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1 dPopmynupoBKa 3aJaHus 1 €€ PopMaAJTU3AIAN

Kybuueckue critafiHbl SBJISIOTCS OJIHUM U3 HarOoJIee MOMYJIAPHBIX METO0B WHTEPIIOJIAIINH,
[IOCKOJIbKY OHU 00ECIIEIMBAIOT TVIAJIKYIO 1 9(DPEKTUBHYIO alllIPOKCUMAIIIIO JAHHBIX. DTOT J1a0
TpedyeTrcs alpPOKCUMUPOBATH (DYHKITUIO ¢ TIOMOIIBIO MeTO/, KyOMYecKuii cruraifH ¢ rpaHud-
HBIMU YCJIOBUSIMU HA MEPBYIO ITPOU3BOIHYIO JJIst 38/ IaHHBIX (DYHKIINI Ha HEKOTOPOM OTPE3KE
[a,b], mcmonb3yst paBHOMEPHYIO CETKY B OKPECTHOCTH BBIOpaHHO# TOYKH. [IjIs 9THX mMOJIH-
HOMOB HcCCJ/IeJO0BaTh 3aBUCHUMOCTD OH_H/I6KI/I CbYHKLH/H/I OT KOJIMYECTBa Y3JIOB B CE€TKE U IIPpU
BO3MYIIICHUN JTAHHBIX.

2 AJII"OpI/ITM METOAO0B 1 yCJIOBHUA UX IIPMMEHNMOCTHA

2.1 TIlocTpoenme ceTku

PaBunomepnasi cerku

[Tycrb 3aaH OTpe30K [a, b] 1 n TOYeK Ha TOM OTpe3Ke
Pasnomepnas cerka {x;}_, TOI/a 3alUCHIBACTCS TAK:
ri=x9+th, tnei=0,...n; xrg =a;h = ba

2.2 IlocTrpoeHne KyOmMYecKoOro CILIaifHa C I'PAHUYHBIMHA YCJIOBUSIMU
Ha MEPBYIO ITPOU3BO/IHYIO

2.2.1 Auaropurm

JMano: Hekoropas cerka {x;}", u cerounast dbyuxus { f;}1, or rabimuno 3agauH0l DyHK-

11N, JIJI KOTOPOil Tpebyercs: OCTPOUTh KyOudecKnil CIulaiiH ¢ TpaHUYHLIMU YCJIOBUSMU Ha

IEePBYIO IIPOU3BO/HYIO.

arr® + 2’ + e +dy s x € [xg, 1]

L a9 + by + cox +dy s T € [, To]

S3(z) =
an® + bp2® + cpr +dp, A T € [Ty, 1)

g()—SW)H%@%ZSM@

[Ti—1,24]
M; =g’ (z;) ,i=0,1,..,n
h — Ti—1
- M (z—x)3 M, (z— lz 1)3 Yi—Yi-1 _ h; M; — M, M. hZ
g( )_ 1—1 6h; + +( h; 6( — 1)+yz 1 1i—17g

Torna, moyiyunTh cucremy:

6 Yit1 =Y _ Yi—Yi—1) ;_
hi+h¢+1( hit1 hq )’ 1=1

,.., -1

M; 1 +2M; +

hq o
hithit hi +h MZ‘H -

['parmynble ycioBrue Ha MEPBYIO TPOU3BOIHYIO:
¢(a) = f'(a)
g'(b) = f'(b)
By B0 = () e
%Mn—l—"h?nM f/( )_M
Tak, u3 cucrembl n+1 ypapHenusi n+1 nepemenHbl ;HailTh Bce M; (TpéxmaroHas MaTpHUIA)

Tak,



2.2.2 VYcjgoBue NpuMEHUMOCTH

1)Vi,j i # j,x; # ; , TO €CTb BCe y3JIbl CETKU JOJIKHbI OBITH IIOIIAPHO PA3JIMIHBL.

2)gi(x) € C2([a,b]), i = 1,..n



3 TecroBbIii mpuMep C AeTaJbHBIMI pacdeTaMu JIJid 3a1a-
91 MaJIOl pa3MepPHOCTHU




4 IloaroroBka KOHTPOJIBHBIX TE€CTOB

Jnst mecneroBanus BIMSHUS KOJIMYECTBA y3JI0B HA, CXOIUMOCTH HHTEPIOIAIMOHHOIO IIPOIEeC-
ca MOCTPOUM HMHTEPIOJISIIIMOHHBIA TOJIMHOM Jjist ABYX yHKuuii: y = th(z) na orpeske [-3,
3] uy = 3sign.(z)z* + 42® — 1222 + 4 na orpeske |-1, 1.5] jyia pasHoMepHoit cerku Ha 5,7
u 10 y3ax u mocrpoum rpaduKy 3TUX KHTEPIOJISIMOHHBIX TOJUHOMOB C IIOMOIILIO CPEICTB
nakera MATLAB.

[Toce «HANIAIHBIX» PE3YJIBTATOB, IIOCTPOUM I'papUK OIMMUOOK, TO €CTh IpaduK MOy pa3-
HOCTH MeK/Iy 3HadeHneM (DYHKIMU B TOYKE U 3HAYEHHEM WHTEPIIOJISIIIMOHHOTO MOJTUHOMA B
9TOM 2Ke TOYKE.

Jlnst meesrejoBanus 3aBUCUMOCTD OIMUMOKM MHTEPIOJISINI U OIMMOKU B BLIOPAHHBIX TOUKax ()
OT KOJIMYECTBa y3JI0B, BHIOpaTh pasmep cerku 10:5:100 u HaiiTh ommoKH.

3aBUCHMOCTDL OMIMOKY MHTEPIOJIAINA IPH BO3MYIICHUH JAaHHBIX. B 3Hauennme QpyHKIUM B
TOYKAX CETKH JIJI TIOCTPOEHUsI MOJUHOMA BHOCATCH BO3MYINEHUsT MAKCUMAJIBHON BEJIMIUHDI
1%, 2%, 3%, 4%, 5%. DxcnepumenT BoinoHsAeTca 20 pas, crpouTcs rpadpuk TUIa GOKCILIOT,
0 OCH X cpejHee (haKTHIECKOe BO3MYIIEHNE JAHHBIX B SKCIIEPUMEHTE.

5 MoayabHasi CTPYKTYpPa IIPOrpaMMbI

e struct CubicSpline: Ilosmnom st Kazk10r0 0TPE30K

e double* EquallySpaced(double a, double b, int node ): Crpour paBHOMEpHYIO CETKY Ha
y37ax pa3mepa node Ha oTpeske |a,bl]

e void FindCubicSplines(CubicSpline* splines, int n, double *xk, double *yk, double dfa,
double dfb): Haiitu koaddurmenTs! st KyGU4eckoro CIiiaiiHbl ¢ TPAHUIHBIMU YCJIO-

susmu ¢’ (a) = dfa, ¢'(b) = dfb

e double cubicSplinelnterpolate(CubicSpline* splines, int n, double x): Haiitu 3uadenus
B TOYKE X

e double Funcl(double x): Bosspamaer 3nauenne yukimn y = th(z) B Touke X

e double Func2(double x): Bozspammaer snadenue dbynkiuu y = 3sign(x)zt+4x3—1222+4
B TOYKE X



6 YwucsaeHHbIA aHaJU3 pellleHUs 3aJa4u

6.1 dyuknuu y = th(z) , [a,b] = [-3,3]

e [loctponrs mHTepnossinus GyHknun y = th(x) ajsi paBHOMEpHOI CeTKu I pasMep
cerkn node = [5,7,10]

15F

05

f(x)
o

Hcxognan Gyrama
Monumsom, n=5

& Y, =S
Monu-om, =T
Yane, =7
Monuwom, n=10

®  Yae, n=10

05p

A5

-3 2 -1 0 1 2 3
X

Puc. 1: Unrepnonsnus dbyakmun y = th(x) s pasmep cerku node = [5,7,10]

e Tlocrpouts dhyHKIMY HOTOYeTHOM ommubKu dbynkiun y= th(x) ast pasmep cerku [5,7,10]
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Puc. 2: @yukiwn norouednoit ommbku Gynkinun y= th(x) st pasmep cerku node = [5,7,10]



e Ilocrpours 3aBucuMocTh omubKM uHTepnoJsimn GyHkimn y= th(x) or koimdecrsa
Y3JI0B
a) ¥Yauer 10:5:100
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Puc. 3: 3aBucumocts omubku unrepnosiuu dpyHkun y= th(x) or kosmdecrsa y3/108
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Puc. 4: 3aBucumocts omubku naTepnossiun dyskmn y= th(x) or Kosmaecrsa y3108



e IlocTpouTh rpaduk 3aBHCHMOCTH MaKCUMAJIbHOI OMMOKM OT 3HAYCHUS MPOU3BOIHOL
Ha Kpasix orpeska a iy 10 yaios, f’(a) = 0.0099
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Puc. 5: BaBucumocTh MakcHMaJIbHON OIMIMOKN OT 3HAYEHUsI IIPOU3BOIHON Ha KpasX OTpe3Ka

e [locrpoutsh rpaduk 3aBUCUMOCTU OIIMOKU WHTEPIIOISIINE TPU BO3MYIIEHUN JAHHBIX
andg 10 y3iaoB
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Puc. 6: 3aBucumocTromubru NHTEPIOJIAINN IIPU BOSMYIIEHUN JaHHBIX



dbynkmun y = 3sign(z)z? + 423 — 1222 + 4, [a,b] = [-1, 1.5]

6.2
e [locTpouth unTepnondius HYyHKIUN { = 3sign(1‘)x4 +4a3 —122% + 4 1y paBHOMEPHOI

ceTku 171 pasmep cerku node = [5,7,10]
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Puc. 7: Unrepnonsnus dyukimn y = 3sign(z)z? + 42® — 1222 + 4 nisa asmep cerku [5,7,10]

e TloctpouTs dbynKImEU noTodednoil ommbku dbynkuun y = 3sign(z)x? + 4% — 1222 + 4

Jutst pasmep cetku [5,7,10]
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Puc. 8: ®ynkiuu norodednoit ommbku dbynknun y = 3sign(z)z? + 423 — 1222 + 4 nyia pasmep

cerku node = [5,7,10]



e IlocTpouTh 3aBHCHMOCTL OMIMOKM MHTepHojsanmn Gy y = 3sign(z)z? + 43 —
1222 + 4 or KoamdecTBa y3JI0B
a) ¥Yauer 10:5:100
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Puc. 9: BaBucumocth omubku unTeptosanuu Gynxnun y = 3sign(z)z? + 423 — 1222 + 4 ot
KOJINYECTBa y3JI0B

b) ¥Vamsr 35:5:100
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Puc. 10: 3aBucumocTb OMUOKN UHTEPHOJISAIUN DYHKITHH § = 3sign(9:):v4 +423 — 122 + 4 or
KOJIMYECTBa y3JI0B
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e Ilocrpouts rpaduk 3aBUCUMOCTH MaKCHUMAJILHOI OMIMOKKM OT 3HAYEHUS IIPOM3BOIHOM
Ha Kpasx oTpeska a s 10 yamos, f'(a) = 48
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Puc. 11: 3aBucuMocTb MaKCUMAJILHOM OIMMUOKK OT 3HAYEHUS ITPOU3BOIHON Ha KpasgX OTPe3Ka

e [locTponth rpaduk 3aBUCUMOCTU OMIUOKU WHTEPIOJIAINN MPU BO3MYIICHUN JTAHHBIX
s 10 y3aos
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Puc. 12: 3aBucumMocThONMMOKN UHTEPIIOISAINH IPU BO3MYIIEHUN JTAHHBIX
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7 Kparkue BbIBOABI

7.1 CpaBHeHEe c pe3yJibTaTaMu IIePBOii padoThI

1. Hucj1o y3/10B 1 X BO3MYIIEHUH TOYHO TAKXKe BJIUIET HA YCTONINBOCTH METO/a KyOMIecKuit
CIIAfiH ¢ IPaHUYHBIMU yCJIOBUAMH Ha IIEPBYIO IPOU3BOIAHYIO, KAK W Ha WHTCPIOIAPOBAHNC
MHTEPHOJIAIMOHHBIM ToJIMHOMOM HbloToHA.

2. C yBeJm4ueHneM Yucyia y3J10B HOIPENTHOCTh yMeHmuBaeTcsd. OIHaKo MOXKHO 3aMETHTh, ITO
omuOKa B MOJUHOME, IIOCTPOEHHOMY IO CILJIaifHe, pacipejiesiena 0oJjiee PaBHOMEPHO, YeM B
UHTEPIOJIAIMOHHOM TTojinnoMe Hpiorona.

7.2 BbiBoabl

1. VBenmuenue KOJIUYIECTBA Y3JI0B UHTEPIOJIAIIMH OOBIYHO TPUBOJIUT K YMEHBITIEHUIO OIMMTUOKT
UHTEPIIOJIANIE Ha BeceM nHTepBasie. OTHAKO, 9TO TAKXKE MOXKET IMPUBECTU K MOBBIIIEHHO BbI-
YUCTUTETHHON CIOXKHOCTH U TTPOOJIeMaM ¢ YUCJIEHHOH cTabMIBHOCTHIO, OCOOEHHO TIPU OYeHb
OOJIBIIIOM KOJIMYECTBE Y3JIOB.

2.Buibop KpaeBbIX yCa0BUil 11 KyOMYECKUX CILIAHOB BJIMSET HA TOYHOCTH AIMPOKCUMAIIUH,
0CODEHHO BOJIM3U KPaeB MHTEPBAJIA.

3. Kybuueckue criaffHbl JIOCTATOYHO YYBCTBUTE/JIBHBI K IIYMY B JIAHHBIX. Bo3myIneHus B
3HAYEHUAX (DYHKIMUA MOTYT MPUBECTU K 3HAYUTETHLHOMY U3MEHEHHUIO (pOPMBI CILIaiiHA. DTO
0COOEHHO 3aMETHO ITPHU BBICOKUX YPOBHSAX IIyMa WU BO3MYIIEHHIA.
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