I'arasa 13
YCUJINTEJIN

13.1. HazHayeHue U KJIacCHPUKANMSA YCHINTeJIei

Yceunmurenu, npumensiembie B ACII, mpeaHa3zHadeHbl Uil KOMIICHCAIIMU TOTEPb
SHEPrUH CUTHAJIOB B JIMHUH M B TTACCHBHBIX YETHIPEXIIOIIOCHUKAX TPAKTOB MEpeIayn.

ITo nasnauenuro ycunurenun ACII MOXHO pa3fenuTh Ha CIETyIOLUE OCHOBHBIC
TPYINBL HHAWBUYalbHbIC; IPYIIIOBBIC U BCIIOMOTATEIbHbIC YCHIUTEIH.

Hnousudyanvnvle ycurumenu TPETHA3HAUEHBI I YCHICHHS CUTHAJIOB OTHEIb-
HBIX KaHAJIOB Iepenadn. Takue yCHINTEeNN MPUMEHSIOTCs B KaHanax TU u B kaHamax
ciyxebHoil TenedoHHOM cBiA3u. CliegyeT 3aMeTUTh, YTO Ha3BaHWE “HHINBUAYalb-
HbIe” SBIISCTCS YMCTO YCIOBHBIM, TaK Kak NpH mepenade no kaHary TU curaanos
TOHAJIBHOTO TeNerpadMPOBAHNS 3TH YCHINTEIHN SBISIOTCS TPYIIIOBBIMH.

I'pynnosvie ycunumenu npeIHa3HAUCHBI ISl YCUICHUS HECKOJIBKUX HE3aBUCHMBIX
CUTHAJIOB MJIM OJHOTO IIHMPOKOIIOJIOCHOTO CUTHaja. DTO B OCHOBHOM JIMHEHHbIE yCH-
JUTENH MPOMEXYTOUHBIX YCUJIHTEIBHBIX ITYHKTOB, KOMIIEHCHPYIOILIHE 3aTyXaHHE
YCUJIMTEIbHBIX YYaCTKOB, a TaK)Ke€ YCHJIUTENN TPYNIOBBIX M JTUHEHHBIX TPAKTOB all-
naparypbl OKOHEUHBIX U TPAH3UTHBIX TYHKTOB.

Bcnomoeamenvnvie ycunumenu TpeqHa3HAYeHbI AJIS YCUJICHUS TOKOB HECYIIHX,
KOHTPOJIHHBIX, BBI3BIBHBIX 4acTOT W T.II. OHM, KaK MPaBHIIO, PACCUNTAHBI HAa yCHIIE-
HHE OJHOYACTOTHBIX CUTHAJIOB U SBIISIFOTCS Y3KOIIOJIOCHBIMH.

YcunuTenu B aHAJIOTOBBIX CHCTEMAaXx Iepeiadu SBISIOTCS CAMBIMH MHOTOUYHCIICH-
HBIMH 3JIeMEHTaMH. VX KOJIMYeCTBO ONpeessieTcsl YUCIOM KaHAIOB U MPOTSKEHHO-
CTBIO JINHNY Tiepenaun. Hanbosee MacCOBBIMH, OTBETCTBEHHBIMH U CIIOKHBIMH B pea
JM3aluH SABISIOTCS JMHEHHbIe yeumurenu (JIYC), 1 IMEHHO OT HHMX 3aBUCSAT TE€XHH-
KO-9KOHOMHYECKHE MMOKA3aTeNId CUCTEMBI epenauu B 1iejoM. Tak wa ITKJI-296/300
MpY MaKCUMaNbHON NaigbHOCTH 2500 KM | JAJIMHE YCHWIUTENBHOTO ydacTka 10 kM KO-
mudectBo JIYC He moxer ObiTh MeHbIle 250 B KaKI0M HaIpaBlICHUH MEepeaayy, a Ha
auHuu cucteMel nepegadn K-3600 (nampHOCTB12500 KM, Ly = 3kM) 0O11EE KOMIMYE-
ctBO JIYC ncuncnsercs teicstuamu. I[Tlostomy k JIYC npenssaBisiroTcs O4eHb BEICOKHE
TpeOOBaHMs K HaJIS)KHOCTH EHCTBUS U cTaOMIIBHOCTH JIEKTPUIECKUX apamMeTpoB.

[epeuncnennsie ocobennocty JIYC cymecTBEHHO BIMSAIOT HAa MPUHIUIBI I1O-
CTPOCHHMS UX CXEM, BBIOOpP PEKMMOB PAaOOTHI M KOHCTPYKTHBHBIE perieHus. [Toatomy
HIDKE JI€aeTCsl yIOp Ha pacCCMOTPEHHE OCHOB MOCTPOSHUS TUHEHHBIX yCUIHUTENEH.

13.2. DnexkTpuyeckne mapaMeTpbl yCHJIHTeIeil H TPeOOBAHHUS K HUM
1 BCeCTOpOHHEW OLIGHKHM 3JIEKTPUUYECKUX CBOMCTB YCHJIUTENS HCIOJb3YIOTCS
CJIEAYIOLINE €ro mapaMeTpsl: pabodMil AMANa30H YacTOT YCHJIMBAaEMbIX CHTHAJIOB;

BEIMYMHA yCHWJICHHUS; aMIUTUTYAHO-4acCTOTHBIE W (ha30-4aCTOTHBIE XapaKTEPUCTHKU;
AMIUTUTYHAS. XapaKTEPUCTHKA; 3aTyXaHHe HEIMHEHHOCTH (JIMHEHHOCTD YCHIINTEIA);
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BXOJIHOE ¥ BBIXOJJHOE COIIPOTHBIICHUS; YPOBEHb COOCTBEHHBIX LITYMOB; CTa0MIBHOCTh
XapaKTEPUCTHK B NPOIIECCE IKCIUTyaTaluu.

TpeOoBanus K MEPEUNUCICHHBIM AJIEKTPUUECKUM IapaMeTpaM YCHIHTENS JO0MOJI-
HSFOTCSl TpEOOBAaHUSIMU B OTHOLIEHHHM WCTOYHHKOB MUTAHHS, MEXaHUYECKUX U KIIH-
MaTHYECKHX CBOWCTB U €r0 KOHCTPYKTHBHOTO O(OPMIICHUSL.

Hwke paccMOTpeHBI IepeYHCIIeHHbIE TapaMeTphl YCHIIUTEINS U TPEOOBaHUS K HUM.

PaGounii nuana3zon yacror. Pabounm quana3zoHoM (I10J0COH) YacTOT YCHIIUTEIS
Ha3bIBAETCSI CIIEKTP YacTOT, B KOTOPOM YCHJICHUE YCHIIMTEISI UIMEET 3aJJaHHble 3Ha4e-
Hus. ['panunpl pabodero nuanazona o6o3naunm fy (HiokHsst) u f, (BepxHsist) rpaHnd-
Hble yacToThl. [llnpuna nonocsl (f, — f;) 3aBucuT OT Ha3HaYeHus ycunurens. B 3aBu-
CHMOCTH OT BEJIMYHMHBI OTHOLICHWS TPAHUYHBIX 9actoT f, / f; mpuHsATO ycmmurenn
nojpasaeNaTh Ha mmpokonoiockHsie (f, / f; >> 1) u y3komonocusre (f, / f; = 1). Uno-
raa OTHOCUTCIIbHYIO HIMPUHY IMOJIOCHI BhIpAXaroT B OKTaBax. O[[HOﬁ OKTaB€ COOTBCT-
creyer f, / f; =2, N okraBam —f, / f; = 2N 1o ectn

N =log, (f,/fy) (13.1)

[IT1poKomoIOCHBIE YCHINTENHN HA3bIBAIOT TAKXKE AIIEPHOIUUECKIMH B OTIIMYHE OT
Y3KOIOJIOCHBIX PE30HAHCHBIX YCHIIUTEICH.

Ycunnenne yemnurens. Ycunurenu annaparypsl CII ¢ UPK sBnstorest B OCHOB-
HOM YCHJIMTENISIMH MOIIHOCTH, ITO3TOMY JUIS OLECHKH YCHJICHHS MCIOJB3YETCS IOH -
THE Paboyuero yCHIICHHS

S=10Ig(P, /Py), (13.2)
rae Py — MomHocTs, koTopyto uctouyHuk D/IC curnana E ¢ BHyTPEHHHM COIPOTHB-
nenueM Z. (puc.13.1,a) MOXKeT OTHaTh COTIACOBAHHOM C HUM Harpyske, P, — momi-
HOCTH B Harpy3ke Z, ycunurens (puc.13.1,6).

Otu MomHocty 1 3JIC onpenensatoTcs mo GopMyaam:

2 2
PO:E—; P :U—Z; E=U11+Z—r : (13.3)
47 oz

Ioxacrasus 3nauenus Py, P u E B (13.2), nonyuum
H

H BX

a) 1 6) 1 2

U
D 2 Zug | > |2y U |2

Puc. 13.1
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u? 4z
S =10 Ig—zz—fzzzolgu—2+20|g%+10|g Z, (13.4)
1 Z, Y1 1+~ Zu
Z. |1+ Z
Z BX

BX
[TepBoe cnmaraemoe B (13.4) ompenenser BeNMYHHY YCHJICHHS YCHIIATEIS IO Ha-
HPSDKCHUIO, TOITOMY

S=Su+20lg;+10 lo(Z,/12,) (13.5)
1+2,. 172,

ITpu cormacoBaHHOM BKIIFOUEHHH YCHIIMTEINS HAa BXOAE Z,x = Z, BTOPOE CIIaracMoe
B (13.5) oOpaiaercs B HyIb, a €cliM K ToMY ke Z, = Z,, To S =S,

Pabouee ycuieHHe TPYNNOBBIX yCHIIUTENEH OOBIYHO HOPMHUpYETCS Ha CpeaHei
YacTOTE WM Ha JIBYX KpallHHX 4acToTax pabouero jauamnazoHa. Bemuuuna S 3aBucut
oT Ha3HaueHus ycuutenst u st JIVC moxet 6bITh B penenax 50...70 nb, a ycunu-
Teneil ToHanbHOM YacToTel 25...35 nb.

AMIUTUTYAHO-YACTOTHASl XapPaKTEPUCTHKA YCHJIMTeNdsA. AMIUIUTYAHO-4ac-
TOTHOW Xapaktepuctukoir (AUYX) ycunurens Ha3pIBalOT 3aBUCHMOCTb YCHIICHUS OT
vactotsl S = ¢(f).

Ha puc.13.2 mpuBeneHs! yetsipe Haubonee TumuaHeie Gopmbl AUX ycunureneit
ACIL T'paduk 1 coorBercTByeT “mockoit” AUX HIMPOKOIOIOCHBIX TPYIIIOBBHIX U
JMHEHHBIX ycunuTeneld. BennunHa ycuaeHus IpakTHYECKH HE U3MEHSETCs B pabouei
nosnoce 9acToT fy...f,. Tpaduk 2 coorBercTByeT “HaknoHHOI” AUX, ncrnonszyemoii B
JWHEHHBIX YCWINTEISIX U1 HPEIbICKaKCHHS YPOBHEH INepenadd M KOMIICHCALUH
HaKJIOHHOHM COCTaBJISIONIEH YaCTOTHO3aBUCHMOTO 3aTyXaHHUsS YCHJIHTEIbHBIX ydacT-
koB. Uem Oouibliie pabounii Auana3oH 4acToOT, TEM TPYAHEE 00ECIeYnTh PaBHOMEP-
HOCTh YaCTOTHOM XapaKTEePUCTHKH, OCOOCHHO MO KpasMm auama3oHa. Ilostomy Ha
KpalHHX 9acToTax JHana3oHa HOPMHUPYETCs BeIMUMHA OTKJIOHeHHUH (rpaduk])

AS; =810 Sy; AS; = S19— Sy, (13.6)
rae Sio— pabouee ycunenue Ha cpenneit uacrore fo. Syg u S, — pabouee ycunenue Ha
HIDKHEH W BepxHel yactorax pabodero. Crmag AUX ycunurens Ha Kpasx AWana3oHa
MOXET YCTPaHATBCS KOp-
PEKTUPYIONIMMH  LIEISIMH, S
00CTICUNBAIOIMHI JIOKaJIb-
HBIA [OXBEM YCHICHHS Ha S
KpafHuX YacToTax (rpadux : 2
3). I'paduk 4 cooTBETCTBY- : :
er  AUX  y3KONONOCHOTO g, [ /7 o3 /N 832/‘/\
(pEe30HaHCHOTO) YCHIIMTENS, / :
y KOTOPOTO  OTHOLICHHE :
KpaflHUX dYacToT pabodero 0 f P f
muanasona T, /fi= 1.
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®a30-yacTOTHAs] XapaKkTepucTHKa ycuauTeas. Pa30-4acTOTHOH XapakTepH-
crukoii (®UX) ycwmnurenss Ha3pIBaeTCS 3aBUCHMOCTH CIBHTA (a3 HANpsHKCHHH Ha
BBIXOJIC ¥ BXOJIe YCHIHUTENSA OT 4acToThl h=¢)(f).

Ecnu mpencTaBUTh KOMIUICKCHBIH KOI()(UIMEHT yCUIICHUs yCHIIUTENS B ITOKa3a-

TembHoOl popme K (jo) = |K(j0))|ei(p(‘°) , To aprymeHT (o) onpenenser ®UX, a mo-
IIyTTb |K (jo )| — AYX ycumurensa. Ha puc.13.3 npencrasnena tumoBas ©UX onHoro

KacKaJa YCWJIHMTEIsl, OTKYAa BHUIHO, 4TO ero (¢asza B mpejenax padbouyero nuanazoHa
Y4acTOT M3MeHsieTcs OT + /2 o — n/2 pamuan. CremoBaTensHO, B 2-KaCKaJHOM YCHU-
JMTENe IpeAeisl u3MeHeHus (a3sl + 77 , B 3-kackagHoM £ 3/2 7 u T. 1.

Ycunurens Kak JTHHEHHBIN Y9eTHIPEXTONMIOCHUK TIPECTAaBIsAeT cO00M Iers MUHU-
ManbHO-(a30Boro THma, nodToMy ero AUX m @YX B3anM03aBHCHMBI: €M OOIIbIIIe
m3Mensiercss AUX Ha HEKOTOPOM OTpe3Ke pabouero Auara3oHa 4acToT, TeM OOJIbIINH
(ha30BBIl CIBUT BHOCUT YCUJINTENb Ha CPEIHEH YacTOTe ITOr0 YaCTOTHOTO OTpPE3Ka.

AMIUTUTY/AHASI XapaKTEePUCTHKA YCUJIMTeNsA. AMIUIUTYIHOM XapaKTepUCTHKON
(AX) ycwiuTens Ha3bIBaeTCsS 3aBUCHMOCTb €ro pabodero YCHWJIEHHs OT BBIXOJHOIO
yPOBHs (MOIHOCTH B HATPY3KE) S = @ (Pyun)-

AX mo3BOJIIET CyIUTh O TOM, KaKyl0 MaKCUMAaJIbHYI0 HEHCKaXEHHYIO MOIIHOCTh
MOJKHO TOJIy4UTh OT YCUJINTENS, HE omacasch neperpysku. [leperpyska ycunurens
HNPUBOJIUT K CHH)KEHUIO YCUIIEHHS U K PE3KOMY POCTY HEIMHENHBIX NCKAXKECHHM.

Ha puc. 13.4 npencraBneHa AX ycunurelns, Iie MOKa3aH YPOBEHb IEpPErpy3KH
YCWINTENS p;, WIA MAaKCUMAaJbHBI BBIXOJHOW YPOBEHb HEHCKaXKCHHON MOILHOCTH
Pmax, IPY KOTOPOM YCIJICHHE YCHIUTENs yMeHbImaercs Ha BenmmunHy AS < 0,3 nb.
Ha rpaduke mokaszanbl Takxe ypoOBEHb IlyMa py, W BBIXOJAHOW MUHHMAIIBHO JOMYC-
TUMBIM YPOBEHb CUTHANA Prin, ONPEACIIEMbI MUHUMAIbHO JOIIYCTUMON LIYMOBOM
3aIUIEHHOCTHI0, KOTOPast, KaK H3BECTHO, 3aBUCUT OT COOTHOIICHHS YPOBHEH CHUTHA-
Jla ¥ IIyMa Ha BXOJAE€ yCHINTens. Pa3HOCTh MeXTy MaKCUMalbHO U MUHHUMAJIBHO J[0-
MYCTUMBIMH BBIXOJHBIMHM YPOBHSIMH CHTHalla ONpeneiseT TUHAMUYECKUN JUana3oH
YCHIIUTENS

D= Pmax — Pmin (137)

JInneliHOCTDL ycuauTeasi. AMIUIMTYJHAs XapaKTEPUCTHKA YCUIINTENS JaeT BO3-
MOKHOCTb OLIEHUTH JIMHEHHOCTb YCHJINTENS Ha MOPOre Meperpy3kH, TO €CTb B MO-
MEHT MEePEeX0/a Ha HEIMHEWHBIA y4aCTOK XapaKTEPUCTUKH, TJI€ HEIMHEHHBIE HCKaXKe-

pm pmin

Puc.13.4
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HUS CTAHOBATCS HemomycTuMo Oonpmmmu. Ho u mpu paboTe Ha THHEHHOM ydacTke
AX Maible HeTMHEHHBIE HCKKEHHUS TakKe MMEIOT MeCcTO (CM. TJ1.8), W BeIWYHHA UX
OIIeHUBAETCs KOA(PUIIMEHTAMH WK 3aTyXaHUSIMH HETMHEHHOCTH BTOPOH M TpeTheit
TrapMOHHK

U
Kzr:i; a2r220|gi,
Ir 2r

(13.8)

Ko =2 ag =200g——,
Ir 3r
rae Uy, Uy, U — aMIITUTy B HANPSOKCHUS. Ha BBIXOJIE YCHIIUTENS COOTBETCTBEHHO
yactoThl curhaina (1-oif rapMOHUKH) U ee 2-0i U 3-eif TapMOHHUK.

3aTyxaHue HEJIMHEWHOCTH 3aBUCHUT OT YPOBHS BBIXOJHOH MOILIHOCTH M HOPMHPY-
eTCst 00BIYHO TIPU HYJICBOM YPOBHE MOIIHOCTH Ha BBIXOJE YCHIIUTEIS Ay U 3.

OcobeHHO XecTkHue TpeOOBaHUS MPEABABISIIOTCA K JIMHCHHOCTH TPYIIOBHIX U
TMHEHHBIX ycnuTenell. TpeOyeMble BETUUNHBI 3aTyXaHUS HEIWHEHHOCTH 10 2-0U |
3-efi TapMOHWKAM JUII HHX OKa3bIBAlOTCS B Tpeaenax: dp=600...90 nb u az=
70...110 b, uro cootBercTBYeT Ky=0,08...0,005% u ks3,= 0,02...0,003%. Takue ma-
JIble HeJIMHEHHBIC MCKAXKCHUS yOAeTCs OOCCIICYHTh TOJNBKO 3a CUET BBEICHHS B yCH-
JuTese riy0oKoi OTpUIaTeIbHON 00paTHOM CBA3M.

BxongHOe ¥ BBIXOHOE CONPOTHBJIEHHS YCUJHTENA. Y CUINTENb, KaK U JHO00M
JIPYTOi YETHIPEXIIOIOCHUK B TPAKTE MEpeaayud, JOJDKEH OBITh BKIIOUCH MEKIY CO-
CEJIHUMH YETHIPEXIOIIOCHUKAMH COTJIACOBAHHO BO M30€XKaHHWE MOTEPh YHEPTUU CHUT-
Hama 3a cueT oTpaxeHud. Harpyskamu ycumurens Z. u Z, MOXHO CUHUTAThb COOT-
BETCTBEHHO BBIXOJHOE COIPOTHBJICHUE HPEALIAYLIErO YETBIPEXIOMIOCHUKA Zype; H
BXOJHOE COTIPOTHBIICHUE ITOCIEAYIOIIETO YeTHIPEXIOTIOCHUAKA Z 1o, TO €CTH

z Z Z =7 . (13.9)

npen r nocn H
Ot PaBCHCTBA JOJIKHBI OBITH OOeCIIeYeHBI BO BCEM pa60qu JArarra3soHe 4acToT.

CornacoBaHusi Harpy30K HOPMUPYETCS ¢ MOMOIIBIO KO3(D(DUIMEHTOB OTPaKeHHs O
WITY 3aTyXaHUsI HECOTJIACOBAHHOCTH 4110 BXOJY U 10 BBIXO/Y YCHIINTEIS

6BX = ﬁ , a]-[BX = 20 Ig i’ (1310)
Z +7Z o,
5}31;1)( = M 1 Qgx = 20 Ig i ' (1311)
ZBB]X + RH 55],],(

Tpedyemas Benmunna & poymkHa coctaBisth 10...15% (a,=25...20 nb).
CobcTBeHHbIe IyMBbI yeuumuTesi. CoOCTBEHHbIE LIYMbI YCHIIUTENST 00yCIIoB-
JIeHBl TEIUIOBBIMU IIYMaMH PE3HCTOPOB, KOHAEHCATOPOB, WHIYKTUBHOCTEH, IOIY-
MPOBO/IHUKOBBIX AJIEMEHTOB U MHUKPOCXEM. MOIIHOCTh TEIUIOBBIX ITYMOB Y CHIIUTEIS
P, = TFLAf (13.12)
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roe k =1,38-10 -2 Jx/rpan — nocrosinHas bonpimMana; T— aOconoTHAs TemMieparypa
UCTOYHMKA Iyma mo kane KenbBuna; Fy, — ko3(d¢uumeHT myma TpaH3HCTODPA;
Af — nonoca gacror, B pezenax kotopoii onpenensercs urym, I'm.
YpoBeHb IrymMa copoMeTpUIECcKOi MOITHOCTH YCHIIUTENS ONPEAEIISeTCS
pu =101gk2P, (13.13)
rae K, = 0,75 — ncopomerpuueckuit koddduiment mist kanama TY (Af = 3100 o).

YpoBeHb COOCTBEHHBIX IIIYMOB OOBIYHO NPUBOAMTCS K Bxoay ycuiutens B TOHY.
B coBpemennnix JIYC ynaercs goctuyb 3HaueHud Py, = — (135...138) nbm0. Koap-
¢unuent mryma F,, NpUBOAMTCS B MACIOPTHBIX JaHHBIX TpaH3ucTopa. OH IpakTHye-
CKH OIMHAKOB IJIsl OCHOBHBIX CXEM BKJIIOUYEHHsI TPAH3UCTOPA, HO 3aBUCHUT OT PEKUMa
0 MOCTOSTHHOMY TOKY. C yBETHUEHHEM KOJJIEKTOPHOTO HANPSDKEHHS M TOKa KO3 (-
¢unuent F,, Bo3pacraer, Mo3ITOMY HEpBBIE KaCKaabl YCHIMTENEH — KacKalbl yCHIe-
HUS HaNpsDKeHUs] — Beerga paboTaroT B PeKMME MabIX TOKOB W HANPSDKEHUH U AB-
JSTFOTCS] MAJIOLTYMSIIIIIMHU.

Bce mpuBencHHBIE BBINIE MapaMeTpbl YCWIINTENS JIODKHBI OBITh CTAOMIBHBI BO
BPEMCHH, TO €CTb HC 3aBHUCCTh OT M3MCHCHUA HANPSXKCHUS UCTOUYHUKOB MHUTAHUA U
TEeMIIEpaTyphl, OT CTAPEHHST M 3aMEHBI JIFOOBIX DJIEMEHTOB CXeMbl (0COOCHHO TpaH3H-
CTOPOB M MHKPOCXEM) M OT APYrux (aktopoB. D10 TpeboBaHHEe HamboJee MOIHO
o0ecrieynBaeTcsl ¢ MOMOIIBIO INTyOOKOH OTPHUIATENbHOM 00paTHOM CBA3M, pacCMOT-
PEHHOI HUXE.

13.3. OrpuuareibHas o0paTHas CBA3b B yCHJIUTe e

CTpyKTypHas cXeMa yCHIHTEINS ¢ OTpHIaTelbHOU oOpatHoii cBs3bio (OOC) mpen-
cTaBieHa Ha puc.13.5. B TakoM ycmimTene 4acTh HamlpsDKEHHUS ¢ BBIXOJA MTOCTYIAeT
Ha ero BXOJI B MPOTHBO(]A3E C MPUXOIAIIAM BXOTHBIM HampspkeHueMm. Cxema conep-
JKUT: YCHIMTENBHBIA 3JIeMeHT ¢ Kod(hdunuerrom ycmnenus Ky, 4-momocHUK o0paT-
HOW CBs13U ¢ KO3 GHUIIMEHTOM Tiepenaun Po; BXOIHON U BEIXOIHOW O-TIOJIOCHUKH, TIPU
MOMOIIM KOTOPBIX YCHIUTENbHBINH dyieMeHT Ko u 1iemp OOC  COeqUHSIIOTCS MEXIy
co00it U ¢ Harpy3Kamu.

Ipu ananuse ycunutens ¢ OOC yno0HO M0ab30BaThC K03 duiineHTamu nepena-
YH HAINPSHKEHUSI, XOTSI MOXKHO TIPH HEOOXOAUMOCTHU NPUMEHSTh U COOTBETCTBYIOILUE
k03¢ GuLneHT nepefaun Toka. it OTAETBHBIX YYaCTKOB CXEMBbl 3aIlUILEeM Clie-
nyronre ko3 pUIueHTs mepenayvu:

’
w2t L s Be =t xg =3 . (13.14)
u, U, U, Us 6 lu;=0

OO6mwmit ko3 dunuent nepemayn mo nenu OOC BBIpaxkaeTcs Kak
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— 3 X3 Ko —> X
2

Z, 1 3 4
Bxonnoit © © Brixognoit
Ui [ mecrnmo- Us [> Us IIECTHIIO- Uz Z
JIFIOCHUK W o A~ JIOCHHUK
1 3 4 2
! ¥
Xes Xas
6 5
Us ﬂu Us
6 5
Puc. 13.5
B = X45B%e3 (13.15)
WIH f =ug | u,. (13.16)

3nmecy U p — HAIpsHKEHHE OOC Ha BXoJie yCHIUTENBHOTO 3JeMeHTa (Touku 3-3), KO-

!
TOpOE TofaeTCs B MPOTHBO(A3E ¢ HANpPSHKCHHEM BXOITHOTO curHaia U; Ha BEIXOJE
BXOJIHOI'O 6-TIOJIFOCHHMKA, TO €CTh
14
Uy =U; —Uy (13.17)
Koaddunuent yeunenus ycunurenss ¢ OOC onpenensercst KodpPUIUEHTaMu Tie-
penaun HampsDKEHUST € BXOJa Ha BBIXOT

Koc = Uy / Uy, (13.18)
Honcrasus B (13.18) 3nauenus Hanpsokennii U, = U, X, u3 (13.14) u U; =U; / X5
¢ yaetom (13.17), momyaum

X13X20 K
oc = B9, (13.19)
1+ug /ug
ITpu orcyrcTBun OOC (Up =0) koadpuuuent ycunenns K = x13x4,Kp.
IMpu vanmmanu OOC u ¢ yuerom (13.16)
K K
, (13.20)

K R
° 1+BK, F
rae BenmunHa F=1+ ﬂ Ky nazwBaetcs rimyounoit OOC.

Iponorapudmuposas Beipaxkenue (13.20), nonyuum dopmyny Juisi onpeaeseHus
YCHUIICHHSI YCHIIMTEINS C OTPUIIATEIbHOIN 00paTHOI! CBA3BIO

Soc =S —20lg(1+ KyB) =S - 20Ig|F| , (13.21)
rae S — ycuenue 6e3 OOC, 20Ig |F|f riryouna OOC B gerubernax.
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W3 dhopmyssr (13.221) crenyer, uto npu Hammaun OOC ycuneHue S,. yMeHbIIa-
eTcs Ha BenmuuuHy TiyonHsl OOC, 4To MOXKHO paccMaTpuBaTh kak HemoctaTtok OOC.
Opnako npu Hanmauu Ty00okoit OOC yennurtens mproOpeTaeT psi IeHHBIX Ka4eCTB.

I'my6okass OOC Oyner mpu ycnosun K3 >>1, uTo mocTuraercst 3Ha4UTENbHOM

BEIMYMHON Kod(pUIMEeHTa yCWIeHHs ycwiauTenbHOoro »siemeHta Ko Torma
F =1+ KB =~ KyB . JTorapudmupys dpopmyiy (13.19) ¢ yuerom (13.15), momyuaem:

So. =201g X 1 201g %2 4 2019 L. (13.22)
Xe3 X45 Bo
31ech epBoe U BTOPOE CllaracMble BHIPAXKAIOT 3aTyXaHUsl 32 CUET COOTBETCTBEH-
HO BXOZHOTO M BBIXOJHOTO 6-TIOJIIOCHHUKOB, a MOCJIE/IHEE claraeMoe — 3aTyxaHue 4-
MOJIOCHUKA 0OpaTHOM cBsi3u. OOBIYHO 3aTyXaHusl O-TIOJIIOCHHKOB IPEHEOPERUMO
MaJibl M CTpeMsTcs K Hymo. [loatomy ycunenne ycuiurens ¢ riybokoit OOC ymc-
JICHHO PaBHO 3aTyXaHUIO TACCUBHOTO 4-MOJIIOCHUKA OOPATHOM CBSI3H

Soc =201g 1 =A. (13.23)
Bo
CrnenmoBarenbHO, obecrednB noctaTouHyio TiayomHy OOC ©  BBITOTHUB
4-miomocHUK 00paTHO# cBs3u ¢ Tpebyemoit AUX u3 cTaOMIBHBIX NMACCHBHBIX dJIe-
MEHTOB, IIOJIy4aeM CTOJIb K€ CTaOWIBHBIM yCHJIeHHE U Tpebyemyto AUX ycumurens
B LIEJIOM, & PETYJIMPOBKY YCWICHHS YCHIMTENS (PyYHYIO M aBTOMAaTHYECKYIO0) MOXKHO
ocymecTBiATh B Henu OOC, uzMenss 3aTyxanue A, 4-1oarocHUKa 0OpaTHOH CBS3H.

13.4. BausiHue OTpULATEJBHOM 00PaTHOI CBSA3M HA MApaMeTPhbl yCHIIUTES

CraduiasHOCTh ycmiaeHus. CTaOWIBHOCTh YCHWICHHS 3aBHCHT OT BO3JICHCTBHSA
Pa3IMYHBIX AeCTAOMIH3UPYIOMIX (HaKTOPOB: U3MEHEHHUS HANPSHKEHUH HCTOYHHKOB
MUTAHUS, TEMIIEPATYPHl, CTAPSHHUS ¥ CMEHBI TPAH3HCTOPOB M IPYTHX JIIEMEHTOB CXe-
MBI [lapaMeTpbl TaCCHBHBIX AJIEMEHTOB YCHIIUTENS MPAKTUICCKH HE H3MECHSIIOTCS BO
BPEMEHU U TIOOTOMY OCHOBHBIM 3JIEMEHTOM, MapaMeTPhl KOTOPOTO 3aBHUCST OT BpeMe-
HHU, SIBJISIETCS YCUJIMTENbHBIN dJIeMEeHT ¢ ycuienueM K. s onpenenenus 3aBucumMo-
CTH YCWJICHUS YCHIIUTENS OT U3MEeHEHUs Ky TOJCTaBUM B BBIpaXEHUE M1 KO3Pu-
nuenta yeunenus ycuwmutess ¢ OOC (13.20) 3nagenne K

_ XX Ko _ 4K,

= 13.24
“ 1+BK, 1+BK, ( )
n npoauddepenupyem cootromenue (13.24) o Ky

1+BK,)dK, — KyBdK dK
dKoc:A( BK,)dK, 20[3 0 _ A 20 . (13.25)

(1+BKy) F

[lepetias k aOCOMOTHBIM OTKIOHEHHSAM (HECTaOMIBHOCTH), IOIY9IUM

AK,.= A (AKyl F?) . (13.26)
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Iomenus 310 BBIpaXKeHHE Ha uMcxomHoe (13.24), momyduM OTHOCHTEIBHOE H3Me-
HEHHE yCWICHUS (OTHOCHTEBHYIO HECTaOMIBHOCTE)
AK _ AK, _ AK, 1K
K oc K 0 (1 + B K 0 ) F
Bripaxernus (13.26) u (13.27) moxkaspIBaioT, 4Tto abCOMOTHAas HECTAaOMIBLHOCTH

(13.27)

kos(duumenta yemnerns ¢ OOC ymenbmaercs B (1+BKy)2 = F? pas, a otHocu-

tenpHast — B (1+BK,) = F pa3 mo cpaBHeHMIO ¢ HECTaOMIBHOCTBIO KOI(dHIIEHTa

yeunenus 6e3 OOC.

Tak, ec OTHOCHTEIbHAS HECTAOMIBHOCTh KOG (HUIMEHTa YCHICHUS YCHIUTEINS
6e3 OOC pasHa 20% (3a cueT H3MEHEHHS HANPSHKEHHUS MUTAHUS WM TEMIIEPATYPHI),
TO Ui yMEHbIIEHHs ero a0 1% Heobxomumo obecneunth rirybury OOC

F=1+ ﬁl< 0= 20.

YacToTHAs1 XapaKTePUCTHUKA YCHJEHHS M YCTONYMBOCTD YCHJIUTENs. Y CUIH-
tenb 6e3 OOC uMeeT 4acTOTHYIO XapakTepucTuky ycunenus: (AUX), kotopas xapax-
TepHU3yeTCs MaKCUMAIIbHBIM YCHIICHHEM Sg; Ha cpenueit actore fy (puc.13.6, rpaduk
1) 1 XpyTHIME ClTafaMH Ha HIDKHHUX W BepXHUX dacTtoTax. [Ipu BBegenuun OOC c He-
Oospimol TmyOmHOM — Fj, ycunmeHme ycunHTENns YMEHBIIAeTCs Ha BEIWYMHY

201g[L+ K, B,,| = 201g|F,

nenuem yBemuumBaetrcst 10 (fp...fp). Ecmm raybuny OOC  yBenwuuTh 110

, HO Tipu 3ToM mojoca 4actoT (fy;...f1) ¢ paBHBIM ycu-

20 Ig|1+ K, ﬂ13| =20 Ig|F13| , TO ¥ mosoca 9actoT yBenuautcst 10 (fiz... fa3).

Takum o6pazom c yBenuueHueMm riryouabsl OOC MOXXHO yMEHBUIMTh CIaAbl YCH-
JICHHWs Ha IPaHUYHBIX YacTOTAaX WIM IIPH TeX K€ CMajaxX PacIIMPHUTh MOJIOCY yCHUIH-
BaeMBIX 4acToT (pabouuii Juana3oH 4acToT).

KoMmrutekcHbIi ko3¢ duimenT netnu o6pataoit cesizu K o MOKET OBITL pe-
CTaBJICH B IIOKa3aTeIbHON opme

jo
BKo =|BKo|-e . (13.28)

20lg | Fpy |




rae | [ Kol — aMIuuTy iHO-4acTOTHAst H (0 o — (a30-4aCTOTHASI XaPAKTCPUCTUKH LCTH

OOC. 3a cuer KOMIUIEKCHOTO XapakTepa Kod(p¢uuueHta oOpaTHON CBS3M ISl OT-
JIeTbHBIX 4acTOT OOpaTHas CBSI3b MOJXKET OKa3aThCsl HE OTPHUIATENILHOM, a IMOJIOKH-
TEJBHOMN, YTO IPHUBEACT K BOSHUKHOBEHHIO CAMOBO3OYKICHHUS YCHIIUTEINS. DTO BO3-
MO>KHO ITpU 00513aTeIbHOM BO3HHKHOBEHHH JIBYX COBMECTHBIX YCJIOBHH:

Ko 21 n ¢, =+2n7, (13.29)

rnen=20,12,...

OTH ycIOBUS MOTYT BBIOJIHATHCS IS OTACTBHBIX YacTOT Kak pabodero Anamaso-
Ha 9acTOT, TaK ¥ BHE pabodel MOJIOCH yCHIINTEIIS.

[osToMy Tpu TIPOEKTHPOBaHMHU ycwiuTens ¢ rayookoir OOC HeoOXxomumo mpu-

HUMAaTh CIIEIHANBHBIE MEPBI MO0 OOECIEYEHHI0 YCTOHYMBOCTH MPOTUB CaMOBO30YXK-
JeHus. B OCHOBHOM Takue Mepbl CBOAATCS K HEJOIYIIEHHIO B pabodel mojoce dac-
TOT BTOPOTO YCIOBHS (MEPBOE BCET/Ia BHIMOJHACTCS B ycHnuTelsix ¢ riry6okoit OOC),
TO €CTh, YTOOBI Q. = £ (2N+1) 7 u obecneueHn o oNTUMaNILHOTO craga AUYX ycunu-
TeIs 3a MpeAenaMu pabodeil Moaochl yCHICHUsT 10 HyJs (00ECICUCHHIO ONTHMAIhb-
HOTO Cpe3a XapaKTePUCTUKH YCUIICHHS).
IIpakTudecku IS OLIEHKHM YCTOHYMBOCTH YAOOHO HCIONB30BaTh Auarpammy Haiik-
BUCTa, MO KOTOPOH KPUTEPHEM YCTOWYMBOCTH SIBJISETCS YCJIOBHE. INPH H3MEHe-
HUH 9acTOThI OT 0 10 o0 romorpad KOMILIEKCHOH BETHIHMHBI TIETAeBOro yeuaeHus|SKo|
He JO0JDKeH OXBaThIBaTh TOUKy ¢ KoopauHarami (-1; 0). Eciu nens OOC coctout u3
AKTMBHBIX COTMPOTHBIEHU#, To rogorpad Re(SKy) 1-kackamunoro ycunutens (1x) Oy-
JIeT JISKaTh B NMPABOH YaCTH IIOCKOCTH KOMIUICKCHOTO NEPEMEHHOT0, 2-KacKaaHOTo
(2K) — BeTBH AMATpaMMBI JHIIb MPHONMM3ATCSA K Touke (—1,0), HO He OXBaTHIBAIOT €e,
TO €CTh 3TH YCHIIUTENN abCOMIOTHO ycToW4mBHI (puc.13.7,a). Ilpu Tex ke ycIoBUAX
3-KacKaHbIM YCHJIMTENb MOKET OBITh KaK YCTOHYMBBIM HPH AOCTATOYHO CIIOXKHOU
JuarpaMme (CIUTOIIHash JIMHKS 3K), TaK U HEYCTOHYMBBIM (TIPOJIOIDKEHHE ITYHKTHPOM
muann 3K). [ToaTOMY Ha IpaKTHKE MPUMEHSIOT YCHIIUTEINH ¢ O0IIeH Tiry-

a) 6)
Im(BK) Im(BK)
3K
2K
; T /ﬁ/6|=1 OO,OSAa
Gl Rl fK) 1 Re( BK)
\ 0 WHr W/ W A(p ~
Puc.13.7
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6okoii OOC B pabodeil Mmoyoce 4acToT, OXBATHIBAIONIEH HE OoJiee TpeX KacKaJoB.
[Ipu mpoeKTHPOBAaHUY YCHIIMTENEH CTPEMATCS 00eCIednTh HEKOTOPHIHA 3amac yCToii-
YUBOCTH | 3a TIpeaenaMu pabodeit momockl. s aToro tpedyercs, 4ToOsl (pa30BbIi
caur o mersie OOC He mpeBbiman 3Hauenus 180 — A moka | [ Ko| He ymeHbImTCs

o Bemmamabr 10742 (prc.13.7,6), rae Ag — 3amac mo $ha3oBoMy yriay n Aa — 3amac
no 3aryxanuro rneriu OOC. [Ipu nmpakTHyeckoi peanu3aluy 3amaca yCTOHYMBOCTH
UCIIONB3YIOT cBoiicTBO nermn OOC Kak Lenu MHUHUMajIbHO-(ha30BOTO THMA: 3a ITIpe-
JenaMu paboyero auana3zoHa cTpouTcs npononkenne AUX ¢ yMeHbIIeHHEM NeTiie-
BOTO yCHIIeHHS Sy, = 201g[Re(BKo)] mo Bemmumubl, oGecniednBaromieii 3amac mo 3aTy-
xaHuto Ao = (6...9)ab, Torna 3anac ycTOMYMBOCTH MO (Ha30BOMY YIITy aBTOMAaTHYC-
CKH MOJIyYUTCSl HE MeHee Benmuunbl A = 30°.
AMIUIMTY/IHAsl XapaKTepUCTHKA. S
OOC B ycunuTensax MO3BOJIIET YBEIU- S
YUTh TOPOT TEPErpy3KH, MaKCUMajb-
HYI0 HEHCKa)XCHHYIO MOIIHOCTh U JH-
HAMUYECKHUIA Iuana3oH ycuiaurens. U3 S 'As,=0.3
rpadukoB AX (puc.13.8) BuaHO, 4TO B : A
yeuiurene 6e3 OOC mopor meperpys- '
KA C JIONYCTHMBIM OTKIOHEHHEM AS
HACTYNAeT MPH Py = Prmaxt, @ IIPH BBE-
neaun OOC — 1pH Prmaxz > Pmaxt. La-
kuM o0Opaszom, BeeaeHre OOC MO3BOIACT MOIYYHUTh OT YCHUIIUTEIIS OOJBIIYIO BBIXO -
HYI0 HEHCKa)XCHHYIO MOIIHOCTh WJIM MPH TOM K€ BBIXOJHOM YPOBHE CHTHana obec-
MEYHUTH JTYUIIYIO TUHEHHOCTh YCHIUTES.
JluneiinocTh yeunnrensi. Tak Kak HETUHEHHbIE UCKAXKEHUS 3aBUCSAT OT BBIXOJI-
HOH MOIIHOCTH, TO B MHOTOKACKaJHOM YCUJIUTEIEC OHH ONPEICISIOTCS B OCHOBHOM
OKOHEYHBIM KAacKaJioM, 00€CIEUMBAIOIINM 33J[aHHYI0 MOIIHOCTh B Harpys3ke. [1o3ro-
MY HEJIMHEHHOCTBIO MPEIBAPUTENBHBIX KACKaJ0B MpeHeOperaeM, a ko3ddummeHt
yeunenus ycuiurens 6e3 OOC Ky mpeactaBuM B BUJie MPou3BeeHUsS K03 dunneH-
TOB YCHUJICHHS IIPEABAPUTEIBHBIX KacKanoB (Kyp) M OKOHEUHOro Kackanaa (Ky), T.€.
Ko=K10K20 (13.30)
Janst ynpouieHusi aHanu3a OyleM CYMTaTh OKOHEUYHbII KacKaj MIealbHbIM JINHEH-
HBIM YCHJIMTEJIEM, & TADMOHUKHA U KOMOWHAIIMOHHBIE KOJIEOAaHUsI CO3/IAl0TCs HAa €ro
BXOJI€ CHeIalbHbIM reHepaTopoM rapmonuk ¢ DJC E. (puc.13.9). [Toganum Ha BXOA
YCHWIINTENSI CHUTHAI Uy, , TOTJIa Ha BXOJIE OKOHEYHOTO Kackajia OyayT IpUCYyTCTBOBAaTh
HaIpsOKSHUs CUTHaNa Uy 1 TapMOHUKH U,
Ha Beixozne ycunurens 6e3 OOC

- pBbIX
Praxl  Pmax2

Puc.13.8

U = Uy Ky (13.31)

u. = EKZO . (1332)
Koadpunment rapmonuk K, Kak H3BECTHO, ONPEIEIAETCS U3 BIPAXKEHUS

k. =u./ug (13.33)

213



B cxeme ycumurens ¢ OOC (puc.13.9, 6) oOmuit Ko3QPUITUESHT YCHUITSHUS
4K,
1+ KB’

rae Ky = KoKy — ycuieHue ycumuTensHoro anementa B cxeme ¢ OOC npu BKIItO-

(13.34)

YEeHHH 00paTHOM CBS3H.
Hpumem st ynpomennss A = X, 5+ X,, =1. Jlnst Toro, 4ro6sI B 06eHX cXxeMax

(puc.13.9, a 1 0) BEIXOAHBIC HANPSDKEHHS OBLTH PaBHBI, IpupaBHieM B cxeme ¢ OOC
K. = Ky, o yero yBenuuuM Kod(GGUIMEHT YCUIeHHS NIPeiBapUTENbHbBIX KacKa-

1o B (1+ K(p) pas, To ects Ky = Kjg(L+ K f) . Torma (13.34) npeobpasyercst
! !
_ K, _ Kio(1+ Ko B)K 5
! !
1+ K\ p 1+ K\ p
Y Ha BbIXoJe cxeMbl puc.13.9,6 HanpsikeHune curHana 0yneT u, = Ug =UyxKq , TO ecThb ¢
TaKUM JK€ HaMpshKeHHeM, Kak U B cxeme 6e3 OOC, a HanpspKeHHUe TApPMOHUKH U3Me-
HuTcst. OnpenesuM BEeIMUYNHY 3TOT0 H3MEHEHUsI. | apMOHUKH, TIPOi/Is 1iellb 00paTHOU

CBSI3M M IIPEABAPHUTEIbHBIC KACKaAbl YCHIHTENS, MOCTYHAOT Ha BXOJ OKOHEYHOTO
Kackaga B mpotuBodasze u ymeHsmator JJ]C E; mo BenmuuHb £, TO ecTh

KOC =K10K20 =K0 y (1335)

El =E _—ul K. (13.36)
Hust cxemsl Ha puc. 13.9, 6 MOXKHO 3ammcaTh
U, =E Ky . (13.37)
IMoncrasus 3nauenue £ u3 (13.36) B (13.37), momyaum
Up = E. Ky —UBK1g Ky , (13.38)
a c yuetom (13.32) u (13.34) nonyuaum
ur (1+KoB) =u,. (13.39)

Otcroma HaxoauM (GOpMYITy IS ONPEACIICHHs HAPSKCHUSI TAPMOHUKU YCHUIIATE-
1 ¢ O0C

—> U

a) K, E, K, U

UBX r
O I> _®_ I> o UBle

. . . —> U

%) | Ko & K —> U

on Bx. Bx.
G-HOH._ I> _®_ I> ] 6-mo11. O UBbIX
| .
Puc.13.9
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’ uF
Up=—1—.
1+ Ko
U3 ¢opmynsr (13.40) BumHO, yTO HampspkeHHe rapMoHuk ycwmtens ¢ OOC
YMEHBIINIOCH 110 CPAaBHEHUIO ¢ HanpshkeHueM rapmonuk 6e3 OOC B (1+ K;f3) pas.

(13.40)

Tornma ko3¢ duIreHT rapMOHUKH
u. u./u k
kl=—"Lt=—"t_-C¢=_ T (13.41)
uc. 1+KgB 1+KpB

10 ecTh ymenpmmics B (1+ K 6 [ pas.

Ilepeiing k 3aTyxaHus HEIMHEUHOCTH FAPMOHUK, OJIYyYUM
Aproe = anr +2010(1+ KyB) . nb (13.42)

CrnenoBatenbHO, 3aTyXaHHE HEIMHEHHOCTH TaPMOHHUK YBEIMUUBACTCS B YCHIIUTE-
ne ¢ OOC Ha BenMUYUHY TTyOWHBI OOPATHOM CBSA3U. DTOT Pe3ybTaT ABISCTCS OIHUM
13 HanboJee BaXXHBIX TOCTOMHCTB yemmrenei ¢ OOC.

UYro kacaeTcst COOCTBEHHBIX IIYMOB YCHJIMTEIS, TO HEOOXOIUMO OTMETHTh. OTPH-
naresbHas 00paTHas CBSI3b HE YMEHBIACT UX BeNW4nHY, Tak kak OOC B paBHOIi cTe-
MICHN CHIKAET KaK HaNpsDKeHHE TOJIE3HOTO CHTHAja, TaK M HAIllPSHKCHHE ITyMOB, a
OTHOIIICHHE MEXIY HUMH (IT0Ka3aTelb IOMEXOYCTOHUMBOCTH) HE U3MEHETCsI.

13.5. BxoaHoe 1 BBIXO/IHOE CONIPOTHBJICHHUS YCHIUTEJIs
¢ OTpPMIATEJIBLHON 00PaTHOIl CBA3BIO

Baxubim cBoiictBoM ycunurens ¢ OOC sBiasieTcs BOBMOXHOCTh YIIPABJIEHUS €To
BXOJIHBIM ¥ BBIXOJIHBIM CONPOTHBIICHUSIMH Oe3 m3MeHeHus napameTpos nermu OOC u
YCHIINTEIBHOTO 3JIEMEHTAa.  DTO CBOMCTBO ISl BXOJJHOTO CONIPOTHBIICHUS PEan3y-
etcst criocobom BBegeHns: OOC Ha BXOJ YCHJIMTENS, a JUIl BBIXOJHOTO CONPOTHBIIE-
HUS — CIIOCOOOM CHATHSI OOpaTHOW CBSI3M C BBIXOZA yCHJIMTENs. BBeneHue m cHsiTHE
00paTHOW CBSI3M XapaKTEPHU3YIOTCS OOpaTHOM CBS3BIO IO TOKY (IOCIIEIOBaTENIbHAS
cxeMma), oOpaTHOW CBSA3bIO IO HANpPsDKEHHUIO (TMapajulenbHas CXeMa) WM 00paTHOM
CBA3BI0 IO TOKY M HAIPSDKEHUIO (CMEIIaHHass WM KOMOWHHpOBaHHAs oOpaTHas
cBa3p). Hanuaue Toro mwin mHOTo Buja OOC ompenesnseTcss METOI0OM X0JIOCTOTO X0/1a
(XX) u kopotkoro 3ambikanus (K3): ecnu npu XX (Z, =00 uiu Z,=«) obparHast CBs3b
npomnasaer, a npu K3 (Z,=0 unu Z,=0) obparHas CBsI3b COXPAHSIETCS, TO ITO
OOC mo Toky (mocienoBaTeibHas CXeMa BBEICHHUSA WM CHATHS) M Hao0OpOT, €Ciin
npu XX obpaTHas cBA3b coxpansercs, a mpu K3 mpomagaetr — 310 OOC no Hampsixe-
HUIO (TapajuiesibHas cXeMa BBEJCHHS Wi CHATHSA). [Ipu coxpaneHnn oOpaTHON CBSA3N
B 00oux ciydasx (mpu XX u K3) — OOC koMOMHUpOBaHHAS.

Cxema nocnegoBatensHoro BBeaeHuss OOC mpencrasneHa Ha puc.13.10,a B Buze
BXOJIHOTO LIECTHIIONIOCHUKA (BBIIEJICH MYHKTHPOM) B KOTOpoM ucToyHUK DJIC cur-
Hana E . u ucrounuk Hampspkenus OOC Ug = Ug BKITIOYEHBI [IOCIEA0BATENBHO. [eid-
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CTBUTEIBHO, IIPH X0s1ocToM xo7e (XX), To ecTb npu Z . = (3aKuUMbI 1-1 pasomk-

HyTBI) OOpaTHas CBA3b MCUE3AET (HaNpsuKeHHe Uy  He MOJAeTCs Ha BXOJ YCHIIUTENA).

Ipu K3 (3axumsbl 1-1 3amxuyTH Win Z,. = 0) HanpsbkeHHe 0OpaTHOW CBS3W NPHKJIA-
JBIBACTCS K BXOZY yCHIINTEIISL.
BxomHoe conpoTtuBnenue ycunurens ¢ OOC

Zyxoc = Uilly , (13.43)

rae, B cootsercteun ¢ (13.18) u (13.24), (13.23) u (13.25) U, =U; /Xy,
u]’_ :U'B +U3 nu U,B/U3=K0,8.
Torma

z Us

1+, (13.44)

BX.0C —
I1X13 Us

IIpu orcyrerBun OOC (3axuMbl 6-6 3aMKHYTHI) U p= 0, u BxoaHOE COMPOTHB-

nenue ycwurens 6e3 OOC
ZBX =Usz /|1X13 (1345)
CnenoBaTelIbHO,
ZBX.OC = ZBX (1+K0:B)Zr:0 ’ (1346)
TO €CTh MOCJICIOBATEIbHAS O0paTHAsl CBsI3b (IO TOKY) YBEJIMYHMBAET BXOJIHOE COIPO-
tuBnenue yeunurens B (1+ Ky ) pas.
Cxema mapamiensHoro BBeaeHnss OOC mpencTaBiieHa BXOIHBIM IIECTHITONIOCHIKOM

(puc.13.10,06), B KOTOpOM HCTOYHUKHU HampspkeHui curHana E.u OOC U 3 BKJIIOUCHBI

napajjieJibHO. B stoMm ClIy4ac€ BXOAHOC CONPOTUBJICHUEC YCUIIUTCIIA C 00C

ZBX.OC = ul/Ila (1347)
e Iy =1/X, 1/ =1,+1,115/153=Kof3.
Torna
7 o UiXy  UiX 1 : (13.48)
POl [
B3 o1 P

I3

Ipu orcyrereun OOC | s= O u BxosHOE conpoTuienue ycunurens 6e3 O0C

Z, =UX,/l;. (13.49)

CrnenoBaTeibHO,

Zox (13.50)

z =
P (1 KoB) (zr—o0)
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B

Puc. 13.10
TO eCTh MapajulelbHas 00paTHas CBs3b (IO HANPSIKEHUIO) YMEHBIIAET BXOLHOE CO-
nporusnenne yeuwmrens 8 (1+ K f) pas.

B o6mem cirydae npu komOouHupoBaHHOM OOC BXOJIHOE COMPOTUBIICHHE
1+ K,pB) Z -0

ZBXOC = ZBX h T~ N
(1+Koﬂ)z -
IIpu rmy6oxoit OOC Koﬂ >>1, Xgsu P He 3aBUCAT OT Zr U ¢ yueToM (13.16)

. (Xes) z,=0 (1352)
BX
('x63 ) ZF =0
Cxema BBegeHust komOuaupoBanHoit OOC npencrariena Ha puc.13.11,a, tne Zg —
BXOJIHOE CONIPOTHBIIEHHE YCWJIMTEIHHOTO 3JIEMEHTa, a BXOIHOH LIECTHIIONIOCHUK Ha
pesucropax R, R; u Ry siBisieTcst MocTOBOI cXeMoid, mpuBeaeHHOI Ha puc.13.11,6.

(13.51)

BX OC
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Zr
E
1
ZBX
o
6
Puc.13.11
R1 Zo Rl ZO
RZ R 2 R
Puc.13.12

J1st yMEHbIIEHUS] TTOTEPh U BBIMOJIHEHUS YCJIOBUN OaJaHCHPOBKUA MOCTa 3JIEMEHTHI
CXEMBI BXOJHOTO IIECTUIIONIOCHHUKA IOJKHBI YIOBIETBOPSATH CIIEIYIOIINM
ycnoBusaM: R<<Z,, Ry>>Z, R>>R,.

3HaueHUE Xg3 B yMcauTeNe U 3HaMeHaresne (13.52) onpenenum, npeacTaBUB CXEMy
BXOJHOTO TICCTHIOMIOCHUKa puc.13.11,06 B BHOe cxeMm, HU300paXCHHBIX Ha

puc.13.12,a u 6. Tak kak Xgz = Ug /UG, TO I cxembl puc.13.12,a npu ycnoBuu

R, = u Z, — o nonyuaem

(a0 = g~ e (1353)
a st cxeMbl puc. 13.12,6
(Xg3) 7p= =izz—o. (13.54)
/2= "7 +R, R

HMoacrasiss (13.53) u (13.54) B (13.52), ¢ yuetom Z,, =Z, NOIXy4YUM BXOJIHOE

COTIPOTHBJICHHE YCHJIIHTENS ¢ KOMOWHHPOBAHHOM 0OpaTHOH CBA3BIO, BBIPAKEHHOE
yepes AJIEMEHTHI BXOAHOTO IIECTUIIOIIOCHUKA
_RM

R,

AHaJIOTHYHBIA aHAJIN3 MOYKHO ITPOBECTH U AJIS BBIXOJHOTO COIIPOTHBIICHHUS YCH-
mutens ¢ OOC. Cxemsl, peanu3yromue crnocoObl cHsTis OOC ¢ TOMOIIBIO BEIXOIHO-
IO MIECTHITOIIOCHUKA I10 TOKY, 110 HANPSDKEHUIO W OJHOBPEMEHHO IO TOKY M Harps-
JKEHUIO MIPUBE/ICHBI COOTBETCTBEHHO Ha puc.13.13, a, 6 u B.

z (13.55)

BXOC

218



BEIXOIHEIE CONMPOTUBICHHUS YCHIMTENS
¢ OOC BrIpaxarTCs CICTYIOIUME (HOp-
mynamu: s cxembl ¢ OOC mo Toky
(puc.13.13,a)

Zysixoe = Zyx W+ KoP)z o;  (13.56)

st cxemsl ¢ OOC 1o HanpsHKEHUIO
(puc.13.13,0)

Zowx (13.57)

z =
BBIXOC (1+ UOB) ZH:QO
[Tpu xomOuHMpoBanHoit OOC
1+ Kop) z,=0

ZBBIXOC = ZBBIX (1+K B)Z
0 =0
H

. (13.58)

[Tpu ray6okoit OOC BBIXOIHOE CONMPOTHB-
JICHUE, BBIPOKCHHOE Yepe3 JJIEMEHTHI BbI-
x0JHOTro 6-momocHuka (puc.13.13,B),

:R-ﬁ. (13.59)
R,

Anamuz popmyn (13.55) u (13.59) no-
3BOJISIET CHIENIaTh Ba)KHBIM BBIBOJ. BXOJHOE
Y BBIXOJHOE COMPOTHUBIICHUS YCUIUTENS C
riryookoit OOC He 3aBHCAT OT BXOJHOTO H
BBIXOJTHOTO COTIPOTHBIICHUH yCHJIUTEIBHO-
TO 3JeMEHTa M OT HArpy30K YCHIIUTENs, a
OTIpeNeNsIeTCs TOJNBKO 3HAYCHHAMH DJie-
MEHTOB IIECTHIOJIOCHHKOB. DTO J1aeT
BO3MOXKHOCTh OCYIIECTBIISATh PETYIHPOBKY
Zoxoc U Zyy oc © MOMOIIBIO PE3UCTOPOB

z

BBIXOC

o B
0 4,\6-non \‘3’2
> L .
4. 2
5 T
] 5 5
B
B)

Puc. 13.13

R; 1 R; 1 o6ecieunBaTh BHICOKYIO CTAOMIIBHOCTH BXOJHBIX M BBIXOJIHBIX COMPOTHUBIIE-

HUH B paboyeM Juana3oHe 4acToT.

B xadecTBe BXOAHBIX M BBIXOJIHBIX IIECTUIIOIIOCHUKOB B YCHIIUTENIAX C KOMOUHU-
poBanHOii OOC 00BIYHO NMPHUMEHSIOTCS MOCTOBBIE CXEMBI Ha JU(depeHIHanIbHbIX
TpaHcdopmaropax, HokazaHHble Ha puc. 13.14. OOparHas CBS3b 110 HANPSHKEHUIO

caumaercs ¢ 0oMotkr W, BBIXOQHOTO TpaHC(hOpMATOpa U BBOAUTCS Yepe3 0OMOTKY

W, BxomHoro tpancdopmaropa. OOpaTHas CBsI3b 110 TOKY HAa BXOJE M BBIXOJE YCH-
2

uTenss 00ecreunBaeTcs 3a CUeT MOATOHOYHBIX compoTuBieHnid Ry u R,. O603HaunB
ko3¢ dummentsr Tpanchopmanmu BxomHoro (Ng = Wy/Wy, my =W3/W;) 1 BeIXOmHOTO
(N2 = W,/W;, m, = W3/W;) TpancdopmMaTopoB, MOITYyIHM BEIPAKEHHS [JIsl BXOJHOTO
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Puc.13.14
Y BBIXOJIHOTO colpoTuBieHui ycunurens ¢ OOC
R n;R
BXOC —1’ ZB},JX oc —2 2z . (1360)
m,(n, +m,) m,(1+m,)

13.6. MectHas u o6masi OOC B ycuaureJie

B MHOroxackagHBIX YCHIHTEISIX MOXET NpUMeHAThcs kak MecTHass OOC B kax-
JIOM Kackaje, Tak u obmas OOC, oxBarbiBatonias Bce kackaasl. CpaBHUM 3G PEeKTUB-
HOCTh UX BO3JEHCTBHA Ha oOecrieueHHe TPeOOBAHUH K AJICKTPUUECKUM IapaMeTpamM
ycwurens. Ha puc.13.15,a npuBenen tpexkackagublid yeunurens ¢ MmectTHod OOC B
Kax7oM kackaze. [IycTh Bce Kackasbl yCHIIUTENST UMEIOT OJIMHAKOBOE yCHIIeHHE 0e3
O0C S =20lgKyu ogunakoByto rayoury OOC F = 20Ig(1+ Ky 3) .OueBnaHO, 4YTO

o6iee yeunenne yemmutens So. = 3(S — F) = 3S — 3F. Oanako cTabWIbHOCTE Mapa-
METPOB yCHIUTENS OyIeT onpeaensaThcs BeInunHol F mo60oro U3 Tpex KackajaoB, Tak

o S BB
= = =
e BB
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KaK ecJIM XOTs ObI OIMH Kackaj] OyJeT HecTaOWIbHBEIM, TO Apyrue KacKaipl ee He uc-
npaBAT. 3aTyXaHUe HeJIMHEHHOCTH Takxke OyIeT omnpemensaThbesl 3HaueHHeM F Toibko
OKOHEYHOI'0 Kackasa.

Tenepb pacCMOTPUM YCHIIMTEINb C TEM e KOJIMYECTBOM KacKa/oB, C TEM Xe 00-
MM YCHJIEHHEM YCHIIUTEIBHOTO 3JeMeHTa 35, HO ¢ 001eit 00paTHOI CBA3bIO TOMH ke
riryounsl 3F (puc.13.15,06). O6mee ycunenne ycunutenst ¢ OOC ocraercst IpeKHIM
Soc = 3S — 3F, HO BBIMIPHIINI IO CTAOMIBHOCTH BCEX XapaKTEPUCTUK U JIMHCHHOCTH
YCUIINTENS BO3PACTAET B 3 pasa, 4To CJIeAYeT U3 IPeIbIAyIIero MaTeprana.

Takum oOpazom, obmas OOC sBnsieTcs CYIIECTBEHHO Oojiee 3PQPEKTHBHOU IO
cpaBHeHHIO ¢ MecTHOM OOC. Onnako riryduHa obmieit OOC orpaHMYMBaeTCs ycio-
BUAMH YCTOIYMBOCTH ycHIHTENA. [109TOMY IpU MPOEKTHPOBAHMU CIIOKHBIX YCHIIH-
TeJNel cTaparoTCs IMONydUTh MAaKCHMAaJbHO BO3MOXKHYIO TiryomHy obmerr OOC mpu
obecreyeHHH He0OXOAUMOro 3amaca yCTOHYHBOCTH, a MecTHYyl0 OOC HMCHONB3YIOT
JOTIOJTHUTENBHO [Tl yTOYHSHHUS TPeOyeMBIX apaMeTpOB YCHIUTEIIS.

13.7. OcobeHHOCTH peau3aluu yCHIUTeIei

B nonosHeHMe K U310’)KEHHOMY B JJaHHOM TJ1aBe BBIIIE, IPU peau3allii yCUIUTe-
Jeli HeoOXOJMMO YYHUTBIBATh PsIJl PEKOMEH AU U OTpaHHYCHUI.

Hecmotps Ha Beicokuit KII/I, He pekoMeHIyeTcsl IPUMEHATh IBYXTaKTHbBIE YCHIIN-
TN ¢ OTCeUKON (pekuM b), Tak Kak OHM MMEIOT XYALIYIO JTMHEHHOCTD, a UX YHEp-
ronoTpeOIeHre 3aBUCHT OT 3arpy3ku. 13-3a HEOOXOOMMOCTH COTJIACOBAaHHSA C Ha-
Ipy3KaMH U CHMMETPHPOBAHMS YCHIIUTENEH OONBIIMHCTBO U3 HUX MPOEKTUPYETCS C
BXOJHBIM W BBIXOAHBIM TpaHc(opmMaTropaMyu WM BXOIAHBIM M BBIXOJHBIM ©O-
MOJIFOCHUKAMU Ha TpaHC(POPMATOpe, COOTBETCTBYOIMMHE puc.13.14.

[Ipn peanu3anuy COBpEMEHHBIX YCHIIMTENEH HEOOXOIMMO BBINOJIHEHHE TpeOoBa-
HHUM 110 MUHMMH3AIUN MaccorabapuTHBIX Mokaszareneid. OJHAKO MHUPOKOMY BHEIpE-
HHUIO B ycuiutend, ocobeHHo B JIYC, MUKPOCXEMOTEXHHUKH TOKa HPEMSTCTBYET OT-
CYTCTBHE YCHJIMTEIbHBIX MHKPOCXEM, 00ECIIEUNBAIONINX HEOOXOIUMBII HEUCKAKEH-
HBII ypoBeHb MoIHOCTH (10...20 1bM), KOppeKTHpOBaHHUE U PEryJINPOBAHHE B IETISIX
riyookoit OOC, a Taxxe mpuemisieMbii KITJI mpu manoi HenunedHocTH. [lo 3THM
NPUYMHAM HMEIOLINECS MUKPOCXEMBI-yCUIUTENN, B TOM YHCIIE ONEPALUOHHBIE yCH-
IUTENH, ucnons3yrorcs B anmnaparype ACII B cxemax MHAMBUAYAIIbHBIX M BCIIOMOTa-
TENBHBIX YCHIIMTENCH, B aKTUBHBIX (DMIIBTPaxX W MOTYT MCIOJIB30BATHCS B NpEIBAPH-
TEJBHBIX KacKaJaX TIPYyNIOBBIX U JMHEHHBIX ycunuTenedl. B BBIXOAHBIX Kackagax
JIYC B 0OCHOBHOM NPUMEHSIOT HABECHBIE TPAH3UCTOPHI WM TPAH3UCTOPHBIE COOPKH.

YeunmurenbHble 3neMenTsl JIYC BBIOJHSIOTCS HA OCHOBE HEOOJBIIOTO HEepeyHs
XOpOIIIO 3apEKOMEHIOBABIINX ceOs Ha MPAKTHKE CXeM. B 3Tux cxemax Jyuisi cTabuiu-
3alKu peXrMa MPUMEHSIOTCS. 0OpaTHBIE CBSA3M IO TOCTOSHHOMY TOKY. MECTHBIE — B
KaXXIOM Kackaje, o0Imue — A HEeCKOJIbKUX KAaCKaJOB M JUISl BCETO YCHIMUTEIHHOTO
aneMeHTa. [{ns ycTpaHeHHS HpU 3TOM OOpaTHOM CBA3M IO MEPEMEHHOMY TOKY HC-
MOJIB3YIOTCS IIYHTUPYIOIINE KOHIEHCATOpHl. [ o0ecredeHnss yCTOHYNBOCTH YCH-
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JUTENS B paboueM Auana3oHe 9acTOT ¢ AOCTaTOYHBIM 3aracoMm obmas OOC mpume-
Hsercsa B 6mokax JIYC ¢ unciom kackagoB He Oojee Tpex. 3a mpenenamu pabodero
Juamna3oHa (GopMHUpyeTCs ONTUMAIBHBIN CPe3 YaCTOTHON XapaKTepPHCTHKH YCHICHUS,
TO €CTh PE3KOE YMEHBILICHUE YCHUIICHHS C LIENbI0 HEJOMYIIEHHS BO30YyXKICHHs, eCIIH
Ha KakoW-JInbo ciyyaiHOW yacToTe BHE paboyero auarna3oHa BO3HUKHET ITOJIOKH-
TenbHast oOparHas cBs3b. OnruManbhblil cpe3 AUX Boie paboyeid monocs! Gopmu-
pyeTcss MyTeM BKJIIOUEHHsS] KOPPEKTUPYIOIIUX 3JIEMEHTOB B ILEMU YCUJIUTEIBHOIO
anementa Ky, nerm odmieit u mectroit OOC. B obnacTu 4acToT Hbke pabodeii moo-
CBl KOppEKIMs pemaercsi npouie: Tpedyemblit cian AUX obecrnieunBaeTcsi BHIOOpOM
€MKOCTH NIEPEXOJHOT0 KOHAEHcaTopa U KOHTypoB RC B MekkacKagHBIX LETAX H Iie-
msix MectHoit OOC. B kagectBe mpumepa Ha puc.13.16 mpuBeneH BapHaHT peann3a-
Y TpUHIAHAIEHONA cxeMbl JIYC ¢ OCHOBHBIMH IapaMeTpaMu: padodmidi Tuana3oH
gactot 12...252 xI'm, pabouee ycunenne 40 nb npu HepaBHOMepHOCTH AUX He 00-
nee 0,18 nb, MakcHMaITbHBIM HEMCKAXKCHHBIH YPOBEHB MEpead pma = 19,5 1b, 3ary-
xaans HenuHeiHOCTH B TOHY 8, > 90 nb, a3 > 110 gb; ypoBenp mryma, mpuse-
JIEHHBIA K BXOAY YCWIMTENS py, = -130 nb, BXOJHOE M BBIXOJHOE CONPOTUBIICHUS
135 Owm, rmybuna OOC (o6mrast u mectHbie) 40 nb.

IIponmttocTpupyeM BapuaHT aHaiau3a NPUBEACHHOU cXeMbl. BXONIHOH U BBIXOX-
HOM O-TIOJIIOCHUKHU BBINOJIHEHBI TI0 auddepennuaipHo-mocToBoii cxeme (Tpl u R1,
Tp2 u R13 cooTBeTCTBEHHO). Y CHUIIMTEIBHBIN 3JIEMEHT coOpaH Ha TpaH3ucropax [I-
605A (oxoneunsri kackam) u [1-416b (nmpenBaputenbHbIe KacKaibl) C HEHOCPEICT-
BEHHBIMH CBSI3SIMH MEXAY KackaJgaMu, 4To oOeclieuuBaeT MHHUMYM IIOTEPb YCHIIe-
HUS B MEXKacKaJHBIX Lemsx, noseimienne KIIJ u TpeOyeT MeHbIIero uucia cxem-
HBIX 2JIEMEHTOB. [ crabmin3anny pexxnma OTIENbHBIX KacKaJl0B M BCETO YCHIIH-
TEJIBHOTO 3JIEMEHTA NPHUMEHEHBI OOpaTHBIE CBSA3U I10 MOCTOSTHHOMY TOKY. MECTHasl B
Ka)KJIOM KacKajie 3a CUeT Pe3UCTOPOB B LIEMH YMHUTTEPOB, a TAKXKE 00IIas M1y rep-
BbIM U TpeThbuM Kackagamu (R11+R12, R3+R5) u Mexay mepBbIM U BTOPHIM KacKa-
namu (R1 u R9). Yersipexnomocuuk o6uieit OOC BeimonHen mo ['-o6pasHoii cxeme
Ha pesuctopax R13...R20 B nponosnbHoii BeTBu u R9 — B nonepeunoit Bersu. Ilona-
TOHKa YCHJICHHS OCYILECTBIIIETCS mepenaikoii pesucropos R14...R20. O6mas OOC
— KOMOUHUpOBaHHAs 10 Bxoay u Bbixoay. Castre OOC Ha BbIX0/e 00€CIIeUnBaCTCS
C HY)KHOT'O OTBOJa MepBUYHON 00MoTkM TP2 — mo HampsikeHuto, ¢ pesucropa R13 —
no Toky. Beenenne OOC Ha BXOJie OCYIIECTBIIAETCS. ¢ HYXKHOTO OTBOAA BTOPHYHOU
oomotku Tpl — no HampspkeHwuto, ¢ pesuctopa R1 — mo Toky. IToaronka BxoaHoro n
BBIXO/IHOT'O CONIPOTUBIICHUH ycruinTels (IIPU HACTPOEUHBIX Olepanusix) obecrneyrnBa-
€Tcsl COOTBETCTBEHHO ITyTeM Hepenaek oTBojoB Tpl, Tp2 u monbopomM HOMHHAIIOB
pesucropoB R1 u R13. Mectnas OOC npuMeHeHa TOJIBKO B IIEPBOM KacKaJie Mo TOKY
3a cyet pesucropa R3. /lns obecrieuenus 3anaca ycTOHYMBOCTH IPOTUB CAMOBO30YXK-
JICHUS TPEIYCMOTPEHBI AJIEMEHTHI Koppekiuu et odpatHoit ces3u (Cl...C10,
L1), kotopbie GOpMUPYIOT ONTUMANBHYIO XapaKTepucTHKY cpe3a AUX BHe pabGoueit
MOJIOCHI YaCTOT YCUIIATEIIS.

222



R2

2

| v
Bx.:} — 1 —C6

—_
R8 R11
R9

5
c2
R3
3 Cc4 R12

R1] R4

_|

T

C10
|
[
R14 R15
6o
E—
R16
R20
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13.8. OnepanmoHHbIe yCHINTETU
B almaparype aHAJOroBbIX CHCTEM INepeaavu

Onepanmonssiid yemmutens (OY) sBisieTcss 0a30BBIM 3JIIEMEHTOM MHKPOCXEMO-
TEXHUKH, Ha KOTOPOM CTPOSITCS MHOTHE YCTPOWCTBA COBPEMEHHBIX aHAIIOTOBBIX U
nuckpeTHbIX ycTpoictB ACII.

VYcnoHoe obo3nauenne OV mpuBeneHo Ha puc.13.17,a, rae moka3zaHO HECKOIBKO
CUTHAJIGHBIX BBIBOJOB: HEMHBEPTHPYIOUINHA BXOI |, HHBEPTUPYIOMIUN BXOJ 2 U He-
CUMMETPHYHBIN BBIX0X 3. UeTBepThIil CUTHAJBHBIA BBIBOJI — ‘‘3eMII1” MOXKET OBITh
peanmzoBan ymbo ¢uzmuecku (puc.13.17,a,0,8,r,1), 160 mNOTEHIMAIBLHO (0OITHIt
MPOBOJ OMTIOISIPHOTO MCTOYHMKA), KaK ATO TIOKazaHo Ha puc.13.17,e.

Ecmm Bxox 2 (puc.13.17,a) coequHUTH ¢ 0OIUM BBIBOAOM 4, TO MOXKHO IMOJIYIUTH
OV ¢ omganM HemHBepTHpyOmUM BxoaoMm 1 (puc.13.17, 6), y KOTOpOro BBIXOIHOE
HanpsokeHue Oynetr paBHO U, =KU,,. Jlns OY ¢ HHBEPTHUPYIOIIMM BXOJIOM
(puc.13,17,8) U, = —KU,0. s OV ¢ nuddepennuansabiM BXogoM (puc.13.17,r)
Uk = K(Upy —U,yo). Jist OV ¢ cundasubiM Bxo0M (puc.13.17,1) U, =0.
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Hannuune 1Byx HECHMMETPHYHBIX BXOJOB MTO3BOJISIET CO3/1aBaTh oTpHuareiabayo OC
TOJIFKO HAa MHBEPTHPYIOMIEM BXoJe 2 U nmoyoxkuTensHyto OC - Ha HEMHBEPTHPYIOLIEM
Bxozxe 1.

Cospemensslii OY 3TO clOXXHass MUKPOCOOPKA B BHJE MHKPOCXEMBI, H3TOTABIIH-
BAaeMOW B MHTErpajbHOM HCIIOJHEHHH O MOJYNPOBOJHUKOBOIH TEXHOJOTMH WU CO-
JICPI)KUT HECKOJIBKO NECATKOB TPAH3UCTOPOB, PACCUMTAHHBIX Ha MHTaHHE OT OUIIO-
JsIpHOTO MCTOYHUKA. K coskanieHuto, Jiodasi MHTErpaibHas CXeMa COAEPIKUT MeTall-
JMYECKUe MPOBOAHUKH, OTICICHHBIE NPYr OT JAPYra H30JIATOPOM, YTO NMPHUBOAUT K
MOSABJICHUIO PacIpeiesIeHHON mapa3uTHON eMKOCTH U K UCKaXEHUIO (Craay) 4acToT-
HO#t xapakTtepuctuku ycunenus OY Ha BICOKHX dacToTax. Yactora f;, Ha KOTOpOIt
ycwienue OY nagaet Ha 345 MO CpaBHEHHUIO C YCHUJIEHHEM Ha HYJIEBOM 4acTOTE, Ha-
3BIBACTCS TPpaHUYHON YacToTol “uneansHoro™ (6e3 OOC) OVY. Dta wactoTa, I pas-
T9HEIX THIOB OV, Komebiercs B peaenax HeCKONIBKNX eANHMI Kitorepn. Yacrora,
Ha KoTopoil ycuienue OV manaet 1o 0 nb, Ha3bIBaeTCsl YaCTOTOM cpe3a fcp U JIOCTH-
raeT HEeCKOJIBKUX JECSATKOB Merarepi. THIOBOM BH aMIUIMTYJHO-4acTOTHOM Xapak-
tepuctuku OY mpuseneH Ha puc. 13.18 (rpaduk 1), rae 3uaueHus koddduipenTa
YCUIJIEHHE M YaCTOTHI IPUBECHBI B JOTapu(pMUIECKOM MacuiTade.

Koaddunuenr ycunenne OY ¢ OOC K, = K/(1+Kp), rne npoussenerne K[ no-
NPEXHEMY ONpenessieT NMeTaeBoil koahduuueHt ycunenuns. [Ipu ycnosun K3 >> 1
K Ko = /3. D10 03Hauaert, uto K03 dHu-
et yewiaerus OV ¢ rimy6oxoit OOC

1 HE 3aBHUCHUT OT BEJIMYHMHBI KO3(hULu-
eHTa ycuieHus uaeanbHoro OY u BbI-

pakaeTcs TOJBKO Yepe3 MapaMeTpsl

2 nenu OC. Ha puc.13.18 npuseseHs!
aMIUTMTYHO-4aCTOTHBIE ~ XapaKTepH-
ctuku OV mpu OBYX 3HAUEHUSX TIIy-
6unsl OOC. I'paduky 2 COOTBETCTBYET

. yeunenue K, = 1/ 3 5, a rpaduky 3 —

o f fo  fa Kee=1/f 310 B3>0
Puc.13.18 CxemMa HWHBEPTHUPYIOLIETO YCUIIH-
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Use U Unire

Puc.13.19
temss ¢ OOC mpuBeneHa Ha puc.13.19,a. Ha uaBepTupyromuii Bxon OY momaercs
CHTHAJ, HalpsDKCHHE KOTOPOTO ONPENEISIETCS] CYMMOHW BXOJHOTO M BBIXOJHOTO Ha-
npsoKeHud u genuteneM conpotuBieHnid R1 i R2. Tak xak HEMHBEPTHPYIOUIHHA BXO
OY B 3T0if cXeMe COeIMHEH ¢ OOIINM BBIBOJOM, TO HAIPSDKEHHE HA HHBEPTUPYIOLIEM
BXojie OyAeT paBHO Hymro. B pesympraTte MOXHO 3amucaTh ypaBHenue Usx/R;= —
Usnix/R,, 0TKyma Haxoaum kodddunuent ycunenus OV ¢ rimy6okoit OOC
Koc = Useix/Usx = —R,/R, = 1/,3. (13.61)
Cxema HeunBeptupymomero ycunutenst ¢ OOC npusenena Ha puc.13.19,6. B atoit
CcXeMe BXOJHOW CHTHaJl IOAAeTCs] HEMOCPEICTBEHHO Ha HEHMHBEPTHPYIOIIUH BXOJ
OV, a K HHBEPTHPYIOILIEMY BXOJYy TIOIBOIUTCS HAIIPSKEHUE OOPaTHOM CBSI3U C BBIXO-
qa OY. Tak xak HampspKeHHE MEXIY BXOAAaMHU PAaBHO HYyNIO, TO Ha HEMHBEPTHUPYIO-
wem Bxoje HanpsokeHne Usx = Usnix Ri/(R1+R,), a koaddunuent ycunenust Beipaxa-
eTcs hopMmymoit
Koc=1/B=1+R,/R;. (13.62)

B gactHOM ciygae pu R,=0 u mo6oMm 3HadeHnn R; (kpoMe Hysl) moiydaeM cxe-
MY TMOBTOPHUTEINS HANPSHKEHUS ¢ KoddduieHToM yermneHus Ko.=1.

OtpunarensHast oOpaTHas CBSA3b YMEHbIIAET ycuieHne uaeansHoro OY Ha Benu-
yuny riryouHsl OOC, HO IIPU ATOM YBEIMYHMBACTCS T0JI0CA IPOITyCKaHMs. [ paHuIHAas
4acTOTa IMOJIOCHl MPONYCKaHMsI, BXOJHOE U BbIxoaHoe compoTtusieHus OY ¢ OOC
OTIPEIeNAIOTCS. COOTBETCTBEHHO 110 (hopMyam:

f= fl (1+ KB)7 RBx = R1 (1+ RB)v RBbe = Rl /(1+ Kﬂ) (1363)

Kpome ycunuteneit HampsoKeHUs C 3aJaHHBIMH 3HAYCHHSIMH KOA(G(QHUIHCHTOB
YCHIJIEHHS, BXOIHOTO M BBIXOJHOTO CONPOTHBIECHHH, ¢ momoisio OY (coBMECTHO ¢
PE3UCTOpaMH U KOHAEHCATOPAMH) MOXKHO ITOCTPOUTH Pa3IN4HbIC IMUTAHCHI: KOHBEP-
Tep OTPUIATEILHOTO COINPOTHBIICHHS, BXOJHOE CONPOTHBIEHHE KOTOPOTO MPOIOp-
IIMOHAJIBHO CONPOTHBIICHUIO Harpy3KH ¢ 0OpallleHHeM 3HaKa; THPaTop — YEeThIPEXIIO-
JIOCHUK, 00Jaalomuii CBOMicTBaMH MMHTAlMU MHAYKTHBHOCTH. [ToaTomMy onepanu-
OHHBIE yCHINTENW Hauum npuMmenenue B cxemax ARC-¢wibTpoB, B (mibTpax Ha
nepekivaeMbix KoHnaeHcaropax (SC-¢uinbTpbl) U B GUIBTpax HENPEPHIBHOTO Bpe-
menu (CT-QuabTpbl), Te ¢ UX MOMOIIBIO OCYHIECTBISIIOTCS CXEMbl UMUTALIUK dJIe-
MEHTOB HHIYKTHBHOCTH M CONPOTHBIEHHUH (cM.M1.12). OV mpuUMEHSIOTCS Takke B
CXeMax KOPPEKTUPYIOUIUX YCTPOHcTB, APY, yCcTpOWCTB TENEKOHTPOJIS, TEIeyIpaB-
JICHHS W APYTHX YCTPOWCTB anmapaTypsl COBPEMEHHBIX aHAIOTOBBIX CHCTEM Iepesa-
YH.

225



