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1 dPopmynupoBKa 3aJaHus 1 €€ PopMaAJTU3AIAN

Paccmorpum mneiinoe opHOpoHOE ud hepeHuaabHoe YpaBHEHHE 2-0T0 MOPSIKa C Iepe-
MEHHBIMHI KO PUITTEHTAMMT:

px)y"+ ax)y’ + r(x)y = f(x), x € [a, b]

p(x), a(x), 1(x), f(x) € C([a, b))

Tax kak 3ajiata Kpaepasi, TO JI.y. JOMOJHAETCS TPAHUIHBIMU YCIOBUSIMU:

OO61mumit BU/T TPAHUIHBIX YCJIOBHIA:

{ apy(a) +ary'(a) = A (1)
Boy(a) + 1y’ (b) = B
at+al #0,B82+ B} # 0 - yenosust HeBBIPOXKIeHBI TakuM 06pa3soM Kpaesas 3aada Jis I1.y.

2-oro nopsiyika cocrout u3 (1), (2) u x € [a, b]

B nannoit ﬂa60paT0pHof1 JnaHo JuddepeHnImaabHoe YpaBHEHNE 2-0T0 TOPSIKa

v+ zy — COSQ(I)y = rsec?(x)

paccmarpuBaercst otpesok [0, 1].

Heo6xommo pentuTh CIIeyIoNy 0 KPAaeByio 3a/1ady ¢ MOMOIIbIO METO[a IPUCTPE/IKH:

v +xy — ﬁmy = x.sec?(x)
y(0) =0 (2)
y(1) = 1.557

Takke J1aHO TOUHOE perenne: y = tan(x)

1.1 Meroa nipucrtpejkun

7 by
[ToctaBuTh z = y', TaK ' = 7
[Tonyuntsb cucremy:

/

y ==z
2 = x.sec*(z) + #(x)y —xz 3)
y(0)=0=A

y(1) =1.557T=RB
Cuauada, Beibpars z(a) = C1 u ucnosnbzoBarsh Metos Kyprei-Mepcon Bbraucauts 41 (b), g1 =
B —y(b)
U BuiGpats em@ z(a) = C2 # C'1 n ucnonbzosarh Mero, Kypre-Mepcon Berancauts yo(b),
g2 = B — ya(b)
Ecmn |y2(b) — B| > €, m3menurs C3 = C2 — go CQ Cl = (MeTos cexymeit)

[ToBTOpuTe, YTOOBI TOYHO OTperympoBaTh C.

1.2 VYcjoBue IpuMeHUMOCTH

p($)a Q(x)a 7"(.75), f(x) S C([aa b])

1.3 AJaropmtM mMeToa NPUCTPEJIKU

1. Beibpars z(a) = C1 = -1.0, u Beraucauts y;(b), g no merony Kypre-Mepcon
2. Beibpars z(a) = C2 = 0, u Beraucauts y2(b), go o meroxy Kyprei-Mepcon
3. Ecin |y2(b) — B| > € ;to C1,02 = C2,02 — gZ% 1 BO3BPAIAEMCS K IIyHKTY 2



2 TecToBbIii IpuMep € AeTaJbHBIMHI pacdeTaMu JIJid 3a1a-

91 MaJIOl pa3MepPHOCTH




3 IlloaroroBka KOHTPOJIbHBIX TECTOB

Ilna uccnenoBanus padOThI METO/A, BhIOpaTh N = 4, n = 8 | 4TOOBI MOCTPOUTH IpaduKu
TOYHOT'O W YNCJEHHBIX PeIIeHwuil I IBYX (DUKCHPOBAHHBIX 3HAYEHUI Iara Ha OTPe3Ke U
rpaduK OIMMOKN Ha OTPE3Ke I STUX PelIeHui.

Jnga uccneoBanusg 3aBUCUMOCTU (DAKTUUECKOM OMUOKU OT 3aJIaHHON TOYHOCTU U (haKTHU-
9eCcKOil ommOKn 0T (PUKCHPOBAHHOIO IIara MHTErPUPOBAHUS 110 METOY HNPUCTPEIKH Il
Kpaepag 3agaun Komm: y” + zy’ — #(x)y = x.sec?(x) na orpeske [0, 1] , MBI BbIGpasH

e=[10"1,1072,1073,107%,107%,107%,1077, 1078, 107

Boranciure 20-kparnyro ommbky ¢ Bosmymenns 1%, 2%, 3%, 4%, 5%, a zarem nocrpoiite rpa-
duk boxplot 3aBUCHMOCTH OTHOCUTE/IHHON OMIUOKK OT BO3MYIIECHUSI.

4 MonayibHada CTPYKTypa IporpaMMbl

e void Func(double x, double y|2], double z, double perturbation, double ytemp|2|): Bos-
Bpamaer 3Haderue gyukunu f(z,y,z) = pertubationcgo”;;%g)y — xz B TOUKe (X,y,Z) C
BO3MyIIeHne perturbation

e double Exact(double x): Bospparaer Tounoe perienne y = tan(z) B Touke X

e int ShootingMethod(double a, double b, double ya, double yb, double epsilon, double
*k, double per, double yk|[1000]|, double xk[1000]): Bosepaaer dbaxruueckas omnmbdKa,
JUTs IOCTUZKEHUST 33/JAHHON TOYHOCTH 0 MeTO/Iy MPUCTPEJIKU Ha [a,b|



5 YwucaeHHBII aHAJN3 pelieHns 3aJa4du
Kpaesas zamaua: y” + xy’ — #@)y = x.sec*(z) , y(0) = 0, y(1) = 1.557 na [0, 1]

e IlocrpouTs rpaduKy TOYHOIO M YHCJICHHBIX PEIICHU Jist IBYX (PUKCHPOBAHHBIX 3Ha-
wennit mara n = 4 (h = 0.25), n = 8 (h = 0.125) ma orpeske|0, 1.5]

1.6
TouHoe pelueHue
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Puc. 1: rpaduku TOYHOrO U YMCIEHHBIX PEIICHU JJTsd IBYX (DUKCUPOBAHHBIX 3HAYCHUIN MIAra
n=4,n=8

e [locTpouth rpacduk ommOKN Ha OTPE3Ke JJIsd STUX PerteHn n =4, n=8§.
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Puc. 2: I'paduk omumbku Ha OTpe3Ke JjId ITUX PEIIeHMil.



® HOCTpOI/ITb Fpa(i)I/IK N3MeHeHUd Ial'a OT Ba,ZLaHHOﬁ TOYHOCTH
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Puc. 3: I'paduk nzmenenus mara oT 3aJaHHON TOYHOCTU

e [locTtpouth rpacduk 3aBucuMocT (GaKTUIECKOH MTOIPEITHOCTU OT 3a/JJaHHOW TOYHOCTH
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Puc. 4: I'paduk 3aBucumoct (pbaKTUIECKOI MOIPEITHOCTH OT 3aIaHHOW TOYHOCTH



e [locTtpouth rpaduk 3aBucuMocTu (HaKTUIECKONH IMOTPEITHOCTH OT 33 aHHONH TOYHOCTHU
IO OCHOBAHUIO 2.

®dakTnyeckasn owmnbka
-5 h4

log2(®akTu4eckas olumbka)
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log2(Luara MHTErpupoBaHuA)

Puc. 5: I'paduk 3aBucumoctrn (pakTHIECKON MOIPEITHOCTH OT 3aJaHHONW TOYHOCTH 110 OCHO-
BaHuIo 2

[To rpaduky ornpeaeuTh MOPSIOK TOYHOCTU MpuMeHsieMoit hopmysibl k = 3.98 masio
YeM OTJIMYAIONIYIoCs OT TEOPETUIECKOTO MOPSI0K TOYHOCTH k = 4

e [locTpouth rpaduku 3aBUCHIMOCTH OTHOCUTE/IHLHOM OMIMOKN OT BO3MYIIEHUsT B KOpDu-
[IUEHT YPaBHEHUS
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Puc. 6: I'pacduk 3aBuCUMOCTH OTHOCUTEILHOI OMMOKH OT BO3MYIIIEHHS



6 KpaTkue BbIBOJIbI

1.MeTo1, mpuCTpesIKH MoKa3aj CBOIO 3(M@PEKTUBHOCTb B HAXOXKJICHUU YUCJIEHHOTO PEIIeHUs
KpaceBo#l 3a/1a4u.

2. Ilpu yBesimuenun 3aJIaHHON TOYHOCTH, (PAKTHIECKON MOTPEITHOCTH U IIara NHTErPUpOBa-
HUs OYJIyT TAKXKE YBEJIMIUBATHCS.

3.Mcnonb3oBanue jgorapuMuIecKoro MaciTada 1mo OCHOBAHUIO 2 TIO3BOJIAET Y€TKO YBUJETh
3aBUCUMOCTH (DAKTUIECKOH OMMOKU OT JJINHBI OTpe3Ka pa3buenns. AHAIN3 HAKIOHA, JIMTHIH
Ha rpaduKe TO3BOJILET OMPEJIETUTh TOPAI0K TOYHOCTH MpuMeHsgeMoit dhopmymsl k = 4
4.HebombImue Bo3MyIieHre B KOIMMUIMEHT ypaBHEHNs BIUAIOT HA KOHEYHBIN PE3YIbTAT, YTO
roBOpUT 00 YCTONIMBOCTH METO/Ia IPUCTPEJIKU.
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