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AnnpoxkcuManys IpoOHBIX MHTEIPaJ0B YaCTHBIMU cyMMaMH psifa Pypobe

AHHOTALIMS

Tlocmanosxa 3a0auu. 11enb10 HACTOSINETO MCCIEIOBAHNSA SBISIETCS pa3padoTKa ¥ MpUMEHEHHE
MPUOIHKEHHOTO METOJIA ISl BBIUKMCIICHHS UHTETPAJIOB, SIBILSFOIIMXCSI COCTABHOM YacThIO MOJIEIICH,
UCIIONIB3YIOMIMNX MHTErpansl Pumana-JInyBumnis, a Takke cO3JaHUE MPOrPaMMHOrO MPOAYKTA,
MO3BOJISAIOICTO MPOBOAUTD MOI00OHBIC BHIUMCIICHHUS JJIs 3aaHHbBIX ()YHKITHIA.

Pesynomamei. OCHOBHBIE pe3yNbTaThl HCCICAOBAHUS COCTOST B  TOCTPOCHHH
KBaJIpaTypHOH (OpMyJBl I HWHTETpalla, NpU 3TOM pPACCMaTPUBAINCh CIy4daW, KoOrjaa
IUIOTHOCTh HMHTErpajia ecTh (YHKIUS W3 TPOCTPAHCTB HEMPEPBIBHBIX (QYHKIMHA, UMEIOLIHX
0000IIIeHHBIE TIPOM3BOJHBIE C BECOM, W TENbIEPOBBIX KIAacCcOB (GYyHKIMA ¢ BecoM. Jlis
MIPEUIOKEHHOM KBajpaTypHOU (JOPMYIIBI 1ajiee HCCIeI0Balach MOTPEUTHOCTh €€ MPUOTHKESHUS
B [IPOCTPAHCTBAX HEMPEPHIBHBIX (QYHKIUI 1 KBAIPATUIHO-CYMMHPYEMBIX ¢ BecoM pyHKImiA. B
pe3ynpTaTe  HUCCIIEOBAaHUS ~ YCTAHOBIECHBI  A((EKTHBHBIE  OIEHKH  IOTPEUTHOCTH
anmpoKCHMMATUBHOTO anmapara B TNpeMIOKEHHbIX kiaccax (yHknuid. Kpome Toro
MPUOIKEHHBIA METO/I PealTU30BaH Ha KOMIIBIOTEPE B BUIE IporpamMmbl Ha s3bike CH.

Bb1600b1. 3HaUMMOCTD MOTyYEHHBIX PE3yIbTATOB JJISI CTPOUTEIHHONH OTPACIH COCTOUT B
TOM, YTO TIPH PEIICHWW 3a/a4, B TOM YHCJIE 3a/a4 MO HaXOXJICHHIO (HOpM KOHCTPYKIHUH,
YUHUTHIBAIOIIUX CBOWCTBA MAaTEPUANIOB, M3MEHEHHUSI OKPY>KAIOIIEH Cpeabl, MOJEIH KOTOPBIX
UCTIONIB3YIOT UHTETpaibl Pumana-JInyBuis, MoKHO OyJeT MPUMEHSTh TPUOIMIKSHHBINA MTOIXO,
KBaJIpaTypHyI0 GOpMYITy, IPENIOKEHHYIO B CTAThE.

KnrwuesBble ciaoBa: unrerpansl Pumana-JIluyBuwis, psasl ®Dypbe, KBaapaTypHble
(hopMyJIbl, MPUOTMKEHHBIC BRIYUCIICHHUS, OI[CHKH ITOTPEIIHOCTH.

B mocnename necstriieTyst BO3poc HHTEPEC K HCCIeIOBaHUIO IU(depeHIMaIbHbIX YpaBHEHHH,
UMEIOIINX JPOOHBIA TOPSIOK, B KOTOPBIX HEM3BECTHAS (DYHKIHMS COACPKUTCS IO 3HAKOM
HPOU3BOHOM TPOOHOTO MOPSIKA, a TAKXKE U K MHTETPATbHBIM YPaBHEHUSAM IpOOHOTO MOpsIKa
UHTETPUPOBaHHS. DTO OOYCIIOBICHO PSIOM IMPHYMH: BO-TIEPBBIX, Pa3BUTHEM KaK TaKOBOH TEOPUH
JIpOOHOTO MHTETPUPOBaHUA U AU HEPSHIMPOBAHHUS, BO-BTOPBIX, OOMIMPHBIMU MTPUIIOKEHUSIMH
NPUMEHEHHSI 3TOr0 MAaTeMAaTHYECKOTO armapara B Pa3IMYHbIX OOJACTSAX HAYKH M IPOU3BOJICTBA,
0c00EHHO, B O0JIACTSX, CBA3aHHBIX C HAHOTEXHOJIOTHSMH, 3anauaMu auddy3ud, a Takke Ipu
CO3/IaHMH KOHCTPYKIIMH, YIUTHIBAIONIMX COCTOsIHKE BetecTsa [1, 2]. Kpome Toro pasHbiMu aBTopamu
paHee TPOBOMIINCH MCCIISIOBAHMS B 00JaCTH TPUOIIIHKESHHBIX METOJIOB JAPOOHBIX HHTErpasioB [3-5].
Hamu taxke mpoBOJMIIHCH PabOTHI, OCHOBAaHHBIC Ha M3BECTHBIX METOOJOIMYECKHX TOAXOAAX U
pelieHus 3a1a4 MPUOKCHHUS, CHavala MPOSKIIMOHHO-CETOYHBIMU MeToiamu [6, 7], 3aTeM 1o
HOCTPOCHHUIO KBaApaTypHbIX Gpopmyit st uHTerpasios [8-10].

Bhauane yka)keM HEKOTOpBIC ONpENENICHUS | BCIIOMOTATEIbHBIE IPEIIOKEHHS,
KOTOPBIMHU OyJIeM ONIepHpPOBATh MPH W3JI0KEHUH MaTepHaa.

HamomanM, uto dynkmus f(x) € Cér)(r > 0), x € (—oo; +00), UMEIOMIAS TPOU3BOIHBIE IO
7-10 Topsaka ¢ Becom p(x): fp(i) (x) = p(x) % f,,(i'l)(x),i = 1,7, 1 Ul HEE BBINOJIHAETCS YCIOBHE

1
1+x2

®ynkuuo f(x) npexcraBum psaom ®ypbe no cucreme QyHkimit {c(x), s, (x)}, rae
¢, (x) = cos(karctgx), s, (x) = sin(Qkarctgx):

0

&) =3+ ) ac(x) + by s,
k=1

—o < fp(j)(oo) = fp(j)(—OO) < o0,j = 0,7 — 1. 3nech u nanee Bec p(x) =
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2 Oof(x)ck (x)dx
=— | ———— ,k=0,1,.
A T f 1+ x2
[ f()s(@)dx
by=— | ——— k= 12,.
L 1+ x2

O0603HauuM yepes:
n

nf = un(f12) =2+ ) 0y @) + by se(¥) - (1)

YacTHYI0 cyMMY psiia Dypbe 1o cucreme Q);Hliunﬁ {ci (%), s (x)}.

Hnsa dynxmum f(x) € I/I/p(r),r > 1,x € (—o0; +00) CITPaBEIIIMBO CIETYIOIIEE:

Jlemma 1.

Ilycte  dyukums f(x) € Wp(r),r >1x € (—oo;+), TOrma mIsI HeEe HMEET MECTO
MpeICTaBJICHHUE !

1+t2

fG) == jf() jf“amxxw

rmue

K68 = ) (6 (x) + 50 ()54 (3),
k=1
1 T 1 . rI
Cr(t) = - cos (Zarctgt + > ) S (t) = wrsin (Zarctgt + 7)

U3 cBoiicTBa OpTOFOHaJ'IBHOCTI/I bynxumit {c, (x), sk (x)} ¢ Becom p Ha Beell YMCIOBON
OpSMOM CIIEAYET CIEAYIoIIee:

Jlemma 2.

Eom  f() € r=110  Ey(f)e < En(f”) En(Kp)y, com f(x) € W 7 = 1,10
En(f)C =< MEn(Kr)Lp'

Cnencrsue 1.

Ecmu f(x) € H)(A),r 20,0 < g <1,

TO
9rA

Ex(f)c = W
Cnencraue 2.
Ecmu f(x) € W, r = 1,10 En(f)¢ < Z(nﬁ)r

O6o03naunm yepe3 H = L,,, — JIMHEHHOE HOPMHMPOBAHHOE IPOCTPAHCTBO KBaIPaTHYHO-

< 1
CyMMHpYeMbIX (yHKIMIA ¢ Becom p. HamoMmuuMm, 37eck U nanee B ctathe p(x) = — Beenem
_ f2(t)dt
wopmy lIflly = =7 =5
s cymmel (1) cipaBeIMBEI CIIEAYIOIINE OICHKH, TIPEICTABICHHbBIE B BUJIE JIEMMEI:
JlemmMma 3.

st mro0BIX HATYpANBHBIX n = 1,2, ... CIIpaBeIJIUBBI COOTHOIICHUS:
lunllesm < Lllugllcoe < 2+ Inn.

CrpaBeiiuBa TaKkke CIeAyoIas TeopeMa.
Teopema 1.
Ecm  f(x) € C(—oo;+0), TO cIpaBemIviBa OICHKA IOTPEIIHOCTA aANIPOKCUMAIIHN
¢yHKIHU yacTHBIMU cymMmMamu psga Oypee (1) B mpocTpancTse H:
Ilf —unflly < 2E,(f)c.
Cnencrsue 1.
Ecmu f(x) € H)(A),r 20,0< < 1,

TO
< oA
If —unflly < T D F
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Cnencrsue 2.
Eciu f(x) e W, r > 1,
TO

M
If = wnflls < gy

I[OKaBaTeJ'IBCTBO TCOPCMBI 1 CJICOYCT U3 HW3BECTHOU TCOPCMbI Jlebera u OIICHOK JICMMBbI 3,

a cumenctBus 1, 2 Teopembl 1 cliemyrOT HEMOCPEACTBEHHO W3 cleacTBuid 1, 2 memMmbr 3,
COOTBETCTBEHHO.

Taxxe cripaBeIviBa CIeIyIOIIas TeOpeMa.:

Teopema 2.

Ecm  f(x) € C(—oo;+0), TO cIpaBemIviBa OICHKA IOTPEIIHOCTA — ANIPOKCUMAIIHN
GbyHKIMK YacTHRIMEA cyMMamu psiia @ypbe (1) B mpocTpaHCTBE HEMPEPHIBHBIX ()YHKITHIA:

If —unflle < B+ INM)E,(f)c.

Cnenctue 1.
Eciu f(x) € H[(),Vr;(A),r >00<pB<1,
TO
9n(3 + Inn)A
If —unflly < W
Cnencraue 2.
Ecmu f(x) € Wp(r),r >1,
TO

M
Ilf —unflla < m('& + Inn).

YTBepKICHHUS TEOPEMBI 2, @ pABHO CIICACTBUS 1, 2 CIENyIOT HEMOCPEACTBEHHO U3 JIEMMBI
3 U ee ciIeACTBUH.

PesyabTarnl
Paccmotpum unrerpan Pumana-JlnyBuiis Ha OECKOHEUHOM MTPOMEKYTKE!

X
1 f(t)dt
a — —
¢ (x) M@ ) Gopre oS <™ 2)
3neck dyHKm f(x), 3a0annasn na wucnosoi ocu (—oo; +o).
ATMpOKCHUMHUPYs UIOTHOCTh MHTerpaia (2) yactHoit cymmoii psima @ypwe (1), npunem
cieayomei npuommKeHHon Gpopmyie:

( + Yk= 1aka(x)+kak(x))dt g n

Ia(unf X) = 1—‘( ) f (x — t)l_a - 2 —+ kz=1 akaa(X) + bk Ska(x), (3)
e 1 am 1 . am
Cne(x) = (2 ) cos (2narctgx + 7)  Sna () = an)- sin (Znarctgx + 7), @

2y OO = 0,1, b =27 LORDE = g

TU=o  1+4x2 1+x2
s (i)OpMy.HBI (3)-(4) umeer mecto creayroIee:
Jlemma 4.
Ecmu f(x) € C(—oo; +00), TO CIIpaBeIMBO COOTHOIIICHHUE!

1
NE( = un I SWIIf—unflliz-

CKOpOCTh CXOJMMOCTH HpHUOIMKEHHOTo mporiecca (3) mo MeTrpuke mpocTpancTBa H
XapaKTepu3yerT:

Teopema 3. Ecnu f(x) € H (T)(A) (r 20,0 < B <1), To cupaBeIuBa OICHKA!
HES —uaflly =0
Eciu f(x) € Wp(r),r >1,TO
1
a _ — -
MG = wflln = 0 (G gyrme)

YTBepKICHHUS TEOPEMBI CIEAYIOT HEMOCPEICTBEHHO W3 JIeMMbl 4 u cnenctBuii 1 m 2
TeopeMbl 1 COOTBETCTBEHHO.

()
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Jlasnee pacCMOTPUM OIIEHKH MOTPEIIHOCTH NpUOImKeHHOH hopmyisl (3) B paBHOMEPHO#
METPHKE, JJIs I0OKA3aTEINbCTBA KOTOPBIX BOCIIOIB3YEMCsI YTBEPKACHUEM CIIEYIOUICH JIEMMEI.
Jlemma 5. [Iyis1 m00BIX HAaTypasIbHBIX 1 = 1,2, ... clipaBeATTMBO COOTHOLICHUE!

4
Hfunllcoe < >a (1 + Inn).

7)

Teopema 4. Eciu f(x) € H;g,p (A),(r 20,0 < B < 1), To cripaBeIMBa OLEHKA!

. __ l8mA L4 2 1+277F o
”I+(f_unf)”lj'—m + nn1—2—r—ﬁ+(1—2—r—ﬁ)2 n2t.

Ecmu f(x) € Wp(r),r > 1, To:

. 2nM 2 1+277
WG =Pl < gy {2+ M =5 + =gz 12
OrieHnBas OCTaTOYHBIN wWieH (hopMyinbl (3) U TOCIEAOBATEIBHO TPUMEHSS CIIEACTBHE 1,
2 1eMMBI 2 ¥ pe3ybTaThl JIEMMBI 5, TOJy4aeM YTBEPKICHHE TCOPEMBI.

BuiBoabI

B paGote npemnoxeHa kBaapatypHas Gopmyia (3) ¢ koaduimenTamu (4) s uHTErpaia
Pumana-JInyBisiss Ha OSCKOHEYHOM MPOMEKXYTKE (2). YCTaHOBIEHBI CKOPOCTH CXOIHUMOCTH
aNnmpOCKMMAIMOHHOTO ammapata (3) B MeTpuKax TMPOCTPAHCTB HEMPEPBHIBHBIX (QYHKIHHA U
KBaJIPaTUYHO CYMMHPYEMBIX C BecoM (yHKIHiA (cooTBeTCTBEHHO TeopeMmbl 4 u 3). Kpome Toro,
JIaHHBIC OLICHKH MOJIyYeHbl IJIs NPHOIMKeHHs UHTerpana (2) B ciydasx IUIOTHOCTeH f(x) €

Hl;r; (A),(r=00<p<luf(x)e Wp(r),r > 1. CuyuTaeM, YTO JaHHBIE HCCIIENOBaHUSA OyIyT
WHTEPECHBI B KAYECTBE TEOPETUYECKOrO OOOCHOBAHWS MPUMEHEHHS KBAIPaTYPHBIX (hopmyIr mis
uHTerpasioB Pumana-JlmyBmiuiss Ha OeckoHeduHOM TpoMmexyTke. Kpome Toro, aBTOpamu
pazpaboTaHa IporpamMma, peatn3yrolas MPUOJIMKEHHbIM METOJ Ha sA3bIke nporpammupoBanus CH.
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Approximation of fractional integrals by private sums of the Fourier series

Abstract

Problem statement. The purpose of this study is the development and application of
approximate methods for calculating integrals, which is the part of the models used by the
integrals of Riemann-Liouville and the creation of a software product, allowing to carry out
similar calculations for the given functions.

Results. Main results of the research consist in the construction of quadrature formulas for
the integral, there were cases when the density of the integral is a function from space of
continuous functions having generalized derivatives with the weight, and Holder classes of
functions with weight. For the proposed quadrature formulas next, we investigated the error of
its approximation in spaces of continuous functions and square-summable with weight
functions. The study has efficient error estimates approximation of the apparatus in the
proposed classes of functions. In addition an approximate method implemented on a computer
in the form of a program in the C language.

Conclusions. The significance of the results for the construction industry is that when
solving the tasks, including the task of finding shapes of structures, considering material
properties, environmental changes, models which use integrals of Riemann-Liouvile, you can
apply the approximate approach, the quadrature formula proposed in the article.

Keywords: Riemann-Liouville integrals, Fulier series, quadrature formulas, approximate
calculations, error estimates.
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