Cankt-ITerepbyprekumit
[Tomurexnndeckuit ynusepcutet Ilerpa Bennkoro

OTuer 110 JjlaboparopHoii padore Ne§

NuaTeprionsgiinmoHtbie TTOJNHOMbBI ITPUOJINXKEHUS
TaOJANIHBIX PYyHKIINII
[Tommnom B dpopme HbroToHa cripaBa-HaJieBO

CryJeHT: Yunp Txu Txy Xoait
[IpenoaBaresn: Koznos Koncrantnn Huxkonaysus
['pymma; 5030102,/20001

Cankt-ITerepbypr
2024



Conepxkanue

(1 DopmyampoBKa 3agaHUA U €€ (POpMaAJTIU3AINH| 2
2 AaropmtmM MeTOJ0B M yCJIOBHSI WX ITPUMEHUMOCTH| 2
2.1 TlocTtpoenme ceTKm| . . . . . . . . . . ... 2
[2.1.1 PaBHOomMmepHasg ceTkm| . . . . . . . . ... 2

2.1.2 Cerka HeObImeBal . . . . . . . . . . . . 2

[2.1.3  CrymeHy CeTKH| . . . . . . . . o v v vttt e e e e 2

[2.2  llocTtpoenme nosmuoma Herloronal . . . . . . .. . . ... o000 2
[2.2.1 AjropmTwm| . . . . .. 2

[2.2.2 YcimoBme MPUMEHUMOCTH| . . . .+« o v v v v v e e i e e e 3

[3 TecToBbll npuMep C AeTaJlbHBLIMU pacdeTaMy JJis 3a7a49yd MaJion pasMep- |
[_HocTul 4
[4  IloaroroBKa KOHTPOJIbHBIX TE€CTOB| 5
[ MonaynabHast CTPyKTypa OporpaMMbl| 5
[6 Yucaennblii aHaIu3 pelieHnsd 3a1a4u| 6
6.1 dynkuun y =th(z),labl =[-33]. . . .. ... oo 6
6.2 dynxumu y = 3sign(x)z® + 4z° — 122 +4 , [ab] = [-1, 1.5]|. . . .. ... .. 9

(7 KpaTrkwme BBIBOIbI| 11




1 dPopmynupoBKa 3aJaHus 1 €€ PopMaAJTU3AIAN

Tpebyercs annpoKCUMUPOBATH (DYHKIIUIO € TIOMOIIBIO MHTEPIOJISIIINOHHOTO MHOTrOYIeHa HbI0-
ToHa (Ha3a/1) JJIs 3aJIaHHBIX (DYHKIMI HA HEKOTOPOM OTpe3Ke [a,bl, ucrosb3ys paBHOMEPHYIO
ceTKy, ceTKy UeOblleBa 1 CeTKy CO CIYIIEHHeM B OKPECTHOCTH BbIOpaHHOW ToYKM. [[J1s1 9Tmx
[OJIMHOMOB HMCCJIEJIOBATH 3aBUCUMOCTD OIIMOKU (DYHKIIMH OT KOJIUYIECTBA, Y3JI0B B CETKE.

2 AJropmTmM MeETOA0B M yCJIOBUS UX IPUMEHUMOCTH

2.1 IlocTpoeHue ceTku
2.1.1 PaBHOMepHas CEeTKH

[Iycrb 3aa8 OTpe3oK |a,b] 1 n TOYeK Ha TOM OTpe3Ke
Pasnomepnas cerka {z;}? , TOrna 3annchbBaeTCS TaK:
b—a

Ty =xo +ih, tne i =0,..,n; xg = a;h = 3¢

2.1.2 Cerka YeObliIeBa

[Tycro 3a1a0 0Tpe3oK [a, b] 1 n TOUEK Ha STOM OTPE3Ke
Cerka Yebbimena {x;}!' , Torga 3amuceBaeTCs Tax:

T; = 52 + (b;a)cos (”(221:1)>, rmei=0,..,n—1

2.1.3 Cryimeny ceTkn

[Iycrb 3a1a8 0Tpe3oK |a,b] 1 n TOYEK Ha TOM OTpE3Ke
Crymeny cerku {x;}", TOr/a 3alMCHIBAETCS TAK:

zi=a+(b—a)(t) rnei=0,..,n—1

2.2 TIlocrpoenune nosumuaoma HbioToHa
2.2.1 Auaropurm

Hano: Hekoropas ceta {x;}!' o u cerounas ynknus { f;}7, ot tabauaao 3a1aHH0i DYHK-
1A, JIJIg KOTOPOil TpedyeTcs MocTpouTh nommHoM HbioTona.

st roro uTobe! HaiiTi moanHoM HeloToHa, HEoOx0mMOo Yepes suadenus dyukun f(zo), f(z1), . ..

cHaJaJa OIpEJIe/INTh pas/ie/ennbie pa3Hoctu. [locunrtaeM pazjeeHnble pa3HOCTH 110 (DOPMY-
JIaM:

f(xl);.fl) = M

T1—T0

f(xth) = fl@2)=f(z1)

ro—I1
Flrn1,i00) = L) iz

Toria pazHoCcTH BTOPOTO MOPSAIKA HAMIYTCA 110 (hOPMYIaM:

f (o, w1, ) = L1222/ Go.m1)

) f(xn>



e e . _f(x 717m)_f(x sns)
f(xn—% Tn—1, mn) - = ;n_xnj; =

Taxum 06pasoM, eciin ompeieensl k-e pasHOCTHBIE OTHOIIEHHS f (T, Tit1, ,Titk), TO (k+1)-e
OIIPeJIENIAIOTCS Yepe3 HUX PABEHCTBOM:

_ f@e®ig1se s ®igr) = f (@i 1,%4, Titk—1)
f(xi—lv Liy o axi—i-k) - = $¢+k—Iil—1 -
AnropuTM:
DivDiff = yk;

for i =1 : node-1
for j =1 : node - 1
DivDiff(j) = (DivDiff(j+1) - DivDiff(j)) / (xk(i+j) - xk(j))

Torna mosmaom Herotona camraercs 1o dopmysie(crpaBa-HaJIeBo):

Po(x) = f(xn)+f(@p_1, zn)(@—20)+ [ (Tp_2, Tp1, xp) (=2, ) (x—2p_1)++ -+ f (20, 1, T2, . .., ) (x—
o) (T —xp_1) ... (x — 1)

Ocrasioch TOJBKO IOJICTABUTD 3HAYEHUA CETKM B IHOJUHOM HbloTOHA M HOJYyYHTDH Kejae-
MBIl PE3yJIbTaT.

2.2.2 VcjoBue NpuMeEHUMOCTH

U3 nokasarebeTBa €IMHCTBEHHOCTH WHTEPIOJIAIINOHHOTO MHOTOWIeHa ¢ moMornbio CJTAY
cyiejiyer, 9To abCiucca y3JI0B JIOJIKHBL ObITH TONAPHO PA3IMYHBL (B CIydYae ¢ [MOJHHOMOM
HeroToHa 9T0 HYKHO, 4TOOBI CHU3KATH Pa3/Ie/IeHHbIE PA3HOCTH)

Vi, j @ # J,x; # xj , TO €CTh BCE y3JIbl CETKHU JOJKHBI OBITH ITOMAPHO PA3JINIHEL.



3 TecroBbIii mpuMep C AeTaJbHBIMI pacdeTaMu JIJid 3a1a-
91 MaJIOl pa3MepPHOCTH
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e e R
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4 IloaroroBka KOHTPOJIBHBIX TE€CTOB

g nceneioBaHus BJAUSAHUS KOJTMYECTBA Y3JI0B HA CXOUMOCTD MHTEPIIOIAIIMOHHOIO ITPOIEC-
ca MOCTPOUM MHTEPHOJISIIIMOHHBIN TOJIMHOM JiIs 1BYX (byHKIWiA: y = th(x) Ha orpeske [-3, 3]
ny = 3Sign.(x)x4 +4x3 —122% +4 na orpeske [-1, 1.5] 1y1st paBHOMEPHOIT CeTKH, 4eObINIEBCKOi
CeTKU U cryieny cetku Ha 5,7 u 10 y3/ax u nmocTponM rpaduKu 3TUX UHTEPIOIATTMOHHBIX
moItHOMOB ¢ 1omotnbio cpejicts naketa MATLAB. Tlociie «Harisaabix» pe3y/abTaToB, 1MO-
cTpouM rpaduK OMMUOOK, TO eCTh I'padUK MOIY/IS PA3HOCTH MEXK/Iy 3HAYeHUEM (DYHKIUU B
TOYKE U 3HAYEHNEM MHTEPIOJISIIMOHHOIO IIOJIMHOMA B 3TOl 2Ke TOYKe.

st ncenenoBanus 3aBUCUMOCTD ONTUOKH MHTEPIIOJIAIUIT U OIMUOKN B BHIOPAHHBIX ToOUKax ()
OT KOJIMYECTBa y3JI0B, BBIOpaTh paszmep cerku H:5:100 u HaliTu omudKy.

5 MoayabHasi CTPYKTYpa IIPOrpaMMbI

double* EquallySpaced(double a, double b, int node ): Crpout paBHOMEPHYIO CETKY Ha
y37ax pasmepa node Ha oTpeske |a,bl]

double* Chebyshev(double a, double b, int node): Crpour cerky Ha y3i1ax ebbimnesa
pasMmepa size Ha oTpeske [a,b]

double *Refine(double a, double b, int node) : Crpour crymieHHyro cerky Ha y3Jax
pasmepa node Ha oTpeske [a,b]

double NewtonBack(double x, double *xk, double *yk, int node ): Crpour unTepmoss-
IIMOHHBIN TToJIMHOM HbIOTOHA clipaBa-HAJIEBO 110 JTAHHON CeTKEe M CeTOYHON (PYHKITHI

double Funcl(double x): Bosspamiaer suadenne dbynknun y = th(x) B ToUke X

double Func2(double x): Bozepamaer snauenue dynxuun y = 3sign(z)ri 4423 —122%+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]

2
1.5+ MexonHas GyHKUmMA
MonuxoMm, n=5
L] ¥3nsl, =5
1t Monuxom, n=7
® ¥ane!, n=7
MonkHoMm, n=10
0.5+ ®  VYane, n=10

Puc. 1: Unrepnonsmus dbysximn y = th(x) st paBHOMepHOIl ceTKu’

e Iloctpours unreprossaus Gynknun y = th(x) as cerkn Yebbiresa [71s1 pazMep ceTKn
node = [5,7,10]
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Puc. 2: Unrepnonsmus dbysximn y = th(x) mist cerkn Hebpimesa’



e [locrpours unreprossnus Gyskiun y = th(x) s cryienne ceTku Jjist pa3sMep CeTKN

node = [5,7,10]
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Puc. 3: Unrepnonsnus dbyukmun y = th(x) s crymenne ceTku’

e [locTponTh JIMHWIO TeOpeTHIeCcKoi ommOKku MyHKIMN y= th(x) s 5 y3m08

10¢ e e e oy e
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107 - ’ ki ! I e 1
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107 F 1
! PasHomepHan ceTia
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X

Puc. 4: Jlunuto Teoperndeckoii omubku dynknun y= th(x) misa 5 yszmos



e Ilocrpouts 3aBucumocTh omubKu uHTepHosimu GyHKimu y= th(x) or koamdyecrsa
y3708B(5:5:100)

™ T T T T T T T T T

PagHomepHas ceTka
Yebhilera ceTka
Crylwenne ceTkm
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Puc. 5: BaBucumocts omubku uaTepnosnun Gyakimun y= th(x) ot KoamaecTBa y3/10B

O6napyzxkeno, ato dyukimn y=th(xX) /st cryiienne ceTkKu MMeeT MEHBINYO OIMNOKY,
9eM JIjIsi paBHOMEPHON CeTKU U I ceTKU JeObIena.

e IlocTponTh 3aBUCHMOCTH OMIMOKK B BBIOpAHHBIX ToYKaxX () u -2.5 OT KojmvecTsa y3-
n08(5:5:100)

10" T T T — T T T T —
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Puc. 6: 3aBucumocTs ommbOKM B BRIOpaHHBIX TOUKax O U -2.5 OT KOJUYIeCTBa y3/10B



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

e [locTpoutsb unTepHOAN MYHKIMA § = 3sign(1‘)x4 +4a3 —122% + 4 1y paBHOMEPHOI
ceTku Jyis pasmep cerku node = [5,7,10]
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WcxoaHana yHKUMA
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-20 L " i L
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Puc. 7: nrepnonstiusa dyuxmun y = 3sign(z)z? + 423 — 1222 + 4 11a pasHOMepHOit ceTKn’

e TToctpouTs unTepnonsanus gynkuun y = 3sign(z)z? + 4% — 1222 + 4 g cerku Ye-
GbieBa jiis pasmep cetku node = [5,7,10]

10
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WCxogHaR QYHKUMA
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-20
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Puc. 8: Nnrepnoystiusa dyuxuun y = 3sign(z)zr? + 423 — 1202 + 4 g cerku Tebpimera’

e TTocrpouts unrepnonsanus dbynxkuuu y = 3sign(z)z? + 42° — 1222 + 4 g crymenue
ceTku Jiyisd pasmep cerku node = [5,7,10]



MCxooHas QYHKYKA
Monuxom, n=5

[ ] ¥3nol, n=5
MonuHom, n=7
20+ L ¥anel, n=7
Monuxom, n=10

® ¥3nel, n=10

-1 -0.5 0 0.5 1 1.5
X

Puc. 9: nrepnonsanus dyukimun y = 3sign(z)z? + 423 — 1222 + 4 jia crymenue cetku’

e IlocTpouTh 3aBUCHMOCTL OMIMOKM MHTepHojsanmn dbynkuun y = 3sign(z)z? + 43 —
1222 + 4 ot xosmuectBa y37108(5:5:100)

104V -7 T T 1
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Puc. 10: 3apucumocThb ommbKH WHTepnosaun dbyHkmum y = 3 * sign(z)x? + 423 — 1222 + 4
OT KOJIMYECTBa y3JI0B

O6uapy:keno, uto dyukimn y = 3sign(z)x? +42® — 1222 +4 114 crymenne ceTku nMeer

MEHBIITYIO ONIMOKY, YeM JIjis PABHOMEPHON CeTKM U Jijisd ceTKu JeObliieBa , a pyHKIuu
JIJIs PABHOMEPHO# CeTKM U Jjist ceTKu JeOblneBa NME0T OJUHAKOBBIE OIMUOKH.
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e [locrpours 3aBrcHMOCTD OMmMUOKY B BbIOpaHHbIX Toukax () 1 1 o1 Kosmaectsa y3/108(5:5:100)

10 T T T T - T T T T —r
Fagdomep=as ceTea 8 Touke 0
Yebuiwesa cerka 8 Touke 0

1]
107 PagHOMepHanA ceTkae Touke 1 1
w— | @ (uiILIEEE CETKA B TOUKE 1
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Puc. 11: 3aBucumocts ommbKku B BhIOpaHHBIX ToYKax 0 n 1 oT KoJIMIecTBa y3/10B

7 Kparkue BbIBOJIbI

1. YBe/nmudenne KOJIMYECTBA Y3JI0B CETKH, Ha KOTOPOI CTPOUTCA WHTEPHOJIAIMOHHBIN TOJIU-
HOM, He TapaHTUPYET CHIKeHue omuoOku. HampoTus, cymiecTByOT (DyHKIIUM, JJIsT KOTOPBIX
OmuOKa yBEJNINBACTCS C yBEJIMIEHNEM KOJMYecTBa y3/0B (HampuMmep, GyHknus Pyrre).

2. I'imagkocTh (yHKIINN CHJIBHO BJNSIET HA TOYHOCTDH TOCTPOEHUS MHTEPIIOIAIIIOHHOTO TIOJIH-
HOMa. bBoJree riajikne pyHKINN MPUOINKAIOTCS NHTEPIOIAIMOHHBIMA TOJTMHOMAaMU TOPa3I0
TOYHEE.

3. y1g mocTpoeHns NHTEPIOIAIIUMOHHOTO TTOJTUHOMA JIyYIlle UCIOIb30BaTh CIYIIEHHYIO CETKY,
YeM YeOBINEBCKYIO CETKY U PABHOMEPHYIO CETKY.
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