N3BECTHUI

TOMCKOIO OPJEHA TPYIOBOI'O KPACHOI'O 3HAMEHH TOJIUTEXHHYECKOI'O
HMHCTHUTYTA umenun C. M. KUPOBA

Tom 105 1960 r.

O PEIYJHPOBKE AMIVIKTY1bl CUTHAJIOB IIPH ®A30BbIX
U3MEPEHHSX

I, M. LIVJILKEHKO

(fIpeacraBieHo ceMHHapOM DaZMOTeXHHYeCKoro $akyabrera)

[Ipn Qa3oBEIX H3IMEPEHHAX YACTO NPHXOJUTCH CTaJKHBATLCA C HE-
06X0AUMOCTBIO PETYJNHPOBKH AMILVIUTYIBl CATHAMOB, (ha30OBEIH CHBHT MEXKIY
KOTOPBIMH TOJJIeKHUT uaMepenuto. OCHOBHOe TpeﬁoBaHne nperbsBiaseMoe
K PEerysnaTopaM AMILVIMTYJB, B JAHHOM CJAy4de COCTOUT B NOJAEPKAHHH
IOCTOAHCTBA ()a30BOro CABMIA MEXAY HANDS:KEHUAMHU HA BXOAE H BhIXO[e
peryJisaiTopoB, a Takxe pasencrBa ¢as3OBLIX CABHUIOB, CO31aBAEMBIX HMH
B 000MX KaHaJaX.

CTynquaTaﬂ pEryJMupoBKa aMNniauTyaAsl CUrHajJAO0B

11lupoxo HCHOAbL3YeMBIe B M3MEPUTEALHBIX NPHOOPAX BXOJHHIE aTTe-
HioaTopH [1, 2, 3] MO3BOJSIOT NMPOH3BOJAMTL CTYNEHUYATYIO pPECYJAHPOBKY
aMIJUTYAH CHTHAJa B IIMPOKOM JHANA30HE 4YacTOT (e3 BHECEHHUS uacToT-
HO-}a30BBHIX HCKAMEHUH, eCJH BHYTPeHHCE CONPOTHBJIEHHE MCTOYHHKA
curdaqa R; = 0. Koueunpie 3HaueHuss BHYTPEHHEro CONDOTHBJEHHS MNpPH-
BOJAT K MOABJAEHHIO (PA30BOTO CJABHra BHXOJHOTO Hanpsisenuss U, no
OTHONIEHHI0O K BXOXHOMY Hanpsxkenuwo U,. 3rtor da3oBwii cuur 6yjer
3aBHCETL OT 4acToTH. L1 SKBHBA/JEHTHOI CXeMbl arteHioartopa (puc. 1)
HMeeM:
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M3 (3) Buaum, uto npu R, =0 dazoswit casur mexay U, n U, Bcerga
Oy1eT paBeH HY.JIO.

B peaspnbix cxemax R, =0, caezosateqbHO, BCerga GyaeT HMETb
MECTO HEKOTOpoe 3Hayenume dasosoro ciasura Mmexny U, u U,. Maxkcu-
MaJabHBEIE (a3oBefl cABHr OyaeT Ha BepxHell YAaCTOTE 3aJaHHOTO aMana-
30Ha.

Ecan BXoIHue aTTeH0aTOpH GOOMX KAaHAJ0OB BHOCAT MNOCTOSHHHE,
T. €. HE 33aBHCAUIHE OT KO3(D(HUHEHTOB Jesenuss H paBHble (asoBbie
C/IBHTH, TO OIIHOKA B HU3MEPEHMH ciBHra (a3 MexIy JABYMS TapMOHHYe-
CKHMHM CHrHaJamup Oygmer wHckJIwoueHa. Ha janwoil yacrore nOCTOSIHCTBO
¢a30BOro CIBHra, CO3/aBAEMOTO BXOJHHLIM ATTEHIOATOPOM, 6ynrer obecne-
4eHO, €CJaM TIIPH pPEeryJAHpOBKe AMILIUTYAB COXDAHSETCs MOCTOSHCTBO
CyMMBl conportuBaenuii Ry + Ry = Ron_1--R,, n npoussesenuii R,C, =
R.C, = R,C,. CrejgoBaTe/bHO, NPH pacueTe aTTEHIOATOpPa HEOGXOLHMO
HUCXOAMTD H3 YC/I0BHSI PABEHCTBA HE TOJLKO IOCTOSHHBIX BpeMeHH OGOMX

nJeY JCJUTENd IIPpH JAHHOM IIOJOXEHHUH nepexJavaTe 1, HO TakKxe no-
CTOSHHBIX BDEMCHH BCeX Tiey

arredloatTopa. Hanpumep, nis
ATTEHIOATOPA, NPHBEIEHHOr0

Ha PHUC. 2, HCXOJHBIE YCJAOBUSA i ]
JJst pacuera 6yuyT: oh |
: L]
2
C. !
R 1 !' .
4 d.’
R,
U, . .
. C, R, 1 U, u, C, _ '== ' ’U.,
1 Tl Th
Puc, 1. Puc, 2.

a) YCJAOBHE DABEHCTBA NMOCTOSHHEBIX BPEMCHH BCE€X I.JIeY aTTeHwaTopa

RiCy=RyCo = RCy =R,C = ... = R,C,= ...RC, (4)
rie Co=0CL++C u C;..C' - C;

}

6) yCI0BHE HOCTOSHCTBA BXOAHOTO AKTHBHOTO COIDPOTHBJICHHS

R[ ”:* R2=R3+R4:... :Rzn—l ‘,L Rzn:R, (5)
rie
R’Q‘R R,4'R
Ry - —=—— n Ry= —2—
R o "‘;‘ R R 4 ’Tﬁ R
Hexoas u3 3aRaHHLIX CONPOTHBJAEGHHS W EMKOCTH HATPY3KH aTTeHIo-
R, R,
aropa R u C H KO3QQUIUEHTOB AeJeHHA K= -2 | wy= —% | | f, =
R R R
2
= R" , ONDEJe.THM BCE 3JICMEHTH AaTTEHI0aTOPa, YAOBACTBOPSIOLIHE

yesaosasam (4) u (D).
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A5 meu penwTesss NpH NepBOM NMOJMOXEHHUH Mepexauatens GyaeM
HMETh:

C
Ry =(1— )R, C,=——,
1—r,
R = MR C',=C 1— %y
1—x, K,

A geaurtens [IPpH BTOPOM MOOJOMKEHHH MNEPCK/IIOUATC.Id!

- C
RB - (1— K?) Rw C3 ST
1—K,
R,_,‘;‘ ___H:QR l,[ C/4 _ _ 1—’f:)
1—x, K,

Aag geaureds OpH A - OM TOJOXKEHHH NepeK/JIIoYaTens:

C
Ron 1= (1—xr,) R, Conmg = ————,
1—x,
R'on — ———K” R H C,2n = C "'“'1'_“"‘"’{‘__’1
l—x, K,

Boioadenne ycioBuil (4) u (D) COXpaHseT NOCTOSHCTBO BXOAHOI
EMKOCTH M BXOJHOTO AaKTHBHOTO CONPOTHBJEHHsS aTTEHI0ATOpa U obecne-
ygBaeT HE3aBHUCHMOCTb (Pa30BOro CABUra OT KoadohuLHeHTa HLeNeHHusd
aTrenoatopa, T. €. OT IOJOXEHHA TNepexJuaretd. B 3aBHCHMOCTH OT
yacTOTHl (DA30BBIH CJABHT OYJET MEHATbCH, YBEJIWYHBAACh C IOBHILIEHHEM
YacTOTH CHrRaJa. .

PasetcTBO ()a30BHIX CABHIOB BXOJHEIX ATTEHIOATOPOB ODOHX KaHAJOB
(a3oMeTPHUECKOrO YCTPORCTBA NPH H3MEPEHHAX (Da30BOTO CHABHIa MEXKILY
CHUTHAJaM¥ OJHHAKOBO# YACTOTHl NMPAKTHYECKH MOXeT OLITb IOCTHTHYTO
NPH PaBEHCTBE BHYTPEHHHUX CONDOTHBJIEHHH HCTOYHUKOB CHIHAJIOB, (aso-
BHII CJABHI ME¥IY KOTOPHMH NOAJMeXHUT H3MepeHuwo. [locaennee moxer
BHTH ObecneueHo HCIOJAb30BaHHEM TPAHCPOPMALMH BHYTDEHHErO CONpo-

¢

In

Puc. 3. DBaok-cxeMa BXOUHLIX Hene#l (a3oMeTpHYECKOIO

YCTPOHCTBA. | — BXOXHOW KATOZHBLIH NOBTOPHIENb, 2— aT-

TEHI0ATOP, 3 —BTOPOH KATOXHEIH NOBTOPHTENDb, 4— CXeMa
N1ABHOH PeryiupOBKH aMIAHTYALL

TUBJAEHHS HCTOUHUKOB CHIHAJOB C NOMOINBIO KATOJIHHX IOBTOpHTEJIER HA
Bxofie o0ouX KaHaaoB (HAa30MeTPHYECKOro ycrpoficta. ATTEHIOATOPH
B 9TOM CJIydYae NOAKJAIOUAIOTCH HA BBHIXOAE BXOJHHX KATOAHHX TOBTODH-
teseit (puc. 3). [lpumeHeHue XaTOLHBIX IIOBTOPHTe/CH Ha BXOJE K3aHALOB
MO3BOJIZET MOJAYYHTh [HOCTATOYHO OOJMbHIOE BXOJHOE COIPOTHBJIEHHE
H Majaylo BXOJAHYIO €MKOCTb, HEOGXOAMMBIE AJsi BXOXHHX lenel Jw06oro
#3MepUTEJBLHOTO YCTPOHCTBA, B 0COOEHHOCTH (Pa3oMeTpUuecKoro.
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C nenplo yMeHbUIEHHs OHIMOKH B U3MEPEHHH (ha30BOro CHBHMIA 33
CYET BO3MOXHOH HEHZEHTHYHOCTH AaTTEHIOATOPOB KeJaTeJbHO HMeTh
R, & Ry - Ry, 4TO MOXKHO BHIOJHUTb, NPUMEHHB BO BXOJHHX KaTOMHbIX
NOBTOPHUTENSIX JAMOH ¢ 00JbNIOR KPYTH3HOMH.

HnrapHan PEryJqHMpoBKa aMIUVIMTYJbl CHTH&J0B

Brino/sHeHHe IMaBHOH PEryJHPOBKH HANPAXEHHS CHIHAJOB B IHPO-
KOM fAHana3oHe gactoT 6e3 BHeceHus ¢ha30BOro CABUrA SABJSETCS BeCbMa
caoxHONf 3agavedt. HU3KOOMHHH MOTEHIMOMETD HA BBHIXOJAE KAaTOLHOIO
NOBTOPHTES (pHC. 3) [O3BOJSET IPOU3BOAHTL PECYJHPOBKY aMIJIHTYAbI
CHTHAJO3 B 3HAYHTEJBHOM AMANA30HE 4YacTOT, €CAH eMKOCTh Harpysku C,
(puc. 4), noakJalouaeMass K TOTCHUUOMETPY TJIABHOH pPEryJHPOBKH, HHY-
TOXHO MaJa. [ig YMCHBIIEHHs 3TOH €MKOCTH Ha BHIXQOJE IJIaBHOH pery-
JUPOBKH MOXHO BKJIUYHTL eule OJHH KaTOLHHH IOBTOPHTENb MJIH K4CKaj
YCHJIEHHs1 C MOCJAEJ0BATENbHOH CXEeMOH OTpUIaTteabHOH OOpaTHOil CBA3H.

Js yMEHbIIEHHS 4YacTOTHO-(PA30BHIX HCKAKEHHH NJABHOIN pery.-
poBku ycuaenust (puc. 4) HHOrAA MOJAKJAIOYAETCS KODPEKTHpylollas eM-
kocth Cy = C,. BrixoxHOe HanpsKeHue B 9TOH cxeMme NPU NPHHATHIX HA
puc. 4 obosuHaueHusx onperesasiercs dopmy.aoi (1), xoropas nocae mnpe-
06pa3zoBaHua MOXeT OBITb 3aIHCAaHa B BHIe
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daszoswiit capur Mexay U, w U, onpeireasiempiti us (6), 6yxer:
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Puc. 4.

Ip]
B cpeaHeM noJsioueHHHM ABHKKA NOTEHHHOMETpA, Koraa R, = R, — AL
5 -

P

npu C; = C,, (asoBHil CABUT, CO31aBaeMbli HEMBIO TABHON Pery.1upoEKy,

L ol R,
Sep = — arctg . (3)
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J19 KpafiHero BepXHero NOJIOKEHHsS JBHKKA IOTEeHHHOMETPa, KOrja
R, =0 u Ry,=R,, noaryunm ¢asoBuil caBUT

_oGR, ' (9)
1 +Rn/Ri

Ilpn Maablx spavenHax (asoBOro CABHMTra, CO3/aBAEMOro LENbio N/aB-
HOIl Pery.MpoBKH, MOXHO CUHTATh, 9TO @5 =2 ©cp.

¢g = — arctg

Ilepemenienne B#KKA IOTEHUHOMETPA B KpafiHee HHXKHEE MOJIOKe-
HHe, korza R,—0 u R,— R,, Br3oser $a30BHH CABUT

0GR, (10)

v, — arctg

3necs npunaro, yro o*R2CI < 1, T. e. mpejnosaraeTci, 4TO paccMaTpPHBa-
emas IL1aBHAA PEry/aHpPOBKA NPHMEHsieTCst JAJsi TAKOrO0 4aCTOTHOTO JIHAra-
30H4, KOTJa IPUHATOE HEePABEHCTBO HMEET MECTO.

Ecmm R, =R, 10 ¢,~-—2v,, a npu R,< R, ¢asopuii cjaBur
Ctn 2 %)

[Tpumensary R; > R, Heue/iecoo6pPasHo, TaK KAK 9z U Pep IPU 3TOM BO3-
pacraior.

M3 BBULIEH3/NOXKEHHOTO BHAMM, YTO IE€DEMELeHHe IBHXKKA [0 BepX-
HEH TIOJOBHHE MOTEHIMOMETPAa jaeT B TPH pas3a MeHblee H3MeHeHHe
¢dasoBoro casura (A oz = gp—¢p = @,p), U€M H3MeHeHHe ()a30BOr0 CABHra
IpH  [epeMeleHU IBHMXKKA 1O HUMXKHeH IO0JOBHHE IOTEeHIMOMETpa
(A ey =9y — Pep = — 3 9cp). .

CaeaoBarteabHo, ne1ecoofpa3Ho OTPAHHYHTh Mpeaessl NMJIaBHOH pery-
JHPOBKH aMINVIHTYAbl CHTHAJOB, OCYIIRCTBJ/IAS YMEHbUIEHHE AMIVIMTYAH
1o 0,5 Makcuma/JbHOro 3HavYeHHd. iameHeHnne ($a3oBOro CABUTA NPH 3TOM
OyAeT NpOMCXOAMThL B Npexedax A¢ = Ao, =0, TaxuMm o6pa3om, pac-
CMOTpeHHAs TNOTEeHIHOMeTpPUYEeCKass IJIaBHAas peryJHpOBKa aMILIHTY b
CHTHANOB B (Da3sOMeTPUYECKHX YCTPOMCTBAX MNpHMEHHMa B TAKOM JHAalia-
30HE 49aclrToT, KOrja NpH MaKCHMAaJAbHOH YacTOT¢ CHTHAJOB H3MeHeHue

o C,R,
¢dasoBoro casura A¢ <o, =-—arctg —— — He GyjeT npeBHINATHL

| 7

_ R;

JIOIIYCTHMOH BEJIHYMHHL. t

B HekoTophIX ciyyasx $asoBBIX H3MePeHHIl HMeeTcsl HeOGXOAHMOCTH
OCYLIECTBUTL PETYJHPOBKY aMIVIMTYIbl CHTHANOB Oipejes]eHHoH ¢Gukcupo-
BAHHOIt 4acToThl, Jlag 3TOH LeaM NOpeAaraeTcs CXema IJaBHOH peryJau-
POBKHM, NpHBEIEHHAasas HA Puc. 5. [IpuHmum paGoTH CXEeMBI OCHOBAaH Ha
CBOHCTBE IOCJAEN0BATE/IBHOIO KOJAe6aTe/IbHOTO KOHTYpPa MEHATb KOo3(du-
OMEHT NMepesauy HampsXKEeHUs NpU H3MEeHeHHH ero JOODPOTHOCTH.

Hamps:KeHne Ha BhIXOJe cxeMbl (pHc. 5)

7 1

U, -0, _ : . (11)
l—0*LC+jolC (R, + Ry+R,)

Pasosmil capur Mexay U, u U, 6yner
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¢ = — arctg - CRER R

12
l—e*LC (12)
Ecan m:—fL, TO go:—-;— H MORYJL KO3(QdHUUEHTa neperault
CXeMBbl
H:%: J P (13)
' wC(R, -ER)(l Lt )
0 R[ ":— RO
Ri L R. '
o——{_ 00—} e
Ra
“ o I
O

<

Puc. 5.
[TpiauMagd 00O3HAUEHHS !

Ry = R, R, — noadoe COOPOTHBJAEHHE NOTEPh KOHTypa npH K. =0 1
0 i 0 P b

1 .
~————— — MAKCUMaJbHEHI{ kO3(dunuenT nepemaud cxemsl, 13 (13)
oCR,
NOJNYYHM:

0::

EASNE S 14
K() 1 N “BHA * ( )
1 R,O
RS
o
13
ars +
a5 +
025 ¢+
0 i - ik ‘LR
0 1 2 5 ’RL
Puc. 6.

3aBHCUMOCTb OTHOCHTEJIBHOrO H3MEHEeHHss MOAVJAS KOz(D@HIHEeHTA

nepenaud OT OTHOWIEHWs COMPOTHBAGHMHA — ™,  TOCTPOEHHAT  COTIACHO
0

(14), npusemena Ha puc. 6. Dosee mnaaBuoe wuavenenue koapduuuenta
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nepefayd Ha yuacTke E,”-:OA:AI MOXKeT OBITb IOJYYEeHO, eC/JH B Ka-
0

HeCTBC I[I€DEMEHHOIO CONPOTHBJAEHHS R, HCIOAB30BATH CONPOTHUB/ICHHA

thna B.

Hactpoiika xonTypa B pe3soHaHC MOXeT OHTh AOCTHFHYTa MONCTpOii-
koii eMkoctu C, BraOuaoueil B ce6s eMKOCTh HATPY3KH H €MKOCThb 1101-
CTPOEYHOTO KOHJIEHCATODA.

QueBuano, XKeJaTeJbHBIM SBJAAETCA Noaydenue KA, = 1, uTO MOKeT
OBITh JAOCTHFHYTO COOTBETCTBYIOIIHM BHIGOPOM mnapameTpoB cxembl: L, C,
R, u R,. Comnporusnenue R, co- '
CTOHT U3 CONPOTHBACHUS NOTEPD Ka-

Tymky R, u 106aBouHOro conpo- Re {

TuBAeHUS Rjog (1. €. Ry=R, + mﬁ_"} -+

+ Rjo), ecin umeercs HEOOXOMH- 7

MOCThH TOJKJIIOYEHHA €ro B CXeMy L é’ wa C
]

JIs noayueHus tpebyemoro A
MY YMEHBINEHHA IIYHTUPYIOIETO f ;
NEefCTBUA CXeMbl peryamposku am- W
IVIMTYAB HA HCTOYHHK CHCHaJa, K !
KOTOPOMY OHa NOAKJI0YeHa.

[Ipu OosbUIOM BHyTpeHHEM CO- o <
NPOTHBJAEHUN HCTOUHHKOB CHTIHAJA
npelaaraerTcs MoJab30BaThCA  CXe- Puc. 7.
MO IJIAaBHOH PEeryJupOBKH aMmiu-
TYZABl, OpUBeJEHHOW HAE puc. 7. IHa yacrore mapaajiebHOr 0 PE30HAHCA

KOHTYypa wx-—ﬁ—(j— Ko3(pdureur neperaud CxeMul
= UU = , Ror " (15)
. n
LR R (1
GyMET BEIECTBEHHBIM. 31ech Rsp = p; , ap= ]//:L: , r=r.+rc

Caenosareabho, ¢aszoseiit casur Mexay U, u U; Oyaer paBed HYJIO.
ap

Ri "T‘ Rap

R,=0. Ecu R, < Rsp, 10 Ky=1. OTHOCHTE/IbHOE H3MEHEHHE KO9{hdu-

HUEHTA TIepenayn

O6o3naunm uepes Hy= — KO3 uuueHT neperadd CXembl IIpU

Iad 1
" R, (16)
o 1

R+ Rsp

AJd 3TOH CXEMBl HMEET TaKOii Ke XapaxkTep, 4YTO MU [JIA CXeMbl, NpHBe-
JeHHOIl Ha puc. 5.

JoCTOMHCTBOM CXeMbl pPHC. 7 IO CPABHEHMIO €O CXeMOH puc. 5 fB-
asercs HyJemoii ¢pasoBui#t cusur mexay U, u U; u Goabliee suauyeHnue
BXOJHOTO COMPOTHUBJIEHUS, UTO BO MHOTIHX CAydyasX HMeeT CyHIeCTBEHHOE
3HAYECHHE.

B HekoTOpPOM JHana3oHe 4acCTOT, KOIAa €MKOCTh Hapaj/iejbHOr0 KOH-
"~ rypa C g0CcTaTOyHO OoJabluast M JAeHCTBHMEM MAPA3HTHOH €eMKOCTH, Noj-
KJAI0YaeMOH K KOHTYpY, mpeHebperaeM, MOXHO IOJYYHTb KOHTYp ¢ Ges-
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PA3JHYHEM PE30HAHCOM, BHIOPAB Fy = r¢ = L Ilpu sTOM comnpo-

C

THBJIEHHEC NAapajiebHOFO KOHTYpa L, = p :l/% O6yJleT UYUCTO aKTHB-

HBIM H He 3aBHCALIMM OT 4acToTh. Cjlefl0BaTe/bHO, B ONpelneeHHOM
JHanasoHe 4acToT MOMKHO OCYILECTBHTb ILIABHYIO PETYyJAHPOBKY aMIJIHTYABL
curHanoB. Ilpn 3toMm ¢asoBeifi CABUT, BHOCHMBIY CX€MOIl pHC. 7, MOMKeT
6HTH CBelleH K AONYCTHMOH BeJHYHHE.

IKCICPHMEHTANbHAA NPOBEPKA CXeM pPeryJHPOBKH IIPOBOAHJAACH HA
YyacTtotax Ao 2 #z2y. JJAHHbIE 3KCIEePUMEHTa NOJATBEPKAJIOT NPABHIBHOCTD
BHIBOJOB NPHBELEHHOTO aHa/au3a. MaxcumanbHas ¢asoBas omubka, moay-
HAUadCcyd NPH PEryJaHpPOBKE aMIUIMTY/AB! CHIHAJI0B HA 9acToTaxX, He mpe-
BHINAIOUIUX 2 M2y, Obuia He OoJbuie 0,05 . bosee THiaTenbHOH HACTPOH-
KOH PaCcCMOTPEHHBIX CX€M PperyJuPOBKH AMIIHTYIBl MOXHO YMEHbUIATH
¢a30B8y10 MOTPEIHOCTD.
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