[image: image1.png]§ 1. Yucisiensble MergLI pemrenus 3aga4n Komm

B srom naparpade 6yyT paccMOTpeHbl METO/IbI TPUOJINZKEHHOIO pe-
menns 3aga4n Komn jis o6bikHoBennoro jiuddepennnaibHoro ypasHe-
HHS IePBOToO NOpsJKa

! —
u'(z) = f(z,u), x> o, (1)
u(xo) = uo, (2)
HPI/I IOCTpOeHnNn HpI/I6IH/l)KeHHLIX METO/IOB BBOJIUTCH CE€TKa, T. €.
JUCKPETHOEe MHOXKeCTBO TO4YeK Ig < Ty < ) < ... Ha ToJy-

ocu = > xg. B KavecTBe NpuOINKEHHOTO DellleHnsl PasbICKHBAeTCs! ce-
Tounast ynkius y(z), T. e. YHKINSA, OUpejesieMast COBOKYITHOCTBIO
suavennii y(zo), y(x1), ... st IpocTOTHl N3JIOKEHHUs B JalbHeiinem
GyJleM orpaHnYIBaTLCs JIMIID CIydaeM PaBHOMEDHOil ceTKn: x; = xo+ih,

h mar cerku. Byjem Takzke ncnosbsosarh obosnadenue: yp = y(xy),
k=01,





[image: image2.png]2. Meroper wima Pynre — Kyrra. Iyers u(x) — pemenne 2a-
sasu (1), (2). Tponnrerpupoas pasercreo (1) no orpesky [zo,z1], no-
arymy

u(z) =

(o) + [ fe o) @1

Jlanneiitnce, (paxTieckn, 0CHORANO HA TOM I HHOM CliocoGe NPHGI-
XCHHOTO BRIHCICHNS YHACTRYIONIETo 30Ch MHTOT DA,

1. Uenonsayest ciaana cavyio npoctyio dhopaiyary — dopay.ny emsix
npasoyroamnikon. Homyum

u(wy) & ug + hf (o, uo)-
Bro npusouT K caeayioeli pacserroli dopyyie:
v =10+ hf(w0, v0).
Boobie,

vint =i+ hf(riy), i=0,1,2 ..., yo=uo. (22)

Mero (2.2) nassmacres smmn werojon Ditiiepa (warme, mpocto wero-
oM Dittepa) mut Merosion toMamn .

D10 — caspili mpocroit papmart veroa Pynre — Kyrra. Merox
IMCCT IPOCTYIO B HOME3YIO TeoMeTPICCKyTo mTepnperamo. 13 Tou-
Kt (i, tg) BBITYCKACTCS NPAMAS 1O KACATCILHON K MHTCrDATLHON Kpit-
Boit ypanemt (1), npoxopmedi wepes Touxy (20, o). U Tosxi (1, y1)
npEMAs WICT YIKe 10 KacaTenbHoll K miTerpambHoll Kpuoll, NpoXOE-
et wepes Touky (w1, 31), 1 Tak gance. B pesynnrare noyuacres moma-
HAsi, AUNPOKCHMHDYIOIAR HCKOMYIO MHTerpabHyio kpusyio. Ilonsiio,
HTO STOT MCTOL He MOMeT 0BCCHEHITS BHCOKOM TOYHOCTH, eC AT CoT-
Kif HC CUIIKOM Masi, TeM He MCHEC, OH IIDHMCHSCTCH JIOBOTILHO HACTO.

2 Hesmuprit veton Ditrepa. Memomsyes s mprbmsesioro s-
“ucacns: mTerpaa GOPMYY NPABHLX NPSMOY FOTBHIKOR

u(w1) = up + hf (w1, ).



 [image: image3.png]B pesy:state npIXom K GIEAVIONEMY METOY:
Vit =Y +hf (w1, 9000), i =0,1, . v = uo-
Dror meron masmmacTes nesmrLM vetogos Diiepa. Buaticnie vy ne

MOKET GHITh SBHO ONPE/ICICHO 110 H3BECTHOMY ¥;, & PAIBICKHBACTCH KAK
pemerite ypasicitz
virt = hf (s yin) = v 23)
Tpn sTom npimvensioes npuGAMKCHIe (TepAIIONHE) METOTLL
Kak npasitio, HCIOIL3YeTCS METOL IPOCTON ITepamint, cocTosnii B cie-
Avioren. Bubnpacres exotopoe natabioe npubmuKene Yoy K yiil
O6utio nosaraior () = y; wn onpezeastior y)) npu oMo OO
MeToga Dil/Iepa. 110 NIRCCTHOMY 3. 3ATM CTPOAT TOCIC/IORATCIBHOCTE
npubamxenni

o = ut ), k=01,

Stor wrepamommit veron GrcTpo cxomres, ccan h jocratouo
wauo. Ha npaxriike pejiko BEIOMHSIOT GOJbIe JBYX-TPeX iTepamtil
3. Mopya NCHTPATLILX NPAMOYTOTBHIKOR (MCTOT MPEKTOP-
Koppexrop). Vaemrin TowmocTs nmpubmnkenns miterpata. s vroro
Henoayer BOPMYITY HEHTPATLHEL TPHMOYTOILHIKOB:
ul) = u(zo) + hf (212, u(x1)),

e 213 = (20 +21) /2. Buasenne u(zy3) npuGmukenno onpetcCTen
npu noMonu sBHoro Meroja iitepa
I
ulaya) = ulen) + 5 w):
Pacuerusie gopsyn Takoss:

yint =vi+hf (i viap), i=12, .0 (24)

e N
Yinp = Uit f (@ v), s = (@t aia)/2 (25)

Bee mirncacns nposoges no smme dopuynas. Hlar (2.5) na-
auacTes npesKTopos, mar (2.4) — KOPPEKTOPOM, TO CCTH CHANATA 110
popuryte (2.5) bt Bmomses, Kax 61, npeackazante (to predict — npe
cxagmmats), a 3ates no popacte (2.4) yrosmernte (to correct — nenpan-
15Tk, YTOMHSITE) AHANCHNA Yii1. 3/16Ch B OTINIC OT ABHOTO MCTOZA Mo
DEXOI OT Y K Y341 TPEGYeT BErICACHIA ABYX Aavtcti Gymkimt f.



 [image: image4.png]4. Tlpasmro panemuit. Vemomsayes s npuGamkentioro phsmese
s mrrerpasa opwyty Tpameruit:

(o) = o) + 2 (e ) + f o)

Orciona murrexact paciernas Gopuyaa:

h N
Y =it (Fl@nw) (i) =012y = w. (26)
D10 — nesmuhl Meron. Tlo MOBOZY €ro PeATH3ALNH MOKHO CKA3ATH TO
e, HTO 1 10 NOBOY PeATH3ALNI HEABHOTO MeTofa Diliepa.
KosGunupys npasiwio rpaneiii ¢ swiofl dopsyaoli Jiiepa, nony-
M Cllie O BADUANT MCTO HDEMKTOP-KOPPOKTOD:

v =vits (l(z,,y‘)+f(z‘+|,y‘u)), =012 .. w=u, (27

e

Virt = i+ hf (e, w). 28)
Crasana Bmomsercs npejckasante no opuyie (2.8), a 3aTem Koppek-
s 10 Goparyre (2.7).

5. Meron Pynre — Kyrra werseproro nopazxa Tousocrs. B ocrose
Sroro Meroga nexuT KBapaTyphas opyra Cusmcona. Menonbayior-
s TaKse npejckasanus no dopuyie Dibiepa. He ocrananmisasch Ha
1OAPOBHOAM BHIEO/IC, 1A UM OKOHHATC:LHb PacsieTHbe (popMYTH:

Vi1 =it (h+2’nz+2ka+k.), i=0,1,2, ..., yp=up, (29)
h
=hfww), k= hf (et 30+

e
2)
h
ko= hf (st o+ 2), Btk
Sror merox (¢ noBomsmmm MogEuKaINE) KA TpAKTIKE TpEMC-
RsIeTCs, To-BIMOMY, HAMBOCE HACTO.

3. DICMeHIEI TCODHH O/IHOWIATOBEIX METO/OB PENICHNsI 3
naun Komm.  Meros, ocnosannsiit na dopayse Teiinopa, a taxske we-
‘Tojtei Tuna Pysre — KyTra MoryT GhiTh npejCTascHst & oblieM Bue

BB = Flehyiwin), =01, w=w. (1)



 [image: image5.png]Bneen F(ai, h,yi,yin1) — nexoropas dymmus, mop xotopoii 1
onpesiensier Tor nan unoii Meroz, Hanpusiep, st nesipioro merosa Tima.
Pyure — Kya, ocioparmoro ma ropayte Tpaneruti,

Flas i isn) = 3 (i) + s+ i)

TlonsTio, 4TO 3HAMCHNS U;, U;41 TouHOTo permenus 3aaun Kot
1e yjonersopsior pasencray (3.1). Hocae nx nojcranoski BosunKacT
e
i = T F (b (32)
KOTOpA ASMBACTE HOrPEAIOCIL AIpOKCIALL

BTy HTHBHO #CHO, STO HeM MCHDBINE TOTPENIHOCTS ATPOKCHMALIE,
eat Toumee weron, Hise Gyjer noxasano, €To mpi onpeIe CHIEX yeio-
BUSIX 9TO JIiCTRHTEILHO TAK.

Tleere/yes noBe/eie MOrpeIHOCTH ANNPOKCHMAIIH B 3aBHCHMOCTI
O BN WA CETE 14 HOCTPOCHNA Bt MCTO0R.

1) Meroz, ocnosanmusii na dopyse Tefiiopa. B som cayuae u us
crocoba nocTpoen vetoja cpasy BhTexaer, uto v; = O(h")

2) Sleumii werox Dittepa. ror Metoy ectr wacTaEii Cyuaii MeTona,
ocnoantoro ua dopuye Teiliopa, npu n = 1

3) Hesmruait meron Ditepa. B srom cyuae

B ).

Henombaya onenKy morpemsocT Keapatyproii opMyIbt IpaBhX nps-
MOYTOILHIKOB, MOPKCM HAIHCATD:

Wasann) = [ fleute) do+00) = [ (@) dr+002)

= (uwi) = ulw:) + O(?),

caesonareio, v; = O(h).
4) Meroa npeKTop-KoppeKTop, ocroBamil Ha dopiye Tpare-
1ih. B coorrercramt ¢ gopyya (2.4), (25)

T (i) + () =

B2 ) + ).




 [image: image6.png]To dpopsryte Teitopa u(w:) + gu’(z.)

11/2) + O(h?), nosrosry

Uy — U
Wi = = = flaivya, ulwisg) + O0F).

Venoassys Temeps olenKy morpenHocTit hopMy.Ihi IeHTPATLRBIX HPRMO-

srommon, noxyum

Wassam o)) = [ e0ta) de+008) =

u(eii1) = u(:) + O(KY),

n, cesonatensio, vy = O(h?)

5) Jas nesimioro merozta (2.6), ocosanmoro wa hopayze Tpanciil, 1
MeToja npekTop-Koppextop (2.7), (2.8) copepuicHio anaTOrIHO mpo-
BEPACTCA, 4TO HONPEINHOCTS ANNPOKCHMALULI oCTh oA nopka hY

6) Orsieriny, naxonery, wro, ncnomays dopyyay Tellaopa u oenxy
norpenmocri Gopyyn CHMICORA, HOTPYHO JIOKA3ATE, HTO JUIS MeTo-
8 (2.9) norpemmocTs annpokcMarn ecrh BerHa nopska h

Viazest Tenepn oBIyio KOHCTPYKIUIo, BKIIOHAIONYIO B Cofs BCe
paccyoTpennsic Bume BapuanTh ABuoro Merota Pynre — Kyrra xax
uactubie cayuan. [lyers sajans wnena ag, as, ..., aq, PLP2, - - Py, Bijy
1< j<i<q, e q— Neioe NOIOKATEILHOE HHCIO, ONpe/Ielsiolee
comuoets Meroza. o mmecrnony y; Burmcain

(i hoyi) = k= flwiw),
ka(zu vm)—k« !(L-+E~7h,y: +timhk|),

(z- +aghyi+ B.,nhk. +Bahks + ... Byg-1hkg 1),

.
Faihy) =Y mk
=i

1 nozozn

Yist = yi + hF(zi, b, i) (33)

Tpn moctpoemmt MeTofon yKasamioro myIA HApaNeTph a3, i B

CCTeCTREHO BHBUDATE TAK, HTOOH HODENINOCTS ATNpOKCHMAI s Gbi-

18 BeTIHOI BO3MOSKHO B07Iee BHICOKOrO NOPATKa MAOCTH OTHOCHTEITi
s mara corx



 [image: image7.png]Tlpusejes oBIuil Pe3y;ILTAT O CXOJMMOCTH OJJHOMATOBLIX METOJOB
mta (3.3). Hpeamonoans, wro 3agata (L), (2) pemaeres na orpeske o <
& < xo+1. Tlyers h = /N, N — nezoe noosarrensioe smeo, i = o+
ih, i =0, ..., N. Byjem obosnauars wepes y npuGamsennoe pemenie,
nocrpoeiioe o wetoy (3.3), wepes u — rowmoe pemerme 3azat (1), (2),
2 = 2(x;) = y; — u(;) — norpemmocTs MeToTA.

Teopema 3.1. Mycms dymsyus f(x.p) nenpepmono dudepenyu-
pyesma no p,

|fy(w.p)l < M = const Va € [zg,z9+1], p€ (—00,00),  (34)
noepeuniocm annpoxcusayuu semoda ecmy seawnuna nopadra h.
Torza
|| <K', € =const, i=0,1,....N. (35)

JIOKABATENBCTBO. Tokases, mpese Beero, o Bumoameie
yenonis (3.4) obecnieunsact cyimecrrosante Takoft nocrosmmoit My > 0,
ro s dymcaymt F(x, b, y) cnpapesmima onerka.

|Fy(,h,y)| < M. (36)

Jlas oo yeranosms, o |k, (x, h,y) /dy| < c; tae ¢ = const, r = 1,
2,...,q Tpu r = 1 710 HemocpescTReNNO BLITeKACT 13 yeiopus (3.4)
Tpn r = 2 meext

Oka(w,hy) _ Of(x +ash,y + Bubki(x,hy))
= -

dy
= folw + ash,y + Bahki(z, b, y)) (1 + Bk (e, hyy)),

cacponarensiio |Ohs(w, h,y) 0y] < M(1+ fonher) < M(1+Bler) = o
Jlas 7 > 2 ouenxu nposozsTes ananorso. Mcnonsays Teneps onpese
Jlenne norpemmocT annpoxciyamm, s moboro i = 0,1, ..., N — 1
[ —

wipy = wi+ Fli, by w) + hibi. @7
Burnirras nowwcmtio w3 pasencrsa (3.3) paencrso (3.7), noaym
it = 2+ h(F (i, hyy) — Flas, o) — hibs,

oTKyjta BetesicTaue Gopyyiti Koneunx npupatien Jlarpara it oner-
s (3.6) mucent [zsy1| < (1+ Mik)|zi] + k|, Tosmo rax e norywacs,
w0 |z] < (14 Mih)|zioa| + k||, crenosareanno,

lziaal € (1 MiR)|zia| + (L + Mib) [y + I



 [image: image8.png]Tpojioias amATOrIHELIN 0Bpa3ON, MOy my:
Jzial < (U Mih)™ ol + b Y (1 + Mib) i
=1
Bavern Tereps, w10 1 moBoro nenoro 7, 0 < < N,
(14 M) = (14 M) ™R = (14 M) T < (14 M pymieil,
Ho, ax Xopoitio iramectiio,
(1+v) <e npumobon v >0,

novroy .
(1+ Myb)mirtil ¢ Mt
1, ceponaTebO,
< M i < M, .

il < eza] + € max elh(i +1) < e"(zol + Lmax i)
Benosunas Teneps, wto 29 = yo — ug = 0, || < ch’, ¢ = const,
noayumy, uro aus moboro i = 0,1, ..., N cnpasemsa orenxa

Jzi1] < Mlich®. O





