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Beryn

B mociOHMKY pO3riIsAaroThCs OCHOBHI TOHATTS YHCETBHUX METOMIB, iX
kiacudikalli, XxapakTepUCTHUKH, 0a30B1 TUITM MAaTEeMAaTUYHHUX 3aJ1a4 Ta peajizalis

YHCeIbHUX METO/IIB Ha CydyacHOMY eTari po3BuTky EOM.

JlaHo omMc TmpeaMeTa HaBYAJIBbHOI JUCHUIUIIHK Y  BIANOBIIHOCTI JO
OOJIOHCHKOTO TIPOIIECY, HABYAILHO-TEMATUYHUHN TUIAaH AUCIUILTIHN «YwucenbHi
METOAM B I1HQOpMATULI», 3MICT JICKUIHHUX TEM KypCy, TeM JIabOpaTOpHHUX
3aHSATH Ta TEM CAMOCTIHHOI POOOTH CTYACHTIB, a TaKOX IEepeJiK MUTaHb Ha

moaynb | Ta moayns 11 1 Ha 3amik.

MerTa i 3aBIaHHS KypCY

O3HalOMUTH  CTYJIEHTIB 3 OCHOBHUMH  YHCEIBHHUMH  METOJIaMHU
pO3B’s3yBaHHS 3a/1au anreOpu, aHajizy, IHTErpaJlbHUX PIBHAHb Ta 1H. Bupobutu
BMIHHS peajii30ByBaTH JaH1 Metoan Ha EOM.
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HENIHIMHUX piBHSAHB. ['padiune Ta

aHAJIITUYHE B1JIOKpEMIICHHS

[1], ¢.169-170




KOPEHIB HETIHIMHOTO PIBHSHHSI

YTouHEHHS KOPEHIB METOJIOM
TUXOTOMIi  (METOIOM  TMOALTY
BiJIpi3Ka HABIILI)

[1], c.170-172

YTOYHEHHS KOPEHIB METOJIOM
XOpZ, METOJOM JIOTUYHHX Ta
KOMOIHOBaHUM METOOM

12

[1], c.186-192

InTepnonroBanHs Ta
GbyHKITIH.
3HaXO/KCHHST 3HaueHb (QyHKIIIH
3a JIOTIOMOTOI0 1HTEPIOJIAIIHHOTO
MHOTOwieHa  Jlarpamwka  Ta

CKCTPATIOTIOBAHHS

HrroTona

[1], c.130-145

UucenvHe nuepeHIliFoBaHHSI.
3HaxXoHKeHHsT Mepuoi 1 JApyroi
noxigHoi (PyHKIIIi 3a JOMOMOTOI0
dbopmyi, o0y I0BaHUX Ha
THTEPIOIALIIAHUX dbopmynax
Herotona, Jlarpanxa, [Iaycca,
Crepninra, beccens

12

[1], c.211-221,
[6], c.124-127

10.

YucenbHe IHTEerpyBaHHS.

O6uuncneHHs BU3HAYEHUX
IHTErpasiB 3a dbopmynamu
NPSIMOKYTHHUKIB (JIIBUX, TPaBHX,

CEpEeIIHIX)

[1], c.221-227

11.

OO0uucIieHHS BU3HAUYEHUX

1HTErpaiB 3a bopmynamu
Ttpanenii 1 Cimrcona. BuOip
KpOKYy iHTerpyBanHs. KBagparypa

I'aycca

10

[1], c.227-240

12,

Habnmxene PO3B’sI3yBaHHS

nud.piBHSIHD

12

12

[6], c.143-159

MoaynpHHAN KOHTPOJIb
(TecTyBaHHs, KOHTPOJIbHA pO0OOTA)

Bcbozo 200un 3a mooynem 2

76

20

14
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3MicT JeKUiiiHUX TeM Kypcy

Beryn. MatematruyHi Mozeli Ta yucenbH1 MeToAau. KOpeKTHICTh MOoCTaBIeHOL
3agauvi. Ctpykrypa nmoxuOkwu. [1], c.11-19.

Metonu po3B’si3yBaHHS CHCTEM JiHIMHMX anreopaiunux piBHsSHb (CJIAP).
Merton BukitoueHHs ['aycca, po3B’si3yBanHs 3a popmynamu Kpamepa Ta iH.
MeToau. Buznaunuk Ta obepuena matpuis. [1], ¢.19-23, 26-41.

OOuucieHHs 3Ha4YeHb eJleMEeHTapHUX (yHKIiH. OOYUCIEHHS 3HA4YeHb
MHOTOWICHA 3a cxemoto ['opHepa. [6], ¢.54-56.

OOuncnenHs 3Ha4eHb (PYHKITIT MeTOIOM iTeparliii. [6], ¢.56-58.

Metonu po3B’sa3yBaHHS HENIHIMHUX PiBHSAHB. ['padiuHe Ta aHaIITHYHE
BiJIOKpEMJICHHS KOPEHIB HEMIHIHHOTO piBHSAHHA. [5],c.76-103, [1],¢.169-170.
YTOo4YHEHHS KOPEHIB METOJIOM JAUXOTOMIi (METOAOM MOy Biipi3Ka HABIILI).
[1],c.170-172.

YTO4YHEHHSI KOPEHIB METOJAOM XOpJI, METOJOM JOTUYHUX Ta KOMOIHOBaHUM
MetoaoMm. [1], c.186-192.

[HTEprONIOBaHHS Ta EKCTpamojioBaHHS (YHKIINA. 3HaXO/HKCHHS 3HAYEHb
GyHKIIM 3a JONOMOIOI0 IHTEPHOJAIIAHOTO MHorowieHa Jlarpamxka Ta
Herotona. [1], c.130-145.

UucenbHe nudepeHiiroBaHHA. 3HAXO/DKEHHS Tepuioi 1 JApyroi MOXiJHOT
¢GyHkuii 3a gomnomMororw (Gopmyis, NOoOyAOBaHMX HA IHTEPHOJSLIAHUX
dopmynax HeroTona, Jlarpamxka, ['aycca, Crepminra, beccens. [1], ¢.211-221,
[6], c.124-127.

10.Yucenbne interpyBaHHs. OOYHCIEHHS BH3HAYEHHUX IHTETpalliB  3a

dbopmyIamMu IPSIMOKYTHHKIB (JIiBUX, PaBUX, cepeanix). [1], ¢.221-227.

11.06uuncrieHHd BU3HAYEHUX IHTErpadiB 3a (opmynamu Tpanemiii i CiMIcoHa.

Bubip kpoky inTerpyBanns. Ksamparypa ["ayca. [1], ¢.227-240.

12.Ha6mxene po3B’si3yBaHHs aud.piBHSIHB. [6], ¢.143-159.



Temu 1a00paTOPHUX 3AHATH

Ne K-c1b
Ha3zBa Temn Jliteparypa
n/n
TOAMH
. 3§axonm?HHﬂ abCoMIOTHOT Ta 5 (6], c.4-13
- | BITHOCHOT MOXHOOK 00YHCIICHb
2 Jii Hax MaTpUIsIMU 2 [6], c.22-32
3 3HaX0KeHHS BU3HAYHWKA MaTPHIIL 2 [6], c.30-32, 35-39
4 | 3HAXOIUKCHH 00epHEHOI MaTPHIT 2 [6], ¢.35-39
Po3B'sa3yBaHHS ~ cUCTEM  JIIHIMHHUX
5 anreOpaiyHUX  pIBHSHb  METOJIOM 2 [6], c.32-34
BUKJIIOYEeHHS ["aycca
Po3B'sa3yBaHHS ~ cUCTEM  JIIHIMHHUX
6 anreOpaiyHux PIBHSIHB 3a 2 [6], c.22-32
dbopmynamu Kpamepa
, OOuuncieHHs eleMeHTapHuX (YHKIIHA ) (6], ¢.54-56
- | 3a cxemoro ['opnepa
Oo6uucie eJeMeHTa i
; YUCIT H.HH J'I.II/I HTApHUX (QYHKIHA 5 (6], ¢.58-61
- | MeTOZIOM iTeparriii
. N MonyiabHui
3micToBuit Moay.sb 1
KOHTPOJIb 1
['padiune Ta aHaJITUYHE
9 BIJIOKPEMJIEHHS! KOPEHIB HENHIITHOTO 2 [6], c.61-65
PIBHSHS
0 YTO‘IHCHHH KOPEHIB  HENIHIHOTro 5 (6], ¢.65-68
- | pIBHSIHHSI METOJIOM XOP/]I
" YTO4YHEHHSI KOPEHIB  HENIHIIHOro 5 (6], c.68-69

PIBHSIHHSI METOJIOM JIOTUYHUX




YTOouHEHHS KOpEHIB  HENIHIHHOTO

12. pPIBHSHHS KOMOIHOBAaHUM METOJIOM [6], c.69-72
XOpJ 1 JOTUYHHUX
OOuucieHHd BU3HAYCHUX 1HTETPAiB

13, |32 dbopMmynamMu JTBUX, MpPaBUX Ta [6], c.127-131
CepeaHIX MPSIMOKYTHUKIB

y OOuncneHHs BH3Haq§1ij 1HTETpaiB (6], c.131-136

- | 3a popmyIoro Tpamerii

OO0uncne 1 1

o YHUCIICHHS! BU3HAUEHUX IHTETpasiiB (6], c.131-136

3a popmynoro CiMIricoHa

3micToBHH MOYJIb 2

MoayabHui
KOHTPOJIb 2




Temu camocTiiiHOI poOOTH CTY/AEHTIB

Ne K-c1b
/ Ha3Ba Tremu
nm TOIUH
3micTroBuii MoayJIb 1

1. | Oui"ka nmoxuOoK pe3ynabTaTy 2

2. | O0epHEHHS MaTPHUIL METOOM PO3OUTTS 11 B 10OYTOK 4
JIBOX TPUKYTHUX MaTpPHUIIb

3. | OOepHEHHS MaTPUIIb METOJAOM PO30OHUTTS 11 Ha KIITKH 4

4. | OGepHeHHS MaTpHIIl 1 OOUYKMCIICHHS] BA3HAYHUKA 32 4
cxeMoro ['aycca

5. Po3B's3yBanns CJIAP MeTo10M rooBHUX €JIEMEHTIB 4

6. | Po3s'szsyBanust CJIAP MeTo0M KBaipaTHHX KOPEHIB 4

7. | Po3B'szyBanus CJIAP meTtomom iteparriii 2

8. | Po3s'szyBanus CJIAP 3a cxemoro Xaneubpkoro 4

9. | OGuncrieHHs 3Ha4eHb (PYHKIIIT METOJ0OM PO3KJIaIy B 4
pAA

10. | O6uncneHHs 3Ha4eHb QYHKIIIT METOIOM iTepartiit 4

Jliteparypa: [6], c.6-12, 19-22, 13-15, 35-39, 39-41, 41-43, 49-52, 43-47,
56-58, 58-61

Bcvozo 3a 3micmoeuit moodyns 1 36

3micToBHit MOAYJIb 2

11. | YTouHEeHHsS KOpEHIB PIBHSIHHSA METOJOM TOJAUTY 4
BIJIPI3KY HaBM1I

12. | Po3B'a3yBaHHs anreOpaidyHUX PiBHAHb METOJOM 4
I'opHepa

13. Po3B'si3yBaHHs anreOpaiyHuX piBHSIHB METOJIOM 4

10




JlobaueBChKOTO

14.

Po3B'si3yBaHHs anreOpaiyHuX piBHSIHB METOJIOM

, 4
BUJIUUIEHHS KBaIpaTHOI'O MHOKHUKA
15. | HabnmxeHe po3B’si3yBaHHs AUQ.pIBHSIHHS METOIOM 4
E#tnepa-Komri
16. | HabnmxeHe po3B’si3yBaHHs AUQ.pIBHSIHHS METOIOM 4
Einepa 3 yrouHEeHHSIM
17. | HabnmxeHe po3B’si3yBaHHs AU(.pIBHSIHHS METOIOM 4
Pynne-Kytra 1 Agamca
18. | HabmmxeHe po3B’si3yBaHHs AUQ.pIBHIHHSI METOIOM 6
Minna
19. | OGuncneHHs BU3HAUCHUX IHTETpasiB 3a (popMynamu
Y 4

I'aycca

Jliteparypa: [6],c.61-65, 79-81, 81-83, 83-86, 144-145, 145-149, 149-153,

153-156, 141-143

Bcbvozo 3a 3micmosuit moodyib 2

38

11
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Ilepeaik nuTanb HA MOaYJIb |

MatematnyHa MoJieTTb CUCTEMU (TIPOIIECY ).

ba3oBi THIIM MaTEeMaTUYHKX 3a]1a4.

UucenbHi MeTOU. PEKypCUBHICTD aNTOPUTMY YUCEIBHUX METO/IIB.
Kpurepii, 3a sKuMU po3pI3HSAIOTH YUCETbHI METOIH.

[TapameTpu, K1 XapaKTepU3yIOTh YACEIbHI METOM.

[ToxuOku obunciens. [Ixepena iX BAHUKHEHHS.

AOcomoTHa Ta BiJHOCHA MOXUOKHU. [ToXMOKM p13HUX THUIIIB OIepariii.
YacTuHu nporneayp YMCceIbHUX METO/IB.

CTi#iKicTh Ta KOPEKTHICTD 3a/1a4i.

10.MeTtonu po3B’si3yBaHHA CHUCTEM JIHIMHUX anreOpaiyHUX piBHSAHb. TOYHI

METOJIM Ta METOIHU TTOCIIIIOBHUX HAOIUKEHD.

11.Touni metoau. [IBa eTanw iX 31CHESHHS.

12.Merton BukmoueHHs ["aycca. MoaudikoBanuii meron ['aycca.

13.®opmynu Kpamepa.

12



14.YucenpHl  METONM  PO3B’SI3yBaHHS  HENiHIMHUX  (anreOpaiuHu
TPaHCIICHJICHTHHX ) PiBHSAHB. J[Ba eTanu po3B’s3yBaHHS.

15.BinokpemiueHHs kopeHiB. CrocoOH BIIOKPEMIICHHS.

16.YTouHeHHs KOpeHiB. MeTo | moaily BiJipi3Ka HaBILII.

17.Meton xopa, TOTHIHUX, KOMOTHOBAaHUHN METO/I.

18.YucenbHe iHTETpYyBaHHS.

19.®opmynu NpSIMOKYTHUKIB (JIIBUX, TPABUX, CEPEAHIX).

20.®opmynu Tpamneri.

21.®opmyna CiMricoHa /uisi OOUKMCIICHHS BU3HAYEHOTO 1HTETpay.

22.004ncieHHs 3HaYeHb eJIeMeHTapHuX (DYHKINIH (3a cxemoro ['opHepa).

Ilepesik nuTanb HA MoayJb 11

BuOip kpoky iHTErpyBaHHS.

Meron kBaaparypu I 'aycca.

3anaya HaOJIMKEHHS.

By3znu inTepnosnsiii.

Busnaunuk Bangepmonna .

YucenbHe qudepeHIFOBaHHS.

dopmyiia HaOIMKEHOTO TUdEepPEHITIFOBAaHHS.

[HTepnionsuiinuii MHOTOWIEH Jlarpanxa.

© ©o N o o~ w DN PE

[ToxuOka iaTeprosmii. [loxubka y By3max 1HTEPIOJIALI].
10.Tunu dopmyn nudepenmiroBanns. TodHICTh POPMYIIH.
11.TToxuOka iHTerpyBaHHs. TOYHICTH METO/IB IHTEIPyBaHHS.
12.TaTeprnoNsAIiHHNNA MHOTOWICH.

13.YucenpHuii miaxija B 0OYUCITIOBaHH] IHTETpaIiB.
14.3anuiukoBi YjieHu GOpMYJT YUCETBLHOTO THTETPyBaHHS.

15.TToxuOka iHTepHIONAIii oaiHoMa Jlarpanxa.

13
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IlepeJik nMTaHb Ha 3aJIK

MatematuyHa MoJieJTb CUCTEMU (TIPOIIECY ).

ba3oBi TUIIM MaTeMaTUYHUX 3a]1a4.

UucenbHl METOIU. PEKypCUBHICTD allTOPUTMY YHMCETBHUX METO/IIB.
Kputepii, 3a skuMu po3pi3HIIOTH YUCEIbHI METO/IH.

[TapameTpu, sKi XapakTepu3ylOTh YUCEIbHI METOIH.

[Toxubku o6umcieHs. Jxepena iXx BAHUKHCHHS.

AOcomoTHa Ta BiJHOCHA MOXUOKHU. [ToXuOKM p13HUX THUIIIB OIeparii.

YacTuHu nponeayp 4YuceIbHUX METOIB.
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CTi#iKiCTh Ta KOPEKTHICTH 3a/1adi.

10.Metoan po3B’s3yBaHHA CHUCTEM JHIMHUX anreOpaidHux piBHSAHB. TOYHI

METO/IM Ta METOAM MOCTIAOBHUX HAOIMKEHbD.
11.Touni metoau. /IBa eTanu iX 31CHEHHS.
12.Meton BuxmrodeHHs ['aycca. MoaudikoBanuit meton ["aycca.
13.®opmynu Kpamepa.
14 YucenpHl  METOAM  pO3B’A3yBaHHSA  HENIHIMHUX  (anreOpaiuyHu
TpaHCIEHACHTHUX ) PiBHSAHb. [[Ba eTanu po3B’si3yBaHHS.
15.BinokpemienHs kopeHiB. CiocoOu BiIOKPEMIICHHS.
16.YTouHeHHs KopeHiB. MeToa Moy Bijipi3Ka HaBITLI.
17.Metona xopJ, TOTUHYHUX, KOMOIHOBAaHUN METO/I.
18.HucenbHe iHTETpyBaHHS.
19.®opmynu npsSIMOKYTHUKIB (JIIBUX, TPaBUX, CEPEAHIX).
20.®opmymu Tparerii.
21.®opmyna CiMmricoHa [uisi OOUMCIIEHHS BU3HAYEHOTO 1HTErpay.
22.004ucieHHs 3Ha4eHb eeMeHTapHux (yHKIIiH (3a cxemoto ['opHepa).
23.Bubip KpoKy 1HTErpyBaHHS.
24 Meton xBasipatypu ['aycca.

25.3a1a4ya HAOJIMIKEHHS.

14
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26.By3nu iHTEepIIOIsIIii.

27.Buznaunuk BannepMmoHna .

28.YucenpHe nudepeHIiroBaHHS.

29.Dopmyna HaOMMKEHOTO AU epEHIIIFOBaHHS.
30.IaTepnionsuiiinuit MHOTOUIEH Jlarpamxa.

31.IToxubka inTeprosawii. [loxubka y By3iax 1HTEPIIOJISIIII].
32.Tunu dhopmyn nudepeniiroBanas. TouHiCTh GOPMYIIH.
33.[1oxnbKa iHTerpyBanHs. TOYHICTH METOIB IHTETPYBaHHS.
34.InTepnosuiifH1i MHOTOYJICH.

35.YucenpbHuii miaxia B 0OYMCIIOBAHHI IHTETPAIiB.
36.3anuIKoB1 4aeHH GOPMYIT YNCETHHOTO IHTETPYBAHHS.

37.IToxubka inTepnomsiii noxnoma Jlarpanxa.

15



OCHOBHI HOHATTSA YNCEJBHUX METOAIB

Sk BiOMO, AJ1s pO3B’sI3aHHA MPUKJIAAHOI 3a7a4l MOTPiIOHO BUKOPUCTOBYBATU

MaTEMaTU4IHY MOCIIb.

[Tlim MarematnuHOrO MOAEIIIO (i3MyHOI cHCTeMH, 00’€kTa abo mMmporecy
pPO3YMIIOTh CYKYNHICTb MaTeMaTHYHUX CHIBBIAHOIIEHb (QopMyJ, pIBHSHB,
JIOTIYHMX BUPA3iB), K1 BU3HAYAIOTh XapaKTEPUCTUKH CTAaHY 1 BIACTUBOCTI CUCTEMH,
00’€eKTa 1 Ipo1iecy Ta iX (PyHKIIIOHYBaHHS 3aJI€KHO B1J] TApaMETPIB 1X KOMIIOHEHTIB,

MOYAaTKOBUX YMOB, BX1AHUX 30y/>KEHb 1 4acy.

ToOTo, MaTemMaTHyHa MOJIENb ONUCYE (PYHKIIOHAIBHY 3aJI€KHICTh MK
BUXITHUMHU 3aJICKHUMH 3MIHHUMH, 4epe3 sKi BiI0Opaka€ThCs (PYHKI[IOHYBAHHS
CUCTEMH, HE3AJIC)KHUMU (TaKUMH, SIK 4ac) 1 3MIHIOBAaHUMHU 3MIHHUMU (TaKUMH, SIK
napamMeTpu  KOMIIOHEHTIB, TE€OMETPUYHI pPO3MIpH), a TaKOX BXIJIHUMH

36yI[)KeHH$IMI/I, IMPUKIAACHUMHU 10 CUCTCMMH.

s dyHKIIIOHATRHA 3aJCKHICTh, IO BiJ0Opa)KaeThCcsl MaTEeMaTUYHOIO
MOJICIITIO, MOXe OyTH SIBHOIO, UM HESIBHOIO, TOOTO MOXxe OyTH 300pakeHa abo sk
npocte anreOpaiyHe CiBBIIHOIIEHHS, a00 K BEJIHMKA 32 PO3MIPOM CyMICHA CHCTEMa

nugepeHiaTbHO-aNreOpaiyHuX PIBHSIHb.

CyyacHi KOMIT'I0OT€pU JO3BOJIAIOTh y 0araTbOX BUIAJIKaX BIIMOBUTHCS
BiJl MAaKETyBaHHsS TMPOCKTOBAHUX BHUPOOIB, 3aMIHHUBIIM HWOTO MaTeMaTUYHUM
MOJICJIIOBAaHHSAM (OOYMCIIIOBAIBHUM EKCIEPUMEHTOM), MIO YK€ BaXJIHMBO, KOJIH
HaTypHEe MakeTyBaHHs abo AyXke CKjaaHe, abo B3araji HEMOXXJIMBE (HANpUKIAM:

MaKeTyBaHHS MPOPUBY J1aMOu abo Aii cMepuy).

Ane nipu IboMy Ma€ OyTH TIJBHUIIEHA TOYHICTh MaTEeMAaTUYHOT MOJIET1
00’€KTIB Ta cUCTEM. B pe3ynbTaTi po3MIpHICTH 1 CKJIAJHICTh MaTEMAaTUYHOI MOJIENI

1CTOTHO 3pOCTalOTh, a IX PO3B’sA3aHHS B aHATITUYHOMY BUTJISAJII CTA€ HEMOXKJIMBHM.
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TakuM YUHOM, OFEPKYETHCS HOBA SKICTh OJHOTO MapameTpy (Beiuka
TOYHICTb OOYHUCITIOBAIFHOTO €KCIIEPUMEHTY 1 BIIMOBA BiJl HATYPHOT'O MaKETyBaHHS)
3a paxXyHOK 3MEHIICHHS YW YCKJIAIHEHHS 1HIIIOTO mapaMeTpa (BiIMOBa BiJl 3BUYHUX

JUTSL BUILIOT MAaTEMaTUKU aHATITUYHUX PIIICHB).

JUis KOXKHOI MaTeMaTH4HOi Mojeni (OPMYINIOETbC MaTeMaTHYHa

3azaqa.

Y 3aranpHOMY BHUIAIKY, KOMH (YHKI[IOHAIBHI 3aJ€KHOCTI JUIS
MHOXMHM BXIJIHMX JaHUX (3HAUEHHs HE3aJIC)KHUX Ta 3MIHIOBAaHMX 3MIHHUX 1
BXIJIHUX 30YJI’K€Hb), 110 BUCTYIAIOTh K MHOXXHWHA apryMEHTIB, 3aJ]JaHO HESBHO, 3a
JIOTIOMOTOI0 MAaTeMaTUYHOI MOJeNl HEOOXiTHO BHU3HAYUTH MHOXHHY BUXITHHX

3AJICKHHNX 3MiHHI/IX, 10 BUCTYIIAIOTh AK MHOXHMHA 3HAYCHDb (1)YHKI_[11

[Ipy 11bOMY BIAMOBIAHO /10 BHJY MaTeMaTHYHOI MOJIENl PO3PI3HSAIOTH

Takl 0a30B1 TUIIM MAaTEMATHYHUX 3a1a4:

. PO3B’sI3aHHS CUCTEMHU JIIHINHUX PIBHSIHB;
. PO3B’s13aHHS HENHINHUX anreOpaiyHuX PIBHSIHB;
. arpoKCHUMAIllsl MacHBY JaHMX a0o0 CKjiIaaHoi (QyHKII Habopom

CTaHJAPTHUX, OUTBII MPOCTUX (PYHKITIH;

. YyyuCelbHE IHTErpyBaHHs 1 AUPEPEHIIIIOBAHHS;

. PO3B’s3aHHS CUCTEM 3BHYANHUX AU(EPEeHITIaTbHIX PIBHIHD;

. pO3B’si3aHHS AU EepeHIIaIbHUX PIBHSAHb B YACTUHHUX MOX1AHUX;
. PO3B’sI3aHHS IHTErPaIbHUX PIBHIHb.

[Ipocti mMaremaTuuHi 3aja4dl Majaoi PO3MIPHOCTI, IO BUBYAIOTHCA B KypCl
BUIIOT MaTEMAaTHUKH JOMYCKAIOTh MOXIIMBICTh OTPUMAHHS aHATITUYHHX PIIICHb.
CxiramHi MaTeMaTH4HI MOJENI BETUKOI PO3MIPHOCTI BHMAararTh 3aCTOCYBaHHSI

YUCEIbHUX METO/IIB.

UwucenbHI METOIU — 11€ MATEMaTUYHUM THCTPYMEHTapiH, 32 I0TTOMOTOI0
SKOTO MaTeMaTH4YHA 3a/iada (OPMYITIOEThCS y BHTIISAII, 3DYYHOMY IS PO3B’I3aHHS

Ha KOMIT I0Tepl.
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B npoMy BHMaaky KaxyTh MpO NEPETBOPEHHS MAaTeMaTHUYHOI 3a/1ayl B

O0YHCITIOBAJIBHY.

[Ipy 11bOMY MOCIIJIOBHICTh BUKOHAHHS HEOOXITHUX apudMETHUHUX 1

JIOTIYHUX OTepallii BU3HAYAE€THCS alITOPUTMOM 11 pO3B’sI3aHHS.

ANTOPUTM TOBUMHEH OYTU PEKYPCUBHHUM 1 CKJIQJAaTHCS 3 BIJHOCHO

HEBEJIMKUX OJIOKIB, K1 0araTopa3zoBO BUKOHYIOTHCS JJIs PI3HUX JTaHUX.

UucenbHl METOAM € HAA3BUYANHO MOTYXHUM IHCTpPYMEHTapieM st
pPO3B’sI3aHHS MPOOJEMHUX 3aJay, [0 OMNHUCYIOTHCS JIOBUIBHUMHU HEJTIHIMHUMU
nudepeHIiaTbHO-aNreOpaiyHUMU PIBHAHHIMU BEJTUKOI PO3MIPHOCTI, JUIsl SIKUX Ha

JTAHUH Yac HE ICHy€ aHAIITHYHUX PIILIEHb.

OcBOiBIIM Taki METOJMU, MOKHA HaOyTHU 3/10HOCTEH 10 CUCTEMHOTO
aHayi3y 4yepe3 MaTeMaTHYHe MOJAEIIIOBAaHHS HaWCKIAIHIIIMX 337a4 CY4acHOi HAYKH 1

TEXHIKH.

Jleski 3amayi MOXHa pPO3B’SA3YBaTH 3a JIONMOMOIOI0 MPOTPAMHUX

ITaKETIB, aj¢ ACIKl — HI.

Anle 3HAIOYM YHCENbHI METOAM 1 BOJOJIIOYM €JIEeMEHTApPHUMU
HAaBUYKAMH TPOrpaMyBaHHs, MOKHa CAMOCTIHHO MPOBECTU PO3POOKY HEOOXITHOTO

QITOPUTMY 1 TPOTPAMHO HOTO peasizyBaTH.

BuBYeHHS YMCENBbHUX METOIB CHpPHSIE TEPEOCMHUCICHHIO 1 OLIBII
rIMOOKOMY PO3YMIHHIO MAT€MaTUKM B IJIOMY, OCKUIBKA OJHIEIO 3 3a1ay
YUCEIBbHUX METOJIB € 3BEJACHHS METOJIIB BUINOI MaTeMaTHKA 10 BUKOHAHHS

MPOCTUX ApUPMETUUHHUX OTEPALIiif.

Xo4 icHye 0e3Nid YMCEeNbHUX METO/IB, YC1 BOHHU (SIK 1 alTOPUTMHU, IO

iM BIJIMIOBIJIaI0Th) MAIOTh 0araTo CIiJIbHUX BIACTUBOCTEH 1 XapaKTEPUCTHK.

YucenpHl METOIU:
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. nepeadavyaroTh MPOBEACHHS BEIMKOI KUIBKOCTI PYTHHHHUX
apu(PpMETUYHUX OOUYHUCIICHb 32 JOIMOMOTOI0 PEKYPCHUBHHX CIiBBIIHOIIEHb, IO
BUKOPHUCTOBYIOTBCS JUIsl OpraHi3allii iTepaiiif, TOOTO MOBTOPIOBAHUX IUKJIIIB
OOYHUCIeHb 31 3MIHEHUMHU TIOYaTKOBUMHM YMOBAaMH [UJISi TIOKpPAILEHHS
pe3ynbTary;

. HaIlpaBJIeHI Ha JIOKAJbHE CIPOIICHHS 3a/adi, KOJU, HAIPUKIA],
JesKl HeTIHIWHI 3aJIeKHOCTI JIHEApU3YIOThCS 3a JIONMOMOTOK  CBOIX
OOYMCICHNX  TOXITHWX a00 TMOXiAHI  3aMIHIOIOTBCA  PI3HUIICBUMH
anpoKCUMAITISIMU;

. 3HAYHO 3aJieXkaTh BiJl OJIM3BKOCTI MMOYATKOBOTO HaOMMKEeHHs (200
JEKUTbKOX HAOIMXEHB), HEOOX1THOTO JIJIsl MOYaTKy OOYMCIIEHBb A0 PO3B’S3KY
BiJl BIJIACTUBOCTEH HEMIHIAHUX (YHKIIA, $SKI BHUKOPUCTOBYIOTHCA B
MaTEeMaTHYHUX MOJICNIIX, IO HakKiIagae OOMEXeHHs (I 3a0e3nedeHHS
€IMHOTO PO3B’SA3Ky) Ha iX JAU(EpeHIINOBaHICTh, Ha MIBUAKICTH 3MIHH
GbyHKITIH Ta 1HIIIe.

YucenpHl MCTOOU XaPAKTCPHU3YIOTbCA:

. PI3HOK MIBWJAKICTIO 301KHOCTI, TOOTO YHUCJIOM iTepalliif, BUKOHAHHS

AKX HEOOXI1JIHE JIJIs1 OTPUMAaHHS 3aJJaHO0T TOYHOCT1 PO3B’SI3KY;

= PI3HOIO CTIHKICTIO, TOOTO 30€peKeHHSIM JTOCTOBIPHOCTI PO3B’SI3KY T

yac MoJaNbIINX 1Tepalliif;

. PI3HOI0 TOYHICTIO OTPUMYBAHOTO PO3B’SI3KY B pa3l BHKOHAHHS

OJIHAaKOBOT'O YMCJIa iTepalliif a0 MUKIIIB 00YUCIICHb.

YucenbHI METOU PO3PI3ZHSIIOTHCS :

"33 I[IUPOTOK 1 JIETKICTIO 3acTOCYBaHHsS, TOOTO 3a CTYNEHEM CBOE€i

YHIBEpPCAIbHOCTI Ta IHBAPIAHTHOCTI JJI PO3B’SI3aHHS PI3HUX MaTeMaTUUYHHX 3a]1ay;

® 33 CKJIQJHICTIO IX IIPOrpPaMyBaHHS,

" 332 MOKJIMBOCTSIMA BUKOPHUCTAaHHS y pa3l iX peainizailii HasBHUX O10110TeK,

GyHKIIIH 1 TPOTIeayp, CTBOPEHUX JIJISl MIATPUMKH PI3HUX AITOPUTMIYHUX MOB;
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"33 CTYNEHEM YYTJIMBOCTI JO MOraHo OOyMOBJIEHHX (200 HEKOPEKTHHX)

MaTeMaTUYHUX 3aJiad, KOJM MaJMM 3MiHAM BXIJHUX JaHUX MOXKYTh BIANOBIIATH

BEJIMKI 3MIHU PO3B’SA3KY.

INOXUBKHAU OBYUCJIEHDb
€ nexinabpKa JpKepea NoXuO0K 00UMCIICHB:

" [TOXMOKH BX1THUX JIaHUX 1 CIIPOIICHHS MOJIeJIel KOMIIOHCHTIB;
" OKpYTJICHHS T1]] Yac 0OUYMCIICHb, TOKAJIbHI BIJICIKAHHS,
" [TOXHMOKH 300payKeHb YUCEIT Y KOMIT FOTEPi.

Po3pi3HSIOTE TakoX IJI00ANbHY MOXHMOKY, SK PI3HHUIIO TOYHOTO 1

OOYHMCIIEHOr0 3HAYEHb, 1 JOKAIbHY MOXUOKY, K MOXHUOKY METOAYy B OCHOBHOMY
OoOyMOBJIEHY BIJICIKAHHSIM 4YacTUHU pAnxy Teilnopa, ToMy OOMEXEHY 3HAUECHHSIM

IICPIIOro HCBPAXOBAHOI'O WICHY LILOT'O PAOY.

Hexaii @ — TouHe 3HAaYeHHS BEIWYMHU, ad — HAOIIDKEHE 3HAYEHHS M€l

BEJIMYMHU, TOJII:

£=|a—a— abcomoTHa MoxXuOKa; A(&)— abCOMOTHA MOXHMOKA HAOJIMIKEHOIO

3HA4YCHHA.

5(@@) = ° — BixHOCHA MOXHOKA.
a

[lin yac BuUKOHaHHS apu(METUYHUX OMeEpaliii MOXUOKU OOYHCICHb TUIBKU

HAKOIIUYYIOTHCS, HE3AJIEKHO BiJl THITY OIEPALlii, 0 BUKOHYEThCS:
Ala, +a,)=Aa, +Aa,,
Ala, —a,)=Aa, +Aa,,
Slaya,)=5(a) +5(,),

S(a |a,)=5(a,) +5(a,).
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[Toxubku B pas3i oOumcienus ¢Gykii Y=f(X) 3amexHO Big NOXHUOKHU

apryMeHTy AX=X-X, OIIHIOIOThCS BIJCIKAHHSIM 4YacTuHU psay Teitnopa. B

PE3yNBTATI OJEPIKYEMO OIIHKY a0COFOTHOT MOXUOKH, 5K

A(T (%)) = T(x, ) Ax

1 BIHOCHOI HOXHUOKH, SIK

S[f(x)]= [T/ F(%o)|AX.

s pynkmii 6aratbox aprymeHTiB Y=f(X1,Xz, ..., Xn) hopMyra MakCHMaIbHOT

a0COJIFOTHOT MOXUOKH Taka:

ay()

A (%)

iy =32

i=1

Hanpukinaz, moTpiOHO 00UMCIUTH 1 BUBHAYUTH MTOXUOKH PE3yJIbTaTy.

2,3

m-n

Jk

JlaHo x = , Ie m = 28,3(+0,02), n = 7,45(+0,01), k = 0,678(+0,003).

3Haxoqumo m? = 28,3 =800,89 =800,9,
n® =7,45° = 413,49362 = 4135,
Jk = /0,678 = 0,8234075 = 0,8234 .

[lincraBnsgemo y popmyiy ams X:

~800,9*4135 33117215

= = 4,0220081*10° = 4,02*10°.
0,8234 0,8234

3HaXOAMMO BIIHOCHY TIOXUOKY:

0, g 0:2)’ =0,0007067 = 0,00071

m
’

o, = 0 Oé =0,0013422 = 0,00134
o, = 0,003 _ =0,0044247 = 0,00442
0,678
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5, =25 +35 +058, =2*0,0071+3%0,00134+0,5*0,00442 =
= 0,00142 +0,00402 + 0,00221 = 0,00765 = 0,0077
a, =|X*&, = 4,02*10° *0,0076 = 0,030954 *10° = 31*10°

X =4,02*10°(+31*10%)

Biamnosigb:
AHOBUAL- 5 0,007

3aB1aHHA 2.

OO6YuCINTH 1 BU3HAYUTHU TTOXUOKU pe3yJIbTary.

_(n—-1)(m+n) n = 3,0567(+0,0004)
 (m-n)? 7 m=572(+0,02)

Maewmo:

n—1=3,0567(£0,0004) —1 = 2,0567(0,0004)
M+ n = 5,72(0,02) + 3,0567(+0,0004) = 8,777(0,0204) .
m —n = 5,72(0,02) — 3,057(+0,0004) = 2,663(+0,0204)

3raxoaumo N:

_ *
N (D) 2086778TTT_, e oo
(m-n) 2,663
| = 20004, 00204 ,,0020% _ 500019+ 0,00232 + 0,01532
20567 8777~ 2663

L, =2,55*0,0177 = 0,045
Bignosigb: N = 2,55(+0,045),5, = 0,0177

OOyMmoBIieHICTh  KOHKpeTHOro  anroputMy Ca  (TOOTO  3alIeXKHICTh
MaKCHUMaJIbHO MOYJIMBOTO BIJIXWJICHHSI PE3yJbTaTy BiJl MOXHUOOK BXITHUX JIaHUX)

XapaKTePHU3ye MPOIEC HAKOMUYCHHS TTOXHUOOK Tl 4ac 00UNCIICHb.

[cHYIOTH 3ama4i mpsIMOTO aHaJi3y MOXUOOK, KOJIH BiIoMi 30ypeHi BX1IHI JaH1
Ta BUXIJHI JaH1, 0OpoOJieHl 3a JeIKUM TOUYHHUM aJITOPUTMOM, 1 3ajlaya 0OEpPHEHOTO

aHai3y MoxuoOOoK.
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Hanpukiaz, OLiHUTH NMOXMOKY oGuucieHHs (QyHKLIT Y=X?1-X; 3a 30ypeHHX

. X, =103+0,01
apryMeHTIB .
X, =0,45+£0,01

3a popmyioro (*):

%y

=|2x,| <21

1

N g =
axz—lﬂ 1

Ay <21%0,01+1*0,01=0,031
y =0,611+0,032

JUist 3MeHIIeHHS MOXHMOOK MOKHA BHUKOPHUCTOBYBaTHM OUIbIIY KUIBKICTh

3HAUYIIMX PO3PsiiiB a00 3MIHIOBATH MOCIII0BHICTh OOUHCIIEHb.

Jlist 3MeHIIeHHsT OOyMOBJIGHOCTI 3ajladl HEoOX1AHO 3MiHIOBaTH (opmy

300pakeHHS BX1IHUX 1 BUXITHUX BEJIUYMH MaTeMaTUYHOI 3a]1a4i.

[lin wac peamizamii MpakTUYHUX OOYMCIICHb 3a3BMYail 3arajbHO 3aJlaHa
MOXUOKa PO3MOIIISETHCS MO KpOoKax OOYHCIEHb, a MOTIM Ha KOXHOMY KpOIl
3MIMCHIOETHCS KOHTPOJIb TOXMOKM 3a JIOKAJIBHOK OI[IHKOI, OCKUIBKM TOYHI

3HAYEHHS [N100aIbHOT MOXUOKHU HEB1IOMI.

Tomy B mpolienypax YHCENIbHUX METOIB BUIUISIOTH TPU PIBHOIPaBHI

YaCTHHU:

1)  oOuucieHHs  HaOJNMKEHHS  PO3B’SI3KYy 33  PEKYPCHBHOIO
dhopMyIIor0 BUOPAHOTO aITOPUTMY;
2)  OIIIHIOBAHHS MTOXUOKHU;
3)  ympaBiHHS OPOJOBKEHHSAM PO3B’SI3yBaHHS 3a/1adi.
Lle ympaBiiHHS MOXeE 3BOAMTHUCS JO 3MIHU KPOKY MHPHUPOCTY apryMEHTIB
HAsBHOI 3a7a4l (DYHKIIIOHAJTBHOT 3aJIEKHOCTI (30KpeMa 4acoBOTO KPOKY), 3aMiHH
dbopmynn O0YKCIICHHS HAONMKEHHSI PO3B 3Ky, 3MIHA 3HAY€Hb 3arajibHOI 3aJaHOi

NOXUOKHU PO3B’SA3KY 1 JOMYCTUMOI KIJIBKOCTI 1Tepariil.
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3a BCiX 1HIIUX YMOB HalkpamuMm OyJe po3B’si30K, OTPUMaHUN y pe3yJibTari

BUKOHAHHS MEHIIOI KUTBKOCTI 1Teparliid.

[Toxubku y BXIIHMX AaHUX 3a7adi — HeycyBHI. OO0YHMCIIOBaY HE MOXE iX
3MIHUTH, aJle IOBHHEH 3HATH, SK BOHH BIUIMBAIOTh HA TOYHICTH KIHIIEBOTO
pesymbprary. UyTnuBICTHR 3a7adi 0 HETOYHOCTEH y  BXIJHUX  JIaHUX
XapaKTEePU3Y€EThCS MOHATTAM CTIMKOCTI. 3a/1aua Ha3UBAEThCS CTIMKOIO 32 BX1THUMU
JAHUMH, SIKIIO il PO3B’A30K HEMEPEPBHO 3AJIEKUTH BiJ BXIJHHUX JaHUX, TOOTO Maii
MOXUOKM BXIIHMX JIaHUX CIPUYUHSIOTH MaJll MOXUOKHM pO3B’SA3KY 3ajadi. Ko 11

YMOBA HC BUKOHYETBC:, TO 3a/la4a BBAKA€CTHCS HECTINKOIO 3a BXiI[HI/IMI/I JaHHUMH.

33,[[3‘-13 Ha3uBaA€CTHCA KOPCKTHO IMOCTABJICHOIO, AKIIO I 6y,Z[I>-5IKI/IX BXiI[HI/IX

JAHUX ICHY€ €IMHUMN 1 CTIMKUNA 32 BXIJHUMU JJAHUMH i1 po3B’sA30K. JJ11 po3B’sA3aHHs
HEKOPEKTHO IOCTaBJIEHUX 3aJa4 3aCTOCOBYBAaTHM KIIACHYHI YHMCEJIbHI METOJU HE
BapTO, OCKUIBKM TOXUOKH OKPYIVIEHb NPU PO3paxyHKax MOXKYTb KaTacTpo(iuHO
3pOCTaTH 1 MPU3BECTH A0 PE3yJbTary, NaJeKOro BiJ LIYKAHOTO po3B’s3Ky. g
PO3B’s13aHHSI HEKOPEKTHO IMOCTABJICHUX 3a]a4 BUKOPHCTOBYIOTh TaK 3BaHI METOJHU

perymisipu3allli, Kl 3aMIHIOIOTh JJaHy 3a/1a4y KOPEKTHO MOCTaBJIEHOIO.

24



YUCEJBHI METO/U PO3B’SI3YBAHHS CUCTEM JIHIHHUX
AJTEBPAIYHUX PIBHSHD (CJIAP).

CJIAP (cucremu niHIMHUX anreOpaidHUX PIBHSIHb) HANUOUIBII MPOCTI,

ajie B TOM e Yac JI0 HUX 3BOJUTHCS 0arato 3ajad YMCeIbHOTO aHai3y.
€ Gararo pi3Hux cnoco6iB po3B’si3ky CJIIAP.

Metoau po3s’sizyBanHsi CJIAP, ski BUKOPHUCTOBYIOThCSI Ha MPAKTHUIIl, MOYKHA

PO3IIUTH Ha [IBl BEJIUKI TPYIU:

Metoau po3s’sizyBanus CJIAP

TouHi METOIH :
MeTtoau nOCIIOBHUX

HaOJIMKEHD

TouHi MeTOAM XapaKTepus3yIThCS TUM, IO 3 IiX JIOMOMOTOK MOXJIUBO,

MIPOBIBIIN CKIHYEHE YHCIIO OTepalliid, oiep>kaTy TOYH1 3HAYEHHS HEBIIOMUX.

[Ipu 1bOMYy NOpPHUMYCKAETHCH, IO KOE(IIEHTH 1 MpaBli YACTUHU CUCTEMHU

BiJIOM1 TOYHO, a BC1 OOYMCIICHHS 31CHIOIOTHCS O€3 3a0KPYTJICHb.
Yacrimie BOHU 301HCHIOIOTHECS B BA €TalH:

Ha TEPIIOMY €Tarl MepPeTBOPIOIOTH CUCTEMY 10 TOTO YW IHIIOTO MPOCTOTO

BUY,
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Ha JIpyroMy — pO3B’SI3YIOTh CIPOIIEHY CHCTEMY 1 OTPUMYIOTh 3HAUEHHS

HEBIJOMUX.

MeTtoamn HOCJIi,ZIOBHI/IX HaOJIM>KEHb XApPaKTCPU3YIOTHCA THM, IO 3 CaMOI'O

MMO4YaTKy 3aJar0TbCA ACAKNMUA HaOMKEHUMH 3HAUYCHHIMM HeBiI[OMI/IX.

[3 ux HAOMMKEHUX 3HAYCHb THUM YM IHIIMM CIOCOOOM OTPUMYIOTH HOBI

MOKpaIlleH1 HaOJIM)KEeH1 3HaYeHHSI.
3 HOBUMH HAOJIMKCHUMU 3HAYEHHSIMHU MTOCTYIAI0Th aHAIOT1YHO.

[Ipy BUKOHAHHI TEBHUX YMOB MOXHA MPUWATH, MICIS BEJIHUKOI KIIBKOCTI

KPOKiB, 0 TOYHOTO PO3B’A3KY.

Metoa BukJaouYeHud ['aycca

HaﬁHpOCTimHM 3 TOYHHX MCTOILiB ABJBIETHCA MCTOd BUKIIIOYCHHS.

3 MM METOJOM MH BXE€ 3YCTpiHalucs B 3BUYAHHOMY IIKUIBHOMY KypCl

anreopu.

KomMOinytoun sKkuM-HeOyIb CIMOCOOOM PIBHSHHS CHCTEMH, JOMararoThCs
TOrO, 110 y BCIX PIBHSHHSX, KPIM OJHOTO, Oy/€ BUKJIIOYEHO OJHE 3 HEBIJOMHX.

[ToTiM BUKIIIOUAIOTh APYT€ HEBIAOME, TPETE 1 TAK JaJl.

B pe3ynpTaTi OTpHUMYEMO CHUCTEMY 3 TPUKYTHOIO UM J1arOHAJIBHOIO

MaTpUIICIO, PO3B’A3aHHS K01 HE BUKJIMKAE TPYAHOIIIB.

AJie TOUHICTH pe3yJbTaTy 1 4ac, 3aTpadyeHHil Ha HOro OTpUMAHHS, 3aJEXKAaTh

BiJl OpraHizailii 00YMCIICHb.
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Hexaii nana mosinmeaa CJIAP (1):

)
allxl + alzxz + lllllll + alnxn == 61
Apy X+ ApyXy + o, +ax, =6,
Ay X, +aAgHX, + o +a,x =6,

Hexait all ;ﬁ 0.

[TepeTBopumo cucteMy (1), BUKITIOUalOUM HEBIIOME X1 13 BCIX PiBHAHB, KPIM

IICPIIOro. ﬂJ’ISI ObOI0 06I/I,Z[Bi YaCTHUHH IICPIIOTO piBHSIHHiI IIOMHOKNMO Ha 4YHCJIO

a, . . ) . ) ) .. . )
—2 { BiJ APYroro piBHSHHS BIAHIMEMO II¢ PIBHSHHS (BiJ YCIX HOTO BIJIMOBIIHHX
11

) ) ) ) a
yactuH). [loTiM 00MABI YaCTHMHU MEPIIOrO PIBHSHHS, MOMHOXKEHI Ha 4YUCIO —3L,
all

BIIHIMAIOThCS BiJ BIJIMOBIIHUX YACTUHU TPETHOT'O PIBHSHHS 1 TaK JaJl.

Mu pifizeMo MM HUISXOM JI0 HOBOI CHCTEMH 3 S JIHIMHUX PIBHSHB 3 1

HeB1IOMUMU: (2)
a; X, + a; X, + aj3X3 i a,x, =6;
’ + ’ + o+ ’ o
’ ’ N

Cucrema (2) exBiBasieHTHa cucteMi (1).

bynemo neperBoptoBatu cucremy (2).
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[lepmie piBHAHHS 3anumiaeMo 0Oe3 3MiH. bynemMo mnepeTBoproBaTH BCHO

CHUCTEMY, KPIM MEPIIOTro piBHSIHHS.

[Tpu oMy BBaXkaeMo, 110 CepeJl [IUX PIBHIHL HEMA€E TaKUX, BCl KOCIIIIEHTH
JIBUX YaCTUH SKHX JIOPIBHIOIOTH HYNIO. Takl piBHIHHS MU O BIIKUHYJIHU, SKOU iX
BUJTbHI WJIEHHU JOPIBHIOBANU HYJIO. B mpoTtunexxHoMy BUNAAKy MU OU BXKE JOBEJH

HECYMICHICTb HaIIO1 CHCTEMH.
Takum ynHOM, cepen KoedillieHTIB a’,-j € BiIMiHHI Bix HyIs1, Hexal a 2,7£0.

[TeperBopumo Tenep cuctemy (2), BIJHIMAIOYU BiJf 000X YaCTUH TPETHOTO 1
KOXXHOTO 3 HACTYMHUX PIBHAHb OOWJBI YAaCTUHU JIPYTrOTO PIBHAHHS, MONEPETHBO

IMOMHOKHUBIIIH BIJIITOBIJIHO HA YUCJIA:

Takum ynHOM, Oy/ie BUKIIOUEHO HEBIJOME X2 13 BCIX PIBHSIHB, KPIM MEPIIOTO 1

apyroro. Oiep>kKMMO HaCTYITHY CHCTEMY:
anxiy + aipxy + azxs t+..... + amx, = 61

apXxot+ axrxst..... + ax,= 6>

Harma cuctema mictuth Tenep t piBHSIHB, I<S, 60 aesiki MOTJIHM OyTH BIIKUHYTI.

Tenep OyneMo mepeTBOPIOBATH YACTUHY CUCTEMHU, KA MICTUTH BC1 PIBHSHHS,

KpIM MEPIINX JBOX. AHAJOTIYHUMU JiSIMU TTOCITIIOBHO BUKIIFOYa€EMO HEBIZIOMI.

k1o My puiEeMo 10 TaKoi CUCTEMU, OJIHE 3 PIBHSHbB SIKOi Ma€ BiIMIHHUN
BiJl HyJISl BUIbHUI WieH, a BC1 KOe(DIIIEHTH J1BOT YACTUHU JIOPIBHIOIOTH HYIIO, TO

Hallla BUX1/IHa cUcTeMa 0y/ie HECYMICHOIO.
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B npoTuBHOMY BHMMaAKy MM OTPUMAEMO HACTYNHY CHUCTEMY pIBHSHb,

ekBiBajeHTHY cuctemi (1).

Ay Xy + Xy Tt dyy oy X Hag X+t a X =6

' ' ' .
Xy ety Xyt X+ +8y X, =6,

n

: @)

k-2) )
Ay,

(k- (k-2)
kX T X tont

n

_ ,(k-2)
Xn - 6k—l

_ _ k-
a“ 1)kak +..+ak 1)ann = 6k( )

Tyt

,2)

a, #0,a), #0,...,a" Y1 20,8, “ 7 20

ik<sik<n.

B oMy Bunaaky cucrema (1) cymicHa. BoHa € Bu3HaueHow npu K = n i

HEBU3HAYCHOO mpu K < n.
HiiicHo, sikmio K =N, To cucreMa (3) mae BU:

’ ’ N

............................ (4)

3 OCTaHHBOT'O PIBHSHHS OJICPKUMO ITIJIKOM IIEBHE 3HAYCHHS I HEB1JOMOTO

Xn .
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[TincTaBnsiroun WOTO B MEpPEAOCTAaHHE PIBHSHHS, MU 3HAHJIEMO OJHO3HAYHO
BU3HAUYCHE X,.1. [IpOIOBKYIOUM aHAJIOTIYHO, 3HaiAEMO, 110 cucTeMa (4), a oTxKe, 1

cucrema (1), MaroTh €TMHUIN PO3B’ 30K, TOOTO CYMICHI 1 BU3HAYCHI.

Skmo K < n, To mIg BUIBHUX HEBIIOMHUX Xk+1i...., X» BI3BMEMO IOBIIBHI
YHCIIOBl 3HAUYEHHS, MICIIA Y0T0, PyXalo4yuch Mo cuctemi (3) 3HU3Y BBEpPX, 3HAMIEMO

JUIS HEBIJIOMMX Xk, Xk-1,...., X2, X1 [ILIKOM IICBHI 3HAYCHHS.

Tak stk 3HAYeHHS I BUIBHMX HEBIJOMHX MOXXHA BHOpATH HECKIHUYCHHUM
YUCJIOM CITOC001B, TO Hama cucteMa (3), a, oTxke, 1 cucrema (1) OyayTh CyMICHUMH,

aJIC HCBU3HA4YCHHMMMU.

Jlanum wmetooM (MpW  Pi3HOMAHITHUX BHOOpax 3HAYEHb [UJIS BUIBHUX

HEB1JIOMUX) OyIyTh 3HalIeH1 BC1 po3B’a3ku cuctemu (1).

«TpukytHa» ¢Qopma cucrtemu piBHSAHB (4) ab0 «TpameuieganbHay (opma
cucteMu piBHsIHB (3) (pu K < n), Oyna ojepkaHa 3 MPHITYIIEHHS, 0 KOe]imieHTH

ai1, d 2, ... BIAMIHHI BiJl HYJIS.

B 3aranpHOMy BHIaAKy Ta CHCTEMa pIBHSHb, 10 SKOI NPHAAEMO TIiCIs
JTOBEJICHHS JI0 KIiHII IPOIECY BUKIIOUSHHS HEBIOMHUX, OyJie MaTH TPUKYTHY abo

Tpanenieaanbay GopMy JIHIIE Mics He0OX1THOT 3MIHU HyMeparlii.

Takum yuHoM, MeToJ ["aycca 3acTOCOBHUM 110 OyAb-SKOI CUCTEMHM JIIHIHHUX
piBHsaHb. [Ipu npomMy cuctema Oyzae HecyMicHa, SKIIO B MPOLECi MEPETBOPEHb MU
OTPUMAEMO PIBHSIHHA, B SKOMY KOEQIIIEHTH MPHU BCIX HEBIIOMUX PIBHI HYJIO, a
BUIbHUW YJIEH BIAMIHHUM BiJ HYJIA; SKILO K TAKOTO PIBHSHHS HE ICHY€, TO CHCTEMa

Oyne cymicHow. CymicHa cucteMa piBHSHb OyJe BH3HAYEHOIO, SIKIIO BOHA

3BOJIUTHCA JI0 TPUKYTHOTO BHUAY (4), 1 HEBU3HAYEHOIO, SIKIIO 3BOJIUTHCA [0

TpaneiienanbHoro Buay (3) mpu k < n.

Ieit meTox 3actocoBHui 1 10 CJIOP, ToOTO piBHSHB, BUIbHI WICHH SIKUX PIBHI

Hym0. Taka cucTema 3aBau cyMmicHa, 00 Mae HyI0BUM po3B’s30k (0,0, ...,0).
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Hexaii B po3risiyBaHiii cUCTeMi YMCIIO PIBHSHb MEHIIE YUCiia HEBI1JIOMHUX.
Toni Hama cucreMa HE MOXE 3BOAWTHCA 10 TPUKYTHOTO BHAY, 00 B TpoIleci
MIEPETBOPEHB 10 METOAY [ aycca 4uCiIo piBHSIHB MOXKE 3MEHIITYBATHUCS, ajie HE MOXKE
301IBIIIYBATUCS; OTXKE, BOHA 3BOAWTHCS JIO TpalelieqalbHOTO BHUTIISALY, TOOTO

HCBH3HA4YCHA.

Axmo B CJIOP uucno piBHSHb MEHIIE YKCia HEBIJIOMUX, TO ISl CHCTEMa Mae,
KpIM HYJBOBOTO PO3B’SI3KY, TAKOK 1 HEHYJIbOB1 pO3B’SI3KH, TOOTO PO3B’S3KH, B SIKUX
3Ha4YCHHS JesakuX (200 HaBITh BCiX) HEBIJOMUX BIJIMIHHI B/l HYJISI; TAKUX PO3B’s3KiB

OyJle HECKIHUEHHO Oararo.

Byaemo BunmcyBaTtu MaTpuIio 3 KOE(IIIEHTIB CUCTEMH, IPUETHABIIN 10 HEl
CTOBINYMK 13 BUIBHUX WIEHIB, BIJAUICHUX BEPTHKAJIbHOI PpHUCKOIO, 1 BCI
NEPETBOPEHHS 3/11MCHIOBATH HaJ| PAJKaMU II€T pO3LUIMPEHOT MATPHUILI.

X, +2x, +5x, =-9

[Ipuknan. Po3s’a3atu cucremy: X=X, +3x, =2
3x; —6x, —x; =25

12 5|9 (1 2 5 |59} (1 2 5 -9
1 -1 3|2|-»|0 -3 -2(11|->(0 -3 -2]11
3 -6 -1|25 0 -12 -16 (52 0 -818

[Iepexoaumo 1o cucremu:
x1+2x2+5x3=-9

-32-2x3=11
—-8x3=8

Otxe, HaIIa CUCTEMA MA€ €MHUN PO3B’A30K:

X1=2, X=-3, x3=-1, 1 3HAYUTH € CyMICHOIO.
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Ane 1HOJII B YHMCEIbHUX METOJaX BUKOPHCTOBYIOTh MOJM(IKOBAHUNA METOJ

laycca. CyTh #Horo mnossrae B TOMY, 00 aHAJOTIYHUMH MEPETBOPEHHIMU

MIePETBOPUTH BC1 JlarOHAJIbHI €JIEMEHTH Ha OJIMHHUIII.

Ieit cmoci® € 3pyyHUM MpU CKJIaJaHHI aIrOPUTMIB Ta HAIMCaHHI Mporpam

st oounciens CJIAP.

[IponeMoHCTpYy€eEMO HOT0 Ha IIbOMY K MPUKIIAIIL:

1 2 5-9] (1 2 5 |-9 12 5]-9
1 -13|2|->0 -3 -2 11—)01%—1—314
3 -6 -125 0 -12 -16 |52 014 52
3|1
125 -9 125 -9
2| 11 2| 11
- 1 A4-= = 1 4-=
3 3 3 3
2 2 1 -1
3
X, =-1
_unz2
2 3 3 3
11 2
X, =—=+—=
3 3
X, =—3
X, =—-9-5%; - 2X,
% =-9-5:(-1)-2:(-3)
X, =—9+5+6
X, =2

OnepkuMo po3B’sI30K: x1=2, x2=-3, x3=-1.
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Metoa Kpamepa

HKHIO BU3HAYHUK CUCTCMH

allxl + a12x2 + lllllll + alnxn - 61
alel + a22x2 + lllllll + aznxn = 82
2
(A Xy + X, + +a,x, =8,
7 @y5 iy
A=detA=|T21 G2z Qan| 2
anl anz am?.

TO BOHAa Ma€ €IUHUN po3B’s30K. Llell po3B’A30Kk MOXHA OOYUCIUTH 3a

dbopmynamu Kpamepa
Xk =det A/ det A, (k=1,2,...,n),

Je MaTpuiio Ay OJIEpPKYIOTh 3 MaTpuili A, 3aMiHUBIIM i1 K-BUH CTOBIEIH

CTOBIILIEM BUILHUX YJIEHIB.
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OBUYHNCJIEHHS 3HAYEHD EJJEMEHTAPHUX ®YHKIIN

O0uyKcJIeHHA 3HAYCHbL MHOTOYWICHA 3a cxeMoI0 I'opuepa.

Hexait nano piBustaast f(x) = x" +a,x" " +a,x" > +..+a, =0

n

a)  SAKIIO KOPiHb Ma€ BUTIIAN : X=C,*10"™ +¢, *10™* +... , TO
NOTPIOHO TOMEPENHbO 3POOUTH MiJICTAHOBKY X =10"z mpu x>0 abo
x=-10"z mpu x<0. B pe3ynbrari oJiep>KyeMO piBHIHHS, BIJIMOBITHUN
KOPiHb SKOTO HAJIEXKHUTH Bijipi3Ky [0,10]

0) KO0 IOYKAaHUW KOPIHb JAHOTO PIBHAHHS HAJIEKUTh
Bigpisky [010], To s BU3HAYeHHS UU(PU Co KOPHUCTYIOTHCS
0e3nocepenniM migpaxyHkom 3Hauenb f(X) mpum x=0,1,2,...,10 3a
cxeMoro ['opuepa.

[ToTiM BUKOHYIOTH JIB1 MiJICTAHOBKH Y=X-Co 1 Z=10y , BUKOpPUCTOBYIOTbH JJIs

HGpHIOI 13 HUX CXCMY FopHepa. 3a AOIIOMOI'OI0 OACPIKAHOT'O piBHﬂHHSI BHU3HA4Yal0Th

udpy c1.
Bci HactymnHi nudpu KopeHs: BU3HAYAIOTHCSl aHATIOTTYHO.

3aBganns. BuxopucroBytoun cxemy ['opHepa, ckiactu TaOIUII0 3HAYEHD

MHOTOYIEHA Ha Bipi3Ky[0,5;2,0], kpok h=0,25.

OO6uuncnenHs BuKoHaTH 3 TouHicTIO A0 0,0001, BiAMOBiab 3aKPYTIUTH 10O

THCSTYHUX.
P(x) = 0,883x> —1,217x* +1,452x> + 0,572x* — 2,343x + 1,158

[ToTpiOHO ckmacTy TaONUIIO, KA MICTUTh BCl MPOMIXKKOBI pe3yibTaTH 1

SHAYCHHA ITYKAHOI'O MHOT'OYJICHA:

X 0,883 -1,217 1,452 0,572 -2,343 1,158

0,50 0,883 -0,7755 | 1,06425 |1,1041 -1,7909 | 0,2625
0,75 0,883 -0,5547 | 1,0359 1,3490 -1,3313 | 0,1595
1,00 0,883 -0,3340 | 1,1180 1,6900 -0,6530 | 0,5050
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1,25 0,883 -0,1132 | 1,3104 2,2100 0,9721 2,3731
1,50 0,883 0,1075 1,6132 2,9919 2,1448 4,3752
1,75 0,883 0,3282 2,0264 4,1183 4,8640 9,6699
2,00 0,883 0,5490 2,550 5,6720 9,0010 19,1600

VY BepxHbOMY PpSAKY TaOJWIl 3amUCYIOThCA KOE(IIIEHTH a;, JaHOTo

MHOTOWICHA, Y TIEPITOMY CTOBIIII — 3HAYEHHS apryMEeHTa X.

[HII psSAKKA MICTATH 3HAYEHHS b, AK1 3a cxemoro ['opHepa 3HaxoasaThCA 3a

€IUHOI0 QopMmyIioro: b, =b,  x+a,,(i =1,2,3,4,5);b, =a,.

B octanHpOMy CTOBHI TAaOJIUI OAEPKYIOTHCS 3HAUYEHHS MHOrowieHa P(x).

3a01<pyr JIFOIOYH 1X A0 TUCAYHUX, OACPIKYEMO BiIIHOBiIIB.

X; P(X,’)
0,50 0,263
0,75 0,160
1,00 0,505
1,25 2,373
1,50 4,375
1,75 9,670
2,00 19,160

Oo0uucJIeHHA 3HAYCHb PVHKIINA MeTOI0M iTepalii

3aBganHs. OOuMcIUTH 3HAYCHHS (QYHKIIA 3a 3aJaHUMU  3HAYCHHSIMHU
apryMeHTy METOJIOM ITepalliid 3 IIICTbMa BIPHUMHU 3Hauymumu udpamu. s
BU3HAUEHHS TIOYATKOBUX 3HAYEHb BHUKOPUCTATH METOJA NPUKHUIKH. BukoHaTH

NepeBIPKY pe3yJIbTaTIB.

y=./x; Ipu a) x, =14,76;, 6) x, = 0,142
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Jlns  po3B’si3aHHS  3ajJa4l  METOJOM ITepalliii CKJIaJaeEMO IOCIIIOBHICTh

HAOMIDKEHUX 3HA4YeHb IMYKAHOT QYHKIITL Y,,Y,, Yy, Yi»e.., SIKA 30ITAETHCS 10

ToyHOro 3HaueHb Y(X). OOYMCICHHSA MPOJOBKYEMO J0 30DKHOCTI 3 3aJaHOI0

TOYHICTIO.

1) Mpu oOuucieHHi 3HaueHb OYHKIIH y(X)=+/X UIEHH TOCIHiOBHOCTI

BHU3HAYAEMO 3a POpMYJIOI0: Y, , = %(yi + i); (i1=0123,..),
Yi

ne Yo miaoupaemMo MPUKUIKOIO 3 OJHIEI0 a00 JBOMA BIpHUMHU ITU(DpaMH.

14,76

a) llpu x=14,76 maemo v, , =%(yi - )

Hexaii y, =38.

CkiagaeMo TaOIUIIO 3HAYEHb YIECHIB MOCIIIOBHOCTI:

Yi

3,8

3,842105

3,841874

WIN| - o -

3,841874

[lykaHuM 3HAYEHHSM SIBISETbCA /14,76 ~y, ~384187. Jlns nepeBipku

3HaXOJIATh KBaApaT 3HANUIEHOI0 YKCIIa.

6) Ilpu x=0142 Maemo y,,, = % (y, + 0,142) |

Hexait y, =0,4. 3Ha4eHHs Yi 3alUCYyEMO y TaOIHITIO:

Yi

0,40

0,3775

0,3768295

0,3768289

AIWOINEFPL O™

0,3768289

[Ilykane 3HaueHHs: /0,142 ~ 0,376829

Iepesipka: 0,376829° = 0,1420001~ 0,142 .
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IHTEPIIOJIIOBAHHS ®YHKIIII

ITix gac po3B’sa3yBaHHs OaraTh0X OOYMCIIOBAIBHUX 3a/1a4 Ha MPAKTHIll YaCTO

JIOBOJIUTHCSI 3aMiHIOBaTH OAHY (yHKIO f(x) (BigoMy, HeBioMy a00 YacTKOBO

BiOMY) OJIM3BKOIO JI0 HEl ACSIKOIO (PYHKINEIO ¢(X), sIKa MAa€ BU3HAUYCHI BIACTHBOCTI.

Hampuknan, skmo f(x) 3amana tabauuero 3HadeHb f(x,), f(x,),...f(x,) s
NesAKOl KIHIIEBOI MHOXHWHU apryMEHTIB X, 1 B Mpolleci PoO3B’sA3yBaHHS 3ajadl
HEOOXITHO BHUKOPUCTOBYBAaTHM 3HaueHHs f(X) Uil TMPOMIKKOBUX 3HAYCHD
apryMeHty, QyHKIIO ¢(x) OyayloTh TakMM YHMHOM, MO0 y 3aJaHUX TOUYKax
X

X,,..,X, BOHA TMpUAMalia 3HAYEHHS, M0 30iraloTbCcsi 31 3HAYCHHSIMU

0 n

f (%), f(x).-..f(x,), a B IHIIMX TOukKax BiApi3ka [a,b], 1[I0 HaAJIEKUTH 00JACTI
BU3HaueHHs f(X), HaOMKEHO 300paxkana QyHKIi0 f(x) 3 THUM YM 1HIIUM

CTYIICHCM TOYHOCTI.

Toni mix yac po3B’si3yBaHHs 3ajayi 3amicTh (QyHKIIT f(X) BUKOPHUCTOBYIOThH

byHKLIIO @(X).

3amgada moOya0BU (QYHKINT ¢(X) Ha3WBAETHCS 3aa49€H0 HAOIMKEHHS.

HaiivacTime QyHKIII0 ¢(X), KOO ONEPYIOTh MiJl 4ac HAOIMKEHHS, OYIyIOTh

y BUTJIAJII MHOTOUJICHA.

Takuit crioci0 HaOnmmxeHHs Oa3zyeTbcs Ha TeopeMmi BelepmTpacca mpo
HaOMKEeHHS HemepepBHOI (yHKil f(x) Ha 3amaHOMy BIJIPI3Ky 3a JOMOMOTOIO
nosiiHoMiB (pyHkiis f(x) Moxe OyTH IOCUTH 100pe HaOIMKeHa 3a JOMOMOIOI0

MOJIIHOMA JISAKOTO MOPSAKY M Ha MHOMXHHI TOYOK Xy, X;,.ey X, )+

Y upoMmy Bumaaky GyHKOil  BUIY  @(X) =Co@, (X) + ¢, (X) +...+C 0, (X)

HA3WBAIOTh y3araJlbHEHUMH MOJTIHOMAMH (y3aralbHEHUMH MHOTOUYJICHAMH) TMTOPSIKY
m, 1€ ¢,,C,,...C, — JACSKI MOCTIHHI KOe]IIIEHTH.
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Oynkiito  f(x) 1 MOMHOM ¢(X) BBaXKAIOTh HAOIMIKEHUMH, SKIIO BOHU
301raroThCsl Ha 3a/1aHi CUCTEMI TOYOK X,,X,,...,X,. L[l TOUKM Ha3UBaIOTHCS By3JIaMu

IHTEPIOJIALI].

Sxmo ¢(x)1 f(x) — nudepentiiioBHi QpyHKii, TO 1HOAI Y MOCTAaHOBII 3a/1adi
HaOJIMKEHHS BUMAararoTh 1 30iry y By3Jax IHTEpHnojsmii moximHux f(x) 1 ¢(x)

JESKUX TTOPSIIKIB.

Ha mpakrtumi 3a 6asuchHi (yHKIii {,(x)} yacto OepyTh MOCIIIOBHICTh
cTeneHeBUX (yHKIIIH BIIHOCHO X !

2 .. X™ TOOTO:

1,x', X
9o (X) =19, (X) = X, 0, (X) = X7
Toal MaeMo 3BUYAHUN ITOJIIHOM CTEIIEHS M .
P(X) =Cy +C X +C X2 +..+c X" (1)
Jlist 3HaX0KEHHS Koe(ILieHTIB ¢;, i =0,1,..,m BUKOPUCTOBYIOTh YMOBY:

p(x;)=f(x;) j=0L..,n

Chopmyemo cucteMmy 3 (n+1) JiHIMHUX anreOpaiuHUX PIBHSHb HA MHOXHHI

TOUOK Xy, Xy yeeny X

L X
?o(X)C + @ (Xp)C, +...+ @, (Xp)C, = (X,)
@, (X)C, + @ (X)C, +..+ @ (X)C, = (X)) (2)
¢(Xn)co +§D1(Xn )Cl +"'+¢m (Xn)cm = f(xn)

k1o n=m, To cuctema piBHAHbB (2) Mae €AMHUN PO3B’A30K Y BUNAIKY, KOJIU

BEKTOPH ¢, (X;), i, j=01,...,n JIHIHHO HE3aIEXKHI.
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Taka 3amaua HaOMKEHA HA3UBAETHCA 3a1aY€I0 1THTEPITOJISAI].

SIKmo m<n, TO cucTeMa piBHSIHb MOXKe OyTH poO3B’si3aHa METOJIOM

HalMEHIITUX KBaJPaTiB.
SAxkmo m=n, 1 6asucHi ¢GyHKOT {p (X)} MarTh BUTIAL moiiHOMIB (1),

KOe(DIMiEATH ¢, MOKYTh OOUMCITIOBATHCS 3a JOIIOMOTOIO TaKOi CHCTEMH PiBHSHB:

Co +C Xy +Cy X~ +.+C %y = T (X,)
(3) e, +CX +Cx +.4C %" = F(x)

2
Co +C,X, +C,X, " +..+C X" = f(X,)

BusHauHuUK 111€1 CUCTEMU Ha3UBAETHCSl BU3HAYHUKOM BannepMoH/ia.

n

Xy X, - Xg
A=fxx’.x"| (4)

Buznaunuk (4) BIAMIHHUM Bia HYJS, SKIIO CEpeJl CYKYITHOCTI BY3JIIB HEMa€e
TaKuX, 10 30IraloThCs, OTXKE, MATpUIls cUCTeMH (3) € HEBUPOKEHOIO 1 CUCTeMa

Ma€ €IMHUN PO3B’SA30K.

[Honi B sikocTi {p, (x)} OepeThbCcsi HEPIBHICTh MOKA3HUKOBUX (DYHKITIN:
P (X) =1, @ (x)=e", p,(X)=e"",..., g, (x) =€,
ne {«;} — nesKa 4ucioBa HEPIBHICTh MOMAPHO PI3HUX MIHNCHUX YHCEIL.
Toni:
@(X) =, +Ce“* +c,e” +...+c e, (B)

IaTepnoyasiuivianii maorowieH Jlarpamxa.

Buxonsuu 3 0JHO3HAYHOCTI IHTEPHOJAIINHOTO MHOTOWICHHA ¢(X), MOXHa

noOyAyBaTH MOJIHOM, KOE(ILIEHTH SKOTO BU3HAYAIOTHCS 3 cUCTEMU (3).
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[To3naummo 3amani 3HaueHHs f(x.) =vy..

OCKUIbKM IIIYKaHUM TOJIHOM ¢(X) TOBUHEH NMPUKWMATH B 3a/laHUX BY3Jax

Xo, X,y X, 3HAUCHHS, IO 30iraroThcs 31 3HAYSHHAMHU f(X,), f (X,),..., f(X,), MOXHa

01 Area Ay

3aMMCcaTH ¢(X) y BUTIISIL
p()=3 ()  (6)
j=0

1€ ¢ (X) — MHOTOWIEH CTENeHsI N, SIKUH Yy By3Jax 1HTEPHOJALIi 3aJ0OBOJIbHSIE

TaKi YMOBH:

g,(x) =L Ao i=]
0 B IHIIMX BUOAIKaX

JlaHuii BapiaHT 3amKCy MHOTOWICHHA ¢(X) HA3UBAETHCS 1HTEPHOJSIIHHUM

noJiiHoMoM Jlarpamxka.

Jns oIyKy ¢, (x) 3HaXOIATh MHOIOYICH CTENEHS N, IO IEPETBOPIOETHCS Ha

HyJIb y By3/1ax iHTepnonanii x; = (i=01,..., j—1, j+1n) 1 qopiBHIoe 1 y Touni x;.
MHorouJieH, 110 3aJ0BOJIBHSIE 111 YMOBH, MOXE OyTH 3allMCAaHUIN y BUTJISII:

(X=X )(X= %) (X=X )X X,.)..o (X —%,)
(Xj _XO)(Xj _Xl)"'(xj _Xj—l)(xj _Xj+1)"'(xj _Xn)

¢j (X):

Sxkmo y Bupasi (6) ¢;(x) 3HaWIEHI 3a BKa3aHMM BHIIE CIOCOOOM, TO

IHTEPHOJAUIAHUNA MHOTO4YJIeH (6) Ha3MBAETHCS IHTEPHNOISALUIAHUM MHOTOYJIEHOM

Jlarpanxa.

ITosHauvaersca | (x). SIBHO 3anucyeThCs TaK:

(X X)X X)X X)X X ) (X = X,)

In(x)=zyj

j=0 (Xj _XO)(Xj _Xl)"'(xj _Xj—l)(xj _Xj+1)"'(xj _Xn)
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3agadya IHTEPHOJIALIl 3HAYHO CHPONIYETHCS, SKIIO 3HAYEHHS X, €

PIBHOBIIJIAJIEHUMHU, TOOTO X, = X, +ih (i =12,...,n), TOA1 MOYKHA BBECTH IMO3HAUCHHS:

X=X,

=t 1 IHTEPHOJALINHUN MTOIIHOM OyJie MaTH BUTJIS:
Stt=D..(t-n) &, . cly,
1,00 =y R 5 gy &
. i=0 -

t(t —1)...(t —n) .
T E— HEC 3aJICKATHh H1 Bl
n!

Tyt koeditienTn nepes 3HakoM cymu (—1)"

3HaueHb GyHKLIT f(X), Hi BiJ BifcTaHi Mix Bysnamu iHTepnosanii h. Ix nasusaiots

koedimiearamu Jlarpamxka.

Piznuito mix ¢dynkmiero f(x) Ta il 1HTEPHOIAMIHHUM HAOIMKEHHSM | (X)

HA3WUBAIOTh 3AJUIIKOBAM YIECHOM IHTEPHOJANINHOT dopMmyin abo MmOXHOKOIO

iHTepnoysii iy (X) = f(x)- 1 (x).
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YUCEJBbHE JTUP®EPEHIIIIOBAHHAI.

Ile o6umncneHHs noxigHux GyHKIN 3aJaHUX MTOPSIKIB.

ko aHamiTUYHE 300paKEHHS BHUXIAHOI (QyHKIT HeBigoMme abo JIOCHUTH
CKJaJHe, TOXITHI OyIb-sIKOTO TMOPSAAKY MOXYTh OyTH OOYHCIIEHI Ha OCHOBI

HaBEACHUX HIDKYE PopMyI AU(epeHIiIOBaHHS.

binbmiicte (opMyn 4KCENbHOTO NU(EPEHLIIOBaHHI MOXYTh OyTH OTpUMaHI1

Ha OCHOBI IHTEPIOJISIIHHUX MOJIHOMIB.

JUIsE 1bOTO TOCTAaTHBO 3aMIHUTHU MOYATKOBY (DYHKIIO 1i 1HTEPHOJSAILIAHUM

ITOJIIHOMOM, a IOTIM OOYHCJINUTH MOXI1IHI BiJl HHOTO.

SIKII0 TOJIIHOM 13 JOCTATHBOIO TOYHICTIO HAONMMXKae BUXIAHY (PYHKIIIO, TO 1
MOX1JIHI OyAb-SIKOTO TOPSIIKY BiJ TOJIHOMA Majo BIAPIZHSAIOTHCS BiJI MOXITHHUX

GyHKITI.

3amaya 4YKMCENbHOro JU(EPEHIIIOBAaHHS TOJIATAaE y 3HAXO/PKCHHI 3HA4YeHb

noxXiIHUX QyHKHIT y= f(X) y 3a4aHUX TOYKAX y BUMAJKY, KOJIM AaHAIITUYHUHN 3aIHC

dbyukii f(x) HEeBiAOMHM a00 qyKe CKIATHUN YU (DYHKINS 3a7aHa TaOIUIHO.

[IpuBaOAMBICTE YMCETBHOTO MIAXOJY TMOSICHIOETHCS HASBHICTIO MPOCTHX
3aJIC)KHOCTEH, 3a JIOMMOMOIOK SKUX TMOXIJHI B 3aJaHUX TOYKax MOXKHA

anpOKCUMYBATH JIEKIbKOMA 3HAYEHHAMH (DYHKIIIT B IMX 1 OJTU3bKUX 10 HUX TOUKaX.

KonctpyroBanust Gpopmyn HaGImkeHOTo MudEpeHIIIOBaHHS MOJISITAE€ B TOMY,
mo  Qynkmito f(x) Ha 3amaHoMy BiApi3Ky [a,b] 3amiHIOIOTH BiANOBigHONO
alPOKCUMYIOYOI0 (PYHKIIEI ¢(X), a MOTIM BBa)KarOTh, 110 MOXIAHI BiJl (YHKIIIH

f(X)1 @(x) 30iraroThcs, HAMPUKIAI:

f'(xX)~@'(x), ae a<x<h.
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AHAJIOT1YHO 3HAXOATh MOX1IHI BUIIUX MOPSAKIB BiJ QYyHKINT f ().

[Tpu upoMy ampokcuMyroda (PYHKINS ¢(X) HaiuacTille 3a4a€TbCs y BUTIISAIL

[MOJIIHOMA.
Tomi moxigHi OOYUCIIIOIOTHCA 3 NEAKOI0 OXUOKOIO.

Axmo R(x) = f (X) —@(X) — 3IUIIKOBUN YJICH, TO MOXHMOKa R'(X) 3alUCYETHCS

SAK:
R'(x) = f'(x) - ¢'(x).

Taxki xx dhopmynu audepeHiiroBaHHs MOKHA MOOYIyBaTH 1 JJIsl 3HAXO>KEHHS

MOX1AHUX BUIIUX MOPSJIKIB:
" (x) = £ 00 - R (x).

Majicth 3aJIMIIKOBOTO 4jieHa R(X) HE CBIIYUTH MPO MATICTh 3aJTHIITKOBHUX

YJICHIB MOX1IHKUX, 00 MOXiJHI Bl MATKX (YHKIIH MOXKYTh OYTH IOCUThH BEJIUKUMHU.

ToOTO 1181 sIK 3aBroIHO OMM3bKUX QYHKIIN f(X)1 ¢(X) PI3HULS MK iX TOXITHUMHU

MO>Ke OYTH SIK 3aBI'OJTHO BEJIUKOIO.

HasBHicTe BenuMkOi IOXHMOKM I1if Yac OOYMCIEHHS 3HAYE€Hb ITOX1IHOI
MOSICHIOIOTBCSL 1€ ¥ TUM, 10 3Ha4eHHs (QYHKIINA, sSKi BXOAATH A0 (Gopmyn

nu(depeHIIOBaHHS B OLIBIIOCTI MAIOTh IEIKY MOXUOKY.

Ane, 3acTOCOBYHOYM BHUBAXKEHMM MIAXIT [0 BUOOpPY I1HTEPHOJIALIMHOL

dbopmynu Ta i TOPSIKY, MOKHA OTPUMATH PE3YyJIbTAT 3 HEOOX1THOK TOUHICTIO.
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DopMyJIH YHCEJIBLHOTO TH(EPEHITIOBAHHS HA OCHOBI

IHTePHOJAIMHOro moJsinoma Jlarpan:ka.

[HOM1 Yy hopMynax uncenbHOro AUdepeHIIFOBaHHS 3pYUHIIIE 3aCTOCOBYBATH

He CKiHYeH1 pi3HUIl (QYHKIIIT, a i 3HAUCHHS.
Jliist oTpumaHHs Takux (GOpMyJT BUKOPUCTOBYIOTH MoJiiHOM Jlarpamxa.

Posrnsaemo Bumanok, ko QyHKIIS 3a7aHa TaOJUIHO B PIBHOBIIIAJICHUX

TOUKAX X, Xy, X,» TOOTO BITOMI X; =X, +ih (i=0.1,...,n) 13HayeHHs f(x),i=01...,n.

JUist 3amaHoi CUCTEMH BY3JIB X; OyJIyeEMO I1HTEPHOJSALIAHUA MHOTOWIECH

Jlarpanxa.

DopMyan gudepeHlilOBAHHS JIJISI NPAKTHYHHUX 00YMCJIEHbD.

CmiBBITHOIIEHHS, $KI Ha TMPAKTHII 3aCTOCOBYIOTHCA I amnpoKCHUMallii

MOXI1JTHUX MEPIIUX TPhOX MOPSAAKIB BiJ PYHKIIN, 3aJaHUX TaOJIUYHO:

Tabmuigl. Dopmyin nepimx moxXigHuXx.

Tun popmynu ®opmyna
, f(x)—f(x._
Hecumerpuusi f'(x,)= %
o0epHeHi abo Gpopmyu -
nudepeHIiroBaHHS Ha3a f/(x) = 3f(x)-4f (2);:_1) + f(X_,)
' f Xia) — f X;
Hecumerpuuni f'(x) = %
npsmi abo Gpopmysu — —
Anu(epeHLOBaHHS BIIEPE] f/(x,)= f(X..)+4 ;gXM) 3f(x)
f ’(Xi) — f (Xi+1)2_hf (Xi—l)
cetp oy~ F0) +8 (x.) 81 (x.,)
Fin)= 12h
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Taomuig 2. DopMyIn IS APYTUX TOXITHUX.

Tun hopmynu ®dopmyna
" FO)=2F (%) + f(xi,)
H . f (Xi) = 2
€CUMETPUYHI h
coeprert vy = 2T00 =500 ) 41 (x5) ~ T (x,)
f (Xi) = hz
" f(X.,)—2F(x,)— f(X
HecumerpuuHi F(x) = () h(2 ) - T(%)
P nox ) = £ ) H4F(6,5) =5 (%) + F(x)
f (Xi) = h?2
f H(Xi) — f (Xi+1) -2 fh(zxi) + f (Xifl)
CumerpuuHi ., — f(X,,)+16F(x,,)—30f(x)+16f(x_,)— F(X_,

Taomuig 3. DopMyaH IS TPETIX MOXI1THUX.

Tun
dhopmynun dopmyna
frrr _ f(xi)_sf(xifl)+3f(xi72)_f(Xi)
Hecumerpuuni (x))= h3
oOepHeHi 5 (x,)—18f(x_,)+24f(x_,)—14f(x_,) +3f(x._,)
f (XI) — 1 I |3 I I
2h
f(Xi5) =3F (X.2) +3F (X)) = (X))
f (XI) — 1+ 1+ 5 1+ 1
Hecumerpuuni h
npsimi " =3 (X;,,) +14F (X, 5)+24F(X,,)+18F(x,,)—5F(X;)
f (XI) — 1+ I+ 5 1+ 1+ 1
2h
F(Xi2) —2F (Xg) +2F (%) — (%)
C . f (Xi) — i+ i+ - i i
UMETPUYHI 2h
" f(Xiis) +81 (Xi2) —13 (X)) +13F (x;y) -8 (X)) — F(Xig
f (Xi) = 3
8h
BucHoBkHM

1. Metoau ampokcuMallii MOXiJHUX 3aCTOCOBYIOThCS Y BHITaJIKaX, KOJHU
HermepepBHa (YHKIIST HACTUIBKK CKJIaJHA, IO Oe3MmocepeHE BUKOPUCTAHHS

aHAJITUYHUX METOIB YCKJIaJIHEHE Y HABITh HEMOJKJIUBE.
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UucenpHui MiaXiJ BUKOPHUCTOBYIOTh 1 B TOMY BUIAJKY, KOJU cama (hYyHKITiS
3aJaHa B JUCKPETHIH (QopMi MacMBOM CBOiX 3Ha4YeHb IS JEIKUX 3HAYCHb

apTyYMCHTIB.

2. IToximH1 3a3BUYail aPOKCUMYIOTHCS PO3JAUICHUMHU PI3HUIISIMU 1 BIAMOBIIHI
dbopMyH, 3aJeKHO BiJl YHCIA BpPAaxOBAaHWUX UJIEHIB PO3KIaay B psanx Teiopa,

BiJIPI3HIETHCS TTOXUOKOIO alPOKCHUMAITI].

3. Po3pizHaAOTh npsaAMi HecuMeTpuuHi (popmynu nudepeHIiitoBaHHs Briepesn i
obepHeH1 HecuMeTpuuHl (popMynu audepeHIiroBaHHS Ha3aa y 3aJIeKHOCTI Bij
pO3TallyBaHHS TOYKH BIIJIIKY — JIIBOPYY YM MPAaBOPYY y pAJll 3HAYEHb apryMEHTIB

Xi,Xi 1) Xi preees UH Xi, Xi g, X0y IS IKUX OOYMCITIOIOTHCS 3HAUCHHS (YHKIII, IO

i+271""

OepyTh y4acTh y alpOKCHUMAIlil TOX1THUX.

4.  HaiiOumpury  TOYHICTH  3a0€3MEUyI0Th  CUMETpPUuYHI  (popmyiu
nudepeHIiioBaHHsT 3 BHOOPOM TOYKM BIUIIKY B CEpEIWHI J1ala3oHy 3HAYCHb
apryMeHTIB Ha iHTepBam [a,b], [0 BUKOPHCTOBYETHCA JUIS OOYMCIICHHS

BIJIMOBITHUX 3HAYCHB (PYHKIIII.
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YUCEJIBHE IHTETPYBAHHSA ®YHKIIIH.

Po3p’si3atu 3amady iHTErpyBaHHsS O3Hauae OOYMCIUTH BU3HAUEHUHN IHTErpal

st fesikoi QyHKIi f(x) Ha 3amaHoMy iHTepBaii [a,b]:
b
| = j f (x)dx.

Slkmo ¢yHkiis f(x) HenepepsHa Ha iHTepBami [a,b] 1 Bimoma ii mepsicHa
byHkIig F(x), TO MOXKHA aHAJITUYHO 3HANTH 1HTerpan 3a (opmynoro HproToHa-

JleiOHima:

I =F(b)-F(a)

Ane y OaraThboX BHMaJKax MEepBICHY (PYHKIIO F(X) HE MOXHA 3HAUTH
aHaJIITUYHO abo f(X) € 3aHAATO CKJIAJHOO, IO YCKIIAJHIOE OOUMCIICHHS 1HTerpajia

3a ¢popmyioro Herorona-JletiOHima abo BOHO B3araii cTa€ HEMOKIIMBHUM.

YacTo Ha mpakTulll migiHTerpaibHa GyHKIisA f(x) 3amaeTbcss TaOIUIHO, IO

TAKOXK YHCMOKJIMBJIFOE BUKOPHUCTAHHA aHAJTITHYHUX MCTO)IiB.

Y BciX mepepaxoBaHMX ~ BHMNaAKax Uil OOYMCIEHHS  1HTErpaja

BUKOPHCTOBYIOTh YHCEIbHI METO/IH.

Tpaauuiiinuii migxin monsrae B Tomy, mo QyHKIi0 f(x) Ha Biapisky [a,b]
3aMIHIOIOTH 1HTEPIOJSALINHOI (QYHKIEIO ¢(X), HaNpuKIaj, mojiHoMoM Jlarpanka

a6o HeroToHa, a MOTIM MPUIMAIOTH:
b b
j f(x)dx = j p(X)dx + R(x), 1e

R(x) — nesika moxubOka GopMyiH IHTETpyBaHHS.
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VY upoMy BUNaAKy QYHKIIS ¢(X) Mae OyTH Takoro, 1100 1HTerpal MoKHa 0yIio

00YHCIUTH 0€3MOCEPETHBO.

SAxmo ¢yakmis  f(x) 3amaHO0 aHATTHYHO, TO HAOIMXKEHO OOYUCIHTH

BU3HAYCHHM 1HTETPAJI MOXHA 3aMiHOIO 1HTETpasia CKIHYCHOIO CYMOIO.

[Ipu 1pOMY BiZpi30K iHTErpyBaHHs [a,b] po30MBAETHCS HA N OJIHAKOBHX

b-a
YaCTHH 3 KPOKOM h=——.
n

Y By3max x =a-+ih,i=01..,n 3HAXOUATbCA 3HAYCHHS IIIHTETPAJIbHOI

bynkuii f(x),i=01,...,n 1 mIykaHa roia (3Ha4yeHHs IHTerpajia) OOYUCITIOETHCS SIK:
I~ > ¢ f(x) ne
i=0

¢, — 3aJ]aH1 YMCIIOBI KOE(DIIIEHTH.

HaGnuxeHna piBHICTb:

(*) Tf(x)dXziCif(Xi)+R(X)

Ha3UBAETHCSl KBAJIPATYPHOIO hopMyIioto, a ¢, — KoedillieHTaMu KBaJpaTypHOi

dbopmymu.
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OQ0uKCcJIeHHS BUZHAYEHHUX iHTEerpaJjiB 3a dopMyjJdaMu NPpIMOKYTHHKIB.

Posrnsnemo oOuucieHHs 1HTerpaiiB 3a (opmyiamMu JIBUX Ta MPaBHX

NPSMOKYTHHKIB; 3a (OpMYJIOI0 cepelHiX NpsIMOKYTHHUKIB Ta 3a (HOpMYIIor0

Tpamnemuiu.

MEHE

IpAMOKYTHHEE IpaBHE

A ;__f A
iy iy
Fi r
>
0 a X ' e x 0 b g x
&
A CEPEOHIE Tpanemif
F
F 9
iy
—
_,-a-”""d;##f
= ff'
[~ = /|
/|
> -
a0 el g x ] c g x
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PosrnsHemo npukian Ha mepi JBa crnocodu (popmyny JiBuUX 1 GopMyty

MPaBUX NPSIMOKYTHHUKIB MapajeabHo).

~ %2J0,3x +12dx

1',[51,6x\/x2 +0,5

Jns obuncnenHs 3a GopMynamMu JiBHX 1 MPaBUX MPSIMOKYTHUKIB mipu n =10

1

(Ha CKUTBKM BIZPI3KiB po30MBaeMo [a;8] ) minuMmo BiApi30K iHTerpyBaHHS Ha 10

_6—a 23-15

h= =0,08

YaCTHH 3 KPOKOM n

CxiajaeMo TaOJIUIIO 3HAYEHb MIAIHTErpadbHOl (QYHKINI B TOYKAX MOJLTY

BIJIPI3KY:
I X Yi
0 1,5 0,3165
1 1,58 0,3037
2 1,66 0,2922
3 1,74 0,2815
4 1,82 0,2716
5 1,90 0,2626
6 1,98 0,2541
7 2,06 0,2463
8 2,14 0,2390
9 2,22 0,2322
10 2,30 0,2259

[lykanuii BU3HAUYECHUI 1HTErpai — 1€ Cyma IUIOLI JIBUX MPSMOKYTHUKIB.

[1o1ma ofHOTO MPSMOKYTHUKA TOPIBHIOE /1 *y; . OTXKe,

b
[ £ (9dx =i hy, = hi y,
a i=0 i=0
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3a 3HaYeHHSIMU TaOJIHI
g

Zf}’i =2,60997=1, =0,08-2,6997 = 0,2158
0

J1is ipaBUX MPSIMOKYTHUKIB:

10
I, = thl- —h-2,6091 = 0,08-2,6091 = 0,2087

i=1
3a KIHIIEBHM OCTATOUYHUN PE3YNbTAT OEpPYTh CepeAHE 3HAUCHHS IIUX IHTETPAIIIB:

I, +1,

I = =0,212

Posrasaemo IIPpUKJIagd Ha cepe,uHi IMPAMOKYTHHKU:

sin( 0,6x + 0,3)dx
1,7 +cos(x* +1,2)

1,2
O6uncura: 1 = _[
0,4

J171st po3B’ 13Ky BUKOPUCTOBYIOTH (DOPMYJITYy CEpEIHIX MPSIMOKYTHHKIB:

j'f(x)dth_ni f[xi +g)

n=10, h=(1,2-0,4)/10=0,08

i X; X; + h f [xi + Dj
2 2

0 0,4 0,44 0,28491

1 0,48 0,52 0,31913

2 0,56 0,60 0,35838

3 0,64 0,68 0,40430

4 0,72 0,76 0,45898
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5 0,80 0,84 0,52511

6 0,88 0,92 0,60590

7 0,96 1 0,70475

8 1,04 1,08 0,82403

9 1,12 1,16 0,96205
Z; f [xi + g] = 5,44754

n—1

| = hz f [xi + 2) =0,08%*5,44754 = 0,4358

i=0
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OQ0uMcJIeHHS BUZHAYEHHUX iIHTErpaJjiB 3a dopMyJaaMu Tpaneii

13
Hexann | = | ———

dx
67+/2x* +0,3

Bizememo n =20.

6—a 13-0,7
n 20

h:

=0,03

Busenemo popMyimy 1is Tpamnerii.
[Tnoria Tpamerii TOpiBHIOE MiBCYMi OCHOB IIOMHOXKEHIH Ha h.

B Hamomy Bunaaxky ocHoBamd € y;. Toxi:

_|_
h(&+&+&+&+&+ ..... +h+&j:h£y° i +y,+, +...+yn_1]

2 2 2 2 2 2 2 2
OTxe,
| ~ h[yo +2y20 +y,+ Y, +...+y19j
I X; Vi I X Vi
0 0,7 0,88386 15 1,15 0,58272
1 0,73 0,85572 16 1,18 56935
2 0,76 0,82898 17 1,21 55658
3 0,79 0,80366 18 1,24 54431
4 0,82 0,77973 19 1,27 53253
5 0,85 0,757 20 1,3 52129
6 0,88 0,73546
7 0,91 0,71501
8 0,94 0,69551
9 0,97 0,677
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10 1 0,65937
11 1,03 0,64259
12 1,06 0,62657
13 1,09 0,6114
14 1,12 0,59669

Vo + Voo =1,40515

19
> v, =12,77022
1

Takum gnHom: 1 = 0,03'(

1,40515

+12,77022j =0,40418
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OQ0uKcJIeHHS BUZHAYEHUX iHTerpaJjin 3a dopmyaorw CiMIcoHa.

®opmyna CiMIicoHa Ma€e BUTIIS;
h
ff(ﬂr:)dx Do F Y202 F Y F Vet H Vn2) A0 F Y o+ V)]

(n — mapHe)
Hexait notpiOHO oOuuciauTH iHTErpan 3a gopmynoro CiMricoHa npu n=8, OIIHUTHU

MOXHUOKY Pe3yJIbTaTy, CKIABIIN TaOIUITI0 CKIHYCHUX PI3HUITH

b 5|n(2x 2.1)dx
x*+1

6
12
e6—a 16-12

3naxoaumo h: h= =g = 0,05
n

OOuncnieHHs 3HaueHb (PYHKII1, a TAKOX JT0JaBaHHS 3HAUYEHb (DYHKIIIT, SIKI MAIOTh

OJIHAaKOBI1 KOe(iLI€HTH y popMyIii, poOUMO B TakKiil TaOIMIIL:

i X 2% =21 | sin(2x; —21) Xi2 +1 Yo.Ys Y1.Y3Ys Y7 | Y2.YaYe

0 11,20(0,30 0,29552 2,44 10,1211

1 1,25 10,40 0,38942 2,5625 0,1520
2 1,30 | 0,50 0,4794 2,69 0,1782
3 11,35|0,60 0,5646 2,8225 0,2000
4 11,40|0,70 0,6442 2,96 0,2176
5 11,45|0,80 0,7174 3,1024 0,2312
6 |1,50|0,90 0,7833 3,25 0,2410
7 1,55 | 1,00 0,8415 3,4025 0,2473

8 11,60|1,10 0,8912 3,56 | 0,2503

> 0,3713 10,8305 |0,6368
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Otxe, | ~ 0’—25(0,3714 +4-.0,8305+2-0,6368) = 0—35 -4,9670 ~ 0,88278

I[JISI OHiHKI/I TOYHOCTI OACPIKAHOT'O PC3YyJIbTATy CKJIaJa€EMO Ta6JII/IHI-O CKIHYEHHUX

PI3HUILIb (PYHKIIIM 10 YETBEPTOTO MOPSIKY.

i Yi Ay, A%y, Ay, A'y,
0 0,1211 0,0309 -0,0047 0,0003 -0,0001
1 0,1520 0,0262 -0,0044 0,0002 0,0000
2 0,1782 0,0218 -0,0042 0,0002 0,0000
3 0,2000 0,0176 -0,0040 0,0002 0,0001
4 0,2176 0,0136 -0,0038 0,0003 -0,0001
5 0,2312 0,0098 -0,0035 0,0002

6 0,2410 0,0063 -0,0033

7 0,2473 0,0030

8 0,2503

OckiJIbKu max‘A“yi‘ =0,0001, TO 3aJTUIIKOBUHN WieH (HopMyIIu:

(b-a)-max|Ay| 0,4.0,0001

sanuux < ~0,0000003
“ 180 180

OcCkUJIbKM OOYMCIIEHHSI TMPOBOAMIIOCS 3 YOTHUpPMA 3HAYYIUMU LHUPpaMH, TO

BCINMYMHA 3aJIMIIIKOBOI'O YJICHA Ha HOXI/I6Ky HC BIIJIMBAc.

[ToxnOky 06UMCIIEHb OIIHIOEMO 13 CITIBBIJHOIIICHHSIM:
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Al = (b—a)Ay <0,4-0,0001 < 0,00005.

OTxe, oJiep>kaHi YOTUPU JECATKOBI 3HAKU BIpHI.

IIpakTH4Hi cMocoOM OIIHIOBAHHSA NMOXUOKH IHTErpyYBaHHA.

OniHIOBaTH 3HAYCHHS MOXUOKU MOKHA PI3HUMU CITIOcOOaMu, HAITPUKJIIA/;

1.3a 3aJIMIIIKOBUM YJICHOM

Sxuio mijx yac o0YMCIEHHS 3aJUIIKOBOTO Yj€Ha BUHUKAIOTH TPYJHOLII 3
BU3HAYEHHSIM MAaKCUMyMY MOXIJHOI (migiHTerpaibHa (YHKIIS CKIagHA Y
3aJlaHa Ta0JM4YHO), JOIIBHO 3aCTOCOBYBaTH HaOMMXeHHI GOpMYIH s

NOXUOOK, BUPAXKEH1 Uepe3 CKIHUYEHI PI3HUIILL:

R, ~ 21 %o
|~
2

Ay — IS JTIBUX 1 PABUX MPSIMOKYTHHKIB

X, — X .
R, ~ ”1—2°Azy — n7st GopMyITH Tpanerin

R, ~ %A“y — st popmynu Cimricona

s mporo 3a TaOMMYHUMH 3HAYCHHSIMU CKJIAJA€ThCS TAOIUIS CKIHUYCHHX
PI3HHIL TIEBHOTO TIOPSJIKY, 3 SIKOI OTPUMYIOTh MaKCHMaJlbHE 3a MOJYJIEM

3HAYCHHS BIAMOBIIHOI Pi3HHUIIL: AV, A°Y,A'y.
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2.3a npasuiioM Pynre. Hexaii J, 1 J,,, HaOJIM>KEHH] 3HaYEHHS 1HTErpaja 3a

onHiero 3 Gopmyn 3 kpokamu h 1 h/2 BignoBigHO. Tosi aGcomOTHA MOXUOKa

IHTErpyBaHHs HAOIMKEHO OOUMCITIOETHCS 38 TAKUM MPABUIIOM:

J.,,—J
A= % =0,,,—J,), oe 0= zkl—l’ k — ITOpAI0K 3aJIMIIKOBOTO YJIEHA

dbopmynu iHTerpyBaHHs (s popmynu Tpamneniit k =2, ana dopmynu CiMiicoHa

k=4).

3.Excrpanonsiero 3a PivapacoHoM.

MoxHa 3HaWTH yTO4YHeHe 3a PiuapACOHOM 3HAu€HHA IHTErpana 13

noxu6koro 0 (h*).

J ~hi2 +®(‘]h/2 _‘]h) .
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Bu6ip KpoKy iHTerpyBaHHs.

3aBAaHHs MOJISITae y BU3HAYEHH1 KPOKy h, 110 3a0e3neuye 3ajaHy TOYHICTb

£ O0YHCIIEHHS 1HTeTpaJia 3a 00paHo0 (POPMYIIOLO.

[cHYIOTH 1Ba OCHOBHI CITOCOOM 3a/1aBaHHS JIOITYCTUMOTO 3HAYEHHS KPOKY.

1. 3a 3aJIMIITIKOBUM YJICHOM.

BuxopuctoByroun QopMyiy BIANIOBIAHOTO 3aJIMIIKOBOIO YJi€HA R(x)

. . &
BHOMPAIOTh h TakuM, 100 BUKOHYBaIacs HEPIBHICTH |[R(X)|< >

IToTim 3 OTPUMAHHNM KPOKOM 00YHCITIOIOTh iHTel"paﬂ 3a KBaJpaTypHOIO

dbopmyIioro.

OO6uucnenHs Tpeba poOUTH 3 TakuM 4YuciaoM [Hdp, MO0 mnoxudKa

3d0KPYIVICHHSA HC IICPCBUITYBAJIA & .

2. [ocitiTOBHUM MOABOECHHSIM YHCJIA KPOKIB.

OOUKCIIOIOTh 1HTErpall 32 OOpaHOK KBaapaTypHO GOPMYJIOK BiYi:
CIIOYATKYy 3 JSIKHM KPOKOM h, TIOTIM 3 KpokoM h/2, TOOTO MOABOIOIOTH KiIbKICTh

n.

Sxmo ©|J, -J,,| <&, To mpuiiMatoTe J, ~ J,,.

Km0 BUABNISETBCS, IO IS YMOBAa HE BHUKOHYETHCS, TO PO3PaxXyHOK
MOBTOPIOIOTH 3 KPOKOM h/4. SIk moyaTkoBUN KPOK 1HOMI JOIUIBHO OpaTd YHCIIO,

6m3bke 1o Ye.
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KBaaparypa I'aycca 260 MeTo HeBM3HAYCHUX KOe(hIIICHTIB.

vy PO3TITLIHYTHUX MCTOHAaX 00YHCIICHHS iHTerpaJ]a IMPOBOJNIIOCS 34 3HAYCHHAM

byHkii f(x,) y HOmepeanbo 3aJaHuX By3Jax.

[ moOynoBa MeTOIB MoJisArana y 3HaX0/HKeHH1 KOeIIEHTIB ¢, KBaAPaTypHOI

dbopmynu. Y metoai kBaaparypu ['aycca nependbadaerbcst BUOiIp TaKux KOeiIlieHTIB

¢, KBaapaTypHOi (GOpMyJH c, i 3Ha4YeHb X, Ha iHTepBaii [a,b] ski 3a6e3meuyroTh

OIIIHIOBAHHSI IHTETpaJIa 3 HAMBHUIIIOIO TOYHICTIO.

[{i BenMYMHM BHU3HAYAIOTHCA 3a YMOBHM, IO KBajpaTypHa Qopmyna (*)

MOBHMHHA OyTH TOYHOIO A BCiX f(x)=x*k=012,..,n.

[Tounemo 3 HAMMPOCTIIIIOrO BUMAJKY ONITUMAILHOTO BUOOPY JBOX 3HAYEHb X,
i x Ha imrepBami [-11] Tak, mo06 Ha IBLOMY IHTEPBaIi TOYHO OLHIOBAIUCA

IHTerpay BiJ] MOCTINHHOI, JTIHIAHOI, TapaboJIiuHOi Ta KyO14HOI (PYHKITIH.

3anuiieMo BiJIMOBIIHI PIBHSHHS:
1

Cof (%) +C, F (%) = [1dx =2
-1
1

Cof (%) +C, (%) = [ xdx=0
-1
A 2

cof(x0)+c1f(xl)=j1x2dx=§
1

Co (%) +C, T (%) = [x*dx =0
-1

3BiacH c,=¢, =1

Xy = _1 =-0,577350629, x, = 1 =0,577350629.

NE V3

OTxe, OIlIHKA THTETpaIa 00UUCIIOETHCS 3a (OPMYIIOH0:

1 1
=T+ )
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AHAJIOTIYHO BUBOJATHCS CITIBBIIHOIIEHHS JUIA OUTHIIOI KUTBKOCTI TOYOK Ha

inTepBaii [-11]

KinbkicTb . o _
Barosi xoedirienTn Aprymentu pyHKLIT
TOUYOK

¢, =0,555555556 X, = —0,774596669

3 ¢, =0,888888889 X, =0,0
¢, = 0,555555556 X, = 0,774596669
C, =0,347854845 X, =—0,861136312

. ¢, =0,652145155 X, =—0,339981044
¢, =0,652145155 X, =0,339981044
¢, =0,347854845 X, = 0,861136312

BucHoBKM
1. Metoau anpokcuMallii 1HTErpajjiB 3aCTOCOBYIOTHCS Y BUMAAKaX,

KOJM HemepepBHA (YHKI[S HACTIIBKM CKJIaJHA, 1[0 Oe3MocepeHe
BUKOPUCTAHHS aHAITUYHUX METO/IIB YCKJIaJHEHE YU HABITh HEMOXKJIUBE.

2.  YucenpHUW MiAXiJT BUKOPUCTOBYIOTH 1 B TOMY BHMAJAKY, KOJHU
cama (yHKINS 3aJaHa B JIMCKPETHIM (PopMiI MAcCHMBOM CBOIX 3HAYEHBb IS
oOpaHuX 3HA4E€Hb APTYMEHTIB.

3. BukopuctoByroTh pi3Hi MeTOM iHTEerpyBaHHs. KokeH 3 HUX Mae
PI3HUI MOPSAOK TOYHOCTI.

4, Haiibinpiy TOYHICTH OIIIHKM 1HTErpajia 3abe3reuye MeTOJ
kBagpatrypu ['aycca, aje BiH mepembayae BUOIp CIEHIalIbHO HEPIBHOMIPHO
pO3TalIOBaHUX TOYOK BIJIIKY.

5.  IligBuieHHS TOYHOCTI YMCEIBHOTO IHTErpPyBaHHS MOYKHA
nocartd  abo 0aratopa3oBHM 3aCTOCYBaHHSIM (OpPMYJ IHTErpyBaHHS 1
pPO30OUTTAM 1HTEpBAJy IHTETPYBAHHS Ha MIAIHTEPBAIA 3 BUKOPHUCTAHHIM
BEJTUKOTO MAacWBY 3HaueHb (QYHKII a00 3aCTOCYBaHHSM EKCTPAIOJISIIil

Pivapacona.
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YUCEJBHI METOY PO3B’SI3YBAHHS HEJIHIMHUX PIBHSIHbD.

Po3riissHeMO JesKi METOAM YHCEIBHOTO PO3B’S3KY PIBHSHbL BHIY:
f(2)=0, ne f(z) — 3amana ¢yHKIisA AIHCHOrO 200 KOMIIJICKCHOTO apryMEHTY
Z; f(z) moske OyTH MHOT'OYJIEHOM CTEIIEHI N Bia Z, TOOTO YKMCENIbHI METOIU
pO3B’sI3yBaHHsS ~ alreOpaiyHUX  pPIBHSHb  BUIIMX  TOPSAKIB 1

TPAHCIEHICHTHUX PiBHSIHb.

Po3B’s3aTu pIBHAHHS O3HA4Ya€ 3HAWTU MHOXKHHY WOr0 KOPEHIB,
TOOTO TaKMX 3HAYEHb 3 JEAKOIO MPOMIKKY, MPU SKUX JaHE PIBHSHHS

NNCPCTBOPUTLHCA B TOTOKHICTb.

VYHiBepcalbHUX METOJIB [JIi 3HAXOJPKEHHS TOYHHUX 3HAYECHb
KOpPEHIB aireOpaiuHuX pPIBHSAHb CTENEHS N >5 1 TPaHCUEHJIEHTHUX
piBHSIHb HE 1cHye. KpiM TOro, po3B’s3yloud MpaKTHU4HI 3a]adl, 4acTo
OJICPKYIOTh PIBHSHHS 3 KOE(IIIEHTaMU, K1 € HAOJIMKEHUMU YHCIaMH.
Tonmi moctaHoBKa 3ajiaydl 3HAXO/KEHHS TOYHUX KOPEHIB HE MA€ 3MICTYy.
Tomy  BaxJIMBOrO 3HaueHHS  HAOyBalOTh  HAOIMKEHI  METOIH

3HAXOJI)KEHHSI KOPEHIB PIBHSIHHS 3 IOCTATHBHOIO JJISl TPAKTUKHU TOUHICTIO.

Hexait x* — TOuHMI KOpiHB, @ X — MOro HaOJM)KEHE 3HAUYCHHS.
KaxyTs, 1110 KOpiHb X O0YUCIICHO 3 Hamepe 3aJJaHO0 TOUYHICTIO &, SIKIIIO

[x*- xl<e.

[Ipu 3HaxomKeHHI HAOJMKEHUX 3HAYEHb KOPEHIB LILOTO PIBHSHHSA

Tpeba po3B’sI3yBaTH /Bl 3aj1a4i:
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1) BiOKpeMIIEHHSI KOPEHIB, TOOTO BIiJIIYKAaHHSI JJOCTATHHO MaJUX
obOylacTei, B KOXHIN 3 SKUX MICTUTbCS OJMH 1 TIIBKH OJUH KOPIHb

PIBHSIHHS (BKa3aTH MEXI1, /1€ 3HAXOASThCSI KOPEHI.

2) 00uHMCIIEHHS! KOPEHIB 3 33JIaHOI0 TOYHICTIO (YTOUHUTH 1X).

BinoxkpeMJieHHS KOPEHIB

Kopiup x* piBHSHHS f(Xx)=(0 BBaxka€TbCs BIIOKPEMJICHHM Ha BiApi3Ky [a,b],

Ko x* €[a,b] i Ha oMy BiZIpi3Ky aHe piBHSHHS HE Ma€ OLIbIIE KOPEHIB.

[Mpu posp’s3yBanHi piBHsHHS f(z)=0 mepm 3a Bce MOTPIOHO MOMEPETHBO
BUBYUTH PO3TALIYBAHHS KOPEHIB B KOMIUIEKCHIN TIJIOLIMHI Z 1 3aKIIOYUTH KOKEH
KOPIHb B JIOCTaTHBO Majly 00JacTh, B CEpeuH1 AKOi HE OyJio O 1HIMX KOopeHiB. i

OO 1HOJII BUT1AHO 3aCTOCYBaTH rpadiuyHi METOIH.

I'padiuanii MeToa BiTOKpPEeMJICHHS KOPEHIB

ko noTpiOHO 3HANWTHU TUIBKM AIMCHI KOPEHI PIBHSHHA, TO ISl BIAIIYKAHHS
rpyoux 3Ha4YeHb KOpPEHIB MOKHAa moOyayBatu rpadik (QyHKHii y=f(x) 1 3HalTH

abCIMcH TOYOK NepeTuHy rpadika 3 BiCCIO X.

\
=
AR

v

X2 X3 X4

Puc. 1
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[HOA1 3pyuHillIe TPEICTABUTH CIIOYATKY PIBHSHHS Y BUTJISIL
o(x) =y (X)
ToriM, mobymyBaBum rpadixn ¢yskmiin ¥ =@(x) i ¥ =y (x), 3naitu
abcIMCH X TOUOK MEPETUHY, K1 1 Oy 1yTh HAOTMKEHUMHU 3HAYEHHSIMU KOPEHIB.
Hamnpuknaz, sikio notpiOHO 3HAMTH KOPEH1 PIBHAHHS
X sinx=1,

TO 3pY4HIIIE MPECTABUTH WOTO Y BUTIIAIIL:

. 1
SINX=—
X

1 3aCTOCYBaTH BKa3aHH CIOCiO.

bynyemo rpadiku pyHkiin y= sinx 1 y=%

H >

Puc. 2
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KopeHni piBHAHHS cUMETpUUHI BITHOCHO X =0.. ToMy MU MOXEMO po3risiaaTu

JMIIe AOJAaTHI KOPEH.

3HaueHHS X, X, 1 MOXJHMBO, 1€ JEKUJIbka KOPEHIB MOKHAa JOCHTh TOYHO

BU3HAYUTH rpadivHo.

Ane Ha Tpadiky He Oyme X, I BEIUKHX 3HAYCHH N.

AJ'IG, JUBJIITYHUCH Ha rpa(biK MOXXEMO CKa3aTH, 10 3HAYCHHS X, IPHU BEIIUMKHUX I

OyyTh HAOIMKATUCS IO /M .
L{i 3Ha4YeHHS] MOYKHA YTOYHUTH.

HOKJIaI[aEMO X,=xn,+¢&,, AC &, — ACAK]1 HCBCJIMK1 BCIIMYNHH.

Tom1 ;—sin(yzn+gn):;—(—l)”sin g, =0.
m+ g M+

n n

OckiJibku &, €  IIyXe MaJuM, TO MOXXHa  TOKJIaJaTH
. 1 1
sineg, ~¢,; , ——— =~ .
m+eg,
Lle nae
-1 n
;oD
M 1 MU 071epXKYEMO TIOKPAILECHHS 3HAYEHb KOPEHIB.
-1
X, ~ /M + D
n

ko noTpiOHO, TO MOKHA MPOJOBXKHUTH YTOYHEHHS KOPEHIB, MOKIAJA0un

GO

m

!
+e, .

X, =7m+

!

Lle nae piBHSHHS A7 BUHAYCHHS &, |

1
(D"

m+"+g
n

(_ '

1 + gnl = 0. 3BIOKH 3HANUIEMO &, .
an

- -D" sin{

n
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Lley mponec MOXKHA MPOJTOBKUTH.

JIIs BiAIIyKaHHS KOMIUIEKCHUX KopeHiB piBHsAHHA f(2)=0 moxxHa,
HOKJIafal0un Z=X+iy; NpeacTaBUTH PIBHIHHS Y BUTISII o(X,y) +iw (X y) =0,

e o(x,y) 1 w(x,y) — AIicHI QYHKIT JIRCHUX 3MIHHUX X 1Y.

Ile PIBHSIHHS €KBIBAJIEHTHO cucTeMi JIBOX PIBHSHB
P(x,y) =0, (x,y) =0.

[ToOyayBaBIIM KPUB1 ¢(x,y) =0,y (x,y) =0, OJIEPKUMO JIICHI 1 ysABHI
qacTHHH KOpeHiB piBHAHHA f(2)=0 sk BiamoBigHO aOCIIMCH 1 OPAMHATH X

TOYOK IICPCTHUHY.

€ Oarato creriaabsHO Po3p0o0JIeHUX CIIOCO01B rpadivHOTO PO3B’SA3KY

PIBHSIHB, SIK1 3aCTOCOBYIOTHCS IO OKPEMUX THUITIB PIBHSIHb.

AHAJITHYHUHA METOI BIIOKPEeMJICHHS KOPEHIB

J71st B1IOKpEMIICHHS IHTEPBAJIIB, B IKUX 3HAXOAATHCA A1MCHI KOPEHi
piBasaas f(X)=0, sxmo f(X) — HemepepBHa GYHKINS, KOPHUCTYIOThCS

HaCTYITHUMMU ITOJIOKCHHAMMU.

Axwo Ha KiHysax O0esaxozo 6IOpi3Ky HenepepeHa (QYHKYIA Nputimac
3HAUeHHs PI3HUX 3HAKIB, MO HA YbOoM) 8IOpI3KY pieHAHHA f(x)=(0 mac xoua

6 00UH KOpPIHb.

Axwo npu yvomy f(x) mae neputy noxioHy, wjo He 3MIHIOE 3HAK, MO

KOPIiHb €OUHUIL.

Hexaii f(X) € ananiTiuHOrO (YHKITIEI0 3MiHHOT X Ha BIAPI3KY [a,b] .
Aki1o Ha KIHIAX BIAPI3KY [a,b] BOHA mpuiiMae 3HAYEHHS PI3HUX 3HAKIB,

TO MiXk @ i b € HemapHa kinbKicTh KopeHiB piBHIHHS f(X)=0.
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Akmo X Ha KIHISIX BiApi3ka [ab] BOHAa mpuiiMae 3HA4YECHHS

OJTHAKOBUX 3HAKiB, TO Mk @ 1 b a00 HeMae KOPEHIB OO PIBHAHHS 200

iX € MapHa KUIBKICTh (BPaXOBYIOUH 1 KPATHICTh KOPEHIB).

Ha mpakTuili BUKOPHUCTOBYIOTH HACTYMHI TEOpPEMH 3 KYpCy

MaTeMaTUYHOT'O aHaJI3y:

Teopema 1. Sdxmo ¢yukiisa f(X) HenepepBHa Ha [a,b] 1 HaOyBae Ha
KIHIISIX IIbOTO BiApi3Ka 3Ha4Y€Hb MPOTHIICKHMUX 3HAKIB, TOOTO f(a)™ f(D)<0,

TO BCEpeIuHI Bijipi3Ka [a,b] icHye xo4a 0 oauH kopinb piBHIHHS f(X)=0.

Teopema 2. Axmio ¢yukiis f(X) HenepepBHa 1 AudepeHItiioBaHa Ha
[a,b], HaOyBae Ha KiHIISIX LBOIO BiApi3Ka 3HAYEHb MPOTHIICKHUX 3HAKIB, a
noximma f (X) 36epirac crammii 3Hak BcepemuHi Binpizka [a,b], To

piBHsHHS f(X)=0 Ha 11IbOMY BiIPi3Ky Ma€ KOPiHb, IPUIOMY €TMHHH.

VY BIANOBIIHOCTI 3 JIaHUMU TE€OPEMaMHU AJITOPUTM BiAOKPEMIICHHS

kopeHiB piBHsHHA f(X)=0 MoxHa chopMyTFOBaTH TaK:

1. 3naiiTi 00JacTh BU3HAYEHHS PIBHSIHHS.

2.  3Haiith kpuTH4Hi Touku QyHKIi f(X).

3. 3ammcaru iHTepBad MOHOTOHHOCTI (pyHKIT f(X).

4. Bwsnauwtw 3HaK QyHKIii f(X) Ha KiHIIX iHTEpBaJiB
MOHOTOHHOCTI.

5. BuzHauuTH Bizpi3Ku, Ha KiHIEX SkuX QyHkisa f(X)
HaOyBa€ 3HAYCHD MPOTHIICIKHUX 3HAKIB.

6. 3maiigeHi BiAPI3KM  130JA11i  KOPEHIB  TIpHU

HEOOX1JHOCTI 3BY3UTH.
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YToYHEHHS KOPEHiB.

Jl7is yTOUHEHHSI KOPEHIB BUKOPUCTOBYIOTh TaKli OCHOBHI METOIH:
® MeTOoJ AUXOToMii (200 METOT TOALTY BiAPi3KY HABIILI);
e MeToj JoTUYHUX (a60 MeTo HproToHa)
® METOJ XOpA

e KOMOIHOBaHUW METOJ JOTHYHHX 1 XOP/I.

MeToa aiuxoToMii (MeToa MOALTY Bipi3Ka HABIIIJI)

Merton moainy BiApi3Ka HaBMII 3aCTOCOBYETHCS AJIsl YTOUHEHHS
kopeHiB piBHgHHS f(X)=0 3 Hamepen 3amaHOI0 TOYHICTIO, SKIIO (PYHKI[iSA

f(X) 3amoBOIBHSIE YMOBU TEOpPEMH 2.

Hexaii x*— Toune 3HaueHHs kopeHs piBHsHHS f(X)=0 Ha Bimpisky
[a,b], a € — rparnuHa abcomoTHA MoxuOka. CyTh METOY IOJISITAE B TOMY,
110 BiJipi3ok [a,b] ainsaTe HaBmia Toukoro ¢ =0,5(a+b) i o6umcmoroTs f{C).
Sxmo f(c)=0, To x=c € TOYHHM 3HaYeHHAM KopeHs. SAxmo f(c)=0, ane b-
a < 2g 10 |x*-c|< ¢ i 3Hauenns x=c Oylle IIyKaHUM HaOJIMKEHUM
kopeHeMm. ko f(c)#0 i b-a > 2, ToAl po3riIsaaroTh TOH 3 IBOX BiJIPi3KiB
[a,c] 1 [b,c], Ha KiHIAX sKOTO (PYHKIliS HAOyBa€e 3HAYCHb MPOTHUIICKHHUX
3HaKkiB. [lo3Haunmo 1iet Bimpizok [ai,bi1]. Ha mpomy Bimpisky QyHKIIisA
33JI0BOJIbHSAE YMOBH Teopemu 2. Jlami Bigpizok [ai,bi] Toukoro ci=
0,5(a+b) ninaTe HaBmiN i MipKYIOTH Tak camo, SK 1 Ju1s Bijgpizka [a,b]. B
pe3yapTaTi Ipolecy MAUICHHS Biapiska [a,b] HaBmia oxepxyroTh
IOCJIIIOBHICTh BKJIaJICHUX Biapi3kiB [4,b], [ai,bi1], ..., [@s,D.], xoxken 3
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SAKUX MICTUTh TOYHE 3HAYEHHs KopeHs x*. J[Jis Aeskoro n crpaBemivBa

HEPIBHICTH
bn' an S 28.

Toni ¢, = (a, +b,)/2 Oyne HaONMIKCHMM 3HAYCHHSIM KOPCHS 3

TOYHICTIO E.

Meton auxoTomii JOCHTH JIETKO peami3oByeTbcsi Ha EOM, ane

oTpeOy€e 3HAYHOTO 00CITY OOUMCIICHbD.

MeToa TOTHUYHHX

Hexaii pisusuns f(X)=0 Ha Bigpisky [a,b] Mae i3ompoBaHMit KOpiHB
x*, T00TO f(a)* f(b)<0, a bynkuii f(x)if (X) nenepepsni i f (X) 36epirac

3HaK Ha [a,b].

3a gocmimkeHHAM Tiepmioi Ta Apyroi moxigHoi (yskmii  f(X)
OynyroTh parMeHT rpadiky Ha MPOMIKKY Jokamizalii [a,b] (3pocratoua
4y crniagHa QyHKUig; rpadik ONyKJIUM YU BrHyTHI). JlOTHYHY TPOBOJSATH
JI0 TOTO KIHLS TpadiKy Ha MPOMIKKY, B IKOMY BUKOHYETHCS YMOBa 30iry
3HaKy (QyHKLII Ta 3HaKy 1 Apyroi mnoxigHoi (*). Touka nepeTuHy
TOTUYHOI 3 Biccto Ox 1 BU3Ha4ae HaOIMKEeHHS 0 KopeHs. Po3paxyHok 3a

dbopmyoro

Ja€ TOYKY IepeTuHy AoTuuyHoi 3 Biccto Ox. IIpomec moOynoBu

JOTHUYHMX (3HAXOJKEHHS IOCIIJOBHOCTI HAOIMXEHb X1 , X2 ,..., Xp)
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fib)

MPOJOBXKYETHCA JI0 TUX IIIp, IMTOKKU HE OyJe JOCSATHYTa 3ajJlaHa TOYHICTh

130JIbOBAHOTO KOPEHSI:
|xn—xn+1 | <E.

Sk1mo BUKOHYEThCS yMoBa (*) moOyJ0BH JOTUYHOI, Mpoliec Oyje
CHaJHUM, TOJA1 B SIKOCTI KOpPEHsS NPUHMAIOTh OCTaHHE 3HaNJICHE

HAOIMKEHHS.

4 y HMae€ IpocTy T€OMETPUUHY IHTEPIPETALLIIO.

Puc. 3

v
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MeToa xopa

Merox XopAa — OOWH 3 TOMMUPEHUX ITEepaIiiHux MeToxiB. Moro e
HA3MBAIOTh METOJIOM JIIHIMHOTO 1HTEPITOFOBAHHS, METOIOM MPOMOPIIIHHNIX YaCTHH,

a00 METOJIOM XHUOHOTO ITOJIOKEHHS.

Hexait 3amano pieasaas f(X)=0, ne f(X) ma Bigpisky [a,b] mae HemepepsHi
MOXIJHI TEPIIOro 1 APYroro MOpSAIKiB, sIKI 30epiraloTh CTali 3HAKA HA IbOMY

BIZIPI3KY, 1 f(a)* f(b)<0 , ToOTO KOpiHb X* PIBHAHHSA BIJOKpEeMJICHH Ha [a,b].

Inest MmeTomy XOpa MojsTae B TOMY, IO Ha JOCHTh MajlOMy BiApi3Ky Ayra
kpuBoi y=f(X) 3aMiHIOETbCS XOP/I0FO 1 a0CIMCca TOUKH MEPETUHY Xopau 3 Biccto Ox €
HaOIMKEHUM 3HAYEHHSIM KOpeHs. 3a hopMyJIolo:

L TOB-x)
T () - F(x)

OTPUMYEMO 30iraroyM MOCIHIIOBHICTh HAOMUXKEHb KOPEHS X1, X2 ,..., X, JO

3aJ1aHO1 TOYHOCTI.

I'padiuno xini kpusoi (a, f(a)), (b, f(b)) 3’emnyrore npsmoro. Touka

nepeTuHy npsMoi 3 Biccto Ox € HAOIMKEHHSIM KOPEHSI.

fib)

><V

fla)

Puc. 4
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Kom0iHoOBaHMIT MeTOT

XapakTepHOIO OCOOJIMBICTIO METOAIB JOTHYHUX 1 XOpA € Te, IO
MOCTIAOBHOCTI 1X HAOMMKeHb MOHOTOHHI. [IpudoMy, SIKIIO JUIsi JaHOTO PIBHSIHHS
MOCTIOBHICTh HAOJM)KEHh METOAY XOPJ MOHOTOHHO CIIajiHa, TO IOCIITOBHICTh
HAOMMKEHb METOJYy NOTHMYHUX — MOHOTOHHO 3pocTaioya, 1 HaBmaku. OgHOYacHE
3aCTOCYBaHHS ITUX METOMIB JIa€ 3MOT'Yy HAOJIMIKATUCS JO KOPCHs PiBHSAHHS 3 JIBOX

OOKIB, OTPUMYIOUH HAOJMKEHHSI 3 HEJIOCTAYCIO 1 HA/IJTUIIIKOM.

Posrnsnemo piBasHHsA f(X)=0, kopinb skoro x*e[a,b]. 3a mouaTkoBe
HAOJMKEHHS B METOJI1 XOpJl BUOMPAIOTh TOUKY X=a, a B METOJIl JOTUYHUX — TOUKY
b. Ha Biapi3ky [a,b] 3acTOCOBYIOTH CITOYAaTKy METOJ AOTHYHHUX, a TIOTIM — METOJ
Xopa. Y pe3ynabTaTi OJIep)KYIOTh HOBI HAOJMMKEHHS 81,01, 1 MOYATKOBHUU BiJIPi30K
13071511111 KOpeHsl 3By3uBCs. [l 3HAXOMKEHHS HOBHMX HAOJMKEHb 3aCTOCOBYIOTH
METOJ JOTUYHHUX 1 XOPI yXKe Ha BiApi3Ky [ai,b1]. Takuii mporiec mpogoBKYIOTh 110
TUX Mip, TOKK JOBXKHHA Biapi3ka [ay,bk] He cTaHe MeHmIor0 abo TOPiBHIOBATHME

BEJIMUMHI €, /i€ € — HaIMepe]l 3a/1aHa TOUHICTh KOPEHSI.

fib)

><V

b

fla)

Puc. 5
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BeTym. MeTa 1 3aBHAHHS KYPCY +nnvvveennieeanneeainneennneanns
Omnwuc npeaMeTa HaBYATBHOT IUCHUTUTIHM. . ... veeeneeenennen.
HaBuanbHO-TeMaTHUHUHN TIJIaH TUCITATUTIHA. . ...\ 'eveennse. .
3MICT JIEKIIHHUX TEM KYPCY . nveennteenteenttenneennneeneannenns
TeMU Ta00PATOPHUX BAHATD. ... vveneeeeneeeneeaneeanneenneannenns
Temu caMOCTITHOT POOOTH CTYJIEHTIB. ...uuveneeenneenenennne.
[lepemik muTaHb HA MOAYIb L.....o.ooiiiiiiiii i,
[epenix mutanb Ha Moaynb I1.............ooo,

[TepemiK MUTAHD HA BAIIK. . .eeeeeeeenneeeeneeeennneeenneeennnaans

TeopeTnyHi BiIOMOCTI:

OCHOBHI NOHAMMSL YUCENLHUX MEMOOIB... ... ... ... .. ...

TIOXUOKU OOUUCTICHD ... ... oo cov v et et ettt et et e e e e e
Yucenvri memoou po3e ’a3y8ants CIIAP... ..........cc.ccoeeeeeeieeevnnan,
Obuucnenns 3Ha4ensb eeMeHMAapHUX QYHKYIL ... ... ... ... ... ...
IHMePNONIOBAHHS DVHKYIT .. ... v vee eee eee et it e eee eee et et e ee vee vee e

HucenbHe OUDEPEHYIIOBAHHSL ... ... ... cee vee eesee et aee aee vee s e aee aee e ennns

HucenvHe iHMESPYBAHHS ... ... .. ccuvee v v v v e e

Yucenvri memoou po38’si3y8aHHS HENHIUHUX PIBHAHD ... ... ... ... ... ... ..

] <] 0T 1) o Y-
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Konya-lTopsiukiHa [anuHa EpHecTiBHa — Buknagady kadeopu
IHpopMaLUINHMX  yNpaBnAlYMX CUCTEM Ta TEXHOSOorin  dpakynbTeTy

iHpopMaTUkM 3akapnaTCbKoro Aep>KaBHOro yHiBepcuTeTy

YNCEJIbHI METOAU B IHPOPMATUUI

HaB4yanbHO-MeToaMYHMIN NOCIOHMK. YacTuHa |. ans ctygeHTiB hakynbTeTy
iHbopmaTukn Hanpsmy ,Komm'toTepHi Haykn” 3i crneudiansHocTi ,[1porpamHe
3abe3neyeHHss aBTOMaTM30BaHUX cucteM”’ Ta ,lHdopmauinHi ynpasnsatoui

cUCTEMN Ta TEXHONOTIT” 3akapnaTCbKOro AepXaBHOro YHIBEPCUTETY

BignosiganbHun 3a sunyck: Jlasep O.I. — kaHgupaT i3.-maT. Hayk,
3aBigyBay kadegpu nporpamHoro 3abesnevyeHHss aBTOMaTU30BaHUX CUCTEM

Ta ois.-maT. gucumnniH.
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