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Boockonaneno memoo xopuzyeanna a0umueHux cKiado6ux nOXubdoK Ha 0CHOGI KOMYMAaUiltHo20 iH6ePMY6AHHA 6
Kaniopamopax nanpyzu ROCMIHO20 CHIPYMY 3 e1eEMEHMaMU GHA102080i Nam’ imi KOMYMAYIHUX 080NOAPHUX
cuznanie. Cnpoekmoeano cmpyKkmypHy cxemy i RPUHYURNOGI CXeMU OKpeMuXx 8y3/ie kaniopamopa nanpyzu 3
ABMOMAMUYHUM KOPUZYBAHHAM AOUMUBHUX HOXUDOK i HPOBEOEHO IX O0CI0IHCEHHA.

Knrouosi cnosa. kaniopamop nanpyzu, ananozo6a nam' ame, AOUMUEHA NOXUOKA, AMOMAMUYHA KOPEKYis,
Komymauiiine ineepmyeanHs.

Ycosepuwencmeosan memoo Koppexuuu a0OUmMuUGHbBIX COCMABAIOUUX NOZPEULHOCIU HA OCHOBE KOMMYMAUUOHHO20
UHGEPMUPOBAHUA 8 KANUOPAMOPAX HANPANCEHUS NOCMOAHHO20 MOKA C INEMEHMAMU AHATI020600 NAMAMU
KOMMYMAUUOHHBIX 08YNOJIAPHBIX CUZHAL08. CHPOEKMUPOBAHA CIPYKMYPHAA CXEMA U NPUHUUNUATIbHBLE CXEMbL
OMOEILHBIX Y3108 KATUOPAMOPA HANPAICEHUSA C ABIMOMAMUYECKONU KOPpPeKyuell adOumueHsIX NOZPeUtHoCme u
npoeedeHdbl ux Uccied06anus.

Knrouegvle cnosa. kanuGpamop HanpaxsceHus, AHAI0208A51 NAMANb, A0OUMUGHAS NOZPEULHOCHLY, ABMOMAMUYECKAs
KoppeKuuu, KOMMymayuoHHoe UHeePMUpPosanue.

In normal operating conditionsthe error correction isusually conducted shifting the transformation function of
DC voltage calibrators by introducing a corrective quantity equal in value and opposite in sign to additive error. This
additive error correction is performed in manual and automatic modes.

Additive errors of DC voltage calibrators are mainly caused by zero bias of the transformation function of analog
electronic componentsin electronic circuit and voltage drop in communication lines between different circuit nodes.
The additive errors caused by the operational amplifier equivalent offset voltage, are added to the output voltage of DC
voltage calibrator and converted into multiplicative errors through the use of code-control dividers. Additive errors of
the output scale converters of DC voltage calibrators cause additive offset of output voltage. I n addition, they can also
occur during the passage of supply current of different device unitsthrough the common communication lines between
them. The structural and technological methods are used to reduce these errors.

The review of additive error adjusting methods by means of inverting switching is conducted.
Therefore, to use the additive error adjusting methodsin DC voltage calibrator it is necessary to conduct their
research and improvement.

The method of additive error adjusting based by means of inverting switching DC voltage calibrator with analog
memory elements of switching bipolar signalsisimproved. The block diagram of the DC voltage calibrator with double
inversion isanalyzed. The graphics dependences of additive error for different values of frequency clock generator, time
delay and transmission rate of code-controlled divider are considered. The dependences of output voltage error value
from the output signals delay formation are also investigated.

Based on the analysis shows that the main drawback to switching-inverting method is the effect of forming
precison pulse control keys and signals delay formation arising from the lack of speed switching transients and key
operational amplifiers and code-controlled divider. To eliminate the influence of outputs transients proposed output
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elements of operational amplifier are stored in analog memory. A gructural diagram output of DC voltage calibrator
with analog memory elements. A description of scheme and given equation output voltage. From these equations shows
that the resulting delay from switching the input and output signals create multiplicative error on frequency clock
generator and time value delay. Under this factor of multiplicative error can be adjusted change in transmission kode-
controlled divider for a clock frequency generator of value.

Improved principle scheme of separate units DC voltage calibrator with automatic errors correction and
conducted its investigation and presented graphic dependences of the output voltage changes of the combiner. Analysis
of graphical dependences shows that amplitude of the variable component of combiner output depends on the time
constant memory elements and adder. When = = 18 ms value variable component equal to 0.25 mV at a clock generator
frequency of 1000 Hzand 0.5 mV at a frequency of 500 Hz

To reduce the variable component of the voltage at the output combiner is applied passive filter on condenser C3 and
active at operational amplifier DA2. Accordingly, for the variable component value lessthan 1 mV must apply suppression
filter coefficient K = 47 dB at a clock generator frequency of 1000 Hzand K = 54 dB at a frequency of 500 Hz

Computer research determined that the applied filter reduces a variable component not exceed to 1 mV.
The proposed method of component additive error correction DC voltage calibrator from inverting switching
voltage source model and output amplifier with switching signal analog memory elements output amplifier completely
component additive errors corrects and improves dynamic performance DC voltage calibrator.
Key words: calibrator voltage, analog memory, additive error, automatic correction, inverting switching.

1. MocranoBka mpo6aemMu. OCHOBHUMH €IEMEHTaMHU
KajgibpatopiB Hampyru mocrtiinoro crpymy (KHIIC) €
JDKEpeIIo 3pa3KoBOl HAIPYTH, KOJOKEPOBAHUM MOIUIBHUK 1
ofeparliiHi MmiacuIoBadi. BiamoBiIHO aTUTHBHI CKIAI0BI
MOXHUOKH KaniOpaTopiB HANIPYTH MOCTIHHOI'O CTPYMY BHHH-
KaloTh 3JIeOLTBIIOr0 Yepe3 3MILIeHHS HYJIbOBOI'O PiBHS
(GYHKIIT TepeTBOPEHHSI OKPEMHX EJIEKTPOHHHX BY3JIB Y
KOJIi TIEpETBOPEHHS 1 BiJ Clajy HaNpyrd B JIHISX 3B’ 3Ky
MDK OKpEMHMHM €JIEMCHTaMH. AJTUTHUBHI MOXHOKH, 3yMOB-
JIeHI eKBIBAJICHTHUMH HAIpPYyraMH 3MIlIEHHs onepamniiHux
MiJCHTIOBAYiB, TiJ €JHAHUX JO JPKepena 3pa3KoBoi Ha-
NPYTH, JOAAIOThCS O 3HAYEHHS 3pa3KoBOi HAmpyru i
MIEPETBOPIOIOTHCSI HA MYJIBTUILTIKATUBHY CKJIAJIOBY MOXHO-
ku uepe3 3acrocyBanHs B KHIIC kojokepoBaHUX MOAiNb-
HUKIB. AJIMTUBHI MMOXUOKH BUXiTHUX MACIITAOHUX MEPETBO-
proBauiz KITHC 3yMOBJIOIOTH aAWTHBHE 3MIIECHHSA HOTO
BUXiiHOT Hanpyru. OKpiM TOTO, aJIUTHBHI TIOXUOKH MOXYTh
BUHHMKATH YHACIIOK TPOXO/DKEHHS CTPYMIB IKHBIICHHS
PI3HUX €JIEMEHTIB MPUCTPOIO Yepe3 OMOPH CHUIBHUX JIiHIN
3B'A3Ky MDK HUMH 1, 100 3MEHIIMTH 4Yac, BHUKO-
PHUCTOBYIOTHCSI KOHCTPYKTUBHO-TEXHOJIOTYHI CIIOCOOH.

VY cydacHUX eKCIUTyaTallifHUX yMOBax IIOCTa€ Ipoo-
nmeMa  3a0e3NEYeHHs]  aBTOMATUYHOIO  KOPUTYBaHHS
aJIMTHBHUX CKJIQJIOBHX IOXMOOK Y Kallibparopax Harpyru

MIOCTIHHOTO CTPYMY.

2. AHami3 OCTaHHIX JOCTiMKeHb. Y HOPMaJbHHUX
YMOBax eKCIUTyaTalii KOpPHI'YBaHHs ITOXHOOK 3a3BHYail
31icHIOTh 3MileHHsaM ¢yHKiT neperBopenns KHIIC 3a

JIOTIOMOT'OI0 BBEJICHHS KOPHUTI'YBAJILHOI BEJIMYMHH a/IUTHB-
HOi MOXHUOKH, IO JMOPIBHIOE T 3a 3HAYCHHSAM 1 MPOTH-
JIe)KHa 3a 3HaKoM. KopHuryBaTu aJuTHBHY MOXHOKY MOXe
oreparop ado Ie 3iHCHIOETHCS aBTOMATHYHO.

Y crarri [1] mnpoaHani3oBaHO YACTOTHI XapakTe-
PHUCTHKH KaniOpaToOpiB HAIPyrW Ta IMITATOPIB €IEKTpUY-
Horo omopy 3 kopuryBanasM ACII MeTomoMm moaBiitHOTrO
KOMYTAIlIHHOTO IHBEPTYBaHHS HANPYyrd JDKepenaa 3pas-
KOBOI Hampyrd 1 BHUXIIHOI HANpyru BHUXIJAHUX MiJCH-
JIOBaYiB. AJle HE MOJAHO PEKOMEHIAIlM IMoa0 BHOOPY
mapaMeTpiB eJIeMeHTHOI 0asu mix yac peatizamii KHIIC. ¥
poborax [2, 3] I KOpHUTyBaHHS aTUTUBHUX IOXHOOK
IU(PPOBUX BOJIBTMETPIB y pOOOYMX YMOBax €KCILTyaTarlii
BUKOPHCTaHO METOJ aBTOMATHYHOI'O KOPHUI'YBaHHS 3
KOMYTAI[IHHUM 1HBEPTYBaHHSM 3pa3KOBOi HANpYru BOY-
JIOBAHOT'O KasliOpaTopa HANpyrd i KOPUT'YBaHHIM HOXHOOK
IU(PPOBUM METOIOM.

VY crarti [4] 3ampomoHOBaHO BHKOPHCTAaHHS iTepa-
LiAHOT MpOIeNypy KOPEKINi IMOXMOOK 3a BiIIOBIIHUM
anroput™moM. [Ipore 3acTocyBaHHS iTepaniiHUX IPOUETYD
y KamOparopaXx Hampyrd MOCTIHHOTO CTPYMY CYTTEBO
YCKIIAJHIOE X peajizalliio 4epe3 HeoOXiTHICTh BHKOpPHC-
TaHHS TPYIOMICTKOI oreparlii po3paxyHKiB Ta BBEICHHS
TIONPaBOK IS KOXKHOTO 3HAUEHHSI BCTAHOBIIIOBAHUX KOJIIB
KepyBaHHsI KaJiOpaTopiB HANPYTH MOCTIHHOI'O CTPYMY.

Jlisi KOpUryBaHHsI MMOXMOOK TaKOX BHUKOPUCTOBYETHCS
METOJI BBE/ICHHSI MONPABOK, SIKi BU3HAYAIOTHCS PO3paxyH-
KOBHM Ta EKCIIEPUMEHTAJIbHUM METOJOM. 30KpeMa B
poboTi [5] 3amporroHOBAaHO METO/ ANTOPUTMIYHOT KOPEKIT
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ACII ychoro BUMIpPIOBAJBHOTO TPaKTy IEPETBOPEHHS 3

BUKOPDHCTaHHSIM  JIOJJATKOBOI'O TAaKTy BH3HAYEHHS 1
3amaM’ ITOBYBAHHS 3HAYCHHSA IMMOXHUOKHM 3 TOMAJBINNAM il
kopuryBaHHsM. OgHak y nepeHocHux KHIIC Takuit meron
MPAKTUYHO YCKJIATHIOE peaji3alilo uepe3 HeoOXiIHICTh
BUKOPHCTAaHHS JIOJIATKOBOTO LU(POAHAJIOrOBOroO Iepe-
TBOproBaya, ACII sKoro BH3HA4YaTHMyTh HECKOPHIOBaHE
3HA4YEHHS TOXUOKH.

Ha npakTuii Uit KOpUTryBaHHs aIUTUBHUX CKJIaJIOBUX
MOXUOOK 3aCTOCOBYIOTH CHEHialbHUHA pPEXUM BCTaHOB-
JICHHSI HYJBOBOTO pIiBHS, SIKUH peami3yeTbcs 3a JBOX
pi3HUX KOH(]IrypyBaHb CXeMH KajiOpaTopa Hampyru
nocriitHoro ctpymy [6, 7].

ToMy mns 3acTocyBaHHS pO3INIIHYTHX  METO/IB
kopuryBanus ACII y kamiOpaTopax Hanpyru HEOOXiJHO

IIPOBECTH ix I[OCJ'IiI[)KeHHH i BJIOCKOHAJICHHS.

3. [locTaHoBKAa 3aBOaHHsA. MeTOIO POOOTH € BIIOCKO-
HaJIEHHS! CTPYKTYPHHX METOJIB KOPWUTYBAaHHS aJUTUBHUX
MOXMOOK Ha OCHOBI KOMYTAIiHHOrO I1HBEPTYBaHHS B
KajiOpaTopax Hampyrd NOCTIHHOTO CTPyMY 3 elleMEHTaMH
aHaJIOrOBOI 1aM’ SITi KOMYTaliiHUX JBOMOJISIPHUX CHT'HAIB
Ta IX JOCIiPKEHHS.

4. AHani3z MeToxy KOpPUTYBaHHSI aJUTHBHHX CKJa-
JOBUX MOXUOOK 32 J0MOMOI0K KOMYTaliiiHOro iHBep-
1 HaBeAGHO CTPYKTYpHY CXEMY
KaJiopaTopa HANpyrW IOCTIHHOIO CTPyMY 3 TOABIHHUM

TyBaHHa. Ha puc.

IHBEPTYBaHHSIM.

T

Puc. 1. Cmpyxkmypua cxema kaniopamopa nanpyau ROCMitino2o
cmpymy 3 nOOGIIHUM IH8EPMYBAHHAM

Fig. 1. Block diagram of DC voltage calibrator
with dual inverting

CTpyKTypHa cXeMa CKIagaeThesl 3 JuKepena 3pa3sKoBoi

nanpyru  JI3H, xomyraropie K1 i K2, BximHOro
migcumoBada Hanpyru BxII, komokepoBaHOro moinbHUKA
nanpyru KKII, BuxigHoro miacwiroBaya Hanpyru BuxIl,

TakToBOoro reHepatopa TI' i mpucrporo ycepeanenns I1Y.
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Ha BXig mpHUCTPOIO yCEpETHEHHS, 3aJeKHO BIf
CHUTHAJIIB KEpyBaHHA, HAAXOAWTbL HaAIIpyra, sKa BHU3HA-
Ha€EThCA BI/IpaSOMZ
) . T
U, = gU, + DU, )>m+ DU, XK, O£t£3; 1)

U, =gU,- DU,)>m- DU, K, 12£t£T, )

nme Up — 3HauenHs 3paskoBoi Hampyrd; AU;, AU, —
HAIPYTH 3MIIIECHHS BXIJIHOTO 1 BHUXIIHOTO ITiJICHIIIOBAYIB;

M — xoedimientr mnepemaui KKII; K — xoedimieHt
migcuienns BuxIl; T —mepioa TakTOBUX iMITYJIbCIB.
BuxinHa Hampyra TOpUCTPOK  YCEpENHEHHS B

pe3ynbTaTi HOABIHHOrO iIHBEPTYBaHHS JOPIBHIOE!

T
12, .
U, :FogU0+DU1)><m+DUZH><K at +
0
17, .
+?@gu0- DU, ) xm- DU, jXK >cit. 3)
T

2
3 aHamizy BHpa3y BHIHO, IO 3a PIBHOCTI 4YaciB
IHTETpYBaHHSA 3pa3KOBUX HAMPYT BiT €MHOI Ta JONATHOI
MOJISIPHOCTEH HANIPYTH 3MIIICHHS HYJIHOBOTO PIBHS IiICH-
JIIOBAYiB TCOPETHYHO KOMIICHCYIOTHCS IMTOBHICTIO 1 BUXITHA
Hampyra JIOPIiBHIOE:
U, =UgmxK. 4
HEpPIBHOCTI 4YaciB

Y  pasi IHTETpYBaHHS BUXiJHA

Har[pyFa BHU3HAYAETHCA BI/IpaSOMZ
U, =UgxmsK +2T>t(DU1><m+ DU,), (5)

Jie T — pI3HHLS YaciB iHTerpyBaHHs BXimHuX Hampyr [1Y
JIOJIATHOI Ta BiJl €EMHOI MOJSIPHOCTEH.
BignoBimHO aguTHBHA TOXHWOKA BiJ HEPIBHOCTI daciB
IHTErpyBaHHS JIOPIBHIOE:
DU,,, = 2% xf DU, >m+DU,)*K , (6)

1
Jec f= ? — YaCTOTa TaKTOBOI'O Ir€HEpaTopa.

Ha puc. 2 HaBeneHo rpadivHi 3aJeKHOCTI aIUTHBHOL
CKJIJIOBOI TIOXMOKH BiJ] HEPIBHOCTI YaciB iHTETpyBaHHS 3a
K=1 asst pisHux 3HaueHs T i f.

3 aHamizy rpadiuHuX 3aJeKHOCTEH BHAHO, IO
noxuOKa BiJ HEpPIBHOCTI 4YaciB iHTErpyBaHHS MYJIbTH-
IUTIKATUBHO 3aJIOKUTh BiJl 3MiHH 3HAa4YeHb 4YacTtoTd f i
koedinienta nepenaui KKII W, BianoigHo 1i moxuOku 3a
MOCTIHHOTO 3HAYEHHS YaCTOTH KOPUTYIOThCS —Koedi-
uientom nepenayi K BuxIl.
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Fig. 2. Graphic dependences of additive errors component:
a —tof for different values of u; b —the u for different values of f;
6 — of ¢ for different values of f
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Puc. 3. I'paghiuni 3anesxircnocmi noxubku uxionoi nanpyau 6io: a —vacmomu,

6 — 3HAYEeHb 3aAMPUMKU POPMYBAHHS BUXIOHUX CUSHATLIG

Fig. 3. Graphic dependences output voltage error on: a—the frequency; b — delay values forming output signals

Ha 3Ha4yeHHS BUXINHOI HANpPYTHd IMPHCTPOIO ycepel-
HEHHS BIUTMBAIOTh Yac MEPEMUKAHHS KJIFOUiB KOMYTaTOPiB
1 Yac BCTAHOBJIEHHS BHXIJHHX CHTHAIIB IIOCITiJTOBHO
3'€HAHMX eJIeMEHTiB. BiJMoBiqHO BHXiTHAa Hampyra

MPUCTPOIO YCEPEeTHEHHS TOPiBHIOE:

T
12 %, .
U =7 0 fUo +DUy )+ DU K it +
t1
1T+t4
+?T@ gUo - DU, )>m- DU, =K dt, (7)
2

e Ti, Tp — 4Yac 3aTPUMKH YBIMKHEHHS 1 BUMKHCHHS
3pa3KoOBOi HANPYI'W MONATHOI IMOJAPHOCTI; T3, T4 — 4Yac
3aTPUMKH YBIMKHEHHS 1 BHMKHEHHS 3pa3KOBOI HAINpyru
BiJl' EMHOT MOJISAPHOCTI.

BiamoBinHO micns iHTErpyBaHHS OTPUMAEMO:

U e =Ugp XmxK +U gy xmxK x_DM;DQ +

+
+(DU1><m+DU2)><KM, )
ne At1=1,-11, ATo=T4-T3.
AOconrotHa  moxuOka  (OpPMYBaHHS  BUXIJHOI

HAIpPYTH TOPiBHIOE:
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DU,,. =UyxmK @4.
+(Du1>m+Du2)>4<>@. (9)

Ha puc. 3 HaBeneHo rpadiuHi 3a1€XHOCTI MOXHUOKH
BUXIJHOI HAmNpyrd JUIs PI3HUX YacOBUX 3aTPUMOK Ta
PI3HUX 3HaYE€Hb YaCTOTH TAKTOBOT'O T'eHepaTopa.

3 HaBezieHUX rpadikiB BUAHO, IO 3aTPUMKH, SIKI BHHU-
KalOTh y Pe3yJIbTaTi KOMYTAIlii BXiJHUX 1 BUXiJHUX CUTHAJIB,
CTBOPIOIOTh MYJIBTHIDTIKATUBHY MOXHOKY BiJ YacTOTH 1 Bif
3Ha4YeHHS 4Yacy 3aTpUMOK. BiOmoOBITHO IO MYJIBTHILTI-
KaTUBHY MOXHMOKY MOJKHa CKOPUTI'YBaTH 3MIHOIO KoedillieHTa
niepenaui KKIT a1 meBHOro 3HaueHHs yactot 1T

5. BaockoHaJieHHSI CTPYKTYPHOI cXeMH Kali0-
paTopa Hampyru NmocTiHHOro cTpymy. AHaii3 NOKa3ye,
IO OCHOBHUM HEJOJIKOM KOMYTaliiHO-IHBEPTYIOUOro
(dhopmyBaHHS
KEpYBaHHsI KIFOUYaMH 1 3aTPUMKH (DOPMYBaHHsS CUTHAJIIB,

METOAY € BIUIMB TOYHOCTI IMITYJIBCIB

sSKi ~ BUHHMKAIOTH  4Yepes LIBUAKOIIIO

KOMYTYIOYHX KII04iB 1 nepexinnux mnpouecis OIT ta KKII.

HEIOCTAaTHIO

1100 ycyHyTH BIUTUB NMEpEeXiJHHX IPOIECIB, 3arporo-
HOBaHO BUXigHI curHanu BuxigHoro OII 3amam’ sitoByBaTH
Ha eJIeMEHTaX aHAJIOrOBOi ITaM’ SITi.

3anpornoHoBaHy CTPYKTYPHY CXEMY BHXIJHOI YaCTUHU
KaJiopaTopa HAmNpyrd MOCTIHHOTO CTPyMy 3 €lIeMEHTaMU
aHaJIOrOBOI 1aM’ ITi HaBe/IeHO Ha puc. 4.

BuxI K1 Al

> » DINLTP

K2 AN2

Puc. 4. Cmpyxkmypua cxema guxionoi yacmunu
Kanibpamopa Hanpyeu nOCmitiHo2o0 CMPYMy 3 eleMeHmamu
anano206oi nam’ ami

Fig. 4. Block diagram of the output DC voltage calibrator
with analog memory el ements

Buxigna nanpyra BuxIl momatHoi momspHOCTI depes
karou K1 HagxomuTe Ha MPUCTPId aHAIOroBoi mam’siTi
ATll, a Bix' eMHOI nonsipHOCTI yepe3 kimod K2 Ha npuctpiit
aHasoroBoi mam’'siti AI12. Ha enemenTax mam’siTi Hanpyra
(ikcyeThCs Micis 3aKiHYEHHs TepexXiJHUX MpoIeciB, 3Ha-
YEeHHS SKUX TOBHICTIO JIOPIBHIOIOTh 3HAYEHHIO BHXIiTHHX

HAIpyr HAIPYTH
MIPUCTPOIB aHAJIOTOBOI IaM’ ATI HAaJXOAATh Ha CyMaTop .,

BUXIIHOrO ImijcuiIroBada. Buxigui

BI/IXiI[Ha Hampyra sIKOro BU3Ha4a€TbCsl BUPA30M:
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U = g(um "‘Dul)xm"'DUZ)xK -

- ((Ug. +DU,)>m+DU, ) %K K , (10)

ge Ky — koedilieHT nepeTBOpPeHHs CyMaTopa.
Binnosiano, sxmio Ky=0,5, orpumaemo:
U, =UgmxK. (11

6. BmockoHajeHHs] NPUHIMIIOBOI CXeMH KaJio-
paTtopa Hanpyru mnoctiifHoro ctpymy. IlpunnumnoBy
CXeMy BHXIJIHOI YacTWHM KamiOpaTopa Hampyru MHOCTiH-
HOT'O CTPYMY 3 €IE€MEHTaMU aHaJIOrOBOI I1aM’ ITi HaBeaeHa
Ha pHc. 5.

MiICMIIIOBa4a  Ha

Buxinua BUXIHOTO

Harfpyra
omepariiiHoMy migcuitoBadi DALl momaTHOI MHONSPHOCTI
yepes kimoui K1-1 1 K1-2 magxoauts Ha xoHnencatop C1 i
3amam’ ITOBYEThCS TICsl MEPEXiMHUX MpoleciB. BuximHa
nanpyra OIl DAL Bix emHOi mNONSpHOCTI 4Yepe3 KiOdi
K1-11i K1-2 36epiraerbcst Ha kKoHnencaropi C2.

Hanpyru xonaencaropis Cl i C2 HanxomsTh Ha BXif
cymatopa Ha pesucropax R5, R6, R7, R8. Buxiana
Hampyra cymMaTopa B TOYKax ai b BU3HauaeThCsl BUPa3oM:

. Ugi - Ue
R5+R6+ R7+R8
3a ymoBu R5=R6=R7=R8=R otpumaemo cepenne

Ug =Ugy yR5+R6). (12

3HAYEHHS HALPYTH:
1
Ug :E’(Ucﬁ'ucz)- (13

3a ymoBu Uc1>Uc, min yac mix’ enHaHHS KOHIEHCaTopa
C1 nmo BUXiAHOrO miACHIIOBa4Ya 3MiHA HANpPYTH Ha KOH-
nencaropi C2 BU3HaYa€eThCsl BUPA3OM:

e L) T
DU, =(Ug, - ucz)xgl- et O£t£3; (14)
@
4
t =8 R>C,. (15)

i=1
V pasi mig exnanns kongencaropa C2 no Buxomy OI1
DA1 3mina Hanpyru Ha koHzeHcaTopi C1 nopiBHIOE:

x t.IO
_ ¢ 2T
DUc; =(Ugr-Ugy)Xl-e b 5 E’StET' (16)

BianoBimHO Hampyra Ha BUXO/Ii CyMaTopa JAOPIBHIOE:

® .16 -
Ug :%>(ua+ucz)+(ou1xm+ou2)x‘;1- e M2 0£tE; 17)
& o
2<] 1.%6 T
! S o RGL — 1
Uas :§>(Uc1+uc2)' (DU1)m+DU2)x§1_ ey 2£t£T.( 8)
P
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Puc. 5. Ipunyunosa cxema euxionoi wacmunu Karibpamopa Hanpyau NOCMiuHo2o Cmpymy

3 eleMEeHmamu aHano2080i nam’ ami

Fig. 5. Schematic diagram of the output part of DC voltage calibrator
with analog memory el ements
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Puc. 6. I'paghiuni 3anesxncnocmi 3sminu nanpyau Ha 6uxooi cymamopa

Fig. 6. Graphic dependences of the output voltage changes of the combiner

BiamoBinHO 3MiHa Hampyrd Ha BHUXOAI Ccymaropa
BU3HAYAETHCS BUPA3aMHU:
t

& L0 T
DU, = (DU, xm+DU,) %1- e *%2 7, OLt£-:(19)

& 0
& 10
¢ mel T

DU, =- (DU, m+DU,)%1- e R4 = SELET. (20)
¢ T
& P

I'padiuni 3amexxHOCTI 3MIHM Hampyru Ha BHUXOJI
cymaropa HaBeJlleHO Ha pHc. 6.
3 aHamizy TpadiuHHUX 3aJEKHOCTEH BHUJIHO,

CKJIaJIOBOT

i (o]

aMIUTITYZla  3MiHHOI BUXIJTHOTO  CUTHAIly

cyMaTopa 3aJIeKUTh BiJl CTAJIOl Yacy €JICMEHTIB MmaM’ sTi Ta
cymaropa. Skmo 1=18 Mc, 3Ha4YeHHS 3MIHHOI CKJIaJI0BOI
nopiBaioe 0,25 MB 3a yactoTH TakTOBOrOo TeHeparopa
1000 I'ri 0,5 MB 3a wacroru 500 I'w.

Jlis  3MeHINEHHS 3MIiHHOI CKJIaJ0BOi HAmpyrd Ha
BHXO/Ii CyMaTOpa 3aCTOCOBAHO ITACHBHI Ta akTHBHI (Ha 6as3i
OIT DA2) dinprpu. BiamoBigHo ajst OTpUMaHHS 3HAYECHHS
3MIHHOI CKJIaI0BOi, MeHmoro Bix 1 MkB, HeoOXizHO
3aCTOCOBYBATH (UIBTpU 3 KOC(II[IEHTOM IOCTA0ICHHS
K=47 nb 3a wacroru TakroBoro rexeparopa 1000 I'rm i
K=54 nb 3a wactoru 500 I'1.

Komn' toTepHUM TOCITIKSHHSAM BU3HAYEHO, IO 3aCTO-
COBaHMH (QUIBTP 3MEHITYE 3MiHHY CKJIaa0BY 70 1 MKB.
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BucHoBkH. 3anporoHOBaHO METOJ KOPUTYBaHHS
aJIMTHBHOI CKJIaJ0BOi MOXMOKM KaiiOpaTopa Hampyrd mHo-
CTIHHOTO CTPYMY Ha OCHOBI KOMYTalifHOTO 1HBEPTYBaHHS
HAIPYTU 3pa3KOBOro JDKEpena i BUXiJHOTO ITiACHITIOBaYa 3
eJIEeMEHTaMH aHAJIOTOBOI I1aM’ ATI KOMYTaliiHUX CHUTHAJIIB
BUXIJHOTO MiAcwioBada. Llell Meros MOBHICTIO KOpHTYE
aJMTHBHY CKJIaJOBY MOXMOKM 1 TOKpamnlye AWHaMiuHi
kajiOpaTtopa  Hampyru

XaPAKTEPUCTUKH MOCTIHHOTO

CIpyMYy.

BrockonaneHo Ta TpoaHaTi30BaHO CTPYKTYpHY 1
NPUHLIUIIOBY CXeMy KajiOparopa Halpyrd IOCTiHHOro
CTpyMy 3 KOPUTYBAaHHSIM aJWTHBHUX IOXHOOK. IIpose-
JIEHUH TEOPETUYHHWH aHalli3 IMiATBEpKYE e(PEeKTUBHICTH
3aCTOCYBAaHHSI aHAJOroBOi MaM’ sITi KOMYTalliiHUX CHUTHA-
JIB BUXIJHOTO MijfcWioBada. [Ipy 11bOMy MOBHICTIO KOM-
TIEHCYIOThCSl TIOXUOKM BiJl 3HaYEHb YaCOBHX HEpiBHOCTEH
KEPYIOUMX CHTHAJIiB 1 BIUIMBY IEpEXiJIHUX IPOLECIB
OIepalifHUX MiICHITIOBAYiB i KOMYyTalliiHUX €IEMEHTIB.
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