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Bsepexune

AKTyanbHOCTb

AGcTpakTHasa 3aga4va c ToyHbiM pewerunem L. MNyctb

Up — € = U — up

NpubaMKEHHOE pelueHmne NOrpewwHocTs NpubvxeHns

4

CO3JAHUE YMCJIEHHBIX METOJOB C HEJAE>KHBIM
KOHTPOJIEM TOYHOCTU
NT'PAIOT BAKHYIO POJIb
B MATEMATUYECKOM MOZAEJINPOBAHNU.
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Bsepexune

Llenb paboTs

MCCﬂe,D.OBaHVIe NnOBEAEHNA TAPAHTUPOBAHHbIX OLEHOK
OCTpOBCKOI'O ons

B NTEPaLVOHHbIX CXeM, NCMONAb3YeMbIX AN pelleHns 3ajad
JMHENHO anrebpbl;

B NTEPALMOHHbBIX CXEM WHTErPUPOBaHNS MO METOAY
Mukapa—JSluHgenéda gns pewenuns cuctem OV.
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Bsepexune

CtpykTypa paboTsl

AnpuopHble 1 anocTEPUOPHbIE OLEHKUN AN OKMMAOLLErO
onepaTopa.

H KombunuposaHue oueHok OCTPOBCKOro € KNacCUH4eckumm
NTEPALVIOHHBIMUN CXEMaMM.

MocTpoeHne HageXHOro MTEPALMOHHOrO METoAa,
obbeguHatowero metop MNukapa—Jlunpenéda un
anoCTePNOPHbLIE OLEHKU:

B OCHOBHasl njes Metoga u ee obocHoBaHue,
B CJIOXKHOCTM, BO3HMKAOWME HA NMPAKTUKE, N X Pa3pELLEHNE.
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OueHkn ownboK ANS MTEPALMOHHBIX METOAO0B C 06W MM onepaTopomMm

Teopema OcTpoBckoro

lMycTe nocnenoeaTensHOCTL {X;1°; NoayyeHa Npu NOMOLLK
OKMMaroLlero onepaTopa J € KOHCTAHTOW g W HENOABU>KHON
TOYKOW Xn. Torga cnpaBea/iviBa ChefytoLlasl OLEeHKa:

q
1-gq

MP 1= li—xisallx < lixo—xillx < g7 l—xiallx = M.

I_l_|_

Cnepcteue (ontumusauyus ouerok OcTpoBckoro)

1
MEF .— —|xi — x;
7= (e}

1
&P ._

roe P — uucno COCEAHNX 2NIEMEHTOB NOCNIEAOBATE/IBHOCTN.
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OueHkn ownbok Ans NUHElHbLIX onepaTopos B R

KomburHuposatue oueHok OCTPOBCKOIoO C KAACCUYECKNMUI
NTEPALMOHHBIMMN CXEMaMM

Onsi pewenns cuctembl Ax =Ff, rae x e R" nu A € Mpxn, —
HEBbIPOXAEHHAsH MAaTpULLA, UTEPALMOHHbIA MPOLECcC 3a4aeTcs
cnepytouleli KaHoHUYeckoi chopmoii:

Bm@ +Axe =f, k=1,..n: (1)
k+1

CTaUNOHAPHBbIA MeTof,
B wmetop PuyapacoHa,

meTon Yebbiwwesa.
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OueHkn ownbok Ans NUHElHbLIX onepaTopos B R

Mpumep Nel. CraumoHapHasi Cxema U rapaHTUPOBAHHbLIE OLEHKM.

% —xollag < MJ = 1 q||X1—X0\|A B,

rae |[x|lc == v/ (Cx, x), C € Mpxn;

X 41—X B ®
B+ Axie = f | + ||Xk—X@||AB <M :_ka_xk 1llas,
_ __ Hmin — 2
roe q - 1 K' K= HMmax nt= Hmin+ Wmax
UminB <A < UmaxB,  Wmin, Bmax > 0.

04~

0 500 1000 1500 2000 ' k
(a) N =100 (b) N = 1000

x 10

Puc.: AnprnopHas oueHKa, anocTepuopHast OLeHKa 1 MOrpeLlHOCTb
peLleHus. 7
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OueHkn ownbok Ans NUHElHbLIX onepaTopos B R

Mpumep Ne2. Annpokcumauus andrcepeHumnansHOro ypaBHeHusi 2-0ro nopsigka.
Paccmotpum cnepytowyto 3apady Adupuxne:
9%u 9%u
2 _
—(x +y+1)@— (x+y+2)a—y2+(x+y+4)U— f(x,y)
0 =10.2,3.3[x]0.5,4.2[, u= o(x,y) ma 0Q
c pelennem u(x, y) = (x> —3x)(y? — 4y).

e
7%@% ARl R el E T R U,

5
2 -10q

15

—201

—25-

Puc.: MorpewHocts pewenns n ouenkn Mg, MZ, M nonydettsie npn
noMoLLM MeToAa BepxHell penakcauum, n = 288.
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Nrepaunonnbiii metoa Mukapa—Slunpenéda

[MpeanonoxxeHne

0 MOCTPOEHME rapaHTUPOBAHHOrO METOAA peLleHus
3BOJIIOLMOHHOIO KJlacca 3aAady npu nomoLm MeTona
Mukapa—Jinnaenéda.

PaccmoTpum mogenbHyto 3agaqy

HaliTn BekTOp-byHKUMIO U(X, t), rae
mQ e R"” 00 — Jlunwnuesa;
B QRr=Qx(0,7) T>0;
m S7:=0Q x [0, T].
usr=Au+f (x,t) € Qr
u(x,0) = @(x), xeQ (2)
u(x,t) =0, (x,t) € ST,
rae A: U — U/, o(x) € Lr(Q) n f(x,t) € Lr(QT).
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Nrepaunonnbiii metoa Mukapa—Slunpenéda

Mbl paccmaTpuBaem naero Ha NpUMepPe NCMOJIL30BaHUS METOAA
Mukapa—Slungenéda ans pewenns cuctem OQY c
rapaHTUPOBAHHON TOYHOCTLIO.

|
HaiiTn BekTop-yHkumio u € CL([0, T]), yaoBNETBOPSAIOLLYIO
cneayoLeMy yCaoBUIO:

du
E:(P(t-u(t))- t € [to, tkl, 3)
u(0) = wo,

roe @(t, u) — Jlunwnuesa nNo u 1 HenpepbiBHAs NO t PyHKUMS.
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Nrepaunonnbiii metoa Mukapa—Slunpenéda

Onucaxne metoza

MeTtopa obbeguHsier

B MTepaumoHHblii Metog lNukapa—Jlnnaenéda ans peeHuns
o4V w

B [ByXCTOPOHHNE anoCTepropHble OLEHKM (MoyHeHHble 13
Teopembl OCTpPOBCKOrO).
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Nrepaunonnbiii metoa Mukapa—Slunpenéda

Npes metopa

Mpeactaeum andpcbepeHumansHoe ypaBHEHNE B UHTErPaibHOIN
dopmMe 1 pelnm ero NTepaLmoHHbIM METOAOM

t

u(t) = J@(s,u(s))ds+uo, (4)
to
npu Cnegyomnx orpaHNyeHunsix Ha @
m @(t, p) — HenpepbIBHAA Mo t Ha
Q={to<t<tyu—A<p<u+A}
m @(t, p) ynosneTsopsieT HepaBeHcTBY Jlunwuuya
V(t1, u1), (t2, u2) € Q

[@(t2, u2) — @(t1, ur)lc(ity, 1) <
< Liflee —wullequen +L2lt2—tl. (5)
12
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Nrepaunonnbiii metoa Mukapa—Slunpenéda

PeLIJHEM 3ajady npu nomMoLin MTepaLl,I/IOHHOVI CXEMbIl C OnNepaTopomM
T: X = X:

u_,':‘.Tu_,'_l—l—u(), _j:].,...,. (6)
Ecnn T —okumatownii onepaTop C KOHCTAHTOM MO OTHOLLEHUIO

K HOpME H . ||C[(thtk+1”’ roe k = 0, cey N-—-1

4

nocnenoBaTeNIbHOCTb MOCTPOEHHbIX aI'II'IPOKCVIMaLI,VIVI cXoaunuTceA
K TO4HOMY pELUEHNLO, N

HF KOHTPOAb TOYHOCTU 3TUX NPUBIMKEHNIA OCYLLLECTBASETCA NpK
nomowun oueHku OCTpoBCKoro.

g=L; - (t;—t_1) <1, VvVi=12 ..N.
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Nrepaunonnbiii metoa Mukapa—Slunpenéda

OLIleHKI/I NHTEPNONPOBAHUA N NHTETPUPOBaHNA

Paccmotpum 1-biti war metopa:

t
up(t) = J(p(uo(s),s)ds, t € ltg, t1], rae (7)
0
B Uy — KYCOYHO-nHeliHas acdbdpuHHas dyHKUMS Ha ceTke
{zj}i—1,... m, onpepeneHHoit Ha [ty, t1] Ha

B U] — TOYHast pyHKLMS.

HO! Onepatop T: V), » V,, He nepeBogut
Kyco4Ho-acppunHHble pyHKUUKN B KycoHHO-adppuHHbIe!
MoaToMy Henb3sa ucnosb3osaTtsb Teopemy OcTpoBkoro B

SIBHOM BuAe.
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Nrepaunonnbiii metoa Mukapa—Slunpenéda

Ba>kHO y4nTbIBaTb NOrpeLHOCTU MHTEPNOINPOBaAHUSA ©
nHTerpuposaHus!

u = Ty,

125;— U = (T + My,

[| @, = (T+ N+ Inbu,

115 : : d SRR SO i

1.05F ; SO TSSO O k]

01 015 02 025 03 035
s Zs+1

Puc.: TMpubnnxerHoe pelleHne, BKAKOYAIOLLEE NOMPELHOCTb
5k71
VHTErpnpoBaHusa N UHTepnonmposanns Ha cetke Qg, = | [zs, Zo41],
s=0

onpegeneHHol Ha [tg, ti].
15
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Nrepaunonnbiii metoa Mukapa—Slunpenéda

[apaHTupoBaHHble ouerkn anst metoga lMukapa-Jlungenéda

Si—1
PesynbTupytowas oueHka Ha uHTepBane [ty, t1]:= | [zs, Zs11l:
s=0

q [~
Jui(t) — u(®)]l o) < g <||u1(t) —uo(t)llc(ito, 1)t

— 2
+ Z (%ASJF §A5[L1,5|UO, s+1— Uo, s| + Lo, 5A5}>Jr

L 1
+ Z 7SA§ - E[‘PHI - (95}2 , Ls = L1, sls+ L2, s
1 s

(8)
1-oe cnaraemoe — coctaenswowas n3 teopembl OCTPOBCKOrO,
2-oe cnaraemoe — oueHKa oWwnbkn nuTepnonnposanus ||ty (t) — ui(t)| c e, 1)

3-oe cnaraemoe —oueHka ownbku nuterpuposanns |[uy(t) — t1(t)| c iy, 61 -
16
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Nrepaunonnbiii metoa Mukapa—Slunpenéda

OcHoBHble cBoiicTBa npeacTaBA€HHOro aaropnTMa:

m Hape>xHOCTb (MorpelHocTb NpubinKeHHOTO peLueHns
KOHTpPOJIMpYeTCst)

m ApanTuBHOCTb (eCTb BO3MOXHOCTb BbIOpaTh ONTUMAbHbI
war)

VYTeepxaeHune

Jnsi HEKOTOPOro KOHEYHOro BPEMEHHOrO MHTepBana [ty, tx] u gns
ntoboii anpnopn 3ajaHHOV TOYHOCTW € NPUDNXKEHHOE peLueHmne
3agayuu 3aga4n Kown (3) ¢ Jlunweuesoit dyHKumeld @ MoxeT
MOXeT ObITb HaiigeHo npn nomowm AJanTMBHOrO MeToaa
Mukapa—JSlnHaenéda onnucaHHOro Bbile.
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Nrepaunonnbiii metoa Mukapa—Slunpenéda
n

pumep Ne3.

QU —4utsin(8t), u(0)=up=1 te(0,3/2) c pewennem:

& sin(8t)— 1t cos(8t)

u—=eie .
A
e N
044 — & - M :
e My :
s
0.31 ¢
:
g
0.2
..
0.11 .
. P
e ® L
0 _'_"_l:—,—n—#ﬁ?f?_rﬁﬂl,
0 0.5 1 15

t

Puc.: TorpelwHocTb peleHnst  rapaHTUPOBaHHbIE OLLEHKIN 3TONA
MOrpeLIHOCTH.
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Nrepaunonnbiii metoa Mukapa—Slunpenéda
n

pumep Ne3.

-

P

5 1.15 12 1.25 13

Puc.: (a) TouHoe n npubankeHHOe peLleHnst 3aAa4mn C rapaHTUPOBaHHOI
ouenkoii norpewnoctn no Octposckomy. (b) detannsauns nosegerues
Ha KOHKPETHOM WMHTepBase.
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Nrepaunonnbiii metoa Mukapa—Slunpenéda
n

pumep Ne3.

1.84

1.6

1.4+

1.2

0.8

0.6 1

0 0.5 1 15 1.15 1.2 1.25 13

(a) (b)/

Puc.: (a) TouHoe n npnbnneHHoe peLLeHns 3aja4m C
ONTUMMU3UPOBaHHON rapaHTUpoBaHHoli ouetkoii. (b) detannzauus
noeefieHNes Ha KOHKPETHOM UHTepBase.

20
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Nrepaunonnbiii metoa Mukapa—Slunpenéda
n o

pumep Ned. >Kectkoe ypaBHeHue

% =50cos(t) —50u, wu(0)=uy=1, t = [0, 1], ¢ peweHunem:

1 50t 2500
u = ggre 20 + 3309 cos(t) + 5397 sin(t).

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
t t

(a) (b)

Puc.: (a) MorpewHocTtb pewwenus n ee maxopaHTsl. (b) Tounoe un
NPUBINIKEHHOE PELLEHNS C FrAPAHTNPOBAHHOMN OLEHKOM MOrpeLHOCTH.

21
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Nrepaunonnbiii metoa Mukapa—Slunpenéda
n o

pumep Ne5. XKectkas cucrtema

du — 998uy +1998up, L2 = —999u; — 1999us
Ul(to) =1, wm(tg) =1,t€[0, 5- 10_3]

C pelleHuem 1y = de t —3e 1000t ypyy — _De—t 4 31000t
4 = R
01211 - o - p¥ o
35 oMy o
01 P
3 o
0.08
25 0.06
2 0.04 o
15 0.02{ e ee et
o o g—0—0—07° N A
1 obdridanssastsphd?
o 1 2 3 4 s o 1 2 3 4 s
¢ x107 ¢ x107

Puc.: (a) TouHoe n npubanerHoe peluerne uy cuctemst. (b)

MorpewHOCTL pelweHnst u; 1 ee MaXxKopaHThbI.
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Nrepaunonnbiii metoa Mukapa—Slunpenéda
n

pumep Ne5. XKectkas cucrtema

0.12 1 _.
- .
e _A/I)?;P .‘,o".
0.179] e MY .
0.081
."“’
0.06 1 o
..‘b
0.04 1
.
0021 - Aﬂaaaewﬂm
. './0/0’0’0
ok S assssnsarsad

Puc.: (a) TouHoe n npubnmxeHHoe pelerue tp cuctemsl. (b)
MorpelwHOCTL pelweHnst U, 1 ee MaXxKopaHThbI.
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3akntoyenuve

BbiBoabl

Bbin nccnenoBaHbl METOAblI TAPAHTUPOBAHHOIO KOHTPOIA
TOYHOCTHM, BblTEKaOLWNE N3 TEOPEMBbI OCTPOBCKOFO, Ansa 3adad

(a) nuHeiiHoii anrebpsl;
(b) wnTepayuonHoro metoga Mukapa-Jlungenéda;

A [Ona metopa Mukapa-Jlungenéda bbiin nonydeHsl oueHKn
MOrpeLHOCTN NPUBINXEHHOTO peLLeHNsi, NO3BONSOLME
rapaHTUpoBaTh, YTO peleHune andepeHLmnanbHOro
YypaBHEHUSI HAaXOAUTCS B Mpefesiax 30Hbl OrpaHUHeHHOI
ouenkoli OcTposckoro.
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3akntoyenuve

[lanbHelilee HanpaBaeHUe NCCNeqoBaHNSA

PacnpocTpaHuts nTepauunoHHbIli NOAXOA PeLUeHnUs 3agaq Ha
bonee CNOXKHBIX MOAENSIX.

H Ot nuHeliHbix napabonnyecknx 3aad NepeiTut K HEJNHERHBIM.

CkobuHMpoBaTb 3TUX ABa NOAXOAA Ha SBOJIOLMOHHBLIX 3ajadax
C HENNHEHOCTbIO.
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3akntoyenuve

Cnacnbo 3a BHUMaHNeE.
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