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YNCEJbHUN METO/] TUITY TPAIIEII PO3B’SI3YBAHHS
3AJTAYI KOIIII J1JISI OJTHOT'O KJIACY 3BUYATHIX
MU®EPEHITIAJIBHUX PIBHAHD JPYTOTO IIOPIIKY

The constructing of numerical method of trapezium type of solving the Cauchy problem for one
class of ordinary differential equation of the second order is considered. Iterative process conver-
gence for searching approximate values of solution is proved.

[TobymoBamo inTepHmoOAAIifinui YMCEeNbHAN METOM, TUIY TPAaIemnii po3s’a3yBanusd 3aaa4i Komri mia
OJIHOTO KJIACY 3BUYANHUX TU(EPEHIIAIBHUX PIBHIHD IPYTOro MOPSIIKY Ta iTepariiiHuii mporec 1
BlMIIyKaHHST HAOJIVKEHUX 3HAYEHDb PO3B’s3Ky. /loBemeno 30i:KHICTE iTepaliiiHoro mporecy.

1. Beryn. V crarTti po3niisilaeThes 100y I0Ba YUCEJIHLHOTO METOJY THILY Tpalerii
po3B’a3yBanHs 3aja4i Komr st 3Buuaitnux jgudepennialbHuX PiBHIHD JPYyTroro
HOP4AJIKY, IIpaBa YacTUHA AKHX He 3aJeKUTh BiJl moxiaHol mykanoi dyukiii. Ilep-
Il CcIrpoOu MOOYI0BU CIEIiaTbHUX METOIB JIJId TaKUX PiBHAHB HasexkaTh [IlTepme-
py (1907), Kayesny i Kpommeniny (1910), Hymeposy (1924).

st o0y 1oBM 1HTEPIHOJISIIHHOIO YMCEeJIBHOTO METO/Ly THILY Tpalleliii BUKOpH-
CTAHO ANpPOKCUMAILio (pyHKIIT iHTepnoIAiitHuM MHOTOYIeHOM Jlarpanzka neprioro
crenend. [lobymoBanuii iTepaniitauii npormec /i BiIIIYKAHHS HaO/JIMKeHUX 3HAUYE€Hb
PO3B’3KY 1 JIOBeJIeHO f0T0 30i:KHICTb.
2. ®opmysaroBanud 3aaadi. Posrngnemo 3amaay Komri

y' = f(z,y), (1)

y(zo) =vo, Y'(z0) = vpy- (2)
Hexaii B obsiacti G, sika mictuth npsgMokyTHuk R = {xg < x < x¢ + a, |y — yo| < b},
dbyukmia f(z, y) € HemepepBHOIO 1 3370BOJIbHsIE yMOBY Jlimmmuis mo y, To6To icHye
Taka crajga L, mo st JI0BLTbHUX TOYOK (X, ¥1), (2, y2) o6aacti G BUKOHYETHCSI
HepPiBHICTh
|f(l’, yl)_f(‘r7 y2>| <L |y1_y2|'

[Tpunycrumo, mo po3s’s30k 3aa4i (1), (2) Tpeba 3uaiitu Ha HPOMIKKY [Tg, To + al,
ge a > 0.V npomy Bunmagxy sagada (1), (2) mae exunuii po3s’s30K Ha MPOMiXK-
Ky [To, o + a]. IllykaTtumemo poss’sizok 3azadi y = y(r) HAOJUKEHO B TOYKAX
x1, T, ..., T, UPOMIKKA [Tg, To + al, e x, = o+ kh (k=0,1,...,n); h =a/n.

3. ITo6ymoBa meromy. IIpegcraBuMo po3B’s30K y = y(r) B OKOJI TOYKH T =
T y Bursai dpopmysn Teiyiopa i3 3a/MIIKOBUM 4JIEHOM B iHTerpaJibHiil (opmi.

O epkumMo
€T

y(x) = y(xr) + ' (xr) (x — 2) + /y”(u) (x — u) du.

Tk
[Ipnm x = xp_1 Ta * = Tj41, BUIIOBITHO, MATHIMEMO

Tk—1

y(ter) = ylax) — hy/ () + / (@) (2pr — 2) dz,

Tk
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Th+1

y(eern) = ylan) + hy (@) + / Y (@) (21 — ) da.

Tk

ko gogaru 00UABI PiBHOCTI, TO

Y(rrt1) = 2y(zy) — y(zr—1)+

T / f (@, y(@)) (21 — 2)da + / o y@) @ —m)de. (3)

Baminnmo y nepmomy inrerpani dynakuio f(z, y(r)) inTepnoasniiinum MHOTOUIE-
Hom Jlarpanka nepmioro crenenst Li(x), moOygoBaHuM 3a 3HaYeHHsIMEH (DYHKIIT
f(z, y(x)) y Toukax xp 1a Tji1,

e
T — Th+1 T — Ty
l; r) = —— 1;’ €T _% R T , T )
1( ) T __1Ek+4ff ( k Z/( k)) (ﬂk+47——;xk(f ( k41 Z/( k#*l))
O epxumMo
ThAt1 Tpt1
[ 5@ G - e [ L) (s - 5)an =
Ty T

Th+1 Th+1

= % / (k41 — )2 2k, y(x1)) de—i—% / (x — 2x) (@hs1 — @) [ (Tp41, Y(@p41)) d.

Tk Tk

Bukonasmiu obuuc/ieHHs, MaTHMEMO
Tr+1
2 h2

(0 @) (s — ) de = F s y(ze)) + g f (s ylan)) - (@)

Tk

Baminumo y apyromy inrerpasi dopmyin (3) dynxuio f(z, y(z)) inrepuossuii-
HUM MHOrOYJIeHOM Jlarpanzka neprioro crenens Li(x), noOyoBaHuM 3a 3HAYEHHSI-
vu dyukuii f(z, y(x)) y Toukax r_1 Ta Ty,

e
~ r — Tk

Li(z) = 2Tk £(p - R
1(2) P xkf(l’k 1, Y(Tr-1)) + o — Zrs

T — Tk—1

[ (@ry(xr)) .

O epxuMo

Tk Tk

[ty —ndrs [ L - o=

Tr—1 Tp—1

/ (xp —2) (x — 2p1) f (21, y(TR_1)) dx—i—% / (z — zp-1)* f (21, y(z1)) da.

Tp—1 Tk—1

| =
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Bukonasmm obuuc/ieHHs, MaTHMEMO

/ f(z, y(@)) (v — 2p1) do ~ %Zf (Tr-1, y(T1-1)) "‘%Qf(l’k, y(re)) . (5)

Axmo migcrasuru (4) i (5) y dopmyay (3), To gictanemo

Y(Tri1) = 2y(zx) — y(Tp-1)+

2

+% (f (wr—1, y(zr—1)) +4 f (2r, y(@r) + f (@1, y(0041))) -

Toui ayist 064UKMCIeHHs HABJIMKEHOTO 3HAYEHHS Yg+1 PO3B's13Ky ¥y = y(x) 3azaui (1),
(2) B TOUni * = Tp4q1 AicTaeMo Taky hopMmysty
h2

Ykt1 = 2Uk — Yp—1 + 5 (f (@r—1, Yo—1) +4 f (2, y) + f (Trs1, Yn1)) . (6)

nek=12..,n—1

Cain 3a3Ha4YUATH, MO JIJId PoOOTH METOAy Tpeba MaTH HaOIuzKeHe 3HAYEHHS ¥
po3B’a3Ky y = y(x) B ToUmi 71. Floro MoxKHa 3HAHTH, BAKODHCTOBYIOUH iHITH{ METO/T,
4. ITobynoBa itepaniiinoro mporecy ta ioro 36ixkHuicTh. Popmyiia (6) € da-
KTHYHO PIBHAHHSAM JIJIsl 3HAXO/KEHHS Yk 1. LOMY JIJIsi OOYMC/ICHHS Yk 1 YTBOPUMO
iTepariitauit mporec

h? ;
i+1 7
y;(cjl) =2Yp — Y1+ 5 (f (Th—1, Yn—1) +4 f (o, i) + f (ib’kﬂ, y;(gJ)rl)) , (7
nek=12..n—1:=01,.; y,(ﬁzl — BuOpaHe HYJIbOBE HAOJIUZKEHHSI.
BHaii1eMo, 3a KOl YMOBHU Iieil iTepaliiftHuil mporec 30ira€Thes.
Posrisinemo

2
i+1)
‘y](g_; yk+1‘ = E

f <$k+1,y;(£1> - f($k+1>yk+1)
Bukopucrasmmu ymoBy Jlinmmurg, ogepKuMo

(i+1)
)yk-i,-l — Yk+1

R )
<L g ‘ Yer1 — Yr+1

141
< < L—h2 y(o) -y
S LS 6 kt1 k+1

2
— 0 1upu 3pocranHi 2, AKIIO & < 1. Tobro, upu

3Bigcu

2

<
-6

y/@ﬂ — Yk+1

‘ yk+1 — Yk+1

(i+1)
Lle o3navae, Mo | Yp ) — Ykt1

. 6 . . .
BUKOHAHHI yMOBH h < 4/ — itepaniitauii npomec (7) 36iracrbest.
L
5. ITpuknaana. SuaiiTn ynceabuuii po3s 130K 3amadi Korri

1
y”ZE; y(-1) =1 y'(-1)=0
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na npomizkky [—1; 0] 3 kpokom h = 0, 1. Tounnit po3s’azok 3agaui y* = V2 + 2z + 2.
JLnsa 3HaXO/IzKEeHHs HAOIUZKEHOIo 3HAa4YeHHsd ¥ BUKOpHCTaeMoO MeToj Pynre-Kyrra
9eTBEpTOro Nopsaky |[1].
Pesynbraru po3B’sa3yBaHHs 3aa4i MOPIiBHAEMO 3 MeTogoM Hymeposa [2] uersep-
TOTO TMOPSAOKY TOYHOCTI:

Yit1 = 2Uk — Yh—1 + ==

e k=1,2,...,n-1.

h2

12

(f (Te—1, yh—1) + 10 f (2k, y&) + f (Thy1, Yrr1)) s

Pesynbratu uuceibHOro po3B’d3yBaHHS 33/1a4i 0Oy I0BAaHUM BHUIIE METOIOM, Me-
togoM HymepoBa, a TakoK 3HaUeHHsSI TOYHOTO PO3B’SI3KYy HaBejeHi B TaOsuIi 1.

Tabaruua 1.
[TopiBHSAIbBHA XapAKTEPUCTUKA, METOIIB
x; Merox Tumy | Metos, Tounmnii
tpareriit (6) | Hymeposa PO3B’I30K Y
-1 1 1 1
-0,9 1,0049876 1,0049876 1,0049876
-0,8 1,0197812 1,0198041 1,0198039
-0,7 1,0439679 1,0440310 1,0440307
-0,6 1,0769199 1,0770336 1,077033
-0,5 1,1178676 1,1180347 1,118034
-0,4 1,1659736 1,1661912 1,1661904
-0,3 1,2203953 1,2206563 1,2206556
-0,2 1,2803304 1,2806255 1,2806248
-0,1 1,3450439 1,3453629 1,3453624
0 1,4138808 1,4142139 1,4142136

6. BucuoBku. Po3riistnyTo yucesibuuil METO/, TUILY TPalieliii po3B’a3yBaHHs 3a/1a4l
Komri st 3suuaiinux andepeHiiaabHuX PiBHSIHD JAPYTOro MOPSIIKY, MpaBa YacTHHA
AKHAX He 3aJ1€KUTh Bij moxijaHol mykanol ¢gpyukiii. IlodymoBannii itepaniitauii mpo-

1ec JIIs BiAIyKaHHA HaOJIMKeHUX 3HAUYeHb PO3B’SI3KY 1 JIOBEJIEHO HOro 3012KHICTD.
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