YACTbD 111
YUCJEHHBIE METO/IbI PEHIEHUA 3AJAY BAPUAIIMOHHOI'O
NCUYUCJIEHUA

3.1. BBeaenue

Mertonbl pemieHus 3a7a4 KJIaCCUYECKOTO BapHALMOHHOIO UCUHUCIEHUS, B KOTOPBIX
IOUCK 3KCTpeMyMa (yHKIHMOHAJIa CBOAWTCA K HHTEIPUPOBAHUIO YpaBHEHUU
Olinepa-Jlarpanska, IPUMEHSIOTCS JIMIIb K OTPAaHUYEHHOMY KJIacCy 3aJay, Il KOTOPBIX
BO3MO’KHO HaiiTH aHAIIMTHUYECKOE pelIeHue. B CBA3M € 3TUM BO3HUKAET HEOOXOIUMOCTh
HaXO0KJIEHUS MPUOJIMKEHHOTO PELICHHs APYTUMHU METOJaMHU, Ha3bIBAEMBIMU NPAMBIMU.
OCHOBHasl UOEsl NPAMBIX MemOoO08 3aAKIIOYAETCs B TOM, YTO BAapUAllMOHHAs 3aJada
paccMaTpuBaeTcs Kak NpeaeibHas JUisi HEKOTOPOHM 3aJauyd Ha SKCTpeMyM (yHKUIUU
KOHEYHOT0 uucia nepeMeHHbIX. [locnennsas pemaercs oObIYHBIMM METOAAMM, a 3aTEM
MpPEACIbHBIM TEPEXOJOM MOJY4YaeTCs pPEIIEHWE COOTBETCTBYIOIIECH BapHALIMOHHON
3ajaun. Jns ompeneneHHocTH OyneM MpeArnoaratb, YTo pedb UAET O HAXOKICHUU
MUHUMyMa (yHkuuoHanoB. Torma, eciau TpeOyeTcs HAWTH MHHMMYM HEKOTOPOTO
¢ynkunonana J[y(x)], 0 KOTOPOM M3BECTHO, YTO TOYHAS HIDKHSS TPaHb €r0 3HAYCHUUN

INf J[y(X)]=m>—00, TO HEOOXOAMMO HAWTH TOCICIOBATEIHHOCTh JOITYCTHMBIX

Gyskuuit Y, Y,,..., Yy, .. Takyro, uro limJ[y,(x)]=m. Bapuanuonnas 3agaua
N—o0

CUMTACTCS PELIEHHOMH, ecIM MUHUMU3UPYOLIas Mocae0BaTeabHOCTb {Y, (X)} cxoqurcs
K ¢yHKIMHU y, i kotopoit J[y(X)]=m [20].

Ecnu mpeamnonoxuTh, 4To I0MyCTUMbIe (GyHKIMHA y(X) MOTYT OBITh Pa3JIOKEHBI B

CTCIICHHBIC PSIBL:
2 n
y(X)=a, +aX+a,X +..+a,x +..,
unu B psiasl Oypee:

y(X) :%+Z(an cosnx + b, sinnx),

n=1

WM B KaKHe-Iu00 psAAabI BUOA

Y= a,0,(x).,
n=0
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rae @,(X) — 3amaHHble GyHKOUM, TO HCXOAHbIM ¢yHKIHoHAan J[Y(X)] MOXHO

paccMaTpuBaTh  Kak  (QyHKOUIO ~ OECKOHEYHOTO  MHOXKECTBA  IMEPEMEHHBIX
8,81,y +ey @, vy T.E.
I[Y(X)] = D(By, 3,8, o By, ).

CrnenoBaTenbHO, pa3IMyue MEXIy BapUalMOHHBIMHM 3aJadaMd W 33Ja4aMH Ha
KCTpeMyM (PYHKIMH KOHEYHOTO 4YHCIIa TIEPEMEHHBIX COCTOMT B TOM, 4YTO B
BapHAIIOHHOM CJIy4ae UCCIeNIyeTCs Ha AKCTpeMyM (YHKIIMK OECKOHEYHOTO MHOXKECTBA
nepeMeHHbIX. [103TOMy OCHOBHAsl Hesl NPSIMBIX METOJIOB 3aKIIOYAETCS B TOM, 4YTO
BapUallMOHHAs 3aJjaya pacCMaTpPUBAETCS Kak NpeaesibHas s 3aJa4d Ha 3KCTPEMYyM

GYHKIIUNA KOHEYHOTO YHCIIa IEPEMEHHBIX.
3.2. KoHeuHo-pa3HOCTHBIN MeTO] Jiljiepa

PaccmoTpum  mpocTenimiyr0  BapHAalMOHHYHO — 3aJady: HAUTH  DKCTPEMYM
(dyHKIHOHANA
%
IY)l= [F(xy.y)d y(x)=a, y(x)=b. (3.1)
XO
B wmerome Diinepa 3Hauenus ¢yHknuoHana (3.1) paccmaTpuBaroTcs HE Ha
IIPOU3BOJIBHBIX JOMYCTUMBIX B JAHHOW BapHallMOHHOM 3aJa4e KPUBBIX, a HA JJOMAHBIX,
COCTABJICHHBIX W3 3aJaHHOTO 4Yucia N MPSIMOJMHEMHBIX 3BEHBEB, C 3aJaHHBIMU
abcruccamu BepiuH (puc. 3.1):
X, — Xo

a+h, a+2h, ..., a+(n-1)h, rme h=—-—.
n

Ha »tux nomansix ¢ynkuuonan J[y(X)] npespamaercs B ynkuuio DY, Y,,... , Y, 1)
opauHar Yy, Y, ..., Y, ; — BepIIUH JoMaHoi. OpiuHATHL Y, Y,, ..., Y, ; BIOUPAIOTCS TaK,
uro0b! pynkuus D(y;,Y,,...,Y, ) JAOCTHrajga SKCTpeMyMa, T.e. OHH OMPEACIAIOTCS U3

CHUCTEMBI YPABHEHUN

w o g o _
N % Y
[lomyuenHasi JoMaHasi ABIISETCS MPUOIMKEHHBIM pEIIEHHEM BapUalMOHHOW 3a/adu

(3.1).

0. (3.2)
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\
yoo) | Y Yot y(%)
X
0 X X +h X +(N=1)h
Pucynok 3.1

[Ipumep 3.1. Haiitn mpubnmxeHHOE pelIeHUE 3a1a4i 0 MUHUMYMe (QYHKITMOHATA

7l2
Iy(x)]= {(y'z—y2+4ycosx)dx; ¥(0) =0, y(%}%

7l12-0

Pemenune. Bosemem N=5 u Beruncium h = ~0,314159. [Tonoxum

Yo=Y(0)=0, y,= y(h), y, = y(2h),
T

T
y;=y@Bh), y,=y(4h), y;= y(;};

3HaYCHUS MTPOU3BOIHBIX IPUOIMKECHHO 3aMEHUM T10 (hopMyJie

y|r< :y((xk)z(ykﬂh_ yk)' k:O, n—1.

Torma

' yl_o ' y2_ y1 ' y3_ yZ
O = , h = ——, 2h — ,
y'(0) H y'(h) 0 y'(2h) 0

hi2-vy,
—

®dynkimonan J[y(x)] 3ameHuM cymMMO¥ 1o popMyIie TPSIMOYTOJIbHUKOB:

y@n= 2 yan -

T f)dx =~ [f(x)+ F(x)+ ) +...+ F(x, )]Ax

Xo

ITpu AXx=h Oyaem umeThb
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2 2 2
q)(yl’y21y3’y4):|:(%j +(%) —y12+4ylcosh+(%j —y,% +4y,cos2h +

2 2
+(—y4 ; ygj - y32 +4y, cos3h + (#j - 3/42 +4y, COS4h:| -h.

O(Y,, Y5, Y3 Ys) — OyHKIUS dYeTblpex MepeMeHHbIX. [ ompeneneHus OpAUHAT

Y1 Yo, Y3, Y, HCKOMOI JIOMaHOH COCTaBUM CHCTeMY ypaBHeHui (3.2):

oD _ 2y, 20, Y1) _ 2hy, + 4hcosh =0,

o, h h

0D _ 20y, =¥1) _20¥s=¥2) _ppy 4 ahcos2h=0
oy, b h 2 |
0P _ 2(Ys—Y¥,) _2(Ya—VYs) _ 2hy, + 4hcos3h =0
&,  h h 3 |
00 _2(Y,—y,) 2zl2-y,) —2hy, + 4hcos4h =0
oy, b h 4

NI

[(h?—2)y, +y, =2h?cosh,

y, +(h*=2)y, +y, = 2h’ cos 2h,
y, +(h*=2)y, +y, = 2h?cos3h,

y, +(h? = 2)y, = 2h2cos4h —%.

Penienne »To CUCTEMBI:

y, =0,091583, y, =0,361859, y, =0,756114, y, =1,191768.
3HaueHHsI TOYHOTO pelIeHust Y = XSIN X (0 IIECTOTo NECSITUYHOTO 3HAaKa) B COOTBETCT-

BYIOIIIMX TOYKaX:

y, =0,097081, y, =0,369316, y, =0,762481, y, =1,195133.

CpC}lHHH OTHOCHUTCIIbHAA ITOIpCIIHOCTD HpI/I6HI/I)KCHHOFO pEeICHUA BBIYHUCIIACTCA 110

*

X—X

-100%.

*

X

4
bopmyne SX" = 12
4ia
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3.3. Meroa Putna
B ocHoBy wMmeroma mnonoxeHa wunes Putma (1908 r1.) uckaTte 3KCTpeMyMm
¢ynkmmonana J[y(X)] 3amauu (3.1) He Ha BceM MPOCTPAHCTBE TOMYCTUMBIX (DYHKIIHIA, a

HCII0JIb30BaTh BCEBO3MOXKHBIC JTUHECHHEBIC KOM6I/IHaHI/II/I AOITYCTHUMBIX (I)YHKHI/Iﬁ BUJa
n
Yo () =D i (%) (3.3)
i=1

rae o; — mnocrosHHble Koddduuuentsl, cucrema {@ (X)} HasbiBaeTca cucmemoi
KOOpOUHaAmMHbIX PyHKyull, T.e. QYHKIUU ¢ (X) JIUHEHHO HE3aBUCHMBI U OOpa3yroT B
paccMaTprUBaeMOM MPOCTPAHCTBE MOJHYIO CUCTEMY (DYHKITHIA.

TpeboBanne, 4To0b! Y,(X) ObUIM AOMyCTUMBIMH (YHKIWSAMH, HAKIagbIBacT Ha
KOOpAMHATHBIC (PyHKIUH ¢ (X) HEKOTOpBIC NOMOJTHUTEIbHBIC YCIOBHUS THIA YCIOBHI
TJIQJKOCTH WM YIOBJICTBOPEHHUS TPAaHWYHBIM ycloBHsM. Ha Takux JIMHEHHBIX
koMOuHammax — ¢yaknuoHan  J[Y(X)] oOpamaercs B (QyHKIOUIO apryMeHTOB

oy, ..y O

Y] = Doy ... ).

Koapduuuentst «,,,...,, BbIOMpAOT TakuM o0Opa3oM, UTOOBl  (QYHKIMS

n

O(y, 0y, ..., ) nocrurana sxcrpemyma. s 3Toro HeoOXOIUMO PEIIUTH CHCTEMY,

BOOOIIE TOBOPSI, HEIMHENHBIX OTHOCUTEIBHO ), (,, ..., O, YPAaBHEHUI
oD )
—=0 (i=12,...,n),
oa;

U HaliicHHble 3HaueHus ¢; noxacraButb B (3.3). IlomyueHHasd Takum oOpa3oM
nocnenoBaTeabHOCTH {Y, (X)} ABIAETCS MUHIMHU3UPYIOIIEH MOCIEA0BATEIFHOCTEIO, T.€.
TakoH, JUIA KOTOpOH TmocienoBaTeNbHOCTs 3HaueHWH Qynkunonana {J[y,(X)]}

CXOJUTCS K MUHUMYMY WM K HIDKHEH TpaHu 3HaueHu# pyHkimonana J[y]. Oxnako u3

TOTO, UTO

lim J[y, (x)]=min J[y(x)],
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ele He cnenyert, uto limy, (X) = y(X). MuHMUMH3HpYIOIast TOCIEI0BATEIbHOCTh MOXKET
N—o0

U HE CTPEeMHUTbCA K (YHKIUHU, PEATU3YIOMIEH 3KCTpEeMyM B KIAcce JOMYCTHMBIX
(byHKITHIA.

CoBepiast mpeeabHBIA MTEPEX0] MPU N —> o0, B CIIydac CYIIICCTBOBAHHUS IIPEJIea,

nojayuuM pyHkmuoo Y(X) =Zai¢)i(x), SIBIIAIONIYIOCS (IIPH HEKOTOPBIX OTPaHHYCHUSAX,
i1

HaJlaraeMbIX Ha  (pyHKUHMOHAI JIy(X)] u Ha  IOCJIEOBATEIbHOCTD
@, (X), 9,(X), ..., @,(X), ...) TOUHBIM pelLIEHHEM pacCMaTPUBAEMON BapUALlMOHHON 3a1a4u.

Ecau He COBEpIIATh NPEACIBHOIO IIEPEX0Ja, a OrpaHUYUTHCS JIUIIb N IIEPBBIMHU YJICHAMHA

n
Yy, (X) = Zai @ (X) , TO MOTyYnM IPUOIKEHHOE pelIeHe BapHallHOHHON 3a/1a49H.
=
MoXHO yKa3aThb YCIOBHA, OOECIEYMBAIOIINE CYIECTBOBAHHE aOCOJIOTHOIO

MHHUMyMa (YHKIHOHAJIa U ero gocTikeHne Ha ¢pyHkumsx {y,(X)}. B ciyuae, xorna
UIIETCS SKCTpEMYM (DyHKITMOHATA
X
IYCOl= [Fuy ) y(x)=a, y(x)=b,
%o
9TH YCJIOBHSI TAKOBBI:
1. ®yuakmus F(X,Y,z) HempepblBHA MO COBOKYIMHOCTH CBOMX apryMEHTOB MpHU

mobom Z u nipu (X,y¥) €D, rne D — 3amkHyTas ob6nacth miockoctd xOy, B KOTOpOi
aexar muHu" Y, (X).

2. CymiectBytoT KOHCTaHThl « >0, p>1, S, nns KOTOpbIX

F(x,v,2)>alz]” + B,

KaKoBO OBl HY OBLIO Z M Ju1st 000 Touku (X,y) €D,

3. ®ynkuus F(X,Y,z) nmeer HempepbIBHYIO YacTHYI0 npousBonuyio F,(X,Y,z),
npudEéM 3Ta IPOU3BOIHAs JyIs J1t000i ToUukH (X, Y) € D ectb HeyObIBaromast GyHKIIHS OT
Z (—oo< Z<+,).

C(I)OpMYJII/IpOBaHHble BbIIC  YCJIOBHA  BBIIMOJHAIOTCA, B 4YaCTHOCTH, [JIA

(YHKIIMOHAJIOB BHJIa
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ILYOO1= [[POY 2+a(0) ¥+ 2r (x)ylox,

X
y(x)=2a, y(x;)=h,
rae p(x), q(X), r(x) — 3agaHHBIe HETIpepBIBHBIE HA [X, X,] (yHKIMH, npruéM p (x)
HUMEET HelpephIBHYIO nmpou3Boanyio p'(x) u p(x)>0, q(x)>0.
Ecmu TakuM MeTOI0oM OmpeaeiseTcsi aOCOMIOTHBIA 3KCTpeMyM (DYHKI[HOHAIA, TO
IpUOIMKEHHOE 3HAYEHHEe MUHMMYyMa (DYHKI[HOHAIA MOJY4YaeTcs ¢ M30BITKOM, TakK Kak
MUHHMYM Ha JIOOBIX JONMYCTHMBIX KPHBBIX HE OOJIbIIE, YeM MHHHMYM TOTO K€

Q)YHKHI/IOHEUI& Ha 4YaCTH OTOro Kiacca AOIMYCTUMBIX KPHUBBLIX — Ha KPHUBBIX BHIA4

n
yn(x):Zai(oi(X). [TpubmmkeHHOe 3HAYCHHUE MaKCMMyMa (DYHKIIMOHAJA TI0 TEeM e
i=1

I[MPpUYIKMHAaM I10JIYHaCTCAd C HCAOCTATKOM.

Ot ynauHoro BeIOOpa cUcTeMbl KOOpAUHATHBIX (pyHKLUi {¢ (X)} B 3HaUMTENBHON

CTCIICHH 3aBHCUT YCIICX IIPUMCHCHHA 3TOro MCTOIA. Bo MmHOrux ClIydasdax O0CTaTO4YHO

B3STh JIMHEHHYI0 KOMOMHANMIO IBYX-TPEX QYHKIMHA ¢ (X) U1 TOro, YTOOBI MOTYIHUTh

BITIOJIHC YAOBJICTBOPUTCIIBHOC HpI/I6J'H/I)K€HI/I€ K TOYHOMY PCHICHUIO.

[Ipumep 3.2. Haiitu npubimkeHHOE pellieHre 3a/1a4yu 0 MUHUMYMe (DyHKIIMOHAJIa

7l2
Ml= | (2= wayeosas yO =0 y(2)-2. @9
0

Pemenune. Tak kak BTOpOE YCIOBUE HEOAHOPOIHOE, TO PEIICHUE BAPUALUOHHOMU

3ajauu OyJieM UCKaTh B BUE
n
Yo (X) = ¢ (X) + Zai(oi (X),
i=1

rae ¢,(X) 1OIKHO YAOBIETBOPATH 3aJaHHBIM IPAaHUYHBIM YCIOBUSIM ¢ (Xy) =¢,(0) =0,
@y (X) =@y (712) =712, a Bce ocranbhbie @ (X), k=12, ..., — OJHOPOAHBIM IPAHNY-
HbIM yenoBusaM: @, (0)=¢, (7 /2)=0.

Cucremy KOOpIMHATHBIX (PYHKITHH (), BEIOEpEM CIEAYIOMNUM 00pa3oM:

o () =%, o (X)=(z/2-x)x*, k=12,....
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Oynknun @, (x), k=12,..., 0OueBUIHO, YAOBICTBOPSIOT KPaeBBIM YCIOBHUAM

?.0)=¢ (r/2)=0, saBmsfroTCS IUHEHHO HE3aBHCUMBIMH U TPEICTaBIAIOT B

npoctpanctee C' [0, 7/2] monnyro cuctemy.
Bossmem k=1. [Ipubmmkennoe pemenne npumMet Bua: Y, (X) =X+c-(z/2—-X)X,
r1e, O4eBHIHO, Y,;(X) mpu 1r000M 3HaYE€HHH MOCTOSHHOHN ¢ yJOBJIETBOPSIET 3aJaHHBIM

KpaeBbIM ycioBusaM. [oncTapiss Beipaskenue 1 Y, (X) B GyHkuuonan (3.4), moaydum
/2
Iy, ]= j [L+2c(m/2-2X)+c?(m ] 2—2x)% = X2 —2cx%(m 12— X) —
0
—C*X?(7 12— X)? + (4x + 4cx(z 1 2 — x)) cos x]dx =

2 3 25 4
_Lr L7 _C9ﬂ6 —27nC+8c+27 -4,

24 960
Otkyna
3 5 4
Wil _en” O T 5 i8=0.
oc 12 480 96
N3 mocneanero ycnoBus HaxoauM Kod(PPUIueHT C :
4 J—
o St” + 96;)7z 53840 ~_0.36075.
407 — 7
CnenoBatesbHO,
4 —
y, (x) = x4 2% +9007 5’840(1 X— xzj ~ x—0,36075-(£ X — xzj.
A0r° —r 2 2

CpaBauM To4HOE pemeHue Y(X) = XSIiNX ¢ npudamkeHHbIM (Tabmmma 3.1):

Tabnuma 3.1. [TpubnuxenHoe pereHue no Mmeroay Puria

X TouHoe pemieHne [TpubnnxeHHoe peneHue
0 0 0
0,314159 0,097081 0,171740
0,628319 0,369316 0,414690
0,942478 0,762481 0,728849
1,256637 1,195133 1,114218
1,570796 1,570796 1,570796

CpCI[HHSI OTHOCHUTCJIbHAA IMOI'PCIIHOCTD HpI/I6JII/I)KeHHOFO peHiCHUA BBIYHUCIIACTCA 110

*

X—X

*

X

-100%.

6
bopmyne SX" = %2
i-1

46



3.4. MeToa nporoHku

ITouck sxcTpeMyMa (pyHKIIMOHAIIA
Iy)1= [F(xy.y)d y@=¢& yb)=n,

B KJIACCHUYECKOM BapHAIlMOHHOM HCUMCICHUH CBOJUTCS K PEIICHUIO YpaBHEHHS
Oiinepa-Jlarpanxka, KOTOpoe MpeAcTaBisieT coboil nuddepeHanibHoe ypaBHEHHE
BTOPOTO MOPSAKA, PU BHIMOJIHEHUN YCIOBUI:

y'(X)+ p(X)y' (x)+a(x)y(x)=f(x), asx<b; (3.5)
apy(a)+ By’ (2) =70 (3.6)
ay(b)+ Ay (b) =71, (3.7)

rae p(x), q(x), f(x) — ussecrusie bynkuuu; o, Sy, Y., P, 71 — 3aAaHHBIE
HOCTOSIHHBIE.
K 3anaue (3.5)—(3.7) npumeHseMm MmeToa ceTok. J{ist 3Toro
1. Ha orpeske [a, b] BbiOHpaeTcst KOHEIHOE MHOKECTBO TOYEK X; — Y3IIOB CETKH:
a=Xy <% < ...<X,=Db.
KonnyecTBo 1 pacnosiokeHne y37I0B CETKH BHIOMPAETCS B 3aBUCHMOCTH OT TpeOyeMoit

TOYHOCTH PCIICHHA 3ada49U. B clIy4dac paBHOMepHOﬁ CCTKH

—ih, i=0,1...,n, h:b‘Ta. (3.8)

2. TI'pannunas 3amaua (3.5)—(3.7) 3ameHsieTcs cHUCTEMON —anreOpanyvecKux
YpaBHEHHUH, HEU3BECTHBIMU B KOTOPBIX SIBJISIFOTCS BEJIMYHHBI, «OJHM3KUE» K PEIICHHUIO
IPAaHUYHOM 3374 B TOUKAX Xy, Xq,..., X, -

3. Cucrema anreOpandeckux ypaBHEHUH pelaeTcs Mo KakoMy-au00 YMCICHHOMY
ITOPUTMY U TEM CaMbIM HaXOUTCS MPHOIMIKEHHOE PEIICHUE MPaHUIHOM 3a/1aUH.

JInst TOCTPOEHUST CHUCTEMbI ajireOpanvecKuX ypaBHEHHH MOXKHO HCIOJIb30BaTh
3aMeHy MPOM3BOAHBIX B 3amade (3.5)—(3.7) uepe3 3naveHus: GyHKIHMHA. 3aMeHA MOXKET
OBITH IOJIyYEHA pa3IMYHBIMU criocobaMu. Hampumep, BOCIOIb30BaBIINCH PA3I0KEHHEM

y(X) B psia Teiinopa, B ciaydae cetku (3.8), MOXKHO 3amucarh:

ns yenosus (3.6): Y'(%)= y(x”l)h_ y(%) —ﬂy"(gli) X <& <X,

i yemoshs (3.7): y'(xi):y(xi)‘hy(x 1) Y (&) %SG <X,
ju1s ypasHeHns (3.8): y'(xi):y(x”l)z_hy(x—l) 2 V" (E)s %4 <E5 <X,
()= L) 2V (0) + Y () hz V). %S

h2
Cucrema  JTUHCHHBIX anre6pa1/1qe01<1/1x YpaBHCHHH,  alIPOKCHMHPYFOIIIAs
rpanndHyto 3a1a4ay (3.5)—(3.7) mus muHeHHBIX quddepeHInaTbHBIX YPaBHEHUH BTOPOTO
Hopsiika, OOBIYHO UMEET BUI:
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&Yi +0Y +GYia=t, 1=12,...,n-1, (3.9)
o1 Yo + PorYr = Yo (3.10)
AgpYn-1 + Po2Yn = o2 (3.11)
rae a;, b, G, b, oo, Poks Yok — HEKOTOpBIE YUCTA.
Pemienne cucrembr (3.9)—(3.11) mo meroay mnpaBoii NMPOrOHKH COCTOUT B
CIIETYIOIIEM:
1) Haxo UM 3HAYEHUA
X1 ==Por/ %1+ Z1 = Yor/%or s
2) o peKyppeHTHBIM (popmMyam

X g; 4 —GZ;
e Y b+oX,
TIOCJIEA0OBATENBHO BEIUUCIAEM X,, Zy, X3, Z3, ...y Xy, Zy)

1

3) HaxonuM Y, = K(J/oz —apZ,), tae A= fop + o Xy

4) mo popmyne Y;_; = X;Y; +Z; BeIMHCIAEM Y, _1, Yp_2s -+ Yp-

I[lepBble Ba dTana Ha3bIBAIOT NPAMOL NPO2OHKOU, BA MIOCIEAYIOIIIE — 0OpamHou
npozoukoti. OHH BBITIOJIHEHBI IIPU YCIOBUU, UTO oy =0, b +¢X; #0, A=0.

Meton npaBoil NPOroHKHM OyAET YCTOWYMB K IOTPEIIHOCTSAM OKpPYIJIEHUS HpH
BBITIOJTHEHUH YCJIOBHIA:

o] = |Bod|s o3| [ci|+|a], i=12,...,n-1. (3.12)
[Tpu HEBBITOJHECHUH ITHUX YCIOBHH MOTPeHIHOCTh perneHus cuctemsl (3.9)—(3.11)

I10 OIIMCAHHOMY aJI'OPUTMY MOXKCT OBITH 3HAYUTEIILHOM.
Ecau BeIOTHSAOTCS YCIIOBHA:

1Boz| 2 ||, || 2 ci|+|a], i=12,...,n-1, (3.13)
MOKHO TPUMEHUTH METOJ] JIeBO# MPOTOHKHU, KOTOPHIN B 3TOM cilydyae OyJeT YCTONYUB K
MOTPEIIHOCTSAM OKpYTieHH. OH COCTOUT B CIIEIYIOLIEM:
1) HaxoUM 3HAYCHHS Xr(ll_)1 =—0ay,/ Poz s Zgl_)l =702/ Poz ;
2) o peKyppeHTHbIM (popMmysiam
1
]_) _ ti —aiZi( )
=

BBIYMCIISIEM X(l_)z, Z(l_)g, X,(]l)g, ngl)gi oo x(()l)’ Zc()l);

n n

Yo1 = %% 1)

3) HaxomuM Y, = , A=y, + X ;
0 1=0p1 + Po1o

4) 10 peKyppEeHTHBIM COOTHOLICHUAM Y g = Xi(l) y; + Zi(l) OIpeenseM

Yis Yoreeor Y-
OTMeTHM, 4TO MPHU BIMOJHEHUH orpannyenuit (3.12) u (3.13) OyAyT BBIMOJHITHCS
yCIIOBHSI:

CXOliO, bi+CIXI iO, |:1, 2,...,n_1,
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170071
By #0, b+ax®£0, i=1,2,...,n-1.
Venosus A#0 mmn Ay #0 B 3ToM ciayuae OyAyT BBINOJHATHCS, €CIM CHCTEMA
(3.9)—(3.11) umeeT eqUHCTBEHHOE PEIICHUE.

[Ipumep 3.3. Haiitn nmpubnmxeHHOE penieHUe 3a1a4i 0 MUHUMYMe (QyHKIIMOHATA

7l2
IyWl= [ (y?-y* +aycosx)dx; y(0)=0 y@:f. (3.14)

2

Pemenue. CoctaBuMm ypaBHEHUE Diliiepa:
—%Zy' —2y+4cosx=0= y"+y=2C0sX.

ANNPOKCUMHUPYEM TPAHUYHYIO 33/1a4y
y"+y=2cosx; y(0)=0, y(zj =z

2 2
— 7l2-0

Ha cetke {X}, 1=0,5, cmarom h= ~0,314159 pa3HOCTHOI CXEMO:

Vg + (W2 =2)y; + vy, ; =2h%cosx;, i=1...,4,
Yo=0, y5=n/2.
CoracHo 0003Ha4YeHUSAM, IPUHATHIM B cucteMe (3.9)—(3.11),
a=1 b=h’-2 ¢ =1 t=2h%cosx;
an=% fo=0, 701=0;
=0, S =L yop=7l2.
Jns pemeHuss MONMYYEHHOW CHCTEMBI HCIOJIB3YEM METOJ IPAaBOM ITPOTOHKH.
[IpsiMoli ImPOroOHKOM HAXOOUM IPOroHOYHble Kodpduuumentelr X,, Z,, n=1...,5.

. . YA
OO6paTHOI NPOrOHKOM BBIYUCIISAEM 3HAYEHUS Y; 110 COOTHOILEHUAM: Y5 = M,
Poz + 2 Xs
yi_1=Xi-yi+Zi, i:5,3,...,1.
Pe3ynbrarhl BRIYMCIIEHUH 3aMTUChIBAEM B TaOIUIly 3.2.
Taomuma 3.2
Xi 3 b G b X Z; i
0 1 -1,9013 1 0,197392 - - 0
0,314159 1 -1,9013 1 0,187731 0 0 0,091583
0,628319 1 -1,9013 1 0,159694 | 0,525955 | -0,09874 0,361859
0,942478 1 -1,9013 1 0,116024 | 0,727088 -0,1879 0,756114
1,256637 1 -1,9013 1 0,060998 | 0,851632 | -0,25883 1,191768
1,570796 1 -1,9013 1 1,21E-17 | 0,952679 -0,3047 1,570796
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CpenHsis OTHOCHUTEIbHAS IMOIPEIIHOCTh MPHOIMKEHHOTO PENIEHUS BBIYHCIISIETCS 10
18 [x—x"

bopmyne OX :62
i=1

-100%.

*

X

JIiss cpaBHEHUWs pe3yJIbTaTOB pelreHus 3amadu (3.14) pasmuyHbBIMH METOJaMu
CBeJIeM TOJIy4eHHbIE PEIICHUs B OJIHY Ta0muiy 3.3.

Tab6muma 3.3. [IpubmmxeHHoe penieHue 3a1a4i IpSIMbIMA METOAaMHU

Touitoc [TpubnmxenHoe pemeHne
X pein enme MeTtoa Jitjiepa Metoa Putna | Metoa mporonku
y=XsInx
0 0 0 0 0
0,314159 0,097081 0,091583 0,171740 0,091583
0,628319 0,369316 0,361859 0,414690 0,361859
0,942478 0,762481 0,756114 0,728849 0,756114
1,256637 1,195133 1,191768 1,114218 1,191768
1,570796 1,570796 1,570796 1,570796 1,570796
ITorpemiHoCTH METOA0OB

MGTOI[ Sﬁnepa N MCTOJ ITPOI'OHKHU ITOKA3aJIN OJNHAKOBBIC PC3YJIbTATHI. OI[H&KO, MCTOJ

Ditniepa 6oiee TPOMO3IKHUI, HEXKEITH METO/I IPOTOHKH.
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