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B kuure wusnaraiorcsi ofuiHe METOIB! aHaNH3a
CXeM HH3KOYaCTOTHBIX YCHJHTeJeH, TeOopHs H pac-
yeT yCHJIHTeJeH 3BYKOBOH H BHJIEOYacTOThl Ha 3JeK-
TPOHHBLIX JaMnax H KPHCTaJJHuecKHX Tpuojgax. [la-
10TCSl MPHMEPHl pacyeToB.

KuHra pacCuMTaHa Ha HHXKEHepPHO-TEXHHYEeCKHX
paGOTHHKOB, 3aHHMAIOLUXCSA Pa3pabOTKOH yCHJMTE-
Jel 3JEeKTPHUECKHX CHTHAJOB, @ TaKxkKe MOXeT ObiTb
nosje3Ha CTyJeHTaM By30B H TeXHHKYMOB pajHoOTeX-
HHUECKOro MNpo¢Has.
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NPEOIUCJ/IOBHE

Hu3kouacTOTHbBIE YCHJIMTENM ILMPOKO NMPHUMEHSIIOTCS NMPH
pelleHHH pa3HOOGPA3HBIX 3aJlay COBPEMEHHOM HAayKH M TeX-
HUKH. OHHM SABASIIOTCS HEOThEMJsIeMOH YacTblO BeLlaTesIbHbIX
M TeJEeBH3MOHHBLIX TNPHEMHHKOB, JIOKATOPOB, nNepefaloLUX
YCTPOHCTB, MHOTHX KOHTPOJIbHO-H3MEPHTEJbHbIX MPHGOPOB.
YeuauTenu TNpHMEHSIOTCSI Tak»Ke B 3BYKO3aNHCHIBAIOLIEH H
3BYKOBOCIIPOHSBOJSIILEH anmapaTtype, B CYETHO-pEILAIOLHX
YCTPOMCTBaX, B yCTaHOBKaX JJisi aBTOMAaTH3alW¥ NPOM3BOA-
CTBEHHBIX MPOILECCOB, B MEAHLIMHCKOM annapaType, B npuéopax
L1151 oOHApy»eHHsi JeeKTOB B METAJIHYECKHX WJIH OETOHHBIX
nOHCTPYKLHUSAX U T. JI.

ATOT JAaNeKo He TNOJHbIH NepeyeHb BO3MOXKHBIX IpHMe-
HeHWHl ycHaMTese#d MO03BoJisleT CYAMUTb O pPOJH, KOTOpPYIO
MTPaloT 3TH YCTPOHCTBA B JeJie TEXHHYECKOro Mporpecca
Hale#d CTpaHbl W OCYIIECTBJIEHHS] TPaHJHO3HOH MPOTPaMMBbl,
HameuenHolt XXI cwvesgom KIICC B 3TOM CceMHJIeTHH.

PasBUTHIO M COBEpLIEHCTBOBAHUIO YCHJIMTEJIbHOH TEXHHKH
B 3HAUYUTEJbHOH CTENEHH CNOCOGCTBOBAJM PabOThl COBETCKHX
yuenoix B. H. KosanenkoBa, M. A. DBonu-Bpyesuua,
A. . Bepra, I'. B. Bpayne, O. b. Jlypre, I'. B. Boii-
weuano, I'. C. Uwpikuna. A. A. Puskuna, C. M. Kpuse
¥ MHOTHMX APYTHX.

Oco6ble neperneKTHBH AJsl Pa3BUTHS YCHJMTENbHBIX YCT-
POCTB OTKPBIBAIOTCSI B CBSI3H C NPHUMEHEHHEM MOJIyNPOBOJ-
HHKOBBIX NPHGOPOB, MO3BOJSIIOIMX CO3/laBaTh MaJioraGapur-
HYI0, SKOHOMHYHYIO M HaJleXKHYI0 annaparypy.

Kuura He ImpeTeHjlyeT Ha HCYepNBIBaIOlEe OCBeLleHHe
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BOMPOCOB, CBSI3aHHBIX C PacyeTroM 3BYKOBBIX M BHJEOYCH-

JuTeJiell. OLHAKO aBTOP HAJIeeTCsl, UYTO OHa OKaxKeTcsl M0Je3-

HOMl MH)KeHepaM, TeXHHKaM M CTYJ€HTaM, KOTOphle 3aHHMa-

I0TCSl  pa3pabOTKON YCHJIMTEJEH 3JIEKTPUUECKHX CHIHAJIOB.
3aMeuaHHsi M TOXKeJaHHA 1O JAHHOA KHuTe Npock6a

HanpaBAsiTh MO ajpecy:

r. Kues, INymxuuckas, 28, Tocrexuspar YCCP.

Fnasa |

OB]Ii;lIE CBEJEHUS 0B YCHINTEIAX
HA JJEK1POHHBIX JAMITAX

§ 1. Naaccnpuramusg yeuauredei

Veuautedb MOXKHO paccMaTpuBaTh KaK aKTHBHBIH UeTbl-
PeXMOJIIOCHHK, K BXOIHBIM KJIEeMMaM KOTOpOro MOABOJAHTCS
Bo3GyxAawouii curaan U, a K BBIXOAHBIM MOJKJIOYAETCS
Harpy304yHOe CONpOTHBIIe-

Hue Z, (puc. 1). : 7, A
DHeprus CUTHAJIOB Ha —= =7

Harpy3oyHOM COIpPOTHB- - i

JEHWW TIpeJCcTaB.seT Co- DK Yeuaumens Uz | |%n

6ol  mpeoOpa3oBaHHY IO
SHEpTHI0 HCTOYHMKOB IH-
TaHus YCHJIUTe/s, YIpas-
JNsIEMYI0 HCTOYHHKOM BO3- Puc. 1. Cxema ycunuTesis B o0l1eM BHJE.
6yxnaenus U;. MowHocTb
CHIHAJa Ha BHIXOJle YCHJIUTE/s1 CObIYHO GOJbIIe, YeM N.OLUIHOCTE
Ha BXOJle. DTO KODEHHbIM COpa3oM OTJIHYaeT YCHJIMTENH OT
MaCCHBHbIX YeTH PEXNOJIIOCHUKOB, TAKHX, HAPHMep, K2K TpaHC-
dhopMaTophl, C MOMOL[bIO KCTOPEIX MOXHO MOBBICHTb He MPsKe-
Hye HJH TOK, HO HeJb3sl TNOBBICHTb MOLIHOCTb CHTHZJIa.

UcTouHMKOM BO3GYXKAEHHST YCHIIMTENsS] OOBIYHO CJYMKHT
apanrep, (OTO3JIEMEHT, JLeTEKTOPHBIH KacKaj, BOCIPOH3BO-
AsAwas TONOBKA MarHUTO(pOHA, MHKPO(OH, reHeparop, Tep-
Monapa H Jp.

Harpyskoit ycunurens Zy SIBJSIOTCS Takue ycTfpo#icTBa,
Kak JHHAMHYECKHH TOBOPUTEJb, TPaHC/ALUOHHAA JIMHHA,
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3aMKCHIBAIOIAS TOJIOBKAa MarHuTooHAa, peJse, SJeKTPOHHO-JIY-
yerass Tpybka W T. [.

B 3aBucuMoCcTH OT AMana3oHa YacTOT YCHJHBAEMBIX CHI-
HaJIOB YCHJIUTEJIM HeJAT Ha JBe TPYINMbl.

[lepByto rpynmy, ¢ OTHOCHTeNbHO Y3KOH NOJOCOH YacToT,
XapakTepH3yeMylo HepaBeHCTBOM

of

rae Af —rnosoca yacToT, MPONMYCKAeMbIX YCHJIHTEJIEM;
fo—cpelHsis yacrora AuanasoHa;

Ha3bIBAIOT BBICOKOYACTOTHBIMH HJIH U3OMpATEJIbHBIMH YCHNH-

TEJISIMH.

B 3THX yCHJIMTeNsX HAarpy3Kol SIBASIOTCS KoJieGaTesbHble
Lenyd uJd u36upaTesibHble UETHIPEXMOMIOCHHKH U3 aXTHBHBIX
COMpPOTHBJIEHHH M KOHJEHCaTOPOB.

Bropyio rpynmny, C OTHOCHTEJNBLHO WIMPOKOH IOJIOCOH
YacTOT, XapaKTepH3yeMyl0 HepaBEHCTBOM

Af

"fo—'> 1, (]'2)

Ha3bIBAlOT HH3KOYACTOTHHIMH, WJIH anepuofuueckumu. K HuUM
OTHOCATCSl YCHJIMTEM 3BYKOBBIX YaCTOT M BHJCOCHTHAJIOB.
B 3aBucHMOCTM OT Ha3HAueHHS pPa3JHyalOT YCHJIMTENH
HanpspKeHHs, TOKa M MOLIHOCTH. B ycuiuTensix MOWHOCTH,
o6ecrneynBaOIHX 3aJaHHYI0 MOUIHOCTb B HArPY30YHOH Llend,
YCHJIEHHE HANDSKEHHS HJH TOKa 3HAUEHHS He HMeer.

ITo xapakTepy Harpyskm B aHOAHOH LeNH pasjHyaior
YCHJIMTEJIH peocTaTHEIE, TPaHC(OpMaTOpHble, PEOCTATHO-TPaHC-
(dopMaTOpHBIE H PEOCTATHO-ADOCCENbHBIE. Y CHJIMTENH Hanps-
JKEHHsl uyalle BCero BHINOJHSIOT N0 PEOCTaTHOH cXeme, a
YCHUTENH MOLIHOCTH — MO TPaHC(OPMaTOPHOH.

Knaccuduxanus ycunaHTeNbHBIX CXeM CBf3aHa TaKkXke CO
CnocoGOM BKJIIOUEHHST MCTOYHMKA BO30GYXKJEHHs M Harpysod-
HOTO CcOnpoTHBJeHYs. B jaMnoBeIX cxeMaxX CYyILeCTBYeT TpH
BO3MOXHBIX BapHaHTa BKJIOUEHHH, KaXKAbIH M3 KOTOPHIX Xa-
pakTepusyercss TeM, hakasi TOYXa CXeMbl siBJsieTCs OOULeH
Jl'1s1 HICTOUHHM KA BO36YKJIeHUST U HarPy304HOTO CONPOTHBJIEHHA.

OGueit TOYKOH, KOTOPYIO OGBIUHO COEAUHSIOT C LIACCH
(3a3en.1s110T), MOXKeT GbiTh Kartoj, aHOA MJM ceTka. B coot-
BeTCTBHH C 3THM pa3JMyaloT YCHJHTeJbHble KacKaabl ¢ 00-
[IMM KaTOMOM, OOLIMM aHoZoM M ofuiell cetkoit. Haubosbinee
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pacnpocTpaHeHHe [MOJyuyHJia CXeMa YCHJIMTEJbHOTO Kackana
¢ OOIMM KaTOJOM.

YeuauTeau, kpome TOrO, AOMOJHHTEIBHO KJiacCH pUIHpY-
0T N0 KakuM-au6o crelupuyecKuM OCOGEHHOCTSIM CXEeMbl,
HanpuMep, ycuJauTesnd C o6parHOil CBSI3bI0 M 6e3 Hee, C KOp-
PEKTHPYIOI[MMH 3JIEMEHTAMH M 6e3 HHUX, OJHOTAKTHhE W
JIBYXTaKTHbie, OaslaHCHbIE, napagassele ¥ T. J.

_ | Younumenb Yeunumens L
W)Uy | Hanpaxerus MOWHOCMU 1{2 Zn
a
| Yeunumens lpedoxoHey- OK0riesHbId )
i Uy | nanpsmerus| Hbld Kackad Kackad Us Zu

- —

L{ens
o00pamHou
—_— cbasu —_

Puc. 2. Baok-cxeMbl YCHJIHTEJS:
a — 6e3 o6paTHON CBsI3u; 6 — C 06PATHOI CBsI3pIO.

B GONbIIMHCTBE CJYyYaeB OJAWH YCHJAMUTE]bHBIH Kackaj
He MoxKeT cGecreyuTb Ha BbiXofe HeoOXoAumoro s(ekra.
TosToMy yCHJHTENb OOBIYHO COCTOHT M3 HECKOJIbKHX Kacka-
JIOB, COeJMHEHHBIX TaK, YTO BBLIXOJHOH CHTHAJ NpeAbAYILero
KacKajla TMOJBOAUTCS KO BXoay nocsefytomtero. [lepsuiit kac-
K3Jl HJM HECKOJIbKO KacKajoB yallle BCEro siBJAIOTCS YCHJIH-
TeJsIMH HanpsDKeHHsl, a BbIXOJHOH (OKOHEUHbH) fIBJSETCS
YCHJIMTENIEM MOLIHOCTH.

OpfuH U3 pacnpoCTPAHEHHHIX BapHaHTOB G.0K-CXeMHI
ycuauTeas NokasaH Ha puc. 2, a. Mwmetores ycunuren,
paGoraloie Ha Harpysky, Kortopasi NOTpeGusieT He3HauH-
TeJbHYI0 MOLIHOCTb, a TPeOyeT 3HauHTeJbHBIX Hanps»KeHuH.
B stoM cayuae HeT HEOGXOAMMOCTH MPHMEHSITh YCHJIMTE/b
MOLIHOCTH. B MOUIHBIX YCHJIHTEJbHBIX YCTPOHCTBAX OKOHeu-
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Hble KacKaJbl pa6oTaloT C CETOYHBIMH TOKaMH H, CJieJOBa-
TEJbHO, HX BXOJHHIE IleMH NOTPeC/IAI0T HEKOTOPYIO MOLHOCTD,
KOTODYIO He MOeT 00eCneyHTb Kackaji yCHJeHMsl Hanpsixke-
uua. Jlis BO3OYXKJAEHHS OKOHEUHOro Kackaja Tpebyercs
YCHJIMTE/b MOLIHOCTH, HAa3bIBAEMEIf1 11P€ JOKOHEYHbIM KacKaACM.

CoBpeMeHHbIe YCHJHTE/bHblE YCTPOHCTBA B 60.1bIMIMHCTBE
CJlyyaeB BBIMOJIHSIOT C OTPHIATEJNbHOH 00paTHO# CBf3bIO,
T. €. CHFHAJ C BBIXOAA YCUJIMTENS] MOCTYNAeT Ha ero BXOJ
B NpoTHBO(ase ¢ BXOAHBIM curHasoM. OTpuuarenbuasi 06-
paTHasi CBSI3b 3HAUMTENbHO MOBHILIAET KAYECTBEHHblE MOKa-
3aTesid  yCHIIUTeJs.

Onun M3 BapuaHTOB GJIOK-CXeMBI YCHJIMTENS C OTpHLa-
TeJbHCH cOpaTHOM CBSI3bIO MOKa3aH Ha puc. 2, 6.

§ 2. OcuoBHEE mOKa3aTeJN, XapAKTePHIYIOMHE yCHINTE. I

Ilns OlEHKH TeXHHUYeCKHX CBONCTB H CPABHEHMsl YCHJIH-
TeJed PasHLIX THMIIOB B yCTAHOBHBLIEMCSI PEXUME HX Xapak-
TEPU3YIOT LeJBbIM DSAOM NOKa3arejefi: AHanasoHOM YacToT,
KO3(D(MHIIHEHTOM YCHJIEHHsI, 4acTOTHBIMU, (Aa30BHIMH M HeJH-
HeHHBIMH HCKaXKeHHSIMi, BBIXOJHOH MOIIHOCTbIO, K. M. .,
IMHAMHYECKHM JHana3oHOM.

B oTAenbHBHIX cayuasix He HYXKHO yKa3blBaTh BCe Mepe-
yucJeHHble TNoKasaTend. Hanpumep, B ycrpoiicTBax, npes-
Ha3HaYeHHbIX JiJifl YCHJIEHHSI PeYd WJH My3blKH, HECyIlecT-
BeHHBl (Da30Bble MCKaXKeHHsl, B KaCKaflaX YCHJIEHHS] Hanps-
JKEHHUSl YacTO He YKa3blBalOTCS HeJIHHEIHble HCKaXKeHHs H.IH
K. N. . U T. A. MHorga [/ OLEHKH YCHJMTENS HYXKHBI
JONOJIHUTEJNbHBIE Crieln(pHUeCKHe JaHHblE, HAallPUMED, JaHHbIe
0 XapakTepe H NPOLOIKHTENBHOCTH HECTAllHOHAPHBIX SIBJle-
HMH, M3MEHEHHs] HaNpsIKeHHs] Ha BBIXOJle YCHJIMTENSI NpH
cOpoce Harpyssu u Ap.

JdnanmasoH 4acCTOT—3TO HHTEpPBaJ YacToT, B Mpe-
JilelaX KOTOPOTO YCHiuTeNnb paboTaeT HOPMasbHO W He BHO-
CHT HCKaXKeHHH, MpPeBbILIAIOIUX 3ajaHHble. B ycuaunrensx,
npeJHa3HAUYEHHBIX TOJBKO JJIsI YCHJIEHHsSI PeuH, JOCTATOYHO
Xoporast pa3bopuliBocTh obecrieunBaetcsi B fruanasone 200 —
3000 ey, B ycumuteasix paguoBemanusi 80 — 5000 ey, B
YCTaHOBKaX 3BYKOBOrO KHHO — mopsiika 60— 10000 ey, B
HEKOTODHIX TeJjleMeXaHHYeCKHX YCTAHOBKAaX JAMaNasoH orpa-
HuuuBaercst yactroramuH 10— 1000 xey, B TeseBH3HOHHBIX U
JIOKAllHOHHBIX YCHJIMTENSIX OT HECKOJbKHX AeCATKOB repll
[0 HEChOJbKHX Merarepil.
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Kosbduuuentom ycuiaeHHs K Ha3bBaeTcs OTHO-
[IeHHe BBIXOJLHOTO HANpsXKEHHSl YCHJIHTENS U, (puc. 1) x
BXOJHOMY Hanpsukenuo Uj

Uy

Uy’

[TockosbKy YCHIMTEb SBJSIETCST UETHIPEXMOJIOCHHKOM, CO-
IepXKalluM Kak aKTHBHblE, TaK M PEAKTHBHbIE S/EMEHTHI,
HanpsiKeHue Ha BhiXofie ycwiutens Up B cOlieM ciyyae ne
coBnajaer no dase ¢ HanmpsxenneM Ha Bxoze Uy, BCJenCT-
BHe uero KO3(Q(HUHUEHT YCHJIEHUS SIBJISETCS BEJHYMHOH KOM-
HJIEKCHOH

K=K +iK.=] Ki+tKi?=Ke® (13

rge K; —neficTBHTebHAS YaCThbKOI(pHUIMEHTA YCHIICHHS,
K, —ero MHHMasi yacThb;
K — Mopynb; . . _
¢ — (ha3oEbili yron Mexjy Hanpsokenusmu Uy u U,.

Ha npakTHKe uamie BCEFO MHTEPECYIOTCS MCAYJeM Ko3p-
(MIMEHTa YCUJIeHHs], KOTOPbIH HHOrjJa 3aMeHAIOT TePMHUHOM

«yCHJ/IEHHEY. -
Eciu ycumuTesb COCTOHT M3 HECKOJBKHX NOC/e0BaTeb-

HO BKJIIOUEHHBIX KackajioB N, TO AJs onpefesieHHs] MOAYJs
obuiero Ko3(pUIMEHTa YCHIeHH ST HY2KHO NePeMHOKHTD MOLY~
A4 KO3(h(HMIHEHTOB YCHJEHHsl COCTaBJISIOIUX KaCKalOoB

K=K Ku-Kwm -.. Kn. (1-4)

B pajioTexHUKe pacrnpocTpaHeH cnocol OUEHKH pasJHy-
HBIX YPOBHEHl CJHOTHIIHBIX BEJHUMH OCOOBIMH JIOrapH(Mu-
yeCKHMH eMHMLAMH — feliubenamu. B peunbenax y;(oGHUo
BHIpaXKaTh OTHOIIEHHe HANpsKeHWi, TOKOB HJIH MCIIHOCTEH.
Bo MHOrux cayuasix Ko3(pGhHIHEHT yCHIEHHs] TaKKe Ilene-
coo6pasHo BbpaxaTb B Jielubenax

K =201gK.

Kosh}uLHeHT YCHJIEHHS MHOrOKacCKajHCrO YCHJHTE1sd,
BhlpaXxkeHHbIl B Jleliu6esiax, paBeH CyMMme K03(p(UIHENTOB
ycuJenuit B felu6esaX COCTaBJISIIOMMX KackeJloB

haos = Kias + Kuos + - - - Kvoe- (1-5)
9



B peanbubix ycrpoiicTBax B OJHOM Xackaje Ha Jsamie
WM KPHCTAJLIMYECKOM TPHOAE MOXKHO MOJTY4HTE k03¢ pULLHEHT
YCHUIEHH S Jo HECKOJIbKHX COT eJvHHL, aB MHOT'OKaCKaJHb!X
YCHIMTENISIX — JO HECKOJBKHX MHJUIHOHOB.

UacTOTHBE MCKaXeHH A BO3HHKAIOT B YyCHJIHTE.IE
NpH HEOJMHAKOBOM YCHJEHHH CHTHAJIOB pAa3JHUHbIX uacToT.
Kos()buLMeHT YCHJIeHHs B 3TOM ciiyuae SBJAETC:H CII0XKHO
dyukuueii yacrorsl — K (f). Tpacduk, noka3bBalOUINK 3aBHCH-
MOCTb KOS(HUMEHTA YCHJIEHMSI OT YacCTOTBI, Ha3bIBAETCH

Puc. 3. YacToTHass XapaKTepHCTHKa YCHJHTEJ.

YACTOTHCH XapPaKTEPUCTHKON YCHJIMTENs (puc. 3). YacroTuble
WCKaXKeHHsl OTCYTCTBYIOT, €CJIM XapaKTepHCTHKA sABJIACTCH
FOPU3OHTANBHO NPSIMON (mvuust @6), npu BCeX OCTajbHBIX
BHJlaX €e YCHJITEJb BHOCHT YacCTOTHHIE HCKaXKCHHsI.

J1isi KOMMYECTBEHHOH OLEHKH HCKaXKEHHUH BBeJEHO IOHSf-
THe KO3(p(HIHEHTa YaCTOTHBIX uckaxkenuit M, KOTUOpblﬁ
npejcTaBJ/sieT COGOf OTHOLIEHUE YCH/EHH: Ha cpefHed ya-
crore Ko K ycunenuio K Ha HaHHOH uacToTe f

K, )

OGbIYHO HAUGOIBIIME YACTOTHBIE HMCKaXKeHHsl BOSHHKAIOT
Ha TpaHMIlIX JHanasoHa yacToT fu u fs. Kospuiuentsl
yaCTOTHBIX HCKasKeHHH B 3TOM CJyuae paBHBI

M KO . M KO
H — KH ’ B KB .

M3 onpefeiennst Ko3(iluenTa YacTOTHLIX HCKaXeHr it
cnenyer, uto ecmi M > 1, TO uacToTHas XapakTepHCTHKA
B 06sacTH JaHHON yacTOTBl 3anajaer, eCjH M < | — umeer
NoJ bEM.
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[pu moc/eoBaTebHOM COeJHHEHHH HECKOJBKHX YyCHJIH-
TeJIbHBIX KacKajoB o6l KO3((QHIHMEHT YaCTOTHBIX HCKa-
JKeHuil paBeH NPOM3BEleHHI0 KOIDHHLHEHTOB UACT OTHBIX
HCkaXKeHHIl COOTBETCTBYIOLIMX YCHJIMTENBHBIX KacKaJoB

M= My -Mn-Mur...Mn. (1-7)

CrenoraresnbHO, UaCTOTHbIE MCKaXKeHHsl, BO3HMKAIOLIHE B

OJIHOM KacKkaje YCHJHTENs, MOTYT ObiTb CKOMIEHCHPOBAHEI
B JIDYTOM, uTOObl OGUIMH KOS(OUIMEHT YaCTOTHBIX HCKaxKe-
HHMil He BBLIXOJHJ 3@ Npefiebl 2aJAHHOTO.

KoshHIHEeHT yaCTOTHBIX HCKaMeHHUH, TaK e KaK H Ko3¢-
GbuIMEeHT YCHJIEHUS, YacTO BEIpaXKaloT B JAelluGenax

Mo = 20 lg M.

B ciyuae MHOTOKACKaJHOTO YCHJIMTENsSl OH DaBeH
Mas = Miss +Muas + . - - Mas. (1-8)

UacTOTHBIC MCKAXKEHUSI OTHOCSITCS K HCKaXKEHHsIM JIHHEH-
HOrO XapakTepa, MO3TOMY CHCHaJ Ha BBIXOJe YCHJHTeJs He
COJICPXKHMT HOBBIX YacCTOT (He MOJABEJCHHBIX KO BXOJy), H3-
MeHSIeTCsl JHIIb COOTHOLIEHHE MEXKJY aMIIUTYJdaMH KOMIIO-
HEeHT BXOJHOrO CHrHana.

MCTOUHHKAMHM BO3HMKHOBEHHSI YaCTOTHHIX  HCKaXKeHHui
SIBJISIIOTCS] PEAKTHMBHBIE 3J1EMEHTBI, BXOJSUIHE B TPAKT YCHJIH-
Tesst (KOHAEHCATOPhl, JPOCCEJIH, TpaHchopMaTOphl, Napasur-
uele emkoctH). ConpoTuBJeHue TaKHX 3JIEMEHTOB  33BH-
CUT OT YaCTOTH, CJIe[IBaTeJIbHO, OT HaCTOThl BO30YKIAIOUHX

CHTHAJIOB 33aBHCUT TaK K€ BBIXOJIHOE Halpsdxedue U2 H

kos(pduuuent ycurenus K.

B ycuautensix 3BYKOBOTO fAvYanas3dHa YacTOTHBIE HCKaXe-
HHSl HM3MEHSIIOT TeMGp 33yYaHHdA, a B TeJIEBU3UOHHLIX —
YMEHBIUAIOT YETKOCTb W300paKeHHst

VX0 yes0BeKa, KaK [10Ka3a.d HCCIEeJ0BaHMs, HE BOCIpH-
HUMaeT YaCTOTHBIX HCKajKeHWH, eCqM HX BeJIHYMHA He TMpe-
Bbimaer npumepHo + 306 (M =07--1,4). B Trenesusu-
OHHBIX YCHJUTEJNSIX [0 COBDEMEHHBIM JAHHLIM  YaCTOTHbIE
ycKakeHust Jomyckaiores B npefenax: M, = 0,6+ 1,5; M, =
=0,75=+1,25.

da3oBHe HCKaMeHHUs, TaK K€ Kak H YaCTOTHHIC,
SBAAIOTCS HCKAXKEHIISIMH JIMHedHOro Xapakrtepa. JTH HCKa-
JKEHHS] TECHO CBfA3aHbl C YACTOTHBIMH TaK Kak INpPHYMHA HMX
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NosIBJeHHs] 0flasi — HaJuude B TPaKTe YCHJHWTeJs YaCTOTHO-
32BUCHMBIX 3/1€MEHTOB, BHISHIBAIOIIHX (Da30ELIe CABITH MEXK-
LY BXOJHBIM M BbIXOAHBLIM HanpsieHusiMH. BemnunHa 3THX
C/IBUTOB M3MeHSieTcsl MPH M3MEHEHHH 4aCTOThl BXOJHOTO CHT-
nasa. ['paduk, NOKasbiBAIOUHA 3aBHCHMCCTb BEIHUHHBI ¢a-
30BbIX CABMIOB MeXJY BXOJHBIM H BBIXOJHBIM HAamNpsKeHH-
simu ot yacToThl ¢ (f), HasbiBaeics (a3oBOH XapaKTEPHCTHKOM
yeunutens (puc. 4).

[Tox GasoBbIMH CABHTaMH B YCHJIHTEJE CBLIYHO MOAPAa3y-
MEBaIOT JIMILb CBHTH, CO3/laBaeMble PeaK THBHBIMH 3/1€MEHTAMH
ycuautensi, a noBopot (asbl JaMnoii MM KPHCTAJTHUIECKHM
TPHOJIOM BO BHHMaHWe He IPHHHMAETCsl. ®a3z0Bblil  CHBUT

¢4 o) MHOTOKACKaIHOrO yCHJIH-
ﬂ Tesisl paBeH anre6panuec-
2 fo f Koit cymme  (Pa30BHIX

CABUTOR, BO3HHKAIOLIKUX
B OTJeJbHBIX KackajaxX.
CnyxoBcit  annapat
yeJiOBEeKa NMPakTHYECKH HE
~8“;§< BOCNIPHHUMAeT  (pa3oBbIX
L\ > HcKaKeHHWH, TO3TOMY B
Puc. 4. ®a3oBasi XapaKTepHCTHKA yCHJHMTEISIX  3BYKOBOM
YCHJHKTEJIS - nporpamMmbl (a3oBLIMH HC-
KaXeHHsSIMH MOXKHO He
uHTEpecoBaThCs. B ycuiuTensix JIOKAUHOHHBIX, TE/EBH3H-
OHHBIX H IPYTHX, IPeJIHAa3HaUeHHbIX AJIfl YCH €HHS BH3YaIbHO
pa6niofaeMblX  CMTHaJoB,  (ha3oBble HMCKAaMKeHHst becbMa
CYIIECTBEHHBI, TCCKOJIBKY OHH H3MEHSIOT dopMy cHrHana.
daz0Bbie HCKar<eHMsl OTCYTCTBYIOT He TOJbKO TOTA4,
KOTJa MEXJY BXOJHBIM M BBIXOJHBIM HENPSKEHHAMH HET
(ha3oBBEIX C/IBMIOB (¢ = 0), HO W TOT7A, KOrjia (asoeas xa-
paKTepHCTHKA JHHeilHa H MPOXOAUT uepes Hauas 0 KOOpJHHAT,
T. €. NOJUHHSETCS YPaBHEHHIO ¢ = —1f (puc. 4). Jloxkaxem
BHICKA3aHHOE MOJIOXKEHHUE.
BxcjHoe HanpsiKenHe, NpeACTaBJsiolee co60# CJIOXKHBIH
CHTI1aJ, MCIKHO 3anyucatb B BHJE

=2
fa

j=c0

Uy = 2 Uim sin (2t + $3), (1-9)

i

rae Uiy fir §; — COOTBETCTBEHHO aMMJUTYAA, HacTord H da-
3a (-0ft TapMOHHKM BXOJHOTO HAlPSIKCHHS.
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CuuTasi, uTO BCe TapMOHHMKH ycuiusaiorcs B K pas, H
fIpHHSB BO BHHMaHHe YCJOBHe ¢} = — <f;, 3anuiueMm Hamps-
JKCHHe CHMTHa/ja Ha BBIXOJE B BHJe

j=o0

Uy = Kgl Uim sin (2nf; 4+ &; + )

WIH _
tp =KX Uimsin[2=f; (¢ —) + il (1-10)

Conocrasus Buipawenust (1-9) u (1-10), BHAuM, Y4TO BHI-
XO[HOf CHUTHAM COXpaHsieT Ty e (opmy, 4TO H BXCAHOH, HO
ycuien B K pas u OTCTaeT OT BXOJHOTO CHTHA/A HA BPEMs T.

B peanbHBIX cXeMax ()a3soBYIO XapaKTEPHCTHKY CTPEMSTCS
NpHGIM3WTh K HJea/IbHOM, ONUCHLIBAEMOH PAaBEHCTBOM ¢ =
= —f (puc. 4). [pu oueHke (pa30BHIX HCKaMKEHHH BAXKHDI
He aGCOMIOTHBIE SHaueHMs (Pa3dBBIX CABHIOB, 2 OTKJOHEHHS
peaTbHOf (ha30BOH XapaKTEPHCTHKH OT HJEA/bHOMH. B Tene-
BU3HOHHBIX YCHJHTENsiX K (Qopme ($a3oBofi XapaKTepHCTH-
KH MpefbSBJSIOT Cefyioue TpeGoBaHus: B 06/IaCTH HU3-
KMX yacToT jonyckaercss Agy = 2—3%, Ha BBICOKMX 4acTo-
tax — Agg < 60°. TlposiBnsiiorcss  (ha3oBble  HCKaXKeHHs HA
TeIeBH3HOHHOM M300paXKeHHH, [JaBHbIM 00pasoM, B BHJE
JBOEHHS KOHTYPOB M CMEUIEHHsi TpaHHIl pasjiesia TEMHOTO
H CBeTJIOro.

OlenKa KaueCTBEHHbIX MOKasaresiell yCHJIHTe el He BCersa
TIPOM3BOJUTCST MO YACTOTHBIM H (ha30BBIM XapaKTePHUCTHKAM
(CTalHOHAPHBIM), OCHOBAHHBLIM HA HCIOJIb30BAHUH FapMOHUYEC-
KUX (4acTOTHBIX) NpejcTaBienuil. CTalMoOHapHblE XapakTe-
PHCTHKH YZJOGHB TEM, YTO OHH JIETKO MOTYT GbITh TMOJYYEHbI
3KCMEPUMEHTAIbHO, HO OHM JHUIb KOCBEHHO XapaKTepPH3YIOT
(GopMy CHTHajna Ha BHIXOJle YCHJIHTEJS.

Jnsi OLeHKH YCH.IMTEJEH BUACOCHTHAJIOB YAoOHEe Mojb3o-
BaTbCSl MNpEJACTAB/JIEHHAMH MPOLECCOB HENOCPEJCTBEHHO BO
BPEMEHH, T. €. B OCHOBHOM IO TAaK Ha3blBaeMOH NepeXoiHOi
xapakTepucruke (eM. ri. 5, § 1).

HenuHueliHB e MCKAaXeHHs BOBHHKAIOT BCJIEJCTBHE
HaJMuMsl B TPaKTe YCHJEHHS HEJMHEAHBIX 3JIEMEHTOB: Jiamn
KPHCTa IJINYECKHX TPHOJOB, TPAHC(HOPMATOPOB HIH Ipoccesneti
C KeJe3HbIM ceplledHHKOM. MckaxkeHust B TpamcopmaTopax
H [pocce.IsiX 06yCJIOBIeHEl HeTHHEHHOCTbIO K PHBOI HaMarHHyH-
paHust B (H) ¥ OGBIYHO 3HAUMTEJNbHO MEHbLIKE, YeM B Jamnax
(MM KPHCTAJUIMYECKUX TPHOAAX).
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OGpasoBanue He/iMHEAHBIX HCKAXEHUI B YCHIMTENsIX NIPeJi-
CTaBJIeHO HA rpaduke (puC. 5), HAa KOTOPOM MNOKa3aHA Xa-
PAKTEPHCTHKA JaMnbl i, (Uc), TapMOHMUECKHH BO36YKja-
IOUHH CUTHAN Uc(wf) M aAHOAHBIA TOK i, (wf), HCKaXKEeHHBIH
BC/IEJICTBHE HEJIMHEHHOH XapakTePHCTHKH I, (uc). OueBHAHO,
YTO CHEKTP AHOAHOTO TOKA, @ 3HAYUT M CIEKTP BBLIXOLHOTO
HaNpsikeHUS YCHJIHTENs] OYAYT OTJMYAThCS OT YaCTOTHOFO
CIIEKTpa CHMrHA/ja Ha BXOJe, T. €. Ha BBIXOJAE YCHJMTeNs O-

! !
T/'4 V2 SATT

Puc. 5. ['paduk, usobpaxkaiomuii 06pasoBante HeJHHEHHBIX HCKAXKEHHH.

SIBAITCSl HaNpPSIXKEHUsl HOBBIX YAaCTOT, KPATHBLIX YACTOTE BXOJ-
HOTO CHTHasa M HasbiBaeMbiX o6eproHamu. Tak o6crouT neno
B PC[IKOM Ha INpPAKTHKE CJyuyae YCHJIEHHS YHCTO TapMOHH-
yeckoro kosiebanus. [lonoxenne sHauutenbHo yeyry6asercs,
€C/IM YCHJIEHHIO TOJJIEXHT CJIOKHBIH CHTHAM. COJepIKalHii
XoTsi Obl B4 TAPMOHMYECKHX KOJIeGaHMs 4acToT f, H fo.
B 3TOM cnyuae, kak NoxkasblEalOT HCC/EJOBAHHS, HA BBIXOJE
YCHJIUTEJIST TMOSABJISIIOTCS He TOJIbKO CHT'HAJIbl OCHOBHBIX TOHOB
f1 v fa u ux obepronsl 2fy, 3fy....2f, 3fs. .., HO Takke
CHTHaJIbl KOMOMHALMOHHBIX 4acToT fx = af; 4 bf,, rhe a u
b=1,2,34....

Ilpu nepepaue peun WM My3biKH, KOrjia BXOAHOH CHIHA.
COCTOMT M3 GOJIbILIErO YHCJIA KOMIIOHEHT, BCJEACTBHE HEJH-
HEHHBIX HCKaXXeHHIl MOSIBUTCS MHOMXECTBO KOMGHHAaLHOHHBIX
YacTOT, YTO 3HAYMTEJIBHO YXYJLIAET KauyeCTBO 3BYKOBOH Ie-
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trersseran

penaun; cnabee CKasblBalOTCA HeNMHeHHble HMCKAaXKEeHUsl TNpu
yCHJIEHHH TEJIeBUSHOHHOH MPOTpaMMbL.

JIns OUEHKH HeNHHeHHbIX HCKaXKeHHH NMpPUHAT k03¢ duLu-
eHT HeJHHEHHOCTH

Pit Pt Pit .. )
ki::V 2 3Pl 4 , (1 ll)'

rae Py + Pg + Py + . . . — CyMMa 3JIGKTPHYECKUX MOIIIHOCTEH,
BbileJISIeMbIX Ha Harpyske TapMOHUKaMH, NOSIBHBIIAMHMCSH B
pe3ysibTare HEJIHHEHHOrO YCHJEHHS;

P; — 3JIeKTpHyecKast MOILIHOCTb NMePBOH TapMOHHMKH.

EcaM COMPOTHBJEHHEe HArPy3KH NPHMEPHO OJAHHAKOBO
J71s1 OCHOBHOM 4aCTOTHI M BBHICIIMX TapPMOHHK, TO j(oabe)uun-
€HT HeJHHEHHOCTH MOXKHO BbIPasHTb uepe3 JeHCTBYIoLiHe
MM aMIUTHTYJHblE 3HAUEHHS] TOKOB HJM HamNpsKeHun cJe-
IytouumM o6pasoMm:

Vi+i+... V lom+ lom+ -

1 . llm
VUitlUit... Y Um+Unt-..
k= U, = Uim
Kos()HLtHeHT HeJMHEeHHOCTH OObIYHO BBIPAXAOT B NPOLEH-
TaxX, NO3TOMY TNOJMYYEHHYIO BEJIHUMHY CJIelyeT YMHOXHTb Ha
100. Tlpu k; < 2—3% ucKakeHHs: MYy3BIKaIbHOM NpPOTpaM-
Mbl He Npoc/yluBaloTcs. B peanbHbix YCH/IHTENAX 3BYKOBOIA
nporpaMmel  k; GbiBaer mopsaaxa 3—10%, B TeseBH3HOH-
HBIX ycHauTeasix — fo 12—15%.

Kos¢duuuesT HelMMHeHHOCTH MHOTOKaCKafHOro yCHJHTe-
71 B 1eJOM MHOrJa ONpeJesisiioT Kak CyMMY KO3({HIMeHTOB
HeJIMHeHHOCTH OTHEeAbHBIX KackaJoB WM y3JjoB. Hec6xonu-
MO MMeTb B BHJY, uTO (ha3bl pa3jHUHBIX KOMIOHEHT Ha pas-
HBIX yuacTKaX TPakTa YCHJIHTENsi OTJIHYAIOTCs APYT OT ApY-
ra M TakoH pacyerT JaeT HECKOJBKO 3aBLILEHHBIH DesyJbrar.

Hecmorpst Ha TO 4TO KOS(MDHUHEHT HETHHEHHOCTH LIMpO-
KO NPUMEHSIETCS] Jisl OLEHKH HeNMHeHHBIX HCKaXKeHHH, OH
BO MHOTHX CJYyYasX HENOJHO OTpaxkaeT (haKTHYECKHE HCKa-
JKEHUS U JHMIIb KOCBEHHO XapaKTepHU3yeT HHTEHCHBHOCTDb
KOMOMHALMOHHBIX YaCTOT, OCCOEHHO CHJIBHO BJIMSIIOIUMX Ha
KauyeCTBO YCHJIHEaeMOH 3BYKOBOH NpOTpaMMBbl.

Ta e BenMuHMHA K; B DPasHbBIX CJy4yasX COOTBETCTBYeT
pa3THUHOM CTENeHH MCKAXKEHHOCTH MPOrpaMMbl W He YUHTI-
Baer (ha3 FapMOHHMK. OTO HECYLIECTBEHHO J/Is1 yCH/HTeJ el
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3BYKOBOH MpOT'paMMbl, HO BecbMa Ba)HO [/ YCHJHTeJed
TEeJEBU3HOHHBIX, JIOKALMOHHBIX, OCLHMJJIOrpapUIeCcKHx | T.II.

B HekorophiX cayuasix Koa(ppUIHEHT HeJHHEHHOCTH Onpe-
JeI1I0T He 10 CyMMapHOH MOLIHOCTH BceX FapMOHHMK, a Mo
OTHeJbHBIM rapMoHHKaMm. Tak, Hanpumep, ko3phHIHEHT He-

JIMHEHHOCTH MO BTOPOH TrapMOHHKe Rj, = %l", no TpeTbel
m

lsm
kia =7;n uT X
BoJiee NoJiHYIO OLEHKY HEJUHERHBIX MCKarKeHU[l, BOSHHKA-

IOLIKX B yCHaHTe e, faeT fuddepeHunalbHbIf GpakTop, yuuThiBa-
ol KOMOMHALMOHHBIE YacTOTHI

U

kf;md):—({—;f—]ﬂ. (1-14)
Meton onpepenenusi storo (aktopa CJHOXKHEIA, TaK Kak AJs
H3MepeHHS Rj gup KO BXOLY HCIBITYEMOrO YCHJIUTENst NOABO-
AATCA KoJe6aHUsl OT JIBYX MCTOUHHKOB C YacTOTaMH f; H [,
a Ha BBIXOJle yCHJIH1€/1s BKJIIOYaeTcsi yCTPOHCTBO, € NOMOLLBIO
KOTOPOT'0 MOXKHO BBIJIEJIHTb H H3MEPHUTb HaNpsixKeHHsl 4yacTo-
THl f; U PA3HOCTHOH YacToThl f, — f,.

Boixognasa MomHOCTh P_ sABIsleTc OJHHM M3
OCHOBHBIX MapaMeTPOB, XapaKTepH3YIOUIHX YCHJIMTE]b MOLL-
HOCTH. P_ —3TO 3JleKrpHuecKasi MOLIHOCTb, KOTOpasi Bbifie-
JISIeTCSl Ha Harpy3ouHOM CONpPOTUBJIEHUH YCHJIHTeNS] H 3aBH-
CHUT OT YPOBHSI BXOAHOro curHana. OGbIYHO YCHJIMTEJH Xapak-
TEPU3YIOT MAKCHMAJIbHOH MOIIHOCTBIO NPH COOTBETCTBYIOIIEM
3HaueHUH Ko3ahduuueHTa HeIWHeHHOCTH, HAaNnpHMep, BLIXOA-
Hasi MOILIHOCTb ycHJMTesst Ha Jamne 6I16C npumepHo paBHa
4 em npu k;=~5% u 5 em npu k; ~8%.

B HekoTOpHIX c/lyyasiX HHTEpecylOTCsl He BBIXOJHOH MOLL-
HOCTBIO, a BEJIMUMHOH BBIXOZHOIO HANpsKEHUs WJH TOKa.
[Tpn sToM TakKe cJefyeT YYHTHIBATb CTeNeHb HCKAXKEHHs!
(dopMbl ycuJeHHOro curhaja. Ilosromy, Koraa ykasbiBaercs,
HanmpuMep, BHIXOJHOe HANps:KeHHe YCHJHUTeNs, TO NojpasyMe-
Baercsl HanboJiblliee BO3MOXKHOE BBIXOJHOe HanpsiKeHHe MNpu
JONMYCTHMBEIX HEJHHEHHBIX HMCKaXKEeHWsiX.

Kosdduuunent nonesnoro geficTBuda (K. 0. 1.)
% SIBJISIETCS] CYILECTBEHHBIM MOKa3aTeseM YCHJHMTeNeH MOLIHO-
cti. B ycummTensx HanpsiKeHMs 1 NPAKTHYECKH pOJM  He

urpaer. [loJHbl# K. o A.
P

TNobw, =— m.

16

rae P- — KoneGare/ibHasi MOUIHOCTb. BhIJE/JsIEMast B HArpy3Ke;
Poou — MOUHOCTB,  moTpeb.isieMasi OT BCeX HCTOYHHKOB
MHTaHUS.

Yacto uHTepecyroTcst KOI(POHLHEHTOM N0JIe3HOro AeHCTBHA
TOJIBKO N0 aHOAHOW LUeNH JIaMIMbl, HJIH TaK Ha3blBaeMbiV
3MEKTPHUYECKUM K. I .

pP_
=35>
. o
ra° P_ — koJse6aTtesibHasi MOIIHOCTb B @aHOJHOH LleNH JlaMIlbl;
PD——MOLU.HOCTb, n0'rpe6.nﬂemaﬂ OT HUCTOYHHKA AaHOJHOro
NUTAHHUSA;,
3HaueHWe v peaJbHBIX YCHJIMTeNeH jeZKUT NPHUMEPHO B Ta-
KHUX npezle.nax: .
Js majsomoulHbix yctauoBok (P_=3—56m) ...15—259%,
»  ycHauTeJelf  cpeaHeil MOIIHOCTH (P_=50—
— 100 &m). . .30 —50%
» MOMHBIX ycHautenefi .. .60 — 70%

JunaMuueCKHH Auana3oH YCHJIMTEeNs Xapakre-
pH3yeTcst OTHOMIEHHEM AaMIUIUTYAB MaKCHMaJIbHO ANMYCTHMO-
ro CHrHala K MHHHMaJbHO PasjMUHMOMY CHTHAJy Ha BBIXO-
e yeuautens. Jlunamuueckuil JuanasoH OOHIYHO BHIparKaroT
B neuunbenax

D=20lg et
emin
OueBufiHO, JAJs pacLIMpeHHsl JYHAMHYECKOro JAuanasoHa
HYXXHO YBeIM4HBaTh U,max W yMeHbIath Ugmin. YBenuue-
HHE aMIUIMTYJbl BBIXOJHOTO CHTHaJja OrpaHHYeHO MosiBJe-
HHEM HeJHHeHHBIX HCKaXXeHHH, YyMeHblIeHHe — HaJHyHeM
COOCTBEHHBIX IIYMOB YCHJIUTENSl H noMeX (YPOBEHb CaMOro
cnaboro curuaja JOJUKEH MpeBHIIaTh ypoBeHb nomex). Ju-
HAMHUECKHH JHANa30H ycuauTtesed My3blKajbHOH Nporpawm-
Mbl JoJKeH ObiTb nopsitka 60—65 06, a B ycuauTensx,
npeJiHasHayeHHBIX TOJILKO st mepejauu peun, —25—30 06.

§ 3. dxBuBaAJEHTHLIC CXEMb YCHINTEJILHEX KACKaI0B

[puHuunuanbHasi cxema npoctefulero JaMnoBOro YCHJH-
TeTbHOTO Kackajla npuBefieHa Ha puc. 6. Mexay cerkoii
H KaTOJOM JiaMIbl MPHJIOXKEHO MOCTOSIHHOe —HanpsiXKeHue
cMeuienus Ugy H Mojsiexxalliee YCHJIEHMIO NEPEMEHHOE Hanpsi-
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KeHHe U... MexXny aHoOM M KaTOAOM JiaMIisl BK 1HOUEHH!
HCTOUHMK aHojgHoro nurtaHusi Uy, M HarpvsouHoe CONpOTHBJE-

HHe Z,. B aHopHoil uenu
[ JaMIbl NpoTeKaeT MNyJib-
cupymomui ToK, nop Aeil-
CTBHEM KOTOpOro Ha CO-
NPOTHBJEHUH  HArpy3KH
Z, BbimeJsieTcsi MYJbCH-
pyloliee HanpsiKeHHe Ua
(puc. 7).

[Tpu yHCTO aKTHBHOM
CONpPOTHBJIEHHH HATPY3KH
Zy =R, aHouHBl TOK
H aHO/JHOe HamnpsKeHHe
Puc. 6. [Npunuunnanbuas cxema ycu-  KOHTp(asHb. PH3HUECKH

JIMTRJIbHOTO Kackana. 3TO OG'bHCHFIeTCﬂ TEM,
Ue yTo npu nocrosinerse U y—
aHOJIHOE HaNpsiKeHHe U,
najgaer ¢ poOCTOM ia H

SN

Al BO3pacTaeT IMpuH YMeHb-
Ueo Uem LIEHUH €ro
\1 U, Ua = Uo _— iaRH'

Jlamna ycusiuBaeT Ha-
| NpsiXKeHHe TONbKO B JiU-
Lo} HaMHUYeCKOM PeXKHMe, T. €.

Tom le TOJBKO MPH HaJIMUMY Ha-
— TPY30YHOrO CONpOTHBJIE-
Ia, ¢ HHSI B AaHOJHOH  LemnH.
R Koadpdunuent ycunexus
Kackaja
Ug l 72 Qz_ IﬁRH

K=g,=0-
Unm
i 0 NpH OTCYTCTBHH R, (Ry =
Uy \/ \yLUa~ = () paBeH Hy.JI0, a IPH
$° _t  mamom R, MoxeT ObiTb
Puc. 7. KpuBhie ToKa H HampskeHH#
B Kackaje.

MeHblIle egHHuIlbl. JIMlb
npu [paBHILHOM BbIGOpE
COIPOTHBJIEHH S HATPY3KH
R,; MOJHOCTBIO HCMOMB3YIOTCS YCUINTEbHEIE CBOMCTBA JIaMIIbl
u Hanpsikenue U, noJyuaercsi GO/bLIMM U,.

TMepexofisi HenoCPeACTBEHHO K PaCCMOTPEHHIO SKBHBA.iCHT-
HLIX CX€M, NOJYEPKHEM, YTO OHH JOCTaTOYHO XOpOLIO 0Tpa-
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Al

aloT paGoTy peasbHHIX YCHJIWTeNel JHIWb B NPaKTHUECKH
JIMHEHHOM pexHMe.

WsBecTHo, uTO NpH JiMHEapH3allMH JIAMIOBHIX XapakTe-
PHCTHK ypaBHEHHE AHOJHOTO TOKa 3alMCHIBA€TCs TaK:

fa = Suc + 5= (1-15)
1

rne S — KpyTH3HA XapaKTePUCTHKH;

R; — BHYTpEHHee CONPOTHBJIEHHE JIAMITHI.

Ec/u mORAHHBIH HA CETKY CHIHANl Uc~ HE BHXOJHT 32
npejessl MPaKTHUECKH JIHHEHHbIX YUACTKOB XapaKTEpHCTHhH,
10 ypasuenue (1-15) cnpaseinnBo Asisl NEPEMEHHBIX COCTAB-
JISTIOLIHX

g~=SM~+%§. (1-16)

IMopcraBuB B (1-16) ua. = — ia~Ry (3HAK «—» M0OCTaBJIEH
BCJIEJICTBHE KOHTP()A3HOCTH Ua~ H ia~) U PEIIMB ypaBHeHHE
OTHOCHMTENIBHO [a~, HaAHJEM, YTO

. wle
la~ = R1+ RH ’ (1-]7)

rie p=3S-R;,—cratuueckufi KO3(QUIHEHT  YCHIEHHS
JIaMIIbl.

Bripaxenne (1-17) cnpapefiiuBo Takxke JJ/isi aMIJHATYA-
#biX (Ucm, Tam» Uasm) ¥ gefictByromux (Ue, [a, Ua) sHauennii
TOKOB M Hanpsikennil. Ecim aHOAHOM HAarpyskoW sIBJSIETCH
KOMILJIEKCHOE COIpOTHBJIeHHe Zy, TO YypaBHEHHE (1-17) 3a-
NuCHBaeTcsi TakK:

pU,
l“:__'Ri+Z,,’ (1-18)

Takoit e TOok O6ypmer INoONyueH B CXeMe, MoKa3aHHOH Ha
puc. 8, a. DTo JaeT OCHOBaHHME CYMTATh, YTO CXEMB, IOKa-
3aHHble HAa puc. 6 u 8, @, IKBUBAJEHTHHI. CrneploBaTebHO,
B JIMHEHHOM peXuMe JaMIOBBIH YCHJHTeIb SKBHBAJIEHTCH
reHepaTopy, BHyTpPeHHee CONMPOTHBJEHHE KOTOPOro pasHO
R, namnul, € 3. A. ¢. B p pa3 Gousibluedd, yeM MepEMeHHOE
HanpsiKeHHe, JeHCTBYlolee MeXay CeTKOH M KaToJloM, H
HATPY30UHBIM COMPOTHBJIEHHEM, PaBHBIM CONMPOTHBJIEHHIO Ha-
TPY3KH JIaMIIH.
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Crefiyer OTMETHTDb, UTO JKBHBAJEHTHbIE CXEMbl YCHJIHTE-
nieil CHpaBejJIMBbie [l IEpeMeHHbIX TOKOB H Hanpspkenuf,
CTpOSITCS B MPEANOJNOKEHHH, YTO BHYTPEHHKE COMpOTHBJIE-
Husi uerounukoB U, U Ucy NMEPEMEHHOMY TOKY paBHbl HYJIO,
T. e., uto ToukH + U 1 —Uc, @ Taxxe + Uy n —U,
ISl [IEPEMEHHOrO TOKA SKBHMOTEHUHAIbHHI.

UacTo AJsi YNpOLLEHHS HepTexel H GoJsiblilel HarJIs JHO-
CTH MpUHUHNHAJbHBIE CXCMbl TAKXKE n306paxKaiT ¢ 3aKOpo-
YeHHBIMH MCTOUHHKaMH TMOCTOSIHHOTO TOKa.

Y

a AU —

DA

pu

K a g K
Puc. 8. DxeHBaJeHTHble CXeMbl YCHJHTEJIbHOrO KackKala:

@ — C reHepITOPOM HaMpsiKeHHs; 6 — ¢ reHepaTopoM TOKA.

DKBHBAJeHTHAS CXeMa YCHJHTeNbHOro Kackana (pHc. 8,a)
IIMPOKO HCIOJb3YeTCsl IPH aHafn3e ycunuTeled ¥ HasblBa-
eTCSl SKBHMBAJIEHTHOH CXeMOH C TeHepaTOpOM HampsiXKeHH:
Ona MoxeT GbITh Jerso InpeoGpasoBaHa B CXeMy C TeHepa-
TOPOM TOKA.

Kak m3pecTHO, renepaTop Hampsikenus E ¢ mocsefosa-
TeJbHO BKJIOUEHHHIM BHYTPEHHUM COTPOTHBJIEHHEM R; MOX-
HO 3aMeHHMTb TeHepaTopoM TOKa % ¢ napaJlJiebHO BKJIIOYeH-
HeM R;. Takum o6pasoM u3 cXeMbl pHC. 8, a MOXHO moJay-
YNTh SKEMBAJEHTHYIO cxeMy (puc. 8, 6) € reHepaTopoM TOKa

Puc..

R Suc-.

(YcnoBHble 0603HAaueHHMsl reHepatopa TOKa W reHeparopa Ha-
TNpsi;KEeHHs] PasJIHYHBL).

B 5KBMBAJIEHTHOCTH CXeM, MOKa31HHBIX Ha puc. 8, Jjer-
KO yGeAuTbCsl, ONpeJeNuB, Halpumep, Ua~ Ald 00eHX cxeM.
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Jas cxembl Ha puc. 8, a
Pl
Uar =75 " R
a Ri + Rd as
Ha puc. 8. 6

R, - R, plig

ua~ = Suc~ Ri + Ra == Ri + Ra Ra.

CxeMa ¢ reHepaTOpoM TOKa NpPHMEHsIeTCsl B TeX CJyuasiX,
korna R; > Zu W, CIef0BaTeJbHO, COMPOTHBJEHHEM R; mpu
anaJn3e MOXHO npexe6peub. [IpakTHUeCKH 3TO HMEET MeCTO
B YCHAMTENSX HA NEHTOAaX C OTHOCHTENbHO HEGOJIbLIHMU
Harpy3OuHBIMH compoTuBieHusiMH. Cxema € FeHepaTopoM To-
Ka yloOHee MpH aHaju3e YCHJHTeNeH CO CJOXKHOH Harpy-
304YHOH 1eNbl0, KOrja TpHMeHseTCss MeTOJ Y3JIOBBIX Hamps-
KeHuH. )

[lpu anasu3e HECJOXHBHIX YCHJMTeN€H Ha Jammax ¢ ma-
JbIM R; BHIKJAIKH NpoILe NMpPH HMCMOJb30BAHHH CXEMbl C Te-
HEpaTOpOM HaIpsKeHHs.

PaccMoTpeHHble SKBHBAJEHTHbIE CXeMBl (pHc. 8) xopoio
OTpaxaloT paboTy YCHJMTeNs, MPHMEHSEeMOro TaM, rAe na-
pa3uTHasi eMKOCTHas CBsi3b MEXAY HCTOYHHKOM KoJsie6aHui
u HarpysounbiM conpotusienteM (Cc.a Ha puc. 6) cyilecTBeH-
HOl pOJIM He WrpaeT. YueT BJIHMSIHHS TMapasHTHCH eMKOCTH
Cc.a YCJOXKHSET 3KBHBAJEHTHYIO CXeMy, B COCTaB KOTOPOH
BXOAMT JBAa MCTOYHHKA HaNpsiXKEeHHsl -— HE3aBUCHMBIH Uc- H
33aBHCHMBIl plc~. OKBHBAJEHTHAsE CXeMa YCHJHTENbHOIO
KacKaja ¢ HCTOUHMKOM HANpsIKEeHHsl NPUHHMAET BHJ, MOKa-
sannblil Ha puc. 9, a. Crejyer c¢OpaTHTb BHHMaHHe Ha I1O-
JSPHOCTL 3aBHCHMOrO H HE3aBHCHMOTO HCTOYHHKOB HAmpsi-
wenus. Ha puc. 9, a emroctd, c6osnauennble Cey, Cea ¥
C, x, BKJIOUAlOT B ce0si KaK MeXJy3JeKTPOAHbIE eMKOCTH
JiaMIl, TaK W napasuTHble eMKOCTH COOTBETCTBYIOMHX MOHTaX-
HBIX coefuHeHHi. HacTo 9KBHBa/JIEHTHAsA CXEMa C eHepaTopoM
TOKa INpeACTABJsIETCs uepe3 MPOBOAMMOCTH, KaK TOKa3aHo
Ha puc. 9, 6.

BeefieM caeaytoue 0603HAUEHHMsI:

Y ¢ x — NMPOROAMMOCTb  CeTKa—KaToA; Y c.a — MPOBOJMMOCTD
ceTKa—aHof;

Y a.x — NPOBOJIMMOCTb aHOJA—KaTOx; ¥y — IPOBOAUMOCTh Ha-
rpy3KH.



C yueroM BBefleHHBIX 0GO3HAUEHHH 3KBHBAJIEHTHAs CXe-
Ma C reHepaToOpoM TOKa IPUMeT BHJ, IOKa3aHHbIA HA puc. 9 6.
Cxema, noka3anHast Ha pHc. 6, sBJfercs npocTeliuum
yCHJIHTeJieM ¢ OOLIHM (3a3eMJIEHHBIM) KaTOZOM, TakK Kak 06-
el TOYKOH JJisi Harpy3KM M HCTOYHHKA BO30GYKJAeHUS SB-

c l&;a_ a JISeTCA KaTox.
=
+ J- Ri
., Ca{ Cw( _ Ry Ug.,
Tpu“ % _/
b Yoo _D

UL_QB Y Yax 0 ui].‘/,, Ua,,

Puc. 9. DKkBHBaJleHTHLIE CXEMBI Puc. 10. Cxema
YCHJIUTEJbHOrO Kackaja: KacKajia C KaToRHOf

a — ¢ reHepaTOPOM HaNpsXKeHHsi; 6 — C reHe- Harpysxoﬁ.
paTopoM TOKa.

Kpome paccmoTpeHHOro, BO3MOXHH €lle [Ba BapuaHTa
BKJIIOYEHHS! HCTOYHHKA BO30YXJeHHs H Harpy3OuHOro conpo-
TUBJIEHHS JIAMIIOBOTO YCHJIHTEJS.

Ha puc. 10 nokasana cxema ycuJuTeNss ¢ O6GumM (3a-
3eMJIeHHBIM) aHojoM. McTouHuk Bo30y KJAeHHS B 3TOH cXeme
BKJIIOUEH MEXJly CeTKOH M aHOJIOM, a Harpy30YHOe COIpPOTHUB-
JieHHe — MeXXJy aHOAoM M KaToioM. Tako# Kackaj dyacto
Ha3bIBAIOT KAaCKaJloM C KaTOAHOH HAarpyskod HJIM KaTOAHHIM
IOBTOpHTEJEM. DKBHBaJIEHTHbE CXeMbl KacKajla ¢ KaTOJHOH
Harpyskoil rnokasanbl Ha puc. 11, a, 6. Cneayer o6patutb
BHMMaHHE Ha TO, YTO BXOJHOE HANpsXKEHHEe i OTJHYAETCS
OT HalpsKEHHs!, TPHJOKEHHOTO MEXJY CETKOH W KaToJoM
Uc~. V3 puc. 10 BHAHO, YTO Uc~ = Uj. — Us~.

B oTinune or npeApiAyuiedl cXeMmbl BHIXOJHOE Hamnpsixe-
HHE KaTOJHOro MOBTOpUTENs COBNAJaeT 10 (pa3e C BXOAHBIM.
ITO0 MOXKHO OGBSCHHTb TEM, YTO COOTBETCTBEHHO M3MEHEHHIO
Uc M3MeHsleTCsl [, W BBLIXOJHOE HalpsiKeHHe

Ug = 1Ry
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Ha puc. 12 nokaszana cxema YCHJIMTEJBHOTO Kackana c
obmeil (3azemnenHoll) cerkoil. VcTounnk BO3CYXKJIEHHS b
JAHHOH CXeMe u,. BKJIOYeH MexXIy CeTKOH Hu KaToJoM, a
Harpy3ouHOe CONpOTHBJIEHHE -— MEXKIV CeTKOH H aHOJAOM.
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Puc. 11. DKkBHBaJIeHTHLIE CXeMbl Kackaja Puc. 12. CxemMa
C KaTONHOH HarpysKoH: YCHJIMTEJbHOTO Kackajia €

a — ¢ reHepaTopoM HanpshkeHus; 6 — c re- obmeit ceTKOH.
HEpaTOpPOM TOKd.

DKBHBaJIEHTHHIE CXE€Mbl YCHJHTE/BHOIO K ackajia C 3a3€MJieH-
HOH ceTkoil mokasanel Ha puc. 13, a, 6. Tak ke Kak M B
KackajaX C KaTOJHOH Harpy3KoH, BHIXOJHOe M BXOJHO€ Ha-

Hie R
CSU&.

P P S

!

e | \Rn U

=
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Puc 13. DKBHBAJEHTHHE CXeMbl KacKaja C 3a3eMJEHHOH CeTKOIi:
@ — C reHepaTopoM HampsikeHHs; 6 — C reHepaTopoM TOKa.

NpsiKeHHsl COBMAJAIOT Mo (¢ase. OTanude BXOAHOIO Hamnps-
$heHHS Uy~ OT HanpsiKeHHs JefiCTBYIOLLEro MEXIy ceTKoM
W KAaTOJOM JaMIbl u.. 0O0YCJOBJIEHO BHYTPEHHHM COMpPOTHB-
JIEHHEM HCTOYHHKA HaNpsiKeHHs U;~, [0 KOTOpOMY MpOTEeKaeT
aHOJHBbIIl TOK JaMIlbl.
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§ 4. JTunamMnyeckne XapakTepHeTHERI

3HauMTesbHas YacTb [1ApPAMETPOB YCHJMTE/IBHOIO KacKa-
Ja onpejesnsietcst rpapuyecKHM NyTeM, OCHOBAHHBIM Ha HCIIOJb-
30BaHMM JMHAMHYECKHX XapaKTepPHCTHK Jamm. JluHamuue-
CKCHl XapaKTepHCTUKOH JIaMIIbl Ha3bIBAIOT Ipauuecku uacopa=
EHHYIO 3aBHCHMOCTb AHOJIHOTO TOKa OT HaNpsXKeHWsi Ha
ceTke i, (Uc), TMOJNYUEHHYIO NPH IOCTOAHCTBE HAINPSIKEHHUS
HCTOYHHKA aHojHoro nutanusi U, = const u Harpysounoro
conpotuB/eHus R, = const.

AHopHbIl TOK i, sBJasieTcsi (DYHKLHEHR uUc U Ua, NOITOMY
cTaTHYecKHe XapaKTepUCTHKHM MOTYT GbITb NpeJCTaBl]eHbl B
cHcTeMe KOOpJHHAT iz — Uc NPH u, = const, Torja oHH Ha-
3BIBAIOTCS CETOYHBIMM, HJIH B CHCTEME KOOPJAHHAT [z — U,
npu u. = const, Torra OHM HA3HIBAIOTCS AHOAHBIMH. JlMHA-
MHYECKHEe XAPaKTEePHCTHKH TaKxkKe MOTYT ObiTb H300paKeHbl
B CHCTEME KOOPJAHHAT [ — Uc U B CHCTEME KOOpIMHAT i, —
— U,, IpHUYEM B IMOCJAEJHEM cJjyyae [IOCTPOEHHE siBJsieTCs
GoJsiee mpocTbiM. JIMHAMHUECKYIO XapaKTepPHCTHKY B KCOpIH-
HaTtaxX i,— U B T€X CJay4yasix, KOrja 3TO HYXKHO, MO.1y-
YaloT, NepeHecsi ee M3 KOOPJAHHATHON CHCTEMbl iz — U,.

IuuaMuyeckiHe XapakTePUCTHKH JiaMIl 3aBHCSAT OT BHJA
HATPY30YHCIO CONMPOTHBJEHUS. Pa3snnuaioT JnHaMHuecKHe
XapaKTepHCTHKH JJisl MOCTOSTHHOTO H ITepeMeHHOTo TOKOB.

JluHaMuueckast XapakTepPUCTHKA JJIsl NOCTOSIHHOTO TOKa —
310 rpaduueckn H306paKkKeHHast 3aBHCHMOCTb MMOCTOSIHHOTO
AHOJIHOTO TOKA OT IOCTOSIHHOTO CETOYHOTO Hampsi’KeHlis, 1o-
JiyueHiast TIDH HEM3MEHHbIX 3HaueHHsiX HanpsiKeHusi U,
H Harpy3oyHOro CONpPOTHBJIEHHSI MOCTOSIHHOMY TOKY R,.

B cootBerctBuu ¢ 3akoHoM Kupxroda nanpsikeHue Ha
aHOJie JlaMIlbl B CXeMme, MOKa3aHHOH Ha puc. 6, paBHO

Uy = Uy — iRy,

OTKyJla HaXOJMTCSl KCKOMasi 3aBHCHMCCTb — aHAJHTHYECKOE
BbIpaxKeHHe JAUHAMHYeCKOH XapaKTepPHCTHKH YCHJMTENd AJs
IICCTOSIHHOI'O TOKa

. Uo Ua

la= 57— 5. 1-19

a7 Ry, R (1-19)
IT0 ypaBHeHue MNPSAMOH JIMHUH, NPOXOAALIEH NOJ TYyNbiM
YraoM K GCH Ua.

Ha puc. 14 noxkasaHo ceMeiicTBO CTaTHUCCKHX aHOAHBIX
XapaKTePHCTHK M [iIHAVIHUeCKas XapaKTepHCTHKA IO ICCTo-
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aHHOMY TOKY (nuHus CD). W3 3asucumoctn (1-19) Brpguo,
. . U

yTo NpH ia =0, u,= Uy, a NpH Uy =0 la=—§9, T. €. Ju-
1]

HaMuueCKass XapakKTepHCTHKa Ha KOOpJHHATHBIX CcCcsX OT-

CeKaeT OT[e3xH, paBHHIE o
U
Uy u ﬁ" Yron “y onpe- - ey ey \ Uey Yey Ue
o
lleasieTcsl U3 paBeHCTBA / i
0, U
ctg Fo = Ro. % T7/ q R
Jlunamuuec<as Xxapak- lo; / R |
TEpHCTHKA J78 MCCTOSIH- | i / /N1
HOro TOKa 0053aTeJbHO U o'y NG ¢
JOJI2KHA NPOXOJUTh Yepe3 = o= = —=U =
JE— }
pabouyio TOuKy, TaK Kak f o

[IOCJIEH S ONIPEieJIACTCST  Puc. 14. JIHHAMUYECKHE XapAaKTe PHCTHAM
PeXHMMOM JIaMIMbl MO [0- MO NOCTOSHHOMY TOKY B KOOPAMHATaX
CTOSTHHOMY TOKY H COOT- la— Uy

BeTCTBYET 34 J(aHHOMY Ha-

npsikeHuio cmellennst Ug. Cneposartenbno, paGouast Touxa
A siBIsieTCsl TOUKOH NepeceueHHst JMHAMHUYECKOH XapakTe-

Ry, <Ry, Roy [ Uoy>Yo,>Vog
iy UC:UC'HI a Ue= U,
UFUzg Up=Usg
R
% 8, \ 751 P
0

Ug

Puc. 15. [IunamnueckHe XapaKTEpHCTHKH IO NMOCTOSIHHOMY TOKY:
a — npH pa3HuHx Ry u HeusmenHoM Up; 0 — npu passuix Up u HeH3MeHHOM Ry.

PUCTHKH MO MCCTOSIHHOMY TOKY CO CTATHUECKOH XapakTepu-
CTHKOM. COOTBETCTBYIOWIEH cMelleHHI0 e = Uq,. Koopaunatsl
paGoueil Touku npuHsito c6o3HayaTh [5, H Uy,

[Tpu Hensmennom 3uaueHudn U, M H3MeHSIOWEACS BeJH-
yuHe Harpysku Z, =R, AuHamMHueChHe XapaKTEPHCTHKH
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TIpOHJYT TaK, Kak IOKa3aHo HA PHC. 15, a. Uem Gousblue
R,. TeM cHibHee HaKJOHSIETCS XapaKTePHCTHKA, T. €. Ry, <
<R, < R,,. Ecu xe R, = const,a uaMeHsieTcst BeJHYHHA
nanpskenusi Uy, TO XADAKTEPHUCTHKH INapaslielbHbl ApYT
Apyry (puc. 15, 6, paboune ToukH Ay Ay A;). Hamenss
HanpsiKeHUs] CETOYHOro CMeLleHHsl OT Ue R0 Ucy,, nonyunm
paboune Touku By B; Bs.

Jlisi MOCTPOEHHs! JMHAMHUeCKOH XapaKTePHCTHKH Ha OCH
U, OTKNajiblBaeM OTpe3oK, paBHblil U,, M Haxoanm Touky C

. U
(puc. 14). Ha ocu i, oTxknafbiBaeM OTPe30K ?‘; H CTaBHUM

o o s
touky D. Coenuuns Toukn C u D mpsiMoit JiHHeH, TOJTYUMM
IIMHAMHYECKYIO XapaKTeDHCTHKY JAJsi MOCTOSIHHOFO ToKa.
B HeKOTOpHX C/lyuasx IpH MajbiX 3HayeHHsiX R, oTpe3ok
%—° He YKMaJIHIBaeTCsl HA OCH i, (B MpEJieJiax yepTexa). Torpa

0
ot Touky C BJ1€BO HYXKHO OTJIOXHTb IMPOH3BOJIbHBIA OTPE3OK,
COOTBETCTBYIOIIHIl HEKOTOpOMY Hanpsikenuio Ua (pHC. 14), u3
touku C’ BOCCTAHOBHTH MepPNEHAUKYJAP, HA KOTOPOM OTKJIa-

o

. U o
npiBaeTcsl B Macumtabe OCH ia OTPE30K Fa, onpejensiomui
0

touky F. CoepuruB Touku. F u C, mojyyaeM HCKOMYIO
XapaKTepHCTHKY.

PaccMoTpuM — fiajiee  IMHAMMYeCKYl0 — XapaKTepHCTHKY
JlaMnbl AJsl TIepeMEeHHOro TOKa NpPH aKTHBHOM CONpPOTHBIIE-
HuM HAarpy3kH Zy = R,. CxeMa Kackajia npuBejieHa Ha pHC. 6.
B ofmeM ciyyae OfHa M Ta ¥e HAarpysouHas ILeNlb MOMET
OKas3biBaTh Pa3/HUHOE CONPOTHBJEHHE MOCTOSIHHOMY M Mepe-
MeHHOMY TOKY H ObiTb NMpaKTHYECKH AKTHBHOH. i

B HCXOJHOM COCTOSIHMH, KOT[ia HCTOUHHK Uc~ HE A€H-
CTBYET, B CXEMe yCTaHABJIMBAETCS CJEAYIOUHMH PeKHM: e =
= Uvcq; fa = lao ¥ Ua = U, B KoeGaTesbHOM pexuMe, KOrla
nwayyHaeT AefiCTBOBATb MCTOYHMK CHMTHaja Uc~, MTHOBEHHbBIE
3uaueHHs] HaNpsIKeHHsl Ha 3JEeKTPOAaxX JaMibl H aHOAHOTO
TOKa NPUHHMAIOT 3HAYEHHS

Uc = Uco + u-c~
ia = Iao + la.-. . (]'20)
Ug = Uao + Ua~
ﬂepenerHaa cocTaB1gioiiasg aHOQHOro Hanpmxemm paBHa
Uz = — id~Ra.
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Haiifsn 3Hauenus i, u u,~ u3 (1-20), noayuuMm cooTHoIe-
HHe

ia—lao=E];(Ua—'UaO), (1-21)

KOTOpOE $IBJsIeTCSi YPaBHEHHEeM JHHAMHYECKOH XapakTepH-
CTHKH A/l repeMeHHOro TOKa NMpH akTHBHON Harpyske. Ms-
EECTHO, YTO 3TO YpaBHEHHUe NPSIMOH, MPOXOASLIEH yepe3 TOUKY
¢ koopiunataMu /.. Ua, (T. €. paGouylo TOUKY) NOJ TYNbIM
YIIOM K OCH U, (PHC. L6).
Jast moctpoeHus Jpu-
HaMH4YeCKoOfl XapakTepHC-
THKH 0O MepeMeHHOMY
TOKY MNpH JAHHOH BeJH-
YHHEe aKTUBHOH Harpysku
MOXHO ONpeJeJuTh He-
NOCPEACTBEHHO  yroa
(puc. 16) u mox 3THM yr-
JIOM [pOBECTH HOPSAMYIO
yepe3 3aJJlaHHy10 pabouyio
Touky A. M3 ypaBreiuss  Puc. 16. TlocTpoenne AHHAMHUeCKOH
(1-21) cnepyer, uto XapaKTepHCTHKH N0 NepPeMEeHHOMY TOKY

B KOODJAHHATAX [y — Uy,
ctgg=Ra. (1-22)
PagenctBo (1-22) ycioBHOe, Tak Kak HE YUHTHIBaeT Mac-

wtaba, B KOTOPOM OTJIOXKEHbl 10 OCSIM TOKH W HaNpPSIKeHLS.
C yueroM MacuuTaba

Uq

Ctgp=Ra%s

rae /, ¥ Il;,— oTpe3ku, COOTBETCTBEHHO paBHHE B JaHHOM
Mmacmtabe 16 u 1a.

JInHaMu4ecKyl0 XapakTepUCTHKY [/l TepeMeHHOTO TOoKa
MOXKHO TOCTPOUTH TpoLle, He Beiuuc/sisl yraa 3. Yepes pa-
6ouyio TOuky A BJIEBO NPOBOAUM TFOPH3OHTANBHYIO NPAMYIO,
Ha KOTOpO# OTK/aZbiBaeM OTpe3ok AB npou3BosbHOH Besu-
UMHBI, PaBHBI B MaciiTabe OCH U, HEKOTOPOH BeJHYHHE Ug..
N3 touxu B BoccTanaB;uBaeM neprneHAKYJsp, Ha KOTOPOM
B MacwtaGe oCH i, OTKJajbiBaeM otpe3ok BC, paBHHIH

’

ig. = ~1".:,—” . Ilposexgst npsimyto uepes touku C u A, monyunM
a

HCKOMYIO JIMHaMHYyecKylo XapakTtepucTuky. Ha puc. 16 no-
Ka3aHbl MNYHRTHPOM JHHAMHYECKHe XapaKTepHUCTUKH AJa ADY-

27



rMX 3Hauenuii R, NpH Heu3MeHHOH paGoueil Touke. HeMm
Gonbiue R,, TeM NOJOXKe pacnojaraercs JuHamHueckasl Xa-
paKTEPHCTHKA, CTPEMSCH NMPH Ra — o0 K JIMHKH, npoxojsuied

napaJsieJibHO OCH Ua (3 = 0). [pu R,=0 yroa 3 = 77;— , M-

HaMHuecKasi XapakTepHCTHKA Paclojiaraercst BePTHKa/bHO.
JIMHAMHUECKYIO XapaKTepHCTHKY. [OCTPOEHHYIO B CHCTe-
Me KOOPAHHAT iy — Ua, OYEHb MNPOCTO NEPEHeCTH B CHCTEMY
KOOpAMHAT ia — Uc (pHc. 17). OTKnajiplBaeM Ha OCH ilc B MpH-
HSTOM MaciuTabe HanpsKEeHHs, COOTBETCTBYIOLIHE CETOYHLIM
CMeLLEHHsIM, NPH KOTOPbIX NOCTPOeHbI CTATHYeCKHE aHOMHbIE

Iy la

Ay i’J 6 1

e g5 0 —5 U 9
Puc. 17. INepeHoc AMHAMHUECKOIl 13 XapaKTePHCTHKH KOOPAUHAT j; — U4
B KOOPJHHATH [y — U.

! Il

"

c

XapaKkTepHCTHKH. B JamHom npumepe 310 -+ 5,0—5, — 10,
— 15 1 —20. M3 Toukn A;, COOTBETCTBYIOLIEH XapakTepH-
CTHKE Uc = -+ 56, MPOBOAMM TOPH3OHTAJIbHYIO NYHKTHPHYIO
JMHMIO, @ U3 TOUKH -5 Ha OCH Uc — BEPTHKAJbHYIO H TOY-
Ky rnepeceueHusi JHHHH oTMeuaeM A;. AHaJOTMYHO HAXOIMM
touku Ay, Aj, ... Ay. COENHHHB 3TH TOUKH, 0JYYaeM CEToU-
HYIO JHHAMHUYECKYIO XapaKTePUCTHKY, KOTOpasl, KaK MpaBHJIO,
He sIBJISIETCS MpSMOi.

JluHaMHYeCKHe XapaKTEpPHCTHKH IUHPOKO HCIOJB3YIOTCS
Aas1 TpaMyecKHX pacueToB B YCHJIMTEJSIX, C HX MOMOL(bIO
HAIJIsLAHO NPEACTABJSAIOTCS TOKH M HAmpsiKeHHs, AEHCTBYIO-
ue B Jamie.

Ha puc. |8 mokasaHo NMOCTpOEHHE TOKOB M HampsiKeHMi
0 aHOJHBIM XapaKTepPUCTHKAaM NpH AKTHBHOH Harpyske.

Harpysounoe conpoTHBIIeHHE JIaMIbl PeAKO GbIBaeT YHCTO
aKTHBHBIM. B peasbHbIX YCTPCHCTBAX B OCHOBHOM [MPHXO-
JUTCSl CTAJKMBATBCA C KOMIJIEKCHOH Harpysko#t Z, = ra +
+ jxa. Crporuii yuer KOMIJIEKCHOCTH Harpy3o4yHOro Coilpo-
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THBJIEHHS] CBSI3aH CO 3HAYHMTEJNbHBIMH TPYIHOCTSIMH, [O3TOMY
BO MHOTHX CJIyYasiX NMpH OTHOCHTEJbHO HeOOMbLIOH BeNHYE-
He PEeaKTHBHOTO CONPOTHBJEHHSI B HAarpyske HM rpexeGpe-
raloT W CTPOSIT JMHAMHYECKYIO XapaKTePHCTHKY. YUMTHIBas
TOMLKO aKTHBHYIO coCTaBjsionlyo. B Tex ke cayyasix, Korja
peakTHBHBIM CONpOTHBJIEHHEM NpeHe6peyb HeJlb3s, KOMILIEKC-

Iam

.
[ am

t

Puc. 16, IlocTpoende TOKOB H HaNPSIKEHMil B JjlaMne MO aHOAHBIM Xa-
paKTe PUCTHKaM.

HOe COMPOTHBJIEHHE YCJIOBHO 3aMEHSIETCSl HEKOTOPHIM 3KBHBA-
JIEHTHEIM aKTHBHBIM COMPOTHBJIEHHEM, JJs1 KOTOPOro U Jaercsl
JIUHaMUUecKasi XapakTepHCTHKa.

[px axTHBHOM HAIpPY30YHOM COMPOTHBJEHHH (asbl ceTod-
HOro Hanpsikewusi U, M aHOJHOTO TOKa I. coenapaior
aHOAHOE HanpsiKeHHe U, naxomutcsi B KouTpase c- U u
I, (puc. 18). B cnyyae KOMIIEKCHOH Harpysku MeXIV Ua

u I, a takxe mexay [, u U, nosBasercs (asoBbiil CHBHT,
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ornpefiessieMbli KaK aKTHBHOH, TaK H DEAKTHBHOH COCTaBJIfA-
IOIMMH HATPy3CYHOIO COTMPOTHBJEHHS. IDTOT (pa30BbIH CABHI
HUKaK He MoxeT ObITh OTpa)KeH C IOMOULbIO JMHAMHYEeCKOH
XapaKTepPUCTHKH, ABJsiiOLlefics JMHHeH. AHa/k3 NoKasHBaeT,
yTo JJS1 HAealH3UPOBAHHOH samnbl, Y KOTOPOH XapakTepH-
CTHKM TpsiMble, NMapaJilesIbHble H PACHoJIOXKeHHBIE HAa paBHOM
PACCTOSIHMH, JMHAMHUECKOH XapaKTepHCTHKOH MPH KoMmJeKc-
HOH Harpy3ke GYJeT HAKJIOHEHHBIH 3JJHMIC C LEHTPOM B pa-
6ouefi Touke. Ecsu XKe, Kak 3TO B peasbHbIX YCJIOBHAX Obl-
B4eT, CTATHYECKME XapaKTEePHCTHKH B pPabOuMX yyacTKax
HCKPHUBJICHEI M Hena-
pajnsenbHbl, TO JHHa-
% MuYecKasi XapaKTepH-
CTHKa NPH KOMILJIEKC-

my o0 Yomz yoli  marpyske mpej-
Bl fa | M crasasieT cc60fl CaOK-
HYIO 3aMKHYTYIO (H-

a ) rypy, HMEIOWYIO CXO01-
Puc. 19. DKbHBaleHTHbie cXeMbl Kackajga: C1BO € SJUIHIICOM.

a — ¢ KOMIJIEKCHLIM HAaTPY30YHEIM CONMPOTHBJEHH- AnanutHyeckas 34a-
€M; 6 — C aKTHBHLIM SKBHBANEHTHRIM CONPOTHP-  ychL TAKOH XapakTe-

JIEHHEM.
PHCTHKM OUYeHb CJOXK-
Ha, ee MOCTPOEeHHe TaK¥Ke YPe3BbIYaHHO CJIOKHO, MO3TOMY
NpaKTHUeCKH TAKUMH XapaKTeDHCTHKaMH He MOJb3YITCs.
Jlns pacyeTa yCH/HTENsl NPHMEHSIIOT CAeAyIOHA METOJ.

Lo, Tom_

IS

PeaJibHyI0 KOMIUIEKCHYIO Harpysky Zy = V’ 2+ X2 nns pan-
HOH YaCTOTBI YCJIOBHO 32MEHSIIOT HEKOTOPHIM SKBHBAJIEHTHBIM
YUCTO AKTHBHBLIM COMpPOTHBJIEHHEM Riyp. [lanbnediunii pacuer
NMPOM3BOAMTCS TaK, KakK GYATO YCHJHTeNb HarpyMeH Ha co-
NpoTHBJIEHHe Roxs U, CleJloBAaTeJbHO, JMHAMHYeCKasi Xapak-
TEPUCTHKA JaMIBl i, (Ua) JHHEHHAa. DKBHBANEHTHOE COMPO-
THBJIEHHe MoxkeT OblTb HafiieHo: 1) Tak, uTcObl NMpH 3aMeHe
peanbHOH Harpy3ku Z, Ha Rsxs oCTancs 6e3 u3MeHeHHsl aHON-
Hblli TOK l,m mau 2) Tak, 4TcObl NMpHu 3aMeHe Zy Ha Rss cO-
XPaHHJIOCh 3HaueHHe aHOAHOTO HanpsykeHuss Uam. OxBHBa-
JIEHTHBle CXeMbl YCHJIMTeJNs NPH Harpy30YHbIX CONPOTHBIe-
HusX Zy U Roxs NMoKasaHel Ha puc. 19.

AMOJMTYHBE 3HAYEHHS] TOKOB MJisi COEHX cXeM COOT-
BETCTBEHHO paBHHI:

pUcm

#Uem
" lam, = BiF R

V (Ri+r +

]am, =
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Ina cGecrnieyeHHs: 3KBUBAJEHTHOCTH CXeM [0 TOKY MpH
OJIMHAKOBOM HamNpsixKeHUH BO30YXKJEHHS HYXKHO, UYTOOH [, —
= lam,, OTKYJla onpejensieTcs

Iemua-—_.l/‘(Ri"l""a)2 +x§—R,‘- (1-23)

Bennunny Rsys, COCNEUHEAIONLYIO SKBHBAEHTHOCTD CXeM
N0 BBIXOJLHOMY HAMpPSIXKEHHIO, HAXOAHM U3 PABEHCTB:

_ U Ve
b Ri +r2+x2"

B cmR ks
Ri+ Ry

Uam, = lam.ZH

Uam, = ,am.RaKB =

O6ecneuns paBeHCTBO Uam, = Uam,, Haxonum

— Ri .
Ros = ]/m_l . (1-24)

2 2
ra+xa

Kak nokaselBaioT HCCJI€JOBaHUS, s TPHOLOB Jyullee
npub/nKenHe K AeHCTBHTEJLHEIM YCJIOBHsM paboTel GyZer
NpH SKBHBAJEHTHOCTH CXeM MO TOKY, T. €. Ry CJ€LyeT
onpejenath no ¢opmyae (1-23). Jlnsi NEHTOROB U JIyyeBbIX
TETPOJOB JyuliHe pe3yJ/bTaThl GYyAyT NMpPH 3KBUBAJEHTHOCTH
cXeu 10 HanpsiKeHHIO, T. €. R, BHUHCJAETCS 10 (opmye
(1-24). Cnepyer 3aMeTHTh, YTO pacyeT YCHJIUTENsI C KOMILIEKC-
HOIl HArpysko#l MO JaHHOMY MeToJy (OCOGEHHO Ha JIyueBOM
TETPOJIe WJIM MeHTONe) BecbMa NpPHOJHKEHHbIH, [deT JHIlb
IpeiCTaBJieHHe O TNOpPsJKE BeJHYHHbl H HYXKJAeTcs B 3KC-
NepUMEHTAIbHOM YTOYHEHHH.

§ 5. BHyTpenHNme MIyMH JAMIIOBHIX YCIIHTC.Iei

B nmo6om TBeppoMm Tese noj HeHCTBHEM TemJja MPOHCXO-
JMUT XaOTHYECKOEe JBHKEeHHEe YaCTHI[, HECYL[HX 3JIEKTPHUECKHE
3apsifibl. DJIEKTpUYeCKHe TOKH, BO3HHKAIOLlHE MNpPH 3TOM, CO-
3al0T Ha KaXIOM COMPOTHUBJIEHHH TOJIUKH 3. A. C. (pmokTy-
aluu), HasblBaeMoil 3. J. C. WYMOB (a MHOTAA NPOCTO LIyM).
JleficTBYSl Ha BXOJie YCHJHUTENs, [UYM HeH30eXHO YCHJINBA-
eTcsl TaK e, KaK YCHJHMBAETCSl MNPHJOXKEHHBIH KO BXORY
curLas.
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®TOKTyalluy HMEIOT MeCTO He TOJIbKO B CONMpOTHBJIEHHAX.
HO M 3JCKTPOHHBLIX JaMmnax, IJaBHbIM 006pa3oM, BCJEACTBHE
TOrO, YTO MOTOK 3JIEKTPOHOB, H3JYYa€MblX KaTOJOM JlaMIlbl,
HepaBHoMepeH. Cuayuaiinbie /EKTPOHBI XaOTHYECKH BbIpHIBA-
JOTCS M3 KaTojla H CO3LaloT (UIIOKTYallMH aHOAHOro TOxa
(mpoGosoit addekT). CnenoBate/bHO, HA HaTPY30UHOM COMPO-
THBJIEHHH JIaMIIbl BbifiesisieTcsl 3. M. C. IIYMOB, KOTOpasi yCH-
JMBaeTCsl MOCJCAYONMMHE KacKafaMH COBMECTHO C CHTHAJIOM.
BHyTpeHHHE WIYMbl JaMIOBbIX yCH/IHTENel TJIaBHEIM 0GpasoM
CO™JAIOTCSl CONPOTHBICHHAMHM M JiaMnaMu. Jlasi oleHKH ycH-
JIUTEJsl C TOUKH 3PEHHs] €ro BHYTPEHHHX LIYMOB BaXKHO He
aGCoMOTHOE 3HAUEHHE YPOBHS IIYMOB, @ OTHOIIEHHE MEXKAY
noJe3HbIM CHTHAJOM M IIyMOM. DddeKT OT Noje3HOro CHrHa-
Ja JosKeH GHITH o6si3aTesbHO 6OsibIuMM, YeM oT myma. Hau-
XyJAIIMe YCJIOBHsl ] OTHOIIGHHSi CHIHaJ — wWyM GyAyT Ha
BXOJe yCHJHTessi, Tfie AefiCTBYeT elle HEYCHJEHHbIH CHIHAJ,
No3TOMY JAJ51 OLEHKH IIyMOB MX NpPHBOASIT KO'BXOJy VCH-
qutensi. HauGoJsee CylliecTBeHHBIMH SIBJSIIOTCS LIYMBI, CO31a-
Baemble 1-0ff yCHJMTEJbHOH JlaMNOH M CONpPOTHBJIEHHEM,
HMEIONIUMCST Ha ee BXOJe

Pa6ounii 3;€KTPHUeCKHil PEXHM CONPOTHBIeHHS R, Kak

HU3BEeCTHO M3 Hccnenosam{ﬁ, NpaKkTHYECKH HE BJUSET Ha ypo-
2

BeHb IyMoB. MomHoOCTb MYMOB Py = —R%" pacnpefiesieHa pas-

HOMEpHO M0 YacToTe, C/efoBaTeJbHO, YPOBEHb IIYMOB 3aBH-
CHT OT IIMPHHBEI MOJIOCH YaCTOT, MPONMYCKAeMbIX YCHIHTEJIEM.
KpoMe Toro Py, 3aBHCHT OT TemMnepartyphl.

MoIIHOCTh LIYMOB aKTHBHOTO COMNPOTHBJIEHHS ONpeaess-
ercs no cgopmyae

U2
Pup= %e = 4kT - Af, (1-25)

rAic Puyp— MOMHOCTb LIYMOB CONPOTHBJIEHHS, 61,
Uwup — 3dekTnBHOR HanpsiKeHHe MIYMOB HA CONpOTHB-

JIEHHH, 6;
R — aKTHBHOE CONpPOTHBJIEHHE, OM;
T — a6comornasi Temneparypa (T = 273° 4-£°). rpaj;
b — nocrosunas Bonbimana k = 1,37-107%, 0ac/epad;
Af — nosioca 4acToT, MPOMYCKAEMBIX YCHJHTEJIEM, 2.
Jlnisi MpaKTHUeCKMX pAacueToB yalle BCero HeoGXOAMMO
ouenuBarh sddekTHBHOE HanpsiKeHne WYMOB Uwp NPH KOM-

HaTHOl TeMneparype ¢ = 17°C.

3‘

e WY T

[Meacrasue B dopm 1-25) £=137-10"% 9
u T=290°, nony?;ma ym € e/epad

Uug=~+VR-2F. (1-26)

3nec Uy, —B mxe; R—B Kom; Af —B key.

B npakTuueckux pacuerax HampsiKeHue IIYMOB onpefie-
asercst no dopmyse (1-26) B ToM cayuae, eciim MOXKHO mpe-
HeGpeub feficTBueM eMKocTH C, KOTOpasi IIYHTHPYeT aKTHB-
Hoe conporubienve R. Ecin yuecTh 31y eMKoCTb, TO aKTHB-

Hast cocrtaBasiiollasgs KOMIIJIEKCHOTO CONPOTHUBJIEHHUS Z—, 06y-
CJIOBJIMBAKOLIAsT LIYMHI, 6y11€T 3aBHCETb OT YacCTOTHI

Z=R() +iX{.

B stoM ciyuae nas onpepenenus Uwp cnenyer Haitrn

WHTETpasbHbll 9(deKT akTHBHOH coctaBasiomell R (f) B 3a-
A2HHOM JuanasoHe yactoT Af = fo—f.. Popmyna (1-25)
[pHMeT BHJ:

I8

Ul = 4ka§ R (f) df.

AkTuBHas COCTaBJIAKOLIASA, BbIJEJIEHHAsA U3 KOMIIJIEKCHOr O
CONpPOTEBJIEHHU 1

1

R. —
7 — joC — R — 20C
R4 L THRCE T+ RuCP’
joC
paBHa
R()=—n

I+ (RoC)?*

QPopmyna masi onpefeseHHs HalpSKeHHs ILIYMOB npu-
HHMaeT BHJ:

/s
Rdf
Ul = 4ka§ TFeReF . - (12D)

CJIEI[OBaTeJIbHO, €MKOCTb, BKJIIOUEHHAsl napaJliiesbHO CO-

NpOTHBJIEHHIO, YMEHbIIAET YPOBEHb HIYMOB, CO3JlaBaeMblX Ha
KOHIIaX 3TOro CONpOTHBJIEHHS.
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[TpeoGpasyem copmyay (1-27)

s s
R&F 1| d(@=RC)
T CrRCR — 5C ) T+ @RIRCE —
H

— gon [are tg (2f,RC) — arc tg (2xf4RC)].

Bes Gonbiioii NOTPElIHOCTH JJisl pacyeToB BTOPBIM UJEHOM
B IOCJe[iHeM BbIpaXKeHHH MOXKHO TNpeHe6peub, MOCKO/bLKY
yaile B HM3KOYAaCTOTHBIX ycuJutensix fs > fu. Torzma, nog-
CTaBHB HaiijieHHoe Bhipaxenue B ¢opmyay (1-27), monyuum:

%o = 2T arc tg (2xfa - RO). .(1-28)

[Iymbl, co3paBaemble 3JeKTPOHHBIMH JiaMNaMH, TJIABHBIM
06pa3oM BO3HHKAIOT BCJEACTBHE Ap0o6OBOTO 3ddekTa.

ITomumo apoGosoro sdbekta, IIYMbl B JiamMNax BO3HHKa-
10T, HanpuMep, BCJIEACTBHE TEMJIOBOrO XaOTHYECKOTO JBHIKe-
HHsi 3/1€KTPOHOB BHyTpH Jamnel. [ymel B samMnax Eos-
pacraloT NpH HU3KOM BaKyyMe, Tak Kak YBeIuYHBaeTCs ko-
JIMYECTBO MOJIOXKHUTEIbHBIX HOHOB ra3a, JABHXKYLIHXCS K KaTo-
Ly. DTOT HeperyJsipHbI Mpolecc yBenHuHBaeT (UIIOKTYyalHH
aHOJHOTO TOKa.

YpoBeHb IIYMOB B MHCTOCETOYHBIX JIaMIaX BhILle, YeM
y TPHONOB, TaK KaK 3JEKTPOHHl B MHOTOCETOUHOH JiaMie
JIBUXKYTCSl He TOJBKO K @HOAY, HO M K CE€TKaM, HMEIOUIHM
MoJIOXKHTe/IbHO® HAaNpsiXKeHHe OTHOCHTeNbHO Kartona. Pacmpe-
JleJieHHe OOIEero MOTOK2 3JIEKTPOHOB MEXKJY dHOAOM H CeT-
¥aMH He SIBJSIETCSl PeryJsPHBIM, BCJEJCTBHE YEro 3aMeTHO
BO3pacTaloT (JIIOKTYallHH aHOJAHOTO TOKa, a, 3HAYHT, H Ypo-
BeHb BHYTPEHHHX LIyMOB JIaMIIbl.

Il KOMMUECTBEHHOH OLEHKH YDOBHSI LIYMOB 3JIEKTPOH-
HBIX JIaMIl TIPUHSATO NPHBOAHTbL LIYMBl JIaMMbl K YNPar.Jisio-
ulefi ceTKe, YCJOBHO CYHTas, 4TO Cama Jiamna sBisercs
5JeMEeHTOM, He CO3JalOUUM IIYyMOB, @ K €€ CEeTKe NMPHJIOXKEHO
HekoTopoe WIymMoBoe HanpsikenHe Uy, n, KOTOpOE H BHI3bI-
BaeT B aHOLHOM TOKe (QJIOKTYaluH.

[llymoBoe Hanpsikenne Uy, ;, NPUBEJIEHHOE K yTIPABJISIO-
wefl ceTKe Jamnbl, YA0GHO paccMaTpHBaTh Kak HanpskeHue,
BO3HHKaolllee Nojl JEHCTBHEM TelJia Ha HEKOTOPOM YCJIOBHOM
IIYMOBOM CONPOTHBJIEHHH Ru. .

CiefioBaTenbHO, IpH KoMHaTHO# Temneparype (£ = 290° K)

Um..nz*é‘l Ruy.x 'Af~

BesuuMHA 35KBHUBAJIEHTHOrO IIYMOBOrO COMPOTHBJIEHHS] Xa-
paKTepH3yIollasl LFyMbl JiaMNbl NPHOJIMKEHHO oONpefeisie res
no ¢opmynam:

Rus. a2
I TpHOJa H

R ~ta — (2_'§ 2_013)
m. a—~ la "I‘ [s S Sg

1S neHToja, riae S —cTaTuyeckas KpPYTH3Ha XapaKTepH-
CTHKH JlaMIIbl.

[ocKoJbKY LIYMBI TPHOZOB OOBIYHO 3HAYHTEJbHO MEHbIIE,
yeM TEHTOJIOB, 1€Jecoo6pasHo JJisi yMeHbLIEHHs] IyMOB
I'IepBbIe Kacrka bl YCI/IJIHTGJIH BBITIOJIHATL HA Tpno,uax.

CyMMapHoe Hamnpsi)KeHHe BHYTPEHHHX IIYMOB YCHJIHTEJs,
VUMTBIBAIONIEE LIyMbl JaMIbl H CONpPOTHBJEHHUS, BKJIIOYEHHO-
ro Ha ee BXoje, onpejensiercss no gopmy.le

U=V Ul t Ui,

O6bIYHO HanpsiKeHHEe LIYMOB ONpPeJeNsioT TOJbKO sl
1-ro yCHJIHTENBHOTO Kackaja, rjie OTHOIUeHHEe CHTHAJ — LIYM
HauMeHee 6J1aronpusiTHO; B PeIKUX CJVYAsiX YUHTBIBAIOT IV MBI
2-ro Kackaja, a IIyMaMH B MOCJeAyIOLIMX KackKalax Iipe-
HeGperaior. .

§ 6. HexoTopsie METOIB AHAJINZA YCH.INTE.BIBIX CXeM

Kosdpduuuent ycuaeHusi. AHaIuTHUeCKoe BHI-

paxenue Ko3pHIHEHTa YCHJeHHsl N0 HanpsxeHuio K B
GYHKIMH OT YacTOTHl M €r0 3aBHCHMOCTb OT 3JIEMEHTOB
cxeMbl HMeeT GoJsiblloe 3HAYEHHE [JIsi aHAJIM3a YCHJIHKTES.
Ha ocHOBaHHHM 3TOTO COOTHOLUEHHSI MOXHO [OCTPOHTh ua-
CTOTHYI0 ¥ (ha30BYI0 XapaKTEPHCTUKH }CHJHTeJsI, CJeJlo-
BaTeJbHO, MOXHO OINpeJeJINTh YacTOTHbE HCKa)KeHus H ¢a-
30BBLIC CJIBHTH, BO3HHKawUMe B HeM. [lnsa cOsery<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>