I'nasa 23

MHNOCTPOEHHE AIIITAPATYPbI TOHAJIBHOI'O
TEJEI'PA®UPOBAHUA

Tenerpagubie KaHaIBI ¥ HU3KOCKOPOCTHBIE KaHAJBI MEPefady TaHHBIX JJISl COOT-
BETCTBYIOIINX CETEH AJIEKTPOCBS3U 00Pa3ylOTCsl C TIOMOILBIO annapaTypbl TOHAIBHO-
ro tenerpaduposanus (TT), paboraroniell Mo kaHajaM TOHAIBHOM Y4acTOTHI NEPBUY-
HBIX ceTeil cBa3u. [Ipu 3ToM ganbHOCTH cBsi3M No kaHanaMm TT ompenensercs qaabHO-
CTBIO JICHCTBUSA UCTIONIB3yeMOoro kKaHana TY.

st noctpoenus annapatypsl TT B HacToslILiee BpEMSI IPUMEHSETCS, B OCHOBHOM,
YacTOTHOE pas3/ieJIeHHE KaHANIOB, a JJIsl COrNIAaCOBAaHUs IUCKPETHBIX CHTHAJIOB C aHa-
JIOTOBBIM KaHaJOM — YacTOTHAas MOAYJISIMs, oOecrieunBaromas J0CTaTOYHO BBICO-
KyI0 MOMEXO3aIlIUIIEHHOCTh, Mallyl0 YyBCTBUTENLHOCTh K M3MEHEHHUIO YPOBHS MpPH-
HUMAEMBIX CUTHAJIOB, OTHOCUTEIBHYIO MPOCTOTY pealnu3aldyl anmnaparypsl U CHH-
XPOHHYIO HJIM aCHHXPOHHYIO Pa0OTy OKOHEUHBIX YCTPONCTB.

OcHoBHBIE NTPOOJIEMBI, BO3HUKAIOIINE B TEOPETUIECKOM M MPHKIATHOM acIeKTax
[IpY peaIn3allud MHOTOKaHAIBbHOM anmnapaTypsl TT, CBOAATCS K OIPENEICHUIO:

MOJI0CKI 4acToT KaHana TT;

HOMHUHAJIBHBIX 3HAYCHHH HECYIIUX (CpeIHHMX) M XapaKTepPHCTHUYECKHX (paboumx)
4acTOT Kaxkaoro kanana TT;

anropurMa (opMHUpOBaHKE JTMHEHHOTO CIIEKTPa YacToT;

ypoBHeil nepenayuu curHanos TT;

METOJIOB TIOJTY4eHUS U AeTeKTupoBaHusa UM koneOaHMiA.

[epeuncnennsle MpoOIeMBl pEIIAOTCS B MOCJIEAYIONIMX Maparpadax riasbl.

23.1. CrpykrypHas cxema annaparypbl TT ¢ yacToTHoii Monyasiuueit

OcCHOBHBIE 3JIEMEHTHI TPaKTOB Nepenayn U npuema kanana TT ¢ UM npuBeaeHs!
Ha puc. 23.1 (ogHO HampaBJCHHUE IepeIayn).

B cocras nepenaromieii yactu kanana TT BXOsIT reHeparop Hecyiei 4actoTsl fo,
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4acTOTHBIA MoaymsaTop UM u nonocoBoit pmitetp nepemauu I1d Ilep., a B cocras
NpUEMHOH YacT — nosiocoBoit puieTp npuema [1® Ilp., yeunurenb-orpaHUIUTEND
VYc¢-Orp., yactotHsit getektop Y1, ycumurens mocrostaaoro Toka YIIT, anexTpon-
Hoe pene PD. Paboty obenx gacreii anmapaTypsl o0ecriednBaeT reHepaTopHoe 000-
pYyJIOBaHUE U yCTPOICTBA 3NEKTPONUTaHM (Ha pUCYHKe He TI0oKa3zaHsbl). B ciaydae pa-
0OTBI OKOHEYHBIX YCTPOICTB (TenerpadHbIX anmnapaTroB) TOKaMU OJHOTO HalpaBlie-
HUS (OTHOMOJISIPHBIMU TIOCBUIKAMM) OHH NMOJKII0YatoTes k kaHainy TT gepes nepe-
XoJHOe ycTpoiictso I1V.
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Huarpamma paGotsl kanama TT
npusefeHa Ha puc. 23.2. Ha Bxop
yacToTHOro Moayisaropa YM mocry-
MAIOT IBYXMOJISIPHBIE MMITYJIBCHI TTO-
CTOsSIHHOTO TOKa (puc.23.2,a). B 3aBu-
CUMOCTH OT TMOJIPHOCTH MOCEHUIOK
4acToTa Te-HepaTopa 4acTOT Ha BHI-
xone YM npuHuUMaeT 3HaYCHUS
fu=f, — Af wm f, = f,+ Af, T0 ecTb B
YM ocymrecTBisieTcs mpeodpa3oBa-
HUE TUCKPETHBIX CUTHAJIOB B YaCTOT-
HO-MOJYJIMPOBaHHbIE CHUTHAJIBI TIe-
PEMEHHOTO0 TOKa B OTBEIEHHOM C
MOMOIIBI0  TIOJIOCOBOTO  (PpHIIbTpa
JuanazoHe 4acTtor KaHama TY
(puc.23.2,0).

Ha mpueMHOM KOHIIE CIIEKTp Yac-
TOT CHTHaJNa JaHHOrO KaHana TT BEI-
nemsietcs GunsTpoM npuema [1O Tlp.
dopma cHUTHaNa TPH TPOXOKICHUU
no kaHany TY wuckaxaercss — Ha
puc.23.2,B BUJIHO, YTO TIOMEXHU U Tie-
peXOHbIE MPOIIECChl B y3JaxX TpakTa
nepefayr BbI3BAM HEXKEJATEIbHYIO
AMIUTMTYHYI0 MOJYJIAIAIO XapakTe-
pUCTHYECKHX 4YacTOT. B ycumutene-
OTpPAaHUYHUTENIC TPUHITHICE CUTHAJBI
YCHIIMBAIOTCS W OTPAaHHYUBAIOTCS TIO
aMIUIMTY/I€ CBEpPXy U CHM3Y, YCTpa-
HA1  aMIUIMTYJHYI0 — MOJYJISALHUIO
(puc.23.2,r).

B wuacrorHom perekrope UM-
KonebaHus mpeoOpa3yloTcsT B HM-
MYJIbCHI MTOCTOSTHHOTO TOKa



(puc.23.2,m), ¢opmMa KOTOPBIX YIYy4IIaeTCsS YCHIIUTEIEM IIOCTOSHHOTO TOKa
(puc.23.2,e), uTo HEOOXOIUMO HJIsI HOPMAJNBHON pabOTHI ANMEKTpOHHOTO pere. PO
KOMMYTHpPYET B TenerpadHyro Iens nprueMa MecTHyto 0arapero BAT (ucTtounmk 1mo-
CTOSIHHOTO TOKa) B COOTBETCTBUU C MPUHUMAEMBIMU CUTHajIaMu (puc.23.2,5).

Ha puc. 23.1 noka3aHo ofHO HampaBlieHHEe Mepenadyd. AHaIOTUYHbIE YCTpOiicTBa
JIOJDKHBI OBITH ¥ B 0OpaTHOM HaIpaBJICHUU MEPEadH.

B muorokanansHon annaparype TT x kanany TU Ha ero Bxozne U BBIXOAE Iapall-
JIETBHO MOJKITIOYASTCS aHAJOTUYIHOE 000pyI0BaHHE APYTUX KaHAJIOB, padOTAIOIINX B
OTBEJICHHBIX JUISI HUX y4acTKax MoJiockl kaHana TY.

23.2. OnpeneJienne MoJ0ochl 4acToT kanajaa TT

Baxuelimeil 3agauell TEXHUKO-3KOHOMHUYECKOIO IJIaHA, BO3HUKAIOILEH MPHU CO3-
nmaany ammaparypsl TT, sBisercs 3amada BeIOOpa moJiockl yactoT kaHama TT. C on-
HOHM CTOpOHBI, MOJIOCY YacTOT KaHana TT jkenaTenbHO UMETh KaK MOXHO MEHBIIEH,
4y10068b1 B DIIITY xanana TY pazmectuts Ooiblee konuuecTBo kanajaoB TT. Ho ¢ apy-
TOM CTOPOHBI, IIUPUHA ITTOJIOCHI YACTOT JIOJDKHA OBITh TaKoi, 4TOOBI 00ecrieunTh me-
penady TUCKPETHBIX CUTHAIOB C HEOOXOIUMOM CKOPOCTHIO M TOCTOBEPHOCTHIO.

Kaxk 0b110 nokazaHo B riase 22, nonoca 4yactot kaHana 1T, kotopas orpaHH4YKBa-
eTCs TIOJIOCOBBIM (DPHUIIBTPOM C TOJOCOW mporryckanus AF, mins momexoycToHdmBoOi
nepenayd JUCKPEeTHbIX curHanoB npu UM onpenensercs (6e3 ydera mojioc pac-
¢unbTpoBku) dopmyroi AF,, = (1,3...1,5 MB, rne B — ckopocts nepenauun B 60o-
nax, m=af /F — uanexc momynsiumu, Af — neBuanums yacrorer, F — yacToTa ciemo-
BaHU UMITYJIbCOB. BenndanHa MHAEKCa MOTYJSIIIMY TIPH 3TOM JOJDKHA OBITH B COOT-
BeTCTBUU ¢ pexoMenaanueit MCO-T m = 1,2.Toraa, Hanpumep, sl CKOPOCTH Tepe-
maun B = 50 box (F=25 I'm), ARy, = (78...90) I', Af = mF =30 I'm.

B mHOTrOKaHanpHOW ammaparype TT Mexay KaHanaMu OJDKHA OBITH 3aIlUTHAS
MOJI0Cca JacToT (mmoioca pacHUIBTPOBKU), KOTOpas ONMPEACIASTCS UCXOAS U3 BO3ZMOXK-
HOCTeH mocTpoeHuss GuibTpoB. [lpu mcmonp3oBaHuu GuiabTpoB THma LC mmpuHa

1n0710¢h! pachuIbTPOBKH BeIOHpaeTcs 1t ckopoctr 50 Box AFpg= 40 I'x (10 20 I'nx
C KaXXJOH CTOPOHEI).
B cooTBeTCcTBHU ¢ BHIIIE M3OKEHHBIM U peKoMeHmarmmssMu MCD i cTaHgapT-
HBIX CKOPOCTEH Imepeiadn BEIOUPAIOTCS CIeIyoNIie mapaMeTpsl kaHamoB TT:
B =50 boxn (F = 25Tm), AFy= 80 I'n, AF,4=40 I', AF,,= 120 'y, Af = 30 I';
B =100 Bbox (F = 25T'm), AF4= 160 I'n, AF,4= 80 I'i, AF,= 240 I'ny, Af = 60 I';
B =200 box (F =100 I'm), AF4=320 I'u, AF,4= 160 I', AF,,= 480I'n, Af = 120 I'm.
Uucno kaHaIoB, KOTOpoe MOXKHO oOpazoBath B DIIITY kanana TY onpenensercs
no popmyie N =AF.,/AF,,. IIpu ckopoctu 50 box N = 3100/ 120 = 25.
O6sbryHO anmaparypa TT ¢ UM ctpoutcs Ha urcno kaHamoB TT it CKOpOCTeii:
50 Box — 24 kanaina, 100 Box — 12 xananos u 200 box — 6 kaHajoB.
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23.3. OnpeneieHUe CPeTHUX H XapaKTEPUCTHYECKUX YacTOT KaHanoB TT

IIpu BEIOOpE Hecymux (CpeaHUX) YacTOT KaHaioB TT MHOroKaHaNBHOW ammapa-
Typsl TT yunThiBaeTcs B3auMHOe BiIusiHHE KaHanoB TT 3a cueT NpoAyKTOB HEJIUHEH-
HOCTH, BO3HUKAIOLUX B ycTpoiicTBax kaHana TY. B anmapatype TT ¢ UM xapakre-
puctuueckue yactotel fy u fy (g mepenaun MONOKHUTENBHBIX M OTPHUIATETBHBIX
UMITYJIbCOB) BBIOUPAIOTCS MO mpaswiy (puc. 23.3,a)

fue = fox - Af - B fye = fo + Af, (23.1)
rae K — HoMep kaHana, fo, — cpennss yactora x-ro kanana, Af — neBuanus yacToTeI.
st MmHOrokananeHOM anmapaTtypsl TT kaHan TY sBasieTcst TPYNIOBBIM YCTPOM-
CTBOM C 3aMETHO BBIpaXCHHON HenuHeiHOoCcThI0. [loaToMy Ha BeIxone kaHana TY, a,
CJIeI0BaTeNIbHO, U B MPUEMHOM yacTu annapaTypbl TT KpoMe HOJE3HBIX XapaKTepu-
CTUYECKUX YaCTOT MosBsATCs rapmonuku Nfj , mfy u komOunanuu Buna nfj = mfy , roe
fi u fx — mepenaBaemble XapakTepuUCTHUECKHE YacTOTH KaHaiaoB TT, N, m — mo0Oble
uesnble uynciaa. [IpoaykTel HeNMMHEHOCTH, NoMnaias B IOJOChl OTAENbHBIX KaHaIoB TT,
BOCIPUHUMAIOTCS KaK IIOMEXH U BbI3BIBAIOT UCKAXXEHUS JTUCKPETHBIX CUTHAJIOB.
HauOonpime amMrmuuTyapl (O3TOMY HanOoOJiee OIACHBIC) MMEIOT HEIUHCWHBIC

NPOAYKTEI BTOPOTO Topsizka, To ecThb 2fj, 2fy, fj £ fx. [Toatomy mpu BeIGOpE Hecymux
(cpenHunx) U xapakTepUCTUUECKHUX (paboumx) 4acTOT UCXOMAST U3 TpeOOoBaHUS, YTOOBI
KOMOWHAIIMOHHBIC TPOIYKTHI 2-T'0 MOPsAKA MOMAAaIH JIMOO B MOJOCH PachUIbTPOB-
KH, 100 Ha cpenHue YacToThl kaHanoB TT, HO He Momanany Ha XapaKTEPUCTUUCCKUE
yacToThl fyx ¥ fgk. BhIMOMHUTE ykazaHHOE TpeOOBaHHE MOXKHO JIUIIL B TOM Cilydae,

eCII CpeiHKe YacTOThI fox OYIyT YeTHO-KPATHBIMH, & XapaKTEPUCTHUECKHE YACTOTHI

a) k-# xanan TT (rk+1)-it xanan TT
At L Af At ¢ AF
Lah) L L L
2Af
< —P
fux fox f BK f i+l f oK+l f Br+1 f
6) 1 xan 2 KaH 3 kaH 4 xan
Af 3nf 5Af  TAf onf  11Af 13Af 15Af
Af 2Af 4Nf B6Af 8Af 10Af 2N 14Af
fﬂl fOl fBl fHZ f02 fBZ fH3 f03 fB3 fH4 f04 fB4

Tonoca pachuabTpoBku

Puc.23.3
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HCUCTHO-KPATHBIMHA BCJIMYMHE JCBUALIUU YaCTOTBL Af, TO €CTh
fox Z2kAf, fe =(2k-1)AF, f, = (2x+1) Af (23.2)
Bnarogapst TakoMy BbIOOpY KOMOMHAIIOHHBIE MIPOIYKTHI OT B3aMMOJICUCTBHS Xa-

PAKTEPUCTUYECKHUX YACTOT foy T oy 1 MX BTOpBIE rapmonuku 2fgy, 2fy GyayT Beerma
YETHO-KPATHBIMH H TOMAaTh JU0O0 B MOJOCH pachUILTPOBKH, JTHOO HA MecTa Cpejl-
HHX YacTOT. JTO WLTIOCTpUPYETCs Ha puc. 23.3,0, rie Ha OCH 4acTOT XapaKTEPHUCTH-

YEeCKHE U CPEJHME YACTOTHI BBIPaKeHBI B BemunHax nesuarmu Af. Hampumep: 2-s1
rapMOHHKa BEPXHEHl XapakTepUCTHYECKOH 4acTOThl BTOporo kaHana 2f, = 2.7Af =
14Af — 5Ta momexa TomajacT Ha CPEIHION 4acTOTy 4-ro kaHama foy: komMOHMHarmMs

foo + fu = TAf + Af = 8Af — 3Ta momexa momasaeT B monocy pachUIbTPOBKU MEKIY 2
Y 3 KaHaJamu U T.J.

23.4. ®opmMupoBaHHe MHOTOKAHAJILHOTO crieKTpa yactoT annaparypst TT

Hcxons n3 BHIIIE H3II0KEHHOTO, IpH (POPMHUPOBAHNHU CHEKTpa JacToT N-KaHab-
HoH ammapatypsl TT cobmromator ciemyromrue yenosus: 1.ITomoca gactoT, orpaHu-
YeHHAs MOJIOCOBBIMH (IIIBTpAMH I Kakaoro u3 N KaHalloB, TOJDKHA 00ECTICYNBATh
MOMEXOYCTOMUUBYIO Mepeady AUCKPETHBIX CUTHAJIOB C YCTAaHOBJIEHHBIMH CTaHIAPT-
HbIMH cKopocTsmu niepenaun 50, 100 u 200 Boj, a Takxke yduThIBaTh MOJOCY pac-

GunbTpoBKN Mexy Kananamu. 2.J[esuarms gactorel Af jnst onpenenenus xapakre-
PHUCTHYECKUX YacTOT JOJDKHA OBITH BBIOpaHA IS CTAHAAPTHBIX CKOPOCTEH mepenadn
B (gacrote! TenerpadupoBanus F) Tak, 4T00bI 00eCTIEUNTH 3HAUCHHE UHICKCA MOIY-
JSIIMU M = 1,2, 9TO ONpEeNuT ONTUMAIBHO Y3KYIO IIUPUHY HOJIOCHL M JJOCTaTOYHYIO
nomexo3atuineHHocTh kaHaita TT. 3.CpeaHue yacToThl KAHAJIOB JIOJDKHBI OBITh YeT-
HO-KpPaTHBIMH, a XapaKTePUCTHUUECKHE YacCTOThl HEUETHO-KPATHBIMU BEJIUYMHE Jie-
BUAIIMM JUI1 YMEHBIICHHS B3aMMHBIX HEIHMHEHHBIX MoMex Mexay kaHamamu TT.
4.TIpn TOCTpOCHNH JIMHEHHOTO CIEKTpa YacToT HeoOXOoAMMo HamboJiee MOJHO HC-
nosib3oBathk OIIIMY kananma TY ¢ y4eToM KpaeBbIX HMCKaXXEHMH aMIUTUTYAHO-
YaCTOTHOM XapakTepucTukH. [loaToMy mosockt epBoro u N-ro kaHajia JOJDKHBI OBITH
HECKOJBKO yhaneHsl oT rpanul karana TH 0,3 u 3,4 k['n. 5.JIuHeiHbIe CIEKTPHI ar-
napatypsl TT Ha 50, 100 u 200 Box momKHBI OBITH COTPSDKEHBI TaK, YTOOBI BMECTO
TOJIOC JIBYX KaHAJIOB co cKopocThio 50 box MoxxHO OBIII0 00pa3oBaTh OAMH KaHAT Ha
100 Boxn, BMecTo moJyioc AByX KaHaloB co ckopocThio 100 box — omun xanan Ha 200
Box. Takoe pacupenenenue CIeKTPOB IO3BOJISIET 00pa30BaTh TaK HA3bIBAEMYIO CMeE-
nranHyto ammaparypy TT, B KOTOpoi MOTYT OBITh HOIYYeHBI KaHAJBI CO CKOPOCTAMHU
50, 100 u 200 Box.

B cooTBeTCTBMM C TEpEYHCIEHHBIMH YCIOBHAMH W C y4e€TOM PpPEKOMEHIAauui
MCD-T ¢opmupoBaHHe JTHHEHHOTO CIIEKTPa YaCTOT MHOTOKAHAJIBHOHM ammapaTypsl
TT npu oAMHAKOBBIX CKOPOCTSX MEpefayd MO BCEM KaHalaM HNPOM3BOJUTCSA MyTEM
pacuera cpeJHUX 4acTOT M BEIOOpa BEJIMUMHEI J€BUAIMH JUIsI CKOPOCTEH:
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a)  B=50 Bon

‘ I ‘ 2 l 3K l awl| ' 24
42 54 66 78 318 k[
6) B=100 box 315 321
l 1xaH ‘ ‘ 2¢an | l 12kan l
42 48 54 66 72 78 306 312 318 k'
B) B=200 box
l 1 kan l o 6 kaH l
48 66 72 288 360 312 kI’
Puc. 23.4
50 Box — fo = 300+120k (x = 1...24), Af=30Iy;
100 Box — f, = 240+240k (x = 1...12), Af=60Ix; (23.3)

200 bog — f,, = 120+480k (x =1...6), Af=120T".

JIuHeliHBIe CHEKTPHI, TOCTPOCHHBIC IO TPHBEICHHBIM (OpPMYyNaM, IpeACTaBICHBI
Ha puc. 23.4. Pa3HOCTh CpeqHMX YacTOT COCeIHUX KaHajnoB TT, pacCUMTaHHBIX Ha
ckopocts 50 Box para 120 I'i, 100 box — 240 I'm u 200 Box — 480 I'm, moaTomy
tunbl anmaparypel TT uHorga o6o3navatorcs: TT-UM-120 — ammaparypa ¢ pasHo-
com cpeanux yactot 120 I'm (B = 50 box); TT-UM-240 — anmaparypa ¢ pasHOCOM
cpennux yactot 240 I'y (B = 100 Box); TT-UM-480 — anmaparypa ¢ pa3HOCOM Cpefl-
uux vactot 480 'y (B = 200 bon).

Ha puc. 23.4. MOXXHO 3aMeTHTh, YTO XapaKTEPUCTUUECKHE YACTOTHI B KaHAIAX C
OombIIel CKOPOCTBIO COBMAJAIOT C MECTaMU CPEAHEW YacTOThl WIIM TOJIOCOW pac-
(UITBTPOBKM KaHAIOB MEHBIIEH CKOPOCTH, YTO 00ECIeunBaeT HEOOXOMUMYIO 3aIUTY
MOCJICTHIX OT BIUSHIS TEPBHIX B CMEMIaHHOH ammaparype TT.

23.5. Cxema BriawyveHus annaparypsl TT B kanan TH
U ompe/ieieHNe YPOBHeil nepegaun

Ammnapatypa TT nmoxakmrodaercst k kaHamy TU mo 4eThIpeXIpOBOTHOH CXeMe.
CrnenoBarenbHo, KaHa TY MODKEH MMETh YETHIPEXNPOBOAHBIA PEXHUM OKOHYAHUS
(06s19HO 411P. OK), a o myTH NPOXOXKACHUS B MEPBUYHOI CETH — TOJIBKO YEThIpeX-
MIPOBOIHBIE TPAH3UTHL.

Cxema BxutodeHnst N-kaHanpHOM anmapatypsl TT Ha OKOHEYHOM ITyHKTE BTOPHY-
HOM CeTH CBsI3U MoKa3aHa Ha puc. 23.5. Curnansl HeckoJIbKUX KaHanoB TT ¢ BBIXO0OB
NoJIOCOBBIX prinbTpoB nepenayn [1P nep oObeAMHSAIOTCS B IMHEHHBIH CUTHAI, KOTO-
PBIH JOBOAMTCS 10 HY>KHOTO YPOBHS B IPYNIIOBOM 00opynoBaHuM nepenadu 'O nep
U MOJAaloTCA Ha BXOJ TpakTa mepenauu kaHana TY. Ha npoTuBomnosioskHOM OKOHed-
HOM IIyHKTE BTOPUYHOH CeTU CBsI3M K KaHany TY mojkiarodaeTcs aHaJIOrM4yHas amma-
patypa TT, B npueMHON 4acTH KOTOPOW NMPUHSTHIA JIMHEHHBIM CUTHAI IPOXOAUT de-
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Puc. 23.5
pe3 'O mp u pacmpenensercs ¢ MOMOIIBI0 MOJIOCOBEIX (PMIBTPOB IMPHEMA IO CBOMM

KaHaJiaM, I/ie MpeoOpa3yroTCcsl B CUTHAIBI TOCTOSTHHOTO TOKA.

IIpu BEIOOpE MOITHOCTH cHTHANIOB anmapatrypsl 1T, mogaBaeMbpIX Ha BXOJ KaHaia
TY, HeoOX0AMMO yIUTHIBATh ABA MPOTUBOPEUMBHIX (akropa. C OTHON CTOPOHBI, XKe-
JaTENILHO MOIIHOCTD 3THX CHTHAJIOB UMETh OOJbIIe, 9TOOBI 0OecneunTs Golee BBICO-
KyI0 TIOMEXO03aIlUIIEHHOCTb, C JPYrofl CTOPOHBI, 3Ta MOIIHOCTb HE JOJIKHA MPEBBI-
IIaTh ONPEAEICHHONW BETHYMHBI, YTOOBI He AOIYCTHThH NMEperpy3ku kak kaxHama T4,
TaK ¥ IPYNIOBBIX TPAKTOB CUCTEMBI TI€pPeIauH.

B pesynbrare MHorosetHero ombitTa MCD pa3zpaboTaHbl peKOMEHIAIMU TIO 3a-
rpy3Ke KaHaJIOB M TPAKTOB CHCTEM Iepe/iadyr ¢ yUeTOM TpeOyeMoil oMeX03aIHIIeH-
HOCTH M IIpHEMJIEMBIX 3aTpar. Tak, Hampumep, JOMyCcTUMas CPeIHsS MOIIHOCTh I10-
JlaBaeMbIX Ha BXOJ kaHana TY cUrHamoB JOKHA COCTAaBIIATH IS TOUYKH OTHOCUTENb-
Horo HyjieBoro ypoBHs (TOHY): mpu nepenave qanusix e 6omee 100 mwmu 50 MxBT0;
Ipy Tepefade MHOTOKaHaNbHOTO curHana ammapatypel TT ¢ UM He Gomee 135
MKBTO (-8,71bM0). OTcroma ypoBeHs CpeqHel MOIIHOCTH CHUTHAJa OJHOTO KaHaia
TT, otHeceHHbI K Touke KaHana TU ¢ OTHOCUTENBHBIM YPOBHEM P, OIpeAenseTcs
o popmyse

135
p, =10lg ——+p, =-8,7+p, —-10Ig N, (23.4)
10°N
rae N — uucio xaHanos B anmaparype TT, p,— HOMUHaIBHBIA ypOBEHb Iepenadu
kanana TY (manpumep, B pexxume 41IP p, =—13x1b). OOGmuii ypoBeHb BCceX KaHAJIOB

TT Ha BbIxoae annapatypsl TT
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Prr = —8,71bM0. CnenoBarensHo, B TOU-
ke nepefaun kaHaga TU ¢ oTHocuTenb-
HBIM ypoBHEM P, = —131b 3T0T ypoBeHb

JIOJDKEH OBITH
Pnep = pTT + pO =
=-8,71b + (-131b) = -21,7xb.
Hnst cormacoBaHusi ypoBHEH Ha BXOJE
kaHama TYU B pexwnMe 4-TIpOBOJHOTO
OKOHYAHMS BKIIOYACTCA YIUIMHHUTENb C

3aTyxanueMm a = 13 nb.

Meton TT mo3BONSET HCIONB30BAaTh
UL TenerpadHO mepeaayn JHIIh 9acTh crieKTpa kKaHama TU, coxpaHss Ipu 3TOM
Tene()OHHYIO CBS3b B OCTABIICHCS YacTW cHekTpa kaHama. Ha puc. 23.6 mpuBeneHa
cxeMa BKIIFOYCHHUs ofgHoKaHanpHOU ammapaTtypsl TT (OTT) B xanan TY. 3xeck ¢ mo-
MOIIBIO paszaenuTenbHbIX GuabTpoB PO (nBe mapsr ®HY u ®BY JIK-3,0) B Tpakte
nepeaady u npuema i nepenauu kanana TT BeigensieTcs nmosioca kaHana TY Beiie
3kl a crextp 0,3...3,0 x['m octaercs mis TenedonHor cBsi3u. Ha mpaktuke 1o ta-
Kol cxeme npumensercs annapatypa TT Ha 1, 2 u 4 xaHana, HO OJJHOBPEMEHHO CY-
JKaeTcs MoJIoca YacToT JUIA TeJe(OHHON CBS3H.

Puc. 23.6

23.6. Peanmu3anus yacToTHoi Moayasiuuu B annaparype TT

[ monydenns UM konebaHuil B HacTosiIee BpeMsl MPUMEHSETCS [Ba criocoda:
HETIOCPEICTBEHHOE YIPABJICHUE YaCTOTON TeHepaTopa 1 KOMMYTAIUSI 9acTOT.

Ipu nenocpeocmeennom ynpagnenuu yacmomoii eenepamopa (puc.23.7,a) uctou-
HUKOM KoyieObaHuil B kaHane TT sBisercs MHIUBUAYalbHBIN reHeparop I' ¢ xoneba-
TEJBHBIM KOHTYpOM, 3yeMeHThl KoToporo (L u C) m3meHsroTcs moj Bo3JeHCTBHEM
IUTIOCOBBIX M MMHYCOBBIX TIOCBUIOK OT HMCTOYHHKA JHMCKPETHBIX CHrHaioB. Jlo-
CTOMHCTBOM 3TOTO CIIOCO0a SBISETCS IEMEHTAPHO MPOCTOE OCYIIECTBICHNUE YaCTOT-
HOM Mopmyssiiuu. OJHAKO CTa0MJIBHOCTh YacTOTHI KOJIEOAHWH TakKMX T'€HEepaTopoOB
(mpuMeHseTCs JIMIIb apaMeTpuuecKkas cTabMIN3alus) HeloCTaTOYHa, YTo He obec-
MEeYNBAeT HEOOXOIUMOr0 KayecTBa Iepeladyd AMCKPETHBIX CHTHAJIOB — M3-3a HECTa-
OMJILHOCTH YaCTOTHI BOZHUKAIOT HCKAKEHUS CUTHAJIOB THMA "Tipeobnaganus”.

Jpyrum HemocTaTKOM Crioco0a sBISIETCSl HajJM4yhe B IeHepaTopax KaTylleK WH-
JYKTUBHOCTH Ha OOJIbIIME HOMHHAJIBI, YTO CYLIECTBEHHO BIMAET Ha Maccy W rabapu-
Thl almapaTypsl B LEJIOM U 3aTPyAHSET UCIOJB30BaHHE 3JIEMEHTOB MHKPOIIEKTPO-
HUKH.

Cnocob kommymayuu uacmom OCHOBBIBAETCS Ha MWCIOJI30BAHUHM BBICOKOCTA-
OunbHBIX 4acToT fy U fg, MOMyYaeMbIX OT MHOTOYACTOTHOTO IeHepaTopa, CTabHIn3H-
POBaHHOTO KBapLeM M ApyruMH Meronamu. Ha puc.23.76 BBIXOJHBIE 3JIEMEHTHI HC-
TOYHHKA XapaKTEPUCTHIECKUX YacToT obo3HavyeHsl I u I
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a) B 3aBucuMocTH OT HONAPHOCTH

:H:F npuxopsiux TI' CHUrHajIoOB 4YacToT-
Bx M ) %_BMX HBIH MOZyIIATOP M KOMMYTHpYeT Ha
CBOHM BBEIXOJ KOJEOAHHS OTHOM MU

0) JIPYrOd YacTOThI, KOTOPble W MpE-

CTaBIAOT coboii UM  kosieOaHwus.
KommyTanus AByX 4acTOT MPUBOIHUT
K ckauky ¢asel UM konebaHus B
npenenax ot 0 go +180°. D10 BHI3BI-
BacT KPaeBhIC HCKAXXCHHS CHTHAJIOB,
KOTOpBIE TIpU CKadke (a3sl He Ooiee
+ 45° oueHuBarTCA MO hopmyIie

0,35A
Omax = T(P ) (23.5)

Il
L}
X M

f,

— Bpix

R

2

B)
r

1
N (R
X M [ —
kf, 0.5

B
B — BBIx

fik

rne A — ckadok ¢assl, Tpag.; M —
UHJAEKC MOTYJISALHH.
Pue.23.7 Hampumep, npu A = 45° ucka-
skeHus B 50-6oan0M kaHane TT gocturnyt 11%, 94T0 HEAOMYCTUMO.

Jlnst yMeHbIeHHsT BIUSHUS cKayka (a3bl BHaYajle OCYLIECTBISICTCS KOMMYTAlUs
KoJieOaHWH BBICOKMX YacTOT, KPAaTHBIX XapaKTEPUCTHYECKUM, 3aTeM HPOU3BOIUTCS
JIENICHIE JYacTOT 10 3HAUYeHUH Xapakrepuctuieckux (puc. 23.78). Ckadox ¢azsr UM
KoJIe0aHH Ha BBIXOJE NENHTENs yMeHbIIaeTcs B K pa3 1mo cpaBHEHHUIO CO CKaYKOM Ha
€ro BXo/ie. 3a/1aBasiCh JOMYCTUMBIMHU HCKa)KCHUSAMH 32 CUET CKauKa (a3bl, MOXKHO OII-
penenuTh HauMEeHbIIee 3HaueHne Koddduimenta nenenus

2

Kmin = 2:3°-180" (23.6)
mo,,, %
pum=1,2
Keniy = 22 (23.7)
%

Jio1

Jenurenu dactoTel HamboJee MPOCTO peanu3yloTcs npu kKoddduimenre neneHus,

paBHOM 2", rme n — mo6oe menoe YHCIO. PacueTsl MOKA3BIBAIOT, UTO npu k = 128
BenMunHA UcKaxeHu TI CUTHAIOB CTAaHOBUTCS MPEHEOPEKUMO MaNOH. DTOT KO-
¢unmenT yamnie Bcero u npumMensercs B UM coBpemenHol anmaparypsl TT. Croco6
KOMMYTAIU{ B MOAYJIATOPE M JIErKO peanu3yeTcs Ha mu)pOBOH MUKPOIICKTPOHHKE.

23.7. Peanuzanus nerextuposanust YM kosnedanuii B annaparype TT

Paznuyator aHanorossle 1 M(poBbIe YacTOTHEIE AeTekTopsl (AY/J] u LIUM).
OcuoBHBIME mteMeHTaMu AYJ] (puc.23.8) ABISIOTCS 1Ba PE30HAHCHBIX Koseba-
TeNBHBIX KOHTypa. Hanpsoxenne Ha Bexone Y/l n3MeHseTcs B COOTBETCTBUH C YaCTO-
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To# curHama. Jlns obecriedeHnss HEOOXOIMMOM KPYTHU3HBI YaCTOTHOW XapaKTePUCTH-
KU IETEKTOpa B CPABHUTEIBHO Y3KOH II0JIOCE YaCTOT HEOOXOANMO UMETh JOCTATOYHO
BBICOKHE JTOOPOTHOCTH KOHTYPOB. B TOHambHOM JHama3oHe 4acTOT 3TO HPHUBOIHT K
3aMETHBIM rabapuTaM U Macce KaTylleK MHIYKTUBHOCTH. Hajauuue KaTymek MHIyK-
THUBHOCTH M XECTKHE TPeOOBaHMS K HUM 3aTPYAHSIOT peann3aunio AYJ[ Ha si1emen-
TaxX MHUKPORJICKTPOHUKH.

Cxewmbl [TU]] 3HaUMTENBHO CIIOKHEE MO cpaBHEHUIO co cxemMamu AYJI, HO BO3-
MOXHOCTb MX peaJHM3alliii Ha HU(PPOBBIX MUKPOCXEMaX JieJlaeT UX 0oJiee MpeaArnoyYTH-
TenbHBIMU JUIst anmapatypsl TT. Onxa u3 peanusanuit [{U]] npuBenena Ha puc.23.9.
UM xonebaHus mpeoOpa3yroTcss B IMIHPOTHO-UMIYIbCHO-MOIYTH-POBAaHHBIN CHTHAI
(IIMM), a 3aTeM C MOMOINBI0 aMIUTUTYIHOTO AeTekTopa A/l m moporoBoro ycTpoii-
ctBa I1Y ¢dopMupyroTCS MMITyIBCH ITOCTOSTHHOTO Toka. Pabora IIU]] 3amaetcs mm-
MyJIbCHOM MOCIEN0BATENBHOCTBIO OT reHepaTopa I', koTopas momaeTcs Ha [Ba JIENH-
temst. OnguH nenutens (en.2) HeympasisieMslid, a qpyroi ([en.1) 3amyckaeTcst B Mo-
MEHTBI CMEHBI yacToThl UM curnana ot ¢popMupoBatess UMIysibcoB 3anycka . I1o-
CIIe/I0BAaTEILHOCTH UMITYIbCOB X; M X, OT JenuTesel, cBuUHyThIe 10 (dase, moja-
I0TCS Ha JIOTHYECKYIO CXEMY PaBHO3HAYHOCTH, Ha BBIXOJE KOTOPOil (opmupyercs
MMM cursHan B 3aBUCHMOCTH OT JJIMTEIBHOCTH MNPUHATHIX MOAYJIUPOBAaHHBIX IO
yactote curHanoB (f, u fB). Ammauryausiii qerextop npeodpasyer LIIIUM curnan B
MOJIOXKUTENbHBIE M OTPULATENBHBIE MOCBUIKHA MOCTOSIHHOTO TOKA, KOTOPBIE CIIIaKH-

¢QM

D

VVi 4

Hen.1 Hen.2

X1 X2
cxema
paBHO3HAYH.|

v 1M
Al

I
>
(W)

Ui\'l +UK2 HV — Bar

Puc.23.8 Puc.23.9
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Barotcss ®HY u uepe3 moporoBoe yCTpOHCTBO KOMMYTHPYIOT € IOMOIIBIO 3JIEKTPOH-
HOTO peJie HampspKeHue TeserpadHoi 6aTapen Ha IpUEMHBIH TenerpadHbIN anmapar.

23.8. MeTtoanl ¢opMupoBaHus JHHEHHOro curuana B annaparype TT

B coBpemennoit annmapatype TT HaxoAsaT NpUMEHEHHE MHAMBUAYAIbHBIN, TPYII-
TOBOI1 1 6a30BBIN MeTOABI (HOPMUPOBAHHS JTHHEITHOTO CIIEKTPa YacTOT.

Ipu unousuoyanvrom memooe xaxasii kaHan TT ¥UMeeT TOIBKO eMy IpUHAJIE-
kKarnee obopynoBanue st GopmupoBanus UM koneOaHuUit, 9aCTOTHI KOTOPBIX OIpe-
nemsitorest popmynamu (23.3) M QUIABTPBI ¢ COOTBETCTBYIOIIUMHE IOJIOCAMH YacTOT
nponyckanus. KonndyecTBo TUIOB MHAMBHUIYANbHOTO OOOPYAOBaHMS OINpeenseTrcs
YHCIIOM KaHaioB anmapatypsl TT. DToT MeTon obecnednBaeT NpOCTOTY U BBICOKYIO
HAJEKHOCTh amnmnapatrypbl. OH puMeHsieTcs B anmapaType TT craporo mapka: monie-
Bas [1-318, I1-318M, I1-319; craumonapuas TT-17I1, TT-48.

IIpu_ epynnosom memooe kaHanpl 0ObEAUHAIOTCS B Ipynnsl 1o 3, 4, 6 umm 12 xa-
HaJIOB M B KaXKIOW rpymme (popMupyeTcst B yZ00OHOM IHana3oHe YacTOT TPYIIIOBOI
UM curHan, a 3aTeM TPYNIOBBIM IpeoOpa3oBaHHEM 00pa3yeTcsl TMHEWHBIH CIEKTP
anmapaTypsl. B 3ToMm ciydae 4mucino pa3HOTHITHOTO KaHAJIbHOTO 00OpYZOBAaHUS OIpe-
JeTsIeTCsl YNCIIOM KaHaJIoB B rpymie. [Ipyu rpynmoBoM METOnAE YCIIOKHIETCS cXeMa
annapaTypbl ¥ HECKOJIBKO CHIDKAETCSl €€ HaJeXHOCTh. BmecTe ¢ TeM, HECMOTps Ha
BBE/ICHHE TPYIIIOBBIX JIEMEHTOB, YHCIO PAa3HOTUITHBIX YCTPOHCTB PE3KO COKPAIIACT-
CdA, YTO YNpPOIACT IMPOU3BOACTBO ammaparypbl, MOBLIIIACT B3aMMO3aMCHACMOCTDH
000pya0BaHus U cokpaiaet oovem 3UIL.

IIpu 6a3z060m memoode mon BozaerictBueM TI' mocsutok B UM Kkaxaoro kaHaia
dbopmupyrorcss UM kosieOaHus, B KOTOPBIX 3HAYCHHS XAPAKTEPUCTHUYCCKHX YACTOT
Juist Becex kaHanoB TT oguHakoBbl. Takue 4acTOTHI HAa3bIBAIOTCS OA30BBIMH XapaKTe-
PUCTHYECKUMH YacToTaMH. BrIOOp 0MHAKOBBIX 6Aa30BBIX YaCTOT 00ECHEUNBAET MOJI-
HYI0 YHU(HKAIMIO WHIMBHIYaIFHOTO 000pyJOBaHMs Bcex kaHanoB. st ¢opmupo-
BaHMs JIMHEHHOTO CHEKTpa 4acTOT B KaxaoM kaHaie TT NmpuMeHSIOTCcS WHAWBUIY-
aIbHBIE TpeoOpa3oBaTeNid YacTOTHl (HAaIpHMep, KOMMYTHpyeMble (GHIbTPBI-TIpe-
o0pazoBarenu), oOecriednBaloIie IepeHoc 0a30BOT0 KaHAIBHOTO CHT'HAla B OTBE-
JICHHYIO JUIS KQ)XKJO0T0 KaHasla I0J0Cy 4acTOT B JMHEHHOM criekTpe ammaparyps! TT.

B coBpeMeHHBIX THIAX anmnaparypbl TOHaJbHOTO TenerpadupoBaHus IPUMEHseT-
csl codyeraHue 0a30BOTO M TPYMNIOBOTO MeToja (OPMUPOBaHHS JIMHEHHOrO CHUTHAA
(montesast ammaparypa I1-327, cranmonapuas anmaparypa TT-12, TT-144).
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