (QJIYKTYanHi. .

Bpemennele ¢uaykryanun undposoro noroxa Ha Bxoze 3Y B BACa.p (L") on-
penensioTcest ToJdbKo obGopyxoBanmeM JunHeifinoro tpaxra jnamnod LICIL Ilpu 3rom
ecan B BACyp ocyllecrBiiseTcd l0HOE MOAABJACHHE BPEMEHHBIX GAYKTyauuf, BHO-
CHUMBIX 00OpyAOBaHHEM JHMHEHHOr0O TPakTa, TO

L"=Ty/Ts. (3.21)

B peasbHBIX CHCTEMaX K3-3a HeENMOJHOIO HOAABJCHHS BPEMEHHLIX (JyKTyauuil BXOA-
Horo motoka L”; MoXeT ObiTb BuibpaHa HECKOJAbKO Mcubmied, ueM Tg/Ts.

O6biutio L'4<<0,01 u L”4<C1,5, T. e. MuHuMajphpie oObeMbl mamsatu 3V uepe-
JAIOLIEro H NPHEMHOro YCTPOHCTB He paBHbI MeXay coGoil.

5. Cnaraemoe L; — JonoOJHuTeNbHOE BpPEMS OXKHJAHHS, BEI3BAHHOE COOTHOLLeE-
HYeM UMCJIa CHMBOJIOB B IHMKJe Nepenayd U o0beMom mamsite 3Y. Biausnue uncia
Aueek MaMaTH 3V Ha BeJHUHHY BpeMeHH OXHAaHHA OblIO paccMOTpeHO B [44, 45].

Kak BumHo n3 puc. 3.5, 4, npu fs={fcwn 3Hauenne AT =0 ToJbko Ha mocaenHel
nosuund uukia. IlosroMy GesowinBouHoe ofpeaeNeHde BPeMEHHBIX COOTHOMICHHI
MeX1y MOCJeJ0BATENbHOCTAMH 3aMUCH H CUMTHIBAHUS NPOU3BOAMTCS TOMbKO Ha JaH-
Hol mosuumu. Jag 3sroro neobxoammo, urobu nocheaHmit mHpopmanHoHHbH (Q-H)

* B cucTeMax ¢ ABYCTODOHHHM  COrJlacOBaHHeM cKopocTeft L MOXeT ObiTh
yMEHBIIEHO 10 [, eciu B COOTBETCTBHH CO 3HAKOM COIVIACOBAHHA CKOPOCTEH MEHSATH
HOMHHAJIBHOE 3HaueHHe YPOBHs, OT KOTOPOTO OCYIUECTBIAETCS OTCYET BPEMCUHOTO
HHTEDBAJa MeXIy MOMEHTaMu 3aNlHCH M cuHThiBaHHs. OJHAKO B HEKOTODHX MOJH-
©UKAUHAX CHCTEM C IBYCTOPOHHHM COTVIACOBANHEM CKOPOCTeH Takoe YMeHblleHHe
HEBO3MOKHO. . S
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CHMBOJ B LHUKJIE CYHTHIBaJcs ¢ uociaciHell (L-f) syediKH namsaTy, BXOABI KOTOpPOH
(cM. puc. 3.4) cBA3aHbl ¢ BpeMeHHDLIM acTeKTOpoM. OAHAKO B 3aBHCHMOCTH OT CO-
OTHONICHUST uyHCJa siucek namsatH 3Y u uHcaa }lIICpOpMaL[HOHHbIX 6UT MOMEHT onpe-
JIeJCHHA BPCMCHILIX COOTHOWICHHH MOXKeT cMecTHTbest Ha awbyio W3 L — 1 1mo-
CHCIHHX TNO3HUMA nukaa. IIpy 3TOM IPOHCXOIHT COOTBETCTBEHHOE CMEIleHHe MO-
MEHTa COIJIAaCOBaHHSl CKODOCTeH OTHOCHTENbHO HCTHHHOTO 3HAYEHHs, UYTO NPHBOAHUT
K BO3HHKHOBEHHIO JONOJIMTeNLHOTO BPeMEHH OXKHIaHHS, NpHUeM MOMEHT OIlpeje-
JIEHHSt BPEMEHHOTO HHTepBaja MeXAy IOC/AeJ0BaTENbHOCTSIMH 3allHCH M CUMTHIBAHHA
cMeljaeTcsl B KaXAOM LHKIe Ha | MO3HIuH, Tie
I=L(1+{a/L])—a; (1<<I<L). (3.22) -

3aech [x] — menas wacth uHcaa X.

PaccMOTpHM XapakTep NepeMelieHMH MOMEHTA ONpeiesieHHs BPEMEeHHOTO MHTEp-
Baja IpH Pa3JHYHbIX COOTHOMIEHMsX g H L.

a) Ornowenne a/L — nenoe uncrno. Ilpu srom [a/L]=a/L n I=L. B stom
cayyae (puc. 3.6) ompejedciHe BPEMEHHOTO WHTEpBaja OYAET NPOHCXOAUTh B KaK-

Nonowumenshoe coznacofante cropocmed

—

% Te : ATy =Te G Te
Coznacolfanue Loenacobanue | \Loenacobunue | |Cocnacobanue
cxopocmed cropocmed cropocmed chopocmEd
a-L a-L-1 a-Z a-7 z
7g 7 T Te 7o

Ompugamensnog coenacobarnis chopocmed

Prc. 3.6. IlepeMellleHse MOMeHTa ONpejelcHHs BPEMEHHOTO HHTEpBajda MexAy TO-
CIeI0BATENILHOCTAME 3alHCH U CUMTHIBAHHMA 145 caydas, Koraa a/L — wuedoe wmcsao

NOM JIHKJC HA OJHOW M TOl 3Ke NMO3UUMH 10 TeX HOp, HOKa IIc Nponsolier coria-
coBanus ckopoctefl. TIpw mNOMOKUTENBHOM COIVIACOBAHHE CKOPOCTeH (korja Tpo-
HCXOIHT 3anper CuHTHBaHHA ¢ 3Y OJHOrO HHOOPMAUHOHHOTO CHMBOJA) MOMCHT
onpene/eHHss BPEMEHHOIO MHTEPBaja CMELLACTCS Ha OJHY IO3HIHIO K KOHUY LHKJZ
10 Tex NOp, MOKa He nepeiifer ¢ mociepuedl (a-it) mosuuun B (¢—L)-10. B coor-
BETCTBHH C 3THM OIUMGKA B ONpejeNCHHH BCJIHYHHB BPEMEHHOTO IHTEDBAJA MeXAY
TOCTEA0BATEJbHOCTAMU 3aIHCH H CUHTBHIBAHHA TPH IHepexoie H3 (a—L)-ii mosuunn
B @-10 yMCHBIHAETCA IpH KaxXioM COrJiacoBaHuu cKopoc‘reﬁ OT MaKCHMaJbHOH Be-
auunsbl, paBHOi (L—1)Af, no mynas, a npu mepexoie u3 a-fi nmosuuun B (¢—L)-10
CKaukooGpasio BO3PACTACT 10 MAKCHMAJbHON BCAHTHHLI

[Tpin OTpHUATENBHOM COIVIACOBAHHH CKOpPocTell (KOria HPOHCXOAHT IOMOJIHH-
TeJbHOE CYHTHIBAHHC HI(OPMALIIOHHOTO CHMBOJA) MOMCHT ONpeAeNelldst BPeMEHHOro
HHTEepBata cMmellaercs Ha OANY NO3HILMIO K Hauasdy ILIKJa 10 TexX 1op, MoKa He me-
peiizer ¢ (a—L)-ii nosuumsn B a-fo. Ilpn 3ToM oOlMOKA B ONPCIAENEHHH BeJTHUHHBI
BPEVMEHHOTO WHTCPB@/Ad 1PH KAKIOM COTJIACOBAlWI CKOPOCTell BO3pacTaer NMpH He-
pexoze n3 a-i MO3MIHH B (@—L)-10 OT HyJs 10 MaKCHMaNbHOTO 3HAUCIHSA, a TPH
nepexose U3 (@—L)-ii MO3HUMH B @-10 yMcUbllacTed A0 HYJIS.

Makcumanbhas omubka

ATom=(L—1)bTcq/a, (3.23)

a4 JONOJHATEJLHHIE 06BEM NAMATH, NPENHA3HAUeHHHH [N KOMIEHCAUMM RONOJMHH-
TEJILHOTO BPEMEHH OXKUJAaHHS, COCTaBJseT

Le= (L—1)b/a. (3.24)
Tlpu L=8 un b/a=1/32 nonyyaem Ls=~0,2. o o
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[aveHcHilc BPEeMCHHOTO 1INTEPBAJa MeXKILy MOMENTAMH 3aNiCH H CUHTHIBAHHSA
OCYLLECTBJsIETC B COOTBCTCTBMM ¢ MHJI000paslioil KpHBOH (cnagbl  COOTBETCTBYIOT
MOMEHTAM COIlJIACOBAHHS CKOpOcTeit), MOAYJHPOBaHnofi Apyrofi uuaoo0pasHoi Kpu-
BOfl, uacToTa KOTopo#l B L pa3 Meublic YaCTOTHI COTJAcOBAHHS CKOPOCTCH. DTO yKa-
3bIBACT Ha HAJHYHC B CHCKTPC CHrHaJa lia BLIXOAC BPCMEHHOro JeTCKTOpa AONOJIIH-
TEMbHLIX HH3KOUACTOTHLIX COCTABJISIIONIHX.

6) Ornowenne a/L — HecokpaTumasi 1pobb. B stom cayyae (puc. 3.7) MowmeHT
ONpCICaeHHsT BPEMEHHOTO HHTEpBala MCXKJAY NOCJEAOBATENbHOCTAMH 3alHCH H CUH-
ThiBaHIA CMeLlaeTcsl B KaAOM WHKJe Ha [ mosuuui, Nepemellasach 3a L LHKJIOB
no BceM L MOCJACIHHM TMO3HLHAM LMKJAA. (XapakTep CMCUleHHH MOMEHTOB oONpeje-
Jellisi BPEMeHHOrO HHTEPBAJa, BBLI3BAHHBIX COT/IaCOBAHHEM CcKOpocTell, TOT e, uTO
{ B PacCMOTPEHNOM BBIlIe CJydac.) YCJAOBHA ONpeAc]eHHs BPEMEHHOTO HHTCpBAJsa
Ha ITUX NO3HLHAX UUKAA HEOAHHAKOBBL. [IpU NOJOKHTENBHOM COTJAcOBAaHUM CKO-
pocreil BPEeMCHHON HITEPBAJd MCKAY NOCACAOBATENLHOCTAMH 3aMUCH H CUHTLIBAHHSA
JIOCTUFaeT MAaKCHMAaJbHOH BeJIHYHHBI Ha MNocJaefHedl (a-H) TNO3HUHM UMKJa, a TpH
OTPHILATEJHHOM COIJIACOBAHHH CKOPOCTel — Ha (a—L)-i mosuuun. Ilostomy ecsu
4acToTa COIJIACOBAHHS CKOPOCTeH TaKOBa, 4TO H3MeHeHHe BPEMEHHOro HHTepBasa
3a BpeMst OJQHOTO LMKJIa Afy He mpesocxoaut Af [eM. (3.17)], To MomeHT corna-
coBanua CcKopocTeit 6yaer (DUKCHPOBATbCA NPH MONOMKHTEABHOM COTVI2ZCOBAHHH CKO-
pocteil Bcerga lia MOC/ACAHCH NO3HUMH JHK/AA, & TPH OTPHUATENBHOM COTJIACOBAHWH

cKopocTéll — Ha (a—L)-fi nosuuun.
ITocKoabKY
Aty=TuT cu/To, (3.25)
rac Ty — annTeapHOCTH LHKJIA, TO chOPMYJIHPOBaHHOC Bblulc yeaosue (Afy>>Af)
MOXKHO 3aMHCaTh CJACAYIOWHM 00pasoM:
fo<(bla)fu. (3.26)

B HCII ¢ ABYyCTOPOHHUM COIJIACOBAHHEM CKOPOCTCH 3TO YCJIOBHE YBEPEHHO BbI-
noausicresi. [Tpu aTom

AT gm = (L*I)Al‘“=(L—I)TUch/TC; (3.27)
Ls=(L—1)Tu/Te. (3.28)

Us cpaerenus (3.28) u (3.24) Buano, uro L’; B orauuue or Ls 3aBHCHT OT
YaCTOTHI COIVIACOBAHHS CKOPOCTell M JIIsl MPUBEJENHBIX BBHIIE YCJAORHIT MOMXET MpH-
HuMmaTh 3uaucuua or 0 (npu Te=o0) no 0,1. '

B cucTeMax ¢ OXHOCTODOHHHM COIVIacOBaHHeM ckopocrell yciaosue (3.26) oGbiu-
HO lle BhimoJHsercs. [Ipm 3aTom ciaraemoe Ls onpejeisercst BolpaKeHuem (3.24).

B) OtHowetne a/L — cokpatuMast poGb. DTOT cayyail OTJHYAETCS OF OMUCaH-
HOro BBHILIE TeM, YTO INlepeMelleHHe MOMEHTa OlpejefeHusi BPEMEHHBIX HHTEPBANOB
IpH OTCYTCTBHH COIJTACOBAHUSI CKOPOCTefl  OCyHlecTBJAsieTcs He MO Kakjiod u3 L
NOCJ/CAHHX TNO3HUKH HMKJAA, 4 TOJAbKO mo L/r mosuuuam (rae r — ofmuii MHOXH-
Teds B apobu a/L). Mertoanka onpepesenusi ciaraemoro Ls; B 3TOM ciyuae axajo-
CHYHA ONHCAHHON BbIUIC |

6. Benuunuibl Qs M Qcy — CKBAXKHOCTb CHTCHAJIOB 3alMCH M CUHTHIBAHUS COOT-
BeTCTBeHHO, YBeanueHne o6bvema 3Y ua Beamunny (1/Q;) + (1/Qcw«) ~0,5+1 neob-
XOAUMO sl YCTPaHCHMS BO3MOXKHOCTH B3aHMHOTO [MEPEKPBITHS HMITYJbCOB 3alHCH
H CUHTBIBAHHA.

' B [123] npeanoxed cmoco® ycTpaHeHMs BJHAHHS 3Y na yBenHueHHe Bpe-
MeHH oOXMjaaHusa., CorJacoBaHHC CKOPOCTEH OCYLLCCTBAACTCA He H3MEHCHHeM CKOpo-
CTH CYHTBLIBAHHMS, a H3MEHEHHeM TMOC/e/0BaTe/ bIOCTH 3anucH HHpopmauun B 3V:
[IPH OTPHUATEJbHOM COIVIACOBAlHH NPOH3BOJHTCH 34MNHCh B AONOJHHTENBHYIO sAueil-
Ky MaMATH, a NpH NOJOXHTCJABHOM —— MPONYCK 3aNHCH HHGOPMALUH B OAHY suei-
Ky nmamarti. Torpa eciu ducno siYeeK NaMSTH KPAaTHO YHCAY MO3KUMA B UUKJe Me-
penaux (T. e. BHIIOJHAETCH YCJOBHe .a/L — uenoe 4HCAO), TO ONpejelleHHe Bpe-
MEHHOr0 HHTEpBa/a MEXJy MOCJAef0BATCJAbHOCTAMH 3allHCH M CYMTHIBAHMA Gyjer mpo-
H3BOAUTBCS BCerxa Ha ORHOH M TOH e NO3HEMHM UHKAA. OpHako npH 3toM L Mmo-
JKeT €yUIeCTBEHHO NMpPeBOCXOAUTH Lmin.
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OOBIUHO Lypin COCTABJSIET OT NATH 10 BOCLMH fu¥eek maMsiTd. B cuc-
TeéMax ¢ ABYCTODOHHUM COTJIACOBAHMEM ckopocTefl npu Lo=—1 obneM
3alOMHHAJOMIETO yCTPOUCTBA TPH IIPOUHX PaBHBIX YCJIOBHAX OKa3blBa-
€TCSl MEHBIIINM, UeM B CHCTEMaX C OLHOCTOPOHHHM 'COIacOBaHUEM CKO-
pocredi 6maronaps MeHbIIEMY BPEMEHH OXKHAAHHS.

TlonowamensHOE cocnacobanue EXopoced C oFHGAMEBIX

Te Geixodold -

BaAcnpegenamencu
Ty Ty, Ty, sanucy
u CyumsIbanuR
s 7 Te %
d
- Kowmponswbie
Te %o Ty 7 noCAeBoBamensRocI
Ty, Ty ¥ 2,
Te . nepedamyuxy
. KOMEHT cOnAcOBanus

BmpudamensHoe coenacolanie sxopoemed cxopacmed

Puc. 3.7. [lepemenienne momenta onpe- Puc. 3.8, lludposoki BpeMennoit ne-
AeJieHHs BPEMEHHOTO HHTepPBaNa MeX- TEKTOP
Ay TOC/JeJI0BaTelbHOCTAMH  3alHCH H ’
CUMTHIBaHMA AJA chayvas, Korza af/l —
HecoKpaTHMas Apobb

BpemenHo# perexkrop. [IpeanasHauen Ajst KOHTPOJIsS BPEMEHHBIX HH-
TepBaJOB MeXJ1y MOMeHTaMM 3amucH H cuuteBanus. B OBI' ncnonb-
3yI0TCcs UMPPOBOA U aHAJOTOBBIH BPeMEHHbIC JeTeKTODHI.

Hupposoil feTekTop MPUMeHseTCs B Tepealolieli yacTH JJs olpe-
AeJICHId MOMEHTA BO3HUKHOBEHHA HEOAHOPOAHOCTH. B cucremax c
JIBYCTOPOHHHM (COTVIACOBAHHEM CKODOCTEH BPeMEHHOH AeTeKTOP J0JKeH
’OGHapy}KH‘Ba‘Th HE€ TOJBKO MOMEHTBI BO3HHKHOBECHHS HEOAHOPOAHOCTH,
HO W ONpeLeaaTh ee 3HaK. B uupposoM BpemeHHOM nerekTope [46]
OJHOUMEHHbIe BBIXOAb pacnpefesutTesneil 3alHCH ¥ CUMTBIBAHHMS NOA-
KJIIOUeHbl K pa3JeqbHRM BxoAaM tpurrepa (puc. 3.8). BbIxodsl TpHT-
repa <oeIUHeHH ¢ Joraueckumu snementamu Y, u Mo, na apyrue Bxo-
JBl KOTOPBIX MOAAIOTCA KOHTPOJBHBIE MMIIYJbCHLIE NOC/AENOBATENbHO-
CTH ¢ pacnpejesauTens 3amucy. BpeMeHHOe NMOMOXKeHHe KOHTPOJIbHBIX
HOCJe10BaTe IbHOCTeH BEIOHpaeTcs TaKHM 00pasoM, UTo KOrjia HHTEp-
BaJ MeXAY HMOYJIBbCHEIMH IOC/AeJ0BATeNbHOCTAMU 3amHCH H CUHTHIBA-
HUA A0CTHraeT BEJIMUHHBI, ACCTATOYHOH AJA COIVIACOBAHHA CKODOCTEH,
Ha BXOJe ORHOrO W3 JOTHUYECKuX 3jaeMenToB M (B 3aBHCHMOCTH OT 3Ha-
K4 COr1aCcOBaHUS) NPOHUCXOLHT COBIAAEHHE MOJOKHUTECILHOTO HMIYbCa
€ BBIX01a TPUITEPA M KOHTPOJBHOTO MMIYJbCA.

Ha puc. 3.9,a noxazansl BpeMeHHbIE HATPAMMEl, HITIOCTPHpPYIOMHe
paGoTy BPEeMEHHOIo AeTeKTOpa MpH OTCYTCTBHH COrJ1aCcOBaHUSA CKORO-
credd. Tpurrep ynpamJsieTcsl CHIHaJaMu ¢ UYeTBePTHIX BHXO0/J0B pacipe-
nenurenedt 3anucu M cuuteiBanust (L==4). KourpoabHele nocsaenosa-
TEJIbHOCTH CHUMAIOTCS ¢ NMEPBOTO U TPETHEro BHIXOJ OB pacCHpeNenuTeNs
sanucu. Munyapcuas moc/efZoBaTeNbHOCTh € IIEPBOTO BLIXOAA paclpe-
JeNuTeNs COOTBETCTBYET TI0 BPEME@HH HYJIEBOMY COCTOSHHIO II€PBOTO
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IVI€Ya TPHITEPa, a HMIYALCHAS MOCHEOBATENBHOCTD C TPETLEro BHIXO-
4a paCnpenenHTeNs — HYJIEBOMY COCTOSHHIO BTOPOrO IJI€Ya TPHITEDA.
B pesyusbrare na peIX0zax JoTHUecKHX oseMentos U; u M, — nynesoi
CHrHaJ.
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Puc. 3.9. Jluarpammsl paGoTsl mudposoro BPEMEHHOTrO JeTeKTOpPa INPH OTCYTCTBHH
COrJIacoBaHus CKopocTeH (@), OTPHUATENbHOM COIVIACOBaHWH ckopoctet (6) u mo-
TOKHTENLHOM COIVIACOBAHHM CKOpOCTeH (8)

[Tpn oTpumaTebHOM COrMIacoBaHHH ckopocredl (puc. 3.9,6) uMmyb-
CHas noc/1e10BaTeNbHOCTh ¢ TPETHETO BHIXOAA PACHPeNeNHTeNs 3AMUCH
COBMARAET C GUMHMIHBIM COCTOSHHEM BTOPOTO INI€ua TPHTTepa, B Pe-
3y/nbTate yero (popMUPYETCs CHIHAJ Ha BRIXOZE JIOTHYECKOTO 3/1eMEHTA

2.
[Ipu mOMOXKHTENBHOM COTIACOBAHHM ckopoctelt (puc. 3.9,8) uM-
MyJ/IBCHAsT MOC/E10BATENbHOCTD ¢ NI€PBOTO BHIXOAA PACIDENEHTENS 3a-
TIHCH COBIAJAeT € eAMHHYKBLIM COCTOSIHHEM NIePBOTO MJeya TPHITEpa H
(bopMHpyeTCs CHTHAM Ha BHIXOJE JOTHYECKOTO dJeMenTa M.
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B cueremax ¢ OZHOCTODOHHHM COIVIACOBAHHEM CKOpOCTEH BK/KOYa-
eTcsl TOJALKO OJHA CXeMa COBIAaLeHMUs.

AHamoroBbfi 1eTeKTOP HCHOIb3YeTCA B HPHEMHOH YacTH LJIs Ompe-
AeJIeHHs TeKyilero 3HaueHHs BPEMEHHOrO MHTepBaJja MeX1y MOMEHTa-
MM 3amUCH W CUNTHIBaHUA. B amaJjorosoM jgerextope [47], Kak H B
uHpPOBOM, HMIYJIbCHBIE I10C/HEJOBATEIbHOCTH ¢ OJHOMMEHHBIX BHX0J0B
pacmpenenuTesedl 3anuCH H CUATHIBAHHA NOAAIOTCS Ha paslelbHbe
Bxolsl Tpurrepa (puc. 3.10), CKBAXKHOCTb CHTHAJA HA BHIXOAE KOTODO-
r0 XapakTepHsyeT B3auMHOe BPEMCHHOE IIOJIOXKeHHE HMIYJbCOB 3alH-
cu u cyaTerBaHusi. CHTHAMl ¢ BBIXOJA TPHITEpa MOJAETCS HA BXOX

P 310. C c ﬂg/m/[;l;ﬂblx -

He., AU TPYKTYPHAs 51X 000

cXeMa aHaJoroBoro Bpe- pnaﬂ/;:i:élzmmﬂi Te oHY ——
MEHHOTO AeTeKTOpa u cyumsibaiun

$uIbTPA HEXKHHX 4aCTOT; HA BHIXOJe MOCJAEIHEro BEHPaGaTHBaeTcs Ha-
npsiKeHde, 3HaK ¥ BEJHYHHA KOTOPOIO ONPEALNAIOTCA PA3HOCTLIO AJH-
TENbHOCTeH MON0KATEJIbHBX H OTPHUATEJIbHBIX HMTYJIbLCOB HA BBHIXOIE
TpHUITepa. -

Koraa BpeMeHHOH HHTEpBaJ MeX1y MOMEHTAMH 3amHCH H CYHTHI-
BaHHsA paBeH TPeGyeMOMY 3HAYECHMIO, CKBAXXHOCTb CHTHAjIa HAa BBIXOZAE
TPUITEpA, KaK NOKa3aHo Ha puc. 3.11,a, paBHa ABYM, a HanpsKeHue
Ha Bpixofe ®HY pasro Hy:o0. Koria BpeMeHHOH HHTEPBAJ MEXIY MO-
MEHTAMH 3allUCH H CUHUTBIBAHHS OTKJIOHAETCS OT TpeGYyeMoro 3HaueHHs,
CKBAXHOCTb CHTHAMa Ha BBIXOZEe TPHITEPA YMEHBIIAGTCS HJIH YBEJdH-
YHBAETCA (B 3aBHCHMOCTH OT 3HaKa H3MEHCHHS BDEMEHHOTO HHTEpPBa-
Jla) H Ha BBHIXOZE BPEMEHHOrO JIETeKTOPA BHIPAOAaTHBACTCA CHIHAJ
(puc. 3.11,6, 8), xapaxrepusyromui

U
" BeJHYUHY H 3HAK 3TOr0 OTKJO-
HCHHA.
¢ IlepepaTuuk W nOpuUEMHUK KO-
U MaHX COrJacoBaHus CKOpOCTCﬁ.
e . Oco6ennocteio LICIT ¢ acmuxpon-
HbIM oObenHHeHHeM HUH(POBHIX HO-
a t
v TOKOB SIBJISIETCSI BO3MOKHOCTh CHH-
" JKEHHSI BEPHOCTH Niepefaud uudop-
Manuu NIPU HCKa»XeHHU KOMAaHI CcOo-
L | | ¢ rymacoBaHus cxopocred. Ilo cBoeit
Ve HHGMOPMAIHOHHOH IIEHHOCTH KOMaH-
- IBl COTJIACOBAHHS CKODOCTEH COOT-
BeTCTByEOT HPIKJIOBOMy CHHXPOCHUT-
9 ! wany. JIeHCTBHTENBHO, HCKarKeHHe
Urr
] [ Puc. 3.11. Iuarpammel paboThl aHa-
JIOTOBOT'O JeTeKTOpa Mpu HOMHHAJIB-
| t HOM BPEMEHHOM HHTEPBAJE MeXAY
[/:W/N CHrHaJaMHu 3anMCH H CYHTLIBaAHHA
(a) ¥ UpH OTKJOHEHHSX BPEMEHHO-
t ro HHTepBaJla ot HOMHWHAJLHOTO
4) 3HaueHHs (6 u 8)




KOMaH/Ibl COTJIacOBaHMsI CKOPOCTeH BhI3BIBaeT COOH LHKJIOBOH CHHXPO-
HH3aIH B COOTBETCTBYIOIEeH 3ToH komanze xommonenTHo# LICIT Go-
Jee HHU3KOro nopsiixa. 1o 0ObACHAETCS TeM, 9TO olH0Ka NpH OI03-
HaBaHMH KoMaHabl coraacoBanus ckopocreli B LICIT n-ro mopsaaka
PABHOCHJIbHA H3MEHEHHIO HAa OJIMH TakT AJHTENbHOCTH IMKAA Tepefa-
yd (B TY HJIH HHYIO CTOPOHY B 3aBHCHMOCTH OT BHAa OWIHOKH) B IH(-
POBOM [OTOKE KOMIOHEHTHOH cHCTeMbl (n—1)-r0 mopsAika. B cBowo
ouepeab, cO60H HUK/JIOBOH CHHXPOHHM3AUMH B CHCTeMe IMepe/lauyn
(n—1)-ro nopsaka MoKeT BLI3BaTh COOH CHHXPOHH3AUNH BO BCEX KOM-
IOHEHTHHIX cHCTeMax (n—2)-ro NnopsigKa.

B co0TBETCTBUN ¢ 3TUM MOXKHO chopMyIupPOBaTh TpeboBaHue K I0-
MEeXOYCTOMUMBOCTH KOMAM CoryiacoBanus ckopocreit [48]:

M (ucma M(1) 5, (3.29)

rie M(f)(®y ¢ —cpelHee BpeMst MEXIY ABYMsI HCKaXKEHHSIMH KOMaHI
COMJIACOBAHKS CKOpOCTell B WHQPOBOH CHCTEME Mepeladd n-ro Mopsii-
ka; M(£)(»=Vy ox — cpelHee BpeMst yRePXKaHUA 1HKIOBOTO CHHXDOHH3-
Ma B cHcTeMe (n—1)-ro nopska.

‘TloMexoyCTOHUHBOCTh 'KOMAHJ COTJIACOBAHHUA CKOPOCTEH  IOJKHA
OBITL MPAKTHYECKH TAKOH K€, KaK IUKJIOBOTO CHHXDOCHPHANa B CHC-
TEMe nepegadyn foJiee HH3KOI'O nopanxa. OILHaKO MEXAY 'CHHXDPOCHUT-
HajJaMH W KOMaHJaMH COTJacoBaHHs CKOPOCTEH ecTb <CYlLIeCTBEeHHas
pasHHIA, KoTopas BaK/IIUAeTCH B TOM, U4TO NEPBBIE HeCYT B cefe MH-
hopMalyIo 0 JJIHTENLHOM COCTOSIHMU NEPENAIONIero ycTpoiicTBa, Hop-
MHDYIOIIEro IHKJ Mepefauu, Torja Kak BTOPble — 06 0JHOKPATHBIX
H3MEHEeHUsX 3TOro cocrosuus. IToaToMy moMeXoycTORYMBOCTD CHHXDO-
cHDHAsa 06ecneuHBaeTCsl METOAOM HAKOIIEHHS, 4 TIOMEX0yCTORIHBOCT
KOMaHJ COIJIaCOBAaHUS CKOPOCTEH — KOJaMH, HCIPAaBJISIOIWHUMU OmHOb-
KH. .
BEPOHTHOCTB HCKaXKEeHHUg KOMAaHAHK COoTJacoBaHud ‘CKOpO!CTeﬁ ompe-
JJSAETCS BHIP AXKeHneM

.,
Pyo=1—23 Crp Pty (1—Py)mH, (3.30)
k=0

T /M — YHCI0 CHMBOJIOB 8 KOJOBOI rpymne; Py — BepOSTHOCTh HCKa-

AKEeHHT -CHMBOJIA; 7 — UHCI0 KOppexTupyeMux omurGok. Torna

T T
Mt pe=—p"— = - ¢ . (3.31)
1— ) ¢k pE(— pyym—*
k=0

uc

C6oll cncTembl LUMKJIOBOH CHHXPOHH3ALUMH NPOMCXOLHT TPH HCKa-
KEHHH v CHHXPOCHTHAJIOB NOADAA (v — K03(DPUUHEHT HAKONJIEHHS 10
BbIXOAY u3 cHHXpoHH3Ma). Coe0BaTeNbHO, CPeHee BPEMs yAePKAHUS
IHKJ0BOTO CHHXDOHH3MA OMPEIENSETCS BHIPaXKEHHEM, XapaKTepH3ylo-
LHM CcpejHee BpeMs NOCTHMKEHHS NePBOro yorexa, 3aK/I0Yalolierocs
B (OPMHPOBAHMH v HCKaXKEHHBIX CHHXPOCHTHaJI0B moapsn [49]:

(] — Px.cx) Tex
PX-CX (= Puex)
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rae Pycx — BEPOATHOCTb MCKAMKEHHS CHHXPOCHTHAMA; Tox — NEPHOA
cJeJoBaHus CHHXPOCUTHAA.

Monctasass (3.31) u (3.32) B (3.29), a TakXKe yudThiBas, 4YTO
Te=Tcx 1 Pycx=1—(1—Py)?, rae b — yncmo CHMBOJIOB CHHXDOCHT-
HaJia, moJayyaeM

.

k=0

~

e (W
(1 _ PI&"'—I))D[I __ (1 o P&"—l)b]v
B cucTeMax ¢ OJHOCTOPOHHUM COTIacOBAHHEM CKOPOCTel He06xXOMH-
MO nepelaBaTh HH(POPMANMIO O ABYX COCTOSHHAX Tepefaloulero ycrt-

poficTBa: OTCYTCTBHH H HAJMYHH COTIacoBaHHs ckopocrei. s mepe-
nayu 5Toli WHQPOPMANUK AOCTATOUHO ONHOTO ABOMYHOrO paspana. B

(3.33)

r 9TOM CcJydae A/ 3AUHTHl OT 1 OLIH-
I ] Gox mH(pOpMaUHs KOJNKHA mepefa-
N ! BaTbCd KOJNOBOH TpYIIOH, cocTos-

N | gty meit u3 m=2r+1 cCHMBOJIOB.
y A [MoactaBass B (3.33) 3HaueHHs
N AN : BEPOSTHOCTH HCKAXKEHHSI CHMBOJIOB
AN B LICIl n- u (n—1)-ro nopsjKos,
3 NI N a Takke MapaMerphl CHCTeMbI HHK-
AN S o JIOBOH CHHXPOHH3ALHH, ONpefenseM
N m-y\j\ \T\ HaNMeHbIee IeJoe 3HadeHHe r (a
; IS SN | ~o| cuenosatenbno, u m). 3aBHCH-
S N MOCTb UHC/Ia CHMBOJIOB B KOMaHJe
P ~| COIvIacoBaHHs CKOPOCTEH OT Tpe-
4 SN O6yeMoil NOMeXOyCTOHYHBOCTH TIpa-
/ =~ Gbuuecku H3oGpaxena Ha puc. 3.12
175 ~1T——_] —— [48]. Kak nokasnBaloT pacuerH, B
\ T LICII BpiciuuX HODPSAKOB KOMaHIHI
ol 107 T — COTNIacOBaHUs CKODOCTEH MOMMKHEL

/07 cocTOATb M3 MATH CHMBOJIOB, YTO
AM  oBecrmeunBaeT 3alIUTy STHX KOMaHJK
Prc. 3.12. 3 OT HCKaXKeHuil ABYX cuMBoJoB. O1-

me. 3.12. 3aBucHMOCTb WHCAA CHMBO- payxg KOMamAH TAKOH AJUTENbHO-
JIOB B KOMaHJe COIJIacOBaHHsI CKODO- "
creii or TpeGyeMoil momexoycrofiuppo- CTH HCIOJB3YIOTCA TOJLKO B qeTBe-

ctu (b=7, v=4): puunoit cucreMe (PexoMenauus

— cacremn ¢ mwycroponmnm cormaco- MKKTT G.751). Bo BTOpI/I‘{HOI';I H

BaHHEM cxopoc’reifl; —— — — — TO X€, ¢ OAHO- 3

CTOPOHHHM COTJ1ZCODAHHCM tperuunoil cucremax (Pekomenna-

mun MKKTT G.742, G.751) nonoJib-

3YIOTCSI KOMAIH, COCTOSLIMe H3 Tpex cuMBosioB. Ilpm sToM obece-

YHBaeTCs 3alHTa TOJbKO OT OAMHOYHBIX OMMOOK M HE NOCTUraeTcs
[IOMeXOyCTOHYHBOCTb, COOTBETCTBYIOLLAst Bhpaxkenuio (3.33).

VBennueHne AMMHB KOMaHJB COMIAaCOBAHHS CKopocTedl 0es naMe-

HeHus MAQOPMAINHOHHON €MKOCTH KaHajia COTJIACOBAaHUs CKOpOCTed
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CBf32HO C yAJUHEHHEM HUK/IA MepefayH, uTo, B CBOW OYepedb, yBEIH-
ypBaeT KaK cpelHee BPEMS BOCCTAHOBJIEHHH LHKJIOBOTO CHHXPOHH3MA,
TaK M BPEMS OXHIAHUSA; yBeJTHYEHHe MOCIeNHEro TPHBOMAHT K CyLIecT-
BEHHOMY POCTY BpeMeHHBIX (UIYKTyaluil CHTHAJa Ha BHIXOJE CHCTEMBI
nepefavyy C OXHOCTOPOHHHM COIVIACOBAHHEM CKODOCTEH.

‘B nmpueMHMKe KOMaHJ ‘COTJIACOBAHHSI CKOPOCTeHl OCYILECTBJIsETCS
ONO3HABAHNE BHIA NPHHAMAEMBIX KOMaHN; IIPH 3TOM KOPPEKTHDPYIOTCS
HENpaBHJIbHO Tepelanubie CcHMBOJb. ‘OObUHO B KayecTBe KOMaHX CO-
[JIACOBAHHS CKOPOCTEH MCNOJNB3YIOTCS ‘KOXoBbie rpynmsl Buaa 000...
...0—ns nepepayn nHpPOpMauun 00 OTCYTCTBHH COINIACOBAHHSA CKO-
pocteit u 111...1 — ans1 nepepaun urGOpPMalHH 0 HANHUHH COrJaco-
BaHHs CkopocTed. B aroM ciydae mMpHEMHHK KOMAaHK (COTVIACOBAHHS
cKopocTeil mpeacTasiser co60f cueTUHK uncaa eAuHul. Eciu Koauue-
CTBO €IMHHIL MEHBIlle MOJOBHHEl OOILero 4Hcaa 'CHMBOJIOB B KOMaHJE,
TO NpUHHMAaercs pellleHxHe O TOM, YTO nepelaHa KojAoBas TIpylna
000...0, ecain Gonpie MOJMOBUHBE — KojoBast Tpymna 111...1. Ipu
3TOM NPaBHJbHOE ONO3HABAHME KOMAaHAbl COIVIACOBAHHS CKOpOCTei
OCYUIECTBJISIETCH, eC/IH UHCIO HCKaXKEeHHBIX ‘CHMBOJIOB He [IDEBBIIIAET
TIOJIOBUHBI OOILEro YHUCAa CHMBOJIOB B KOMAaHJe.

B cucreMax ¢ ABYCTOPOHHMM COTJIACOBaHHEM (CKOpocTel Heol6xomu-
MO nepenaTh MHPOPMALHI0 O TPEX BO3MONKHBIX COCTOSHHSX Mepelalo-
mero y‘CTpOﬁ'C‘TBaZ OTCYTCTBHU COIVIaCOBaHusg ‘CK’Op'OCTeI‘;[, HaJHYHUU TIO-
JIOKHTEJBHOTO HJIH OTPHIATENBLHOTO COTJIACOBAHNSA CKOpOCTel. ¥YBenu-
qeHye o0beMa ineperapaeMoil HHGOpMauyu (0 CPABHEHHIO ¢ CHCTEMA-
MH € OXHOCTOPOHHHM COIVIACOBAHHEM CKOPOCTEH) TpeOyeT yBeNHYEeHHs
KOJTHYOCTBA ICHMBOJIOB, IpeJHA3HAUEHHBIX /s Tiepefayd BTod uHdop-
MauuH. Tax, 3aliuTy OT OJHOKDPATHHEIX MWCKaXKeHUH B aTOM caydae ofec-
NeYUBaIOT NITHPA3PsLHbIE KOLOBHlE TPYIMBL, OT ABYKPATHBIX — CEMH-
paspsaiHple KOLOBbIE rpyniubl # T. 4. ITO TIPUBOAHT K YBCJHICHHIO Bpe-
MEHH BOCCTAHOBJIEHUS CHHXDOHH3MA M BEJHUHHBI BHOCHMBIX BPEMEH-
HbIX JIYKTYanui.

Hucso CHMBOJIOB B KOMAaH/€e COTIACOBAHUSA OKODOCTEH MOXeT GHTb
YMEHBUICHO 63 CHHXKEHHS HCHpaBJIHIOIU.eI:I CIIOCOOHOCTH 3THX KOMAaHAg
IpH OBYXKOMAHAHOH nepefaye CHTHAJIOB COIJIACOBAHHUS cKopocTel
150]. ITpu aTOM COCTOSIHNE «OTCYTCTBHE COIMIACOBAHMSA CKOPOCTEH» HC-
KJII09aencs, H 10 YHCJAY BO3MONKHHX COCTOSTHHH mepefaloiiero ycTpofi-
CTBA CHUCTEMBI C ABYICTOPOHHUM COIIACOBAaHUEM ’CKOpO‘CTteI CTaHOBATCA
HOEHTHYHbBIMH CUCTEMAM C OJHOCTOPOHHAM COlrJiaCOBaHHeM CK‘OpOCTeI‘/JI.
s 3TOr0 BO BPEMEHHOM AETEKTOpEe yCTaHaBJUBAeTCs HyJeBOH TIOPOT
cpaGaTbiBaHud. B pes3yJjbTaTe U TpH HYJAEBOM BPEMEHHOM CIBHIe MeX-
1y HMIYJIbCHBIMH TIOCIEA0BATENbHOCTAMH 3aMUCH U CUHTHIBAHUS BHIPa-
GaTbIBaeTCAd KOMaHAa COTJIACOBAHMS CKOPOCTEH TOrO MJIHM HHOTO 3HaKa.
Tlo BTo#t KOMaHAe OCYLIECTBJASIOTCS COMJIACOBAHHME CKODOCTEHl M KOP-
PeKLHA BPEMEHHOTO NOJIOXKeHHs uMmmynabcoB B 3Y. Ilpu caexymooiem
CDaBHeHHH BPEMEHHBIX NOJIOKEeHHH MOCJAEeNOBATENbHOCTEH 3alHCH H
CYATHBAHHA BBIpaGaThiBaeTCs KOMaHAa COTVIACOBAHUS 'CKOPOCTEH TPO-
THBONOJIOXKHOIO 3HaKa. Qe;pe,mOBaHHe KOMaHJ ‘corJacoBanus 'CKOP‘OCTeﬁ
TIPOUCXOAUT A0 Tex MOp, NOKAa BPEMEHHOH HHTEpPBaJs He NPEBBICHT I¢q
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(puc. 3.13), mocae yero GOpMHUPYIOTCS MOAPSL ABE KOMAaHIE! COMVIaco-
BaHHs CKOPOCTed OJHOTO 3HakKa.

B aT0oM cayiae nHGOPMaUHOHHbIE CHMBOJBI, CYHTHIBAEMBIE C 3Y mo
KOMarJaM 06 OTPHLATEJIbHOM COTJIACOBAHMH CKOPOCTEH, € BEPOAT-
HOCTBIO, ©ausKo# K 0,5, 3aHUMAIOT CNeNKaibHO BHAAACMYKI WIS HUX

_L" l LI ] | l l I ]Pnc. 3.13. BpemeHunie guarpam-,

a) t Mb  paboTwl ¢opmupoBaTens

ar JABYXKOMaHJHOTO CHTHANA corJa-
————————— COBAHUA CKOPOCTEH:

Q) MOMEHTHl Iepefauydl KOMaHA

— J/L i corJaacopaHusi ckopocreil; 6) us-
U L/‘ t MEeHEHH A BpeMeHHOI‘O HHTEDPBaJa
)

cy
A
\

MeXKAY MOMEHTAMH 3allHCH H
CYUTBIRAHHSA; &) KOMaHIHl CO-
8 [J1acoBaHuA CKOpOcTei

UMIYJbCHYIO NO3HUHUIO B LUKJE NepPefaul, TOra KaK NPH TpeXKoMaHi-
HOH mepejaue KOMaHJ COIJIACOBAIIHA CKOPOCTEH 3Ta TO3MIHUA C Bepo-
STHOCTBIO, OJH3KOH K 1, icBOGOAHA H MOXKET COBMECTHO ¢ TAKHMH XKe
NO3UIHAMH APYIHX TIOTOKOB HCHOJb30BATLCA [Js Mepejaun Cayxed-
HBIX CHTHAJOB (HAmpHMED, CUTHAMOB KOHTDPOJS, CAyKeOHOH ©BA3H H
ap.). Kpome Toro, nepuojnyeckoe yeoKOPeHHE H TOPMOXKeHHe Tpolecca
CYATHIBAHUS TPeOYIOT yBeIHUEHHS 06beMa 3Y Ha OIHY SUEHKY MaMsATH.

YxasanHble HeAOCTATKH yCcTpaHsaoTcs [51], ecau mpu dopMuposa-
HHMH yepeiyIoIIuXcs KOMAHI HE TPOM3BOAUTL KOPPEKIHI0 BPEMEHHOTO
TIOJIOKEHHS (MMIYJILCOB CUHTBIBAHUA, a OCYLLIECTBJAATb KOPPEKUHUIO
TOJILKO DU HAPYILIEHHH NE€PUOAUYHOCTH Y€pedoBaHuA KOMaHA CorJaaco-
BaHus ckopoctedl (mpu GHOPMHPOBAHUM CABOEHHHBIX KOMaHJA OJHOIO 3Ha-
ka). [Ipu aToM BO BpeMeHHOM IeTEKTOPE YCTaHABJIHBAETCS MOPOT Cpa-
GaTbiBAHUS, pABHBIA NePHOAY CUMTHIBaHHs. Korma wuutepBan MexXuiy
HMIYJBCHBIMH TIOCTEA0BATENbHOCTAMY 3alUCH M CUUTBIBAHHS He Tpe-
BOOXOIHT Teq, Hy/eBON CHDHAJ HA BBHIXOAEe AeTexTopa npeobpasyer-
ca B '—IEPGIL}’}OIHI’IGCH KOMauAapl cOrJiacOBaHHUs CK‘OPO‘CTEI‘/'I. KOF}la Bpe-
MeHHO} MHTepBaJ MeXAy HMIYJHCHBIMH IOCAEA0BATEIbHOCTSIMHU 341~
CH M CYMTBIBaHHA mpeB3odner Tew, oCyliecTBasieTcs (GOPMHPOBaHHE
CIBOEHHBIX KOMAHJ COIraCoOBAHHA ‘CKOpOCTef’I ‘COOTBCTCTBYIONLEro 3Ha-
Ka.

DTOT «enoco6 MO3BOMAET HE TOJABKO OGEONedHTh TaKyl Ke, Kak B
CHCTeM2X ¢ OZHOCTOPOHHHMM COTJacoBaHHeM (CKODOCTeH HcHpaBJasio-
LIy} COOCOOHOCTh KOMaHJA COTVIaCOBAaHHA CKODOCTeH '0€3 yBeJHueHHUS
HX AJHTENbHOCTH, HO U NOCTHTHYTb 3HAUHTEJNLHOTO YBEJNHUEHHS NOMe-
XOyCTOAUHBOCTH ATHX KoMaun [52]. JJs nosicHeHHs NPHHIMIA MOBbI-
LIeHHsT MOMEXOYCTOHUMBOCTH PACCMOTPHUM CTPYKTYPY ABYXKOMAHIHOIO
CHrHaja CorlacoBaHus CKOpocTei.

Ha puc. 3.14,a nokasano uaMeHenne BPeMEHHOrO HHTEPBAd MeX-
Ay MOMEHTaMH 3alHCH M CUUTBIBAHHS B TiepefamolyeM OJ0Ke acuH-
XPOHHOTO conpsixKenusi, a Ha puc. 3.14,6 — cTPyKTypa KOMaHJ Coraa-
coBanus ckopocref. Iloka BpeMeHHOH MHTepBasl He AOCTHT NepHOAA
CUMTHIBAHUS, HA BbIXoAe (OPMHpPOBATeNs BHPAOATEIBAIOTCS 4epeAylo-
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pigecsi (naccusHble) KOMaujabl: +—-— u T. 1. Korma BpeMeHHOH
HHTEpPBAJ JOCTHIaeT MepPHOJa CYATBIBAHHS, BBIpaGaTHBAlOTCS JBE
HIEHTHUHBE (AKTHBHEE) KOMaHAb: -+-+ uau ——— (B 3aBHCHMOCTH
OT 3HaKa M3MEHEHHs] BPEMEHHOTO WHTepBasa).

g+—+—+—+g—+—+—+|}+—+—t
._+—+—+—+d)++ + Jr‘lliv::—
—-+—+—+—-—é)—+—.+—+=\

——+-—+—~+—+i/—+.—+—-}+—+—
-+——+—+~+€)—+—+—+i-—+—

Puc. 3.14. lnarpammel, NOSICHsIOIHE NDHHUHI KOPPEKLHMH KOMaHI COIMACOBAHHA
CKOpOCTEil: M3MeHeHHMe BPEMCHHOI'0 HMHTEPBaja MeX/Ay CHTHaJaMM 3alHCH U CUHTHI-
BaHHs (@); CTPYKTypa HEHCKaXKeHHOrO CHTHaJa COrJacoBaHHs cKopocreit (6);
CTPYKTypa CHTHaQJIA NPH HCKaXKeHHH OTPHHATENbHOH (8) H NOJOXHTeAbHOR (2) uepe-
JYOILEXCsT KOMaHJ COIVIACOBAHMsI CKOPOCTelf; CTPYKTYpa CHTHala NHPH HCKaXKeHHH
onno#i (0) u apyro#i () ¥u3 CABOEHHHIX KOMaHJ COMJIacOBaHMsS CKOpocTeil

[Tpu wmckaXKeHHH OJHOH M3 uUepelyOMHUXCS KoMaHA (HA pHC.
3.14,6—e ucCKaKeHHble KOMaHIB BbIAeJeHb) 00pasyercs Moc/aemroBa-
TeJbLHOCTh, M3 TPeX KOMAaHJ OJHOTO 3HAKA: NPH HCKAXKEHHHW OTpHIA-
TeJbHOH KOMaHAau (puc. 3.14,8) obpasyercst mocienoBaTelbHOCTL H3
TPEX MOJIOXKHTEJNbHBIX KOMaHA, a ‘TP MCKAKEHHH HOJ0XKHUTEJNbHOH KO-
MaHabl (puc. 3.14,e) — 1oCIEL0BATENBHOCTh U3 TPEX OTPHIlATENbHBIX
KoMaH[A. B HeuckaKeHHOM CHTHAJe COIJIaCOBAaHHs (CKOPOCTEH CTPOEH-
HBIEe KOMaHIbl OZHOTO 3HAKA OTCYTCTBYIOT. AHAJM3UDYS QHIHAJI COrVa-
«€OBaHUsT CKOPOCTEH 10 3TOMY NPH3HAKY, MOXKHO OOHapyXKHThb U CKOD-
PEeKTHPOBATL MPAKTHYECKU J000€ HCKaXKeHHe UepenyIoWMXcs  Ko-
MaH1,

[Tpu ncKaxkeHHH OOHOH M3 CABOGHHBIX KOMaHX (HopMUpyeTcs
CIBOEHHA KOMaHAa NPOTHBONOAOKHOTO 3uaka (puc. 3.14,0,e), xorto-
pas B ofuleM cJyyae HE MOXeT OBITb OMO3HAaHA Kak JoxHasg OpHa-
KO CHCTeMBbl C JBYCTODOHHHM COTJaCOBAaHHMEM CKODOCTEH XapaKTepH-
3YIOTC MeJJIEHHBIM H3MEeHeHWeM BPeMeHHOTO HHTepBaja MeXK1y CHI-
HajJaMy 3aIMCH W CUHTHIBAHHA, NO3TOMY CTPYKTYpa CHT'HAJTA COTJACO-
BaHHS CKOPOCTeH XapaKTepuadyercs MJIUTEJNbHBHIM YepeloBaHHEM KO-
Mamji NIPOTHBONOMOXHOTO 3HaKA H PEIKHM MOBTOPEHHEM KOMaHI Ol-
Horo 3Haka. OTclona cienyer, 4T0 GOJBUIHHCTBO HCKAXKEHHH KOMAHJ
COrJIACOBAHMS CKOPOCTeHl MOKeT OBbITh CKOPPEKTHPOBAHO B IIpHEM-
HHKe CHIHAaja corjacoBaHus ¢kopocred. Ilpu atoMm mnomexoycroitun-
BOCTb KOMAHJ COIVIaCOBaHMsI CKOPocTel Bospacraer B fex/fc pas. Ha-
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tpamep, aas sropuunoi IICII, y xoTopoit foa=fcea=2048 xIn,
ts =3:1075% &7, =2:1075, fox=8 kI, 3anaBasch HOpMalbLHHM 3a-
'OHOM pacnpefenenus fc, noaydaeM fex/fc=360 ¢ BepositHOCTBIO 0,9
fex/fe=200 ¢ BepoaTHoCTBIO 0,97.

CrpyKTypHasi cxeMa IPHEMHHKA CHIHAJa COTVIACOBAHHSA CKOPOCTEH
CHCTeMax ¢ ABYCTODOHHHM <COTJIaCOBAaHHEM (CKOPOCTEH M  HBYXKO-
[aHAHBIM YIIpaBJEHHEM IpejfcTaBjeHa HA puc. 3.15. Komangw coraa-
OBaHMsl CKOpOCTEell MOCTYNalOT Ha BXOJ ONO3HABATeJs, BHIXOIBI KO-
OpOro ‘COeIHHEHH ¢ BXOAaMH aHaJU3HDPYIOLLero YCTPOHCTBa, BHpa-
aTHIBAIOLIENO CHTHAJ O HAJHYHH JBYX CACAYIONIHX IOAPAN KOMAaHL
IHOTO 3HAKa, I KOppexTopa OWHGOK, PUKCHPYIOUero TPH MOCEL0Ba-
'OTyia 0 aHAaJIOTHH ¢ BhipaxexHeMm (3.33) wmoJydaeM

Lo2qauro0anne rropocae
forowd— Jmpuga-  Koppexiar
MEABROE mMENLHIE 01}111(517/(
—_— 4 4
[ Anarusapgroues
I gempoicmoa l
XoMaKgsr l
coenacobanus I
cxopacmed
Onosyalamens | | l
- - ‘ l l
- =
T T T Koppexmm
r Copoc oUUOTK p—'
I. CYEMIUN
- xoMang, "
X l C6poc |
l Cvemyun |
KOMaKD,+" T
1c. 3.15. TlpueMHHK curHala COIVIaCOBaHMsi CKODOCTEH ¢ KOPPeKuHe# IacCHBHHIX
KOMAaHZ

Ecnn 3admKCHpOBaHEl TPH TOC/AEHOBATENbHEIE KOMAHAB «-f» HJIH
—>», UTO CBHAETENLCTBYET COOTBETCTBEHHO 00 HCKaXKEHHH KOMaHIH
—>» UaM «>», 70 Ha BHXOJe CYeTYHKAa 4YHCAa KOMaHL popMupyer-
1 CHIPHAJ Koppekiuu OWHOGKH. TakuM cnocofoM MOXKHO o©CylLecTB-
ATb KOPPEKIHIO JABYX, TPex u OoJiee oMIHGOK. B cHCTeMax ¢ Tpex-
JMaHAHBM CHTHAJIOM COTJIACOBAHHA CKOPOCTE!l OCYILeCTBHTbL KOP-
3KIHIO, OCHOBAHHYI0O Ha aHaJu3e CTPYKTYpHl NepegaBaeMbXx Ko-
aHi, HEBO3MOXKHO. .

HanbHeliliee yBenHIeHHe TOMEXOYCTOHYHBOCTH KOMAHA COLIACO-
1HUS CKOPOCTEH MOCTHraeTcsl NPH KOPPEKUHH HCKAXKEHHHA CABOEHHBIX
IKTHBHHIX) KOMaHA, Takas KODDEKIHS MOXeT OCVIIeCTBJAThCA. ec-




HOTO HHTEpBAala MeXIy CHrHAlaM{ 3aNUCH M CUHTHIBAHHS H Iepeia-
BaTh HH(opPMauuio 06 3TOM 3HaKe B TIPHEMHOe YCTPOHCTBO ¢ Yacro-
TOH, 3HAYUTENbHO (IPEBBINIAIONIEH YACTOTY (DOPMHPOBAHHS AKTHBHBIX
KOMaHJ ‘cornacoBanus ckopocreit [53]. IlockoabKy wactota dopmu-
pOBaHUsE aKTHBHBIX KOMaHJA MaJja, TpebyeTca M Masad NPONYCKHAs
crnocofHocTh KaHajua, MpelHa3HauyeHHOro A mepefaud MHpOpManuu
0 3HaKe H3MCHEHHs BPeMEHHOTO HHTepBaJja.

TIpr mcnonp3oBaHMM Takoro cmocofa KOPPeKUMH KaXKAas CABOEH-
Hag KOMaHZa HeceT B cebe HHDOPMAUHI0 TOJHKO O HAJHIUH COTJIACO-
BaHHS CKOPOCTEH, B TO BPeMs ‘Kak pellieHHe © 3HaKe 3TONO COLJIaco-
BaHus TNPHHHMAGTCS Ha OCHOBE MHOTOKDATHO TepefaBaeMoil mHQOD-
Malyy O 3HaKe H3MEHEHHS BPEMEHHOrO MHTEPBAJa MEXJY CHTHAaJaMH
3anucy H cuMThiBanus. CTPYKTypHas cXeMa NPHEMHHKa, obecmeuw-
BAIOILEr0 KOPPEKIHIO OJMHOUHBIX HCKAXKeHHH KaK NMacCHBHBIX, TaK U
AKTHBHLIX KOMaHJ, mpuBejeHa Ha puc. 3.16.

Hanuyue 3nax
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Puc. 3.16. TIpHeMHHK CHTHAZIa COIJIACOBAHHS CKOPOCTER C KOPPeKIHel MACCHBHEIX
H aKTHBHHX KOMaHJI

OnHnako, Kak BUAHO H3 DHC. 3.14, MPH OJHHOYHOM HCKaXKeHHH AK-




ro BpeMEHH COOTBETCTBYIOILAs KOMINOHEHTHAs cuCTeMa nepefayu 6o-
Jee HHM3KOro TOPSIAKAa HAXOMHTCS B COCTOSIHHM OTCYTCTBHSI CHHXPO-
Hu3Ma, IIpH HCKaXKeHHM NEPBOH M3 ABYX HAEHTHYHBIX KOMAaHL (CM.
puc. 3.14,0) curHaa o HaJHYHH COMVIACOBAHMsI CKOpPOCTeHl BhIpabaThi-
BaeTcs paubllle, a [PH HCKaXKeHHH BTOPOH KOMaHAB (CM. pHC.
3.14,e) — mo3xe, ueM NPOUCXOAHUT corjaacoBanue ckopocreit. Hanmune
TaKoro 'CABUra MOMKeT ObITh OOHAPYKEHO IO HEeCOOTBETCTBUIO HHPOP-
MAalU# o 3HAKe COrJiaCOBAHUSA CKOPOCTEH, MepefaHHod TIO OTAeAbHOMY
KaHany, BHJy CABOEHHO! KOMauIbl. DTO OCyIIeCcTBJseTcs B YCTPOH-
cree cpasuenns (Y'C), moxkaszanuom Ha puc. 3.16 myHxkTHpOM!'.

IIpu 3TOM JI0KHOE COTIACOBAHNE CKOPOCTEH OyAeT OCYLIeCTBAATD-
¢ TOJBKO B C/lyuae HCKaKeHHs ABYX WM Oojee KoMaHX mMOAPAX.
Torna mo ananoruyu ¢ BuipaskeHuneM (3.32) mosyuaem

-— P2
M(t)mc= . 1 p u.c T ~ TC

¢ .
Pzﬂ.c (I - Pu. (‘) letl.c

Cpasuubas (3.34) u (3.31), mosyuaeM, 4T0 IIOMEXOYyCTOHIHBOCTD
NPHEMHHKOB KOMAaHJ COTJacoBaHHUA ‘CKOPOCTEIR/’I B cucreMax ¢ ABYCTO-
DOHHHM coriacoBanueM B 1/Pp. pas BBille, YeM B CHCTeMax € ORHO-
croponHrM coriacoBanneM. Ha puc. 3.12 onrollHbBMH JIHHHAMU MOKa-
3aHa 3aBHCHMOCTL UHCJa CHMBOJIOB B KOMaHfe COTVIAaCOBAHHA CKOPO-
cTeil oT TpeOyeMOH MOMeXOYCTOHYUBOCTH NPH HCIHOJIb30BAHHH TPHEM-
HHUKOB ¢ KOppeKL#eHd TACCHBHBIX M aKTHBHBIX KoMani. PacueTh 1o-
Ka3blBaI0T, YTO B CHCTEMaX € JABYCTOPOHHHM COIVIaCOBAHHEM (CKODO-
CTefl Bcex CTYMEHEeH WepapXUH KOMAaHIBl COTJIACOBAHUA CKOPOCTEH MO-
TYT COCTOSITb He Oojiee ueM W3 TpexX CHMBOJOB (r=1).

Ycrpoiicteo ¢a3oBoii aBTONOACTPOHKM 4acTOTH. YCTpo#cTBO (CM.
puc. 3.2) BKJO4aeT B cebst 3peMennoil Jgerektop (BJL), cxemy yn-
pasaenuss (CY) u remeparop, ynpasisembii Hanpsxenuem (I'YH).

B «cxeMe ympasaeHusi BHIIEASETCS TOCTOSHHAS COCTABJAIONIAS CUT-
Hana ¢ sbixoga BJI. Crhexrtp atoro curaana (cM. puc. 3.3,0) ompeje-
JfeTcs BHpameHUueM [54, ‘55]

F(t)= (Al S—A,"

(3.34)

i —’1; sin(m2nf.t—mSa)—

_1
/' T

A SZ 3 —-—smn[Q(Wc—rfCK)t—(mS—r)] (3.35)
m=1r=1

rie S=ifc/fex — x03dpHUHEHT cornacoBaHus CKOPOCTENl; fe — yacro-
Ta COIJ1aCOBaHHsS CKOPOCTeH; [ex — YacTOTa KOMAaHJ COTJIacOBaHH:A
CKOpocTelt; A; — BeqHYHHA ©Kayka B H3MEHEHHH BPEMEHHOTO HHTep-
BaJa MEXIY CHIHalaMu 3alHCH M CYUTBIBAHHS, BbI3BAHHOTO COMJMCO-
BaHHeM cKopocTelt (0O0byHO A;=2m); Ao— MOCTOSHHLIA BpeMeHHOi
CHBHT, COOTBETCTBYIOMIHH CHHXDOHHOMY pexuMy paboTel ($S=0).

! Tague CIABHTH He BO3HHKAIOT, €CJH B KauecTBe KOMaHJ COrJIacOBaHHS CKOpO-
CT€H HCNOJIb30BaTh CAMOCHHXPOHH3HpyROMIHecd KOAOBbiE TPYIIIBI (Hanpnmep, nocae-

nosatenpHoct Bapkepa). Onnako 310 TpefyeT 3HAUHTENBHOTO YBEIHUEHHS UHCIA
CHMBOJIOB B KOMaHIaxX COIJIACOBAHHSA CKODOCTEH.




CrexTp curnaja Ha Beixofe BJL cocTouT M3 Tpex cilaraeMblx: nep-

Boe NpeacTaBasier co00H MOCTOAHHYIO COCTABJAIOLLYIO, COOTBETCTBYIO-
(Iyio CAyualo MIeaNbHOTO YCPeAHEeHHs; BTOpOoe OOYCJO0BJEHO HaJuyH-

eM paBH*O'C’I\I/X qacTOT 3aNMACH M CUUTHIBAHUS B MepenamoleM ym‘*poﬁ‘CT-
Be, a4 Tperbe — HaJquuyweM BpeMeHH oxXuiauus. CjegoBaTesbdo, IIO-
LaBJleHHe COCTAaBAAIMUX CUTHaja Ha Buixoge BJI, onpenenseMblx
ABYMS TIOCJEIHHMH claraeMHMH B Bhpaxkenuu (3.35), obecneunBaer
HleadbHOe BOCCTAHOBJNEHHE MEPBOHAUAJbHOH CKOPOCTH LH(POBOIO TO-
Toka. Jlsisi BHIMOJHEHHS DTOrO YCJOBHS B CXeMe€ yHpaB/eHus HeoOXo-
I¥MO HCTO0Ab30BaTh (UABTP HUMKHHX YacTOT C ‘GecKOHEYHO Mano# Io-
Jocoit mponyckanusd. OJHaKo npu 3TOM He ofecmeynBaercss HeOOXOXH-
Mag nosoca 3axsara ycrpoiictea ®AITY, xoTopas He MoXKeT OBITb
MCHBIIE MaKCHMaJbHOTO pPaCXOXKIACHHS YaCTOTHl 3alUCU B Iepenalo-
1IeM YCTPOHACTBE [smep U YACTOTH CUMTHIBAHWA B TIPHEMHOM YCTDOHCT-
Be foanp, T. €.

AFd}Hq>fa.nep6f3.nep Jl‘fcq.np(sfcq.np, (3.36)

rae AFguq — nomoca mpomyckanuss ®HY. Tak, B amnapatype MKM-
120, B ‘KOTOpOﬁ fs,nep=f0q.np=2‘048 KF;u, 6f3.nep=16fcmnp =‘3-10—5,
AF ggq>120 I'm.

Cocrasasiolnge curnana ¢ shixoga BJI, momapaiomiyde B m0J0CY
AF pyq, IPOXOOAT Ha BXOJ YIIPaBJAEMOro reHepatopa, YTo NPHBOAHUT K
BpeMeHHBM (DNyKTyauusMm HepefaBaeMoro HH(POBOrO NOTOKA.

CHCTeMBl ¢ OIHOCTOPOHHHM COIVIACOBaHHEM <CKOPOCTell XapakTe-
pu3yIOTCs OOJBIIMMH 3HauYeHHAMH f¢. ITosroMmy cocraBasmomue, obyc-
JIOBAEHHBIe- HAJHYHEM DA3HOCTH YacTOT 3aNMuCH M CYHTHIBaHHdA, 5B-
JISIOTCS LOCTATOYHO BBICOKOUACTOTHHIMH H MOTYT OBITH IOJABJEHHI
(HIBTPOM HUKHHX YACTOT, B TO BpeMs Kak cocTasJjdmwolye, 06yc/a0B-
JleHHble HaJHYHeM BpDEMeHH OXXHAaHHA, IPH ONPEeNeJEHHBIX 3HAYEHHAX
m ¥ r MOryT OBITb 'CKOJIb YrOJHO HH3KOUACTOTHBIMH H3-32 OTHOCH-
TeJbHO GOJIBIIOro 3HaYeHUud S, a CJAeL0BaTe1bHO, JOCTATOYHO CYILLeCT-
BEHHBIMH.

CucTeMBl ¢ JBYCTOPOHHHM COTJIAaCOBAHHEM CKODOCTell xapaKTepH-
3YIOTCA MaJbIMH 3HAUEHUSMH [c, MO3ITOMY COCTABJSIONINE, OGYCJAOB-
JIeHHble HaJHYHeM PAa3HOCTH YacTOT 3alHCH H CUUTHLIBAHHS, OKa3blBa-
10TCS (1OCTATOYHO HHM3KOUACTOTHBIMM W He MOTYT ©OBITh IOZAaBJEHH
®HY, B 10 BpeMs Kak COCTABJSIOIINE, OGYCJIOBAEHHBE HAJHUKEM
BDeMeHH OXHIaHMs, H3-32 Masiof BCJIMYHHB S OKa3bBAIOTCS He3Ha-
YHTEJIbHBIMH.

Takum o6Gpa3som,.B CHCTeMaX C OJHOCTOPOHHUM COTJACOBAHHEM
CKOPOCTEH OCHOBHBIM HCTOUHHKOM HM3KOYaCTOTHBIX COCTaBJISIOLLMX
YNpaBiasiouieno cHrHana (a ciefoBaTelbHO, H (JYKTyaumud curHana
Ha BBIXOMe annapaTypHl CONPSKEHHs) SIBASETCS BPeMA OXHIAHHA, a
B CHCTeMax ¢ JBYCTODOHHHM COTJIacCOBaHHEM CKODOCTeH — Da3HOCTh
YacTOT 3aMUCH H CUHTHIBAHMS.

AMIINTYA2 BpEeMEeHHBIX (GAYKTyalluil, BHUYHCIEHHAS AJAA  OTAeJb-
HHX 3HaueHHH koa(pHIHeHTa cornacoBaHHA ©KOpOCTeHl S, mokazaHa
Ha puc. 3.17 [56]. Xapakrep pacmpefe/ieHHs aMIUIHTYX BPeMEeHHBIX
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(aykTyaunii BOKpyr sTHX TOYEK WJIOCTpHPYeTcs puc. 3.18 aus cy-
yaep S=0; S=1/2; S=1/3 (cnnowmnse sunnu). Kak sunno u3 pHC.
3.18, mpu mCcnoIb30BAaHHH B CXeMe ympasjeHus npocToro ®HU B chc-
TeMax ¢ JBYCTODOHHHM iCOIVIACOBAHNEM CKOPOCTEH, y KOTOPHX S=0,
BPEMEHHEIe (PayKTyaluuy JOCTHralOT NEPHOIA TAKTOBOH UACTOTH nepe-
JaBaeMblx MHQPOBHIX Notokor (A=100%). B cucremMax ¢ 0AHOCTO-

A, Yo
700
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20}

7 ar gz 43 0% 45 46 47 4§ 89 105

Puc. 3.17. 3aBHCHMMOCTb aMIIUTYAB BpeMeHHHX GayKTyauuii or KoaduuueHTa
COrJIacOBaHHsST CKOPOCTEH

POHHHM COIJIACOBAHHEM CKOPOCTEH MaKkcHMajbHOe 3HauyeHHe BPEMeH-
HHX GJyKTyauuii cymecrtserno Mensiie, Hanpumep, 3 MKM-120, co-
orBercBylomed Pexomennanny MKKTT G.742, S=0,4242 1 A=~15%.

HsBecren cnoco6 yMmMeHblieHHS BpeMeHHBIX (aykTyauui, oCHOBaH-
HH HAa KOMIEHCAlWH HU3KOYaCTOTHHX COCTaBISIONIHX B CHTHale Ha

Puc. 3.18. Pacnpesenehne ammantyx gpeMeHHHx daykryamuit npu S=0, S=1/2,
=1/3

* |
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soixoge TYH [57]. 3rtoT cnoco6 3akiioyaeTcs B TOM, 4TO H3 IoCJHe-
HOBATENBLHOCTH HMMIYJIbCOB, COOTBETCTBYIOUIMX MOMEHTaM COTJIAcOBa-
Hust cxopocTedl (cM. puc. 3.3,2), GopMHUpyeTCs KOMUEHCHPYIOMHH Cur-
Haa Ha Bbixoge I'VH, comepxkamuit Te Xe HH3KOYaCTOTHHIE COCTaB-
JAsIOlIHe, YTO M CHTHAJ HA BHIXOJE BPEMEHHOTO JeTeKTopa B Tepe-
JAlolleM yCTPOHCTBE, HO TMPOTHROMOJNOXKHHE 10 (pase. KoMmencupyio-
i curHans GopMHPYETCs ¢ IOMOIIbIO HHTerpaTopa M HHBEPTOpA
{puc. 3.19). Ha snixoxe MHTerpaTtopa B CHEKTPe KOMUEHCHDYIOIEro
CHrHajsa GyLeT COLepIKaThCsl TOCTOSHHAA COCTaBJA0LIAS, DaBHAs CO-
CTaBJASIONIEH CHTHAajna YNPaBJAEHHS Ha BHIXOAE BPEMEHHOro AeTeKTo-
pa. Torna ua Bhixoze cymmaropa (Cym) 6yAyT mNOAABJAATBCS He
TOJBKO HH3KOYACTOTHBIE COCTABJSIOLIHE CHTHajMa ¢ Bbixofna B, Ho #
NOCTOAHHRAY COCTABJAAIONIAS 3TOTO CHTHANA, UTO HELOMYCTHMO.

Puc. 3.19. VYerpoiicrBo
DAY ¢ KoMmmeHcanyel
BBICOKOYACTOTHEIX COCTaB-
JAOMAX  yIPaBJSIOLIEro
CHrHaJa

TlocTosiHHAs COCTaBafIOMAs B CHEKTPE KOMIEHCHPYIOLIETO CHTHA-
Ja TMOAaBJseTcs ¢ IOMOMbI0 pasfenuTenbHoll memouku (PILL), Bxao-
UEeHHOH Ha BxOfZe uurerpatopa. IHupuma mosocs mnomasieHus AFy
omnpejesisieT TPAHMIY YaCTOT B CIIEKTPE CHTHAJa Ha BBIXOJe BDPEMEH-
HOro JeTeKTopa, HHXKe KOTOPOH KOMIEHCAIUS He NPOH3BOJHTCH. BhI-
6patb AFy, CKOJb YTOXHO MaNOH HeNb3s, MOCKOJIbKY TIPH TOM H3 CHI-
Hajla ynpasyieHus OyAYT BHIYUTATHCS W CBEPXHH3KOYACTOTHBIE COCTAB-
JAIIYe, onpefeisieMble KDATKOBDEMEHHBIMH HecTaOHJIbHOCTAMH uac-
TOT 3amucH B mepejaiomlem ycrpoicrse 8¢, ., H CYHTHIBAHHA B NPH-
€MHOM yCTpOHcTRe 6’fc”p. CrnenosaTtenbdo, Heob6XoAuMo, uToGH
AFp> fanepd's, o +lonmpd’s oy, - Hanpumep, B annaparype MKM-120,
B KoTopoll 8¢, .., =07, ., =3-107, moayuaem AFp>12 Tu. Cie-
JOBATEIbHO, 3(DPEKTHBHYI0 KOMIEHCALHIO MOXKHO OCYILECTBIATH HJIS
yacroT Boie 1,2 .

Taxoli cmoco6 yMeHBllIeHHS BPEMCHHHX bayKTyauuii obecmeunBa-
€T B YNpaBJSIOIEM YCTPOHCTBE CHHXKEHHE TIONOCH IPONYCKaHUsA
OHY 5 n=— Fanes 6f3.nep+fcq.np 6fcrmp

a3 10 CpPaBHEHHIO C TpoOC-
a.nep aljs.nep + fcq.np alfcv.np p p p
oM ®HY. B wacruocru, g UKM-120 n=100.
3aBHCHMOCTH aMIUIHTYAHl BPEMEHHBIX (IYKTyalluii OT YacTOThl
COrJIacOBaHUA CKOpOCTeH TPH HCHOAb30BaHMM yerpoiicTBa OATIY ¢
KOMIeHcalueld HH3KOYACTOTHBIX COCTABJSIOUHX YIPaBJISIOUIET0 CHE-
Haja noxasadsl Ha puc. 3.18 nyukrupom. HecMorps Ha 3nauutensHoe
YMeHbllIeHHe aMIIUTYAbl BPEMEHHHX (JyKTyauuid B 00JacTH YacToT
CBBLUIE EJWHHI[ repll MaKCHMaJbHBE 3HAYEHHS BPEMEHHBIX JyKTya-
LHA OCTAIOTCA HEH3MeHHLIMH.
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CyutecTBeHHOE yMeHbIIEHHE AMIUIUTYABl BpPEMEHHBIX (QayKTyauui
BO BCeM JHala3OHe YacTOT AOCTUTaeTcss NPy nepejgadye B NPUEMHOe
YCTPOACTBO nHOpOpMalliH 00 H3MEHCHHSX BPEMEHHOTO HHTepBajia
MEeXKIy MOMeHTaMH 3aNUCH M CYHTHIBAHHS HA BENMYUHY, 3HAUHTEJIBHO
MeHbllylo mepuoja cuutoisanus [58). Has sToro B mepegawiiem ycr-
POHCTBE HCNOJb3YeTCs] AONOJHHTEbHBIE BPeMeHHOM meTekTop, (op-
MHPYIOIUHI CATHAJBl O NPOMEXYTOUHBIX 3HaYeHHSAX BPEMEHHOrO HH-
TepBaJja MEXKJAy MOMEHTaMH 3aNucCu H CYUTLIBaHHA, ‘COOTB‘e’PC’DBleHlPIX
U3MEHEHHIO 3TOrQ HHTepBasa HA BeJHYMHY ATy, 3HAUHTENbHO MEHb-
wuryio Teq. B npHeMHOM yCTPOHCTBE B COOTBeTCTBHU ¢ 3TOH HH(pOpMa-
uneil B Lenu NepeNaun CHTHAJa 3alHuCH BBOJHTCS HJIM BHIBOZUTCH (B
3aBHCHMOCTH OT 3HAKA M3MEHEHHS BDEMeHHOro WHTepBaja) 3aiepXk-
Ka, pasHasg ATyp. B pesysnpTaTe BpeMeHHOH WHTEPRAI MeXAYy nocie-
JOBATENbHOCTAME 3aIMCH H CUHTHIBAHHA B IPHEMHOM YCTPOHCTBE He
npesocxOnUT ATpp, 4TO NPUBOAUT K COOTBETCTBYIOIIEMY yMEHDIICHHIO
BpeMeHHBIX ‘PAYKTyaluil nepefaBaeMono CHrHaJa.

Croco6 QopMHpOBaHHsSl H IpHEMA HHDOPMALHH O NPOMEXKYTOUHBIX
3HAYEHUSX BPEMEHHOTO CABUIA MEXIy CHUrHajJaM{ 3alicH U CUUTHIBA-

 uusa [B9] mosicumm puc. 3.20, Ha puc. 3.20,0 nokasano H3MeHEHHe

AT,
Zlpy
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Puc.. 3.20. JuarpamMmul u3MeHeHHst BPEMEHHOTO HHTEPBAjJa MEXAY MOMEHTAMH 3a-
MHCH M CYHTHBAHHS IPH fo==fcun (@), fo<feuwu (6) U fs>fcun (8)

BPEMEHHOro MHTePBaNa MEXAy CHTHAJAMJ 3aNHCH M CYHTHIBAHHA,
KOTAA fy=fcay ¥ b=2. IIpn 370M B COOTBETCTBHH C BHIpaXKeHHEM
(3.17) AT nocturaer Beanuunsl Teq B MOMEHT (hOpMHpPOBAHKUS TIO3H-
uuy uHkaa a/2. Ecan fy<<feuym (puc. 3.20,6), To AT nocturaer Teq
€HAYaJa HA NO3UUMM HuK/aIa a/2, a 3aTeM Ha no3muustx (af/2)-1,
(a/2)+2 u r. 1. Ecau [y>>fean (puc. 3.20,8), AT mocTHraer Begnuii-
HBel Teq CHAUANA HA NMOBHUMM LUKAA 4/2, a 3aTeM MOCJAELOBATENABHO Ha
nosuuugx (a/2)—1, (a/2)—2 u 1. 1. TakuMm o6pasoM, mepexoy Mo-
MEeHTA COBNAJEHUSA BPEMEHHOTO HHTepBana MEXNY CHTHAJAMH 3allHcH
H CYNTHLIBAHUA C OfHOH TO3MUMHM Ha IAPYIyI0 CBUAETENBCTBYET 0O H3-
MEHEHHH 3TOro HHTepBana Ha bT¢efa. CTPpyKTYypHAS cXeMa BPEMEHHO-
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rO JAeTEeKTOpa, MOCTPOEHHOTO IO PACCMOTPEHHOMY NpHHUHMY, H3oGpa-
xeHa Ha puc. 3.21. On BkalouaeT B cefg IeTEKTOD MOMEHTOB COIJia-
COBAaHHSI CKOpOCTel, aHaJOTHUHHA H3006paxKeHHOMY Ha pHc. 3.8, n ge-
TEKTOD IMPOMEKYTOUHBIX 3HayeHu# BPEMEHHOr0 HHTepBasa MeXIy CUr-
HajaMH 3alHCH H CUMTHIBAHKA, COCTOAMIMA H3 CUCTYHKA HMIYJAbCOB H
Jornyeckux ajieMentos Hs, M.

Aemermay morewmad |
coznacobanus Cxopacmed
C afwoumenrsIx |
pacnpedenumened 7z
Januca ! |
u cyumsifanun [
Hy #z
KowmponsHsre
K nepedamyury
6 HOCIL
. nocaedobamensHoom, ) ILA ool
| coznacolanus
— 1l CHROpOCmEL
™ Zamammar, | ]
NOOMEXYMOYHEIX
| FHaveRud i |
l I X nepedamyury
NOMaHE
’ l L7
Teu I Cyemarx #3 e l HOIX THAIEHUAX
e o

Puc. 3.21. Bpemennoli meTextop c ¢ukcauueil TNPOMEXYTOUHBIX 3HAUCHUI BpEMEH-
HOTO HHTEPBAJA MEXJY MOMEHTAMH 3alMCH M CUMTHLIBAHMS

Kaxapiit curuan cornacopanus ckopocreit 4epes  JIOTHYCCKHH
sinemeHT WJIM ycranaBianmBaer CY€TUNK AMIYJILCOB B HCXOLHOE CO-
CTOsIHHE, NpH (KOTODOM CHTHAJ Ha BBIXOJe CYETYHKA 'COOTBETCTBYET
no3uuuu mukna a/b. pu arom speMennoi HHTEpBaJ MeXAy Tocje-
ROBAaTENLHOCTAMY 3aTMUCH H CUHTBIBAHHS PaBeH Teq W HA BEIXOJLE JIO-
ruueckux ajemenros M;, Wy Bripabathipaerca uyaesoit cumruan. Ilpu
H3MCHEHHH BDEMEHHOTO HHTepBala (B CTOPOHY yBEJHMUEHHST WJIH
yMenbineHHs) Ha bTce/a, HA BBHIXOJE COOTBETCTRYIOMIErO JOTHUECKOTO
sneMerra (M3 wmu M4) BHpabGaTeBaercss curuad, CBH/IETEJbCTBYIO-
LU 0 AOCTUXKEHUH BPEMEHHBIM HHTEPBaAOM TIePBOro NPpOMEXyTOYIlO0-
ro snaveduss (TeqtAlnp) # cABHraomHil B COOTBETCTBYIOMIYIO CTOPO-
ny BPEMEHHOE€ INIOJNIOXKEHHWE CHUrHajaa < BbIXOJla <ueTuYnKa UMNyJibCOB.
B pesysnbrate curnan ¢ sbxoga cueTYMKa HMOYJBCOB GYAeT casupo-
BaH qmbo ¢ [(a/b)+1]-it, an6o ¢ [(a/b)—1]-it mosuuueii uukaa A0
TeX II0p, MOKA BDPEMEHHOH HHTePBAJ MEXAY NOCAEAOBATEILHOCTIMH
3aNACH U CYUTBIBAHMSA HE JOCTHIHET BeJHUHHB Toq2ATmp, mocae ue-
ro TPOU3BOAUTCS ()a3HPOBAHHE CUETUMKA CO CAAYIONIeH [O3HIMeil
unkaa [(a/b)+2 nau (a/b)—2] w 1. 1.

B ycrpoiicrse ®AIIY, crpykTypnas cxema KOTOPOTO IpHBEAEHA
Ha puc. 3.22, Mo KaX{OMy CHrHany O JOCTHKEHHH BPEMEHHHIM HHTEp-
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BaJOM TIPOMEXYTOYHOTO NOPOrOBOTO 3HAUEHHH OCYILIECTBJSETCA yBe-
JIMYeHHe HJM yMeHblleHHe (B 3aBHCHMOCTH OT 3HaKa COIJ1acOBAHHS
CKOpOCTel) KOMIEHCHpyloulero Hanpsxenus (puc. 3.23). Komnencu-
pyoulee HanpsiKeHue, BhlpafaThiBaeMoe NUH(POaHAJOTOBHIM IPeOs-
pa3oBaHueM, BBIUMTAETCS H3 CHTHaja ¢ BBIXOJa BPEMEHHOrO NETEKTO-

Puc. 3.22.  VcrpoficTBO

@AY ¢ nepenaueit upo-

MEXYTOUHBIX 3HAUCHHH

BPEMEHHOT0 HHTepBasa

MeXAY MOMEHTaMH 3allH-
CH M CUHTHIBAHHs

pa. Pesyabrupyiomee ganpsikenue ynpasaser paGoroit ['VH. Ecrecr-
BeHHO, uTo ATy, He MOXKeT GHTb MEHbUIE MAKCAMAJBHOrO H3MEHEHHS
BPeMEHHOIO HHTEepBana MeX/y CHrHaJaMH 3amdcyd ¥ CUHTHIBAHHA 32
[ePHOA mepefaud KOMAHJ O ROCTHXKEHHH IPOMEXYTOUHBIX 3HAUeHHH

U

LLL1]] LQ}IIJLHIIt
N R e

8) Puc. 3.23. BpemeHwbie Auarpau-
MBl  CHFHAJIOB B  YCTpOHCTBE
DAY ¢ nepenaveli npoMexy-
TOUHBIX 3HAYEHHH:
@) cursal o TPOMEXYTOUHBIX
3HAYEHHS'X BPEMEHHOTO CHABHIA;
5) 7 0) BclOMOraTeJbHBIH  CHTHAM;
8) CHrHajl Ha BBHIXOJE BpeMeH-
. HOTQ JeTeKTOpa; 2) CHrHat, yu-
‘ pasasomuit paboroir I'VH

Tup. Tlockoabky o6bMHO Tup=Txc, YHCAO TIPOMEKYTOUHBIX 3HAUEHHH
BPEMEHHOTO HHTEPBaja, HHHODPMALHS O KOTOPHIX MOXKeT NeperaBaTb-
Al B MIpHEMHOE yCTPOHCTBO,

n<Te max/Txc=1/S. (3.37)

B «cucremax ¢ OJHOCTGDOHHHM COIIRCOBRHWEM CKOPOCTeH, Xapak-
TEPH3YIOIHXCA BBICOKOH YaCTOTOH COTJIacOBaHHs CKOpoCTed (Io Cpas-
HEHHIO ¢ JaCTOTOH CAeAOBAHUS KOMAaH] COIVIaCOBAHHS CKOPOCTeH), HC-
TNONb30BAHHE TAaKONo ¢nocoba MPAaKTHYECKH HEBO3MOXKHO. JTOT CIOCO6
BeCcbMa P(dexTHBEH B CHCTEMAX ¢ ABYCTODOHHMM COIJIACOBAHHEM
OKOpPOCTel, XapaKTepH3YIOWHXCA YPE3BHIYAHHO HH3KOH YACTOTOR €O-
raacosains (Tc>Txe). HefictBureasno, mpu S<<0,01 umeao mepe-
JaBaeMBIX TIpOMeXyTNOUHBIX 3HaueHu#, a caefoBaTenbHo, H ATy, ompe-
AENAOTNCH MPAKTHYECKH TOJBKO paspemlarolledl cnocobHOCTHIO HeTeK-
TOpa npOMexyToyHBIX 3Hauenull. Tak, 3 annaparype MKM-120 ¢ apy-
CTOPOHHKM CoryacoBanueM ckopocrelt bTcqfa=Tcq/32, T e n==32
IIpu 3TOM aMmiuTya BHOCUMEIX BPEMEHHBIX QMYKTyauuii HE npeso-
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CXOLHT 3Y mepHoja TAKTOBOH YaCTOTHL NepeiaBaeMoro uxdpoBoro
motoxa {cm. puc. 3.18, WITPUXTYyHKTHPHAA KPHBad).

Tlepenaua TpOMEXYTOUHBIX B3HAUEHHH BDPEMEHHOr0 MHTEpBaJa
MEeX[Qy COMIHa/jaMu 3allUiC¥ M CUUTBIBAHHA INPHBOAHT K H3MEHEHHIO
CHEKTPaNbHOrO C€OCTaBa yupaBisiomero Hampskenus. CpaBnusas
puc. 3.23,8 1 e, MOXHO BHIETb, YTO IIPH COXPAHEHHH IIHA00OPA3HOrD
Xapakrepa YUPaBJAIOMETO HAMPAKEHHA €ro 4acToTa YBEJTHYMBAETCHA
B n pas. 1o ofecneunBaer GoJee NOJHOe NOJABJEHHE INepeMeHHBIX
COCTABJMIOMMX YIPABJSIONEro HANPTKEHUS.

ITocTpoenue nukaa nepepaun. CTpyKkTypa uHKIa nepexauu B [ICIT
C BpeMEHHBIM TpynmnooGpasoBaHHeM IOJIXKHA YLOBJIETBOPATb CJEAYIO-
IEM TPeGOBaHHIM.

1. CooTHoueHnne xoJHueCTBa HHOODMALDHOHHBIX H CIyXKeDHBEIX
CHMBOJIOB J0JIKHO 6BITP TaKHM, YTOGH ofecmeunBaiuch Tpebyemble
napamerpsl umbpoBoil cucreMbl mepenauu. Tlojg CcayKeGHBIMH HOHH-
MaloTcs cAeNyIoliHe CUTHAJb: KOMAHIHB COTJIACOBAHUS  CKOPOCTeH,
YHCJIO CHMBOJIOB B 'KOTOPBIX (M) J0OJKHO COOTBETCTBOBATH TpebyeMoil
TIOMEXOYCTOHYMBOCTY ATHX CHMPHAJOB, CHTHAJIB TWKIOBON (CBEpXLMK-
JIOBOH) CHHXPOHH3ALHH, IJHUTENBHOCTh KOTOPHX (b) HosKHa obecme-
anBaTH TpeGyemoe BpeMs BOCCTAHOBJIEHHT CHHXPOHW3MA, CHTHAJH
cayXeOHOH CBA3M, NepefaBaeMble €O CKOpocThlo 16—32 w6ut/c Ha
dey nosumuAx unukiaa. KpoMe TOro B LHkje OGBIYHO TpeLyCMaTpHBA-
I0TCS MO3MIHH, NpelHa3HaueHHble IJisi Nepelayd CHrHaJIOB KOHTPOJA
M CHrHAJM3auuH dx, HemoCPeJCTBEHHOTrO BBOLA CHIHAJNOB JAHCKPETHOH
nHpopManHK dy, a TaKxke nepelayd HHGOPMAUUOHHBIX CHMBOJIOB,
(GopMUPYEMBIX TIDH OTPHLATEJIBHOM COIVIACOBAHHH CKOpOCTel (B cHc-
TeMax ¢ (IBYCTOPOHHUM COIVIaCOBaHHEM cKopocTefl) dy.

CooTHomenne yncaa HHGPOPMAUHOHHBIX H CJIYykKeOHBIX CHMBOJOB B
IHK/e mepenaul AJs KaXZOTO BXOZHOLO II0TOKA ONpPELeNseTcs U3
(3.16)

fanl (fera—fax) =a1/by, (3.38)

rae ai/b; — HecoxkpatuMas japoGb. B srom Bmpaxenun a; u b, ompe-
eS0T MHHHMAJbHOE YHCJAO COOTBETCTBEHHO HH(PODMAUHOHHHX K
CJHyXeOHbIX CHMBOJIOB B IMKJIe Nepenayd, NPHXOAAIleecs Ha OMH
BxogHo# notox. Toraa gqa; u gby (rie g — uncjao OOBETHHSAEMBIX TI0-
TOKOB) — COOTBETCTBEHHO MHHHMAJBHOE KONHYECTBO HHGMOPMAIHNOH-
HBIX M CAYyXeGHEIX CHMBOJMOB B UHKJe Nepenaun. Ofliee KOTHUECTBO
uHbopMauHonsbix (A) U cayxeGHHX (B) cHMBOJOB B MUKJIE Nepena-
Uy onpenesssiercs BbHIPAXEHHUAMHU

A=iqa,; B=iqb,, (3.39); (3.40)
rae i=1, 2, 3,... MuHuManbHOe 3HayeHHe [ BBIGHpAETCH H3  YCJIO-
BUS

q01

2. IIpu mOCTPOEHHH LHKNA Nepefaun CjaefyeT CTPeMHTbCS K TOMY,
4TOObl YHCIO CJAEXYIOUWHX MOAPSAL CIyXKeGHBIX CHMBOJOB GbLIO MHHM-

81




MaJbHBIM, a HX pdachpefeseHue B LUKJIe — paBHOMepHBIM. BrimoosHe-
HHe [epBOro ycJaoBHsi ofecneudBaer MHUHHEMH3aUHI0 o0beMa NMaMATH
3alOMHHAIOMHX YCTPOHCTB, BXOAALNX B OJIOKH aCHHXPOHHOrO COMPS-
KeHHusa LHGPOBLIX NOTOKOB, a BBINOJAHEHHE BTOPOTO YCJIOBHS — JyU-
liee NOAaBJeHUE BPEeMEHHBIX QayKTyauuit B ycrpoiicrse ®AIY, BH-
3BAaHHBIX HEPaBHOMEDHOCTbIO Nepefayd WHGPOPMAILHOHHBIX CHMBOJOB.
HencrBnTensio, 3h@eKkTHBHOE NOJaB/JeHHe BPEeMeHHBIX (QIyKTYyaLHit
OCYHIeCTBJIsIeTCS, 'KOTAA

fH:nfu>‘AF(blm- (342)

31echb [y — yactoTa cJaAeJOBaHHS HePaBHOMEDPHOCTEl B TIPYIIOBOM
NOTOKE; 1) — UHCJIO TPYHN HHGOPMALHOHHBIX CHUMBOJOB B 1IHKJE Iepe-
jJayd C OJMHAKOBOH cTeneHbl HepaBHOMepHOCTH. Ilpu m=1, Koraa
cyxeOHble CHMBOJB paCHpele/]eHbl HEDABHOMEPHO B LHKJE nepeia-
YH, TOJyYyaeM 3HaueHHe [y, Hanbosee upubankawoueecs K AFpua.

3. Pacnpenenenne cHMBOJIOB CHHXDOCHTHAJA M KOM&HJ COJIACO-
BAHMSI CKOPOCTEH B MLUKJAE Iepefayd AOJXKHO oOecrneudBaTh MHHH-
MaJbHOE BPE&MS BOCCTAHOBJICHHS CHHXDOHU3MA M MAKCHMAJbBHYI I0-
MeXOyCTOHYUBOCTL KOMaHA coraacoBaHus ckopocted. OO6buHO  op-
MHPYIOT COCPeIOTOUEHHBIH CHHXPOCHTHAJ, NMOCKOJBKY TpH 3TOM obec-
NeYrBaeTCsl 3HAUUTeVIbHO MEHblUIee BpPEMsSI BOCCTAHOBJEHHS CHHXDO-
HH3Ma, UeM MpPH pachpele]eHHOM CHHXpOCHTHaJe. Kovmauapl corgaco-
BaH{sL CKOPOCTeH, B HPOTHBONOJOXKHOCTh CHHXDOCHIHAJAY, OOBIYHO
pacnpelnensdoT PAaBHOMEPHO B LUKNe Hepelayu AJs YMeHBIUIEHUS Be-
POATHOCTH HX HCKAXEHHUA COCPEAOTOUCHHBIMH NMOMEXaMH.

4. CTpyxkTypa LHKJa J0JKHa o0ecneunBaTh BO3MOMKHOCTb NPOCTO-
ro mepexoxza OT aCHHXDOHHOIO pe€zxKuMa paéoTbI K CHHXpDOHHOMY H Ha-
o6opor. B cucremax ¢ ABYCTODOHHUM <COTJaCOBAHAEM CKOpOCTell Ta-
KOH mepexon ne TpebGyeT KaKuX-JnG0 H3MEHEHHH B CTPYKType LHK/A.
Ilpy nepexofe OT acHHXPOHHOTO PEXHMAa K CHHXPOHHOMY IepectaioT
BLIpabaThlBaTbCS KOMAHABI COIVIACOBAHUST CKOPOCTEH.

B cucreMax ¢ OJHOCTODOHHHUM COIVIACOBAHHEM CKODOCTeH a1
nepexona Ha CHHXDOHHBIl peXHM paboThl HeoOXOANMO ~ 3HAUEHHE
fewm YMEHBINHTL HJIH YBEJIHYHTbL (B 3aBHCHMOCTH OT 3HaKa COIJaco-
Banua ckopoctell), uTOOBl [eamn=[sn oA coXpamenus mnpex-
HEro 3Ha4yeHHs YacTOTbl rpynnoBOTO 'LU/F(i)pOBO'I'O IIOTOKAa HeOY6XO,iII/IMO,
YTOGH [egmutifca=const. Takoe uaMmenenue feuyn B CHCTEMAX C . NO-
JIOKUTENBHBIM COTJ1aCOBAHHEM CKOPCCTEH OCYLIECTBJISETCS NepeBoioM
HH(QOPMAUHOHHBIX HMIYJbCHBIX TIO3HUNA B paspAl CJayXKeOHBIX, a B
CHCTEMAaX ¢ OTPHUATEJILHBIM COIJ1ACOBAHHEM CKODOCTEH — COOTBETCT-
BYIOIIIMM YBEJIMYEHHEM uHcJa HHOODMALHOHHBIX HMIYJAbCHBIX IO3H-
unil. TIpu 3Tom Heo6X0AMMO, UTOOH feuwnm OBLIA KpaTHa 4ACTOTE
IIMKJa4a.

5. JInuTeNbHOCTh LHKJAA J0JKHA OBITh 110 BO3MOXKHOCTH MHHM-
Ma»JIbHOI‘/)I, YTO IIO3BOJIAET YMCHBUIHTL BpeMA BOCCTAHOBJIEHMSA CHHXPO-
HH3Ma ¥ BpeMeHHHEe (WIYKTyalunu UHGPOBOrO NOTOKA Ha BhHXOAE 0060-
PYyJOBauHs CONPSAXKEHHA, a TaKkKe YIPOCTHTb TeHepaTopHoe 000opyao-
BaHlHe H CHCTeMY LHKJOBOH CHHXDOHH3ALHH.
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PaccMOTpHM B KayecTBe NpuMepa CTPYKTYPY UHKJIa2 OGODYAOBaHHA BPEMEHHOrO
rpynnoo6pasoBaHus C ABYCTOPOHHHM COIVIACOBAHHEM CKOPOCTeIL.

UcxopHble faHHHBE!

TakroBasi wacroTa rpynnosoro curiana, kIm . . . . . . . . . 8448
TakroBas yacTOTa BXOAHOro curiajga, kI'm . . . . . . . . . . 2048
Uuciio compsiraeMblx MOTOKOB . . . 4

Uncno KOPPEKTHPYEMBIX HCKaXKEHHBIX CHMBOJIOB KOMaHJbl COrJiacOBaHHS
cKopocre e 1
Cpennee BpeMs NMOHCKAa CHHXDOCHTHana, Mc, He Goxee . . . . . . . 1,0

B cucreme ¢ ABYCTODOHHHM COIIACOBAHHEM CKOPOCTeHl COOTHOIUGHHe uuc/aa HH-
(hOpMauHOHHBIX H CJAyXReGHEIX CHMBOJIOB B UHKJE IePeiauyd Ha KaxkKABH BXOJHOM
noToK B coorBerctBHu ¢ (3.38) cocraBasier

a 2048 32
b, (8448/4)—2048 1

Orciona nonyuaem gby==4; ga;=128; g(a,+b,) =132. [Tockoabky m=3, moJyuaem
gm=12. CurHaJbl KOHTPOJS MOTyT IepejaBarTbCsi Ha IO3UUHAX, NPeLHA3HAYEHHBIX
IJ1s1 MepeNayd HHGOPMANMOHHBIX CHMBOJIOB, (JOPMHPYEMBIX IPH OTPHIATEJbHOM CO-
r/1IaCOBAaHHU CKOpPOCTEH (B MOMEHTBI, KOTZA OTpHIATeJbHOE COIVIACOBAHHE He TPOM3-
BoauTca), n03ToMy dix=dn=4. Buibupas be=dca=dy=4, noiaysaem B=28
(i=7), a A=7-4.32—896. MuHUMH3UDYS KOJIHUECTBO CJEAYIOUIHX MNOAPSL CJy-
JKeOHBIX CHMBOJIOB H DAaBHOMEDHO paclpefelsii HX MeXAY HHDOPMALHOHHBIMH CHM-
BOJIAMH, TOJIyYaeM: YHCJIO HMIYJbCHBIX HO3uuuil B mukae 132-7=924; wyacrora cne-
noBaHus LuKJ0B 8448/924=9,1 kTu; uacrora caenopanust rpynn 8448/132=64 xI'u;
4acToOTa CJEIOBAHHS CJYXKeOHbIX CHMBOJOB B pacueTe Ha OAMH BXOAHOH TOTOK

Ipu Takof CTPYKType ILHKJIa cpeiHee BpeMsi NOMCKA CHHXPOCHTHANA, BbIYHC-
JieHHoe B coOoTBeTcTBHH ¢ (4.33), coctaBaser 6,3 Mc, 4TO 3HAUHTENILHO INIPEBOCXO-
out TpebyeMyto BenHuHHY. ITosroMy HeOGXOAMMO YBENHUHTb AJMHY CHHXDOCHTHAJA.
VBemyuuBas Ha eJMHMLY 3HayeHue i ({=8), moayuaem b=8; B=32; A=1024.
Ilpu 3TOM KOJMYECTBO CJIEAYIOUMX MOAPSA CJAYKEOHBIX CHMBOJIOB, NPHXOASILIMXCH
Ha OJMH LH(QPOBOIl MOTOK, PABHO 2, UTO NPHBOAHT K COOTBETCTBYIOLIEMY YBesauye-
Hulo ofbeMa NaMATH 3aloMHHawollero ycrpoicTBa: PasHOMepHO pacnpeletss cay-
KeGHBIE CHMBOJEBL, NOJyyaeM CAeAYIOLIYI0 CTPYKTYPY UHMKJAa nepefaun (raba. 3.1).

Tabnuna 3.1
B Homepa noau- | Howmep
HA nepelaBaeMof HHPOPMALHH nHit B LHKIE Tpymbt
B IHKJE
CuHxpocursain - 1-8 1
HndopMalaosHbie CHMBOJbI 9—264
IlepBrie cUMBOJBI KOMaHIBl COIVIACOBANHS CKODPOCTEIl 1—4
CumMBosbl ci1ymeCHOf CBA3M 5—8 IT
HudopmManuoHHbe CHMBOJbBI 9—264
BTOpbie CHMBOJIBI KOMaHIB COIVIACOBAHHS CKOPOCTEH 1—4
CuMBoJsibl gucKpeTHOH HHbOpMalmu 5—8 I
HndopManyontble CHMBOJbI 9—264
Tperbu cUMBOJIbE KOMAHABI COTJI2COBAHHS CKOPOCTEH 1—4
Hudopmannontsic cumBodab, (opMupyeMbie mpu oTpuLA- 5—8 v
TeJbHOM COTJIACOBAHHMH CKODOCTEH, CHPHAJBl KOHTDO.IS CHI-
HaJIM3aLUH
Mncdopmaiporsble CHMBOJIbI 9264

B umkJse, npeacTaBJeHHOM JaHHBIMH TaGa. 3.1, YHCJAO HMNOYJBCHBIX TO3HUHH
B HuKJe cocraBiser 1056; uacrora caexoBanust uuk/aoB 8448/1056=8 «xI'u; ua-
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cTOTa c/iefoBanus rpynn 8448/264=32 xTu; yacrora CJeAOBAHUA CJYKEOHBX CHM-
BOJIOB B pacyeTe Ha OJMH BXomHoft notok 32-2=64 xI'u; d=fcan—fexnx—fan=
=2112—64--2048=0; cpexHee Bpems INOHcKa cuuxpocurHana 0,625 mc.

CpasHenne 0GOPYLOBaHMS BPEMEHHOro rpynnoo06pasoBaHus ¢ On-
HOCTOPOHHHM M JABYCTOPOHHMM COrJacoBaHuem ckopocted. CpaBHHM
(bYHKUHOHAJBHEE BO3MOXKHOCTH H OcHOBHEIe Tlapamerpsl OBI' ¢ oxHo-
CTOPOHHHM H JABYCTODOHHUM COIJIaCOBaHHEM CKODOCTEH.

1. BosMmoxnocTs paGoTH B cHHXDOHHOM pexkume. IIpemnmonaraer-
cst, 4TO pa3BeTBJeHHas uubpopas cerb CBs3H OyAeT NPEACTABMASTL CO-
60l COBOKYNHOCTL HECHHXPOHH3HPOBAHHBIX MEXAy <o0OH CHHXPOH-
Huix 304. B coorBercTsun ¢ stum ‘OBI ponxno ofecneynBaTth BO3-
MOZKHOCTb Pa6OTH Kak B ACHHXDOHHOM, TaK H B CHHXPOHHOM pexHu-
Max. 1o TpeGoBaHHe MOJHOCTHIO yaoBiersopsierca 8 OBI ¢ aBycro-
POHHHM CONJIAaCOBaHHEeM CKOpOCTeH, B KOTOPOM CHUHXPOHHHH peXKHM
SBJISIETCS YACTHBIM CJAyYyaeM acHHXPOHHOTO NIPH HYJIeBBIX 3HAYEHHAX
Pa3HOCTH YacTOT 3alKCH U CYHTHIBAHHA. B CHHXDOHHOM peXHMe He
BHPabaThIBAIOTCS KOMaHIBl COLJIACOBAHUSI CKOpOCTeH, Guarofaps ue-
My TOBBILAETCS NPONYCKHAas CMOCOOHOCTb KaHaJja CBSI3H, ¥ BO3pacra-
€T NOMEeXOYCTOHUHBOCTH CHCTEMBI TEPefauyd H3-3a OTCYTCTBHS HCKa-
XkeHdud oTHX KomamA. Kpome Toro, B cuuxponnom pexume OBI He
BUOCHT BpeMeHHble (hIYKTyalHH B nepejaBaeMble LUH(POBHE MOTOKH.

BaxubM siBisieTCs TaKkKe 00ecmeueHUE BO3MOXKHOCTH COBMECTHOMR
paBoTH Ha ceTH CBA3d 0O6OPYAOBaHHS BPEMEHHOTO Ipynnoo6pasoBa-
HHS ¢ 000pyAOBaHHEM aHAJOr0-UH(PPOBOTO NPeo6Pa3zOBaHUS MM LHP-
poBo#l xoMMyTauun. Taxkast BO3MOXHOCTb MOXKeT OHTb pPeaJH30BaAHA
TOJNILKO NPH CHHXPOHHOM pexuMe paborst OBT.

B OBI' ¢ 0gHOCTOPOHHHM COTJIACOBAHHEM CKODOCTeHl CHHXPOHHBIH
pexum paGoTH NPHHUMAMAJLHO HEBO3MOMKEH W3-32 3aBeJOMOro Ipe-
BBILICHAS (IPH INOJOXKHTENIbHOM COIJIACOBAHHH CKOPOCTEH) YacTOTH
CYUTHIBAHMS HaX uyacToToH 3amucu. IlosTomMy ecau paxe nociaegoBa-
TEAbHOCTH 3aMMCH U CYATHIBAHUS CUHHXDOHM3UPOBAHB MeXAy cololt
(KBA3UCHHXPOHHBIH pekuM paGoThl), B 060PYAOBAHHH CONPSIKEHHS €
COOTBETCTRYIOIIEH TIePHOANUHOCTHIO (POPMHPYIOTCH KOMaHIBl COIVIACO-
BaHMA CKOPOCTeH, Og Nepefaun KOTOPhiX Tpefyercs Takas XKe Ipo-
NyCKHas cnocO6HOCTb, KaK M NPH acCHHXPOHHOM pexnMe. Kpome Toro,
mepenaya 3THX KOMaHJ CHHIKaeT -ITOMEXOYCTOHUHBOCTb 0GOpyaOBaHUSA
CONpPAXKEHUS.

2. IoMexoycTOHYHBOCTD NPHEMHHKOB KOMaHI COMVIacOBAHHS OKO-
pocredl. O6opynoBanue IPynnoo6pa3oBaHus ¢ JABYCTOPOHHHM COIVIa-
COBAHHEM CKOPOCTeH XapaKTePH3yeTCH 3HAUATENbHO MEHBIUEH yacro-
TOH CJIeOBAHHS MOMEHTOB COTJIaCOBAaHHS CKOpoOcTeld, weM 060pylo-
BAaHHE ¢ OJHOCTOPOHHHM coryiacoBaHHeM. IloaToMy AJHTENbHOCTH
3THX kOMauj B OCGOPYAOBAaHHH C JABYCTODOHHHM COTJIaCOBAHHEM MO-
*KeT ObITh BHIOpaHa NPAKTHYECKH CKOJb YroAHO GoJbIOH (U4To 06ec-
NeYHBaer NpakTHYeCKH HeOrpaHHYEHHYIO IIOMeXOYCTOHYHBOCTh IpHEM-
HUKOB 3THX 'KOMaul), TOMAAa KaK B OOODYJNOBAHHH ¢ ONHOCTODOHHHM
COrJIaCOBaHHEM BO3MOXKHOCTH yBeJHUYEHHS NJIHTEJIbHOCTH KOMaH[, €O-
TJIacCOBaHHA CKOPOCTEH cylllecTBeHHO orpaHuyenn. Taxk, B OBI ¢ asy-
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CTOPOHHHM H OJAHOCTOPOHHHM COTJIACOBAHHMEM CKODOCTEH, COOTBETCT-
syromux PexomenpamusM MKKTT G.745 n G.742, npu npakTHYeckH
PaBHOH JJIMTENbHOCTH LHKJIA Nepefadd MHHUMAaJbHBIE HHTEpPBAs
MeX/Iy MOMEHTaMH COIVIaCOBAHHUSI CKOPOCTeH B MEePBOM CJyyae COCTaB-
aser Gonee 100 nuK/JIOB, a BO BTOPOM — [1BA.

B OBl ¢ AByCTOPOHHHM COIVIAaCOBAHHEM CKOpOCTell, Kak GBUIO y0-
Ka3aHO B HACTOsMIIEH TIvaBe, MOMEXOYCTOHYHBOCTH INPHEMHHKOB KO-
MaHJ COTJIaCOBaHHs CKOpOCTeH MOXKeT ObiThb NOBBILIEHA NyTeM aHa-
JM3a CTPYKTypPH 3THX KoManj 0e3 yBeIHYeHHS HX JJIATENILHOCTH.
[IpuueM mpH COOTBETCTBYIOLIEM YCJO0XKEHHH NPHEMHHKOB KOMaH[ €O-
IJIACOBAHHS CKOPOCTEH MOTYT HCNDPaBJATBCA HE TOJAbKO OJLHHOYHBIE, HO
1 CABOEHHbIE, CTPOEHHHIE H T. A. HCKAXKEHHsS ITHX KOMaHL.

Taxum o6pasom, oTauuutensHoll ueproft OBI' ¢ aBycToponHHM
COIJIaCOBaHHEM CKOPOCTEl SBJSETCS BO3MOMKHOCTb TIPAKTHYECKHM HEOr-
PAHHYEHHOTO MOBBILIEHHS] TOMEXOYCTOAUNBOCTH KOMAaHI, COIJIACOBAHHS
CKOpOCTen.

3. YCTOAYHMBOCTD K «Pa3sMHOXKEHHAM» cO0CB IIHKJIOBOH CHHXDOHH-
sauun, Tlpu c6oe muxvwosoil cunxponuzauud B LCII a-f  cTynerw
Wepapxwd Ha BXOJ NPHEMHHKOB KOMAHJ <COIJIACOBAHHS CKOPOCTel
9TOH CHOTEMbl NIOCTYNAIOT CAydaliHble TIOCAeJ0BATEIbHOCTH CHMBOJOB,
BbI3BIBAIOLIHE JIOKHBIE COIVIACOBaHHSA CKODOCTEH, KOTODBIE = IPHBOJAT
K a60sIM IHKJIOBOH CHHXpOHH3auuu B KoMmnoHenrax LICII (n—1)-ro
nopsigka. TakuM 06pa3oM TPOHCXOLHT <«Pa3MHOXKEHHE» CO60eB LHKJ/IO-
BOH CHHXPOHH3ALMH.

[IpenoTBpauieHne pa3MHOXKEHHS COOEB H3-32 JIOKHBIX KOppPeKUHi
AJHATEJLHOCTH LHKJIa B CHCTEMax ¢ [BYCTODOHHMM <COI/IacOBaHHEM
ckOpocTeii MOxkeT GHITh 0ofecneueHo ‘OJOKHPOBKOH TPHEMHHKOB KO-
MaHJ corJacOBaHHs CKOpPOCTeH Ha BpeMst 008 LHUKIOBOH CHHXPOHH-
3auuHd. B pesysnbraTe JIOXKHBIE KOMaHJBl COMIACOBAHHS CKOPOCTeH 3a-
IPelaloTCsd Ha BXOJAX HX MPHEMHHKOB H JIOXKHAS KOPPEKUUS He mpo-
u3BoAuTCca. ONHAKO H B BTOM CJ1yuae MOXET NPOU30HTH pasMHOXKeHHe
0605 CHHXDOHH3ALHH, ecid BO BpeMs 00s B IepelaloiieM YCTpPOUCT-
B€ TIPOH3BOAHTCA COIVIacoBanHe cxopocTell. B cucreMax ¢ AByCTOpOH-
HHUM COrJIaCOBAHHEM CKODOCTEH 3a BpeMs 605l CHHXDOHHM3AIHH MOXKeT
GbiTh aOpMHPOBaHO He GoJiee OLHOH KGMAaHIB COTACOBAHHA CKOPO-
cred. B stoM ciaydae undopmauus 06 OTHOKPATHOM COTJACOBAHHH
CKOPOCTEH MOXKeT ObITh TOJYUEHA B MPHEMHOM YCTPOHCTBE Ha OCHOBE
aHaNn3a CTPYKTYPhl KOMaHJA CONI&COBAHHS CKOPOCTel, aHaJOTHYHOTO
HUCHONIb3YeMOMyY JJIs1 NMOBLNLEHHS NOMEXOYCTOHUHBOCTH KOMAaHJ COrJa-
COBAHHUS CKOPOCTEH. ,

B cucTeMax ¢ 0fHOCTOPOHHHM (COIIaCOBaHHEM CKOPOCTeH OcyIecT-
BJIeHHE TMOAOOHOH KOpPPEeKIHH HeBO3MOXKHO H3-3a TOTO, UTO 33 BPEMA
c60s cUHXPOHU3MA (BOPMUDPYETCS AOCTATOUHO GOMBIIOE UHCI0 KOMaHL
COTVIACOBAHHS CKOPOCTeH, KOTOPOe NPaKTHYECKH He MOXKeT GbiTh TOY-
HO ONpe/iesieHo B MPHEMHOM YCTPONCTBE,

94. Brocumbie pemennnie dwiykryaunu. [IpH nenosb3oBanuy B yor-
poiictse ®ATIY mpocToro ¢HIbTpa HHKHHX YACTOT B 'KaueCTBE BhI-
ReJINTeNs HaNpsiKeHHus, mojaBaemoro Ha Bxox I'VH, Bennunna spe-
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MEHHBIX (PIAyKTyalUuil, BHOCHMBIX 000pyAoBanueM ¢ ABYCTOPOHHHM C€O-
r71acoBaHHeM CKOPOCTel, 3HAYHTeNbHO Govibliie, YeM B 06OPYIOBAHHH
C OAHOCTODOHHHM CorjacoBaHueM ckopocteil. OJanako B 00OpyldOBa-
HUY ¢ ABYCTOPOHHUM CONNIACOBAHHEM CKODOCTEH NMPH nepefade B IpH-
€MHOe YCTPOiicTBO HHGOPMALHUH O NPOMEXYTOUHBIX 3HAUCHHAX Bpe-
MEHHOrO HHTepBaJja MeXIY NOCJeJ0BATeJIbHOCTAMH 3alHCH H CUHTH-
paHus obecneyuBaeTcs 3HAYUTENbHO MeHbllee, yeM B 060PyLOBaHHH C
OMHOCTOPOHHUM COTIacOBAHHEM CKOPOCTeH, 3HAUeHUE BHOCUMBIX Bpe-
MeHHBIX ¢ayxTyaunit (oxkoao 1—39% oT TaxTOBOro HHTepBaJta).

5. b PexTHBHOCTL HCIOAb30BAHHA IPONYCKHOH CHOCOGHOCTH TPYI-
nosoro tpakra, B IICII ¢ oxHOCTODOHHHM COTacoBaHHeM CKOPOCTEH
B CBSI3W C BBICOKOH yacToTOH (OPMHpOBaHHsA AKTUBHBIX KOMaHjg <LO-
[JIaCOBAHUS CKOPocTeit HeobXofuma 'GosbuIas NPOMyCKHAsT —Cmocos-
HOCTh KaHajaa mepefayd 3THX KOMaHA, 9eM B CHCTeMax C JBYCTODOH-
HHM corsiacosannem ckopocTed. IIpH paBHBIX NPOMYCKHBIX CIOCOGHO-
CTAX XaHaJ0B KO3D(UIHUEHTH MX 3anpy3Ku CYLIECTBEHHO PA3AKyaloT-
CA. TaK, €eC/Hu B (CHCTEMAX C OAHOCTOPDOHHHUM COIvViIACOBAHHEM CKODO-
crefi oH cocrasaser npumepuo 0,5, To B cucTeMax ¢ JABYCTOPOHHHM
cormacopanueM ou He mpesbiraer 0,02. dra usbpITouHasT NMPONMYCKHAs
ONOCOOHOCTL 'KaHajla Hepenavyy KOMaHJ] CONIacOBAHUSA CKOpOCTel B
CHCTEMAX ¢ JABYCTODOHHHM COIVIACOBAaHHEM CKOPOCTeH MOXKET HCHOJb
30BaThCs, KaK yKe ‘ObIJIO MOKA3aHO, JJs OBBIUIEHHSA TIOMEX0YCTOHYH-
BOCTH 3THX KOMAaHJ, yYMEHBIUIEHHS BHOCUMEIX BPeMEHHBIX (QJIyKTya-
H¥H uay At PaGoTH NPH 3HAYNTENbHOH HECTaOHJbHOCTH TAKTOBHX
yactor obbenuusieMblx norokos. KpoMe toro, B LICIT ¢ monoxuTenn-
HBIM OJHOCTOPOHHHM COTJIACOBAHHEM CKOpOCTell H3-3a GOJbIIEro 3Ha-
YeHHs qacTOTH cuuThiBanus, ueMm B LICIT ¢ nBycTrOpOHHEM cOTlJ1acoBa-
HHeM cKopocTell, 5(peKTHBHOCTb HCIOJb30BAHHA NPONYCKHOH CHOCOD-
HOCTH TPYNIIOBOIO TPaKTa YMEHbIIAETCA.

B cucremax ¢ JABYCTODOHHHM COIVIaCOBaHHEM CKOpOcTed HeoGXo-
JUMO TPeAyCMOTPeTh BO3MOXKHOCTb MepeNayd TOUOTHUTENbHBIX HH-
(OopMalYOHHEIX CHMBOJIOB, (POPMHPYEMHEIX TIPDH OTPHIATEJNBLHOM COIVIa-
cOoBaHuK ckopoctefl, ONHAKO TPOMyCcKHAs CNOCOOHOCTh KaHana, Heob-
XOAHUMAasA /s Tepejaud 3THX CHMBOJOB, BeCbMa He3HAayHTeJbHA. Taxk,
8o sropuyHoii IICII, coorsercryromeit PerkoMengamun MKKTT
(.745, oua cocraBaser 0,1 k6ur/c, a 8 rpetnunoir LICII, coorsercr-
sytoutefi Pexomenmnapuun MKKTT G.753, — 0,3 x6ut/c.

6. O6bvem obopynosauns, [Ipn HREHTHUHOM NOCTPOEHHH lHKAA Te-
peraun (IPHMEPHO OJHHAKOBOM KOJNHYECTBEe OHT B UHKJIE H PaBHOM
YACHE CJeAYIOMUX TOAPAN CAyKeGHBIX CHMBOJOB) GOJBUIMHCTBO Y3-
g0 OBT' ¢ 0fHOCTOPOHHHM M ABYCTOPOHHHM COIJIaCOBaHHEM CKOPO-
CTeH NpakTHUeCKM HIEHTHUHH (3anOMUHAIOL{He YyCTPOHCTBA, TeHepa-
TOPHOE OGOPYROBaHHE, CHCTEMA LHKJIOBOH CHHXPOHH3ALMH, Npeobpa-
30BATE&JH KONOB B NDHEMHOM H IlepefaimollieM ycTpodcTBax, obopyio-
BAaHME KOHTDOJS M CHTHaJH3alMM, INHTAlOUIHe YyCTpoHCTBa M AP.).
Pasnquuarores auimip HOPMUPOBATENN U NPUEMHMKH KOMaHA COIAco-
BaHUs CKOPOCTEH, KOTOphle OKa3BIBAIOTCS GOJee CIOXKHBIMU B CHCTe-
Max ¢ ZBYCTOPOHHHM corsacosanueM, OpHako, B OTJIHYHE OT CHCTEM
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€ OJHOCTODOHHHM COIJIaCOBAHHEM, 3TH yCTPOHCTBA MOIYT peasu30Bhl-
BaTbCsl Kax IPYNNOBbe AJIs1 BCeX OOBEIHHACMBIX {TOTOKOB.

TaxuM 06pa3soM, NpoBeJCHHOE CDABHEHHE [OKAa3blBAeT, 4YTO NPH
NpaKTHYECKH paBHOM oObeMe OGODYZOBaHHS CHCTEMBl € JBYCTODOH-
HHAM COIVIACOBAHHEM CKOPOCTel 006/MaJ1aloT BAaXKHBIMH JONOJHHTE/bHbI-
MH (QYHKIHOHANBHBIMH BO3MOMKHOCTAMH H JYUIIHMH TEXHUUECKHMH
XapaKTeDUCTHKAMH.

3.3. O6opyznoBaHKE BPEMEHHOTO TPYIIIO00pPa30BaHUSA
C CHHXPOHHBIM COIDSIKeHUEM IU(PPOBHIX IOTOKOB

Conpsixkenne CHHXPOHHBIX LH(POBBHIX MOTOKOB NPEACTaBJ/IAET CO-
O0fl yacTHHIA cayuali CONpSIKEHHs] aCHHXPOHHBIX LH(POBHIX TIOTOKOB,
NpH KOTOPOM HaCTOTa CUMTHIBAHMSI KpaTHa dacrote 3amucd. Ilpn
3TOM HMOYJbCHbiE MNO3UUHH BPEMEHHBIX CIBHTOB MOXHO IIOJIHOCTBIO
HCI0Nb30BATh AJs Tepelaud ciaykKeOHBIX CHTHAJIOB, CHTHAJOB JIHUC-
KpeTHO#t uHpOopMaumu u Ip.

[Ipencrasnennas na puc. 3.24 CTPYKTypHAs cxeMma 0GOPYLOBAHHA
COIPSXKEHHUS] CHHXPOHHBIX LLPI%Q)pOBbIX IIOTOKOB BKJ/IKOUAET B cebs q ne-
pefaloluX u ¢ TnpHEeMHBIX ©OJOKOB CHHXPOHHOIO CONpPSXKEHHA
(BCCnepl —BC‘Cnepq H BCC[[pl —_ BCCHpq )_ B Ka>xJioM BCCnep oCy-

LECTBJIAGTCS 3aIMCh BXOJAHOTO IIOTOKA B 3allOMHHAIOLIee YCTPOHACTBO
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Puc. 3.24. CrpyKTypHas cxema ofHoro HampasJenus nepenaun OBI mpu cHHXpOR-
HOM CONPAKEHHH UH(DPOBHIX NOTOKOB
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n cuuIbIBAHME CHIHAJIOM C COOTBETCTBYIOILErO BBIXOJA TeHepaTOPHOrO
obopynoBanng. IlpoueccoM sanmcu ynpasisier MMOYJIbCHAS TOC/IENO-
BATeNbHOCTb, BHIpabaThiBaeMass npeobpasoBaTeseM Kofa TNpHeMa
(MKgp).

Bsanmuoe BpeMeHHO® ITO/I0XKEHHE CHTHAJIOB 3alMCH H CYHTHIBAHHS
‘WOHTpOIUpYeTcs BpeMeHHHM jerekropoM (BJl). Hauanenas ycranos-
Ka CHIHaJa CUHTBIBAHHS OTHOCHTEJBHO CHMHAJMA 3aNMCH OCYLIeCTBJA-
eTcst TaKuM 00pasoM, YTOOLl UMIYJIbCHI CUHTHIBAHHS HHKOTZA HE COB-
najann ¢ aMnyjbcaMy sanucd. CuHTaHHBIE HMIYJbCHBIE IOC/IEL0BA-
TenbHOCTH ¢ BHXOA0B BCCprep; —BCCrep, , a Takke curnan ¢ BHXOLA
TepesaTiHka CHHXPOCHTHAJIA yYepe3 cXeMy oObeiMHeHds H npeobpa-
3oBaTeab Kofa nepegaun ITKyep BBOASTCSH B JMHHEHHBIA TPaKT.

IlpremMuoe ycTpolicTBo pacnpefensieT MHOTOKAHAAbHBIH  CHrHAJ
Mexay coorsercrayiominMu BCCrp ¥ BOCCTAHABAMBAST NEPBOHAYAJD-
HYI0 CKODPOCTh HH(POPMANMOHHOTO CHIHANa. BoccTaHOBICHKE epBOHa-
vaJpHOR ckopoctu mpousBoutcsi B BCCyp nyreM samucy 3TOro Cur-
HaJa B 3aMOMHUHAIONlee YCTPOHCTBO # CUMTHIBAHUSA C YacTOTOHM, pPaBHOH
€ro yacToTe Ha BXOJe amnaparypel oObeannenus. ITpn aToM ocyuiect-
BJISIETC] DABHOMEPHOe paclpejesieHHe BPEMEHHBIX CJBHIOB, C(OpMH-
POBaHHBIX B flepefaiouieM yCTPOHCTBE.

OranuuTenbHsle OCOGEHHOCTH CHCTEM CHHXPOHHOIO —CONPSIKEHHS
@ pOBHIX MOTOKOB 3akKJi0ualoTcst B ciaefyiomeM, [IpH CHHXPOHHOM
pexuMe paboTH B3aUMOAEHCTBYIOLIMX CHCTEM HEOGXOAHMO BBECTH
Hemnb CHHXPOHH3ALWH, CBA3HIBAOINYI0 3afaloliye reHepaTOpPhl  3THX
cucreM. ECTeCTBEHHO, UTO TPH 5TOM OTHaZaeT HeOOXOAHMOCTb B HC-
noab3opanuu yerpoiicrea ®AITY B mpremnoM oGopyroBanuu. Ycra-
HOBKA HaYaJbHOIO BPEMEHHODO IIOJIOXKEHHs CUATHIBalOIEeH mnociexno-
BATEJAbHOCTH OTHOCHTEJNBHO CHTHAJIO0B 3aNlHCH NPOU3BOJAHTCA TOJBLXO
TP BKJAIOYEHHH annapatypsl uiy cOofix reseparTopHoro oGopynosa-
nusi. TlosToMy BpeMeHHOE NOJOXKEeHHE CUMTHIBAIOIEN NOCJHEeXOBATEeNb-
HOCTH MOKeT H3MEHATHCA BCeNla B OAHY H Ty e CTOPOHY, a BO3MOXK-
HEIM VIJIHHEHHEM [IPOLecca YCTAHOBKH HATANBHOIO TIOJIOXKEHHS MOXK-
HO TIpeHeOpeyb.

B cBfA3u ¢ Tem yTO B mpouecce PabOTH anmaparTypsl CHHXDOHHOT'O
CONPSXKEHHs BPEMEHHOe II0JIOXKEHHe CYHTHIBAIOUEH HMNYJbCHOH IIO-
CJIel0BaTeIbHOCTH ‘He KOPPEKTHPYeTCs, B 3alOMHHAIOIIEM YCTPOHCTBE
JOJIXKHBL (GBITH BKJIOYEHH NONOJHUTE/bHbE AYelKH NaMsATH, npeaHas-
HayeHHBle IJs1 KOMIEHCAUHH MaKCHMaJbHO BO3MOXHBIX BpEMEHHBIX
¢ayKTyaunii BXOAHOTO IH(POABOIO MOTOKA.

3.4, OGopynosaHue BHIIEJICHUA THUGPOBLIX IOTOKOB

Tlpn nepenave rpynnosoro uu@poBoro NoTOKa N0 JHHEAHOMY
TPAKTY MOXKET BOSHHKHYTb HEOGXOHAMOCTL BBIAEJNEHHS HaCTH STOro
NOTOKa B MPOMEXKYTOUHHIX TYHKTaxX (NMYHKTAX BHIIENEHHS) H BBOAA
Ha oCBOGOAUBLINECS BPEMEHHBIE NO3WIMH UHKJIA Nepenayd UHGPOBHX
TIOTOKOB. CAOONMUNARITTLIV D ATV rwnANfatrcomars e ses i =




Ha pnc. 3.25 nokasano, yTo B nepejaimomielil YacTH OKOHEUHOH
CTAHLHUH, DACIOJOXKEHHOH B IyHKTe A, aCHHXDOHHBIM HJIH CHHXPOH-
HbIM 00belHHEHHEM KOMTIOHEHTHBIX UH(POBHIX NOTOKOB (OopMHDPYyeT-
cs nudpoBoit moTok. M3 g mOTOKOB ¢—i npefuasHaueHbl AN Tepe-
JayH Ha OKOHEYHYIO CTAHUHIO, PacloJIOKeHHYI B myHkTe B, a ¢ no-
TOKOB — JJISl BBLAEIEHHS B MPOMEXKYTOMHBIX NyHKTaX. Touno Tak Xe

g <
I

Nyxxm A TIpamMexyroyHsIe ny#xmst Tywwm &
HanA XKng
Oraneynan I ,'“k ,'"k j' l OroHeRad
CMARyUR l [%1 _l p_—r__?_l_f-'_‘ , CmaHyuR
7> 7
22 regstmenl ||t 1 \reg L — oy {rop| o] roummner |2
7> | || || bty
;.: fpuemrarn I I neol 1 I - _I 710 ey l ! Nepedarryan :-;;
: vacms i l a4 "l' r 7 \Tep [ T vacms :q‘

Puc. 3.25. Cxema opraHuaauHy CBsi3H C BblIeJeHHeM LHPPOBHX NOTOKOB,

Ha OKOHEYHOIl cTaHUMH, PAaCHOJOXKeHHOH B myHKTe B, ocymecrsasiercst
obvenunente §—i UnGPOBHIX MOTOKOB [/ Tepelaud B HOyHKT A u {
TOTOKOB AJId Tlepefau B MmPOMEKyTOuHbie nyHKkTH. Taxum ofpasoM,
B mpueMHoM obopyaoBasuu (IIp) mpoMeXyTOUHBIX IYHKTOB BBLIENA-
1orest § nudpPOBEIX NOTOKOB, cOPMHPOBAHHBIX B NyHKTe A, a Takxke
{ MOTOKOB, dGOPMHUPOBAHHHX B NMyHKTe DB, u Ha ocBoGomuBlIHECs Bpe-
MeHHBIe TIO3HLHH B mepefaloineM oGopynosanu (Ilep) BBoAuTCA Ta-
KOe JKe KOJHYECTBO IHGPOBHIX NOTOKOB 1JS TEpefadd COOTBETCTBEH-
HO B MYHKTH B u A.

Ecad B KaXKIOM KOMIIOHEHTHOM IH(GDOBOM TOTOKE COAEPIKHUTCT
nHpopmanus, coorserctBylomas N xananam TY, To obmee uucao xa-
HaJ/0B, KOTOpOe MOXeT OBITb OPTaHH30BAHO HA JMHHHU CBSISH MEXAY
nyakramu A n B, cocrasasier

M= (g—i)N+2iN= (¢ +i)N, (3.43)
T. € KOJHYeCTBO OPTraHH3yeMblX 'KaHanoB TU 10 CpaBHEHHI €O CaAy-
yaeM mepejaun HHGopMaluu ‘6e3 BbeTeHHS THPPOBHX TOTOKOB BO3-
pacraer Ha iN.

UndpoBbie NOTOKM MOTYT BHACANTHCS KaK HA  OGCHAYXHUBAEMBIX,
TaK § Ha HeoGoiyXuBaeMblx nyHkTax. Ha o6cayXuBaeMBIX MyHKTax
yCTaHaBIMBAETCSA CTAallHOHAPHOE OGOPYHOBaHHE BBIAENEHHS LH(GPOBHIX
NOTOKOB, a B HeOOCJAYXKHBaeMHX 06ODyAOBaHWE BHIAEAEHHS MOAKJIO-
Yyaercs JHIIb AJS ONepaTHBHOrO o6GMeHa HH(opMalue#l ¢ OKOHeYHHIMH
CTQHUHSIMH WY APYTHMH NYHKTaMH BBIJEJNEHHS.



OO6opynoBanie BbIIENEHHS MOLKJIIOYAeTCss Ha OOCAYyXKHBAaeMbIX
TMyHKTax K CTAHUHOHHOMY pereHepaTtopy, a Ha HeoOCJAyXKHBaeMbIX
NYHKTaX — K JUHEHHOMY [pereHepaTopy.

PaccmoTpum cnocobbl mocTpoeHUsl 000PYAOBAHUS BBHIACACHUS LHP-
poBLix moToKoB. HaunGosee mpocTo BHIAENCGHHE H BBOA UM(POBLIX IO-
TOKOB MOTYT OBITb OPraHM30BaHBI ¢ IIOMOILBLIO 000PY/A0BAHHA BPEMEH-
HOTrO Tpynnoo0pas3oBaHus, aHAJOTHYHOTO YCTAHABJAHBAEMOMY Ha OKO-
HeuHbIX craHuuax. CTPyKTypHas cxeMa Takoro o6ODYAOBAHHS AJA
BblJe/eHHs] OJHOTO HaNpaBjieHHs MNepefauyd IpeicTaBJeHa Ha PHC.
3.26. Kax BHAHO M3 pHCYHKa, rpyImnoBoil uudpoBoi NMOTOK pasjenser-
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Puc. 3.26. CrpykrypHasi cxemMa OO0ODYIOBaHHf BbLAEJEHHS HHGPPOBHIX TOTOKOB ¢

sl Ha ¢ KOMIIOHEHTHHBIX UH(MPOBHIX NMOTOKOB, H3 KOTOPHIX B IIOTOKOB
yepes cOOTBETCTBYIOIHe OJOKH CONPSXKEHHs (ACHHXPOHHOTO HJIM CHH-
xpounoro) BCpp, mocTymaloT Ha BBIXOJ 00ODYNOBaHHSI BbIAeJEHUs, a
ocraspHbele g—Fk UAPPOBHIX [IOTOKOB COBMECTHO € R ITIOTOKaMu, fio-
CTYNAKUUMH Ha BX0J 000DYAOBaHHUS BBHIAEGJNEHUS, yepe3 COOTBETCT-
pyoire BCrep 0ObEIHHSIOTCA B IPYNNOBOH TOTOK. Taxum o06pasom,
B 060DYIOBAHUN BbLIAENEHHS INASI §—KR HEBBIAENSEMBIX TOTOKOB OCY-
UIeCTBJASIETCS TPAH3UT IO B0jee HH3KOH CKODOCTH nepeladi.

[Tpu takom cmnocoGe BbAeneHHs LUMPOBHIX MOTOKOB 060pyIOBa-
HHe BBAEJNEHHS BKJIIOUaeTcs NOCAef0BAaTeNbHO B JIHHEHHBIH Tpaxr.
IlosToMy B myHKTE BBIAEJNEHHA AOMXKHA COAEPKATHCA 1Llemb 0O6x0Aa
060pYyIOBaHHS BBLAEJEHHS TPYIIIOBBIM LM(POBEIM NOTOKOM, Ha KOTO-
pylo mepexsioyaeTcs JHMHEHHBIT TPaXT TPH aBapHu B 3TOM 060pYHO-
Banun. IlpaBuabHocTs paGoTel 00OPYLOBAHUS BBIACJICHHA KOHTDPOJIH-
pyeTcsd cpaBHEHHEM HeBbIAeJsIeMbIX MOTOKOB (MM YacTH 3THX IIOTO-
KOB) Ha BXOJe M BhIxome 060pynoBaHusi BhllesneHHs. B cayuae Hecos-
NajleHdss cpaBHUBAeMBIX CHMBOJIOB B YCTPONcTBe KOHTpOJsA Bhpada-
THIBA@TCS CHTHAJ, OTKJIIOUAIOMIHH ¢ MOMOIIBbIO JIOTHYECKOTO 2JIeMEeHTa
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HET o6GopynoBaHue BbiAe/eHHs H BKJOUAMUHHA ¢ NOMOLIbIO JorHye-
cxoro snementa M nenb obxona.

Juist peanusanuy paccMOTPEHHOT'O CHOCOGA BBIAENEHHs LH(DDOBBIX
MOTOKOB He Tpebyercs CHelualbHOTO 000pyA0BaHus Bbiresenus. On-
HAKO npu 3ToM 00beM 060PYAOBAKUSA BHUICICHHA DaBeH YIABOECHHOMY
o0beMy 060DYI0BaHUSI OKOHEUHOH cTaruuu. Kpome TOro, TPaH3HT He-
BbIJeJAeMBIX LH(PPOBBIX IOTOKOB 10 00J€e HU3KOH CKOPOCTH BHOCUT
B 3TH HOTOKH AOTOJHHTENbHBIE BpeMeHHble GUIYKTyallud ¥ HepepHBbl
CBSI3u M3-3a ¢00EB CHCTeMB LUHKJIOBOH CHHXPOHH3AUHUH M IPHEMHHKOB
KOMAIlJ COTNaCOBAHHsS CKOpOCTeH B 00OpYAOBaHMU BBIAEEHHA'.
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CymecrBeHHoe coKpallleHHe ofbeMa 0GOPYAOBaHHS M yCTpaHe-
HYe HEKOTOPHIX BHAOB HCKa’jKeHUil IepefaBaeMblX CHTHAJOB MOXKET
OB{TL AOCTHTHYTO MPH HCIOJIb30OBAHME CHELUANU3NPOBaHHOrO 060py-
IOBaHHS BBLIEJEHHA LHPPoBbX norokos [60]. Crpykrypuas cxema
Takoro 000pyaoBaHHs NpefcTaBaeHa Ha puc. 3.27. B atom obopyno-
BAHHM HEBHegeMble UH(QPOBHE TOTOKA MOCTYNAIOT HAa BXOL CXEMBI
00bEIHHEHHS] HENOCPENCTBEHHO € BBIXOZA KaHAJbHOIO paclpereauTe-
Asi. B pe3yabTate 3TH HOTOKH HE MOJABEPralOTCs -ONEPAlHH BOCCTAHOB-
JIeHHA TEePBOHAYAIBHOH CKOPOCTH B NPHEMHOH uactd o60pymoBanus
BblJ€JIeHHUs ¥ TOBTOPHOrO NpeoGpasoBaHHs CKOPOCTH B mepeialomel
4acTH 3TOro 000pyAoBaHHSA. EcTecTBEHHO, YTO MPHU 3TOM COOTBETCT-
BYIOLLHE YNPaBASAIOLUIEE HMNYJIbCHbIE [0CTeJOBATENLHOCTH, TeHEepU-
pyeMble B nepeflalolled ¥ NPHEMHOH yacTaAX 000pyNOBaHMs BHILeJe-
HHA, NOJXKHBl COBNANATh 110 YacTOTe H BPEMEHHOMY INOJIOXKEHHI. DTO
ofecneynBaercss BBEJEHHEM ClENHANbHBIX CHHXPOHH3HDYIOUINX LeTel.
CiaenoBaTenbHo, MPH TakoOM crocoGe NOCTPOEHHsT OBOPYRLOBAHHA BHI-

ucnoapsonpanucm OB

! TIpy CHHXDOHHOM peXHMe PalOTHi OKOHEUHBIX CTAHIHH HMEIOT MeCTO TOJBKOC:
NOTOJIHATENbHEE [lepephiBE CBA3H H3-32 COOEB CHCTEMbl LUKJOBOH CHHXDOHH3ALMF
060pyA0OBaHHS BEIZENEHHS.
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JeJteHHst OTCYTCTBYeT MepenpHeM HeBLIeJsieMHX LH(PPOBHIX TIOTOKOB
no Gosee HU3KOH CKOPOCTH, a 3HAUHT, He BO3HHKAIOT JOMOJHHUTE/b-
Hble BpeMeHHBle (JIYKTyaluH H JONOJHHTENbHbIE TepPEepHIBHl  CBA3H
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Puc. 3.27. Crpyxtyphas cxeMa CHeUHaJH3HPOBAHHOTO O06GOpPYAOBaHHSA  BHIEJIEHUS
LE(PPOBLIX NOTOKOB, NOCAENOBATE/NBHO BKJIOYAEMOr0 B JIHHEHHBIH TPakT

H3-32 ¢60€B NPUEMHUKOB KOMAaHA COIVIACOBAHHA CKOPOCTeH npu pabo-
T€ OKOHEYHBIX CTAHLUHH B aCUHXPOHHOM pexume. Bujgensemple u
BBOJNMble LU(POBEE NOTOKH NOABEPralOTCA TEM 2Ke 1peoGpasoBatH-
sIM, 4TO ¥ TIPH PACCMOTPEHHOM BHIllle CIOCOGe.

K neazocraTkaM Takoro cmocofa Caeiyer OTHECTH HaJHUHE AOMOJ-
HHUTEJIbHBIX TIEPEPHIBOB CBSABH MEXKAY OKOHEUHBIMHM CTAHUUSIMHU H3-3a
©60eB CHCTEMB! UHKJIOBOH CHHXDOHH3AUHH B OGODYLOBAHHH BhlfeJe-
Hudi, HEOﬁX‘OH,I/IMOCTb pasnmeieHuss u 06’be,ﬂ,HH-eHHH HERBIENAEMBIX I10-
TOKOB HECKOJIbXO YCJAOMKHSCT O50DYLOBAHUE BblIETEHHS.

Cnoco6 moctpoennss 06opyRoBaHHS BBLACIEHHS, cBOGOANBI OT Iie-
PEUNCIEHHBX HeNOCTAaTKOB, 3akjouaercs B ToM (puc. 3.28), uro mo-
CJIC0BATE/BHO B JIHHEHHBI TPAKT BKJIOYAIOTCS JIALIL TPeobpasoBa-
Teau KoA0B [IKpy, ITKgep u smoruueckue snementst HET u UJIU. Oc-
TaJlbHAA YacTh 0GOPYNOBAHMS BBIACNEHHS NOAKJIIOYAETCS Napalliesb-
HO K JIMHEHHOMY TPAKTy B TOYKAX, PACOJIOKEHHBIX Ha Bhixone ITK,
1 8x0le ITKyep. B mpremuuke cunxpocHrHana onpesessieTcs BpeMen-
HO® TOJOXKEeHHe ITO3MIUA, COOTBETCTBYIONINX BBLIeNseMOMy (a cCie-
ZOBATENBHO, ¥ BBOAMMOMY) LH(PPOBOMY MOTOKYy. C TOMOUIBIO JOrdYe-
ckoro anementa HET sampemaercst nepenawa wupopMauun na srux
MO3MNHAAX, 2 HHGbOPManus, NepejaRaeMas Ha JAPYTHX BPEMEHHHX II0-
SHLHUAX, TPAHCAUDPYETCS HenocpelcTBeHHO K cranuud B. C nomouisio
Jorudeckoro snementa MJIM ocymecTsasiercs o6beAHHEHHE HeBbile-
JISIEMOTO U BBOAMMOTO IU(GPOBHX TIOTOKOB.
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B pesyabrare 3a cdueT OTCYTCTBHA Ipoliecca pasjejeHHs H 00D-
€IHHEeHHA HeBBIeJseMbIX TIH(POBHIX NOTOKOB CYLIECTBEHHO COKpalla-
ercsl, 0 CPaBHEHHIO C ONHCAHHBIMH BBHIIE cnocobaMH, o6beMm 06o-

Yempodembo
KORMPONR
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Prc. 3.28. CrpyxTypHas cxcMa CHeUHAJH3HPOBAHHOTO 06ODYAOBaHHsI  BbiJEJIEHUS
uHpPOBHX NMOTOKOB, NapaJliebHO MOAK/0YAEMOTO K JIHHEHHOMY TPakKTy

DPYAOBaHHSA BHJAEGNEHHSA H TPAKTHUSCKH VCTPAHSAIOTCA IONOJHHTENbHbIE
TEePepHBBl CBA3M MEXAY OKOHEYHBIMH CTAHUUAMM NpH cOOAX IMKJIO-
BOH CHHXPOHH33UHH B 3TOM OGOPYIOBaHHM. 3a CUET MapaJsieqbHOI0
TOAKNIOUeHHs 000py0BaHUS BBHIAEIEHHS K JHHEHHOMY TpPakTy OHO
MOXKET HCTOJNL30BATHCS ‘KAK Ha OOCAYXKHBAEMBIX, TaK U Ha Heobcay-
KHBAEMBIX MYHKTaxX BBIJEJCHH.

3.5. Ilepegaya HU3KOCKOPOCTHBIX [JUCKPETHHIX CHI'HAJIOB

ITox HH3KOCKOPOCTHBIMH AHCKDETHBIMH CHIHaJaMi OOBIYHO TOHH-
MAaloT IOCNEI0BATEAPHOCTh IBOMUHBIX CHMBOJIOB, NepelaBaeMblX €O
cxopocTaMu 50—9600 Gur/c. JlacKpeTHble CHTHAJBl BBOLATCA HEMNO-
CPEJCTBEHHO B T'PYMIOBOH TPAKT UM(POBBIX CHCTEM INlepelaud Ha Bpe-
MEeHHble TO3UIUH OTACABHBIX TeleoHHBIX Kauaaos. Cxopocth uug-
POBOTO ‘TIOTOKA, COOTBETCTBYIOIIEr0 OAHOMY TeJe(OHHOMY KaHauXy
(64 x6uT/C), 3HAYUTENBHO BHIIIE YKA3AHHBIX CKOPOCTEH Nepefays IHC-
KQBTHI)IX ‘CHrHAaJIOB, TIO3TOMY IIpH UX INepejayve OCHOBHOE BHHMaHHE
yaeiasercs He 3(p@MEKTHBHOCTH HCIOJB30BAHHS MPOTIYCKHON CIOCOOHO-
CTH TPYIIIOBOTO DPAKTa, & NMPOLCTOTE 'OCYMECTBICHHNA Takoi nepegadu.

HauGonee mpocrolt cmocof BBOAa MUCKPETHHIX <CUMHAJNOB  (PHC.
3.29,a) 3axnaouaercs B TOM, 4TO 3TH CHTHaJBl CTPOGHpyIOTCA (pHC.
3.29,6) «¢ uactoToit forp, @ MAKETH WMIYJIbCOB, COOTBETCTBYIOIIHE BXOJ-
HbIM JQMCKPETHEIM cHTHaglaM (puc. 3.29,8), BBOAATCA B TIDYNNOBOH
TpakT. IIpn 2TOM [ONXKHO BHIIOSHATHCS COOTHOMWIEHHE forp==100f./g,
TAe f; — MakcnManbHas 4acToTa CleXOBAaHHS JHCKPETHBIX CHIHAJIOB;
g—,tg/O‘HYCTHMaH BeIHYHHA KPAaeBBIX HCKAXKEHWH JHCKPETHHIX CHTHa-
JIOB, ‘Yo.
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B npreMHOM ycTpoficTBe BOCCTAHABJMBACTCS OTHOAIONIAN HaKe-
TOB MMIYJbCOB. IloCKOMBKY makeTsl WMIYabLCOB B CPeAHEM Ha O/HMH
NEPHOL CTPOOUPOBAHHSA KOPOYE HCXOAHBIX HMIY/LCOB, OMHOGAIONIYIO
HeoOXOMAUMO YIJIHHHTL Ha ONHH TIEPHOA. Oru6aollyto nakeTa MOXHO
BBUIEINTD MOAaYel Ha ORMH W3 Pa3ieJbHbIX BXOLOB TPAITEpPA IOCTE-
JORATEJIBHOCTH TAKETOB HWMNYAbCOB (¢M. pue. 3.29,8), a Apyroi —

a) Z
NN NSRRI REREERANEE
0] ¢t Puc. 3.29. Bpemennnie auarpamMms
paboTel  ycTpofictBa Iepejayd [u-

-T}{_U—LU-___‘.{_UJ_U_LU—UJJ_? CKDETHBIX CHFHAJIOB Ge3 KOpPeKLUHM

i 1 BPEMeHHLIX  CABHMIOB: @) JHCKpeT-

_IJ_II 1irin! | ], HBH cHrsan; 6) crpoGupylomas no-
2 T 2 | ¢ ClIe10BaTelbHOCTD; 8) mnepejaBae-
! } i | MBIC MaKeTsl HMIYJIBCOB; &) HHBepC-
[ 1 I —1 .. uble TNakerel HMOyJbcOB; J) BoOC-
a) 1 cTaHoBNEHHBIH QHCKPETHHIA CHMTHAM

I0C/Ie/l0BATENBHOCTH HHBEPCHHX HM makeroB (puc. 3.29,e). Crpyk-
TypHas cXeMa yCTDOHCTBa BbLACJEHHs] OTHOAIOUEH Iayex HMIYJbCOB
npusefena na puc. 3.30.

Taxo#t cnocob mepexadn AHCKPETHBIX CHrHANOB HAXOMHT LFIPOKOE
NpHMeHEeHHe TIPH nepefade Kax TeaerpadHbiXx CHTHAJI0B CO CKOPOCThIO
50~200 Box [61], Tax u ciayXeGHbIX CHIHAMOB [0 TPYNIOBOMY TpaK-
Ty mepuunHX IICIT (Hanpumep, CHTHAJIOB YHpaBjenus H B3aHMO-
neficreust). Ilpn 3TOM HpomycKHas cnOCOGHOCTh TPYIIOBOTO TPakTa
Hcnodp3yercs Jumip Ha 5—209.

aremsr umryasco8
Pre. 3.30.  Brizesurens e i
orubarmei IaKeToB HM- Jr ET UMIYSBE0
NyJIbCOB !

MoxHo nmoBBICHTD KOIDDUUUEHT HCIOIB30BAHNA NPONYCKHOH CMo-
COGHOCTH TPYNNOBOrO TPAKTa, €cAH HAGOPMAUHIO O BDPEMEHHBIX I[0-
JOKEHUAX (DPOHTA JHCKDETHBIX CHTHAJIOB NePelaBaTh B MPHEMHOE
yCrpoiictBo B ABOMUHOM Koie [62]. KosdpHUMEHT HCmob30BaHHMS
Bospacraer B G/log, G pas (rze G=100/g), uTo cOOTBETCTBYET yMEHb-
LICHAIO CKOPOCTH Tepelaud HEPOPMAUHH ABOHYHBIM KOAOM IO CPaB-
HEHHIO ¢ eIMHMYHbIM. EcTecTBeHHO, MTO yeM Bbiuie TpeGyemas Tou-
HOCTb BOCCTAHOBJC€HUS BPEMEHHOTO TIOJIOZKEHUSI, TeM BhHIlIe 9(1)!(1)8KTHB-
HOCTh 3TOTO cnocoba. ‘

BpeMennnie AHarpaMMbl, NOSCHAIUINE Taxol CcHOCOG mepexaun,
npuBelensl Ha puc. 3.31 [62, 63, 95]. Koxnposanne HcX0AHOTO ABO-
HIHOrO CHrHagna (puc. 3.31,a) 'OCYUIECTBJAETCS C NOMOLLBIO CTpO6H-
PYIOIE# NOC/ae10BaTeIbHOCTH (pHC. 3.31,6): npu OTCYTCTBUHM Tepe-
xoxa popmupyercs myan (puc, 3.31,8), a npu HaJIHYUA — €AMHUIA,
HECyllast B MPHEMHOE YCTPOHCTBO HHPOPMALHIO G TOM, YTO MEPEXoi
TIPOH3OIIEN BO BPEMEHHOM HHTepBajle, HENOCPEACTBEHHO NpelecT-
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BylouleM 2Tofi exnHuue. 3ateM GopMupyercs €IAHHHLR, €CHH NEepexol
npousolles B NEPBOH NOJOBHHE 3TOTO HMHTEPBaia, HJIM HYJb — BO
BTOpoit mosopuHe, TpeTpuM CHMBO/IOM KOLHPYeTCsl 3HAaK Mepexoja:
HyJeM OTMEYaercst Tepexoid OT HyJAs K eJHHHLe H eJHHHIed — OT
©IMHULBL K HYJIO.

e 1 I 1 1 1
a) t
it parvp e by atratet
j 7
11 Il | i
2 3

Puc. 3.31. Bpemenusie puarpammbl paGoTsl yCTPOHCTBA BBOAA MMCKpeTHOH wundop-

MAaIHM ¢ KOJHPOBAaHHEM BPEMEHHOI'O IOJIOXKEHHS (POHTOB NepelaBaeMblX CHIHAJIOB:

) JHCKPeTHsIA curuamg; 6) cTpobHpyOINas MOCAeJ0BaTeNbHOCTD; 6) KOAOBBIE IPYI-
IIbl, COOTBETCTBYIOLME IIOJOKEHHIO llepeaaBaeMblX CHI'HAJIOB

TakuM 00pa3oM, NOCKOABKY Ha MHHHMAaJbHBIA HHTePBal MeXAy
TepexofaMH NPHXOANTCS He 'MeHee TpeX CTPOSHPYIOUIUX HMIYJbCOB,
KO3 hHIHEHT HCIONb30BAHNA INPONYCKHOH CNOCOOHOCTH TPYIHIOBOTO
TpakTa IpH TakoM crnocobe nepenaun mocruraer (,33. Tax kak Bpe-
MEHHOe [OJOXKeHHe (POHTA KBAHTYETCS € TOYHOCTbIO A0 HOJOBHHBI
TIepHOAA CJIe0BAHUS CTPOOUPYIOMUX HMIYJbCOB, KDaeBble HCKaXe-
HHA He TPeBOCXOAAT 1/12 IHTeIbHOCTH 3/71eMEHTAPHOH MOCBLIKH, YTO
cocrapisier *8,3%. Ecan tpebyercs ofecneunTb MeHbIIHE KpaeBbie
WCKAXKeHHUsi, TO HeOOXOAUMO yBEJMYHTD YacTOTy CaAefOBanua cTpodu-
PYIOHIHX HMNYJAbCOB. TaK, YBEeaAHUEHHE YUCJIA CTpOGprIO»U.II/IX vI/IMf]'IyJIIr
COB, NIPHUXOAAMIMXCA Ha OJHY 3JIE€MEHTApHYIO MOCBUIKY 10 UeThIpex,
NO3BOAACT NEePeiaBaTh HHPOPMALHIO O BPEMEHHOM NONOXKeHWH (pPOH-
Ta ¢ TOYHOCTBIO A0 1/4 mepwoxza cTpobUpOBaHUS, B PE3YJIbTATE YETO
KpaeBble HCKaXeHHs He npepocxonst 1/16 myuTenbHOCTH aJeMeHTap-
HOH TOCBIIKY, MTO coctaBiaser =3,1%. Onnako npu 3ToM Xo3dpunu-
€HT HCIIO/b30BAHUA MPONYCKHOR CIOCOGHOCTH TPYINNOBOrO  TPaKTa
ymenbmaercs 1o 0,25.

HenocTaTkoM 13/10KeHHOTO cmocoba SABASETCS TO, 4TO IPH Tepe-
Jlaie HEeCKOJNDLKHX CJIeIyIOLUX TMOAPAL OAHOUMEHHBIX MOCHIIOK HCKa-
JKeHHe CHMBOJIA, Hecylero HHE(GOPMAUHIo O NOJSPHOCTH IEpexola,
BBI3bIBAET MHBEPCHIO BCEX STHX MOCHIIOK BIJIOTH JO C/AEAYIOIEro me-
pexoaa. Jlis ycTpaHeHHS 3TOTO HEL0CTATKAa MOXKHO IEePHOJHYECKH Ie-
peraBarth HHGOPMALHI O NOJASPHOCTH HOCHIIOK B NPHEMHOE YCTPOH-
CTBO ¥ IIPY OTCYTCTBHE mepexoia [64], Tem Gojee uTo B ONMCAHHOM
Bhillle crnoco0e HHQOPMALHOHHAS EMKOCTh KaHaja  HCIOJb3yeTcs
TOJbKO npu nepenavye ‘HepBOfI n3 upcjaa CaeiyloIlHx ToADPAJ OAHO-
MUMRHHBIX TIOCHLIOK,

Hanbuefiurec nopbiulenne ko3 GUIAEHTa HCIOb3OBAHUSA TPYITO-
BOTO TPAKTa MOXKHO O0ECIHeUHTb, €CIH 3HAYNTENbHO YMEHBLUIHTL Yac-
TOTYy CUMTHIBAHASA, & BO3HMKAIOUIHE MPH 5TOM BpPEMEHHBIE C/ABMIH,
NpeBBILIAIOIIHE ONYyCTHMblE, 00HapYKHBATL ¥ KODPEKTUPOBATL B
npHeMHOM ycTpoiictse [41, 65].
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BpemenHsie quarpaMMul, TpHBENEHHBE HA DHC. 3.32, MJUIOCTpH-
PYIOT BTOT CHocO0 TPH COOTHOLIEHWH YacTOT 3aNHCH M CUHTHIBAHHSA,
paBHoM 2/3. B CUHTaHHOM MMUYJbCHOH NOCJHETOBATEJILHOCTH  (pHC.
3.32,a) peryaspHo uepeRyloTcs aBa HHOODMAUHOHHBIX CHMBOJA H

Ll Ll Ll i b 1l 1
a) ¢
Puc. 3.32. Bpemennas nuarpam-
“y [ v N NN - Ma, WIIOCTPHPYIOLasi BHI OJHO-
) ? pojaHOR HMNYJbCHOH INoOCienoBa-
TeJBHOCTH (@), C OTPHUATE/BHE-
B O I O O O I I O T B MH (6) M TOJOKHTEJLHHMH (8)
. - 5} - z HEOJHOPOAHOCTAMH

oauH BpeMenHoil cmeur. CiaefoBaTe/bHO, Ha OXHOH M3 Tpex CIEAYIO-
KX APYr 3a APYNOM NO3HUHUA MNepelaeTcs peryJspHas NOCIeROBa-
TeNbHOCTh HyJefl (Ha NMO3WNHAX BPEMEHHBIX CIBHTOB), a4 Ha MPYIHX
JABYX NO3MLUAX — CJIyyafiHoe MepelOBaHHe HyJdeH M efuHML, AHa/us
CHrHAJ/IOB, NEpefaBaeMbx HA OTHX TPeX MO3HUHUAX, T03BOJSIET JOBOJb-
HO NPOCTO OOHAPYXKHUTh TO3HLHUH, HA KOTOPHX (POPMUPYIOTCSH BPEMEH-
Hble cABUTH. ONHAKO NPU CONPSIKEHHH aCHHXPOHHHIX CHTHA/IOB COOT-
HOLIEHHe YaCTOT 3aIHCH M CYMTBIBAHUS MOXKET OBITb JIHOO HECKOJbKO
6oublie 2/3 «(cm. puc. 3.32,6), 1160 HECKONBKO MeHbIe 2/3 (CM. pHC.
3.32,8), B pe3yabTaTe Uero B CUXTAHHON HUMIYJbCHOH TIOC/]eJ0BaTe b
HOCTH OYIYT BO3HHKATh HEOJXHOPOLHOCTH.

B nepsoM caydae 3TH HeOZHOPOXHOCTH NPHBOAST K (opMuposa-
HHI0O B CYHTAHHOH HMIYJbCHOH IOCJAEJOBATEJBHOCTH Tpex HH{popMa-
UHOHHBIX CHMBOJIOB MEXAY ABYMS BDeMeHHBIMH cAuramu. Bo BTO-
pOM ciyuae HeOJHODOJAHOCTH TPOSABAANTCH B (ODMHDOBAHHM B CUH-
TAHHOH WMIYJIbCHOH II0CTAEN0BATEILHOCTH ONHOTO HH(POPMAalHOHHOTO
CHMBOJIa MEXJY JBYMS BPEMEHHLIMH CABHIaMH.

B npuemHoM ycrpoiicTBe HeoOX0mUMO OOHAapyXKuBaTh M KOPPEKTH-
pOBATb BPEMeHHBIE CABHIM C YI€TOM BO3HHKAIOIUHX HEOJAHOPORHOCTEH.

ITpouecc 06napyKeHusi BPEMEHHBIX CHBHTOB aHAJOTHYEH MLDPOUEC-
Cy TIONCKA COCTOSHHS LUWKJAOBOH CHHXDOHH3AaUMH TNPH Tepejaue CHI-
HaJIOB ¢ TiepeMeHHHM LukjaoM!. IluxnoM B naHHOM ciyuae fBJsieTcs
TLePHOM c/IefloBaHHs BpeMeHHBIX cAsHros. IIpu TakoM cnocobe mepe-
Jaud IHCKPETHHIX CHIHAJIOB MOBBILEHHe KOA(Q(hHUHEHTa HCIONb30BA-
HHS TIPONYCKHOH CIOCOGHOCTH T'DYNNOBORO TPAKTa CBS3aHO ¢ ‘OBICT-
PBIM POCTOM CDe/Her0 BPEMEHH IOMCKa ITO3HLMH BPEMeHHBIX CIBHIOB.
TlosToMy KO3(pHIHEHT HCIIOJb30BAHUSA TPONYCKHOH CHOCOGHOCTH
IPYNTIOBOr0 TPaKTa B CHCTEMax, NOCTPOEHHBIX II0 TaKOMy cnocody,
BHIGHpalOT 06biyHO OT 0,5 (uTO MO3BOASET HanGoOJee NPOCTO pelIaTh
BONpoc oGHapYKeHHs BPEeMeHHBX cABHroB) jo 0,9. .

' B Takofi cucreMe Jywobasg omHOKa Ha HO3UUHH BPEMEHHOrO CIBHMra BHI3LIBAET
HayaJo npouecca NMOHCKa STOH NO3HIHH. [IpaKkTHuecKas peajin3allisi HaKOMHTeJeH,
MO3BOJIAIOMWIAX YMEHBHINTh BJHSHHEe NOJA0GHBIX OWMGOOK, NOBOJBHO 3aTPYAHHTENbHA.
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Tnamsa 4

IOHEKJOBAA CHHXPOHH3ALUSA
B TH®POBBIX CHCTEMAX IIEPEJAYH -

4.1. CrpykTypHas cxema
CHCTeMBI I[UKJOBON CHHXPOHU3AIUK

CucreMa IUKJIOBOH CHHXPOHHM3aUMH INpeAHA3HaueHa /s BOCCTa-
HOBJIEHHS H yJAep:KaHHUS COCTOSIHHS HHKJOBOTO CHHXPOHH3MA MeXEY
nepefatomell ¥ NpHeMHOH yacTAMH UWGPOBHIX cucreMm nepegaud. Ona
BKJIOuaer B cels nepelaTyHK M TPHEMHHMK cHHXpocurnaJja.:Ilepenar-
qgK (opMUpYeT B Iepeiamoulelil YacTH KOJOBYIO T[DYNIY OMNpeneeH-
HOH CTPYKTYpPHl, PACIOJOKEHHYIO B Hauajle IOUK/Ia Nepefaud. B mpH-
eMHHKE OCYUIECTBJASETCS ONO3HABAHWE KOAOBBIX [IPYIIL, . CTPYKTypa
KOTOPHIX COBHAf4€T CO CTPYKTYPOH CHHXDOCHrHaJ/a, U IMPHHUMAETCS
pellieHve O NPHHANJIEKHOCTH ONO3HAHHHIX KOMOBBHIX TPyNN mepeja-
BaeMOMY cHHXpocHrHaay. Ilpu oOHapyXKeHHH NHKJIOBOI'O CHHXPOCHT-
Haja IpOM3BOJHTCA (a3upoBaHHe TeHepaTOPHOIo 000pyAOBaHHA NpH-
eMHOH yacTH. B COOTBETCTBUHM C ITHM INPHEMHHMK HUKJIOBOIO CHHXPO-
CHTHana BKJAOYaeT B cels ONO3HABATENb CHHXPOCHTHANA, HAKONHTE-
JH [0 BEIXOAY H3 CHHXPOHH3MAa H MO BXOJAY B CHHXDOHH3M, & TaKkKe
CXEMBl YNpaBJEeHHS PeHeDATOPHBIM OO0OPYAOBAaHHEM H HaKOMATEJNIMH.

Heo6xomumo, uToOBl BOCCTAHOBJEHHE COCTOSHHSI CHHXDOHH3Ma
DPOHCXOZHJIO KaK MOMKHO OBICTpEe, a 3aTeM YIepXKHUBaJOCh KaK MOX-
O aosbine. IIpoTmBopeuwBocTb 2THX TpeboBaHHH 3akAioyaercs B
TOM, 4TO BBICOKAsl MOMEXOYCTOHYHBOCTH CHCTEMB! LMKJOBOM CHHXPO-
HH3alHH (ompenenseMas JNJHTENbHOCTBIO VAep:KaHHA. COCTOSHMS CHH-~
XPOHH3Ma) HOCTHTaeTCd BKIOUEHHEM HAKOIHTEJNBHBIX YCTPOHCTB, KO-
TOpHE 3aMENJSIOT TPOLECC BOCCTAHOBJEHHA cHHXpoHH3Ma. CiexoBa-~
TEJBHO, UEM BHILIE HOMEXOYCTOHYMBOCTb CHCTEMBI HHKJIOBOM CHHXPO-
HH3alWH, TeM IOJblile NJIHICA INPOILECC BOCCTAHOBNEHHS - CHHXPOHH3-
Ma. IToaroMy B cmcreMax CHHXPOHH3alHM BHIGHDAeTCss MHHHMAajbHAa®
eMKOCTb HaKOIHTEJBHBIX YCTpoHCTB, obecneunBamouias TpebyeMyio
HOMEXOYCTOHUNBOCTD.

o npunmumy JeACTBHA INPHEMHHMKH HHKJOBOTO CHHXPOCHTHaJa
MoryT OBITh DasjieseHbl HAa HeaJaNTHBHHE M alanTHBHbE. B neazam-
THBHBIX INIPHEMHHKAaX €MKOCTH HAKONHUTEeJNbHBIX YCTPOHCTB COOTBETCT-
BYIOT IIpejmojiaraeMofi 3apaHee BepOSATHOCTH HCKAXKEHHS CHMBOJIOB
B JIHHEHHOM TpaKTe H He H3MeHsdloTcsl B mpouecce pabGote. B amam~
THBHBIX NPHEMHHKaX eMKOCTH HaKOTHTEeJbHBIX YCTPOHCTB H3MEHSIOTCH
B COOTBETCTBHH C H3MEHEHHEM peasbHBIX 3HAYEHHH 3TOH BEPOSTHOCTH.

CTpykTypHast cxeMa HealaNTHBHOIO HPHEMHHKA CHHXDOCHTHaJia
npeAcrasieHa Ha puc. 4.1. pynnosofi uudpoBofi noTOK - mMocTymaer
Ha BXOJ ONO3HABaTeNsl CHHXPOCHIHANa, COCTOSIIEr0 U3 perucrpa
capura (PC) u nemmpparopa (Huw). Kaxknas xomOGuuauus cHUMBO-
JIOB, AaHAaJOrMyHas CHHXDOHH3MpYiollel, Bhi3tiBaer (QOpMHpOBaHHe
.curiana -Ha Bhixofe [m. Ecan cuereMa nepefayd Haxogutes B.-co-
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CTOSIHHH CHHXPOHH3MAa, TO CHFHAJ C BBIXOJA ONO3HABaTeJs coBHalaeT
IO BPEMEHH C CHTHAJIOM ¢ BBIXOJa TeHepaTOopHOro o6opyroBaHHsA
(T'O). Ilpn oToM Ha Beixoxe jorudeckoro sjementa HET, coenmnen-
#HOI0 C HAKOIHTeNeM MO BbIXOAYy H3 CHHXPOHH3MA, CHTHAJ OTCYTCT-

oy vos
& pynnobod caeRan e
L

oy cos

Fraowadamess]

Hawonanmens
| HET no Beixody
U3 CURXDORUIMA

1 Haxondmens
#y ng 6xo8y
§ CunXporuIM
[ N

‘Puc. 4.1. CTpykrypHasi cxeMa HeaJalTHBHOrO NPHEeMHHKA CHHXPOCHTHaJa:
KP — kaHajlbHBIR paclpenenuTens

BYET, a4 HA BBIXOAE JIOTHYECKOTO 3JEMEHTa Hl, COCAHHEHHOI'0 C HAKO-
TIMTEJEeM [0 BXOAY B CHHXPOHH3M, (DOPMHPYETCs CHTHAJ, COOTBETCT-
‘Bylomuii MOMEHTY ONO3HABAHHA CHHXPDOKOMOHHAUMH. B pesysbrarte
HAKONKTeIb IO BXOAY B CHHXPOHH3M (pacCudTaHubii oObLIYHO Ha ABa-
TPH CICAYIOIHX TOAPAIL HMIYJbCA) OKA3HBAETCS 3alOJHEHHBIM, a
HAKONHTEJIb TO BBIXOAY M3 CHHXPOHH3Ma (paCCUMTAHHBI Ha UYeThpe-
UIECTh CAELYIOUHX NMOAPAA UMIYJBCOB) — DPA3PAKEHHBIM A0 HyJeBO-
TO0. cocrosius. JloxHBIe CHHXPOTPYNNb, (GOPMHpPYEeMBIE B TDYIIIOBOM
fCUTHAJIE BCJEJCTBUE CAYYafHOPO COUETAHUS EIAMHHI, H HyJeH, He COB-
TanawT, €CTeCTBEeHHO, M0 BpEMEHH C CHI'HaJOM Ha BBIXOJ€ TEHEPaTOp-
{HOTO 000pYyZOBaHHS, a CJIE€IOBATEJNBHO, H HE YYaCTBYIOT B TIpOLECcce
HaKOIJIEHHSL, .

ilJpr KpaTKOBpEMEHHBIX HCKAXKEHHSIX CHHXDOCHTHAJa, BO3HHKAIO-
mux anbo mpu cBOAX CHHXPOHH3AUMH B cucreMax 0ojee BBICOKOTO
mopsiiKa, JHOO NOZA BO3JeHCTBHEM ITIOMeX, CHTHaJ C BBIXOAA TIeHepa-
“TOpHOrO OOOPYHOBaHHST HDOXONUT uepes JjorHueckuit sneMment HET
‘Ha BXOJ HAKONUTEJNf IO BHIXOAY M3 cuHXponumama. OgHAKO eciu Ha-
KOTHTeNb He yCNeeT 3aNOJHHTBCA, TO G0l CHHXPOHM3ALHH He IPOHC:
XOAUT, U N[O NI€PBOMY XK€ CHTHaJay C BBIXOAA HAKONHUTEJIA IO BXOAY
B CUHXDOHH3M OCYHIECTBJAAETCA cOPOC B HYJEBOE COCTOSHHE HAKOMH-
TeJIsA TIO BBIXOAY U3 CHHXPOHH3MA.

Ilpu OTCYTCTBHH CHHXPOCHTHAJA B 7 CJAEIYIOIHX NOAPSA IHKAAX
{r) — k03hOUNHEHT HAKOIJIEHHS B HAKONMTENE HO BHIXOLY H3 CHH-
XPOHH3MA) JNOTHYECKHH 3ieMeHT My OTKpHIBaeTCs H MEpBHIA K€ HM-
TyJIbe, ©HOpMUPOBABIIHACS HA BHIXOZE OMO3HABATENS H3 JIOKHOH CHUR-
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XPOTpYIIBL, INlepeBefleT IeHepaTOpPHOe O00OpYyAOBaHHE H HaKONHTENE
0 BXOAY B CHHXPOHH3M B HYJIEBO€ COCTOAHHE, a HAKONHKTEJb M0 BH~
XOAy W3 CHHXDOHH3MAa — B COCTOSIHHE, COOTBETCTBYylOllee ri—1 MM~
nyJbcaM Ha ero BXOJe.

Ecau jsoxuas cHHXporpynna cGopMHpyeTcs Ha OJHHX H Tex Xe
MO3HLUHSIX B IWKJIE MEHbIIE, YeM rp pa3 MOAPAN (r, — Koadduuuenm
HAKOIJIEHHS HAKOIHUTEeNs MO BXOLYy B CHHXPOHH3M), HAKONHTEIb HO
BBIXOY H3 CHUHXDOHH3Ma OKaxKeTCsd 3aN0JHEHHBIM H NpollecC Ol03Ha-
BaHHSl TPYNTOBOIO CHIHala NPOMOJKHTCA M0 MOMeHTa (GopMHDOBaHHSE
craenyioulell Joxiod cuuxporpynnel. CooTBercTByjoWHH € curuaz
¢ BBHIXOJAA ONO3HaBaTess, IPOHAA Uepe3 OTKPHITHIH JOTHUECKHEH 3Jje-
ment H,, ycranosur 'O B HOBoe cocrosiHme. DTOT NpoLUECC AJHTCSH
20 Tex TOp, moka He Oyaer HafjeHa HCTHHHAs CHHXporpynna.|Ecix
JKe JIOKHAA CHHXPOTPyImna chOpMHpYeTCs Ha OJHHX H TeX XK€ MOo3H-
IHSIX B LHKJE ry HJAH GoJsee pas MOAPSA, HAKOMHTENb TIO BHXOAY HZ
CHHXDOHM3Ma II€PEXOAHT B HYJI€BOE COCTOSIHHE U Npolecc O03HABaHHS
TPYNIIOBOTO CHPHANA IIpeKpaliaercd A0 TeX IOp, TMOKa BHOBb He 3a-
TOJIHUTCS HAKONUTENb 1O BHIXOAY M3 cHHXpomuaMa. OTclola chenyer,
UTO €MKOCTh HAKOMHUTENS II0 BXOAYy B CHHXPOHH3M [IOJI)KHA 6BITH BBIG-
pana TakuM o0pa3oM, YTOOH NPAKTHUECKH B TeyeHHe BCEre BPeMEHH
IOHCKA COCTOSIHHS CHHXPOHH3Ma HAKONHTENb IO BLIXOAY H3 CHHXPO-
HM3Ma OCTaBascs 3anosHeHHbiM. IIpH 3ToM He OyAeT IPOHCXOJHUTHL
CYLIECTBEHHOTO 3aMe[JIeHHs Ipolecca NOHCKA CHHXPOHH3MA.

IMpn o6HapyXeHHH HCTHHHOTO CHHXDOCHTHAJa HAaKOIUTEelb TO
BXOLY B CHHXPOHH3M 3amnoJjHsercd H cOpachBaeT HAaKOMHTENb IO BhI-
X0y M3 CHHXDOHH3M@ B HYJIEBOe COCTOSIHHE, B pe3yabTaTe uero odec-
neyyBaercs NOCTATOUHAs HHEPLHOHHOCTb CHCTEMbl LHKJOBOH CHHXPO-
HU3aIHH B peXWMe yAepanus cuHxpoHusMa. Takum o6pa3oM, Kak
BHIHO 43 puc. 42,0, B HeaNaNTHBHOM IIPHEMHHKE CHHXDOCHTHaJa
BpeMs BOCCTAHOBJICHHA CHHXPOHHU3Ma tB CKJaabIBaA€TCA U3 BPEMEHH
HAaKOMJIEHHS NO BBIXOAY H3 CHHXPOHM3MA lypex, BPEMEHH HaKoIJe-
HHS IO BXOJY B CHHXPOHH3M fypx U BPeMEHM IIOHCKAa CHHXPOCHUTHaga fy.

Henocratkn Takoro cmocofa TOCTPOEHHA MPHEMHHMKA ILHKJIOBOTO
CHHXDOCHTHAJa ONpPEeNeJSIOTCS NPexAe BCero TeM, UTO 3HAUEHHS eMKO-
CTH HAKONHUTeseHl 1O BHIXOAY M3 CHHXDOHM3Ma H MO BXOAYy B CHHXDO-
HH3M (HKCHPOBaHH. [leficTBHTENbHO, NPH YBEJIHYEHHH BEepPOSITHOCTH
HCKaJKEHHsT CHMBOJIOB B JIHHEHHOM TpDaKTe BPEMs YAepKaHHA COCTOS-
HHSI CHHXPOHHM3Ma OKa3hIBAaeTCst MeHble Tpe6yeMoro 3HavyeHus, a NpH
VMEHBIIEHHH BEPOSITHOCTH MCKAXKEHHsT CHMBOJIOB HMEET MeCTo 3anac
MO BPEMEHH YAePXKaHMS CHHXDOHM3MA H, CJII0BATEeNbHO, HEOGOCHO-
BaHHOE YBeNHYEHHEe BPEMEHH BOCCTAHOBJIEHHs cHHXpoHH3MA. [Tockons-
Ky 3HaueHHe BEPOSTHOCTH HCKaXKeHHs CHMBOJIOB B JIMHEAHOM TpakTe
B TeueHue BCero BpeMeHu pafoTH HAKOrA He MOXKeT GHTh TOYHO yC-
TAHOBJIEHO 3apaHee, B HeaJaNTHBHLIX NPHEMHHKAX LHKJIOBOIO CHHXPO-
CHTHaJIa NMPAaKTHUECKH HHKOTAA He MOTYT OHITh AOCTHTHYTHI ONTUMAJb-
Hble TTaDaMeTphl BDEMEHH BOCCTAHOBJIEHHS CHHXDOHH3MAa H TMOMeXxoyc-
TOHYHUBOCTH.

VKa3aHHBIY HENOCTATOK CTAHOBHTCS OCOGEHHO BAXKHEIM, KOT/lA IIe-
pemaua rpynmoBoro MoToKa OCYIIECTBASETCs He IO OTIeNbHOH mudppo-
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BOI cucreMe, a mo HeckoabkuM LICII, xoTOpEE K TOMY K€ MOTYT OBITH
OpPraHn30BaHbl HE  TOJIBKO TIO KaﬁeJlebIM, HO H pa'lll?HOpeJ]eﬁHbIM H
CHYTHHKOBBIM- JIHHHAM (CBA3H. Hpu 3TOM €CJIH nepepada iio Ka6eJbHBIM

Puc. 4.2. Juarpamma pa-
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Jieft. ‘KpoMme TOro, paccMOTpeHHHH ¢

4

aJalNTHBHOTO K BEPOSITHO-
CTH HCKaXeHHsi CHMBOJIOB
B JHMHEHHOM TpakKTe NpH
tutluex>ta.nux; 6) TO
Ke, NpH fnt-tupx<<lnmmxi
2) TOJHOCTBIO ajanTHBHO-
ro npu Ip-t+fasx<<tu.sux;
d) TO Xe, NPH tntlanx>

tB.BlzIX

JIHHHSIM OCYILLECTBJIAETCA OObIYHO
¢ AOCTaTOYHO HH3KOH BEPOATHO-
CTBIO  HCKa)KeHWSI  CHMBOJIOB
(10-% u Huxe), TO Ha pajguope-
JeHHBIX U CHYTHHKOBBIX JIMHHUSX,
XapaKTePH3YIOUIHXCA HaJHUHeM
3aMHpaHH#, 'BO3MOXKHO BpEMEH-
HOE IIOBLILIEHHE BEPOSTHOCTH HC-
KaXKeHHs1 CHMMBOJIOB cBhiue 103,
ITosToMy mpH mOCIEL0BATEAbHOM
BKJIOUEHHH LUPPOBEIX CHCTEM
mepefayd C BBICOKOA H HHM3KOH
BEPOSITHOCTAMH HCKaKeHHUSI CHUM-
BOJIOB B JHHEHHOM TpakTe MoO-
ket okasartbes, uro B LICIT ¢
HH3KOH BEDOSITHOCTBIO HCKaxe-
HHSl CHMBOJOB €MKOCTb HAaKOINH-
TeJbHBIX YCTPOWCTB MPHEMHHUKA
CHHXPOCHTHAJIa JOJXKHA COOTBET-
CTBOBATb peXHUMY paboOTHl C BHI-
COKOH BEPOATHOCTBIO HCKAaXKEHHS -
cuMB0JI0B. QueBHIHO, UYTO 3TO
tpeboBaHHe He MOXKeT OBbITh pea-
JNU30BaHO NPH (PHKCHPOBAHHBIX
3HAUEHHSAX EMKOCTH HaKOIHTe-
nmoco6 XapaKkTepu3yeTcs CpaBHHU-

TeJbHO OGOJBIIUM BpeME€HeM BOCCTAHOBJICHHS CHHXDOHH3Ma BCJACACT-
BHE TOro, YTO NPOLECCH HAKOINIEHHA M IIOMCKa CHHXPOCHIHaJ/Ja ocylle-

CTBJAAIOTCA MOCACA0OBATENbHO.

YKa3aHHbe HETOCTATKH B 0OJBLION Mepe YCTPaHSIOTCH B NPHEMHH-
®e CHHXDOCHTHAJa, aflaNTHBHOM K MOBHIUIEHHIO BEPOATHOCTH HCKaXKe-
HHS CHMBOJOB B Tpakte [15, 66, 67]. B mpuemunke (puc. 4.3) Ha-
KONJIEHHE 10 BHIXOLY H3 CHHXPOHM3Ma H IIOHCK CHHXDOCHTHAJIA OCY-
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WISCTB/IAIOTCA Napa/lIeAbHO B LeNsX yAepKaHHs CHHXPOHH3MA H NOHCKa
CHHXpOCHTHaJa. B sToM ciyyae mo mepsoMy xe EMIyabcy Ha Bxofe
HAKONHMTEAd TO BHXOAY H3 CHHXDOHH3MA HAYHHAETCA IIpOlecc
- TIOHCK& CHHXDOCHTHAJIA, B TO BpeMs KaK reHepaTOpHOe 060pyAoBaHKe
TpOJO/MKAET COXPAHATD MPEABIAYLIEE COCTOAHHE O TeX NMOp, NOKa He
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Puc. 4.3. CrpyxrypHas cxeMa NpHeMHHWKZ CHEXPOCHTHAJ4, aJalTHBHONO K BEpOAT-
HOCTH HCK2XKEHHSI CHMBOJOB B JIHHEHHOM TpaKTe

Gyner 3aHKCHPOBAHO HOBOE COCTOSIHHE CHHXDOHH3Ma. B cocrosuu
CHHXDOHA3MA HAKONHTENb N0 BBHIXOJAY H3 CHHXDOHH3MA Da3psxKeH H,
CJIeA0BATEeNbHO, CHIHAJM c6poca HAa BXOJE TeHepaTOPHOrO 06OpyA0Ba-
HHS OTCYTCTBYeT.

Baarogaps cosnajeHuio BpeMeHHBIX MOMOXKEHHH HMIYIbCHHX IO-
CJIEI0BATENILHOCTE! € BLIXOJOB ONO3HABATENS M [IEJHTEJNS YaCTOTHI
(x03(hQUUHEHT JelNeHHs KOTODOrO paBeH Ko3hGHIMeHTy  JeneHHs
TO) naxonurenb O BXOAY B CHHXDOHH3M OKA3BIBAETCS 3aIOJIHEH-
HbIM, a Tpurrep Tr yaepxuBaer JOrHYeckHi adeMeHT M, B 3aKphTOM
COCTOAAHHH, NPH KOTOPOM JIOXKHEIE CHHXDOTPYNIHI, (GopMHpyIOuUHecs
B IPpyNNOBOM CHIHAJe, He Br3uBaioT cGpoca JIU.

[Ipn c6oe cHHXpOHM3MA HAKONMHTENb NO BEIXOAY M3 CHHXPOHH3MA
3aMOJIHACTCS M BHpa0aThIBAeT paspellaloWiuil CHTHAJ Ha BXOJAE JO-
ruueckoro anementa Ui IMocnennuit, onnako, 0CTaeTCsi 3aKPHITEIM 10
TE€X 1Op, NOKAa HA €ro BXOA He OyleT MOAAH TAKKe pa3pemaiomui
CHTHAJ € BBIXOJA HAKONHTENS 110 BXOAY B CHHXDOHM3M. B uemu nomc-
Ka CHHXPOCHTHAJIA JIOTMYECKHH ssieMeHT M OTKpblBaercss cHTHaIOM
‘¢ BHIXONA TPHIT€Da, M NEPBBIH XKe JOKHBIA CHHXDOCHTHAJ, CHOpMH-
POBaBUIMACA B TDYNNOBOM MOTOKE, YCTAHOBHT NEJHTENhL YACTOTH H
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TPUITEP B HYJNEBOE COCTOsIHHE. B pesyabTaTe morHueckuii sjement Y,
OKa3blBaeTcsl 3aKPHITHIM 10 TeX IOop, NOKAa HA aHAaJH3HpYyeMOH NO3H-
muH  He CchopMHpyeTcss KOMOMHALHS CHMBOJIOB, OTJIHYAIOWAfACsH OT
CUHXPOHH3UPYIOLeH, Mocae Yero CAeAYIOmHMH JOXMHEE CHHXDOCUTHAM
BHOBb 'YCTAHOBUT NEJHTENb UACTOTH U TPHITED B HYJ/eBOE COCTOSHHUE.
TakuM o6pasoM, mHpoluecc MOHCKA CHHXPOCHTHAJNA OCYLIECTBJIAETCA
HE3aBHCHMO OT 'COCTOSIHHSA HAKONHTENS TO BBIXOLY H3 CHHXPOHH3MA.

IIpn oGHapyKeHHH HCTHHHOTO CHHXPOCHIHAJa HAKOIHTe/b IO BXO-
Jy B CHHXPOHM3M 3aloJHseTCA H BripabaTbiBaeT paspellaioluH cHr-
HaJ Ha BXoje Jorudueckoro sneMmenra Mz Ecam k 3toMy MoMeHTy
HAKONHUTEJb O BHIXOAY H3 CHHXDOHM3MAa YiKe 3aIlOJHEH, CHUTHAJ €
Beixofla Y ycranaBauBaer 'O B HymaeBoe cocrofnue. Ilpu anutesnb-
HOM HCKAa3KE€HHH CHHXPOCHTHaJa COCTOSTHHE IIHKJOBOTO CHHXPOHH3Ma
VIepXUBaeTCs CKOJb YrOJHO MoJro Osarogaps OTCYTCTBHIO Ppaape-
IIAMOWEro CHrHAIA H3 LeNH NIOHCKA, YTO PABHOCHJIBHO YBEJMUEHHIO
€MKOCTH HaKOTIHTeJNsI MO BBIXOAY M3 cuhxponnama. (Ecrectsenno, uto
3amOJTHEHHEe HaKOIMHUTeJsI TI0 BXOAY B ‘CHHXPDOHH3M JIOXXKHBIMH CHHXPO-
CHTHAJIaMH MPHBOIUT B 3TOM ciayuyae K c6010 CHHXPOHU3AIIMH.)

B paccMOTpeHHOM NpHeMHHMKE CHHXDOCHTHAaJa INPOLECCH HaKOILIe-
HHS 110 BBIXO[Y M3 CHHXDOHH3Ma M IOHCKA CHHXPOCHTHAJA NPOTEKAIOT
napanjieabHo (cM. puc. 4.2,6, 8). Ilpu arom
tn+tuex npu Lubix << fn+ fuex, (,4 1)

tupux OpU Ly ez = tn+ funx-

W3 pucyska BHAHO, YTO TAKOH NPHEMHHK CHHXDOCHTHaja ajanTH-
BEH TOJbKO K IOBEIIIEHHIO BEPOSTHOCTH HCKAaXKeHHs CHMBOJIOB B JIH-
nefiHoM Tpakre. IlefCTBUTENBHO, IPH JAJHTEJIbHOM IIOHCKE CHHXPOCHT-
nana (puc. 4.2,6), COOTBEeTCTBYIOUIEM pexXHMYy pabOTH ¢ BHICOKOH Be-
POSITHOCTBIO HCKaKeHHsl cHMBOJIOB, ['O He ycTaHaBIMBaercss B HOBOE
COCTOsIHME, TIOKA He OyAer HalilleH MCTHHHBIH CHHXPOCHUTHAJ, UTO 3K-
BHBaJE€HTHO YBEJHYEHHIO eMKOCTH HAKONHTEJs [0 BHXOILY M3 CHHXPO-
HM3Ma (mokazaHo MNyHKTHpOM). TlpH HEDpPOLOJKHTEJBHOM IIOHCKE
CHHXpOCHI'HaAa (puc. 4.2,8), HTO <COOTBETCTBYET pPeXHMMYy paboTh ©
HH3KOH BepPOSITHOCTBIO HCKaZKEHHsT CHMBOJIOB, €MKOCTb HAKOTMHUTENS MO
BHIXOJYy M3 CHHXDOHHM3Ma HE€ YMEHBIIAeTCs, YTO SKBHBAJEHTHO YBEJH-
YEHHI0 e€MKOCTH HAKONHUTENd 1O BXOXY B CHHXPOHH3M. DTO MPHBOJUT
K HeONpaBIAHHOMY YBEJNHYEHHIO BpEMEHH BOCCTAHOBJEHHS CHHXPO-
HH3MA.

Ha puc. 4.4 mpuBefena CTPYKTYpHAsi CxeMa NpDHEMHHKa CHHXDO-
CHTHAJa, aJalTHBHOIO KaK K IOBBIUICHHIO, TAK 4 K IIOHHIKEHHIO Be-
POSITHOCTH HCKa’eHHs CHMBOJIOB B JHHeHHOM TpakTe. ITa cxeMa
oTaMyaeTcs OT H306paxeHHOH Ha puc. 4.3 TeM, YTO BHIXOAH HAKOIH-
Teaed NOAKJIIONEHBl K JOTHYECKOMY ajseMenty Mz He mpsiMo, a depes
CyMMaTop H ToporoBoe ycrpoficteo. B stom cayuwae c6poc I'O ocy-
HIeCTBASETC NPH JOCTHXKEHHH CYMMapHOH eMKOCTbIO HaKOTUTej ek
YPOBHS, YCT2HOBJAEHHOTO NOPOTOBHIM YCTPOHCTBOM.,

CymMHpoBaHHe TPOH3BOJHTCA € yueTOM KO3(ODHIHEHTOB, COOTBET-
CTBYIOIIUX BeCy CHTHAJOB C BBIX0J0B HakomuTened. Hampumep, upn
BEDOATHOCTH HCKaXKEHHA CHMBOJIOB B JHHeHHOM Tpakre p=~10"% x
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HeCATHCHMBOJBHOM CHHXPOCHTHaNe (Pac=(1/2)¥~10"%) xkoadpdu-
yMeHTH cyMMHpoBaHH K;=Ky=1, npu p=10"% u pyc=10"% ko3¢-
QHLIHEHT CyMMHDOBAHHA IJsi HAKONMTEJd NO BLIXOLY H3 CHHXPOHM3-
Ma K;=1; gas HakomuTessi mo Bxoiy B cuuxpounsM Kp=0,5. B mox-
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Puc. 4.4. CrpykTypHas cxeMa NOJNHOCTBIO aJaNTHBHOTO NPHEMHHKA CHHXPOCHTHAJA

HOCTBIO ANaNTHBHOM TNIpHEMHHKe CHHXDOCHTHana ofecreuHBaeTcs -COK-
pallleHHe BpeMeHH BOCCTAHOBJICHHS CHHXDOHH3Ma Ha f; 3a CYeT TOTo,
4YTO B pexuMe paboThl C HU3KOH BePOSTHOCTBIO MCKajKeHHsI CHMBOJIOB
YMEHbINAETCS €MKOCTb HAKOMHTENS IO BHXOLY H3 CHHXPOHH3Ma (CM.
puc. 4.2,2), a B pexxHMe PabOTH € BBICOKOH BePOSTHOCTBIO HCKaxKe-
HHSl CHMBOJIOB YMEHbIIAeTCH €MKOCTb HAKONHTENS [0 BXOJYy B CHH-
xpouuaM (cM. puc. 4.2,0).

IMosHOCTbIO afaTMTHBHHIA IIPHEMHHK CHHXPOCHTHasla HCHOJb3Yercs
TIpaKTHYECKH BO BceX pa3paloTaHHBIX B NOCJTEAHEe BpeMs OTeUeCTBEH-
ueix LICIL

HaJbHefilllee yMenbllenHe BPeMEHHM IOHCKa CHHXPOCHTHANa MO-
XKeT ObITh JOCTHTHYTO YBeIMUEHHEM YHCJIA LeMed KOHTPOJA TPymIo-
BOTO CHTHAJa HJIH H3MEHEHHeM IOC/eLOBATeNbHOCTH KOHTPOJS MO3H-
nui [68] (BHAuase KOHTPOJHPYIOTCS IO3HIHH, PACHOJOXKEHHHIE B 30-
He CHMHXPOCHTHA/J4, a 3aTeéM — OCTaJbHbIE NO3UIUH B IHKJIE Nepela-
ux), 9TO OKa3blBaeTcss BecbhbMa 3Gh(eKTHBHBHIM NIPH HCKaXKEHHH CHIHA-
Jia COrJIACOBAHHA CKOPOCTEH B CHCTEMAaX Mepefayd BBICIIMX [MOPSAKOB.
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4.2, Oco0eHHOCTH IUKJOBON CHHXPOHU3AIMU
‘IuGPOBHIX CHCTEM Mepefady BLICHIHX MOPSIIKOB

‘Oco6ennoctio LICT] BhICIUAX TOPSAKOB SIBISETCS BAUSIHHE CGOEB
CHHXDOHH3ALNK B 3THX CHCTEMAX HA BCE KOMIOHEHTHBIE CHCTEMBI 60-
Jiee HH3KOTO IOPsAKA.

PaccMOTPHM MeXaHH3M BO3JeHCTBHS COOEB IMKJOBOH CHHXPOHH-
sanud LCIT BRICIIHX NOPSAKOB TPH DAa3NHUHBIX DEXHUMAX PaGoThi
STHX CHCTEM H ~Pa3JIHYHBIX - cnoco6ax MOCTPOCHHS np«ﬂeMHnKOB CHH-
XpocHuraagaa. -

CHHXpOHHbIPl pe)xlm paGoTl ApH HCTIONb30BAHAM Heananmnﬂux
NPHEMHUKOB CHHXpOCHrHada. COoM cunxporusanuy LCIT Beiciunx no-
PSAKOB: BEISHIBAET OTCYTCTBHE CHHXDOHH3Ma BO 'BCeX KOMTOHEHTHBIX
CHCTEMAX.

Ecan c6oit cnnxpoansauna B CHCTEME A-TO MOPSAKA JJHTCH JLOJb-
e, YeM BpeMsl HaKOIJIEHHS [0 BEIXOJY H3 CHHXPOHH3Ma B CHCTEMe
(n—l)-ro nopsjfKa, TO HAYHETCS HPOIECC MOHCKA CHHXDOCHTHAJIA Y B
cucreMe (n—1)-ro nopanka, T. €. IPOHCXOAUT «Pa3MHONKEHHE» cOOeB
IUKJIOBOH CHHXpOHU3anUuH. Eciu c6oft CHHXPOHH3ALMH B CHCTEME N-TO
nopsiika AJMUTCS MeHblle, UeM BPeMsI HaKOIJIeHHMs! IO BHIXOAY U3 CHH-
XpOHHM3Ma B cucreMe (n—1)-ro mopsigKa, TO Pa3MHOXKeHHs MNpoliecca
TIOHCKA CHHXPOHHM3aIMH He mpowcxoAuT. CrefoBaTeNbHO, AJS 3aLIHTHI
OT pasMHOXEHHS He0O0XOLHMO, UTOGH BBUIOJHAJIOCH YCJOBHE

P (tzm>1tr-1)) =0, (4.2)

rae P(tM>t{"-1) — BepoaTHOCTb TOTO, UTO BPEMsl BOCCTAHOBJIEHHS
CHHXPOHH3Ma B CHCTEME Ilepefayd n-To NOopsfika f[x(™ NIpeBOCXOAHT
BpeMsl HaKOIJIEHHSI 10 BHIXOAY M3 CHHXDOHH3Ma B CHCTeME IepejauH
(n—1)-ro nopaaka t{ ;1. JIpyruMu cJOBaMH, MHEPIHOHHOCTb CHCTe-
MBI IHKJIOBOH CHHXDOHH3AalUMH NOJMIKHA OBITh TaKOH, 4YTO 3a BpeMs
BoccTanoBjienus cuuxponusma B LICII Gosmee BBICOKOrO mOpsiiKa B
cucreMe GoJjiee HH3KOTO NOPSJKA He HOJKEH HAUaThCsl IPOIECC HOHC-
Ka CHHXPOHH3MA.

Onennm BimsgHHe cboeB cuaxponusaiuu B LICII Boicimnx mopsa-
koB Ha nepBuunyio LICII. Ias 3TOro CpaBHHM UYacCTOCTb HCKaXKEHHS
CHMBOJIOB H3-32 COO€B CHHXDOHH3AIHH B OTAEJBHO B3SITOH NEepBHU-
Holt cucreme (N®) u B nepsuunofi cucreMe, paboramomell coBMecT-
Ho ¢ HCIT rn-ro nopsiaka (N,(™).

Ha puc. 4.5,a mokaszano COOTHOWIEHHE CpPEJHEro BPEMEHH OTCYT-
CTBUA (3AIUTPHXOBAHO) M HAJHYHS CHHXPOHH3MA MJS CIydast OTAesb-
HO B35ITOH NepBHYHOH CHCTEMHI llepefayH, KorAa

M (D :
N= (1)) _ (4.3)
M) +m (13 )
3necs M(£:0), M(¢yzP) — COOTBETCTBEHHO CpejfHee BpEMSI BOCCTa-

HOBJIEHHSI H yIepXKaHHS CHHXPOHH3MA.
104




Ha puc. 4.5,6 moxasano BpeMs OTCYTCTBHS CHHXPOHH3MaA (3amITpH-
XOBaHO) B ciaydae paGoTel mepBruHof cucreMel ¢ IICIT n-ro nopsaxa
Ans Toro e mepuoga BpeMmeHn M (M) +M(t,,D). Tlpu sTom

My (D
Nm= 2(47) , (4.4)
M) +m (1)

rie Mg(tsV) — maTeMaTHuecKoe OXKHIAHHE CYMMapHOTO BpeMeHH

HECHHXDOHHOH DaboThl 32 mepHoA BpeMeHH M (f50) 4 M (¢yg!D):

M g (t:0) = M (£500) + -y M (£,@9) +

+k1k2 (*tB(s’l)) + +k1‘k2 kn_lM(tB("'l)) . (45)
3aecs M(t(4D) — mareMaTHYeCKOe OXKHIaHME BPEMEHH OTCYTCTBHS

CHHXDOHH3Ma B TIEPBHYHOH CHCTeMe Iepejaud u3-3a c00s CHHXPOHH-

m) Mits)
mie")+ (e d) 2)
m(e) M) M) () e ) ) (el
>t > >t
M) M) R

Puc. 4.5. CooruolleHHe CpDefHero BpeMeHH HECHHXPOHHOH M CHHXDOHHOH paGOTH
JJIS OTHeNbHOH TepBHUHOH cHCTeMH (a); IJs NEPBHYHOH CHCTEMBI, paboraiomel c
CHCTGMaMH NEepPCAavH r-ro nopsika (6)

8alyd B CHCTEME NepellauH [-ro Nnopsika; k; — ko3pOULHEHT, YYHTH-
BawmMUid yacTocTh cO60eB CHHXDOHM3ALMH B CHCTEMe [epefadn
(i+4-1)-ro mopsaxa Mo cpaBHEHMIO C CHCTEMOH {-r0 MOPAAKA.

Torna

M (t(1D) = M (D) (4.6)
M (£:@D) =M (¢:@) + M (tsM) P (10>t Vg 5urx) ; 4.7
M (#C®D) = M (£5®) + M (£:®) P (£s® >ty praz) +
+ M (D) P (50> 1@ ppax) P (1@ >V p1x) 5 (4.8)
M (t5m1) =M (ta(™) +M (D) P (B> (" 21)) +

FM (D) P (tm>1 i) ) Pt (=0 (=D ) 4
w HM(BO) P (LM >t T P(tn >t 00 P (5> npux) .
N - Co . . (4.‘9)
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Taxum obpasom,

! { ) )
M (tzi0)= j2=1M‘(tB(f))jI__"[2P(tB(’)>t§{{;b}; ). (4.10)
IIpn
P (txM>1(—1)) = P (f("-D > (") = ..
. =P(tB(2)>ﬂI)HABbIX)=:P(EtB>tH.BBIX) (411)
BrIpaxkeHue (4.10) npurUMaer BUI
M(1600) = 3 M (taD) P~ (1 >t porx) - (4.12)
=1

Tlo ompenenennuio
M(#7) + M (#5
GREITR)
IlpuruMasn B Beipaxenuu (4.5)
ki=hky= .. =kp = (4.14)

# mojcraBisis B Hero 3Hadenus M (f400), M(£:@0), .., M (&™),
onpegesnennnie B (4.6)—(4.9), norydaem

Mg (13(1)) =MUB(U) [1 +kP(tB>tH.BI>IX) +
+k2P2(tg>tH.BLIX) + ... +kn-1pn-l (tB>\tH.BLIX)] +
+EM (125) [1 +kP (ts>Ynpux) +E2P2 (1> fynmx) + ...

e FRP2P2 (> by pax ) | RZM (ED) [ 1 +-RP (> tipux) +
+B2P2 (15> trpprx) + oo RBP4 > b pux) ] F

(4.13)

1 — PP (ty > t ))
n—1 (n)) = @ —
o AN (1) =M (ta )( TR (> ) ) T

L— g Pl gy >t
e )

: L—g2 pn? (5> 1y uix) \
+ kM (tB<3>)< T—EP (o> 1, ) /+ ..
o FRTIM (L) =
— o i)} pi— 1 —[kP (tB> tu.nmx)]n_H-l }
_ile(tB( Nk I{ 1—kP (1g> 1 '
B coorsercmun ¢ (4.3) u (4.4) noayuaem

LAY W SO VPPPPRNG ol LG ) il SRS
T = kP (>t |

Ha puc. 4.6 moxaszaHa 3aBHCHMOCTb cOOTHolieHus N(W/N\ or
BepOATHOCTH P (fs>tupmx), BBHIUHCIEHHAsA AJad  chydyas, Koraa
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H.BHX)




M{tzD) =RM (t,0-1). Cpasuum snavenus N\™/N,\® nag caysaes,
Korza P(tn>tﬂ.3mx) =0 P(tB>tH.BhIX) =1.
B mepBoM caydae

=n, (4.17)

BO BTOpPOM cCJaydae

N k(" —1)—nk—1)
NV (& —1)

(4.18)

'

yro, HaupuMep, npu k=n=4 cocraBasier 112, a npu k=4 ¥ n=>5 co-
crasJaser 453.

Takum o6GpasoMm, Ijd NPHHATHIX YCJAOBMH MHHMMAJbHAs 4acTOCTh
omnGoK u3-3a cboes cunxponusanuu B LICIT mepsoro mopsinka, pabo-
rarowmux cosmectno ¢ LICIT n-ro nopanxa, obecrednBaeMas npH OTCYT-
CTBHY DPa3MHOXKeHHs Ipollecca INOHCKA CHHXPOHH3MA, B 71 pa3 BBHIIIE,
yeM B OTOEeJNbHO B3ATOH HepBH“IH‘Oﬁ cucteMe. MakcuMmaJibHasi 4acTOCTh
oIMb0K, KOTOpasi MMeeT MeCTO NpPH Pa3MHOXKEHUH Ipolecca NOUCKA
CHHXPOHH3Ma, Pe3KO BO3pacraeT HpH pa-

GoTe INEPBHYHOH CHCTEMbl COBMECTHO C iyl

LICIT 6oJiee BEICOKOTO MOpsifka. T CBH- |
JIETEJNLCTBYET O HeoOGXOAUMOCTH BBene- /Z0F a=5
HHSI LOCTATOYHOHM HHEPUHOHHOCTH B CH-
CTeMBl NUKJOBOH CHHXPOHM3aluH, obec- g7}
[eYHBaeMOd HAKOMHTEIAMH II0 BBIXOAY N
U3 cHUHXpouu3Ma. [IpoTHBOpeuMBOCTB, 4y}
JaHHOro TpebOBaHUSI 3aKJIIOUAETCS B
TOM, UTO HOBBIIIEHHe KO(]duiyueHTa Ha- sk

KOIJIEHHS] NPUBOJUT K YBEJHUEHHIO Bpe- /5
MEHH BOCCTAHOBJCHUA CHHXpOHH3MaA. T T ) L

A0, B CBOIO OYepelb, TpeGyeT COOTBET- 4z 04 06 O8F
CTBYIOLIEr0 YBEJHYEHHS HHEDUHOHHOCTH Prc. 4.6, 3aBHCHMOCTD

B CcHCTeMax OoJjiee HH3KOTO mopsinka, B Ni/N'y or P(fs>tusux)
pesyabraTe dero eule O6oJblie Bo3pac-

TaeT BPEMsl BOOCTAHOBJIEHHS CHHXPOHH3Ma B 3THX CHCTeMax H T. I.
YMenblilenye BPeMeHH BOCCTAHOBJEHHSI CHHXDOHM3MA 3a CUET yMeHb-
HIeHHsA BPEMEHU MOUCKA 'CHHXPOCHTHAJa CBSI3AHO 6o ¢ YBEeJHUYSHHEM
JJIMTENBHOCTH CHHXDOCHTHA/IA, JHO0 €O 3HAYHTEJNBHBIM YCJIOKHEHHEM
CHCTEMBl UKJIOBOH CHHXDOHH3ALHH.

Taxum o6pasom, IpH NPOECKTHPOBAHUHM CHCTEMBI LHKJIOBOH CHHXPO-
HH3aLUMH HEOOXOAUMO ONDPENEJHTD MHHUMAJIbHYIO [JIHTEJbHOCTb CHH-
XpocHrHajJa W MHHHMAaJbHble KO3POHIHEHTH HaKONJeHHs! Ajas obec-
MeYeHUs] 3a/laHHbIX CPEJHEr0 BpeMEHH BOCCTAHOBJIEHHS CHHXDOHHM3MA
M YaCTOCTH HCKaXeHHd INepejaBaeMblX CHMBOJOB H3-3a ¢60OeB CHH-
XPOHH3AMUH,

ACHHXPOHHBIIT peXuM PaGoThl NMPH HCHOAb3OBAHWH HeaJANTHBHBIX
TIPHEMHHKOB CHHXpOCHMrHajia. B cucremax ¢ acHHXPOHHHIM 0oGbeluHe-
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HHeM UMGPOBHIX MOTOKOB BHINOJNHEHHEe YycaMoBHS (4.2) okxa3niBaercs
HEJOCTATOYHHIM [JIS1 TPEeROTBPAlEHHs Da3MHOXKeHHs c60eB CHHXPO-
uuszaunu [69]. dro obbacHseTca TeMm, yTO NpH c60e CHHXPOHH3AIUR
B TIpHeMHHMKE KOMaHf COIVJIacOBaHHs cCKopocTed  Moryt dop-
MHPOBATHCS JIOXKHBIE KOMaHABl KODPEKUHH NJUTENbHOCTH LHKJIOB B
KOMIIOHEHTHBIX NMOTOKAX, B TO BpeMsI KaK HCTHHHBIE KOMAHIB He MO-
ryT 6unth npuusrul. CieloBaTeNbHO, PA3MHOMKEHHSI CGOEB CHHXDOHH-
8alHY He NPOUCXOIHUT, €CIH

P(ts™>t{"=1) =0 1 Py.c(ts™) =0, (4.19)

rae Ppc.c(fx™) — BEpPOATHOCThL JIOXKHOTO COrJACOBAaHHSl CKOpocTefl B
cucTeMe Iepefauy 7-ro NOpsitka 3a BpeMsi c00f CHHXPOHH3AIHM.

B atoMm cayuae cnaraemuie, Bxoasue B (4.5), onpenensiiorcs cie-
JYIOIIMMH BHDaXKEHHAMH:

M (ts(50) =M (£,M); (4.20)
M (£:20) =M (£:@) + M (£ D) [P@y o+
+ (1—P® ¢ ) P (1:@> D piax) 1 (4.21y

M (£7:9) =M (1) -+ M (tD) PP 0+ (1—P Wi 0.0) X
X P (00> o) IM (67=2) [P .o+ (1P .0.0) X
XP (x>t (D) [Pch) + (1—P ("7D) P (D> (12 ] + .
e M (D) [PM g oot (1—=P ™ g0.c) P (M SEED) [ PITD +
+ (1P D) P (tam=0>2 () ] ... [PO ot

H.RBIX

F (1—P®; 0 0) P (£ 10y 505) . (4.22y
Orciona
i i
M(B5D) =3 M () T [POc+ (1P ) P (> )]
. = =2 :
(4.23)
IIpu P =P0-l= =P =Prcc ¥ BHIOJHEHHH YCIOBHE

(4.11), (4..13) o aHaJorHH ¢ paccMOTPEHHBIM BHIIIE C/AyuaeM IOJy-
TUM

N )
=——X
N{n M( f;‘;”)
xR M { I~ HPrcot (1= Prcd) P (> fuma)))' ™ |
1—% [PJx.c.c + (l —_ PJI.c.c) P (tn> tﬂ-nmx)] .
(4.24)

B cucreMax ¢ OIHOCTODOHHUM COrJaCOBaHHEM CKODOCTEH MPaKTH-
yeckd Pnco=1, Tak Kak 32 BpeMs ¢GOSl CHHXPOHH3AIWH B Iepejain-
meM yctpoiictBe (GopMHpYeTcs AOCTAaTOYHO OOJbLIOE YHCJI0 KOMaHR
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COTJIACOBAHHA CKOpOCTeil, KOTOphle He MOTYT ObITb NPHHATH B IPHEM-
HOM ycrpoiictBe. B 3ToM cayuae Bhipaxkenue (4.24) npHHHMAaeT BHA

N RICOICE
W m(40)

M3 aroro BHIpaKeHHs BHIHO, YTO IpHpallleHHe BPEMEHH HECHH-
xponno#l paborel mepsuunofi I[CI] nmpH BKJIIOUEHHH ee COBMECTHO C
uu(poBHIMH cHCcTEMaMH 2, 3, .., n-TO NOPSAKOB, OCHOBAHHHIMH Ha
NpPHHUKIE OJHOCTOPOHHETO COrJIACOBAHHS CKOPOCTEH, He 3aBHCHT OT
COOTHOIIEHHS]  GHICTPONEHCTBHS IPHEMHHKOB IIMKJIOBOrO  CHHXPO-
CHTHaJa B CHCTEMAaX i-I'0 NOpPsAJAKAa H HHEPUUOHHOCTH IPHEMHHKOB
CHHXPOCHTHAJa B cHcTeMax (i—1)-ro mopsika M pPaBHO MaKCHMalb-
HO BO3MOXHON BesuunHe. [lpm M (4;®0) =kM(£:,P) BolpaxKenue
(4.25) mpeo6pasyercst K Buay (4.18).

B cucremax ¢ ABYCTODOHHHM COTJIACOBAaHHEM CKODOCTeH Py.c.c MO-
XKeT ObITh yMeHblIeHa INPAaKTHYECKH IO HyJs. DT0 IOCTUraercd, Kak
yxke ObLJIO NOKa3aHO B mpejblaymiefi ryaBe, O6J0KHDOBKOA IpHEMHH-
KOB KOMaHJ corJacoOBaHUs CK‘OpOCTef;I Ha BpeMmd cbost CHHXPOHH3a~
OMH H aHAJU30M CTPYKTYDH KOMaH] coraacoBaHus ckopocrefi. [Ipmw
sTOM Bripaxkenue (4.24) npeo6pasyercs B (4.16), cooTBercTBylOmEe
CHHXPOHHOMY peXHMy paboTel. Torza BhIGOPOM COOTBETCTBYIOIIHX
napaMeTpoB NPHEMHUKOB CHHXPOCHTHaJa BepOATHOCTb P (fs>lunux)
Takxe Moxker GHTh YMeHbLIeHa JO 3HauUeHHH, BecbMa GJIH3KHX K HY-
mo. B s1oM ciyuae mosyuaeM MHHHMAJbHO BO3MOXKHOE NpHpalleHHE
BpeMeny HecuuxpoHHol pabGorsl nmepeuuno# LICII npu ee coBMecTHOR
pa6ore ¢ LICII n-ro mopsanxa, onpenensemoe npu M(f:0) =kM (1,0-1)
BeIpasxkenueM (4.17).

CHHXPOHHbBIA PeXuM paboThl MPH UCTOAb30BAHHH AXANITUBHBIX npu-
€MHHKOB CHHXpOCUTHaJa. B aTOM ciydae pa3MHOXKeHHS c6Osi CHHXPO-
HH3AIMH He NPOUCXOAHUT, KOrJa BHINOJHAETCH YycioBHe P (fx™>
>ty =0 60 - o

) (4.25)

H.BBIX o
- Py c(tB(”)—t("—” )=0, ecan tn(")>t(""”  (4.26)
rae Py (t:M—t"-)) — BepositHOCTH Q)OpMI/IpOBaH‘HH JIO3KHOTO (;HI:X_.~
XPOCHTHA/Ia 33 OTPE30K BpeMeHH (fp(™—¢n-)),
ITpu stoM
M (t560).= 2 M (t:9) H P (t; 0> U= ) Py o (50—t (I=D). (4.27)
=2
Torna npu BumosHenuu ycnosuit (4.11) u (4.14) noayuaem
MY 1

MY M (i)

1—[kP (6> gi5x) Pro (b — 2y au )]n—i+1\} v
S . + B . 4.28

I—&pP (ts>ty pux) P (B—tammx) ( - )
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Taxkum obpas3oM, Kak BHAHO H3 (4.28), mpu ucmonbOBaHHU anan-
“THBHBIX NPUEMHHKOB CHHXPOCHTHAJIa MOXKeT OuTh 06edleueH0 MHUHU-
MaJsibHO BO3MOKHO€ BpEeMsi OTCYTCTBHSI CHXPOHH3Ma NPl CKOJIL Yroi-
HO OOJBIIOM BPEeMEHHM BOCCTAHOBJIEHHS! CHHXPOHH3Ma B CHcTeMax 6o-
Jiee BBICOKOTO INOpSJKa IyTeM MHHHMH3aLMH BepPOSITHO:TH (OpMHpO-
BaHHS JIOKHBIX CHHXPOCHT'HAJIOB, UYTO IOBOJBHO TNPOCT) AOCTHIaeTCst
YBeJHUEHHSM €MKOCTH HAKOIUTeNS 110 BXOJLY B CHHXPOHIZM.

AcHHXPOHHBI peXUM PAGOTHI NPH MCTIOAb30BAHUH A/ INITUBHBIX MPH-
€MHHKOB CHHXPOCHTHaJa. B 3TOM csiyyae pa3MHOmeHHS COOEB LHKJIO-
BOH CHHXDOHHM3ALUH He IPOUCXOTHT IPH BHIIOJHEHHH CIEAYIOIIHX yC-
JIOBHIL:

{P (tM>1100) =0, (4.29)
PJI.C.C (tn(n)) =0
aubo
{ Pu.o(bm—t o)) =0, ecan 1> ("2l
P.‘l.c.c (tn(n)) =0.
Torzna

M(t0D) = 3 M (ts9) T1 {Prc.o () +
= j=2

+[1=Precc(ts@)]P(ts@ >t G- )Py e (tD—tZ0) ). . (4.30)
Otcona
N

1 o\
- > M (t9) ki-! x
N m (V) =

1 —{k [Pn.c.c (ts) + [1 "‘Pn.c.c(jﬂ)} P (’t13> tH.BL!X) Pn.c (tB - !**J*Eﬁ}ii.l

I —-k{ Pn_c.c (tB)+ [1 — PJI.C-C (tB)] P (t5> tH-Ble) PJI-C (tl_ tH-BHX)}i4.3l)'

U3z (4.31) BUAHO, YTO CHCTEMBI C OJHOCTOPOHHHM (OTJIAaCOBaHHEM
CKOpPOCTEH, B KOTOPHIX Pjc.c(fs) MpaKkTHUECKH paBHA €HHHUIE, BHOCAT
‘MAaKCHMaJbHO BO3MOMHOE IIpHpAlleHHe BpPEMeHH OTCYICTBHS CHHXPO-
Hu3ma. OTcofa CJIelyeT, YTO B TaKHX CHCTEMax aJafBHBIA NMpHeM-
HHMK CHHXDOCHTHAJIa TIPAKTHYECKH He obecrneyuBaer 3IUUTY OT pas-
MHOXKeHHH c60oeB IHMKJIOBOH CUHXPOHH3AIHH HE3aBHCHMO OT NapaMer-
‘POB 3TOTO IpHEMHHKA (eMKOCTH HAKONMTEJNell W BpeMerd IIONCKa CHH-
XpocuruaJja).

B cucremax ¢ ABYCTODOHHHM COIJIAcOBaHMeM CKOPUTEH Py c.c(fs)
MoxeT ObITh yMeHbllleHa JA0 3HaueHuil, BechMa OJIBKMX K HYJIO.
B 3TOM c/yyae aZanTUBHBIA NPHEMHMK CHHXpOCHTHAJ/4 O0ecmeynBaer
(p(EKTHBHYIO 3aLIUTYy OT pa3MHOKeHHs cO0eB CHHXpOIM3aLHH.

4,3. BriGop CTPYKTYpPhI CHHXPOCHUTIHAJIA

Omnpenenenre ONTHMAaJbHOH CTPYKTYpPHl CHHXPOCHTH 1A 3aKJ/X0YaeT-
cs1 B BhIGOpE B KaYecTBE CHHXPOHHU3HPYIOILEH TakolH KOMOHHAUHH CHM-
BOJIOB, KOTOpast NPH (UKCHPOBAHHOM IJHTEJBHOCTH IMKJIA obecrmeuH-
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BaeT MHHUMaJbHOE BpeMsi NOHCKa cuHXpocursana. IIpu paBHo#i Be-
POSAATHOCTH QOPMHPOBAHMA €IAMHHL, M HyJell B TIPYyNNOBOM CHTHaJje
BepoSTHOCTh (OPMHPOBAHHA KOXOBHEIX I'PYIN JI060H CTPYKTYPHI OLH-
HaKOBa, a CjeLOoBaTeJbHO, U OJUHAKOBO HX CpelHee YHCJIO B pac-
CMaTPHBaeMOM OTpesKe rpynnoBoro cursana. Omnako mpu stom [70]
CpejHee BpeMs INOWCKA CHHXPOCHTHajsa NPH UCNOJb30BAHHH B Kaue-
CTBE CHHXDOHMSHDYIOIIMX KOMOBHIX TIPYNH pa3/HYHOA CTPYKTYpbE
BecbMa pasJjuyHO.

IT10 00bscHsETCAd TeM, YTO KOJOBBIE TPYNNBI PAa3JHYHOM CTPYK-
TYpHl [O-pPa3HOMY TIPYNIHPYIOTCA B CJayuyaHHOM UIH(pPOBOM nOTOKe !,
Tak xomoBwle Tpymnel BuAa 111..1 u 000..0 rpynmupylorcsa B mmaxe-
TH HauGoJbllell IJHTENbHOCTH, a KOJLOBblE IDYIMIb, HamNpuMep, BHAZ
1000..0 uau 0111..1 — B makeTol HaUMeHbLIEH AJauTEJbHOCTH. JleH-
CTBHTENBbHO, ecJu ohopMHUpoBasach 'KojoBasi rpymma 111..1 umm
(00 ...0, To BeposTHOCTL (POPMHMPOBAHUS BTOPOH TAaKOH Ke KOMOBOK
CpYNNLL HENOCPEICTBENIo BCae 3a NepBok paBHa 1/2 HesaBHCHMO OT
JJIMTeNBHOCTH, B TO BpeMsi Kak (opMUpOBaHHe BTOPOH KOLOBOH rpym-
mb BEAa 0111...1 MoxkeT NMpOH30HATH He paHee ueM uepe3 b CHMBO-
JMIoB ¢ BepoaTHocThio (1/2)b. BesencTBue paBeHcTBa B Mg poBOM
TMOTOKE CpeIHero YHWcAa KOAOBHIX TPYNN JI060H CTPYKTYpH CJeLyeT
CjenaTh BHIBOL O TOM, UTO NMAaKeTH KOJOBHIX Tpynn HanGojbluef Iau-
TeJILHOCTH (POPMHPYIOTCS B HMITYJIbCHOM MOTOKE B COOTBETCTBYIOULEe:
WHCJIO pa3 pexe MAKETOB HaUMeHblllel AJNHTEJIbHOCTH.

[Tpomecec moWCKa CHHXPOCHTHANa, KaK yKe OBLIO TOKA3aHO B~
Inre, 3aKJIYaeTcss B TOM, UTO IIOCJAE OMO3HABAHHA JIOXKHOTO CHHXPO-
CHTHAJNA CJIeAyiomee ONO3HABaHUE NPOM3BOAHUTCA Ha TeX e BpeMeH-
HBIX NOSHUUAX B CJAELYIOIEM Hukjie. B pesynbraTe U3 maykH J0OXK-
HIBIX CHHXDOCHTHAJIOB AHAJH3HPYeTcs TOJbKO MepBasg, a oOCTajbHbEe
OTOpacHBaTCsA. JT0 00ecmeudBaeT OTHOCHTENBHO OLICTPHIA aHaJH3
mudpoBOro MOTOKAa B 30HE CJAYYa{HOIO CHTHaja HOPH HCIOJIb30BAHHH
B KayeCTBe CHHXPOHH3HPYIOIHX KOXOBHIX rpymn uaa 111..1 u 000..0,
HI0 NDH 3TOM B 30HE CHHXDOCHTHAaJa aHAaMH3 UH(PPOBOTO NOTOKA CY-
ILIeCTBEHHO 3aMeansieTcd 2,

HaoGopor, npum HcHoap30BaHHHM B KaueCTBE CHHXPOHH3HDPYIOMIHMX
K:OMOBHX Ipymm, Hampumep, Buia 011..1 ananus nudpoBoro moTtoka:
B. 3o0He cnyqaﬁnoro CHUTIIaJsa OTHOCHTEJBHO 3aMeAJIeH, HO NpH 3STOM!
B. 30He CHHXPOCHTHaJa aHajH3 UHU(pPOBOTO MOTOKA CYILIECTBEHHO YC--
Kiopsiercsi. [ToatoMy mpu BbIGOpe CTPYKTYpPH CHHXDPOCHTHala Heo6xo--
JLHMO OLEHHTh CYMMapHOE BPeMsl NOHCKA CHHXPOCHTHAJa

M (tn) =M (tx) cat+M(ta)c, (4.32)

! PaccmartpuBaeTcs NOCTEI0BATENLHOCTh O-CHMBOJBHBIX — KOAOBBIX TIPYNN, CMe-
INeHHBIX HA OJMH CHMBOJ (KaXKAas KOJOBasi TPyNNa COAEPXKHT b — 1 CHMBOJ npe-
Amiayiiell KOJA0BO! TPYIILL).

2 3oHa cayyallHOro curHana BKJMIoyaeT B ceG a—b~1 MMOYJAbCHBIX TO3HUAE
B mukiae (@ — 4YHCJAO MHPOPMALMOHHLIX CHMBOJIOB B IMKJe), HAa KOTOPHX hopMupo-
B@AHHe KONOBBIX TPYNN AJHHOH b ocyuiecTBasiercss 6e3 yvacTHs CHMBOJIOB CHHXPO-
CEirHaja, 30Ha CHHXPOCHMIHaja BKJIuaer B cefs 2b—1 uMIYJbCHBIX TO3KUMA B IHK-
JIe, Ha KOTOPHIX (hOPMHPOBAHHE KOMOBLIX IPYNI MIHHOR & ocyllecTBiserca ¢ yda-
CTrHeM CHMBOJOB CHHXPOCHTHAJA. ‘
HE




one M(fg)en ' u M(fz)e — cpennee BpeMsl NMOHMCKAa CHHXPOCHTHaJNa B
30He CJayuafHOro CHI'HA/JAa H CHHXDOCHTHAJa COOTBETCTBEHHO.
Haubonee ynaumas kuaacCHpuKaUUs pasjUYHBIX KOLOBBIX T'PYIII
{6] ocHoBana nHa momsTMM KpuTHUeckux Touek [71]. B coorsercTBHH
C 3THM TOHSITHEM KOAOBas Tpynma JJIHHOH b HMeeT KpHTHUECKHE TOU-
KM ‘TIOCJI€ TeX MEPBHX [-CHMBOJIOB, KOTODHE OKA3bIBAIOTCS HAEHTHY-
HBIMH NOCJEXHHM S-CHMBoJiaM, Torja nauMeHbIee KOJHYECTBO KpPH-

THYSCKHX TOYeK B KOAOBBIX Ipymrax — oAHA (HAIpHMep, B KOZOBOH
rpymme 011..1 — Ha mocaeaneM cumBoJe), HanGosbllee b (B KOIO0-
BoA rpynme 111..1 — ma 1, 2, 3, .., b-M cuMBoOJax), a HalpHMep,

konoBast rpynna 0101..01 nmeer B cBoeM cocraBe b/2 KpUTHIECKHX
TOUYEK Ha BCEX YeTHHIX CUMBOJAX. '

CpaBHUM CpéfHee BpeMsi MOHCKA CHHXDOCHTHAJNA HDPH HCIOJb30-
BAHHH B KaueCcTBE CHHXPOHHU3HPYIOLIMX KOIOBLIX TI'DYII C OAHOH u b
KDHTHUECKUMH TOUYKaMHU. CpezIHee BpeMs IIOHUCKA CHHXDOCHTHajJa B
30He ciayyafiHOrO CHUTHaja OmpejensieTcss BhpaxkenueMm [6, 15]

b
© M{t)ex=(a—b+1) L— et |Te (43
(22 —1) ) o¥ at
j=1

e d— YUCI0 CHMBOJIOB OT Hauaja KOJOBOH Ipymme 10 j- KPUTH-
YecKOH TOUKH; K — UHCJIO KPHTHUECKHX TOuUeK; Iy — MepHOoJ cJeloBa-
HHA HHKJ0B. Torga npH HCIOJBL30OBAHHH KOJOBBIX TI'PYNI € OXHOH
KDHTHYECKOH TOUYKOH

7 1 1
M (tx) o= (a—b+ 1) | 5= +—a+b]Tu, (4.34)
a INPH HCIOJb30BAHHH KOJOBHIX IPYNH € b KPUTHYECKHMH TOYKAMH
20 —1 !
M” = (a— Ty ;
(ta)ex=(a b+1)[.(2b_1)z +a+b] ; (4.35)

B 3sone cuHxpocuTHasa NpPH HCHOJNB3OBAHHH B KayeCTBE CHHXPO-
HH3HPYIOLIHX KOJOBHIX TIPYNN ¢ OXHOH KPHTHYECKOR TOYKOH BeEposT-
HOCTb (POPMHDOBAHHUSL JIOKHOTO CHHXPOCHTHAaJa paBHA HYyJIO M BpeMms
TIOMCKA CHHXPDOCHTHaJa B 3TOH 30He paBHO €€ AJHTEJbHOCTH, T. €.

M’ (tn) o=2Tx (b—1)/ (a-+D). (4.36)
Tlpy uCmOAb3OBAHHM KOAOBEIX IPYII ¢ b KDPUTHUECKHMH TOUKAMH

cpeiHee BpeMs IMOHCKAa B 30HE CHHXPOCHUTHAJA ONpeIesieTCs BhIpa-
KCHHEM .

M”(tn)c=2(”“+b“l ! )Tu. (437)
\et+b =21
v b>1
Torna ofmee BpeMsi IOHCKA CHHXDOCHTHAJa TPH HCIOJb30BAHHH B
KauecTBe CHHXPOHHSHPYIOLUHX KOXOBEIX TpYINI C OAHOH KPHTHUECKOH
TOYKOU COCTABJAACT __~b+1 a+b__.1
M= T, (4:38)
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f TPH KOJOBEIX IPYNNax ¢ b KPHTHUECKHMH TOUKAMH

' =l(q—b+41) (= | ad-b—1

- ,l —_ e et - .

- M) [ o +2§52f_1+ o ]Tu (4.39)
b>

. PaccmorpuM B kauectBe mpuMepa uuka Bropuyuofi LICII, umero-
mufl caefylomHe MapaMeTpel: YHCI0 HHQOPMAIMOHHBHIX NO3HUHH B
uukae a=1048, uncao cuuxpocuMmsosaoB b=8, T,=0,125 mc. B atom
caydae

s ooy /1041 | 1085 e\
W () ={ 5 +1056>0125 0,625 Mc, a M” (tz) =
=< o4l 1055, s, 2)0125 0,775 mc,
2.2b5 1056

T. e. IPHMeHEeHHWe B KauecTBe CHHXPOHU3MPYIOIIHX KOMOBBHIX TPYII C
OIHOM KpHTHYECKOH ToukKoHl obecmeynBaeT B 3TOM clyuyae MeHbllee
BpeMsi BOCCTAHOBJIEHHSI CHHXPOHH3MA.

Jns Gonee jpauHHOTE LuKAa, Yy Xortoporo a=2104, b=8, Ty=
=0,250 mc, M"(tz)=1,125 mc, a M”(tx)=1,025 mc, 1. e. npu Goaee
JLJVHHBIX IHKA2X KOJAOBBE TPYIIH, HMeI(re B CBOEM cocTaBe b
KPUTHYECKHX TOYEK, OKa3blBalOTCH OoJjiee 3PPEeKTHBHEIMH.

Ha puc. 4.7 noxkasaHa 3aBHCUMOCTb CpeIHET0 BpEMEHH IOHCKa
CHHXPOCHTHAJIa (BLIPAaXKEHHOTO B YHC/Ie LHKJIOB) OT AJHTEJbHOCTH

My

15

w0k

1 1 1 1 —
Y 400 800 1Zo0 J600 a

Puc. 4.7. 3aBHCHMOCTb Cpe[lHEro BpDEMeHH MOHCKAa CHHXPOCHTHaJZa (B LMKJAax) OT
4yca MMIYJbCHHIX MO3HIMA B LHKJAE NPH DPAasiHYHON AJIHHE H CTPYKTYPe CHHXDO-
CHTHAJIA

UXKJa NPH HCNOJb30BAHHH B KaueCTBe CHHXPOHH3HPVIOUIUX KOJOBHIX
TPyNO PasjHYHOM JJHTENBHOCTH ¢ OJHOH (CIVIOMIHBIE JHHHH) H b
(TyHKTHD) KDHTHYECKHMH TOYKaMH. DTH e rpaduku MO3BOJAIOT pe-
marh H 00paTHyIO 3afauy: mo 3aJlaHHOMY CpPeJHEMY BPeMeHH MOHCKa
CHHXPOCHTHaNa H (UKCHPOBAHHON MJIMTEJIBHOCTH IMKIA HaHTH COOT-
BETCTBYIOWYI0 MM MHHHMAaJbHYIO JJIHTEIbHOCTb CHHXPOCHTHAJA.
VBennunBas JJMTENBHOCTb LHKJAA M COOTBETCTBEHHO yBeIHUHBas
JJHHY CHHXPOCHTHaJia (B pesyabraTe KOIQOHIUHEHT HCIOJb30BaHHSA
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FPYNIIOBOrG TPakKTa IO NPONMYCKHOH CIIOCOOHOCTH ocTaercsi 0e3 H3Me-
HEeHHf), MOXKHO 3HAQUHTEJbHO COKPAaTHTb JJHTEJBHOCTb TpoIecca
moHCKa CHHXpocHrnasa. Hampumep, Kak BHAHO U3 IpadHKOB, MHHH-
Ma/JbHOe BpeMsS IOHCKa CHHXpOCHrHaJja npH a=1000 u b=6 cocras-
aser 12 nukaos, a npu b=9 n a=1500 — Ttoapko 3,9 uukaa. 1o
o6bacHAeTcs TeM, YTO IPH JIMHeHHOM YBeJHUYeHHH uHc1a WHdoOpMa-
UHOHHLIX H CHHXPOHHM3HPYIOUIHX CHMBOJOB B [HKJE Cpeliee BpeMs
NOHCKA CHHXDOCHTHA/Ja yMeHbllaerca 9KCnoHeHuHasapHo. OpHako
yBeJIHUeHHE YHcAa HHOOPMALHOHHBIX H CHHXPOHH3HPYIOIIHX CHMBO-
JOB B LHKJE, KaK NmokKasaHo B § 3.2, cBsi3aHO ¢ yXy/[lleHHeM JIpYrax

napamerpoB LICII — yBeanuennem obbema OydepHoil maMaTH, pOC-
TOM OCTaTOYHHIX (QAYKTyallHH, a TaKXKe YCJOXKHEHHeM TreHepaTopHOro
060pyLOBaHHUA. '

Ilpn HeOOXOAHMMOCTH CO3[aHHsl UHMKJAA OOJNbIIOH AJUTENbHOCTH
MOCJAeIHUH pa30UBaeTCd Ha HECKOJbKO DAaBHBIX uacTelf — B 3TOM
coydae UK/ IpeBpaIllaeTcsl B OBEPXUHKJI — H OTMEUAaercsl CBEepXIUK-
JIOBBIM (MJIM MapKepHBIM) CHHXDOCHTHAJOM, a €Tr0 YaCTH ~— LHKJbl —

OTMEeYaloTCHd IHUKJIOBBIM CHHXPOCHIHAJOM, YTO [O3BOJISIET YMEHLUIMTH
JUIHTEJNBHOCTb TOT'O H JPYTOTO CHHXpocurHajsa. IIpm 3TOM IIOHCK CO-
CTOSIHHS CHHXPOHHM3Ma OCYLIECTBJASIETCS B jBa 3Tama: cHauaja NOHCK
IHKJIOBOTO, a 3aTeM CBEPXIHKJOBONO CHHXPOHH3MA.

4.4. Bpi6op K03GQ(PHUIIMEHTOB HAKOIJICHUS

Hakonurtesan 1mo BHIXOAY H3 CHHXPOHH3MAa H IO BXOAY B CHHXPO-
HU3M SIBJASIOTCS, MO CYTH Jena, pellaloWIUMU YyCTpoiicTBaMH, Buipaba-
THIBAIOUWHMMHE HHGOPMALHUIO O HAJMUYMH MJAH OTCYTCTBHU COCTOSIHMS
cHHXpoHH3Ma. B cooTBercTBHH c 3TOH HH(OpMauuedl B HeaJanTHB-
HBIX [PHEMHHKAX CHHXDOCHIHAJMA OCYIIeCTBJSETCHA Iepexof OT pe-
JKHMAa TIOHCKa CHHXPOHH3Ma K peXUMY V/IepXKaHHS CHHXPOHH3Ma H
OT pexHMMa YAepXkauufl K pexUMy NoHcka. B afanTUBHBIX NMpHEMHM-
Kax CHHXPOCHTHaJ/ia OCYUIECTBJISIETCS IepeXxol OT pekuMa YAepKaHHs
HpeXKHEero COCTOSIHMA CHHXPOHM3MA K PEXHMY yAepPkKaHUd HOBOTO CO-
CTOSTHHSI CHHXDOHHGMA (MOHCK CHHXDOHH3MAa [POH3BOAHTCA Tapal-
JIeIbHO B TOMONHUTENbHOH wuenu). PaccMoTpum TpeGoBaHHs, Npelb-
SABJAAEMbIE K KaXX/JOMYy U3 3THX HAKONHTedeH.

B weamanTHBHBIX NPUEMHHKAX CHHXDOCHIHaNa peUICHHE O nepe-
X0[e OT pexHuMa yIepXKaHHS K pEXUMYy NOHCKa HPUHHMAaeTCs INpH
OTCYTCTBHHM CHHXpOCHTHAJja Ha aHaMU3UpyeMBIX nosuuusax. Orcyt-
CTBHE CHHXPOCHTHAJa MOXKeT OOBSCHATBHCH He TOJBKO NOTepefl CHH-
XpOBH3Ma, HO H WCKaXKeHHEM CHHXPOCHTHAJa NoJ JAeHCTBHEM noMex
HJIH cO0eM CHHXpPOHHM3Ma B cucCTeMax 0ojee BBHICOKOTO HOpsAKa.

YMeHnbliieHHe BEPOATHOCTH OWINOOYHOIO peilleHus © [OoTepe CHH-
XpOHH3MAa CBSI3aHO C yBeJHUeHHeM K03(dGhHIHEHTa HAKONJNEHHS B Ha-
KOMHUTeJNe N0 BBHXOAY U3 cunxponusma. OXHAKO ¢ yBeJUuEHHEM KO-
apdunuenTa HaKONJEHUS BO3pacTaeT H CpeJHee BPeMs BOCCTAHOB-
JIEHHS] CHHXDOHM3MA, MOCKOJDBKY NPOLECCY MOMCKA CMHXPOCHTHAMA TIPH
norepe CHHXPOHH3MA JOJIKHO NpeillecTBOBATb ri-KpPaTHOE MOAPSL
OTCYTCTBHE CHHXDOCHTHaJa Ha aHaau3upyeMbix nosuuusx. [Toatomy
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pacyeT HAKOUHTEN IO BHIXOAY M3 CHHXPOHM3MA 3aKJIOYaeTcs B OI-
pefleJIeHH MHHHMAJBHODO 3HAYeHHS KOI(D(HUIHEHTAa HAKONJEHHS Iy,
TP KOTOPOM MOXKHO NDAaKTHUECKH He CYHTAThCH C BEPOSTHOCTHIO
JIOXKHOTO €601 CHHXPOHH3AIHH.

[Ipr sToM He0GXOAHMMO, BO-HEPBHIX, YTOOH BEPOSTHOCTb MCKaxkKe-
HHSl CUMBOJIOB H3-32 COOEB CHHXPOHHM3ALWH, BBI3BAHHBIX HCKaXKEHHS-
MH CHHXDOCHTHAJa, OblJia Ha JABa-TPH NOPALKA MEHbLIE BEPOSTHOCTH
HCKaXEHUsI CUMBOJOB H3-32 BO3JAEHCTBHSA IIOMEX, T. €.

M (t5) 2. 10~
2 < (10721078) Py, 4.40
M+ M s P (*40)
rae M(fyn)n — cpefHee BpeMs MeXAY ABYMs COOSMH CHHXpOHM3a-

MY, BHI3BAHHBIMH BO3[IEHCTBHEM IIOMEeX, M, BO-BTODBIX, UYTOOHI Be-
POSTHOCTb TOTO, YTO BpeMsi BOCCTAHOBJEHHS CHHXPDOHH3Ma B CHCTe-
Max Tnepefauyn Oosiee BLICOKOTO NOPSIAKA NPEBLICHT BpPEeMS HaKOIJe-
HHA HaKONMTEeJNEM II0 BBIXOAY M3 CHHXDOHH3Ma B cHcTeMax O6oJjee
HHU3KOrO Mopsijixa, cocrasasma 102—10-3.

COofi cMHXDOHM3aLHH H3-32 BO3AEHCTBHS TNOMeX HPOUCXOAHT NOC-
Jie 71 CHeAYIOUUX NOAPSIA HCKaXKeHHil CHHXpOCHTHazaa. B astoMm cay-
gae cpefHee BpeMs MexXAy ABYMS COCeAHMMH cOOSIMH Olpefessercs
BHIDaXEHHEM, XapaKTepH3YIOILHM cpe/lHee BpPeMs NOCTHKEHHs Iep-
Boro ycmexa [49], 3akiodaromerocsi B GOpMUPOBAHUH 7; HMIYJIBCOB
TOAPAL Ha BXOJe HaKOTHUTeNA 0 BBIXOAY H3 CHHXpoHHM3Ma. Kaxzo-
My HMIYJbCY COOTBETCTBYET NMPHEM HCKAXKEHHOTO CHHXDOCHTHaJa, Be-
POATHOCTD 4ero pasHa Puc. B atom ciyuae

1 I
Mty s=g—p— (TJ— 1>Tu, (4.41)

tie Pyo=1—(1—Py)b. (4.42)
Tlockoabry M (ts)/ (M (ts) +M (typ)a) = M(tB)/M(tm)u, a TakXe ¢ vue-
TOM TOTO, 4TO TMPH Pyl Pyo=~bPy, u3 (4.40) nmonyuaem
lg (1072 = 1073) Py Ty /6 M (ts)
& Pa (4.43)

nae A|x| — okpyniennoe o GoJpleno 1eg0T0 3HAUEHHe x. 1ak, MpH
Ty/M(t3)<5-1072 u b=8 noayuaem r;=3.

st BBIMOJIHEHHST BTODPOTO YCJAOBHSI HeoOXOLMMO MO HHTErpasbHOH
GYHKUHH pacrpefesNeHnsi BpeMeHH BOCCTAaHOBJIEHHS CHHXPOHH3Ma B
IICIT n-ro mopsizka OIpeleNHTh TaKoe 3HaUEHHE BPEMEHH BOCCTAHOB-
JIeHHS. CHHXPOHH3Ma (5™, BepOATHOCTb MPEB30OHTH KOTOpOE COCTaB-
Jsier 1072—10-2. B atoM cayuae

A LO[ Ty (444)

e Tn("1)—mepnon caexoBanus cunxpocurdana B LICIT (n—1)-ro
Topaika. Kak npaBusio, AJis BBIIOJHEHHs ycnoBus (4.44) tpefyercs
Hosiblliee 3HaueHHe KOG dUNMEHTA HAKOIIEHUSA, YeM [Js1 BHIIOJHEHHS
yeaosus (4.40). O6wruHO ri=4-6.

TIpH HCIIOJIB30BAHHH aJalTHBHOTO NPHEMHWKA CHHXDOCHTHAMA YC-
JoBHe (4.40) uMeer eule MeHblliee 3HAUeHUe, NOCKOJNBKY cO0H CHHXpO-
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HH3aUHH U3-33 BO3JEHCTBHS NIOMeX NPOHCXOIUT B 3TOM CJyuae mocie
71 CJeAyOIIHX TOAPSA HCKaxKeHHH CHIXpOCHrHana H (OPMHPOBAHHS
K 3TOMy MOMEHTY ry MOAPSA/ JOXKHHX CHHXPOTPYIIIL.

Cpensee BpeMsl YAJHHEHHsI TIIpolecca BOCCTAHOBJIEHHS CHHXPO-
HH3Ma 3a CUeT BK/IOYEHHS HAaKOIHTENd N0 BHXOAY H3 CHHXPOHHM3MA
OTpEfeNsieTCs BLIDAXKeHHMeM, aHajorvdnbiM (4.41) ¥ oTaMuarommMcs
TeM, YTO MOSIBJE€HHE eNUHHUIBI Ha BXOAE HAKOIUTENS NPOUCXOIHT NpPH
OTCYTCTBHH JIOXKHOTO CHHXDOCHTHAaJa, BEPOATHOCTb 4YEro paBHA
1—1/2b. Torna

1
M (L perx) =2”[m— 1] T.. (4.45)

OG6LIuHO IHKJOBOH CHIXPOCHTHAJ HE 3allHIaeTcd OT HCKameHHH.
TlostomMy HckaxeHnue q1060T0 CHMBOJA CHHXPOCHTHAJA DaBHOCHJBHO
HOJHOMY HCKa’KeHHIO 3TOro cHuriajna. IIpu mepemaue cHHXpOCHrHana
NIOMEeXOYCTOHUMBBIMH KOJOBLIMH TPYNNAaMH pe3KO BO3PacTaeT BeposT-
HOCTb (OPMHDOBAHHS JIOXKHBIX CHHXPOTDYNI, 4TO, B CBOIO Ouepejlb,
BBI3bIBAE€T 3HAUUTENbHOE YBEJHUEHHE CPEJHEro BpPeMEeHH BOCCTAHOB-
JIeHHS CHHXPOHH3MA.

JlelicTBHTeIbHO, 3aIUTa OT ¢ omHO0K b-paspsaHoi KOMOBOH rpym-
Il BJIe4eT 3a co0oll mosiBJeHHe § KOMOBBIX TI'PYII, COOTBETCTBYIOIINX
CHHXPOHU3HpYIOLLeH, rae

q
s= 3 Cy™ (4.46)
n=1 i
Otcroma caepyer, 4To 3allluTa, HAIpHMeP, BOCbMHPa3psiAHOTO CHHXPO-
CHTHaja OT JABYX OWHOOK BLI3LIBAET YyBeJHYEHHE BPeMEHH MOHCKa
cunxpocHrnasia mourd B 40 pas, B To BpeMs Kak JOCTHXKEHHE aHaJo-
THYHOH TOMEXOyCTOHYHBOCTH CHCTE€Mbl CHHXPOHH3AUHH C MOMOIUBIO
HaKONHUTeNs II0 BBIXOAY H3 CHHXDOHH3MAa BbI3BIBaeT yBeJIHYEHHe Bpe-
MEeHN BOCCTAHOBIEHHSI CHMHXDOHH3Ma [B coorBercTBuH ¢ (4.45)] Bce-
rO JMIIbL Ha [Ba NepHoAa cJefoBanHMs cHEXxpocurnasa. Kpome roro,
yBeJHUeHHE BpeMEHH -BOCCTAHOBJEHHS CHHXPOHH3Ma IPOHCXORHT
M3-32 3aMeJJIeHHs] IIPOIeCCa 3alOJHEHHS HAKONHTENs N0 BHIXOAY H3
CHHXDOHHM3Ma (B 3TOM CJyuyae BepOSiTHOCTb (POpMHDOBaHHS eAHHHIB!

Ha BHEIXOJe Hakonurtests: paBHa 1— X Cy"/2. IIpu atom
n=1

20 1
7

M (ta) = Zq ] zq ——1] (4.47)

cE (1—~—- . Ch

n=1 2b n=1
ITostoMy BkulOueHHe YCTPOHCTBA 3amIHTHL OT OULIMGOK HewLenecool-
pasHo. .
Pemenue o nepexone OT peXxuMa Nnoucka CHHXpPOHU3MA K pexumy

€ero YAEpXKaHUA INIDHUHAMACTCA TOJbBKO MHOCJAE Iy CaeAyrmux HOleH,lI
HOBTODEHHH CHHXPOCHTHAJA Ha AaHAMH3UPYEMbIX MO3ULHUAX, HOCJE de-
ro no CHrHaJjJy U3 HAKONHUTeJsd MO0 BXOAY B CHHXDOHHU3M HAKOIIATEJNb
mo BbIXOIly H3 CHHXDOHH3Ma MNepeXOdUT B HYJEBOE COCTOAHHE.
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C yMenbluenneM ko3¢QHUHEHTa HAKONJ/IEeHHS HAKOMHTENS M0 BXOAY
B CHHXPOHH3M BO3pacTaeT BEPOSITHOCTb IePeX0la B pPeXHM ylepxa-
HUS COCTOSIHMSI JIOXHOTO CHHXpOHH3Ma. C ApYyrofi CTOPOHH, C YBeJH-
yeHHeM Ko3(QHIHEHTa HAKOIVIEHHS BO3pPacTaeT BEPOSTHOCTb TOrO,.
uTO Hocje OOHAapYXKeHHS COCTOSHMS CHHXDOHH3Ma TepBoe JKe HCKa-
JKeHHe CHHXPOCHTHAJa BHI30BET HAuaJo TpOLecca NOMCKa CHHXPOHH3-
Mma. ITosroMy BuGOp K03thpHLIHEeHTa HAKONJEHHS IO BXOAY B CHHXPO-
HH3M 32KJI0UaeTCi B MHHHMH32aUMH BPEMEHH BOCCTAHOBJEHHS CHH-
XPOHU3MA.

O6pryH0 KO3GhHIMEHT HAKOIJIEHUs IO BXOAY B CHHXPOHHM3M BHI--
6upaercst paBuniM 2—3. Ilpu rtaxom xosdbuiHeHTe 00eCTETHBAIOTCS
JOCTaTOUHO MaJjible BepOSTHOCTH KaK IOBTOPHOTO TOHCKA COCTOSTHHS
CUHXPOHH3Ma, TaK M JIOXKHOH (DHUKCAIHUH COCTOSHHS CHHXPOHH3MA, KO-
TOopad, Hanpumep, npu b=8 u ro=3 cocrasaser 6-1078.

Famara §

JUHEMHBIE TPAKTHI IU®POBBIX CHCTEM IEPEJAYH

5.1. KaGensHple JUHHYU CBS3H

IludpoBsle cHCTeMbl NEPefauM KCHOJB3YIOTCS B OCHOBHOM AJsi paBoTH MO Ka--
GelbHBIM JIMHHAM cBs3H. KaGelbHble JHIHH XapaKTepU3YIOTCS CAELYIOIHMH apa--
MeTpaMu mnepefiaun: KoahdHuHeHTOM pacmpocrpaHeHus y(i®) ® BOJHOBBIM COMPO--
THBJIeHHEeM Z5(i®), TO3BOJSIONIMMHK ONpeleluTb HanpsiXKeHHe H TOK B Jio6off TouKe-
KaGeabHol uenu. [lapamerpnl nepejaud BLIpaXkalwTcsd uepe3 NepPBHUHBIE MapaMer-
PH — aKTHBHOE CONPOTHBJEHHe R, MHIYKTHBHOCTb L, eMKocTb C M NPOBOJAHMOCTD.
usonsuus G — COOTHOWIEHUSIMH:

v(io) =Y (R+imL)(G-;—iwC); (5.1)

Tol
Zo(io) = g—L’—;”f : (5.2):

Curnanul, nepesaBaembie B tpakrax LICII, umenT BecbMa IMHPOKHA — YacTOTHHIE
CIeKTP, MOITOMY NpPH ONpeleNeHHH NMapaveTpoB mepejauyd KaGeas HeOGXONMMO Yuu-
ThIBATh 3aBHCHMOCTDL ME€PBHUHBIX NapaMeTpoB OT YACTOTHI.

YacToTHEHE 3aBHCHMOCTY AKTHBHOTO CONDOTHBJCHHS R M UHIYKTHBHOCTH L Ka-
Gena onpejelsioTc B OCHOBHOM IpolLeccaMy NepepaclpefeleHHss TOKAa B TOKOMPO-
BOISIUMX JKHJIaX Hu3-3a NoBepxHocTHoro addekra u apdekra Omusoctu [72]. Tlo-
BepXHOCTHBIT 3(bekT 3axmovaeTcas B HepepacnpeleJeHHH ToKa B NPOBOJHMKe NPH:
B3aHMOJIEHCTBHH OCHOBHOTO TOKA C BHXPEBLIMM TOKaMM, KOTODHie HABOJAATCH B 3TOM
NMPOBOXHHKE CHAOBBIMH JIHHHAMH BHYTPEHHer0 MarHHTHOTO [OJf, CO31aBaeMoro-
OCHOBHBIM TOKOM. B peayiibTate NOBCPXHOCTHOTO s(h¢ekTa Bospacraer NJIOTHOCTH
TOKa B MOBEPXHOCTHBIX CJIOAX NpPOBOAHMKA. ToJmHiHAa C€J0d, B KOTOPOM KOHIIEHT-
pHpyeTcsl TOK, 3aBHCHT OT Y/eJbHOTO CONPOTHBJICHHS 0, MAarHHTHOR NPOHHIIAEMOCTH:
W MartepuHaza NDOBOJHHKA, YacTOTH IIPOTEKAIOWIETo TOKa { M onpejensiercs BhIpa-
KeHHeM

=" o/nfp. (5.3)
Hns mensoro mnpoeoanmka =0,01724 Om-MM*)/M, p=4n-10-7 n Ou=

=66/ "l/f_ M. Ilpu [=100 kTu TOK mporexkaer mO cJolo TOMWMHOA §=0,208 MM,.
npu f=1 MI'n §=0,066 mM; TakumM 06pasoM, yKe Ha uacTOTax, PaBHBIX HECKOJb~
KHM JeCATKaM KHJIOTEepH, TOJILHHA CJ10si O 3HAUMTENbHO MeHblie AMaMeTPa NPOBOA-
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HHKa. BesaeacTBHe NOBepPXHOCTHOrO s¢eKTa C yBedHUEHHEM 4YacTOTHL BO3pacTaer
AKTHBHOE CONDOTHBJICHHE M YMEHLIIAeTCS HHAYKTHBHOCTH NMPOBOIHHKA.

S¢dexroM GNH30CTH Ha3LIBAETCS IepepacnpefelieHHe TOKa H3-32 B3aUMOJeii-
CTBHS OCHOBHOTO TOKa, TIPOTEKAIOLIEr0 1O NPOBOAHHKY, ¢ BHXPEBLIMH TOKaMM, Ha-
BOJIMMBIMH CHJIOBHIMH JIHHHSIMM BHEUIHEro MarHuTHOro noss. Ilpum nepexave cHr-
#Hana no kabeno B [BYX MPOBOJHHKAX, 00Da3ylolHX 3aMKHYTY leMb, NPOXOIST
TOKH  TNPOTHBOMOJOMXKHHX  HaNpaBleRuil,
Bausune nosefi o6omx HpOBOAHHKOB IDH-
BOIAT K YBENHYEHHIO IUIOTHOCTEH TOKOB
Ha NOBEPXHOCTAX HPOBOJNHHKOB, OOpamieH-
HBIX ZPYr K APYry. B KoaxcHajbHOH mape
BCleACTBUe 30deKra OaU30CTH BO BHYT-
peHHeM NDOBOJHHKE TOK KOHIEHTPUpPYeTCsH
Ha BHellHefl NOBEPXHOCTH, 4TO aHAJONHY-
HO JeHcTBHIO ToBepxHocTHOro addekra, a
BO BHeIIHEM MPOBOLHHKE TOK IepejaBae-
MOI'0 CHI'HAajla KOHLEHTPUPYeTCs Ha BHYT-
peHHell moBepxHOCTH (puc. 5.1).

Buemrnue Melalollne MoJsi BEHI3HIBAIOT
NOSBJICHUE TOKOB, NPOTEKAIOMMUX B OCHOB-
HOM 1O HapyXKHOH IOBEPXHOCTH BHeIl-
Hero npoBogHHKa. Benexcraue 3ddekTa
6JM30CTH ¢ POCTOM YacTOTH Pas3felsIoTCH
NYTH CHTHAaJbHHIX H MeLIAOUIHX TOKOB BO
BHEUIHEM NPOBOANUNKE — IIPOMCXOAHT Ca-
MO3SKPaHHPOBaHHE KabeJsd, 9TO NPHBOIHT
K BO3pPaCTaHHIO 3alIHIIEHHOCTH KOAKCHaJb-
HOM NapLl OT BHEMIHHX NOMeX C yBeJauue-

HHeM YacTOThl HepelaBaeMOro CHrHaJja.

I Bimsnue sdpexra BJIH30CTH HAa aKTHBHOE

Puc. 51 Pacnpenencane maoraoct o GG LG ok aa sorsuo geh-
TOK2 léapgposouﬂnxax Koakchadbol oo oo epxHOCTHOTO Sddexra,

IIpn yBesnuenun 4acTOTH CHTHaJa BO-

3pacTaeT KOMILIEKCHOE CONPOTHBJEHHE MO-

"BEPXHOCTHOrO /ol Zy, B KOTOPOM KOHIEHTPHPYETCS NMPOTEKAWUIMA TO NPOBOJHHKY

Tok [l1]. Jas curnanos, nmepefaBaemblx B JuHelHbx tpakrax LICII, Tomuuna cios

D, onpepensemas us (5.3), sHauHTeNbHO MeHbule AMaMeTpa TPOBOAHMKA d, MO3TOMY

“CONPOTHBJ/IEHHC MOBEPXHOCTHOIO CJIOS MOXHO OIPeAeMHTb Kak

Zn=(p/8nd) (1+1i). (5.4)
«C yueroM (5.3) nmosnyuuM BbIpaxeHHe .JIsi CONPOTHBJEHHSI Iapel NPOBOLHHKOB

[ f /Paliaf u 7\
z,.ﬂ_<d1 l/‘ 1 az | fate S ) uH) =4V e 1+i). (5.5)

. 1 PLiy m ]/Pz P
‘Tre A= ndl + ndg :

BelecTBennasi cocTaBisiomas Zy COOTBETCTBYET AKTHBHOMY CONDOTHBJIEHHIO IIPO-
BOJHHKA R, YBENHUHBAIOLIEMYCSI C [MOBBIUIEHHEM YaCTOTH, a MHHMas COCTaBJsIOLIAs
Zyn — cofcTBeHHOH HHAYKTHBHOCTH NpoBOAHMKa L, ymenpllawifefics BCJAEACTBHE WO-
BEPXHOCTHOrO 3(pdeKTa NMpPH NOBBHILEHHH YaCcTOTHl CHTHAJA.

IMoacrasasa Bulpaxenne (5.5) BmecTo akTuBHOrO comnporusienHs R B (5.1} u
(5.2), npeneGperass axkTHBHOW NPOBOAMMOCTHI0O G M OTPAHHUMBAACH ABYMS WICHAMH
“OHHOMHAJBLHOTO DPAa3JIOXeHHs] NIDH H3BJEYEHHH KODHs, NOJy4yaeM COOTHOUIeHMA IS
napaMeTpoB Iiepenaun Kabens:

Al —
Zs (i0) = ]/—— 21(/Lcﬁ:) , (5.6)




_AVe +i AVe
2VL/C 2VLIC

U3 (5.6) caemyer, yTo BOJHOBOE CONDOTHBJEHHE Kabens Ha HM3KHX UacTOTax YBe-
JIMYMBAETCS. 110 MOAYJIO M HMMEeT EMKOCTHBIE XapakTep; NPH 3TOM YroJi BOJHOBOIO-
conporuBjeHuss He npeshunaer 45°. C yBeJnMueHHeM 4YacTOTH BOJHOBOE CONDPOTHB-
JIEHWEe CTAHOBUTCS UHCTO aKTUBHBIM H TNOCTOSHHBIM. 3aryxamHe Xabens (5.7) 1po-
MOPIHOHANBHO KBAJPaTHOMY KODHIO 3 vacToThl. ($a3oyacToTHAas XapakKTepPHCTHKA
Kabesst MMeeT HeJMHEHHBIi Xapakrep H SIBJsETCS XapPAKTEPHCTHKOH MUHMMANbHO da-
30BOr0 THINA, YTO HEOGXOAMMO YYHMTHIBATh NPH TOCTPOEHHH KODPEKTHPYIOUIHX YCH--
autenell JHeHHHX PereHepaToOpoB.

Ha BBiCOKHX YacTOTax BO3DACTAIOT NOTEPH B JHIJIEKTPHKE H3OJALMH Kalens-
Benuuuna TOTePh OLEHWBAETCS KOS(G@MHUMEHTOM RUIJIEKTpHUecKHX  norepb Kyn,
paBHBLIM OTHOILIEHHIO AKTUBHOH NpPOBOAMMOCTH H30JsilHH G K €eMKOCTHON IPOBOAH:--
MoctH ©C. Torga

+ioVIC. 5.7y

y(io)

G =Ky n0C. (5.8

JAst H30MANHOHHBHIX MATEpPHAJNOB, WCHOJb3YEMEIX B Kalbenfix, Xo3d¢HuueHT mo-
Tepb Kp.n H3MeHfeTCs He3HAUHTeJNbHO B HIMPOKOM YacTOTHOM JHANA30He, MOITOMY
[IPOBOJHMOCTh H3OJISIMH NPAKTHYECKH JHHEHHO YyBeJHUHBAeTCA C TOBHIIEHHEM da--

crorel. C yuerom 3toro B (5.7) DOSIBJASETCS MONOJHHTEJNbHHH WICH wVLCKK,n/Zy
XapaKTEPU3YIOWIKA JHHEHHOe BO3pacTaHHe 3aTyXaHusi Kalens ¢ yBeJIHUeHHeM 4Ya-
CTOTHL. JlU3JeKTpHYECKHE NOTEpH B Kabessx ¢ OyMaKHOH H30JsLHEH, HCIOMb3YEMBIX
B ropojickux cetsix (Kyn=(1+4)-10~2), cymlecTBeHHO YBENHUHBAIOT 3aTyXaHHe Ka--
Gesst, HaunHasg € 4acTOT okono 100 xI'm, W OrpaHHYMBAIOT NpPeAeNbHBIE BO3MOXKHEIE-
CKOPOCTH Mepefaudl 1o ‘TakHM KabessiM BeJqHynHOM 5—8 M6ur/c. B BricokoyacToT-
HBIX CHMMCTDHYHHIX XabeslsiX NOTepH B XHIJNCKTPHKE YBENHYHBAIOTCA B JAMalNa3oHe:
5—15 MI'u. B xoakcnaabHbIX Kabensix K03QGHIHEHT AHAJIEKTPHUYCCKHX NOTepb 3Ha-~
unrennno menblle (Kpn= (0,5+2)-10-%), nosroMy notepu B AHIJIEKTDHKE CleyeT”
YUHTHBATh JHWL TpH 4acroTax ceuile 100 MI'm — pas xoakcumaabHoro kabens c
napamMa 1,2/44 mM u cBeiue 500 MI'm — nas xaGeas c¢ mapamu 2,6/9,5 mM. Ha
puc. 5.2 mokasaHbl XapaKTePHCTHKH CHMMETPHYHOTO MEXKAYropojHoro kabeis ¢ Kop-
RedbHo-TtogaucTupoapol  wsoasauueit MKC 4X4X12 w®  koakcualdpHoro Kabess:
MKT-4 ¢ napamn 1,2/4,4 mm.

ITo u3BecTHOR 4acTOTHOH XapaKTePHCTHKE, HCHOIB3yst obparHoe Npeobpa3oBaHHue
Jlannaca, MOXHO TOXYYHTh BHpPAXKEHHE [Js1 TEPeXOHHOM XapaKTepPUCTHKH Kabeas:

Al
h(t, l)=erfc2—}72-/—zt ;o 1>=0, (5.9%
X
rae eric(x) =1-—erf(x) =1—-7= (e~ dt; | — pnuua kabens.
Vr |

Kak caenyer u3 (5.9), AMMTENbHOCTh NMEPEXOAHBIX NDPOLECCOB BO3pacTaeT MNpo-
NOpilHOHAJPHO KBAaApaTy AMHHB Kabeas. B kauecrBe npumepa ua puc. 5.3,a mnpu-
BeleHH TNepexojiHble xapaktepuctuku kKabeas MKT-4 ¢ xoakcnanbHBIMM TapaMw
1,2/4,4 Mm npn pmunax yyactkos 1; 2 m 3 xm,

WmMnyabcHbli OTKJIHK Ha BHIXOAE YU4CTKA MOXKHO OIpPEAENUTb, INPEeCTABJSAR
NPAMOYTONbHBIA HMNYJbC JJHTEJBHOCTHIO T, AeHCTBYIOIMA Ha BXoJe yuacTka Xabe-
Js, B BHIE DAa3HOCTH [BYX eJIMHHUHBLIX (YHKUMH, CMEIIEHHBIX APYr OTHOCHTEIBHO
JApyra Ha T

{h(f, D, o<gi<r,

Lh(t, )—h(t—T, 1), =1
Ha puc. 53,6 mnokasannl (OpPMH HMNYJbCHBIX OTKJIMKOB Ha BEHIXOLE YYaCTKOB

KoaxkcHaJpHOro kabens c¢ mapamu 1,2/44 MM IpH Nepefaue IPAMOYTOJBHOTO HM-

myJibca JJHTenbHOCThIo 15-10-%c¢, YTO CcOOTBETCTBYeT HMNYJbCaM, NiepeiaBaeMbiM

B JnHelinom Tpakrte TperHyHol LICIT. AMmmiantyaHoe 3HaueHHe OTKJIHMKA ONPEAENSETCS

MaKCHMaJIbHOH KPYTH3HOH IepexoiHOH XapaKTEeDHCTHKH 3aJalHOH MJIHHH Kabeas:
¥ B cooTBercTBuE ¢ (5.9) 06paTHO NIPONODPUMOHANBHO KBAXPATY LJMHbH YYacTKa Ka-
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Geas. U yBeJHYeHHeM IJIMHBL y4yacTKa Kabeas AJHTENbHOCTb HMIYJALCHOTO OTK/HKa
BoapacTaer. IIpH IJIHHe. y4acTKa 1 KM JJIHTENBHOCTb MMINyJbca Mo yposHio 0,5 yse-
JauunBaercs o 100-10-%¢, r. e. Bospactaer B 7 pas, IPH 3TOM NJHTEIbHOCTH HM-
nyabca no yposuio 0,1 nocruraer 425-10-°c. Ha Bpixome yuacTka aauHok 3 KM
AJHTENBHOCTD MMIOyJbca 1o yposHio 0,5 Boapacraer go 920-10—°c, a mo ypoBHIO
0,1 — 1o 3920-10-°c. TlosToMy Ha KaXAblH CUMBOJ JMHEAHOrO CHrHaJa, NOCTY-
napWuil Ha BXOJ pereHepatopa Iocje MPOXOMIEHHs yuacTKa Kabenxs, BO3neficTBYer

-oYeHb GoJpuioe unciao (Gonee 100) KOZOBEIX CHMBOJIOB IlepefaBaeMol LH(POBOH
fioc/Ie0BATENIbHOCTH.
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Puc. 5.2. UactorHEe XapaKTePHCTHKH CHMMeTPHYHBIX nap kaGens MKC 4X4X12
{nmyHKTHD) ¥ KoakcmasipHbX nap kabena MKT-4 B nuanmasome mo 200 kI'y (a) m
o 20 MIn (6)

Cummerpuyunbie kaGead. LlnbdpoBbie JUHEeHHHE TPaKTH OpraHu3y-
JOTCH MO CHMMETPHUHEIM KalenaM Ha MeCTHHX, BHYTPH30HOBHIX .H
Marucrpanpibix cersix. Ha sauuusax I'TC npuMeHAIOTCS MHOTONApHBE
rejedonnne kabeau tuna T ¢ nuamerpom xkua 0,4—0,7 MM, Hzoxs-
‘IMell B BUje MOPHCTOH OYMayKHOH MacChl WJIH CNHPAJbHO HaMaThIBae-
‘Mo#i 6yMaxkHo# JeHTHl, napHo#l ckpyrkoil xua. B ommom xabeme T
YHesao map Aoxonut. po- 1200. Ha I'TC ncnoabsyioTcs Taxxke MHOPO-
120




yrapueie xabean TII ¢ noamstunenoBo#t uszogsuued. [as cenbckolk
cBasn npuMensiorcss xabean KCIIIT ¢ muamerpom xua 0,9 MM, ume-
IOLIHEe YNPOIIEHHYI0 KOHCTPYKIHIO, MaJioe YHUCJHO XKHJI (IO UYerhHpex
YETBEPOK), NONHITHAEHOBYIO H3oJAuMi0. Ha kaGensx I'TC opranu-
syiotcst aunefinble TpakThl LICIT MKM-30, ma xaGensix cenbckoit ce-
™M — JunedHsle Tpakthl LCIT MKM-12, UKM-15, TKM-30.

hitl) 4l
07 P
L]
a6 -
I=lrm boy (i
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/ / / ) Puc. 5.3. BpemeHHBle XapaKTePHCTHKH
a1 / . kabens MKT-4:
4 K @) TEpeXOJHBle XAPAaKTCDHCTHKH IApEE
s / 1,2/4,6; 6) HcKaxeHHs (GOPMBI HM-
nysanca AduresapHocteio 15-10-° ¢ npm
a 00 200 IZM 400 iﬂ? mﬁﬁﬂ nepefaue no kabemo MKT-4

Ha wMexzayropoAHbx JHEHMAX CBSI3M HaunGoJIbllee pacIpocTpaHe-
HHe moayuran Kabeaum MKC ¢ KOpDZEJBHO-NOJHCTHPOJBHOH H30JIs-
nuer, auamerpoM xua 1,2 MM, ueTBepouHOf CKpPYyTKoH. Boimyckamoor-
Cs OLHOUYETBEPOUHHE, UETHIPEXUETBEPOUHLIE H CEeMUUeTBEpOUHbIE Ka-
6esqu. Ha BHYTPH30OHOBOH ceTH NpPHMEHAITCA TakXKe OAHOYETBEPOU-
uele kabean 3KII ¢ mosmaruneHoBoil uzoqsiuuedi. Ha cuMMerpuunbex
kabersx MKC u 3KII opranusyiorea gauHefinsle Tpaxthl LICIT
HKM-120.

B cuMMeTpHuHHX KalensX OCHOBHBIM BHJOM IIOMeX SIBJISIOTCS Ie-
PEXONHKIE BJHAHHA MEXJY CHTCHATAMH, NepejlaBaeMbIMH 1O DPa3nHg-
HBIM TapaM [POBOJHHKOB, Pa3MelleHHHIM B OAHOM KaGese. IIpenenn-
Hasl JJHHA yuacTKa pereHepalHH [Jist LH(POBHIX TPaKTOB, OPraHH-
3yeMBIX 110 TAaKHM KalbessaM, onpeje/faercs H3 YCIOBHS obecneueHHs
MHHHUMAJbBHO [ONYCTHMOH BEeIHYHHB! 3aIIHIIEHHOCTH OT NePEXOIHBIX
noMex. BsauMHEle BIHSHHA MeXAYy LeNAMH OIEHHBAITCSH BeJUYHHOR
NepexoJHOro 3aTyxaHus Ha OnuxHeM (A,) ¥ manbHeM (A;) KoHuax
yuactka (puc. 5.4):

Ao=201g (I,/I5) =201g (U,/Us);
A[=201g([1/121) =201g(U1/U21),

rae [;, U;—COOTBETCTBEHHO TOK H HAMpSAXKEHHE HA BXONE BJIHAIO-
mieit nenut; I, Uy — TOK M HampsikeHHe Ha OJHIKHEM KOHIE MOJBEp-
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JKeHHOW Bausanuio uenu; Iy, Uy — TOK U HampsKeHHE Ha JAaJbHEM
KOHII€ IIOHBEPKEHHON BJIHAHHIO LEIH.

BequynHa MepexoQHOrO BAUSHHUS B CHMMETDHUYHBIX KabessX 3aBH-
CHT OT JAJIHHBI Y4aCTKa H YaCTOTHl IepefaBaeMoro curransa. C poctom
YaCTOTHl IIEPEXCMIHOE BJHAHUE (OTHOLIEHHE NMOMEXH K IIPHHUMAaeMOMy
.CHTHaJy) Ha JaJIbHeM KOHIe Bospactaer Ha 6 Ab Ha okraBy; Ha
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Puc. 5.4. B3auMuble BAHAHHS MeXKAy TPAKTAMH B CHMMETPHYHOM KaGeme:
———— nepexoiHble BAHAHHA B KaGeie; — — — — To Xe, B HPII

GJMKHEM KOHIE INPH YBEJHUEHHH TACTOTH POCT NEPEXOJIHOTO BJIMS-
HHUSL TPOUCXOJHT HECKOJBPKO MelJIeHHee — CO CKOPOCTBIO 45 1b na
OKTaBYy, uTO OGBSICHSIETCS BO3DACTAHHEM NOTEPb IPH MOBBHIIEHWH Ya-
CTOTHl MEINAMOMUX TOKOB, NOCTYMAIOIMIUX Ha OJMXKHHH KOHEL ¢ OTla-
JIEHHBIX YYACTKOB JIMHHM. OTH YaCTOTHHIE 3aBHCHMOCTH OTpPaXKaioT
Jub oBmui XapakTep H3MEHEHHS IepPeXOAHHIX BJMSHHI, peasbHble
XapaKTeDUCTUKA NePEXO/IHbIX BJIHAHMH 'B CHMMETPHYHBIX Kaleaix OT-
JIMYaoTest GOMBUIHM Pa3HoOOpasHeM.

Ecau mepexofHoe 3aTyXaHHe Ha OJHXKHEM KOHIE LI 3J/eMeHTa
IJIMHBL JaHHOTO Kabensi paBHO Ag, TO YpOBEHb IEPEXOAHOH MOMEXH,
-onpejenseMbli B3aUMHBIMH BAHAHHAMH Ha 3TOM y4YacTke,

Pro1=Prep—Ao1, (5.12)

THE Puep — YPOBEHb NE€PENAUH CHTHANA BO BJHSIOLIEH LEMH.

3HaueHHs [IePEXONHBIX IIOMeX Ha O/MKHeM KOHIE OT ADYTHX yda-
CTKOB Kabejs 3aBHCAT OT HOTePb BO BJHSK0IIEH M IOJABEPKEHHOHU
BIMAHHIO mensix. Tak, ypoBeHb NMePeXOAHO! MOMeXH Ha OJIHXKHEM KOH-
1e, oTpenessieMblil B3aHMHBIMH BJIHSHHAMH Ha {-M JI€MEHTapHOM yda-
CTKe,

pn0i=Pnep—Ao1—‘2a(i—1)ll, (5.13)

rle o — KH/JIOMeTPHUeCKOe 3aTyxaHue kKabens; [| — JJIHMHA 3JeMeHTap-

HOro oTpeska Kabens. IlpunuMasi, 4TO MepexOjHbIE NOMEXH, BO3HH-

KalolllHe Ha pPas3JIMYHBIX YYacTKax Kabens, CyMMHDYIOTCA HO MOILIO-

CTH, MONyYaeM BbIpazKeHHe AJIS YPOBHs IIEPeXO/IHOH NMOMeXH Ha GIHK-

‘HeM KoHuue kabens, cocrosmiero w3 N 3jeMeHTapHBIX Y4aCTKOB, °
2Nal,

N 1—10 "
Pmo=— 101gi§llpn0i=pnep_“A0x +10lg———7—. (5.14)

20,
10
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Mpu I[,=1 M nepexoiHoe 3aTyxanue Ha GIMKHEM KOHIIE

1—10— 2N o 10—4
Ao=Pprep—Pro=Ap;—10lg ——8— . (5.15)

1 —1p—2a 10
3aBHCHMOCTb NePeXOAHON0 3aTyXaHHs Ha ONHKHEM KOHIE OT JJH-
ubl kabens MKC nokasaua ma puc. 5.5. Ilpu agaume kabesst GoJee:
200 M nmepexoaHoe 3aTyxamue Ha OJHMIJKHEM KOHIE 'Ha 4YacTOTe
4224 xT'um coxpamsiercss NpaxTHUecKH HenmaMeHHHIM. C yBenHYeHHEM

qacTOThl COKpallaeTcsa AauHa Ka6e.rm, COOTBETCTBYIOIAA MNOCTOAHHO-
My 3HAYCHHIO MEPEXOJHOro 3aTyxXaHus Ha 6/IHXKHEM KOHIIE.
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Puc. 5.5. 3aBHCHMOCTb NEPEXOAHOrO 3aTYXaHHS Y 3AMHMUIEHHOCTH OT AJHHB KaGenst
MKC 4X4X1,2 na uacrore 4224 xI'u

[Tepexoannie TmoMexH Ha JajbHeM KOHIE Kafess OT pas3JHUHBIX
yYacTKOB BJMSHHS NPUMEDHO PAaBHH IO BEIMYHHE, TAK KaK CyMMap-
Hble IOTEPH HA paclpoCTpaHeHHe BO BJHAKINEH U TOABepIKEHHOR
BAMAHMIO LENAX OJAMHAKOBH  JJsI BCEX 3JEMEHTapIBIX Y4YacTKOB H
PaBHp paboueMy 3aTyXaHHIO pereHepalHOHHOro yuactka. CyMMHDYs
MOITHOCTH TNEPEXOAHBIX MOMeX OT PA3VHYHBIX YUYaCTKOB, MOJYUAEM

ypoBeHb INTOMEXH Ha JaJbHEM KOHI(e Kaﬁe.ﬂﬂ, co/iepiKauero N yuacr-
KOB

=P, +101gN—a (I—1,), (5.16)

CA€ pn;,— YPOBEHb MepEXOJIHOH NOMEeXH Ha JAajbHeM KOHIE OMAIOTo:
3JIeMEHTapHOro yyacTka AJuHofl [;. C yueroMm Toro, uto I>>/;, moay-
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9aeM BeJHYHHYy I€PeXORHOTO 3aTyXaHWSl HA JajibHEM KOHIE NpH

1|= Im
A= paop—Pu=A;, —101gN +aN10-5, (5.17)

Ecnu u3BecTHo mnepexomnoe 3aTyxaHne AJA  Kaleas AJHHOR N
(Aiy ), TO mepexoflHOe 3aTyxaHMe HA JajbHEM KOHUe Kalead /M-
Holt Ny (Aw,)

A ,=Ain ,—101g (NofNy) +a (Ng—Ny). (5.18)

3aBHCHMOCTD II€PEXOJHOTO 3aTYXaHHS Ha JaJibHEM KOHIE OT JJIH-
Hpl Kafead mokasaHa Ha puc. 5.5. [lpu yBeaudeHHu HJHHBH Kabess
TnepeXxoJHOe 3aTyXaHHe Ha JaJbHeM KOHIE BHayaje CHHXKAETCAd HM3-3a
POCTa B3aUMHBIX BJHMSHHMH, a 3aT€M BO3PAcTaer BCJEACTBHE yBeJuye-
HHs1 COGCTBEHHOTO 3aTyXaHHsA KabeJbHOr0 y4acTka.

[TepexopHoe 3aTyxanue OIpeIe/ser OTHOLIEHHe CHrHaJ-IIoOMexa
Ha BXOJle perenepaTopa. 3alIMIIEHHOCTh Ha OJIHXKHEM KOHIE pereHe-
PaAUBOHHOTO yuyacTKa JJIUHOHU [

Bo== pup~—Puo=Prep—&l— Pro, (5.19)
TAe pup— ypOBeHb HpHHHMaemoro curaja, C yuerom (5.12)
Bo=A0—(ll. (520)

B nuanasone mJuH pereHepalliOHHBIX YYacTKOB BeJWuHHa Ay Ipax-
THYECKH HOCTOSHHA, [OSTOMY NPH YBEJIMUEHHH NJHHBLI y4acTKa 3ally-
IIEHHOCTh pereHepaTopa Ha OJHMKHEM KOHIE yMEHbLIA€TCs HAa BeJH-
gHHy pabouero saTyxaHus Kabens (al) (cMm. puc, 5.5).
3amyueHHOoCTb OT IIepeXOoAHBIX NOMeX Ha JaJbHeM KOHIe
Bz=pup‘—Pnl=Al—‘al, (521)

Bl—:Al‘-—*lOlgl (5.22)

Tlpn yBeauveHun HJMHBI y4YaCTKa 3allHINEHHOCTb percHeparopa oOT
IepexoJHbIX TOMeX Ha JajibHEM KOHUE CHHKaeTCd IPONOPLHOHAJbHO
KBaJpaTHOMY KODHIO H3 JJHHBI pereHepalHOHHOTO y4acTka.

[Ipu oileHKe 3aLUMIIEHHOCTH OT NEPEXONHBIX BJHSHHH HEOOXOMMMO
YUHTHBATL KOJIHYECTBO cHCTeM, paboraiomux no ofHOMY Kabeiro,
T. e. yucao Badsoumux mened. Ilpp M paboralolidx CHCTEMax Tpe-
OyeMasi BeJHUHMHA 3alHIIEHHOCTH JOJxHAa OHTb YyBeJHYeHa Ha
101lg M nb orHOCUTe/NBPHO 3aLIMIIEHHOCTH IPH ONHOH BAMAIOIIEH Ie-
nd. C r[oBHIIEHHEM YHC/Ia CHCTEM aMIVIATYQHOE PpaclpefeleHde Iie-
PEXOJHBbIX [OMeX NpHGJMKAeTCA K HOPMAJbHOMY, UTO TAaKKe CjAefyer
YUHTHBATh NPH OmpejeneHdy TPeOyeMOro OTHOIUNEHHS CHTHAJ-UIYM Ha
BxoZe pereHepartopa. CHHXKEHHE COOTHOMLIGHHS CHTHAJ-IIYM Ha
2—3 nb uuXe IpefesbHOrO 3HAYEHHUS XOTs OBl Ha OJHOM peresepa-
IUOHHOM yyacTKe NPUBOAMT K BO3PACTAHHIO 4HCJa OWMOOK Ha He-
CKOJIBKO IIOPSIAKOB M yXYIIIEHHIO TapaMeTpPoB Bcero TpaxTa. ITosTomy
B LH(POBLIX JUHEHHKX TpakTax Tpebyerca obecneyeHune HeOOXONHMON
BeJIHYHHBL TOMEX03aLIHINEHHOCTH HA YIIOTHAEMBIX Mapax npu Haubo-
Jree He6AATONPUATHEIX YCAOBHAX.

Ipx opraHu3ailyH CBA3H NO OLHOKaOENLHOR CHCTeMe ONpefelsio-
1UUMH SIBJAIOTCA MEpexOiHble NMOMeXH Ha OaHxkHeM KoHue. Jlomycru-
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Maf JJIMHA Y4acTKa PereHepaudil lmgxo MOXKET OHTh ONpeJeTeHa H3
suipaxenust (5.20) npn Bo=Bmin. [Ipy AByxxaGespHOH cHCTeMe AJH-
Ha YYaCTKA Imax; OPPAHHYHBAETCS NIEDEXOJHLIMH BJHSHMSIMH Ha Jalb-
HEM KOHIle H onpefensiercs ulpaxenneM (5.22) npu B;=D8min.

HeobxonuMast 3allMIeHHOCTb NIpH AByXKabenbHOH cucTeMe obec-
JIeYHBaeTCcs Ha ropasfo OOJbINHX JJIHHAX YYacTKOB, 4eM IPH OAHOKa-
Oenpnoil. Tak; nas kaGeas MKC (cMm. puc. 5.5) oTHOUIEHHe CHTHAJa K
nepexofiHoll moMexe Ha Bxofe pereHeparopa sropuunolt LICII, pasnoe
25 b, npu pByxkalenbHol paboTe obecneyuBaercs HJs YYacTKOB -
JAnuHO¥ JO 7 KM, B TO BpeMd Kak IpH OAHOKaOeJbHOH pabore —
Jumb 10 1,4 xM. OarokabesabHasi cUCTeMa Hallljla NPHUMEHEHHE TOJb-
ko B nepsHurnlx LICIL. Ilpn 3ToM C Ueablo NOBBILIEHHS NEPEXOLHOIO
3aryxaHHg Ha OJIHMKHEM KOHIEe AJsS pas3jiMyHHX HaNpaBJeHHd mepe-
Jaul HCNOJb3YIOTCA Maphi, PasMelieHHbe B PA3IHIHEIX MoBUBaX. Ilpn
0JHOKa0e bHOH cHCTeMe paboThl 3aTyXaHHe YyJacTKa pereHepalud B
CHMMETPHUHBIX Kabeaax He mpeBbimaer 36 AD Ha mosyTaxkToOBOH dYac-
Tore. [Ipn aByxkabenbHOHl cHCTeMe MakCHMaJ/bHOE 3aTyXaHHe ydacT-
Ka pereHepanus Bospacraer xo 60—65 b1

Koakcuanbnbie kaGeau. Koakcuanpuele KaGeny MCIOAb3YIOTCH AJs
OpraHM3anuu UHdpoBHX JuHelHBXx TpakToB Tpetuunoft IICIT u cu-
cTeM GoJiee BBICOKMX MOPsAAKoB. Hambosaee paclnpoCTpaHeHBl TPH THIA
Koakcuasapubix kabeneii: KM-4, MKT-4 u KM-8/6.

MarucrpasbHbili KoakcHaabHbiH Kabeqap KM-4 comepxuT uerwpe
KOaKCHaJbHbE Haps Axamerpom 2,6/9,4 MM M MATh CHMMETPHUHBIX
uyeTBepoK H3 Xus auamerpoM 0,9 mm. Msoxnsguus xoakchanbHOH na-
DBl BHUIOJHEHA B BHAE IMOJHITHJIEHOBHIX Wiafi6. MasjorabapuTHHil Ko-
akcuabieil Kabesp MKT-4 cofepXKuT 4YeThpe KOAKCHAJIbHBIE Maphl
AnamerpoM 1,2/4,6 MM M IISITb CHMMETPHUHHIX Ilap ¢ AHAMETPOM Hpo-
BoaunkoB 0,7 mm. Msonsauus KoakcHasbHLX IDAap — BO3AYIIHO-IOJH-
aTuaeHoBas. KoMGuHMpOBaHHBIA KoaKcHaJbHbi KaGeap KM-8/6 co-
ZepXKHUT BOCEMb KOaKCHAJBHHIX map 2,6/9,4 MM, IlecTh KOaKCHaJbHHIX
map 1,2/4,6 MM, a TakkKe OJHY 4YeTBEDKY, BOCEMb nap M IIECTb OT-
JenpHuX ka1 anamerpoMm 0,9 mMm. Ha xoakcuainHeIX KaGensix ¢ na-
pavu 1,2/4,6 mm paboraror LICIT MKM-480, Ha xabensx c mapaMH
2,6/9,4 mm — IICIT UKM-1920.

[TockosmbKy 3alHIIEHHOCTD KOAKCHAaNbHOH MapH OT BHEIIHHX IIO-
MeX YBEJHYHBAETCS NPONOPUHOHANBHO KBaADaTHOMY KODHIO H3 acTo-
Thl, NEPEXOAHOE 3aTyXaHWe B TaKuX Kabeafix HOPMUpPYyercs Ha HH3-
e yacTOTe HCMOMb3yeMoro auanasoHa? Tak, aas mapo 2,6/9,4 MM
fepexofiHOe 3aTyxaHue cocTaBaser He MeHnee 128 nb ma vacrare

! Tlpn paspaborke oGopynoBaHHs HMGPOBHIX TPAKTOB NO CHMMETPHUHBIM Ka-
GensaM He06X0AMMO 00ecleynBaTh TIIATENBHYIO SKPAHHPOBKY Lienel BBICOKOTO M Hu3-
Xoro ypoBHs B KoHTelinepax HPII. HeynauHnle KOHCTPYKIMS H pasMellleHHe BBOJ-
HEIX Lemefl MOTYT NpPHBECTH K BO3HHKHOBEHHI0 NEPEXOAHBIX MOMeX B KOHTEiiHepe,
COOTBETCTBYIOIHX BJAHSHHIO HA GnuKHEeM KOHIE, jAaxe NpH JBYXKaGeJbHOH cHcTeMe
PaGoTHL

2 Jins HU3KOYACTOTHHIX ONACHHX H MEIIAIOMHX BJHAHHA OT JMHHN 3JeKTponepe-
JAaud, SIeKTPHHIMPOBAHHBLIX KeJNE3HRIX IOPOr H*TPO30BBIX pa3pALOB IKPAHHDYIO-
muii 3bdeKT KoaKCcHAJLHOrO Kabenasl cKasbiBaeTcss c1abo, 4TO HeoOXOMMMO YYHTH-
BaTh NpH paspaboTKe cxeM 3alHTH 06OPYLOBaHHA HUPPOBHX JHHEHHBHIX TPAKTOB.
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300 xT'u gas crpourenbHod AnuHB 600 M; ans mape 1,2/4,6 MM —
He MeHee 104 1B Ha yacrore 60 k' Ang pauHe 500 M.

Bricokoe mepexoJHOoe 3aTyxaHHe B KOaKCHaJbHbIX Kaleasx NO3-
BOJISIET NPHMEHATb OAHOKaOeNbHYI0 CHCTEMY OPraHH3auud UU(pPOBHIX
JIMHeHAHBIX TpakToB, IloMexH B KOaKCHAaJbHOM Kabeje ONpele/sioTCS
YPOBHEM TepMHYECKOTO INyMa BOJJHOBOTO COINPOTHBIIEHHS Kabess.
H3Menenne coOCTBeHHOro 3aTyXaHus KaGeas OT Y4acTOTHl B OCHOBHOM
COOTBETCTByeT 3aBHCHMOCTH BHia a }/ F, rie a — saTyxande na uyac-
tote 1 MI'y; F — wacrora, MTI'u.

B uactoTHOM AManasoHe, COOTBETCTBYIOLIEM JIMHEHHBIM CHTHAJaM
LICII, xoporiee pacuerHoe NpuO/HKeHHe oGecreunBaercsi CJAEIYIOMH-
MH BHIPAKEHUAMU:

IUIs KoakcHaabho# mapwut 2,6/9,4 MM

a=0,014+2,46 ) F+0,006F; (5.23)
JJI KoakcHaJbHOH napwl 1,2/4,6 MM
0=0,07+5,26) F+0,015F. (5.24)

Bonokonno-ontuyeckue Kabeau. Bosokonuo-onruyeckne Kabean siB-
JAI0TCA NEPCIeKTHBHLIM BHAOM JIHHHH TNePeNauyH 3JIeKTPHUECKHX CHT-
Ha1oB. IloTeHnuagbHElEe MNOCTOMHCTBA BOJOKOHHO-ONTHUECKHX JHHHHE
CBSI3W — HU3KOE 3aTyXaHHe, caabble B3aUMHBIE BJHSHHS MEXKAY CHI-
HaJaMH, NepelaBaeMBIMH MO Pa3JHYHBIM BOJIOKHAM B ORZHOM Kabele,
MaJiasi YyBCTBHTEVILHOCTh K BHEINHHM 3JA€KTPOMaTHHTHBIM IOJAM, He-
6osbilide pasMephl, MaJbli pajuyc AONYCTHMOro uarufa, Gosaplias UH-
pEHA ONTHYECKOrO AMalla3oHa BOJH, MO3BOJSIOULAs NmepenaBaTth mHdpo-
BBle IOTOKH, COOTBETCTBYWOIIHe JjHHedHuM curHanaMm IICIT sercurux
HODSIIKOB, HIEIIeBOe HCXOMHOE CHIPbE IJIs1 H3rOTOBJIEHHSI Kalberss —
SBUJINCh TIPWYUHOH NPOBEIEHHS HHTEHCUBHBIX Pa3paboTOK CHCTeM Iie-
penadn MHGOPMALMH IO BOJOKOHHO-ONTHUECKHM JHHHAM. B Onuxah-
uee ecsiTHJAETHE OKHIAETCA BHEeADEeHUe TAKHX CHCTEM Ha CeTdx CBf-
3d, B NepBy ouepelb Ha KopoTkux JaunHusix I'TC, a 3areM H Ha Mex-
LYTOPOJHBIX JUHHSMX.

Bonokounsift kabedb coJAepKUT O0JbINOE KOJWYECTBO ONTHUECKHX
BOJIOKOH KpYIJIOTO CeueHHs, H3TOTOBJEHHBIX H3 KBAapLEBOTO CTeKaa
¢ TePEeMEHHBIM IIO0 CEUEHHIO BOJOKHA KO2(POhHUHEHTOM IIPESOMJIEHHS.
TMoTepn Ha 3aTyxaHue B KBapleBOM CTekJe (puc. 5.6) MHUHHMAaJbHBI
B Auanasone AauH BoaH A=1,0--1,8 mxm [73]. [Ipu A>1,8 Mkm pes-
KO BO3pacTaioT TMOTePH Ha HHPpakpacHoe NOTVOLIeHHe; mpH A<
<0,8 MKM yBeJMUHBAIOTCA IOTE€PH Ha YJbBTPAGMHOJETOBOE MOTJONLe-
HHe H p3JeeBCKOe pacCeHBaHHe, NponopluoHaapHoe A~% B cmekTpe
TPONMYCKAHHST KBapIEBOrO CTEKJAa HUMETCS MaKCHMYMBI IOTJIOI@HHS
npr A=0,95; 1,24 u 1,39 Mxm. IlosToMy 3aTtyxaHue BOJIOKHA MeHee
1 n1B/kM IPHHLUHIHANBHO MOXKeT OBITb IOCTHTHYTO JHIIb B HECKOJb-
KHX [OHCKpPeTHBIX obgactax mpospaywocty (A=0,8; 1,2; 1,3 u
1,55 MxM). B peaipHHX CTEKJIOBOJOKOHHBIX Kabeasax Hapsly ¢ IOTe-
PAMH H3-33 HEJOCTaTOUHOH UYHCTOTHl CTeKJa BO3HHKAIOT JONOJHH-
TeJbHblE TOTEPH BCASICTBHE HEMOCTOSHCTBA TOJIIMHBI BOMOKHA H
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IIOTHOCTH MarepHa/a, H3THOOB, HapylIeHHH mNpoduJs mnoKasaTess
TpeJIOMJIEHHs, MOTePb HA CPOCTKAX HJH Pa3beMHBIX COeIHHEHHSX.
B pesyabrate MHHHMAaJbHOE 3aTyXaHHE BOJIOKOHHOTO Kabess OLEHH-
Baercs Beuuuuold 2—5 ab/xm.

OnTrueckoe BOJIOKHO HMeeT CepALeBHHYy W 06oaouky. s yaep-
2KaHUs CBeTa B BOJIOKHE HOKa3aTeJb IIpeJIOMJICHHA CEepAUSBHHBl ¢
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Puc. 5.6. lotepn B OMTHUECKOM BONOKHe: Puc. 5.7. Tunsl onruue-
4 — cyMMapHsle (3KCIEPHMEHTabHble 1aH- * CKHX BOJOKOH @pH a=
HHe); 6 — cyMMapHBE (pacueTHbie OaH- =256—150 mrm (a), 20—
Hble); 8 — Ha pOJIeeBCKOe  paccesiHHe; 150 mrm (6) u 1,5—
2 — Ha yJAbTPahHONETOBOE MOIVIOLIEHHE, 8 MM (8)
0 — H3-32 HECOBEpPUIEHCTBA CBETOBOJAA;

e — Ha uH(pakpacHOe IONOLIeHHE

JI0MKeH OHTh BBILE, YeM y 060JO0UKH 7. B 3aBucHMOCTH OT uyHcaa
THIIOB 3/IEKTPOMATHHTHBIX BOJH (MOX), KOTODhe MOTYT pacmpocTpa-
HATbCA B BOJIOKHE, DAa3JHYal0T MHOTOMOMOBHIE U OJITHOMOJOBHIE CBe-
‘TOBOAB. B Hacrosllee BpeMs H3BECTHBI TPH OCHOBHBIX THIIA BOJNOKOH-
HEIX CBETOBOJOB, DPa3JHYAIONIMXCH 3AKOHOM DaCnpejeleHHs noKasa-
‘TEJIS IPENOMJAEHHs MO CEUYEHHIO M YHCJIOM PACIEPOCTPAHSIOUIUXCH MO
[74]: MHOrOMOXOBOE BOJIOKHO CO CTYNMEHYAaTHIM H3MEHeHHEM N0Ka3a-
‘TeNIs npesoMiends (puc. 5.7,a); MHOTOMOJOBOE TIpajHEHTHOE BOJOK-
HO C MJaBHBIM H3MEHEHHEM MoKasaTeas INpeJoMJeHHs (puc. 5.7,0);
OIHOMOJZOBOE BOJOKHO CO CTYNEHYaTHIM H3MEHEHHeM [0Ka3aTessd Ipe-
JioMJenns (pHe. 5.7,8).

B MHOrOMOZOBBIX BOJOKHAaX CO CTYMEHYaTHIM TpOdUIeM TOKasa-
‘Teis nmpenoMaeHHs (puc. 5.7,a), B KOTOPHIX JHaMeTp CepALEBHHBL
2a=>50--300 MKM, IPYNNOBEE CKOPOCTH DACIPOCTPAHEHHS PA3JTHUHBIX
MOZI He BLIDABHHBAIOTCA, 4TO NOPHMBOAHT X Jucnepcus Ao 20 HC/KM.
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B IpaJUeHTHBIX BOJIOKHAX TIOKa3are/b [IOPEJOMJEHHA MaTepHalia
CEePAUECBUHEI N1c H3MEHSETCA IO napadomwecKOM‘y 3aKkomy, T. €.

M
nc=n[l+A(a;—')2] npu 0<<r<a, (5.25)
TJ€ r — paccTosiHHE OT ocH Kabeas JO aHanuaupyeMoil Toukd. Ilpu
3TOM ObecTeynBaeTcs BBIDaBHUBaHHE ONTHYECKUX JJIHNH nyTeﬁ pas-
JIMUHBIX DacHpOCTPAHAIOMMUXCST MOJ H YMEHbIIAIOTCS MCKAXKEHHs H3-
3a MeXMOZoBOH AHcmepcHH. B 3TOM ciyuae peasM3ylOTCs 3HAUEHHS
ancnepcun 0,2—1,0 me/kM.

OaHOMOJOBLII pPeXRKHMM pacHpocTpaHeHHsA obecneupBaeTcss HOPH I0-
MePeyHbIX pa3Mepax CEpAeYHHKA BOJIOKHA, COH3MEDUMHX ¢ MJHHON
BOJIHBI, ¥ TIPH 'MaJbIX 3HAUEHUSIX DA3HOCTH KOIDDHUHUEHTOB IIPeSOM-
nenust ofosoukd ¥ ceppueBuHs. Tak, opu n,=1,5 0 A=n,—n=0,002
IHaMeTp CepJAlLeBHHbB OXHOMOLOBOIO BOJOKHA npH A=0,85 MkM co-
craBasger 6,8 MxM. V3-32 Maxabix pasvepoB cepleuHHKa H MaJjbix
3HAueHHi] A H3TOTOBJIEHHE OJHOMOJOBHX BOJIOKOH fABJSETCS BechbMa
CJTIOKHOH . TexHOsMorHyeckod 3anaveli. IToaTomMy nepsbie 00pasun Bo-
JIOKOHHO-OTITHYECKUX JIHHUH OBLIM CO3MaHbl Ha MHOTOMOJOBHIX BO-
JIOKHAX.

Ha pasmuuspix yuacrsax ceTH GyAyT HCIOJMB30BATBCA BOJOKOHHO-
onTHyeckde kabennm c pasauyHbIMH mapamerpaMu. Ha I'TC ux mpo-
TAKEHHOCTH cocTaBUT 10—20 %M, a ckopocTb mepenaun 2—140 Mburt/c.
B 3TOM cayuae BO3MOXHO HCHOJB30BATL BOJOKHO C 3aTyXaHHeM [0
10 n1b/kM wu aucmepcue, COCTAaBAAIOIEH HECKOJBPKO HAHOCEKYHJ Ha
KujgoMerp. B cHcreMax MeXXAyropoanod cBsi3y NpH 3HAUYHTENBHO 00Jb-
el MPOTSKEHHOCTH JMHWH TOTEPH B BOJIOKHE HE JIOJKHBI IIPeBHI-
watb 3—5 nB/kM, 4TO COOTBETCTBYET IJHHE pereHepalMOHHOTO yda-
ctka 8—10 gm. [dHcriepcust UMIYJAbCOB B TAKHX JHHHAX HOJKHA OBITh
HHxke 1 HC/KM, uTO mOTpe6yeT NPHMEHeHHS OJHOMOJIOBOTO HJIH TI'pa-
JUEHTHOI0 BOJOKHA C OYCHL KECTKO 3aJaHHHIM ]'Ip‘Ob(bI/UIeM IIoKasare-
ast npenoMiiedus [75].

PeaJzanus BOJOKOHHO-ONTHYECKHX JHHHH CBA3H CBA3aHa € NPO-
BeleHHEM KOMIIekca pabor 1m0 MOBHIUEHHIO TEXHHKO-3KOHOMHYEC-
KHX XapAKTeDHCTHK BOJOKOHHO-ONTHUECKHX KalOesefl, ONTHYECKHX
KBAHTOBBIX T€HEPATOPOB, (GOTOMPHEMHUKOB, ONTHYECKHX COeJHHHTE-
Jefl, CO3MaHHI0 HHTErPaJbHO-ONTHYECKHX YCTPOHCTB, OCYLIECTBJAIO-
‘mHx 06paGoTKy 3JeKTPHYECKHX CHTHAJOB B ONTHYECKOM [Malla3oHe,
U T I

5.2, TIpeoGpasosaHue KOLOB B JUHEHHEIX TPAaKTax

OcHornble TpeGoBanusi k JuMHelHOMy curaay. [Ipu npeo6pasosa-
HAH KofoB (dopmupyercs mudpoBas MOC/AENOBATENbHOCTb, XapPaKTEPH-
CTHKH KOTOPOH COOTBETCTBYIOT 0COGEHHOCTAM Cpelbl mepefaud u obec-
NeyuBaloT BHIMOJHeHHe TpefoBanuit K auHefinomy Tpakry ILICIT. Tlpn
9TOM [IOJKHBl BHIIOJHATHCSA CJAELYIOLINE OCHOBHBIE YCJOBHS. :
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1. TlepenaBaemas no JAMHHE HU(bpOBas NOCHSIOBATENbHOCTH I
JKHa o0ecneyuBaTh BO3MOXKHOCTb BBLAEGJNEHHS XPOHHDYIOUIETO CHII
Jia B Kaxk/JIOM JIMHETHOM pereHepartope.

2. JloaxHa obecneuyuBaTbCsl BO3MOMKHOCTb IIOCTOSHHOTO KOHTPC
BepHOCTH nepelayl HHbopmauuu B JauHefinoM tpakTte LICII Ges
pepeiBa CBS3H.

3. B sHepreTHueckoM cIeKTpe JHHEHHOIO CHTHajla He AOJKHA
JepkaTbhcsl TOCTOSHHAS COCTaBJSIOWAf, a HHU3KOYACTOTHBE COCT
JAAIOUIHE [OJKHB OBITh HE3HAYHTEJNHHBIMH. JTO MO3BOJISAET OCYIle
BIATh AHUCTAHUHOHHOE IHTaHHE JMHeNHBX pereHepaTopoB mo ¢u
YeCcKHM ILeNAM, HCIOJNb3YEMbIM AJA NepelauH JHIENHOTO CHTHasa
TaKKe CHM3HTb MEXKCHMBOJIbHBIE IOMEXH B pereHepartope, BO3HHK:
e u3-32 MOAABJEHHS HH3KOYACTOTHBEIX cocTasigomux. Cokpal
HHE TOJIGCHI YaCTOT, HeOOXOAMMOH Insl Iepefaud JHHEHAHOIO CHI
Jla, TIO3BOJIAET YBEeJNHUHTh NJIHHY ydacTka perenepauud. Ocnalae
BLICOKOWACTOTHBIX COCTABJSAIOUINX CHHXKART IePeXOJHble BJHL
MeXAy HeNnsiMH OAHOrO Kalejs B TpPaKTax, OPraHH30BAaHHBIX 10 C
MeTPHYHBIM KalessMm, a B TpakTaX, paboTawHX N0 KOAKCHAJbF
KabendaM, Mo3BOJsIeT YMEHbUIHTh MOMIHOCTh TePMHUECKHX IIYMOB, [
CTBYIOIIVMX Ha BXOJe pEIIaoNlero yCTpOHCTBa pereHepartopa.

4. Ycnosp3yeMble KObl He JOJKHBI BHOCHTb OMHMOKH B Iepe
BaeMbIl CHIHAJ HE3aBHCHMO OT CTPYKTYDbl HCXOJAHOH Hudopmall
HOH TmoOcJaefoBaTeJbHOCTH. B uyacTHOCTH, [oJXHA o0ecieunBal
6ezournboynas mnepefaya MPOU3BOIBHOIO HHCAA CACAYIOMHX MOA
HMIYJILCOB HIH NPOGesoB. )

Boimosnenne yKasaHHBIX yCJOBHA TpebyeT BBeLeHHs H3OBITO!
CTH B JIHHEHHBIN CUTHAJL.

CxopocTh nepefiaud HHGOPMAUMH B JHHeHHOM Tpakre, OHT/C

c=fologym, (5

rge fo—uacTora cJjeNOBAHHS KOJOBLIX CHMBOJOB; M — YHCJIO
MOXHBIX 3HAUCHHH KOJOBOTO CHMBOJIA.

BBejenre H3OLITOUHOCTH B JHHEAHBIH cHrHAA TpH npeobpas
HHHM KOJIOB MOXKET OCYIIECTBASATbCA JAMGO 3a CUET YBEJIHUEHMS ue
THl fo MPH HCMOJB30BAHHH JBOHYHKIX KOJIOB, Ju6O 3a CUET TOBE
HUSl YHCJIA YPOBHEH m IyTeM Nepexofa K MHOTOYPOBHEBHIM KO

Cnekrp auueiinoro curnana. CayuaitHas m-ypoBHeBas wudp
IOCTeAOBATEILHOCT MOXET ObITh NpENCTaBieHa CBepTKOf IBYX ¢
A GYHKIHH, OMHCHIBAIOMEH CAyYyaBHYIO NMOCJIEN0BAaTeNbHOCTb ¥
BHIX CHMBOJIOB GeCKOHEUHO MaJoH JUIHUTENBHOCTH, H GYHKUHH,
cuiBatouledl GopMy OAMHOUHONO MMIyJbCa .

F()={ Zas (=)} (), (

rie @; — 3HaueHHE [-[Q CHMBOJ2 KOXOBOH IIOCT€10BATEILHOCTH
OTBETCTBYIOIIE onné% H3 m ypoBHE# (IJs NBOMYHOIO Koda a;:
A5 OUNONSIPHBIX TPOMYHBIX KOXOB a;=—1; 0; +1). Cruerrp cBe
AByX GyHKUMIL npencraBiser co00f  NpoOI3BejeHHe CIeKTPOB
(YHKIHH, NMO3TOMY 3HEPreTHUeCKHH CHEKTP MOCJIeA0BATEIBHOCTE
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ZoBbix cHMBOJIOB W (f) sBJsercss MPOH3BEfEHHEM SHEPIeTHYECKOro
iCIIEKTpa KOJA0BOH mociefoBaTeabHOCTH R (f) u sHepreruueckoro crek-
Tpa OJAHHOYHOTO KOAOBOro cumBoJaa G (f).

OHepreTHyeckH# CIeKTp OAHHOYHOTO KOJOBOTO CHMBOJIA OIpele-
Jasercs npeobpasosanneM @ypbe OYHKUHH, ONHCHIBAaWOILEH QopMy
3TOrO CUMBOJA fo(f):

T/ 2
G(f)=—Tl—[ [ fg(t)e—iznftdt.]' (5.8
—T1/2

JuepreTHYeCKHH CIeKTP KOJ0BOH HocaenoBatenbuocTd R (f) npen-
crasjger co0ofi mpeobpasoBande ®ypbe aABTOKOPPENAUHOHHOE (YHK-
LMH TAaKOH NOC/]eX0oBaTeNbHOCTH [36].

IIpH oTCYTCTBHH KOpPENSUHOHHBIX CBSI3eH MEXIy KOJOBBIMH CHM-
BOJaMH, KaK, HallPHMep, ‘B CAyYainoli noc/ieX0BATENbHOCTH ABOMMHBIX
CHMBOJIOB, SHEPreTHYECKUH CHEKTp MOCJeNOBATENBHOCTH KOMOBBIX CHM-
BooB W (f) ompegensercs TONbKO SHEpPreTHYeCKHM CHEKTDOM OfH-
mounoro cumBosa G(f).

Jlag KoZoBoro HMIyabca, uMeiouiero BHJ O-QyHKIHM, 3HepreTH-
geckuil cioextp G (f)=const; sHepreTHueckn#i cmekTp KoJ0BOA IoCTe-
JIOBATeNbHOCTH O-QYHKUMH IOJHOCTBIO COOTBETCTBYeT cmekTpy R (f).
TlostoMy sHepreTHUeckHe CHEKTPH LH(PPOBHIX NOCJIEIOBATEJBHOCTEH
OJHHAKOBOH CTPYKTYDH, HO pa3inyaiomuxca (opmMol KOAOBOTO HM-
TyJbCa, MOTYT CpPABHUBATbCA Mexnay coboit mo Buay ¢yHkumu G (f);
TP OJHHAKOBOH (opMe KOIOBOrO HMIyJhCa CDaBHEHHEe 3HEpreTHye-
CKHX CIIEKTPOB IIOCJE0BATEJIbHOCTeH KOJOBBIX CHMBOJIOB IIPOH3BO-
autest anaauaoMm Gyrkuui R (f).

IlByxypoBHeBbie Koabl. J{BYXypOBHEBLIH JHHEHHBIfi CHrHAT B IIpO-
crefimeM ciayuae MoxeT ObiTh 00pasoBaH IIyTe€M HENOCPEACTBEHHOH
Jlepejayd B JMHHIO HH(OPMAlHOHHON JBOMYHOH IOCJIE10BaTeNbHO-
cTH, dopmupyemoli Kanasoo6pasywomum obopyfosanuem ILCIL

J1a BHZeneHHS XPOHHpYIoOWleHl NOCAELOBATENBHOCTH COCTaBJISIO-
irasg TaKTOBOH YaCTOTH JOJXKHA Jn00 HENOCPe/CTBEHHO COAEpKAThCA
‘B CHeKTpe JIHHeHHOro curmaja, jgubo HOCTATOYHO IPOCTO (POPMHpO-
"BaTbesl M3 3TOro carHana. Ciyuafinas JABOHYHAA IIOCJELOBATEIbHOCTH
(puc. 5.8,a) ¢ uyacroTol ciefoBanus CUMBOJIOB fo=1/T MoxeT 6HTbH

R/
il t
| n5 ﬂnn t -"ﬂ t rL + Puc. 5.8. Ilpencrabaenne
> ) cayuaiiHod  JBOHYHOM MO-
”@hn_m_nn_u_n_mmﬂ_u_n_an_i crenoBatensioctn (a) B

4 BHIE CYMMBl TepHOAHYe-

- ckofi (6) u cayvaitHOA

ﬂp)gt?—ﬂ:nﬂ-u-u-ﬂ-n-n-u-uﬂ-nﬂ-u—i GHnonApHol (8) HMIYJIbC-
pUy b HHX TlOCHefoBaTeNbHOCTel

fIpeficTaBJeHa B BHAE CYMMbI meprofuueckoit (puc. 5.8,6) u ciyua#t-
Holt (puc. 5.8,8) nocnenoBarensHocredt. ITepuonuueckas mocaenosa-
TEJAbHOCTh MMIYJAbCOB ¢ aMmmautymofi pU (p — BeposTHOCTE (OpPMH-
poBanus uMmnyabca; U — aMnauTyna uMmyJibca ABOMUHOK moc/iefoBa-
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TEJBHOCTH) OIpefiesideT AUCKPETHBI CHEeKTP JBOHY
CHTHaMa, ColeprKalHH NTOCTOSHHYIO COCTAaBJSAIOIIYIO, !
H BBHICIUHE TapMOHHYECKHE COCTABJSIOUIHE YaCTOTH
HMIIYJIbCHAS TIOCJEL0BATENbHOCTb OINpeJessieT Helpe
HCXOJHOH MBOHYHOH MOCAENOBATEIbHOCTH. AMIIATY I
COCTABJSIONUX NOCJAETOBATEABHOCTH, W300paKeHHO
npeacrasasioT coboft koaddunuentn psaa Pypoe

pUt/T, n=0,

a(nfo) = sin(mnv/T
2pU(T/T)—(—/;—)— n=1,2,:
T
rnpe v — AJUTEJbHOCTb HMHyJIbca.
COOT'BeT‘CTBeHH‘O ,'IHCerTHbIﬁ QHGPTQTHI{QC‘KH}"’I CIiek
caefoBaTeJbHOCTH OﬂpeﬂeﬂﬂeTCH Bpra}KeHHeM

p*U%(1/T)2, n==0,
G (nfo) = in?
(o) szyz(T/T)zsm(—’mT/_Q’ n—1,2,3
: (mnv/T)>?
Muoxurtenb sin?x/x? B (5.30) CcOOTBETCTByeT 3Hepre!
py G(f) npaMoyrosbHOro HMmyabca H ONpeAesder
CHMOCTb COCTABJSIOIMX RHCKDETHOTO CIEKTpa, a Ta
HEeNpephIBHOIO 3HEPreTHYecKoro CIeKTpa cuaydafHok
HOCTH JBOMUHBIX HPAMOYTOJBHBIX HMIyabcoB!. Iluc
THYECKHH CIIEKTP HCXOMHOH NBOHYHOH IIOCJT&I0BATEI]
B ofIieM cJaydyae CONEPKHUT COCTABJSIOHIYIO TaKTOBO:
past Moxer ObIThb BHAEJNEHA B pereHepaTope CEeJIeKTH
wuM ycrpofictBoM. MakcuMasnbHasi SHEPIHs COCTaBJ
YacTOTH COOTBETCTBYeT cootHomrenumo tv/T=0,5.
U3 (5.30) crnepyer, UTO MOUIHOCTH IHCKPETHOIC
puiBHOTO (Py) CIIEKTPOB 3aBHCAT OT BEePOATHOCTH (e
IyJIbCOB

Pr=p?U%/T;
Pu=p (1—p)2U2(/T) + (1—p) p2U2 (¢/T) =p (1-

I'pagukuy, npusesennsle Ha puc. 5.10, mokaseBaxK
CTBEHHOE BBIJeJE€HHEe XPOHHDYHIOUIEro CHTHaJa HpH A
p TpaKTHUECKH HeBO3MOXKHO. MaKcuMaJsbHasd BEJTHYH
rO CHTHaja COOTBETCTBYET 3HAUEHHSAM p, OJHM3KUM K
KO TP 5TOM CHHXKAeTCsl MOIIHOCTb HENPEPBIBHOTO CI
1as 4acTh MOIIHOCTH IlepefaBaeMoOro curiaaa obi
YeHHe XPOHHPYIOLEro CHrHaja B pereHeparope, HoO
He HCTIOJIb3YeTcd AJs nepenaun HHpopMauuy.

OuenuBass BO3MOXKHOCTb IEPefadyd IO JHHEHHOV
JOBAaTENbHOCTH ABOMUHHIX HH(OPMANHOHHHIX CHMBOJ
HOBHTDb, UTO Takas MNOCJeJ0BATeJbHOCTb HE YAOBJE]

! B nocnenneM cayuae B (5.30) n/T sameHsiercss Ha f.
5*




My U3 TpeOOBaHMH, NpeNbABASEMBX K JuHeHHOMy curnany LCIL
Tak, ne ofecneunBaercsl NOJydeHKe XPOHHPYIOILEro KoJNeGaHHs NpH
TIPOU3BOJBHON CTPYKTYpe IepefaBaeMoOH IOCIef0BATEJIbHOCTH; 3Hep-
TETHYeCKMH CNEeKTP CHTHaJa CONePXHT NOCTOSHHYIO COCTABJSIOMYI H
3HAYHTEbHbIC HH3KOYACTOTHBIE COCTAaBJISIOUINE, NPH 3TOM HCIOJb30
Banue B pereHepaTope pasieNHTENbHLIX KOHIEHCATOPOB M TpaHchop-
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Puc. 5.9. DHepreTHueckHii cnekTp cJayuyaiinod  Puc. 5.10. 3aBHCHMOCTH MOILHO-
fI0C/AE0BATENHHOCTH HPSIMOYTOJBHBIX WMIYJAb-  CTell JMCKPETHOrO M HEMpephiB-
coB paurensnoctsio T 0,67 u 0,257 u 6u- HOTO CIEKTPOB OT P
HMHOYJLCOB  AJIHTeNBHOCTHIO 1 (cocTaBJsio-
mHe JUCKPETHOTO CHEeKTpa IOKAa3aHel TOuKa-

Mu); p=05u U=1

MAaTOPOB BBI3LIBAECT 3HAUMTEIBHBIE MEMKCHMBOJIBHBIE NMOMEXH, CHHMKAIO-
LIHE NOMeX03alUIeHHOCTh CHCTEMBI Ilepelayl; OTCYTCTBYET BO3MOXK-
HOCTb OOHApyzKeHHs OIIKGOK, BO3HUKAIOIHX B TPAKTe, T. €. HEBO3-
MOKHO KOHTPOJIHPOBATb BEPHOCTb NEpPefaud B JeHCTBYIOLIEH CHCTeMe.
M3BecTHrl crioco0bl, MO3BOJIIOLINE B 3HAUHTEJAbHOH Mepe ycrpa-
HHTh OTAEJbHBE HEJAOCTATKH ABOMUHOIO JHHEHHOTO cHraaJga. Tax, yc-
JIOBHS BLIJENEHHS XPOHHPYIOUIEIO CHrHAaJja MOMHO YJYULIHTh, Orpa-
HUUHBAS YHCJO CJAEIYIOLIUX TOAPSIA mpolbesioB B LH(GPOBOM CHIHAJE
3anpeuenneM KoaoBoi rpymns Buaa 00...0 ma sBeixoxe ALLIT umu mpu-
O/IHXas BEPOSITHOCTH (POPMHDOBAHMS HMIyJbca H Ipobesna K BeJH-
gure 0,5 ckpeMO6aupoBaHHEM ABOHUHON ITOC/JELOBATENbHOCTH.
Me3KCHMBObHHE TNIOMEeXH, BhI3BaHHbIE MMOJABJEHHEM HH3KOYaCTOT-
HBIX COCTABJSIOUIMX B JIMHENHOM CHTHaJe HA BXOJAE DeINaloIlero ycr-
poficTBa, MOXKHO 0C/1a0UTh, (OPMHDYH B pereHepatope KOMIGHCHDY-
foulHil cHrHaJ, coBnajalmuil Mo GopMme W BEJHUHHE C MEKCHMBQJb-
HON moMexo#f, H HOXaBas 3TOT CUTHan B NpoTHBodas3e Ha BXOAZ pe-
mapmero yerpoiictBa. Takofl cmocol KOppeKkUHM TOJYUHJ Ha3BaHHE
«MeTOo/i KBaHTOBaHHOH o6paTHOfi cBA3u» [76]. Ipyro#i cnoco6 ocnal-
JIeHHs] MEXCHMBOJIBHEIX TIOMEX OCHOBAaH HAa HCNOJb30BaHHH TaKHX KO-
JOBLIX HMIYJbLCOB, B CIEKTpe KOTOPHIX He COAEpKHUTCA MOCTOSHHASA
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cocTaBJsiomas H c1a00 BbHIPaxKeHH HH3KOUACTOTHEIE COCTABJSIOLLHE.
TaxkuM YCJIOBHSM YHOBJETBODSAET, HAalPHUMeP, GHHMIYJbC, U300paKeH-
He Ha pHc. 5.11. B sHepreTHueckoM cIeKTpe cayuaiiHOR mocienoBa-
TeJbHOCTH GHHMIY/bcoB (KkpHBas Gs(f) Ha puc. 5.9) pesko yMeHb-
1eHbl HH3KOUACTOTHBIE COCTABJSKIIME IO CPaBHEHHIO CO CHEKTPOM
fIOC/IEI0BATEIbHOCTH OJHOMOJISAPHBIX INPSMOYIOJBHEIX HMIYJILCOB Ta-
oi ke JAautenpnoctH (v=7T). IIpH 9TOM, OJHAKO, 3HAUMTENBHO BO3-
PacTalT BBHICOKOUACTOTHHIE CHEKTPAaJbHEIE COCTAB/SIOUHE M COOTBET-
CTBEHHO YBe/NHUHBAETCA 3aTyXaHHe CHTHAJaa B JIHHHH.

BepHocTh mepeiaud ABOHYHOTO CHrHAla MOXKET KOHTPONHDOBATh-
Csi MO anpHOPHO H3BECTHBHIM CHMBOJAM B JHHEHHOH IOC/IeLOBATENb-
HOCTH, HaNpHMep, IO IUHKJIOBOMY CHHXDOCHIHA-

Jay. Taxo#t cmoco6 ofecneunBaer KOHTPOJb JHIIL - T
YacTH JHHEHHOro CUrHaja ¥ TPYIHO peaju3yer-
¢ B JIHHEHHBX pereneparopax. Dosee addex-
THBHBIH METOJ KOHTPOJS OCHOBAH HA HCIOJb30- [j
BaHHH JONOJHHTENbHBIX [POBEPOYHHIX CHMBO-
g1
I
v
{

JIOB, HECYLIHX HHDOpMAUHIO O YETHOCTH 4YHCIA
HMMIIyIbCOB, COAEPIKALIMXCA B OTPe3Ke JIHHEHHO-
TO CHTHasla 3afaHHOH JJHTeNbHOCTH. Taxk, B
aMepHKaHckol cucreme 14 BepHOCTb KOHTPOJH-
pyeTcss OAHUM IIPOREPOUHBIM CHMBOJOM, BBOJH-
MBIM yepe3 Kaxble 192 wHPOpMaUHOHHBIX CHM-
BOJIA.

VBennuuBas UHCAO AONOJHHTEIbHHX CHMBOJIOB, MOXHO He TOJIBKO
O0HapyKHBaTb, HO M HCHPABJATH OWIMOKH B JIHHEHHOM CHrHaJe, Hc-
DOJb3Yysl, HanpuMep, OJIOUHBIE MBOHYHBIE KOABl C HCIPABJCHHEM OIIH-
60k [77]. HcmpasjeHne OJMHOYHBLIX OIIMOOK YMeHbIIAeT HX ooliee
yyucao B uubpoBoM KabeabHoM TtpakTe B 10—100 pas. OpHako npH-
MeHeHHe HCMpaBJsIIOIHUX KOAOB TpeGyeT 3HAUUTENBHOTO VBEJIHUCHHA
. TAKTOBOH YaCTOTHI JHHEHHOTO CUDHAJA H TPUBOAUT K HEOOXOAMMOCTH
CYHIECTBEHHOTO VKOPOYEHNsS YYacTKa pereHepalydd B KabelbHBIX Tpak-
Tax. Tax, aas koga (7,4), B KOTOPOM OAHHOYHBEIE OIIHOKH HCHpaBJs-
I0TCSL ¢ NOMOINBIO TPeX INPOBEPOUYHLIX CHMBOJIOB, TepeJaBaeMbIX B
OJI0KE U3 CeMHu JABOUYHbIX CHMBOJOB, yacToTa JHHEHHOro cHUrHaJga
yBenuuuBaercs Ha 75 %, a AaHHA yuacTKa JOJMKHA ObITH yMeHbIIEHA
npumepuo ma 30 %. Koawl ¢ dcempaBiaenneM oluGOK OOBIYHO HE IPH-
MeHsoTCa B Kabebunx JuHelinbix Tpakrax LICII.

IlBouuHble JNUHEHAHBIE KOAH LINPOKO HCIOJB3YIOTCA B BOJOKOHHO-
OIITHYECKHX TpaKTaxX, B KOTODHIX yBEJHYEHHE TaKTOBOH YacTOTHl JH-
HelfHOro LK$POBOr0 CHIHaJa He NPHBOMHT K 3HAYHUTEJNBHOMY BO3pa-
CTAHHIO 3aTYXaHHS H YBENUUEHHIO IEPEXOJHBIX BJHSHHH Mexay CcOB-
MecTHO paboTalolUMH cHcTeMaMH. DoJjiee Toro, BHICOKas HeaHHeH-
HOCTb ONTHUECKUX KBAHTOBBIX TE€HEPATOPOB H (DOTONPHEMHMKOB 3aT-
PYyEHseT GOPMHUDOBaHHE H YCTOHUMBYIO Hepefady MHOTOYDOBHEBHIX
THGPOBHIX NMOCTELOBATENBHOCTER M0 BOJOKOHHO-ONTHYECKUM JIMHHSIM.
B BOJIOKOHHO-ONITHYECKUX TPAKTaX HCIOJb3YIOTCS 6J10yHbIE KOJBL
3b4B (Tpu GvwapHeiXx cHMBOJA HH(QOPMAIMOHHOH MOCAELOBATENbHO-
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CTH mpeoGpasyioTcas B UeTHpe GHHAPHBIX CHMBOJA JMHEHHOIO CHIHA-
J1a) u 5B6B, a Takxe GuuMIyabcHbE KOAB [78].

B03MOKHOCTH TIpHMEHeHHs! JNBOMYHLIX MOCIEAOBATEJbHOCTEH B Ka-
Geabubix Tpakrax IICIT cBs3aHBl C COKpamIEHHEM MOJIOCH YacTOT B
KOPPEKTHDPYIOUIEM YCHIHTENE JHHeHHOoro peresepatopa. IlTomamsenne
BHICOKOYACTOTHBIX COCTABJAIOMHUX CHEKTPa NepelaBaeMOro CHrHajxa
NPHBOJNT K NOSBJIEHHIO «OTKIHKOB» KONOBOI'O HMNY/bCA HA COCEHHX
TaKTOBHIX MHTEPBANAX, T. €. K PEIKOMY YBRIHUEHHIO MeXKCHMBOJBHBIX
noMex. ONHAKO TPH ONMPEJeNeHHLX 3HAUCHHAX AMIVIATYAB H JJId-
TeJbHOCTH OTKJIHKA MOXKHO UHGDPOBOH 06paGOTKOH cMNHAJA HA BHIXO-
A KOPPEKTHDYIOWEr0 YCHJHTENsS BOCCTaHOBHTb HCXOZHYI0 ABOMIHYIO
MOC/IeNOBATENLHOCTL. Takue CHCTEMBl MONYYM/IM HasBaHHE CHCTEM ©
HACTHYHBIM OTKJIHKOM.

PaccmorpuM nepesady ABOMYHBIX CHIHAJIOB B CHCTEMAx ¢ 4acTHY-
HEIM OTKJHKOM Ha npuMepe AyoGumaproro xoxa [79]. B rakom koze
eIUHHIA HCXOJHOH HHQPODMAUUOHHON NMOC/TENOBATENLHOCTH COXPAHSET
YypOBEHb JIBOMYHOIO CHIHaJa, NepPejaBaeMors B JUHHIO, 4 KaKAbl
HyJIb HCXOJIHOH [OC/IEA0BATENbHOCTH BBISHIBAET H3MEHEHHE YDOBHS I1e-
penasaemoro curiajna (puc. 5.12).

OrpaHHunM [ONOCY HYACTOT KOPPEKTHPYIOWIET0 YCHIHTENS TaKHM
06pasom, 4TOGH NpH NOAaYe eIHHHYHOTO Nepenafa Ha RXOJ peree-
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Prc. 5.12. Tlepesaua ABOMYBHX CHTHANOB B CHCTEMAaX € YaCTHIHBIM OTKJIHKOM:
@) MCXOAHAs ABOMYHAS NOCJIeLOBATENLHOCTD! 6) XBOHYHAS NOCNEAOBATENBHOCTH B
IyobyHapHoM Kojie; 6) cHrhan Ha Bmxoze KY mph mepenaue nyoGunaproii mocie-
ZOBATENBHOCTH; 2) cHTHAN Ha BHxole KY mnpn mepemave cayuafinofi nsomunoil mo-
C/ICI0BATENLHOCTH
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PAUMOHHOTO yd4acTKa JMHTENbHOCTb (YDOHTA HapacTaHHS HaMpS:
Ha BBIXOJe KODPPEKTHDYIOUETO YCHJIHTEJNS PaBHAJNACh ABYM Tak'
HHTEpBaJaM. JTO COOTBETCTBYeT WIHPHHE IOJOCH YaCTOT OKOJIG
ITonaras ycuauTeab JHHEHHBIM, MOXHO ONpeleNuTb (OpMy CH
Ha ero BbIXOJE, CYMMHDYsl pe3yJbTaThl IIPOXOXKJAEHHS 10 y4acTi
6enb—KOPPEKTOp eIHHUYHHIX NepenafoB, NOCTYNAIOMWHX Ha BXO,
TO yJacTKa B MOMEHTH f, fo, {3 u T. 4. (IT;, Iz ¥ 1. ;. Ha pHc. 5.

B nyobunapHoM cHrxajge HH(GODMaUHOHHBIE ENUHHILI Nepen
B BHJAE NaKeTOB OJXHOHMEHHBIX CHMBOJIOB MJHTEJIBHOCTBIO [BE
M T. A. TAKTOBHIX MHTEPBaJa, YTO PAaBHO HJIH NPEBBILIAET JJIHTENI
<pporTa Hapacrauns. [IpyM mepemaue TaKMX MaKETOB HAa BHIXOA(
JIMTeNA YCTAHABJIHBAETCA IOJOXKHTEIbHBIH HJIH OTPHUATEJNbHBIE
BeHb cHPHasa. [Ipu mepegadye OIMHOUHEIX CHMBOJIOB AYOOHHE
"CHTHAJ1a, COOTBETCTBYIOILMX HYJSIM HHGOPMAaLUOHHOH MOCIEI0B
HOCTH, CHTHAJ Ha BBHIXOJE YCHJHTEJS] yCreBaeT H3MEHHTbCS JIH
HYJIEBOTO YPOBHS; CJACAYIOIUH Mepexol OT HYJEBOro K IOJOXKHT(
MY HJH OTPHIATGJLHOMY YPOBHIO IIDOH30H/JET INpPH IOSBJEHHH
Tpex H T. A. OXHOHUMEHHBIX CHMBOJIOB AyOOHHapHOTC CHIHaJja. '
00pa3oM (OpMHDPYETCs TPOHUYHBIA CHTHAJ, B KOTOPOM IOJIOKHTE
# OTPHIATENbHBEIE YPOBHH COOTBETCTBYIOT €IHHHIAM HCXOMHOH
MaUHOHHOH NOCJAEeN0BaTeNbHOCTH, & HYJeBOH YpOBeHb — Inpole
3TOH mocjefoBaTenbHOCTH. Ilocse pereHepamun Taxkoro CHrHaJAa
«popMupyercsa AyoOUHAPHAS ABOHUHAS IOCJEJ0BATEIbHOCTD.

ITo TpaxTy ¢ mupHHOH mosockl okoio 0,25f, Moxuo mepenar
HYHYI0 IIOCJIENOBATENbHOCTh IPOH3BOJBHON CTPYKTYPHl 6e3 mpe,
TEJBHOTO INIpeobpa3oBaHus B AYOOMHAPHBIE HJIH KakoH-JIu60 )
' ABOHYHBIH KOA. [lpHM 5TOM Ha BhIXOAe yyacTKa Kabeab—Kopp
“XaK ¥ B caydae AyoOHHADHOTO KOA4, POPMHUPYETCS TPOHUHBIH (
(puc. 5.12,2). TTo.10XKHTEJIBHBEIA YPOBEHb TPOHUHOTO CHTHAMA CC
CTBYeT eAHHHIe, a4 OTPHLATEJIBHBIH — HYJI0 HCXOIHOH MOCJIeLOB
Hoctd. HyseBoe 3HaueHHe TPOMUHOTO CHTHAJa COOTBETCTBYET H
HUIO BHJA CHMBOJA [IBOMYHOH IOCJIEIOBATEIBbHOCTH, TeEpeAaH
ApenBIAyIIeM TAaKTOBOM HHTEDBAJIE.

TakuM ofpasoMm, nepexoil K MHOTOYDOBHEBBIM CHTHAJjaM
OLITh HCIIOJIB30BAH JJISi HOBBIICHASA HPONYCKHOH CIOCOOHOCTH T
~IICIT maxe mpu ABOHUHOM JuHefHOM curHaje. EcrecTBenno, uT
TOYPOBHEBbIE CHTHAJBl MOXKHO (DOPMHPOBATb B OKOHEYHOM 060p
HHH AuHefinoro tpakra. Ilpu atoM ne tpebyercs npeobpa3oBaHy
_ JIa YPOBHeH CHI'Ha/Ja B KaXKIOM IIPOMEXKYTOUHOM pereseparope.

Tpexyposuepbie Komnl. B sunefinpix tpakrax LICII, opranus
TO0 CHMMETPHYHBIM H KOAKCHAJBbHBIM KabeJsiM, IPUMeHTIOTCs, Ka
‘BHJIO, TPEXypOBHEBble KOAbl. KarkAbfl cCHMBOJ B TaKHX KOJax 3
JIGHTEH TI0 KOJMYeCTBY TepelaBaeMoil mupopmaunu logs 3=1,59
HEIM cuMBoJaM. [T09TOMY JJs1 TpeXypOBHEBBIX KOAOB HE0O6XOLHN
OLITOYHOCTh B JIHHEHHON HU(pPOBOH TOCIEL0BATENLHOCTH 00¢
Baercs 0e3 yBEJHUEHHS TaKTOBOH UACTOTHI NEpeLaBaeMoro cC¥
Bonee Toro, npuHIHMIYAJLHO BO3MOXKHO YMEHBIIEHHE TAaKTOBOH
au B 1,2—1,5 pasa, uro nmossosser Ha 15—20 % yaaunuThL Y




pereHepanyy M COOTBETCTBEHHO COKDPATHTb 4YHCJO HeOOCTyKHBAaeMBIX
perenepanuonubix nyakroB (HPII) B nnneiinom tpakre LICIIL

Ecau rtaxktoBas uyacTtoTa TPeXypPOBHEBOro CHrHajJa paBHa 4YacroTe
HCXOMHOH ABOHUHOH MOCJIEN0BATENbHOCTH, (GODMHDOBAHHE TAKOTO CHI-
HaJia OCYIECTBJIAETCS OTHOCHTENBHO HECJNOXKHBIM Ipeo0pa3oBaTeIbHbBIM
ofopynoBanueM. IlpuMeHeHHe TPexypOBHEBLIX KOJIOB, IO3BOJISIONIHX
YMEHBIIHTb TAKTOBYIO YacTOTY IIepejaBaeMoro curasa, Tpebyer CaoX-
HOTO NpeoGpasoBaTeTbHOro 060pyLOBaHHA H CBA3aHO C YKeCTOUEHHEM
Tpe6oBaHUll K y37aM JIHHeHHOTO pereHeparopa.

B mepBHYHBIX H BTOPHUHBIX LICTI, pa6oralomux no CHMMETPHUHBIM
KabeJbHBIM JHHHAM MaJoH MDOTAXKEHHOCTH, YCJOXKHEHHE OKOHeYHOTO
H IPOMEXKYTOUHOIO 060pYAOBaHHs, Tpebylolleecs AJs CHUXKEHHMA dac-
TOTH JIKHEHHOTO CHTHaJa, He KOMIIGHCHPYeTCS COKpailleHHeM KoJHue-
crBa HPIIL. IlostoMy B Takux cucremax npu npeobpa3oBaHHH KOIOB
He MPOHM3BOAUTCS COKpPaUleHHs TAKTOBOH YaCTOTHl MepefaBaeMOro Cur-
Haja. B LICII Gosee BBICOKHX NMOPAAKOB, pabOoTalOLIUX 1O KOAKCHAJb-
HBIM Ka0eJbHLIM JHHHSAM OOJBHION NpOTAKEHHOCTH, NTPUMEHSIIOTCS KaK
TPOHUHEIE KOJBI, He H3MEeHAIUIHe TAaKTOBYIO 4aCTOTY HCXOAHOrO ABOHU-
HOTO CHFHAJa, TaK ¥ TPOHYHBIE KOJbI C YMEHBIICHHCM TaKTOBOH 4acTo-
Thl AUHEHHOH MOCJ/e10BaTeJbHOCTH.

TpexypoBHeBble KOABl, HpuMeHsiembie B tpakrax LICII, ssasiorcs
6unonsipHbIMH U OajaHCcHBIMH. [IpH 3TOM KOJOBBlE CHMBOJBI IIPEJCTAB-
JSI0T Co00H MMIYABCH DOJOKHTEJILHOH HJAH OTPHUATENBHOH NOJSPHO-
ctu anbo npobeasl. [1Ipu dopMHEpoOBaHUH KOLOBOI MOCJIEN0BATENBHOCTH
MpPOH3BOAUTCS TOCTOSIHHOE BbIPABHHBAaHHeE UHCJa NEePeJfaBaeMBIX I0JO-
JKUTENTBHLIX W OTPHLIATENIbHBIX HMIYJbCOB. B 6GanaHcHBIX KojaaX OT-
CYTCTBYeT NOCTOSIHHAS COCTaBJAKINAS 2HEPTeTHYECKOTO CIEKTpa H OC-
JAaBgI0Tcd HHM3KOUACTOTHEIE CIIEKTpaJbHBlE cOCTaBJsomye!,

[Tpu cpaBHUTENBHOH OLIEHKE DA3NHUHBIX Ga/JaHCHEIX KOLOB BAKHBIM
napaMerpoM sIBJSIETCS] AHANa3OH, B KOTOPOM MOXKET H3MeHSTbCS TeKy-
mas uubpoBas CyMMa CHMBOJIOB KOJAOBOH IOC/I€I0BAaTENbHOCTH, Olpe-
Hensemasi Kak

Skam=Sp+ El as, (5.33)

rae k, m— mo0bie Lesable YUCJIa; @; — 3HAUYEHUE KOJOBOTO CHMBOJA,
MepelaHHOr0 B i-M TaKTOBOM HHTepBaJe. InanmasoH H3MEHeHUS TeKy-
el uudpoBOH CYMMBI XapaKTepH3YeT YPOBEHb HH3KOUACTOTHHIX CHEK-
TpaNbHBIX COCTABJISIOMINX JHHCHHOTO cHrHana. IIpeBnilienne Tekyiiel
11¢poBoil CyMMOH AMaNa3oHa, COOTBETCTBYIOLIETO HCNOJb3yeMOMY KO-
Ny, T03BOJIgeT 0OHADYXKHUBATL OWHMOKH NpH nepejade.

HauGoJsee npocTHIM TpexypoBHEBHIM KOZOM, npuMensemeM B LICII,
ABJISETCS KO C UepefoBaHMEM NOJSPHOCTH uMnyjascos (YUIIM), Ha3m-

! B cnektpe 6aMaHCHBIX KOZOB OTCYTCTBYET He TOJBKO [OCTOSHHAS COCTaBJAAI-
Iag, HO M JMCKDETHLIE CIEKTDaJbHble cocTaBasiomiye. [IpH 3TOM yMeHbIIAeTCH
HeoOXOnMMasl T0JI0CA TepelaBaeMBIX 4acTOT, CHHIKAeTcsl YPOBeHb IePeXOJHLIX BJIHS-
HHf MeX1y cHCTeMaMu, paboTaiolMMH 10 NapajJiellbHEIM LensaM, ofHaxke tpefyercs
NpeniBapUTeqbHOE BBIIPAMJICHNE KO,.'.LOBO?I oCne0BaTeNbHOCTH NIPH BBIACJIECHHH XpO-
HHPYIOIIEro curHasa B JHHEHHOM pereHeparope.
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BaeMbIll TakxkKe KBa3HTPOHUHBIM KOIOM. B 3TOM KoOje HMIYJbCH ABO
HOH TOCJEI0BATENbHOCTH NEPelaloTCsl NOOUEepeNlHO HMIYJbCAMHU IO
JKUTEJIbHO! H OTDHLATENbHOH IOJSPHOCTH, a NpoOeJibl ABOHUHOH
caefioBaTeIBHOCTH — npofesaMu TpouuHoro curxana. IIpeoGpaso
HHe JABOMUYHON MOC/e10BaTeJbHOCTH B TpouuHylo B kode UIIHM moke
HO Ha puc. 5.13.

Puc. 5.13. TIpeo6pa3oBanue ABOMYHON [OCJAENOBATENBHOCTH B TPEXYPOBHEBYIO
@) nBouuyHas mociepoBatesbHocTs; 6) kox UIIN; &) KBII-2; 2) KBII-3; 9)
B6ZS; e) ITUT xox; ac) IIPKK; 3) kox 4B3T tuma FOMOT

Jliobast ommbka — GHOpPMHpPOBAHHE MOJOXATEJILHOTO HJIH OTPH
TeJbHOIO HMIIYJbca BMECTO mpobesia, H3MeHeHHe MOJSIPHOCTH KOMC
ro HMIyJbca HJIH (QopMHpOBanHe mpobesa BMeCTO KOZOBOIO UMM}
€a — BBI3BIBACT HApYIUICHHE 3aKOHA uyepeaoBaHHuA MOJADHOCTH UMMy
COB, UTO JIEFKO MOXeT 6BITb 06HAPYKEHO.

OHepreTHuecKu#t cnekTp Hu(POBOH MOCIENOBATENBHOCTH AJSA K
UINHY npu BepOATHOCTH NOSIBJEHHA HMIYJbCA B HCXOLHOM JBOHYI
cursazne, pasHoit 0,5, onpegensercst BuipaxenneM [83]

R(f) = (1/T) (1—cos 2fT). (5.

®opMa cmekrpa moxasana Ha puc. 5.14. OcHOBHAS 2HEPIHs KBa3H1
HYHOH HOC/eN0BATeNIbHOCTH COCPeOTOUeHa B OOJACTH IIOJYTAKTO
wactotel. Jaa xona UITH BosMoxHBIH nHanasoH H3MeHeHHs LHPPO
CYMMBl MHHHMMAaJIeH H paBeH €JUHHIE.




Hemocrarkom kona UITH saBasiercst TPyAHOCTb BHIENEHHS XPOHH-
PYIOLLETO CHTHAJa IPH JJHHHBIX CEPHsX IpPoGenoB B JBOMYHOI focae-
nosarenbHoctd. B IICII, ocymectBasiomux axasoro-uxndposoe mpeod-
pa3oBaHu€ CUTHAJIO0B, AJs1 yCTPAaHEHHA 3TOTO HEAOCTATKA MOXKHO 3a-~
MPeTUTh (HOPMHPOBAHHE KOLOBHIX TPYMN, COCTOAMMX H3 OHHX Npobe-

JoB. ITosromy xox YIIH no
i) ] CHX TIOP IUMPOKO MPHMEHS-

N won-z erca B nepBuynbix LICIL
W Ty Onnako B cHCTeMax, OCy-
/""L\ ,’ \ V'\,W,, LiecTBAAIOMHNX oObesuHe-
i IN AV X HHe HHPPOBHIX MOCTEI0Ba-
/ A’/*)(W?(“\* | TeJabHOCTEH, Takoe orpasH-
/e N YeHHE DPeayH30BaTh NOCTA-
10 HOTT{R TOYHO CJIOIKHO.

FOMOT . \ o
]/ /// /;/// : W YcToliuuBoe INOJSyueHHE
/ /A /‘//7” N\\;1 \ xpoumpymomero  cHTHaJa
R\
\

T | Tpu J000f CTPYKType HC-

mr/\! / \\\ XOAHOH ABOHYHOH MOCHel0~

03 /\/ ,{/// b6zs BaTEJbHOCTH MOXKHO ofec-
/'// g IeYHTh C IMOMOLIBIO KOXOB,

/.{/// Yy KOTOPHIX TIOBHIIIEHA Be-

A — posATHOCTb  (HOPMHPOBAHUSA

//y;/f" ‘ HMIYJbCOB 1O CPaBHEHHIO

2/% J C  HCXOAHBIM  CHTHAJIOM.

7 07 a7 76 7 OJT0 JocTHraercs, HanpH-

fa wmep, 3ameHol ompexcsen-

Puc. 5.14. DuepreTuuecKne CIEKTPH TpexypoB-  HOTO UMCJaA MOCJEA0BATENb-

HEBBIX KOJOB HBIX NPOOEJOB B HCXOJHOM

CUTHAJIE CTeHaJbHOH KOM-

6unanyell KOJOBHIX CHMBOJOB. IIpH BOCCTAHOBJEHHHM HCXOMHOTO CHT-

Haja B IIpHeMHOM O0ODY/NOBAHMM 3aMelnalollas KoMOuHauug oOHapy-

JKHBAETCA IyTEM aHajAn3a CTPYKTYPH JHHEHHOTO CHTHaJa H 3aMeHser-
€S COOTBETCTBYIOLIHM YHCJOM Npo06esos.

K TaknM KoxaM OTHOCATCH KOABl C BBICOKOH IJIOTHOCTBIO IMHHIL
{KBII-#) [80], B kOoTOpBIX MOCIEA0BATEABHOCTD H3 7+ 1 mpobena 3a-
Memaercs koMm6unauuaMu supAa 00...00V u 00... BOV. 3pece B — um-
nyJabC JHHEAHOH MOC/JAEA0BATEbHOCTH, OMAPHOCTb KOTOPOIO NPOTHBO~
MOJOXKHA NOJAPHOCTH NPEAIICCTBYIONEro KOLOBOIO MMIYJbCa, YTO CO-
OTBETCTBYET UEPENOBAHHIO MOJspHOCTell HMIymbcoB B Koje UIIH;
V — uMmnysbe, MOJSPHOCTh KOTOPOTO MOBTOPSIET TOJSPHOCTbL Npelle-
CTBYIOIIEr0 KOJOBOTO HMIysbca. Beifop oRHOA M3 ABYX 3aMenlaiolux
KOMOHHALMHA TPOU3BOJHUTCA TAK, UTOOB uMcao B-mMnysabcoB, BRJAOUAs
HH(MOPMALMOHHBIE UMIYJbCH, MEXKIY JIOOHMH ABYMS NOCJEL0BATENb~
HEIMH V-uMnyabcamu OwiI0 HeueTHHIM. [IpH 3TOM NpoHCcXoauT mdcre-
JloBaTesIbHOE€ H3MEHeHHe 3HaKa HMIyJabca, HAPYIIAMOUIETro vepenoBa-
HHE NOJSIPHOCTEH B KOJOBOH NOCHEN0BATENbHOCTH, YTO BHIPABHHBAET
YHCJIO TOJOXKHUTEJbHBIX H OTPHIATENBHHX HMIIYJbCOB B MepelaBaeMoM
curnase. Ilpumep npeoBpasoBanus jAsonuysoro curHana B KBII-2 n
KBII-3 nokasan ua puc. 5.13,8, . .
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[Tpu ucnonvzosannu KBII pesko cokpaliaercs JuamasoH H3MeHe-
HHUS BEPOSITHOCTH KOJOBBIX HMMYJBbCOB B JHHEHHOM CHTHAJIE; TaK, IS
‘KBII-3 BeposaTHOCTb (POPMHPOBAHHA KOAOBOIO HMIYJbCA OTPAHUUEHA
‘mpenesamu 0,25<Cp<C1, a B xoxax YIIW, kak u B cayuaiiHo#t nBOMY-
HOH TOC/I€10BaTeAbROCTH, BEPOATHOCTb HMIYJbCA MOXKET yMEHbIIATh-
¢ 1o HyJas. I1o3ToMy ypOBeHb HANDSIKEHHS! TAKTOBOH YacCTOTHI B JH-
'He#HEIX peredepaTopax mnpu ucnosabzosanun KBII uamensiercs B ro-
pasjio MeHbUIHX Npeleax.

Jiobaa oaunounas omubka npu ucnosabsoBanun KBII mando cos-
JlaeT HOBO€ HapylLICHHe HepelOBAHHS MOJsApHOCTEH, 60 yHHUTOKAET
paHee BBEIEHHOE€ HapyIIEHHE 3dKOHA 4YepenoBaHusi, B TOM H APYyroM
cJlydae BO3HMKAET HeKOMIEHCHPOBAHHOE HapyleHHe MOJISIPHOCTEH Ko-
JOBBIX HMITYJIbCOB, YTO MOXKET OBITE CPABHHTENBHO NPOCTO OOHApYXKe-
HO YCTPOHCTBOM KOHTpOJsi. DHepretuueckuil cnektp KBII-2 u KBII-3
nmokasan Ha puc. 5.14. lnanazon nameHemus Texymied uudposoit cyM-
mbl aia KBII pasen nBym. M3 cemelficTRa K0/I0B ¢ BEICOKOH IJIOTHO-
CTbIO efuHHL HauboJsee mmpokoe npuMenenne Haien KBII-3, korto-
poiit pekomenzoBad MKKTT gmnst nmepBHUHBIX, BTIOPHUHBIX H TPETHUHBIX
IICIT.
Ecnin B KBII 3aMeHa cepuu mnoc/jeJoBaTeIbHBIX NMPoGeNoOB ocylie-
CTBJ/IsIeTCsl ¢ IOMOIIbIO JBYX 3aMeEMANINX KoMOWHAUHN, TO B KojJe ¢
3aMenlenreM liectd npobeqoB B6ZS [81] ucnosamsyercs oaHa 3aMe-
matomasg kombunanus suga OVBOVB (puc. 5.13,0). UtoOnl cOXpaHUTD
GanaHCHOCTL KOJOBOH IOCJIE/0BATeNbHOCTH, 3aMemlalomasi KoMOHHA-
UM COJAEPIKHUT /iBAa HADYIUIEHHS YepPeTOBAHUS IOJISPHOCTH C PA3JTHUHBI-
MH 3HaKaMH. DHepreTHueckuil cmekTp Koga B6ZS mokasan ma puc.
5.14. Inanason u3MeHeHHs udpoBoit cyMMbl B Kkoxe B6ZS paaen
TpeM. ’

B napHo-u36HpaTEJBHOM TPOHUHOM (HI/IT) koae [82] u B mouTtH
pasnocrioM kBasutponunoM xoie IIPKK [83] mponssoaurest me 3a-
MelleH’e cepuu NpobenoB, a nmpeobpasoBanHe CHMBOJIOB BCEH JBOHYU-
HO# mocaenoBartesbHocTH. B TTUT Koxe ABOMUHAS [OC/IEL0BATENBHOCTD
pasbuBaercs Ha OJOKM M3 ABYX CHMBOJIOB, IaDH CHMBOJOB ABOHYHOTO
KoIa neperaroTcsa mapaMu TPOWUYHBIX CHMBOJIOB B ‘COOTBETCTBHH C
Taba. 5.1. as mepenaun ABOHuHHX cuMBoJ0B 01 u 10 mcmoap3ylorces
ABa Haéopa TPOHYHBIX CHMBOJIOB — C OJIOKHTENBHOH H oTpHIaTeJdb-
Holt mudpoBoii cymmol. Ilepexon ot opHoro naGopa K ApyroMmy Ipo-
H3BOAMTCA moctge Kaxaoi mapel 01 m 10, uto ofecneunBaer paBEeHCTBO
YHCeNa TOJOKHTENBHBIX H OTPHIATENbHEIX HMITYJBCOB B TPOHUHOH IIO-
CJ1e/0BaTebHOCTH.

Ta6auuna 5.1

Kon | CuMBOMBL

Tsomnsi | 10 o1 | n | 0
+10 0+1

UT +19 ot +1-1 l —1 41
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Ha npueme TponuHas NoC/Jef0BAaTENbHOCTb CHHXPOHH3HpYETCH IO
Iapaum, mocje 4ero BOCCTAHABIUBAECTCA [BOMUHBIA CHrHAJ.

B IIPKK ¢opMupoBakne CHMBOJIA NPOU3BOAHTC HA OCHOBE CpaB-
HeHHA NPeALIIYLIero CHMBOJA TPEXYPOBHEBON NOC/JeI0BATENILHOCTH C
ONHMM HJAY JABYMA IBOMUHHIMH CHMBOJAMH, TNOJJEXKAIIUMH npeolpa-
30BaHHIO: IIpH 3TOM yYHTHIBaeTCs 3HaueHHe anreGpaHueckoil CYyMME
cumBoJioB [TPKK. ITocaenoBaresbHOCTH HMIYJABCOB, COOTBETCTBYIOLIUE
npeobpasoBanuaM B TIMT u IIPKK xoaw, nokasaspl Ha pHC.
5.13,e, 9, a sHEpreTHYECKHe CIHEKTPHI KOAOB-—Ha puc. 5.14. JInanazon
u3Menenus Tekymel nudpoBod cyMmu aga IIMT kona paBen Tpewm, a
mns [TPKK — nmBywm.

Yacrora nuHeHHON NOCAENOBATENBHOCTH MOMKET OHITh yMeHbIIeHa
IyTeM COKPAUIEHHs] M3GBITOYHOCTH B TPEXYPOBHEBOM CHTHAJe IPH HC-
IOJIb30BAHUM OJIOUHOTO KOAMPOBaHHs. [[BOMUHAS NOCAENOBATENBHOCTH
pasfessieTcsa Ha 6s0kH H3 C CUMBOJIOB, KaXK/Jblli 6JIOK mepegaercs No
TpakTy rpynmoit n3 D Tpomunbix cumBoJOB. [Ipu 3TOM, ecTecTBEHHO,
D<C n 3P>2¢. Tponuubie GJIOUHBIE KOAbl TAKOTO BHLA HA3BIBAIOTCSE
konaMu CBIIT. CooTHolieHHe 4aCTOTH TPOHUUHOH MOCJE 0BATENBHOCTH
fop H YACTOTH JBOMYHOIO HH(OPMAUHOHHOTO CHIHAJA fgs ONPEAEAELT-
Cfl BHpaKeHHeM

fro=(1—D/C){ms, (5.35)
a H36RITOYHOCTD JUHeHnoro curuagna auaa kojgos CBIT cocrasiser
R=(D[C)logs3—1. (5.36)

IIpu 3azansoM oTmomenun D/C ysennuenne Aauuel 6aoxka C mo-
BBIIIAET BEJHYUHY pas3HOCTH 3P—2C, uto nossoJser Gosee rubko ym-
PaBJaATh CTPYKTYPOH TPOUUHHIX KOMOBHIX IPynm, ofecmeuuBas BHINOJ-
HeHue tpeboBanuil K .quuefinomy curnany LICIT. B to ke Bpema npu
yBEeJHUYEeHHH MJUHLL GJI0OKa VCJIOXKHAETCA NOCTPOeHHe mpeobpasoBarte-
Jeft xopa. B ra6a. 5.2 npuBesens Buawn konos tuna CBJT npu pan-
He 6s0xka C<<10.

Ta6auuga 52

Hmimna Groxa ,2]3'4[5‘6 7]8!9]10

Tpomunmit K01 ) 2B2T| 3827 | 4B3T| 5B4T | 6B4T | 7B5T | 8B6T | 9B6T| 10B7T

Hs6rrrounocts, % i 59 ‘ 6 ‘ 19 l 27 i 6 1‘ 13 ‘ 19 ‘ 6 } 11

B Hacrosuiee BpeMsl B JMHeHHBIX TpakTax GO.BIIOH NPOTAXKEHHO-
CTH MOJYYHJIH IIHPOKOe pacmpocrpaHenne kKoanl 4B3T. B srtom koae
s nepefadd 16 BO3MOXKHBIX KOMOHHALMA H3 YeThIpeX JBOHUHLIX ‘CHM-
BOJIOB MOXKET OLITb HCIOJB30BAHO 27 KOMOHWHALUME M3 TPeX TPOHUHBHIX
cuMBouoB. Mexatouast kKomburannio Bupa 000 (ans obecneuenus ime-
pelauu xpoHHpyooulel uupopManyy B JHHelHOM CHTHaJje), NOJyyaeMm
26 xoMmOuHanMil, M3 KOTODHIX LIeCTb KOMOMHALMH HMeloT HH(POBYIO
cyMmy, paBuyio 0, gecsiTb KOMOHHAUHH HMEIOT MOJOKHUTEIbHYIO LHb-
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poBylo cyMMy (o +1! 0 +3) H AeciTb — OTPHLATENbHYIO LHPpO-
Byl0 cyMmy (ot —1 no —3).
Ipocrefimnit Bapuanr koxa 4B3T [84] nokasan B Taba. 5.3.

Ta6auua 53

CumBonst CHMBONBI TPOHYHOTO KOAA

BOHYH

A ko,uaom M_,_ IR
0000 0 -1 +1 0 —1 +1
0001 —1 +1 0 —1 +1 0
0010 —1 0 +1 —1 0 +1
0011 +1 —1 +1 —1 i —1
0100 0 +1 +1 0 —1 —1
0101 0 +1 0 0 —1 O
0110 0 0 +1 0 0 —1
0111 —1 +1 +1 +1 —1 —1
1000 0 +1 —1 0 +1 —1
1001 +1 —1 0 +1 1 0
1010 +1 0 —1 +1 0 —1
1011 +1 0 0 —1 0 0
1100 +1 0 +1 —1 0 —1
1101 +1 +1 0 —1 —1 0
1110 +1 +1 —1 —1 —1 +1
1111 +1 +1 —I1 —1 —1 —1

B xone, npusenennoM B TaGa. 5.3, HCIOAB3YIOTCS [Ba TPOHUHBIX aJj-
(aBuTa, HasbiBaeMbIX MogaMu. [lojoxkuTeabHast moxa My COmEPIKHT
TPOHYHbIe KOMOHHAIMH C HYJeBOH H NOJOXKHTeJbHOH LH(PDPOBOH CyM-
Mmofi. OtpunarenbHast Mofa M_ cozxep:kuT KOMOHHAIHH C HYJeBOH R
orpuuaTesbHold cymmolt. KoMGuuauuu ¢ HeHyJeBOH UHHpoBOH cyM-
MOH, COOTBETCTBYIOLHE OJHOH KOMOMHAIUA JBOHYHOIO KOAA, B3aUMHO
HHBEpPCHLL B 00enX MoJax.

IMpu npeobpaszoBaHUM KOXOB NOCJE NEPEIAYH KaXKAOH TPOHUHOMN
TPYHINLL ONpeJesaerca 3Hauenne Tekyulef mudposoit cymmnl. Ecan Te-
Kyllasg CyMMa paBHa HYyJMO HAH OTpHULATe]bHa, TO TepejaeTcs KOM-
OHHauMs MOJIOKHTENBHON MO/BI; €CJH TeKylllass CyMMa MOJIOXKUTEIbHA,
TO nepefaercs KOMOHHAIHS OTPHUATEJbHOH MOABL Beanuuna Tteky-
el nuppoBol CYMMHE B MOMEHTEHI, COOTBETCTBYIOIINE Nepefade Ioc-
JeJHEero CHUMBOJIa KOMOMHAINHM, MOMKeT IPHHHMAThb OJHO H3 LIECTH
snauenuit: —2; —1; 0; +1; +2; +3. B MOMeHTH nepenaun nepBOTO:
HJH BTOPOTO CHMBOJIA KOMOHHALMH LHGppOBas cyMMa Kojebserca B
npenenax oT —3 g0 +4.

B npuemnom o6opyaoBaHHH Jast o6paTHOTO mpeo6pa3oBaHHsl HEOO-
XOJNMa CHHXPOHH3ALHS IO KOZOBHIM rpynnaM. IIpusHakoM HenpaBH/b-
HOH CHHXPOHH3ALHMH MOXKET CJAYXKHTh OOHapy:KeHHe 3aNpelieHHON KOMs:
6nnaunn 000, a tTaxxke nosiBaenue 3HaueHuil Tekywell uuppoBoil cyM-
MB —3 HaIM +4 B MOMEHTH, OlpejesseMble IPHEMHLIM 060pylOBa-
HHEM KaK COOTBETCTBYIOLIME NOCIEJHMM CAMBOJIAM B [DYNNax TPOHY-
HOTO KOJa.

Omubkn npyu mepefaue TPOHUHON TMOCTIOBATEIBHOCTH B JIHHeH-
HOM TpaxTe 0OHADYXHBAIOTCA NMPH NMOMOLIH KOHTPOJS HpeAeJ]OB H3Me-
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HeHHA Tekyuled unudpopo# cymmul. OmudouHas nepemaua 0 BMecTo
+1 uau nepenaua —1 Bmecto () NMPUBOAHT K YMEHBINEHHIO TeKyleh
YHOGPOBOH CyMMBl Ha €IMHHIY, 4TO OyAeT 3a(pUKCHPOBAHO B MOMEHT,
Korja uudpoBas CyMMa HEHCKaXKeHHOH IM0C/Ie10BATENbHOCTH JOCTH-
TaeT OTPHUATENBHOTO Npele]bHOro 3HaueHusd. Tak, B paccMarpuBae-
MOM KOJie BMecTO 3HaueHHsi —3 Oyner sadukcupoBaHo —4. Omubku
NPOTHBOINOJIOXKHOrO 3HaKa (mepefnada 0 BMecTo —1 uiu nepefaua +1
BMecTo 0) DPUBOAAT K NPEBBLILICHUIO MOJOKHTEJILHOTO TMpEfesa TeKy-
el nuGpPoBOH CyMMBI.

B xoze 4B3T, coorserctBylowem Taba. 5.3, BEpOSTHOCTb MOsIBJE-
HHsl NpeJleJbHBIX 3HAUEHUH TekylleH HH(POBOH CYMMbl 3HAYUTESTHHO
HHIKE, UeM BePOATHOCTb 3HAUCHHUH, HaXOAAIINXCA B cepelHHe AHANaso-
Ha: p_a=pi3=1/30; p_1=p12=4/30; po=p+1=10/30. Dro ysenuuu-
BaeT BpEMs, HeoOXoAHMOe AN OOHADYKEHHs JOXKHOTO CHHXPOHH3Ma
# BOCCTAaHOBJIEHHS CHHXPOHH3Ma IO KOLOBLIM rpyIHIlaM, a TaK¥e€ CHH-
JKaeT BO3MOXKHOCTH KOHTPOJISL HACTOTHI OIIMOOK B JHHEHHOM TpakKTe.

YBenrnunBas YHUCJ/JI0 HCIIQAb3YEMBIX TPOHUYHBIX aJI(ba‘BHTOB, MOZKHO
YMeHBIWIUTh Hana30H H3MeHeHHs TeKylleHd HudpoBOH CyMMbI H BH-
POBHATHL BEPOATHOCTb OTAENbHLIX 3HaUEHHH LHMPOBOA CYMMBHL B IIpe-
Jesax AHanasona. IT0 NO3BOJIUT COKPATHTb BpeMs o0HApYXeHHsd Ha-
PYLICHHS CHHXPOHH3Ma IO KOJOBBIM IpYIIaM, BpeMsd BOCCTAHOBJEHHS
CHHXDOHH3Ma M IOBBICHT TOUHOCTb KOHTPOJISI BEPHOCTH Ieperad.

Kox FOMOT! [85] (raba. 5.4) ucnonb3yer 4eThipe TPOHUHBIX aJi-

Ta6auua 54

CHUMBOIH CHuMBOJIBI TPOHTIHOrO KOAA

e ona M_, \ My | My | Mya
0000 —1 41| 41| =1] o] of—=t|41|4+1]—=1] of o
0001 —1{41] 0| —=1|41] O —=1|41] O|—1|+1| 0
0010 Hl =1 o 41| =1] o] 41|—=t] O|41|~1] 0

0011 410 o] o 41| —1|—=1|4+1]| O O|41|~—1]—t
0100 —1| o|41]|—1] o0 —1] O|41{—=1] 01
0101 S [ IO IS O ) IS P O (USSR
0110 41 o4t oy tt =1 ol =1 =1l o) —t
o111 1 0| =L 41| O|=1]|4Ll]| O|—=1{41] 0]—I
1000 O 41| 41| O| 41| 41| —=1|—=1| O] =1{~—I] 0
1001 0 —1| o] ofl4t] of o|—1| 0
1010 Al | =1 |l [l | =1 | 4l | ] =1 | 41| =1 | =1 | =1
1011 4141 o 41| 41) 0| O] =1 —1] O|—1]|—I
1100 O Ol | —=1|—=1]41] 0] O 41| —1|~I

1101 O 41| —1| of41]|—1] of41|—=1| 0f41]|—I
1110 0| —=1|41| o —=1|41] 0] —=1|+1| 0=t

111 L1 —1] o] o|—=1| 41|41 |—1] 0] 0]—I

¢asuta. Tekymas uudpoBas cyMmma mocje OKOHUAHHS KOLOBOH IpyI-
Il C PABHOH BePOSATHOCTLIO MOIKCT NMPHHHMATh OJHO H3 HeTHIpex 3Ha-
yennit: —1; 0; +1; +2. Kaxapii angaBut COOTBETCTBYET OIpeleseH-
HOMY 3HaueHuio uudpopoi cymmbl. I[IpH mepegaue mepBOro U BTOPOTO

t Haspanne FOMOT mnpencraeasier coxpamienne or Four Mode Ternary
{anrn.) — 9YETHIPEXMOJOBHI TPOHIHHIL.
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CHMBOJIOB KOJOBOH I'DYNNB! BeJHYHHA LUUPPOBOH CyMMBI MOXKET H3Me-
HATbCS B Npefenax oT —2 10 +3. DHepreTHuyeckuil CNeKTpP KoOAa
FOMOT npuBezen Ha pHc. 5.14.

B Hacrosiiee BpeMsi IPOBOASITCS HCCJEJOBAHHS KOLOB C YHCJIOM
ypoBHeH Gosiee Tpex. BecbMma nHTepecHB! NpenJsiOXKeHHs IO NOCTpoe-
HHIO OaJjlaHcHOro He6JOYHOro mATHypoBHeBOro koxa [86]. Muoro-
YPOBHeBHEe CHI'HAJBl HafilyT NpHMeHeHue IIpH pa3paboTke HHPPOBBIX
TPaKTOB C IOBBIIIEHHOH NPONMYCKHOH CIIOCOGHOCTBIO, a TaKXe MJS He-
penaud LHdpOBBIX CHTHAJIOB IO TPAKTaM aHAJOTOBBIX CHCTEM.

5.3. Perenepanus Iu(ppPOBHIX CUTrHAJIOB

Perenepanust undpoBHX JHHEHHBIX CHTHAJOB obecreynBaeT BoOE-
cTaHoBJIeHHEe (OPMBI M BPEMEHHOrO IOJOXKEHHsI KOJOBHIX CHMBOJIOB,
nepeflaHHbIX 10 YYacTKy TPAKTa M UCKAaXKEHHBIX BCJEJICTBHE HecoBep-
LIEHCTBA XAPAKTEPHCTMK CPeAbl TMepefaun M BO3JefcTBHS NOMeX. TH-
nmoBas CTPYKTypHas cxeMa pereHepatopa mnpuseiesa B § 1.3. B na-
crosimieM maparpade paccMaTpHBAIOTCS OCHOBHBIE ONepanyu npu o6-
paboTke cHrHaJga B JHHeHHOM pereHepaTope.

Kauecrso nepepaun curiajos B juHeiiHoM Tpakre LICIT omenusa-
€TCA BEPOATHOCTHIO OMHOKU Pom U 3HAUEHHUAMH BpeMeHHEX (aykTya-
uuil g poBoro curuaga g.

HopmupyeMmble pusi 1Mu(POBHX JHHEHHBIX TPAKTOB 3HAUYEHHSI BEPO-~
SITHOCTH OIIKOKH o ONPELENsAIOT UCXOLs M3 HanbGosiee HebJarompusT-
HBIX CJIyYyaeB — MPeJeJIbHBIX AJHH YYacTKOB, KPHTHUECKHX COUETAHHMR
TeMIepatTypuoif W BpeMmeHHO#l HecrabusapHOCcTEefl XapakTepHCTHK pere-
Heparopa. [Tosromy npu 3kcmiyatanuu OHQPOBBIX TPAKTOB BEPOAT-
HOCTL OIIMGKH, KaK NPaBHJO, HUIKE HOPMHPYEMOro 3HAaUeHHS.

BpeMennsie ¢aykryanuu LuthpoBOro CHrHaza XxapaxTepusyioTcd
cpeiHeKBaAPATHYECKIM M MaKCHMaJbHBIM 3HaueHusiMu. [lepBoe ompe-
LeJIsieT MOLIHOCTb IIYMOB, BHI3BIBAEMBIX 3TUMH (GAYKTYalUusiM¥ B aHa-
JIOTOBOM CHrHaJe Ha BBIXOJE CHCTEMEl TocJje IHGPoaHasoroBoro npe-
obpasoBanusi. MakcumanbHOoe 3HaYeHHe QJAYKTyaluHd yYUTHIBAETCS:
npu BbOOpe MapaMeTpoB YCTPOHCTB TpaH3uTa UHU(GPOBBLIX MHOTOKOB..
TpanautT UH(GPOBLIX MOTOKOB [LOJIKEH OCYLIECTBJAATBHCS 0e3 oUHOOK:
NIPY OTpPeJe/eHHOM JuanasoHe BpeMeHHHX Qaykryauui - |E| <<Emax.
BesnunHa Emax BHOHpaeTcs TakK, 4YTOOBl BePOATHOCTb [PEBBILIEHHSA
3TOr0 3HaueHHsl Oblja CYIIECTBEHHO HHXKE BepPOATHOCTH OWIHOOK OAH-
HOYHOrO pereHeparopa.

BepositHocTh olMOKM B HAaHGOJbIIEH CTeNeHH ONpejessieTcs yCT-
poficTBAMH YCHJEHWA W KOPPEeKIuM UHPPOBOrO CHrHasa B peresepa-
TOpe, BpeMeHHble (JYKTYalHH ONpelessiOTCs IapaMeTpaMu yCTpoH-
cTBa (OPMHPOBAHUS XPOHHUPYIOLIEr0 CUrHAJA.

Ycunenve w Koppekums curiana. VmnysabcHasi IMociefoBaTelb-
HOCTDL, TIOCTYIAIOIIAsl HAa BXOJ pereHepaTtopa, KOpPeKTHPyeTcsa M yCH-
JIBAETCA KOPPeKTHPyIouuM ycuaureaem (KVY) nas nociepyiouiero
ONO3HABaHUs MepeJaHHOTO0 KOJOBOIO CHMBOJ2 B pellalouleM YCTPOH-
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cre (PY). MMnyase Ha BBIXOJe YCHJHTE/SI OTJHYAETCS OT HMIYJbCa,
nepeJaHHoro NpeIblAyLMM PereHepaTopoM; BhIGOD (OPMBI CKOPPEKTH-
POBAHHOrO HMIYJIbCA OMNpejessieTcss YCJIOBHeM MIHHHMI3AUHH BeposT-
HOCTH OLIHOKH.

Omn6Ky npu pereHepamii BHI3BIBAIOTCS a1THTHBHBIMH IIyMaMH H
MeKCHMBOJILHBIME noMexamu (MCIT) ! MeXcuMBOJIBHEIE NTOMEXH BO3-
HUKAIOT BCJCACTBHE TOTO, UTO MMIYJLC HA BBIXOAE KOPPEKTHPYIOLLETOo
YCHJIHTENS IeHCTBYET He TOMBKO B COGCTBeHHOM, HO X B COCeJHHX
TaKTOBHIX HnTeppasaX. OGBUHO AJHTEJILHOCTL CKOPPEKTHPOBAHHOTO
uMIyJanca Ha ypoBHe 0,5 aMIVIHTYIHOIO 3HAUCHHS PaBHA OJHOMY TakK-
TGBOMY HHTepBaJsy. PaciiupeHue I10JI0CH INPONYCKaHMs! y4acTKa Ka-
6esb — KOPPEKTHUPYIOILMH YCHJUTENb . IO3BOJsSET YMEHbIIHTL IJIH-
TeJbHOCTb UMNYJ/bCA NOCJe KOPPEKHUH H COOTBETCTBEHHO CHH3HTHL Be-
anyuHy MCII, ogHako npu 3TOM yBeJMUHBAETCs MOLIHOCTbH IIYMOB H
foMex, AeHCTBYIOWHX B moaoce nponyckaHua. CoxpalleHHe HINPHHBI
TIOJIOCH YaCTOT, B KOTOPOH NPOU3BOAATCA KOPPEKUHS M YCHJeHHe,
yMeHblIaeT ypOBeHb IIYMOB, HO I[IOBBHILIAET YPOBEHb MEXKCHMBOJIbHBIX
nomex. BueGop ¢opMBEl cyMMapHOH YacTOTHOM XapakTepUCTUKH Ka-
6eJb — KOPPEeKTHPYIOWMA YCUIATENb  NPEACTABJISIET  KOMIIPOMHCC
MeXKAy BeJHUMHAMH MEXKCHMBOJBLHBIX NOMeX M aIJHTHBHEIX LIyMOB.
Kpureprem onrumuszanuu siBisiercss ofeciieueHHe MaKCHMAJbHOTO OT-
HOIICHNA CHTHaJ-1IYM B CKOPPEKTHPOBAHHOM CHrHaJe, T. €. MHHHMH-
3alHs BePOSTHOCTH OLIHBOK.

CHuruan ¢ BHIXOJA YCHJHTEJS NOCTYNAeT HA BXOJ pellaloliero ycr-
poifictea. Ecam cymMa curHana ® IyMa IpeBLIIAET NOPOTOBHIA ypo-
BeHb pemarulero ycTpoicTBa, NPUHUMAETCS PelleHHe O Iepejade HM-
myJbca: ecqH CyMMa CHrHaJa M LIyMa HUXKe NMOPOTOBOTO YPOBHS —
OpUHUMaeTCs pellleHue o nepefadve mpobena. OmpenennM COOTHOLIe-
HUSL MMy 3HAYeHHSAMH BEPOATHOCTH OWIHOKH W OTHOUIGHHS CHI-
HaJ-UIyM NP OTCYTCTBHH MeXCHMBOJBHBIX IoMex. s cayuafinoit
JBOHYHOH TMOCAENOBATEJNBHOCTH WUMNOYJbCOB ammiauTynoit U mnpH
BEPOATHOCTH HMIyJbca p H npobeaa 1—p, CHUMMETPHYHOM OTHO-
CHTeJbHO HYJSI aMIIUTYJHOM paclpeleseHHH WIYMOB H OJHHAKOBOH
JIONYCTHMOH BEPOSITHOCTH OIIMOKH IIPH Ilepefade HUMOYJAbCA Pom H
Tpobena Pomo 3HAUEHHE NOPOTOBOTO YPOBHS DaBHO IOJIOBHHE aMILIH-
Tyabl uMmaoyasca (0,5U) Ha BEIXO/e ycuiuTess. BepoaTHOCTh OLIHOKH
B 3TOM cJyuae

pom-‘—'—-‘p-poml‘I‘ (1—p)p0m0=5 p(x)dx, (537)
u/2
rie p(x) — aMIOJATyAHOE PAChpe/eneHue LIyMa.

! B KODPEKTHDVIOIIEM YCHJAHTENE BO3MOXKHO BO3HHKHOBEHHE HeNMHeHHbIX IIy-
MOB, TpH 3TOM B otsmyHe or cucteM ¢ YUPK curHatbr ¢ HanGoablIuM RHHAMMYe-
CKHM [Mala3oHOM JeiCTBYIOT B Nepshix Kackagax KY. Uepes stu Kackajsl mnepe-
JlaeTcsl HEeCKOPPEKTMDOBAHHHIA CHIHAJ, JAWMHAMHUECKUH [Uama3oH KOTOPOro ' ompe-
HeJAeTCA HH3KOYACTOTHHIMH COCTABJAAIOIIMMH, NPOLIEAIHMH KaleabHbIH yuacToOK ¢
MaJsibiM 3aryxanueM. [Ipu mepesnaue HuPOBHIX CUrHaNOB TPeGOBaHMsI K JHHEHHOCTH,
KaK [pasuio, 06ecneunBaoTCs BHIOOPOM ypOBHeH OTpaHMdeHHs B NEPBEIX Kackafax
YCHAHTEA.
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Js1s1 LIyMOB ¢ HOPMaJIbHEIM paclpefeeHneM
o0

{ . .
P(x) =" pom= e | ey =

U/
l 4 ,q I ’ n )
=—|1—0( -L)|=—-erf - 5.3
(D)= lyr) 6
rae n=0U[0 — oTHOlleHHe aMIJINTYAHOIO 3HAaYEHHH CUTHAJA K Jel-
¢rByomeMy spauennto myma; @ (n/2) — wunrerpan BepostHoctd, Ha

puc. 5.15 nmoxazaHa 3aBHCHMOCTb BEPOATHOCTH OWIMOKH OT OTHOLIGHHSA
CUrHAJ-UIYM, COOTBeTCTByloiass Boipaxkenuro (5.38). Ilpu BeposiTHO-
ctu omubxu 10-7—10-12 y3aMeHeHUIO OTHOWIEHHS  CHTHAJA-UIYM Ha
1 1B coorBercTByeT H3MeHeHHe BEPOSTHOCTH OLIMGKH HAa ABA MOPSIKA.
Ilpu ucnoONb3OBAHUM JIMHEHHBIX KOAOB C UHCJIOM ypoBHEH m>>2
Pom COXPAHHTCA NpexKHeH, eCAH YBEJIHUUTL aMILIMTYLy JHHeAHOro
cHrHaja B m—1 pas ju60 MOBBICHTb OTHO-
menne curHajd-mym Ha 201g(m—1) ab nmo 7 out . ]
CPaBHEHHIO C mepefauell JBYXYpPOBHEBOTO 10
cHTHa/la. 3aBHCHMOCTb,  [pHBEeJEHHAs Ha b
puc. 5.15, cnpaBennuBa M A TPOHYHBLIX
JIHHeHHBIX CHTHAJIOB; B 3TOM clyuae 3naue- 75”7

HHe U COOTBETCTBYeT aMIUIMTYAE HMIYJib- y )
COB [NIOJIOXKHTEJNLHOH HMJM OTpHUaTeJbHOll W —
TOJIS PHOCTH. o i

Upe3BhiyafiHo pesKas 3aBHCHMOCTb Pou
OT 1) IPHBOJMT K TOMY, YTO HAJHUHE YCTOMH-
YHBOTO 3allaca II0 NOMEXO3alIHINEHHOCTH,
paBuoro 1—2 xB, nossoaser mpaktuuecku /0
ycrparuTh ownbku B tpakre LICIL. C apy- 7 7 1 7 23,7 ,7255
FOH CTOPOHHI, CHHKEHHE NOMEeXOYCTOHUMBO- '

CTH B OJHOM peresepaTope Hmxe TpeGye- PHC. 515  3asucamocts
BEPOSITHOCTH  OLWIKOGKH OT
MOT0 3HAYeHHS OKaXKeT CYUIECTBEHHO® BAHA- oryomenys curnag-umym
HHe Ha BEDHOCTb Ilepeflaud TpakrTa B Ie-
gom. IlostoMy mpu pacuere pereHepaTopoB HeoOXOAMMOE 3HAUEHHE
HOMeXOYCTOIUI'-I‘H‘BOCTH AOJI2KHO obecrieyuBaThCa I Kaxk CcpeaHsisa BeJIH-
YHHA [0 MHOXECTBY peajH3alHH, a KaK HIXKHHUE Npefes BepOSITHHX
3HaYeHHui.

B nudpoBbIX JHHEHHBIX TPaKTaX NPH HSMEHEHHH [JHHB MarHCT-
paau TpeGoBaHUA IO NMOMEXOYCTOHUUBOCTH H3MEHSIOTCS He3HAUMTEJNb-
Ho. B TpakTe, cocrosimieM u3 N pereHepamyoOHHBIX YYaCTKOB, BEePOSAT-
HOCTh OWHOKH B N pa3 Bhlille, yeM BePOSITHOCTb OWHGKH OLHOTO pe-
reHepatopa. Tak Kak yBeNuYeHHe BeNHUHHEI OTHOIIEHUS CHIHAJ-UIYM
ua 1 1B cHHXaeT BepoATHOCTh owuGku B 100 pas, To B Tpakte U3 N
pereHepalHOHHBIX YUaCTKOB MOXKHO OO€CIeUHTb TaKyIO e BepHOCTh
nepegayd, Kak U Ha OJHOM YYacTKe, €CJM MOBBICUTb OTHOLICHHE CHI-
nan/wyM Ha An=N/100. Tak, Hanpumep, mJs MarucTpajh, COCTOs-
me#t u3 500 perenepaunonueix yuacrtkoB, An==>5 xB. [Ipu 3aTyxaHuu
OJIHOT0 yYacTKa Ha IOJYTaKTOBOH uacroTe, paBHOM 60—70 nb, opra-
HH3aU¥s TAaKOH Marucrpanau TpebyeT COKpalleHHs AJHHBI yyacTKa Ha
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7—8%. EcrectBeHHO, YTO NpefyCMOTPEB B pereHepaTope 3amac 1o
NMOMEXOYCTOMUMBOCTH Ha BeJHUYHHY A7), MOXHO PEIIHTL TaKylo 3ajxady
H 6e3 COKpalleHHs JJIMHBI yyacTKa'.

MexcuMBONBHBIE TIOMEXH B UU(PPOBOM CHrHaJje, AeHCTBYIOUEM Ha
BXOJ€e pellaiollero ycTPOHCTBAa, NPHBOAAT K COKDALEHHI 0O6JacT#
cHrHaja (Kak [0 aMIUIATyJe, TaK H 1O JJIHTENbHOCTH), B - KOTOPOH
BO3MOXKHO IIPaBHJIbHOE ONO3HaBaHHE MepeJaHHOro KOJOBOr0 CHMBOJA.
MeXCUMBOJIbHBIE NIOMEXH OLEHHBAIOTCA 10 BPEMEHHHIM  (QYHKUHAM,
COOTBETCTBYIOIIUM BO3MOXKHBIM COYETaHHSIM KOJOBHIX CHMBOJIOB B JH-
HeliHoMm curHaze. Ecau popMa oJHHOYHOTO HMIyJAbCa2 Ha BXOJe pe-
maroero ycrpoficrsa r(f), To peanusanus UudpoOBOro CHrHaga omnpe-
JdensieTcsl Kak

S(l)= _§ wir (t—iT), (5.39)

rie a; — 3HaYeHMe i-r0 KOJOBOTO CHMBOJA (HJisS1 TPOWYHOrO KojAa
a;=0; +1; —1); T — nepuoj cJaefOBaHHS CHUMBOJOB JHHEHHOrO CHUT-
HaJja.

Uucs1o KOJOBBEIX CHMBOJOB, KOTOPHIE CJeJIyeT yYHTHIBATh NPU aHa-
Jiu3e, 33BHCHT OT BHAa pyHkuuu r(f) w BHAA JauHellHOrO Koxa. B pe-
3y/bTaTe COBMEIleHHs] BO3MOXKHBIX BPeMeHHBIX peasu3auufl JUHeHHO-
ro CHrHaJa B IpejacJax KaxKAOro TAaKTOBOIO MHTepBaJa obpasyerca
COBOKVITHOCThL IlepeceueHHH pasJMYHBIX  peaJju3alul, Ha3blBaeMas
rJjas-guarpaMMoH.

Ha mpakTuke 10OCTaTOUHO NPOCTO ONPEREJAIOTCA CTPYKTYPH KOAO-
BBIX MOCJEef0BATeNbHOCTEH, NpH MNepefadye KOTOPBIX (HOPMHUDYIOTCA
MEXCHMBOJIbHHE TIOMeXW MaKCUMaJabHOU Beauuyunsl. Takue mocsejo-
BaTENBHOCTH ONUPENENSIIOT TAK HAa3blBaeMBl packphIB rJjas-fuarpam-
Mbl — IDaHHIBI 06JacTH, B IpepesaX KOTOPOH cJieAyeT NPOU3BOAUTH
OINO3HAHUE KOJOBBIX cHMBOJIOB. Ha puc. 5.16 mokasan mpumep raas-
AuarpaMMBl AJs1 TPOHYHOrO JIHIIEHHOTO CHTHajga MPH rayccoBoit ¢op-
Me CKOPPEKTHPOBaHHOro MMmynabca. Has uMnyabca rayccosoi (hopmb

r(t) =e R, (5.40)

Ecau r(0,5T7)=0,5, to £=2,76 u r(T)=0,063. PackpelB r./ia3-ana-
rpaMMbl JJsi TPOUUHOTO Koja TpH BeIGpaHHOH dopMe CKOPPEKTHPO-
BAaHHOIO HMIIYJAbCA OIpefessieTcsd CJAeIYIOIHME KOMOHHaumuaMu: —I1;
+1; —1u +1; 0; +1 — ngasg raas-guarpaMmbl, COOTBETCTBYIOULER
IoJoXKuTeNLHOMY uMnyaecy; +1; —1; +1u —1; 0; —1 — ang raas-
JLHarpaMMBbl, COOTBETCTBYIOUIEH OTPHIIATEILHOMY HMITYJIbLCY.

dnas wmnyssca rayccoBoil dopvbl BeJHUMHA PAaCKPbIBA TJa3-Anua-
FpaMMbI Onpeuenﬂe'rcsl Bpra)KeHI/IeM

L (1) = e T Qe—h(FTYIT! _Qe—h(HTIT —

_ e-ktz/ﬂ( 1—terch L), (5.41)

! B cuctemax ¢ UPK Bwinoanenne nonoGuofi s3agaun TpebyerT moBbIEHHS OT-
HOUICEHs| CHTHAJ/IIYM Ha Kax/JOM TPaHCAAUHOHHOM YyacTKe Ha BeJHYMHY, DaBHYIO
10 1g 500=27 xb.
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Bripaxenue (5.41) mokaswiBaeT, uTO rsias-auarpaMMa CHMMeTPHUHA
oTHOCHTeJbHO MoMenTa [=0. [Ipu =0 BesuunHa packpbiBa rJas-
JIHarpaMMBbl MaKCHMaJibHa:

Linax (£) =L (0) = 1 —de~*, (5.42)

I'panuupl packpbiBa rias-gHarpaMMbl 10 BPEeMEHHOH OCH fmax MOXKHO
ONpeNeIATh, IPHPABHHBAA Hy/10 BhpaxKendne (5.41). Beauuuna fmax
IIPH 3TOM ONPeJeseTcss COOTHOLIEHHEM

4ch (2ktmax/T) = ek, (5.43)

Hasi k=276 MaxcuMajbHas MJIHTEJLHOCTD PacCKpHIBA 2fmex=0,74T.
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Prc. 5.16. dopma opunouHoro wummyaeca (a) raas-guarpamMa (6) Ha BHIXOJE
KOPPEKTHPYIOIIETr0 YCHIHTENS

B paccmarpuBaeMoM ciyuae MeKCHMBOJIbHbIE BJAMSHHS OTpDAHHUH-
BAalOTCS JIeHCTBHEM JHIUL COCETHHX HMIYJALCOB HHGPOBOH IOCHEnOBA-
TeJIBHOCTH. Bbipaxenue (5.42) ompenesseT MakCHMaJbHY BeJHUHHY
PAcKpBIBA IS TPeXyPOBHEBOTO KOJAA H SIBASETCST UYACTHBIM CJydaeM
0011ero COOTHOLIEHHs A/ MAKCHMaJbHOH BEJMYMHEL PACKDPHIBA NPH
m-ypOBHEBOM JIHHEHHOM CHTHaJe:

Linax(t) =L (0) =1—2(m—1)r(T). (5.44)

[Ipu yBesmuennn ymcna ypopHe# JMHEHHOro KoAa M yXKecToualoT-

Cst TPeGOBAHUS K KODPeKIMH HMIyJbca Ha BXOje pellalomero ycrpoi-
crtBa. Ha puc. 5.17 nokasana 3aBHCHMOCTb BeJHUYHHBl MaKCHMAaJbHOTO

PacKpelBa TIVIa3-IHarpaMmbl OT BeJHUHHBI MOCAEHMIYJbCHBIX BO3jIeH-
CTBHH Ha cocellHeM TakTOBOM uHurtepBaje r(T) AN pPasIHYHBIX M.
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Taxk, nepexon ot gBonunoii nepenaun x NATHYPOBHEBORH Tpebyer cHH-
XKeHus Bennunnl r(T) B 4 pasa.

[locneumnyinchble Bo3geficTBUA Ha BXome pellaonero ycrpoicTaa
ONpPEAeNSA0TCs POPMOH UACTOTHOH XapaKTepPHCTHKH y4actka kabejp—
KOPPEKTHPYIOWHKH yCHAUTeNb. MaKCHMANBEBI PaCKpHIB ryia3-guarpam-

Lmax
70N
08 S 28
m= Alf)
a6 Ag
7 =0
04 5 “‘J
05 Apr
9z B=0,if,
g aes 01 gls gz 025 05f, fo f
r(7)
Puc. 5.17. 3asucnmocts packphuiBa Puc. 5.18. AMnaurypno-uacrorme xa-
I71a3-AHArPaMMbl OT BEJAMYHHBl HOCJE- PAaKTePHCTHKH THNA INPHNOAHSTOTO KO-
HMIYJBCHEX BO3NEHCTBUM Npm pasany- cuHyca:
HOM 4HCJIe ypoBlefl  JHHCHHOTO cHI- fo— TakTOBast wWacTOTa JMHeHHOTO CHrHAia
Haja

MBl OyAeT JOCTHIATLCS TIPH YCJIOBHH r(iT)=0 npn i#0. Takas ¢op-
Ma OLMHOUHOTO HMIyJhca r(f) MOXer GHTL modyieHa TIPH PasdHYHBIX
H4CTOTHEIX XapaKTePUCTHKAX y4aCTKa, HAanpUMep [pH AMIUIHTY AHO-
-4acToTHOH Xapaktepucture A(f), yrosaersopsiomeii YCJIOBHIO

L.
A(F) +AT—[}[)=Ao npu Il (5.45)

A(f) =0 mpu 1/T<f],

M JHHedinoll (asosoll xapakTepucTHke. YcsoBHE (5.45) ompexpeaser
CHMMETPHIO AMILIHTYAHO-YACTOTHOH XapaKTEPHCTHKH  OTHOCHTE/IbHO
yacrorsl 1/2T. TakoMy ycaoBHio YAOBJETBOPAIOT XapaKTEPUCTHKH TH-
T1a NPHTIOAHATOrO KOCHHYyCA, HMEIOLIHEe Caj N0 KOCHHYCOHLAJbHOMY
8aKOHy B obusactn wmmprHoil 2B (puc. 5.18). Takue XapaKTePHCTHKH
OTPeIeNsI0TCS KakK .

A(f) =4 upu |fl<'2'; —B,

A(f):ﬂ(l_kcosq-[‘_”_j?l/iﬁ\/ .
: B (5.46)

1 . 1

1 .
A(f)=0 npn 2—T+B<|7[.
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Ilpu B=1/2T soipaxkenns (5.46) ynpomawTcs H NPHHHMAIOT BHJ

Af) =71(‘1+cos ofT) mpu |f|<1/T, (5.47y

Aj)=0 npw || = 1/T.

Korpa umypuna oGJgacTtu cuaja 2B paBHa Hydio, 1osoca 4acTOT yya-
cTKa Kabesb — YCH/IHTEJb H MOIIHOCTb LIYMOB B 3TOH [OJI0CE MHHH-
MaJabHbl. OZHAKO NPH 3TOM HMIYJbLC, ONpefenseMbldl QpyHKUHue# r(f) =
= ﬂ'i(::‘/—t—p , HMeeT 3HAUHTeJbHBIE 10 BeJHYHHE H BecbMa IIPOLOJ-
JKHTEJIbHEIE TI0CTeMMIyJbcHBle Bo3LeficTBuA. HecMoTps HA TO- 4TO0 B
puckpetHbie MoMenTbl BpeMenu r(iT)=0 (i%=0) u BeaHyHHa pPacKpH-
Ba rJsias-fHarpaMMbl MAaKCHMaJibHAa, AJIHTEJLHOCTh PAacKphlBa Pe3Ko-
YMeHbIIAeTCd U Pom PEreHepaToOpa CTAHOBHTCH KPHTHUHOH K OTKJ/OHe-
Husim AUX u BHIOOPY TOYHOrO NOJIOKEHHS MOMeHTa CTPOOHPOBaHHUSA
perenepupyemoro curnajna. [losromy AUX ¢ yskofi obnacteio cnaga
MPaKTHUECKH He HCIOJb3YIOTCH.

B uudposbix Tpakrax BeiGupalor B=(0,7--0,8)/T. Ilpu znauu-
TeMbHBIX 32TyXaHHIX KaOeJbHOTO YYacTKa B TaKHX TPaKTaX BbIOGOD
OoJiblilero 3HaueHHsT B pe3Ko YBeJMUYHBAET IVIOLIAAb YCHIEHHS YCHJIH-
TeIsl H MOLLHOCTb TEPMUUYECKHX IIYMOB U3-34 HEOOXOAHMOCTU KOMIIEH-
calliM 3aTyXaHHs Ha 60Jjiee BHICOKHX UaCTOTAX.

Tlpu npaxkTHuecko# peanusanuy KOPPEKTHPYIOILEIO YCHJHTES 3a-
nannas AUX annmpokcumupyeTcs HaGOpOM XapakKTEPHCTHK KOPPCKTH-
pylomux 3BeHbeB. Becbma yno6Ha QopMa NpeACTaB/ICHHS UYACTOTHOH
XapPaKTEePUCTHKH YCUJIHTe ST B BHIE NPOH3BeAeHus BHia [87]

. io" (i® 4 0)...(0 © - o m)
k(o) =F . . . 5.48)
(o) =k o) o T on Go+om. . .Go+onp) (5.48)
rie o, ..., ®p — YaCTOTBl HH3KOYACTOTHOIO Cpe3a n-ro HOpHHKa;
®aly ..., Gom — HYJIH HepefaToYHOH OYHKUHH mM-TO NOPAAKA; @i, ...

.y Omp — TOJIOCA TepeiaTouHoll (yHKIMH p-ro nmopsigka. Ilpu stom
ecJId KOPPEKTHPYIOMIMI YCHIUTEIL BHIIOJHSIETCST B BH/IE KaCKaIHOTG:
COeMIMHEHHS YCHJHUTEJIbHLIX CXeM, 4 YacTOTHAs XapaKTepHCTHKA KaxX-
IO CXCMBI HMGCT ONpeJeJCHIoe YUCJIO HYJell H IIOJIOCOB, TO UTOrO-
Basg AUX moxer GbITL mpejcTaBieHa Bblpaxednem Bujaa (5.48) ue-
IIOCPEICTBEHHO Yepe3 NmapaMerphl orTaes]pHbix cxeM. CxeMa Kackaja
KOppekTupyioulero ycuauteis u ero AUX npusegena Ha puc. 5.19.
Ilpencrasaenne AUX B suge (5.48) nosBosiserT 3¢ ()eKTHBHO HCIIOJb3O-
BaTh MeTO/Abl MAIIHHHOTO pacuera AJsl ONTHMH3ALUK NapaMeTPOB YCH-
TuTesst, TOUYHOCTL KOPPEKTHPOBAHHS ONpEJeNsercs YHCIOM KOPPEeKTH-
PYIOIUKX KACKAJ0B, & MHHHMAJbLHOE YHCJIO KACKAZOB — MAaKCHMaJb-
Ho#i kpyrusHoit AUX kabesas npu Haubosbliell AJMHe pereHepalHoOH-
Horo ydacrka. Haubonpmas kpyrusua AUX oxroro xoppekrtHupylolle-
ro Kackaja cocTanasieT 6 1D Ha okTaBy. :
Jl1vHa yyacTKa pereHepaldd B peasjbHOM JHHEHHOM TpakTe MO-
JKeT M3MEeHAThCS B ONpPeleJeHHHX npefenax. [Ipw 3TOM BepoATHOCTD
omubKE He JOJMKHA IPEBOCXOJHTb 33JaHHYIO BeJHUHHY, A/ Uero

OCYILIECTBJSETCS aBTOMaTHdYecKas peryJupoBKa YacTOTHOH Xapakre-
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PHCTHKH KOPPEKTHPYIOLIETO YCHJIHTeNA. B KauecTBe KOHTPOJLHOTO CHI-
HaJa HCIoJb3yeTcs HHOOPMAIHsi O NHKOBOM 3HAYEHHH IEPEJaHHOIO
HMOyJbcd, XapaKTepU3yomas 3aTyxaHHe ydyacTka Kabelb—YCHJIHTENb

’ +E Hlie)
Y 7—‘
Uﬁmx
Ugy
lens APY
/A I
T ;
—E 0 Wy wWn w

a) &)

Puc. 5.19. Cxema KOppPEKTHPYIOIEro Kackana (@) H ero aMmIHTYIHO-JaCTOTHAS Xa-
pakrepuctuka (6)

B obsactu moJsyrakToBoil yactotel. Cxema nenu APY koppektupyio-
1ero ycuJuTess mpuBeaeHa Ha puc. 5.20. PerynupyoniuMu 3seMeH-
‘TaMH OGLIYHO SIBJISIIOTCS BapHKallbl, H3MEHSIOIIHE €MKOCTh TOA BO3-
,,,U\eﬁCTBI’IBM YIOpaBAdOUIero HaNpPAKEHHS C BBIXOAA YCHJAHTENAS IIOCTO-

Ha peagrupyouwe THROTO Toka (YIIT). Ha sBxonw

IAEMEHITIB] Y (e}

P ponii YIIT momaroTcst curHan ¢ BHXOJZA
xagraia K9 xacKagol NIHKOBOTO JHETEKTOPAa H  ONIOPHOE
Hanpaxende. C nomomsio APY
TMOAAEPIKUBALTCS TOCTOIHHBIR KO-
fuxaferd | sbdunuent mepenauyn B Haubosee
demexmopg gnr (b(l) U\. . ped . o
BAXHOH# 06sacTH CIEKTPa JHUHEH-
|—;‘,,, v HOrO CHTHaZa M OCYLIECTBJSETCS
. epecTpoiik H -
Puc. 5.20. Lems APY koppekTupylo- nepecTpoika AUX s HHSK.,OqanOT
IMero ycHAnTeNs HOH H BBICOKOYAaCTOTHOH o0O6Jaa-

CTAX.

PopMHpPOBAHHE XPOHUPYIOWEro CMrHANa. XPOHHDPYIOIIHH CHTHAI
‘ynpasJsieT paboTOH pelIalolmIero ycTpoicTBa pereHeparopa, obecries
YUBas OINO3HABAHHE KOJOBLHIX CHMBOJIOR B MOMEHTHl BpPEMEHH, COOT-
BETCTBYIOILHE MAaKCHUMaJIbHOMY PacKpblBy rias-puarpaMmel. KpoMe To-
T0, XPOHUPYIOWHHA CHTHAJN HCIIONB3yeTcs AJsi dopMuposanus Hudpo-
BOH MNOCJeZ0BaTeNbLHOCTH Ha BBHIXOJAE pereHeparopa, obecreudBas Io-
»CTOﬂHHy}O 3aaHHYI0 AJHTEJLHOCTL H OIpeAeJieHHBbIe BpeMeHHble HH-
TepBaJbl MeX/y CUMBOJIAMH JIHHEHHOTO CHTHAJA.

CnekTphl JHHEHHBIX CHrHAJOB, KaK TPaBHJO, He colepKaT IMc-
KPETHEIX COCTABJSIONINX, MOITOMY XPOHHpPYIOWlas HHPOPMAIH He MO-
JKeT ObIThb NOJIyueHa HeHOCPeNCTBEeHHOH JuHeHHOH (uuabTpauuedl 3THX
‘CHrHAJIOB, a TpeGyeT HesinueliHOro mpeoGpasoBanHus. Bumpsmass 6u-
NOJIAAPHBIA JUHEHHBIA CHrHAJ, MOXKHO IIOJYYHThL IIOC/JEeJ0BATENbHOCTh
OJLHONIOJISIPHBIX KOJOBHIX CHMBOJIOB, CNEKTP KOTOPOH CONEPIKHUT COCTAB-
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JSIOUYI TakTOBOH uacToThl. Tumosas cXema (ODMHPOBaHHSI XPOHH-
PYIOLIEro CHTHAJA B pereHepaTope MokasaHa Ha puc. 5.21.

Beaencreie MeXCHMBOJNBHBIX MOMEX B CHTCHaJe, NOCTYyNALleM ¢
BBIXOJa KOPPEKTHPYIOLIErO YCHJHTENS, AJIHTEJBHOCTL KOAOBOTO CHM-

Nfy DO ANND fap0  AARR AR

4
PapMupg-
am Ky _ Jepanuvu- - Yeunumens x Py
Boinpn: END | /Tonvcobod v2panEL- Mmu;_
MUMEND gunomy e cmpo. >
CRUIY umnynscol

Puc. 521. CxeMa GOpMHPOBAHHSI XPOHHPYIOIIETO CHIHaJa B pereHepatope

BOJA U3MeHseTCs1 B 3aBHCHMOCTH OT BHA4 CHMBOJIOB, nepenaBaeMbnc
Ha COCEJHHX TAKTOBHIX WHTepBa/saX. B TpexypoBHEBHX cHrHanaX, cO-
orerctByonux koxam UITK u KBII, nauteqpHOCTh UMIyJabca, H3Me-
peHHas Ha yPOBHE TOJIOBHHBl AMIJIHTYAH, M3MEHSIETCS OT TaKTOBOrO-
yHTepBajga (ecJH Ha COCeHHX HHTEPBaJaxX repelaBajuch NpoGess —
kombunauun 010) 10 mOJOBHHBI TAKTOBOrO MHTEPBAJa, eCcjaH HA COCel-
HEX MHTeDBajax MepefaBaJjiiCh CHMBOJBI MPOTHBOIOJIOXKHON TOJSPHO-
et (koMGunauus —1; 1; —1)1 TloatoMy mocse BBIIpsAMJIeHHsT Gop--
MUPYETCS NOCJeJOBATENLHOCTh ONHOMOJNSIPHBIX HMITYJILCOB Da3HUHON
JAJHTCJALHOCTH. Cozzepmafme COCT&BJIHXOLlleﬁ TAKTOBOH JacToTH B:
CIIEKTPE CAyYaifHOH NBOHUHOH MOCJIeM0BATENLHOCTH 3aBHCHT OT JJIH-
TEJBHOCTH CHMBOJIOB. PopMa OAMHOYHOTO HMIYJbCA Ha BBIXOJAE YCH-
JIUTETS MOXKeT GBITh aNNMPOKCHMHPOBAHa BhIpaXKeHHEM

r(z‘):sinZ%:-;—( l'—cos%t>, (5.49)

COOTBETCTBYIOLIIMM CHHYCKBaJPaTHOMY MMIyJbcy. B arom cayuae
¢$yHKIUY, omucEIBaOIKe QPOHT @y (f) W cnax @q(f) uMmysbca, cBsi3a-
Hbl COOTHOILIEHHEM

9c () =1—qq (1—T), (5.50)

IPH KOTOPOM IOC/Je10BaTeNbHOCTh HMIYJALCOB Boobuie He HMeeT
CIeKTpaJbHOfA cocrapasoumel dactorsl fo=1/T. [o3TOMy BBHIIENEHHIO-
XPOHHMPYIOUIEro CHrHAJa MpefllecTBYeT OrpaHHueHHe CHHU3Y BBHIIPSM-
JEHHOH JHHeHHOH mocsenosatensioctu. Ilocjge orpaHAYeHHS [JIHTEJNb-
HOCTb HMIYJLCOB yMeHbllaercss M ycaoBue (5.50) 6oJjee He BHIIONHS-
ercsi. [ToBpiias HanpsAXKeHHE OTCEUKH, MOXKHO YMEHbUIMTh KoJeGaHHS
YPOBHSI TAKTOBOIH 4aCTOTHl NIPH H3MEHEHHH CTPYKTYPHl JHHEHHOrO CHr-
nasa. Ilpu sToMm, 0iHAKO, CHHKAeTCS AMILIHTYAa HMIYJbCOB HA BHI-
xofte orpanuuntessi. OGHYHO YPOBeHb OTPAHHYEHHST YCTAHABIHBAETCH:
B npefeaax 0,5—0,7 aMOJauTyABl HMITYJIbCA.

! TIpH HCTOMB3OBAHHH TPEXYPOBHEBHIX KOJOB, IONYCKAOIMX MOCIE0BATENbHYIO:
nepefayy HECKOJbKHX CHMBOJIOB OJHON NOJSIPHOCTH, @ TaKXe MHOTOYDOBHEBHIX KO-
JIOB IJIHTeJLHOCTb HMMYJILCOB H3MEHsETcsl B ellle GOJBLIMX Tpejenax.
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‘BHlleleHHe XPOHHMPYIOIIEro CHrHasla OCyLlecTBjsieTcs JuGo peso-
HAHCHBIM KOHTYPOM, JH00 I0JOCOBEIM (PHILTPOM, HACTPOEHHBIM HA Ya-
CTOTY NOBTOPEHHA KOJOBLIX CHMBOJIOB. Pe30HAHCHBIH KOHTYD BBIMOJIHS-
eTcss OOBIYHO Ha AHUCKpETHBIX 3JEeMEHTAaX, IIPU 3TOM BeJHUHHA ,ZIOﬁpOT-
HoCTH KOHTypa cocTasasieT 80—120. [Tosnocosofi ¢buabTp peanusyercs,
Kak TPaBuJio, Ha KBapIUEBLIX Pe30HATOPAX, NPH TOM IKBHBAJCHTHALN
no6poTHOCTL Puabtpa pocturaer 1000—2000. Broipenengwiit curzadn
TAKTOBOH 4acTOTHl YCHJIMBAETCS W MOCTyNaeT Ha (bopMHpOBaTenb cTpo-
6upylomnx uMnyabcos. [ocaenunii obiagaer onpeaeseHHOl 4yBCTBH-
TeJbHOCTLIO (Toporom cpabatwiBanusa AU), mostoMy HM3MeHEHHe aMIl-
JUTYAB CHrHAJa Ha BbLIXOZe (HJILTPA BHI3LIBAET AaMIIHTYAHO-(a30-
Bble NpeoOpa3oBaHuA NpPA (GOPMUPOBAHHU CTPOOUDPYIOUIMX HMILYJIbCOB,
UYTO COOTBETCTBYeT BPEeMEHHHIM (JIYKTyauusiM JHHEHHOrO CHrHaJja.

OneHnM BenuuMHy AHHAMHYECKOTO LHATIA30HA AMIVIHTYL CHrHAJa
‘TAKTOBOH UACTOTHl HA BEIXOJEe (PUIbTPaA. DTOT AHANa30H ONpelensercd
BO3MOXKHLIM H3MEHEHHEeM IJIOTHOCTH UMIYJAbCOB B IepelaBaeMoi Lud-
‘POBOH NOCJE0BATCALHOCTH. [Ipenesl U3MeHeHHS MJIOTHOCTH HMITYJIh-
‘COB 3aBHUCAT OT THIA HCIOJNB3YEMOrO JHHEHHOro xoxa. B 6umosaspHOM
KO C YepelOBaHHEM MNOJSPHOCTH HMIIYJIbCOB UYHCJO NOCJTEI0BATE/]b-
HBIX NIPOGEJNOB He OrPAHHYEHO, T. €. JUHAMHUYECKHH QUana3oH u3MeHe-
HNP HanpsKeHWs TAKTOBOH 4acToTH Ha BbIXOAE (uAbTpA NPHHLH-
TIHAJbHO MOXeT OBITh HeorpanudeHHo GoJapliuM. B romax KBII-n mou-
‘HaMHMYeCKHH [Halla30H HaNpsSXKeHUs Ha BeIXoAe GHIbTpa paBed n-1.
BceuencTBue WHEPIMOHHBIX CBORCTB  (PUABTPA HU3MEHEHHS] AMILIMTYIHL
CUTHAJa HA ero BHIXOJe CriaxkuparoTcs. IIpu aTOM nOAABJAAOTCHA BHI-
COKOYACTOTHBIE KOJMeGaHHS TIJIOTHOCTH HMIOYJILCOB.

BBenem mnonstwe uHTepBajta ycpensenus (Ncp) Kak oTpeska Bpe-
MEHH, BEIPAasKEHHOrO B TEPHOAaX YacTOTHl [OBTOPEHHS KOMOBLIX CHM-
BOJIOB, B IIP€/leIaX KOTOPOr0 BO3MOJKHBEIE H3MEHEeHHs aMIJIMTYAB Tak-
ToBOH YacTOTH yMeHbialorcs Ha mopsinoxk [88]. Kak caeayer u3 on-
pereseHHs,

Nep={o/ (Af) 20455 (5.51)

rhe (Af)goqs — NMOJIOBHHA WIHPHHBI MOJOCH MPONYCKAHMs (QU/IbTDA,
usMepennon na yposue 20 nB. Uem Bbimie ZoOPOTHOCTL GUJILTPA, TeM
GoJipllle MHTEPBAJ YCPEAHEHHS H BEepPOSITHOCTH TOTQ, YTO UYHCJIO KOMO-
BBIX HMIyJIbCOB B Ipefeax MHTepBaja ycpeXHEHHs npn6J1mKaeTCﬁ K
HEKOTOPOMy CpelHeMy 3HaueHmi0, B coorBeTcTBHH c TeopeMmoil Bep-
Hysanu [89] ¢ yBennueHueM HHTePBaJNa YCPeAHEHHS BEPOATHOCTH TO-
ro, YTO YacToTa MOSBJIEHUS KOJAOBBIX HUMIYJBCOB B 3TOM HHTepBaJe
GyNeT HAXOOUThCH MeXAY p-+ac/Nep B p—ac/Nep, 6yaer npubanxKaTe-
€5l K Ipefesty, paBHOMY

®(a) [esud, (5:52)
]

2
Van
e 6=} Nepp(I—p).
Takum 06pa3oM, AWHAMHUECKHH AHANa30H U3MEHEHMs Ko/acOaHHsA
‘TAKTOBOH YacTOTHl Ha BbIXOJe (HJAbTPA
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D—P199/Nee (5.53)
p—aoc/Nep ’ '

Bepxuuit npejiea uHrerpuposaHus a B (5.52) onpegensercs 1m0 3ajaH-
nomy snavennio D. U3 (5.53)

=P (D —1)Nep 54

D+ 1o (5.54)

3aBHCUMOCTD JAHarnas3oHa H3MEHCHHA HaOpAXKEeHHA Ha BLIXOA&
duabTpa OT BEPOATHOCTH NPEBBILUEHHS 3TOr0 jAuanasoHa I0Kas3aHa
Ha puc. 5.22. C yBennuenueM

7

SKBHBAJIEHTHOH JHOBPOTHOCTH lﬁ/cp=50 l
unbTpa AHHAMHUeCKHi nua- /

Na30H H3MEHeHHs BBIIeJeH- ,| %g
HOTO KojefaHMs TaKTOBOH / Z
YacTOTH Pe3KO cOKpamaercs. 4

Tax, xpapuesbli QHABTP BHI-

AenuTessT TAKTOBOH YacTOTH 200 4~
tperuunoi LICIT nmeer momo- ¢ 500 ==
Cy TpONyCKaHHA Ha YPOBHE 4 4T

20 1B okono 17 kI, uto co- ? S ——//
OTBETCTBYET HHTEpBady Vc- 0

pemsenust Nep=4000. Baton 9 ¢ 4 72 K & _LUZ[’,_q,gj]
ciyJdae JUHAMUAYECKHH Auana- 7
30H D 17151 GHIOAPHOTO KOAa Puc. 5.22. 3aBHCHMOCTh IHaMasoHa HaMe-

HEeHHA HaNpSXKeHUH TaKTOBOM YacTOTH Ha
C HEDPENOBAHMEM MOAAPHOCTH gy vone (uabTpa OT BepOATHOCTH MpEBHI-
npy p=0,5 He TNpPEeBLUNAET wenns 5Toro AuANas’oHa IpH PAa3IHUHEIX

2 ¢ BEPOATHOCTDIO, MeHBIIeH 3HaYEHUSAX HHTEpBaJa yCcpeaHeHus
10-18, Takum o6pasom, BHICO-
Kas o0pOTHOCTE (DHIBTPA oGecieunsaer MOJTyYeHHe CTaGUJIbHOrO Ha-
NpSKEHHsT TAKTOBOH YacTOTHI JaxKe IPH HCHOJab30BaHHH Kona UTIH.

Bpementble duaykryauuu KojeGaHuus TAKTOBOH 4acTOTH Oupemes-
I0TCA COCTaBJSIOIMMH HEeNPephbIBHOrO CIEeKTpa MepeaBaeMoro CHrHa-
na. Ecoi cpeaHsst uacTora noJochl IponycKauus GHAbTpa fg BLIZEH-
Tejsl TAKTOBOH YaCTOTH COBMAfaeT ¢ YacTOTOH MOBTOPEHHsS CHMBOJIOB:
nepefaBaeMoll IIOCIeN0BATENBHOCTH fy, TO B I[IOJOCY HPOMyCKaHHST
(huJLTPa NOMAanalT COCTABAAIOUINE CHEKTpa BHIIPAMJEHHON NOCHeRO-
BaTeJLHOCTH, CHMMETPHUHBIE OTHOCHTEJbHO [o; AMILIMTYABI 3THX CO-
CTaBJSIOIIHX MOXKHO CUHTATh DaBHBIMM. TOrjla CHrHaJ Ha BHIXOZE
duiabTpa NpeacTaBiser cobofi HECYIYIO ¢ CHMMETPHYHBIMH OOKOBBIMMK
10J10CaMH, UTO, KaK M3BECTHO, COOTBETCTBYET aMIIUTYAHOH MOJYJISIHH
Hecymefi. IIpn 3TOM MOMEHTHI Iepexoja CHrHAJa TAKTOBOH YaCTOTBI
Yepe3 HYJAb He cMemaloress # (hazoBas MOAYNALMS OTCYTCTBYyeT.

Ecan fp oramyaercst oT 4acTOTH IOBTOPEHHSI KOAOBEIX CHMBOJIOB,
TO BO3HHKaeT cTaTHueckHH a3opuii cABUr A, NPONOPUHOHANLHbIH
no6porroeTH GuALTPA Q u OTHOcHTeabHOH paccrpolike (fo—Fo)/fo:

tgAe=2Q (fo—fo) /fo. (5.55)

Paccrpoiika ¢uibTpa OTHOCHTENbHOH TAKTOBOH 4acTOTH CHrHAJa
HapyliaeT pPaBeHCTBO OOKOBBIX TOJIOC HAa BHIXOJe (UJIbTPA, YTO COOT-

-153-

S ————



BETCTBYeT NOSIBJAEHHIO AHTHCHMMETPHYHBIX COCTABJSIOUIHX, IPHBOLS-
AUMX K (a30BOH MOAYJISILUHM Hecylllei Ha PaSHOCTHON HacroTe fo.p=
=fo—f. CnexkTpanbHoe pacnpeieseHHe (asoBbX (payrryauuf Ge.e(f)
JI0Ka3aHO Ha pHC. D.23, @4, MaKCHUMaJbHbie (DJIYKTyalHH COOTBETCTBYIOT
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“Puc. 5.23. CnekrpanbHoe pacnpefeliense $a3oBuix (JAyKTyauuil BeJeCTBHe paccTpoli-

KM (QuIbTpa BbIACAHTEN TakToBOH wHacToTH (@) M HaMHuHsA

nopora AU B cxeme

(bopMupOBaHus CTPOOGHUMIYIBLCOB {6)

o6nactun (0,2=1,0)Af (Af — monoca upomyckaums uabtpa) [90].
OtMernM, yTo B 06JaCTH HHXKHHX YacTOT BCJAHYHIEl (PA30BLIX (QJIyK-
Tyauuil U3-3a paccTPoiikH PHUILTPA MAJIHL.

Kak ye yKasblBaJoch, H3MeHEHHE aMILIMTYIbl CHI'HAja TaKTOBOMH
YACTOTH NPHBOAHT K H3MeHEHHSIM MOMeHTa cpabaThiBaHHS (HOPMHPO-
BaTe s CTPOGUPYIOLIMX MMIYJIbCOB. BO3HHKAlOMmMue BCJAEACTBHE aMI-

Coplf)
1000 N=1000
0
wo 22\,
An
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i .
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Puc. 5.24. Haxomienne (ha3oBbix
¢aykryauufi B UHGPOBOM  TpakTe,

cocTosimieM H3 N I0C/Ie0BATeNBHO
BRJIIOYEHHEIX PEreHeparopoB
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JUTYLHO-(pa30Boro mpebpasoBaHys
BpeMeHHble (JYKTyanHd IIPONOp-
IHOHAJbHEL BeauuuHe mopora AU
# 06paTHO NPOIOPIHUOHAJNBHE J06-
pornoctH ¢uanrrpa Q. Crekrpais-
HOe pacnpenesende Qaykryauufl
(puc. 5.23, 6) paBHOMEpPHO B AMa-
masone uacror xo 0,2Af, a satem
(uykTyanun yMeHpIIAlOTCA C yBe-
JnuenueM yacrorsl [90].
BpeMenHsle GIYKTyaluu He OKa-
3bIBAIOT NPAKTHYECKOTO BJMSHUSA
Ha BepOSITHOCTh OWIMOKH OJMHOYHO-
ro pereHepartopa. DoJsee BaXXHBIM
SIBJASIETCS  BONPOC O HAKOIJICHHH
BpeMeHHBIX QJIYKTyaluil npu mepe-
Jlaye CUTHAJIa uepes [0CJIeI0BATEeAb-
HY10 Ienb pereHepaTopos. [Ipu sTom
Kax /bl pereHeparop oGpabaTbiBa-
er uudpoBoft curHas, BpeMeHHEE
GayKTyalLHu KOTOPOTO OIpeeIsioT-
Csl IPeJbIIYLIHMH pereHepaTop aMHu.




B perenepatope BpeMeHHHIe (PAYKTyalUH BXOASILEr0 CHrHaJjga GyAyT
HECKOJIbKO MOJABJIATLCA 3a CyeT M36MpaTeNbHOCTH (DuIbTpPa BbIIENH-
TeJis TAKTOBOH YacTOTH, B TO XKe BPeMs B NepeJaBaeMyl0 HOCJeJ0Ba-
TeJbHOCTh GYAYT HoGaBjeHbl COCTABJASIONHE, OIpelenseMble cobCT-
BEHHBLIMH aMIJIHTYIHO-(Pa30BEIMHE NpeoOpa3oBaHHAMU. [IpH 3TOM BBI-
COKOUACTOTHHIE (DIYKTyalUHH, BEI3bIBaeMble paccTpoiikoll ¢uapTpa, 6y-
JYT onpeenatbcs (PAYKTyaUUsAMH NOCAeAHHX PereHepaTopoB B JIHHHH,
TaK KaK B pereHepaTopax, pPaclmoJOXKeHHHX B HauaJje JHHUH, (QIyK-
Tyanud OLICTPO 3aTYyXalOT, NPOXOAS MOCJefOBATENbHO Yepe3 psSi MHO-
JIOCOBHIX (UALTPOB BBEIJEJUTeJefl TAKTOROH uacTOTH., MakcuMmaJsbHBS
BpeMeHHEle (DIYKTyaluHH H3-3a PACCTPOAKH (PHALTPA He NPEBOCXOAAT
V4eTBEPEHHOH BeJHUHHE BPeMeHHHX (JyKTyalu#l OXHHOYHOTO pereHe-
paTopa H He SBJSIOTCS ONpeleJsONMMHE Ha JHHHAX OOJBIIOH NpOTH-
2KEHHOCTH.

HpuskovacToTHEIE COCTaBASIOLIMEe BpeMeHHHIX (JyKTyauui, BOSHH-
Kalolfe ¥3-3a aMIIHTYIHO-(pa30BbIX npeobpasoBaHuii B cxeMe ¢op-
MHpoBaTeasl CTPOOUPYIOIIUX HMIYJbCOB, IPONyCKaloTcs (QUIbTPaMK
BEIJEJIHTENeH TAaKTOBOH YaCTOTBl H I0TOMY HAKaIlJIUBAKOTCS IPONOP-
LUHOHAJbHO YHCJY pereHepaTopoB. MoUiHOCTD TakHX (IyKTyauui

T =""2LE (), (5.56)

riae &% (¢) — MouHOCTh PAYKTyanuil OMHOTO pereHepaTopa.

XapakTep noc/en0BaTeNbHOIO HAKONJIEHHS (a30BbIX (JIYKTyaunus
nmokasaH Ha puc. 5.24 [11]. CHuxeHue (IyKTyauui, BEHI3HIBAeMBIX KO-
HEYHON YYBCTBHUTENBHOCTHIO BHIXOZHOTO (DOPMHpOBATENs, MOXHO obec-
MeYHTb, BBOJS MeXJy (UIbTPOM H (OpMHpPOBATEJNEM YCHJHTeNb-Orpa-
HHUUTeNb ¢ GOJbLIHM KO3(dUIMeHTOM yCHJeHHS JHO0 HCHOJb3YySA Ha
BBIXOJ(€ BBIAEJHTENST TAKTOBOH YACTOTHl -BBICOKOUYBCTBUTEJbHLIH CHH-
XPOHH3HDYeMBbIH IeHepaTop.

5.4. TIoMmexoycTOHUMBOCTE pereHepaTopa

[Ipu paspabotke yerpolicts aunefinoro Tpakra LICII ofvuno 3aga-
10TCA THIOM Kabejs H €ro SJEKTPUUYECKUMHU XapaKTepUCTHKaMH, CKO-
POCTBIO Ilepefjady CHTHAJa Ha BXOJe JIHHEHHOro TPaKTa, NPOTSXKeH-
HOCTHIO y4acTKa pereHepalyy, AONYCTHMOH BEPOSITHOCTHIO OLIMOKH pe-
reHepaTopa, MOLIHOCTBIO, NoTpebJjsemoli pereHeparopoM. [lo stum
JlaHHBIM ompefensercs TpebyeMas NOMEXOYCTOHYMBOCTL PereHeparo-
pa, OlleHHBaeTcst HeOOXOAMMOCTh YMEHbIIEHHS TAKTOBO# 4acTOTH JH-
HeHHOro CHrHaJjia MO CPaBHEHUIO C YacTOTOH BXOJHOrO curHazaa u ¢op-
MyJupyIOTCst TPeGOBAHHSI K OCHOBHBIM (DYHKUHMOHAJIBHBLIM y3JaM pe-
reHeparopa.

Pacuer momexoycTofiuBOCTH pereHepaTopa Kak JJs KOaKCHAJIbHO-
ro, TaKk U CUMMeETDPHUHOro Kabejell nposoautca 0o ofinell MeTOLHKE.
Ilpn ucnojb3oBaHMH pereHepaToOpOB Ha KOAaKCHAJLHHIX Kabendx oc-
HOBHBIC IIYMBl — TepMHUECKHe, 2 Ha CHMMETPHUHBIX Kabenax — MIy-
MBI H3-32 MePeXOJHbIX BAUSHHUI MeXAy napami.

[Ipun pabore mo KoakcuasnbLHOMy Kabesio MOIHOCTL TEPMHUECKHX
LIyMOB, BO3[eHCTBYIOIIUX Ha BXOJ pereHepatopa, omnpefessercs Xa-
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"PAKTepHCTHYECKHM CONDOTHBJIEHHEM Kabeass Z; u B nojoce 1 T'm
paBHa

Py =£T, (5.57)

rae k=1,38-10"2% JIxx/K — mnocrosanras DBosaesumana; T — abconaor-
Hag Ttemmeparypa, K. IIpu Ttemmeparype 17°C T=290K u Py =
=4-10-2! Br/IL.

KBanpar neficTByioniero HanmpsixeHHs UIYMOB HAa BHIXOJe KOPpPeK-
THPYIOMIET0 YCHJHTEJS, uMelomero Kospduunent mepegaun A(f) u
KoaPuument myma F(f) (Ha Bxome pelaromiero ycrpoicrsa),

Ulapy =kTZo§°F;(f)A2(f)df. (5.58)

Jnst oneHkn BennuuHB Ulmpy npumeMm A(f) =A(fo/2) npu 0<<f<C
< 2fo; A(f) =0 npu f>2fy; F(f)=F=const, rae fo — TaxkToBas ua-
CTOTa JHHeliHOrO curHaja. Torana

Uupy =V 2kTZFfoA (fo/2). (5.59)

AMIJIHTYZa CHMrHaJia Ha BXOJE PeIlalomiero yCTpPoRCTBa OllpeensieTcs
C HCIIOJb30BAHMEM MNOHATHSA SKBHBAJEHTHOH yacToTH mepenaun [91]
fa. OHa onpeneasieTcst Kak 4acTora, Ha KOTOPOi KOa(ppHUHEHT Tepena-
yn AUX TpakTa Kabejb—KOPPEKTHPYIOIIHA YCHAWTENb PaBeH OTHO-
IIeHHIO aMIJIUTYJHBIX 3HaueHuil mepefaBaeMoil nu¢posoil nocsaenosa-
TebHOCTH Ha BHxXOAe (Ucpy) u Bxome (Ug) Takoro rpakra, T. e.

Uepy/Uco=B(fs) A(f5), (5.60)

rie B(f) — aMmauTyqHO-4acTOTHA® XapakTepHCTHKA Kalbejd Ha pe-
TeHepallHOHHOM YYacTKe.

Ecnun anuTenbHOCTL MMIYJALCOB HA BXOJe VYacTKa pereHepaluu
paBHa NOJIOBHHE TAKTOBOI'O MHTEPBaJsa, a JNJHTESbHOCTh HMMOYJbLCOB
Ha BBIXOJle KOPPEKTHpYyIoIlero ycuaurens (Ha yposHe 0,5 aMmiautyn-
HOTO 3HAYeHWs) TAKTOBOMY WHTepRasy, To ycaosue (5.60) BrImOJHS-
€TCH Ha 4acToTe [, paBHo#, npumepHo, 0,5fy. Ilpu satom

U epy = UcoB (fo/2) A ([o/2). (5.61)

Torga oTHOIEHWE AMINIMTYAbI curiaja K 3(Q(OeKTHBHOMY 3Ha4YECHHIO
lIyMa Ha BXOJE peillalilero ycrpoiicTaa

_ Uco B(f0/2) 5 62
n=20le— (5.62)

ypOBEHb CHTHa/a Ha BXOJ€ pPereHepamuoOHHOro yyacTtka

Prep=101g (U%¢0/Z,-10-3). (5.63)
Vposens TepMuueckux urymMos B mojoce 1 I'n
pm=101g (¢T/10-%), (5.6%)

uto npu T=290 K cocrasasier — 174 nB. Torna (5.62) Moxer GuTb
IIPe/ICTABJIEHO B BUAE

1= Puep+ 174—201gB (fo/2) —101g2fo—101gF. (5.65>
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Ouenum nomexoycroiynsocTh perenepatopa npu Uge=3 B*), uro
COOTBETCTBYET Pnep=21 2B, n koadduuuenre wyma 10lgF=6 nb.

B stoMm cuayuae
=189—0 (fo/2) Ly=—101g2f,, (5.66)
rae b(fo/2) — KuioMeTpHyecKoe 3aTyXaHHe Kabessi Ha I0JyTaKTOBOIX
YyacToTe; lyq — JJIMHA yYacTKa pereHepaiiui, KM,
I'padukn saBHCHMOCTH NOMEXOYCTOHUHBOCTH pereHepaTopa OT
JJIMHBL yYacTKa pereHepalMH H YacTOTHl JIMHEHHOIO CHrHaJa, COOTBET-
CTBYHOWHE BhipaxeHuio (5.66), mokasansl Ha puc. 5.25 u 5.26. I'padu-
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Puc. 5.25. 3aBacuMOCTb IIOMEXOYCTOHYMBOCTH PereHepaTopa OT AJHHLL pereHepaii-
OHHOTO yyacTKa npu nepenaue curianoB LICIT mo koakcuanvHoit mape 1,2/4,6 mm:
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N
(NN

———— rtpernudan LICII, ckopocts nepenaun 34 368 K6HT/C; — — — — uerBepuunas LICII, cxo-
pocth nepemaun 139 264 kGHT/C
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Puc. 5.26. 3aBuUCHMOCTb NOMEXOYCTONUHBOCTH pereHepaTopa OT IJHHE! pereHepang-
QHHOTO Y4YacTKa NPH Mepenaue cHrHaloB TperHunofi u uersepuunoirt LICIT mo koa-
KcuaipHO! mape 2,6/9,5 Mm:
Tpernunan HCIl; — — — — versepuunas LICIT
*) Bemuunna Uco OrpaHyuHBAeTCH B OCHOBHOM MOIXHOCTBIO AHCTAHLHOHHOTO MH-
TaHHs pereHeparopa.
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KH COOTBETCTBYIOT Iepeflaue TPETHYHOTO W UETBEPHUYHOro (IYHKTHP)
LH(POBHX NMOTOKOB IO KOaKcHaJbHEIM napaM 1,2/4,6 mM (puc. 5.25)
H 2,6/9,5 MM (puc. 5.26) aus cayyaes, KOrja TaKTOBAasd 4acToTa JH-
HeHHOrO cHrHaza fo paBHa TaKTOBOH 4acToTe MH(OPMALMOHHOH mOC-
JegosatesibHocTy [ (aunefinbie koam UMK, KBII) u korga uacrorta
JuHelHoro curaanaa cocrasaser 0,75f (koxbl 4B3T) u 0,67 (xoast
654T).

B peanbHHX YCJIOBHSIX OTHOUIEHHME CHIHAJ-IIYM Ha BXOJE pellaro-
HIer0 YCTPOHCTBA YMEHpHIAETCS H3-32 HAJMYHS MEXKCHMBOJBHBIX II0-
Mex, oTkjoHeHni#t AUX KoppeKTHPYyIOLUlEro YCHJHTENS OT pacyeTHOH,
Zpeiiha nopora pelnamnuiero ycrpoictsa u T. A. Jas oGecnedenus 3a-
JAHHOH BEPHOCTH MNepeladd HEOOXOLMMO NOBBICHUTb TOMEXOYCTOHYH-
BOCTb OTHOCHTEJIbHO 3HAUYeHHH, COOTBETCTBYIOLIHX BhlpaxkeHHIO (5.65).
[TosToMy TpeGyeMast roMexOyCTOHUMBOCTb pereHepaTopa ONpelensieT-
Cq NOMEXOYCTOHYHMBOCTBIO MjeasJbHoro pereHepatopa (22 nb npn
Pom==10-1%) u 3amacoM HOMeXOYCTOHUHBOCTH C yuetoM Kosdduuuenta
wyMma. B pesysnpraTe Besuunna npm pacuere DOJKHA OLITh He MeHee
356—40 xb (sawrTpuxoBarHas obmaacTb Ha pHe. 5.25 u 5.26).

I'padukn na puc. 5.25, 5.26 nosBoss0T A 3aLaHHOR AJHMHBL pe-
reHepanHoOHHOrO ydacTtKa OLeHHTb HeOOXOAHMOCTh YMEHbUIEHHsS TaK-
ToBOH 4acTOTH JHHeHHOro curHaja. Tak, NpH AJHHE pereHepaLHOHHO-
ro yuactka 3 xm B uersepuuno#i LICI], paboramomuieii no xoakcuasnHOR
nape 2,6/9,5 mm, TpebyeMas noMexoycTOHYUBOCTL pereHepaTopa obec-
neyuBaercs 6e3 CHHUIKeHUS TAKTOBOH uacTOTHL JHHEHHOTO «CHrHaja.
YMeHbllIast yacToTy JauHeliHOro curuana yersepuunoit ILCIT ¢ momorpio
TponuHbx Kofoe 4B3T unn 6B64T, moxHO obecneuuth TpebyeMywo MO~
MeXOYCTOHYHBOCTL NPH AJHHe yJyacTka 3,5—4 KM.

3anmac noMexOyCTOHYHBOCTH PereHepaTopa MOKeT OBITb OLeHEeH MO
YMeHbIIEHHIO BeJHYHHEl PAcKpbIBA TJa3-JMarpaMMbl Ha BBIXOJe KOp-
PEKTHPYIOIIEr0 yCHINTeNA. MaKcHMaJlbHOe 3HAUEHHe PACKPHBA IJa3-
JHarpaMMbl PaBHO aMIIUTyZe HMIYJbCca Ha BHXOAe ycujaurens. Ecian
PacKpblB ry1as-aHarpaMMbl yMeHbIIWICA 10 Lmax (cM. puc. 5.16), TO
nas obecnedennss TPeGyeMOH Pom HeOOXOLHMO TOBLICHTH OTHOLIEHHE
CHIHAJ-LIYM HA BBIXOJAe YCHJIHTENS Ha BeJHUHHY

A'l’] =201g ( I/Lmax) . (5.67)
[Tpu sTOM BeauuMHA PacKpLIBA rJa3-IHarpaMMmbl 6yJeT paBHa aMIJIH-
TyJe CuryaJja B Beipaxkenuu (5.38).

PaccMOTPHM OCHOBHBIE NPUUKHBL YXYAUIEHUS [Ja3-IHarpaMMbl B
pereHeparope.

1. Otrkaonenus AUYX TpakTa KaGeab — KOPPEKTOP OT pacueTHOM.
Otkionennss AUX Tpakra kKabeJb—KOPPEKTOD BLI3HIBAIOTCS HETOU-
HOCTLIO HACTPOHKH YCHJIMTEJs, HeCTaOMJBbHOCTBIO 3/1€MEHTOB ero cxe-
MBI, @ TaKxXe HecoBepulencTsoM Koppekuun AUX nemvio APY. Han-
6oJIBIIHE YXY/LUIEHHS Tvia3-AuiarpaMMbl ONpPEAENAIOTCA OTKJIOHeHHAMH
AUX or pacuerHol XapakTepUCTHKM B 006Jactd MOJYyTAKTOBOH ua-
CTOTHL.

Kak nokasano Ha puc. 5.27 [92], MeKCHMBOJBHEIE TIOMeXH HA BhI-
X0/le KODPEKTHPYIOLIEero yCHiHTeds He npeBblnaoT 0,25 aMIIHTyIbt
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uMnyasca, ecqu AUX B o6JjacTH MmOJYTAKTOBOH YacCTOTHl COOTBETCT-
ByeT pacueTHOH ¢ oTknoHeHusMH MeHee 1 aB. B To xe BpeMs B HH3-
KOYaCTOTHOM 4 BBICOKOYACTOTHOH 00/AaCTAX JAONYCTHMble OTKJIOHEHHS
cocrasaanT 2—4 gb.
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Puc. 5.27. Oonycrumble otkionenns AUX TpaKTa Kabelb — KOPDEeKTHPYIOIHUHA yCH-
JIUTEJb OT PacuCTHOH XapaKTEPHUCTHKHU

2. Banguue HU3KOYacTOTHOHR oOTceuxu. IlomaBseHme HHU3KOUACTOT-
HBIX COCTABJAIOLIMX B pereHepaTope NPUBOAUT K TOMY, UTO Nepenaua
HMIOYJbCA CONPOBOKAACTCS  BO3HHKHOBEHWEM  ITOCAECHMHOYJbCHOTO
«XBOCTa», AeHCTBYIOLIETO B TeyeHHe GOJbUIOrO YHCJIa TAKTOBBLIX HHTED-
BanoB (puc. 5.28). Ecan AUX penw, BHI3LIBaIOMmIEH HH3KOYaCTOTHYIO
OTCeUKy, MPEACTABHTb B BHJAE (DYHKIUHM C OJHHM IIOJIOCOM, COOTBETCT-
BYIOIIHM YaCTOTE HU3KOUACTOTHOTO Cpe3a fg, TO NIPH mepenaue HM-
Tyabca AJUTENbHOCTHIO T/2 aMIJINTYAa MNOCHAEeHMMIYJLCHOTO —XBOCTA
€OCTABAT :

d=nTf.. (5.68)

TIpu ucroansoBanun koxa UITH mocsenMITy/bCHblE XBOCTHI COCEA-
HUX HUMIYJAbCOB Pa3JHYHOA MOJMAPHOCTH KOMHEHCHPYIOT Ipyr APyra.
IlosroMy meficTBue XBOCTOB OY-
JeT B OCHOBHOM CKAa3bIBAThCS B
YXy[lieHHH YCJIOBHH OINO3HABA- ﬂ ﬂ
HHS 1POGEJIOB MexXAy cocefnuMu 1 1 1 T ! .
uMnyascamu. B xogzax KBII ) U ’
XBOCT HMIYJbC3, COOTBETCTBYIO-
1LIero BCTABKe, AEHCTBYET 10 IO-
ABJIEHHS UMIIYJIbCA BCTABKH NPO- a [\
TUBOTOJOXKHON nongpHocTy. [lpu y ) R
3TOM  YXYAWAKWTCH TIJa3-aua- d#»
TPaMMBl Ha BCEX TAKTOBHIX HH-
TepBaJiax, PACNOJOKEHHBIX MeXK-
Ay COCeAHMMY BCTaBKaMH. B KO-  Ppe. 5.28. Uckamenus uMuynbca Bcllel-
Jax, JONYCKaIOUUX TOoCJeA0Ba- CTBHE HHM3KOYACTOTHOM OTCEUYKH
TEJbHYI0 Iepefayvy HeCKOJbKHX
HMMIyJIbCOB OZHOH INOJIIPHOCTH, NPOHCXONHT CYMMHPOBAHHE IOC/TIEHM-
NyJIbCHBIX XBOCTOB, B pe3yJbTaTe Yero pacKphiB IJ1a3-auarpaMMbl
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YMEHbII2EeTC HA BeNHUYMHy $d (§ — NuanasoH uaMeHeHus ULUQPOBOH
CYMMBI HCIIOJb3YEMOro Koaa).

YUuTHBAs, YTO B PereHepaTope COAEPKHUTCS, KAK TMPABUJIO, He-
CKOJIbKO CX€M, BBEI3bIBAIOIIMX HHM3KOUACTOTHYIO OTCEUKY (BXOJHOH
BBIXONHOH TpaHchopmaToph, Tpanchpopmarop Ha Bhixode KV), yxya-
HIeHHs] TJ1a3-AuarpaMMbl MOTYT NPeBHIIATL YKasaHHble BHIE BeJiH-
YHHBHL.

3. Pasauyne nuomaneii KWMNyJabCOB NPOTHBONOJOKHON TNOASPHO-
cTH. DTO Das/uuMe NPHBOLHT K TOSIBJEHHIO NOCTOSHHOH COCTaBJIAIO-
H.Leﬁ B JUHEHHOM CHrHaJie, UYTO BhLI3BIBaeT CABUTI rjaagz-auarpaMmnl Ha
BXOJle pellalollero ycTPOHCTBa OTHOCHTENbHO HOMHHAJLHOTO 3Haue-
HHS IIOPOra, COOTBETCTBYIOLIEIO MHHHMAJLHOH BEPOATHOCTH OLIHOKH.
Kpome TOro, BOSHHKAIOT HCKaxKeHHsl B LENH aBTOMATHUECKOH DeryJu-
poBkr AUX BcieCTBHE HENPABHILHOIO ONPELEJNeHHs] aMIJIHTYAbLl KM~
myJbca Ha BbixoZe ycuauteas!. Beauuusa capura mnponopiuyuoHasbHa
IONyCKaM HAa aMILIUTYAy M AJHTENLHOCTH KOJLOBHIX HMIyJbcos. ITo-
3TOMY IIpH (HOPMHPOBAHHM HMIYJBLCOB, NePefaBaeMBIX N0 pereHepa-
IIMOHHOMY YYaCTKy, HEOOXOAMMO 0O0eCHeuuTh UAEHTHUYHOCTh GOpPMEE
HMIYJBCOB NPOTHBONONOXKHOR mnosspHOcTH. JlomycTHMOe pasjHune
nnomanell MOJOKUTEILHEIX H OTPHHATENBHBIX HMMYJALCOB COCTaBJSET
ob6urano 5—109%.

Kpome ykasaHHBIX NPHYHH CHHIKEHHE IOMEXOYCTONYHMBOCTH pere-
HEPATOpa BBI3LIBAETCH HECTAGH/IBHOCTHIO MOPOra PEHIAOUIETO YCTPOH-
CTBA, KOHEYHOH UYBCTBHUTEJBHOCTBIO TMOCJELHET0, a TaKikKe CMellleHueM
MOMEHTa CTPOOMPOBaHUA OT IIOJNOKEHHS, COOTBETCTBYIOUIErO MaKCH-
MaJIbHOMY PacKpBHIBY TJa3-AHArPaMMBL. ‘

Ilpumephnasi oleHKa BAMAHHS Pa3AHUHBIX (AaKTOPOB HA NOMEXO-
YCTOHYNBOCTh pereHepaTopa mpuBefeHa B Tab.u1. 5.5.

Ta6auuna 55
3Hauenue
Tlpuunna CHMXeHns CHIDKEHUS
NOMEeXOYCTOHIHBOCTH noMexoyc- IMpumeuanue
TOAYHBO-
cry, nb
MeKCHMBOMbHEE TIOMEXH 2,0
JlonyckH Ha aMIIHTYZy U AJHTCIb- 2,0 OTKJAOHEHHA aMOAHTYABl H  AJAH-
HOCTb MMIyJbca TeJLHOCTH B npegenax 5% oT Ho-
MHHAJIBHBIX 3HaueHu#
Pasanune nnoMlaZell  HMIYJAbCOB 1,0
TIPOTHBOMNOJOXKHON NOJSIPHOCTH
Orxaonenns AUX or pacuerHoi 1,5 Otksonennss AUX na monyTakToBOH
yacroTe pasro 1 ab
HecraGunbHOocTs mOpOra W KOHeU- 1,5
Has YYBCTBHTEJABHOCTb PEIIAIOUIETO
YCTPOHCTBA
Huskoyacrotsas otceuxa 1,3 Ins xona YU npn fe=0,002
Otk/ioHeHNe MoMenTa CTpoGHpoBa- 0,9 N
HUSA

! AHaJIorMYHEIe HCKAXKEHHsl BO3HMKAIOT TAKXKe NPH OTKJOHEHHH AMIIHTYAM M
AJHUTEIBbHOCTH HMIYJbCcA HA BBIXOJE pereHepatopa OT HOMHHAJBHBIX 3HAYEHHH JdaxKe
PR paBeHCTBE IVIOILAfell WMIYJbCOB Pa3/HIHOH IOJsPHOCTH.
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CHHxeHHe NOMeXOyCTOHYHBOCTH, BBI3BAHHOE COBMECTHBIMH JeHCT-
BUAMH DA3JHYHBIX YXyAuamomux (akTopoB B pereHeparope, Kaxk npa-
BHJIO, MeHbllie CyMMbl BeJMYHH, YKa3aHHHX B Tabua. 5.5. 10 co3paer
olpe/iefleHHbIH 3anac NMOMeXOYCTOHYHBOCTH, KOTOpbIH obecneyHBaer
JIOJITOBPEeMEHHYI0 CTaGH/JIbHOCTb MapaMeTPOB pereHepaTtopa B Ipouec-
ce 3KcmIyartauud. BesauydHa 3amaca ompejensieTcss pPacKpbiBOM IJias-
AHarpaMMbl Ha BbIXOJEe KODPEKTHPYIOIEro YCHJHTeNs H SABJAeTCs
BaXKHOH XapaKTepuCTHKOH pereHepaTtopa. HenocpeacTBenHoe H3Mepe-
HHe BeJHUHHBl PACKPHIBA I1a3-1HArPaMMbl IPOH3BECTH BechbMa. TPYA-
#0. OfHAKO OUEHHTh BeJHUHHY 3amaca IOMeXOyCTOHUHBOCTH MOZKHO,
HCII0Jb3YS HCKYCCTBEHHO BBOAHMYIO NOMEXY (puc 5.29).

Puc. 5.29. Cxema u3MepeHHs 3amaca
TIOMEXOYCTOHUUBOCTH perenepartopa

Liudpposoit auHeHAHBIH CHrHAJ, GOpPMUPYeMbIH TFeHepaTOpPOM KOAOB
(T'K), nopaercs Ha BXoA umurartopa kabeapHoro yuactka (MKY)
BMecre ¢ nomexoil. I'enepatop momexu (I'TI) dopmupyer Memawomuh
MMIYJbC, AMILIHTYJA KOTOPOrO MOJKeT H3MeHSITbCS B IIpolecce H3Me-
peHult; IJHTENbHOCTb HMIYJ/IbCA NIOMEXH PABHA AJMHTEJIbHOCTH HMITYJb-
COoB JHHeHHOro curHana. Yacrora NOBTOPEHHS HMIYJbCa NMOMEXH CY-
1ECTBEHHO HUXKE TAKTOBOH YACTOTHl JUHEHHOrO CHUrHaja (mpuMepHO
19% or fp) ¥ ACHHXPOHHAZ OTHOCHTEJbHO 3TOH YacToThl. CHrHAJ COB-
MecTHO ¢ nomexo#, npoias MKY, noctynaer Ha suHeiinbii perenepa-
top (PJI), K BBIXOLY KOTOPOTO MOJKJIOUEH H3MepHUTedb KO3IDPHIHEH-
Ta omubox (MKO). .

VisMeHsis aMILIUTy[4y MMOYJbca NOMeXH, MOXKHO ONPeNEeNUTh MOopo-
roBoe 3HAaUeHHe NOMEXH, COOTBETCTBYIOilee PEe3KOMY  BO3PACTAHHIO
uyycaa owunbok na Beixone PJI. Kak nmokasbigaet omnblT paspaboTku i
akcnayaraduu tpaxktos LICII, B pereHepaTopax obecneunBaercsi Heol-
X0AHMas CTabHJbHOCTb N1APAMETPOB, eC/H NOPOroBoe 3HaueHHe IoMe-
xH cocrapisier 20—25% ammanryabl UMMYJALCOB JIMHEHHOTO CHrHaJa.

Tmamsa 6
KAYECTBO ITH®POBOH ITIEPEJAYH CHTHAJIOB

6.1. UckameHus CHUIHAJIOB
B IDPOBHEIX CHCTEMaxX INepefayu

McKaxeHust CHTHA/NOB B UUQPOBHIX CHCTEMAX Nepefadd U COOTHO-
HIeHHS MeXIy BEJHUHHAMH HCKAXKeHHH, BOIHHKAIOMHX B OTIeJbHbIX
gacTaX LHQPOBBIX CHCTEM, CYLLECTBERHO OTJHYAKTCA OT XapakTepa
l*ICKa)KeHHI:I H HX pacmpeleJieHHA B aHAJOrOBBIX CHCTeMaX MepelayH.
Aunanus crpykrypubix cxem LICIT (cm. puc. 1.2 u 1.4) nosBoasier BH-
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JeJIMTh TPH OCHOBHBIC TPYNINbl YCTPOHCTB: Hepelayd aHAJIOrOBHIX -CHF-
HaJoB, Nepeljayd CHTHAJOB B LH(}poBOH ¢dopMe, a TakKe aHaJoOro-
1HdpoBLIe H UHPPOAHANOTOBble NPe06Pa30BATENH. .

YcTpo#icTBa NEPBOH FPYNNH UCMOJAL3YIOTCS HA BXOAE U BBIXOAe
LICIT ¢ npeobpa3oBanieM aHaJOrOBbIX CHIHAJOB (YCTPOHCTBa corjia-
coanus YC Ha puc. 1.2). 3Tu ycTpoiicTBa CJayXKaT AJS COrMaCOBAHHSL
ManasoHa Y4acTOT H YPOBHS aHAJ/OrOBbIX CHTHAJIOB, MOCTYNAKOINHX
ra sxoa LICII ¢ nmapamerpamu anagsoro-uudposoro npeobpasopare.s,
a Takxe o0ecrneyHBalOT TPeGyeMyI0 BEJHYHHY OCTATOYHOrO 3aTYXAHHHA.

JTa rpynna ycTPOACTB CONEPIKHT BXOAHOH H BHIXOXHOH (HJbTPLL
HHXXHHX 4acToT, npeo6pasoBaTesiv 4acTOTH (IpU mepejgave TPyIIno-
BbIX TeJIeOHHBIX CHTHAJI0OB € YAaCTOTHbIM pasjeseHHeM), COraacylo-
L(He YyCHJMTeJNH B IlepeialouieM H npHeMHoM obopynosanuun. TpeGosa-
nus K ¥YC aHaJorHuHbl TpeGOBaHUSIM K NOJOGHEIM YCTPOHCTBAM B dHA-
JIOTOBHIX CHCTeMax nepejaud, B KOTOPHIX, B YACTHOCTH, HOPMHPYHOTCSE
caelyiolllie 3HAYeHHS] NCOQOMETPHYECKOH MOIIHOCTH LIYMOB: JJIs.
MHOTOKaHaJibHOro ycujureass 15—20 nBt, aaa napu npeobpasosare-
Jefi yactotel 160—240 nBr [93]. DT HCKaXKeHHS AOCTATOYHO MaJbl
H He SABJAIOTCH ONpelessIOMMH B UH(DPOBBIX CHCTEMax MepepauH.

YcTpoficTBa BTOPOH TPYNINBI COCTABJSIIOT OCHOBHYIO 4acTh ammapa-
TYPHOTO KOMIIJIEKCA NMPOMEXYTOUHOrO H OKQHEYHEro o60pyNoBaHUsE
HCIIL. B npomexyTouHoM 060pyHOBaHHH BO3HHKAIOT OWIMOKH NpPH pe-
resepalHdd CHMBOJIOB M BpeMeHHble (JIYKTYalHUKH JHHEHHOro CHrHaJja..
B oxoneunom 060pynOoBaHHM YCTPOHCTBA Tepelayd CHTHAJOB B UG-
POBOH (hopMe OCYIIECTBASIOT ONepaLUH C CHMBOJIAMH, HapaMeTphl KO-
TOPHIX AETePMHHHPOBAHBI, IIO3TOMY TaKHe YCTPOHCTBA ~ NPAKTHUECKW
He BHOCSIT OIIHOOK B mepejaBaeMble LIH(DPOBLIE MOCJAEI0BATENbHOCTH..
B TO e BpeMs B OKOHEYHOM OBOPYAOBAHWH NPH ACHHXPOHHOM COMNps-
JKeHHH LHM(GPOBBIX MOTOKOB BO3HHKAIOT BpeMeHHble (JIYKTYalHH.

OwnbxHu pereHepanyy, Kak OblJO MOKa3aHO B TJ. 5, BO3HUKAIT,
KOrjia 3HaueHHe nmomex, AeHCTBYIOIHX HA BXOJe pellaoliero yCTPOH=
CTBa, IpeBblllaeT 3HayeHHe nopora pereHepauud. Ilomexnu, peficTBylo-
UiMe B JMHEHHOM TpakKTe, MOTYT OWTh JHO0 OTpaHUYEeHHBIMH ompene-
JIeHHOH BeJMUYMHOH (noMexy H3-3a B3aMMHBIX BJHSHHH MexXAy pas-
JUUYHBIMH- CHCTEeMaMH, PaboTaIOLMMH COBMECTHO TI0: OJHOMY CHMMeT-
PHUHOMY Kabeslo IPH MaJjOM YHCJE BJAHAIOUIHX CHCTeM, a TaKke Mex:
° CHMBOJIbHblE TIOMeXH), JH60 He HMeTb ONpeeJeHHOro MaKCHMaJbHOro:
3HaYeHUs] (TepMUYECKHE WIYMBI). -

Ecju moMexu orpaHHYeHbl OIpeies/ieHHON MAaKCHMaJbHOH BeJHuH-
HOM, TO NMPH OTHOLIEHWH CHTHAJ-UIyM Gosee 6 n1b*) He 10JXKHO BO3HH--
KaTh OWHUOOK NPU pereHepauun. Ecay IOMeXH Heé UMeIOT ONpefeseH-
HOr0O MaKCHMaJbHOrO 3HaueHus, To Bcerja OyaeT CyllecTBOBATb KO-
HeyHas BeJMYHHA BePOSITHOCTH OWUOKH pereHepaunnd. Tak, mpH HOp-
MaJbHOM 3aKOHe paclpejesieHHsi MPHOBeHHBIX 3HaueHMH ToMeX Bepo-

*) YKa3aHHAs BeJHYUHA SBJASETCS TEOPETHUECKHM IIOPOTOM MOMEXOYCTOHYHBOCTH
VuurpiBasi pasixuHblie jecrabuiausupymomme (Gakrops (cMelleHne MOpora pereHepa-
nuH, QIYKTyanun MOMeHTa CTPOGHpPOBaHMs M Jp.), Hd NpPaKTHKe HeoOX0AUMO obec-
eYyBaTh COOTBETCTBYIOLUMII 3amac NOMeXoyCTOHYMBOCTH, YBeJHUHBAf.  OTHOIUEHHE:
curiaj-nomexa ua 6—12 ab.
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#ATHOCTb ‘QWIMOKH ompefeasercs BupaxendeM (5.38). Ha puc. 6.1
TPUBELEHBI rpaduKy, NOKa3HBAIOWHE 3aBHCHMOCTb Powm OT AJMHHbI
YuaCTKa pereHepauuu. [Ipn aTom 3aTyxaHue Kaless AJS ydacTKa HO-
MHHAJbHOMH AJHHB npHHHMaJoch paBHbiM 80, 75 u 70 b ans cucrem
C TAKTOBLIMH yactoraMH [o coorBercTBeHHo 30, 100 u 400 MI'u. Kak
BUAHO M3 PHCYHKA, H3MeHeHHE HJnHbl ydyacTka Ha 1Y% BbI3bBaer us-
MeHeHHe BepOsSTHOCTH OUWIMOKH HAa nopsnok. Ilostomy paxke Ha OJIHH-
HOI MarucTpassi MoxHO obec- P
TICUHTb BLICOKYIO BEPHOCTb ne- 187, neog. "7
Pefayu COOTBETCTBYIOIIHM Bbl-
©0pOM JIJIMHBL yuacTKa.

‘Own6KY pereHepaLHy NpH- gl
BOJAT K HCKAXKEHUSIM CHTHasa
Ha BbIXOAe UHGPOBOH cHCTe- sk
Mul. [Ipu nepenaue Tesedon-

#©lbIX CHCHAJIOB TO CHCTeMe ;
HUKM BPK owmubku perene-

pauuH HauboJee 3aMeTHB B 4l
Tex cJydasiX, Korja HCKaxa-

IOTCS . CHMBOJIBL  OJHOTO-JBYX 5t
CTapllfix paspsigioB KOJOBOH
TPynmbl, 4YTO BOCHPHHHMAETCH sb
KaK IeJYKH B TeseOHHOM A
xanage. Ilpu nepepnaue Teie- il &y
«pOHHEIX CHUTHAJOB IIO- CHCTe-
mam MKM ¢ UPK owmnbka ne- )
pedaun mo60ro AUCKPETHOro Lo ! ; e
©OTCYeTa TPYNIOBOrO CHrHaJga 98 99 20 207 1/ bon%
TNPHBOAHUT K HUCKaXKeHHAM CHT- Puc. ©.1. .3aBHCHMOCTE  Pom B 'JIH}{GI'/'IHOM
Haja Kakjoro kananaa. Taxue tpakre LICII n ncodomerpuyeckoid Moul-

poctd wymos (ot 10 mo 10 nBt) B Te-
¥CKaXEHHH] BOCHPUHHMAKTCH nedosHom KaHaste cucteMbl MKM ¢ YPK

HEe B BHAE OTIEJbHBIX UIeJY- OT OTHOCHTEJNbHOH JI/IHHBl pereHepauuoH-
KOB, @ KaK yBeJHUeHHe YypOB- HOTO yyacTka

Hg mWyma B TejedonHoM kaHaje. [Ipu mepemaue curHa/nos TeneBuie-
tust o cucremaM ¢ MKM - uckaxeHus KOJNOBEIX CHMBOJIOB ABYX-Tpex
CTapUIHX Pa3psioB HNPUBOIAT K MOSBJIEHHIO MEPIAOMAX CBETABIX HJIU
TEMHEIX TOYEK HAa H300parKeHHH.

Bpemennrsie Qaykryanun nepegaBaeMoro  UH(POBOro CHrHasa,
BO3HHKAIOIIHe TIPH HCIOJb30BAHHH PereHepaTopoB ¢ CaMOXPOHHPOBA-
HHEM, @ TaKxke MPH ACUHXPOHHOM CONPFAXKEHHH LHPPOBHIX NOTOKOB
BLI3BIBAIOT QJYKTYalHH YIPaBJAIOMHX I0CAEI0BATEIbHOCTeH B IPHEM-
Hom obopynosanu LICIT u B KOHeuHOM HuTOre — BpeMeHHble (DAYK-
‘Tyalli¥ OTCYETOB MepelaBaeMOr'o CHrHaJjJa Ha BbIXole IH(pPOaHaaoro-
BOro npeo6pasoBatelis, YTO COOTBETCTBYET Napa3uTHOH (a3oBoil Moay-
JISLHK eKOAHPOBaHHOrO curHasia [94, 96—98]. Ananus cnektpa moc-
J1eJ0BATEeNbHOCTH -aMIJIMTYAHO-MOAY/IHPOBAHHBIX HUMITYJILCOB, CPENHSAA
U3CTOTA CJIEeJOBAaHHS KOTOPHIX PaBHA UAaCTOTe JAWHCKDETH3ALHH [y,
BpEMEHHOE NOJIOKEHHe R-r0 UMIYIAbCA OTKJIOHSAETCH OT COOTBETCTBYIO-
el TaKTOBOH TOUKH Ha BenuuuHy & (f) =§({—£kTy) (E(f) — dynk-
6* : 163
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1M, ofpeflensollass BpeMeHHble (DIYKTYalUHH CHTHAJTa Ha BBIXOAE
LJAI1), nosBonsieT onpejesnTb SHEpreTHdeckuil ClekTp NPOAYKTOB HC-
KaxeHHH H3-3a BpeMeHHBIX (aykryaunit [97]:

Ge (@) =0? T Worg (2anfs—o), (6.1)
THe ‘
o0
Wess (2unfp—a) = —2‘;— | Ge(2nnfz—e+x) G (x)dx (6.2)

— CBePTKAa CIeKTPa CHrHaJjga ¥ GOKOBOH moJochl  crekTpa (Paykrya-
LHH, COOTBETCTBYIOWIEH N-H TaPMOHHKE UaCTOTHl IHCKPeTHIAUUH. 31ech
Gc(®w) sHeprertHueckHil crneKkrp curiana; Gg (©) — 3nuepreTHUecKHi
CIIEKTP BpeMeHHBIX (JIyKTyauni.

Tpetbe#i rpynnoii yerpoficrs, sxogsimux B coctas LICII, asasior-
cs1 anaJoro-undpoBble W LudpoaHasoroBele npeobpasoBarenu. llpn
Ipeo6Pa3oBaHNH CHTHAJOB M3 aHAJOrOBOH (hOPMBI B AMCKPETHYIO - 4
00paTHO NPOHCXOAAT MeTOIHYEeCKHe OUIHGKH, onpejesseMble KBAHTO-
BaHMeM aMIIUTYIHOIO AMana3oHa MepeflaBaeMOrQo CHrHana Opu uHd-
POBOI MOAYJSIIMH, H HHCTPyMEHTaJbHble OWHOKH, anperenseMule OT-
KJIOHEHHSIMHM XaPaKTepPHCTHK NpeobpaszoBatesia OT HIEANbHBIX.

MerToxnueckue OLIHGKH NPHBOAST K BO3HHKHOBEHHIO COOGCTBEHHBIX
I0YMOB, orpefefigeMblX HCKa)Ke€HHsIMH KBAHTOBAHMUA H OTrpPaHHUYEHHHA.
CoO6cTBeHHble WIYMbI ONpELensiioT MHHHMAaJbHBIE YPOBEHb LIYMOB, CO-
CTBeTCTBYIOWHI 3HAYHOCTH KOAa M YacTOTe . AHCKPeTH3alHH, NpHHI-
ThiX B AaHHOH LICII. MHcTpyMeHTaubHbe OUIMOKH BHI3BIBAXOTCHA OTPa-
HHYEHHbIM ObICTpPOJeHCTBHEM, KOHEYHOH TOYHOCTbIO PaloOTH Y3J0B
npeobpasoBareseli, H3MeHeHHeM MapaMeTpoB npeoGpas3oBares MNpH
KOJIe6aHusX TeMIlepaTyphl, crapeHHs u Ap. BHcokas yacrora cieno-
BAHHSl OTCYeTOB Npeobpasyemoro cursaja u Oosblias pPa3pagHOCTL
KOJa INPHBOAAT K 3HAUHTEJIbHOMY YPOBHIO WHCTPYMeHTAaJbHOH OIIHG-
KH. OCHOBHBHIM KDHTEDHEM A OIIEHKH HHCTPYMEHTAJbHhIX OUIHOOK
npeo6pasoranusi B LICIT aBafeTcst MOUHOCTb HCKameHud npeabpa-
3oBanus 1[98]:

Pn.n=6232 =4"8262, (63)
rae e — cpelHEKBajpaTHUYeCKOe 3HAYEHHe NPHBEJEHHOH WHCTPYMeH-
TaJIbHOH TOTpellHOCTH npeo6pasoBatens; B=2"0 — aMIJHTyAHbI}E
JAHana3ok nmpeobpasoBatens; 1 — YHCJIO PaspsaioB. kKoia; § — war

KBaHTOBAHHS.

OTHoLueHHe MOILUHOCTH HCKaXKeHHWH H3-3a HHCTPYMEHTaJbHBIX [or
rpeurHocTel K MOUIHOCTH HCKaXKeHHH KBaHTOBAHHS ONPeNEJAETCH Bbl-
paxeHueM

Pyn/Pyo=12¢%4". (6.4)
Tak, B 24-xananpuoii cucreme T1 (npu ceMHpPa3p4AHOM KOAHPO-

BaHWH) MOLIHOCTb HCKAa:KeHHWH H3-32 HHCTPYMEHTAJIbHBIX IIOTPEIIHO-
crefi (Pyy) paBHa MOIIHOCTH HcKaxeHW#l KpantoBanmsi (Pxe) [101].
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TpeGopanua MKKTT k nepsuu- B/
woii LICIT Broporo mnokosemms 728 7

(BocbMHpaspagHOoe  KOAHMPOBA-
HHE) TpefrycMaTpuBaloT Pyp<C
<C1,8Pys. Ha puc. 6.2 nokazausl I

sapucuMocTd  (Pyun/Pxs) =f(n) =213 10 / 5.717‘7 2,507
U1 Pa3JHYHBIX 3HAayeHHH IpH-

BeIEHHOH HHCTPYMEHTAJIbHOH TIo- :

IPEIIHOCTH, a4 TaKxXe SKCTepH- / / /
MeHTaJbHble JaHHble 10 TOUYHO-

CTH Npeobpa3oBaHHs LIMPOKOINO- r 4 r
JocHbix curiajnos B LICIT [102— /L

105]. OGBUHO wHCKAXKEHHS, BBI-
3BaHHble  WHCTPYMEHTaJbHBIMH ¢ 8 9 4 a
MOrPelIHOCTAMH  NpeobpasoBa-

s, cocrannmior 40-—50% oo Pic 62 wmoers Peslfe or
meH  MOLHOCTH MCKAXKEHHA B yeupax plePIBe}leHHOpi'{ anc*rpymeHTanb-
nu(POBOH CHCTEME NepesatH. HOM NOrpelrHOCTH NpeobpasoBaHus

~N

6.2. MMapamerpsl @udpoBoil Mepefayun
TeJe(POHHBEIX CHIHAJIOB
P BPEeMEHHOM pasjieJIeHHHM KaHaJOoB

MapameTpsl anajoro-uMdpoBsix M HH(POaHaIOroBbIX npeodpaso-
pateneir. B cucremax UKM ¢ BPK auHaMuyeckMH AHaNa3oH KOAM-
PYeMBIX CHTHAJIOB ONpeJensieTcs AMHAMHMYECKHM JMamlasOHOM Curuajia
OT/eJbHOTO aGOHEHTAa M BO3MOXKHBIM Pa3bpocOM CpejlHed MOUIHOCTH
5TOr0 cHrHaja. PacnpejesieHHe MTHOBeHHBIX 3HaueHHidl TesepOHHOTO
CHTHAJA MOXKHO aNIPOKCHMUPOBATH IKCIIOHEHIUANBLHOH 3aBHCHMOCTLIO
pria (2.14). Torxa, ecam HONYCTHTb, UTO OrpaHHYeHHe aOOHEHTCKOro
CHrHAJa ¢ BLICOKHM YDOBHeM OVAET NPOHCXOAMTH C BEPOSTHOCTHIO HE
Gonee 102 (uro [paAKTHUECKM He yXyJUIaeT KaueCcTBa INepenaiu
[31]), nopor orpannyenus fosxken Gure Ha 12 1B BHIIe ypoBHS, cO-
OTBETCTBYIOIETO CPeJHEH MOIHOCTH TaKHX CHIHAJOB.

HmKHss TpaHulla AMHAMHYECKOTO AHANasoHa OnpelesseTcd MHHH-
MaJIbHON JOMyCTHMOH BeJMYMHOH OTHOLIEHHs CHIHAJ-IIyM KBaHTOBA-
Hist. Xopollee KaueCTBO PEYH COOTBETCTBYET OTHOMIEHHIO CHIHAJ-IIYM
R>>20 1B [106]. YuuThiBasi HAaKONJEHHE MCKAKEHHH TIPH IOCHe10Ba-
TCJILHOM COEMMHEeHHH HecKoJbkux cucteM MKM (no mecsitd mepenpue-
MOB 10 HH3KOIl yacToTe), a Takxe HHCTpyMeHTasbHble otnOku AL
w LIATI, Ty BemuuuHy HeOOXOAHMO yBeauuuTb Ha 12—I14 1b. [pn
PABHOMEDHOM KBAHTOBaHMH sl obecmedenns R>>34 1B neobxoaumo,
uTo6E 04/6>>23 1B (0x — AeficTBylONIee HampsKeHHe aGOHEHTCKOrO
CHrHA/Ma ¢ HH3KHM YPOBHEM I'POMKOCTH).

Pacnpefenenue CPeJHAX MONIHOCTeH a0OHEHTCKMX CHIHAJOB COOT-
BETCTBYeT HOPMaJbHOMY 3aKOHY CO CPEJHEKBA/PATHIECKHM OTKJOHE-
uuem 3,5—5,5 1B [107, 108]. Ilpu oTk/IOHEHHH 5,5 1B MOIIHOCTB CHI-
‘HasioB 99Y% aboHEHTOB COCPEAOTOMEHA B AHATA30HE +14,56 gb or
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cpelHero 3HauyeHus. Takum o6pa3oM, AHHAMHUECKHH [JMAaNasoH oOT
YPOBHA OTPaHMYEHHS] 1O llara KBaHTOBaHHS cocTaBaser 2-14,54124
+23=065 1B, 4To coorBercTByer 12-pa3psAHOMY JMHEHHOMY KOIHPO-
BaHHUIO.

Hcnonn3zoBaHHe HeNHHEHHOTO KOAHPOBAHUS IMO3BOJISIET 3HAUUTENb-
HO YMeHbLUIHTb TpeOyeMoe UUCJIO paspsafoB U o6eCrneyuBaeT MOCTOSH-
CTBO OTHOWIEHHS CHI'HAJ-IIYM B 33JaHHOM JHHAMHYECKOM JHalasoHe.
TlocTosiHHOE OTHOUIEHHE CHTHAJ-IIYM KBAHTOBAHHS B AHHAMHUECKOM
JHaa3oHe MTHOBEHHBIX 3HaueHu#, paBHoM 2-14,5+12=41 nb, obec-
neyuBaerca (cM. puc. 2.10) IpH HCNONB3OBAHUH JOrapuMHUECKUX
XapaKTePHUCTHK KOMIIPECCHH, COOTBETCTBYIOIIHX BBIpaxKeHuio (2.23)
npu u>=200. Qnsi TakKuX XapakTePUCTHK KOMIIPECCHH OTHOUIEHHE CHI-
HaJ/lIyM OIpenesseTcs BEIPa’KeHHEM

n—1
R=201g—l2nT+ 101g12. (6.5)

Torpa npu p=255
R=6n—10,1, (6.6)

T. €. IPU BOCHMHPA3PAAHOM KOAHPOBAHHU O0eCMeuUHBAETCS YKa3aHHOe
paHee TpeGoBaHue R >34 1b.

Hapsiny ¢ xapaktepuctukamu tuna p B cucreMax KM noayunau
IHPOKOE paclpocTpaHeHHe XapaKTEPHCTHKH KOMIIpecCHH THna A,

7, 06
4ot
Jor

2y Puc. 6.3. 3aBuCHMOCTB OT-

s HOleHu s CUrHaJd-mym oT

BeJIMUUHBL BXOAHOrQ CHI-

1 ] ] 1 ! 1 | Hana B cucremax HKM ¢

g0 79 60 S0 40 3o 20 10 O BPK ¢ HeluHeHHBIM KO-

2019 Upx/Yep JIHPOBAHHEM

onuchiBaeMble BoIpaxkeHueM (2.25). O6a BHAa XapakTePHCTHK KOMII-
peccun 06ecHeuHBalOT HeOOXOJAUMYI0 NOMEXOYCTOHUHBOCTL KaHaJsoB
cucrem UKM ¢ BPK (puc. 6.3).

Ouennm napamerpsl cuctemnt UKM ¢ BPK ¢ Toukn 3penus nony-
CTHMOH MOLIHOCTU LIyMOB B TejieOHHOM Kauaje. B COOTBETCTBHH C
CYHIeCTBYIOIIHIMH HOPMAaMH IcopoMeTPHYecKass MOILHOCTb LIYMOB B
TOYKe HyJIEBOTO OTHOCHTEJILHOTO YPOBHS cocrasisieT ot 2000 (ans xa-
HaJlOB MECTHHIX ceTefl NPH JAJMHe NepenpueMHoro yyactka 50 KM) 1o
10000 nBr (mas xaHaloB MAarucTPajbHOH CeTH NPH JJHHE HepelpH-
eMHoro ydactka 2500 kMm). CpeaHsis MOUIHOCTH TeslePOHHOrO CHrHasa
B TOUYKEe HYJIEBOTO OTHOCHTEJbHOrO YPOBHSI B OTEUECTBEHHBIX CHCTeMax
MHOTOKaHaNbHOH CBsA3M npuHHMaercss pasHo# 32,0 MkBT. C yuerom
Ko3pduuuenra akrtuBHoctd 0,2—0,3 cpeiHsss MOLIHOCTb AaKTHBHOroO
TeaeOHHOro KaHaJa JOJIKHA COCTaBasATb okoso 100 MkBr. Ilpn atom
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OTHOIEHHE CpellHell MOUIHOCTH CHIHajla K ncodoMeTpHYecKod MOLIHO-
CTH LIYMOB [Jisl CHCTEM, HCOOJNb3YeMbIX HA MECTHHIX CeTfX, R==
=101g(100-10-%/2000- 10~12) =47 nb; mas cucreM MarxCTPaJbHOH
ceTd Heo6xoauMO, uTo6b R =40 1b. :

Iymer Hanbogee 3aMeTHH B pexXHMe MOJYaHHS, KOTAa He IPOMC-
XOJIUT MACKHPOBKH IIYMOB MNepelaBaeMbIM CHrHajoM. B cucreMax
HUKM myM B pexkuMe MoJUaHHs BBI3bIBAeTCS KOJeOaHHSAMH BLIXOAHO-
ro curuaga B npenenax =+68o/2 (8o — lar KBaHTOBaHHA NPH OJIH3KHX
K HyJo 3HaueHusix Ugx). [Ipu 3TOM nmcodoMeTpuueckas MOLIHOCTD LUYy-
MOB B pexHMe MOJYaHHf, AedcTBylomux B modoce 300—3400 I'm
(mpu =38 kI'1), onmpenensercs xak

G2 3,1
-PM ncocb—Tk2nco<b4 o' (6-7)
T1e Rucop==0,750 — mncooMerpruueckuii KoabPuLHeHT.

CorsiacHo pekomengauusiMm MKKTT B HenuHeRHBIX KojeKax TeJe-
¢donnbix cucreM MKM ¢ BPK ucnoassyercst 13-cerMentHas (ans xa-
pakTepuCTHKH THNA A) uau 15-cermenTHas (AJs XapaKTepHCTHKH TH-
na p) anmpoKCHMalusl 3aJaHHOrO - 3aKOHa - KoMmpcccuu!. Bejimunna
[iara KBaHTOBAHHs, HAHMeHblUIasi B LEHTPAJbHOM CErMEeHTe, I0CJelo-
BaTeJbHO yABauBaeTcss ¢ pPocToM Upx B KaXK/JOM M3 LIOC/IELYIOUIHX
CerMeHTOB XapakrtepucTuku. Ilpu stom asst 13-cerMeHTHOR anmpoOKCH-
manun §o=2""Usrp, a anas 15-cermentHO — 8o=2""2Uqrp.

CpeaHeKBajpaTHUeCKOe 3HAUEHHE CHUTHAJOB, JEeHCTBYIOLIMX Ha
Bxofe cucrembl HMKM c¢ BPK na 14,5412=26,5 1b Huxe mnopora
“orpanuuenusi. Torja oTHOUeHHe cpejaHell MOHIHOCTH CHTHAaJja K IICO-
d)OMeTquecxou MOIHOCTH LIYMOB B pe}KHMe MoJuaHusa 1Js 13-cer-
MEHTHOH XapaKTepPHCTHKH

Uopp - 10—26:5/10
(UZorp+ 1077%/4) (0,75%.3,1/4,0)

R=10lg =49,14 nb,

a pas 15-cermeHTHO! XapakTepHUCTHKH R >=55,14 1B, 1. e. 06ecneunna-
I0TcA Tpe6oBaHHA MO AONYCTHMOH MOLIHOCTH LIYMOB B TejedOHHOM
KaHaJe.

Ilapamerpnl 060pynoBaHHS JMHEHHOro Tpakta. Kak oTMeuaJoch B
§ 6.1, B cucremax UKM ¢ BPK nan6osee 3aMeTHB! OIUHOKH pereHe-
palyH CHMBOJIOB CTapIUHX Pa3psi0B KOJOBBIX I'DYIN, NPOABJSIONIHECS
B Bule uenukoB. [Ipu nepenave resiepOHHBIX CUTHAJIOB CUHTAETCS JO-
IyCTHMBIM He GoJee oaHOro uieayka B MuHyry [6]. Ecam ckopoctb
LEQPPOBOro MOTOKA, COOTBETCTBYIOLETO OJHOMY Tesje(OHHOMY KaHagdy,
paBHa 64 KOHT/C, TO A/ BHINOJHEHHS TA4KOrO TPeOOBaHHA BEPOST-
HOCTb OmgiﬁKH peresepauuu B JHHEHAHOM TPaKTe He AO0JIZKHaA NOPEBbI-
warb 10~

! insn o6OMX THNIOB XapDaKTEPHCTHK IIPH KYCOYHO-JIHHEHHONR aunpOKCHMauHH
BECb aMINIMTYLHBIA fuMana3oH pasGuBaercs Ha 16 yyacTKoB no 16 ypoBHeill KBaH-
ToBaHHA. XapaKTePHCTHKA KOMIpeccHH B mpejelax AByX (misi 3aKOHa |) HJAH de-
THpex (anisa 3akoHa A) YUacTKOB NPEACTABJsET OIHH, yBeJIHUEHHEI COOTBETCTBEHHO

B 2 M 4 pa3a, UEHTDPAJbHEI CETMEHT XapaKTePHCTHKH.

7o% . 167




Paccmorpum BosaelictBue BpeMeHHEIX (QayKTyanui Ha KayecTBO
llepefauu TeeOHHEIX CHIHAJIOB, HCHOJbL3YsS BHpaXenwe (6.1) H cun-
Tasg SHEPreTHYeCKHH CNEKTP TeleOHHOTO CHIHAJNA M BPEMEHHBIX
Gbaykryanuit paBHOMepHBEIM, T. €.

G (m)_[GC nnpua IQI<‘Wmax’
c(w)=
0 mpa |0|>o0mas;
G: mpu |o|<<
Gg(ﬁ)):{ 3 p I [\(1))1,
0 mpu |o| >

(6.8)

31eChb @max — MAKCHMAJIbHAs Y4CTOTA CHTHAJA; O — MAKCHMAJIbHAS
YaCcTOTA TMIOMEXH.

Paccmorpum cayuail wn>> 0max. UieH cyMmbl Weeg npu n=0 noc-
Jie MHTerpupoBanus (6.2) paseH

{ OmaxGe G
—3;—5 IPH —0n+0mer <) 0| < On—0max,
Wctg: (l)machGE 1 — fo] — og 4 Omgx (69)
n=0 ‘ I 2 Omax e
npu (Du_u)max<‘|(1)] L On+ Omax,
0 npu lcol =>0nt Omaz.

HUnensl cyMmmbl Wesz npn n==1, £2 § T. 1. NOAYHAIOTCH CMelle-
HueM Wesg Ha =+ 2mfy, +4afy v . 1. (puc. 6.4, a). Tak Kak omex=
=mnfy, TO B IOJIOCE aHAJIOTOBOrO CHIHAMA COCPELOTOUHBAIOTCH BCE CO-
CTaBJAIOLHE UCXOJHOr0 CIEKTPa (PJayKTyalH.

b (@)
On> O 1 I NN\ 216)”' 1
by L0y Dy 0| O Gew) 46y, (7]
N
-6 7 W *E n=0 ®n @
e SN NN NN\
Gy~ Gyt @y Wfé‘} =10 1 oo, e, 00, @
PN v J S
| 7 | WEn7 @
P NN\ NN NN
gt 0
G @)
&y > 6y . < . . L
Ton Op  peodkli) g 0, o
P N A
¥ " R | Vi "t (7} “
W€ 4 | ©
faenaaNNNNAN
E— | 7 T e E n=7
1 i 1
7K ©

Puc. 6.4. K oucnke MOMHOCTH HIYMOB, BO3HHKAIONUIHX H3-34 BPeMeHHHIX (JIYKTyanui
JIMHEHHOro CHrHaja
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CymMa NIpOAYKTOB HCKaXKEHHS, NOMAZAILHX B MOJOCY —Omax—
—:‘+0)maxy

2 Weeg (2anfr—0) =0aGcGy [n. (6.10)

N=—

Ilpu 3ToM 3HepreTHyecKui CIEKTP NPOAYKTOB HCKaXkeHHH B moJjoce
TN0JIE3HOTO CHTHAJIA

Go) =0?0xG:.C0¢ [n=a?P:G., (6.11)
rae Py=E(t) =wnG¢/n — MOmHOCT: (CpeaHUl kBajpar) ¢dayrrya-
U Hi.

MomHocTs HIYMOB B mOJIOCE CHrHAJa
Omax Omax

=1 - —_0
P, Mg Ge (@) do =——= Pg G, T PiPo, (6.12)

rae Po= G;0max/T — MOIIHOCTb CHTHAJA.

TIpH @mex™>wn CHAEAYET YUHTHIBATL  JHLIb CJAraeMble  CyMMBI
(6.10) mpu n=0 u n==1 (puc. 6.4, 6). IIpH 0mex>>ixr MOXKHO Or-
PaHHUNTbCS ONpejeseHneM uieHa cymMMul (6.10) mpu n=0. Bupaxke-
HHe IJs CIeKTpa MCKaxKeHHH B 3THX cJayyasx cooTserctByer (6.11),
a asag MomgoctH mymos — (6.12).

M3 (6.12) caenyer, uT0 ZomycTHMasi BeJMUHHA BPEMEHHBIX (JIyK-
Tyauuft cocTaBJsier

P§=3P3/(0)2maxpc)- (613)

Has TenedonHbIX curHasios, nepenaBaemuix B cucreMax KM ¢ BPK,
Omax=21-3400 c~!. IIpu sTom

P=0,655-10-2P, /P-. (6.14)

3ajaBasich ONpefeJeHHOH BeJMYHHON OTHOLIEHHS CHTHAJ-LIYM,
MOXKHO HafiTH COOTBETCTBYIOLIEE eMy 3HaueHHe NOMYyCTHMBIX BpPeMeH-
Helx ¢aykryanuii. Tak, nas obecrneuenuss R=10Ilg(P/P,) =40 nb

Heo6xomuMo, uto6n Pg=E2(¢) <0,655-10~'2, T. e. jeficTByiomee 3Ha-

yeHne GaykTyauud oTcyeToB curuasaa Ha Buixome LIAIL ng (f) wme
JIOJIXKHO npeBocxoanTh 810 He.

ITonyyeHHass BeJHYMHA COOTBETCTBYET CeMH TaKTOBHIM HHTepBa-
JIaM TPYIIIOBOIO CHTHAaJa BTOPHYHOR uudpOBOH cHCTEMB! Nepeladu
(fo=8448 kI'um). Ilpu ucnonb3oBaHUM TAaKOH CHCTEMBl Ha 30HOBOH ce-
TH, B KOTOPOH MakCHMaJjibHasi IJHHA JIHHHH cBS3U cocTaBiseT 600 kM,
IpH AJHHE ydacTKa pereHepauud 4,5 KM B JHHHH MOXET OBITH BKJIO-
yeno 1o 133 pereneparopoB. Kak mokaswelBalOT HCCJAeZOBaHHSA, Bpe-
MeHHbIe (DJYKTyalud JHHEHHOTO CHTHAJNa B 3TOM CJyuae He IpeBHIlia-
10T ABYX IE€PHOAOB TAKTOBOH YaCTOTH, 4TO CYILECTBEHHO MeHbllle
810 uc».

*) IlpH KOMMYyTalUMH CHHXDOHHBIX LH(}POBEIX NOTOKOB OT/HEJbHBIX CHCTEM Bpe-
MeHHBEle (QJYKTyauHH He HOJIKHE NpeBHILNATh 3HAYEHHS, PABHOTO MNEPHOAY TAKTOBOI
4acTOTH, B 3TOM ciyuae ZOMyCTHMOe 3HAyeHHe BPEMEHHMIX (QAYKTyauu#d OrpaHuMu-
BaeTcs B IepBYI0 odepefp TPeGOBaHMAMM LH(POBON KOMMYTALHH, a He 3HaueHHeM
mymMa B TesleQOHHOM KaHale.
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TIpu acuHXpoHHOM coOnpsiKeHHH UMGPOBHIX NOTOKOB yXe TIpu of-
HOM IepefpHeMe BeJqHUMHA BPeMEHHBIX (JYKTyallud MOMKET HOCTH-
raTb neprHoja TaKTOBOH 4acCTOTHl COMPAraeMoro motoka (490 Hc npu
COTPSKeHUH TNePBHYHLIX cHcTeM). Oanako atH QAYKTYaUHH IIPOHCXO-
AAT Ha HH3KOH YaCTOTe, H IOSTOMY BHOCHMEblE HMH HCKAXKEHHS He3a-
meTnbl. Takum oGpasoM, aas cucteM MKM ¢ BPK BpeMeHHbie (JIyK-
Tyaunu UMPPOBHIX NMOTOKOB NPAKTHYECKH He BJHSIOT HA KAauecTBO Iie-
penayvu.

6.3. Ilapamerpst uudpoBoit mepefayuu
TPYIIIOBBIX TeJeOHHBIX CHUTHAJIOB

[Tepenaua rpynnoBeix TeneoHHBIX curHaios Merogom MKM ¢
YPK ofecneunBaer HanGoJee MpOCTOe COrMACOBAHHE UHH(PPOBHX K
aHasioroBeix cucreM. Ilpu 3ToM MeToze BOZMOMKEH HeNOCPeACTBEHHBI
TPAH3UT TPYNINOBBIX TeJeOHHBEIX CHTHAJOB H3 aHAJOrOBOH CHCTEMBI
nepejaun B UHbPOBYIO H 06paTHO. PaccMOTPHM NapaMeTphbl OKOHEU-
HOTO U NpoMexyrounoro obopynosanus cuctrembl MKM ¢ UPK.

Mapamerpw aHanoro-undpoBoix 1 UMPPOAHANOTOBBIX npeoGpaso-
satenei. TpeGoanus x cucreme HKM ¢ UPK onpenensiores HopMa-
MH K 060pYyZAOBaHHIO aHAJOrOBOH CHCTEMBI, 3aMEHSEMOMY CHCTEMOH ¢
MKM. Ha puc. 6,5 npuBesiera srajonnas uenb kasana TU maruct-
PasIbHOM CeTH W NMOKa3aHbl BO3MOXKHBIE BADHAHTH BKJIIOYERHS IHPpO-
BBIX CHCTEM. /

12500/5 km .

Hudubudyanshoe obopydoba- H Obopydebarue npesdpazoburnus
U Hue npepbpasofarun Smopuynol epynnbi

O6opyldodanue npeobpazolanus () ObopydoBanue npeobpasofanius
H nepﬂ“,z/zvnmi apynnss MpeEMUYHOL 2pynnsl

Pnc. 6.5. dranonHas uen» KaHajla MaruCTPadbHOR CeTH

B cootBercrBun ¢ nopmamu MKKTT nCoPoMeTpHYECKAA MOLIHOCTh
wymMoB B KaHane TU Ha mepenpuemmoM yuacrke HPOTAKEHHOCTHIO
2500 xm He omKHA mpeBwimats 10 000 nBT B TOYKe HYJIEBOTO OTHO-
CUTeNLHOrO ypoBHs: 7500 nBT oTBOAMTCS Ha ITYMBl JiMHERHOro Tpak-
Ta, a 2500 nBt — Ha wWyMsl OKOHEYHOrO o6opynoranus. [Ipu 3amene
ydacTka JHHeHHOrO TPAKTa AHAJOTOBON CHCTEMBI CHCTEMON HKM
(TPaH3HT aHHeliHOrO CHTHAJIa) ncodoMeTpHYecKast MOLIHOCTh LUIYMOB
B Kanane Plyxy neop He JosKHa NPEBHIIATh MOIMIHOCTH LIYMOB yya-
CTKa NMHEHHOro TpakTa cpenHell AJHHON 2500/10=250 xMm:

Pl neos << Paxmmssooyio=750 nBr: . (6.15)
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B cayuae BrJAKOUeHHS LH(PPOBOH CHCTEMBI A OCYIIECTBJEHHUS TpPaH-

34Ta IO TPETHUHBIM TIpynllaM MOIIHOCTb WIYMOB B KaHaJie OrpaHH4H-
BAETCA yCJOBUEM

Plikm ncow << Poomesoo/10+ 2 Paps, (6.16)

rie Ppps — MOUIHOCTH WIYMOB npeo6pasoBaTess TPETHYHBIX TPYIIL

Tpe6oBanus x mwymMaM nu$poBofl CHCTEMBI ONPEALNSIOTCS A HaH-
6osiee OMAacHLIX CJy4YaeB, KOTAa TPaH3HUT HpOI/I3BOIU/ITCH B COCEJHHX
CeTeBHIX y3Jax!.

CoOTBeTCTBEHHO NPH TPAH3HTE BTOPHUUHBIX rpyrm

Pl ncow < P amosoo/10+ 2 Prps +2Pupo (6.17).
¥ DU TPAH3HTE NepBHYHLIX TPYII 7
, P}d‘;(M mcop <= P amos00/10 + 2Pmps + 2Pps + 2Prp. (6.18)

OueBHaHO, UTO PIHKM ncocb<PH HKM ncoq)<PIHm(M ncocpgplv HKM 1cods

T. e. HauboJsiee KPUTHYHBIM SIBJSeTCA CJyuali 3ameHnl cucreMoit KM
yyacTKa JIHHeHHOro TpakKTa aHajoroBoH  cucTeMbl. [IpH  3ToM
PHKM ucod)<750 HBT.

Jst BbiMOJIHEHHA AaHHOrO TPeGOBaHUs OTHOLIEHHE CHTHAJ/UIYM B
nudpoBol cucTeMe JOJIKHO YIOBJETBOPATL YCIAOBHIO

‘R>101g(NPl/Pm.cnc'r)i,' (6.19)

rie N — yucjo KaHa/loB B CHCTeMe Nepefaud; Py — MomHoCTb 0JHO-
ro Kanana; Ppeucr — MowHocth miyMa cucreMbi UKM. Tlpu pasuo-
MepHO# CIeKTPaJibHOHA MJIOTHOCTH IIyMOB B LH(POBOH cucTeMe

Py cner 2 3,1
PHKMncOd)= m.[z\:,nc (fnfn [z) 'bzncoq)4 0 , ] (620)
Torna
R=10lg Py 2( fn'—fu}k oo’ 3, | ) (6.21)
HKM n*

inl P[=32'10_6 BT, PHKM ncod)=750‘10—12 BT, kucod)=0,75, 2(’:3‘—‘
—fa)/fz=0,9 monyunm R=42,2 nB.

OnpenesuM paspsiiHOCTh K044, HEOOXOAMMYIO [Jisi  BHIIIOJHEHHS
nansoro tpeGosanus. MomHocts wyMos cucremst UKM ¢ UPK ckaa-
IBIB2ETCS M3 MOUIHOCTH COOGCTBEHHBIX HIYMOB (MCKaXXeHHI orpaHuue-
HHS ¥ KBQHTOBAHMS) HOKAXKEHHH H3-32 HHCTPYMEHTAJbHBIX MOTpell-
socrel. [Tyetb Pyn= (y—1) Py, (y=1); TOrza

Pm.cm0T=Porp+Pun+Pu.n=‘}’PxB+Porp- (6-22)

' B [103] npu onpeaelennn mWyMOBHX HOPM IHQPOBHIX CHCTEM CYMMHPYIOTCA
MmyMbl OGOpPYXOBAaHHS CETEBBHIX Y3JIOB H YYaCTKOB JHHEHHOrO TPakra, KOTOPhHIE MO-
TyT pa3Mel[aThCsl COrJIAacHO STAJIOHHOH UeNH MeXAy NyHKTaMH TpaHsura. Takod
MOAXOJ, TPEACTABAseTCs HeOGOCHOBAHHBLIM, TAK KaK 3TAaJOHHAsA MUelb Ompejelser,
f7IaBHBIM OGPa30M, HOMEHKNATYPy H KOJHYECTBO MEPENPHEMOB B LeNH, a He mocie-.
JOBATENbHOCTD Pa3MeIleHHst TPAH3HTHHIX -NYHKTOB OMpejeJeHHOro BHAA.
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IIJI?I CHrsaJa, UMewllero HOpMaJibHOe pacrnpejejieHHe MTIHOBEH-

HbIX SHa4YeHHH C jqucnepcuefdl o? M HyJeBHIM CPeJHHM, MOLIHOCTb Iiy-
MoB orpannyenus [32]

Pap=cX{[I—F(@)] (1+a)—a |/ Ze-),  (6.93)
rne
2" 2 8
= i Fla)= ——(e*dx. 6.24
a= L85 Fa)= S fenx (6.24)

OrTHollleHHe MOIMHOCTH CHTHAajJa K MOLIHOCTH IyMOB cucTeMsl MKM
¢ UPK

P, _ o2 _ 1
B = =
I0.creT Y Pxnt+ Pore  [ya? 2 _ap
L HlU—F@I+a—a ) 5 ™
(6.25)
3HaueHne Ko3h(dHIHEHTa @, COOTBETCTBYKOIIEE MAaKCHMYMY OTHO-

HIeHHsl CHrHaJj-IyM, MOXeT OHITb onpejejeHo npu xuddepeHuHpoBa-

HUM 3HaMmeHaTtenas (6.25). Torma mocie pasjefieHHS NepeMeHHBIX Tio-
JgydaeM

1 2,
—a—VTe“a/2+F(a) =1+ 31’1,1 ) (6.26)

3asucuMoctd a(n), coorpercrByomwune (6.26) npu y=1; 2; 5, uso-
6paxkeHH Ha puc. 6.6.

52T =
2 > P e X
4
= 2% S z A
y Z >A A g 5 g
7 S
. 3 J6 Sz ></’
7 &u 32’/ )/
Q. X
J b - /
S 283
- 24
7 8 g 0 n S 7 4 g 0 7 a
Puc. 6.6. 3aBHCHMOCTD  ONTH- Puc. 6.7. K onmpepeniennio peanuayeMoit
MaNbHOTO 3HAYeHHS OTHOLICHHS BEJUUHHbl OTHOIIEHHS CHIHAJ-IUyM NpH
a=2""'§/¢ or uncia pa3pAnOB nepefaye IPYNNOBHIX TeleQOHHEIX CHI-
Koja HaJloB

ITpn BHIGODE HOMHHAJNBLHOTO YPOBHA 3arpyskd cucteMel UKM ¢
YPK Heo6X0AHMO yUHTHIBATL BO3MOXHbE OTKJOHEHHS yPOBHS CHIHA-
Jia, 1EACTBYIOLIer0 Ha BXOZe CHCTeMH. TaKHe OTK/JIOHEHHS BLI3bIBAIOT-
¢ QIYKTyauusiIMA MOIIHOCTH CHTHAJIa, 4 TAKXKe TOrPEeIHOCTAMH yCTa-
HOBKH YPOBHS B aHa/OroBo¥ cHcTeMe nepenaud. Ha puc. 6.7 npuse-
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JeHbl 3aBHCHMOCTH BeJIMYHHBl OTHOUIEHHSI CHIHAJ/liyM (obGecneumBae-
MOH NpH Xose6aHUAX YPOBHA I'PYNIOBOrO curaajga Ha =2 ab ot Ho-
MHHAJbLHOIO 3HAaYeHHsd) OT UHCJIA pas3psAfoB KoJa IPH DAa3JHYHOM
YPOBHe annapaTtypHHX IyMoB (y=1; 2; 5). BoamMoxHbEe OTKJIOHEHHS
34KOHa pacnpefieNeHUs IPYNNOBOTO CHrHAajla OT HOPMAJbHOTO IIPHBO-
JAT K CHHXKEHHIO BeJHYHHHE R, YTO 0COGEHHO CYIIECTBEHHO IIpH me-
peaaue TPYNNOBLIX CHTHAJOB ¢ yHcJoM KauanoB N<C60. B coorserct-
BHH C BaHHBIMH puc. 6.7 npu Pum.cucr= (2+5) Pxs 011 oGecnedeHHst
R>=422 1B Heo6xoanMo, YTOGHl YHCJAO Pas3psilioB Kojaa n>=9.

Ilpu 3amene uudpoBoi cucTeMOH yuacTka JUHEHHOro TpakTra GoJib-
nefl JJHUHE Ju60 TNpH HCMOJAb30BaHHH cucTeMbl HMKM nas 3aMeHbr
yuacTka MarucTpaJju, B KOTOPHIH BXOIST HECKOJIBKO CEeTeBBIX Y3JI0B,
TpeboBanus K cucreme KM cuuxailores. [To mepe pacnpocrpaHeHust
cucreM KM u yBennueHHS NPOTSXKEHHOCTH MarucrpaJjei, o6opyno-
paHHBIX cuctemamun MKM, npu coxpamenun NpexHero 4ucaa pasps-
JIOB KOJa MOIIHOCTb WIYMOB B TejeoHHOM KaHaJse cuctem MKM 6y-
JleT CHHXKaThCA W TPeGOBaHHS K MOUIHOCTH LIYMOB GYAYT BBIIOJHATL-
cst ¢ GOJIBIINM NPEBHILIEHHEM.

Ilapamerpot 000pyIOBaHUSA JUHEHHOro TpakTa. MOLIHOCTH WYMOB
H3-32 OIIHOOK pereHepanuu Pper COOTBETCTBYET CPelHeMy KBaipaTy
Pa3sHOCTH MeXIy NepefaHHbIM H BOCCT2HOBJICHHBIM 3HAaY€HHSIMH YPOB-
Hsl KBAHTOBAHHSI CHTHajla M ompefensiercsi BhIpaxenueM [109]

rile ¢ — CpelHEKBajpaTHUeCKOe 3HAYEHHE IlepelaBaeMOro CHrHajla;
k — xosddunuenr, onpenensieMulii BugoM koxa. Ilas marypasbiore

JABOHYHOI0 Kojaa
k= (4/3)a?, . (6.28)
rue
a="Uqrpfa=2""18/0.
Cuntast 3HepreTHUECKHH CIEKTP IIYMOB H3-3a OWIMOOK pereHepa-
OHH paBHOMEDHBIM B II0J0Ce€ IIepeaaBaeMOro aHaJoroBOro CurhaJa,

flojiyuaeM BbIpAXKECHHE HAJIs1 HCO(p()METpPI'-IeCKOI‘O 3HAYCHHA MOIIHOCTH
OIYMOB pereHepanyy B noJoce OAHOro KaHa.Ja

4 a*0? Pom Kncod (fs — fu) 3_’}

P _— , \

per.icod 3 N (F2/2) 4,0 (6.29)

rie fe—fs — LIHPHHA CIEKTpPa TPyNmoOBOr0 TeJeOHHOTO CHrHAJa;
N — uucyo teeOHHBIX KAaHAJOB; Rpcop — NCooMeTpuUecKHH KO-

HIIHEHT.

b 3aBHCHMOCTH MOUIHOCTH INYMOB Ppermcop OT AJHMHBI ydacTKa pere-
HepaluM, npuBeleHHass Ha puc. 6.1, coorseTcTByeT a=4, kpcop=
=0,75; 2(fs—fu)}/f;p=0,85; 0?/N=>55-10"¢ Br — cpeanss Moml-
HOCTb CHrHasa B TeJehOHHOM KaHaje B TOUKE HYJEBOTO OTHOCHTE/b-

HOTO YPOBHS.
W3 3aBucuMocTell, NpHBeLeHHLX HA pHc. 6.1, BHAHO, 4TO IIPH Be-
POATHOCTH OWIMOKH pereHepaunn Pop=10-% ncopomerpuueckas Mo~
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HOCTb IIYyMOB B TesjedoHHOM KaHaJje He npesbluiaer 300 nBr. Ykasan-
Hasi Besnunna Pow B LICIT 3aBeioMo obeaneyHBaercs, TOITOMY LIyMBbI
u3-3a omwnO0K pereHepauuy B cHcreMax KM ¢ UPK npakTtuueckn
BecbMa MaJibl.

PaccMoTpuM BO3JeHcTBHE BPeMEHHBIX (IVKTyalHH Ha KadyecTBO
mepeiayd TPYNNOBHIX TeaedOHHBIX curHajoB. [lpn uudpoBoil mepena-
ye IPYNNOBHIX TededOHHBIX CHTHAJNOB BpeMeHHBIe (JIYKTYalHH MOLYT
BHI3BIBATL: 1) NMOBHILIeHHe YPOBHS IIYMOB, [AeHCTBYIOIIHX TOJBKO B
JaHHOM KaHaJjle NpH Nepejaue TenedOHHOTO CHrHAJa — €CJH LIMPHHA
crnekTpa ¢JIyKTyallHH McHblIe HHTEPBasa, CyIIEeCTBYIOLUIEro MexXAy
CHFHAJIaMH COCeJHHX Teae()OHHEHIX KaHAJOB'; 2) yBeJHUEHHe YDOBHS
{IIYMOB He TOJIbKO B JAaHHOM KaHaJie, HO, 4YTO 0COGEeHHO QOIIaCHO, HOAB-
JIeHHe LIYMOB 13-32 IepeKPeCcTHBIX MOMeX MeXAy KaHaJaMe — IpH
6oJiee IIUPOKOH NOJOCe PIYKTyaluu.

PaccMoTpuM WCKaxKeHHst CHIHAjia OJHOro TeJiepOHHOro KaHaJja,
BO3HUKAIOU[HE H3-32 BPeMEHHBIX (DIyKTyalu#, cuuTas HepreTHUecKue
CeKTpPHl curdaja u (uaykTyalludh paBHoMepHeIMU (puc. 6.8, a).

wy 4w
Ge () Ce(w) G (w)
N NN N
a}'wg ~4 Q)‘wc '_Cl)” a fUn CUC GJE"Aw w
2 Getw) s 6e )
AN PANINNN w
lt;;c"ﬁ w-wy Qg Wpy=Wp fdg"&’n"ﬁ w

Puc. 6.8. K pacuery BJHsHHS BpeMeHHBIX (IYKTyallHil JHHeHHOro CHrHaja Ha HCKa-

JKeHHs1 TpynnoBoro tendeponnoro curxaisa B cucremax MKM ¢ YPK npr os>Aw:

a) 3HEePreTHUECKHe CIEKTPH CHIHaJa H [OMeXW; () SHEPreTHUeCKHH CIeKTp NPOAYK-
TOB HCKaXeHH:

Hnst cucrem UKM ¢ UPK op <€ omax (®max — Bepxuss uacroTa
TPYNIOBOTO CHTHAJA), MO3TOMY UJeHB BHIpakenus (6.1) mpu n=£0
MOZKHO He YYHTHIBATh H SHEPreTHYECKHH CHEeKTP HCKakKeHHH

0 AwG, G
—_— IpH wc+Ao—0r<o < oc + @n,
m"Aa)GcGﬁ (1 o] — o — oy
i - Ao )
G, (0) = IpH @t ox<<o<oct+ontAe,  (6.30)
0 A0G G, ol —ws+ oy
1 Aw
NpH @ec—0n<<0O<<0c—on+A®,
0 IPH @ >wc+0nt+Aw H 0<<oc—on. .

Bua dpyukuun G, (0)/0? nokasan ma puc. 6.8, 6.

! B cOBpeMEHHBIX MHOrOKaHAJBHBIX CHCTEMaX C YACTOTHHIM pasjenenseM KaHa-
JIOB MHHHUMAJIbHAsaA BeJMHYHHa HHTepBaJIa ME)K}IY CHTHaJlaMH COCC}IHHX*TCIquJOHHle
KanaloB cocrasiaser 900 I'm. . :
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Moutnocts wymoB Py, ZefcTByIOWUX B TejjeOHHOM KaHaje W3-
3a BpeMeHHBIX (QUyKTyalud, paBHa CyMMe MOIIHOCTeH NPOAYKTOB MC-
Ka)KeHHH CHTHAJIOB COCeIHHX KaHaJoB, MONAajalomuX B IoJocy JaH-
HOrO KaHaJa:

. (oc—i-Am
31_— Z S Gy (0+nAo)do. (6.31)

IMoacrasass G (0) us (6.30), nonyqaeM npu Ao <o
Pey =202cAwonG G [n2. (6.32)

L{nﬂ OTIpe/leleHnsl MOIIHOCTH UIYMOB B «MoJuallleM» KaHaJje cJelyer
#3 obIlell MOoJI0CH WYMOB 2wy BEIYeCTh Aw, T. €.

Wg—A®
Pepu=—22"220%000.G. (6.33)
Haubosnblune ucKaKeHHs K3-32 BPeMeHHBIX (JIyKTyauuil IpoHcxo-
IAT B KaHa/JaX, pasMeLleHHBIX B BBHICOKOUACTOTHOH YacTH cIeKTpa
IPYNIOBOrO CHrHAJA. B HaWXyALIHX YCJOBHAX HAXOAMTCSA KaHaJj, ¥
KOTOPOr0 ®¢=Wmar—0On. 12K KaK Op < Omax, A9 YIPOIICHHS TPHMEM
Q¢ =Wmax- Torua

Poe—= 28789 2 A0GGe=0lmaxPi Py (1 — 22, (634)
on? 2 og
rie Pi=G Aot — cpeanss MOIHOCTL CHrHaJa OXHOTO KaHaJa;
Py =Gt oo/ — MowHOCTL BIyKTyaUHil.
HonycraMass MOMHOCTb QUIyKTYyaLHi
P
P e1m : (6.35)

Py 0%max (1 — A ©f20y)
Taxkum o6pa3oM, NP 3aJaHHOA MOIIHOCTH IIYMOB B MoOJYalleM KaHa-
7 C YBeJIHUEHHEM CNIeKTPa ¢baykTyauuit gomycruMasi BesuuuHa QUIyK-
Tyamm yMenbwiaeres. [Ipu op>Aw JIOHYCTI/IMaﬁ MOIIHOCTbL (PayKTya-
Lui cocraBaser

Pg =P8 1M/(0J maxpl)~ (636)

3aBHCHMOCTH AONYCTHMOM BeJIMUMHBl BPeMeHHHIX (JyKTyauui (mpu
@p>>A®) OT uMcJa KaHAJIOB PYNIOBOTO CHrHaJa IPH 3aJaHHOH MOLI-
HOCTH LIYMOB B MoJuauleM KaHaJje (32 MkBt) mpuBejena Ha puc. 6.9.

£2(t),HC

FE,M =2000 nfm
1000
500
250

Puc. 6.9. 3asucumMoctb 10-
NYCTHMOH BeJHYHHBI Bpe-
MEHHBIX QJYKTyauHH oOT r
qHCJa KaHAJOB IPYNIOBO-
ro TeleOHHOrO CHrHajda .\ ) =

mpe_ox>A0 50 300 300 . N
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JanHble, NpUBeeHHble HAa PHCYHKE, COOTBETCTBYIOT IEepPEeHOCY TpyInmo-
BbIX CHTHAJIOB B HH3KOYACTOTHYI0 06JacTb, 4T0 obecmeunBaeT MUHH-
MaJbHYIO CKOpOCTb nudpoBoro noroka. Hampumep, npu nepenade Tpe-
THYHOH rpynnsl B cnekTpe 60—1292 kI'u, mnas toro uto6sl MOIIHOCTH
LIYMOB H3-3a BpeMeHHHX (JiyKTyauui#i He mpesbimiasa 1000 nBrt mpu
o> Ao, JeicTByOllee 3HaYeHHe (PIyKTyanud He JOJIKHO IPEBHIIATb
0,5 He.
Korjia BpeMeHHBle (IYKTYyalHH HMEOT MaJyl0 LIHPHHY CIOEKTpa
on<<0,2A0, (6.37)

X HCKaxamliee AelicTBHe OIrPAHUYHBAETCS INOJOCOH JAaHHOTO KaHaja
W UIyMBl BO3HHKAIOT JHIIb

fdn<<Aw Eé@)

Cp (@) GCifeo) TIpH Tiepefaue <CHDHAJMa B

Y NN JaHHOM ‘KaHaje. B sToMm
Y Pr— [ W, wtdw ~ CYUa€ JONYCTHMYIO BesH-
2) ¢ yHHy <DJAYKTyauHH 1eneco-

; ; 06pasHo OUEeHHBaTh IO 3a-

2 Gel) w2Gel®) LaHHOH BeJHUHHE OTHOLIE-

AN A , ,, HHA CHTHAA-UIYM B KaHaJje.
4 0 Ilpu mamofi umpune

cnekrpapaykryauuni (6.37)
Puc. 6.10. DHepreTHYecKHe CIEKTPH CHrHajda SHEePreTHUEeCKHH CIeKTP HC-

OJHOTr0 KaHaja B IDYNNOBOM CHIH&lle H Bpe- u
MeHHBIX (JAyKTyaunH (@) ¥ DPOAYKTOB HcKa- KaHEHHH ONpeAensieTcs
XeHHH TIPH Oz <KAo (6) ugenom cymmsl (6.1) npu

n=0 H COOTBETCTByeT BHI-
paxennio (6.30) npn samene Aw Ha on Bux ¢ynkuumn (1/w?)Gg(o)
nokasaH Ha puc. 6.10. a9 HauxyA1ero cayyasi, KOria we=0Omex—AQ,

Pe 1= (1/7?) 0nA©0%*nax GGy =®%maxPy P;. (6.38)
B sroM cayuae pomycTEMasi MOUIHOCTb BPeMEHHBIX (YKTYaLuit
Py =Py 1/0?maxP1. (6.39)

3ajfaBasch BeJMUHHOH OTHOMWeHuss Pi/P,, MOXKHO ONpelenTh J0-
IYCTHMYIO BeJIHYHHY BpeMeHHHX duykryauu#i. Tak, npu nepegaue
TpeTHUHOH Tpynnbl Ajst obecnedenus R=10lg(P,/P,) =30 nb nei-
CTByIOIllee 3HAUCHHE BPeMeHHBIX (QAyKTyalu#l N0JKHO ObITb He OoJiee
4 uc. Ha puc. 6.11 npusenens

- 1
25 \ 7 3aBHCHMOCTH JOTNYCTUMOH 'BeJH-
24 UHHBl BPEMEHHBIX QJAYKTYaUHi OT
7 \ YHCa KaHAJOB MPYIIIOBOTO CHI-
o \ Haja MpH IIHPHHE CIEKTpa Bpe-
-/ MeHHBIX (uIyKTyauu#, YypoBjer-
’§/Z \ BOpSIOMHX yesoBuio (6.37).
Up

\ #-2006 .

Y
N

< Prc. 6.11. 3asmcumocTh  OmMycTHMOM

p s S BEJHYHHH BpEeMEHHHX (JAyKTyaunid or

- YHCId KaHa/ioB IPYNNOBOTO  TeaedoH-
Joo 600 900 1z00 1500 N HOTO CHrHAJa NpH Wn <KAo
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Takum o6pasom, B 3aBHCHMOCTH OT LUHPHHBI CIEKTpa ¢baykryauni
JONYCTHMOE 3HAUYEHHE MOXKeT ObITb ONpPeleseHO C MOMOLIbIO BHIpAKe-
Ha# (6.35) u (6.39). Ha puc. 6.12 npuBesena Takas 3aBHCHMOCTb JLJS
Nepenayu TPeTHYHOH rpynnbl. JlomycTHMas MOLIHOCTb NepPeKPecTHBIX
noMex npuHATa pasHOd 250 nBT; oTHOWIeHWe curHa-wyM B TeseoH-

y

J

2

(&)
Puc. 6.12. 3apucumocts cpegHe- ™~ Ui \szft} 17 «
Kbajparaueckoro suademin Bpe- | ;1 N N S
MeHHHX (GayKTyanui V"gw) oT “}1,\ a8 N \ &
WHPHHHL  CHEKTPa  (AYKTyauui ! AW \ ¥
fpH Nepefaue TPETHIHOH TPYNIH! 0§ \ &
TesiePOHHBIX KaHAJ0B; YacTOTHAs zz \
XapaKTepHCTHKA  Ko3(dHIueHTa » [
nepefayH IHOAaBHTENs (JIYKTya- 03 20
mad K(f); cuekrp daykryauui L
Gy Ha BHXOXe MONABHTENs | 00IG0Z005010Z 05 1 Z 5 10 20 50£,.k01

HoM KaHase He Menee 30 aB. B stoM caywae pomycTHMas BeJMYHHA
GJaykTyauui He KosKHa npesnimate 0,3—4 He.

Ilpu nepepave snuHe#HOro CHrHaja ¢ TAKTOBOH uactoroit 100 MI'n
BpeMeHHbIe (QJYKTyauuH BeJuuuHoH 0,3 HC COOTBETCTBYIOT JEBHALHH
taser (11°). Cpexnexsajgpatudueckoe 3HayeHue GUyKTyalHd Ha BEIXO-
Jle omHoro pereHeparopa BeicpkockopoctHof LICII cocrasaser 3—5°
[82]. IMosTomMy aas BHINOJHEHHS TPeGOBAHMA K BeJHuMHE BpeMeHHBIX
Gaykryanuii Ha BHIXOZE TPAKTa HeOGXOZMMO HCMOJMb30BATH YCTPOil-
CTBa NojJaBiieHust GJyKTyanui.

Ha puc. 6.12 npuBefeHsl 4acToTHas XapakTepuCTHKA Kod(duuuen-
Ta nepeiauyd nojasurens duayktyauuit K(f) mpu mobporHocTH, pas-
no#t 10°%, u cnekrp GAyKTyaunit Ha BHIXOAE MATHCTPAIH AJUHOE Gosee
6000 km (nmozaBuTesu (aykryauuil pasmeuieHsl uepes 600 km) [30].
Vi3 nmpuBeleHHBIX 3aBHCHMOCTEH CJeAyeT, 4To TpeGOBaHUS, COOTBET-
CTByIOLINE KPUBOU ng(t), BHINOJNHAOTCA. CHEKTp BpeMeHHHX (ayK-
Tyauuil orpanuved uacrorodl 100—200 ', npu 3TOoM BaAHAHHE (VK-
Tyalu#l CBOJAUTCH K YBEJIUUEHHUI0 IIYMOB CONPOBOXKJAEHMS, AeHCTBYyIO-
1WHX B COBCTBEHHOM KaHaJje.

6.4. ITapaMeTpsl IMPPOBOH Nepenayu
TeJIeBUSHOHHBIX CHUI'HAJIOB

Mapamerpst ananoro-uudpoBoro u uudpoananorosoro npeodpaso-
Batened. MckaxeHHs H3-32 KBAaHTOBAHHUSI aMILUIATYXAHOTO IHAIa3oHa
npu uudppoBoi nepegaue CUrHAJIOB H300paKeHHs Haubojee 3aMeTHH
IpH mepefaye MOJYTOHOBLIX M300pakeHU# C NJABHBIMH H3MEHEHUSIMH
ApKoCcTH. B 3TOM cuayyae H3-32 KBaHTOBAHMS HOSBASIOTCS JIOKHBIE
KOHTYPH — TPaHHIH 30H paBHOH sproctu. IIpu mepepaue usobpake-
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HnsA C PE3KHMH nepexoaaMVId HCKazK€HHA KBAHTOBAaHHsI 3aMETHLI cyuie-
CTBEHHO MEHblleE.

HckaxeHnus, BO3HHKAIOWIHE NPH KBAHTOBAHHH, He OyAyT 3aMeTHbE
BO BCEM JHaNa3oHe SIPKOCTH BOCHPOHIBOAHMOrO H306paXkKeHHs MPH
BHINIOJHEHHH CJeYyIIHX YCJOBHH: oflllee YHCJIO ypOBHell KBaHTOBa-
HHS JOJDKHO NpEeBHIIATb YMCJAO Pa3HYHUMBIX rpagauuii sproctu N,
T. € YHCJO Pa3psafoB Koja n>>logaN; pacnpefieneHue ypOoBHEH KBaH-
TOBaHHA CHIHaJsa Ha BBIXOAE CHCTEMbBbI AOJI2KHO COOTBETCTBOBATLH pac-
npejeNeHHI0 Pa3IHUYHMbIX Ipajauil SPKOCTH.

Uueso pasmuuMMBIX rpajauuii SpKOCTH TeJeBH3HOHHOr0 H306pa-
JKeHHS OTPaHHuYUBaeTCs DAa3/IMYHTE/bHOH OCIOCOGHOCTbIO IJa3a, ofpe-
JlejsieMOll KaK OTHOLIEHHe MHHHMMaJbHO 3aMETHOrO IOPOTOBOTO IPH-
paiuenus sipkoct¥ ABypop K sipkocte B. Ecau cumrats, uto B pabouem
Jfuanasone SpKoCTH ABpop/B==const (3akon BeGepa—®exuepa), 1o
IpH H3BCCTHOM KoHTpacTe Haobpamenuss K= Byox/Bmin 4HCIO pas-
JHUUMBIX Tpajanuit

—— WKl _ (6.40)
In (1 4 A Bpop/B) ST

PassnnuutensHasi cnoco6HOCTh H3MeHsieTcss B npepenax 0,02—0,05
B 3aBHCHMOCTH OT SPKOCTH IOJIS ajaNTaldH, CpeiHeld SIPKOCTH H30-
6paxeHnsi, YIJIOBBIX pasMepoB Habmogaembx geraqeit [110], ([111].
3Hauenne KoHTpacta K, o6ecneuynBaeMOe MPHEMHBIMH TPyOKaMH, C
yueToM BHeliHell sacBerku He mpesnimiaer 50 [112]. Tlpu ABpep/B=
==0,04 u K=>50 uncyo pasanuumbix rpajauuit N=98. Ilpu s1oM Tpe-
6yeMoe UHCJIO pa3psAnoB Koja n>=7.

Ecnu mar kBaHTOBAaHHsI BHIXOJZHOTO CHUIHAJa& Yiy1—Yi OyAeT COOT-
BeTCTBOBATL NPHPAIIEHHIO APKOCTH Biy—B;<C{ABynop, TO Iepexox or
OJIHOTO KBaHTOBAHHOIO YPOBHA K cocefHeMy OyAeT BOCIPHHHMATbCA
KaK NJaBHOe M3MeHeHHe SIPKOCTH. YcaoBhe ABpep/B==const s3kBuBa-
JenTHo TpeGopanuw x/8(x) ==const, uro, Kax mokazaHo B TJ. 2, cOOT-
BETCTBYeT JiorapHGMHUYecKOll XapakrepucTHke kKommnpeccud. s  xa-
PAKTEPUCTHKH THIA W IIPH BOCIPOH3BEACHHH H300pakeHHd ¢ KOHTpa-
CTOM Bmax/Bmin==10--100 Beinunna p Haxoputcs B obmactu 50—100
(cM. puc. 2.10).

B kauecTBe KpuTEpHS /5 CpAaBHEHHS XapaKTePHCTHK KOMIIPECCHH
1es1ecoo6pasHO NMPHUHATb MHHHMMaJbHYI0  OTHOCHTENbHYIO BEJIHYHHY
BXOJHOIO CHrHajta X==DB/[Bax, NP KOTOPOH HCKAMKEHHS H3-32 KBaH-
TOBaHHS, ONpejeJsieMble Pa3JiHUUTEJbHOH UYYBCTBHTEABHOCTHIO rJasa,
He IPEBOCXOIAT 3aJaHHOTO 3HAYECHHS.

MunuMaJbHass BeJMYHHA BXOJOrO CHIHAJNA Xmin COOTBETCTBYET
yCJIOBHIO

Xmin/0 (x) >B/ABn0p- (64‘1)
Jlns XapaKTepHCTHKH KOMIIPECCHH THIIA i
R L . (6.42)

80 oy (tpnin(l+w)
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Pemras copmectHo (6.41) u (6.42), monyuaem
Bln(l 4w 6.43
2" uA Byop ' ( . )
Ha puc. 6.13 npusesensl 3aBHCHMOCTH Xmin(p) AJIA  PasHYHBIX
3HaueHHA ABpop/B npu ceMH-, BOCbMH- U J€BATHPA3PSIIHOM KOZHPOBa-

Xmin =

Aniin
03 ] Xmin TT T8
XPg,03 / - APpos /2ﬂgg=a_ﬂ_2_. .
n=7 X0o0u &\ 0.0y
02 T 400,053\ | A =
Ao s 0,04 b=
min0 50 700z
g7 450 iy AB/8=0,02
ly v )(p,wz 007
as {1 ylf.ﬂl \/ g,gg n=g
Pg,041 3
= Py [T 11
7 50 j00p 0 a0 V J00pe

Puc. 6.13. 3aBHCHMOCTb MHHHMAJbHOM BeNHYHHH BXOJHOT'O CHUTHANA Xmin, NPH KO-
TOpOil HCKaXXeHH#H H3-32 KBAHTOBAHHA He 3aMeTHB, oT B U AB/B

nud. B nmepBom cayuae TpeGoBaHHE Xmin<<0,04*) obecneunBaercs
autib 1pH ABrop/B=10,05 u n>30. I[Ipn BoCbMHPaspsiHOM KOAHPOBa-
HUH YCJAOBHE Xmin<<0,04 BoimosnsieTcst AJs AByop/B=0,03+-0,05 npw
snaueHuyd p>10--15. dasg n>>8 u ABrop/B=0,3 nocTukuMOe CHUKe-
HYe Xmin NPH YBeNHUEHHH P BecbMa HE3HAUHTEJBbHO M 3HAYECHHS p=
=40-+100, Bupumo, sBasioTcss AoctaTounbiMu. [lpu 3THX 3HAaYeHHSX
j s n=_8 HCKaXeHHS KBAHTOBAHHA He OyIAyT 3aMeTHH Ha H300pa-
KEHUH.

Ha puc. 6.13 oTMeueHbl 3HAYEHHS Xmin, COOTBETCTBYIOIIHE PaBHO-
MepHOMY KoanpoBaHMIO. VI3 cpaBHeHHH 3HAYEHHH Xmin U Xminp BHA-
HO, YTO IIPH OAHHAKOBOH Pa3psiAHOCTH JjorapudMHuecKas XapaKTepH-
CTHKA KOMIIPECCHH TMO3BOJSET CHU3UTb BEJHUYMHY Xmin B 2—3 pasa Io
CPaBHEHHIO CO CJyuaeM PaBHOMEPHOro KOJHPOBAHHUS.

YerpoitictBa GopMHpPOBAHHS M Nepefayd CHTHAJOB H306paKeHHST
06/1a1a10T HeJNHEHHBIMH aMIVIHTYAHBIMH XapaKTepHCTHKaMH, OOLIUHO
anmpoKCUMHPYEMEIMH CTENeHHBIMH (QYHKIHAMU BHIA

B Uvnx» UBx > 0!
0 Uz <<0.
Yro6bl KOMIIEHCHPOBATH HeJMHEHHOCTh CBETOBOH XapaKTePHCTHKH KH-

(6.44)

7
U BBHIX =

*) Kax nokasano B [98] u [113], x=>0,04 coorTBercTByer 06/IaCTH MaKCHMa/b-
HOH pasIMYHTENBHON UYBCTBHTEABHOCTH.
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Heckona (AJ KMHECKONOB noJjaraior y=2,2 I[114]), ammanryauas
XapaKTepUCTHKA Nepelaioillel anmapaTypsl HOJKHA HMeTb y<<l, uTo
JIPHBOJHUT K KOMIIPECCHH BXOLHOTO cHTHaaa !, B mpuemHol wacty amna-
paTypel CHTHaJ 3Kcnanaupyercs. [laxe NnpH KOAMPOBAHHH C NOCTOSIH-
HbIM IIarOM KBaHTOBaHHsl BCJEACTBHE HEJIMHEHHOCTH NPHEMHOH TPy6-
KH pacrnpeaelicHHe KBAHTOBAaHHDBIX 3HavYeHHH SIPKOCTH Ha 3KpaHe 6y-
JeT HepaBHOMEPHEIM, COOTBETCTBYIOMIHM XaPaKTePHCTHKE KOMIIPECCHH
y=x'". Ha puc. 6.14 uso6paxeHa Takas XapaKTePHCTHKA MNpH y=

T - U2
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|| 20 6/ .
1 y
|| 34 Z//, / 4 a7
A sl e
r as -
a5 ,4/ f /Zﬁeput:mmr%,ﬂ# 0,01
VWK AN ||
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l// 7/ _KBanmobaHue 8,001
Y /¥ A Cmenenras xapak-
Y/ | mepucrmura,y=22 ]
7, 00001 . 1 i
0 29T 47 bm BT 0% 120
7|1 w«0%
'/ o5 J0x Puc. 6.15. DHepreTHYecKuii CHEKTp Te-

. JIEBH3HOHHOTO CHTHAJA: 3KCIEepPHMEH-

Puc. 6.14. K ompesesicuuio xapakTepH-  TaJbHBle 3aBHCHMOCTH (KpHBhe 1, 2)

CTHKH KOMIAHIMPOBAHHA CHFHAJIOB H30- H AalIPOKCHMauus chekrpa mo (6.51)
6paxkeHns (xpusas 3)

=2,2. TlosToMy uenecooGpasHo, 4TOGH XapaKTepHCTHKA KOMIPECGHH B
cucreMe MKM B coueraHun ¢ XapakTepuCTHKAMHU TNepejalollell TeJe-
BH3UOHHOH ammapatypel M HpHeMHOH Tpy6xu ofecmeunBasna Tpebye-
Mblfl 3aKOH KOMIIPECCHH IJIs1 TPAKTa NepeJaud B LeJOM.

Hast mogydenns jorapH@MHIECKOr0 3aKOHa KOMIIPECCHH XapaKTe-
pucrtuka Komupeccopa cucteMbl MKM nosxHa cOOTBETCTBOBATL BHI-
paxenno y=In(1-+px?)/In(1+pn). XapakrepucTHKa TPaKTa, COOT-
serctByomas p=90--100, moxer GBITH MOJyYeHa TIPH XapaKTEPHCTH-
Ke xomnpeccun B cucreMe ¢ MKM npu p==8.

XapakTepucTHka p=3 MOXKeT ObITh PealH30BaHA C IOMOILLIO JIH-
HeHHO-JOMaHOR anNPOKCHMAaImHK  (IBYXCEerMeHTHAas XapaKTePHCTHKa
KoMInaHaupoBanus Ha puc. 6.14). Iloxasaress cremeHu y xapakrepu-
CTHKH TIPMEeMHBIX TPYOOK CHMXKAeTCH NPH MaJjbiX 3HAYEHMAX CHTHAaJAa
[113], moatomy uesecoo6pasHO yBEeAHYHTL KPYTH3HY XapaKTePHCTHKIL

! Ecan ¢yukuust y(x) Ha oTpeske 0<Cx¥<Cl MOHOTOHHO BO3DacTaer, He HMeer

TOueK neperufa u yjpoBJeTBOpseT ycaoBusaM (2.21), to mpu d—y >1 ara ¢yHK-
X [x=0 b

d

o Y
LUHsi MOXKeT SBJATbCH XaPAKTEDHCTHKON KoMIpeccopa, a IIpH d* <1 — xa-
X lx=0

paKTepucTHKO# 3Kcmanaepa. HerpynHo nokasarts, 4To (YHKUHS §y=XV yHOBJIETBO-

d,
pseT yCJAOBHIM: ﬁlx:O >1 npu y<lI Hﬁ o <1 npy y>1.

180




KOMIIpecCHH B OGJIACTH TAaKHX 3HaueHUd. DTHM TPeOOBAHHAM YAOBIET-
BOpSieT TpexcerMeHTHast Xxapaktepucruka tana A==>536. [lpu mnc-
N0/Ib30BaHRH xapakrtepuctuku tuna A B cucreme KM pesyabTupyio-
Liasi Xap&KTePHCTHKA KOMIIpecCHH Tpakra B 3oHe 0<Cx<C (1/A) onpe-
JensieTcsi BhlpaXKeHHeM

y=Ax'"/(1+1nA). . (6.45)
Ny,
xmm—expyln( ABnop 2 I y) (6.46)
3HAUEHHSt Xmin 105 p=2,2 0 A=25,36 npusesens B Taba. 6.1.

Ta6auua 6.1

Torxa

npu 1, paBHOM

ABrop 3HaYeHHE Xy,

7 | - 8 ¢
0,02 0,157 ) 0,0339 0,00742
0,03 0,0646 0,0140 0,00302
0,04 . 0,0339 . 0,0074 0,00161
0,05 ) 0,0206 . 0,00457 ; 0,0009&

W3 rabuunoel  BuAHO, uTo npH A==5,36 TpeboBaHHe Xmin<0,04
BLINOJIHSIETCST TIPH BOCBMHPA3PANAHOM KOJHPOBAHHH Jadxe NDH HaH-
Gousbliell pas/HYATEIbHOM YYBCTBHTEJIBHOCTH.

Ananus ocobennocrell 1mudpoOBOH mepejiaun  CHTHAJIOR n3obpaxe-
HHsl, OCHOBAHHBIA HA OUEHKE DA3JAUYMTEsbHON UYBCTBHTEJNHHOCTH 3pe-
HHSI, HENOCPEACTBEHHO OTHOCHTCS: K 'UepHO-GesioMy TeneBHAeHHIO. On-
HaKO MNOJIyYeHHble Pe3yJbTaThl CHPABEAJHBH TaKXkKe H JIJI?[‘LLPI(I)I)OBOW
nepefayH CHIHAJIOB LBETHOrO TeJieBHIeHus. HaJjnyue CHTHAJIOB IIBeT-
HOCTH JIHIIb He3HAYHTENbHO H3MEHHT Xmin, COOTBETCTBYIOLIEE VCTAHOB-
JIEHHIO MaKCHMaJIbHOH Pa3JHUYHTEIbHON UyBCTBHTEILHOCTH.

[Ipn BbIGOpe mapamerpoB LUGPOBOIl Nepelayd CHrHAIOB H30Gpa-
JKeHHsl CJjeflyeT YUMTHIBATb BO3MOXHOCTb nNepenpuemos. [Ipu 3Tom
HCKaX<eHUsl KBaHTOBaHHS HAKalJMBalOTCA, 0AHAKO 3P¢dekT obpasosa-
HHST JIOXKHBIX KOHTYPOB Ha H300paeHnd OyleT B OCHOBHOM Ompeje-
JATbcs paboToil OJHOrO KOjJeKa.

Ecau curuan TesieBHJIeHHs TOCJe0BaTeJbHO . TepejaerTcss 4yepes
nHppoBEIE U aHAJOrOBHE CHCTEMbI, TO CYMMHPYIOTCH HCKaXKeHHs KBaH-
TOBaHH, BO3HHKAlOLIHe B UHPPOBLIX CHCTeMAX, H (JYKTYalHOHHbBIE
IIYyMBl @HAJIOTOBLIX CHCTeM INepefaud. XOTS HCKaXeHHs TeJeBH3HOH-
HOTO CHMTHa/jla M3-3a KBAaHTOBAaHHA OTJHYAIOTCA OT HCKaXKeHHH H3-3a
(GAYKTYaLHOHHBIX IHYMOB!, MOILIHOCTh HCKa)KeHHA KBAHTOBAHHA oOlle-

! BoaneficTBHe (PJYKTyaUHOHHbIX IIYMOB B AHAJOIOBbIX CHCTEMaX IpPOSBJIAETCSE
B BHJe PEIKHX MePLAIOLIHX CBETJIBIX H TeMHbIX TOYeK Ha K H300paXKeHHH, BHI3BaH-
HBIX BHIOpOCAaMH nNoOMeX, KOTOpble B 3—4 pasa npesbllaloT JeHcTBYIOUlee 3HAaUCHHE
nomexu [111]. Jas ucKaxeHHi KBaHTOBaHHs OTHOMIEHHE MaKCHMAJbHOT® 3Haye-
HHSL K JelicTBylomeMy paBHo 1,7. TlostoMy duykTyaunoHHbie WyMH OyayT 3aMeTHH,.
KOrja JeHCTBYIollee 3HaueHHe HANpsikeHHs WYMOB B 2—3 pasa HuXKe NOpOra, ompe-
AeNSeMOr0  Pa3/HYHTENbHOH UYBCTBHTeJIbHOCTBIO, B TO BpeMs Kak A/ HCKaKeHHit
KBAHTOBAHHs JONYCTHMOE JeHCTBYIOLlce 3HauyeHHe HCKaXKCHHI MOMeT ObiTb yBe-
JIHYeHO.
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HHBAeTCH 10 HOPMaM, YCTAHOBJEHHBIM /ISt (PAYKTYaLHOHHBIX UIYMOB.

Cornacho tpeGopanusam MKKTT ans cucTeMbl nepejaud TeseBH-
BHOHHOTO CHIHaJa ¢ Pas3/ioXeHHeM Ha 625 CTPOK TpPY HOMHHAJBLHOH
Tosioce yactot 6,0 MI'n oTHouteHue curHana H3oGpaxeHdss K feHcr-
BYIOLICMY 3HA4YeHHIO B3BEIICHHON (JIYKTYaLHOHHOH IIOMeXH MAOJXKHO
6biTh He MeHee 57 gb. HopMmupoBaHue npoBeneHo aJs HOMHHAJbHOH
3TAJIOHHOH LEeNH NPOTAXKEeHHOCThI0 2500 KM, cocTosiillell U3 Tpex mepe-
npueMHBIX y4acTkoB. IIpu. paBHOMepHOM pacmpefeneHud WIYyMOB. CH-
creMbl NKM B crmekTpe HCXOZHOTO CHrHaja (3aTyxaHHe B3BelLIHBAIO-
1iero KOHTypa JJs 3TOro cjayuast pasHo 9,2 1B) oTHOlLIeHHe MOUIHOCTH
‘CHTHA/1a K MOI(HOCTH HEB3BEIEHHOH NMOMeXH Ha OJHOM MepenpHeM-
HOM yyacTKe J0JIXKHO ObITh He MeHee 57—9,2+4 10l1g3=526 nBb.

JInst TeneBH3HOHHBIX CHCHAJOB INPHHATH  CJAEAYIOLMe COOTHOIlIe-
HHSA: ’

UH3=0765UM.C; UHBZ—‘O,}I Us.c, (6-47)

Tae Uy, — HOMHHAaNbHOE HaMpsi:KeHHe CurHaja u3obpamenus; Uy.o—
'HOMHHaJIbHOe HAlpsi’KeHHe II0JIHOIO MOHOXPOMHOro curHaja; Upe —
MaKCHMaJbHOe HaNPSIXKEeHHe CHrHaJa LBETHOCTH, HAJOXKEHHOr0 Ha
‘YpOBeHb 6eJioro. .

Uto6bpl NpHY KOAMPOBAHHH TeJEBH3HOHHBIH CHTHAJ He TONaAa] Ha
yyactkn orpaHuueHuss AL us-3a Konebauuii ycuJjieHHs B aHAJOrOBOH
YaCTH TPAKTa HJHM HecTaOH/IBLHOCTH YPOBHSI NPUBSI3KH MOCTOSIHHOH Co-
CTaBJAIOIEH, HOMHHAJbHAS BEJHYUHA NMOJHOIO TeJeBH3HOHHOIO CHI-

HaJjga gosikHa Obith Ha 1,5—2,0 1B Mensllle 1HanasoHa KOIHPOBAHHA
AT, 1. e,

Upo+ Unp<<1,25-216. (6.48)

:MoutHocTh HCKarKeHHH KBaHTOBaHHA Pyy=06%/12, nostomy, yuuTHBas

(6.47) n (6.48), nmonyuaem BhIpaxKeHHe AJA OTHOIIEHHS CHTHAJA-IIYM
KBAHTOBAHHS:

R=201g (Um/) Prs) =6n+4,1. (6.49)

‘C yueroM lIYMOB ¥3-32 HHCTPYMEHTAJbHEIX NOTpeIIHOCTelH HepaBeH-
¢1tB0 R>>52,6 1B npu paBHOMepPHOM KOAMPOBAHHH BBIMOJHSETCS JHLIb
npH n=9. IIpiH HCNONL30BAHHH CCrMCHTHOH XapaKTCPHCTHKH KOMI-
peccun (A=5,36) wyMOBLIE HOPMBI MOryT ObIThb BBINOJHEHB H NPH
BOCbMHMPa3psAAHOM KOAMPOBaHHU. Toraa cKopocth HUPPOBOro iOTOKA,
HeOOXOAMMAsA /1A Nepe/laun TeJeBH3HOHHOrO CHIHAla METO10M KM,
COCTABHT 105—115 M6ur/c. -

CxkopocTb UUGPOBOrO NOTOKA, HeoOxoaumasi AJid Nepeiauyd CHrHA-
JioB M306paxkeHHsi, MOXKeT OblTh CHHUXKEeHA IyTeM ycTpaHeHHs H30bl-
TOUHOCTH TNepefaBaeMblX CHrHajoB. UccsenoBanus B 3TOM Hampagie-
HHE TpoBoaATCs B page crpad [115—119]. CHuxenue ckopocTH me-
pelauyH CHrHAJOB IBETHOrO TeJEBUAEHHSI NOCTHNaeTcs, Kak IPaBHIIO,
HUCTOJb30BaHHeM AupdepeHHalbHBIX MeTOL0B KOAHPOBAHHA NPH pas-
AEe/bHON Mepejaue CHrHAvoB sipkocTd W userHoctd [115, 118]. B pe-
3yJbTaTe HeOOXOAHMAs CKOPOCTh LH(PPOBOro MOTOKa MOXKeT ObITb CHH-
JKeHa 0 35 Mbur/c.
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AHanornysble MeTOAbl YCTPaHEHHST H3OBITOUHOCTH HCIOJb3YIOTCS
npH nepenade BuAeoTesqeQOHHbIX CHIHAJM0B. Vcrnosab3oBanue nudde-
perunasbiol MKM nospossier ocyllecTBHTb UH(POBYIO Nepelayy BH-
JeoTeaeOHHOr0 CHrHajda C¢O CKOPoCTbIO 6—8 MOut/c npu mupuHe:
CMeKTpPa HCXOHOIO aHaJoroBoro curuaja 1 Mrlu.

Mapamerpul 060pynoBanns auHefiHoro Tpakra. [Ipu undposoii me-
pejlaue CHTHAaJOB TeJeBHAEHHSI OWHOKH pereHepalHH CHMBOJIOB CTap-
LIMX pa3psiioB KOAOBOH TPYNILI BbI3LIBAIOT IOSBJEHHE MepPLAIOUIHX.
CBETJIBIX H TEMHLIX TOYEK Ha M300paKkeHHH. Ecid -10nycTHTh HOsIBJE-
HHEe TaKHX TOYeK He yaile yeM | pa3 B CeKyHIy, TO IIPH CKOPOCTH:
uudposoro noroxa 100 M6ur/c u uucne paspsioB B KOAOBOH rpynne
n==8--9 nonycruMasi BepOSITHOCTb OWHOKH pereHepalHH  COCTABHT
FPow<<5-107% Takum 06pasoM, NIpH mepelaue CHUTHAJOB TeJeBHIEHHs
TpebyeTcs 6oJee BLICOKas BEPHOCTb B JIMHEHHOM TpakTe, 4eM IPH Me-
penaue TejedoHHBIX cUrHaso0B. [TosToMy B amnaparype uu(poOBOH ne-
pelaus CHTHAJCB TeJeBHIEHHS HAaXOAAT NPHMeHeHHe CIOCOOHI .3aliH-
TBl OT OHIHOOK B JIMHeHHOM TpakTe, MO3BOJSIIOIIHE YMEHbUIHTb 3aMeT-
HOCTb BO3HUKAIOLIMX HCKa>KeHHH.

Onpenennm Bo3aeficTBHe BpeMeHHBIX (JIYKTyauH# HAa KauecTBO Ie-
pelauyH TesJeBH3HOHHBIX curuasnoB. Ha puc. 6.15 (xpusble [, 2) npu-
BelleHbl Pe3yJ/bTaThl 3KCIEPUMEHTAJbHOTO OINpeNesNeHUs JHepreTHye-:
CKOTO CIIeKTpa TeNeBU3HOHHOro curaia {120, 121]. Hcnoassyem am-
NPOKCHMAIIHIO SHEPTeTHUECKOTO CIIeKTpa (KpuBas J):

Go (@) =1/ (1 +a%e?), T (650)

rie a=4-10"% ¢ [21]. Dnepreruyeckuii crnekTp BpeMeHHBIX (aykrya-
I(HA cYHTaeM PaBHOMEPHBIM B npefenax O—on.

Hlupuna cnekTpa BpeMeHHBIX GUYKTyauuil 3HAYMTEJLHO MeHblle
M0JI0CHl TeJEeBH3HOHHOrO curHana. IToaToMy jJs onpenesieHust dHepre-
THYECKOTO CTeKTpa MCKaXKeHHH MOXHO OTPaHMYMTBCH UWJIEHOM CYMMBL
(6.1) npu n=0. IloacraBass (6.50) & (6.1) npu n=0, noayuaem

@G, © d 2 G )
=t i =% ©4— —

G, (0) - Of YR [arctg@a arctg(o—aon)al.
(6.51)

PasnoxuM ¢yskuuio arctg(o—wyg) B pAl. Makmopena no on Tak
KaK 0n<K®, OFPAHHYUMCS [EPBLIMH JABYMs UJIEeHAMH DPa3J/IOXeHHMS:

. Wy O
arctg(o—on)a= arctg‘ma—m. (6.52).

Tocae mogcratoskyu (6.52) B,(6.51) momyunm
© w? oy Ge ©? 3y
Gol@ =—iiFarar Traa (6.53)

Ilpu pacyeTe MOLIHOCTH WIyMOB yuTeM BecoBylo ¢yHkuuw K(e), on-
PEAeJAIOIYI0 CPABHUTENBHYI0  3aMETHOCTb  Pa3JHYHBIX YYdaCTKOB.
cnekrpa wyma. CranjaptHas BecoBas (QyHKUHS LiyMa [Jis TeleBH3U-
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OHHOro curnaJja, pekomenjgosanHas MKKTT, onpenensietcss Bbipaxe-
HHeM

K(o)=1/(1+w*?), : (6.54)
rae v=0,33-10-% ¢. Toraa
Omax P: Omay
P ~_5 G, (@) K (@) do= | wdo (6.55)

T g (140213 (l +a?a?) ’
¥ TIOC/Ie SJIeMeHTaprIX npe06pasosaﬂm°{

. P
Ps = 2 2
7 (a —|— %) T
YuurhiBas, ‘lTO MOUIHOCTb CHIHAJia

. Drmax 1 Omax do
Pe= nog Ge (o) do= 5 iy

L arctg oy, 1— Larctgm,ma> (6.56)

= arctgomasa,  (6.57)
a

1I0JlyyaeM OKOHYaTeJbHOe BblpaXKeHHe [Jisl MOIMHOCTH UIYMOB H3-3a
BpEeMeHHbIX (PJYKTyalLui:
P¢ P, ' '
. gle o arctg Wmax T
Pe= (% arctg Wy @ L) (6.58)

T2

TlogcraBasii B BelpaxeHHue (6.58) yKasadnble Bollle 3HAYeHHS o, T H
Omax=2m-6-10°, mosydaem:

P, =0,166Pg P-10'? (6.59)
=6-10-2P /P, (6.60)

B 3aBUCHMOCTH OT TPeOyeMOro OTHOUIEHWS CHTHAJ-IIYM MOXHO
OnpejeJuTb JONYyCTHMble BpeMeHHble ¢Juykryauus. Tax, AJs BbIIOJ-
#enus tpeboBanus 101g (Po/P,) =67 1D HeoOGxoxumo, uTobhl cpejHe-

KBajJpaTHyeCKoe 3HaueHHe BPeMeHHBIX (QJyKTyalu# Vg? 1) <<1,18 Hc.

VickaxkeHus u3-3a BpeMeHHBIX (UIykTyanuit nponmm}mcx B BHle
PA3MBITOCTH OTJeJIbHBIX 3J€MEHTOB SPKOCTH  Ha 2KpaHe IIPHEMHOU
Tpybku, nedopmauud pe3kHX nepexoinos. [Ipu amaureasHOCTH (poHTa
MaKCHMAJIbHOTO Nepenaja spkocTH 1¢<<0,14 mrc [120] cmewenHe co
CpeHeKBA(PAaTHUECKHM 3HAYeHHEM OK0J0 1 HC He CKaXkeTcs Heno-
CPEeACTBEHHO Ha KauyecTBe H300paXkeHus.

{ipu nepenaye CHrHAaJOB LBETHOTO TejeBHACHHS BpeMeHHble (UIyK-
Ty4lU#dy BBHI3BIBAIOT H3MeHeHHe (ha3bl LBETOBBIX NOZHECYIUHX, nepeja-
BaeMBIX B BLICOKOYACTOTHOH YacTH CHeKTpa TeJeBH3HOHHOTO CHrHaJsa.
ITo NPUBOAUT K HCKAKEHUSIM OTTEHKOB 1BeTa OTAeJbHBIX Y4acTKOB
H300paxeHus, a TaKXKe yBeJHUHBAeT BJAHSHHE CHIHAJNOB LBETHOCTH Ha
SAPKOCTHLIH CHIHAJL

Haubonee onacuni rapmonuueckne Qaykryaunu [122]. Ilpu Hop-
MaJIbHOM 3aKOHe paclpeje/eHHss BpeMeHHbIX GJyKTyauuid ¥ IIHPHHE
nx cnekrpa a0 0,6 MIu cpennekBajgpaTuueckoe 3HaueHHe QJyKTya-
Uil He JoqxHO npeBniwath 0,5 He. Ecan nosoca ¢uiykTyauuit orpanu-
yena 20 k[, To cpenHekBajgpaTHYecKoe 3HaUeHHe JAOJKHO OBITh He
Gonee 0,3 He. d1u pesyabraThl mosydensl st cucreMbl NTSC, ucnosis-
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3yioue KBAJAPATYPHYIO MOAYJAINIO MOAHECYUIEH HBETHOCTH. Cucrema
SECAM, B KOTOPOIl HCNO/b3yeTest, YaCTOTHAS  MOAYJSLAs NOJIHeCY-
MuX AJsi Iepefauy IBeTOPA3HOCTHEIX CHIHAJGB, BUAWMO, MEHEe KpH-
THYHA K BPEMEHHBIM (bﬂymyaum(M OTCYCTOB CHTHA/JIAa HA BEHIXOAE

Taasa 7 |
ATNIIAPATYPA IIU®POBBIX CHCTEM
TIEPEJAYH WHOOPMAIIHH

7.1. Anmaparypa MKM-30

Anmnaparypa MKM-30 [16] npeaHasHaueHa [asi OpraH#3auyu COeIHHHTENbHBIX
auuuil Mexay ropoxckumu ATC, roponckumu u npuroponusiMue ATC, mexny ATC u
AMTC nyrem YIIOTHEHHS! HH3KOYACTOTHHX Kabesedl ¢ GymaKHOH H30JALMEH THIOB
T ¢ xunamu puamerpom 0,5; 0,6; 0,7 Mm u tuna TIIII ¢ xunamu 0,5 u 0,7 Mm npH
ofHOKaGeJbHOM H JByxKaGesJbHOM BapHaHTax paboTH. Amnaparypa MOXeT Takxe
HCHONB30BAThCS B KayectBe KaHanooGpasyiomeil B LICIT Gosee BHICOKHX NODSIIKOB.

Annaparypa ofecneunBaer opraHusauuioo 30 kananos TU. IlpeaycMorpeHa BoO3-
MOXHOCTb OPraHH3aluHM KaHala 3BYKOBOTO BeNIAHHA C HOJNOCOH  dacTor 50—
10000 TI'm BMecTO ueThHIpeX Tede(OHHBIX KaHAJOB, a TAKXKE CHTHAJIOB JKUCKPETHON
uudopyMauun (IyTeM BBOAA WX HEMOCPEICTBEHHO B IPYNNOBOH WHdPOBOK NMOTOK) no:
olHOoMy uu(POBOMY KaHaly ¢ NpONyckHoi cmocoGHocThio 8 kGut/c. Kpome toro,
BMECTO OJHOTO TeNe(OHHOTO KaHaja [NONOJIHHTENIbHO MOXeT GHTb OpPREHH30BAHO
BOCEMb HH(POBHX KaHAJNOB C NPONYCKHOIl crmoco6HOCThI0 8 KOHT/C.

Annaparypa MKM-30 (puc. 7.1) copmepXuT anazsoro-uudpoBoe o60pyIOBaHHE
(ALLO), oxoneuyHoe ofopynoBaHHe JuHefiHoro Tpakra (OJIT), nHeoGcayXKHBaeMblik
peredepauuonnniii nyskr (HPII), a Takxke cieayoune KOHTPOJbHO-H3MEPHTENbHBIE
HpubOpH: NyJAbT KOHTPOJs coraacyiomnx ycrpoficte (ITKCY), npeanasnauennui
ANl NMPOBEPKH COTJACYIOIIHX YCTPOHCTB H TesleOHHHIX KaHaJOB  amnnapaTypl
HKM-30 B yci0BHAX 3KCHJyaTalud; NyJbT AHCTAHIHOHHOTO KOHTPOJS DereHeparo-
pos (IIIKP), npensasHaueHHHH [/ onpefeseHHs HoMepa HEHCIPABHOTO pereHe-
paropa H samaca paboTocnOCOGHOCTH pereHepaTopa; H3MepUTelb 3aTYXaHHs Ka-
Genpuoit sunun (VI3KJI), npepnasnauennnft Jsi H3MepeHHs1 pabouero H IepexogHOro
3aTyxaHus Y4YacTKOB JuHefiHoro Tpakra mexjy HPII;, usMepHTesbp LIymoB KBaHTO-
Bauus (MUIK), npepnasnmauyeHHHfl [AJsi u3MepeHHs OTHOLIEHHS CHTHAJ-IIYyM KBaH-
TOBaHHA B TeJeDOHHLIX KallaZaX H B KaHaJe BeNIaHHs; NPHGOD AAS KOHTPOJS AO-
crosepiocty (ITK]Il), npeinasraueHHHIH A0 ONpeNeNeHHs YacTOCTH OWHOGOK H H3-
MepeHHsl aMMINTYIB HMIYJIbBCOB HAa KOHTDOJBHEIX BHIXOJAAx pereHepaTopoB 6e3 Ie-
pepHBa CBS3H.

JauHa pereHepaMOHHOrO yyactka B 3aBHCHMOCTH OT THNa Kabenls coCTaBlser
1,5—2,7 kM (rabn. 7.1), a uucjo mNocjefoBaTeNsHO BKModeHHHXx HPIT He mpe-
pocxoaur 40.

Ta6aunna 7.1

Tan xaens | 105 | mos | ror |Tnros |Tnmos
Jauna perenepanuonsoro {0,35—1,5 10,52—2,3 | 0,59—2,6 | 0,47—2,0 | 0,62—2,7
yuacTka, KM
MaxkcuManbHOe  paccTosHHe 30 46 52 40 54
mexay OPIT w OJIT, kM

TakuM o6pa3oM, MakcHMajbHas [JaHHA JxHedHoro tpakra 60—108 xm., Cekuus
nucranuxonHoro nuranus (1) Bxmouaer B ceGs He Gosee npecstu HPIT m cocras-
aser 30—54 kM. B uunefiHoM Tpakre moxeT OBHITH YCTaHOBJEHO He 6oJee OZHOro
o6cayxuBaeMoro pereHepanuonnoro nyskra (OPII), B kauecTse nepHYHHX HCTOY--
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Puc. 7.1. CTpyKkTypHad cxema

HHKOB NHUTaHUA HCHOJb3YIOTCH CTAHIHOHHBIE GaTapeH ¢ HOMUHAJIBLHLIM HampsiKeHHeM
60 B.

Auasnoro-undposoe obopynoanue ofecrneyHBaer: cONpsKeHHE ¢ NOMOUIBIO CO-
raacyomux yerpoiicts (CY) anmaparypsr UKM-30 ¢ annaparypoiét ATC; opraHu-
3aHI0 ¢ NOMOLIBIO aBTOMATHUECKH KOMMYTHpYeMoil Au{CHCTEMBI ABYX- HJIH UYETHI-
PexmpoBOAHOrO OKOHYAaHHA KaHajta, aHajJoro-uudpoBoe mnpeobpasoBanne 30 Tese-
(oHHLIX cHTBaNOB (MJH 26 TeaeOHHBIX CHrHAJOB H OMHOTO CHCHaJa 3BYKOBOTO
Belllanus) B TNepeAamolleil 4actd obopyxoBaruss u Ludpoarasorosoe mnpeobpascra-
HHe B INPHEMHONH YacTH; BBOJA M BLIBOJ CUrIfajoB JAHCKDETHOH HHMOPMaUHH.

- B ALIO conepkaTcst KBa3udJIeKTPOHHBIE COINIACYIOIHe YCTPOHCTBA, npexHasHa-
4YeHHble JJs- paboTLl Kak € [AeKajHO-UIaroBbIMH, Tak U c koopAunaraemmu ATC.
Henonssyrorest CV caenyiomux thnos: CH — yHHBepcaabHOe corvlacyiolee HCXO-
Jsilee yCTpoACTBO, NpHMeHAeMoe sl CThiKa ¢ NPHOOPAMH  HCXOJsllero lIHypa
ATC kak NpH MeCTHBIX, TaK M IPH MeXAYrOpoAHBX coeinnennsx; CB — cormacyio-
Iiee BXOAAIIEE YCTPONCTBO JJIsi CThIKA ¢ NpubopaMu BXoasilero wmHypa ATC mpu
MecTHBHIX coefHHenHsx; CBM — coraacyiolllee BXojsillee YCTPOHCTBO, NpeaHa3HAYRH-
HOe JJIs CThika ¢ npubopamu Bxoasmlero muypa ATC mpu MexAYropoAHBHIX COELHU-
HEHHSIX.

Aunanoro-nudposoe npeobpasoBasde TeNeOHHLIX CHIHAJNOB OCYUIECTBJASAETCS B
COOTBETCTBUH C Ksa3uaorapuMuYeckoll XapaKTePHCTHKOH KoMNaHAnpoBauus Tuna A
(A=87,6/13) npn BOCEMUDA3PS/[HOM JBOHYHOM KOJHPOBaHUH. AHAJOro-uHppoBoe
npeo6pasoBanHe cHTHAla 3BYKOBOTO BELIAHHS TPOMUSBOAHTCH ¢ MCIOJb30BAHHEM ua-
cToTHl aucKperusaunn 32 KIIL

Pasnenenne TenedoHHHX curHamoB B NpueMuoil uactu ALIO ocyulecTmisieTcs ¢
NOMOIIBI0 CHCTEMBI LHMKJIOBOH CHHXDOHH3ALMK, HCIOJAB3YIOUIeH /i Tepeidys CHH-
XpocurHana HyJeBOl KaHalbHBIH udrepBald. Pasmesnenue curdHanos CYB ocymects-
JIAeTCS C TOMOIIbI0 CHCTEMBl CBEPXUMKJIOBOH CHHXPOHH3AUHMH, HCTOJB3YOmeHR 15
nepelaud CBEPXIUUKJIOBOrO CHHXpOCHTHAMA 16-i KaHaNbHBI HHTEpPBAJL.

uka mepenaun coorBercrByer Pekomenaauun MKKTT G.732 (pmc. 7.2).

Koncrpykrusao AIIO BHoAHEeHO B BHAe CheMHBIX KomIiextoB. Ha cranpapr-
Hoii croilke pasmepamn 2600X600)225 MM pa3MellaeTcst A0 YeThipeX KOMIUIEKTOB
ALIO, t. e. npu mosunot kommaekrauuu croiikn CALIO (puc. 7.3) obecneunBaercs
opranuzanus 120 Tesedounblx Kauasos ! .

O6opypoBaHue JuHEHHOro Tpakra ofecnedusaer: (GOpPMUPOBAHHE U NPHeM JH-
HeiiHoro cureana, gucranupoioe nutamne HPII, tenexourposs HPII, cayxebuyro
cessp mexkay OJIT u HPIL. QopmupoBarue JHHeHHOro cCHrHajia OCYILECTBJseTCsS B

-1 B Hacrosimiee Bpemsi NpoBoautcs. paspaboTka MojepuuzuposanHoro -AllQO,
186 :
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annapatypst HKM-30

koge YITH. MakcumanbHOe 3aTyXaHHe DEreHCPAllHOHHOTO YuacTka Ha TOJYTaKTO-
BoOl yactore 36 AB.

Jucranuuonnoe nuranne (JI1) ocyumecrsasercss no pa6ouum napam KaGess.
Ilpu paGote mo JuHUSM MaJnoi npoTskennoctH (mo Tpex HPII) wucnoassyercs cH-
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Puc. 7.2. Crpykrypa uukaa nepepaun amnaparyps MKM-30:
If — nars; P — paspsua; KU — karanvauit unTtepBanm; J| — nuckperras undopMmauus; LG — -
TOBOH CHHXPOCHTHAJ; ’ CLIC — cBeDXIHKJIOBOH CHHXPOCHTHaN; A — aBap?ap c; ,A{l— ang;:l‘a
CLIC; 3 — ocraTouHOe 3aTyXaHHE

X
3

*x

crema [III, obecneunBarmlias HanpsKeHHe XWCTAHUHOHHOTO mNuTauus 16—48 B, a
npu pabore Mo JuHHAM Gosbllledi NMPOTAXKEHHOCTH Henosb3yercs cucrema JIT ¢ Ha-
IpsiKeHHeM XUCTAHHHOHHOTO nuTanus 35—245 B. Tox IIT — 110 mA.
TesekoHTPOIb JHHEHHOTO TpaKTa  OCYUICCTBJSETCS C NOMOUIBIO NYJBTAa AJs
kourponst pereneparopos (I1JIKP). Tlpu 3ToM Ha BpeMst NOHCKA HEHCIPABHOTO pe-
regeparopa annapartypa, pafoTamwiias Mo JaHHOMY TPaKTy, BHKJIIOUAeTCS M3 IKC-
nayaranun, 7 B Junuio ¢ Buixoga ITJKP nonaworcs Tecr-cursaasl. [To atum curua-
nam B coorsercrayiomeM HPII 6i0xoM xonTtposns perenepaTopa pripaGaTHBaeTCs
unopmauns o Hemenpasioctd PJI, koropas mepenaercs B OJIT. Cexuust TesneKoHT-
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poas coBnagaer ¢ cekuued HOI1 u Bkaioya-
et gecats HPII, kamawiii us KOTOPBHIX Ha-
CTPOGH Ha COOTBETCTBYIONLYIO KOHTPOIbHYIO
yacrotry, BeipabateiBaemyio T1KP.

CayKe6Has cBA3b OPraHM3yercs mo oT-
JeNbHBIM napam Kabeas. [loaxouenue an-
napara o6xoaunka mnpoussoantcs B HPIT
Yepes clieuHabuple pasdbeMsl. Croiika OJIT
obecleynBaeT OpraHH3aLHiO TeJICKOHTPOIA
U caymeGHOl cBA3H N0 wecTu wanpasaen-
av. Ha crannaprhoit crofike pasmeuiaercs
a0 24 rommaekros OJIT, npuueM Kaxamit
koMiztekt OJIT mpenuasnauen nas o6eay-
AHBAHUA TPEX UMPPOBBHIX JNHHEHHEIX Tpak-
ToB. Kovuaekts OJIT wuemonuayiores tak-
®e jqas opranusauun OPII.

Konteinep neobeayxuBacmoro perexe-
pauuonnoro myskra HPIT-K12 (puc. 7.4),
npeaHa3HavyeHHb I AJi YyCTAHOBKH B CMOT-
poBeix Komoauax I'TC, nopmesgax u nu-
Wax A0MOB, HMeeT YYTYHHBIH KOpHyc ¢ ra-
GaputupiMi pasmepamu 460X 380X 310 mu
H paccydTan Ha pasMemiente 10 12 1Bycto-
POHHHX JHeRHBIX peredepatopos PJI. Kowu-
TeilHep COAEPKHTCA MO HBHLITOUHBIM ABTO-
HOMHBIM JaBJEHHEM.

Ha ATC cpasuutensio me6opiuoi em-
kocti BMecto CALIO u COJIT nenecoo6-
Pa3Ho MPUMEHSTs KOMGHHUDOBAHHYIO CTOH~
Ky okoneuroro ob6opygosanusi (COO). Ha
CTOMKE pasMellaeTcst A0 TPeX KOMIJICKTOB
ALO # oxun rommrekr OJIT,

Puc. 7.3. Croiika CALLO

Prc. 74. Kourefinep HPTIK-12




OcHOBHblE 3JEKTPHYECKHE XaPDAKTEPUCTHKH

Yucno kanamos TH . . P 1)

Uactora JHCKpeTH3aUHUH, Kru .. .. 8

Yucao KaHanoB Mepefayud AUCKPETHOM nmpopmalmn a0 9

Yucao KaHasloB BellaHHsi (BMeCTO dYerhipex Kanasmos TY) 1

Uncno kananoB CYB Ha oaun rtefedoHHBII KaHas 2

CpeznHee BpeMsi BOCCTAHOBJIEHHS LHKJOBOIQ cpmxpmmwa

MC . . .. ce o2

Bpems BOCCTAHOBJIEHHA csepxunmosoro CHHXPOHPBM& Mc 2

3aKoH KOMIaHAMpOBaHHS . . . . . . . Ksaswiorapug-
MHUYCCKHHA
A=87,6/13

Yucao paspaioB Koza . . 0« . . . 8

Boiurpui ot KOMnalmﬂponaHHﬂ, ;LB B 8 |

OTHollleHHe CHTHAJ-IIyM KBaHTOBaHus, ab . . . . 34,5

TTopor mneperpysku, ab .. .. .38

qaCTOTHaH XapaKTePHCTHKA kanaaa T‘—I .« .+ .« _. 1/6 HOopMHEI

MKKTT aaa ru-
MOTETHYECKOM - 1e-

N¥ CBA3H

Vi3MeHeHHe OCTATOYHOTO 3aTyxaH1m Tene(pouﬂoro KaHaJa,

1B, He Gonee . . . . . =05
TTorpemHocTs , ycranomm BOMHUHEE  OCTATOUHOTO 3aryxa-

Hus, a1b .. =+0,3
Hco@omeTpmeeKax Moumocn) myMa /:LB —65
3allUIeHHOCTb OT BHSATHBIX INEPEXOAHBIX BIMSHHE Memay
KaHajJaMid OIHOH cucreMbl, jab .. 68
3allHIIeHHOCT OT BHSITHBIX IEPEXOJHBIX BAHAHHI MC)K,CL}

KaHalaMH paa3JuuHBIX cHereM, ab P

CKOpOCTb IpyHNOBOrO CHTHaJa, K6HT/C

Tun Koga JuHeHHOrO CcHrHajaa

2048(1+3.10-5)
YIIN ¢ noouepexn-

300} HHBepPcHeH
eHHHUL
MaxkcumanbHOe 3aTyxaHue pereuepauuonuoro yqaCTKa Ha
NMOJYTAaKTOBOH uacrore, 1D .. 36
Hanpsienne I, B . . ) .. .. 16—245

Makcumanbiad AJuHa ﬂHHeﬁHOFO Tpama KM

60—108 (B saBu-
CHMOCTH OT THNA

xabess)
Yucao HPIT B cekuus obcayxuBaHus 10
HOuanason pa6Gouux temmeparyp, °C:
OKOHeyHoe 0060pyJoBaHHe 5—40
obopynosanne HPIT . —40-++40

7.2. Annaparypa UKM-120

Annaparypa WMKM-120 [20] npenuasmaueHa [aJsi  OpraHuM3anud KaHaloB Ha
CTHBIX H BHYTPHU3OHOBBHIX CETSAX NyTeM YIVIOTHEHHs BBICOKOUACTOTHBIX CHMMETpPHY-
ix kaGeaeit SKITAIT 1x4, MKCA 4X4, MKCB 4x4, MKCAII 4X4, MKCCII
¢4, MKCB 7X4. Annapartypa ofecneunBaer oprarnsaumuio ao 120 xanasnos TY
H CKOPOCTH Mepejaul rpynmoBoro noroka 8448 k6ur/c. Jluneilwslt Tpakt opra-
30Ba&H IIO ﬂByXKaéeJleOH qen;xpexnpouozwou CXcMe.

B coctaB anmaparypsl BXOIHT cJjeiylollee 060pylOBaHHe: BTOPHYHOTO BpPEMEH-
ro rpynnoospaaoaaum (BBT); aunanoro-undposoro npeoGpasoBaHHs CHIHAjA
opuuroit rpynmst (ALIO-UM-2); oxoHeuHOe 06OpyfOBaHHe JAHHEHHOrO TpaKra
VJIT); meobeaykupaeMmbie perenepaunonHsle nynktel (HPIT), a takxe caexyiouye
HTPOJILHO-H3MEPHTE/bHbBE NPHOOPH; MNYJbT JIA HCHHTAHHS JIHHEHHBIX TPAKTOB
pereriepatopos (ITHJIT), npefHa3HaueHHLIH [ H3MepeHHA KO3QdHUHEHTa OILIH-
K B JIHHEHHOM TPaKTe KaK ¢ TepephiBOM, TaK M 0e3s nepepuiBa CBA3M; NYJbT AIA
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Puc. 7.5. CrpykrypHas cxema

HacTpofikn u npoBepku peredeparopoB (ITHIIP) B rommaexce ¢ ITWJIT, npeamasua-
YeHHBIH JUiIs HAacTPOMKH H NPOBEDPKH DEreHepPaTopOB B YCJOBHAX NPOH3BOACTBA H
sgcnayatauuy; nyidst V3KJIL, nmpeanasHauenHH AJisi H3MepeHHst pabodero M mepe-
XOJHOrO 3aTyXaHHH y4YacTkKoB JIHHefiHoro Tpakra mexay HPIIL.

B nepenaromeit uacti ob6opynoBasmusa BBI (puc. 7.5) dopmupyercs rpymmo-
BOA MOTOK NyTeM NOOHTOBOrO OObEelHHEHHS YeThipeXx WH(POBHX NOTOKOB CO CKoO-
poctbio 2048 xOurt/c. PopMHpOBaHHE 3THX TOTOKOB MOXKET NPOHCXOAUTL AuGo B
annaparype MKM-30, mubo B o6opynoBanun AIIO-U/I-2. B nepeom ciyyae ¢ Io-
moutsio ofopynosanust BBI' moxer GuiTh opranusosano 30X4=120 xauanos TU.

Bo BropoMm cayuae B oGopynzoBanun AILO-YJI-2 ¢dopMupylOTCS TpH HOTOKa CO
cxopoctbio 2048 KOuMT/C, KOTOpBiE COBMECTHO € YETBEPTHIM HOTOKOM, COPMHpPOBak-
uniM B annaparype MKM-30, mozatorcsi Ha Bxoj obopyroBanus BBI. Ilpu atom
Moxer OHTh opraHuzoRano 60-430=—90 xanamon TU.

O6opynoeanne OJIT ocymecrsiaser AHCTAHIHOHHOE NHTaHHe H KouTpoae HPII,
a TaKXKe Opranuzanmio cayxeCHol cpasu. JMcTaHUHOHIOE NMUTAHHE OCYINECTBJSETCS
no pabouuM mapam Kalejelt npsiMoro M o6paTHOro HampaBJeHuH Nepenaun. JlamHa
cekunu JIT — 200 M, T. e. uepe3 kamasle 200 kM B JHHEHHOM TpaKTe yCTaHAas-
ausaiorca OPIT (crofikn OJIT). HomunamdbHass NpPOTAXKEHHOCTh PereHEpPailHOHHOTO
yuactka 5 kM. B KauecTBe NepPBHUHBIX HCTOUHHKOB MHTAHHA HCNOJIB3YIOTCS CTAHIHOH-
Hple GaTapeH ¢ HOMHHAJbHBLIM HampsiKenuem 60 mix 24 B.

O6opynosaume BBI' ocHoBaHO Ha NpHHUMNE NBYCTOPOHHErO COIVIACOBAHMA CKO-
pocteil W ABYXKOMAHJHOTO YNDPABAEHHA H COOTBETCTBYET CTPYKTYpPHOH CXxeMe, H30-
GpaxenHoli Ha puc. 3.2. B oBGopynoBaHHH NpefycMOTpPeHO TPH pexuma PpaGoThi:
aCHHXPOHHBIH, CHHXDOIILIH H CHHXPOHHO-cHH(QasHbif. IlepBble iBa pexHMa HCIOJb-
3yloTcs Npu Hepefate LH(MPOBHX NOTOKOB, cHopMEPOBaHHEIX B anmaparype MKM-30,
a Tperuii — TpH Nepejaue motokos, coopmmpoBanHeix B AIIO-UI-2. B ycrpoiicte
GAITY ucmoab3yeTcst KOMIIGHCAIMS  BHICOKOYZCTOTHHIX — COCTABJAIWUX B CNEKTpe
curuana, ynpasaswouero paboroit I'VH. CucremMa NHKJIOBOH CHHXDOHH3AUMM —
ajanTHBHAL.

BerpoenHas CHCTEMa KOHTPOJsS H CHTHAJH3alMH NO3BOJSET aBTOMAaTHUECKH, Ges
MepepLiBa CBSIBH KOHTPOJMPOBAaTb paboTy Bcex yanos BBI, curuanusuposarh o
BOBHHKIIEM HapyLUEHMH H OINpEJCNATh MECTO HEHCIPaBHOCTH € TOUHOCTBIO 0 6J0Ka.
Cayxe6Hasi cBasb MeXnay obopyaoBanuem BBI, pacrosoxeHHHM Ha pasHbIX Cra-
LHAX, OCYIULECTBJAsETCS N0 LHYPOBOMY KaHaly, OPraHM30BAHHOMY METOAOM Ae/IbTa-
moaynsuus. CTPYKTypa UMKJIa mepeaaud oGopymoBamksi BBI npuseaena b TaGa. 3.1.
Ha cranmaprHoit crofike pasmepaMu 2600X 6007225 mM pacnonaraercss A0 BOCbMH
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koMmaekToR obopynosauus BBT, 1. e. npm nonnoit kommiexktammu croiixku CBBT
oGecrieurBaeTcsi oprainsauns 960 tenedoHHBIX KaHAJIOB !,

O6opynosanne ALIO-UJI-2 nenombayercs ajisi 3aMeHBl y4acTKa JHHERHOTO Tpak-
T4 aHaJoroBoil cucteMbl. [TockonbKy MHHHMAsbHAas JIHHA NePENpHeMHOro yyacTKa
STAJIOHHOH IellH BHYTPH3OHOBOH ceru cocrasisier 200 KM, a QONYyCTHMAas MOI-
HOCTh ImymMa 3 nBt/KM, ncodoMerpuieckas MOMHOCTb IIyma, BHocuMoro ALLO-YJI-2,
He noikHa npesmwarth 600 nBr. Dro TpeGoBamue BrmMoaHsercd mpH 11-paspagHoM
KOJMPOBAHHH C HCIOJIb30BAHHEM HEJMHEHHOTO NPeoGpaloBaHusi € KyCOYHO-JTHHEMHHOI
XapaKkTepPUCTHKOH KoMNaHmHpoBaHus A=>5,4/5.

Ha croitke CALIO-U[l-2 pasMemlaeTcss NO OZHOMY KOMIUIEKTY O6OPYyI0ORAHHT
AUO-YA-2, BBI u AUO annaparypet UKM-30..

IMepenava suHefiHOro curHaia ocyuectBiasercss B koge KBIT-3 umu UITHU. 3a-
TYXaHHe PEereHepanHoHHOr0 ydyacTKa Ha MOJYTaKToBOH yacToTe — 55310 aB (KOM-
neHcauusi pasépoca 3aTyXaHHS OCYILeCTBJseTcs Henbio APY). JlucraHoMoHHOC M-
TaHHe OCYIIECTBJAETCA [0 NapaM NPSAMOro ¥ OODaTHOrO HalpaBJEHHH TepegauH.
[Ipenennuas BeauuuHa Hanpsixenua JIT cocrasaser 980 B.

TesieKOHTPONL JHHEAHOrO TpakTa NPOM3BOAMTCS Ge3 NepepblBa CBA3M IO pabo-
yuM napaM kabess. CurHansl 3anpoca, BeipaGareiBaevbie B OJIT, u oTBeTHbe cur-
Hajpl, BrlpaGaToiaemble B HPII, nmepepawtcs Ha uacrore 6,4 k[, OGopymosatue
TeJIeKOHTPOMS OOCAYRHBAET y4acTOK JHHEHHOro Tpakra mHOi g0 100 Ku, T. e.
IJIHHA CEKUHH TeleKoHTpoaa coctabiager 200 kM. OGopyaoBaHHE TENeKOHTPOJS MO-
;Ker paboTaTh KaK B DYYHOM, TaK H B aBTOMAaTHUECKOM pexxuMaX. B mepBoM cayuae
obecnmeunBaeTcss BO3MOXHOCTb BbIOOD2 KOHTDPOJHDYEMBIX HalpaBjeHuii M HOMepa
CEKIIHH, a BO BTOPOM — BCe HaNpaB/JeHHst H CeKUHH KOHTPOJHPYIOTCS MOOYepelHO
BIIOTb 70 MOMeHTa OOHapy¥KesHs IOBpexKAeHHOro pereHeparopa. CiyxebHasi CBS3b
OJIT—OJNT umu OJIT—HPII ocymecrBasieTcs mo pabouum napam Kaleds B 10-
qoce 300—3400 I'm. Ha cranmaprHoit cTofike pa3mellaercsd A0 UYeTHIPeX KOMIIEKTOB
OJIT, T. e. IpH NOJHOH KOMIJeKTauuu obecleunBaercss opraHusauus 480 teicdoil-
HBIX KaHa/loB.

B amnaparype ucnoassyiorcs HPIT Tpex rtumos. HeoGcay:kuBaeMblit perencpa-
unonnbift mynkr HPIT-T'S, npexnassaveHHblf 14st yCTaHOBKM B TPYHT, paccyHTaH
Ha BOCEMb JBYCTOPOHHHX pereHepaTopoB H COCTOHT H3 KOopnyca, BLIIIOTHEHHOTO B
BHJE CTaJbHOH TpyOHl puamerpom 720 MM M mauuoi 600 MM, W BHIEMHOH Kaccers,

! B Hacroslllee BpeMsi NPOBOAMTCH paspaloTKa  MoJepHu3HpoBanHoro BB,
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B KOTOPYIO YCTAHABJHBAKTCH pereHepaTopLL. Perenepannonnrit nysxr HPIT-K4,
npeAHasHaueHHbIHS [ YCTAHOBKH B CMOTPOBhIC KOJOAIBl KabedbHON CETH WIH B
yuctepusl HYIT K-601], paccunran na yersipe ABYCTOpOHHHX pereneparopa. Kopnyc
HPII-K4, - yyrynnsii; - ¢ repMeTH3upylomell KphlUKod; raGaputhue pasmephl 580X
X380X320 mM. KoHcrpykuusi ero yHudHUupoBaHa ¢ HPH, HCIOJb3YeMEIM B
HKM-30. Perenepangonnnit nydkr HPII-02, npennasnaueHHH A yCTAaHOBKH Ha
xenesoéemﬁﬂux HIH  JlepeBAHHBIX Oopax, pacCYHTaH Ha JABa ABYCTOPOHHHX pere-
neparopa. Kopuyc — amoMuHHgBbil, raGapuribie pasMeph  700)X350X320 MM.
KonreiiHepsr MOTYT COAEPXKaThes K4K NMOJA aBTOHOMHEIM JaBJEHHEM, TaK M NOL AaB-
JIHHEM, - yCTaHOBJEHHLIM B KabelbHOH MAarHCTpaJIt.

OcHOBHBE 3MeKTPHYEeCKHEe XapaKTEDHCTHKH

CKOpoCTb BXOZHBIX NOTOKOB, KOHT/C . . . . . . 2048 (1%£3-107%)
CKopocTb TDYNNOBOFO TOTOKA, KOHT/C . . . . 8448 (1x2-107%)
Yueno xananos TY npu mepepaue LH(POBHIX HOTOKOB, . :
hopMupyEMBIX

B annapatype HMKM-30 . 120

B ob6opynosanuy ALIO-UM-2 u annapmype I/IKM-30 90
Yacrora caeioBaHusi mukaos, xIm . . -8
CpesnHee BpeMs BOCCTaHOBJIEHUS LHKI0BOTO cm{xpo-
HH3Ma, MC . . .. 075
BeJIHURHE BHOCKMBIX Bpemeuﬂux qmymyamm %:

10 xI'n .o e 2

10 T'm, . . . no 100

Maxkcumanbhas yacrora comacosa}ma cxopoc*reu T u 102
MakcenManbuniil K03¢QUUEEHT COTJIAacOBaHHA ckopoctedt  (,0125
Chexrp yacror rpynnoBoro TededonHoro cHriana, kl'u  312—552
Yacrora AHCKPETH3aLHH rpyrmonoro TeJle(pOHHOI‘O CHT-

Hajia, KI'm . . . . . ©bl2
Yneno paspanos Koua R 8 |
3akoH KomnaHmupoBaus A . . . . . 54/5
McodomeTpuueckass MOIIHOCTh LIyMa B pe)xxme MoI-
yanug, nBr . . . . 600
UHCAO CHMBONOB B umme nepenauu ALIO '-II[2 .o 12
Yacrora crenosanus umkios ALIO-UJ-2, xTy . . 64
Ckopoctb rlepeua!m rpynnorsoro HOTOKA AIJ.O Y- 2,
Kbur/c . 6144

Cpe;u-xee BpeMH BOCCTaHOBﬂeHHﬂ lLHK-’IOBOI'O CHHXPOHHS-

ma ALIO-Y[-2, mc . L e e 0,1
Kox JuHeliHOro cHrEajza . . KBII-3 uau UITH
3aTyxaHne pereHepanHoOHHOrO yqacma ‘na no.ny'rax'ro-
BOM uacrote, b . . . . . . . . . B5=x10
JnuHa pereHepauyHOHHOrO yqacn{a kM. . 5+0,5
Inuna cexuun OPIT—OPII, .. e ... 200
Nepeiava 1 Suneilneril mpaxm
_ 8448 o [
E, 120 l xGumje
T T 8448 I

E{M—?Zﬂ]iw 34368

ossg |rpr | XELTLE e i
l:/m 7212]f5—”’"—/”>

8448 |

o
Em 720]” = | l 2500 x0
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MakcuManbias AJHHA JMHEHHOrO TpaxkTa, KM . . 600

Honycrumast wacrocts OWHGOK B JuiefiHom rtpakre 107
Yucao HPII B cekumu ofcayxupanms . . . . . 40
MaxkcumansHoe Hanpsixkenne AIT, B. . . . . . 980
Huanason pabounx Temineparyp, °C:
OKOHeuHOe oBopymoBaude . , . , . . , Bb+40
obopymosamme HPIT . . . . . . . | —40+-140

7.3. Anmaparypa MTKM-480

Amnaparypa MKM-480 npeanasHaueHa i OPraHH3aUMH KaHAJOR Ha BHYTpPH-
30HOBBIX M MAarHCTPAJbHOH CeTX NyTeM YMJOTHEHHA KOAKCHAJBHBIX Kabedeir MKT-4 -
¢ napamu 1,2/4,4 mMMm. Annaparypa oGecnieunBaeT opraHmzauuio 10 480 kamatos TU
IIpu CKOPOCTH Nepelayn rpynnoBoro notoka 34 368 k6ut/c. JIuHeiinuii Tpaxkt opra-
HH30BAH 110 OJHOKaOeJbHOH cxeme.

B cocras annapatype BXoaAT: 06OpYAOBaHHe TPETHHHOrO BPEMEHHOIO rpynmno-
o6pasosanust (TBT'); okoneuroe 060PYyZOBAaHHe NHHEAHOIO TPAKTa; HeoOcay KuBae-
Mble DereHepalOHHbIC NYHKTH, a TaKXe CICAYIOIHEe KOHTPOIbHO-H3MEPHTEIbHEE
NPHGOPEL: MyJbT AJS NPOBEPKH NAapaMETPOB PereHepaTopoB H IACTODPTH3ALMH nub-
poseix tpakroB (ITIIPIIT-34), conepxammit remepatop kozos I'K-34, mmuratop Ka-
GempHoro ywactka MKVY-34, rerekrop ommbox J1O-34; U3MEPHTENb 3aTyXaHHs Ka-
Geapuioft manun  (M3KJI-34), npennaswauensbli s H3MEDEHHS 3ATyXaHHA KOAKCH-
asibHbX map 1,2/4,4 M yuacTka peremepammi Ha N0JyTaKTOBOH dYactote 17 184 kl'm,
a TaKxKe H3MepeHHs! CONPOTHRICHUR KM KaleJsss H CONPOTHBJEHHS H3OJSIIHH KHJ
Kabesist; MpuGOp MJIs KOHTPOJS pereHepauuOHHBIX yvactTko JIKPY-34 oGecmeunpaer
OLEHKY HCNIPABHOCTH JIHHEAHOrO pPEreHepaTopa B IIOJEBHIX YCJOBHSIX 6e3 IepephiBa
CBA3H IO BeqMyutc Kospduuuenta omnb0OK M aMILIMTYAe HMIYJAbca Ha BHIXOIE
pereHeparopa.

Cxema opraHn3auuy CBASH ¢ HOMOWbI0 ammaparypst UKM-480 mpusesena Ha
puc. 7.6. B mepenarouteii yactn oGopynosaius TBI ocymecrsasercs (hopMHPOBaHHe
FPYNIOBOr0 NOTOKA IyTeM NOGHTOBOTO OGBeAHHEHHsI 4YeTHpex LUHADPOBLIX NOTOKOB
co ckopocTbio 8448 kGur/c, BepalaThBaeMBIX B anmapatype MKM-120.

Ob6opynosanue OJIT obecneunBaer AHCTAHLHOHHOE NHTAHHE M KouTposas HPII,
OpraHu3auuio CiayxKeOHOH CBA3M MO OTAEJbHBIM TapaM Kabess. JIJHHA CEKIHH MexK-
1y ABYMs OGCIYKHBAeMLIMH DereHepallHOHHHIMH nyHkTamu 200 kM. HoMmuuambHas
IPOTAKEHHOCTb PereHepauHoOHHOTO yyacTKa 3 K.’

B o6opynosatnn TBT ucnosbsyiotess JBYCTOPOHHee COIVIACOBAHHE CKOPOCTeH H
ABYXKOMaHIHOE ynpasieHne. B ofopymoBaHuH IpeAyCMOTPeHbl aCHHXDOHHBI M CHH-
xpouHblil pexumet pabors. B ycrpoiicree ®AITY ucnoabsyercs uHpopmanus o mpo-
MEXYTOUHHIX 3HAYCHHUSIX BPEMEHHOIO HHTEpBAaJa MeXJy MOMeHTAMH 3alMCH H CUM-
toannd. [Ipuy 3ToM BemHyHHAa BpeMeHHBIX (IYKTyauul, BHOCHMBIX 0B6OPYLOBaHHEM
TBI, He nmpeBocxoant 5% BO BceM agHanasoHe wactor. CHcTeMa LUKNOBOH CHHXpO-
HH3AUMM — aJalTHBHAS.
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B o6opynoBannu TBT npenycMoTpeHa BO3MOMKHOCTb (JOPMHPOBaHMsi IPYNNOBOro
curiana B koge KBII-3 man YITH. IlpexBapuresnbHO rpynnoBOH cHrHaJ cKpeMmO6an-
pyercs.

CHcreMa KOHTPOAS M CHFHAJNH3aUMH ofecleyHBaeT aBTOMATHYECKOE oONpejelienke
HoMepa HeucnpasHoro Gaoka. Mexay obopynoannem TBI, pacnonoxenHsiM Ha
pasHEIX CTaHUMSIX, MOXKET OHTh OpraHMsOBaHa cJayxeOHas CBA3p NO HHPPOBOMY
KaHaly ¢ HCHOJb30BaHHeM JeJbTa-MopyJdsaund. CTPYKTypa UHKJaa nepepaun o6o-
pynosanus TBI npumesena B Tabnm. 7.2.

Ta6bauuma 7.2
Homepa Homep
Buj nepezaBaeMoit mHGOpMauHH NO3HIHiT TpyNnEl
B LHKJe B ILHKJ€e
CuHxpocHrHaI 1—12 I
HndopmanyonHble CHMBOJIB 13—716
IlepBhie CHMBONE KOMaHA COMIACOBAHHS CKOPOCTEH 1—4
CHMBOJIBL CJYXKeGHOH CBA3H 5—6
CunHasibl KOHTPOJISL U CHNHAJH3ALHH - II
Bropbie CHMBOJILI KOMaHJ COTJIaCOBaHHS CKOPOCTEH 9—12
HndopMalnosHLIe CHMBOJIBI 13—716
TpeTbu CHMBOJIBL KOMaHJ COTVIACOBAHHA CKOPOCTEH 1—4
CHMBOJIBl QMCKPETHOH HH(pOpMalLUH «5—8 111
HudopMainontsle CHMBOJL, (GOpMHpyeMble DPH OTpHIA- 9—12
TENIbHOM COrVIACOBAHHH CKODOCTEH
HinbopManHOHHbIE CHMBOJIBI 13—716

B naHHOM NHKJ/e YHCJO HMIYJALCHBIX NO3HLHHA cocrasisieT 2148; yacTora clegoBaHHA LHKJOB
16 kI'm; wacrora caepoBaHus rpynn 48 kI1; uncao uHGOPMAlHOHHBIX CHMBOJIOB OJHOTO BXOAHOTO
noroka 528.

Ha cranaapTHOil cTofike pacmosiaraloTesi A0 YeTHpex KOMIVIEKTOB 060pyaoBauns
TBI, t. e. npu noanolf xomnaekrauun crofika CTBI' ofecneuuBaer opranusanuio
1920 xananoB TY.

Iepenava sunefiHoro cursazna ocyuecrsiasiercs B koae KBIT-3 wuau YIIM. 3a-
TyXaHHe DpereHepalHOHHOTO yyacTka Ha MOJYTaKTOBOH uactorte 43—73 b (mauna
yyactka 2,3—3,2 kM). Jlus paGoTHl Ha YKOPOYEHHOM IIPHCTAHUHOHHOM  y4Yacrtke
(mauHoit or 0,9 mo 2,3 XM) B cocTaBe OKOHEYHOrO 00OPYIOBAHHS TPELYCMOTpPEHbI
HCKYCCTBEHHble JHHHY. JIHCTAHIHOHHOE IHTaHHE OCYINECTBJSIETCH IO UEHTPAJbHLINM
JKHJaM KOAaKCHaJBHBIX Iap NOCTOSHHEM TokoM 200 MA. MaxcHMasbHoe Hampske-
Hue [I1 pasro 1300 B. Bnicokas naaexnocts o6opyaosanus JIT o6ecncunsaercst
CTPYKTYPHO-Y3JIOBEHM pe3ePBHPOBAHUEM.

TeeKOHTPOb JIMHEAHOTO Tpakra ocyliecTBisieTcs Ge3 nepeprina cpssu. CHcTe-
Ma y4acTKOBOH Tenemexanuku (YTM) obecneunBaer koHTpoab jo 33 HPIL

B aBromaTnueckoM pexuMe YTM ofecneynBaer MOCTOSHHHIE KOHTPOJIb YaCTOCTH
OWHGOK KaxKAOrO HaNpaBJeHHs Nepeauyd B TNpejelax CeKIHH 06CayXKHBaHHS.
PYYHOM peXKHMe BO3MOXKEH KOHTpoJb paforThl peresepartopa B Jwobom HPII.

MakcuManbHas NPOTAXKEHHOCTb CEKIMH MeXAY OOCHYXHBAECMbIMH TNIyHKTaMH
onpepengercs cucremamu JIT n YTM u paBna 200 kM. O6opynosanne cayxebuoil
CBSI3H O0eCNeYUBAET OPraHM3aLKI0 KaHAJOB BHCOKOYAaCTOTHOH NOCTAaHIHOHHON ciay-
xkebuolt cBsizn Mexay OPII u HH3KOUAacCTOTHOH YYaCTKOBOH CJYXeOGHOH CBA3H MeXIY
OPIT u HPII B mpenenax cexkuuy oGCTYXKUBAHUS.

Ha cranpaprHoit cTOliKe pa3MellaeTcsi OKOHeuHoe oO6opyjoBanye JHHEHHOro
Tpakra, ofecleuyBaioliee OPraHU3alWI0 ABYX JBYCTODOHHHX TPETHUHBIX IH(DPOBEIX
TpakroB (Ha 960 kananoB TU). JIuneHbI!l pereHepaTop BHINOJIHEH BO BJIAro3alluT-
HOM KOHCTPYKIMHM, pasMepbl Ojoka yHuuUHPOBaHH ¢ rafapuramu G6JOKOB NpoMe-
KYTOYHOTO OGOPYIOBAHHA BBHICOKOUACTOTHBIX aHAJOrOBBIX CHCTEM.

Morpe6aene HEPrHH AUCTAHUHOHHOrO NHTaHHd — 2 BT Ha OAHOCTOPOHHHI
peresepatop. CxeMbl oOHapyXKHTeJds OIUHGOK B JHHeHHBIX peredepatopax TNoi-
kmoyaloTess K uenw [IT mo xoMaHze ¢ oOCly)XHBaeMOro NyHKTa NPH H3MepPEHHH
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BCPHOCTH mepenadd JaxHoro pereneparopa. Baokn YTM pasMellanTtcs B KaXAOM
HPII. ¥Ycumures KaHANOB CAYXKeOHOH CBA3H pPAa3MEUIAIOTCH HA KaXKAOM IIECTOM
HPIT B Mecrax YCTaHOBKM OOOpPYIOBaHHSI M IOAAYH H3OBHITOYHOTO HABJEHHA B
Kabenp. HeoGcayxnpaempiii pereHepallHOHHHIE NYHKT pa3Melnaercss B KOHTefiHepe
HPTIT-2, YCTaHABJIHBACMOM HEIIOCPEACTBEHHO B IDYHT. B onnom KOHTEiiHepe pas-
MeIlaloTCA 1Ba JuHefinpxX pereneparopa. Kopmyc kourefinepa — cBapHoi u3 CTaib-
Holl TpyOm gmHaMerpoM 700 MM. TaGaputirie  pasmepbr  Konteiinepa HPIIT-2
1155X1186x910. IMogkmouenne JuHefiHoro kabeas x HPII ocymecrsasercs c¢ 1o-
Momplo cTabkabeseli. OOCHyxHBaeMBIf  pereHeDaNHOHHBI INYHKT COREPKHT JIBe
CTOHKH, aHajsoruydsie mo cocraBy COJIT .

OCHOBHHE SNEKTPHUECKHEe XAPAKTEPUCTHKH

CKOpOCTb BXOAMBIX BTODHUHBIX IIOTOKOB, Kbut/c . . 8448 (1%2.10-9)

CkopocTh TpynnoBoro mortoka, x6utfc-. . -. « . 34368 (1x1,5-10-%)

Tun kaGena . . . . . . .+ . . MKT4

Maxkcumanbuas }laJIbHOCTb CBﬂSH KM ... . . 2500

UHcao BXOAHBIX BTODHYHEIX MOTOKOB . . . . . 4

Uncno kanamos TH . - . L. .. .. 480

Yacrora clAeX0OBaHHA LHKJOB, Kl'u R . 16

CpenHee BpeMs BOCCTAHOBJEHHS HUKJIOBON CHHXpOHPI~

3alMH, MC . 0,5

Besnuuna BpeV(eHHbIX q>nyKTyaumx BHOCHMbIX ocopy-

nosanuem TBT, Y% 5

MaKcHManbHas uacToTa COMIACOBAHHS cxopom‘en T 300

Tun nuHefinoro koma . . . . . . . . KBII3

JlauHa yyacTKa pereHepanuH, kM .. 2,332

Yacrocts ownbox, He Goree . . . . . . . 107!° Ha o;mH pe-
reHeparop

Bennunna BpeMeHHBIX cpJIyKTyauuH, rpax, He Ooiee

(Ha omuH pereseparop) . o2

JlauHa cexuuu OPH—OPI'I kM .. ... 200

ToK AHCTAHNHMOHHOrO NHTaHusa, MA . . . . . . 200

Hanpsxenue pucTaHlMoOBHOrO NMTamus, B . . . . 1300

7.4. Anmapatypa MKM-1920

Annaparypa WUKM-1920 npemsassaueHa AJs OPraHH3alHWH Ha BHYTPH3OHOBBIX
H MAaruCTpaJjdbHBiX CeTAX MOIIHOTO MYyYKa TeJIe(bOHHbIX KaHaJoOB M Ilepefaun Teae-
BH3HOHHLIX Bell[aTeJbHLIX CHIHANOB NO Kabensm Tuna KM-4 ¢ KoakcHaJbHHMH ma-
pamu 2,6/9,5 mM. Ckopocts Hudposoro noroxa 139 264 kbur/c. MakcuManbHas Xajb-
HocTs cBsA3u 12 500 kM.

Annmapatypa COCTOHT H3 06OPYIOBaHHsI YETBEPHUYHOTO BPEMEHHOTO TIPynnood-
pasosauuss (UBTI), anmanoro-undpoBoro npeo6pasoBaHHs CHTHAJOB TeNEBH3HOHHOTO
Bemanus (ALIO-TC), auHefiHOro TpaKTa KOAKCHAJNbHBIX KaOeJbHHIX JHHHH M CHe-
LHAJU3HPOBAHHBIX KOHTPOJbHO-H3MEPHTEJbHBIX NpHOOopOB. CxeMa oOpraHu3aluH CBs-
au ¢ nomouibio annaparypel MKM-1920 nokazana Ha puc. 7.7.

O6opynoBaune UBIT ocymecTBafieT acHHXPOHHOE HJIH CHHXPOHHOe TNOOHTOBOE
o0beMHEHHEe YeTBIPEX TPeTHYHHIX UUPPOBLIX MOTOKOB, HMEIOIIHX CKOPOCThb
34 368 k6ut/c, B rPyNNOBON UETBEPHUHBIH LUDPOBOH MOTOK €O CKOPOCTHIO NEPEAAyH
139264 k6ur/c. [Ipm sToM B uyeTBepHUHOM INOTOKe 0O€CIEYHBAETCS OPTaHH3AUUA
1920 xanaaos TY.

O6opynoanre ALIO-TC ocymectBiser npeofpasoBanue TeJEBH3HOHHOTO CHI-
Hana B LH(POBOR NOTOK €O cKopocThio mnepenaun 103 104 k6ur/c, moctTynawomui
Ha obopynosanne UBT B Buze Tpex TpeTHUHBIX LH)POBHX NoToKoB. B aroM ciyuae
B UETBEPHYHOM TMOTOKE OpPraHH3yeTcs KaHaj IMepejaud TeJeBH3HOHHOrO CHIHala H
480 xanajos TY.

O6opynoBaHne NHHEHHOrO TpaKTa obecneudBaer nepepauy no kabemo KM-4
YeTBEPHYHOT0 LHGPOBOrO MOTOKA, AHCTAHIHOHHOE IHTAHHE H TEJEKOHTPOJb 000py-
nosanus HPTI, oprasxsanuio c.ny}xeﬁﬂon CBA3H Ha Marucrpaiu. B smsefiHOM Tpak-

195




Nepeoava : SUREGHEINE mpaxnr
I 34368

E’”’I‘Eﬂl rGumfe ‘ l
— s l
Em—wa}”—% 139 264
xbumjc
g aog o |
— 3;;357 I
xoumje
E"t’f" l > a1 204
T 54 368 temfs — o
NOUM[G pam l
Xi
— wass |or PiBE |
HH-480) 254 Zeom
ik | ‘ 12500 kN,

Puc. 7.7. CrpykrypHas cxeva

Te HCHOJb3yercd OAHOKaGesbHHI pexkuM paGorel. HoMmuHajabHash IJHHa ydacTxa
pereHepauns 3 KM, MakCHMasJbHOe paccTosume MeXAy OOCIyXUBaeMbIMH peresepa-
HHOHHBIMH TyHKTaME 240 kM. B oxHom kaGese KMI-4 Moxer ObiThb OpraHH3oBaHO
IBa JBYCTODOHHHX UETBEPHUHBIX UH(POBHIX Tpakra, 4TO coorsercTayer 3840 xa-
Hagam TU.

O6opyaosanne YUBT ocHOBa®HO Ha NpPHHLHNE JABYCTOPOHHErO COFJIACOBAHHS CKO-
pocTeli H JBYXKOMaHLHOTO yNpaBjeHHsA. B o6opyLoBaHHH NpCIycMOTPelLt TPH pe-
JXHMa paGoThl: ACHHXPOHHBIH, CHHXDOHHBIH H CHHXDOHHO-cuHQasublii. IlepBhie 1Ba
pexuMa MCHOJB3YIOTCS ANsl Nepejaud UHQPORHIX NOTOKOB, (OPMHPYEMBIX B amma-
patrype MKM-480, a Tpetmii pexum — JJd Tepelain TpPex UH(OPOBLIX MOTOKOB,
dopMupyeMbix Ha Bbixoge oGopynoBamus AIO-TC. T'pymnosofi moTox Ha Bhixole
o6opyposanuss  UBT ckpemGaupyerca u npeobpasyerca B kog KBII-3. Cucreva
KOHTDOJIt M CHTHAJNH3aUHH OOecleyHBAeT aBTOMATHUECKOE ONpejesieHHe HoMepa He-
uenpasHoro 6joka. MMeeTcss BO3MOMKHOCTb OPraHH3auuy ciaykeGHON cBS3M 1O uud-
poBoMy kaHaay. CrpykTypa uukja nepeiaun oGopymoBaums UBI mpusesesa 3
taba. 7.3. Ha cramgapruoil cTofike pasMelnaercss ABa KOMIJeKTa o60pyaoBannus
UBT, uto obecneyuBaer oprann3auuio 3840 TenedoHHBIX KaHAJIOB.

O6opynosanne ALIO-TC ofecneunBaer mnepefauy MeTOZaM¥ HMIYJIbCHO-KO10-
BOH MOAYJSINMHM LBETHOTO BELIATeJbHOTO TENeBH3HOHHOTO CHTHAaZa M ABYX CHTHAJIO0B
3BYKOBOTO CONPOBOXK/IeHUs. Amnanoro-unpposoe npeobpasoBanie TeJeBH3HORHOIO
CHIHAJa NPOU3BOJUTCS B BOCbMHPA3pPAJHOM KOJe.

CHrHaJipl 3BYKOBOTO CONPOBOXKIEHHS TeJeBHIEHHA TMOABEPraloTCcs HedHHeHHOMY
aHanoro-uu(ppoBOMy NpeoGPa3OBaHHI0 C CEMHCETMEHTHOH  XapakTepHCTHKOH Tuma
p(u=15). Ilpx arom 12-paspsnHoe KOAMPOBAHHE TMO3BOJISET 00ECHEYUTb OTHOLIE-
HHe CHTHAJ-IIYyM KBAHTOBaHHMsS B peXuMe MONYaHHS He MeHee 64 1B, uTo cooTser-
crByeT Tpe6OBaHHSM K KaHa/laM 3BYKOBOTO CONDPOBOXK/EHHS Bbicliero kuacca. Cu-
BOJIBI LH(POBBIX NOTOKOB, COOTBETCTBYIOUIMX CHTHAJaM 3BYKOBOTO CONPOBOXKIEHHS,
CHHXPOHHO BBOXATCA B HU(POBOiH TENEBH3HOHHBIA CHMPHAJ Ha TO3HUHH MJAjJUero
(BocbMOro) paspana Kaxjol IulecTodl KogoBoit rpynnul. Ha 3tHX Xe NO3MIHSAX
OCYLIECTBJIIETCSA Tepejlaya CHHXpOCHTHana. JIng yMeHbUIeHHs 3aMEeTHOCTH HCKaxKe-
HHMIl B KaHaJe TeJeBHACHHS mepel UM(PPOAHANIOroBbIM Npeo6pasoBaHHEM TeJeBH3H-
OHHOTO CHFHAJa KaX[blH CHMBOJ CHTHAJa 3BYKOBOTO CONPOBOXKIEHHH HJH CHHXPO-
HMIYJbC 3aMeHSeTCsl CHMBOJIOM BOCBMOTO Paspsifia NpellecTBYHMlefi KOAOBOH Ipym-
nbi HH(POBOro CurHa/la TeJeBHACHHH.

Mepenatomee . 1 npuemuoe o6opyroBakne ALIO-TC pasmemaercs Ha Croiike
CTaHAAPTHOM KOHCTPYKIHH.
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annaparypst TKM-1920
Ta6anuna 7.3
Howmepa Homep
Buax nepenapaeMod HHPOpMauuH TO3HIHKHA TPYMIb
B LHKJE B IHKJe
CHHXPOCHTHAJ 1—10
CuMBoab udpoBOit cnykeGHol cBA3M 11 I
CHMBOJBI KOHTDPOJISI M CHFHAJIH3AIHH 12
Wubopmanmonsbie CHMBOJIbI 13—544
[Tepsbie cUMBOABLI KOMaH] COIJIACOBAHUS CKOPOCTEH 1—4 e
Hudopmanuonrbie CHMBOJbI 5—5b44
Bropbie cumBoJbl KOMaHJ COTJ1acoBaHUS CKOPOCTEH 1—4 1
Mudopmannonssie CHMBOJIbI 5—544
Tpersn cuMBOJILI KOMaHJ COrJ1acoBalHsl CKOPOCTEHt 1—4
Hudopmauyonrble CHMBOJb, TNepelaBaeMple NpH oTpuua-| 5—8 v
TeJJbHOM COrJIacOBaHUHM cKopocTeil. [lpoMexyrounbie 3ua-
YeHHS BPEMEHHOTO HHTepBa/ja MeXAY MOMEHTaMH 3alucH
I CYHTHIBAHHS
HndopmaunoHnbe CHMBOMBI 9—544

B nanHOM UHKJIE YHCJO CHMBOJIOB COCTaBJasAeT 2176; wacToTa C/eioBaHKA LHKAOB 64 kxIu;
YacToTa CJAENOBaHHA TIPpymi 256 KIL; uHc/O CHMBOJNOB OZHOTO BXOAHOTO IM(POBOTO MOTOKa 537.

IIpuHunnsl opraHu3auuy JuHeiiHoro rtpakra MKM-1920 aHajornueH opranusa-
uun tpakra B annapatype MKM-480. OxoneuHoe oGopynoBaHue JHHEHHOrO TpakKra
pasMelllaeTcs Ha ABYX CTaHuapTHHX cToiikax. Ha crofike oGopynoBanusi JHHEHHOro
rpakra (COJIT) pasmemarorcs CraHUMOHHble pereHepaTopel, o6opymosanne YTM,
MTM n cayxe6uoli cssu. Ha npyroii croiike (CHAII) pasmewaercs oBopynosaHue
AHCTAHIHOHHOFO NHTAHHA JABYX 4YeTBEPHYHBIX LH(pPOBHX TPaKTOB. TOK AHCTAHUHOH-
Horo muraHus 400 MA, makcnMmansHoe Hanpsikerne 1700 B. B moaycexumio o6ciy-
KuBanus Bxoaut o 40 HPIL

IpomexkyTouHOe 060pYyHOBaHHE pa3MellaeTcsi B KOHTeHHEpPax, YCTAHABIHBAEMBIX
B rpyHT. KOHCTPYKUMS KOHTeHHepa YHH(HUHPOBAaHA [Ji MHOTOKAHAJbHBIX aHaJo-
TOBHIX M UHQPOBBIX CHCTEM MNepeladuH NO KOAaKCHAJbHBIM KabelsM. [IInHA yuyacTka
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pereHepalHd MoXeT H3MeHATbc oT 2,75 no 3,15 kM. YacrocTh OWHGOK OnHOTQ JM-
HeifHoro pereHeparopa He Godee 10—!0. JIuCTAHIHOHHHA KOHTPOJNL BEPHOCTH obec-
NEUHBAETCH C TOMOLIBI OOHAapyXHTeJeH oUIHO0K, pasMellaeMblXx HeNOCpPelCTBeHHO
B 6JIOKe JHHeHHOro pereHeparopa.

OcHOBHHE

CKopOCTb BXOZHHX TPeTHYHHX MOTOKOB, KOGHT/c . .
CKOpocTb TI'pYNNOBOrO IOTOKa, KOut/c . . . . .
Tun xabens . . R
MaxkcnmaabHas ,lIaJIbHOCTb CBSI3PI KM

Yucao BXOAHBIX TPETHYHHIX MOTOKOB

Upcno kanamo TH . . . .

UacToTa ClIeZOBAHHS LHKJIOB, in SR

Cpezanee BpeMsi BOCCTAHOBJIEHHS IIHKJ/IOBOH cm{xponm
3allHH, MC . .
Beauunna BpeMeHHHx cp.nyx'ryauna, BHOCHMHX 060py
- poBaruem YBT, %

MaKcHma/bhas 4acTora COrMACOBAHHSA
ITonoca nepe}laBaeme YaCTOT CHIHAJA
(CTB) .o
Yacrora ﬂ,ncxpemaaunn CTB Fu .
Uncao paspsnoe xona CTB . .

3axox xoaupomanus CTB

OTHOIIIEHHe CHTHAJ-IIYM KBaHToaaHnﬁ, CTB ﬂ,B
Cxopoctb mudposoro noroka CTB, xbut/c .
ITosoca 3ddekTHBHO NepelaBaeMHX YacToOT
3BykoBoro conposoxjenus (C3C), I‘u. .
Bup mopyasuuu C3C

Yacrora JHCKpETH3AUHH C3C KI‘u .

Uncno paspsagoB koma C3C

3akon koaupomamns C3C . . .

cxopocreu I‘u,
TeJIeBHIeHH S

CHrHaJa

Cropocts uupposoro noroka C3C, KGut/C .
Tuo JHHEHHOTO Koja .

JnuHa yuacrka pereﬂepalmn KM

Koapduunent owmnbox, He Gouaee

BenuunHa BpeMeHHHIX (JyRTyaLui, BoanKaloumx B Jm-
HeflHOM TpaKTe, HA OLUH pereaepa'rop, rpa}x .
Hunna cekuuy OPIT—OPII, kM

Tok AWCTAHUHOHHOrO HMTAHHS, MA . . ..
HanpsixeHne AHCTaHUHOHHOIO ITHTAHUS, B. . . .

7.5. Anmaparypa UKM-12

.

9JMEeKTPDHUYECKHEe XaPDaKTEPHCTHKH

34 368 (14:1,5-10-9)
139264 (1%1.10-5)
KMB-4

2500

4
1920
64

0,15

5
870

50 I'm — 6,0 MTI'x
12 888

JHEeAHBH
61
334 368

30—15 000

HKM

35,8

12

HeJNHHeHHHH, Xapak-
TepucTHKA p==15/7
537

KBII-3

2,75—3,15

10-1° Ha ogmH pe-
reHepaTop

6

240
400
1700

Amnaparypa MKM-12 [34] npexguasHaueHa AJii OPraHM3alMH COEIHHHTEJbHHX
JUHHA Mexay cesbckHMH ATC ymulotiicHHeM OJHOYETBEPOUHHIX Kabenell ¢ LoJm-
aruneHoBoit usondanueir tTHna KCIIIT 1X4%0,9 uwan KCIIIT 1X4X1,2; ronyckaercs
Takxke npuMeHeHne Kabens BTCII. Ammaparypa BKMOYaeTcs TO OAHOKaGeJbHON
cxeMe. CkopocTb Nepefaus TPYNIOBOrO LM(POBOrO CHrHala B JuHHM 704 KOHT/C.

Annaparypa MKM-12 obecneunBaer opranuzauunw 12 TeJeOHHBIX KaHAJIOB,
KaxXIblil H3 KOTOPHIX HMeeT TPH CHTHAJbHHX KaHaJa JJisi Nepefayd CHIHAJOB Y-
paBieHHs H B3aumojefictBus. B ammaparype mpepycMoTpeHa BO3MOXKHOCTb OPraH-
3aluM XaHajia BellaHHs BTOPOro kKJjacca (c loJsocoi yacror 100—6000 I'u) BMecro
IBYX Tele(OHHBIX KaHANOB, a4 TaKXe ABYX KaHAJOB MJA NMepelaud AUCKPETHOM HH-
¢opmanun co ckopocTb a0 200 6ur/c i

! B wuacrosillee BpeMs pa3paGoTaH MOAePHH3HPOBAHHLIH BapHaut 3TOH anna-
patypst — HKM-15, obecneunBalomesi opraHusamuwo 15 kanamos TU; ckopocTs
nepefauu JuHedinoro curxaja 1024 kGut/c. ‘
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OkKoHeuHasi CTAHUHA COCTOMT H3 12-KAHAJIBHOrG yHHBepcaJsHOro 6aoka (IVYB),
aHanoro-uHQposoro npeobpasoBanus M 6ICKa OKOHEUHOH DEreHepaTHBHON TPAaHCJS-
uxd (BOPT). Ilocnemnnii ocyHIecTBAseT pereHepallyio NMPHHAMAaeMOTO H3 JIHHHMH
PPYNNOBOrO CHrHaja, AMCTAHUHOHHOE NHTAHHe JIMHeHHbIX pereHepaTopoB, OPraHH-
3alMio no (aHTOMHOK UenH KaHana cayxe6HOH cBasn. HoMmunanbHoe 3artyxaHhe
y4acTKa pereHepanud Ha nonytakrtoBoii dacrore 352 k[ cocrasaser 37 xb. Has
kabeast KCIIIT 1X4X0,9 makcuMalbHast AJHHAa Y9acTKa DereHepauuH paBHa 7,2 KM,
ans kabens KCIIT 1X4X1,2 — 7.8 kM. MakcumalbHas AaNbHOCTb cBS3H 50 KM.
JlaNbHOCTh CBSI3H ONpeENeJsieTcs] HaNnpsiKeHHeM AMCTAHUHOHHOTO NHTAHHS M BO3MOXK-
HOCTBIO OPraHH3aluH CAyxKeGHOR CBS3M.

Makcumanbhoe uncio HPIT B JuHefiHOM Tpakre — ceMb aasi Kabeas ¢ nua-
merpoM xun 0,9 MM H BoceMb M Kabeas c aMaMerTpoM Xua 1,2 MM. DJeKTpo- -
nuranue amnaparypel MKM-12 ocymecrsisercs or craHmHOHHOH OGaTapen Hampsi-
JKenHem 60 B.

OGopynopanue OKOHEYHOH CTaHUHH pasMelllaeTcsl Ha CTaTWBe C TaGapHTHHIMH
pasmepamu 2150)X600X225 Mm. Ha cratmee Moxer pasMewaTthcs 060pyOBaHHe
Ha 12, 24 nam 36 Tenedounbix xananoB. OGopynoBaHHE NPOMEXYTOUHOH CTaHIHH
PasMellleHO B CTaJbHHIX KOHTeHHEDaX, YCTaHaBJHBACMbIX HENOCDEACTBEHHO B TPYHT.
Tabapuruele pasmephl KoHTeliHeépa 1550%X 550 MM; macca — 200 xr. Cxema opra-
HH3allHK CBA3H ¢ momolubio annaparypet MKM-12 nokasana Ha puc. 7.8. IToctpoe-
Hre UHKaAa nepefaun annapatypsl MKM-12 nokasano B Taba. 7.4.
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Puc. 7.8. Crpykryphas cxema amnapatypst HKM-12

3aMenoll GJ0KOB WHAMBHAYyadbHoro obopyaoBanusi 11-ro M 12-ro TenedoHHEX
kaHanoB B VB cneuuansusiv 610KOM BellaHWs obecriedHBaeTcss OPraHH3alus ILBY-
CTOPOHHero KaHana BelllaHHsi BTOPOro KJjacca.

B o6opymobasuu auHeiinoro rtpakrta anmaparyptt MKM-12 B orimune ot Apy-
[HX THIOB HCHOJAL3YETCH OJHOMOJSPHHIA JBYXYPOBHEBHE KOJ; AJHTEJBHOCTb HM-
nyJIBCOR, MepeflaBacMBX B JIHHWIO, paBHa TakTOBOMY uutepBaty. Uactocts OWwHOOK
B JMHeliHOM Tpakre He Xyxe 106

JIMcTaHUMOHHOE NHTAaHHe TPOMEKYTOUHBIX CTAHIHMil ocyllecTsagercs mo dax-
TOMHOH HemH Ju60 C OXHON OKOHEUHOH CTaHIUM (NPH JJIMHE JHHHH 10 30 KM),
160 ¢ ABYX CTOPOH — NpH AJHHe auuuE o 50 kM. ToK JHCTAHLIHOHHOTO MHTAHHA
80 MA=*10%; HanpsiKeHWe IUCTAHWMOHHOrO nuraHma 15—150 B. CnyxebHast cBA3b
OCYIIeCTBJISIETCS] 10 TOH 2Ke IelH, YTo H AHCTAHIMOHHOE MUTaHHe.

Koureitrep HPIT BhinosHeH B BHAE CBAPHOTO KOpnyca H3 CTalbHOH TPYyGH,
HMeeT UYTYHHYIO 3alINTHYI0 KDHIUKY H BHYTDEHHIO FepMETH3HDYIOULYIO aJIOMHHHE-
BYIO Kphiiky. OAHOCTOPOHHMH JuNefiHbiii pereHeparop pasMelllaercs B TePMeTH3H-
POBAHHOM NOJHITHJIEHOBOM KOpHyce,
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Ta6nuuma 74

Bun nepenasaeMoit HHOpMaLHH Homzpau::;guﬂﬁ H,,°”2§‘e’;,(§§§ﬁ§"

Cumpoasl 2, 4 ¥ 6-ro  TeJleOHHHIX KaHa- 121 1—12

JIOB

CHMBOJIBL [-TO CHIHAJBHOTO KaHaJaa 22 1—12

CurHan CBepXUUMKJOBOH  CHHXDOHH3ALHUH 22 0

(uepeaytouuecs «1» u «0»)

CumBoasl 8, 10 u 12-ro TesnedoHHEIX Ka- 23—43 1—12

HaJIOB '

CHMBOJIBL 2-00 CHTHAJBHOTO KaHaga 44 1—12 B HeueTHBIX
CBePXUHKIAX

CuMBOJB 3-TO CHTHAJILHOIO KaHaja 44 1-—12 B weTHBIX
CBEPXUHUKAAX

CursaJj KOHTPOJIBHOMO KaHaJja 44 0

CumBoael 1, 3 # 5-ro TeledOHHBIX KaHa- 45-—-65 1—12

7108 ) .

CHMBOJIBI THCKPETHOH HH(DOpPMANUA 66 1—12

Cumsoasl 7, 9 u 1l-ro resedoHHHX KaHa- 67 - 87 1—12

JIOB

MnyapCe LHKIOBOH CHHXPOHU3ALNK 88 1—12

OcHoBHB € 9JEKTpDHUYCCKHE XAPAKTEPDHCTHKH

Uneno TeneOHHBIX KaHAZoB . e 12

CKOpOCTp TDYNIOBOTO IOTOKA, K6HT/C .. ... 704 (1x£5-107%)

Yacrora auckperusaunuy, Klig .. . . 8

Uueno paspsigoB Koga . . . . . . . . . 7T

3aKOH KOAHpPOBAHMUA . . . . . . . . . . Jorapu)MHYECKHH,
uw=300

OTHolueHHe CHrHAJ-IUYM KBaHTOBaHMA, AD, B AuHamu-

yeckoM jauanasose 35 ab . . ... 26

MomHocTs IyMOB B pexume MOJI‘{aH}{ﬂ, nBr . . 900

YacToTHass XapakKTePHCTHKA OCTATOYHOro 3aTyxaHH;1 1/5 Hopust MKKTT
3aIHIIEHHOCTh OT BHATHBIX HEPEXO/HBIX BJHSHHH MeX-

Ay KaHatamu, b, He MeHee . . . . B8
CpeziHee BpeMsi BXOXKJACHHS B cpmxpormsw MC A b |
YacrocTh omu60OK B JUHEAHOM Tpakre . . . . . 10-®
MaxkcumanpHas HaJbHOCTL CBSA3H, KM . . .. 50
MakcumanbHasg JAHHA ydacTka peI‘eHepaLLHH K .. 18
ToK OHUCTAHUHMOHHOrO NHTaHudA, MA . .. 80
Hanpsxeune nuramus, B . . . . . . . . —60B

7.6. Anmapatypa IU@POBOrO BellaHUA

Annaparypa uudpoBoil Nepejaud CHrHaJOB 3BYKOBOTO BellaHust [25] npexwa-
3HauyeHa JJA OPraHU3aUMH COEeJHHUTEJbHBIX JHHHUA 3BYKOBOTO BeLAHHS HAa BHYTDH-
FOPOJCKHX Y4YacTKax ceTH. Amnaparypa paforaer Mo JHHEHHHIM TpakTaMm anmnapa-
typut UKM-30. ITo oxnomy TPAKTY MOXKer ObITh OPraHH30BaHO 4eThlpe KaHaJja
Bel[aHKs BHICHIEro Kjacca ¢ moJsocod yacror 30—15000 T'm (uam 1Ba kaHana cre-
PeodOHHUECKOrO BeulaHus).

B cocraB ammapaTyphl BXOAAT: KOMIeKT LuppoBoro Bewanus (KBIL), BKJio-
yatomnit Kommiekts komuposanus (KKB) u jgekopuposanust (KJIB); KOMILIekT
mepsHYHOrO BpeMcuiioro rpynnoo6pasosauus (KIIBI); npuGop usmepenns OTHO-
IIEHHA CHTHAJ-LIyM KBaHTOBAHHS B JHHAMHYECKOM JHANa3oHe BXOAHBIX CHIHAJIOB
or 6 g0 —60 nb. Cxema opranuzauuu cBasu ¢ nomoiubto AlIB npencrasieHa ka
puc. 7.9.
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Komnaekr KIUB npexnasHaued Aas anajgoro-uu¢poBOoro npeo6pasoBaHHS MeTO-

nom MKM curmamna

3BYKOBOro

BCLLAHHA

LH(pPOBOH

NMOTOK CO CKOPQCTBLIO

512 xOur/c. HJas yBelHueHHs 3alUHMIIEHHOCTH IH(POBOFO CHTHAJA OT NOMeX B Ji-

HeHOM TpakTe B KaXAYlO KOZOBYK TPYNNY BBOJAUTCA CHMBOJ, OGeCTeyHBAIOLLHi
BO3MOXHOCTh [TPOBEPKH HA YETHOCTh IUECTH CTapIUMHX PaspsioB.

Nepedaye:

7

512 kGumfc
z

512 kGum/c

g P 512 kGumje

Knsr

% KKE 512 kGum/g

JuRETHETEL mpaKmt

2048
xoumjc

l
l

l

Toitew

|
I
l

l
I
T
|

|

A8

Z 7
|57&aGum/c _)_

512 kGumfc z

K48

512 kGumy! J
512 K5Um/C &

Puc. 7.9.’CprKTypHaﬂ cxeMa ammnapartypsl HudpoBOTO BelllaHHS

Kommuekr KIIRT npenHasHaueH AJd CHHXDOHHOTO U CHH(A3HOTO OGheIMHEHHS
(pa3zenerus) ueThipex HUGPOBBEIX HOTOKOB €O CKOPOCTbIO 512 kGuT/c B UH(DPOBOIH
OTOK €O ckopocTbio 2048 x6ut/c.

CurHaa UWKJIOBOH CHHXDOHH3ALHH COCTOUT H3 UepeAYIOLIHXcd KoMOHUHAHMHE BH-
ga 1111 u 0000. IlpueMHHMK CHHXpOCHTHaJa — ajanTHBHBIN. [pynmoBo#l moTok Ha
Boixone KIIBT ckpemGaupyercs. IHuka nepesaun AIIB npmeeaen B taba. 7.5.

Ta6auma 7.5
Bujg nepenaBaeMoit HHGOPMaUHH HOM:D?”:;?T?““H I—f‘;h;gga
B LHKJE
CHHXPOCHIHAJ i—1 I
CHMBOJIBI NIEPBOTO IOTOKA:
uHGOPMAUHOHHBIE 5,9, 13, 17, 21,
25, 29, 33, 37,
41, 45, 49
cnyxeGHBe 53, 57
CuMBOJBI BTOPOro MOTOKA:
HHPOPMALHOHHBIC 6, 10, 14, 18, Iull
22, 26, 30, 34,
38, 42, 46, 50
cnyxcGrbIC 54, 58
CHMBOJBl TPETHEro MOTOKA:
nH(OPMaUKOHHBIE 7, 11, 15, 19, ITull
23, 27, 31, 35,
39, 43, 47, 51
cnyxebHbe 55, 59
CHMBOJBI YETBEPTOrO MOTOKA:
HHPOPMAIHOHHBIE 8, 12, 16, 20, Iull
24, 28, 32, 36,
40, 44, 48, 52
cayxebHbe 56, 60
cBoGo HbIE 61-—64
HudpoBasa cayxebHasa cBA3b 1,2 11
CurHan BhI3OBa 3 11
Curnana «Hssemenue» 4 11

201




Ha cranpaprHoii crofike mpu NOJHON KOMILIEKTalMH pasMelaercsi 12 KoMIlJek-
toB KKB mwmm KOAB »n Ttpu xommiaexra KIIBI, uro ofecnmeunBaer OpTaHi3ainuio
12 kananoB BemaHHd BHICWErO kJacca (WIH LIECTH KaHAMOB CTePEOPOHHUECKOTO
Bellanus).

OCHOBHHC 3JEeKTPHUYECKHEe XAPAKTEPUCTHKH

Tonoca apderrusno nepepabaembix uactor, [m . . . 30—15000
Yposeus neperpysku, ab . . . ... 12
Ilpenenbl yCTaHOBKH HOMHHAJBHOTO ypomm AB

Ha BXoZEe . . . . . . 0—6

Ha JONOJHHTEJbHOM onne .. . . . 0—15
HecTabuipHOCTb OCTaTOYHOTO saryxaﬂusx 115 .. =05
3alllHIEeHHOCTb OT NICO(OMETPHUECKOIO IUyMa, 1113 .. 12
OTHollleHHe CHIHAaA-1UYyM KBaHTOBaHAsd, 1B, npu yposue
cHurHasa, ab:

—13 5

—49 .. ..o 30
Koadduuuenr HeJlHHeHl—IHX cha)xemm, % . .o 03
3al{LIeRHOCTh OT BHATHOH NepexopHow nomexn xB .. 90
Bxopuoe compotusienHe, OM . . . . .. 600
BHIXOAHOe CONPOTHBJEHHE, OM:
OCHOBHOH BHIXOJ e v e w4 e e s s e 600
IONOJHHTENBHBIH BBIXOX 1

7.7. Aunaparypa uugposoit TeleBU3UOHHOMI
coepunuTenpHont suHuu TCJI-I]

Annaparypa TCJI-1l npemuasHadeHa aJs opranu3aukd HHAQPOBHIX TEJIEBH3HOH-
HBIX COEJMHHMTENbHBIX JUHWH N0 KOakKCHaJbHOMYy Kabemo tima KMI-4 [26]. An-
nmaparypa ofecneyHBaeT OpraHM3allMio MO KOakcuanipHOH nape 2,6/9,5 MM asycto-
POHHETO TeJeBH3MOHHOrO KaHaja H ABYX KAaHaJO0B 3BYKOBOTO COIpPOBOXKIEHHS TeJe-
BH/EHHS B LHGPOBOM NOTOKe cO cKopoctbio 114 048 k6ur/c. Ilpu srom mo xabeawo
KMT-4 Moxer GHTb OPraHH30BAaHO [0 YETHIPEX TeJEBH3HOHHBIX KaHaJOB U BOCbMH
KaHaJioB 3BYKOBOTO CONpOBOMAeHHs. [10 CHMMETDHuHEIM napaM Ka0esst OpraHu3y-
eTcsl 1BA KaHana «1yxKe6HOH CBs3M H CHCTEMa TEJEKOHTPOJs. MakcuManpHas TNpo-
TSXKEHHOCTb COeJHHHTENbHOH JunuH 80 KM,

B cocraB anmaparypel BxoisT: 06OpyLOBaHHe KOAMPOBaHHSI TEJEBH3HOHHBIX
curianos (KTC), rekomuponanus TtejeBusuoHHbX curHajo (JTC), 3BykoBoro co-
npoBoxkjennsi (3C), TeaemexaHHkH H AxcranunonHoro nuranus (TII), Heobeay-
XXHBaeMble pereHep2LUHOHHbBIE NYHKTH, B KOTODHIX Da3MellaloTcs JHHefdHble pereHepa-
TOPHI, a TakKKe KOMIJIEKT KOMTPOJbHO-H3MePHTEAbHbIX NPHOOPOB, AHAJOTHUHBLIX IO
COCTaBY M HasHaueHHIO npubopam KoMmIuekca anmaparypet MKM-1920 u paccun-
TaHHBIX Ha paboty ¢ JMuHeftHHM curHanom 114 048 k6ur/c.

CrofikH KOMIJIEKca, YCTaHaBJAMBAaeMble Ha OKOHEYHBIX NYHKTax, HMeloT raba-
puTHsle pasmepnl 2000X600X225 mM. O6opyrosanue HPIT pasvemaercss B KOHTeH-
Hepax, KOTOpHle YCTAHABIMBAOTCA JUB0 B CMOTPOBHIX KOJOALAX TOPOACKOH Kabesb-
noit cern (HPIIK-4), an6o B noawvespax gomoB (HPIIII-4). T'abaputHbie paszmeps
kouteitnepa HPITK-4 580380320 mm, HPIIIT-4 700X 642X 560 mm. [Muraune au-
napatypsl OCyIleCTBJSIETCS OT CETH NlepeMeHHOro ToKa HampsikenHem 220 B. Cxema
OpraHusallMy cBs3x ¢ nomoulbio xoMmJekca TCJI-1I nmokasama ma puc. 7.10.

B KTC ocywmecTBasfieTC HMIYJbCHO-KOAOBAS MOAYJSUHS TEJNEBH3HOHHONO CHI-
HaJa ¢ fapaMeTpaMH, aHaJOrMYHBIMH napamerpaM obopynosauns AlLJO-TC ammapas
typst UKM-1920. Curran TcneBHaenHs M ABa CHTHaNa 38YKOBOTO COTPOBOXKJAEHHA
o6beunsAnTed B 1HGpoBoi GOpMe B IPYMIOBOH NHOTOK cO cKopocTbio 114 048 k6ur/c
1 nepenawrtes B JuHui0. Ha crofike CKTC pasmewmiaotes ABa KOMIUICKTa ofopy-
nosanns KTC; na croiike CATC — nBa komnaekra o6opypoBanust ITC. Ha croit-
ke C3C pacnomaraercsi 10 BOCbMH KOMIIEKTOB NepeRAIOMiero M NpHeMHOro o06opy-
JOBaHHA KAaHAJOB 3BYKOBOTO CONpPOBOXKJeHHs. M3Menssa cocraB 060pyAoBaHHS, ycTa-

202




HasiuBaemoro Ha CKTC, CATC ¢ C3C, MoXHO 0ecHeydHTb OPraHM3anHIO0 YeTH-
Pex ABYCTOPOHHMX TEJNEBH3HOHHHX KaHANOB NpPH JIOOHX COYETAHHSX HaNpaBJICHHH

nepefay.
Nepedava
KIC IluMiym/{‘
47 |
577 l
i AGwm/e an

JSlunelnsl¥ mpakm

Jauem

4N

Uy VR

410

KGum/e

509

Puc. 7.10. CrpykrypHas cXeMa aNlapaTyphl Te/eBH3HOHHOH COeXMHHTEILHOH JHHHH

HomuHnasibHast NPOTAXKEHHOCTh PEreHEePALMOHHOIO yyacTka 3 KM. JIHCTAHuMOH-
woe nurahme PJI mpoussoauvcs TokoM 500 MA; makcuMasbHoe Hanpskenne JITT
610 B. Ha croiixe CT/Il ycranaBmmpaerca ABa KoMIJIeKTa OGODYAOBaHHA, KaXK-
AHH H3 KOTOPHX ofecleudBaeT HHTAHHE IBYX BBHICOKOCKOPOCTHBIX JMHEHHHX TpaK-
TOB NPH AJHHe JHHHY A0 40 kM. Ec/H NPOTSKeHHOCTb COeAHHHTENLHON JHHHH TIpe-
Butaer 40 kM, To CTHIT ycramasmuBaiorcs Ha o6OMX OKOHewHHX myHkTax. Q6o-
pynoBalliie TeleMexaHHKH, pasmecilennoe na CT/II, nossoasier AMCTAaHIMOHHO KOHT-
poaupoBath cocrosinne HPI], a npr o6pHBe koakcHaJbHOM IAPH OHPEAENATb HOMEP
uoBpexaenHoro yuactka. Ha croiixax CKTC u CHATC pasmemaercs Ttakxke 060-
pyHoBaHHe CAyxeGHOH CBA3H Mexay okoHeuHnmy nyekramu HPII. Crpykrypa umk-
Ja nepefavyH NpuBeleHa B Tabua 7.6.

TaGanua 7.6

Bupx nepepaBaeMol uabOpMallHK

Homepa mozuuu#
B LHKJe

CHMBOJBI KOAOBBLIX TPYINIl CHTHAJa TeJeBUICHUA

[TepBbIfi CHMBOJ CHHXPOCHPHaMA

CuMBOJIBI KOJOBBIX IPYII CHIHAJA Te/IEBHACHHA
CuMBOJ 1-r0 KaHana 3BYKOBOTO CONPOBOXKACHHA
CHMBOJIBI KOJOBLIX DPYIN CHUTHAJAa TeJeBHACHHSA

Bropo#i CHMBOJI CHHXPOCHTHAJAA

CHMBOJIBI KOJ0BbIX TPYIN CHIHA/IA TEJCBHISHUS

CumsoJ BTOPOTrO KaHAa/Aa 3BYKOBOI'0O CONPOBOXKIECHUS

1—55
56

Bcero B maHHOM LHKJe 224 CHMBOJIA; 4aCTOTa CJIeZOBaHHS LMUKJIOB cocTaBaser 509 k[

Jlas ycTpaHenHsi BPEMEHHEIX (JYKTyalui, BHOCHMBIX IPOMEXYTOYHBIM O0GOpY-
jgoBanHeM JuHefiHoro Tpakta, 8 TCJI-LL wucnosmwsyercss ycrpoiictBo OydepHo#i ma-
maru. TIpH 3ToM Cpe/lHEeKBajpaTHYecKOe 3HAYEHHE BPEMEHHHX (JIYKTyauui JHHei-
HOro curHaja He upeBbiuiaer 0,3 Hc, a cnekTp orpasuueH yacroroit 150 I'm.

OCHOBHBlE 3JeKTpPHUYECKHE XapaKTEepDHCTHKH

CKOpOCTh TPYNIIOBOTO INOTOKA, KOHT/

Tun gabeas . . .

Yucsno KaHaloB TeJIeBHAEHHSA . .
YKo KaHAJN0B 3BYKOBOTO COMDOBOXKIAEHHSA .

114048 (11-10-5)

KMb-4
1
2
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ITosoca 3¢ deKkTHBHO NepenaBaeMblX YacTOT CHIHa-

Ja Te;eBMAeHHs . . . . . . . . . . 50 Tu— 60 MI'y

Brx moayasuue . . . . . . . . HKM

Yacrora AHCKpPETH3AUMH, MI‘u ... ... 14,256

Uueno paspsagos koma . . . . . . . . 8

3akoH KopupoBaHHS . . .. . . JuHeHHHIA

Cxopocts uH(poOBOro nmoxa, x6ut/c . . . . 114048

OrHolleHHe cHrHaJ-IyM KBaHToBaHus, ub . . . 61

Ionoca s¢pdekTuBHO nepesaBaeMbIX YAaCTOT CHIHa-

Jia 3BykKoBoro conpoBoxpenust (C3C), 'm . . . 30—15000

Bua mopynsuun C3C . .. . . . HUKM

Hacrora nuCKpeTH3aUUH C3C kCu . . . . . 33,9

Uncno paspagos koza . . . . . . . . 12

3aKoH KOJIMPOBaHHA . . . . . . . . . HeJHHeHHBI, C XapaK-
TePHCTHKOH U =15/7

OrHowrenne cursaj-wyM, ib ... 64

CKopocTh IH(POBOTO NOTOKA CSC K6m/c T

Tun smeefiHoro xoza . . . . . . . . K82

Hauna yuyacrka pereﬂepauun, KM . . . . . 2.3

Yacrocts omubra . . . . . . . 107° ma opun perene-
paTop

ToK JHCTAHLHOHHOIO NHTaHUH, MA . ... . b0

Hanpsixkenue IMCTAHIHOHHOrO NHTAHUSA, B. . . 610

7.8. IlepcnekTuBnl pasButusa anmapatrypb IICII

Hanpueitmee cosepuenctBoBanne annapatypu LICII, obecneunBa-
jollee yAy4YLIeHHE TEXHHKO-3KOHOMHYECKHX XapakTePHCTHK LH(POBHIX
CHCTEM OCYLIECTBJSAETCA MO CJCIYIOIIUM OCHOBHBIM HampaBJIeHHSIM.

1. PaspaGorka u BHenpenue cBerosoaunix LLCII. Ycnemnue ucesne-
JOBaHHA, NPOBeJEHHble B Halllell cTpaHe U 3a PydOekOoM, Mo CO3TAHHIO
CBETOBOAHOTO BOJOKHA 114 OCHOBE KBApIUEBOTO CTEKJa H JPYrHX Ma-
TEPHAJIOB, TMO3BOMHJH TePEeHTH K MPOMBILJIEHHOMY TIPOH3BOICTBY BO-
JIOKOHHO-ONTHUeCKnX Kabesel, ofecneydBaloUiUX nepelayy CHIHaJoB
ONTHYECKOTO JHamnaszoHa ¢ MaJbMH moTepsiMH. B ayuiinx o6pasuax
BOJIOKHO-ONTHYECKNX kabenaell 3aTyxanue He npesbinaer 1 ab/xkm (B
nuanasone 1,3—1,5 vkM)!. B naubosnee OCBOGHHOM B HacToOsIee Bpe-
Mms auanagone 0,85 MxM 3aryxanue cocrtasaser 3—5 1b/km. Omuro-
3JIEKTPOHHBIE IPHOOPHI — CBETOIHOABI, ONTHUYECKHE KBAHTOBble TeHe-
paropsl, GOTOIHOIAB ~— MO3BOJASTIOT €O3AaTh KOMIJIEKC YCTPOHCTB, He-
o6XoMUMbIX i1 mocTpoennss anmaparypsl LICII, paGoratoumiell mo Bo-
JIOKOHHO-ONITHYECKUM JAUHUSIM CBA3H. Ilepenalolliie 3JeKTPOHHO-ONTH-
ueckHe INpeobpasoBaTesn obecnednBaloT (QOPMHPOBAHHE CUNHAJA Ha
BBIXOJle pereHepalHOHHOr0 yuyacTKa MOWHOCTBIO okoao I MBt (0 1B).
UyBCTBHTEBHOCT  IPHEMHOIO ONTOJEKTPOHHONO mnpeobpaloBated
coctaBaser —45 -+ —60 1B B 3aBHCHMOCTH OT CKOPOCTH NMpHHHMaeMo-
ro uudposoro noroxa. [lpH 3TOM IJAMHA pereHepauMOHHONG yUaCTKA
MoxeT pocturatb 40—>50 M,

CBeToBOJHbBIE CHCTEMBI Tlepelayd TNPeJHa3HAYaATCs AJsS HCHOJb-
30BaHUS NMPAaKTHYECKH Ha BCeX yyacTkax cerH ¢Bsisd. Ha ropoickux

! B AIHHHOBOJHOBOM yyacTKe ONTHYECKOro auanasdona (8—I10 MKM) CyliecTBYIOT
NPHHUHMKANBHEE BO3MOKHBOCTH NONYYEHHs BOJOKHA ¢ 3atyxaunem wenee 0,1 nB/km.
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TeJIE(i)OHHbIX CeTAX CBETOBOJHbI€ CHCTEMbBl JOJIXKHbI oéecneqmb opraHH-
3aUMI0 NYYKOB COETHHHTE/IBHBIX JHHHHA O0/bIION eMKOCTH 6e3 mpuMe-
HEHHs1 HeoOC/y >KHBaeMbIX DEreHepalUHOHHBIX TYHKTOB, pasMellaeMblX
B kontefinepax I'TC, mockoanky paccrosune Mexay ATC ue mpeBH-
Wwaet, Kak npasuiao, 8—10 kM. CucreMbl oBeTOBOIHOM ¢Ba3n 1asa [TC,
a TaKXe CHCTeMBl yYpeXjeHuecKOH CBsI3H MOTyT paboTaTth mo xabe-
JSIM ¢ MHOTOMOLOBBIM BOJIOKHOM IIpH notepsx 3—5 1B/kM u aucmep--
CHM HECKOJbKO HaHOCeKYHI Ha kuaoMmeTp. TeXHOJOTHS HPOH3BOICTBA
H MOHTaxa Taknx kabejell wauGosee mpocra. Ilpu stoM Bo3MOKHA
pabora 1ICII co ckopocTeio nepenaun 8 u 34 MOur/c, a mpu yBennde-
HUH LIHPOKONOJIOCHOCTH Kabeis — ico CKopocTbro 140 Mbut/c.

Vcnonb3oBanne cBEeTOBOJHBIX CHCTEM Iiepelayd Ha MeXLyropoA-
HBIX 'CETAX NO3BOJHT cokpaTHTh yucao HPII m  yBennunts paccros-
nne Mexay OPIL. 3to mMeer Gosbllloe 3HAUeHHe TaKXKe [Js OpraHH-
3a1HH NOIBOIHEIX JAWHUH cBA3u. B macrosmee spemsa 3 CUIA, HAnonnu
H JIpPYrHX CTpaHax pas3pabaTelBalOTCAd TPOEKTH TOJIBOAHBIX MarucT-
pasbHBIX JHMHHH, B TOM UYHcJe TPAaHCATJIAHTHUECKOH CBETOBOMHOH JH-
Huu cBsa3u. s cucTeM nepemaul, HCMOJMb3YeMBIX Ha MeXIynOpPOAHBIX
JHHHAX CBA3M, TPEOYIOTCS BOJIOKOHIIO-OTITHUECKHe Kalesn, y KOTOPBIX
JMCTepCHsl CHTHAJa B BOJOKHE 3HAUMTEJbHO HUXKe 1 HC/KM — 3TO Ka-
6eJu ¢ MHOTOMOIOBHIM BOJIOKHOM H TDpalHeHTHBIM npo@mmeM TToKa3a-
Tessl MpPeJIOMJEHHS HJH Kalead ¢ OJHOMOZOBBIM BOJIOKHOM H CTYyMeH-
YaTHM IIpoduAeM moKasaTeas npenoMiaeHud. Takue xabennm obGecne-
YHBAIOT Mepeiauy UHGPOBHIX NOTOKOB CO CKOPOCTBIO 10 HECKOJBKHX
COTEH MeralUT B CEeKyHY.

B‘HEﬂpeHHe CBETOBOJIHBIX CHCTEM HE€ TOJBKO INOBRICHT TEXHHKO-3KO-
HOMHUECKHE MOKA3aTeJH CETH CBA3M B LEJOM, HO M OKakKeT BJHUsSHHE
Ha NMPUHIOUNB €€ MOCTPOeHHUS. CO\S‘,:[aHHC CBETOBOJHBIX MarucrpaJbHbIX
KabenbHbIX JAMHUH, colepkKallux GOJblLIOe YHCAO ONTHUYECKHX BOJOKOH,
NO3BOJIUT YMEHBIINTb YHCJAO TPAH3WUTHBIX coe‘nm{eﬂnﬁ B pa3BeTBJICH-
HOH CeTH CBA3H MyTeM OpPraHH3alUUH MHOTOKAHAJbHBIX NPAMBIX CBS-
3eil MeX1y CeTeBBIMH Y3,1aMH.

Pazpaborka u BHeApeHHE CBETOBOIHBIX CHCTeM mepelayH Oyaer
MPOUCXOINTb 3TamaMH — oT cucrem ;ias I'TC k cucreMam Mexjayro-
POLHOM CBSI3H, IO Mepe COBEPLIEHCTBOBAHHS TAapaAMETPOB CTEKJIOBOJOK-
Ha ¥ CO3TAHHS KOMILIEKCOB OMNTO3JEKTPOHHLIX NpUGOPOB B NepCiek-
THBHbIX Y4aCTKaX ONTHYECKOIO JIHamasoHa (AauHa Boaxbl 1,3, 1,5 MM
n boaee).

2. NoBbiieHne 3p¢PeKTHBHOCTH HCNONL30BAHUS JHHKE cBs3H. Co-
BepLIEHCTBOBAHHE TEXHHKM Nepelayn UHQPOBLIX CHTHAJOB HallpaBJe-
HO Ha NOBbNLEHHe 3(D(MEKTHBHOCTH HCIOJIb3OBAHHA JUHUHE CBA3H. ITO
JOCTHTaeTcsl co3lanueM 000pynoBaHHs UHPPOBHIX JHHEHHBIX Tpak-
TOB, MOMEXOYCTOHUHBOCTb KOTOPHIX MNpPHOJHXKaeTCd K MpeiesbHBIM
SHAYEHHSAM 1/ 3aJaHHOH cpejpl Nepefayd, a TaKXKe HCIOJb30BaHUEM
auHeHHBX KooB ¢ MaJgofi n3bpirounoctbio, Huas LICII, paboraromux
Mo CHMMETPUYHBIM KalenaM, mpeje/bHoe 3HaueHHe IOMEXOYCTOHUH-
BOCTH OTpejlensieTcsl TepeXodHHMH BAHSHHAMH B Kabesae. Ilpu atom
MaKOHMaJbHOe 3aTyXaHHe pereHepalHOHHOTO yyacTka NpH OJHOKa-
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benbHON cHoTeMe paboThl OTPAHHYHBAETCS OGHIUHO BEAHUHHOH OKOJO
40 nb, a mpu aByxkabenpHoll cucteMe 65—75 pb. Has LICII, paGo-
TAIOMHUX 10 KOAKCHAJBHEIM KabessiM, OrpaHHUEHHs] NOMEeXOYCTOHUHBO-
CTH OTPEILIAIOTCS TEPMAUECKHM IIYMOM KabeJssi H 3alIMIIEHHOCTBIO 0T
TepexOHBIX BJIHSIHUH B OJIOKe JHHEHHOTO pereHepartopa. B stoM «ciy-
yae IMakCHMaJbHOE 3aTyXaHHe pereHepallHOHHOIO y4YacTKa OTrPaHHYH-
paercs Beanunnoi 85—90 ab.

ITponyckHast cmocoOOHOCTb JHHEHHOTO TPAKTa MOMKeT ObITh IMOBH-
HleHa CHUKEHUeM HW30BITOYHOCTH JIHHEHHHIX KOXOB {(HANpHMep, IpH
HCIOJb30BAHHH TPOHUHBIX OJOUHBIX KofloB 4B3T nam 6B4T) nau ye-
JIOXKHEHHEM aJropUTMOB 06pabOTKH JHHEHHKX CHTHAMOB (MPH HCIOJTb-
30BaHHH AyOOHHAPHBIX KOJOB, KOJOB ¢ YHCJIOM ypOBHeH GoJblle Tpex
U 7p.).

IlpuMeHenne yxasaHHBIX CIOCOOOB NOBBILIEHHS [POMYCKHOA CIo-
COOHOCTH NO3BOJISET B pAMe CIyYaeB YABOHTb CKOPOCTb NeDERXauH CHI-
najoB B LICIT 6e3 coxpallleHHs JAJWHB pereHepauHOHHODO y4yacTKa,
T. €. YABOGHHe uMCcJa KaHaJOB HOCTHraemcs 6e3 H3MeHeHUs obbeMa
JUHeRHBX coopyxkeHui. IIpH 3TOM DEKOHCTPYKUHUS JAHHHH MpH Tnepe-
XOfle X CHCTeMe ¢ YNBOEHHBIM THCJIOM KaHAaJOB OTpaHHYMBAeTCs 3a-
MeHolt Osoka JHuHefHoro pereHepatopa B HPII. BosmoskHocTs noct-
POCHMSA CHCTEM € YABOCHHOH NpPONMyCKHOH CHOCOGHOCTBIO CYHIECTBYIOT
kak 1a nepBuynbix LICIT, tak u aaa LCIT suomnx nopsakos. Tak,
8 CIIA paspaGorana 48-xanansnas [{CIT An% ropONCKHX JHHHE CBS-
3H, ofecneuHBaiollas mepefavy CHNHAJIOB IJsi 24-KaHAJbHBIX CHCTEM
T1 npu coxpaHeHHM AJHMHBI pereHepanuonHoro yyactka. CKoOpocTb JH-
HeHHoro cHruaja 48-kaHaJibHOH cHCTeMHl paBHa 3152 kOut/c. DopMu-
poBaHHe TIPYINOBOI'O CHIHAJa OCYIUECTBJSETCS NyTeM aCHHXPOHHOIO
o0beHHEeHHA JBYX 24-KaHaJbHBX LM(PPOBHIX IOTOKOB CO CKOPOCTBIO
1544 xb6utfc waxabi. Anasoro-undpoBoe u UH(PPO-ZHAJIOTOBOE Tmpe-
obpasoBanHe TeseDOHHBIX CHTHAJOB OCYLIECTBJISIETCS Tak e, KAK B
cucreme MKM-24. Ussectnnl aBe mojudukaunu cucremsl MKM-48: ¢
Mcnoab3oBanneM Ryobuuapuoro [124] u xmasutponusoro [125] xona.
B neppoM ciyuae sHepreTHUeCKHH CIEKTP MOC/HSROBATENBHOCTH ¢ TaK-
ToBOH uactoroit 3152 k[ nmpaKTHUECKH COBHAZaeT €O CHEKTPOM HM-
NyJABCHOH IIOC/AeL0BAaTEJbHOCTH ¢ TaKTOBOH yacToTod 1544 KI'm B KOZE
YITH, nostoMy mepexomHbie BAHSHHA B Kabene He Bo3pacTalor. B nu-
HelfHOM pereHeparTope OCYILECTBJASETCH pEreHepalys TPOHYHOTQ CHT-
HaJ/a H NOBTOpHOE (hOPMHPOBaHHE NyOOHMHADHOIO KOJa Ha BbIXOJE pe-
reneparopa. Mcnosnb3oBanne kofa UITH we tpebyer cronb 3HauHTENb-
HOTO YCJOXHEHHS pEreHeparopa, Kak B NpeAbLIyilleM cJyuae. -YBesH-
YHBAIOTCH JHLb ITHPOKONOAOCHOCTh H KOMOULUHEHT YCHJIEHHS YCHJIH-
tesst. [lpy 2TOoM coxpaHeHnHe AJHMHBI yuacTKa obecrneudBaercsl 3a cuUeT
CHHXKEHHS] 3aMacoB MMOMEXOYyCTOHUMBOCTH OT MEPEeXOMLHBIX BJIHSHHI
cyutectByonux s cacreme MKM-24.

B IICIT BercmiHX -NMOPSLAKOB, PaGOTAIOLIHX 10 KOAKCHAJIBHOMY Ka-
Oelo, AJHHA pereHEepalHOHHONO Y4YacTKa BHIOHpaJach paBHOH HJIH
KPaTHOH AJMHHE YCHJIHTENBHOTO yUYaCTKa B aHAJOrOBBIX CHCTEMAXx Ile-
peflayH, HCIOJB3YeMbIX IS YILVIOTHEHHS TakHuxX Xe kalbened. DTo B
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pafe cayyaeB CO37aBaslo 3HAUHTe/bHble CXEMHOTEXHHUECKHe 3amachl,
pocrarounble 145 peaansaun ICIT ¢ ymBoeHHBIM uyMCJIOM XaHaJoOB
TU. Tak, B amnaparype MKM-480, paGoraiouei nmo KOaKCHaJbHBIM
napaM 1,2/4,4 MM, u B annaparype MKM-1920, paGoraomei no xoak-
cHaJbHBIM mapaM 2,6/9,5 MM, HOMHHaJbHAsi IJIHHA DEereHepalHOHHOTO
yd4acTka BbIGpaHa paBHOH 3 KM, YTO COBIAXaeT ¢ AJHHOH YCHJIMTENb-
HOTO yyacTka aHajorosoil cmereMbl K-3600 m KpatHo A/HHe ydyacTKa.
B cucreMax K-300 u K-1920 (6 xM). B 3TOM cayyae mpH #cTOJb30-
BaHHH TPOHUHBIX koaoB Thma KBII 3aryxakiie pereHepauHOHHOrO yua-
crka tperwunoil u uerBepuuHod I[CII cocraBasier 70—73 ab.

Kax moxaspiBaloT pacueTsl, TIPH HCIOJNb30BAHHH TPOHUHBIX KOLOB
4B3T uanm 6b4T, obecneunBalOMHUX CHUKEHHE CKODOCTH MepefayH
CHTHA/MA B JIHHUH, CO3/7a€TCS NMPHHIMNHAJbHAST BO3MOXKHOCTh Tepena-
4l UHPPOBOTO IOTOKA, COOTBETCTBYIOLIENO V/IABOSHHOMY 4HC/AY KaHa-
JI0B, (€3 cOKpalleHHsl AJHHBI pereHepalnoHHOro yuacrka. Hampumep,
B amnapatype MKM-480X2 ckopocts o6beIHHEHHOTO LHPPOBOTO MO-
ToKa cocrasaser 69,12 Moéur/c, uro mpu menoabzoBaHuu koma 4B3T
COOTBETCTBYET CKOPOCTH CHTHaJja B JIHHHH 52 M6HT/c, a mpH HCHOJb-
soBanun koga 6B4T — 46,2 MGur/c. ITpu aTOM 3aTyxanHe perenepa-
IIHOHHOTO yyacTKa cocraBiasier 84—88 nb. ®opmupoBanne uuppoBoro
IOTOKA €O CKOpocTbio 69,12 MonTfc TpoH3BOAHTCS HMyTeM acHHXPOH-
HOT'O O0beIHHEHHS JBYX TPETHUHBIX HUPPOBBIX MOTOKOB CO CKOPOCTHIO
34,368 Mo6ur/c ®amxablif. TpaH3uTH CHIHANOB B CETEBHIX y3dax TIPH
3TOM MOTYT OCYUIECTBJISATHCT B opMe CTAHAAPTHHX TPETHUHHIX UHO-
pOBLIX CHMHA.JIOB, T. €. HCIOJb30OBaHHE CHCTeM yIJIBOCHHbI'M qUCaAOM
KaHaJoB He MOTpe6yeT KaKHX-AH60 YCJIOKHEHHH TpaH3HTHOro o6opy-
JAOBaHHsT B CETEBBIX y3JaXx.

Pagpaborka LICIT ¢ yJ1BOEHHHIM 4YMCJOM KaHAJOB NPOBOAUTCS H
A7 ¢BEPXUIHPOKONONOCHHX TpaKToB. Tak, B JNOHUM 3akoHUeHa pas-
paGotka ofopynoBanus Jaudeidinoro Tpaxkrta aas LICII, paGoratouieh
M0 KOakCHaJbHHIM mapaM 2,6/9,5 Mm co ckopocteio 800 Mour/c [126].
B sr1ofi cncreMe Hcmoabsyercs kod 3B2T, uwacroTa curHada B JHHHH
pasHa 533,8 Mburt/c, Aanuua pereHepalHoHHOTO ydactka 1,2—1,6 &M,
YTO COOTBETCTBYeT 3aryxaHuio yuacrka 66 1b. ITpum sTOM coxpaHeHa
JJMHa pereHepaliioHHOTO yuacTKa paspaborannoii panee IICIT wco
cxopocTbio 400 MéuTt/c.

3. Cuuxenne norpebdasemoii momuoctn. HoBoe nokosenue anmapa-
typut LICIT pa3pafaTbiBaeTcs C HMCNOJNb30BAHMEM HOBONO TOKOJEHHS
3]eMEHTOB MUKPO3JEKTPOHHON TEXHHKH, OTIMYAOLIEroCs 3HAUHTEJNBHO
MEHBUIMMH 3HAYEeHHSIMH MOTpebysieMoli MOLHOCTH, Tak, Ha CMeHy HH-
terpasbibiM TTJI-MukpocxeMaM # MHKpOCXeMaM, OCHOBaHHBIM Ha
HCIIONb30OBAHKHH Tepexjaouateneli TOKa, INPHLIIH MHKPOCXEMBI, OCHO-
BaHdble Ha uenojb3zoBaHHn MOITIT-cTpyKTyp u CTPYKTYp ¢ 6apbepoM
Morrxu. [Ipun sroM nepsuynsle L CIT u y3as mpeoGpasoBanus mep-
BHUHBIX MOTOKOB Bo BropHynpix I1CIT mMoryr BBIIONHATBCS ¢ HMONOJb-
soBanHeM Mukpocxem Ha MOII-cTpykTypax, y3ibl npeobpa3oBaHHs
npynnoBoro notoka Bo Bropuudbix LICII, mpernunsie ILCII u ysan
mpeoGpasoBants TPeTHUHBHIX NOTOKOB B uerBepHunbix LICIT moryT BbI-
TONIHATBCS HAa MHKpocxeMax ¢ OapbepoM IIOTTKH H TOJIBKO Y3.bl Hpe-
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obpaszoBaHusa rpynmoBoro Toroka B uerBepuuHbix IICIT moaxkus
CTPOHUTBCA ¢ HCNONB30OBAHHEM MHKPOCXEM HA TePEKIIoUATeNAX TOKA.
B pesysbTate MOMIHOCTb, MOTpeb/sieMas MNEPBHYHBIMH H BTOPHUHBIMH
LICII, moxeT OHTh cHHXeHA B 4—6 pas, a TPeTHUHHIMH H YeTBepHU-
weivi HCI1 — npumepro 8 2 pasa.

4. YMeHbllienne rabapuTHBIX pa3MepoB. B HOBOM NMOKOJEHHH alma-
parypsl LICI1 maunHaioT WIXPOKO NPUMEHHATHCS CHEHHAJU3HPOBaHHEBIE
Goabinve uprerpasbible cxember (BMC) mas  moctpoenns HauGosee
yacTo HCOJB3yeMBIX Y3J0B alllapaTtypsl — TAakHX, Kak IpHeMorepe-
AaTunku curHagsoB TY, uHAUBHIYaNbHBIE AHAJOTMO-UHPPOBLIE H M-
poaHaJOrOBBEIE TIpeo6Pa30BATENH, pereHepaTophl, MIpeoipas’oBaTesNn
KOyO0B. B y3nax, KOTOpHE pexe HCNOJb3YIOTC —- BJ0KaX CHHXPOH-
HOTO CONPSIXKEHHs, reHePaTopHOM OOODYAOBAHHH, CHCTEMaXx NIHKJOBOMN
CHHXPOHH3AUHH — NPHMEHAIOTCS Gosbllie M'MOpHAHBE HHTETDaJbHBIE
cxemnr (BI'MC). Ilpn mocTpoeHnH ycTPORCTB, OTIHUAOLIUXCST Han60-
Jee CJIOKHOH JTOTHYECKOH CTPYKTypol, — 000pYAOBAHHSA KOHTPOJS
napaMeTpoB H JAHArHOCTHKH PaGOTOCTOCOGHOCTH ammapaTyphl, comps-
JKEHHSl UH(POBLIX H AHAJOTOBLIX CHCTEM NepelauH, cONpSKeHHs uud-
POBBIX CHCTEM, HCTIOJL3YIOIUX PA3JMUHble METOAH aHgJA0To-IH(POROTO
npeobpa3oBaHus, Bce OHoJee MHUPOKOE paCIpoOCTPaHeHHe NOJYYaroT
MHKPOIPOIleCCOpPh. Bce 3TO MmO3BOJsIET PE3KO YMEHbIIMTh rabapuTHBIE
pasMepbl annapatypsl LICIT. BecbMa meponexTHBHBIM B 9TOM CMblICIE
SBJISIETCS TaKKe NpHMEHEeHHEe HHTeNPaJbHBIX MHKDOCXEM, KOHCTPYK-
THBHO OQOPMJEHHHX B 'KpHCTajJoHOCHTeNAX. Kpome Toro, coxpauie-
nuio obneMa 06OPYIOBAHHS CHOCOOCTBYET CHHXKEHHe MOUIHOCTH, NOT-
pebJisieMoli anmapartypoi, 6;arofaps yMeHbIIeHHID 00beMa BTOPHYHBIX
HCTOUHHKOB ITHTAHHA H OGOPYAOBAHHS AHCTAHUHOHHOrO [THTaHHUS pere-
HepaTopoB. B pesyasrare o6bem anmapatype LICIT wmozKer GBITH
yMeHbIleH B 4—5 pas.

B ¢Bs3nu ¢ 3tuM  wcmoab3oBanue B amnapatype LICIT 1. n.
<UIHPOKUX>» CTOEK C rabapuTHIMU pasmepamu 2600 X 600X 225 mm cra-
HOBHUTCA HEILEﬂe\CO‘Oﬁw’paBHIﬂM, [MOCKOJIBKY  UHCJ0 CHCTEM, :KOTOprMH
KOMILIEKTYIOTCSl 3TH CTOHKH B DeaJibHbIX VC/JIOBHSIX, KaK NpaBHJO, OKa-
3LIBAETCS 3HAUHTE/BIIO MCHBIIMM MaKCHMaJbHO BO3MOxkHoro. DoJee
SKOHOMWUYHBIMH CTAHOBSITCS «y3KHE» CTOHKH ¢ rafapHTHBLIMH pa3mepa-
M 2600X 120225 mm. Ha oano#i raxo#t cTofike MoxKer OHTb pas-
MellleHo, HampuMep, 10 YeTHIPEX KOMIJIEKTOB aHaJtoro-uHdposoro 0bo-
pymoBanuss AILLO-30 naH mo deTwlpex KOMILIEKTOB O0OPYIOBAHHS Bpe-
MeHHOTO TpynmoodpasoBanusd. 3TO, B «©€BOI OUEpEIb, IT03BOJACT CHH-
3uTh TabapuTHble pasMepsl annapatyps LICTL

5. Pacmuupenre HOMEHKJAATYpPbl M (DYHKIHOHAJBHLIX BO3MOXHOCTEIl
annaparypel. HoMenkaarypa u QyHKUHOHAJIbHBIe BO3MOMKHOCTH anma-
parypet IICIT mocTosinsno paclidpsioTcs B COOTBCTCTBHH C DOCTOM
YPOBHS TeXHHUECKOH OCHAUEeHHOCTH MPOMBIIJIEHHOCTH CTPEICTB CBA3H
H BCe Bo3pacTamliumi TpeGoBaHHsIMH K UHPPOBOH ceTH CBA3H.
B 6amxaiimine rofbl, KaK yie yKas3bBaJOCh BBILE, MOLYYaT IHPOKOE
paciopocTpaHeHde CBETOBOJHBEIE CHCTEMBI TIepefaud HHPOpMaUHH, a
TaKXKe CHCTeMBbl NepefayH ¢ YNBOSHHBIM YHCJAOM KaHa/loB. PassuTie
CeTH nepelayd JaHHBIX TOTpefoBaso pa3paboTkH ammaparypol AJd
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undpoBol mnepefaud AHCKPeTHOH unpopmauuu. Taxas amnapatypa
JoJKHA BKJIIOUaTh B cebf aboHeHTCKHe yCTpOficTBa, 060pyl0BaHHE
aBOHEHTCKOH COeJIMHUTENbHOR JIMHAH, aCUHXPOHHOTO OObe(HHe U] HH3-
KOCKODOCTHBIX JMCKDETHBIX CHTHAJIOB M BBOJlA JHCKPETHBHIX CHTHAJOB B
npynnoso¥ TpakT anmapartypul MKM-30. Ocymectsiende Takoro BBO-
na mpebyer maanuusi B annapatype MKM-30 uudposoro moctyma x
KaxAoMy KaHajay o ckopoctbio 64 kOurfc. Ilpu aToM ympomiaercs
TaKXXe OpraHu3allis coBMecTHOH paborhl amnapaTtypst MKM-30 u mug-
POBOTO KOMMYTaLHOHHODO O0OPYLOBAHHUS.

HanpHefiiee pa3BuTHe UHGPOBOH ceTH B3 TpebyeT co3jlaHUA B
cocraBe LICII BuICIINX mMOPSAIKOB amlnapaTyphl BbIIeJEeHHs] KOMIOHEHT-
HHX IH(QPOBHIX MOTOKOB, a B coctaBe mepBHyHOH LICI1 — ammapaty-
pH BhZesenns KanajgoB TU. AmmapaTypa BbleJeHHS MOJXKHA YCTa-
HABJIUBATBCH Ha OOCHYKHBaeMbIX TIYHKTAaX HJIH NOAKJAOYaTECA K o6o-
pymoBanuio HPII. BaaumogefictBHe LM(POBHIX U aHAJNOTOBHIX CHCTEM
HepegayH JOJKHO 00eCmeuHBaThCs CNeHaNbHON NpeoGpa3oBaTesbHON
anmapaTypod — TPaHCMYJbTHIJIEKCOPAMH, ammnapaTypodl aHaJjoro-
I#dppoBoTe NpeobpasoBanHi TDYNHOBBHIX Teje(POHHBLIX CHTHAJOB H T. 1.
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