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Tipn coanaann CHCTeM c6opa naHHbIX nnH nnarHOCTHKH 
napaMeTpOB aneKTpo¢nanqecKHX yCT8HOBOK qacTO BO3HHKaeT 
aanaqa naMepennH cna6hlx cnraanoa Ha ¢one HHTencnBHhlX 
noMex. HMH MoryT HBnHTbCH aaaonKH OT cnnoBbIX IlHT8IOillHX 
ceTeil:, OT MOIUHbIX aneKTpoarperaTOB, ypaBHHTenbHbI8 TOKH 
Me)Kny ToqKaMH aaaeMneHHH HCToqHHKOB H npneMHHKOB cnr
nanoa, nynbC8UHH TOKa IlHTaHHH H3MepnTenbHbIX ueneil: H T.n. 
8TH noMexn MoryT neil:cTBOBBTb onnospeMeHHO c cnrHanoM 
H HM8Tb nepeKpbIB8IOillHHCH C HHM qaCTOTHbIH cneKTp. 

Hnorna ncToqanK cnrnana aoo6me ne nMeeT aenocpen
~Tsennoro coennneHHH C aeMneil: H HaxonHTCH non IlOCTOHH
HbIM nnn nepeMeHHbIM noTeaunanoM ( naMepnTenbHb1e nnaro
aann MOCTOB, IIIYHTbI nnH H3MepeHHH TOKOB B aeaaaeMnen
HbIX uengx H T.n. ). 8TH noTeHunanbI T8K)Ke MOryT paCCM8T
pHB8TbCH KBK noMexn •. 

Bo Bcex 3THX cnyqagx 6onbIIIYIO IlOMOillb MoryT OK838Tb 
cneunanbHbie naMepnTenbHbie ycnnnTenn nocToHHHoro ToKa, 
nonaaneane noMex KOTOpbIMH OCHOB8HO aa TOM, qTo HCToq
HHKH cnraana n noMexn MoryT 6bITb no-paaaoMy npnno)KeHbI 
K BxonHbIM 38)KHM8M. Tio IlpHHUHny neil:CTBHH MO)KHO Bbine
nHTb nae rpynnbI 3THX ycTpoACTB: 
1) co6CTBeHHO H3MepnTenbHbie ycnnHTenn (HY). OCHOB8HHbie 
na caoil:cTae nn¢¢epenunanbHoro ycnnnTenH ycnnnaaTb paa
HOCTHbie n nonaanHTb cna¢aaHbie cnraanb1; 
2) paaBH3bIBaromne ycnnnTenn (PY), HMeromne ranbaann
qecKoe paaneneane axonHbIX H BbIXOnHbIX K8CKanoa. 

TiapaMeTpOM, onpenenHIOillHM HX IlOMexoycTOH~HBOCTb, 
HBnHeTCH oTHocnTenbHoe ocna6neane cnn¢aanoro cnraana 
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( oocc), paairne OTHOIII0HHIO K08!plpnUH0HTOB nepeaaqH ycn
DHT0DH .[{DH pa3HOCTHOro H CHH<paaHoro cnrHaDoB. 

Ha pee. 1 noKa3aHbI THnOBhie 3HaqeHHH oocc B aaBH
CHMOCTH OT qacTOThI J:lDH HY H PY. B cpaBHennn c aHaDo
rnqHoA 3aBHCHMOCTblO .[{DH npoCToro onepaUHOHHoro YCHDH
T0DH ( OY), BKDJOqeHHoro no cxeMe aucpcpepeHunaD&Horo ycu

DHTeDH (p1Ic. 2), HY II PY IIM0JOT peaD&Jl)A Bbmrpb1III no 
oocc, COOTB0TCTB0HHO Ha 20 II 60 aE • 
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P1Ic. 1. 0THOCIIT0DbHOe ocDa6DeHHe CHH<paaHoro cnrHana 
(OOCC) yclIDHTeDeA B aaBHCHMOCTH OT qacTOThl. 

CymecTBeHHhlM HeaocTaTKOM .[{II<pcpepeHUHaDbHOro ycHDH
T0DH (puc.2) HBDHeTCH BDIIHHIIe paa6poca conpoTHBneHHA 
BH0IIIHHX ueneA Ha ero noMexoycTolqHBOCTb. EcDH oocc 
J:lDH co6cTBeHHO OY ( OOCC OY) aocTIIraeT aec&Ma BhICOKHX 
BeD1IqifH ( 90 - 100 aE II BbIIIIe) / 4- 9/ , 8TOT )1(0 noKa3BT0Db 
.[{DH peaDbHoro YCIIDIIT0DH C IlO,[{KDJOq0HHhlMH BH0IIIHHMII ue
nHMH ( OOCCy) aaMeTHo HH)Ke / 5/. 

OOCCy 
OOCCR·OOCC

0
y 

OOCCR+ OOCCOY 

rae: OOCCR - ocDa6DeHHe CHH<paaHoro c11rHaDa qeTb1pex
nDeqHM MOCTOM R 1R 2 ■ 
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P II c • 2. ct>yHKUIIoHaD&HaH cxeMa J:11I<p<pepeHuHaD&Horo 

yc1ID1ITeDH Ha oaHoM OY. 

llpyrHMII H0.[{0CTaTKaMH ycHDHT0DH (pnc.2) HBDHIOTCH 
CDO)KHOCTb peryDHPOBKH YCHD0HHH (npH coxpaHeHHH aaaaH
Horo OOCCy) H TPYJ:lHOCTb noDyqeHHH BhICOKoro axoaHoro 
conpoTHBD0HIIH (oco6eHHO npH 60DbllIOM YCHDeHHH). 

HeaocTaTKH npocToro J:lH<p<pepeHUHaDbHOro yCHDHT0DH 
npHBe_DH K Heo6xoJ:lHMOCTH coaaaHHH cneunaD&Horo 
HY /3-5,7,8,10-13/ 

3TOT ycHDHT0Db Bb!IlODHH0TCH Ha 6aae Tpex HDH 60Dee 

OY (pnc.3). 
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pH c. 3. ct>yHKUHOHaDbH8H cxeMa H3MepHT0DbHOro 

ycHDHT0DH, 

TiepBbIA KacKan ( OY 1, OY 2) - nncpcpepeHunaD&HhrA HeHHBep

THPYJOIIIHii: C napacpa3HbIM BbIXOJ:lOM. KoacpcpuuueHT yc1rnemrn 
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3Toro KaCKana, KaK npaBnno, onpenenHer ycuneaae Bcero 
ycnnurenH: 

K 1 + 
2R 1 

Re 
llnH caa¢a3aoro Bxonaoro caraana nepBhIH KacKan HBnHeTcH 
noBTOpUTeneM. 

BTopow KacKan ( OY 3) BhmonaeH no cxeMe nn¢¢epeaua
anhHOro ycHnIITenH C aecHMMeTpHqHbIM BbIXOnoM ( 3a)KHM bl 
"Bb1xon" n "O6p.CBH3h" coennHeHhI, 38)KIIM "Ypoaeah" 3a-
3eMneH). O6wqao OH cny)KIIT TonbKO nnH nonaaneanH CIIH

¢a3aoro cnrHana Ha Bb1xone nepaoro KacKana. 
llocTOHHCTBaMII HY HBnHeTcH awcoKoe axonaoe conpo

TIIBneane (nn¢¢epeauIIanbHoe n cna¢a3Hoe), B03MO)KHOCTb 
wnpoKonnana30HHOH (no 80nE) perynnpoBKII ycnneHHH c 
noMolilhIO onaoro pe3HCTopa ( R c ) . OnaaKo npn Bbmonaemrn 
HY aa aBTOHOMHhIX OY no-npe)KHeMy ocTpo CTOHT npo6neMa 
yxynweHIIH OOCCy H3-3a paccornacoBaHHH KaK napaMeTpoB 

OY, TBK II BHeWHHX pe3HCTOpOB o6paTHOfi CBH3H. 4acTnqao 
npo6neMa pernaeTcH npIIMeHeHneM B KaqecTBe OY 1 II OY 2 
(pIIc.3) cneuIIanhaofi naphl OY, cornacoaaHHhlX no aanpH
)K8HIIIO cMeweanH aynH n npew¢y, aanpnMep, Monenn 3500 MP 
¢npMbI "Burr-Brown" / 5 ,lB, 191. 

ITonaoe caoe perneHIIe npo6neMa nonyqeanH BwcoKoro 

OOCCy B HY nonyqnIIa nocne pa3pa60TKH n BhmycKa pHnoM , 
¢npM lIHTerpanbHhIX HY (rn6pnnHhIX u MOHOnJITHbIX)/3- 5, 8, lO-l, 

EnaronapH pHny TexaonornqecKnx·npIIeMoB (aanpnMep, na-
3epaow noncTpOHKII 3neMeHTOB CX8Mbl) 6binlI nonyqeHbl pe-
3ynbT8TbI, npaKTnqecKH aenocTH)KHMhie npn BbITTOnHeHHI-1 HY 
Ha nIIcKpeTHhlX KOMnoHeHTax. 

llnH HY nonycTIIMbIH nnana3oH cna¢a3HbIX aanpH)KeHHH 
ae npeBbirnaeT ± 10B. B aeK0Topb1x cnyqaHx 3Toro aeno
cTaToqao. 

TaK, npn II3MepeHIIH aaonaoro TOKa MOIIIHhlX reaepaTop
HhIX JtaMn, naTqnK cnraana ( WYHT) M0)KeT HaxonHTbCH non 
aanpm1<ea1-1eM B HeCK0nbKO TbICHq B0nbT. B noao6HblX cny
qagx c ycnexoM npIIMeHHIOTCH pa3BH3bIBarowne ycnnnTenn 
(PY) /3-5,9, 14,l 5,20/. Pa3BH3Ka ocywecTBnHeTcH npnMeHe-

HHeM Tpaac¢opMaTOpHOH nnn onT03neKTpOHH0H CBH3H. ITpn
qeM JlnH ycIIneHIIH cnraana IT0CTOHHH0ro TOKa Heo6xOJll-lMO 
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B nepB0M cnyqae npaMeHeHne npIIHunna "MonynHUHH - ne
MoaynHUHH" / 3, 15/. 
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PIIc. 4. <l>yHKUHOHanbHaH cxeMa PY <pnpMbI "Burr-Brown". 

Ha pnc.4 npnaeneHa TnnnqaaH cxeMa PY c Tpauc~opMa

Topaofi cBH3bIO / 5/ • ITepBb111 KacKaJl ero BhmonHeH Ha OY 1, 
nnTaeMoro OT BcTpoeaaoro "nnaBaromero" IIcToqHnKa nnTa
HHH HHIT. C ero Bb1xona cnraan nocTynaeT Ha Mo.aynHTop 
MOfl, a 0TTyna - Ha nepanquyro o6MOTKy H30nHpyIOUiero 
Tpaac¢opMaTopa. 3TH J3nb1 3aKn10qeub1 B o6urnw 3neKTpo-
: raT1-1qecKHH ~KpaH. ITonIOca "nnaBaIOmero" lICTOqHHKa nnTa-

# 
HHH BhlBeneHhl Ha BHernane KOHTBKThl, qTo IT03BOnHeT npn-
MeHHTb ero nnH ITHTaHHH BH8WHHX lI3MepuTenbHhlX uenew, 
aanpnMep, MOCTOB. 

Bwxonaow cnraan CHHMaeTcH c neMonynHTopa-ycunuTenH 
Y2, nonKnIOqeHHoro K BTopuqHofi o6MOTKe Tpaac¢opMaTopa. 

HenocTaTK0M 3TOH cxeMhI PY, CHH)Ka!OIIIHM ero B03M0M
HOCTH, HBnHeTCH aeo6xoJlHMOCTb nonKnIOqeHHH BHeWHHX ue
new o6paTHOH CBH3li JlnH CTa6nnH38UlilI ycineHHH lI 38MhlKa

HlIH TOKOB CMemeHHH BXOJlHOro OY. 
<PnpMOH ,, Analog Devices,, npenno)KeHa Mon1-1¢nunpoBaH-

H8H cxeMa PY ( pnc. 5) •. IT03BOnHIOIII8H nonyquTb BbICOKOe 
OOCCy (ae Meaee 126 aE) npn MaKcnManbH0 nonycTHM0M 
aanpH)KeHHH Me)Kny BX0Jl0M n BbIX0,ll0M , (ao 7500 B) / 3, 4, 15/. 

B 3TDM ycnnnTene aeT aano6aocTn nonKnroqaTb BHeIIIHne 
uenn o6paTHOH CBH3H. HcToqHHK cIIraana 3JleCb nonKnroqa
eTcH Me)Kny Hel-lHBepTHpyroIIIIIM BX0.ll0M CTa6nnbHoro BX0,llH0-
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ro npenycnnnTenH ua noneawx TpauancTopax n axonoM Mo
nynHTopa Mon. Bxo)lbl npenycnnnTenH n MonynHTOpa HMBIOT 
paBHbie n npoT.HBonon0)KHO-HanpaaneHHbie TOK.H CMemeH.HH 
6naronapH tJeMy aaa.HMHO cMema10T npyr npyra / 3/. 
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PH c. 5. cl>yHKUHOHanbHaH cxeMa PY qmpMbI "Analog 

Devices", 
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HenocTaTKOM PY c TpaucqiopMaTopuoi-i CBH3bIO HamrnTcH 
.HX H.H3K08 6bICTponeiiCTB.He. O6bitJHOe 3H8tJ8H.He uecymeii 
'IaCTOTbl. 125 - 150 Kfu o6ecnetJ.HBaeT umpHHy non0Cbl npo
nycKaHHSI He Bb1IIIe 1,5 - 2 Kfu ( nnH Manora c.HrHana). 

YcHn.HTen.H C OilT09neKTpOHHOH CB5I3bIO .HMBIOT 6onee Bbl
C0KOe 6hicTponeiicTB.He (nonoca nponycKaHHSI no 10 Kfu), 
MBHbIII.He paaMepbl .H 6onbIIIYIO Ha)l8)KHOCTb. ITepBOHatJanbHO 
BbIIl0nHSin.HCb Ha 6aae o6bitJHbIX OY, CBH3aHHblX qepea lpOTO
)l.H0)lHbie, lpOTOTpaH3.HCTOpHbI8 Hn.H yc.Hn.HTenbHbl8 OilTpOHbI. 

TaK KBK oTnenbHO B35ITbli-i OilTpOH SIBnSieTCSI B8CbMa uennHei-i
HbIM npH6opoM, nnSI Hcnonbaoaamrn a PY pSIJl <p.HpM, uanpH

Mep "Monsanto"- n "Hewlett Packard': BbmycKaIOT Hx co
rnacoaaHHbie napbI /17,20, 21/ • BKn10'IeHneM onHoro Ha onT

poHoB a uenb npSIMoii caSia.H, a npyi::-oro - a uenb o6paTHoi-i , 
ynaeTCSI B 3Ha'I.HTenbHOH Mepe CKOMil8HCHp0B8Tb Hen.HHeii
HOCTb /20,21/. 

BoaMO)KHO TaK)Ke npenaap.HTenbHoe npeo6paaoaau.He cnr
Hana B qacToTy Hn.H CKBa)KHOCTb .HMnynbCOB C nocneny10meii 
nx nepenaqeii qepea onTpoH Ha neMonynHTop. B aToM cny-
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qae HenHueiluocTb onTpoua ue HMeeT aHatJeHnSI, onHaKo ue
.Ha6e)KeH nponrpbllll B 6bICTpone11:cTBHII. 
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P n c. 6. CxeMa PY c onToaneKTpoHHoii CBSI3bIO. 

Henaauo qinpMa "Burr-Brown" " ( ClllA) npenno)Knna ce

pn10 rn6;tnHhIX HHTerpanbHbIX cxeM PY C OilT09neKTpOHHOH 
CBH3bIO 5/ • Ha pnc. 6 IlOKaaaaa <pyHKUHOHanbH85I cxeMa on
uoro .H3 HHX (Monenb "3650"). 3To ycnnnTenb C T0KOBbIM 
BX0Jl0M, CO.'l8p)Kamnii naa yc.HnHTenbHbIX KBCKana, CBH38HHbIX 
qepea CBBT0JlH0Jl en n cornacoBaHHYIO napy lpOTO)lHOJ:tOB c1>n l 
n c1>n 2• KoaqiqiimnepT nepenaqn ycnnnTenH paaea: 

K = ~Bb!X = ~' 

I I BX I I 

rne: 11 , l2-ToKn a uenn qioTonnonoa c1>n
1 

H c1>n
2

, cooT
aeTCTBeHHo. 

CBeTOBOH Il0T0K Cn CTporo 0J:tHHBK0B0 pacnpenenSieTCSI 
MB)K!lY, ct>n 1 n c1>n

2
, 6naronapSI tJeMy T0KH 11 n I 2 a ue

IlSIX qioTonHonoa paBHhI. Torna K ;= RK. ConpoTHaneane 
RK = 1 MOM, noaToMy K 1 = 10 Bl A. 

flnTaane nepaoro KacKana aToro PY peKoMeanyeTCSI ocy
mecTBnSITb OT "nnaaa10mero" .HCT0'IHHKa - K0HBepTopa M0)le
nn "700" 9TOH )!{8 <p.HpMbl /5/. 

OnaaKo, aecMoTpSI ua npnunMaeMbie MephI, PY c onTo
aneKTpouuoii CB5I3bIO HMBIOT HBCK0nbKO M8HblllYIO nnaeii

H0CTb no cpaBH8HHIO C TpaucqiopMaTopHbIMH. 
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B HaCT0SJIIlee apeMSJ y)Ke naaeCTHbl MHorne .rteCSJTKll M0-
,tteneii 11Y n F'Y, y.rtoaneTaopSI101Ilne paaHoo6paaHhIM Tpe6o
aaHnSJM rroTpe6nTeneii. B cao.rtHoii Ta6nnue rrpnae.rteHbI rrapa -

MeTpbI H9K0TOpbIX ycnnnreneii (no Tpn: MO.rtenn 
Ka)K.t(oii paaHOBll.rtHOCTll) 1 BbIIIYIIl9HHbIX naaecTHbIMll qmpMaMll 
CWA: "Burr-Brown " ( BB ) n "Analog Devices " (:AD). 
3Tn Mo.rtenn, c Harneii ToqKn apeHnSJ, Han6onee rronHo cooT
aeTCTBYJOT ycnoBHSJM pa60Tbl B cncTeMaX c6opa .rtaHHbIX, 
rrpe.rtHaaHaqeHHhIX .rtnSJ aaToMaTnaaunn aneKTpo¢nanqecKnx 
ycTaH0B0K ( ycKopHTeneii, caepxnpoB0.rtSJIIlllX ycTpo_AcTB n 
T.n.). OHll MoryT 6b!Th rrpnMeHeHbl n BO MH0rHX ,ttpyrnx cny

qagx, Kor.eta Tpe6yeTCSJ ToqHaSJ perncTpaUHSJ cna6bIX cnrHa

noa Ha ¢oHe llHTeHCllBHhlX noMex. 
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Ta6nnua. 
ITapaMeTphl H9K0T0phlX M0.rteneii naMepnTenhHhlX ll 

paaBSJ3hlBaJOmnx ycnnnTeneii; 

N• 
napaM!Tp111 

T 11" !/CUl1UTIJ1A 
nln 60S RDSZI 3m 212 2,s 3650 

I. ~1/ltHUt: 
105B/A 1/ILNUHQ 1+1000 l•tllllO +1000 t t+l00 

~•utl> T!Mn~aTYP."•'", 10·
6 
/' C 115 lltO~• tZO !150 ! 40 1100 

M tlUHtU.HOC , 1/o i0,01 10,1 !Q,I !0,ZS t0,05 t0,%5 

2 6111cTpoaeuc,6ut: 
~K•1l z~•lld nO/lQtn ~llCTQT (-3a5),Mrr1,1 Z(K•tl 0.002 0,0015 0,01 

CK0p0CTII OTKIIUHQ , 8/ MKC 0,1 tO 1S0 0,8 

3 8x0aH111t HllnpAX!HUA : 
~Hl,IUll/lbHg:JMg;c,aonl ttS 130 t8 t 2000 t12S 
tui<~IHOI 0TH. 0 , 8 110 110 t8 ! ,soo 125~ 'ri8 OC/1 !HU! CUHCj).CUIHllJtl,~. no 110 90 126 12 

I+ B=oii UMneaaHC: 
g>e~HUUll/lllHIIIU. ,ro111 1 3 100 1000 0) 250"1 

CUHlpll .,.,.:. • ro M t 6 100 100 100 1 

s Han!)AXtHue CMtU4eHuR H~R: 
t2,2 t50 !1,ZS !1 &e11u~UHll MB 

TaMnaparypH111u apeuq,,111•8/'c !0,5 tS !13 !150 t 5 ttS 

6 ¾0aH0U TOK : 
40 !/lU~UHll (MQHC.), HR. 100 0.02 0,05 , 40 

T!MntpaT~pHblll. epeur;,,HR/'c 1 o,s M2j10'C XZ/10't 0,1 0,3 

; Bbix00H111e na~nf111 : 
auan:ra;• H :)IC HUU. • B !10 !tO ttO :!:3 :!:10 10 
uMne llHC, OM 0,2 1500 1500 

8 nuTllHU! (HOM.), B !15 !15 ttS + IS •ts +IS 

9 <PupMa - UltOTOOuT!/lb RD RD SB AD RD BB 
10 npuMt~QHUA 
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