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Pedepar. B pabore paccMOTpeHBI METOIbl YMEHBIICHHS IOTPEIIHOCTEl M ammapaTHBIX 3aTpaT MpU CO3JaHUHM (DYHKIHMOHAIBHBIX
nudpo-aHaIoroBIX mpeodpaszoBaTencii. B ocHOBe TMX METOHOB NEXHUT MPUMEHEHHE TAKUX CHOCOOOB ANNpPOKCHMANUH, KaK Pa3loXkKeHue Mo
MHorowreHaM YeObmeBa u uHTeprnoanus. [loka3aHo, YTO NPH TOM MPOUCXOIHUT 3HAYMTENHFHOE CHIDKEHHE ITOIPEIIHOCTeH M0 CPaBHEHHUIO C
HCIIONB30BaHUEM pa3noxeHus B psaj Teitnopa.

OneMeHTapHble (YHKLIUHM MIPAlOT OOJBIIYIO POJIb NMPH KOHCTPYHPOBAHUM YCTPOMCTB JUIA MPeoOpa3oBaHMs
CHUTHAJIOB B HH(GOPMAIIMOHHO-U3MEPUTEIIFHON TEXHHWKE, pPaTUOTEXHHUKE, MPUOOPOCTPOCHHN W  aHAJIOTOBOI
BBIUNCIIUTENbHON TexHuKe. OIHAaKO BOCTIPOM3BEICHNEC HEMTMHEHHBIX (YHKIIMOHAIBHBIX 3aBHCHMOCTEH COMPSIKEHO C
OTIpeIcIEHHBIMUA TPYTHOCTSIMH, IOCKOJIbKY mHdpo-aHanoroBeie mnpeoOpazoBarenu (IIAIl) oOmamaroT JmMHEHHON
XapaKTePUCTHKON TpeoOpa3oBaHusl. B CBSA3M ¢ ATHUM dJIeMEHTapHYI0 (QYHKIHIO f{X) allpPOKCUMHUPYIOT MHOTOWICHOM,
3HAYEHUST KOTOPOTO OJM3KM K 3HAUEHUAM dJIeMEHTapHOUW (QYHKIIMH Ha HEKOTOPOM OTpe3ke [a, b]. I XOTs MHOTOUICH
TaKXKe ABILIETCS dJIEMEHTapHON (YHKIHEH, ero peaan3anus MpeacTaBisaeT Ooee MpoCTyro 3a1aqy.

Jdnst Toro, YTOOBI TOTPENIHOCTh, BBbI3BaHHAs AaNlpoKCHMaluel, Oblla MHHHManbHa, HEO0O0XOIMMO
COOTBETCTBYIOIIMM 00pa3oM 1moxo0paTh KOA(QQUIMEHTH NpH CTENEHIX MHOTOWIeHa. B moxiaze paccMOTpeHBl TpU
MeTo/a.

Hawubonee pacnpocTpaHeHHBIH METOJ anmpokcuManun (QyHKIHHU f{x) — ee pas3nokeHue B psn Teinopa. B
00I1eM BUJIE 3TO pa3nokeHue QYHKIMH f{X) B OKPECTHOCTH TOUKH Xy OCYIIECTBIISIETCS 110 (hopMmyJie:

2 n
f“’( %) 7 (x0) £ (x)
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f(x)=f(xp)+——F—— (x—xy )2 +..4

Paznoxenne QpyHKuuH B p;m Tennopa HE SIBJISIETCS eAMHCTBEHHBIM. CyIIECTBYET BO3ZMOXKHOCThH Pa3lIOKHUTh
GbyHKIMIO B psAA 1O OOOOIIEHHBIM MHOTOWICHAM, HampuMep, 1o MHorowieHam Jlexxanapa, YeOwimeBa, SkoOw,
Opmuta win Jlareppa. 3mech Mbl OCTaHOBHUMCSI Ha MHOrowieHax YeObllieBa, MOCKOJbKY OHH JAlOT HaWJydllee
npubmmkenue [1].

(x_x())-l- (x_xO)n+....

n
Jns HaxoxnaeHus kodpduuuento Cj pasnoxeHus no MHorouneHam UYe6oimesa f(x )= > CkTk(x)
k=0
UCIIOJIb3YEM CIIENYIOIHE (POPMYJIbI:

jf(x)Tk(X)dx

= f(x)/—
fo Vi— )c2 T W1- %2

HO,HCTaBJ'IHSI BMECTO CTCIICHEH X uX BbIpAXKCHHSA 4Y€PE3 MHOTI'OUJICHBL LI€6I)IHICB3, a 3aTeM NpPHUBOIsL HOL[O6HBIC

k > 0.

o o 2 n
YJIEHBI TPY MHOTOYJIEHAX OJHOM CTENEHH, MOJTyIMM HCKOMBIM MHOTO4neH Py (x)= a, +a,x +a,x" +...+a, x

OIICHUTh TMOTPEHIHOCTh, JaBaCMYK0 pa3jiokeHHeM (YHKIUHU f(x) B psx MO MHOrowicHaM YeObImeBa, B
obmieM Bume OYeHb TpyaHO. Ho cormacHo oOmmM TeopeMaM TEOPHH AaNMPOKCUMAIIMK 3TO PAa3lIOKEHHE JacT
HaWITy4YIllee MPUOIIDKEHUE W3 BCEX BO3MOXKHBIX. HeoOXOaMMoO Takke OTMETHTh, YTO pa3ioKeHHEe (YHKIHMH f{x) 1O
MHorowicHaM YeObIleBa BO3MOKHO TOJBKO s (PYHKIMH, MMEIOIIMX HEMPEPBIBHYIO MEPBYIO MPOM3BOIHYIO Ha
orpeske [-1, 1]. D10 ycrmoBue obecrednBaeT CXOAMMOCTh psina K GyHKIWH f{x). g OONBIIMHCTBA dJIEMEHTaPHBIX
(YHKIHH 3TO YCIOBHUE BBITIOIHACTCS.

Crnenyrommii METOZl OCHOBaH Ha TEOPUH MHTEPIIONANNN. B 3TOM ciiydae CTpOST MHOTOYJICH, KOTOPBIH B n+ /
3aIaHHBIX TOYKAX Xg, X, . . . X,, IPUHUAMAET 3HA4YCHUSA f(xy), f(x;), . . . f(x,), @ B OCTANBHBIX TOYKAaX OTpe3kKa [a, b],
TIPUHAISKAIIET0 00JacTH onpeaeneHus f{x), MPUOTMKEHHO MPEICTaBIsIeT GYHKINIO f{X) ¢ TOW WIN WHOW CTEIIEHBIO
TouHOCTH. 115 Hax0xkIeHUS K03()(PHUITMEHTOB MHOTOWIICHA @) COCTABIISIETCS] CHCTEMa YpaBHEHHHA

2 n o__ .
a,+ax,+a,x +-+ax' =f(x,),(i=012 ...,n),
KOTOpasi JIETKO peuraercs MeronoM Kpamepa.
2
Bocnpoussenenne muorounena P,(x)=a, +a,x +a,x +...+anx” OCYIIECTBUM KAacCKaJIHO COEJIMHEHHBIMU

HAII (puc. 1) [3]. Koaddunmentsr MHOTOUIICH, pea3yeMoro 1Mo 3TOH cXeMe, UMEIOT CIEAyIOINe 3HaKu: ay>0,
a;>0, a,>0, a;<0, a,;>0, as>0. Ecnu x03pUIMeHTs UMEIOT Jpyrue 3HaKW, TO CXeMa MPETepreBacT JIHIIb
HE3HAYHUTEIbHBIE I3MEHEHUSL.

@2001, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru
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Puc. 1. Cxema HeTMHEHHOTO TP PO-aHATIOTOBOTO MTPeoOpa3oBaTes

B xauectse LIAII, n300paskeHHBIX Ha cXeMe, MpUMEHsIOT yMHOXaronme L[AIl ¢ nByHnonspHbIM OIOpPHBIM
HanpspkeHueM. Boixonnoe nanpsbxenue takux LIAIT onpenensiercs o ¢popmyie:

Ry N

R N max
rae N - TeKymmii udpoBoil KO, KOTOPBIil H3MeHsieTcst B mpeenax 0T 0 10 Nya—I: Nyw= 2°, b - paspsigsocts LIATT;
R - conpoTuBieHUE PE3UCTUBHON MaTpHLbl; Ry - CONPOTUBIICHUE pe3ucTopa B 1ienu ooparHoit cesazu OY LAIL U, -

Ry

omopHoe HampskeHHe. OtHomeHnme A 2? Ha3bIBAIOT MacIITaOHBIM KO3 (HUIIMEHTOM WIM MacIITaOHBIM

U=-U

MHOXkHTeNeM. Ero MOXHO U3MEHATh B IIUPOKKX Mpenenax, U3MeHss Ry.
B cxeme, npuBenenHo# Ha puc. 1, nmpu noxade Ha 1mppossie Bxoasl LJAIl kona N, Ha Bbixone 1-ro IIAIT
(opmupyercst HarpsHKeHHe, paBHOE:

N
N max '

2710 HaOpsZKCHUE SABJISICTCA BXOAHBIM TS 2-10 ]_[AH, a HanpsKCHUC Ha €ro BbIXOAC 6y;[eT OIPCACIIATHCA
COOTHOLICHUEM!

UI == UanA

U,=—UA =U,,(-A )
N"‘ILIX o deX
IIponmomxas aToT psig, s k-ro LIAIT MoxkHO 3anucath:
k
Uk: U(m(_A ) .
max
Hampsokenust ¢ BoixogoB LIAIL uepes pesuctopsl R;, R, ..., Rs mojgaioTcsi Ha BXoJ cymmaropa A2. Jns

obecrieueHrs HEOOXOAUMOTO 3HAKA, HATPSHKEHUSI ¢ BBIXOJIOB TiepBoro u 1sitoro LIATT mpoxonst depes3 unepTop A1.
JIOTIOTHUTENIFHO HAa CYyMMAaTop dYepe3 pe3ucTop R, MOJaeTcs OMOpHOE HampsbkeHue. Ha BbIXoge cymmaropa
dhopmupyercst HanpspxeHue Ul,,,:

R R R R R R
Up=—(——Un——U, +—U, + —U, +—U, ——Uy);
R, R, R, R, R, R,
WA, C YYE€TOM IPEABIAYIIECTO YPABHCHMA:
R R N R N Y R N Y
U(ibtx:_UOi’l - _A +— _A +..—— _A
RO Rl N max R2 N max R5 N max
N R
Ecnm 00o3naunTh X = A N— , ‘ a[‘ = R_ , TO IIOCJIEAHEC YPABHECHUE ITPUMET BUI:
U3b1x=_ Uon(a() - a1x+a2-x2+a3xj+a4x4_ as x5)z — UYon f(x)

Takum 006pazom, OTy9IaeM, YTO BBIXOHOE HAIPSDKEHUE TPOTOPIIMOHAIBHO allPOKCUMUPYEeMOn (HYHKIHH f{X).
HeobxomuMo yka3zaTh Ha OrpaHWUYCHHE, KOTOPOE HAKJIaIbpIBaeTCs KackamHbiM BkimodeHwem I[AIT na
JMara3oH W3MeHeHus MmacmrTabHoro kodddunmenta 4. Ilpu momade ma memouky IIAIT koma, Gimskoro kK N,

-2-
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BbIXoAHOe Hampspkenue k-ro LIAIl mponopuuonamsHo U, (— A)k. Hdns A>1 »sta BenuyuMHa BO3pacTaeT Io
TCOMETPUYCCKOW TIPOTPECCHH M MOXET JOCTUTaTh HEIOMyCTUMO OoNbInuX 3HaueHWd. [lo3ToMy BBITOJHO
YCTaHABINBATh A paBHBIM [/ ¥ alllIPOKCUMUPOBATH (DYHKITUIO UCXOJIS U3 TOTO, YTO X M3MeHseTcs oT 0 1o 1.
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Puc.2. AGcomoTHasi MOrpeIrHOCTh ANpPOKCUMAMK (QYHKLUUH Sin(x7/2) MHOTOWIEHOM S5-oi cremeHu: 1)
pasnoxenue Telnopa; 2) HHTEpHONAIWS; 3) pasnoxxenue YeoObieBa

W3 BhIIECKa3aHHOTO CJEMYET, 4TO IJIS BOCIPOM3BENCHWS MHOTroudleHa P,(x) cTeneHu n HeoOXOauMO 1
kackagHo BKIoYeHHBIX 1[AIl. KoaddunuenTs MHOTOWIEHA peaTn3yloTcs MoI00poM pe3ucTopoB R, Ry ,R;, ... Ry, a
3HAKHM CJIaTaeMBIX YCTaHABIMBAETCS IPH ITOMOIIN HHBEPTOPA.

PaccMoTpuM mpHMEHEHHE OMMCAHHBIX BBIIIC METOJOB JUIS AIPOKCHMAIIUH IIHPOKO PACIPOCTPAHCHHBIX B
paauoOTEXHUKE W WH(POPMAIMOHHO-U3MEPUTEIBHON TexHUKe GYHKIUA sin(x) u cos(x). IlorpemHocts Oynem

OIMPCACIIATh, OTBICKHMBAsA MAaKCHMaJbHOC 3HAUCHUC BCIMYUHBI ‘f(X) - })n (X)‘ Yepe3 MaJible MHTCPBAJIbI (B Halem

ciyqae wHTepBasm paBeH 0,001). B cBsa3um ¢ 0coOEHHOCTHIO BOCIPOM3BEACHUS MHOTOWIEHa P,(x) KackaaHo
BkiroueHHbIMU LIATT, Hamu npousBoaMIack annpokcuManus QyHKUui sin(xw/2) v cos(xn/2) na orpeske [0,1].

Ha puc. 2 moka3aHbl THITHYHBIE 3aBICHMOCTH aOCOIOTHBIX MTOTPENTHOCTEH, OTYyJaIOIHecs IPY Pa3IunIHbIX
crocobax mpuobmmkeHna. Kak BUIHO MOTPEITHOCTh HHTEPIIOISINN M Pa3IoKESHUS 10 MHOTOWICHaM YeObImeBa nMeeT
BHJI KPUBOM, KoJeOmomeiics Bo3iie Hyis. IlorpemHocTs pasnoxeHus Teimopa Maiga BO3JIe TOYKH Pas3lOKEHUS U
YBEIMUYUBAETCS TO Mepe ynaieHus oT Hee. Ha rpaduxe (puc.3) B morapudmmueckoM Maciirtabe TpuBeIeHA
3aBUCHMOCTh MaKCHMaJIbHOW aOCOJIOTHOM MOTPENIHOCTH OT CTENeHH MHOrowwieHa. [I0cKkonbKy cTerneHb MHOTOWIeHA
paBHa KoymuecTBY ucnonbdyeMbix LIAIL, To 3TOT rpaduk HaIISHO WUTIOCTPUPYET, YTO NPUMEHEHHE HHTEPITOISIIIUK
U pa3NoKeHWs MO MHorowieHam YeOblnieBa MO3BOJSET YMEHBIINTh MX KOJMYECTBO NPU COXPAHEHHH TOYHOCTH
BOCITPOM3BEICHUSL.
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Puc.3. Fpa(l)I/IKI/I 3aBUCHUMOCTH norapn(bMa a0COIIOTHOM MOTPECIIHOCTH OT CTCIICHU MHOI'OYJICHA
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TO THE QUESTION OF CONSTRUCTION OF FUNCTIONAL DIGITAL-TO-ANALOG CONVERTERS
Hakimov R.A.,Maksutov A.D., Kolovertnov G.J., Sapelnikov V.M.

Department of Physical Electronics, Bashkir State University, 32 Frunze street, Ufa 450074, Russia,
E-mail VSapelnikov@bsu.bashedu.ru

Abstract. In work methods of reduction of errors and hardware expenses are considered at creation of functional digital-to-analog
converters. In a basis of these methods application of such ways of approximation, as decomposition on members of Chebyshev and interpolation
lays. It is shown, that thus there is a significant decrease of errors in comparison with use of decomposition in line of Tejlor.

Elementary functions play the big role at designing devices for transformation of signals to informatsionno-
measuring engineering, a radio engineering, instrument making and analog computer facilities. However reproduction
of nonlinear functional dependences is connected to the certain difficulties as digital-to-analog converters (DAC) have
a straight-line characteristic of transformation. In this connection elementary function f (x) approximate a polynomial
which values are close to values of elementary function on some piece [a, b]. And though the polynomial also is
elementary function its realization represents more simple problem [1].

That the error from approximation was minimal, in appropriate way it is necessary to pick up factors at
degrees of a polynomial.

In the report three methods are considered. The most widespread method of approximation of function f (x) -
its decomposition in line of Tejlor. Decomposition of elementary functions in line of Tejlor are given in many
mathematical directories for engineers. Decomposition of function in line of Tejlor is not the only thing.

There is an opportunity to spread out function in a line on the generalized polynomials, for example, on
polynomials of Chebyshev which according to the theory give the best approximation. Also it is necessary to note,
that decomposition of function f (x) on polynomials of Chebyshev is possible only for functions having a continuous
first derivative on a piece [-1, 1]. This condition provides convergence of lines to function f (x). For the majority of
elementary functions this condition is carried out.
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Pic. 1. The circuit of the functional Pic. 2. Diagrams of dependence of the logarithm
digital-to-analog converter of an absolute error from a degree of a polynomial
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The following method is based on the theory of interpolation. In this case build a polynomial, which in n+1
the given points X, X; ... X,, accepts values f(xg), f(X;)... f(X,), and in other points of a piece [a, b], belonging to a range
of definition f(x), approximately represents function f(x) to some accuracy.

Reproduction of polynomial Pn(x)=da, +a,x +a,x’+...+a, x"it is feasible in cascade connected DAC

(Pic. 1). Factors of the polynomial sold under this circuit, have the following marks: a0>0, al>0, a2>0, a3<0, a4>0,
a5>0. If factors have other marks the circuit undergoes only minor alterations. In quality DAC, represented on the
circuit, apply multiplings DAC with a two-polar basic voltage. The target voltage such DAC is determined under the
formula:

Ry N

R Nmax
Where N - the current digital code which changes in limits from O up to Nmax1; Nmax = 2b, b - word length
DAC; R - resistance of a resistive matrix; RN - resistance of the resistor in a circuit of feedback OPA DAC; - a basic

U=-U

N
voltage. The attitude A = ? name scale factor or a scale multiplier.

In the circuit given on fig. 1, at submission on digital inputs DAC of code N on an output of the converter the
voltage equal is formed:

R R N R N Y R N Y
U(ibt)C:-UOn T _A +— _A +..—— —A

RO Rl N"‘ILIX Rz Nmax RS N"‘ILIX
N R
If to designate X = A—, ‘ ai‘ = —, last equation will become:
Nmax Ri
U6b1x= - an(a() —apx + (12X2— a3x3 + a4—x4 - a5x5) ~ 'Uonf(-x)'

So receive, that a target voltage of proportionally approximated function f(x). From the aforesaid follows,
that for reproduction of polynomial Pn(x) degree n it is necessary n in cascade included DAC. Factors of a polynomial
are realized by selection of resistors R, Ry, R;... Rk, and marks composed it is established by means of the inverter.

Let's apply the methods described above for approximation widely widespread in a radio engineering and
informational-measuring engineering of functions sin(x) u cos(x). An error we shall determine finding the maximal

value of size of ‘ f(x)— P (x )‘ through small intervals (the interval is equal our case 0,001). In connection with

feature of reproduction of polynomial Pn(x) in cascade included DAC made approximation of functions sin(x/2) and
cos(x/2) on a piece [0,1].

On the diagram (pic. 2) in logarithmic scale dependence of the maximal absolute error on a degree of a
polynomial is given. As the degree of a polynomial is equal to amount used DAC this diagram evidently illustrates,
that application of interpolation and decomposition on polynomials of Chebyshev allows to reduce their amount at
preservation of accuracy of reproduction of function.
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