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Yepxacckuil rocyAapcTBeHEBIR TEXHONOTHYECKHH YHUBEDCHTET
) ¥

Posensaoaemocn cnocié eudinenna ocobiuso-
Cmi BpY HABAUNCEHOMY OOYUCTEHHT HEGNIACHUX iHme-
epanie abo eaacnux iumezpanis 6i0 GyHKyil, y akux
QOHA 3 NEPUILX NOXIOHUX NEPEMEOPIOEMIBbCA HA OO HA
RPOMIZICKY THME2PY8anHs ato nOORU3Y HbO2O.

Beryiense. 3agaua NpHOITMKEHHOTO BSI-
YuCIeHNs HeccOCTBEHHBIX WHTErPalioB WIH cobeT-
BEHHBIX HHTETPAOB OT TakuX QyHKIUH, ¥ KOTOPHIX
O[lHA U3 TIePBHIX MPOHIBOAHBIX 00palIacTCAd B o Ha
NPOMEXKYTKE WHTETPUPOBaHWA Wi BONW3M Hero,
ABJSIETCS aKTyansHOH # Tpe®yeT panpHelero uc-
cnenosanns. WHTerpaisl yka3aHHOrO BUAA BCTpE-
garoics BECchMa 9acTo, M WCMONB30BAHHE IIA HX
HaxokAeHUus OOBIIHBIX (GOpMYT COHPSKEHO C OIl-
peneneHHBIMH TPYAHOCTAMHE, TaK KakK, €C/IM HHTe-
rpan HecOOCTBeHHBIH, ONH& M3 OpJAMHAT MOXET
oxazatbcs OeckoHeuHoH. FEciu xe cama mopsIHTe-
rpaibHad PyHKUXS KOHedHa, HO OeCKOHeYHa OfHa
U3 ee MEpBBIX MPOH3IBOAHBIX, TO 3HAUNTEABHON AB-
JAeTCd MOTpeiiHocTh BhrumcaeHu#d. To ke umeer
MeCTO, eciM ocobas TOYKa MOABIHTErpaIbHOM
OYHKIIMU JeXKAT HE B TPOMEXYTKE HHTECIPHPOBA-
uug, a B6au3u Hero [1].

Henw craThbu. Jng pemieHus TOCTaBIeHHOH
3a0auu O NMpHOIHKEHHOM BLIYHC/ISHHH WHTETPalioB
YKa3aHHOTO BERIIIE THIAa HPUMEHMM enocod Boinene-
HHAS ocobeHHOCTH. [INig BLIUMCICHNS OTIpeeleHHOTO
HHTErpalia BIa

b
.[ f{x)dx

B ciyuae, ecnu QyHkuus [ (x) HMeeT 0co0bie ToU-
KH, HCTIONB3yeM NIpeICTaBlIeHAe:

S (%)= fi(x)+ fa ),

rie Gyskuwast f (x) COAEPKHT BCE OCOOEHHOCTH

f (x), HO HRTErpApyeTcsl NeTKO aHanWuTHYecKH,

tyaxons xe f, (x) WX He AMECT, TaK 4T0 HHTerpai
OT Hee MOXKEeT OBITh HalilleH C MOMOLIBI ONHOH U3
(hOpMyJT YHCJIEHHOTO HHTErPMPOBAHUS.

PaCCMOTpHM HHTETpAX BHAA!

In the article the way of features selection for
approximate calculation of proper and improper
integrals from functions in which one of the first de-
rivatives turns in infinity on an interval of integra-
tion or near (to it is considered.

I}.(x -x ) o(x)dx,

TAe TOYKa X) JEKUT BHYTPH WIM BONH3N HHTepBala
[a, b] (B HanbHejftuleM Mbl OCTaHABNHBACMCH JUiA
OHPEAEICHHOCTH HA MePBOM ClIyyae), a QYHKUHUS
go(‘c) HeNpephIBHA Ha [a, b], B TOUKE X = X, UMEeT

HEKOTOPOe UHCIIO 7 TIPOU3BOMHBIX, ¢(x1) #0. Or-

HOCHUTENBLHO ¢ JiperionaraeM, uto o > —1 U He ectsh
Lenoe MonoKuTeNpHoe yneno. Ilpu atwx npemono-
JKCHHAX paccMaTpyBaeMBIil WHTErpan, HaBepHoe, Cy-
IHECTBYET, OJHAKO, NMPUOIIKEHHOE BBIYUCIIEHHE €ro
3aTPYAHHUTENEHO, TaKk Kak ecod a <0, TO mauHbiit
WHTerpall OKa3blBaeTCsl HECOOCTBEHHBIM, €CITH ke
a >0, To Hamyue ocobod TOUKH X =X, ofecredu-
BACT HECYLIECTBOBAHME NPOM3BOAHBIK, HayMHAsA C
(a +1)—F0 OpsIKa, & TOTOMY M OONBHIYIO 1I0-
TPElIHOCT B (POPMYNaX IS MPUOTMKEHHOTO BhHIYKC-
nesust. CornacHO paccMaTpHBaeMOMY TOIXOIY HEoO-
XOIOUMO TIOJBIHTErPaIbHYIO QYHKIHIO pa3buTh Ha JBE
yacTu. s 3TOH NeTu Mbl BLIACTAEM HEKOTOPOE YUCIIO

k < m TepBBIX YNeHOB pasTOKeHus QYHKUAN go(x)

B pAZ T eiTopa OKOJI0 TOUKH X = X, :

o()=| o(x)+ 212

(x—x)+

ARl )

+Mx )C kl"_;_ 4.1;':3, :
(k'l) I J

o=t} -2 )

_wk—l (xl)
(k—l)
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MATEMATUYHE MOAENIOBAHHA TA OBYUCITIOBANILHI METOOU

B COOTBETCTBHM ¢ 3TUM HOABIHTEIPalibHas

drvHKINS pasOuBaeTCs Ha LBe:

S(x) = o) (x=x)" = fi(x)+ £(),

roe”
()= o))
+ p{(xl){:c-x, Yt o) ) Yo

(k-1)! (r=) s
S{x)={x-x)" Lm(;\) o(x)-

;,1/

(xj) k—l_g
(x—=x) |

Braronaps 3TOMy W paccMaTpyBaeMsiit HHTe-
rpan pazbuBacTCs Ra JBa:

r(x x ) o J. f fo(x)dx;

U3 HEX! TEpBbiii MHTErpan ecTe HHTerpan oT CTe-
MeHHOH (PYHKLUHUH 1 BLIYHCIASETCA HETOCPEACTBEHHO,
BC BTOPOM HHTErpaic NOABIHTICTPaibHAS (yHKIMS

(3’1)(};;%)_“__

UMeeT (l( +(} DPOM3BOAHBIX MPH X =X,, @ MOTO-

My uarerpan ot Hee Oe3z OombLIOH [OTPEITHOCTH
MOXeT ObITh Haiifien ¢ noMolubio mobol us dopMyn
ApUOTKEHHOr0 BEIMHC/IEHHS WHTErpaloB, a Takxe
0e3 Tpyhna MoxeT OBITH MPOM3BEAEHA OLEHKa MOo-
PPELHOCTH I[IPH 3TOM BBIYHCIEHHUH.

Tot xe, 9T0 M B TIEpPBOM CIydae, IPUeM Mo-
weT OBITh TIPUMEHEHR ¥ B 0oNiee CIOXHOM ciyuae,
KOTJa B COcTaBe NOAbIHTerpansHoil QyHKIMH HUMe-
eTCSl He OIHMH, a3 HeKOTOPOe UHCIO MHOXMUTeneH B

[24
BUJIE (x - xl) . B cayqae wHTErpana Buma:

[ = Joemn) (=) =) o)

Pa3JIOKHMB [IPOM3BEIECHNE BCeX MHOXKHTeneH, kpome
IIepBoro,

(x=x,)" . (x=x,)" p(x)

B paX MO CTSIIEHAM ()C )CI) H BBIOCAAA U3 HErO My

TJICHOB, PasnoKUM MOJBIHTETPATBHYI0 GYHKLHIO Ha
IBa CliaraeMblX:

S()= )+ (-4 ]
apruem f (x) -—- creneHHas QYHKUMA, a QyHKIHUA

P

l_f(x)—ﬁ(x)] uMeeT (n +a1) TIPOH3BOHBIX
BOMM3M TOUkH X = X,. Takum xe 00pazoM Npou3BO-
AWM Y IpyrHe pasOueHus:
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F(x)= /() +[F(x)-£(x)]

S(x)=£(x)+[ 1(x) fuﬂ

ApM  2TOM  BO  BCeX  chyuasX  QyHKIHH
£{x), . fo(x) — crenennbie dynxumm, a QyHK-

LHH [f(x) -1 (x)} , [f(x) -1 (x)] HMe-
10T, COOTBETCTBeRHO, (7, +a,),
TPOM3BOHBIX BOIN3H TOUEK X = X,, ..., X =X,.

Teneps paccMaTpHBacMbIfi uHTETpaT Ipes-
CTaBIIeM B BUIE CYMMBI IBYX HHTErPATIOB!

b(fk—ﬁﬂ Vo £ (x) ot £ () e+

)= A= £ )

fIPUYEM B EPBOM M3 HHUX TOABIHTErpaibHbie QyHK-
UK — CTENEHNELIC, ¥ OH Jerko BHIYUCISETCS aHalld-
TUYECKH, BO BTOPOM K€ NOAbIHTErpaibHasd (YHKINL
HMEET BO BCEM IIPOMEXKYTKE 7 MPOU3BOAHBIX, [Ae F —

nanmensiree w3 ancen (m +a,), (n, +a,),
(n, +a,) (sametnm, 410 1y, 1y, ..., 71 MyHiliE BCETO

TIoA0UPaTL Tak, YTo0HI 3T UUCHa OblTH PABHLI Me-
KAy coboi), W 3TOT MHTEIPAl MOXHO BBIMACIATH
OpubIHKEHHO.

PaccMoTpuM HHTerpal Bajia:

].f(x)dx = (}(x~x1)a n”? (X—xl)go(x)dx;

rae o >—1 u p — uenoe uncno. Pa3duBaeM NOJBIH-
TETPATBbHYIO DYHKIDIO Ha JABE YaCTH:

f(x)= 10+ £ (x),
T7Ie B IAHHOM CHy4ae:
fi(x)=0(x }x—x) In" (x—x )+
Pt 9" (x) s "
£(x) =f(x)—ﬂ(x)
Wurerpan or QyHKUHH f, (x) BBIUHCIISETCS
fe3 Tpyia ¢ NOMOLILIO HHTErPUPOBAKHA [0 YACTsIM,

dyrikuua xe f, (x) HMeeT (k+a) MPOH3BOHEIX,

a NOTOMY IJIst Hee HHTErpal BLMUCIACTCH HpH6I1P[-
KEHHO.
PaCCMOTpHM HHTEeIrpall Buaa:

i]go[t//(x):ldx,
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rne @(u) — dynkuus, wia koropol Touka u =0

sansercs ocoboli: norapudumuteckolt, anrebpanye-
ckolf Wiy aHATOTUMHOTO Xapakrepa, a i/ {x) — ne-
fipepeiBHas (GYHKUWSA, HMSIOiNad NPOH3BOJHBIE K
ofipaimaroisascs B #y/ib B HEKOTOPOH TOouKe X = X,.
Torna:

()= A=)+ [y ()~ A(z-5)]
A:‘-”(xi)s

¥ TOABIHTErpanbHyl0 (YHKIHIO MOXKHO pasOHTh
Ha jage:

f(x)=o[y(x)]=0[ A(x-x)]+
+Holw (9)]-o[4(x-2)]},

NpH 3TOM [EpBOe CaraeMoe ecTb (yHKUUN, UHTE-
Tpajl OT KOTCpOM, KaK MpPaBUIO, BLIYUCISETCS, BTO-
pas e HMeeT MPY X = X, MPOM3BOAHYIO U, Cieo-
BaTENbHO, MOXET ObITh BBIYMCNIEHA NpY TOMOLIM
YUCNIEHHBIX METOZOB.

AHanoruuHsie pazOMeRus Moryt ObITh Mpose-
JIeHB! | J19 HEKOTOPBIX JIPYTHX TUIIOB HHTErPAJIOB.

Mosiy4eHHbie pe3yaALTAThI

[TpuBemeM HEKOTOpBIC NPHMEPHI WCIONB30-
BaHHA JAHHOTO criocoba:

[Ipumep 1. PaccmoTpum wmHTEIpal, onpene-
FSIOLHI TUTOIAAE YETBEPTH Kpyra:

1
f n
6[ 1—x2 :—/I.

ITonpinTerpanbrhas GyHKLMUS UMEET 3[eCh Ha
xoule x =1 anreGpautdeckyio 0co0yI0 TOYKY, MO-
3TOMY, 3a11iCaB MHTETPANl B BUJZie

lj\/t—xzdx = IM_—?\/TT;dx

13 BTOporo MHoxuTens (1+x) Boinessem mep-
Bbi€ [Ba WICHa B pasioxeHru B pan Tefiopa o
crenensm (x—1):

iz = f(
NN e ql_i in],

6narogapa ueMy JaHHbiH MHTErpal pazduBaeTcs Ha
JIBa:

I (%)dx = jfm(l_l 17) LB

KOTOpBli;I BBIYHUCICH aHATUTHUYECKH, H

66 o

i
gﬂ(x\dx=
i N —~
= j\/i—:xi Vitx —\/2(%4"

1 VY,
—X | ldx,
4 |
J .
Cnefgopate/lbHO MCXOHHBIM wHTErpan, npu

UCHON E30BaHUU Cnocofa BLyereHus 0CoDeHN0CTY,
npmmmaeT BHI:

e = [f(x)s+ [, (x) v =

%}m[ﬁ:‘;—ﬁ(;iﬂj s

BoiupcnuM HUCXOAHBI W KOHe4HBIH (mony-
qeHHbIH cnocofoMm Builenenus ocoBeHHOCTH) MHTe-
rpansl npu nomomy nporpamMel MATLAB 7.6 u
CPABHUM NOJYUYCHHLIE PE3YNBTAThbl C TOUHBIM 3Ha-
yeHHeM. /[l BBIYHCIEHHS HCIOAB3YEM METo[
Cumncona, peanusosannslii B MATLAB dynkuneii
quad. Beenem o0o03HaueHMs U1 TOUHOTO 3HAUYCHHS
unterpana — «, 1ng ucxoanoro — «f1» u xoHeuyHo-
ro — «f2». Jlna npexncrtaBneHus NOMYYEHHBIX pe-
3yAbTatoB B (opMaTe ¢ GUKCHPOBaHHON Touko# 15
3HAKOB MCToNb3yeM GyHKLuIO long.

>> format long
f=pi/4
fl=quad('sqrt(1-x.72)",0,1)

f2=sqrt(2)*17/30+quad('sqrt(1-x). *(sqrt(1+x)-
sqrt(2).*(3/4+x/4)),0,1)

f=
0.785398163397448

1 =
0.785394489651578

2=
0.785398183404937

Ipoananu3anpoBaB NOTYyYEHHBIE PE3YABTATHI,
OTMETHM, YTO HCXOAHBIH HMHTErpal BBIYHCIECH C
OHOKOA B WIECTOM 3HAKE, @ KOHEYHbI — JUILb B
BOCBMOM, YTO MOATBEPXIAET BHICOKYIO 3(ibexTus-
HOCTB NPEJJIOKEHHOTO crocoba. ‘

TTpumep 2. PaccMoTpuM WHTerpan

: 1 /4
B TENca

Oco6oit Toukol nng Hero asasiercds X =0,

TIO9TOMY, Bblfensas U3 QYHKIUH HECKOJBKO

TIEpPBBIX YIGHOB Pa3/ioXeHHs ee B psy MaxnopeHa,
pazo0beM aHHBLT MHTErpal Ha Ba:

Bichuk YAOTY, 2008, Ne3
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‘ 1 26
Jﬁ(\x)dx=(;h—/;(l-x+x2)dng,

!{OTOpMﬁ BBEIUHCICH aHATHUTHYECKH, K

1 1
J"z \’)d =J {———n—1+x x\dxz
& 5 x\\1+x )
3
1 xi
=~ dx.
ci+x

CrenopaTebHO HCXOAHBIH HHTerpall, NpH HUCIIOIb-
30BaHMM Ccriocoda BRLACTEHUA OCO6€HHOCTH, OpHAHHR-
MacT BUAL

J.——“——dx-—J.f a:x+jf(

1+x)f

26 x
15 Jl+x

LSRRV

dx.

BpludcnuM HCXOIHBIH H KOHEYHBIH (rosy-
YEeHHBIN CHOCOGOM BbIENeHH OCOOEHHOCTH) HHTe-
rpajel Opu nomowu nporpamMmsl MATLAB 7.6 u
CPaBHHM IONYUYCHHBIE DE3YJhTaThl C TOYHBIM 3HA-
YeHHeM. BopriMcnenus NPoBOAUM dHANOTWYHO HPH-
Mmepy 1.

>> format long

f=pis2
fl=quad('1./(1+x)./sqrt(x)",0,1)
£2=26/15-quad("x.~N(5/2)./(1+x)',0,1)

f=
1.570796326794897
fl
0806946986730
L’Z =
1.576797074716859

Hcexonnsiii MHTErpan BBIUUCHEH ¢ OMHOKOH B
YeTBEPTOM 3HAaKE, & KOHEYHBIH — JHINL B LIECTOM,
CJIeIOBATENbHO, NPUMEHEHUE IPSIIKEHHOTO CIIO-
c00a 3Ha4YHUTEeIBHO MOBBIIAECT TOYHOCTS PacyeToB.

IHpumep 3. PaccMOTpHM Telleps MHTErpail

Y inx T
_[ 2a’x=——.
s1-x 8

umeromuil 0cobyio touky x =0 norapubmuuecko-
ro tima (x=1 - ne ocobag Touka, TaK Kak

1
y(l)z—a). Beienass w3 MHOXHTens npu Inx

TIepBbIe /iBa HIeHa pa3nokeHHd B pAx MakjopeHa,
pazoObeM faHHBIH HHTerpasl Ha /Ba:

BicHuk YAOTY, 2008, Ne3

;J-fl (x)dx= ;f(l+x2)lnxdx=

1 s
:(x%—fa—}lnxl - }(HJL}ZIX = "‘19:
3), 3 ?

\ 0

KOTOpLIFI BbIMHCJICH aHAJIUTHICCKH, U

1 1
_[fz(x)dv= J[l ! - ~1——x2)1nxdx=
0 )

1

0 —-X

4
=J al ~Inxdx.
1-x

0

CrenoBaTe/ibHO UCXOHHBIN HHTErpan, OPH UCITONB-
30BaHHAM crocoda BEIAeNeHHs 0COOEHHOCTH, IPUHH-
MaeT BHI:

1 ln 1 1
jl_;dxzjf](x)dx+ [£,(x)dx =
0 0 ¢}
1 4
=—-12+ al 2lnxa’x.
9 1-x

0

BrrydcaMM UCXOAHBIM M KOHEuHbl (Tony-
YeHHBIH crIoco00M BblNEIeHNS 0CODEHHOCTH) HHTE-
rpansl Opu nomowu nporpamMmsl MATLAB 7.6 u
CpaBAMM MOJyUYCHHBIE PE3YJIbTAThl C TOYHBIM 3Ha-
yeHHeM. BbUKC/IERUs NMpOBOAMM AHANOIMYHO TIpU-

Mepy 1.

>> format long

f=-pi*2/8

fl=quad('log(x)./(1-x.~2),0,1)
2=-10/9+quad('x."4.*log(x)./(1-x.72),0,1)

f:
-1.233700550136170

fl=
-1.233707422778383

ﬂ =
-1.233700651916009

HcxonHslii HHTErpail BHITHCTEH ¢ OLIMOKOH B
[IIECTOM 3HAKe, a KOHEWHBIH — JIHMIUL B CEALMOM,
uTO B OHepeAHOH pa3 MOATBEP:KAAET NPEUMYIIECTRA
fIpeIIOKEHHOT0 crlocoda.

IMpimep 4. Brrudcnum uHTErpan Dilnepa

2

. T
jln(smx)dx =-—In2.
J 2

1o uHTErpan ¢ ocoboi Toukoi x =0. Br-
aensis u3 QYHKUMM SINX [epBbli 4WIEH pasfiokKeHHs

ee B psag MakiopeHa, pasobneM NaHHBIA HHTETPAT
Ha ABa:
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7
El
I A

J.f x)dszL xdx = -

CrefoBarelbHO HCXCOHLIA HHTErpal, MpH MCHONE-
30BaHMH CIIocG0a BbiielieHHa CCOOSHHOCTH, NPpHHY-
Maer BHA:

In(sinx) d), J'f(x)dx+J L (x)dx =

4]
' Ei smx)
2 i £+ o 22

BErupc/mM HCXOMHBIH W KOHEeUHbIM (Tony-
YeHHbBIH criocoboM BeIOeNeHNs 0cOOEHHOCTH) HHTe-
rpajsl NpH mOMOIIM nmporpamyvsl MATLAB 7.6 u
CPaBHUM [ONY4€HHBIE Pe3yNbTaThl C TOYHBLIM 3Ha-
qeHreM. BbpMHCIEHHS OpOBOJMM &HANOTWYHO NpH-
Mmepy 1.

o-,.._.’m-a

l\)!éi

>> format long

f=-pi/2*log(2)

fl=quad('log(sin(x)),0,pi/2)
2=pi/2*(log(pi/2)-1)+ quad('log(sin(x)./x}',0,pi/2)

f=
-1.088793045151801
fl =
-1.088803504701531
2=
. -1.088793089346193
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Hcexoarpiil uurterpan BEiUnCIeH ¢ omubkoit

YKE B YETBEPTOM IHAKE, & KOHEUHBIH - JWe B
BOCHMOM, CJAEJOBATENHRO A JIRHHOIO NpUMepa
3(QGEKTEBHOCTS  TIPEATOKEHIION0 METONA Makcy-
MaibHa.

Beisoapl. Taxum ofpa3oM, paccMmarpupac-
MBI CIGCO0 BBITHCISHMAA HHTSIPayOB JaeT cra-
OUNBHBIC PE3YALTATEL € BBICOKGH TOYHOCTEHIC BEI-
YHUCEHHH W pacimpser BOSMOXKHOCTH NpUMeHeHHs
YUCEHHABIX METOAGB MIPH CO3AHAM COOTBETCTRBYO-
HINX NPUKTAEHEIX TPOIPAMM.
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