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MPEAUCIOBUE

Hacrosiee yue6noe noco6ue mnpexcrasiser co6oit mepepato-
TaHHBIH W JOMOJHEHHBIH MaTepHasn 4aCTH TEOPETHYECKOro MNpH-
JOXKeHHs1 cOOpHHKa JabopaTOpHbBIX PaboT IO NepBOH YacTH
Kypca «JJeKTPOHHAs M HMIOYJbCHAs TeXHHKAa», WH3TaHHOTO
B M3U, 1975 r.

B nanmyio paboTy BK/IIOYEeHB OOIIHe CBeJCHHS O JHHEHHBIX
YCHIUTE/ X, OLMHOYHBIX YCHIHTEJbHBIX KacKafax Ha OHIOJAP-
HBIX M VHHIOJSIPHBIX TpaH3UCTOpax, ycuimuteasix c¢ RC-cB3bio
H U36HpaTeNbHEIX YCHIHTENSIX.

B rnaBe 2 paccmatpuBaercs 00mas CTPyKTypHas cxeMma ycH-
JIATENIBHOTO KaCKafa, Kak OCHOBHOI'O y3ja JHHEHHBIX 3/1eKTPOH-
HBIX YCTPOHCTB (€3 KOHKpeTH3aluH aKTHBHOTO KoMmoHeHTa. Ha
6a3e 3TOH CxeMbl ONHCHIBAIOTCS MPHHIHIMATBHBIE CXEMBl OXHHOY-
HBIX KaCKaJOB Ha OHMNOJAPHBIX U YHHIOMSPHBIX TPAH3UCTOPAX.
Hus xaxkporo THIA KackaloB BHIBOAATCS (OPMYJbI, TO3BOJAIO-
IHe ONMpeneNsTh OCHOBHBIE MOKa3aTenH. AHANH3 YCHIHTENbHBIX
KackajoB MPOUIBOAHMTCSH C IPUMEHEHHEM JKBUBAJEHTHBHIX CXeM
(§ 2.2) u reopunu cursanbHbix npados (§ 2.3).

B rnase 3 paccmarpuBalOTCs 4acTOTHas H MepexojHas Xa-
PaKTePUCTHKH ycHJIHTensl ¢ RC-cBA3bIO, aHAIH3HPYETCA ero pa-
6ora B AHana3oHe OOJBIUHX BpeMeH (HHSKHX YaCTOT) M MaJblX
(BBICOKMX 4YacTOT), BHIBOASTCH COOTHOIIEHHS [JIs pacdera Jid-
HEeHHBIX HCKaXKeHHH HMMMyJbCHBIX cHrHamnoB. IlpuBoxparcs cBeme-
HHUs M3 TeOpPHH OOPaTHOH CBSI3W H pacCMaTpPHUBAETCsl BIHSHHE OT-
pHLaTeIbHON OODATHON OBSI3M HA CBOHCTBA YCHJIHTEJS.

B rnase 4 paccmorpeHnnl u3bupatenpHbie RC-ycniutens, mo-
cTpoeHHble Ha 6aze ycHauTeNsl ¢ 06paTHOH CBA3BIO.

Yye6Hoe nocobue «JIMHEHHble YCHJIHTENTH NEePEeMEHHOrO CHI-
Haja» BKjlodyaer GOJBIIYIO YacTh MaTepHalia NepBOH 4acTH Kyp-
coB «MMnysbcHAs 3/71eKTPOHHAS TEXHHMKA H OCHOBBl MHKDPO3JEK-
TPOHHKH» H «DJIeKTPOHHHe Hend DBM H OCHOBH MHKPO3JEKTPO-
HAKH», YHTAeMbiX aBTOpamu MJs choeunaibHocTedr 0606, 0642,
0645, 0608, 0648, 0647 ¢axynbrera aBTOMATHUKH H BBIMHC/IH-
TeJbHOH TeXHHKH H MO3TOMY OKaKercs HOJIe3HHM IIPH H3yUeHHH
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AEKIMOHHOTO MaTepHana M TPH MOATOTOBKE K J1a6OpaTOpHBIM
paboram, BuinoaHsieMbM cryfeHTramu ABT® B snabopartopuu
. Kadeqpsl 3JeKTPOPHIUKH.

Yuye6HOe moco6ye HAMMCAHO NMPENnofaBaTeasiMu KadenpHl dIeK-
tpodusuky MIOHU. T'nasa 1, § 2.1, 2.3 nanucans mpod. A. H. Cra-
poCTHHBIM; I'aBel 3 ¥ 4 — kaHA. TexH. Hayk accucr. A. T. Ko-
6axoM; rnasa 2 (kpome § 2.1, 2.3) — KaHA. TeXH. HayK AaCCHUCT.
A. M. OcunosbiM; § 3.1—3.3 Hamucansl CcoBMecTHO mpod.
A. H. CrapoctunbiM ¥ KaHI. TexH. Hayk accuct. A. T. KoGsxowm.

Boasmyio nomoils B NOArOTOBKEe H OQOPMJIEHHH PYKOIHCH
oKasaja CT. HHXKeHep Kadenpsl snekrpodusuku MIU JI.T. Kam-
IIXIHHA. ABTOPH BHIPaXKaloT el HCKPEeHHIO G/1arofapHOCTb.

Pepaktupopanue yueOHOrOo MNOCOGHS OCYIIECTBJIEHO Mpod.
A. H. CrapoCcTUHBIM.



FnaBa 1

OBIIUE CBELEHUS O JIMHEMHBIX YCHJIHUTEJSAX

1.1. Onpepnenenne u KAaccuPUKAUHUA yCHIUTETEH

JIMHEHBIMH YCHJINTENSIMH HA3bIBAIOTCS 3JEKTPONpeoGpa3oBa-
TeJbHble YCTpOficTBa , O6sajaiolye CIOCOGHOCTHIO MOBHIIATH
ypOBeHb MOILHOCTH BXOMHOrO CHrHaja 6e3 MCKaXKeHHS ero
¢dopmnl.

Ycunutens neficrByer Kak npeofpa3oBaTesb 3JEKTPHYECKOH
9HEPTHH BTOPHYHOrO HCTOYHHKA NMUTAHHS B KOJeOaTeIbHYIO SHEp-
ru0. Ycunaenne c1abbXx CHMHaJNOB OTOOpaXkaeT ynpaBJeHHe 3Hep-
THell MeCTHOro HMCTOYHHMKA. YCHIMBAETCS He CaM CHTHAl, a IoJ
BO3JEHCTBHEM CHTHa/Ma 3JEKTPHYECKHe TOKH B HeNsX MeCTHOro
HCTOYHHKa HAYHHAIOT H3MEHATbCH B TAKT C H3MEHEHHEM CHr-
Hana.

CTpykTypHasi cxeMa yowauTtens npuBemexa Ha puc. l.1. Ycu-
JHTedb JAeHCTBYeT Kak npeo6pa3oBarelib 3HEPTHH HCTOYHHKA
NIOCTOSIHHOTO HaNpsIKeHHs B SHEPrUI0 YCHIHBAEGMOTO NepeMeHHO-
ro cursana. Co6CTBEHHO YCHIHTENTb NOKa3aH Ha PHCYHKe B BUIE
YeTHIPexnoyiocHHKa 2. OH AB/ISeTcs aKTHBHHIM YeTHIPEXIOJIoC-
HHKOM, TaK KakK MOIIHOCTb IepeMeHHOro CHrHaja Ha BHIXOAE
(B Harpyske) P,.; Bcerja 6osblie MOIIHOCTH Ha BXoxe P,. Ha
BXOJ 3TOr0 YeTLIPeXMOJNIOCHHKA MOLAeTCs NepeMeHHHIH CHrHaJ
U,z OT HCTOYHHKA C BHYTPEHHHM conpoTuBieHueM R, u DC E,.
IMo oTHOmEHHIO K HCTOYHHKY CHTHAJa YCHJIMTE]Ib NPEACTABJSIET
coGo#i HAarpy304yHOe CONPOTHB/IEHHE, HA3HIBAEMOEe BXOIHBIM (Ry).
Bennunna R, onpenensercs cxeMoil H NapaMeTpamMu yCHJIHMTENb-
HBIX 3JIEMEHTOB, B KayecTBe KOTOPHIX NPUMEHSIOTCS JH60 TpaH-
3MCTOPH, 60 3/IeKTPOHHbIEe JaMnbl. ConmpoTuBiaeHHe R,, Xapak-
Tepusyer noTpebieHHe SHePTUH Ha BXOXE YCHJIHTES.

K BBIXORY 'yCHIHTENS TIOAKIIOYAeTCs CONPOTHBIEHHEe Harpys-
KM R,, KoTopas B oflieM ciayyae sBasiercs KomimiexkcHoi. [lo
OTHOLIEHHIO K Harpy3Ke YCHJIHTENb MOXKHO PaccMaTpHBATh B Ka-
yecTBe reHepaTopa IEPEMEHHOro curnanh ¢ AJC Euux M BHYT-
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DEHHHM CONPOTHBIEHHEM Ry, HA3HIBAEMBIM BBHIXOLHBIM COMPO-
THBJICHUEM YCHJIHTEIIS.

ConpoTuBNeHHST Ry M Ry OTHOCATCS K 3KCIUIYATALHOHHBIM
NOKA3aTeIsIM yCUTHTeNS.

B 3aBHCHMOCTH OT COOTHOINEHHH MeXKAY Rp ¥ Ry, Rpux H Ry
pasIMYaloT C/IeyIOllHe DPEXHMBL PaGOTHl M COOTBETCTBYIOL{HE
HM THIIBl YCHJIHTENeH.

1. Yeunurenp nanpsokenns R <K R,, Ra>R.u:. Pabora ycu-
JIMTeJisi XapaKTePH3yeTCsl BeJHUHHAMH HaNpSKeHHH# Ha BXOXe H
Ha BHxoge: Uy~ E, ¥ Uy & Epus.

T UcemuT

Uctaunux

T10CTOAHHD20 HATIPA-

Jrcenusn (Bsirpamurens)
Lana 2
R h/? R R
T bx N
. U -
O Diae |

I g

Puc. 1.1. CrpykTypHasi cxeMa YCHJIHTENS

2. Younurenp toka R:>Ru, Ra< Ruus. Ilpu ykKasaHHBIX yC-
JIOBHsIX Pabory ycuauTens yaoOHee XapaKTepH30BaTb TOKaMH Ha
Bxome I, u BEIXOHEe [hpx.

3. Yeunurenp MOMHOCTH R,=R;; Ra=R.,:. Pabory ycuiu-
TeJs Ha BXOAe M BHIXOZe yAoOHee XapaKTepu30BaThb MOUIHO-
CTSIMH.

4. Ycunurenr ToKa ¢ MNOTEHUHMAJbHBIM BHXOAOM R,.>R.,
R:>R.ux. B a3tOoM cryyae BXOJAHOH BEJMYHUHON YCHIUTEJ]S SIB-
JISIeTCS TOK, a BEIXOJLHOR — HampsiXKeHHe.

5. Ycuaurenn HANPSKEHUs C TOKOBHIM BBIXOOM R XK Ry,
Rz R,z 31ech BXOTHON BEIUYUHON SBJSETCS HaNpsKeHHe,
a BBIXOJHOH — TOK.
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6. Younurtenp HanpsDKeHHss C MOLIHBIM BHIXOZOM R, Ry,
Ru=R,,.. BXOIHO} BequuuHOH fABJsieTcs HANpsKeHHe, a BBHIXOX-
HOH — MOIIHOCTb.

KpoMe mepeuHc/IeHHBIX IIECTH THNOB YCHAHTENEH CYIECTBYIOT
ellle TPH THIIA 'YCHJIMTEJEl, KOTOpble BCTPEUAIOTCS OTHOCHTEJIBHO
penKo.

7. YcunuTeNb MOIIHOCTH € MOTEHIHANbHBIM BHIX0A0M R,=R;,
R.>R.y,. B 3TOM cllyuae B KauecTBe BXOJHOH BEJHUHHB MOXKHO
HPUHATL MOLIHOCTb, a BBIXOJLHOH — HampsXkeHHe.

8. Ycunurenr MOUIHOCTH € TOKOBHIM BHIXOAOM R,=R,,
R:< R,,,. B KauecrBe BXONHOH BEJHUHHB NPUHUMAETCS MOII-
HOCTb, @ BBIXOJIHOH — TOK.

9. Vceunurenb ToKa ¢ MOIIHBIM BHXOAOM R, >R.., Ro=R,us.
BxoaHo# BenMUHHON SIBASETCS TOK, @ BBIXOZHOH — MOIIHOCTD.

1.2. dxcnayaTanuoHHbe NMOKA3aTeNUd YCHIAUTES

[Tomumo R, ¥ R,y K 3KCIIYaTAlMOHHBLIM MOKAa3aTeIsIM OTHO-
CATCH BHIXOAHBIE W BXOAHBIE BENUYUHBI, KO3(P(DHIHEHT MOJE3HOTO
JeHCTBHSL ¥ KO3()QHIUEHT YCHIIEHHUS,

B 3aBHCHMOCTH OT THINa YCHUJWTENS B KAyeCTBe BHIXOZHBIX
BEJIMYUH NMPUHUMAIOT JHO0 BHIXOAHYIO MOIUIHOCTL (THnH 3,6, 9),
au60 BHIXOZHOe HanpsikeHne (tunel 1, 4, 7), JHG0 BBHIXOTHOMH
Tok (Tuns 2, 5, 8). To XKe camMoe OTHOCUTCS M K BXOJHBIM BeJIH-
YMHAM, MMH MOTYT CJAYKHTb JHGO BXONHAS MOIIHOCTb (THIIBI
3, 7, 8), nu6o BXoAHOe Hampsixkenwe (tunw 1, 5, 6), mu6o BXOX-
HOH TOK (THIH 2, 4, 9).

OddekTHBHOCTE PaGOTH yCHIUTENs omnpepessietcs Koaddu-
LIHEHTOM TIoJIe3HOro JeficTBusl. B obmem ciyyae ycHaIUTeN b HMeEeT
HECKOJIBKO CTyreHeH (KacKajoB) YCHJEHHS, T.e. SIBJISETCS MHO-

Pnc. 1.2. Crpykrypsias cxeMa MHOTOKAaCKafHOTO YCHAWTEJS

rOKacKaJHBIM 3JEKTPONpPeoOpa3oBaTelbHEIM YCTPOHCTBOM (pHC.
1.2). KII Takoro ycuiuTess, KaK NPaBHJO, OoNmpejensiercs Mo-
crefHuM (BBIXOLHBIM) KAacKaJOM YCHJIHTENsl U PaBeH
- Pryix
n=-— (1.1
| i )
rae Py — MOIHOCTb MCTOYHHKA NOCTOSSHHOTO HAlpsXKeHHs.



Has namnosuix yeunurenein KITI pasen

= Lox (1.9

rae PcyMM=Pa+P!aR+PS+P0N;
P, — MOIIHOCTL aHOMHBIX TeneH;
P, — MONIHOCTb Illelel HaKaja;
P, — MOIIHOCTb BKPaHHHIX Helnel;
P,, — MOLIHOCTb UeNed CMelleHUs yNpaBasiiouiell CeTKH.
KosnvuecTBeHHBIM TOKa3aTejeM pa6GOTH YCHJIUTENS CIYXKUT
KO3(p(HUIHEHT YCHIIEHHUS.
Ucxons u3 ompeneseHus YCUINTENSI, OCHOBHBIM KOINYECTBEH-
HblM NOKa3arteneM ero 6epyT Koa(pdhHIHeHT YCHIeHHS MOLIHOCTH

K,= Lmx (1.3)
Pgx
Onnako Ha mpaxTHKe 3TOT K03(hHUUUEHT HCNOJb3yercs JHllb B
cryyae youaurteneir MomHocTH (THR 3). B ocranpHBIX Xe Ciry-
yasx koaduuuent K, ckopee XapakTepHu3yeT «NPaBO» BJIEKTPO-
npeo6pa3oBaTeNbHBIX YCTPONCTB HA3BIBAThCS yCHauTes sMu. Tlpu-
YHHOH 3TOMY SIBJISIETCS 3aBHCHMOCTb BedHuuMHH K, He TOXBKO
OT MapaMeTpOB CaMOro YCHJIHTENsS, HO H OT NapaMeTpoB BHeEI-
HHUX KOMIIOHEHTOB H B NEpBYIO OYepe/ib OT HarpysKi.
Tax, nanpumep, st yCHIUTeNsT HanpsiKenua (tun 1)

K,= (_’iw_)” . Rux (1.4)
UBX RH

Cuyutast, yt0 E,u;=Ku U, Tie K.y ABIfieTCA NapaMeTpoM
camoro ycuiautrens (K.y — Ko3bduIHeHT yCHUIEHHs HampsKe-
HUSl B pPeXHME XOJOCTOrO XOIa Ha BHIXOJe), NPUXOLMM K BHIBO-
ay, uro K, 3aBHCHT OT Harpy3kdH W NOSTOMY He NPHTOLEH MLJISA
XapakTepHCTHKY NAHHOTO yCcuiauTens. B T0 Xe BpeMs s ycH-
JIUTEJIST MOLIHOCTH

— EBle ’. Rex — 2 Rox . 1.5
K”“( U) o ) iR (9

Kax sumno m3 (1.5), xoaddunuenr K, B cayyae YCHIHUTENS
MOLIHOCTH (THN 3) SBJASETCS MApPaMeTpPOM CaMOro YCHJIHTENs H
He 3aBHCHT OT BHEUIHHX KOMIOHEHTOB.

Jlns XxapakTepUCTHKH YCHIHTeNel HaNpsSKEHHs NPUMEHsSeTCs
K03(OUUHEHT YCHIEHHS HANPSKEHUS

U
— ZEMX 1,6
Ka= o2 (16)



B peXHMe X0J0CTOr0 X01a Ha BhIXOHAE

E
K= 22, (1.7)

koapdunuent K., omnpenensiercs BHYTPEHHHMH TNlapaMeTpaMu
yeunurens. B ciyyae onHokackanHoro ycuautenss K,y ompene-
JseTCs napaMeTpaMH YCHJIHTENBHOTO 3JeMeHTa (TpaH3ucTopa
MJM JIAMIIBI) M CONPOTHBJIEHHEM PEXHMHOTO PE3UCTOPa B BHIXOJ-
HOH ILenH. ,

1 XxapaKTepHCTHKH YCHIUTENeHl TOKa TpUMeHseTcs Koad-
GbHIMEHT yCHJIEHHS TOKa

K, = Josx (1.8)
Iax
B pexuMe KOPOTKOTO 3aMBIKAHHS Ha BHIXOJE
I
Kl k8 = ’ (1.9)
]Bx )
E
rae I =—2% _ 1ok prixoaHoro remepatopa.

RBHX
B obmem cryyae xoapdumuents ycunenus K, u K; sBis-
I0TCS1 KOMIIEKCHBIMH BeJHYHHaMH. [lefCTBHTENbHO, B CHMBOJH-
yeckoll ¢opMe BXONHOE W BHIXOLHOE HaNpSKEHUS DAaBHH
Upy=\Uyy €™, Uy =Upyr+ €1, 2 KOIDPULUHUEHT YCHICHHS HATIPS-
XKCHHUSA

ku — U?ux — Upux el @—o) = K, eﬂ’yc’ (110)
Usx BX
nne K. — Monysb k03¢ uIMeHTa H/CUTCHUST,;

Pyo=@2—¢; — Ha30BH CABUT, KOTOPHIH BHOCHT 'YCHIHTENb.
Ecnn @;=0, T0 @;e=@s. AHanornuno Ko3(PHIUEHT yCHIe-
HHS TOKa MOXHO 3amucaTh B BHJIE
Ei=Ke%, (1.11)
nIe @ye — $a30BBIfl CABHT, KOTOPHI BHOCHT YCHIHTENb.

03 PUIHEHT yCHIEHHS HaNpPsXKEeHHs MHOTOKAcKagHOTO YCH-
aurens (puc. 1.2) pasen

ku-': U-Buxn — U?m 1, [{suxz ’UBbIXIt , (1.12)
Usx1 Usx1 Usux1 Usuix n—1

T. €.

K =-Kul 'Ku2 Ku n—l’K'm-



Jloeapugpmuueckuii kosgguyuent ycurenus

Koaddunuenr YCHJIEHHs], HHOTla 1elecO06pasHo  BhIpaxaTh
B JIOrapH(MHYECKHX enunhnax — nennbenax (1 aB=0,1 6ex).
Cs3p JMMHEAHbIX U JOrapuMHYECKHX €IHHHI BHIPaXKaeTCs CO-
OTHOILEHUSIMH:

Ku, .(-JIB) =20 lg Ku) 1y (1'13)
K, (nB) =101g K,. (1.14)

Muoxurens 2 B Bhpaxenuun (1.13) nenaer smorapudpmuue-
CKHH KO3(QHIMEHT yCHJeHHS HaNpsDKeHHs (HJIH TOKa) B PeXH-
Me COIVIaCOBaHMS Ha BXOJE H Ha BHXOZe U NIpH Ry,=R, paBHHM
JorapupMHYEeCKOMY Koeq@nunemy YCHJIEHHS] MOIIHOCTH:

/4R Ul
—_ l BHX l 0 Ble
K, (ab) = 10 lg IUZ, [4Ry| 'e

= 201g K,. (1.15)

BX

YmBoenue xosdduuventa K, osnauaer ysemnuenue K,(nb)
nHa 3ub, a ynBoenue K,,; — yBennuenue K,,; (1B) ua 6 1b.

Ecan nunefinpit k0apduIHEHT yCHIEHUS MeHbLIe eIHHUIEI
(ocmabienne curuaga), To jgorapupMuyecknii KoadGUUHEHT ycH-
JeHus OyIeT OTpPHIATENbHBIM.

Hanpumep, eciu muHeHHBIH K03(D(UIHEHT yCHIEHHA DaBeH

=L :
K, = ol TO B Jelubenax
1 |
=9 — _— = — 2 — — 31bB.
K, (1B)=201g o> 101g > 101g 31
1.3. KauecTBeHHbie TOKA3aTeNH YCHIUTENS

K mnokasartensiM, onpemejsiolliM KauyecTBO pabOTH 'yCHJIH-
T€JIsl, OTHOCATCA: YACTOTHbBle XapaKTePHCTHKH, KOIDUUMEHT He-
JMHEAHBIX HMCKaXKeHHH M aMIUIMTyAHAs XapaKTePHCTHKA, JMHA-
MUYECKHH AHAaNas’oH M YYBCTBHTENbHOCTb YCHJHTENS, CTaOHJb-
HOCTb Ko3(uimenTa ycuieHus.

PaccmoTpuM 3TH nmokasaTenH.
YacToTHble XaPAKTEPUCTUKL YCUAUTEAS

B ‘peanbHBIX YCHAUTEASAX HMEIOT MECTO TakK Ha3blBaeMbie JH-
HeliHble HCKaXKeHHusl YCH/IHBAa€MOT0O CHrHAJa.

OTH HOKaxeHHsT OOYCJIOBJIEHB 3aBHCHUMOCTBIO MOXYJS K03(]-
duuMeHTa ycH/JeHHs HaNpsKeHHs HJIH TOKa, a Takxke (pasoBoro
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CABHra MexAy BXOAHHIMH Y BHIXOAHBIMHM BEJHYMHAMH OT 4acTro-
Thl BXOJHOT'O OHTHaza.

3asucumocts Ki,:(f) HasbiBaercs aMIJIUTYAHO-4aCTOTHOH xa-
PaKTepHCTHKOM, a 3aBHCHMOCTb Qye(f) — dasouacTroTHOH Xapak-
trepucTukoft. Ha puc. 1.3, a npusenen rpaduk THIHYHOR aMILIH-

KU
,(W
ARG 4
a)‘ KUH KUD KUJ
3 h o 4w

Ofracms muswuz ems  Dbnacrs Bvewus

yacmom HUZ yacmom

pﬁ wacmom

7

‘Lt }\

llo | “t

5 __J[ fll jﬂ‘ -f’

a
A

2 . Af ———

Puc. 1.3. YacTomtble XapakTeDHCTHKH YCHIATENS

TYIIHO-4aCTOTHOH Xapakrepuctuku K, (f) ycunutenss mepemeHHo-
ro HanpsiKeHHs, COmepXkKallero, NOMUMO aKTHBHHIX, peakTHBHHIE
KOMIOHEHTh. M3-3a Hanuuyusi peakTHBHBIX KOMIOHEHTOB CHIHa-
Jbl He BCeX YaCTOT yCHJAMUBAIOTCS OJHHAKOBO. B 061acTH HU3KHX
U BBICOKHX YaCTOT PaBHOMEDHOCTb AMIUIUTYIHO-YaCTOTHOH Xa-
pakTepHCTHKH Hapymaercss 1 Habmofaerca ee cnax. Ha rpadm-
Ke OTMeueHbl 'DaHHYyHble YacCTOTH B JHala30He HU3KHX H BHICO-
KHX yacToT (fs — HHU3ILASI IPAaHHYHASI YACTOTA, [, — BHICIIAS Ipa-
HUYHAas yacTora).

Ipanuynble yacTOTH ONpefeneHH N0 cnafly KoaddullHeHTa
YCUIEHHs: Ha 4acToTax [x U [, KO3UUHEHT yCHIeHHS YMeHb-

waercs BY 2 pas (K,,H =Ky :4—:—;-‘;_—", rae K.o — xoadrdunuent

yCHIeHHsI B 00/1aCTH CPEIHUX YacToT).
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B o6mewm cayuae otHomenue —%- =M, HaspBaetcs K03hdH-
‘ HH
UHEHTOM YaCTOTHHX MCKaXKeHHH B 06JacTd HM3KHX YacToOT, a

OTHOIIIEHHe %’i"z » — KO3 (HUHEHTOM YaCTOTHBIX HCKaXKeHHH
us
B 00J1aCTH BEICOKHX YalTOT.
Benuuuant M, u M, npHHHMAlOT B KayecTBe 3aJaHHBIX Na-

paMerpoB, u Torfa ypoBeHb Kz #u K., CTaHOBHTCS BIOJHE OI-
peneneHHBIM. _
Haunbosee pacnpocrpaHeHHbIM siBiasiercst 3HaueHue My=72.
[lpu sTom KosdduuHEHT ycunenus nanaer Ha 3 A6. 3HaueHHe
M, uame Bcero Takke BhHOHpaercs paBHbiM M,=7V2 umu
M,=1,1. Ecaiu My=M,, To HHEEKCH OGBIYHO He NHIIYTCSH.
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Puc. 1.4. AMIIHTYJHO-4aCTOTHBlE XapaKTePHCTHKH: @ —
YCHIIHTeNs MNOCTOSIHHOTO TOKa; 0 — H30HPATeNBHOro ycu:
nuTens
Kpome paccMOTpEHHOro BHAA aMﬂJIHTy.I[HO-HaCTOTHOﬁ Xapak-
TePHCTHKH, Ha TNPAaKTHKe BCTpeyalorcs 3aBucuMocTH K, (f), npu-
BeleHHHIe HA puc. 1.4,a u 6.
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Yeunureds, o6nagaomuil AMIMMTYIHO-Y4CTOTHON XapaKTepH-
CTHUKOH, TOKA3aHHEIA Ha pHC. 1.4,a, MOKET YCHIHBATL CHTHAJIH
caMoil HHM3KOH YaCTOTHI, BKJMOYas NOCTOSIHHBIA Tok. OmHako Ha
BBICOKHX 4aCTOTAax HaGJI0faeTcs cnag xapakrepucTHkd K. (f).
Takyio xapakTepHCTHKY HMEIOT YCHJIHTENIH I[IOCTOSIHHOTO TOKa
(YIIT). AMnanryZHO-4aCTOTHYI0 XapaKTEPHUCTHKY, MOKa3aHHYIO
Ha puc. 1.4,6, umeior u3buparenbHele ycuautenu. I'paduk Tu-
MHYHOK ()a304aCTOTHOH XapaKTEPUCTHKH YCHJIHTENS NepeMeHHO-
ro HanpspKeHHs TOKasaH Ha puc. 1.3,6. ®asoyacroTHas Xxapak-
TEPHUCTHKA @y (f) Hepa3pbIBHO ©OBf3aHa € aMILIMTYIHO-YaCTOT-
Hoi xapakrepuctkod K.(f). DTH xapaxTepHCTHKH NO3BOJSIOT
CYAUTb O JIMHEAHBIX HUCKaXeHUsix (OpMBI HECHHYCOHNAJbHOTO
CHUTHaJA.

Koapdpuyuenr neaunetinoix uckascerul

IMox xo3dpduumeHTOM HeNHHEHAHBIX HCKaeHui (KaupdaxTo-
poM) B CjaydYae CHHYCOMZAJbHOIO CHTHaJa Ha BXOJAe NOHHMAaeTcs
OTHOILIeHHE

il’n 1/ 202 1/2 2
K = = - 22, (116)

o0
rie X P, — MOIIHOCT Ha Harpyske, ompeneisiemas BBICHIHMU
n=2

rapMOHHKaMH; 11 — HOMep T'apMOHHKH.

Hennnefinble nckaxeHusi CBSI3aHBI ¢ HENHHEHHOCTHIO Xapak-
TEPHCTHK TPAH3HCTOPOB M JIaMIl, B pe3y/bTaTe Yero NpH AOCTa-
TOYHO OOJILLUIOM CHHYCOMAAJbHOM CHTHAJe HA BXOAE BBIXOJHOE
HalpsKeHHe CTAHOBHTCS HECHHYCOHJAMbHBIM.

AMnautyoras XapaKTepucTuKa ycuauTes

AMnauTyHON XapaKTePUCTHKOH HAa3BIBAETCS 3aBHCHMOCTD
Usnux=F(Ug). Tpapur xapakTepHCTHKH NOKa3aH Ha puc. 1.5.

B onpenenennom nquana3oHe H3MeHeHHMS BXOJHOTO CHTHaJja
rpabuk Usux={(U.x) npeAcrasaser co6oil MpAMYIO JHHHIO, TaH-
TeHC yIJia HaKJAOHA KOTOpOoil onpenensierci Ko3O(PHUIHEHTOM YyCH-
JICHHS . HANpsKeHHsl. 3aTeM Yrol Hak/JIOHa HauMHaeT yMeHbIUATb-
Csl, 4TO CBSI3aHO C NOSIBJIEHHEM HETHHEHHBIX HCKaXKeHHH. Dxcne-
pUMEHTANbHO-aMIJINTYAHASl XapaKTEePHCTHKA CHHUMaeTcd IpH ya-
CTOTe CHTHana, HaXOMAIEMCS B AHaNa3oOHe CPeIHHX YacToT, C
TeM, 4TOObl HCKAIOUUTHL BJAUSHHE DEaKTHBHBLIX JEMEHTOB Ha Be-
JHYHHY KO3 dHIHEHTa YCHICHHS.
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Aunamudeckui duanason u uyécreurensnocts ycuiuresi

YUyBCTBHTENBHOCTD YCHJIMTENs] ONPENE/ISieTcsi MHHHMAAbHBIM
HanpspKeHHeM CHIHAsla, KOTOPBIH YCHJIHTeNb MOXeT YCH/IHBATh
6e3 3aMeTHHIX NoMex. UyBCTBHTEJIbHOCTb OTPAHHUHBAETCS COG-
CTBEHHBIMH IIyMaMH yCH/IHTens (AOXOAHT A0 BerxHuunsl 10-9B).

0 Upg

Puc. 1.5. AMnanTygHas xapakmepUCTH-
Ka YCHJIHTeNs

OrHoleHNe BXOZHOTO HAMpSKEHHs, COOTBETCTBYIOILEN0 MaK-
ouManpHOi BBHIXOZHOH BedHYHHe (Usur, Paus, lemx), K UYYBCTBH-
TEJIbHOCTH YCHJIHTENs] Ha3blBaeTcsi NMHAMHYECKHM [Hala30HOM
YOHJIUTEJI . '

YCHIMTENH BBICOKOTO KJacca HMMeEIOT NTWHAMHYeCKHH aMama-
308 okoso 70 1B, uro coorBerctByer 3000-KpaTHOMY YCHJIEHHUIO.
Hns cpaBuenusi, rojoc uenoBeka umeer jguanasod 50xB, uro
coomBercTByeT 300-KpaTHOMY YCHJIEHHIO.

CrabuabhocTs Koapuyuenra ycurenus

CrabuapHocTb KO3 dWINEHTa YCHIEHHS 3aBHCHT OT psza
(bakTOpOB, B YaCTHOCTH, OT CTaPEHHUSI YCHIMTENbHBIX BJEMEHTOB
(TpaH3HCTOPOB, JaMm), U3MEHEHHS OKpyXalolllefl TeMIepamypH,
CTapeHHsi KOMNOHeHTOB cxeM ycunautenein (R, C, L), xone6anuii
HanpsXKeHHH HCTOYHHKOB NHTAHHS U T. A.

OcoGeHHO ©HJIBHO HECTaGHABHOCTD KO3 HIMeHTa YCHIEHHS
CKa3biBaeTCsI B MHOI'OKACKaJHOM ycuiaHresne. Tpe6oBaHUs K cTa-
OUJIBHOCTH YCHJIUTENs ONpelensiioTcss 00JacThbl0 ero NpHMeHe-
Husi. Oco6eHHO BaXKHO HMeTb CTaGHJAbHBIA KODGHIHEHT yCHie-
HYS B HM3MEDHUTENbHBIX H HEKOTOPBIX CIEHHAJbHBIX YCHJIHTENSX.
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CTaburvHocTt amnauTydsl 8biX00H020 HANPANCEHUS

AMnautyna BHXOAHONO HAMPSKEHUs YCHIHTENS B CHIbHOH
CTENleHH B34BHCHT OT HarpyskH. XapakrepucTdka Uue=[(Rz)
uMeer HakaoH. C yMeHblIeHHeM R, BHX0JHOE HanpsKeHHe
yMenplnaercs. Kosdouunent HecrabunpHocTH Uy oOTpeEne-
JisleTCcsl OTHOLIEHHeM

Dy = Dxx (1.18)

3
UBb!x
nie Ugx— BBIXOJHOE HANPSIKEHHe NPH XOJOCTOM XOJE,
U,us — BHIXOJHOE HaNpsKeHHe NPH 3aJaHHOM Harpyske.

IMpakTuyecky momycTHMAasi BeJIHYHHA HeCTaOHIBHOCTH JIEXKHT
8 mpezenax A,=2—3 ab.

I'nmaBa 2

OJLHWHOYHBIE YCUJUTEJbHbIE KACKALDI

2.1. CTpyKTypHas cXeMa yCHJIHTEJbHOr0 Kackajia

Kak yxe oTMeyajsoch B IV. 1, yCHJMTenb B OOlleM ciayyae
ABJISIETCS] MHOTOKAaCKaAHBIM 3JIEKTPONpPeo6pasoBaTeNbHEIM YCT-
poiicteom (puc. 1.2). OH HMeeT HeCKOJBKO KackKaloB (cTyme-

# .
Heroumux,
nuranua
o - I
Ncrovrux I Hazpy3ka
%/
‘gué)ﬂa//a
er. Lo s

Puc. 2.1, CTpykTypHas cxeMa YOHIHTEABHOTO
Kackaga

Hel) ycujenusi. Kaxabifi U3 KacKaloB COJAEPXKHT, KaK IPaBHJIO,
KOMIIOHEHTH], HMeIOlHe OJHHAKOBOEe Ha3HAUeHHe C aHaJOrud-
HLIMH KOMIOHEHTaMH [APYrHX KAacKajoB, HJM, HHHIMH CJIOBaMH,
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KaxIblil YCHANUTENbHBI KacKa,, HMeeT CXOLHYIO CTPYKTypy C cO-
CeJlHUMH KacKallaMH, a KacKalpl, Paclo/OXKeHHble MEXIY BXOI-
HEIM M BBIXOJHBIM, 4acTO HMEIOT OJHHAKOBYIO CTPYKTYpPY. Takum
006pasom, CTPYKTYPHYIO OXeMy JI000ro YCHJIHMTENBHOrO KacKana,
HE3aBHCHMO OT THIAa YCHJTHTEIbHOLO 3J€MeHTa, MOXHO NpeicTa-
BHTb B Bue oOlleli CXeMBl, BK/JIIOYAIOUIeH OAUH U TOT e Habop
KOMIIOHeHTOB. Takast CTPyKTypHasi cxeMa NpHBefeHa Ha puc. 2.1.
AKTHBHBIH KOMIIOHEHT B CXeMe He KOHKpeTusupyercsi. CTPYKTYyp-
Hasg cxeMa BKJWyYaer B ce0s HCTOYHMKM NHTaHHS, CMeHIeHHs
H ynpaBJfIoOLIero CHrHajJa M I1acCHBHble KOMIIOHEHTH], oGecneyu-
BalollMe peXHM paboThl AKTHBHOIO KOMIIOHEHTa (IBYXIIOJIOC-
HuKH 3, 4) no nensM mMHTaHuA 3 U cMemenus 4. Ilapamerph
KOMIIOHEHTOB 3, 4 M HaNpsXKeHHH HCTOUHHKOB IHTAHHS H CMe-
HIeHHs B JHHEHHBIX YCHJIHTEIAX ONpPeNeNsIOTCs M3 yCaoBHs obec-
neyeHus pabouefl TOYKH aKTHBHONO KOMIIOHEHTA TaKUM 00pasoM,
4TOOB NapaMeTPHl aKTHBHONO KOMIIOHEHTAa B JMaNa3oHe H3Me-
HeHHsl BXOUNHOI'O CHTHaja OCTaBaJHCh MOCTOSSHHEIMH. B kauecTBe
IBYXIIOJMIOCHHKOB 3 H 4 MOTYT NPHMEHSTHCA PE3UCTOPH], AHOABI
M TPaH3HCTOPH. [IByXNoMIOCHHKM I W 2 BBHINOJHSIOT POJib Pas-
JeNUTENbHbIX 3/71eMeHTOB. DaeMeHT | pasfenser No NOCTOSHHO-
My TOKY BXOJ, yCHIHTEJbHOTO 3JIeMeHTa OT HMCTOYHMKA CHTHaa,
a 3JIeMeHT 2 — N0 NOCTOSHHOMY TOKY BBIXOJl YOMJHTEJIBHONO 3Je-
MeHTa oT Harpysk. Ilo Tuny pasjie/nuTeNbHEIX 3/1eMEHTOB TPOU3-
BOIUTCS KJacCHOHKALUS 'YCHIAUTENeH:

a) YCHJIHTeNH ¢ €MKOCTHOH cBsisplo (1 — Cy, 2— Cy) (uacto
9TH YCHJIUTENTH HA3BIBAIOT YCUIUTENSIMHU ¢ RC-CBsA3bI0);

6) ycuauTenu ¢ pe3HCTHBHOH CBsi3bl0 (1 — Ry, 2— Ry).

B 3aBuCHMOCTH OT CXeMbl BKJIOYEHHsI aKTHBHOTO KOMIIOHEH-
Ta Pas3IHyalOT TPH THNA YCHIUTENbHBIX KaCKalOB:

1) ¢ ob6mmM sMutTHpyOWUM 3aekTporoM (033);

2) c obmum cobuparomum saekrporom (OCI);

3) ¢ o6muM ynpaBasiomuM aaektpogom (OYI).

OMHUTTHDYIOIHM 3JIEKTPOAOM HAa3BIBAETCS IMHUTTEP B GHIO-
JAPHBIX TPAH3UCTOpaX, UCTOK B YHHUIOJSIPHBIX TPaH3UCTOPAX, Ka-
TOX B 3JEKTPOHHHX saMnax. CoOUpaloLuii 3JeKTPOJ — 3TO KOJI-
JIEKTOP B OUMOJISIPHBIX TPAH3HCTOPAX, CTOK B YHHIOJSPHHIX TPaH-
3HCTOPAX, aHOX B 3JEKTPOHHBIX JaMHax. YNpaBJIAIOUHH SJeK-
TPoA — 6a3a B OHIOJNSPHBIX TPAH3HCTOpax, 3aTBOP B YHUIOJASD-
HBIX TPaH3HMCTOpaX, NepBasl CeTKa B 3JMEKTPOHHBIX JaMIlax.

KaXablfl M3 THNOB YCHAHTEJbHBIX KaCKaJOB BBINOJHSET NpPH-
MEPHO OZHY M Ty Xe (YHKIHIO He3aBHCHMO OT INPHUMEHSeMOro
AKTHBHOTO KOMIIOHEHTa M 0o0safnaer KayeCTBEHHO OIHHAKOBBIMH
9KCNIIyaTallHOHHBIMH NOKA3aTelNsIMH,
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Tax, nampumep, Kackag ¢ OGLIHM SMHUTTHPYIOLIHAM 3JEKTPO-
JOM SIBJISIETCS YCHUJUTENEM, HHBePTHDYIOIKEM (a3y BXOLHOTO CHTI-
Hana, obecneynBaer XK03()GUIHEHT yCHIEHUS] HANPSKEHUS ¥ TOKA
cyuiectBeHHo Oosblie enuHHIbL Kackag ¢ o6muM COGHpAIOLIAM
3JIEKTPOIOM — OOBLIYHBIH NOBTOPUTENb, KOIDGDUUHEHT YCUIEHHS
HalpsKEHUsi KOTOPOro OJH30K K eNnHHie (HO MeHblle eIuHU-
Lbl), mOBTOpsAeT (a3y BXOZHOTO CHTHAJA, HMeeT K0d(hGhUIHEHT
yCUJIEHHs1 TOKa CyILeCTBEHHO 6oJibliie €IUHHLB, 00/1aLaeT MOBH-
IIEHHBIM -BXOAHBIM CONPOTHUBJEHHEM, MaJBIM BBIXOZHBIM CONPO-
TUBJIEHHEM W TIO3TOMY MOXKET NPHMEHAThCS B KauecTBe 3BeHa,
COIIACyIOLIEro HHU3KOOMHYI0 HATPY3Ky C BBIXOAHBIM CONPOTHB-
JICHHEeM YCHJIUTEJNS.

2.2. YcuautedbHble Kackajpl Ha OGHNOJSPHBIX TPaH3MCTOpPax

ITpuMeHUTENbHO K OGHMNONSPHBIM TPAH3UCTOPAM pPAasTHYAIOT
TPH THNA YCHIUTEJbHBIX KaCKafOB: KacKaj ¢ OOUIMM 3MHTTEPOM

+E,

o K

5
Uy Upe Crr
Ry

£l

Puc. 2.2. Cxema ycuanrenbmoro xacka-  Puc. 2.3. Cxema YCHTHTEBHOT0 Kac-
Ia c OOLHM 3MUTTEpPOM KaJla ¢ O6LUM KOJJIEKTODOM

(03) (puc. 2.2), ¢ o6wum xonnexropom (OK) (oMHUTTepHHIH mO-
Broputenn) (puc. 2.3) u ¢ obuei 6asoit (OB) (puc. 2.4).

B cxemax KackajoB poJib NMacCUBHBIX KOMIOHEHTOB, oGeciie-
UMBAIOIIMX DPeXHM PabOTel Mo Hermu MHTaHusi (3), BEIIOJHSIOT
R, (puc. 2.2 u 24), R, (puc. 2.3), a no umemu cMmemenus (4)

RiR2
Ry= ———:
Ri+R,
Ex Rs Ex Ry
Ey= ——£22 ), E., = —X"2_1},
( o R1+-R, ) Rs( M7 Ry+Ry )
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Ponp pasnenutenbHBIX 37€MeHTOB BHINOMHAIOT KOHJEHCATOPHI
Cy1 1 Cpy. Benmunnb emkocreit Cpy n Cpy BHOUDAIOTCS KOCTa-
- TOY4HO GOJBLIAMH, YTOGHI CBECTH K MHUHMMYMy BJIHSIHHE KOHMAEH-
CaTOpOB Ha flapaMeTPH YCHJIHTENbHbIX KacKamoB.

Puc. 2.4. CxemMa yCHIHTENLHOTO
Kackajga ¢, obuieii 6asoi

2.2.1. Kackag c oGmumM 3MHTTepOM

Cxema xackaga OO mpuBefieHa Ha puc. 2.2. PexuM mnoxos
YCHAHTENs] 3ajaeTcsi pe3HcTopaMH Ri, R, R, u R, Hanuuue
pesuctopa R, cO3xaeT OTPHUATENbHYIO O6GpaTHYIO CBSI3b IO IO-
CTOSIHHOMY TOKy, 4TO YJyullaeT TeMOepaTypHYIO CTabMJIbHOCTb
Kackana. Kongencarop C, no mepeMeHHOH COCTaBJsIOIlell WIyH-
THPYeT R, U TeM caMBIM Pe3KO 0csabJisieT OTPHIATENbHYI0 06paT-
HyI0 CB5I3b 110 MepPEeMEHHOMY TOKY.

UBZ‘ ir i/ Ub;u.r jﬁyﬁ
H
R, L” R R,
bl (V) 1 R= =R IR
R[] , 23 /()7’;‘[] R, R, K RFR, FilRe
£

Puc, 2.5. DxBuBaseHTHas cXeMa YCHIHTEJBHOrO Kackaja C OGIIUM
SMHTTEpPOM B A-mapamerpax

OKBHBa/IeHTHas cxeMa kackafa O3 B obaacTd cpeaHHX yac-
TOT NpUBeJeHa Ha puc. 2.5. B 3Toli cxeMe He yuTeHO BAMSHHE
BHYTPEHHEH OTPHLATENbHOH CBA3H B TPAH3UCTOPe IO HANpsKe-
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HHIO, TaK Kak Hampsikenue o6patHoi cBsisu (hiz,Ux) TpeHeGpe--
JKHMO MaJjio N0 CPaBHEHHIO C BXOJHbIM HANpsKeHHeM KacKana
(Usx). D10 cylLiecTBEHHO yNpoIllaeT aHaJH3 YCUIHMTENA M Jejaer
pe3ysnbTaThl GoJee HarJsaHBIMH.

W3 exBuBaseHTHON CXeMbl ONpeae/sieM OCHOBHBIE MapaMeTphl
YCHITHTEN ST

BXOIHOE€ COMPOTHBJIEHHE

U U R-hiye
R, == = 2% — 2. = Rllh 2.1
BX le [r R + hlla 119y ( )
BBIXOJIHOE CONPOTHBJIEHHE
U l/hz‘z 'RK l ’
R, , — =B — 2 = Il R.=R ) 2.2
o Lpux 1/h22s+ Ry hags * K7 ( )
K03 QHULHEHT yCHIeHUs HaNpsKeHus
U R,
Ku ‘—:"’E_ﬂ' = - hala 71:-(— gnx u'Esux ) (23)
r 3
rae &, _—_—ﬁ’i”—ma(pq),nmnem pacmpefie/ieHHs] HaNpsKeHHA
RBX+RP
reHepaTopa;
R .
Eoxu = ——,—"——-vxoaq)cbnu«uem pacmpefiejieHHs] BBIXOZHOIO
R, +Ry
HanpsiKeHHs;
K03(uIHeHT HaNpsKeHHs TOKa
I,
K, = TH == (hats Esxs *Epuxth (2.4)
r |
rae &y, =R K03 HIHeHT TOKOpacHpeXeNeHHs: Ha BXO-
R+-hns
Pi{H
Eang i = —————— — KO3(GQHUIHEHT TOKOpacnpefe/ieHHs] Ha Bbl-
RK 4‘RH

Xonme.

BxonHoe conmpoTHBieHHe KacKaja NpH yBeJHYEHHH CONPOTHB-
NeHust R cTpeMHTCS K MaKCHMa/JbHOMY 3HAueHHIO, PaBHOMY BXOJ-
HOMY COTIIDOTHBJIEHHIO TPaH3HcTOpa A4,. OfHAKO NPH 3TOM YXYA-
IaeTcsi TeMnepaTypHas CTaOHAbHOCTb Kackana. [Ipm pacuere

COTIPOTHBJIEHHH pesucTopoB Ry u R, cTpemsarcs yyecrb oba dax-
TOpa.
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Boixonmoe comporusietine xackaga O3 mpakTHueCKH ompese-
JISIETCS CONpPOTHBJEHHEM pe3ucTopa Ry, Tak Kak OOBIYHO BHINOJ-

1
HSIeTCSl YCJIOBHE m>>.RR H R',~R,.

OrpuuarenpHblii 3HaK K0d()(GUIHEHTA YCHIEHHS HAIPSIKEHHS
oTpaxaer (axkrT MHBepcHHM (a3wl BXOLHOIO CHrHajla Ha BHIXOIE
YCHJIHTEJIS, YTO SIBJSETCS OTIHYUTESbHOH OCOGEHHOCTBHIO KacKajia
O3 no cpasrennio ¢ Kackagom OK u OB. Koadpduunenr ycuie-
HHSI HAaNpSXKEeHHS 3aBUCHT, KaK cledyeT u3 (2.3), oT mapaMeTpoB
reHepaTopa BXOIHOT'O CHTHAla M HAarpy3KH M JOCTHUTAeT MaKCH-
MaJbHOTO 3HaueHHs NpH R,=0 ® Ry=o00 (peXHM HIEATbHOTO
Hanpsi:KeHus) :

’

Ry Epguy
‘Ku maxl - hzls ’Tm- = _E:;" . (25)

Kak BugHO u3 3T0#i GOpPMYJIH, misl yBeTHUeHUS KO3(QdHIHEH-
Ta yCHJIeHHS HIeaJbHOT0 YCHIUTENS] HANPSIKEHUS HANO YBeJHUYH-
Bath R’y W yMeHbmIaTh M1, (T. e. BHIOHpPaTh TPAH3HCTOPH C
MEHBbIIMMH 3HAYyeHus MU Ay, U Hx,). OnHaKo TmpH mnociaenoBa-
TEJIbHOM COEIHHEHHH YCHJIUTENbHEIX KackKagos, xorga R,>0 u
Ry<Coo, HEOOXOAMMO YYHTHIBATb 3HaueHHs K03 (HUHEHTOB pac-
NpeNeNCHHS] HANPSKEHUH Enzy M Epuxw, KOTOpHIE OYIYT YMEHb-
IIaTbCS NPU yMEHbIIEHHH MAi1,(Esrw) ¥ yBedHUEHHH R’y (Epuxu),
4YTO NMpPHBENET K YMeHbIEeHHI0 KO3(D(HIHeHTa yCHJIeHHS Hamps-
xkenus, CorsacoBaHHe YCHIUTENbHBIX KaCKaloB M 3aK/JI04aeTcs
B ONTHMAa/JbHOM BHIGOpE CONpPOTHBJIEHUS R, M NapaMeTpOB TpaH-
sucropa Ay, U Hp, AN NOJNYYEHHS MaKCHUMAaIbHOTO K03(pdH-
IIMeHTa yCHJIEHHS HanpsiKeHHus K.,.

Kosdduunent ycumenus Toxa Kackaja, Kak ciaelyer u3 (2.4),
OTpaHHYeH 3HaueHHeM K03 GHIHEHTa Hepenaud Toka Hai, TpaH-
3UCTOPA W 3aBHUCUT OT K03(h(PHUHEHTOB TOKOpacHpegeseHHs Eu
M Epuri, KOTOpble MaKCHMAaJbHE M PaBHbl efMHHULE NPH R==o00
u R,=0 (pexum ycumureas Toka). PeaspHo R< oo m RH>O,
" Bcerna Ki<<hgi ,.

Jns BBIXOAHOTO Kackaja YCHIUTeJNss HeoOXOAMMO 3HATh KO-
3¢ dULHEHT YCUIUTENA MOLIHOCTH

—-_Pi _ 1y Uy —
K= 2 =T K K,. (2.6)

Herpynno noxasatn, yro xoaddunuenr K, MakcuMajaeH npH
Ry=R;.:. ITockonpky B kackage O3 xoapduumuentsr K; u K,
MOTYT ObITh BECbMa 3HAYHTENbHBIMH, TO U YCHJIEHHE MOLIHOCTH
MOXKeT OBITh BEJIHKO.
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B naGopatopHom cTemie memb 3MuTTepa kKackaga O @Hmodt-
HEHa TakKum 06pa30M, YTO MOXHO BBOAHUTb OTPHLUATEIbHYIO 06-
paTH'yIO CBsA3b MO INEePpEMEHHOMY TOKY, He ‘H3MEHAS opu 3TOM
peXHMa mokos TpaHauctopa (puc. 2.6). BumisiHme compoTHBite-

BBedere orpuuarensrod
obparwod c893u 1o
népemenromy 7oKy B
xdacrade 03

RyR] RRIR

Puc. 2.6. Cxema mnojayu OTpHUATeAbHOA 06paTHON
CBSI3H [0 NEPeMEHHOMY TOKY

HHA oOpaTHOl CBA3M Ha mapamerphl kKackaga OO anamornuHo
BIHAHUIO BHyTpeHHeH OOpATHOH CBASH MO TOKY B TPaH3UCTOpE,
ofycaoBJIeHHO# HanHuueM OOLIero AJs BXONHOHN W BBHIXOIHOH
neneli COMPOTHBIEHUS 7,. DTa 00paTHasA CBS3b XapaKTEPU3YETCs
KOa(rdpunneHTOM 06pATHOH CBASH Y= EIQ , HOKa3HBaIOIIMM, Ka-

K
Kasi 4acThb TOKa KOJJEKTOPa OTBETBJsETCH B Lenb 6askl.

/4 Al

3
RI' 7‘; I? r I:}'
Al 5 AN
E E

9
Prc. 2.7, OxBuBanenTHas cxeMa peanbHOro TpaMsmcropa (a), Hfeads-
HOro TpaH3HcTOpa 6e3 BHyTpemmelt o6parHoit cBsasH (6)

Ha puc. 27,0 u 6 npuBeneHbl MBEC GKBUBAJEHTHBIE CXEMHI.
B cxeme puc. 2.7,a, COOTBeTCTBYIOIIEH DEajbHOMY TPaAH3UCTO-

21



py, uMeer Mecro oOpaTHas CBsI3b IO TOKY. Kosddpuuuent obpar-
HOH CBSI3H paBeH
Iy

= T
To Ry+rotrs (2 )
||py[ RP——_._.O
= —_ r9 -
To = oo = —— (2.8)

B cxeme puc. 2.6,6 oGparHOo#i cBs3W HeT. Has 3To# cxeMm
BXOMHOE CONPOTHBIEHHE PaBHO

ra=te+r,=Hh1y, (2.9)
1 TOK 6a3bl
E E
I = r .. S i
6 Ry+re+rs Re+-h'149 (2 10)
KosdduliverT ycHieHHs HaIPsSKeHHUs paBeH
, Ryl Ry
= —f3 —Y— 2.
Ku p Rr+ra+r6 ( 11)
HIH B h-mapaMeTpax
Rl Ry
! = _h '--K—_'l—— .
Ku 315 Re+ hus (2.]2)
Koapdpunuent ycunenus toka B cxeme puc. 2.7,6 pasen
r ___ Rr R RK
k=B Re+r6+7s R, +Ry (2.13)
MY B h-mapaMeTpax
’ h R RS
K — #ls Kp . . .14),
t Re+hug R, + Ry (2 14)

Jlnst S5KBUBAJEHTHON CXeMH DPeaibHOrO TPaH3UCTOPa mapa-
METPH 7y, K., K; (puc. 2.7,a) MOXHO BHIPa3HTh Yepes K03 hu-
nueHT OGpaTHOW CBA3H H COOTBETCTBYIOINHE MapaMeTPhl CXeMbl
6e3 o6parHoi cBA3U (pHuc. 2.7,6).

B camom nene, BXOJZHOE COMPOTHMBJIEHHE TPAH3HCTOPA, Ompe-
nensieMoe coorHowenuem (3.91) [4], uepes xoadduument ye
r'sx, BBIpaxaercs gopmymaoin

o= gz (14~y50B) (2.15)
HJIH B h-mapamerpax
i1 o=h"11,(14ysoh21 o) - (2.152)
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Koadhduuyenr ycunenus nanpsixesus uepes ys 4 K’y paBen
’

K
K,=—~2— 2.16
“T 14168 (2.16)
WK B h-mapaMerpax
K,
K,=—>—. 2.16a)
T 1416 s ¢
CoomBercrBenio K03 dHIMEHT YyCUAEHUA TOKAa PaBeH
KI
i wore 2.17)
HIH B h-napaMerpax
K,
=, 2.17a
K= e @.172)

Tox 6asnl B pealbHBIX TPaH3UCTOPAaX OIpPeIeNsieTCs uYepes
10K I's ¥ ys IO opMyJIe

Is I
14768 1+7ghm,

T. €. o6paTHasi cBS3b SBASETCA OTpHUaTenbHOH. M3 cooTHOmeHu
(2.15) u (2.18) BUAHO, 4TO BXOAHOE CONPOTHBJIEHHE IPH HaJH-
UWH  OTpPHLATEJNbHOH  OGpPaTHOH  CBf3M  YBeJHUMBaeTcs B
(14vsoB) pas, a BxogHO! TOK [ COOTBETCTBEHHO YMEHbILIAETCH
B (14ysB) pas. Kospduuuents ycunenus Hanpsixkenus (2.16)
u Toka (2.17) ymenpmalorcs 8 (1-4vysB) pas. MoxHo mokasarb,
YTo OTpHIaTenbHasi OO6paTHAas CBA3hL MOBHIIAET CTalOMIBHOCTD
K03 duuuenta ycunenus B (1-4ysp) pas.

KJIIOYeHWe B IleNb 3MHTTepa BHEUIHero pesucropa R’, mpu-
BOJHT K yBeJHYEHHIO KO3(d(duiHeHTa 06paTHOH CBS3H, KOTOPHIH
npu R,=0 craHoBHTCS PaBHHIM

s +R,
—_—
r3+Rs + rﬁi

I = (2.18)

Teo = (2.19)

Has peanbHoli CXeMbl YCHIMTENbHOTO KacKana Kod(duuueHt
06paTHON CBSI3H PaBeH

fg"l"R;
rs+R,+r6+Re I R

T6e = ’ (2 20)

T. €. ¢ yBesHyeHHeM R’, KoappHLNeHT Y YBEIHIHBAETCS.
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Ins pacuera napaMerpoB yCHJIHTeJsi C OOGPaTHOH CBSI3bIO
MOXHO [BOCHNOJNBb30BaThC cooTHomeHueM (3-91) [4], 3amenuB
B HEM 7, HA CYMMY 7R

ho°ss o=6+15(14B) +Roe (14-B) (2.21)
HIIH
h°y1 o=hy1 s +Ros (14-P) . (2.22)
C yueTtoM cooTHollenus (2.22) nonyuaem
Rnx 00=|R"[hii a+ (l+h‘21 a)'Roc] (2‘23)
M npu R>h*%y,
'Rnx oo=hii 9+Roc (1+ﬂ) . (224)
Kosdpduuuent ycunenus HanpspKeHHs npH R>A%y,
Rr+h113
woc = Ry —/——. 2.25
Koo =Ko, %)
Kospduuuent ycunenus roxa npu R>h°°y,
R+h
Ko = K; e (2.26)

R+hY;,

BBenenne orpuuarenbHofi 06paTHOil CBA3H CHHXaeT Ko03(-
buLKEHT yCHIEHHS HAnpsKEHUs, HO MOBHIIAET ero CraGHib-
HOCTb.

222, Kackap, ¢ o6uuM KOJJIEKTOPOM (SMMTTEpHBIA MOBTOPHTENb)

Cxema kackagma OK mnpuBenena Ha puc. 2.3. Pexum mnokos
TpaH3HCTOpa 3ajaercs pesucropamu Ry, Ry u R,.

 — ' ? ‘”
% R,R,
R R=2E =R,IIR
Fa R*R, "1""2
[p %ei(n) L[] & g,
£, /7323
-

Puc, 2.8. DxBHBaleHTHas CXeMa YCHJWTENbHONO Kackaja c 06-
UM KOJJIEKTOPOM B h-mapaMeTpax

Has anamuza ycuautens OK MoXKHO BOCIO/JIb30BATHCS IKBH-
BaJIEHTHOH CXeMOl 3aMelleHHs TpaH3ucropa B h-mapaMerpasx,
3HAYeHHs] KOTOPHIX ONpeIeNeHH JJis CXeMbl BKJIIOUEHHS TPaH3U-
cropa ¢ obmum smurrepom (puc, 2.8). B 3Toli cxeme, kKak H
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B cxeme puc. 2.5, He yureHa BHyTpeHHsisi oOpaTHas CBsi3b IO
HaNpsixK eHHIO.
W3 cxems 3amemenus kackaga OK onpenensieM €ro OCHOB-
HbI€ IMapaMeTphI:
BXOLHOE CONPOTHBJIEHHE
R5x= Usx __ gg_x_ —_

I L

=RI[ bt (k) (= IRIRS ) @2D)
Y 3
BBIXOJJTHOEC CONIPOTUBJECHUE
—_— Usux —_— hus+Ry | R) l 1 " R . 2.98
RBHX - Inmx _( 1+Aggs h2aa > ( )
K09DQHUHEHT yCHIEHHS HaMpSKEHHS
14 hng) R,
K, = 'L‘{E = A+ o) X, Enxu’gnuxu’ (229)

Er ~ (1+has)(R, |IRu)+ hye
rae Rla=‘Ra” 1/h22 2

rae Ey, = RR%——— K03 GhHIHeHT paclpefeseHHs] HanpsiKe-
BX r
HHS TeHepaTopa;
Epuxu = -E—I%E—R-;-—\KOSQ)(I)HHHeHT pacnpeneseHust BHIXOIHO-
] 3

ro HanpsikKeHus,;
KO3 GhHLHEHT yCHJIEHHS TOKa

I
1(1 = _I_n_ = (1 + hﬁls) gBxl EBHX ] (230)
r
rhe §n; = R K03 HIHEHT TOKOpaclpeLeseHHsT Ha
BX
BXOJIE;
R, — BXOoJHOe CONpPOTHB/IEHHe KacKaja IpH
R—o00;
Eouxy = —————— k03bQUUHEHT TOKOpacHpeleJeHus Ha
R, 4+ Ry
BBEIXOJIE.

CpaBHMBas NMOJyUYeHHbIe BHIPAKEHUs] € AHAJOTHYHEIMH (op-
Myjaamu Jnis Kackaga O, mpHXOAHM K CJAELYIOIIHM BBHIBOJLAM:

1) BxonHoe comporuBienue Kackaga OK Moxer 6HTb 3Ha-
yuTeabHO Gosblle, yeM y Kackana O3, ecid CONpOTHBJIEHHE
BXOLHOTO LeNHTeNs LOCTATOYHO BEIKO;
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2) BHIXORHOe conpoTuBieHHe Kackana OK 3HauHTeIbHO MeHb-
me, yeM y Kackaga O3, mpakTHUeCKH He 3aBHCHT OT CONPOTHB-
JIEHHs] PE3UCTOpa BHIXOALHOH Lenu Kackaja B JOCTaTOYHO IIHPO-
" KOM JHanasoHe ero H3MEHEeHHUs;

3) xos®dunuent ycunenus mampsKenus xackana OK Bcer-
Jla MeHbIle €IMHUULl U 3aBUCHT OT CONPOTHBJAEHHH R, # R,

4) K03 dULIHEHT yCHIEHHS TOKa HECKOJbKO GOJble, YeM B
Kackane O3, Npu Tex e 3HAYCHUAX Euy; U Epux s}

5) xoadodunuent ycunenns mommuocTH Kackaga OK o6biuHO
HEeCKOJIbK® MeHblle, ueM Yy Kackama O3, HO TPH MajbIX CONpPO-
TUBJIEHUSAX HaTPY3KH MOXET GHITh U GOJblle,

YxasanHble cBoiicTBa kackaga OK (6oJblnoe BXomHOe # Ma-
JIoe BLIXOJIHO€ COIIPOTHBJEHHUS, MeHbllle, UueM eIMHHIA, K03bddu-
OHEHT YCUJIEHHs] HaNpsKeHHs) OOYC/IOBJIEHH HaJHYHeM TIJy6o-
KOH OTpPHIATENbHON 06paTHON OBSI3H MO HANPAKEHHIO, SBJISIO-
LeiiCs] HEOThEMIEMBIM CBOHCTBOM CXEMBI ¢ OBLIHM KOJIJIEKTOPOM.
Ora ocobennocts kKackaga OK cTaHOBUTCS OOGBACHUMOH TpH
COTIOCTABJEHHH cxeM 3aMellleHHst Kackaga O3 (puc. 2.5) u xac-
xaga OK (puc. 2.8). Pasnuune B CTPYyKTypax cXeM 3aMelleHMs
3akaioyaercs B ToM, uro B Kackage OK Bxoamas u BHIXOJHAS
neny CBA3aHBI He TOJNbKO NO TOKYy (Kak ¥ B Kackage OD), Ho

¥ TO HanpsKeHuio. BxonHo#i Tok Tpan3uctopa B Kackage O3
paBeH

1po= e 2.31)
113
a B Kackage OK
JOK — Yeox — Unnx. . (2.32)
1 hlls

Ipu R,=0 suipaxkenns (2.31) u (2.32) sanuceBaiTCA Cie-
Jyooumum o6pasom:

joo = B, (2.33)
Y :

OK . Zr—Rufr _ U—Rubr .34

IS o~ S (2.34)

[Ipy R= o0 BxOIHBIE CONPOTUBIEHUS KACKALOB ONpPENENSIOT-
csl o opMynam:

Er

Rg?-'-"- 03 = hus (2.35)
1
E hllg
ROK = ]{;K = (2.36)
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Ws (2.36) caenyer, uto BxopHoe comporusaeHne Kackaga OK
Gaarofaps HaJHYHIO OTPHIATENbHON 06paTHON CBSA3H B i pas

u
6oJbie, yem Kackaga 023.

Tor xe pe3yJbrar MOXKHO MOJYYHTH H3 COTNOCTABIEHHS BH-
paxenuii (2.1) u (2.27), cunuras, uro R=oo.
" AnasornuHbiM 06pasoM MOXKHO MOKa3aTb, YTO BBHIXOAHOE CO-

npotussienue kackaga OK B ;

pas MeHbllle, 4YeM Kackana
—Au
O3 pna paBHbIX 3HaueHuit R, ¥ R,.

O6nanas BHICOKMM BXOZHEIM H HH3KHM BBIXOIZHHIM COIPOTHB-
Jgenuamy, kKackax OK npuMeHsieTcsi IJsl COIVIACOBAHMS YCHIIH-
TeJbHBIX KaCKaJXoB Mex1y co60M, a TakXKe ¢ HCTOYHHKaMH BXOJ-
HOTO CHMTHaja u Harpyskodl. Kak cieayer u3 (2.29), kackag OK
He MHBepTHpyeT a3y CHTHa/sa W He YCHIMBAeT HaNpsIKEHHe.

O6bluro K03 duuuent ycuaenus kackaga OK 6iH30K K emu-
HHlle, a HaOpsiKeHHe Ha BHIXOoJe (3MHTTepe) Kak OBl <«NOBTO-
pser» BXo#HOe HampsKeHue. [TosTomy mIHpOKOoe pacmpoctpaHe-
HHe MOJNYYMIO Apyroe HazpaHHe Kackaga OK — smurrepHbiit mo-
BTOPHTEJIb.

2.2.3. Kackag ¢ o6uieii 6asofi

Cxema kackaga OB npusesena Ha puc. 2.4. PexuMm nokos
3ajiaerca pesucropamu R,, Ry, Rz u R,. Koupencarop Cs oGec-

Loz *i,,
'?r hZIJif 1 ]
. L0 #] [
ASE] e [] ”as[ ! "
&

1 2!

Puc, 2.9, OxBuBajeHTHas cXeMa YCHIMTEALHONO KacKaja
¢ obmeii 6a3off B hA-napametpax

neydBaer BKJAIOYEHHe TPAaH3HCTOpa 1o CxeMe ¢ obuled 6asof no
NepeMeHHON COCTaBISIOMIEH. '

ODKBHMBaJEHTHasl cxeMa 3aMelleHHs Kackaga OB npusesnena
Ha puc. 2.9. Ilo cBoell CTPYKType OHA HE OTIMYAETCS OT CXEMbI
3aMmewenns xackaga O3 (puc. 2.5). Pasnnune 3akmiouaercs B
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3HaueHUsiX A-NapaMeTpoB, HO 3TO OGYCIOBIMBACT CYLIECTBEHHBIE
oco6eHHOCTH KacKaia 1o cpaBHeHHI0 ¢ Kackagom O3. Ias om-
penenenuss mapamerpoB kackaga OB MoOxHO BOCHOJNB30BAThCH
COOTBETCTBYIOIUIMMH BHIpaXKeHMAMH 1151 kackaga 03 (2.1)—
(2.2), samensia uHAEKCH y A-apaMeTpoB W CONPOTHBIeHHe R
Ha R,.

Cssizb h-napamerpos cxemul OB ¢ h-nmapamerpamu cxembl O3
3ajaercs M3BECTHBIMH COOTHOLIGHHSIMH:
pelenenus Rus .

14-hgye ?
b = — s 5

1+hgs

s
fang = 1+ha,

Kak u B cxeme O3, MoxHo npeHe6peus KoadduuuearoM 06-
PAaTHO# CBA3H Mg, TaK KakK Az 1.

C yueroM BHIIEH3JNOXKEHHOrO NOJyYaeM [Jsi OCHOBHBIX ma-
pamerpos Kackaza OB:

BXOLHOE COMPOTHBIEHHE

hllﬁ =
Oco6eHno

U U,
Ry,= lnx = 'ii = R, || hyse; (2.37)
BX r
BBIXOJIHOE COIIPOTHBJIEHHE
Rus =222 = _L_||R,=R; (2.38)
Toux hz!6
K03 DRIUKEHT YCHIEHUS HaNpsKeHHs
U, R,
Ku= “'El = - h:lo T; Enxu gnux us (2'39)
T
rae &y :ﬁ}——— Koa(duimeHT pacnpefe/eHns HampsiKe-
BX T

HMS TeHepaTopa;
]
Soux 4 =————— — KO3ppuuMEHT pacHpeseNeHuss BHIXOAHO-
RutRy
rO HampsiKeHHs,
K03 (HIHEHT yCHIEHHS TOKa

Kt foand —;—: = — hgm 53“ Eoux I} (2'40)

28



R,

rae £y = Rt — Ko3(uuueHt TOKOpacnpenesNeHHs Ha
3
BXOZAE;
I—— R':R — K03 (pHUHEHT TOKOpaclpeleseHuss Ha
K H
BBHIXOJIE.

Bxomnoe comporuBiaerne kackaga OB npaktuueckn paBHO
hiys ¥ CYLIECTBEHHO MeHbllle BXOZHOIO CONPOTHBJIEHHS KackKana
03. BhIXOfHOE CONPOTHBNEHHE ONPENENSETCS CONPOTHBIECHHEM
Ry, mocKoIbKY 1/hsp 5> R,

Kosddumuent ycunennsi HanpsiKeHus TOTO Xe MOPsLKa, KaK
# Kackaga O3 qist Tex xe 3HaueHHd R, u R,. Onnako B cryyae
NOC/Ae0BaTeNbHOTO coeluHeHHss KacKamxoB OB xkoadduuuenr
YCH/I€HHS HaNpsiKeHHsI CTAHOBUTCSA MeHblle eIUHUUbL. [leficTBH-
TeNqbHO, noAcrasisas B (2.39) sHaueHne R,=Ruyuy U Ry=R;,
nocje npeoOGpasoBaHuil MOJNyUaeM

Re __ Rewx ___ Ru
Ra+h116 Raux+Rnx Rax+ Rpux

Ku=_"hal6 < L

Kak caenyer us (2.40), k0appHUHEHT YCHIEHHS TOKA KacKa-
Aa OB Bcerma MeHblile eIHHHLB, CIEI0BAaTENIbHO, B CJAyyae MO-
CIel0BaTeJbHOTO COeIHHEHHs ONHOTHNHHIX KackagoB OB koad-
(GuuHeHT ycHIeHHS MOLIHOCTH MeHbllle efuHHIB. OTMeTHM, 4TO
kackag OB rak xe, xak u kackan OK, me muBeptupyer ¢asy
BXOJIHOr0 CHrHajJa (3HayeHHe hzs B (2.39) u (2.40) MeHbie
HyJ15).

IMpenmymecTBoM Kackaga sBisercst Gosbliasi JHHEHHOCTb
BBIXOJHBIX XapaKTePUCTHK TPAH3HCTOpA MO CPABHEHHIO C BHIXOM-
HBIMH XapaKTepuCTHKaMH TpaHsucropa B cxemax O3 u OK.
CnenosarensHo, B kackage OB Moryr 6bITb [TOCTHTHYTH GOJb-
IIHe 3HayeHWs HEUCKaxKeHHOro BHIXOZHOINO HanpsixkeHus. [lo
aToii npuyuHe Kackaasl OB mnpHMeHSIOTCA B KayecTBe BBIXOM-
HBIX (OKOHEYHBIX) B YCHJIHTENSX MOLIHOCTH, €CJHH HeoOX0auMOo
obecrmeyuTr MaJablii KOo3(Q(PHIHEHT HeNHHEHHBIX WMCKa)KeHHH BH-
XOJHOTO HampsiKeHHS.

Hpyrum nocronHcrBoM KackagoB OB siBnsiercs Gosbluoe 3Ha-
YeHHe BepXHeli TPaHHYHOH YaCTOTHl f, MO CPaBHEHHIO ¢ KacKaja-
Mu O3 u OK, uro oOycnoBieHO 3HAuHTeNbHO OOJNBIIMM 3Haye-
RHEeM DDAHHYHOH YacTOTH [, IO CPaBHEHHIO C fs TPaH3MCTOPOB.
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2.3. YcunutenbHble Kackaipl HA YHHIOJSPHBIX TPAH3UCTOPAX

[IpHMEHHTENBHO K YHHNOJSPHBIM TPaH3HCTOPaM pasiHYaloT
TPH THIA YCHIMTENbHbIX KAaCKaJOB: Kackag ¢ OGWIEM HCTOKOM
(puc. 2.10), xackaj ¢ OGIHM CTOKOM (HCTOKOBBIM IOBTOPHUTEb)
(puc. 2.11) u kackapn ¢ oGuinM 3arBopom (puc. 2.12).

Puc. 2.10. Cxema Kackaga ¢ OOGIIHEM
HCTOKOM

B cxeMax KacKafoB DOJb MACCHBHHIX KOMIOHEHTOB, obecite-
YUBAKOIINX pPeXHM PaGOTH TPAHZHCTOPA MO MOCTOAHHOMY TO-
Ky, BHIIOJHSAIOT: B LeNH THTAHHA (3) R. (pmc. 2.10, 2.12),
R. (puc. 2.11); B 1enH CMELIEHHA (4) R; (Eecx=—1ca*Ra)
(prc. 2.10, 2.11). Posib pasfeNHTENbHbIX 3JEMEHTOB BEIMOIHAIOT

L,
1 RZ
[ S
R, RJ| U,
U I
o
e
Puc. 2.11. Cxema kackajga c o6- Puc. 2.12. Cxema xackaga ¢
(UM CTOKOM (HMCTOKOBBIH NOBTO- o6muM 3aTBOPOM
pHTEND)

pasmenurtenbHble koHaeHcarophl C; u Cp (B cxeme puc. 2.12
C, He NOKa3aHO, TaK KaK cxeMa C OGLIUM 3aTBOPOM CaMOCTOSi-
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TeJbHOI'0 NpUMEHEHHS He HMeeT, HO HaXOJHT IPHMEHeHHe B Ka-
YeCcTBe 3JeMEHTa C/OXKHbIX YCHIUTENbHBIX YCTPOHCTB).

Kaxk u B cxeMax Ha GUIONSPHBIX TPAH3HCTOPAX, EMKOCTH KOH-
gencatopos C; u C, BHIOMpAIOTCS OOCTATOYHO OONBLIMNMH, 4TO-
Obl CBECTH K MMHHMYMY BJAHSIHHE KOHAEHCAaTOPOB Ha MapaMeTphl
YCHJIUTEJBHBIX KaCKaaoB.

2.3.1. Kackan ¢ o6iHM MCTOKOM

B cxeme kackagma (puc. 2.10) npumensiercd Tak HasbiBaeMoe
aBTOMATHYECKOe CMEIeHHe, peasn3yeMoe ¢ NoMoIbI0 nend R,C,.
IManenne manpsikeHnsi Ha CONPOTHBJIEHHH Ry OT TOKa IOKOS
TpaH3ucropa [y,=2/., co3naer oMelleHHe NOTeHIHana HCTOKA OT-
HOCHTG/JbHO TOYKH 3a3eMJeHHs Ha BeNHYHHY Uy=—I. Ry, a
MOTeHIMa 3aTBOPa 3aJaeTcs PaBHBIM HYJIO, TaK Kak MajeHue
HanpSKEHHs] OT TOKa 3aTBOpa Ha COMPOTHBJAeHHH R, mpeHeGpe-
XHUMO MaJo (TOK 3aTBopa Mafg). B MTOore HanpsKeHHe MeXIy
3aTBOPOM H UCTOKOM B pexXuMe nokosi 6yner paBHO Ugy=1I;,*Ry.
- Hannune R, cospaer orpHuarenbHylo OGpaTHYIO CBA3b 110 IO-
CTOSIHHOMY TOKY, YTO YJyyliaeT CTa0U/IbHOCTb YCHJIHTENBHOTO
Kackaga. Jlas GnokupoBaHHsi OOpaTHOH CBfA3H MO TNepeMeHHOH
COCTaBJIAIOLIEH pe3ucTop R, WIYHTHPYIOT KoHAeHCaTOpoM Ci.

te
S, 1 -p/
—b TRy
5
Yoz
T Un A

Puc. 2.13. CumrnaabHbie rpadsl NOJEBOrO TpaH3ucTOpa (a), Kac-
Kaja ¢ obmuM ucrokoMm (6)

OnpenenuM OCHOBHBIE NOKAa3aTeNH YCHIMTENbHOIO Kackafa B
IuanasoHe cpeAHuX uacToT.-Ias atoro MoxHo (puc. 4.11 [4])
BOCTIONIb30BATLCs MO0 3KBHBAJEHTHOH CXeMOH TPaH3HCTOpa, JiH-
60 TeopHeli CHrHaldbHHX rpados. IIpHMeHMM TEOPHIO CHTHAJb-
Huix rpagos. Ha puc. 2.13,a npusenen S-rpad mnosesoro TpaH-
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sucropa. Jlist MOCTPOEHHs] CHIHAJABHOrO rpada yCHIMTENbHOTO
KackaZia HeoOGXOIHMO y4YecTb C/IeAYyIoIlHe COOTHOIIEHHS:

R
Ugy = Uy —‘R:_"_\;a'r"=ur'"(sxy (2.4)
Ue=~—R":l,, (242)

rae R z=R|IR..

Hocrpous BerBn rpacda na ocHoBauuu (2.41) m (2.42), mo-
JAyuyuM Tpad ycHIUTENbHOrO Kackama (puc. 2.13,6), KOTOpHIH
COZEPXKHT TOIBKO OIHH KOHTYD OOpaTHOH CBA3H ¢ mepenadei

— —, [03TOMy ONpejesuTe]b rpada Gyaer paseH A=1+—r1 .
ri {

[Mpumenss dopmyay Masouna [3], nomryynm BEIpaxKeHHe AJAS KO-
3 huureHTa yCHIeHHs HanpsKeHUs

SR,
K,=Ye = T8 (2.43)
Ur 1+ Ry
r;
KOTOpOEe Iocsie Ilp&Oﬁp&EZOBaHHH NpuMeT BHI
Ku=‘—vusr("Ro"Rn- (2.44)

IMpu R,.=0 u R’'y—>oc0 koo PUUHEHT YCHIEHHS JOCTHraeT
npefesnbHON BeJHUYHUHBL

’E[,' Ku maz=8ri=‘lhrp, (245)
THE fop — CTATHUECKHI KOSDOU-

UHEHT TPAH3UCTODPA.
Brixo1HOE COTNPOTHBJICHHE

—+ xackana
Ruux=R,llr:i=<R.. (2.46)
Bxonnoe COTIPOTHBJIEHHE

paccMaTpHBaeMOro KacKaja Ol-
pefensieTcsi MPaKTHYECKH CONPO-
THBJIEHHEM pesucropa R,,- Tax
KaK BXOJHO€ CONPOTHBJEHHE
COOCTBEHHO TMOJEBOrO0 TpaH3H-

Puc. 2.14. Cxema xackana ¢ obumy O op2 SHAUATENLHO  mpeEBbIIAET
HCTOKOM (mokasambl Mexaiextpon- OTY BETHUHHY.
HBIE eMKOCTH) Ouennm 3KBHBaJIEHTHYO

BXOLHYIO eMKOCTb YCHJIHTEIbHO-
ro kackafga. Ha puc. 2.14 npuseneHa cxema yCHINTeNbHOIO Kacka-
Ia, B KOTOPOil MOKa3aHbl Mapa3HTHHE eMKOCTH mpaH3Hucropa Ci,

34y cua-
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3anuuieM BHpaxeHue fiasg Toxa J,;

Inx=jna+jsc+]am

e /e, Ion — TOKH B eMKOCTHX C,o U Cop.
Bolpaxasi cocTaBisiioliHe TOKOB uepe3 U,; M TPOBOAMMOCTH
BeTBeH, MOJAYyYUM

L= Yzt 4 j0Collu+i0Colse (2.47)
3

ITepemennnlit curnan Hanmpskenns Ha eMmkoctd C,, ompee-
JISIeTCS 'PA3HOCTBIO TEDEMEHHHIX MNOTEHUMAaJ0B Ha O0OGKIajgkax
KOoHeHcaTopa Csc, -'KOTOPHE COOTBETCTBEHHO PaBHBl Uz, # U,
Bhipaxas mepeMeHHyI0 cOocTaBiSIOULyIo NoTeHnHana U. depes

Kod(puunent ycunenns U,=—K, U, NONYUHM
o =T 410 Coy U J0C U 1+ Ku), (2.48)

rne K,o — MoRyab Koabduuuenra youIeHHsi HAUPSKEHHS Kac-
Kaza npu R,=0.
W3 Bripaxenus (2.48) Haxomum

Yor = o + J0[Con + Coc (14 Kol (2.50)

OTKyZa MoJydyaeMm
Calm=csn+cac(l+Ku 0)- (2~51)
Taxum o6pa3oM, BxoaHOe CONPOTHBJIEHHE YCHIHTEIbHOTO Kac-
Kajia sIBJSETCS KOMILJIEKCHBIM:
1
Zy =Ryl ——. (2.52)
3 N .
joCoxs
ITo ananorum ¢ naMmoBeME KackagaMu 3G(EKT yBerHuenms
eMKocTH 3aTBOP—CTOK Cyo (14K, o) HasmBaoT addexroM M-
Jaepa.
HmnyiabcHas mo6pOTHOCT, MOJIEBBIX TPaH3HCTOPOB ONpene-
JISeTCS TaK XKe, KaK B 3/JeKTPOHHBIX JlaMIlaX:
_ S
2,2(Csc + Cen)
2.3.2. Kackap ¢ o6mHM cTOXOM (HCTOKOBbIHi NOBTOPHTEND)

B cxeme ucrokoBoro nosropurens (puc, 2.11) BHIXOmHOH me-
PeMEeHHBIH CHTHAl CHHMAaeTcss c COmpoTHBAeHHs Ry Hanugpe
B Ien# HCTOKa PE3HCTOPa R, CO3HaeT CTONPOILEHTHYIO OTpHIa-
TEJbHYI0 06PaTHYIO CBSA3b N0 HANPSIKEHHIO.

Onpenemum OCHOBHBIE TOKa3aTeNH YCHIMTEJbHOTO Kackaja:
B JIHana3oHe CPEIHHX YacToT. Bocrosp3yeMcs AMs 3TOTO Teo-
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pHel curHaabHBIX rpadoB. Hduisi mocrpoeHust CUrHaabHOrO rpada
Kackaaa Heo6XOIMMO y4eCTb CJAeLYIOIIHEe COOTHOIIEHHS:

Uax=ur—,,:%;— = Yoe Usi (2.54)
Use= Use—Usux; (2.55)
Usux=1: (RallRa) =1+ R u; (2.56)
Up=—Uux. (2.57)

Hocrpons semBu rpada, coraacHo (2.54), (2.55), (2.56),
(2.57), x S-rpady (puc. 2.13,a), moNyuyHM CHTHaAJNbHHIH Tpad

Puc. 2.15. CursHaabhbid  rpad
HCTOKOBOTO OBTOPHTEIS

ycunurenpbHoro kackama (puc. 2.15). I'pad mMeer nBa KOHTYpa

. R

o6paTHO} cBsi3u ¢ nepegayaMd —SR’,, B — —r"", HO3TOMY OIIpe-
i

Ienutenb rpaa OymxeT paBeH

. R
A=1+ SR, +—.
re
[lpumensiss Gpopmyny MesoHa, mojayuuM BhIpaxKeHue s KO-
s duurenTa yCHIEHHS HaNpPSKEHUS

K=o TR (2.58)

U, ’
* 1SR, + R::

Ecnu yuecrs, uTo B mpakTHYECKUX CXeMax BHIIONHACTCS YCI0-
BUe 73> R/ 0,

TBXSR ;u

=T,

(2.59)
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IMpu R,=0 u R/;y—>o0 kK03bObHIHEHT YCHIEHHUS mocturaer
HpeJIEJIbHOH BeJTHYHHBI

Sri M (2.60)
14+ Sr; 1+pgp

Kumax"'

B WHXeHepHBIX pacuetax gJsi onpeneinenuss K, oGHYHO NpH-
Mensiercs ¢opmyaa (2.59).

BrIxonHOEe CONpOTHBIEHHE KacKaja ompelensieTcs H3 rpacda
(puc. 2.10) npu Ry—>oo u 6yner paBHO

Ry

Rnux = R (2.61)
1+SRy, + —"
Ipu >R,
Ry 1
Raux = 1 = Ru ll '3' . (2~62)
S (Rn + _S_)
Ecau R,> é— , TO
Rpux = 'é" . (2.63)

Jnsi cOBpeMeHHHIX TOJEBHX TPaH3UCTOPOB CONPOTHBJIEHHE
Roux HAXOWUTCS B Npenenax OT COTEH OM [0 €XHHUIL KHIOOM.

BxonHoe compoTuBieHHe
onpenensieTcsi  CONMPOTHBJE-
HHeM pesucropa R,, Tak xak
BXOJHOE COIpOTHBJEHHE COO-
CTBEHHO IIOJIEBOTO  TPaH3H-
CTOpa 3HAUHTENbHO IPEBHI-
QIaeT 3Ty BEIHIHHY.

OueHuM 3KBHBAJEHTHYIO
BXOIHYI0 eMKOCTb Cu yCH-
JUTEJbHOrO  Kackafa. Ha
puc. 2.16 mpuBeneHa cxeMma,
B KOTOPOH MOKa3aHH napa-
3UTHBIE EeMKOCTH TPaH3HU-

cropa C,., C
P 30> om Puc. 2.16. CxemMa HCTOKOBOTO I10-
3anumem BhHPaXkKeHHe A5 BropuTens

1oKa I

Iu=fas+fu+1u~
3+ 35



Bripaxasi cocraBisiomie Toka yepes U,; ¥ NPOBOIHMOCTH
BeTBell, MONAYYHM
. U . . .
BX = "I’;':" + j") Csc Uax + ]"’Csu Uﬂu' (2'64)

ITepemennpiii curHan Hampsikenus Ha emxoctH C,, omnpene-
JISIETCSI PasHOCThIO

Uan =Unx_Uaux=Unx ( l"-KuO) , (265)

rie Kuo— KO3QQUuyeHT yCH/IeHUsi HampsiKeHHs HCTOKOBOIO 110-
‘Bropurenss npu R,=0 (yi=1). Hoxcrasass U,, u3 (2.65)
B (2.64), mosyunm

Fuy =2 4 J0CoU e + o Coy (1= Ka). (266)
W3 seipaxenus (2.66) naxonum
Yo == + 0 [Co+ Cou 1—Kuo)) (2.67)
OTKyJAa TMoJydaeMm
Cm Bg— Cac"l" Csn ( I_Kuo) . (268)

BxojaHoC CONpOTHBIEHHE MCTOKOBOTO MOBTOPHTES SBJASETCS
KOMIUVIEKCHEIM H (opMaibHO ompeneasiercs mo ¢opmyiae (2.52),
B KOTOPYIO NOACTaBisieTcsi 3HaueHHE Cog yn, HalileHHOE MO dop-
Myise (2.68).

OKkBHBaJN€HTHAs] BXOJHasi €MKOCTb HCTOKOBOIO IOBTODHTEJS
CYILleCTBEHHO MeHbllle SKBHBAJEHTHOH BXOJLHOH €MKOCTH KacKana
¢ obmuM ucroxkom (2.51). dro Henaer UCTOKOBBIA NOBTOPHTENb
M0 OTHOIIEHHIO K Kackaay ¢ OGMIHM HCTOKOM 6osee BHICOKOYAC-
TOTHBIM.

I'maBa 3

YCHUJIUTEJIH C RC-CBSAA3SIMHU

Kaxk yxe ormeuasnoch B rsiaBe 1, JHHefHble YCHIHTENIH B
obiieM ciayyae SIBASIIOTCS MHOIOKacKaZHBIMH (yCTPOHCTBaMH.
B ycuinTensix nepeMeHHOro CHTHala CBA3b MeXAY KackaJaMH
OCYILLeCTBJSIETCS] C MOMOLIBIO 3/1€MEHTOB, HCKJIOYaIOUIUX raJjbBa-
HHYECKYI0 (HeNOCPe[ACTBEHHYI0) CBSI3b OJHOr0 Kackama ¢ Jpy-
TUM, MCTOYHHMKA CHrHaJa CO BXOAOM YCHJHTENs H BHIXOJAA YyCH-
JuTeNnss ¢ Harpyskoi. B ycuaurensx ¢ RC-csassmu (puc. 3.1)
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TaKUMH 3JeMeHTaMH SBJSIOTCS KoujaeHcatophl Cpi, Cpa, Cps, KO-
Topble 06/1aJlal0T MaJjibiM COTMPOTHBJICHHEM {1/s1 MEepPeMeHHOH co-
CTaBJsIONleli CHTHala W He NPONYCKAlOT NMOCTOSHHYIO COCTaBJs-
toutylo. Mmenno moaroMmy ycuantenn c¢ RC-CBA3SMH SIBJISIOTCA
VCHIUTENSIMH NePEeMEHHOro CHrHaJja.

Puc. 3.1. CxeMma nByxkackaguoro RC-ycunmurtens Ha OM-
NOMSAPHHIX (@) M moJjeBHX (6) TpaH3UCTOpPax

OCHOBHBIMH XapakKTepHCTHKaMH ycuiuteass ¢ RC-cBi3siMu
ABJSIOTCS aMIUIUTYIHAs, YaCTOTHasi U IepexojHas XapaKTepH-
CTHKH.

3.1. YacTtoTHBle ¥ nepexofHas XapaKTEPUCTHKH YCHINTENs
3.1.1. YacToTHble XapaKTePHCTHKH YCHIMTENS

TunoBble aMmIMTYAHO-4acTOTHBIE W ()a304acCTOTHHIE Xapak-
TEePUCTHKH ycuauteas ¢ RC-cBI3siMH TpHBeXeHH Ha puc. 1.3
¥ 3.2. U3 xapakrepuCTHK BUJHO, UTO aHAIU3 PabOTH yCUIHUTEN S
YCJIOBHO MOXKHO Pasfe/MThb Ha TPH AMAamNasoHa: JHaNa3oH Cpel-
mux yacror (Af=f,—fs), nme kKoadduuueHT yCcHIEHHUS NPaKTH-
YeCKH OCTaeTcsl MOCTOSIHHBIM, a (a30Bbli CHBHUT ‘GJU30K K HYJIIO;
AHana3on HU3KHX yactoT (0<<f<<fy), rme woadduument ycumue-
HHS YCHJINTEJS] YMEHbIIAeTCs ¢ YMeHbUIEHHEM YacToThl, a (haso-
BBl CHBUT 'BO3DacTaer; jJManasoH BHCIWHX uactor (f>f,), rme
© yBeJHYEHHEM YacTOThl KO3(DOHIHEHT YCHJIEHHS YMeHbLIaeTcs,
a ¢asoBulii caBHr Bo3pacraer mo abcosiotTHol BeanuuHe. Omu-
CaHHBHII XapaxkTep NOBeJeHHs aMIUIUTYAHO-4aCTOTHOH M (aso-
4acTOTHOH XapaKTepHCTHK Jerko OObSICHHTh Ha NpHMepe ORHO-
KaCKafHOTO YCHJIUTeNss Ha O6GumonsipHoM TpaH3ucrope (pHC.
3.3,a). Ha 3TOM Xe pHCYHKe NPHBOJASATCS CXeMbl 3aMelLleHHUs
(puc. 3.3,6) u obobuieHHas 3KBUBajeHTHas cxeMma (puc. 3.3,6)
Kackaga, ¢ NOMOIIbI0 KOTOPHIX MOXKHO TOJYYHTb 3aBHCYMOCTb
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k03 pullMeHTa yCHJEHHSI OT YacTOTH. B o6ileM BHIe Bbipaxe-
HHe 75 H300paxeHHs Koa(pGHIUHEHTa YCUJIEHUS 3amuilercs
B BHJIE

Kuo

K, (p)=

(3.1)

1 b )
(14+p7%) (1 + )
Py
rae Ty MNOCTOsIHHAas B'peMeHH, CBA3dHHAaa C Bb]'cmeﬁ I‘paHI/l‘l'
o o 1
HOM 4acTOTOH f, COOTHOIIEHHEM T,= poraal
g

Ty — IIOCTOSIHHAs BPEMEHHU, CBsI3aHHasi C HU3IIEH PpaHHUYHOH
o 1
YacCTOTOH [y COOTHOIUIEHHEM T,=

9

2nfy
K.o— X03Q®OHLUHEHT ycUTEeHHSI HaNpsKeHUs Ha cpefHel ya-
cTOTeE.
7 db
/02 '* L 3(?5 /{0
10 \—20
7 [1] & oz, \ )
ot / _ =20
oo \wtowr w0’ et
180°) ! VA
0 0
- 180° T
Fyfm——af — I3

Pac. 3.2. Amnauryauo-yacrotsas (a) u daso-
4yacToTHass (6) XapaKTEpUCTHKH IBYXKacKa-
woro RC-ycunurens

ITockonbKy 7, < Ts, TO BHpaxkeHHe (3.1) MOXHO 3amucaTh
B BHIE
Kuo
K. (p)= i . (3-2)
1+pts + T
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Mloncrasus B8 (3.2) p=jo w Halias Mofyts u pa3y KoMimexca
K(jw), nonyunm saBucuMoctd K.(®) ¥ @y (®), NpHBeNEHHbIE
Ha puc. 1.3 m puc. 3.2.

Mopnynb kK03 dunueHTa yCHACHHS

K, (@)= ——Du___ |
(@) "/]+(w1:a—m:_ )2

(3.3)

a apryMeHT ero, mpeAcraB/sioluil co60i (Ha3oBbf CABHT MEXKIY
BXOXHBIM H BBIXOZHHIM HaNpsKEHUSMH, paBeH

oy = arctg ( — T, ) . (3.4)

Oy,

Ha uacrore wo=7 0.0, KO3pHUHEHT YCHIEHHS MaKCHMaJeH:
K.=Ku, a @;c=0. Dra yacTora HHOTAA Ha3biBaercd KBas3Mpe-
30HAHCHOM Y4acTOTOH.

1
B o6.s1acTH HH3KHX qaCTOT(wt, <<—‘;;—)M011yﬂb Koo dunueH-
H

Ta yCH/JEHUSI paBeH

K (0) = —t = 0 (3.5)
Ve Vo)
a apryMeHT
Bren (0) = arctg (). (3.6)

1
B nmanasoHe BBHICOKHX qac'ror((» ” ) Monyib KO3 du-
H

OHeHTa YCHJIEHHUs OIpeneasercs 'COOTHOIHeHHe'M

Koy (0) = Kus (3.7)

VT+ (0% ]/1+( ) ’

Pye o (0) = — arctg (mﬂ) . . (3.8)

YMmenbuleHHe KoddduHeHTa yCHAEHHS B 06/1aCTH HH3KHMX M BH-
COKHMX 4aCTOT NPHBOAHT K JHMHEHHBIM HCKaXXEHHAM HUMIIYJbCHOTO
curHaja. BO3HHKHOBeHME MCKaXKEHHsS CBA3aHO € TeM, 4TO TpPH
YCHJIEHHH HCCHHYCOHLANbHOTO HampsXKeHHS OTAe/bHBIE COCTaB-
JFIOIHe ero H3-3a HEPaBHOMEPHOCTH aMILIMTY[LHO-4aCTOTHOH Xa-
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paxkrepucruku ycuausaiorcs mo-pasHoMy, B pesyJabTare Hero
(opMa KPHBOH YCHIMBAEMOT0 HaNpsIKEHHs HCKaxKaerc. OTH
HCKaXeHHsl OLEHMBAIOTCS KO3(P(QUUMEHTOM YaCTOTHBIX HCKakKe-
HH#, KOTOPBIi Ha HH3KHX YacTOTaX OMPEENsiercsi OTHOLIEHHEM

M,:-,% = ]/ 1+("’?") , (3.9)

a Ha BBICOKHX YacToTax
T 7 o \2
=1/,+(_°l). (3.10)
g

O6biyHO ISl yCHIUTENel HaNpSKEHHS C PE3HCTOPHO-KOHIEH-
CaTOPHOH CBA3BIO JAONyCTHMas ‘BeNHUHMHaA KO3(DHIUHEHTa 4acTOT-

Puc. 3.3. OfHOKAaCKamHBI YCHAMTENb ©HA OHIOASPHOM
TpaH3ucTope (a), ero cxeMa 3aMemeHnusi (6) H 0GoOGieH-
Has SKBHBaJeHTHas cxeMa (8)

HBIX HCKaXeHHH HaxoauTcs B mpenenax 1,05—1,4. B ycunure-
JSIX PaJiHOTEXHHYECKMX YCTPORACTB kodpduunentst M, u M, npu-

NUMAIOTCS PaBHBIMH J2. DTO COOTBETCTBYET 3HAUEHHSM YacTOT
1 - 1

O rp== ; B Qg pp= """ 3HaUeHHS Ourp H Ogpp, COOTBETCTBYIO-

[[He JOMyCTHMBIM xoeq)QmuneH'raM JaCTOTHHX MCKaXeHWH, Ha-
3LIBAIOTCA HHXKHEH W BepxXHeH TPaHHYHHIMH YacTOTaMH. ,[lnana-
30H 4YacToT, B KOTOpPOM KO3((HIHeHTH YaCTOTHHIX HCKaXKeHHH
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He NpPEBBLIIAIT AOMYyCTHMBIX 3HAHEHHH, T. €. A®=W,5p—W0x ip;
Ha3bIBaeTCs MOJOCOH NpOMYyCKaHuda yCHUIUTEIS.

Kosduuuenr ycuiaeHnss MHOrOKackagHOTO YCHIHTeNs paBeH
MPOH3BENEHHI0 KOG (DUIUHEHTOB YCHJIEHHS OTAEJbHBIX KaCKalOB:

Ku (jm) =1=ﬁlKu i(jm) =Ku leh’ Ceen 'Ku nequ . (3'11)

Orciona ciaenyer, uto K03()(HIHMEHTH YACTOTHHIX HCKAXKEHHH M
yros CcABHra (a3 MexX/Jy BHIXOXHBIM M BXOJHBIM HaMpsiKEeHHIMH
MHOTOKACKaIHOTO YCHIHTENs BO3PACTAIOT C YBeJHYEHHeM YHcaa
KackaloB:

M=M,-My- ... ‘M, (3.12)
Pre=P1+ P2+ ... +@a. (3.13)

[Tosoca mponyckauusi ycHauTeNs € yBelIMYEHHEM YHMCIA Kac-
KajoB yMmeHbluaeTcs. JleACTBHTeNbHO, M3 COOTHoumeHus (3.12)
MOXKHO HOJNY4HTb JJIS 71-KACKaIHOTO YCHIUTENs CleAylOllHe MpH-
O/IMKeHHbIe COOTHOLUGHHS:

0y = é Oy 1 (3.14)
==73 (=) (3.15)

i€ g4 Op; — HHXHASA W BBICIIAA NPaHUYHbIE YAaCTOTHI OT/eJ/b-
HBIX KaCKaJlOB.

3.1.2. Nepexonnan XapakTepHUCTHKA YCHIHTENs!

Jlnst oneHKu JIMHeHHBIX MCKAXEeHMH, BO3HUKAIOIIHX NPH Hepe-
ladye HMIYJAbCHBIX CHTHAJNOB, OOBUHO TOJb3YIOTCH INepexONHOM
XapakTepucTHKO# ycunutens. IlepexonHo#i xapaxrepuctukos 6y-
JeM Ha3hBaTh PEaKkUHI0 YCHIHTeNs Ha ©IMHUYHYI0 BO3MYIIAIo-
myioo ¢ynknuio. IlepexogHasi xapaKTepHCTHKA YCHIHTENs] MPH-
MeHHTeNbHO K H300paxeHuio K,(p) (3.1) mMoxeT OHTH ompese-
JeHa CPaBHUTEJbHO NPOCTO. AHaJHTHYECKOEe BBIPAXKEHHE mepe-
XOJHOH XapaKTePHCTHKH HMEET BHJ

t '

K@ = K[ € —&7™). (3.16)

Ipaduk stoii pyHkuuu npuseneH Ha puc. 3.4. PeanbHble nepe-
XOJIHBle XapaKTepHCTHKH HMeloT Gojee CIOXHYIO (opmy (pHC.
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3.5). JIunefiHble MCKAKEHWA BBIXOAHOTO CHTHAMA NPH 5TOM OLE-
HUBAIOTCS CJAEAYIOLIHMH TIapaMeTpamu:

1) BpemeHeM 3aJepXKKH #,, ONpeleasieMBIM HHTEPBaJOM Bpe-
MEHH MEXIy MOMEHTOM IIOJayH BXOJHOTO CHIHAJa H MOMEHTOM
JHOCTHXKEHHsT BHXOAHBIM cHrHaNOM YpOBHA 0,1 Upyx v;

U&z
Obnacine
marsiz Bpemer
]
U
_Obnacme
bomuwuz Bpemey :

Puc. 34. Tlepexomuas xapakTepHCTHKA
YCHIIHTEST

e L
] S A D f

¢

.

P —

o1
)

Puc. 3.5. PeajbHasi Nepexommas XapakTepu-
CTHKa YCHJIUTENS

2) BpemeHeM HapacTaHHs (POHTa HMIy/ibca !, HIH BpeEMe-
HeM yCTaHOBJIEHHS, ONpeNeNsieMbIM HHTEDBANOM BPEMEHH, B Te-
YeHHE KOTOPOTO BBIXOLHOH MMINYJNbC HapacTaer OT YPOBHSA
0,1 Uz w O YpOBHSA 0,9 Ussix us

3) OTHOCHTENBHBIM CHAjOM IUIOCKOH BEPIIMHB BHIXOLHOIO
IIMITyJIbCa

6 —_ Auaux —_ Ulux M—Uaux (tu)
- - ’
UIHX M Unux M
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rle %, — AJHTEJBHOCTD BXOJHOrO HMIyJbCa NPSAMOYrOJNbHOH
(OpMHL.

Paccmorpum ¢usnueckue NPUYHHBI BOBHHKHOBEHHS JIHHEH-
HBIX HMCKaXKeHWH UMOyJbCa H YMEHbIIeHHs Ko3bhdulHeHTa yCH-

JIEHUsi B JHana3oHe HU3KHX H BBICOKHX YaCTOT H OLEHUM KOJIH-
YeCTBEHHO 3TH HCKaXKCHHUS.

3.2. AHanus paGoTel YCHAMTENS B JHANA30HE HA3KHMX
4acToT H GOJbIWKMX BpEeMeH

IMpuunHo#i ymenplenus KosdduuueHTa ycuieHUs: NPH YMeHb-
IIEHHH YacTOTHl H CHaja IJIOCKOH BepIIHHb SBJISETCS HaJHYHe
B CXeMe pasJenuTeNbHbIX KOoHZeHcaTopoB Cp, Cp2 U GJIOKHPYIO-
lero KOHIAeHcaTopa B lenu 3MuTTepa. Llemn cBA3M MeXay Hc-
TOYHHKOM CHT'HaJa H BXOLOM YCHJIHTEJS, BHIXOJIOM NepBOro Kac-
Kaja W BXOZOM BTOPOTO KaCKala HMEIOT BHI, NPHUBENEHHBIH Ha
puc. 3.6. B menu C©BsI3M HCTOYHHKA CO BXonoMm ycuiurens C,=

Puc. 3.6. Cxema 3amellleHHs YCH-

JUTeNIs1 B [A#ana3oHe HHU3KMX da-

CTOT, YuXTHBAWOUIas pas3ieu-
TeJbHHE KOHAEHCATOPH

=Cyp1, Ri=Rucr, R2=Ry1 mocrosnnas spement 7= Cpi (Rucr+
+R.x1), a B LeNu CBSI3H MeX/Y BHIXOLOM II€PBOTO ¥ BXOLOM BTO-
poro kKackana Cp,=Cps, R1=Ryux1, Re=R,» TOCTOSIHHHaS Bpe-
MeHH To==Cp2(Ruux 1+Rux2). Koadduument mepenaun taxoil ie-
nu (puc. 3.6) onpenpensiercsi COOTHOLIEHHEM

K (jo)= R —-

Ri+Rp+ joC,

Ilpu yMeHpIIEHHH YacTOTHl CHTHajXa BO3pacTaeT COMNPOTHB-
JleHHe pasIenuTeIbHbIX KOHAeHcaTopoB Cpy M Cpa, yBeTHUHBAET-
Csl majleHNMe HANpSIKEHHs HA HUX, CHIXKaeTcs Ko3(pdHuuHeHT nepe-
Jaud ¥ COOTBETCTBEHHO HalpsiKeHHe Ha BXOAE TPaH3HCTOPOB
T, u Ts. 970 U NPUBOLHT K yMeHbLIeHHIO KoadduuHenTa ycuie-
Hus. Bausinue xonnencatropa C, COCTOMT B TOM, 4TO IIPH yMEHb-
IIEHWH YacTOTH BO3PACTalOT CONPOTHBJEHHE KOHHeHcaTopa H
pe3ybTHpPYIOlllee COMPOTHBIECHUE B LeNH IMHTTEpa. ITO IPUBO-
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JUAT K yBEeJHYCHHIO NaJleHHsl HalpSAXKeHHsd OT NepeMeHHOH cocTaB-
JASIOlefl CHTHaMa Ha CONPOTHBIEHHH R, H yMeHbUIEHHIO BO3Jef-
. CTByIOIlero Ha BXOX TpaH3HcTopa Hampsxkenus Us, M, cieno-
BaTEIbHO, K YMEHbIUIEHHIO BBIXOXHOI'O HanpsKeHus u Kodbu-
IHeHTa YCHJEHHUSI.

B oOnactu HH3KHX YacTOT BHIpaxXeHus AJas KoadduiueHta
ycHneHuss u (as3oBoro C¢mBura 3amHchiBaioTcs B Bujge (3.5) M
(3.6). Ouenum KOJHMYECTBEHHO 3HaueHHe NOCTOSHHON BPEMEHH Ty.
Jns sroro npocienum BO3LEHCTBHE Ha YCHAHTeNb HMIYJIbCA
B BHIEe €JUHHYHON (YHKUHH B JuanasoHe OGoJbLIUX BpeMeH
(puc. 3.4). Ilpu momaye CTymeHYaToro CurHajza Ha BXOJ lemnei
(puc. 3.6) cKauok BXONHOTO CHTHa/na B [ePBbII MOMEHT Iepe-
Jlaercss Ha BBHIXOJ, a 3aTeM, MO Mepe 3apsNKH KOHIEHCATOpa,
BHIXOJIHOE HaNpsiKeHHe YMEHpIIAeTCs H CO3[aeTcs Chaj IIOCKOH
BepuuHsl. [lepexomnasi GyHKUHS Hend, NMOKa3aHHOH Ha pHuc. 3.6,
onpezesnsiercsi o popmysne

¢
K.(t) = Kue (3.17)

rle T, — TIOCTOSIHHAsi BpeMeHH lenmu. B Hamem cayuae 7, paBHa
Ty WIH Ts.

OTHocHTENBHBIH CHaf TNJAOCKOH BEpIIHHB, BBI3BIBAEMBIH
RC-uensamu cBsizy, Gyner onpepensitbes no dpopmysne

-t

3, =1—e u. (3.18)
Ipu . K1,
5, = . (3.19)
T

[Tockonbky ycumurenp umeer ABe RC-umenu cBs3H, cCymMMap-
HBIJ Chaj MJIOCKOH BEDUIMHBL NPH BHINOJHEHHH YcaoBHE £, <KT)
M [, <19 OyIer paBeH

Su = Bul + 8112 :2 "tl . N (3-20)
Ty T2
Bnokupyommii konnencatop C, TakXe BHI3HIBaeT CHaj IMJIOCKOH
BepmHbl. [elicTBHe ero oOBbsCHAETCS 3aBHCHMOCTBIO VIIpaBis-
IOLEr0 BXOAHOTO TOKA KacKaja OT HANpSKeHHs Ha KOHIEeHCaTo-
pe. IIpu Bo3meficTBHY MMMYJBCHOTO CHTHAJA BXOXHON TOK B Iep-
BBl MOMEHT JOCTHraeT MakCHMaJbHOrO 3HaueHus (puc. 3.7)

By (0) = 222, (3.21)
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a 3aTeM IO Mepe 3aPsAKH KOHAEHCaTopa C MOCTOSIHHON BPEMEHH
T, YMeHbLIAeTCs] H CTPEMHTCH K 'YPOBHIO
. ) U
iy () = XM . (3.22)
ro+(rs+Rs)(14+B) :
IMocTosiHHas BpeMenn nepesapsiia 1, KoHpeHcatopa C, ompene-
JISIeTCST COOTHOLIEHUEM

- T,=0C, (Rnux 9"Ra) s (‘323)
rue Rnux » — [BBIXOLHO€ COMPOTHBJEHHE Kackajga C¢O CTOPOHH
SMUTTEPA, BEJHYHHA €ro paBHA

R R r
Rnuxs = ——"——'( = 1|+; e 6+f9- (3 24)

C yMeHbllIeHHeM BXOJHOTO TOKa OyJeT yMeHbLIATbCs TOK HCTOY-
HiKa Bis U, CleJ0oBaTeJbHO, BEIXOJHOE HaNpsKeHHe.

/4

[ o

Puc. 3.7. BpeMennasi mmanpamMma

BXOIHOTO TOKa TPaH3ACTOpA IPH

ydgere OGNOKHPYIOLIETO KOHAEHCA-
ropa C

Orauune BaustHui KoHzeHcatopa C, W KOHAEHCATOPOB B Ie-
nsix cBsidu Cp; u Cpy Ha HOpMy HMIyJabCa COCTOHT B TOM, 4TO
no Mepe 3apsfa KoHmaeHcaropa C, BHIXOZHOe HaNpPsiXKeHHe CTpe-
'MHTCA He K HYJIO, a K HEKOTOPOMY YPOBHIO Usux(00), Ompese-
JSeMOMY TOKOM HCTOYHHKA Pig(c0).

Ecan Bumosnusiercs ycnosue £, <K7T,, TO CHaj IJIOCKOH Bep-
IUMHB BHIXOJHOTO HaNpsXKEHHs, BHI3HIBaeMblfl BiIusHHeM OJOKH-
pywoliero KoHaeHcatopa C,, 6y1er paBeH

t
U, =
UB 1:3 b
a pe3yJbTHPYIOMIMA cnaj IVIOCKOl BEPUIHHBI, BEI3SBAHHHIHA BCEMHU
RC-uensiMu, GyIeT paBeH CyMMe
SU = 83U, + 8Uy + 8U, = 2, (3.25)

L2
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rue
ot (3.26)

Ty — KBHBAJIEHTHAsi MOCTOSIHHAsi BpeMEHH, C KOTOpoH H3Me-
LSIeTCS BHIXONHOE HampsixkeHHe B 06acTH ‘6ObLUIMX BpeMeH
IIpH LefiCTBHH Ha BXOJE NPSMOYTOJbHONO HMIYyJbCa.

Ecsn yuects, 410 — =wx, T0

T,
! U=t 0u. (3.27)

®opmyna (3.27) ycraHaB/iuBaeT OBA3b CHaja IVIOCKOH BEpIIMHHI
C HH2KHEH 'DaHHYHOH 4acTOTOH.

Koppexyus cnada naockoii sepuiunol (Koppekyus
AMNAUTYOHO-4ACTOTHOL XAPAKTEPUCTUKY 8 UAnasone
HU3KUX 4QCTOT)

YMeHbIleHHe cliafia MJIOCKON BEpIUMHbI (paclliupeHde yacroT-
HONp nMamasoHa B 06acTh HH3KHX YaCTOT) JMOCTHIAeTcs NpH-
MeHEeHHeM JOTOJHUTEIbHbIX KOPPEKTHPYIOIMX deMenToB. Onna
M3 CXeM KOPPeKLHH NpHBefeHa Ha pHuc. 3.8, a. KoppexTupyromum

< be3 KoppeALuU

8)

Puc. 3.8. Koppexuusi yCHIHTeJNsT Ha HHSKHX 4YacTOTax:
@ — cxeMa, 6 — aMILIHTYLHO-YAaCTOTHHIE XapaKTepHCTHKU

3jaeMenToM siBasiercsi RC-dunpTp Ha pesucrope R, H KOHHIEHca-
Tope Cy B mManmasoHe CpefHMX M BHICUIMX YacTOT Pe3HCTOP Ry
3allyHTHPOBaH KoHZeHcamopoM C; M He oKa3blBaeT HHKaKOro
BJAMSHHUS Ha K03 (PHLHEHT yCHIeHHS.

OcHOBHasi Waess KOPPeKLUHH COCTOHT B TOM, YTO NPH yMeHb-
IIEHHH YacTOTH ocjabeBaeT WIYHTHPYyIOllee JeAcTBHE KOHJEHCA-
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TOpa, 4YTO NPUBOAMT K YBENHUEHHIO SKBHBAJIEHTHOTO CONPOTHB-
JeHHs B Liend KoJA/1eKTOpa TPaH3HCTOpa H, Clef0oBaTelbHO, K yBe-
JHYeHHo Ko3hduuenTa yCHaeH s ycunuTeas (puc. 3.8, 6 — xpu-
Basi1). IlpuHeonTHMaAbHOM BHIOOpE IIapaMeTPOB KOMIOHEHTOB
cxems! (R, Cy Ri) BO3MOXeH mogbeM Ko3(QHUHeHTa yCHICHHSA
Bbille yposHs Kuo B obiacTu HH3KHMX 4acror (pHc. 3.8,6 — xpu-
Basi 2), .

IpociexuM AEHCTBHE KOPPEKTHPYIOILETO 3JEMEHTa B YCJIO-
BHSIX ycHIEHHS HMIYJIBCHOrO CHrHana. [Jlasi ynpoOLLeHHs YYHTHI-
BaeM TOJIBKO Pas3lequTe]bHbli KoHmeHcaTop C,g, cCuMTasg ero
eMHCTBEHHbIM HCTOUHUKOM HMOKaXKEHHsS BEPUIMHB uUMIynabca. Ha
PHC. 3.9 mpHBELEHB SKBUBANEHTHAS CXeMa BBEIXOJHOH LeENM [yCH-
JHUTeNpHOro Kackafa W BpeMeHHble JHarpaMMBl BBIXOJHOTO Ha-
NPSIKEHUS Usux(f), TOTEHLIHANA B TOYKE «a» Uy (f), HANPSKEHUS
Ha pa3menuTelbHOM KoHAeHcaTope Cpg U (7).

pu AEHCTBHM B MOMEHT BPeMEHH f{=={; WMIyJbCa HMCTOYHH-
Ka Toka Pis(0) =PI » CKaukoM H3MEHAIOTCS BBIXOLHOE Hamps-
XeHue W NMOTEHIHMAN TOYKH «a». IDTOT CKAYOK NepemaeTcs yepes
kxoHgeHcaTop Cpe Ha BHIXOA. BennmunHa okauka paBHa Upyy v=

ﬁ/ A me
N\

_—f A 4 Uﬂb/-l' mn

Puc. 3.9. DxBHBaNeHTHAs cXeMa BbIXOJHOH LeMH YCHIMTeNS B 00-
Jacty GOJbIINX BpeMeH (@) W BpeMeHHBle QUarpaMMb (6)

=PIl5m (RllRs). B mepBbiii MoMeHT BpemeHH KoHzeHcatop C,
paspsikeH H Uc ,==0. [lo mMepe 3apsana xougencaropoB Cy u C,o
TIOTEHIMA] TOYKH «@» U, U HampsKeHHe Ha KoHAeHcatope Cpo
u. O6ynyr BospacraTb. Ilosaras, 4To AJHTENBHOCT HMIYJAbCA
JOCTaTOYHO MaJia MO CPABHEHHIO ¢ NMOCTOSIHHBIMH BpPEMEHH Iepe-
3apAna KougencatopoB C, u Cpz, MOXHO CYMTaThb 3aBHCH-
MOCTH U,(f) H u.(f) nuHeiHbIMH. Ecou moTeHUHan TOYKH «a»
3a BpeMs IEeHCTBHS HMIyJbca f={, BO3pacTeT Ha CTOJBKO XKe,
Ha CKOJIBKO YBeJHYHTCS HampsKeHHe Ha KOHAeHcatope Cpo, TO
BBIXOJIHOe HampsXKeHHe OCTaHeTCs HeH3MeHHHIM. Ecin Xe KoH-
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nencarop C, Oyner 3apsaxKaTbCs ¢ GosbLiel CKOPOCTbIO, UeM KOH-
neHcatop Cpg, TO Usux(f) OyleT UMETh NMOABLEM, T. €. BO3HHKHET
nepexoppeKIHs.

Onpenenum ycioBHe KOppekiuHH. B obuiem BHAe BHIXOLHOE
HanpsKeHHe PaBHO

thase (1) = Unug a4 Dta (£) —Atto (¢). (3.28)

[Ipy cpenaHHBIX RONyuIeHHsIX H3MeHeHUs Au,(f) u Au,(t) 3a
BpeMs {==¢, OYLYyT paBHHI

T, t

A =i, o Ysxw, fu 29
Uy (tu) Ly Cq, R Cq, ’ (3 )
At (by) = gy 2 = Yosww, fu (3.30)

sz RH Cpﬁ
Torza BbixoaHOE HANPsSKEHHe K KOHIY (EHCTBHS BXOAHOTO CHI-
Hajna GyxeT paBHO

toue () = Unau |1+ (e — )] 43D

Yc0BHeM KOPPEKUHH Upus(%y) =Upux m ABASETCS PABEHCTBO
RiCyp=RxCpo. (3.32)

Ilpn RCy<<R:C,, uMeeT MeCTO mNepPeKOPPEKUHs, a MpH
RiCy>R,;Cpo — HELOKOPPEKIHS.

IlprBeneHHbIll aHaau3 PaboThH KOPPEKTHUPYIOLIETO 3jeMeHTa
ABJAsSieTCd NPHUOJNMKEHHBIM, XOTS M JocraroyHo Harasged. OH
crnpaBefyuB nNpu Ry >R,

C yyeroM Bcex NPHYHH, BHI3BIBAIOIIKX CHaj IJIOCKOH Beplu-
HBI, YCJIOBHE KOPPEKUHH 3aNHCHIBAETCS B BHIE

RCyp="Tx. (3.33)
M3 3TOro ycnoBusi OmpenensieTcsi eMKOCTb KOHAeHcatopa. B you-
JUTENSIX C KOPPEKTHPYIOLIUM 3BEHOM, PAaCCUHTaHHBIM M3 YCJIO-

BUsa (3.32), peanbHO HMMeeT MeCTO CHaJ BepIIHHB HMIYJIbCa,
onpeneasieMblit no popmyse

t,
W= —p (3.34)

q) .
2R, Crm Ry

3.3. Ananus padoThl yCHAHTeNsi B AHANa30He BBLICOKMX YacTOT
H MaJjbiX BpeMeH

YmenplleHHe Koddduumenta ycurenus K, NpH yBenHUEHHM
4acTOTHl M 3aTATHBaHHe (PPOHTA HapacTaHUs OOBACHAIOTCS HHep-
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{IMOHHBIMH CBOKCTBAMH TPaH3HCTOPA H HaJHMYHeM B cXeMe mapa-
3UTHHIX eMKocTel. /sl GMIOASPHOTO TPAH3HCTOPa K03 HIMeHT
nepejayn TokKa ‘6a3bl 3aBHCHT OT yacToThl (3.76) [4], a mpu me#-
CTBHM Ha BXOJe CTYNEHYaTOro CHTHa/ja B BHAE ©IMHHYHOH (YyHK-
MK 3aBHCHT oT BpeMeHH (3.67) [4]. Bosboit Bk1ax B HepaBHO-
MEPHOCTL YacCTOTHOM XapaKTepHUCTHKH BHOCHAT eMKOCTH C,, C.
C yBeanueHHeM YacCTOTH B [AHaNa30HEe BBICOKHX YaCTOT YyMeHb-
maercs Koa(uuyveHt f ¥ yBeJHYHBaeTCs WIYHTHDYIOILee TEHCT-
BHe eMkocredt (puc. 3.3,8), NpUBOASAIIee K YMEHbIUEHHIO BXOJ-
HOTO CONPOTHBJEHHS U CONMPOTHBJIEHHS HArpy3kH, 4YTO B Pe3yJib-
Tare BHI3BIBAET yMeHblleHHe Kos(pduuuenra ycunenus. Ilpu gei-
CTBHM Ha BXOJe CTYNEHYaTOro CHrHasna B BHAE eIUHHYHOH (yHK-
MU BBIXOXHOH CHTHaJ He yc- :

meBaeT 3a M3MEHEHHEM BXOA- s

HOTO CHTHasta, TaK KakK Tpe- -ﬂ&_‘
Oyercss ompeleleHHOe BpeMs .%.‘ﬂ)_:? T

Ha nepe3apsi €MKOCTei U yBe- 1 tgn(‘”) ¢
JHYyeHHe P [0 MaKCHMalb-

HOrO <ypoBHA. B meaom Tg

BJIUSHHE Ha3BaHHBIX «pakTo- A -
POB MOXHO OIEHHTh B BHIE Py //’
5KBHBAJNIEHTHOH  IOCTOSHHOM B/ 7 L(0)p
BPEMEHH T,, KOTODasi Ompeje- 77 T ¢
Jsercs M3 aHaAH3a CXeMbl is(=2).p
puc. 3.3, 6. B nuamasoHe BH- i ¢

COKHX YaCcTOT KOHIEHCATOpPH
C,1, Cpe u C, MOXKHO He yuH-
TBIBaTh (T. €. CYATAThb €MKO- Puc. 3.10. Bpemennas puarpamma pe-

CTH HUX 660KOHelm0 ‘60.7")]_“1,1_ ajbHOro 06as3oBOr0 TOKa W TOKa KOJI-
JIEKTODpa NpH BO3JIEHCTBYH OT HCTOUHM-

MH)' Ka ¢ KOHEUHHIM BHYTPEHHUM COMNpPO-
B peanpHBIX YyCHAMTENAX HBJICHIEM

BXOLHOH CHTHaJ mOAaercd OT

MCTOYHHKA ¢ KOHEYHHIM BHYTPEHHHM CONPOTHBJEHHEM Rygr.
B sToM Clyuae ympaBJsliOUIH{l TOK B TeYEeHHE NEHACTBHS BXOJLHO-
ro CHrHajla He OCTaercs moctosiuubiM (puc. 3.10), dto obwbsc-
HIETCS HaJMYMeM BHyTpPeHHeH 0oOpaTHOW CBSI3W B TPaH3HCTOpE.
B nepBbifi MOMeHT BpeMeHH TOK 6a3bl ‘6e3 yuera CONpOTHBJICHHS

R; paBeH

R (- S (3.35
i6 (O) Ryertretrs )

(To Mepe ypemuuenus B(f) Tok 6asbl Oyfer yMeHbLIATbCsH, Tak
KaK BO3PACTaeT BXOAHOE CONPOTHBAEHHE. YcTaHOBHBILIEeCs 3Ha-
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yeHue ToKa GyaeT PaBHO

is (00)= et = O (3.36)
Ryer+re+rs(1+Bo) I+176B0
rae Y6 = fe — k03 ouuncHtT obpaTHoil CBA3H MO

Rycr + 16415
TOKY.

Ko//IeKTOpHBIA TOK B TIEPBHII MOMEHT H3MEHsSIeTCsl ¢ NMOCTOSH-
HOH BpDEMEHH Ty U CTpeMHTCs K ypoBHIO i5(0)-Bo (puc. 3.10).
Onrako H3-3a yMeHbIIEHHUS TOKa is(f) ypOBEHb ix(f) OrpaHHYH-
BaeTcss BENHYUHONR ig(00)-Bo, M B pe3yabTaTe SKBUBAJIEHTHAS
NOCTOSIHHAsE BPEMEHH HapacTaHHs KONJIEKTODHOTO TOKa YMEHb-
maercs 10 3HAY€HHUS

«_ s

'IIB = W . (337)
C yuerom emxocreit Cy u C, 3KBUBaJIeHTHasl MOCTOSIHHASI BpeMe-
HH H3MeHEeHUs BBIXOMHOTO HampsiKeHHs GyHeT paBHa

Ta=T"F[Cx(1+fo) +Cal (Rull Rx). (3.38)

Hsobpaxenne woaddHuueHTa yCUIEHHsT HanpsKeHus: Oymer
paBHO

— KuO
K. (p)= T " (3.39)
KosbduuueHT ycuieHns Ha CPeIHUX 4acTOTax
= Bo Ry : 3.40
SRR ——— (5.40)

BHXONHOe HanpsXKeHHE Ugyy(f) NPH HEHCTBHH Ha BXOJE CTyNEH-
4aToro CHrHaja B BHUAE €XMHHYHON (PYHKUHH ONpPENE/SETCS COOT-
HOLIEHHEM

. t
Upux (t) = 1’I<u0(l —e TB) . (3-41)
HdnaurenbHocTh (GPOHTAa HapacTaHHs (BpeMsl yCTaHOBJEHHS)
{, paBHa
L=, =221,=2.2{t*+[Ce(1+8) + Cal (RdlRs)}.  (5.42)
Bricias rpaHuyHas 4acToTa ©, PaBHA
1

Ts
BaHOl XapaKTepUCTHKON YCHIUTENS ABJASETCS I0GPOTHOCTH

D, KOTOpasi Onpene/sieTCs KaK NpOH3BeIeHHE CASAYIOLIHX Be-
JIUUHH:

[0

—

B

D=Kuo-f (3.43)
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HIH

D =Ky —=, (3.44)
tyﬁ
rune
(O
I oam

Hast YCHIUTENLHOTO KacKaja AO0GPOTHOCTb ONpejessieTcss BHYT-
PEHHHMH CBOWCTBAMH YCHIHMTENBHOTO 3/EMEHTa M HE MOXKeT
NPEeBHIIATL ONpefeNeHHON MaKCHMaJbHOM /ISt 3TOT0 3JeMeHTa

<
bes wopperiuu \ 1 r, “be3 Kopperyuu ]

8 )
Prc. 3.11. BricokouyacToTHBE cXeMbl KOPPEKUHMH: @ — Napasliefb-
Had; 6 — mocjenoBaTeNibHaA; 8 — YacTOTHAS XapaKTepPHCTHKA;
2 — nepexonHas XapaKTepHCTHKA
BeJMYHHBL. JIpyruMyu CJHOBaMH, AJsi 3aJaHHOTO THNA YCHJIHTENb-
Horo ajementa npousBefieHHe (Kyo-f;) oCTaHeTcss MNOCTOSIHHBIM
npyu Bapuauuu Ky W f,. Heabss yBeanuutp Kuo, He cHHXKAA [,
¥ Hao6OopOoT.

Koppexyusa dauresvroctu pponta (Kopperyus
amMnAuTYOHO-4ACTOTHOL XAPAKTepUCTUKYL 8 OUANna3one
8bICLLUX 4ACTOT)

Hast  yMmeHblIeHHs AJMHTENbHOCTH (poHTAa (pacIIUpeHHs
0= T) B Kackajax IPHMEHSIT ClelajbHBe KOPPeKTHPYIO-
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e saeMenthl. Hanbosee pacnmpocrpaHeHHBIMH H3 HHUX SBJSA-
1otes uenp RoCo B aMuTTepe TpaHsucropa (puc. 3.11,a) u uH-
. AYKTHBHOCTb L, B 1enu xojmexropa (puc. 3.11,6).

OcnoBHast ugesi KOpPeKUHH C Tomollbio uen# RoCo 3akJio-
Yyaercs B TOM, YTO Ha Hada/JbHOM 3Tane AEHCTBHS CTYNEHY4aTOro
CHTHajia KOHJeHcaTop Majoi eMkoctH Co WIYHTHPyeT Pe3HCTOp
Ry u TeM cambiM obecneyuBaer OOMbLIME yNpaB/sOIHE TOK H
OOJIbIIYI0 HayaJbHYI0 CKOPOCTh M3MeHEeHHs TOKa KOJJIEeKTopa.
Ipu atom AnuTenabHOCTH QpoHTA Hapactanusi coxpamaercs. Ilo-
cne nepesapsita eMkocTH Cp B Kackajge Oyner JeHCTBOBaTb OT-
puuarejpHasi obpaTtHasi CBsf3b, 00yc/aOBJEHHAsi HajJHuYHeM De3H-
cropa Ro. Ota ©Bf3b yayyllaeT Takue CBOHCTBA yCHJIHTeNs, KaK
cTaGUIbHOCTb, JHHEHHOCTh, YBEJIHUMBAET BXOJHOE CONPOTHBJIE-
ane. Opnako HamuyHe Ry cHMKaerT KOIPGDUIHEHT YCUAEHHS U
n06poTHOCTh. Bikiouenne ke napannenbHo R, xoHmnencartopa Co
Cnoco6CTBYET BOCCTAHOBIEHHIO NOOGDOTHOCTH.

ITpu BmGope canmkoM 60Jb-

o* i woii emkoctd Cp KOppeKiius
"” \aﬂ NPHBOJHT K MOSABIEHHIO BLIGpO-
P i COB Ha NEPEXOIHOH XapaKTepH-
2\ GEQ — cruke (puc. 3.11,2 —xkpupas 2)
. ¥ INOIbEMOB Ha AaMIIUTYLHO-
Py Ay LR, e, YacTOTHOH XapaKTepHUCTHKe

r - (puc. 3.11,8— xpuBas 2).
i ? OnrtuManbHOe 3HAueHHE eM-
Ry RK koctu (puc. 3.11, 8, e— xpu-
Bas I) BboIOHpaercss U3 YCJIOBHS

T,

-8B (3.45
Co Ry 1+B, )

53333;,%"%%’;;;‘;‘@; CxeMa ¢ KOppeKTHpYiOLlefi HH-
MHIYKTHBHOCTBIO IOIYKTHBHOCTBbIO IIpHBeJieHa Ha
puc. 3.11, 6.

OcHOBHasi Huiesi KOPPEKLUHH COCTOHT B TOM, 4TO HHIYKTHB-
HOCTh NpeNnsTCTByeT BO3pacTaHuio Toka B IenH R, (puc. 3.12)
M TeM CaMbiM CTPEMHTCS COXPaHHTb TOK Mepesapsga eMKocTeH
C. u C*, TOCTOSHHEIM, 4TO H chmocobcTByeT O6oJsiee OBICTPOMY
HapacTaHWI0 HaNpsXKEHHS Ha 3THX 3JeMeHTax.

[IpuMeHeHNe WHAYKTHBHON KOPPEKUHH IO3BOJSET YMEHbIUNThH
BpeMsl yCTaHOBJEHHS BHIXOAHOro muMnynbca Ha 40—70% mo
CPaBHEHHIO C HEKOPPEKTHPOBAHHBIM KacKamoM. 3HaueHHe L,

(puc. 3.11,e — wpusasi 1) BuOHpaercsd u3 ycaoBus m==0,25
(m — KO3 PUIMEHT KOPPEKIIHH) :
L,=0,25Rx;, (3.46)
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3.4. O6paTHbiEe CBA3H B YCHIHTENAX

OO0patHo#i cBA3bI0 HA3LIBAIOT SIBJI€HHE Tepelayd IHEPTHH H3
BHIXOJHOH LlenH KackajOoB HJH YCHJIHTENSI BO BXOAHYIO. B ycuin-
TeJie 3TO sIBJleHHe BHIpa’kaercsi B Iepefaye Ha BXOJA YacTH BHI-
XOLHOro CHriaja (WJHM BCero CHrHajsa) ¢ NOMOLIbIO JIHHEHHOro
YEeTHIPeXINOJIIOCHHKA, Ha3blBAEMOro 3BEHOM HJH Lenblo o6paTHOM
CBSI3H.

OO6parHble CBSisH B YCHJIHTENsiX JHO0 CO3[4al0TCS CHEelHaJbHO
IJisi HM3MeHEeHHs1 XapaKTePUCTHKM YCHJIHTeNs, JUOO BO3HHKAIOT
CaMONPOU3BOJABHO. B mocsegHeMm ciayuyae OHH Ha3bIBAIOTCH Ta-
Pa3UTHBIMA.

Ecan npu Hanuuun oOpaTHOH cBA3H BXORHOH curHanm Uy
CKJIajbplBaeTcsi ¢ CHUrHajJom o6GpaTtHoi cBsAsu U,., B pesyabrate
Yero CHrHaj Ha BXOJe YCHJIHBAIOUIErO 3JieMeHTa BO3pacTaer, To

@_;v‘?ki $k e
iy
9 9
i) =
w i) {7
9) 2

Puc. 3.13. CTpykTypuble CXeMBl YCHJIMTE-
Jiefi ¢ 0OpaTHON CBSI3bIO

Takylo oOpaTHyI0 CBsI3b Ha3bIBAIOT MOJOXHUTEJbHOH. Ecan mocae
BBeJleHHs1 06paTHOH CBA3M BeJHYHHBI BXOLHOTO U BBIXOJHOTO CHI-
HAaJIOB YMEHBINAIOTCA, YTO BHLI3BIBAETCS BBIYHTAHHEM BeJHUYHHBI
curHana obpartHoit cBasu U,, u3 BxogHoro curHana Uy, TO
Taxkasi 06paTHas CBA3b HA3bIBAETCS OTPHUIATENbHOH.

B 3aBucHMocTH oT cmocoba mojayu HanpsiKeHHs 06GpaTHOH
CBfI3H BO BXOAHYI0 Henb OOpaTHble CBS3H TOAPA3NENAIOTCA Ha
nocnefoBaTeNbHEle W NapajuienbHele. [lpu nociegoBaTenbHOH
006paTHO! CBf3H HaNpsiXKeHHe O6paTHOH CBSI3M BBOAMTCS MOCIHE-
ROBaTeNbHO ¢ BXOAHbIM HanpsikenneM (puc. 3.13,a). Ecnm xe
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CHrHaym o6paTHOH CBSI3H TNONAeTCs MO OTHOLIEHHI0 K BXOJAHOMY
HalpsKEeHHI0 INapajenbHO, TO Takas o6paTHas CBfI3b Ha3H-
Baercsi napasiaenbHoit (puc. 3.13,6). Ilpu napannenpHoil o6par-
HOH CBSI3H CKJIAJBIBAIOTCS TOKH.

Pasnuuyalor o6paTHble CBSI3H 1O HanpsikKeHHIO H 1o Toky. I1pu
0o06paTHOf CBSI3M IO HANPSKEHUIO (TOKY) CHrHas o6paTHOH OBS3M
IIPONOPLHOHA/IEH BHIXOAHOMY HampsKeHMIO (TOKY) YCHJHTENS.
Ha puc. 3.13,8 u3zo6paxeHa CTPYKTypHasi CXeMa YCHIHTENS C
o6paTHOil CBf3bI0 MO HampsiXKeHHIO, Ha puc. 3.13,e — mno ToKy.

Ilocaedosaresbras 06paTHA CB8A3b NO HANPANCEHUIO

3BeHo 00paTHOM CBSI3H XapakTepusyercs o3¢ GhHIHEHTOM
nepefayy vy, paBHBIM OTHONICHMIO, HANPsIKeHUsT OOpaTHOH CBS3M

. U
K BBIXOAHOMY HAIIDAXKEHHIO YCHJIHUTE]S 'Y=':&'H Ha3bI'BaeMhEIM

BHIX
K03 PunHeHTOM 06paTHOHN CBA3H.

Ob6paTHasi cBsi3pb OKa3BIBAaeT CYILECTBEHHOE BJHSHHE Ha Xa-
PaKTeDHCTHKH YCHJHUTENS, B YAaCTHOCTH, Ha Koad'uuueHT ycH-
JICHHS. U TI03TOMY SIBASIETCS PaJHKaslbHBIM CPEeNCTBOM H3MeHEeHHUS
XapaKTePUCTHK YCHIIHTENS.

st BXOZHOM LENH YCHIHTENs] MOXHO COCTaBHTb CleLylo-

1ee ypaBHeHHe:
U1.= UBX+U.OO’ ' (347)
Uoe=vy Upux=v K.U1. (3.48)

K. sBnsiercsa K03(QHIMEHTOM YCHIEHHS ycuauTens 6e3 obpar-
Hoii cBasH. Koadduuuenr ycunewus ycunurens ¢ ob6parTHOH
CBf3bI0 PaBeH OTHOLIEHHIO

l.jBHX

Koo = —28x (3.49)
Uex
C yuerom (3.47) u (3.48) nonyuaem
Kyope=—2e . (3.50)
1— 1Ky

Ecan K, n y — nefictButenbHbe BennunHs ¥ K,>0, a y<<0,
TO HanpsiKeHue o6paTHOH CBA3HM BLIYHTAETCd H3 BXOLHOrO,
T. €. UMeeT MECTO OTpHUaTejbHas o6paTHasa oBs3b. B atom ciy-
yae KOI(DUIMEHT YCHIEHHS YCHIHTeNS ¢ 0OpaTHOH OBA3BIO
paBeH

Kygoe=—2t (3.51)
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Us (3.51) crenyer, uto BBENeHHé MOCAEAOBATENLHON OTPHILA-
TeJIbHOH O6paTHOM CBSI3M MO HANpPSXKEHHIO BHI3LIBAET yMEHble-
HHe Koa®p¢uuuenra ycuienus ycunureas B (14+vyK.) pas.

AHanorHYHO MOXKHO IOKa3aTh, 4TO K03PHUHEHT ycHIeHHS
YCIJIUTCJISI, OXBAUEHHOTO TMOJIOXKHUTENbHOH O0OpaTHON CBf3bIO, Pa-
BEH

= Ku 52
Ku noc 1—1 Ky ° (3 )
[TpuMeHeHre NOC/HENOBaTENbHON MOMOXKHTENbHOR 06paTHON
CBSI3M MO HANpSKEHHIO, KaK BHAHO U3 BHpaxeHus (3.52), yse-
JAHYHBaer Ko3pdHUHeHT ycHieHUs ycuaurensi. OXHAKO MOJOXKH-
TeJbHast o6paTHas CBSA3b B JHHEHHBIX YCHJIHTEAAX NDaKTHUECKH
He NMPUMEHSIeTCH, TaK KaK NpPH ITOM, Kak Oyler IoKa3aHO HHXKe,
XapaKTePHUCTHKH YCHJUTe]s 3HauyuTeapHO yxyAamaworcs. I[lomo-
SkuTeNbHaA obpaTHAs CBfI3b LIMPOKO HCMOJb3yeTCS B aBTOTEHe-
paropax.
BBenenne orpuuaresbHoil 06paTHO CBA3H YyJydlllaeT 4yacToT-
Hble CBOHCTBA YCHJAUTEIA. DTO MOXKHO I0Ka3aTb C MOMOIUBIO
BepaxeHus (3.51). das

YCHIuTENA, OXBA4Y€HHOI0 j K
oTpullaTeNbHOH  OOpaTHOH e noc
CBA3bIO, KO3 HIHEHTSHI 00C
YCHJIEHHS  Ha  CpPeNHHX P
(Kagqe) W Ha TpaHHYHBIX AR
K. oace H K. oca) yacrorax P, Ko
COOTBETCTBEHHO DaBHbI: y o S
K -
Ku ot = = L—~—-—-— AAf”w-'———-———-
14+ Ky |
Ao =
Kun
Ku OoCH ]
1+YKun Puc. 3.14. AUX ycuanTelsi, 0XBaYeHHO-
K Kys ro o6paTHOM (CBA3bIO
LT Y Ky

Mockonbky — (14+vKua) <(14vKuo) 1  (14+vKus) <(14
+vK.,), TO CHHXKEHHe YCHIIeHHSI Ha HHSKHX U BBICOKHX YacCTOTax
OyneT MeHbllle, yeM Ha cpefHuX yacrorax. [loaToMy aMmIHTyAHO-
YyaCTOTHAsi XapaKTepHCTHKA YCHJIHMTENs, OXBayeHHOTO OTpHIla-
TeNbHOM 06paTHO# ©BsA3bl0, Gyner Gojee PaBHOMEPHOH, a caelo-
BaTeJbHO, 1oJI0ca NMPONyCKaHHs CraHer mupe (puc. 3.14).

Kpome ysryulieHHsl YacTOTHOH XapaKTEPUCTHKHM, BBeAeHHE OT-
puLaTeNbHOi OGpPaTHON CBSI3H INOBLIIAET CTaGUIbHOCTD KO-
QuLLHeHTa yCHJEHHS U CHHXKAeT HEJHHEHHble HCKaXKeHH.
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Ins omueHku cTaGUILHOCTH Ko3(pdULHeHTA YCHIEHHS YCHJIH-
Tessi ¢ 06paTHOM CBA3bI0 CIEXYyeT ONPEeLeNHTb er0 OTHOCHTENbHO®
usMmenedue: 6Ky o= X 2. Ipupamwenne AK,. i yCHIHTeNS

oc
C OTpHLATeNbHOHl O6paTHON CBA3LIO MOXHO HAHTH CJAEAYIOLIHM
o6pasom:

__dKuoc. — AK, 3.53
BK, oo = S8 4K, = — S (3.59)

OtHOocHTe/NbHOE H3MeHeHHe Ko3(dHIHeHTa YCHJIEHHS YCHJIH-
TeJssl ¢ OTPULlaTeNbHOH 00paTHOI CBA3BIO PABHO

3K, = 0Ku 3.54
OKuoc: 111K, . ( )

Orciopa BHIHO, Y4TO BCAKOe H3MeHeHHe KO3(bHIHEHTA YCH-
JIeHHs OcaabJasercss geficTBHeM OTPHLATeNbHOH 00paTHOH CBSA3H
8 (14+vyK.) pas. Beqmuuna (14-yK,) HasbiBaercs TyOGuHOH 06-
patHoil cBa3u. Ecam yK,>1 (cayuait riy6okoii obpaTHOH ©OBf-
3u), TO

Kuoe ™ -}r- . (3.55)

OTo BhHpaXKeHHe MOKa3blBaerT, YTO MPH INIyGOKOH OTpHIlAaTeNb-
HOH oOpaTHO# CBfI3H KO3(duuueHT youjieHus ycHAUTENSA K. oc
He 3aBHCHT OT Kos(pduuueHta ycunenuss K,, T. e. He 3aBHCHT
OT BCceX [PHYHH, BHI3LIBAIOIIMX H3MEeHEHHe DeXHMa YCHIEeHHS.

AHanorM4YHO MOXKHO [OKA3aTbh, YTO B CAydyae MONOKHTENbHOM
o6paTHOll ©BSI3H CTaGHJIBHOCTh KOPPHUKEHTa YCHIEHHS YXYil-
HIaeTcs:
3K,

1—1Ky,

YMeHbllleHHe HETHHEHHbIX HMCKaXKeHUH MPH BBEIEHHH OTpH-
LatelbHOH OGPaTHOH CBSI3M MOXKHO OOGBACHATH CJIeIyluUuM 06-
pasom. Ilpu GosblmIOM BXOZHOM CHTHase B yCHAHTene Ge3d o6Gpart-
HOH CBfI3H, IIOMHMO OCHOBHOH TapMOHHKH, B BBIXOJHOM Hamps-
JKEHHH H3-3a HeJHHEHHBIX HCKa)KeHHH MOSBJSIOTCA BEICIIHE rap-
MoHHKH. IIpn BBesenun oTpuIaTeNbHON OGPATHON CBSI3H HANps-
JKeHHe 3THMX TapMOHHK yepe3 3BeHO OGDaTHOM CBSI3H 110/aeTcs
Ha BXOJ, yCHJHTeNs. ¥YCHJIeHHble HANPSXKEHHs] BBICHIHX [apMOHHK
BHIYMTAIOTCS M3 BBIXOJHOTO HANPSXKEHHA YCHJIHTENS, TakK Kak
Gnarofiapsi AEACTBHIO OTPHIIATeNbHOH OGPaTHON CBSI3H OHM GYAyT
HOCTyNaTh B NPOoTHBOGMA3e c HANpPSKEHHEM TapMOHHK, HOSIBJISIO-
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iiuxcst BeaéacTBYE HeNHHEHHBIX HCKAXKEHUH yCHIUTENS. Taxum
o0pasoM, copepxKaHHe FapMOHHUK NpPH TOH XK€ BeJHYHHE BBIXOM-
HOTO HANpsKeHUs yMEHbIUaeTcs, a CJef0BaTeNbHO, HCKAXKEHHS
YCHIMBAaE€MOI0 HaNpsKeHHs B YCHJAHTese ¢ OTPULATENbHOH 0O6-
paTHO} CBA3bI0 OYAYT MEHbILE.

O6partHas cBA3b 'OKAa3bIBAaeT CYLICCTBEHHOE BJIHSHHE Ha Be-
JIUYHHY BXOZHONO ¥ BBIXOJHOI'O COIPOTHBJECHHH YCHJIHTENS.
BxoxHoe conmpoTHBIEHHe yCHIUTENS ¢ OTPHLATENbHOH 06paTHOM
CBSI3bI0 MOXHO OIPEIEJTHTb, €CJIH COCTAaBUTh ypaBHEHHe, MCXOIS
u3 BblpaxeHus (3.47) u ¢ yuetoM, 4T0 Ui=Ruism, a Ux=
=Rz o0 *ing, THE iz — TOK BO BXOJHOH UENH YCUIHUTENS; R, —
BXOJHO€ CONPOTHBJEHHEe ycuaHutead 6e3 oOpaTHOM CBSA3Y;
Rux 0o — BXOLHOE CONPOTHBJIEHHE YCHAHNTENSI ¢ 06PaTHOM CBS3bIO.
Ilpunumas Bo BHUMaHHE, 4TO0 Uw=K,U,, Beipaxenue (3.47)
MOXKHO IepenucaTh B BUJE

‘Rnx oc "inx='-Rsx(1+'YKu) il

Takum o6pasom, BXoAHOE CONPOTHBJIEHHE YCHIUTENsS 3a CYET
BBEJEHHs [OCIeLOBATe/IbHOH OTPHLUATENbHOH CBASH YBeJIHYH-
Baercqa B (14yK.) pas:

Rax oc =‘Rnx( 1 +'YK1L) .

HerpynHo mnosyunth BbIpaXKeHHe AJs BBIXOJHOTO CONPOTHB-
JIeHHsl YCHJHUTeNS ¢ OTpHUaTenbHON OOpaTHOH CBA3BIO MO Ha-
ApsXKeHHIo
PBHX

I4+1K,

H3 KOTOPOTO BHIHO, YTO NpH BBEIEHHH OTPHULATEJbHOH OGpaTHOH
CBSI3M MO HANpSIKEHHIO BHIXOZHOE CONPOTHBJEHHE YCHIHTENS
yMmenbuaercs B (14vyK.) pas.

RBblx oc= ’

I'masa 4

U3BUPATEJIbHBIE RC-CXEMDbI

Hsbuparensuble RC-cxeMBl NPeACTaBJAAIOT €000H OOBIYHEIE
YCHJIUTEIH, OXBaueHHble YaCTOTHO-3aBHCHMOH OGpaTHOH CBA3LIO,
comepxaliel pesucTopsl 1 KoxaeHcatopsl (RC-uenu). Ilpu cumb-
HOM YacTOTHO-3aBHCHMOH MOJIOXKHTeNbHOH 06paTHOH CBA3H Ta-
KHe CXeMbl OOBIUHO CJIyXKaT JJis MONyYyeHHs He3aTyXaloUlMX rap-
MOHHYECKMX KoaeGanuii u HasweiBaiorcsi RC-reneparopamu. Ilpu
cnaboli MOMOXKHUTENBHON O06paTHOM CBSI3H 3TH CXeMBl CIIOCOOHH
yCWIMBAThL [EpeMeHHble HANpSKEHHs B Y3KOM [HAaNa3oHe yYac-
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for, # OHH HasmBaoOTCA u3OGHpaTe pHHIMH RC-ycuautensimu.
Hz6mparenbuble RC-cxembl NpegHasHaualoTcs AJad paGoTH B
JHana3oHe VJbTPa3BYKOBbIX, 3BYKOBBIX M JO3BYKOBHIX YaCTOT.
Ha Hu3xkux gacrorax oHu no ra6apuram, BeCy M CTONMOCTH 3Ha-
YHTEJNbHO BHITOJHee H36upaTeabHbix LC-cxeM.

Ws reopun 0GpaTHhX CBA3el H3BECTHO, 4TO NpH [vE|=
KO3 DUILHEHT YCHIEHHS YCHINTeNA Ky o, OXBAUEHHBIH oﬁpa'mou
OBfI3bI0, CTAHOBUTCS GeCcKOHeYHO OOJBIIHM H YCHIHTENb CaMO-
B-oséymﬂae'r.ca, reHepupys Kose6aHUS TOH MJIH HHOH (OPMHL.

B ycuaurtene, CcABUralolleM BLIXOAHOE HaNpsiKeHHe Ha
180 saeKTpUUECKHX T'PagyCOB OTHOCHTEJIbHO BXOAHOro (xK03ddu-
nueHt ycuieHuss K,<<O u sBAseTcs BellleCTBEHHOH BeJHYHHOH),
caMoB030yXKeHHe BO3HHKAaeT B CJaydae, €CIU ILenb O0OpaTHOH
CBSI3M TakXKe BHOCHT (a3oBHI cABHT, paBHBE 180°, T. e.
(—Ku) (—v) =1

B ycuaurensx, He M3MEHAIOIHUX ¢a3y cHrHana (koapou-
uueHT ycuieHus K,>>0 u sBiasercs NOJOXKHTENbHOH BelleCTBeH-
HOJ BEeJMYMHON), CaMOBO30yXKjeHHe BO3MOXHO, KoIja Lelb 00-
DATHOM CBSI3M He BHOCHT [JOMNOJHHTEJIBHOTO cJBHra 1o dase,
T. e (+K.) (+y) =1.

Ecan ycnoue |Ky|>>1 BumonHseTcs s psia 4acror, TO
BBIXOJHOH CHTHAJ TIeHepaTopa HMeeT HeCHHyCOHAaNbHYyl0 ¢op-
Mmy. [Jsi BO3HHKHOBEHHS TapMOHHMYeCKHX KojeOaHHH yCJOBHE

|Ry| =1 RONXKHO BHIMOMHATHCS JIHWDb JJIs OAHOH YacCTOTHL

Venosue remepamun |Ky|=1 Moxer 6uTbh pasburto Ha aBa:
|&|-|y|=Ky>1 (4.1)

H PyetPoc=0(2m). (4.2)

I1épBoe HocHT Ha3BaHue ycioBHA GajaHca aMIVIMTYHA H O3Ha-
4yaeT, u4TO CHIHaJ, CIy4yaf#HO BO3HHKIIHUH Ha BXOAE YCHJIHTENS
(puc. 4.1), nmpofigs uyepe3 ycHIMTeNb M Lenb OOpaTHOH CBA3H,
ycuauBaercs. Bropoe paBencmBo (4.2) HOCHT Ha3BaHHE YCJIOBUSA
f6anaHca ¢as, KOTOpOoe MOKAa3biBaeT, 4TO BEPHYBLIHHACS CHIHAJ
oJIKeH OBITb B TOM e (ase, uTO W MePBOHAYAJIbHO BO3HUKIIHUI.

Ecan B ycunurene riy6HHa NONOXHTENbHOH CBSI3M HeBEJIHMKa
M [Js OJHOM M3 YacToT npou3BemeHHe Ky—-1, HO He mocTuraer
CBOEro KPHUTHUECKOTo 3HaUYeHHs, TO TakKOH yCHJIHTENDb NPOABJAET
pe3ko BblpaKeHHBIe H30HpaTelbHble CBOHCTBA.

ITo nmpuuumuny mocrpoenuss RC-chHcTeMbl MOXHO Pa3bHTb Ha
JIBe OCHOBHBIE TIPYINHI:

1) cucreMsl, y KoTopbix B RC-menyu o6paTHON CBS3H OCYILECT-
BJSIeTCS NMOBOPOT (asbl CHIHAsna ONpeJeJeHHOH YacTOTH Ha
+180°%
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2) cucreMu, y Kotophix B RC-uenn o6paTHOH cBsA3H (aso-
BBl COBUI CHTHajla ONpPEeJeNeHHOH YaCTOTH paBeH HYJIO.

——— - = /‘)&/.z ye T 1

o || 1 Pasecdbuzar+ |
A :R K | L{?z)zi uar l ‘Uac
: 6 oy ouem g

e 4 e 1

Yeunumese

Puc, 4.1. DxBuBajleHTHAs CXeMd YCHJHUTENS C LQNbI0
oGpaTHo#l CBA3M

4.1. RC-cxempi ¢ nosopoTom ¢asbi B 1enH 0GpaTHOM
cBs3u Ha 180°

B nepmoii rpynne RC-cxem ¢asa BBHXOZHOIO HampsKeHUs
youuTeas otauyaercs or (assl BxogHoro Ha 180°. Ins oGecme-
yeHns Gasanca (a3 Ha OIpeJeNeHHON yacToTe HeNb 06paTHOH
CBSI3M JOJKHA CIBHraTh (pa3y nepenaBaemoro curHana Ha 180°.

Taxo#i noBopor MOryr o6ecneuuTh UENH, BHUIOJHEHHHIE B BM-
Jle COEIHHEHHBIX MOCAENOBATEbHO NpocThiXx I-06pasubix RC-ue-
neli. ITockonbky kKaxkpas RC-uenb Ha MpefeJbHHX YacToTax
(nyneBoit wam GeckoHedHO GOJIbINOI) BHOCUT CHBHr TNo dase

Puc. 4.2. Tpexspenubie §asocashraomue RC-nenu

+90° To Jsia moaydyeHus cipurd ¢as, pasHoro 180°, Ha uacro-
Te, OTJIHYHOM OT IHpefe]bHOH, NOTpebyeTcsi He MeHee Tpex
RC-nenei (puc. 4.2),
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MoxHo noKasaTb, YTO fJis TPEX3BEHHOf LeNnu MepBOro THIA
(puc. 4.2,a) npn ONHHAKOBEIX NapaMeTpax BXOAALIMX B Hee 3Je-
MeHTOB ()a30BHI COBHI o= 180° BHMOMHsETCH Ha yacToTe

1
(D = e—————
* "~ RCV®
1
Koatduunent nepenaun Ha 3TOH 4acToTe paBeH — .

29

Taxum o6pasoM, B ycunutene (puc. 4.1), 0XBaueHHOM MOJO-
XUTENbHOA O6pPaTHOH O©BfA3bI0 Yepe3 UYeTHIPEXMOJIOCHHK (pHC.
4.2,a), MOTYT BO3HHKHYTb TapMOHHYECKHe KOsneGaHus ¢ 4acTOTOH
®o, CH KO3(DPHIUNEHT YCHIECHUS YCHJUTENs TpeBumaer 29.

Hnst cxembl puc. 4.2,6 ¢ 06paTHBIM BKJIIOUEHHEM 3JE€MEHTOB
R u C BHIOMHSIOTCS COOTHOLICHHUS:

Ve 1

“ =g =35

Yacrora reHepamuu ¢ YeTHIPEXIOMIOCHUKOM BTOPOTO THMA
B 6 pa3 BBIUE NpexbAymell. AMIVIMTYAHO-4acTOTHEE H (a3ouac-
TOTHBIE XapaKTePHCTHKH TPeX3BeHHBIX (a30CABHralOIIMX Liened,
NOCTPOEHHBIX U3 OJHHAKOBBLIX 3JeMeHTOB, NPHBEeJleHH Ha pHC. 4.3.

®asocasuraonye uend (puc. 4.2) npu OAHHAKOBHIX 3BEHBAX
BHOCSIT 3HAYHTeJbHOE 3aTyXaHHe Ha KBa3HPe30HAHCHOH dacToTe.
151 BOSHHKHOBEHHUS reHepalyy HeoGXOAHMEl GoJibLINe BEJTHIHHEI
ko3 duurenra ycunenus ycunurens (K=>=29). Idna cuuxeHHS
npezneabHoro KosdduureHTa NPHMEHSIOTCS YeThipeX3BeHHHIe (a-
3ocasuTamlive nemu. Jns yeThipex3BeHHO!N LEeNH NePBOro THIA,
COCTaBJIeHHOH H3 ONHHAKOBHIX dneMeHTOB R u C,

_Yor _ 1

P="Rcr T I
st yeTHIpeX3BEHHO! 1N BTOPOrO THMA
= _l=' y To= "'_l"" .

RCV0,7 18,4

Kak BuiHO, yeThipex3BeHHble Lemd O0G/IaJalOT MEHbIUIUM 3a-
TyXaHUeM H LJs TOCTPOeHHS reHepaTopa TPeGyIOT YCHJIHTENb C
MEHbLIHMM KO3 (PHIHEHTOM YCHJICHHUS.

Ins cuuxXenus 3aryxaHus B ¢aszoBpamiaionieii uemu o6par-
HOWl CBSI3H MOTYT IIPMMEHATbCA TaK Ha3blBaeMEe NPONPECCHBHBIE
uend. KoMNmoHeHTH KaXmOro MOCAENYIOLIEro 3BeHA TaKo# Lemny
COCTaBJISIOTCS M3 PE3HCTOPOB C CONPOTHBIEHUSAMH, B a pa3 60Jb-
LIKMH, yeM CONpPOTHBIECHHS KOMIOHEHTOB NMpeNlIecTBYIOILEro 3Be-
Ha, ¥ M3 KOHIEHCATOPOB, EMKOCTb KOTODHIX B & Pa3 MEHhIUE,
YeM eMKOCTb KOHJEeHCAaTOpOB NpellIecTBYIOLIEro 3BeHa,
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Ilnst Tpex3BeHHOH NpPOrpPecCHBHOM Lenl NepBOr0 THIA «KBa-
3HPEe30HAHCHAA» YAacTOTa Wy H K03 (HIHEHT mepefayd ueThHipex-
NOJIOCHUKA yg PABHHL:

= M 70: .
2 1 2, 7.2
Rlcl]/3+ —‘;-+a-2 8+ P + ) +'a3
7
—W[w,

Puc. 43. AUX u ®UX mpexssenunix ¢aso-
capuraiomux RC-uemefi nepsoro (a) ® BTO-
poro (6) Tuna
Beauunny a me caenyer BbiGHpaTh Goabuie 4—5. Ipu a=5
sl
RC, V3.2 ' T

s Tpex3BeHHOH NPOPPECCHBHON LeNH BTOPOTO THMA

_Vegas |

®q ' Yo = .
R, C, 0 12 7 2

Wy =

6!



1
Ecnu koadduunent ycunenns ycunurens K= <> TO BO3HH-

Kaer remepanus. sl NMOJTyYeHHS TapMOHHYECKUX KoJeGaHHH B

1
reHeparope Heo6xomauMo, uTo6el K OBl1 6/H30K ‘K-;- . Yacro
]
1
Ko3Gh uuMenT ycHJIeHHs, PaBHBIH K= > Ha3blBAIOT KPHTHUEC-

0
kuM. Ecau K<<K,p, TO TreHepallsi B CHCTeMe He BO3HHKHET.

ITpu arom ycunureap BMecTe ¢ Lenbio 06paTHOH CBs3H Gymer

A

6 0 G

TEPJ R

Puc. 4.4, RC-reneparop ¢ noBoporoM (assl B LelH
o6paTHOil CBSI3H

obnagate H36upareJbHBHIMH cBoictBaMu. YacToTHas Xapaxre-
PHCTHKA YCHJIHMTENsl HMeeT BHA DPe30HaHCHOH kpuBoi. Uem 6uu-
XKe Ky k enuuMie, TeM 0oJee y3KOH CTaHOBHTCA YacTOTHas Xa-
PaKTePHCTHKA YCHIHTENS.

Oznnako clemyer yuHTHIBaThb, 4TO Gjarojaps HaJUYHIO B CXe-
Me YCHJHUTe]sl TNOJOXKHTEJIbHOH oOpaTHOH cBs3H ero Koadohu-
IHEeHT YCHU/JEHHS MOXKET OBITh HENOCTaTOYHO crabuieH. dTo 3a-
MeyaHHe OTHOCHTCS M KO BceM OCTaslbHbBIM RC-cxemawm.

[MpunnunuansHas cxema RC-reHeparopa rapMOHMYECKHX KO-
Je6aHni ¢ nosoporom (asel B Hemn o6paTHo# cBsisu Ha 180°
npuBefieHa Ha pHC. 4.4. C TouxkH 3peHus obecneueHdss Gananca
¢as, Takoil reHepaTop MOXKHO NOCTPOHTb Ha OZHOM TpPaH3HCTOpE
¢ 03. Onnako uenb oOGpaTHOM ©BS3M fBJASETCS HATPY3KOH I
YCHJIHTeNBHOTO TpaH3HCTOpa Ty M CHHXKAeT €ro yCHJIeHHe, a
BXOIHOE CONpPOTHBJEHHE TPAH3UCTOPA HaTpyxkKaeT Lelb 06paTHOH
CBSI3H, YTO PE3KO YBENHYHBAET 3aTyXaHHe UeThIPeXINOJIOCHHKA.
Ins yMeHblIeHHs] 3aTyXaHHs YETHIPEXNOJIOCHMKA H CHYXKHT
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S5MHTTEDHBIH NOBTOPHTe/b, BHIMOJHeHHHIH Ha mpamsuctope T4,
OCYLIECTBASIOIIHH QYHKIUH COTVIaCOBaHHS.

4.2. RC-cxembl Ge3 moBopoTa ¢asel B Lenu 0OPaTHOH CBA3M

Ecnn ycunurenp noBopaunBaer (asy BXOXHOIO CHTHajAa Ha
27 (nanmpumep, ABYXKACKaiHbI YCHAMTENb), TO NPH MOJOXKH-
TeJbHOH OGPAaTHOM CBSI3H OH MOXKET TEeHEePHPOBATh 3JIEKTPHUEC-

Puc. 45. RC-uenb ¢ HyJeBbiM CABAroM (askl Ha Pe3OHAHCHOH UYACTOTE
(moct BuHHA) ¥ cXeMa ee BKJIIOUEHHS

Kue Kosie6aHHsi 6e3 BK/IIOYEeHHS B 1enb oGpaTHOH cBs3H (asu-
pymouiero ueThipexmoJsitocHuka. OpmHako ycmoBus Gasnanca ¢as
B TaKUX FeHepaTopax BBIMNOJIHSIOTCS IJIsi LeJIOr0 CIeKTpa 4acroT,
H Koje6aHus OyAyT MMeTh HecHHycoMianbHyw ¢opmy. [as mo-
JyueHHst KojieGaHWH CHHYCOMIAJbHOH (OPMHI 3JEMEHTOM CBSI3H
JAOJIZKEH CJIy2KHTb YeTBIPEXIOJNIOCHHK, O6GeCcNeuyHBaOLIUH YCJIOBHE
6ananca ¢a3 TONbKO Asis OXHOK uacToTe. [asi obGecreueHus
yraa caBura (a3 Ha 4YacToTe KBa3HPE30HAHCA ®¢ CAYXKHUT cClie-
IHaJNbHBIA YETHIPEXNOJIOCHUK, B TakoM 4YeThIpeXMOMIOCHHKE Ha
9yacToTe KBa3Hpe30HaHCa o yroa ciasura a3 pomkeH ObITh
paBeH Hy/0, a KO3$(UIUEHT Nepelayu MOJKEH HUMETb MaKCH-
MaJibHOe 3HaueHHe.

TunuuHeiM mpeacTaBuTeNeM MOLOCHOTO UYeTHIPeXNOJIOCHHKA
SIBJISIETCS IleNb, MOKasaHHasi Ha puc. 4.5,a, a cxeMa ee BKJIIO-
yeHHs naHa Ha pHc. 4.5,6. OnpenenuM CBOHCTBA YeTHIPEXMOJIOC-
HHKa, CYHTasl, UTO Ry=Ruxye=00 U Ry=Ryuxyc=0.
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Kosd:cbmmeﬂ’r Hépegaun yeThPEeXIONIOCHHKA paBeH
> R, C: . 1 ]"'1
= L 4+ = oR,Cy — ———— .
Y [(1+R2+C‘)+]( 102 szCl)
Ha xBasupesoHaHCHO# uyacToTe (a30BbIA CABHI DaBeH HYJIO.
CnejgoBaTenbHo,
1

w0 R, C, — o9 Rz C1

= 0,
OTKyZa
1

VRiCiRC:
Kospoduuuent nepegawu ueTHIPeXNoJIOCHHKA Ha KBasupe3o-
HAaHCHOH YacToTe paBeH

B IPAKTHIECKHX CXeMAx 06b1uH0 Ri=R;=R u C;=C;=C.

1

Tor, = — Ag=—— .
OrAa wo= 2=} Yo=1

Wy =

ool
‘-ﬂ‘\

@/,

Puc. 4.6. AUX u ®UX mocra Bumma

AMnaurynHO-uacToTHast H (Pa3ouacToOTHas XapaKTEPHCTHKH
TAKOro YETHIPEXMOJIOCHHKA NMOKa3aHel Ha puc. 4.6. Ananusupye-
MBIi YETHIPEXMOJNIOCHHK HMeeT 3aTyXaHHe 3HAUYHTENbHO MeHb-
mee, yeM paccMoTpeHHble panee. [las obecrneueHus He3aTyXxaio-
mHxX KoJjebanuil ‘K03)QHIHEHT YCHICHUSA -YCHIUTENS JOJ/IXKeH
6hiTh GoJsibllle TPEX, T.€. B CXeMe reHepaTopa MOXKHO HCNOJb30-
'BaTh OAMH TPAH3UCTOp, BKJIOUEHHBHIN N0 cxeMe ¢ ofumlell 6a3oi
(puc. 4.7,a). Ecin xo3pdHLUHEHT yCHICHUS YCHJIHTeNs MEHble
TPex, TO TaKOl yCHIHTEeNb NpeBpaliaercs B H36MpaTeIbHBIA yCH-
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aurens. Jas crabuausanid XapakTepHCTHK B CXeMy BBefeH C€O-
racylollui KacKaj Ha TpaHaucrope 1.

G

___“__._

Puc. 47. Cxema RC-reHepaTOpOB C MOCTOM
Bnana

ITomuMo nenu, nokasaHHo# Ha pHC. 4.5,a4, K Dpynne 49eTH-
_ PExXIOJIIOCHHKOB, Y KOTOPHX Ha KBa3HDPE30HAHCHOH YacToTe yroJ
cABura a3 paBeH HyJI0, a KO3QDHUUHEHT y, HMeeT MaKCHMYM,
OTHOCSATCS IIeNH, NOKa3aHHbe Ha pHC. 4.8.

Jas uenn puc. 4.8,a
-1
)/RlCl RgCg
1

To = C
2 R3Cs
_._+——-—-—

1
+ C] R, lcl

[0/ ===

-s

Ins uenu puc. 4.8,6
1

V' RiCiR,Cs
1

-e

—

Te R 1Cs

= R .

1+ Ry + R, C,y

AMmnauryaHo-uacToTHasi M asoyacTOTHas XapaKTePHCTHKH
3THX llenefi NONOOHHI NMpHBeldeHHBIM Ha puc. 4.6. Ecan B u3bu-
pateapHbix RC-uensix (puc. 4.8) BHIXOQHOe HaNpsiXKeHWe CHH-
MaThb MeXAy ToukaMu 2 M 3, TO MOJIyYHM TIPyNdy Lened, y KO-
TOpPEIX ()a30BBIfi CABHT Ha PE30HAHCHOH YacTOTe o PABEH HYJIIO,
a KosbduuueHr y, MMeer MHHHManbHOe 3Hauenue. Ha puc. 4.9
9TH Xe Lenyu H300paxkeHH B ADYTOM HauyepTaHMH, UacTO BCTpe-
yajoumeMes B jaxteparype. OHu u3BecTHH Kak T-0GpasHbie Mo-
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Pac, 4.8, RC-ueThlpexNOJIIOCHUKH € HYJeBbIM cmBuroM ¢a-
3Bl M MakKCHUMyMOM [epeflayd Ha PE3OHAHCHOH yacToTe

N!g\
I

w/w,

ool

9

Puc. 4.9. T-o6pasHbie MOCTHI




¢tel. Tak Kak 31eCb 4aCTOTHO-3aBHcHMas RC-uenn umeer M-
HHUMyM KO3 OHIMeHTa nepejaud HAa PE30HAHCHOM YacTOTe, TO
OHa NpH NMOCTPOeHHH RC-CHCTEMBI MOXKET IPHMEHSTHCS TOJBKO
B KauecTBe LeNH OTpHUaTeNbHON o6partHoit ceasu. Llemb Xe .
NOJIOKUTEJpHONH 06paTHOH CBA3H, Heob6xonuMas IJg BO36GyXKme-
HHs PeHepalMu HAU TOJydeHHs u30HpaTe/]bHOH YacTOTHOH Xa-
PAKTePHCTHKH YCHIHTENS, JesaeTcsd 4acTOTHO-He3aBucumol. ITpu-
mMepoM RC-cHCTeMBI TaKOTO BHAa MOXET CIyXHTb CXeMa, MoKa-
3aHHas Ha pHc. 4.10.

TpaH3uCTOPHBIN YCHANTEIb OXBaueH IOJIOKHUTENbHOH o6par-
HOM CB$3pI0, He 3aBHCHMOH oOT yacroThl. Llemb oTpHmaTenbHO!
oGpaTHO# cBsi3u yepe3 T-00pasHblli MOCT HMeeT YacTOTHO-3aBH-
cHMBI Kos(punment mepenadn. Ha uaerore @o riyGuHa oTpH-

1+ A R
—~ T L el
[1— [ Rs _LU

L

()

h'S
*Q

)
3

Puc. 4.10. Hs6uparensuas RC-cxema Puc. 4.11. Cxema apofioro T-o6pas-
¢ T-o6pa3HbiM MOCTOM HOTO MOCTa

uaTeabHON 06GpaTHON cBA3H Oyaer MuHHMadbHOH. [lnsi paGoTH
CXEeMbl B KauecTBe IeHepaTopa CHHYCOHWAANbHBIX KOJMeGaHUH Tay-
GHHA MOJNOXKMTENbHOH OOpaTHON CBs3W BHIOMpaeTcCss TakoH, YTO-
6bl ycioBue GanlaHca aMIVIHTY[A BHIMOJHSAJIOCH TOJIDKO [JIs 4a-
CTOTH @ (Wau 61H3KOl K @ O6mactu wacror). Ecmm cxema
NOMXHA NPHMEHSTHCS B KauecTBe H3OUPATENBHOTO YCHIUTENs, TO
xoaduunent ycunenus K (BmecTe ¢ menblo OGpaTHOH CBS3Y)

1
JOJXKeH GbiTh MEHble, yeM — . Pe3oHaHCHas YacToTa CXeMBl o
0
onpenensieTcss no Tem ke (opMysnaM, 4To H JJf UENEH PHC. 4.8.
Ha npakTHKe OueHb 4acTo NDHMEHSiETCS CXeMa JIBOHHOTO
T-o6pasnoro mocra (puc. 4.11), Koropasi HMeeT Ha pe30HaHCHOH

yacTore Hy/neBoii (PAas3OBEI CIBHT NPH KO3(QHIHMEHTe Neperaun
yo=0. Hau6onee uacro nmpaMeHseMbIMH Ha NMPAKTHKE COOTHOLIE-
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HHSIMH CONPOTHBNGHHE ¥ eMKOCTell, mpit KoTOphx yo=0, siBis-
‘1orcst: Ri=Ry;=R; R3=R/2; C;=C,=C; C;=2C. Ilpu atoM
cooTHOIeHHH napameTpoB wo==1/(RC).

— -,

T
2

Puc. 4.12, AYX u PUX gpofmoro T-o6pas-
HOFO MOCTa

YacroTHble # a30Bbie XapakrepucTuku (puc. 4.12) usbupa-
TeabHOl RC-cxeMbl ¢ NBOHHBIM T-06pasHEIM MOCTOM HMEIOT Ta-
KO Ke BHJI, YTO M CXeMB C NpOCThIM T-06pasHEIM MOCTOM
(puc. 4.10). T'ny6uHa NOMOXHTENbHOH 0OpPaTHOH CBS3H ompeje-
JisleT pexXHM pabOThHI CHCTEeMBl (reHepaius n H30HpaTesbHOE YCH-
JIeHHe).

OnucanHble CnoCOGH TNOCTpOeHHs H3OHpaTenbHHX RC-cxeM
TI03BONISAIOT moayudTh RC-reHepaTopbl HHSKHX YacTOT CO CTa-
OMJIBHOCTBIO WACTOTH JOO MECATHIX JOJeH NpoueHTa H H30Hpa-
TeJNbHBIE YCHIAUTENH € BBICOKOH 100DPOTHOCTBIO.
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