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NPO AEAKI PE3YJIbTATU OOCHIAXEHHA
IHTETPANBbHOIO METOLY PO3B’A3YBAHHSA
NHIWHUX OUPEPEHUIANbHUX PIBHAHb

VY crarTi po3MIIIHYTO MUTAHHS 3aCTOCYBaHHS IHTErPajJbHOTO
METOJY Ul pO3B’SI3yBaHHS JTiHIMHUX AU epeHLiadbHUX PiBHIHb.
BaxJIMBOIO IEPEAyMOBOI0 BUKOPUCTAHHS TAKOTO MiIXOAy € MO-
JKJIMBICTh 3BEACHHS Pi3HMX BUMAIB 3BHYANHHX OUQepeHIiaTbHIX
PiBHSIHB 110 €KBIBaJCHTHHX IHTETpaibHUX PiBHAHb BombTeppw,
TOJI SIK 3BOPOTHE TEPETBOPECHHS HE 3aBXAU MOXJHBe. IlepeBaru
IHTETpaIbHUX PiBHSAHB B OOYHCIIOBAIBFHOMY IIaHI BH3HAYAIOTh-
Csl 3TJIaDKYIOUMMH BJIACTHBOCTSIMU IHTEIPAJIBHUX ONEPAaTOpiB,
IO MPOSIBISIETHCS B MiABUIIECHHI TOYHOCTI OTPUMAHHUX PO3B’S3KiB
a00 B 3MEHIICHI KiJTBKOCTI 00YHCIIOBAIBHUX OMNepaliil B mpoueci
ix po3p’s3aHHsA. KpiMm 1poro, iHTerpanbHi piBHSAHHS J03BOJIIOTH
pO3B’s3yBaTH 3a/1adi, A€ 3aAaHi abo mykaHi QyHKIII MalOTh PO3-
puBu [-ro poxy. 3 OimbIn 3aradbHOi TOYKH 30pYy, IPHU PO3B’S-
3yBaHHI quQepeHIialbHuX PiBHAHB 301IbIIEHHS TOXHOKU MPaBoOi
YaCTHHH TATHE 32 COOOIO IMIBU/IKE 3pOCTAHHS MOXHOOK pe3yibTa-
TiB pa3oM i3 30UIbIIEHHSIM MIBUAKOCTI IX HAKONWYEHHS, a 3TJIa-
JOKYIOU1 BITACTHBOCTI IHTETPAIILHOTO METOJY, 32 PaXyHOK CTiHKO-
CTi TPSAMHX METOJiB, NO3BOJSIOTH OTPUMATH OiNbII TOYHUHN
PO3B’ 30K B YMOBaxX HassBHOCTI MOXMOOK B MpaBiit yacTuHi aude-
peHmianpHOrO piBHAHHS. [lO3WTHBHI BIIACTHBOCTI Ta €(EKTHB-
HICTh 3aCTOCYBaHHS IHTETPAIBHOTO MiAXOMy AJS PO3B’SA3yBaHHS
TMiHIAHIX nudepeHIianbHAX PiBHIHB PO3TISAAIOTHCS HA OCHOBI
OOYHCITIOBAIBHUX EKCIEPUMEHTIB, SIKi JJO3BOJIAIOTH MPAKTHYHO
HEePEKOHATHCH B JIOLIIBHOCTI BUKOPHCTAHHS IHTErPaJbHUX METO-
JiB ONHUCY Ta aHaNI3y NPUKIAJHUX 3a1ad.

KiwuoBi ciioBa: inmespanvhuii memoo, ainitiHi ougepenyia-
JbHI PIGHAHHA, €KEI6ANEeHMHI IHMe2PabHi PIGHAHHA.

Beryn. Ilpu po3B’s3anHHI 0arateox 3a1aq JOCHIIKESHHS JUHAMIYHIX
CHCTEM Iepexi Bix audepeHmiaTbHuX PIBHAHB IO IHTETPAIBHUX J03BO-
JIsiE BAKOPHCTOBYBATH PSiJI IIEPEBar iHTErPabHOTO MPEACTABICHHS 3a1aui,
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TaKWX SK TMOBHUH MaTeMaTHYHHWHA OIHC, 3TIAKYI0Yl BIACTUBOCTI iHTET-
paNbHUX OIEpaTOpPiB; BUBUCHHS, 3a0€3MEUCHHS 1 MPUCKOPEHHS 301KHOCTI
iTepariiifHIX METO/IiB; BUCOKA CTIHKiCTh mpsAMux mMeTomis [1-5].

BukJian ocHoBHoro matepianay. 3amada Komi s audepenmians-
HOTO PiBHSHHS 13 3MiHHHMH KoedimieHTaMu

d"y(x) d"y(x)
a0 e () (x)= 1 (x), x20,
¥(0)=Co:y'(0) = Cyiwiy" ¥ (0) = Co s, (1)
Ma€ eKBiBaJICHTHE NPEICTABICHHS Y BUTIISIII iIHTETPAITBHOTO PiBHAHHS [4]:
X
+[K(x5)-u(s)ds = o(x), 2
0
i
d"y(x)
u(x)= ,
() dx"
X n-1
y(x)
J'u(s)ds+C1=—7, ©))
5 dxn 1
Xn—l 1 X N
y(x):C”’l'(n—1)|+ +C, x+C0+(n_1)l-£(x—s) (s)ds,(4)

X
B C”‘1'(n—1)!

[Tpn oTpumManHi BupasiB (2)-(5) BUKOHYETHCS IHTETPYBaHHS 3aITUCIB
(3) Ta BuKopucTOBYyeTHCS hopMmya:
P ; o P n-1
[dx [ dxge [ 2(xq)dx, =7 _1)!-I(x—s) -2(s)ds.
a a a a
BpaxoBytoun, mo 3Bu4aiiHi audepeHmianbHi piBHAHHSA 3rigHO (2)-
(5) 3BOAATHCS 10 €KBiBaJIEHTHHUX IHTETPAIbHUX PIBHSHD 13 BUPODKEHHU-
MU SIpamMy, AOLITBHO PO3IVISHYTH MOKIHBICTH PO3B’sS3aHHA AupepeH-
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[iaJIbHUX PIBHSHB HUIIXOM 3aCTOCYBaHHS METOAY KBaapaTyp 10 iX iHTe-
TPaBHOTO eKBiBaJeHTY. JlOCTIKEHHS JaHOTO METOMYy IIJIIXOM OO0YHC-
JIOBaJbHUX EKCHEPHUMEHTIB MiATBEPIDKYE HOTO €PEKTHUBHICTH Ta MO3H-
THUBHI BIIACTHBOCTI.

PosrisHeMo mpukiIaay.

Hpuxaan 1. Hexail moTpiGHO po3B’s3aTh OuQepeHIiatbHe PiBHI-
HHSA 3 IOYaTKOBUMH YMOBaMH

y'+y' +y=3"2, y(0)=-2y(0)=1 (6)
Ha inrepsai (0; 1).

ExBiBanieHTHE iHTETpalbHE PIBHSAHHSA AJIS PIBHAHHA (6) Ma€ BUTIIAA
X

u(x):Se’zx+2x+1—j(1+x—s)-u(s)ds, @)
0
a pO3B’s130K BU3HAYAETHCS BUPA30M

X
y(x):—2x+1—j(x—s)-u(s)ds. (8)
0
3actocoByroun (opMmyny Tpamemnii g0 iHterpanis y (7)-(8), orpu-
MaeMo:

u(0)=3e°+2.0+1=4,
u(x)=

2 ~ i-1 i-1 i-1
—JSe 25 1 2% +1—h- DAL XD AU =Y A ]
2+h L j=1 j=1 j=1

y(0)=1,
i-1 i-1
y(%)=-2% +1+h-[ X D Ajuj; = Ajx;u;
j=1 j=1

9)

TopiBHsEMO PO3B’SI3KK JBOMA METOJAMHU ITPH PI3HUX KPOKaX 1 OJHA-
KOBOMY 4aci 0OUMCIICHb IIPH HassBHUX MOXMOKAX y BUXIJHUX JAHHX.

Yac po3B’si3aHHS IHTETPAIBHUM METOAOM B CEPEIHbOMY JOPIBHIOE
0,0121 c., a meroniom Pynre-Kyrra — 0,0122 c.

Hexait Ha npaBy yacTuHy

f(x)=3e"> (10)

JmudepeHnianbHOrO piBHAHHA (6) HaKJIaIeHUH BUIaJKOBUH IpoLEC 3 MaK-
CUMAJTBPHOIO aMILTITYI0I0 Of, BUpaKEHUH B % Bia aMIuIiTyiu QYHKIII1, 110
cToiTh B mpaBiii wactuni (10). PesympraTté po3B’s3yBaHHS, SIKi JEMOH-

CTPYIOTh BUIY TOYHICTh IIPH 3aCTOCYBaHHI IHTErpaJIbHOIO METOJly, HaBe-
JIeHo Ha puc. 1-4.
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ITpu 3actocyBanHi Merony Pynre-Kyrra nomanpiie 301bIeHHS 1M0-
XHOKH MpaBOi YaCTHHU TATHE 32 COOOI0 MIBHIKE 3POCTaHHS IOXHOOK pe-
3YJBTATIB Pa30M i3 301IBIIEHHIM IIBUIKOCTI iX HAKONMMYEHHS, IO PUBO-
JITH 10 MEHIIIOI TOYHOCTI OOYMCIICHb, Y TIOPIBHAHHI 3 iHTETpaIbHAM Me-
TomoM. TakuM YHHOM, 3TIIIPKYIOUi BIACTHBOCTI 1HTETPATBHOTO METOAY
JIO3BOJISIIOTH OTPUMATH OUIBII TOYHHN PO3B’SI30K 32 HASBHOCTI MOXHOKHU B
npaBiif yacTHHI TUQEepeHIiaIbHOrO PiBHIHHS.

Hpuxaan 2. 3agano audepeHmianbHe PIiBHAHHSA 3 MTOYATKOBHMH

YMOBaMHU
X

"+y'-2y=e"",
/(0)-0,y(0)-1. o
ExBiBasieHTHE iHTErpajibHE PIBHSHHS Ma€ BUTIIS]
u(x):e‘x+2x—1—JX‘(1+2(x—s))-u(s)ds, (12)
a PO3B’s30K BH3HAYAETHCS BUPA30OM 0
y(x):x+JX'(x—s)-u(s)ds. (13)

0
3acrocoByroun Gopmyiry Tpaneniid 10 (12), (13) i BpaxoByrOUH CITiB-
BiIHOIICHHS JJIsI METOY KBaJpaTyp, OTPUMAEMO:
u(0)=e’+2-0-1=0,

2
U(Xi): 2+h

X
i-1 i-1 -

x| e 20 —1=he| 3 A+ 2 3 Ay -2 Ay | |,
i1 j=1 =1

y(0)=1,
y(X)=x +hx (14)

-1 -1
x| %, AUy = AUy
-1 j-1

[ToBeniHKy MOXMOKHM MPH PO3B’SA3aHHI TOPIBHIOBAHUMHU METOJaMU
MoKa3aHo Ha puc. 5-8. JlocmiguMo 3aleXHiCTh MOXUOKH PO3B’A3KY II0-
PIBHIOBaHMMH METOJIaMH BiJl MOXHOKH 3a1aHHs npaBoi yacTuHu. OTxe,
npHu NpUOJIM3HO OJHAKOBOMY YHCII OIEpaliif, NOYMHAIOUM 3 JIEIKOI0
3HAYeHHsS TMOXMOKM MpaBoi YaCTHHHM TOYHICTh IHTETPAJIBHOTO METOMY
Oyne BuIIE.
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BucHoBku. TakuM 4rHOM, Ha MiACTaBI OOYHCIIOBAIBHUX EKCIIEpHU-
MEHTIB MOKHa 3pOOUTH BHCHOBOK, III0 BUKOPHCTaHHS €KBiBaJICHTHO] iHTe-
rpajbHOI (OPMH [UIL PO3B’SA3aHHA JHINHUX OU(EpEeHIiaJbHUX PIiBHIHB
PI3HUX MOPSZAKIB B PSRl BHMAAKIB JO3BOJISIE OTPUMATH MOKPAIICHHS TOY-
HOCTi pO3B’SI3Ky IPH MPHUOIN3HO OJHAKOBOMY YHCIII OmNepariii, ki BUKO-
HYIOTBCS. 3IJIAKYI0Ui BIACTUBOCTI IHTETPAIBHUX OIEPATOPIB 3yMOBIIIO-
I0Th €)EKTUBHICTh 3aCTOCYBAaHHS IHTEIPAIbHOTO METOY PO3B'I3aHHS JIU-
(epeHLiabHUX PIBHSHD B YMOBaX HassBHOCTI 3aBal.
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SOME RESULTS RESEARCH THE INTEGRAL METHOD
SOLVING LINEAR DIFFERENTIAL EQUATIONS

The article considers the application of the integrated method for solving
linear differential equations. An important prerequisite for using this approach
is the possibility of reducing different types of ordinary differential equations to
equivalent Volterra integral equations, while the inverse transformation is not
always possible. The advantages of integral equations in the computational plan
are determined by the smoothing properties of the integral operators, which is
manifested in the increased accuracy of the obtained solutions or in the reduced
number of computational operations in the process of their solution. In addition,
integral equations allow solving problems were given or required functions
have breaks of the first kind. From a more general point of view, when solving
differential equations, increasing the error of the right part entails a rapid in-
crease in the errors of the results together with increasing the rate of their ac-
cumulation, and the smoothing properties of the integrated method, due to the
stability of direct methods. conditions of errors in the right part of the differen-
tial equation. The positive properties and efficiency of the integrated approach
for solving linear differential equations are considered based on computational
experiments, which allow to practically prove the expediency of using integrat-
ed methods of description and analysis of applied problems.

Keywords: integral method, linear differential equations, equivalent
integral equations.
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