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ONTUMAJIbHE YUCEJIbHE IHTEITPYBAHHS

Beryn. Yn aktyanpHa 3a3HadeHa TemaTtnka? besymMoBHO
tak! Yomy? Ilo-niepie, 1ie oHa i3 OCHOBHHX 33134 004u-
CITIOBAJILHOT MaTeMaTHKH, 1 Tpeda po3poOIIsITH HOBI edek-
TUBHI (B TOMY YHMCIIi ONITUMAaJIbHI) METOIH i1 pO3B A3aHHS.
[To-npyre, mmpoKe KOJIO 3aCTOCYBaHb: 3a7adi MaTeMaTu-
4yHO1 (i3MKH, KOMIT I0TEepHE MOJCIIOBAHHS, 33a4i Mexa-
HIKH, Qi3UKH, ITUGPOBOi 0OPOOKH CUTHAIIB 1 T. 1.

Un moTpiOHI ONTHMalbHI 3a TOUYHICTIO KBaapaTypHi
tdhopmynmu? Tak. Born moTpiGHi 11 po3B’ si3aHHS BUCOKO-
TOYHUX 3a7a4 Ta 00YKMCICHHS IHTErpaliB 3 33JaHOK0 TOY-
HICTIO, a I1e — JIOCUTH BEJIUKE KOJIO 3aCTOCYBaHb.

HoBwu3Ha 1i€i po0OTH mosirae y ToMy, 1o B Hiil po3r-
TSAIAFOTHCS OUTBIN By3bKi (IHTEPIIONALINHI) KIacu (HyHK-
Uif, IO JO03BOJSE TOKPAIIUTH TOTEHIIHHY CIIPOMOXK-
HICTh YHCENbHUX MeToAiB. i moOymoBaHMX KBaapaTyp-
HUX (OpMYJT HABOAATHCS KOHCTPYKTHBHI OLIHKHM iX TTOB-
HOI MOXWOKH, SIKi JAaf0Th TapaHTiI0 SKOCTI HAOIMKEHOTO
O3B’ sI3Ky 3a/1adi.

HaBomsaTecs pesepBu onTuMizarii 004HUCICHb Ta MPUK-
naan. 30KpeMa, po3rIAIaeThes 3aada ONTUMAIBHOTO 1H-
TerpyBaHHs (QYHKITIH.

1. ITocranoBka 3axaui. [loTpiOHO OOUMCIUTH iHTET-
pan

R(F)=[ f(X)g(X)dX (1)
Q

o JIeAKi cTaHmapTHIH oOjacti (2, HanpuKIaj,
Q=m,: -1<x <1, i=1,_n, X =(X,.s Xy) , TPHUOMY
Bimomuii kmac ¢yukuin F, f(X)eF, g(X) — nmesxa
¢ikcoBana ¢yHKLIA 1 € MOXIMBICTE oOuncioBatd N

3HaueHb Qynkuionanis Ly (f),..., Ly(f),ne L, (f)eL,

v=1L N, L - 3amana MHOKXWHa (yHKIiOHATiB. Xapak-
TEPHUMH TpPUKIAJAMH TakuX 3HaueHb (YHKIIOHAJIB
MOXXYTh OyTH 3HaueHHS (QyHKIINA Ta ii MOXiMHUX y PSIi
TOYOK, Ha JIiHI1, 200 Ha IJIONIHMHI, KOCPIIIEHTH PO3KIIALY
(hyHKIIH y psaau 3a JaHUMU cHCTeMaMu 0a3uCHUX (PYHK-
it [1] Torto.

Po3risiHeMo nacuBHY YMCTY MiHIMAaKCHY CTpaTerilo.

ITo3Hauumo sk

R(f,{Lv(f)}F)=M({'—v(f)}F)
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pe3yabTaT 3aCTOCYBaHHs ACIKOTO MeToay M 10 BXigHMX HaHHX 3afadi. AOCOMIOTHOIO MOXUOKOIO MacH-
BHOro Metony M Ha knaci ¢pyHkmii F Ha3uBalOTh BETUUHHY

V(FAL (D) M):?ug R(1)-R(FAL(D) )‘

Hexait

N . N
V(FL(O})=infv (F{L (D) M),
Jie HIDKHA TPpaHb OepeThes 3a BCiMa METOAaMH, SKi BUKOPHCTOBYIOTH iH(popMariro npo knac F 1 Bektopu

{Lv(f)}lN . SIkmo icrye MeTox M°, mns sxoro
V(AL )=V (FAL ) me),
RO(F{L(OR' )=me (D),

TO BiH 3BEThCS HAMKPAITUM 32 TOYHICTIO TACHBHUM METOJIOM a0 MACUBHOIO CTPATETIEI0 IHTETpyBaHHS Ha
. . . N
knaci F, abo onTuManbHuM IpH 3a1aHnX 3HaveHHsX Gynkuionanis { L, ( f )}1 :
0
Meron M, , mis sikoro

V(L) ,Mg)sv(F,{Lv(f)}lN)Jrn, n>0,

HA3UBAIOTh HAHKpAaIIMM 32 TOYHICTIO 3 TOYHICTIO JI0 1) . Byaemo npumyckatu (3a3Buuaii e BAKOHY€ETHCA),
. N
mo lim V(F,{Lv(f)}l )zo_
N—o0
N .
Skmo n= O[V (F : {LV( f )}1 )} , TO METOI Mg 3BE€ThCS ACHMIITOTHYHO HANKpAIIUM, SKIIO

n= O[V (F ,{LV( f )};l )J , TO — HAKpaIuM 3a TOPSIKOM TOYHOCTI. AHAJIOTIYHI BU3HAUEHHS MAIOTh MicCIIe
JUTSL BUMAJIKA, KOJIM HIDKHS IpaHb OepeThes 3a yciMa METOJJaMH 3 JIOMYCTUMOT MHOXHHU M :
N . N
V(F LD} M= inf V(F (LD} ™).
MeM
Hexaii 1ie

V(F,L)= inf  V|FJL (f N .
(F.L) {LV(Ifr)]}FcL ( {L(Oh )
SIKIIO ICHYIOTh {Lf,(f)}lN i M™, s sxux

Vy (F,L):V(F,{Li(f)}lN M)

R ) -y,

To MeTonm M™ 3BeThCS ONTHMAIFHIM 32 TOYHICTIO MACHBHUM METOIOM inTerpyBanns mist kinacie F, L.

N
Meron, miua sikoro V (F , { L’; }1 , M;j <Vy (F , L) +m, N>0, 3BeThCsI ONTUMAIBHUM 32 TOYHICTIO

3 TOYHICTIO JIO ™).
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Sikmo m=0[Vy (F,L)], O[Vy(F,L)], To MeTox M, 3BeThCs BiANOBiIHO aCHMIITOTHYHO ONTH-

MaJIEHUM, OTITUMATIBHUM 32 MTOPSIAKOM.
[cHYIOTH TaKOX TIOCTIAOBHI YMCTI MiHIMaKCHI CTpaTeTii, 3MillIaHi MOCiTIOBHO-ONITUMANIBbHI CTpaTerii,
0aifecOBCHKI CTpaTeTii po3B sI3aHHsI 3a/1a4 32 YMOB HEBU3HAYEHOCTI ampiopHoi iHpopmarrii.
Sk mpuKITaay 3a/1a9 y paMKax HaBEJCHOT MOCTAHOBKH PO3TIITHEMO 3a/1a4i 00YHCIICHHS IePETBOPEHHS
@yp'e Big QpiHITHEX QYHKIINA, BEHBIET-TIEpETBOPEHHS, TEPeTBOPEHHS becces.
Jnst moOynoBr onTHMaIbHUX KBaAPATYPHUX 1 KyOaTypHUX (OPMYIT Ta OIIHOK iX MOXMOKHU Ha Ki1acax
(hyHKIIi1 BAKOPUCTOBYIOTBCSI:
— 7S KJAciB MmigiHTerpanbHuX QyHKIIA F — MeTon «kamemroxiBy [2];
— s knacie Ry, Fy . —Merox rpannunux QyHkuii [3], skuil po3risHEMO OiIbII I€TATBHO.

_ N . o .
VYV Bumanky (ikCOBaHMX 3HAYCHb {Lv(f)}l OTPUMYEMO IHTEPHOJAIIHHI KiTack (yHKILiH

Fun EF({LV( f)}i\l ) BCix (yHKUii 3 F i3 3agaHMMH 3HAuUCHHAMH | Lv(f)}lN . Y 1poMy BHIAJAKY

VN(F,{LV(f)}F)zvN(FN) i RO(f, {Lv(f)} )=R*(f, {Lv(f)} )=Ry . Y Bumajxy, Koiu 3HaYeHHS

{Lv(f)}lN HabmmkeHi i (ikcoBaHi, <g,, v=1 N, oTpuMaeMo BiAmOBiAHO Kiac Fnoe-
yI_ILOMyBI/IHaL[KyVN(FN"S):VN’S(F,{L\,(f)}l ) Vy . 1 RO(FL{L, (f)} )=R(f, {Lv(f)} )=RN -
[Toznaunmo
Ry = sup R(f), Rggz |nf R(f).
Y fEFN,s ' feR N, e
Tomi
. _Ri:+Ry Ry, ~Ry
RN,sz%v VN’SZ%' (2)

. . —+ . . —
Sxmo B knaci Fy . icuyrors maxopanra fy . i minopanta fy ., To

RY . = [[ .00 90X) = £ .00 9(X) Jax
Q

30X) = |9(X)|2 g(X) 9(x) = |9(X)|2 9(x)

Merton (2) poszpobnennii B InctuTyTi KibepHeTnku imeni B.M. I'mymkosa HAH VYkpainu i orpuman
Ha3By «MeTo]l rpaHrnyHuX QyHKUiH» (MI'®) [3]. Bin no3Boisie OymyBaTH ONTHMAIbHI aqrOPUTMU 009HC-
neHHs iHTerpany (1) i OyayBaTu OLiHKH MOXMOKM YHCENILHOTO IHTErpyBaHHs Ha Kiacax Qynkuii F, Fy,

Fn ¢- MI'® 3actocoByeThcs TakoX i1l MOOYAOBH ONTHMAJIBHUX AITOPUTMIB IHIIUX TUIOBUX KJIAciB

3aJ1a4 00YHUCITIOBAILHOT MaTeMaTHKH [4].
Ilepeitnemo 10 po3risity KOHKpeTHUX KnaciB F, Fy .

g(X)=1.

n ‘o . . JR—
1. Po3ristHeMo Kitac C]_’ L — KJIac (bYHKLIII/I N 3MIHHUX, 10 3aJI0BIJILHSAIOTH YMOBI .HIHH_II/ILUI 3 KOHCTa-

uToro L.V npomy Bumaaky R(f)zf f(X)dX, feClr?L, Lv(f)zfvzf(XV), X, em,, V=1,_

Tn
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Maewmo [5]:

v(c{jL,{xv}lN)z sup
feCEL

R(F)-2d%f(X,)

= sup[R(f)|=
felf/fec],f,=0,v-1N]

N
- LZ _[ |X _XV”ldx :
v=1DV

Dv Z{X/Xv E’Tn’]gij;lnx _Xs||1:||x _XV||1}' d\? :(P:;(O): IdX ,
- D

v

o, (e) = sup R(f).
felf/fec |, fy=e, f;=0,52v |

n

m
PosrisiHeMo BUNagoK 1/m -MiHIMaIbHOI CiTKH {X:}l B 1, M" <N <(m+1)", ockinbku

n m" n
V(efL )= v (cfuey),
ne ®; — MHOXXHMHA QYHKIIOHANIB, 110 BiANOBiqal0Th 3HaueHHsIM f € Cf L Y Oyap-sKkux Toukax X, €m,.

To6to, mpu N =m"

V(C{“L,{Xj}?jz sup

feCl,

2”-n. 1
n+1 NY°

LN [ X=X axg =L

X1 X{[<ym

R(f)—ﬁvzﬂf (x)

2. Posrsnemo knac Cf| y — knac dynkuiit f e C', sHauenns sxux Qikcopani B N =m" toukax

Xj, f, =1 (X:), V=1,_N.y]_[I)OMYBI/IHaIIKy

V(X =V (eru i) = (100 1) f2)ax -

] o
1}dx]_

1}—]2%{fv—LHX—Xj

:%J[Knv]iﬁn’\l{fv FLx - X;

N
_%Z‘ij {fV+LHX—xj

l}olx - {fV—LHx — X
D,

o
_iva(DJ);V(Dv)Jri%{jHx—ledX+j“x—x;" 1dX],
v=1 v=1 D D,

e

D; ={X/ min {fs+LHX — X
1<s<N

1}: f+L[x-x;

i
.

DV={X/Jr_<nS§>,§I{fS—LHX—X:

1}: f-Lx-x;

Ta ONTHUMAJIbHE 3HAYCHHS IHTErpaTy
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« N f (X)+ fi(X)
R(f,{fv}l)znj : dX =
N V(Dg)+v(Dy) w ) )
-3'1, > +2 IHX—XVldX—IHX—ledX
v=1 v=1 D;r D,
2°. Cunyc-neperBopenns (n=1, g(x)=sinx).
PosrnsiHeMo 3aiauy 004YHCIICHHSI IHTErpaTy
b
R(f):j f (x)sin wxdx ©)
a

ne f(x)eF (F — nesxuii knac gyHkuiif), © — nosinbHe gificke uncno (|o| > 2n(b—a)), it indpopmauis
npo f(X) 3amana N 3Ha4YeHHsAMH y BY3JIOBHX TOUYKax 3 Biapi3ky [a, b].

Jlema 1. Hexait f(x)eC_y (Cpy EC11’ Ln) F(4)=1 =0, i=0,N—1. Hexaii na Binpiskax
AX; =X;,q — X Mictutbesa K; xommBanp GyHKmii SinwX i N By3miB X; Ha [a, D] BXoxdaTh y uncio HymiB
¢byukuii Sinox. Toxi npu N <|c0| (BUMaIOK CHIIBHOI OCIMIIALIT) Ma)KOpaHTa 00JacTi HEBH3HAYEHOCTI

knacy C| \ —ue yukuis p(X) Burasmy

p(x) = 1 (4)
L (X1 — X)signsin axg, , E(Xik + Xis1 ) S X< X1,

T

2|

ki :|:(|0)|/TC)XH1}—[(|(D|/TC)Xi], | ZO,N —1.

Hoeseoenns. IlpoBenemo meronom Bij cymporuBHoro. Hexait icuye dynkuist g(X) = p(X) , Ha sikiit

e k =0,k| —1, XiO = Xi’ Xiki = Xi+l' Xik = {I:(|(D|/TE)XI +1/2:|+2k +1} — Hyﬂl SII‘IO)X Ha AX, y

nocsracteea  SUup  R(f), to6ro
f(x)eCy y

1
sup R(f):jg(x)sinoaxdx.
f (X)eCp n 0

IMpencraBumo dyukiiro g(X) y BUTIISI:

g(x) = p(x) +(x), 9(x)=p(x)=0, i=0,N-1.
Tomi

1
j g(X)sin oxdx =
0

1 1 N-1 | Xis1 Xis1
=Ip(x)sinoaxdx+j¢(x)sincoxdx:Z I g(x)sin oxdx + I d(x)sinoxdx .
0 0 i=0 X X
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Oymnxuis ¢(X) mae 6yt Takoro, mobd g(x) €C, \ . losenemo, o npu 1bomy

T d(x)sinoxdx<0. (5)
JikcHo, i
1 Y gen 37/20o
_[ d(x)sin oxdx = z j d(x)sin mxdx = I d(x)sin oxdx + (k; —1) f d(x)sin oxdx +
Xik ‘lt/z‘o)‘
57/ 2o X1
+ [ oosinoxdx [+ [ ¢(0sinoxdx =v; (@) + (ki —1) {V () + V3 (@)} + Vs (@) -
37/l M.

|+1—m

. . . . s T 3n
JlocmiiuMO MOXKJIMBY TOBEIIHKY j(l)(X)SIﬂ oXxdX Ha iHTepBaIax {xi,xi + } { :I,

20e| | | 2|0 2]
BnoSm b T
2|(1)|'2|0)| i+1 2|(,0|, i+l |-

1xa{x X +—— }
2|0

a) Hexai l:x,,x 4T } {an (Zk 1] } k=0,12.... Y upomy Bunaaky Sinox>0 i dyHkiis
20of | | |of [

¢(x) mae Oyrn criagarouoio i3 obnactio 3Hadens: —2L(X—X; )< ¢(x) <0, inakme g(x) ¢C y . Ockinbkn
g(x)=0, i=0,N-1, p(x)=0, to @(%)=0. Ockimbku ¢(X) He Moxe 3pocrarn, To ¢(X)<0.
Bpaxosyroun, mo Sinmx >0, orpumMaemMo
X+
" 2ol

j d(x)sinoxdx <0;

X
o 3\ .
0) Hexail | X,X (2k +1) 2k+—=1—1, k=0,42.... ¥ upomy Bumagky Sinwx<0
2|co| ol U 2] |
i oysakmis  ¢(X) He cmagae. Bona Moxe OyTtu TineKH 3pocrtarouoro (obmacT i 3HaYeHB:
0<¢(x) <2L(x—% ), inakme g(x)Cy y ). [loBTOpIOI0YN aHATOTIYHI IYHKTY a) MipKYBAHHSI, OTPHMa€-
MO, IO 1 y [bOMY BUTIAJIKY
X+
2l
d(x)sinwxdx <0.

TakuM YMHOM, HapeITi MaeMo:

v;(0) 0. (6)
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T 3n
2. Xe| —,—|.
{ZICOI 2|@J

Ha upomy imTeppani p(X) — cmangatoua, omke, ¢(X) wmae 3pocrarn, imakme g(X)eCp .

q{i—ﬁqu{le. @)
o [
3a BU3HAYEHHM IHTETpaTy

311/2\&)\
I d(X)sin oxdx = I|m Zq{ 2o | ]sm{o{ 2 | J]
/20|

E eAt, At=t -t = I , e M — KiIbKICTb 1HTEpBaliB At Ha BiIpi3Ky I \ L
20M 2|03| |c0|

. . b
Toni mis goBiibHOIO d €| 0,—
2o

Hexaii & =t; +0;At=(i+6;)At, 0<6;<1. Ockizbku 21+(i+6i)At=£—At(M—i—6i),
® ®

OTPUMAEMO

jfjd’(”s'”“’x"x"'m 24’[ s ol of g0 -
(oo el of - -
-l oo {00
oo
/o vae 02| sinfof Zra |- -sin( o E-a] | mmacno
oo tn g g ool v-orafa

OCKIIBKH sin| ® L—(i+9i)At >0, lSE—(inLOi)A'[SE, i=0,M -1, BpaxoByoun
2|oo| 20 o ®

criBBigHOmEHHs (7), HApEIITI MAEMO
V,(0) 0. 8

3t 5n
3a aHaJIoTi€l0 3 JOBEJICHHAM OLIIHKH (8) JIErKOo J10BECTH, 1110 V3 (@) <0y pimazxy xe 2| | 2| |
o
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[ToBTOproroun  MipKyBaHHS, aHajoriudi 1.1, oTpumaemo, mo V,(0)<0 y Bumagxy

Xe |:Xi+1 _ﬁ’ Xi+1:|'

Taxum unHoM, TBepkeHHS (5) mosexene. OTxe,  sSup
f(x)eCLn @

y ToMy BUNAIKY, ko ¢(X) = p(X) . ¥ npotunexnoMy Bunajaky mis Oyns-snxoi gpynkuii g(x) eC \ ma-

1
g(x)sinwxdx mocsAraTUMEThCS TUIBKH

1 1
€MO: I g(x)sin(oxdx<jp(X)sin(onX, T00T0 QyHKIIsT P(X) € QyHKIE, Ha SAKi A0CATAETHCS
0 0

sup  R(f).
f(x)eCy n

Teopema 1. B ymoBax nemu 1 cripaBeyivBa HACTYITHA OIIiHKA 3HU3Y:
sup R(f)— inf R(f)=

N-1 N-1 1
V(CLvN’{fi}o o ,m)=§ f(x)eC f(x)eCp
€LLN ’

L el e
wﬁm(z{ 1 'Lwd}"s[ZL“PCOMJ( {2 o

e Alw)=—

MPUYOMY KBajjpaTypHa Gopmyia
N-1kj—1 Xik+1

R@=2 [ fi@sinoxdx, 9)

i=0k=0 x,

ne fi (X) —uebumencrkuiil ieHTp 0Omacti HepusHavyeHocTi C \ Ha Biapiskax [X . X k1]

Af ik =
i AX |(D| Xi,k SXSXi’k,
* Af; 1k 1 1 Afy nk| _ =
f(X) =1 f +Ax |to| +L{X_{[|n|x +1}rk+_}ﬁ}_ZA_x:|%|} X SX< Xy,
Af; =
fi +—(k +1)ICOI Xik < X< X o1
i

Xk tXika A o < Xi,k+Xi,k+1+|Afi|1
'k 2 AX o] 2 AX; |o]’

Ki, X, BH3Ha4eHi y jieMi |, € ONTHMAJBHOIO 32 TOYHICTIO KBAaJAPATYPHOI (OPMYIIOI OOYMCIICHHS 1H-

terpany R(f) Bxnaci C| y mpu N <|a|.
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Jlosedenns. BukopucroByrouu criBBigHolieHHs (7) ta (8), oTpumaemo:

1
N-1 N-1 1 . 1 .
V(C A AX ,co)z— sup  Ir(w)— inf (o)== f"(X)sinoxdx -
L.N { |}0 { I}O 2 f(X)eCy y 2 f(x)eCL n 2 2 El;
1 1 N-1 kj—1 %ik+1 N—1K; —1%i k+1
—[ 7 ()sinoxdx f == [ (f+(x)—f-(x))sinmxdx=zz [ fi(9sinoxdx,
0 2130 k0 X i=0 k=0 x,
e
L(x =X x )signsin ox; ., Xk X< X0
1 LAX; | signsin oX: —M X, SX<X
2 i,k ik AXi(D , ik =2 ="k>
fl(x) = L(XI’kH—X)SIgnSIn ('OXi,k' ii,k <x< Xi,k+1’

i = 0, N _1, k = O’kl _1, X& |:XN—1,|:‘0)‘/TE:"XN :|,

L(x = XN f|of/x] )sign sin OXN 4 [[a/n]" X€ [XN “1fJof/x] ,1}.

Hapemri otpumaemo:

N—1k;—1%i k1 Ntk -1
I i 4L I i . OAX; i @Af T
Z{;kz:;) Xf f1(X)SIn(onX2g I; kzzg) S'”%(Xi,k FXigor) (sz 4|,k sin? L|(DA.)|(i J‘+ A,
i,k
e
AX
— L 2 . @ N—l,l](n‘/rc] )
A((D) - 6 65'” EAXN—]-,U(D‘/TE] Ccos (0{1— TJ — AXN—]-,D(D‘/‘E:I COSW| =
_E_Sln | | COS 9 14 M | | cosal
olo |2 e [[o| 2 7 o] 7 |l
Toni

j f,(x)sin oxdx| = +A(o) =

] N—lki—l{l | 2n|Afi|}
= _sin? ——1
i—0 k0 | 2 4LAX;
ALNE L ] o N1 o _, 0Af|n
3i_oz{{“x }{_X +1}+1} g{[ Xi+1}{?)(i+l o 4LAX; "
|| N1 M ~ M = , o|Af|n
+A(o )—CO {n 2; . Xi1 - X; | ¢-sin —4LAxi + A(w) . (10)

HeoOxiaHa orfiHKa 3HU3Yy JOBEICHA.
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N—l) .

Otpumaemo BianosiaHy ominky 3sepxy ans Vy (Cp y, R, co,{ f; }0

N—1k;—1%i k+1

WwCiwRoffily ™= sup XY | [f(x)—fifk(x)}sinmxdxs

f(x)eCL n|i=0 k=0 Xi k

N-1k;—1 Xlk L;i,k |Af-7t|
Z z [ (x=xi)signsinox;  sinoxdx+= [ | A —-—— |signsinwx; x
-0 k=0 ' ' 25 " Loax '
Xi k Xik
X k+1 1
xsin oxdx + L _[ (X 1 — X)signsinwx; y sin cxdx ¢+ L j (X_XN—l[\m\/n])x
i XN jo}]
N- OAX: o|Af; |7
xsignsin wx sinoxdx = 2 sin— (% + X sin? — K _gin2 1202
NSInO%y LIS i sin 22 i A
AX
+L 3singAx ~ cosw| 1— N ] — AX CoS®| =
oo 2 LIV 2 T
4L N 1k -1 [ 2 (DAXI k . 2 (D|Af||TCJ
——ZZsm— kX s || SIN = —sin + A(®) . (11)
S b, (%, a) 4 LoAX;

JloBeIeHHS TEOPEMH 3aBEPIIY€EThCs MOPiBHIHHSIM O1tiHOK (10) i (11).

3°. BeiiBi1eT-nepeTBOpPeHHsI.

PosrasinemMo moOynoBY e€(eKTHBHHX 3a TOYHICTIO aJTOPUTMIB OOYMCIIEHb BEHBIIET-IIEPETBOPECHB
BUTJISITY

o0
Wi (s,t) =572 J' f (X)W(XT_'[)dx, (12)
—00
zie \y(x) — BeliBneT-QyHKIA [6 — 8], sika € nificHOI0 QyHKIIIEIO BiJl X, KOJIMBAETHCSA HABKOJIO Bicl X, Mae
w
HYJIbOBE 3HAYCHHS IHTETrpary j \y(x)dx =0 Ta mBUAKO MPsAMYE 10 HYJSA Ha HECKiHYeHHOCTI. OCTaHHS
—0

BJIACTUBICTh XapaKTEPHU3YETHCS HASBHICTIO «PEAIbHOT0» KOMIIAKTHOTO HOCIs [—K,K], 30BHI SIKOTO

\y(x) 3HEeBXKIMBO Masia. Llle omHi€l0 BayKIMBOIO 0a)XaHOIO BJIACTHUBICTIO \|/(x) € JIOCTaTHS KUIBKICTh HY-
®
JILOBUX MOMEHTIB: j xk\y(x)dx =0, k=0,n-1.
—o0
B po6Goti [9] noOymoBaHi onTHMalibHI 3a MOPSIIKOM TOYHOCTI KBaapaTypHi (GopMysH OOYUCICHHS
BelBner-nieperBopeHHs Wy (S,t) ¢ynxuiii 3 knacis C , W, | Ta oTpuMaHi OL[IHKM 3HU3Y MOXHOKH 1HTET-
pyBaHHS Ha IHMX Kiacax. Po3MIsmaeTbcss TakoX OOYHMCIEHHS HENEepepBHOTO BEWBIIET-NIEPETBOPEHHS
3 OinbIn By3bKuX (iHTepronsuiiuux) knacis Gyukuii C \ ta W, | . Jlng mux knacis no0yoBaHi on-
TUMaJTBHI 32 TOYHICTIO KBapaTypHi hopmyiu obuncienHss Wi (S,t) . Ilpu ipoMy Ha BY3J1H KBaIpaTypHHUX

(hopMyIT HaKJIaIAl0ThCSI TIEBHI YMOBH B 3aJIEKHOCTI BiJI BUTIISIAY BeWBIET-QyHKIIIT \|/(X) . OGrpyHTYBaHHS

OTPUMAaHUX Pe3yJIbTaTIB 0a3yeThCsl HA BUKOPUCTAHHI METOJY «KAIeTIOXiB» Ta METOJly IPaHHYHUX (YHKIIIH.
30KkpemMa, MaloTh Micile Teopemi 2, 3.
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Teopema 2 [9]. Hexaii f (X) eC_, \y(x) Ma€ KOMITAKTHUN HOCIH [—K , K] Ta 3MiHIOE€ HAa HBOMY 3HaK

M pasziB. Toxi ans onTUMaIbHOT OLIHKY 00UMCIeHHs iHTerpaty (12) mpu S >]/(2KN) Ta Oynb-sikoMy t

CIipaBCJIMBa HACTYIIHA OHiHKa 3HU3Y:
Vi (CL,s,t) > LC;s¥?h,

ne C, = G j |\y(n)|dn , C, — IesiKa KOHCTAHTA, 10 3aIeKUTb Bix y (X).

Teopema 3 [9]. Hexaii f(x)eC,, y(X) mae kommakramii nociii [-K,K]. Toxi npu s>1/(2KN)
Ta Oyap-akux { KBaapaTypHa popmyna
R (s p)=s"? Z Cp f(m+p),
m=—q+1

ac
h/s

Cn= I w(n+m—hjdn npu m=-p, C, = I \V(n+m—hjdn mpu M=N-p-1 Ta
S —h/2s S
h/2s mh
Cn= I \U(T]-i-—]dn npu m#=—p tam#N-p-1,
—h/2s S
| Ks/h, sxmo Ks/h  uire,
~|[Ks/h]+1, sxmo Ks/h mewuine,

€ ONTUMAIIFHOIO 32 TMOPSIKOM TOYHOCTI, IPHUOMY
V(C_,st,R) < LCys¥?h,
aec

1 o0
CSZEI w(n)[dn.

4°, TleperBopenHs becces.

PosrnsiHemo Tenep sik migiHTerpanbHy (GyHkiio — ¢pyHkiio beccens 1-ro poay [10], sika npu Besu-
KHX 3HaYCHHSX NapaMeTpiB € MBUAKOOCHMIIOIOYOIO.

[epetBopennst beccens MUPOKO BUKOPUCTOBYETHCS B MPAKTUI[I MAaTEMaTHYHOTO MOJICITIOBAHHS Ta
IIpU PO3B’si3aHHI 3a7a4 TM(PoBOI 0OPOOKHU CUTHATIB Ta 300paXkKeHb. 30KpeMa, MOKHA HABECTHU LTy HU3KY
3aja4 MaTeMaTHYHO1 (i3UKH, aCTPOHOMII, TEOPii MPYKHOCTI, TEOpii MOTEHIIIaiB, PO3MOBCIOIKEHHS €JIeK-
TPOMAarHiTHX XBHJIb, TETUIONPOBIAHOCTI, IPUKIaJHOI CTATUCTUKHU TOLLO.

PosrisiHeMo o04HCIIeHHS IHTETpaia BUTIISTY

1
(o, f):_ff(x)Jm(ax)dx, (13)
0

Jac
m+2k

(-1 ox
Im{ex) = Zk'l‘(v+k+1)( j

— Qynkuis beccens nepmioro pogy nopsaky m, M — HeBix eMHe wiie yucio. Tyt
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r'@a)= j x21.edx
0

— ramma-(yHKIs (1715 HiMX HeBiax emuux N ramma-yskiis '(n) =(n—-1)!).

[Mpumnyctumo, mo f(x)eF, F — muHOXuHa QyHKIN, BUSHAYCHUX HA BiAPi3Ky [0,1] Ta 3a/1aHUX HE
oimpmr Hixk N 3nadennamu f(X,)=f, y By3nmoBux Toukax X,, v =0,N -1, X, €[0,1]. Hexait Ly -
MHOXHHa BCiX KBaApaTypHuXx ¢opmyn Ly ( f ) , II0 BAKOPHCTOBYIOTH iH(OpMaIito Mpo 3HAYCHHS PYHKIIT

f(x) me Oimbmre, Hixk B N Touxax. Yepes R =R(f,ly,0,m) nosnaunmo pesynprat HaGIMKEHOTO 004H-
ciennst |, (o, f) 3a gonomororo ksagparyproi popmymn Ly ().

KBanparypny gopmyity, Ha sIKiii 10csATa€Thest ONTHMANbHA OLiHKA V

Vy =V(F,oc,m)=|im: ?ugp(lm(a,f),R),
NELN fe

ne p(l,(a, f),R) — moxubka uncensroro inrerpysanns: p(l,(a, f),R)= |Im(a, f)— R| , OyneMo Hazu-
BaTH ONMTHMATBLHOIO 33 TOUHICTIO KBagpaTypHoto dopmynorwo. Sxmo V(F,o,m,ly) < Vy +n, 1>0, 10
Iy HasMBaeThCS ONMTHMATBHOIO 3a TOUHICTIO hopmysoro obuncienns | (o, f) 3 Tounictio 10 1. ko
n=0(Vy) a6o n=0(Vy), 1o Iy HasuBaeThCs BiANOBIIHO ACHMITOTHYHO ONTHMANBHOI abO ONTH-

MaJILHOIO 32 TIOPSAKOM TOYHOCTI.
JInst CIpOINeHHsT BUKIJIA0K pUITycTUMO, o f (X) Bu3Ha4yeHa Ha Bigpi3Ky [0,1] y By3Jax piBHOMIp-

HOI CITKH {XV =vh, v=0,N-1h =1/N} TOYHO.

Marots Micrie Teopemu 4, 5 [11].
Teopema 4. Hexait f(x)eC,, m —neBix emHe nine uuncino. Toxi Ut ONTHMAIIBHOT OL[IHKH ITOXUOKH

V\ TpH BENMKHX 3HAYEHHSAX ¢/ Mae€ MICIE OL[IHKA 3HU3Y:
1
aN
Cs ¢ .
ne C, = T'”Jm (n)|dn, Cg — nesxa KOHCTaHTa, 110 3aJIeKMTh BiJ o Ta M.
0

Jns obuncnenns interpainy (13) Ha knaci C| mobyayeMo KBajapaTypHy (GopMyily, 1o 0a3yeTbCs Ha
anpokcumanii  ¢ynkuii  f(x)eC, kyckoBo-moctiiiHoro  Qymkuiero  fs (X) , fKa Ha BiJpi3Kax
Xe |:Xv—l/2' XV+1/2] v=0,N -1, nopismioe f3, (x)=f,.Tyr

X2 =Xy =A%, /2, v=LN =1, X 45 =X,

Xyp2 = Xy A%, /2, v=0,N =2, Xy_1, = Xy -

MixcTaBumo fy (X) y popmymy (13) i orpumaemo:

1 N-1 Xvs12
Ry(oum) = [ f5 () Ip(x)dx = D" f, [ Ip(ax)x. (15)
0 v=0 Xv—1/2
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Teopema 5. Hexait f(x)eC,, m — HeBix emHe 1ine yucno. Toxi npu BeNUKKX 3HAYEHHSX O KBag-

patypHa popmyia (6) € ONTUMAIBHOIO 32 TIOPSAAKOM TOYHOCTI, IPUIOMY

1 1¢
V(CLoom,Ry) <LC;— ze Co =§j|3m(n)|dn.
0

3aysaccenns 1. OCKiTbKH |Jm(y)|£1 vy i |Jm(y)|SC7y_1/3 vy =1 [12], Vm, ne C; — KOHCTaHTa,

He3alexHa Big Y i m, To mist o >1

o

1 a o
_ 3
[Fm@ldn< [[3n(]dn+[[In(]dn<1+C; [n j/‘?”a’n=1+§C7(0t2/‘?”—1)-
0 0 1 1
o
Omke, 3HaiETHCS Taka KoHCTanTa Cg, HE3aIeKHa BiJl oL Ta M, 10 I [Im(m)]dn < Gga
0

23
L

2N¥o

3ayeancenns 2. BpaxoByroun acUMNTOTHYHE HaOmmkeHHs [13] mpu z — oo

Jm(Z):\/%cos(z—mg+%)+o(z—3/z)

1151 OyIb-SIKOTO (hiKCOBAHOTO M Ta BEIIMKUX 3HAYEHB O, OTPUMAEMO

o Jo o
[Fn@ldn< [[3n@ldn+ [ [Inm]dn<
0 0 Ja

1 o
V(C_,a,m,Ry) < L—j ImMm]dn< G
2aN 0

1/2 o o
< a+[gj 1 j n_l/zdnJng I n_3/2dx .
m) o g Ja

Orxe, 3HalineTbCs Taka KOHCTaHTa (), HE3aJIeXHA BiJl o Ta M, 110 J |Jm (n)|dn <CpVa,i
0

N+/o

TakuM YMHOM, MU TIPOIEMOHCTPYBAJIH, SIK METOJI «KAIleJIIOXiB» Ta METOJ I'PaHWYHUX (PyHKILIN mpa-
IIOIOTH JUIS TOOY/IOBH ONTHMAIBHUX 33 TOYHICTIO Ta OJM3BKHMX 10 HUX KBaJpaTYpHUX (OpMya oOUmc-
JICHHS 1HTETPaJiB BiJ NIBUAKOOCIIMITIOIYNX QYHKITIH.

s mobynoBaHuX KBaJpaTypHUX (OPMYN OTpUMAaHI OLIHKH iX MOBHUX NOXHOOK [14], ski maroTsb
rapaHTilo SKOCTi OOUMCIIEHHS IHTETPaJIiB BiJl MIBUAKOOCUMIIOIOUNX QYHKIIH.

Mu posrisnyan pesynsrati st knacis C, C . B HapoOKy aBTOpiB € TaKOK BIAMOBIHI PE3yIib-

1 G 1
V(C ,omR)<L—1|J dn<LC
C, 1) 20cN-([| m(ﬂ)| n 102

TaTh s kiacie rnaakux eynkmid W, (r>1),W, W, ,\W, \ . Ta immux. Beporo mnsa 45 kiacis

HiAIHTErpasbHUX QYHKIIH.
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5°. TecTyBaHHS SIKOCTi aJropuTMiB-IIporpamM 004YMC/IeHHSl iHTerpagiB BiJl HIBHAKOOCHHIIOIO-
ynx QpyHKILiH

5.1. EnemenTn Teopii. Mo)xHa BUIUIATH JBa acTEKTH Yy poOIIeMi SKOCTI MPOTpaMHOTO 3a0e3MeeH-
Hs: CTBOPCHHS aJITOPUTMIB PO3B’SI3Ky 3ajad4 1 mporpaM ix peaiizaiii 3 3ajaHuMu a00 HEOOXITHUMH TTOKa-
3HMKAMH SIKOCTi, e()eKTHBHE BHKOPHUCTAaHHS WX mporpam. /s mporo Tpeda BMIHHS OTPUMYBAaTH TOYHI
OLIIHKU XapaKTEPUCTHK, SIKI BUKOPHCTOBYIOTBCS AJISI OMUCY SIKOCTI poOOTH OOYHMCIIOBAILHUX alTOpUT-
MmiB (0.a.) (mporpaM) mpH poO3B’s3aHHI 3a4ad MEBHOTO Kiacy. 3a3BHYail I TMOXHOKa YHCEIbHOTO
po3B’si3ky ( E ), mpouecopunii ac (T ), mam’sith komm’totepa (M ) Ta in.

PosrnsiparoTs 1Ba BUIU TECTYBaHHS:

— TecTyBaHHs MporpaM 3 METOI0 BHSBICHHA IOMHIIOK iX TPOEKTYBaHHS 1 KOIyBaHHS O.4.
pO3B’sI3aHHS 33724,

— TecTyBaHHs 0.d., peaji30BaHUX KOHKPETHHMH MPOrpaMaMH, 3 METOIO IOCIiKeHHs iX (pyHKIio-
HaJIBHUX MOXJIMBOCTEH NP pO3B’A3aHHI 3a1a4 3 JaHOTO KJlacy.

Hapami Oyzae posrisgaTtuch Apyruit Bua tectyBanHs. CIOIU BiIHOCHUTBCS:

— BHU3HAuYCHHSA HAOOPY XapaKTEPHUCTHK O.4.;

— CKJaJaHHS TECTOBUX HAOOPIB;

— pO3B’sI3aHHS TECTOBUX 3aJa4, OOUNCIICHHS 3HAU€Hb XapaKTEPUCTUK Ta iX OLIHOK;
00poOka, iHTeprpeTallisi i BAKOPUCTaHHS pe3yJbTaTiB TECTyBaHHS.

Ham BaxnuBoO 3HaTH, UM 31aTHA JaHa [IPOrpaMa BUAABATH PO3B’SI30K HEOOX1THOI AKOCTI, SIKILO B O.a.
Taka MOXKJIUBICTh 3aKja/icHa, TOOTO UM YCIaJKyBajia mporpaMa BCi Kpallli SKOCTi aJIrOPUTMY.

[IpemmeTom TectyBaHHS € 0.a. Ilig TecTyBaHHSM 0.a. Ma€ThCSA Ha yBasi eKCIIEPUMEHTANbHE IOCIi-
JDKEHHsI Ti€l YacTUHM (YHKIIOHATBHUX MOMIIMBOCTEH MporpaMu (3a3BHYaii, BiJJIaroKeHol), sKi BU3HA-
4aroThcs 0.a. Hamami OyneMo BUKOPHCTOBYBAaTH TEPMIiH TECTYBaHHS MPOTPAMH, PO3YMIIOYH MPHU IIHOMY
TECTYBaHHS BiJIIIOBIIHOTO 0.a.

Tabnuri 3HaYeHb XapaKTePUCTHK, OTPHUMAaHI B PE3yNbTaTi TECTYBaHHS 0.2., MOXXYTh BUKOPHCTOBYBa-
THUCS TIPU BUPIICHH] Pi3HUX MUTAHb 3 SIKOCTI MPOrpaMHOro 3a0e3neyeH s KiaciB 3a1a4. Jlo XxapakTepHux
CUTYaIlill, Ie BAKOPUCTOBYIOTHCS IIi JIaHi, BITHOCITHCS:

— (¢opmyBaHHs 010TIOTEKH MIPOTPaM JJIsl pO3B’3aHHS 3a/1a4 AESIKOTO KJIACy;

— PO3poOKa aNrOpUTMIB i3 3aJaHUMH BIaCTUBOCTSIMU;

— BUOIp NpUIATHOI MporpaMu Ta ii mapameTpis Uit po3B’si3aHHs 33/1a4i a00 cepil OJHOTHITHHX 3ajad.

5.2. TectyBaHHSl aJrOPUTMIB iHTerpyBaHHSl MIBHAKOOCHWJIKYUX pyHKuiii. PosrisHemo 3ana-
gy (3). [IpeameTom TecTyBaHHS OyAyTh ONTUMAalbHI 32 TOYHICTIO (a00 OMU3BKI 70 HHUX) 0.a. Y BHIAJKY,

ko |o|>2n/(b-a), indopmauis nmpo f(X)eF szamaerscs B N BysnoBnx Toukax Ha [a,b],
F=C o, CL.CLnCneWo L Wo -

MerTa TecTyBaHHs 0.a. — TIEPEBIpKa Ta BUSBICHHS Ha HA0OP1 TECTOBHX 3aja4 K iX (YHKIIOHATBHUX
MOXIIMBOCTEH, Tak i oOnacreil audepeHIiiioBaHOi MOBEMAIHKH IX AKOCTI CTOCOBHO XapaKTepucTuk E
(tounocri), T (mporecopHoro yacy), M (HeoOXigHOT mam’sTi KOMIT FOTEpa).

Merton TecTyBaHHs MOJATAE Y TPOBEICHHI 00YNCIIOBAILHOTO EKCIIEPUMEHTY IS TOCSATHEHHS BHIIE-
3raflaHol METH 3 BUKOPUCTAHHSM BiATOBITHUX MPOrpaM (SIK 00’ €KTIB TECTYBaHHS) HAa MHOXHHI BiJIIOBII-
HUX 3HaY€Hb BXIIHUX JaHUX Ta KEPYIOUHX MMapaMeTpiB MPOrpam, siki TOCTiIKYIOTCS.

CTBOpeHHs TecTOBMX HaGopiB. BpaxoByroun anpiopHy iHpopmaito npo kinac GyHKIiH, BIaCTHBO-
CTI Ta CTPYKTYPY BXIJHUX JaHUX, MOXKHA BUIIIJIMTH JIEAKI MIJAKIACH, HAITPUKIIAJ, KJIacH CTaIMX, JTIHIHHUX
(GyHKLIH, KyCKOBO-TIHIMHUX (YHKIIH, MHOKMHA TOYOK 3J1aMy SIKUX Ma€ Mipy «HYJIbY», TIaAKUX QyHKIIH

i T. 1. MokHa po3risaaty mijkuacu QyHKLIH, ki BiAPI3HAIOTECS BUOOpoM Touok X,, v=0,N -1, (30k-
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pema, piBHOMipHa ab0 HepiBHOMIpHA ciTKa), 00csaroM BXiaHOi iHpopmariii N, giama3oHOM 3MiHIOBaHHS
koncranty Jlimmmus (L), napamerpa ocipsii ().

BpaxoByroun, 10 BipOTigHICTH BUCHOBKIB IPO (HYHKITIOHATHHI MOMIJIMBOCTI Ta SIKICTh JOCHIIKyBa-
HUX 0.a. CYTTEBO 3aJie)KaTh BiJl TOTO, HACKIJIHPKM MOBHO BioOpaxkae TeCTOBHU Habip BIACTUBOCTI KIIacy,
HaOlp TECTOBHX 33a/1ad MOXKE MICTHTH XapaKTepPHHX MPEICTaBHHUKIB BUAUIEHUX MmigkiaciB. [Ipu mpomy
repeadadaeThCs, Mo X po3B’ 3K — TOUHI 200 HAOMIKEHi (3 TOCTAaTHHO BUCOKOO TOYHICTIO) BiOMI.

Habip TecTtoBHX 3a/a4 3 MepeBipKu SKOCTI PO3B’sA3Ky 3ajaadi (3) MOKe BKIIFOYATH HACTYIIHI 3ajadi:
3a/avi, SKi MEepeBIpSAIOTH IMpale3laTHICTh MPOrpaMu; «BaXKKi» 3a1adi, MO HE PO3B’SI3YIOTHCA IHITUMHU
TIporpamMaMu; «IOTaHi» 3a/Jadi KIaciB; «THITOBI» 3a/1adi KJIaciB; «BEJHKI» 3a7adi 3 mapaMeTpaMy Ha MEXi
00J1aCcTi 3MiHH IMapaMeTpiB i T. II.

Habip TtecToBHX 3amad MOKe€ MICTUTH TaKOX TECTOBI 3amadi JUIsl IporpaM OOYHCICHHS anpioOpHHUX
OIIHOK XapakTepucTuk E,T,M 3 mMeToro BUSBICHHS BIUIMBY 3MiH BXiJIHUX JaHHUX Ta MapaMmeTpiB 0.a. Ha
TOYHICTH PO3B’s3KY 3a1a4i (3). Bin Moske MiCTHUTH Taki 3ajadi: 3a7a4i Ha 3’ACyBaHHS TOTO, IO OLIHKU HE
MOXYTh OYyTH MOKpamieHi (CIoIu MOXYTbh YBIUTH «mmoraHi» 3ajadi Kiacy); 3aiadi Ha 3HaXOIKEHHS
HalKpalluxX Kepyr4HuXx apaMeTpiB MPOrpaMu; 3ajavi Ha BU3HAYCHHsA 00JacTi JONMYyCTUMHUX 3HAuYCHb
napameTpiB i T. I

IIpoBeneHHs1 00YUCTIOBAILHOIO eKCIepUMeEHTY. /[ TecTyBaHHS 0.a. po3B’si3aHHsI 3aAa4i (3) mis
BUILEBKA3aHUX KiIaciB F posrisnascs HactymnHuit HaGip tectoBux 3amay: f(X)=const, f(X) — «mora-

Hi» Qyukuii knacis F, f*(X) — ue6bumoschki nentpu kmacis F, f(x)=Ax+B, f(X) — kyckoso-
muidna  dynkuis (g F=C ,C \,C ) f(x)=1 nmpu a<x<(-a)/4f(x)=-1 upu

(b—a)/4<x<b (mpukman «Baxxkoi» 3amaui npu Benukux a i b); f(x)= X2 (uis F =W, \ ), TeCTOBa

3ama4ya Bunorpana [15].

Janwit HaOip TECTOBUX 3a/1a4 € BIIKPUTHUM JJIS1 IOTIOBHEHHS.

Jns nporpam OOYHCIIEHHS anpiOpHHUX OIHOK XapaKTEPHCTHK JOCTIDKYBAaHHX 0.2. PO3IIIAAANIACh
3a7a4a BU3HAYCHHS O0JIAaCTeH MOMYCTUMHX 3Ha4eHb KePYIOUMX MapaMeTpiB MporpamM OOYHCIIEHHS iHTe-
rpany (3) 3 mMOTPiOHOIO TOYHICTIO, a TAaKOXK HAWKpalux iX 3Ha4eHb sl o0uucieHHs (3) 3 MiHIMaIbHO
MOXITBOIO ITOXHOKOIO.

OO0uHCITIOBAIEHAN €KCIIEPHUMEHT 3/1iHCHIOBABCS TAKMM YHHOM.

Ha Bigpizky [a,b] Bu3HaueHHs QyHKIi f (X) BUOUMpanach piBHOMIpHA ciTKa 3 KpokoM h, y By3iax

akoi X, =a+(i—1Dh, h=1/N,i =1, N , BU3HAYaNNCh 3HAYCHHS f (%), 3a orpumanolo iHdopmariero 00-
YHUCIIOBAJIUCH alpiopHi OLiHKKM E — TOYHOCTI po3B’SI3Ky TECTOBUX 33hady, a TAKOXK aOCOJIIOTHA MOXHMOKa
obumncnenns E 3a ¢popmynoro E :|R(f )— R((o)|, ne R(f) — roune 3Hauyenns interpaiy (3), R(w) —
o0YHCIIeHE 3a JOTIOMOTOI0 JOCIIIKYBaHOTO 0.4.

Byna nocnimkena moBeaiHka 3HadeHb inTerpany (3) ta ominok E B 3amexHOCTI Bijt 3MiHH KPOKY CiT-
ku h, koncrantu Jlimmmist L, Bi MOCHICHHS OCIMIIALIT i IiHTErpaabHOl QYHKIIT, a TAKOXK BiJl «3aHY-
peunsi» f(X) y pisni knacu F .

BiamnoBigHo 10 HAaBEJACHOI METOIUKH PO3MIISIAIKNCH Jialla30HU BapilOBaHHS MapaMeTpiB KBajapaTyp-
HUX (opMy (Ha TiICTaBl, HAPUKIA, TOTped 3a1ad M poBoi 0OPOOKH CHT'HATIB):

£:[107%, 5x1071]; N:[5, 5x10*]; w:[27r,tx10%];
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0<a<b<10% L:[10710° |;a:[1071].
BiamnoBinui GpparmenTn Tabauili TecTyBaHHs HaBezaeHi B [16].
3a pesynpraTamu TectyBanHs B ki1acax C ,C| \ MoxHa 3poOHTH HACTYIIHI BUCHOBKH:

— i3 30inbmieHHAM L 36imblIyeThest 3HAYEHHS alpPiOPHUX OLMIHOK V, OCKIIbKH B IIbOMY BUIIAIKY
f(X) «3aHyprO€THCS» y OLITBII MUPOKUH Ki1ac;

—  mpu 301JIBIIICHH] YMCIIa BY3JIiB BUOIPKU TOYHICTH CIIOYATKY 3POCTAE, ajie 3 JOCATHEHHSIM JIETKOTO
N, MoYMHAE MOTipUIyBaTUCS 33 PaXyHOK HAKOIMYEHHS IOXMOKHU 320KPYTJICHHS;

— 13 30UIBIICHHSM () B JCSIKUX BUIAKaX TOYHICTh MOTIPITYETHCS;

—  BKJIAJ TOXHMOKW METOy MPUOIM3HO Ha MOPSAOK (1HOAI Ha JeKiIbKa MOPsAKiB) OibIna 3a TOXu0-
Ky 3a0KpYTJICHHS,;

— TOYHICThH Ha MPAaKTUYHHX 33j[a4aX MEHIIa B CEPEHHOMY Ha TIOPSIOK Y TIOPIBHSAHHI 3 TOYHICTIO Ha
«TIOTaHiWy 3a7adi KIacys;

— Oyna migTBep/PKeHa TEOPEeTHYHA OIliHKA MOXHOKH METOXy, SIKICTh KBaapaTypHoi (opMynn Ta
Mporpamu, o ii peanizye.

B po6ori [16] HaBeneHi Takok (hparMeHTH TECTYBaHHS BiAOBITHUX 0.a. Ta OI[IHOK 1X XapaKTEePHUCTUK
E,T,M s knacis C  o,W5 | W5 .

BucHosku.

1. B po6oti HaBelieHI TEOPETUYHI TIEPETYMOBH ONTUMAIBLHOTO YNCEIBHOTO 1HTErPYBaHHS.

2. TloOynoBaHi onTHMaibHI 32 TOYHICTIO Ta OJM3BKI 10 HUX KBaApaTypHiI QOpMY/IH HAOIMIKEHOTO
obuncieHHs neperBopeHHs ®yp’e, BelBIeT-NEPeTBOPEHb, IEpeTBOPEeHHs beccens s Nesikux Kiacis
MiAIHTErpaTbHUX (YHKIIH Pi3HOI CTeeH] raaKoCTi.

3. HaBexmeHi pe3ynbTaTu 3acCTOCYBaHHS TEOpii TECTYBaHHS SIKOCTI MPUKIAJHOTO MPOTPAMHOTO 3a-
Oe3redeHHs 10 BU3HAYCHHS SIKOCTI KBaJIpaTypHHUX (HOpMyi 0OUMCIICHHS iHTETpaliB BiJl HIBHIKOOCIHIIIO-
tounx ¢yukuii (IIIOD) Ta oriHKK X XapaKTEePHUCTHK.

4. OrpumanHs AKiCHOI anpiopHoi iHpOpMAaLlii Mae BayKJIMBE 3HAUYEHHSI P PO3B’I3aHHI PUKIATHIX
3aja4:

* YuM sIKiCHImMA iHQopMalis Npo 3ajady, TUM SKICHIIINA HAOJIMKEHHH PO3B’S30K, HA SKUH MH
MOKEMO PO3PaxoBYyBaTH;

* MaKcHMMallbHe BUKOpPHUCTaHHs yci€l HasBHOI iHQopmarii mpo 3amady Ja€ 3MOTY 3BY3UTH Kiiac
3aja4, 10 PO3B’SA3YEThCS i TUM CaMUM ITiJIBUIYE MOTEHIIHHY CIIPOMOXHICTh YHCEILHOTO METOAY; YUM
TOYHIIIA BXi/JHA iHPOpMAITis, THM TOYHIII OLIHKK MOXHOKHM 1 MEHIIIa 00JIaCTh HEBU3HAUEHOCT] HAOJIHKe-
HOTO PO3B’S3Ky 3ajaui.

5. BaxJMBUM € NMUTaHHs JOCIIDKEHHS THIIMX JPKEpes MOXUOOK (KpiM METoaa) — HEeYyCYBHI Ta 3a-
okpyriieHHs. TiIbKM BpaxyBaHHS MOBHOI MOXUOKH Jla€ 3MOTY JIaTH TapaHTIIO SKOCTI HAOJIMKEHOTO 00Uu-
cnenns [LIIOO.

6. Teopist TecTyBaHHS 3aCTOCOBaHa JI0 BHU3HAYEHHS SIKOCTI KBaJpaTypHUX (GOpMys OOYHCIECHHS
[IO® Ta omiHOK iX XapaKTEePUCTHUK.

7. OTpumaHi pe3ylbTaTH JAl0Th MOXJIMBICTH OOIPYHTOBaHO BHOpATH Ta €()EKTHBHO BHKOPHUCTOBY-
BaTH O0YMCIIIOBAJIBHI PECYPCH ISl 3HAXOKCHHS €-3HaueHb [[I1OD.

8. Pesynbraru, BukiazneHi B poOOTi, MOXYTh 3HAWTH 3aCTOCYBaHHSI TIPU PO3B’s3aHHI 33124 MPHKJIIa-
JTHOT MaTeMaTHKH, MaTeMaTUIHOI (Di3UKH, acTpoHOMIT, Pi3uKH, TUPPOBOT OOPOOKM CHTHATIIB Ta iH.
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Optimal Numerical Integration
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Introduction. In many applied problems, such as statistical data processing, digital filtering, computed
tomography, pattern recognition, and many others, there is a need for numerical integration, moreover, with a
given (often quite high) accuracy. Classical quadrature formulas cannot always provide the required accuracy,
since, as a rule, they do not take into account the oscillation of the integrand. In this regard, the development of
methods for constructing optimal in accuracy (and close to them) quadrature formulas for the integration of
rapidly oscillating functions is rather important and topical problem of computational mathematics.

The purpose of the article is to use the example of constructing optimal in accuracy (and close to them)
quadrature formulas for calculating integrals for integrands of various degrees of smoothness and for oscillat-
ing factors of different types and constructing a priori estimates of their total error, as well as applying to them
of the theory of testing the quality of algorithms-programs to create a theory of optimal numerical integration.

Results. The optimal in accuracy (and close to them) quadrature formulas for calculating the Fourier
transform, wavelet transforms, and Bessel transform were constructed both in the classical formulation of the
problem and for interpolation classes of functions corresponding to the case when the information operator
about the integrand is given by a fixed table of its values. The paper considers a passive pure minimax strategy
for solving the problem. Within the framework of this strategy, we used the method of “caps” by N. S. Bakh-
valov and the method of boundary functions developed at the V.M. Glushkov Institute of Cybernetics of the
NAS of Ukraine. Great attention is paid to the quality of the error estimates and the methods to obtain them.

The article describes some aspects of the theory of algorithms-programs testing and presents the results of
testing the constructed quadrature formulas for calculating integrals of rapidly oscillating functions and esti-
mates of their characteristics. The problem of determining the ranges of admissible values of control parame-
ters of programs for calculating integrals with the required accuracy, as well as their best values for integration
with the minimum possible error, is considered for programs calculating a priori estimates of characteristics.

Conclusions. The results obtained make it possible to create a theory of optimal integration, which makes
it possible to reasonably choose and efficiently use computational resources to find the value of the integral
with a given accuracy or with the minimum possible error.

Keywords: quadrature formula, optimal algorithm, interpolation class, rapidly oscillating function, quali-
ty testing.
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