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A11anoro-u11¢poaoll npeo6paaoaarenh nm1 Monynbl!LIX cHCTeM 

. On11c1,maeTCSl BbinOnHeHHhlii D CTannapTe KAMAK MO/lYflb 12-pa3]JSll\llOro 
aaanoro-uH<j,ponoro npeo6paaonarenst, npen11aa11a•-ie1111L1ii nnn pa6on,1 n nu,t,op
M8UHOHHO-H3MepHTenLHOll CHCTeMe c6opa H o6pa60TKII CTGTll'!eCKl!X ll il(IJIQ

MH'leCKHX napaMeTpOB ycTaHOBKII, H3MepHTeflbllL!e flllllllll KOTopoii noitncp;<:clll,1 
HHTelICHDHOMY aoanei!CTBHIO npOMb!WneHHh!X ITOMex. 

11aMepnrenLnan cxeMa Alln, pa6ora10man no J\lcTony Konnciicp110-1tn1u111-
11ecKoro npeo6paaoaa1mn, aaKn1011e11a a "nnana10m11fi" 3Kpaii n nMeeT 110cr..:TO'I 
HO BL!COKHe HMnenaHCbl MelKny BXOllGMH H "aeMneii" CHCTCMblo CxcMa y1:paa
neHHSI o6ecne'IHnaeT nocnenoaarenbnocTb npeo6po3011aH1IS1 onnoro na 1wyx 
naMepS1eM1>1x cor11anoa H KoppeKUHIO CMcmemrn 11ynenoro ypon1rn, pernc1pnnu10 
H HIIAHK8UHIO pe3ynbTaTa H3MepeHHSI, a TllKlKe CDH3b C Mar11crpanLJO !<,\,\\AK. 
CTpenen1,1 naMepsteMbIX c11r11anoa - (0,001-4,095) B npn em11mue n11cKpc-T11ocn 
- 1 MB. BpeMH npeo6pi;laosa11HSI - 48 MKC, spe1'rn BL1Gop1rn axonnoro c11rHn
na - 2 MKC. nonasne1111e c1111¢aa11oro cnrHana n0Mex11 (50 ru) - 100 11G. 

Pa6ora BbIITOnHOHa D na6opaTop1111 11eiirpo1111oii <pl!-")l!KII OHHlf. 

Coo6weHHe 06beAHHeHHOro HIICTIITyTa mrnpHbIX l!CCIIe/10B1lHHli. lly61w 1978 

Gulyaev V.A., Zamrij V.N., Ivanov v.s. 10 - l I 940 

Analog-to-Digital Converter for Module System,:; 

A CAMAC module of 12-bit analog-to-digital converter 
of data acquisition system for measuring the statistic 
and dynamic parameters of installation which measurcwent 
lines are exposed to industrial noises is described. The 
measurement ADC system, utilizing the successive approach 
method by means of recycling, is located in the flowing 
screen with high impedance between inputs and the system 
ground. The control circuit provides the sequence of con
version of one in two measured signals and stabilization 
of offset voltage, registration and displaying of measure~ 
ment results, and the interface for CAMAC dataway. The 
measurement signal range is (0.001-4.095)Vif the last sig
nificant bit isl mV. The conversion time is 48 µs, lime 
of sampling is 2 µs • The common noise surpression (50 Hz) 
is 100 dB. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 
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Pa3pa60TaH H BhlnonHeH ~ cTaHJJ.apTe KAMAK MOJJ.YJib 

AU.II, npeJ].Ha3Ha'-leHHblH J].JIJI pa60Thl B HH<lJopMaUHOHHO -

H3MepHTeJibHOH CHCTeMe c6opa H o6pa6oTKH CTaTH'-leCKHX 

H JJ.HHaMH'-leCKHX napaMeTpOB ycTaHOBOK, H3MepHTeJibHbie 

JIHHHH KOTOpbIX IlOJ].Bep>KeHbl HHTeHCHBHOMY B03J].eHCTBHIO 

npOMhIWJieHHblX noMeX I 11, 

ll3MepHTeJibHaJI cxeMa AU.II pa6oTaeT no MeTOJJ.Y 

KOHBeiiepHO·UHKJIH'-leCKOro npeo6pa3oBaHHJI. Bb16op 3Toro 

MeTOJ].a o6ycJIOBJieH npH'-IHHaMH o6mecHCTeMHOro nopHJ].Ka. 

AU.II J].OJDKeH pa6oTaTb C JJ.BYMJI THilaMH H3MepHTeJibHblX 

KananoB: C KaHaJIOM, BKJUO'-laIOIUHM TpexnpoBOJ].HblH peneii

HblH MYJihTHnneKcop cHrHanoB HH3Koro ypoBHH/MCHY / n 

rpynnoBoii HopMHPY,IOI.I.\HH npeo6pa3oBaTenh/rHII/ ,a TaK>Ke 

C KaHaJIOM, BKJIIO'-lalOI.I.\HM OJ].HOilpOBO,nHhIH nonynpOBOJJ.HHKO· 

Bhlii MYJibTHnneKcop cHrHanoa BhICOKoro ypoBHH /MCBY //
2

( 

K BXOJ].aM KOTOporo MOryT IlOJ].KJIIO'-laTbCJI HHJJ.HBHJ].yaJibHbie 

HOpMHpy10mHe npeo6pa30BaTeJIH. ll3BeCTH0
131

,'ITO OilTH· 

MaJibHhle MeTOJ].hl ocna6neHHJI BJIHJIHHJI npo,nOJibHOH noMeXH 

B yKa3aHHblX KaHanax pa3JIH'IHbl, HO o6I.I.\HM Tpe6oBaHHeM 

K AU.II JIBJIJieTCJI BhICOKOKa'-leCTBeHHOe raJibBaHH'leCKOe 

pa3J].eJieHHe Me>KJJ.Y BXOJ].aMH /oT MYJibTHilJieKcopoB/ H_ B 

uenJIX nepeJ].a'IH ynpaBJIJIIOIUHX CHrHaJIOB H KOJ].a BeJIH'-IHHbl, 

T.e. H3MepHTeJibHaJI cxeMa J].OJDKHa 6h1Tb 3aKJUO'-leHa B 

"nnaBaIOI.I.\HH" 3KpaH H HMeTb J].OCTaTO'IHO BhICOKHe HMne

J].aHChl Me>KJJ.Y BXOJ].aMH H "3eMneii" CHCTeMhl. B CBJl3H 

C 3THM K H3MepHTeJibHOH cxeMe npeJ].'bJIBJIJIIOTCJI Tpe6o

BaHHJI Manoii. MOI.I.\HOCTH IlHTaHHJI H B03MO)K110 MeHbWero 

KOJIH'-leCTBa norH'-leCKHX CBJI3eii C "3a3eMJieHHOH" '-laCTblO 

CHCTeMbl. 

3 



CpaBHeHHe MeTo,na KOHBeiiepHo ·nuKnuqecKoro npeo6-
pa3oBaHHJl14•51 c Hau6onee pacnpocTpaHeHHblMH MeTo,naMH 
nopa3 PHJJ.HOro ypaBHOBellIHBaHHJI H BpeM.H • HMnynbCHOrO npe" 
o6pa3oBaHHJl16-8' noKa3bIBaeT, qTo OH nyqme nOJJ.XOJJ.HT 
MH YJJ.OBneTBopeHIIJI BbllllenepequcneHHblX Tpe6oBaHHH npH 
ycnoBHH nonyqeHHH OJJ.HHaKoBoii pa3pemaromeii cnoco6HoCTH, 
TOqHOCTH H 6blCTpo,neiiCTBHH. 3TO 06b.HCHHCTCH TeM, qTO 
AUII KOHBeiiepHo·nuKnuqecKoro Tuna HMeeT pH,n npeuMy· 
mecTB Ha cxeMHOM ypoBHe, a HMeHHO: 
" OTCYTCTBHe MHOropa3p.HJJ.HOH ceTKH npeU.H3HOHHbIX pe3H" 
CTOPOB u Kmoqeii /ynpaBneHHe KOTOpbIMH o6bJqHo Tpe6yeT 
KonuqecTBa CBH3eii, paBHoro ,nnHHe ,nBoHqHoro qucna/; 
- Hanuque B H3MepuTenhHoii cxeMe aHanoroBoro 3anoMH· 
Haromero ycTpoiiCTBa /n03BOn.HeT He BBOJJ.HTb "6noK A3Y" 
B H3MepHTenbHble KaHanbl C u.enbIO yMeHbllieHHH J].HHaMHqec • 
KOH OIIIH6KH H3MepeHHH 171 I; 
- cxeMa He CO3,naeT TOKa BO BXO.!\Hble nHHHH, no.no6uoro 
TOMY, KOTOpbl:ii co3,naeT AUII nopa3pH,nHoro ypaBHOBemuaa
HHB npH 6onbllIHX KOJJ.OBblX nepexo)].aX /qTo o6neriiaeT 
cornacoBaHHe HMne,naHCOB Me)KJJ.Y 6noKaMH CHCTeMbl u HC -
KnroqaeT ueo6xoJJ.HMOCTb npuMeHeHHH 6y4>epuoro ycunuTenH 
C 6onbllIOH Harpy3oqHoii cnoco6HOCTbIO/; 
- Hanuque nuueiiHoii cxeMbl nponycKaHHH Ha JJ.Ba axo.na, 
KOTopaH no,nKnroqaeT H3MepuTeJibHYIO cxeMy AUII K BhIXO.IJ.Y 
MynbTHnneKCOpa TOnbKO Ha KOpOTKHH MOMeHT BpeMeHH 
/yMeHbmaeT qyacTBHTenbHOCTb AUII K myMaM Ha BXOJJ.HhIX 
nHHHHX H nO3BOn.HeT ocymecTBnHTb nepeKnroqeHHe MYJihTH· 
nneKcopa BO BpeMH aHanoro-u.u<t>poBoro npeo6pa3oBauuH/; 
- npocToe BBe,neHue KoppeKnuii mKanbl npeo6pa3oBaTenH 
no HyneBOH Mepe H Mepe nonOBHHbl IIIKanbI; 
- nerKo perynupyeMaH ,nu4><l>epeHu.uanb11a.H HenuHeiiuocTb 
npeo6pa3oBaTenH /.naeT BO3MO)KHOCTb 6onee Toquoro u3-
MepeHHH CTaTHCTHqecKHX rHCTorpaMM/. 

JluHeiiHa.H CBH3b BpeMeHH npeo6pa30BaHHH H KonuqecT· 
aa pa3pg,noB ,nBouqHoro qucna o6ycnoBnHBaeT 6onhmee 
6blcTpo,neiicTBHe paccMaTpuBaeMoro MeTo,na no cpaBHeHHIO 
C MeTOJJ.OM BpeMH • HMnynbCHOro npeo6pa30BaHHH, npH ycno
BHH ucnonb3OBaHHH 3neMeHTOB OJJ.HHaKOBOrO 6blCTpo,neiicT • 
BHJI H nonyqeHHH OJJ.HHaKOBblX MeTponoruqecKHX xapaKTepu
CTHK. 
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YKa3aHHble npeHMymecTBa onpe,nenunu pa3pa60TKY onu
CblBaeMoii cxeMbl AI.UI, no3BOnHnH 3aKnroquTb ee B JJ.OCTa· 

ToqHo Manora6apHTHblii "nnaBaromuii" 3KpaH c 6onbmuM 
HMne,naHCOM BXOJJ.OB no OTHOIIIeHHIO K "3eMne" CHCTeMbl 

H TeM CaMblM CO3JJ.aTb Heo6XOJJ.HMble ycnoBHH ,nnH ocna6-
neHHH BnHHHHH npo.nonbHblX noMex Ha pe3ynbTaT H3MepeHHH. 

CxeMa npeo6pa3oBaTenH, pa3MemeHHaH B "nnaBaromeM" 
3KpaHe, H3o6pa)KeHa Ha puc. 1, a BpeMeHHble ,nuarpaMMbI 
pa6oTbI AUII - Ha puc. 2. Ilepuo,n npeo6pa3oBaHHH, HaquHaro
muiicH npu nocTynneHHH HMnynbca "Haqano H3MepeHuH" 
/HH/ unu uMnynbca "Haqano KoppeKU.HH" /HK/ u 3aKaHqu
BaromuiicH c npuxo,noM uMnynbca "KoHeu. npeo6pa3oBaHHH" 
/KIT/, cocTOHT H3 N u.uinoB, r.ne N - KonuqecTBO 
,nBouqHblX pa3pH,noB qucna, nonyqaeMoro B AQII.,l].nuTenb· 
HOCTb Ka)KJJ.Oro U.HKna MO)KHO pa3,nenHTb Ha JJ.Ba HHTepBana: 
tl - HHTepBan pemeHHH u t2 - HHTepaan ycTaHOBneHHH. 
/HHTepBan t 1 B nepBOM U.HKne HeCKOnbKO 6onbllle, qeM 
BO BCex OCTanbHblX, BCne,nCTBHe nepeXOJJ.HblX npou.eccoB 
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:__ 
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Puc.l. H3MepumeAbHaJi cxeMa npeo6pa3oea111e.11Ji. 
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Puc.2. BpeMeHHbie ouazpaMMbl. 

ao BXOAHOM nepeKn10qa Tene I 1/ /. B Teqenue nepuoro 
HHTepaana t 1 ycTaHaBnHBa10iuaHCH aMnnuTyAa BXOAHOro 
nanpH:lKeHHH (U BX ) Ha BLIXOAe nepeKnIO'IaTenx/1/, 3aTeM -
nuHeiiHoii cxeMLI nponycKaHHH /3/ u cxeMLI BL16op1<u u 3a -
IlOMHHaHHH /5/ cpaBHHBaeTCH KOMnapaTopoM /7 / c Benuqu
HOH U11 /2, r;:i;e Uu - npe;:i;enLHoe 3Ha'IeHue H3MepxeMoro 
HanpH:lKeHHH. Hanpx:lKeHue UK = U 11 /2, nonyqaeMoe OT ucToq
HHKa /6/, HBnHeTCH OAHOBpeMeHHO onopHLIM AilH KOMnapa
TOpa u KOMileHCHPYIOIUHM AilH cxeMLI anre6pauqecKoro 
CYMMHPOBaHHH /10/. Ecnu UBx < UK , KOMnapaTop OCTaeT
CH a COCTOHHHH "O", a nepeKnlO'IaTenL /9/ - IlOAKnIO'IeH
HLIM K o6iueii: IIIHHe "O". Ecnu U BX 2 UK , KOMnapaTop 
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nepeXOAHT a COCTOJIHHe "l ", u nepeKnIO'IaTem. /9/ IlOAKmo
qaeT KOMneHcupyroI.Qee HanpJI)KeHue UK K cxeMe /10/. 
Ilpu cocTOJIHHH "l" KOMnapaTopa no HMnynLcy "CTpo6" 
cpa6aTLIBaeT 4JopMHpOBaTenL /12/, u HMilynLC "l" KOAa 
nepeAaeTCH qepe3 pa3;:i;enuTenLHLIH TpaHc4JopMaTop /TP 5/ 
Ha BXOA CABHraroI.Qero perucTpa /15/. B Te'IeHue HHTep
aana t 1 BTOpaJI cxeMa BLI60pKH H 3anoMHHaHHH /8/ 
mixo;:i;HTCH B pe)KHMe "3anoMHHaHue" /xpaHHT B nocneAyro
I.QeM UHKne BenH'IHHY HanpH)KeHHH, ycTaHOBneHHYIO B npeALI
AYI.QeM uuKne/. B KOHUe nepaoro HHTepaana t1 cxeMa /5/ 
nepeKn10qaeTcH B pe)KHM "3anoMuHaHue", cxeMa /3/ 3a
KPLIBaeTCH / C He6onLIIIOH 3a~ep)KKOB/' a BTopaJI nuHeiiHaH 
cxeMa nponycKaHHH / 4/ OTKPLIBaeTCH. 3TO COCTOHHHe 
cxeM nponycKaHHH /3 H 4/ OCTaeTCH HeH3MeHHLIM BO acex 
nocne;:i;y10iuux N -1 UHKnax. B Teqeuue HHTepaana ycTa
HOBneuux t 2 npoucxoAHT anre6pauqecKoe cno:>KeHue B cxe
Me /10/ BLIXOAHOrO HanpH)KeHHH cxeMLI /5/ c U =O unu 
UK /B 3aBHCHMOCTH OT IlOilO)KeHHJI nepeKnro'IaTenH 9/, 
YMHO:lKeHue pe3ynLTaTa cno:lKeHHH Ha 2, B cxeMe YMHO:>Ke-. 
HUH /11/, u ycTaHOBneHHe BLIXOAHOro HanpH:lKeHHH U BblX 
cxeMLI /8/ AO 3aAaHHOH TO'IHOCTH, TaK KaK 3Ta cxeMa 
nepeKnIO'IeHa B cocT0JIHHe "BL16opKa", T. e. 

U BblX = ~BX X 2, npu u Bx < Un /2, 

/1/ 
U BbIX =(UBX - Un /2)x 2, npu Un ~ UBx ~Un /2 

B KOHUe HHTepaana t 2 cxeMa /8/ nepeXOAHT a pe:lKHM 
"3anOMHHaHue". U BblX HBnHeTCH BXOAHLIM HanpH:lKeHueM .o;nJI 
cxeMLI /5/ B Haqane cneAYIOI.Qero UHKna npeo6pa3oaaHHJI. 
OqeBHAHO, 'ITO BLIXO,ll;HOe HanpH:lKeHue cxeMLI /8/ HaXOAHT
CH B npeAenax u n ~ UBbIX 2: 0. O603Ha'IaH K034iiliuuueHT 

nepeAa'IH acex cxeM B neTne 'Iepe3 K, MO)KHO 3anucaTL 
3aaucuMoCTL BLIXOAHOro HanpJI:lKeHHH /8/ OT U BX B nocneA
HeM uuKne / Ha HHTepaane t2 /: 

. N N N-n+l u BblX = u BX • K - rT • . ~ K 
- '1< n= 1 /2/ 

rAe n- HoMepuuKna/n=l,2,.,., N/. 
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,1 

CyMMHpOBaHHe ae.u.eTCH T0ilbKO ,IJ,nH Tex n' .u.nH KOTOpbIX 
B KO,IJ,e BenH'iHHhl Ha COOTBeTCTBYIOLUHX Il03Hl(HHX nonyqeHa 
"1". II pH UK = U 11 /2 H K =2 npeo6pa3oaa Ten& BL1pa6a TLIBaeT 
nocne.u.oaaTenLHLIH .IJ.BOH'iHLIH KO.II., H BLipa)l(eHHe /2/ npHHH· 
MaeT BH,IJ,: 

U =U ,2N-U 
Bh!X BX II 

, ~ 2 N-n 
'11= 1 /3/ 

npH'ieM n=l COOTBeTCTByeT CTapweMy pa3pR.IJ.Y .IJ.BOH'iHOrO 
'iHCna. ,L(nH UBX =Do ,r.u.e Uo· BenH'iHHa BX0,IJ,Horo HanpH· 
)l(eHHH, MeHbWero e,IJ,HHHI.(bl ,!J.HCKpeTHOCTH, ,!J.Oil)l(eH 6LITL 
nony'ieH KO.II. 00 ... 0 , Il03TOMY 

U Bh!X = U O • 2N / 4/ 
BenH'iHHa Uo MO)l(eT 6LITL o6ycnoBneHa HanpR)l(eHHeM CMe • 
meHHH HyneBoro ypoBHH, ero TeMnepaTypHLIM H BpeMeHHLIM 
.u.peiiqioM. CBOHCTBO cxeMLI npeo6pa30BaTenH ycHnHBaTL 
CMemeHHe "HynH" B 2N pa3 HCilOilb30BaHO .u.nH ero Kop· 
peKI.(HH. C 3TOH uenLIO BBe,IJ,eHLI BXO,!J.HOH nepeKnroqa TenL 
/ 1/ H cxeMa KoppeKI.(HH /2/. Ilo CHrHany HK BhIIl0ilHHeTCH 
IlO,!J.KilIO'ieHHe /1/ HyneBOH MepLI /UllX =0/, CMemeHHe Uo 
YCHilHBaeTCH B 2 N - 1 pa3 H no.u.aeTCH H3 /5/ B cxeMy 
KoppeKI.(HH /2/ .u.nH BBe,IJ,eHHH COOTBeTCTBYIOLUeH nonpaBKH 
·B cxeMe nponycKaHHH /3/. linaro.u.ap11 3T0MY 3Ha'iHTenLHO 
IlOBLIWeHa CTa6HnbHOCTb "HynH" npeo6pa3oBaTenH. BpeMeH· 
Hble nocne,IJ,OBaTenLHOCTH IlO,!J.KilIO'ieHHH H pa60Tbl Y3Il0B 
H3MepHTenLHOH cxeMbl /1 ·8, 12/ 3a,IJ,aHbl CHrHanaMH ynpaa· 
neHHH, Bblpa6aTblBaeMblMH B cxeMe /14/ C,IJ,BHraIOLUHM 
perHCTpOM /CP /' Ha KOTOpbIH Il0,IJ,aIOTCH CHHXpOHMnynLCbl 
/CH/ cepHH 1 MI't1. HMnyn&cbl CH, HII, HK H KII nepe· 
.u.aroTCH B cxeMy /14/, a HMnyn&cbl MOLUHOCTH • B cxeMy 
HCTO'iHHKa HanpH)l(eHHH IlHTaHHH / 13/' qepe 3 pa3,IJ,enHTenL. 
HLie TpaHcqiopMaTOphl /TP 1 ·TP4, TP6/ H3 BHeWHHX qiopMH· 
poBaTeneii /18·21, 16/. AQII HMeeT .II.Ba H3MepHTenLHLIX 
Bxo.u.a /BXl, BX2/; KOTOPLie TLUaTenLH0 H3onupoBaHLI 
.u.pyr OT .u.pyra H no.u.Knro'iaIOTCH K npeo6pa3oBaTemo qepe3 
peneiiHblH KOMMyTaTop, ynpaBnHeMblH cxeMoii /17 /. KoH· 
TaKTbl pene /BF B3/ Il03B0IlHIOT' HanpHMep, no.u.coe,IJ,HHHTL 
K AQII 0.U.H0BpeMeHHO 3·npoBO.U.HbIH peneiiHblii MynLTHnneK· 
cop H O,IJ,HOilpOBO,!J.HblH nonynpoBO,!J.HHKOBblH /KOTOpbIH HMeeT 
06my10 C CHCTeMOH .. 3eMnHHYIO" WHHY /2/ /; 
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Ba)l(HeiillIHMH y3naMH H3MepHTenLHoii cxeM&I AQII HBnH· 

IOTC.JI: 
1. llHtteii:HaH cxeMa nponycKaHHH. 
2. CxeMa BbI60pKH H 3ail0MHHaHHH. 
3. KoMnapaTop. 
4. rettepaTOp CTa6HnLHLIX TOKOB. 

CoBMemeuHaH cxeMa nepBLIX .U.BYX Y3Il0B npe,IJ,CTaBneHa 
Ha puc. 3. llHueiittaH cxeMa nponyc1<:aHHH npe.u.cTaan11eT 
co6oii: onepal(HOHHblH ycHnHTenL c .U.BYMH KOMMyTHpyeMbIMH 
BXO,!J.HLIMH .u.uqxt,epeuuuanLHblMH KaCKa,IJ,aMH /na TpaH3HCT0· 
pax Tl, T2, T3 H T4/. Bo BKnIO'ieHHOM cocTOHHHH M0)l(eT 
HaXO,!J.HTbCR O,IJ,HH H3 3THX KacKa,IJ,OB. K BX0.U.Y T3 nepeKnro· .., 
'iaTenL /Tl9, T2O/ no cHrnany ynpaBnenHH /YIIP 1/ 
no.u.KnroqaeT nu6o H3MepReMoe uanpH)l(eHHe, nH6o "nyneBoe" 
/.u.nH KoppCKI.(HH/. Tpall3HCTOPLI T2 H T4 BMeCTe C TpaH· 
3HCTOpOM T 13 o6pa3yIOT KaCKO.IJ.HYIO cxeMy C ,!J.HHaMH'ieCKOH 
narpy3KOH /Ha TpaH3HCTOpe T14/. TaKaH cxeMa HMeeT 
.II.OCT a TO'iHOe 6bICTpo.u.eii:CTBHe H ycHneirne nopH,IJ,Ka 5 .104 • 

.,ea 

Puc.3. JluHeiiHaR cxeMa nponycKaHUR, ab16opKu u aanoMu· 
HaHUJI. 
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,UnH o6ecneqeHHH HH3KOOMHoro BLIXO,IJ,a onepaUHOHHOro ycH
llHTenH BKmoqeHLI HCTOKOBLIH noBTOpHTenL /T 10 / H noBTO -
pHTenL Ha TpaHJHCTopax T7, TB. EMKOCTL KOH,IJ,eHcaTopa 
Cl onpe,IJ,enneT HH3KoqacToTHLIH non10c Ha qacTOTHOH xa
paKTepHCTHKe, o6ecneqHBa.fl ycToiiqHBYIO pa6oTy cxeMLI 
onepaUHOHHoro YCHllHTenH npH 1OO0/o HHBepTHPYIOIUeH o6paT
HOH CBH3H. B pe)KHMe 6onLworo CHrHana 3MHTTepHLie 
noBTOpHTenH /T 11, T 12/ no3B0llHIOT 3apH,Il,HTL eMKOCTL 
Cl. ,Il,O 990/o BLIXO,Il,HOro CHrHana 3a BpeMH - 0,2 MKC. 
TaKHM o6pa3oM, ecnH no cHrHany ynpaBneHHH /YilP 2/ 
BKn10qeH reHepaTop TOKa /TS/, na BLIX0,Il, npOXO,Il,HT CHrHan, 
nocTynHBWHH na BXO,Il, 1, a ecnH BKnIOqeH renepaTop TOKa 
/T6/, na BLIXO,Il, npoXO,Il,HT CHrHan, nocTynHBWHH Ha BXO,Il, 2. 
IlorpewnocTL "nynn" cxeMLI .:;.. O,OOSo/o 0

11 
, norpewnocTL 

K03qlqJHUHeHTa nepe,IJ,aqH - O,O10/o. BpeMH ycTaHOBneHHH 
BLIXO,Il,HOrO CHrnana /c norpeWHOCTLIO ~ O,O20/o U11 / He 
npeBLiwaeT. 2 MKC. 3To BpeM.fl o6paiuenHH All,Il K H3Mepne
MOMY CHrHany onpe,IJ,enHeT a6COnIOTHYIO norpeWHOCTL ,IJ,aTH
poBaHHH BpeMeHH H3MepeHHH. 

CxeMa MO)KeT pa6oTaTL B ,IJ,BYX pe)KIJMax: "BLI6opKa" 
H "3anoMHHaHHe". YnpaBnenHe 3THMH pe)KHMaMH /YilP3/ 
ocymecTBnHeTcH qepe3 TpanJHCTopLI TIS, Tl6, KOTopwe 
06pa3y10T "6aiinac11y10 cxeMy" ,IJ,nH pa6oqero ToKa BX0,IJ,Ho
ro KacKa,IJ,a H ToKa, npoTeKa10iuero qepe3 TpaHJHCT0PLI 
Tl3, Tl4. EcnH TpanJHCTOpLI TIS, Tl6 JaKpLITLI, cxeMa 
pa6oTaeT B pe)KHMe "BLI6opKa". EcnH TpaHJHCTOpLI TIS, 
Tl6 oTKPLITLI, BXO,IJ,HOH KacKa,IJ, Ha TpanJHCTopax T6, T3, 
T4, a TaK)Ke TpaHJHCTOpLI T 13, T 14 o6ecToqHBaIOTCH, 
H CXeMa npHX0,Il,HT B pe)KHM "3anOMHHaHHe" / TO eCTL 
Ha eMKOCTH Cl coxpaHJieTCH HanpH)KeHHe, KOT0poe 6Lino 
B M0MeHT nepeKnroqeHHJl H3 pe)KHMa "BLI6opKa" B pe)KHM 
"3anOMHHaHue"/. Ilapa3HTHLIH 3apH,Il, eMKOCTH Cl, B03HH
KaIOIUHH npH nepeKnroqeHHH cxeMLI H3 O,Il,HOro COCTO.flHHH 
B ,IJ,pyroe, MO)KH0 KOMneHCBpoBaTL no,IJ,6opoM eMKOCTeH 
C2,C3 TaK, qTo pa3HOCTL HanpJI:>KeHHH B MOMeHT nepe
KnIOqeHBH He npeBLIWaeT 0,1 MB. IlOCTOHHHaH :epeMeHB 
pa3pH,IJ,a eMKOCTH Cl B pe:>KBMe "3an0MHHaHue" HaX0,Il,HTC.H 
B npe,IJ,enax 300-400 c, no3T0MY norpewH0CTL Ja cqeT 
pa3pH,IJ,a eMKOCTH /npu BpeMeHH npeo6pa3oBaHHH - SO-M1<c/ 
npeHe6pe:>KHMO Mana. 
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Ilpu e,IJ,HHHUe ,IJ,HCKpeTHOCTB npeo6pa3yeMoro nanpn)Ke
HHH 1 MB Tpe6oBaHHH K CTa6HnLHOCTH nopora cpa6aTLIBa
HHH KOMnapaTopa HBllHIOTCH ,Il,OCTaToqHo )KeCTKHMH. B CBH3H 
c 3THM npHMenena HHBepTupy10man cxeMa onepauuonHoro 
YCHllHTenH /Kl YTS31A/ c ,Il,HO,Il,HOH o6paTHOH CBH3LIO. Ilpun
UHnHallLHaH cxeMa KOMnapaTopa H3o6pa)Kena na puc. 4. 
Ona BKJIJOqaeT onepaUHOHHLIH YCHllHTeJIL A 1 C 3JieMeHTaMH 
KoppeKUHH. Pe3HCTOPLI Rl, R3 H .D.HO,IJ,LI ,Ul, ,U2 06pa3y10T 
uenL o6pa THOH CBH3H / ,Il,JIH nonyqeHHH ,Il,OCTa Toqnoro 6LICTpo
,IJ,eHCTBHH npHMeHHIOTC.11 ,Il,HO,Il,LI THna K,US14A c MHHHMaJILHOH 
eMKOCTLIO npu nanpH)KeHHH, paBHOM O B/. B yKa3aHHOH 
cxeMe npH CKaqKe 1 MB 3a,Il,~p)l(Ka - 1 MKC. ,ll;JIH npHBe,IJ,e
HHH BLIXO,Il,HOro nanpH)KeHHH Al, KOTOpoe paBHO UK± 0,4 B, 
K YPOBHHM uanpH)KeHHH JIOrHqecKHX cxeM IlO,Il,KJIIOqena cxe
Ma YCHJIHTeJIH A2 /nma S21CA1/. 

IlpHHUHilHaJILHa.fl cxeMa reHepaTopa TOKOB Ii306pa)KeHa 
Ha puc. 4. KoMnencauHOHHLIH TOK IK no,IJ,aeTC.11 /no ClirHa
Jiy YilP/ a cxeMy cyMMiipOBaHHH /10/, qTo6LI yMeHLllIHTL 
BLIXO,IJ,HOe nanpH)KeHHe 3TOH cxeMLI na BeJIJiqHny Un /2. 

A3 
CTP06 

!;I•! 
,---------~ 

/ 16 

I I_ I I I I o-18& 

•18& 

Puc.4. KoMnapamop u 2eHepa111op 1110Koe. 
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liannaCTHblH TOK 16 TaKOH )Ke BenH'IHHLI no)J.aeTC.11 B Bbl
XOJJ.HYIO uenL TOH )Ke cxeMhl,'IT06bl o6ecne'IHTL noCTO.IIHHYIO 
HarpyJKY cxeMhl. B uenL KOMnapaTopa no,lJ.aeTC.11 TOK 
I on ==4 MA JJ.n.11 coJJJ.aHH.11 Ha peJHCTope R2 onopHoro 
Hanp.H)KeHHJI, paBHoro Un /2. IIOCKOnLKY norpeWHOCTL Ja)J.a
HH.11 TOKOB I 011 H I K · nonHOCTLIO BXOJJ.HT B norpeWHOCTL 
K03cl>4iHUHeHTa npeo6paJOBaHH.II, npHMeHeHa cxeMa CTa6H
nHJaUHH TOKOB Ha onepaUHOHHOM ycHnHTene A3. B 3TOH 
cxeMe TpaH_JHCTOpbl T27T5 H)J.eHTH'IHLI JJ.pyr )J.pyry /Bhlnon
HeHLI Ha OJJ.HOM KpHCTanne MHKpocxeMLI K1HT981/' H HX 
TeMnepa TYPHbIH pe)KHM OJJ.HHaKOB npH OJJ.HHaKOBblX TOKax 
KonneKTOpa H pacceueaeMOH MOll{HOCTH. IIOJTOMY Tpau
JHCTOP T2 MO)KHO HcnonLJOBaTL B Ka'leCTBe )J.aT'IHKa 
TOKa B uenH o6paTHOH CB.IIJH (I 0~ ), cpaBHHBaeMoro C JTanoH
HblM TOKOM (I.) ). KaK TOnLKO BOJHHKaeT paJHOCTL TOKOB 
I'.}- Ioc , BCne)J.CTBHe HJMeHeHH.11 napaMeTpOB ( fJ, U 83 ) 
TpaHJHCTOpa T2, BblXOJJ.HOe Hanp.ll)KeHHe ycHnHTen.11 A3 
HJMeH.11eTc.11 TaK, 'IT06bl L:i-Ioc ==O. IlocKonLKY JTO uanp.11-
)KeHHe .IIBmieTC.11 ·BXOJJ.HblM Hanp.H)KeHHeM )J.n.11 TpaHJHCTOpOB 
T2-,T5, TO nOJJ.JJ.ep)KHBaeTc.11 paBeHCTBO 1011 ~, IK = 10 ~-10(' = Li. 
Cni.6HnLHOCTL yKaJaHHblX TOKOB, onpe)J.en.11eMa.11, B OCHOB
HOM, CTa6HnLHOCTLIO JJ.HO)J.a ,!(3 H peJHCTopa R4. nony'leHa 
- O,OOl<fo. TpaHJHCTOphl T6-:-T8 BKnro'leHLI JJ.n.11 yBenH'leHH.11 
BLIXOJJ.HOro conpoTHBneHH.11 reHepaTopa TOKOB. 

CxeMa MO)J.yn.11 AUil HJ06pa)KeHa Ha puc. 5. OHa COCTO
HT HJ paCCMOTpeHHOH BhlWe HJMepuTenLHOH cxeMLI /12/ 
H cxeMbl ynpaBneHH.11. 

HJMepHTenLHaJI cxeMa BLmonHJieT auanoro-uHcl>poBoe 
npeo6paJOBaHHe OJJ.HOro HJ JJ.BYX BXOJJ.HbIX CHrHanoB, noc
Tynaroll{ero B JaBHCHMOCTH OT nono)KeHHJI KOMMyTaTopa 
/10/. YnpaBneHHe KOMMYTaTopOM ocyll{eCTBnJieTCJI cxeMoii 
/29/ no cHrHany "HY" HnH "BY" cTaTycHoro perHcTpa 
/5/, a TaK*e no KOMaHJJ.aM KAMAK MarHCTpanH F /26/ 
H F/24/ /HaJBaHH.11 curHanoB HY H BY cB.11JaHbl c ucnonL
JOBaHHeM BXOJJ.a 1 JJ.n.11 noJJ.KnIO'leHH.11 MynLTHnneKcopa MCHY, 
a BXOJJ.a 2 - JJ.nJI MCBY /. ,l(n.11 Toro, 'IT06LI B MOMeHT 

nepeKnIO'leHH.11 BXO)J.OB H BO BpeMJI npeo6paJoBaHHJI He 

npuwen CHrHan JanycKa HJMepeHHJI HJ JJ.pyrux Mo,nyneii 
CHCTeMw, npe)J.yCMOTpeHa reHepaUHJI cxeMOB /9/ CHrHana 
6nOKHpOBKH /Pl/. HJMepHTenLHaJI cxeMa /12/ BMeCTe 

C KOMMyTaTopOM /10/ JaKnIO'leHa B "nnaBaJOll{BH" 3KpaH 

12 
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Puc.5. CxeMa MOOYllJI Al.{II. 

/11/. CBJIJL C HJMepHTenLHOH cxeMoii ocyI.QeCTBn.HeTC.11 
qepe J paJ)J.enHTenLHble HMnynLCHLie TpaHccl>opMa TOPLI / 13/. 
,l(n.11 Toro, 'iTp6hl nony'iHTL BblCOKOKa'ieCTBeHHOe ranLBa
HH'ieCKOe paJ)J.eneHHe BXOJJ.OB AU.II OT "JeMnH" CHCTeMbl, 
oco6oe BHHMaHHe YJJ.eneHO MeTOJJ.Y no)J.a'iH nHTaHHJI HJMepH
TenLHOH cxeMLI. ,L(n.11 yMeHLWeHHJI ra6apHTOB TpaHccl>opMa
TOpa nHTaHHJI /TP 1/ H yeenH'ieHH.11 HMile)J.aHca CBJIJH 
Me)KJJ.Y BTOpH'iHOH H nepBH'iHOH o6MOTKaMH 'iepeJ ycunu
TenL MOI.QHOCTH /3/ no)J.aIOTCJI HMnynLCbl noBLIWeHHOH 
'iaCTOThl /2,5 1<I'1,1/, nonyqaeMhle OT reuepaTopa /1/. 

CxeMa ynpaBneHHJI o6ecne'iHBaeT nocneJJ.OBaTenLHOCTL 
npeo6paJoeauu.11 HJMep.11eMoro curHana H HyneBoii Mepbl 
/c uenLIO KoppeKUHH/' perHCTpauHIO H IIHJJ.HKaUHIO peJynL
TaTa npeo6paJoBaHH.II, a· TaK)Ke CB.IIJL C MarHCTpanLIO 
KAMAK. Haqano pa6oTLI AU.II MO)KeT 6LITL JaJJ.aHo no 
curHany BHewHero JanycKa "CTapT 1 ", no KOMaHJJ.e F /25/ 
HnH OT BHyTpeHHero curnana "CTapT 2", nocTynaroll{ero 
c JJ.enHTen.11 /2/ c qacToToii 250 I't,1. IlocneJJ.HHii CHrnan 
HcnonLJyeTC.11 )J.Il.11 JanycKa B AUil B pe)KHMe "KoppeKUH.11". 
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CxeMa / 4/ nponycKaeT 3TH CHrHanbI B 3aBHCHMOCTH OT 
COCTOHHHH perHCTpa /5/. 3anycKaIOil{He CHrHanbI /CT 1 
H CT 2/ He3aBHCHMbl H aCHHXPOHHbI, Il03TOMY cxeMa /4/ 
nponycKaeT nepBbIH npmne,IJ;WHH CHrHan H 3allOMHHaeT BTO • 
poii, npHwe,n;wHii BO BpeMH npeo6pa3oBaHHH. Cpa3y :>Ke 
nocne OKOHqaHHH npeo6pa30BaHHH BTOPOH CHrHanBbl30BeT 
HOBLIH 3anycK AU.II. BL1.n;eneHHLIH cHrHan npoxo,n;HT Ha 
cxeMbl /7 / HnH /8/' r .n;e npOHCXO,!J;HT CHHXPOHH3a:UHH C HM -
nynLcaMH /1 MI't1/, nonyqaeMLIMH oT reHepaTopa /6/. 
EcnH BLI.n;eneH cHrHan CT 1, B cxeMe /15/ <liopMHpyeTCH 
HMilYilbC "Haqano H3MepeHHH", a eCJ!H BbI,IJ;eneH CHrHan 
CT 2, - B /14/ <liopMHpyeTCH HMnynLC "Haqano KoppeKIJ;HH". 
CxeMa /16/ nocne nocTynneHHH HMnynLCOB HM HnH HK 
no.n;aeT Ha <liopMHpOBaTenb /18/ cepHIO CHHXpOHMnynbCOB 
/CH/. HMnynLCLI CH nocTyna10T B. cxeMy BLI,n;eneHHH 
TaKTOBbIX HMilYilbCOB /19/, .n;nH C,IJ;BHra qucna B perHCTpe 
/23/, u cxeMy .n;eneHHH /22/, KOTopaH Bblpa6aTbIBaeT 
curHan "KoHe:u; npeo6pa3oBaHHH". CurHan KII npoxo.n;HT 
qepe3 <liopMHPOBaTenL /20/ B H3MepHTenLHYIO cxeMy' npe
KpamaH npeo6pa3oBaHHe, 3aKpLrnaeT cxeMy /16/ H onpa
WHBaeT 3anOMHHa10mue HqeiiKH B cxeMe / 4/. IIpH 3TOM 
B cxeMe /4/ onpe.n;enHeTcH Hanuqm! curHana 3anycKa 

/CT 1 HnH. CT 2/, npuwe.n;wero BO BpeMH npeo6pa3oBaHHH. 
KII BLI3LIBaeT ycTaHOBKY B /24/ curHana L npu HanHquu 
pa3peweHHH /5/' npuqeM CHrHan L MO:>KeT ycTaHaBnHBaTbCH 
TOilbKO nocne OKOHqaHHH H3MepeHHH BXO,IJ;Horo CHrHana. 
Ko,n;OBbie HMilYilbCbl c <liopMHpOBaTemi: /21/ nocTynaIOT 
Ha C,!J;BHraIOIIJ;HH perHCTP /23/. IIocne ,IJ;BeHa,n;ua TH C,IJ;BHrOB 
B 3TOM perHCTpe <liHKCHpyeTCH 12-pa3pH.IJ;HOe qHcno, nponop
UHOHanLHOe H3MepHeMOMY CHrHany. CHrHan L pa3pewaeT 
CBeTOBYIO HH,IJ;HKa:UHIO qucna B cxeMe /28/, a TaK:>Ke cqHTbl· 
BaHHe /27/ B MarHCTpanb /Rl -_12/ no KOMaH.n;e F/O/. 
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B All,II peanH30BaH cne.n;y10mHii Ha6op KoMaH.n; KAMAK: 
N • A(0). F (0) 

N • A(0). F (8) 
N-A(0)-F(l0) 
N. A(0). F(17) 
N. 'A(0) 1'"'(24) 
N. A(0)-F(25) 

- cqHTblBaHHe perHCTpa qHcna / OTBeT 
H3 /25/ Q=l, ecnH L =1/; 
npoBepKa 3anpoca L (Q = L); 
c6poc 3anpoca L (Q=0); 

- 3allHCb B CTaTyCHblH perHCTP / Q =0/; 
BKnroqeHHe BXO,na 2 / Q=O/; 
:fanycK npeo6pa30BaHHJI / Q=O/; 

N. A(0). F(26) 
N. A(0) • F(27) 

BKn10qeHHe BXO,n;a 1 /Q =0/; 
- npoBepKa BKnIOqeHHH BXO,!J;OB / Q=l, 

ecnu BKn10qeH BXOA 2/. 
IIpH BbIDOnHeHHH 
cHrHan X. 

KOMaH.n; /26/ MO.IJ;ynL /17 / <bopMHpyeT 

O6mue cHrHanLI ynpaBneuuH: 
I - 6noKHPOBKa 3anycKa AU.II; 
Z - HaqanLHaH ycTaHOBKa cTaTyca /CT2E, IE, HY, 

CTTE, LE/, c6poc L; 
PI - 6nOKHp'OBKa Mo,n;yneii CHCTeMbl Ha BpeMH pa6oTbl 

ALI;II. 
KO.IJ;bl perHCTpa CTaTyca: ,0 . ----

Wl - KOppeKUHH pa3peweua/He pa3peweua (CT2E/_CT2E); 
W2· - 6noKupoBKa I. pa3peweHa/ue pa3peweua (IE/IE); 
W3 - BKn10qeuue Bxo.n;a 1 pa3peweHo/ue pa3peweHo (HY/ 

HY); 
W4 - H3Mepenue pa3peweHo/He pa3peweHo (CTlE/CTlE) 
W5 - 3anpoc L pa3pewen/He pa3pewen (LEiLE-). 

OcHOBHble MeTponoruqecKHe H KOHCTPYKTHBHble xapaKTe
pHCTHKH ALI;II: 

qucno Bxo.n;oB ananoroBLIX curHanon 

BpeMH nepeKnIOqeHHH BXO,IJ;OB 
BpeMH Bbl60pKH BXO,!J;HOro CHrHana 
KonuqecTBO pa3pH,n;on qucna 
BpeMH npeo6pa3oBaHHH 
IIpe.n;enLI H3MepHeMi:.1x cHrHanoB 
/npu e,n;HHH:Ue ,!J;HCKpeTHOCTH - 1 MB/ 
HHTerpanLHaH HenuHeiiHocTL 
Bxo.n;uoe conpoTHBnenue . 
/B MOMeHT IlO.IJ;KnIOqeHHH BXo,n;a/ 
TeMnepcfTypnaH CTa6HilbHOCTb K03<b· 
<bu:u;HenTa npeo6pa3oBaHHH · 
TeMnepaTypHoe cMeIIJ;eHue Hynenoro 
YPOBHH 
IIo,n;aBneHHe cuH<ba3Horo CHrHana 
IlOMexu /50 I'll/ 

- 2 /Bxo.n; 1 
.n;nH cHrnana 
MCHY, BXO,IJ; 
2 - .n;nH CHrHa
na MCBY/. 

- 1 MC. 

• 2 MKC • . 

- 12. 
- 48 MKC. 

- /0,001-4,095/ B. 
· - O,O2o/o. 

: 2•10 6 OM. 

- O,OO2°/o/'C. 

10 MKB/°C. 

- 100 oE. 
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qaCTOTa cne,D;oBaHHH HMnynLCOB 
lanycxa - ,D;O 20 KI'fl. 
llluputta 6noxa - 2M HnH 3M 

B "nnaea10~eM" 
3Kpatte: 

B JaKmoqeHHe aBTOpLI npHHOCHT HCKpeHHIOIO 6naro,D;ap
llOCTL C.B.qy6apoey H r.II.XyKoey 3a yqacTue B 06-
cy)l(,D;eHHH px,D;a acneKTOB npo,D;enaHHoii pa6oTLI. 
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