Paszgea VII

INEPEJAYA JUCKPETHBIX CHUI'HAJIOB
IO KAHAJIAM AHAJIOI'OBBIX CUCTEM IIEPEJAYU

T'amasa 22

IMPUHIOUIIBI IOCTPOEHUS AIIIIAPATYPbI
HEPEJAYN JUCKPETHBIX CHUI'HAJIOB

22.1. lncKpeTHbIE CUTHAJIBI M 32J]a4a UX COTJIACOBAHUS
C AaHAJIOTOBBIM KAaHAJIOM

BHavane mnpuBeneM HECKOJBKO OIPEICNICHHH TIOCYIapCTBEHHOIO CTaHAApTa
(I'OCT), xacaromuxcsi TUCKPETHOTO (IU(PPOBOT0) CUTHAIA.

Huckpemuviii cueHan — CUTHAI, B KOTOPOM PETHCTPUPYETCS KOHEYHOE YHCIIO Ha-
pamerpoB. K IMCKpETHBIM CHTHAJIaM OTHOCATCS, K IPUMepy, TenerpadHslil CUTHAT U
CHTHAJl JaHHBIX.

Tenespagmviil cueran — MUCKPETHBII CHTHAJ, UCTIONB3YeMBIN UL MepeIayn Telle-
rpadHBIX COOOIICHHUH.

Hannvie — vHGoOpMans, NpeaocTaBieHHas B (OPMaIN30BAaHHOM BHIE, NPEIHA-
3Ha4YeHHas Ui 00pabOTKH ee TeXHHMYSCKHMMH CPEICTBAMH (BBIYMCIUTEIBHBIMH Ma-
IIMHAMH) TJTH yoKe 00paboTaHHast IMU.

Cuenan 0aHHbIX — CUTHAI, OTOOPaKArOLIHMIl COBOKYITHOCTh 3HAKOB, HCIIOJIb3YEMbIX
JUTS Iepeiavy JAHHBIX

TenerpadHble CUTHANBI U CHUTHAIBI JAHHBIX MOTYT OBITH OJHOIOJIOCHBIMH HIIA
JBYXITOJIOCHBIMH.

OodnononocHas nepedaya — cnocod nepenadd HHGOPMAIMU TOCPEACTBOM IMOCHI-
JIOK OJTHOM IOJISIPHOCTH.

Hsyxnonrocnaa nepedaua — cnoco® nepenayd MHGOPMALUH TTOCPEACTBOM IMOCHI-
JIOK MOJIOXKHUTETBHOM ¥ OTPULIATEILHON MOJISAPHOCTH.

Lughposoui cuenan snexmpocesnsu — CUTHAJ JJIEKTPOCBA3H, Y KOTOPOTO KaXKABIH H3
NPECTAaBIIAIOIINX IapaMeTPOB ONMUCHIBACTCS (PyHKIMEH JUCKPETHOrO BPEMEHU U KO-
HEYHBIM MHOKECTBOM BO3MO>KHBIX 3HAUCHHH.

[ocnennee onpenesnenue sBsieTcst HanOoJiee OOIIMM | /I TenerpadHbIX cUrHa-
JIOB M CUTHAJIOB JIaHHBIX.

Ilpeocmasnsiiowuti napamemp CucHaia —3TO TapaMeTp CUTHaja 3JEKTPOCBS3H,
M3MEHEHHUS! KOTOPOro OTOOPaKAIOT U3MEHEHUS MEPEAaBaeMOro COOOIICHNSI.

Wrak, nepBuuHble TenerpadHble CUTHAJIBI M CHTHAJIBI MEpe/ladyd JIaHHBIX — 3TO
(pOBBIE CUTHANBI 3JIEKTPOCBS3M, MMEIOIIUE BHJ IOCIEI0BATEIFHOCTEH OIHOIIO-
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u(
JIIPHBIX WK ABYXIIOJIAPHBIX UMITYJIBCOB MMOCTOSIHHOI'O T

TOKa JJIUTCJIbHOCTBIO T U IEPHUOJAOM CJICAOBAHUSA T=2

T (puc.22.1). | LL|_>||—||_||_||_|t

1

Takass nBOMYHAs TNOCIEIOBATENbHOCTh MPEACTaB-
asiercst pspoM Dypbe (IpH €OIUHUYHOM aMILIUTYE

UMITYJIBCA): Puc. 22.1
sin —
1 28
ut) ==+ —Zizcosﬂkt
2 73 k
(22.1)
rae Q=2nF — 4acToTa HMMITYJIbCHOM MOCJIeJ0BAaTEILHOCTH;

F =1/T =1/2t=1/2B - 4acToTa clieOBaHUs HMITYJbCOB (YacToTa Tenerpadupo-
Banus, ['m); B=2F =1/1 — ckopocts Tenerpaduposanus, bosx.

CrekTp curHajga OJUHOYHOIO MPSMOYTOJBHOTO HMIIyJbCa IOKa3aH Ha puc.22.2.
[Toxoxue crekTpalbHble CBOMCTBA HMEIOT HMITYJIbCHl TpanelnueNalbHOi (QOpBl,
CKpPYTJICHHBIE — KOCHHYCOUIAIBHBIA M KOCHHYC KBaJpaTHbBI, KOTOPhIE TaKXe MOTYT
NPUMEHSTHCS TIPU nepeaade MU(PPOBBIX CUTHAIOB AIEKTPOCBsi3H. OCHOBHAS SHEPTHs
TaKUX CHTHAJIOB COCPEAOTOYEHA B JHAINa30HE YacTOT OT HyJA JO f ~1/t=2F. Cria-

JKUBaHHE (CKpYIJICHHE) MPSIMOYTOJbHOW (OpMBI MMIyJIbca obecreunBaer Gosee pes-
KO€ YMEHBIICHHE 3HEPrHM COCTaBIAIONUINX CHUTHaja mocie f = 2F (moka3aHoO Ha
puc.22.2 HyHKTI/IpOM), YTO IIO3BOJIIET YMEHBIIUTD MEKXCHUMBOJIbHBIE IIOMEXHU.
AmnanoroBeii kanan nepenauun (kanan TY wmu [IK) umeer onpenenenHyoo orpa-
HHUYCHHYIO MOJIOCY 4acTOT. [103TOMY OYEBHIHO, YTO MEPBUYHBIN TUCKPETHBIH (M-
POBOIf) cuTHAN nepeaaBaTh MO0 HEMY HEBO3MOXKHO 0€3 IpeABapUTEIbHOro Mpeodbpazo-
BaHMS B COOTBETCTBYIOIIMI Bua. Takoe npeobpa3oBaHne OCYNIECTBISIETCS ITyTEM MO-
JyJSIUM TOKA HECYILEH 4acTOThl, COBIAAAIOIIEH € IOJIOCOM MPOIYyCKAaHUS aHAJIOIro-
BOI'0O KaHalla, UMITyJIbCaMH JUCKPETHBIX CUTHAJIOB. B 3aBucumocTtu ot napameTpa, 1mo
KOTOPOMY MOJIYJIHPYETCs Hecylee KojeOaHus, pa3indaloT aMIDIUTyJHyio (AM), gac-
totHyto (UM) u ¢azosyto (PM) moaymsamuu. [IpuMeHeHHe MOTYISIMU TTO3BOJISET
OCYHICCTBUTH NIE€peaady OJHOT0 NI HECKOJbKUX NAUCKPETHBIX CUTHAJIOB 110 TUTIOBOMY
kaHaiy nepegadn ACII. Unciao BO3MOXHBIX KaHAJIOB Iepeladyd JUCKPETHBIX CUTHa-
JIOB M CKOPOCTh nepenauu mo uum  |S()
MHGOPMAIMK C 3aJaHHOH JOCTO- |~
BEPHOCTBIO OMPEIEITIIOTCS BHIIOM
MOOYyJIAINA u BO3MOXHOCTAMU
AHAJIOTOBOTO KaHaja (AHama3oHOM
4acTOT, 3aUIUIEHHOCTHIO OT IIO-
MeX U Jp.).

Puc. 22.2

22.2. MeToabl COr1acOBaHUA
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AUCKPETHBLIX CUTHAJIOB € AHAJOT0OBbBIM KaHAJI0M

IIpoBeneM KadeCcTBEHHBIM CPaBHUTEIBHBIA aHATN3 HA3BAHHBIX BBIIIE BUIOB MOJY-
JSIOUM C TOYKU 3PCHUS peann3alyy, TpeOyeMOH MIMPHHBI YacTOTHOTO AMAna3oHa B
AHAJOTOBBIX KaHAJIAX M IOMEX0YCTOHIMBOCTH.

22.2.1. CucteMbl nepeayu ¢ aMILVIMTYAHOH MOy IsILMEN.

IIpu AM renepaTop HecyLIEl 4acTOTHI MOAKIIOYAETCS K TPAKTy NEpefadyn aHajio-
TOBOTO KaHaja B TAaKT C MMITYJIbCAMH MTOCTOSTHHOTO TOKa OT UCTOYHHUKA JUCKPETHBIX
CUTHAJIOB, M B KaHaJ Iepelayd BMECTO MMITYJIBCOB IOCTOSHHOTO TOKA MOCBIIAIOTCS
HMITYIIECHI TIEPEMEHHOT0 TOKa Hecylei gacToTsl (puc. 22.3,a). Ha mpuemMHOM KOHIIE
UMITYJIbCBI TIEPEMEHHOTO TOKA BBIIPSMILIIOTCS U MOJAIOTCS HA NMPHEMHHUK JHCKPET-
HBIX CUTHAJIOB.

AMITIATYAHO-MO/TyIMPOBAHHBIM CHTHAJ ONUCHIBACTCA CIEIYIOMEH QYHKINCH:

u,, (t) =Uu(t)cosa,t

IozcraBuB cioza 3Hauenne U(t) u3 (22.1) momyunm

. TIK
» SIN —
u,, () = %U cosw,t + iu ZTZ[cos(a)o +kQ)t + cos(w, —kQ)], (22.2)
k=1

rre U u o, —aMIumITyna 1 KpyroBas 4acTOTa HECYIIEro KojaeOaHus.

[MTocTpoenHsldi 1o 3TO# Qopmyne crnektp AM curnana npu U = 1 npuBeneH Ha
puc 22.3,0. Ero orubaromiasi, moka3zaHHasi IyHKTHPOM, MIPEACTABISAET CIEKTP OJUHOY-
Horo ummyinbscHoro curaana U(t), cmemenusiii Ha fy — yacTory Hecymero kone6anus.
W3 nmpuBeneHHON CIIEKTPabHOM XapaKTepUCTHUKHM BHAHO, YTO HEoOXomumas AiIs Iie-
peadr OCHOBHOM SHEPTHM CHTHAJIA IMpHHA Nosockl AF 3aBHCHT TOJBKO OT CKOpO-
CTH nepenayd UMIyabpcoB B =2F u mpu naHHO# ee BenuumHe 3aiiMer 00nacTh 4ac-
TOT aHaJIOTOBOT'O KaHaja Mepeaady B 3aBUCUMOCTH OT 3HAYEHHs HECYIIEH 4acTOTHI C
mmpuHoit AF > 2F =B.

Kpome Toro, mmpuHa mojocs! onpeessieTcss BpeMEHeM YCTaHOBIIEHHsI OTrnbaro-
mel m3-3a orpanumdeHus nonocsl AF  ¢unsrpom (puc.22.3,8). Bpems Hapactanus

A
a)U 6) 0,5 B) 4qr----- ::7_::/?.
+ |+ ’T TI t 0,3 //’ \\\\0 32 \\Qﬂum
e o e AN
G s R e Y |
R AVANNA N . fo-3F fo-F fo fo+F  fo+3F ~
VAV VAR o

Puc. 22.3
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amMIuInTy sl t, =1/ AF 10KHO OBITH MEHBIIE JUIMTEINEHOCTH 3JIEMEHTAPHOTO UMITYJIbCa
T, moatomy AF >1/t wiu A F > B, rne B — ckopocts nepenauun, boa. O6buHO Tpe-
Oyetcsat, < 0,9 T, torma AF >1/0,9t1~11B . [Ipu pacmupeHn# MoI0CkHl MPOIMycKa-
HHS BpeMs HapacTaHWs YMEHBLIASTCs, HO IPH STOM YBEIMUYHMBACTCS HaNpsHKCHUE
(ITyKTYyallMOHHBIX ITOMEX, YTO YMEHBLIAET COOTHOLICHHE CUIHA/IIyM. OnTuMansHoe
COOTHOLICHHE CUTHAJ / IIyM, KaK IIOKa3aJli HCCIefnoBaHus, 1t AM obecrieynBaroTcs
IpH IIUPHHE IPOIyCKaHus QHIbTpa
AF,,=(1,3...1,5) B, I'. (22.3)
Cucremsl ¢ AM sBISIIOTCS HanOoJIee TIPOCTBIMHU 10 PEaM3aliy, OJHAKO, HMEIOT
HEJ0CTaTOYHYIO IOMEX0YCTOHYHBOCTb.

22.2.2. CucreMmbl iepenaum ¢ pa3oBoii Moayasiuueit
[Tpu ®M nepenaya QUCKPETHBIX CUTHAJIOB OCYIIECTBISAETCS M3MEHEHHUEM (ha3bl
HecylIero Koje6aHus B TAKT UMITYJIbCOB ITOCTOSIHHOTO TOKA, TO €CTh. C Ka)KIOW cMe-
HOHM HOJIIPHOCTH MMITYJILCOB MOCTOSIHHOTO TOKa W3MeHsieTcst (haza HecyIiero kosieba-
Hus (puc.22.4,a). CnexktpanbHblil coctaB @M-curHana onpeenseTcs U3 BEIpakeHHs:

A A
Ugw (1) =U cos(@, +Ap-u®)t =U cosT(p cos(wot + 7(”) +

. 7K
o SIN —
2. . Ap 2 T A
+—Usin— » ——=-xcos + kOt +—+— 22.4
. Zk;kx [(@o )2 2] (22.4)
+cos[(@, —kQ)t+%+% ,

rae Ag — uHaeke Moayisuuu npu GM.

Criextp wactor npu A@ < /2 6im30K K criektpy npu AM, apu A@ = 7 B Hem

OTCYTCTBYeT Hecyllee KoJicOaHHe M aMIUIMTYIbl OOKOBBIX KOJNCOAHWH 3HAYUTENHHO
oonpme (puc. 22.4,8,r). s nepenaun @M curHanma TpeOyeTcs Takas e MIHpHHA
kanana AF, kak u st AM, 1o ect - AFy, = (1,3...1,5) B, T'n.

dazoBasi MOIYJIALMS NMOTCHIMAIBHO 00ECIEYHBACT BBHICOKYIO NMOMEXO3aIIHIICH-
HOCTh Mepelayd IUCKPETHBIX CUTHAIOB, OJHAKO cHCTeMbl ¢ OM CylecTBEeHHO
CIIO)KHEE 110 CpaBHEHUIO ¢ AM m3-3a TpeOoBaHUs 00OecHeYeH s KECTKOH CHHXPOHH-
3alM TeHEepaTopoOB HECYIIMX YacTOT OKOHEYHBIX CTaHIMH mo yacrore u ¢ase. Cie-
JyeT TaK)Ke OTMETUTb, 4TO (ha3bl HECYIMX YacTOT MPUEMHON U Nlepejaroniell CTaHIii
MOTYT MPOU3BOJBHO M3MEHSTHCS Ha 17T 10 pas3iMyHbIM MPUYMHAM, W CUTHAI Ha
npueMe OyJeT BOCIPOM3BOJINTHCS B HeraTtuBe (oOpaTHas paboTa), TO €CTb BMECTO
"+" npunumaercs "—" uau HaoGopoT.
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Puc. 22.4

JI1 uckmoyeHus: BO3MOXKHOM 00paTHOM pabOThI HAa MPaKTHKE MIPUMEHSIETCS OTHO-
curtenbHas GazoBast Moaymsinus (ODM), HazpiBaeMasi Takke (a3opasHOCTHOW MOAY-
nmsiuued (OPM). [pumep ©@PM nokazan Ha puc. 22.4, 6, korna dasa Hecyle yacto-
Thl U3MCHACTCA C KaXKIbIM OYCPCIHBIM IOJIOKHUTCIIBHBIM UMITYJIBCOM IUCKPCTHOTO
CHTHaJa, a TIPH epeade OTPULATENILHOIO UMITybca (a3a He MeHsercs. Takum 00-
pazom, npu ODOM a3a curHaiza o4epeHOTO UMITYJIbCA 3aBUCHUT OT (ha3bl MPEAbIIy-
mero ummyneca. [losTomy npu cinydaitHoM n3meneHun ¢asbl oOpaTHas padbota Oyner
JI0 TOSBJICHUS OYEPEIHOTO IOJIOKHUTENBHOTO HMILYJIbCa, MOCIEe KOTOPOTo MpaBUIIb-
HbII1 pueM MH(GOPMAIK BOCCTAHABINBACTCS.

dazoBast MOAYJSILIMS MO3BOJISIET 00pa30BaTh JiBa WIM YEThIpE KaHajla Ha OJHOW
HEeCylLIel 4acToTe ¢ IPUMEHEHUEM JBYXKPAaTHOU WM dyeTbipexkpaTHoi @M. Ha puc.
22.5 mokasaHo, Kak ¢ TOMOIIbI0 IByXKpaTHOH DM o0pasyeTcs /1Ba KaHala Mepeaadn
JIMCKPETHBIX CHT'HAIOB. 3/1eCh (pa3oBble IOJIOKEHHs Hecyleld 000X KaHaJoB OTIIH-

yarotcs Ha 90°, a pe3ynbTUPYIONIEE HAMPSIKEHUE UMEET YETHIPE (DA30BBIX MOJIOKEHHS.

00° (H) : % 135° 45° % ;

© ®

o

180°  1-ii kaHan o

1
1 ®
270°y O S o °
-0 kanan 2 225 315" (—) 2
pe3ynsTpyroLLmii
curHan

Puc. 22.5
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Jlyist mepeaui CHTHAIIOB IO MEPBOMY KaHATY MCIIONB3YIOTCS (PAa30BbIE MOJIOKEHHUS
necymieit 0° u 180°, a mo Bropomy 90° u 270°. Ilpu OAHOBPEMEHHOM Tepenaye mo
o0ouM KaHanaMm (asoBLI Yroj HECYHIEH OMPENENSeTCss TEOMETPUUECKOW CyMMOit
BEKTOPOB U JII000M U3 KOMOHHAINH TIOCBUIOK B 000OMX KaHAJIaX COOTBETCTBYET YEThI-
p€ ompeeNeHHbIX (a30BhIX MONOKEHHUS,

22.2.3. CucreMbl nepeady ¢ 4aCTOTHOI MoOAy IsHei

IIpu UM nepenaua TUCKPETHBIX CHUTHAJIOB OCYLIECTBISETCS MOCPEICTBOM HMM-
MyJIbCOB NMEPEMEHHOT0 TOKa pa3HbIX 4acToT. [Ipu nepepaye UMIyIbCOB MOJOKUTENb-
HOU MOJIIPHOCTH YacToTa reHeparopa npuHuMaet 3uauenue fy = fy - Af, a mpu nepe-
Jaue MMITYJILCOB OTpHUATENLHOM nojspaoctu fy = fo+Af, rne fy — cpennss uacrora
xanana , Af — nesmanms yactorel. Takum 06pa3soM, 4acTOTa HECYIUErO KOJeOaHHs
U3MEHSETCS B TAKT ¢ Mepefadeii MIyabcoB Ha Benmnuuny 2Af (puc.22.6,a), u B kaHan
nepeaaeTcst HIKH f, WM BepXHAA f, XapakrepucTuueckas (pabodas) gacrora. OT-
HotreHne Af / F =m Ha3biBaercst uHAEKCOM MOIYISMH ipu UM.

OmnpenennM 9acTOTHBIN criekTp UM curHaia mpu MOAYISIMA TOCIEAOBATSIHHO-

CTBIO MPSIMOYTOJIbHBIX UMITYJICOB u(t). Obmiee BeIpakeHue i1 YM-curHana aHano-
ruaHo OM ¢ 3aMeHoi uHaeKca MOy AQ Ha M =A® ~ Q

Ugy () =C0s [mg + mu(t)] t. (22.5)
O603Ha4yuM B 3TOM Beipakerun ¢ (t) =mu (). Torga
u ()= U cos [mo+ o()] t. (22.6)

st ompeenenus criektpa YM-curnana Heob6xomuMo Hailtu criektp Gpyakim ¢(t).Tak
kak mpu UM KpyroBasi 4acTOTa MOJIYJIHPOBAHHOTO KOJCOAHMS MEHSETCS T0 3aKOHY
o(t) = g £ Ao u(t), a daza Gyakuun ¢ (f) u3MeHsIeTCS TEPHOIUYECKU MUITI000Pa3HO
or —0,5A0t 10 0,5A0t (puc.22.7), T0 3Ty HYHKIMIO MOXKHO NPEACTaBUTH psiioM Dy-
pre. IlpoBens pan I0CTAaTOYHO CIOXKHBIX NpeoOpa3oBaHUil, moiydaem crektp UYM-
curHana [2, ¢.213]

0,965
6) 0,44 0,44 m=1
u 0,11 0,11

a)

fo-2F fo-F fo fot+F fo+2F

0,58 0,58 m=2

0,22

UM

0,35

\
0,1
AR o '

fo-3F  fo-2F  f,-F fo  f,+F fo+2F  fo+3F
¥

- mF mF
Puc. 22.6 \’\/’—/

2mF

0,35
I 0.1
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u, ()=

2Um i sin(0,57z(m+k)) cos(@, +QK)L, (227)

2 L2

— m< —k

rie M=Aw/Q =Af | F — uanexc momymnsimm.
AHanyu3 3TOro pasloKeHUs IOKAa3hIBAET, 4TO clekTp UM-curHama, Kak M CHEKTp

VCXOJHOW HMITYJIbCHOW IOCIIEA0BATEILHOCTH, 3aHUMaeT OECKOHEYHO LIMPOKYIO I10-
JIOCY YacTOT, ¥ aMIUIMTY/bl FTAPMOHUK CHEKTpa 3aBUCAT OT BEIMUYMHBI MHIEKCA MOJY-
asuud M. [Ipu Majibix BemMdMHAX MHAEKca Moaymsinuu (M<1) oCHOBHas JHEPrus
CHTHaia, Kak U mpu AM, cocpeoTodeHa B CIEKTpe 4acToT BOJNM3M Hecyliel (cpen-
Heil) yacToThl fy M pasniyeHre XapakTepUCTHUSCKUX (pabouyrx) 4acToT 3aTPYIHEHO.
[Ipu cpaBHUTENLHO GONBIINX HHAEKCAX, kKorna Af > F ocHoBHas sHeprus cocpenoro-

YeHa B 00IACTH XapakTepucTHueckux (pabounx) wactor f, = fo— Af u  f, = fg+Af,
YCIIOBUS UX PA3IMYCHUS YIYUIICHBI, a aMIUIUTY/bl TAPMOHUK YOBIBAIOT MEIJICHHEE,
uyem npu M=1 (puc.22.6,6). Ho mpu m>1 nonoca uactor AF nomkHa pacimpsaTbcs
a) U A mepeasu OCHouBHoﬁ SHEPI'UU CUTHAJIOB BOJIU3U

T HIWKHEH W BEpPXHEH XapaKTePUCTHUCCKUX YACTOT.

E I Taxk, u3 criekTpa mpu M=2 BUIHO, 4TO I Iepea-

uu nionockl  curHana fo+2F (wm fy + Af) Heo6-

mB.

Orpanndenue crnektpa UM curaanga KaHaJbHBI-
MH (UIBTPaMHU BBI3BIBAET MEPEXOHBIN Ipoliece,
W +A® Kak 110 9acToTe, TaKk M IO aMIuuTyzae. muTens-
® I HOCTh YCTAHOBJICHHMSA aMIUINTYAbI HMITyJdbca Ha

BbIX0jie pueMHuKa UM konebanwmii OyneT onpeze-
0o - A® JIAThCA BPEMEHEM YCTaHOBIICHHS XapaKTEepHUCTHYe-

T T 3 xoauMa mmpuHa kaana AF > 2mF uma AF >
2

6)

lo

ckux yactot fy — Af u fy + Af, nosromy ¢ yuerom

t
8) o ot BBINIOJIHEHUSI YCIIOBUSA, IPU KOTOPOM BpeMsl Hapac-

T, tanus ammatyael t, < 0,9T , mosoca mpomyckaHus
kaHasa npu YM BeIOMpaeTcs

t AF,,, =(13..1,5)mB . (22.8)
A 0T \/ JocrarouHass IOMEXO03alUIIEHHOCTh CUCTEM C

--- UM, Kak Imokasaia IpaKTHKa, 00ecreuynBaeTcs mpu
2 m = 1,2, mo3ToMy 3TO 3HAYEHHE PEKOMEHIYETCs
MCDOD-T gy cuctem mniepenadu ¢ YM.

Puc. 22.7
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22.3. TloMexX0yCcTOHYMBOCTD JMCKPETHOI0 KaHAJIa
MpPU Pa3JIMYHBIX BHIAX MOXYJIANNT

22.3.1. UckaxeHus1 MMIIYJIbCOB OT BO3/ICHCTBUS IOMeX

OlneHka MOMEXOYCTOMYUBOCTU (MTOMEXO3AIIMIEHHOCTH NPHU Pa3UYHBIX BHIAX
MOTYJISIIIAY MPOU3BOIUTCS MO BEPOATHOCTH OLIMOOYHOTO MPHEMa UMITYIbCOB.

Bwmecre ¢ Tem, Mematoniue (HakTopsl B JUCKPETHOM KaHAJC BBI3BIBAIOT KPACBBIC
WCKa)XKEHHSI UMIIYJIbCOB, TO €CTh CMEILIEHUE MOMEHTOB HM3MEHEHUsS INOJIAPHOCTH HUM-
MyJIbCOB, UX YKOPOUYEHUE WUJIN yJIJIMHEHUE, YTO B KOHEYHOM UTOT€ MPHU ONPEACIICHHBIX
YCIIOBUSAX MPUBOIUT K omnOKkam. [1o3ToMy, 3Has 3aKOH pachpeeiCHUsT KPAeBBIX UC-
Ka)XCHUI, MOXHO OMPECIUTh M BEPOATHOCTh OMIMOKU WM, H3MEPUB KPACBBIC MCKa-
JKEHHUS, MOXHO OLIEHUTh TIOMEXOYCTONUHUBOCTD.

Kpaesvie ucrkasicenus ¢ kananre AM.
Ilpu capmonuueckou nomexe, COBNAJAIONICH CO CpEIHEH YaCTOTOM KaHalla, MCKaXKe-
HUs B KaHane AM OyayT MakCHMaJbHBI, €Cd (ha3bl CHTHAjJa U MOMEXH OKaKyTCs
MPOTUBOIOJIOKHBIMUA. B 3TOM cilydae MOMEHT M3MEHEHHMs MOJSPHOCTH HUMITYJIbCA

(puc. 22.8) Gyner ememen Ha t; =U -t /U, rue Uc n Uy — aMmumryzst Hanps-
JKEHHs CUTHANA u omexu, t; =1/AF, AF — mupiHa nonockl KaHana.

TOF,HEI HCKaKCHUA AJIUTCIIBHOCTHU UMITYJIbCA

2t U 107005

3, =—-100% = —.B-100% = 2B ————-100%, (22.9)
T U AF AF

rae B — ckopocTh nepenauu, box, Ap — Ppa3HOCTb YPOBHEH CUrHaia u IoMexH, 1b.

ITo popmyrte (22.9) MOKHO TaKKe OIPEACITUTH CPEAHEKBAIPATHUCCKYIO BEIIMINHY

HCKa)XKEHHH G OT (I)HIOKTyaHHOHHOﬁ MOMCXH CPABHUTCIIBHO MAJIOTO YPOBHA, €CJIN
3aMCHUTL aMIUIUTYy FapMOHI/I‘IeCKOﬁ IIOMEXH Un Ha Z[eﬁCTBYIOHJGe 3HAYCHUC (l)J'HOK-
TyaLIPIOHHOfI IIOMEXH
—-0,05Ap
107
6, =V2B———
AF

BenmmunHa uckaxeHui npu QIIOKTYaIIMOHHON moMexe OyaeT cIydaiHOH 1o 19u-
HATBCS HOPMaJbHOMY 3aKOHY paclpeieieHHs. u

-100% . (22.10)

HOBTOMy, 3Has O, MOXHO paccyuTaTh BEpPOST-
HOCTb TOI'O, YTO UCKAXKXCHUSA MPEBBICAT BCIINYNHY

I

U, :

G B ompe/eneHHoe uncio pas. Tak, BeposTHOCT - ;
TOTO, YTO MCKasxkeHus O 6yayT Gonbure NG, nomy- oA 0T —i U
! ! n
apace: TIPH n=1 p=0,32; n=2 p=45-10% n=3 7 : ¢

p=2,6-10"; n=4 p=6-10"°; n=5p=0,57-10".

CpasauBas (22.9) u (22.10) mpu ogrHAKOBBIX Puc.22.8
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Ap, nosnyuaem
o,, =1//26,, (22.11)

ITonmyuenHas mpocTas 3aBUCUMOCTh UMEET BaXXHOE IMPAKTUUECKOE 3HAUCHME, TaK
Kak I103BoJIsieT (popMynupoBaTh TpeOOBaHU K alliapaType B OTHOIICHHH MCKaXEHUN
OT (IIIOKTYallMOHHOW MOMEXH 0 MaKCHMaJbHBIM HCKaXEHHSIM OT rapMOHHYECKOU
MOMEXH paBHOTo ypoBHs. [locnexHue M3MepsIOTCS AOCTATOYHO MPOCTO U HE Tpedy-
10T CTaTUCTHYECKOH 00pabOTKU pe3yNbTaTOB U3MEPEHUH.

Brusanue umnynscrou nomexu.

IIpu Manoit NIUTENBHOCTH UMITYJIbca IOMEXHU IUIOIAABI0 A, HaNpsDKEHUE OMEXU
Ha BBIXOZI€ TOJIOCOBOTO (PMIIbTpa MOKHO paccMaTrpuBaTh KakK rapMOHHYECKOE Ha-

NpsKEHUE U MAaKCMMaJIbHOE 3HAY€HWE ero aMILTMTYybl Oyzer pasHo U, = 2-AF-A,.
ITpu TOM cornacho (22.10) MakcUMaTbHOE UCKAKEHHE 32 CYET UMITYJILCHOU IIOMEXU

N, =4-B-(A, /U,)-100%, (22.12)
TO €CTh UCKAXXC€HUS OT HMHyHLCHOﬁ TIOMEXHU HC 3aBUCAT OT HIMPUHBI ITOJOCHI KaHaJia,

9TO OOBACHAETCS B3aUMOOOPATHOM 3aBHCHMOCTBIO 0T AF BpeMeHM HapacTaHUS HM-
MyJbca M MAKCUMAIFHOTO 3HAUYCHHS UMITYIIECHOM ITOMEXH Ha BBIXOJE IIBTPA.
Kpaesvie uckasicenus 6 kanane c ®M (ODPM).
IIpu mMomymsmym Toka Hecymed 4acToTHl o ¢a3e (m3MeHeHne (as3pl Ha +7) am-
TUINTY/Ia UMITyJIbCca Ha BBIXOJE MpHEMHHKA BABoe Oombine, yem npu AM. Ilostomy
s cucteM niepeadn ¢ ®M (ODPM) makcuMabHBIE HCKaXEHUS OT TapMOHIYECKON

nomexu Ogy = 0,504y, CPEAHEKBaAPaTHUECKHE MCKAXKEHUS OT (MIIOKTYaLlHOHHOM
noMexH Ggy = 0,505y W MaKCHMabHBIE HCKAXEHUS OT HMMITYJIbCHOH MOMEXH
Nopm = 0,58

Kpaesvie uckasicenus ¢ xanane ¢ YM.

Hckaxxenus ot FapMOHPI‘ICCKOﬁ IoMexH B kaHajie ¢ UM 6y,£lyT MaKCHUMAJIbHEI, €C-
JIM 4aCcToTa IMIOMEXH COBIIAJacT C OZ[HOﬁ N3 XapAKTECPUCTHICCKUX HYACTOT

fo £ Af. Yuutesas 1o, uto mpu UM aMIuMTy1a MMITyJIbCa Ha BBIXOJI€ IPHEMHHKA B 2
pa3a Oombine, yem npu AM, To cornacHo (22.11) MakcuMarbHas BEIWYMHA HCKaXKe-
HUI OT TapMOHUYECKOM noMexu B KaHasle ¢ UM omnpenenurcs

10—0,05Ap
8, =B—————100% (22.13)

Benuuuna §,, npu 4acToTe IOMEXH, COBINAJAIOIIEH C YaCTOTOH HECYyIIEro (cpenHe-

FO) KOJ'IC6&HI/I$I, MaKCHuMaJlbHa H 6y,£[€T IMOJHOCTBIO OIPEACIATHECA YYBCTBUTCIILHO-
CThIO PCHIAIOIICTO yCTpOﬁCTBa MMpUEMHHKA K U”3BMCHCHUIO YaCTOThI CUT'HAJIA.

MokHo IOKa3aTb, 4YTO BCJIMYHWHA CPCAHCKBAAPATUYCCKUX HCKa)XCHHH OT (1).]'IIOK-
TyaIIHOHHOfI [IOMEXHU C HEOOJBIIUM 10 OTHOIICHHUIO K CUTHAIaM YPOBHEM CBsA3aHa C
MAaKCUMAJIbHBIMHU UCKAaXXCHUAMHU OT FapMOHH‘lCCKOﬁ IIOMEXH 3aBUCUMOCTBIO

372



Gy = (P/V6)3,,, (22.14)
rme P =aF /2af — otromenwne mmpunb MONTOCH Kanata (MOMOCOBOTO BHIBTPa) K
YIOBOCHHOM JIeBUALMH YaCTOTEL

C pacmmpennem monocs! npomyckanus Gpunbtpa kanana AF (¢ ysennuenuem ) yse-
JMYUBACTCS YPOBEHb IIOMEX, IOCTYIAIONIMX Ha BXOA NpHeMHHKa. OIHAKO IPH 3TOM
YBEJIMYMBACTCA W KPyTH3HA (pOHTA MUMIyibca. TakuM 0Opa3oM, CYLIECTBYET ONTH-

MaJIbHOE 3HaueHHe [), IpH KOTOPOM Oy OyZeT MUHUMAaIbHON. PacdeTs! ¢ 310 TOUKH

3peHusI JAIOT ONTUManbHOe 3HaueHue P = 1,4. Torxa cormacuo (22.14)
G, =057%,, (22.15)

MoxHO TaxXe Moka3aTh, 4To B kaHaie ¢ UM mMakcUMallbHbIE UCKAKEHUS OT UM-
MyJIbCHOM NTOMEXH

Nuy = (A,B/U,)-100% (22.16)

22.3.2. KpaeBble HCKasKeHUs IPH OTHOCUTEJbHO HU3KOM Hecylleil yacTore
B ciyuae oTHOCHTEIBHO HU3KOW HECYIEH YacTOThl YacTh CIIEKTpa HUXKHEH OOKo-

BOW TONIOCHI, A7t KoTopoii f, — NF < 0 momagaeT B mojiocy mpomnyckanust KaHaja (puc.
22.9). DHeprus 3Toi HexenaTeIbHOM YacTH cleKTpa (OTPaKeHHOTO CIEKTpa), AeHCT-
Bys B KaHaJi¢ KaK MOMEXa, BBI30BET cMelcHue (QpOoHTa UMIysibca. [Ipu 3ToM, mu3-3a
HEOMPEICICHHOCTH (a3l HECYIICH YacTOThI B MOMEHTHI MAaHUIYJISALUH, HEONpEe-
JICHHBIMHU OyIyT Tarkke (ha30BbIC COOTHONICHHUS OCHOBHOTO U OTPa)KCHHOTO CIICKTPOB,
YTO BBI3BIBACT KayaHue (PpOHTa MMITYJILCOB. KpaeBble MCKa)KCHHUS 3a CUET KayaHUS
(bpOHTOB UMMYJIHCOB MPU OTHOCUTEIHLHO HU3KOW HECYIIel yacToTe B KaHainax ¢ AM u
OM (ODM) omnpeaensitores 1o Gopmysie
& =(B/2nf,)-100%, (22.17)

TO €CTh BEJIMYMHA 3TUX UCKAXKEHUU 3aBUCHUT JIMIIb OT COOTHOLIEHUSI CKOPOCTHU Iepe-
Jlaud U Hecylel yactoTsl. [lpu B/fo = 1 uckakeHHs] [OCTHTAOT 16%, o mpu B/ f

= 10 onm cocTapysIoT JIUIIb 1,6%.
AHaNOTHYHBIE UCKKEHHS TMPOSB-
Iai0Tcs W B KaHamax ¢ UM. s
YMEHBIIICHUS BIMSHUS HHU3KOW HECy-
el Ha MOMEXOyCTOMYMBOCTb KaHa-
JIOB TMepelau JAUCKPETHBIX CUTHAJIOB
MPUMEHSIOT CIEAYIOIINe MEphl: orpa-
HUYEHHUE CIIEKTPa UCXOJHOI0 CUrHalla
32 CYeT OKPYIJIEHHs] MMITYJIbCOB IO-
CTOSIHHOTO TOKa, YTO YMEHBIIAET
SHEPruI0 OTPAXKEHHOI'O CIEKTpa; MO-
IyJsIOUsl Ha TOBBILIEHHOW Hecyllen Puc.22.9

fo-2F  fo-F fo  fotF  f+2F fot3F  fo+4F
f-3F  f-4F  f,-5F
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4acTOTE C IOCIEIYIOIIM NpeoOpa3oBaHUEM CIIEKTPa MOYJIMPOBAHHOTO KoJIcOaHus B
cnextp OIIIY ananorosoro kaHana; B cucteMax ¢ UM kpoMe MepeuuciIeHHbIX Mep
BBIOMpAETCs, MO BO3MOXXHOCTH, MEHBILAsl BEIMYMHA WHIEKCA MOJAYJSLHUM, TaK Kak
NPU YMEHBLICHUH M 3aMETHO YMEHBIIACTCSl SHEPTHUsl HEUCIIONB3YEeMbIX OOKOBBIX I10-
MexX.

22.3.3. KpaeBble HCKaKeHHS H BEePOSITHOCTh OIINOKH.
Kak 0b110 TIOKa3aHO, KpaeBbIe UCKAKCHUS TIPU BO3JCH-

W(3) CTBUM (UIyKTYallMOHHBIX TTOMEX ITOJYMHSIOTCS HOPMallb-
HOMY 3aKOHY paclpeleieHUs. JTOT 3aKOH OIpeesseTcs
82
dyHkumeii pacnpenenerns O(X) = ——e 2°° . Ecn
5 ov2n
n i d=Uyp, Tae [ — pabouas MCHPABISIOMWIAs CIOCOGHOCTH
P P MIPUEMHOT'0 YCTPOWCTBA, TO MNpueM OyAeT OMIMOOYHBIM.
Pnc.22.10 IIpu »TOoM B cooTBeTcTBUU ¢ puc. 22.10 BeposTHOCTH
ouMOKH OyIeT paBHa
2
1 M-
Po =1———— Ie 20°d3 =1-d(x), (22.18)
oV2n

rae, X =, /o, @(X) — uHTErpaT BEPOATHOCTH.

3Has PacyYEeTHYIO BEIUYHUHY O U lJ.p, MOXKHO OIIPEACINTD BEPOATHOCTDH OIIMOKH.

22.3.4. CpaBHuTenbHbIe 0cODeHHOCTH AM, ®M, UM
IIpuBenem cpaBHUTENbHBIE JaHHbIE NOMEXO3AILUIIEHHOCTH cucteM ¢ AM, OM

(ODM) u UM: MakcUMaJbHblE HCKAKEHHS O OT TapMOHHYECKOH MOMEXH MMEIOT CO-
OTHOIIICHHUS SaMZZSQ)M:ZSqM; CpeIHEKBaPAaTHUECKUE MCKAXKCHUSA OT (DIyKTYaIlHOH-

HOU TIOMEXH G an—OCopm=2,8Cqy; MaKCUMAaIIbHBIC UCKAKECHUS OT UMITYJIHCHON TTOMEXH

Nam = chI)M = 3y5on-

CnenoBarenbHO, HAMMEHbBIINE KpaeBble UCKAXKEHUSI UMITYJIbCOB IPU BO3AECHCTBUU
MOMEX BO3HUKAIOT B CHUCTEME Nepefauyd AUCKPeTHBIX curHanoB ¢ UM. Ilpu stom
ClIeZlyeT UMETh B BHIY, YTO, KaK M3BECTHO W3 OOIIECH TEOpPHH Teperavyd CHTHAJOB,
cucrema nepegauun ¢ ®M (ODPM) obnagaer HanOOIbIIEH MOTCHIUAIEHONW TOMEXO-
3aIMIIEHHOCTBI0 U 3TO MPEUMYUIECTBO €€ CTAHOBUTHCSA 3aMETHBIM B YCIOBUSIX IO-
BBIIIEHHBIX YPOBHEN MIOMEX.

Takum 00pa3oM, MOKHO CEIaTh BBIBOJI O TOM, YTO CHCTEMa IEepPEeIavd TUCKPET-
HBIX cUTHAIOB ¢ UM XOTs U TpeOyeT HeCKOJIBKO 0oJiee IMUPOKOH MOJIOCH YaCcTOT aHa-
JIOTOBOTO KaHANa Teperavn, o0JafaeT HanOOJbIIeH MOMEXO03alUIICHHOCTRIO, a 0
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CJIO’KHOCTH ammapaTypbl OHA SBIAETCS MPOMEXKYTOUHOM MexIy cucremamu ¢ AM u
OM (ODM).

[TosTOMYy cucTeMbl nepeiauu JUCKPETHBIX cUrHajioB ¢ UM (TenerpadHbIX U HU3-
KOCKOPOCTHBIX JIaHHBIX) HAallTH HauOoJIblIee IPUMEHEHHUE MIPU HCIOIb30BaHUH KaHa-
110B TY aHanoroBbIX IMPOBOAHBIX U PAJUOCUCTEM IEPEAAUU.

Metoasr ODPM mupoko UCHOIB3YIOTCS MPHU pean3aliii BEICOKOCKOPOCTHBIX CHC-
TeM IIEpeauy JAHHBIX.

Ha mpakTrke Takyke NPUMEHSIOTCS CUCTEMbl ¢ KOMOWHMPOBAaHHOW MOJYJISILIMEH -
aMIUIATYIHOM U (a3oBoil (ADM) wiaM aMIIMTYAHOW W OTHOCHTENbHO-()a30BOi Mo-
aynsuueit (AODM), NpUHIUI TOCTPOSHHS KOTOPBIX PACCMOTPEH B CIIEAYIOIIEM IO/~
paszeine.

22.4. CucteMbl nepegavyu ¢ KOMOMHMPOBAHHOM Moay Isinueii

KomOunmpoBanHas Moayssiuus — 3(p(GEeKTUBHBIA METO/ MOBBIIICHUS MTPOIYCKHON
CHOCOOHOCTH (YJENBHONH CKOPOCTH Mepefadd) JUCKPETHOTO KaHaja Ieperadd Mpu
SKOHOMHOM HCIOJIb30BAaHUM TIOJIOCHI YacTOT aHAJOrOBOro KaHaja. YJeNbHas CKO-
POCTh TIepeiadn - 3TO CKOPOCTh nepeaaun (out/c, bomx) Ha 1 I'tf moyockl aHATOrOBOTO
KaHasa. [IpakTHYeCKoe MCIOIb30BaHKUE MOJydria KOMOHHAIUS aMIUIUTYIHOH u (da-
30BOM Moayssiuuu. Hmke paccMOTpuM JiBe peanu3alid KOMOMHUPOBAHHON MOIYJIsi-
U,

Keaopamypnas amnaumyonas mooyaayusl.

Kgagpatypras AM (KAM) — sto couetanue AM u ®M u npexacrasiseT coboi am-
TUTUTYIHYIO MOJYJISILIMIO B JIBYX JUCKPETHBIX KaHajaX Ha HECYIIMX 4acToTaX, C/IBH-
HYTBIX Ha 90°. CKopocCTh mepesadn Mpy 3TOM BHIE MOAYJISAIMH MOKET OBITh y/ABOCHA
6e3 pacmupeHus 3aHIMaeMoi mosiockl yacTtoT. [Ipunmum KAM nnmroctpupyercs Ha
puc. 22.11,a.

3neck Mmomynupyembie Hecymue konebanus (Ugy — cuHbasnas coctapinstomas u Uyg

— KBaJpaTypHasi COCTaBJIIONIAs]) MPEACTAaBICHBI MyHKTHPHBIMH JTHHUSMH.
a)

Puc. 22.11
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PaccMoTpuM citydaii nBomuHoit AM, xorma U(t) mMeer Bua AByXmoNspHEIX mps-
MOYTOJIEHBIX HMITYJIbCOB. Toraa BBIXOJHBIE MOJYJIMPOBAaHHbIE KoJjeOaHUS OymyT
nMeth BuO  U(t)cos(mw,t+m) u u(t)cos(w,t—m), ToO ecTh  HACHTUYHBIN BHIY
Kosrebanuil mBondHO PM. DTO OTpa)keHO HA PUCYHKE — KaXKIbI MYHKTHPHBIN BEK-

Top Ucy 1 Ugg HMeeT JBa IPOTUBOIIONOXKHBIX HampasieHus. [locie cloxeHus Bek-
TOPOB CYIIECTBYET YETHIPE PA3IMYHBIX 3HAUCHNUS (a3bl (CIUIOIIHBIE BEKTOPA).
CrpykrypHas cxema cuctreMsl KAM Ha mepenade npuBeneHa Ha puc. 22.116. Uc-

XOJHAs TTOCIE0BATEIIFHOCTh HMITYIHCOB U(t) pazmemnsiercss B konepe K Ha nBa moTo-

Ka — geTHBIX Uq(t) 1 HeueTHBIX Ugyy(t) uMIymscoB, kammplii 3 KOTOPHIX HMeEET TIo-
JOBUHHYIO CKOPOCTbH CIICZIOBAHHUSI MMITyJIbCOB. 1103TOMy, €cii OTBEIEHHAs MOJoca
YacTOT aHAJIOIOBOT'O KaHala JOIyCKaeT CKopocTh nepenaun B bon, To Bo BXxoaHo#

MOCJIEA0BATENBHOCTH UMITYJIbCOB Ll(t) ckopocts MoxkeT ObiTh 2B box. ®HY Ha BXO-
JaX MOAYISATOPOB CIIIaXHUBACT (CKPYIIILET) MPSAMOYTOJIBHBIE HUMIYIBCH M0 KOCHHY-
conIambHOMY 3aKoHy. [lociie cyMMHpOBaHUS CUTHAIOB O0OMX BETBEU W MOIABICHHUS
HEXKENATeNBHBIX MPOAYKTOB MOJYJISIUHU TIOJIOCOBBIM (IIIBTPOM MOAYIHUPOBAHHBIN
CHUTHAJI TTOJTAeTCs B aHAIOTOBBIN KaHall. Cructema KAM mpy HCTIONBE30BaHIH UMITYITh-
COB CO CTJI&KEHHBIM CIIEKTPOM MO3BOJIIET MOJIYYUTh YACTHHYIO CKOPOCTH Iepenadn
J10 2 OUT/C Ha KaXKIBIH TePII UCTIOB3YEMOM MOJIOCHL.

PazoOpannas mpocreitmas cuctema KAM cBenacek k detsipexdazHoit ®M npu
OITHOM 3HAYCHWH aMIUTUTYIBL. [Ipu yBenmmdeHnn 4ncia ypoBHEH AM COOTBETCTBYIO-
MM TIePEKOJMPOBAHNEM HCXOTHOMN IOCICIOBATEIHFHOCTH U(t) YBEIUYUTCA U yIeIb-
Has CKOpOCTh mepemauyn. OMHAKO MPH 3TOM CHIDKACTCS IOMEXOYCTOHYMBOCTH JHC-
KPETHOTO KaHAlla, a cama alliaparypa yCIoKHICTCS.

Memoo AODPM-OABII.

Hambornee mepcrneKTHBHBIM ¥ HAIISANIAM IPAKTHYECKOE MPUMEHEHHE SBISCTCS
MeToxg AODM-OBII, koTopsrii 6a3upyeTcss HA COBMECTHOM HCITOJB30BAaHUN OTHOCH-
TenbHO#M (hazoBoit Mmoayssinur (ODPM), | — MO3UIUOHHOM aMILTUTYTHOH MOYIISIIUA
(AM) u nepenaueli AM-O®M CHUTHAIOB C YaCTHYHO ITOJABICHHON OTHONH OOKOBOW
nosioco (OBIT). Metogq AO®M otimuvaercs ot Metoga @M Tem, 4TO MOCHIIKA JTUC-
KPETHOTO CHI'HAJIA MOXKET MPUHUMATh | 3HAYCHUIT aMIUTUTY/IbI, @ HE OJJHO 3HAYCHUE.
Hanpumep, npu | = 4 curnan AO®M nmeer BU, TOKA3aHHBINA HA puc. 22.12.

W3 pucynka BUIHO, 4TO curHai npu meroge AODM moxer npurumars m = 2|
JMICKPETHBIX COCTOSIHUH, CJI€ZI0BATENIHHO, KOJIMYECTBO OMT MH(OpMAIUH, 3aKIIOYEH-
HOE B OJIHO# TIoCKLTKe TiepetaBaeMoro curnaia / = |0g ,m=1+ log 2 l.

IIpu onxnomonocHoi nepenade curHana AODM MakcuMmanbHas yAeNbHas CKO-
pocts nepenaun uudopmaimu papaa 2(1+LOG,l) 6ut/c Ha KaxxabIil repl YacTOTHOM
MOJIOCHI aHAJIOTOBOr0 KaHana nepeaadd. CpaBHUTENIbHBIE UCCIIEA0BAaHNS IOKA3bIBAIOT,
yro Metox AODM OBII npu oguHakoBoi cKOpocTH paboTHI 001a1aeT HanOOIIb-
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. o 18¢

T

Puc. 22.12
1Ieil MOMEeX0yCTOHYMBOCTBIO B CPaBHEHUH ¢ 00bIuHOI N-(hazHOl cuctemoirt ODOM c
JIByMsi OOKOBBIMH TOJIOCaMH (371eCh N — YKHCIO BO3MOXKHBIX rpaganuii ¢asel) u M —
no3uIoHHo ADPM ¢ 1ByMs GOKOBBIMU MOJIOCAMHU.

Paccmorpum nopsinok GopmupoBanuss AODM OBII curnana. Kaxpas moceuika
AOO®M OBII curnana cooTBETCTBYeT Oojiee YeM OJHOMY JABOMYHOMY CHUMBOJY, UTO
ompeeNsieTess MOAY/SINHOHHBIM KOJOM. [IpuMephl MOIYISAIMOHHBIX KOMOB mipH | = 2
u | =4 npuBenens! B TabnuIax, COOTBETCTBEHHO, 22.1 1 22.2. Tlo maHHBIM 3THX Tab-
nun Ha puc. 22.13 B BUIE BEKTOPOB MOKa3aHB! BOZMOXKHBIE TTO3UIMH TOCBUIOK M CO-
OTBETCTBYIOI[ME ITUM IO3MIHIM KOMOWHAIMM JBOMYHBIX CHMBOJIOB. [Ipu aToM 3a
HCXOJIHOE HAIlpaBJICHUE BEKTOpa MPUHATO HampasieHue OA.

B paccMOTpeHHBIX BBIIIE TpUMEpax MOAYISIMOHHBIX KOJOB KOMOWHAIINY ABOUY-
HBIX CHMBOJIOB, COOTBETCTBYIOIIME COCETHUM

MO3UIMAM CHMTHANA, OTIMYAIOTCA JAPYT OT Apyra  a) A 9] A
TOJIBKO OJIHMM JIBOMYHBIM CHMBOJIOM. _ #
[ToCKONBKY B TIOJABIIAIONIEM GOIBIIHHCTBE =2 Avj1 I=4 V111
CIly4aeB OIIMOKH MPH NPHEME BBI3HIBAIOTCS HE- \, 110
NPaBWIBHEIM PA3IMYCHUEM COCEIHUX IO3MIHH, V10 V5100
Tako¥ MOAYJISIIUOHHBINA KOJ MO3BOJISIET MUHUMHU- o vV, 101
3WpOBATh HYUCIIO OIMMOOK MPUHATHIX HH(pOpMa- 180 180
I[HOHHBIX CUMBOJIOB U SIBJISIETCS] ONITUMAJIbHBIM. -V, 001
IlepBble cUMBOJIBI B OJOKaX, COOTBETCTBYIO- V0 {ngj
IUX BO3MOXXHBIM IIO3MLUAM MOCBUIOK AODM -V, 010
OBIl curnana, onpenensioT 3Hak (¢asy) ITHX V0l ¢-Vl o1
noceiok. OHM KOAUPYIOTCS Ha Mepenade W Je- Prc.22.1
KOAMPYIOTCA Ha mpueme 1o 3akony ODM.
Tabnuua 22.1 Tabmuna 22.2
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a)

0)

B)

r)

Konebanus IloBopor | Ammiu- Konebanus Iosopor | Ammu-
CHUMBOJIOB ¢assl, Tyna CHUMBOJIOB ¢assL, Tyna
L=2 1=4

11 0 Um 111 0 Um

10 0 1/3 Um 110 0 5/7 Um

00 180 1/3 Um 100 0 3/7 Um

01 180 Um 101 0 1/7 Um

001 180 1/7 Um

3necs U, — amMmuryza Hecyero Koie- 000 180 3/7Um

Ganus. 010 180 5/7 Um
011 180 Um

KoMmOHHaIMM OCTaTbHBIX CUMBOJIOB B OJIOKaX ONPENEISIOT MOIYJIN aMIUIUTY] T10-
CBIJIOK HE3aBUCUMO OT UX MOJIAPHOCTH.
Curnansl AOPM nepenarorcsi Mo METOIy OJHOM OOKOBOW IMOJIOCHI ¢ YAaCTUYHO
nojaByiecHHON OokoBoit mosocoi (OBIT UIIBIT). [Ipu 3ToM mepenaroTcss HECKOIBKO
ycedyeHHas 0jiHa OOKOBasi MOJIOCA M OCTATOK IPyroi 00koBo# mojockl. [Ipuyem, yce-
YCHUC OJIHOﬁ II0JIOCHI U ILO6aBKa oT )lpyFOﬁ TAaKOBBI, YTO YaCTUYHOC IMOAABJICHUC I1C-
penaBaeMoii OOKOBOM MOJIOCH BOJIM3H HECYIEH YacTOTHl B TOYHOCTH KOMIIEHCHPYET-
Csl YaCTUYHOH Iepepavell IMoAaBisieMOi OOKOBOI IOJIOCHI, YTO B KOHEYHOM HTOTE
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obecrieunBaeT Oe3bICKQXKEHHOE BBIICTICHHE
TIOJIE3HOTO CUTHAJIA.

Ha puc. 22.14 nokasassl: a) CHEKTp MoO-
JlyTUPYIOIIETO CUTHAIA U(t); 0) cekTp Mo-
JIyJMPOBAHHOTO CHTHAja HA HECYIIEeH 4acTo-
te fo (Ha BBIXOJE MOIYJIATOpPA C MOJABJIEHH-
€M Hecylleil); B) CIeKTp BepxHel OOKOBOI
MOJIOCHI; T) CHEKTP YaCTHUYHO ITOJABJICHHON
BepXHEel OOKOBOH MOJOCKI U OCTaTKa HUKHEH
OGOKOBOM TIOJIOCHI.

®opmuposanue curHana UYIIBIT ocyme-
CTBJIACTCA TEMHU XKC CHOCO6aMI/I, YTO U CHUT-
Hajma opHoW OokoBoit momocwkl  (OBID):
GUIETPOBBIM WK (Da30KOMIICHCAIIMOHHBIM.
JleTekTUpOBaHKUE HA ITPHEME 00CCIICUNBACTCS
JAEMOOYJIATOPOM C MECTHBIM HCTOYHUKOM
HECYIIETO KOJIeOaHus.

22.5. BapuaHThI IOCTPOEHUS aNNapaTyphl NepeAayu AUCKPETHBIX CHTHAJIOB
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B kadecTBe KaHaJIOB MEPBUYHOM CETH IJsI ammapaTypbl MEepelavyd JUCKPETHBIX
(1pOBBIX) CUTHATIOB MOTYT HCIIOJB30BATHCS THIIOBBIC KaHAJBI TIEpEIad aHAJIOTO-
BhIX cucTeM (kKaHaimbl TUY, OIMPOKOMOJIOCHBIC KAHANBI WM (PH3MUYCCKUE IICMH JIMHUN
CBsI3M), a TAKXKE NU(PPOBBIC KaHAJBI IIM(DPOBBIX CHCTEM MEpeIayu.

I 3ppeKTUBHOTO HCIOIB30BAHUS AHAIIOTOBBIX KAHAJIOB IEpEIavd MEePBHYHON
CeTH ammaparypa Mepefaydl JUCKPETHBIX HU3KOCKOPOCTHBIX CHUTHANIOB (HampuMmep,
TenerpagpHpIX) BHITOIHICTCS MHOTOKAHAJIBHOM, a ISl CPETHECKOPOCTHBIX M BBICOKO-
CKOPOCTHBIX — OJHOKaHAIBGHOW. B HacTosmiee BpeMs Ha CETAX CBSI3U HCIIONIB3YETCS
KaHaJI000pa3yromias anmnaparypa ¢ YHCIOM JUCKPETHHIX (IM(POBBIX) KaHAJIOB OT OJ-
HOTO JT0 HECKOJIBKUX NIecATKOB. [IpomyckHas crmocoOHOCTh AUCKPETHRIX KaHAJIOB (HO-
MHUHAaJIbHAsI CKOPOCTH Nepenaun) ycranaBmuBaercs [OCT u moimkHa COCTaBIATE: [UIS
tenerpadupix kaHamos 50 wim 100 box; ams HU3KOCKOPOCTHOH ceTH Iepenadu aH-
ueIx (IT11) 200 Box (6ut/c); mns cpemneckopocTHBIX Kanaios [1/1 600, 1200, 2400 u
9600 Box (6ut/c); mis BeicokockopocTHHIX KaHanoB [1]] 12000 box (6ut/c) u BeImIE.

ITo Tumy xaHANEI IIepeadul TUCKPETHBIX CHTHAJOB ITOAPA3ACISIOTCS Ha POo3pad-
HBIC U HEMIPO3payHble, a M0 BHJY Nepeaad — Ha CHHXPOHHBIC, ACHHXPOHHBIC U CTap-
TCTOITHBIE.

Ilpospaunvie kananvt NO3BOISIIOT paboTaTh C JIIOOOH, HE MPEBBIIAIOIICH HOMH-
HAJIbHOM, CKOPOCTBIO Mepeayy Kak CHHXPOHHBIM, TaK M ACHHXPOHHBIM CIIOCOOaMH.

Henpospaunvie kxananvt SBISIOTCS CHHXPOHHBIMH M TIO3BOJISIFOT paboTaTh JIMIIb C
OJHOW HOMHUHAJIBHOUN CKOPOCTHIO.

Cunxponnas nepedaua — cnoco0 nepenadn, mMpyu KOTOPOM MEXAY JFOOBIMU JBYMS
3HAYAI[UMHA MOMEHTAMHU BCET/Ia UMEETCS LIEJI0C YHCIIO SANHINYHBIX HHTCPBAJIOB.

Acunxponnas nepedaua — cnoco0 mnepeaadu, Npu KOTOPOM MEXIy JIFOOBIMHU JIBY-
Ms 3HAYAIIUMH MOMEHTaMU B OJHON KOJOBOW KOMOHHAI[MHM BCETJa MMEETCS IIeI0e
YHUCJIO SIUHUYHBIX HHTEPBAJIOB, & YHCIIO CIHHUYHBIX MHTCPBAIOB MEXKIY JABYMsI JIIO-
ObIMH 3HAYAIMMHA MOMEHTAMH, PACIIOIOKECHHBIMH B PA3JIHYHBIX KOJOBBIX KOMOWHA-
[USIX, HE BCET/Ia SIBJISICTCS [EJIBIM YHCIIOM.

Cmapmcmonnasa nepedaua —3TO aCHHXpOHHAas Iepefada, IMPU KOTOPOH Kaxmoif
KOZIOBOM KOMOHWHAIIMY MPEANIECTBYET CTAPTOBBIM CUTHAT U TMOCHE KKIOW KOJIOBOM
KOMOUWHAIINY CIICIyeT CTOMOBBIN CUTHAI.

3nauawue momenmsl — MOMEHTHI U3MEHEHHSI 3HAYAIIUX MO3UIUI (HampuMmep, u3-
MEHEHHUE C MOJ0KUTEIFHOT0 Ha OTPHIATENIFHOE 3HAUCHHE).

3nauawas nosuyus — QUKCUpyeMoe AHUCKPETHOE 3HAUEHHWE IapameTpa CHUTHaiIa
(HarmpuMep, MOJI0KHUTEIIBHBIN MM OTPHIATSIBLHBIN UMITYIIBC).

3nauawuii unmepean — MHTEPBAJI BPEMEHH MEXIY ABYMS COCEIHUMH 3HAYAIINMU
MOMEHTaMH.

Kananbl B MHOTOKaHAJIBHOM ammapaType Hepeaadyd JUCKPETHBIX CHTHAJIOB MOTYT
pa3zemnsaTees no gacrore (cuctemsl ¢ YPK), Bpemenu (cucremsr ¢ BPK), o wacrore n
BpemeHH (cucrems! ¢ YUBPK).
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[Ipu yactoTHOM pazneneHuH KaHanoB APQEKTHBHO TepeaaBaeMas 1ojoca 4acToT
(BIIITY) anamoroBoro KaHaja Nepefadd MEpBUYHONW CETH C IOMOIIBIO TOJIOCOBBIX
(UIBTPOB JEINUTCS HAa HECKOJIBKO OTHOCHTENIBHO Y3KHX I0JIOC, B KaXJOH M3 KOTOPBIX
o0pa3zyeTcst OTJeNbHBIN JUCKPETHBIN KaHail. KaHansl B Tako# anmaparype moJry4aroT-
Cs IPO3PaYHBIMH.

IIpu BpeMeHHOM pa3feNeHuH KaHaloB Ha NMPOTUBOIOJIOXKHBIX KOHI[aX KaHanua Iie-
peAay JUCKPETHBIX CUTHAJOB K KaHATy NMEpPBUYHOM CETH MOOYEpeNHO Ha ompene-
JICHHBIH OTPE30K BPEMEHH IIOJIKIIOYAIOTCS C MOMOIIBIO pacrpeeNuTeneii, padorato-
mUX Ha 000MX KOHILAX CHMHXPOHHO, IepeJaTyMK M NMPUEMHHUK 3TOro kaHana. Hemoc-
tarkamu Metoaa BPK sBisitoTcst cioskHOCTH KaHanmooOpasylolei anmaparypsl U BO3-
MOXHOCTh Pa0OTHI 0 KaHalaM TOJBKO CHHXPOHHBIM CIIOCOOOM C ONpe/eseHHOU
CKOPOCTBIO.

[Tpu yacTOTHO-BpEMEHHOM pa3JieliecHn KaHaJoB 3(Q(EKTUBHO IepeiaBaeMasi 1o-
Jl0ca 4acTOT aHAJOTOBOTO KaHala pa3fenseTrcs Ha HECKOJIBKO YacTOTHBIX IOJIKaHa-
JIOB, B K&XKIOM M3 KOTOPBIX UCIIONbB3YyeTCs BPEMEHHOE pa3zeiieHue KaHaJIoB.

IIpu mcnonp30BaHUM THUIIOBBIX AHAJIOTOBBIX KaHAJOB NepeAadd BO3MOXKHBI mpu
eapuanma MOCTPOCHHUS aNNapaTypsl epeladl AUCKPETHBIX CUTHAJIOB.

Ilpu nepeom éapuanme (puc. 22.15) ummnynbcHasi MOCIEA0BATENBHOCTh OT UCTOY-
Huka uHMopmanuu MU moctymaer k mepenardvky 4epes ammaparypy CONpsDKEHHs
(AC), xoTopas BBINOJNHSAET (YHKLIHUIO COIVIACOBaHUs IepBUYHOro curhHana ot MU c
JaIBbHEHIITNM TPaKTOM Mepeaayd [0 CKOPOCTU U KOAY.

[Tapametps! curHanoB Ha Beixoze AC, Kak IpaBuiIo, YHU(UIUPOBAHBI U COOTBET-
CTBYIOT pekoMeHnoBaHHBIM MCD mapamerpam ctbika. OT AC uHpopMalus B Buae
KOJIOBBIX KOMOMHAIMII TiepeaaeTcst B yCTPOUCTBO 3amuTsl oT omubok Y30, koTopoe
obecrieunBaeT TpeOyeMyr0 JOCTOBEPHOCTH Iepeadu MyTeM BBEICHUsI M30BITOUHOCTH
B IlepefaBaeMyr0 HH(OpPMAINIO, HCTIONb3YeMYI0 Ha IIPUEMHOM CTOpOHE [ oOHapy-
JKEHHS M MCIIpaBJeHus ommoOok. B ycTpoiicTBe npeobpasosanus curraioB YIIC mo-
CIIeZI0BAaTEeILHOCTh UMITYJIBCOB [TOCTOSIHHOTO TOKa IpeoOpasyercs Merogom AM, ®M

(O®M) mnu UM B monocy 4acToT, COOTBETCTBYIOIIYIO MOJIOCE MPOIYyCKaHUS
aHaJoroBoro kaHaiga. Ha nmpuemMe ocymecTsiseTcs odpaTHoe peodpa3oBaHue CUT'HA-
na kK guckpetHoit ¢opme B VIIC, a 3aTeM BOCCTaHABIMBACTCS HCXOMIHAS TBOMYHAS
nocnenoBarenbHocth B Y30 u nocrynaet yepe3 AC k nosiyuarento uadopmaruu [TH.
OcHnoBHas ¢yHkius Y30 Ha npueMe — 3To 00Hapy)XeHHE U UCIIPaBJIeHHE OLIMOOK, B
MepeaBaeMoOM CHUTHaJIe, BOSHUKAIOIUX B AUCKPETHOM KaHAJIE 3a CUYET MCKaXEHUH U

nepeaaTynK TPHEMHUK
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BO3/ICUCTBHS MOMeX. AHaNOroBeid kKaHan BMecte ¢ YIIC 00pa3yroT AUCKPETHBIN Ka-
HaJl, a AMCKPETHBIN KaHai ¢ Y30 — KaHall epefiauul JaHHBIX.

Ilo mepBOMy BapuaHTy CTpOSTCSI BTOPUYHBIE CETU CPEJHECKOPOCTHOH (IO KaHa-
n1aM TY) 1 BBICOKOCKOPOCTHOI (110 MIMPOKKM KaHaiaM) nepeJadn JaHHbIX.

Ilpu emopom sapuanme (puc. 22.16), Ha3pIBa€MOM TeJerpaHbIM, B IOJIOCE Yac-
TOT aHAJIOTOBOTO KaHaja oOecrieunBaeTcs Iepesada JAUCKPETHBIX CUTHAJIOB OT He-
CKOJIBKMX HH3KOCKOPOCTHBIX MCTOYHHMKOB MH(opMauuu. B nHmuBHyassHOM 000pYy-
nosanuu nepenaun (MO Ilep.) nepBuuHble AuckpeTHble curHainsl or MU npeobpasy-
101cs MetogoM AM, ®M (ODOM) wim UM B MoynupoBaHHbBIE CUTHAIIBI, pa3Melac-
MBbI€ KaXJbIi B COOTBETCTBYIOIEH YacTH MOJOCH 9acTOT aHAJOTOBOrO KaHaia. B
rpynmnoBoM obopynosanuu ('O Ilep.) curnanst ot Bcex MO o0beannstorest u popmu-
pyeTcs TMHEHHBI CUTHAI AJI Iepejadu 1o aHaloropoMy kaHany. Ha npuemHoii cro-
pPOHE OCyIIeCTBIIsIeTCSl pa3zaeneHue rpymnmnosoro curHana (B 'O Ilp.), obpaTHOe BoC-
cTaHOBJIeHHE TUCKpeTHBIX curHanoB (B MO Ilp.) u mepemada K COOTBETCTBYIOIIMM
NpUEeMHHKaM HHpOpMaIu (Harpumep, TejaerpagHble anmaparsl).

[To BTOpOMY BapuaHTy CTPOMTCS KaHaiooOpasyrolias anmapaTtypa Juisi oopa3oBa-
HHUS HECKOJBKHMX TeJjerpaHbIX KaHaJOB B CIEKTPE KaHajla TOHAJbHOW YacTOTHI
(0,3...3,4 xI'm). [ToaTomMy Takas ammaparypa MOJyddsa Ha3BaHUE ammapaTrypa To-
HanbHOTO TeserpadupoBanus (TT), a moayuaemble ¢ ee MOMOLIBIO TelerpadHbie Ka-
Hanbl-kaHaiel TT.

Jnist moBbImeHust 3 GpEeKTHBHOCTH UCTIOIB30BAHMUS MTOJIOCH! YACTOT aHAJIOTOBOTO
KaHaJia 110 BTOPOMY BapHaHTy MOXeET IPUMEHSATHCS YaCTOTHO-BPEMEHHOM METOA

T nep Y ) 1p T
[ N— » »
Tep TT > kan. TU ) ' o T —) p
PO P®

™ [0 ) 9 o Td
nep ~ mp

| il | 1

i Ann TT(npa yacTb) | Ann TT(npm yacTb)

| | | I

I 1 I I |
m = MO | | 1> MO =—»

| Pl 5 | O |  [awanoroseil 4| MO | 2 a

‘ —» nep.|' | KaHan T onp. [ 2 |

| N | | N I

l > l l > |

b o ____ 4 e H

| I

L ONCKPETHbIN (TenerpadHblii) KaHan o

D KaHan ToHaNIbHOro TenerpacgupoBaHms o

Puc. 22.16

381



Puc. .22.17

pasnenenus kananoB TT. [Ipu arom merone B kakaoM u3 N kananos TT, ncrosns-
syromux N nonoc kanana TU, ocymiecTsisieTcss BpeMEHHOE pa3feieHue (IByKpaTHOe
WM YETBIPEXKPATHOE).

Ilpu mpemvem éapuanme (puc. 22.17) mocTpoeHus: anmnapaTypsl nepeaadu JIuc-
KPETHBIX CHI'HAJIOB HMCIOJIB3yeTCsS aHaJOroBbIi KaHalu ( Kak mpaBwio, kaHan TU) He
MOJIHOCTBIO, @ YaCTUYHO: 00bI9HO BepxHss yacts OIIIY kanana TY (2,5...3,4 k')
ucnosbe3yercs At opranusanuu kaHainoB TT, a HuwkHas yacts (0,3...2,5 xI') — qna
TeNneOHHOM CBSI3H.

3nechk ¢ moMoLIblo pasaenuTenabHbX GuibTpoB PO (OHY n ®BY) OI1ITY kanana
TY paznmensercs ans TenerpadHoii u Tee)OHHON CBs3U. JI1s1 yMEHBIIICHHS B3aHMHO-
IO BIUSHUS TeJC(OHHBIX CUTHAJIOB Ha TeJerpadHble B Tele(OHHbIM KaHal BKIIOYaeT-
cs orpaHnuuTens aMmuTy (OA), cpe3aronuil MMKU PeYeBbIX CUTHAIIOB.

Ha mpuBeneHHBIX cxeMax BapHaHTOB IMOCTPOCHMS ammapaTypbl Mepemaddl Auc-
KPETHBIX CHTHAJIOB ITOKa3aHa Iepesiaya CUTHAJIOB B OJHOM HalpasiieHuu. [[is obpat-
HOT'O HaIlpaBJICHUs CBSI3M HEOOXOANMO TaKoe ke 000pyHIoBaHUeE.

B nanpHeilinieM noapoOHO pacCMOTPEHO MOCTPOSHHE MHOTOKAHAIILHOW anmapary-
PBI TOHAIBHOTO TelerpadMpoBaHus ¢ YacTOTHOW MoayJsuuen u YPK.
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