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Abstract. Azarov 0., Zaxarchenko S., Arhipchuk O. Static errors self-gauged CPU
of digit-by-digit steadiness with weight redundancy. In this article We analyse the
problem of accuracy increasing in successive approximation ADC. We offer to use the self-
calibration procedure with the strategy "top-to-bottom". The particularity of our approach
is an weight redundancy using, that allows to determinate a bit weight by the programme
way. The graphical results of the offered approach computer simulation are presented.

Ha cyuacHomy erarn pO3BHTKY TEXHIKH TIEPETBOPEHHA IH(OpPMALl OCHOBHMMH
BMUMOIaMH, 10 BHCYBAKOTHCA 0 aHAIOro-IM(pPOBHX MEPETBOPIOBAYIB € BHCOKI TOYHICTH
abo mBHAKOMA, CTAOUTBHICTE METPOJOIIUHMX XAPAKTEPUCTHK, SK I 4Yac 3MIHIOBaHHS
YMOB HABKOJHMLIHBOTO CEPEAOBHMINA (TeMNeparypy, THCKY), Tak 1 B 4acl, Toio. Haibumsim
PO3NOBCIOKEHUMH MPUHLIATIAMA BUPILIEHHA 1MX MPo0ieM € MOKpaIieHHA TEXHOJIOr Ta
VBEIEHHA HAJTMILIKOBOCTI, CTPYKTYPHOI, anropuTMidHOI, Hpopmamiiboi [1, 2] Tha uac
BUKOPHCTAHHSA CTPYKTYPHOI HA/UTMIIKOBOCTI Y IPUCTPIA YBOAATHCA NONATKOBI AHATIOrOBI
Ta poBl Byzmm. [Ipy upoMy B psijil BUNAIKIB JIOJATKOBI aHAJIOTOBI BY3/H Ta O/IOKH Mmo-
BUHHI MATH JOCHTh BHCOKI METPOJIOTIYHI XapaKTepPHCTHKH, 10 nepeadayae BHKOPUCTAHHS
JIOpOrOBapTicHOI eneMeHTHOI 0asy. Jlo Toro  Lie JOCHTh YacTO MPH3BOAMTL [0 YCKIIA-
HEHHs A/rOPUTMIB Ta 3MEHILEHHS [IBMIKOCTI NepeTBopeHHA. MoMIMBOCTI TEXHONOrH Ta-
KOJK MalOTh CBOI (pyHIaMEHTaTbHI OOMEKEHHA.

[HIIMM MepeneKTHBHHM HAMpPSIMKOM MOKPAIIeHHA METPOJIOTIYHMX XapaKTepH-
ctuk AL € BukopHcTaHHs iH(GOPMALIHHOI HAUTHIIKOBOCTI Y BHIVIAAl HaTHIIKO-
BUX TosminiHux cuctem uncnenns (HIICY) [3, 4], B Axux Bara KOKHOrO HACTYITHOTO

PO3PAMLY 3aBKIM MEHILE CYMH Bar MOJIOAIINX PO3PSAIB!
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Baropa HaJTHIIKOBICTE NPOSABAAETECA B HAABHOCTI HEHYILOBOI MOAATHOI pis-
Hum AQ; MK CYMOFO Bar MOJIOMIIHX PO3PAIIB 1 MOTOYHHUM [ -M PO3PALOM:

i1
AQ; =2.0;-0;>0 )
0

JIna ABIAKOBHX cHCTeM uucieHHs AQ; 3aBikI¥ MEHLIE HyJIs.

MeTor0 CTATTI € aHall3 MOKIMBOCTI MABKINEHHs TouHOCTI ALl nopospsaHo-
ro BPIBHOB&KEHHA, MOOYIOBAHMX HAa HM3BKOTOYHMX AHAJIONOBHUX BY3NaxX, MITAXOM
camokaniOpyBaHHA Bar pO3pAdiB 3 BAKOPUCTAHHAM BaroBoi HaATHIIKOBOCTI

B ocnoey miapuienna TogHocTi mopospsaasux AL, mobynopannx Ha HU3BKOTOU-
HMX aHATIOTOBMX BY3NAX, TIOKTA/IEHO NPUHLMI BH3HAUEHHS PeabHUX Bar po3psme, mo bOa-
3YETHCA Ha BMKOPHCTAHHI MaTeMaTMYHMX CIIBBIIHOLIEHE MDK BaraMu pospamie HIICY, i
HE BUMAra€ BHKOPHCTAHHS B3IPLUEBUX MIP Ta mpuiamie. ITpudoMy (DyHKIIOHYBAHHA [PU-
CTPOIO NPH 1bOMY Niependayae jipa pexuMH: caMOKamOpyBaHHA Ta OCHOBHOTO IEPETBO-
pennst. B pe:xumi camokamOpyeanns BiiOyBaeThCA BH3HAUEHHA KOMIB (IM(POBUX eKBiBa-
JIEHTIB) peaibHux Bar K ((;) pospsaiB nepeTBoproBaya, 3cyBy Hynsa K (Ady), a wis Bami-
proBabHuX ALIT — 1 macirrabuoro koedinenra K (M ). Sk B3ipeinb NpH LLOMY BUKOPH-
CTOBYETBCH PEeKypPEHTHI CTTIBBITHOLICHHS, HANPHKIAL, Q=01 +0,_,,
O, =0,y +0;_5 + 0;_3 1 Tomy nomibue [5]. HeBHKOHaHHS 11X CIIBBITHOIIEHD CBITUHTE
MPO HasgBHICTH BIIXHIGHL Bar PO3PAMdIB BiI iIeATbHMX 3HaueHsb. [IpuuoMy 3acTocyBaHHSA
CrelanbHUX npouenyp (camokambpyBaHHA) 13 ypaxXyBaHHAM LMX CIIBBIIHOMIEHb [a€
MOAUTHBICTE OTPHMATH 1H(OPMALIIO NIPO 3HAYEHHS LIAX BIIXHIEHD.

ABTOpaMH 3ampONOHOBAHO BHKOPHCTOBYBaTH npoueaypy camokamOpysanHsa ALILI

MOPO3PAIHOTO BPIBHOBAKEHHS, SKY Peai30BaHO 33 CTPATEricl0 "3ropu-10HW3Y" i fKa 3a-
BIAKM BUKOPUCTaHHIO Barosol Hammukosoctl y surisyg HITCY nossonse BUKOHyBaTH
BU3HAYEHHS PEATbHHX Bar PO3pPAIIB BUKTIOUHO MPOrPaMHKM [IULSEXOM Y 1ppoBiii (hopmi.

bazosum mpumymieHHsM, Ha SKoMy OyayeTbcs Hpoleiypa caMoKamidOpyBaHHA
3a CXeMOI0 "3ropu-goHu3y” € Dananc noxubok, 30Kpema, y BUTTIAIL

n-1
ZﬂQf - Oa {3.]
i=0

npudaomy AQ, =Q: - 00, ng — imeanbHa Bara i-ro po3pany; &0, — BIAHOCHE BlJ-
XHIIEHHA Bard i -ro po3psimy.

[Hakie Kaxyuw, NPUITYCKAETHCA, M0 CyMapHe BIIXWIEHHs Bar po3psails Aopi-
BHIOE Hym0. Lle npunymenHs € cnpasemueuM 114 LIALL B AkuX BIAXHIIEHHA Barw



JIOBUTRHOrO po3paAay Oe3mocepelHbO BIUIMBAE Ha MacluTabHUH KoediuieHT IHIMX
po3paiis (HanpHKiIan pesHcTHBHA abo KOHAeHcaTopHa Marpwri). Tomy crif 3asHa-
g, o Aani mosa itive npo Taki ALIL skl mictars came Takuii LIATT.

PigeHb Baroeoi HaanuiikoBocti, aka yBoauTeca B ALIll mopospsaaHoro Bpis-
HOBa/KEeHHS 3AIHCHIOETHCA NMIUIAXOM 3aBJaHHA [EBHOTO CIIBBIIHOLIEHHSA MIiX Baramu
pO3pAAIB (OCHOBH CHCTEMH YMCIIEHH), a came:
i

Orips

el o= [ﬂ o 1] . TyT ¢ — ocHoBa pob0401 CHCTEMH YHCIEHHS.

(74

(4)

Pobouoro Mu OymemMo Ha3WBaTH CHCTEMY YHMCIIEHHA, KA BHKOPHUCTOBYETHCH
npu nobyaosi LAIl, a OCHOBHOK — Ty, B fAKii BUKOHYIOTBCSA 00UHCIEHHA Ta dop-
MYEThCA BUXIIHMHM KO (K MPaBHIO ABIAKOBA CUCTEMA YHCIIEHH: ).

Crmiji BUI3HAYWTH, [0 HA BIIMIHY BIJl &ITOPUTMIB '"3HU3Y-IOTOPH', SKI € CHCTEMOHE-
3ATEKHAMH | B SKMX TTOCITIOBHICTE KPOKIB a7IrOPUTMY HE 3aIEXWTh Bl 3HAYEHHS OCHOBH
poGoyol CHCTEMH YMCIIEHHS, AITOPUTMM KIacy "3rOpU-IOHHM3Y' KOPCTKO NPHB S3aHl [0
@ . Bumbill TOro, 38’430K MK BaraMH po3psdiB Mae OyTH peKypeHTHHM (Bara OyIb-AKOTro
CTApILOro Po3psiay MOBMHHA JOPIBHIOBATH CYMI Bar 3a/iaHoi KUTHKOCTI MOJOJIIMX pO3ps-
aie). Lt BHMO3I, 30KpeMa, 3a[0BOJIBHAIOTE CHCTEMH YHCIICHHS, OCHOBA AKHX o MOXe Oy-

TW 3HAMIEHA AK MHCHNHA J0IATHHI KOPIHB NOTHOMY:

&
5t i
b gl S (5)
0
ne s=123,.. — MapameTp CHCTEMHM, AKMH 1 3ajla€ KUIbKICTh YWIEHIB CyMH, TOOTO Ki-

NbKICTh MOJIOIIHX PO3PSAIIB.
Y Bumagky s=1 («3010Ta» MPOMOPLIA) Bara KOKHOTO HACTYNHOIO pPoO3psmy,

MOUMHAKOYH 3 (s +1)-ro, JOPIBHIOE CYMI JBOX MOMNEPEIHIX, A1A s =2 - TPhOX ronepe-

AHIX [ T/ Y BHMOAAKY, KOMH s =0, OTPUMAEMO TaK 3BaHWHA OJMHWYHUNA KOa. Y Buma-

AKY, KOJIM § — 0, o —> 2. 3Ha4eHHA o UIA OeAKHX § € Takl

s [0]1 AR 4 S§iA8 7

a | 1]1,618]1,8391,928 1,966 1,984 [1,992 | 1,996

[Tpn _Buﬁepi OCHOBM CHCTEMH YHCIEHHS BUXOMATH 3 MOJMUTHBOCTI TE€XHONOT -
HOTO MpOoLECy, a TOUHILIE KaKy4H 3 MaKCMMaJlbHOI NPHITYCTUMOI MOXHOKA npumacy-
BaHHA mapaMeTpiB enemeHTiB ocHOBHOTrO LIAIT. Po3paxoBy€eTbCA MaKCHMAIbHO MO3K-
JIMBE BIAHOCHE BIIXMIEHHS MO hopMyJI:
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ne 00, MakCHMalbHO NPUITYCTHME BiTHOCHEe BimxumieHHs. [lotpibHe ¢ BuOHpa-
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€ThCA AK HaWOMMIKYe MeHIlle 3HaUYeHHs

3aznauumo, o B ALLL B Axux peam3yeTbesa caMokaniOpyBaHHs, MOBHHEH BH-
KOHyBaTHCA MpuHUMN cynepnosuuli, [lpakTuuHo e 03HaYae, 110 Bard po3pajiB He
MOBHHHI 3alleXaTi Bl BHAIB KOA0BOI komOiHaiui B ALIT 1 BianmoBigHO Bif CTaHiB
PO3PSAHMX KOC(PILIEHTIB (BIJIFOUEHO YH BHKTHOYEHO).

Jlns anamsy anropurmy cammfcajxiﬁpynaﬂnﬂ BI3bMEMO 3HAUEHHA OCHOBH, Ha-

npuxnan, « =1.618, Ha nepmomy eranm camokamOpyBaHHS BUMIPIOETECA PI3HHILA
0, —0,, 0, . B pesyisrari 0TpUMa&cMo BHpa3:
SO OE NS S O (8)
Ockutbku pospaan O, | +0, 3 He € IIealbHEUMH 1 MalOTh BIJIXWIIEHHS
AO,_1,A0, _5,AQ,,_3 BIANOBIAHO, BUPa3 (8) MOXHA 3aMHCaTH K.
ﬁQn_l = (an—l—i_’ﬁgn- 1 ke {QI}’I—E—’_QQH -2 e {Q1n- 3+ﬁQn—3 ) ’ (9)
ne 01,0 0,0, 3 — laeanbHl Bark po3psiais.
ITpu BukopucTanHi & =1.618 maemo O',_1=0',_,+0',_3, TOAl OCTaHHIHA BH-
pa3 HaOypae BUTIANY: '
AQ, 1=A0, | —AQD, ,-AD, ;. (10)
Taxkum umHoM, 3HadeHHs AQ,_; y AaHOMY BHUNAjKy BH3HAYaTHMETHCA PI3HH-
LICI0 BIAXHMIIEHb PO3PAJIB Q. ,+ 0, 5 Bim CROIX imeaqbHHMX 3HaueHs. JisI BUMIpIO-

BaHHA A(Q, | BHKOPHCTOBYIOTBCA MO0/ po3paau Toro x ALTL



AHATTOTMYHO 3arMIIYThCA BHPa3H I ﬂén—z - :5.@;._ . Takum 4uMHOM, 179 BH3HA-
YeHHs BIIXHIeHb Bar PO3PAIB Bl MOTPIOHUX HOMIHAIE OTPHMAEMO CHCTEMY PIBHAHS!
(AQy 1 =801 =80, 5 = AD, 3;
AQy—3 =80p3 — A0y 3= A0, 5;
1 (11)
AQ; = AQ; - AQ, — AQy;
|AQ, = A0, - AQ, ~ AQ,.

[Tig uac oGuMCNIeHHs BIIXMIEHL Bar PO3PAMIE BUKOPUCTOBYETHCA LU(DPOBI €K-

BIBATIEHTH BIAIOBIIHHUX BEMYMH, TOMY CHcTeMa piBHAHb (11) HaOyBae BUTIALY:

KIN(AQ,_1)]= K[AQ,_1- K[AQ,_»1- K[AO,_3];
K[N(AD,_1)]= K[AO,_21- K[AQ, 31— K[AQ, 1

(12)
| KIN(A03)]= K[AQ3] - K[AQ, ]~ K[AQ, ];
|KIN(AD,)1= KTAQ,1- KTAQ 1 - KTAQy ]
ne  K[..] — umdpormii koa BIANOBIAHOI BETMYWHM, MPEACTABIEHOI B OCHOBHIH

CUCTEMI YHCIIEHHS,
N(...) — uudpoBHiA KOO BIAMOBIAHOI aHANOrOBOI BEJIMYUHH, MPEACTABIEHOI B
poboulii cHCTEMI YHCIIEHHA,

BkazaHa cucTeMa MICTHTE /1 — 2 pIBHAHb, B AkuxX n wieHB (AQy + AQ,,_,) € HeBl-

nomumu. Jlna pose’sasanHsa cucremu (12) HeobximHO yBecTH fiBl Joaatkosl ymosu. [lepiia
yMOBa — 11 BUKOPUCTOBYBATH MpHmyiieHHdA, mo AQy = 0. BigsHaunMo npw mpoMy, 1o

Lie TIPMITYIIEHHA ICTOTHO HE BIUTHHE Ha TOYHICTH PO3PAaXyHKIB, OCKUTEKH A(), Ma€e JOCHTH

Marie 3HAYEHHS, a/Uke e BIOXWISHHS MaE HaHMOJIOMIIMHA po3pAn 3 MIHIMAIBHOK Baroo

-1
(Qy =1). lpyra ymosa Oyze mata surmam Y K (AQ; ) =0.
i=1

Jlna mepeBipkH AOCTOBIPHOCTI 3amporNoHOBAaHOTO miaxoay Oyno pospobieno
MOJENIOIUY nporpaMmy, B KW nependavaeTbca: BHECEHHA NMOXMOKM 3aBHaHHA Bar
pO3pAAIB B IMITAlliHY Mozens peanbHoro AL, BukoHaHHA mpoueaypu camoxani6-
pyBaHHs Ta 00MMCICHHA METOAMYHOI NOXMOKM camokamOpyBaHHA. Pesynbrati mo-
nemoBanHs penpesenTatueHoi Bubipku ALITT 306pakyroTbes y BArIIsII rpadikis,
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YV npouecl gocmipkeHb 0YI0 BUKOHAHO KOMI IOTepHe moaemosanxs 100000
papiaHTiB Biaxuiens Bar pospsaiB ATl nna napamerpis: a =1618, n=24,
80, =+t10%. I'pachikn WITBHOCTI PO3NOALTY METOAHWYHOI MOXMOKH, 3HAYEHHSA MaTe-
MATHYHOrO CHOAIBAHHA Ta JWCIEPCii; Hanpuknan, ans 3-ro, 12-ro Ta 23-ro pospsaay
JI0 Ta micid camoKamOpyBaHHsA nokasaHo Ha puc. |. Anams umx rpadikis, a Takox
pe3y/IbTaTIB MOJENIOBAHHA, Ja€ MOMUIMBICTh 3POOMTH BUCHOBOK, IO (YHKLIS po3-
MOALTY € HOPMAJILHOO.
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Pucynok 1 — ['padiky muibHOCTI PO3MOALTY METOAHYHOI MOXKOKH 10 Ta
nicss camokaniopysanss mis: 3-ro(a, 6), 12-ro(s, r) ta 23-ro(x, €) po3pAmy.

Sk BuaHO 3 rpadikiB 3anpOMOHOBAHMHA MIAXiA JO3BOJIAE 3MEHIIUTH IMOXHOKH

Ha 3-4 MOPSAKH Y MOPIBHAHI 3 MEPBMHHOIO TOYHICTIO el1eMeHTIB. [Ipu 3mini mianaso-

HY BIIXMJIEHb PE3y/IbTAaTH MOC/IIOBAHHA MAKOTh NOAIOHMI XapaKTep.
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Crmia 3a3HAYMTH, IO 3aNpOINOHOBAHMI CrOCIO camMoKamOpyBaHHsA IO3BONAE Kanmib-
pysati Baru pospsimis ALT 3a yMOBH, 10 piBHI MOXMOOK eNeMeHTHOI 6asy, skl BIUMBa-
FOTh HA BUIXWIEHHSA Bar PO3PSIIB, MOXKYTb OyTH NOCHTH 3HAUHMMH - 5+20%, 1o 1o03sonse
3HAYHO CMPOCTHTH TEXHOJIOTIIO IX BHTOTOBJIEHHS, 30KPEMa, HE BHKOHYBATH Ja3epHe MpH-
rmacyeaHHs. J10C/IKEHHS MOKA3aTH, IO BIIXWIEHHS Bar po3psiis cinabko BIUIMBAIOTH Ha
JUCTIEPCIIO [IUTLHOCTI PO3MOILTY METOAMYHOI OXMOKH CaMOKasOpyBaHHs!.

Bucnogxku: BAKOpHCTaHHA anrOpUTMY caMOKaniOpyBaHH:A 3a CXeMOK ''3ropu-
nouusy" B ALIIT nopo3spsaausoro spisHOBakeHHA Ha ocHoBl HITCY nozsonse:

—  BMKOPHCTOBYBATH HU3bKOTOYHY €IIEMEHTHY 0asy;

—  CHPOCTHTH TEXHOJIOTIH0 BUTOTOBIICHHS,

~  3HM3HUTH BapTICTh,

— MeploJIvYHe NPOBEACHHA camMokamOpyBaHHA HO3BOJAE CTAOLTI3yBaTH MET-

POITOTIYHI XapaKTEePHUCTHKA MiJ Yac 3MIHIOBAHHS YMOB HAaBKOJMIITHBOTO Ce-
peIoBHINA Ta MPOTATOM BCHOTO TEPMIHY eKCILTyaTallli.
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