PEIIEHUE YPABHEHU METOJIOM HBIOTOHA

Llenb paboOTBl: OCBOWTH METOJIWKY YHCICHHOTO pEIICHHs HEIWHEHHBIX YpaBHEHUI
MeTotoM HbroTOHA, Ucciien0BaTh €ro CBOMCTBA.

1. TEOPETMYECKHUE CBEJIEHM

1. 1. Memoo Hvtomona (kacamenbhbix)
Merton HeioTOHa 3TO METO/I pelIeHUs] HEIMHEWHBIX ypaBHEHUH BUIA

f(x) = 0, 1)
OCHOBAHHBIN Ha JIMHEHHOW alpOKCUMALINU:
*(x) = kx + b.

Koadpumuents: K u b BeiOuparoTes Takum 06pa3oM, 4T00bI B TEKYyIIEH TOUKE X,
coBnaany 3HadeHus camux Gynkuumit f(X) u *(X) a Takke uX nepBIX MPOU3BOHBIX:
[f(x)=f(x)
fr(x,)=f (x)
PemuB 3ty cuctemy oTHOCUTENBHO K U D, MOXKHO 3amucarh ypaBHEHUE IPHOIMKEHHOM
(GyHKLIMU B IBHOM BUJIE:

FI(x) = F0x)+ F1(x)(x-x,). @)
[Mockonbky GyHkIiws f*(X) muHeiHa, HAlTH pereHre MPUOINKEHHOHN 3a1a9H JIETKO:
fOx)+ F(x)(x,,—-%)=0,

i+1
Xiv1 = Xi_m' (3)
fr(x;)

Haiinennoe 3Hauenue u OyAeT ciaenyronmmM, 00aee TOYHbBIM NPUOIMKEHUEM K PELICHHIO.
®opmyna (3) u gexuT B ocHOBe MeToa HproToHa. HeoO0X0AMMbIM, HO HE JOCTATOYHBIM
YCJIOBHEM JIJIsI €10 MPUMEHUMOCTH SBJISIETCS] TpeOOBaHUE TJIAKOCTH 1ieTeBoi ¢yHKuuu f(X):
¢bynkus f(X) 10mKHA UMETh IPOU3BOIHYIO.

JluneiiHoe puOIMKeHne (PYHKIINH B TOUYKE HMEET MPOCTYIO0 TEOMETPHUECKYIO
uHTepnpeTanuo. JlecTBUTENbHO, ypaBHEHHE (2) pecTaBisseT co00i ypaBHEHUE KacaTeIbHOM
K ¢pyukiun f(X) B Touke X;. [lepeceuenne 3ol KacaTeqIbHOM C OChIO X JaeT CIEAYOIee
npubmmxenue. Ha Puc. 1 moka3aHsl 1Ba OCI€I0BATENbHBIX MPUOIMKEHUS.
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Puc. 1. Pewenue ypasnenuii memooom Hvtomona

AJiropuTm
1) 3apaercs HavyanbHAs TOUKA X, .

f(x,)

fr(x;)
3) IpoBepsieTcst yCIOBUE 3aBEPINECHHMS, T STOr0 OOBIYHO PACCTOSHUE MEXTY MMOCISTHIMHU
JBYMsI IPHOJIMKSHUSIMUA CPABHUBACTCS C 3apaHee 3aJ1aHHON BETMYMHON MOTPEITHOCTH: |Xj+1-
Xi| < €. Eciu ycI0BHe BBIMOIHEHO, TO aJTOPUTM 3aBEPIIACTCs, U TEKYIAs TOYKa SBIISETCS
OTBCTOM, MHA4YC — BO3BpAT HA Iiar 2.

YcnoBue 3aBeplIeHNs MOXKET MEHSITHCS B 3aBUCUMOCTH OT KOHKpPETHOM 3a1aun. OOBIYHO

AJITOPUTM OCTAHABJIMBACTCS, KOTJIa PACCTOSHUE MEXKLy COCETHUMHU TPUOTHKCHUSIMH [Xi-Xi-1]

win abcomotHas BennunHa [f(X)| cTaHOBATCSI MEHbBIIIE HEKOTOPOH 3aJaHHOW MaJION BEJTMYHMHBI €.

2) ITo popmyrie uTepalyiy BIYUCISIETCS CISIYIOIIAs TOYKA: X, | = X, —

1 i

1.2. Ckopocmo cxooumocmu

CKOpOCTh CXOAMMOCTH UTEPAIIOHHOTO METO/1a 3TO YMCIIO0, KOTOPOE XapaKTepPHU3yeT,
HACKOJIBKO OBICTPO YMEHBIIIAETCS MOTPEITHOCTh C KaXI0i uteparueid. Ee MoXHO onpenenuTs
CIIETYIOLIMM 00pa30M: TOBOPSAT, YTO YUCICHHBIA METOJ] UMEET CKOPOCTh CXOJJUMOCTH « , €CIIH B
npezese mpu OECKOHEYHOM KOJIMYECTBE UTEPALIUil BBITIOJIHACTCS PAaBESHCTBO:

M=K
e | — HOMep UTepaluy, r, - IOTPEIIHOCTh Ha uTepanud i, k>0 — mpon3BoIbHbIH KO3 dHIeHT
MPONIOPIIMOHATFHOCTH, 3HAYEHNUE KOTOPOTO HECYIIECTBEHHO.
BrigenaroT HECKOJIBKO 0COOBIX CIy4aeB CKOPOCTH CXOAUMOCTH. CXOIUMOCTB CO

CKOPOCTBIO ¢ = 1 Ha3bIBAIOT JIMHEHHOI CXOMMMOCTBIO. DTO CPaBHUTEIBHO MEICHHAS



CXOIUMOCTB. B TakuX MeToAax ¢ KaKIbIM IIaroM IOTPEIIHOCTh YMEHBIIAETCS B HEKOTOPOE
IIPUMEPHO MOCTOSTHHOE YuCIIo pa3. [Ipu 3TOM KOJIM4ecTBO 3Ha4alMX U(p OTBETa pacTeT
IIPONOPLUUOHAIBHO YUCITy UTepanuil. TunuuHble IPEeICTaBUTENIN METOLO0B C TAKOW CKOPOCTBIO
CXOAMMOCTH — U3YYEHHBIE paHEE METOABI ICICHUS IOII0JIaM U 30JI0TOIO CEYCHHS.

IIpuMep: 3aBUCUMOCTD BEJIMYUHBI IIOTPELIHOCTH OT KOJIMYECTBA UTEPALIUI B METO/E
JEJICHUS II0I10JIaM
Howmep ITorpemnocts | KonmyecTBo
UTEpalyy | r 3HaYalmx Hudp

1.00000
0.50000
0.25000
0.12500
0.06250
0.03125
0.01562
0.00781
0.00391
0.00195
0 0.00097

PO INOOTAWNIFLO
WIN NN OO|IO|Oo

CKOpOCTh CXOJIMMOCTH o = 2 Ha3bIBAIOT KBAAPATHYHOMH CXOAUMOCTBIO. Y METOJIOB C
TaKOW CXOAMMOCTBIO KOJIMYECTBO 3HAYAIIUX (P MPUMEPHO YABAUBACTCS C KXKIOU
nTepanuen.

N3BecTHO, UTO TakOW CXOAMMOCTBIO 001a1aeT MeTo HpioTOHA, eclii B HallIeCHHOM
KOpHE MPOU3BO/IHAs 1IeJIeBOM (YHKIIMK HE paBHa HyI0. Eciy %e npou3BoiHas paBHa HYIIO
(Hampumep, Takoe HaOMIOAAETCs B CIIy4ae KpPaTHBIX KOpHEH y MOJTMHOMHAIBHBIX YpaBHEHUH),
CKOpPOCTh CXOAUMOCTH MOKET MMaJaTh A0 JUHEHHOM.

Ipumep: yMeHbIIICHHE TOTPEITHOCTH MPH PEHICHHH METOJIOM HbIOTOHA YPAaBHEHHUS x° = 2

Howmep [TpubnmkeHue x, [TorpemHnocTs KomnuectBo
uTepanuu r 3HaYalwmx udp
|

0 0.1 1.31 0

1 10.05 8.6 0

2 5.124502487562189 | 3.71 0

3 2.7573921384195743 | 1.34 0

4 1.741357580449592 | 0.33 1

5 1.444943381958916 | 0.031 2

6 1.414540330128693 | 0.00033 4

7 1.4142136001158034 | 0.000000038 8

8 1.4142135623730956 | 4.4.10 * 16




1.2. Dmnupuueckas oyenka ckopocmu cxo0uUMocmu

Ecnu ckopocTh CXOAMMOCTH HEU3BECTHA, OHA MOXKET OBbITh OLICHEHAa SMIMPUYECKU
CIIAAYIOMIUM crioco0oM. Bo3pmeM orapugm oT npaBoii U JIeBOW YacTel ypaBHEHHUS,
OIIPEACIAIONIET0 CKOPOCTh CXOAUMOCTH:

log r,,=1log k +alog r,.

W3 nony4yeHHOro paBeHCTBa BUAHO, YTO 3aBUCUMOCTh JIOFapI/I(bMa IOTPEIIHOCTH Ha
TEKYIIEeM I1are OT Jiorapugma MOTPEITHOCTHA Ha MPEABIAYIIEM IIare MpUMEpPHO JIMHEHHas,
IIpHUYEM CKOPOCTh CXOOAUMOCTHU « I3TO Koa(b(l)I/IHI/ICHT ,Z[aHHOfI 3aBUCHUMOCTH.

Ecnu moctpouTs 3Ty 3aBUCHUMOCTH Ha rpa(bI/IKe, TO TOYKH NOJIKHBI OKa3aThbCsl MIPUMEPHO
Ha npsimMoil tuHuK. Ha puc.2 mokazaHbl TOYKH, TIOCTPOEHHBIE MO TTOCIEAHEMY IPUMEPY.
HauanbHble TOYKH, COOTBETCTBYIOIINE OOJIBIION MNOTPCIIHOCTH, HAXOJSITCSA B IIPaBOM BEPXHEM

yriy I‘pa(bI/IKa, KOHCYHBIC — B HUXKHCM JICBOM.

log(r[n+1])

log(r[n])

Puc. 2. 3asucumocmo nocapupma noepewtnocmu Ha mekywem uiaze (6epmuKaibHas 0cb)
om e20 3HaAYeHUsl Ha npeovbloyujem uiaze (2Opu30OHmMalbHAsL OCb).



HecnoxHo 3aMeTUTh, 4TO MOCIE€ KOPOTKOTO NEPHOIa XaOTUYHOTO OBEACHUS B HayaJe
TOYKH IMOCTENEHHO NPUOIMKAIOTCS K MPSMON JTUHUU. YTIIOBOM KO3 (DULIMEHT 3TOH JIMHUU U
paBeH CKOPOCTH cXoAuMOCTH. OLIEHUM €ro 10 JIByM MOCJIeTHUM ToukaM. KoopiuHaThl 3THX

touek paBubl: (10g(0.00033); log(3.8e-8)) u (log(3.8e-8); log(4.4e-16)). Toraa yrioBoii
KO3 PHUIUEHT paBeH:

a =AylAx = (log( 4.4-10 °)—log( 3.8-10 °)/(log( 3.8-10 °) - log( 0.00033 )) = 2.01,
qTO BECbMa 6J'II/13KO K TCOPETUYECKOMY 3HAYCHHUIO 2. bonee To4YHBII pPE3yIbTaT MOXKET
OBITh TIOJTYYEH C UCIIOJIb30BAHUEM JIMHCWHOMN perpeccum.

2. 3AJAHUE I1O PABOTE

B naGoparopnoii pabore Tpebyercs Ha JIOOOM SI3BIKE MPOTPAMMHUPOBAHHS PEaTU30BAThH
pelieHre ABYX 3aJaHHBIX YpaBHEHUU MeToqoM HbroToHa. YpaBHEHHs yKa3aHbl B BapUaHTE
3aJlaHusl.

HeJ’IeBaﬁ[ (bYHKI_[I/IH COACPIKUT Ba CBO60,I[HBIX mapamMeTpa, 3HAYCHUSA KOTOPBIX TaKIKC
YKa3aHbl B BAPUAHTC 3aJaHUs.

B PE3YyJIbTAaTC BBIIIOJIHCHUA IIPpOrpaMMa JOJI’KHA BBIBECTHU Ta6J'II/II_[y U3 TpEeX CTOJ'I6I_IOBZ

HOMEp MTEPAIMH |, TeKyIee IPUOIIKEHHE X, , OLEHKY IIOTPEIIHOCTH r, = |x. - X

i i-1] "

IIo MOJIYYCHHBIM JaHHbIM H606XOI[I/IMO MMPOU3BECTU SMIIMPUUCCKYIO OLCHKY CKOPOCTHU
CXOOAUMOCTHU METOJA.

3. COAEPXXAHUE OTUETA

OrtueT 1o na60paT0pH0171 pa60Te HAOJIKCH COACPKATh CICAYIOIIUEC DJICMCHTBI:

=

ITocTanoBka 3amaHus.

JlaHHbIe BapHUaHTa.

3. AHaJIMTHYECKOE PEUICHWE YPaBHEHUS, PEIICHHE JOJDKHO OBITh MPHUBEICHO C TOYHOCTHIO
JI0 8 3HAKOB MOCJIE 3aATOM.

N

4. BplunCIUTH 3HaAUE€HUE MPOU3BOAHOM 11€JIEBO (PYHKIIMU B Ka)KJIOM HaliIEHHOM KOpHE.

5. Dcku3 rpaduka neneBoi ¢yHkuuu. MHTepBanm mocTpoeHus rpaduxa HOKEH OBITh
BBIOpaH Tak, YTOOBI 3aXBaThIBaTh OOJACTh KOPHS W TIOKA3bIBaTh XapaKTEPHBIE
0COOEHHOCTH (PYHKIIHH.

6. TekcT nmporpamMmsl.

7. Pe3ynpTaThl BBHIIOJHEHUS MPOTPaMMBbI, OhOopMIIEHHBIE B BUAE TaOMHIIBI U3 3 CTOJOIIOB:
UTEpAIns, TeKyIIee MPUOJIMKEHHUE, IOTPENTHOCTh. ECIIM Ynciio maroB BeJIMKO, IPUBECTH
Tonbko mociennue 10 mraro. Ecnu MeTon He CXOOUTCS — BBHIOpaTh HAYANBHYIO TOUKY
OJTMKe K TOYHOMY 3HAYCHHUIO KOPHS, BBIYHCICHHOMY B ITYHKTE 3.

O1IEHKY CKOPOCTH CXOJUMOCTH (B35Th MOCJICIHUE 3 UTEPAIUH).

9. BriBoab.

©



5. BAPUAHTHI 3AJAHUI

Ne YpaBHeHue Mpumevanus 3HavyeHUus CBOOOIHBIX
napamerTpos A, B
A B
1 X"2+A*x+B=0 Heckonbko KOpHEH 0 -2
2 A*ex+B=0 1 -2
3 A™x+B=0 2 3
4 AX-B*e”x=0 7 2
5 (x-1)*( x"2+A*x+B)=0 Heckoapko KOpHEH 1 2
6 (x-2)*( A”x+B)=0 Heckosbko KopHeit 2 -4
7 ( x"2+A*x+B)"2=0 Heckoapko KOpHE 0 -2
8 (A*e"x+B)"2=0 1 -7
9 (A™x-B*e™x)"2=0 3 2
10 X"2+A*x+B=0 Heckonbko kopHei 1 -1
11 A*e"x+B=0 1 -4
12 A”x+B=0 3/2 -5
13 A”x-B*e”x=0 3/2 2
14 (x-1)*( x"2+A*x+B)=0 Heckoapko KOpHEH 2 -3
15 (x-2)*( A”x+B)=0 Heckoapko KOpHEH 3 -9
16 (x"2+A*x+B)"2=0 Heckonpko KOpHEH 1 -1
17 (A*e"x+B)"2=0 1 -3
18 (A”x-B*e™x)"2=0 4/3 2
19 A”x+B=0 5 -7
20 A”x-B*e”x=0 2 20
21 (x-1)*( x"2+A*x+B)=0 HeckonbpKko KOpHEH 3 -4

TouyHOCTB, ¢ KOTOpPOW HEOOXOAMMO MCKaTh pEIICHHWE YpaBHEHMs, OJMHAKOBa JJs BCEX
BAPUAHTOB U paBHA 10,




