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TaM Ta HayKOBHUM CHIBPOOITHHKAM P PO3B’sI3yBaHHI MONTUPEHUX HAYKOBUX 3a]lay
3 BUKOPHCTOBYBAHHIM YHCEILHUX METO/IIB TA MATEMATHYHUX TTAKETIB.
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IlepeamoBa

Hucnumniga “YucenpHi MeToau Ta MojentoBaHHs Ha EOM”, siky BHBYalOTh B
ceMecTpax 2.3 1 2.4 CTyJIEHTH JIPyTroro Kypcy, Kl HaBUAIOThCS 3a HampsMoMm “ABTO-
MaTu3allisg Ta KOMI I0TePHO-IHTErpOBaH1 TEXHOJIOT1i”, TpU3HaUeHa 1y HOpMyBaHHS
3HaHb Ta HABMYOK 3 BUKOPUCTAHHS KOMII'FOTEpIB y MpodeciiiHii Ta MOBCAKIACHHIN
TISUTBHOCTI, a caMe: IMPOoTrpaMyBaHHs Ta PO3B’A3YBaHHS MOIIUPEHUX 1HXEHEPHUX 3a-
Ja4 aBTOMATH3aIlll TEXHOJOTTYHUX MPOIIECIB 3 BUKOPUCTOBYBAHHSIM UYUCEIBHHUX Me-
TOMIB Ta MAaTEMATHYHUX IMaKeTiB. MeTOMM Ta aJITOPUTMH PO3B’SI3yBaHHS 1HKEHEPHUX
3aJa4, HaBeJIEHl y MOCIOHMKY, TaKOX MOXXYThb BUKOPHCTOBYBATH CTYJCHTH, SIKI BU-
BUaloTh Auctuiuiiny “IIporpamyBanHs iHeHepHUX 3amad’ (HampsMm “Mepexi Ta
CHUCTEMHU TOITOBOTO 3B s3Ky”), “UuncensHi MeToau” (HampsM “CHUCTEMU TEXHIYHOTO
3axucty iHpopmaiii”’) Ta “IIporpamyBaHHs 1HXKEHEPHHUX 3a/lay Ta poboTa 3 0azamu
nanux”’ (Hampsm “TenexomyHikarii’).

Merta nucuuruiing - GopMyBaHHS y CTYACHTIB 3HaHb Ta HABUYOK y TaKUX o0Ja-
CTSIX:

- MOJEJIIOBaHHS TEXHOJIOTTYHHUX IPOLIECIB,;

- MaTeMaTH4YHI MaKCTH,

- yuceJbHE NU(PEPEHIIIIOBaHHS Ta IHTETPYBAHHS;

- pO3B’sA3yBaHHS HENIHINHUX PIBHIHB;

- pO3B’sA3yBaHHS CUCTEM aireOpaidyHuX PiBHSHb;

- YHCeJbHI METOJIU PO3B’SI3yBaHHS JU(PEPEHIIINHUX PIBHSIHb Ta CUCTEM;

- IHTEpIOJISIIiA Ta anmpoKcUMaIlisi QyHKIIIH;

- YHUCeJbHI METOJIM PO3B’SI3yBAHHS 3a]1a4 OJHOBUMIPHOI ONTUMI3ALi (DYHKIII;

- po3B’sA3yBaHHS 3a/1ay 0AraTOBUMIPHOT ONTHUMI3allli.

[Iporpama Kypcy CKIaga€eThCs 3 ABOX MOIYJIIB:

Mo g y1n bYucenbHe oO04HCIeHHS (YHKIIA, XapaKTEpPUCTUK MATPHIlh 1
PO3B’A3yBaHHS HENIHIWHUX PIBHSIHB Ta CUCTEM PiBHSHb.

Mo A y2n BucenbpHi METOIU MOJACITIOBAHHS 00’ €KTIB.



Crpykrypa moayas 1

JIs BUBUCHHS TUCHMIUTIHU TOTPiOHI 3HAHHA 3 TaKUX JUCHUILUIIH: “Buia mare-
matuka’, “Komm’roTepHa TeXHiIKa Ta OpraHizaiis OOYMCIIIOBAJILHUX IMPOIECIB”,
“IIporpamyBaHHs Ta anropuTMidHl MoBH, “Dizuka‘, “EnekTpoTexHika Ta eIeKTpo-
MexaHika”. 3HaHHS 3 AUCIUIUIIHU € BXIIHUMU J0 AUCHUILIIH “Teopis aBTOMaTUYHO-
ro kepyBaHHs”, “KoMm’toTepHi iHTerpoBaHi TexHoJOrii”, “OCHOBU CHCTEM aBTOMa-
TH3aIlii npoekTyBanHs, “IneHTudikamis Ta MOJCITIOBAaHHS TEXHOJIOTIYHUX 00’ €KTIB”
TOIIIO.

[Iporpama moayns 1 aucuururiau “YucenbHI METOAM Ta MOJETIOBAHHA Ha
EOM” nepenbaudae 1abopaTOpHUN NPAKTUKYM T4 BUKOHAHHS KOMIUIEKCHOTO 3aBAaH-
Hs Ha Temy ““JlocmikeHHsT PyHKIT™.

Iepeaik 1a0opaTopHuX poodiT

Tab6oparTopHal poaveneoramis gyexiii y cepenosun Mathcad.
OOuncneHns Tadbauip GyHKIH Ta moOya0Ba rpadikiB y Mathcad.

NabopaTopHa HmehpaecT@bepdinri@sanns. OOUNCICHHS IHTET-
panis y C++ ta Mathcad.

NabopaTopHa 3mBaockpoMrieeanHsNOKOPEHIB Ta 3HAXOIKCHHS
PO3B’S3KIB HEJIIHIMHUX PIBHSAHD 3 OJIHIEI0 3MIHHOIO.

NabopaTopHa P®KOoBaAHs MapHib Ta IXHIX XapaKTEPUCTHK
y Mathcad. Po3B’s3yBaHHs CUCTEM JIIHIHHUX Ta HEJIHIKHUX PIBHSHb.

TeMaTHUYHHNH NJIAH JEeKIIH

JJexuis 1l OcHOBHI TeopeTH4Hi BiIOMOCTI po 4yuceabHi MeToau. MaTema-
TUYHI Moje. [cTopist po3BUHEHHS Ta Ki1acudikallis YuceIbHUX MEeTOoIB. CTpyKTypa
MOXUOOK YHCEIEHUX METO/IB.

Jexkmuisg2 Maremarnunuii maker Mathcad. [TpusHauenHs MaTeMaTHYHUX
nakeTiB. Enementn matemaruunoro nakera Mathcad. OOuucneHHs apudMeTHIHNX
BHpAa3iB, CyM, TOOYTKIB, TOXITHUX Ta BU3HAUCHUX 1HTErpaiiB 3a ¢opmynamu. Cum-
BOJIbHE OOYHMCIICHHS MOXITHUX Ta iHTerpamiB. OO0uncieHHs Ta0iauIlb 3HaUYeHb (PyHK-
114 Ta moOyaoBa rpadikis.

JJexmisa3 YuceabHe nudepeniitoBaHHs Ta iHTerpyBanHs. YucenbHi Me-
Toau AudepeHIiloBaHHs, MporpamyBaHHsl audepeHuiroBaHHd Moo C++ Ta
y Mathcad. O6uucieHHss BU3HAYEHUX IHTErpaliB METOAAMU NPSIMOKYTHHUKIB, Tparie-
i, Cimncona. IIporpamyBaHHS METO/11B OOYHMCIICHHS IHTETPaTiB.

JJexuisn4d Po3p’si3yBaHHAl HeJIiHiHHUX PIBHAHB 3 OJHi€0 3MiHHOMW. IlocC-
TaHOBKa 3a7a4yi. MeToau 3HaXOHKEHHS KOPEHIB PIBHAHb. MeToj iJeHHS HaBIILI.
Meton HeroToHa.

JJexmisa5 IporpamyBaHHsl Po3B’si3yBaHHs HeJIiHITHUX PiBHSAHB 3 OJIHi€I0
3MiHHOI. MeTon iTepariii. [IporpamyBaHHs 3aad4 METO/IB YTOUHIOBAHHS KOPEHIB
HEJIHIWHUX PIBHSHb.



JJexuisa 6 O0UNCITIOBAHHA XapaKTePUCTUK MATPUllb. BiacHi 3HaueHHs Ta
BEKTOPHU. AJITOPUTM OOYHUCIICHHS BJIACHUX 3HAY€Hb Ta BEKTOPiB. OOUYMCIICHHS BU3HA-
YHMKA, CIiy, HOPMH, BIACHUX 3HaY€Hb Ta BEKTOPiB MaTpuili y Mathcad.

JJexkmia7 O0uncjOBaHHA cucTeM JiHiliHuX piBHsAHL. [locTaHoBKa 3a1ayi.
[Ipsimi MeTOaM pO3B’SI3yBaHHS CHCTEM JIIHIMHUX PiBHSAHb. METOI MPOCTUX i1Teparliit
JUIA pO3B’SI3yBaHHS CHUCTEM JIHIMHUX piBHAHb. Meton SkoOi sl po3B’sSA3yBaHHS
CUCTEM JIHIWHUX piBHAHB. [IporpamyBaHHs 0OUHCICHHS CUCTEM JIIHIMHUX PIBHSHbD.

Jexmia8 O0uncjOBaHHS CUCTeM HeJiHiHUX piBHAHB. [locTaHOBKA 3a-
naudi. [Ipsimi MeTonu po3B’sI3yBaHHS CUCTEM JiHIMHUX piBHsAHB. MeTon HeloTona ans
PO3B’sI3yBaHHS CUCTEM JIIHIMHUX piBHSIHb. MeTton 3eitnens A po3B’si3yBaHHS CHUC-
TeM JIHIWHUX piBHSAHB. [IporpamyBaHHs 0OYUCICHHS CUCTEM HENIIHIMHUX PiBHSHbD.

1
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3
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KoHcnekT Jekuii

Jdexumig 1
OCHOBHI TEOPETUYHI BIJOMOCTI ITPO YNCEJIbHI METO/U

MareMaTH4YHi MOIleJIi

OnHuM 31 c1oco0iB PO3B’sI3yBaHHS 0ararboX HAyKOBHMX Ta BUPOOHHUUX 3a]1ad €
€ K C N e p.H¥x@iHBar 3arpornoHOBaHUM MPOEKTOM CTBOPEHO HOBHIA TenedoH, Ji-
TaK, aBTOMOO1J1b, BUPOOHHYA YCTAaHOBKA YW 1HIIMI 00’€KT. Bumipsiemo y cTBOpEeHUX
00’€KTIB XapaKTEPUCTUKH, SIKI HAC LIKABIAThH. SKIIO 1l XapaKTEPUCTUKU BUSBUIIUCS
HEBJIAJIUMU, TO CJIiJl 3SMIHUTHU IIPOEKT 1 3HOBY CTBOPUTH 111 00’ €KTH 1 TaK MOBTOPIOBA-
TH J0 3100YyTTS CIOAIBAHUX pE3yJbTaTiB. 3p03yMijio, IO 11€ HAATO MOBIUIBHUH 1 J10-
poruii crocio.

[HIIMM, AemeBIIMM CIOCOOOM, € CTBOPEHHSI 3MEHIIEHOTO YM 30UIbIIEHOr0 Ma-
KeTa 00’€KTa ¥ JTOCTIKeHHs oro MoBOJDKEHHS 3a pi3HUX yMOB. Lle#t crocib Hazu-
BaloTb Pi 3 MU HMU M M O. N enoMy Padi ButiFkawTh MPoOIeMH IIOJ0 BiIT-
BOPIOBAHHSI BCIX peajbHUX BIUIMBIB Ha JOCTIHKYBaHUI 00’ €KT.

IcHye me onuH cnocid - MaTreMaTHYHAN aHaii3 00’ ekTa (KOHCTPYKIT YM IpoLe-
cy). Y 1boMy pa3l Ha MepIIOMY €Tari po3B’A3yBaHHs 3aJadl CJIiJi MAaTEMaTUYHO OMH-
CaTH MOBOJDKEHHS 00’ €KTa, TOOTO OKPECIUTH MOro MareMaTuyHy Mojelb. Ma T @ M
TWNWUYHa MOGBN&RKEAIAETHCA 3 PIBHAHD Pi3HOT (DOPMH, SIKI OMTUCYIOTh 00’ €KT
nocnimkeHHs. [IpumipoM, NIBUIKICTh paKeTH 32 BEPTUKAIBHOTO MOJBOTY Y BaKyyMi
BU3HAYAETHCS PIBHSIHHAM

&

- e
¢

cm(t), (1.1)

IOOOz
O N Qo
e

|- OOZ

ne M - mouaTtkoBa maca paketn; M(t) - 3amaHa BUTpara MaJIbHOTO; { - MPUCKOPCH-
HS TI0JISI TSDKIHHS, C - IIBHJIKICTh BUTIKAHHS Ta3y, 3aJIeKHA Bl KaJIOPIHHOCTI MajinBa
Ta CEPEIHBOI MOJICKYJISIPHOI Bard MPOAYKTIB 3TOPSIHHS.

KoxxHe mocmimpkyBaHe SBHUINE € HAATO CKiIajgHe. BOHO MOB’S3aHO 3 1HIIUMU
SIBUIIIAMU TIPUPOHM, sIKI MOXKYTh HE CTAHOBUTH 1HTEpECY ISl pO3B’I3yBaHO1 3a/1aul.

Me p W@ i avdaenoBaHHs 00 €KTa MOJIIraE B OOUpaHHI MPOCKTYBaTbHUKOM
3B’SI3KIB Ta XapaKTEPUCTHUK SBUIIA, Ki Tpeda HOJYyUYUTH JO MaTeMaTUIHOI MOJENI K
HaWOUIBII 1ICTOTHI JJIS MEBHOT 3aj7a4l. SIKII0 MaTeMaTUYHy MOJIeJb 0OOpaHO HEJA0CTa-
THBO PETEIHFHO, TO BUCHOBKUA MOXXYTh BUSBUTHUCS I[IJTKOBUTO MOMUIKOBUMH. [Ipumi-
powm, piBHsHHS (1.1) € HEmpuaaTHE IS 3aIyCKy pakeTu 13 3emili, OCKITLKH B HBOMY
HE BPaXxOBaHO OMIp MOBITPAI.

[ p Yy rew lpboTH MPOEKTYBaJIbHUKA - 1€ MATEMATHYHE JOCIIKEHHS MOJIe-
71 00’ekTa. 3anexHo B GOpMHU U CKIATHOCTI MOJIE 3aCTOCOBYIOTHCS Pi3HI Mate-



9

MaTUYHI METOAM. J[JIs1 CIIPOIIEHHX 1 HECKJIAIHUX MaTeMaTHIHUX MOJEINIel 4acTo BJia-
€TbCs O0UMCIMTH @ H a /1 iNTHM 61 HB '(T8030Q0KO 3 B | 3M08yOuK muIsIXoM Ma-
TEMaTUYHUX TEPETBOPIOBaHb HAJl cCMMBOJamMH). [Ipumipom, aHATITHYHO IHTETPYIOYH
piBusuHs (1.1) 3a g = const ta m(t) = const, MmaruMeMo

V:C" ?Lg- gt_
&M - mtH

Yepes crpoiieHy Mojeib TOYHICTh TAKOTO PO3B’SI3KY € HeBenwka. J[ms Oumbin
TOYHHUX 1 CKJIATHUX MOJIENEeH aHATITUYHUN PO3B’ 30K BIAETHCS OOYUCIUTH HE HAATO
gacTo. Y TaKUX BHIIAJKaX 3aCTOCOBYIOTH YHCENIbHI METOMH, SIKI HalyacTilie J03BO-
JSFOTH JIICTATH SAKICHUHN OMHC 00’ €KTA.

1.2 IcTopist po3BuHeHHs Ta KiIacu@ikalisi YucCeJbHUX METOIiB

UnmcenbHI go3o@sion QOAB’I3yBaTH 3aJa4y ILIIXOM apUPMETHUUHHX
orepaliii HaJ YuciaMu 3 MOTPiOHOIO0 TOYHICTIO. PO3B’S30K B TakoMy pasi MOJAI0Th
TeX y BUIIISAL yncen. € 3amayl, e 6e3 T10CUTh CKIIAIHUX YUCEIbHUX METO/IIB HE MO-
’KHa BigHaWTH BiamoBial. 3a 4vaciB Herorona (1642 — 1727 pp.) nmoBojauiiocs
PO3B’s3yBaTH 3a/iaul aCTPOHOMI1, reojie3il Ta OOYUCICHHS MEXaHIYHUX KOHCTPYKIIH,
110 3BOJATHCA UM TO JO 3BHYAWHUX NU(PEPEHUINHUX PIBHSAHb, YU 10 alNreOpaiyHuX
PIBHSIHB 3 BEJIMKOIO KUIBKICTIO HEBIIOMUX. Y3K€ TOTO Yacy OOYMCIICHHS BUKOHYBAJIU-
Csl 3 BUKOPHUCTOBYBAHHSIM YHCEIbHUX METOMIB 3 JIOBOJII BUCOKOIO TOYHICTIO (10 BO-
ChbMU 3HaKiB micis komu). [Ipumipom, Mmarematuk i actponom Jlesep’e (1811 — 1878
pp.), 3 OLIBII BUCOKOIO TOUHICTIO OOUYMCITIOIOUN TPAEKTOPIIO PyXY IJIaHETH YpaH, BU-
SABUB BIIXWJIEHHS BiJl po3paxoBaHoi TpaekTopii. [IpunycTuBIIM, 1110 TPUUMHOKO BiJI-
XWJICHD € 1HIIA TUTAHETa, B1H, BUKOPUCTOBYIOUH YUCEIbHI METOIU ¥ apupMOMETp, Bi-
JKpUB HOBY miaHeTy HenTyH 1 o6urciuB i opOiTy, BUTPATUBIIHU HA 1€ MBPOKY.

CydacHl 4ucenbHI METOIM ¥ TMOTYKHI KOMIT IOTEpU HAJAIOTh MOKIIUBICTh
PO3B’s3yBaTH Taki 3a/1adl, Mpo K1 paHilie i He MPISIU: 11€ 3a/1a4i eKOHOMIKH, 3B's3-
Ky, TPAHCTIOPTY, KEpPYBaHHS CKJIAIHUMH TEXHOJIOTTYHUMH MPOIIECAMHU TOIIIO.

YucenbHi METOAM MOYKHA ITOIUIMTY HA TOYHI ¥ HAOmMxkeHi. T O Y H | ypeenbob
T O [AW3BOJIAIOTH 3100yTH PO3B’SA30K 3a/1aul 06e3 koaHoi moxubku. J[o Takux MeTo-
IiB MOKHA BiJIHECTU MeToJl ['aycca aiis po3B’si3yBaHHs CUCTEMU JIIHIMHUX anreopai-
YHUX PIBHSHb, CUMIUIEKC-METO/] pO3B’sI3yBaHHA 3a/aul JIHIHHOTO MPOrpaMyBaHHS i
JIesIK1 1HIII, aJIe TOUHUX METOJIIB PO3p00JIEHO HAATO Majio. BIIbIIICTh YUCENbHUX Me-
TOJIB 1I03BOJISIOTH 3100yTH HAOIMKEHUN pO3B’SA30K 3a/7a4i 3 IEBHOIO 3a/1aHOI0 MO M -
6KOI

£= X - X. (1.2)

e € — MOXUOKa PO3B’SI3Ky, X, - TOUHUI pO3B’s30K (MIEPEBaKHO HEBIJOMHUIL), X, — Ha-
O KeHWH 00YMCIIeHN po3B’sA30K. Taki METOaU Ha3uBalOTh H @ © /1 U X i HoliM U
JSIOTh HA MPsIMI U 1TepaliiHi METOAH.

Mpawmi Ha 6 N unXemiaroTeMye3aMMHBAHHI BUXIJHUX JaHUX Ha
O1IbII TpocTy QYHKIIO (MPUMIPOM BUKOPUCTOBYIOUM METOAU THTEPHOJALIL 1 anpo-
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KcuMmallii) abo B 3aMiHIOBaHHI coco0y OOYHCIIEeHb (MPUMIPOM 3aMIHHUBIIN 1HTErpal
Ha CyMy IPOCTUX YUCJIOBUX JIOJAAHKIB, OX1IHY - Ha PI3HUILIIO) Y TaKUH CIOCIO, I110-
01 MOkHA OYJI0 CIIPOCTUTH OOUHCIICHHS.

| Tepaui A HI03BOMPTE BiglaliTH PO3B 30K 3a1adi 3 BUKOPUCTOBY-
BaHHSM HU3KH (OpPMYJ, B SKUX KOKHHM HOBUN yTOUHEHUU HAOJIMKEHUI PO3B’ 30K
Xy OOYHCITIOETHCS Yepe3 TOMEePeaHE Xy 1, TOOTO X = f (X 1). ITepaniitauii mporec mo-
IIYKY HaOJIM>KEHOTO PO3B’SA3KY 3aBEPIIYETHCS TO/I, KOJIM BUKOHAETHCS YMOBA

X - Xie1| <&, (1.3)

ne k— romep itepamii (k=0, 1, 2,3, ...).
3aranpHy CTPYKTYpPHY CXeMy Kiacudikarlii MeTOIiB pO3B’A3yBaHHS 1HXKCHEPHUX
3a7a4 mojaHo Ha puc. 1.1.

Mertoau po3B’a3yBaHHS
1H)KEHEpHUX 3a]a4

YHCeNbHI aHAJIITUYHI

A 4 A 4

TOYH1 HaOJIMKEH1

A 4 A 4

npsimi iTeparriitti

Pucynok 1.1 — Knacudikaiiist MeTo/11B po3B’si3yBaHHS 1HKEHEPHUX 3a1a4

1.3 CrpykTypa noxub6ok 4uceJJbHUX METO/IiB

€ 4JoTupu JKepena MOXUOKU pe3yibTaTy: MaTeMaTU4Ha MOJIelb, BUXIJIHI JIaHi,
HaOIM)KEHUI METO pO3B’sI3yBaHHS 3a/1aul i OKPYTJIEHHS IPU OOYHCIICHHSIX.

MoxmnbKa MaT e MaroraHaG fleBHMEA EIEOMCHHSIMA MOICITI,
yepe3 HEMOXIIMBICTh BpaxyBaTH a0COIIOTHO BC1 30BHIIIHI BIUIMBU Ha JOCIIIXKYBa-
HUN 00’ EKT.

Moxn6Ka B W XBUHAKHEBAXBIUAN AICHCA BECTOYHI BUMIPIOBAHHS i He-
JOCTaTHIO TOYHICTh IPHJIAIIB BUMIPIOBaHHS. 3a MEBHUX BUMIPIOBaHb TOYHICTH JO-
xoauth 10 10", ane actpornoriuHa if reomesnuna To4yHicTh KopiBHIOE 10°°, a B Gara-
ThOX TEXHIYHMX 3ajJlayax MoxuOka BuUMiproBaHHs ctaHoBuTh 1 ... 10 %. 3amns ycy-
HEHHS 111€1 TOXUOKHU CJI1]T BIOCKOHAIFOBATH METOJIUKY ¥ MPHJIaId BUMIPIOBAHb.

Mo X n 6 Ka nvBBI3AHA 7 BYIKOPUCTOBYBAHHSIM HAOJMIKEHUX METOJIB, PO
K1 Mita MoBa Builie. HaGmmkeHi MeToau 3a3Buyail OyayroThCs B TaKUi Croci0, 110
JI0 HUX BXOJIMTh NIEBHUI MapaMeTp; 3a MIParHeHHs napameTpa J0 MeBHOI IpaHulll Mo-
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xuOKa METOJly TMparHe 10 HyJisd, TOMY L0 MOXHOKY MOKHa peryntoBatu. [loxubky
METO/y JOLIBHO OOMpaTH B TaKui CIociO, moou BoHa Oyia B yJBiUl — YIT ATEPO pa-
31B MEHIIIE 32 TIOXUOKY BUXITHUX JaHUX; TIPU IbOMY CIIiJ] TIaM’sITaTH, 0 3HAaYHO Me-
HITIa TOXKOKa 3a3BUYail MoTpedye BITUYTHOTO 30UIBIICHHS 00CITy 0OUHCIICHbD.

Mo X 16 Ka O mjyad ubpes HeHIfo, K Ha mamnepi, Tak 1 Ha KOMITIoTepi
BC1 OOYHMCIIEHHS 3/1HCHIOIOTHCA 3 MEBHOIO KUTBKICTIO 3HAYYIIUX LUQP; TPUUOMY IS
NOXUOKa HAKOMMIYEThCS YIPOIOBXK po3paxyHKiB. Ha cydacHHX KOMIT'I0TE€pax 4uciia
MOKe OyTH MOAAHO 3 PI3HOI0 KUIBKICTIO 3HAUyImmX Iudp; Hanpukian, miicHi (float)
- 3 6-Ma 3HauyIMMH HEbpaMu, ToxBoeHoi TourocTi (double) - 3 10-Ma 3HaTymIMK
mudpamu. [Ipu ckinamaHHi mporpamMu OOYMCICHH Ha KOMIT IOTEPI MPOCKTYBATBLHUK
MOXKe 00patu nmoTpiOHe Homy MojaHHs uucelsl. 3a Oyab-sIKUX OOYHMCIEHb € CIIpaBel-
JUBUM TPABUJIO: CIiJT KOHTPOJIOBATU CTIIBKM 3HAUymuXx Iudp, modu moxubOka
OKpYTJICHHS OyJia iCTOTHO MEHIIIOIO 32 BCIO PEINTY MOXHOOK.

[Toxubka obuuncieHs €, 3anucana y ¢opmyii (1.2), HasuBaetbcst @ 6 C 0 1 IOT H O K
N 0 X U OBeow@any 6, 00UKCIIOBaHY K BIIHOLICHHS a0COIIOTHOI MOXHUOKH 10 Ha-
OJINKEHOTO PO3B’SI3KY

d:XT-XH’
Xy

HA3MBalOTh B | 1 H O C H O 10 oOMKOmMEHK. BigHOCKR moXuOKa 3a3BUYall 3amKCy-
€THCA Y BIJICOTKaX.

(1.4)

! 3HauymMu nudpamu dncia HA3UBAKOTE YCi UdPH B HOr0 3aIKCy, PO3MOYHHAIOUH 3 MEPIIOi HEHYILOBOT TBOPYH.
Hamnpuxnan, aucno 0.003546 mae 4 3Haqynmx nudpu, a 4ucio 234566.123477-10° mae 12 3HAYYLIUX Udp.
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Jexuisg 2

MATEMATHUYHMI ITAKET MATHCAD

2.1 Ilpu3HayYeHHsI MATEMATUYHUX NMAKETIB

Jlyis po3B’sA3yBaHHA 3aj1a4 3a JIOMIOMOTOI0 KOMIT I0Tepa HalJacTiml Tpedba ckiac-
TH Tporpamy SIKOIO 3aBrOJIHO aJrOpUTMIYHOIO MOBOIO (Hampukian Pascal, Basic,
C++ To10), M0 MEepeBaXHO MOKYTh BUKOHATHU JIMIIE KBaMi(iKOBaHI MPOTPaMICTH.
Jlnis monermeHHss poOOTH TPHU BUKOHYBaHHI 1HXKEHEPHHUX OOYHCICHB PO3POOIECHO
cIeliajibHl MaTEeMaTH4Hl IIaKETH, B SKUX MOJKHA 3I1MCHIOBATH OOYHCICHHS Oe€3
CKJIaZIaHHSl ¥ YBEJICHHS MPOTpaMu aIrOPUTMIYHOIO MOBOIO. [0 TakuX MakeTiB Haje-
*ath: Mathematika, Matlab, Mathcad Tomo.

[Taker Mathematikasamae mupoki MOYKIJIMBOCTI JUISi CHMBOJIBHHX (aHATITHYHHX )
NEpEeTBOPIOBaHb MaTeMaTHuHuX (¢yHkmii. ILled mnaker [03BoJis€  MIBUIKO
pO3B’s13yBaTH Oarato 3ajad JiHIHHOI anredpu, TUCKPEeTHOI MaTeMaTUKH, MaTeMaTHy-
HOTO aHaiizy audepeHIIdHUX piBHsAHb. Y makeTi Mathematika Oinbmiicte 3amad
pPO3B’SA3Y€THCA y A1AJIOTOBOMY PEXHUMI, 0€3 TpaJuLIHHOIO NPOrpaMyBaHHs, 3 BUKO-
PUCTaHHSM CTAHJAPTHUX OMEpaATOpiB, MPOTE IEH MaKeT BUMAarae 3HaYHUX PECypcCiB
koMmIr totepa. Mathematika kKopucTyeTbcs HalOLIBIIOK MOMYJISAPHICTIO Y HAYKOBUX
CIIBPOOITHUKIB Ta Y TEOPETHUKIB.

[Taxer Matlab cTBoproBaBcst 1si MAaTPUIHUX OOYUCIIEHB 31 CBOEPITHOIO MOBOIO
porpamMmyBaHHsI BUCOKOro piBHA. [loTiMm Horo Oynno ocHaleHo cydyacHUM TIpadiuHuM
PENAaKTOPOM 1 JIOMOBHEHO CHUMBOJIBHUM IpouecopoM. Llell makeT BUKOPUCTOBYIOTH
(axiBiii aJis IHKEHEPHUX PO3PAXyHKIB B TEOPIi YIIPaBIiHHS, €JIEKTPO- Ta PallOTEXHi-
KU, @ TAKOK MOJICITIOBAaHHS TEXHIYHUX CUCTEM.

OpHuM 3 HAUOUIBIII MPOCTUX 1 3pYYHUX Y BUKOPUCTAHHI € MATEMAaTUYHUI MaKeT
Mathcad Ile#i nmakeT 103BOJIsS€: 3alIMCYBATH Ha CKPaHi KOMIT toTepa GOpMYJIH st
oOuucieHb y iXHIN 3BUYaliHIi MaTeMaTU4yHii (opMi (HaBITh 3 BUKOPUCTAHHSIM JIITEP
rpeibKoro andanity), 3100yBaTU pO3B’ 30K 3a/1aul y BUTJIS1 YUCeT a00 CUMBOJIBHUX
BHpAa3iB (QaHAJITUYHUI PO3B’SA30K), OyAyBaTH rpadiku y 1BO- i TPUBUMIPHOMY MPOC-
TOpax, CympoBOKYBaTH (GOPMYIJIM i pe3yNbTaTd OOYMCICHb TEKCTOBUMH IOSICHEH-
Hsamu (komeHTapsivu). Mathcad Takox mMae BHYTpIIIHIO CHCTEMY OJIMHUIIb BUMIPIiB Ta
MEepPEBIPKU PO3MIPHOCTI BEJIUYHUH, 3a0€3Meuye TOUYHICTh OOUUCIICHb A0 15-TH 3Hauy-
X nudp, A03BOJSIE BUKOPUCTOBYBATH JECATKOBI, BICIMKOBI, IIICTHAAISTKOBI Ta
KoMmIuiekcHi uncia. [Ipu BukoHyBanHi oOuuciiens B Mathcad mMo)kHa BUKOpHCTOBY-
Batu noHaa 300 BHYTPINIHIX CTaHIAPTHUX (DYHKIIIN: TPUTOHOMETPUYHHX, CTATHCTH-
YHUX, alIPOKCUMYBAJIBHHUX Ta IHIIUX CICMIATIbHUX (PYHKI[IHA, BUKOPUCTOBYBAHUX TIPH
PO3B’s3yBaHHI 1HKEHEPHHX 3a]1a4.

2.2 EjeMeHTH MaTeMaTH4YHOro nmakera Mathcad

Ha puc. 2.1 nHaBeaeno mnpukian BikHa makera Mathcad 2000 Professional
(Pociiiceka Bepcis). MeHI0 KOMaH[I, 300pa’keHe B MEPIIOMY PSIIKY BiKHA, MICTHUTb
CTaHJIAPTHI JJIs OLJIBIIOCTI MakeTiB 3arojoBku: A O 2, tztc O g k ®© s i 3t lHie ©
COnBted3Ols d tc sfo Odds(tg d3ts NMTigmenio 3aromoska A O 2 ditTuTs KO-
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MaHJHM CTBOPIOBaHHS HOBOTO JOKyMeHTa ((aiisia), a TAKOXK - BIAKPUTTS, 30epiraHHs
i IpyKyBaHHS CTBOPEHHX JOKyMeHTIB. [limMeHto 3arosoBka } t6 O © Mic@ith cran-
JapTHI KOMaHIM penaryBanHs (parMeHTiB gokymeHTa: 't j L OB Jtetso Ols
l MisOg(is®dz)IsO d3j dzdll$nminto 3aronoska 1 {6 ts fr) d3Bidses pesiKi
KOMaH/I¥ HajamroByBaHHs BikHa: [ d dz] 2 BcfAHOBIIOE rOPU3OHTANIBHY JIIHIMKY 3
nozinkamu Hag gokymenTom, [ O fh Is-@@ranosmoe macirad BimoOpaXkeHHs 10-
KymeHTa Ha ekpani (Bix 10 mo 200 %), 1 O dzj dz&[nobpaxkae y BikHi maHem iH-
CTpyMeHTIB: H IS O dzH Otc s B2 0 Is d tc tsio [OWOs[ Jj d30, Issapfakkni Ha

puc. 2.1 BiImoBiTHO y ApyroMy, TPEThOMY i YeTBepTOMY psiakax BikHa Mathcad.

. Mathcad MpodeccoHanbHan Bepcia - Mprmepl
P©ain MOpaeka Opocwmotp BoTaeka  opmatupoEaHue  Martematika  Cumeondka  OkHO o oMo

D ERY | 2R« |": (=234 [w -] @e
| [omai || ~wo ~Brul|==
|8 A4+ [ v=|[2<Z 3]s #

B npvmepl

B

— 4
— %
— =

IIpmxcnan pospaxyHkis

(cos()’

” x x

e nl 0 omoa X, [ o B v & = g— 7 8
I | aOn

r=2-a xr=31 Ine® = T LK A M ¥ E oW

by ™ () x* 7 g 0T U ¢ K ¥ ow

h:=ﬁ3+sm§ n=5197 tan 7 8 9 / 4 BT AEZHSGE

ws 4 5 B x| I KAMNEOTI

33 + zn 1 2 3 + F Z T Y% 4& X Y &
J 245 397 = 0 — =

2

4 = = =

AL xme b =< > i %, " I _ -
© 4 @ >R | R 2 F o A i MM men fx xf xfy xfy
b - [ Iy oo 1p. v @B Fe3 Bxd Zu

Pucynok 2.1 — Bikno nakera Mathcad 2000 Professional (pociiiceka Bepcist)

ITanen iHcTpymeHTiB & IS O dzH O tdile\ ds@d30 Is d tc tmx@rdzchxj x ca-
MO MIKTOTpamy, SIK 1 B IHIIUX NakeTax (Hampukian, y maketi Microsoft Word). Ila-
Henb iHcTpyMeHTiB [ O Is J d30,Isxd &n@ucyTHboro mumre B Mathcad, mictuth ma-
OJIOHW CHMBOJIIB JJII HATMCAHHS MAaTeMaTHYHUX (OPMYJI, CHMBOJIBHUX OOYHCIICHb,
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noOyoBu TpadikiB Ta orneparopiB nporpamyBanHs. Ha pobodomy moumi Bikaa Math-
cad (muB. puc. 2.1) BIAKpHUTO Iy I1a0I0HIB:

s Odz! € [z dziulpps 1@ Haitnpocrimi MmaTeMaTHuHi QYHKII],

] t6J YJ m Sitkpu rpenpkoro andasity,

] 6 OW d Sio®ymoBa rpadikiB y 1eKapTOBUX Ta HOJSPHUX KOOPAMHATAX,

1 Iz dz] 9 BHRKM BiIHOCHH IMOMIX BEIMYMHAMH I JIOTTYUHUMH OIEpallisiMH,

[ @6 d Y-@®obpakeHHs it omepailii HaJ| MATPUISIMUA i BEKTOPaMH,

s Odz! ¢ Kalolz[OIs © ddO-drhakn MarematnuHoro anamizy (iHTerpaiu,
HOXIHI, PSAM H TPaHUIL).

Ha puc. 2.1 Ha poG0oYoMy 110JIi HAaBEJICHO MPHUKJIA]] OOUUCIICHHS ICAKUX BEIUIHH
b, X 1 meBHOTO iHTETpasa 3a popMyIamMu

*3/x+5
b:‘/x2+sinE, x=2a, a=255 n—” dx
2 e 3 ’ cos x

[Tinmento 3arosoBka | ) ls © 806p@xeno Ha puc. 2.2. Komanga | tc O W gp&
3BoJisie ToOyAyBaTu rpadiku, komanaa [ OIS t6 dexpéproe mabnoH st BBEACHHS
3HaueHb MaTpuilb. Komanga A Iz dz§ yafebise BcraButu y hopmynny ogHy 3 yOy-
noBanux (ynkmin Mathcad 3a momomororo BikHa, 300pakeHOT0 Ha puc. 2.3. Y JiBii
YaCTUHI LbOTO BIKHA MOJAHO CIHMCOK KaTeropid (yHKIii, mpaBopy4 - Ha3Ba (PyHK-
1[I}, YHU3Y - TOSCHEHHs 11010 BUKopucTanHsa yHkiii. Komanaa 5 dzd ismmae mox-
JUBICTh 3/IIMCHIOBATU OOYMCIICHHS (DI3UYHUX BEJIMYMH 3 IXHIMU OJUHULSMUA BUMIPY.
Komanma v J € Mistso ' 2 noseojisae afdSula mosicHeHHs 111010 00YKCIIeHb, Ha-
npukiaa Teket “Tlpukinan po3paxyHkiB” Ha pobouomy mom Mathcad (aus. puc. 2.1).

BCcTaeka .
. Insert Function X|

Cpadiik
" Function Categaory Function Mame
3] MaTpiua... Cir 4+ —
& DyHRLA. .. CirH+E Bessel 3
ED HKOHMT. . Sl Complex Mumbers
Curve Fitting
EapTiHia Cr+T Differential Equation Salving
30Ha Expression Type
File Azcess
[EamEMaTMYECHANE EEREH Finance ﬂ
— Comuarimr Tr—pmmbmreen
TEKCTOERIM PErHMoH . Ilug[2 o]
PASpBIE CTPSHWLEI Fletu_rns the baze b logarithm of . If b is omitted, returms the baze 10 j
2 E A =t g L= PO 1 lagarithm.
HacTpoika, .. j

i KOMNOHEHT. ..

CELEKT. .. @l ] I Inzert | Cancel |

Pucynok 2.2 - Iligmenro Pucynok 2.3 - Bikno BOynoBanux ¢ynkiiii Mathcad
KoMaHIu | Mis o € (
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| CUMEOMMKS

BeMYHa k
FMPOCTUTE

PacLUMpTE

DIKTOP

Cobpate

BHOrOHOMMHANEHEIE KOSdMLLEHTE

HEMEHHEIE PazpeludTE
Y > BT
TpaHcdopraLmA ¥ AuchdepeHumpoeaTE
MHTEerprpoEaTE

CTHTE BEMMYH.. .

BaclipiTe 40 PAACE. ..
B mpocTyta Apofs

Pucynok 2.4 - Ilimmento komauan ¢ d d3e ts dzd € ©

[linmento komauau o d 039 ts dgpu€ @Q.4) mpu3HAYCHO I OOYHCICHHS
po3B’s3KiB 3amau aHamitiyHo. Komamma | j dzd y dpoz@ayena mis momaBanHs
PO3B’SI3KY 3a/1a4i, BAOKPEMJICHOT KypCOpOM, Y BUTJIISAI CUMBOIIB. [HIIII KOMaHau J10-
3BOJIIIOTH POOWTH TMEPETBOPIOBAHHS HaJ (OpMyJiaMu: 3BOJUTH MOAIOHI WIECHHU 1
CIPOILIYBaTH aireOpaiudi BUpa3u, OOUMUCIIOBATH MOXIJIHI 1 HEBU3HAYEHI 1HTErpaju,
BimHaxoauTH nepeTBopeHHss yp’e Ta Jlamnaca it BUKOHYBaTH ACSIKI 1HIII MaTeMaTH-
yHi oneparlii. binerr qoknaaao mpo podoty 3 makerom Mathcad moxna noBinaTucs 3
HaBYaJbHOT'O TTOCIOHMKA [2].

2.3 O0uncjieHHs apu(pMeTHYHUX BUPA3iB, CyM, 100yTKIB,
NMOXiITHMX Ta BU3HAYECHHUX IHTErpaJis 3a popmynamu

Jlnst oGunciieHHd apupMeTUYHUX BHpa3iB Tpeda MepeTH 10 MaTeMaTU4HOi 00-
JacTi (Kypcop MaTMME BUIJISII YEPBOHOI'O XPECTHKA) 1 3a JIOMOMOIOK0 IIAa0JIOHIB 3a-
MACAaTH MAaTEeMATHYHUHA BUpPA3 y TaKWi CHocid, sK 1e HaBEACHO Yy MPUKIAIlI Ha
puc. 2.1. Ins 3100yTTs pe3yabTaTy 00UMCIEHHS BUpa3y Tpeda BUOKPEMHUTH KypCo-
POM IIe¥ BUpa3 Ta HATUCHYTHU KJapimry “=" (7opiBHIOE). [[1s1 MpUCBOEHHS 3HAUYCHHS
3MIHHIM CJIiJ] 3aIMcaTh B MaTeMaTHYHIN 001acTi 1M’ 3MIHHO1, TIOpsIT 3 HUM 3HAKH
I

=" (7B1 KpaIiku ¥ JOPIBHIOE), a MOTIM MaTeMaTUu4yHui Bupas. Hampuknam, mist o6-
YUCJICHHS 3MIHHOI Y 3a (hOpPMYJIOIO

_cos’ (arc:tg2 Qx + %(‘)+ sin” x)
& sin‘lgz(&+2.8)‘ '

ne X = 1.5, y Mathcad cniz 3anucaru

x=13

3
_ I:ccus[' atat |:-: + i.'?:l Ia + (si.ﬂl::-:jjz:l:l ¥ = —1.301
si.n[ |'1-:|g'\‘|'§+ E.E"2|:|
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3BepHITh yBary Ha Te, K MPaBUJIBHO 3amucyBaTH (PyHKLII 3 MiTHECEHHIM [0
CTeIIeHs: MaTeMaTHYHHM 3amuc Sin2X y Mathcad samucyersest sik (Sin (X))

| me Ha I mradHHweMaticad, sk y kokHII MOBI IporpaMyBaHHs, — 1€
MOCJIIJIOBHICTh CUMBOJIB. CUMBOJIaMH B 1MEHI 3MIHHOI MOXYTh OyTH JIATUHCBHKI U
rperpKki JiTepu, nudpu Ta coemiagbHi 3HaKu: %0 (BIICOTOK), _ (MIAKPECICHHS),
i (uTpux). IMeHa HE MOBUHHI PO3MOYUHATUCS 3 IU(PU YU CHEHiATbHUX CHUMBOJIB,
Hanpukian: F, f, A, af 1, sun®. Cnix 3a3nauntu, mo xirepu F ta f moznavarors pis-
Hi BeIMYMHUA. EeMEeHTH BEKTOPIB Ta MaTPHILIb 3aMUCYIOTh 13 1HAEKCAMH, BUKOPUCTO-
BYIOYH JUISI IBOT'O 11absion rpynu S @' € Iz dz‘@é MBAPUKIAT: &, C «Wijm3-

B Mathcad ei M e H H | K ,OIlCI0OH BIHICHHA SKUX 3 15-Ma 3HAUyIIUMHU
muppamMu  TIACTABIATUMYTHCS 10 (opMynnm 3a OOYHCICHb aBTOMATHYHO:
n=1.1415...,e=2.71828..., 0 = 10", % = 0.01, TOL = 10" tomo.

Jlis oburcieHHs 3Ha4eHb (YHKIIM 3 pO3rally’)KeHHAM Tpeda BUKOPUCTOBYBATH
YMOBHUU ONEpATOp, AKUN Ma€ 3arajJbHUI BUTJIIA

f(nori yHMH@apBWHWRABUUYHNAPBPPAEABUIHWYIN BUpPas

A€/ O T | Y H U-ViIe 3BIMC[YNOBH 3 BUKOPUCTAHHSIM I1abJioHIB Tpyn A Z dzj o ' 2,
apundpme T_vBumHiMa3anuc GyHKINI, 3a KO CJIil BAKOHYBATH OOYMCIICHHS,
SKIII0O YMOBY BHKOHAHO, @ P U (pM e T U Y H U 41 3anecUpyEKIf], 3a AKOIO CIIif
BUKOHYBAaTH OOYMCIICHHS, SIKIIO YMOBH HE JOTpuMaHo. Hanpukinaz, 1y o04rclIeHHs

dbopmynu
&sin X, L Or<O0;
Y=i .
iV3x+24 LO RO O

B Mathcad cnin 3anucatu onepaTop

y:=1flx < 0, sm(x),/3-x+2.4)

OOuunciieHHs 3Ha4eHb CyM, TOOYTKIB, MOXIIHUX T4 BU3HAYEHUX IHTErpajiiB BU-
KOHYIOTh 3 BHKOPHUCTOBYBaHHSM BiAMOBIAHMX ma0joHiB rpynu S O dz! € Kabolz )
[ Ols O dgQuakz 3aucyBanus dpopmyi. [puknaa pospaxyskis y Mathcad:

5 6
:5'.:=Si2 =55 p=[[ & P=720
k=1

x:=9 f:=i':{2+:{+1' f=19

dx

3
T:=J '3;2+3;+1'th T = 14.667
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T
B cpp G- G99 L{ [:k }
Y #16-9 G- 912005 1

i=1 k=1
n =0.558

OcranHill oneparop, sSIKWi HaBeIEHO B MPUKJIAJl, OOYUCITIOE 3HAYEHHS 3MIHHOI N

3a (opMyJIOH0 ( 2)( 4) (k 1)
Tl - | -
=4y Qwan

JIyist BU3HAYaHHS PE3yNbTATy 3a i€ (HOPMYJIO0 CIIiJT BHIyYaTH JOJAHKH Ta CITiB-
MHOKHUKH, SIKi JIOPiBHIOIOTH HYJIEBI, IO 3pEai30BAHO 3a JOIMIOMOTOK) YMOBHOTO
oreparopa if.

2.4 CumMBoOJIbHE 004N CJIeHHS MOXIIHUX TA IHTerpaJiB

VY nonepeaHix npUKiIaaax MU OOYUCITIOBAIM YMCIOBI 3HAUEHHSI TTOX1IHUX Ta 1H-
TerpajiB, TOOTO MajH pe3yabTaT OOYUCIICHb Y BUTIISAI yncia. B HayKoBIH JisSTTbHOCTI
4acTO BUHUKAE MOTpeda BIAHAXOAUTU PE3YJIbTAT y BUIIISAAI QYHKIN, JO SIKOI MOXKHA
MOTIM MIJCTaBJISATH 3aMICTh 3MIHHHMX fK1 3aBrOJIHO YMCIIA; TaKUi Croci0 HAa3UBaIOTh
aHATITUYHAM, 9Y¥ TO CUMBOJIbHUM OOYHCIICHHSM. [CHYIOTh J1Ba ClIOCOOM CHMBOJIBHO-
ro obuncnenns y Mathcad: 3a 3anmucom MaTeMaTHYHOTO BUpPA3y Ta 3a JOIIOMOTOIO Bi-
NIOBIIHUX MIA0JIOHIB.

Po3rsiHemMo crioyatky C MO Ci 6 C U MB O /i3baH M3Xa MOCHUMI AMEHTb €
HOoTr O BHanpmwmigly Tpeda BiIHANTA 3HAYEHHS MOXIJIHOT Ta 1HTErpainy QyHKIIi

f(@bocdXx = a’b®+/c’d sin(7x- a). Crnouatky 3amumemo B Mathcad murre

MAaTEMATUYHUN BUPA3
] 3 -
b -+fe - d-sm(7-x— a)

o6 B iH@A W T U MBI XarefalnyHOro BUPa3y CTOCOBHO IIEBHOI 3MIiHHOI
(HarmpuKJIaa &) y CHMBOJIBHOMY IMOJIaHHi QyHKIIT, Tpeba BUKOHATH TaKi Jii: BUHOKpE-
MHUTH KypCOpOM B MaTeMaTHYHOMY BHUpa3i 10 3MiHHY, B KomaHai meHto Mathcad
4 d d39 ts dzgpkakdimkom Murr oOpatu B HboMy MyHKT } | t6 | 3] dad@tugny-
™m /[ W W J te] dzy d tc¥ sikailsMathcad 3’sBuThCS pe3ysibTaT CHMBOJIBHOTO
nudepeHIitoBaHHs (Tiepiia moxijHa) MaTeMaTUIHOTO BUPa3y 3a 3MIHHOIO &

! 1 " ! 1 Y
| 3 | | 3 |
I P R P | -siu{—?-:s:+a}—33-116-'-:3-1:1'\ T cos(=7-x+ a)
o6 B iH@A W T N | BT MaTeMRRYHOr0 BUPa3y CTOCOBHO IEBHOI 3MiH-
Hol (Hanpukiaa b) y cumBoibHOMY moganHi GyHKIIT, TpeOa BUKOHATH Taki Jiii: BHO-

KPEMHTH KypCOpOM B MaTeMAaTUYHOMY BHpas3i 110 3MiHHY, B KoMaH i MmeHto Mathcad
g d d39 ts dzgpkakdimkom Murn oOpatu B HhoMy MyHKT } | t6 | d3] dad@rugny-
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™ R dzls J G tc d te & sidildMathcad 3’siBUTHCS pe3ynbTaT CUMBOJIBHOTO 1HTETPY-
BaHHS MATEMaTHYHOTO BUPA3y 3a 3MiHHOO b

1
|_5_|
3 7 3 W .

7-3-11-'13-1:1' -sm(—7-x+ a)

Mo>kHa BUKOHYBAaTH CHUMBOJIbHI OOYMCIIEHHS B 1HIIMM crocib - 3 @ A OMNOMOT
lWa 6 N OBHIKOBY pa3i MU CIIOYATKy OOMpaeMO OJWH i3 madaoHiB rpynmu S O'dz

n ~N
Ckzdzlpain [ OIls O dz ((%(', "37’ [l ; monmmucyemo no mabnoHa GyHKLiO A1 00-

YHCIACHHS 1 BUOKPEMITIOEMO KypcopoM ycio hopmyiy. st 3100y TTs pe3yabTary Cu-
MBOJILHOTO OOYMCJICHHS BHKOHYEMO IIOCITIIOBHICTH KoMaHa MeHio &  d3o tsdzd € O,

1l J d&zd yd dz0, ¢ d dzaots exapagyjo ) fpyfri madmonis 1 5 H ) Wymison

— . Huxkue HaBemeHo MPUKJIAJ CHMBOJIBHOTO OOYMCIICHHS IMOXITHUX Ta 1HTETpajiB
3a JOOMOTOO I1a0JI0HIB:

1
| = |
iy

iag-bﬁ- .;3..;1.5i11{?.3_a}_;,?.33.115.@3.{1!'\ " .cos(—=7-x+ a)
dx
|._fl‘-._|
. _]- .'\.22'.
33-116--\,?03-d-sm{?-x—a}dx—}?-ag-hﬁ-'cg-d' - cos(—7 - X + a)

2.5 O0umciieHHs Ta0IMUb 3HAYeHb (PYHKLIA Ta mo0yaoBa rpagikis

[Topsinok oGuuciieHb po3riisHEMO Ha npukianl. Hexail tpeba obuncnuTu il BU-
BeCTH y (popMi Tabmuui Ta rpadikiB 3Ha4eHHA ABOX QYHKUIN f, =e * 1 f, =e *sin(5%),
B SKUX JUCKPETHUH apryMeHT X 3MIiHIO€ThCA B Mekax Bim 1 mo 5 (to6to xI [1;5])
3 kpokom h =0.05.

s oGumcnenns tabnuii 3HaueHb GyHkuii B Mathcad tpeda cnovyarky Bu3Ha-
YUTH, B KU CI0CIO 3MIHIOEThCA apryMeHT QyHKUII (3MiHHA X), 3anucatu Gopmyy
¢byHK11i, a mOTIM chOpMyBaTH TAOIUIIIO ii 3HAUYEHb.

s BusHauenns B Mathcad aprymenty (yHKIIT ¢i1ii BAKOPUCTOBYBATH TPaBU-
Ja3anucyi H T € p B @ /1 b HyaxoMy3BWIIsIK: H U X

X 1= Xn, Xoth, .., Xk

1€ Xp— TIOYATKOBE 3HAYCHHS 3MiHHOI (aprymeHTy (yHKIii X), X,+h — HacTynHe 3Ha-
YEHHs 3MIHHOT; Xx — KiHIIEBE 3HAYEHHs 3MiHHOT; N — KpOK, 3a IKUM 3MiIHIOETHCS 3MiH-

Ha. Hammpuknan, 3anuc
x:=1,1.05,..,50

o3Hayae, 1Mo aprymeHT X HaOysae 3Hauensb 1, 1.05, 1.10, 1.15, ..., 4.95, 5.0, To6TO
3MIHIOETBCS 3 KpokoMm 0.05.
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Hauti 3amamemo GyHKIiro st oouncienns (Hanpukiiay fy):
f1(x) :=e™
Jlns oOuncneHHs 3HaueHb Tabmuii QyHKIIT Tpeba 3ammMcaTH apryMeHT Ta iMjs

GbyHKINT 31 3HAKOM = (JIOPIBHIOE), IMICJISA 4Ooro HUXK4Ye y BikHI Mathcad 3’sBiaThCS Bi-
JTIOBIIHI CTOBIMYKKHM 3HaueHb X Ta fi(X) y BUrIsai TaOIHIb

X= f1(X) =
0
.00 .368
0
.05 .355
0
10 333
0
15 317
0
.20 301
JUis mepernsigaHHs  ycix 2870 OOYHUCIEHNX 3HA4YE€Hb (PYHKIII

B Mathcad moxxHa kKopHcTyBa- o THCA CMyroko NPOKPYYBAHHS.

{061 I'I06yp,yBaT3l/(l) H3 s OAHOMY 6naHKp- T p:
K O X  (yBH Bagoroapry- ' o MeHty (Hampukiag, 1 QyHK-
i f(x) Ta f,(x)), Tpeda BU- KOHATH TaKi [ii:

.35 259
1 3a momomororo 1rado- 0 Ha Tpymu | G OW d ¢ O
s BiIKpuiTe OnaHk .40 247 1Sl o0y 10BU rpadika
¢GbyHKLIA oAHOrO ap- rymenry (puc. 2.5);

b

Pucynok 2.5 — binank noOynoBu rpadiky B IEKapTOBUX KOOPIHMHATAX

1 B mo3Hauii HUXKYE BiA oci abciuc (111 MPSIMOKYTHUKOM) 3alUIIITh apTyMEHT
- X, a B MTO3HAYII1 JIIBOPYY BiJl OC1 OpJUHAT (J1BOPYY BiJ MPSMOKYTHHUKA) 3a-
HUIIITH cro4aTky iM’st pyHKIil f;(X), moctaBTe KOMY 1 HUKYE TOMUIIITE 1M 51
apyroi GyHkiii fo(X);

1 BiaBexaiTh Kypcop 3a Mexi rpadiuHoi 00JIaCTl Ta KIAMHITH KIABIIIEI0 MHIIIL.
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Mathcad mo0ynye rpadiku 060x QyHKIIIH, K 11e 300paskeHo Ha puc. 2.6.

0.4
0.368,

n2

17%)
e U
02 b _
0358 | | | | | | |
1 L5 2 2.5 3 35 4 4.5 5
1 X 4

Pucynok 2.6 — I'padixu ¢yskuiii f,=e* ta f, =e *sin(5x) s Mathcad
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JJexumig 3

YUUCEJIBHE JM®EPEHIIITOBAHHA TA IHTETPYBAHHAA
3.1 YnceabHi MeToau Ju(epeHilOBAHHS

3amayua yncenbHOTO MU(EepeHIiFOBaHHS TOJIATAE B 3HAXOKCHHI 3HAYEHb TOXI1/]I-
HuX ¢QyHkmii Y = f(X) y Bunankax, konu anamituunuil 3amuc ¢yukuii f(X) € neigo-
MUH (€ TIIbKY TaOIMYHI 3HAaYeHHs) a00 HaaTO CKIaaHui. PesynpraTroMm Takoro aude-
PEHIIIIOBaHHS € TaOJHIIs YMCIOBUX 3HAYEHb MOXIMHOI B 3aJaHUX TOYKax. Bukopwuc-
TOBYIOUM METOIU HAOMMKEHHS (YHKIIH, TaOJIUIl0 3HaYeHb MOX1IHOI, B pa3l moTpe-
01, MOKHA IEPETBOPUTH 1 MOJATH B aHATITHYHOMY (CUMBOJILHOMY) BUTJISIAI.

Hexaii pynkmiro f(X) 3amano snauenasamu f; = f(X) Ha piBHOBIIIAIEHUX TOYKaX X;
Bigpizka [@, b] (x=a+ih,h= ¥ x,i=0,1,...,n)y popmi Tabmuui:

Xo fo

X1 fy

Xo f2

Xn fn

CxutazieMo TabJIuUIIO pI3HUIS 3HAYEHb apTYMEHTY Ta (PYHKITII:

AXg=X1- Xo Afo=f- 1o
DAX1=Xo- X Aflzfz- fl
AX2:X3- Xo Af2:f3' f2

AXn_ 1= Xn= Xn-1 Ay I T

Jpyruit croBmuuk i€l Tabmuil (3HadeHHs Afj) - 11e yuciioBi 3HaYCHHS MEPHIOT
noxigHoi ¢yHkii f(X). Takoxx MaroTh Miclie TaONHIN Pi3HUIL 2-T0, 3-TO TOIIO IO-
PAIKIB, 3HAYEHHS SKUX BIAMOBIJAIOTH MOXIAHUM BiITOBITHO 2-T0, 3-TO Ta IHIIMX IO~
PAIKIB Y 3aTaHAX TOYKAX:

Pisnuui Pizunni Pizunmi
- MeET 2-10 mopsijagKa 3-ro nopsiaka
pry y s gynknii f(X) s gpynknii f(X)
AXO =X1- Xg AZ fo = Afl - Afo A3 fo = Azfl - Azfo
DXy = Xo- X N f = D, - Afy N = N, - Ny
AXZ =X3- Xo AZ fz = Afg - Afz A3 f2 = Azfg - Azfz

AXn-3=Xn—2- Xn-3 N’ fa_s=Afn_5- Af_3 A 1:n-?,:Azfnfz' Azfn—3
AXn_2=Xn-1- Xn_2 N’ foop=Afy_1- Afi —
AXn—1=Xn= Xn-1 - —
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3aJ1s IPUKITa Ty HaBeJaeMO TaOJUITo 3HadYeHb GyHkmii Y = In X, ii pizauns 1-ro,
2-10 1 3-ro mopsJika, e X 3MIHIO€TbCsI Ha IPOMDKKY Bia 1 10 1.5 3 kpokowm 0.1:

X AX; f; Af; A A
1.0 0.1 0 0.0953 | - 0.0083 | 0.0013
1.1 0.1 0.0953 0.0870 | - 0.0070 | 0.0011
1.2 0.1 0.1823 0.0800 | - 0.0059 | 0.0008
1.3 0.1 0.2624 0.0741 | - 0.0051 -
1.4 0.1 0.3365 0.0690 ] ]
1.5 ] 0.4055 - ] ]

P WN PO~

[I{oOu obumcauTh HaOmMKeHe 3HadeHHS moxigHoi f j(X), HalonTUMAaNbHIIIAM
oyzae 3amiantu pynkmiro f(X) Ha iHTepHIONIANIMHKN MOTiHOMOM HbIoTOHA B OKOITI TIe-
BHOI TOUKH X;. JIJ1s1 pyHKIIi, Ky 3aaHO HA pIBHOBIAIaneHuX Toukax (A ¥=A x=...=
= A X_1=h), popmyna HerotoHa 1-ro nopsinka (JriHiiiHE HAOJIMKSHHS) Ma€ BUTJIST

F)=f +qk, ne q:X'h‘; (3.1)
dhopmyna HerotoHa 2-ro nopsijka (KBaJpaTuyHe HAOJUKEHHS) MAa€ BUTIISI
f(x) = f; +q@f; + q@q-zfll.)DZ fi :
[Ticns mudepenuitoBanus Gopmynu (3.1) -IIiCTaHeMO HaumpocTimy GopMyiy
3HAYEHHS MOX1AHOI QYyHKIIIT:

(3.2)

o\ D
fl(xi)_T'

Jliis oGurcneHHs 3HaueHb moxigHoi f j(X) HalionTuMasbpHIMM Oy1e BUKOPHCTO-
ByBaTH hopmyny HeroToHa 2-r0 mopsiaka

B,

Dfi.y 3f - 4f _ +f
f'x )= 2 =20 i-1 i'2_ 3.3
(X') h 2h (3:3)

PesynbTaTi 004MCIIEHb MOXITHOI O PO3MIsIHYTO1 BUIe QyHKii Y= In X 3a Ha-
omkeHoro hopmynor Herotona (3.3) Ta TOuHO 32 BioMOI0 (hOPMYJIOI0

-— - — 1
yi=(nx)i= »
HaBEJIEHO HIKYE B TAOJIMIIL.
X Haoau:xeno Touno | PizHnus

1.0 0.9946 1.000 0.0054
1.1 0.9116 0.9091 0.0025
1.2 0.8353 0.8333 0.0020
1.3 0.7708 0.7692 0.0014
1.4 0.7155 0.7143 0.0012
1.5 0.6677 0.6667 0.0010
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Ax Gaunmo, HaAMOUIBIIA PI3HUISI TTOMIK TOYHUM 1 HAOIMKEHUM PE3yJIbTaTOM
(abcomoTHa moxudka) gopiBHioe 0.0054, BiqHocHa moxuOka - 0.0054.

3.2 YucenbHe 004YHCICHHS BUSHAYECHHUX iHTErpaJiiB

VY 6arath0X HayKOBHX Ta iH)KEHEPHHX 3a/1a4aX BUHUKAE TOTpeOa 3HAWTH 3HAUYCH-
Hs iHTerpana ¢yskiii f(X), e X 3MiHIOETbCS Ha IPOMIXKKY [, b], ToOTO 00uncIuTH

b
F(x) = fif (x) dx

Skio 71 HemepepBHOT Ha MPOMDKKY MiIHTerpajabHOl PYHKINT MOJKHA BiJTHAM-

TH TiepBicHY QyHKIi0 F(X), To BU3HAYEHUH iHTETpal JIeTKO 00YMCIuTH 3a Gopmy-
noro Herotona—Jlei6Hima

b

fif (x) dx=F(b)- F(a)

a
Ane B OaraThbOX BHIIAJIKaX HE BIAETHCS 3HAWTU MEPBICHY (PyHKII0O a00 BOHA BUXO-
JIUTh HACTUIBKY CKJIQJIHOIO, 1[0 OOYMCIIIOBATH 1HTETpal 3a i IOMOMOTr0I0 CKJIAJHIIIIE,
aHDK B 1HII CrOCOOH. Y TaKWX BUMAJKaX 3aCTOCOBYIOTh METOJU YHCEJIBHOIO 1HTET-
pyBaHHS, SIKI 0a3ylOThCsl HA TOMY, IO 3HAYEHHS 1HTErpajia JOPiBHIOE IUJIONIl KPUBO-
JHIMHOI Tparelii, po3MilleHol MoMik JiHiero Tpadika QyHKIIi Ta Biccio adciuc
(puc. 3.1).

Ty f(x)

X

0 a=Xy, X X Xn-1 bzxnr

Pucynox 3.1 - KpuBominiiiHi Tpanerii 1y iHTETpyBaHHS

3rifiHO 3 UMK METOJIaMH, TPOMIKOK iHTerpyBaHHs [@, b] Tpeda moainuTu Ha Ki-
JbKa BIJIPI3KIB (HAMPUKIIAJ, N BIAPI3KIB), Ta 3aMIHUTH IUIONY S 3a3Ha4€HOT KPUBOJII-
HIWHOI Tpamerii Ha CyMy IUIONIMH MaJICHbKUX KPUBOJIHIMHUX Tpamemii S, Ha sIKUX
3agany Qyukuiro f(X) 3amineHo Ha Habmmxkeny dynkitito fi(X), TooTo
n-1
S=as: (3.4)

1=0
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OTxe, iHTErpaJI 00YUCITIOIOTH HAOIMKEHO 3 TIEBHOO MMoXuOKoto R(X):

b n-1
if ()dx° a s + R(X). (3.5)
a i=0

3aeKHO BiJl TOrO, SIKUMH € HaOmwkeHi ¢yHkmii fi(X), iCHyrOTh pi3HI METOAM
(bopmynu) oOUMCIIOBAaHHS BU3HAYEHUX IHTETpaliB. 3a YCIX IIMX METOJIB 1HTErpal
HaOIMKEHO OOYHMCITIOIOTh SIK MEBHY CYKYITHICTh 3HA4Y€Hb IMIIIHTErpajibHOI (PyHKIIIT
f(x), me X = a+ ih - mexi Biapi3KkiB iHTErpyBaHHsA, M= Xy1- X, - KPOK IHTEIpy-
BauHs, | =0, 1, ..., N. Po3riisHeMo HaHOUIBIN BiIOMi B iH)KCHEPHIN MPaKTUIII METOIN
YHCENbHOTO IHTETPYyBaHHS: IPSIMOKYTHHUKIB, Tparneniii Ta CiMIicoHa.

3.3 O0unc/ieHHs BU3BHAYEHHUX IHTerpajiB MeTOI0M NPAMOKYTHHMKIB

JIJ1si 4MCeNIbHOTO OOYMCIIIOBAHHS 1HTETPaiB METOJAOM MPSAMOKYTHHUKIB MPOMI-
KOK iHTerpyBanHs [a, D] moxinsroTs Ha N piBHMX yacTuH. 3amany dyHkiio f(X) Ha
KOXKHOMY BiJipi3ky h = i X (me i =0, 1, ..., N) 3aMiHIOIOTh Ha MPsAMI JIiHii, mapa-
nenbHUMU 10 oci abcuwmc. IIpy nbOMy KpHBOJiHIMHA Tpamneuis 3aMIHIOETbCS Ha N
MPSIMOKYTHUKIB (Ha pUC. 3.2 - TOPU30HTAJIbHI IITPUXOBI JIIHIT).

Ty f(x)

X

0 a=x X X ... X Xua ... X1 b=X
Pucynok 3.2 - InTepnperalis iHTETpyBaHHS METOIOM IPSIMOKYTHHUKIB

[Ino1y 0JHOrO Takoro NpsIMOKYTHUKA (Ha puc. 3.2 - MO3HAYEHO HAXWJICHHUMU
IITPUXOBUMH JIIHISIMH) MOKHA OOUYUCITHTH 32 (HOPMYIIOIO

§= (X4~ X) - f(x),
a 3araJibHa IUIOIIA MPSMOKYTHHUKIB 1 BIIIOBITHO 3HAYCHHS 1HTETpasa JOPIBHIOE
n-1 n-1 n-1
S=45 =8 (x.- x)F(x)=ha f(x). (36)
i=0 i=0 i=0
3HaYeHHsI MOXUOKHU 1HTErPYBAaHHS METOJIOM MPSIMOKYTHUKIB MOXKHA OIIHUTHU 32
dbopmysoro [7, 9]

R(x):ml\/l

1 . (3.7)

ne M, = max| f"(&)|, &1 [a b].
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[Ilo6u noxubka He MepeBUIIyBajia 3a/1aHe 3HAYCHHS €, KPOK 1HTETPYBaHHS CIIiJ
o0HpaTH 3 yMOBHU

12e

(- M, (38)

3.4 O04uc/IeHHsI BU3HAYEHUX IHTEerpaJjiiB MeTOI0M Tpanemii

VY miarpyaTs  ¢GopMysd Tparemiil MoKJIageHo 3aMiHy KPHBOi MigiHTErpabHOI
¢byHKIiT Ha 1amany. Po3i0’emMo mpomixkok [@, D] Ha N piBHUX 4aCTHH, KOXKHY JTOBXKH-
Horo h= (b - a)/ n, Ta cnonyduMo MPSIMUMH JTIHISAMHU 3HaUYEHHS (PYHKINH Ha KIHISX
BiJIpi3KiB (Ha puc. 3.3 - HaAMIBXKHUPHI MITPUXOBI JiHIT), TOOTO, MIOILY KPUBOIIHINHOT
Tpareii HaObIMXeHO 3aMIHIOEMO Ha CyMY IUIOIIMH N Tpamelii.

X

0 a=xX X Xo .. X Xa1 ... Xou b=X,
Pucynok 3.3 - [HTepnperanis IHTErpyBaHHS METOJIOM TpareLii

[Lnomty omHiel Takoi Tpanenii (Ha puc. 3.3 - TOHKI IITPUXOBI JIiHIT) MOKHA 00-
YUCTUTH 32 (OPMYJIIOIO

s =2h(f(x)+ f(x.)), (39)

a 3arajibHa TIoIa SBCiX N Tparmemnii 1 BIAMOBIAHO HAOIMKEHE 3HAYCHHS 1HTETpaty
JTIOPIBHIOE

5285 =8 5 (161)+ 105.) = 33 (o) 105)+28 1§

Ko MmiACTaBUTH TpaHWUYHI 3HAYEHHS MPOMDKKY OOYMCIIEHHS IHTerpaia, To
dhopmyiia Haby1e OCTATOYHOTO BUTIISY

ha Nt
=E§(a)+ f(b)+28 f(x)
C i=1
3HaYeHHSI MOXUOKHU 1HTErPyBAaHHS METOJOM TpameIiid 30ira€ThCs 3 OI[IHKOIO 1O-
XMOKH MeTo10M TipsiMOKyTHHKIB (3.7) [7, 9].

(3.10)

QOO
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3.5 O0unc/ieHHs BU3HAYEeHUX iHTerpaJjiB meroaom Cimmcona

Jns wabmuwkeHoro oOuMcieHHs 1HTerpana 3a metogoM CiMIicoHa KpuBa
HiIHTerpaabHO1 (QYHKINT 3aMIHIOETHCS Ha BIAPI3KK KBaJpaTUYHUX mapadoJ, IpoBe-
JICHHUX Yepe3 KIHI[l KOXHHUX TPhOX CYCIAHIX opauHAaT 3HaueHb QyHKII  f(Xg), f(Xy),
f(%2); T(X2), T(Xa), f(Xs); ...; T(Xn2), T(Xn1), T(Xn). IIpu BOMY Bech MPOMIKOK IHTErpY-
BaHHsI pOo30MBaIOTh Ha MAPHY KIJIBKICThH N Biapi3kiB [X— N, X+ h]. Omxe, oy kpu-
BOJIIHIMHOI Tparmenii HaOJIM)KeHO 3aMIHI0EMO Ha CyMy N/2 TUIOIIMH IiJ rmapadoiamu.
Ha puc. 3.4 mapaGoiu HaKpeclIeHO HaNiBXUPHUMHU IITPUXOBUMHM JIHISIMH, SKI
3’€IHYIOTh Yepe3 OJHE 3HaueHHs (YHKIIIH; TUTOIIMHA i mapabosor (S) 3a3HadycHa
HAaXWICHUMHU I[ITPUXOBUMH JIHISIMH ).

r

- -
-
A - -
- - -
- - -

o

0 a=xp5 X X X o Xitle.. Xyq B=x,
Pucynok 3.4 - Iatepnperarttis iHTerpyBadas MetooM CiMIicoHa

VY Touli X MPOMIKKY [Xi_1, Xi+1] miaiHTerpanbHy ¢yHkiiwo f (X) po3kiagemo y
psan Teiinopa, yHacIiI0K 40To 3100yaeMO:

F0=f(x)+ fi%)/2(x- %)+ fii(x )/ 2(x- % + fiii(x )/3(x- %) +...  (3.11)

OOMeXyroUHCh MEPUIMMU TPbOMa JJ0JIaHKaMHU, sIKI CTAHOBJISITh MOJIHOM JPYTOro
CTYIIEHs, Ta 3aMIHUBIIM NOXIJHI HA P13HI 3HAY€Hb (PYHKIII]

Fi(x)= f(>q+1)h- f06). fi(x)= f(>q-1)+f(h>92-+1)- 21 (x)

1 TTiCJIs MACTABIISIHHS 10 BUPa3y MaTUMEMO

$=0(1(x.)+41 (x)+ £ (5.))

OO0umrcIUMO Terep HabIMKeHe 3HaueHHsT SiHTerpaia Ha IpoMiKKy [, b]:

S=g(f(><o)+4f(x1)+ F(x)+ f o)+ 41 06)+ (%) +...+ 106, 2)+ 41 (x,.1)+ 1 x,)).

Cnpoctusiim popmydty o0UuciaeHHs S 3/100y1eMo octatouny Gpopmyiy CiMricoHa:

s:g%‘(a)+ F(b)+43 f(x)+24 f(xj)g, (3.12)
(; i=1 j=1 -
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7e | — HemapHi 1T 9uciia, | — IMapHi MUl 9rcia.
3HadYeHHs MOXUOKH 1HTErpyBaHHS MeTo0M CiMIICOHA MOXHA OIIHUTH 3a (op-
myJomo [7, 9]

R(X) ¢h—4(b- a)M,

ne My = max| f &), 1 [a, b]. 1Llo6u noxubka He nepeBUILyBalIa 3aJaHe SHAYCHHS
€, KPOK IHTETPYBaHHs CIIiJ] 0OMpaTH 3 YyMOBHU

180e
(b_ a)M4 .

3aysBara. HOplBHIOIO'-II/I OLIIHKI/I KIHIIEBHX WIEHIB, 024MMO, 110 MOXHOKa cpopMy—
mn CiMIcoHa nponopumHa h', a moxubka (popmy NPSAMOKYTHHKIB Ta Tpaneuii e
nponopuiitna 1o h’. Ile 03Ha11a€ mo dopmyia napadox Bixnosinae psy Teinopa 3
MOXMUOKOIO /10 YJICHIB TPETHOTO MOPsIAKA BKIIOYHO, @ METOAM MPSIMOKYTHHUKIB 1 Tpa-
neuid BIANOBIAAIOTh LbOMY PSIY JIMIIE 3 MOXUMOKOI 10 WIEHIB MEPIIOro MOpsIKa.
Tomy meron CimrcoHa Aae TOYHUI pe3ynbTar AJIs HOJIHOMIB IO TPETHOIO CTYIEHS
BKJIIOYHO, OCKUJIBKHU f(“)(x) = 0, Toai sIK METOAM MPSIMOKYTHHUKIB Ta Tparermii € To4-
HUMH JIMLIE 3@ IHTETPYBaHHS MOJIIHOMIB CTYIIEHS HE BUILE 32 MEPILUH.

he s

3.6 IlporpamyBaHHs MeTO/IiB 00YUCIEHHS iHTErpaJIiB

Bumieonucani metoau oOUMCIIIOBaHHS IHTETPaJliB MOKHA BUKOPUCTOBYBATH JJIS
00YHCIIEHB 5K 3a JIOMOMOTOI0 KaJbKYJISTOPa, TaK 1 KOMIT'IOTEpa. ¥ MaTeMaTHYHOMY
nakeTi Mathcad o6uncieHHs BU3HAYCHHUX Ta HEBU3HAYCHUX IHTErPajiB BUKOHYEThCS
y rpagiyHOMY pEKMMI 3 BUKOPUCTAHHSM CHEIladbHOI 010JI0TeKH MiAporpam, Ha-
MMCAaHUX 32 HaWO1IbII €PEKTUBHUMU AJITOPUTMAMH (JIeKIlis 2, po3aim 2.3, 2.4).

Posrisinemo 6510K-cxemu anroputmiB Ta GyHKIT (ianporpaMu) oOUUCITIOBaHHS
iHTerpaniB Mmoot C++. briok-cxeMy anropurmy MeToay MpSIMOKYTHHKIB HaBEIEHO
Ha puc. 3.5 1 nopsj 3 Her — QYHKIIIIO OO METOaY MOBOKO C++.

Bxin —| BxinH1 naHi
/I®dy HK LI 9 MeTOoAy np Lv—>f_(><),a,b,n

float integral_pram(float a, float b, int n) h=(b-a)/n
{ float h, S, x; _
int i; S=0
h=(b—a)/n:
S=0;
for (i =0; i<=n-1; i++) X = ati*h
{x=a+i*h; —=
S=S+f(X); S=5+1(x)
S=h*S; S=hS
}return S ( Bxin } PesynpTar S

Pucynok 3.5 — bnok-cxema
METO/Ty MPSIMOKYTHUKIB
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VY HaBejieHIM BUIIE Ta y JIBOX HACTYMHUX (DYHKIISAX BXITHUMH JTAaHUMU JJISI 00-
YHCJICHD €. & — HW)KHS Me)Ka NIPOMIDKKY 1HTerpyBaHHS; D — BEpXHS Mexa MPOMIKKY
IHTEerpyBaHHs; N — OakaHa KUIBKICTh BIAPI3KIB 1HTErpyBaHHs. [limiHTerpanbny GyH-
kuito f(X), 3amucany y Bursini ¢yHkmii (mianporpamu) Moot C++, ciix po3Miny-
BaTH Mepe]] HaBeneHowo ¢pyHkiliero. Hanpukian, ans o04ucieHHs iHTerpana

°> 1+sinx
y= dx
L X+ COSX

(GyHKITIA 00UYHMCIICHHS MIIHTETpaabHO1 (YHKITIT MaTUME BUTJISAT

float f (float x)
{ return (1+sin(x)) / (x + cos (X)); }

Onepatop BUKIUKY (QYHKIIIT U1si 0OYMCICHHS 3HAYE€HHSI 1HTerpajia Y 3a KiJIbKocC-
Ti Biapi3kiB N = 100 MorkHa 3amycaTy y BUTJISII
y = integral_pram(1, 5, 100);

brok-cxemy anropuTMy METOJy Tparieiiii HaBeZeHO Ha puc. 3.6 1 mopsia 3 Hero —
GyHKIIII0 IIHOTO MeTOTy MOBOIO CH++.

(CBxin J{RER soynwuin weroay Tp:

—(h_ float integral_trap (float a, float b, int n)
h=(b-aim {floath, S, x
S=0 inti;
h=(b—-a)/n;
S=0:
x = ati*h for (i=1; _i<= n-1;i++)
I {x=a+i*h;
S=S+1(X) S=S+1(x);
S=h/2(f(a)+f(b)+29) S = h/2* (f(a) + f(b) + 2*S);

return S;

C B)Id hi§ } Pesynprar S }

Pucynok 3.6 — biok-cxema
METOJIy Tparmerii

bnok-cxemy anroputmy merony CiMIicoHa HaBeAEHO Ha puc. 3.7 1 mopsj 3 HEetO
— (yHKIIIIO TIHOTO MeTO1y MOBOIO C++.
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Py HK et sagw Ci MNCOHa ]?_(%I,Igl,g?ﬁl

float integral_simps (float a, float b, int n) h=(b_
{floath, S, SL, S2, x; (b-an
inti; S=0,31=0,2=0
h=(b-a)/n; —
S=0: i = 1|, n-1
S1=0; o
$2=0. X = at+ih
for (i=1;i<=n-1;i++) TaK
{x=a+i*h; Hi
if 1%2==0) S2=3S2+ f(x); SI=Sl+f(x)| |R=2+1(X)
else S1=S1 + f(x); R )
} S=h/2(f(a)+f(b)+4S1+4S2
S = h/3* (f(a) + f(b) + 4*S1+2*S2): (Ha) o) )
return S; C Bxin } Pesynbrar S
} Pucynok 3.7 — brnok-cxema

metoay CiMmricoHa
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JJexkuig 4

PO3B’SI3YBAHHS HEJIIHIMHUX PIBHSHBD 3 OJIHIE€KO 3MIHHOIO
4.1 IlocranoBKka 3axavi

Posrnsaemo piBHAHHS
f(x) =0. (4.1)

Sxio f(X) — anreOpaiunuii 6ararouseH, To piBHsAHHS (4.1) HasuBaloTh & 1T € G p a
4 H psmgo f(X) MicTUTh sSIKiCh CHeIialIbHI MaTeMaTH4YHI (YHKINT (HAIIPHKIa COS X,
sin X, Ig X, & Tomo), To piBHAHHA Ha3MBalOTE T P @ H C LU € H Alpripon pid-
HSTHHS

X+ 35 +2x-1=0

€ anreOpaiuHe, a pIBHSHHS

sinx® +/x?+3.2- 5x+2=0

— TpaHClEeHAeHTHEe. 3HaueHHs 3MIHHUX & (me | =1, 2, ...), 3a IKUX BHKOHYETHCS PiB-

usauHs f(§) = 0, HasuBaroThCA H Y 1 ApymKiii f(X), uup 03 B 43 K a Myl). pi B H
PiBusinHs (4.1) MOXe MaTH 44 TO OJMH, YU KIJIbKA PO3B’sI3KiB a00 HE MaTH >KOJAHOTO.

Ha rpadiky ¢yHKIIT po3B’s30K BiIOOpaKy€eThCS SIK TOYKa NepeTuHaHHS GyHKINT f(X)

Ta oci X (abciuc). Ha puc. 4.1,a 300paxeHo (yHKIIO, ika Ma€ TPU PO3B’SI3KHU, Ha

puc. 4.1,6 — GyHKIIIFO 3 OTHUM PO3B’SI3KOM Ha IPOMIXKKY [a, B].

A A

y y

a ]
Pucynok 4.1- ['eomeTpudHa iHTepIpeTallisi po3B’si3KiB piBHSIHb HA POMIXKY [a, B]:
a — PIBHSHHS 3 KUIbKOMa PO3B’A3KaMH;
0 — pIBHSIHHA 3 OJJHUM PO3B’SI3KOM Ha MPOMIKKY

[Tpomixok [a, B], HA IKOMY € OJIMH 1 JIUIIIE OJUH PO3B’s30K & piBHsIHHSA (4.1), Ha-
3UBalOTB M P O M1 X K O M a caM3pO3Ei 80K, aiuBaroTh i 3 O /1 b OHS 3A]HHA- M
MY MPOMIXKKY.
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VY O6inbLIoCcTi BUMAKIB AJI PO3B’SI3KIB PIBHSHb HEMA€ AHANITHYHUX (OpPMYIL.
Tomy BuHHMKa€e OTpeda y 3aCTOCOBYBaHHI HAOJMKEHUX METOJIIB PO3B’SI3yBaHHS PiB-
HSIHB, SK1 31€OLIBIIOrO CKJIAAal0ThCS 3 IBOX €TAalliB:

1) BU3HaUCHHS MPOMDKKIB 130JIS11i1 3 METOI0 OOYHMCIICHHS HAOIMKEHUX 3HAYCHb
PO3B’sI3KIB PIBHSHHS (Y IOMY pa3i TOBOPSTH Ipo M O U a T (0HyIBOBE) HAOIN-
KEHHS);

2) yTOYHEHHS HAOIMKEHOTO 3HAYCHHS PO3B’SI3KY JI0 33/IaHOTO CTETICHIO TOYHOC-
Ti (32 33/TaHOTO 3HAYCHHS TIOXUOKN).

4.2 MeToay BU3HAYAHHS MPOMIiKKIB i30/s1Iil

JIns BU3HAYaHHS MPOMDKKIB 130JIA1111 BUKOPUCTOBYETHCS TE€OpEMa, Bioma 3 Ky-
pCy MaTeMaTHKH.

Teopema. A K WPy HKfu(ixt1) € HenepepBHOW HRAEHAIPO®M
UAX HabyBae 3HauyeHHSA npo OWKOXKHUTXO 3BHCAEKPIE
LbOTIO NPOMI XKY |1 CHY€Ee Xouya=0®. oAGWO ,mqG 3B
ro, nepwd (KXKQgXiHBRH aibfoMy nNnpoMi XKy 3Geper a
€EavHoB G . 16) .

Ha migcraBi 1€l TeopemMu 3po3yMisio, 10 JIsi BABHAYEHHS BCIX MPOMIXKKIB 130-
JSIil qocTaTHBO M O Oy Ay Ba T v T poaapd K v cyy 1K i i Faaudisl 1 U 1o
Ha puc. 4.2 HaBeneHo npukiag oOYMCIeHHs TabauIl 3Ha4YeHb Ta NO0y10BH rpadika
dymkuii X’ — 5X + 1 = 0 y marematuanomy nakeri Mathcad .

f(x: % - 5x+ 1

X: =3,-3+1. 3
Xx: =3,-3+0.01 3

X = f(x) =

20
-3 -11 15
-2 3 10
-1
ORI N
0 1
0 ~
1 -3 -5
2 -1 -10
3 13 -15
=20

a 1]

Pucynok 4.2 — BuzHaueHHs NpoMDKKIB 1301111 y BikH1 Mathcad:
a — TaOJIUILISI MPOMIXKKIB 130J1s1111; 0 — rpadik 3HaUYeHb PYHKIIIT
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3a pe3ynbrataMu OOYMCIEHHS TAaOIUIll 3HaUEHb Ta rpadika BUAHO, IO QPyHKIISA
f (X) = X°— 5X +1 Mae MpOTHIICKH] 3HAKK HA KiHIUIX TPHOX MPOMIXKKIB:

Z::’1| [_31 _2]’ &2' [09 1]= %3' [21 3]
[epma moxigaa f'(X) = 3X* — 5 Mae OHAKOBI 3HAKM HA LHX IPOMIKKAX, TOOTO
Ha KO)KHOMY 3 HHX € JIMIIE OJUH PO3B’S30K PIBHSAHHSA. B SKOCTI mOYaTkoBOrO 3HA-
YeHHsI pO3B’sI3Ky MOke OyTu oOpaHa Oy/b-sKa TOUKa Ha IPOMIKKY 130JIALI1].
JIJiss BU3HAYCHHS MPOMDKKIB 130JIAI1iT MOXHA TakoX 3amicTh piBHAHHS f(X) =0
BUKOPHCTOBYBATH PIBHO3HAYHE MOMY PIBHSHHS

j )=y,
ae ] (X) tay(X) — mpocrim 3a f(X) Gynkiii. ¥ npomy pasi po3B’si3KOM piBHSHHS €
abcryca TOYKM niepeTuHaHHs TpadikiB QyHkmik Yy = | (X) Ta Y= Y (X). Hanpuknan,
PIBHSIHHS

XIn(x)—1=0
3pYyYHO 3aMIHUTH Ha PIBHO3HAYHE PIBHSIHHAM
In(X) = 1/x.

[ToOynyBaBmm rpadiku aBox GyHkmid — Yy = IN(X) 1 Y, = 1/X, — BUBHAYUMO MPOMIKOK
i3oisnii [1, e] Ta HaOmmKeHe 3HaYeHHS PO3B’si3Ky X =~ 1.7 (puc. 4.3).

[
|

/1 17 e X

Pucynok 4.3 — BusHaueHHs MPOMDKKY 130JIS1I11 3 BUKOPUCTAHHSIM
rpadikiB QyHKIIIA PIBHOZHAYHOTO PIBHSHHS

4.3 YTOUHeHHS1 HA0JIHKEHOT 0 PO3B’A3KY PiBHAHHS
METOA0M JIJIEHHSI HABIILJ

Posrnsitemo piBasiaas f(X) = 0. Hexaii dynxkimis f(X) € HemepepBHOIO Ha IPOMIXK-
ky [, b] i f(a) f(b) < 0. 3Bigcu ButUMBaE, Mo po3B’sa30k & piBHsHHS (4.1) epedy-
Bac Ha 3aJaHOMY IMpoMixkKy, To6T0 &1 [a, b].

JIyist oGuKciieHHs HaOMMKEHOTO 3HAYCHHS PO3B 3Ky PIBHSHHS BUKOHAEMO TaKi

: o . o 5 a+bg. ea+b
aii. [Toginumo Biapi3ok [@, b] HaBmia Ha 1Ba BiAPi3KH — ga, 2 1 ea ,bg. ko
2 H &82"H
aa+bg

B TOYIll JIIJIEHHSI 3HAa4YeHHsS (YHKIIT JOPIBHIOE HYJIO, TOOTO faez—o: 0, To BiA-

¢
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. ) a+b .
HAWJACHO TOYHC 3HAUYCHHSI pOBB,HBKy plBHHHHSI X = . 3213BI/I‘{aI/I i YMOBa HC BU-
aa+bg . o
KOHYETBCSI, TOOTO fc’f‘—z 0, 0, TOMY Jajil MU OOMpPAaeEMO Ty 3 IOJOBHH BIIPI3KY
(;, -

[a, b], Ha kiHgx kol Gyukiis f (X) Mae IpOTHIIEKHI 3HAKH.

OOpanuii Bifpi30K MO3HAYUMO [y, D], 3HOBY moinuMo HaBIILT i BUKOHAEMO [Iii,
aHaJIOT1HHI 10 MOMEpEeAHIX. YHACHTIIOK BUKOHAHHSA TaKUX KPOKIB MaTUMEMO IOCIi-
JIOBHICTh BKJIQJICHUX BIJPi3KiB

[a,b] E [a, ] E[ay,b,]E ...E [a,,by], (4.2)

takux 1o f(a,) - f(b,) <0. Orxe, N-¢ HAOMMKEHHS PO3B’SI3KY X, piBHAHHS (4.1) TIepe-
OyBa€ Ha IPOMIXKKY [8n,b,]. Ockinbku 1oBKUHA N-TO Binpi3Ky Oy JOPIBHIOE

(a- b)
d,=a,-b,=——+- 0
2
13a N- © MOCIAOBHICTE &y, &y, ..., &, € MOHOTOHHO HECIIaJHOIO, a IOCIIJOBHICTh
by, by, ..., by — MOHOTOHHO HE3pPOCTAFOYOIO, TO IIi MOCIIIOBHOCTI MalOTh CHIJIBHY I'pa-
HULIO:
x=lim a, = lim b,. (4.3)
n- © n- o

Heckianno nepekoHaTHcs, Mo 1 TpaHULsl € po3B’sa3KoM piBHsAHHSA (4.1). liiicHo, 3
oIy Ha Te, mo f(X) € HerepepBHOIO, BiAHAXOIUMO

im an)= i 1(3)= 1[0

i3Bigcn (&) = 0. SIkmio mporiec AiICHHS HABIII 3yIMUHUTHA HAa N-My KpOIIi, TO 3a Ha-
OJIM>KeHe 3HAUCHHS PO3B’S3KY PIBHSHHSA MOXHA 00OpaTH 3HAYCHHS

+
x, =2 thh (4.4)
2
BoueBuas (puc. 4.4), uo abcosiroTHa TOXHOKa
b- a
e=|x- X”‘G:W (4.5)
I &—o i
ay Xn X bn

Pucynoxk 4.4 — I'eomeTpruyHa iHTEepHpeTaliist HAOJIUKEHOTO
Ta TOYHOTO PO3B’SI3KIB PIBHIHHS

4.4 YTouHeHHs1 HA0JIHKEHOT 0 PO3B’A3KY piBHsIHHA MeT0oA0M HbloTOHA

Hexaii ¢pynkuis f(X) 3amoBonbHs€e Ha Bipi3Ky [a, D] Takum ymoBam:
1) piBustans f(X) = 0 Mae equHMIA PO3B’A30K X;
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2) ¢pynkii f'(X) Ta f "(X) e HemepeprHi 1 30epiraroTh 3HAKH.

3 nepiioi ymMmoBH BuiunBae, 1o f(a) ta f(b) marote npotuiexui 3Haku, a apyra
yMmoBa o3Hauae, mo ¢yskiis f(X) na Biapisky [a, b] uu To nume 3pocrae (f'(X) > 0),
yn jamie cnazgae (f'(X) < 0) 1 npu npomy ii rpadik € un to yBiraytum (f"(X) > 0), uu
onykiauMm (f"(X) < 0). Tyt MOXJIHBI JIKIIIE 1BA BUMAIKH:

1) f(b)&G" (b) >0,
2) f(a)¢F" (a) > 0.

Y mnepmiomy Bunaaky rpadik ¢yskmii Yy = f(X) mMae Burmsa Takui, Sk Ha
puc.4.5,a, a y npyromy — sk Ha puc. 4.5,6. Y mepuioMy BHIAQIKy 3a IMOYATKOBE
(Hy1bOBe) HAOJIMKEHHS BI3bMEMO TOUKY Xo= b 1 BigHaiimemo touky B = f(b). Jam
npoBeeMo 3 Touku B notuany o rpadika f(X), Touky mepetnHaHHS SIKOi 3 Biccro a0-
CITUC TTO3HAUMMO X;. L{e Oyae nepmre HabmmxkeHHS. BiTHOBIIIOIOYM 3 TOUKH X; TIepIie-
HAUKYJSIp 0 nepetuHaHHs 3 ¢yHkmieto f(X), BigHalnemo Touky Bj. 3 i€l Touku
3HOB MpOBeAeMO NO0THYHY A0 (GyHkiil f(X), BigHaliaeMo TouKy ii mepeTHHaHHS 3 Bic-
CIO0 a0CIIUC — Xp, IKa CTaHE APYTMM HaOJMKEHHSAM A0 PO3B’s3Ky piBHsHHA. [Ipoaos-
KYIOUH 1Ied mpoliec, 00UUCIUMO MOCTIAOBHICTh TOUYOK X3, Xy, .. .,Xn, KA HAOJIMKAETh-
Cs1 10 PO3B’s3Ky X piBHsHHS (4.1).

Pucynox 4.5 — 'eometpuuHa iHTEepIpeTaIis
MOIIIYKY PO3B’SI3Ky PiBHSHHS MeTo10M HbloTOHA:
a — JUIsl YBITHYTO1 PYHKIT; O — JUIs OMyKJI01 (QyHKITIT

JIJis BiTHAXOJIKEHHS 3HAYCHHSI X; CKJIaJIEMO PIBHSIHHS JOTHYHOI 10 rpadika f(X)
B TouIll B:

. f (b)
f'(b)=——=.
O=5
BpaxoBytouu, mo b = Xy, 06uncIumo:
%= ) (4.6)
f'(%)

Jlist oOuucineHHs X, y crmiBBimHOIIEHH] (4.6) cii 3aMIHUTH Xy Ha X1, @ X3 — Ha Xo,
10 YTBOPUTH (POPMYITY IS PYTOro HAOIUKEHOTO 3HAYCHHS:
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f(x)

X=X 0N
i (%)
[TpooBXKyrOYH TICH MpoIec s X, O0UHCINMO
f(Xp-1)
% =hb X =X L (n=12,..) (4.7)
b 0)
I'panunsg nmocmigoBHOCTI Xg, X1, ..., Xn, ..., YEPE3 il MOHOTOHHICTH Ta OOMEKe-

HICTb, ICHY€E 1 JOpiBHIOE PO3B’a3K0BI piBHsAHHA f(X) = 0.

1 Okze @:

1 BoueBwunp, mo, skmo f(a) f"(a) > 0, To ciig mokiacta X = &, i Toai Gpopmyia
(4.7) nnst OGUHCTICHHS X, 3aTUIIIAETHCS YHHHOTO.

2 SIkmio 3acrocyBatu Metoa HeroToHa /Ut KiHIp Bigpiska [@, b], Ha sskomy dyH-
KIlisg Ta ii Apyra moxijJiHa MalTh MPOTHIICKHI 3HAKH, TO, 3aMIiCTh HAOJIMKEHHS J10
PO3B’SI3KY X, CTAHEThCS BiJIJIaJICHHS BiJ] HOTO.

4.5 YTouHeHHs1 HA0JIHKEeHOT 0 PO3B’A3KY PIBHSIHHA METOA0M XOPJ

Hexait pynkuis f(X) Ha Bimpisky [@, b] 3a10BobHSIE TakKuM yMOBaM:

1) piBasuEA f(X) = 0 Mae enuHUI PO3B’SI30K, TOUHE 3HAYCHHS SIKOTO MTO3HAYNMO
qepes X;

2) f(X) e HenepepBHOIO Ha [, b;

3) f"(X) 30epirae 3HaK Ha MPOMIXKKY 130JISIIII.

Skmo f"(X) >0 nHa Bigpizky [a, D], To rpadix kpusoi y = f(X) Oyae omykaum
YHU3 1 MOXJIHMBI JBa BUIMIAJKH OOUYHCIIEHb PO3B’S3KY.

1-2 9 d § On ) >0 (puc. 4.6). Y npomy pasi 3a noyaTkone (HyIbOBE) HAOJIH-
KCHHS BI3bMEMO TOUKY Xo = Db. [ani, cnonyuyroun Touku A ta B Xopaoro, mictaHemo
Touky X;. Lle 1 Oyzae nepuie HabmmxeHHs. Touka X; € abcuucoro Touku B; rpadika
¢ynkmii Y= f(X). Cnonyuyroun A ta B; xopmoro, 3m00yneMo apyre HaOIMKESHHS Xp.
[Tpoporxyroun 1eit nporec, 00UUCIMMO MOCHTIIOBHICTh TOUOK X3, X4, ..., Xn, IKQ Ha-
OnmmKkaeThest 10 po3B’sa3ky X piBHsHHS f(X) = 0.

Jlns BimHAMACHHS X; CKJIaeMo piBHSIHHS xopau A B

y- fb) _x-b (4.8)
f(b)- f(a) b-a’
Touka X; € TOYKOIO MEepPEeTUHAHHS XOpAM 13 Biccto abcuuc. OTxke, NOKIaIeEMO B
piBasHHI (4.8) b = X9, X = X; 1 micTaHeMo

—@(xo- a) (4.9)
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Pucynok 4.6 — ['eomeTpuuHa iHTEpIIpeTallis MOIIYKY pO3B 3Ky PIBHAHHSA
MeTo oM xopa y pasif (a) >0

Jlns oGurciieHHs: HAOMMKEHHS Xp; Tpeba y CIiBBIIHOIICHHI (4.9) 3aMIHUTH 3MiH-
HY Xo Ha X3, @ 3MIHHY X; — Ha Xp:

f(x)
f(x)- f

[TponoBxyrouu 11eit mpoiiec, aictTaneMo Gopmyiry

X, =X -

@) (x - a)

f (%0.1)

_ n-1 _ _

X, = Xo g - ) H )(xn_l- a), 1 X =b, n=12 .. (410
Xn-l = a

ITocmimoBHICTE YHCeN Xy, X1, ..., Xp,... € MOHOTOHHO CITQJaI0OY0I0 ¥ OOMEKECHOIO

3HU3Y (X, > X), TOOTO Mpu N- © 3HAYCHHS X, € HAOJMKCHUM PO3B’SI3KOM PiBHSHHS

f(x) = 0.

22 o df Orfs(B) <O (puc. 4.7). Y ubomy pasi HEpYXOMHUM € TIPABUN KiHEIh
Bijpi3ka [a, b], i, 3a aHanoriero 3 BUMagkoM 1 JUIs MOCHIOBHUX HAOJMKEHb, SKi
YTBOPIOIOTH 3pOCTa0Yy MOCIIIOBHICTh, 3/100y/1eMO popmMyy

f (%,.1)
b)' f(xn-l

X =Xq-1- f( )(b xn_l), ne X =a, n=12 .. (4.11)

7

0

Pucynox 4.7 — I'eomeTpuyHa iHTEpOpETaLlis MOLWIYKY PO3B’A3KY PIBHSHHS
meToaoM xopA y pasi f(a) <0

Skmo f"(X) < 0 Ha Bigpisky [@, b], To ciig 3MiHuTH 3HaK GYHKIIIT HA TIPOTHIICHK-
HU#t, ToOTO posrisaaatu GpyHkiiro — f (X).
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JJexuig 5

ITIPOTPAMYBAHHS PO3B’SI3YBAHHS HEJIIHIVHUX PIBHSHD
5.1 YTo4uHeHHsI HA0IMKEHOr0 PO3B’A3KY PiBHAHHA METO0M iTepauii

5.1.1 @opmyna o6uucrennsn po3e’a3Ky pi6HAHHA

Merto iTepaliiii — OJIMH 3 HAWOLIBII BAXXJIUBUX 1 TIIMOOKMX METO/IIB YUCEIBLHOTO
aHaJi3y yepe3 Horo MOKJIMBICTh 3aCTOCYBAaHHS IPYHTOBHOI 171€1 I[bOTO METOY JI0 Pi-
3HOMAaHITHHX OOUYMCITIOBAIBHHX 3a/1a4. Po3riissHEMO piBHAHHS

f(x) = 0. (5.1)

Hexait ¢pynkis f(X) € HerrepepBHOIO Ha ipomikky [a, b] 1 f(a) - f(b) <0. Ileper-
BOPUMO 11 1O BUIJISAY

X=] (X). (5.2)
[Tpu 11bOMy BBasKaTUMEMO, 110 | (X) € HemepepBHOIO Ha MPOMIXKKY [a, b].

1 Ok o OléeperBOopenHs piBHsHHS (5.1) q0 BUrIsay (5.2) MOXHaA 3A1IUCHUTH Y
KiJIbKa crioco01B. Hanpukiaz, sIKio 3a1aHo piBHSAHHA

X3 +2x- 5=0, (5.3)

TO PIBHO3HAYHUM JI0 HHOTO Oy/1e

(5.4)

MOsKHa BHOKPEMHTH X 3 piBHsHHS (5.3):

x> =5- 2x. (5.5)

3 piBHsHHA (5.5) MOXHa 11ie 3100yTH PiBHSIHb, TOTOXHHX 10 piBHAHHS (5.4):

x=3/5- 2x_ (5.6)

X= > 1 5.7
R (5.7)
[ToOGynyeMo MOCIIIOBHICTh YUCET Xg, X1, ..., X, WICHH SIKOI YTBOPIOIOTHCS B Ta-

KM crioci0. Y sIKOCTI X; 00epeMo moYaTKoBe (HYJIbOBE) HAOJIMKEHHS pO3B’SI3KY PiB-
HsHHS (5.2) — Oynp-sike 3HaueHHs 3 Biapiska [@, D] — 1 migcTaBumo #oro 3amicThb
3MIHHOI X Y MpaBy 4YacTUHY I[bOTO PiBHSIHHA. OOUYMCIICHE 3HAYEHHS MO3HAYUMO Xj,
TOOTO

x =] (%)
Jlaii aHaJIo0T19HO OOYHUCIIMMO

U y 3araJIbHOMY BUIIAJKy

X, =j (x,.). (5.8)



38

Hecknagno nepexkoHatucst B TOMy, 110, SIKIIO MOOYJ0BaHa B Takuil crocid moc-
JOBHICTH (5.8) Mae rpaHUIfio

X = Ii_m X, (5.9)

TO 1151 TpaHuIld X Oyne po3B’si3koM piBHsAHHA (5.1). [ilicHO, mepexoasyu y CHiBBiJI-
HoteHHi (5.8) 1o rpaHuI 3a N- & i BpaXxoBYIOYH, IO | (X) € HEMEpEepBHOO, JIicTa-
€MO

im x, =limj (x,,) =] (im x,.,).
3BiacH, BIAMOBIAHO 10 BUpa3y (5.9), maTumemo
x=j (),
TOOTO X € po3B’si3kOM piBHSIHHS (5.1), sikuit Moxke OyTu OOYHCIIeHO 3a (OPMYIIOI0

(5.8) 3 IKUM 3aBTOJIHO CTETIEHEM TOYHOCTI.

5.1.2 I'eomempuuna inmepnpemauisa éapianmie po36°’A3Ky PI6HAHHA
Memooom imepauyii

BodeBuip, 1o po3B’sA30k X piBHAHHA X = | (X) € aOciucoro Touku M, sika € To4-
KOIO MepeTuHaHHs rpadikiB ABoX (yHKIH (puc. 5.1):

Yi=X Y2=] (X).

— /
yi= X,

/

0l X X1 X, X
Pucynok 5.1 — I'eomeTpuyHa iHTEpOpeTalLlisi METOY 1Tepalliif

TyT MOXHBI1 1Ba BUMAIKU:
DOo<j'<1;
2)-1<j'(x)<0.



39

PosrissHeMo criodatky BHITaIoOK, Ko | (X) 3poctae (] '(X) > 0), ane noBiiIbHiIIE
3a X (10010 | '(X) < 1, puc. 5.1). 3a HyIb0Be HAOIMKCHHS Xo 00epeMo SAKy-HeOy b
TOYKY 3 OKOJIy PO3B’sI3Ky X, Ae Mae Micte 0 <j '(X) < 1. Touky X; = | (Xp) moOyayBa-
TH MOXHa Ha oci abcuuc y Takuil crnoci0. 3 Touku Ay, sKa JEKUTh HA KPHUBIH
Y, =] (X) 1 Mae abcumcy Xog, MPOBOJUMO TOPU3OHTAIBHY MPSAMY JO MEPETUHAHHS 3
npsiMOIO Y; = X y Touri B;. AGcumca 11i€i TOUKH JTOPIBHIOE X3, OCKIIBKU TPUKYTHUK
0B1x; — piBHOOenpenuii. Touky X, MOXKHa MOOY/IyBaTH, MPOBIBIIM depe3 TOuKy B
BEPTUKAJIbHY JIHIIO 10 TICPETHHAHHS 3 KPUBOK Y, = | (X) y Toumi A;. OpauHara miei
TOYKH JIOPIBHIOE | (X;). Y 3B’S13Ky 3 THM, IO X, = | (X1), TO, IPOBOISIUN 3 TOUKH Ay
TOPU30HTANIBHY JIHIIO JI0 MIEPETHHAHHSA 3 TPSIMOIO Y= X, MAaTUMEMO TOUKY, a0cIuca
K01 MOpiBHIOE Xp. [IpomoBxkyroun 1ieii mporiec, 3100yBaTUMEMO TOYKH X3, X4 1 T. 1.,
HaOIMKyBaHI JI0 pO3B’SI3KY X.

PosrnsitHemMo Tenep npyruil BHIAAOK, KoM (GYHKIiS | (X) B OKOJII pO3B’SI3KY X
ciagae (] '(X) <0), ane nmoBumeHimE 3a X (j '(X) >—1). ['eoMeTpuyHy iHTEpIPETAIlitO
1TepalifHOro mpolecy s IbOro BUNAJKY MOKa3aHo Ha puc. 5.2,a. TyT mociigoBHI
HaOJMMAKEHHS X, Xi ,..., Xy 301Tat0ThCs 10 PO3B’sI3Ky X piBHsAHHA. OJIHAK, HA BIAMIHY
B1JI MOTIEPEIHHOTO BUITAJIKY, KOJHM BC1 YICHHU IMOCTITOBHOCTI Xo, X1, ..., Xn MICTHJIUCS
Mo OJiuH O1K BiJl PO3B’SI3KYy X, I[LOTO pa3y KOXKHE HACTYIHE HAOIMKEHHS mnepedyBae
Ha MPOTUJICKHOMY OOIIl BiJ TOUKHU X.

Y i{}_ s
2

H

| =} - S —

=\
(=)
=]

Pucynok 5.2 — BapianTtu momryky po3B’si3KiB piBHSHb METOJIOM iTepartiii:
a)-1<j'(})<0; 6)-]'(¥>1 B)-j'(W<-1

Hexaii Terep | '(X)| > 1 y neBHOMY OKoOJIi pO3B’si3Ky X piBHSHHS X = | (X). Tyt
TaKOX MOXKJIMBI ABa BUmaaku: | '(X) > 1 (puc. 5.2,0) 1] '(X) < —1 (puc. 5.2,B). Sk Bu-
JTHO 3 PUCYHKIB, B 000X IIMX BHUIMAJKaX 1TepaliitHuil mpoiec € po30iKHUN, TOOTO KO-
YKHE HACTYITHE HAOJIMKEHHS HE HAOIMKAEThCS, a BILIANIIETHCS B/l PO3B’SI3KY X.

3ayBara. HaBenena reomeTpuyHa IHTEpIpETallisi METOAY ITepaliii J03BOJISE
NPUITYCTUTH, IO MOCIAOBHICTh iTeparllii Oyae 30ikHO0 y pasi, skmio || '(X)|<1 y
MIEBHOMY OKOJIi pO3B’s13Ky X piBHSHHA X = | (X).
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Busnaunmo, sike came 3 piBHsSHB THITY X = | (X) [(5.4), (5.6) un (5.7)] caix obpa-
TH JUIs pO3B’sA3aHHS PIBHSHHA X +2X- 5= 0 Ha npoMikKy i3osmsmii [1, 2]. Pe3yib-
TaTH O0YHCIICHb NOX1THUX QyHKIIH | (X) HAa MPOMIXKKY 130711111 HaBeaeHo y Tab. 5.1.

Tabauis 5.1 — Anani3 dpynkniii j (X) aJ1st MeToy iTepamiii

Howmep . . 3HaueHns j '(X)
DyHKIisA IMoxinna . .
Gopmyn i (%) i ") Ha KiHUAX NPOMIKKY BucHoBok
j X) J J izoJrstuii
(5.4) 5- X’ 3.2 jr(1)=-15 j () <1,
> ) EX j'2)=-6 npouec po30iKHMIA
5.6 if5-2x | .2 i "(1)=-0,32 1<) 09 <0,
() 3/3(5_ 2x) j " (2)=-0,667 npouec 301KHUAN
(5.7) 5 1 10+ 1 j'(1)=-9 j () <-1,
2 x T 2 ji'@)=-1 npouec po36ixHMit

Sk 6aunmo 3 Tabmuui 5.1, 11 po3B’sA3aHHS PIBHSHHS METOJOM ITEpalii ciif
obuparu pyHkio | (X) 3a hopmyoro (5.6), OCKIIBKY 3a IHIIMMHU JBOMa BapiaHTaMH
dbopmy iTepatiitHuil mporec € po301KHUM.

5.1.3 Yuisepcanvna ¢popmyna ob6uucnenna pieHO3HA4HO20 PiGHAHHA
0714 30i)cHOCMI MemoOy imepauiil

Sk 3a3Havanocs panimre, piBHAHHA BUTIAY f(X) = 0 MokHa y pi3Hi CITOCOOH Tie-
PETBOPUTH Ha piBHO3HAYHE PiBHAHHSA (5.2) BUIIALY X = | (X), aje KOXKHE 3 HUX Tpeda
JOJIaTKOBO JIOCHIJIKYBaTH, K 1Ie¢ HaBeneHo B Tabu. 5.1. Busenemo dopmyny s
] (X), sika rapaHTOBaHO Ja€ 301KHUM ITepalliiHUN TIPOIIEC.

Hexaii po3B’s30K piBHsaHHS € X| [a, b] . Toxi piBHAHHSA (5.2) Ha3UBaTUMEMO KA -
H O H i 4YIemelidoro po3B’ 3Ky, SKIIO

i '(x)} ¢ a<1xi [ab] (5.10)

ne  — neBHe yucio Big 0 7o 1. Mu Bxke 3HaEMO, 110 3a ITi€T YMOBH 1TEpaIiiiHui 1Ipo-
1[EC CXOAMTHMEThCA. BHHMKae 3amuTaHHsA: 4d 3aBKad MokHa piBHsHHS f(X) =0,
PO3B’s130K siKOrO € X I [a, b], NEPETBOPUTHU JI0 KaHOHIYHOI (popmu? BusiBisieTses, 1mo
Tak, 3aBXaM, Ko f'(X) He 3MiHIOE 3HAKK Ha TPOMIKKY [a, b]. I1lo6u y npomy mnepe-
KOHATHCS, ITOKJIAAEMO

i (x)=x-1f(x).

Toni piBHsHHS X =] (X) Oyme piBHO3HauHMM 10 piBHsSHHA f(X) =0 3a Oymb-sSKHX
| , 0. HeckmagHo mokasatu, mo | 3aBkam MokHa 0OpaTH B Takui Crocio, moou
j (X) 3agoBosbHsTa ymMoBi (5.10). JliticHo,

j'()=1-1f'(x)
1 yMoBYy (5.10) Oyne BUKOHAHO, SIKIIO

-q¢l1-1f'(x)¢g<l. (5.11)
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Hexain, nanpuknan,
0O<m ¢ f'(x)¢M,, xi [ab]
(30Kkpema, y sIkocTi My Ta M; MOKHA y34TH BIATIOBITHO HaMEHIIE W HalO1IbIIEe 3HA-
yenns f'(X) Ha Biapisky [a, b]). Toxi
1- My ¢1- 1f'(x)¢1- 1 m.
3BiJICH BUIHO, IO HEPiBHICTH (5.11) Oyae BUKOHAHO, SIKIIO TMOKJIACTH
1-IM;=-q, 1-Im =q,
TOOTO SIKIIIO
| = 2 . q= Ml - rr!l.
My +m M; +my
MIPUYOMY HECKJIaJTHO IEPEKOHATHCS, 110 0OpaHe B Takuil croci® ( 3aJ0BOJIbHSAE YMO-
Bi 0¢ <1 3a 6ynp-axux my >0 ta My > 0. Sxmo f'(X) Mae He3MiHHMI 3HAK HA TIPO-
MiXKKY [a, D], To 11 0OuaBa 3HAUYEeHHS HA KIHISAX MPOMIKKY MOXHA BBa)KaTH 3a Hak-
MeHIle ¥ HaioubIne, To0TO 3a My Ta M;. OTxe, yHiBepcansHy (hopmyny QyHKITT

j (X), sika 3a0e3neuye 301KHICTH METOJY iTepalliid, MOYKHA 3alUCaTH i BUKOPHCTOBY-
BaTH y BUTJIAI

LN 2
j (x)=x @+ 0 f (x). (5.12)

3actocyeMo yHiBepcanbHy (opmyny (5.12) mis BigHalaeHHS PO3B’SI3KY PiB-

HAHHS X° +2X- 5= 0 Ha npoMmikky izomsmii [1, 2]. OOumciuMo noxiany (QyHKIil
f(X) mporo piBHSIHHS f'(X)=3X2 +2, a TakoX 3HAYCHHS Ha KIHIAX MPOMIKKY
m=Ff(1)=51 My=1f'(2) = 14. IliacraBuBmu mi 3Ha4ueHHs a0 Gopmyau (5.12),
MaTHMEMO HOBH# BapiaHT GyHKIi | (X):

Sy 2
i (0)=x 5+14

. . 3 _ . .
Orxe, 3aMinnMo piBHsAHHA X +2X- 5=0 na piBHO3HAYHE 10 HHOIO KAHOHIYHE
PIBHSHHS

(x3 +2X- 5): X - %(x3+2x- 5)

X=X- %(x3+x- 5) (5.13)

[TepeBipuMO, YM BUKOHYETHCSI YMOBA 301)KHOCTI METOY ITE€paIliid I PIBHSIHHS
(5.13). [{ns mporo 3amurieMo moxigHy ¢pyHkiii | (X)

j i(x)=x- %(x3+2x- 5)

i oOunciumo 3HadeHHs | '(X) Ha KiHIEX mpoMikky i3omsmii [1,2]: | (1) = 0.474;
j '(2) =—-0.474. 1li 3nauenns BianosinaoTs ymoBi |j i(X)|<1, To6To 06pana dyHKIis
¢©(X) 3a0e3neuye 301KHICTh 1TEPALIIITHOTO MPOIIECY MOITYKY PO3B’A3KY PIBHSHHS.
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5.2 IlporpamyBaHHsl MeTOAiB YTOYHEHHS PO3B’A3KY HeJIHITHUX PiBHSHb
5.2.1 Memoo dinennsa naenin

Bumeonucani MeTou 004YHCIEHHST PO3B’SI3KiB PIBHSIHL MOXKHA 3pealli30ByBaTH
PI3HOMaHITHUMH aJTOpUTMIYHMMU MoBaMu. Ha puc. 5.3 HaBeneHo OnoK-cxemy an-
TOPUTMY PO3B’S3yBaHHSI PIBHAHHSA METOJIOM JIIJICHHS HABIILIL.

( Bxin ~| Bxinmi nani;

f(x),a, b, ¢
X =(a+b)/2
|b—a%—' Pesynbrar X,
st ==
Hi
Tak
=X a=Xx;
. |
x =(a+b)/2

Pucynox 5.3 — biok-cxema anropuTmy mianporpamu
PO3B’sI3yBaHHS PIBHSHHS METOJIOM J1JICHHS HABIILI

3riJIHO 3 LIMM QJITOPUTMOM CKJIaJIeMO TeKCT PyHKIIi (mianporpamu) Moot C++
JUTSL PO3B’SI3yBaHHS PIBHSHHS METOIOM JIIJICHHS HABITL:

/[®Yy H K M €& A oan yNn eHaBHIA N
float bis(float a, float b, float eps)
{ float xr=(a+b)/2;

while (fabs(b-a)>=eps)

{ if (f(a)*f(xr)<0) b=xr; else a=xr;

xr=(a+b)/2;
¥

return xr; }

[ bsHdydzO . s tm@iHp@uKITIT BXITHUMHU ITapaMeTpaMu €: a — JiiBa Mexa
NPOMIDKKY 130111111, D — mpaBa Me)ka TMPOMIKKY 13011111, epS — OakaHa MOXMUOKa Ha-
OnkeHOro po3B’ 3Ky piBHAHHA. DyHKI0 f(X) pIBHAHHS CITijJ TONEPEAHBO 3alUCaTH
y BUIIISIAI OKpeMoi mianporpaMu-QyHkiii MoBoto C++ 1 po3MICTUTH ii miepes HaBe-
JIEHOIO TiAnporpaMoro-pyHkiriero Mmeroay. Hampukmam, 1uist po3B’s3yBaHHS PIBHSIHHS

x+sin(x)—1=0
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onuc QyHKINT piBHIHHS MOBOIO C++ MaTUMe BUTIISI
float f (float x)
{return x +sin(x)—1; }

OmnepaTop BHMKJIMKY THianporpaMu-QyHkiii DIS B OCHOBHIM mporpami yis
PO3B’sI3yBaHHS PIBHSAHHS Ha MPOMDKKY 130Js1ii [—1, 2] 3 moxubkoro eps MoxkHa 3a-
MUCATH Y BUTIISAI

k =bis (-1, 2, eps);

[Ticis BUKOHAHHS [BOTO OMEPaTOpa PO3B’SI30K PiBHSHHS 3aITUIIETHCS 0 3MIHHOI K.
baxano oOuncnuTy 3HaUYEHHS (QYHKIIT BiJ 3MiHHOI K, IOOM BIEBHHUTHUCH, IO BUKO-
nyetbes f(K) = 0.

5.2.2 Memoo Heromona

Ha puc. 5.4 HaBeneHO OJIOK-CXEMY QIrOPUTMY JJIA PO3B’SI3YBAHHS PIBHSIHHS
MmeTonoM HeroTona.

Bxiani gaui:
f(x), f'(x), f'(X), a, b, €

Hi
f@-f'(@>0
Tak
Xo=a Xo=b

P
<«

[
»

X =% - f(x)/ fi(%)

r=|Xo—X%/|
|
Xo=Xp

T Hi

Pucynok 5.4 — biok-cxema anroputmy QyHKIi
pO3B’sA3yBaHHS piBHsAHHA MeToAoM HbroToHa
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3rifHO 3 MM QJITOPUTMOM MOKHA CKJIACTH TEKCT (QyHKII MoBoro C++ mms
PO3B’s3yBaHHS piBHAHHS MeTo10M HploToHA:

[Py Hknmie o4y HbHTOHa
newton(float a, float b, float eps, float &xr)
{ float x0, r;
if (f(a)*f2(a)>0) x0=a;
else x0=b;
do
{ xr=x0-f(x0)/f1(x0);
r=fabs(x0-xr);
x0=xr; }
while (r>=eps);

¥

[ i ssHdydzO . flisitaf@mk@i BXiZHUMU HapamMeTpaMu € a — JiiBa Mexka
MPOMIDKKY 130111111, D — mpaBa Me)ka MPOMIXKKY 130711111, epS — OakaHa MOXMUOKa Ha-
OJIMKEHOTO PO3B’SI3KYy PIBHSIHHS. Pe3ynbrar oO4MClIeHb Iepeaae B rOJIOBHY Iporpa-
My 3miHHa XI. @yHkiiro f(X), i nepury Ta Apyry moXigHi CIIij HOMEpeIHbO 3aMHCaATH
y BUTIIL okpemux (yHKIiH (mignporpam) MoBoto C++ i po3MiCTUTH Tiepes] HaBee-
HOIO BUllE (yHKII€0 MeToy. Hanpukian, s po3B’si3yBaHHS pIBHSHHS

x+sin(x)—1=0
onuc GyHKIIN 11 piBHSAHHS MOBOIO C++ MaTume BUTJIS

//On e X N pPpoMIi XKYr /i gaudblH WX, 39Mi HH MU
float a, b;

/On npy HK yi 1 fEFOB HAHHSA

float f (float x)

{return x +sin(x)—1; }

/Onnecepwoi noxi-A'oT Gy HKUI T
float f1 (float x)

{ return 1+ cos(x); }

/OnmngpymoXi oHOT"GY HK LI T

float f2 (float x)

{ return —sin(x); }

/[y HKnNeT iy HbwTOHa (HaBepgeHa BUL

f[OcCHOBHAa nporpama ob64YymMmcneHHSA Ppi B

Omnepatop BUKINKY (HyHKIIIT NEWLON() B OCHOBHIM TIporpami st PO3B’I3yBaHHSI
PIBHSIHHS HAa MPOMDKKY 130511111 [—1, 2] 3 MOXHOKOI0 ePS MOXKHA 3alucaTy y BUTJISIIL:

newton(—1, 2, eps, K);

P03B’5130K piBHSHHS 3aIUIIETHCS 10 3MIHHOT K. baxkano oOurcanTu 3HaueHHs (yHK-
1ii Bij 3MiHHOT K, 111001 BIIEBHUTHCH, 1110 BUkoHyeThes f(K) = 0.
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5.2.3 Memoo imepauiii

Ha puc. 5.5 HaBezeHO OJIOK-CXEMY aJITOPUTMY PO3B’S3yBaHHS PIBHSHHS METO-

JIOM 1Tepartiu.
( Bxin ) Bximui gaui:
o(X),a, b, ¢

X = (atb)/2
X =] (%)
[
=X - X
[
Xo = X

Tak Hi
0 Buxin } Pesynbrar X

Pucynox 5.5 — biok-cxema anropuTmy minporpamu
PO3B’A3yBaHHS PIBHAHHS METOJIOM 1Tepalliii

3rilHO0 3 UKUM aJTOPUTMOM MOKHA CKJIACTH TeKCT ¢yHKIli Moo CH++
PO3B’s3yBaHHS PIBHSHHS METOJIOM 1TEepalliii:

/Py HIKRET O Yy | Tepaui i
iter(float a, float b, float eps, float &xr)
{ float x0,r;
x0=(a+hb)/2;
do { xr=f_iter(x0);
r=fabs(x0-xr);
x0=xr;}
while (r>=eps);

¥

[ i ssH dydzO . {lista]@HK@ii BXITHUMHU TapaMeTpaMH €: & — JiiBa Mexa
MPOMIDKKY 130111111, D — mpaBa Meka MPOMIKKY 130711111, epS — OakaHa MOXMOKa Ha-
OJIMKEHOTO PO3B’SI3KYy PIBHSHHS. Pe3ynbrar 0O4MClieHb Nepeaae B rOJIOBHY Iporpa-
My 3MmiHHa XI. OyHKIito f(X), 11 mepiry moxigHy Ta creiaibHy GYHKII0

(X)

: 2

j (X)) =%X- — — f
fi(a) + fi(b)
CJII/T TIONEPEIHBO 3aMKMCATH Y BUTIISAI OKpeMHX TianporpaMm-GyHKiliid MoBoto C++ i
PO3MICTUTH iX Tiepesl HaBeaeHOw Buille (QyHKiieo metoay iter(). Hampukmam, mms
PO3B’s3yBaHHS PIBHSHHS

x+sin(x)—1=0
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onuc PYHKIIN 11 PiBHSIHHAS MOBOIO C++ MaTUMe BUTJIS

floata,b; /OnMMe X N pPoMi XKYr /i B300aUABMHWIX, 39Mi
Oon npy HK yi T fE)FOB H A HHSA

float f (float x)

{ return x +sin(x) —1; }

/Onnecepwoi noxi—-A'®oT dyHKUI T

float f1 (float x)

{ return 1+ cos(x); }

I/On nby H K@(X) i

float f_iter (float x)

{ return x —2/(f1(a)+f1(b))*f(x);}

/Py HKNMET iy I Tepaui m (HaBepgpeHa BMUUWe)

/I[OcHOBHaAa nNnporpama O0O64YMCNEHHSA Pi BHSAH

Omneparop BUKIIMKY (yHKIT iter() B OCHOBHIM mporpami Mae Takuid CaMUW BH-
IS, SIK 1 77151 MeToy HeroToHa.

5.2.4 Memoo xopo

Ha puc. 5.6 HaBegeHO OJIOK-CXEMY aJITOPUTMY PO3B’S3yBaHHS PIBHSHHS METO-

JI0M XOP/I.
C Bxin ) BxinHi gaui:
f(x), a, b, €

TaHi Buxin } PesynbTat X,

Pucynok 5.6 — biok-cxema anroputmy QyHKIIii
PO3B’A3yBaHHs PIBHAHHS METOJOM XOP/I
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3rilHO0 3 1AM aJTOPUTMOM MOYKHA CKJIACTH TEKCT ¢yHKIii Moo C++
PO3B’s3yBaHHS PiBHSIHHS METOJOM XOP/I:

I[Py HKNET 1y XO0Oppag
float xord(float a, float b, float eps)
{ float x0, r, xr;
if (f(a)> 0) x0=Db; else x0=a;
do
{if (f(a) > 0) xr=x0-f(x0)/(f(x0)- f(a))*(x0-a);
else xr=x0-f(x0)/(f(b)-f(x0))*(b-x0);
r=fabs(x0-xr);
x0=xr; }
while (r>=eps);
return Xxr;

}

[ §stsH d ydzO . filsts i€ b @HKIIIT BXITHUMH TapaMeTpaMu €: 8 — JIiBa MexKa
MPOMIDKKY 130111111, D — mpaBa Me)ka MPOMIXKKY 130711111, epS — OakaHa MOXMOKa Ha-
OmmkeHoro po3B’s3Ky piBHAHHSA. DyHKI0 f(X) pIBHSAHHS CITiJ IONEPEIHBO 3aIUCaTH
y BUIJISIA1 OKpeMoi mianporpaMu-(yHkiii MoBoto C++ 1 po3MICTUTH ii nepes HaBe-
JCHOIO ITiAIporpaMoro-pyHkiieto meroay. Onepatop Bukiuky ¢yskiii Xxord() B oc-
HOBHI ITporpami Ma€e TaKUi CaMUW BUIJISIA, K 1 AJI1 METOAY J1J€HHS HABIILIL.
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JJexkuig 6

OBYUNCJIIEHHA XAPAKTEPUCTUK MATPULIb
6.1 Marpuui

Ma T p K WedipsaMOKyTHA TaOIUIl YHCEl, SKa MICTUTh M PSAKIB 1 N CTOBMYH-
KiB:

all a12 nan a.ln

a a .. a
A=|%1 &2 2n |

8 Ay - Qmp

Marpuns A HaszuBaeTbCA M P A M O K ¥ flodmparan MxnN. Yucia a; — CKIagoBl
MaTpHIIl — Ha3UBAIOTHCS 11 € J1 € MaeMdUT

Martpuns, sika CKJIaJaeTbcsi 3 OgHOTO psiaka (M= 1), Ha3UBaeThcsi B € K T G P O M
p A A K @akpuls, sKa CKIAJAA€TbCs 3 OJHOTO cToBmumka (N=1), - BEeK T O PO M

C T OB N YMKKICO IM = N, TO MaTPHUILI HA3UBAETHCS K B & [ P @ T Wadad - ii
MIOPSIAKOM.
KBanparna marpuilst BUTISILY

a, 0 .. O

0 .. 0O
A, = PP

O 0 .. a,

HA3UBAEThCs A, | @ I O H.a5Riko B ¢ACMEHTH JiarOHaJbLHOI MATPHIN &; € PiBHI
MOMI) COOO0, BOHA HAa3UBAETHCS C K a J1 A pswmpoieci 8 =1, - O AN H U Y A B M;
puueE:o

1 0 0

0 1 0
E =

0O 0 .. 1

Matpuiis, BCi €1eMEHTH SIKOT IOPIBHIOIOTh HYJIO, HA3UBAETHCS H Y /1 b Q 1B0® |0
HayaeTbes (.

Martpuiis, y gK0i HMEpecTaBICHO MICISIMU PSIIKH W CTOBMYHMKH, HA3HBAETHCS
TP &HO HOB:aHOHW

R
Qp Ay e G

&n Qn - 8y
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Matpuriis Ha3uBaeThCI H O P M @ J) sSIKiHo®B(Ha Ma€ BIACTHBICTh IMEPECTABHOC-

Ti 31 CBOEIO TPAHCIIOHOBAHOIO MATPHIICIO:
AA"=A'A.

Martpuist Ha3UBa€ThesI O P T O I O H,ameé A E, To6TO 111 OpTOroHa-
JApHOI MaTpuIi A’ = A L

OproronanbHa MaTpULd TaKki HACTYIHI BIACTUBOCTI:

- psAnkd (CTOBIMTYHMKH) OPTOTOHAIBHOI MATPHIIl € TIOTTAPHO OPTOTOHATBHUMH;

- cyMa KBaJIpaTiB €JEMEHTIB KOXKHOTO psaKa (CTOBMIIS) OPTOTOHAJIBHOI MaT-
pul1l TopiBHIOE 1;

- BU3HAYHUK OPTOTOHAJILHOI MaTPHIIi JTOPiBHIOE *1.

KBaapaTtHa maTtpuis Ha3uBaeThes T P U K Y T sHIQO KN eeMEeHTH, PO3MIIIeH1
BHUIIE (UM HIKYE) TOJIOBHOI JAlaroHali, TOpiBHIOIOTE HyJeBi. Hanpukman, maTpurs

t, t,, ... 1,

T.= 0 t, .. tee|

O 0 ..t

nn

ne tj=03a ymoBu (j<i) e Be€ P X Hb O TMyAMPHIYOT AHDIGDIUHO, SKIIO
tj =03aymoBH (] > i), MaTUMEMO H M XX H 10 T P Makpyubo.H Y

[cHytOTH MaTpuIll 31 3HAYHOIO KIJIBKICTIO HYJIBOBUX €JIEMEHTIB, PO3TallIOBAaHUX
0e3 cTporoi MOCIIAOBHOCTI, MPUYOMY KUIBKICTh HEHYJIBOBHX €JIIEMEHTIB € 3HAYHO
MEHIIIOIO 3a 3arajibHy KUIBKICTh eJIeMEHTIB. Taki MaTpuIll Ha3WBalOTh P O 3 P i UO-XK € H
MWHasBemo K 0 € i Ui €EHTOM Wi BBHHMHIOHEATKUIBKOMIAHEHPIKOL, |
BHUX EJIEMEHTIB /10 3arajbHOi KIJIbKOCTI 1i €JIeMEeHTIB. MaTpulil0 BBaXalOTh 3a po3pi-
JDKEeHY, SIKIIO KOoe(ILIeHT ii UIIJIbHOCTI € MEHIIUM YM JIOPIBHIOE 3HaueHHo 1/N. Ox-
HUM 3 OCHOBHHUX JIXKEpeJd PO3PLIKEHUX MATPUIlb € MaTeMaTU4YHI MOJENI TEeXHIUHUX
MPUCTPOIB, K1 CKJIAJAIOTHCS 3 BEJIMKOI KIJIbKOCTI €J€MEHTIB, 3B SI3KM MOMIXK SKHUMH €
nokanbHi. HalimpocTinn npukiiaaym Takux TPUCTPOiB — CKIIaaH1 OyAiBeIbHI KOHCTPY-
KITii ¥ BEJIUK1 €JIESKTPUYHI KOJIa.

6.2 YuciioBi XapaKTePUCTHKH MAaTPHLb

Cnio mampuyi. HaliipocTiloro Jyisi 0OYMCIEHb XapaKTEPUCTUKOK KBaJIpaTHOI
MaTpHII € TaK 3BaHUK C 1 1 [~ M-acymp éaidyid¢HTiB ii rOJI0BHOT qiaroHari:

PA= 4 a . (6.1)
i=1
Bu3znaunuk xeaopammuoi mampuyi. Hexaii A —KBagpaTHa MaTpHIIA 3 €JIEMEHTA-
mu g, ae 1,j=1,2,...,n (n—nopsaok Matpuii). BN 3 Ha 4 H UK OmMsuEE-a T P U

€ThCS cyMa 13 N! 10OyTKiB BUTIIALY (- 1)ka1kla2k2...ankﬂ , KOXEH 3 SIKUX JOPIBHIOE J00Y-

TKOB1 N €IEMEHTIB MaTPHIIi, B3ITUX MO OJHOMY 3 KOXKHOTO psAJIKa # KOKHOT'O CTOBII-
2 . Y 2
yuka. [Ipy oMy 3HaK 4ieHa BU3HAYAETHCS KUIBKICTIO 1HBEPCii K y mepecTaBIsiHHI

2 [epecTaBisHHAM 3 N YKceT HA3UBAIOTh OY/Ib-sIKE HEBIOPSAKOBAHE PO3MIIIICHHS IMX yucel. Hanpukian, yci mepec-
TaBisHHS yncen 1, 2, 3 e raki: 123, 132, 213, 231, 312, 321.
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ki, ko, ..., Ky 3 amcen 1, 2, 3, ..., n... B MaremaTuIi BU3HAYHKK MMO3HAYAIOTH |A| uu
det A. Hanpukiia, BU3HAYHUK MATPHIIl TPETHOTO MOPSIIKA MOXKHA OOYUCINTH 3a (Ho-
PMYJIOIO

det A = ay18p,833+81283831+ Q13821837 - A31822813 — Ag283811 — 33182

Minopu, anzebpaiuni oonognenns, panz mampuyi. Mi H 0 MipeMemenTa mMa-
TPULI & HA3UBAE€ThCS a0COIIOTHE 3HAYEHHS BH3HAYHUKA I1AMATpULI, 3100yTOi BH-
KPECIIOBAHHSM I-TO PsIKA ¥ |-TO CTOBITYMKA 3 MATPHII A.

Anr e6pail 4 H KN Merghaim QaBpHIEAHEZABMTECS MiHOp M , 3HaK
SIKOTO OOYHCITIOETHCS 32 (HOPMYIIOI0

A= (- 1)™ M.
Mi Hop-0 Niap a @ B A HatuBaeTbcs BU3HAYHUK MaTpuii M, yTBo-

PEHOT eleMeHTaMu, PO3TAllIOBAHUMH Ha TIEPETHHI OyIb-IKuX K psinkiB i Oyab-skux K
CTOBITYMKIB MaTpHIli A.

P a H rMarpuii A Ha3MBAa€ETHCSI MAKCUMAIbHUI MOPSIOK BIAMIHHUX Bl HYJIS
MiHOpiB Matpuili. Marpumst A mae panr K = r(A), skmio BimHAWAETHCS MpUHAHMHI
ouH i MiHOp mopsinka K, BiIMiHHMIA BiX HYJs, @ BCI MIHOPH MaTpHil A TOpsIKa
K + 1 i BuIIIE JOPIBHIOIOTH HYJIEBI.

O6epnena mampuys. O6 € p H Spue A ' oo meBHoi MaTpuii A Ha-
3WBAETHCS MATPUIL, KA OYydr MIOMHOKCHOIO Ha MEBHY MATPHUIIO A, YTBOPIOE OJTH-
HA4YHY MaTpuuio E:

AA'=AA=E.

OO6epHEeHy MaTPHITIO MOKHA OOYHCIIUTH 32 (POPMYIIOLO:

oA, A Ao

D D Dg
e P Aa
Al=¢D D Dy
ST )|
éAin AZn Ail Ahnl:l
D D D D

ne A= det A - BusHauHuK Matpuul, Aj - aireOpaidHi JONOBHEHHS BIJIIOBIIHUX €Jle-
MeHTiB & Matpuui A (i,j=1,2,...,n)...

OOepHeHa MaTpuls iCHYe, SIKIIO 1i BU3HAYHUK HE JOPIBHIOE HYJIEBl, TOOTO
det A #0.

Hopma éexmopie ma mampuys. HO p M0 10 B¥e=xX[X, Gb)..a X,| Ha3uBa-
€TbCSI HEB1JI'€MHE YUCIIO ||X||, IKE 3a0BOJIbHSIE YMOBAM

IX|][>0 3ax+#0,
|| C-x|| = |C|||X|| 32 Oymb-sikoro MHOKHUKA,
X+ yl <]l Iyl .

aey —Bektop, Y =[Y1, VY2 ..., Yn]
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Hopmy BexTopa moxke OyTH 3100yTO y pi3HI ciocoOu:
i 10 || X |[n=max | x|, aeci=1,2,...,n (MHOp™Ma BeKkTOpa),
gu || X || =é %] (I-mopMma BekTOpAa),
i=1
|2

n
i || X |le=./& x| (eBKmigoBa HOpMa BEKTOpA).
i=1

Mo:xuBI ¥ 1HIIN BUJIM HOPM, SIK1 3aJJ0BOJIBHSIOTH C(POPMYITLOBAHUM BHIIE YMO-
BaM.

HopMot KB apgp aA HimiBacTMAHEBDT MU unciio ||Al], ske 3a-
JOBOJIBHSIE THM CaMO YMOBaM, 1110 i HOpMa BEKTOPIB:

|| A|>0, ne A — HeHyJIbOBa MaTPHIIS,

|C-A||=|C]|| Al 3a Oyab-1KOro MHOXXHHKA;

| A+B||<|Al+|B]|, meB—HenyaboBa MaTpuIL,
1, OKpIM TOT'0, 32JI0BOJIbHSIE YMOBI

[A-B[I<[[A[[B].

Hopma matpuils Moxke oOuucitoBatrcs y pidHi cnocodu. OgHak mpu LbOMY €
JOIIILHO, 100K BOHA Oyja MOTOJKEHa 3 OOpaHOI0 HOPMOIO BEKTOPIB, TOOTO IJIs
KOYKHOT MaTpHIll A 1 KO)KHOT'O BEKTOpa X MOTPIOHO BUKOHAHHSI YMOBH

TAX <[ A x].
JIst yBeIeHUX paHilll HOPM BEKTOPIB MOTOJKEHHUMH HOPMaMH MaTpPHUIlb OyIyTh
TaKi:
.
HAHm = miaX a ‘aij ‘ (mraOpMa MaTpHIIi); (6.2)
=l
n
HAH| =max g ‘aij‘ (I-aopma matpwuri); (6.3)
I =
S 2
aa ‘aij‘ (eBKJIiZTOBa HOpPMA MATPHIL ). (6.4)
i=1 j=1
él 2 3¢
a=% 5 6!
M w K .AOO0UdCcIuPy HOpMHU MATPULIl A =& -
& 8 9y

Po3B’s13aHHs:
| A ||m = max (1+2+3, 4+5+6, 7+8+9) = max (6, 15, 24) = 24;
| A ||| = max (1+4+7, 2+5+8, 3+6+9) = max (12, 15, 18) = 18;
[Ae=VE+22+3 +42 +5 +6° + 72 +8 +9° =/285° 169,
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Bnacni 3nauenns ma énachi gekmopu mampuyi. X a pakK T e P URITBHH M N M
H S WATpUIll A Ha3WBAETHCS PIBHIHHS

defA- 1 E)=0,
ne matpuus (A — AE) Mae BUrisa
;- | a5 ),
(A-|E): Ay azz'l &
O P

Busnaunuk matpuii (A —AE) MoOXXHa TakoX 3amvcaTd y BUTJSII MOJIHOMA
CTereHs N

3()=CD)TAT +cl Tl TEH Al +¢r)6 (6105)

[le#t moxiHOM Mae N po3B’sI3KiB, AKI MOXKYTh OyTH JIMCHUMHU YW KOMIUIEKCHUMH,
NPOCTUMHU 4K KpaTHUMH. Po3B’si3ku | i (i = 1, 2, ..., N) piBHSIHHS XapaKTEPUCTUIHOTO
nosinomy P(I ) =0 HasuBaroTh B /1 @ CUM W \@ N1 \apuli. XapaKTepUCTUIHUAN TT0-
JIHOM MO>KHA PO3KJIACTH HA MHOKHUKHU:

p) =11 - 1)@ - 1g...(0 -1

BnacHum BeK T QAP MiAIMBAAE PICHONY 3HAYCHHIO | |, Ha3u-
BAETHCS HEHYIBLOBUI BEKTOP V = [V, Vo, ..., Vi]', KKl 33710BOJIbHSIE MATPUYHOMY Pi-
BHAHHIO

Av=1,v, (6.6)
TOOTO CUCTEMI PIBHSHD
ay Vi +apVy + ..ot agpVy, =1 v
AVt apVh+ ...t apVh =1y

6.3 MeToau 004YMCJIIOBAHHA BJIACHUX 3HAYECHL
Ta BJACHUX BEKTOPIB MATPUIb

3amadi 0OYKCIICHHS BJACHUX 3HAYCHb Ta BJIACHUX BEKTOPIB BUHUKAIOTH TIPU BHU-
3HAYaHHI YaCTOT BJIACHUX KOJIMBaHb JUHAMIYHUX CHCTEM, MIPH JTOCIIKEHHI CTIHKOC-
Ti 00’€KTIB MEXaHI4HO1, (GI3MUHOT ¥ XIMIYHOI MPUPOJIU, & TAKOXK SK CAMOCTIHHI Ma-
TeMaTU4H1 3a/1a4i.

BrnacHi uucna, sk po3B’si3KM HENIHIMHOTO anredpaiuHoro piBHAHHS (6.5), Mo-
KyTh OyTH MIMCHUMH 91 KOMIUIEKCHUMH, TPOCTUMH M KpaTHUMU. OJTHOMY BJIaCHO-
MY YHCITy MOYKE BIJIIOBIATH KUJIbKA JIIHIMHO HE3aJIKHUX BEKTOPIB.
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Oobuucnenna 61acHux 3HAYEHL 3 GUKOPUCHMAHHAM XAPAKMEPUCHUYUHO20 Di6-
HAHHA. BIINOBIAHO 10 O3HAYEHHS, BJIACHI YMCIA - 1€ PO3B’S3KM XapaKTepH-
CTHUYHOTO piBHAHHA (6.5). CKOpUCTAaEMOCS ITUM O3HAYEHHSM Ha MPaKTHUIIL.

M p ¥ . @ounknuraé BCiBIacHI YMcia i BIACHI BEKTOPU MAaTPUIl

e3 -1 O0g
_e u
A= & 1 2 - 1u
g0 -1 3y
Cxnagemo Matpuirio (A - | E) i po3kpuemo ii BU3HAYHUK:
&8-1 -1 0g
(A-1E)=€-1 2-1 -1U=_13+812-19] +12.
§0 -1 3-1g
Jiist  3m0Gyroro  xapakrepucrtmusoro pimsHEs - |0 +8%-19 +12=0

po3s’sizku | 1 =1, | , =3, | 3=4 1€ BIacHUMH YKCIAMH MaTpPHIIL A.
Jnro 64 mMCNeHHS B JIAMIHAOMDIOHIHEIE KO Iy BHDIaL

Av —| iV:O abo (A—l i)V:O.

[TomHO)uMoO | | HA oguHWYHY MaTpulro E (pe3ynbraT Bi IbOTO HE 3MIHUTHCS) 1
MaTHMEMO CUCTEMY JIIHIMHUX anreOpaidyHuX piBHSAHb 3 HEBIJOMUMU 3HAUCHHSIMU Be-
KTOpa V Ta 3 BU3HAYHUKOM, SIKHI TOPIBHIOE HYJIEBI

(A-I{E)=0. (6.7)
Po3B’s130k cuctemu (6.6) — 11€ 3HAUEHHS BIACHOTO BEKTOPA V JJIs BIIACHOTO YHUC-

na | . Cxiragemo cuctemy JTHIHHUX anreOpaiuHuX piBHSHB [ BU3HAYCHHS BIIACHO-

ro BEKTOpa 3a/aHoi y MPUKJIai MaTPHIli 3a BIacHOro 3HadeHHs | 1 = 1. Ilicns mimc-
TaBJIEHHA 3HA4Y€Hb /10 cucTeMu (6.6) MaTUMEMO:

2V1'V2 =0,
V1 +V,— V3 =0;
— Vo +2v3=0.

[ro cucteMy MOXHa 3BECTH JI0 IBOX PIBHSHB 3 TPbOMa HEB1IOMUMU. PO3B’A3KOM Lii€i
elg

>,U
CUCTEMH € BIIACHUH BEKTOP v = SZU
JIns BiTHAXOKEHHS BJIACHOTO BEKTOPA, BIATOBIIHOTO IO KPAaTHOI'O BIIACHOTO
yuchna | , = 3, migcTaBuMo Woro 10 piBHAHHS (6.6) 1 CKIIaAeMO CHCTEMY

-\ =0;
—V1- V2 V3 =0;
-\ =0.
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1

0
J1i1st OOYHCIICHHS BJIACHOTO BEKTOPA, BIAMOBIAHOTO IO KPATHOTO BIACHOTO YHCIIA

| 3= 4, migcTaBumo Horo J10 piBHIHHSA (6.6) 1 CKIIQJIEMO CUCTEMY

(D~ (D~ (D~
(e el O]

. . ~ 2
P03B’s130K 111€1 cUCTEMU — BJIACHUN BEKTOP v =

_Vl_ V2 :O:

-V, —2 V2—V3=0,

— V2—V3=0.
¢lg

e ,U
© e v 3 SN
Po3B 30K i€l cHCTeMH — BIIacHuii BeKTop V' = € lU
eld
Takuii MeTO OOYMCIIEHHS BJIACHHMX 3HAY€Hb Ta BEKTOPIB € TOYHUM, OJHAK 3a

pO3MIpiB MaTpuii MoHax 4uciao Tpu (N> 3) HAATO BaXKO € CKJIACTH XapakKTe-
PUCTUYHE PIBHIHHS.

Oobuucnenna 61aCHUX 3HAYUEHb 3 BUKOPUCHLOB8YBAHHAM NEPEMEOPIOBAHDb NOOi-
onocmi mampuyyp. 111 MeTOIM 3aCHOBAHO HAa TEOpPEMI, 110 KOXKHY MATPHIIO A, sKa
Ma€e N BJacHUX 3HAYEHb, MOKHA 3BECTHU 3a JIOMIOMOTOIO MEPETBOPIOBAHD MOJIOHOCTI
JI0 TlarOHAJIbHOT MAaTPHIIi, SIKa CKIJIAJAETHCS 3 BIACHUX 3HAUYCHb:

g, 0 .. O0p
é u

| g0 o o Oy
D:dlag (| 1,|2a---7|n): e.. ee e U
é u

éo O L] In!l’J

[MfepeTBOpPEHHAM N O AaBuBAKTG ICR[ICTBOPEMHA AUIPISUL, b
C=T'AT, |T|#0.
VY npomy pasi marpuirro C HazuBaroTh M O 1 G HO K JAO MaTpPpULI

BnacTtuBocCcTi noai 6HMX MaTpuub:

-y IOJIOHUX MaTPHIIb BJIACHI YKCIIa 301ral0ThC;

- SKIIO V € BIJACHUM BEKTOPOM MATPHIli A JJIsl BIACHOTO yucia | , To JuIst MaT-
puti C, moaiOHoi 10 matpuill A, Bektopy =T v e BnacauM.

BiracHi BekTopu i 3HaYEHHS MOB’S3aH1 TOMIX COOOI0 CITiBBITHOIIICHHSIM

VAV =D =diag(l 1,1 5,---d ), (6.8)

ne V= [V v®@ ... vV] - marpus, ckiasena 3 BIaCHHX BEKTOPIB.
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Hanpuknan, 171 po3risiHyTOl BUIIE MATPHII

e3 -1 Og

_é u

A—él 2 _5

g0 -1 3y

CKJIaJIeMO MaTpuilio V = [V(l) V2 V(n)] 3 BJIACHUX BEKTOPIB:

el 1 1g

_é u

V = gz 0 -1y

4 -1 1

OGeprena Matpuis V' Mae BUTIIS

&.167 0333 0167
V'=£05 0 -053
.333 - 0.333 0.333

BianosigHo A0 piBHSHHSA (6.8) 3anuiieMo:

&.167 0333 0167p¢3 -1 Ogél : 0
VIAV= g 05 0 -050.¢1 2 -19.2 0 -1i=0 3 0
§.333 -0333 033360 -1 3Q 4 -1 1y € O

OTxe, MU MEPEKOHAIIUCS, [0 MATPHUII0 A MOXXHA MPHUBECTH 10 JiarOHAJIBHOT
¢dbopmu 13 BnacHuMH 3HaueHHsMu | 1 =1,1,=3,1 3= 4:

V''AV =D =diag(l, 3, 4).

[lepeTBOpeHHSIMU TTOA1I0HOCTI BUXIJIHY MaTPUIIO A IPUBOJAATH A0 1HILOI MaTpHU-
11, B SKOI BJIACHI 3HAYEHHSI OOUYMCIIOIOTHCS MPOCTIIIE, aHIXK Yy BUXIJIHOI MaTpulll A.
B sxocti mMarpuni T 3a3BUyail BUKOPHCTOBYIOTH OPTOTOHAJIbHI MAaTpHIl, OCKIIBKH
IUIsl HUX OOepHeHa MaTpHIlsl JOPIBHIOE TPAHCIIOHOBAHIM 1 HEMae MOTpedu ii oOumc-
JOBaTH. I, 110 € 1€ Ba)JIMBILI, — NEPETBOPEHHS 3 OPTOTOHAIBHUMHU MATPULSIMH €
YHCEJbHO CTINKUMHU.

st matpuith, po3mipoM He BuIe 3a 20 JOIIIBHO BHUKOPUCTOBYBATH METOJT
Sk001, SKHUIl TPYHTYEThCS Ha i/1ei TaKuX TMEPETBOPIOBAHb MOAIOHOCTI MaTpHIlb, 3a
SAKUX TOCIIOBHO YCYBAalOThCSl HAMOLIbINI HEHYJIbOBI HElarOHaJIbHI €IEMEHTH IS
3100yTTs MaTpuili Dy, sKy 3 MeBHOIO 3aaHOI0 MOXMOKO MOYKHA BBaYKATH 3a Jiaro-
HanbHY [9]. HegonikoM Metony € Te, 110 miciast OOHYJIEHHS HellarOHaJbHUX eJIeMEeH-
TiB MaTPHUIIl HACTYIIHI iTepallii MOXKyTh 3pOOUTH TX HEHYJIHOBUMH. A 0TkKe, Tpeba Oy-
ne 3IMCHUTH Oarato iteparii, moou eJIeMeHTH, K1 He JIeKaTh Ha JiaroHali, CTajau
BEJIbMU OJTM3bKUMHU JI0 HYJIA.

Jlnst MaTpulb OUIBIIMX PO3MIPIB (B SKMX N CTAHOBUTH MOHAJ KIJIbKA JECATKIB 1
HaBITh COT€Hb) ONTHUMAaJBHIII BUKOPUCTOBYBATH METOJ] XaycXOJbJepa, BiIMOBIIHO
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A0 JKOro 3ajlaHa MaTpuid 3a JOIIOMOI'Or0 CHeHiaJ'IBHI/IX MEPpETBOPCHL CTa€ CUMCTPHU Y-
HOROT M4 I ar oHa Nnb HOBASMYA T P U L, € 10

& b 0 .. O 0 0g
e u
& & b, .. 0 O U
é0 c ... 0 0 ou
Aze U
e0 0 0 .. ¢ b .U
é n-2 a“n-l n-1L\j
g0 0 0 .. 0 ¢, anq

Jic & - €JIEMEHTH T'OJIOBHOI JiiaroHayi; bj TaCi - eJIeMEeHTH MaTpHIIi, pO3TaIlIOBaHi Ia-
paJieJIbHO 10 €JIEMEHTIB roJIoBHOI miaroHaini (Oj Ha OJMH €JEMEHT mpasiiie, G - Ha
OJMH eJIEMEHT JIiBiIIe).

Memoo cmenenis. eyt MeTOI BUKOPUCTOBYETHCS MEPEBAXKHO 11 BUSHAYAHHS
Ma)KOPaHTHOT'O BJIACHOTO 3HAYEHHs Ta WOro HOpMaJli30BaHOro BekTtopa. Ma X O a
THMWUM B JlacHMW VvHa3uBaHTECH akOibAIM 32 a0COJIIOTHOIO BEITMYHHOIO
BJIaCHE 3HAYCHHs MATPHIl. ['OBOPSATh, OB /1A C H U 1 € BARXN 80J/pi ,3K8 a H U i
Horo KoopAnHAaTa, IKa Ma€ HailolIblle 3HaYeHHS 3a a0COIOTHOIO BEJIMYMHOIO, J10Pi-

BHIOE OJTUHUIII.

[Tpunycrimo, 1m0 MaTpuilsi A Ma€ MaKOpaHTHE BJIACHE 3HAYEHHS A 1 10 ICHYE
€IMHUN HOpMaJIi30BaHUM BJIACHUM BEKTOp V, sSKUM BiamoBimae A. Hexait moyaTkoBe
HaOJIMKEHHSI BJIACHOTO BEKTOPA

<
1
D> (D~ (D~ (D~ (D~ (D
- ]
(e e el e el O]

BianoBigHO 10 METOAYy CTEMEHIB O0YMCITIOBATUMEMO HACTYIHI HAOJIMKEHHS HO-
PMaJli30BaHOIO BJIACHOTO BEKTOPA 3a PEKYPEHTHUMHU (POopMyTaMu

1

k _ k _ k k+l _ k

Y'=AV, Cei=max{y'}, Vv = Yy, (6.9)

Ck+1
e kK — Homep iteparii; Cyq - HaiOLIbINA 3a BEJIMYMHOK KOOpPAMHATA BEKTOpa yk
. . . . k .

(y pa3i 30iry obuparoTh nepiy 3 koopauHat). [TocmigoBHocti {cy} Ta {V'} 30iraroTh-

Cs1 BIATIOBIJTHO JI0 BJIACHOTO YKCJia A ¥ BIAMOBIHOTO J0 HHOTO HOPMAaJIi30BaHOTO BEK-
Topa V.

Hanpuknaa, BUKOPUCTAEMO METOJI CTETEHIB, OOM 3HANTH Ma)KOpPaHTH1 BJIaCH1

3HAYEHHS 1 BIIACHUW BEKTOpP MaTpUIll

20 11 -5g
A=g2 17 -74
&4 26 -104
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élg
y o €U
Hexaii mouyaTkoBe HaOIMKEHHS BIACHOTO BEKTOpa V- = &N).
BukopucroByroun popmynu (6.9), o0uuciaumMo mepii iTepariiiii HaOJuKEHHS
710 BIIAaCHUX 3HAYCHHSI i BEKTOPA:

é,0 11 -5ze1g e6z
é u
peap=§2 177 ThAL- gl
g4 26 -101361421 @29
e6g e6 ra @05g¢g

éyo e u—e/zu‘eO67u.
Taa o 61
VYHacmaok apyroi iteparii MaTUMeMO
@0 11 -5g¢é05g €2.33%
yi=avt=82 17 - 78967, = 93 333“u
&4 26 -10961 4y g3.333a

¢, = max{6, 8, 12}=12, v'=

€2.333  0.438
=538, V= — 9= F33ce3>3?~ﬂ S.625
= €5.333 @ 1 H

VY pe3ynbTati TpeThoi iTepalli 004uncIuMo:
e0 11 -5g €0.4387 ¢l.875
y=AQ =g 2 17 - “ ‘?062§J e275u
&4 26 -109@ 1 g g455|

8.875% &0.417g
=45 =1 QI_E( 2275 0611u
6459 el

[TpoaoBXyroUM iTepalliiiHi 00YuCIeHHs, T00AYUMO, 1110 MOCIIIOBHICTh BETUYUH
Ck Ta V' P, 30iraeThCs A0 CIPaBXKHIX 3HAYEHB, K1 BIJMOBIIAIOTh BJIACHOMY 3HAUYE€HHIO
A 1 HOpMaJIi30BaHOMY BJIaCHOMY BEKTOPOBI V:

040
ck—A=4, V*>v= 20’63, ne kK — Homep ireparrii.
ely
Takwuii pe3ynbraT y JaHOMY MPHUKIJIAJI JOCATHYTO Ha BOChMIil iTeparii (3a k = 8)
3 noxubkoro 0.01.
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Jdexuig 7

OBUYMCJIEHHS CUCTEM JIHIMHNX PIBHAHb

7.1 IllocTranoBKa 3axa4i

barato mpobOimeM y Ppi3HMX Tally3sX HAyKd W TEXHIKH MPU3BOAATH [0
PO3B’sI3aHHS OJIHIET 1 Ti€T )K MaTeMaTUYHOI 3a71a4l - PO3B’sI3aHHS CUCTEMU JIIHIMHUX
anreOpaidHuX piBHSAHBL. Po3risHeMO Ui TpUKIAAy 3agady BU3HAYaHHS CTPyMYy B
SICKTPUIHOMY KOJIi, TTOIaHy Ha puc. 7.1.

Rl Il |2 R2 |3 R3

Pucvuok 7.1 - (Cxema enekThUUYHOTO KOTa

Onopu Ry, Ry, Ry ninsiHOK KoJa i enexktpopyuiiiti cuun By 1 E; mxepen ctpymy
(EPC) € Bimomumu. JloaTHi HanpsIMKU CTPYMiB MOKAa3aHO HA PUCYHKY CTPLIKAMHM.
BianosinHo o nepmoro 3akony Kipxrodga, anredpaiuna cyma cTpymiB, 110 CXOASTh-
csl 'y By3Ji, A0piBHIOE HyJeBl. [pyruii 3akoH Kipxroda crBepmxkye, o B KO)KHOMY
3aMKHYTOMY KOHTYpI1 €JIEKTPUYHOIO KoJia ajaredpaiuyHa cyma T0OYTKIB CUJI CTPYMIB |
Ha omopu R BIANOBIAHMX AUISHOK I[OTO KOHTYpa JIOPIBHIOE alreOpaiuHiil cymi
npukiageHux 10 aporo EPC (i =1, 2, ..., n). BukoprcToByroun 1i 3aKOHH IS KOJIa,
300paxkeHoro Ha puc. 7.1, MOXKHa 3anucaTu:

- |1+ |2- |3 =0;
Rili +R > =B+ B
R2|2+R3|3:E2.

OTxe, MaeEMO PO3B’SI3aTU CHUCTEMY JIIHIMHUX anreOpaiyHuX PiBHSIHBb 3 HEBIJO-
MuMH |y, |5, |3. PO3B’s13KH 11i€1 cUCTEMU PiBHSHD — I1€ 3HAYEHHS CHJT CTPYMIB ;.

PosrisitHeMo cucteMy piBHSIHB Yy 3arajibHOMY (MaTeMaTH4HOMY) BUrisial. Cuc-
TEeMy JIIHITHUX anreOpaiyHUX PiBHSIHb MOKHA 3allMCcaTH B TAKUH CHOCIO:

A Xy + apXe + ayzXs + ...+ &nXn = by;
Ap1X1 + ApoXo + ApaXg T ... T A Xn = by
............................................. (7.1)

7€ X — HEBIJJOMI 3HaYEHHSI CUCTEMH, SIKI CJIIJT 0OUUCITUTHU (UM PO3B’SI30K CUCTEMHU PiB-
HSIHB); &; — KOe]illieHTH IpH HEBIAOMUX; D;— KoedillieHTH NpaBOi YaCTUHU CUCTEMH
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piBHSHB; N - KUIBKICTh HEBIJIOMUX YH TIOPSIOK CHCTEMU PiBHSHB; I, ] =1, ..., N,
Cuctemy JHIHHUX PIBHSIHL MOKHA 3aMCAaTH TAaKOXK Y MaTpUUHIA Gopmi:
A x = B, (7.2)

ne A — matpuirs Koedilli€eHTIB TP HEBIIOMHUX; X — BEKTOp HEBigomux; B — BekTop
MpaBUX YaCTUH PIBHSIHDb CHCTEMH:

S, A - A0 g N
e u e u u
A= G Gag  _gon  p_é
é... u é...u é..u
é U é u & !
&y ap . A Xl Ny

ko matpuist A — HE0CcOOIMBa, TOOTO 3HAYEHHS 1i BU3HAYHUKA HE JIOPIBHIOE
nynesi (detA # 0), To cucrema (7.1) uyn MarpuuHe piBHAHHSA (7.2) MarOTh €IUHUI
PO3B’S30K — BEKTOP X (TOOTO X3 Xp, ..., Xn).

Bin yminHS eeKTUBHO pO3B’A3yBaTH TaKl CUCTEMH YacTO 3aJICKUTh CaMa MOXK-
JUBICTh MAaTEMATHUYHOTO MOJICNIOBaHHS HAMpPI3HOMAHITHIIIMX IMPOIIECIB 13 3aCTOCY-
BaHHsIM EOM. 3HauHa yacTHHA YMCEIBHUX METO/IIB PO3B’SI3yBaHHA PI3HUX (HAITO —
HEJIHIWHUX) 3a7a4 MICTUTh Y c001 pO3B’SI30K CUCTEM JIIHIMHUX PIBHSHD K €JIEMEH-
TapHUM KPOK BIJIMOBITHOTO aJITOPUTMY.

[leBHi yCKIagHEHHS MO0 MPAKTUYHOTO PO3B’S3yBaHHS CHCTEM BEIIMKOI PO3Mi-
PHOCTI TOB’s13aH1 3 0OMeKeHICTIO onepatuBHOI aM’siTi EOM. Xoua oOcsr onepartu-
BHOI TIaM’SITI HOBUX CTBOPIOBAHUX OOUYMCIIOBAILHUX MAIIWH 3POCTAE BEIBMH IITBU/I-
KO, MPOTE III¢ IIBHUIIIE 3pOCTal0Th MOTPEOU MPAKTUKK y PO3B’I3yBaHHI 3a/1a4 yce Oi-
JBIIOT PO3MIPHOCTI. 3HAYHOIO MIpOI0 OOMEKEHHS Ha PO3MIPHICTh PO3B’SI3yBaHUX CHU-
CTEM MO’KHA 3HATH, SKIIO BUKOPUCTATH JUIsl 30€piraHHs MaTpHIll 30BHIIIHI 3a-
nam’sITOByBajIbHI MpUCTpoi. OJTHAK Y IbOMY pa3i 0araTopa3zoBO 3pOCTaAIOTh K BUTpA-
TU MAIIMHHOIO Yacy, TaK 1 CKJIaJIHICTh BIAMOBIIHUX alropuTMiB. Bimomi € mpukianu
PO3B’sI3aHUX OCTAaHHIMHM POKaMHM 3aj1ad, Jie KUJIbKICTh HEBIJIOMHUX csraja COTCHb TH-
csiu. [Ipuponno, e O0yyno 6 HEMOKIMBUM, KO BIAMOBIAHI MaTpHIill HE OyJIUd Po3pi-
mxeHuMu (Matpuils cuctemu 31 100 Tuc. piBHAHD y (popMaTi MOABIMHOI TOYHOCTI 3a-
riHsuta 6 6m3bko 75 I'6aiT).

7.2 Ilpsimi MeTOaM PO3B’A3YBAHHA CHCTEM JIiHIHHUX PiBHAHb
7.2.1 Memoo 3 oouucnennam obepuenoi mampuui

Axio matpurs A € HeocoOaMBa, TOOTO 11 BU3HAYHUK HE JOPIBHIOE HYJIEBI, CHC-
tema (7.1) Mae enuHMA PO3B’SA30K. Y IiHINHIN anreOpi 3a3BUYail BUKOPUCTOBYIOTH
cnoci® po3B’s3yBaHHS CUCTEMH PIBHSIHb Ha MijAcTaBl MaTpuuHoi popmu (7.2), skuii
IPYHTYETBCSIHAO 6 U U COI@ @ P i € H 0 TA ™ (. Tpo.2)1) |

x= A'B. (7.3)
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M p v .Po3p’ MBaTHECUCEMY PIBHSIHB

3X1— Xo =5,
2%+ Xot X3 =0 ; (7.4)
2X1— %ot X3 =15.

3anumieMo 1o cucteMmy y marpuuHiii opmi Ax = B (7.2)
3 -1 0gexg eS5og

2 1 ueX U eou

62 -1 43X g5u

Busnaunuk matpuili koedimientie det A =5 #0, ToOTO cucTeMa PiBHSHb Mae
€IMHUN po3B’a30K. O0UMCIMMO 00EpHEHY MATPUILIIO KOS(IIIEHTIB Ta MiACTABUMO 11 Y

)(‘D\ FD\ (‘D’

piBHsHHA X = A B (7.3):
oo ol 08 -0205g &p

exzu 22 24 -0.6Y¥eQU= 219.
u u u
U @ 02 025 &y
OTxe, po3B 30K CUCTEMU PIBHSHD (7.4): X3 =2; X=1; X3=3
Jns matpuiii A crereHs N> 4 Ge3nocepeaHe 0OYHMCICHHS 00epHEHO1 MaTpHIT
A motpebye Gararo gacy, Tomy dopmyia (7.3) BEIbMH Pifko BHKOPHCTOBYETHCS HA
MpaKTULl (JUILIE [TPHU 3alMCYBaHHI BUPA31B y MAaTEMAaTUYHUX MAKETAX).

7.2.2 Memoo Kpamepa

Ha miacraBi ¢opmynu (7.3) MOXHA BHUBECTH 1 3amucaTv i OOYUCICHHS
Kpamepa

PO3B’SI3KIB CHCTEMH JTIHIHHUX PIBHIHL PO P MY Ny
1 — . .
> (75)

= A =
detA T et A

ne A — maTpuns, ckianeHa 3 anreOpaiuHuX JONOBHEHD €JIEMEHTIB MaTpHULli Koedii-

€HTIB Ayj:
éAll Ay .. Amﬂ
= eA_‘lZ Aoy ... '%2\

@Am A2n Ahng
ne — det A — BusHaunuk matpuili A (1. 6.2); D, — BU3SHAYHUKH MaTpPHUIlb, CTBOPEHI 3

MaTpUIl A NUITXOM 3aMiHH ii I-TO CTOBITYMKA Ha BEKTOP-CTOBIICIh MPABUX YacTUH B

31 oA b Ay A
a a; a a

D =| % e "L a9
An an,i—1 bn an,i+1 Ann
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OTxe, po3B’ 30K JIHIHHOT cUCTEMU PiBHAHB (7.1) 3 N HEBIJOMUMU 3BOJIUTHCSA 10
oOuucieHns (N+1)-ro BU3HAYHKKA MOpsIKa N.

M p w©n Kanaltnev® pofB’s30k cucteMu piBHAHB (7.4) meTogom Kpamepa.
Cxkrnanemo matpuill BUrisay (7.6) # o0unciaumo iXHi BA3BHAYHHUKU

5 -1 0 3 50 3 -1 5
D=0 1 1/=10; D,=]-2 0 1/=5 D=}-2 1 0|=15
15 -1 4 2 15 4 2 -1 15

3BiJicH, BpaXOBYIOUH, 1[0 BU3HAYHUK MaTpulli koedinientis det A =5 # 0, 06-
YUCIMMO 3HAYCHHS PO3B’SA3KiB CHCTEMH PiBHSIHb

Binnaiineni 3naueHHs po3B’s3KiB cucTeMU piBHSHB (7.4) MmetogoM Kpamepa 361-
raroThCA 31 3HAYEHHSMHU MIONEPETHBOIO METOY 3 OOUHMCICHHSIM OOEpPHEHOI MATPHIIL.

7.2.3 Memoo I'aycca

OnHuM 3 HAUNOWIKUPEHIIINX METO/IIB PO3B’SI3yBaHHS CUCTEM JIHIMHUX PIBHSAHb
e meton ["aycca. Ilei MmeToy (skuii e Ha3MBalOTb M€ T O A OM N OB MNMHOBABHO
HM e B I L@miiKy pi3Hux Bapiantax yxe noHaa 200 pokis.

OOGuucieHHs 3a 1omoMorow Meroja ['aycca monsiraloTh y MOCHIJOBHOMY BHU-
Jy4aHHI HEBIIOMUX 3 CHUCTEMHM 3aJUIsl IEPETBOPEHHS ii O €KBIBAJICHTHOI CUCTEMU 3
BEPXHBOIO TPUKYTHOIO Matpurieto. OOUKCIICHHS 3HaUYeHb HEBIIOMHX 3IIMCHIOIOTH Ha
eTarni 3BOPOTHOTO XOJy.

Posrnsmemo Haimnpocrtimmii BapianT Mmeroxy laycca, sSiKuil Iie Ha3MBaKOTh
CeMO 0 € OMiH/OG HOH 4

[psmuii xijg cknanaerbes 3 (N- 1) KPOKiB BHITyYaHHS.

1-1 K  METOM® IbOKO.KPOKY € BUJyYaHHSI HEBIIOMOIO X; 3 PIBHSIHB 3 HO-
mepamu | = 2, 3, ..., n. [Ipumycrimo, mo koedinient a&y; , 0. HazuBarumemo #ioro ro -
NOBHWUM € /l€eoM@HTKYM

Bignaiinemo BenmunHu

Qi1 = aillall (l = 2, 3, ceey n),

SIK1 Ha3UBalOThb M H O XX H U k-1& M B Q BiyHiMeMo MOCiJOBHO 3 IPYyTrOro, TpeTho-
ro, ..., N-TO pIBHSHb CHUCTEMHU IIEpIIE€ pPIBHSHHSA, I[OMHOXKEHE BIJANOBIAHO Ha
O1, O31s +--» Ohni, .. Lle 103BOJIMTH MEPETBOPUTH HA HYJIb KOE(IIEHTH TPHU X3 Y BCIX
PIBHSIHHSIX, OKPIM MEPIIOro. YHACTIAOK LBOTO 3700y1€MO €KBIBAJIEGHTHY CUCTEMY

a; X, + 3-12(>% + a13(>§ +...7F alnér)m = bl;(l)
a22(1) Xp + 323(1) X3+ ...+ aZn(l)Xn: bz(l);
Az’ Xpt g3 Xzt ...+ A Xn=bg;

ant % + an3(l) X3t ...+ an %= b, .,
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B SKIH §; @ ta b W oGurcmo0ThCS 33 hopMyTaMu
gjj @ = =~ i@y, bi(l) =b - o
2- K  METOIO bAC0. KPOKY € BUIYYaHHS HEBIZIOMOTO X; 3 PIBHSIHb 3 HO-

mepamu | = 3, 4, ..., N, ... Hexaii a.22(1) # 0, e agg(l) — Koe(iIieHT, KUl Ha3UBAIOTh
roONOKIHMMPO B i)@ A GHMEO2Mo K P O ®OyncIMMO MHOXKHUKH 2-TO KPO-

Ky
<1>/a(1> (i=3,4,..,n)

1 BIIHIMEMO TIOCJTIIOBHO 13 TPETHOTO, YETBEPTOTO, ..., N-TO PIBHIHHS CUCTEMHU JPYTE
PIBHSIHHSI, TIOMHOEHE BIMOBIIHO HA O3z, T4z, ---» O, -+ - Y PE3YIBTATI MATUMEMO
CUCTEMY
Xt a12)§2 + 3-13>§3 .t aln)in bl,l
azz”x2+a23”x3 +a2“ = b,:

a33(2) Xa+ ...+ asn (2))(n bs (2)
8s™ Xa + ...+ Bun % = .
Tyt KoedimienTH ; @ 1 bj @ oGumcnOrTHCS 32 dbopmynamu:
;i @ = gjj M _ Qizazj(l), bi(z) = bi(l) - Qizbz(l)-

AHAIIOTIYHO MPOBOIATHCS PEIITY KPOKiB. OnHIeMo 4eproBuii K-uit Kpok.
k-u " K Ypupuoymeksi, o I 0 /1 O EB® B Vi HeWme M ene KpokK
BIIMIHHUH BiJ HYJIA, 00YMCIMMO M H O X H WUré KpoKyK

(" l)/a(k D o(i=k+1,..,n)

k-1
akk( )

1 BimHiMeMoO mociinoBHO 3 (K + 1)-ro, ..., N-T0 piBHSIHb 0OOYHCICHOT HA MOMEPEIHBO-
MY Kpolli cucTeMu K-Te piBHSHHS, TOMHOXEHE BIAMOBITHO HA Ol ks Jkt2,ks - - -» Ok
[Ticns (N — 1)-ro KpOKy BUIIYYaHHS 300yIEMO CUCTEMY PIBHSIHb
apXi +apX, +awks t..tamX =byg
A" Xo + 85 X + ...+ B % = 0,
333(2) X3+ ... ta3 (Z)X = b (2) (77)

2, "y = p ™D,

MaTpULs A gxoi e BEPXHBOIO TPUKYTHOIO. Ha 11bOMy OOYHUCIIEHHS MPSAMOTO X0y
3aBEpLIYIOTHCS.

3BOPOTHHH X1JI. 3 OCTAHHBOT'O PIBHSHHS CHCTEMH 3HAXOIUMO X,. IligcTaBuBIIN
BiJIHAl/ICHE 3HAYEHHS X, Y TEPENOCTAHHE PIBHSIHHS, OOUUCIUMO X, 1. 3TIHCHIOIOYH
3BOPOTHE MiJACTAHOBJISHHS, A MOCTIIOBHO BITHAXOAUMO Xp 1, Xpn_2, ..., X1. OOUmC-
JICHHS HEBIJIOMUX TYT MPOBAAATHCS 3a HopMyIamMu

X, = bn(n—l) / a, (ﬂ—l)
= O g

Xir — - — By %) [ A
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9u
k-1 . k-1
o - 8 el
X, = '(T('fg ., mek=n-1,n-2,..,1. (7.8)
Ak
3ayBa)KUMO, 1110 OOYMCIICHHS MHOXKHHUKIB, a TaKOK 3BOPOTHE MiJICTAHOBIISIHHS
MOTPeOYIOTh IIICHHS HA TOJNOBHI eneMeHTH al™ . ToMy, SKIO OIMH 3 TOJOBHHUX
€JIEMEHTIB JIOPIBHIOE HYJICBI, TO CXEMY €JIMHOTO JUICHHS HE MOXe OyTH 3pealii3oBa-
HO. Y cuTyallii, KOJIi BCI TOJIOBHI €JIEMEHTHU € BIMIHHI Bl HYJISI, ajie 3-Tocepe]] HUX
€ ONMu3bKI 70 HYJIsSl, MOXJIMBE HEKOHTPOJIbOBAHE 3POCTaHHS MOXUOKHU. YHUKHYTU
IILOTO J103BOJIsi€e MeTo/1 ["aycca 3 0OMpaHHAM TOJIOBHOTO elleMeHTa. [nest metoay mo-
JsiTa€ B TOMY, OO Ha YeproBOMY KpOIll BUITy4aTH T€ HEB1IOME, KOE(DILlI€HT SKOTO €
HaOUTbIIUM 3a MoayJeM. OT)Xe BEeIy4uM €JIIEMEHTOM TYT OOUPAEThCS T'OJOBHUM,
TOOTO HAHOUIBIINIA 32 MOJIYJIEM €JIEMEHT MAaTPUILIL.

Anroputm ["aycca € mociaiJOBHUM alrOpUTMOM, OPIEHTOBAaHUM Ha BUKOHYBaH-
HS Ha OJIHOMpoIecOpHOMY KoMit toTepi. [limpaxoBano [9], mo mis peanizaiii MeToay
Taycca moTpibHO 6im3bko NY/3 omepariiii MHOKEHHS. IIpUMIpoOM, SKIIO CepemHs
IIBUJIKICTh BUKOHYBAHHsI OTepalliii MHOKEHHSI/IIeHHsI 15 MKc, JUist pO3B’si3aHHSI CH-
ctemu 3 10-tu piBHSHB Oyne ButpayeHo 6mu3bko 0.005 ¢, mist cuctemu 31 100 pis-

HSHB — 07u3bKO0 5 ¢, s cuctemu 3 1000 piBHsSHB — 651136K0 5000 C.

M p n .Bigaalinev@ podB’s30k cuctemu piBHAHS (7.4) meToaom ["aycca.

[psamuii xig. 1-U K Ofepeno kaedimienT &y = 3, 0 3a roJIoBHUN €JIEMEHT
1-ro kpoky. BigHaitnemo MmHOXHUKH 1-ro K P O(€1 ¥ ai/ag, nei = 2, 3):
01 = 2 Qs = 2
2177 3, 317 3

BigniMemMo mocCIiIOBHO 3 APYroro Ta TPEThOTO PIBHSHb CUCTEMU IEpIIe PIBHIHHS,
ITOMHOYKEHE BIIMOBIAHO HA (i, (1. YHACTIIOK IILOIO MAaTUMEMO CKBIBAJICHTHY CHC-
TeMy

3X1 — Xo =b5;
1 10
3%t X3=73;
1 35
- 5 Xo + 4X3 = ? .
2- K BputysiMo kieBiome X, 3 piBHSIHHS 3 HOMepoM | = 3. KoedimieHt

1
a" =§;é 0 Oyzme rosoBHUM elleMEHTOM 2-T0 KP O K QO0YMCIMMO MHOXKHHUK 2-TO

KpPOKY
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BinHiMeMO 3 TpeThOro piBHSHHS CUCTEMU JAPYre PiBHSIHHS, TOMHOXKEHE Ha (.
Sk HacMIOK 3100y/IeMO CUCTEMY 3 BEPXHBOIO TPUKYTHO MaTPHUIICO KOe(]iIieHTIB

3X1 — X =9,
1 + X :E'
3% 83
5%; =15

Ha 11s0My 004HCIIEHHS IPSIMOTO X0y 3aBEPIICHO.

3BOPOTHHUH XiJI. 3 OCTAHHBOTO PiBHAHHS cucTeMu (5X3 = 15) 3Hax0auMO
X3 - E =3.
[lixcraBuBIIM  BigHAWACHE
1 X, +X = 10
- - 7
3 3 ' MaTHMEMO

al0 Q/alg_al0 _6/alao
Xy :a%— @3/%8:61%— 33/%8:1.
c3 5/ ¢3+ ¢3 5 ¢3+

Jlo meprioro piBHSIHHS (3X; — X = 5) miacTaBUMO BiJHaMIeHe 3HAUCHHS Xp = 1
1 00YUCITUMO

3HaYeHHS Xg=3 y TepeJoCTaHHE pPIBHIHHS

X1=(5+x)/3=05+1)/3=2.
Bingnaitneni merogom Kpamepa 3HadueHHS po3B’s3KiB (X, = 2, Xo = 1, X3 = 3) cu-
cTeMu piBHSAHB (7.4) 30iratoThCs 31 3HAYEHHSAMHM, 3I00YTHMU 32 METOJIOM 3 O04MC-
JICHHSIM 00EPHEHOT MaTPHIII.

7.3 ItepauniiiHi MeToaM PO3B’A3yBAHHS CHCTEM JIHIHHUX PIBHAHb

7.3.1 Memoo npocmux imepauiit 015 p0o36°A3y6aAHHA CUCHEM JIHIUHUX PIGHAHD
3annst 3aCTOCyBaHHS METOJY ITepalliii CUCTeMY JIHIMHUX anreOpaiyHuX piB-
HSIHB
Ax=B,
MEPETBOPUMO J0 BUTJTISITY

x=Dx+C (7.9)
qn

% =00 +d X, +..+ Ay X, + ¢
X, :d21X1+06(2 +..+d, X, +C,

Xn :dn1x1+dn2X2 ++OO(n +Cn’
e

& .
dij:_al_.:’ Ci_:ii 3al, J,aUZO
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®opmyny (7.9) MokHA BUKOPUCTOBYBATH JJIsi OOUYHMCIEHHS 1TepaliitHoi popMy-
79, TOOTO 3HAYEHHS KOXKHOTO HOBOTO (K+1)-ro HaOIMKEeHHS pO3B’ 3Ky CUCTEMH DiB-
HSIHb 00YMCIIIOBATUMEMO Yepe3 MOIEePEIHE:

x¥V=p-x¥+C. (7.10)

0) _ AV
3a nouarkoBe HaGmkenHus obepemo Bexrop X = C. ITepawiiinuii mpouec BBa-
KAETHCS 32 3aBEPILICHUM, SIKIIO BUKOHYETHCS YMOBA

- )

]

Ce

s . k+1 k k
1€ € — 3aJjaHa MMoXuOKa PO3B’SI3Ky CUCTEMU PIBHSHb;, H x* - ¢ )H HX( )H — HOpMH

BEKTOPIB PI3HMII OCTAHHBOTO Ta MEPEIOCTAHHHOTO HAOIMKEHB BiJIMOB1THO.

M p ©n 3malitA podd’sI3H .CUCTEMHU PIBHSHbD:
100% +6X%, - 2%3 =200;
6x +200x%, - 10x%; = 600; (7.11)
X - 2%, +100%3 =500
MeToaoM itepartii 3 moxuoxoro 0.001.

[lepeTBOpUMO 110 cUCTEMY PIBHSIHB 10 BUMIISIAY (7.9). s 1boro noaiaumo me-
piie piBHsHHS Ha koedimieHT nipu X; (100), npyre — Ha koedimieHT ipu X, (200), Tpe-
Te — Ha koedimieHT npu X3 (100) Ta MmaTuMEMO:

¥ +0.06X%, - 0.02x%3 = 2;
0.03%; + X, - 0.09%3 =3;
0.01x - 0.02x, + X3 =5.

3anuuieMo CUCTEMY PIBHSHB JIJI1 BU3HAYEHHS HEBIIOMUX Xi, Xp, X3 3 KOXHOTO 3
00UYHCIIEHUX PIBHSIHB BiAMOBITHO:

X =-0.06%, +0.02x5 + 2;
X, =-0.03% +0.05%; +3;
X3 =-0.01% +0.02%, +5

ab0 y MaTpUYHOMY BHUTJISI1

exg & 0 - 0.06 0.02¢x0 &g

u_ e u u
ex2u £003 0 005¢ u+§3u_ (7.12)

&.g & 001 002 0 [ﬁ)gg &4

O6epeMo BEeKTOp MOYATKOBUX 3HAYCHD

(0) N
exg €29
é u u
&2 g”u

~

esl €l
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MiJCTaBUMO HOTO 3Ha4deHHs B cuctemy (7.12) ta oOumciumo mepiine HaOIMKEHHS
PO3B’SI3KY CUCTEMHU PIBHSHb

g’ & 0 -006 002s2p &g &.92g

u _ u_ u
gXZu =003 0 005uéu+g3u (;%19.

&GH @-0.01 0.02 O &5y &y #4924

3100yTi 3HAUEHHS MEPIIOTr0 HAOMMKEHHS PO3B’SA3KY MMiJCTAaBUMO 3HOB y CHUCTE-
My (7.12) Ta o6uncauMo apyre HaOJIMKEHHs pO3B’ 3Ky CUCTEMH PiBHSHb

exg” & 0 -006 00261925 2g &1907g

éu _é u
Xy =g 003 0 005‘9‘5‘,319u+éUI_e 1884}1

&,y & 001 002 0 P49y ey 84917y

[Tpo1oBXKUBIIM ITEpaLIiHUN TPOLEC, MATUMEMO BEKTOP TPETHOIO HAOIMKEHHS
PO3B’SI3Ky CUCTEMU PiBHSIHB

&g’ & 0 -006 00221907y &g &.907036
gxzﬂ —e 003 O 0059%18845}93\_,318864“_

&0 @-0.01 002 0 pg4917y Sy §.917163

BoueBuip, 3100yTe HAOMMKEHHS BIAPI3HAETHCS Bl MOMEPEAHBOTO JIUIIE B YETBEPTIi
1u@pi micns KoM, TOOTO yMOBA 3yNMUHEHHS 1TEPAIITHOTO MPOLIECY BUKOHYETHCS IS
3ananoi moxubku 0.001:

H y &+ X(k)H H x® - X(Z)H

CD\

_ 0.0002917

Hx(k)H - HX(Z)H = 61627455 0.0000473< 0.001

Ile o3Havae, MmO BEKTOp HAOTMKCHHS x® = {1.907036; 3.18864; 4.917162} ¢
PO3B’SI3KOM CUCTEeMHU piBHSHB (7.11).

VYreBHUIMCS, 1110 METOJ ITepalliii Mae 3HAYHO MEHIIUN 00CAT 00YMCIIEHB MTOPiB-
HSHO 3 MPSMHUMH METOJaMHU, ajie BiIH MOXE BUKOPHCTOBYBATHCS JIUIIIE 32 YMOBH 30i-
KHOCT1 HAOJIMKEHb PO3B’SI3KIB.

HaBenemo ,OCTAaTHIWO YMOBY 3060i XH@OHAI CMET-@ MY &
HWX p:npoHes Heparlii 1 CUCTEMHU JIHIHHUX piBHAHB (7.9), 30iraerbes 110
€IMHOTO 11 pO3B’sI3KY, SKIIO KOXKHA HOpMa MaTpuili D € MeHIIoro 3a 0IUHUIIIO0, TOOTO
JOCTaTHHOIO € YMOBA

D] <1. (7.13)

BpaxoBytoun popmynn obunciaeHHs Hopmu Matpuii (6.2) ... (6.4), moxHa Je-
TaJbHIIIE 3alIMCAaTH YMOBH 301)KHOCTI METOAY 1TepaLliid:

n
HDHm = miax ..a.'l‘dij ‘ <1 (M- HOopMa MaTpmiIi);
J:
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[
HDHI = mjaxa ‘dij ‘ <1 (I -HOpM™Ma maTpwL);
i=1
n n

Y 2
aa ‘dij‘ <1 (eBxnimoBa HOpMa MaTpuili).
iz j=1

Dl =

Hanpuxknan, nis Marpuiri

- 0.06 0.02g
03 0 005U
01 002 0§

c

MEPETBOPEHOI O METONy iTepallii cuctemi piBHsAHB (7.12), oO0YMCIUMO 3HAYCHHS
HopM: ||D||n=0.08, ||ID|i=0.08 i ||D|[e= 0.088882. Yci 3HaueHHS HOPM MaTpHIIi €
MEHIIIE 3a OJIMHUITI0, TOOTO 3aJ0BOIBHSAIOTH YMOBI 301kHOCTI (7.13).

Sk1110 mepeTBOPUTH CUCTEMY PiBHSIHB (7.4)

3X1— Xo =b5;
—2X1+ X+ X3=0;
2X1— X+ X3 =15

JUTsL PO3B’sI3aHHST METOJIOM iTepalliii 3a ¢opmynamu (7.9), MOKHA OOUUCIUTA HOBY
CUCTEMY PIBHSIHb

=Ly 45
3% 3

Xa =iy - Lyt
2 4 4

Jlns i€l cucremu matpuilg D Ta Bektop C MaTuMyTh BUTIIST

O6uncnMMo 3HaueHHs: HOpM MaTpwuiil D:
IDllm=3, |ID[=2-51 ||Dl|le= 2.32886.

VYci 3HaueHHsT HOpM MaTpulll € OUIBII 3a OJUHUIII0, TOOTO HE 3aJI0BOJBHSIOTH
YMOBI 3015KHOCTI MeToAy iTepariiit (7.13).
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1.3.2 Memoo 3eitdens 01s po3e’a3yeantsa cucmem JiHIUHUX PIGHAHb

Meton 3eitaens st po3B’s3yBaHHS CHCTEM JIiHIMHUX PIBHSAHB — II€ IIEBHA MO-
nudikaiis MeTody iTepaiiil. Imes MeTtomy mosjsrae B TOMy, IO MPH OOYHCIICHHI
(k + 1)-ro HaOIMOKEHHS HEBIZJOMOTO X; BpaXOBYIOThCS Bke oOumcieHi panim (K + 1)-
T1 HaOJIMOKEHHS HEBITOMHUX Xq, Xo, ..., Xi_1.

OGepeMo MOYaTKOBI HAOIMKEHHS PO3B’A3KIB CUCTEMH PIiBHSHB: X, X ,...X".
Jlani, BpaxoByroun, mo (K)-Te Habnmkenns po3s’sskis x{ e Bizome, 3riaHo 3 Me-
tonom 3eiinens oOyayBatumemo (K+1)-Te HaOIMKEeHHS PO3B’sI3KiB 32 popmynaMu

D =dpxg) +did) ++dx + o

k+1) _ k+1 k k .
X§TY = dpy ) + dygg) + 4 dp X + 0y (7.14)
Xlgkﬂ) = dnlxl(k+l) + dnzxgkﬂ) tot dnnxr(1k) +Cp.

3ayBaXMMO, 10 YMOBH 301KHOCTI 11 METOAY 3eUIens € Takl cami, SIK 1 JJIsl Me-
tonay itepaniii (popmyna (7.13)). Merox 3eiiesns iHOAI Ha3UBAIOTh TAKOXK METOJIOM
I"aycca-3eitnens, nporecom JlibMaHa, METOJIOM MOCTIJOBHUX 3aMIIIEHb.

M p ©n 3gaith pod’ I3k .CUCTEMHU PIBHSIHD

10X + X, + X3 =12;
2% +10%, + X3 =13; (7.15)
2% +2X%, +10%x3 =14

MetonoM 3eiinend 3 moxuokoro 0.001.

[IepeTBOpUMO 1110 CUCTEMY PIBHSHB JUIsl METOY 3eiaens no Burisny (7.9):

X =-0.1%, - 0.1x3 +1.2;
Xo =-0.2% - 0.1x3 +1.3; (7.16)
X3 =-0.2x% - 0.2%, +1.4.

O6epeMo BEKTOp MOYaTKOBUX 3HAYEHD
X_EO) :0, XéO) :O, XéO) :0
Ta M1JICTaBUMO HOTro 3HAYEHHS Y IPaBy YaCTUHY MepHIOro piBHAHHS cucteMu (7.16):

xP =-010- 01D +1.2=1.2,



69

3rigHo 3 METOJOM 3eiiienis, y MpaBy YacTUHY APYroro piBHIHHS cuctemu (7.16)
. . 1) _ . .
samicTh X migcraBumo XU =12, a 3aMicTh X; MiACTABHMO MOIEPEIHE 3HAYCHHS

x? =0:

XM =-024.2- 01D +1.3=1.06.

Jlami, y mpaBy 4aCTUHY TPEThOTO PiBHSIHHS cucteMu (7.16) 3aMicTh X; MiACTaBU-

Mo X =1.2, 3amicts X, mizcrasumo X5) =1.06:
D =-0.2¢.2- 0.2.06+1.4=0.948,

3acTOCOBYBABILIM METOJl 3eWjensi, 00UUCTUMO Jpyre HaOJIM>KEHHS PO3B’S3KIB
cucTeMu piBHAHD (7.15):

x? =-0.10.06- 0.11M.948+1.2 =0.9992
x? =-0.21.9992- 0.1M.948+1.3=1.00536
Xéz) =-0.21.9992- 0.2Q.00536+1.4 = 0.99909¢
Ha mizgcrasi gpyroro HaOawkeHHs 3riaHo 3 hopmynamu (7.14) mociioBHO Jic-
TAEMO TpPETE HAOIIKEHHS PO3B’SI3KiB CUCTEMU PiBHSHb!
x¥ =-0.1(1.00536 - 0.1(D.999098 +1.2 = 0.999555;

¥ =-0.2(®.999555- 0.1).999098 +1.3 =1.0001801;
& =-0.2(®.999555- 0.2(.0001801+1.4 =1.000053.

[Ticnst TpeThoro HAOIMKEHHS PO3B’SI3KIB CUCTEMU PIBHSHD JIICTAHEMO YETBEPTE:

x¥ =-0.1.0001801- 0.14.000053+1.2 = 0.999976;
X" =-0.2.999976 - 0.1.000053+1.3 = 0.9999993;
x{* =-0.2.999976 - 0.2(1.9999993 +1.4 =1.0000048.

BoueBuap, 110 11¢ HaOJMKEHHS BIJIPI3HIOETHCS Bij MONEPEAHBOTO JIUIIE 3 YeT-
BepTOoi IUGpH AIMCHOI YaCTUHU YHUCIa, TOOTO YMOBA 3YNMUHEHHS 1TEpaIliifHOTO TMPO-
11eCy BUKOHYEThCS J1s 3aaHoi moxuoku 0.001:

X0 _[x- X o 00061

Hx(k) H ) Hx@ H =T 731005 _ 000266 <0.001.
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Ile o3Hauae, mo 3a po3B’s30Kk cuctemu piBHIHB (7.15) 3 moxmbkoro 0.001 moxHa
BBakaTu BekTop X = {1.000; 1.000; 1.000}.

7.3.3 Hopienannsa npamux ma imepayiiitHux memoois

Cucremu niHIMHUX anreOpaiyHUX PIBHSAHb, SIK 0aYMMO, MOXKHA PO3B’SI3yBaTu
AK 32 JJOTIOMOT'OI0 MPAMUX, TaK 1 iTepaliifHuX MeToAiB. JJis cucTteM piBHSHb cepeli-
HBOT PO3MIPHOCTI YacCTillle BUKOPUCTOBYIOTh MIPsIMI METOJIM. 3a3BUYall MeTOJ 3eie-
751 Mae Kpanry 301KHICTh, aHIK METOJ iTepallii, aje MPU3BOAUTD 10 3HAUYHO TPOMI3[I-
KIIIUX OOYUCIICHb.

ITepariiini METOAM 3aCTOCOBYIOTH MEPBAXKHO ISl PO3B’SI3yBaHHS 3a/1a4y BEJIUKO1
PO3MIPHOCTI, KOJIU BUKOPUCTOBYBATH MPSIMI METOIM HEMOXKIIMBO Yepe3 OOMEKESHHS B
A0CTymHiM onepatuBHii nam’sti EOM abo yepe3 notpe0y BUKOHAHHS HAATO BEIUKOL
KUIBKOCT1 apu()METUYHUX onepariii. biibll MOTYKHI CUCTEMHU PIBHSHB NEPEBAXKHO €
po3pikeHuMHu. Metoau ["aycca A cucteM 3 po3plIKEHUMH MaTPULIAIMU € HE3pyU-
Hi, HAIPUKJIAJ TUM, IO 3a IXHbOI'O BUKOPHCTOBYBAHHS BEJIMKA KIJIBKICTh HYJIBOBUX
€JIEMEHTIB MEPETBOPIOETHCSI HAa HEHYJIbOBI W MaTpHUld BTpadae BJIACTUBICTH PO3pi-
okeHocTi. Ha mpoTuBary iMm, mpu 3acTOCOBYBaHHI 1TEpalliiHUX METOJIIB YIPOJIOBK
MIPOIIECY MAaTPHUIISl HE 3MIHIOETHCS 1 3aIMIIAETHCA PO3PLIKEHOI0. binbina epeKkTuB-
HICTh ITEpAlITHUX METOJIIB MOPIBHSHO 3 MPSMUMHU TICHO TOB’si3aHa 3 MOXJIMBICTIO
CYTTEBOTO BUKOPUCTOBYBAHHSI PO3PIIKEHOCTI MaTPHULIb.
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JJexuig 8

OBUYMCJIEHHS CUCTEM HEJITHIMHUX PIBHSHb

8.1 ITocTanoBka 3amaui

Cucremu NiHIHHUX anreOpaiyHuX piBHAHB(AMB. JEKIII0 7) — 1€ JIHUIIE OKpEeMUi
BUIAJIOK CHCTEM piBHSIHb. Ha mpakTuili po3B’si3yBaHHS 3a7a4 MOJCIIOBAaHHS MPUBO-
JIUTH TIEPEBAXKHO IO CUCTEM HEMHIMHMX piBHAHb. CHCTEMU N JMiHIKHUX PIBHSAHB 3 N
HEBITOMUMH X;, Xp, ..., Xy Y 3araJjbHOMY BHIIQJIKy HNPUUHATO 3alMUCYBAaTH B TaKHU
crnocio:

f.(X,X%,..,X)=0;
£,(% X0 X,) =0
(8.1)
(% %00 %,) =0,
ae Ty, fo, ..., f, — Oy;mp-sKi QyHKINT HE3aICKHUX 3MIHHUX, Y TOMY YUCII W HETiHIHHI
IIOJ0 HEBIJOMUX.
SK 1 AJI CUCTEM JIIHIWHUX PIBHSIHB, P O 3 B’ A3 0K CUCT e MWueH e i
Takuid BEKTOP X = {Xy, Xp, ..., Xn}, AKHHA 3a0e3M€Yy€ TOTOKHICTh CHCTEMH PIBHSIHb
(8.1). Cucrema piBHSIHb MOXE€ HE MaTH PO3B’S3KIB, MaTU €IMHHUI PO3B 30K, CKIiH-
YEeHHY YM HECKIHYEHHY KIJIbKICTh pO3B’sA3KIB. [IWTaHHA 1100 KIIBKOCTI PO3B’S3KIB

Ma€ yXBaJTIOBATUCS JIJIs1 KOKHOI KOHKPETHOI 3a7a4l OKPEMO.
Hampukinaz, cucrema 1BOX HENIHIMHUX PIBHSIHB MOXKE MAaTH BUIJIS]L

2X—Xxy—-5x+1=0;

X+3Igx—y'=0; (8.2)
a0o0 il MOXKHa 3amucaTy y BUTIsial cucteMu (8.1):

f,06%) " 2 - XX, - 5x +1=0,

f,(x,%)* X +3lgx - X; =0.

(8.3)

[ToGynyemo rpadiku dynkiii f; i f, cucremu nBoxX piBHsAHB. J[JIs 1IbOTO TIEpPET-
BOPHUMO piBHSIHHS (8.2) 10 BUpA3iB 3aJIEKHOCTI OJTHIET 3MIHHOT B IpYyTOi:

2
y:2X -5x+1; y:om.

X

Bimomo, mo rpagigyHO po3B’S30K CHCTEMH JBOX PIBHSIHB — 1€ TOYKH TEPETHU-
HaHHA TpadikiB Qyukimiit cucremu. Ha rpadiky puc. 8.1 aBi kpuBi GyHKIIINH TEpeTH-
HaroThcs TpuOau3Ho B Toukax (1.5;—1.5) ta (3.5; 2.2), siki MOKHA BBaKaTH 3a Ha-
OJvbKeH1 3HaYeHHS Po3B’s3KiB piBHSAHb. OTXKe, cucTeMa piBHSIHb (8.2) Mae 1Ba Bapia-
HTHU PO3B’sI3yBaHHS, a 1€ MOTPeOye TOAATKOBUX TOCIHIKEHB JJIsi OOpaHHS MPaBUIb-
HOTO 3 HUX, BUXOJSTYM 3 YMOB 3a7a4i MOJICITFOBAHHS.
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& _2x?- bx+1
X

y =°./x+3lgx

n 0.5 1 1.5 2 2.4 3 3.4 4 4.5 5

Pucynok 8.1 — I'padiku nepeTBoproBaHUX (HyHKIIIH
CUCTEMH HETIHINHUX piBHSIHB (8.2)

Ha Binminy Bif cHCTeM JIHIMHUX PIBHSHbB, JJII CUCTEM HEJIHIMHUX PIBHSIHB €
HEB1JIOMI MPSIMI METOAM PO3B’sI3yBaHHs. JIuIlle B OKpeMUX BUIMAKAX CUCTEMY MOKHA
pO3B’s13aTH Oe3nocepeHb0. Hanmpukiasn, ajist CHCTeMH 3 IBOX PIBHSHB 1HOII BIAETHCS
MO/IaTH OJIHE HEBIJIOME Yepe3 1HIIe M y TaKuii CrociO 3BECTH 3a/lauy J0 PO3B’S3aHHS
OJIHOTO HEJIHIMHOTO PIBHAHHS IIOAO OAHOTO HEBIAOMOro. Tomy iTepaiiiiHi METOAU
JUIS HEJIIHIMHUX CHUCTeM HaOyBarOTh OCOOJMBOI aKTyaldbHOCTI. PO3risiHeMO Kuibka
HaWIPOCTIIIKX IT€paAlIiHUX METO/IB PO3B’SI3YBAHHS CUCTEM HENIHIMHHUX PIBHSHb, a
came, METO/JI TPoCToi iTeparlii, Meto 3eiaens 1 metoa HeroToHa.

8.2 Metoa npocroi itepauii

Jlyist peamizariii 1[bOT0 METOy CTOCOBHO 3aJIaHO1 HEJIIHIMHOI CUCTEMHU PIBHSIHB
Tpeba NUIIXOM anreOpaiyHuX MepeTBOPEHb BUOKPEMHUTH 3 KOXKHOTO PIBHSHHS IO OJI-
Hill 3MIHHIH 1 B Takuii crioci6 npuBectu cucremy (8.1) 1o BUrIsLy

X = G(X: %5 X,);
X, =G,y (X %000 X,);

X, =G, (%%, X,)-

(8.4)
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: 0).
TToTiM 06paTH BEKTOp OYATKOBOTO HAGIIKEHHS X

1 MICTABIATH MOTO Yy MEPETBOPEHY cUCTeMy piBHSIHB (8.4). 3 mepiioro piBHSHHS 00-
YUCJITH HOBE HAOJVKEHHS JI0 TIEPIIOi 3MIHHO1, 3 IPYTrOTO — JI0 APYTOi 3MIHHOT TOIIIO.
OOuncreHi yrouHeH1 3HaYeHHS 3MIHHUX 3HOBY MiICTaBIATH y piBHSAHHA (8.4). OTxe,
Ha (k+t1)-mMy kpormi iTepamiiiHOT TporeAypu ¢opMyia METOIy iTepaiid s
PO3B’s3aHHS CUCTEMU HETIHIHHUX PIBHIHB MA€ BUTIIS

Xrgkﬂ.). _G (Xl(k) : X2 ........ o,

ITepaHiﬁHHﬁ IIPOLCC BBAXKAETHCA 3a 3aBepmeHHﬁ, SAKIIO BUKOHYETBCS YMOBA

- )

|

(8.5)

¢e (8.6)

le € — 3aj]aHa MOXUOKa PO3B’SI3KYy CHUCTEMH DiBHSHE, H x«h X(k)H, HX(")H — HOpMH

BEKTOPIB PI3HUIII OCTAHHBOTO Ta MEPEIOCTAHHHOTO HAOIMKEHB BiJIITOBITHO.

M p n .RKo3p’Mxevd MePIOM MPOCTUX ITEpallil CUCTEMY HENIHIMHUX pi-
BHAHB (8.2) 3 moxubkoro 0.0001. IleperBopumo 10 cuctemy ao Burisay (8.4), 3a
AKOTO MOKHA BUKOPUCTOBYBAaTH METOJI MPOCTHX 1TEpalliil:

_ (XX, *+9)-1, .
Xl_\/ 2 G1(X1'X2):

X, =4/% +3lg X 1 G, (X, %,).

©)

(8.7)

ObepeMo BEKTOp MOYATKOBOTO HAOMMXKEHHS X' ' — TOUKY MEepeTHHAHHS (QYHKIIH

: 0 — © — .
rpadika (quB. puc. 8.1) 3 MOMATHUMH 3HAYCHHSIMU X1( ) =35, Xz) 2.2. Tlincra-
BUMO I 3HaueHHs y ¢yHkuii G; ta G, i1 obuncaumo mnepiie HaOMMKEHHS 0
PO3B’SI3KIB CHCTEMHU:

(0) ((0) _ -
Xlu):\/xl (X +5) 1:\/3.5(2.2+5) L_ 3478505
2 2
X = [x® +3lg x? =./35+3lg35 = 2.265436
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[Tomanpmn HAOMMKEHHS OOYMCIMMO 3a TOCTYIIOBOTO BUKOPHUCTOBYBaHHS (op-
MYJIH po3B’s3yBaHHs cucteMu Ha (K+1)-My kporii iTepattifinoi npoueaypu (8.5):

(k) £ (K)
(k) — Xl (Xz +5) - 1.
X \/ 5 ;

4 = (X +3ig X

BianoBigHi 3HaueHHs MOCTYMOBUX HAOIMKEHBb PO3B’s3KIB cuctemu (8.2) HaBe-
ne’o B Taoi. 8.1.

Tabnuusg 8.1 — 3HayeHHs1 MOCHIIOBHUX HAOJIUKEHb PO3B’SI3KY CUCTEMH PiBHSHb
(8.2) meTomoM nmpocTux iTtepanii

K — Homep iTepamii X ik) x

0 3.5 2.2

1 3.478505 2.265436
2 3.483738 2.258912
3 3.484834 2.260503
4 3.485804 2.260836
5 3.486391 2.261131
6 3.486771 2.261309
7 3.487013 2.261424

OO0umncmuMo oXHOKK BEKTOpa HAOIMKEHb PIBHSIHB 32 (hopmyiioro (8.6):
nicist 3-ro KpoKy iTeparii

x? - x?| 00019325
| <@ - 41520012 00RO 0008

micist 7-ro KpoKy iteparii

|xT-x®| 4 0002682

x©) = T 1ceangg 00000645 <0.0001.

Otxe, HAOMDKEHHS, OOYMCIICHI Ha 3-My KpOIll iTeparii, MO>KHa BBaKaTH 3a
po3B’si3ku cuctemu (8.4) 3 moxubkor 0,001; HaGmkeHHs, 3M00yTI Ha 7-My KpOIl
iTeparlii, — 3a po3B’s3ku cuctemu 3 moxuoxoro 0.0001, To6To

X1 =3.487013; x,=2.261424.
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[Ipomec iTeparii 115 cucTeMu HEMIHIMHUX PiBHAHD (8.4) 30ira€ThCsl 10 €TMHOTO
il po3B’s3KYy, SAKIIO KOKHA HOpMma Matpuill G'(X) B 3a1aHOMY OKOJII € MEHIIIA 3a OJIU-
HUIIIO0, TOOTO 11 301’KHOCTI PO3B’A3KIB CUCTEMH JOCTATHHOIO € YMOBA

IGiCIl < 1, (8.8)

ne Gj(x) — maTpuIlsl YaCTUHHUX TOX1THUX, IKY Ha3UBaIOTh MaTpUIlet0 SKoOi:

D/

WG, HG UG, g

7

AL T
G|(X) = gl"lxi X, WX 3
:uG S, “G“g
e KX, X, O

Hamnpukinaz, nepeBipuMo 301KHICTh CUCTEMHU HEIHIMHUX pIBHSHB (8.7), meper-
BOpEeHUX 3 cucTemu (8.2), mis Merody iTepaii. OOUUCIMMO MATPULII0 YaCTUHHUX
MMOX1THHUX

e X, +5 X 2

éu UG o g\/xl(x ,+5)-1 \/xl(x L +5)- 13

u - 3

_ W, 5_é v
(= 1G, 1G, = ¢ 1, 304343 .
Xl & X 0 d

g 2\/x +3lgx v

B oxomi Toukn (X, = 3.5 ° 0.1; X, = 2.2 ° 0.1) 3HaueHHSI YaCTUHHHUX ITOXI1THUX
32/I0BOJIBHSIIOTh YMOBaM

pG
HX;

¢ 0.42

‘“G1¢054 ‘“qu:oz? HG, -0.

[TizcraBumo 11i 3HadeHHs B MaTpuito G'(X) Ta o6uncaInMo il HopMu:
I6'®|. =096 |G'(¥| =08t [G'(X)], =0.735

BoueBup, 110 3HaveHHs ycix HopM Matpuili G'(X) € MeHIIn 3a OJUHHIIO, TOOTO
CUCTEMa HEJHIMHUX PIBHIHB (8.7) 3a70BOJBHSE YMOBI 301’KHOCTI METOIY MPOCTHUX
itepaniii (||Gj(x)|| < 1, hbopmyia 8.8).

8.3 Metoxa 3eiinenst

Merton 3elinens A CUCTEM HETIHIMHUX PIBHAHB, SK 1 JUISI CUCTEMU JIHIMHUX
PIBHSIHB, TIOJISITAE Y BUKOPHUCTOBYBaHHI YTOUHEHUX 3HAYEHb 3MIHHUX YK€ Ha MOTOY-
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HOMY iTepamiiiHomy kporii. Tak, st yrouneHHs Ha (K+1)-My Kpoiri 3Ha4eHHs Tepioi
3MiHHOT (X;) BUKOPHCTOBYEMO YCi 3HAYEHHS MOMEPEeIHbOro K-ro Kpoky, Jis Apyroi
3MiHHOT — 3Ha4eHHsA X; (K+1)-ro KpoKy, a JAJis peliTd 3MIiHHUX — 3HAYCHHS TOTepe/I-
HBOTO K-ro Kpoky:

(k+1) — (k) (k) (k) (k)Y -
X7 =G (XY, X7, X7, .., X)),
(k+1) — (k+1) (k) (k) (k) \ .
XD =G (x*Y xO xl Xy,

(k+1) — (k+1) k+1) (k) (k) y.
X7 =G ( X XY, (8.9)

(k+1) — (k+1) k+1) (k+1) (k)
X7 =G ( X X)),

ne K— HoMep Kpoky iTepartii.

YMoBa 3aBepleHHs MPOIECy PO3B’sA3aHHS CUCTEMH HENHIMHUX PIBHSIHB 32 Me-
ToaoM 3eiens 30iraeTbes 3 yMOBOIO (8.6) 11 MeToay mpocTux itepariit (8.6).

M p w©n .KPo3piwkedo m@ronoM 3eiiesis CUCTeMYy HENIHIMHUX PIBHSHD
(8.2) 3 moxubkor 0.0001. BukopucToByBaTUMEMO 1}0 CUCTEMY, SIK 1 JJIsI METOY 1Te-
pariii, y nepetBopeHomMy BUrsiAi (8.7):

=\/X1(X2 ;5) “216,(x,%);

X, =% +3lg Xt G, (X, X,).

©)

O06epeMo BEKTOp MOYAaTKOBOTO HAOIMKEHHS X' — TOUKY MEPEeTUHAHHS (DYHKIIIH
rpadika (8.2) 3 moxatHuMu 3HaueHHAMEH X =3.5, X =22, [ligcraBumo i 3Ha-
yeHHs y ¢pyHkiii G; ta G, Ta 3rigHO 3 MeToaoM 3eriaens 3a popmynami (8.9) o0uu-

CJIMMO TiepIie HAOIMKEHHS 10 PO3B’SI3KIB CUCTEMH:

(0) (+,(0) - -
. = \/xl (X 2+5) 1_ \/3.5(2.22+5) 1 _ 3478505

X = x® +3lg x¥ =,/3.478505+ 3Ig 3.478505= 2.258912

[Tonanein HAOMMKEHHS OOYUCIUMO 3a MOCTYHOBOTO BUKOPUCTOBYBaHHS (pop-
My (8.9) po3B’sizanns cuctemu Ha (k+1)-mMy kporii iTepamiiiHoT MpoLeaypH:

(K) fy/(K)
(k+1) — X (Xz +5)'1
e

X;k+1) — \/X1(k+1) +3|9X1(k+1)
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BiamoBinHi 3Ha4eHHS TOCTYMOBUX HAOIMKEHb PO3B’SI3KiB cucteMu (8.2) HaBe-
JIeHO B Ta0JI1. 8.2.

Tabnuusg 8.2 — 3HaYeHHs MOCTIIOBHUX HA0JIMKEHb PO3B’SI3KY CHCTEMM PiBHAHb
(8.2) meTogOM mpoCTHX iTepamii

K — Homep iTepanii x x {0

0 3.5 2.2

1 3.478505 2.258912
2 3.482109 2.260008
3 3.484260 2.260662
4 3.485544 2.261052
5 3.486310 2.261284
6 3.486767 2.261423
7 3.487039 2.261506

OO0umncIuMO OXKOKK BEKTOpa HAOIMKEHb PIBHSIHB 3a (hopmyiioro (8.6):
micist 2-ro KpoKy iTeparii

| x® - x®| 00037664

= =0.000908< 0.00%,
X9 41476118
micist 9-ro Kpoky iTepariii
x©@ - x®
H H = 0'0001014: 0.0000244 0.0001

x@| 4156346

Otxe, HAOMDKEHHS, OOYUCIICHI Ha 2-My KpOIl iTepailii, MO>KHa BBaXKaTH 3a
po3B’si3ku cuctemu (8.2) 3 moxuokoro 0.001; HaGamKeHHS, 00YnCIeHI Ha 9-My KpoItl
iTeparlii, — 3a po3B’s3ku cuctemu 3 moxuoxoro 0.0001, To6To

X, = 3.487299; X, = 2.261585.

3ayBaxuMo, 1m0 Y MO B U 3 O poK’#BKBCCHCTEMH HENiHIHHUX PIBHAHB
I MeToAy 3eiaerns € Taki cami, sk 1 a1 metoay npoctux iteparii (||Gj(X)|| < 1,
dopmyia (8.8)).

8.4 Metoax HoroTona

MaTemMaTHYHUM MMATPYHTSAM METONy € JiHeapw3amis Gynkmii fy, fp, ..., f, murs-
XOM PO3KJIaNaHHs B psijg Teinopa B OKOJI TOYKH TIOYATKOBOTO HAOJIKEHHS O
PO3B’S3KYy CHUCTEMHU PIBHSIHb W HEXTyBaHHS BCIMa 4WICHAMH DSy, OKPIM JIIHIMHHUX
1010 TIPUPOCTIB 3MIHHHUX.
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Jlna onHi€el 3MiHHOT pan Teisiopa B 0KOJI IEBHOT TOUKH X = Xy BUTIIAJAE SIK
1 1 1 o e
B = T06) 5 (0= x) i) + 5 (- )7 i) +...4 = (%= %)" £ %,).

s byukuii fy, o, ..., f,, cuctemu piBHsAHB (8.1) Bi3bMEMO JIMIIE JTiHIAHY Yac-
TUHY (10 Jpyroi TMOXiJHOI) pO3KJIamaHHsS B psAx Telnopa B OKOJl TOYKH

xO= (O 3O 4O,

- 0 0 0 0 0
f (%, X, o) = i (X0, x@) 4 (3 - xO)E £ (@ %0 x(0) +
1

0 0) (0 0 0 0) (0 0
+ (X, - xg ))L f; (xi ),xg VX 4+ (x, - xS ))L f; (xi ),xé ) x9),
2 Hxn
nei=1,2,...,n.
VBenemMo mo3HaueHHs 11 3SMIHHUX
Dxi(o) =(% - xi(o))— HPUPICT I-TOT 3MIHHOI,
fi — sHaueHHs i-Toi PyHKII,
Fij - H f; (X§0)’X£0)’ ...,x,(f’))— 3HAYCHHS MEPIIOT YaCTHHHOI MOXiqHOT (yHKIIIT

J
fi 3a 3miHHOIO X;.

[Ticnss mepeTBOPEHHS JICTaHEMO CUCTEMY JIHIMHUX PIBHSHB MOpsJKa N 1100
IPUPOCTY 3MIHHHUX AX:
FiDx +FiDx, +...+ FjDx =-f;
FiDx +FiDx, +...+ FjDx =-f;
FiDx +FiDx, +...+FjiDx =-f;

abo y MmatpuuHiii popmi

(8.10)

ek, P Flng eDXlﬂ € fl?

' u e u
éle F22 an ucé 20=€ fzu
e. .. Lue..u é..
é - uéy é
@Fnl I:n2 anu nU € fnU

VY ckopodyeHOMY BUTJISIII MOYKHA 3alucaTH

(F)(Ax) = —(f),
Jie MaTpHIls 3Ha4YeHb YacTUHHUX moXigHux (F') HasuBaetbcs M T P U UL € WuuAK 0 6
A K 0 O i cackcauNpiBHSHb.
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Po3B’s30k 11i€l cuctemu (3a ymosu det(F') # 0) Hamae BeKTOp BiIXHIIEHB JI0 T10-
_ n-1 o

yatkoBoro HaOmmxkenHs AX= — (F') " (f). JlonaBanHs 1#oro 10 BEKTOpa MOYaTKOBOTO
HaOIMKEHHS HaJla€ HOB1, YTOYHEH1 3HAUCHHS 3MIHHHX

W= xO4 Ax©

[Tponorxyrouu iTepariiiHuii mpoiec, AICTaHEeMO HOB1 HAOJMIKEHHSI PO3B’SI3KIB
CHUCTEMH JIIHIMHUX PIBHAHB 32 CKOPOUYEHOIO (POPMYII0I0

x&= x® 4+ Ax® (8.11)
a00 y 3araJbHOMY BUTJISII
x4 = x W F(x®) - 1(xY); (8.12)
e Fx® - obepHeHa wMatpuid ko061 F' s HaGmmkeHHss X0
={ Xl(k) X(k),---,xn }2 k=012 .. YMOBaB e p LIepHOHLAE C Y

PO3B’sI3yBaHHS CUCTEMHU HEMIHIMHMUX PIBHSAHB 32 MeTOJ0M HbioToHA 30iraeTbes 3 Me-
TOJOM IPOCTHX iTeparliit (8.6).

Orxe, @ N T O PpoO3B’#LyBaHHS CUCTEMHU HENIHIMHUX PIBHAHb 32 METOJOM
HrroroHa BuTIA1a€ B TAKUH CIIOCIO:

1 oOupaemo MovYaTKOBE HAOIMKCHHS x9= {xl(o) , X%o), ...,x,(f)) };
2 obuncmoeMo Marpuiio Ako0i (F') — 3HaueHHS YACTUHHMX MOXIJTHHUX

F ,. 111 oGparoro Habmmkeras X (K — HoMep Kpoky iTepartii);

3 po3B’sA3yeEMO cHUcTeMy JiHIHHUX piBHIHB (8.10) 1m10710 IpUPOCTIB 3MiH-
aux AXY = — (F) 1 (x®) -f(x¥);

4 10 BeKTOpa HAGIMKEHHS X JOIA€MO BEKTOD IPHPOCTIB 3MIiHHHX AX
(8.11) ta micraeMo HOBE HAOIMKCHHS xE D)= Wy Ax®:

S5 mepeBipseEMO YMOBY 3aBEpIIEHHS MPOIECY PO3B’I3YBAHHS CUCTEMH Pi-
BHSHB (8.6): SIKIIIO YMOBH HE IOCSTHYTO, TO 3HA4Y€HHs K 301/IbIIyeMO Ha O/u-
HUITIO 1 TOBTOPIOEMO MPOIIEAYPY 3 M. 2, IHAKIIIE MPOIEC ITepallii 3yImHHSIEMO.

®

YacTuHHI MOX1AH1, MOTPiOHI JUIsl po3paxyHKy maTpull k001, MOXKHa 00UHCIIN-
TU aHAJTITUYHO a00 XK, SIKIIO 116 HEMOXKJIMBO YU TO BAXKKO, JIICTaBaTH 3a (hopMynamu
HaOJIMKEHOTO AudepeHititoBads (quB. m. 3.1).

M p n .Ro3p’sbxeMd 3a JeTooM HeloToHA cucTemMy HETiHIMHUX PIBHSIHB
(8.3) 3 moxu6koro 0.0001:

f(X%, %)t 27 - XX, - 5% +1=0,
f(x, %)t x +3lgx - X =
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©_ rouxy mepernnanus ynxiiit

rpadika (quB. puc. 8.1) 3 TogATHUMM 3HAYEHHSIMU Xl(o) =3.5 Xéo) =2.2. Tligcra-

BUMO 111 3HaueHHs y ¢pyHkii f; taf,

O06epeMo BEKTOp MOYATKOBOTO HAOIMKEHHS X

€2x - ¥,X, - 5% +16_ ¢0.30000Gs
=€ x +3lgx-x¢ § 9202204

Cxiagemo Matpuiio Sko6i

e4% - %-5 -X g

. _ 6 Q) u
F=§,304343 0
é X a

[TizcTaBUMO 3HAYECHHS MOYATKOBOTO HAOIMKEHHS B IO MATPHIIO 1 OOUHCIMMO
11 BU3HAYHUK:.

6.8 -3b5g

: J. OV —
= &.372 _4.43, det(F'(x™”)) =-25.12 £0.

Orxe, marpuns F'(x?) — HeocobuBa. OGuncimmo ii 0GepHEeHy MaTPHIIO

€0.1751 - 0.1393

100N _ 2 <
P = & o546 - 02707

3a dopmyoro (8.12) 06unciaumo nepiie HaOIUKEHHS
x1 = O _ Ffl(X(O)) . f(X(O)) -

_&5g &0.1751 - 0.13935,¢0.30000%5_ £0.3488164
"2l 0546 - 0.270%%.292204’}_812627183

AHanoriyHo OOYMCIIOITh HACTYIMHI HAaOMMKeHHs. Pe3ynbratu oOuMcieHb Ha-
BeZIeHO B Tabu. 8.3.

Tabmuusg 8.3 — Pe3yabTaTn noc/aiIoBHOT0 004K CIeHHS PO3B’A3KIB CUCTEMH
piBHsiHb (8.3) MeTonom HbioToHa

K — Homep 0 0

( ( (k) (k)

KPOKYy iTepamii X1 X3 fi(x") fo(x )
0 3.5 2.2 0.3 0.2922041
3.488164 2.262718 0.001022 —0.003941

3.487443 2.261629 25404107 | —1.211:10°°
3.4874428 | 2.2616286 | 1.7763-10* | 8.899-10°"
3.4874428 | 2.2616286 0 0

AIWINPF
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. . (3 .o .
3ymuaiMoch Ha HaGmmkenHi X, 3a sKOro 3HAYCHHS QYHKIIH CHCTEMH PIBHSHD
. 12 .
MeHiIi € 32 10777, ToOTO po3B’A30K cUCTEMU PIBHAHB (8.3) €

X1 = 3.4874428;  x, =2.2616286.

O6uncIMMO NOXUOKHU BEKTOpa HAOIMKEHb PIBHSHB MICHs 3-T0 KPOKY ITepallii 3a
dbopmyitoro (8.6):

|x9- x| 4 6000004

H (Z)H = 1156588 =9.4660220"° <0.0001.
X .

YMoBWU 361 XHOHBTIOT OMieaTcdeld MeIiHIHHUX PIBHIHD JOCII-
oKyBanu Bigomi BueHi: KantopoBuu, OctpoBchkuii, Bisuepe, CteHiH. Y3araibHIO0-
9y iXHI JOCTIIKEHHS, MOYKHA BBa)KAaTH 3a JIOCTaTHI YMOBH 301KHOCTI PO3B’SI3KIB CHC-
TEM HEeJIHIAHUX piBHSHb MeToay HploToHa Taki:

1 wmatpuis Sko06i A1 MOYaTKOBOTO HAOIMKEHHS F'(x(o)) Ma€e MaTu OOepHEHY
MaTpuio F ' 3 HOPMOI0, MEHIIOIO 3a TIeBHY BenmduHy A, TOGTO

IF <A

2 HopMa J00yTKy oOepHeHoi MaTpuili SIko0i Ha BekTop 3amanux (yHkiid f(X)
MMOBMHHA MaTH 3HAYEHHS, MEHIIIE 32 NIeBHY BeINYuHy B:

IF ) - f(x) < B;

3 3HaveHHs MaTpulll K001 /I YaCTUHHUX MOXIIHUX JPYTroTo MOpsaKa MaloOTh
32/I0BOJIBHATH YMOBI
n 2 v
2 W h®
MX; BX,
nei,j=1,2,..., N, X— nepHi 3HaUY€HHS HAOIMKEHb PO3B’SA3KiB CHCTEMM PiBHSIHD B
OKOJI1 TOYKH x(o);
4 cram BeauuuHU A, B Ta C MaroTh 3a10BOJIBHATH YMOBI

2nABC< 1.

[TepeBipuMO BUKOHYBAaHHSI HaBEJEHUX YMOB JIJIi CHCTEMHU HENIHIMHUX PIBHSHD

(8.3):

¢C,

k=1

1 matpuris Sko01 1i€i cucreMu

e4dx - X, -5 - % @

& . 3
F=§. 304343, 0
é X G

Mae 0GEPHEHY MATPUIIO VTS I04aTKoBOro HabmmkenHs X :

o 01751 - 01393
F 0= 0546 - 02707

Hopwma miei matpumi || F(x@)|| = 0.325366 < 0.33, To6T0 Bemmumna A = 0.33;



82
2 o6uncauMo 100yTok 0ob6epHeHoi MaTpulll SK001 Ha BEKTOp 3aJaHuX (PYHKIIIHI
f(X) wis nouarkosoro Habmkenus X;

o o €0.1751 - 0.1393,.¢0.30000G5_ e 0.011836g
)T = &.0546 - 02707 $0.292204 & 0.062718)
Hopma Bektopa m00ytky ||F1(x?) - f(x)|| = 0.063826 <0.1, T06TO0 BemmumHa
B=0.1;

3 o0uyucaIuMO 3HA4YCHHS MaTpulll SKoO1 /I YaCTUHHUX TMOXIAHUX JAPYTrOro mo-
0).
pAIKA JUTSl TOYATKOBOTO HAOIMKEHHS X' -

e 4 -1 -1 Og \ 1 -
o€ 13020 0 o 0 F.,(X(@):g 4 1 -1 og
g X2 H’ & 010636 0 0 -2
- e (0) 2 m ..
3 matpuni F'(x"’) 004rCIMMO MATpPHIIO 3HAYCHD ,ael, | =1, 2;
k=1 | MX; Xy
X — 3HaYeHHs HaOIMKEHb PO3B’A3KiB CUCTEMU PiBHAHD B TOYILI x©:

e 5 Io
§.10636 2{]

VYci enneMeHTH 1€ MaTpUIIl € MEHIIIE UM JTIOPIBHIOIOTH 5, TOOTO BennunHa C=5;

4 migcraBuMo 3HadeHHs BenmmuuH A, B, C Ta N = 2 i mepeBipuMo YMOBY
2nABC=2-2-033-0.1-5=0.66<1.

BoueBup, 1110 cucTeMa HeNlHIMHUX PIBHSAHB (8.3) 3a0BOJBHSE YMOBI 301KHOCTI
MmeTona HeroToHa.
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IlepeJiik 3HaHb TAa yMiHb, AKHX MA€ HA0YTH CTYAECHT
y npoueci BUBYeHHs1 matepiaiay moayJs 1

1 dzO dzdzv :

- Oo6uuncaroBabHi MOXIIMBOCTI nakera Mathcad;

- kjacu@ikailis 4MCceIbHUX METOMAIB Ta CTPYKTypa MOXUOOK MpU 0OUMC-
JICHHSIX;

- pO3B’sI3yBaHHS HEJIIHIMHUX PIBHSHB,

- XapaKTEPUCTHKU MATPHIlh Ta METOIN iXHROTO OOYMCITFOBAHHS,

- METOJY OOYMCIIOBAHHS CUCTEM JIIHIMHUX PIBHSAHB;

- YHCENbHI METOJH PO3B’SI3yBaHHS CUCTEM HENIHIWHUX PIBHSHB;

- YucenbHI MeToau TudepeHITIIOBaHHS Ta OOYMCITIOBAHHS 1HTETPAITIB.

I 3" dzdzv

- OO6uwucmoBatu GyHKIT Ta OyayBatu rpadiku y Mathcad,;

- nudepeHuioBaty Ta o04KcaoBaTH iHTerpanu y Mathcad ta C++;

- BHOKPEMJIIOBATH Ta OOYKCIIIOBATH PO3B’SI3KU HENHIMHUX PiBHSIHB Yy C++
ta Mathcad.

- 00YHMCITIOBATH YHMCJIOBI XapaKTepuCTHKH MaTpuilb y Mathcad;

- o0uuMCIIOBaTH CUCTEMHU JIiHIHHUX piBHAHB y Mathcad;

- o0uYMCIIOBAaTH CUCTEMH HelliHiHHKUX piBHsAHB Y Mathcad.

3aBIaHHSA-TECTH AJIA NePeBiPpKU 3HAHb TA BMiHb

1 Ilepeniuims nomepu npasunvrux, Ha Baw noznao, eionosioeii:

YMOBH 301KHOCTI METOAY JIIJIEHHS HaBILI JuIsl piBHSIHHS f(x) = 0 HAa NPOMIXKY
1305s11ii [a, b] — 1e:

1 f(X) — HemepepBHa Ha IPOMIXKKY [&, D];

2 f(X) — nudepenuilioBana Ha poMixkKy [a, b];

3 KUIbKICTh 3MiH 3Haka ¢yHKIii f(X) Ha mpomixkky [a, b] nepepumrye 0;

4 xinbKicTh 3MiH 3Haka QyHKIT f(X) Ha mpomixkky [@, b] mopisHioe 1;

5 KiJbKICTh 3MiH 3HaKa ¢yHKIii f(X) Ha mpomikky [@, b] nepeBurye 1.

2 Ilepeniuimb nHomepu npasunvnux, Ha Baw no2nao, eionosioeii:
YMoBu 361kHOCTI MeToay HetotoHa jutst piBHsiHHS F(X) = 0 Ha mpomixKy 130-
st [a, b] — me:
1 f(X) — HemepepBHa Ha IPOMIXKKY [a, D];
f(X) — nudepeniifioBana Ha MPOMiXKKY [a, b];
nepira noxiana f(X) 3mintoe 3Hak Ha [a, b];
apyra noxingHa f(X) 30epirae 3Hak Ha [, b];
nepira noxiana f(X) € menma 3a 1 Ha [a, b];
nepia nmoxiana f(X) 30epirae 3Hak Ha [a, b].

OOk Wi
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3 3anuwims nomep npasunvhoi, na Baw noznao, 6ionoesioi:
dopmyiia

ox . T0n)
n n-1 fr (X )
n-1
JTIO3BOJISE PO3B’SI3yBAaTH HENMHIMHI PIBHSHHS 32 METOJIOM:

1 irepartiii;
2 JIIJIEHHS HABIILI,
3 HrrotoHa;
4 xopa.

4  [Ilepeniuimo Homepu npasunvnux, Ha Baw noznao, éionogioeii:
J10 METO/i1B YMCENBHOTO IHTETPYBaHHS HAJIEXKATh:
1 meron Tpanenii;
2 METOJ IUICHHS HaBIILT,
3 MeToJ MPSMOKYTHHKIB;
4 wmeton Herotona;
5 meron CiMrcoHa.

5 Ilepeniuimo nomep npasunvhoi, Ha Baw noz2nao, 6ionogioi:

dopmyna
h N1
=2 (T00)+ T0n) +2a (X))
k=1
Bi/IMOBI1/1a€ (hOpMyJIi OOYUCIIEHHS 1HTErpajia 3a METOI0M:
1 npsIMOKYTHHKIB;
2 Tparmerii;,
3 CimrmcoHna.

6 3anuwims nomep npasunvnoi, na Baw noznao, 6ionoesioi:
Jlst HabnmuKeHOTo O0YKCIIeHH 1HTerpaia 3a MetojoM CiMIicoHa
KpHBA MiIIHTETPAIbHOT (DYHKIIIT 3aMIHIOETHCS Ha!
1 mpsiMi JTiHIT;
2 BIAPI3KW KBaAPATHYHHUX MMapado,
3 nmamany.

[ Ilepeniuimov Homepu npasunvrux, Ha Baw noz2nao, éionosioeit:
€ nokaswu, mo:
1 meron CimIicoHa € TOUHIIIMM 32 METOJ] Tpamnelii;
2 METOJI Tpamelii € TOYHIIIUN 3a METO/I MPSIMOKYTHHUKIB;
3 metox CiMIICOHA € TOYHIIIUI 32 METOJI mapabos,
4 Meronu MpsIMOKYTHHUKIB Ta Tpareliil MaloTh OJJHAKOBY TOUHICTb.
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8 Ilepeniuimov Homepu npasunvHux, Ha Baw noznno, éionogioeil:
J1o MeTo/1B yTOUHEHHS PO3B’A3KY HEJIHINHUX PIBHSIHb HAJIEkKaTh.

METOJI ITepartii;

Meton CIMIICOHA,

METO]I JUICHHS HABIILI,

meTto]1 HeroToHa;

METOJ1 XOpJ;

METOJI TpameIlin.

OO Ul WN -

9 Ilepeniuimov nHomepu npasunvHux, Ha Baw noznno, éionogioeil:
[Tpomixok 1301111 KOpeHs — I1e:
1 mpomiXOoK, Ha SIKOMY € OMH 1 JIUIIIE€ OJWH PO3B’A30K PIBHIHHSA;
2 TIPOMIXOK, Ha sikoMy riepia noxinHa f '(X) mopisaioe 0,
3 npoMmixkoK, Ha sikomy f(X) € HerepepBHA 1 Ha HOTO KiHIAX Ha0yBae 3Ha-
YEeHHSI IPOTUJIC)KHUX 3HAKIB.

10 Iepeniuims Homepu npasunvnux, Ha Baw noznao, gionogioeii:
Jlst Toro mobu cucreMa JiHIHHUX anredpaiunux piBHsAHb (CJIAP) Mana enunmii
PO3B’A30K, NOTPIOHE BUKOHAHHS YMOBHU:
1 BinbHI wienn CJIAP nopiBHio0Ts 0;
2 niaronanbHi kKoedimieaTn CJIAP e nopiBHIOOTH 0;
3 BusHaunuk CJIAP me nopisHtoe 0;
4 xoedimientu CJIAP He HeBia eMHI.

11 Ilepeniuims nomepu npasunvrux, Ha Baw noznao, sionosioeii:
TpancrioHOBaHa MaTpHLA — LIE:
1 matpuils, BCl €IEMEHTH SKO1 T10PiBHIOIOTH 0]
2 MaTpuIl, y SKOi MepecTaBIeHO MICISIMU PSAKA W CTOBIIII;
3 AKIIO BC1 €IEMEHTH MaTPHIll piBHI TOMIX CO0O0TO.

12 Iepeniuims Homepu npasunvhux, Ha Baw noznao, gionogioeii:
Crij MaTpuIn — 11e:
1 cyma kBajgpaTiB €IeMEHTIB ii HETOJIOBHOI JlaroHa,
2 noOyTOK €JIEMEHTIB 1i TOJIOBHOI JiaroHalt;
3 cyMa eJIeMEHTIB ii TOJIOBHOI TiaroHati.

13 Ilepeniuims nomepu npasunvrux, Ha Baw noznao, sionosioeii:
O6epHeHa MaTpulis — 1ie:
1 matpwiid, sika Oy Tydd IIOMHOXKCHOO Ha TIEBHY MATPHIIIO 1a€ OJTMHAYHY
MaTPHIIIO;
2 MaTpuIl, y SKOi MepecTaBIeHO MICIIMU PSAKU W CTOBIYHKHY;
3 AKIIO BC1 €IEMEHTH MaTPHIIl HE € PIBHI MOMIXK COOO0I0.
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14 Ilepeniuims nomepu npasunvhux, Ha Baw noznao, gionosioeii:
Hopma Matpuii — 1e:

1

2
2
2
3

J0JJTaTHE YHUCIIO;

B1JI’€MHE YHUCJIO;

CyMma €JIEMEHTIB JllaroHaJli MaTPHIIi,

NEPITUI CTOBITYMK MaTPHIIL;

MaKCHMAJIbHE YHCIIO 13 CYM €JIEMEHTIB PAJIKIB MaTPHIII.

15 Ilepeniuims nomepu npasunvrux, Ha Baw noznao, eionosioeii:
MeTtoau po3B’si3yBaHHS CHUCTEM JIHIWHUX PIBHSAHB — LI€:

OO0k WwWwNE

METO/I 3 O0YHCIICHHSIM O0EPHEHOI MaTPHII;
meton Kpamepa,

meron ['aycca;

Mmeton HeroToHa;

METOJI IPOCTHX ITEpalliif;

METOJ1 3eiiens.

16 Iepeniuims Homepu npasunvhux, Ha Baw noznao, gionogioeii:
METO/IM PO3B’A3yBaHHSI CUCTEM HEJIHIMHUX PIBHSIHD — 1I€:

1

2
3
4
5

Meton Jlarpanxa;
METOJ] TPOCTOI 1Teparlii;
meron Pynre—Kyrra;
METOJ 3eunend,

Mmetox HeroTona.

17 3anuwims npasunvHy nocniooenicmo 0iil 015 po36’A3aHHA
CHUCTEMH HEIHIMHUX PiBHIHB 32 MeTo10M HproToHa:

1
2
3
4

5

PO3B’SI3y€EMO CHCTEMy JIHINHUX PiBHSHB 00 Iprpoctis 3minaux AXY;
pPO3paxoByeEMO MaTpUIlIO SK0Oi;

oGHpaeMo mogaTkoBe HabmkeHHs X0 = { x?,x°,...x° };

NepPeBIPSEMO YMOBY 3aBEPIICHHS MTPOIIECY PO3B’ I3yBaHHS

CUCTEMU PiBHSHb;

710 BEKTOPA HAOIMKEHHSI x®
1 JICTa€EMO HOBE HAaOIMKEHHS X

JI0JIA€EMO BEKTOP MPUPOCTIB 3MIHHUX Ax®

(k+1)

18 Ilepeniuims nomepu npasunvrux, Ha Baw noznao, sionosioeii:
YMoBHM 3015KHOCTI MeTOTy HblOTOHA /1711 CHCTEM HEJIHIMHUX PIBHSAHB:

1

2
3

matpuils SIko0i st movatkoBoro HadmwkeHHs F'(x(0)) mae matn
oGepHeHy MaTpuiio F ' 3 HOpMOKO, MEHIIIO 33 MEBHY BeTHUnHY A
oOepHEeHa MaTPHILI MOX1AHUX JopiBHIOE O;

HOpMa OOYTKY oOepHeHOoT MaTpuill k001 Ha BEKTOP 3adaHuX (PYHKITIH
f(X) Mae MaTi 3HaYCHHS, MEHIIII 32 ICBHY BeJIHMUUHY B;
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4 3HaueHHs MaTpull K001 A1 YACTUHHUX MOXITHUX APYTOro MOpsaKa
MarOTh 33JJOBOJIbHATH YMOBI
n 2 f <
s (X
k=1| MXj X

5 crani Benmunan A, B Ta C MaroTs 3a10BopHATH yMOBIZ2- N - A<B . C

19 /lonoenimo meeporcenns:
XapakTepUCTUYHUM PIBHSHHSAM MaTpulli A HA3UBA€THCS PIBHIHHS, KE Ma€
BUTIIAM .. .vovnnnn .

20 Ilepeniuimb Homepu npagunvruux, Ha Baw noznao, eionosioeii:
3anmavi BIAHAXOKEHHS BIACHUX 3HAYEHD 1 BIACHUX BEKTOPIB BUHUKAIOTH 3.
1 BHU3HAYaHHS YAaCTOT BJIACHUX KOJIMBAHb IMHAMIYHUX CUCTEM;
2 JOCIIHKEHHS CTIHKOCTI 00’ €KTIB MEXaHIYHOI IPUPOIH,
3 mocikeHHs 00’ €KTiB (I3MYHOIT ¥ XIMIYHOT TPUPOIH;
4 po3B’si3aHHS CAMOCTIMHUX MaTEMAaTUYHMX 3ajad.

21 Ilepeniuims Homepu npasunvhux, Ha Baw noznao, gionogioeii:
XapakTepuCTUIHUM TOJIHOMOM HA3UBAIOTh MOJIIHOM:
1p)=CED"A " +ed "ttcol 2+ A" )
2 apVitapV, T ...t auVn =i

3p)=CD"1 -1 -12) ... -1y

22 JlonoeHimb meepoiceHHs .
BnacHuM BeKTOpOM MaTpHIli A, 1110 BiJIIOBiIa€ BJaCHOMY 3HaueHHIO | i, Ha3uBa-

23 Ilepeniuimb nomepu npasunvhux, Ha Baw noznao, sionogioei:
MeTton cTerneHiB BUKOPUCTOBYETHCS JUIsl BUBHAYAHHS:
1 MaXOpaHTHOTO BJIACHOTO 3HAYEHHS;
2 HOPMaJIi30BaHOTO BEKTOPA;
3 abCONIOTHOTO 3a BETMYMHOIO 3HAYCHHS MATPUIL.

24  Ilepeniuimov nHomepu npasunvHux, Ha Baw noznno, éionogioeit:
Jns Buznauennst B Mathcad quckpeTHOi 3MIHHOI X, SIKa 3MIHIOETBCSI B MEXax
B —2 10 3 3 kpokom 0.1, MOKHa 3aMmKcaTH TOCIIOBHICTh OIIepaTOpiB

1 x:=a,a+h..b =-2 b:=3 h:=0.1
2 a=-2b:=3h:=01 x:=aath. b

3 x:=-2,-2+h.. 3 h:=0.1

4 x:=-2,-19..3

5 x:=-2,01..3
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25  Ilepeniuimov nomepu npasunvHux, na Baw noz2nao, éionoegioeit:
Jns obuncnenns B Mathcad dynkinii sin®C , 1e X=1, Mo’kHa 3amMCcaTH:
1 y:=sin?x?

2 x:=1 y = (sin(x %)) 2
3 y:=sin(x)? x:=1
4 y(x) :=sin*x

5 y(x):=6in(¢)? x:=1  y(x) =

26  Ilepeniuims Homepu npasunvnux, Ha Baw noznao, gionogioeii:
_sinab’
s obuncnenns B Mathcad ynkitii T, ne a=2 b:=3 x:=4, moxHna 3a-
ax

II1caTu.
(%) = sinfath?)
YX)-= Jatx  27F2 b=3 x:=4 y(¥=

|

__sinab?
2 Y(X):= Tax a=2 bi=3 x:=4

__sinab’
3 Y(X)= Tax a:=2 b:=3 x:=5

4 a:=2 b =3 X:'=5 y(X) '—M y(X) =
.— — .— — \/5( =
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