I'nasa 12
SJIEKTPUIYECKHUE ®UJIBTPHI

12.1. Knaccudunkanus 1 Ha3HaYeHHe JIEKTPUYEeCKUX GUILTPOB

Dnekrpudeckue QUIBTPHI SBIAIOTCS HanboJee MacCOBBIMU M NPHHIMITHAIIBHO He-
00XOJMMBIMH y3JIaM{ aniapaTypbl aHaIoroBeix cucreM nepeaadn (ACIT). Ouu mpu-
MeHsitoTes Bo Beex coctaBHbIX yacTiax ACII (KOA, JIT, AC, 'O u ap.) u npenHaszHa-
YeHbl A BBIAEICHUS M3 COCTaBa CJIOXHOTO CUTHAJa OJHUX CHEKTPalbHBIX CO-
CTaBIISIOIINX, PACMOJIOKECHHBIX B 3aJaHHON II0JIOCE YaCTOT — IIOJIOCE ITIPOITyCKAHUS
(ITIT), m momaBIeHHS CIIEKTPATBHBIX COCTABIIIONINX B JPYTUX (Tarkoke 3aaHHBIX) MO-
JI0caxX 9acToT — mosocax 3aaepxxuBanus (I13).

ITo B3anmuOMYy pacmonoxenuro [1I1 u I13 anexTpudeckne QUIBTPHI TOAPA3ICII-
rorcs Ha GuibTpel HIDKHUX (OHY) 1 Bepxanx (OPBY) wacrot, nonocossie (I1D) u 3a-
rpaxnatomue (3P) wiu pexekropusie (PD) GuabTpel. YciioBHBIE 0003HAUCHHS ITHX
(UIBTPOB HAa CTPYKTYPHBIX CXeMax M B3aUMHOE pacronokenue B Hux I1I1 u I13 npu-
Bejenbl Ha puc. 12.1, rae f; u f, — rpanuunbie yacToThI, cooTBeTCTBEHHO, ITIT U 13
®HY kak nporotuna Apyrux (GUIBTPOB, MOITOMY 00O3HAUEHHSI I'PAHUYHBIX YaCTOT
OBY, [1® u 3@ (PD) cesazans: c PHY.

[To ¢yHKIMOHAIPHOMY Ha3HAYEHUIO B CXEMax ammapaTypbl QUIbTpPBI moApasne-
JIIOTCA Ha CIICAYIOIIAE OCHOBHEIC TPYIIEI (IPUMEPHl NX TPUMCHEHHS TOKa3aHBI B
crenyromeM maparpade): KaHalbHbIe (UIBTPBI, TPYIIIOBBIC (UIBTPHI, JTHHECHHBIC U
HAIpaBILIIONE (QUIBTPHI, a TAaKXKE Y3KOMOJOCHBIE (TIOJIOCOBBIE W 3arpakIarollue)
(UIBTpEL

KananeHbIe 1MONIOCOBBIE (DHIBTPHI BXOIAT B COCTaB KaHAIO0OOpasylomiel ammapa-
Typsl (KOA) okOHEUHBIX cTaHIMUA. B Ka)KIOM KaHalle UCIIONB3YIOTCS JIBa KaHATBHBIX
(unpTpa: OAMH B TPaKTe MEpeadd U OJUH B TpakTe mpuema. OuibTpsl TpakTa mepe-
Jaun coBMecTHO ¢ mMonyistopamu KOA npenHasHaueHbsl it (OPMHUPOBAHUS OJIHO-
MOJIOCHBIX MHIUBUAYAJIBHBIX (KaHAJIbHBIX) CHTHAJIIOB M HA UX OCHOBE CIEKTPOB 3-Ka-
HaJIBHBIX mpearpynn (puc.12.2) wmm 12-kaHaTBHBIX HMEPBUYHBIX TpyHil. PUIbTPHI
Tpaxta npuema KOA npeaHa3Ha4eHB! JUIs BBICICHUS CUTHAIOB OTAEIBHBIX KaHAIOB

a) ®HU 6) ®BY B IO ) Pd
Pl - R
N > > —~Z
a, nb a, nb a, nb a, nb
113 113 113 113 113
T1IT T1I1 TIIT ’7 T1I1 H TIIT
1 f [ f 1 f — f
fi f, f, for fiy fip T2 fu farfn fip
Puc. 12.1
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YacTOTHOTO CHUrHayia (cmekTpa). KomudecTBo KaHANBHBIX (MIBTPOB OIpEACIsIeTCS
kaHanbHOCTHIO ACII, TO3TOMy OHM SIBISIOTCS CAMBIMH MHOTOYHCIICHHBIMH 3JIEMEH-
TaMH anmnaparypsl cucteM nepeaaun ¢ YPK.

I'pynmossie GpuisTpsl (prc.12.3) BXOIST B COCTaB IpymImoBOro 000pyI0BaHUS U
npeaHa3Ha4YeHbl Uil GOPMUPOBAHKS B TPAKTax Mepeladd COBMECTHO C TPYIIIOBBHIMU
MOJyJISITOPaMU IPYNIOBBIX CUTHATIOB COOTBETCTBYIOLIUX CTyNEHeH nMpeoOpa3oBaHusl.
Tak, QuaABTpPHI anmapaTypsl NPearpynnoBoro npeodpasoBanus GoOpMHUPYIOT U3 TPEX-
KaHaJIBHBIX NpeArpynn (cnekTpsl yactoT 12...24 k' win 132...144 xI'n) nBeHaana-
TUKaHAJIBHBIE TIEPBUYHBIE TPYNIEI B criekTpe 9acToT 60...108 k[, ¢risTper anma-
paTypbl IEPBUYHOTO TPYIIIOBOTO NMPeo0pa3zoBaHus (OPMUPYIOT U3 IEPBUYHBIX TPYIIIT
BTOpPHYHBIE IIECTHICCATHKAHAIBHBIC TPYIIIE B criekTpe JacToT 312...552 x[m u 1. 1.
I'pynmoBsie GUIBTPEI B TpakTax IpHeMa 00ECHEeYHBAIOT BBIACICHHE JAHHOTO IPyI-
MIOBOTO CIIEKTPa M3 CIIEKTPa YacToT 0oJiee BHICOKOH CTYNEHH IPe0Opa30oBaHMs.

Hawnbosnee coXHBIMU TPYHIOBBIMH (PUIIBTpaMH SIBJISIIOTCSI TPAH3UTHBIE MOJIOCO-
Bble puibTpel TIID, KOTOPBIE BXOAST B COCTaB TPaH3UTHOTO 00opynoBanus TO s
COOTBETCTBYIOUINX TPYNIOBBIX TpakToB. Ha puc.12.4 mokazano npumenenue TIID
[IPY TPAH3UTHOM COEIMHEHHH TIEPBUUHBIX Py (OJJHO HANIPaBIICHHE).

Jluneiinple GUIBTPBI MpeJHAa3HAUCHBI U1l Pa3JeTICHUS JIMHEWHBIX CUTHAIOB JBYX
CHCTEM Iepesiaun, paboTaloNIMX 10 OJHOM U TOI e Lenu WIN JUHEHHOro CUrHajaa
CHCTEMBI NTepe/iaun ¥ KaHana HU3KOH YacTOTHI, 10 KOTOPOMY OOBIYHO OCYIIECTBISACT-
csl cIy)xeOHast CBsI3p M Ilepefiaya CHIHAIOB TEJEKOHTPOs. OHM COCTABISIIOT Hapy
¢unbTpoB (“Bunky” ®HY u ®BY), BKIIIOYaeMBIX MapaieIbHO ¢ JTHHEHHOW CTOPO-
HBL. Ha puc.12.5 munetinpie punsTphl JIO1 cucremsl nepegaun C; pa3aensioT JIHHEH-
HBIE CIIEKTPHI paOOTAIOIUX 11O IBETHOM 2-NIPOBOJHON BO3IYIIHOM IEMH ABYXIOJIOC-
HBIX cucTeM nepenadn B-3-3 (mmmeinsrit ciektp 3,3...32,7 x['m) u B-12-3 (nmneit-
HBIH criekTp 36...143 kI'w), a nureitHble GunbTpsl JID-2 cucremsl nepenaun C, paz-
JIeISIIOT JIMHEHHbIH ciiekTp B-3-3 u kananx HY.

Jlis pa3neneHus CUrHaJIOB (CHEKTPOB) MPOTHUBOIIONIOXKHBIX HAIIPABICHUN mepena-
YH B 2-TIPOBOJHBIX 2-TIOJIOCHBIX CHCTEMax Mepeaady NMPUMEHSIOTCS HalpaBIISIOLIe
¢bunbTpl HO, Takke Bkitouatomye napy ¢uiasrpoB ®HY u ®BY (puc.12.5 u 12.6).

[ Bcex pacCMOTPEHHBIX (HIBTPOB HMXKE IMPUBOAUTCS METOJMKA ONPEICICHUS
TpeOOBaHMI K MX OCHOBHBIM 3JIEKTPUYECKUM IapaMeTpaM, UCXOJs U3 IperHa3Haye-
HUS U MecTa BKIIoUeHUs priapTpa B anmapatype ACIL.

V3KOIOJIOCHBIE MOJI0COBBIE (GHIBTPHI UCIIONB3YI0TCs B anmaparype ACIT aust BbI-
JIeTICHUS B Pa3JIMYHbIX CXEMaxX OTAENBHBIX YacTOT (HECYIIMX, KOHTPOJIBHBIX U Jp.), &
3arpakiaromue GuIbTpel — AU TTOABJICHHS Y3KOTO CIEKTPa YacTOT MJIM OT/IENIbHBIX
4acTOT B Pa3JIMYHBIX TPaKTax CHUCTeM Hepemauyd. TpeOGoBaHUS K y3KOHOJIOCHBIM [1D
MIPUBEICHBI IIPA PACCMOTPEHUH TeHEPaTOPHOT0 000PYIOBaHNUS B I 1 6.

OnexTpuyeckue (GUIBTPHI PA3IUIAIOTCS TAKXKe 10 THITY MCIOIB3yEeMOU IJIEeMEHT-
HOW 0a3bl. DNeMeHTHOW 0a30i JFOOBIX CENEKTHBHBIX YCTPONCTB SBISIOTCS PEaKTHB-
HBIC JJIEMEHTHI: HHAYKTHBHOCTH L, emkoctu C, ux coemuueHus (pe3onancueie LC-
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KOHTYPBI) MJIM UX SKBHBAJICHTHI B BHIEC aKTUBHBIX (ycmmutenbHbix) RC-cxem (ARC—
MUMHUTAHCOB), LEMOYKH MEePEeKI0YaeMbIX KOHACHCATOPOB, OTPE3KOB MEPEIaroIInX
(97IeKTPUYECKUX, aKyCTHUECKHUX, ONTHICCKUX) TMHUI | Jp.

Bce GuibTphl IO HCTIONB3YEMO# AJIEMEHTHOM 0a3¢ MOYKHO pa3[eNIuTh Ha MACCHB-
HBIC U aKTHBHBIC. [lacCHBHBIC (DMIIBTPBI COCTOSAT TOJBKO U3 MACCHBHEBIX 3JICMCHTOB U
MOSTOMY BHOCSIT 3aTyXaHHE B BBIACISICMBIN U MPOMYCKACMBI CUTHAJ. AKTHBHBIC
(bUIBTPHI BKITFOYAIOT KPOME IMACCHUBHBIX M aKTHBHBIC (YCHIUTEIBHBIC) 3JIEMEHTEHI, T10-
9TOMY OHU HPAKTUYCCKU HE BHOCAT 3aTyXaHHS B BBIICIAEMBIN (TIPOMYyCKACMBIii) CUT-
HAJl WK YCUIIUBAIOT €rO.

12.2. MeToauka onpeaejieHusi TpefoBaHuii K QUIBTPaAM anmapatypsl
aHAJIOrOBBIX CHCTEM Mepeayn

Br10op Tuma ¢punbTpa A HCHONIB30BAHUS €T0 B KOHKPETHBIX YCTPOMCTBax amma-
parypsl ACII 3aBUCHT OT (DyHKIMOHAIBHOTO Ha3HAu€HHs M TPEOOBAHMM, MPEIbsIB-
JSIEMBIX K (QUIBTPY B OTHOIIEHHH YaCTOTHOTO JHMana3oHa, MaccorabapuTHBIX U CTO-
HMMOCTHBIX [OKa3aTesiei, 3HEPromoTpeOIeHUs, TeMIepaTypHO U BPEMEHHOH cTa-
OUIBHOCTH XapaKTepUCTHUK, COOCTBEHHBIX LIYMOB, JUHAMHUYECKOTO AMaa3oHa U Jp.
OnHaKo Ba)KHEHIIMMU SBIISIOTCS 3JEKTPUYECKUE TTapaMeTPhl, ONpeAesomue QyHK-
[IMOHAJILHOE MpeJHa3HaYeHUe JII000ro (GuibTpa: 4acTOTHAs XapaKTe-phUCTHKa pabdo-
yero 3aryxanus B I1I1 u I13, pasogacrornas xapakrepuctuka B I1I1, BXogHOE U BEHI-
XOIHOE CONPOTHUBIICHHS, a TAKXKE CTAOMIBLHOCTh ATHUX MapaMETPOB (TeMIlepaTypHas U
BpeMeHHast). [lepedncieHHble 3IeKTpUIECKHe apaMeTpsl B CBOIO O4epeab AUKTYIOT
BBIOOD 3JIEMEHTHOH 0a3bl M XapakTep TpeOOBaHUH MO KOHCTPYKTHBHBIM M Maccora-
0GapHUTHBIM TIOKA3aTEeISAM.

YnaenuMm OCHOBHOE BHHUMAaHHE ONPEACICHHIO TPEOOBAaHMH K 3aTYXaHHIO pa3ind-
HBIX 110 Ha3HAYCHMIO (PUIIBTPOB B IOJIOCE 3aCPKUBAHUSA, TAK KaK UMEHHO 3TOT Iapa-
METpP UTPAET OCHOBHYIO POJIb B BHIIIOJHEHHH (QYHKIIMH KOHKPETHOTO (GUIBTpA.

WneanbHble QUIBTPHI XapaKTEPU3YIOTCS CIACIYIOUIMMHE MapaMeTpaMu: 3aTyXaHue
B III1 paBHO Hymto, 3aTyxanue B [13 paBHO GECKOHEYHOCTH M IIMPHUHA MEPEXOIHOMN
001acTH 4acTOT paBHA HyJI0. B peanspHbIX ke QuipTpax 3aryxanue B I1I1, 13 u gac-
TOTHBIM MPOMEKYTOK IEPEeXOoAHONH 00IacTH MMEIOT KOHedHble 3HaueHus. [lorepu B
PEaKTHBHBIX 3JIEMEHTaX (HIBTPOB MPUBOJAT K POCTY 3aTyXaHMsS U €ro HepaBHOMEp-
HoctH B I1I1, cHibkeHuto 3aTyxaHus B [13, yMeHbIIEHUIO KPYTH3HBI HApACTaHUS 3aTy-
XaHUsI B IEPEXOAHON 00JIaCTH 4acToT.

[TosTOMY NpOEKTHPOBIIMK (HUIBTPA BCET/Ia PEIIaeT KOMIPOMHUCCHYIO 3a/iauy: He-
00X0IMMO, C O/IHOH CTOPOHBI, YIOBJIETBOPHUTH 33/IaHHBIM TPEOOBAHHUSIM B OTHOILICHUH
pabounx XapakTEepHUCTHK (WIBTpa, a C APYrodl CTOPOHBI, CO3/aTh KOH(HUTIYpamuio
(unbTpa, YAOBIETBOPSIOMIYIO TEXHOIOTHIECKHM, CTOMMOCTHBIM, MacCOTa0apuUTHBIM,
SHEPreTUYECKUM H JPYTUM ITOKa3aTelsIM.

Heompasnannoe 3aBrimeHne TpeOOBaHNHN, CBSI3aHHBIX, HAIPHMEp, C YMEHBIIEHU-
€M 3HAYeHHI 3aTyXaHus & U ero HepaBHOMEPHOCTH A g B IOJIOCE NPOITyCKAaHUS, WIIN
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C yBEIMYECHHEM KPYTH3HBI HApACTaHUS B MEPEXOAHOHN MOJOCE M BEIMIHHBI pabodero
3aTyXxaHuss A B IOJOCE 3aJCpP KUBAHUSA MPUBOINT K YBEJINYEHHIO KOIMYECTBA 3Je-
MEHTOB U K YCIOXKHEHHIO cXeMbl (prnbTpa. BoT mouemy onpeznenenne 000CHOBaHHBIX
TpeOOBaHMI K 3THM paboduM mapamerpam (QUIbTPOB SBISETCS OTBETCTBEHHOH 3a/a-
4el pa3paboTUNKOB anmapaTypbl MHOTOKaHAIBHBIX CUCTEM NEepeiadH.

12.2.1. TpeOoBaHus K KaHAJIbHBIM QUJIbTPAM

PaccMOTpuUM KOHKpPETHBIH HpUMEp ONpeAeNeHHs TPeOOBaHUHM Ul KaHAaJbHBIX
¢unbTpOB 1pHu (HOPMUPOBAHUH 3-X KaHAIBHOM IMPEATPYNIBI B KaHaIooOpasyrouien
anmaparype (puc.12.2,a).

KauectBo kxamama TY rmaBHBIM 00pa3oM OmpeAemseTcs B3aUMHOHN 3allUIIeHHO-
CTBIO OT NOMEX MEXIY COCEIHHMH KaHaJaMH, YTO, B KOHEYHOM HTOTE, 3aBUCHT OT
BEJIMYMH 3aTyXaHUsA KaHAIBHBIX QmibTpoB (K@) B monocax 3anepxusanuns (I113). mo-
3TOMY OlpenenuM TpeboBaHus K 3aTyxanuto K@ B I13: ceBa A; u cpaBa A, ot m0-
Jockl nporyckanus ¢puibTpa. [Ipu nepenade peyeBbIX CUTHAJIOB Kaxaast U3 OOKOBBIX
MOJIOC HAa BBIXOJIE MOIYIATOPOB M; 3aHMMaeT AMamla30H 4acToT, 3HAYUTEIHHO Ipe-
Beiatoruit OI1IY kanana TY (puc.12.2,0), Tak Kak CHEKTp 4aCTOT TAKUX CUTHAJIOB
Ha BXOJI€ MOJAYJATOPOB 3aBHCUT OT MHAMBHIYAIbHBIX OCOOCHHOCTEH OpraHOB peyu
genoBeka u 3aHumaeT nosocy oT 100 I'u g0 6..8 k't 1 BbIIIIE.

Ha mipuHy moJjiocs! KaHaja ¢ y4eToM MNosiochl pacuiubTpoBku otBogutcs 4 kI,
MOATOMY HEZOCTATOYHO ITO/IABJICHHBIE BHICIINE COCTABIIIONINE UCIIONB3yeMOH OOKO-
BOM 1MOJIOCH YacToT (B maHHOM cirydae BBITY) OynyT momanate B MOJOCY 4acTOT Ka-
JKJIOTO MOCIEAYIONIETO KaHalla, a HEJOCTATOYHO IMOJaBJICHHAsT HEUCIIoab3yemas 0o-
KoBast 1oJioca (B nanHoM ciryqae HBITY) — B mostocy 4acToT Ka)1oro MpebIayIero
KaHajia, BbI3bIBasl ITyMOBBIE IOMEXH. YPOBHH 3THX ITOMEX JUIS BTOPOTO KaHajla 000-
3HA4YNUM, COOTBETCTBEHHO, Py M Py3. 3aTyXaHus KaHAJIBHBIX (HUIBTPOB B I0JIOCAX 3a-
JIepKUBAHUS TOJKHBI 00€CIIeYNTh HOPMBI B3aMMHOM 3aIIUIIIEHHOCTH OT 3THX ITOMEX.

Buavane onpenenum TpedoBanue K 3aryxaHuio A; Ciesa ot [1I1 u3 coobpakeHuit
oOecriedeHNss HOPMBI Ha 3aIUIIEHHOCTh 2-TO KaHajla OT MHBEPCHOTO (CJIEI0BaTEINIb-
HO, HEBHATHOTO) CHMIHaja HemoctaroyHo mnogasineHHoit HBITY mocnemyromero
(Tpetbero) xanana. IllymoBas 3amuImeHHOCTh BTOPOTO KaHajla OT ITOMEXHU TPETHEro
KaHala aups = Pc—Pnz, TAE Pc = Po— 8y, Po— YPOBEHb CUTHAJIA HA BHIXOJIE MOJYJIs-
Topa (Ha BXozie GHUIBTPa), a4 — 3aryxanue ¢unstpa B III, pu3 = po— As.  Torzma
aus=A;—a, U TpeboBaHMe K 3aTyxaHuio Guibtpa B I13 cneBa onpesenuTes Kak

Ai>a,+ ay (121)
ITo pexomennaunu MCO-T 3aIlUIIEHHOCTh OT HEBHATHOW IMOMEXH JIOJDKHA OBITH HE
meHee 60 ab. Ilpunnmas ag = 2,5 nb u a,, = 60 ab, nonyuum A; = 62,5 nb.

B cnygae, kora coceHUI KaHANl HCHOIB3YETCS ISl TOHAIBHOTO TelerpapupoBa-
HUSL, TIPUHAMAETCS B pacyeT TO, YTO TelerpadHble CUTHAIBI IMEIOT BO BCEM CIEKTpE
OIIIMY nocrosHHBINA cpeaanii ypoBeHb. OOmIas cpemHsss MOITHOCTh curHainoB TT B
Touke kaHama TU c HyneBbIM oTHOocHTeNbHEIM ypoBHeM (TOHY) gomyckaetcst paB-
HOW P.,g=135 MKBTO miiut ypoBeHs Pr.o = 101g135-10° = — 8,7 16m0. C yuerom mco-
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Puc.12.2

(domerprueckoro koaddummenra K = 0,75 nmcopomeTpryeckas MOIIHOCTh CHTHAIOB

TT na P

— k2P, -10""0
rrncot — 0 BBIXOJI€ KaHAJBHOTO MOJIYJIATOpPa (B TOUKE C YPOB-

HEM pg), €€ YPOBEHb Prrpeop = 2019 K+ Pryg + Po, MOMEXa BO BTOPOM KaHase 3a

CUET 3TOTr0 CHUTHAJIa pvn3 = Prr — Ay ¥ OIyMOBasl 3alIMIICHHOCTH &'yp3 = P — Pluz. OT-
CIOZIa BTOpOE 3HaUCHHUE TPEOOBAHUS K 3aTyXaHUIO (IUTBTpa CIIeBa
A >a'y, +pumot+ay+20Igk (12.2)

Hopma m1ymMoBO# 3alIMIEHHOCTH OIPEAEsIeTCs JOJIEH 1yMa, OTBOAMMOM Ha IO-
Mexy ompeneneHHoro Buaa. [lo pekomenpamusam MCD-T u3 o0miero 10mycTUMOTO
ncopomerpuyeckoro myma B kaname TYU 250 nBrtn0, oTBOAMMOro Ha OKOHEYHYIO
cranimio, 100 nBTn0 oTBOIUTCS Ha BIUSIHUE Yepe3 MOJIOCHI 3a/Iep)KUBaHUs PHIBTPOB
COCeIHUX KaHaJIoB, TO ecTh no 50nBTn0 3a cuet BIUSHUS HEUCIIONIB3YEeMOi OOKOBOH
MOJIOCHI YaCTOT W 33 CUET BIUSHHA BBICIINX COCTABIAIOMIAX PEUEBOIO CHTHANA. JTO
COOTBETCTBYET HOpPME IIYMOBOM 3alllMIIIEHHOCTH a'm =75 nb. IloncraBuB 3Ha4YEHUS
Bcex cocrapisironmx B (12.2), momywaem 4, = 75-8,7+20190,75+2,5=66,3 nb. U3
JIBYX 3HaYCHUN A; A1 MPOEKTUPOBaHHS (HUIBTpa BEIOMpaeTcs Oojbliee 3HaYCHHE.

Teneps pacCMOTPUM BIMSHHE BEPXHHUX COCTABILIIOIIMX PEYEBOTO CHTHANA 1-TO
kaHana (Bwimie 3,4 kI'11), KOTOpBIE TOCIe PeoOpa3oBaHusl MOTYT TOMACTh B TMOJIOCY
BTOPOT'O KaHaja B BHJE HEBHATHOTO MEPEXOIHOTO Pa3roBOpa M OMpPEaesnM TpeOoBa-
HUE K 3aTyXaHHIO0 KaHAIBHBIX QIIbTPoB 4, cripaa ot I1I1.
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[lymoBas 3aIIMIIEHHOCTh ONPENENSETCA 10 (QOPMYNE @ 5= P, — Py > THE

Pe=Do~Ay~ ypoBeHb curHana Ha Beixoge K®-2; p, — 1o ke Ha Bxome Kd-2;

a4 — 3aryxanue KaHaibHbIX ¢uinbTpo B I, p,), = py—A4, —Ap+20igk — ypo-

BCHb nepexo,uﬂoﬁ IIOMCXH Ha BBIXOAC KCD-l, Ap— YUYUTBIBACT TOT (baKT, 4TO Cpea-

HH ypOBEHb MOILIHOCTH BBICIIMX COCTAaBIIIOLIMX PEYEBOIO CHTHAJIA HH)KE CPEIHETO
ypoBHs curHana B OIIIIY, u o pexomenmanmu MCD A p=251b. [loacraBus Bce

3Ha4eHUs B GOPMYJy LIYMOBOM 3aLIUIIEHHOCTH, ONPEIENIEM
Ay Zayu, +ay, +201gk—-Ap. (12.3)

Jlons mryma 3a cueT BIMSHUSA BBICIINX COCTaBJIIOIUX PEYEBOTO CUTHAla MPUHU-
maetcst pasHoil 50 nBtn0, uto coorBeTcTBYET @,,,=75 Ab. C yueToM 3aTyxaHus B
MIT 2,5 1b u k= 0,75 nonygaem A4, =75+ 2,5-2,5-25 =50 nb.

Pe3ysnbraThl pacyeToB MMOKa3bIBAIOT, YTO TpeOOBaHUE 10 3aTyxaHuto ajst [13 crpa-
Ba u cieBa ot III1 momyyatotcs pasubiMu (puc.12.2,B — MyHKTHPHAS THHUS T A ).
B npakTuke sKCIUTyaTallud MOKET MOTPeOOBATHCS MCIOIB30BATh HE BEPXHIONIO, a
HIDKHIOIO OOKOBYIO TIOJIOCY YacTOT (Hampumep, NpH (OPMHUPOBAHMH TIEPBUYHON
TPYIBI OHOH CTYNEHBIO IpeoOpa3oBaHus), U B 3TOM CIydae TpeOOBaHUS K 3aTyxa-
Huto B I3 cnpasa u cnesa or IIII momeHnstorcss mMectamu. IlosToMy npumensercs
yHAGUKanUs KaHAIbHBIX (PUIBTPOB I TpakToB mepemaun u npuemMa KOA — oHm
BBIITYCKAIOTCA C CHMMETPHYHBIMU XapaKTEPUCTHKAMH 3aTyXaHHSA C peaau3anuei
MaKCHUMaJbHOTO Tpebyemoro 3atyxanus B [I3 (crommHsie muaMA Wit A; U A, Ha
puc.12.2,8). OT0 obecnieuuBaeT CIEAyIOUINe JOMOJHUTEIbHbIE BO3MOKHOCTH U Tpe-
MMYIIIECTBA: BO3MOXHOCTh HCIOJB30BAHUS MHBEPCHOIO CIEKTPa, CUMMETPHUYHOCTH
aMIUTUTYAHOM U (ha30BON XapaKTEPHUCTHK B MOJOCE KaHaJa M, CIEI0BATEIbHO, YIIPO-
IIeHHE KOPPEKTHPOBAHUS YACTOTHBIX XapaKTEPUCTUK 3aTyXaHUs U (a3bl.

TpeboBanust Kk AOMyCTHMOII HepaBHOMepHOCTH 3aTyxaHus B IIII kaHaIbHBIX
(UIBTPOB yCTaHABIMBAIOTCA MUCXOsA M3 HOPM Ha AUX 0oCcTaToYHOro 3aTyXaHUS Ka-
Hana TY. Tak kak ocTaTOYHOE 3aTyXxaHHe KaHajla HOpMHpYyeTcsi 0oJiee CTPOro B IIaB-
Hoit actu DIIIMY (B momoce gacrtot 0,6...2,4 k['1), To 1 TpeOOBaHUSI K HEpaBHOME P-
HOCTHM 3aTyXaHus Juisl ri1aBHON dactu I1I1 kaHanmpHOTO (hnibTpa Golsiee skecTKue, Mo
CPaBHEHHIO C TPAaHUYHBIMH YaCTSIMH, IZI¢ JOITyCKAETCsl HEKOTOPOE MOBBIICHUE BEIH-
unHbI 3aTyxaHusd Aa, . [lycte B npoctoM kaHane TY MakcHMManbHOE OTKIOHEHHE OC-

TaTOYHOTO 3aTyxaHus B riaaBHoi yactu 0,6 b, a B rpaamuHoii 2,6 1b. Tak Kak BbI-
Opocsl 3aTyxaHus QHIBTPOB CITydaiHbIE, TO X CyMMHPOBaHHUE MPOU3BOIAT 110 KBa-
parn4HOMY 3aKoHY. B mpocroM kaHaine BKIIOYatoTCs 1Ba (GMIbTpa (OIUH B TpakTe
nepeAayu U OJUH B TpaKTe IMpUeMa) U, Mpeanosarasi OTKIOHEHUS 3aTyXaHHs B COOT-
BETCTBYIOIINX YacTAX 000MX (MIBTPOB OJAMHAKOBBIMH, MMOJTydaeM (HOopMyIry AJs OT-
penenenns TpedOBaHMi K HepaBHOMepHOCTH 3aTyxaHusi KO B [1I1

Aa, = 1/Aai)l + Aa(;2 = Aaq)\/i, (12.4)
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rac A(Xq) — AOIMYCTUMOC OTKJIOHCHUC 3aTyXaHUA KaKA0ro (1)I/IJ'H)Tpa B IIII.

HpI/I 3aJJaHHBIX 3HAYCHHUAX OTKIOHCHUA AOLr , OTKJIOHEHMA 3aTyXaHUs KaHaJIbHBIX

(UIBTPOB B TIIaBHOW YacTH JOJDKHBI ObITh He Oonee 0,4 nb, a B TpaHUYHBIX YacTAX —
He Ooxnee 1,75 nb.

Tpebosanus k pazo-yacmomuou xapakmepucmuke KaHaibHo20 Quibmpa onpene-
JISIOTCS MCXOIs U3 HOPM Ha AONycTUMYI0 HepaBHOMepHOCTh I'BII curnana. Ilycts B
npocroM kanane TU

Aty =t —tp1900 <2 M, (12.5)

rae tpi900 — 3Hauenue I'BII na gacrore 1900 I'm.

CyMMHpOBaHUE JOMYCTUMBIX OTKIOHeHHH ['BI1 (GUIbTpOB MPHUHATO MPOU3BO-
JITh apu(METHYSCKH, mo3ToMy HopMa oTkioHeHuit ['BIT mis onHoro ¢unbtpa Oyaer
paBHa Atrpl <1 mc.

12.2.2. Tpe6oBaHus K rPyNNoOBbIM GUJILTPAM
Meroauky ompeneneHuss TpeOOBaHMI K IpyNIoBOMY (HIBTPY pacCMOTPHUM Ha
npuMepe TpeboBaHMS K 3aTyxaHuio B [13 rpymnmoBoro ¢uiabTpa TpakTa nepeaadu aim-
napartypsl Ipeobpa3oBaHus IpeArpynn (Harpumep, ammaparypst [1-301) npu Gpopmu-
POBaHUM MIEPBUYHOM rpynmsl (puc.12.3).

Ha Beixoge monynsitopa 4-i npearpymnnsl M4 kpoMe MoIe3HOro CUrHaia B CIeKTpe
HBITY 60...72 k't MO>keT MpUCYTCTBOBATh U HEJOCTATOYHO ITOAABICHHBIH CUT'HAT B
cnektpe BBITY 96...108 x['11, coBnaaaromuii B MHBEPCHOM BHUJIE€ CO CIIEKTPOM IOJIe3-
HOTO CHI'HaJIa NepBOM HPEArpYIIbI, a TAK)Ke OOKOBBIE MOJOCH! Y TPEThei rapMOHHUKU
HECYIIeH YaCTOThI U Jp. MPOAYKTHI. [Ipn HETOCTATOYHOM 3aTyXaHUUB B BepxHel 113
[1®-4 mosiBuTCs HeBHATHOE nepexomHoe BiausHue oT 10...12 xanamos TY Ha 1...3

—

12 24 T
Ml
— NHRE [~
> 96 108 kg
N
. ALl L, [~
> 84 96 kI
e
= [~
3] > 72 84 x[m
N I
A
p— — % l\ | /I A _l\ | /|
4 > 60 72 a4 9% 108 252 KTt
I
84 Prc.12.3
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kaHaJbl. [loaTOMy HEOOXOIMMO 3a/1aTh TPEOOBAHHUS K 3aTYXaHUIO A TaKOW BEJIMYHHBI,
4T00BI OOECIIeYNBaTach HOPMa 3AINUIICHHOCTH OT HEBHATHBIX IlepexonoB a,, =60 nb,

KakK 3TO OBUIO CAENaHO IPU ONpPEIEJICHUHM aHAJIOTHYHBIX TPEOOBAHUH K KaHaIbHBIM
¢unbTpam (12.1)
Aza, +a, (12.6)

OcTanpHbIe MPOAYKTH IpeoOpa3oBaHMA Ha BEIX0OIe M4 MOTYT BIHATH Ha Iepe-
Ipy3Ky ycwianuTems. UToObI HCKITIOYHTD IEePerpys3Ky MOCIeyIOMUX IPYIIIOBEIX yCT-
POYCTB, HEOOXOIMMO OOECTICUNTh BEIMINHY 3aTyXaHHs B BepxHel 6okoBoii [13

Aza, +a, —Ap, (12.7)

rae a, ~20 b — 3alMIIEHHOCTh OT Neperpysku, ag — 3aryxanue ¢umbrpa B I1II,

Ap — pa3HOCTh MEXAY YPOBHAMH MPOJYKTOB mpeoOpa3oBanus Buma f+ F u 3f+ F,

paBHast Il KOJbIEBBIX MOy IaTOpOB 20193 ~ 10 nb. 13 AByX MOJIyYeHHBIX 3HAYCHUIA
A nipu peanmzanyu GUIBTPa BEIOKpaeTcs OobIIee 3HAUCHNUE.

B tpakTe nprema rpymnmoBbsie GIIBTPE HMEIOT MEHEE KEeCTKHE TpeOOBaHUS K 3a-
TyxaHuto B II3, Tak Kak OHM AOJDKHBI BBIACIUTH W3 MOJIOCHl NMEPBUYHOM TPYMIIbI
CIEKTP YacTOT CBOEH MpEeArpynIbl NpU HE3HAUYUTEIHLHOM IMOJABJICHUM COCEIHUX
cniektpoB (nopsaka 20...25 nb). 3to o0bsicHseTcs TeM, uTo B mpuemHoin yactu KOA,
NIPY BBIJICJICHUU OTJCIIbHBIX KaHAJIOB, KaHAJIbHBIC (QUIBTPHI B TOCTATOYHON Mepe IMo-
JIABJISIIOT CUTHANBI COCEAHHMX KaHAloOB, o0ecrednBas HEOOXOAMMYIO B3aUMHYIO 3a-
IUIEeHHoCTh. Kpome TOro, 4acToTHas XapaKTepHCTHKa 3aTyXaHHUs TPYMIOBBIX
¢unbTpoB B 13 uMeeT BechMa Manylo KPYTU3HY HapacTaHHs JUIs OOCCIICUCHHS MHU-
HUMAaJIbHON HEpaBHOMEPHOCTH 3aTyxaHus Ha kpasx III1, uto TpebGyercs mpu Gopmu-
poBaHUM Ha 0a3e TPYIIOBEIX TPAKTOB IMIMPOKOIIOJIOCHEIX KaHAJIOB. AHAJIOTHYHO OTI-
penensrorcess TpeOOBaHUS K TPYIIIOBEIM (PHIBTpaM ammapartypsl npeodpasosanus [117,
BT u TT ipu popMupOBaHIH TPYIIIIOBEIX CIIEKTPOB 00JIee BEICOKOTO MOPSAKA.

12.2.3. TpeGoBaHus K TPAH3UTHBIM QUIbLTPAM

3HaunTeNbHO OoJiee KECTKHE TPeOOBaHWS NPENbSIBISIIOTCS K TPYIHNOBBIM TpaH-
3UTHBIM 110JI0COBBIM (puibpTpam (TIID), KoTopble BXOAAT B COCTaB TPAH3UTHOTO 000-
PYyIOBaHUs COOTBETCTBYIOMUX Ipymmoseix Tpaktos (ITPT, 1T, BI', TI).

3aryxanue B nojocax 3aaepxuBanus TIID momkHO obecnieynBaTh AOCTATOUHOE-
MOJJaBJIEHHE CUTHAJIOB COCEIHUX TPYII AJS NMPeJOTBPAICHIS UX MPOHUKHOBEHUS B
BU/I€ TIEPEXOJHBIX TIOMEX KaHaJlaM Iepeadyr yJacTBYIOIINX B TPAH3UTE CHCTEM Iie-
penayu.

Jis osicHeHUs! yKa3aHHBIX (YHKIMH TPaH3UTHBIX (QHIBTPOB PACCMOTPUM CIEK-
TPHI CUTHAJIOB B Pa3JIMYHBIX TOUKAX FPYNIOBOrO TPaKTa Ha NpUMeEpe TPaH3UTa TPaKTa
npuema [1I'-3 CIIlmp ¢ tpakrom nepenaun [1I'-4 CI12nep (puc.12.4). Ha Bxox Tpax-
Ta MpueMa amnmaparypbl mnpeoOpasoBanus mnepBuuHbIX rpynn CIllnp (Touka 1)
MOJBOJATCS CUTHANEI B criekTpe yactoT BT (312...552 kI’ ). C mOMOIIBIO MSATH KOM-
wiekToB npeobpasosanus III' B cocraBe ¢umastpo PIII, nemoxymstopo M u
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4 6y,£lyT IPUCYTCTBOBATH TOJIBKO IMOJIC3HBIC CUT'HAJIBI.

®HY JI-125 Ha xaxaoM u3
TIATH BBIXOJI0B(TOYKA2)
¢dopmupyeTcss CcTaHZapTHAS
II" B cniektpe wacrot 60...

108 xI'u.
U3-3a  HegoCTATOYHOIO
[10IaBJIEHUS ¢bunpTpaMu

OIII-3 u [-125 curxanos
cocequux III' (me Oomee,
geMm Ha 25...30 1b),B Touke
2 KpOM€ OCHOBHOI'O CUTHaJIa
[II'-3, npenHa3HAYEHHOIO
IUIA TpaH3WTa, OyAyT TNpH-
CYTCTBOBaTh M OCTAaTKH CO-
CeJHUX Tpymnn (Ha pUCYHKe
3amrTpuxoBaHel) Ecnmu Ha
COEUHUTEIBHON JIMHUM OT
Beixoga III-3 CIIl (Touka
2) 10 BXOJa TpakTa mepeaa-
gy [II'-4 CII2 (Touka 3) He
MIPEIYyCMOTPETh BKIFOUCHHS
TII®, To Ha BXoxa BI' (Touka
4) moCTyIAT OCHOBHBIC (TI0-
ne3Hble) curHamel  I11-1,
nr-2, Mmr-3 a Ir-5 Criz;
TpaH3uTHBIH curHan [1I-3
CIIl w BHATHBIC TOMEXH
(3amrpuxoBansl) ot II-1,
nr-2, 1nr-4 » Ir-s CIil.
Bxnrouenue xe TIIO ¢ noc-
TaTOYHBIM 3aTyxaHueMm B 113
MO3BOJIMT HAAEKHO I0JIa-
BUTh TH ITIOMEXHU U B TOYKE

Omnpenenum tpeboBanue k 3atyxanuto TII® B I3 ¢ yueToM KOMIUIEKCHOTO IeH-
CTBHS U JIPYTUX (DUIIBTPOB B TPAKTE MPOXOXKAEHUs TpaH3uTHoro curnana I1I-3 CII-1
k [1I'-4 CII-2. ITlycte ypoBHH curHanoB kaxmoit u3z I1I' B Touke 1 OymyT ofMHAKOBBI
U paBHHI D1, a cymMmMapHoe 3atyxanue B 113 ¢umstpoB ®III'-3 u /I-125 B Hanpasie-
HHMU K Touke 4 paBHO Ay, TOrAa ypoBeHb nomexu P4 B Touke 4 P, =P, —-4,.B

Touke 4 ypoBHH curHanoB BceX [ Py, 1 3aMIMIIEHHOCTD UX OT HOMEX &; = Pes— Prg
=A1s + +Pes — Pe1- OTcronia nostyyaeM TpebOBaHNME Ha CYMMapHYIO BEJIMUMHY 3aTyXa-
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HUS B MOJIOCE 33JCP’KUBAHMUS BCeX (DMIIBTPOB TPAH3UTHOM IIETH (B TOM YHCIIE U TPaH-
3UTHOTO (PMIBTPA) OT TOUKH | 10 TOukM 4
A14=5,+ Pe1 —Pear (12.8)

TJA€ ds; — HOpMa 3alIMIIEHHOCTH OT BHATHOM momexu (He menee 70...75 nb).

Tak kak ¢wietpel @I u JI-125 umeror nonorue XapakTEpPUCTUKU 3aTyXaHUs
BOMM3M rpaHnuHbiX yactoT I13 TII', To Bcs Harpyska IO HafeXHOMY IOJaBICHHUIO
MOMeX Ha 9THX 4acToTax Bo3znaraercss Ha TIID, a yuuTbiBas, 4yTo mojoca pachuibT-
poBku Mmexay III' cocraBiaser Bcero 900 I'm (mexxny BI'—8 kl'm, mexny TI —
88 kI'1), To MOXHO 3aKIO4NTh, 4To TIID OKa3bIBaeTCS AOCTATOYHO CIOXHBIM YCT-
POHCTBOM C OYEHB KECTKUMHU TpeOOBaHMAMH 10 3aTyxaHuio B [13: - 00bIgHO ¢ Benu-
yuHOU He MeHee 70 nb M ¢ BBICOKOI KpYTHM3HOM HapacTaHMs 3aTyXaHHs B IEPEXO[-
HBIX IIOJIOCAX.

12.2.4. TpeGoBaHus K JUHEHHBIM (puabTPamM
TpeboBanust k nuHEHHBIM (QriabTpaM (JID) ompenenstoTcss B 3aBUCHMOCTH  OT
X (QYHKOWH W THIA JUHEHHOTO TpakTa (CHcTeMbl mepenaun). Hambomnee BBICOKHE
TpeboBaHus K JID mpeabsABIAOTCSA AT 2-MOJIOCHBIX 2-TIPOBOAHBIX CHCTEM Hepesia-
yu. Ha puc.12.5 nokaszanel 2-mosiocHele cucteMsl nepegauud Cl u C2, coBMecTHO
pa0oTarolye Mo IBETHOH ABYXMPOBOJHOW BO3AYIIHOW JUHHUU CBs3H. JIMHEWHBIC
CHEKTPBl YacTOT CUCTeM mepenauu pasfenstorcs mapoit ®BY u OHY JID1. Yepes
®HY1 npoxonsaT curaaiusl nepeaayn v npuema C2 (HMXKHHUI CIIEKTp YacTOT) U KaHAJ
HY, a yepe3 ®BY1 — curnansl nepepaun u npuema Cl (BepXHMH CIEKTp YacTOT).
Bunka muaeliHBIX QuisTpoB JID2 obecreunBaeT pas3ieicHHE JHHEHHOTO CIEKTpa
yactoT CII-2 u kanana HY.
3aryxanue B [13 ®HY1 momxHO OBITH TaKUM, YTOOHI MTOJABICHHBIC CHTHAIBI TIe-
penaun CII-1 C ypoBHEM Prepi,

3aHUMAIOIINE BEPXHUM  CIIEKTD JIYC lepl ! o] |
MH
YacTOT, HE MEPErpykaji TPakT [> ~_ L~ ' I o
npuema CIT-2,4T0 npuBeno Obl K ° M Ve '
HOSBJICHUIO B HEM HEIMHEHHBIX g Ve HOl | OBUI |
1 1
IIyMOB. 3alIUILIEHHOCTh OT IEpe- —~_ ! !
TPY3KH ompenensieTcs: mo popmy- — Q ' | oHYl % !
JIe dy = P2 — Pn, TAC YPOBHU IIPU- : :
HuMaemoro curtana CII-2 u ne- JIYC Tlep2 - -

5 - r=—=—=—=—=-" ___l
perpyxaromeii nomMexu OoT mepe ~ Ire !
naBaemoro cur”ana CII-1 B tpak- 06— [> > e '

1
te npuema CII-2 (Ha BBIXOJE VT Ho2 ! |
@®HY! B HanpaBieHuu npuema) C2 ! PBH2 |
1
MMEIOT 3HAYCHUA P2 = Pp2 — el O———— <] ——% | OHU2 % !
u pn = pnepl - ACbH‘-Il; pnp2 — Ypo- HY i T2 | :
1

BeHb npuema curhana C2; gy - 0—nov-o-v-——— o= ] 1

3aTyYXaHHUE B II0JIOCE IIPOIIYCKa-
y porty Puc. 12.5
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nus ®HY1.
B pesynbraTe momydyaem TpeboBaHue K BenndauHe 3aTyxanus B [13 @HY1
AClJH‘{l > a, + pnepl - pnp2 + ac[n-ml (129)
Jluneiinpii unptp ®BY1 3ammmaer tpakt npuema CII-2 oT HenMHEHHBIX
npoaykToB Tpakrta nepenaun CII-1, Haxonmsmmxcst Hibke nuHelHoro cnekrpa CII-1,
YTO MOXET IPUBECTHU K MOSBIICHUIO HEJIMHEHHBIX IIyMOB B KaHanax CII-2.
VYpoBeHb HENMMHEHHOro IrymMa Ha Bxoje Tpakrta mpuema CII1, mpuBeneHHBINH k

TOHY, paBert  Po = Py — Appa — Ggua — Pez» 1€ P, =101 P, — yposenn
HelnnHelHoro myma Ha Bxone @BU1; P, - MOIIHOCTb HEJIMHEHHOTO IIyMa B IOJOCE

9acToT ofHOro Kanama TU; p ., = Prp2 ~ Ul - IIpennonarast paBHBIMH 3aTyXaHHS

®HY u ®BY B nojoce MpomycKaHus, IOIydaeM TpeOyeMyro BeTHIUHY 3aTyXaHUs B
13 ®BYl

Appal = Py ~ Prp2 ~ Puno (12.10)

rae P =10 Ig P 140~ YPOBEHB OIH MOIIHOCTH Iryma ( P o= 50 nBT), oTBOAN-

MOH Ha TpymnmnoBoil MoxynsaTop Tpakra nepegadd CII-1 kak HCTOYHHMK BO3MOXKHBIX
HEJTMHEWHBIX MPOIYKTOB.

Teneps onpenenum TpedoBanust k JI® CII-2. Gunstp PHY2 nomken obecnednTh
3allMIIeHHOCTh KaHainoB CII-2 oT BelcIIuX cocTaBisirolMX cnekrpa kaHana HY., 3a
cueT KoTtoprix Ha Bxone CII-2 Oyxer ypoBeHs mryma (mpuBenerHusii kK TOHY) Py =
Pus — Apuaz — AP — P, TAE Pyy — YPOBEHD PEUEBOTO CHTHANIA Ha BXoze kKaHana HU, Ap —
Pa3HOCTb YpPOBHEH CpelHEH MOILHOCTH PEYEeBOro CUrHaja Ha Bxojae kaHana HY u
BBICIIMX COCTABIITIONINX CHEKTpa 3TOro curHana (mo pexomernammu MCD 25 nb), p,
= Prp2 — Bgua1 — YPOBEHB cHIHana Ha Bxoze CI1-2.

B pesynbrate nomyuyaem tTpeboBanue k 3aryxanuto ®HY2 B [13

Aq)HHZ 2 Puao — Pwo— Ap - pan + anH‘iIV (1211)
rae Puo = 10 Ig P,yo — HOpMa ypoBHS IIyMa 3a CUET BBICIIUX COCTABJSIONIMX CIIEKTPa
peueBoro curHana, P, =50 nBt0 — mons MOIIHOCTH IIyMa OKOHEYHOW CTaHIIUU 3a
CYeT pacCMaTpUBAEMOTO UCTOUYHUKA.

Tpebopanus k 3atyxanuto B 113 ®BY2 ompenensrorcs ananoruyHo ®BYI u3 ye-
sosus 3auuthl CII-1 ot HenuHelHbIX npoaykToB CII-2,HaxoasIuxcs BbIIIE €€ JIU-
HEHHOro CIEKTpa YacToT

Apsz 2 Pu— Puno— Prpt = Qgpuaal- (12.12)

12.2.5. TpeboBaHus K HANPABJASIOIHUM (PUIBTPAM
Hanpasmsronne ¢unstpsr HO, ycTaHOBICHHBIE HA OKOHEYHBIX CTAHIUAX 2-TIPO-
BoaHbIX 2-mtosiocHbIX ACII (puc.12.5 — H® cucrem Cl u C2) ¢ moMoup0 BUIIKK
®BY u ®HY obecrnieunBaloT pasaeneHre pasHOYPOBHEBBIX CHUTHAJIOB HAIpaBIICHUH
nepenauu u npuema nanHoi CII, n 1o BBIMONHAEMBIM (QYHKIUSIM OHU HE OTIMYAIOT-
csi oT JmHeHHbIX ¢uibTpoB JIP1 (puc.12.5), pasnensrommx CHEKTPHl JBYX CHCTEM
nepenaun. [ToaTomy MeTonnka onpezeneHus TpeboBaHuit kK 3aTyxanuio B [13 Hampas-
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JSIFOUIUX (PUIIBTPOB MOJHOCTHIO COBIAJAaeT C METOANKON, U3JI0KEHHOH B 11.12.2.3 st
®HY1 u ®BY1. Ha okoHEYHOI1 CTAaHIIMK B 3aBUCUMOCTH OT peKnMa padOTHI HAIpaB-
JsTronIe (GUIBTPHI MEHSIOTCSI MECTAMH.

Ha nampasnstomune (QUIbTPHI, yCTaHABIMBAaCMble Ha MPOMEKYTOUYHBIX YCHIIH-
tenbHBIX myHKTaX (YII) ACII (puc.12.6,) Bo3/maratoTcs JOMOTHATENbHBIEC HYHKITHA —
MpeNOTBpaIIeHIe caMOBO30yKIeHHs (TeHEepani) YCUINTENICH M yMEHBIICHHUS HCKa-
KeHult oT oOpatHOH cBs3u. Ha YII oOpasyercs meTist oOpaTHON CBS3M, BKIFOUYAIOIIAS
B ce0st TpakThl YCHJICHUS] 00OMX HalpaBJeHUH mepepaun ¢ ycuiuteasmMu S1 m S2,
neyma ®HY u npyms ©BY.

B pexuMe IBYXIIOJIOCHON pabOThI TPOMEKYTOUHOT'O YCHIIUTEIIS Ha OHOM (JIEBOM
WM TIPaBOM) BBIXOJI€ YPOBEHb CUTHAJIa B HAIIPABJICHUHU INepe/laud 3HAYUTEIHHO Ipe-
BBILIAET YPOBEHb CUTHAJIA B HANPABJICHUH NpHEMa U MOATOMY TpeOOBaHHS K 3aTyXa-
a0 B [13 ®BY u ®HY nanpasstronmx ¢puibTpoB HO momkHEl OBITE TAKUMHU, YTO-
OBl Ha/Ie)KHO BOCHPEISITCTBOBATh IPOHHMKHOBEHUIO CHUTHAJIOB OJIHOTO HAlpaBIICHUS
nepenayy B TPAKT JIPYroro HarpasieHus. B mpoTHBHOM cirydae BO3MOXKHBI CaMOBO3-
OyXzeHue ycuiuTenedl o00MX HarpaBJiIeHHUH, YBEIMYEHHE MCKaXEHHH OT 0OpaTHOMH
CBSI3M U MOSIBJICHNE HEIMHEHHBIX IIOMEX 32 CUET MePErpy3KH yCHINTENEH.

Jnst mpenoTBpamieHusi caMoBO30YXKICHUS 3aTyXaHHe 10 TeTiie oOpaTHOH CBs3M
JOJIKHO OBITh MONOKUTENbHBIM (a . > 0). 3aTyxanue no netyie 0OpaTHON CBA3M s

Pa3IMYHBIX HAalIPaBJICHUHN IE€pEAAIN ONPEACIIICTCA BRIPAXKCHUIMU: d .,

=244 +

2045, —($1+S); ayy, = 2141(1)]3‘I +2aqmq—(81 +S5), rae ungekcs "H" u "B" 01-

HOCATCS K HaAllpaBJICHUAM HepeJadiu ¢ BEPXHUM U HUIKHHUM CIEKTpaMH 4YaCTOT. %K
MPpUBCACHHBIX COOTHOIIIEHUH OorpeaciiieM Tpe6yeMbIe BCJIMYMHDBI 3aTyXaHUS B 113
HalpaBJIAIOIINX q)HHBTpOB, KOTOPBIC JOJIKHBI 6I)ITB HE MCHEC

A = (@gg, +S15 +S25) 1 2= Ay (12.13)

A(I)B‘I =(agey +S14 +S24) /2 ~ A - (12.14)
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B rmaBe 7 ObuTO MOKa3aHO, YTO BEIMYWHA MCKKEHWH YaCTOTHON XapaKTepH-
CTHKH yCWICHHS JMHEHHOTO YCHIIMTENS 3a CUueT OOpaTHO CBSA3U OMpENeNsIeTCS BBI-
paskeHHeM

AS = 20Ig[L-10 (12.15)

Jonyctumas BenuuuHa AS =He npesbrmaet 3aadennit 0,08...0,09 nb, aro coot-

BETCTBYeT a,. =40 nb. DTo 3HaueHHWe a,, OTHOCUM H K a TO €CThb

oc — u a

OCH OCB ?

a - TaK KaK OOBIYHO YCHJICHUE YCWINTENS B CHEKTPE BEPXHEH IpyIl-

ocC = aOCH = aOC
IBl YacTOT BBIIIE YeM B CIEKTPEe HUXKHEH Ipymmbl 4acToT, To, cornacHo (12.13) u
(12.14), 3aryxanue B [13 ®HY nomkHo ObITh BbIlIe 3aTyxanus B [13 ®BY.

TpeboBanus Kk HampapisArOMMM (QUIBTPAM B OTHOIICHHU HPEJIOTBPAIICHHS Me-
perpy3ku TpakTa OJHOTO HAIIpaBJICHMSA Nepeaul CUTHaJIaMHU TpaKTa IPOTHUBOIIONOXK-
HOTO HaIpaBJICHUS, OMPENEISIOTCS aHAIOTUYHO METOAMKE, MpUBeIeHHOM B 1.12.2.3
NPUMEHHUTENBHO K JIMHEHHBIM (QHIbTPaM.

12.3. OcHOBBI METOAUKH pPacyeTa 3JIeKTPHYeCKHUX (PUIbTPOB
10 3aAaHHBIM TPeGOBAHUIM

Bormpock! aHanu3a M CHHTE3a 3JIEKTPHYECKUX (QUIBTPOB TITyOOKO pa3paboTaHbI B
TEOPHH JIMHEHHBIX 3JIEKTPUUYECKUX IeNeld Ha OCHOBE KaK JaBHO NMPUMEHSIEMOTO Me-
TOJa C WCIOJIb30BAHUEM XapaKTePUCTHYECKUX MapaMeTpOB, TaK M COBPEMEHHOIO
OoJiee yHHBEpCaIbHOTO U 3()()EKTHBHOIO METO/Ia C UCTIOIb30BaHUEM 3aJIaHHBIX pabo-
yux mnapameTrpoB [46, 47 u ap.]. O6a meroma 6asupyroTcs Ha kKiaccudeckux LC-
(bunbTpax, NOATOMY TEOPHUSl MX aHaJM3a U CHHTE3a HA3bIBAETCS KIIACCUUECKOW M HC-
MOJIB3YETCSl TIPHU OCTPOSHUU (UIBTPOB HA JIIOOO0H ApyYroit aneMeHTHOH Oase. 3xech
MBI KpaTKO PacCMOTPUM AITOPUTM PEAIM3allUd U OCHOBHBIE CBOMICTBA TPEX TUIIOB
KIaccnaeckux GunbTpoB Ha snemeHTax LC (OHY, ®BY, [1®), a 3ateM ocoOeHHOCTH
CBOJCTB ¥ NPUMEHEHHS QUIIBTPOB, TIOCTPOCHHBIX HA Pa3JIMYHON dJIEMEHTHOH Gase.

12.3.1. 3BenbeBbie cxembl LC-puisTpos

MuHuMaIbHON CXEeMHOW eIMHUICH, 00agaromeil QIbTpyIOIUMEI CBOHCTBAMH,
SIBJISIETCS 10Jy3BeHO (uibTpa Ha peakTuBHBIX dnemMenTax L u C. Ilpu atom LC- cxe-
Mbl 1ony3BeHbeB @BY obpasyrorcst n3 cxem OHY nyTtem 3aMeHbl KaXI0i MHIYK-
TUBHOCTH Ha €MKOCTh, a Ka)XKJIOW €MKOCTH — Ha MHAYKTUBHOCTH. Cxemsl 11D momy-
yaroTes Takxke u3 cxem @HY myreM 3ameHbl KaXJ0il MHAYKTUBHOCTH IOCJIENIOBa-
TENbHBIM, a KaXKI0H eMKOCTH napauiesibHbiM koHTypamu LC. B cxemax 3@ (P®D) atu
KOHTYPBI MEHsFOTCsl MecTamu. Ha puc. 12.7,a nprBeieHbI CXeMBbI TI0JY3BeHbEB THMA K
®HY, ®BY u [1P ¢ paznunuasv BugoMm okordanuit (T,I- i [1-06pazubeim). Cxemsbl
THIIa M 00pa3yloTcs MpH BKIIOUYEHHH eMKocTH MC mapauieslbHO MHIYKTHBHOCTH U
WHIYKTUBHOCTH ML mocnemnoBarenbHO eMKocTH, Tae 0<m< 1. Ha puc. 12.8,a moka-
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3aHbl BapHaHTHl noiny3BeHbeB @HY Tuma m. 3BeHbs QMIBTPOB 00pa3zyroTCa COequ-
HEHHEM COOTBETCTBYIOIINX MOJY3BEHHEB C OJMHAKOBBHIMH 110 CONPOTHUBIICHUIO CTO-

poHamu (Z, wmi Z,).

Takum  ob6paszom, LC-
®HY sBnsercst 6a3oBeiM HYU
nporotumnoM st ®BY, 11D u
30 na LC, a Bce GuibTph
LC — mportoTHnamu s co-
OTBETCTBYIOIINX  (HIIBTPOB,
MOCTPOEHHBIX Ha Pa3IMYHbIX
3JIEMEHTaX, MO3TOMY OCHOB-
HBlE TIapaMeTpbl U CBOMCTBa
¢unbTpoB Ha rO0OH 3IIe-
MEHTHOI 0a3e aHaJOTUYHBI
CBOUM MPOTOTHUIIAM.

QuIbTpBl  XapaKTEpU3y-
I0TCS KJIACCOM 3aTyXaHHs W

ZTm CO(lln}:’nﬂ—

T

Lo

Z, Z, Lo(llmm—ﬁ) Zom

C T
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KJIaccoM conpoTuBIeHuUs. Kiacc 3aTyxXaHusl OIPENeNseTcsl YUCIOM BCIJIECKOB 3aTy-
xanwus B I13. Tak, ogno 38eH0 ®PHY 1 ®BY Trma m uMerOT OIMH BCIUIECK HA YaCTOTE
®,, , THIa K — 6e3 Beruiecka (MakCHMaIbHOE 3aTyXaHue Ha GECKOHEYHO OOIBIION HITH

HYJIEBOW 4acTOTE) U, CIIEA0BATENIbHO, KIACC 110 3aTyXaHHIO cooTBeTcTBYeT 1 mim 0,5.
Kunacc 3atyxanus II® pasen yaBoeHHomy kiaccy ®HUY, tak xak mmeer 1 mmm 0,5
BCIUIECKOB 3aTyXaHHS Ha MPUMEPHO PABHBIX PACCTOSHHAX IO OCH YaCTOT OT CpeIHEH
gacToTs! (puc.12.7,6 rpaduku 1 u 2 11 cxeM ThTa K ¥ M COOTBETCTBEHHO, 6e3 yueta
noteps). Ecim 3aTyxaHus crpaBa u cieBa [1® ognHAKOBHI, TO GMIBTP Ha3BIBACTCS
CHMMETPUYHBIM MO 3aTyXaHWIO, & €CIM Pa3IWIHbl — HECHMMETPHUYHBIM (aHTHMET-
PUYHBIM) TI0 3aTyXaHHIO.

Krnacc xapakTepHCTHYECKOTO CONPOTHUBIICHUSI ONPENENSETCS YUCIOM YacToT B
npenenax [1I1, npu KOTOpEIX BO3MOXKHO coriiacoBaHue (QUIIbTpa ¢ aKTUBHOW Harpys-
KO#, 1 3aBHCHUT OT 3Ha4eHus M u Buna okonvyanuil (T,I- umm I1-06pazunoro). Compo-
TUBJICHUS. MHOTO3BEHHOTO (UIBTpa ONpENENSIOTCS CONPOTUBICHUSMH KpalHUX
3BEHBEB WJIHU TOJY3BEHBEB, CO CTOPOHBI KOTOPBIX MOJKIIOYAIOTCS Harpy3ku. Ha puc.
12.7,B,r ipuBeneHbl rpaUKu 9acTOTHOH 3aBucumoctn Z . u Z, OHY, ®BY u [1D

tuna K, u3 KOTOPBIX BUAHO, 4TO Ui BceXx (GuibTpoB B I1I1 COMPOTUBICHUS BEIIECT-
BeHHBI, a B [[3 — MHUMBIE U UMEIOT MHIYKTUBHBIM WM €MKOCTHOHN xapaktep. I[lpu
9TOM, Il KOHEYHBIX 3BeHbeB miu mony3BenseB ®HY u ®BY tumna K kimacc mo co-
IIPOTUBJICHUIO NEPBBIM, TaK Kak TONBKO Ha oxHOM uyacrore IIII comporuBieHue no-

CTOSIHHO U paBHO HOMHUHAJIbBHOMY 3HA4YCHUIO (Zr = Zn = RO) 3BeHBSA U TOJIy3BC-

Hbst Tna M (puc.12.8,06 nns ®HY) umerotr BTopoil Kiacc 1Mo conpoTHBieHUo. s
[®, npeobpazosansoro u3 ®HY tuma K miin M, Kiacc COMPOTUBICHUSI YABAHBASTCS
U OyZeT, COOTBETCTBEHHO, BTOpOH WiM udeTBepThId. Ecimu comporuBneHus ¢ obenx
CTOPOH (HUIBTPa OJMHAKOBBIE, TO (QMIBTP HA3bIBACTCS CUMMETPHYHBIM I10 COIPOTHB-
JIEHHIO, a IIPH Pa3HBIX CONPOTHUBICHHUAX — AHTUMETPUYHBIM.

CxeMBbl CIOKHBIX (PMIIBTPOB PAaCCUUTHIBAIOTCS MO 3aJaHHBIM TPEOOBAHUIM U pea-
JIU3YIOTCS MyTEM KaCKaJHOTO BKIIOUEHUs 3B€HbEB U MOITY3BEHBEB C OJJUHAKOBBIMH, B
TouKe coeprHenus, I'- umn [1-okoH4aHuAMH.

12.3.2. llosaunomuanbHbie LC-puiabTpsI
[TonmHOMUAIEHBIE (GUIBTPHI B OTIMYHE OT 3BEHBEBBIX CXEM HUMEIOT JIECTHHUHYIO
CTPYKTYPY, OITOMY Ha3bIBAIOTCS TAKXKE JIECTHUUHBIMU cXxeMaMu LC-hunbTpos.
[omuroMuaneHeIit GueTp HWKHUX dacToT (HY mporoTtwm s Apyrux THIIOB
¢uIBTPOB) — 3TO QUIBTP, NMepepaTodHast GYHKIHUS KOTOPOTo BBIPAKACTCS MOJIMHO-
MOM N-0if cTeneHu BUja

T(jQ) =b/[(j)" + an_l(jQ)”_1 +..+a,jQ+ay] (12.16)
rneQ =ow./ ©,, — OTHOCHUTENbHAs YacToTa, (), — TPAHMYHAS YacTOTa III1. 3nauenue

N oOpeaeIsACT YMCI0 PECAKTUBHBIX 3JIEMEHTOB B CXEME CII0KHOTO Q)HHBTpa.
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upoko npumensitorcst nonuHoMuansipie ®HY nByx tumos: ¢unbsTpsr barrep-
BOpPTa C MaKCUMAaJIBHO IUIOCKUMH Xapaktepuctukamu 3atyxanus B I1I1 (puc.12.9,a);
¢unbTpel YeObllieBa ¢ paBHOBOJHOBBIMH XapakTepUCTHKaMHu 3aryxauus B [II1
(puc.12.9,6). be3 yuera moreppb B aeMeHTax (QuiIbTpa XapaKTEpUCTUKA 3aTyXaHUs B
ITIT obonx HY mpoTOTHIIOB MMEET JOMyCTUMYIO HEpaBHOMEPHOCTh A@, MPH 3TOM B
¢unpTpe UeObIeBa OHa HOCHT KOJNEOATENBHBIM XapaKTep C YHCIOM 3KCTPEMYMOB
3aTyXaHUs, paBHBIM 4YHCITy wWieHOB nomuHoMma N. B I13 obGoux ¢uibTpoB Bemieckn
3aTyXaHUs OTCYTCTBYIOT, MaKCHMaJIbHOE 3HAUCHHUE 3aTyXaHus OylIeT IpH MpHOIIKe-
HHUH K gacToTe @ = o0 . KpyTusHa HapacTaHus 3aryxanus B I13 3aBucuT OT N ¥ 3a-
JaHHoro 3HaueHus Ao. [Ipu onuHakoBBIX N ¥ Ao KpyTHU3HA HapacTaHus y QUIBTPOB
YeObimeBa Oonblie 4eM y GpuibTpoB barrepBopra, U, CleaoBaTeNbHO, OJMHAKOBbIC
TpeboBaHus K BenuuuHe 3aryxaHus 4 B I3 obecnednBaroTCs B HUX NPH MEHBIINX
3HAYEHHAX N, TO €CTh C MEHBIINM YHCIIOM 3JEMEHTOB B KOHCTPYKIUH GuiabTpa. O-
Hako ¢GuiIbTpbl barTepBopra MMeroT Oosee JmHEHHBIE (Pa309acTOTHBIE XapaKTEpH-
CTHKH.

[epenatounsie ¢pynkmy noauHoMuanbHeIXx ®HY peanusyrores B BUIE JeCTHHY-
HBIX cxeM ¢ T- unu [1-okoHYaHMAMU, COAEPKAIIKX N PEAKTUBHBIX 3JIEMEHTOB: B TIPO-
JIOTIGHBIX BETBSAX MHAYKTUBHOCTH, B MOMepeuHsIx eMkocTH. Ha puc.12.10 npusenena
cxema HY nporotuna ¢ pazusimu T- u [1-okoHuaHusMY, e o; U Jj — 3HAYSHUS] HOP-
MUPOBAHHBIX 3JIEMEHTOB.

ITpu pacuere HY mporoTuna HaXoAsT NPEKIE BCETO YUCIIO 3JIEMEHTOB B €r0 CO-

crage (TOPSIOK NepeNaTouHoM QYHKIMH) 110 3a/[aHHbIM TpeboBanuam k. Ad u A:

A+ 201g(2/~+/10%1 —1)

Jutst punbTpoB YeObiieBa n= -~ (12.17)
201g(Q, ++/Q7 1)
st punetpos barrepBopra n=A4/20lgQ,,
o Ol Q- Op-1

B i i+1IB1 Bn Z
T r r.oIr-Te-

Puc. 12.10
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roe Q.= o,/ o, — HopMupoBaHHas 4actoTa cpeza PHY, ©,, — rpaHUYHAs Y4acTOTa

MOJIOCHI MPOITYCKaHMUSL.
[onyueHHoe 3Ha4YeHUE N OKPYIJISETCS B CTOPOHY YBEIHMUYEHHMS O OJvpKaiiiero
[EJIOr0 YMclia ¥ MCHOJIB3YETCs JJIsl ONpe/ieNIeHHs MopsIKa MepeaTouyHoil pyHKINN
¢unbTpa. Ipu pacuere HU npororuna mis ®BY u [1D HE0OX0IMMO HCIIONB30BaTh

HOPMHUPOBAHHbIE YaCTOTHI, OMPEACIIAEMbIE U3 COOTHOIICHH:
Q,, =1/Q,,; Q. =n(Q, -1/Q,), (12.18)

e n=0,/( 0, -0_ ), @, =+/0_1@, — cpenusa yacrora II®, @ _,,®, — nesas u
npaBasi TPAHUYHBIE YaCTOTHI MOJIOCH Mporyckanus [1D.

B mpaxTuueckux cxemax Ui peaan3alii 3HAYNTECIbHOW BEJIMIMHBI 3aTyXaHHs A
1 OOJBIION KpYyTH3HBI XapakTepuctuku B [13 npumensrores nmectanaasie HY mpoTo-
THUIIBI CO BCIUIECKAMU 3aTYXaHHUS Ha ONMPEIENAeMBIX IIPH pacueTe KOHEUHBIX YaCTOTax
®j. TaKUMK TPOTOTUNAMH ABISIFOTCS QUIBTPHI YeObllieBa ¢ 3a1aHHBIM BECOM WIIN
¢unsTpsl 3omoTapeBa-Kayspa. B momocax mporryckaHHs 9acTOTHasl XapaKTEpUCTHKA
MoxkeT ObITh UeGhineBa mimu barrepBopra ¢ 3ananHol HepaBHOMEpHOCTRIO ACX, a B
NoJ0cax 3aJCpKUBaHM MHUHHMMAJbHBIE 3HAYEHUs 3aTyXaHHs JOJDKHO HECKONIBKO
MpeBHIIATh 3agaHHoe TpeboBanue A (puc.12.11,a). BapmaHTBl cXeM JECTHHYHBIX
®HY co Bcreckamu 3aTyxaHus nmpuBeAeHs! Ha puc. 12.11,06. OHu conepixat B mpo-
JIOJIbHBIX BETBSX MHIYKTHBHOCTH WM NapajuiesbHble KOHTYphl LC, a B monepeuHbIx
BETBSX — EMKOCTH WJIH MOCJIeA0BaTeNbHble KOHTYpHI LC .

Jlectanunas cxema ®BY co Becruieckamu 3aTyxanus crtpoutcs no HY mpororuny u
COJICPXKUT B MPOJOIBHBIX BETBAX EMKOCTH WM IMapajulesIbHble KOHTYPHI, a B IOTe-
PEUYHBIX — MHJIYKTHBHOCTH HJIH TocienoBaTebHble KOHTYphl LC. JlecTHu4Has cxema
[1® Takke obpasyercs 3 HU mpororuma myTeM 3aMeHBI B HEM KaKIOH HHIYKTHBHO-
CTH TOCIEN0BATEIbHBIM KOHTYPOM, a KaKIOH €MKOCTH NapauleIbHBIM KOHTYPOM.
Pe3onaHCHBIE 4aCTOTBI KOHTYPOB COBIAJAIOT C YACTOTAMHU BCIUIECKA 3aTyXaHHUs.

YacToTHbIE XapakTepUCTUKH 3aTyXaHus JecTHUYHbIX OBY u [1®, nosyuyeHHBIX U3

0) B By

(0%} Olyg

Z, Z,
TN T T%

VRS
R T
T% T

Puc. 12.11

Q]
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npuBeaenHoro HY mpororuma moka3anbl Ha puc.12.12 CIUIONTHBIMU JIMHUSAMU 0e3
yuera notepb. OO003HAYCHHBIE HA PUCYHKE TPaHMYHBIC YaCTOTHI M YaCTOTHI BCILIE-
CKOB 3aTyXaHUsI OIPENENIOTCS B BUJIC HOPMHUPOBAHHBIX 3HAYCHUI YaCTOTHI U3 COOT-
Hotenui (12.19):

Q=1 Qs Qg =J1+(Q,. /2n)2 FQ,. /2. (12.19)

B HekoTopbIx ciryyasx TpeboBanus k 3aTyxanuto [1® no o6e croponst ot II1 cy-
HIECTBEHHO PA3JIMYalOTCs, TOTAA OH PACCUUTHIBACTCA C MUHHUMAJILHBIM YUCIIOM 3JIE-
MEHTOB U Pa3JIMYHBIM YHMCJIOM BCILUIECKOB 3aTyXaHHUs cIpasa U ciesa ot I1I1.

Hrak, B pe3ynbpTare pacyeToB IO MIPUBEJCHHOMY aJITOPUTMY MBI IOJIy4aeM HOp-
MHPOBaHHBIC 3HAYCHUS MAapaMETPOB M KOHCTPYKTHBHBIX 3JIEMEHTOB 0€3 ydera Io-
Tepb. MITorom pacdera sIBISIETCS yUET MOTEPh, BEIOOP CXEMBI U ICHOPMHUPOBAaHHE 3Ha-
YEHHI TapaMeTPOB U SIIEMEHTOB.

12.3.3. BiusiHue noTeph B 3jieMeHTaX (UJILTPOB Ha UX MapaMeTpbl
[Tpu ananu3e noTeps UCHOIB3YIOT YKBUBAJICHTHBIE CXEMbl HHAYKTHBHOCTH U €MKO-
cti B LC-dunpTpax miM X UMHTAHCOB B aKTHBHBIX (DMIIBTpax B BHJE IABYXIIOJIIOC-
HHUKOB, H300paXkeHHBIX HA puc.12.12,8, rme G = 1/ R — akTuBHAs POBOAUMOCTD, R —

a) a B)

8""“""".)"“'

Doo1

Puc. 12.12
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aKTUBHOE compoTuBieHue. KaTynika MHAYKTUBHOCTH M KOHAEHCATOP XapaKTEpH3y-
fotest 1o6potHOCThI0 QL = WL/R 1 Q¢ = @C/G. Tak kak Q. << Qc, To mpu pacyerax
OOBIYHO YYHUTBIBAECTCS TOJIBKO JOOPOTHOCTH KaTYIIKH HHAYKTHBHOCTH.

B teopun GpuiapTpoB JOKa3BIBacTCs, UYTO MPH MaNBIX moTepsx 3aryxanne ©@HY B

TI0JIOCE TIPOIYCKAaHMUS C yIETOM IOTEPh &, MOXKHO OIPEAEIUTH 0 GopMmyIte
a,~a+ (o/Q)dbldw, (12.20)
rme a u b — 3aryxanue u pasa GQuUIBTpa Ha SIIeMeHTax 6e3 MOTeps.

W3 popmymsl crenyeT, 94To mpupaIrieHne 3aTyxaHus QribTpa, 00yCIOBICHHOE 1T0-
TEPSIMH B €T0 AJIEMEHTAaX, 3aBHCUT OT JOOPOTHOCTH 3JIEMEHTOB M KPYTH3HBI (hazoua-
crotHoi xapaktepuctuku (PUX). Tak kak kpyruzHa GUX yBenuuuBaeTcs IO Mepe
npubIKeHust K rpaHnyHbiM yactoram [1I1, To u 3aTyxaHue, 0OyclIOBJIEHHOE IOTe-
psAMH, Takke yBeluuuBaeTcs npu npudmmkeHnu k kpasm [1I1. Ilpu sTom B cpenneit
vacTu [1I1 (0ObIYHO OHA SIBNISIETCS TIIaBHOM) YBEJIMYCHUE 3aTyXaHUsl B OCHOBHOM 00Y-
CIIOBJICHO HEU/ICaJbHOCTHIO COITIACOBAHUS C Harpy3KaMH Ha BCEX 4acTOTax paboueit
MOJIOCHI, a TIOTEPU B DIIEMEHTaX NPAKTUYECKH He cKasbiBatoTcs. Ha rpanmmax IMI,
Hao0O0pOT, 3aTyXaHHE YBEJIMUMBACTCA IMIAaBHBIM 00pa3oM HM3-3a MOTEPh B JIEMEHTaxX
¢unbTpa. s CHMMETPUYIHOTO 1OJI0COBOTO (hrutbTpa npubmmxeHHas Gopmyrna 3aTy-
XaHHS C yYE€TOM IOTEPh UMEET BHU]

a,~a+[2w IQ(w,— w4 )] db / dw, (12.21)
TO €CTh NPUpAIICHNE 3aTyXaHUs 32 CYET MOTEPh 3aBHCUT OT IIMPHHBI MOJIOCHI MPO-
nyckaHus. [lo3ToMy ueM MeHbIIe I0jI0ca MPOIYCKaHWsA, TeM BBIIIE JOJKHA OBITh
JIOOPOTHOCTH 3JIEMEHTOB (HIbTpa sl oOecrieueHus B Heil MUHHMyMa pabodero 3a-
TyxaHus. B nmonocax 3agepxuBanust GUIBTPOB MOTEPH MPAKTHYECKH HE CKa3bIBAIOTCS
Ha 3aTyXaHHUH 32 UCKIIIOYEHHUEM YacTOT BCIUIECKA, Ha KOTOPBIX 3aTyXaHHUs CTAHOBATCS
KOHEYHBIMH BenndrHaMu. [IpuMepHoe H3MEeHeHNe XapaKTePUCTHKH 3aTyXaHUs MOJ0-
COBOTrO (UIBTPA C YYETOM HOTEPh MOKA3aHO ITPHUX IMTyHKTHPOM Ha puc.12.12,0.

B nacrosmee Bpemst uia pacuera LC-GunbpTpoB Ha ayieMeHTax ¢ MoTepsiMH paspa-
60TaHBI METO/IBI CHHTE3a JIECTHUYHBIX CXEM C MpOILEaypaMy onTHMHu3anuu Ha DOBM.
B mpomuecce onTMU3annyM 3IEMEHTH QUIBTPAa U3MEHSIOTCS TaKMM 00pa3oM, YTOOBI
MUHHMMHU3UPOBaTh HEPABHOMEPHOCTD 3aTyXaHHs M TPYNIIOBOTO BPEMEHU MPOXOKIE-
HUS B TIOJIOCE NPOITYCKaHUs IIPU BBHINOJHEHUN TPEeOOBaHUI K rapaHTHPOBAHHOMY 3a-
TYXaHHIO B TI0JIOCE 3a/Iep>KUBAHMS, TOOMBASCh TAKXKE COOTBETCTBYIOIETO COIJIAacOBa-
HHS CONIPOTHBIIEHHH (MIIbTpa ¢ Harpy3kamu. B cxemax ammapartypsl ACII npu He00-
XOJMMOCTH HMPUMEHSIOTCS YCTPOHCTBA KOPPEKTHPOBAHUS XapaKTEPUCTUK 3aTyXaHUSA
B TI0JIOCE MTPOMYCKAHUS Pa3InIHBIX (GMIBTPOB, PACCMOTPEHHBIE B TIaBe 14.

12.4. OcoGeHHOCTH CBOWCTB M MPUMEHEHHs Pa3IuYHbIX GUILTPOB

12.4.1. LC-¢puasTpsl
CoBpeMeHHEIC TOCTIXKCHUS B TEOPUU U MPAKTHUKE (QPUIBTPOCTPOCHUS ITO3BOJISIOT
coznanue GmwipTpoB LC cpaBHHTENEHO HEOONBIINX Ta0apUTOB U MACChI, HETOPOTHX
MO CTOMMOCTH M HE CJIO)KHBIX B TEXHOJOTHH MPOU3BOACTBA. OCHOBHBIC MX JOCTOWH-
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CTBa — BBICOKAasi CTAOMIBHOCTb XapaKTEPUCTHK, HAIEKHOCTb, OOIBLION MUHAMHIE-
CKUH JMana3oH, MEXaHW4IecKasl IPOYHOCTh, Mallble COOCTBEHHbIE TyMbl. braromaps
STHM JTocTOMHCTBaM LC-QIIbTpeI HCIONMB3YIOTCS MPAKTUIECKH BO BCEX PACCMOTPEH-
HBIX BbIIIE Tpynmnax GuibTpoB B crekrpe yactoT a0 500 k[ kak B CTaMOHApHOM,
TaK ¥ MOJIEBOI anmnaparype aHaJIOTOBBIX CUCTEM IepeAadr, HaXOASIINXCS B IKCILTya-
Tauuy. VcKiroueHne IpecTaBisioT Y3KOIOIOCHBIE (PHUIIBTPBI TE€HEPATOPHOTo 000pYy-
JIOBAHMS U JIPYTUX Y3JIOB almaparypbl (HarnmpuMmep, NIPHEMHUKOB KOHTPOJIBHBIX Yac-
TOT), KOTOPbIE PeasM3yIOTCs Ha 3JIeMEHTaxX ¢ Oosee BBICOKOH 0OpOoTHOCTHIO. OTHO-
CUTENbHO HEBBICOKas JOOPOTHOCTH Karyiek uHaykTuBHOCTH (Q = 200...300) orpa-
HUYHMBACT TAKXKE JUAINIA30H YACTOT, B KOTOPOM MOTYT OBITh pean30BaHbl KaHATbHBIC
($uIBTPHI Hy)KHOTO KadecTBa. Hambomee moaxoasmuM At TaKuX (GUIBTPOB CUUTACT-
cst tuana3oH gactoT 10...40 x['1, mosToMy oHE ncnons3yrores B KOA mis ¢popmupo-
BaHUs 3-KaHAJIBHBIX OPEArpynn B nosuoce yactot 12...24 kl'n.

B mocnennee Bpems npumenenne LC-¢unpTpoB orpaHndeHo n3-3a OTHOCUTENIBHO
OOJIBIINX pPa3MEPOB, HE COBMECTUMBIX C OOIEH TeHIeHIMeH MUHMMHU3ALUU Macco-
rabapuTHBIX Mokaszaresei ammaparypbl ACIL. Kpome Toro, yMeHbIICHHE pa3MEpoOB
KaTYIIKA WHIYKTUBHOCTH IPHUBOAUT K pe3KoMy (MPONOPLHOHAIBHO KBaJIpaTy JIH-
HEWHBIX Pa3MEPOB) YMEHBIICHHUIO €€ JOOPOTHOCTH M, KaK CJIEACTBHE 3TOTO, yBEIHYe-
HHIO pabouero 3aTyxaHHs 3a CYET MOTepb.

12.4.2. ARC-¢puasTphbl

Brmonnaenne TpeOoBaHUi MO0 YMEHBUICHUIO MaccOrabapUTHBIX IMOKa3aTelei co-
BPEMEHHON TEXHHKH CBS3aHO, B IEPBYIO OUYepelb, C 3aMCHON KPYHMHOTaOapUTHBIX U
TEXHOJIOTHYECKH CJIOKHBIX B HCIIOJIHCHHH KAaTYIIEK WHIYKTHBHOCTH MHKPO3JICK-
TPOHHBIMH YCTPOWCTBaMH, ()YHKIIHOHAJIHHO BBITONHSIOMIIMHU POJIb DIIEMEHTOB WH-
IYKTUBHOCTH. Takas 3aMeHa NpUMEHseTCs B aKTHBHBIX RC-pummpTpax, 4To mMO3BO-
JSIET PealIU3allii0 KX B MUKPOIICKTPOHHOM HCIIOTHCHHUH.

ARC-punbTpsl cTposiTCS Ha oneparoHHbIX ycunurensx (OY) B coueraHuu c
NPEIU3UOHHBIMU PE3UCTOPAMU U KOHJCHCATOpaMu (OTKIOHEHHE OT HOMHUHAJIOB
0,3...1%). B xauectBe npumepa Ha puc. 12.13 npuBenena cxema ARC-®HUY ¢ xapax-
TepucTUKON YeOrleBa MsIToro mopska,
rae sneMeHThl R3, R4, R, Cy4, Cs, 1 OY-1
00pa3yloT CcXeMy HMHUTALUU JIIEMEHTa
WHIYKTHBHOCTH L;, a smemenTsl Rg, Ry,
Rg, Cs, C; 1 OY-2 — unayKTUBHOCTH L,
IMonoOusie cxembl ARC HaxosaT npumMe-
HCHHE B MAJIOIIYMSNIMX W JKOHOMHUY-
HBIX II0 MOTPEOJICHUIO SHEPTHH IIHPO-
KOTIOJIOCHBIX YCTPOHCTBAxX, pabOTAIOIINX
B auamna3zone yactotr 10 20 xI'm. OcHoB-
HBIM HenoctatkoM ARC-QuinbTpoB sB-
JIA€TCS HECTAOUILHOCTD UX T1apaMETPOB. Prcl2.13
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Bonee cosepuieHHbiMu siBisitoTcsi ARC-UIbTpbl Ha OCHOBE TPaHCKOHIYKTHBHBIX
ycunuteneit (TY), koTopble peaqu3yloTcsi Ha KOHACHCATOpax U OMEPAIMOHHBIX YCH-
nutensx. Takue GuibTpsl B autepatype [44] momyumnn Ha3BaHue QUIBTPOB Hempe-
peiBHOTO Bpemenu (continuos-time), wiu CT-¢gunbTpoB. B Ha3BaHHH MOAYEPKUBACT-
Csl, UTO ATH (PUIIBTPHI ABJISIOTCS YACTO aHAJIOTOBBIMH.

OcHoBHBIM TapameTrpoM TVY sBigeTcs yrmpasisgoomas npoBoauMocts G,

BIIHAIONIAs HAa MOCTOSHHYIO BpeMeHH (QuibTpa. YciaoBHoe obo3HaueHue TY Ha cxe-
max CT-dunpTpoB nokasano Ha puc. 2.14,a. Beixoguoii Tok |, cBA3aH C BXOJAHBIM

muddepennnansHpM HanpspkeHneM AU, depe3 mepenaToyHylo HpPOBOIUMOCTH

BX

yeunutens cootHomenuem | =G AU . TY ucnonesyerca B cxemax (GUiIbTpoB

BB

JUIA peanu3auy rupatopos (puc.12.14,6) wim ynpaBisieMbIX HaNpsDKEHHEM PE3UCTO-
poB (puc.12.14, B). Baxno# ocobennoctsio CT-(huibTpoB, peannsyemMbpiXx Ha OCHOBE
TV, sBisgercs BO3MOKHOCTb OCYILIECTBJICHUSI aBTOIIOJACTPOMKH, YTO MO3BOJISIET, B OT-
au4ure oT 00brMHBIX ARC-(GHUIBTPOB, 00€CIEYUTh BBICOKYIO CTAOMIBHOCTH IapameT-
poB. Ha puc.12.15 npuenen BapmanT cxemsl noiocoBoro CT-¢umprpa (6e3 memmn
aBronofcTporikn). CT-GmIbTpbl HaXOAAT NMPUMEHEHHE B BBICOKOYACTOTHBIX HHTE-
rpaibHBIX CXeMax B quanaszoHe 1o 10 MI'n.

12.4.3.OuabTp HA NepeKIIYaeMbIX KOHIEHCATOpaX
QOunbTPH Ha MEPEKITI0YaeMbIX (KOMMYTHPYEMBIX) KOHAEHCATOPAaX — 3TO HOBBIH
KJIacC aKTHBHBIX YacCTOTHO-M30MpATENbHBIX Ierneil 0e3 HMCIIOIb30BaHMS JJIEMEHTOB
MHYKTUBHOCTH. DJeMEeHTHast 0a3a Takux (pUIbTPOB BKIIOYACT ONEPALMOHHBIE YCH-
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JMTENH, PE3UCTOphI, KoHAeHcaTtopel W MOII-Tpan3uctopel. B nuteparype [44]
GUIBTPHl Ha TEPEeKIIYaeMbIX KOHAEHcaTopax Hoiyuwsid HazBaHue SC-GuiIbTpoB
(switchted-capasitor). Mx wucmonb3oBanue HanOosiee >GQPEKTHBHO B CMEIIAHHBIX
(anasoro-ungpobix) Mukpocxemax. [To npuHuuny padotsl SC-GUIBTPHI BKIIOYAIOT
npornenyps! Iu(poBoii 060pabOTKH CHTHAJIOB, TIOATOMY MX pacdeT M peanu3alus oc-
HOBaHbl Ha METO/IaX pacueTa M peanu3anuu nupoBbix GuiabtpoB. B kadecTBe npu-
Mepa Ha puc.12.16,a mpuBeJeHa cxeMa peanu3aliil 5-TH KOHTYPHOTO IIOJIOCOBOTO
SC-punprpa C xapakrepuctukoir UeOwleBa co ClEAyIONIEd YacTOTHOW Xapak-
TEPUCTUKOMN 3aTyxaHus: cpeiusist yactora dunstpa fy = 12 k', mupuna I1IT 2Af =
800 I'y, BepxHsist rpannuHas yactora [13 f, = 64 k['11, HepaBHOMEPHOCTh 3aTyXaHUS B
[T Aa = 0,43 nb. Ha cxeme MyHKTHPOM BBIACICHBI HMUTATOPHI HHAYKTUBHOCTEH —
SCL, ananormuneie cxemam Lj, Ls. Tlepexinrouaempie KOHICHCATOPHI OOBEINHEHEI B
JIBE I'PYIIIBI, KOTOpbIe KOMMYTHPYIOTCS KirodaMHu | W 2, CIBUHYTBIMH 10 (ase KoJie-
6annsamu yactotot 128 kI'11. BEIOOp 4acTOTHI IpOM3BEIEH B COOTBETCTBUH C YCIOBH-
em KorenpHukoBa mma obecrieueHHs BepxHed rpaHumdHON dacToTsl 113. Crabuib-
HOCTb MapaMeTpoB (HIbTPA ONPEAENSETCS CTAOMIBLHOCTHIO YaCTOThI MIEPEKIIOUSHIUS
KOHJICHCATOpPOB. BBIXOJHON CHrHan CHUMaeTCs C IOBTOpUTENs HanpspkeHus SC-
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UMHTAaTOpa MHAYKTHBHOCTH Ls. YacToTHast XapakTepucThKa paboduero 3aTyXaHWs
npuBezeHa Ha puc.12.16,6.

Ha ocHOBe mepekmodaeMbIX KOHAEHCATOPOB HAIUIM NPHMEHEHHE IT0JIOCOBBIC
KOMMYTHpYeMbIe QHIBTpPEI-TIpeodpazoparenu (KDIT).

[puammn padotsr kommyTtupyemoro ¢unstpa (K®) paccmorpum Ha 6ase mpo-
creieit cxembl RC-OHY (puc. 12.17,a), B koTopoii eMkocTh C pa3duTa Ha HECKOJIb-
KO PaBHBIX 4YacTel (Hampumep, Ha 4 vactu, modtomy C; = C/4) u mociieaoBaTeIbHO
KaXI0¥ 4acTH BKIIIOYeH Kmou (puc.12.17,6). Kaxkaplil ko4 3aMbIkaeTcs moodepe-
HO Ha YEeTBEPTh MEPUOJa TEpeKIToUaroniell (KoMMyTupyoleit) yactotel f, u uepes
pesucTop R 3apsbkaercs cooTBeTcTBYIOMMI KoHAeHcaTop [Ipy nomade Ha BXOA CHHY-
coumanpHoro curaana Uy, ¢ gactoroii f,, = f; (puc.12.18,a) xoumencatopst C; u Cy
K)KIBIM TMEPHOAOM 3aMBIKaHMS HMX KIIOYeH OyXyT 3apspkaThesi pa3HOIOISPHBIMU
HaNpsOKCHUSIMA 10 BEJIMYMHBI, PABHOW CpPEJHEMY. 3HAUEHHIO BXOJHOTO CHTHAla, a
koHzneHcatopsl C, u C,; OyayT UMeTh HyJIeBOW MOTEHIMAN, TaK KaK B MEPUOABI 3aMbl-
KaHUS MX KIIOYed BXOMHOW CHUTHANT MEHsAeT moisipHocTh (puc.12.18,0). BennumHa

HaIpsDKeHUST U CKOPOCTh €r0 YCTaHOBIICHUS

Usx ONpeAeNseTCs  IOCTOSHHOW  BpEMEHH

6 =RC . BBIXOAHBIM CUTHAJIOM SIBJISETCS

/\,\ HalpspKeHHe, T00YepeJHO CHHMAaeMoe C
' —r——t YyeTelpeX KOHJIeHcaTopoB. Ecmm dactoTa
\i—-ij BXOJIHOTO CHTHana OyIeT OTJIMYaTbCs OT
b KOMMYTHpYIOLIeH YaCTOTHI Ha
. Af =, —f;, T0 dha3a u HanpsmkeHue ot-
1 1
Vo

UBbl

S

pe3Ka CuUrHajia B Ka)KZ[LIf/‘I nepuoa ovyepea-
@ Uc4 Uczl Uc4 HOT'O 3aMbIKaHUS |-TO KIIF0OYa TaKXKE 6y,£[yT
HM3MEHATBCS ¢ JacToToi Af HpI/I 9TOM HEC-

]

dg
8) 3aBHCHMO OT 3HaKa pa3sHoctd Af BbIXoHOI

®HY, o curdan OylEeT COOTBETCTBOBATH YaCTOTHOM
— 1 XapakTepPUCTHKE  MOJOCOBOrO  (DHIbTpa
fe fife £ fi+fe (TID) co cpenneii uacroroii f; u wactoramu

Puc. 12.18 cpesa f., 3aBuCSIIMMHU OT 4acTOTHI cpe3a

188



nucxoaHoro (6azooro) ®HY (puc.12.18,B). Takum 00pa3oM, mepekiogacMas cxema
oOpa3oBana cBoeoOpa3Hyl0 UMHUTALNIO WHAYKTUBHOCTEH n KOHTYpoB LC, uto obec-
neunno npeodpazoBanne cxemMsl @HY B cxemy [1®D. [Ipu sTOM, H3MEHEHHEM 9aCcTOTHI
nepekimoueHus f; KOHIEHCATOPOB MOXKHO B HIMPOKUX MpPEAENax PeryaupoBaTh Cpel-
HIOIO 4aCTOTY NOJ0Ck! nponyckanus I1d.

Paccmorpennas cxema K® Ha 6aze mpocreiiniero ®HY obnanaet HEBHICOKOH U3-
OMpaTeNbHOCTHI0, 00ECIeYrBasi BECbMa MOJIOTYI0 XapaKTePUCTHKY YBEIWYEHHS 3aTy-
XaHUsI B [10JI0CAX 3aJiepKUBaHMs OJI0coBOro (uibtpa. [lo3ToMy B peabHBIX cxeMax
UCTIONB3YIOTC AocTaTouHO cioxHble ARC-OHUY, cocrosmuye U3 HECKOJIBKUX TPYIIT
KOHZICHCATOPOB ¢ KiroyaMu. Kirtoun Bcex IpyI JOIDKHBI pad0TaTh CHHXPOHHO, Ipe-
00pasys Beicokon3ouparensabIii @HY B BeIcOKOM30UpaTenbHblii [10.

W3 paccmorperHoro mpuHnuna padorsi K@ BuaHO, YTO Tpymma ¥IH TPYIIIIEI
KITF04YeH (paKTHUECKH BBIOJHSIOT JBE (DYHKIMU: EPHOANIECKH MOAKIIOYAIOT K CXe-
Me KOH/EHCATOPhI ¥ (JOPMHUPYIOT BBIXOAHOE HANPSKEHUE ITyTEM MOOYEPETHOTO TTOI-
KJIFOYCHHUS 3TUX K€ KOHJEHCATOPOB K BBIXOAY (Harpyske) ¢uiabTpa. OTH QYHKIHMA
MOJKHO pa3fieiuTh MEXIYy IBYyMs Ipynnamu kiroueit (puc.12.19,a): Tpu rpynmnsl Kiro-
yeit K;... K, Beicokousoupareiapnoro ARC-®OHY tpethero mopsiika ¢ 4acToToi cpesa
fo CHHXPOHHO MOJKIIFOYAIOT TTOOYEPENHO YEThIPEe KOHACHCATOPA ITHX TPYII C YacTo-
Toit mepekimouenus f;, dopmupys nosocy npomyckanust I1® mecroro mopsiaka ot

f, — fomo f, + f., a rpymmna xmoueit Kys...Kyq, paboTatomas ¢ 9acToTol mepekio-
uenus f,, GopMHUpyeT BBIXOIHOII CHIHAI B I0JI0CE YacTOT, CABUHYTOH OTHOCHTEIb-
HOo mpenpinymeir Ha f, — f;(puc. 12.19, 6). Tak MBI NOTYYHIH KOMMYTHPYEMBIit

¢unsTp-nipeodpaszosarens (KOII). YropasneHnue yeTsIpbMs KIIFOYaMH B KaKJON TPyTI-
IC OCYHMECTBIIACTCA CABUHYTBIMH Ha Y€TBEPTH (1)331)1 HalpsHKEHUSAMH COOTBETCTBYIO-

a)

R]_ Rz R5 RG

° —1 1

- 9-12 —I: 13-16 —[

Kig ( < Ks.g ( < Ko.12 _{ TKu-le _{ T
T .

0)

I
fi—fc  f, fi+f; ffc f, f+f;
Puc. 12.19
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e yactotel. Pesucropsl Ryu R, onpenensior 1o06poTHOCT GuibTpa, U 4epe3 HUX

obecrieunBaeTcs OTpULIATEIbHAS 00paTHas CBsA3b onepanuoHHoro ycwurens. [upu-
Ha nosiocsl porryckanuss K@ n KOII noka HenocTatoyHa 171 MCIIOJIB30BaHUS B M-
POKOIIOJIOCHBIX TpakTax, MO3TOMY OHM HalLIM NPUMEHEHHE B KaHallooOpasyrolueit
anmaparype TOHAJIBHOTO TelerpadMpoBaHHsS ¢ YaCTOTHOW MOmyJsuued (Hampumep,
anmaparypa TT-144, rn.25). Insa dopmupoBanus kaHanoB TT ¢ pa3nuaHbBIMHA CKOPO-
ctsimu paboTst (50, 100, 200 box) mpenycMOTpeHO HepekiTioueHine HOMIUHAIIOB pe3H-
ctopoB Ry, R,, R3(puc.12.19,a) nms W3MeHEHMS IIMPUHBI IIOJIOCH TPOITYCKaHMS

¢unbTpoB ot 80 I'y mo 320 . Pabodee 3aTyxaHue B MOJIOCE MPOMYCKaHUS HE Oojiee
2 b, a B monoce 3anepxkuBanus — He MeHee 20 nb mnst KOII nepenayn u He MeHee
35 nb ms KOII mpuema, uto oOecrieyMBaeT HEOOXOMUMYIO 3alIMTy OT B3aMMHBIX
nomex Mexnay kaHanamu TT

12.4.4.®uabTpbI HA OTPE3KaX NepeAaloIMX JUHUI

Kak n3BecTHO, IBYXNpOBOJHAS JINHMS SIBIISICTCS HAPABJIAIOIIEH CHCTEMOIL, BAOIb
KOTOpPOH pacHpoCTpaHsAeTCsS 3JIEKTPOMArHUTHAS SHEPTHs OT MepenaTduka K MpHeM-
HUKy. OHa MMeeT KOHCTPYKTHBHBIE MapaMeTpsl (MaTepuai, JUIMHA U JUaMeTp Mpo-
BOJIOB, PAaCCTOSIHME MEXIy HUMH) U 3JIEKTpPUYECKHE MapaMeTpsl (IOTOHHBIE MHAYK-
TUBHOCTb, EMKOCTb, COITPOTUBJICHUEC U IPOBOANMOCTDH I/ISOJ'I)H_[I/II/I).

Ecnu nnvba otpeska nuauu L= lg =\ /4, To Ha yacToTax, JUIHHA BOJHBI KOTOPBIX
Onuska k BemuuuHe A =41, conporusienne xoporko3amkuytoro (K3) orpeska k-

BUBAJICHTHO NapajjieIbHOMYy pe3oHaHCHOMY LC-koHTypy, a pasomxryToro (XX) —
MOC-JIEJOBATEIbHOMY PE30HAHCHOMY KOHTYPY. DTO IO3BOJMJIIO HCIIOJIb30BATh TaKHe
oTtpesku mnepenatomux guHuid (OILJ]) B kadecTBe pe30HATOPOB W CBSI30K MJSl MO-
CTPOCHHS YaCTOTHO-W30MPATENBHBIX YCTPOMCTB. XapakTep H3MEHEHHUS COIpo-
TUBNIeHUH oTpeska muHNK ¢ K3 1 XX B IIMpOKOM JHana3oHe 4acTOT MOKa3aH Ha rpa-
¢ukax puc. 12.20, 3 KOTOPBIX BUAHO, YTO OJUHAKOBBIC 3HAUCHUS CONPOTHBIICHHUSA
MOBTOPSIFOTCS Yepe3 Kaxkjoe u3MeHenue yactotsl Ha 2fy, roe fy — mepBas pesonanchast
4acToTa OTpe3Ka.

a) Zys 6) Zyx

fi

—h

fy

Puc. 12.20
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[pocreiimme nony3BeHbst Gunbtpo OILJI (DOIJI) cocTosT M3 ABYX OTPE3KOB
JIMHUM C BOJIHOBBIMH CONPOTHBIICHUAMH P, (pe30oHaTopa) u p. (cBa3ku). Ha puc.12.21
NPUBEJICHbl BAPUAHTHI M0JIy3BeHbEeB M00cOoBBIX (mibTpoB (IIDOIL) ¢ pesonaro-
paMu U CBA3KaMH Ha OTpe3Kax JIMHWH, paBHBIX A/4. [lomy3BeHbs ¢ pe3oHaTOpaMu-
YETHIPEXITONIOCHIKAMH (@) Ha3bIBAIOTCS [eNoYedHbIME moiry3BeHbsMu ([IOOTIJI-IT),
a ¢ pe3oHaTOopaMHu-AByXIoMocHIKaMu (0,8) — nmeiipabmvu (IIOOIJI-IT), cooTBet-
ctBeHHO ¢ T- u Il-okoH4aHWsIMU. 311€Ch K€ I COOTBETCTBYIOIIMX IOJIY3BEHHEB
NpUBEJICHBl TpaUKM YacTOTHOM 3aBHCHMOCTH 3aTyXaHHs a(X) W XapaKTepHCTHUe-
cKoro compoTuBieHus Z(x). M3 rpadukoB BHAHO, YTO LEMOYEYHOE IOIY3BEHO
¢unptpa umeer tpu I B quanazone HopmupoBauHbix wactor x =f/fy ot 0 mo 2x, a
nuieiidubie momy3senbs — onny I1I1.

a

Ayax2

D yaxt

fZl fll fO f12 f22

Puc. 12.22
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CaotictBa nomy3BeHbeB @OILJI ompenenstoTcss BOJTHOBBIMU JIJTMHAMH PE30HATO-
POB M CBSI30K M KO3(PPHUIMESHTOM PaccOTIacOBAHUS BOJHOBBIX COIPOTHBIICHHNA CBS3-
ku ( p,) u pesoHatopa (p,) V= p,/ p,, BeTUUNHA KOTOPOrO U3MEHSETCS B IIPOMe-

)KyTke oT 0 o oo. Tak, ams IIOOIUI-L] 3aBucumocts mupunsl I u 113 oT Bennyu-
HBI V (puc.12.22) crenyromast: uem Gomplie KO3GGHUIHEHT V OTAMYACTCS OT CAUHU-
I, TeMm yxe [T (fiy...f1,)), mmpe I13 u Beimre MakcumyMm 3atyxanus B [13 (naxe)
Hao00pOT, yeM OMIKe BelWumMHa VK exunuie, TeMm mmpe [T (fy...f)), yxe 13 u
MEHbIIIe MAKCUMYM 3aTyXaHus B 13 (amax1)-

ITocTpoeHne CIOKHBIX MOJOCOBBIX (Y3KOIOJOCHBIX M IIMPOKOMOJIOCHBIX) HWIIH
3arpaxIaromux GUIETPOB ¢ 3aAaHHBIMU pabounmu napamerpamu B I1I1 u [13 mpowns-
BOJUTCS] ITyTEM KacKaJHOTO COCIMHEHHMS [ETTOYEUHbIX MM NUICH(HBIX ITI0JIy3BEHBEB
1 3BeHbEB[43] .OHO 3BEHO COCTOMT U3 JABYX IOTy3BEHBEB, IIPH 3TOM CBSI3KH MOTYT
OBITh KaK YETBEPTHBOJHOBBIMH, TaK M IMOJYBOJHOBBIMH, YTO OKAa3bIBACT BIMSHHE HA
KOHCTPYKLIMIO U cBoiicTBa puibrpa. Kpome Toro, Ha cBOMCTBA LIIEH(PHBIX GHIBTPOB
BiusieT ¥ Tin okoHdaHui (T- wu I1- oOpa3Hoe). Yka3aHHbIE 0COOCHHOCTH BKJIIOYaA-
toTcst B 0003HaueHust GpuibTpoB: GOILJI-1-11 — nenovyeunsiii puabTp ¢ M4 — cBs3Ka-
mu; GOTI-2-11-T- nmeridusit Gunbtp ¢ A/2-cBsizkamu u T-oxoHuanusmu; GOIIII-
1-1I-IT — muteiidupiii hunpTp ¢ MA-cBsizkamu u [1-okonuanusimu. Ha puc.12.23 npu-
BE/ICHBI YIPOILICHHBIE BapUAaHTBl CXEM IIOJIOCOBBIX (DUIBTPOB: a) IIECTU3BEHHBIN
[OOIUI-1-11 ¢ padoueii [II1T mpumepro ot 60 mo 108 x['1, HEpaBHOMEPHOCTHIO 3a-
tyxaausg Ao < 0,04 nb, 3HaueHUsIMH Harpy3ok R, = 150 Owm, 3aryxanuem B [13 A > 30
nb; 6) tpexspennusiit [IOOIJI-2-1II-T ¢ padoueit II1 mpumeprno ot 800 mo 1000
MTI', Aa < 0,04 nb, A >25 b, R, =75 Owm; B) Tpex3Bennsrii [IOOITJI-2-1-IT ¢ na-
paMeTpaMy aHaJIOTMYHO TpensiaymemMy. Ha oTpeskax mepenaromux JIMHAN peann3y-
torcs Take PO, ®HY u ®BY. [Ipu HeoOxogmMocTt paboThl GUIBTpa ¢ pa3HBIMU
Harpy3KaMu [0 BXOJY M BBIXOJY HMEETCSl BO3MOXKHOCTb CO3/aHMs (QHIb-Tpa-

tpancopmaropa Ha OIIJL, BbI-

a) MIOJIHSIOIETO OJHOBPEMEHHO CEJIe-
KTUBHBIE W coTJacymoomue (QyHK-
U,

| B kauectBe 2-mpoBOJHBIX OA-

HOPOJHBIX OTPE3KOB MOIyT HC-

0) J | | | | | | I_ TI0JIb30BATHCS Pa3jIUYHbIC HAIPAB-
JISIIOLIUE CUCTEMBI: KOAKCHaJIbHBIE,

_| | | | | | | ]_ BOJIHOBOJIHBIE, IIOJIOCKOBBIE, ONTH-
yeckue WU 1p. B 3aBucumoctu oT

B) atoro npumensiembie @OITJT Ha3bI-

BAIOTCS: IEKTpUUecKne (Ha OTpes-
Kax JBYXIIPOBOJHBIX, KOAKCHAJIb-
HBIX, CIHPAIBHBIX JUHHUNA), 3JIEK-
Puc. 12.23 TPOMarHUTHbIE (BOJHOBOIHEIE, TI0-
JIOCKOBBIE, Ha CBS3aHHBIX JIMHMSIX,
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Ha BCTPEYHBIX CTEPXKHAX, HA JUIICKTPUUCCKUX PE30HATOpPAaX), ONTHUYECKHE (MHTEp-
(hepeHIMOHHbBIE — TTAKETHl IUICHOK C Pa3IMYHBIMH MTOKA3aTENSIMH MPETOMIICHUS, TH-
(hpaknroHHBIE (a30BbIe PEIIETKH, IIPU3MBI), aKyCTHUECKHE (Ha 0OBEMHBIX PE30HATO-
pax, Ha TIOBEPXHOCTHBIX aKycTH4Yeckux BonHax — IIAB). 3-3a cBoiicTBa nepuoguue-
CKOr0 TMOBTOPEHUS XAPaKTEPUCTHUK C YBEIMYEHHEM YacTOThl (KaK MOKa3aHO Ha pHC.
12.20) GunbTpsl Ha OTPE3Kax MEPEAAIONINX JTHHUN MOJYYHIIN TaKXKe Ha3BAaHHUE «BOJI-
HOBBIE aHaJIoroBble GuIbTPE (BAD).

12.4.5. DnexTpomexaHuyeckne puiabTpbI
B snexrpomexanmyeckux ¢puipTpax (OM®) Ha KOHIIAX HEOTHOPOAHOH PHUITBT-
pyroreil MeXaHH4eCKOH CHCTEMBI BKIIIOYAIOTCS JICKTPOMEXaHNIECKHE TIpeoOpa3oBa-
tenn (OMII), KoTopbIe OCYIIECTBIIIOT IPe0Opa3oBaHNE IIEKTPUICSCKAX KoneOaHuil B
MeXaHH4YecKue (Ha BXOJe) M 0OpaTHO (Ha BEIXOJIE).

MexaHndeckast QHIBTPYIOMIAs CHCTEMA IIPEACTABISIET COOON IeIbHOMETaIITHYE-
CKYIO0 CTPYKTYPY, COCTOSIIIYIO U3 PE30HATOPOB Yallle BCEr0 TaHTEJIBHOIO THIA KpYT-
JIOTO CEYEeHHS M CBA30K MEXIY HUMH TaKOro e CEUeHHUS, HO MEHBIIETro pa3mepa.
Pe3oHaTopb! M3rOTaBIMBAIOTCS U3 CHENUATBHBIX CIUIABOB U UMEIOT JOOPOTHOCTH MO-
pagka 10°. B puibTpax HCIOTB3YIOTCS KPYTHIBHBIC, IPOIOJIbHBIC, H3THOHBIE KOIIC-
GaHMs WIN KOJIeOAHUS CABHTra, KOTOpBIE BO30OYKIAIOTCA BXOIHBIM 3JIEKTPUUYECKUM
CUTHAJIOM 4epe3 mpeoOpazoBarenu. CylIecTBYIOT MbE303JIEKTpUUECKHe (TIhe30Kepa-
MHYECKHE), MarHUTOCTPUKIIMOHHBIE, 3JICKTPOMArHUTHBIE M 3JIEKTPOCTATHIECKHE
npeobpaszoBatenu. DddexTuBHOCT, NepeuncneHHsix IMII npossiseTcs B OTHOCH-
TENBHO Y3KOH IMOJ0CE 9acToT, Mo3ToMy DM® MMEI0T OTHOCHTENBHYIO MOJIOCY HpO-
myckaHus 110 3...5% ¥ HauOoJiee TEXHOIOTHYHBI B AuanazoHe 9actot 50...150 I,

OM® xapakTepU3yrTCsl BHICOKOH HAIC)KHOCTBIO M TEMIIEPATypHOH CTAOHIBHO-
CTBIO TapaMETPOB IPH OTHOCHUTEIHHO MaJbIX radapuTax W HEBBICOKOW CTOMMOCTH,
YTO MPEONPENeTIIO UX MIMPOKOE NPUMEHEHHE B COBPEMEHHOW CTallMOHAPHOW U
nosieBoit (moaBmwxkHOI) anmapatype ACII. OM® npuMeHsoTCsS B KayecTBe y3KOIIO-

T HHHHHHHHHHHHH ]

a) Lo ! Lo

1

C 1 ! C

o ! °

1 1

Bx ' MexaHn4decKkast QUIBTPYIOoIas CHcTeMa | Beix

SMII | | SMII

1 1
1 1

mimaaes raaee i saaees [ iaaeen i ianase T naaes i iaaaen I

6)
Bx Boix

Puc.12.24
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JOCHBIX (MIBTPOB AJISI BBIACICHUS OTACIBHBIX YaCTOT B TPAKTaX MEpefadn U B T€He-
paTtopHOM 000pPYIOBaHWH, a TAKXKe B KaHaJI000pa3ylomel anmaparype s GopMHpo-
BaHUs OCHOBHOW IEpPBUYHON TpymIiel BB mojioce gacToT 60...108 k['y i HeoCHOB-
HOM 3-KaHaJIbHOH MpeArpynmsl B mojoce yacToT 132...144 xI'u.

Ha pucl2.24 npuBeseH BapHaHT KaHAJIBHOTO 1MOJ0COBOr0o DM@ raHTeIbHOTO TH-
1a ¢ MarHUTOCTPUKLIMOHHBIMU IIpeoOpa3oBatesiMi U ero LC-3KBUBaJICHT — MOJIMHO-
MHaJIbHBIA (JIECTHUYHBIH) (QUIBTP, UCIIONB3YEMBIH NP pacuere Mo paboyuM mapa-
MeTpaM B KauecTBE IPOTOTHIIA.

12.4.6. MoHOIUTHBIE Mbe30dIeKTPHYecKUe PUIBTPBI

MOHONUTHBIE TEE30UIEKTPUUECKHE WK KBapleBble GuiabTpsl (M®) BEINONHAIOT-
sl B BHJIC TOHKOI KBapIeBOH MIIACTHHBI (TIOJUIOKKH), HA KOTOPYIO HAHOCSITCSI METall-
JWYECKUE IUICHKH-3JIEKTPOABI, 0Opa3ylomiue OTIEIbHBIE PE30HATOPBI, B KOTOPBIX
MIPOMCXOIUT KOHIICHTPAIHS YHEPTUH MEXaHIMISCKUX Konebanuit (puc.12.25,a,0).

CucreMa U3 aKyCTHUECKH CBSI3aHHBIX PE30HATOPOB COCTaBIsieT OCHOBY M®, npu
9TOM B PE30HATOPax UCIOJB3YIOTCS MEXaHWYECKUE KOJIeOaHHs CIIBUra IO TOJIIHMHE,
pacnpoCTpaHsIOIUECs B HANIPABICHUAX JUIMHBI U IIUPUHBI IJIACTUHBI-BOJIHOBOIA, TO
ectb M® mo mpuHOUNy padoThl, Kak U DMD SABIAIOTCSA 3IEKTPOMEXaHUYCCKUMU
cucreMaMu. B ajeKkTpuuecKyro Ienb BKIIIOYAIOTCA KpailHHe pe30HaTOpbl, KOTOpBIE
OJTHOBPEMEHHO SBIISIOTCA 3JIEKTPOMEXaHWYEeCKHMMHU mpeodpaszoBaTernsiMu. CpemaHue
PEe30HATOPBI 00PA3YIOT MEXaHNUECKYIO (QUIBTPYIONIyI0 cucteMy. Pe3oHaTopsI HMEIOT
OYeHb BBICOKYIO 100POTHOCTH (10 2,5-10°), TeMIepaTypHyI0 CTaGHIBHOCTD (HE XyKe
+10"°) 1 XOpOIIYI0 COBMECTHMOCTh C MHKPO3JIEKTPOHHBIME cXeMaMH. OHAKO OHH
peanu3yroTcs JMIIb B JMANa30HE YacTOT OT €IMHHMI] JI0 cOTeH Merarepil. Iloatomy
nosiocoBble M@ mpumensitorcst B Auanazone vactor ot 0,3 MI'n no 300 MI'u npu
OTHOCHTJIBHOW mupHHe nonocs! npomyckanus 0,001...0,2%.

N3BectHo npumenenne M@ B 3apydexubix ACII B kauecTBe KaHAJIBHBIX (QHIBT-
poB 11 GOPMHUPOBAHUS OAHOIIOJIOCHOTO CUTHAJIA IPH OAMHAKOBOH JIJIsl BCEX KaHAJIOB
Hecylel 4actote aMIuiutygHod moxyssimuu 8,1 Ml (cm.rin.5). OauHakoBble MO
BCEM IapaMeTpaM KaHaJIbHble (DUIIBTPHI UMEIOT OY€Hb Malble radapuThl (IIPUMEPHO
10x12x40 MM), 1 KaHanoOoOpasyromas anmapaTrypa B IIEJIOM TakKe IMOJydaeTcs He-
OoJIBIIION TTO MaccoradapuTHBIM MOKa3aTensaM. Ha mpakTrke 4acTo HCIONB3YIOT CXe-
MBI B KoMOuHanmu M® u anemenrtoB LC (puc. 12.25, ).

Kpome M® c 00beMHBIMH aKyCTHYCCKHMHU BOJHAMHU CymecTByroT M® Ha mo-
BEPXHOCTHBIX akycTnueckux BosHax (ITAB), koTopsle paboTaroT B Juana3oHe 4acToT

e oge 0wy
I
1(}&—-—-—iC72 @ 1D—-I4<JZ

Puc. 12.25
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oT 5 MI'm o 2 I'Tu. [Tosoca mponyckanus

1

MOJKET OBITh peaji30BaHa B Ipelenax OT ) 2
© [P0 %, V, 7,7 %

0,01% no 50% . B M® na IIAB nokanu- ¢ v 2.2 22 o

3alusi SHEPTUM aKyCTUYECKUX KolieOaHMi I 4 2

OCYLIECTBIISIETCS.  BOJIM3M  HOBEPXHOCTH Puc. 12.26

IbE30MOHONINTA. BOJHBI BBI3BIBAIOT Jie-

(opmaIio MOBEPXHOCTH IO CHHYCOMAAILHOMY 3akoHy. [Ipocreiimmii ¢unbtp Ha
ITAB cocTouT U3 MHOrOpE30HATOPHBIX MEPEAOIIEro U IIPUEMHOro npeodpasoBare-
Jed (HampuMep, BCTPEYHO-IITHIPEBOTO THIA) W 3BYKOIPOBOJA MEXIYy HUMU B BHJC
TFE30MOHOJIUTHOH IIIACTHHBI C MOJMPOBAHHONW MOBEPXHOCTHIO (prc.12.26). [Ipu mo-
Jlade 3IIEKTPUYECKOro CHIHalla Ha BXOIHOI IpeoOpa3oBateib BO30YKIaeTCs ynpyras
aKycTHYecKas BOJHA, Oerymias B IIOBEPXHOCTHOM CJIO€ MOHOJHMTAa M 3aTyXalomas
BIiIyOb MaTepuana. Ha BEIXOJe aKyCTHYECKHE BOJIHBI NPeoOpa3yroTCs B dICKTpUYe-
CKHE CHUTHAJIBL

12.4.7. KBapueBbie QUIbTPHI

KBapueBbie (Ibe30371eKTpHUECKUC) (DUIBTPBI HUCIONB3YIOT MhE303ICKTPHUCCKHUI
3¢ QeKT KpUCTAUIOB KBaplia, CETHETOBOW COJNM, TypManuHa W Ap. M3 kpucramios
STHX MAaTepHaoB H3TOTABIMBAIOTCA PE30HATOPHI, KOTOPHIC B 3JIEKTPHUCCKON IeNH
BeyT cebsi kak pe3oHaHCHbIe LC-koHTyphl. [lonocoBbie kBapleBble QUIBTPHI Yalie
BCETO PEATN3YIOTCS IO MOCTOBOH CXeMe WMJIM SKBUBAJICHTHOH ei cxeme ¢ auddepeH-
UaTBHBIM TpaHcpopmaTtopoM (puc.12.27). JByXmomtocHUKH Z, u Z; COCTOAT U3
KBapILEBOTO PE30HATOpa M KOHAEHCATOpa, KOTOPBIH HCIIONB3YeTCs MpPU HAaCTPOHKe
¢unbTpa. Yrceno KBapIeBbIX pe30HATOPOB B ABYXIOIIOCHUKAX MOXKET OBITh OJJMHAKO-
BBEIM WU Pa3HBIM, a JOOPOTHOCTH JTOCTUTATh BETHYWUH 10%...10*. OtnocuTensHas
IIMPUHA TIOJIOCHI TIPONyCKaHWsl (WIbTpa He 7
npesbimaet 0,4%, HO ¢ IPUMEHEHNEM METO/I0B a) Da
pacuIpeHust OHa MOXeT yBeTHIuThes 710 10%.

KBapueBbie (pUIBTPH MPUMEHSIOTCA B OC-
HOBHOM B Ka4eCTBE Y3KOIOJIOCHBIX ITOJOCOBBIX
u 3arpaxaaromux ¢uistpoB. Kpome Toro,
KBaplEeBble PE30HATOPHI MIMPOKO HCIIOIBb3YIOT-
csl Uil cTa0MIIM3aliy 4acTOT 3aJafolIuX reHe-
paTopoB W IS yBEIWYEHHs] KPYTH3HBI Xapak-
TEPUCTUK 3aTyXaHUs B CIOXHBIX (QHIbTpax
THIIa TPaH3UTHBIX. B mepBeIX oOpasmax cra-
IIMOHAPHBIX CHCTEM IIepellaud  KBapleBbIe
(UIBTPEl ¢ PACIIMPUTENFHBIMH KATYIIKAMHU
MPUMEHSUTNCh B Ka4eCTBE KaHAIBHBIX (DHUIBT-
poB I (HOpPMUPOBAHMS MIEPBUYHOMN TPYIIIHI B
nonoce gactot 60...108 x['m. Puc.12.27
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12.4.8. MarHuTOCTPHKIMOHHBIE (PUIBTPBI
MaruutocTpukuust (0T IPEIECKOro CIIOBa MarHUT H JIATHHCKOTO StriCtus — cokatblif,
HaTSHYTHII) XapakTepu3yeT n3MeHeHne GopMbl U pa3MepoB Tejla MPH HaMarHU4YHBa-

C; R

R C L L
— 3~ e,

NN VY

R C, L Ly C, R4
I:|2 I_"Y\i\ PM, PM, _ e | —
e~~~

Puc.12.28

HUU. OUIBTP COCTOUT U3 MAarHUTOCTPUKIIMOHHOTO pe3oHaTopa PM, xoTophlil mpea-
CTaBJIAIOT cO0OH cTepkeHb M3 (PeppOMarHUTHOTO Marepuana, 1 0OMOTOK BO30YyXie-
HUS, TIPeo0pa3yomuX 3JIEKTPUIECKHE KOIeOaHUsI B MEXaHWYECKHE Ha BXOAE M 00-
paTHO Ha BbIXOJ€. MarHUTOCTPUKIMOHHBIE PE30HATOPHI UMEIOT JOOPOTHOCTH TTOPS -
Kka (2...4)10°.  TTonocoBsie MarHuTOCTPUKIHOHHEE ribTpsl (MCP) cTposiTes Kak
¥ KBaplEBbIC 110 MOCTOBOH Wi AU(QEpeHIINATbHO-MOCTOBON cxemMe. OTHOCHTEIb-
Has IUpuHa nojockl npomnyckanus 0,4...0,6%, a ¢ pacIIMPUTENBHBIMH JJIEMEHTAMU
npocturaeT 10%. Tak kaxk MC® Oosiee TeXHOJIOTHYHBI U JCUIEBBl B IPOU3BOACTBE IO
CPaBHEHHUIO C KBapLEBBIMH, TO OHM CTaJIM IPUMEHSATHCS B KAayeCTBE KaHAIIBHBIX
(GUIBTPOB CTAIIMOHAPHBIX cUCTEM repenadu B 60-e roxasl 20-ro CTONETHs, YTO Jajio
BO3MOXKHOCTh 3HAYHMTENILHO CHU3UTh CTOMMOCTh KaHaJ1oo0pasylolero o0opynoBa-
Hus. Cxema KaHalbHOTO (UIBTPAa HA MAarHUTOCTPUKIIMOHHBIX PE30HATOPAX C pac-
mmpuTenabHbiMU LC-anementamu npuBeeHa Ha puc.12.28.

12.5 Hln¢posbie GuiabTpsl

HudpoBeiM GuUIBTPOM HA3BIBacTCA YCTPOHCTBO, MpeAHA3HAYCHHOE I 00pa-
OOTKM aHAJIOTOBBIX CHTHAJIOB WMITYJIBbCHO-IU(GPOBBIMUH MeTonmamu. OOmme mpea-
CTaBIICHUS O MPUHIIHUITE MUPPOBOH QUIBTPANU aHAJIOTOBBIX CUTHAIOB MOYHO TIOJTY-
YUTh U3 PACCMOTPEHUs (YHKIMOHAJIBHOW CXeMbl (pUIBTPA HWKHHX 4acTOT, IpHBe-
nennoit Ha puc.12.29 [47]. OrpaHu4eHHBIH MO CIEKTPY C MOMOIIBI0 DUIBTPA HHXK-
Hux yacto @HY BXOHOIM aHAIOroBbIM curHai Xc(t), moanesxanuii GpuisTpamnuu, cHa-
yaJia TIOABEPTaeTCs TUCKPETU3AINH 110 BPEMEHH, B PE3YJIbTaTe Yero OH MpeodpasyeT-
Csl B IUCKPETHYIO MOCJIE0BATEIBHOCT KOPOTKUX UMITYJIbCOB, CIEAYIOUIUX C PaBHO-
MEpHBIM BPEMEHHBIM MHTEpBaJIoM T. AMIUIMTYABI BHIOOPOK NMPONOPLHOHAIBHBI Be-
JIMYMHE BXOTHOrO CHTHANa B JUCKPETHBIC OTCUETHBIE MOMEHTHI BpeMeHH t = KT, rae
k=0, 1, 2,... — nensle uncia. [Ipouecc AUCKPETH3ALMU OCYIECTBISACTCS B PE3yJIbTaTe
0 — MOJYJSIMU BXOJHOTO CUTHAIA, KOTIA KaX/as BHIOOPKA UMEET OECKOHEUHO Ma-
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o] %) X(KT)-6(t-KT) |>: i_lf\ YKT)-8(tKT) [ 5] Yel®
>— N AL ; BY | AT R
COD
0 Tt '
Puc.12.29

JYI0 JUIUTEIBHOCTh, HO OTIAMYHYIO OT HyJs IUomazb. s 3TOro B KauecTBe «HECY-
IEr0» KoJIeOaH s UCIIOJb3YETCsl HEMPEPBIBHAS MOCIEI0BATEIBHOCTE 0 — (yHKIHI

f,(t)=> 8(t—kT), (12.22)
k=1
rac |E| — CZ[I/IHPI‘IHBIﬁ 5' HUMITYJIBC, CHBHHyTLIﬁ OTHOCHUTECIBHO

Havaia oTcuera Ha uHtepBai KT.
Ha Bbixon€ O - MOIyNATOpa OyIeM UMETh MOCIIEI0BATENLHOCT

o0
X(KT)- f,(t) = 3 %, (KT) - S —KT). (12.23)
k=0
OTa MmocnenoBaTeIbHOCTh UMITYJILCOB Mpeodpasyercs ¢ momonisio ALl (aHamoro-
uudpoBoro mpeodpaszosareiisi) B nocinenoBarenbHocTs uncen {X(KT)}, oToOpaxkaro-
IIyI0 BXOJHOHM CHTI'HAaJ, KOTOPBIH MOJAETCsl Ha BXOJ BEIYMCIUTEIHLHOTO YCTPOWCTBA —
mpo1ieccopa, KOTOPHIH ABIseTCS COOCTBEHHO MUPPOBBHIM GrbTpoM (L[D).
[Ipu anmapatHo#t peanm3anuu L{® npouecc mudpoBoit GUIBTpanuy 3aKITF0IaSTCA
B M3MCHCHHMH 3HAYeHHUil BXonHOH nocnenoBatenbHocTH uncen {X(KT)} B coorBerct-
BUH C 33J]aHHBIM aJITOPUTMOM BBIYHCIICHUI U MOJIYYE€HUH HOBOH IOCIEIO0BATEIbHO-
cru gucen {Y(kT)}na Beixome mporieccopa (BY), Beipaxaromieii BEIXOIHOM JAUCKPET-
HBIW CUTHAIL
Hist oGpaTtHOro mepexona OT TOMYYEHHON YHCIOBOW TIOCIENOBATENLHOCTH
{y(kT)} k BBIXOAHO! MMITY/IBCHOI nocenoBatenbiocTH W (KT)-8(t —KT) wucnons-

3yercst nu¢po-aHaIoroBelii mpeodpazosarens (L[AIT), a BblEEIEeHHE aHAJIOTOBOTO
BBIXOJHOTO curHaia Y(t) ocymectsisercs ¢ nomompo ®HY.

3HauyeHne TakTOBOW wacToThl fr ompenensercss B cootBercTBru ¢ Teopemoii Ko-
TenpHUKOBA Kak fr = 1/2T.

Anamn3 1udpoBeIX (HIBTPOB OCHOBBIBACTCS HA MAaTEMAaTHYECKOM TEOpHH JIH-
HEWHBIX Pa3HOCTHBIX yPaBHEHMH C MOCTOSHHBIMHU Kod(duuneHTamMu. B aTom ciydae
BBIXOJHYIO MOCJIEOBATEIEHOCTh UMITYJIBCOB MOXKHO 3aIlMCaTh B BHIE Pa3HOCTHOTO
YpaBHEHHS

y(KT) = Sb. X[k —i)T], (12.24)
i=0
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Puc.12.30

rae X(KT) u y(KT) — 3Ha4eHuUsI BXOAHOTO M BBIXOJHOTO CHTHAJIOB B PACCMATPUBACMbIN
moment Bpemenn KT; X[(K—1)T] - 3nauenme curmana B MomeHT BpemeHH

(k - |)T, TO €CTb B MNPCAbLIAYIIUX TAKTOBBIX TOYKaX; bi - BCHOICCTBCHHBIC BCCOBBIC

K03 PHUIINCHTEL.

CrpykTypHast cXema, COOTBETCTByIomas ypaBHeHmio (12.24) mokazaHa Ha
puc.12.30, rae npsAMOYyroNbHIKaMH 0003HAYCHBI SIIEMEHTHI 33E€PKKH BXOJHOTO CUT-
Hajla Ha BpeMs [ (3JIEMEHTHI CMHUYHOHN 3a/IePXKKH), TPEYTOJbHUKAMH — OTIEpaIin
YMHOXKEHHUS [IApaMeTPOB COCTOSHHS Ha IOCTOSHHBIE KOA(QduImeHTs! bj, kpyxkom —
orepanys anredpandeckoro CyMMHUpPOBAHUSL.

[udposoii GuiIbTp, OMUCHIBaeMBbIN Pa3HOCTHBIM ypaBHeHuneM (12.24) HasbiBaeT-
Csl HEPEeKYPCUBHBIM (TpPaHCBEPCAJBbHBIM, MONEPEYHBIM, MOJIMHOMHUAIBHBIM) (QHIBT-
pom. Ypasuenue (12.24) MoxHO 0000IIMTE AJIsI CIydasi, KOTia Juisi 00pa3oBaHMsl 110-
cnenosarensHoctn Y(KT) npumensercs pexypcus, T.e. BHIXOAHOH CHIHal B Kak-

B[ MOMEHT BPEMEHH OIpEeNeNsieTCs He TONBKO HACTOSIIUMH M TIPEAIIeCTBY-
IOMIMMU BXOIHBIMH CHTHAJIlAMH, HO M HEKOTOPBIM YHCIIOM MHPEAMICCTBYIOIINX BBI-
XOJHbIX curHanoB. Toraa ypaBHenue LI® umeer Bup

YKT) = bx{(k =TT+ Y, itk - )T, (12.25)
i=0 j=0

rae N — 49ucio 3aAep:KaHHbIX IPEAIECTBYIOIIUX UMIIYIbCOB BBIXOJHOTO CUTHANA.
Hudposbie GuiabTpel, onucbiBaeMmble ypaBHeHHeM (12.25), Ha3bpIBalOTCS PeKyp-
CUBHBIMH WJIN QHUIBTPaMHU C BCIUIECKaMH 3aTyXaHMS HAa KOHEYHBIX YaCTOTAX IMOJIOCHI
3a/ep)kuBaHus. BapuaHT CTpykTypHOH cxeMbl pekypcuBHoro IId mnokasan Ha
puc.12.31. OCHOBHBIM aNTOPUTMOM peaH3anruu UPPOBOH (GUIBTPAIUU SABISIETCS
pasHocTHOe ypaBHeHue (12.23), koTopoe 00padaThIBacTCsS B CIICIMATM3HPOBAHHOM
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BBIYUCIIUTENIE B PEabHOM BPEMEHHU, TO €CTh 00pabaThIBAETCs C TOH JKe CKOPOCTBIO, C
Kakoi nH(popmaius nocrynaet Ha Bxoz L{D.

Ludposoii huneTp peannusyercst TAKIKEe U B BUJE KaCKaJHOTO COCANHEHUS 3BCHb-
€B BTOPOTO WJIM MEPBOTO MOPSJIKA, IPU ITOM B Ka4eCcTBEe 0a30BOr0 3BE€HA MPUHUMALT-
Csl 3BEHO BTOPOTO IOpsi/IKa B BUAE OWKBAAPaTHOTO OJIOKA, B KOTOPOM JOJKHBI BbI-
MOJHATHCS OTIEPAlii YMHOXKEHHS, CJIOXKEHUs (BBIYMTAHUA) U 33JCPXKKH (XpaHEHHs)

HaJl EPEMEHHBIMI X, i, Y)_j ¥ KO3 pUIIECHTaAMHU bi .

12.6. O0ecnevyeHue napajieabHOi padoTsl PUILTPOB

[puanmn muorokanansHOCTH ACII OocHOBaH Ha OOBEIMHEHMHM W pa3fieieHHH
YaCTOTHBIX KAHAJIOB C YCTPAHEHNEM B3aUMOACHCTBUS MEXIY HUMH.

[Ipn 0ObeAMHEHNN YaCTOTHBIX KAHAJIOB B TPYIIIOBOM TPAKTE MepeJady OCyIIeCT-
BJISIETCS MapajyiesIbHOE TOJAKIIOUEHNE BBIXOJ0B KaHAIBHBIX (IPYIIOBBIX, JIMHEHHBIX,
HarpasJsourx) GUIbTpoB Ha 0O0IIyl0 Harpy3ky. IIpu pasneneHuu 4acTOTHBIX Ka-
HaJIOB B TPYIIIOBOM TPakKTe MpPUEMa OCYLIECTBIISIETCS MapajielbHOE TOAKIIUYSHNE
BXOJIOB KaHAJIBHBIX (TPYIIOBBIX, JIMHEHHBIX, HAPABIISIOMINX) QUIBTPOB K 00OLIEMY
MCTOYHHMKY MHOTOKaHAaIbHOTO (IPYIIIIOBOTr0) CUrHAA.

Kaxxmprit oTnenpHbI (UABTP PaCcCUNTHIBACTCSA C YYETOM YCJIOBHUS, UYTO OH OyneT
BKJIFOYATHCSI COTJIACOBAHHO MEXIY PE3UCTUBHBIMH Harpys3kamu. [Ipu mapasuiensHOH
paboTe HecKONbKUX (QHIBTPOB YCIOBHE COTIACOBAHMS HAPYIIAETCS, TAK KaK KaxIbIi
¢UIBTP CO CTOPOHBI 00IIEro BXoAa (BbIX0Ja) OyAeT Harpy>keH Ha KOMIIJIEKCHOE CO-
NPOTHUBJIICHHE, COCTOSIIEE M3 PACUYETHOTO HArpy304HOTO CONPOTHBIECHUS M Iapai-
JETBHO TIOJKIIOYEHHBIX K HEMY PEaKTHUBHBIX BYXIIOJIIOCHHUKOB, OTOOPA’KAIOIIUX
BXOJIHBIE (BBIXOJIHBIE) CONPOTHUBIICHHSI COCEAHUX (PUiIbTpoB. B aTOM ciydae B Kax-
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JIOM U3 00bEeIMHAEMBIX (pa3AelsieMbIX) TPAKTOB OyIyT HAOIIOAAThCSI CYIIECTBEHHBIC
MCKa)KCHHUS YaCTOTHBIX XapaKTEPUCTHK pPaboyero 3aTyXaHHMs, €CJIM He NPHHATH Mephl
K YCTPAQHEHHIO WJIM YMEHBLICHHIO B3aUMHOT'O BIUSAHUS QHIBTPOB APYT Ha Ipyra.

B Hacrosimiee BpeMs NPUMEHSIIOTCS CIIEAYIOLIHE METOIbl YMEHBIICHHS B3aUMHBIX
BIIMSTHUN (DUIIBTPOB IIPH MX MapayieIbHON padore:

a) Merton pasHeceHHs YacTOTHBIX I0JOC OOBEIMHAEMBIX CHUTHAJIOB Ha 3HAYM-
TEJIbHBIE YaCTOTHBIE TPOMEXYTKH (YBEJIIMUEHHE T10JI0C pachUIbTPOBKH). B aTOM city-
Yae NIYHTUpYIOLIee NeHCTBHE COCEAHUX (DMIIBTPOB YMEHBIIACTCS, HO YBEIMYMBACTCS
o0111ast MoJI0ca 4acTOT MHOTOKaHAJILHOTO CUTHAIa;

0) Mertox mOIKIIOUEHHE K IMapajuIeIbHOMY BXOAY (BBIXOAY) (HUIBTPOB IOMOI-
HHUTEJbHBIX PEAKTHBHBIX ABYXIIOJIOCHHKOB, KOMICHCUPYIOIINX BIHSHHE PEaKTHBHO-
CTel cocemHUX (MIBTPOB;

B) MeTox HCTIONb30BaHMS Pa3BsI3bIBAIOIIUX YCTPONCTB.

12.6.1. ITapannenbHast padora GUJILTPOB HUKHUX M BEPXHUX YACTOT
3anava obecrnieueHus napamienasHoi pabotst ®HY n ®BY Bo3HMKaeT npu cHHTe-
3€ JIMHEeWHBIX ¥ Harpasisiiomux GuibTpoB (cM. puc 12.5 u 12.6).

B 3TOM ciiyuae co cTOpOHBI TapasuIeIbHOM PabOTHI 1IeJIeCO00pa3HO HCIOIb30BATh
oba ¢uisTpa ¢ T-00pa3HBIME OKOHUAHHSIMHU, TaK KakK MpU Takux okoHuyanusx OHY
umeeT B 13 unayktuBHoe, a ®PBY eMKOCTHOE COMPOTUBICHUS, PACTYIUE IO Mepe
ynanerus ot rpaaul [1I1 n ymMeHbIIaomume IyHTHpOBaHUE APYT APYTa B OTIUYHE OT
[T-o0pasHeix oxoHuaHWH (cM. puc.12.7,8,r). OmHako BOmm3m rpanun [T u T-
00pa3Hble CONPOTHUBIICHNS OJIM3KU K HYJIIO, 3HAUNT (GUIBTPHI LIYHTUPYIOT APYT APY-
ra. Bo m3bexxanue 3TOro NMpHUMEHSETCS METOM, NMONYYMBIIMHA Ha3BaHHE METOAa X-
OKOHYaHMH, KOTJa IOCJIeI0BATENbHO C MOCIEIHIUMHU 3JIEMEHTaMH CXeMBbl (DHIIBTPOB
Lo u Cy BitOYaOTCS O{HOTHITHBIE dnieMeHThI Ly u Cy (puc.12.32).

PacueroM no6uBaroTCs, 94TOOBI XapaKTEepUCTUIECKUE CONPOTUBICHUA Zy U Zy B
paboueii [T 06oux HuUILTPOB IPUHUMATIO 3HaYEHUE Z,;,, — OKOHYAHHUSI, YTO HE TOIHKO
HEeWTpaIM3yeT BIMSHHUE COCEAHEro (GUIbTPa, HO M YJIy4llaeT coriacoBaHue (uibTpa
C Harpy3KkoM.

®HY L, Ly
e Y Y — aa'e
Lt )
Z(L)
®BY | C‘O | Cx Zyn Zu
- | <1— 7z,(c
Puc. 12.32
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12.6.2. IlapannenbHasi padoTa MoJI0COBBIX GUILTPOB

B ciygae mapamrensHOM paboTHI TpeX MOJIOCOBBHIX (PIIIBTPOB MPH (HOPMHUPOBAHUN
npearpymmsl (puc.12.2 u 12.33,a) Taxke menecoobpasHo mpuMeHsTh GuibTpel ¢ T-
00pa3HBIMM OKOHYaHUSMHM (CM. YaCTOTHBIE XapaKTePUCTHKK conpoTtusienuit 1D Ha
puc.12.7,8,r). B aToM cityyae BIMsHUE IBYX COCEJHUX (PUIBTPOB HAa CPETHUN MEKIY
HUMM KOMIIEHCUPYETCSI peaKTUBHOCTSIMU Pa3HOTO XapaKTepa — UHAYKTHBHOCTD OT Je-
BOrO (pUIIbTPa KOMICHCUPYETCS €MKOCTBIO OT TpaBoro ¢uistpa (puc.12.33,6). dus
kpaitiux (1-ro u 3-ro) ¢unbTpOB
BIIMSTHAE OKa3bIBACTCS TOJBKO C OJI- a)
HOH CTOPOHBI, U A €ro KOMIICHCa- 1]
MM HEOOXOAWMO BKIFOYAaTh JOMOJI-
HUTENIbHBIE ~ PEaKTUBHOCTH. Ha
puc.12.33,a mpuBeneHa cxema Tpe- —
OCHKM M3 3 MOJIOCOBBIX (HIBTPOB C
KoMreHcupytomuM kKoutypom KK B 3
BHUJE MapajuienbHoro kourypa L, Cy ,

KK —C, D R

|
0[] [l

MMEIOIIET0 PE30HAHCHYI0 YacToTy,
paBHyto cpenned yactore IIII cpen-
Hero [1®D (fy, ). U3 puc.12.33,6 BuaHo,
YTO MHAYKTHBHOE M E€MKOCTHOE CO-
NPOTHUBJICHUS] KOHTYpa Z, KOMIICHCH-
PYIOT  COOTBETCTBYIOIUE pPEaKTHB-
HbIE CONPOTHBIICHHS IIYHTHPYIOIIUX
¢unbTpOB. AHANOTHYHO OOecredynBa-
eTcs mapaulenbHas pabora 12-tm
MOJIOCOBBIX (PUIBTPOB MPH (HOPMHUPOBAHUH NIEPBUYHOM I'PYIIIIHI.

s obecrieuenus napauiensHON padoTsl [1D mMpoKko NpUMEHSIOTCS TaKKe pas-
BsI3bIBalOIME cxeMbl. Hanbosiee MpoOCTBIM CcHOCOOOM TNPEIOTBpPAIICHHST B3aUMHOTO
IIYHTHPOBAaHHS (PUIIBTPOB SIBIISIETCSI COTJIACOBAHHOE BKIIIOYEHHE MX Uepe3 pa3Bs3bl-
Batomye  [-o0OpasHble  YAJNMHUTENM,  COCTAaBIEHHBIE M3  CONPOTHBIIE-
HU# Ry 1 R, (puc.12.34,a). [Ipun 3atyxanun yumHuteneit ue menee 13...20 ab (umn-

Puc.12.33

Hasl JIMHUS) TOJHOCTBIO HUCKIIIOYAETCs B3aMMHOE BIMsHHE MeXIy (uibTpamu, HO
IPH 3TOM B TPAakT NEpeAavyyd BHOCHTCS Oosbloe 3aTyxaHue. [loaTomMy B KauecTBe
Pa3Bs3BIBAIOIIETO YCTPOWCTBA Yallle BCEro NMpHUMeHseTcs AndepeHaibaas cucre-
Ma (puc.12.34,6). [Ipu OoMBIIOM YHCIE COBMECTHO PadOTArOMIUX (IILTPOB HA 00-
Iyt Harpysky (puc.12.34,B) ux pa3OuBaroT Ha JBe TPYIIIBL: TPYIITY HEUETHBIX (BbI-
xox 1) m rpynmy ueTHbIX (BbIxox 3) ¢uubTpoB. B 3TOM Citydae B3aMMHOE BIMSHUE
($UIBTPOB B OJHOM IpyIie Maso (yBeIn4eHa 1oJjioca pacGuibTpoBKH), a 00e rpymIbl
MOJKITIOYAIOTCS K Harpyske (BBIXOX 2) ¢ TIOMOIIBIO paBHOIUIEUEeH muddepeHnnans-
HOM cucteMbl. ConpoTUBIEHUs Zg B 3THX CXeMaxX 00eCIIedNBAarOT OallaHCUPOBKY AU (]-
CHCTEM.
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B HEKOTOPBIX ciaydasx MOXET MPUMEHSATHCS MOCTATOYHO I(PPEKTHBHBIA METOI
Pa3BsI3KH MapaJlIeNbHO PadOTAOMUX (QHIBTPOB C MOMOLIBIO YCHIIMTENEH KaK OIHO-
HaIlpaBJIEHHBIX YCTPOMCTB.
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