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BCTYII

OOuncnioBaibHA TEXHIKA W MaTeMaTHYHI METOOM PpO3B’sS3aHHS
3a/a4  JO3BOJSIOTH 3aMIHMTH JIOPOTi ¥ TPYAOMICTKI  HATypHI
eKCIIEPUMEHTH  OUTbII ~ TOYHHUMHM,  IOBUAKAMH W JCHICBUMH
OOYHCITIOBAJIBHUMHU CKCIIEPUMEHTAaMH Ha MaTeMaTHYHHX MOJAENSIX 13
3actocyBaHHs M EOM. B 0CHOBI 004YHCITIOBAaJbHOTO EKCIIEPHUMEHTY
JIeXKATh PO3B’SI3KH pIBHSHH MaTEeMaTHYHOI MOJEJ YHCEIbHUMH
MeTogaMu. YucenpHI METOAM — METOAM HaOJMKEHOTO YH TOYHOTO
po3B’si3aHHS  3adadi, 10 0a3ylOThCsd Ha MOOYAOBI  CKiHYEHOI
MOCITIAOBHOCTI [iii Haj CKIHUEHOI MHOXKHHOIO YHCEN, pe3yJbTaTaMu
AKAX € YUCIOBI 3HaueHHS. [ po3B’si3aHHS KOHKPETHUX MPAKTHYHHX
3aJ1a4 HEOOXiTHO BUKOHATH MIJIBHOHY, 1 HABITh MIJIBSIPAN MAaTEMAaTHIHUX
orepariiii, mo mijx cury Tutbku EOM.

Cepen 4HCETbHUX METOIIB PO3PI3HSAIOTH NpsAMi W iTepariiiHi.
[psmi, uu TOYHI, METOAM AAIOTh PO3B’SI30K 33 CKiHUEHE YHCIIO i, MPOCTi
1 HalHOUTBII YHIBEpCcalbHi, BOHU 3a0€3MeUyI0Th 00UHCIICHHS 38 TOYHUMHU
tdbopmynamu. [Ipore oTpuMaHuii po3B’SI30K B Pe3yNbTaTi OKPYTIIEHBb
BTpayae TOYHICTH 1 cTa€ HAONMKEHUM, NPUYIOMY MOXHOKa B pe3yJbTaTi
Iiil HaJ OKpPYTJIEHUMH, TOOTO HAOJKEHHMH, YMCIIaMH, HaKOIMYYEThCS,
CTa€ HEYCYBHOIO.

ITepamiitni  (HaOmkeHi) METOMM  3aMalOTBCA Y BUIILIAI
0araTOKpOKOBHMX TIOBTOPEHb TIEBHOI MOCIJIOBHOCTI Jii, BUXIIHUMHU
JAHUMU JJIS SIKUX € Pe3yJIbTaTd TMOIMEPEHBOTO IIHKIY OOYHCIICHb, SKUH
HaszuBaeThCs iTepaniero. Cama mpUpola TaKOTO METOLy OOYMOBIIIOE
HaOJIKEHICTh OEP’KYBaHOTO PO3B’SI3KY, TMOXHUOKA SKOTO PETYIIOETHCS
KUIBKICTIO BHKOHAHMX ITEpaliif: 4uM OiJibllie iTepalfiii, TUM MEHIIe
MOXMOKa.

He ™moxxHa 3a0yBaru, 1O OTpUMaHi pE3yNbTaTH TUTBKH TOJI
OyayTb IOCUTH JIOCTOBIpHi, TOOTO OyIyTh MaTH MOXUOKY B MPUMTYCTHMUX
MeXax, SKIIO0 YHUCEIbHHH METOH € CTiKkuM 1 30iraerbcsg. ToOYHICTH 1
301KHICTh 3aCTOCOBYBAHOT'O YMCENIFHOIO METOAY Tpeda AOCTiIKyBaTH Ha
pilleHHsIX  3aja4, IO MAalTh AaHANITUYHAH  PO3B’SI30K YU
eKCTICpUMEHTAIIbHI PE3YIIbTaTH.

Jnst cknagHuX 3a7a4  po3poOJSIOTBCS YHCEIbHI METOOu 1
CKJIaJIaf0ThCsl OOYHCIIOBAIBHI IMPOTPaMu, IO YTBOPIOIOTH Oi0IiOTEKH
CTaHJAPTHUX 1 MAaKeTH MNPHUKIAIHUX TpOrpaM, a TaKOX TNPOorpamHi
KOMILJICKCH.
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JlaGopaTopHi poboTH 3 HmHCHHILIIHA «YHCEeTbHI METOIM»
MpU3HAYCHI JUIS  3aKpiIICHHS W MOTIHOJICHHS 3HaHb, OTPHMAaHHX
CTY/ICHTaMU TIPH BUBYCHHI TEOPETHYHOTO KYypCy.

3a KOXKHOIO JTA0OpaTOPHOIO pOOOTOI0 O(OPMIIIETHCS 3BIT. 3MICT
3BITY:

Ha3spa nabopartopHoi poboTwu.

OCHOBHI TEOPETUYHI TOJIOKEHHS 1 PO3PaXyHKOB1 (hOPMYIIH.
BuxinHi naHi 3 HOMEpoM BapiaHTa.

[Iporpama po3paxyHKy.

. Pesynbrarn.

3BiTH O(OPMIAIOTECS B OKPEMOMY 30MIUTI. 3BIT 3 KOXHOI
nmabopaTtopHoi POOOTH TOYMHAETHCS 3 HOBOI CTOpiHKK. HampukiHii
3aHATTS KOKCH CTYACHT 3aXMILAE CBOIO J1ab0paTOpHY poOOTY.

Bapiantn 3aBmamp 3Bemeni B Tabmumi. Homep BapianTta
BU3HAYAETHCS 33 MOPSIKOBUM HOMEPOM CTYJICHTA B CITUCKY TPYIH, MPH
oMy JiJist HoMepiB Bia 1 1o 9 miBopyd nonaerbes 0. [lepia udpa miporo
HOMepa BU3Hauae mu@p Mo BEpTUKAII, Apyra — Mu@p MO TOPU30HTAI.

G w N e

PO341J 6. YUCEJBHE IHTETPYBAHHS

6.1. 3arajapHi MOJOXKEeHHA

VY OaraTthox BHMajKax MepBicHa F(X) byHkuii f(X) He

MoXxe OyTu 3HaliieHa 3a JONMOMOTOI €JeMEeHTapHHUX 3aco0iB
Y € 3aHajATO CKJIAJHOK. BHAacCIIZOK OO0 OOYHCIEHHSA

BH3HA4YEHOTO I1HTerpajxa Big Takoi QyHKmii f(X) 3a

dbopmynow HerwToHna-JIeiiOHina Moxe OyTH CKIAQAHUM 4YH
HaBiTbh HEMOXJIUBUM.

Kpim toro, miginTerpaibpHa QYHKIiS MOXe 3aJaBaTUCH
3a JIOMMOMOTrOK TaOnuIli, 1 TOJai caMe MOHATTSA MepBicHOI
BTpavae 3MicT. ToMy Ba)JiuBe 3Ha4YEHHS MalOTh HAaONMXKEHI 1,
y IHepmy 4Yepry, YMCeIbHI METOAM OOYUCIEHHS BU3HAYECHUX
1HTerpalisB.

3BHYalHUNW NMpHHOM MOOYyTOBU KBajpaTypHUX Gopmyn
nojsra€ B TOMY, IO JaHy (QYHKIi0 f(X) 3aMiHSIOTH

IHTEpPNONIOI0Y0I0 YU aNpPOKCHMYIOUYOIO byHKUIi€O (/)(X)
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mpocTOoTo BUrAsAAy (Hampukiam, TMOJIHOM), a TOTIM

HaOJMXEHO MOKJIALAKTh:
b

.[ f(x)dx ~ igp(x)dx .

a
OyHKIIA (p(X) MOBUHHA OyTH Taka, moO0 iHTeTrpa: Bixg
Hel oOuucioBaBCS 0€3MOCEPEAHBO.
SIkmo B  SAKOCTI (p(x) B3SATH IHTEPHNOJSAIAHUN
MHorouieH Jlarpanxa Ln(X) 3 By3JdaMHM IHTepmoaauii X,..., X,

3 Bigpi3ka IHTerpyBaHHS, TO OJEPXUMO KBaapaTypHY

bopmyny HeroTtona-Koreca. Sxmo Ln(X) — MHOTOYJIEH
a+b

Apyroro CcTymeHs 3 By3iaamMu X =a, XZZT, X3:b, TO

IHTerpyodu Woro, OIEPHKUMO oKpeMuu BUNAOK

kBanpatypuoi ¢opmynun Hrerorona-Koreca - xBaapaTypHY

¢bopmyny CiMmncoHa
; h
If(x)dXz—[f(X1)+4f(X2)+ f(x,)] .
. 3
YacTo BUHHKAE 3agadya OOYHMCIEHHSA I1HTErpaiiB, Jje
migiarerpaipHa QyHKIiA 9u i1 MOXiJHI HEBHCOKOTO MOPSAAKY
MalwTh JIISHKH Pi3KOI 3MiHU, HaNpUKIaa, oOepTamThCcs Ha
HecKiHYeHHicTh. Taki ¢yHKHii moraHo HaGIUXKAOThCS
MHOTOYJI€HAMH Biipa3y Ha yChbOMY BiJIpi3Ky iIHTerpyBaHHS. Y
TaKWX BUIAJKaX 4aCTO BHUABISETHCSA O1JAbII 3pYYHUM PO3OUTH
BUXIJIHUH BIAPI30K HAa YaCTUHM W HAa KOXHIH dYacTuHI
3aCTOCYBaTH CBOIO KBajpaTtypHy dopmyny. IlizcymoByrouu
MOTiM KBanpatypHi ¢opMynu 3a yciMa eleMeHTapHUMH
Bipi3KaMH, OJEPKUMO TaK 3BaHY CKJaJeHY YW y3arajlbHEHY

KBaaApaTypHy Gopmyny.
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6.2. Kpagparypua ¢opmyna CiMmncona

Hexali MaeMo cucTeMy pIiBHOBiIJaJIEeHUX TOYOK
. . b-a
x, elab]; x=a+ih (i=012..,n), ne n=2m, h=—7,
n

X, =Db.
3actocyemo ¢opmyny CiMmMmcoHa 0 KOXHOTO 3
BiJIPi3KiB [XO,XZ], [X2,X4],...,[X2m72,X2m], nosxuuu 2h i,
BHKOHYIOYM  MIiJCYMOBYBaHHS 3a yciMa  Biapi3kamu,

ONEPXKUMO CKJIaneHy KBanpatypHy popmyny CimncoHa
b

h
[ 100X~ S0 + Yo )+ A+ Yoo Yo 1)+ 20V + Yo+t Yo o))

a
(1)

Tyr y, = f(x) (i=012,...,n).

HAns 3anumkoBoro yineHa ¢opmynu (1) cnpaBennusa
OLiHKa

R, < h* —(b-a max‘f x)|
180
Oninka moxudbku Gopmynu CiMIcoHa 3a 3aJUIIKOBHUM

yieHoM R, uacTto BHABIAETBCA MaloeGEKTHBHOK dYepes

TPYAHOIII ONIHKH 4YeTBepTOoi TMOXigHOI mWixiHTETrpalbHOI
GyHKIIT.

Ha npaktumi s OIiHKM TOXHUOKH 3aCTOCOBYIOTH
npasuno Pynre. /[ns nporo obuparThs ducino N, xkpatHe 2, i
00YHCIIOIOTh, HAaOJIMXKEHE 3HAYCHHs iHTerpajiga 3a GOopMYJoO0

. . —a
Cimncona (1) i3 kxpokom h=—— (mosmauumo ue nHabnuxene
n
sHayeHHs |,). ITorim oOGuncniooTh HaONHKEHE 3HAYCHHS
. . —a
inTerpana 3a gopmynor (1) i3 kxpokom h=—— (mo3zmaunmo

fioro |,,).



f(x)dx,

obumucnene 3a Qopmynorw CimmcoHa 3 mnomnpaBkoi PyHre,
NpUKUMaloTh

3a Habaumxene 3HaveHHs | iHTerpana

D ey T

I, —1
| =1, +-22—" 2
2n 15 ()

IToxubka WBOTO pe3ynbTaTy, 3HalieHa 3a MPaBHIOM
Pynre, Oyne:

g=ram ol (3)

Ilpuknao. 3a gomomorow  ¢opmynau CimncoHna
1,2

o0YuCIUTH Ie_xzdx, pO30MBINYM IHTEpBaAJ iHTErpyBaHHS Ha 12
0
yacTuH. OUIHUTH MOXHUOKY.
Po38’a30k. f(X)=e_X2dX; a=0 b=12.
CnouaTky oO04YHMCIMMO IIei i1HTerpanx 3a QopMyJolo
CiMncona, po36uBIIM iHTEPBAI [0;1,2] Ha 6 4YacTHH.
12-0

Kpok inTterpyBanus npu ubomy h=—"—-7—=0,2.

6
Touku nofiny
X =0 x=02 x,=04 x,=06; x,=08 x =10, x;=12.
BinmoBigHI 3HaYeHHS MigiHTEerpanbHOi QyHKIIT
yo =6 =1, y, =e®¥ =0,960789; y, =0,852144;
y, =0,697676; y, =0,527292; y.=0,367879; y, =0,236928.
Toni

1,2
l, = [edx~ 0;32 [1+0,236928 + 4(0,960789 + 0,697676 + 0,367879)+
0
+2(0,852144 +0,527292)| = 0,806745.

Temep oO4ymciaumMo TOW Ke IiHTerpanx, poO30HBIIH
iHTepBaj iHTerpyBaHHS Ha 12 4yacTHH.
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h=12_oz x =ih (i=012).
12

Yo =L Yy, =0,990050; y,=0,960789; y,=0,913931;
y, =0,852144; y. =0,78801; y, =0,697676; Yy, =0,612626;
Yg =0,527292;
y, =0,444858; y,,=0,367879; y,, =0,298197; vy,, =0,236928.
Toni

1,2
2 . o1

Lo = [ s o [Vo + Yo+ A+ Y+ Vs + Yy Yo + Var)+
0

+2(Y, + Vs + Yo + Yo + Y10 )] = 0,806745.
3a dopmynor (1) 3HaXOTUMO

1,2 .
| = j e dx ~ 0,806745 + 0,806745-0.806745 _ 0,806745.
0

15

3 ¢opmynu (3) BumaumBae, mo nNoxubOKa WHOTO
pesynbratry &£=0. Hacmpasai ne He tak. TyT Mae Micue
BUIAJA0K, KOJM MNOXHUOKa MeToay, oOyMmoBieHa (OPMYJIOH
(3), MeHme oOuuciHOBalbHOI MOXMOKH, IIO Mae Micle 3a
paxyHoOK okpyrieHHsS. OCKIJIbKH MH BUKOHYEMO OOYMCICHHS,

-6
okpyrisitoun pesynbratu g0 107, To moxubGka oGuuCIeHb HE

nepeBepuiye & 312-%-10_6 =6,0-10"°,

Humanus ona camonepegipku

1. Cdopmynmwiite MIOCTAaHOBKY 3agadi YUCEJIBHOT O
IHTEeTpyBaHHS.

2. JlaiiTe BU3HauYeHHs KBajgpaTypHOi ¢popmynu.

3. SMAxwuit Burasn mae kBanpatypua ¢gopmyna Cimmncona?

4. Sxuit nopsanok noxubku Gpopmynu CiMIICOHA IMOTO KPOKY
interpyBannus h? Hasexits ¢Gopmyny 3aiumkoBoro
qJIeHa.

5. B 4Womy mnonsirae mnpaBuio PyHre mnpakTHu4HOI ONiHKH
MOXUOKHU?
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6. B ywomMy cyTh yTouHeHOro 3a PiuapacoHoM po3B’I3Ky?
JaiiTe TeoMeTpUYHY IHTEPIPETAMIIO METOY.

7.3. Kpagparypua dopmyaa I'ayca

Axmo B xBaapatypHiii popmyni Hetotona-Koreca, mo,
SK BIiJIOMO, € TOYHOIO I MHOTOYJIEHIB cTymeHs N-—1, 3a
BY3JIM 1HTETpYBaHHS B3sITH HYJI MHorouwileHa JlexaHnnpa
CTymeHss N, OpTOTOHANbHOTO O yCiX MHOTOYJICHIB HUXKYOTO
CTyNEeHs, TO OJACPKUMO KBanpatypHy dopmyny I'ayca, Touny

A MHOTOWIEHIB cTymens 2n—1:
b

J 10~ 23 0 (x,) ®
POXIX~—— 2.1 ) -
a -1
Hdns mpaktuuHoro 3actocyBaHHs popmyn [ayca HeoOXigHO
MaTH B PO3MOPAIKEHHI BY3JIM U KoeQimieHTH IUX KBaApaTyp.
Hasenemo mapamerpu kBazpatyp ['ayca mis Biapizka [—1,1]
npu p(X)El. V oMy BHNAIAKY 3aJMIIKOBUU 4aeH R(f) TS
kBajpatypHoi ¢opmynu (1) Mae BUTISAA:

R(f)- f<2"><§>—(22nj)"§;§’:il) |

Tabnuns By3niB 1 xkoedinieHTiB kBaapatyp [ayca ans
Bijpi3Ka [—1,1] npu p(X)El.

n ] d, D,
1 1 0 2,00000000
2 2;1 +0,57735027 1,00000000
3 3;1 +0,77459667 5
o~ 0/55555556
2 0,00000000 8
4~ 088888889
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4 4;1 +0,86113631 0,34785484
3,2 +0,33998104 0,65214516

5 5,1 +0,90617985 0,23692688
4; 2 +0,53846931 0,47862868

3 0,00000000 0,56888889

6 6; 1 +0,93246951 0,17132450
5;2 +0,66120939 0,36076158

4; 3 +0,23861919 0,46791394

7 7;1 +0,94910791 0,12948496
6; 2 +0,74153119 0,27970540

5,3 +0,40584515 0,38183006

4 0,00000000 0,41795918

8 8;1 +0,96028986 0,10122854
7; 2 +0,79666648 0,22238104

6; 3 +0,52553242 0,31370664

5; 4 +0,18343464 0,36268378

Ilpuknao. O6uucnuTu iHTETpan
1

I:I41+2xdn
0

3actocoBywun ¢opmyny [Tayca 3 Tpboma  By3lIaMu
iHTerpyBaHHs. OMiHUTH MOXUOKY OTPUMAHOTO PE3yIbTaTy.

Po36’a30k. ONiHKY MOXMOKH BUKOHAEMO 3a MPaBUIOM
Pynre. Tomy iHTerpan oOuymcaumo nBivi. CmodaTky
3actocyemo ¢opmyny ['ayca 3 TppomMa By3JIaMH IO BChOMY
inTepBany iHTerpyBaHHs. Ilo3Hauyumo 1e  HaOmWKeHe

snadyeHHs lq. Iorim po3i6'emo iHTepBam iHTEerpyBaHHs [0;1]
Ha JBa - [0;0,5] i [0,5;1], i 3a gomomoror Tiei x GopMmynu
o0YMcCIMMO 3HAYeHHs 1HTerpajxa Ha LOHUX Bigpi3kax.
[lircyMoByH4YM OTpUMaHI 3HaYeHHs, 3Haigemo |,.

Binpizok iHTerpyBaHHS [—1,1], IUId SAKOTO HaBeJEHa

Tabnuusa By3idiB 1 koedimieHTiB kBaapatyp [ayca, 3aMiHOMO
. b+a b-a .

3MIHHUX x=—2 +—2t BigoOpaxaeTbcs Ha [a;b]. e

AO3BOJIA€ HAM BU3HAYUTU BY3JIHU iHTeI‘p}IBaHHH
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1+0 %d — 011270

X, = >

BinnoBiani koedinientu kBanpatypuoi Qopmynum (1)

11

X, =—=+—d, =0,5000;
2 2

11

X, =—+—d, =0,88730.
2 2

JJISi HAIIOTO BUNAAKy OYyAyTh:

ITopganpiri 0o0YKUCHEHHS 3BEAEMO B Ta0IUIIO

b—-a

C,=—D, =
)
b-a
CZZTDZ
b-a
C3=TD3

15 5.
29 18
18 4,
29 9
15 5
29 18

) X; Yi C, Ci-y;
1 0,11270 1,10698 5/18 0,30749
2 0,50000 1,41421 4/9 0,62854
3 0,88730 1,66571 5/18 0,46270

3

l,=>C,y; =139873

j=1
1 0,05635 1,05485 5/36 0,14651
2 0,25000 1,22474 2/9 0,27217
3 0,44365 1,37379 5/36 0,19080
4 0,55635 1,45351 5/36 0,20188
5 0,75000 1,58114 2/9 0,35136
6 0,94365 1,69921 5/36 0,23600

6
l,=>C,y; =1,39872
j=1
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l=1,+ .~ 1, =1,3987198.
63

&= M ~2-107".
63

Humannsn onsa camonepegipku

1. 3 sxux MipKyBaHb OOHpalwTHCSA BY3IW 1 Barosi
koedimienTn kBanpatypuoi popmynu I'ayca?

2. Y yoMy mojsraroTh BJIacTUBOCTI ¢popmynu ["ayca?

3. Sxi  ocobmmBoOCTI  3acTOoCyBaHHS  TmpaBuia  PyHre
NPaKTUYHOT OMIHKK MOXUOKHU?

3aBaanHda 10 gabopaTopHOi podoTu Ne 7

Y nauiét mabGopartopHii poboTi Tpeba 3a MOMOMOTOIO
kBanpatypHoi ¢opmynu CiMmrncoHa oOYHCIUTH BH3HAYCHHUU
iHTerpan i, BHKOPUCTOBYIOYH TMpaBuiIo PyHre, OUIHHTH
noxuOKy OTpMMaHOro pesynbraty. Kpok inmterpysBamus h
BUOpaTtu TakuM, 00 mNoXHOKa OOYMCIEHHS IHTerpaja He

nepesepumysana =107,

Bapianmu 3aedans

1. ]Ecos(x+sinx2)dx; 2. }Ig(Z—cosSx)dx;
7/3 -/2

3. Tx“-zxzdx; 4. }sin(xzz—ZX dx ;
15 2 X
/4 43

5. th(xz—cosx)dx; 6. Iln(x+x‘1)dx;
0 11

0,48 11 X

7. Ich(Zx—x3)dx; 8. I °

0,17 -2,1




9.

11

13.

15.

17.

19.

21.

23.

25.

217.

29

-/6

jlg(3+ sin 3x)dx ;
- |
. J‘x”"?fX dx;
3

.T(S—xz cos x* Jdx

7/6

21 g«

Y 3X+4
13

J.cos(3x+ x_l}ix;

1

T
jlg(4 +5sin 2x)dx;
-7/3

16

43

J‘ 5—(x+x_l)dx ;
1

/3

jtgxzdx;

-m/3

/2

-7t/6

35
) J.x_3 sin(x3 —2x}1x :

1

31
jx_z cos(2x — x2 )1x ;

I sin(x3 + CoS xz)dx :

12

10.

12.

14.

16.

18.

20.

22.

24.

26.

28.

30.

2
fcos(xz —sin 2x)dx;
4COS X dX ,

0

3fth(2x+ X? Jdx ;
1

/2
njsin(1+ cos? x)jx ;
/6

42

_[ x2.47%" dx ;

11

Tn/2
Isin(z cos x+1)dx;
0

42
[2*(3x-2)tdx;

11

5m/

.[EZ—cosxs}ix;

-2
]'535in2 X dx :
/3

32

' 2

I x4 .2~ (x43)% gy
11
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PO3ALT 7. HABJIM/KEHE PO3B’SI3AHHSI 3AJAYI
Kol AJIA 3BBUYAUHUX JUPEPEHUHIAJBHUX
PIBHAHDB

7.1. MeTtona Eifinepa

Posrasaemo nudepeHmianbHe piBHAHHSA
y'=f(xy)
3 MOYaTKOBOK yYMOBOIO y(xo)zyo. BubOpaBmu mOoCUTHh Malui
kpok h, mnoGyayemo cucTeMy pIiBHOBiAJaleHUX TOYOK
Xj =Xp +ih .

HabGnunxeni  3HadeHHSA y(xi)= Yi 00YHMCIIOITHECA
MOoCJiOBHO 3a popMynaMu:

Yier =Y +hf(x,y;) (i=012,..).

I[Ipy npomy mykaHa iHTerpajbHa KpHBa y:y(x), 1o
OpoOXOAUTh YE€pPe3 TOUYKY Mo(x,y) 3aMIHIOETHCS JaMaHOIO
MoM1My... 3 Bepmumamu  M;(xi,y;), (i=012,.); koxmua
nmaHka 1iei mamanoi (mamanoi Eiimepa) mae HampsaMmok, IIo
30iraeThcs 3 HANPAMKOM Ti€i iHTeTpaJbHOI KPUBOT BUXITHOTO
piBHSHHS, IO NPOXOAUTH dyepe3 Touky My.

I[MToxubka METOAY — BEIMYUHA TOPAAKY O(h).

Ilpuxknao. 3HaiiTu po3B’sA30K JudepeHIialbHOTO
piBHsiHHsA MeTonoMm Eiinepa Ha Bigpisky (0;0,4) npu h=01,
AKIO Y =X+Y npu mo4aTtkoBidl ymMoBi y(O):l.

Po36¢’a30k. 3HaxoauMo 3Ha4eHHs aprymeHty: Xg=0;
X1=01; xp=02; x3=03; Xx4=04 i Bignosigui im
3Ha4YeHHSA Y !

y1="Yo +hf(x;Yp)=1+010+1)=11;

yo =y1 +hf(x;y1)=11+0101+11)=122;

y3=Yo+hf(xp;y2)=122+01(02+122)=136;
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y4 =Yz +hf(x3;y3)=136+0(03+1,36)=152.
OpepxuMo TabMUII0 HAONMXKEHWX 3HAYEHb IIyKaHOI
byaKIil

X; 0 0,1 0,2 0,3 0,4
Yi 1 1,1 1,22 1,36 1,52
Y auan. 1 1,1103 1,2428 1,3997 1,5836

Humannsn onsa camonepegipku

1. ChopmynroiiTe 3ajgaqy Komri TS 3BUYAUHUX
nudepeHIialbHUX PIBHAHD 1-TO MOPAIKY.

2. JlaiiTe reoMeTpHYHY IiHTepHpeTanilo po3B’sA3KYy 3agaui
Komi. 3anumits popmynu metony Einepa.

3. Sk orpumano dopmynu metony Eiimepa?

4. B YoMy monsATamTh MAOCTOIHCTBA # HEIONIKH METOIY
Eitnepa?

5. Sk Bm3HauaeTbca moxubka metony Eftmepa?

7.2. Meton Axamca

Posrnsnemo 3anmauy
y'=1(x:y): y(o)=x .
[MoTpiOHO 3HAWTH PO3B’SA30K PIBHAHHS HAa CKIHUYECHOMY
Biapi3Ky (XO;Xn). [Moknasmu h — kpok interpysanns i h>0,

OEpXKHUMO CHCTeMy TO4Y0oK Xk =Xg+Kh posramosanux Ha

BiApi3Ky (XO;Xn), (k:O,l,..,n).

Hani 3HaxoAsTh OyJab-SKHUM METOJOM HACTYIHI TpH
3HAYEHHs myKaHoi QyHKHIi:

y1=y(x1) i y2=¥(x2): y3=y(xa):

(i Tpu 3HAYEHHS MOXHAa OJEPXKAaTH OyJb-SIKUM METOJO0M, IO
3a0e3nedyye MOTPiOHY TOYHICTH: MOXJIHBO, MeTOoAoM PyHre-
Kyrra, ane He metomom Eiinmepa, uepe3 ioro HeJoOCTaTHIO
TOYHICTH).
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3a J0omoMoOrol yucen Xg, X1, Xo, X3 1 Yo, Y1, Y2. Y3
00YHCIIITh BEIUYNHHU

do =hyp =hf(xo;Yo): dr =hf(xe;y1);
G =hf(xo;y2); gz =hf(x3;y3).

Hami cknamaroTh TaOIUII0O KiHIEBUX PI3HUIL BEINYHH

Tyt

Xk | Yk | Ak | gk =hf(xciyi) | Aag g, | A,
X0 | Yo A do A
Y, q
0 0 2
X1 | V1 1 % 3
Ayy Ay A"qp
X2 | Y2 a2 A%q
Ay, Adp !
X3 | Y3 ds

3HaYW Yuclla B HHXHBOMY KOCOMY pAJAKY, 3a
dbopMysior AnamMca 3HAXOISATh

Ay3 :C]3+Aq2/2+5A2q1/12+3A3q0/8 )
a TOTIM BEIUYUHY Y4 =VY3 +Ay3. 3Haroun Tenep Yq,

00YHUCIIOITH Q4:hf(X4;y4), Hicliss 40T0 MOXHa HamucaTH

HAaCTYOHUHN KOCUH pANOK:

AQz3 =04 —03 ; AZQz =AQg3 —Ady ; A3Q1 = AzQz —Az(h

BiH no3Bosnsie o6uucnutu 3a Gopmynoro AgaMca 3HaYCHHS
AY4 =04 +AGs/2+5M%0,/12+3M3%, /8

a oTxke Y5 =Y4+Ays i T.4., TOOTO B 3arajbHOMY BUTIANII

Ay =0k +AQk—l/Z+5A2Qk—2/12+3A30Ik—3/8 :
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Ilpuknao. Metogom Anmamca 3HaliTH Ha Bifpizky [0;1]
pO3B’A30K piBHAHHA Y =X+, y(0)=1.
Poze’azok. Tlpmiimemo kpox h=01. Jlns nouarky

Mpolecy BUKOPHUCTOBYEMO 3HAa4YeHHS, 3HAWJAEHI METOIOM

Pyure-Kyrra, To61t0 Yo9=1,; Yy1=11103; y,=12427;
y3 =13996 .

[lomanpmii 06YHUCIEHHS PO3TAIIYEMO B TaOIHIII:

| X y Ay q Aq AZq ASq y aHani
T.
0 0 1 0,1000 1
210
1 0,1 1,1103 0,1210 23 1,1103
333 1
2 0,2 1,2427 0,1443 24 1,2428
257 2
3 0,3 1,3996 0,1700 26 1,3997
0,1838 283 5
4 0,4 1,5834 0,1983 31 1,5836
0,2137 314 2
5 0,5 1,7971 0,2297 33 1,7974
0,2469 347 3
6 0,6 2,0440 0,2644 36 2,0442
0,2833 383 5
7 0,7 2,3273 0,3027 41 2,3275
0,3235 424 3
8 0,8 2,6508 0,3451 44 2,6511
0,3682 468
9 0,9 3,0190 0,3919 3,0192
0,4172
10 1 3,4362 3,4366

3 rtabaumi BHOHO, 10 MaKCHMalbHa IOXHOKa
HaOMM)XEHOTO PO3B’A3KYy Y He TepeBeplye UYOTHPHOX

OOWHHUIOb OCTAHHBOTO ACCATKOBOTO PO3pANY.

Humanus ona camonepegipku

1. SlkuM YMHOM OTPUMAaHO PO3PAXyHKOBY POPMYJIYy METOAY
Anmamca?
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2. Sxa moxubka meTony Anmamca (3aleXHICTh BiJl TPhOX

dbakTopiB)?

3aBaaHHsa a0 gadopaTtopHoi po6oru Ne 8

Po3B’skiTh piBHAHHA Y = f(X; y) metonom Eitmepa

Hudp
no A
BEpPTHKA
i
0 1
1 0,4
2 -0,3
3 2
4 0,3
5 1
6 -1
7 0,3
8 2

IIpaBa yacTuHa

f(x,y)

(AX+03y)1—xy)

-x-0.2y

03A-X
03y
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Ay +3
° 1 ) 2x+07 2
mudp Mo TOPU3OHTAITI
0 1 2 3 4 5 6 7 8 9
Howmep
npa-
BOi 2 4 5 8 1 3 9 0 7 6
qyacTHu-
HHU
1 -2 1 -2 2 2 -1 1,0 -2 0.5
Yo :
0,2 { 0,2 |01 0,2 |0O,1 0,2 | 0,05 |0,1]0,4]0,2
InTtep- | [O; [0; [1; [1; [0; [1;, | [1;1, | [O; [0; [1;
Ban 21 | 21 | 21 | 31 | 11 | 3] 5] 11 | 41 | 3]

PO3/ILJI 8. HABJIM)KEHE PO3B’SI3AHHS KPAHOBOI 3AJTAYI
JIJISI 3BUYAMHUX TUPEPEHIIAJILHUX PIBHSIHb

8.1. Metox Pitua

Sk BiZOMO, 3aKOH, 3a SKMM KOXHIH (DyHKIIT 3 MEBHOro Kiacy
(yHKIIT CTaBUTBCA Yy BIiJNOBINHICT, TIEBHE YHCIO HAa3WBAETHCS

¢yHkuionagom. Hanpukman, posriissHeMO MHOXWHY —(GYHKIIH y(x)
HerepepBHO-IudepeHiioBannx Ha Binpi3ky [a;b]. Toxi moxkuHa mxyrn
S kpuBoi Y= y(X)Mi)K Toukamu X=a i X=Db e ¢ynxuionan Bix
b
y(x), AKUN MOXKe OyTH BUpaKeHUM (POPMYIIO0 S = I 1+ y'2 dx.
a
Merton Pitna, 3anporonoBanuii y 1908 p. HiMenbkiM (Hi3HKOM i
MaTeMaTHkoM B.PiTmem, monsirae B MONIYKY eKcTpeMyMy (yHKIiOHaIa

MIPY 331aHUX TPAHUYHUX YMOBAX.
Posrasinemo 3Buualine audepeHiaibHe piBHAHHS

y'+p1(X)Y +pa(x)y = o(x) (1)
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3 TiHINHUMU KPpaOBUMHU YMOBAMH
y@=A;  ylb)=8, (2)
ne dynxuii pp(x), pa(x), ¢(x) Hemepepsui Ha Binpisky [a;b].

[ p1(x)dx y
HomuoxuBmu (1) Ha € , MpuUBeIeMoO HOro 1o
TaK 3BAHOTO CAMOCIOJYYEHOTO BUTIINY

§<p<x>y>+q<x>y= f(x), ©

ne p(x Ipl x)e-[ p1(x dX (x)=(p(x)ej p1(x)dx

BBez[eMo MiHIAHUH onepaTop

Ly:—%m(x)y)—q(x)y.

Toxi piBHsHHS (3) 3amUIIEeThCS Y BUTIAAI

Ly =—f(x). (4)
KpaiioBa 3amaga (4), (2) piBHOCHJIBHA 3agadi Mpo
MiHIMyM QyHKIIiOHaIa

Flyl=(Ly;y)+2(f;y), (5)

YH Tichs MepeTBOPEHHS

b
I= [ [Ny 2 —a()y? + 2 (x)y ix. (6)

Meton Pitiia muist po3B’si3aHHs i€l BapialiiHOl 3a/1a4i MOJIsIrae B
HACTYITHOMY.

Bubupaemo CUCTEMY NIHIAHO-HE3aIeKHUX 0a3ucHUX
byHKII i UO(X), ul(x), UZ(X),...,Un(X) TaKMUX, IO uo(a)= A,
uo(b)= B, a 1M1 ui(x) 3a00BOJIBHAKTH yMOBaM

ui(a)=ui(b)=0 (i=12,..,n). Po3p’sa30k Bapianiiinoi 3anxaui
(6) OymeMo myKaTu y BUTIISAII

x>+éciui<x), @)

ne Cj (i=12,.,n) mneBHi crami. IIpu oOpanux O6a3zuCHHX

GyHKIifgX y(a):A, y(b):B. Koediunientn ¢; (i=12,...,n)
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nigbepemo TakuM uYmHOM, moO (7) maBala eKCTpPEMYM
¢byakmionana (6), Mpu MbOMY OTPUMAEMO HACTYNMHY CHCTEMY
NiHiWHUX  anreOpaiyHUX  piBHAHb  LIOAO0  3a3HAYECHUX
koedimieHTin

oF oF oF

—=0, —=0, ..., —=0 (8)

acl 802 aCn

Ilpuknao. 3uaiiTu po3B’I30K KpalioBoi 3agaui

y"+(1+x2)y+1=0,
y(-1)=y(1)=0.

Poz¢’azox. Y  sakocti  OasucHux  BuOepeMo  (DYHKILI:
UO(X):O; ul(x)zl—xz; u2(X):1—X4. Toni po3s’sa30k Oyne maTu
BUTJIA:

_ 2 4
y_cl(l—x )+c2(1—x ) 9

Buxinne nudepeniiansae piBHIHHSA, 1€ p(X) =1, q(x) =1+x° ,

f(X)z—l € camocnonydeHuMm. CknageMo A HbOTO BiANOBIIHHMI

(dbyHKIIIOHAT

Fly]= Jl‘[(y')2 —(l+ xz)y2 —Zy}:lx.

3aminstoun Y Horo BupaszoM (9), onepxKumMo

Fly]= } [(chx +4(:2x3)2 - (1+ X2 Xcl(l— X2 )+ Cy (1— x4 ))Z - 2(c1(1— x? )+ Cy (1— x4 ))}dx.
713HaXO,I[I/IMO 4qacTkoBi  moxigHi  QyHkmiomama F [y] 3a

napamerpamu C1 i Co:

]t oMo b o

501 i)
= 8(£C1 + iC2 —lj,
105 9 3
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] HSX?’(chx +402x3)— 2(1+ X2 Xl— x* Xcl(l— X )+ C2 (1‘ x* ))‘ 2(1_ X4)}1X =

aCz o
4 2488 2
=8 —Ci+——Cy—— |
(9 3465 5)
Po3p’sa3yroun cucremy
38 4 1 4 2488 2
—C +—=Cp=—; —Cl+———Cy=—
105 9 3 9 3465 5
onepxumo €1 =0,988, ¢, =—0,054.

Po3B’s13k0M BUX1THOT KpaloBOi 3a1a4i Oyae GyHKIis:

y =0,934—0,988x% +0054x*.

Iumanns ona camonepegipku.

1. B domy nojisirae ocHOBHa ifiest Metoay Pitia? SIka moxuOka MeToay

Pitna?

[{o HazuBaeTbes (HyHKITIOHATIOM?

3. Slkwuit QyHKITIOHAT 3aCTOCOBYETHCS JUISL PO3B’sI3aHHsI KpalHoBOi 3a1adi
mertonom Pitma?

4. B yomy monsraroTh NpUHIUNH Min00py O6a3ucHuX QyHKITINH?

N

8.2. Metoa N'anbopkina

Hexait nana xpaiioBa 3aaua
Ly=y"+p(x)y"+a(x)y = f(x) (1)
{aoy(a)+a1y'(a)=A o
Poy(b)+PB1y'(b)=B
Jdns 3HaXOJKEHHS HAaOJIWXEHOTO pO3B’sA3KYy Iiel 3angadi
BUYMHUMO TakK. 3aJaeMocs Ha (a,b) NESIKOI CHCTEMOIO
TiHIHHO-HE3aleKHUX byHKIiA Ug,Uq,Uso,U3,...,Up,
HEmepepBHUX 1 JABiYlI HemepepBHO-IUPEepeHUiHOBaAHUX.
[Ipuuomy ¢byHKLIisA Ug(x) NOBUHHA 3aJ0BOJBbHATH

HEOJHOpPiAHMM KpaHoBum ymoBam (2), a Uq,Up,Us,..,Up
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NOBUHHI 3aJ0BOJBHATH OIHOPITHHM KpailoBUM yMOBaM,
T00TO KpallOBHUM yMOBaMm

agy(a)+agy'(a)=0
Boy(b)+B1y'(b)=0

Posrnanemo ¢pyHkuioo Y, gk JiHiliHYy KoMOiHaNio

n
Yn(X)=Up(X)+ > citj(x) (3)
i=1
e Cj — HeBiIOM1 KOHCTAaHTH.
Axmo O6a3ucHi ¢yHKUii BuOpatW Tak, AK 1e Oyno
ONKCAaHO BHUIle, TO Y, OyJe 3aJ0BOJbHATU KPallOBUM yMOBaM

(2), HezanexHo Bijg Bubopy C;.

Posrasemo ¢ynkuiro R(X,C1,Cp,C3,...,Ch ) =Ly, —LYy.
Bona Ha3uBa€eThCA BiAXHIOM i OTPUMYETHCS MPHU MiJACTAHOBIII
B piBHAHHA (1) Bupasy (3). Axmo BiAXUI JOPIBHIOE HYNIIO, TO
Ma€eEMO BHINAJAO0K TOYHOTO PpO3B’sI3Ky. 3ajxada po3B’s3aHHI
3BUYaiiHOTO JAH(EepeHmianlbHOTO pPIBHAHHSA 3BOJAHUTHCS IO
Toro, mo0O Bimxun Oy MmiHimManeHuM. Toxi Bupas (3) Oyne
HaOJM)KEHUM PO3B’SA3KOM 3ajaui.

ITigGip koedinieHTiB Cj; MOPOAXKY€E Pi3HI METOAU.

CyTtps meTony l'anpopkiHa monsArae B TomMy, mo 0a3ucHi
¢byHKIi1 MOBUHHI OyTH OPTOTOHAJNBHI A0 BiAXUIY.

YMoBa OpTOTOHANBHOCTI ABOX QYHKIIH Mae BUTIAL:

b
IR( X,€1,C2,C3,....Co j(X)dx=0 , i=12,.,n.
a
B pe3yiibTaTi 0JIEPIKUMO CUCTEMY TiHIAHUX

anreOpaidyHUX PpIBHAHBL IM0J0 HEBIAOMHX KOe(IIieHTIB
€1,C2,C3,...,C. 3HalimoBmu 1i KoedilieHTH 1 MiACTABUBIIM iX

y (3), onepxumo HaOJIMKEHUH PO3B’I30K KpaloBoi 3agaui.

Ilpuknao. Metonom [NanbopkiHa 3HAWTH HAOIHMIKCHHUM
po3B 30K  piBHAHHA Y '+Xy'+Y=2X, 1m0 3aJ0BOJBHIE

KpalOBHM yMOBaM y(O)zl; y(l):O.
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Po3é’azok. 3a cuctemy O0aszucHUX GYHKIOiIH oOupaemMo
Gyukuii  Up(X)=1-X%; uy(x)=x(1-x); u2(x)=x2(1—x);
ug(x)=x3(1-x).

Hab6mmxennii po3B’ 30K 3aa4i ITyKaeMO Y BHTJISIII TTOJIIHOMA

y3=(1—x)+c1x(1—x)+czx2(1—x)+c3x3(1—x) .

IMigcraBnsroun Y3 B JiBy YaCTHHY 3aJaHOTO
nudepeHIianbHOTO PIBHAHHS, OAEPKYEMO BIIXHUI:

R(X,C1,C0,C3)=(1—4X)+cy(—2+2x—3x? )+

+cz(2—6x+3x2 —4x° )+c3(6x—12x2 +4x3 —5x4 )
VMoBu opTroroHanbHocTi GyHknii R mo ¢pyukmii ui(x)

NPUBOIATH A0 CUCTEMH

1
J‘(x—x2 JR(X,c1,Co,C3)dx =0
0

1
J'(x2 ~x3 JR(X,C1,Co,C3)dx=0
0

1
J‘(x3 —x* JR(X,c1,Co,C3)dx =0
0

IligcraBnsoun 3aMicTh R ii 3HadYeHHs, micias BiAMOBILHOTO
IHTETpYBaHHS OJEPKYEMO CUCTEMY

133¢q +63cy +36¢3 =70
140c; +108cy +79c3 =98
264cq +252¢, +211c3 =-210
3Bigcu 3maxoxmmo: C; =-0,2090; c, =-0,7894, c3=0,2090,

i, orxe, y3=(1—x)(1—o,29x—o,7894x2+o,2090x3) -

HaOnuxeHuil  po3B’sA30K  KpaidioBoi  3agmaui. IloxuOka
HaOJMKEHOTO0 PO3B 3Ky 3aJeKHUTh BiJ KIJIBKOCTI 0a3MCHHUX

byHKITIA.




24

Humannsn onsa camonepegipku

1. ki icHYIOTH TUIH KPaWOBHUX YMOB?

2. B yomy nonsarae meton I'anvopkina? Illo Take Bigxua?

3. B dyomy nmonsrarTh NOPHHOUNU Nigbopy 0a3mcHUX
byHKIi#H?

4. Binm voro 3aiiexuTh noxubka metony ['anbopkina?

Ilpuknaao. IaTerpaapbHUM  METOAOM  HaWMEHIIHMX
KBaJapaTiB pO3B’sI3aTH KpailloBy 3amaqy
y'H1+x2)y+1=0; y(-1)=0; y(1)=0.

Po36’a3zok. IloknaBuu u1:1—x2; Up =x2—x*,

OyneMo martu
Yo =c1(1-x%)+cp(x* —x*).
[lincraBuBmu 1€ BUpa3 y BHXiAHE pPIBHAHHSI, OJEPKUMO
BIAXHUII
R(x)=1—(1+x*)c; +(2-11x> —x®
= 1+(2-11x“—x")Co .
BiamoBigHO 10  HaBeAEHOTO  BHIIE  NPUHLIHUIY

IHTErpajJbHOrO0 METOJY HaWMEHIIUMX KBaaApaTiB, CKJIaJIEeMO
BUpa3

1 1
| = ij(x)dx:I(l—(1+x4 )or +(2-11x% = x8 ), )% dx
-1 -1
i minbepemo koedinientu C; i Cp Tak, mo6 interpan | mas
HaliMeHIIe 3HaueHHs. Lle mae cucremy piBHSHB

1
S = (1) (-1 X Yoy +(2-11%% =X )ep )2 dx =0

2801 1

1
20 [(2-10 X Y1-(1+x* oy + (21067 —x® )y Y2k =0
2802

-1

49U
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68 3548 5 3548 63404 38
—C+——=Cy) =—] C1+ Co=—,
45 1155 4 1155 4095 21

3sigcu €1 =0,985; cp =—0,078.
Ote, yp =0985(1-x2)-0078(x? - x*)

Humannsn onsa camonepegipku

1. B domy monsirae OCHOBHA iaes IHTErpaarbHOTO METOAY
HaliMeHIMUX KBagpaTiB?

2. llopiBusiiiTte Meton [anvopkiHa ¥ iHTerpadbHUN MeETOX
HalilMEHIIUX KBaJpaTiB AJsA 3arajlbHOl KpalioBoi 3agaui (maHe
nudepeHianpHe PpiBHAHHA N-TO TMWOPAAKY 1 HemiHiHHI
KpaioBl YMOBH).

8.3. MeToa KiHmeBHUX Pi3HUIB

Posrnsuemo niHiliHe audepeHmianbHe piBHAHHS 2-TO
MOPAAKY i3 3MiHHHMHU KoediieHTaMu

y"+p(x)y"+a(x)y = f(x) (1)

{aoy(a)wly’(a):A

Boy(b)+B1y'(b)=B,
ne  p(x), q(x), f(x) wnenepeprni ¢ynkuii na [a,b],
ai,Bi,A,B - craxni, raxi, mo |og|+]|aq[£0,;|Bg|+]B1 0.
Po3i0'emo Bigpi3zox [a,b] Ha N PpIiBHUX YacTHH, TOOTO
OJIEPKUMO h=(b—a)/n; noGyayemo CHCTEMY
pPIBHOBIJaJCHUX BY3JiB

X=Xy +ih (i=1...,n-1); Xg=a; Xy=Db.

Po3B’s130k 3amavi OyaemMo mykaTu 4YucesnbHO. [ns nporo B

piBHsAsHHI (1) moXimHi 3aMiHMMO KIHIEBHMH PI3HUISAMH
APYTOTro MOPSAKY TOYHOCTI.

BBeneMo mo3HaueHHSI y(Xi)= Yi p(Xi)= P, q(xi)zqi,
fx)=fi.

Onepxumo:
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1 2Vi + Vi 1= Vi .
. hﬁ' by g ML Il gy, =1y (i=12.0-1). (2)

FpaHI/I‘-IHi yMOBI/I 3alIUIIEMO B TaKOMy BI/IFﬂﬂﬂi:
-3y, +24:]y1—yz A

3y —4Yp 1 +Y ' )
BoYn +B1—" ZnHl -2 -8

TakuM YHHOM onepx)umo cuctemy N+1 piBusar 3 nN+1
HeBigoMUMHU. P03B’sA3y0UN M0 CUCTEMYy, 3HAHAEMO 3HAYCHHSA
¢yHKIil Y y BIAMOBIAHUX TOYKAX.

OagYp +aq

IHpuknao. MeToaoM KIHIEBUX PI3HUIbL 3HAUTH
pO3B’sI30K KpaloBOi 3amadi:

y'+(1+x2)y=—1
y(-1)=y()=0.

Po3e¢’azox. BubGepemo xpox h=05. TIloknasmu
X_p=-1, x.1=-05; X=0; X{=05; Xp=1, 3 ornsay Ha
CUMETpil0 piBHSAHHA 1 KpalloBUX YyMOB OyaemMo MaTu
y_2:y2:0; Y_1=Y1. Takum 4unHOM, moTpiOHO BU3HAUUTH
auime AB1 opauHaTtH: Yo 1 Y1. 3anumemo piBHAHHA (2) y
BUTHAOI

(Ve ~2% +Yia /% + - fyi =1
Ipu 1=0, to6T0 npu Xg =0 Gymemo maTu

(Y1-2yo+Y-1)/0.25+yp =-1.

Awnanoriuno npu 1=1, to6to npu X1 =05 Gynemo maru

(Yo —2y; +Y2)/0,25+(1+0,25)y; =—1 .
3 ornaay Ha Y 1 =Y1 1 BUKOPHUCTOBYIOYHM KpaloBy YMOBY
yo =0, maemo cucremy

—7yg+8y; =-1 4yy—6,75y; =-1.

3sigcu Yo =0,967; y; =0721.

OTpI/IMaHi 3HAa4YCHHA 3aHCCCMO B Ta6J'II/II_[IO
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[ 0 1 2 3 4
X -1 -0,5 0 0,5 1
y 0 0,721 0,967 0,721 0

Humannsn onsa camonepegipku

1. OnumiTh METOI KiHI[EBUX PI3HUIb.

2. Slxa moxubOka MeTONy KIHI[€BUX Pi3HHUIE?

3aBaanHda 10 dabopaTopHoi podoTu Ne 9

Po3B’sakiTh KpalioBy 3agauy MeTonoM [anbopkiHa.
3aBnaHHsS BHOWPAKTHCA 3 HaBeAeHOI HUXUYe Tabmui

BapiaHTIB.

3aBaanHda a0 gabopatopHoi podoTu Ne 10

Po3B’s3aTu KpailloBy

3ajauy

il 81

3BUYAUHUX

nudepeHIialbHUX PIBHAHb METOJIOM KiHIIEBHX Pi3HUI.
3aBnaHHsS BHOWPAKTHCA 3 HaBeJAEeHOI HUXUYEe TabauIi

BapiaHTIB.



Tabauysa éapianmis

Mudp
no 0 1 2 3 4 5 6 7 8 9
BEPTH-
Kali
k, -1 2 -3 -1 -2 -4 -3 -4 2 -2,7
K, -4,8 -3,1 2,5 1,7 2 1,2 2 3,2 3 -1,3
Mudp
o 0 1 2 3 4 5 6 7 8 9
ropu-
30HTAl
i
A 0,5 1,3 2,4 -1 0 1 0 0,8 -4 0
B 0,5 0,7 0 1 -2 0,5 0 0,3 -0,6 2
a 1 -1 -1 0,5 0 2 -1 -0,5 -1 0
b 2 0 1,4 1,5 1 3 0 1,5 1 1
o1 2 0 0 -3 2 0 0 -1 0 0
ol 0 2 -1 0 0 5 -4 0 1 -1
Bo -1 0 0 3 -2 0 0 -1 0 0
B 0 -1 2 0 0 -5 4 0 1 -1




h 0,1 0,1 0,25 0,1 0,1 0,1 0,1 0,2 0,2 0,1
P(X) | Kkyx ki | kaxtka | KoX | kox®—kg | KimX | Ky +x2 kyx3 kox® ki | x%k?
X+k2
q( X) klx | k2X le k2x3 + k1 k2 —X k2 + X3 k2X kox—kq klx + I(2
x2+k;
f(X) ! 5K +X3 ko +X 1 ’X2+k2 k]_X2 1 k2X2+k1X klx+k2
X2 + kf 2 X2 _ kl k1X— k2 2 k2 + X k2X2 _kl (kl - X)3

>



1

PO3/1J 9. YACEJBHE PO3B’A3AHHA KPAHOBHUX
3AJAY JJAA JMPGEPEHIIAJTBHUX PIBHSAHD 3
YACTUHHUMU NNOXIAHUMHU

9.1. PizamumeBuii MeTOon po3B’s3aHHA 3amaui Jipixie
nns piBHsHHA [lyaccona

Posrasaemo 3amady Hipixme LTSt PIBHSHHS
CNINTUYHOTO THUNY - piBHAHHA [Iyaccona
2 2
o“u  o°u
—2+—2=f(x,y) Ha G, (1)
ox= oy
u=¢ wna I, (2)
ne G — nmeska ckinuena ob6mactes (puc. 1), I — rpanuus

o6nacti G, f(x,y) — 3amana va G QyHkuis, ¢ — 3ajmaHa Ha

y
|
ALY ALY ALY 4
G 2 O \1
Y AN\ 'a 'a L_‘/
k.\ Ay Ay L’.‘
h ~— —r
¢ > h <
0
X X
Puc.1

I' dynkmis.

CyTh pPi3HHIEBOTO METONY pPO3B’si3aHHs 3axavi (1), (2)
taka. Byayemo kBaapaTHy citky 3 kpokom h=1/M (M -
warypansue): Xy =Kh, y,=mh. B ycix posramoBanux B

obmnacti G By3max ciTku, SKi MOXHa 3'€HATH 3 YOTHpPMa
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HaWONMKIUMU By3JaMHu BiIpi3zKaMu MpAMUX, HE
. . d%u

MepeTUHAYU TPAaHUII0 [ , YaCTUHHI MOXiJqHI — o o o
OX oy

BXOAATH y piBHSAHHA (1), 3aMiHEMO QopMyiTaMu YHCENBHOTO
nudepeHIiloBaHHS JOPYroro MNOPSIAKY TOYHOCTI (MOpAAKY

olh?):

0°u Vik-1m~ Dk +Visam
o’ h?

(3)
2% - Vi m=1—2Vim +Vik m+1
ay2 = h2

ne Vim :V(Xk ,ym) — HaOJaMKEeHUM po3B’a30k 3axaui (1), (2).

[MincraBasouu (3) y (1), oxepxumo:

Victm = Mian *Viim | Viem-1~2Vim +Vigm+1
h? h?
ne fin = (X, Ym)-

Has BCix BHyTpimHix By3aiB o6macti G moGuusy ii
rpanuni [ (mo3HadYeHWX Ha puc. | TPUKYTHUKAMH), s
3aJlaHHS  PI3HUIEBUX PIBHAHL 3aCTOCOBYETHCS JiiHiWHaA
iHTepmonsAlis B HampiaMKy oci X. Hanpukianm, y Toumi 3
HomepoMm O piBHSHHS Mae BUTIS

Vo=—PL v, +—P2 (5)
p1tpP2 p1tpP2

ne pq — Bigcranp Bix Touku O go toukm 1 mHa rpammui I,y

= fkm ' (4)

aKii OepeTbcsi 3amaHe 3HaueHHs GQyHKOii @, MO3Ha4YeHe
uepes ¢©1; Vg, Vo — wHesimomi B Toukax 0,2; pp=h -

BiJicTaHb MIiX LUMH To4YkaMu. TyT [AJAsI HOPOCTOTH
BUKOPHCTOBYEThCS OAMH iHAekc. ®dopmyma (5) o3Hauae
AiHIAHY iHTepnousnio Mixk Toukamu 1,2 B Toumi 0.
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AHanmoridHi pi3HUIEBI pIBHAHHS 3aJal0ThCSA B IHIIHUX
By3JlaX, NMO3HAa4Y€HUX TpUKyTHUKaMmMu. llpu npomy BimcTaHb
BiJl TOYKH, B Ky BinOyBaeThbca IHTEpHOdALis, A0 000X
KpalHiX TOYOK HE INOBMHHA INEpeBHMINYBaTH N i oaHa 4u
0o0MABI KpaiiHi TOYKH MOBHHHI JeXaTu Ha rpaHuni [ .

OTxe, y KOXHOMY BY3Ji, MO3HAYEHOMY KpPYXKOM,
3amaHe piBHAHHA (4), a B KOXHOMY BY3Ji, NO3HadYeHOMY
TPUKYTHUKAMH, PiBHAHHSA Ma€e BUJ Tuny (5). 3aranbpHe 4YUCIO
piBHSHB 30iTa€eThcd 3 YUCIOM HeBimoMux. OTpuMaHa cHCcTeMa
TiHIHHUX anreOpaiyHUX pIiBHAHD Ma€ €IUHHHA PO3B’I30K V ,
IUTS 3HAXOIKEHHS SIKOTO MOXYTh OYTH 3aCTOCOBaHI HmpAMi H
iTepaniiiHi MeTOOW pO3B’sA3aHHS CHCTEM piBHSIHb, BUKJIAICHI
BUIIE.

Sxmo pPO3B’SI30K 3amadi  Jwupuxie (1), (2)

U(X,y)€C4(C_5), TO CIpaBeqlMBa OLiHKA NOXUOKHU

rréar:x|u -V|= O(hz) ,

ne G=GUI, G, - mHOkHMHa ycix BY3IiB, MO3HAYEHHX

KpYXKaMU i TPUKYTHUKAMH.

IIpuknao. Po3p’a3aTu 3agauy

o%u o (x_y)s 125

U0y =P+l

2+y2=1.

ne I':x
Po3e’azok. Bizpmemo kpok h=05 i mobynyemo ciTky
(nuB. puc.2).
3 METOI0 CIIPOINEHHS 3amucy Oynemo
BUKOPDUCTOBYBAaTH OJIWH HIXHIW iHHekc. Jlas 3pydHOCTI
obuncieHb piBHAHHS (4) po3B'skeMo BifHOCHO V!
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Victm +Vistm +Viem-1 +Vimis  h?
Vi = m +1,m y m m+ - fin (4%)

Bukopucrosyrwoun nani popmynun (47), (5), omepxumo

cucTeMy piBHAHB mojo HeBigzomux Vi(i=1,2,...,9):

vy =P V2t -0y )
p1+ p1t V6:V5+V3+(p3+Vg_h_f6
V1+(p1 +V3 +V5 h2 4 4
V2 = ——f2 h
4 4 Vy =P+ Pg
p7 +h p7 +h
P3 7 7
V3= +hV2+ +h(p2 2
P3 P3 V8 :V7 +V5 +V9 + Qg _h_ f8
(04 +V1 +V5 +V7 h2 4 4
V4 = __f4 h
4 4 Vg = —F9 th + H P4
V4 +V2 +V6 +V8 h2 P9 + Po +
V5 = 4 —Tf5

O6uncaumo Beamunnn @j(i=12...8), fy, f4, fg,

f6, f8, pl, p3, p7, pg, BUKOPHUCTOBYKHYHU YMOBHU 3a)1aqi:

. / 2
(p_‘]_:(p3=(p5:(p7=1, P2 =04 = Qg :(psz‘ 1_0’5

+|05~1,366 ;
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fy =cos(0-05)+ 1.25:05 _ 1 295; f4 =cos(-05-0)+ 1250 _ogs;
15+0 15-05
f5 :COSO+1’25.O =1; f6 :COS(O,5—O)+ﬂzO,878;
15+0 15+05
fg = cos(0 +0,5)+M ~0,461;

15+0

P1=p3=p7 =pg =y1-05% —05~0,366 .

IligcraBasiroun 0OYHMCIEH]I 3HAYEHHS B OCTAHHIO
CHCTEMY, IEPETBOPUMO 11 JO BUTIAAY

V; =0423V, +0788

V, =0,25(V; +V3 +V5)—-0,169

V3 =0,423V, +0,/88

V4 =0,25(V; +V5 +V;)—-0,195

V5 =0,25(V, +V, +Vg +Vg)—0,063

Po3B’s3yroun  cucteMy, OAEpPXKUMO  HaOJIMXKEHUU

po3B’A30k 3amaui: V;=0946; V,=0374; V3=0946; V,=0340;
Vs =0277; Vg =0340; V' = 0,918 ; Vg =0307; Vy=0918.

Vg =0,25(V3 +V5 +Vg)—0,195
V7 =0423Vg +0788
Vg =0,25(V5 +V; +Vg)-0,221
Vg =0,423Vg +0788

Humanus ona camonepegipku

1. Haiite xrnacudikamiro nudepeHUialbHUX pIBHAHL 3
YaCTKOBUMHU MOXiTHUMH.

2. Axi iCHYWOTH THNH 3agad JJIsg PiBHSIHb 3 YaCTUHHUMH
noxXigHUMHU?

3. B uwomy monsirae 3amavya J[lipixime aAnsS  piBHSHHSA

I[Iyaccona, 1ii w™ertonm po3B’s3aHHA? Ska moxubka
metonay?
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3apaanHs A0 JadopaTopHoi podoTu Ne 11

Pi3HuneBuM MeTonoM po3B’sKiTh 3amauy Jipixme ans
piBusHHSA [lyaccona.

Nel. Ne2.
f(x,y)=1+02ysinx—y?; f(x,y)=cos(x+y)+05(x~y);
2 2 (¥ +2)y|+2)=12(r),
XY _yr)
9 16 | o(x,Y)lr=2+|y|.
o(x,y) =[x +]y].
COS X 2 4.
Ne3. F(x,y)=2%_05y2:
(x.y) xr1 Y f(x,y):(l—yz)cosx+0,6y;
|y|:4_xz}(r), x2 +y? =16(r),
xel-22] o(x.y)lr=[x+2ly].
o, Y)lr=[x-|y]
. Ne6. f(x,y)= Y 103y?;
f(x,y)=1+04ysinx—15y%; ~ ’ x+2 7
22 x=4—y2}
X<y r):
E+?:1(1—'), ye[_z’z] ( )
oY) lr=X]y|- o, y)lr=[X+]y|.
Ne7. Ne8.
f(x,y)=cos(15x+y)+(x—y); F(x,y)=1-sin(x+y)+ ;)53; ;
+
(X +2)y|+2)=12(r), £+y—2:1(1“)
o(x,Y)lr=|x"[y. 9 16 |

o0, Y)lr=2]x+|y].



Ne9. f(x,y)=—2

Nell.

f(x,y)=cos(2x+y)+15(x—y);

7

NelO.
Y 1oay?; _ )
15+x f(x,y)=06sinx—125y“ +1;

2 2 2

XYy, [y]=4-x (),

16 25 xe[-22]

o(x.Y)lr=|x"|y|- o Y)lr=[X+y|.
Nel2.

f(x,y):l—%—sin(2x+ y);

x% +y2 =16(r), £+y—2:1(1“)
o(%,Y)lr=05[x+|y|. 16 9
o(x,y)|lr=|x+05]y].
Nel3. Nel4.
f(x,y):ﬂ—o,lyz; f(x,y)=1+0,8ysinx—2y2;
AN (x+2)(yl+2)=12(r).
X=4-y
A olx.y)lr=2+08).
y2
(P(X’Y)|F:|X|+7-
Nels5. Nel6.
f(x,y)=cos(15x+ y)+1,5(x—y);f(x J)=1-sin(2x+y)+ 03y
’ x+2'
2 2 2 2
x“ oyt 2y
—+—=UT FANITS A
25 g =1 s "1g - X1

o(x,y)lr=x+|y|- o(x,y)lr=2x+05]y|.



Nel7. NolS.
f(X:Y):%—O,SyZ; f(x,y)=1+(1-x)siny—(2+x)y;
Mzg_ﬂkfw x4y =16(7),

e[-33] (p(x,y)|F:%|X|+2|y|.

1
(P(X,Y)|r=|x|+5|y|.

N019 Ne20.
(x.y) :( )COSX+0,3Y; f(x,y)=1+2.2sinx+15y?;
2 2 5
)] Y[=9-x"{
xe[-33]]
o(x,y)lr=05/+[y|.
o(x,y)lr=05x+|y.
Ne21l. Ne22.
f(x,y)=cos(x+y)+075(x—y); F(x,y)= 1 sin(125x + y)+0’ﬂ;
X2+y2 ), 2.2 X
9 25 X“+y* =16(7),
o(x,y)lr=05X+2]y. o0 Y)lr=05x"[y].
cos y s Ne2d.
Ne23. f(x,y)=—2L-03y~;
(<) 2 y f(x,y):l—sin(0,75x+y)+%;
(X +3)y|+2)=18(r), o
oly)lr= P05y, |f—[;;}um
e_ i)

o(x,y)lr=2x+05]y|.
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Ne25. Ne26.

f (x, y) = % —0,5y2 : f(x,y)= cos§1,5x +2y)_2,25(XJr y);
25+ X 2y
24y? Tt =UD),
X“+y® =16(7), 16 25
AD=05)- oyl 2K+
No27. Nod§.
f(x,y)= cosy —1,25y2; f(x,y)=1-(x—1)siny+2(x+y);
Lo (x+2)y|+3)=18(),
X:4_y2}(1“)’ o(x.y)lr=2x+08]y|.
ye[—2,2]
o0, y)|r=|X+05y].
Ne29. Ne30.
175y . 125y
f(x,y)=1- :un(o725x y)+ o1 flxy)=cos(x—y)+ 5
eio=UD), (+5)yl+5)= 5(r),
9 25

o(X,y)lr=|x[+05]y].
(P(X,y)lj"—|X|+0,5|y|. = | | | |

PO341J1 10. YUCEJBHE PO3B’SI3AHHS
IHTETPAJIBHUX PIBHAHBb ®PEATI'OJIBMA II POAY

10.1. Hab6aukeHe Ppo3B’A3aHHA IHTErpajbHOrO
piBHsAHHA ®pearoasma Il poay masixoMm 3BeleHHS HOro A0
cHcTeMH JiHIMHUX ajdredpaiyHux piBHAHDb

Hexa#i ngaHo iHTerpanbHe piBHAHHS @pexaronbpma

IPYyTOoTro pony
b

() =1 K(x,y)oly)dy = (x) (1)
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ne K(x,y), f(X) — AApO PpIBHAHHSI ¥ BIABHHUA 4YJEH
BignmoBigHo, A — 4YHCEIbHUNW mapamerp, (p(x) — IyKaHa
byHKIIA.

IaTerpan, mo BXOOUTH y LIO PiBHICTH, MH MOXEMO 3a
JOMOMOTOI0 Oyab-sAK0i KBaapaTypHOoi ¢opMynu HpUOIU3HO
3aMIHUTH Ha JAESKUHW IPOCTOTO BUAY BHpa3, MO HE MICTHTh
3Haka iHTerpana. Jlilicmo, ycsika Ji”iiHa ¢Qopmyna
HaOJIMKEHOTO iHTETrpyBaHHsS Ma€ BUML:

b n
Jwldx= 3 Acw(xc) | (2)
a k=1

ne A, X — Baru i By3am KBaapaTypHOi Gpopmyiu
BIJOOBIIHO.

[licns 3actocyBanHs ¢opmynu (2) Ao iHTerpaixa B
NniBi#l yacTuHI piBHAHHA (1) IpUXOAMMO A0 PiIBHOCTI:

n
B0 AK (X Jolx) = 1) @)
k=1
Ie 4yepes (T)(X) NMO3HAYCHUN HAOIMKEHUH PO3B 30K s
mykaHol QyHKIIii (p(X).
[Mpunyckarouun mnoTiM y piBHOCTI (3) mOCHiOBHO
X=X1,X2,...,Xp NPHUXOAUMO, A0 HACTYNHOI CUCTEMHU JIHIHHUX

anreOpaidyHUX PiIBHIHB MO0 HEBITOMUX (T)(Xi) (i :1,2,...,n) —

HaONWXEHb AN 3HAYEeHb MykKaHol QyHKIIT (p(Xi):

n
o0 )1 20 AKX Jolx )= F () (i=12,..n) . (4)
k=1
3a UMMM 3Ha4YeHHSIMH HaOJIW)KeHe 3Ha4YeHHs caMmoi
¢yHkuii Mmoxe OyTu 3HalijeHe 3a JOMOMOTOI TOTO YM iHIIOTO
npuiioMy iHTepHoasnii. ¥ naHOMy cHemialbHOMY BHUIAIKY
3pyuHille 3a Bce OJep)XaTH Le 3HauYeHHs, BHUXOASYU 3
piBHOCTI (3), a came:
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n
B(x)= )+ D" AKX )P ) - (5)

k=1
O4YeBUAHO, OI0 TOYHICTH PE3yJbTAaTy, OTPUMAHOT O IpPHU
3aMiHi iHTerpainpHOTOo piBHAHHSA (1) cucTeMoOl MiHIHHUX
piBHsHB (4), Oyme THUM BHIIE, YUM MEHIIY MOXUOKYy MU
poOuMoO, 3aMiHAIOYHN IHTErpal CyMolo, TOOTO Oyae 3ajexaTu
BiJl TOTO, SIKYy KBaapaTypHy (GOpMYJIy MH 3aCTOCOBYEMO [JIs

anmpokcumanii inTerpana B piBHocTi (1).

Ilpuknao. 3acToCyeMO pO3TJISHYTHH BUILE cHOCi0
HaONIMXKEHOTO PO3B’SI3aHHSA 1HTErpaJbHHUX PIiBHAHb  J0O
3HAXOJXKEHHS PO3B’SA3KYy PiBHAHHSA

o)L [eolyy-1- L) |
0

BUKOPHUCTOBYIOYH NPH bOMY KBaapatypHy ¢opmyny ['ayca.
3aMiHAOYM 1€ iIHTerpajibHEe PIBHSIHHS Ha CUCTEMY, PH

. 1 1
, 1 npuiiHsBmIM 10 yBaru, mo A=—, A=~Ay=—,

2

n=2
OJepXXUMO cucTeMy (4) I JaHOTO BUMAAKY Y BUTJIAMIIL:

1 - 1 -
[1— 2 K1,1](P(X1)—Z Ki20(Xp)=f1

1 -~ 1 -
2 K2,1<P(X1)+(1—Z Kz,z]@(xz)z fy .

BinnmoBigHO 10 BUKIaA€HOIo BHINE, 3a X{ W Xp B3ATI
BY3JIM KBajapaTypHoi ¢opmynu [ayca ans iHTepBaiy (0;1):
X1 =0,2113; Xo =0,7887 . O64YuCINBIIHU 3HAYECHHS
Ki,k:K(Xi’Xk)v fi:f(Xi) i migcraBuBIWIM iX y CHCTEMY,
NpUBEAEMO 11 1O BUTAALY

0,7386p(x1 )—0,2954¢(x, ) = 04434
—0,2954¢(x; )+0,5343p(x, ) =0,2384 .

Po3B’sA3y10un naHy cucTtemMy, OEPKUMO:
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o(x1)=09997 ; ®(xy)=0,9990.

Toni HaOMMKEHUI PO3B’SI30K B iHIIMX TOYKaX, 3TimHO (5), MOXKe
OyTH 3amnKMCcaHuil y BUTIISI:

#(x) = % (e%21.0,0997 + e>7%™ . 0,9990)+ 1 - % (e -1) .

Humannsn onsa camonepegipku
1. [aiite BH3HAYECHHS IHTerpaabHOTO piBHSHHS
Opearonpma. Ski OCHOBHI mpoOleMH BUHHKAKTh NpPHU
pO3B’si3aHHI iHTETPaNbHOTO PIBHAHHSA?

2. CdopmynoiiTe MTOCTAHOBKY 3ajJadi, ONUOIITH METOJ
pO3B’sI3aHHS, OLIHITH NOXHOKY METONY.

10.2. MeToa mocJaifoOBHUX HAOJHMIKEHD

Po3rnsHeMo iHTerpajbHe PiBHAHHS APYroro poay:

b
o(x)=2[ K(x,yJoly)dy = (x) . (1)
a
MeTon MOCTiTOBHUX HaOJIUXKEHb s oro

po3B’s3aHHA moasrae B Takomy. lllykaemo po3B’A30K Yy
BHUTJISA/AI PANY, PO3TANIOBAHOTO 38 CTYNEHSIMH A

(x) = 90 (X)+ 401 (X)+ W20 (X) .. (2)

[HigcraBnsoun wedd psa y  piBHaHHL (1) i

NPUPIBHIOWYN KOE(DIiMi€eHTH NPH OJHAKOBHX CTYNEHAX A,
OJEPKHUMO:
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0o (x)= f(x)

0100~ [ K.y )ooly )y
2 3)
02 ()= [ K(x,y)or(y)dy

3 nux piBHOCTEH MOXHa BU3HAYHTH MOCIITOBHO YycCi
byHkmii (po(X), (pl(X), (pz(x),..., HiJCTaBUBIIM AKi MOTIM B

(2), 3akiHIUMO TIpolec MOOYAOBU PO3B’ A3KY.
MoxHa [J0BECTH, NPUNYCKAlO4YW OOMEXKEHUM SAJpO

|K(X,yXSM, mo psaag (2) Oyae piBHOMipHO 36iratucs 10
po3B’si3Ky piBHsHHSA (1), AKIIO A 3aJ0BOJBHSIE YMOBI:
1
M<—~—— . (4)
g M(b-a)

I[Toxubka €, sKy MM OJONYyCTHUMO, SKIO oOMexxumocs N
yjieHaM#u B pany (2), Moxe OyTH OI[iHEHa JOCUTH HNPOCTO. A
caMme, MPUNYCKAaOYH |f(XXS N, merko omepxkaTu, mo
NM "(b—a)" "

1-M(b-a)A

3a3HauuMo, 1o Ko iHTerpanu (3) He MOXYTh OyTH

o04ymciaeHi TOYHO, TO MOTpPiOHO 3acTtocyBaTtu GopMyIH

HaOJM)KEHOTO0 IHTErpyBaHHS, 10, OJHAaK, BHECE JOJAaTKOBY
MOXHOKY B pO3B’SA30K.

e<

IIpuknao. MeTtonom MMOCJIIJOBHUX HaOJIMXEHD
pO3B’s3aTH PiBHSAHHS

of#)-L oy =sinmx
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1

Po3é’azox. Y p[aHOMY BHUMAAKYy, OCKIiIbKH A=— i

K(x,y)zl, ymoBa (4) BukoHaHa. [IpuitHsIBIIN (pO(X):SiI’ITEX,
MOCHiAOBHO 3HAXOIUMO

1 1
@1(x):sinnx+ijwo(y)dy=sinnx+ljsinnydy:sinnx+£;
2 2 T
0 0
1} 17 1 11
(pz(x)zsinrcx+I@l(y)dy:sinnx+J(sinny+jdy:sinnx++ ;
2o 20 T T 27
1 1
(p3(x)=sinnx+lj‘(p2(y)dy:sinnx+lj' sinny+1+ijdy:
2 2 T 2%
0 0
. 1 1 1
=SiNMX+—+—+—— .
n 2n 22n
Bsarauini,
. 1 1 11
on(X)=sinmx+=+—+..+ =sinmx+= > — |
T 271 2n_11'|; nk:02k
3BiJCH
. . 131 . 2
lim ¢q(x)=sinmx+= > - =sinmx+= .
n—oo Tl:k:02 T

ToMy po3B’sI3KOM BHXIJHOTO PiBHAHHSA € QYHKI[is

. 2
o(x)=sinmx+= |
T
y 4OMY MOJYKHa MEPEKOHATHUCS 32 JOMOMOTOK Oe3mocepeHbOT
nepeBipKu.

Humannsa ona camonepegipku
1. CdopmynrwiiTe mOCTAaHOBKY 3ajayi, OMUIIITH METOJ

pO3B’sI3aHHS.
2. Sxi icHYW0OTH Hxepena NOXUOKHU?
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3. B yoMy monsraroTh yMOBH 3013KHOCTiI HaOJIHKEHOTO
pPO3B’S3KY 1O TOYHOTO?

3aBaaHHsa a0 JadopaTtopHoi podoTru Ne 12.

Po3B’saxiTe  iHTerpansHe piBHAHHA Dpenronpma
OUISIXOM 3BEJACHHS HOTO A0 CHCTEMH JNIHIHHHX anrebpaidHmx
PiBHSAHB.

1

Ne 1. y(x)—jxty(t)dt =2X;
0

Ne 2. y(x)+lj'coszty(t)dt =
0

1
Ne 3. y(x)—n[(1-x)sin 2nty(t)dt %(1—X):
0

T

Ne 4. y(x)—zif sinxy(t)tdt = 2sinx;

0
1 T
Ne 5. y(x)+2— (cos(x+1)+cos(x—t))y(t)dt = cos x ;
T
0
.1
Ne 6. y(x)—EIy(t)dt:sin mX;
0
2n

Ne7. y(x)—= | cosxsinty(t)dt = sinx;

O ——y

Ne 8. y(x)— [ (1+x)cos 2nty(t)dt = x;

O'—.l—\ T—]|H
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1
Ne 9. y(x)—lnTz'[ZXth y(t)dt = x;
0

No

10.

11.

12.

13.

14.

15.

16.

17.

18.

y(x)-

y(x)-

y(x)+

Ot— b O— 3 O+—y

y(x)-—

IN2014¢2

y(x)- =

2n

1

1

s

0

X

(2x —t)y(t)dt = cos 2nx ;
(L+2x)y(t)dt :_%(Hs);

(x—\/f)y(t)dtzgx+\/_—%;

y(t)dt =1+x2;

y(t)dt =sinx;

y(x)+ nj x sin 27ty (t )dt = cos 27X ;

0

1
y(x)-= [xely(t)t =e~
2 0

/2
y(x)- [sinxcosty(t)dt = 1;
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1
Ne 19, y(x)—jsinany(t)dt:x;
0

Ne 20. y(x)- Tsin(x+2t)y(t)dt: X;
Ne 21. y(x)—% }(x2 +1+ xt)y(t)dt =1;
-1

Ne 22. y(x)+i _[(xsint+sin 2x)y(t)dt = sin x;
4n—n
1

Ne 23. y(x)- Icos nix cos 3ty (t )dt = cos 3nx ;

-1
L1
Ne 24, y(x)—ﬂjxy(t)dt = sin2nx;
0

h 3
Ne 25, y(x)—£(1+ 2x ty(t)dt = 1—Ex.



