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Vxnanmaui:
JL.M. bykara, JI.B. I'nazyHoBa, B.A. [llanoBaneHko

MeTtonuuHl BKa31BKM MICTSITh KOPOTKI TEOPETHUYHI BIJIOMOCTI MPO METOAM
PO3B'S3aHHS IH)KEHEPHUX 1 HAYKOBUX 3aJ71a4 3 BUKOPUCTAHHIM YHCEIBHUX METOIB Ta
METOJMYHI BKAa3iBKM 70 BHUKOHAHHS KypcoBoi pobOotu. HaBemeno 30 BapiaHTIB
1HAMBIAyaIbHUX 3aBJaHb KypcOBOI pOOOTH, sIKI JO3BOJISITH 3aCBOITH pOOOTY 3
pO3B’sI3yBaHHS 337a4 3 BUKOPHCTAHHSAM YHCEIbHUX METOMiB. METOMuYHI BKa3iBKU
OyZyTh KOPUCHI CTyAACHTAaM JIJIsl 3aKPIIJIEHHS JIEKLIITHOro MaTepiany.

MeTtonuuHl BKa3iBKM MpU3HAYEHO [ HAOyTTS MNPAKTHYHUX 3HAHb
CTyJIEHTaMH, SIKI BUBYAIOTh AMcCUMIUIIHM “IIporpamyBaHHS 1H)KEHEpHUX 3ajay’,
“YucenbHl MeToAM Ta MojeoBaHHs: Ha EOM”, “UucenbHi MeToaun”, @ TAKOXK OY1yTh
KOPMCHMMH  acIlipaHTaM Ta HAyKOBUM CHIBpOOITHHKAM, SKUM HEOOX1THO
pPO3B’sI3yBaTH TOIIMPEHI HAyKOB1 3a7adyl 3 BUKOPHUCTAHHSAM YHCEIBHHUX METOIB 1
MaTEeMaTUYHUX MTAKETIB.

CxBaJjeHo: 3ATBEP/IXKEHO
Ha 3aciJlaHH1 Kadeapu MeTtoanyHOI0 pagoro
1H(pOpMaIIHUX TEXHOJIOT1! akazeMii 3B'A3Ky.

Ta PEKOMEHJ0BAHO 10 APYKY. [IpoTokon Ne 16
[TpoToxomn No 7 Bix 23.03.2012 p.

Bij 27 motoro 2012 p.



Beryn

Hucrtumutina “IIporpaMmyBaHHs 1HKEHEPHHUX 3a7a4”’ BUKJIAJAETHCS B CEMECTpPax
2.112.2 crygenTam 2-ro Kypcy, Kl HaBYalOThCS 32 HAMpsMOM “ Mepexki Ta CUCTeMH
MOIITOBOTO 3B'S3KYy”, TMpU3HAUeHa g (OopMyBaHHS 3HAHb Ta HAaBHYOK 3
BUKOPUCTAaHHSI KOMIT'IOTEPIB Y CBOil MpodeciiiHii Ta MOBCAKACHHIN AISUIBHOCTI, a
came: MporpaMmyBaHHs Ta PO3B’sI3aHHA MOIMIMPEHUX 1HKEHEPHUX 3a/1a4 aBTOMaTH3aIlil
TEXHOJIOTIYHUX TMPOIECIB 3 BUKOPUCTAHHIM YUCEIBHUX METOJIB Ta MaTeMaTUYHHUX
naketiB. MeToau Ta aJiropuTMH pO3B'SI3aHHS I1HXKEHEPHUX 3ajad, AKI HaJaHl y
METOJMYHUX BKa3iBKax, TaK0X MOXKYTh BUKOPUCTOBYBATH CTYACHTH, 110 BUBYAIOTh
muciutuiiny  “Uumcenbni  Meroan” (HampsM  “CUCTEMH  TEXHIYHOTO  3aXHUCTY
iHpopmarii”’) ta “IIporpamyBaHHs iHXEHEpHUX 3a7ad Ta pobora 3 6azamu naHux”’
(nampsim “TenekomyHikarii”).

Mera gucuuiuiiHd — (OpPMYBaHHsS y CTYJEHTIB 3HaHb Ta HABUYOK 3 TaKUX
oOnacTeil:

- MaTeMaTHYHi MTaKeTH;
yuceabHe Tu(epeHIlitoBaHHS Ta IHTETPyBaHHS;

- pO3B'sA3aHHS HENIHIWHUX PIBHIHB;

- pO3B'A3aHHS CUCTEM alreOpaidyHUX PiBHSHD;

- 4YHCeNbHI METOJU PO3B’sA3aHHS NU(PEPEHITIATTbHUX PIBHSIHD 1 CUCTEM;

- IHTEpHOJISIliS Ta anpoKCUMaIlis (yHKIIIH;

- YHCeJbHI METOJU PO3B'SA3aHHS 33/1a4 OJTHOBUMIPHOT onTUMi3allii pyHKITiH;
- pO3B'si3aHHSA 33729 0araTOBUMIPHOI ONTHMI3aIIii;

- MOJICTIOBAaHHHI.
[Tporpama Kypcy CKJIaJa€eThCs 3 TBOX MOIYIIB:
Mooyns 1 — UYucenpbHe oO4YHMCICHHS (YHKINA, XapaKTEepPUCTHK MATpPUIlb 1

PO3B'sI3aHHS HENHINHUX PIBHSIHB 1 CUCTEM PIBHSHb.

Mooynb 2 — YncenbHi METOAM MOJICTIOBAHHS 00’ €KTIB.

MeTtoro KypcoBOi poOOTH € HaOyTTd MPaKTUYHUX HABHUUOK PO3B’SI3aHHS
1HXKEHEPHUX 3a/1a4 3 BUKOPUCTAHHSAM UYHUCEIIbHUX METOJIB, MAaTeMAaTUYHUX MAKETIB 1
3aKpIIUICHHS 3HaHb 1 BMIHb IPOTPaMyBaTy alrOPUTMIYHOIO MOBOKO C++.

Kypcose 3aBnannst mictuth 30 BapianTiB. CTyAEHT 3a BKa3IBKOI BUKJIAJaya,
BUOMpAE 3aBJaHHA 3T1AHO 3 HOMEPOM MPi3BUINA CTYJICHTA Y CIIUCKY TPYIIH.



KYPCOBA POBOTA
3 nucnuminu «[IporpamyBaHHs iH:KeHEPHUX 32121

TEMA: 3ACTOCYBAHHA YUCEJIbHUX METO/IB IT1PH
PO3B'AA3YBAHHI IH’KEHEPHUX 3AJTIAY

Mera. OTpuMaHHs OPAKTUYHUX HABUYOK PO3B’A3aHHS 1HXKEHEPHUX 3a7ad 3a
nornoMororo MareMaruyHoro naketry MathCad ta mporpamyBaHHS B cepelOBHUIII
C++ Builder.

BUMOT'H IIIOA0 O®OPMJIEHHA KYPCOBOI POGOTHU

1. KypcoBa po6ota opopmitoeTscs Ha apkymax ¢opmary A4, gki MiIIIUTI B
mBUAKO3MKBaY. KypcoBy poOOTy NMIIyTh BiJ PYKH, ajie Tpadikd pe3yibTaTiB
oOuncIieHb, sIKI BUKOHAHO Ha KOMIT FOTEpl, MOXKHA PO3JAPYKyBaTH Ta BKIEITH (abo
BCTABUTH) SIK pUCYHKH. CTOPIHKK poOOTH MTOBUHHI OYTH MPOHYMEPOBAHUMH.

2. Cnij 3amOBHIOBATH JIMIIE OJIHY CTOPOHY apKyllla 13 3aJUIICHHSIM TOJIB JJIs
3ayBa)KE€Hb BHKJIa/1aya.

3. s koorcroi 3a0aui kypcoBoi poboTu Tpeba 3amucaTy Taki pO3AUIH:

a) yMOBa 3aJ1a4i 3 iHAUBITyaIbHUM 3aBJIaHHSIM;

0) KOPOTKI TEOPETHYHI BIJIOMOCTI TIPO METOJ: TIOCTAHOBKA 3ajadi, rpadivHe
300pakeHHsI, BUBEIEHHS (OPMYIIU JJI PO3PAXYHKIB, aJTOPUTM;

B) OMKC PO3B’s3aHHS 3a/1a4ul HAa KOMIT 10Tepl (mporpamMa MoBoro C++);

T) pe3yJabTaTH OOYHCIICHb;

1) aHaA13 pe3yJbTaTiB 1 BACHOBKH.

4. CxeMH airopuTMmiB MporpaM CJiJ BHKOHYBAaTH OJIBIEM IIiJ JIHIAKY
BigmosigHo 10 €CIT/I.

5. B kiHii po6otu Tpeba moaaTH CHCOK BUKOPUCTAHOI JIITEPATYpPH, MOCTABUTH
M1JITUC Ta 1aTy BUKOHAHHS KypCOBOT1 pOOOTH.



3ABJAHHS 1O KYPCOBOI POBOTHU

1. O6uucnenns mabauys yukyii.
3anucatyu nporpamy OOYMCIEHHS TaOnuIl 3HadYeHb QyHKIIl flx) B C++ Ta B
MathCAD:
fx) = axHasxP+atax-ta.
KoedimientTn a; Ta TPOMINKOK Ta6yJ1}013.aHH51[xmm;xmax BuOparu 3 Tabm. 2
BI/IMOBITHO 10 HOMEpA BapiaHTa 1HAMBIAYyaJbHOrO 3aBlaHHs. Kpok TaOysroBaHHS
nopiHioe 0,1.

2. Ilo6yoosa epadpixie ¢hynxuyiii.
[TobynyBatu B MathCAD rpadix ¢ynkiii 3 kpokom 0,01 Ha 3agaHOoMy BHIIE
MIPOMIXKKY.

3. Po38’a3aHHs HENIHIUHUX DIGHSAHD.

3.1. I3 rpadika, moOymoBaHOTO y T. 2, BHU3HAYUTH MPOMDKKH 130JISIIIT
PO3B’S3KIB PIBHSIHHS

flx)=0.

3.2. O6uucnIuTH 3HA4eHHS PO3B’sA3KY (KpalHbOTO MpaBopyd) piBHAHHS f(x)= 0
JUTSL IEPIIMX YOTUPHbOX HAOJIMKEHB 3a (pOpMyIaMu METOJTY, 3TIHO 3 1HAUBIAYaJTbHUM
BapiaHTOM (Ta0:. 2, croBnuuk &). J{ns po3paxynkiB BukoprctoByBatu MathCAD a6o
KaJIBKYJISITOD).

3.3. OGuuCIUTH 3HaYEHHS BCIX PO3B’SA3KIB PIBHAHHS Ha 33JJaHOMY 1HTEpBaJi B
MathCAD.

4 Obuucnenns inmeepanie ma NOXioOHUXx.
4.1. Obuucautu (3a AOMOMOTOI0 KanbKyisiTopa abo MathCAD) iaterpan S

3amanoi GyHKIii f{x)

Xmax

S= [/

Xmin

JUISL KUTBKOCTI MPOMDKKIB 1HTETpyBaHHS n = 4 3a (opmyliamMu METOAy 3TiIHO 3
1HAMBITyaIbHUM BapiaHToM (Tabi1. 2, CTOBITYHK 9).

4.2. O6uncnutu 3HaueHHs iHTerpaimy S B MathCAD sk Bu3HaueHOro Tax 1
HEBU3HAYEHOTO.

4.3. O6uncauTy nepiry Ta apyry noxigdi ¢pyskuii f(x) B MathCAD.

5. Habauoicennsn ¢hyukyii.

5.1. Buznauutu ¢Qopmyiny HaOmmxeHoi ¢GyHKLII g(X) METoIoM, 3TiJIHO 3
IHIUBIIyalbHUM 3aBAaHHAM (Tabn. 2, croBmuumk 10). B sSKOCTI BUXITHUX JTaHUX
BUOpaTu:

— y BapiaHTax 3 IHTEPNOJIAILIEI0 — IO YOTHPU Mapu 3HA4YeHb x; Ta f(x;) 13
TabuIll, 004YMCIIeHOT B 1.1 KypCOBOTO 3aB/JIaHHS;

— y BaplaHTax 3 anpoKCUMAIIIEI0 — MO IIICTh Map 3HA4YeHb X; Ta f(x;) 13 Tabuili,
00YMCIIEeHOI B 1.1 KypcOBOTO 3aBIAaHHS.




5.2. OGuucnutu TabIUIIO 3HaYEeHb HAOMMKeHOo1 (PYyHKINT g(X) 3a OTPUMAHOIO
dbopMyII0I0 B YyCiX TOYKaX X; TAOJIUII 3HAYEHb, 00UMCIIeHOT B 1.1 3aBHaHHS.

5.3. O0uuciauTH CceperIHbOKBAAPATUYHY MOXMOKY BIIXWIIEHHS 3aJaHOi Ta
HaOJIMKEHOT (QyHKLIHN.

5.4. IlobynyBatu rpadiku 3a7aHo1 Ta HAOIMXKEHOT (PYHKIIIN B OJIHIN IJIONIMHI B
MathCAD. {1 nobynoBu rpadika HabmmkeHo1 ¢pyHKIii Bubpatu kpok 4 = 0,1.

6. Po3zs’s3anns oughepenyitinux pisHAHb.

6.1. O0uucnuTH TaOJINIIIO HAOJIMKEHUX 3HAY€Hb PO3B’sI3aHHS
Tu(epeHIliiHOrO PIBHIHHS ¥'= f(X,y), mo 3a10BONBHSIE MMOYATKOBHUM yMOBaM
Y(x0) = Yo, (¥(x9) = 0, sxmo X = 0) ma mpomixky [0; 1]; merogom Pynre-Kyrru
YETBEPTOIO MOPSIAKY JUIsl I’ SITH TOUOK 3aJJaHOTO MPOMIKKY. [HIMBIyanbH1 3aBAaHHS
HaBeJIeHO B TabI. 3.

6.2. O0uucnuTn Ta0IUIIO HaOIMKEHUX 3HAYECHb PO3B’sI3aHHS
mudepenuiiinoro pipsauas Y'= f(X,Y), 3 BUKOPUCTaHHAM MaTEMAaTUYHOrO MaKeTa
MathCAD. IloGynyBatu rpadik po3B’s3aHHs piBHAHHS. Kpok 3MiHEHHsSI 3HA4YeHb
aprymenty h=0,1.

Meroanuna nopaaa. Jliia po3s’sizanHs audepeHuiinux piBHsHb y MathCAD
BUKOPUCTOBYBATU QyHKIIIIO rkfixed (y, x;, X2, n, F), 1€ y — BEKTOp MOYaTKOBUX YMOB,
X1, X, — TOYaTKOBE Ta KIHIIEBE 3HAYECHHS MPOMIXKKY apryMEeHTY, 7 — KUIbKICTb
3Ha4YeHb PO3B’A3KY JAudepeHIiiHoro piBHsIHHSA, F — omuc dyskmii (X, ).

7. Oonosumipna onmumizayisi.

7.1. 3HalTH MPOMIXKKH YHIMOJIAIBbHOCT1 PYHKIIIT f{x).

7.2. O6uucnuTH TepuIl TpU HAOIMIKEHHSI 0 TOYKH EKCTpeMyMmy (KpallHbOi
JIBOPYY) METOJIOM, IO BIJINIOBIA€ 1HAMBITyaIbHOMY 3aBAaHHIO (TabJ. 2, CTOBITYHUK
11).

7.3. O6uucnutu y nakeri MathCAD yci 3nadeHHst ekctpeMyMiB GyHKIT f{x)
Ha 33J]aHOMY MTPOMDKKY.

8. Onmumizayisa 3 oomedxcennamu (3adaua JNiHIUHO20 NPOCPAMYBAHHSL).

[Ipu BUrOTOBIEHHI Tapu Uil GaHAEpOJEH 1 MOCHUIOK BUKOPUCTOBYIOTH TPHU
BUJIM PECYPCIB, 3amacu sKux oOMexeHH1. Hopmu BUTpaT pecypciB Ha KOXHUM BHPIO,
I[IHAa OJIMHUIIl BUpOOY Ta 0OMEKEHHS Ha 3allacu pecypciB HaBeJeH1 y Taou. 1

(a = 0,1*n+2, ne n — HOMEp BapiaHTa):

Tabauug 1 — [1nan Bunycky Bupo0iB

Hopmu Butpar Ha 1 ox. 3anacu
Pecypcu BHPOOY
OaHgepo.i NOCWJIKHU pecypcy
Kapton 2+a 8—a 360
TpynoBi BUTpaTn 6—a 4 192
Enextpoenepris 2 3+a 180
[TpubyTok 3a 1 ox. 12 16
BUPOOY




Cxiactu mjaH BUITYCKY BHUPOOIB (KUIbKICTh OaHIEpoJjiel Ta TOCHIIOK), IO
3a0e3nedye MakKCUMaIbHUN MPUOYTOK 3a BapTICTIO. 3aBIaHHS BUKOHATH TpadivHo, B
MathCAD i Excel.

9. Onmumizayis 3 oomedcennsamu (Tpancnopmua 3aoaua).

Po3p’s3aTu B Excel 3amauy nepeBe3eHHs: BaHTaXy 3 BY3JIIB 3B'SI3KYy J0 MYHKTIB
COpPTYBaHHSI.

VY BigainenHsx 3B'si3ky B3y, B3, B3;, B3i, B35, B3, HaKONMYEHO BaHTaX1
BiMmoBigHO B oOcsrax: 20 +10n, 30, 30 + 10n, 40, 25, 15 (ucHTHEpIB), A€ N —
HOMEp 1HJUBITyaJIbHOTO BapiaHTa.

[Tynkrtu copryBanns [1C,, I1C,, [1Cs MOXYTh IPUAHATH BAHTAXK1 B 00csTaX, 110
CTaHOBJIATH BignoBigHO: 60+10n, 50+10n 1 50 (uentHepiB). Bimomi BapTtocCTi
MEPEBE3CHb OJIHOTO IIEHTHEpPAa BaHTaXXy 3 KOXKHOTO BIIIJICHHS 3B'S3KY B KOXHUUN
MyHKT COPTYBaHHS (MaTPUIsl BAPTOCTEN):

IIC, | 1IG, | 1IG;S
B3, 10 8 5
B3, 5 6 6
B3; 4 8 7
B3, 11 4 5
B3s 2 6 10
B3 4 3 8

Busnauntn 3a qomomororo Excel Takwii miaH nepeBe3eHsb, o0 HOro cymapHa
BapTiCTh OyJia MiHIMalbHAa, i OpH I[bOMY BaHTaX OyB OM BHUBE3EHMH 13 YyCIX
BIJUIIJIEHb, & KOKHUW ITyHKT COPTYBaHHS OTpUMaB HEOOXiJHY KUIbKICTh BAHTAXKY.

10. 3a0aua onmumizayii 3 ukopucmanuam epagis.

Bu3HaunTH HAWKOPOTIIN MapHIPYTH BiJl 3aJlaHOTO TMOIITOBOTO BY3JIa JI0 BCIX
HIIHX.

[nauBinyIBHI BapiaHTH 300pakeHb IpadiB HaBeeHO y Ta0II. 4.

11. Ob6uucnennsa xapakmepucmux mMampuyb.

11.1. 3anmucatu  MarematnuHi  GOpMyIM Ta  ONEPATOPH  OOUYMCIICHHS
XapaKTepUCTHK Martpuil 3a jgomomororo MathCAD i matpuili KoedilieHTiB
CUCTEMH JIHIMHUX PIBHIHB, IKY HaBEJCHO y Ta0I. 5:

CITI,

BU3HAYHUK;

TPaHCIIOHOBAHY;

o0epHEHY;

HOpMH (m, [, EeBKIIIJIOBY) ;

BJIACHI 3HAYEHHS 1 BJIaCH1 BEKTOPH.

11.2. 3HaTH KOpPEHI CHUCTEMH JIHIMHUX PIBHSAHB 3TiAHO 1HAMBIIYaIbHOIO
3aBJIaHHSI, HaBeJCHOTO B Ta0J. 5 (BukopuctoByBat MathCAD).

mo o o



Tabmuusg 2— Bapiantu iHIMBIIyaIbHUX 3aBJIaHb

Metoa 00uHcII. MeTton Metoxn Meton
o s
Ne | a¢| as a, a 2 ) PO3B’si3KiB oi?qucnelm HaﬁJIl/I)Ke]iHﬂ
= Xitin s Vinax pPiBHSAHHS sl iHTerpana dynxuii
3/m
1 213 4 5 6 7 8 9 10 11
1 0 2 -1 -7 5 [-2.5; 2] Itepaniii IMpsimokytH | Jliniiina Kpokosuii
H-KiB THTEPIIOALIIS
2 -2 -8 6 -5 8 [-6; 2] Honixy HaBMmin Tpanemiit IaTepromnsmis Bicekiit
Jlarpanxka
3 3 -4 0 3 -5 [-2; 2] Herotona Cimmcona | Intepnomsuist 3o50TOro0
anreOpaidyHuM HEpeTHHY
HOJIIHOMOM
4 -2 3 -2 10 | -5 [0; 3] Itepariii Tpameniii | Amnpokcumanuis | 30J0TOro
TIOTIHOMOM 2-TO HepeTHHY
CTYHEHS
5 1 -2 -8 12 -3 [-1; 3] [oxiny HaBrin Cimmcona | Anpokcnmanis | Kpokoswuit
HOJIIHOMOM 3-TO
CTYNEHS
6 11| 10 0 21 | 22 [-2; 1] HeroTona [psimokytHu- | JlinifiHa Bicekriit
KiB IHTePHOJIAIIIS
7 1 3 3 0 -5 [-3; 1] Ireparriii Tpanemiii InTepnonsunis 30J10TOTO
Jlarpanxa TIEPETHHY
8 5 3 2 1 -5 [-3; 2] [onixy HaBmin Cimncona | InTepnonsuis 30510TOTO
anreraTqHHM MIEPETUHY
MIOJTiIHOMOM
9 1 -3 8 0 -9 [-1.25;2] Herorona Tpaneuiit | Anpokcumanuis | Kpokoswuii
TIOJTIHOMOM 2-TO
CTYNEHS
10 1 2 -2 3 -3 [-4;1.5] ITepartiit Cimricona | Ampokcumaris Bicekrmiit
MOTiHOMOM 3-T0
CTYHEHs
11 0 1 0 -5 -3 [-25;3] Honinxy HaBmin Tpanerii Jliniita Bicekuiit
IHTEPIOJISILIS
12 | 1 2 -1 3 -4 [-3.2;2] Herotona [MpsimokyTH | InTepnonsuis 3o50TOrO
U-KiB Jlarpania HEPETUHY
13 0 3 0 -6 2 [-2; 1] Irepariii Tpaneniii | laTepnionsis Kpoxosuit
anreOpaivHuM
TTOJIIHOMOM
14 1 3 -18 5 -3 [-1; 3] [Moxiny HaBrmin Cimmcona | Anpokcnmanis | Bicekmiit
HOJIIHOMOM 2-TO
CTYNEHS
15 | 0 3 3 -7 -4 [-2;2] HeroTona [MpsimokyTH | Ampokcnmanis | KpokoBuid
H-KiB MOTIHOMOM 3-T0
CTYHEHs
16 | -2 2 | -11 | -12 ] 16 [-1.5; 1] Itepaniii Tpameniit | Jliniiina Bicexmiii
IHTEPIOJIALLS
17 | O 2 -1 -7 5 [-2.5; 2] [Moxiny Hapmin Cimncona | Iarepnonsmis 3omororo
f[arpaHH(a TIEPETHHY
18 1 3 -4 -7 5 [-2; 2] Herorona [MpsimokyTH | IHTepnomsuis 3oaoToro
U-KiB areOpaiuHum NEPETURY
IIOJIIHOMOM
19 1 2 -1 1 -1 [-3; 1.5] Itepariii Tpameniii | Anpokcumanis | Kpokoswuii
MOTiIHOMOM 2-TO
CTYHEHs
20 1 2 -3 -4 -5 [-3; 2] [oxiny HaBmin [psimokyTH | Anpokcnmanis | Bicekmiit
H-KiB MOJTIHOMOM 3-T0
CTYNEHS
21 0 1 -18 | 4 5 [-1; 1] Herorona Tpaneniii | Jlinitina Bicexiriii
IHTEPIIOJISAIIIS
22 1 1 6 -7 -4 [-1; 2] Iteparriii Cimricona | Inreprmonsmis 3o510TOrO
HarpaH)Ka HepeTHHy
23 | 0 1 -3 1 1 [-1; 3] [oxiny HaBrin Tpaneuiit | Intepnomnsuis Kpokosuii




Metoa o0uucJI. MeTton Metoxa Meton
-
Ne | 25 | as 2, a 2 ‘ PO3B’A3KIB oﬁqnc.ﬂeﬂﬂ Haﬁﬂl/l)l(e]j.]-[ﬂ
= Xinin > Xmax piBHSIHHS sl iHTerpana $yHrmii
3/n
anreOpaiyHuM
MIOJTIHOMOM
3akigueHHs Tadmu 2
1 21 3 4 5 6 7 8 9 10 11
24 | -2 2 -2 3 8 [-1.5; 2] Herorona CiMrcona Anpoxcumartis Bicekuiit
MOJTIHOMOM 2-TO
CTYHEHS
25 0 2 7 0 3 [-2;1] Irepariii [MpsimokyTH | Ampokcumanis | 30J0TOro
I/I‘KiB MOJIIHOMOM 3-TO HepeTHHy
CTYIEHS
26 | O 4 -4 6 6 | [-0.5;1.5] | Tlominy HaBmin Tpameniit | Jliniiina Kpokouii
IHTEepIOSALLs
27 0 5 0 2 11 [-0.5; 1] HeroToHa Cimrcona | Iarepnonsmis Bicekmiit
Jlarpamxka

Tabmuus 3 — [HauBiAyanbHI 3aBAaHHS I PO3B’I3aHHS TU(PEPEHINIHIX PIBHIHD

1,25
Ne 1. y'= cos(x+y)+0,75(x—y) Ne 2, y'=cos (x—y)+1 5 +“;

. ,_ Cosy 2 . o 1,75y
N3, y'= 15+ 1,25y Ne 4, y'=1-sin(0,75x-y) + 11
Ne 5. y'=1+0,4y sin x — 1,5)7 Ne 6. y (;:)f ;]wLO,3y2

: 0,5y
Ne 7. y'=cos(1,5x +y)+ (x —y) Ne 8. y'=1-sin(x er)erJr >
,_ cosy 5
Ne9, y'= 15+ x +0,1y Ne 10. y'= cos(1,5x+y)+2,25(x—y)
Ne 11. y'= cos(2x+y)+1,5(x-y) Ne 12, y'=1- —+2 sin(2x+y)
, CoS y 5 . 5
Ne 13. y'= 125+ x -0,1y Ne14. y'=1+0,8 ysinx —y
Ne 15. y = cos(1,5x+y)+1,5(x-y) Ne 16. y'= 1402y sinx —*
cos y 5 .
Ne17. y'= 175+ % " 0,5y Ne 18. y'= 1+(1—x) sin y—(2+x)y
Ne 19. y'=(0,8+)%) cos x+0,3y Ne 20. y'=14+2,2 sin x +1,5)7
1 o 0,3y . N 0,5y
Ne 21 y'=1-sin(2x+y) + 252 Ne 22, y'=1-sin(1,25x+y)+ 252
,_Ccosy , . 0,1y
Ne 23, y'= T 0,3y Ne24. y' =1-sin(1,75x+ty)+
r— Cos y 2 r— . 2
Ne2S. y'= 125+x—0,5y Ne 26. y'=0,6 sinx— 1,25 y*+1




Ne 27, y'=

COS X
xt+1

- 0,5y

Ne 28, y'= 1-(x-1) sin y+2(x—y)

Ne 29. y'= (1-*) cos x+0,6y

Ne 30. y '=cos(x +y) +0,5(x-y)
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Tabnuusg 4 — BapianTe MapuIpyTiB Ta BiICTAHEH MK BY3JIaMH [IUX MapIIPYyTiB

1

11
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Tabnuis 5 — [nauBinyanbHi 3aBnanHs 3 TeMu: «P0o3B’A3yBaHHS CUCTEM JIIHIMHUAX

14




PIBHSHBY

04,8x, + 12,5x, - 6,3x; - 9,7x, = 3,5

§22x1 - 317x, + 12,4x, - 87x, = 4.6

nl5x, + 2L1x, - 4,5x, + 14,4x, = 15
el H8,6x, - 14,4x, + 6,2x, + 2,8x, = - 1,2

030,1x, - 1,4x, + 10x; - 1,5x, = 10

@— 17,5, + 1L,1x, + 1,3x, - 7,5x, = 13

qL7x, = 2LLx, + 71x, - 17,1x, = 10
N916H2,1x1 +2,1x, + 3,5x, + 33x, = 1,7

08,2x, - 3,2x, + 14,2x, + 14,8x, =
§5,6x1 - 12x, + 15x, - 6,4x, = 4,5
05,7x, 3,6x, - 12,4x;, - 2,3x, = 3,3
N92H6,8x1 +13,2x, - 6,3x, - 8,7x, = 14,3

-84

07,3x, - 8,1x, + 12,7x; - 6,7x, = 8,8

@11,5xl + 6,2x, - 83x, + 9,2x, = 21,5

n8.2x, - 5,4x, + 43x, - 2,5x, = 6,2
N917H2,4x1 +11,5x, - 33x, + 14,.2x, = -6,2

05,7x, - 7,8x, = 5,6x; - 83x, = 2,7

@6,@1 F13,1x, - 6,3x, + 43x, = -5.5

0l4,7x, - 2,8x, + 5,6x; - 121x, = 8,6
No3 0853 + 127, - 237, + 5.7x, = 14,7

03,8x, + 14,2x, + 6,3x, - 15,5x, = 2,8

@8,3x1 - 6,6x,+ 58x, +12,2x, = -4,7

n6.4x, - 8,5x, - 4,3x, + 83x, = 7,7
Ne1g Il 71x - 83x, + 14.4x, - 7.2x, = 135

04,4x, - 2,5x, + 19,2x; - 10,8x, = 4,3

06,4x, + 7,2x, - 8,3x, + 42x, = 2,23

55,5x, - 93x, - 14.2x, + 13,2x, = 6,8 15.8x, - 83, + 143x, - 6,2x, = 17,1
%7,1x1 - 11,5x, + 5,3x, - 6,7x, = - 1,8 %8,6)61 +7,7x, - 183x;+ 88x, = -54
o 4H14,2x1 +23,4x, - 8.8x,+ 53x, = 7,2 N019513’2x1 - 5,2x, - 6,5x, + 12,2x, = 6,5
015,7x, + 6,6x, = 5,7x, + 11,5x, = -2,4 014,2x, + 3,2x, - 4,2x, + 8,5x, = 13,2

"8.8x, - 6,7x, + 5,5%, - 4,5%, = 5,6
56,3)61 - 5,7x, - 23,4x, + 6,6x, = 7,7
No5514,3x1 +8,7x, - 15,7x, - 58x, = 23,4

H6,3x1 - 43x,+12,7x,- 5,8x, = -4,4
%8,4)(1 - 223x,- 52x,+ 4,7x, = 6,4
N20 5275 + 13,7x, + 6,4x, - 12,7x, = 85

04,3x, - 12,1x, + 23.2x, - 14,lx, = 15,5

2,4, - 44x, + 3,5%, + 5,5%, = 2.5

HS,4X1 + 83x, - 7,4x, - 12,7x, = 8,6
NQ6H6,3x1 - 7,6x, + 1,34x, + 3,7x, = 12,1

07,3x, + 12,4x, - 3.8x, - 14,3x, = 5.8

210,7x, - 7,7x, + 12,5x, + 6,6x, = -6,6

515,6)(1 t6,6x, + 14,4x, - 8,7x, = 12,4
No21 H7,5x,+ 12,2x, - 8,3x, + 3,7x, = 9,2

014,4x, - 5,3x, + 14,3x, - 12,7x, = - 14,4

[23,4x, - 14,2x, - 5,4x, + 2lx, = 6,6

26,3, - 13.2x, - 6.5x, + 14.3x, = 9.4
Mﬂﬁs,@c1 + 8,8x, - 6,7x, - 23,.8x, = 7.3

013,2x, - 8,3x, - 4,4x, + 6,2x, = 6,8

183, + 4.2x, - 5,6x, + 1,7x, = 12,4

ES,Sx, - 3,7x,+12,4x; - 6,2x, = 8,7
22 H3,5x, + 6,6x, - 13,8x; - 9.3x, = - 10,8

0L7x, + 10x, - 1,3x, + 2,1x, = 3,1

Q3,1x1 F1,7x, - 2,0k, + 54x, = 2,1

03,3x, - 7,7x, + 4,4x;, - 5,1x, = 1.9
NoSHlel - 20,lx, + 20,4x, + 1,7x, = 1,8

08,1x, + 1,2x, - 9,Ix; + 1,7x, = 10

@ml S 17x, + 72, - 34x, = 17

nL7x, - L8x, + 10x; + 2,3x, = 2,1
N023HI,3xl +1,7x, - 99x, + 3,5x, = 27.1

0L2x, + 1,8x, - 2,2x; - 4,1x, = 1,3

Qlel - S0x, + 120, + 55x, = 12

02,2x, - 30,1x, + 3,1x; + 5,8x, = 10
N09HIOx1 + 2,4x, - 30,5x, - 2,2x, = 34,1

03,3x, - 2,2x, - 10x; + 1,7x, = L1

8%, + 2LLx, + 13x, - 2.2x, = 2.2

%- 10x, + Llx, + 20x, - 4,5x, = 10
No24 370 = L7x, - 2,23, + 3.3x, = 2.1
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06,lx, + 6,2x, - 6,3x; + 6,4x, = 6,5
SLLx, - LSx, + 2.2x, - 3.8x, = 4,2
15,1x, - 5,0x, + 49x, - 4,8x, = 4,7
el 051,8;(1 +1,9x, + 2,0x; - 2,1x, = 2,2

0L7x, + 9.9x, - 20x, - 1,7x, = 1,7
@20)61 + 0,5x, - 30,Ix, - Llx, = 2,1
nl0x, - 20x, + 30,2x; + 0,5x, = 1,8
NQZSH?”SXI - 0,7x, + 3,3x, + 20x, = - 1,7

OLIx, + 11,3x, - 1,7x, + 1,8x, = 10

@1,3)61 - 11,7x, + 18x, + Ldx, = 13

nLlx, - 10,5x, - L7x; - L5x, = L1
Nell H1,5x, - 0,5x, + 1,8x, - 11x, = 10

0L7x, - 1,3x, - Llx; - L,2x, = 2,2

@lel - 10x, - 13x, + 1,3x, = 11

D3,5x1 +33x,+ 1,2x, + 1,3x, = 1,2
N026HI’3"1 + 1lx, - 1,3x, - Llx, = 10

0l L7x, +1,8x, - 6,5x; + 7,1x, = 1,7
N01256’3x1 +10x, + 7,1x; + 3,4x, = 20,8

035.8x, + 2,lx, - 345x, - 118x, = 0,5
27,0x, - 7.5%, + 11,7x, - 23,5, = 12.8

02,2x, - 3,lx, + 4.2x, - 5,1x, = 6,01
13, + 2,2x, - Ldx, + 15x, = 10
D6,2x1 - 7,4x, + 8,5x, - 9,6x, = L1
N927HI,2x1 +1,3x, + Ldx, + 4,5x, = 1,6

035,1x, + 1,7x, + 37,5x, - 2,8x, = 7,5
H452x, + 211x, - Llx, - 1,2x, = 11,1
0~ 2L1x, + 31L7x, + 1,2x; - L5x, = 2,1
N(_)13531,7x1 +18,1x, - 31,7x, + 2,2x, = 0,5

0L4x, + 2,1x, - 3,3x; + Llx, = 10
@10)61 - 17x, + Llx, - 1,5x, = 1,7
12.2x, + 344x, - Llx, - 12x, = 20

N02SHl’lx1 +1,3x,+ 1,2x, + L4x, = 1,3

OLlx, + 11,2x, + 111x, - 13,1x, = 1,3
o= 33x, + Llx, + 30,1y, - 20,1x, = 1,1
E7,5x1 + 1,3x, + Llx; + 10x, = 20
el 4317+ 7,50, - 18x; + 21x, = 11

01,3x, - 1,7x, + 3,3x, + 1,7x, = 1,1
110x, + 5,5x, - 13x, + 3,4x, = 13
%l,lx1 + 1,8x, - 2,2x, - Llx, = 10
N(__2951,3)% - 1,2x, + 2,Ix, + 2,2x, = 1,8

07,5x, + L,8x, - 2,1x; - 7,7x, = L1

@- 10x, + 1,3x, - 20x, - Ldx, = 1,5
02.8x, - L7x, + 3,9x; + 4,8x, = 1,2
NolSHlel +31L4x, - 2,1x, - 10x, = - 1,1

01,7x, - 1,8x, + 1,9x, - 57,4x, = 10
Ly, - 43x, + 15x, - L7x, = 19
nL2x, + Ldx, + Léx, + 1,8x, = 20
N03OH7,1x1 - 1,3x, - 4,1x, + 5,2x, = 10
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BKA3IBKHU /1O BAKOHAHHSA KYPCOBOI POBOTHU
3asoanns 1. Obuucnenus mabauyi QyHxyii ma nodyoosa ii epagixa.

VY 3aBganHi 1 HeEoOXiAHO HamucaTH mporpamy TaOyoBaHHS (QyHKIIT f(X)
MoBoro C++ B cepepoBuili nporpamyBaHHs C++ Builder, Ha 3agaHOMy TPOMIXKKY
[Xini %] Ta 3 KPOKOM 3MIHEHHSI 3Ha4eHHsI (QYHKIIi / 3rigHO 3 BapiantoM. dopma
MPOEKTY MOKEe MaTH BUJ MOJaHMA Ha puc. 1.

Bovon

e [lpuknag  nporpamMu  TaOyJIOBaHHS

¢bysakmii mMoBoro C++ y cepemoBuini C+
+Builder HaBEIECHO B HaBYaJIbHOMY
mociOHuKy [2].

3asoanns 2. Ilobyoosa epacpikis
@DYHKYIL.

[ToOynoBy rpadukiB HEOOX1/1HO
BUKOHATH Yy  MaTeMaTUYHOMY  TIaKeTi
MathCad, sk omnucano y mociOnuky [1]. Ha
3aJIaHOMY TTPOMIKKY (X Xonan) MOSKE OyTH He
Prcyrox | — BixHo (opu OJIHE, a H?KiHBKa PO3B’s13aHb pi].3H$IHH.$I fx) =

TaBymioBanHs dyHKIi 0. HeoOXxigHO BH3HAYUTH TPOMDKKH 130JISIIi1
JUISE KOYKHOTO PpO3B’SI3aHHS Ta 3alucaTd iX.
[Tpumitka. [ns OiiabIn 3pydHOr0 BU3HAYECHHS MPOMIXKKIB 130JIAI1 32 JTOMTOMOTOIO
rpadgika GyHKIIT MOXKHA BigoOpa3suTH KOOPAMHATHY CITKY 3a JOTIOMOTOO
KOHTEKCTHOTO MeHI0 — Dopmar rpadika.

Tchart

3asoanns 3. Po36 ’a3aHHs HEAIHIIHUX DIGHSHb.

VY 3aBganHi 3 HE0OXigHO OOYMCIHTH (32 JOMOMOTOI KaJdbKyJsTopa ado
MathCAD) 3HaueHHs OJHOTO 3 pPO3B’si3aHb piBHAHHA f(x) = 0, jand mepmux
YOTUPHOX HAOIMKEHb OJIHUM 13 4YHMCEIbHUX METOAIB. OOUUCIEHHS BUKOHYIOTHCS
3TiJIHO 3 OJIOK-CXEMaMH aJrOpUTMIB, sIKI HaBe[ieH1 y MociOHuKy [3]. Buxiguumu
JAHUMU JUisl OOYMCIIeHHS € (PyHKIis f(x), OMMH 3 MNPOMDKKIB 130J11i Ta MOXHOKa
obuucienus ¢ = 0,1.

[Mpuknan. OGUMCINTH 3HAYEHHS PO3B’sI3aHHs PiBHAHHS f{x) = cos(2x) ¢”* Ha
npomixkky [0,6; 0,9] s mepmux 4oTUpHOX HabGIMKeHb MeTo oM HproToHa (6J10K-
cxemy metoay Herorona nuB. puc. 2). [loxubka obuncnenns popiaioe € = 0,1 (£<0,1
Ha JApyroMmy HabnwxeHH1). Po3B'si3aHHs HaBeleHe HA puc. 3.
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Bxin Bxinni nani:

fx),a, b, e
Hi
Tax
X =a x =b
0 0
: |
r=|x —x |
p
X =x
0 r

Tak >0 Hi

Pucynok 2 — biiok — cxema metony Herotona

Metog HerwoToHA

x:=0.6,062..009

f(x) == cos(2-x)-e R

Tlepma noxigsa f(x)
- —02x - kg
f1(x) = —2-smn(2-x)-e — 0.2-cos(2-x)-e
Jpyra noximea f{x)
B _3'96'“5(2'3)'6_2*—!- O.S-sin(lx)'e_z'x

Tlepesipka ymoBH 300KHOCTI MeTona HeroToHa

0.4
£(0.6)-f11(0.6) = —0.067
03
£(0.9)-f11(0.9) = —0.053
@opmyvia meTona HeoToHa 0.2
£2(t) == t £
T T fx) 0.1
1) t:=0.9 s
f2(t) = 0.783
e= |f2(t) — t| = 0.117 o
2) t:=1f2(1) ’ \
-02
f2(t) = 0.785 055 06 065 07 075 08 085
3 x

e= |f2(t) — t| = 2.591 x 10~

Pucynoxk 3 — O6uuncnenns y MathCad nekinbkox HaOIMKEeHb PO3B’A3aHHS
piBHsIHHS MeTo10M HproTOHA
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3aBnanuasa 3.2 notpedye Bukopuctanas y MathCad dbyukii root(f(x), x) mis
YTOYHEHHS yCiX PO3B’SI3KiB PIBHSHHSA Ha 3aaHoMy npomixkky. s yHkiis onrcana
y mocionukax[1, 3]. ®Dyukmito root(f{x), x) Tpeba 3acTocyBaTH Isi KOKHOTO
IPOMDKKY 130J5IL1I OKPEMO, 3a MOYATKOBE 3HAYEHHS X BU3HAYUTH OJHY 3 TOUYOK
I[bOT'O MPOMIKKY.

[TopiBHSATH pe3ysibTaTu MyHKTY 3.1 Ta 3.2 1 3p0OMTH BUCHOBOK.

3aeoanns 4. Obuucnenusn inmezpanie ma NOXiOHUX.

Jns BuxoHaHHs 3aBnaHHa 4.1 Tpeba OOYMCIMTH 3HAYEHHS BHU3HAYEHOTO
1HTerpajia 3a JIOIOMOI'0r0 OJIOK-CXeMH METOJY 3T1THO 3 1HIWBIAYaJbHUM BapiaHTOM.
brok-cxemu yucenbHUX METOMIB OOYMCIICHHS BU3HAYEHMX IHTETpaliB HaBeACHI y
nociounky [3] posa. 3. KinbkicTe BiApi3KiB, Ha fAKI Tpeda MOAUIUTH MPOMINKOK
IHTErpyBaHHs, JOPIBHIOE 11 = 5.

3aBmanHs 4.2 Ta 4.3 — 4YKWCIOBE Ta CHMBOJIbHE OOYHMCIICHHS IHTETpalliB Ta
noxigHuX ¢QyHKIIT f{x) BukoHytoThcsa y MathCad 3rigHo 3 npukiagaMu HaBeACHUMHU
y nocioHuKy [3] po3n. 2.4. [lopiBusTu pe3ynbtatu 4.1 Ta 4.2 Ta 3pOOUTH BUCHOBKH.

3aeoanns 5. Habausicenns (hynkyitl.

st Bu3HaueHHs: HaOnmmxkeHoi PyHKil g(x) y 3aBaanHi 5.1 Tpeba BuOpatu 3
Ta0JIMIIl, 3HaYEHHS sIKOT OyJM OOYMCIIEHI y 3aBJaHHI 2, IO YOTUPH Mapu BY3JIOBUX
TOYOK X; Ta 3HaUeHHs (QYHKII f(x;) y BapiaHTax 3 1HTEPHOJAILIEO 1 (IO IIICTh Map y
BapiaHTax 3 alpOKCUMAIII€I0), PO3MIIIIEHUX Ha OJHAKOBHUX BIJICTAHSIX OJIHA B OJHOI,
Ha 33JIaHOMY TTPOMIXKKY, TOOTO MEpIIy 1 OCTAHHIO Mapy 3HAYeHb TAOJIHII Ta JAB1 apu
ycepenuHi mpomixkky. Ilpuxnaau iHTepmonsamii ta anpokcuMmanii y MathCad
HaBeJIeH1 y mociOnuKy [S] po3a. 3.

Jlnst BusHaueHHs Qopmynu JiHIWHOI iHTepnoysmii y MathCad neoOximHO
3actocoByBaTu (yHkiito linterp(X,Y,7), ne X ta Y BeKTOpH BUXIAHUX map X;Ta f(x;),
{ — He3aJeKHA 3MIHHA, JUISl IKO1 PO3PAaXOBYIOThCA 3HAYEHHS AOCIIHKYBaHOI (DyHKIIIT
flx;) mix By3nmoBuMu Toukamu. [lpukian peanizauii 3agaui iHtepnossuii y CH++
HaBEJIEHO B MOCIOHUKY [5] Ta JICTUHT MPUKIIATy BU3HAYEHHS HAOMMXKEHOI PYHKIIT Y
MathCad nonano Ha puc. 4.

VY mpukiazai peanizaiii 3a7a4i iHTEPHOALIT BI3bMEMO YOTUPHU Mapu BY3JIOBUX
TOYOK X = X;Ta 3Ha4eHb QyHKIT Y = f{Xx;), JICTUHT TTOJaHO HUXKYE.

A A f = | A’
0.2 ~4.002

| 06 | -3.146| 1=0,1..3
. 1S )  16.937) j=0,1..3
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JlicTUHT BUKOHAHHS PO3PAXyHKIB:

InTepnoasnia Jarpanxa t:=Xg,R0+0.1.. 53
3 3 t-X; y
i " if| 1 = i ! :
K=Y Y]] i J,l,xi_xj ()=t + 38 + 3= 5
i=0\ j=0 )
L(t) = f(t) = 20 | | : |
4 4
3848 4101 N
3819 4206
403 443 L(t)
4201 4563 _—
4 457 -4 686 Yi
4689 4803 aE
4502 4,502
5074 4973
5181 5
SR A 1 05 0 05 ! 15
487 4641 :
4 49 4302 t, X
_ . .
3921 3813 z (1) - L(0))?
< : t :
CepeanboOKBAIpATHYHA NOXHOKA sigma := sigma = 0.314

24

Pucynox 4 — Iutrepniosnsiiist mojiHoMoMm Jlarpanka ta 00UMCIeHHS
CEpEeIHbOKBAAPATUYHOT TOXUOKHU

st oburcnenHst Tabnuill 3HadeHb HaOMMxeHoi PyHKIIT g(x) 32 OTPUMAHOIO
dbopMyJI0I0 B YCIX TOYKaxX 3aJaHOTO MPOMDKKY 3 Kpokom 0,1 Tpeba Bu3HAUWUTH
3MiHHY, K y 3aBJaHHI |, Hampukiaz, ¢, TOOTO 3a7aTH AJIA 1€l 3MIHHOT TTOYaTKOBE,
HACTYITHE Ta KIHI[EBE 3HAUCHHSI.

CremniHp HAOJNMKEHHSA apOKCUMYIO4Oi QyHKUII g(x) 1o 3amaaHoi ¢pyHKUii f{x)
MO’K€ KUTbKICHO BU3HAYHUTH CEPEIHBOKBAApaTHUHA oXnOKa. CepeTHhOKBApaTUIHA
MOXHOKa 0OUUCIIOETHCA 32 (OPMYJIOHO:

1 n
7= \/ Z (f(xi)_ g(xi))2 )
n- 1%,
Jie 1 — KUTBKICTh BY3JIOBUX TOYOK.
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Jlns imrocTparii  y3ro/pKEHOCTI  ampoKcuMyrodoi (QyHKIIl g(x) 13 3aJ1aHoro
dbynkuiero f{x) Tpeba moOymyBatu rpadiku MuX (QYHKIIA B OAHINA TUIONIMHI Yy
MathCad, six onucano y mocionuky [3] po3m. 2.5.

3asoanns 6. Po36’a3yeanus oughepeHyiiHux pigHsHb.

. fx), x0, xk,

h = (x0+xk)/n

\ 4
k1 =h*f(x,y)
v
k2 =h*f(x+h/2,y+k1/2)
v
k3 = h*(x+h/2,y+k2/2)
v
k4 = h*f(x+h,y+k3)
v
v+ =(k1+2*k2+2 *k3+k4)/6

v
x+=h
v

Hi

Pucynoxk 5 — brok-cxema anroputmy metona Pynre-Kytra

3asoanns  6.1. Jlna  oOYHCIICHHSA
TalJInI HAOIMKEHUX 3HAYEHb
PO3B’sI3Ky AUGEPEHIIIHOTO PiBHIHHS
y'= f(x,y), 110 3a710BOJIbHSIE

noyatkoBuM  ymoBaM  V(Xg) = Yy
(¥(x0)= 0, sixmo xo = 0) HA TPOMIKKY
[0, 1], meromom Pynre — Kyrru
YETBEPTOTO MOPSIKY IS T SITH TOYOK
3aJ1aHOTO MPOMIKKY Tpeba
BUKOPHUCTATH OJIOK-CXEMY aJTOPUTMY
IILOTO METOAY HaBEJCHYy Ha pHC.S.
Buximgaumu panuMmu o1d i€l OJIOK-
CXeMH € TIpaBa YacTUHOI 3aJiaHa
piastaEs V'" f(X,») Ta mouarkosi
yMoBH 3anadi x0=0, y0=0, xk=1, n=3.

3asoannsa 6.2. Oouuciumu mabaUyio
HAONUNCEHUX — 3HAYEHb  PO38 SA3AHHS
oupepenyitinozco pieuanns vy’ = f(x,y).
Hanpuknag — y' = cos(x+y)+0,5(x-y),
¥(0) =0, 1110 3370BOJIbHSIE TOYATKOBUM
yMoBaM y(x) =y, (¥(x) = 0, sxmo x =0)
Ha nipoMikKy [0, 1] 3 BUKOpUCTaHHSIM
MatemMatuyHoro makera MathCAD.

Kpok 3MiHEHHsS 3Hay€Hb ApPryMEHTY
h=0.05.

Po3é'azyeanns ougepenyiiinoeo pisnanusa y MathCad (nuB. puc. 6).
Jnst po3B’sizyBanHs audepeHiiiinux piBHiHb y MathCAD nHeoOximgHO

BUKOPUCTATH (QYHKIIIFO:

rkfixed(y, x0, xk, n, F),

ne y(0) =0,

Y=¥1 Ym— BEKTOp MTOYATKOBHUX 3HAYCHb;
x0 — mouyaTkoBe 3HAUCHHS HE3aJIC)KHOI 3MIHHOI X;
xk — KiHIIEBE 3HAYCHHS HE3aJIC)KHOI 3MIHHOI X;
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n — KITBKICTh 3HAYCHb 3MIHHHX X Ta ),
F(x, y) — BekTop QyHKIIIH TpaBUX YaCTUH TU(GEPEHITINHUX PIBHSIHb.

JlictuHr BUKOHaHHS po3paxyHKiB y MathCAD:

dyfdx=cos(x + ¥) + 05(x - )

Z = tkfed(y,0,1,20,)
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Pucynox 6 — Po3B's13anns nqudepenuiiinoro piBHsHHs y MathCad

3asoanns 7. OOHOBUMIPHA ONMUMIZAYIAL.

VY 3aBnanHi 7.1. 11 BU3HAYEHHS! MPOMIXKKIB YHIMOAAQJIBHOCTI 3a7aHO01 (DYyHKIIIT
flx) Tpeba 3a rpadikom i€l QyHkuii, akuii O0yB nmodynoBanuit y MathCad 3rigno 3
3aBIaHHAM |, 3HAUTH TIPOMIKKH, JIe € JHIIC OJJUH MaKCUMYM ab0 MiHIMYyM (DyHKITT
Ta 3aIlUCaTH iX.

VY 3aBmanHi 7.2. Tpeba o0uMCIUTH (32 JOMOMOIOI0 KaJlbKyJsTopa ado
MathCAD) 3HadueHHS MakcUMyMy a0o MiHIMyMy 3anaHoi (GyHKIII Ha TPOMIKKY
YHIMOJAJIBHOCTI JJIS MEPIINX YOTUPHhOX HAOIMKEHb, YNCETHHUM METOJOM 3TiJTHO 3i
cBoiM BapiaHTOM. OOYHCIEHHS BUKOHYIOTHCS 3TIHO 3 OJIOK-CXeMaMH aJrOpPUTMIB
METO/IiB, SIK1 HaBelleH] y po3a. 4.1, 4.2 ta 4.3 nociOxuka [5]. Buxignumu nanumu 1iis
oOuncneHHss € (QyHKuis f(x), OOUH 3 MPOMDKKIB YHIMOJAJbHOCTI Ta MOXHOKa
oOumucnenss ¢ = 0,1. [Ipuknan oOUUCIEHHS NEPIIMX YOTUPHOX HAOIMKEHb METOJIOM
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3oiotoro mepernHy y MathCad 3rimno 3 Omok-cxemor po3a. 4.3 mociOHuka [5]
HaBEJICHO Ha puC. 7.

EMM m"?l 8 Hepmi 90THPH HAaDIH:XKe HEA
flx) e e o I0 TOYKH eRCTpeMYMY
I prix0oK VHIMOTAMEHOCTI (it senais wit )

a=—15 b= —0s
METOIO0M 20I0TOTO
JIiea Ta mpaea T 0YuEH MeTOIY

mepeTHHY .
xl=[a+ o3sz({b—a)] xl=—1.118
Xr =3+ o0618{p—2a) xr= —opam
1 Habmoxenns flxr) = o024
flxl) = s781 :
fxl) > flxr) FL = fixl) FR = fixr)
a=uxl Xl = ar FL.=FR Meperipea vaosl HEAOMH #eHAR

Xr=a-+ 0618{b— a) [o—a| =013

FR = fi(xr) S
< EaBEr FE = 213 FL = oo24
FL < FR
b= xr oo MNepeeipsa vaosr M xeHA
= ar =l FR = FL
%l = a+ o3 —al |b— a| =038
FL = fixl)
3 HabmoxeHHT FL = o2z FR = os.o24
FL < FR
b=x xr o=zl FE =FL
xl = [2+ o3sz-(b— a)] |b— a| = 0238
FL = f{xl)
4 HabmoHeHHA
FL > FR FR = sox FL = ase7
e o TMepepipsa vosr RO HeHHA
= = M FL = FR
A =a~+ 0618 s— a] 2 |b—a| =o0.14s
IR, = flxr] FE = 2036 FL = s.om
Poze'sz0u
+b . ;
Hinax = x xmax = —o.055 Fmax = fl xmax} Fmax = o031

Pucynok 7 — JIicTuHr 004HCIEHHS YOTHPHOX HAOIMKEHb MAKCUMAJIBHOTO 3HAYECHHS
(GyHKLIT METOAOM 30JI0TOTO NEPETUHY

3agoanusn 7.3. Jlna oOuucnenHs y MathCAD Bcix 3HauY€Hb EKCTPEMYyMIB
byHkuii f(x) Ha 3agaHOMy MPOMDKKY HEOOXiAHO 3actocyBatu Oyiok Given Ta

¢byukiiro Minimize(f.x) yu Maximize(f,x) [1, 5].
3as0anns 8. Onmumizayisi 3 obMedceHHAMU (3a0aya JiHIUHO2O0

npPOCPAMYBAHHSL).
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[Ilo6 cximacTu miaaH BUITYCKY BUPOOIB, HANpUKIaM, 3a Tabmuieo 1 (KUTbKICTh
OaHaeposiell Ta MOCHIIOK), 10 3a0e3neuye MakCUMalbHUN MPUOYTOK 3a BapTICTIO,
Tpeba mo3HaunTH KinbKicTh Bupo0iB 1 (B, — 6annepo:ri) 3a x1, a kinbkicTs Bupo6is 2
(B, —mocuikm) 3a x2. Toal uiyiboBa PyHKIISA Ta PYHKIIT OOMEXKEHHS MATUMYTh BUJ:

Tabnuug 1- Ilnan Bunmycky BUpo0iB

Hopmu Butpar Ha 1 oa. BUpoOy 3anacu
Pecypen BanjaepoJi IMocuaxu pecypcey
Kapron 5 7 360
Tpynosi Butparu 6 4 192
Enexrpoenepris 2 5 180
[TpubyToK 3a 1 ox. BUpoOy 12 16

F(xl,x2) = 12x1+ 16x2 - max — yizvoea (pynkyis

B5xl+ 7x2 < 360
H6x1+ 4x2 < 192

H2xl + 5x2< 180 - pyHryii obmedxncenns
Dxl 2 0
HxZ 20

I'paghiune po3é’azanna 3adaui ainiitnoz2o npozpamyeanns y MathCad

Crouarky Tpeba rpadidyHO pO3B’SI3aTH CUCTEMY HEpIBHOCTEH (YyHKIIIN
oOMEXEeHb 1 BHU3HAYMTH O00JacCTh MOXJIMBUX PO3B'S3aHb 3ajiadl JIHIAHOTO
nporpamyBaHHs. OO0iacTb MOXJIMBUX pimieHb OyAe MaTH BHUJ BHITYKIIOTO
0araToKyTHUKA, OJHA 3 BEPIIUH SKOTO 1 Oyzae po3B's3koMm 3amadi. [[[o6 Bu3HaunTH
ska 3 BepmuH € F(x/,x2) = max, Tpeba mobyayBaTu rpadik MuTb0BOI (GYHKIIT IS
Oyab - sikoro 3HaueHHs F(x1, x2). Hampuknan, noOyyBaTtu rpadik A JOBUIBHOTO
3HAYEHHs LIbOBOI (PYHKIIII, sIKE€ JOPIBHIOE yucily 48, Ta NepeMICTUTH Lel rpadik
napajieibHO caMoMy coO1 JI0 IEPETUHY TUIbKU 3 OJIHIEI0 TOYKOI 00JacTi MOKIIMBUX
piteHsb. I[{e 000B’s13K0BO Oyi€ 0/1HA 3 BEPIIMH BUIMYKJIOr0 0araTOKyTHHKA.

[Ipukinan po3B'A3aHHA HaBeneHO Ha puc. 6. PoO3B'SI30K 3HAXOIWUTHCS Ha
nepetuHi rpadukis y1(x) Ta y2(x) — Touka Fmax.

BianoBiaes: kuibkicTh Oanmeposiet x1 = 11, KUIBKICTh HMOCWIOK X2 = 32,
MaKCUMaJIbHUM prOyTOK Fmax = 637.
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Flxy)=12x+ 16y =x=0,1_100
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= ot 360—5x v x) = e o lﬁlh ®  pimsosa dyyEEani
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55
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Pucynok 8 — I'padiune po3B’si3aHHs 3a7a4l JIHIKHOTO POrpamMmyBaHHs

Po3B’si3anHs 3amadi JiHiMHOTO TporpamyBaHHs y MathCad 3a momomororo
onoka Given HaBesneHO y po3. 4.6.2 nociOHuKa [5].

Jnst po3B’si3aHHs  3ajadi  JIiHIAHOTO mporpamyBanHHs Yy Excel Tpeba
BUKOpUCTOBYBaTH MeToj aHamizy «llouck pemenus» B meHio «Cepsuc». s
3actocyBanHs Metony «[louck pemenus» tpeba B Excel ctBopuTy Tabnuio gaHux
3a/1a4i JiHITHOTO MporpaMyBaHHs, (AuB. puc. 9), ne y komipkax E4:E6 nepeBipserbes
yMOBa 0OMEXeHHs pecypciB, ToOTO y koMipky E4 BBeaeHa ¢opmymna cymu A00yTKY
KUIBKOCT1 BUPOOIB Ha MpHOYTOK BIJl MPOJAAXy OJAUHMII BUPOOY. 3HAUYEHHS KOMIPKHU
E4 noBuHHO OyTM MeHIIE, HIX 3HaueHHd Komipku D4. YV xomipkax B8:C8
3HaXOJAThCS HEB1OMI 3MiHHI x1 Ta x2. ¥V komipii D7 3anucyemo 1iab0By (PyHKIIITO,
T00TO cyMy n00yTKy komipok B8:C8 na B7:C7. Hani 3amyckaemo meron «Ilouck
pemenus». Buxopucranns wmetony «llomck pemenus» omucaHo y posa. 4.7.3
nociOHuka [5]. [TopiBHATH pe3ynbTaTH, OTPUMaH1 PI3HUMHU CIIOCOOaMMU.
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— Home Insert Page Layout

Formulas

Data

Review

View Add-Ins

E4 - Jfx | =SUMPRODUCT(B4:C4,B8:C8)
B 1;;_sastiaaeezacta; N [Compatibility Mode] - 2
A B C D E F
2 | Pecypcen Hopma eaTpaT Ha 1 exn. JamacH e rionn
3 Bamgepoai| Hocunkn pecvpcy pRCye
4 Kapton 5 7 360 276
5 | Tpvnosi ETpaTH 6 4 192 192
6 | Enexrpoeneprin 2 5 180 180
7 (OpmdyTox 2a 1 exn. 12 16 637 UinboBa hyHKUIRA
5 Kimekicrs BEpobIB 11 32
g x1 X2
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Pucynox 9 — Po3B’s13aHHs 3a1a4i JiHiMHOTO porpamyBaHHs y Excel

3aeoanns 9. Onmumizayisn 3 oomesxcennamu (ITpancnopmua 3aoava).

Jlis obuucineHHd 3a jAonoMororw mnporpamu Excel TpaHcmoprtHOi 3amaul
NOTPIOHO CHOYATKY 3aMUCaTH LUIbOBY (YHKIIIO Ta (QYHKIT OOMEXEHHS Ui 1€l
3aJ1a4l 32 YMOBOIO BUKOHAHHS PIBHSAHHS OanaHcy. Po3risHemMo npukian 3aaadl Jiist

n =31 BapiaHTa.

[Tpukman. ¥V BigmineHHsax 3B'a3ky B3y, B3 ,, B3;, B34, B35, B3¢ Hakomu4eHO

BaHTaX1 BiAmoBigHO B oocsrax: 330, 30, 340, 40, 25, 15 (1ieHTHEPIB).

[Tynktu copryBanus [IC,, I1C,, [IC; MOXyTh IPUHHATH BaHTaX1 y o0csirax, 1o
370, 360 1 50 (uentHepiB). BimoMi BapTOCTI IepeBE3CHb
OJTHOTO IIEHTHEpPa BaHTaXy 3 KOXXHOTO BIIIIJICHHS 3B'SI3Ky B KOXHUN ITyHKT
COpPTYBaHHs (MaTpHILIsl BApTOCTEN):

CTAHOBJISITH BIAIOBIIHO:

HC] HCz HC3
B3, 10 8 5
B3, 5 6 6
B3; 4 8 7
B3, 11 4 5
B3s 2 6 10
B3, 4 3 8

[{inboBa yHKIIIS Ma€ BHUI:
F=1 0X1+8X2+5X3 +5x4+6x5+6x6+4x7+8x8+7x9+1 1X1() +4X1 1+5X12+2X13+6X14+ 1 OX15+

+4X16+3X17+8X18
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3a1aeM0 YMOBH OOMEKECHHS:

10)6'1 + 8X2+ 5X3 =330 )
5x4+ 6x5+ 6x6 = 30 ;
4x;+ 8xs+ Txo = 340 ;
11X10+ 4X11 + 5X12 =40 5
2X13+ 6X14+ 10)615 =25 5
4X16+ 3X17+ 8)613 =15 5

10X1+5X4+4X7+1 1x10+2x|3+4x16 = 370,
8x2+6x5+8x8+4x11+6x14+3x17= 360 )
5x3+6x6+7x9+5x12+10x15+8x18 = 50, xiEO 1=1 ... 18

YMoBa H6ajiaHcy: KUTbKICTh BaHTaXXy Ha MOLITOBUX BiJIUIeHHAX B3), B3, B3,
B3, B3s5, B3; mOBHWHHA JIOPIBHIOBATH KUIBKOCTI BAaHTaXYy, KM MOXYTh NPUHHATH
nyHKTH coptyBanHs [IC,, 11Cs, 11Cs:
330+30+340+40+25+15 =780 ;
370+360+50 = 780.

Po3B’si3anHs TpaHcnopTHOi 3aaadi B Excel geransHo ommcano B po3a. 4.7.3
nociOHuka [5].

3aeoanns 10. 3a0aua onmumizayii 3 gukopucmarHam epaqis.

Jl51s BU3HAUEHHS HAMKOPOTIIOTr0 MApIIPYTY BiJ] 33aHOTO MOLITOBOIO By3ia 10
yCiX 1HIMMX 3TiAHO 3 BapiaHTOM Tpeda chopMyBaTH MATPHINIO BIJACTaHEH MIiXK
By3J1aMH, sIK 1€ 300paskeHo Ha mpukiaal puc. 10. MaTpuns BiacTanei — 1ie MaTpHIls
CYMIXKHOCTEH, /i€ 3aMICTh OJIMHHIIb Tpeda MiACTABUTH BIACTaH1 MIXK By3JaMHu.

il |0 1 2 3 4 5
0 0 1 2 3 - 1
1 |1 0 - 2 5 -
2 |2 - 0 4 4 -
3 |3 2 4 0 5 4
4 |- 5 4 5 0 1
5 11 - - 4 1 0
a)

Pucynok 10 — a) I'pad nmomrroBux By3:1iB Ta BiACTaHEH MK HUMHU
0) BxigHa maTtpuiis BiacTaHen

Hami nma 3HaXOJKEHHS ONTUMAJIbHUX BIICTaHEH MIXK By3JaMu Tpebda
3acrtocyBatu Metoa Prouna.
Anroputm @ioiia noasrae y HaCTyITHOMY:
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[IponymMepyemo BepivHH BUXiAHOTO rpada mimmmu uuciaamu Bim 1 mo N.
[Toznaunmo vepe3 d;j" MOBKHHY HAaWKOPOTIIOTO LUISXY 3 BEPIIMHU [ y BEPIIUHY J,
SKHH y SIKOCT1 MPOMDKHUX MOX€E MICTUTH TUIbKH MEpIIi m BepiiuH rpada. JKio mMix
BEpILIMHAMU [ Ta j HE ICHY€ JKOJHOTO IIISAXY 3a3HaYEHOTO TUITY, TO YMOBHO OyAeMO
BBaXKaTH, 1m0 d;,;" = co. [3 manoro Bu3HadeHHs BennuyuH d;,;" BUIMIIMBAE, 10 BETUYMHA
d;,*, mpencrapise NOBKUHY HAHKOPOTIIONO IUIAXY 3 BEPIUMHM [ B BEPIIUHY j, IO HE
Ma€ MPOMDKHUX BEPIIUH, TOOTO JOBXKHHY HAUKOPOTIIOL IyTH, 1110 3'€AHYE i 3 j (SKILO
Taki Jyrd OpucyTHI B rpadi). st Oynb-skoi BepmmHM 1 mnokmaaemo di™ = 0.
Bimznaunmo npani, no BeaumunHa d;™ mpeAcTaBisie JOBXKHUHY HAMKOPOTIIOTO ILISAXY
MDK BepimrHamu I Ta j. [TozHaunmo depe3 Dm martpuiro po3mipy NxN, erxemenT (i, )
akoi 30iraeTscs 3 d;;". Skimo y BxigHOMY Tpadi HaM BijioMa JOBKHUHA KOXKHOI JIyTH,
TO MU MoOXeMo chopmyBaTu Matpuiro D0. 3agaya monsrae y BU3HAYEHHI MaTpHIIl
DN , sika mpeacTaBisie HaWKOPOTIII NUISIXM MK YCIMa BEPIIMHAMU PO3TIITHYTOTO
rpada.

B anroputmi ®noiiga, B sikocTi BXigHOI BUcTymnae Marpuist D0. Crnodatky 3
uiei matpuui oduncmoerbea Matpuisd D1. Ilorim 3a marpunero D1 oOuuciroeTses
matpui D2 1 1. a. [Ipouiec moBTOprO€ThCSA A0 TUX Mip, OKK 3a Marpuuero DNI1 He
Oyne oOuuciena matpuit DN. Po3risHemMo rojioBHY if€lo, 110 JISKUTh B OCHOBI
anroputmy dnounpaa.

Ines anroputmy dnoiifa mosisrae B MepeBipii TOro, Y HE BUSBUTHCS HUIAX 3
BEpPIIMHU I y BEPIIMHY j KOPOTIIMM, SKIIO BIH OyJe NPOXOJIUTH 4epe3 IEsKY
MPOMIXKHY BepIuHy m. [IpunmycTtumMo, 1o HaM BioM:

1) HallkOpOTIIMH HUISIX 3 BEPIIMHU [ Yy BEPIIMHY M, B SIKOMY B SIKOCTI
MPOMIDKHHUX JOIMYCKAE€ThCS BUKOPUCTAHHS TUIbKHU Tepiux (m — 1) BepuiuH;

2) HaAMKOpPOTIIMH NUISAX 3 BEPIIMHU /7 Yy BEPIIMHY j, B SIKOMY B SIKOCTI
MIPOMDKHHX JOIYCKAE€ThCS BUKOPUCTAHHS TUTBKHU Tiepmux (m — 1) BepiiuH;

3) HAWKOPOTIIMKA LUISIX 3 BEPIIMHU [ y BEPIIMHY j, B SKOMY B SIKOCTI
IPOMIKHHX JOIYCKAE€ThCS BAKOPUCTAHHS TUIbKY Nepiux (m — 1) BepLuH.

OCKUIbKM 32 NpPUIYLIEHHSM BHUXIJIHUNA Tpad HE MOXKE MaTH KOHTYpIB
HETaTUBHOI JOBKWHU, OJUH 3 IBOX IIUISAXIB — IUISAX, IO 301Ta€ThCS 3 MPEACTaBICHUM
B MYHKT1 3, a00 HUISAX, O € 00'€IHAHHAM NUISIXIB 3 MYyHKTIB 1 1 2 - MOBUHEH OyTH
HAKOPOTIIMM WIISXOM 3 BEPIIMHU [ y BEPIIUHY j, B IKOMY B SKOCTI TIPOMiIXKHHX
JIOITYCKAEThCSI BUKOPUCTAHHS TUIBKY MEepUIuX m BepiuH. Takum yuHoM, d;;™ = min
{dimm1 + d;™"; di;™"}. 31 criBBigHOLIEHHS BUAHO, IO AJs OOYMCIEHHS €IEMEHTIB
Matpui D™ HeoOXigHO po3MillyBaTd JHIIe eleMeHTd MaTpuui D™'. Binbie Toro,
BIJIMOBITHI OOYHUCIICHHS MOXYTh OyTH TpoBeleHl 0e3 3BEpHEHHS 0 BHXIJHOTO
rpady. Temep Mu B 3M031 nmatu ¢dopmaibHHi omuc anroputMmy Duoiga s
3HAXOJ/KCHHS Ha rpadi HAWKOPOTIIUX MUISXIB MK yciMa MmapaMy BEpIITUH.

Anroputm 1. IIponymepyBartu Bepmmnu rpada Big 1 qo N minumu gucnamu,
BU3HAUUTH Matpuio DO, koxkeH enemeHT di; SKOi € JOBXKMHA HANKOPOTLIOl TyTd
MDK BEpIIMHAMH i Ta j. SIKIIO Takoi Oyrd HEMAae€, MOKJIACTH 3HAYECHHS €JIEMEHTa
piBHUM oo. KpiM TOro, moKJIacTH 3HaY€HHA JlaroHajJbHOro eneMeHta di; , aKkuil Oyze
nopisHtoBatu 0.2. J{7s nutoro m, 1o nociaigoBHO HaOyBae 3HaueHHs 1...N BU3ZHAUUTH
3a ejeMeHTaMu Matpuii D™ enement D™,
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ANTOPUTM 3aKIHYY€THCSI OTPUMAHHSM MATPHIll BCIX HAWKOPOTIIMX MUISIXIB
Dn,N, ne N — kinbkicTh BepmuH rpada. Haramaemo, misi BUSHAUCHHS CIICMCHTIB
maTpullli Dm B anropurmi ®oiiga 3aCTOCOBY€ETHCS PEKYPCUBHE CITiBBIIHOIICHHS:

Di,jm = min {di,mm'l + dm’jm-l; dm,jm-l},
ne di;™ — enement marpuui Dm, dn;"™' — enementn marpuni Dm-1 3uaiineHoi Ha
MOTIEPETHBOMY KPOIIi allTOPUTMY .

[Io6 3amucatv HAWKOPOTIIMWA HUISIX Y BUII MapuUIpyTy 3 MEPeNiKOM BY3IIB,
Tpeba po3paxyBatu maTpullto C;; mepeaoCTaHHBOTO By3Jia y HAWKOPOTIIMX MIIIXaxX
MDK By3JIaMH [ Ta j, TOOTO Ha TEpeTHHl i Ta j BYy3JiB Oyje 3amuMcaHo HOMEP
NEePeOCTaHHBOTO By3Jla y MaplIpyTi Bij i 10 j. Jjis iboro Tpeda MaTpUII0 PO3MipOM
NxN, erleMeHTH PSAKIB KO Ha MOYATKy MAaOTh 3HAUYEHHS HOMEpPA PSKa, a MOTIM Y
[UKJIaX TOIIYKY HAaWKOPOTHIOTO NUIAXY MK By3JaMH i Ta j €IEMEHTH Ii€1 MaTpuIli
OTPUMAIOTh 3HAYEHHsI MEPEJOCTaHHBOTO By3Jla Ha NUIIXy. HaBegemo mpuxian
POrpaMHu PO3PaxXyHKYy HAWKOPOTIIUX MNUIAXiB 1 Trpada, MapHipyTiB METOIO0M
@nonna. PesynbraT BUKOHAHHS IMPOrpaMHu HABEIEHO Ha puc. 9.

Tekcr nporpamu metony dinoitna y cepenosuii nporpamysants C++ Builder:
#include <vcl.h>

#pragma hdrstop

#include <math.h>

#include "Unit1.h"

#pragma package(smart_init)
#pragma resource "*.dfm"
TForml *Forml;

void _ fastcall TForm1::Button1Click(TObject *Sender)
{ const int n=6;
int 1,J,k,A[n][n],C[n][n];
for (1=0;1<n;i++)
for (j=0;j<n;j++)
{A[1][j]=StrToFloat(SG1->Cells[j][1]);
ClilljI=1;5
for (k=0;k<n;k++)
for (1i=0;1<n;1++)
for (j=0:j<n;j++)
if (AlI>Al]K+ALK]G])
{ATiI]= ALIKI+ATKIGT; CHII=CIKIG: )
for (i=0;1<n;i++)
for (j=0;j<n;j++)
{SG2->Cells[j][1]=IntToStr(A[1][j]);
SG3->Cells[j][1]=IntToStr(C[1][j]);}
b

29



void _ fastcall TForm1::Button2Click(TObject *Sender)

{
Close();

}

- Formi
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Pucynoxk 9 — Haitkoporuri nuisxu rpada MapiipyTiB

3anuiieMo MapmpyT HaWKOPOTIIOTO NUISXY Bif 1 By3na 10 1HIMMX 3TiTHO 3
MaTpPHULIEIO MIEPEIOCTAHHBOTO BY3J1a:

0 1

2 0 1

3 1

4 5 0 1
5 0 1
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3asoanns 11. Obuucnenus xapaxmepucmux mampuys. HucenvHuil po36 130K
DIBHAHD.

IIpuxnao po3s sazauna:

01,7x, - 1,8x, + 1,9x, - 57,4x, = 10
Ly, - 43x, + 15x, - 17x, = 19
%l,2x1 + L4x, + L6x, + L8x, = 20
H7,1x, - 1,3x, - 4,1x, + 5,2x, = 10

1. Mampuys — 1ne npsAMOKyTHa TaOJUISI YHCEN, 110 MICTUTh M PSAKIB 1 7
CTOBITYHKIB.

Matpuusi A Ha3uBaeTbcs MPSAMOKYTHOIO € po3MipamMu m X n. Ywucna a; —
CKJIQJIOB1 MaTPHUIll — HA3UBAIOTHCH 1i €JIEMEHTAMU.

Martputis, 1mo CKIagaeTbCcsi 3 OAHOTO psaka (m =), HA3UBAETHCA BEKMOPOM-
PpAOKOM; MATPUIS, 1O CKJIAAA€ThCss 3 OAHOro croBmus (n =1) — eexmopom-

cmosnyem. SIKIO m = n, TO MATPHUIll HA3UBAETHCA KBAOPAMHOI, a YUCIO n — 1l
MOPSIIKOM.

Martputis, BCi €J1eMEHTU SKOi JOPIBHIOIOTh HYJIIO, HA3UBAETHCS HYIb060I0 1
no3Havaecthes 0.

Matpuis, y SKOi MepecTaBieHl MICISIMU DPSAKA W CTOBII, HA3UBAETHCS
MPAaHCnOH08aH010 MaTpUIeto [3].

UwucioBi XapakTEPUCTUKNA MAaTPHUILh:

Cnio mampuyi — cyma eJIeMeHTIB ii TOJIOBHOT TiaroHami:

Sp A: 2 a;
i=1
Busnaunurxom Mampul(i Ha3WBA€TBCA CyMa i3 n ' I[O6YTKiB BUOY
k o . . .
(_ 1) alkl a2k2"‘ank,, , KOJKHHNHM 3 AKHX JOPIBHIOE I[O6YTKy n CJICMCHTIB MaTpPHIIL, YBHTHX
10 OI[HOMy 3 KOJKHOI'O pHI[Ka u KOXHOI'O CTOBIILIA. BI/I3H21HHI/IK IIO3HAYAKTh |A| 360

det 4.

Oébeprenoio mampuuero A™' 1Won0 naHoi MaTpuili A HA3UBAETHCS MATPHIIS,
sKa Oyy4yd NOMHOKEHOIO Ha JJaHy MaTpUL0 A, Ja€ OMUHUYHY MAaTpULIO £
AA' =A"'A=E.

Hopmorw keaopammuoi mampuyi A Ha3UBAETHCSI HEBII €MHE YHCIO ||4|, 1m0
3aJI0BOJIBHSIE YMOBAM:

|4 |>0 ne A — He HyabOBa MaTpULS ,
| C-4||=|C| || 4 || mpu Oyb-IKOMY MHOXHUKY,
|A+B||<||4]+] B, ne B—He HyIb0Ba MaTpHII,

1 KpIM TOTO 3aJI0BOJIbHSIE YMOBL || A-B || <[ 4| || B |l.
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Poss’s3ku A, (i=1, 2, ..., n) piBHAHHSA XapaKTepUCTHYHOTO moniHomy p(} )=
0 Ha3UBAIOTh 61ACHUMU Yucaamu MATPUIll. XapaKTEPUCTUYHHUI TMOJIHOM MOXHA
PO3KJIACTH HA MHOKHUKH:

p(A))=CED"A =1 ) —dqy ... (h —1)

Bnacuum eexmopom mampuyi A, IO BiANOBigae BIacCHOMY 3HAUeHHIO A,
HA3MBAETHCSI HEHYJBOBUN BEKTOP V = [Vi, V2, ..., Vu|", IO 3aI0BOJIbHSIE MATPUYHOMY
PIBHSIHHIO

Av=1>\,v
OOuucneHHs xapakTepucTuk MaTpullb y naketi MathCAD HaBeneHo Hux4e Ha

puc. 10, 11.
JlictuHr BUKOHaHHs po3paxyHKiB y MathCAD:

Jadara mampi
"2 1T —18 189 —574%

11 —43 15 —17
12 14 14 J: +

Hapmii mampiigi
LF1 —13 =41 52 )

Coaid aecemmpiisgi normu(a) = 622

sli=tr(a) sl=a42 norml (a) = 641

Busncrniin mampiini norme{a) = 52605
d:= |al d = —5266 % 103

Tpancnonosana mampuus
W 11 12 710

T —15% —43 14 —153
t=a —
19 15 16 —41
W —574 —17 18 52 J
O6 eprena mampuns { not4 0031 0205 0098 ™
o= 3—1 0.0t —0185 0150 —7353x% 10”4
D 1‘ —
—3817 % 1074 0126 0319 —0.073
\ —0.017 001l 001z 4953 % 10”4

Pucynok 10 — OGuuCIIeHHs XapaKTePUCTUK MaTPHUIl
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3afaHa matpuuA

a 17

18 19 -574

11 -43 15 -17
*Tl12 14 16 1z
71 -13 -41 52

28953 + 20.1%
2953 - 201191
-4.51
2504

Braacui snayenHa

A = eigerrvalsa)

Baacui sermopu

v = eigerrvec|a, i)
-0.319 + 0.EE4

0023 + 0.04%1

Hepesipra a™yv

—12785 - 3851
—0.295 + 04021

= A%
18785 — 3851
0395 + 0.A021

"7 0064 - 67710 1073 MY ez | 27T 03w+ Lasi
. . 1
0310 + 00915 ~0.298 + 67150 —0.39% + 6.715i
v e _DT;__ 5:;: 12785 + 3.83i :;i-;ii*ﬂi—jjj
v = T A Bl ES Y I
0.064 + 6.771i % 10 0377 - 1320 . .
0.319 — 0.091 0208 _ 6715 0308 - 67154
W = eigerrvec) a, 3|
0.084 —0.379 0,379
_| noes o —4371 L —14;;1
~0.23 1038 '
—~0.029 0.13 0.13

Pucynox 11 — O6uncieHHs: XapaKTepUCTUK MaTPHIIL

CucreMy JiHIAHUX PIBHSIHb MOKHA 3alIMCaTH TaKOX Y MaTpUYHOMY BuAl AX = b,
ne A— maTpuls Koe(iUuleHTIB MPU HEBIAOMHX, X — BEKTOpP HEBIIOMUX, b — BEKTOp
MPaBUX YACTUH PIBHAHb CUCTEMH.

Dall alZ aln D D'xl D [bl D

a, a a I Ex U [bD

- [P 21 2n[] _ 2(] :[ 2[]
4. 1 * 0.0 b7
0 0 0 0 0 0
Danl anZ amz D Dx’l D [brlD

3anucyeMo CUCTEMY PIBHSIHb Y MaTpuuHiil popmi Ax=B:

el

017 -18 19 -574[ 2t 110[
U U o O
qLl -43 15 -177 ot 1197
a:s x=0 L b=
012 14 16 18 [ 0% L 0200
n n 0o C n n
071 -13 -41 52 [ 0% 010(

98]
[98)



Po3p’s3yBatu cucrem miHiWHUX piBHSH, y MathCAD wmoxnHa paBoma
criocobamu:

1) 3a monomororo ¢yHKItii isolve(a,b);

2) — MaTPUYHKX Omepaliil x = a” b, ne x —KOpeHi cucTeMu.

Po3B s3anHs cucteM diHiMHUX piBHSAHB Y MathCAD HaBeneno Ha puc. 12.

Pose'asyeanua cucmem ninitinux pienans vy MathCad

(1.7 -1.8 1.9 -574" (10}

/5811 °

1.1 -43 15 -17 19 _ )
a= 17 14 16 18 b= " X=a l-bﬁ_ —0.234
V7.1 -1.3 41 52 ) 10 L0271

Pucynok 12 — Po3B s3aHHs cucteM JiHIMHUX piBHSAHb Y MathCAD

Jliteparypa
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