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MHor~e Ben~4~H~, ~3MepReM~e B 3KCnep~MeHTe, RBnR~TCR aHan~

T~4eCK~M~ ~YHK~~RM~ HeKOTOpMX nepeMeHH~X. H3MepeH~R npoBoARTCR 
B KOHe4HOM 4~Cne T04eK, np~4eM C HeKOTOpOH nOrpeWHOCTb~. 4T06~ 

HaHT~ 3Ha4eH~R ~YHK~~~ B T04KaX,He cOBnaAa~~~X C ~3MepeH~RM~, 

Heo6xOA~MO peW~Tb 3aAa4Y ee ~HTepnonR~~H, a 4T06~ CHH3~Tb ypo
BeHb 3KcnepHMeHTanbH~X WYMOB - 3aAa4Y crna*HBaHHR AaHH~X • 

B HaCTOR~eH pa60Te npeAnaraeTCR nporpaMMa TSMAP AnR rnaAKOH 
annpOKCHMa~HH ~YHK~H~ Tpex nepeMeHH~X. ~cnonb30BaH MeTOA, npeA
rio~eHH~H B /1/ • 3TOT MeTOA pewaeT 3aAa4Y HHTepnonR~HH H crna*H
BaHHR Ha OCHOBe B~6opa caMOH rnaAKOH aHanHTH4eCKOH ~YHK~H~, 

annpOKcHMHPy~~eH 3Kcnep~MeHTanbH~e AaHH~e. nporpaMMa TSMAP AaeT 
B03MO~HOCTb npOH3BOAHTb HHTepnonR~H~ H crna*HBaH~e AeHCTBHTenb
HOH ~YHK~HH Tpex nepeMeHH~X, 3aAaHHOH B N T04Kax B HepaBHOMep
HOH ceTH B HeKOTopOH 06naCTH G < R8 H npH6nH~eHHO HaxoAHTb ee 
npOH3BOAH~e. OHa Han~caHa Ha R3~Ke FORTRAN AnR 3BM cepH~ IBM ~ 

EC c ABOHHOH T04HOCTb~. 

1.nOCTAHOBKA 3A,llA4H ~ KPATKOE On~CAHHE METOM 
<\' 

1.1. ~HTepnonR~HR 

PaCCMOTpHM AnR npOCTOT~ oAHoMepH~H cnY4aH. Bce pe3ynbTaT~ 

MO*HO HenocpeACTBeHHO o606~HTb AnR npOCTpaHCTBa ABYX Hn~ 60nee 
H3MepeHHH. 

3aAa4Y HHTepnonR~HH c~opMynHPyeM cneAY~HM o6pa30M: 
~3BecTH~ 3Ha4eH~R ~YHK~~H F (x) B T04Kax x 1, x 2',••• x N Ha OT

peaxe [a, b] '. Tpeôyerca HaHTH 3Ha4eHHR ~YHK~~~ B T04Kax x " x J , 
j :: 1, 2•••• N • B õonee o6~eM cnY4ae" HaAo HaHTH H 3Ha4eH~R npo
~3BOAH~X F(n)(x) • npeAno*eHH~H MeToA COCTOHT B TOM, 4TO annpOK
CHMHPy~aR ~YHK~HR B~6HpaeTCR KaK caMaR rnaAKaR, npoXOAR~aR 4e
pe3 Bce 3aAaHH~e T04K~" 4T06~ 3To CAenaTb, BBOART KpHTepH~ rnaA
KOCTH cneAY~~~M 06pa30M. nYCTb aHan~TH4eCKaR $YHK~HR F(x) onpe
AeneHa Ha OTpe3Ke [a. bl , r ax 4TO I F(x)1 <00 ; IF(n)(x)1 < 00 , 
x G [a, b] • MO~HO CKOHCTPYHpOBaTb Mepy I (F), B KOTOPY~ BKn~4eHbl 

ece npoaaaoaaue F(n) (x) : 

coe b 

I(F) - I IBnl f IF(n)(x)1 
2dx. 

/1/
n = o a 

~ Tpe6oBaTb, 4T06~ 

Ota1.eãlideUHwl mtCmyr, 
ue~fdX uecJreJ10fW1d 
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/2/I( F) = mino 
3KcnOHeH~lIIaIlbHO c pOCTOM N. TaKaR rpaHIII~a cYI1\eCT8yeT 11I AIlR 

K03<l><l>1II1..11.1eHTbl Bn sbl6111paloT TaKIIIM oõpaaoa , 4T06bl PRA /1/ õun cxo npOIllSBOAI;bIX: 
ARI1\IIIMCR. 2 /10/TorAa 3aAa4Y IIIHTepn0I1R~1II111 MO*HO c<l>oPMYIllllpoBaTb TaK: It(x)1 s I(F)7](x). 

•
2a/ nOCTpOIllTb PRA Z (x ) = ~ A k <1> k(x) , r axoa , 4TO
 

k = 1
 It(n) (x)1 = IZ<n)(x) - F<n)(x)1 s I(F)"'ln(x). /11/ 

6/ I( Z) ::: mino D 2n
 
BI Z(xj) = F(x J ) . j = 1.2•••• N.
 Kor.qa Bn ::; --11I <l>YHK~IIIR aanaua B N paBHOYAaIleHHblX T04Kax,

rAe <1>k(x) - nOIlHáR CIIICTeMa IlIIIHe~Ho-He3aBlllcIIIM~X <l>YHK~III~. YAo6HO (a n ) f 
Bbl6111paTb <1> k(x) 0pToroHaIlbHbIMIII: 

"I '" sín 2(N x ) O(1) exp ( - (ND /2) 21a ). /12/
/3/I(<1>k,<1>e) = 8 kf I( <1> k ) ' 

"In (N/2 + 1)2n O(1)exp(-(ND/2)2Ia i. /13/lOSrAe 

o b 3TOT MeTOA MO*HO HenocpeACTBeHHO o606~V1Tb AIlR <l>YHK4111111 MHO

I(f.h) = ~ \Bnl f f<n)* (x)f(n) (xj dx , /4/
 rlllx nepeMeHH~X. B CIlY4ae Tpex nepeMeHHwx HopMa I(F) 6YAeT IIIMeTb 

n::; o a BIIIA 

I (f. f) = I (f) • /5/ n
1+n2+n 3

'I(F)::: ~ IB IO(dvI O a __ .F(Xl'X . x )12 /14/n n n ° n n ng 
o 

2 3 
n n n - o 1 2 3 G ax 2 aX.1a x 1 2 3 1 2 aMO*HO AOKa3aTb, 4TO 3Ta saAa4a IIIMeeT OAHO 11I TOIlbKO OAHO peweHllle: 

B 11130TponHOM npOCTpaHC1Be: 

(n 1 + n 2 + n 3 ) N 
/6/ B ,.. - B •Z(x) = ~ ÀjR(x.xj). 

n l n t n , ! n 1+n2+n S /15/n1n2n SJ::; 1 1 2 a
 
rAe
 

Bce npeA~AY~lIIe paCCY~AeHIIIR ocTa~TCR B CIIIIle 11I B TpexMepHOM CIlY
4ae. PeWeHHe SaAa4111 6YAeT IIIMeTb BIIIA 

/7/ N~(x, y) = ~ <1>k (x)<1>k* (y)!I(<1>k) , 
.. ° .... j.. "j j J j

k = 1 Z(x) ,.. ~ '\'j R(x. x i. x,.. (X ) ; x = (x . x • x ) . /16/
1.X 2.X g 1 2 3

j ::a 1a KOHCTaHTW À j onpeAeIlR~TcR KaK peweHIIIR IlIIIHe~Ho~ clIICTeMW ypaB

rne


HeHIIIR: 
00.. .. .... ... 

R(x.y) • I 'eJl (x)eJl*(y)/I<t1>k)' Y - (Yl' Y2' Y3)' /1"7/N e f /8/ k-l k kZ (x 
e) ~ ÀJR(X ,x F(x ). f 1. 2•••• N.
 

j = 1
 a KOHCTaHT~ '\'j onpeAeIlR~TCR KaK peweHIIIA nIllHe~HO~ CIIICTeMW ypaB-
AIlR I(Z) nonY4aeM HeHIIIR: 

N .. f N 
.. f .. J ..e
 

I(Z) = ~ ÀeÀtR(xj.X ) .
 
f Z(x ) ~ '\'j R(x .x ) F (x i. e 1.2 ..... N.19/ , /18/j = 1e.J= 1 

-MO}KHO noxasar s , 4TO oWVi6Ka I t( x) \ 2;lt I Z(x) - F (x) 1
2 

orpaHlII4e i,l}
 
Ha csepxy. 3Ta rpaHIII4a y6blBaeT c pOCTOM N 11I RBIlRercR npolllsBeAe
 1.2. CrIla~IIIBaHllle
 
HllleM ABYX MHo)t{IIITene~. OAIIIH 11I3 HIIIX - I (F). a APyro~, ü, saSIllCIIIT
 

-+j . "J j J JTOIlbKO OT 3Ha4eHIII~ xl Vi orpaHV14eH csepxy senIll4I11Ho~, y6~sa~l1\e~ 3Ha4eHIIIR F (x ). J = 1. 2 ••••• N; x = (x l' X2' x 3) 1113MepR~TCR c 
HeKOTOpo~ norpewHOCTbID. KorAa <l>YHK~IIIR, onV1cwBaID~aR 1113Y4aeMw~ 

2 3 



np04ecc, RBnReTCR r~aAKOH, TO eCTeCTBeHHO CAenaTb nOn~TKY crna
A~Tb 3KCnepHMeHTanbH~e AaMH~e ~ TeM caMWM CHH3HTb YPOBeHb WYMOB 
~ ~3Bne4b 60nbwe ~H~opMa4HH. npH 3TOM HaAo'n03a6oTHTbCR O TOM, 
4T06bl ~YHK4HR 6blna rnaAKOH BO BceH 06I1aCTH G H He HMena pe3KHX 
OC4HnnR4HH B npOMe~YTKax MemAY coceAHHMH H3MepeHHRMH. ~. 

3aAa4a crna*HBaH~R COCTOHT B HaxomAeHHH TaKOH ~YHK4HH Z(x), 
KOTopaR AonmHa npoxOA~Tb B6nH3H KamAOH 3aAaHHOH T04KH H B TO me 
BpeMR AonmHa 6blTb KaK MomHO õonee rnaAI<OH. 3TH npo'raaortonoxaue 
ycnoBHR cneAyeT 06õeAHHHTb B 0AHO: 

N ~ ...j)\ 2 
I I Z(x

j) 
- F(x <Üj + <ü I(F) "" mín, /19/j = 1 o 

~ . j j j' . "'J ' rAe x J = iX1 ' x2 .xg). J = 1, 2, •••• N;F(x)- 3KcnepHMeHTanbHble AaH-
Hble, a Z(x) - HCKOMaR ~YHK4HR. 

PewêHHe 3TOH np06neM~: 

N 
~ ~ ~j 

Z(x) = I ÀjR(x.x ), /20/j .... 1 

rAe R(x,i j ) onpeAenReTCR H3 /17i, a KOHCTaHTbl À j H3 ycnoBHH 

N .. f ... j fj ~f
 
I Àj [l~(x ,x ) + <Ü o 8 /<üj]'" F(x). f ... 1,.~ •• N. /21/


j = 1 

CYl4eCTByeT HeKoTopblH npOH3BO.n B saõope <Üj , r = 1, ... ,N H <ü o • 
06b14HO B~16HpaIOT <Üj = I~Fj r:-2 , ...<üo - napaaerp cr.namHsaHHR. EcnH 3Ha
4eHHe <ü o 04eHb Mano, TO B Z (.x) MorYT nOR8HTbCR OC4HnnR[4HH H3-3a 
3KcnepHMeHTanbHoro WYMa B F(x) , a ec~r <ü o cnHWKOM BenH~f' no
nY4aeTçR 04eHb rnaAKoe peweHHe, HO Z(x )YAa.nRIOTcR OT F(x ) • 
EcnH HeT AononHHTenbHoH ~H~opMa4HH, <ü o onpeAenReTCR H3 ycnosHR 

N1 ~j ~j 2 
-:-- I IZ(x ) - F(x)\ ." 1
N j='1
 

2. npOrPAMMHA~ PEAnH3AUH~ AnrOPHTMA 

B nporpaMMe TSMAP peanH30BaH MeTOA rIlaAKoH. annpOKCHMa4HM AnR 
~YHK4HH Tpex nepeaeaaux. npH 3TOM nonH~H Ha60p opror-oaans aux 
~YHK4~11 <l>kk k 3aAaeTCR KaK <l>kk k (i) = exp[i(k1x1+k2x2+k3Xg)]= 

~... 1~2 3 1 2 3' , , 
=exp(ik.x), k = ) ; = O, ±1,±2••••(k 1,k2,k3 

k1,k 2,k 3 

D 20 
K03~~~4~eHTbI Bn Bbl6paHbl cneAYIOl4HM 06pa30M: Bn = -nr-; n 

n 1 + fi 2 + ° 3 , TorAa AIlR R nonyvaex 

-+ ~	 1 r 2 
R(x. y) ... ~- exp[- -J; =: li - YI, /22/81TD a 4D 2 

a peweHHe AaeTCR BblpameHHeM 

~ N -+-+j 
Z (x) ... -I Àj R(x, x ). /23/

j ". 1 

'~ rne À j • j ... 1, •••• N onpeAenRIOTCR H3 
Nlfl

~f -+j fj 2 -+fI,. I Àj[R(x ,x) + <Üoô I~Fjl] = F'(x"}, f = 1••••• N. /24/ 
j = 1 

TSMAP peanH30saHa KaK nOAnporpaMMa-~YHK4HR. 

06pal4eHHe:
 
w TSMAP(WX, WY, WZ, KX, KY, KZ),
 
w - 3Ha~eHHe annpoKcHMHPYIOl4eH ~YHK4HH (REAL*8)
 

KX+ KY+ KZ aw ... 
K.~ K'Y KZ 

aX1 ax 2 <J x3 

WX, WY, wz - REAL*8,
 
KX, KY, KZ - INTEGER.
 

He06xoAHMaR HH~opMa4HR 3aAaeTCR nonb30BaTeneM B COMMON 6no
Kax. /Pa3Mep COMMON 6nOKOB T0me 3aAaeTCR nonb30BaTeneM/: 
COMMON/FEXP/F(N)/XEXP/X(N)/YE'XP/Y(N)/ZEXP/Z(N) 
/OM/OM(N)/DU/OMO, D/N/N, IC, 
rAe F(N) - MaCCHB 3Ha4eHHH aaAaHHm1 ~YHK4HH (REAL*8). 
X(N), Y(N), ZeN) - MaCCHBbI 3Ha4eHHl1 KooPAHHaT Tex T04eK, B KO
TOpblX 3aAaHa ~YHK[4HR F(REAL*8); 
OM(N) - MaCCHB 3Ha4eHHH. KBaApaTOB 3Kcnep~~1eH,.anbHbIX OWH60K 
(REAL*8); . 
OMO - napaMeTp crnam~BaHHR (REAL*8); 

- OMO = o - HHTepnonR4HR;
 
- OMO > o - crnamHBaHHe, OMO - 3Ha4eHHe napaMeTpa crnamHsaHHR;
 
- OMO < o - crnamHBaHHe, napasserp crIlamHBaHHR Bb16~paeTCR
 

1 
aBTOMaTH4eCKH nperpaMMOI1;
 

D - B~6HpaeTCR nporpaMMOH;
 
N -.4Hcno T04eK, B KOTOpblX 3aAaHa ~YHK4~R;
 

IC - B nepBOM 06pal4eHHH K TSMAP npH 3aAaHHOM Ha60pe AaHH~X nonb
(~J 30BaTenb AonmeH nonomHTb IC = 1 (INTEGER). .	 npHMep:
 

IC = 1
 
DO 1 I = 1, M
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W(I) = TSMAP(ZI (I), Z2(I), Z3(I), KX, KY, KZ) TaÕJ1l1~a 1 

CONTINUE 
Ilons aos ar ens nonxeu aan aaar s TaK}I(e paaaepu cIle,qYlouV1X COMMON 

6IlOKOS: • N M DM(Z) max 1 Zi - Fi I 

COMMON/XX/XX(N)/YY/YY(N)/ZZ/ZZ(N)/BB/B(N) 
/PIVOT/PIVOT(N)/HA/HA(N, 11)/AA/A(NN)/RNR/RNR(NN) 
/SNR/SNR(NN) , 
rAe XX, YY, ZZ, B, PIVOT, A(REAL*8) ~ HA, RNR, SNR, 
(INTEGER*2) - paõo-ure Macc~Bbl, a 

2 
NN; fi- < NN < N 2 • 

!I 
J
(' 

27 

64 

125 

216 

125 

343 

729 

1331 

0,674 10-1 

0,524 10- 1 

0,267 10-1 

0,840 10-2 

0,366 

0,364 

0,281 

0,174 

i :: 1, M 

3. npl-1MEPbl np~MEHEHH}1 H PE3ynb TATbl 4HCnEHHblX PAC4ETOB 

3.1. B Ka4eCTBe np~Mepa paCCMOTp~M $YHKU~~ Tpex nepeMeHH~X: 
TaÕJIH~a 2 

... 1F (x) = _ , 
2 2 2

xl + x2 + (x 3 + 1) N M 'D M(Z) max I Z f - Fi I 
.... 1 .... 2 .... N .... j 1 1 j

sa,qaHHY~ B N T04Kax x , x " •• x ; x =: (xl' x 2 ' x 3) , pacnonoxe a-
f = 1, M 

HblX B vsnax npflMoyroIlbHoí:1 ce ru B o6IlaCT~ xi
1 

G [O, 5] ; x ~E [Ot. 5]; 
xl 

s E- [O, 5] 27 125 0,578 10- 1 
0,294 

3.1.1. I-1HTepnOIlflU~f1 
64 343 0,303 10-1 

10-1 
.0,237 

HHTepnoIl~py~~afl $YHKU~f1 B~4~CIlReTCfI B Me}l(Y3eIlbH~X T04Kax zl, 
125 

216 

729 

1331 

0,110 

0,100 10-1 
0,210 

j :: 1, ••• , M.. B Ka4eCTBe OUeHK~ norpeuraoc ra ~HTepnoIlfl4~~ ~cnOIlb
0,195 

ayercn t MaKCI-1MaIlbHOe 'OTKIlOHeH~e Z OT F: 

.... f ... f
Zf = Z ( z ), Ff :a: F (z ), 

• M ,II Z - F 1I C ... f max IZf - Ff [: 
::lO 1,M 3aTeM BbI4~CIlfleM ,annpoKc~MIo1PYIOU\Y~ <tJYHK

.... 
UIo1~ Z B T04Kax Z 

~ cpeAHee KBaApaT~4Hoe OTKIlOHeH~e: 
1, •• ., M /BKIl~4a~Il4~X 

H~e Me}l(y

KaK 
T04KH/.seIlbH~e 

sa,qaHH~e T04K~ 
PesYIlbTaT~ B~4~cI

xl , TaK ~ 
leHHí:1 nOKasaH~ 

1 M ,2 Yz 
DM (Z) ... [M I (Z f .- Fi ) ] ; 

f ... 1 3.2. PeweH~e peaIlbH~X <tJ~S~4ecK~x sa,qa4 

Pe3YIlbTaT~ B~4~cIleH~í:1 np~ paSIl~4H~X N nOKa3aH~ B Ta6Il.l. 
B~AHO, 4~O T04HOCTb I-1HTepnoIlfl4~~ B03paCTaeT c pOCTOM N. nporpaMMa TSMAP 

IleH~f1 3Hep

Horo 

~cn

ropacnpe,qeIleH

OIlbSOBaIlaCb np~ pe

~f1 B aKT~BHoí:1 soHe 
weH~~ sa,qa4~ 

3HepreT~4ecKoro 

3. 1.2. CrIla}l(~BaH~e 

peaK
C~OHH~X ,q

Topa no nOKaS
eTeKTopOB, c 

aH~f1M <tJ~Kc~pOBaHH

Y4eTOM 3Kcnep~MeHTa
oro 4~CIla 

IlbH~X OW~60K. 

(Í)o, 

8QO 

1120 

1600 

2240 

f 
, f:z 

nononaa r ens> 
B Ta6Il.2. 

BOCCTaHOB
R,qep

Heí:1TpoHHO-3M~C

AIlrop~TM 

YCT0í:14~B, AaeT Heo6xo,q~MY~ T04HOCTb ~ pa60TaeT AOCTaT04HO 6bICTPO, 
oH-Ilaí:1HB~AaBafl ~H<tJopMaL.t~~ o COCTORH~~ 30H~. 

B 3TOM CIlY4ae c nOMO~b~ reHepaTop~ cIlY4aí:1H~x 4~ceIl B SHa4eH~f1 "
C!JYHKL.tItWl F BHOC~M ~CKYCCTBeHHO cIlY4aí:1Hble OW~6KIo1 81, pecnpenenea :li~ 3Al<nI04EHHEHb2e no rayccy, co cpeAHeKBaApaT~4Hb1M OTKIlOHeH~eM C1 =0,001/ .1 %/ . 

exp . . 4~CIleHH~e 3KcnepHMeHT~ c MOAeIlbH~MH C\JYHKU~AM~ c ~CKYCCTBeHHO
Fj -to F j :: Fi + 8 J = 1, ••• , N. 

BHeceHH~MH CIlY4a~H~M~ oWH6KaMH, a TaKme ~cnonb30BaH~e nporpaMM~1; 

6' '7 
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npH peWeHHH peanbHOH ~H3H4eCKOH 3aA84H nOKa3~BaeT, 4TO anropHTM 
rnaAKOH annpOKCHMa~HH AaHH~X pa60Taer 6~CTPO H HaAe*HO. OH AaeT 
B~COKyQ T04HOCTb npH HHTepnonR~HH H CHH*aeT ypoaeHb 3KcnepHMeH
TanbH~X WYMOB npH crna*HBaHHH, no cpaBHeHHQ C nonHHOMHanbHcH 
annpOKcHMa~HeH nOKa3WBaeT 60nee xopOWHe pe3ynbTaT~, TaK KaK He 
AonycKaeT B03HHKHoBeHHA peSKHx OC~HnnA~HH Me*AY ABYMR coceAHHMH 
H3MepeHHRMH. PaccMOTpeHH~H anropHTM HaAAeT WHpOKoe npHMeHeHHe 
BO MHorHX oPnacTAX ~H3HKH H TeXHHKH, TaM, rAe 3KcnepHMeHTanbH~e 
AaHH~e onHC~BaQTCA aHanHTH4eCKHMH ~YHK~HAMH. 

~ 

'.;JlHTEPATYPA 
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KyneaOBa T.R. P5-86-505 
nporpaHNa rn8AltoA amIPOIC~ 
cWalCIUm Tpex nepeMellBYX 

np~ozea nalCeT nporp8MM aa BSWlCe ~opTpaa ~B BBTepnons
IQIH H crn8l!lH88.HH8 !It}'lPtIQIH TpeX nepeMeHBWX. HenOOI>SOB8H NeTOA 
rnaAlCoA annpolCCHN8IQIH, ocaoBaBHWA aa BW~ope CaNoA. rn8AICoA 
aaaJIHTH'leCICOA tyaJCItRH, annpolCCHNHp~ ~. 'iHcneaHWe 
SICCUepHNeHTW nOlCaSWBamT, qTO nOJIyqaeTCB oqea~ xopomee npH~
z~e He T~ICO ~B tyaJaum, HO H ~B ee npoHSBOAHWX. 

PaGOTa .wnonaeaa B naGopaToPHH BwqacnaT~l>aoA TeXHKKH 
H aBTOMaTHS~ OHBH. 

Cool5lJlelnre ~oro ac'lU)'D ~ JIICCJJeAO...... Jly&ra 1986 

llepeBOA aBTOpa. 

Kupenova T.N. P5-86-505 
Subroutines for s.ooth Approximation 
of Three Dimensional FUnctions 

A set of Fortran aubroutines for data interpolation and 
smoothing in three dimensional isotropic space is proposed. 
Tbe method of approximation is based on selecting the smoo
thest analytical function approximating the data points.lU
merical experiments show that tbe algorithm is computationally 
efficient and gives 'a very fit to the data and can aleo be ap
plied to the calculation of numerical derivatives of data 
pointe. 

The investigation has been performed at the Laboratory 
of CCllDpUting Techniques and AutClB8tion, JIB. 
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