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BCTYII

CyyacHuii  pO3BUTOK Hayku Ta  OOYHMCIIOBAJIbHOI  TEXHIKHU
XapaKTEePU3YETbCA BCE OUIBII  3pOCTAlOYMM  PIBHEM  BUKOPUCTAHHS
KOMI'FOTEPHUX MOJIEICH SIK JJIsI JOCTIIKEHHS TTOBEIIHKH SBHII] Ta TIPOIIECIB,
10 OTOYYIOTh JIFOJIMHY, TaK 1 JJISI pO3B'A3aHHS MPAKTUYHUX 33/1a4, TTOB'sI3aHUX
3 YIOPaBIIHHSAM Ta MPOTHO3YBaHHSM.

BuBueHHs HaBYaIbHOT AUCIUILIIHY "HuCcenbH1 MeTOAM B iHGopMaTHIIl"
JIO3BOJISIE CTYJIEHTaM OBOJIOJITA 3HAHHSAMM B Tally3l MPAKTUYHUX METO/IIB
pIllIEeHHsT MaTeMaTUYHUX MpoOJieM, 10 BHUHUKAIOTH y MPOIEC] 1HXEHEPHOI
TISUIBHOCTI  Ta MOJETIOBAaHHS  (PI3SMYHUX CHCTEM, 3aCBOITH CIIOCOOH
pO3paxyHKiB Ha Cy4YaCHHUX KOMIT'IOTEpax 13 3aCTOCYBaHHSM I1aKeTIB
CHeIiaTbHUX TPHUKIATHUX MTPOTPaM.

OO0'eKTOM BUBYEHHS HABYAJILHOI AUCLUIUIIHU € TUIOBI MaTeMaTU4HI
3a/1a4l, 10 AKUX 3BOJUTHCS PIMIEHHS MPAKTUYHUX MPOOIIEM, 1[0 BUHUKAIOTh Y
X011 po3p0o0KH 1H(POPMAIIHHUX CHCTEM Ta CHCTEM MOJICITIOBAHHS.

[IpenmMeToM BHUBYCHHS HaBUYAJIbHOI JUCHUIUIIHM € YHUCEIbHI METOIU
pO3B'sI3aHHS TUIIOBMX MaTeMAaTHYHUX 3a]1a4.

MeTa maHoro HaB4aJbHO-METOAMYHOIO ITOCIOHMKA — O3HAHOMIIEHHS
CTYJCHTIB 13 IOCTAaHOBKAMH OCHOBHHUX MaTEMAaTHYHHX 3a7a4 1 YUCEIbHUX
METOJIB iX pO3B's3aHHSA, HAOYTTS CTYJACHTAaMH HABHUYOK peajizaiii Ha
KOMI'IOTEpl  YHUCEITbHMX METOJIB, HAaBHYOK pOOOTH 3  BIJOMHUMH
KOMITFOTEPHUMH MaTeMaTHYHUMH ITaKETaMH.

HaBuanbHO-METONMYHHMA  TMOCIOHMK  CKJIQJCHO IS CTYACHTIB
cnemianbHoCcTi 122  «Komm’ioTepHi HayKm» Ta BIANOBIZA€ BHUMOTaM

JIEPKABHOTO CTaHJIAPTy.



TEMA 1. YUCEJIbHI METOM PO3B’SI3AHHS HEJITHIHHUX
PIBHSAHb. TPA®IYHUN METO/I BJUIIJIEHHS KOPEHS

1.1 TeopeTruuHi BizoMocCTi

Binninenns kopens piasuns f (X) =0 - e BU3HAYEHHA BiapizKa [a; b]
3 o0nacTi BU3HAUYCHHS (QYHKIN Y = f(X), SKOMY HaJIC)KUTh OJIMH 1 TUIbKU
OJIUH KOPIHb PIBHSIHHSI.

YMOBU BIIIICHHS KOPEHS:

1) ma xinmsx Bigpiska [a;b] gysxuis y = f(X) mae pisui 3uaxu:

f(a)- f(b)<0:
2) ¢bynknis moroTonna Ha [@;b] (f'(X) He 3minmoe 3nak Ha|a;b));
3) rpadix dynkuiiy = (X) omyxmit (sBirnyrnii) Ha [a;b] (f"(x) me

3miHIoe 3HaK Ha [@;h]).

AJropuTm rpaivyHoro MeToay Bil/liJIeHHSI KOPEHs:

1. ¥V nexkaproBiil cucTeMi KoopauHarT moOymyBaTu rpadik QyHkIii
y = f(X). Busnaunru Ha oci OX iHTepBanu, IKMM HaJeXaTh aOCIHCH TOUOK
nepetuny rpadika ¢pynkuii y = f(x) 3 Biccro OX.

2. llepeBipuTH yMOBH BIJAICHHS KOPEHS HA KOKHOMY 3 IHTEPBAIB.

3. 3poOuTH BUCHOBOK

1.2 KoHTpOJIbHUI IPUKJIA/

3apava. ['padiuHO BIJOKPEMUTH KOPIHb PIBHSHHSIL: x> +3x2-1=0.



Po3B’si3aHHs
1. 'V nekaproBiili cuctemi koopauHaT moOyayemo rpadik ¢GyHKIii

y = x> +3x? —1 (pucynok 1.1).

y="F [€9)

f l\i/lx

_4 4

Pucynok 1.1 — Ipadix pynkmii y = x3 +3x% —1

I'padix dynkiii nepetuHaeTses 3 Biccto OX y TPhOX TOYKAX, TOMY
x* € [-3,-2], x* e[-1;,0] ra x* €[0;1]
2. TlepeBiprmo yMOBH Bininenns kopens Ha mpuknai Bigpisky [0;1]
, BC1 1HIII BIAPI13KU MEPEBIPSAIOTHCS aHAIOTTYHO:
1) Bmmnaunmo smaku dymkumii  f(X)=X*+3X*—1 ma xinmsmx
Binpisky[0;1]: (0)=-1<0 1a f(1)=3>0.
[Tepiia ymoBa BiJIJIEHHS KOPEHSI BUKOHYETHCS.
2)  Bu3HaYMMO 3HAKH f’(x) Ha [O;l].
f'(x)=3x% +6Xx

[ToOyxyemo rpadik dpyukiii y = f '(X) (pucyHnok 1.2)
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T 1
-1 1 2

PucyHok 1.2 — I'padik moxinuoi f'(x) = 3x? + 6x
3 rpadiky MoxHa 1moOauuTH, o f '(X) >0 ma Bigpi3Ky [0;1], TOOTO
dynxuis y = f (X) MOHOTOHHA Ha BIJPI3KY [O;l].
Jpyra ymMoBa BIAA1IEHHS] KOPEHS] BUKOHYEThCA.
3) Busuaummo smaku  f"(X) ma Bigpisky [0:1]:
f(x)=6x+6
[ToOymyemo rpadik GyHKIIT Y = f"(X) (pucyHnok 1.3)

12

10

Pucynok 1.3 — I'padik moximgHol f"(X) =6X+6

10



3 rpadiky MoxHa nobaunth, mo f (x)>0 Ha BiApPi3Ky [0;1]' OTxe,

GyHKLISA f(X) Ha BIJPI3KY [0;1] HE Ma€ TOYOK NEperuHy. Tpers ymoBa
BIJIJIVICHHS] KOPEHSI BUKOHYEThCSI.

BucnoBok: KopiHb piBHSIHHS X' +3X* —1=0 nanexurs BIJIPI3KY [0;1]

: xxe[071].

3aBaaHHA /151 CAMOCTIHOI podoTH

BuznauuTu Bci BIPI3KK BIAAUICHHS KOPEHS TpaiyHUM METOIOM.

JlaH1 171 BUKOHAHHS 3aBAaHHS B3SITH 3 Ta0mmi 1.1.

Ta6mu 1.1 - BapianTu iHAMBINyabHUX 3aB/IaHb

B?;Z;f . 3aBaaHHs B;;Z;f . 3aBaaHHs
1 2 3 4
1 2x*=3x*-12x-5=0 14 12x3+9x* —4=0
2 | x*=3x*+3=0 5 1 x343x%-1=0
3 | x*+3x%-24x-10=0| 16 | x3_-3x*-24x-3=0
4 123 +9x?-21x=0 7 1 x®*-12x+6=0
S |[x*+3x2-2=0 18 | 2x3—3x?-12x+10=0
6 X2 +3x% —24x+10=0 19 [ x*-3x*+25=0
7 2x3 +9x°-10=0 20 | x®*+3x*-35=0
8 |x*+3x*-3=0 21 | x3—3x*-24x-8=0
9 | x*-3x*-24x-5=0 22 1 x3_12x+10=0
10 13x*-12x*-5=0 23 | 2x®-3x*-12x+12=0
I 12x®—3x?-12x+12=0] 24 | x*-4x*+2=0
12 | x®-3x2+15=0 25 | x34+3x%-24x+1=0
13 | x*+3x2-24x-3=0

11



KoHTpoJibHI NUTAHHA

1) Illo o3Havae po3B’s13aTH PIBHAHHS?

2) 1llo Ha3MBa€ETHCS KOPEHEM PIBHSAHHS?

3) TloHATTS BimIiICHHS KOPEHS PiBHSHHS.

4) ]JlaiiTe BU3HAUCHHS BiAPi3Ky BiJUIIICHHS KOPEHS PiBHSIHHI.
5) CdopmymroiiTe yMOBH BiITUICHHST KOPEHSI.

6) Anroput™ rpadiyHOro METOAY BiIIIJICHHS KOPEHS.

TEMA 2. YUCEJIbHI METOJU PO3B’SI3AHHS HEJIIHIHHUX
PIBHSHb. METOJ1 JUXOTOMII

2.1 Teoperu4Hi BitomMocTi

AJITOPUTM METOy AUXOTOMIl

1)  Bu3HaYMTH KUIBKICTH iTepalliii 3a GopmyJIor0:

.
lg— —
£

Ig2

+1

(2.1)

ne & - 3aJaHa TOYHICTb.

a+b
2) Bazaru X, ZT.

3) 3maiitu f(x,).
4) Slxmo f(x,)=0, To X =Xy - TOUHHMIl KOPiHb PiBHAHHS f(X): 0;

sxio f(x,)#0,To X = X; - HOYaTKOBE HAGIHKEHHS KOPEHSL.

12



5) Bubpartu intepsan [a;Xg ], axmo f(a)- f(xy)<0, a6o [xg;b],
saxmo f(Xg)- f(b)<O.

+ X, X, +b
abo X; = 5

HIXK N, epeiTu 10 NyHKTy 4. SIKkino HoMep itepauii N, TO X, - HAOJIMKEHE

d
6) Bzstu X = . SIkio HOMep iTeparlii MeHIe

3HAYEHHS KOPEHS PiBHSIHHSL.
2.2 KoHTpoJbHUI NPUKJIA

3agaya. MeTtogoM AMXOTOMIi (TIOJIOBUHHOTO JIUICHHS) YTOYHUTH

xopiub pipmsaast X +3X° —1=0 3 tounictio & = 0,1 Ha Bigpisky |0;1].
P1Hb P

Po3B’s13aHHs

1) BusHaumMmo KUIBKICTh iTEpalliii 3a popmyJ1oro:

b—a
lg——
&

Ig2

+11.

Ig2
2) IouaTkoBe HAOIMKEHHS KOPEHS: Xg = % =05
f(0,5)=-0,125<0
£(0)=-1<0 I A
f(1)=3>0 0 05 1 X
3BijcH MaeMo, X, € [0,5;1]
3) Ilepuie HaOMMKEHHS KOPEHS: X, = 1405 _ 0,75

13



f(0,75)=111>0
f(05)=-0125<0 —
f(1)=3<0 0= 0.5

3BijIcH MaEMO, X, € [0,5;0,75]

0,5+0,75
4) Jlpyre HaOJMKCHHS KOPEeHS: X, = T =0,625
£(0,625)=0,4160> 0
£(0,5)=-0,125<0 - 4+ e f(x)
7(0,75)=1,10937 > 0 0.5 0625 075 X
3Bigcu Maemo, X3 €[0,5;0,625].

0,5+0,625
5) Tpere HaOMKEHHS KOPEHS: X3 = # =0,5625

Pe3ynbTaTu obuncieHs 3aHeceMo J0 Taduuii 2.1.

Tabmus 2.1 — PesyapTatn 00uncaeHb

3HaK HA KIHIAX
. Xn 3Hak f(xn) Xn — Xn-1
IHTEpBaILY
—|o;1]+ 0,5 + -
—[0,5:1]+ 0,75 + 0,25
—[0,5;0,75]+ 0,625 + 0,125
~[05;05625]+ | 0,5625 + 0,0625

Bignmosian: X* = 0,5625

3aBaaHHA 1JI51 CAMOCTIHOI po00OTH

1. OOuncauTH OOWH 13 KOPEHIB pPIBHSHHSA f(X)= 0 3 TouHicTIO

-6
& =10" wmeromom muxoTomii.
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2. BukoHaTu mporpaMHy peaii3allilo po3B’si3aHHS PIBHSIHHS METOI0M

nuxotomii (Jlomatok A)

JlaH1 11s1 BUKOHAHHS 3aBAaHHS B3ATH 3 Ta0MHIl 2.2.

Tabnuns 2.2 - BapianTu iHAUBIIyallbHUX 3aBJ/IaHb

Homep Homep

BapiaHT 3aBaHHs BapiaHT 3aBaHHs
a a

2x° —3x* -12x-5=0 14 | 2x*+9x*-4=0

2 x®-3x*+3=0 15 | x*+3x*-1=0
3 x> +3x* - 24x-10=0 16 | x®-3x*-24x-3=0
4 12X +9x*-21x=0 17 | x*-12x+6=0
5 x> +3x°-2=0 18 | 2x®—3x* -12x+10=0
6 x® +3x% = 24x+10=0 19 | x*-3x*+25=0
7 2x° +9x*-10=0 20 | x*+3x*-35=0
8 x> +3x*-3=0 21 | x*-3x*-24x-8=0
9 x> —3x° —24x-5=0 22 | x*-12x+10=0
10 | 3x®-12x*-5=0 23 | 2x*—=3x*-12x+12=0
11 | 2x®-3x*-12x+12=0| 24 | x*-4x*+2=0
12 | x®—3x*+15=0 25 | x*+3x%—24x+1=0
13 | x*+3x*-24x-3=0

KoHTpoJIbHI NUTAHHA

1) Io po3yMi€ThCs il yTOYHEHHSM KOPEHSs?

2) B 4oMy mossrae CyTHICTh METOAY AMXOTOMIi?
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3) Bix yoro 3aexuTh HEOOXiTHA KiIBKICTh MOILIIB Bipi3ka HABIIiJI?
4) Sk oOuparoThCsA KiHIN BiAPi3Ky HACTYIHOI'O IHTEPBAIy B METOJI
JTAXOTOMI1?

5) B voMy mossrae nepeBara MeToay AMXOTOMIi?

TEMA 3. YUCEJIbHI METOJIM PO3B’SI3AHHS HEJITHIHHUX
PIBHSAHb. METO/I XOP/{

3.1 Teoperuuni BizomocTi

AJITOPUTM METOY XOPA:
1. Bmsmauntu 3uax 106ytky Y'(X)-y"(x) ma [a;b].
2. Sxmo Y'(x)-y"(x)>0,10 ¢, =a, A=b Ta

L ten)-(Amcy)
" i f(A)_ f(Cn—l)

3. Sxmo Y'(x)-y"(x)<0,10 ¢, =b, A=a Ta

f(Chg) (A=Cpy)
f(A)-f(cya)

4. Irepariiinuii mpoiec NPUNUHIETHCS, SKILO:

Ch=Chaa—

ICh_1 —Cp| < &, 7€ € - 3a1aHa TOYHICTb.
3.2 KoHTpOJILHUI NPUKIAL

3agaua. MeTosoM XOpl yTOUHUTH KOPIHb PIBHSHHS X +3x°-1=0 ua

BiJIPI3KY BiJIUICHHS KOPEHS [0,1;1] 3 TouHicTIO ¢ =0,01.
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Po3B’sa3aHus

"

1) Busnaunmo 3nak 1o6ytky f'(x)- f"(x) ma Bigpisky [0,1;1]:
3uaiinemo nepmry moxinay f'(X) dymxmii f(X);
f'(x)=3x? +6X,

To6yayemo rpadix dyrxuii Y = f'(X)(pucyrok 3.1)

/ y=F"'{x)

T T 1
-1 1 2
x

Pucynok 3.1 — I'padix moxignoi f’(x)=3x? + 6x
T xe[02:1] £7(x)>0.

3uaiinemo apyry moxiguy f"(x) gysxmii f(X)
f"(x)=6x+6
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T T T
0.3 1 1.3

x

Pucyrok 3.2 — Ipadix moxiuoi f"(x)=6x + 6

Tus x € [0151] £"(x)>0.
Omxe, f'(x)- f"(x)>0. B sxocTi MOYaTKOBOTO HAGIIDKEHHS KOPEHS
Bi3bMeMO TOuky Cy =01 1a A=1, a koxHe HacTynHe HaOIMKEHHS

BH3HAYaTUMEMO 3a (OPMYJIOHO:

C. =C _ f(Cn—l)'(A_Cn—l).
T (A 1)

f(A)=3.

2) PesynpTaTn 004KCIIeHb 3aHECEMO A0 Taduii 3.1

Tabnuns 3.1 — Pe3ynapTatu 004uciaeHb
N ¢, | fle,) |d=c,| f(A)=Sle,) | cor | leni—c)
0,1 -0,969 0,9 3,969 0,3197 | 0,2197
0,3157 | -0,6607 | 0,6803 3,6607 0,4425 | 0,1228
0,4425 | -0,3259 | 0,5575 3,3259 0,4971 | 0,0546
0,4971 | -0,1358 | 0,5029 3,1358 0,5189 | 0,0218
0,5189 | -0,0525 | 0,4811 3,0525 0,5272 | 0,0083
Bignosins: X*=0,5303

A~ W N | O
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3aBaaHHA /151 CAMOCTIHOI podoTH

1. OGuncuri Bci kopewi pisusaas f(X)=0 3 ToumicTio & =10"°

METOAO0M XOPI.

2. BukoHaTu mporpaMHy peaii3alliio po3B’si3aHHS PIBHSIHHS METOI0M

xopn (omatox A)

JlaH1 1719 BUKOHAHHS 3aBAAHHS B3SITH 3 Ta0mmin 3.2.

Ta6mun 3.2 - BapianTu iHAWBIIyaJbHUX 3aB/IaHb

Howmep

Howmep

3aBaaHHsA 3aBJaHHs
BapiaHTa BapiaHTa

1 2 3 4
1 12x*-3x*-12x-5=0 14 12x34+9x*-4=0
2 | x*-3x*+3=0 15 | x*+3x*-1=0
3  |x*+3x°-24x-10=0 16 | x®-3x*-24x-3=0
4 12X +9x° - 21x =0 17 | x*-12x+6=0
5 Ix*+3x*-2=0 18 | 2x®—3x* -12x+10=0
6 x® +3x* —=24x+10=0 19 | x®*-3x?+25=0
7 2x®+9x*-10=0 20 x*+3x2-35=0
8 | x*+3x*-3=0 21 | x*-3x*-24x-8=0
9  |x*-3x*-24x-5=0 22 | x*-12x+10=0
10 |3x®-12x*-5=0 23 | 2x°—3x*-12x+12=0
11 12x*-3x*-12x+12=0 | 24 | x’-4x*+2=0
12 | x*-3x*+15=0 25 | x*+3x*-24x+1=0
13 | x®*+3x*-24x-3=0
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KoHTpoJibHI NUTAHHA
1) B yoMy moJjsirae CyTHICTh METOAY XOpa?
2) 3a siKo10 (hOpMYJIOI0 BU3HAYAETHCS MOXMOKA METOTy XOpa?
3) Slka ymMoBa 3aKiHYCHHS 1TepalliiHOTO TPOIECY B METOI1 XOp?
4) Y 9omy moJIsirae TEOMETPUIHHN 3MiCT METOIY XOp?
5) SIk BUOMPArOTHCS KiHIII BiJipi3Ka iHTEpBaJy B METOi XOpa?
6) SIkuMHU BIACTUBOCTSIMH IOBHHHA BOJOAITH QyHKIs f(X) As Toro,

1100 METOJIOM X0/ MOYKHA BUPILIMTH PiBHAHHS f (X) =0
TEMA 4. YUCEJIbHI METOJIM PO3B’SI3AHHS HEJITHIHHUX
PIBHAHb. METOJ JOTUYHHUX

4.1 Teoperu4Hi BizoMocTi

AJITOPUTM METOAY TOTHYHHX

1) Busmauntu 3uax 106ytky Y'(X)-y"(x) ma [a;b].

2) Stxmo Y'(x)-y"(x)>0,710 d, =b Ta d, =d, 4 ——f’(d”_l) :
f (dn—l)

"(x)-y" _ _ _ f(dn—l)

3) sxmo Y'(X)-y"(x)<0,10 dy=a ta d, =d,_3—— ,
f'(dy-1)

4) Irepanifinuii mpouec NPUNUHAETHCA, AKIIO |d,,_; —d,|< &, 1€ &€ -

3aJaHa TOYHICTD.
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4.2 KoHTpOJbLHMI MPUKJIAA

3agaua. Meronom HploToHa (IOTUYHKX) YTOUHUTH KOPIHb PIBHSHHS

X2 +3%% —1=0 3 Tounicrio £ = 0,01 ua BiJIPI3KY [O ,1;1].

Po3B’s13anns

1) Busnaunmo 3nak 1o6yty: f'(x)- £”(x) Ha Binpisky [0,1;1].

3uaiinemo nepmry moxigay f'(X) dymxmii f(X);
f'(x)=3x"+6x

[ToOyyemo rpadik dpyukiii Yy = f '(X)(pncyHOK 4.1)

T T
-1 1

Pucynok 4.1 — Ipadix moxignoi f’(x)=3x? + 6x
Js xe[011] f/(x)>0.

3uaiinemo apyry moxigay f"(x) gysxmii f(X)
f"(x)=6x+6
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D T T T 1
0.3 1 1.5 2

Pucyrok 4.2 — Ipadix moxiuoi f"(X)=6X + 6

T x €[011] £7(x)>0.

£"(x)>0, mpu xe[0151].

Omxe, f'(x)- f"(x)>0. B sxocTi MOYaTKOBOTO HAGIIDKEHHS KOPEHS
npuiimemo  Touky dy; =1 #  KoXHe HacTynmHe  HaOIMKEHHS

pO3paxoByBaTUMEMO 3a (OPMYJIOIO:

o (0,
- n-1 ] b
f(dy)

2) PesysnbraTé po3paxyHKiB 3aHOCHMO J10 Tabumili 4. 1.

d

n

Tabmuus 4.1 — Pe3ynbraTt 004YKCIIeHb

Ne d f(d) [ f(d,) dpyy | ldna —dy]

0 1 3 9 0,6667 0,3333
1 0,6667 0,6298 5,3337 0,5486 0,1181
2 0,5486 0,068 4,1945 0,5324 0,0162
3 0,5324 0,0013 4,0447 0,5321 0,0003

BignoBiab. x*=05321
22



3aBaaHHA 1J151 CAMOCTIHOI po00TH

1. OGuncnuTH OAMH 13 KOPEHIB DIBHAHHSA f(X)z 0 3 Tounicrio

6
& =10" MeromoM MOTHYHUX.

2. Buxonaru nporpamuy peainizariito (Jogatok A)

JlaH1 1719 BUKOHAHHS 3aBAAHHS B3SITH 3 Ta0mmi 4.2.

Ta6muis 4.2 - BapianTu iHAWBITyaJbHUX 3aB/IaHb

Homep Homep
BapiaHT 3aBnaHHs BapiaHT 3aBraHHs
a a
1 12x*-3x*-12x-5=0 14 1 2x® +9x* -4=0
2 1x*-3x*+3=0 15 1x*+3x°-1=0
3 |x*+3x°-24x-10=0 16 | x®-3x*-24x-3=0
4 1 2x° +9x* -21x =0 17 1x*-12x+6=0
5 x*+3x*-2=0 18 | 2x®-3x*-12x+10=0
6 | x*+3x*-24x+10=0 19 | x®-3x*+25=0
7| 2x*+9x?-10=0 20 | x*+3x*-35=0
8 |x*+3x*-3=0 21 | x*-3x*-24x-8=0
9 | x}-3x*-24x-5=0 22 1 x*-12x+10=0
10 |3x®-12x*-5=0 23 | 2x* —=3x*-12x+12=0
11 |2x3=3x*-12x+12=0 | 24 |x*—-4x*+2=0
12 | x*-3x*+15=0 25 | x*+3x%*-24x+1=0
13 | x®+3x*-24x-3=0
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KoHTpoJibHI NUTAHHA

1) B uomy mossrae CyTHiCTh METOIY JOTHUYHHUX ?

2) Slkmii KpuTepiii BHOOpPY HYJIBOBOIO HAOJIMKEHHS B  METOII
NOTUYHUX ?

3) B uomy mossirae reoOMETpUYHUN CEHC METOY JOTUIHUX ?

4) Tlo sixiii (hopMyITi BUBHAYAETHCS TOXUOKA Y METO/I1 TOTUIHHX ?

5) Jlo skux mip MOTPIOHO MPOJOBXKYBATH OOYKMCICHHS METOAOM
JOTUYHUX (METOJIOM MPOCTOi iTeparlii), 1od OTpUMaTH PIllIEHHS 13 33JaHOI0

TOYHICTIO €?

TEMA 5. YUCEJBbHI METO/IY PO3B’SI3AHHS HEJITHIMHUX
PIBHSIHb. METO/I ITEPALIA

5.1 TeopeTu4Hi BizoMocCTi

AJITOpUTM MeTOAy iTepaiiil (MeToxy MOCJaiTOBHUX HAOJINKEHD)
1. 3aminumo piBusaHs f (X) PIBHOCUJIbHUM:
X =p(x), ne Xx=p(x)=x-1-f(x)
2. HeoOximHO migiOpaTH MOCTIMHY A TaKUM YMHOM, 10O B CepeauHi
BIJIpI3Ka [a; b] KOpeHs1 X BUKOHYBaJIacs PiBHICTb:
1 .
A=—, n0e M= max‘go (X)‘
M, [a;b]

3. ko Ha BiIPI3KY [a; b] BUKOHYETbCSI YMOBa 301KHOCTI METOY

iTeparii

¢'(x) <1, To HaCTyNHE HAOMMKEHHs 3HAHIEMO 32 OPMYJIOFO:

Xn+l :Xn _/1 f(Xn)
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4. Ilpouec irepauii NPUIUHACTLCA, AKIIO |X, — X, ;|<&, A€ & -

3aJaHa TOYHICTb.
5.2 KoHTpoJbHuUil MpuKIaa

3agaya. MetonoM  iTepamii = YyTOYHUTH  KOpPIHb  PIBHSHHSA

X3 +3x2-1=03 Harepes 3a1aH0i0 TOUHICTIO ¢ = 0,01 Ha BiApi3Ky [0 3 ;1].

Po3B’si3aHHs
1) 3aminumo piBasuas f(Xx)= x* +3x® —1 piBHOCHIBEHUM X = gD(X),
ne p(x)=x-4-f(x).
o(x) = x+ A(x% +3x% -1)
2) YmoBa 301KHOCTI METOy iTepalliii Mae BUIJIS

@'(x) <1.

3) OO6umcauMo moCcTiHy A

9'(x) =1+ A(3x% + 6X),

‘1+ /1(3x2 + GX} <1,

—1<1+ A(3x% + 6x)<1,

~2<(3x% +6x)<0.

Hexaii z(x)= ¢'(x) = 3x* +6x .Dynxuis z(x)=3x*+6X 3pocrae Ha
BIZIPI3KY [O 3 ;l] .O0uncInumo:

2(03)=3-0,3*+6-03=2,07,

z(1)=3-1"+6-1=9.

M = max|e'(x) = max [z(x) =9
[a;b] [a;b]
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2
Otxe —§ <A<0. Ipuitmemo 2 =-01

4) KoxHe HacTyHe HaOIMKEHHS 3HAAeMO 110 GopMyIIi:

Xn = Xn—l +4 f (Xn—l)

X1 = —0,lxn3 —O,3xn2 +X,+01
5) Hexait Xy =0,3.

CknanemMo po3paxyHKOBY Tabnuifto (tabu. 5.1).

Tabmuns 5.1 — Pe3ynabTatu 004uciaeHb

No X f(x,) X1 Xpa1 — X
0 0,3 -0,703 0,3703 0,0703
1 |0,3703 -0,5379 0,4241 0,0538
2 |0,4241 -0,3841 0,4625 0,0384
3 | 0,4625 -0,2593 0,4884 0,0259
4 10,4884 -0,1679 0,5052 0,0168
5 | 0,5052 -0,1054 0,5157 0,0105
6 | 0,5157 -0,065 0,5222 0,0065

Bignosias: X* = 0,5222_
3aBaaHHA /151 CAMOCTIHOI podoTH

1. OGuucnuTH ouH i3 kopewis pisustaus f (X) =0 3 Tounictio & = 10°°
METOJIOM ITPOCTHUX ITEpaIlii.
2. BuxonHaTu mporpaMHy peatizaiiro Metoaa irepaiii (JJomatok A)

JlaH1 1719 BUKOHAHHS 3aBAaHHS B3STH 3 Ta0mui 5.1.
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Tabmui 5.1 - BapianTu iHAMBIIyabHUX 3aB/1aHb

Ho.Mep 3aBaaHHs Ho'Mep 3aBaaHHA
BaplaHTa BaplaHTa
1 2x° —3x* —-12x-5=0 14 1 2x°+9x*-4=0
Z x°*-3x*+3=0 15 1 x*+3x*-1=0
3 x> +3x% —24x-10=0 16 x® —3x*—24x-3=0
4 2x° +9x* - 21x =0 7 1 x*-12x+6=0
5 x3+3x2-2=0 18 2x® —3x* -12x+10=0
6 x> +3x% —24x+10=0 19 x> —3x2+25=0
7 2x°> +9x° -10=0 20 x}+3x2-35=0
8 x*+3x*-3=0 21 | x*-3x*-24x-8=0
9 x* —3x* - 24x-5=0 22 | x*-12x+10=0
10 33 —12x2 —-5=0 23 2x° —3x* -12x+12=0
11 2x® —3x* -12x+12=0 24 | x*—4x*+2=0
12 x> —3x*+15=0 25 X +3x% —24x+1=0
13 x> +3x* —24x-3=0
KoHTpoJ bHI NUTAHHA

1) B yomMy moJsirae CyTHICTh METOJTY iTepariiii?

2) Jlo sxoro BUAy HEOOXITHO MEPETBOPUTH PIBHSHHS JUIS METOMY
iTepariin?

3) Slkwmii kpuTepili BUOOPY MOCTIHHOT A B MeTOI iTepartiit?

4) SIxa ymoBa 301KHOCTI METOY iTepartiii?

5) Io sxiii GopMysTi BUBHAYAETHCS MOTPIMIHICTh Y METO/I iTepariii?
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TEMA 6. PO3B’SI3AHHSI CUCTEM JIIHIMHUX PIBHSIHb
6.1 TeopeTuuni BitomocTi

AJITOPUTM MeTOAy iTepairiii.

Hexaii 3anana cuctema (6.1) iuucio ¢ > 0 ((£€ He OLIbIIe TOyCTUMOT

MOXUOKU HAOJIMIKEHOTO PIIIICHHS).

)
QX +apX, F.o+ X . X, =h,

X (6.1)

A Xy + 85X+ A X+ A X, =h,.

i nn

\

1) TlepeBipsieMO TOCTaTHIO YMOBY 301KHOCTI iT€PALIHHOTO MPOLIECY:
n
3> Z‘aij‘ (i=12,..,n).
=1
J#1

2) Opepky€eMo pHUBEICHY CUCTeMY(HAPUKIaL A1 BUAAKY n = 3)

-
_ A3 h _
X ==X == Xy + = DX +bipX +y,

all all all
a a h
a22 a22 a22
a a h

L a33 a33 33

OO6upaeMo oYaTKOBE HAOIMIKEHHS X(O) = (X{O) = b_L; Xgo) = b2’ Xgo) = b3).

Hexait Busnauene (K —1)-e nabmmxenns x*2 = (x{ x{D kD),

3) Busnauaemo N -e HaOmmxeHHS 3a GOpMYyTaMH

X" = by, 4 bpx Y by,
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xgk) = b21x1("‘1) + b23x§"‘1) +b,,

X = by x* Y 4 b, x* Y 4 b,
4) BuzHauaemo pi3HHIII ‘ng_l) — ng)‘ (J =1, 2,3) i

k-1 k
& = max‘xg )—Xg )‘, k=1,2,..,n.
J

Sgxkmo ¢, < &,k=1,2,...,n, To iTepaniifnuii nmpomec 3akiHueHO. Po3B’s3K0M

CUCTEMHU BBaAKXa€EMO
0 = (0,10, 0.

Skmo x &, = £, TO BEpTaeEMocs 10 Aii 3.

Ajaroputm Meroay 3euaesns

1)  IlepeBipsieMO AOCTATHIO YMOBY 301’KHOCTI MPOIIECY ITEPALIiid:

, i=1,n.

< ‘aii

n
2 |4y
i=1
J#i
2)  OpnepxuMo TmpuBeACHY cucteMmy. IlomepenHbo MpeacTaBUMO
AlaroHanbHI KOoe(IUieEHTH @;; y BUIJAAL pi3HuULl yucia 10 1 ymcna G, o0
nonosHe g;; 10 10, To6To 10—C;; = ;5
(].O — Cll)xl + ajpXo + ajzXs +...+ A X, = bl’

anr1X; + (10 —Coy )X2 + Cl23X3 +...+ aznxn = b2,

(A1 X +a,nX) +a,3x3 + .+ (10 —Cpp )xn =b,,

[Ticnst mepeTBOPEHB OJIEPKUMO CHCTEMY:
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X = blz)Cz +bl3X3 +...+b1nxn + ﬁl’
.XZ = b21x1 +b23X3 + ...+b2n.xn + ﬂz,

\xn = bnlxl + bnz.xZ + ...+ bnn_l.xn_l + IBI’Z’

i J
> b; _
ne b,-j=<10 , Bi=—5 ij=Ln.
ajj L 10
__’l
. 10 /

3) IlepeBipsieMO AOCTATHIO YMOBY 301KHOCTI MpoOIIeCy iTepartii 1ist
HaBEACHOI CUCTEMU:

n

2
i=1
j#i

b <1; i=Ln.

ij

4) 3a HyabOBE HAOIMKCHHS IPUHHATH CTOBIEIb BUIBHUX YICHIB:
5) [pu smaxomkenni (k +1)-ro HabiwkeHHS x; BPaXOBYBATH BiKe

obuncreni panimre (k + 1)-¢ HAGTIKEHHS Xq, X,..., X{_1.
: (k-1 K)| ¢ .
6) Buznauaemo pi3HHMIII ‘XS ) XE )‘ ( j=1 2,3) 71

£ = max‘xgk‘l) = ng)‘

Sxmo &, < &, TO mpoluec 3aKiH4eHO. PO3B’A3KOM cHUCTEMHU BBaXKA€MO
K~ (9, X, x49).

Skmo x &, = &, TO BepTraeMocs 0 Iii S.

6.2 KoHTpobHUIT IPUKJIa/

3agaua 1

P0o3B’3aTH CHCTEMy PiBHSHB MeToI0M itepatii 3 Tounictio & = 0,1 :
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4x1—x2 +X3 =4
x1+6x2 +2X3 :9

_xl_2X2 +5.)C3 =2

Po3B’sa3aHus

1) I[TepeBiprMO HEOOX1THY YMOBY 301KHOCTI 1TE€PAIlIHHOTO MPOIIECY:

n
i - cee
Z‘a]|<|al] |9l 1329 N

j=1

JE!
1+1=2<4;
1+2=3<6;
1+2=3<5;

Heo06xigHa ymoBa 301’KHOCTI 1T€pPAIIITHOTO MPOIECY BUKOHYETHCHL.
2) 3anuiieMo CUCTEMY B IPUBEIACHOMY BUTJISIIL:
x; =0,25x5 —0,25x5 +1;
xy =—0,17x; —0,33x5 +1,5;
x3 =0,2x; +0,4x, + 0,4
3) BusznHauumo cymy MOAYJIB KOE(IUIEHTIB KOKHOTO MPHUBEIECHOTO
PIBHSIHHSI:
n .
El\ bl i=12,..,n;
Jj#1
0,25+0,25=0,5
0,17+0,33=0,5
0,2+0,4=0,6
4) 3a moyaTKOBE HAOJIMKEHHS CHCTEMH BI3bMEMO 3HAYCHHS BUIBHUX

YJICHIB:
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O 1,

9

xéo) =1,5;
0 =04,

.

5) Ilepuie HaGIMKEHHS Ny

;' obumcnuMo  4epes

1JICTAaBUBIIM 3HAYEHHS B IPUBEJICHI PIBHIHHS:

(x® =0,25-1,5-0,25-0,4+1=1,275;
IxP = -017.1-0,33-0,4+1,5=1198;
x§) =02-1+04-15+0,4=12;

x® =1,275;
Ix{M =1198
xgl) =12.

[lepeBiprMO BUKOHAHHS HEPIBHOCTEH:
‘xi(l) — xi(o)‘ <01i=123;
‘1,275 —Zu =0,275>0,],

[IponoBkyemo iTepamiiftHuil mporec.

(2)

6) Jpyre HaOnmxeHHs X; !

(x(2) =0,25-1198-0,25-1,2 +1=0,999;

.

%*)=02-1275+0,4-1198+0,4 =113;

(x(® =0,999;
Ix$2) =0,88;
x{?) =113,
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x$?) =-017-1275-0,33-12+15=088;

TIOTICPETHE,



[TepeBiprMO BUKOHAHHS HEPIBHOCTEH
X? -xP|<01i=123
0,999-1,275/=0,276 < 0,1.

[IponoBxkyemo iTepaliiitHuil mpoLec.

(3)

7) Tpere HaOMKEHHS X, !

x*) =0,25-088-0,25-113+1=094;
x{*) =-017-0999-0,33-113+15=096;
x{*)=0,2-0999+0,4-088+04=095;

[lepeBiprMO BUKOHAHHS HEPIBHOCTEH:
xi(3) - xi(z)‘ <01i=123
0,94 — 0,999‘ =0,059<0];

0,96-0,88 =0,08<01;
0,95-113=018>0,1.

[IponoBkyemo iTepamiifHuil mporec.

(4)

8) UerBepTe HAOIMKEHHS X,

(x(=0,25-096—-0,25-095+1=1;
x\*'=-017-094-0,33-095+15=103;
x*=02-094+04-096+04=097.

/\

X =1,03;
XY =097.

/.

ITepeBipMMO BUKOHAHHS HEPIBHOCTEIA: ‘Xi(4) _ xi(?’)‘ <01
1-0,94/=0,06 <01,
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1,03—0,96/ = 0,07 < 0,1,
0,97 —0,95/= 0,02 < 0,1.

ITepariiinuii mporiec 3aKiHYEHO.

9) PesynbpTat 00YMCIICHD 3aIUIIIEMO B TAOJIHITIO:

Tabnuns 6.1 — PesynpTatu 0o0uuciaeHb

(n)

: < Ne pe
0 1 1,5 0,4
1 1,275 1,198 1,2
2 0,999 0,88 1,13
3 0,94 0,96 0,95
4 1 1,03 0,97

BingnoBinb: x; = 1; x; = 1,03; x3 = 0,97

3anaya 2
Po3B’A3aTH CHCTEMy PiBHSHB MeTonoM 3eiinens 3 Tounictio & = 0,1
4x) — x5 +x3 = 4;
X +6x, +2x3 =9
— X —2Xxy +5x3 = 2.
Po3B’a3aHHs
1) Heo6xinHa yMoBa 3015KHOCTI 1T€pPaALIiHOTO MPOIECY BUKOHYETHCSI.
2) 3anuiieMo CUCTEMY B NPUBEJICHOMY BUTJISIAL:
(10=6)-x; —x) +x3 =4
X1 +(10-4)xy +2x3 =9
—x; —2x, +(10=5)x3 = 2.
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10x1 —6x1 — Xy +X3 =4

X1 +10)C2 —4X2 +2X3 =9

—X] _2X2 +10.X3 _SX3 =2.

10x1 = 6X1 ‘|‘X2 — X3 +4,

lon =-—X] + 4X2 — 2X3 + 9,

10x3 = x; +2x5 +5x3 + 2.
x; = 0,6x; +0,1x, —0,1x5 + 0,4;
Xy = —0,1x1 + O,4X2 — 0,2X3 + 0,9,
X3 = O,le + O,2X2 + O,SX3 + 0,2

3) IToyaTrkoBe HAOIMKEHHS xi(O) ,i=123

(xl(o) =0,4
Ix$ =09
x? =0,2.

4) Iepuie HAOIUKEHHS: Xi(o), =123
(xV'=06-04+01-09-01-02+04=071;

x =-01-0,71+0,4-09-0,2-02+09 =115;
x{"=01.0,71+0,2-115+05-02+0,2=06.

N

5) [lepeBiprMO BUKOHAHHS HEPIBHOCTEH:
‘Xi(l) - Xi(o)‘ < 0,1;

0,71-0,4/=0,31>0,1.

[IponoBxxyemo iTepaliitHuil mpotec.

6) Jlpyre HaOAMKEHHS Xi(z) 1=12,3;
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(x(? =0,6-0,71+01-115-0,1-0,6+ 0,4 = 0,88;
x{? =-0,1.0,88+0,4-115-0,2-0,6 + 0,9 =115;
x{¥) =01-0,88+0,2-1,15+0,5-0,6 +0,2 = 0,82,

[TepeBipuMO BUKOHAHHS HEPIBHOCTEM:

xi(z) - xi(l) <0L

085-0,71=014>0,1.
[IpomoBkyemo iTepaliitHuil mporec.
7) Tpete HAOAMKEHHS Xi(3) 1=123;

x*) =06-088+0]1-115-01-082+0,4 =096;

x¥ =-01.096+04-115-0,2-082+09 =11;

x{=01.096+0,2-11+05-082+0,2=093.
[lepeBiprMO BUKOHAHHSI HEPIBHOCTEH:

‘xi(3) - xi(z)‘ <01

0,96 0,88 = 0,08 < 0.1
11-115=0,05<0,L;
0,93-0,82/=0,11>0,1.

[IpomoBxyemo iTepaliitHui Iporiec.

8) UerBepre HabmmkeHHs XV,i=12,3;
x*=06-096+01-11-01-0,93+04=0,99;
X" =-01-099+04-11-0,2-093+09=1,06;
x{*)=01.099+0,2-106+05-093+0,2=098.

[lepeBipuMO BUKOHAHHSI HEPIBHOCTEM:

X x| <ogi=123

0,99-0,96/=0,03<0,1;
1,06-11=0,06 <0,
0,98-0,93 =0,05<0,1.
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[Tepariiinuii mporiec 3aK1HYCHO.

9) Pesynbraru 3anuiiemMo B Ta0muiio 6.2.

Tabnuns 6.2 — PesynpTatu 00YnCIeHb

n X" x5 x5
0 0,4 0,9 0,2
1 0,71 1,15 0,6
2 0,88 1,15 0,82
3 0,96 1,1 0,93
4 0,99 1,06 0,98

Bignosiab: x; = 0,99; x; = 1,06; x; = 0,98.

3aBaaHHA 1JI51 CAMOCTIiHOI po0oTH
1) Merogom iTepalii Ta METOJAOM 3eieass pPO3B’SI3aTH CHCTEMY
JIHIMHUX PiBHSIHB 3 TouHICTIO 710 0,001,

2) BukoHnaTu rmporpaMHuy peaiizaiito 3anadi (Jlogatok A)

[x, =0,21x, +0,12x, —0,34x, —0,16x, — 0,64;
X, =0,34x, —0,08x, +0,17x, —0,18x, +1,42;
X, =0,16x +0,34x, + 0,15x, —0,31x, — 0,42;

X, =0,12x, - 0,26x, —0,08x, + 0,25x, + 0,83.

Bapiant Ne 1 <

(x =0,32x, —0,18x, +0,02x, + 0,21x, +1,83;
X, =016x +0,12x, —0,14x, + 0,27X, —1,65;
X, =0,37x +0,27x, —0,02x, — 0,24X%, + 2,23;
X, =012x +0,21x, —0,18x%, + 0,25x, —113.

BapianT Ne 2.
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BapianT Ne 3

BapianTt Ne 4

Bapiant Ne 5

Bapiant Ne 6

Bapiant Ne 7

Bapiant Ne 8

BapianT Ne9:

(x, = 0,42x, —0,52x, + 0,03x, + 0,44;

X, = 0,31x, — 0,26, —0,36X, +1,42;

X, =0,12x +0,08x, —0,14x, —0,24x, —0,83;
X, =0,15x, —0,35x, —0,18x, —1,42.

(x, =0,18x,—0,34x, —0,12x, + 0,15x, —1,33;
X, =0,11x +0,23x, — 0,45x%, + 0,32x, + 0,84;
X, =0,05x, —0,12x, + 0,14x, — 0,18x, —1,16;
X, =012x, +0,08x, +0,06x, +0,57.

(x, =0,13x_+0,23x, —0,44x, +0,05x, + 2,13;
X, =0,24x —0,31x, + 0,15x, —0,18;
X, =0,06x, +0,15x, —0,24x, +1,44;
X, =0,72x, —0,08x, +0,05x, + 2,42

<

(x, =017x, +0,31x, —0,18x, +0,22x, —1,71;
X, =—0,21x +0,33x, + 0,22x, + 0,62;

X, =0,32x —0,18x, + 0,05x, —0,19x, —0,89;
X, =012x, +0,28x, —0,14x, +0,94.

<

(x, =0,13x, +0,27x, — 0,22x, —0,18x, +1,21;
X, =-0,21x —0,45%, + 0,18x, — 0,33;

X, =012x +0,13x, —0,33x, + 0,18x, —0,48;
X, =0,33x, = 0,05x, +0,06x, —0,28x, —0,17.

J

(xl =0,19x, - 0,07x, + 0,38x; —0,21x, — 0,81,
x, =-0,22x, +0,08x; + 0,1 1x; +0,33x, — 0,64;
x; =0,51x, = 0,07x, +0,09x; - 0,11x, +1,71;
|x; =0,33x, - 0,41x, —1,21.

3

(xl =0,22x, — 0,1 1x; +0,31x, +2,7;
x, =0,38x, —0,12x; + 0,24x, —1,5;
x; =0,11x, +0,23x, —0,51x, +1,2;

(x4 =0,17x, —0,21x, +0,31x; — 0,17.
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Bapiant Ne 10

BapianT Nell .

(x, =0,07x, —0,08x, +0,11x, —0,18x, — 0,51;
x, =0,18x, +0,52x, +0,21x, + 1,17,

x; =0,13x, +0,31x, —0,21x, —1,02;

| x, =0,08x; —0,33x; +0,28x, —0,28.

3

(x, =0,05x, —0,06x, —0,12x; +0,14x, — 2,17,
x, =0,04x, —0,12x, + 0,68x; + 0,1 1x, +1,4;
x; = 0,34x, +0,08x, —0,06x; + 0,44x, — 2,1;

BapianTt Ne 12/

BapianT Ne 13/

BapianTt Ne 14/

BapianT Ne 15/

~

-

BapianT Ne 16

\

x, =0,11x, +0,12x, — 0,03x, — 0,8.

(x, = 0,08x, —0,03x, — 0,04x, —1,2;

x, =0,51x, +0,27x; —0,08x, + 0,81,
x; =0,33x, —0,37x; +0,21x, —0,92;
(. x, =0,11x; +0,03x; +0,58x, +0,17.

(x, =0,12x, —0,23x, + 0,25x; —0,16x, +1,24;
x, =0,14x, +0,34x, — 0,18x; + 0,24x, — 0,89;
x; =0,33x, +0,03x, +0,46x; —0,32x, + L,15;
x, =0,12x, —0,05x, +0,15x, —0,57.

(% =0,23% —0,14X, + 0,063 —0,12x, +1,21;
Xo =0,12% +0,32X3 —0,18%x, —0,72;

X3 =0,08% —0,12%, + 0,23%3 + 0,324 —0,58;
| X4 =0,25%; +0,22%, +0,14x3 +1,56.

(x, = 0,14x, +0,23x, +0,18x; +0,17x, —1,42;
x, =0,12x, = 0,14x, + 0,08x; + 0,09x, —0,83;
x; =0,16x, +0,24x, —0,35x, + 1,21;

x, =0,23x, —0,08x, + 0,55x; + 0,25x, + 0,65.
x; =0,24x, +0,21x, + 0,06x; —0,34x, +1,42;
x, =0,05x, +0,32x; +0,12x, — 0,57;

x; =0,35x, —0,27x, —0,05x, + 0,68;

"

x, =0,12x, -0,43x, + 0,34x; —0,21x, — 2,14.
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BapianTt Ne 174

BapianT Ne 18-

Bapiant Ne 19/

BapianT Ne 20/

Bapiant Ne 21/

BapianT Ne 22.

.

(x, =0,17x, +0,27x, — 0,13x, — 0,1 1x, —1,42;
x, = 0,13x, —0,12x, +0,09x; —0,06x, + 0,48;
x; =0,11x, +0,05x, —0,02x; +0,12x,-2,34;
(x, =0,13x; +0,18x, + 0,24x; +0,43x, +0,72.

(x, =0,15x, +0,05x, —0,08x; + 0,14x, — 0,48;
x, =0,32x, —0,43x, —0,12x; — 0,1 1x, +1,24;
x; =0,17x, +0,06x, —0,08x; +0,12x,+1,15;
x, =0,21x, —0,16x, +0,36x; —0,88.

(x, =0,28x, — 0,17x; +0,06x, +0,21;
x, =0,52x, +0,12x; +0,17x, —1,17;
x; =0,17x, —0,18x, +0,21x; — 0,81;
x4 =0,11x; +0,22x, + 0,03x; +0,05x, +0,72.

(x, =0,52x, +0,08x; +0,13x, —0,22;

x, =0,07x, —0,38x, —0,05x; +0,41x, +1,8;
x; = 0,04x, +0,42x, + 0,1 1x; —0,07x, —1,3;
\x, =0,17x, +0,18x, —0,13x; +0,19x, +0,33.

(x, =0,01x, +0,02x, — 0,62x; +0,08x, —1,3;
x, =0,03x, +0,28x, +0,33x; —0,07x, + L1;
x; = 0,09x, +0,13x, +0,42x; +0,28x, — 1,7,
x;, =0,19x, —0,23x, +0,08x; +0,37x, +1,5.

x, =0,17x, —0,33x; +0,18x, —1,2;

x, =0,18x, +0,43x; —0,08x, + 0,33;

x; =0,22x, +0,18x, +0,21x; + 0,07x, + 0,48;
x, = 0,08x, +0,07x, +0,71x; +0,04x, —1,2.

-

Bapiant Ne 23/

x, = 0,03x, — 0,05x, +0,22x; —0,33x, + 0,43;
x, =0,22x, +0,55x, — 0,88x; + 0,07x, + 1.8;
x; = 0,33x, +0,13x, — 0,08x, — 0,05x, —0,8;

\

x, =0,08x, +0,17x, +0,29x; +0,33x, +1,7.
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(xl =0,13x, +0,22x, — 0,33x; +0,07x, + 0,1 1;
x, =0,45x, —0,23x; + 0,07x, —0,33;

x; =0,11x, —0,08x; +0,78x, + 0,85;

| x, =0,08x, +0,09x, +0,33x; +0,21x, —1,7.

Bapiant Ne 24/

KoHTposbHI nUTAHHA
1) Slxa nocraTHs ymMoBa 301KHOCTI iTepaliiHOTO Iporecy?
2) Sk onepkaTH MPHUBEACHY CHCTEMY PIBHSHB JJIs PO3B’sA3aHHSA 1l
METOJIOM ITeparii?
3) Sk onmepxaTH MPUBEACHY CHCTEMY PIBHSHB JJIS PO3B’sA3aHHA ii
MeTooM 3enaens?

4) Sl BU3HAYMUTH MMOYATKOBE HAOIMKCHHS CUCTEMH, JIJISl PO3B’ SI3aHHS
il HaOIMKEeHUMU MeTo1aMu?

5) Sk BH3HAYHMTH HACTYITHE HAOJVDKEHHS MIPHU PO3B’SI3aHHI CHCTEMU
METOJIOM ITeparrii?

6) Sk BU3HAYMTH HACTYIHE HAOJIW)KCHHS NPU PO3B’s3aHHI CHCTEMU
MeTooM 3enaens?

7) Slka yMOBa 3aKiHYCHHS iT€paIiifHOTO mporecy?

TEMA 7. PO3B’SI3AHHHSI CUCTEM HEJIIHIMHUX PIBHSAHb

7.1 TeopeTn4Hi BigzomMocTi

AJITOPUTM MeTOAY iTepaiiii.

CucreMy IBOX piBHSIHB 3 JJBOMa HEBIJJOMUMU
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f.(x,y)=0,
{ 1(X%Y) 1)
fo(x,y)=0
MPEJICTAaBUMO Y BUTJISII
X=01(X ),
1.2
{y = gZ(X’ y) ( )

Hexait oauH 3 po3B’sI3KiB CUCTEMH HalekuTh obmacti D: a<x <b,
c<y<d.

[lepenuiiemMo npasi YaCTUHU PIBHSAHD (7.2) y BUTIIA1

{gl(x, y) = X+ Ay Ty (%, ) + Ag Fo (X, V), (7.3)
gZ(X1 y) = y‘|‘/121 fl(X, y) +ﬂ/22 fz(X, y)

Hegimomi moctiitHi koeditieaTuA;;, i = 1,2;j = 1,2BU3Ha"aemMo 3 JOCTATHIX

ijr

yMOB 301KHOCTI 1T€paliitHOTO MPOIIECy:

7.4
|, 09, ‘1 (7.4)
OX OX
%0 + 992 <1.
oy| |oy
a0o
of of
1+ 1y Ay — + Ayy —2| <1
/111 OX /112 6x 21 OX 22 OX
ﬂﬂ 8f1 8f2 1+1211+/122 ot <1
2 oy oy

Jluis BU3HAYEHHs IOCTIMHHUX Aij (i=12; j=12) npunyctumo, 10

HOpMa MmaTpuili SIko0i JOpIBHIOE HYJIIO B TOYII (x(o) ,y(© ) Toni, B cuity
HETEePEepPBHOCTI KOMIIOHEHT MaTpuill SKko0i, 3HAWMACTBCA OKUI TOYKH
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(x(o), y(©) ), e HJ (X)H <1 1 yMOBH 301KHOCTI iT€paliiHOrO Mporecy OyayTh

BUKOHAHI.

3 piBHstHHS | J (X)| = O BUILIKBAE, IO

%9
0%

_ 0%
(0)) 8X2

_99z
(0)) 6X1

_99;

= =0
(0)) 8x2

(X(O);y (X(O);y (X(O);y (X(O);y(O))

Takum 9uHOM, OAEPKUMO CHUCTEMY 3 YOTHUPHOX PIBHSHb 3 YOTHUPMA

HEB1IOMUMH [JIsl BU3HAYCHHS MOCTIHUX i (i=12; j=12):

-

1+ + =0,
/111 8X (x,y©) /112 5X (x©,y©)
of, of
mSH  wmpSH =0
oy (Xw),yw)) oy (x(o),y(O))
- - o (7.5)
14 Ay —— + Agy—2 =0,
OX (x©,y©) OX (x©,y©)
of, of
Ao1—= +Ap—= =0
L\ oy (x(o),y(o)) oy (x(o),y‘o))
[Ilo6 po3B’s3aTH cucTeMy MOTPIOHO 3a7aTH HadajdbHE HAOIMKEHHS
of; of;
(x(o), y(o))e D, OOYHCINTH 3HAYCHHS MOXITHUX Ta —- B
OX|(xo yory oy (x@ y©)

1 To4Ill.
Touky (x(o) , y(o)) BM3HAYAEMO SK KOOPJMHATH TOYKU IIEPETUHY
rpadikis ¢pyuxuin fi(x,y)=0 i f,(x,y)=0.
Hacrymae HaOnmmKeHHS 3HaX0AUMO 33 (OopMyJIaMH:
XD = x4+ 2, (X, y )+ A, £, (X y ™), (7.6)
y = y® 4 Ax fl(x(n) y")+ A (x™, y™)
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ITpouec

iTepartii

NPUIMHACTECSA,  SKIIO x(M _ (-1

y(M _y(Dl< o ne & - 3anana ToUHICTS.

Meton HproToHA 1151 pO3B’A3aHHSA CMCTEMHU HEJiHIMHUX PiBHAHb

BUJY

3HaYeHHA X,

F(x.y)=0,
G(x,y)=0.

{

U Y, BHU3HaA4awTbcA TpadiuHo. g 3HAXOIKEHHS

HACTYyIHUX HAOJMKEHb BUKOPUCTOBYIOTh CITIBBIAHOILICHHS

-

"

AC

(o) A7)
(7.7)
YD) _ () Ay
Ah
Ah _ FX (X(n), y(n)) Fy (X(n), y(n) |
GX<X(n), y(n)) Gy(x(n)’ y(n)

e F(x™, y™) ,:y(x(n)’ym) Ay :‘F(xn,yn) FX(Xn’yn)J'
G(%,.Ya) Gy (%, Yn) G(X:Yn) Ge(Xn, Vi
[Tponec  irepamii  NpUNMHSAETBCA,  AKIIO ‘x(”) _ x(”—l)‘ <e,

y(n) _ y(n_l)‘ S &, I[e

& - 3aJaHa TOYHICTb.

7.2 KOHTPOJILHUHA NPUKJIA

3agaua 1

JlaHna cuctema piBHSIHb

y(x-1)-1=0,
X2 —y2 -1=0.

|
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3muaiiti 3 Tounictio & = 0,001 PO3B’A30K CUCTEMU, PO3TAIIOBAHUU Y
nepruiii uepri mwrommun OXY .

Po3B’sa3aHus

BignineHnHs kopeHst mpoBoAuMO rpadiuHuM MeTooM (puc. 7.1).

w
t

a

Pucynok 7.1 — I'padik pynkmiin f(X,y) ta fo(X,y)
3 rpadiky 6aunmMo, 10 KPUBI MEPETHHAIOTHCS B JBOX TOYKaxX. 1T00TO
cUCTEMa PIBHAHb MA€ JIBa KOpeHi. Po3riissHeMo ofuH 3 HUX.
3a mo4aTKoB1 HAOIMKEHHS TPUUMAEMO x(® —15: y(o) =15.
s Buznayenns xoedinientie A;;, (i =1,2; j =1,2) neobxigHo
pO3B’s3aTH cUCTEMY PiBHHB (7.5).

OGuuciumo  moximui  pyukuit  fi(X,y) T1a fo(X,y) B TOUmI

x© =15, y© =1 5:

ul = y‘(x(o) 15,015 = 1)
OX (X(O) =1’5,y(0) =15) Baiti i
%2 = ZX‘(X(O) 15,y 15) 3
X (x(o) =1,5,y(0) =1,5) Y
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= (X _1)‘(x(0) 15,y =15 ~ 0.5;
(x(@ =15,y 15)

ot

oy

Tom

((1+1,544, + 345, =0,
1,551 + 349, =0,
{1+ 0.54y; — 34y, =0

- 2y‘(x(o) —15,y@ 15 ~ -3.
(x9 =15,y =15

3 pO3B’sI3Ky CUCTEMU 3HAXOJIUMO:

1 1 1 1
:——; :——;ﬂ :——’ﬂd =—
M1 > A1 o =g ey

ITepariiini oOuMCIEHHS TPOBOAUMO 1O PopMyJiax:

[ (042) _ () _ % (y®(x ~1)-1)- é ()2~ (y™y2 _1)

y( D — () _ % (y<n>(x(n> _ 1)_ 1)_ % ((Xm))z _(y™y2_ 1)

PesynbpTaTn obuncnens 3aneceMo a0 Tabsmi (Tadsm. 7.1)

Tabmauus 7.1 — Pe3ynbraTt 004YMClICeHb

Ny |y e (x yMy £, (x(M y(My x(M _ y(-1) ‘y(n) —y(-D
0| 15 1,5 -0,25 -1 - -
11,7083 |1,3750 -0,026 0,0278 0,2083 0,125

2 | 1,719 |1,3950| 0,00303 0,00917 0,0107 0,01997

3 11,7168 | 1,3957 | 0,00041 -0,00083 0,00228 0,000775

4 |1,7166 | 1,3953 | -0,00008 -0,00014 0,00013 0,00041
51,7167 | 1,3953 | -0,00001 -0,000022 0,00005 0,000002

Bigmosins: X*=1,7167; y*=13953.
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3agaua 2

BukopucroByroun Mmeron HwroToHa, po3B’s3aTH CHUCTEMY HEIIHIHHUX

pisasus i3 Tounictio € = 0,001,

X—1+siny=0,
y—sin x=0.

Po3B’s13aHHs

Busnagaemo: F =x-1+siny, G=y-sinXx.

Pucynok 7.2 — I'padik pynkmiin f1(X,y) ta fo(X,y)

BusnayaemMo 4yacTKOB1 MOXIIHI:

F. =1,
G, =—CO0s X,
F, =cosy,
G, =1.
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D={0

3 rpadiky 6aunMo, 110 PO3B’SA30K CHUCTEMU 3HAXOAUTHCS B 00JIaCTi
1}:(0;0,5]}.

[Tpunycrumo, x(©) = 0,5, y(o) =0,4.

F F cos
A= " V= L y:l+cosxcosy
Gy Gy| |-cosx 1
F, Fy| lcosy x—1+sin
A=l = d _ y=cosy(y—sinx)—x+1—siny
G, G, 1 y —sin X
F F X—=1+siny _ _
Ay = = =X-1+siny—-y+sinx
G G ly-sinx 1
Gy, Fyl_ 1 cosy
F G 1+siny y-sinXx

X

y

(1) _ (), cosly™ |y, —sin(x™ )~ x +1—sin(y™)
- 1+ cos(x(”))cos(y(”))

(4 _ ) x® —1+sin(y™ )—y® +sin(x®)
1+cos(x™ )cosly™ )

Pe3ynbTaTu 00uKcieHb 3aHOCUMO A0 Tabuill 7.2:

Tabmuist 7.2 — Pe3ynbpratel 00UUCIICHB

n X(n) y(n) ‘X(n) . X(n—l)‘ ‘y(n) . y(n—l)‘
0 0,5 0,4 - -

1 0,05069 0,38277 0,02 -0,017

2 0,520964 0,387704 -0,0003 0,0049

3 0,520479 0,392095 0,000115 0,0043

48




Bigmosigs: X*=0,520479; y*=0,392095.

3aBIaHHA AJ15 CAMOCTIHHOI po00oTH

3agaua 1

1. Merogom iTepaiiii po3B’sA3aTH CUCTEMHU PIBHSHb 3 TOYHICTIO
¢=0,001.

2. Buxonatu nporpamuy peainizaiiiro (Jlogatok A)

3. JlaH1 119 BUKOHAHHS 3aBAaHHS B3SATH 3 TaOmuI 7.3

Tabnuus 7.3 - BapianTu iHAUBIIyaTbHUX 3aBaHb

HO,Mep 3aBaHHs Ho.Mep 3aBaaHHs
BaplaHTa BaplaHTa
1 2 3 4
1 2. 2 14 x2—2x+y2—2y+1=0,
x3+y3=4 1
2
Xc—=2y=0 )
(x>0)
2 2 2 15
x2—2y:0 G +y -2x=0
(x<0) (y>0
3 y—/X+1=0, 16
X“—y -2y=0
(x>0) X2 +y —2x=0
(y<0)
4 XcosXx—Yy =0, 17 xsinx—y=0
x2+y2—1—0 X +y2—1 0
(x>0) (x>0)
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ITponoBxkenHs Tabuwuit 7.3

1 2 3 4

S xcosx—y =0, 18 xsinx—y =0,
x2+y2—1:0 G +y -1=0
(x<0) (x<0)

2 1
2 1+ x
y-x3=0 x?+y?-1=0
(y>0) (x>0)
2 H
2 1+ X
y+x3=0 x2+y2-1=0
(y<0) (x<0)
8 y—sinx=0, 21 x2+y2 -2y =0,
2,2
~1=0
Ty X2 ——In(x+1) 0
(x>0)
(x>0)
9 y—sinx=0, 22 x> +y2 -2y =0,
2, .2
X“+y"-1=0 x2 —2In(x+1) =0
(x<0) (x> 0)

10 y—sin x =0, 23 y—2xe X =0,
X*+y?-1=0 x?+y?-1=0
(x<0) (x>0)

11 X% +y2-2y=0, 24 y—2xe ¥ =0,
y—e X= x2+y?-1=0
(x>0) (x<0)
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[TponoBxenHs Tabdi. 7.3

1 2 3
P e eaxeytoayai=0, B (2 )2 2(x% - y?),
—Jx+1=0
x+y -1=0
(x>0)
(x>0,y>0)
13 X2 +y?—2x=0, 26 ()(2+y2)2 _ 22— y?),
—Inx=0
4 x2+y-1=0
(y>0)
(x<0,y<0)
3agava 2
1. Po3B’si3atu cucteMmy HeNMiHIMHUX PiBHSIHB MeTo0M HproToHa
2. Bukonartu nporpamuy peainizauito (Jomatok A)
JlaH1 1715 BUKOHAHHS 3aBJaHHS B3SITH 3 Ta0muin 7.4
Tabnauns 7.4 — BapiaHTu 1HAMBIAyaIbHUX 3aB/IaHb
Bapiant Cucrema piBHSIHD Bapiant Cucrema piBHSIHB
1 2 3 4
x?+y?—1=0 e*—e¥-1=0
1 x}—y=0 13 x*+y*-1=0
M, (0,8;0,55) M,(1;0,5)
2x3 —y? —1= e ¥ —y?+1=0
2 Xy’ —y=0 14 xy+1=0
M,(12;17) M, (-2;2)
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[TponoBxkenHs Tabaui 7.4

1 2 3 4
{xz—yz—lzo {sinx—siny+1:0
3 x(y—-1)=0 15 x> -y -1=0
M,(2;1) M,(-1;0)
{xz—yzzo {Siny—sinx+1=0
4 xy—4=0 16 y? —x+1=0
M,(15;25) M, (6; - 6)
{x—x2 +y*+01=0 {Sin(x—0,8)+13: y
5 y-2xy-01=0 17 x> —2X+8=y
M, (0;0) M, (14;2,5)
2x° +y*—1=0 3x+siny+1=0
6 {x3+6x2y—1=0 18 {x2—2x+y=0
M,(06;04) M,(-1;2)
{ex—y2+1:0 {sinx+2x—y=0
7 xy-1=0 19 X2 —2x+1=y
M,(2;2) M, (4;6)
{x—y2+x2+0,1:0 {COS(X—O18)+4=Y
8 2xy+y-0.1=0 20 X’ —3x+12=y
M, (0;0) M, (3; 24)
{x2+y2—x—0,1:0 {Sin(x+0,6)+2:y
9 2xy—y+01=0 21 X°—4x+2=y

MO(O;O)

Mo(3; 2)




[TponoBxenus Tabmaui 7.4

1 2 3 4
x> +y%—6x+3=0 sin(x-1,2)+15=y
10 x>—y®—6y+2=0 22 X2 +8x+1l=y
M,(0,5;05) M,(=11)
{X—O,Ssin(y/B)—l:O ey —e*—2=0
11 y—03cosx=0 23 x> +y*-2=0
M, (2;0) M, (0;1)
X+e*cosy—1=0
12 y—e *siny—-1=0

M,(0,9;14)

KoHnTpoabHi nuTaHHsA

1) Illo Take cucTemMa HETIHIHHUX PIBHSIHB?

2) SIki BU 3HAETE METOIM PO3B’SI3aHHS CHCTEM HEIIHIHHUX PiIBHSHb?

3) CdopmymoBaTi HEOOXigHI YMOBH 301KHOCTI  ITEpAIiHOTO
MPOIIECY TP PO3B’SI3aHHI CUCTEMHU METOAOM ITepariii?

4) CodopmymoBaTd HEOOXiAHI yMOBH [Is 301KHOCTI ITepariiiiHOro
MPOIIeCy TP PO3B’sI3aHHI CHCTEeMHU MeToa0M HproToHa?

5) CdopmyitoBaT alrOPUTM METOY ITEparliii.

6) CdopmymoBaru aaroputm meroay Herotona
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TEMA 8. IHTEPHIOJISINIMHUN BATATOYJIEH JIATPAHKA.
THTEPHOJAIIMHNN BATATOYWIEH HBIOTOHA

8.1 TeopeTruuni BitomocTi

Jlns moOyoBu mosrinoma Jlarpanska HeoO0X11HO MO0y IyBaTH JOTIOMIKHI1

MOJIIHOMH

L (x,% )= (X = X J(X = Xg )l X = Xi_g X = X9 )-- (X = Xp)

8.1
(6 = %)% — X ) =% )06 — 1) —Xg) D
[aTepnosmiinuii noniHom Jlarpanka Oyie MaTu BUTJISA!
n (8.2
P (X) - Zé) Ly (X’ X )yi =Ly (X’ XO)yO + Ly (X’ Xl)yl +.+ Ly (X’ Xn )Yn )
i=
Oui"Ky MoXuOKHU MOKHA BUKOHATH 3a (hOPMYJIOIO:
X=—Xog AX—Xq ). AX—X
\Rn(x){sMnﬂK 0)((n+11§! ( nX,XE[XO,Xn] (8.3)
ne M, = max|f (”“)(x){ .
[XO’Xn

Jlns moOynoBu moniHoMy HploTOHa HEOOXITHO OOYMCIMTH KIHIIEBI
pi3HUIN 32 popMymamu:

Yn = Yn-1 = AYn_1,
2
AYp_1 —AYn_2 =AYp o, (8.4)

k-1 k-1 k
A Yn—(k—l)_A Ynk =A Yn_k

[aTepnomnsiinuil mosimHOM HbIOTOHA Ma€e BUTIIS:
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21h?
Y0 () r) o SO (¢ ag) (ki g)= (85
+k!hk X—XO X_Xk—l +...+n!hn X—XO X_Xn—l = ( ) )
n Ak
Yot 2 yg (x=%g)...(x= % 1)
k=1k'h

ne h =[x, — X4/

8.2 KoHTpoabHUIl MPUKJIAT

3agava

OyHKIisA Y = f(X) 3amana tabnunero gaHux (tadn. 8.1). [loOymyBatu
iHTepnoAiiHuN OaraTousneH Jlarpamka Ta 3HAWTH HAONIMKEHE 3HAYCHHS
dbyHKIii B TOUIl X =—2.

Taomung 8.1 — Buxigai gani 3amayi

I 0 1 2 3

X; -3 -1 1 3

Vi 7 4 3 1
Po3B’sa3anus

[HTepnonsuiinuil noniHoMm Jlarpanka Mae BUTIIS
3
Py(x)= T L(x.x;)y;
i=0

3naiineMo koedimieHTn Jlarpanxka
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(%% )= DX -1)x=3) _ (x+1)x-1)x~-3) _
00 (-3+1)(-3-1)(-3-3)  (-2)-4)-6)

1

——x3+ix2+—x——,
48 16 48 16
L(x, %) (X+3)(X_l)(x_3)=ix3—ix2—gx+g;

2-(-2)-(-4) 16 16 16 16

(x+3)x+1)x-3) 1., 1, 9 9.

M )= ety e 16t 16 ie
L(x,xg):(X+3)(X+l)(x_1):ix3+ix2_ix_i;
16 48 16 48 16

Bbynyemo intepnionsuiiinuii 0aratousnen Jlarpanxa

P(X)=7-L(X;X,)+4-L(x; % )+3-L(X; X, ) +1- L(X; X5 );
P(x)= —ix?’ +ix2 —lx+§
16 16 16 16

81

3raxoaumo 1 (— 2) ~ P (— 2) = E

Bixnosins: f (— 2) ~ ]8-—2

3amaua 2

Hns  dyskuii, 3amanoi Tabmmuno (Ttabn.  8.2), moOyayBaTu

inTepnosiiinuii noninom HeroroHa, 3HakiTh Habnmkene 3Havends f (— 2).

Po3B’sa3anus

BynyeMo TabauIio KIHIIEBUX PI3HUIID
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Tabnuus 8.2 — Buxigdai gaui 3agayi 2

X; Vi Ay, Ay, Ay,
3 7 ) ) )
1 4 3 : :
1 3 1 2 :
3 1 2 1 3

bynyemo intepnionsmiiiauii 6aratouseH HetoToHa

A A
P,(x)=y, +%(x—x0)+ 2'2? (x —x0 Jx = xp )+ ...+

fAD0 (e =) —x,)
nh"

2.222 (X+3)(X+1)+6 ;’3 (x+3)(x+1)x—-1)=

P() =7+ (x+3)+

s 1 5, 7 55
=X+ —— X+
16 16 16 16

81
R(2)=—;
2)=2
BinnosBiab: f (2) ~ %

3agaua 3

OyHKIisA Y = sin(x) 3a/1aHa Tabnuiero To4ok (tadi. 8.3). [loOymyBatu
1HTepnoJALiiHII 6araTouwieH HproToHa Ta 3p0OUTH OIIHKY MOXUOKHU B TOYIII

Xx=05

Tabnuus 8.3 — Buxigdal gadi 3agayi 3

X -2 -1 0 1
y -0,9 -0,841 0 0,841
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Po3B’sa3aHus

BynyeMo Tabnuirto KiHIIEBUX pi3HUIIG (Tad. 8.4)

Tabnuns 8.4 — Kinuesi pizHUIl

X ¥ Ay A2y Ay
-2 -0,909 - - -
1 20,841 0,068 § -

0 0 0,841 0,773 -

1 0,841 0,841 0 -0,773

Bynyemo iHTepHoOAsAIHHNUNA TOTIHOM

P;(x)=-0,909 + 0,068(x + 2) + (;’71723 (x+2)x+1)+

L 0,737 3 (x4 2)(x +1)x = —0,0003 + 0,96983x — 0,1 2883+
6-1

3Haxogumo P, (0,5) =0,4685.

Tax sk TouHe 3HadeHHs GyHKii B Touni 0,5 gopisuroe SiN 0,5=0,4794
TOo moxubka inTeprnonsuii |P;(0,5)—sin 0,5/=0,0109. OuinuMO MOXUOKY

THTEPHOJIALI].

2)(x +1)(x)(x -1
R3(X)S\(x+ )(>(<3++1)- X~ )1M4, e M4‘T§"f‘f(4) o

3HaxouMo noxigHi GyHkuii Y =Sin X
sin’(x) = cos x;sin"(x) = —sin(x);sin”(x) = —cos x;sin ¥ (x) = sin x.

(4) oyl = kein(— 2) =
M4_r[n%sm ()1 E]gﬁ\smx\_\sm( 2)=0,909

Tom,
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Ry(05)< (0,5+2)0,5+1)0,5(0,5-1) 09— |-0,9375 0,920,035
2-3-4
Binnosize: Py(0,5) = 0,4685; IR;(0,5) < 0,035

3aBaaHHA )51 CAMOCTIHHOI podoTH

1. TlobynmyBatu inTepmosiiiai nomiHomu Jlarpawxka ta HeroToHa

JUTsl TAOJIMYHO 334aHO1 (PYHKIIT

2.  Buxonartu nporpamuy peanizamnito (Jomarok A)
Bapianr 1
[ 0 1 2 3 4 5
Xi -0,5 -0,4 -0,3 -0,2 -0,1 0
Vi -1,202 -1,724 -0,07 0,488 -0,65 -1,233
BapianT 2
[ 0 1 2 3 4 5
Xi -0,55 0,05 0,65 1,25 1,85 2,45
yi 2,418 2,061 2,031 2,34 2,879 3,461
Bapianr 3
[ 0 1 2 3 4 5
xi -1 -0,56 -0,12 0,32 0,76 1,2
yi 0,328 0,17 0,252 0,513 0,765 0,825
BapianT 4
i 0 1 2 3 4 5
Xi -1 0,2 1,4 2,6 3,8 5
yi -1,336 -1,371 -1,066 -0,529 0,054 0,478
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Bapiant

i 0 1 2 3 4 3)

Xi 0 0,22 0,44 0,66 0,88 1,1

yi 1,003 1,419 2,257 2,909 2,901 2,239
Bapianrt

[ 0 1 2 3 4 3)

Xi -6 4.7 -3,4 -2,1 -0,8 0,5

yi -1,71 -1,318 -1,204 -1,415 -1,864 -2,369
Bapianrt

[ 0 1 2 3 4 3)

xi -4 -3,1 -2,2 -1,3 -0,4 0,5

yi -1,942 -1,756 -1,45 -1,031 -0,915 0,082s
BapianTt

[ 0 1 2 3 4 3)

Xi -1 -0,7 -0,4 -0,1 0,2 0,5

yi -2,758 -2,996 -2,859 -2,45 -2,079 -2,027
BapianTt

[ 0 1 2 3 4 3)

X1 -2 -1,7 -1,4 -1,1 -0,8 -0,5

yi 5,688 4,208 2,571 2,016 2,961 4,693
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BapianT 10

i 0 1 2 3 4 5
Xi -1 -0,7 -0,4 -0,1 0,2 0,5
yi 2,635 2,477 1,148 1,91 2,892 1,684
BapianT 11
[ 0 1 2 3 4 3)
X1 -5 -4 -3 -2 -1 0
yi 25 16 9 4 17 28
Bapianr 12
[ 0 1 2 3 4 5
Xi -2 -1,5 -1 -0,5 0 0,5
yi 1 0,25 0 0,25 -1 -1,75
BapianT 13
[ 0 1 2 3 4 5
X1 -7,5 -5 -2,5 0 2,5 5
yi 4 0,25 9 30,25 51,5 60,25
Bapuanrt14
[ 0 1 2 3 4 3)
Xi -3,9 -2 -0,5 1 2,5 4
yi 11,25 3 -0,75 0 -2,25 0
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BapianT 15

[ 0 1 2 3 4 3)

Xi -6,5 -4,5 -2,5 -0,5 1,5 3,5

yi 86 o4 30 14 26 30
BapianT 16

[ 0 1 2 3 4 3)

Xi -6,5 -4,5 -2,5 -0,5 1,5 3,5

yi 130 94 66 46 38,0 38,0
Bapianr 17

[ 0 1 2 3 4 3)

Xi -3,5 -2 -0,5 1 3,5 3)

yi 53 37,25 26 23,25 23 37,25
Bapiant 18

[ 0 1 2 3 4 3)

Xi -2 -1,5 -1 -0,5 0 0,5

yi 9 6,25 4 2,25 3 4,25
Bapiant 19

[ 0 1 2 3 4 3)

Xi -5 -4 -3 -2 -1 0

yi -50 -31 -14 1 -12 -23
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BapianT 20

[ 0 1 2 3 4 3)
Xi -7,5 -5 -2,5 0 2,5 3)
yi 106,25 50 6,25 -25 6,25 50
Bapiant 21
[ 0 1 2 3 4 3)
Xi 3 4,5 6 7,5 9 10,5
yi 19,07 19,57 20,3 20,87 20,97 20,56
BapianT 22
[ 0 1 2 3 4 3)
Xi -15 0,5 2,5 4,5 6,5 8,5
yi 34 34,42 35,38 35,98 35,68 34,76
Bapianr 23
[ 0 1 2 3 4 3)
Xi -6,5 -4,5 -2,5 -0,5 1,5 3,5
Yi 130 94 66 46 38,0 38,0
Bapiantr 24
[ 0 1 2 3 4 3)
Xi 3 4,5 6 7,5 9 10,5
Yi 106,25 50 6,25 -25 6,25 50
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BapianTt 25

[ 0 1 2 3 4 3)
Xi -1 -0,7 -0,4 -0,1 0,2 0,5
Vi -1,942 -1,756 -1,45 -1,031 -0,915 0,082

KoHnTpoabHi nuTaHHSA

1. CdopmymroiiTe 3a1auy IHTEPIIOIALII.

2. lllo Take iHTEepHONsALiiiHa QYHKITISI?

3. Sk moOynayBaTu iHTEepHoNALiiiHuN OaratowieH Jlarpamxka?
4. Slx moOymyBaTu iHTEepHosALiiiHuM Oararowied HeioToHa?
5

. SIK OIIHUTH MOXUOKY 1HTEPIOJISALIi?

TEMA 9 IHTEPIIOJIFIOBAHHSI ®YHKIII 3A TIOITOMOI' OIO
KYBIUYHUX CILJIAMHIB

9.1 Teopern4Hi BizomocTi

CnaiiHoM Ha3uBaeThCsl YHKIIS, IKa pa30M 3 JICKUIBKOMA MOX1THUMHU

HEeIMepepBHa Ha BChOMY 33/IaHOMY BIJIPI3KY [a; b] ,a Ha KO)KHOMY YaCTKOBOMY
BIIPI3KY [Xi X +1] OKPEMO € JEeSKUM anreOpaiuHuM MHOTOWIEHOM.

Ha mpakTtuii HaiOiIbIl IIUPOKOTO TOIMMPEHHS HAOYIW CIUIalHU
TPETHOTO CTYIEHsI, Kl MalTh Ha [a;b] Oe3nepepBHy, MPUHAKWMHI, MEPILY
noxiany. L1 craitHu Ha3uBalOTHCS KYOIYHUMHU 1 TO3HAYAIOTHCS Yepe3 S3(X).

Bemuunna m; = S4(X; JHasuBacThca HAXMJIOM CIIaliHa B TOUI (By37i) X;.
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Hexaii Biapi3ok [0!, B ]p036HTH171 HallpiBHUX 4YacTMH 1 B TOYKax
X; (i =012....n;Xg=a,X, =0 ) Aeska QyHKI1A IpuiiMae 3Ha4eHHs )/ ; . s
3MiHHOT X, , 110 HATEKUTH YacTHHI po36utTa [X; 1, X ] (i =1,...,n), Bu3Havena

byHkIig (KyO19HMN OaraTo4JIeH)

S ()= y, , XS @=x)+h) | (= f (204 =x)+h)

h? ’ h?
on Px=x0) (1 Plx=x) o
X=X ) I X—X: X=X X=X
+m_4 i , i—1 +m, i—1 > i
h h
b-a - o
Tyt h= T - Kpok po36ourTs Biapisky. Hesinomi M Busnagarotscs
PEKYPEHTHUMU CIIBBITHOIICHHSIMHU
mg = A;m, =B;m; = m;,; + M;;i=n-1,n-2,..,0 (9.2)

[Ticns momepemHbOro OOYHMCICHHS AOMOMDKHMX BenuuuH M., L, 3a
pEKypeHTHUMU (PpopMyiaMu
Lo =0, Mg =mq
-1
Li ;+4 (9.3)
M; =L (M;_1—Db); i=n-1,n-2,..,0,

Li:

b = Wi~ Vi)
' h

Benmnuunu A 1 B moBunH1 O6yTn 3amanumu. [Ipu moOymoBi KyOidHOTO

JAC

crTaiiny, skuii iHTepromoe audepenuiioBany ¢ynxuiro Y= f(X) mpu

cucteMi Touok, Beaxarote A= f'(a), B = f'(b) (xpaitosi ymosu I Trmy).
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9.2 KOHTPOJILHMI NPUKJIA

3apauva. Jlna Qyskuii, 3amanoi y tabmuunomy Buriam (tabm. 9.1),

noOynyBatu KyOiuHuM crutaitH. OO4uciIuTH 3HadyeHHS QYHKID B TOuIIll

X =0,2 3a gonomororo Ky6idHIX CIUTAHIB.

Taomung 9.1 — Buxiad1 nadi 3agaul

i Xi fi
0 0.1 0.09
1 0.5 0.47
2 0.9 0.71
3 1.3 0.96
4 1.7 0.97
5 2.1 0.51
Po3B’s13aHHs
b-a 0.51-0.09
1. BusHaummo kpok N = = =04
n 5
2. 3HaxoauMo JonoMikHI koediuieHt L;, M ; 3a popmymnoro (9.3)
LO = O
M 0 == 0
-1 1
Ll = =——,
Lo +4 4
-1 4
L, +4 15
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-1 15

|_3 = =——),
L,+4 56

-1 56

L,+4 209

-1 209
L,+4 780

Jst Bu3HaueHHa M; HeoOXigHO 3HaWTH KoediuieHTn b; !

b= 3(y,~Yo) _3(0.71-0,09) _ 465

h 0.4

b, = 3ys-v1)_3(0,96-047) 4 675
h 0.4

b, = 3(ys—yp)_3(097-0,71) _ 105
h 0,4

by = 3(ys —ys) _3(051-0,96) _ 3375
h 0,4

Tomi

M; =L (Mg +by)=11625;

M, =L,(M;+b,)=0,67;

Mg = L3(M, +bs)=0,343;

M, =L,(M3+b,)=-0,996;

3) 3HaxoauMo HeBinoMi M; 3a popmyiio (9.2):
mg =0;

mg =0

my =Lyms + M, =-0.996

my =Lsm, + M3 =0.61

m2 - L2m3 + M2 - 0507
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ml = L1m2 + Ml :1036
4) Bynyemo KyOiuHUi CIIaiH HA BiAPI3KY [0,1;0,5] 3a (hOpMYIIOK0:

Si(X) SRV (x — X )2 (Z(x — xi—l)"‘ h) (x — xi_l)z (Z(x,- — x)+ h) N

h3 +Y; h3
+m. (x_xl) (x_xz 1)+m' (x_xz l)z(x_xz)
1 h2 1 h2
S,(x)= (x—2x) (2(§—xo)+ h) Ty (x—xo) (2(;1 —x)+h)
h h
m (x—x) (x—xo)Jr (x—xo)z(x—xl):
h? h?
_ 0,09 (x-05) (2(x3—0,1)+0,4) +047 (x—0,1)2(2(o,§—x)+o,4)+
0,4 04
2
+1,036 (x- 0"2 4(2" ~05) _ _5.402x +6,16x% —1,069x + 0,14

5) Bynyemo KyOiuHMii CIIaliH Ha BiAPi3Ky [0,5;0,9]
(x-0,9)*(2-(x—-05)+0,4) (x-0,5)*(2-(0,9-x)+0,4)
+0,71
0,4° 0,4°

2 2
(x-0,9) (Zx—o,s)+ 0.507 (x-0,5) (2x—0,9) _
0,4 0,4

—2144x° —5163x° + 4,59x — 0,803

S,(x)=0,47

+

+1,036

6)BynyemMo KyOiuHHIA CIUTaliH Ha BiApi3Ky [0,9;1,3]
(x-13)%(2-(x-0,9)+0,4) +0.06 (x—0,9)*(2-(1,3-x)+0,4)
0,4° 0,4°
2 2
(x—13) (;c -0,9) N 0’61(x -0,9) (2x -13) _
0,4 0,4

=-0,83x> +2,87x% —2,638x +1,366

S;(x)=0,71

_|_

+ 0,507
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7) Bynyemo KyOiuHMi CIUTaliH Ha BiAPI3KY [1,3;1,7]
(x-17)*(2-(x-1,3)+0,4) (x—13)(2-(x-17)+0,4)
3 +0,97 3
0,4 0,4
2 2
(x-17) (Zx—1,3) +0.996 (x-13) (2x—1,7) _
0,4 0,4

— _2.728x° +10,269x% —12.23x + 5,53

S4(x)=0,96

+0,61

8) byayeMo kyOiuHUI CIUTaliH Ha BiIPi3Ky [1,7;2,1]
2
(x—21)7(2- (x3—1,7)+ 0,4) +051 :
0,4 0,4
2 2
(x=17) (Zx—l,S) +-0.996 (x-21) (2x -17) _
0,4 0,4

—815x° +45204x° +82,045x — 47,904

Ss(xx)=0,97

+0,61

9) Bynyemo rpadik cruaiiny

Pucynok 9.1 — Pe3ynbTaT 1HTEpHOJIALIT 32 TOMTOMOI'00 KyOI4HOTO

CILjIaiiHa
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10) 3naxoauMo 3HAYEHHS CIUIAliHY B TOUll x = 0,2

Binnosiab: 81(0,2) =013

3aBaaHHA AJ151 CAMOCTIHHOI po00oTH
1. Jlna ¢yskmii, 3agaHoi y TaOJWYHOMY BHIVISAI 3 KpPOKOM h,
noOyyBaTH KyOl4YHUH CIUIaiiH

2.  Bukonaru nporpamny peanzanito (Jomarok A)

BapianT 1
i 0 1 2 3 4 3)
Xi -0,5 -0,4 -0,3 -0,2 -0,1 0
N -1,202 | -1,724 -0,07 0,488 -0,65 -1,233
Bapianr 2
i 0 1 2 3 4 3)
Xi -0,55 0,05 0,65 1,25 1,85 2,45
yi 2,418 2,061 2,031 2,34 2,879 3,461
Bapianr 3
i 0 1 2 3 4 3)
Xi -1 -0,56 -0,12 0,32 0,76 1,2
yi 0,328 0,17 0,252 0,513 0,765 0,825
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BapianTt4

i 0 1 2 3 4 3)
Xi -1 0,2 1,4 2,6 3,8 5
yi -1,336 | -1,371 | -1,066 | -0,529 0,054 0,478
Bapiant 5
i 0 1 2 3 4 3)
Xi 0 0,22 0,44 0,66 0,88 1,1
yi 1,003 1,419 2,257 2,909 2,901 2,239
Bapianr 6
i 0 1 2 3 4 5
Xi -6 4,7 -3,4 -2,1 -0,8 0,5
yi -1,71 -1,318 | -1,204 | -1,415 | -1,864 | -2,369
Bapianr 7
i 0 1 2 3 4 3)
Xi -4 -3,1 -2,2 -1,3 -0,4 0,5
yi -1,942 | -1,756 -1,45 -1,031 | -0,515 0,082
Bapianr 8
i 0 1 2 3 4 3)
Xi -1 -0,7 -0,4 -0,1 0,2 0,5
yi -2,758 | -2,996 | -2,859 -2,45 -2,079 | -2,027
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BapianTt 9

i 0 1 2 3 4 3)

Xi -2 -1,7 -1,4 -1,1 -0,8 -0,5

yi 5,688 4,208 2,571 2,016 2,961 4,693
Bapiant10

i 0 1 2 3 4 3)

Xi -1 -0,7 -0,4 -0,1 0,2 0,5

yi 2,635 2,477 1,148 1,91 2,892 1,684
BapianTt 11

i 0 1 2 3 4 3)

Xi -5 -4 -3 -2 -1 0

yi 25 16 9 4 17 28
BapianT 12

i 0 1 2 3 4 3)

Xi -2 -1,5 -1 -0,5 0 0,5

yi 1 0,25 0 0,25 -1 -1,75
BapianTl3

i 0 1 2 3 4 3)

Xi -7,5 -5 -2,5 0 2,5 3)

yi 4 0,25 9 30,25 51,5 60,25
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BapianTl4

i 0 1 2 3 4 3)
Xi -3,9 -2 -0,5 1 2,5 4
yi 11,25 3 -0,75 0 -2,25 0
Bapiaunrl5
i 0 1 2 3 4 3)
Xi -6,5 -4,5 -2,5 -0,5 1,5 3,5
yi 86 54 30 14 26 30
Bapianr 16
i 0 1 2 3 4 3)
Xi -6,5 -4,5 -2,5 -0,5 1,5 3,5
yi 130 94 66 46 38,0 38,0
Bapianr 17
i 0 1 2 3 4 3)
Xi -3,9 -2 -0,5 1 3,5 3)
yi 53 37,25 26 23,25 23 37,25
BapianT 18
i 0 1 2 3 4 3)
Xi -2 -1,5 -1 -0,5 0 0,5
yi 9 6,25 4 2,25 3 4,25
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BapianT 19

i 0 1 2 3 4 3)
Xi -5 -4 -3 -2 -1 0
yi -50 -31 -14 1 -12 -23
Bapianr 20
i 0 1 2 3 4 3)
Xi -7,5 -5 -2,5 0 2,5 3)
yi 106,25 50 6,25 -25 6,25 50
BapianT 21
i 0 1 2 3 4 3)
Xi 3 4,5 6 7,5 9 10,5
yi 19,07 19,57 20,3 20,87 20,97 20,56
Bapianr 22
i 0 1 2 3 4 3)
Xi -1,5 0,5 2,5 4,5 6,5 8,5
yi 34 34,42 35,38 35,98 35,68 34,76
BapianT 23
i 0 1 2 3 4 3)
Xi -6,5 -4,5 -2,5 -0,5 1,5 3,5
Yi 130 94 66 46 38,0 38,0
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BapianT24

i 0 1 2 3 4 3)

Xi -1 -0,7 -0,4 -0,1 0,2 0,5

i -1,942 | -1,756 -1,45 -1,031 | -0,515 0,082
Bapianr 25

i 0 1 2 3 4 3)

Xi 3 4,5 6 7,5 9 10,5

yi 106,25 50 6,25 -25 6,25 50

KonTpoabHi nuTaHHs

[Ilo Ha3uBaeThCA criIaliHOM?

[[{o Ha3uBa€THCA CTYNEHEM CIUTaliHA?

Sk po3B’A3y€eThCs 3a7ja4a IHTEPIOJISALIL 32 TOMIOMOTOIO CIUIAKHIB?

AnTropuT™M o0y 1I0BM KyOI14HOTO CIUTaiiHy?

1
2
3
4. o take KyOluyHUH CruTaiiH?
5
6

Y d4omy mnepesaru

IHTEPHOJIALIITHUMU TOJTIHOMaMU?
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TEMA 10 HABJIMKEHHS ®YHKIIIHA 3A TOIIOMOI'OIO
HOJIIHOMIB ®YP’€

10.1 TeopeTnuHi BizoMmocTi

bararounen ®@yp'e Mmae BUTIISA]

Fn(x):a—2°+2(ak coskTﬂX+bk sin kl—ﬂx) (10.1)
k=1

ne xoediieHTn ay , by Bu3HaUaroTHCA 32 HopMyIaMu:

1
a8 = l—ﬂ. f (x)dx; (10.2)
ay = I} ﬂl f(x)coskT7ZX dx, (k=012,..) (10.3)
by = %fl—l f(x)sin kTﬂde, (k = 0,1,2,...) (10.4)

CepeHbOKBaAPATUYHE BIJIXUJICHHS alTPOKCUMYIOYOTO OaraTouyieHa BiJ

bynxuii f(X) BusHauaeTses:

| (2 a; 2 .2
d(f.ky)=I[', f (x)dxl[2°+ Z(ak+bk)} (105)

k=1

Sxmo dyrxuis T (X) mapra na Bizpisky [-1;1], To

n
F.(x)= % + kz ay coskT7ZX , (10.6)
1

ag :IEI‘; f(x)dx; & :%ﬂ) f(x)coskTﬂde (k=012,..).

(10.7)
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sixkmo f (X) memapua Ha Bigpizky [— | ;I], TO

Zbk sin ——, =—j0 (x )sdex.

10.4 KonTpoabHuii NpuKJIaa

3anaua. [1loOyayBaTu nomninom Dyp'e 11 hyHKIIIT

f(x)=|X,—7 <x<mx.

Po3B’s13aHHsA

(10.8)

['padik miei GyHKIIIT, TEpiOAMYHO MPOJAOBKEHUM HA BCIO YUCIIOBY BICH,

300paxeHo Ha pucyHky (10.1).

Pucynok 10.1 — I'padik ¢pynkuii T (X)

K 72x

F (x)= % Z(ak cosk—ﬂx+bk sin —)
2 2 | |

Ockinbku ¢yskuis f(X)mapaa, To Bei koedimientn b, =0, |
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Onepxxumo

n

Fn(x)=@+§n:(ak cosk—ﬂxj =@+Z(ak coskx),
2 k=1 T 2

k=1

Ji(S
a —g}f(x)dx—g}[xdx—gﬁ‘”—n
0 | 5 Ty z 2077

27[ 2 - T 7 - 2 . T
a; =— [xcosxdx = = xsinx|j — [sinxdx |==|(zsinz —0)+cos X|; |=
T o 7T 0 T
:E[COSE—COSO)=g(—1—1)=—£,
T T T T

T T
azzgjxcos2xdx=g L ysin 2x\g—1jsin 2xdx | =
T r\ 2 25

N |-~

2,
T

(7rsin7z—0)+1-10032x
22 | # 4n

V2 1 1
}=—(00327z—coso):—(1—1)=0,

T T
ag =gjxcos3xdx=3 1xsin3x\g —ljsin:%xdx =
T g 3 35

T
_ 211 sinz—0+Lcos3x :g-l(cos&r—coso):i(—l—l):—i
T 9 ol 7 9 Or O
T 4
Omxe, F{(X)==——COSX,
2

F (x)=£—icosx—ic053x.
3 2 Orx

PesynbTaTi o6unciens 3aHocuMo B Tabmuio 10.1.
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Ta6mui 10.1 — Pe3ynpTaTi 004MCICHB

X f(x) F1(x) F3 (%)
-3,1416 3,1416 2,844 2,9855
-2,5 2,5 2,5908 2,5418
-2 2 2,1007 1,9648
-1,5 1,5 1,4807 1,5106
-1 1 0,8829 1,0229
-0,5 0,5 0,4534 0,4434
0 0 0,2976 0,1561
0,5 0,5 0,4534 0,4434
1 1 0,8829 1,0229
1,5 1,5 1,4807 1,5106
2 2 2,1007 1,9648
2,5 2,5 2,5908 2,5418
3,1416 3,1416 2,844 2,9855

['padix moninomy mpencraBineHuit Ha puc. 10.2

Pucynox 10.2 — Iloninom @yp’e
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3HalIeMo  cepeHbOKBAJPATUUYHI  BIAXWICHHS  allPOKCUMYIOUHX

Garatouneni F;(X) i F3(x) Bin dynxuii f(X):

2

d(Fky)= [ 12 ()dx—|[2° i(ak+bk)J

k=

d(f,F)= \/If (x)dx — 7 ?°+a12J=

a2
ff X )dx — 7{20+af+a§+a§J:

0 T 2

= | [(=xPdx+ [ xPdx—z| = +12+ 162 =
- 0 2 /A 817[
S 4 16 16

= | s+ = " — =01734.
3] "3 T2 7 e

3aBaaHHA /151 CAMOCTIHOI podoTH

1. IloOGynyBaru nomnoMm ®Dyp'e mnsg dyHKHil f(X), IPEACTABUTH

rpadiyHO HAOMMKEHHS 111€1 (YHKIT 3a JOMOMOTOK TPUTOHOMETPUYHUX
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OaraTouwieHiB CTymneHiB Nq,N,. OmIHUTH NOXMOKY CEepeaHbOKBAAPATUYHOTO
HaOmmkenns & f .Qn, ), olf .Qn, )

2.  Buxonartu nporpamuy peanizaiito (Jomarok A)

Bapianr 1
1, -1<x<0;
f(x)=
2, 0<x<1
(n, =3, n, =5)
Bapianr 2
f(x)=1-x, xe[01] (poskmacru mo xocumycax)
(n, =1, n, =3).
Bapianr 3
f(x)= % 0<x=<i (PO3KIIACTH TI0 KOCHHYCAX)
“l2-x, 1<x<2 T Y

(np =1, n, =3, ny =5).

BapianT 4

Bapianr 5
— — T <X<O0O:
_N@:{ 2X, —mw<X<0;
3X, 0<x<rx
(nl :1, n2 = 3)
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Bapianr 6

-2, —7xw< 0;
f(x)={ T<X<
2, O<x<rx

(nl = 3, n2 = 5)

Bapianr 7
f(x)=7—2X, 0<X<7 (PO3KIACTH IO KOCHHYCAX)

(nl :1, n2 = 3)

Bapianr 8
f(x)=7-2X, 0<X<7 (PO3KIACTH IO CHHYCAX)

(=2, n, =4)

BapianTt 9
f(x)=r+x, —7<x<nx
(nl = 3, n2 = 5)
Bapiant 10

2, —m<x<0;
f(x)= "

-2, O<x<rx
(nl = 3, n2 = 5)
BapianT 11

1, —7<x<0;
f0)=1", ",

-2, O0<x<r«
(nl = 3, n2 = 5)
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BapianT 12

-1 <x<0;
f(x)= {72', T<Xx<0:
T—-X, 0<x<r«

(nl :1, n2 = 3)
Bapianr 13
X, —n<X<Z0;
f(x)=
2X, 0<x<r&
(nl :1, n2 = 3)
BapianT 14

f(x)=2x, 0<X<1 (po3KIacCTH IO KOCHHYCAX)
(n, =1, n, =3).

Bapianr 15
f(x)=2+|x, —2<x<2

(n, =1, n, =3).

Bapianr 16
f(x)=2-|x, —-2<x<2

(n, =1, n, =3).

BapianTt 17

2X, —m<x<0;
f(x):{:x T<X
-3Xx, 0<x<rx

(n, =1, n, =3).
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BapianT 18

0, —-2<x<0;
f =
) {x 0<x<2

(nl :1, n2 = 3)

BapianT 19

_4<x<O:
f(x):{x’ x<0;
2X, 0<x<4

(n, =1, n, =3).
Bapianr 20

— 2<X<
f(x)={: X, X <0;

0, 0<x<2
(=2, n,=3)
BapianT 21

-1, -1< ;
fooz{ , X <0;

3, O<x<1
(n, =3, n, =5)
Bapiant 22

—2< ;

f(x)= {O, X <0;

-2, 0<x<£2
(n, =3, n, =5).
BapianT 23

f(x)=

1 -1<x<0;
1+x, 0<x<1



(=2, n,=3)

BapianTt 24
~1<x<0:
f@QZ{?+X’ 1<x<0;
1, 0<x<1
(=2, n,=3)
Bapianr 25
—2< ;
f(x)= {O, X <0:
2—X, 0<x<g2
(n, =3, n,=4)

10.4 KoHTpOJbHI NUTAHHS

1) SIka ¢yHKIIis € mapHOIO?

2) Slka pyHKIIiS € HeMapHOIO?

3) SIki ocobarBOCTI TOOYI0BH MoTiHOMY Dyp’e a1 mapHoT GyHKIIIi?

4) Sxi ocobnmBocTi OOy 10BY MojTiHoMy Dyp’e miis HemapHoT QyHKIIIT?

TEMA 11 METOJ1 HAUMEHIIINX KBAJIPATIB

11.2 Teopernuni BizomocTi

[Ipu moOymoBi piBHsHHAY =aX+b, mo ommcye 3amexHicTs Mix

CKCTICPUMEHTAIbHUMA JaHUMH X 1 Y, METOAOM HaWMEHIINX KBaJpaTiB

Koe(ILi€HTH @ 1 D BU3HAYAIOTHCSA 32 HACTYITHUMH (POPMYJIaAMHU:
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(11.1)

b=y-a-Xx, (11.2)

ae X - cepelHE 3HAYEHHS 3MIHHOI X;

[Ipyu noOynoBi MeTOAOM HaWMEHIIMX KBaJApaTiB Mapadoiu, sKa

aMPOKCUMY€E EKCIIEPUMEHTAJIbHI JaHi, HCOOXiTHO 3HANTH KoeditieHTn a, b i ¢,

PO3B’SI3aBIIN HACTY

N

MTHY CUCTEMY PiBHSHB:

(n 4 n. 4 n.o, n.o,
ay X +b X' +c X" =2 % Vi
]

i1 i1 i1
n 3 n 2 n o n . 113
aYy x> +bY x +cY X = X Vi (11.3)
i=1 i=1 i-1 =1
n 2 n n
aZXi +bZXi+n-C=Zyi.
= i—1 i—1

Merton nineapu3aiii QyHKIII MOJsirae B TOMY, HI00 3aCTOCOBYIOUU

ITYYHI MPUAOMH ¥ 3aMiHHM 3MIHHUX MPUBECTH PIBHSHHS 3aJ€KHOCTI Y Bif

Xy=f (x) 1o JiHiliHOrO BULy Y =ax+b, norim 3actocoByroun MHK

3HAUTH mapameTpu d W b 1 yepe3 3BOPOTHI NEPETBOPEHHS OJCPIKATH

3aJIeXKHICT V= f (x

).
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Tabmung 11.1 — [IpuBeaeHHs 3a1€XHOCTI J0 JIIHIHHOTO BUIY

Bun
. [lepeTBOpeHHs 3aMiHu 3MIHHUX JliniiiHuii BUA
3aJIeKHOCTI
y=ax+b — X' =X y:ax'+b
y=+ax+b y2:ax+b y':y2 y'=ax+b
1 , 1 :
y=a—+b —~ x'=— y=ax'+b
X X
1 1
= 1 —=ax+b Y =— y'=ax+b
ax+b Y Y
1 1 1
y=—3 —=ax*+b y'=—;x =x y'=ax"+b
ax” +b Y Y
y'=Iny;b'=Inb , o
v = bx*® Iny=Inb+alnx Y =ax'+b
xX"=Inx

11.2 KoHTpOJbHUI IPUKJIAL

3agaua 1
B pe3ynbTaTi eKCriepuMEeHTy BiAOMI 3aJIEKHOCTI MK BUTpaTaMu Mpaiii
Ha BupoOHUIITBO ly wmomoka (Y, JNIOAWHO-THIB) 1 pIBHEM MexXaH13allii
OYMINCHHS TBAPUHHUIIPKUX MpUMiIIeHb (X) oTpuMana Tabnuis(tads. 11.2):
Tabnuus 11.2 — Pe3ynpTaTu eKCIEPUMEHTY
Xi 0,3 0,7 1,0
Yi 2,4 2,2 1,6

1,3
1,2

1,5
0,7

[ToOynyBaTH piBHSIHHS, 1110 OMUCYE 3aJEKHICTh MK Y i X.
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Po3B’sa3aHus

HaneceMo To4kH 3 KOOpAMHATAMHU (Xi ) Yi )Ha KOOPAMHATHY ILIOLIUHY:

, &

0

Pucynoxk 11.1 — I'padiune npeacTaBieHHS! €KCTIEPUMEHTAIBHUX JTaHUX

[TpubnusHo,

y=a-x+b.

0.3

EKCTIEpUMEHTAJIbHI

1

a1

13

MOJXHa 3rjiiaguTu IpAMOIO

Jl71s1 3py4HOCT1 00UUCIIeHb CKIIaieMo Ta0aulo (Tads. 11.3):

Ta6muis 11.3 — Po3paxyHkoBa Ta0bauIs

Ne Xj Yi xi2 X: Y,
1 0,3 2.4 0,09 0,72
2 0,7 2,2 0,49 1,54
3 1,0 1,6 1 1,6
4 1,3 1,2 1,69 1,56
5 15 0,7 2,25 1,05
n

> 4.8 8,1 552 6,47

i=1

3HAXO0IMMO CepeiHi 3HaYeHHS 3MiHHUX X i ) :
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Busznaunmo a i b

,_647-5096-162 _
5,52 —5-0,96°

b=162+143-0,96 =2,99

Otxe, pIBHAHHS MPSAMOI, LI0 3TJIaJKy€ €KCIIEPUMEHTANIbHI JaHl Mae

-1.43;

BUTJISA:
y=-143-x+2,99

[ToOynyemo rpadik orpuManoi npsamoi (pucyHok 11.2):

i

' mpH x =1 y=156
24T anx:{):,S _}’:2,28
2T
16T
10
07T

f f f f f
0 0.3 0.7 1 1.3 1.5 x

Pucynok 11.2 — I'padix anpoxcumyrodoi npamoi Y =—1,43- X+ 2,99

3amaua 2

Jns dyHkii, 3amanoi TadauyHo (Tadn. 11.4) 3HAWTH anmpOKCUMYIOUY

3QJICKHICTD.

89



Tabmus 11.4 — JlocmigHi gaHi

X; 1,1 1 1,3 1,9 1,8
Vi 8,9 6,9 5 2,6 3,6
Po3B’sa3anus

300pakyeMO B KOOPJMHATHIN IUIOMIMHI JIOCHIAHI TOYKH (xl-; yl-)

(pucynok 11.3):

[=1]

on
[u]

Pucynok 11.3 — I'padik excriepuMeHTanbHOT 3a1eKHOCTI Mik Y 1 X
[To By eKCIieprMEHTaIbHOI 3aJICKHOCTI JOMYCKAaEMO, 110 JOCIIIHI J1aHi

MOXXYTb OyTH 3rIaJKeH1 (QYHKITISIMHA:

1) yy=ax+Db

90



1
=a—+b
2) Yo .

JlonmoM1>KHI po3paxyHKH IpUBeIeH] B Ta0aui 11.5.

Tabmuus 11.5 — Po3paxyHkoBa TabiuLis

2 ’

2 2 2
Xl v |oxp |y | X XY ()] Y | Vai | e | ey

1,11 85121935 |091| 7,73 | 0,83 |7,04|6,96 | 2,13 |2,37
1169 1 6,9 1,00/ 6,90 | 1,00 |7,58|7,91| 0,46 1,02
1,3 5 | 169 | 65 |0,77]| 3,85 | 0,59 (596|550 0,92 |0,25
1926|361 |494 053|137 | 0,28 [2,73|2,96 | 0,02 |0,13
1,8 3,6 | 3,24 | 6,48 |0,56| 2,00 | 0,31 |3,27| 3,27 | 0,11 |0,11

7,1126,6(10,75/34,17|3,76|21,84| 3,00 3,64 3,88

R

N
Il
_

1) 3rmagmmo excriepuMeHTalbHI JaHl QyHKI€ew y; = ax + b.

3HaleMo cepeHl 3HAUCHHS

% :7?’1 142, =200

Oo6uncaumo koedirienTn a i b:
. 3417-5-1,42-5,32
10,75-5-1,42°

b=532+539-1,42=1297

=532,

=-5,39;

PiBHsIHHSI JTiHi#THOT 3anexHOCTI Mae Burisin: Y =12,97 —5,39X.
OOuncnauMo TeoperuuHi 3HaueHHA Yq; =12,97-539x; i orpumani

pe3ynbpTaTH BHeceMo B Tabmwuio 11.2.
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2 . .
BusHaunmo KBaapaTH IOMUIIOK elzi =(yi — yli) . OrpumaH1 JaHi

3aHeceMo B Tabmuuiro 11.2.

1
2) 3rinaguMo JAOCHIHI JlaHl TinepOoJIoro 92 =bo +b_L; s

BU3HAUCHHS TIapaMeTpiB perpecii, HEOOX1JHO, BHKOPUCTOBYIOUH METO]

: . 1 .y
Mi/ICTAHOBOK, MPHBECTH 3AJICKHICTD Y, = a— + b nmo miniitHOTO BUAY. [[1s1

1LOTO 3pOOUMO 3aMiHy X; = —. OepXkKUMO piBHAHHA Y, = ax’ + b.

Xi

3HaieMo cepeiHe 3HaYeHHs X'

_, 3,76
X =

=0,752.

O6uncnumo koedimientu A 1 b

,_2184-50752.532

5 =10,44;
3-5-0,752
b=5,32-10,44-0,752.
10,44
PiBHSHHS 3aJIE)KHOCTI Ma€ BUTJISI )72 =——=253.
OO6uHCIMMO TEOPETHYHI 3HA4YCHHS Yo = ]'())’(ﬁ —2,53 i BU3HAYMMO
[

2 .
KBaJpaTU IOMWIOK e%i =(yi - 92i) . OTpumani pe3ynbTaTd BHECEMO B

tadymro 11. 2.

n n
Bucnosok: Tomy mio Zelzl- < Zegi, pOOKMMO BHCHOBOK, IO IpsMa
i=1 i=1

Y =12,97-539X «kpame srmamkye pocmimmi gami, HiX rinep6ona

y:%_2’53.
X
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3aBIaHHA 1J151 CAMOCTIHHOI po0oTH

1) Jns  TabnuuHO 3amaHoi  QyHKIT METOJ0M HaWMEHITHUX

KBaJpaTiB 3HANTH anpokcumyloui ¢ymkuii Y =ax+b, y= axb ,

y =ax’ +bx+c.

2) 3a pesyiabTaraMyd OOYMCIICHb BUOpaTH (QYHKIIIO, sKa €
HAWOUIBIIT HAOIMIKEHOIO 10 TaOJIMYHUX JaHUX
3) Bukonatu nporpamuy peanizaiito ([lomatox A)

JlaH1 111 BUKOHAHHS 3aBAaHHs B3ATH 3 Tabmmip 11.6 —11.8

Ta6muns 11.6 — BapianTu iHIMBIyalbHUX 3aBJaHb

Ne 11213 /4|!5|6|7|8|9/10/11]12]13
Bapianra

x 112 34 5 67 80910111213

v 112 34 5 67 8910111213

N Va5 1611718 119 | 20 | 21| 22 | 23| 24 | 25 | 26
Bapianra

x 41511 1 12 212121212 2

v 14151678 9 1012|3456
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Tabomuis 11.7 — 3aauenaa X

=

X1

X2 | X3

X4

X5

X6

X7

X8

X9

X10

X11

X12

O© 00O NO Ol &~ WDN P

el e el
O wWNEFEO

2,06
2,58
3,14
3,54
4,18
4,78
5,11
5,67
6,02
6,65
7,05
7,52
8,03
8,56
9,03

2,53 | 2,17
3,54 2,90
3,84 | 3,29
3,84 4,13
4,221 5,25
4,81 4,92
6,53 | 5,79
5,82 | 5,87
6,43 6,99
7,713 | 7,04
8,19 | 8,14
7,65 | 8,06
9,31 8,57
9,26 | 9,45
9,86 | 9,06

3,65
3,82
3,76
5,24
5,03
5,52
5,62
6,98
6,91
7,95
7,24
9,27
8,46
10,30
10,72

3,22
3,87
4,95
5,10
5,98
7,28
6,90
7,54
7,91
8,40
8,14
8,76
9,67
10,28
10,59

2,16
2,65
3,49
3,16
3,85
4,58
5,33
5,89
6,20
6,39
6,95
7,25
7,80
8,47
9,22

457
5,42
5,29
6,33
7,63
7,53
7,73
8,44
9,49
9,18
10,14
9,94
10,92
11,89
11,14

2,25
2,98
2,15
2,71
3,70
4,59
4,77
5,34
5,45
6,00
6,25
6,79
8,24
8,51
9,15

6,15
5,66
7,50
6,90
8,31
8,25
9,39
9,73
9,33
10,50
11,10
11,51
12,42
12,40
13,14

1,86
1,91
2,14
3,39
3,95
4,30
5,10
5,47
5,97
6,16
6,46
6,07
6,71
7,16
8,81

2,07
3,22
3,04
3,42
5,23
5,70
6,93
6,41
6,68
7,46
6,83
6,34
8,19
7,19
9,72

3,11
3,15
3,85
4,84
4,62
4,87
6,09
7,06
6,23
6,83
8,01
8,26
9,37
9,02
9,76

Taomuis 11.8 — 3uauenaa Y

=

Y1

Y2

Y3

Y4

Y5

Y6

Y7

Y8

Y9

Y10

Y11

Y12

O© 00 NOoO Ol & WDN B

e ol
A WN RO

7,24
8,02
9,28
10,12
11,12
12,19
13,01
14,12
15,21
16,29
17,01
18,03
19,19
20,21

10,89
11,92
12,45
13,27
14,12
15,23
16,07
17,40
18,68
19,46
20,52
21,32
22,58
23,73

16,21
17,75
18,39
18,87
19,60
21,21
21,84
23,00
24,44
25,36
25,54
27,14
27,95
28,99

12,11
12,30
13,82
14,84
15,86
16,41
17,80
18,61
19,57
21,26
21,08
22,99
23,43
24,63

15,21
15,42
16,44
17,93
18,52
19,80
20,76
21,30
22,25
24,14
24,17
25,66
26,50
217,46

16,62
17,63
19,22
19,36
20,52
21,95
22,45
23,56
24,90
25,53
26,11
28,02
28,37
29,46

10,22
10,58
12,01
12,84
13,28
15,13
15,84
17,08
17,99
18,32
19,49
20,59
21,35
23,20

12,50
13,88
15,16
16,06
16,66
17,65
18,46
19,54
20,58
21,77
22,15
23,80
24,79
25,57

19,66
20,53
21,31
22,59
23,27
24,44
25,85
26,74
27,36
28,37
29,22
30,50
31,21
32,56

14,87
15,78
16,79
18,03
18,29
19,93
20,32
21,18
22,47
23,47
24,07
25,57
27,07
27,62

22,68
23,89
24,32
25,97
26,23
27,60
28,13
29,84
30,31
31,52
32,27
33,77
34,68
35,93

10,65
11,87
12,96
13,40
15,12
16,03
16,29
18,07
18,40
19,53
20,48
21,72
23,17
23,57

[EEN
a1

21,22

25,02

30,80

25,41

29,02

30,42

24,21

27,18

33,66

28,42

36,97

24,41
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11.3 KoHTpPOJbHI MUTAHHS

1. V domy ckiaiaeTbes CyTh METOTy HAMEHIITNX KBapaTiB?

2. Slx  moOymyBaTu  JiHIHE  PIBHSHHSA  3QJEKHOCTI  MIXK
€KCIIEPUMEHTAIbHUMU TaHUMU?

3. Yu MoxHa 3aCTOCYBaTH METOJ HAaMEHIIMX KBaJpAaTiB y BUIAJIKY,

KOJIM €KCIIEPUMEHTaIbHI JIaH1 3TIAJKYIOThCS KPUBOIO?

TEMA 12 YUCEJIBHE IU®EPEHIIIOBAHHASA

12.1 TeopernuHi BitomocTi

3amava 4YuCceNbHOrO AUGEPEHINIOBAHHS TOJSITA€ Yy 3HAXOKCHHI
3HA4YeHb NOXiTHMX (yHKIIT Y= f(X) y 3amaHux TOukax y BHIAIKy, KOJIH
aHamiTnaHui 3anuc ¢yHkii f(X) HeBiqomuit abo ayske CKIagHui uu QyHKIIis
3amaHa TabauyHO. [IpuUBaONMBICTH YHCETBHOrO TMIAXOAY 31€0LIBIIOTrO
MOSICHIOETHCSI HASIBHICTIO TTPOCTHUX 3aJICKHOCTEM, 32 JOTIOMOT OO SKHX IOX1/TIHI
B 33J]aHUX TOYKAaX MOKHA allPOKCUMYBATH JEKUIbKOMA 3HAYEHHSIMU (DYHKIIIT
B IIUX 1 OJIU3BKHUX JIO HUX TOYKaX.

st TabnmuyHo 3amaHoi (YHKINT Tepima MmoxigHa JJIs 3HAYCHHS X

YUCEILHO 00YMCITIOETHCS 3a (POPMYIIOIO:

, 1 1 A
y'(x) ~ o A, —5(21‘ —1)A%y, + (3t3 —6t+2) 3{” +..,  (12.1)
X — X,
ae 1= T, Xp — HaWOIMKYMK HalMeHITUM By30J1 10 X .

95



Hpyra mnoxigHa mig TaOau4yHO 3a7aHoi (YHKI JjIs 3HAYCHHS

XUYHCEIIbHO O0UYUCITIOETHCS 32 (OPMYIIOIO:

y(X)= = A2y, + (t-1)Ady, +...)

= (12.2)

12.2 KoHTpOJIbHUI IPUKJIA/

3agaua 1

Jnst pyskuii, 3a1anoi TabnudHo (Tads.12.1) BU3HauuTH neputy i apyry
MOXiJHI B Toukax Xy =1,2 ta X5 = 2,23

Tabmuus 12.1 — Tabnuuno 3anana GyHKITISA

i 0 1 2 3 4 5 6 7
Xi 0,8 1,2 1,6 2,0 2,4 2,8 3,2 3,6
Y; 2.857 | 3,946 | 4,938 | 5,801 | 6,503 | 7,010 | 7,288 | 7,301

Po3B’s13annsa

BynyeMo Tabnuito KiHIIeBUX Pi3HULB (Tadm. 12.2)

Tabmuis 12.2 — Kinnesi pizHUIT
X Yi Ay Ay, Ay,
0,8 2,855 _ _ _
1,2 3,946 1,089 — _
1,6 4,938 0,992 -0,097 —
2,0 5,801 0,863 -0,129 -0,032
2,4 6,503 0,702 -0,161 -0,032
2,8 7,010 0,507 -0,195 -0,034
3,2 7,288 0,278 -0,229 -0,034
3,6 7,301 0,013 -0,265 -0,036
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a) 3naxoaumMo noxinHi yHkuii mpu Xg =1,2

o1 1 1 |
y'(x0) = H(Ayo —EAZYO +§A3y0 n j

Y'(%0)= hiz(Azyo ~ Ny + )

Busnauaemo kpox N = 0,4

12-12

Tak sx t = =0, 1o

o1 1 1 |
y'(x0) = H(Ayo —EAZYO +§A3y0 n j

y'(%)= hiz(AZYO — Ay + )

h=04

1
1,2)~ —
y'(1,2) 02

(0,992 + % 0,129 - % : 0,032) = 2,615

1

y'(1,2) = os (-0,129+0,032)=-0,606

X=X
6) 3Haxoxumo moxixai Gpyskuii mpu Xg = 2,23; X=2,t= K

2 3
y' ()= %[Ayk +(2t —1)A2)|/k + <3t2 — 6t + Z)A;I/k + J

" 1
y (Xo)=—(A2yk +(E-1)A%y, +)
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¥'(2,23)= i(o,mz +(2-0,575-1)

9

- 0,195

+

+(3-0575° ~6-0575+2)- 0’6034j =1,73

y"(2,23) = O%(— 0,195+ (0,575 —1)(—0,034)) = —1,128

b

3aBaaHHA 1J151 CAMOCTIHHOI po0oTH

1. [nsa ¢yskuii, 3aaaH0i TaOIMYHO, BU3HAYUTH TMEPITy Ta APYTY

MMOX1H1 B TOYI[l X

2.  Bukonatu nporpamuy peanizaiito ([{ogaTtok A)
Bapianr 1 X=0.55
i 0 1 2 3 4 5
Xi -0,5 -0,4 0,5 0,6 1,5 1,6
yi -1,202 -1,724 -0,07 0,488 -0,65 -1,233
Bapianr 2 X =0,6
[ 0 1 2 3 4 5
Xi -0,55 0,05 0,65 1,25 1,85 2,45
Vi 2,418 2,061 2,031 2,34 2,879 3,461
Bapianr 3 X =04
[ 0 1 2 3 4 5
Xi -1 -0,56 -0,12 0,32 0,76 1,2
Vi 0,328 0,17 0,252 0,513 0,765 0,825
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Bapiaur 4 X=1.2
i 0 1 2 3 4 5
Xi -1 0,2 1,4 2,6 3,8 5
i -1,336 | -1,371 -1,066 -0,929 0,054 0,478
Bapianr 5 X =0,2
i 0 1 2 3 4 5
Xi 0 0,22 0,44 0,66 0,88 1,1
Vi 1,003 1,419 2,257 2,909 2,901 2,239
Bapiaur 6 X=-13
[ 0 1 2 3 4 5
Xi -6 -4,7 -3,4 -2,1 -0,8 0,5
Vi -1,71 -1,318 -1,204 -1,415 -1,864 -2,369
Bapianr 7 X=-0,9
i 0 1 2 3 4 5
Xi -4 -3,1 -2,2 -1,3 -0,4 0,5
yi -1,942 -1,756 -1,45 -1,031 -0,515 0,082
Bapianr 8 X=0,3
[ 0 1 2 3 4 5
Xi -1 -0,7 -0,4 -0,1 0,2 0,5
Vi -2,758 -2,996 -2,859 -2,45 -2,079 -2,027
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BapiauTt 9 X=-0,3

[ 0 1 2 3 4 5

Xi -2 -1,7 -1,4 -1,1 -0,8 -0,5

yi 5,688 4,208 2,571 2,016 2,961 4,693
BapianT 10 X=0,3

[ 0 1 2 3 4 5

Xi -1 -0,7 -0,4 -0,1 0,2 0,5

Vi 2,635 2,477 1,148 1,91 2,892 1,684
BapianT 11 X=0.5

[ 0 1 2 3 4 5

Xi -5 -4 -3 -2 -1 0

Vi 25 16 9 4 17 28
BapianT 12 X=0,2

i 0 1 2 3 4 5

Xi -2 -1,5 -1 -0,5 0 0,5

yi 1 0,25 0 0,25 -1 -1,75
BapianT 13 X=2,7

[ 0 1 2 3 4 5

Xi -7,5 -5 -2,5 0 2,5 5

Vi 4 0,25 9 30,25 51,5 60,25
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Bapiaunr 14 X=1,5

[ 0 1 2 3 4 5

Xi -3,9 -2 -0,5 1 2,5 4

yi 11,25 3 -0,75 0 -2,25 0
BapianT 15 X=2

i 0 1 2 3 4 5

Xi -6,5 -4,5 -2,5 -0,5 1,5 3,5

Yi 86 54 30 14 26 30
Bapianr 16 X=2

i 0 1 2 3 4 5

Xi -6,5 -4,5 -2,5 -0,5 1,5 3,5

Yi 130 94 66 46 38,0 38,0
BapianTt 17 X=1,6

i 0 1 2 3 4 5

Xi -3,5 -2 -0,5 1,5 3

Yi 53 37,25 26 23,25 23 37,25
Bapianr 18 X=0,2

[ 0 1 2 3 4 5

Xi -2 -1,5 -1 -0,5 0,5

Yi 9 6,25 4 2,25 4,25
BapianT 19 X=0.1

i 0 1 2 3 4 5

Xi -5 -4 -3 -2 -1 0

Yi -50 -31 -14 1 -12 -23
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BapianT 20 X=2.6
i 0 1 2 3 4 5
Xi -1,5 -5 -2,5 0 2,5 5
Yi 106,25 50 6,25 -25 6,25 50
Bapianr 21 X=5,5
[ 0 1 2 3 4 5
Xi 3 4,5 6 7,5 9 10,5
Yi 19,07 19,57 20,3 20,87 20,97 20,56
BapianT 22 X=2
i 0 1 2 3 4 5
Xi -1,5 0,5 2,5 4,5 6,5 8,5
Yi 34 34,42 35,38 35,98 35,68 34,76

KoHTpoabHi nuTaHHsA:

1) o Take uncenabHe audepeHIitoBaHH?

2) ChopmymroiiTe mocTaHOBKY 3a1adi qud)epeHIitoBaHHS QYHKITIH.

3) Sk oOumciuTy oxinHy (QyHKIIi, 3a1aH0T TAaOJIUIHO?

4) SIx OmiHUTH MOXMOKY OOUYUCIICHHS?

5) Slkwii iHTEpNONAIIHMIA OaraTowieH € HAHOUIbIN 3PYYHHM ISt

YUCEIBLHOTO MU(pepeHIIiFtOBaHHS?
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TEMA 13 YUCEJIBHI METOJAU OBYUCJIEHHA
BU3HAYEHUX IHTEI'PAJIIB

13.1 TeopeTrnuni BitomocTi

{06 oOuncnuTH HAOIMKEHE 3HAYEHHS 1HTErpasia
b
I=[f(x)dx
a

ne f(x)eC,[a,b], neobxinno sinpisox [a,b] posmimmrn Ha N pisEnx
b-a

BIJIP13KiB 3aBJIOBKKHU h=—.
n

dopmyra «ITBUX» NPSIMOKYTHUKIB Ma€ BUTJISI:

jf X)dx = S, _hZf( Vs (13.1)
dopmylia «IpaBuX» MPSIMOKYTHUKIB Ma€ BUTJISIA!
jf X)dx ~ S, —hZf( ok (13.2)
dopmylia «cepeHIX» MPIMOKYTHUKIB MA€ BUTJISI:
b n h
[ f(x)dx~S, =h> f[xi_1 +—j.
a i1 2

JIist o1iHKY TOXHOKU (POopMyH MIPSIMOKYTHHUKIB A np 3ACTOCOBYETHCS

dbopmyna

R<® A, =M )

ne M, = max |f"(x), f (X)— miginrerpansna Qysxuis,
as<x<b

[a;b]

— BIJIPI30K IHTETPYBaHHS,
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AC

, b-a
h — xpok irrerpysanms (N = ——).

dopMya Tparneuii Mae BUTIISL

b f
[ f(x)dx = h[—o + 4+ + f +h) (13.3)
a 2 2
AOcomoTHY NOXUOKY (popmyiu Tparneiiii 00unciIreMo 3a GopMysioro
b-a)® h®M
R(f)<! M,=—"2(b-a 13.4
ROy, - M2 -a) 13

ne M, = max | f"(x).
as<x<b
VY3aransnena popmyna Cimrcona (mapaboi) Mae BUTIIAL:
S, = g(vo +4vy +2V,),

Vo = f(%o)+ fx,)=f(a)+ f(b),
m

Vl - f (X1)+ f (X3)+ ..t f (X2k—l)+ ..+ f (Xn—l) = kz f (X2k—l)
=1

(3HayeHHs (QYHKIIIT B TOYKAX 3 HEMAPHUMU HOMEpaMu);

Vy = F(xp)+ F(x0) oot ()t f(xn_z):r:gllf(x%)

(3HayeHHs (QYHKIIT B TOYKAX 3 TApHUMHU HOMEPAMH).

f(x)dx =S, = g( f(a)+ f(b)+ 4% f (X1 )+ Zrnilf (Xok )j (13.5)

k=1 k=1

3anuIIKkoBHH 4iieH y3araibHeHoi popmynu CiMIICOHa 0OYUCTIOETHCS 32

bopmMyIIor0

h* b-a)’
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e My max‘f('v) )(

Ha npakruii, 3a3Buyaii, 3a abCoMOTHY MOXMOKY 3HAUCHHS 1HTErpasia

S(h), npuitmators uncio
S(h)-S(2h)
3

Ah:

13.2 KoHTpOJIbHUI IPUKJIA/

3agaua 1
3a gomoMoror (GopMmys «IpaBUX MPSIMOKYTHUKIB», Tpameuid 1

CiMmricoHa OOYHMCIUTH IHTETPAT

1 dx

1]

01+X

3

3 pO30UTTAM BIJIpi3Ka IHTErpPyBaHHS [0 ;1] Ha 5 pIBHUX YACTHH 1 OL[IHUTHU

3HAYEHHSA a0COJIFOTHOT IMTOXUOKH.

Po3B’s13aHHA
_ 1
IToGygyemo Tabmnuio 3HadeHb GyHKii fj = 3 3KPOKOM h=0,2
1+ X
Tabnuus 13.1 — Po3paxyHKoBI JaH1
i Xj fi
0 0 1
1 0,2 0,99206
2 0,4 0,93985
3 0,6 0,82237
4 0,8 0,66137
5 1 0,5
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dopMyra «IpaBUX MPSIMOKYTHUKIB» Ma€ BUTIIAL:

? f(x)dx =S, = hi f(x;).
a i=1

O0YHUCITIOEMO

S =0.2-(0,99206 + 0,93985+ 0,82237 + 0,66137 + 0,5) = 0,821401

ITo6yxyemo TabmuIo 3HadeHs GyHkiii fj = ﬁ, 3 kpokom N=01
i
(tabm. 13.2)
.Tabmuus 13.2 — Po3paxyHKoBI J1aH1

i Xi f

0 0 1

1 0,1 0,99900
2 0,2 0,99206
3 0,3 0,97371
4 0,4 0,93985
5 0,5 0,88889
6 0,6 0,82237
7 0,7 0,74460
8 0,8 0,66137
9 0,9 0,57837
10 1 0,5

dopMyra «IpaBUX MPSIMOKYTHUKIB» Ma€ BUTIIAL:
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f(x)dx =S, = hi f(x;).
i1

D — T

O0uuciII0eEMO
S10=01-(0,99900+0,99206 +0,97371+0,93985+0,88889 +0,82237 +
+0,/4460+0,66137 +0,57837 +0,5) =0,830023.

Bu3HaunMo OLIHKY OXUOKH

. - 501-502)
3

0,830023-0,821401
Ah = 3

OOGuucauMo 1HTErpai 3a PopMysor Tpanerii:

b
jf(x)dth(%+ fy+..+ fn_1+hj.
a

=0,0029.

2

OO0YUCITIOEMO

S5 =0,2 -(% +0,99206 +0,93985+0,82237 +0,66137 + 07’5) =0,833132.

S10=01( % +0,999+0,99206 +0,97371+0,93985 +0,88889 +0,82237 +

+0,/4460+0,66137 +0,57837 + 07’5 ) =0,835022.

Busnauumo O1iHKY OXUOKH

0835022 -0,833132

A, = ; =0,00063.

OGuuciauMo iHTerpai 3a popmysnoro CiMrcoHa:
h
Sn = §(V0 + 4V1 + 2V2).

3HaX0INMO:
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Vo= f(a)+ f(b)=1+05=15,

v; = f(xy)+ f(x3)=0,99206 +0,82237 = 1,81443,

Vv, = f(x,)+ f(x,)=0,93985+0,66137 = 160122,

Sg = % (15+4-1,81443+2-160122)=0,79735.
3HaX0UMO:

Vo= f(a)+ f(b)=1+05=15,

vy = F(xg)+ f(x3)+ f(xg)+ f(%)+ f(xg)=0,999+097371+
+0,88889 +0,74460 +0,57837 = 4,18457

Vo = F(Xp )+ f(xg)+ f(xg)+ f(Xg)=0,99206 +0,93985 +0,82237 +
+0,66137 = 341565

Si0 = % -(15+4-4,18457 +2-341565)=0,83565.

Bu3zHauuMo OLiHKY TOXUOKH

0,83565-0,79735
4 =0 79735 o3

3aBaaHHA 1151 CAMOCTIHOI podoTH

1) OOuucauTy iHTerpan 3a (GopMysorw Tpamenid 3 po30UTTIM
BiJIpi3Ka IHTETpyBaHHS Ha 8 PIBHUX YaCTHH 1 OIMIHUTH 3HAYCHHS aOCOIIOTHOI
MOXHOKHU.

2) OOumcoutu iHTerpan 3a ¢opmysiow CiMrcoHa 3 pO3OUTTAM
BiJIpi3Ka IHTETPyBaHHs Ha 8 PIBHUX YaCTHH 1 OL[IHUTU 3HAYCHHS a0COJFOTHOI
MTOXUOKH.

3) Buxkonatu nporpamuy peaiizariito (Jlogarok A)
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BapianT 1

Y e ) [

BapianT 2

1) 1% 2) ij:(x +1)sin xdx

Bapiaut 3

y [ y 11l
12+/2x% +13 02 X2 +1

BapianT 4

R

Bapiant 5

1) :f;% 2) :)jiﬁ cos(xz)dx

Bapiaut 6

2 sz sin(22x) dx

1.2 dx
1
) 0!4 \2+0,5x> 08 X

Bapianrt 7

21 dx 18 Ig(x2 +1)
2) ————2dx
1:[4 V3x% -1 oja X

1)



Bapianrt 8

1
) j\/05+x

Bapianr 9
L2 dx

0!4 N3+ x?

1)

Bapianr 10

L5 dx

o!cs N1+ 2x2

1)

BapianT 11

Bapiant 12
1j'3 dx
05V X% +2

Bapianr 13

1)

2j6 dx
1) —_—
22+/X?+0,6

Bapianr 14
1)
I'\/3x +1

2)

2)

2)

2)

2)

2)

2)

1’12 COS X
0.4 X+ 2

1,2
[(2x+0,5)sin dx

0,4

08tg(x +05)

]

0,4 1+ 2X

dx

0,98
sin X
G

0,18

j\/—lcos( )dx

3
[ x? 1g xdx
1,4

2flg(x2 +2)dx
14 X+1
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BapianT 15

1);

'\/X +4

Bapianr 16
j dx
16 /X2 +25
Bapianr 17
) lf dx
06~/ X% +0,8
Bapianr 18

) Jw/x +1,2

Bapianr 19

2 dx
1)

1,I4 \2x% +0,7

Bapiant 20
T dx

3,121/0,5X2 +1

1)

2)

2)

2)

2)

2)

2)

l,fs(xz +1)sin(x — 0,5)dx

0,8

14 )
| x* cosxdx
0,6

05 X+1
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BapianT 21
1)
I 82x% +3

Bapianr 22

2,0 dX

1)

LIz J0.5x% +15

Bapianr 23
1)
I r -

Bapianr 24
2> dx

Ljs \0,2x% +1

1)

Bapianr 25

14 dx
1)

oj,eM/Zx2 +05

KoHTpoabHi nuTaHHs

2)

2)

2)

2)

2)

1,0

[(x+1)cos(x? Jdx

0,2

T sin (x2 - 0,4)

dx
0 X+2
0,63
[ Vx+1lg(x+3)dx
0,15

ng Ig(1+ Xz)dx
12 2x-1

1) o Take yncenbHE IHTETPYBaHHS?

2) SIk BU3HAYMTH NEBHUM 1HTErpa 1mo GopMyIIi Tpamnerii?

3) SIk BU3HAYMTHU NEBHUM iHTErpan mo ¢popmyiti Cumricona?

4) SIx BU3HAYWTH NIEBHUM IHTErpai 1Mo GOpMYIIi MPIMOKYTHHKIB?

5) SIk OIHWTH MOTPINTHICTH OOYUCIICHB?
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TEMA 14 YAUCEJIbBHI METOIU PO3B’A3AHHSA 3AJTIAYI
KOOI

14.1 Teoperw4Hi BiZzoMoCTi

[Ipu po3p’a3anHl 3agaui Komi aHamITUYHUM METOJIOM PO3B’S30K

HEOOX1THO MPEJICTaBUTH Y BUTJIAAL psaay Telmopa:
4 X 4 X
y(0)= Y0 )+ Y0 g ) YD)

()(x
y (o)(

. X—Xg )" +...

_|_

SIKIIo 3amada po3B’I3yE€ThC Ha BIAPI3KY |X,; X, | 13 3a1aHOI0 TOYHICTIO,
Yy 10 A2

TO KOe(DIIIEHTH Py 3HAXOAATh JOTH, TOKU HE Oy/iIe BAKOHYBAaTUCS HACTyITHA

yMOBa:

X — Xo)n < & nn BCix X € [Xl;Xz].

n!

AJITOPUTM MeTOaY iTepairii

1. OOupaemMO HynbOBE HaOMMKEHHS Y, (X) AK€ 3aJI0BOJIbHSIE

MOYaTKOBIN YMOBI.

2. HacTynH1 HaOmKeHHST BU3HA4YaeEMO 3a (hOPMYIIOO:

X
0, (X)= Yo + [ £(X 0, (x))dx.
X0
3.fIkmo pi3HMULA B OKOJMII TOYKH Xq ‘(pn (X)_(Pn—l(x)( <&, TO

IPOILIEC 3aKIHYEHO Ta y(x) =@, (X)anﬁMaeTLc;{ 3a po3B’sA30K 3aaaui Komri.

B iHIIOMY BUIIaJKy ITOBEPTAEMOCS A0 IMyHKT 2.
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Aaroputm metoay Eitsiepa

1. 3amaeMo 4YHCIO TOYOK  YHMCIO N TOYOK pO3OHUTTS Bijapi3ka

a
[XO; X + a] Ta oGuncIIoeMo kpok N = —. BeaxaeMo BiZoMIMH xo, yo.
n

2. Hexaii Bu3HaueHo X, , Y, . 3HaX0auMO:

y’(xk)= f(xk’yk )’ Yo = Y T f(xk'yk)h’xkﬂ =X, +h

Aaroputm moaugikosanoro merony Eisepa

1. 3amaemMo uYuciao TOYOK  4uciIOo [N TOYOK PO3OUTTS BiApizka

a
[XO; X + a] Ta oGuncmoeMo kpok N = —. Beaxkaemo BiIoMuMH Xo, Yo,
n

2. Hexaii Bu3HaueHo X, , Y, . 3HaX0auMO:

h h
X 1=%tY 1 =Yt f(Xk’yk)E’

k+=
2 2 2

X = X +h, Yi+1 = Yk +akh.
Aaropurtm meroay Pynre-Kyrra

1. 3agaemMo 4yuciaO0 TOYOK  4uciIO [N TOYOK PO3OUTTS BiApi3Ka

a
[XO; X + a] Ta OOYHMCITIOEMO KPOK h=—. Beaxkaemo BIJIOMHMH Xo, ).
n

2. Hexaii Bu3HaueHo X, , Y, . 3HaX0AUMO:

h

h
Ak = f(Xk1YK)’a2k = f(Xk +§,Yk +051k§)

h h
Qg = f(xk +E’yk + Q& 5)7 Ay = f(xk +h,y, +a3kh)’
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1
ay = g(alk + 20y, + 20 +0‘4k)

Yier = Y +och, Xy = X, +h
14.2 KoHTpoabHU MPUKJIAA

3agaua 1

AHaJIITUIHIM METOJIOM PO3B’s13aTh 3a1auy Kol
’ 2 2 _
v =x>-y% y(0)=2.

3pOOUTH OIIIHKY ITOXUOKH, SIKIIO X € [0;0,5].

Po3B’s13aHHs

y(x)=y(0)+ 4!0% + y”(O)xz n y"(0) 3

) TR
»(0)=2
y'(x)=x>—p? 1(0)=2-0-22 =4
y'(x)=2x -2y y"(0)=2-0-2-2-(-4)=16

Y(X)=2-2y"y" 2" y"(0)=2-2-(-4)* —2-(2)-16 = -94
y(4)(X) -2 _ 2)/')/” . 2yryﬂ . zyym — _6_)/,)/” . Zyym

Y W(0)=-2-2-(-4)16-2-(=4)-16-2-2- (- 94) = 25,6 + 128 + 376 = 760

Y9(x)= —6((y”)2 - y’y”’)— 2y +y @)= —6(y* ] -8y — 2
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y(x)z2—4x+8x2—ﬂ 3 7—60x4—L84x5+
3 4! 5!

15)(0)=-6-162 8- (- 4)(=94)—2-2-760 = 1536 — 3008 — 3040 = —7584
Y/ (X0 )X| = |- 4%o| <|-4-0,5] =

2

y”(XO)XO 16 X ‘ ‘8 025‘_
2 2 |”
"m 3
Y"(%o %" _[94 s (94 53] _ 19583
2-3 6 6
(4) 4
Yy (%o )% \:‘760 " <|3166-05¢|=197916
2.3.4 ‘ 24
YO )%| 7584 ip 7584-0,55\:1975
2.3.4.5 ‘ ‘ 120 ‘ ’
47 760 7584
Bignosiab: y(x)z 2—4x+8x° _? X +TX4 _7)65 e
A <1975
3amaua 2

Po3B’s3atu 3amaay Komr meTomom iTepartii.

v =x>-y*, »0)=2.

Po3B’sa3aHus

w(x)= v + (. p)dx

X0

Yo =2;
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X 3
" :2+[(x2—4 x:2—4x+%;
0

X 3
Y, :2+j[x2 —(2—4X+X—Ddx:
0 3

(—4+16x—15x2 —gx3 —gx“ —lxsjdx:

=2+
9

O — X

4

_o_ax+8x2—5xd =X 4 By "

__X,
3 15 63
4
8 1
| =8x2 —s = 25 - KT
2= 3150 63

[%r;lg’g]\yz —nl=ly2 = nl,_g5 =1329

3axgaua 3

Po3B’s3atu 3amauy Ko merogom Edinepa
’ 2 2 —
y=x*-y?, ¥0)=2.

3pOOUTH OIIHKY MOXHOKH, SIKIIO X € [0;0,5].

Po3B’sa3anus
Yn = Vn-1 + f(xn—l;yn—l )h
0,5

Xog = O;Xl = 0,1;X3 = 0,2;)(:3 = O,3;X4 = 0,4;X5 = 0,5
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Ta6mui 14.1 — Po3paxyHKoBI J1aHi

i Xj Vi S (x5 0;) 2: Yi f(xiQyi)
i
0 0 2 -4 0 2 -4
1 0,1 1,6 -2,55
2 0,2 1,345 -1,769 0,2 1,2 -1,4
3 0,3 1,168 -1,277
4 0,4 1,041 -0,924 0,4 0,92 -0,686
5 0,5 0,949 -0,651
v =y + fxg,y0)h=2+(-4)-01=2-0,4=16
A(y,)=1,2-1,345=0,145
A(y)=0,041-0,92/ = 0,121
OwiHKa NoXuOKHU
A(vy)=yu(h) = v, (2h)
max‘Ayn‘ = 0,145
[TopiBHSIEMO pe3yNbTaTH 3 MOTIEPETHBOO 337a4UelO.
Tabmuus 14.2 — IopiBHSHHS pO3paxyHKIB
X; 0 0,2 0,3 0,5
Vi (2)
METOJ 2 1,345 1,168 1,041 -0,924
Ennepa
Vi (3)
METOI 2 1,675 1,48 1,384 1,357 1,371
1Teparin
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3amaua 4

Po3B’s3atu 3apaay Ko mogudikoBanum merooM Efinepa

y=x?=y ¥0)=2.

3pOOUTH OIIIHKY MOXUOKH, SKIIO X € [0;0,5].

Po3B’sa3aHus

h:O,l;Dz
2

0,05

Tabmuus 14.3 — Po3paxyHKoBI AaHi

i X; Xiv0,5 | Vi+0,5 Yi f(xi;yi) & = f(xi+0,5;yi+0,5)
0 0 0,05 1,8 2 -4 -3,238
1 0,1 0,15 1,536 | 1,676 | -2,799 -2,337
2 0,2 0,25 1,34 | 1,442 | -2,039 -1,733
3 0,3 0,35 1,193 | 1,269 -1,52 -1,301
4 0,4 0,45 1,082 | 1,139 | -1,137 -0,968
5 0,5 1,042
O1L1HKa TOXUOKH:
h=02 N_g,
2
Tabnuus 14.4 — Po3paxyHKoBI JaHi
i x| Xios | Yisos | | Slsye) a;
0] O 0,1 1,601 2 -4 -2,553
10,2 0,3 1,271 | 1,489 | -2,177 -1,525
2104 0,5 1,184
Ay, )= %\1,489 —1442|= O’O% =0,0157
Ay )= %\1,184 —1,139|= % =0,015
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3agaua S

Po3B’s3atu 3amaay Ko merogom Pynre-Kyrra

y=x?=y 0)=2.

3pO0OUTH OIIHKY IMOXUOKH, SIKIIO X € [0;0,5].

Po3B’s13aHusA

OGuucar0eMo KpoK h =

05-0

=0,1.

CkrnagaeMo gonomixuy Tadsuuito (Tadmn. 14.5)

Tabauig 14.5

— JIOTIOMI>KHI pO3paxyHKHU

X Yi ayj 2] 3 Qyj o
01 0 2 -4 -3,2375 | -3,3762 | -2,7535 | -3,3302
1,01 1,667 -2,7689 -2,314 -2,384 -2,0009 -2,361
2102 14309 | -2,00/5 | -1,7078 | -1,7479 | -1,4878 | -1,7345
3103 12575 | -1,4913 | -1,2768 | -1,3023 | -1,1107 | -1,2934
4104 1,1282 | -1,1128 | -0,9479 | -0,9656 | -0,8143 -0,959
5105 1,0323

g =0°-2% =4,

Qpy =0,05% — ( —’j = —3,2375,

01
gy =005% — ( (-3,2375)- ; j = -33762,

oy =01% —(2+(~3,3762)-0,1)% = —27535,
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2]

6

y1=2+(~33302)-0,1= 1667

O11HKa TOXUOKH:

Hoxsoroemo kpok /= 0,2,

CkJitamaemMo TaOIULIO:

Tabnuus 14.6 — JlonmoMi>kHi po3paxyHKu

_ 1 (C442(-32375)+2(—33762)+ (- 27535)) = —3,3302,

| X Yi ayj i 3 Qyj o
0, 0 2 -4 -2,55 -3,035 -1,9004 | -2,8451
1102 | 1,431 -2,0078 | -1,4234 | -1,5706 | -1,0874 | -1,5139
2104 | 1,1282 | -1,1128

Po6uMo o1iHKY mOXHOKH

1

Alyn) = 2lya(h)- v (2h).

Otpumaemo

Aly,)= %\1,4309 —1431= 00001 _,, 00002,

Ay )= %\1,1282 —-11282 = g =0.

3aBaaHHA 1151 CAMOCTIHOI po0oTH

1) Po3B’s3atu 3amauy Kol aHaIi THIHAM METOJIOM.
2) Po3p’sizatn 3amauy Komri mertomom itepanid (3poobutn 1-y ta 2-y
iTepartii).

3) Bukonatu nporpamMHuy peaiizaitito ([lomatok A)
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BapianT 1

y=x+y2 y(18)=05; xe[18;28]; h=0.2

Bapiant 2

Y =X+005 2, y,(18)=26; xe[18;28], h=02

J5

BapianTt 3
y=x+2y?; y(0)=14, xe[0;1, h=0.2

BapianT 4
y’:2x+y2;y(—1)=0,5 , Xe[—l;l]; h=04

Bapianrt 5
y'=X-coSYy, yo(-16)=6; xe[-16;-06]; h=02

Bapianr 6
y'=x2-2y; y(-1)=5xe[-L;1]; h=04

Bapiant 7
2y’ =x+2y2; y(28)=14, xe[28;38]; h=02

Bapiant 8
2y =2x+y2;y(28)=05, xe[28;38]; h=02
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BapianT 9
y'=Xx-C0s2y, yo(-1)=6; xe[-1;1; h=04

BapianT 10
2y':x+cos%, Yo(-16)=26; xe[-16;-06]; h=0.2

Bapiant 11
2y =x+2y2; y(28)=14, xe[28;38]; h=02

Bapianr 12
y' =x+2y?; y(0)=14, xe[0;1, h=02

Bapiant 13
y'=x2-2y; y(-1)=5xe[-L1]; h=04

BapianT 14
y'=Xx-00s2y, yo(1)=6; xe[-1;1 h=04
BapianT 15

V' =x+y% y(18)=05: xc[1828] h=0,2

BapianT 16
y'=2x+y?;y(-1)=05, xe[-1;1; h=04
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KoHTpoJIbHI NUTAHHA
1) Sk popmyeThes 3amaua Ko ?
2) IlepeniuitTh HAOIMIKEHI METOIN PO3B’si3aHHs 3a1aui Kori?
3) CdopmyroBaTH iicr0 METOTy iTepaliii ais pimreHHs 3aaa4i Komri.
4) ChopmyinroBaTy iicro MeToy Ditiiepa, MOAM(IKOBAHOTO METOy Ditepa,
merony Pynre-Kyrra.
5) Sk owiHUTH MOXHMOKY pillIeHHS IIPH PO3B’sA3aHHI 3aaa4i Kol yucenbHUMH

METOIaMM?
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JTOJATOK A

biok- cxeMa METOY I[I/IXOTOMﬁ

Howmox

Bge()eHHﬂ
f(x), [a b]

Ib—al
I
ne lg2

y
&
+
=N

I

f (Ces1)

Ar+1 = Cr41

br+1 = by

e

Buseoenns

A A

X = Cre1
v
Kineuw
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brok-cxema meToay xopa

( Touamox >
A

y

Beeoenns
f(x) =0,[a;b]
e>0
TaK
Hi

co=>b
A=a
co=a
A=Db <

v
n=1

v
c. =c _ f(cn—l)(A - Cn—l)
> T F(A) — flen-1)
TakK
Hi
n=n+1
Bueseoenns
X =cy

|
< Kineyw >
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brnok-cxema merony HeroToHa

( Touamox >
A

y
Beeoennusa

f(x),[a; b]

e>0

TaK

Hi

TaK

Hi

n=n+1

Bueeoenns
x=d, —

A 4
< Kineyw >
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brok-cxema anropuTmMy METOJy iTepalliii

[ToyaTok

/ BBegenns x0, e /

x1=¢(x)

d=|x1-—x|

BuBegeHHs

x1,d

Hi

130

TakK

Kinens




brok-cxeMa anropuTMy po3B’si3aHHS CUCTEM HENIHINHUX PIBHSHb

METOJIOM ITeparliit

Beeoenns
x1,x2,e

»
>

y1l = g1(x1,x2); y2 = g2(x1,x2)

y1,x2 = y2 d = max{|yl — x1|,|y2 — x2|}

Busoo y1,y2,d

Hi TakK
d<e

End

)
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brok-cxeMa anropuTMy po3B’si3aHHS CUCTEM HEJNIHINHUX PIBHSHb

METOI0M 3eiaeins

[ Ilouamox ]
v

Beeoenus

=

a11X1 + Q12X2 + Aq3X3 =
Az1X1 T Az2Xp + Ap3X3 =
a31x1 + a32x2 + a33x3 = h

I~y

\ 4
X1 = b12x2 + b13X3 + b1
xz = b21x1 + b23x3 + b2
X3 = b31x1 + b3yx; + b3

'

(0)

x1(0) == bl,x7 == bz, x—gO) == b3

n=1
v

X§n) = blzxgn_l) + blgxgn_l) + b1

A 4

xgn) = b21x§n) + b23x§n_1) + bz

x;n) = b31X§n) + bgzxgn) + b3

v
m _ (-1 . _
X; X; ,J =123

n=n+l

v
Buseoenns
x—l — X§n),x_2 — Xgn),x—g — xgn)

v

[ Kineuw ]




biiok-cxema anroputMmy noOya0BH 1IHTEPIIOJSAILINHOTO MOJIHOMY

Jlarpanxa
Beeoenns
n, {(xiJ yi)}l X
L=0
> i=0,n
\ 4
Bueeoenns
p=1 x, L
> j=0,n
End

p=p(x—x)/(x; — x;)
|

L 4
L=L+yp
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biok-cxema anroputMmy 1moOya0BU IHTOPHOJISIIHHOTO TUTIHOMY

Hrrorona
Tlowamox ]
\ 4
Beedenns Co = Vn
vn 1 Yo X
C A Yn-k
v k= 1n
Ay =ypi=1
\ 4
Bueseoenns
A 4 Co, ey Cn
—> Beeoenusa
\ 4
v Beeoenus
A%y; =y, X, by X
k=1
\ 4
\ 4 t = X~ xn
Ak)’l—k = A¥ Yi-k+1 h
> —A* "ty
\ 4
max Beeoenns
P, (x)
= P,(x, + th)
Hi
\ 4
k= k+1 | Kineyw J
mak
HI
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biiok-cxema anropurmy Oyp’e

( IToyaTok >
v v
Beenenns EYR Coszﬂ k
NI N N
\ 4 \ 4
k+1 k
a((,o) =q® = p® ay Y = a? +
—0 2 2mn I
- — Vi COS—
i N
k=0
!
BBenenns
( ) % )
k+1 k
%o _ % + 1 n=n-—1
2 2 TNk
v
n=4
l TakK
2 _ Znnk
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