I'maBa 5

KAHAJIOOBPA3YIOIIASA AIIITAPATYPA
AHAJIOT'OBBIX CUCTEM HNEPEJAYHN

5.1. IIpuHIMNBI HOCTPOEHHUS KAaHAI000pa3yoIeill anmapaTypsl

KananooOpa3ytomas ammaparypa SBISETCS 4acTblo 00OpYIOBaHHMS OKOHEYHBIX
CTaHIIMH CHUCTEM Iepeiaud M (aKTUUYECKH OINpeJeisieT TEXHNKO-9KOHOMHUUYECKHE T10-
Ka3aTelll CUCTEM Iepeladd U CeTel CBsA3H B LenoM. [IpakTudeckoe MpUMEHEHHE Ha-
XOAAT ABa NMPUHIOWIA MTOCTPOCHHS KaHAIOOOPa3yromed anmapaTypbl: HHANBUYalb-
HBIW U TPYNIIOBOM.

B kanamooOpasyromeil ammapaType WHIMBHIYAJIBHOTO THIIA IPeoOpa3oBaHuUE
CUTHAJIOB HA OKOHEYHBIX CTAHLMAX OCYIIECTBISAETCA OTACIBHBIM IS Ka)KAOTO KaHa-
Ja 000py/IOBaHUEM, HE 3aBHCSIINM OT JPYTHX KaHAJIOB, a IPYIIIOBOH cUrHai GopMu-
pyeTcst mMyTeM OJHOCTYNEHYaTOro MepeHOoca MCXOIHOrO CIEKTpa KaXJIoro KaHaja
cpa3y B JIMHEWHBIM CIEKTp. YMPOIIEHHas CTPYKTypHas cXeMa OKOHEYHOH CTaHIUU
TakOM CHCTEMBI IepeJaud IpHBeneHa Ha puc. 5.1, a nuHEHHBIM cHexkTp — Ha
puc. 5.2,a. CnekTp KakJ0ro KaHajia oopa3yeTcs Ha CBOCH Hecylleil yactore, mpuyeM
MOCJIE MOZYJISATOPa UCIIONB3YIOTCsl 00e OOKOBBIE MOJIOCHI YACTOT JUIsl [IEpeladuu B PO-
TUBOIIOJIOKHBIX HampaslieHHsSX. Ha maHHOW cTaHIMK,K NMpHMEpY, B KaKIOM KaHale
JUI TIepelladdl MCIOJb3YyeTCsl HIDKHAS OOKOBas MOJOca, BBIAEISIEMAasl MOJIOCOBBIM
¢unsTpom I1OH, a 1 npuema — BepxHsst O0KOBast 10JI0Ca, BBIAEISIEMAast TOJIOCOBBIM
¢uneTpom [1OB. Ha mpoTHBOIIOIOKHON CTAaHIIMH 3TH QUIBTPE MEHSFOTCS MECTaMH.
[TosTOMY CHEKTpHI KaHAJIOB B JIMHEHHOM CHUTHaJIe 000MX HaNpaBJICHUH HE MPUMBIKA-
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10T JpYT K Apyry (puc. 5.2,0), 4T0O MpensTCTByeT BO3MOXHOCTH 0Opa30BaHMs IIHPOKO-
TMOJIOCHBIX KaHAJIOB MyTeM 00bEIUHCHHS YaCTOTHBIX MMOJIOC HECKOJIBLKUX KaHasoB TU.

OCHOBHBIM JJOCTOMHCTBOM TaKOT'O THIIA alMapaTypsl SBISACTCS €€ MPOCTOTa U Ma-
HEBPEHHOCTH: YCTaHABIHMBAsl I CHHMAas 00OpYIOBaHUE, MOKHO H3MEHSTH YHCIIO
KaHaJIOB Ha JHHWHU. [ oOecriedeHrsl NaXbHOCTU CBS3M TAKHX CHCTEM Iepeladd
UCTIONB3YIOTCS TpaH3uTHl o TY, mosTomy Ha TpaH3uTHEIX myHKTaX (TII) ycranaBmu-
BAaeTCs IBE OKOHEUHbIE cTaHImu (puc. 5.3)

K ocHOBHEIM HemocTaTKaMm 3TOH ammapaTtypbl OTHOCAT HE3HAYHUTEIFHOE YHUCIIO
MOJYYaeMBIX C €€ IMOMOIIBI0 KaHAJIOB, HEOOMBIIYIO NTANEHOCTE CBSI3H, TPOMO3IKOCTh
U BBICOKYIO CTOMMOCTH OOOPYJIOBaHHS, HEBO3MOXKHOCTH OOpa30BaHHUs HIMPOKOIIO-
JIOCHBIX KaHAJIOB.

HesnauuTenbHOE YHCIO KaHAJIOB CHUCTEMBI I€pelauyd HHIMBHIYaJbHOTO THIIA
OOBSICHAETCSI CJI0KHOCTBIO 3aJ[au pa3/iejCHUs] CUTHAJIOB Ha BBICOKMX dactoraxX. Or-
paHWYCHUE MaJbHOCTH CBSA3U OOYCJOBJICHO HAKOIUICHHEM HCKa)KCHUH, BHOCHMBIX
KaHAJIbHBIMUA (QUIBTPAMHU B TPAH3UTHBIX MyHKTaX, MO3TOMY OIPAaHMYUBACTCS HUX KO-
JIMYECTBO. DTO O0YCIIOBIMBACT TAKXKE M BRICOKYIO CTOMMOCTb aImapaTypsl (TpeOyroT-
Cs1 TI0 YMCITy KaHAJIOB PAa3HOTHUITHBIC KaHAJTbHBIC (DMIIBTPHI, pa3HBIC HECYIIHE YacTOTHI
OT TEHEPaTOPHOTO 00OPYHAOBAHIS).

WuanButya bHBINA MPUHIAI TOCTPOSHHS KaHAIO000pa3yroIIeH armaparypsl puMe-
HSETCS JIUIIb IS MaJIOKAaHAJBHBIX (YHCIIO KAaHAIOB HE OoJiee TPEX) CHCTEM IIepeaadm,
KOTOpBIC TIOJYYMIIA HANMCHOBAHUC MHIMBHUAYAJIBHBIX CHCTEM IEpefavyd U HUCIIONB3Y-
FOTCS 1Sl PA0OTHI MO JIBYXITPOBOIHBIM IIEIISIM BO3IYIITHBIX MM KAOCIbHBIX JTMHHIA.

[To rpynmoBoMy MPHHIMIY MOCTPOSHHS YacTh almapaTyphl MHOTOKaHAIBHOM
CHUCTEMBI Iepelaur SBJSICTCS HMHIAMBHIYadbHOM I KaKIOTO KaHaja, a OoJibImas
4acTh — IPYNIIOBOM. Takue CHCTEMBI ITEpeady MOIydHIId Ha3BaHUE TPYIIIIOBBIX.
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B mHauBHIyansHOH YacTu (OPMHpPYETCSl TPYNIIOBOW CHUTHAalI HAa OTHOCHTEIBHO
HeOOoJbIIOe YHCIIO KaHaIoB N (HampuMmep, 3...12) Mo HHAUBHAYAIEHOMY IPHHLIUITY C
JOCTATOYHO IUIOTHBIM PACHOI0KEHUEM X CIIEKTPOB B HanOosiee y100HOM AHaa3oHe
yacToT, Hanpumep, f;...f,, a 3aTeM myTeMm rpynnoBoro npeodpa3oBaHUs IPYNIOBBIM
MonyisiTopoM I'M nepemeraercs B Apyroi CHEKTp 4acToT, (HapuMep, B JTUHEHHBIN
cektp f,..f,), GopMupys MHOTOKAHANBHBIA CHTHAX, KOTOPHIH YCHIIHBAacTCS IIU-

HelHbIM ycmuTenem nepenaun YC Ilep u B qanpHeineM NOCIeayOMMMI YCUIIUTE-
JsIMH o0ecrieunBaeTcsl Heo0XoauMas JadbHOCTh Nepefadd U KOPPEKIUS HCKaKeHUH
(puc. 5.4). B oOpaTHOM HampaBJIeHUU TIEpeayr JOJIKHO OBITh aHAJIOTHYHOE 000pY-
JloBaHue. B TpakTe npueMa OKOHEUHOH CTaHLMM JIMHEHHBIA CUTHAII KOPPEKTUPYETCs
(KOP), ycunuBaetcs u npeobpasyercss B 00paTHOM IOPSAIKE 10 UCXOIHBIX CUTHAJIOB.

I'pynmoBoif mpUHOMII MOCTPOSHHUS HECKOJBKO YCIOXKHSAET 00OpPYIOBaHHE OKO-
HEYHBIX CTaHIMH (KpoMe MHIMBHUAYAJIbHBIX MOJYJIATOPOB U (DPMIIBTPOB MO YHCITY Ka-
HAJIOB TIOSIBIISIIOTCSI TPYIIIIOBBIE MOAYJSTOPH! M (DMIIBTPHI), OAHAKO B LIEJIOM CHCTEMA
nepesiauyl yACIIEBIsAeTC s, TaK KaK yMEHbBIIAeTCs 00Iee YUCIIO0 TUIIOB (DHIIBTPOB, YHC-
JI0 HOMHHAJIOB HECYIIMX YacTOT OT T€HEPATOPHOTO 00OPYNOBaHMS, Ul YBEINUCHHS
JAIbHOCTH MPUMEHSIOTCA HE TPAH3UTHBIE IYHKTHI C ABYMSI OKOHEYHBIMH CTaHIMSIMU
Ha Ka)kJIOM ITyHKTe, a TpynmnoBsle JuHeiHble yemmrenu (JIVC) st ycuneHus u Kop-
PEKTHPOBAaHHUS MHOTOKAHAJIBHOTO JIMHEHHOT'O CIIEKTPa YacToT.

Oco0eHHO BaXHBIM MPEUMYIIECTBOM TPYHIOBBIX CHCTEM II€peladd SBISETCS
obecrieueHne TaKUX BAXKHEHIINX CETEBBIX TpeOOBaHMUH, Kak BOSMOXKHOCTH (popMHupo-
BaHUS IIMPOKOMOJOCHBIX KAaHAIOB (BMECTO ONpEAEICHHOro ymcia kaHamoB TY)
n o0ecriedeHnsT TPAaH3UTOB TPYIII KaHAIOB. Bce COBpeMEHHBIE aHAJIOTOBBIE MHOTOKa-
HaJIbHBIE CUCTEMBI IIepPelaun CTPOATCS MO IPYNIOBOMY NPUHIUILY.
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PaccmoTrpenuio mocnenoBaTebHOCTH (OPMHUPOBAHUS CHTHAJIOB B TPYIMIIOBBIX
CUCTeMax IepeIadn MOCBALIICHEI TOCIIeAYIOINe maparpadsl JaHHOM TTIaBHI.

5.2. q)Ole/IPOBaHI/le KaHAJbHbBIX CUTHAJIOB AHAJIOTOBBIX CUCTEM II€peaain

B ACII (cucremax nepenaun ¢ YPK) kaHanbHbIe curHaib! (POPMHUPYIOTCS B HHIUBH-
JyaJIbHOM 00OpYJIOBaHWH U3 MEPBUYHBIX MH(POPMAIMOHHBIX CHTHAJIOB ITyTeM HpeoOpa-
30BaHUS UX CIIEKTPOB TaK, YTOOB! KayKIbIi KaHAIBHBIM CHI'HAJI 3aHUMall HEKOTOPBIH yda-
CTOK CIIEKTpPa, He MEePEKPBIBAIOIIHUICS ¢ MOJI0CAMH YaCTOT APYTUX KaHANIbHBIX CUTHAIIOB.

Jnst Takoro mpeoOpa3oBaHusA CIEKTPOB MOKHO IPHUMEHHUTH PA3INYHBIC BUIIBI MO-
JOYJALUHA TOKOB Pa3HBIX HECYIIUX YacTOT B Ka)KAOM KaHase. OJJHAKO B COBPEMEHHBIX
CHCTeMax MePeAadr MCIONb3YETCs TOYTH HUCKIFOUYUTEIBHO aAMIUTUTYIHAS MOTYJISIIUS
(AM). PaccmoTpuM 3TOT BUI MOIYJISIIIAN  TTOAPOOHO.

IIpn AM amniuTy1a HEKOTOPOTO FAPMOHUIECKOT0 KOJIeOaHus BUA

U, cos(ot+) (5.1)

U3MEHSETCS MPONOPHHOHAIBHO MTHOBCHHOMY 3HAUCHHIO HAMPSHKCHHUSI MCXOIHOTO
(nepBuuHoOro) ndopmanuonsoro curuana C(t):

u(t) =uU, +kC(t) (5.2)
AMIUIUTYTHO-MOAYTUPOBAaHHBIN CUTHAT
u(t) =[U, +kC(t)]cos(ot+o), (5.3)

IJie @ — yrJIoBas 4acToTa rapMOHUYECKOTO KoneOaHus, Ha3blBaeMas Hecyllel JyacTo-
TOH; ¢ — HadanbHas (asza Hecymero konebanus; U  — aMIINTyaa HECyLIEro Koie-

6anust; K — k03 unueHT nponopuuoOHaTHLHOCTH.

[epBu4HBIA MHPOPMALMOHHBIA CHTHAN, UMEIOLINA OOBIYHO JOCTATOYHO CIOXKHYHO
(bopMy, MOXKHO C JTF000H 3aJaHHOH TOYHOCTBIO MPEACTaBUTh psiioM Dypbe, MpHHUMAS
MHTEPBAJl Pa3JIOKEHHs OOJBIIE WM PaBHBIM JUTUTEIIEHOCTH CHTHAJA U BEIOUpasi HE00X0-
JMoe 4KcIio psifa N. Ecin npuMeHUTh YeTHOE MPOJIOJDKEHHE PsifIa, TO MOTYIHM

C(t) = YU, cos(@it+6;) , (5.4)
i=1

rue UQi — aMIUIUTya -0 COCTABISIOIIEH HCXOJHOrO CHTHAJA 4YacToTol €

0; —HauanbHas (asa i-ToH COCTaBISAIONICH HCXOHOTO CUTHAA.

C yuerom (5.3) u (5.4) rapmoHIUYecKoe KoeOaHHue, MOIYIHPOBAHHOE CIIOKHBIM
CHTHAJIOM, IIPEJICTABUTCS B BUJIC

u(t) = [uw + kgugi cos(Qt +ei)} cos(ot + )

WIH u(t) =Um[l+imi cos(Q;t +6i)} cos(wt + @), (5.5)
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kU,,

rie m; = L — rIyOKMHA aMILTUTYIHON MOy JISIHMH.

(o)

ITocne HeCITOXXHBIX IpeoOpa3oBaHnil BEIpakeHHUE (5.5) MPUBOIUTCA K BALY

U, m;
ut)=u, cos(a)t+<p)+z“’T'cos[(m+Qi)t+q>+9i]+
i=1

+

VR

1

—U“’zmi cos[(w—Q)t+9-6;]. (56)

V3 3TOro BBIp@XEHWSI BHIHO, YTO AMIUIMTYIHO-MOILYJIHPOBAaHHOE KoseGaHmne
HPEACTABISIETCS. CYMMOW HECYIIEero KOneOaHus U ABYyX OOKOBBIX MOJIOC C YaCTOTHBI-
Mu cocTaBistronMe (0 —Q;) u (0+CQ;), pacnoIoKeHHBIMA CUMMETPHYHO OTHO-

CUTENbHO Hecyleil yacToThl. CHEKTPabHBIA COCTaB 3TOTO KOJIeOaHUs MPEACTABICH
Ha puc. 5.5, a. Ecnu ucxonusiit nadpopmannonusiii curnan C (f) uMeer CIUIOMIHON
cnektp Q,..Q, (puc.5.5,0), ToO CIHeKTpsl OOKOBBIX KojeOaHMH Takxke OymyT

CIUTOLIHBIMH (pHC. 5.5, B).

31ech CleayeT MOSICHUTb CMBICH M300paKeHUsI CIIEKTPOB B BHJIE MPSMOYTOJIBHBIX
TPEYrOJIbHUKOB: TI0 HAIPaBJICHUIO MOABEMA TUIIOTEHY3bI OBBIIIACTCS YaCTOTa UCXOIHO-
ro nmpeoOpa3yeMoro curHana or Q. 1o Q. , Ipu 3TOM NOABEM CJIeBa HAIPaBO COOTBET-

H
CTBYET IIPSMOMY CIIEKTpY, CIIpaBa HaJIeBO — 0OPATHOMY HJIM HHBEPCHOMY CIICKTPY.
Curnan U(t) mo dopmyne (5.6) B 001IeM ciiydae MOXKET ObITh IPHHAT B KAYECTBE

KaHAJILHOTO CHTHAJIa, TIOCKOJIBKY OH IPEJCTABISACT COOO0M CYMMY CIBHHYTHIX MO OCH
YacTOT BCEX COCTABIAIOMINX MCXOIHOTO MH(pOpMannoHHOTro curHana. [Tpwm stom ms
Pa3IMYHBIX KaHAIBHBIX CHUTHAJIOB 3TOT CIBHI, OINPEICIIEMBIH HECYIIeH 9acTOTOM,
JIOJDKEH OBITH Pa3ITHYHBIM.

OpmHaKo ClleAyeT OTMETUTh, YTO MapaMeTPhl, XapaKTePU3YIOIIIe UCXOIHBIN CHT-
Han C(t)—m;,Q;,N, BXOIAT JIMLIb BO BTOPOE U TPEThE ciaraecMele BbipaxkeHus (5.6),

B TO BpeMsi KaK IepBOE cllaraeéMoe Mx He COACPIKUT.

[ToaTomMy B KauecTBe KaHAILHBIX CUTHAJIOB MOKHO UCIOJb30BaTh HE TOJBKO MOJI-
HOoe AM konebanue (5.6), HO TakKe pa3IMIHBIC KOMOWHAIIMH OTIEIBHBIX COCTaB-
nsgromux AM curHama, B TOM YUCIIE B OJHY U3 OOKOBBIX ITOJIOC.

OneHnM BHadYaje paclpeselie-

2) HHE MOIIHOCTH MEXIY OTHEIHHBI-
‘ ‘ ‘ ‘ ‘ MU COCTaBJISIOIIMMH AM cHrsania.

o, o s permenwst 3ToH 3ama4un y100HO

[ () [O%x o o

6) B) TIEPBUYHBIN CHUTHAJI, UMCIOIINN
i l\ | /I , CIOKHYIO (dopMy, NPEACTaBUTL B

) Q, 0—Q, 0-Q, © 01, otQ, BHUAC DKBHUBAJCHTHOTO IAapMOHHNYEC-
AQ | A>20, I CKOTo KOJeOaHWs, CpPemHsIs MOII-

[ | HOCTb KOTOPOI'O ¢ HEKOTOPOH JOC-

Puc. 5.5 TaTOYHO OOJBIION BEPOSTHOCTHIO
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HC MPEBBIIIACT CPCIAHIOIO MOITHOCTH PCAJIBHOT'O CUTHAJIA:

C(t)=U, cos(Q,t+0,) . (5.7)
Torna BeipakeHue (5.6) mpeodbpasyercs K BUILY
u(t) =U cosot+U n; cos(o+Q)t+ % cos(m—Q)t (5.8)

kU
3neck Juis ynpomieHus npunsaTo 0, =0; ¢=0um, = %

JeiicTByromas MOIIHOCTh COCTaBIAIOLIEH HECyIEed 4acTOThl HA HEKOTOPOW Ha-

rpyske R paBHa P, =UZ/2R. (5.9)

JeiicTByromas MOITHOCTh COCTABJISIONIEH OHOW OOKOBOI YacCTOTHI, KaK CIEIyeT
U2m? m?

u3 (5.8), paBHa Po=—"2—"=P — 5.10

(5.8),p (0+Q) SR 4 ( )
P
W ——= iz . (5.11)
P(miQ) m3

Jiisi yMEeHbBIICHUS] HCKKEHHsSI TIPH MOJYJISIIUY TIIyOUHY aMIUIMTYIHOW MOJIYJIs-
mu BeIOMpaloT M, <1. Ecmu, Hanpumep, npuaste M, =0,3, To P, / Plota) ~40. Ta-

KUM 00pa3oM, MOIIHOCTh KOJEOaHWH KaXAoil W3 OOKOBBIX MOJIOC 3HAYUTEIHHO
MEHbIIIE MOITHOCTH KOJIeOaHUil HeCyIel 4acTOTHI.

[Ipoananu3upyeM pa3iMyHbIC BApHAHTHI MCHOJIB30BAHUS COCTABIIONIMX aMILTH-
TYAHO-MOJYJIMPOBAHHOT'O KOJeOaHHs B KAUeCTBE KaHAIBHBIX CHI'HAJIOB.

[pu HCTIONB30BAHUM Hecyuell 4acmomsl u 08yxX 60KOBbIX HOIOC INPUHA CIICKTpa
KaHAJIBHOIO CHTHANA, 3aHHUMaeMas B TPaKTe, MOJydaeTcs OOJNbLIe YABOSHHOI'O 3HA-

YeHHsI BEPXHEH 4acTOTHI CHTHAJIA Ao > 2 QB (puc. 5.5, B), TO ecTh Ooiee YeM B J1Ba
pa3a NpeBbIIAET MUPUHY CHEKTpa nepBuyHoro curHama AQ=Q -Q . B stom

OIIMH W3 TJIaBHBIX HEJOCTATKOB ATOr0 BapHaHTa (HOPMHUpPOBAHWS KaHAJIHHBIX CHUTHA-
JIOB, BBITEKAIOIIUHA U3 TOrO, YTO B HEKOTOPOM 3aJaHHOM I0JIOCE YaCTOT JIMHEWHOrO
TPYNIIOBOIO CUTHAJIA MOJTY4YaeTcs MEHbILEE YUCIIO KaHAJIOB, YeM IPU UCHOJIb30BAaHUHU
JIpYruX BapUaHTOB. BTOpBIM CYIIECTBEHHBIM HEAOCTATKOM BapuaHTa SBJISETCS TO,
YTO MOIIHOCTH OOKOBBIX ITOJIOC COCTABIISCT JIUIIb MAIYIO IO MOITHOCTH Bcero AM
konebanus (5.11), TO ecTh MOIIHOCTh MEPEAAIOIINX YCTPOUCTB HUCIIONIB3YETCSl HEpa-
muoHanbHO. [Ipu MCTIOIB30BaHUY TIPOBOIHOM JIMHUU IS 00eCTIeYeHUsT HE0OX0IMMOit
3aIIUIIICHHOCTH OT TIOMEX MOTpeOyeTcs NMpH 3aJaHHON MOIIHOCTH COKPAIIATh JTHHBI
YCWJINTENBHBIX YYaCTKOB, TUOO TIPH 3aIaHHOM JJIMHE YCUIUTEIbHBIX YYaCTKOB yBe-
JUYUBATH MOITHOCTH MEPENAOIINX YCTPOUCTB. JJOCTOMHCTBOM 3TOTO BapuaHTa SBIIS-
eTcs MPOCTOTa 000pyHAOBaHMs cucTeM nepenadn (puc. 5.6). s dopmupoBanus ka-
HaJIbHOTO CUTHAJIa UCIOAb3YETCsl aMIUINTYAHbIN MoaynsTop AM u npoctedmuii mo-
nocoBoit puibTp [1D1, BKIFOYEHHBIH HA €ro BBIXOJE JUIS IOJABICHUS JIUINb Iapa-
3UTHBIX MPOJYKTOB NpeoOpa3oBaHMs, BOSHHUKAIONINX Ha BBIXOJEC MOIYJIATOpa H3-3a
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HECOBEPILCHCTBA €r0 XapaKTepUCTHK. [IOCKONBKY aMIUIMTYAbI MPOAYKTOB Hpeodpa-
30BaHUS MaJIbl 110 CPABHEHHIO C aMILIUTYAaMH OOKOBBIX YacTOT, a MOJI0ca pachuiIbT-
POBKHM 3HaYMTENIbHA, TO K MOJOCOBOMY (QHIBTPY HE MPENbSIBISIOTCS YPE3MEPHO JKe-
CTKHE TPeOOBaHMS 1O 3aTYXaHHIO B IOJIOCE 33JCPXKUBAHUs, U QUILTP MOJIydaeTcs
OTHOCHUTENIBHO NMPOCTHIM. {7151 BOCCTAaHOBIICHHUSI HCXOHOTO CUTHaJIa B IPUEMHOH Jac-
TH CHCTEMBI IIepeaadu HeoOX0IUM aMIUTUTYIHbIH netekrop AJl. KaHanbpHbIH curaan
BBIJICIISIETCS M3 TPYIIIOBOTO CHI'HANA KaHAIBHBIM MOJOCOBBIM (unbTpoM [1D2, koTo-
PBIi Taroke SIBISIETCS JOCTATOYHO IMPOCTHIM M3-33 HAMWYHS 3HAYUTEIHHOU IIOJIOCHI
pacUIBTPOBKN 0 HECYIIEH YacTOTHI CIEAYIOIIETO0 KaHala. JTO OOBSICHACTCS TEM,
YTO NepexoJHasi HoMeXa B KaHaJle MOXXET BOSHUKHYTH TOJIBKO TOT/a, KOTJa Ha JICTeK-
TOp JAHHOTO KaHajia MOTafaeT COCEAHNH KaHAIBHBIM CUTHAJI BMECTE C HecyIuei Jac-
ToTol. Ecii 5xe oT coceHeTo KaHAJIBHOTO CHUTHAJIA TIOTIAAaeT JIMIIb OOKOBas 10JI0ca,
TO TIPH B3aMMOZCHCTBUH C HECyIIeH YacTOTOH AAHHOTO KaHala CO3JacTCsl MoMexa,
BBIXOJAINAsl 3a INpenenbl AMana3oHa 4yacTOT KaHana. JleficTBUTEeNbHO, IMycTh 4epes
MOJIOCY 3ajIep KUBaHUs 1MOJI0cOBOTO GmibTpa 12 momagaer Kakas-iub0O U3 4acTOT-
HBIX COCTABISIIOIINX, HATIPUMEp, B Mpeenax HIKHeH 00koBoit momocs! (i+1) kaHa-

a— (0,,, —Q) . BsaumoneiicTBys ¢ HecyIel 4acTOTON © j , 3Ta CocTaBisitomast Ghop-

MHPYET HOMEXY C 4acToTodl o, =(0 —Q)—0; = (0,3 —®;)—Q.. IockoabKy

0, —0; >2Q,, a Q<Q,, T0 ©, >Q,, TO €CTb TOMeXa HAXOANUTCS 32 TpeJIeNIaMU

nosockl kanana. Ha BeIxozie aMmuTyqHoro aerekropa AJl BOCCTaHOBJICHHBIN CUTHAI
C (t) B quamasone yactor (;...Q, BbLASISICTCS (QUIBTPOM HIDKHHX 4acToT. Tak Kak
®>>Q,, To QWIBTP HIKHUX YacTOT, NpeIHa3HAYEHHBII JJIsI BBIICICHUS CIIEKTpa
CUTHAJIa U TO/IaBJICHUS MMOOOYHBIX MPOAYKTOB IPEoOpa30OBaHUA, MOXKET OBITh TaKKe
JIOCTaTOYHO MPOCTHIM.

Bapuanm nepedauu moxog 00HoU 60K0801 NOIOCHL yacmom u Hecyujeli. B cpaBHe-
HHUHU C MEPBBIM JaHHBIH BAPUAHT OTJIMYAETCS TEM, YTO B TPAKTE UCIOJIB3YeTCs MOYTH
B/IBOE MEHbLIast 1oj10ca 9acToT Ao = (0 + Q) — 0 =Q . Hegocrarkom 31oro Bapuas-
Ta SIBJISIETCSI OYE€Hb MaJjiasi MOIIHOCTh CUTHaja OOKOBOM IOJIOCH! M 3HAYUTEIHHO OOJIb-
I1asi MOIITHOCTh HECYIIEero KojeGaHus B cooTBeTcTBUH C (5.11), uTo mpuBOIUT K HEpa-
[[HOHAJILHOMY HCIIOJIb30BaHHIO MOIIHOCTH yCHIHMTeNeH. bolibilias MOIIHOCTh HECYIIUX
YaCTOT BBI3BIBAET MEPETPY3KY IPYIIIOBBIX YCHIUTENIEH, YTO IPUBOAUT K 3HAUYUTENHHBIM
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HEJIMHEWHBIM IIyMaM W TMOMEXaM KaK B KaHajie JaHHOW CHCTEMBbI Mepeaayu, Tak U B
KaHaJlaxX CUCTEM Iepeiadu, padOTAIONIHNX 0 TapaJUICITFHBIM ETIsIM.

B mpakTuke HaxoIUT NMPUMEHEHHE BapUaHT KaHAJIBHOTO CUTHAJA B BUIE OIHOMI
0OOKOBOY TOJIOCHI, HECYIICH YaCTOTHI M YaCTH BTOPOM OOKOBOH MOJIOCHL. B wacTHOCTH,
TakoW BUJ CUTHAJIA MIPUXOJUTCSA MPUMEHSTH IJI OpraHW3aluu KaHajla Nepefadyu Te-
JIEBU3MOHHOT'O CUTHAJIA, UMEIOILIET0 BEChbMa IIMPOKUMA CIIEKTP 4acTOT: OT OYEHb HU3-
kux gactoT Q,~ 0 I'm 10 goctarouno BeicOkuX ., ~ 6 MI'1. B sToM ciyuae mexmy
BEPXHEH WM HIDKHEH OOKOBBIMH IIOJIOCAMH TNPAKTHYCCKH OTCYTCTBYET MOJIOCa pac-
(UIBTPOBKHU, MO3TOMY BBIJCITUTH OJHY W3 TOJOC HE TMPEACTABISICTCS BO3MOYHBIM,
¥ METOJ OTHOIIOJIOCHOW MOIYJISINHA NMPUMEHHUTh HEelb3sl. MOXKHO 00ecIednTs Iepe-
Jlady TaKOTO CUTHAJIA TIOJIHBIM aMIUIHTYIHO-MOXYTHPOBAHHEIM KOJIEOAHNEM, OTHAKO
P OSTOM CIEKTP KAaHAIbHOI'O CHUTHaja MOJYYUTCS YPE3BbIYAHHO IIUPOKUM

(Aw= ZQmX ~ 12 MI'11), 94TO CYIIECTBECHHO YCIOKHMIO ObI JINHCHHBIN TPAKT CHUC-

TEMBbI Tepefadyn. YUUTHIBasl 3TO, UCHONb30BAHUE ONHONH OOKOBOW IOJOCHI, HECYIIEH
YacTOTHl U YacTH BTOpOW OOKOBOHM, MPHMBIKAIOMIEH K Hecymied dacTore, Hamuboiee
panuoHanbHO. [IpakTuka MoKa3pIBaeT, YTO I Nepefady TEIeBU3MOHHBIX CHUTHAJOB
(WM IpYrUX CHTHAIIOB, UMEIOIIMX MOJOOHBIE XapaKTEePUCTUKH) JOCTATOUYHO MPUHATH
Ao~ (1,05...1,2)AQ.

O,HHEIKO CJICAYCT OTMCTUTH, YTO IIpHU HIepeaalc OHHOﬁ OOKOBOM IMOJIOCHI U YaCTH
BTOpOI>'I OOKOBOH MOJIOCHI Ha npueme Hen30eKHBI AMIUIMTYJHO-9aCTOTHBIC HCKaXC-
HHUA (pI/IC 57) OTH UCKAXXCHHUSI BO3HHUKAIOT BCJIICACTBHUE TOT'O, UTO KoJIe0aHus B IO-
JIOCE€ YacCTOT OT QH a0 Ql 06YCJ'IEIBJ'II/IBEIIOTC$I HaJIMYUCM B TPAKTC ABYX OOKOBBIX

nonoc, a kosnedanus ot Q; 10 €2, — TONbKO OAHON OOKOBOHM MOJIOCH! YacTOT. Eciu

MPEIIOJIOKUTh, YTO B TPAKTe MpHEMa Ha BXOJE IEMOIYIATOPA COCTABISIONINE Jac-
TOT OOKOBBIX IMOJIOC UMEIOT OJMHAKOBBIE aMILTUTY I (puc. 5.7,a), TO Ha BBIXOJE Jie-

MOJIyNIATOPA aMIUIUTY Ibl KoNlebanuii ¢ uactoramu ot €2 1o Q, OyayTt mouTH B 1Ba

H
pa3a OoJjblie, YeM aMILIMTY[bl KosebaHui ¢ gactoTamu ot Q; nmo €, (puc. 5.7,6).

YrtoObl m30eKaTh yKa3aHHBIX HCKa)KEHHH, HEOOXOAMMO INPUMEHSTh H30MpaTenbHOe
yCTpOHCTBO, Ha3biBaeMoe (uibTpoM HaiikBucTa, KOTOpOoe MO3BOJISET CHOpMHPOBATH
JVHEHHYIO MOJIOCY YacToT
Ha BXOJE JEMOAYIATOPA  a) © 0)
TaK, Kak T0OKa3aHO Ha - ; .
puc.5.7,. Tem cameiM ! !
obecreunBaeTcss  BOCCTa- -0y o+ ot+Q, Q O Q,
HOBJICHUE HCXOJHOT'O CHUT- 0-Q, otQ,
Hauna (puc. 5.7,r). B) ®
Ilepedaua mokos 00- ||/ | "
HOU 6OKO0BOU NOJIOCHL Hac- 1 : L\ I
mom 6e3 uecyweii. [lpu oty oty ot QO 2,
9TOM BapuaHTe Hauboee 0 ot Puc. 5.7
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palMOHAIBHO UCTIONB3YIOTCS JIMHEWHBIA CIIEKTP U MOIIHOCTH MEPENaroIIero yCTpoi-
ctBa. KaHanbHBIE CHTHAIIBI 3aHUMAIOT 10 ITUPUHE TOYHO TaKUE K& IUAIa30HBI Yac-
TOT, KaK ¥ IepeaBaeMble IEpBUYHBIC CUTHAIEI, TO eCTh Am = AQ .

KoadduumeHT ncmomp30BaHAsS MOITHOCTH TIEPEJAIOIIETO YCTPOHCTBA YBEININBA-
€TCsl BO MHOTO pa3, TaK KaK MPAaKTUIECKHA BCS MOIIHOCTB €TI0 PacXoayeTcs i mepe-
JIady TI0JIE3HOTO CHTHANa. YCTpaHeHHe KoJeOaHuH Hecymeil YacTOTH U3 KaHaJIbHBIX
CUTHAJIOB JIa€T BO3MOYKHOCTH CHH3UTH MOIITHOCTh Ha BBIXOJIE TPYIIIOBEIX YCHIHTENCH
JI0 IPUEMIIEMO BEIMIHUHBL, 9TO 00JIETYAET UX PeaTu3alliio.

OpHaKko Ha TPUEMHOIN CTOPOHE JJIsi BOCCTAHOBJICHHUS HMCXOJHOTO CHTHaja HeoO-
XOJMMO WMMETh HCTOYHHK (TCHEpaTop) HECyHIeH YacTOThI, KOTOPBIH MOXKET OBITh
ACHHXPOHHBIM (OTJIMYHBIM TI0 YacTOTE) WM acHH(a3HBIM (OTIUYHBEIM MO (ase) Mo
OTHOIICHHUIO K Te€HEepaTopy mnepearolield cTanuuu. Eciu, Hanpumep, HA MPUEMHOM
CTaHIIMM HECyIIasi 4acToTa OTJIMYAeTCs OTHOCHUTENIBHO YacTOThI MEpeNaroeil cTaH-
Ui Ha A®, TO 3TO MPHBENET K CMEUICHUIO MOJOCH YaCTOT BOCCTAaHOBIICHHOTO HC-

xonHoro currana (Q,...Q2 ) Ha Takyo ke BeNIMYMHY A® BBEpX WM BHU3 MO IIKaJIS

vyactoT (puc. 5.8). Ilpu TenehoHHON CBA3M BIUSIHHE ACHHXPOHHOCTH (M3MEHEHHE
TeMOpa rojioca, yXyAlICHHE Pa300pYMBOCTH PEUH) CKA3hIBACTCS MPU 3HAYUTEIHHBIX
CMEIIEHHAX CIIEKTPOB (HECKOJBKO IECATKOB repi). [Ipy Mcmos30BaHUN KaHAIOB IS
nepeaayn JUCKPETHBIX CHTHAIIOB METOJOM YaCTOTHOH MOIYIISAIUH JaXKe HEeOOIbIIoe
cMeleHne (SAMHUIBI Tepll) IPUBOIUT K 3aMETHBIM HCKaXCHUSIM. JTO TpedyeT obec-
TICYCHHUSI BBHICOKOH CTAaOMJIBPHOCTH HECYIIUX YacTOT, YTO 3HAYUTEIBHO YCIIOXKHSET
TeHepaToOpHOe 00OPYIOBaHNE aHAIOTOBEIX CHCTEM IIepeIadm.

AcuH(]a3HOCTh HECYIIUX YaCTOT MPHUBOIUT K CMEMICHHIO BCEX YAaCTOTHBIX CO-
CTaBJISIONIMX UCXOIHOTO CUT'HAJIA HA OJTUH U TOT ke (a30BBIN yron A@, 4TO HecyIle-

CTBEHHO JUI IipueMa 0001l nHpopMarmu.

Takum 00pa3oM, CIOCOO OIHOIOJIOCHON MOMYJSIIUK, OOecrieurBasi BaKHBIC IIpe-
UMYIIECTBAa TepeA APYTUMH BapHAHTaMU FWCIOJB30BAHUS aMIDIUTYIHON MOIYIISIINH,
HaKJIaJbIBaeT JKCCTKUE TPEeOOBAaHWS HA CTaOWIFHOCTh HECYIIMX YacTOT, YTO BIICUET 3a
co00ii YCIOXKHEHHE TeHEePaTOPHOTo 000pynoBaHus. [IOBBIIIAIOTCS Takke TPEOOBAaHUSI K
TIOJIOCOBBIM KaHAJIBHBIM (DIIIBTPAM, KOTOPHIC JTOJDKHBI BBIICIUTH TOJIBKO OJHY U3 OOKO-
BBIX T10JIOC M HAJISKHO TIOJIABUTh BCE OCTAIBHEIC MPOYKTHI MO U OCOOSHHO KO-
nebaHme HeCyIIel JacTOTHI, KOTOpas 3HAYUTENbHO OOJiee MOIMHAS W MMeEeT OYCHb Ma-

JICHbKUI TIPOMEXYTOK Pac(uIIbTPOBKU OT
i GOKOBOI1 TIOJIOCHI.
CTpyKkTypHas cxema OJHOTO HaIpaB-

:Q :Q i Iepemaua
S SR ' g 48 JICHUsI TIepeladil CUTHAJA ¢ UCTIOJIh30Ba-
| | :' o Lt 3 HHEM OJIHO# OOKOBOII MMOJIOCH! 4acTOT 0e3
] ] 1 1
Aw /»/I ' /I repenayn Hecyniero KoyieOaHusl TMpHUBe-
! ! [Ipuem
o o - JeHa Ha puc. 5.9. 31ech Ke MOKa3aHbI
1 2 3 Q'
A® ¢ < CIEKTPbl CUTHAJIOB B Pa3IMYHBIX TOYKaX
Puc.58 S S CXEMBI.
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@dopmupoBaHHE OJHOIOJIOCHOIO CHI'HAJIA B i-TOM KaHAJIE OCYIIECTBISETCS C MOMO-
MIBI0O HECYIIEH YacTOTHl () j, aMIUIUTYJHOTO MOZYNATOpa M U MOJIIOCOBOTO KaHAllb-
Horo ¢unbTpa [1dD1. Ha Beixoge M (Touka 2) oOpa3yroTcsi BEpXHsisi U HUKHSS OOKO-
BBI€ TIOJIOCHI YacTOT, a TaKKe APYTHe MPOIYKTHI IPe0Opa30BaHMs, KOJINIECTBO U aM-
IUTUTYABl KOTOPBIX 3aBUCAT OT KOHKPETHOH cxeMbl mpeoOpasoBarens (cM. ri. 11).
[TonocoBoii KaHAJIBHBIA (QUIBTP MpETHA3HAUEH IS MOAABICHUS HEHCIIONIB3yeMON
(BmaHHOM cily4ae HIDKHEH) OOKOBOI IMOJIOCH YacTOT, TOKA HECYIIEH 4acTOTH U TI0-
0OYHBIX IIPOYKTOB IPEOOpa3OBaHNS.

ITocne mpoxokaeHus TUHUM (MEXAY TouKamu 3, 4) B IPUEMHON YacTH CHUCTEMBI
nepeAayr KaHaJIbHBIM OJHOIOJOCHBIA CUTHAJ BBIAEISAETCA U3 CIEKTpa IPYyNIOBOTO
cUrHaja mnosocoBbiM GuibTpom [1D2 u nmonaercs k aemonynaropy JAM (touka 5), k
KOTOPOMY TOJBOJUTCS TaKXe HalpsbKeHHe Hecylled yactotel @ . Ha Beixome M
(Touka 6) ucnosB3yeTcs HIOKHSSL OOKOBast 1MoJioca 4acToT, kotopas Beinessiercss @HY

(rouka 7) [(o; +Q))...(@; +Q,)]—®;, =Q,..LQ, n npeacrasnser coboit Boc-
CTAHOBJIEHHBIH TIepBUUHBIA WHpopMaronHblii curaan C'(t) . Bepxuss G6okoas mmo-
noca [(®; +Q))...(@; +Q,)]+ o, = (2o, +,)...2w, +Q,) sssercs no-
OOYHBIM MIPOJYKTOM MpeoOpazoBaHus U MoAaBiseTcs GUIbTpoM. BoccTaHOBIEHHBIM

. !
curHan B mo6om i-om kanane C, (t) OyJeT HEeCKOJBbKO OTINYATHCS OT UCXOTHOTO

curnana C; (t) u3-3a BO3JIeHCTBUS IOMEX M UCKQ)XCHUI B TPaKTe MeperayH.

Bapuanum nepedauu moxos 08yx 60xo6vix nonoc wacmom be3 nHecywei. EquHCT-
BEHHBIM JOCTOMHCTBOM 3TOI0 BapHaHTa IEpEeaadyd SBISICTCS BO3MOXKHOCTH MOJIyYe-
HUs 0oJiee MOIIHOIO CHTHalla, 0JHAKO, YABOCHHAs IIMPHHA CIEKTpa IS ero mnepeaa-
YW HE JJAeT B IIEJIOM YKOHOMHYECKOTO I deKTa.

CpaBHEHHE BCEX PACCMOTPEHHBIX BapHaHTOB IEpEAadyd aMIUTUTYIAHO-MOMIY-
JIMPOBAHHBIX CHUTHAJIOB IO3BOJIIET CAEIAaTh BHIBOM, 4TO NpH (OPMHUPOBAHUH KaHAIIb-
HBIX CHUTHAJIOB BBEIOOD CIIOCO0a ONpEAessieTCs TEXHHKO-3KOHOMUYECKHMHU COO0paxKe-
HUsAMH. B HacTosmiee Bpems HamOOIIbIIEEe PAcIpPOCTPAaHEHHE B KaHAIO000pas3yromen
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ammaparype IMOJIydWJl BapHaHT Tepe-

Mi o uy(t) add TOKOB OJHOM OOKOBOH ITOJIOCHI

gacToT 0€3 HecymeWl. OTOT BapHaHT

PY, Ten PY, HCTIOJIL3YIOT BCE COBPEMEHHBIE MHOIO-

C ) KE KaHAJBHBIC CHCTEMBI Tiepeadn. TexHu-
(0]

YeCKHEe TPYMHOCTU Ppeaau3allid 3TOTO
DK, criocoba (obecreyeHHEe CHHXPOHHOCTH
u' () u" (t)
n /2
L~
Puc. 5.10

C:
U'si (t)+U"2i (t)

TEeHepaTOpOB HECYIIUX YacTOT, CIOX-
HOCTh KaHaJbHBIX (WIBTPOB) MPH CO-
BPEMECHHOM YypPOBHE TEXHHKH CPaBHH-
TEJIEHO JIETKO TIPEOI0JICBAIOTCSL.

Haxomut npuMenenne takxe memood ¢gasopasznocmuoi mooyaayuu (PPM). O oc-
HOBaH Ha UCIIOJIb30BaHIH aMIUTATYIHBIX MOIYJIATOPOB U (pa30BBIX KOHTYPOB.

Cxema ®PM npusenena Ha puc. 5.10. OHa coaepKuT ABe BETBU C aMIUIUTYIHBIMHU
MoayisaTopaMd M1 1 M2, BXO/IbI ¥ BBIXOJIbI KOTOPBIX COCAMHECHBI C HCTOYHUKOM Ipe-
obpazyemoro curnana C () ¥ mocienyromel Harpy3koi mpeoOpa3oBaHHOTO CUTHATA
S (t) uepes pasBs3eiBatomue ycrpoiictea PY1 u PY2. MruoBeHHO€e 3HaY€HME HANPsiKe-
HHS MCXOAHOTO KosebaHus 000 4acToTsl €;, AeHCTBYyIolIee Ha BXOJE MOAYIATOpa

ES
S ()=

M1, pasno Uy (t) =U, cos Q;t.Ha Bxone MonynsTopa M2 3TOT cHrHai Oy/leT CIBUHYT

no ¢aze Ha /2 dazoBbiM koHTYpoM PK2. Ha apyrue BXoabl MOIYNSTOPOB TOJAETCS
Hecymee konebanne U, (t) =U coswt remocpenctsenHo min yepe3 OK1. Ha Brxone

Monyastopa M1 B obmieM ciyyae npu aMITUTYAHOW MOy ISIUK OyZIeM UMETh
u,m

’

u’ . (t) =U,cos ot + U°°2m‘ cos (o +Q)t+

cos (o —Q)t, (5.12)
a Ha BeIXOAE M2

u? (t) =U,cos (mt+g)+%cos [(0+Q)t+m]+

”

U m
+= =L oos (0 - Q)] =U, 08 (wt+g)—

Um' U m’
—“’T'cos (m+Qi)t+%'cos (0—Q)t. (5.13)
IMocne oObenuHEHNs CUTHAOB Ha BBIXoxae PY?2 momyunwm:
S(M) =u’, (©)+u? (t)=U, cos wt+g +cos ot |+
U (m -m’ U (m +m/
+Mcos(m+ﬂi)t+Mcos(m—Qi)t (5.14)

Ecnu 3aTyxaHue Ka)XJ0i U3 BETBEH ISl BCEX COCTABIIIONINX CUTHAJIA TOYHO OJIH-
HaKoBBL, TO M =M’ u, Kak ciexyer u3 (5.14), BepxHsist GOKOBas [OJIIOCA OKAKETCS
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MOJIHOCTHIO CKOMITCHCHPOBAHHOW, a BCE COCTABJIAIONINE CIEKTPa HIKHEH OOKOBOMU
MOJIOCHI OYAYT UMETh yJBOCHHBIE aMIUIATYAbl. Eciii HE00X01MMO 1MOJaBUTh HE BEPX-
HIOI0, 3 HIKHIOIO OOKOBYIO IOJIOCY YaCTOT, TO AJISI 3TOT0 JOCTATOYHO M3MEHHTH (ha-
30BBIM yrojl TOKa Hecyllel 4acTOThl, KOTOPBIHA MoJaeTcs Ha BTOpoH Monyistop M2
(hazopazHOCTHON CXEMBI TaK, YTOOBI OH OBLI paBeH —7/2, BMecTo +1/2. [IpakTudeckn
MOJIHOW KOMITEHCAIIUH OHOW M3 OOKOBBIX MOJIOC HE TPOUCXOIMT, OCKOJIBbKY HEBO3-
MOXHO JUISl BCEX COCTABIISIOIINX CUT'Hala JOOUTHCS paBEHCTBA 3aTyXaHUs KaKA0H 13
BeTBEH. YJaercsi MONYy4YUTh IOJABJICHHE OJHOH OOKOBOW IIOJIOCHI NPHMEPHO Ha
20 nb, 4TO HEIOCTATOYHO NMpH (POPMHUPOBAHUU KAHAIBHBIX CHI'HAJIOB MHOT'OKAHAJb-
HBIX CHCTEM Iepesiau, B KOTOPBIX MCIIOJBb3YETCs IUIOTHOE PacIoioXKeHHE OOKOBBIX
TMIOJIOC Pa3IMYHBIX KaHAJIOB B IPYIIOBOM crekTpe. IloaToMy (azopa3HOCTHBINH METO
(hopMHpPOBaHUS OTHONIOJIOCHOTO CHTHAJIA HAXOAUT NPUMEHEHHUE JIUIIb B OTHOCUTEIb-
HO MaJOKaHAJIBHBIX CHCTEMaX Mepenadll, PACCYNTAaHHBIX Ha HEOOJIBIINE PACCTOSHUSL.

5.3. Kanaabl nepegaun o1HOCTOPOHHEI 1 IBYXCTOPOHHEH CBA3U

Kanaspl, 0Opa3oBaHHBIE C TIOMOIIBIO aHAJOIOBOM WHIMBHYAILHON WIIM IPYIIO-
BOU CUCTEMBI IIEPEJayuH, SIBIAIOTCS OJHOCTOPOHHUMU, TO €CTh IIEpelady CUTHAJIOB 110
TaKUM KaHaJaM OCYILECTBJIAIOT B OJHOM HANpaBICHUU. DTO OIpEAEsIeTCs TeM, UTO
YCWINTENH, YCTaHABIUBACMbIC HA OKOHEYHBIX U YCHIUTEIbHBIX CTAHLUAX, YCUIUBA-
I0T CUTHAJIbl TOJILKO B OZHOM HampanieHHH. [Ipy HE0OXO0IUMOCTH mepeaadyy CHrHa-
JIOB B OOpaTHOM HAaIPaBJICHHH AHAJIIOTMYHO OPraHU3YIOT BTOPOH OJHOCTOPOHHHMI
KaHas nepenadu. [lepenady cUrHamoB 1Mo 3THUM JIBYM, HE3aBHUCHMBIM ApYT OT APYyra,
KaHaJlaM MO>KHO OCYIIECTBIISITE OOHOBPEMEHHO.

B cooTBeTcTBUM € CETEeBBIMH TPEOOBaHUSIMU BCE MHOTOKaHAIBHBIE CHCTEMBI TIe-
penadn o0pa3yloT TUIOBBIC KaHAIBI ¢ 0OOMMH HaNpaBICHUSIMHU TEPEAadr, a BO BTO-
PHUHBIX CETSAX OHH MOTYT HCIIOJIb30BaThCs KaK OISl OJHOCTOPOHHEH, TaK U IJIsl IBYX-
CTOPOHHEHU CBSI3HU.

ORHOCTOPOHHSS CBSI3b IPUMEHSETCS:

a) mpH nepegade nmo kaHanam TY B 0JHOM HampaBlIieHHMM CHUTHAJIOB JAAHHBIX, TO-
HaJIbHOTO TeJerpaMpoOBaHus; Pa3IMYHBIX BCIHOMOIaTEeNbHBIX CHUTHAJIOB U JPYrou
HepeueBoil nHpopMaluy;

6) 1Mo cZIBOCHHBIM MJIM CTPOEHHBIM KaHaiaMm TU nepeaada mporpaMm paaroBeIaHus;

B) 10 MIMPOKOMOJIOCHBIM KaHajJaM IepeAada ra3eT, NporpamMM TeJIeBH3MOHHOTO
BEIIaHUs U 3BYKOBOT'O COIIPOBOKACHUSI.

B 3THX ciyuasx B IpOTHUBONOJIOKHOM HalpaBJIEHUH ITHX KaHAJIOB OJHOBPEMEHHO
MOXET IepeIaBaThCsl Ipyrasi aHaJIOTMYHAS 110 YaCTOTHOMY CHEKTPY MH(pOPMAIHs.

O0a HarpaBieHUs] KaHAJIOB MOTYT MCIIOJIb30BAThCs [UIsl Tele(hOHHOM, BUIEOTEe-
(oHHOI1 cBsI3M, OOMEHa JaHHBIMH, TeerpadHbIX MEperoBOpoB U T.I1.

IIpu TenedoHHOM CBA3M OOMH M TOT e TeaeOHHBIN anmapaT SBISIETCS TO Iepe-
JaromuM (abOHEHT TOBOPHUT), TO MPHEMHBIM (aboHeHT ciymraeT). ITo sToit npuunHe
TeneOHHBIE KaHAIIBI JJOJDKHBI OBITh JBYCTOPOHHUMH, TO €CTh 00eCIeunBaTh nepea-
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4y CHUTHAJIOB B MPSIMOM M 0OpaTHOM HampasieHHsx. s noakitoueHust TenedoHHbIX
anmapaToB HAa MECTHBIX CETSAX Yallle BCETO HCIIONB3YIOT JBYXIIPOBOJHBIC (DH3MUECKUE
IIENH, 110 KOTOPBIM CHIHAJIBI NIEPEAAIOTCS B TOHAIBHOM CIEKTpe dacToT. [losromy ms
OpTaHM3aINH MEXIYyTOPOJHON TeNeQOHHOW CBSI3H HEOOXOIUMO 00ECIIeunTh ABYXIIPO-
BOJIHOE OKOHYAHHE JBYXCTOPOHHETO KaHAa C LEIbI0 CONMPSDKEHUS €0 ¢ IBYXIPOBO-
HOM aDOHEHTCKOH JTMHUEH MEeCTHOH Tene(OHHON CeTH.

Takoe cOIpsHKCHNE OCYIIECTBISETCS C IIOMOLIBIO CHEIHATBHOTO IIEPEXOJHOTO
(pasBs3bIBatoniero) ycrpoiictsa (PY), mokazannoro Ha puc. 5.11. U3 cxemsbl cneayer,
YTO MpU OOBEAMHEHUH JIBYX OJHOCTOPOHHUX KaHAJIOB B OJAUH JBYCTOPOHHHUM BO3HU-
KaeT Liellb, 110 KOTOPOM TOKH C BBIXOJla OJHOTO HalpaBJjieHUs KaHana yepe3 PY moryr
MOTa1aTh Ha BXOJ NMPOTHBOIOJIOXKHOIO HAIllpaBlieHUA. B pe3ynpTaTe MOXKET BO3HHUK-
HYTh CaMOBO30YX/IEHHE JIByCTOPOHHETO KaHalla, €CJI 00Ilee YCUIICHHE 3TUX TOKOB B
Henu oopatHoOH cBsi3u OyJeT Ooublie 00IIero 3aTyxaHus eny. Pa3ss3piBatolee ycT-
POHCTBO JOJDKHO UMETh B HANpAaBICHUH OT 4-4 Kk 2-2 (10 AMaroHaiu BHYTPEHHETO
KBaJIpaTa) JOCTATOYHO OONBIIOE 3aTyXaHHE, YTOOBI 3aJepXKUBaTh TOKH OOpaTHON
cBsi3u. Bmecte ¢ Tem PY momkHO MMeTh Marnoe 3aTyxaHWE B HAlPaBJICHUH OT JIBYX-
npoBogHoro Bxona 2I1P (Bxoner 1-1) mo Bxona mepenauu (2-2) u OT BBIXOJA IpHEMa
IIp (4-4) x aByxupoBogHOMY BEIxony 2I1P kaHama maHHOTO HampaBlCHHWS W HA -

Jlunus nepenaun
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Puc. 5.12
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HHUIO MECTHOW CETH M, HA000pOT, C BBIXO/A JIMHUM MECTHON CETH Ha BXOJ Nepefadn
KaHaJia IIPOTHBOIOIOXKHOTO HanpasieHus [lep. s 6anaHCHPOBKH pa3Bs3bIBAOLIC-
TO YCTPOHCTBa K BBIXOAaM 3-3 monkirodaeTcst OamaHcHBI KOHTYp BK. PazBs3el-
BAIOIIIEE YCTPOKUCTBO, IIOMHMO YCTPaHEHUs CaMOBO30YXIEHUs KaHajla, o0ecreduBacT
TaKoKe COTTIaCOBaHUE CONPOTHBIICHUHN U YPOBHEH Nepeaadn coeUHsIEMbIX YacTel KaHaa
Y JINHUH.

B kadecTBe pa3Bs3BIBAIOIINX YCTPOWCTB MCHONB3YIOT AuddepeHnnansHple cuc-
TeMbl, paccmarpuBaemble B TiaBe 10. Ha puc.5.12 npuBenena peanbHas cxema JABY-
CTOPOHHETO Tene()OHHOT0 KaHalla ¢ IpUMeHeHneM anddepeHnuanbaeix cucreM J1C.

5.4. ®opMupOBaHNe THIIOBBIX TPYNMNOBBIX CUTHAJIOB

[Ipu MOCTPOCHUHU TPYNIIOBBIX MHOTOKAHANBHBIX CHCTEM NEpeladd HCIIONB3YIOT
MHOTOKpaTHOE IpeoO0pa3oBaHme CIIEKTPa YaCTOT MCXOJAHOTO CHUTHANA B Iepenaromei
Y IPUEMHOM YacTsX anmnaparypsl.

MHorokpatHoe mpeoOpa3oBaHie 3aKII0YaeTC B TOM, YTO CIEKTP YacTOT MCXOM-
HOTO CHTHaJa mpeolpa3yeTcsi B TPaKTe Mepeaadyud OKOHCYHOM CTAaHIIMU B JIMHCHHBIN
CIIEKTP HE HEMOCPEACTBEHHO (OJHOH CTYyMeHbIO MpeoOpa3zoBaHusl), KaK 3TO JeNlaeTCs
B UHAWBUAYAJBbHBIX CUCTEMAX NEpe€aavu, a IByMsd U 60.]'[63 CTYIICHAMMU. AHaJ'IOFI/IIIHO,
HO B OOpaTHOM MOPSJAKE B TPAaKTe MPUEMa OKOHCUHOW CTAHIIMU JIMHCWHBIA CIIEKTP
npeoOpasyeTcs B CIEKTP YacTOT MCXOMHOTO CHUTHaja. MHOrocTyreH4aTtoe GpopMHpO-
BaHHE MHOTOKAHAJIBHBIX TPYIIT U WX MTOCIIEI0BATEIbHOE 00BETUHEHNE TTO3BOIIACT CO3-
JaBaTb IKOHOMHUYHYIO YHHU(PHUIHMPOBAHHYIO KaHAJIO00Opa3y Iyl amnmaparypy s
Pa3MMYHBIX 10 YUCITy KaHAJIOB CHCTEM mepeaadn. [Ipu 5TOM 9acTOTHBIC TUAITa30HbI,
OTBOAWMBIC JUTS KXKIOW TPYIIBI, U YUCIO KAaHAJIOB B TPYIIaX HE CBA3aHBI C JHHEH-
HBIM CIIEKTPOM M MOTYT OBITH BHIOPaHBI ONTHMAIBHO, UCXOAS U3 MUHUMHU3AIUHI KO-
JIMYECTBA PA3HOTUITHOTO 000PYIOBAHMUSL.

YToObI OJIy4NTh MUHUMAJIbHOE KOJIMYECTBO PA3HOTHITHBIX (PUIIBTPOB M Pa3IMUIHBIX
HECYINX KoJIeOaHWi, TO, 3aJaBIINCh PSIOM OTPaHWYEHHH, CBSI3aHHBIX C BO3MOXKHO-
CTBIO peasu3alyy BEIOPaHHOTO THIA (PHUIBTPOB, PEIINM ONTUMU3AIMOHHYIO 33139y .

O603Ha4nM o0I1Iee YUCI0 KaHAIOB B IpymnmoBoM curHaie yepe3 N. Bribepem uc-
XOJHYIO TPYHITy ¢ YUCIOM KaHalioB N,. B manpHelimiem Oynem yKpYIHATH TPYIIIEL,
BKITIOYAasi BO BTOPYIO TPYIIY N, MEPBEIX TPYIII, B TPETHIO — N, BTOPBIX M Tak aajee,

m
HCIIOJIb3YS m CTyneHefI. Torz[a O6H.[€6 ypciio KaHaios N = l_[ ni , 4 YUCJIO pa3IMYHbIX
i=1
(1)I/IJ'ILTp0B 1 HECYHIUX YaCTOT
m — —
M=%n=F(@),roe a=[n,n,,.n,J (5.15)
i=1

JIist penienus 3a1a4u He0OX0AUMO HAWTH KOMITOHCHTBI BEKTOPA d , TIPH KOTOPBIX
nesesas pynkuus F (3) npuHMMaeT MUHHMAIbHOE 3HAYCHHE, U BBIMOJHSIOTCS Orpa-

HHUYCHUA
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s

n=N; n <n <n/, (5.16)

i=1

rac ni’ u ni”— MpCACIIbHBIC 3HAYCHUA 4YHCJla KaHaJIOB B KaXkJ101 rpymnmne, ompeaecisic-

MBIE YCIOBHSIMH peajn3amni. M3BeCTHO, YTO CyMMa MHOKHTEICH MPH 3aaHHOM HX
NpOU3BEACHUN OyIeT MHWHHMMAalbHA, €CIH BCE MHOXWTEIHM OJWHAKOBEI, TO €CTh
n=n,=..=n.Torma
M=nm; N=n". (5.17)
[oxacrasnss 3uauenne N=YN B (5.15), nonysaem M =YNm = F(m) . [ns onpese-
JIEHUSI MHHAUMYMa HaXOJIHM:
dF(m)
dm
orkyma M = In N wmu In n = 1. 3nauur

1 1 1
NMInN™+N™=0,

n,.=e (5.18)

o

Takum 00Opa3oM, HE3aBHCHMMO OT OOIIEro 4YMciia KaHajJoB HauMeHbIIee (ONTH-
MaJIbHOE) YHCJIO Pa3sHOTHIIHOTO O0OPYIOBaHHS MOIYYUTCS, €CIM BBIOMpAaTh UYUCIIO
KaHaJIOB B TpyIe OJIM3K0e K TpeM U TPYNIHPOBAThH CIEKTPHI 10 TPH BETBH IPHU Kax-
JIOM 00bETMHEHHH.

OnHaKO OYEBHIHO, YTO OJHOI YHH(DUKAIMU 00OPYAOBaHUS €lIe HEJIO0CTATOYHO,
YTOOBI CYMTATh MOCTPOCHHE KAHAIOOOpA3yOIeH anmapaTypsl ONTHMAIbHBIM. Boib-
I0¢ 3HA4YECHHE MMEET TaKke OO0Iee KOIMYECTBO O0OPYNOBAHMS, 33JCHCTBOBAHHOTO
Ut OpMHUPOBAHMS TPYIIIOBOTO CUTHAJIA Ha 33JaHHOE YHCIIO KaHAJIOB.

OO0111ee KOJIMYECTBO YCTPOMCTB JAaHHOTO TUIIA OTIPEAEISIETCS BHIPAKEHUEM

Q:E]lni+i1ini+...+nm. (5.19)
IIpu BemosHeHNM ycoBus (5.17)
m -
Q:nm+n""1+...+n=n(n—11). (5.20)
n j—

Ecnu nmpuMeHsTh OJJHOCTYNEHYAThIH c110cod (HOPMHUPOBaHMUS JIMHEWHOTO CHI'HAJA,
TO KOJIMYECTBO YCTPOMCTB OyneT MUHMUMaNBHBIM 1 paBHO Q. . = N . [Ipn ontumains-
HOM TpyINIoo0pa3oBaHUU B CMbICIIE MHHUMYMa Pa3HOTHITHBIX YCTPOMCTB o0lee Ko-
JMYECTBO 00OpyHOBaHUs Oyner MakcumanbHbiM. Hampumep, mms N = 1920
UN =3~ Ng, M=7,Q=3279. [Ipu 3TOM YHCIIO pa3HOTUITHBIX YCTpOHcTB M = nm = 21.

Ecnm HECKOTbKO OTOWTH OT YCJIOBHS MHHHMYMa Pa3HOTHITHBIX yCTPOUCTB (5.18),
TO MOYKHO CYIIECTBEHHO YMEHBIINTH 00IIee KOJINIEeCTBO 000pynoBaHus. Tak, eciu B
paccMaTpuBaeMOM MpHUMepe MPHHATH N =N,=Ny= 5, N;= Ns= 4, TO MOIYyIUM
N = 2000, Q =2500 u M = 23. Buaso, uto obmiee 4ncio ycTpoicTs (Q) yMEHBIIIIOCH
3aMETHO, B TO BPeMsI KaK YMCJIO Pa3HOTHITHBIX YCTPOHCTB (M) yBenMUIMIIOCH HE3HAUH-
TEJIBHO.
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IIpu ompeneNeHMM 4YHCIA KaHAJOB KAXIOH TIPYINIBI HMCXOIAT, KPOME TOrO,
U3 CTPEMJICHHS IONYYHTh MAaKCHMAIbHYIO 3aIHIICHHOCTh OT HEIMHEHHBIX IOMEX,
BO3HMKAIOIMX IIPH IPYIIOBOM IPEOOPAa3OBAHHYU, M U3 YCIOBHI peald3allid BbI-
OpaHHOTO THIIA KaHAIBHOTO QUIBTpA.

JUisl BBIIIOJHEHHMS NIEPBOTO YCIIOBUS JKEIaTeNbHO, YTOObI IIMPUHA CIIEKTPa YacTOT
KaXI0T0 IPYNIIOBOrO CHI'HAja HE IPEBHIIIana OXHOW OKTaBbl, TO €CTh OTHOIIECHUE
BepxHeil f, m Hmwkmel f, vacToT crekTpa

f/f,<2umf <2f (5.21)

B sTOoM ciydae cymmapHble KOMOWHAIIMOHHBIE YacTOTHI BTOPOTrO, a TeM Oosee
BBICILIMX MOPS/IKOB, OKa)KYTCS 33 TUANla30HOM YacTOT JAHHOU rpymisbl. JledcTBUTENBHO,
f,="%+f =21, (5.22)

¢ yudetoMm (5.21) momexu HenuHeitHoro npoucxoxaerms f >f , rme f u f —

B
mro0asi U3 COCTaBIIIOIIMX CIEKTpa YacTOT JAHHOW rpymnmbl. PasHocTHBIE KOMOMHA-
I[HOHHBIC YaCTOTHI BTOPOTO MOpSIKA TAaKXKe HE MOMAAyT B MOJOCY YAacCTOT IPYIIIBL,

TaK Kak fn=fi—fk£f f

[Tpu peanuzanyu KaHAJIBHBIX (UIBTPOB CIENyeT YYUTHIBATh, YTO pPa3HbIC TUIIBI
¢bunbTpoB (10 37eMEHTHOM 0a3e) HanboJIee TEXHOJOTHYHBI B PA3INYHbIX JHAMa30HaX
yactoT. Tak, ¢puisTpsl THna LC memecooOpa3HO NMPHUMEHATh B AMANA30HE 4YacTOT
go 30kl J[ng mbe3osneKTpudecknX  (KBapIEBBIX), MAarHUTOCTPHKIMOHHBIX
Y 3JIEKTPOMEXaHNUECKUX (PUIBTPOB HANOOJIEE ITOIXOISAIINM SIBISICTCS TMANa30H dac-
toT 50...150 K[, KBapueBble MOHOJHUTHBIC (PUIBTPHI PEATU3YIOTCS IMPH YaCTOTaxX
MOPs/IKa HECKOJBKUX Merarepll (moapoOHee cM. 1. 12).

Ha nHauanbHOM 3Tane pa3BUTHS TEXHUKH MHOTOKaHAJIBHOHN CBSI3H, KOTJla HEe OBLIO
BBICOKOKAUECTBEHHBIX MAarHUTHBIX MAaTEpUaJIOB ISl CEPJICYHHMKOB KaTyIIeK MHAYK-
THUBHOCTH, B KayeCTBE KaHAJBHBIX HCIOJIb30BAINCH KBapLEBble (UILTPHI, KOTOPHIE
MOIJIM 00ecTieuuTh POPMHUPOBAHKE TPYIIIBI HA JOCTATOYHO OOJIBILIOE YHCIIO KAaHAJIOB B
nuamna3oHe yactoT 50...150xI . C yuerom ycnoBus (5.21) B kauecTBe MCXOAHON TPyII-
nbl npuHATa 12-kaHanbHas Tpynna B auanasoHe yactoT 60...108 k[, koTtopas mosy-
4Yuia Ha3BaHUE NEPBUYHON rpymnmbl. B panpHelinieM oHa Bolula B peKOMEHIALMU
MCD-T B KauecTBe OCHOBHOM IpymIibl CIEKTPOB Ui Bcex cucteM nepenayu ¢ YPK u
CTajla UMEHOBAThCS OCHOBHOW IEPBHYHON I'PYNIIONW KaHAJIOB TOHAIBGHOM YacTOTHI B
omM4me oT 12-KaHaIBHBIX TPYII, 3aHUMAIOIINX WHbIE TUAIa30Hbl 4acToT.

Ecim npumensarts ¢uibtpsl LC B kauecTBe KaHAJIBHBIX (DMIIBTPOB, TO B YKa3aHHOM
JUISL HUX JIMaria30He 9acTOT MOKHO C()OPMHPOBATH IPYIITy Ha OTHOCHUTEIILHO HEOOJIb-
moe yucno kanaos (3...6). Hauboree 4acTo NpuMEHSIOT TPYIITY M3 TPEX KaHAJOB B
nuana3oHe yactoT 12...24 k', u 3Ta Tpynma cTajla IMEHOBAaThCS OCHOBHOW TIpe[l-
TpYINIION KaHAJIOB TOHAJIBHON YaCTOTBHI.

OOuif MPUHIKI CTYNEHYATOTO (IIOCIE0BATEIFHOT0) (HOPMUPOBAHNS OCHOBHBIX
TPYIIOBBIX CIEKTPOB B cuctemax nepenadud ¢ UPK B cooTBETCTBUM € peKOMeHAa-
ussmMa MCD 1 ceTeBbIMH TPeOOBaHUSAMH MMOKa3aH CXeMaTHIeCKH Ha puc.5.13.

max — Tmin C ydeToMm (5.21) momyunm fH < fmin.
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IlepBuunsie  Bropuunsie Tpernunsie — YerBepuunas
Kanansl  TIpearpynmst
4 IPYIIIbI TPYIIbI prl'[l'ILI rpynmna

FET

A

03134 312 812 2044 8516 12388 «I'nm

D ——

2—72]

YETBEPUUHBIH
rpyNIoBoit
TPaKT

MPEeArpyInoBbie
TPaKThI

MepPBUY HBIC TPYIL.
TPaKTHI

BTOPHYHBIC TPYII. TPAKTHI
TPETUYHBIC TPYII. TPAKTHI

i

1
Pnc. 5.13

OcHoBHas npearpynmna GopMUPYIOTCS U3 TpexX KaHanoB TU Ha HeCyIMX 4acToTax

2 K®,
1-ii kan i ol | | % |
0,3 34
2-if kan *12 Ko,
N
. 1
3-i1 KZI\lZ *16 Ko,
0,3 34
A1, /R
O O—
12 16 20 24 Xy Mo
Puc. 5.14
3 xaH.
2 KaH.
1 kaH.
132 136 140 144 kI
120
12 24 xI'm
Puc. 5.15
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12, 16 u 20 x['1, mpryeM HCTIONB3YIOTCS BepXHHE 00-KOBBIE MONOCH (puc. 5.14,a),
KOTOpBIe BBACIAIOTCS KaHANbHBIMA LC-punbrpamu KO (puc.5.14, 6). Ilpu ncnois-
30BaHUU DJICKTPOMEXaHWYECKUX (UIBTPOB TpeXKa-HAJIBHBIC Hpenrpynnsl ¢Gop-
MHpPYIOTCS Ha Hecymux yactortax 132, 136 n 140 x['1

132 144 xI'm

60 72 84 96 108 kIt
Puc. 5.16

(puc.5.15). Ilpu sTOM Takke HUCHOIB3YIOTCS BEpXHHE OOKOBBIE IOJOCHI YacTOT, U

BOPMHUPYETCSI HEOCHOBHAsI mpearpymnmna. Jlis monydeHus rpymnmoBOro TpakTa B JUa-

Ma30HE YaCTOT OCHOBHOMW MPEATPYIIbI MPUMEHSICTCS JTOTOJHUTEIbHAS CTYIICHD Ipe-

obpazoBanus Ha Hecymei yactote 120 kI,

U3 veThipex npearpymn GopMHUPYETCsi OCHOBHAS MepBUYHAas 12-KaHATbHAS TPYII-
na B quanasone yactot 60...108 k['i (puc. 5.16). B craiimoHapHBIX aHAIOTOBBIX CHUC-
TeMax Tepeladdl OCHOBHBIC MEPBUYHBIC TPYMITHI Yalle BCEro (OPMHPYIOTCS HEIOo-
cpenctBeHHo w3 12 kamamoB TY Ha Hecymmx yactotax 108, 104,..., 64 x['1
(puc. 5.17). ®opMupoBaHHEe OIHOIIOJIOCHBIX CHTHAJIOB OOECIIEYMBACTCS IHE303JICK-
TPUYECKIMH, MAarHHUTOCTPUKIIMOHHBIMH WA 3JCKTPOMEXaHUYCCKUMHU (DIIBTPaAMH.
U3BecteH Taxke crmocod GpOpMHPOBaHMS OCHOBHOM NMEPBHYHOW TPYIIBI, IPU KOTO-
POM HCIIOJIB3YIOTCS OJMHAKOBBIC KaHAIbHBIC (DPUIIBTPHI /IS BCEX KaHAJIOB CUCTEMbI. B
3TOM Clly4ae WHAUBUIYAIbHOE MPeoOpa30BaHUE BO BCEX KaHAIAX OCYIIECTBIISICTCS Ha
OIHOM M TOH e Hecymeil yactore f;, M C IOMOIIBI0 MOHOJHTHBIX KBapIEBBIX

GWIBTPOB BBHIIEISICTCS OJHA M Ta ke OokoBas monoca gactor f..f" B mumamazome

4acTOT, pacioyiokeHHOM Bheimie 1 M.

108 xIq

Puc. 5.17



1 xaH. /‘If1 "~ \%\' /|/§

X f,

fi

12'Kal—L ] "~ \%\ /|/§

Puc. 5.18 60 108 xI'n

B nanbHeimem IMPpOU3BOAUTCA OOIOJHUTECIBHOC npeoGpa3OBaHMe 3THX OOKOBEIX
IOJIOC Ha ABCHAAUATHU HECYHIUX HaCTOTax f2i N YTOOBI 06pa3OBaTI) NEPBUIHYIO I'pYII-

my 60...108 k' (puc. 5.18). JlocTOMHCTBOM 3TOT0 COCO0A SABISETCS OJHOTHITHOCTD
HanOosee CI0KHBIX ¥ MHOTOUYHMCICHHBIX KaHAJIBHBIX (pUIbTpoB. OHUIABTPHI MPH BTO-
pO¥ cTyIneHu Ipeodpa3oBaHusi MOTYT OBITh JOCTATOYHO MPOCTBIMH, OCKOJIBKY I10JIO-
ca pacUIbTPOBKH MEXIY BEpXHEH U HIDKHEH OOKOBBIMHU IOJOCAMHU OYZET OYeHb
60BIIOMH.

B MHOTOKaHAJIBbHBIX CHCTEMAX C YHMCIOM KaHajioB 60 u Ooliee M3 KaXKOLIX IIATH
OCHOBHBIX MEPBUYHBIX IPYNIT GOPMHUPYIOTCS OCHOBHBIE BTOPUYHBIE IPYIIIBI B AUara-
3oHe yacToT 312...552 k' (puc. 5.19).

B cucremax nepenaun ¢ yuciaom kaHanoB 300 u Goiee M3 KaXKABIX MATH OCHOB-
HBIX BTOPHYHBIX I'PYyNN (OPMHUPYIOTCS OCHOBHBIC TPETHUHBIE TPYIIBI B AHAIAa30HE
gactot §12...2044 kI'1 (puc.5.20). 3mech npemrycMaTpuBaeTCs 3alliTHAS T0JI0ca Jac-
TOT MEXAY BTOPUUYHBIMY IpynnaMu mupuHon 8 k.

60

512 (444)

312 360 408 456 504 552 kI
Puc. 5.19
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312 552 k'

k[
812 1052 1060 13001308 1548 1556 1796 1804 2044 u

Puc. 5.20

B cucremax, pacCUMTaHHBIX Ha Iiepenady HECKONBKHX THICSY KaHaioB TU,
B ammaparype W3 TPeX TPETHYHBIX TPYynH (OpMHUPYIOTCS UYETBEPUYHBIC TPYIIIHI
B nuana3oHe yactoT 8516...12388 k"1, coneprxauue 900 kananos TY.

5.5. ®opmupoBaHue INHEHHOT0 CHTHAIA

Jlunetinwiili cuenan —3TO TPYNIIOBOM CHTHAN, IPeoOpa3OBaHHBIA M3 OCHOBHBIX
TPYNIOBBIX CIEKTPOB K BUIY, YAOOHOMY AJIS Iepeauu 0 Cpefie PacIpoCTpaHEeHNUS.

JIuHeiHbI CUTHAT aHAJIOTOBOM CUCTEMBI NEPEladd XapaKTEpU3yeTCsl JIMHEHHbBIM
CIIEKTPOM, BKIIFOYAIONIUM B ce0s KaHaJbHBIE CUTHAJIBI M BCTIOMOTaTeIbHBIE CUT'HAJIBI,
obecreunBaoNIMe 3KCIUTyaTallui0 CUCTEMBI Tepefadn (CiaykeOHasi CBA3b, KOHTPOIb-
HbIE 9acTOTHI cucteMbl APY, curnansl tenekoHTposs u ap.). Cpena pacrpocTpaHe-
HUS I TIPOBOJHBIX MHOTOKaHAIbHBIX CUCTEM IE€peladyd Ha3bIBAETCS HAIPaBIISIO-
nieil CUCTEMOM, BJIOIb KOTOPOM paclpoCTpaHSAETCs SHEPrHsl MeperaBaeMoOro MHOIO-
KaHaJIbHOTO cHrHana. K mpoBoJHBIM HaNpaB/IAIOMUM CHCTEMAaM OTHOCATCS: CHMMET-
pHUYHBIE KaOelbHbIE JHHUH, KOaKCHAJIbHbIC, BO3IYIIHbIE U BOJIOKOHHO-OITHYECKHE
JIMHUM CBSI3U.

IIuprHa JTMHEHHOTO CHEKTPa OJHONOJIOCHON CHCTEMBI IPEXKIE BCETO ONpEnes-
€TCsl YMCIIOM KaHaJIOB. Tak Kak Ha KakJblil cTaHJapTHbIN kaHas TY oTBOIUTCS 1OJI0-
ca mupuHO# 4 kI 11, TO MIMPUHA MTOJIOCHI YacTOT, 3aHUMaeMol crieKTpoM N-kaHaIbHON
CHCTEMBI BMECTE C BCTIOMOTaTeIbHBIMU CUTHAJIAaMH, OyAeT:

Af =4AN+Af + f +AF | +AF + A A, (5.23)

riae Af —monoca pachuibTpoBKH Mesk Ty TPYIIOBBIMH CIIEKTPAMH U MIOJIOCHI, 3aHUMA€-
Mble criekTpamu curHanoB; Af — tenexonrposs; Af | — tenemexanuku; Af  — Terme-
curHanmsanuy; Af . — ciryxe6HOl cBsi3u; Af, — KOHTPOJBHBIX 4aCTOT.

IIpu BBIOOpE TMONIOKEHUS IMHEHHOTO CHEKTpa Ha OCH YacTOT HEOOXOIMMO MpH-
HUMAaTh BO BHUMAaHNE U3BECTHBIC CBOHCTBA MPOBOJHBIX JIMHUI: OBBIIICHHE YaCTOTHI
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JMHEHHOrO CIIEKTPa CONPOBOXKIACTCS POCTOM 3aTyXaHUs NPOBONHOW JIMHUU M CHH-
JKEHHEM IIEPEXOIHOTO 3aTyXaHUs MEXTy LelsMu. [1o3ToMy miIst yMEHbLICHHS YHClIa
YCUIIMTENed Ha JIMHUY Nepefadd U YIPOLICHHUs 331add oOecrieueHust HeoOXoquMoi
3aIIMIIEHHOCTH MEXIy KaHaJaMH CHCTEM, pabOTarolIUX IO MapauleNbHBIM LM
OJTHOTO ¥ TOTO K€ KaOeJsl WM BO3yLIHOW JIMHWUY, JINHEHHBIH CIIEKTP BBITOJHO CMe-
aTh B CTOPOHY Oojiee HM3KHMX 4acToT, Ho ecTh NMpHWYMHBI, OrpaHMYUBAIOLINE 3TO
CMEIIICHHE B CHMMETPUYHBIX Kabensix (cM. B maparpade 6.1):

pe3kuid U3rnd (HeNMHEWHOCTh) XapaKTePUCTHKH 3aTyXaHus Ka0ess, & Ha 4acToTax
amwke 10...12 k[ (puc. 6.1);

pe3Kkoe M3MEHEHHE AKTHBHOI M 3HA4YHMTENbHAas BEMYMHA PEaKTUBHOHW COCTaB-
JISTFOIIEH BOJIHOBOTO CONPOTHBIICHHUS |Z,| Kaberns Ha gacToTax Hike 10 k[t (puc. 6.2);

YBEJINYCHNUE OTHOCUTENBHOM IMPHHBI IMHEWHOTO CIICKTpa.

[epBast U3 yKa3aHHBIX NMPUYMH 3aTPYIHACT PELICHHE MPOOJIEMBI KOPPEKLUH aM-
IUTUTYAHO-YaCTOTHBIX MCKKCHUH TpakTa Iepelady, BTOpas — pelICHHe 3aJadd Co-
IJIACOBAHUS BXOJHBIX CONPOTHUBIICHUI anmaparypbl 1 Kadens. Tperss mpuyrHa B 3Ha-
YUTENBbHOM Mepe YCIOXKHAeT 3aJady IPOM3BOJCTBA BHICOKOKAYECTBEHHBIX YCUIIHTE-
nedl. lnga oOecriedeHMs JIMHEHHOCTU TPYNIOBBIX YCHJIMTENEH, a, ClelOBaTelbHO,
YMEHbBIICHNUE IIYMOB W TIOMEX HEJIWHEWHOIOo IPOUCXOXKIEHHS HKEIaTeNbHO, YTOOBI
HIMPUHA IPYIIIOBOrO CIIEKTPa 4acTOT He NpEeBbIlalia OJHONW OKTaBbl, TO €CTh OTHO-
IIeHNe BepXHeH yacToTsl ciektpa f, k mikneit f, f ff, <2.

M
B o6mem uncio okras M ompenensierca u3 cootHomenus . /f, =2 orkyna

M =log, fr/ S -

Hcxons U3 BBIIIE HU3I0KEHHOTO, HIDKHIOIO TPAaHUYHYIO 9aCTOTY JINHEHHOTO CIEK-
Tpa JUId CUCTEM Iepeadyn CHMMETPUYHOTo Kabemns BeiOupatotT paBHoil 12 xI'11. Torma
JMHEHHBIE CHEKTPhl KaHAJBHBIX CUTHAJIOB (0e3 yuéTa BCIIOMOTaTEeNIbHBIX CHTHAJIOB)
OJTHOTIOJIOCHBIX YETBIPEXIPOBOJHBIX CUCTEM IIEpead ¢ YUCIOM KaHasoB N JOIDKHBI
pacronaratbcs B IIOJIOCE YaCTOT:

npu N=12 Af =12...(12+4-12)=12...60 I '1y;

npu N=24 Af =12...(12+4-24)=12...108 k['1;
npu N=60 Af =12...(12+4-60)=12...252 xI'1.

Kak wncxioueHue, JTMHEHHBIH CHEKTP Y MaJOKaHAIBHBIX CHUCTEM IEPeAayd MOXKET
HaunHaTbcsa Hrbke 10 kI

B 3aBucuMocTH OT IPHHATOTO MPHUHIIMIIA TOCTPOSHUSI MHOTOKaHAJILHOM CHCTEMBI
nepeaaun nonockl yactot 1t TK, TM, TC, CC, (5.23) u np., MOryT pasmeruarscs
nepeJ JIMHEHHBIM CHEKTPOM KaHAJIBHBIX CHTHAJIOB WM mocie Hero. Curnamst KY

pacrnoyiararotcs, Kak MpaBHJIO, B MEKKaHAJIBHBIX MM MEKIPYIIIOBBIX HHTEpBanax
(em . 20, 21).
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[lupura ¥ MECTO MOJIOKEHUS JIMHEHHOTO
CIIEKTpPa CHCTEMBI NTEPEAavn M0 KOAKCHAILHOMY
Ka0eIo ompenesseTcsl aHAIOTHIHBIMU co00pa-
xeHusiMA. OJIHaKo, CMEIeHHE CIEKTpa BHU3
CHI)KAeT 3allMIIEHHOCTh MEXAY KOaKCHalb-
HBIMH TIapaM¥ KaOeJs, 4To 00yCIIOBIICHO, Ti1aB-
HBIM 00pa3oM, SBICHHEM HOBEPXHOCTHOTO 3¢-
¢exra. [TosTOMy HMKHEH rpaHULEel JIMHEHHOTO
CIIEKTPa CHUCTEM Iepefavyy ¢ HeOONIBLINM YHC- b
nom kananoB (N =300) BweIOmpaeTcs HYacToTa N, N_. N
60 x['m. B cucremax ¢ OONBIINM YUCIIOM KaHa-
0B (N >300) HIWKHIOIO TPAaHUYHYIO YacCTOTy
JMHEHHOTO CIIeKTpa NPUXOTUTCS BHIOMpATh
3Ha4NTENbHO BbInIe 60 K['11. OT0 0OBICHAETCS TEM, YTO 3a/1a4a M3TOTOBIICHUS YCHIIU-
TEJsl TEM CJI0KHEe, YeM OOJIbllIe OTHOCHTENIbHAS INUPUHA TIOJIOCHI YacTOT, B peIenax
KOTOPOH OH JIOJDKEH 001a71aTh ONpe/ieIeHHBIMY, Hamepe/] 3aJaHHbIMI XapaKTePUCTH-
kaMu. OOBIYHO CTPEMSTCS, YTOOBI OTHOCHTEIbHAS IIMPHHA JTUHCHHOTO CICKTpa HE
IIpeBbILIANA IISITH OKTaB, I03TOMY JIMHEHHBIN CHIEKTP NPUXOIAUTCS CMEILATh B CTOPO-
Hy OoJsiee BBICOKMX 4acToT. Ho mpu cMeleHny IMHeHOTo crekTpa B obnacth Oojee
BBICOKUX 4YaCTOT YBCIMYUBACTCA 3aTyXaHUC Ka6en>1, YTO BBIHYXKJAa€T YMCHbLIIATH
MPOTSHKEHHOCTh YCHIMTENIBHBIX YIaCTKOB. UHCIIO YCHIUTENEH B PAacX0bl, CBSI3aHHBIC
¢ UX 000pyIOBaHHEM, BO3PACTAIOT.

Bennunna 3aTtyxaHus KaOemns 3aBHCUT OT €ro KOHCTpYKIHH. [loaToMy 11 kaxo-
ro THIIa Kabels MOXKHO HaWTH ONTHMAJIBHOE YHCIIO KaHAJIOB cHcTeMbl nepenadn. K
npuMepy, ¢ poctoM gucia N kaHaioB B cucteMe 1ot K, TMHEHHBIX COOPY)KEHHH B
001IeH CTOMMOCTH KaHAJIOKMIIOMETpA HETIPEPhIBHO YMEHbIIaeTcs, a 1ot K, anmapa-
Typsl ~ BHauaje Imamaer, a 3areM pacreT (puc.5.21). Ilo rpaduxam pucynka
K,=¢0,(N) u K, =¢,(N) moxuo nalitn 3nauenuss N, u N , Mexay KOTOpPHIMH

Puc. 5.21

y!

K,~K, n K +K, ~ const. Yncmno xananos N, <N, <N  MOXHO NpHHATEL OII-

opt
THUMAJIBHBIM JUISl TAHHOTO THIIA KaOeJIs.

B oTedecTBEHHBIX OJHOMOJIOCHBIX CHCTEMax MO KOAKCHaJIbHOMY Kabeno B Kade-
CTBE JITHEHHBIX BHIOPAHBI CTIEKTPHI, 3aHUMAIOIINE TTOJIOCHI:

60...1300 xI'u — K-300; 312...8524 k' — K-1920; 812...17 596 I'u — K-3600.
CriexTp IBYXIOJIOCHON IBYXHPOBOAHOI cuctemsl nepenauu K-120 BeiOpaH B mosioce
60...552 k' ans mepenayu B ogHOM Hampasierann u 812...1304 kI'11 — B mpotuBo-
MIOJIO’KHOM HaIpaBJICHUN.

Yucno xaHanoB, KOTOpOe yaaeTcs: 00pa3oBaTh Ha BO3AYLIHOHN JMHHHW, HE3HAUH-
TENIBHO, a KAa4eCTBO M HAJEKHOCTh ATUX JIMHUI HEBBICOKA. DTO OOBSCHSETCS B OC-
HOBHOM PE3KOH 3aBUCHMOCTBIO 3aTyXaHUs JIMHUM OT METEOPOJIOTMYECKHX YCIIOBHIL.
3aTyxaHue CTaJbHBIX IEeNeil BEIMKO U OBICTPO pacTeT ¢ yBeJlnueHHeM 4acToTsl. [Ipn
TOBBIIIEHNH BJIQYKHOCTH U OCOOCHHO TPH OTJIOXXEHHH M3MOPO3H Ha MPOBOAAX 3aTy-

79



2) ™ XaHUC TAKXC YBCIMYMUBACTCA. Pes-

o —— ~ mu.  KOE yBEIMYEHHE 3aTyXaHUs CHUTHA-
p— > ~ > criextp  J1a HAGIIONAETCA HA YACTOTAX BBIIIIE
Tfﬂ 30...35 x['u, mo3ToMy CTajgbHBIE
6) Tp. CLEKTP LENM KCIOIB3YIOT M1 OpraHu3a-
. crextp | ler I[UHM KaHAJOB MepeAayd B Auamnas3o-

He 10 30...32 xI'm.

8) ler 3aryxaHue Uerned U3 LBETHOTO

IP. CICKIp > MPOM. ClIeKIp MeTala MEHbIIC 3aTyXaHHWs CTajb-
HBIX IIETIEM M B MEHbBIICH CTEIEeHU

. crextp | 2cr 3ABHCHT OT HacTOTBL 1 METeOpolIo-
[MYECKUX YCIIOBHM, MOITOMY OTH

Puc. 5.22 LENU UCHOIB3YIOT B JMANasoHe 110

150 x['u. Tlepemaya o0 HHUM TOKOB
0oJiee BBICOKMX YaCTOT 3aTPYAHHUTEIbHA HM3-32 PE3KOTO TMOBBINICHUS 3aTyXaHHS IPU
YXYALUIEHUH METEOPOJIOTHUECKUX YCIOBHIA, @ TAKXKE U3-32 CIIOKHOCTH 3aIIUThl KaHAIOB
OT PaJIMOTIOMEX U OT B3aWMHOTO BJIHMSHUs KaHAJIOB, 0OPa30BaHHBIX HA MapasuIe/IbHBIX
LEMX.

Ha BO3AyIIHBIX JUHHSX, KaK MPABUJIO, UCIOJB3YIOT IBYXIIPOBOIHBIC IBYXIIO-
JIOCHBIE CUCTEMBI nepeAaun. Ha cTanbHBIX LEnsAx ¢ IOMOIIBIO OJHOW TaKON CUCTEMBI
yAaercs MoJayduTh A0 Tpex kaHaioB TY Ha pacctosnus Ao 200 kM, Ha LIBETHBIX Lie-
mwsix — 10 15 kananoB TY Ha paccTosHus A0 10 TeicAY KM.

Jus hopMupoBaHusS THHEHHOTO CHTHAJA M3 TPYIIOBEIX KaHAIBHBIX CIICKTPOB B
OKOHEYHBIX CTaHIMSAX HCIOJB3YeTCs CIEIHaIbHOe 000pyIOBaHHE, KOTOPOE IOTyIH-
JI0 HAaUMEHOBaHWe annapamypa conpsicenus (AC), U MpencTaBIsieT co00i Tpymmo-
Boi MoaynsiTop ['M 1 QrITbTp — ITOTOCOBOI MITH HIDKHUX 9acToT (puc. 5.22, a).

[IpeoGpazoBanne OCyHIECTBISETCS OJHOW WM ABYyMs cTyneHsmu. Eciu momoca
YacTOT TPYIMIIOBOTO CIIEKTpa HE COBMAAAET C JIMHEHHBIM, TO JOCTATOYHO OJHOU CTYy-
neHu npeobdpaszoBanus (puc. 5.22, 6). Eciu e rpynioBoii v TMHEHHBINA CHEKTPHI Tie-
PEKPBIBAIOTCS XOTS OBl YACTUYHO, TO HAJI0 MPUMEHHUTH BE CTYICHH MPEOOpa30BaHHUS
(puc. 5.22, B). Ha puc. 5.22, a npuBesieHa cxeMa OJHOCTYIIEHYATO anmapaTypsl co-
TPSDKCHUS.

5.6. CTpyKTYpa OKOHEYHOI CTAHIHH AHAJIOTOBOIl CHCTEMBI Neperavyu

CocTaB THMOBOTO KaHAI000pa3yIomiero W Mpeodpa3oBaTebHOTO 000PYTOBAHHUS
OKOHEYHOMW CTaHIIMH MHOTOKAHAJIBHOM CUCTEMBI Iepeaadn NpUBEIACH Ha puc. 5.23.

Tunosoe mpeoOpazoBaTenbHOE 000pyAOBaHNE COCTOUT M3 alapaTypbl KAHATLHO-
ro npeobpazoBanus (AKII) u ammapaTypbl mpeoOpa3oBaHUs MEPBUYHBIX, BTOPUIHBIX
u TpetnuHbIx rpynn (AT, ATIBT, AIITT). K annapaTtype kaHainbHOTO IpeoOpa3zo-
BaHUs OTHOCSAT COBOKYITHOCTh YCTPOMCTB, 00€CTIeUNBAIOIINX peoOpa3oBaHue MOI0C
yacToT 12 KaHalOB TOHAJNBHOM YacTOThl B MOJOCY YacTOT OCHOBHOH NepBUYHOMN
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TPYIIBI Ha Tepemade u oOpaTHoe npeodpa3oBaHue Ha mpueme. AmmapaTypa KaHallb-
HOTO TpeoOpa30BaHMs MOKET OBITH TIOCTPOEHA C MCHOJb30BaHUEM npenrpymm (MO-
3), mubo Ha 6aze obopymoBaHMs, 00ECIIEINBAIONIETO HEITOCPEICTBEHHOE (POPMHUPOBa-
HHE OCHOBHBIX nepBuuHbIX Tpynm (MO-12). Ilpu ucnons3oBanuu MO-3 s dpopmu-
pOBaHMsI IEPBUYHOTO TPaKTa MCIOJIB3YETCs anmnaparypa npeoopa3oBaHus Ipearpym
(AIIIIPT). Ha puc. 5.23 nokazaHa BO3MO>KHOCTh OTKJIFOUYEHHS YacTH 000pYJOBaHMS,
(hopMHpPYIOLIETO Ty WM UHYIO TUIIOBYIO I'PYIILY, H UCIIOJIb30BaHUsI OCTaBIIEiCs Yac-
TH JUIsl 00pa30BaHMsl COOTBETCTBYIOIIETO TUIIOBOTO IPYIIIIOBOro TpakTa. Takum oOpa-
30M, MOTYT ObITh niostydeHsl npearpymnmossie (ITPT'T), nepsuunsie (I1I'T), BropudHbie
(BI'T) u tperuuansie (TT'T) rpymnmoBeie TpakThl B 3aBUCUMOCTH OT O0IIel KaHaIbHOM
€MKOCTH CHCTEMBI TIepeJad.

B 1
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Tax, nst 12-KaHATBHOW CHCTEMBI JIOCTATOYHO (POPMHUPOBAHMS TIEPBUIHOM TPYIIIIBI,
i1 60-KaHANBHON — BTOPHYHOM TPYNIEI U T.[. B manpHEHIIeM THIIOBBIE TPYIIIIOBEIC
CHEKTpPBI IPeoOpa3yroTCesl B IMHEHHBIN CIIEKTp ammapaTtypoit conpspkerns AC, koTopast
SBIISIETCSI IPUHAJUIEKHOCTBIO KOHKPETHOM cucTeMsl nepeadn. OkoHeuHas anmapaTypa
muHeriHoro TpakTa OAJIT obecrieunBaer ycuneHrne U KOPPEKLHIO JIMHEHHOTO CHIHAlla
Y BBINIOJIHSET Apyrue (GyHKIUH, PACCMOTPEHHBIE B CICAYIOLIEM pasJere.

CeTteBble TPaKThl 00pa3yloTCs Ha 0a3e COOTBETCTBYIOIIMX TUIOBBIX TPYIIIOBBIX
TPaKTOB C MOMOUIBIO CHEIUATBHON armaparypbl 00pa3oBaHHs MEPBUYHBIX, BTOPHY-
HBIX WM TpeTH4HBIX ceTeBbiX TpakToB (AOCT). B AOCT ocymecTBisieTcss BBOJ
¥ BBIBOJA TOKOB T'PYIIIOBBIX KOHTPOJIBHBIX YaCTOT, OOCCIICUMBAIONINX KOHTPONb 32
COCTOsIHMEM ceTeBoro Tpakta u APY. 3mecs ocymecTBiseTcs Takke HeoOXomauMas
KOPPEKIHS aMIUTUTYAHO-9aCTOTHBIX NCKaKCHHUH.

[MupoxomonocHeie kananmel (IIIK) oOpa3yrorcs Ha 0a3e CETEBBIX TPAKTOB
C MTOMOIIBIO aMMapaTypsl (GOPMHUPOBAHUS COOTBETCTBYIOUINX MIMPOKOMOIOCHBIX Ka-
HanoB (ADIIpIIK, ADIIIIK, A®BIIK, ADTIIK). B aTo#t annaparype Takxke ocy-
MECTBIIACTCA  AJOIOJHUTECIbHAA KOPPECKIUA AaAMIUIMTYJHO-YaCTOTHBIX U (ba3o-
YAaCTOTHBIX XPAKTEPUCTUK B COOTBETCTBUH C TPEOOBAHUSIMHU ITOTPEOUTENEH IMPOKO-
MOJIOCHBIX KaHAJIOB. AmmapaTypa 0Opa30BaHHs CETEBBIX TPAKTOB U (hopMHUpOBa-
HUS MIAPOKOIIOJIOCHBIX KaHAaJIOB MOXKET BXOJAWUTbL B BHUHAC OTACIbHBIX 6J'IOKOB
B COCTaB OKOHEYHOW CTaHIMU WJIM KOHCTPYKTHBHO O(OPMIISITECS OTAEIBEHON
anmaparypoit (CTokomn).
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