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11HTerpHpOB8HIIe 38pllllll (1 • C031l8HHOro 8 aeTeKTope llllepHblM 1!31ly'lei!HeM, OObi'II!O 

OpOHCXO£IHT JIB BXODHOii 8MKQCTH c , COCTOSllll8H H3 8MKOC TH Jl8T €KTOpa H BXO.OUOH 8M-

KOCTl:f YCHnHTenH. TionyqaJOlll88CSI OpH 3TOM H8TipiDK8HR8 

nHTenH C 60nb WHM BXOJlHilJM COnpOTHDnGHU8M . 

noc TynaeT na axon yen-

B nocne.o.Hee speMH a naTepaType nosmunocb MHoro coo6llleHHti o B03MO)J( HOCTH HC-

OOnh30B8H1Hl H 8 BXOll€ CTI8KTpOM8TpH'18CKOJO YCHnH Tens:t KBCKBtlOB C HR3KHM BXOllHblM Co

npOTH81leHHeM - ycHnlfTeneil TOKa / l-S /, 8 'IBCTHOCTH, KllCKaaa c o6Illei'I 6a3oii . (nocnea-

HHii I!MeeT K 
1 
< I , TeM He MeHee era To>Ke MO>KHO H83B8Tb yCHnUTeneM TOKa, TBK 

KBK OH H~188T 048Hb Manoe llXO.O.HOe COil !) OTHBn 8I-II.f8) . TipH 3 T OM yCHnHD88TCH 1\ 0 !J OTK n ii 

HMnynbC TOKB, KOTOpi~ Ili HHT81pHpyeTCSl 13 nOC.ll8JlyiOUlHX KBCKQ.D.BX Jt n H lll l 'l<C 0 KOHU8 B C Q-

ro YCHniiT8n5I, 0TM8'-18lOTCS1 cne.UyiOlllH€ npeH \1YllU~CTB8 TOKOBOiJ BXO!lHOil CXe~1 bJ : 

1. Manoe axonHoe conpoTH n n e HH e ycTpaHsteT 38BHCHMOCTb BMtlllHTY DhJ f\! .J XO!lH o r·o cur-

H81l8 OT 9MKOCTH tleTeKTOpa, T.e. 3 TO no CyUleCTBy apyroE BEI.p n a ' IT 3llrHJ10B Ot.I YBCTDWr0 1lb-

Horo ycnnHTenll 6e3 npi!MeHeHH<I eMKOCTH o6paTHO i i CB S13 11. 

2. YcHnHTenH ToKa MoryT 6b!Tb cae n tHi bl 6onee uHfpOKononocH~.>I~1H, no~~To ~. t y IIMny nbc 

nocne TBK OrO npettyCH1lHT91lfl MO>KH0 HC0011b30BllTb KBK llllSl 8r-..tt111HT y.'lHOr 0 , T~!l{ i ! fJ.I'l51 

BpeMeHIIOPO 8H811R38. 

3. Manoe axoaHoe conpoTuane:me ycHllHTeneli ToK a (a TpaH3Ji: CTOf1J-II,JX y r l'.i ilfTC11 HX 

OHO MO>KeT 6biTb paBHO llOilH OM8) K8K 6y llTO 6bi npH 60J1bUJHX 

BBTb nyqrnee BMnllHTyaHoe paapeweHHe no cpaaneinno c o6bt1.JIIbiMH cxeM a :.tH . Cnyl..fart 6 Qllb -

lllliX BXOD.HbiX 9MKOCTeH. B03MO>K9H 1 eCll H Me>KJJY JJeTeKTOpO~l H yCHllHTeJleM BKJ1JO '-l 8 11 :t llHII -

Hblfl Ka6enb HllH npH Ol..feHb 6onhwoH nnowa.cu-r nonynposonHHKOBoro neTeKTopa. 

4. 'fu:or.na nonarBIOT, "'TO TOK ODbi 9 CX9Mbi Me!Ioe t.tyBCTDH'reJlb!ihl K llly :dy JleT '-:! l<TOpa
1 

TBK KBK aef'ICTDYIOlilHii Ha B XOD.e IUYM 3 MHTTI?pliOro TOKB 3H81.JHT 0.JihJIO 60IILolll e , •re\ : wy ~.! 

5a3oaoro TOKn s o6~T ~ Hon cxeve . 
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riOCR9tlHHe naa CaolkTaa TOKOaOll CXeMbl npetlCTaaRSJIOTC!I aecbM8 npHaReKaTefibHbl-

MH 1 H01 K CO>KaneBHl0 1 OHH He COOTB9TCTBYIOT .neACTBHTenbHOCTH. 3TO MO}f(HO BBA8Tb H3 

CpaaHeHHSI myMOabiX CaOliCTa 06bi'IHbiX H TOKOab!X aXOtlHblX CXeM, KOTOpoe Ctle!TBRO a tl8H

HOJI pa60Te, llnSJ 8H8RH38 WYMOablX CaOikTa yCHRHTeneli HCilOnb30a8Hbl 3ReMOHTbl TeOpHH 

onTBMBnhHoro npHeMa cHraanoa aa <jloae myMa, 

., 
PaaaoaanaocTH TOKOabiX ycHRB_!!!_neli 

06bi'IHO ClleKTpOMeTpH'IeCKBe yCHRHTeiTH CTpOSIT llO 6ROK-CXeMe, B306palK9HHOII H8 

pac, la, Oaa COCTOHT H3 38pHnOaoqyacTaHTeRbHOrO npeayCBITHTeRSI H OCHOaaoro yCHITHTaR!I, 

Ha axone npenyCHRBTa!T!I HCDOnh3yeTC!I K8CK81l C 06WHM KBTOaOM HITH C o6WBM 3MBT

T e pOM (qarue acero OHB aXOtl!IT a K8CKOtliJYIO KOM6BH8UB10), KaK aaaeCTHO, CBraan OT ne-

TeKTOpa npencTaan!leT co6ol! KOpOTKBli HMilYRbC TOK8 i
0

(t) • nnaTenbHOCTb KOToporo 

onpenenseTC!I apeMeaeM co6apaHIHI HOCBTenell T cot5 a neTeKTope. nocne HHTe rpHpoaaHBR 

HB aXOtlHOI! 9MKOCTB llO!Ty'I89TCSI H81lp!!>KeHHe CHrHana U c : 

U :_Q_ - rflc(t)dt 
c c - c 

BpeMR oapacTaHBR aToro aarrpiDKeHHH paaao T cot5' a cnan onpeaenseTC!I RC 

rae R -axasaaneHTHoe conpoTsaneaHe napannenhHO aKRJO'IeHHbiX R rteT H R c • 06bi'IHO 

RC aenaxo H HMnynbc U c HMeeT 60nbWyiO tlRHT e nbHOCTb, 

B ocaoaaoM ycanaTene <jJopMa BMnynbca cyruecTaeano H3MeRReTC!I <jJopMapyJOWBMB 

uen!IMH, 'ITO noaaonReT yny'IWHTb OTHOWeaae carnana K WYMY B caenaTb BMnynbC 3R8'1B-

TenbHO KOpO'le. 

803MOlKH851 6nOK-CXeMa C HCilOnh30a8HHeM ycHnBTenel! TOKH llOK838H8 HH pBC, 16, 

8 3TOM cnyqae BHTerpapoaaHB51 CHraana HB axone He 6yaeT, TBK KBK axoaBH51 eMKOCTb 

WyRTHpyeTC51 MBnbiM axoaHbiM COITpOTBaReHH9M yCHRHTenR, ll03TOMY <jJopMa HMilynhCH H8 

abiXOae npenycanaTens 6yaeT Mana OTRH'I8TbC51 OT BCXOtlHOli <jJopMbl BMUYRbC8 TOK8 I 
0
(t). 

Taxoll KOpOTKali carnan yao6ao 11cnom.aoaaTb anR apeMeHHbiX uenell (an!! cxeM coanane

HHli, anH speMeHHOrO 8H8RH38), OtlHBKO TBKOli HMnyRbC Hellb3H HCilOnb30a8Tb anSI BMnna-

Tyai!oro aHanaaa, TBK KBK ero aMnnaTyaa ne nponopnaoaanbaa aapaay Q , B H3M9HSI9T-

CSI a COOTaeTCTaBH C H3MeHeRBeM T co()' nocnenaee 3HaHCHT OT MeCTH rtOilHaHHH!I HOHH-

·aapyJOIIleli '18CTHUbl a tleTeKTOp, U03TOMY 8MrtRHTYtlHh!H cneKTp 6yaeT BCKB)I{eH, 

'IT06bl HMnym.c 6b!R nporropuuonaneH 3Hepraa (aapaay Q ) , ero He06XOtlHMO 

rae-na6o B TpHKTe yCBRHTeRH rtpOBHTerpapOa8Tb, 3TO He 03H8'18eT, 'ITO He06XOtlHM HHTerpa

TOp KBK T8KOaOH, HHTerpapOa8HH8 MO)I{eT OCyWeCTaR!ITbCSI H rtOCTen eHHO ao acex 

K8CK8tl8X, T,e, 6yneT fleKOTOpOe 3 KBHB8R e HTHOe HHTerpHpOaBHHe C llOCTOHHHOH apeMeHH 

Taxa' onpenenneMoll cyMMapnoll nonocoli acero yciWHTenR. 
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KaxaM !10n>KHO 6bJTb HHTerpapoaaaae, 'IT06bJ caraan 

HanbHb!M 3apS!l1Y 0 ? QqeBHL1H0 0 'ITO KpHTepHeM cnyJKHT 

MOlKH O 6bino C'IHTaTb nponopuao-

T co
6 

• Ecna Tc
06 

= 0, To 

mo6oll ycanaTenb c KOHe'laolt nonocoll. 6y!1eT HMeTb BbiXOL1HOii caraan nponoptlHOHBJihHbiit Q 

Ecna T co
6 

,f 0 , TO Re06XOL1JlMO, 'IT06b! TaKa » T co
6 

, T.e. HMnynbc !10nlKeH 

6b!Tb 38TSIHYT yCHnHTeneM HBCTOnbJ<O, 'IT06bi ero BMl1nHTYL1B He 38BHCeJJa OT K3MeHeHHll 

T co
6

• Cnyqal! T co6 cons! ( HO He paBeR Rymo) B 11pHHUHITe B03 MOlKE!H, 110 11p8KTB-

tJ.8CKH ManosepOSIT8H. 

CneayeT OTM9TBTb, B OCHOBHOM yCRIJHTene Mory T 6btTb HCITOilb30B8Hb' KBK YCKIJHT81IB 

T0]![4 1 T8K B yCHIJHT81JH HBilpSI)K8HHH1 H838BHCHMO OT TOP0
1 

XB KOA yCHnHTe nb npHM8HSI8TCSJ 

B npeAyCHnBTene. npeBMymeCTBa HCI10nh30B8HHSI YCHnHTenelt TOKa BMeC TO YCHnHTenelt H8-

!1p!!lK9HHSI noKaaaHbi a pa60Te
17 1 

YcnnHTenb TOKa MOlKRO BbiUOnHHTb aaanorH'IHO pac. 16, HO nepBbii! K8CK8l1 no CXeMe 

C 06mBM 9MBTT9pOM. TaKue ycunuTeJi!f He Bhi3biBBIOT COMHeHuA, O.UHBKo, qTo5bt ero 

BXOL1HOe COnpOTHBneaae 6 btn0 l10CT8TO'IHO Mano 110 Cp8BH9HHJO C C011pOTBBneHB9M 9MKOCTH 

Ha BXOAe, Heo6XOL1HMO BCITOnh30BaTb AOCTaTO'IHO rny60KYIO napannenbHYJO o6pHTHYJO CBSI3b 

R 
1 aa pac. 16. 'iT06bi sTo conp')TBaneaae 

He BHOCHnO 60nbmOrO C06CTB9HHOrO myMH, ORO !10nlKHO 6b!Tb 6onbmHM, 110p51!1KH MeraOMOB, 

'IT06bt 6btTb cpaBHHMb!M no myMOBOM)' axna11y c F c B 06bt'tHbiX 3Bp5tllOt{yBCTBHT8llbHbiX 

cxeMax. Ho ecna R 
1 B CIJHK01 H o5p8TH851 CBSI3b rny60K8SJ 1 TO, KBK H3B8CTHO, 'lBCTOTHB SI 

xapaxTepHCTRKH onpe!1enReTCSI T 1 = R 1 C 1 , r11e C 1 - eMKOCTb, mynTapyJOmaR R 
1 

• Ecna 

R 1 ~ I MoM a C 1 =I n<jl, To T 1 •I MKCeK, T.e. Taxo!t ycam!Tenb TPYL1HO Cl1eJiaTb 6b1CT-

pbiM H, B9pOS!THO, OR He 6yAeT HMeTb HHKBKHX npeHMymeCTB nepeA ycRnHTeneM C 3HpSIL10BOJ! 

o6paTHoll CBSI3bJO ( npa noMoma C 0 ) • 

Haxoaeu, B03MOlKHa 6nox-cxeMa , rAe aa BXOL1e CTOHT KHCKHL1 c o6mel! 6aaolt (pac.la) 

u Henocpe!1CTBeHHO nocne s Toro KHCKHL1a ocymecTaneno HHTerpapoaanae HMnynbca. 

Cne!1yJOmHit xaCKHL1 MOlKeT 6biTb SMHTTepHbiM noaTopHTenoM, 'IT06bt noabiCHTb BXOL1!10e 

conpoTuaneliBe, myHTapyJOmee C 2 CMbtcn TBKOH cxeMbi 3aKniOqaeTCH a TOM, 'lTo ec nH 

Ha BXOL1e ycannTen51 CTOHT 6onbmall 9MKOCTb C (HanpuMep Kauenb). TO nepe11aa BMnynbc 

TOKa C H960nbl110ll 110Tepe!! B KOnne KTOpRyJO U911b TpaU3HCTOpa To 1 , B IIRTe rpapySI ero 

liB CylUeCTB8HHO M8Hblll8ii 8MKOCTB C 2 1 MO>KKO nonyl.JHTb BbiRPpbilll B BMllnHTJD.O CHrKana. 

OnaaKo, !<llK 6y11eT noxaaaao HHlKe, myM na BhiX0!1e Tp
1 

c yaenH'IeHReM C T axJKe pac-

TeT. YfHbi MH CnOBBMB, HeT OCHOB8HUSI O !KH.QBTb B TBKOH CXeMe 6onblllero OTHOllleHHSI CHrHa-

na K wyMy, TaK K8K OHa OTnll'l89TCSI OT npel1bll1Yme!! TOnbKO M9CTOM HHTerpupOBHHHSl CHr-

Hana. 
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MaKCBMallb~~~omeaae caraana K myMy 

B mo6 oll cxeMe ycanaTeng OTBomeaKe ·cKraana K myMy 3asacaT OT Bbl6opa cjlopMapyJO

max aneMeHTOB1 onpeaenmomax '!aCTOTHYJO xapaxTepacTBKy scero ycanaTeng, HaKny'I,IIIYJO 

cjlopMy '18CTOTHOII K8p8KT9pHCTBKH H M8KCRM8llbll09 OTHOID9HH9 CHrllana K myMy np ome Bcero 
/9 HY 

onp eaenaTh, acno1lb3Y" aneMeHTbl Teopaa onTaManbaoro npaeMa caraanos aa cjloae myMoB ' , 

Cornacao aToll Teopaa, ang nony'!eHH!I MBKCHMBnDHoro OTHomeHK!I caraana K myMy cjlopMa 

'!acToTa oil xapaxTepacTaxa y c anaTeng aonx<Ha 6biTb c ornacosaa a c 'IBCTOTHbiM c ne KTPOM 

caraana a myMa, a e llcTsy JOmi!.Mll aa axone y-::anaTenH. 

Ecna aa axone HMeeTC<I caraan co cnexTpOM S(w) a 6enblll myM N 1 TO qacTOT-

-t cu t 
K( w)= S* (w )e o 1 T.e. Mo-HB!I X8p8KT9pHCTHK8 yCBnHTeng !lon >KBB BM9Tb BH!l: 

llYllh aMnnHTyllHD-'IBCTOTHOll Xap8KT9pBCTBKB yCBnBTeng llOn>KeH 6biTb paB9H MOllYnJO '18CTOT-

aoro cneKTp a c arsana, 

Mao>KaTenb e -tCIJ t o 
0 y KOTOporo MO!lynb p aseH 9llBHBU9 0 03H8'189T 0 'ITO npB 

UpOXO>Kll9HHH '!epe3 ycanaTenb 1 caraan llOn>KeH HM9Tb H9KOTOpyro 38!l9pJKKy t 
0 

, I1M9HHO 

B 3TOT MOM9HT ! 0 CHraan 6y!l9T HM9Tb MBKCHMyM, 

TaKHM o6pa3oM1 c11raan aa BbiXO!le ycanaTenR 

1 +oo tCtlt 1 +oo -tcut 0 tcut 
S

8
b

1
itl = -

2 
J S(w)K(w)e dw=-

2 
JS(w)S*(w)e e dw . 

71-oo fr- oo 

B MOM9BT I= t 0 aTO Bblp~9BH8 pa»BO 

1 +oo ~ 
SBbiX (tol-y- J I S(wl l dw, 

rr - oo 

lllyM aa BbiXO!le ycHnaTen!l pasea 
N 2 - _!_ + oo 2 2 

BbiX - 2rr-l N I K(w) I dw 1 

paT OTaomeaaR caraana K myMy pasea 

2 
I) -

2 
SBbl X (t) 

N 2 
BblX 

- 1 +~ 
- 2rr N2_£ I S(w )l2 dw . 

OTKyllH KBH!l-

Ecna aa axon ycanaTerul nocTynaeT caraan S (w) a ae6enblll w yM N (w) , To 

OUTRMHllhHYIO 'IBCTOTRYIO x ap8KT9pHCTRKY MO>KHO npe!lCTBBHTb KBK pe3ynbTHT aeiiCTBB!I llBYX 

cjlanbTpos: nepBbi H cjlunbTp aon >KeH HMeTb x apaKTepac THKy K 1 (w ) TaKyJO, 'IT06hr Ha BbiXO!le 

er o 6b!n 6enb!l! wyM, T,e. K 1 ( w)= - 1-- ; sTop oll <jlallbTp K 2 (w ) Bbi6upaeTCH TBK >Ke, 
N(w) 

KaK BbiWe saxonanc 11 K ( w) • Caraan nocne K 1 (w ) H3MeHaTC!I: 

TaKBM o6pa30M, 

S
1

(w)=S(w)K (wl= S(w) 
1 N(w ) · 

1 + 00 S' '·' ' 2 2 00 s I '·' ' 2 
11 2 = - J I ~ I dw=- J I~ I dw. 

217-oo N(w) IT 0 N ' (w ) 
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3uecb 

JN'(cu)J 2
: 2J N(cu)J 2 • 

:Oho Bblpa1KeSHe D03BOilHeT onpeuenHTb MaXCHManbSOe OTSOWesae CHrsana K WyMy, 

3Sa!l ll!!Wb cnexTpbt exousoro carsana H wyMa. 

OTsoweRHe carsana K WYMY e KacKaue c o6maM xaTOIIOM 

Onpe.t~enaM OTsoweaae carsana K wyMy e ycanaTene, HMetomeM sa exo.t~e xacxaA 

C 06l!lHM KaTOIIOM 0 C'IHTaH, 'ITO BeCb lUYM ODpeAellH9TC!I TOilbKO Depaoli ll8MD0l!. 

J13BeCTS00 'ITO WYM naMDbl OnpeAellH9TC!I B OCHOBHOM ABYM!I myMOBblMB BCTO'IHBKa-

MHI
2 

Hf 2 
9 • 

Ha BXOAe H Bb!X0119 llaMDbl
0 COOTB9TCTBY!OIUHMH lUYMY CeTO'IHOl'O TOKa 

B Apo60BOMY myMy (wyMy aHOAHOl'O TOKa) (pac. 2a). 0uHaKO 'larue wyM llaMDbl DpeA-
12 

CTaBilR!OT IIBYM>J WyMOBblMB BCTO'IHHKaMH Ha BX0119 llaMDbl; 
--. -2 ---

Xopowo a3eecTao, 'ITO t 9 =2el 9 flf a u!=4kTR.tH 

• 2 
l 9 H 

rue 

U 
2 

1 npB"'8M U 
2 == ---"-. • • s 2 

I 9 - ceTO'IHbll! Tox, 

a R - axeaeaneaTaoe wyMoeoe conpOTHBneH.He naMJtbl. CyMMapaoe wyMoeoe aanp>J1KeRHe 

sa exoue naMnbl, O'leBHAao, paeao 

Curaan sa exoue ycanaTen>J paees: 

u = e 
...Q... 
c 

(2) 

no cjlopMe aTo np>JMoyrollbHbtll nepenaA aanpR1KeBH!I, ecll!l npeae6pe'Ib epeMeaeM co6apasaH. 

TaKolt HMnynbc BMeeT cneKTp 1 , noaTOMy 
cu 

u (cu) • .Q..!.. 
e C cu (3) 

0Tctoua DO <jlopMYil9 ( 1) S9TPYIISO 0DpeA91lHTb MaKCHMallbaoe OTBOWeHHe CHrsana K myMy: 

2 
'I 

MaKC 

2 .. 
=-! 

1T 0 

u~(cu) dcu = .?.. f 
u 2 (cu) " 

w (cut) 
2 

[2el (...!_) ~4kTR.l 
9 cue 

Q 
2 

dcu 
(4) 

Ecna aTo oTsoweaae npapaBBRTb eAasaue, To M01KBo onpeAellHTb 3KBHBa nesTsbll! wy-

MOBOH 3apnu, a TaK1K9 9HepreTH'I9CK09 pa3pemeaae 3a C'19T WYMOB. 

M01KSO DOKa3aTb/S/' 'ITO 'I MBKC Ba 36% 60ilbWe, 'IeM HaHilY'IlUee OTSO!Ueaae CHI'

sana K WYMY e cnyqae npocToll RC-RC <jlopMHpOBKH. 

0npeA91lHM <jlopMHPY!OII!He lleDH 0 Be06XOIIHMble All!! DOily'IeHHSI MaKCHMallbHOl'O OTHOWe-

RH>J caraana x wyMy: 
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2 
(G>C) 1 K (G>)z--~ 2 1 N(G>) 2el 0 +4kTR

0
. (G>C) 

(G> C) 2 

4kT R 2 
2el

0
( 1+ ---• (G>C) 

2el 
0 

(5) 

narxo aaMeTBTb, qTo aTo aa qTo aaoe xax qacTOTHSR xapaxTepacTaxa na¢¢epeHnBpymmero 
4kT R 

RC ¢am.Tpa c nocTostHaoA BpeMeaa T .., • C v ----• . 3Ta DOCTORHHSH BpeMeiiJI 
na., 2el • 

COBepWeHHO TOqHO COBD8A89T C ODTBM8JlbHOA DOCTOHHHOll Bp&MeHB nnR c nyqag DpOCTOll 

RC -RC - cjlOpMHp'OBKH. 

BTopoA ¢am.Tp K 2 (G>) ae coBnanaeT c BHTerpapy~waM RC cjl111lhTpOM, 

Eonee Toro, K2 (w) BwnonHaTb Toqao aenb3H, Tax xax nepexonaaR xapaxTepacTaxa 
. / 9 / 

aToro ¢am.Tpa &MeeT 6ecxoaeqaoe BpeMR aapacTaHBH a cnana • Onaaxo B npaanane MO*-

ao p ean&30B8Tb niD60e npa6n&~eaae X 3TOMY BA981lbHOMy cnyqa~. noaTOMy BWpa~eHRe (4) 

yno6ao acnonb30BaTb B xaqeCTBe xpaTepaa myMoBwx cBollcTB xacxana. UnR oneaKB Tpe6ye

uoll qaCTOTHOl! XapaKT9pHCTHKH ycanaTenR MO~O DpHM9JHTb 

4k T R. 
T ODT~ Cy~= T na¢ 

q 

CxeMa c o6wau 9MHTTepoM 

(6) 

3KBasaneaTHa H cxeMa TpaaaacTopa, sxn~qeaaoro no cxeMe c o6maM aMHTTepoM, 

npencTaBneaa aa pac. 26. Mo~Ho cqaTaTb, qTo na¢¢yaaoaaaR eMKOCTb a eMKOCTb neTexTopa 

sxmoqeabl napannenbao, Tax xax conpOTHBneHBe 6aabi r 
6 

o6biqao MeHbme, qeM conpo-

TBB neaae neTeKTOpa H ero QMKOCTB, 3TO D03BOnReT qaCTOTHWe CB OACTBa Tp8H3HCTOp8 B 

BnBHHHQ c 
neT 

xap8KTepH80B8Tb OJlHOll DOCTORHHOll BpeMeHB r BX • R BX ( C + C Jlllcjl) • 

3To
1 

xoaeqao, ae cosceM Toqao, Tax xax na¢¢yaaoaHaR eMKOCTb, no cymecTBy, ¢axTHBHaH 

9MKOCTb 0 BBeneaa nnR yqeTa HBepoHOHliOCTH TpaB3HCTOpa, B ee nel!CTBH9 COBCeM He 38BH

CHT OT BH&WReA OilMXOCTH. nosTOMy DOCTO!IHHbl9 BpOilMQHB BXOJlHOA D9IUI H Tp8H3HCTOp8 

non~Bbi cxnanbiBan.ca xsanpaTaquo. Onaaxo aTo naB'I' uecywecTBBHHbiA BbiHrpww B Toq-
/11 I 

HOCTH, XOTR 3H8qHT9JlbHO ycno~HBQT 8H8JUI3 

B cxeMe aa pac. 26 xax o6wqao R = .....!.!.._ a 
BX 1 -a cna¢ 

UOSTOJI(}' 

rne 

r 
BX 

'• ~ = --( C + C .., ) - - r ., 
1 -a na.,. a 

r ~ r 0 ( C + C AH¢ ) • 

8 

__ 1 __ 

Q) 
a 

------..... 



lliyM Tp8H3HCTOp8 no 8H8noraa C n&Mfi8MH npe.ctCTasneH .ctByMSI WYMOBbiMH HCTO'tHHKa

MII TOK8! 88 BXO.cte - WyMOM 6aaosoro TOK8 0 88 Sb!XO.cte - WYMOM KonneKTOpHoro TOK8! 

(8 ) 

1121 B aToA 3KBHsaneaTaoA cxeMe myMOBble HCTO'tHHKH npaKTH'teCKH HeKoppenaposaHbl 

Orcro.cta R9TPY.ctHO onpe.ctelUITb CYMMapHbt l! myMOBOA TOK, .ctelicTByiOmHA Ha BXO.cte Tpaaaa-

CTOpa 

2 
{3 

nony'tBM 

-.-2-
1 

w (9) 

Caraan Ha sxo.cte u c (w) pasea 0 1 TalC KaK npa T coG'"() oa HMeeT 6enbt!i cneKTp, 

OTcro.cta HeTpy.ctao nonyqaTb MSKCHManbaoe OTaoweaae caraana K myMY: 

., ~.l_ f 
M8KC " 

r • ( C + C .ctK<j> 
( 10) 

flOCTOIIHH8K BpeMeHJI ,POpMBpOS8HBSI, npa KOTOpOA OCyWecTBnHeTCSI M8KCBMMblioe OTHOWe-

KBe caraana K myMY: 

T ~./Ji, (C+C .._ ) =P(-1-+r C) . 
OllT a e llH'+' a cua e 

(II) 

Tpaaa&cTop s cxeMe c o6weA 6aao~ 

3KsasaneaTaau cxeMa npase.cteaa aa pac. 2s. B 3TOM cnyqae myMOBble BCTO'tBIIKH 
1121 

KOppenHpOB8Bhl 

7 • 2eJa M 
W3 

i 
2 

= 2elk !H 
(12) 

Wit 

~ •-2elkAf. 
W3 WK 

9 



OnpeJlQliBM 81ta&aaneHTJihiA myMOaOA TOit H8 axone 8TOA CXe.Mhl: 

-- i 
1 2 =I i +___:_uuL_J 2

E 1 2 

w wa a(w) wa 
+I 2 + 2 i 

WK rna 
I* 

WK 

•(2e1
8

+2el• 1+w
2

r
2 

-2..!_·2e1.)t.f= 
a 

• 2ei6 ( 1 + 
a 

~)1\f. 
a 

(13) 

KaK aanao, rrpaaeneHHbiA x axony myM a aToll cxeMe TO'IHO TaxoA JKe, xaK a cxeMe 

C o6mHM 9MBTTepOM, a 8TO 3HaqaT, 'ITO 6yneT TaKOe JKe paapemeaae B TaKaS lKe DOCTOHII-

H8H apeMeHH ~OpMHpOa&HHH T 
ODT 

0AJiaKO 8TO Jle 03Jia'laeT, 'ITO nae CXeMbl DOnHOCTbiD TOlKAeCTaeHRbl C TO'IKH apeRRK 

myMoablx caollcTa. Bo-nepabiX, aecMOTpa Ha paaeacTao aXOAIIbiX myMoa ypoaeHb myMa aa 

ablxone aTax cxeM paallbiA. B cxeMe c o6maM 8MHTTepoM Bb!XOAROA myMoaoll Tox paaea: 

I 2 2 w2a = iw1 I fJ(w) 12 = ~ a 

Ha abiXOAe KacKana c o6mell 6aaoll: 

.2 -
'w26 = i:lla(w)J

2 
_ ~6 a 

f3 2
{1 +w'- Lr• l 

a 

1 + "' 2 ( ~ )2 2 a r 

a
2
(l!-w 2 1r2

) 

M. 

a L\ f 
1+w 2 r 2 

(14) 

(15) 

flo ypaaHeRHSIM (9), (13)- (15) MOlKI!O rtp:o>AC TaaHTb npHMepHhl l! XOil aaaHCHMOCTH 

ypOaRR aXOAHbiX H abiXOAHbiX WYMOa OT QMIOCTH neTeKTOpa, eCliB C'IHTaTb, 'ITO W = "'cp • con at j 

T.e. nonoca ycHnHTena aeaaMeHHa (p•c. 3). 

B cxeMe c o6maM a MaTTepoM ahlxoauoA myM naaoeT c yaenaqeaHeM eMKOCTH, a s 

CXeMe C o6m ell 6aaol!, Ra060pOT, ;>aCT9To flpH 0'19Hb 60llb!IIOI! QMKOCTH, T.e. npH KOpOTXOM 

38Mbllt8HRH H8 BXO.Qe1 myMbl 0AKH8JC.OBhl. 

BTopoe OTDB'IHQ - a CXeMe C o6m el! 6aaol! BbiXOilJIOll CHraan KOpO'Ie, TaX I<aK MQHbWe 

BnllllRHQ BXO)ll!b!X QMXOCTell. 0JlRaKO paaee 6binO DOKa3aao, 'ITO B 8TOll CXeMe Ana aneaDbRQ-

ro ~OpMHpoaaHHH DOCTOSIHHI!IH Bp8M9HII T 'ITO H B CXeMe C ll0DlKH8 6b!Tb TOll lK9 1 ODT 

06lllJIM 8MHTT8pOM. 0TCIDA 8 MOlKHO CnenaTb BblaOn, 'ITO ecna &a axone DpHMQRHQTCSI KaCKa)l 

C o6mel! 6aaoll, TO ~OpMBpOaaa&e a OCHOBHOM YCHDBTene llOlllKHO 6b1Tb 6onee HH3K0'18CT OT-

ShiM. 

/ 13 / 
HO 

CxeMa c o6meA ceTKOll 

CyMMapHbill wyM aa BXOAe KaCKana c o6mell ceTxoll MOlKHo o npeaenHTb aaanorH'I-

10 
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HMesr s aa.11y, 'ITO 

12 
• Jl + I 

WI BX BblX 

'i + 'i 
II BH8WH ) I 2 • 

'i 
21 

2 2 
I sx= (2el 0 + 2el F )~f 

'i eituC 
BHQWH 

i ·i 0 = -2el 0 F
2

, 
BX BbiX 

2 2 
=(2 el 0 +4k TR.cu C ) 1\f 

(16) 

(17) 

nony'IBnB TO lK8 Bblp4lK8HBe, 'ITO B !InS! CX8 Mbl C Ot5WBM KRTO!IOM, Kax 06bSICBHTb 

c (jlaaa'lecxoll TO'IKH apeHHB, nO'laM}' npa C= 0 aa sxoae aellcTsyeT wyM 2el 
0

1\f, 

KOr!la B aeliCTBHTanbHOCTB npOXOLIBT KRTOLIBblll TOK KRT H, JtA3RnOCb 6bi 0 !10nlKQR 

BMQTb MQCTO !lpoi5osoll WyM, COOTB8TCTBYIOWHll aTOM}' WYMY? neno 8 TOM, 'ITO npa 9TOM 

s xacxaae aellcTsyeT o6paTaaR csSI3b, s peaynhTATe xOTopoll aellcTsae .11po6osoro wyMa 

nonaOCTb iO xoMneacapyeTCB, ecna c ysena'!eaaeM c o6paTH8SI CBSI3b 

yMellbwaeTcB, wyM pacTeT. 

lliyM conpOTBBnQHKSI R8 BXO.Ile ltRCKBLIR 

Paaee npa pacqeTe npeanonaranocb, 'ITO secb wyM o6ycnosnea TOnbxo CRMBM 

TpaaaacTopoM (naMnoll). B 9TOM CMhlcne cxeMa c o6maM aMaTTepoM axsas aneaTaa cxeMe 

c ot5mell 6aaoll. Oaaaxo cxeMbi ae oaaaaxosbl no wyMOBOM}' sxnaay conpOTaBJteHBB CMe

weaaB R 1 • B cnyqae s xoaaoro xacxaaa c o6maM aMa TTepoM aTO conpoTaBJteaae aaMe

pBeTCB MarROM8MH, B CXeMe C ot5well 6aaoA npa paayMRblX RCTO'IHBKAX llBTRHRSI ORO 

B nyqw eM Cnyqae COCTRBnBaT R8CXOnbKO !18CSITXOB KRnOOM. 

II 



Taxoe conpOTHsneKHe BHOCHT aaMeTHbiii wyMosoll sxnaJl. He cneJlyeT llYMBTb, 'ITO 

ecnH BXOJlKOO COnpOTHBneHHe CBMOro Tp8H3HCTOpa O'IQHb Mano, TO HeT CMbiCna CTBBHTb 

MeraOMHoe conpOTHBneHae. lllyMoBofi sxnaJl onpeJlen HeTCSI TOKOM : 

i2- ~i\f. R' 

r)le 

1 1 !<' = -+--. 
PI R JleT 

lfT06bi 3TOT sxnaJl Obin He3HB'IHTenbHblM, OH llOnJKeH ObiTb cywecTBeHHO MeHbWe 

2e! 6 tH , T,e. 

52 
R'(MoM)» --,-(Ha) 

6 

B cxeMe c oomefi 6aaoll 3 TO ycnosne BbinOnHHTb TPYilHO, R03TOMy yposeHb wyMB 

B TBKOil CXeMe OOnbWe, 

AHanorn'!Hoe orpaHH'IeHne Jle ilcTsyeT a B cxeMe c oowell ceTxoll. KpoMe Toro, x sxo

lly naMRbl npH TBKOM B KniO'IeHHH JlOOBBnHQTCSI eMKOCTb MelKJlY KBTOJlOM H ROJlOrpeBaTeneM, 

'ITO TBK JKQ ysenH'IHBBeT WyM, 

CneJlyeT 3 aMeTHTb, 'ITO wyMOBoil sxnaJl R' MOlKHO yMeHbWHTb, BKnJO'IliB ROClleJl<>-

BBTQnbHO C 3 THM CORpOTHBlleHHeM HHJlyKTHBHOCTb, 0JlHBKO HYlKHO ROMHHTb, 'ITO npH 3TOM 

CXeMB CTBHOBHTCSI MeHee yCTOil'IHBOil, 

TaKHM o6pa30M, CXeMbl c oowell oaaol! (ceTKoll) no wyMOBblM CBOilCTBBM xyJKe '!eM 

CXeMbl C OOWHM 3 MHTTepOM ( KBTOJlOM), U03TOMY OHH HBXOJlSIT npHMeHeKHe nHWb B cny'IBSIX, 

KOrJlB paapeweHHe He onpeJlenHeTCSI WYMBMH: perHCTpBUHSI OCKOnKOB )leneHHSI, paoOTB C npo

nopUHOHBllbHbiMH C'!eT'IHKBMH Hl!H C <1>3Y • 

3 xcnepHMeHT 

3xcnepaMeaTanbaaH nposenxa paapeweaH!I nposollHnacb c xacKOJlHblMH ycanaTenHMH, 

npH 3TOM 06bl'IHOO KBCll0JlH09 BKllto'leHHe llBeT WyM, COOTBeTCTBYIOWHil CXeMe C OODlHM 

3 MHTTepOM, 8 KB'IeCTBe KBCKBJlB C oowell 08301\ HCDOnb30BBnCSI BTOpOH TpHOJl KBCllOJlB, 

DnSI 3TOrO nepBblll TpHOJl YJlBnSinCH, H BMeCTO Hero CTBBHnOCb ConpOTHBneHHe R =~ 
I I k v 

(ana~). l13Mej>eHH!I paapeweaH!I npoBOJlHnHCb aa aaanaaaTope AH-100, HMnynbc aa BXOJl 

YCHnHTenH DOCTynan '1epe3 HeoonbWYIO eMKOCTb OT KBnHOpOBBHHOrO pTyTHOrO reHepa-

Top a. 

3BBHCHMOCTH paapeweHH!I OT BHeWHell eMKOCTH Jln!l TpBH3HCTOpB n418 H naMRbl 6)1(9n 

noxaaaabl Ha pac. 4 a 5. HaJKaae KPHBbie 03, OK coOTBeTCTBYJOT cxeMaM c oowHM 3MHT

TepoM, c OOWHM KBTOJlOM, sepXHHe OE, OC- c oowell oaaoll, c o6mell CeTKoll. CpellH!ISI 

xpasa11 nony'leHa )ln!l 03, OK, RO c conpOTasneHaeM aa BXOile paBHblM R 1 B OE, OC. 
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Ecna 6bl yxyaweaae paapeweHHSI B OE,OC onpeaeiTMOCb 6bl TOnbKO R 
1 

, To sepxHHe 

KpBBble .QOillKHbl 6binH 6bl COBU8CTb. npB'IBHB H9COBU8.Q9HBII, O'leBH.QHO, B TOM; 'ITO <!>opMH

pyJOUlBe nenH B OCHOBHOM ycanHTene .QIT!I OE, OC ue onTHMallbHbl. Kax BH.QHO aa pac. 6, 

paapeWeHHe yny'!W89TCII, 9CITB UOCTOHHHYJO Bp9M9HH HQCKOnbKO yseiTH'IHTb. ll1111 6onee 

rronuoro coenaaeHHH BMeCTO npaMeHeauoro npocToro RC- RC <!>opMHpoeaHHSI ueo6xo.QHMO 

BKITIO'IBTb .QB8 RC -HHTerpapyJOIUHX aeeua c TaB:aMH nocTO!II.IHbiMH epeMeHB, 'IT06bl cyM-

M8pH8!1 '18CTOTH8H Xap8KT9pBCTHK8 OCHOBHOrO yCHITHTellSI B TOKOBOrO npe.QyCHilHTellSI 6blll8 

9KBHsaneHTHa qaCTOTHOli xapaxTepHCTRKe, nony'laeMoll c o6bi'IHhiM npeayCHITHTeiTeM. TaKo

ro TIUaTellbHOrO noa6opa He npOH3BO.QH110Cb, O.QHBKO .Q8lKe R3 npBB9.QeHHbiX pHCYHKOB BH.Q-

HO, 'ITO WYMOBOli BKI!a.Q R 1 3HB'IHTeneu, a nosTOMY aMnllHTY.llHOe pa3peweuae B Toxo-

BbiX CXeMSX Xy>Ke. 

Pe3ynbT8Thl pa6oThl 

J. npoBOAHTCK npOCTOli, HO .QOCTaTO'IHO CTpOrHJ! 8Hai!H3 WYMOBbiX CBOliCTB Tp8H3H

CTOpHbiX H ll8MUOBbiX yCHI!HTelleli 88 OCHOBe TeOpHB OUTBMallbHOrO npaeMa CHrHallOB HB 

<!>oae wyMa. 

2. noK83biB89TCH, 'ITO BKITJO'IeHBe Ha BXO.Qe CrreKTpOMeTpH'IeCKOrO YCHI!HTellK K8CK8.Q8 

c o6mell 6a3oJ! (ceTxoll ) co3aaeT 6onbiiiHA ypoeeab wyMa, 'leM e o6bi'IHhiX cxeMax c o6-

WHM 9MHTTepOM (KaTO.QOM). 

3. lllyM Ha BbiXOUe Tp8H3BCTOpa, BKI!JO'IeHHOrO no CXeMe C 061UBM 9MBTTepOM, rrpH 

ysei!H'IeHHH BXO.QHOli eMKOCTH yMeHbW8eTCSI, a B TpaH3HCTOpe C o6weJ! 6a30J! - H8060p0T 

paCTeT, O.QHaKO WyM, npHB9.Q9HHbiJ! K BXOAy, B o6eax CXeMaX C YB91lB'I9HHeM eMKOCTB 

O.OHH8KOBO pBCTeT. 

4. npa HCrrOnb30B8HHH TOKOBbiX npe.QyCBITHTel!eJ! Tpe6yeMaSI '18CTOTH8H X8p8KT9pHCTHK8 

BCero yCHI!BTell!l onpe.Qei!SI9TCSI TOll JKe rrOCTOKHHOli BpeMeHH, 'ITO H C 06hi"'JlbbMB npe.QyCB

IlHTellSIMH. 3TO 03HaqaeT, 'ITO C 6biCTpb1MB TOKOBbiMH npe.ayCHilHT91lHMH <!>OpMBp0B8KH9 B 

OCHOBHOM ycHnHTene .00n}KH0 6biTb 6onee HH3KO'I8CTOTHOe. 

B 3<iKilJO'Ieaae aeTop 6naroaapHT A.H. Cauaeea 3a none3Hble 3aMe'laHHSI, caenaaable 

npH npoCMOTpe pyxonucu, H A.E. Eaan<!>aTosa 3a noMOIIlb B npose.~eHHH axcnepaMeHTarrb

HbiX H3MepeHHli. 
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o) 

Kv 
(Kd 

e) 
PHc, I. 5noK-cxeMbi cneKTpoMe Tpl<'!eCK KX ycR11HTeneA. 

a) 06bi'IHB!I 1 6) C YCK11HTe11!1MH TOKB , a) C H CnOllh30BBHHeM HB BXO!le KBCKB UB 

c o6meA 6aaoii, 

J, 



a 

•• 
r, 
1 

e 

, 
'I 

.I 

.s 

1 
a em 

Cgurp 

aem 

ls 

a) 

'Jo 

Ze~Lwo 
f·d... 

6) 

zo 

8) 

PH c . 2 . 3KBHaaneHTHbie myMOBbie cxeMbi , 

'JK 

>j3JoE>LwK rlRK 

JK 

J3 0;JLwK 

RK 

a) llnl! .OaMnOBOrO KaCKa a a , 6) llnl! TpaH.3HCTOpa C 06lltH M 9MHTTepOM, 

B) JJnl! Tp8H311CTOpa C 06llleii 6a3oll , 

16 

72 
Lw, 

~ 
~IJ/2 

D 
a) 

o) 

CGx 

2e'Jo ftrl 

C8x 

PHC, 3, J13MeHeHHe CyMMBpHoro lliYMOBOro TOKa OT BHeWHell eMKOCTH llnl! K8CK8llOB 

c o6mHM aMHTTepoM (03) H o6melt 6aaoii (OB) . 
a) H8 BXOlle Tp8H3HCTOpa, 6) Ha BbiXO}le , 
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P11c . 4 . Vl a MenenHe paapewe nHH o-r snewnen eMKOCTH s -rpanouc -ropnoM y cRnu-rene 
( i\ - WllpHHB H8 nonyBbiCOTe) , 

b, 1<38 
(SLJ 

70 

50 

50 

IHJ 

30 

20 

fO 

0 

6:HC9n 

'Jo. = 5Ma 

T= IMKCeK 

200 4()0 600 800 

P11c , 5, HaMeHenue paapeweHHH o-r snewne ll eMKOCTH B naMnOBOM y c unHTene, 

Cncp 



~1<38 
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PRe, 6, I13MeHeRIIe pa3pemeRBB Tpas31lCTOpRb!X ycsnsTenell OT nocTOBBBOll speM&llll 
tjlopMilp088Hil B, 


