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U~KnM~eCK~e aHanoro-~~~pOBble npeoõpa30BaTen~ /Aun/ pean~3Y
~T ~~~fi~4eCK~e anropMTM~ nopa3p~AHoro ypaBHoBeW~BaH~~ C nocne
nOiaTeftbHblM BbIUll4TaH~eM 3TanOHHOIII Ben~4~Hbl ~ YMHO)f{eH~eM OCTaT
Ka l~lJ. OHM CpaBH~Ten~HO XOpOWO YAOBneTBOp~~T' OCHOBHblM Tpe6o
Ba1-!l~f1'M K Y1'3.MepI4TeIlbHbIM Aun ripa õonsuioa pa3p~AHOCT~ nony-raer-ax 
ROAOB ~ YMepeHHOM 6bICTpOAeIllCTB~1I1 3neMeHTOB KOAi-!PYI014erO r pak r a. 
~X noneasae CBO~CTBa ~ B03MO)f{H.OCT~ np~MeHeH~~ 6bln~ npOAeMOHCT
p:J.1pOBaHbl 003~aHV1eM npe4~31110HHb1X Aun /A~ana30H' ~3Mep~eMbIX car ua
:nOB t..w = 0;,4095 MB np~ aen~4~He AII1CKpeTHOCT~ Ep; = 0,5+1,0 MB, 
Hen~H~HOCTb H ~ 0,02% ~ apeMR npeo6pa30BaH~~ 50+100 MKC, 4~C

.IIlC.!1 iQBD~I.dHbIX oaapnnos M= 12-13// 3 , 41 ~n~ ~3MepeH~~ CTaT~4eCK~X 
W ~~~aN~~eCK~X napaMeTpOB YCTaHbBoKI -7/, ~3Mep~TenbH~e n~H~~ 
KOTOpbl~ noÁBep)f{eH~ II1HTeHC~BHOMY B03AeIllCTB~~ nOMex. C 4enb~ 3~

<t>eKT'~BHoro nO.QaBneHW~ C~H~a3HbIX nonex /> 100 AO/ aaanor'oaaa 
'l.4aCTIb Aun M3o.r:il'lpoBaHa, aaxruoueua B "nnaBa~14~1II11 3KpaH ~ ~MeeT 
fiOllbWOl4 ~Mr.leAaHC Me)f{AY 4en~M~ aHanorOBoro BXOAa ~ 13eMnelll" 
~~~~OBO~ 4aCq~# a 4en~ nepeAa4~ ~MnynbcoB KOAa, ynpaBneH~~ 

VI n~T.a.H~~ paaneneua raJ1bBaH~4eCK~. TeM caMblM noc r araer cn ~CKnlO

~eH~e norpe~HocTw ranbBaH~4eCKoro pa3AeneH~~ ~3Mep~TenbHolII n~

!H1t.l,~. úlp~ 3TQM cyurec r eeuua He6onbwoe 4~cno c aaaeü ~ 3KOHOMJ-14
~OCTh ~~Kn~4ecKoro KOA~PY~14~ro TpaKTa /p~c. 1/. AHan~3 pa60Tbl 
'14 BblBOA oCHoBHolII Q>opMynbl KOAII1PY~14ero r pa xr a np~BeAeHbl H~)f{e 

IliIpVlú10)f{eH~e 1/. Ceoi1cTBa 4~KI1~4ecKolII CTPYKTYPbl Aun npO~Bn~IOTC~ 

;r.alUKe ~ OTCYTÇTB~~ MHoropa3p~AHolII ce r xa 3TanOHoB /npe4~3.~oHHbIX 

peS~CTopoa, Kn~4ellll ~ ~x cB~3elll, B Han~4~~ KOMMYTaTopa, nOA
~~4a~14ero ~3Mep~eM~1II c~rHan Ha KOPOTK07 BpeM~, ~ aHanoroaoro 
3a'nO'MV1Ha~U1ero YCTpolllcTBa, CHII1)f{a~14ero A~HaM~4eCK~e norpeWHOCT~. 

PHc.l. KO~HpymmHH TpaKT ~HKnH~ec
teor-o Al.UI: I - KOMMYTa'I'Op KOHTypa, 
KK; 2 H 5 - nepBaa H BTopaa cxe
Mbl BblÔOPKH H xpaHeHH5I, BX I H BX2; 
3 - CYMMaTOp KOHTypa, CK; 4 - YCH
nHTenb, YC; 6 H 8 ~ HCTO~HHK 
H Knm~ 3TanoHHoro CHrHana, H3 
H K3; 7 - KOMITapa'I'op, Kll; 
9 H 15 - CTpoôHpyeMbIH Q;JopMHpOBa

'I'en.b., Cil>, 11 EbIXOP; HMnynbcoB xorra ; 10 - cxesra yrrp aaneuaa ~HKna
lM:H 1I~eo:6pa30BaHH5I, Yll ; I I, 12, 13 H 14 - BXOP;bl H3MepaeMoro CHr
Hana., lIIMIlynbcoB aa~aJ1a H OKOH~aHH5I npeoôpa30BaHHH, CHHxpOHH3a
JJ;HH JH liIH'I'aHHH lIH30nHpOBaHHofI" ~aCTH Mil. . 

I. O~"h("~::lt~U KHcnnyr \ 
f1a":1dm~J( ~H" ~~;IOnlUml 1
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CBO~CTBa CTPYKTYPbl ~VlKIU14eCKOrO rpax r a 06YCIlaBIlVlBalOT BOSMO>K
HOCTb CpaBHVlTeIlbHO npOCTO ocy~ecTBVlTb perYIlVlpOBKY npVlcy~e~ Aun 
HeIlVlHe~HOCTVI npe06paSOBaHVlR no VlMelO~VlMCR BeIlVl4V1HaM 3TaIlOHHO~ 
Mepbl I HYIlR" VI "cpeAVlHbi"11 uncanu , VlSBeCTHble 06~Vle MeTOAbl aaano
rOBO~ aBTOKoppeK~VIVI OWVl60K, H7n~VlMep Ape~cPa "0" VI K03cPcPVI~VleHTa 
nepeAa4V1 aHaIlorOBW~ 3IleMeHTOB 8 , HeAocTaT04Ho 3cPcPeKTVlBHw 6es 
COOTBeTCTBYIO~ero Y4eTa Ae~cTBYIO~VlX B KOAVlPYIO~eM TpaKTe norpew
HocTe~ VI orpaHVl4eHVI~. TaK, B CIlY4ae KOAVlPYlOwero TpaKTa AIlR pas
HonOIlRpHWX VlSMepReMWX CVlrHaIlOB ±EH c BW4V1TaHVleM ABYX OAVlHaKO
BWX no BeIlVl4V1He paSHonOIlRpHWX 3TaIlOHOB BOSMO*Hoe HepaBeHCTBO 
VlX BeIlVl4V1H BHOCVlT oWVl6KY B npo~ecc KoppeK~VIVI KO~cPcPVI~~eHTa YMHO
>KeHVlR, VI npeABapVlTeIlbHaR KoppeK~VlR paSHOCTVI 3TVlX 3TaIlOHoB npe
AycMaTpVlBaIlacb c ~eIlblO IlVlHeapVlsa~VIVI xapaKTepVlcTVlKVI Aun, npeA
HaSHa4aBwerOCR AIlR npVlMeHeHVlR B cneKTpOMeTpVlVl VlOHVlSVlPYIO~VlX 

VlSIlY4eHVI~/9/. MaKcVlMaIlbHaR peaIlbHO AocTVlraeMaR pa3pRAHoCTb KO
Aa M, AIlR Vl3MepVlTeIlbHoro Aun CBR3aHHaR c MVlHVlMaIlbH~MVI BeIlVl4V1
HaMVI KBaHTa I AVlcKpeTb11 npeofipaaoaauaa EA = En/I{M, rue En - npe
AeIlbHaR BeIlVl4V1Ha WKaIlW Aun, VI VlX pa36pocoB ~EA < EA/K, npV1 KO
TOpWX e~e VlMeeT MeCTo MOHOTOHHOCTb xapaKTepVlcTVlKVI npe06pa30Ba
HVlR, VI norpewHocTb HeIlVlHe~HocTVI H IT.e. MaKCVlMaIlbHoe oTKnOHe
HVle peaIlbHo~ xapaKTepVlcTVlKVI OT VlAeaIlbHO IlVlHe~Ho~1 MeHbwe VlIlVl 
cpaBHVlMa c norpewHocT7~ KBaHTosaHVlR EA/E n = K-M ~ O,01fO,02% 
npVl ~ = 2 VI M ~ 12-13 3,4/, AIlR npe~Vl3V1oHHoro cneKTpoMeTpVl4ec
Koro Aun 06ycnaBIlVlBaeTcR CBo~CTBeHHo~ eMY AVI$$epeH4V1anbHo~ He
IlVlHe~HocTblO~HA = ~EAi /EA, T. e. oTKnoHe~Vl7M ja}\(AorO KBaHTa 
6E = EAi-EA OT cpeAHero VlX 3Ha4eHVlR EA 10" VI Tpe6yeMoe He

Ai 
penxo YCIlOBVle_H~ < 1+10% MO>KHO npenc r aan r s KaK npVlseAeHHYIO no

rpewHocTb HA·EA/Ed = HA'K-M S 0,0001fO,002%. AIl~ AocTVlmeHV1R
 
TaKo~ T04HOCTVI HeAocTaT04Hbl"npOCTaR perYIlVlpoBKa, nVlHeapVl3a4 V1 R
 

xapaKTepVlcTVlKVI npe06pa30BaHVlR VlIlVl KoppeK~VIVI TO~ VlnVl VlHO~ VlH

cTPYMeHTaIlbHo~ norpeWHOCTVI 3IleMeHTOB. npVlcy~VlS 3neMeHTaM TpaK

Ta norpeWHOCTV1 HaCTpO~KVI, TeMnepaTYPH~~ VI BpeMeHHO~ Ape~$,
 
a TaK>Ke AVlHaMVl4eCKVle HeCTa6V1IlbHOCTVI, B TOM 4V1CIle Vl3-3a napa \
 

\3V1THWX 3apRAOB npVl nepeKIl104eHVIVI B pe>KVlM xpaHeHVlR cxeM BX I 

12 VI 5, pVlC. li, BHOCRT cOOTBeTcTBYIO~VI~ BKIlaA He TonbKO B YBe
IlVl4eHVle HeIlVlHe~HocTVI H. OHVI npVlBOART K 06pa30BaHVI~ HaKanIlVlBalO
~VlXCR Vl3MeHeHVI~ Bb14V1TaeMb1X VI YMHo>xaeMblX BeIlVl4V1H B Kall(AOM ~VlK

Ile npe06pasoBaHVlR VI K Vl3MeHeHVlRM BeIlVl4V1HW AVlcKpeT 6EA B AVlana
30He npe06pa3yeMwx CVlrHaIlOB. AnR KOMneHca~VIVI Ae~cTBYIO~VlX no
rpewHocTe~ ~VlKIl~4ecKoro Aun cy~ecTBeHHo, 4T06w TpaKTW VI pe>KVI
MW npeo~pa30BaHVlR KaK Vl3MepReMoro CVlrHaIla EH, TaK VI CVlrHaIlOB 
3TaIloHHo~ Mepbl I c uenso BblAeneHVlR VlHcPopMaTVI BHblX napaMeTpOB 
oWVl6KVI AnR nocneAYIO~e~ KoppeK~VlVlI 6wnVl OAVlHaKOBWMVI VI no 4V1cny, 
VI no xapaKTepy Ae~cTBV1R norpewHocTe~. 3TVI YCIlOBVlR He BcerAa 
cTporg c06nlOAalOTcR, ecnVl B p~mVlMax KoppeK~VIVI npe06pa3yeMwe 

curuanu 3TanOHHblX Mep nOAalOTCR He Ha BXOA Aun, a Ha npyr we
 
BXOAW 3neMeHTOB 4V1KIlVl4eCKoro TpaKTa, HanpVlMep Ha BXOAW ero CYM

MaTopa/ 9 / . 3TO Y4V1TbIBanOCb npVl AanbHe~we~ o~eHKe CBO~CTB VI pà3

pa60TKe ~VlKIlVl4eCKV1X Aun c aHanoroBo~ aBToKoppeKUVle~, HanpaBneH

HO~ Ha AocTVI~eHVle 3cP$eKTVlBHo~ nV1HeapVl3a~VIVI xapaKTepVlCTVlK
 
VI YMeHbweHVle AVlcPcPepeH~V1anbHo~ HenVlHe~HocTV1. AnR TpaKTa KOAVlpO

BaHVlR CVlrHanOB °S EH S En c BW4V1TaHVleM CVlrHana EB = En/K > O
 
VI K03cPcPVI~V1eHToM nepeAa4V1 K > O paccMaipVlBalOTcR 3aBVlCVlMOCTVI
 
KOMneHcVlpyeMwx norpewHocTe~ B pa3nVl4HWX T04Kax WKanw Aun VI co

OTHoweHVlR Me>KAY norpewHocTRMVI, r'oo~eccw VI nocneAoBaTenb~ocTVI
 

3TanOB KoppeK~VlVI.
 

C~O~CTBO KOHTypa Aun npVl ~VlKnVl4ecKo~ nepeAa4e aHanorOBWX 
CVlrHaIlOB MHorOKpaTHO YCVlnVlBaTb CVlrHan oWVl6KVI VlcnoIlb3yeTcR AnR 
ero 3cP~eKTVlBHo~ KoppeK~VlVI. EcnVl BXOAHO~ CVlrHan EH = O, TO noc
ne M ~VlKnOB npe06pa30BaHVlR nonY4aeM BWXOAHO~ KOA 00 ... 00 
VI, B COOTBeTCTB~VI c OCHOBHO~ cPopMyno~ KOAV1PYIO~ero TpaKTa InpVl
nO>KeHVle li, YCVlneHHw~ CVlrHan oWVl6KVI Ex = EO·KM, rAe Manw~ cVlr
Han EO < E.o; x apax t eptrayer CMelLleHVle YPOBHR I 'O' I KaK B uensx nep
Boro BxoAa KOMMYTaTopa VI npeAweCTBYIO~VlX eMY BXOAHWX 3neM8HTOB 
Aun, TaK VI B nOCIleAYIO~VlX 3a HVlM 3neMeHTax VI ~enRX ero BToporo 
BxoAa. B npo~ecce npe06pa30BaHVlR cPopMVlPyeTcR aMnnV1TYAHO-BpeMeH
HaR cPYHK~VlR cPO = EO· KIvI < En/K, xapa KTepVl3YIO~aR Te Manble no
rpeWHQCTVI aHanorOBO~ 4aCTVI Aun, KoTopwe npVlBOART K CMe~eHVlIO 

"0' I VI K Vl3MeHeHVlIO BenVl4V1Hbl AVlCKpeT B Ha4ane ero uncanu . npVl 
3TOM B Ka>KAOM ~VlKne c HOMepOM 1 ~ M ~ M aMnnVlTYAa cPYHK~VIVI OWVI
60K $0 cTyneH4aTO paCTeT, YABaVlBaeTCR npVl K = 2, npVl6nVl>KaRCb 
YCKopeHHO K YPOBHIO E3 = En/K, pVlt.2.1. EcnVl BWRBneHHwe norpew
HOCTVI B KOHType cpaBHVlMbl c YPOBHeM AVlCKpeTbl (E O ~ En/KM) , B03
MO>KHbl HeoAH03Ha4eHble V13MeHeHVlR 3TO~ cPYHKl.4-V1V1. OHVI npoa BnRIOT-CR 
B 60nee 6WCTPOM pOCTe ee aMnnVlTYAw, AOCTVlmeHVIVI V1nVl npeBwweHVIVI 
YPOBHR En/K VI 3aTeM B cnaAe K MeHbWVlM 3Ha4eHVlRM, pV1c.2.2.AnR 
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YCTpaHeHVlR HeOAHosHa4HOCTVI cPop
MVlPyeMoro napaMeTpa oWVl6KVI npVl
MeHReTCR cPYHK~VloHanbHoe npe06
paSOBaHVle ero, KOTopoe He Aon>K
HO npVlBOAVlTb K cy~ecTBeHHOMY 

CHVI>KeHVlIO 60nbwo~ 4YBCTBVlTenb
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HOCTVI napaMeTpa IVI T04HOCTVI KOP
peK~VlVlI, 06ecne4V1BaeMo~ YCVlne

PH~.2. AIvInnHTy.o;Ho-BpeMeHHwe 
~YHKUHH ~o H ~3 B UHKnax M=1+12: 
1,2 H 3 - COOTBeTCTBeHHO AnH 
KOAOB 00 ... 00, 00 .•. 01 H 
101100110111. 

3 



H~eM B KO~Type. 3TO AOCT~raeTCH ~HTerp~pOBaH~eM 3Ha4eH~~ ~O 
B Te4eH~e 3aAaHHOrO 4~Cna ~~K~OB ~ c nOCTORHHO~ BpeMeH~, 3aB~

CR~e~ OT An~TenbHOCT~ ~~~na, ~ 3anOM~HaH~eM pe3ynbTaTa. 3T~M 
ycnoB~RM YAOBneTBOpReT np~MeHeH~e MeAneHHOrO npe06pa30BaTenR 
"nnouians - aMnn~TYAa" ~ 6bICTPO~ cxenu BX /TorAa KaK B õonee 
npOCTOM CnY4ae AOCTaT04HO np~MeHeH~R aHanOrOBOrO 3anoM~Ha~lllero 

YCTPQ~CTBa ~n~ ~HTerpaTOpa c Kn~40M Ha BxoAe ~en~ 06paTHO~ CBR
3~/8//.Bo3MOmHOCT~ nOnY4eH~R C~rHana OW~6K~ c B~xoAa CXeM BX1 
~n~ BX2, KOMMYTaTOpa KK n03BOnR~T B~6~paTb nOAKn~4eH~e ~en~ 

KoppeK~~~ 110" r pynnu 3neMeHTOB ~~Kn~4eCKOrO KOHTypa ~ aaanoro
BO~ 4aCT~ Aun /TOrAa KaK B APyr~x CnY4aRX T04Ka nOAKn~4eH~R

8//.
COBnaAaeT C BblXOAOM KOppeKT~pyeMoro 3neMeHTa ~n~ 4aCT~ Aun/ 
C~rHan OW~6K~, o6ycnoBneHHO~ cMellleH~eM "011 BXOAHblX 3neMeHTOB, 
np~CYTCTByeT Ha BwxOAe KOMMYTaTOpa HeCKOnbKO 60nbwe BpeMeH~, 

4eM Ha auxon ax BX 1, BX2, ~ npn nOAKn~4eH~~ K ero BblXOAY 4YBCT
B~TenbHoCTb $YHK~~oHanbHoro npeo6pa30BaH~R K 3TO~ ow~6Ke COOT
BeTcTBeHHO 6onbwe. 

KOA~PY~lll~~ TpaKT C KoppeK~~e~ Ha4ana' WKanw nOKa3aH 
Ha p~c.3. Pem~M KoppeK~~~ aHanoroBo~ 4aCT~ Aun YCTaHaBn~BaeTcR 

np~ nOcTynneH~~ ~MnynbcoB cxeMbl ynpaBneH~R YKH. np~ 3TOM nepe
Kn~4aeTCR BxoAHO~ KOMMYTaTOp ~ pa3pewaeTCR pa60Ta ~HTerpaTopa 

~ cxeMW BX3. B Te4eH~e 3aAaHHoro 4~cna ~~KnOB npeo6pa30BaH~R 

np~ E = O BeAeTCR ~3MepeH~e ~ HaKonneH~e, ~HTerp~poBaH~e c~r
H

Hana OW~6K,~. BpeMR BbI6oPK~ ~ BKn~4eH~R pem~Ma xpaHeH~R cxeMbl 
BX3 C~HXpOH~30BaHO C oKoH4aH~eM nocneAHero ~~Kna npeo6pa30Ba
H~R. Ee BWXOAHO~ c~rHan, nOAaBaeMw~ AnR KOMneHca~~~' CMellleH~R 
110" ua BxoAHO~ CYMMaTOp, npaKT~4eCK~ He MeHReTCR B r eueuae 
~~Kn08 npeo6pa30BaH~R. nocne 3anOM~HaH~R KoppeKT~PY~lllero c~r

Hana ero Ben~4~Ha C Mano~ norpe~HocTb~ xpaH~TCR AocTaTo4Ho npo
Aonm~TenbHoe BpeMR B ~~Knax pem~Ma ~3MepeH~R c~rHanoB EH ~ Err· 
6naroAapR 3TOMY 4YBcTB~TenbHocTb ~ 3~eKT~BHoCTb KoppeK~~~ CY
llleCTBeHHO He CH~mamTCR ~ oCTa~TCR AOCTaTo4HO BWCOK~M~. np~ 

PHC. 3. Koppexuna aaxana uncarrsr Anil: 
1 - KK, 2 H 5 - BXI H BX2, 3 - C~, 

4 - YC, 6 H 8 - H3 H K3, 7 - Kil; 
9 - KOMMYTaTOp BXOgOB, KB; 10 
cYMMaTop BXOAHoro cHrHana, CB~ 

11 - HHTerpaTop, Hf; 12 - TpeTbfl 
cxeMa Bw60pKH H x~aHeHHfl, BX3; 
13 - cxeMa ynpaBneHHfl pe~HMOM KOP
peKIJ;HH 11 ayrra" , YKH; 14 H 15 - BXO- , 
AbI H3MepfleMoro cnr-aana H HMnynb
COB HatIana H OKOHtIaHHfl IJ;HKnOB pe
~HMa xoppexnna ; 16 - BbIXOA KOAa. 

OA~HaKoBWX npe~~3~oHHW~ TpaKTax npeo6pa30BaH~R B pem~Max ~3Me

peH~R ~ KoppeK~~~ AocT~raeTcR YMeHbweH~e Ha 1-2 nopRAKa Ben~
4~Hbl CMeü.leH~R 110" uncanu Allfl ~ COOTBeTCTBeHHO A~$$epeH~~anbHo~ 

Hen~He~HocT~ B Ha~~~e WKanw. TaK, AnR ~cnonb3yeMoro Bap~aHTa 

npe~~3~OHHoro Aun C Ben~4~HO~ A~CKpeTW 0,5+1,0 MB np~MeHeH
HaR cxeMa KoppeK~~~ YMeHbw~na Ben~4~HW CMellleH~R HyneBoro YPOB
HR ~ nepBo~ A~cKpeTw AO 10+20 MKB. npaKT~4ecK~ YCTpaHeHO Bn~R

H~e He TonbKo Ape~$a A~$$epeH~~anbHwx KaCKaAoB ~ cMellleH~~, 

CBR3aHHWX C TeMnepaTypHWM~ ~ BpeMeHHWM~ ~3MeHeH~RM~ napaMeTpOB 
TpaH3~cTo~OB /6U 63, HO ~ Bn~RH~e ~HCTpYMeHTanbHWX norpew6I K/, 
HOCTe~ KOHTypa, o6ycnoBneHHwx, rnaBHWM o6pa30M, napa3~THWM 3a
PRAOM 3anoM~Ha~llle~ eMKOCT~ cxeM BX, B03H~Ka~~~M np~ nepexoAe 
~3 pem~Ma B~6oPK~ B pe*~M xpaHeH~R, np~Mep npeo6pa30BaH~R EH 
AaH Ha p~c.2.3, ~3' 

UanbHe~w~~ aHan~3 CBO~CTB CTPYKTYPW ~~Kn~4eCK~X Aun nOKa3W
BaeT npeAenbHwe B03MomHOCT~ n~Heap~3a~~~ ~ KoppeK~~~ Ben~4~HW 

A~CKpeT B A~ana30He ~3MepReMWX c~rHanOB /c ~enb~ 60nee T04HWX 
~3MepeH~~ cneKTpOB pacnpeAeneH~R Ben~4~H/. np~cYlllaR TaK~M Aun 
Hen~He~HocTb, o6ycnoBneHHaR ow~6KaM~ KOHTypa ~~Kn~4ecKO~ nepe
Aa4~ aHanorOBWX c~rHanOB, onpeAenReTCR B OCHOBHOM HeT04HOCTb~ 

oer ynapoaxn ~j1~ ~3MeHeH~RM~ Ae~cTBY~lll~X B KOHType, Ben~4~H BbI4~


TaeMoro c~rHana EB = E3 ! 6E B, rAe E3 -'c~rHan ~CTo4H~Ka 3Tano

Ha, ~ o6111ero K03$$~~~eHTa nepeAa4~ KOHTypa KK = K ± 6K, rAe
 
K = 2. np~ ~x Manwx ~3MeHeH~RX HaKann~Ba~lll~eCR B KOHType ow~6


K~ 6WCTPO AOCT~ra~T nopRAKa Ben~4~HW A~CKpeTW, ~ AnR cneKTpo

MeTp~4eCKoro Aun C pOCTOM pa3p~AHOCT~ M Tpe6oBaH~R K Ben~4~He
 

3T~X OW~60K 6WCTPO CTaHOBRTCR TeXH~4eCK~ TPYAHO pean~3yeMWM~. 

BwnonHeHHw~ aHan~3 KOMneHc~pyeMwx norpewHocTe~ B A~ana30He ~3

MepReMWX c~rHanOB /B Ha4ane, cpeA~He' ~ KOH~e WKanw Aun, ~p~

nomeH~e 2/ n03Bon~n BWAen~Tb ~ o~eH~Tb OCHOBHwe COOTHoweH~R 

norpewHocTe~ B6n~3~ cpeA~Hw WKanw /np~nomeH~e 3/, rAe npo~c
XOART pa3MeH Beca "1" CTapwero 

E pa3pRAa KOAa ~ Ha~6onee 3aMeTHoe---'--,"" 
'- ....n 

I ~3MeHeH~e Ben~4~HW A~CKpeT. np~
"-, 3TOM paCCMaTp~Ba~TCR pem~MW ~3I 

MepeH~R c~rHanOB
I"-, E I=E 3+6E I

I
I 

I
I 3 ~ E2=E3-6 E2' KOTopwe caOTBeTCT

E ~- ... BeHHO 60nbwe ~ MeHbwe 3TanOHHO
1 U I I ro c~rHana Ha Manwe Be1--1 E3=E rr/KE 

I I2 
, f 

t:' PHC. 4. AMrrnHTYAHo-BpeMeHHbIe
I 

~YHKIJ;HH ~I H ~2 B IJ;HKnax M=I~I2:f-J 2 
_J,_J 1,2,3 H 4 - COOTBeTCTBeHHo Anfl 

KOAOB 10 ... 00, 10 .•• 01,01 •.• 11 
o 2 4 fi 8 10 M H 01 ... 10. 

4 
5 
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n~4~H~ ~EI < E ~ ~EZ < EAo AnR npe06pasyeM~x C~rHan08 EI ~ EZ
AXapaKTep ~YHK~~~ ~I ~ ~Z, onpeAenReM~X 8 COOT8eTCT8~~ C OCH08

HO~ ~opMynoH /np~nomeH~e 1/, ~nn~cTp~pyeTcR p~c.4. C~rHan EI > 
> Eg 8 nep80M ~~Kne YMeHbWae!CR Ha 8en~4~HY EB = E9'~ Man~~ 
paSHOCTH~~ C~rHan, YP08eHb KOTOpOrO H~me E9, 80SpaCTaeT 
8 K pas. B Kam~oM nocneAy~~eM ~~Kne c~rHan YBen~4~8aeTCR 

8 K pas, ~ ~I BospacTaet, np~6n~maRcb K YP08H~ E9 CH~SY. C~r

Han E < E9 8 nep80M ~~Kne Y8en~4~8aeTCR 8 K pas ~ 80spacTaeT
Z 
8~we YPOBHR E9 0 B KamAoM nocneAy~~eM ~~Kne c~rHan YMeHbwaeTcR 
Ha 8en~4~HY saTeM Y8en~4~8aeTcR B K pas, ~ ~Z CH~maeTCREB,
OTHoC~TenbHo YP08HR E np~6n~maRcb K YPOBH~ E9 c8epxy. Ecn~rr,

8en~4~Ha ~EI ~ E ~n~ ~ cooT8eTcT8y~~aR ~YHK~~R ~I


A 
EZ EA, 

~n~ ~Z 6blcTpee AocT~raeT YPOBHR E9 ~ nepeceKaeT ero /8 060~x 
Hanpa8neH~Hx/ He TonbKO 8 nep80M ~~Kneo ~s-sa nOR8nR~~e~CR He
OAHosHa4HOCT~ ~sMeHeH~~ $1 ~ ~Z ~ 8en~4~H ~x ~oHe4Ho~ aMnn~TY

A~ 60nee AocT08epH~M napaMeTpoM OW~6K~ R8nReTCR SHa4eH~e ~x 

nnouian« o Ilpo aeneuaue Kon~4eCT8eHHble o~eHK~ /np~nomeH~e 31 no
KaS~Ba~T, 4TO 8 pem~Me npe06pas08aH~R EI 8~R8nReTCR 8 OCH08HOM 
ow~6Ka, 06ycn08neHHaR ~SMeHeH~eM ~EB' a B pem~Me npe06pas08a
H~R EZ - ~SMeHeH~eM ~K. nOcneA08aTenbHOCT~ 3Tan08 KOMneHca~~~ 

3T~X OW~60K paccMaTp~Ba~TcR c o~eHKO~ Ben~4~H~ AOCT~raeMO~ 
oCTaT04Ho~ OW~6K~ KOHTypa /np~nomeH~e 4/. AnR AOCT~meH~R ee 
M~H~ManbHO~ Ben~4~H~ 60nee npeAn04T~Tenb~a Ta nocneA08aTenb
HOCTb, np~ KOTOPO~ CHa4ana B~nonHReTCR KOMneHca~~R OW~6K~, 
06ycnoBneHHO~ ~SMeHeH~eM ~EB' a saTeM KOMneHca~~R OW~6K~, 06yc
nOBneHHO~ ~sMeHeH~eM ~K. 

XapaKTep ~YHK~~~ ~I ~ ~Z, onpeAenReM~~ pasHOCTb~ c~rHanoB
 

EI - E9 = ~EI ~ EZ - E9 = ~EZ' c Y4eTOM OW~60K, 06ycnoBneHH~X
 

norpeWHOCTRM~ 8 3neMeHTax cxeMbl, sa8~C~T OT COCTa8nH~~~x CYM

MapH~x 8en~4~H ~EI ± EmI ~ ~Ez ± EmZo 3Aecb ~EI ~ ~EZ - no

CTORHH~e Ben~4HH~, KOTop~e YCTaHaBn~8a~T /np~ HanaAKe cxeM~/
 
Ha YPoBHe. orpaH~4eHHoM cBepxy Ben~4~Ho~ npaKT~4ecK~ Me
EA,

Hee (0,5+1) ·EA. np~ 3TOM cxeM~ KOHTypa MorYT 6~Tb HaCTpoeH~
 

TaK,4TO ~opMyna npe06pasoBaH~R EI np~H~MaeT 8~A Ex = [I·K~ 
- EB'K~ = (~EI ± Em~ ± ~EB)'K~, ~ ~I He sa8~c~T OT sHaKa no

rpewHocT~ EmI' ecn~ Ben~4~Ha ~EI 60nbwe c~rHanOB norpewHocT~,
 

WYMOB cxeM~o C~rHan KOHTypa, YMeHbwaeM~~ Ha EB c norpeWHOCTb~
 

~ aar ex BMeCTe c He~ yc~n~8aeMbl~, ~cnonbsyeTcR AnR BOS
EmI 
Ae~cTB~H Ha ~SMeHeH~e ~EB' KOMneHc~py~~ee 3TY norpeWHOCTbo 
AHanor~llHo MomHO nony-uir s AnR cxeMbl KOHTypa Ex=EZ' Ktl-EB' (K~-1 + 
+ K~-Z + oo. + K~ + K) ~ (EZ - EB)'K~ = (LEZ ± EIlIZ)'K~, np~

H~MaR = nocne 8~nonHeH~R nepBo~ KOMneHca~~~, np~4eM
EB E9 
~EZ > EmZo Yc~n~BaeM~~ c~rHan, cOAepma~~~ OW~6KY, ~cnonbsyeTcR 

. AnR BdsAe~cT8~R Ha ~SMeHeHHe ~K, KOMneHc~py~~ee norpewHocTb. 

18 

PHC. 5 o KOppeKD,HH Cpe,lJ,HHbI unc ansi 
AUIT: 1 - KK, Z H 5 - EXI H EXZ, 
3 - CK, 4 - YC, 6 H 8 - H3 H ,K3, 
7 - KIT; 9 H IZ - rrepBw~ ~ BTOPO~ 

~YHKD,HOHaJ1bHWe rrpeo6pa30BaTeJ1H, 
<1>IT 1 H cI>ITZ; 10 H 13 - ne pauü 

H BTOPO~ perYJ1HTOpW rrapaMeTpa, 
PITI H PITZ; II - cxeMa BWl.IHTaHHH 
9TaJ10Ha, CE; 14 - KOMMYTaTOp BXO
,IJ,OB, KB; 15, 16 H 17 - nepBw~, 

BTOPO~ H TpeTH~ rrpeo6papOBaTeJ1H 
9TaJ10Ha, IT3I, IT3Z H IT33; 18 
cxeMa yrrpaBJ1eHHH KoppeKpe~HMaMH 

D,HH "cpennau'", YKC; 19 H ZO - BXO,IJ.bl H3MepHeMoro CHrHaJ1a H HM
rrYJ1bCOB Hal.IaJ1a H OKOHl.IaHHH D,HKJ10B pe~HMoB KOppeKD,HH; ZI - BW
XO,IJ. KO,L.~a. 

KOA~PY~~~~ TpaKT c KoppeK~~e~ cpeA~H~ WKan~ nOKasaH 
Ha puc . 5. Pem~Mbl xoppekua» BKn~4a~TCR nocneno aa r ens no ynpaansuo
~~M~ ~MnynbcaM~ cxeM~ YKC. B nepBOM pem~Me nOAxn~4aeTCR KOMMY
TaTopOM KB c~rHan EI npe06pasoBaTenR 3TanOHa n31 ~ paspewaeT
CR" paõor a ~YHK~~oHanbHoro npeoõpaao aarena ~n 1. 3aTeM asmonuao r> 
CR ~~Kn~ npe06pas08aH~R E1 c HaKonneH~eM 8 ~n1 c~rHana OW~6K~. 

XpaH~M~~ c~rHan ~n1 KoppeKT~pyeT 8 cxeMe perynRTopa napaMeTpa 
pnl Ben~4~HY c~rHana E3 = E9 ± ~E3, nOAa8aeMoro 4epes Kn~4 K3 
Ha BXOA 8~4~TaH~R cxeM~ CK. Bo 8TOPOM pem~Me aHanor~4HO nOA
Kn~4aeTcR c~rHan EZ c 8~xoAa n3Z ~ paspewaeTCR pa60Ta ~nz. 3a
TeM B~nonHR~TcR ~~Kn~ npe06pas08aH~R EZ c HaKonneH~eM B ~nz 

noc r ynaiourer o 1013 cxeMbl 8bI4~TaHH.R CB c~rHana paaaocr a MemAY ouraô 
KO~ ~ 3TanOHOM E = Z'E c 8~XOAa n33. XpaH~M~~ c~rHan ~nz KOP
peKT~pyeT 4epes ~en~ pn~ ~ yc~n~TenR YC 8en~4~HY K03~~~~~eHTa 
KK' nocne CHRT~R ynpa8nR~~~X ~MnynbcoB KoppeK~~~ nOAKn~4aeTCR 

~sMepReM~~ C~rHan EH ~ paspewa~TCR ~~Kn~ npe06pas08aH~R EH 
c san~Cb~ KOAOB B per~CTp Aun. np~ 3TOM Ae~cT8Y~~~~ B KOHType 
B~4~TaeM~~ c~rHan EB = E3 ± Eml, ecn~ ~HCTpYMeHTanbH~e norpew
HOCT~ cxeM K3 ~ CK npeACTa8~Tb B 8~Ae c~rHana Ae~cT8y~~eroE1lI 1,
Ha 8xoAe 8~4~TaeMoro c~rHana CK. TaK KaK 8 nepBOM ~~Kne pem~

Ma npe06pas08aH~R EI cpa6aT~8a~T KOMnapaTOp Kn ~ Kn~4 K3, pas
HOCTH~~ c~rHan EI - EB = ~EI - (!6E 3 ± Ewl} ~ ycn08He ~OMneHca
~~~ ±EwI = ~EI - (±~E3)o C~rHan, cOAepma~~~ norpeWHOCTb EmI' 
yc~n~8aeTCR, ~HTerp~pyeTcR /C nOCTORHHO~ BpeMeH~, sHa4~TenbHO 

I
 
npe8~wa~~e~ AnHTenbHOCTb ~~Kna/ ~ sanOM~HaeTCR c ~enb~ 06ecne

4eH~R Ka4eCTBa peryn~p08aH~R E3' np~ Ae~cT8y~~eM 8 KOHType
 
K03~~~~~eHTe nepeAa4~ KK = K ± 6K, ~sMeHR~~eMCR, Hanp~Mep,
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BcneACTBHe HHCTpYMeHTanbH~X nOrpeWHOCTe~ CXeM KOHTypa~ B pemH

Me npe06pa30BaHHH CHrHana E2 B nepBOM 4HKne KOMnapaTOp He cpa

õaruaaer , H BbIXOAHO~ curaan KOHTypa Ex = 6E2· KM - E ± cru2 , r Ae
 n 
cBH3aHHbl~ c H3MeHeHHeM 6K CHrHan E xapaKTepH3yeTcH 3aBHCHru2 
MOCT blO 6EK /npHnomeHHe 2, r /. CHrHan pa3HOCTH E - Ex, conepxan 
~H~ E HHTerpHpyeTcH H 3anOMHHaeTCH c 4enblO perynHpoBaHHHru2,
6K. DpH 60nbWOM 4Hcne 4HKnOB B nepBOM H BTOpOM pemHMax KoppeK
4HH c 6blCTPO B03paCTalOUle~ T04HOCTblO KOMneHCHPYIOTCH HHCTpYMeH
TanbH~e norpeWHOCTH, KOTop~e B~3~BaIOT H3MeHeHHH BenH4HH~ AHCK
peT H npHBOAHT K AH~~epeH4HanbHO~ HenHHe~HOCTH npH nOAxOAe 1]'1
K cpenaae uncane: "cacpxy!' /KOA 10 ... 00/ H IICHH3Y" /KoA 01 ... 11/,
 
H COOTBeTCTBYIO~He HM H3MeHeHHH EB H KK. ~
 

npH HaCTpO~Ke cxeM KOAHpYIO~ero TpaKTa YCTaHaBnHBa~TCH TaKHe 
( ~ 

BenH4HH~ E] H E2, 4T06~ CMeCTHTb AHana30H~ YCHnHBaeM~x pa3HOCT
H~X CHrHanoB OWH6KH OTHOCHTenbHO YPOBHe~ °H En H CAenaTb HX 
OAH03Ha4H~MH, a KoppeKTHpyeM~e ·BenH4HH~ - CXOAH~HMHCH K HOMH
HanbH~M 3Ha4eHHHM. npe06pa30BaTenH n31, n32 H n33 peanH3YIOTCH 
no cxeMe CYMMHpYIO~ero, MaCWTa6HPYIO~ero YCHnHTenH, HanpHMep, 
c K03~~H4HeHTaMH nepeAa4H E]/E 3 = 1 + 6El/E3, rAe 6El/E3 < 

M< Eg / E3 = K1- = 0,05%, M= 12, H En/E 3 = 2. AHanorH4Ho CTpO

HTCH perynHTop pnl AnH CABHra YPOBHH E3 Ha perynHpyeMYIO BenH4H

HY ±~E3, a 4enH pn2 H YC cOAepmaT ynpaBnHeM~~ pe3HCTOp, none

BO~ TpaH3HCTOp, AnH perynHpoBaHHH BenH4HHbl ±6K. CMe~eHHe ypOB

He~ 6EI' 6E2 MomHO YMeHbwaTb, TeM caM~M YMeHbwaH OCTaT04H~e
 

oWH6KH 6E BO' 6KoH AH~~epeH4HanbHYIO HenHHe~HOCTb, nOKa KOMna

paTOp Kn cpa6aT~BaeT OAH03Ha4HO /npH peanbH~x norpewHOCTHX,
 
WYMax, nOMexax, B TOM 4Hcne OT napa3HTH~x 3apHAOB cxeM BX/
 
H He HapywaeTcH nocneAOBaTenbHOCTb 3TanOB KOMneHca4HH OWH60K.
 
C Y4eTOM 3Toro MomHO YKa3aTb npeAen~ YMeHbweHHH CMe~eHHH YPOB

'He~ OT (0,5-1) ·E g AO ""(0,01-0,1) ·'Eg. CxeMbl ~nl H enz conepxar
 
cTp06HPyeM~~ HHTerpaTOp, AononHHTenbHYIO cxeMY BX /Kn104 CTp06H

pOBaHHH éKnlO4eH BO BpeMH 4HKnOB pemHMa KOppeK4HH, a KnlO4 B~


60PKH - BO BpeMH OKOH4aHHH 3Toro pemHMa/. B ~HTepBanax MemAY
 
Bbl60pKaMH xpaHHMble curaanu nOAAepmHBalOT Ha nOCTOHHHOM YPOBHe
 
perynHpyeM~e BenH4HH~. CxeMa YKC COAepmHT perHCTp-C4eT4HK, ne

peKnlO4aTenb HMnynbcoB ynpaBneHHH pemHMaMH KOMMYTaTopa KB ~
 

H cxeM ~nl, ~n2. npH no04epeAHOM cneAOBaHHH pemHMOB KoppeK4HH
 
H H3MepeHHH Ae~CTBYIO~He B KOAHPYIO~eM TpaKTe OCHOBH~e OWH6KH
 ]:cy~ecTBeHHO YMeHbwaIOTCH, AOCTHraH ypOBHH OCTaT04H~x6EB,.6K 
BenH4HH KOTop~e COOTBeTCTBeHHo MeHbwe Ha 1-2 nopHA I6EBO' 6Ko' 
Ka ~enH4~Hbl. HeKoMneHcHPyeMaH OCTaT04HaH AH~~epeH4HanbHaH He

nHHe~HO~ WKan~, 3KOHOMH4HOCTb cxeM~, nOMeX03a~H~eHHOCTb BxoAa/ 
~MelO~He onpeAeneHH~e npeHMy~ecTBa B pHAe npHMeHeHH~, MorYT 
6~Tb KOHKypeHTocnoc06H~MH H no napaMeTpy A~~~epeH4HanbHO~ He
nHHe~HOCTH. 3TO AOCTHraeTCH npH c06nlOAeHHH cneAYIO~Hx ycnoBH~ 

aBTOKoppeK4 HH: H3MepHeM~~ CHrHan EM H CHrHan~ 3TanOHHO~ Mep~ 

EI H E2 BBOAHTCH B KOHTYP OAHHaKOB~M 06pa30M, OAHHaKOB~ ~pO

4eCCbl KOAHpOBaHHH 3THX CHrHanOB H Ae~CTBHH norpeWHOCTe~ TpaK
Ta Ha pe3ynbTaT KOAHpOBaHHH; CHrHan~ El H E2 OTnH4alOTCH QT 3Ta
nOHa E3 Ha Man~e BenH4HH~, orpaHH4eHH~e BenH4HHaMH eAHHH4~ 

AHCKpeTHOCTH H OCTaT04H~MH oWH6KaMH; napaMeTp YCHnHBaeMO~ 

B KOHType H HeOAH03Ha4HO~ oWH6KH npe06pa30BaHHH nOABepraeTCH 
~YHK4HOHanbHOMY npe06pa30BaHHIO H xpaHHTCH; ~oppeK4HH oWH60K 
H AH~~epeH4HanbHO~ HenHHe~HOCTH np» nonxorie K cpenuae uncanu 
"c aepxy!' H "CHH3yll ocyuiec TBnHeTCH nocnenoaarens HO~ xo-meuca
4He~ H3MeHeHH~ 6EB H 6K, npH4eM BenH4HHa EB nOAAepmHBaeTCH 
c norpeWHOCTblO B~nonHeHHA HCT04HHKa E3. YMeHbweHHe AH~~epeH
4HanbHO~ HenHHe~HOCTH Aun Ha pHc.5 TaKme CBH3aHO c 06ecne4eHH
eM cTa6HnbHOCTH 110 1 1 uncanu , n penaapa r ens aaa aBTOKoppeK4HH CMe~e

HHH "0" H AHCKpeT B Ha4ane uncanu Aun õonee 3~~eKTHBHa npH CO
6nlOAeHHH aHanorH4H~x ycnoBH~ H AnH cxeM~ Ha pHc.3.PeanH3a4HH 
3THX ycnoBH~ AnH npe4H3HOHH~X Aun c 4HcnOM pa3pHAOB M~ 12 
CBH3aHa c COOTBeTCTBYIO~HM TexHonorH4eCKHM H MeTponorH4eCKHM 
06ecne4eHHeM. 

npHMeHeHHaH paHee B Aun opraHH3a4HR KoppeK4H~ nepeA Ha4anOM 
H3MepeHHH /pemHM mAy~ero H3MepeHHH/ npHBOAHT K era 3aAepmKe 
H He06xOAHMOCTH coxpaHeHHH aenH4HH~ CHrHana, a TaKme K YMeHb
weHHIO 4aCTOT~ H3MepeHH~. KorAa 4aCTOTa KoppeK4H~ MHoro MeHb
we cpeAHe~ 4aCTOT~ H3MepeHH~, CHHmaeTCH BepOHTHaH BenH4HHa 
3aAepmKH, HO B03paCTalOT BpeMH H norpeWHOCTb xpaHeHHH KoppeKTH
pYIO~e~ BenH4HH~. 04epeAHO~ HMnynbc 3anYCKa B~AenHeTCH H3 ABYX 
He3aBHCHM~X nocneAOBaTenbHOCTe~ H ~HKcHPyeTcH, 4T06~ nocne 
o'KOH4ajHj BblnOnHHeMblx M llHKnOB Ha4aTb HOBoe H3MepeHHe nH60 KOP
peK4HIO 4 • npH ~nYKTya4HHx 3aAepmeK /H3-3a HecHHxpoHHOCTH KOP
peK4H~ H H3MepeHH~/ H H3MepeHHHx aMnnHTYA~ HMnynbcH~x CHrHa
nOB /xapaKTepHblx AnH cneKTpOMeTpHH/ He HCKnlO4eHa B03MomHOCTb 
HX nponYCKa, nOTep~ AaHH~x, ecnH He npeAYCMOTpeH~ AononHHTenb
H~e cxeM~ ~HKca4HH aMnnHTYA~, CHHxpOHH3a4HH HnH 60nee rH6KO~ 

opraHH3a4HH KoppeK4HH/ 11/ . norpeWHOCTb BpeMeHHO~ npHBH3KH H3Me
peHH~ npaKTH4eCKH YCTpaHHeTCH npH mAy~eM pemHMe KOppeK4HH, Kor
Aa HMnynbcoM 3anYCKa oCTaHaBnHBaeTCH B~nonHeHHe 4HKnOB KoppeK
4HH H BKnlO4aeTCH pemHM H3MepeH~HJ a nocne ero OKOH4~HHH CHosa 

nHHe~Hoctb B cpeAHHe WKan~ COCTaBnHeT 1+2% OT BenH4HH~ AHCK

peT~ 12-pa3pHAHoro Aun.
 

PaccMoTpeHH~e 4HKnH4eCKHe Aun, no cOBoKynHocTH npHCY~HX HM
 
napaMeTpOB /6~cTpoAe~cTBHe, pa3peweHHe H AHHaMH4eCKH~ AHana30H
 

BKnI04a~TCH H nOBTopHIOTCH pemHMbl KoppeK4HH c 3anOMHHaHHeM OT
cnemHBaeM~x OWH60K. 4aCTOTa KoppeK4H~ B~we cpeAHe~ 4aCTOT~ 

H3MepeHH~, H He Tpe6yeTcH AnHTenbHoe xpaHeHHe KoppeKTHpYIO~HX 

BenH4HH. ~x 3anOMHHaHHe B03MomHo npH OKOH4aHHH M 4HKnOB, H HC
KameHH~ He 6YAeT npH npep~BaHHH 4HKnOB KoppeK4H~. 
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B03MomH~ ~ APyr~e np~MeHeH~R paCCMOTpeHH~X CBO~CTB ~~Kn~4eC

K~X CTpYKTYP. Hanp~Mep, B COOTBeTCTB~~ c ~X OCHOBHO~ $OpMyno~
 

060CHOBaH~ nOCTpOeH~e reHepaTOpa nOKa3aTenbHO~ $YHK~~~/I2/
 
~ B03MomHOCT~ nOB~WeH~R ero ~HCTPYMeHTanbHO~ T04HOCT~ H nOMe

XOYCTO~4~BOCTH. 

nplt1nO}/{EHlt1E 1 

OCHOBHAfl <l>OPMynA KOAlt1PYIOll.lErO TPAKTA 
} 

UHKn pa60T~ KOA~Py~~ero TpaKTa COCTOHT H3 ABYX TaKTOB. B Te ,, 
4eHHe nepBoro TaKTa cxeMa BXl HaXOAHTCR B pemHMe B~60PKH, 

a cxeMa BX2 - B pemHMe xpaHeHHR. B nepBOM ~HKne cxeMa BXl 3a
nOMHHaeT BenH4HHY ~3MepReMoro CHrHana EH, nOAKn~4aeMoro KOM
MYTaTopOM KK, a Bo BTOPOM ~ nocneAY~~HX ~HKnax - BenH4HHY, KO
TopaR YCTaHOBHnaCb B KOH~e npeA~Ay~ero ~HKna H xpaHHTCR B cxe
Me BX2. B Te4eHHe BToporo TaKTa cxeMa BXl xpaHHT BenH4HHY, 
H3 KOTOPO~ B cxeae CK 8bl4HTaeTCR CHrHan EB, a ~x pa3HOCTb, YM
HomeHHY~ IB cxeMe YCI B K pa3, 3anOMHHaeT cxeMa BX2. CxeM~ 

BXl H BX2 BKn~4a~TCR B pemHM B~60pKH, a KOMMYTaTOp KK nepeKn~

4aeTCR IB nepBOM 4HKnel ~MnynbcaMH cxeM~ ynpaBneHHR YU. CHrHan 
•	 CxeM~ BXl cpaBH~BaeTCR c ypOBHeM 3TanOHHoro CHrHana ~CT04HHKa 

H3, paBH~M E3 = En/K, rAe En ~ npeAenbHaR BenH4HHa CHrHanOB 
EH ~ En. Ecn~ cpaBHHBaeM~~ CHrHan AOCTHraeT HnH npeB~waeT E3~ 

BKn~4aeTCR B coc TORH~e "1" KOMna parop Kfl , H 4epe3 ynpaBnReMbl~ 

HM Kn~4 K3 nO,QaeTCR BbI4~TaeMbl~ cvir uan = EcnH ycnoa-ieEB E3.
 
He B~nonHReTcR, 3TOT c~rHan He nOAaeTcR IE B = OI. npH BKn~4eH


"1 1 1 HOM xo-mape r ope epopM~pyeTcR ~Mnynbc auxonuoro KOAa. lt1TaK,
 
B KOH~e ne paor-o ~HKna Ha auxorie cxeMbl BX2 xpaH~TCR CHrHan Ex =
 

= (EH - EB) 'K, np~ EH ~ E3 InH60 Ex = EH·K, npH EH < E3 / .
 

B KamAOM nocneAy~~eM ~~Kne B KOHTYP, K03$$H~HeHT nepeAa4H 3aMK

HYTO~ ~eri~ KOToporo paBeH K, BBOAHTCR pe3ynbTaT npeA~Ay~ero
 

~HKna. HahpHMep, nocne BToporo ~HKna Ex = ((E H- EB)·K-EB)·K

2-E 

B' (K2+K)= EH'K ~ aHanorH4HO nocne n~60ro ~HKna c HOMe~oM
 
M ~ 1. AnR nocneAHero ~HKna, npH M ~ M, Ex = EH·KM-E B· (Kl +
 
+KN- I+ ... +Kt1-M+KM-M+l+ ... +KL+K), rne cnaraes-ue Y4HTbIBa~TcR,
 
He paBH~ O, ecn~ COOTBeTCTBY~~He pa3pRA~ KO,Qa HMe~T 3Ha4eHHe
 
"1 1 1 

•	 llpeo õoaaya aup axe ane AnR CYMMbl, nonyuaer- OCHOBHY~ cPOPMY
ny: 

M	 M 
- M+ I	 2M-ME = E .«M - E . ~ KM = E ·2M - E . ~ 

X H B.L.. H n -1 ' M=1	 M

rAe K = 2 AnR TpaKTa, B KOTOpOM epOPM~PY~TCR HMnynbc~ ABOH4HO

ro KOAa. CYMMHpoBaHHe BeAeTCR TonbKO AnR Tex ~HKnOB M ~ 1, AnA
 

KOTOp~X Ha COOTBeTCTBY~~HX n03H~HRX KOA~ nonY4eHO 3Ha4eHHe 
"1". B 4acTHocTH, npH ManOM CHrHane EH < E,lJ, = En/KM, Ep; - Be
nH4HHa eAHHH~~ AHcKpeTHocTH, nonY4aeM KOA 00 ... 00, H xpaHHMaR 
BenH4HHa Ex = EH'KM, xapaKTepH3y~~aR oWH6KY, RBnReTCR pe3ynb

·TaToM, nonY4aeMblM nocne MHoroKpaTHo~ ~HKnH4ecKo~ nepeAa4H 
c YCHneHHeM IYABoeHHeMI CHrHanoB B KOHType. 

nplt1nO>KEHlt1E 2 

OWlt16Klt1 KOAlt1PY~ll.lErO TPAKTA 

3aBHCHMOCTH oWH60K aHanH3HpY~TCR Inocne AHep$epeH~HpoBaHHR
 

OCHOBHO~ $OpMyn~ KOAHpy~~ero TpaKTal npH Man~x npHpa~eHHRx
 

H norpeWHOCTRX, He ,qOCTHra~~Hx BenH4~H~ AHCKpeT~ Eg. Ow~6Ka
 

BenH4~H~ B~xOAHoro CHrHana Ex, 06ycnoBneHHaR H3MeHeHHeM ,qe~cT


By~~ero B KOHType· K03$$H~HeHTa nepe,qa4H KK = 1< ± 6K, npH EB =
 
= E9 , xapaKTepH3yeTcR B~pameHHeM
 

M-1 1+(M-1)·KM-2+6EK = 6K· (M'EB,K - E
9

' (M·KM-	 ... +1)), 

rne Y4HTbIBa~TcR r ons xo Te c.nar aevue , AnR KOTOpblX B kone BenH4H
Hbl Ex COOTBeTcTByeT 3Ha4eHHe 111 1 1 

• 3aBHcHMoCTH oWH6KH B paanuu
H~X T04Kax WKan~ KO,qHpy~~ero TpaKTa: 
ai EH = O, KO,q 00 ... 00 H oWH6Ka 6EK = O; 
61 EH = En = 2'E 9 , KO,q 11 ... 11 H ,qnR ,qBOH4Horo TpaKTa c K = Z 

16EK = 6K·E 9 • (M'KM- - (M-l)'KM-2 - (M-2)'KM-3 - ... -1) 

=	 6K'E9 ' (2H - 1), 

n03TOMY npH 6K ~ E~/En = Z-M OTHOCHTenbHaR oWH6Ka 6EK/E n ~
 
~ E9/E rr = 2- 1 = 50/0;
 

BI EH = E3 + 6EI = El, KO,q 10 ... 00 npH 6EI < E,lJ, H oWH6Ka 

.
6EK = 6K·(M·E H·K

M-I 
M·E 3 · KM- 1 ). = 6K·M·KM-I . ( EH - E3

) = 
M-I =	 6K' M· K . 6E I ; 

ri = - 6EL = KOA 01 ... 11 npH 6E2 H oWH6KaEH E9 E2,	 < Eg 

{ H-I ( \ ( ( v .. M-2 ( ).M-36EK = 6K·,M·K . E
9

- 6E2/ - E3·. M-l/'K-- + M-2 'K-- + ... 

. M-I (M-l ( ) M-2 ( ) .M-3+1 )) = -6K'M'6E2'~ + 6K·E 3· M'K - M-l'K - M-Z .~- - ... 

-1) = 6K'E 9 ' ( 2M-l) - 6K·M·KM-1 ·6E 2 • 

OWH6Ka. B T04Ke " HHme cpe,qHHbl uncanu!' Irl MeHbwe oWH6KH B «ouue 
LUKanbl 161 Ha BenH4HHY oWH6KH B T04Ke "asuue cpe,q'HHbl uncanu" IB/, 
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HO np~ 3TOM ManO oTn~4aeTCH OT MaKC~ManbHO~ OW~6K~ 16/, TaK
 
KaK 6E2· M « E3 • Ow~6Ka Ben~4~Hbl Ex, oõycnoaneuuaa ~3MeHeH~eM
 

Ae~cTBYlOlllero B KOHType Bbl4~TaeMoro c~rHana EB = E3 ± 6EB, np~
 

6EB < Eg , onpeAenHeTCH aHanor~4HO:
 

M
6Ee = -6E B· L KM-M+ I. 

M= I ' 

ai EM = O, KOA 00 00 ~ ow~6Ka 6Ee = O;
 
61 EM = Err , KOA 11 11 ~ 6E = -6E B' (KM+KM-I+ ... +K)
e 

= -6E 
B 

• (KM+ I -1 ) ; 

M;BI	 EM = EI' KOA 10 00 ~ ow~6Ka 6Ee = -6E B'K
ri	 EM = E2, KDA 01 11 ~ 6Ee = -6E B' (KM-I+K~1-2+ ... +K) 

= -6E f:l' (KM- 1 ) . 

OW~6K~ IBI ~ Irl B6n~3~ cpeA~HW WKanw Err/2 npaKT~4eCK~ OA~Ha

KOBW ~ MeHbwe B 2 pa3a MaKc~ManbHo~ OW~6K~ 161 B KOH~e WKanw. 

np~nOY:{EH~E 3 

COOTHOWEH~~ ME*AY bW~6KAM~ 

B6n~3~ cpeA~Hbl uncanu ~MeIOT MeCTo cnenyiourae OTHoweH~R,:
 

BI np~ EM = EI
 

6EK:6E e = -(6K·M.KM-
1 '6E 1 ):(6E B'K

M) = -(6K'M'6EI):(K'6E B ) 

~ 6EK « 6Ee , TaK KaK 6K·M « K, a 6EI ~ 6EB oAHoro nopHAKa 
Ben~4~Hb'·; 

M'2M-1'6Eri	 np~ EM = E2, 6EK = 6K· (E3 • (2~Ll) - ~ 2)
M-l), TaK KaK 6E2 ' M « ~ OTHoweH~e OW~60K=6K'E 3'(2	 E3,

M)6E = (6K'E ' (ZM_1 )):(6EB·2 ~ 6K·E 
K:6E e 3	 3:6EB 

~ 6EK » 6Ee, TaK KaK E3 » 6EB, a 6K ~ 6EB oAHoro nopRAKa Be
n~4~HW. CneAOBaTenbHO, B pem~Me IBI BWRBnHeTCH B OCHOBHOM ow~G
Ka, 06ycnOBneHHaH ~3MeHeH~eM 6EB, a B pem~Me Irl - ~3MeHeH~eM 

6K. 

npV1nO}l{EH~E 4 

noCnEAoBATEnbHOCT~ 3TAnOB KOMnEHCAU~~
 

~ OCTj\T04HbIE OW~6K~
 

nepBaH nocneAoBaTenbHocTb 3TanOB KOMneHca~~~: 

li EM = EI, CYMMapHaH ow~6Ka B pem~Me IBI . 
~Ecl = 6EK+6E e = 6K·M.KM-I'6EI-6EB·~M, rAe 6Ee » 6EK, KOMneH

;.. 

c~pyeTcH ~3MeHeH~eM 6EB TaK, 4TO 6Ec} = O. OTclOAa OCTaT04HaH 
ow~6Ka, 06ycnoBneHHaH HeCKOMneHc~pOBaHHbIM oTKnOHeH~eM 6K,

_1
6EBO = 6K'M'6E I'K . '« 6EB, TaK KaK 6EB ~ 6E} OAHoro nopHAKa
 
Ben~4~Hw, a 6K·M « K.
 
21 EM = E2' CYMMapHaH ow~6Ka B pe*~Me Ir/ nocne BwnonHeH~H nep


M-l) M,BO~ KOMneHca~~~ 6Ec2 = 6EK+6E eo ~ 6K·E 3·(K - 6EBO'K rAe 
6EK » TaK KaK 6K·E 3 » KOMneHc~pyeTcH ~3MeHeH~eM6Eeo' 6EBO' 
6K TaK, 4TO = O. OTclOAa OCTaT04HaH ow~6Ka, 06YCnOBaeHHaH6Ec 2 
HenonHo~ KOMneHca~~e~ ~3MeHeH~~ 6K ~ 6Ko = ):6EB, (6EBO'K M-l)):(E3'(K ~ 6EBO:E3 = (6K'M'6EI ):(K·E3). Ben~4~Ha 6Ko«6K,

TaK KaK 6K « K ~ 6EI'M « E3, OAHOBpeMeHHO.
 
BTopaH nocneAOBaTenbHOCTb 3TanOB KOMneHca~~~;,
 

li EM = E2, CYMMapHaH ow~6Ka B pem~Me Irl = ~~.E3·(KM_l)
Ec 2 
- KOMneHc~pyeTcH ~3MeHeH~eM 6K TaK, 4TO = O. OCTa6EB·KM	 6Ec 2 
T04HaH ow~6Ka, 06ycnoBneHHaH HeCKOMneHc~pOBaHHbIM ~3MeHeH~eM 

6EB , onpeAenHeTCH aHanor~4Ho 6K~' = (6EB·KM):(E3·(KM_l)):6EB/E3' 
21 EM = EI, CYMMapHaH ow~6Ka B pem~Me IBI nocne BwnonHeH~H 

v	 "" M-I MnepBO~ KOMneHca~~~ = 6Ko 'M'K '6E I - KoMneHC~6Ec l	 6EB·K 
pyeTcH ~3MeHeH~eM 6EB TaK, 4TO 6Ec''I = O. OCTaT04HaH ow~6Ka,v v' , , , 
06ycnoBneHHaH HenonHO~ KOMneHca~~e~; 6Eno = 6K .M·6E}/K.o 
B 3TOM cnY4ae OCTaT04HaH ow~6Ka 6Ko OKa3blBaeTCH 3Ha4~TenbHO 

60nbwe, 4eM B nepBOM cnY4ae ~en~4~Ha 6Ko, TaK KaK 6EB,~ 6E} . 
OAHoro nopHAKa Ben~4~Hbl, a 6K·M «K. AnH Ben~4~H 6EBO ~ 6EBO 
MeHee BamHa nocneAOBaTenbHOCTb BwnonHeH~H 3TanoB KOMneHca~~~. 

CneAoBaTenbHo, He06xoA~Ma nocneAOBaTenbHaH KOMneHca~~H CHa4a
na OW~60K, 06ycnoBneHHwx ~3MeHeH~eM BW~~TaeMoro c~rHana EB , 

a 3aTeM OW~60K, 06ycnOBneHHwx ~3MeHeH~eM K03~~~~~eHTa y~Home

H~H KK' Ae~cTBYlOlll~X B KOA~pYlOllleM TpaKTe ~~Kn~4eCKoro Aun. 
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ryr.AeB B.A., 3aMpH~ B.H. 
UHKnH4eCKHe aHanoro-~H$pos~e npeo6paaosaTenH 
c aHanoroso~ KoppeK~He~ norpewHocTe~ 

13-87-734 

UHKflH4eCKHe aHanoro-~H$POB~e npeo6paaosaTenH /AUO/ c aHanoroso~ KoppeK~He~ 
norpewHOCTe~ paapa6oTaH~ C Y4eTOM nony4eHHH~X pe3YflbTaTOB aHaflH3a HX CBO~CTB. 
PaccMaTpHsa~TcA owH6KH npeo6paaosaHHA npH H3MeHeHHAX B~4HTaeMo~ senH4HH~ £8 
H K03$$H~HeHTa yMHo~eHHA K, soaMo~H~e nocneAoBaTeflbHOCTH KOMneHca~HH HX Ma
n~x H3MeHeHH~ H OCTaT04H~e OWH6KH. 06cy~Aa~TCA pe~HM~ npeo6pa3oBaHHA H AHar
paMMbl $OPMHPOBaHHA KOppeKTHpy~wHX CHrHaflOB B Ha4ane H B6flH3H cpeAHH~ WKafl~ 

AUn. OpHBeAeH~ cxeM~, npeAHaaHa4eHH~e AflA flHHeapHaa~HH xapaKTepHCTHKH npeo6-
paaoBaHHA H yMeHbWeHHA HaMeHeHH~ senH4HH~ AHCKpeT~ EA, AH$$epeH~HaflbHO~ He
flHHe~HoCTH. CMeweHHA "0" " HaMeHeHHA EA a Ha4ane wKan~ AUn yMeHbweH~ 
AO 10 MKB npH EA = 0,5f1 ,0 MB H 4HCne paapAAOB 12-13. TaK ~e yMeHbwa~TCA 
Ha 1-2 nopAAKa senH4HH~ CMeweHHA H H3MeHeHHA EA a cpeAHHe wKan~ AUO nocneAo
saTeflbHO~ KoppeK~He~ senH4HH E8 H K. 0oKa3aHbl oco6eHHOCTH H npHMep~ Hcnonbao
saHHA TaKHX AUn, a TaK~e opraHHaa~H" pe~HMOB KoppeK~H" " H3MepeHH~. 

Pa6oTa B~nonHeHa B na6opaTopHH He~TpOHHO~ $H3HKH OH~H H HHCTHTyTe aTOMHO~ 
3HeprHH HM.H.B.Kyp4aToBa, MoCKBa. 

Coo6iueHHe O~e.otHHeHHoro HHCTHTyTa R.lleptthlx HcCJie.llOBaHHii. Jly6Ha 1987 

nepeBOA O.C.BHHorpaAOBO~ 

Gulyaev V.A., Zamrij V.N. 
Recycled Analog-to-Digital Converters with an Analog 
Correction of Errors 

l)-87-734 

Recycled analog-to-digital converters (ADC) with an analog correction 
of errors have been elaborated takinq into account the obtained results on 
analysis of their properties. The conversion errors at variations of both 
the substracted quantity Es and the multiplicity coefficient K, the possible 
orders of compensatinq their small variations and the rest errors are consi
dered. The conversion-modes and timinq circuits of correction signals forming 
at the beqinning and near the middle ~f the ADC scale are discussed. The cir
cuits are presented intended for the linearization of the conversion charac
teristic and for decrease of discrete value Ed variations, differential non-
1 inearity. The offset of "0" and Ed variations at the ADC scale beginning 
decrease to 10 ~Vat Ed= 0.5f1.0 mV and the number of bits is 12-13. The 
offset and Ed variations at the scale middle decrease also by 1-2 orders of 
magnitude by the sequence correction ofEsand K quantities. The peculiarities 
and examples of such ADC application as well as the organization of the cor
rection and measuring modes are demonstrated. 

The investination has been performed at the '.-'11"-nratnry of Neutron Physics, 
JINR and at the Institute of Atomic Energy, Moscow. 
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