Cankt-ITerepbyprekumit
[Tomurexnndeckuit ynusepcutet Ilerpa Bennkoro

OTuer 110 Jjiaboparopnoit padore Nell

Penienne maTErpajioB ¢ MOMOIIbIO KBaJPaTypPHBIX
dopmysn tTuna I'aycca
Meron Pajio (¢ ogiuM (buKcnpoBaHHBIM Y3/10M Ha, [IPABOM KOHIIE)
JUIs 2, 3 caaraeMbix

Crynent: Yunb Txu Txy Xoait
[TpenonaBaTteb: Koznos Koncrantun Hukosaysu
['pymnna: 5030102,/20001

Cankt-ITerepbypr
2024



Conepxkanue

(1 DopmyampoBKa 3agaHUA U €€ (POpMaAJTIU3AINH| 2
2 AaropmtmM MeTOJ0B M yCJIOBHSI WX ITPUMEHUMOCTH| 2
[2.1 Merox Paso (¢ ogaum GUKCHPOBAHHBIM Y37I0M HA IPABOM KOHIE)| . . . . . . 2
[2.2  Anropurm meroma Pamol . . . . ... oo 4
[2.3  VciaoBrue MPUMEHUMOCTH| . . . . v v v v e v e i e e e e e e e e e e 4
[3 TecToBbll npuMep C AeTaJlbHBLIMU pacdeTaMy JJis 3a7Ja49yd MaJiol pazMep- |
[_HocTul 5
[4  IloaroroBKka KOHTPOJILHBIX TECTOB| 6
[> MoaynbHasi CTpyKTypa nporpamMmMbl| 6
6 YHucaenubiii anaam3 pelreHus 3aJ1a49M| 7
6.1 dynxumu y = (x° — 5.22° + 5.52* — Tx)cos(2z) , [a,b] = [-33] . .. ... .. 7
6.2 dynxmmm y = (2° — 5.2]2°| + 5.52° — Tx)cos(2x) , [ab] = [-3,3]. . . . . . .. 9
[6.3  CpaBHenme perieHns MHTErpaJIOB METOJaMU Tpanenuu u Pagol . . . . . . . . 10
[ Kparkue BbIBOIBI]| 11




1 dPopmynupoBKa 3aJaHus 1 €€ PopMaAJTU3AIAN

Ksajpatypubie dpopmyiibl Tuna ['aycca ncnoab3yores i TPpUOINzKEHHOTO BHIYUC/IeHUs HH-
rerpasioB. OHU TIO3BOJIAIOT OIEHUTh HHTErPaJl (DYHKIMU, BEIOPAB ONTUMAJbHBIE TOYKH (Y3J1bI )
U Beca JIJIsi CyMMHUPOBaHus 3HavueHuil hyHKImn B 3Tux Toukax. Popmyssl ['aycca cunratores
ofHuMU u3 Hambosiee 3PMEKTUBHBIX /I BBIYUC/IEHUS UHTErPAJIOB, TaK KaK OHU 0DecIevn-
BalOT BBICOKYIO CTEIIeHb TOYHOCTU MPU MUHUMAJIBHOM KOJIMYECTBE Y3JI0B.

Metoanr Pajo - 3T0 crienuaabHBIN KJ1acC KBaJIpaTypPHBIX (DOPMYJI, IJIe OJIMH U3 y3JI0B (hUK-
CHPOBAH Ha OJIHOM U3 KOHIIOB MHTEPBAJIA HHTEIPUPOBAHUS. DTOT JIabh UCIIOIB30BATD METO/IbI
Pajio (¢ oppumM GUKCHPOBAHHBIM y3/JI0M Ha MPABOM KOHIIE) JIJisl BBIYMCJIEHUsT MHTErPAJIOB C 2
u 3 ciaraembiMu. U ucceiie1oBaTh 3aBUCUMOCTD (DAKTUUIECKON OIMUOKU U YUCIa UTEepPaIuil OT
3a/JaHHON TOYHOCTHU, 3aMBUCMOCTH (PAKTHIECKON ONMMOKU OT JITUMHBI OTPE3Ka PasOueHus .

2 AJIropuTM METOJIOB M yCJIOBUS WX IMIPUMEHUMOCTH

2.1 Meroa Pano (c ogaum buKcupoBaHHBIM y3/10M HA IPABOM KOH-
1e)
[IpescrasuM onpejenanbiii uaTerpas dyuknun f(x) #a npomexkyrke [a; b| B Bujge cymMMmbl

UHTErPAJIOB BUJIA f;i“ flx)de =" Aif ()

T.e. B utore noyvaem, aro p(zr) =b — x
= wlz) = al, ") ()






2.2 Anaropurm merona Pajo

. KoyimaecTBo pazdbuenune orpeska n = 1
. Beraucasiem orpeskn x; = xg + 1 - h, rme xg = a, h =

b—a
-
k
. o1t oTpesku BbIUuCIUTD HHTErpas no dopmyny u [ =) - I;
. ObnoBgem n :=n * 2.
. Beraucisiem Ry u R3 o hopmyste u3 nmyHkTa 2,3 Jijid 2, 3 cjlaraeMbixX

. Eciu |Ry — R3] > €, To BO3BpaIaemMmcs K MyHKTY 4, nHade Bo3BpariaeMm R

D O W N~

2.3 VYcioBue MpUMEHUMOCTU

Oynknus f(x) momxHa 66T ABaZK bl TuddepeHimpyemoii Ha orpeske [a; bl



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

JLnst nccstegoBaHus 3aBUCUMOCTH (DAKTUIECKON OMMOKM, YUC/Ia UTepaluii OT 3a1aHHOi TOY-
HOCTH 110 MeTosy Paso (¢ ommuM GUKCHpOBAHHBIM y3JI0M Ha [IPABOM KOHIIE) JIId 2, 3 coara-
embx s dynkmun: y = (z° — 5.22% + 5.522 — 7x)cos(2x) na orpeske [-3, 3| , Mbl BRIOpan
e=[10"%,10"1,1072,1073,107*,107%,107%,107", 1078, 1077

i Ip—1Ip2
YTOYHUTH 3HAaYCHHEe UHTErpaJsa ¢ IIOMOIIbIO HonpaBku Puuapacona Iy, o = Ij, /o +

2P —1

[Toce «HAISAIHBIXY PE3YJIBTATOB, IIOCTPOUM I'paUK OMIMOOK, TO €CTh rpaduK MOITY/II pa3-
HOCTH MEXKJy 3HadYeHHeM HHTerpaJia 10 MeTOY TPalleldii B TOYKe M 3HaYeHWeM TOYHO WH-
TerpaJja B 9TOil yKe TOUYKe, U MOCTPOUM I'padUK YuCIa UTepaluil OT 3a/[aHHO TOTHOCTH.
Jlis ucenenosanus dbynxuus moqucdukanuu, seidpanu gyukimio: y = (x° —5.2|23| +5.52% —
Tx)cos(2x).

5 MoaynbHas CTPYKTypa IporpaMmbl
e double Func(double x): Bozspamaer snauenue dynxuun y = (x° — 5.223 + 5.5z —

7x)cos(2x) B TOUKe X

e double ModifiedFunc(double x): Bosepamaer znadenue dbyukiun y = (5 — 5.2|23| +
5.52% — Tx)cos(2x) B TOUKE X

e double rado_2(double a, double b, double (*func)(double x), double fb): Bossparmaer
sHaveHue nHTerpas yHkimii mo merony Pajo ¢ 2 ciaraembl Ha orpeske [a,b|

e double rado_3(double a, double b, double (*func)(double x), double fb): Bosspamaer

sHaveHue nHTerpas GyHkuii mo merony Pajio ¢ 3 ciaraembl Ha orpeske |a,b|

e double Integral(double eps, double a, double b, int *k, int *n, double (*func)(double
x)): Bosspamaer snadenne unrerpasn byHKIui i JOCTUZKEHNS 3aIaHHON TOIHOCTH
o meroxy Pago, k - 4ncyio nrepanuii, n - pasbuenuii orpeska



6 YwucsaeHHbIA aHaJU3 pellleHUs 3aJa4u

6.1 dynaknunm y = (2° — 5.22° + 5.522 — 7x)cos(2z) , [a,b] = [-3,3]

e [locTtpouth rpaduk 3aBucuMoOCTH (haKTUIECKONH OMUOKU OT 33/IaHHO TOYHOCTH, OTMe-
TUTD JINHUIO OUCCEKTPUCHI
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Puc. 1: I'paduk 3aBucumoctu (pakTUIECKOI OIMIUOKN OT 33 aHHON TOYHOCTH

e [locTpouth im0 (HAKTUIECKOH OMMOKHU JjIsd YTOYHEHHOTO 3HAYEHUs] MHTErpaJia OT
3a/[aHHOI TOYHOCTHU C IIOMOIIBIO MTONpaBKH Puuapicona
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3apaHHas TOYHOCTb

Puc. 2: I'paduk 3aBucumocTn pakTHIECKOil OMMUOKN OT 3aJJAaHHOW TOYHOCTH



e [locrpouts rpaduk 3aBUCUMOCTH YUCIA UTEPAIUIl OT 3aJJAHHON TOYHOCTU
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Puc. 3: I'paduk 3aBucuMocTn unc/ia UTepauii 0T 3aJaHHO TOIHOCTH

e [locTtpouth rpacduk pakTHIecKoil OMMOKN OT JJIMHBI OTPe3Ka pa30MeHHsl, NCIIOJIb30-
BaTh JiorapuMUIECKNl MacIITad 110 OCHOBAHUIO 2.

log2( ®akTu4eckas ombKa)

-12 -10 -8 -6 -4 -2
log2( ANWHLI oTpeska pasbueHus)

Puc. 4: dakTuueckoit ommbKu OT JIJIMHBI OTPe3Ka pas3dueHms

[To rpacduky ornpenesMTh MOPAI0K TOTHOCTH IpuMensieMoit ¢popmysbl k = 2.1101



6.2 dbyaknum y = (z° — 5.2|23| + 5.522 — 7x)cos(2x) , |a,b] = [-3,3]

e [locTpouth rpaduk 3aBuCUMOCTH (GaKTUIECKONH OIMMUOKU OT 33 IaHHON TOYHOCTH, OTMe-
TUTBH JINHUIO OUCCEKTPUCHI
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Puc. 5: I'paduk 3aBucumoctn pakTHIECKON OMMOKN OT 3aJJaHHOW TOYHOCTH

e [locTpouTth rpacduk 3aBUCUMOCTH YUCJIa UTEPAIUil OT 38/ IaHHON TOTHOCTH
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Puc. 6: I'paduk 3aBucuMocTi Unc/ia UTepaiuii oT 3aJaHHON TOIHOCTH



6.3 CpaBHeHme pellleHUs THTETpaJioB MeTogamMu Tpaneiuu u Pamgo

e [locTpouth rpacduk 3aBUCUMOCTU (PaAKTUIECKON TOTPEITHOCTH OT KOJUIECTBa BHI30BOB
IO/ IBIHTErPAJIBHON (PYHKITHI
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10° |- MeTog Tpaneuun | |
Meton Pago

TR ]

dakTyeckan olwnbKa
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Puc. 7: I'pacduk 3aBucumoctu hbakTHIeCKONl OMUOKU OT KOJIMIECTBA BHI30BOB MO/ILIHTEIDAJIb-
HO# (DyHKIIUN

N3 rpaduka Mbl BHIUM, 9TO MeTO1 Pajio mMeeT MEeHbIYI0 (haKTHIECKYIO TTOTPEITHOCTD,

YeM MEeTO/I TPAIeIuu IIPU OJMHAKOBOM KOJIMIECTBE BBI30BOB (DYHKIUH, OJrarojaps 6osiee
TOYHOMY TIO/IXO/Iy K BBIYUCJIEHUSAM Ha KaxKJOM Iare.
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7 Kparkue BbIBOABI

1. C ymenbeHneM 3a/JaHHON TOTHOCTH , (paKTUIecKasi OMMOKa YMEHbIAETCs, TPHOJINKa-
SICh K WJICAJILHON JIMHUM OIMMUOKM, KOTOPas COOTBETCTBYET 3aJIAHHO TOUHOCTUA. DTO JIEMOH-
crpupyeT 3pHOEKTUBHOCTD YUCTEHHOIO METOJIa U €r0 CIIOCOOHOCTH JIOCTUTATh O0JIee BHICOKOM
TOYHOCTH C YBEJUYCHUEM UUC/IA Pa3OueHUi.

2.C yMeHbIIIeHreM 3 IaHHON TOYHOCTU , THCJIO UTEPAINN YBETUINBACTCS.

3.lcnonb3oBanue jgorapuMuIecKoro MacIrTada 1mo OCHOBAHUIO 2 TIO3BOJIAET YETKO YBUJICTD
3aBUCUMOCTH (DaAKTUUIECKON OITHMOKU OT JJIMHBI OTpe3Ka pa3buenus. AHan3 HAK/IOHA JTHHUH
Ha rpaduKe TO3BOJISET ONPEJIETUTH MOPSAIOK TOYHOCTU TpuMeHsgeMoit hopmyrsl k = 2

4. Monudukarus GyHKIun ¢ 100aBjIeHrneM MOIY/IS Uu (DYyHKIUN 3HAKA CO3/IaeT PA3PbIBbI
MEPBOI ITPOU3BOJIHOM, UTO MOYKET CYIIECTBEHHO TIOBJIUATE Ha, MOBEJIEHNE YUCIECHHOTO METO/Ia,
0COOEHHO B OKPECTHOCTU TOYEK pPa3pbhIBa.

11



	Формулировка задания и её формализации
	Алгоритм методов и условия их применимости
	Метод Радо (с одним фиксированным узлом на правом конце)
	Алгоритм метода Радо
	Условие применимости

	Тестовый пример с детальными расчетами для задачи малой размерности
	Подготовка контрольных тестов
	Модульная структура программы
	Численный анализ решения задачи
	функции y = (x5 - 5.2 x3 +5.5x2 -7x)cos(2x)  , [a,b] = [-3,3]
	функции y = (x5 - 5.2 |x3| +5.5x2 -7x)cos(2x)  , [a,b] = [-3,3]
	Сравнение решения интегралов методами трапеции и Радо

	Краткие выводы

