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DopMyJIPOBKA 3a7a49n 1 ee (DOPMAJIU3 AN

[Tpubmzkenne Tabimanoit Gynknuu mognromoM Heiotona (Brepesn)

Dopmann3anus 3aga9n:

PeammzoBarb MeTo 1 HocTpoenud mnmojimHoMa HbioTona, mpoanajm3npoBaTh ero paboTy

ITocraBjieHHbIC 3aJ a4nl:

1.
2.

PeanmnzoBars AJITOPUTM METO/ a

Jst mastoro 4ucsa y37108 (3) BBIMHCIUTH B PYUIHYIO Ha Oymare 3HaYCHHs IOJHHOMA 110 3a-
JTAHNIO 1 PaKTHIECKON OIMMOKK B y3/IaX U cepeiuHax Mexkiy y3siamu. [loayuanTs mosunom B
KQHOHIYIECKOM BHJIE (110 CTENEHSIM X).

[Toctpouts Ha oaHOM Tpaduke GYHKINIO, MOJUHOM JIjId 3 BapUaHTOB HEDOJIBIIIONO YHC/Ia
y3710B (5...10), ormeruTs y3ibl. Ha apyrom rpaduke nocTpouts hyHKIUI TOTOYEIHOH OMUOK I
JIJISI 9TUX Ke TIOJIMHOMOB. [IpoBecTu JIMHUIO TEOPETUIECKO OMMOKM, TOCTPOEHHOI J1jIs OJTHOTO
13 3X MOJIMHOMOB.

3aBUCHMOCTD OIMMUOKY HHTEPIIOJISIIUI OT CTEIIEHN HHTEPIIOJISIIIUOHHOTO TIOJINHOMA, (KOJIMIEeCTBA
y370B). Tpebyercs mocrponth rpaduk MaKCHMATLHON OMMOKN Ha OTPE3KE B 3aBUCUMOCTH OT
qucya y3J0B: 5...100.

JlBe Touku Tpedyercst BHIOPATH U3 MPOBEPOTHON CETKU, B HUX BBIYUC/ISIETCS MO/IYJIb PA3HOCTHU
3HavYeHUil (DYHKIIUK U TIOJIMHOMA JIJId IIOJIMHOMOB, TIOCTPOEHHBIX 110 pA3HOMY KOJIMYECTBY y3JI0B

TaxzKe, BApUaHT HOJIpa3yMeBaeT BBIIOJIHEHUe CJIe/IyIONero JOIl. 3 aHusl:

B3aBUCAMOCTD OMIMOKHM MHTEPIIOISIMOHHOIO TIOJUHOMa MPH BO3MYIIEHNY JAaHHBIX. B 3HaueHue
bYyHKIMM B TOYKAX CETKM I MOCTPOEHUS IIOJMHOMA BHOCATCS BO3MYIICHHS MAKCHMAJILHON Be-
maanasl 1%, 2%, 3%, 4%, 5%. Bosmyluenus BHOCATCS B KasKAyIo TOUKY ciaydaiino. Tpebyercs
BLIYMC/IUTHL OTHOCUTEILHYIO OMIMOKY 10 BCEMy OTPEe3KYy JJIsl KasKJIOro 3HaueHUs MaKCHMAJIbLHOIO

BO3MYIIEHUS U TIOCTPOUTDH I'paduK.



AJroputM MeTosa W yCJIOBUS MPUMEHUMOCTH

B nukse mo m or 0 70 n - 4ucja y3JI0B BBIUACIAECTCA KOIMDMUIMEHT - pas3jiesieHHas Pa3HoCThb
[Y0 -y Um ). Hasee, sror koabdunuent ymuoxkaercsa ua 117" (z — xy), tue xy - k-it s1ement cerkn
xh, a X - 3HaYeHNe apryMeHTa, B KOTOPOM BBIYUC/ISIETCs 3HaYeHune 1monHomMa HeoroHa.



IIpenBapuTenbHblil aHAJIN3 3a0a4U

BapuanTt Bk/IIO9aeT B ceds alpoOKCUMAIIMIO TOJIMHOMOM HbloTOHA ABYX Ceaytonux (OyHKIIHii:

w? — /logo(z + 3) (1)
2® —0.22% 4+ 0.4]z| + 1.4 (2)

st marepniosmposanust dyukiun (1) Beiopan orpesok [—2;4]. s dyukmnum (2) - [0; 5] (BI6OD
HHTEPBAJIOB HEIIPEPLIBHOCTH )
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MoayabHasi CTPYKTypa IporpaMMbl 1 KOHTPOJIbHBIE TECThI

KonTpoJsbHbIe TeCcThbI

Jlnst KaxK0# pYHKIIMU CTPOUTCA 2 BUJA CETKH - paBHOMepHas u UeObimeBckas. [lasee, mis
OIPEJIEIEHHOr0 IHCIa y3/0B N BBIYUCIISIOTCA 3HadeHnst nosmuoMa B 10000 Toukax (mocTpoeHume
IPOBEPOYHOI CETKN).

MoaysnbHas CTPYKTypa HporpamMMbl

doublex* generate_ugrid(double (*f)(double), int n,
double a, double b);

- TIOCTPOEHNE PABHOMEDHOI CeTKH JiIs repejanuoil dyHkmun f, uncia ysmaoB n Ha orpeske [a;b].
BosspartnaeT 1ByMepHBIil MACCHUB: B KazKJIOM TI0JIMACCUBE 2 3JIEMEHTA, Ha IT€PBOIi MO3UITNN - 3HAYCHHE
KOODJMHATHI X, HA BTOPOI - ¥

doublex** generate_chebgrid(double (xf)(double), int n,
double a, double b);

- aHAJIOTUYHO, IIOCTPOEeHNE ceTKU JeObleBa

long double poly_newton(long double x,double* xh,
double* yh, int n,doublex* sep_dif);

- dyHKIM, BO3Bpalaonas 3Hadenne nojmaoma HeioTona B Touke X. xh - HabOp 9/IeMEHTOB X Ta0-
JaHOM byHKIWH, yh - HAGOD 7IeMEHTOB y TabJIMYHO (DYHKIMH, N - YUCI0 Y3JI0B (UUCI0 9JIEMEHTORB
B MaccuBax xh u yh), sep dif - nabop (Tab/una) BLIYUCIEHHBIX PA3/IeIeHHBIX PA3HOCTEl [T CeTKI
xh u yh.

double f_smooth(double x);
double f_gap(double x);

- JIaHHBIE [I0 BAPUAHTY MaTeMaThdecKue (DyHKITHIH.
doublex** sep_difference(doublex xh, doublex yh, int n);

- dbyuKIM, Bo3Bpamaionas tabmiy (JIByMepHbIil MaccuB), cojepzKaiyio Ha (1,j) mosuimn pase-
JIEHHYIO PA3HOCTD [V, ..., Y.

doublex* grid_change (double**x h, int n, double max_decline);

- (byHKIMsI, BO3BpAINAOIAs U3MEHEHHYIO Ha BeJInauHy, MeHbinyto max decline% (ciayuaiino) cerky



YHuciieHHblii aHAJIU3 pelieHusd

OyHKINY 1 TIOJIMHOMBI Ha OTHOM rpaduke. I'padmnkn morodedHoil onmoOKn

16 T T . - T

S sgrt(log,,(x+3)
MNonuHom HeloToHA

n=

I

14

12

10

Puc. 1: I'padux dbysxmun (1) u nommaoma Heiorona miist n=5, paBHOMepHast CeTKa
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Puc. 2: T'paduk dbyHKIMU 10TOYEIHON OMUOKY JIJIs N=5, paBHOMEpHasi ceTKa, dbyHKIwmst (2)
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Puc. 3: I'padux dbyuxun (1) u nomumnoma HeioTona jijis n=7, paBHOMEpHasl CETKa
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Puc. 4: T'padux dbysKImu norogeqHoi ommbKy jijis N=7, paBHOMepHasi ceTka, dyHkiust (1)
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— - sqrt(log,,(x+3)) D
MonuHom HelotoHa,n=10
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Puc. 5: I'padux dyuxmun (1) u nomunoma Herorona jyig n=10, paBHOMEpHast CeTKa
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Puc. 6: I'padux dbysxiun norogeanoit ommbku s n—=10, paBHomepHasi ceTka, dyHakiust (1)
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Puc. 7: I'pacduk dyHxnum norouedHoi ommbKu u JUHUA Teop. omudKu it n—=10, paBHOMepHas
cerka, dynkmnus (1)

B rouke -2 u B ee mpaBoil oKpecTHOCTH TipousBoaHast GyHKiuu (1) yxomuT Ha +00, TMOITOMY
Teop. ommdka paccmarpusaercs ¢ -0.5. Bugno, aro dpakTuvueckas ommnOKka MEHBIIE TEOPETUIECKOI.
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Puc. 8: I'padux dbyuxiun (1) u nomunoma Herorona jijig n=>5, cerka Hebbinesa
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Puc. 9: I'padux dbysximn norogeanoit ommbku jijig n=5, cerka Yebbimesa, dyuxiust (1)
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Puc. 10: I'padux dbyuxmun (1) u nommnoma Heorona jig n=7, cerka Yebbimesa
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Puc. 11: I'padux dbysximn norogednoit ommbku jjisg n=7, cerka Yebbimesa, dyuxims (1)
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Puc. 12: I'padux dbyukun (1) u nommnoma Herorona jyig n=10, cerka Yebbiiesa
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Puc. 13: I'padux dbyukiun norodeunoit ommbku jijig n=10, cerka YeObresa, dyuximst (1)
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Puc. 14: T'pacduk dyHknun moroyedHoit ommudOKN u JuHus Teop. omudKu g n=10, cerka YebbI-
mesa, dyuknus (1)

B rouke -2 u B ee mpaBoii okpecTHOCTH Tipou3BoHast GyHKiuu (1) yxomuT Ha +00, MOITOMY
Teop. ommodKka paccmarpusaercs ¢ -0.5. Bugno, aro dpakTryueckas ommoOKa MEHBIIE TEOPETUIECKOII.
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Puc. 15: I'padux dbyuaxiuu (2) u noaunoma HeioToHa jijis n=5, paBHOMEpHAast CETKa
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Puc. 16: I'paduk dbyHKIMU T0TOYEIHON OMUOKY JIjIst N=5, paBHOMEpHasi ceTKa, dbyHKIwus (2)
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Puc. 17: 'padux dbyuxiuu (2) u nomunoma HeioToHa jijist n=7, paBHOMEPHAasl CETKa
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Puc. 18: I'paduk dbyHKIMU T0TOYEIHON OMUOKY JIjIst N=7, paBHOMEpHasi ceTka, dbyHKIust (2)
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Puc. 19: I'padux dbyuxiun (2) u nomunoma Heorona jyig n=10, paBHOMepHast ceTKa
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Puc. 20: I'padux dbysximu norogednoit ommbku jjig n=10, paBaomepHast ceTka, dbyHkimst (2)
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Puc. 21: I'padux dbyuxiun (2) u nomunoma Herorona jiig n=>5, cerka Yebbiesa
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Puc. 22: I'padux dbysximn norogeqnoit ommbku g n=5, cerka Yebbliesa, dbyHkims (2)
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Puc. 23: I'padux dbyuxiun (2) u nomunoma Herorona jiig n=7, cerka Yebbliesa
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Puc. 24: T'padux dbysximn norogednoit ommbku jijig n=7, cerka Yebbimesa, dbyHkims (2)
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Puc. 25: I'padux dbyukun (2) u nommnoma Herorona jyig n=10, cerka Yebbiesa
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Puc. 26: I'padux dbyukiun norodednoit ommbku jijig n=10, cerka Yebbiesa, dyukimst (2)
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BosbmuuacTBO pUCYHKOB IIPOJIEMOHCTPUPOBAJIN OKUJIAEMYIO0 KApTUHY - rpaduk mnojsunaoMa Hbro-
TOHa NMPUOJIMKEH K rpaduKy M3HAYATBHO 3aJaHHbIX (pyHKImil. Takke, MOXKHO 3aMETUTH Pa3/InIne
PaBHOMEPHOIT CeTKM U ceTKH debblmeBa, HATpuMep, Ha puc. 6 u puc. 14.

Ha rpadukax dyHkImil morodedroi ommbku jjis HyHKIEUN (2) BUIHO JOCTATOUYHO CTPAHHOE
noBejienne. [lo Moemy MpeIoIoKeHIIO, 9TO CBA3aHO C MOPSIKOM OITHOKH - 107 14.
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Jlunus TeoperudecKoii ommbku J1jist n—=10
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Puc. 27: Jlunus Teop. ommbku, paBHoMepHast cetka, n—10, dynkuus (1)
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Puc. 28: Jluuusg Teop. ommbku, cerka Yebbrmesa, n=10, dynkuus (1)

MoxKHO cpaBHUTH JiBa 3aJIaHHBIX rpaduka ¢ puc. 6 u puc. 14 coorBercrBenno. BujmHo, dTo
MOPSIOK JIMHUHU TEOP. OMIUOKHM CUJILHO BBIIIE, YeM TOPSI0K (DAKTUIECKOI.

Crieslyer OTMETHTD, 9TO Jjis BBIOpaHHOTO uucsa y30B (10), jiunust Teop. ommbKu jijig GyHK-
mn (2) myseBasi: 11-s1 mponsBoHas osmHOMa 3 crernenu. 1o 9Toit npudnHe, s UCKIIIOYUIL €€ U3
pacCcMOTpEeHUs.
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3aBUCUMOCTh MaKCUMAaJILHOI OIMNOKMN OT YMCJIa yY3J10B
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Puc. 29: Pasnomepnast cetka, 5 < n < 55, dynkuus (1)
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BernnynHa makcumanbHo i ownbkm
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Puc. 30: Pasnomepnast cetka, 55 < n < 100, dyukuus (1)
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BenuynHa makcumanbHOW OWKBKN
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Puc. 31: Cerka Yebnbimena, 5 < n < 55, dyuxus (1)
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BernnynHa makcumanbHo W owmnbkm
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Puc. 32: Cerka Yebbimesa, 55 < n < 100, dyukuus (1)
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BernnynHa MakcumanbHoO i oWKnBKK
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Puc. 33: Pasnomepnast cerka, 5 < n < 30, dyukuus (2)
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BernnynHa makcumanbHo W owmnbkm
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Puc. 34: Pasrnomepnast cerka, 30 < n < 100, dyukuus (2)
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BernnynHa makcumanbHo W owmnbkm
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Puc. 35: Cerka Hebbimesa, 5 < n < 30, Gyukuus (2)
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BernnynHa MakcumanbHoO i oWKnBKK
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Puc. 36: Cerka Yebbimesa, 30 < n < 100, dyukuus (2)
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Oynuknuga 1. Pucynkn 29, 31 noka3wIBaioT, 9To MPOIECC MHTEPIOJUPOBAHUA CXOIUTCI ITPU N OT
1 1o 55. Pucynknu 30, 32 Ke mMOKa3bIBaIOT, YTO IIPU N >>HH MPOIECC PACXOJIUTCH.

Kapruna mia dynknun 2 wnast. THTepIOIATMOHHDBIN TPOIECC PACXOIUTCS, OJIHAKO MOTPEITHOCTH
npu n<30 cUIBHO MaJIa.

44



3aBUCHMOCTH OIINOKHN B BbI6pa.HHLIX TOYKaX OT CTE€II€HN MHTEePIIOJIAIMNOH-
HOTI'O IIOJIMHOMaA

Jng dyuknun 1 na paBHomMepHOit ceTke BbiOpanbl Toukn ¥ = —(0.2006 u x = 2.7994

x = =0.200600
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Puc. 37: 3aBucumocTh OMmmMOKN B TOYKE X OT HUHCJIa Y3JI0B N, pABHOMEpHasl ceTKa, (pyHKIns 1
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X = 2.799400
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Puc. 38: 3aBucumMocTh OMUOKU B TOYKE X OT YHCJa y3J0B N, paBHOMepHas ceTKa, (PyHKInd 1
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s dyuxnuu 1 Ha cetke YeoObimmesa Boibpanbl Toukn © = —0.2006 u z = 2.7994

x = <0.200600
"I[:)'B T T T T T T T T

106 .-

10d -

]

104_ -

BenuuuHa owimbku
—
o
=
I

1 O-B I | | I | I I | I
0 10 20 30 40 a0 60 70 80 Q0 100

n, 41Cno yanos

Puc. 39: 3aBucumocTh OMmMOKN B TOYKE X OT YHCJIa Y3JI0B N, ceTKa Jebbimesa, pyHKIusa 1
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x = 2.799400
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Puc. 40: 3aBucumMocTb OMMOKK B TOYKE X OT YHC/a y3J0B 1, ceTKa JeOniena, pyHKIms 1
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st dyuxnum 2 Ha paBHOMEpPHOI ceTke BbiOpaHbl Toukn © = 1.4995 u x = 3.9995

x = 1.499500
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BenuymrHa owmbkn
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s dyuxnun 2 va cerke YeoObimesa BoiOpanbl Toukn © = 1.4995 u x = 3.9995

x = 1.499500
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Puc. 43: 3aBucumocTh OMMOKN B TOYKE X OT 9UHCJIa Y3JI0B N, ceTKa JeObimeBa, (OYyHKIHA 2
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JlomotHUTEIbHOE 3a/laHNe: BJNSHNE BO3MYIIEHU B UCXOJHBIX JAHHBIX HA
pe3yJbTaT

10° F +
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MoporoBbIi NPOLEHT BHECEHHOTO CNy4aiHOro OTKNOHEeHUS, %

Puc. 45: PaBnomepnag cetka, n = 10, dpynxiuga 1
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Fpa(bI/IKI/I ITIOKa3bIBalOT, YTO C POCTOM BOBMYHLGHI/IIZ B NCXOJHbIX JaHHBIX pacCTeT OTHOCHUTE/IbHaA
IIOI'PEIIHOCTDL MHTEPIIOJIAIINH.
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BriBoabr

Kax mnokazasum sKclepuMeHTBI, HauboJjee BBINOJHBIM BapHaHTOM HHTEPIOJISINUA IOJITHOMOM
Herorona siBisiercst mHTEpIONsANMsT Ha ceTke UeOblmena (u3bexanune denomena Pyure) mis
4qncJia y3JI0B B gauaras3one oT 30 g0 HH1o.

Teopernueckas ommbOKa CUJIBHO OTJINYAETCA OT (DAKTUIECKO

Bausgnne Bo3MyIeHn B UCXOHBIX JAHHBIX Ha PE3Y/IbTaT WHTEPIOIUPOBAHUSA B CPEIHEM K-
BABAJICHTHO IIOPAJKY 3TUX BO3ZMYIICHUIA.

58



