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BBEOEHUE

[Ipu nepenaye MHPOPMALMOHHBIX CUTHAJIOB B CHCTEMAaX aBTOMATHUKH, Te-
JIEMEXaHUKU U CBS3M, KaK MPaBUIIO, BOZHUKAET HEOOXOIUMOCTh UX 00pabOTKH.
Onnoit m3 Hauwbojee pacrIpoCTPAaHEHHBIX MPOIEAYp OOpaObOTKU SBIISIETCS
bunbTpanys — 1eJieHaNpaBIeHHOe U3MEHEHHE CIIEKTpa CUTHAJIA, UMEIOIIIEee CBO-
el 11eJIbI0 MOJABJICHUE €r0 HEXENATEeIbHbIX COCTABJISIOMUX (LIYMOB, TOMEX) U
coxpaHeHHe (WU yCUJIeHHEe) HHPOPMATUBHBIX.
Hampumep, B qanbHe# CBA3M MU YaCTOTHOM pa3/ejeHUH KaHaJloB Ha MpH-
€MHOM KOHII€ BO3HMKAaeT HEOOXOJUMOCThH BBIJCIICHHUS CUTHAJIOB, COOTBETCT-
BYIOLIUX KaX/JOMY KaHally, U3 CYMMapHOTO CUTHAJIA.
B cucremax aBTOMaTUKU U TelIEMEXaHUKH, paboTalouuX OOBIYHO B yCIIO-
BUSAX CHJIBHBIX MOMEX, (PUIBTpAIMU MOJABEPraloT BBIXOJHBIE CUTHAIBI U3MEPH-
TEJIBHBIX ITpeoOpa3zoBaTeieil U JaTYUKOB.
B HexoTOphIX cinydyasx WH(QOpPMATUBHAS YAaCTh CIIEKTPA MOKET COCTOSTh U3
HECKOJIBKUX KOMIIOHEHTOB. Hampumep, MoCTOsSIHHAas COCTaBIAIONIAsl CUTHaa
JaT4dKa MOMEHTA 3JIEKTPOABUTATENl HECET MHPOPMALMIO O CpEeJHEH MOIIHO-
CTH JIBUTATEJsl, @ BHICOKOYACTOTHBIE COCTABIISIOIINE CBUIETEIBCTBYIOT O BUO-
panusx 1 KauecTBe pabOThl CUCTEMBI PETYIUPOBAHUS.
OuibTpalus CUTHAJIOB PEeAM3yeTcs ¢ MOMOUIBIO CHEUATbHBIX YaCTOTHO-
3aBUCUMBIX YCTPOMCTB — anekTpuueckux ¢uiabTpoB. Ux kinaccudukanus ooby-
HO MPOBOJUTCS MO CIEAYIOUM MTPU3HAKAM:
® BHJI BXOJAHOTO M BBIXOJHOTO CUTHAJIOB (2HAJIOTOBbIE, IU(PPOBbIE, KOMOUHHU-
poBaHHbIE (PUIIBTPHI);

® BHJI YACTOTHOM XapakTepucTuku (punbTpbl HIKHUX YacToT (DHY), dpunbt-
pbl BepxHux yactoT (OBY), puibTpel m0JIOCHO-MPOMYCKAIOIUE WU TOJI0-
coble (DIIII), PuubTphl MOTOCHO-3aEPKUBAIOIINE WM 3arpa)caaroniue
(PIB));

e BuJ uMmyinbcHoM Xapaktepuctuku (UX) (dbunpTpsl ¢ HempepbiBHOH WX,
¢bunbTpsl ¢ AuckpeTHor UX);

® [POTSKEHHOCTh UMITYJIbCHOU XapakTepUCTUKHU (puiabTpbl ¢ UX KOHEUHOI BO
Bpemenu — KUX-punbtpsl, GunsTpsl ¢ UX 6eckoHEUHOM NMPOTSHKEHHOCTH BO
BpeMeHu — BUX-hunbTpsl).

B cBoro ouepenp, aHanoropble GUIBTPHI KIACCU(UIUPYIOTCS Ha MACCHUB-
Hble U akTUBHbBIC. [[accuBHBIE QUIBTPHI COCTOST TOJBKO U3 MACCUBHBIX 3JIEMEH-
TOB DJIEKTPUYECKHUX LEMel: pe3ucTopoB, KOHIAECHCATOPOB, KAaTYIIEK WMHIYKTHB-
HOCTH, TpaHcopmMaTopoB. OWIBTPEI ATOrO TUIA XOPOIIO pabOTalOT Ha BHICO-
KHX 4acTOTaX, OJJHAKO B HU3KOoYacTOTHOM auamnasone (1o 500 xI') um cBoicT-
BEHHBI CYIIIECTBEHHbIE HEAOCTATKHU:
® yMEHbIIaeTcs JOOPOTHOCTh KaTyIIeK HHAYKTHBHOCTH;
® BO3paCTalOT UX rabapUThl U CTOMMOCTD;
® HHU3KOE BXOJIHOE U BBICOKOE BBIXOJHOE COMPOTHBICHUS 3aTPYAHSIOT COIJia-

coBaHHUe (PUIBTPA MO BXOJY U BBIXOJY.



OTtcroa cineayeT, YTO OCHOBHBIC HEJOCTATKH MAaCCUBHBIX (DUIBTPOB 00Y-
CJIOBJICHBI KaTyITKaMU WHIYKTHBHOCTH.

[Tpumenenune B cxeMax (GUIBTPOB aKTHBHBIX 3JICMCHTOB (CHaYasia TpaH3H-
CTOpPOB, a 3aTeM omneparuoHHbIX ycunutened (OY)) mo3Boiauiao (GpakTHUECKH
YCTPAaHUTh YKa3aHHBIC HEJIOCTATKA. AKTHUBHBIC (QUIBTPHI COIEpkKaT TOJbKO aK-
TUBHBIE JIEMEHTBI, PE3UCTOPBI M KOHACHCATOphl. KpoMe ycTpaHeHHsT HU3KOTEX-
HOJIOTHYHBIX KaTYIICK WHIYKTUBHOCTH, IPUMCHCHHE aKTHBHBIX 3JICMEHTOB I10-
3BOJIIJIO TPAKTHUECKH HCKIIOUUTH MPOOJIEMY COTJIaCOBaHUS, MOCKOJIBKY HEO00-
XOJUMbIC 3HAUCHHUS BXOJIHOTO M BBIXOIHOTO CONPOTUBICHUN JIOCTUTAOTCS JTOC-
TATOYHO MPOCTO.

AnHanorossie (PUIBTPHI MOKHO TaKXKe KJIACCH(PUIIMPOBATh HA JIMHEHWHBIC U
HEJIMHCHHBIC, ¢ MMOCTOSTHHBIMK BO BPEMEHU IMapaMeTpaMH U MapaMeTPUUCCKHE,
COCPEIOTOUYCHHBIE U paCIpelie]ICHHBIE, YTO COOTBETCTBYET U3BECTHOM KIIACCH-
(buKayy 3JEKTPUICCKUX TICTICH.

B HacToSIMX METOIWYECKHUX YKa3aHUAX PACCMATPUBAIOTCS OCHOBHBIC
MOJIXOJIBI K TPOSKTHPOBAHUIO aKTUBHBIX (DHIBTPOB, KOTOPBIC 1O BBINICYyKa3aH-
HOM KJTacCH(PUKAIMA OTHOCATCS K aHAJOTOBHIM JIMHEWHBIM HETPEPHIBHBIM CO-
cpenotoueHHBIM BUX-(buimbTpam ¢ TOCTOSHHBIMU BO BPEMEHH apaMETPaMH.

1. OBLUWME CBEOEHUA

1.1. KPATKUE TEOPETUYECKUE CBELOEHWA
O ®UJTIbTPAX

B o0mieM ciyuyae nuHEHBIA aHATOTOBBIM QuibTp (puc.l) Bo BpeMeHHOMN
00JIaCTH MO>KHO OINHCATh UHTETPAJIOM CBEpPTKH [1]:

o0
y(t) = jh(t —1)x(1)dT,
0
rae Y(t) — Beixomnoii curnan; t — Bpemst; h(t) — umnyavcnan xapaxmepu-

cmuka gpursmpa; T — NOCTOSIHHAs HHTErpUpoBaHus; X(t) — BXOAHOM CUTHAIL

xo [T [

Puc. 1

[Ipu npoexTupoBaHUM (PUIBTPOB OOBIYHO HMCHOJB3YIOT HX YaCTOTHOE
ONHMCaHUE, NOJydyaeMoe MyTeM IpeoOpa3oBaHus 1o Jlammacy obeux wacteit
MPEABIIYIIETO BBIPAKEHHUS



Y(p) = F(p)X(p), M
rie Y(p), X(p) - wuso0pakeHHss BBIXOJHOTO M BXOJHOTO CHTHAJIOB;

F(p) — nepeoamounas gynxyus punompa (I1®), spusrommascss H300pakeHu-

€M MMIIYJIbCHON XapakTEepUCTUKH; P — omepatop Jlammaca (KOMIUIEKCHas
4acToTa).

[1® mpeacraBnser coboit APOOHO-pAIMOHAIBHYIO (YHKIIUIO, TO €CTh OT-
HOUIICHHE JABYX MOJIMHOMOB

8y +61p+ 6,p° +...4+ 6P _N(p)

F(p) = 2)

ag +ayp+ap® +.tanp? DO

rjae 6y, 81, 62, ..., 6m; Ao, A1, A2, ..., dp — BEIICCTBEHHBIC YHCTIA.

IHopsaokom ¢punvmpa n Ha3BIBAIOT HAUOOJBIIYIO CTENEHb P B 3HAMEHATe-
Je.

Ecnu n3BecTHBI KOPpHH Zl ) 22 g sees Zm YUCJIUTCIIA, HA3BIBACMBIC HYJIIMHA, U

KOPHH Py, Py, -+ Py, 3HAMEHATEIS], HA3BIBAEMBIC MOIIOCAMHU, TO (2) MOXHO
MPEJCTABUTH B BUJIE:
8 '/ —Z5)...(p—2z
F(p) = m P=2)(P=23)...(P=Zm)
an (P=pP)(P-P2)--(P~Pn)

)

M3 nocnegHero COOTHOMICHUS CICOYyCT, 4TO I1® noaHOCTHIO OIIpCACIIACTCA
3HAYCHUAMU Hyﬂeﬁ n IIOJIFOCOB H IIOCTOAHHBIM COMHOXKHUTCIICM em/an .

OunbTp GU3NIECKU PeaTu3yeM, €CJIM BBIOJHEHBI CISAYIOIIUE YCIOBHUS:
® T[IOJIIOCHI JJOJDKHBI UMETh OTPHUIIATENIbHBIC ICUCTBUTEIbHBIC YaCTH;
® CTENeHb MOJMHOMA B YHUCIIHTEINE JOJDKHA OBITh paBHA WM MEHBIIIE CTETICHU
MOJIMHOMA B 3HaM€EHaTeJIe.
Kak u3BecTHO, mpyu aHaIM3€ YCTAaHOBUBIIMXCS CUHYCOUIAIBHBIX PEKUMOB
P =]O, TIe ® — yIrioBas 4acTOTa U3MEHEHHsS CUI'HAIA; | = \/—_1 — MHHMas
eqununa. B atom ciyqae (3) ¢ yaetom (1) umeer Bun:

F(jo) =%=F(w)em(“’), @

rne F(®) — amnaumyono-uacmomnan xapaxmepucmura (A4X);

¢(®) — pazouacmomnan xapaxmepucmura (OUX).

AYX omnpeaensieT GuUIbTPYIONIUE CBOMCTBA IO aMIUIATY/IC: COCTABIISIOIIHNEC
CUTHaJIa, UMEIOINUE PA3JIMYHbIE YaCTOThI, OYIyT OCHa0IAThECS PUIBTPOM B pas-
HOW CTEIIEHH.



OUX xapakrepusyeT (QUIbTPYIOLUIME CBOMCTBa MO (paze: cOCTaBIAIONINE
CUTHAJIa, UMEIOIINE PA3IMYHbIE YaCTOThI, OYAYyT CABUraThcs (GUIBTPOM MO (aze
B Pa3HOM CTEIICHU.

OO6nacTh 4acTOT MPOIMyCKaeMbIX KoJeOaHui, g KOoTopbix AUX u3MmeHs-
€TCsl HE3HAYUTEIbHO, Ha3bIBACTCS noJ10cou nponyckanusa. OOIacTh 4acToT 3a-
JepKUBAEMbIX KoJiebaHuM, aisg KoTopbix AUX He MpeBOCXOIUT HEKOTOPOTO
MaJIOTO 3aJJaHHOTO 3HAYEHUS, Ha3bIBACTCS HOJI0COU 3A0ePHCUCAHUA.

Ha pucynke 2 npuBenensl AUX nns @HY, ©BY, OIIII, OII3. ITynktupom
nokaszanbl uaecanbabie AUX. Ilosoca nponyckaHus 3alITPUXOBAaHA HA COOTBET-
CTBYIOLIEM YYaCTKE OCHU 4acCTOT.

W3 pucyHkoB cienyeT, uro peanbHas AUX nuib npuOIMKeHHO MpecTaB-
aseT (annpokcUuMHpyeT) uneanbuyo AUYX.

F(w) ®HY Fo) ®BY
i,
()]
0)
F(®) F(w)
DI13

Puc. 2

OuIbTPYOIIUE CBOWCTBA YAaCTO OIEHUBAIOTCS BEIMUYMHOW OTHOCUTEIIBHO-
ro 3aTyXaHus, onpeensieMoi B nenudenax:

A(w) =20lg b = lOlg# (%)

F(w) FX(0)



IIpuMepHBIN BUJ peaIbHBIX XapaKTEPUCTUK 3aTyXaHHWsl, IJIs1 PACCMOTpPEH-
HBIX TUNIOB (DUIIBTPOB, MPUBEJEH Ha pUCYHKe 3. 3/1€ech (Op — rpaHuYHAs YaCTOTa

ITOJIOCHI TIPOIMYCKAaHMUA, (Da — T'paHUYHAs 4YaCTOTa IIOJIOCHI 3aJCPIKUBAHUA,
Ap — MAaKCUMAJIbHOC 34TYXdHUC B ITOJIOCC ITPOITYCKAHU Aa — MHUHHMMAaJIbHOC

34TYXaHHUC B ITIOJIOCC 3aACPKUBAHU.

A(o) A(o)

OBY

OHY

A(o) A(o)

077 o . ®

Puc. 3

Jist ®HY (puc. 3,a) nojoca npornyckaHus HaXOAUTCS B AUANa3oHE YacTOT
ot 0 o ®p, a M0JI0CA 33/IEPKUBAHUS OT Mg JI0 0O VYcnoBHas rpaHuLia MEXIY

STUMH TI0JIOCAMH Ha3bIBACTCA ¥acmomoii cpeza (¢ ) U HAXOAUTCA B Ipeaeaax
MePEXOTHON TMOJIOCH (TO €CTh MEXKIY ®p 1 Og ). B dunbTpax ¢ MOHOTOHHOM

AYX nns ompeneneHus 4acTOThl Cpe3a MCIOJIb3YIOT KPUTEPHUM «ITOJOBHUHHOM
MOIIHOCTH», COIVIACHO KOTOPOMY Ha yacToTe cpe3a kBajapar AUX nosmkeH ObITh
paBeH IMOJIOBUHE CBOET0 MAaKCHUMAJIbHOI'O 3HAUEHHUS B IIOJIOCE IPOIYCKaHUS.

NubIMu ciioBamu, (¢ OMPEACNICTCS KaK 4acToTa, Ha koTopoii AUX yMeHbla-

ercsi B /2 pa3 (miu Ha 3 1B) 110 OTHOIIEHHIO K €€ MAKCHMAJILHOMY 3HAUEHHIO B
nosioce nponyckanus. s ¢uiabTpoB ¢ mynbcanusamu AUX B mojoce mnpomyc-

KaHUuA (DC MMPUHUMACTCA paBHOﬁ (Dp



Jnsa OIIII monoca nponyckaHus HAXOAUTCS B JUAIIA30HE ®p] 10 ®p2,a
noJjioca 3aJep>KUBaHUsl COCTOMT U3 JBYX HacTed: HU3KO4acTOoTHOH (oT O 10
(D4]) ¥ BBICOKOYACTOTHOM (0T (37 0 OO).

s ®I13, HaobopoT, Mmojoca MpoONycKaHus COCTOUT U3 JBYX YacTeH: HU3-

koyacTtoTHOM (o1 0 10 (Dpl) U BBICOKOYACTOTHOM (OT ®p2 110 00), a momoca

3aJICPKUBAHUA HAXOAUTCS B AUAIMA30HE OT (Dal a0 (Daz .

W3 pucyHKOB BHIIHO, YTO B OOIIEM cllydae 3aTyXaHHE MOXKET ITyJIbCHUPO-
BaTh KakK B MOJIOCE MPOITYCKaHUs, TaK U B TIOJIOCE 3aICP>KUBAHUSI.

PaccmotpenHbie Bbie QUIBTPHI 007a7af0T, KaK MPaBWIO, HEITWHEHHOU
@YX, 4T0 AOMyCTUMO BO MHOTHX 00MacTsAX mpuMeHeHus. OTHAKO CYIECTBYIOT
3amaumu, rae tpedyercs nuneiHas DUX (paavornokaiusi, TeIeBUIEHUE, HM-
MyJbCHAs TEXHHUKa, 00paboTKa peueBbIX COOOIIEHUIT), oOecneunBaroias mocTo-

SIHCTBO TPYNTOBOTO BpeMeHH 3amasnbiBanus T3 = dQ(®)/dw. B sTom ciyuae

MIPUMEHSIIOTCS CIIelMaibHbie BUABI GUIBTPOB (Hampumep, GuibTpsl beccens,
l"aycca u ap.).

B BbICOKOKauECTBEHHBIX YCTPOUCTBAX HCIOIL3YIOT (ha30BbI€ KOPPEKTOPHI,
TO ecTh GunbTphl ¢ AUX, He 3aBUCSIIIMMHU OT YaCTOTHI, HO UMEIOIKE crerudu-
yeckre OUX, mo3Bosionue yMeHbuTh HeauHerHocTh ®UX dunbrpa. Jlan-
Hble (PUIBTPHI B HACTOSIIMX METOAUYCCKUX YKA3aHUSIX HE pacCMaTPUBAIOTCH.

1.2. A[ITIPOKCUMALINA OUTIbTPA

[Ipu npoekTHpoBaHUU (DUIBTPOB ClENyeT UMETh BBUAY, YTO HJI€aJbHBIC
AYX (cMm. myHKTUp Ha puC. 2) HU3NYECKU HE pean3yeMbl. MOKHO JIMIIb CTpe-
MUTBCS K HAWIydlIeMy NpUOIMKEHUIO (MU allpOKCUMAlMK), COBMECTUMOMY
C TpeOOBaHUSIMU, MTPEABIBISIEMbIMUA K QUIBTPY.

[Ipaktuuecku annpokcumanusis AUX cBonutcs Kk BbIOOpY Takux Kodhdu-
[IUEHTOB MOJIMHOMOB B (2), KOTOpbIe 00€CIEeUrnBaIOT HE TOJIBKO aAMMPOKCUMALIUIO
AYX, HO U Pu3nyeckyro peannzyeMoctb ¢punbTpa (cMm. 1m.1.1). [IpumenuTensHO
K Keaopamy AUX 5T0 03HA4YaET BHIIIOJIHEHNE CIEAYIOIMX ycJIoBHi [1]:

2
1. TloMMHOMBI YHCIIUTENA U 3HAaMEHATEIIS JOJIZKHBI OBITH ITOJIMHOMAaMH OT (D ;
2. KOC—)(i)(i)I/II_II/ICHTBI ITIOJIMHOMOB OOJIX)KHBI OBITH BCIICCTBCHHBIMM YUCJIaMMU,
3. 3HadyeHUs NOJIUHOMOB IOJI0KHUTECIbHBI 1A BCEX (O > O .

IlepBoe ycnoBue caenyet us (3), eciau p = j(D:
s 2(c02+212)(002+z%)...((x)2+z%n)
F* () =| M

. ©6)
An (0)2 +p12)(002 +p%)( 2 +p%)




Bropoe u Tpethe yciaoBus gokasansl B [1, c. 214]. 3aTyxaHue MOXKeT ObITh
MOJTy4€HO TOICTaHOBKOM (6) B (5).

N3BecTHO MOBOJIBHO MHOTO ammpoKCHMalui, OTBEUYAIOIIUX BhINICYKa3aH-
HOMY YCJIOBHIO, OJHAKO HauOOJbIlee pacpoCTpaHEeHUE MOJYUYUIIU YEThIpE U3
HUX, pacCMOTpeHHbIe HUXKe. Bce onu nmpeanasznauyenst 1t @HY, HO 10BOJIBHO
MIPOCTO MOTYT OBITh IIPeoOpa3oBaHbl B ANNPOKCHUMAIMKU APYTHUX TUIOB (UIIBT-
poB (cMm. 1. 1.2.6). Ilpu aHanu3e CBOMCTB ammpoOKCHUMAIIUH JiJisi OOIIIHOCTH HC-
MOJIb3yeTCs] HOPMHUPOBAHUE TI0 YAacTOTE M KOA(DPUIMEHTY nepeaaun, KOTOPhIi
MOJIaraloT €JUHUYHBIM.

Cnenyer OTMETUTh, YTO paccMaTpUBAEMble allIPOKCUMAIUU UCIOJIb3YIOT-
Csl TAaK)Ke MIPU MPOEKTUPOBaHUU IIUGPOBBIX GUIbTPOB [1,2].

1.2.1. AlMMPOKCNMALUUVA BATTEPBOPTA

Haubonee npoctoii sBisieTcs annpokcumaius barreppopra:

F(@)=—
1+8262n

roe = 00/ ®p — HOPMHpOBAHHAs (oTHOCHUTENIbHAS) YacTOTa; N — MOPANIOK

(7)

¢bunbTpa; € — mapameTp, onpenensouii HepaBHoMepHOcTh AUX B mosoce
MPOIYCKAaHUS .

JlanHasi anmpokcuManus JaeT MakCUMalbHO Iockyto AUX B mojoce
nponyckanus npu 3agadHoM N. AUX umeer Mmakcumym mpu © = 0 1 MoHOTOH-
HO yObIBaeT ¢ poctoMm uactoTel. Ha wactore cpesa A(wg) =3 nb. Yacrory

cpe3a MOXHO ompeaenuTb 1o (7) U3 yCIOBUS «IIOJOBUHHOM MOIIHOCTH
2,
(F ((DC) = 075):
n/ -1

Kpyrtusna criaga AUX Ha Bepxuux yactorax cocrasiser 20-n nb/nekana.
AYX nns punbsTpa 4-ro nopsaka npuseneHa B npuioxenuu I va pucynke I11,a.

HenuneitHocts @YX mposiBIs€TCS] ¢ pOCTOM YaCTOTHI U MOPsaAKa QUIBTpA.
JlaHHy10 anmpoKCUMAIUIO CIeyeT MPUMEHSTh, €ClI HaKJIaJbIBaeTcs TpeboBa-
HUEe MOHOTOHHOCTH AYX Bo BceM auana3zoHe yactor. Heo6xoaumMo umeTs B BU-
ay, yTo QuibTpaM baTTepBopTa CBOWCTBEHHBI BHIOPOCHI M KOJEOAHUS TIpU Tie-
PEXOIHBIX IPOLECCAX, BOZHUKAIOIIMX IIPU [10Ja4e HAa BXOJ CTYINEHYATOI'O0 CHUTI-
HaJa.

B cootBetcTBuM ¢ (5) u (7) 3aTyXaHue UMEET BUI:

1
WHorza € Ha3pIBatOT KOAPPUIIMEHTOM HEPABHOMEPHOCTH OCIa0JIeHUs B MI0JIOCE MTPOITYCKa-
HUS

10



A(®) = IOIg(l + gzam) .

YcTaHOBUM CBS3b MCIKIAY A , KOTOpad OOBIYHO HN3BCCTHA, U MTAPpaMCTPOM

HEPAaBHOMEPHOCTH €. M3 mocieqHero BeIpakeHNUss UMeeM Ipu O = Ep =1:

Ap =10lg(1+¢%).
Otcrona onpenensaeM HepaBHOMEpHOCT, AUX B 1o0ce MponyCKaHus:

0,1A
£ = \/ 1077 P -1 ®)
[Mopsiiok GuIBTpa TPH 3aJaHHBIX Ap, (Dp,Aa, ®, (puc. 3,a) MOXHO

OIIPCACINUTD U3 HCPABCHCTBA!

10%14a _1
Ig
1 2
n>— £ : (9)
2 lg®,

rae 3aryxanus A, U Ap MOJICTABIIAIOTCS B Jlenubenax, a N1 okpyrisercs 10

LIEJIOTO YHCTIa B CTOPOHY YBEIMUYEHUS.

IIpumep 1. HeoOxoammo ompeaennuTh MUHUMAIBHBIA MOPSAIOK U YaCTOTY
cpeza ®HY barrepBopTa, COOTBETCTBYIOIIETO CJICAYIONIUM TPEOOBAHUSIM

1) na wactore 10 I't MmakcumanbsHOE 3aTyxanue cocrapiset 0,11b;

2) na yactore 20 'y MunnManbHOe 3aTyxanue coctasisier 30 ab.

Pewenue. B panee npuHITHIX 0003HAYCHUSIX:

op =21-10¢”, 04 =21-20¢™, Ap =01 15, Ay =30 15.
B oTHOCHUTENBHBIX €qUHUIIAX (_op =1; Oy = 2. UcxomHble JaHHBIE MOKHO

otoOpa3uth rpadudecku (cM. puc. 4):

=
g
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HepaBaomeprnocts AUX omnpenensiercst mo gpopmysie (8):

0,1A
8=\/10 P_1=0,1526.

[opsanok punbTpa paccunTHIBAETCS B COOTBETCTBUU C (9):

10%130 _
lg——

o1 (0,1526)> _ 4,6324 _

2 lgwy, 2:03010

OxpyrasieM 1o Onwkaiiiiero menoro: n = 8.
Yacrora cpesa

O¢ = (Dp%/g win f = fpé\g/g =1,265-10=12,65 T'n.

1.2.2. AlMMPOKCNMAUMA YEBbILLWEBA

B nanHOM ciyyae, B OTVIMYME OT MPEABIAYLIEr0, AOMYCKAETCs HEKOTOpas
HEMOHOTOHHOCTh AUX Tuna myJibcauuil B MOJOCE MPOIYCKaHUs, TO €CTh 3aTy-
XaHUE KOJIEOIETC MEXIYy HyJeM W 3aJaHHBIM MaKCHMajbHBIM ypoBHeM Ap
(cMm. puc. 3,a). B monoce 3anep:xuBaHus myJibcallud OTCYTCTBYIOT. MHOT1a HaH-
HYIO alMpOKCUMAlMI0 Ha3bIBAIOT PABHOBOJHOBOM. YHCIIO MyJIbCALIMN yBEIHYH-
BaeTCA C POCTOM Mopsiaka (UiIbTpa. 3a CUET MOSBICHUS IMyJbCAllMi KpyTHU3HA
cnaga AUYX Bo3pacraer 1o cpaBHeHUIo ¢ puibTpoMm barrepBoprta TOro *e mo-
psaaka. Anmpokcumanusa Yeosimesa aist ®HY n-ro nopsinka umeeT BUA:

F(@)=—
1+ €T3 (@)

rie € — NOCTOSHHBIN K03 dUIMEHT, onpeaensonuil HepaBHOMepHOCTh AUX

(10)

(TO €CTh aMILTUTY/Y IyJIbCaluii) B mojoce npomyckanus; I (M) — nonuHoMm

YeObImieBa 11epBoro pojaa N-ro nopsiaka, npuuem 1p (M) = cos(n arccos ®).
MO3KHO TOKA3aTh, YTO

To(®)=1;
Ti(®)=o;
T,(®) = 2®° —1;

Ty(®) = 30+ 40°;
T,(®)=1-8®" +8a";

Th(®) = 200Tn.—-1. (©)- Ty (®).

12



Taxum oOpazom, (10) coorBetcTByeT (6) U GunbTp YeObimea puzndyecku
peanmuzyem. AUX nnst gunbTpa 4-ro mopsaka NMpuBeAcHA B MpuiIoxkeHnH | Ha
pucynke I11,a.

1
IIpu 0 < '® <1 AUX BoiHOOOpa3HO MYJILCHPYET MEKIAY ——— M |, Tak

1+¢
Kak B 5ToM jquanasone () < ‘Tn (6)‘ <.
Ipu ©>1 ‘Tn (6)‘ > 1 u AYX yObiBa€T MOHOTOHHO.

B cootBerctBuu ¢ (5) u (10) 3aTyxaHue uMeeT BU/:
A(®) = IOIg[l +e°T3 (a)} . (11)

Koaddunuent nepaBHomepHoctn AUYX ompenensiercss BoipaxkeHueM (8).
VYrioByto yactory cpesa M, punbrpa YeObleBa 0ObIYHO MPUHUMAIOT PaBHOM
Op.

Jlis n = 4 npumMepHbiii Bua A(®) npuBeaeH Ha PUCYHKE 5.

A(op

Puc. 5

Jlunamudeckue xapakTepucTuku GuiabTpa UeOnimesa xyxe, yeM y GUIbT-
pa barrepBoprta, uTo 00BsicHsETCS Oosiee HenmmHeHHONH DYX.

[lopsnok guibTpa Npu 3aJaHHBIX Ap, ®p, A, ®,; MOXHO ONpPENCIUTH

N3 HCPABCHCTBA

0,1A,
Arch \/10 1

n> & , (12)
Arch,

rze N OKpyIJseTcs A0 LEJIOro Ynucia B CTOPOHY yBelInueHus. BennunHa obpa-
pPaTHOTO TUIIEPOOIIINYECKOTO KOCUHYCAa MOXKET OBITh HailieHa 1o opmyie:

ArchX:ln(x+\/x2—1).

13



IIpumep 2. /Ins napamerpoB AUX u3 npumepa 1 onpenenutb MUHUMAJb-
Heli nopsgok ®HY YeOrpiena.

Pewenue. Bennunny € OepeM M3 IpeAbIIyNIeTo MPUMEpa, HO Telepb OHa
XapaKTEepU3yeT MYJIbCALUU B IIOJIOCE MPOITYCKAHUA:

e=0,1526; 10%4a —1=999.

UYacrora cpesa O=0p = 21-10¢7).

[Mopsimox dhunbrpa onpeaensiercs no Gopmysne (12):
Arch(\/@J

0,1526 ) 6,026 _

Arch(2) 1317

9

OkpyrisieM N 10 6mkaiiirero 6ospIero meiaoro (n =J).

1.2.3. THBEPCHAA AMNMPOKCUMALWVA YEBBILLEBA

IIpn nanHo# anmpokcumanuu AUX MOHOTOHHO M3MEHSETCS B IpEAenax
II0JIOCHI IIPOIYCKAHUS U IYJIbCUPYET B I0JIOCE 3a1CPKUBAHMUS.

Annpokcumanus @HY n-ro nopsiaka UMeeT BUA:

szTﬁ (l)
F*(®) = ~s (13)
1+ SzTﬁ (_j

®
rne = 00/ (Dg ; € —HEPAaBHOMEPHOCTD IIyJIbCALIMM B IOJOCE 3aJ€ep-

KUBAHUS, OTIpe/ieisieMast HKe.
N3 (13) cnenyer, uto B mojoce 3anepxkuBanuss AUX mymnscupyet ot 0

(mpu Ty (éj =0) 1o v (mpu Ty (éj =1). AYX ans punsrpa 4-ro
@ V1+¢° ®

nopsiAKa npuBeieHa B puioxxeHuu [ Ha pucynke I11,a.
B cootBetcTBUM € (5) 3aTyXaHHe UMEET BUI:

1+£%Tn? ( l )
A(®)=10lg =

(14)

IIpumepHbI BUA A((D) MIPUBEJICH HA PUCYHKE 6.
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A(w),

s

1+¢?

A, =101g(

)

2
€

Ap
> W
0 w.=1
Puc. 6
1
W3 pucynka 6 cienyer, 4To € = : (15)
\/100,1Aa 1

Takum 06pa30M, HCPAaBHOMCPHOCTDL OIPCACIIACTCA IapaMETpaMU IT0JIOCHI

3aaepkanus. [Topsaok GuiabTpa mpu 3aJaHHBIX Ap, Op, Ay, @y, MOKHO oOTIpe-
JETUTh U3 HEPABEHCTBA:

100140 4
Arch
0,1A
107 P —1

n> . (16)

Arch ;

©p

qaCTOTa cpesa I10 ypOBHIO 3IIB OHpCIICJISICTCH COOTHOHICHUCM .

0 =2 (17)

1 |
ch| — Arch| —

n €
JlaHHBIN TUI anmpoKcUMAIMU aaeT Oosiee kpyTou crag AUX mo cpaBHe-

HUI0 ¢ (uabTpoMm barTtepBopTra, HO HECKOIBKO MEHBIIUNA MO CPABHEHUIO C
¢bunbTpoM YeOrIena.
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IIpumep 3. [Insa napamerpoB AUX u3 npumepa 1 onpenenutb MUHUMAJb-
HBIM MOPSAO0K U YacToTy cpe3a nupepcHoro ®HY Yeobnimnena .
Pewenue. Onipenenum nopsiiok ¢puibrpa 1o (16).

999
ch | 7
( 0,02329J

Arch(2)

= 4,57

OxpyrasieM n 10 OJKalIero 60JabIIero Henoro n = 5
Omnpenenum HepaBHOMepHOCTh AUX B nonoce 3aaepxxkuanus (15):

€= ; =0,03164
V103 -1
Yacrora cpesa (17):
fe=—) = I Y| ch 022(;)293 =1e7hn.
ch| —~Arch — ch(©, )
5 0,03164

1.2.4. ATINMPOKCNMALNA KAYIPA (SJTNTNNTUYECKASA)

I[aHHaSI alllIpoKCuMalua ABJIACTCA JTOTUYCCKUM PA3BUTHCM HIACHU PABHO-
BOJIHOBOT'O (1)I/IJIBTpa " OOITYCKACT IIYJIbCAIIUN KaK B ITOJIOCC IMPOITYCKAHUA, TaK U
B IIOJIOCC 3aJICPKUBAHMUA. 3a cyeT 3TOoro peaIn3yecTCA CIIC OobIas KpyTHU3Ha

cnaga AUX, yem y puibtpa Yeodnimena. s @HY n-ro nopsijaka anmpokcuma-
M UMEET BUJ:

1
1+&*R%(®)

rie Ry (®) — pammonanshas dyskmms; ® = 0/ Oc , W¢ =/0q®p — HacTora

(@ -o (@ -o ). o} -

(1 - 61262)[1 - 62262)...(1 _ aﬁazJ ’ (1

F2(®) =

(18)

cpesa. [Ipu yetHom N:

Rn(a) =

rie k=n/2.
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Ecmu n neuerno u k = (n — 1)/ 2, 10 B (19) noGapnseTcs COMHOXKUTEND (D
B IpaByto yactb. M3 Beipaxenus (19) cnemyer, uto npu ® = ®; F(®)=1,
| —
anpu ® = o F(®)=0.
[TapameTpsl anNpoOKCUMAalMU (0] HOAYMHEHBI HEPABEHCTBY
O<o <1l mai=1,2,...k
¥ BBIOMPAIOTCSI C YUETOM BBITIOTHEHUS TPEOOBAHUM TIO OCIIA0ICHUIO
<AL [ORN0)
O_A_Ap TUTS O<co_(0p,
A>2A, i ©20y.
3aMeTuM, 4To U)pﬁa =1lmu (_op <l<®,.
Ompenenenre ) JOBOJIBHO CIOXHAs mpoueaypa (cM. Hampumep [2]), B

KOTOPOM HMCHOJB3YIOTCS 3JUIMNTHYECKHE (PYHKIUU (OTCI0Ja M Ha3BaHUE HTOTO
tuna anmnpokcumanuu). AYX nus ¢punsTpa 4-ro nopsijaka npuBeAeHa B MPUIIO-
xeHuu | Ha pucynke I11,a.

3aBucumocts 3aryxanus 11 @HY 5 nopsiaka nokasaHa Ha puc.”.

o0
A(w), 'T
nb

Puc. 7

[opsanok ¢punprpa onpeaensiercs No ciaeayomumM Gopmynam [2]:

k:_i; k'=vV1-k?:

M®a
1 -k 5 9 13
= ; q=qp+29y+15q0 +150qg,7;
do ‘(—)21 K q~dqop *<2qp do do

0,1A,
510 1; s lg(16D) 20)

IOO’IAP _1 - lg(l/q) ‘
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Kak u panee, n okpyrisiercs 10 6ombliero menoro. Anmnpokcumaiius Kay-
9pa aeT HAUMEHBIIUN TOPSA0OK (GUIBTpa IPHU MPOYUX PABHBIX YCIOBHIX U TO-
ATOMY, KakK TMPaBWIO, SBISETCA MPEANOYTUTEIbHON. Uem OnuXKe YacTOTHI

(Dp 151 (Da , TCM Oonblee MNpECUMYyHICCTBO UMCCT pacCMaTpruBaACMas alllIPOKCHU-

Mallys B CpaBHEHHU ¢ JApyruMu. BpemeHHble xapakTtepucTuku ¢puibTpa Kayspa
Xyxe, ueM y ¢punbTpa YeObleBa BBUY CylIeCTBeHHON HenrHeitHocTn DYX.

IIpumep 4. J{nsa napamerpoB AUX u3 npumepa 1 He0oOX0AUMO ONPENETUTH
MHUHHMMaJIbHBIN NOpsaoK U dactoty cpeza @HY Kayspa, orBewaromiero 3a-
JaHHBIM TPEOOBAHUSIM.

Pewenue. T1o popmynam (20) umeem:

k=05 k'=40,75 =0,866;
q0=0,017972; q~0,017972;
3
10° —1
D=— = 42888,;
10%01 —1

1g(16D)=5,836;

1
lg| — [=1,74; n> 3836
q 1,74
Oxpyriisem 1o Omwkaiiniero neiaoro: n = 4. YactoTy cpes3a IOJOKUM paB-
HOM rpaHuIle MOJOCHl MPOMYCKAHMS:

=3,35.

=0, =21x10 ¢!

1.2.5. ATINMPOKCNMAULNA BECCEJIA

PaccmoTpennbie paHee (QWIBTPHI aNMmpOKCUMUPYIOT wuacaibHyro AUX
®HY. Oxnako nx ®UX cymiecTBEeHHO HEJIWHEWHBIC, YTO BBI3BIBAET (Pa3oBbIC
HUCKakeHUs: (JOPMbI CUTHAJIA, CIIEKTP KOTOPOTO JIGKUT B TOJIOCE MPOITYCKAHUS
dbunprpa. Ecnm aTo HEegonyctumo, To annpokcuMupyror @YX tak, yToOBl OHA
MaKCHUMAJIbHO MpUOINKaIack K JMHEHHON 3aBUCUMOCTH. VIMEHHO 3TH cooOpa-
YKEHUs JIe)KaT B OCHOBE armpokcuManuu beccers. [Ipaktuuecku anmpokcuma-
UM MIIETCS JUISl TPYHIIOBOTO BPEMEHM 3ama3JblBaHUsA, KOTOPOE SABJISAECTCA IPO-
u3BogHOM DPUX 1o vactoTe U JOKHO ObITh KOHCTaHTOM. [Ipu 3Tom AUX Tak-
Ke armpoKCUMHUPYETCS MOHOTOHHOUW (yHKImeld yacTtoThl. OgHAKO KpPyTH3HA
cnaga AYX B mepexoIHOM 1MoJI0ce 3HAYUTENbHO MeHbIe, yeM y ¢unbrpa bat-
tepBopTa. Utak, nus ¢punstpa beccens Baxkna He Tobko AUX, Ho u DUX. Ile-

penarounas ¢pynkuus @HY-punsrpa beccens n-ro nopsiaka umeer BUI:

_ Bp(0)
Fp)= Bn(TOP)’
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rie By (X) — momuaom Beccenst n-if crenenu; T — rPYNIOBOe BpeMsl 3amas-

JAbIBaHU:.
ITonunomel beccens i n = 1 un =2 umeroT BHU:

Bi(x)=x+1; B,(x) =x?+3x+3.
[TonrHOM N-roO MOpsAKA MOXKET OBITh HallIeH IO PeKyppeHTHOH popmyiie
2
Bp(x) =(2n-1)Bp_; (x)+x"Bp_, (x).
AUX nns ¢unbtpa 4-ro mopsaka NpUBEIeHAa B INpHiIokeHMH [ Ha
pucynke I11,a.

HopmupoBanusie @YX u kBagpat AUX 1 nopsakoB ¢ NEPBOro Mo Jie-
CATHIM NpHBeAeHBI B puiioxkenuu 1 Ha pucynkax I11,0; I11,B, cooTBeTCTBEHHO.

Ha pucynke IT1,r uzo6paxensl 3aBucuMocTd T(®). C IOMOLIBIO JaHHBIX KPH-

BbIX MOXKHO OIpPEAeNIUTh TpeOyeMblil Topsa10K (GUIbTpa MO 3aJJaHHBIM TeXHUYe-
CKHUM TpeOOBAHUSIM.

IIpumep 5. Onpenennt MUHUMaJIbHBIA MOpsnoK (unbTpa beccens, oTee-
YAIOIIUI CIETYIOIIHUM TPeOOBAHUAM:

1. 1¢= 100 mMKc;
2. ©(w) xapaktepusyercs MeHee 4deM 20 % OTKIOHEHHEM OT Ty s

f <fr,me fr=3183T'y;
3. MunumaneHoe 3aryxanue Ha yactote 4000 I' cocraBnsier 3 ab, To ecTh

A4=3 nb npu f;=4000 I'u.
Pewenue. Berancium Benn4yMHy TpMp, KOTOPYIO 3aT€M OTIOXKHMM IIO OCH
aocuucce (puc. I11,r):

Towr =1 21-fr =100-107°.6,28-3183=2 1/c.
N3 pucynka I11,r cieayer, 4To yCIOBUIO 2 OTBEYAIOT PMIBTPBHI C N 2 3.
OmnpezenM BeMIHHY To®, = T - 21f,;, KOTOpyIO 3aTeM OTIOXKUM 110 OCH
aocuucce (puc. I11,B):
104 =100-107°-6,28-4000=2,5 1/c.

[lockonbKy MO OCHM OpAMHAT OTJIOKEHA BelMuumHa KBajpaTa AUX, ompene-

JJUM €€ IJIs1 3a1aHHOI'O ocJiabeHus Aal

Aazlolgi = F2=10
Fa

F2=10"%=05.
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U3 pucynka I11,8B npu Ty0, = 2,5 1/c cnenyer, uto Fczl <05 mpu n>7.

CrnenoBaTenibHO, 33JJaHHBIM TEXHUYECKUM TPEOOBAHUSIM OTBEYaeT (PUILTP
Beccenst cenpMoro nopsiika.

1.2.6. HYACTOTHBbIE NMPEOBPA3OBAHUNA dUTIBbTPOB
Paccmotpennsie annpokcumanu OHY-punstpoB mMoryTt ObITH mnpeolpa-
30BaHbl B Apyrue Tuibl Guibtpos 3ameHoil P —> f1(p) B Bepaxkenusx st [1D
wi ®—> {5 (®) B Beipaxenusx st AUX HOPMHUPOBAHHBIX (QUIBTPOB ®HY>.

CuMBoON —> 03HAYaET 3aMEHY.
[Ipeobpazosanue DHY — OBUY:

® ®
p—>—%; 0o—>—2.

p Q)
[Ipeobpazosanue ®HY — OIIIT:
2 2 2 2
+ ® O —0
Y e (PN 0
pB oB
[Ipeobpazoanne GDHY — DII3:
pB oB
P= 5 O
p + (DO (DO -
B nanHbIX BBRIpO)KEHMAX () — cpeaHas dacrora OIINI u @II3;

Wy = /(Dpl(opz ; B — mmpuna nomockr npomnyckanus; B = (Dp2 — (Dpl-

ITo ucxoanwsim nanueiM OIIII, OII3, PBY moxuo noctpouts ®HY — npo-
totull. [lociie ero pacuera 3JI€MEHTHI MPOTOTUIIA U3MEHSIOTCS IO OINPEAEIICH-
HBIM TIpaBujiaM [ 1], peanusyromnuM yka3aHHbIe TTpeoOpa3oBaHus. JJaHHBIN 1OI-
XOJI MCIIOJIb3YETCA MNPEUMYIIECTBEHHO [UJIA MPOECKTUPOBAHUS ITACCHUBHBIX

(buIBTPOB.

2. CNOCOBbI MNPOEKTUPOBAHUA
AKTUBHbIX ®UJIbTPOB

CyliecTByIOT JBa OCHOBHBIX CIOCO0a MPOEKTUPOBAHUS: CIOCOO MPSIMOM
peanu3aiuu u crnocod KackaaHou peanuzanuu [1].

B nepBoM cityyae pa3nuyaroT 1Ba HallpaBJICHHUS:
e peanu3anus Yepe3 MACCUBHBIE CXEMBI;
® peanu3aiys C TOMOIIbI0O YHUBEPCAIBHBIX CTPYKTYP.

2 HopmupoBanubiit puibTp umeer @ = 1
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OO6cynuM KpaTKO yKa3aHHbIE HAIIPaBJICHUS.

[Ipu peanuzainuu 4yepe3 MacCUBHBIE CXEMbI CHayalla MPOEKTUPYIOT COOT-
BETCTBYIOIUIA TACCUBHBIN MPOTOTHII, a 3aTEM BCE UHAYKTUBHOCTH 3aMEHSIOTCS
UMUTUPYIOIIMMH cXeMaMH. B kadecTBe MOCIIEIHUX HCHOJB3YIOTCS THPaTOphI,
Harpy’>kKeHHbIE Ha EMKOCTH WJIM KOHBEPTOPHI OTpULIATENbHOrO uMneaanca [1,3].
[TonyyeHHble TaHHBIM CIIOCOOOM (UIBTPHI 00J1a1al0T HU3KOW YyBCTBUTEIbHO-
CThI0O K M3MEHEHHIO MMapaMEeTPOB 3JIEMEHTOB CXEMbI, YTO SIBJISETCS UX HECO-
MHEHHBIM J10CTOMHCTBOM. OHako uncio OY MOXeT ObITh BeChbMa BEJIHKO, TaK
KaK KaXk7asi MHAYKTUBHOCTh 3aMeHseTcsl He MeHee ueM aByms OVY.

Heckonbko nHOM MOAX0 K MPOEKTUPOBAHUIO HA 0a3ze MacCUBHBIX (UIIBT-
POB HCTIOJIB3YETCS B METOJAMKE HOPMUPOBAHUS AJIIEMEHTOB 10 CONPOTHUBICHUIO.
[TpakTHuecku cieqyer pas3leiauTh ONEepaTOPHOE CONPOTUBICHUE KaXKAOIO 3Je-

MEHTa [MacCUBHOM cxeMbl Ha P. Toraa mpu p =j o:

e pesuctop R 3amensiercs xonmencaropom 1/R ;
e wunaykTuBHOCTH PL mpeBpaiaercs B pesucrop L ;

e xongencarop 1/(pC) 3amenseTcss 4acTOTHO-3aBUCHMBIM OTPULIATENLHBIM pe-

3uctuBHBIM conporuiienueM (Y30C), paBubm —1/( 002C).

Y30C peanusyercs Ha 0aze ruparopa ¢ AByMs KoHAeHcaTopamu. Takum
o0pa3oM, TOJlydY€HHasl aKTHUBHAasg cxema OYyJeT COoJep)KaThb YUCIO TUPATOPOB,
PaBHOE YKCITYy EMKOCTEN B UCXOJIHOM ITACCUBHOU CXEME.

[Ipu peanuzanuu C MOMOUIBIO YHHUBEPCAIBHBIX CTPYKTYpP HCIOIB3YIOTCS
CXEMBbI, KOTOPbIE MOTYT OBITh HACTPOEHBI Ha HIMPOKUN KJacc IMepenaTOYHBIX
¢bynkuii. B kauecTBe yHUBEpPCATbHOU CTPYKTYPhl MOXKHO HCIIOJIB30BaTh Kac-
KaJIHO€ cOoeIMHeHuEe UHTEerpaTopoB HA OV ¢ 00paTHBIMU CBI3SIMU. DTOT MOJIXOJ
MOJIyYnJI Ha3BaHUE METOJa NIEPEMEHHBIX COCTOSHHS. J[aHHBIE QUIBTPHI OTIIH-
YaroTCsl BICOKOM CTaOMIBHOCTBIO, OJJHAKO UX pa3paboTKa, 0COOEHHO MPHU BHICO-
KOM MOpsJIKE, MPeCTaBIseT COO0H JOBOIBHO TPYIOEMKHI MpoIiecc.

B HacTosmumx METOAWYECKUX YKa3aHUSX pPAcCMaTpPUBACTCS KacCKaHBIM
cnoco0 peayuzaiuu, sBistouiics Haudonee pacnpocrpaHeHHbIM. [1D-punbTpa
npezacTasisercs npousseneHueM [ID 2-ro u 1-ro mopsakoB. ITO COOTBETCTBYET
KacKaJHOMY COE€IMHEHHIO 3BE€HbEB, TOKA3aHHOMY Ha PUCYHKE .

UBX % F](p) Fz(p) ‘ ] Fm(p) g\LUBHX

Puc. 8
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Kaxk HU3BCCTHO, IIPHU KACKAJHOM COCAMHCHUU II® Bcent cucTemMbl paBHA
IMPOU3BCACHUTO 1D OTACJIBHBIX 3BCHBCB, TO €CTh AJIA k-SBCHHOI‘O (1)I/IJIBTpa§

k
F(p) = Fi(P)Ey(p) ... Fm (p) = | [ Fi(p).-
1=1
IIpu vethom n kK =n/2 pusa punsrpos Barrepsopra, UeObimesa u bec-
cenda 11D numeet Bun:
n/2 F;, c; 02
10 *1*°C
Fp) =1 = 1)

i=1 P~ +pbjo¢ +cjog

rae F j(— HauGonbiuee 3HaueHne ko3 GuuneHTa yCHiIeHus i-ro 3BeHa B 110J10ce

npomnyckanus; bj, Ci — 6e3pasmepHble KOIPOULIUEHTHI, 3aBUCSIINE OT BU/A al-

npokcumanuu AYX, nopsiaka GuiabTpa U mapaMeTpoB ociaadiIeHus.
Jlns uaBepcHoro guiabTpa Yednimena u unbrpa Kayspa umeem:

n/2 Fig [pz +ai®%)¢i /a;
Fip)=]] , (22)

. . L2
i=1 P~ +pbjoc +cijog

rae a; — 6e3pasMepHbid KOG hHULIUEHT.
1 P P

[I® ®BY moxuo nonyuuts uz [1O OHY (npu o, =1), noacraBuB o/p
BMecTo p. Takum o6pazom, [IODPBY nns guinsrpoB batrepBopTa, Uebbliena u
beccens u3 (21) umeem

n/2 2

F.
Fo) = [ 5—%——5—. (3)
i=] P~ +pbjoc/ci +oc /i
Jlst uaBepcHoro ®BY Yebwimera u ®BY Kayspa u3 (22) umeem

n/2 2 2
F; + o5 /a;

i=] P~ +pbjoc/ci + g /i

Koadpuuuentsr aj, b, ci tabymupoBansl B [4] ¢ BBICOKOH TOYHOCTHIO.

VYrpomeHHass Tabiuiia HaXOAUTCS B MPUIIOKEHUM 2 HACTOSIIETO MOCOOUs, a
Takke B [5]. BaxHbpIMH MapaMeTpaMu 3BEHA SBIISIIOTCS JOOPOTHOCTH M COOCT-
BEHHAs 4acTOTa, ONPEAEsieMble KaK

Qi =£; ENE (25)

bj
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3eenbs ¢ Qi <10 ornocsar x nuskomobporueiM, ac 10 < Q; <100 -k

CpeaHe U BBICOKOJOOPOTHBIM. B 1. 3.5. maroTcsi HEKOTOpble PEKOMEHAAIUHU T10
BBIOOPY CXEM 3BEHBEB, B 3aBUCUMOCTU OT JOOPOTHOCTH.

[Ipu ueuetnom N B (21)-(24) noGasnsercs COMHOKHTENb, COOTBETCT-
Byromuii 3BeHy 1 mopsiaka. OgHako GUiILTPEl HEYETHOTO MOPSIKA UCTIOTB3YIOT-
cs peako (cm. m.3.3.).

[IpeuMyIiecTBOM KackaJHOTO CIoco0a SIBISIETCS MPOCTOTa peasU3alluH,
BO3MOKHOCTh MHJUBUAYAJIIBHOM HACTPONKH OT/EJIbHBIX 3B€HBEB U XOPOIIIee CO-
TJIacOBaHUE 10 BXOAY U BBIXOAY 3a cueT nmpumenenus OY. Huwxke omnucana mo-
ATamHas Mpoleaypa MpoeKTUpoBaHusl (GUIbTpa Ha OCHOBE CIOCO0a KacKaJ HOM
peanuzauuu. C ApyruMu METOJUKAMH MOKHO O3HAKOMUTHLCS B [6].

3. KACKAHbIA CNOCOB NPOEKTUPOBAHMUA

He3aBucumo ot thmna (1)I/IJIBTpa MMPOCKTUPOBAHHUC COACPIKUT PAL OTAIIOB!:

PacyeT cTpyKTypHOU CXEMBI YCTPOUCTBA,

Br16op annpokcumanuu;

Onpenenenue nopsaka GuiabTpa U YaCTOThI CPe3a;

Br160p cTpyKTyphl uiibTpa U onpezesneHue nepeaaTouHon QyHKIuu;
Cxemuas peanuzanus;

PacueT 1 BBIOOp 371€MEHTOB CXEMBI;

Cas3b punbtpa ¢ uctounukom curtana (UC) u Harpyskoii;
CXeMOTEeXHNYECKOE MOJEIUPOBAHUE  YCTPOWCTBA B LEIOM U €rO
ONTUMM3AIHUS.

XA B WD =

[To pe3ymbTaTaM MOJEIUPOBAHUS MOXKET OBITh NMPUHATO PEIICHUE O BO3-
BpaTe Ha OJIMH M3 PaHHUX ITANOB MPOSKTUPOBAHUS, TO €CTh. JaHHAs MPoIeaIypa
HOCHUT MTEPAIMOHHBIN XapaKTep.

[IpoexkTpoBaHMEe MOJATaeTCsA 3aBEPUICHHBIM, €CIIH YCTPOWCTBO YJIOBIIC-
TBOpsIET BceM TpeboBaHUsIM TexHudeckoro 3aganus (T3). danee moapoOHO pac-
CMaTPHBAIOTCS YKa3aHHBIC 3TAIbl IPOSKTHPOBAHUSI.

3.1. PACYET CTPYKTYPHOU CXEMbI YCTPOUCTBA

CtpykTypHas cxema MPOEKTUPYEMOTO YCTPOMCTBA MpPEACTaBISIET cOO0O0M
KacKaJlHOE cOoeJMHEHHE TpeX 010KoB (puc. 9). binoku uMerot cnenyromee GyHkK-
LIMOHAJIbHOE HA3HAYCHUE:!

e Guok 1 — BxoaHOM Kackasn ¢ nepegarounoi Gpyuxuueit Ki(p), caspiBarommii
MCTOYHUMK CUTHaJa U (PUIBTPYIOIIMM KacKas;

e Gyok 2 — pusTpyroMi Kackan ¢ nepeaarounon ¢pyukuuein Ko(p), peann-
3YIOLIMH 3a1aHHYIO0 IEpEeJaTOYHY0 (PYHKIHMIO YCTPOICTBa;

23



e 00K 3 — BBIXOJAHOM KacKkaJ ¢ mepeaaToOuHoON (QpyHKIHEH K3(p), CBSI3BIBAIO-
U BBIXOJT PUIIBTPYIONIETO KacKajaa U Harpy3Ky.

XBx:XI(p) Yl(p) = X2(p) Y2(p) = X3(p) Y3(p) = YBmx(p)

Xax i 1 oo 0 oo 3 ° YBLIﬁ(p)

Puc. 9

B 3aBucumocT or ycinouii T3, BXOIHOH M BBIXOAHOM curHaibl (Xpx U

Y grix) MOTYT OBITH THOO TOKAMH, JIMOO HANPSIKEHUSIMHU, YTO ONpeaesser Gpusn-
YEeCKU CMBICI nepeaaTouyHo pyHkuuu (cMm. Tabi. 1).

Tab6auma 1
BenuuunHbl
dusnyeckmnm cmbicn NP
XBEIX Yprix

Hamnpsbxenne | Hanpsokenue | KoaddunueHnt nepenaun HanpsokeHUs
Hanpsikenne | Tok Ilepenarounas npOBOAUMOCTD

Tok Hanpsixkenne | [lepenatodyHoe cOpOTUBIIEHUE

Toxk Tox Koaddunment nepegaun Toka.

BBIHICYKaBaHHBIC OJOKH ONHCBHIBAIOTCS ClIcAyromumMun OIepPaTOPHbBIMU

YPaBHEHUSMH:
Y, (p)=K,(p)- X, (p):

Y,(p)=K,(p)- X, (p):
Y;3(p) = K;(p)- X;5(p). (26)

3 PUCYHKaA 9 CICOAYCT, YTO MCKAY BXOJHBIMU U BBIXOJIHBIMU BCINYMHAMHU
0J10KOB CYIICCTBYIOT CIICAYIOIINC COOTHOIICHHA:

X;(p) = Xpx (p); Y,(p)=X3(p); @
Y (p) =X, (p); Y3 (p)= Ygpix (p)

Uckirouast u3 (26) BXOAHBIC U BBIXOJIHBIC BEIMUMHBI OT/ICIBbHBIX OJIOKOB C
noMol1bio (27), moiaydaeM ypaBHEHHUE, OMUCKIBaIoee paboTy yCTpoiicTBa B 1ie-
JIOM:

K(@:%)ﬁf’)):Kl(p)-Kz(p)-m(p). o9

Cnenyer ormeruts, uro K, (p) — 910 II® dunprpyromero kackasa,

TO €CTh F(p)
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[lycTh BXOAHOM M BBIXOJHOM KacKaabl O€3bIHEPLIUOHHBI, TO ecTh ux I1d
SBJIAIOTCSA KOHCTAHTAMU: Kl(p) = Kl " K3 (p)z K3. [Ipennonoxum Takxe,

9TO CNEKTP BXOJHOIO CHUTHala Xpgyx (J(D) JIEKUT B TIOJIOCE MPOIyCKaHus. B
3TOM CIIy4ae MOXHO MPHOJIMKEHHO cuntarh 11D GuibTpa mOCTOSIHHOMN BETHYH-
noit Fy, He 3aBucsueit or wacrorst (10 ectb K, (p)=F,)) . Torma u3 (28)

HMCEM

K:Kl'Fo'K3. (29)

Bennunna K moxer ObiTh Halinena no yciaousam T3 kak —BbIX T]osr0-
XBx
MYy 3aJlaya pacuera CTPYKTYPHOUM CXEMbI CBOJIUTCS K PallMOHAIIBHOMY paclipeie-
JeHuto ko3 dUIMeHTa nepeaadn Mo TPEM 3BEHbSIM CTPYKTYPHOM CXeMbl. 3aja-
4ya HE SBISETCSA OJHO3HAYHOM, ITOCKOJIBKY MMEETCsl TPU HEU3BECTHBIX U OJHO
yYpaBHEHHE, U MOITOMY PEIIAETCS C MPUBJICUYEHUEM JIOMOJHUTEIbHBIX COO0pa-
KECHUM.

Cravana paccMoTpuM (uiabTpyromuii kackan. Bxoxnas X, (p) U BBIXOJ-

HasA Y2 (p) BCIIMYUHDLI ABJIAIOTCA HAIPSKCHUAMHA, IMPUYCM BXOJHOC HAIIPAKC-

HUE, KaK MPaBuIo, JOJDKHO UMETh 3HaueHue nopsaka 1 B [7, c¢. 120]. Beixognoe
HaIpspDKEeHUEe OrPaHWYEHO HauOOJIBIIUM 3HAYEHUEM, KOTOpOE MPUBOAMUTCS B
nacnoptHbiX JnaHHbIXx OVY. Ilpu OGonpmux ammmrynax (~10 B) na BeIXOAE
(GuUIBTPYIOIIEro Kackaja BO3HUKAIOT HEJIMHEWHbIE UCKAKEHUS W BO3PACTaloT
TpeboBanus Kk OY 1o CKOpOCTH HapacTaHUs BBIXOJIHOTO HAIPSIKEHUS U LIUPHUHE

MoJIOCKl mponyckaHus (cMm. 1.3.6.4). CrenoBarenbHO, aMIUIUTYAa HANpPS KSHUS
Ha BbIXOJIe (QUIBTPYIOMIETO KacKaja He JOJKHA MPEBBIIATh HECKOIBKUX BOJBT.
C yuyetoMm orpaHudeHHsl Ha BXoJHOe HampsikeHue (~1 B) MoxHO caenatb BbI-

BOJ, 4YTO BCJIMYHHA FO JOJIZKHA COCTaBJIATh HCCKOJIBKO CANHMUII. I_Ienecoo6pa3H0

BBI6paTB FO = 1, CCJIKM 5TO HC NMPUBOAUT K CIMIIKOM OOJBIINMM HIN CIHMIIKOM

MaJIbIM 3HAYCHHUAM HOMHUHAJIOB PE3UCTOPOB U KOHACHCATOPOB. Takum 06pa30M,
N3 BbIIIC IMPUBCACHHBIX COO6p3)KCHHﬁ, MBI ITOJIY4a€M KOHKPCTHBIC 3HAYUCHMUA

HanpsbkeHuit X, u Y, Ha BXOJE U Ha BBIXOJAE (UIBTPYIOLIEro Kackaaa, CooT-
BETCTBEHHO.
[ocie aToro mosiBisiercst Bo3mMoxHocTs onpeneneHust Ky, Ky u3 (26):

Xl XBX
K; = Y3 _ YBpix -
X; Y,
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CxeMHas peanu3alus ¥ METOJUKA pacueTa (DUIbTPYIOIIET0 Kackajaa IpHU-
BeleHa B I.II. 3.5, 3.6. CxemMHas peanu3anus U METOJMKA pacyeTa BXOAHOTO H
BBIXOJIHOT'O KacKaJI0B MpuBeeHa B 1. 3.7.

3.2. BbIBOP ATNMPOKCUMALNN

Eciu B T3 ecTh TpeGoBaHMsSI OTHOCUTEIIBHO MTOCTOSIHCTBA T'PYIIIOBOTO Bpe-
MEHHM 3ama3J/IbIBaHMs, TO CIeAyeT BhIOpaTh annpokcuMaiuio beccens. Takoi xe
BBIOOp ClleIyeT clenaTh, eciiu B T3 yka3zaHO TpeOOBaHME MOHOTOHHOCTH Iepe-
XOJIHBIX MPOILIECCOB MPHU BO3JACUCTBUM MMMYJbCHBIX CUTHAJIOB. B MHOM ciyuae
cieayeT MpoaHaau3upoBaTh T3 Ha Haguyue TpeboBaHWN MOHOTOHHOCTH AUX.
31eCh MOXKHO BBIAEIUTD 3 cllyyas:

1. Ecau B T3 ectb TpeboBanre MoHOTOHHOCTH AUX BO BCeM Juamna3oHe 4acToT
(to ecth 0 < ® < 00), TO WCHONMB3YETCS aNMpoKcUManust barrepsopra;

2. Ecnu B T3 ectb TpeboBanre MoHOTOHHOCTH AUYX B mojoce 3a7ep>KUBaHMUs,
TO MCTOJb3yeTCs anmpokcumanus Yeonliena;

3. Eciu B T3 ectb TpeboBanue MoHoToHHOCTH AUX B monoce npomyckaHusi, TO
UCIIOJIb3y€eTCsl HHBEPCHAs anmnpokcumalus YeOrblena;

4. Ecnu tpe6oBanust MOHOTOHHOCTH AUX B T3 0TCYTCTBYIOT, TO ClIelyeT IpH-
MEHUTh anmpokcumanuio Kayspa, Tak kak oHa OyJneT UMETh HaUMEHbIIUN
MOPAZIOK (M3 BCEX PACCMOTPEHHBIX B JAaHHOM MOCOOMHU ANMpOKCHUMAIINNA) H,
CJIEI0BATENIBHO, 0OecTIeunBacT HanboJIee MPOCTYIO pealu3alUio yCTPOUCTBA.
OnHako NpH 3TOM KENATEIBHO MIPOBECTU CPABHEHUE € annpokcumaruen Ye-
ObIlIEBa, TaK KaK MOPSAKUA (GUIBTPOB MOT'YT OKa3aThCsl MPUMEPHO OAMHAKO-

1
BBIMH (IIpH @, (O > 2). B oToM ciydae 1enecoo0pa3Ho BeIOPATh AIlPOKCH-

Manuto YeOrpimea, Tak Kak (UIBTP HA €€ OCHOBE OyJieT 00J1aaTh Ty4YlIIUMU
JUHAMUYECKUMHU XapaKTEPUCTHUKAMHU.

3.3. OINNIPELEJIEHUE T1OPSIKA ®UJTIBTPA
N YACTOTbI CPE3A

Panee B n.o. 1.2.1-1.2.5 6bu10 MOKa3aHo, Kak ornpeaenars nopsaok GHY-

(GuabTpa U ¢ AN pasIMYHBIX annpokcumanuid. B cimydae ®BY Bmecto ; B

®
dbopmysl (9), (12), (20) cienyeT moaCTaBUTh _p = —p B dopmyny (16) nHa-
OF
_ g
0 BMECTO  Op TMOACTABHTE Oy = 0)_ Hons ®BY barrepsopra
P
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Yewm BbIlIe nopsaok GuibTpa, TeM kpyue cnag AUX B nepexoaHou 1moio-
ce, HO, BMECTE C TE€M, YXYJLIAKOTCS IUHAMMYECKHE XapaKTEPUCTUKHU 3a CUET
BO3HUKHOBEHUS (Pa30BBIX MCKAXKEHUM U ycloxHseTcs cxema ¢uiabTpa. Eciau n
HOJyYUJIOCh HEUYETHBIM, TO €ro ILeJecO00pa3sHO OKPYIJIUTh A0 OJMKaiiiero
00JIbIIEr0 YeTHOr0, TaK Kak MpU KACKAaJHOW peanu3alyu 3BEHbSIMH 2-TO IO-

psaka GUIBTP HEYETHOTO (2k—1) — nopsaka U GUIbTp yeTHoro mnopsigka 2k

norpebyroT K onepanmonsbix ycunureseii.

3.4. BbIbOP CTPYKTYPbIl ®NJ/IbTPA U OTIPELEJIEHUE
NEPEJATOYHOUN OYHKLUNN

bazoBbiM THIOM (DHIIBTpa, HJIT KOTOPOTo pa3pabdaThIBAIOTCS alpoOKCHMa-
IMA U MeToAwl peanm3anuu, siBisercs OHY. Jlpyrue tunsl QuiabTpoB MOTYT
ObITh OCcTpoeHbl Ha ocHOoBe ®HY. Ecnu U3 BXOJHOTO CUTHAJIa BEIYECTh BBIXO/I-
Holt curHast ®HY, To mosy4eHHbIN pa3HOCTHBIN CUTHAI OyIET coaepKaTh Mmpe-
MMYIIIECTBEHHO BEPXHHUE YacCTOTHL. TakuMm oOpa3oM, COOTBETCTBYIOIIAS CTPYK-
Typa Oynet npeactaBiatk coooit ®BY (puc.10).

= m e e e e e e e e e e e e e e e e e e e e e e e e — e - ———————

x_
v
< |
y v
+ 1
™M
<

Puc. 10

B nannoii cxeme F(0) — xoapurment yennenus ®HY Ha HysieBoii dac-
tore. [lonoca nponyckanusas @HY nipepaimaercs B nonocy 3anepxanus @PBY u
nao6opot. Eciiu F(0) =1, to neobxoaumocts B ycunuresne YC ormnaaer.

OIIIT moxHO MoOny4yuTh, coeanHuB KackagHo @BY u OHY ¢ nepexpsi-
BAIOIIUMHUCS TI0JI0caMu nponyckanus (puc.11).
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(puc.12).

J11st 3TOrO copq)Bq < (DpCDHq

Fopyy

/
F(DHH

passsiiiniiiss]

\4

Puc. 12

ITonoca nmponyckanus nonydeHHoro ®OIIII onpenensercs 04eBUIAHBIM CO-
OTHOLLIEHUEM

B=0p 4 = Ppopy

[lepenaTounas ¢pynkuus paccmorpernroro OIIIT paBHa nmpousBeeHUIO T1€-
penatounsix pyHkuuii ®HY u ®BY (21-24).

Ecmu coenunnte napaiuiensHo @®HY n ®BY ¢ nepekppIBatolMMHUCS 10JI0-
camu 3azepxuBanus (puc. 13), To Moxno mnomyuuts DPII3. [Jlns storo

Dgppy ~ Papyy (puc. 14). Tlonoca 3anepKuUBaHUS OMPEAEIICTCS KaK pa3-

HOCTb COOTBCTCTBYIOIINUX YdCTOT

B=0appy ~Qaguy-
[lepenatounas pynkuust paccmorpennoro ®II3 paBHa cymme nepenaTod-
HbeIX Qynkuuit ®HY u ®BY (21-24).
Crnenyer OTMETUTh, YTO TMPH HEOOXOJUMOCTH HMETh TaK Ha3bIBa€MbIC
«3epKaibHbIe» (QUIBTPHI, MOXKHO HUCIOJIb30BaTh cxeMy (puc. 10), B koTopoii
®HY moxHo 3ameHutbh, Hanpumep, Ha DIIII. Torma Bca cTpykTypa Oyner
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npeacTaBisaTh coboit DII3 ¢ mosocoi 3aaepKUBaHUS PaBHOM IMOJI0CE MPOMYC-
KkaHus ucxoanoro OIIII

i ~
LAY
: ad ~/
' > ~o
X |
——>
e ~
| > ~~/
Puc. 13
Fq)BI{/\
I‘
|
F omun : |
|
|
| : |
vl L . | N
I T O g ! ®
L a®HY |
Fomp | I
| I
N | :
I
/, | N\
7
(0}

Puc. 14

Utak, paccMOTpEeHHBIE CTPYKTYPbl MOCTPOEHBI UCKIIOUMTENHRHO Ha DHY,
METOIMKa MPOSKTUPOBAHUS KOTOPHIX XOPOIIIO pa3paboTaHa.

Pazymeercs, cymectByroT cnenududeckue cxemsl 1 OBY, OIITI, OII3,
onHako ux pacuet ommyaetcss oT ®HY, ocobenno mis OIIT u OII3.
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[ToaTOMYy B JaHHBIX METOJUYECKUX YKA3aHUSIX U3-32 OTPAHUYEHHOCTH 00b-
ema crieuupuka OIII nu OII3 He paccmaTpuBaeTcs U IpeanonaraeTcsa ux pea-
JU3alysi, ONUCAHHBIMU  BBIIIE  IIOCIEAOBATEIIBHOM U NApAJUICIIbHOU

CTPYKTYpaMH.
3.5. CXEMHAS PEAJIN3ALNA

3.5.1. 3BBEHbA dUJIbTPOB HVXXHUX YACTOT

Haubonee mpocTbIMu 3BEHBSIMU 2-TO MOPSJIKA, UCHOJIB3YEMbIMU IS TO-
ctpoennss ®HY, sBnsrorcs cxemsl, conepxamue onud OY. Ha pucynkel5 npu-
BEJICHA CX€Ma 3BEHA HA OCHOBE HEMHBEPTUPYIOLIErO0 YCUIIUTEIIsSI, Ha3bIBAEMOI'O
TaK)Ke€ 3BE€HOM C YIpPaBIsIeMbIM MCTOUYHMKOM HampsikeHus (YMH-3Beno) minm
3BeHOM CauteH-Ku.

R, R,

—@

C,——
> o
R, R, ——9®
— O .
UBX gU
T C2 - b
Puc. 15

B »Toili cxeme HUCIIOJB3YCTCA IMOJIOKUTEIbHAA O6paTHa$I CBiA3b YCPC3 CM-

KOCTB Cl, IICﬁCTBHC KOTOpOﬁ YBCIIMYHUBACTCA C POCTOM YaCTOTHI. Ha qacToTax,

IMPCBLIIIAIOIITNX (DC, YBCIIMINBACTCA (1)&30BBII\/'I CABHUI' BBIXOOHOI'O HAITPsAKCHUA,

YTO NMPUBOJIUT K U3MEHEHUIO XapakTepa JelcTBUsI 00paTHOM CBSI3U M CIIOCOOCT-
ByeT criany AUYX. I1® umeer Buna:

F(p)— 1+R, /R,

p2C1C2R1R2+pC2 (Rl *R, )'pclRl R4/R3 +1

(30)

Crnenyer otmeruts, uto npu C] R{R4/R3>C2 (R] + R)) 3Beno Te-

pseT yCTOMYUBOCTH (caMoBO30ykaaeTcs). BeiOOpoM ompeieieHHbIX coueTaHui
napaMeTpoB MOXKHO YNPOCTUTH BbIpakeHue (30) U ynydIIuTh HEKOTOpHIE Xa-
paktepuctuku ¢unbTpoB. Hampumep, B cxeme CamieH-Ku MokHO BBIOpaTh
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R;=R,4=R u C; =C, =C. B pesynbrare ynporaercsi BbIpQKCHHE LIS
[D:

2
p°C*RR, + pCR, +1

N3 ananmuza (31) caegyeT, yTo KOd(PGUIMEHT YCUTIEHUS 3B€HA PaBEH 2 U

F(p) = (31)

2 .
R BIHs€T TONBKO HA KOOYGUUMEHT IPH P”, YTO YNpPOIIAET HACTPOrKy. Kpome

TOTO0, BEIOOP OIMHAKOBBIX EMKOCTEH BEChMa KellaTeJIeH 110 COOOpaKeHUsIM CTa-
OMJILHOCTU CXEMBI M €€ MEHBIIEH YyBCTBUTEIHHOCTH K BapHAIlMsIM MapaMeTpPOB
bunbTpa.

Ecnu st 3BeHa TpeOyeTcsi eIMHIUYHOE YCHIICHUE, TO MOYKHO MOJH(UIIH-
poBath cxeMy CamneH-Ku myrem pa3ouenus ee Ha 1Ba kackana (puc.16).

R

@

<]

B ———— UBI::IX
T T 1

Puc. 16

Ot0 notpedyeT eme ogHoro OY, Ha 6a3e KOTOPOro peau3yeTcst NETIEBOe
YCWIEHUE PAaBHOE JIBYM, Kak U B Ipeablaylieil cxeme. OIHAKO BBIXOAHOE Ha-
NpsHDKEHHE CHUMAETCS ¢ BBIX0J1a TIOBTOPUTEIISI, U TIOATOMY KO3 (ULIUEHT ycuiie-
Hus paseH 1. I1d 3Bena onpenensiercs u3 BoipaxeHus (31), B KOTopoMm 2 B 4HcC-
JUTEIIe CIeayeT 3aMEHUTh Ha 1.

JanHnas cxema obsagaet BechbMa BaxHbIM 111 DHY kauecTBOM: TOUHOCTH
PE3UCTOPOB HE BIUAET HA KOA(DPUIIMEHT nepeayl MOCTOSHHOM COCTaBIISIONIEH.
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Ha pucynke 17 moka3zaHO 3BEHO C MHOTOKOHTYpPHOH OOpaTHOW CBS3bIO

(cxema Payxa). OV oxBadeH OTpHIATEILHOM 00paTHOI cBa3bI0 Yepe3 Ry u Co
[1® 3BeHa umeer BUL:

F(p) = “RyR,

p2C,CoR,R; +pCy(Ry + Ry + Ry R4 /Ry )+ 1

(32)

Rz |

,@— L 4 )DOO

®
U, T
Cl —_ g
U

BBIX

Puc. 17

3HaK MUHYC B YHCJIUTENE CBUIETENBCTBYET 00 MHBEPCUU (Da3bl BEIXOAHOTO
curtana. CrenoBaTenbHO, il GUIBTPOB YETHOrO MOPSAKA, MOCTPOSHHBIX Ha
0a3e cxembl Payxa U UMerONIuX HeYeTHOE 3HaUeHHe N/2, (a3a BBIXOIHOIO CUT-
Hajia OyJeT nHBepTUpoBaHa. HegocTaTtkoM JaHHOTO 3BeHA sABIAETCS OOJiee HU3-
KO€ BXOJIHOE COMPOTUBIIEHHE, OCOOEHHO Ha BBHICOKUX 4YacToTax. JJOCTOMHCTBOM
ABIIETCS YCTOMYMBOCTH 3B€HA U BBICOKAs CTAOUIILHOCTH XapakTepuctuk. Cxe-
Mbl Canmnen-Ku u Payxa pekoMeHyeTcsi IpUMEHSTh MTPU HEBBICOKOM JOOPOTHO-
ctu 3BeHbeB (Q < 10).

N3 cpauenus (30) u (32) c [1d mHoro3BeHHbIx GuabTpoB (21) MOXHO 3a-
KIIFOYUTh, YTO OHU pUroAHs! 11 noctpoenuss ®HY batrepBopta, Uebbiesa u
beccens, Tak Kak IOCIEIHNUE HE COAEPKAT P B UUCIIUTETE.

Ounbtpel Kayspa u unBepcHble ¢GuiabTpbl YeOblllieBa HUXKHUX YaCTOT
MO>KHO peain30BaTh Ha 0a3ze OMKBAJAPATHOTO 3BEHA, KOTOPOE MPUTOHO TAKKE U
JUISl PACCMOTPEHHBIX BbIIIE (PUIBTPOB, TO €CTh SBJISETCS YHHUBEPCAIbHBIM. 3Be-
HO COJEPKMT JIBa MHTETpaTopa M WHBEPTUPYIOMIMI CyMMAaTop, OXBauy€HHBIE
oO11eit o6paTHOM CBsA3bIO (puc.18).

CxeMa uMeeT ABa BbIXOJa M, COOTBETCTBEHHO, ABE [1D. [lna Uggx1 [HD
MMeEET BUN:
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R:R:R R:R.( R R R

_pzclczu_l_pcz 56 2 3| NS
R; R, \Ri R;/) Rg

. (33)

p’CiC,R3RsR¢ /R, +pCrR5Rs Ry /(RyR, ) +1

F(p) =

Ecnu Boibpats Ry, Ry, R3 1 R5 Tak, uto R{R5 =R,R 5, 10 TI® Gyzer

COOTBCTCTBOBATH AIllIIPOKCUMAIIUAM Kayapa u I/IHBCpCHOﬁ YeOrnI1ena.

1
T

R, R, c,
A, A, A,
R] R3 RS
o S i s e >
UBX
1 %
g U X 2
R7 UBI:IX 1 i
S kil
Ry
[ ]
L 1
Puc. 18

Hnsa Uggxo 11O umeer Buna:
(pCiR, +1)R3Ro[ Rs _Rs]_Re
R,R¢\R; R, ) R,

; .
p°C,C,R5Rs R /Ry +pCoR5Rs R /(RyRy)+1
(34)

F,(p) =

IIpuy R7 —> 00 u Rg —> o0 coorBercTByIolne BeTBH pa3MBIKAIOTCS, a

nepBoe ciaaraeMoe B uuciurene (34) ctpemurcs K Hymwo. Takum obpasom, 1o
BTOpOMY BbIxony peanusytorcs 11D ¢punsrpoB barrepopra, Uebnimena u bec-
CeJisl IPU COOTBETCTBYIOIIEM BbIOOpE mapamMeTpoB cxeMbl. bukBanpaTHas cxema
MOKET HCIOJIb30BAThCS AJIA BBICOKOIOOPOTHBIX 3BeHBEB (10 < Q < 100), Tak
Kak 00JlaJaeT HHU3KOM UYYBCTBUTENIBHOCTHIO K BapHalMsIM [apaMeTpoB
JJIEMEHTOB.
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3.5.2 3BEHbA dUJIbTPOB BEPXHUX YACTOT

Cxembl Camien-Ku u Payxa nozBossitor peanuszoBate @BY barrepsora,
YeoOnimena u beccens. Paccmotpum cxemy CamneH-Ku ¢ paBHBIMH €MKOCTSIMU
(puc. 19). I1d 3BeHa umeer BU:

2 2
p~FoR1R2C;
F(p)=— 5 , (35)
p R1R2C1 +pCq [R2 (1-Fg)+ 2R1]+ 1
rne Fg =1+ R—4 — HauOOJBIINI KO3(P(ULUEHT YCUIICHUS B MOJIOCE TIPOITyC-
3
KaHUSI.
Ry
L]

T

-
g

!

l Upprx

U—Bxl i

R3

Puc. 19

Ecnmu Fy umeet 3Hauenue, npu KoropoMm ko3 GUIIMEHT Ipu NEpBOM cTerne-
HU P B (35) cTaHOBUTCS OTPUIIATENbHBIM, BO3HUKAET HEYCTOMYMBOCTH U 3BEHO
caMOBO30YKaeTCsl.

Cxema Payxa nns 3BeHa @BY mpeacrtaBnena Ha pucyHke 20. 1D 3BeHa
MMEET BUL:

2 2
-p"RIR7C
. . (36)

p~RIR7C, C +pR] (2C1+Cp) +1

3BeHO 00J1a/1aeT MHBEPTUPYIOUIUM CBOMCTBOM, Kak u ero ®HY- anasor.
Cxema abcoinoTHO ycToiunBa. Hanbonbimuii k03 ULKUeHT yCUIeHHs B MoJI0ce
nponyckanus paseH -C,/C, . Paccmorpennbie cxembl ®BY o6nagaor temMu xe
JOCTOMHCTBAMM U HEAOCTATKaMH, 4To U ux ®HY-aHanoru.

F(p) =
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> R,
e et
——
uBX Rl J/uBBIX
I 1 Nl

Puc. 20

[Tpu peanuzanuun ®BY-punstpoB barTepBopra, YeObimena u beccens Ha
0a3e OukBaapaTHOro 3BeHa (puc.18), HaMpsKEHUE ciaeayeT CHUMATh ¢ Bhixona 1

(Ugpix1) ¥ npunsate Rg — o0, R{R3 = R,R5. Ilpu stom B unciuntene ocra-

€TCs CllaraemMoe ¢ pz, YTO CBUJETEIBCTBYET O JABYKpaTHOM AuddepeHimpona-
HHUH BXOJIHOTO CUTHAJIA.

s peanuzanuun ®BY Kayspa u uasepcaoro ®BY YeobrimeBa HE0OX011-
Ma TI0JIHAsl cXxeMa OMKBaApaTHOro 3BeHa (puc.18). BeixogHoe HanpsokeHUE CHU-
Maetcs ¢ uHBepTUpyromero cymmaropa (UBbixl). 3mech Takxke AOMKHO OBITH
BBIIIOJIHEHO COOTHOIIICHUE

RiR3 =R9oR7".
3.6. PACYET CXEM AKTUBHbIX ®NJIbTPOB

Pacuer mapameTpoB 3J€MEHTOB CXeMbl (UIBTpa MPOBOAUTCS Ha 0Oase
TaOaMIb! (CM. TIPUIIOKEHHME 2), copeprkanieii Oe3pasmepHbie Kod(puipenTs b u
C, Bxoasmue B popmyisl [1D (21), (23), u koadduiueHTs! a, b u ¢, Bxogsmue
B hopmynsl [1D (22), (24).

B 3aBucumoctu ot nopsiaka ¢uibtpa (2, 4, 6, 8), K03pPuueHTH TpUBO-
asTes 1 1-ro, 2-X, 3-X WM 4-X 3BeHbEB, COOTBETCTBEHHO. JIJI Ka)K10il CXEMbI
3seHa ®HY, onucanHOI B MpeablAylIeM MYHKTE, CYIIECTBYET CBOSI METOJIMKA
pacuera. IcXoIHBIMU JaHHBIMU SIBIISIFOTCS

e TuN annpokcumanuu ¢punsTpa (1. 3.2);

e nopsnok guibtpa (m. 3.3 );

e ko3 ¢unuent ycuienus F 3BeHa B mooce npomyckanus;

©c
e uacrora cpe3a Qpunbrpa f = 2— (mm. 1.2.1.-1.2.5);
T
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He3aBUCHMO OT CXeMBI, pacueT HaYMHAIOT C BHIOOpA EMKOCTH KOHJCHCA-

topa C;.
10
fC

Tac Cl — CMKOCTH B HaHO(l)apaIIaX; fC — 49aCTOoTa CPC3a B KHJIOTCpLax.

(O , (37)

KosdduimenT ycnneHus Kaxaoro 3seHa F jkenaTeabHO BEIOUPATh paBHBIM
enuHuue. B aToM ciydae obmiee ycunenue, tpedbyemoe no T3, oOecnieunBaeTcs
BXOJIHBIM M BBIXOAHBIM Kackajnamu (1. 3.7). OHaKo JUisi HEKOTOPBIX CXEM BBbI-
oop F=1 moxer mpusectr k HenmpueMIEMBIM HOMHUHAIIAM PE3MCTOPOB MIIH €M-
kocteit. Kpome atoro, eciiu B T3 ectb TpeboBaHNE MUHUMAJIBHOCTH KOJIMYECTBA
AJIEMEHTOB, TO OT BBIXOJHOI'O YCHJIUTENS, BO3MOXKHO, PUJIETCS OTKA3aThCs U

oomee ycunenne Fy=FFqo ---Fo -FxQ obecneunsaercs BBIGOpOM

F; > 1, rme 1 — Homep 3Bena, k — komuuectBo 3BeHbeB. Ilpu 3TOM ciemyer
VMETh BBHUJLY, YTO 3BE€HbS QUIBTPA CIEAYET COEAUHUTD B MOPSIKE BO3pACTAHUS
Foi. Moxuno BeiOpats Foj onunakoBsiM 1151 BceX 3BEHBEB:
FIO = 1/F0 .
Iocuie BeiGopa kodduumenta yeunenns F = F u koopduumenros a, b,

C u3 tabmunel 112 nma xkaxaoro 3BeHa MOXKHO IMPUCTYIHUTh K pacueTy BEJIIMYMH
COIPOTUBIICHUN U EMKOCTEH.

3.6.1. PACYHET 3BEHBEB ®UJIbTPOB HWXHUX YACTOT
s cxemsl Camnen-Ku (puc. 15)

b2
ng F-1+— Cl; (38)
4c
@Ccl(b + \/b2 +4c(F-1)-4cC,/C, j
R2 = 1 :
CClcle(x)Cz

Bemnunny C, kenatensHo BbIOpaTh paBHON HamOoiee OJIU3KOMY HOMHU-
HaJIbHOMY 3HAUYE€HUIO0 EMKOCTH.

Pesucropsl R3 u R4 BeiGuparorcs, ucxons us obecnedenus He0OX0IUMOIO
yCuJIeHHs 3BeHa. Kak U3BECTHO, 11 HEMHBEPTUPYIOIIETO YCUITUTENS
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Folsld (39)
R3
R

Orcrona —4 _F_ 1, uto maer BosmokHOCTB Halitu Ry, 3amaBmmcek 3Ha-
3

yenreM R3, i HaoGopot. Moskuo BeiOpath Ry 1 R3, ncxons us coobpaxkenuit
MHUHHMMU3AIUHU BIMSHUS PEKUMHBIX TOKOB CMeEIIeHUs BX0J0B OV Ha BBIXOJHOE
HanpspkeHue. [ 3Toro HeoOXoAMMO BBITIOIHUTH YCIOBUE PaBEHCTBA DKBHBa-
JIEHTHBIX COMPOTUBIICHH, MOJKIOYEHHBIX K BXOAaM, TO €CTh

R4R
4 3

HOJIyLICHHOC BBIPAKCHHUC MOKHO npeo6pasoBaTL K BUOY:

F(R; +R
R3= (Fljl 2);

torma Ry = F(Rl + Rz).
Ecm F=1, to Ry —>o,R; =0 u nHeunBeprupyrommuii ycunurens

MPEBPAIIAETCS B IOBTOPUTENH HANIPSIKEHUS.
JIns1 cxembl, NPUBEICHHON HA pUCYHKE 16:

1 b
Rj=—; R, =—R,. 40
'y oc C 27! (40
Pacuer cxemsbl Payxa (puc. 17) mpoBoautcs 1o dhopmyiiam:
b’C,
27 4c(F+1)
R, = 2(F+1) ; i

wCCh(b4~Jb2—4cGV+DC§/C1j

1
C C1C2®02R2

Jlis OuxBaapaTHoro 3BeHa (puc. 18) B ciaywyae punbsrpoB barTepBopra,

Ry =R,/F; Rj3=

Yeosiuesa u beccens npunumator R7 — 00, Rg —> 0. OcranbHble napamer-
pBI OIpeieNsAoTCs Mo hopmysam:

1
cvl1
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R4 R4
cF C
Hns dunerpa Kayspa u uaBepcHoro ¢uiabtpa UeObleBa mapameTpsl Ou-

KBaJIpaTHOI‘O 3BCHA OHpCJICJISIIOTCH CJICIIYIOH_II/IM 06pa30M:
a 1

(42)

Ri=—————Ry=——7- Ry=Rjy;
: Fbcwc C; 2 bo C, ! :
Rszc(ljR6; R = 1\/_;R7:—aR32
2 oc Civ/e Fe
R, = 1 (43)
1

Bo mHorux ciydasix moxHo npunsite C, =Cyn R3 = c
Oclq

Kak Obu10 OTMEUYEHO paHCC, B IaHHOM CJIydac BbLIXOIOM 6I/IKBaIIpaTHOI‘O
3BCHA OO0JIDKHO OBITH HaIIPAKCHHUC UBBIXl .

3.6.2. PACHET 3BEHBLEB ®UJIbTPOB BEPXHUX YACTOT

B cxeme Camnen-Ku (puc. 19) mnapamMerpsl pacCUUTHIBAIOTCS 10
dbopmynam:

R, = 4¢ ;
Ne (b++/b2 +8c(F 1)
(0c C1)° Ry F-1
R4 =FR».

JIns MUHMMH3AIMM BIMSHUS BXOIHBIX TOKOB CMELIEHHUS 31€Ch BBIOPAHO
R;3 || R4&=R,. IIpu F=1 R 73 — o0, R4 MOXHO M0I0XKHUTH paBHBIM HYJIIO U T10-

JYYUM CXEMY C MOBTOPUTETIEM HAIPSHKEHHUSI.
B cxeme Payxa (puc. 20) mapameTpsl pacCUMTHIBAIOTCS MO (popmyiam:

C b
Co =?1; R|= ;
oc (2C; +C2)
_c(2Cy +C2)- 45)
o: C1Co2b
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B cxeme OukBagparHoro 3BeHa misa peanuzauuu ®BY bartrepsopra, Ye-
osimeBa u beccens (puc. 18) curHan caHumaercs ¢ Beixoma 1. Ilpwm

R3=R4=R5=R u Cy=C9 umeem

C C
IZF—bC; Ro =FRy; Rg= 5 R7 =R/F, (46)
Oc 1 (e C1)"R
rie Rz#.
wcCy

[Ipu ucnonp30BaHUM OUKBAAPATHOTO 3BEHA ISl MOCTPOCHHUS AJUIUITHYE-
ckoro ®BY u unepcuoro ®BY YeOrwimena (puc. 18) 0ObIYHO NPUHUMAIOT

R3 =Rg =R.

Curnan caumaetcs ¢ Beixona 1. IlapameTpsl 3BeHa omnpenenstoT mo ¢op-

MyJIaM:
1:—C ; Ro =FRy; R6=i; R7 =R/F;

a CiRg
Rg = ; Rg =——.
O¢ F\/(T Cr Co
3necs Co u R BeiGuparoTest Ipon3BoIbHO M MOXKHO TIOJTOXKHTH

C1=Cy; R:—1

Qy Cl'

(47)

3.6.3. PEKOMEHOALUWK MO BbIBOPY NMACCUBHbIX
AJIEMEHTOB

HomuHansl pe3ucTopoB U KOHAEHCATOPOB OJKHBI ObITh BHIOpaHbI HAHOO-
nee OJIM3KO K pacueTHbIM BeTUUYMHAM, HailieHHbIM 110 hopmynam (37)-(47). dus
MOJTOHKY M0 HOMHHAJIaM 3HAYE€HHS CONMPOTUBICHUN MOKHO YMHOXKHUTh Ha 00-
il KoaPUIMEHT, a 3HaUeHHUs] EeMKOCTE! pa3feNuTh Ha TOT ke KO3 PUIIMEeHT.
OTO HE OKAXKET BIUSHUSA HA paboTy QUIbTpa.

OTKIIOHEHUS peajbHBIX 3HAYEHUN COMPOTUBIECHUN U €MKOCTEH OT pacuer-
HBIX MOTYT NMPUBECTH K 3HAYUTEIbHOMY OTJIMYHUIO YACTOTHOW XapaKTEPUCTUKU
¢unbTpa ot xenaemoi. OpUEHTUPOBOYHO AJisi GUIBTPOB 4-8 MOPSAKOB IMOa-
raroT, YTO HauOOJIbIIEE TOIyCTUMOE OTKJIOHEHHE OT HOMUHAJA HE JIOJIKHO Ipe-
BbIIaTh 1 %. YUem BbIlIe NOpAI0K PUIBTPA, TEM MEHBIIE AOMYCKU JIJISl dJIEMEH-
TOB cXeMbl. TOYHBIN aHANU3 BIMUSHUS OTKJIOHEHHM IapameTpoB 3JIEMEHTOB Ha
YaCTOTHYIO XapaKTEPUCTUKY MOXKET OBbITh BBIIIOJHEH C MPUBJICYCHHUEM TEOPUU
YyBCTBUTEJIBHOCTH.
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W3 ckazaHHOro ciemyer, YTO pe3UCTOphl il (PUIBTPOB IIECTOrO U BOCH-
MOTO MOPSIIKOB JOJIKHBI BRIOUPATHCS U3 MPEU3UOHHOr0 Kiacca (nomyck 0,5 %
U MEHee), Hampumep, MeTtautogudiekTpudeckoro tuma C2-1, C2-13, C2-14,
C2-15. Pesuctopsl C2-14 Beinmyckatotcst ¢ gonyckamu +0,1; +0,25; £0,5; 1 % Ha
HOMUHAJIbI, COOTBETCTBYIOIMKE psAay E192. IlpumeHeHre MpoBONIOYHBIX MPELH-
3MOHHBIX pe3ucTopoB TUNOB C5-14, C5-53, C5-54 orpaHnyeHO 4acTOTAMH IIO-
pSJIKa HECKOJIbKMX Kujorepil. Bo3MOXHO HCIOJb30BaHHE OOPOYIIIEPOIAUCTHIX
IJIEHOYHBIX pe3uctopoB Tuna BJIII wnm MukpomnpoBonouHsix TUOB MBC,
C5-5, C5-716.

B cxemax Ha OV, Kak NpaBujo, UCIOJB3YIOTCS BBICOKOOMHBIE PE3UCTOPHI
10-100 kOM. HomuHanpHasi MOIIHOCTh TAKUX PE3UCTOPOB IPH YPOBHE HaIps-
xeHuil B cxeme He Ooisee 20 B moxeT ObITh BhIOpaHa M3 CTaHIAPTHOrO psiia
pasHoii 0,05-0,125 Bt. Heo6xoammo Takke OLICHUTh BIUSHUE TEMIEpaTypbl Ha
BEJIMYMHY CONPOTUBIIEHUS ¢ momolbio ko3¢ dunnenta TKC.

KoHzeHcaTopbl Takke JOJKHBI UMETh OTKJIOHEHUS OT HOMHUHAJa MOpsAKa
0,5 %-1 %. N3 cnroagHbpIX KOHAEHCATOPOB HAWIYYIIMMHU XAPaKTEPUCTUKAMHU
obnamaetr mapka K31-10. [l ¢duabTpoB BBICOKOTO MOPSAKA JKEJIATEIHHO MPH-
MEHSITh TUICHOYHBIC KOHACHCATOPHI ¢ nonuctuposioBeiM (K70-7, K70-8, K71-7)
win nonukapOonatHeiM (K77-1) nusnextpukoM. Kepamuueckue KoOHAEHCATOPHI
(K10-34, K10-43) MOXHO HCIOJIb30BaTh TOJBKO JJIs1 (PUIBTPOB HU3KOTO MOPSA-
ka (n = 2...4). Konaencaropsl ¢ HoMuHasioM MeHee 10 nd nmpuMeHsaTh He clie-
IyeT, TaK KaK OHU UMEIOT HU3KYIO TOYHOCTb.

Xopomux pe3yiabTaTOB MOXKHO JOCTHYb BHIOOPOM OJMHAKOBBIX €MKOCTEH
IUISl CXEMBI, IIPUBEICHHON Ha pUCYHKE 16 , 1711 KOTOPOM TOYHOCTH OTHOLIEHHUS
eMKocTel 0oJiee BaXkHa, YeM TOYHOCTh HOMHHAJIOB CaMHUX eMKocTed. OTMeTUM,
yTo 11 cxeMbl Tpebyercs nBa OY. CnpaBouHble TaHHBIE N0 MACCUBHBIM KOM-
TIOHEHTaM MpUBEJIeHHI B [8-13].

3.6.4. PEKOMEHOALIA MO BbIBEOPY OY

Bce Boipaxenus [1®, nomydeHHble paHee, COOTBETCTBYIOT (hUIbTpaM Ha
uneanpHbix OY. OgHako peanbHblii OY oTanMyaeTcs OT UICATBHOIO CIIENYIO-
IIIUMH CBONMCTBaMU:

1) xoappunueHT ycuneHus no HanpsHLKeHUI0 KOHEYEeH;

2) k03P PUIUEHT YCUJICHUS 110 HATPSHKEHHUIO 3aBUCUT OT YaCTOTHI;

3) nonoca nponyckanus OY KoHeuHa;

4) BxonHoe cornpoTuiaeHue OY KOHEUYHO;

5) BBIXOJHOE COMPOTUBIIEHUE OTIMYHO OT HYJIS;

6) mepenaToyHas XapaKTepUCTHUKa HEJIMHEWHAS;

7) Hanuuue coOCTBEHHBIX MymoB OV.

B paGote [1] mokazaHo, 4TO UIsi aKTUBHBIX (PUIBTPOB CYIIECTBEHHOE
BJIMSIHUE HA YAaCTOTHYIO XapaKTEPUCTUKY MOTYT OKa3blBaTh CBoMcTBa 1-3. OT0
BIIMSIHUE TPOSABISETCA MO-Pa3HOMY B 3aBUCUMOCTH OT CXEMBI, [TOITOMY HHIKE
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PacCMOTPEHBI NPOCTEHIINE U3 HUX, JIEXKAIIUE B OCHOBE PAaCCMOTPEHHBIX PaHEE
TUTIOBBIX 3BEHBEB.
NuBeprupyrommii QY (puc. 21) nexur B ocnHoBe ®HU-3Bena Payxa u
uMeeT KodpPUIIMEHT yCUuIeHus
p

K(p)=-—%_7>
1+ Bl
H(p)

rie B =Ry / R, — monyss koadduiuenta ycnieHus naealbHOro HHBEPTH-

pytoero yeumurens; H(p) — II® OV 6e3 oGparHoii cBsA3H.

o | |
1 T

Puc. 21

Paccmorpum H(p) tummunoro OV ¢ BHyTpeHHei koppekuuei. OHa mpej-
crasisieT coboit [1d OHY.

Hyo
p+ on
fl
riae Hy — koaddumuent ycnnenns Ha mocTosHHOM TOKe; O = 2T —— — BEPX-
0

Hss rpaHuna miockoro ydactka AUX). Yacrora f; maseiBaercs wacroroit enu-
HUYHOTO YCWJIEHUS U NMPUBOJAUTCA B MacnopTHBIX AaHHBIX OY. COOTBETCTBYIO-
mas AUX npuBesieHa Ha pUCyHKe 22.

IIycTh Y — MakCUMaJIbHO JOIIyCTUMOE OTHOCHTEIBHOE OTKIOHEHHE B IPO-

nenrax AUX OVY 0e3 oOparHoii cBsizu ot wuaeaitbHo AUX (TO ecTh
H(w) = HO). Torna BepxHsisi TpaHUIA JTOMYCTUMOI'O YaCTOTHOTO JWaria3oHa
onpenenseTcs mno hopmyre:
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o — Hy - ©44/0,02y
Y B+1 '

OKOH‘{aTCHBHO, JJIs1 CXEMBbI ®OHY Payxa HOJDKHO BBIIIOJIHATHCA HCPABCHCTBO

(48)

Oy = ® TO €CTh HOOII CTUMbBIA YaCTOTHBIM AUaIla30H AOOJDKCH IICPCKPBIBATDH
Y p-

I10JIOCY TPOIYCKaHHUS.

IIpumep 6. Tpebyercs ompenenuTh paboyuili AMANa30H YaCTOT WHBEPTH-
pyromero OV, ecmu B =50 ¢ tounoctero 1 %. AUX mpencrasieHa Ha
pUCyHKe 22.

H(w),
b
100 &

80

60— ——1 -

40

20
1 |
0,1 1

f,I'n

Puc. 22

Pewienue. W3 pucynka 22 cmenyer, uro Hg~94x6 ~50000,

f; = 106 ['u. 'pannna mnockoro yyactka AUX OV MoxeT ObITh HailijeHa
npuOIMKEHHO, KaK
f
fy =1 =20Tu.
Hy
ITo ycnosuto Y= 1 %. Toraa o popmyue (48):
~50000-27-20-+/0,02

—17423¢7":
51

Wy

)
Y
f, =—=2773 '
v 21 !
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Urax, B pabouem auanasone O < f <2773 T'u orknonenue 3 oT 3HaueHus

50 He npesbicut 1 %.
CornacuHo pekomenaanusam [14] koaddumment ycuienus OY 6e3 obpat-
HOM CBsI3U B MoOJIOCE MponyckaHus GuibTpa aomkeH 0biTh He MeHee 1000. 1o
yCIIOBHE HajlaraeT OrpaHWYCHNE Ha BEPXHIOIO YaCTOTy QUIBTpa

fg = 0,001 ;.

Jnst tunmmasoro OY ¢ BHyTpenHeii koppekimeit (K140V7) f] = 10° I'o.
Clie10BaTeNbHO, fB ~ 1000 T'u. Eciou, nanpumep, npu paspaborke @HY oxa-

3aJ10Ch, 9TO fp > f.,, To cnenyer BoiOpate OV ¢ Gonbinm 3uadernem f. Ipu

npoektupoBann ®BY u ®I13 Heobxoaumo nmeTs BBULY BiausiHue OY Ha BUA
AUYX-punprpa B 00J1aCTH BEPXHUX YaCTOT. B TakuX ciydasix MOXKET 0Ka3aThCs

nenecoobpasueiM BeIOOp OV K140V](10, K140V 11, K154V ]2, K154V 3
(f; =15 MI'n) wim K154V 14 (f; = 30 MTI'n) [5, 15]. Xopouire pe3yabTaTsl B
JaHHOM CJIy9ae MOTYT OBITh IMOJYYEHBI C UCIIOIb30BaHUEM CTPYKTYPHOUH CXEMBI
(puc. 10), kotopas nanaraer Ha OV Tpebosanus no f; coorsercrByronme ®HY.

HeunBeprupyrommii OY nexutr B ocHoBe DHY-3Bena Camnen-Ku
(puc. 23).

Ry
|
R, J
| c [>K
L )

/@’7
U gy l l U Bpix
Puc. 23
0
1+ 0
H(p)

[1® menuBepTUpyrolero yeuaurens umeer sua: K(p) =
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R, +Rp
Rg
o YCUIIUTCIIA.
BepxHsis rpaHMIa A0IMyCTUMOIO YaCTOTHOIO Juana3ona, B koropom K(m)

rae O = — K03 (HULHUEHT YCUTICHUS UI€aIbHOTO0 HEMHBEPTHUPYIOLIE-

OTIIMYaCTCA OT 8 HC 60.1166, 4eM Ha Y NPOULECHTOB, ONIPEACIIACTCA BbIPAKCHUEM

_ Hywp /0,02y

(D'Y N .

IIpu BeIOOpEe OY HEOOXOAMMO OLEHMTHL HYAaCTOTY [y ke 4, TIPH KOTOPOM

JOCTUTAETCsl MaKCHUMallbHasi CKOPOCTh HapacTaHUsl BBIXOAHOTO HaNpsKEHUS
Vumake, IpoBoauMas B nacnopre OV. Bennuuna fy 4. 4 00paTHO mponopuuo-

HaJIbHA aMIUIMTYAC CUI'HAJIda HAa BBIXOJAC YCUIIHUTCIIA UBBIX m-

v
_ UMaKC
akc.a = :
2nUppx m

5y

OKOH‘{aTCJIBHO, MCHbBIIAs U3 4aCTOT f’Y’ fMaKC.a HOJDKHA IIPCBOCXOANUTH

HauOOJBIIYIO TPEOYEMYIO YacTOTY MOJIOCH! nponyckanus uibtpa. s OIIIT
MOCJICTHSISL COBITA/IACT C fp2 , a 1 OII3 mpunumaetcst paBHoi (5...10) fp2 :

[Ipu BBIGOpe OV crnenyeT oOpaTuTh BHUMAaHUE HAa CABOCHHBIE U CUETBE-
pennbie OY, npuMeHEeHNEe KOTOPBIX MO3BOJISET MOBBICUTh HAJEKHOCTh YCTPOM-
CTBa U YMEHBILIUTD €ro radapursl [5, 15].

3.7. CBA13b ®UJIbTPA C NICTOYHUKOM CUTHATIA
N HAIrPy3Koun

Kak mpaBuiio, paspaboranHas cxemMa (QUIbTpa UMEET HECUMMETPUYHBIN
BXOJI C BBICOKUM COIPOTHBJICHUEM M HECUMMETPUUYHBIA BBIXOJI C HU3KHM CO-
MPOTUBJICHUEM. DTO HE BCETrJa COOTBETCTBYET TpeOOBaHMSIM T3 OTHOCHTEIHHO
ucroynuka curnaia (MC) u narpysku. [ToaTtomy Heob6xoaumMo pa3paboTath CBsl-
3YIOIIME BXOJHOW M BBIXOJAHOM Kackaasl. Kpome cBoero OCHOBHOTO Ha3Haue-
HUS, 9TU KaCKaJibl MOTYT BBIMOJHATH (YHKIIUIO YCUIICHUS.

Hwxe kpaTko paccMaTpuBaroTCS HEKOTOPBIE M3 3THX KacKaJoB, JAOTCS
PEKOMEHIAIUH 110 UX MPUMEHEHUIO U pacdeTy. boyee moapoOHbIe CBEICHUS CO-
nepxarcs B [5, 7, 14-19].

3.7.1. BXOOHbIE KACKAObI

MOXHO BBIJIETUTH TPU peKuUMa pabOThl YCUIUTEIBHOTO YCTPOWCTBA MO
BXOJY: MOTEHIMAIbHBII, TOKOBBII U COTJIACOBAHHBIM.
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Ecnu monesnas mndopmanus 3axmtoueHa B DJ[C ucTtounuka curhaia, To
BXOJIHOE€ COIPOTHUBIICHHE KacKajJla JAOHKHO OBITh MHOTO OOJIbIIE BHYTPEHHETO
COMPOTHUBJICHUS] MCTOYHMKA CUTHAJIA. TaKoW pexuM XapakTEepU3yeTCsl OYEHb
MajbiM TOTpeOJICHMEM TOKa OT MCTOYHUKA CHUTHaJla M Ha3bIBaeTCs
NOMEHUUATbHBIM.

Ecnu nmonesnas mHdopmaius 3akiro4eHa B TOKE MCTOYHMKA CHUTHANA, TO
BXOJIHOE€ COIPOTHUBIICHHE KacKajla JAOJHKHO ObITh MHOI'O MEHbILIE COMpPOTHUBIIE-
HUSl UCTOYHUKA curHaia. Takol pexxum 01m30Kk k K3 ucTouHuka u Ha3bIBaeTCs
mokoewvim. Eciii curHan mojaercs mo kKaOenmo, TO BXOJHOM Kackaj JO0JDKEeH
UMETh YMCTO AKTUBHOE COMPOTHUBICHUE, PABHOE BOJHOBOMY COMPOTUBICHUIO
ka0ensi. Takol peKUM Ha3bIBACTCS CO2NACOBAHHBIM U TIPEIHA3HAYEH ISl TIepe-
a4l MaKCHUMaJIbHOM MOIIHOCTH. [[7si aKTUBHBIX (UIBTPOB Hambosee xapak-
TEpHBI MOTEHIUATbHBIA U TOKOBBIM PEKUMBI.

[lo mpusnaky coemuHeHusi oaHoro u3 3axumoB MC ¢ oOmuMm mpoBogom
(3emJieil) pa3aMyaroT CHMMETPUYHBIN U HECUMMETPUUYHBIN BX0Abl. CUMMETpUY-
HBIM BXOJl HE UMEET COEIMHEHUsI ¢ OOIIMM MPOBOJIOM (HAIpUMeEp, CUTHAM, CHU-
MaeMblil ¢ JuaroHaigu Mocta). HecuMMeTpuuHBI BXOJ MMEET HENOCPEICTBEeH-
HOE COeIMHEHHUE C OOILIUM MTPOBOIOM.

C yderoM BBIIIECKA3aHHOTO, MOTEHIIMANBHBIA PEXUM pabOThl IPU HECHM-
METPUYHOM BXOJE€ MOXXET ObITh 00ECIEUeH C UCIOJb30BAHHMEM HHBEPTUPYIO-
IIMX U HEMHBEPTHUPYIOWUX yeunureneil. Cieayer UMeTh BBUIY, UTO MOCJIEIHUM
oOecrieunBaeT Haubobllee BXxogHoe conportuiieHue npu 100 % orpunarens-
HOU 0OpaTHOM cBA3U. B 3TOM citydae roBopAT 0 MOBTOPUTEIIE HAMIPSKEHUSI.

[Ipy cuMMETPUYHOM MOTEHUMAIBLHOM BXOJI€ MOXKHO HMCIOJIb30BaTh AUQ-
(bepeHIMaNbHBIA YCUITUTENb WM €r0 Pa3HOBUIHOCTh — HMHCTPYMEHTAIbHBIN
(M3MEpUTENbHBINA) YCUIIUTENb, 00ECIEUNBAIOLIUN BHICOKOE BXOJHOE COMPOTUB-
JIeHUE TI0 000UM BXO/aM.

Peanu3zanus HECUMMETPUYHOTO TOKOBOT'O BXOJ[a TIOKa3aHa Ha PUCYHKE 24.

| J .
B b [

Puc. 24
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3meck Tok ucTouHMKa curHana Je nocrymaer B R ¢, Ha koTtopoM cozna-

ercst nagenue HanpspkeHus JoRgc. Hostomy Upgpx = —JcRoc ¥ nannyto
CXeMy MOKHO pacCMaTpMBaTh Kak IpeoOpasoBarelib TOKa B HalpPsKEHHE C KO-
s¢punmenrom npeodpasosanust K =—Rgc.

Eciu R ¢ momydaercs cinmkom 6onbiuM (Heckoabko MOM), To yuiie

HCIIOIBb30BaTh cxeMy ¢ T-o0pa3Hol 1enbio o0paTHOM cBs3u (puc. 25).

R, R,
. —] I

i <> | & ey

u BBIX

Puc. 25

Koaddumment ycunenus paBex

R R
KI:R1+R2+%.

3
Ecnu TOKOBBIN BXOJ JOJKEH ObITh CUMMETPUYHBIM, TO MOYKHO HMCIIOJIb30-
BaTh Tak Ha3blBaeMble TOKOpazHOCTHbIe OV [7] WM HUCHONIB30BATh JIBE CXEMBI,
MOJKJIIOUYEHHBIE K BX0oAaM Au(depeHIuanbHoro ycunutens (puc. 24).

T

ROC
% B> ®© R
| I
Jc R
a5 et "
R
C
ROC
> o

%
D @

l Ugppx

Puc. 26
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Koaddurment ycunenus qauHoii cxembl KT = 2R ¢ .

3.7.2. BbIXOOHbIE KACKAObI

B 3aBucuMOCTH OT COOTHOLICHUS BBIXOIHOI'O COIIPOTUBIICHUA ZBBIX u

CONIPOTUBIICHUSI HArpy3Ku ZH, pa3IMyYaroT CIEIYIOIIUE THUIIbI BBIXOJHBIX Kac-
KaJO0B:
1. IloTeHManbHBIN BLIXOOHOU KacKas (ZBLIX << ZH);

2. ToxoBslii BeIxoqHO# Kackaq (Zgyx >> Zy);

3. Mousslit Beixoguo# kackan (Zggx < Zy)-

Bo Bcex Tpex THmax KackaJoB Harpy3ka MOXET ObITh KaK He3a3eMJICHHOM
(CHMMETPHUYHBIM BBIXOA), TaK M 3a3€MJICHHON (HECHMMETPHUYHBIN BBIXON).
CHMMETPUYHBIA BBIXOJ] IMOTEHIIMATBLHOTO THIIA MOYKHO PEaiM30BaTh, BKIIOYUB
Harpy3Ky MEXJy BBIXOJIaMH HHBEPTUPYIOMIETO U HCHHBEPTHPYIOIIETO YCHUITUTE-
ne#t (puc. 27).

Ry Ro
__ L D> 00
Y
Upx
> 00
Puc. 27

[loTeHUMaNbHBIA BBIXOA [JI 3a3€MJICHHOW HArpy3KH SIBIISIETCS XapaKTep-
HBIM NI PACCMOTPEHHBIX 3BEHBbEB (M. 3.5), MOATOMY BO3MOKHO HEMOCPEICT-
BEHHOE TOJIKJIIOUEHHE HArpy3Kd K BBIXOJly OKOHEYHOTO 3BeHa (PUIbTpa, €CIH
sT0 gomyctumo no T3. Eciu HeoOXonuMo yBenuyuTh BbIXxoAgHOU Tok OV B 2-4
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pasza, TO MOKHO MPUMEHSITh MUKPOCXEMbI CABOCHHBIX WJIM CUETBEPEHHBIX OV,
napajjielbHO paboTaoIKX B PEKUME MMOBTOPUTENIEH Ha OOIIYIO HATPY3KY.
Ha pucynke 28 noreniuansl Touek A, B, C u D oguHakoBEI.

Al.l
] AN R iy
> 00 ] loy _ A =
4 t ioy ioy ioy Ru
Upx - ® B R R R
Al.2
> o C
i Al3
> K(X) D
Al4
Puc. 28

Bennuuna conporusnenus R cocrasisier HECKONBKO aeciaTkoB OM. Crneno-
BaTEIbHO, 1y = 4i0y ~ 40 MA. Haumenbliee 3HAUE€HHUE CONPOTHUBIICHUS Ha-

IPY3KH COCTAaBJIIET HECKOJIIBKO KHJIOOM M MPUBOJUTCA B IMACIOPTHBIX
nmagHeIx OVY.

Eciau o T3 conpoTuBieHne Harpy3Ku MEHBIIE TOIMTYCTUMOIO, TO Ha BBIXO-
ne OY HeoO0XoAuMO BKIIIOUUTH YCUIIMTENh MOIIHOCTH. B kKadecTBe mocienHero,
KaK MPaBUJIO, UCIIOJIB3YIOT ABYXTAKTHBI YMUTTEPHBIN MOBTOPUTED HA TPAH3H-
CTOpax C pa3HbIM THUIIOM MPOBOAUMOCTH. [IpocTeiimias cxema Takoro TuIa npu-
BEJICHA Ha PUCYHKE 29.

bonee crnoxHble CXeMBbl ¢ KOMIIEHCALlUEW IMEPEXOAHBIX UCKAXKEHUN pac-
cMoTpeHsl B [5, 7, 14-19]. Kak npaBuiio, 1aHHbIE CXEMBbI BBITIOJIHAKOTCS HA JIAC-
KPETHBIX 3JIEMEHTaX, XOTS CYIIECTBYIOT BAPUAHTBl B MUKPOAJIEKTPOHHOM HC-
MoJIHeHUU (Hampumep, 3apyOekHble HHTerpasibHble ycunutenan MC1438,
LHO0063, 3553 ¢ eAMHUYHBIM YCUJIEHUEM [0 HANPSKEHUIO CIIOCOOHBI OT/IaBATh
B Harpy3ky Tok z10 200 MA).
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Roc

[
+Ug
VT,
R3
e > 00
U rx
VT Zy
ol 1
Puc. 29

Ecimu no T3 tpebyercst TOKOBBIM BBIXOJ, TO CleAyeT 0OpaTUThCS K CXe-
MaM ctabuin3anuu Toka. OOLIMM CBOWCTBOM 3THUX YCTPONCTB SABISIETCS HAJM-
yye OTpULATEIbHOM OOpaTHOW CBSI3M MO TOKY HArpy3KH, YTO OOYCIIaBIMBAET
BBICOKOE BBIXOAHOE conpoTuBieHue. [[03TOMy Takue yCTpoiCTBa Ha3bIBAIOT aK-
TUBHBIMU HCTOYHMKAMHU TOKA, YCHJIMTENSIMU C TOKOBBIM BBIXOJOM, IpeolOpazo-
BaTEJIMU HANPSDKEHUS — TOK. B mpocreliliem ciydae He3a3eMJIEHHAsl Harpy3Ka
BKJIIOUAETCSI BMECTO PE3UCTOpa OOpaTHOM CBSI3M B CXEMaX HWHBEPTUPYIOIIETO
WM HEMHBepTUpymomero ycunurene (puc. 21, puc. 23 ). Tok Harpy3Kku B 3TUX

cxemax Oyner paBeH Upgx / R4 u npaktnuecku He Oynaer 3aBHCETb OT COIPO-

TUBJICHUS HArpy3Ku 110 TEX MOp, MOKa YCUIIUTEIb HE BBIUAET U3 JUHEHHOTO pe-
xuMa. Tok Harpy3ku B 3THX cxemax He mpesbliaer 5-10 MA, Tak kak obecrne-
YUBAETCS MaJOMOIIHBIM BbixogoM OVY. MoiHas cxeMa Jijisi He3a3eMJICHHOM Ha-
Ipy3KH NpeacTaBiieHa Ha pucyHke 30.

31ech Harpy3Kka BKJIIOUEHA MEXIY BBIXOJOM SMUTTEPHOTO MOBTOPUTEINS U

PE3UCTOPOM R3 , BBIITOJIHAOIIUM POJIb AATYHUKA TOKA. HaJICHI/IC HaIIPSKCHUSA HaA
R3 , [MPOIIOPHIUOHAJIIBHOC TOKY HAI'PYy3KH, ACIIHUTCA PC3UCTOPAMHU Rl u R2 )

IpUYEM Up, BBIYMTAETCSA M3 BXOJHOIO CUTHaNa (OTpHLATEIbHAs oOpaTHas

CBHSB). Tok Harpy3kKu OonpeaciisiCTCA BhIPAKCHUCM

_ Upx 1+ R;+R,
R, Rj

u obecneunBaercs Tpanzuctopamu VTI1, VT2, xotopeie MOrytr ObITH
COCTaBHBIMU.
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Puc. 30

B cinyuae 3azemiieHHOM Harpy3ku npu Toke 5-10 MA HaubGosee mpocToit
aBisieTcs cxeMa XayJsenaa (puc. 31).

Puc. 31

Mo>xHO IMOKa3aTh, YTO IIPH BBIIIOJIHCHUHN YCJIIOBUA
R1R4 = R2R3, (49)

TOK HAr'py3KHU OMPCACIIACTCA BbIPAKCHUCM

i Upx2 —Ugx]
H — .
R3
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Ecnu Bxox 2 3a3emiiuTh, TO cxeMma OyaeT o01aaaTh MHBEPTUPYIOIIUMU
cBoiictBamu. Ecnm 3a3emnuTh BXon 1, a curHanm mogaBaTh TOJIBKO HA BXOJX 2, TO
cxeMma He OyJeT MHBepTUPOBaTh curHall. HemocTaTkoM TaHHOM CXEeMBI SIBIISETCS
HEO0OXOUMOCTb TOYHOTO BBITIOTHEHUS YCI0BuUs (49).

Cxema ¢ n1Bymsa OV (puc. 32) o61amzaeT BO3MOKHOCTBIO PETYIMPOBKH KO-

s punneHTa ycuneHus ¢ moMouipo pesucropa Rs.

R, R»
Upx 1 l > 00
o At [ Rs
R3
g———L 1—o
Ugx?2 J_yr_ R4 D — A>

Puc. 32

B nanno#t cxeme Takke HEOOXOAUMO BbIMOJIHEHHUE yciaoBus (49). Tok B
Harpy3ke OIpeaesieTcss COOTHOIIEHUEM

_(u—uy)R,
0= :
RiR;

Ycunurenb ¢ MOIIHBIM TOKOBBIM BBIXOJOM Ha 3a3€MJICHHYIO HArpy3Ky
(puc. 33) MoXeT OBITh MOCTPOCH C HCIIOJIb30BAaHUEM TOKOBBIX «3epKail» (OTpa-
JKaTeller TOKa).

OCHOBOW yCHIIUTENS SIBISICTCS MOBTOpHUTENb HanpspkeHus Ha OY. Bel-
XxoHO# Tok OV, 04eBHIHO, OTIPEICIACTCS BEIpAKEHUEM

i _Upx
BBIX — o -
RO
ITo mepBomy 3akony Kupxroda, npeHedperast BXOAHBIMH TOKAMH, HMEEM
Igprx +1m — 1 =0, (50)

e gy, 1y — Toku mutanus OVY.
[ockonbKy Tok Koiuiektopa VT1 (To ecTh lpy)) «OTpakaercsi» Ha KOIl-

nekrop VT2, a Tok koiwtekropa VT3 (To ecTb 1pp5) OTpa)kaeTcs Ha KOJUICKTOP
VT4, nnda y3na A umeeM
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. . u
W3 cpaBuenus (50) u (51) cnenyert, utoly = lggx = 22

R,
+Ug ¢ P
R R
VT, VT,
° iHl
( 1n1 A
Ry > 00
J iH i RH
N IBBIX
iH2 i112
quli VT3 VT4
R R
_UH &
Puc. 33
4. OCHOBblI CXEMOTEXHUYECKOI'O
MOLOENTMPOBAHUA

4.1. ObUJNE CBELEHWUA O NTPOIrPAMMAX
CXEMOTEXHUYECKOIO MOL4EJINPOBAHUA

DJNEeKTPOHHBIE YCTPOICTBA OTHOCATCA K HanOoJee CI0KHBIM B COBPEMEH-
HOM TexHuke. [ToaToMy A UX MPOEKTUPOBaHUs ObUIO pa3padoTaHO CHEIUAIH-
3UpOBAaHHOE NIPOrPaMMHOE 00eCrieYeHrE, KOTOPOE B CBOEM Pa3BUTUU MPEBpaTH-
JOCh B CHCTEMbl aBTOMartusupoBaHHoro mnpoektupoBanus (CAIIP) snexkTpon-
HBIX ycTpoiicTB. VX mpunsaTo Ha3zbiBaTh EDA-nmpunoxenusimu (Electronic De-
sign Automation). Hanbosee moliiHble U3 HUX CO3/IaHbl JJi1 padOyuX CTaHLUMA,
¢byakunonupyoomux noj ynpasieHuem UNIX-nogoOHBIX onepallMOHHBIX CHC-
TeM. bosbiias cTOMMOCTh 3TUX NPOrpaMM U BBICOKHME TpeOOBaHHUsS K armapart-
HOM 4acTH KOMITbIOTEpa MPUBENIH K pa3padoTke 0osiee KOMMAKTHBIX U JICIIEBbIX
EDA-npunoxxenuit 115 oneparmonnoi cuctembl Windows Ha minatgopme IBM
PC. Ilo cBouM (GyHKUHMOHATBHBIM BO3MOKHOCTSM 3TH MPOrpaMMBbl BIIOJHE CO-
MOCTABUMBI C MPUIIOKEHUAMHU JIJIs1 pabOYMX CTaHIUH.

B xonme 90-x romoB Haunboree pacnpOCTPaHEHHBIM U YHUBEPCATbHBIM
EDA-npunoxxenueM, npeaHa3HAYCHHBIM [JI1 IPOCKTUPOBAHUS AHAJOTOBBIX W
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CMEIIIaHHBIX YCTPOUCTB, sABIsUIach cuctema Designlab 8.0. ¢gupmber MicroSim.
HaubGonee momHO paboTa ¢ 3TUM NPOrpaMMHBIM TPOJIYKTOM omwucaHa B [20].
JlanHasi cucteMa Mo3BOJIET peaju30BaTh CKBO3HOE MPOEKTUpPOBaHuUE (OT pa3pa-
OOTKHM cXeMbl 10 ToJiydeHHusl (aisioB yrpaBiieHUs 0O0OpYyIOBaHHUEM [JIsl U3ro-
TOBJICHUSI TEYaTHBIX IUIaT). B cocTaB MHTErpHpOBAaHHOTO MaKeTa MPOrpaMm
DesignLab 8.0 Bxoaut nporpamma MozaenupoBanusi PSpice, BXOAHOM A3bIK KO-
TOpPOM CTaja CTaHAAPTOM Je-(PaKTo JUIsi TEKCTOBOTO OMUCAHUSI CXEM, U COCTaBJIe-
HUs 3a7aHuil Ha MojenupoBanue. Kpome PSpice, B cuctemy BXOIAT cpelncTBa
rpaduueckoro peJakTUPOBAHUS CXEM U YCIOBHBIX 0003HAYEHUH, BU3YyaIU3alluU
PE3yJIbTATOB PACYETOB U JIP.

Ha 6a3e DesignLab 8.0 B 1999 r. 6b11a Bemmymiena cucrema OrCad v.9.0.
B nactosiee BpemMsi oHa pa3BUBAETCS B HANIPABICHUHM MHTEIPALIUU C U3BECTHOM
Marematudeckoit cuctremoir MATLAB u pacnipoctpansiercs ¢upmoii Cadence
(http://www.cadence.com/). CrneayeT OTMETHTh, YTO JaHHBIE MPOTPAMMBI
CJIOXHBI JIJIs1 IEPBOHAYATBHOTO O3HAKOMIICHUSI.

bonee mpocToii sABISETCS cUCTEMa CXEMOTEXHMYECKOTO0 MOJEIUPOBAHUS
Micro Cap V ¢upmbl Spectrum Software (http://www.spectrum-soft.com/) [21].

IIporpamma no3BoJIseT:
® CO03[aTh NPUHIUIHAIBHYIO 3JIEKTPUUYECKYIO CXEMY YCTPOUCTBA U OTpElaK-

TUPOBATH €€;
® [IPOU3BECTHU PacUeT CTATUYECKOTO PEKUMA MO MOCTOSHHOMY TOKY;
® paccuMTaTh YACTOTHBIC XaPAKTEPUCTUKHU U MEPEXOIHBIE TIPOLIECCHI;
® OIICHMBATh BHYTPEHHHE IIYMbI ¥ MPOBOJIUTH MHOTOBAPUAHTHBIN aHAJIM3;
® HapalmuBaTh OMOIMOTEKY KOMIIOHEHTOB;
® CHHTE3MpPOBATh AKTHBHBIC U NMAacCUBHbIC PUIBLTPHI (HaunHas ¢ Bepcuu 6.0).

[Iporpamma He MO3BOJISIET MPOEKTUPOBATH IeyaTHbIe TuIaThl. Ee npeumy-
HIECTBOM SIBJIsIETCS OoJiee ApyKecTBeHHBIN uHTepdeiic, yem B OrCad.

[Iupoxoe pacnpocTpaHeHHEe B y4eOHBIX 3aBEJICHUAX MOIYYWIIa MpOorpaMma
Electronics Workbench (EWB) ¢upmsl Interactive Image Technologies [22]. Ee
OTJIUYUTENIbHON YEepTON SBISIETCS M300paKeHHE M3MEPUTENBHBIX MPUOOPOB B
BUJIe, OMU3KOM K peaibHOMYy. EWB conepxur cnenyromue BUPTyasibHbIE MPH-
OOpHI:
® MYJIBTHUMET;
¢ (YHKIIMOHATBHBINA T€HEPATOD;
® JByXKaHaJIbHBIN OocImiorpad;
m3meputens AYX u OUX;
reHepaTop JBOMYHBIX CJIOB;

JIOTUYECKHUIN aHAIU3aTop;
JIOTUYECKU MpeoOpa3oBaTeb.

[Iporpamma EWB TpebGyer MUHMMAalIbHOTO BpEMEHM Ha NEPBOHAYAIBHOE
O3HAaKOMJICHHE U MO3BOJIIET UMUTHUPOBATH Ipoliecc (PU3NYECKOr0 MOJIEIIUPOBa-
Husl (MakeTupoBaHus) cxemMbl. EWB He mo3BosisieT mpoeKTHpoBaTh MeyaTHbIE
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I1aThl, HO MOJAEPKUBAET BO3MOKHOCTh AKCIOPTAa CHHUCKA coeAMHEHU B (op-
Mat HamOoJiee U3BECTHHIX cucTteM AToro tuna. EWB 5.0 moxeT moctaBisThes ¢
nornojgHuTenbHONM mporpammor EWB Layout, mo3Bosiatomenn mpoeKTUpoBaTh
[IeYaTHbIC IJIATHl CPEAHEN CIIOKHOCTH. B ImociienHue roasl nmporpamMma UHTEH-
CUBHO pa3BuBaeTcs komnanuedr National Instruments moj Ha3BaHUEM
NI Multisim (http://www.ni.com/multisim).

bonee moapoOHble cBeneHusi o mnepeurciaeHHbIX EDA-npunoxeHusx, a
takke HOBOCTU MO CAIIP 37€KTpOHHBIX YCTPOWCTB, MOXHO HaWTH Ha CauTe
http://www.rodnik.ru.

CymectByeT npo0OJIeMHO-OPUEHTUPOBAHHOE NPOrpaMMHOE oOOecredeHue
M0 pacyeTy aKTUBHBIX W TMACCUBHBIX (UIBTPOB, Hampumep, nporpamma Filter
Designer [20].

Pazymeercs, B paMKax JaHHBIX METOJAMYECKUX YKA3aHUM HET BO3MOKHOCTHU
paccMmaTpuBaTh pabOTy Jaxke C OJJHOM U3 BbIIICTIEPEYUCICHHBIX POTPAMM.

OtmeTuM, 4yTO OOIIMM MX CBOMCTBOM SIBJISIETCSI BO3MOKHOCTH 00pabOTKH
(baiiIoB TEKCTOBOI'O OMMCAHMS CXEM M 3aJlaHUi Ha MOJEIMPOBAHUE, HAMMCAH-
HBIX Ha BXOJHOM si3bIke nporpamMmbl PSpice. TlosTomy HUke paccMaTpuBaroTCs
OCHOBHBIE TIpaBUJIa MOJTOTOBKHU 3TUX (PailioB, JOCTATOUYHBIE JJIsI MOJEIIUPOBa-
HUSL CXEM pacueTHO-rpaduyeckoil paboThl.

4.2. KPATKOE OIMTMCAHUE BXO4HOI'O 513blKA PSPICE

4.2.1. OBIWME MNOJNTOXXEHNA

[Iporpamma PSpice peanusyeT pacyeT 371€KTPOHHBIX U AJIEKTPUUECKHUX IIe-
Mei METOJOM Y3JIOBBIX MOTCHIIMATIOB. Y3JIOM CYHTAETCS TOYKA COCIUHEHUS
IBYX M 00Jiee KOMIIOHEHTOB (MpocToi y3ei). [IpocThie y37bl UCTIOJIB3YIOTCS TO-
TOMY, YTO 3TO YNPOIIAET BBOJ MCXOIHBIX JIAHHBIX, XOTS KOJIUYECTBO HEU3BECT-
HBIX Bo3pactaeT. OTMETUM, YTO OOBIYHO O y3JI0M MOHUMAIOT TOYKY COCJIMHE-
HUS TpeX U 0oJiee KOMIIOHEHTOB (CJI0KHBIN y3en).

Nmena y3710B MOTYT OBITH 1IEJIBIMUA YHCIAMH WK ajihaBUTHO-ITU(POBBIMU
CUMBOJIaMH JJIMHOM He OoJiee 131 3Haka. B kauecTBe 3HAKOB UCIONIB3YIOTCS OY-
KBBI JIaTUHCKOTO andabuta U nudpsl ot 0 10 9. [IponucHbIe U CTPOUYHBIE OYKBBI
He pasznuyatorcd. [Ipu ucnonb30BaHUU YKCENl 111 UMEHOBAHUS Y3JI0B MOCIIEN0-
BaTelibHAs HymMmepamus He TpeOyercsa. Tak, HampuMep, YEThIPEXy3JIoBas cxema
MOKeT uMeTh uMmeHa y3noB 0, 52, 3, 28. OauH U3 y3J10B JAOJDKEH UMETh UM
0 (HOMB).

[Ipu cceinke Ha 1UGPOBBIE MMEHA Y3JIOB OHU 3aKJIIOYAIOTCS B KPYIJIbIC
cKoOkH, Hampumep, V(6) — moreHuman yszna 6. Ilpu cceuike Ha andaBUTHO-
M(poBbIe UMEHA Y3JIOB UX JOMOJHUTEIBHO 3aKII0YAIOT B KBaIPaTHbIE CKOOKH,
YTOOBI OTJIMYUThL OT UMeH KommoHeHToB. Hanpumep, V([F15]) — notennuan y3-
na F15, a V(I12) — nanpsikeHue Ha UICTOYHUKE ToKa [2.

UwucnoBble 3HaUYCHUS MapaMeTPOB KOMIIOHEHTOB 3aJal0TCs JTUOO0 YUCIaMU
6e3 cyddukcon, mubo ¢ cypdukcamu. B niepBoM ciiydae mpejmnoaraercs, 4ro

54



3Ha4YeHUS BbIpakeHbl B enuHuIax cuctembl CU (OMm, B, A, @, I'n). Bo Bropom
cinydae cy(OPUKChI UCTIONIB3YIOTCS JJIsi 0003HAYCHUSI KPAaTHBIX U JIOJIBHBIX €/1H-
Huil. Hanbonee gacto ucnonb3dyembie cyhPUKCh yKkazaHbl B Ta0IHIE 2.

Tabnuua 2
Cyddukc MacmraOubiit kodddu- HaumeHnoBaHue
IUCHT

p 10712 MTUKO

n 107 HaHO

u 107 MHKPO

m 107 MUJUTH

k 10° KHJIO
meg 10° Mera

TexcToBOE OnMMcaHue CXeMbl COCTOUT U3 MpeioxkeHul s3bika PSpice, ko-
TOPBIE IEJIATCSA Ha ONKMCAHWS KOMIIOHEHTOB U IUPEKTUBBI. B TekcTe MOryT npu-
CYTCTBOBAaTh KOMMEHTApUU, HAUMHAIOIIMECS CO 3HaKa «*» B MEPBOM MO3ULIUU
ctpoku. KoHell 110001 CTPOKH MOCIE 3HAKA «;» TaK YK€ BOCIHPHUHUMAETCS, KaK
koMMeHTapuil. [lpu ucnonnenuu ¢aiina KOMMEHTapUM UTHOpUpPYIOTCS. [[nuH-
Hbl€ NPEJIOKEHUS] MOTYT OBITh IPOAOKEHBI HA CIENYIOIIEH CTPOKE IOCHe
3HaKa «+» B epBoi no3uuuu. Yucio nmpoOesioB Mexay CI0BAMH IPEII0KEHUS
MIPOU3BOJIBHOE, MTPUYEM BMECTO MPOOEIOB MOXKHO MCIOJb30BaTh 3amsartbie. [o-
cinenHsas crpoka tekcra — aupektusBa .END. Ilopsnok npemnoxeHui, 3a He-
OOJBIIMMHU MCKJIIOYEHUSIMU, 3HaUeHUs He umeeT. Pexomenayercs cHavaia 3a-
IACaTh ONMCAHUsA KOMIIOHEHTOB, a 3aTeM AUpEKTUBbL. Huxke npuseneH ympo-
HICHHBIA CUHTAaKCHC OMUCAHUWA KOMIIOHEHTOB M JIUPEKTHUB, HEOOXOAUMBIX MJIS
MO/ICJIMPOBAHUS CXEMbI TPOCKTUPYEMOTO aKTUBHOT'O (PUIIBTpA.

4.2.2. ONMIMCAHNA KOMIMTOHEHTOB

Pe3ucmop onuceiBaeTCs NMPEJI0KEHUEM
Rxxx <+ymBein> <-yBein> <BHa4dYeHue>,

rJie XXX — IMMPOU3BOJIbHAS anhaBUTHO-IIUGPOBas MOCIEI0BATEIBHOCTh O0IIeH
JUTMHOM He 6oJiee 7 3HAKOB, KOTOpas MUIIETCS CIUTHO ¢ CUMBOJIOM R 1 BMecTe
C HUM 00pa3yeT UMs KOMIIOHEHTA;
<ty3em>, <—y3e1> — UM€Ha Y3JIOB, K KOTOPBIM IOJKIFOYEH pE3UCTOP RxxX,
npudeM <+y3er> — uMs y3Jia ¢ MPEINoI0KUTEIFHO 00JIee BHICOKUM MOTEHITHA-
JIOM, YeM ITOTCHI A y3J1a C HUMEHEM <—y3e/I>;
<3HAYEHUE™> — HEHYJIEBOE YHMCIIOBOE 3HAUYEHUE CONPOTUBIIEHUS pe3ucTopa RXxX.

Hpumep 7. [Ipennoxenue
R10 27 17 10k
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3agaer pe3uctop ¢ umenem R10, ¢ conporusnenuem 10 kOwm, MOAKIIOYEH-
HbI Mexay y3namu 27 u 17, mpuyemM yCIIOBHO-IIOJIOKUTEIBHOE HaIlpaBlie-
HUE TOKA M HAIPSDKEHUSI OPUEHTUPOBAHO OT y31a 27 k y3iy 17.
IIpennoxenue

Res25 0 OUTs 2 .58meg
OIMCHIBACT PE3UCTOP ¢ MMeHeM Res25, ¢ comporuienneM 2,58-10° Owm,
MOAKIIOUEHHBbIM Mexay y3namu 0 w  OUTS, mnpuueM yCIOBHO-
MOJIOXKUTENIHOE HaIlpaBJIeHUE OpUEeHTUPOBaHO OT y3ia 0 k y3my OUTS.

Konoencamop onuceiBaeTcs NpeajioKeHUEM
Cxxx <tyszein> <-yBein> <BHauyeHMNe>

IIpumep 8. Ilpennoxenue

Cl2 7 15 33n
OMUCHIBAET KOHJEeHcAaTOp ¢ uMeHeM C12, eMkocThio 33 HD, NOAKIIOYEHHBII
MEXIY y31aMu 7 U 15, mpuyeM yCIIOBHO-TIOJI0KUTEIBHOE HAIIPABICHUE OpU-
€HTUPOBAHO OT y371a 7 K y3iy 15.

Hnoykmuenocms ONUCHIBACTCS MPEIIOKECHUEM
Lxxx <t+ymBein> <-yBein> <BHa4YeHNne>

Hpumep 9. [Ipegnoxenue

Lp C D 4.7m
ONMCHIBACT HHAYKTUBHBIA 3JIEMEHT C WUMEHEM Lp, HUHAYKTUBHOCTBHIO
4,7 ml'n, noakmoueHHbld Mexnay y3namMu C u D, mpuueMm yCIIOBHO-
MOJIOKUTENIBHOE HANPABICHUE OPUEHTUPOBaHO OT y31a C K y3my D.

He3asucumblit ucmoyHuK cCUHycoudanbHo20 HANPANHCEHUA:
Vxxx <t+yszen> <-ysen> AC <MOnyNB> <pasma>,
re <MOJYJIb> — aMIUTUTYTHOE WIIH JICHCTBYIOIIEE 3HAYCHUE NCTOYHHKA;
<¢aza> — HavyasbHas (a3a B rpagycax.
3HadeHne <¢aza> MOXKeT ObITh OIyIIeHO. B 3TOM cirydae oHO mpemosiara-
€TCS PaBHBIM HYIIIO.

Ipumep 10. IIpennoxenue

Vin VX1 VX16 AC 10.52 -78
ONMCHIBAET HE3aBHCUMBII MCTOYHUK CUHYCOUIAIBHOTO HAINPSIKEHUS C UME-
HeM Vin U aMIUIMTYIHBIM (WM JedcTByromuM) 3Hayenuem 10,52 B u Ha-
yanpHOU (azoit -78°, moakmoueHHBIM Mexay y3namu VX1 u VX16. Hctou-
HUK MOJKJIIOYEH «IOJIOKUTEIBbHBIMY NOI0COM K VX1.
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HcTounuk HanpspkeHus, ynpasisieMmblid HanpsbkenueM (MHYH), ucnons3y-
€TCsl TP cocTaBlieHnH cxeMbl 3ametnenust OV, Tak kak PSpice He umeeT BcTpo-
eHHoro onucanus OY.

Junenunovin HHYH onuchIBaeTCs NPEIIOKEHUEM.
Exxx <t+ysen> <-yzen> <t+ynpaeasoumi ysen>
<-yHOpaBJasoOLNA y3em> <kosbpdmumenT nepenmaum>.

IIpumep 11: Ha pucynke 34 nokazan UHYH U192, HanpsbkeHue KOTOPOro
ylpaBiisieTcs HanpspkeHueM Mexay yznamu 10 u 11 ¢ koaddunmentom 2,5.

Uy J u12=2.5uy©
11 = 2 &

Puc. 34

Onrcanue uMeeT BUA:
El12 1 2 10 11 2.5

4.2.3. AMPEKTVBDbI

JIMpeKTUBbI BCET/la HAUYMHAIOTCS CO 3HaKa «.» (Touyka). PaccMoTpuMm nuiib
MUHUMAJILHO HEOOXOIUMBbII HAOOP TUPEKTHB.

Pacuer uwactoTHbix Xapaktepuctuk (AUX u ®UYX) 3amaercs AMPEKTUBOUN
AC:

LIN
.AC {OCT} <n> <uHauanepH. uacToOTa> <KOHEY. YACTOTa>.

DEC

N3 mapameTpoB B (UIYypHBIX CKOOKax MOXKET NPUCYTCTBOBATH TOJBKO
onud: LIN — 3amaer JuHEWHBIN IIar Mo 4acToTe, MpUYeM n — o0IIee Koaude-
CTBO TOYEK, B KOTOPBIX BBIYUCIISIIOTCSI YACTOTHBIE XaPAKTEPUCTUKH;

OCT u DEC — 3anaror norapudpMUyecKuii XapakTep U3MEHEHUS YaCTOThl OKTa-
BaMU WJIH JI€KaJIaMU, PUYEM N — KOJIMYECTBO TOUYEK HA OKTABY WJIU JICKay.

B cxeme 00s3aTelIbHO JOKEH OBITH HE3aBHCHMBIM HMCTOYHUK BXOJIHOIO
CUTHaJIa, MPUYEM €ro apaMeTpbl HECYIIECTBEHHBI, TaK Kak aAupekTuBa AC cama
3a7aeT BXOJHOM CUTHAJI.
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Ipumep 12. TupextuBa

AC DEC 100 0,5k lmeg
yKka3blBaeT nporpamme PSpice Ha HE0OXOAMMOCTb pacyeTa YaCTOTHBIX Xa-
pakrepuctuk B auanazone ot 500 I'u o 1 Mru npu norapupMuueckoM u3-
MEHEHUHU YacCTOThl AEKAJaMH, MIPUYEM Ha KaXJAOW JEKaJIe PACCUUTHIBAIOTCS
100 Touek.

BbiBo pe3ynbTaTOB pacdyeToB B BUJE TAOJUI OCYILECTBISAECTCS TUPEKTHU-
Bou PRINT.
.PRINT AC <cnmMCOK BHXOJIHEIX INe€pPeMeHHEIX>
Crrcok MOXET coJiepKaTh He Oosiee 8 mepeMEHHBIX, KOTOPbIE BHIBOJSATCS B
BU/JI€ TAOJUIBI: B IEPBOM KOJIOHKE YaCTOTa, B OCTAJIbHBIX KOJIOHKAaX COOTBETCT-
BYIOIIIME €1 3HAYECHUs BEJIUYUH. JlonmycKaeTcs NPUMEHEHUE HECKOJIBKUX JUPEK-
tuB PRINT.

IIpumep 13. TupexruBa

.PRINT AC VM(10) VP (10)
BBIBOJIUT YaCTOTHBIC 3aBUCUMOCTH Monyist (VM) u ¢assl (VP) nanpspxkenus
B y31e 10. IupektuBa

.PRINT AC VDB(10) VP (10)
BBIBOJIMT HA Me€YaTh Ty ke MH(OPMAIMIO, YTO U B IPEABIAYIIEM MIPUMEPE, HO
MOJYJIb HAPSKEHUSI BBIBOJIUTCS B JenOenax.

PesynbTaThl B Buae rpadukoB BeIBOJATCS qupektuBoit PLOT.
. PLOT AC <CHMCOK BHXOIHHX [1e€pPeMeHHBIX>

Ipumep 14.  JlupexkTuBbl

.PLOT AC VM (10)

.PLOT AC VP (10)
BBIBOJIAIT Tpaduk Moayiist v (pa3bl HanpsikeHust y3ia 10 B OT/ACIBHBIX CUCTE-
Max KOOpJUHAT.

HupextuBa END:
.END

00s3aTeJIbHO HOJDKHA IMTPUCYTCTBOBATH B KOHIIC TCKCTOBOT'O OIMMCAHMUA.

4.3. IPUMEP COCTABIJIEHUS TEKCTOBOIO OIMMCAHUA CXEMbI
n 3A4AHNA HA MOOEJIMPOBAHUE

Paccmotpum cxemy @HY (puc. 35) co ciaeayromuMu 3HAYCHUSIMH Iapa-
MeTpoB 1eMeHTOB: R} = R, = 10 kOm; C; = 112,54 n®d; C, = 225,08 nd;
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Ugx Ci— J Uppix
é

®

Puc. 35

OV nonaraem He SBISETCS UACATBHBIM U XapaKTEPU3YIOIIMMCS BXOJHBIM
U BEIXOAHBIM conpoTuieHusmMu (Rgy = 100 kOMm; Ry = 100 Om) 1 k03ddu-
IIMEHTOM ycHIeHHs 6e3 obpaTHoii cessu K, = 10°. 3amectum OY mpocreiimeit
cxemoii, cogepxkameit MHYH, BxonHol u BeIXogHO# pe3uctopsl. Kpome 3toro,
JaauM MMEHa y3JlaM UM KOMIIOHEHTaMm, OTBeyarollue TpeOOBaHUSAM BXOIHOTO
a3pika PSpice. Cxema 3aMeleHusi Moka3zaHa Ha pUCyHKe 36, rjae MyHKTUPOM
BbIZIENEH OY.

Puc. 36

Ero BhIXOAHAs LENb IPEICTABIEHA IOCIEI0BATENLHBIM COEAUHEHUEM
NHYH u pesucropa Ry .

MMeHa y3110B yKa3aHbl B KPYXKKax, IPUYEM 003aTENIbHbIN HYJIEBOW HOMED
IPUCBOEH 00mIEMY y31y. OTMETHM, YTO UCTOYHHK V. x HEOOXOAMM Ul yKasa-
nus qupektuBe AC Ha BXOIHYIO BETBb. Ero mapaMeTpsl MOT'YT OBITH 3aJaHEbI
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IPOM3BOJIBHO, Hanpumep, |Vyx | =1B, arg (VVX )=O . COOTBETCTBYyIOIIEE TEK-

CTOBOE OoIucaHue umeet Bu (puc. 36):
* hhkkkhkkhkkkkhkkhkkhkkkhkkhkkhkkkkhkkhkkhkhkkhkkhkkkhkkhkkhkkhkkhkkhkkkhkkhkkkhkkhkkkkkhkkkkkkk*x

*
SMIIBTP HUXHUX YACTOT

YACTOTHBHE XAPAKTEPUCTUKHU

TPYINIIA ATC-06-2

12.05.2007

* % % % ok X Ok X % * * *

hkhkkkkhkhkkkkhkhkkkkhkhkkkkhkhkkkkhkkkkhkhkkkkhkkkkkhkkkkkhkhkkkkhkhkkkkhkkkkk*k
*

* OINCAHUE CXEMBI

Vvx 1 0 AC 1

R1 1 2 10k

R2 2 3 10k

Cl 3 0 112.54p

c2 2 5 225.08p

Rvx 3 5 lmeg

Rvyx 4 5 100

El 4 0 3 5 1E5

* NMPEKTWUBEI

.AC DEC 50 1000 1000000

.PRINT AC VDB (5) VP (5)
.PLOT AC VDB (5)
.PLOT AC VP (5)

.END

JlanHoe onucanue cienyet ohopMHUTh Kak TeKcToBbld (aitn (ASCII-daiin)
C TOMOUIBIO COOTBETCTBYIOIIEH NporpaMmmbi-penaktopa. Tun ¢aiina nomkeH
OBITh cir 1715 ocnenyromen 3arpy3ku B PSpice unu 8 EWB. Ecnu npeanonara-
etcst ucnonap3oBanue MicroCAPV, to tun daiina gomkeH ObITh ckt.

[Ipu oTkpeiTHM (haiifia onMMcCaHUs B yKa3aHHBIX MPOrpaMMax UMU BBIMOJI-
HAIOTCS crienuduyeckue aeicTrus. PSpice aBToMaTuuecku 3aycKaeTcsl Ha CUET
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U T€HEpUpYET BbIXOAHbIE NaHHbIe B (aitn tuna out. MicroCAPV oTkpbiBaeT ok-
HO C TeKCTOM (pailia ¥ mepenaer mapaMeTpbl TUPEKTUB B COOTBETCTBYIOIIHE
nuanorobble okHa. IIporpamma 3amyckaercs Ha cueT koMaHnoil Analysis/AC
Sweep, B pe3yjbTaTe Yero Ha SKpaHe MOSABISIOTCSA TpadUKU BEITUYUH YyKa3aH-
HbIX B gupektuBax PLOT. Pe3ynbTaTsl pacueToB MpUBEACHBI B MPUIOKEHUN HA
pucyske [13,a 3nauenust nepemeHHbIX U3 nupekTuBbl PRINT BeiBonuTCs B daiin
THUIIA ano.

[Iporpamma EWB conepxut komanay Import from Spice B mento File. Tlo-
Clleé €€ BBIIOJIHEHUS 3allyCKaeTcs IMpoLelypa aBTOMATHUECKOIO IOCTPOECHMUS
CXEMBbI, pe3yJIbTaT paboThl KOTOPOU TPeOyeT PyUyHOU KOPPEKTUPOBKH.

Tax, HanpuMmep, pacnoyioKeHUe FJIEMEHTOB MOXKET UMETh BeCbMa HEOObIU-
HBIM BHJI, @ MPUOOPHI HA CXEME MOSBISIOTCA B HEMOJAKIIOYEHHOM COCTOSHUH.
ITocne nopaboTKM cXeMbl MpoLeaypa MOJEIMPOBAHMS 3aIlyCKaeTcs OOBIYHBIM
00pa3oM — Ha)KaTUEM Ha BBIKIIIOYATEIb B IPABOM BEPXHEM YTJTy dKpaHa.

TexcToBOE OmucaHue TOM K€ CXEMbl IIPU pacdeTe NePEeXOAHbIX MPOIIECCOB
B OCHOBHOM COBIIQJIA€T C PaHEee pacCMOTPEHHbIM. OTINYHNE COCTOUT B ONUCAHUU
MCTOYHUKA BXOJHOTO BO3JEHCTBUS (IIPSIMOYTOJIbHBIE UMITYJIbCHI) U AUPEKTUBAX.
Nmmnynbecbl umeroT mupuHy 30 Mkc 1 nepuon 60 MKc.

hkhkkkkhkkkkkhkhkkkkhkhkkkkhkhkkkkhkhkkkkhkhkkkkhkhkkkkhkhkkkkkhkkkkkhkkkkkhkkkkkk

SMIIBTP HUXHUX YACTOT
[IEPEXOIHEE IIPOIECCH IP¥M BO3JIEMCTBUM

[NPAMOYT'OJILHEIMM MMITYJILCAMU

TPYINIIA ATC-06-2

12.05.2007

hkhkkkkhkhkkkkhkhkkkkhkhkkkkhkhkkkkhkhkkkkhkhkkkkhkkhkkkkhkhkkkkkhkkkkkhkkkkkhkkkkk

* % % %k % % ok % Ok %k %k % X k X X X F * * * * *

OIMMCAHUE CXEMBI
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Vvx 1 0 PULSE(0 1 0 O O 30u 60u)
R1 1 2 10k

R2 2 3 10k

Cl 3 0 112.54p

c2 2 5 225.08p

Rvx 3 5 lmeg

Rvyx 4 5 100

El 4 0 3 5 1E5

* IOUPEKTWBEL

.TRAN O0.4u 100u
.PLOT TRAN V(5)
.PRINT TRAN V(5)
.END

HupextuBa TRAN 3agaer pexxum pacuera MepexoIHbIX NPOLECCOB HA UH-
tepBaiie BpemeHu ot 0 10 100 mkc ¢ marom BeiBoaa pe3yibratoB 0,4 mkc. Pe-
3yJbTaThl pacueToB MpHUBEAeHBI Ha pucynke [13,0.

Pacuet nepexoaHbIX MPOIIECCOB MPU CUHYCOUIATLHOM BO30YXKIECHUU Ha-
npsbkenueM 1 B ¢ wactoroit 500 kI'11 onuchIBaeTCs CAEAYIONTUM 00pa3oM:

hkhkkkkhkhkkkkhkhkkkkhkhkkkkhkhkkkkhkhkkkkhkhkkkhkhkhkkkhkkkkkhkhkkkkhkhkkkkhkhkkkkkkx*k

SMIIBTP HUXHUX YACTOT

[IEPEXOIHEE IIPOIIECCH IPY CHMHYCOMIAJILHEIM BOS3IEMCTBUM

TPYINIIA ATC-06-2

12.05.2007

* % % % % Ok X % * X X X * ¥ *

khkkhkhkhkhkhkhkhkhkkhkhhkhkhkhkhkhkkhkhkhkkhkhkhkkhkhkkkhkhkhkkhkhkkkkhkhkhkkhkkhkx
* OIIMCAHUE CXEMBI

Vvx 1 0 SIN(0 1 500k)
R1 1 2 10k

R2 2 3 10k

c1 3 0 112.54p
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c2 2 5 225.08p

Rvx 3 5 lmeg

Rvyx 4 5 100

El 4 0 3 5 1E5

* IOUPEKTWBEL
.TRAN O0.l1lu 15u
.PLOT TRAN V(5)
.PRINT TRAN V(5)
.END

PCBYJIBT&TBI pacdcTOB IIPUBCACHBI HAd PUCYHKC H3,B

BUBITIMOMPA®UYECKUIA CMTUCOK
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CMCOK COKPALLEHWM

AUX — aMIUIMTYyAHO-4aCTOTHAsI XapaKTEPUCTHUKA.
BUX — 6eckoHeuHas UMIyJIbCHAS XapaKTEPUCTUKA.
NC — ucToyHUK curHama.

NX — umiynbcHas XapaKTEPUCTHKA.

KNX — koHeyHas MMITyJIbCHAsA XapaKTEPUCTHKA.

OY — onepalMOHHBIN yCUIUTENb.

[I® — nepenarounast GyHKIHS.

CAIIP — cucrema aBTOMaTU3UPOBAHHOTO MPOEKTUPOBAHMUSL.
T3  — TexHHMyeckoe 3aJaHue.

®BY — ¢puibTp BEpXHHUX YacTOT.

OHY — QunbTp HUKHHUX YaCTOT.

®OI13 — monocHO-3aieP>)KUBAIOIIHKN PUITBTP.
OIIIT — mosocHO-IIPOITYCKAIOMUN PUIBTP.
OdYX — (pazoyacToTHAs XapaKTEPUCTHKA.

Y30C — 4aCTOTHO-3aBHCHMOE OTPHIIATCILHOE PE3UCTUBHOE COMPOTHBIICHHE.
EWB — Electronics Workbench
EDA — Electronic Design Automation.
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A
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2 — Yeonimena; 3 — becceasi; 4 — nunBepcHblil Yedbimena; 5 — Kayspa)
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IL

HAAHHBIE []151 PACHETA AKTUBHbIX ®UJIb TPOB

TABJINIIA T2

IHopsinok

¢puabTpa 2 4 6 8

Homep 3BeHa B

puTpe 1| 1 2 1 2 3 1 2 3 4

dunbmp bam- b (1,4142|0,76537 |1,8478 [0,51764 |1,41421|1.9319 |0,39018 |(1,1111 |1,6629 |1,9616
mepeopma ¢ (1,00001,0000 |1,0000 [1,0000 (1.0000 [1,0000 (1,0000 (1,0000 (1,0000 {1,0000
dunbmp bec- b [3,00005,7924 |4,2076 |5.0319 |8,4967 |7,4714
cens c [3,0000(9,1401 (11,488 |26,514 (18,801 (20,853 _ - - -
dunbmp Ye- b [2,3724(0,5283 |1,2755 |0,22939 (0,62670 (0,85608 |0,12796 |0,36440|0,54536 |0,64330
6biwesa, c |3,3140|1,3300 (0,62293 |1,1294 |(0,69637 |0,26336 |1,0695 |0,79889 |0,41621 |0,14561
A, =0,10b
dunbmp Ye- b (1,4256 |0,35071 |0.84668 [0,15530 |0,42429 |0,57959 (0,087240 (0,24844 0,37181 |0,43859
6biwesa, c |1,5162(1,0635 |0,35641 |1,0230 |0,59001 |0,15700(1,01193 |0,74133|0,35365 |0,088052
A, =0,50b
dunbmp Ye- b (1,0977(0,27907 |0,67374 [0,12436 |0,33976 |0,46413 (0,070016 {0,19939 |0,29841 |0,35200
6biwesa, c [1,1025|0,98651 |0,27940 |0,99073 |0,55772 |0,12471 [0,99414 |0,72354|0,34086 |0,070260
A, =106
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L

IMPOAOJDKEHUE TABJIMIIBI 112

IHopsinoxk
¢puabTpa 2 4 6 8
Homep 3BeHa B
puTpe 1 1 2 1 2 3 1 2 3 4

UHeepcHbIli | a |101,00 |4,7485 (27,676 |(2,1487 |(4,0094 |29,927 [1,5662 |(2,1793 |4,8812 |39,585
punbmp b [1,4141 |0,68916 |2,0315 |(0.3791 |1,3339 |2,5582 |0,23212 |0,81034 |1,7820 |3,1463
Yebniweea, c |1,0100 |1,0375 |1,2667 |(1,0346 |1,3323 |1,8705 |1,0259 |2,1793 |(1,8480 |2,7660
A,=400b
UHeepcHbIli | a |1001,0 |13,691 79,796 |(3,9331 |7,3393 |54,781 [2,2966 |3,1956 |7,1575 |58,046
ounemp b [1,4142 [0,74117 |1.9062 |0,44972 (1,3965 [2,2095 [0,29373 |0,9557 |1,7907 |2,57046
Yebbiwesa, c [(1,0010 |1,0127 |1,0788 |1,0186 |[7,3393 |1,3409 |1,0175 |3,1956 |1,4555 |1,7712
A, =600b6
dunbmp a 4,2692 22,327 |(1.5069 |2,2598 |13,137 |1,1240 |(1,9521 (11,446 |1,2602
Kayaspa b _  |1,3461 |0,4248 [1,0920 |0,47331 (0,11043 |(1,0239 |0,45365 [0,14277 |0,030725
A, =0,106| ¢ 0,74691 |1,2910 |0,4806 |0,87716 |1,0734 |0,42180 |0,77320 |0,96211 |1,0204
A, =400b6
dunbmp a |[143,63 |3,0091 14,910 (1,3095 |9,9655 |1,8557 |1,0686 |9,0876 |1,6841 |1,1638
Kayaspa b [1,4180 |0,9071 |0,27191 |0,77007 |0,30575 |0,065032 |0,73705 |0,29705 |0,082014 |0,015925
A, =0,506| ¢ |1,5214 |0,44776 (1,0614 |0,31757 |0,79649 |1,0142 |0,29063 |(0,73143 |0,94513 |1,0035
A, =400b6
dunbmp a (98,756 |2,5907 (12,428 |(1,2406 |8,7778 |1,7081 |1,1291 |8,1502 |1,5803 |1,0503
Kayaspa: b [1,0915 |0,72858 |0,21056 |0,63103 |0,23684 |0,047572 |0,60900 |0,23133 |0,059160 |0,010823
A, =106 c [1,1081 |0,36177 |0,9985 |0,26776 |0,77991 |0,99943 |0,24921 |0,72792 |0,94486 |0,99987
A, =400b6
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€L

OKOHYAHME TABJIULIbI 112

opsnox

¢puabTpa 2 4 6 8

Homep 3BeHa B

puTpe 1 1 2 1 2 3 1 2 3 4

dunbmp Kay- | a 12,361 69,585 |2,5289 |4,2298 |28.108 (1,4195 |3,0769 |20,927 |1,7150
Ipa b —~ 1,2989 0,49378 |0,96582 |0,56119 |0,16569 (0,85191 |0,51971 |0,22817 |0,060653
Ap =0,10b | ¢ 0,66037 |1,3176 |0.35142 |0,78639 (1.1006 |0,27199 [0,61862 [0,90926 |1,0365
A, =600b
dunbmp Kay- | a 8,3455 46,159 |2,0613 |3,3397 (21,390 (1,2853 (2,5957 (16,917 |1,5145
Ipa b - 0,86678 |0,32430 (0,66901 |0,37399 (0,10612 |0,60393 (0,35142 [0,14430 |0,030505
Ap =0,50b | ¢ 0,3838 1.0632 |0,22129 (0,69177 |1,0189 |0,17964 |0,56972 |0,87907 (1,0064
A, =600b
dunbmp a 7,0041 38,327 |1,8901 |18,893 |3,0106 (1,4382 |2,4081 (15,340 |1,2355
Kayapa b - 0,69206 |0,2560 (0,54291 |0,29620 (0,082014/0,49516 (0,28005 (0,11062 |0,027202
A, =106 c 0,30397 |0,99089 (0,18153 |0,66716 |0,99607 [0,15051 (0,56046 (0,87423 |0,99866
A, =600b

Ilpumeuanue k maonuye I12. Jlannas Tabnuia UCHONB3yeTCs U ONpeaeNeHns NepelaToYHbIX GYHKIUN GUIbTpoB 2, 4, 6, 8 TOPSIKOB, COCTOSIINX U3 1-TO,
2-X, 3-X 1 4-X 3BEHBEB BTOPOTO MOPSIJIKA, COOTBETCTBEHHO. B Tabnwuile MpUHATHI clienytonme 0003HaYeHUsI:
A, — MaKcUMallbHOE 3aTyXaHUEe B I0JIOCE MPOITyCKaHUs B fenubenax; A, — MUHHMaJIbHOE 3aTyXaHUeE B MOJIOCE 3a/IepKUBAaHuUs B Aenubdenax; a, b, ¢ — koapdu-

UMeHThI B popMyJiax nepenatodnbix Gpynkumii (21)-(25) n (38)-(47). Koadduumentsi a, b, ¢ paccuntanbl Tak, 9T0 Ha 4aCTOTE cpe3a (Do 3aTyXaHue QUIIbT-
poB batTtepBopTa u nHBepcHOro punbTpa Yedbimena umerot Bennuuny 3 1b, a 3atyxanue punstpoB YebsieBa u Kayspa (anmuntaueckoro GpuibTpa) vMeer

sHauenue Ay. Jlist puibtpa beccenst Ha yacTore (D IpyNIoOBOE BPeMs 3aa3/blBaHis CHIHAIIA PABHO IPUMEPHO l/ O -
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NMPUNOXEHUE 3

FILTLP CKT Temperature= 27

Tk 10K 100k 1

F

[ P auu CRD] EaD TULu

Puc. I13,6. Ilepexoansblii npouecce BbIxogHoro HanpsixeHuss ®HY 2-ro nopsiaka
NPH BO30YKIeHNUU NPSIMOYT0JIbHBIMH HMITYJIbCAMH

FILTTRAN.CKT Temperature= 27
150.00m H H i

0.00m

ou Em Eu au 12u 15u

Puc. I13,B. Ilepexoaublii npouecc BbIXoaHOro Hanpskennss ®HY 2-ro nopsiaka
IPU CHHYCOUJAAJIBHOM BO30YKIEHHH
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