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M.H. ·~pueB 

· METO~Y Y JIY'BIJEHHSI JIHHEAHOCTH 

H BYCTPO~EAcTBHSI. ~PEMSI-AMI11JHTY ~HYX 
llPEOBPA~BATEJIEA HAHOCEKYH,nHOrO · · 

~HAnA~HA 



obiCTponefiCTBHe n nnHefiHOCTh npeo6pasosaTenefi BpeMeHH B .aMnnnTyny 

(flBA) HaHoceKyHnHor~ nnanasolia onpenensuoTCSI, rnaBHbiM o6pasoM, xapaK":"; 

TepHCTHKBMH HX ·HaKOIIHTenhHbiX .CHCTeM; 

OnHoBpeMeHHOe o6ecne'leHne .BhiCoKoro Ka'leCTBa yKasaHHhiX napaMeTpOB 

B · KnaccnqecKnx HaKonnTenhHhiX cncTeMax Tima RC (puc. 1), oniiaKo, CBSI-

3aHo C O'leBHllHbiM npOTHBOpe'lUeM, 

TaK KaK aMnnnTyna cnrHanoB uc Ha Bhtxone HaKonn TenhHOfi CHCTeMbl 

flBA paBHa 

l 
tt 

u -- I dt (l) 
c ·C 0 c 

rne t 1 

.. 
H3MepSieMbiH HHTepBan BpeMeHH, B Te'leHne KOTOporo KmO'l K 1 

HaxonRTCSI B nonomeHHH "1" n ocymecTBnSieTcSI sapRn, C 
eMKOCTh

1 
i c ·- 3apSIAHblll .TOK1 H· nOCKOnhKY TOK .3ap5Ina BO BpeMSI' 3apSillHOrO 

UHKna He coxpaHSieTCSI noCTOSIHHbiM 

u 
rne io ~ --R~' rs 

i 
c 

( e -ttfr,3 ) ' 
0 

(2) 

TO. BBOllHMaSI TBKOH CHCTeMOH nnljlljlepeHUHanhHBSI HennHeHHOCTh . ( MBKCHManh..:. 

Hoe. onHocTopoHHee oTKnoHenne) 6yneT: 

maxi:!.. ic 

ic. 
0 

~(3) 

3 

., ... 
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nnn .nnSI t 1 , << r 3 

t l 8 , __ 
RC r

3 

.C uenbro yMeHbrueHnSI aennaefiaocTn aennqnay 

.llOCTaTO'l:HO 6onblliOH 1 T.e. BbinOnHSITb ycnoane: 

r ... r 
,3 p RHC 

Yaennqeane apeMSI-KOHCTaHTbi• pa3pSI.lla r; 
D 

'·· ' . (4) 

R t cne.nyeT Bbi6npaTb 

(5) 

, o.nHaKo, npnao.nnT 

K YXY.llllieHHID 6biCTpOJleHCTBHSI1 TaK K8K CKOpOCTb pa3pSI.na OIIpenenSieTCSI TaK- . 

)l{e r 
p 

lkbt~C 
·,. U ·-t / r c e P 

H JlnHTenbHOCTb HMnynbCOB t J¥>IX Ha ypoaHe 0,01 paBHa 

l . 4 
BbiXRC ., ,6r p • 

· TaKHM o6pa3oM, B HaKonnTenbHbiX cncTeMax Tnna . RC 

(6} 

(7) 

H3MepSieMbiH 

apeMeHHOH HHTepaan, .nnnTenbHOCTb BblXOJl~biX HMilynbCOB H AH!fllf!epeHUHanb

HaSI HenHH9HHOCTb B38HMHO CBSI38Hb1 1 H o6ecne'leHne BbiCOKOH nnHeHHOCTH 

B03MO)I{H0 TOnbKO ll9HOH yxy.nrueHHSI 6biCTpo.neHCTBHSI: 

.. 4,6 __l 8 (8) 
RC 

lBbiX ,. 

nnHeHHOCTb H 6biCTpO.ll9HCTBHe MOI'YT 6biTb B 3H8'l:HT9nbHOH CTenean 

ynyqweHbi aae.neaneM .nononanTenbHbiX· aneMeHTOB a TIBA (eM., Hanpn-

Mep, /1,2,3,4,5/ ). ) 

Ha pnc. 2 llOK83aHa 9KBHBaneHTH8SI CXeMa HaKOilHTenbHOH· CHCTeMbl 

IlO.ll06HOI'O THna. 3.necb C Uenhro COXpaHeHHSI.IlOCTOSIHCTBa 3apSI.llHOI'O TOK~ 
' ncnonb3yeTCSI cneunanbHbiH cTa6nnn3aTop n · aennqnaa conpoTnaneanSI. R H _ 

Bbt6npaeTcSI 6onbruofi ( i H << i c ) , a aeo6xci.nnMoe 6biCTponeficTane o6ecne-
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l 
Pnc. 1.3KBHBaneHTH8SI CXeMa HSKOUHTenbHOH · C.HCTeMbl llBA 
Koro rnna RC • 

& 

1 

ill t l=const 
ic Kt 

C:!F ~ 

Pnc. 2.3KBHBaneHTHaSI'CXeMa HaKOUHTenbHOH CHCTeMbl ll 
cra6nnnaa·uneil. aapSI/lHoro. TOKa H Knro'l K2 npHHYilHTenb 

pa3pR/l8 HSKOUHTenbHOH eMKOCTH. 
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(4) 

CJleJlyeT Bbi6HpaTb 

(5) 

T
0 

, 0JlHaK0 0 npHBOJlHT 

~3p.11Jla onpeJleJI.sieTC.II TaK- . 

(8) 

aBHa 

(7) 

:TUna .RC H3Mep.sieMbiH 

{JlbCOB H JlH~~epeHUHaJib

ll:le BbiCOKOH JIHHeHHOCTH . 

IHSI: 

(8) 

B 3HaquTeJlbHOH CTeneHH 

B B ITBA (eM., Hanpn-

i8KOUHT9JlbHOH CIICT9Mbl 

)SJHCTBa 3apSIJlHOro TOKa 

I~Ha conpoTHBJieHHSI. R H 

6biCTpOJleii:cTBiie o6ecne- 1' 

I 

1 

u 

PHC. 1.3KBHBaneHTH8SI CXeMa HaiwnHTenbHOft CHCTeMbl nBA KnaCCH'Iej::

KOI'O THna RC • 

l ~1---~---~---~---~ 
l=const 

c 

PHC~ 2.3KBHBaneHTHaSI'CXeMa HaKOUIITenbHOli CHCT9Mbl nBA co 

CT80Hn!!3BUHeli aapS!AHOI'O. TOKa H KniO'I. K2 npHHYAHTenbHOI'O 

pa3pRA8 HaKOUHTenbHOfi 9MKOCTII. 

5 



'IHBaeTCSI npH noMOIUH _nononHHTenbaoro KniO'Ia 6hiC~poro paapSIAa K
2 

, KOTO:.. 

pbiii BKniO'IaeTcsr no HCTe'IeHHH apeMeHH , t BhiX. onpen,~nSIIOmero nnHTenb

HOCTb :BbiXO]lHbiX HMnynbCOB. 

CnenyeT OTMeTHTb 1 ,'ITO npHMeHeHHe CFa6HnH3aTopa TOKa B HBKOUHTenb

HOii CHCTeMe U03BOnSieT TaK~e CHH3HTb Tpe6oaaHHSI K CTa6HnbHOCTH H~TO'IHH

Ka UHTBHHSI H 'ITO B TBKOM BKniO'IeHHH HenHHeiiHOCTb IlBA He 38BKCHT OT 

aenH'IHHbl t t H l BbiX. • 

C Jlpyroii CTOp0Hbi1 BBe]leHHe STHX sneMeHTOB npHBO]lHT K ycno~HeHHIO 

CX8MHOrO pemeHHSI H CBSI3aHO C H8KOTOphlMH TPYAH~CTSIMH H3-3a KOHe'IHOii 

npoa'onHI\WCTH aaMKHyToro KniO'Ia K 2 H HanH'IHSI TeMnepaTypaoii aaancuMoc

TH. 

Yny'Irneane nnaeiiaoCTH n 6biCTponeiiCTBHSI IlBA aaaoceKyanaoro nnanaao

Ha MO~eT 6b!Tb OCyiUeCTBneHO H BBe]leHHeM naCCHBlibiX sneMeliTOB B HaKO

UHTenbHbie CHCT9Mbi /4/. TaK, ecnH B uenH 3apsrna oyneT BBeiJ.eHa HHJlyKTHB

HOCTb ( Lt Ha pHC. 3) B COOTBeTCTBHH C ycnOBHeM 

6_· 
L -~ ... -U 

t t c (9) 

TO TOK 3apsrna i C BO BpeMSI 3apSIAHOro UHKna ( iHH iL << i C ) COXp8HSI9TCSI 

UOCTOSIHHbiM 

rne 

i ( t ) 
u l e-P. t ( p. Sh n t + · n Ch nt ) .. --
R n 

I 

. R 
Jl = __t_ H 

R2 1 
n2 =___]_ - -

2L
1 4L2 L C 

I 

1 

K,-.,o 

lJ IC -.f'....._ UIWX ' 

PRe. 3. 3KBHBaneHTH8SI CXeMa ~aKOUJITenbHOll CHCTeMhl nBA 
THna RLC c yny'lweaaoli nuaeliHoCTbiO H 6biCTpo.neliCTBHeM. 

6 

(10) 

!' 

M ,. 

I 

_\~J l. 
\
> 
\ 

H llnSI << y'LC H anepHOAH'IeCKOro pe~HMa ( n 2 >0 Hm 

CHManbHOe OTHOCHTenbHOe H3MeHeHHe TOKa 6ylleT! 

tli 

io 

t 2 

.. L-C (l -
t-

t Rt 
6L

1 

H B 06bi;,IHbiX pa60'IHX ycnOBHSIX ( HanpHMep, t t = 1 o-7 

L 1 = 30·1o-3 ra) Mo~eT 6biTb cnenaao MeHbme 0,05%. 

AHMaSI CTa6nnbHOCTb Ha'Ianbaoro TOKa i 
0 

o6ecrie'InaaeTCl 

OllHoro TeMnepaTypaoro CKOMneacnpoaaaaoro CTa6HnHTpoi 

na Ll818 E). 

BKniO'IeaHe HHllYKTHBHOCTH a uenn pa3pSIAa ( L2 H 

L 2 . 
HSISI ycnOBHSI -R- >> t 

2 
Q wL2 _ 

H o = --R- HnH R2 = 2y 
2 

YM8HblliHTb TOK B UenH pa3pSilla BO Bp8MSI 38pSillHOro UJ 

llnHT8nbliOCTb BbiXOllliOrO HMUynbca. 
BbiX. --

.LleiiCTBHTenbHO, B cny'Iae, Korna TOK OT HCTO'IHHKa 

CTOSIHlibiM BO BpeMSI 3apSIAHOro UHKna ( i "'const ) , BBOAHM 

-HaSI HennaeiiHOCTb ( MaKCHManbHOe O]lHOCTOpOHHee OTKnOHeHJ 

0 ~ .. ~ 
RLC 

i c i 0 

HMeSI B BRAy, 'ITO AnSI TOKa B Uenn pa3pSIAa HMeeM 

i - · ( R L - I l -t -.:.:.a. 
o - e L2 ) ' 

rne i o TOK, KOTOpbill npoTeKan 6bi B CTBUHOHapHOM pe 

R2 
li 'ITO- l -r- << l 1 TO Oli MO~eT _ 6biTb Bbipa~eH: 

L2 . 

R2 
'iL "" io t -L

. 2 

Torna, npaanMasr so BHHMaHHe, 'ITo: 

. u i 
I ·-"" _.c 
o -R 

--t--
CR 

2 2 
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rporo paspsma K2 , KOTo

orrpeAensnomero Amnenh-

8TOpa TOK8 B H8KOIIHTenb

K CT86HnbHOCTH HCTO'IHH

ICTh TIBA He saeHCHT oT 

3 IIpHBOAHT K ycnO:lKH9HHIO 

IHOCTSIMH ns-sa KOHe'IHOH 

~MIIepaTypHOH 38BHCHMOC-

H8HOC9KYHAHOro AHanaso

BHbiX aneMeHTOB B HaKO

OyAeT BBeAeHa HHAYKTHB-

(9) 

coxpauneTcst 

n Ch nt ) 

. l 

L C 
I 

:oif CHCTeMbl nBA 
l~ICTponel!CTBHeM. 

( 10) 

\._l q 

<< ·'Lc· (n2 >0 Q< l H An51 · t y H arrepHOAH'IeCKOro pmKHMa HnH 0 
2

- MaK-

CHManbHOe OTHOCHTenbHOe H3MeH9HHe TOKa 6yAeT: 

t 2 t R1 ,., __ (l __ _ 

L·C 6L 
1 .1. 

( 11) 

H B 06b!~Hb!X .pa60'IHX ycnOBHSIX ( HaiipHMep1 t 1 = 10-7 C9K
1 

C = 10-9 $, 

L 1 = 30·1o-3 ru) MO:lKeT 6biTh CAenauo MeHhllle 0 105%. Tipn aToM ueo6xo- · 

AHM8S1 CTa6HnhHOCTh Ha'IanbHOro TOKa i 0 o6ecne'IHB89TCS1 IlpH IIOMO!IlH nHIIJh 

OAHOrO TeMIIepaTypuoro CKOMII9HCHpOB8HHOro CTa6HnHTpOHa (HaiipHMep
1 

TH

na n818 E). 

BKnJO'I9HHe HHAYKTHBHOCTH B UeiiH paspsma ( 

L 2 
HSISI ycnOBHSI -,r- >> t 

2 

L 2 Ha pnc. 3) 1 Bhmon

R 2 =· 2 v {2 1 nosaonsteT 

yMeHhliiHTh TOK B U9IIH paapstAa BO BpeMSI 38pSIAHOrO UHKna H COKpaTHT~ 

AnHTenbHOCTh t BhiXOAHoro HMIIynbca. 
Bb!X. . 

neHCTBHTenbH01 B cnyqae 1 KOrAa TOK OT HCTO'IHHKa COXp8HS19TCS1 IIO

CTOSIHHhiM BO BpeMSI 38pRAHOrO UHKna ( i ""const ) 1 BBOAHM8S1 AH$$epeHUHanb

H8R HenHHeHHOCTh ( M8KCHM8nbHOe OAHOCTOpOHHee O"J;~nOH9HHe) 6yAeT 

~ ... ~ 
RLC 

i c i 0 

I1MeSI B BHAYt 'ITO AnSI TOKa B UEliiH paap~Aa HMeeM 

-t-~ 
i
0 

( l - e L
2 

) , 

:(12) 

(13) 

rAe i O - TOK1 KOTOpb!H IlpOTeKan 6hi B CTBUHOHapHOM pe:lKHMe ( CM. ( 15)): 
R2 

li 'ITO t -,:;; << l 1 TO OH MO:lKeT 6b!Th Bb!pa:lKeH: 

R2 
.iL"' io t -

. L 2 

TorA81 IIPHHHM8S1 BO BHHMBliHe, 'ITO! 

"'~ ... t_l_ i 0 • 
R CR 

2 2 

7 

J14) 

"I 

(15) 



BBO~UMag ~U~~epeHUUan&Hag HenuHeilHOCTb U3-3a·npOBO~HMOCTU pa3pg~HOH 

Uenu BO BpeMg 3apg~HOI'O UUKna 6y~eT:· • .. 

0 RL<f' 
t 2 __ L_ 

L 2 C 
(16} 

C ~pyi'Oll CTOpOHbi, y'IHThiBag, 'ITO CKOpOCTb pa3p~a HaKOnUTenbHOll 

eMKOCTH onpenensreTcsr rrapaMeTpaMH KOHTypa R 2 L2 C, HMeeM, "'TO nnsr KpHTH"'ec-

R2 · I 
KOI'O pe2KUMa l -.-2 - - = 0 ) OH8 SIBIISieTCSI M8KCHM8IlbHOii 

4L 2 L C : 
.... 

u (t) = uc 
· C max 

(I+ - t ) e -t/yi;c 
vL2C 

(17) 

H ~nnTenbHOCTb BbiXO~HOI'O UMIIyn&ca 

.'Iae 6y~eT.: 

BhiX. Ha ypOBHe 0,01 B TaKOM cny-

'sorXRLC 
6,7 v L

2 
c-- (18} 

' 
Tor~a, ucxo~g us (16) u (18), .~nsr ~u~~epenuuan&noil n~nnneilno~TU 

B HaKonuTen&Hoil cucTeMe Tuna RLC nony'IaeM: 

0 "' 46 RLC 
) 2. (19} 

tBbiX 

T.e. B ITBA c rrpe~no2KeHHOii HaKonnTen&Hoil CliCTeMoil Tuna RLC ~n~~epeH-

uuan&nag nenuneilnocT& MO*eT 6orTb yMeH&IIIeHa B sHa'IuTen&noil cTenenu 

no cpaBHenuro ·c nenuneilHOCTbiO cucTeM Tuna RC u BhiHI'phriii, ucxo~g us 

(8} U ( 19}, ~aeTCg COOTHOIII9HUeM: 

0 t RC. 0 F . BhiX 
0RCL"' • ---~-,--

a yny'IIIIeHne 6biCTpO~eiiCTBii.!l COCTaBnSieT: 

IBorXftc 

~hiXRCL 

7 

-~-

yo% 

8 

i 
(20} 

(21) 

fO 

1 

r ~1 = /( t;:u.) / I 

I 
/ I 

/ 
/ .j 

'---· . ~--r- - !-

Jh~. 

I 
. 
/ 

1/ 

/ ~ II.. 
L qf 

/ 

f--· - . IF 

1--- -·-----
7 f-1- ---t- -

-- . -f,-

.. I 1/ I -

I 
r-· 

! : 

i I 
10" to-' to 2 

Puc. 4. 3asncnMoCTb nncjJcjJepeau HaiibHoii aennaeiiaocT 
CIIMan&HOe OAHOCTOpOHHee OTKIIOHeHHe B %) KaK cPYHK 

nnHTen&HOCTH BhlXOltHOro HMnyn&ca lBhiX (H3MepeHH 
ennanuax t 1 , rne t 1 - nnanaaoa H3MepsieMhiX sp 
MeHHhlX HHTepsanos)• nn.11 HaKOIIHTen&HhiX CHCTeM THII 
RC H RLC 
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npOBOUHMOCTH paapgnaofi 

(16) 

, paapgna HaKOllHTenhHOH 

C, HMeeM, 'ITO Ang KpHTH'leC-

(17) 

po~ae 0,01 B TaKOM cny-

(18) 

(19) 

ton Tuna RLC AH<jl<jlepea

B 3Ha~HTenbHOH CTeneHH 

H -nhiHI',Phiw, ucxong ua 

(20) 

(21} 

fO 

~"' 
f( t-,;,) 

t, 7 , 

I 

I 
I' 1/ 

/-
ll / 1- f--1-- -· -·7· 

f 

- 7 7 
7 

~ 

/ 
u~ / lfC 

./ 

f--·:- . - 1/ 
f--.:_. >---·-···-· -7 f--- 1--
-- ->---

!/ 1--· I -- I -
' I ; 
' 
i i 

10" 

Pnc. 4. 3aBHCHMOCTb AH!jlljlepeau nan&Holi Hennaeliaocrn ( MaK

CHMan&aoe OAHOCTOpOHHee OTKr.OHeHHe B %) K8K ljlyHKUHg 

AnHTenbHOCTH BhlXOAHOI'O HMnynhC8 lBblX (H3MepeHHOI'O B 

eAHHHUaX t 1 1 I'Ae 11 - AH8ll830H H3MepgeMbiX Bpe-

MeHHhlX HHTepaanoa)· Ang HaKonnren&HhiX cncreM rnna 

RC 'n RLC 

9 



. (~· 

,. 

I'Jle · .o%: - JlHciJciJepeHUHanbHaSI HenHH9HHOCTh ( MB.KCHMB.nhl!Oe OJlHOCTOpOHIIee 
"':, ' . . ' . ~ . 

oTKnoHeiine) B %. 3To nnnrocTpnpyeTCSI pnc. 4, rne. npencTaBneHa Benn~niia 

•0% B 38.BIICHMOCTH OT AnHTenbHOCTH ~blx'OAHOI'O HMIIynhch· (Ha ypOBHe 0,01 r, 
H~MepeliliOH B eJlHliHUB.X t 1 • .-( t 1, ·- JlHB.II8.30H -H3MepSieMoro BpeMeliliOI'O 

H~;epBana) nmi HaKonnTenhlihiX cncTeM TIBA r'nna RC H R(.C 
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