T'smaBa 5
UYucnenHoe perienue 3agaun Kormm

81 Ilpocreiiime MeTOMbBI

Bynem paccmarpuBats 3amauy Ko miist 0GBIKHOBEHHOTO mu(-
depennmanbraoro ypasuenus (OIIY)

y' =f(z.y),  ylzo) = yo. (1)

YucnenHoe pelieHne 5TON 3aa4i — [OCTPOEHNE TAOIUIBI TPUOIIIKEH-
HOTO DEIIeHNs], Jallle BCEro I PABHOOTCTOAIMX Y3IOB T = g + kh
(h >0 — mar): y =~ y(zg)-

Memod Diisepa.

B Touke x( JErKO HAWTH TPOU3BOOHYIO pemieHus: Y (xg) =
f(zo,y0). Hockompky (mpu manoM mmare h)

y(x1) = y(zo + h) = yo + hy'(x0) = yo + hf(z0,v0),

TO MOXKHO TIOJIOXKUTE Y1 = Yo + hf(zo,yo). o amamormuanon dopmyie
MOXKHO HAWTH Yo U T.I. B 5TOM u cocTomT MeTom Ditstepa:

Y(Trt1) = Yrr1 = Yk + hf (@, yr)- (2)

B meTome Diinepa He 063aTEILHO CYNTATE Y3IIBI L) PABHOOTCTOSIIINME.
Ecnu xp41 = zk + hi, To B mpasoit wactu (2) h ciemyer 3aMEHUTH Ha
h.

Meton Oitsiepa uMeeT IPOCTON TEOMETPUYECKUN CMBICI. Hcim
KaXIYI0 TOUKY (Zk,Y)) COEMUHUTH OTPE3KOM CO CIENYIONIEN, TO MBI IO~
JIy9UM JIOMAHYTO JIMHUIO — TpaduK MpuOIMmKEeHHOTO pemenns. 11osTomy
MeTon OIepa HA3BIBAIOT WHOTIA MEMOJOM AOMAHBLT. 3BEHBS DTOM JI0-
MaHOIl — OTPE3KU KACATEIbHBIX, IPOBENEHHBIX B TOUKE (T, Yk) K IIPO-
XOnAIIell gepe3 5Ty TOYKY MHTeTrPAJILHON KPHUBOIL.

Ecnu ¢ynxmuio f canTaTh muddepeHnupyeMoii, To MOrpellIHOCThb
MeToma Diinepa Ha omuoM Tmare mveeT mopsanok O(h?). DTo ozmauaer,
YTO B TPENTONOKeHnH, 9To Y = y(x)) 6ymeT y(wri1) — yrr1 = O(h?).
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B nmeficTBuTenbHOCTH, KpOME OIMMOKM, BBI3BAHHON TeM, 4TO B (POPMYJIe
Teitmopa MbI OrPAHUYIINCEH JIAIIb ABYMs UJIEHAMMU, B Yi+1 BOUOET eIre
u “HacrencTBeHHas” OmubKa — Yg+1 HE COBIANAET C Y(Tp41), B JACTHO-
CTHU, U [0 TOW IPUIMHE, YTO BCE MPENBIAYIINe 3HAYCHUS Y, . . . , Y1 OBLIN
HaleHbl HeTOYHO. [JIs MOJIydeHus pelleHns HAlllel 3a0adn Ha ITPOMe-
KyTKe [zo, X] mam npunercs coenars npumepro (X — xzg)/h maros, u
TaK KaK Ha KaKIOM IIare MBI JOIyCKaeM OIMMOKy Topsanka h2, To MOXKHO
OXKUMATH, YTO OMINOKA, NOIYIIIEHHAS] HA BCEM IIPOMEXYTKe, OyIeT HOPSI-
xa h. Brnusame “HaciIenCTBEHHBIX OIMTMOOK~ 3aBUCUT OT CBOWCTB pelae-
MOTO ypaBHEHHUs. B YacTHOCTH, €CJIU MHTErPAJIbHBIE JIMHUN C POCTOM T
comxkaoTces (1o Tak, eciu Of /Oy < 0), TO BAUsAHUE “HACIENCTBEHHBIX
ommbok” y6bIBaeT, a ecnu pacxonsarces (0f /0y > 0), To BozpacTaer.

Meton Oiinepa npoct. ['maBHBIN €ro HETOCTATOK — MaJiask TOU-
HOCTB. B ¢Bs3u ¢ 5TUM paccMaTpUBAIOTCS HEKOTOPBIE YCOBEPIIEHCTBO-
BaHus dToro Merona. Cam MeTomn Distepa MOMyCKAeT TaKyI TPAKTOBKY:
B DaBEHCTBE

anes) = ylan) + [

Tk

Lh+1 LTh+1

ywwzyuw+/' flty®)d  (3)

T
CTOSIIMI B MPABOM YacTU WMHTErpaj NPUOIMXKEHHO 3aMeHSeTCsS Ha
hf(zk,yr). YCOBEPUIEHCTBOBAHNS CBA3AHBI C GOJIEE TOUHBIM TIPUOIIIKE-
HUEM 9TOr0 WHTEerpasa.

1-1i ycosepwerncmeosanmubili memod.

YTIOMSHYTHIA BBIIE WHTErPA] OyOeM BBIUUCIATH MO GOpMYJIe
CpemHUX IPSIMOYTOJIbHUKOB, IPUYEM HEN3BECTHOE HaM 3HA4EeHUe IIOIbIH-
TerpajbHON (GYHKIINN B CEPENNHE TPOMEXYTKA OyIeM HAXOOUTH C ITOMO-
b0 MeTona Diepa. DTO MIPUBOMUT € CIIEMYIOUIEMY AJITOPUTMY:

h h
Yk+1 =Yk + hf (ﬂﬁk + §ayk+1/2) » TOC Ypyi/2 = Yk + §f(xkayk)'

OrneHrM HOrpentHoCTs STOM GOPMyYJIIbl Ha OMHOM Inare (s KPATKOCTH
0603HAYEHNN — Ha TIEPBOM ), CUUTAS TP 3TOM QYHKIUIO [ HyKHOE Uuc-
710 pa3 nubdepeHmpyeMori. B MOHATHBIX 0003HAUEHUSK IJIsI TOUYHOTO
peleHns nMeeM

2

h
y(@1) = yo +hyo + Zug + O(?), 4o = flwo,90), vo = fi +wofy,
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Ili1st mpubIMXKEHHOTO PEIeH s :

h h
y1 =y +hf <z0+§,yo+§y6) =

h2 h2
=yo + hf(wo,y0) + gf; + gyéfé + O(h?) = y(z1) + O(R?).

VTax, MOTPEITHOCTE MeTOIa Ha OJHOM IIIare IMeeT HOPAIOK MajocTu he.

2-01 YCcoBEPWEHCMBOBANHBIT MEMOO.

Wurerpan, crosammit B npasoil uactu (3), OymeM BBIUUCIATE IO
dopmyse Tpamenuii, OmATH UCHOIL3YS IS MPUOJIMKEHNS HEM3BECTHOTO
3HAUEHNS IONBIHTErPAJIbHON (YHKINN Ha IIPABOM KOHIIE IIPOMEXYTKa
MeTom Ditstepa:

h N -
Yrt1 =Yk + §(f($k, yr) + f(Tri1, Tke1)), T Grp1 = Yk + B (@r, yr)-

IIpu orerke OIMUOKYW 5TOTO METOMIA HA OIHOM IIIare My TOYHOTO PEIITeHUsI
OymeM MCIIOIb30BATh TO XK€ Pa3JIOKEHNe, YTO U BHIIIE, a IS MPUOIIIXKEH-
HOTO:

h
Y1 =1Yyo + §(f($07y0) + flwo + h,yo + hyp)) =

h? h?
=yo + hf(wo,yo0) + gf; + gyf)f{, + O(h?) = y(z1) + O(R?).

I/ITa,K, ommbKa 3TOro METOHma Ha OOHOM IIare TaKxXKe MMeeT IIOPAOOK Ma-
moctu h3.

Ipu pemennn 3amaun (1) HA 3aTAHHOM IPOMEXKYTKE OGOUMI STH-
MM yCOBEPIIECHCTBOBaAHHBIMU METOOaMWN MOXKHO O0XHNIOATh IIOTI'PDEITHOCTDb
nopsanka O(h?).

Bamaua. HaiiTu nopsnok MOTPENTHOCTH HA ONHOM Iare MeTOoma, OIpernesse-
Moro (Ha mepBoM Imare) HOpPMyITaMMU:

_ h - h h
71 = yo + hf(®0,%0), Y12 = Yo+ Ef(ro,yo), =yt f (l‘o + 573/1/2) ;

Y1 =201 —Y;.
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82 Meronbr Anmamca.

Ksadpamypnwvie gopmyavt Adamca.

IIpm paccMOTpeHHE BO BTOPOI I'NIABE€ WHTEPIOJSAIMOHHLIX KBAI-
paTypHBLIX (GOPMYJIax IPEONOIOKEHNEe O TOM, YTO Y3JIbI OTHX (GOPMYIT
TMIPUHAIJIEXK AN TIPOMEXYTKY WHTETPUPOBAHUS, HE MENTAJIOCH, XOTSI 3TO
OBIJIO TAK B IPUBEIECHHBIX TaM KOHKPETHBIX (opmyitax. Celiyac MbI pac-
cMOTpuM (OPMYJIBEI, B KOTOPHIX YACTh Y3JI0B HE MPUHALIEKUT STOMY
TIPOMEXKYTKY.

Onpenenenne 1. Oxkcmpanosgyuonubimy K8adpamypHuimy Gop-
myaamy Adamca HA3BIBAIOTCS WHTEPIOISIIHOHHBIE KBaIpaTyPHBIE GOpP-
Mynbl aitst npomexyTka [0, 1] ¢ yzmamm 0, —1,...,—p

| s@is = 3 ota(=i)+ Byla). (1

a Takxke NonoOHBIe UM (HOPMYIIBL.

CormacHo OIpenesieHnio NHTEPIIOIISIIIMORHBIX KBAAPATYPHBIX (HOp-
MyJI K09(hIuImeH Tl a? BBIUUCIISIIOTCS IO IPABUILY

ag/ol ﬁ (k+ ) / ﬁ (k- ) | da.

k=0,k#j k=0,k#j

Haiinem mpencrasienme ocraTodnoro wiena dopmymnsl (1) B mpemmo-
JI0XKeHNN HOJIKHOU nmuddepentupyemoctu dyuknnu g. Ilycts P,(x)
— UHTepPHOJIAIUOHHLIN MOIMHOM (YHKIMU ¢, MOCTPOEHHBIN IO y3J1aM
0,—1,...,—p, mw(z) = [[}_o(x + k). Iockombky dopmyna (1) uxrep-
HOIAINOHHASL. TO

Ry(o) = [ (o) = B@)de = =g [ wla)g® Y (ofe)de =
1

- oo [, @@dag O = 40 €< (-p).
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MEI BOCIIOIIB30BAINCE TPENCTABIEHIEM OCTATKa HHTEPIIOJIIIINN, JIEMMOI
u3 §1 rIaBBl 2 U HEOTPUIATENBHOCTHIO TIONUHOMA W(X) HA IPOMEXYTKE
[0,1].

IlpuseneM Tabnuuny xoddbdunuenTos Gopmyisl (1) mas mepBbIx
3HAYEHUH p, a TaKXKe 3HaUYeHUi KOdPOUIMEHTOB A, OCTATOIHOIO |je-
Ha.

j=0 j=1 j=2 j=3 A,
p=1 3/2 —1/2 5/12
p=2 23/12 —4/3 5/12 3/8
p=3 55/24 —59/24 37/24 —3/8 251/720

Ounpenesnenne 2. Anmepnoigyuonubimy K6a0pamyproimy @Gop-
myaamy Adamca Ha3BIBAIOTCS MHTEPIONAIMOHHLIE KBAIPATYPHBIE (HOD-
Mynbl autst npomexyTka [0, 1] ¢ ysmamm 1,0, —1,...,—(p — 1)

[ otara = S B9(—5) + Ryla). @)

0 =1

a TakxKe IonoOHBIe UM (HOPMYIIBL.
IIpu p = 1 sTa dhopmysa coBmamaeT ¢ dhopmyson Tpamenuii. Ko-
sddunuentsr popmyist (2):

5f=/01 ﬁ (k + ) / ﬁ (k —5) | da.

k=—1,k#j k=—1,k#j

Tockonbky momuaoMm w(z) = (x—1)x(z+1) ... (z+p—1) He MeHsIET 3HAKA
Ha [0, 1], TO Kax U B CIydae SKCTPAIOISIUOHHON GOPMYIIEL AamMca JIerko
HOJIYYUTh IPEICTABIICHNE OCTATOYHOIO WieHa B (opme Jlarpamxa:

1
Rp(g) = Bpg(erl)(g)a BZD = 1 )' /0 w(x)dm, 5 S (7p+ 15 1)

(p+1

IIpuBenem Tabnuiy k03¢ GUIIIEHTOB ﬁf u Bp.
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j=-1 j=0 j=1 j=2 B,

p=1 1/2 1/2 ~1/12
p=2 5/12  2/3 —1/12 —1/24
p=3 3/8 19/24 —5/24 1/24 —19/720

dopmyser Amamca 0OBIYHO TIPUMEHSIIOTCS, Korma dyHkiusa [ 3a-
naHa TabIUIed CBOMX 3HAYEHUN B PABHOOTCTOSIINX V3JI1aX Ty = X+ kh:
f(zr) = fr m TpebyeTcs BLIYMCIUTL MHTETPAI OT TOU (DYHKIWU IO
TMPOMEXYTKY MEXIY OBYMsS COCemHUMU y3mamu. lIpumenss ¢opMyIIsl,
nono6ubie opMyaaM Amamca, TOTIA TOMYYUM B CIyUae SKCTPATIOAI-
OHHOU (POPMYIIBI

/ T e e Y ol Ry() = A (),

Tk ]:0

a B ClIy4dae I/IHTepHOJISIIII/IOHHOfI

Th41 p—1
/ f@ydemh Y Bfe Ry(F) = B2 0+ (g).

k j=—1

YacTo 5Tu GOPMYIIBI 3alACHIBAIOT B IPYTOM BUIE, C UCIOIL30BAHIEM
KOHEUHBIX pasHocTel. IlefCcTBUTEIbHO, KBAOPATYPHAs CYMMa €CTh WH-
TerpaJji 0T UHTEPIIOISIINOHHOrO nojimHoMa pyukmun f. B ciyuae skcTpa-
TIOJIITNOHHON (POPMYJIIBI BOCTIONB3yeMces opmynon HbioToHa mjs KoHIa
TaOIAIIBI

t(t+1
Py(xr +th) = fru + tAfr—1 + %AQJCI@—Q +...

n TeM, 4TO

Tr41 1
/ Py(z)dz = h/ Py (xr, + th)dt.
T 0

k
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Torma momyunM 3KCTPATONAIUOHEY0 hopMyny Amamvca B BUne:

Tt 1 5 3.4
J@)dw & h[fi+ 3D fe1 + 5 A fuma + A fuat

Tk

b oAU ] Ry(f) = A (3)

B cnyuae nnTepnonsnuorHon HoOpMyIIbI

t(t+1)

TAkaﬂ +o

Py(xr+1 +th) = fry1 +tAfr +

Th4+1 0
/ P,(z)dz = h/ P, (zr41 + th)dt,
T -1

k

TaK 9YTO MHTEPIOJIAIMOHHAA (popMyna AI[a.MC& OPpUHNMaET BU

k1 1 1, 1
f@)dz & b frpn = 500k = T5A% fims = 7Aoo

Tk

19

B %A4fk—3 - prpfk—p-i-l} ) Rp(f) = Bphp+2f(p+1)(§)- (4)
Oxempanoagyuonnvit, memod Adamca.
Bepuewmcs k 3amate Korrru:

y/ = f(xay)a y(xo) = Yo-

Mgt utitem 3HaYEHUST TPUOIMKEHHOTO PEIITEHNS] B PABHOOTCTOSIITIX y3/Iax
xj =zo+jh. llyctempu j =0, ...,k, roe k > p—1, 3Tu npubimKeHHbIE
sHaueHus y; ~ y(z,) yxe Haiimensl. Bynmem mckaTb Yry1. 1Io dopmyie
Herorona - Jleitbauna

y(@r1) = y(xe) + /IHl y'(x)dx.

T
I BBIYMCIIEHNs] WHTerpaja BOCIOIb3yeMcs 9KCTPAIIOIAINOHHON (Hop-
MyJoli AmaMca, 3aMEHUB 3HaUeHHUA 3’ B y3/ax HPUOIMKeHHLIME 3HaUe-
mmsva Y (x;) ~ f(z;,y;), n 3amennm y(xp) Ha yg. Torma, momaras
n; = hf(z;,y;), momyamu

1
Ye+1 = Yk + ink +Ang_1+ -+ apApnk,p (5)
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niau B 6e3pa3HOCTHON hopme

P
Yk+1 = Yk + Z M-
=0

Meron Amamca ecThb €rmocob npodoaxcenus TabIUIbI — MePBLIE
3HAUEHUS NCKOMOU (PYHKIINN NOJIKHBI OBITH HANOEHBI IPYTUM CIIOCOOOM.
Ecau meTon mpuMmensieTcst B pa3HOCTHON ¢hopMe, TO K TOMY MOMEHTY, KO-
I/1a MBI BBIUACIISIEM Y41, MBI IOJKHBI DACIIONIATaTh Tabuumel (B ciyuae
p=3)

ooy om An Ay Ay

Th_o Yk—2 Mk—2 APny_s
Ang_o Agﬁkfs
Th—1 Yk—1 Nk—1 Ao
Ang_1
Tk Yk Nk

3uauenne yjq1 Bbruncasercs mo gopmyie (5). B sty dopmyny BxomaT
Pa3HOCTH, HAXOMAIIINECS B HIXKHEN KOCOU cTpoke. Ilocsie 5Toro Bbramc-
aseTcs Ng+1 = hf(Tk41, Yk+1), 3QMOIHACTCS CIEMYIOLIAS KOCAs CTPOKA
pas3HOCTel, U BCe TOTOBO IJIsl CIEMYIOIIEro ara. bespasHocTHas GopMma
MeTOoma MO3BOJIIET M30eXKaTh BHIUUCIIEHNS Pa3HOCTEN.

Cuer ¢ pa3sHOCTSAMU OOBIYHO IPUMEHSAETCS IPU PYYHBIX BBHIUUCTIE-
Husx. OH uUMeeT TO MPEUMYIIIECTBO, YTO IO3BOJIAET KOHTPOJIUPOBATH
Pa3yMHOCTBH BBLIOPAHHOTO IMOPSIKA METOHa P W Irmara h — MHepBBIA OT-
GporreHHbil B Gopmyste (5) WieH He MOIKEH NMPEBOCXOMUTH MPUHATYIO
TOYHOCTDH BBIUKC/IEHUS pEIleHus. Bmpouem, mpu p > 5 MeTOm OOBIY-
HO HE IPUMEHSETCS, IOCKOJIbKY B PA3HOCTSIX BBLICOKOTO MOPSIIKA CHJIHLHO
BJIUSHUE OIMNOO0K OKPYTJICHUS.

IIpu cuere Ha KOMIIbIOTEpEe OOLIYHO IMPUMEHSAETCS OE3PA3HOCTHAS
dopmyma. Torma TpebyroTcst npyrue CrocoObl KOHTPOJISA 34, II1aroM h.

HAnmepnoagyuonnbiti memod Adamca.
OTnuumre 5TOr0 METOma OT SKCTPAIOJIAINOHHOTO COCTOUT B TOM,
YTO Ui BBIYUCIIEHUs. UHTErpaja N0 [Ty, Tk+1] OT MPOU3BOMHON perie-
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HUS UCTIOJIB3YEeTCs MHTEPIIPOIAINOHHAS KBaapaTypHas dhopMyia Amam-
ca. Torma MbI npuxoguM K GopMmyie

1 1
Yk+1 = Yk T Mhe+1 — —Ank — —A2nk,1 — ... (6)
2 12
unu B 0e3pa3HOCTHON hopme

p—1

Yhtr = Uk + > Bk (7)

j=-1

Korma HaM clemyeT BBIYUCIUTDL Y11, BEIUUMHA N)k4+1 (M PA3HOCTH,
Bxopsumwe B (6), €caum MBI UCHONB3yeM 5Ty (GOPMyYIly) HAM HEM3BECT-
Ha. Ilostomy (6) m (7) cremyeT paccMaTpUBATh Kak YpasHewue BUIA
Yk+1 = ©(Yk+1), PELIUB KOTOPOE, MBI ¥ HAIEM UCKOMOE 3HAUCHUE Yk 1-
YpaBHEHNE JIETKO PEIIaeTcss METONOM HUTEPAIM: BLIOpAB HAYAILHOE
npuGIIKenne Yy 41, MBI CTPOUM TIOCTICMYTOTITE Yy | | = @(y;;_;ll) Jerxo
Bunets, 9to ¢’ (y) = B fy(xri1,y). Tockombky Beraucienns 0GBITHO
BEIIYyTCS C MAJIBIM IIIATOM /1, 9Ta IPOU3BOMHAS MaJIa, IO a0COTFOTHON BEIH-
YUHE, ¥ METOI UTEPAINN CXOOUTCA OYeHb OLICTPO. XOpoIllee Hada bHOe
npubimxeHne yg 11 TOIy9aioT OOBIYHO, UCIOMIB3YSL 9KCTPAIOIIANNOHHBIN
mveton Amamca. Ilpu mCHonb30BaHNN KOHEUHBIX PA3HOCTEN €CTh U IPY-
TOl CIOCO0 TOCTPOEHUs HAYAIBHOTO Tpubmmkenus. OOBIYHO mar h BbI-
GUpAaeTCs Tak, ITO TOCIEHIE UCTIOIb3yeMble PA3HOCTHU TOpsAaka p (mis
OTPENENIEHHOCTH MYCTh P = 3) MOYTH MOCTOSHHEI C TPUHITON TOIHOCTHIO
seranciennit. [lostomy nomaraor A%y _, = A%n,_1 u myTem croxenns
3AIOJIHSIOT KOCYIO CTPOKY PA3HOCTEH BINIOTB MO 7)), |, HOCTIe 9ero 4y
HaxomaAT 1o dopmyse (6).

IIpy BEIYUCICHUAX Ha KOMIbIOTEpe 6€3 pasHOCTel Y4acTO MCIOJb-
3yeTCs KOMOMHAIINSA 3KCTPANOIANMONHOTO U WHTEPIOISAIUORHOTO METO-
moB Amamca. CHauasla BHIYHCIIAETCS IO 3KCTPANIOIAIMOHHOMY METOIY
Anamvca 3navenue y\ 41, ¥ OHO yTounseTcs no dopmyne (7). Ilo pas-
HOCTHU 3TUX OBYX 3HAYEHUN MOXKHO CYAUTH O IPUTOTHOCTY BLIOPAHHOTO
m1ara BBIYUCIICHUH.

Cucmembt ypasrenut u YpasHerusd 8blCUe20 NOPAOKA.
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MeTonsr Amamca OpUMEHNMbL U IJIs pelieHus 3amaqun Ko nist
cucreM muddepeHnnalbHbIX ypaBHeHuit. i onpemeneHHOCTH orpaHn-
YMMCsI PACCMOTPEHIEM CHCTEMbI BTOPOro mopsinka (0600leHne Ha CILy-
4ail j1:060r0 MOPsIIKa OYEBIUIHO):

y/ = f('rvyaz)a Z/ = g(zayvz)v y(l'o) = Yo, Z(SC()) = Z0-

@DopMyIBEI METOMOB AnaMca BLIBOOWINCH IPK €MUHCTBEHHOM MIPEIIIONo-

xeHnw, 4To Ny ~ hy'(xx). IlycTs npubnmkennsie 3HadeHns y; ~ y(z;)

uz; ~ z(x;) opu j = 0,...,k yXe U3BECTHBI. YUNTBLIBAsI, UTO
/ ~ R Mo ) s e 2) = (s

hy'(x;) = hf(xj,y;,2;) = n; u he'(z;) ~ hg(x;j,y;,2;) = (j, MBL MO-

KEeM 71 HAXOXKIECHUS Y11 U Zg4+1 UCIOIB30BATh (GOPMYITBI AmamMca

p p
Yk+1 =Yk + E ofng, zke1 =2+ E oG
=0 =0

B CJIy4ae 3KCTPaIIOJIAIMOHHOI'O MEeToHOa, a B CJIy4dae MHTEPIIOJIAIMOHHOTO

p—1 p—1
v =ve+ Y B mi=zt B

j=—1 j=—1

DT GOPMYIILI MOXKHO OBITIO GBI 3AIIUCATD U C KOHEUHBIME PA3HOCTSIMU. B
cilydae HHTEPIOIAINOHHOTO MeToNa Ha KaXKIIOM I1are HaM, eCTECTBEHHO,
IPUIETCs PEIIaTh CUCmMeMy OIBYX YPABHEHUH METOIOM MTEPAII.

MeTombl AmamMca TPUMEHUMBI U IjIs perterus 3amadn Ko miis
YPaBHEHUN BBICIIIETO MTOPSOKA!

/ -1 -1 (m—1)
y(m):f(x,y’y’)y(m ))a y(:CO):yOa B y(m )(-TO)::UO )
IIOCKOJIBKY 5Ta 3ada4da JIETKO CBOOUTCA K 3adave Komm OJIs CUCTEMBL
BBEJICHIEM HOBBIX HEM3BECTHBHIX (pyHkmuit 2z = y!) (l=1,....m—1:
Yy ==
2] = 29

Zm—y = Zm—1
Z;n—l = f(xayazla e azm—l)
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y(z0) = yo, 21(z0) =Yy vy Zm-r(zo) = yy" V.

HB& 3aKJ/IIOUYNTEJIbBHBIX 3aMEYaHUd. BO-HepBbIX, €e1rie pa3 HaAIIOM-
HIM, ITO 062 MeTona Anamca TpeGyioT, UTOOBI HAYATI0 TaGIUIEl GBITIO
MOCTPOEHO KAKUM-TI60 APYyTUM Croco6oM. Bo-BTOPBIX, eciin B TpOIec-
ce cueTa HaM IOTPe6OBaOCh M3MEHUTL IIar MHTErPUPOBAHUS, TO 3TO
CBs3aHO C HeO6XOlII/IMOCTI)IO HOCTpOeHHﬂ HOBOI'O HayaJia Ta/6JII/ILU)I7 qTO
MO2XKET 6BITL CﬂeﬂaHO, HaHpI/IMep, C IIOMOIIIBIO I/IHTepHOJ'IHHI/II/I.

3amaua. YCTaHOBUTDH CBI3b MeXIy Koaddurmentamu Ap u By 0CTaTOUHEIX
ajieHoB (opmyn Amamca ¢ kosduunentamu Gopmy (3) u (4):

Ap=apt1,  Bp=bpt1.

§3 Crocob6BI TOCTPOEHUs HAYAIA TAOIIIIIBL

B sToM maparpade n3naraioTcs HEKOTOPBIE CIIOCOOBI TOCTPOCHUS
Havajga TaGIMUbL, T.e. BBIYNCICHNS NPUOIIKEHHBIX 3HAYCHNH Y; =
y(x;) (z; = xo + jh) pemrenns 3anaun Komm

v =f(@y), @) =wo (1)

Opu MaJIbIX j.

1. Pazaoxcenue pewenus 6 pad Tetiaopa.
Iycts y(x) — pernenne mamen samaum: y' (x) = f(:l:, y(:l:)) Hud-
(hepeHIUpy s 3TO TOXKIECTBO, MbI TTOITY YIM:

y'(x) = fo(z,y(x) + [, (2, y(x)),
y"(x) = fil, (z,y(@) + 2f2, (2, (@)Y () + fr, (2, 9(2)) [y (2))*+
+ [z y(2)y" (z)

u, nIponomkas nubdepeHIupoBaHue, IPEICTaBIIeHNe CIEOYOIINX IIPOU3-
BOAHBIX. YunThiBas, uTo Y (zg) = f(xo, o), U MONCTABIAL T B IPUBE-
IeHHBIe (POPMYJIBI, MBI MOXKEM HalTHU B 9TOH TOUKe 3HAUEHUS IIPOU3BOI-
(v)

Hex pemtenns y¥) (o) = ¥y Ilocre sTOrO MPUGIMXKEHHBIE 3HAYCHIS
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PELIeHNsT B MHTEPECYIONINX HAC TOYKAX HAXOMATCS 13 dopMyisl Teitno-

pa:
(5h)°
2!

IIpu mocTpoenun Hauvamga TAGIUIBI HAYAIBHBIE TOYKU BBITOIHO
6paTh Kak IpaBee, TaK U JieBee TOYKU Xg. Hampumep, €CIum MBI CO-
OGupaeMcsl MPUMeHSTHL MeTonm Apamca 4-ro MOpsSokKa W HaM Tpedyercs
3HATH IISTHh MEPBBIX 3HAUYEHW, TO B KaYeCTBe HAYAJIbHBIX TOYEK OepyT
T_9,T_1,T0, L1, T2. ITO IIyUIle, YeM X, T2, L2,T3, L4, TOCKOILKY O3~
BOJIsIeT OpaTh MEHbIIIe WIEHOB B pasjoxeHuu Teinopa.

Uh)" o
i 4o G,

y(z;) = y; = yo + (jR)yo +
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2. Umepamuenvili memod (memod A.H.Kpwiiosa)

Ins onpenenennocTn GyneM CIATATh, YTO TPeGYeTCs OCTPOUTH
(KpOMe U3BECTHOTO () €Ille TPU TEPBLIX 3HAUEHWUs DEIIeHWs 3a0adu
(1) y1, Y2, y3. HeTpyano mocTponTh HHTEPIOISAINOHHBIE KBAAPATYPHBIE

dopMyIbL
k+1 3
/k g(@)dz ~ S Abg(j), k=0,1,2. (2)
j=0

IIpusenem Tabmuity nx K03GOUIIMEHTOB

Jj=0 j=1 j=2 j=3
k=0 3/8 19/24 —5/24 1/24
k=1 —1/24 13/24 13/24 —1/24
k=2 1/24 —5/24 19/24 3/8

Torpma, UCONB3ysT KBAIPATYPHBIE (GOPMYIIEL, TOMOOHBIE (2), mLst
pertternst y(x) nmeeMm

y(rrr1) —ylag) = /Ik+1 y' (z)dx = /Ik“ f(x,y(:c))dz ~

Tk Lk
3

~ hZA?f(xj,yj) = Ayy.

=0

Takum ob6pazom miis memssecTHHIX Ayy (k= 0,1, 2) Mbr monyuaem (yuu-
TBIBasI, UYTO Yo U3BECTHO) CUCTEMY YPABHEHUN

Ayk :ka(AyOaAylaAyQ)a k:07152

3nech
5 i1
or(Ayo, Ayr, Aya) = h > AN f(aj,y;), Tmey; =yo+ Y Ay
j=0 =0

IIpu manerx h Tpon3BOMHBIE QYHKIIAN (0 MAJIBL, U MIJIS PEIITEHUS] CUCTEMBI
OGBICTPO CXOOUTCS MeTON uTepanuu. HavuanbHOe TPUOIMKEHNE MOXKET
OBITH IOCTPOEHO, HAIIPUMED, METOIOM DIIepa.
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O6a M3/I0XKEHHBIX METONA IPUMEHUMEI U B cilyuae 3amadn Korm
U cuCTeMbI TubOepEeHIInAIBLHLIX YPABHEHNIT, a 3HAUNT, U OjIsS ypaBHe-
HU BBICIIIETO TTOPSIKA.

Ilyis mocTpoeHus Hauyasta TabIIMIBl MOKHO IPUMEHATH TAKKE 13-
JlaraeMblil B ciremytorieM maparpade meron Pynre - Kyrra.

Sanaya. O6bsacHUTSL cBsa3b npu k = 0 u k = 2 kosddumeHToB A;ﬂ npuBe-
IEHHBIX B Tabiuie, ¢ KoadduiunenTaMy KBagpaTypPHOI NHTEPIOISINOHHON (GOPMYIIBL

Anawmca.

84 Meron Pymre - KyTrra
Haunewm cpasy ¢ Burauciaurensusix dopmyst. Ilycrs mis 3amadn
Ko
!/

y'=f(zy), y(@) =10 (1)
yKe HallIeHO IPUOINKEHHOE 3HAUESHNE PEIIEHNs. B TOUKE Ty Y(Ln) & Yn,
7 TpeOyeTcst HAlTU peIeHne B TOUKe Tp41 = Zp, + h. CormacHo mMeTomy
Pyure - KyTra sT0 nemaercs mo gopmyitam:

h k
kl :hf(xn’y")’ kQth (-Tn+§;yn+?1) )

h k
ks =hf (zn+_7yn+_2>7 k4:hf($n+h,yn+k3),

2 2
1
Yn+1 = Yn + E(kl + 2ko + 2k3 + k4). (2)
STO - HeKOTOpLIfI aHaJIoT HpI/IMeHeHI/ISI IOJId BBIYUNCJICHUS WUHTE-

rpajia B PaBEHCTBE

Tn+1

y(-rn-i-l) = y(xn) +/ yl(t)dt

Tn

KBanpaTypHo dopmynnt Cuvmcona. eiicTeutensro, ki ~ hy'(z,), ko
u k3 — mexoropsie npubnumxenus K hy' (x, + h/2), a ks — x hy' (xp41).

OCHOBHBIM 1 HEOUEBUIHBIM CBOCTBOM MeTona Pynre - KyTra sB-
JIIETCS TO, UTO €ro MOTPEITHOCTD Ha OMHOM IIare mMeeT TOPSIOK MaJio-
ctu O(h®). D10 o3zmauaer, 4TO ecmu GYHKIHUA f WMeET HYKHOE THCIIO
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[IPOU3BOMHBIX, & Y, TOYHO COBHANAET C Y(Ty) U MbI PA3IIORUM Y(Tpt1)
U TIPABYIO YaCTh PABEHCTBA (2) WO cTemeHsaM h, TO PACXOXKIEHUs B OTUX
Pa3MIOKEHNAX HAYHYTCS JHIIb C GIeHOB, comepxammx h’. Cpsa3aHmbIe
C DTMM BEIKJAOKH UPE3BLIYANHO TPOMO3IKH', U MbI UX IPHBOLUTE He
Oymem.

Meton Pyure - Kyrra npumennm u njis cucteM nuddepeHInab-
HBIX YPaBHEHWI, a 3HAYUT, U Ui yPABHEHWI BBHICIIETO mopsnaka. s
CHCTEMBI MIBYX yPaBHEHUI

Y = flx,y,2), 2 =glz,y,2)
(hOpMYIILI MeTOma TAKOBBI
kl hf(-rnaynazn) ll - hg(xnaynazn)

ke = hf ( +27yn+k Zn‘i’%) l2:hg($n+%7yn+k Zn +
kg— f(

1=

1
2)
Tn +§7yn+k2 Zn‘i’%) 13:h9($n+%7yn+k2 Zn 52)
hf(xn + h,yn + k3, 2, + 13) ly = hg(xn + h,yn + ks, 2, + 13),

=

1 1
Ynt1 = E(kl +2ko + 2k 4+ ka),  zZpt1 = (I + 202 + 213 + ly).

o

OTmMmeTuM HEKOTOpPHIE cBOMCTBa MeTona Pywre - Kyrra B cpaBHe-
mun ¢ meromamu Amamca. Ha ommom mare meron Pymre - Kyrra nme-
€T TOrPENIHOCTb TOTO ¥Ke MOPSANKa, 4TO U MeTOmbl Amamca mpu p = 3.
B 10 xe Bpemsa B dKCTpamosiimoHHOM MeTome AmaMca Ha OIHOM Ilare
TpebyeTcs BBIUKUCISITE JIUIIL OMHO 3HAUEHUE IPaBOl YacTu f, B MHTEp-
MOJIAIIMOHHOM — B 3aBUCUMOCTH OT UYKCJIa UTEPAIUil, B CPEIHEM MOXKHO
cuntaTh 2-3 3HaueHus, a B Merome Pymre - Kyrra 4 3mauenus. Ecmon
HCTIOIB30BATh MeTOnbl Anamca npu p = 4,5, TO U IIar B 9TUX METOIAX
MOXKHO BBIOHpaTh Gosbiie. Tak uro meron Pynre - KyTra cyiecrsento
Gosiee TPymoeMOK, ueM MeTonbl Amamca. Ilo 5Toil mpuumHe O MOSIBIIE-
HUSI BBIYUC/IUTENBHBIX MalnH MeTon Pymre - KyrTa paccmaTpuBasics
B OCHOBHOM KaK CIIOCO0O MOCTPOeHMs Hauajia Tabmuibl. Ho ¢ nossieHun-
€M MAIIIIH Ha MEPBBII IUIAH BBIIIIN HEKOTOPBIE MIPEUMYIIIECTBA METONA

1% moxHo HaitTu B kaure W.II.MbicoBckux “JIeKnmu mo MeTomaM BbIUICIIE-

auit”, CII6GIY 1998



102

Pyure - KyTTa, 0 KoTOpBIX 6yIeT cKka3aHo HIXE, U 5TOT METOM IPUMEHSI-
eTcsl Oy perierus 3amad Kot Ha 60BITIX TPOMEXyTKax. Bupouew,
ecnu perrierne 3amad Ko sBiaseTCss COCTaBHON YaCThIO GOIBINMX BbI-
YUCJIEHUH, U TAKUX 3a70a4 TpebyeTcs PeInuTh OYeHb MHOTO, TO (haKTop
TPYIOEMKOCTH MOXKET OKA3aThCsI OUEHb CYIIIECTBEHHBIM.

Meton Pysre - KyTTa nMmeeT mBa BajKHBIX IPEUMYIIIECTBA TIEPEIT
MeTomamu Apamca. Bo-mepBoix, oH He TpelyeT NpenBapuTesbHOTO IO-
CTPOeHUs Havajla TaOIUIBI U caM IPUTOHEH IJIS TaKOrO IOCTPOEHUS.
Bo-BTOphIX, II1ar B 9TOM MeTOIE HE 0053aTEIHLHO MTOCTOSHHBIN, U €r0 13-
MeHeHUe B JII000 MOMEHT He CBSI3aHO C JOTOJTHUTETBHBIMUA TPYIHOCTSI-
vu. HamomuuMm, uTo B MeTomax Amamca IEpexol K HOBOMY IIAT'Y CBSI3aH
¢ HeOOXOOUMOCTBIO CTPOUTH HOBOE HAYAJIO TaOJINITHI.

Ilns xoHTPOIIST 328 BRIGOpPOM 11ara B MeTomne Pymre - KyTTa nnorna
MIPUMEHSETCS IIPOCYET OJTHOW 3a0aYM C PA3HBIMU IITaraMu.

Banmaua. [lokasaTb OCHOBHOe CBOWCTBO Meroma Pynre - Kyrra (mopsmok
TOYHOCTHU Ha ONHOM IIIare) MJIsl Cilydas MPOCTenero nuddepeHnnaabHor0 ypaBHEHNs

y' = f(=).

85 O rpaHnYHBIX 3amadyax

Cy1iecTByI0T IPHUOIMKEHHBIE METONBI PEIleHns IPAHUYHBLIX 3a-
nad, oOlIne 011 OOBIKHOBEHHBIX NU(depeHIaIbHbIX YPAaBHEHNN U ypaB-
HEHUIl B YACTHBIX IPOU3BOAHBIX (METOI CETOK, IPOEKIIMOHHBIE METOMEI ).
Otu MeTombI GyIMyT M3yUaThCs BO BTOPOl dacTn Kypea (7-i cemectp). B
sTOM maparpade pedb MORIeT JINIIb O MeTofax, cuenuduaaerx mis OITY.
OTO METOIbI CBEIeHNs TPAHIYHON 3a0a4n K 3amadaM Kormu. [lepsbrit 3
HUX TaK U Ha3bIBA€TCS:

Memod ceedenusg x 3adauwam Kowu.
Bymem paccMaTpuBaTh TPaHNYHYIO 3amady id auknetinoz2o OILY
BTOPOTO HOPAOKA:

L(y) =y" +p(x)y + q(x)y = f(z),
Aoy'(a) + Boy(a) = Do, A1y'(b) + Biy(b) = Ds. (1)
O6iriee pertenre Haiero nuddepeHualibHOrO YypaBHEHNS UMEeT BULI:

y(x) = Crz1(x) + C222(x) + yo(z), (2)
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rme Yo — Kakoe-mubo uacthoe pewmenue (L(yo) = f), a 21 u 290 — nu-
HEHO HEe3aBUCUMBbIE PEIIeHns. OMHOPOMHOTO ypasHenus L(zy) = 0. Ecmu
MBI TTIOCTPOMM Yo, 21 U Zo KK PEIIEHNA HEKOTOPBIX 3amad Ko, To HaM
OCTaHETCS TONBKO TonobpaTh noctosuubie C1 u Cy Tak, 9TOOHI yIOBIIe-
TBOPUTHL IPAHUYHLIM YCJIOBUAM. OTO TpebOBaHWE MACT HAM CHCTEMY
NIBYX JIMHEHHBLIX yPABHEHUII OTHOCUTEIHHO MCKOMBIX TTOCTOSHHBIX.

CkasaHHOe BBIIIIE TIO3BOJIIET CBECTH pelerne 3ana4n (1) K pere-
Huo Tpex 3anad Komm. B meficTBUTEIBHOCTHE MOKHO 000MTUCEH PEIICHNT-
eM nByx 3ana4d Komm. BreiGepem kaxue-HUGYIb TUCTA Yo, Yo, 20 B 24, KO-
Topsle ynosiereopsioT pasercTsaM Aoy, + Boyo = Do, Aoz + Bozo =0
U HalimeM pelleHus nByx 3amad Kormm:

L(yo) = f, yola) =yo, ¥'(a) = yp,
L(z1) =0, zi(a) =z, 2'(a)=z).

IIycTs 23 Kakoe-TO peuteHue ypasHeHus L(z3) = 0, nuHeiiHO He3aBuCH-
Moe ¢ z1, Tak 4To Agze(a) + Bozz2(a) # 0. Pemenne 3amaun (1), ecan
OHO CyLIECTBYET, IOJIKHO MMETDH BUZX (2) IPW HEKOTOPBHIX MOCTOSHHBIX
Cy u Ca, 1st OIpeniesieHnss KOTOPBIX Mbl IMEEM CUCTEMY yDPABHEHMUI

(A()Zi (a) + Boz1 (a))01 + (A()Zé(a) + Bozg(a))CQ-i-
+(Aoyp(a) + Boyo(a)) = Do

(Alz{ (b) + Bi1z1 (b))01 + (Alzé(b) + Blzg(b))02+
+(A1yh(b) + Biyo(b)) = Dy

B cuny BriGopa HaUAIBLHBIX YCIOBUI TSI Yo U 21 HEPBOE U3 DTUX yPaB-
nernit ectb (Agzh(a)+ Bozz2(a))Cs = 0, T.e. Co = 0, 1 U3 BTOPOro ypas-
HeHUs MBI cpady ke HaxonuMm Cp. Ham ocraercs mocTpouTs perrienne
samaun (1) xkax muHenHy0 KoMOMHAIIIO Yo U 21: y* () = yo(x)+C21(x).
OTMeTrM OOHY TPYIOHOCTH, KOTOPAs MOXKET BCTPETUTHCS IpHU
IPUMEHEeHUN 5TOro MeTona. FEcmu onuoponnoe ypasuenue L(z) = 0 ume-
eT OBICTPO- U MEMJIEHHOPACTYIINE PEIEHUsI, TO MOXKET OKa3aThCsI, UTO
BOIM3M IPABOTO KOHIIA b TPOMEXYTKA PELICHUS Yo U 21 “TIOYTH JIMHEH-
HO 3aBUCHUMBI” , X HAM IPUOETCS CTPOUTH “He6O0IbIIoe” pellleHre Halllen
3a0a9l KakK JIMHEHHYI0 KOMOWHAIIMIO “COBINMMUX’ “MOYTH JIMHEHHO 3aBU-
CUMBIX” (QYHKIIAN, 9TO CBSI3aHO C IPOIMaJaHneM 3HAKOB. lIpuBemem
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ITpumep PaccMoTpuM rpaHUYHYIO 33,049y

Liy) =y —y —6y=6, y(—1)=y(1)=0.

Mz 6ynem mommp30BaTHCS TEM, UTO OOIIee pellleHne COOTBETCTBYIOIIIETO
OMHOPOMHOTO ypaBHeHne n3BecTHO: Che3” + Che™ 2%, Tak 4TO HETPYIHO
HAWTU PelIeHNe TOCTABJIEHHON 3a/ladyd B SIBHOM BHUIE, HO T€M HE Me-
Hee OyneM CUMTaTh, YTO 3TO PeEIIeHNe MBI UIIeM YNCIIEHHO PacCMOTPEH-
HBIM METOIOM (MOXKHO CUATATh, 4TO KOdbduumenTsr nuddepeHnnaib-
HOT'O yPaBHEHUs II€peMEHHBbIe, HO O/IN3KM K HAIIMCAHHBIM ITOCTOSHHBIM
— KauecTBEHHAasI KAPTUHA TpU 3TOM OymeT Takas xke). Haiimem yg Kak
petttenne Harero nuddepeHnuaibHOTO YPABHEHNS TP yeaoBusax Korrm:

y(=1) =0, y/(~1) = 1

3 30+2) §6—2(1+m) Y

Yyo(z) = g

a z1 Kak pemtenne 3amaun Kommn L(z1) =0, 2(—1) =0, 2/(-1) = 1

1 1
21(1') _ g63(1+z) . 5672(1+z).

Bynmem cumTaTh, 9TO MBI HANUIM 3TU (QYHKIUNA YUCIEHHO C 5 BEPHBIMU
sHavammmu nudpavu, Tak 9to yo(l) = 241.05, 21 (1) = 80.682 u pere-
Hue Hamedl sagaun y*(z) = yo(x) + Crz1(x), rme C1 = —yo(1)/21(1) =
—2.9816. Ilpu x = 1/2 nonygaem y*(1/2) = 53.030+17.993C; = —0.619,

I 5TO 3HAQUEHNE II0JIYyYINJIOCh BCETO JINIIb C 3 BEPHBIMU 3HAKaMMH.

2. Memod dugdepenyuasbrnoti npo2onKu.
Il TPOCTOTHI OTPAHMYNMCS PACCMOTPEHUEM 3a0a9n

Ly) =y" +p@)y + q(@)y = f(2), (3)
y'(a) +aoy(a) = Bo, y'(b) +a1y(b) = . (4)
JIemma. Ilycts a(z) u B(x) — pemenus nudhepeHIMATBHBIX

ypaBHEHUN
o +pa—a’=q, [ +@p-a)f=Ff (5)
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Torna mro6oe perrienne nuddepeHITNATLHOTO yPABHEHAS
Y +ay=p (6)

YIOBJIETBOPSAET yPABHEHUIO (3).
HoxaszartenscrBo. Ilycts y — pemenue ypasuenus (6). To-
roa y’ = —d'y — ay’ + ' u moTomy

y'+py'+aqy = (p—a)y' +(q—a')y+6" = (p—a)(B—ay)+(g— )y+4 =
=@ —pa—d' +qQy+@B—aB+p) =1/,

u >TuM jJemMma nokasaHa. M

U370XuM Tenepsb arOPUTM METOJA.
1) Pemaem 3amauy Korrm

o +pa—a®=gq, ala)=a;

2) pemmaem 3amaay Korrm
B +pB—ab=f Bla)=Po
3) HAXOOUM YHUCIIA Y1 U Y] U3 CUCTEMBL yPABHEHUN

%+a@m6@}.
Y+ oy =6 ’

4) maxomum GYHKIIIO Yy (7) Kax permenue 3amaam Kormm?

Y +a(x)y = p(x), yb)=y.

Teopema. IloCcTpOoeHHAS IO YKA3aHHOMY AITOPUTMY (GyHKIHS
y«(2) ecTn pernenne zamaum (3)-(4).

291y 3amaay Ko mam mpumercs pemaTs “B 0GPaTHOM HAITPABIEHNN” , IBH-
rasicb OT IIPaBOIO KOHIA IIPOMEXYTKa b K jileBoMy.
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Hoxaszarenscrso. Hupdepenuuansuomy ypasaeHuio (3)
MYHKIUA ¥, yINOBIETBOPAET BBULY JIeMMBbL. llepBoMmy u3 yciosmii (4) —
HOCKOIBKY OHO 5kBuBaseHTHO Y’ (a) + a(a) = B(a). Hakomem, BTOpoMy
u3 ycinosuit (4):

y'(b) = B(b) — a(d)y(B) = B(b) —ab)yr =y; = f1 — o1y B

3amernym, uTo mubdepeHnuanbHoe ypaBHeHue (5) OTHOCHTENILHO
(v HEIIMHEWHO, U er0 peIlleHne MOXeT He CYIIeCTBOBATEH HA IIPOMEXYTKe
[a, b]. Torma u3I0XKeHHBII METOI OKaxkKeTCs HenpuMeHuMbiM. CyiecTsy-
I0T BapUaHTHl METOIa IPOrOHKU, KOTOPHIE IO3BOJIIOT M30eKaTh 3TON
merrpuaTHOCTHS. CaM TepMUH “MeTON TPOTOHKH’ CBA3aH C TeM, UTO
OyHKTHI 1)-2) a7IropuT™a MOXKHO TPAKTOBATE TaK, YTO MBI ” IPOTOHSIEM”
TPAHIYHOE yCIIOBHUE, 33JaHHOE Ha JIEBOM KOHIIE IIPOMEXKYTKA HA IPABBIN
ero koren (paserctso y'(b) + ay(b) = 5(b) nns pemenus ypasHerus (3)
€CTb CJIEICTBUE TPAHUYHOIO YCIIOBUS Ha JIEBOM KOHIE). MOXKHO moKa-
3aTb, YTO €CJIN ONPENeSIUTENb CUCTEMbl ypaBHEHUN 4) paBeH HYIO, TO
9TO O3HAYAET OTCYTCTBUE ONHO3HAYHOH paspermmocTu 3amadn (3)-(4)
— perterne mubo HE CYIIECTBYET, MO0 MX GECKOHETHO MHOTO (B COOT-
BETCTBUU C TeM, UMeeT JIA PEIIeHNe CUCTEMa YPABHEHUN 9TOTO IIyHKTA).

B merone cBenmenus x 3amadam Ko mist (3)-(4) Ham mpumsocs
6bl perraTh nBe 3anaqn Komu, a B MeTone nuddepeHnaibHOR IPOrOHKA
— tpu. Ho B nepBoM ciyuae sTo 3anaqdn Ko o1 ypaBHEHNE BTOPOTO
IIOPSIIKA, & BO BTOPOM — [JIf YPABHEHUI IIEPBOTO IOPSIKA.

3anaua. [lokaszaTh, 4TO NPU pelIEHNN TPAHUYHON 3a0a4U IJIS CUCTEMBI JIU-
HeNHBIX nuddepeHnnanbHbIX YPABHEHUNI

n
Y+ ap(@)y; = fi(x), k=1,...,n,
j=1
yk(a):yk,kzl,-..,m, yk(b):ykyk:m+17,n

METOMOM CBemeHus K 3amadaM Korrmu MoxxHO oGoiTuck perterueM |+ 1 sagaun Korm,

roe | = min{m, n —m}.

3Cw., manpumep, B.A.Kpsiios, B.B.Bo6kos, I1..MouacTepubii ” Boraucm-
TeJIbHbIE METONBI BBHICIIEN MaTeMaTuku , T.2, Munck, 1975.



