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Marepianu MeTOOUYHOTO 3a0€3MeUeHHs] J0 BUKOHAHHS KypcOBOi poOOTH 3
mucuuiuiinn  «O04UKcloBalibHA TEXHIKA Ta aJITOPUTMIYHI MOBU» ISl CTYJEHTIB
Hanpsmy 6.050701 EnexrporexHika Ta  elekTpoTexHosorii /  YHoOpsaH.:
M.O. Anekcees, C.II. Kangzwoba, O.JI. Xomox, O.C. IlleBuosa. - .. JepxaBHuii
BH3 «HI'Y», 2013. - 23c.

YHopsAaHUKH:

M.O. Anekcees, npod., TOKTOp TeXH. HayK (po3min 1, migpo3aimm 2.1 — 2.2);
C.I1. Kanasioba, fo11., KaH[. TeXH. HayK (migpo3auiu 2.3 — 2.4);

O.JI. Xonox, acuctent (migposain 2.5);

O.C. lleBnoBa, acucTeHT (IPUKIAIH PIllICHB).

3aTBepkeHo MeToauuHoo KoMiciero 3 Hampsimy 050701 EnexktporexHika Te
eylekTpoTexHojorii (mpotokoa Ne  Bif ) 3a MOJaHHAM Kadeapu MPOrpaMHOTO
3a0e3MeYeHHsI KOMIT IOTepHHUX cucTeM (mpoTokoi Ne  Bim ).

ITomano wmeToaWYHI peKOMEHMalli i BHUKOHAHHSA KypcoBOi poboTH 3
mucuuiiing  «O04UKcloBalibHA TEXHIKA Ta aJTOPUTMIYHI MOBU» JJIsI CTYJCHTIB
Hanpsamy 6.050701 EnektpoTexHika Ta eIeKTPOTEXHOIOT1

BinnoBinanpHuil 3a BUIYCK 3aBiayBau Kadeapu MPOrpamMHOro 3abe3reyeHHs
KOMIT IOTEPHUX CUCTEM, I.T.H., mpod. M.O. Anekcees.
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BCTYII

MetoauuHi pexkoMeHJallii 10 BUKOHAHHS KypCcOBOi pOOOTH 3 JUCHMIUIIHU
«O0uucaoBaibHa TEXHIKA Ta aJITOPUTMIYHI MOBH» MICTSATh BaplaHTH 3aBlaHb,
HEOOX1/IH1 TEOPETUYHI BIJOMOCTI Ta BUMOTHU 10 OPOpPMIIEHHS pOOOTH.

[Topsimok poGOTH 3 METOTUYHUMH PEKOMEH IAIIsIMUA HACTYITHUM

1. ¥V po3nini 1 cnig BuOGpatu T€My KypcoBOi poOOTH BIAMOBIIHO A0 BapiaHTy,
MPU3HAYEHOr0 BHUKIanaueM. Tema MICTUTh Ha3By 3ajadl 1, SIK MPaBHIIO, METOJ
po3B’s3aHHs. SIKII0O METON HE BKa3aHW, TO MOXYThb OyTH BHKOpPUCTaHI Oyb-sKi
meroau. s KoxkHOI Temu 3afaHi nporpamui 3acobu (Delphi, MS Excel, Mathcad),
SK1 CJIiJI BUKOPHCTOBYBATH IS peajizallii po3B’si3aHHS MOCTaBleHOi 3amavi. Jlms
po3B’si3anHs 3amadi B Mathcad moxxyTh BHKOpHCTOBYBaTHCS OyIb-sKi CTaHIAPTHI
3aco0u, 1110 € TaM, 1 BOy/10BaH1 (yHKIIIi.

2. Y po3mini 2 mnpuBeACHI KOPOTKI TEOPETHYHI BIJOMOCTI, B SKHX
copMyibOBaH1 MOCTAaHOBKM 3aJad 1 OMHMCaHI METOAW iX po3B’s3aHHsI. B KiHIN
KOKHOI 3aJlayl po3TallloBaHl BapiaHTU IHIUBIAyalbHUX 3aBlaaHb. s BuOopy
IHAMBIAyaJbHOTO BapiaHTy ciia migctaBuTy 3HayeHHs mapameTpiB N 1 K. 3HaueHHs
N 3amaeThcs BUKIAJa4eM 1 € OJHAKOBUM JIs Bciei rpymu. 3HaueHHsS K IOpiBHIOE
MOPSIAKOBOMY HOMEPY CTYJIEHTA B JKYpHaJl IPYIIH.

3. Po3min 3 wmictute BuUMoru m0 odopmieHHS KypcoBoi pobotu. Kypcosa
poOOTa BUKOHYETHCS B 3a3HaUYCHUHN BUKIIaJadyeM TEPMIH JI0 €K3aMEHAIIMHOI cecii, 10
Jla€ MOJIMBICTD 3a0€3MEUUTH 11 IEPEBIPKY 1 3aXUCT.

4. Jlonatok 1 MicTUTh TpuKIaa O(QOPMIECHHS TUTYJIBHOTO JIKUCTAa KYpCOBOIi
poboTH.
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1. TEMHU KYPCOBHUX POBIT

[Iporpamui 3aco0u, SKUMHU
HEOOXIHO peanizyBaTu

No , :
. HazBa Temu pO3B’sI3aHHS 3a71a4l
o Delphi MS | Math-
Excel | CAD
1. | Po3B’s13aHHS CUCTEM JIIHIHUX PIBHSHb. + + +
2. | Po3B’a3aHHs cucTeM JNHIAHUX PIBHSIHL. MeETO.
+ +
l"ayca.
3. | Po3s’s3aHHs cucTreM JNHIAHAX pPIBHAHLE. MeTonq
+ +
l"ayca.
4, | Po3B’si3aHHS CHUCTEM JIHIMHUX PIBHAHL. MeToxn
+ + +
00€pHEHOT MaTpHIIi.
5.. | Po3p’si3aHHS cucTeM JIHIMHMX PIBHAHBb. MeTof + + +
Kpawmepa.
6. |Po3p’s3aHHS CHCTEM JIHIMHUX pPIBHSIHL. MeTon N N
iTepartii.
7. | Po3B’sa3aHHA cucTeM JIHIMHHUX pPIBHSIHL. MeToxq
+ +
iTepartii.
. 03B’A3aHHSA CHUCTEM JIIHIHHUX PIBHIHE. e€TOo/
8 Po3p’ M N N
3enges.
. 03B’A3aHHSA CHUCTEM JIIHIHHUX PIBHIHE. e€TOo/
9 Po3p’ M N N
3ennes.
10. | Po3B’s3aHHS HENIHIWHUX PIBHSIHB. + + +
11. | Po3B’s3aHHs HEMHIWHUX PIBHIHL. MeTOo1 XOp. + +
12. | Po3B’s13aHHS HEHINHUX PiBHIHL. MeTOa XOPI. + +
. 03B’s3aHHS HENIIHIHHUX PIBHIHL. MeTOx JOTUYHUX.
13. | Po3s’ M + +
14. | Po3B’s3aHHS HENHIMHUX PIBHAHL. METOI TOTUYHHX. + +
15. | Po3B’s3aHHs HENMHIMHUX PIBHAHL. MeTo iTepartii. + +
. 03B’s3aHHS HENIIHIMHUX PIBHIHL. MeTox 1Tepalii.
16. | Po3s’ M + +
17. | YucenpHe iHTErpyBaHHS. + + +
18. | YUncenwHe inTerpyBanHs. @opmyria Tparertii. + + +
. HCelIbHE 1HTerpyBanHs. @opmyira CHMIICOHA.
19. |4 y dopmyna C + + +
20. | YncensHe inTerpyBanns. ®opmyna HeroToHa. + + +
21. |IlapabGomigyHa ampoKCHUMAIlil EKCIIePUMEHTATbHUX + +
JTAaHUX METOJI0M HaWMEHIUX KBaJApaTiB
22. |IlapabGomiyHa ampoKCHUMAIliI EKCIIEPUMEHTaTbHUX N N
JAaHUX METOJI0M HaWMEHITUX KBaJApaTiB
23. | JligiiiHa ampokcuMallis €KCIICPHMEHTAIbHUX JaHUX N N N
METOJIOM HaWMEHIITNX KBaJpaTiB
24. | Po3p’s3amug  3amaui  Komrl i 3BHYANHUX + +
U epeHIitHuX piBHSIHb
25. | Po3p’s3amng  3amaui  Komrl g1 3BHYAHUX + +

nudepeHIitHuX piBHSIHb
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2. MOCTAHOBKMU 3AJIAY I METO/JIU IX PO3B’SI3AHHSI

2.1. Po3B’si3aHHs CHCTEM JIiHilHHUX PIBHAHD

[ToctaHoBKa 3a1ayi.
Cucrema NiHIAHUX PIBHSHB y 3araJIbHOMY BUTJIAIl 3aIUCY€THCA TaK:
X, +apX, +...+a, X, =b

Ay X, +apX, +...+ay,X, =D,

2n*n

A X +a,X, +...+a,.X, =b,

1€ X, X,, ..., X, - IMCHa HEBIIOMUX CUCTEMU PIBHSIHb
a, 8, ..., &, - KOe(IUIEHTH IIPU HEBIIOMHX;
b,, b,,..., b, - BUIbHI YICHU CUCTEM.

Cuctemy piBHSIHb 3alIUIIIEMO B MaTpuuHid Gopmi A- X =B, ne A- Matpuus

KOe(III€EHTIB MPU HEBIIOMUX, B- BEKTOP-CTOBMIEIb BUIBHUX YJIEHIB, X - BEKTOP-
CTOBIICIIb HEBIJJOMUX:

all a‘12 a'ln bl Xl
a, a, ... a b X
A — 21 22 2n , B — 2 , X — 2
anl anZ e ann bn Xn

SKmo BW3HAYHUK MaTpuili A (MaTpuis Koe(]illieHTIB NMPH HEBIAOMHUX) HE
JIOPIBHIOE HYJIIO, TO CUCTEMA JIIHIMHUX PIBHAHb Ma€ €AMHUN PO3B’A30K PIBHIHHS.

Memoou cucmem NiHIUHUX PIBHAHD
Meroau cucteM NiHIMHUX PIBHSHb MOKHA pO30OUTH HA JIB1 TPYIIHU:
- mpsimi metoau (Kpamepa, ["aycca, o6epHeHO MaTpHIIi);
- iTepaniiini MeToau (METOJ IPOCTOI iTepalii, MeTo ] 3enaes).

Memod 'aycca

Lleit MeTO CKIAMAETHCS 3 TBOX CTAIlIB.

- OpsSMUMA XiJl, TP SIKOMY 3a JOIMOMOIOI E€JIEMEHTAPHUX MEPETBOPEHD
MaTpulsd Koe(ilieHTIB MPU HEBIAOMUX MPUBOAUTHCS 1O TPUKYTHOTO BUILY;

- OoOEepHEHHUHN Xi, TpPU KOTPOMY TMOCHIJOBHO 3HAXOASATHCS HEBIIOMI
CHUCTEMH, MMOYNHAIOYH 3 OCTAHHBOTO.

EnemenTapHuMu niepeTBOPEHHAMHU CUCTEMH €.
IlepecTanoBKa piBHSHB,
OneprxanHs 0a30BUX PIBHSHb,
MHOeHHS Ta TUICHHS PIBHSAHB Ha 4nciio (He piBHE HYJIIO);
JlonaBanHs a0o BiHIMaHHS PIBHSHB, MOMEPEIHHO MOMHOXEHUX HA YHUCIIO,
AK€ HE JOPIBHIOE HYIIIO.

Ilpuknao:
Po3p’a3atu metonom ['aycca cuctemy JiHIMHHUX PIBHSHB!

P
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I | [3%; —2X, +8%; =2;
1] <4x —3X, +X; =4;
I 2%, + X, — X, =6.
[Ticnst BUKOHAHHS IPSIMOTO X0y cUCTeMa OyJie MaTH BUJL:
I X, —0.667X, +2.667x, = 0.667;
I X, +29.12x, = -4.012;
i —74.302x, =14.03.

PosristaeMo npsimuii X171 O1UTBIN AETaIbHO.

Po3ninumo nepiie piBHSHHS Ha KoeilieHT mpu X;, TOOTO Ha 3 1 OJEPKUMO
nepiie 6a30Be PIBHSAHHS, SIKE 3aMIUIIEMO MOPYY 13 MEPIIUM PIBHSHHS CUCTEMHU.

VY upomy MeToll HEOOXIIHO OOHYIUTH  KoeQiuieHTH mpu X, y Il i Il
PIBHSIHHSAX 1 KOe(IieHT npu X, y |l piBHSIHHI. MHOXXHUMO Ha KOE(IIIEHT MpU X, Y

JIpyromMy piBHSHHI Ha niepiie 0a30Be PIBHSAHHS, MMiJl HUM JOTUCYEMO |l -re pIBHSHHS 1
BIJIHIMA€EMO:
4x, —2.668x, +10.668x, = 2.668

4% —3X, + X, =4
0.332x, +9.668x, =—1.312— I
OtpuMmaHe Apyre piBHSHHS MEPETBOPIOEMO B 0a30Be MUISXOM [IUJICHHS Ha
KOe(IIIEHT MPU X, YCHOTO PIBHSHHS 1 3aIUCYEMO TOPYY 13 JAPYTUM PIBHSIHHAM

CUCTEMH.
Muoxumo | -11e 6a30Be pIBHSIHHA Ha KOS(PILIEHT MPHU X, Y TPETbOMY PIBHSHHI

1 BIJl OTPUMAHOTO PIBHSHHA BiHIMaeMO |l -Te piBHAHHSL:
2x, —1.334x, +5.334x, =1.334
- 2% +X, —X; =6
—2.334x, + 6.334X, = —4.666
VY orpumanomy Il -My piBHSHHI MOTPIOHO OOHYIUTH KOEDIIIEHT HPHU X, .

MuoxuMo Ha 1eil koedirieHT |l -re 6a30Be PIBHSHHA 1 BiJi OTPUMAHOIO PIBHSHHSA
BiHIMaemMoO |ll piBHSHHIL.
—2.334x, —67.9684x, = 9.364

 —2.334x, +6.334%, = —4.666 — ||
—74.302x, =14.03- 11l 6
Oneprxanu TpeTe 0a30B€ PIBHSIHHA. 3 HHOTO 3HAXOIUMO !

x—ﬂ——msa
74302 o

MIJICTABIISIIOYN X, Y Jpyre 0a30Be PIBHSAHHS, 3HAXOJAUMO X, :
X, +29.12-(~0.186) = —4.012;
X, =1.4044;
MIJCTaBIA0OYU B | 0a30Be pIBHSIHHS 3HAWJIEHHI 3HAYEHHS X, 1 X,, OJEPKUMO X,
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X, = —0.667 - 1.4044 + 2.667 - (—0.186) = 0.667;

X, = 2.098
Memod obepHeHoi Mampuui
Ilpuknao:

Po3B’s13aTH MeTO10M OOEPHEHOT MAaTPHIIl CUCTEMY JIIHIHHUX PIBHSHB.
HeobximHo 3 ~ MaTpuuHOoro piBHAHHS A-X =B oxgepxatu BekTtop X.
[TOMHOKHUBIIIM MaTPHUYHE PIBHSIHHS 371iBa Ha A~ (0OEpHEHY MATPHIIO), OJEPKUMO
A*-A-X=A".-B,ane A'-A=E (oauHuYHA MATPHIIA) i OT)KEe X =A™ -B:
X, + X, +2X; =-1
2%, — X, +2X; = —4.
4%, + X, +4X, =2
CknagemMo MaTpuiio KoedilieHTiB IpU HEBIAOMUX 1 BEKTOP-CTOBIEIb BUIBHUX
YJICHIB!

1 1 2 -1
a=|2 -1 2|, b=|-4|;
4 1 4 -2
3Hai1IeMO 00EpHEHY MAaTPULIIO:
-1 -1/3 2/3
A=l 0 -2/3 1/3|;
1 1/2 -1/2

MOMHOXHBIIIA OOCPHEHY MATPHUII0 HAa MacuB (BEKTOp) BUIBHHUX YJICHIB,
0JIEP>KMMO KOPEH1 CUCTEMHU JIIHIHHUX PIBHSHB!
-1 -1/3 2/3| |-1 1

0 —-2/3 1/3|x|-4|=| 2 |;
1 12 -1/2| |-2| |-2
X =Lx, =2;X; =-2.
Memod imepayii

CucreMy piBHSIHB, 3alllCaHy B MATPUYHOMY BUTJISAL A- X = B MepeTBOPUMO 10
BUAy X =C-X +F . YM0OBa 3aKiHUCHHS iTE€paIliiHOrO TPOIECY max‘xi(k”) - xi‘k)‘ <eg, ne
& - 3aJjJaHa TOYHICTh HAONMXEHHS N0 KopeHs. IrtepamiiHuil mpouec Oyne
30DKHHMM, SKIO Tepmia abo apyra HopMa Matpuili (Matpuii KoeQillieHTIB Tph
HEBIZIOMHUX) OyJie MEHIIIC OJIMHHIII.
AHanizyemo Koe(illieHTH TIPU X,y BCIX PIBHAHHSX:
I |[4X +X, —2X; =8
I [< X, —=5X, + X3 =—10.
I} |3x, + X, —5%, =10
Buninsemo x, 13 [ piBHSHHS, TOMY 10 MOJYJb KOE(DIIEHT MNpuU X,
HaWObIIMKA. AHAJIOTIYHO BUAUIIEMO X, 13 Il piBHSHHS, TOMYy IO MOJIYJIb
KoeilieHTa npu x, Tam Ouibiie, yuM y I piBHSHHI, 1 X, - 13 III piBHSHHS:
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X, =—0.25x, +0.5%; + 2
X, =0.2% +0.2X; + 2
X, = 0.6, +0.2x, —2
Cknagemo matpuilto C Koe]ilieHTIB TPU HEBITOMHUX

0 -025 05
C=102 0 02,
06 02 O

3Hainemo [ Hopmy Marpui
3

[C, = max Z;\cij\ =0.8<1;
j=

YmoBa 301kHOCTI iHTeparrii nepeBipeHa (I HopMa MaTpuIli MEHIIIE OJWHHMIN). 32
HYJIbOBE HAOJMKEHHSI KOPEHIB CHUCTEMH NpHUiiMaeMO BEKTOp F — BEKTOp BUIBHUX
YJICHIB!

X0 =2, x% =2,x? =2,

Toni miACTaBUBIIM B PIBHSHHS 11 KOPEH1, OACPKUMO TNeplie HaOIMKEHHS
KOPEHIB!

x® =-0.25-2+05-(-2)+2=05
xP =02-2+02-(-2)+2=2
x =06-2+0.2-2-2=-04

[TincraBnsitoun oTpuMani 3HaueHHs x7;x;x{, 3HalieM0 apyre HAOIMIKCHHS

KOpEHIB 1 T.J. JIOTH, MOKM He OyJe NOCsATHyTa 3aJaHa TOYHICTh ¢ =0.005. JlaHi

3aHOCMMO y Tabmuupo. Ha KoXHOMY Kpoll BiIHIMAEMO 3 HAacCTyIHUX 3HAa4y€Hb
X,, X,, X, IXHI TIOTIEpEHl 3HAYEHHSA. 3 OTPUMAHHUX PI3HUIL OEpeMO MaKCHMaJIbHE

3HaueHHs 0e3 ypaxyBaHHS 3HaKa, TOOTO MO MOJYJIIO, 1 TOPIBHIOEMO 3 :

K X, X, X, & = max|x* — x{
0 2 2 -2

1 0.5 2 -0.4 1.6>¢

2 1.3 2.02 -1.3 09>¢

10 1.002 2.001 -1.002 0.007 > &

11 0.999 2.000 -0.999 0.003> ¢

BianmoBias: KopeH1 CUCTEMU JIIHIHHI pIBHSIHb!
X, =0.999; x,=2.0; x,=-0.999.
Memod 3eiideas

Le#t MeTton mousinimieHoi iTepallii € Moaudikaliero METOAy IMPOoCToi iTeparii
Bin mae Benuky mBHIKICTH 30DKHOCTI. CyTh HOro moJisirae y TOMY, IO SIKIIO Y
MEeTOIi MPOCTOi iTeparii moyatkosi 3Hadenus x\”, x{¥, x{” migcrasisuiu Bigpa3sy B yci
TPH PiBHSHHS, TO B METOi 3eiinens 3Haiaene 3HaueHus x migcrasmserses i 111 111
piBHsiHHS. A 3HaimeHe 3 II-ro piBasHHsA 3HadeHHs x{P - y III piBHAHHSA. YMOBH
301KHOCTI IIbOTO METOJY T K, IO ¥ y METO/I1 IPOCTOI ITepaLlii:
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x® =-0.25-2+05-(-2)+2=05
xP =0.2-05+0.2-(-2)+2=1.7
x{ =0.6-05+0.2-1.7-2=-1.36
Jlajii BUKOHYIOTBCSI aHAJIOT1YH1 HACTYIHI HAaOIMKeHHA. Pe3ynbraTtu 3aHOCAThCS
y TaOJIHIIIO:

K X, X, X, & = max|x* — x®
0 2 2 -2

1 0.5 1.7 -1.36 15>¢

2 0.895 1.997 -1.082 0.395> ¢

3 0.980 1.979 -1.015 0.078 > ¢

4 0.988 1.997 -1.001 0.018 > ¢

5 1.0 2.0 -1.0 0.003> ¢

BianmoBiak: KOpeH1 CUCTEMU JTIHIHHUX PIBHSIHb:
=L x,=2; X, =-1.
Bapianmu indugidyasibHux 3a80aHb
Po3B’s13aTu cuctemy JHIMHUX PIBHSHD!
a;; X +2X, —1.3x; =10
2.1x;, +a,X, +0.4x, =6
3.1, —1.8X, + a,X,,=4
ne a; =3.3-N+0.1-K; a, =25-N+0.2-K; a;, =5-N+0.25-K,
N i K BU3Ha4al0ThCsl BUKJIAIAUYEM.

2.2. Po3B’si3aHHA HeJIiHIHHUX PiBHIHD
PosrnssHemo 3aranbHuMil BuA  HENIHIMHOTO piBHSAHHA f(X)=0; dyHKIISA
f (x) BU3HaUeHa 1 HemepepBHa B MpoMikKy (a,b). Beske 3HaueHHs X=C, MpU SIKOMY

piBHsHHA f(X) =0 NMEpPETBOPIOETHCS B TOTOXKHICTh, HA3UBAETHCSI KOPEHEM PIBHSIHHSI.
[Iporiec po3B’sa3aHHSA HEMHIMHOTO PIBHSHHS CKJIAAAETHCS 3 IBOX €TaIlIB!

a)_BiJUliieHHs KOpEHiB, TOOTO Tpeba 3HANUTH NPOMDKOK |[a,b], skuii MicTUTh y
co01 TUIbKM OJMH KopiHb. KopeHi MoXHA BIJOKPEMIIIOBATH aHANITUYHO abo
rpadgiyHUM CIIOCOOOM;

0) YTOYHEHHS KOPEHIB JI0 33JaHOT0 CTYIEHsI TOYHOCTI.

JIist BinIeHHSI KOPEHiB piBHSAHHA f (X) =0 4acTO BUKOPUCTOBYIOTH rpadiuHmit
Metoa. bynyeTtses rpadik y = f(x) 1 Touku nepetTuHaHHs rpadika 3 Biccro OX garoTh
MOYJIUBICTh BU3HAYUTHU TIPOMIKOK [a,b], 1[0 MIiCTHTH OMH KOpiHb. SIKIIO MOOy10Ba
rpadika y = f(x) yCKJIaJiHEeHa, TO PIBHSIHHS MOJAIOTh Y BUTJISIII:

@(x) =y (x)

1 0ynyroTh rpadik 1BOX ¢yHKIIIH:

Y1 =@(X); ¥, =y (X).

AOcuucH TOUOK NMEepEeTUHAHHS KPUBUX Jal0Th HAOJIMKEHE 3HAYCHHS KOPEHS.

JIist yTOYHEHHS KOPEHIB BUKOPUCTOBYIOTH PI3HOMAHITHI MeToau.  Mu
PO3MIISTHEMO METOJ] XOP/1, IOTUYHUX 1 ITEepaliil.

Binninumo rpadiuHuM 3aco00M KOpPEH1 PIBHSIHHSA:
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x* +3x*-3=0.

[ToGynyemo rpadik GyHKIil y, = x® +3%x7 —3.
VYkazaHe piBHSIHHS Ma€ TPU JIMCHUX KOPEHS:
X,€(02); x,e(-2,-1); X;e(-3,-2).

YTOYHUTH KOPiHb PIBHSIHHSA — 11€ 3HAUTH HOTO 3HAYEHHS 3 3aJIaHO0 TOYHICTIO ¢ .

Memod xopd

Mertoa xopa Mae AB1 PO3paxyHKOBI popMynu:

I bopmyna - x. ., =x, _T)(0=x,) , 1Ie n— 01,2... HoMep HaOJMKECHHS.

f(b)—f(x,)

Ax HynboBe HAOMMKEHHS B LI (OpMYJl BHKOPUCTOBYETHCS JIIBa MeXa
MPOMIKKY [a,b], TOOTO X, =X,=a, a ¢opMmyla 11 BUOUPAETHCS, AKIIO 3HAUYCHHS
GbyHKIIT 1 11 1pyroi moxigHoi B Toui b OyayTh ogHoro 3uaka: f(b)- f"(b)>0.

Slkiio g yMoBa He BUKOHYeThCs. To BUOUpaeThes Apyra popmyna:

- X — f(Xn)(Xn _a)

I dopmyna - x.,=x fx)—f@)’

gka Oyne BIANOBIIATH  yMOBI

f(a)-f"(a)>0,a x,=%x,=Db
Ilpuknag:
VTOUHUTH KOPiHb piBHAHHS X° +3%2 —3=0y OpoMikKy [-3,-2].
f(x)=x>+3x*-3;, a=-3;b=-2
f (X) = 3x* +6X;
f'(x) =6x+6.
IIpu x=-3- f(-3)- f"(-3) >0, To BubUpaemo Il popmyny nnsg x,=b=-2:
=X, — f (Xo)(xo _a) — _2_1'[_2_(_3)] =-2.25;
f(x)—1(a) 1-(-3)
V. f(x)(x,—a) __9o5_ 0.7968-(-2.25+3) _

, =X, . = -2.4074
f(x,)- f(a) 0.7968 + 3

X, = —2.53203;

X,, = —2.53204;

Pe3ynbTaT OTpUMaHuiil 3 TOYHICTIO 10 4-TO 3HAKA MICIIS KOMHU.

Memod domuuHux (HoromoHa)

Po3paxynkoBa ¢popmysia METOly JOTHUHUX MA€E BUTIISI!

Xpe1 = X, —M, ne n=012...
F(x,)

Sxmo f(a)- f*(a)>0, To B IK X,0epemo a, iHIIe X, =b.

Ilpuknag:

VTOUYHUMO KOPiHb PiBHAHHA X° +3x* ~3=0 y NpoMikKy [-2,-1].
a=-2;,b=-1¢=0.0001.

Oynkmis f(x)=x*+3x* -3y Toumi x = -2 monatus (f(-2)=1).
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f"(x) =6x+6 11 ToukH -2 Bix emHa f"(-2)=-6,
ockubku f(-2)- f"(-2)<0, To 6epemo x,=-1:
f'(x) =3x" +6x;

X =x, - g =1 3393
£ (%) ~3

X, = X, — T03) __j 33332008706 __, 375,
F(x,) —2.66667

X, = ¥, — %) _ g 3475 70000254 _ 4 5709,
F(%,) —2.67285

VY pesynbTaTi OTpUMaliy KOPiHb 13 TOYHICTIO 10 4-ro 3HAKa IMicCls KOMH.
BigmoBine: x=-1,34729 i3 TounicTIO & = 0.0001.

Memod imepauii

VY mpomy metoni yskuis f(x)=0 NpPUBOAUTBCS A0 BHUIY X=¢(X). YMOBa
301KHOCTI OyAe NOTpUMaHa, AKIIO0 YacTHUHHI MOXiIH1 ¢'(a)i ¢'(b) OymayTb MeHIe
onuHuULI. TOYHICTh METOAY OL[IHIOETHCS CITIBBIIHOIICHHSIM:

P

1-p

e p — L€ MakCcUMajbHE 3a MOJyJeM 3HAUY€HHS MK YaCTUHU MOXIJTHUMHU
p'(@)i ¢'(b).

Ilpuknag:

YTOuHUTH KOpiHBb piBHSAHHA X°+3x°-3=0 Ha mpomikky [0,1] meromom
iTepaitii.
[lepeTBOpUMO PIBHSIHHS 10 BUIY X = @(X)

Xy —Xi| <e&,

i+1

—X

3_ 3 2

X= } 3X ;|(pf(x)|=?;
2 —X
\ 3

¢'(0) =0;
o) =0.75 - oOuaBI yacTUHHI TPOXiaHI Ha poMikKy [0,1]<1, ymoBa 301KHOCTI

BUKOHyeTbess p=0.75. ¥V sKOCTI HyJIbOBOTO HAOMIKEHHS NpUMaeMo OyIb-sKe
3HAYEHHS 3 MPOMIKKY HapHKIaa X, = 0.8:

3
x, = 2298 _ 0 91068:
3

_ 3
- \/3 0.91068° _ ) 200p.
Xy = 0.87922,
X,, = 0.87935;
Py x| = 0.75 0.87935 - 0.87922| = 0.0016 < & < 0.002.
1— 1-0.75

Kopinb 3Halinenuii x = 0.8793513 TOUHICTIO & = 0.002.
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Bapianmu indugidyasbHux 3a80aHb

3HaWTH KOPEH1 HEMTHIMHOTO PIBHSIHHS OJHHUM METOJIOM.
a,x’ +a,x* +ax+a, =0, 1e

8, =0.1-K+0.35-N;

a, =03-N+0.35-N;

a,=08-N+0.35-K;’

a, =0.4-N+0.35-K.

2.3. UucenbHe iHTErpyBaHHA

3amaya YHCEIBLHOrO IHTETPYBAHHS IMOJIATAE Y 3HAXOJDKCHHI 3HAYCHHS
O3HAUEHOro IHTerpasy Ha BiApi3ky [a,b], skmo mimiHTerpambHa (yHKINS 3amaHa
tabnmiero. Po3i0’emMo Binmpi3ok iHTerpyBaHHs [a;b] Ha N PIBHUX YaCTHH CHUCTEMOIO

TOYOK:
X, =X, +1-h (abox,, =x +h); (1=0123,..n);
X, = a xn:b;hzﬂ.
n

BusHaunuMo mimiHTerpanbHuil Bupas y, = f(x,) i 00YMCIMMO MigiHTErpaibHy
GyHKLIO!

if(x)dx:iA-f(xiHR,z{e

X, - BY3JIM IHTETPYyBaHHS;
A - Koe(]IIleHTH, 110 3aJIeXKaTh Bl BUOOPY BY3IIIB,
R - 3aIMIIKOBUI WieH a00 MoXuOKa KBaipaTypHOI GOpMYJIH.

Ha mpakTuiii BUKOPUCTOBYIOThCS TaKi KBaApaTypHi (OpMYIIH:
dopmyna Tpamnenii:

b
J.f(X)dXz h[%jt Yo+ Y, ot ynlj; oe y, = f(x) i=012,..n;

a

b-a
R, =——- A%y, 1€
1 12 yl 'H

h — Kpok iIHTEerpyBaHHS;

Ay, - cepeqHe apu()METHIHE KIHIEBUX PI3HUIb IPYTOro HOPSIKY.

®opmyaa Cumncona (napabon)

s dopmyna moxxke OyTH BHKOpHUCTaHa Ul OJEpP’KaHHA TOYHOIO 3HAYEHHS
IHTErpaiaiB JJid MHOTOWIEHIB [0 TPEThOrO CTENEeHs BKIIOYHO. Yucio By3iiB
000B’S3KOBO TIOBMHHO OyTH HEMapHHUM, TOOTO MOBUHHA OyTH MapHOK KUIBKICTh
BiJIPi3KiB, Ha SIKi pO30UTHI Aiama3oH iHTETpyBaHHSI N=2M:
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A'y - cepellHE 3HAYCHHSI YETBEPTOT KiHIIEBOT PI3HHIII.
®opmynu st 00UKCIIEHb KIHIIEBUX PI3HUIIG!
AY; = Yia — Vi AZYl =AY —AY;; ASYl = AZYM - AZYi ) A4Y1 = ASYiJrl - ASYi ;1T 1H.

Popmysaa HetomoHa

s dbopmyna BUKOPUCTOBYETHCS, SIKIIO YKCIO BIAPI3KiB pO3OMBKH J1ara3zoHy

IHTETpyBaHHS KpaTHA TPHOM, TOOTO N=3M:

b
3
[ FO0dx = 2hlYo +Yan +2(Ys + Yo+t Yan o)+ 300 + Yo # Va ot Yan o)

b-a ——
R= 80 A'y..
Ilpuknag:
OO6uucnuTH 1HTErpayl, KOpUCTYIOUHCH (opMynamu Tpanenii, CumicoHa i
HproTona:
[~ n—6h=""2_016667;
o 1+X 6
i X Y, Ay, Ay, Ay, A'y,
0 0 1,0 -0,02703 -0,04594 0,01891 0,00043
1 | 0,16667 | 0,97297 | -0,07297 -0,02703 0,01934 -0,0061
2 | 0,33333 0,9 -0,1 -0,00769 0,01324 -0,00679
3 0,5 0,8 -0,10769 0,00554 0,00645
4 | 0,66667 | 0,69231 | -0,10215 0,01199
5 ] 083333 | 0,59016 | -0,09016 -
6 1,0 0,5 - -
7 A’y =-0.01263 A'y =-0.00415

OOGuucnenns iHTerpaia 3a GopMysnorw Tpamenii:

1+ X

a

12

b—a_AT

b
| dxz _0.16667] 1+ 92
2

10

—0.01263) = 0.00105.

OO6uuncnenns 3a popmynoro CUMIICOHA!

b
[ 9 _ 0.05556

1+ x?

a

b-a
R.=—" 2%
¢ 180

-A'y =0.00002.
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OO6uuncnenns 3a popmynoro HetoTona

7=

b
| fx = 0.0625[L+0.5 +2-0.8+3(0.97297 + 0.9+ 0.69231+ 0.59016)] = 0.78540

R, =—P=8 xry o _000415 65005,
4 80

Bapianmu indugidyabHux 3a80aHb

OO6uuCIUTH BUSHAYEHU N 1IHTETpa:
n=6;a=01-N;b=a-K; A=0.1-N+0.1-K;
b 1 (y2
I BapianT J de,
~ X+A

b
II BapianT J. %dx,
* X+

b
I1I BapiaHT J\/ X+ A -cos x*dXx,

s I BapianTa K= 4, 7, 10, 13, 16, 19, 22, 25, 28.
Jlst 11 BapianTa K= 2, 5, 8, 11, 14, 17, 20, 23, 26, 29.
Jnsa 111 BapianTa K= 3, 6, 9, 12, 15, 18, 21, 24, 27, 30.
Sxmo K=1, npuitasaru K=30.
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2.4. AnpokcuMalisi eKCNepUMEHTAJBLHUX JaHUX METOJ0M HAaWMeHIIHX
KBaJIpaTiB

[licns npoBeneHHS EKCIEPUMEHTIB 3 SBISIETBCA HEOOXIAHICTh MOOYI0BU
EeMIIIPUYHUX (QOpMYyJ, AKI JAOCUTH JO0OpEe OMHUCYIOTh €KClepUMeHTaldbHI AaHi. [lpu
noOyn0oB1 eMmipudyHuX (OPMYN YacTO KOPUCTYIOThCS METOJAOM HaMMEHIIUX
KBaJpaTiB.

3agada amnpokcumaili UM METOJOM IMOJsArae y BHU3HAYEHHI aHAJIITUYHOTO
BHUpa3zy Yy = f(x) 1 CKIaAa€THCA 3 ABOX €TaIiB!

- BUOIp BUAY eMOIPUYHOT 3a7€KHOCTI Y = f(X);

- BU3HAUCHHS 1i mapaMeTpiB METOJAOM HANMEHIIIUX KBaJpaTiB.

Bubepemo 3anmexHicTh y=f(X)y BHUIJISAl MHOrO4YI€Ha JPYroro CTYIEHs
f(x)=a,+a,x+a,x*, de a,a,,a, - KoeQilieHTH, AKi MOTPiIOHO BH3HAYUTH. SIKIIO
IIyKaHi Koe(iieHTH BXOAATHh y (YHKUIIO JIHIAHO, TO 1€ JiHIi{HA arpoKcuMais, y
NPOTWICKHOMY BUNAAKYy — HemiHiMHAa (Hanpukiaan, Yy(x)=a-e*rta iH.) Yacrime
B)KMBAIOTh MOJIIHOMIaJIbHY anpokcumanito. CTyniHp noixiHoMa N BUOMPAETHCA 3T1THO
3 koedinienToM Bapianii (V), skuii noBuHEeH OyTH He Oinbie 5%.:

\/nl_]_z(yi _ao _a'lxi —azxf)z S
= -100% = ="

1 n r——a
- z Yi y
N

3riiHO 3 METOAOM HailMEHIIMX KBaJApaTiB Koe(illieHTaMH a,a,,a, OyAyTh Ti,

V = -100%.

JUISL SIKMX CyMa KBaJpaTiB PI3HULb MK EKCIEPUMEHTAIbHUMHU 3HAUYCHHSIMHU Y, B
TOYKaxX X,Ta 3HAYEHHSAMHU (YHKII], [0 BU3HAYAIOThCS B THX K€ TOYKax, Oyze

HAMEHIINM
2

cD(a-o,alvaz) ZZ(Yi _a_alx_a2X2)2 = Z(yle - Yimn) =min .
i=1 i=1

[IpupiBHIOIOYM HYIIO YacTHHHI noximHl Qynkuii F(a,a,,a,), oTpumaeMo

CHCTEMY JIIHINHUX PIBHSAHb U1 BU3HAYEHHS KOC(ILIEHTIB a,a,,a,

na, jtzn‘lxial +Zn:xi2a2 = Zn: Y,

i=1 i=1 i=1
Zn:xiao jtzn:xfal + Zn:xfaz = Zn:xilyi
i=1 i=1 i=1 i=1
Zn:xfao + Zn:xf’al +Zn:xi4a2 = Zn:xf Y,
i=1 i=1 i=1 i=1
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Ma€eMo eKCIepHMEHTaIbHY 3aJICKHICTh TEIUIOEMHOCTI mpomnany (ra3) Bix

TeMIIEpaTypHu:
X, K 273 | 373 | 473 | 573 | 673 | 773 | 873
yix/kr. rpax | 1,28 | 1,65 | 2,0 | 2,34 | 2,67 | 298 | 3,3

ATNIpOKCUMYBAaTH €KCIIEPUMEHTaJIbHI JaHI MHOTOWIEHOM JPYroro CTENeHs 1
3HANTH Koe(IIIEHT Bapiailii.
[TpomixH1 0OYHCICHHS 3PYYHO POBOJUTH MICIIS YKJIaIaHHs Ta0muIli (3pa3ok):

i XI y,e Xi2 Xi3 Xi4 Xi yi Xizyi

1 | 273 | 1,28 | 74529 | 20346417 | 5,5545.10° | 349,44 | 95397,12
2 | 373 | 1,65 | 139129 | 51895117 | 1,9357-10"° | 615,45 | 229562,8
3 | 473 | 2,0 | 223729 |1,0582:10° | 5,0055-10" 946 447458
4 | 573 | 2,34 | 328329 | 1,813.10° | 1,080-10™ | 1340,82 | 768290
5 | 673 | 2,67 | 452920 |3,0482:10° | 2,0511-10" | 1796,91 | 1209320
6 | 773 | 2,98 | 597529 |4,6189.10° | 3,5704-10™ | 2303,54 | 1780636
7 | 873 | 3,3 | 762129 |6,6534.10° | 5,9074-10" | 2808,9 | 2515025
Y | 4011 | 16,22 | 2578303 | 1,7982.10° | 1,3258-10" | 10233,06 | 7045689

3rigHo 3 TaOIUIICI0 CUCTeMa PIBHSIHb Ma€ BUTIISI.
7a, +4011a, + 2578303a, =16.22

4011a, + 2578303, +1.7982-10%a, =10233.,06
25783033, +1.7982-10%a, +1.3258-10%a, = 7045689
Po3B’sa3aHHs cCcTeMHM PIBHSIHHSA Ja€ 3HAYEHHS KOe(]iIi€eHTIB:
a, =0,2158; a, =0,4078-10; a, = —0,64026 -10"°;
Ta EMITIPUYHY 3AJIEKHICTB:
f(x) =a, +a,x+a,x* =0,2158 + 0,4078-10 " x + (-0,64026 - 10~°)x>.
[TincraBnsitoun y ofepkaHU MHOTOWIEH €KCIEPUMEHTANIbHI 3HadYeHHS X, (3

TaOJIUII) OePKUMOY,”" 1 11 pe3yJIbTaTH 3aHECEMO J0 TaOJIHIIi:

i

1

2

3

4

5

6 7

emn
Yi

1,281147

1,647425

2,00085

2,341426

2,669149

2,98402 | 3,28604

OO0uncIUMO cepeaHbOKBAAPATHIHE BIIXUIICHHS Ta Cepe/IHE 3HAUCHHS

S(7)=

63

_ 7
y(7) =%Z y* =3.244,
i=l

O6uucnumo koedimieHT Bapiaii V:

\/li(yf —ye" ) =7.457.10°%;
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-3
Vv =2 1000 = 07107

y
Tymy, mo V<5%, To sKicTh anmpokcumallii 3aJJ0BUIbHA.

-100% ~ 0.23%.

Bapianmu iHdugidyabHull 3a80aHb
ATNpOKCUMYBATH 3aJ€XKHICTh MHOTOWIEHOM JAPYIrOro CTeNeHs 1 OOYHCIUTH
Koe(ilieHT Bapiarlii.

Jlano:
X; =X, +0,4i; (1=0123);
N
= ; X, =0,05N.
e X, 0

2.5. Po3p’si3anns 3agaui Komri nuis 3Buyaiinux qudepeHniiiHuxX piBHsIHb

3BuualiHuM JudepeHIliaIbHUM PIBHSHHSM HA3UBA€TbCS PIBHSHHA y SKOMY
HeB1ZIOMa (PYHKIliSI CTOITh MiJ 3HAKOM MOXIAHOT 1 1S (QYHKIS — QyHKIIS OJHIET
3MIHHOI.

UncenbHOCTI METOAM PO3B’S3yBaHHSA 3BUYAWHUX JUDEPEHIINHUX PIBHIHBb
JAl0Th Pe3yJbTaT y BUIIISAAL TaOIuill HAOMMKEHUX 3HA4eHb (PYHKIIT BiJl 3aJaHOT
MOCJI1ZIOBHOCT1 apTyMEHTIB.

3agaua Komni — me po3B’s3yBaHHs 3BUYAHUX AU(EpPEHIIAIbHUX PIBHSHD 3
MmovyaTKOBUMHM ymoBaMmu. Ha mpuknani audepeHuiaibHOr0 piBHSHHSA 1-ro mopsaky
BoHa (dopmymoeTbes Tak: Yy = f(x,y); y(X,)=Y,. HeobximHo 3HaliTH (QyHKIIIIO
y=Yy(X), siIKka 3aJ0BOJIbHSIE ILOMY PIBHSIHHIO Ta MOYaTKOBHUMHU yMoBaM. Po3risiHemo
yuceabHUN MeTOoJl po3B’si3aHHs 3anayi Komni - meron Pynre-Kyrra. Llelh meTon — €
OJIHUM 13 METOA1B MIIBUILIEHOI TOYHOCTI pO3B’s13yBaHHs 3afaui Komni 11 3BuuaiiHuX
mudepeHIiaIbHUX PIBHSHB, BIH IIUPOKO BUKOPUCTOBYETHCS HA MPAKTHIL.

Jns peamizamii Mmetony Pynre-Kyrra HeoOXigHO po30uTtH Biapizok [a,b] Ha n
PIBHUX YaCTHH TOYKaMU X, = X; +h, 1e X, =a, X, =b, h - Kpok.

HaGnuxene 3HaueHHs VY, y TOYLl X, =X +h 1aud piBHIHHA Y = f(X,Y)

00uHnCIIOETHCS 32 HOPMYTIaMHU:

Yia = Yi T AY;;
Ay, = (k" + 2k + 2k{) + ki) 116, ne
kl(i) =h-f(x,y);

_ (i)
k1(|)=h' f(Xi+%in+k14);

i k()
k§)=h'f(xi+%in+ 24);
ki) =h. f(x, +h,y, +kVy.

VYci oOurcneHHs 3pyYyHO pO3TalllOBYBAaTH 3a CXEMOIO, MOJAHOK y Tabmumi 1,
IMO3HAYUMO - Y = f(X,Y); Y(X,)=VY,.
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I | X Y, f(x. ) k=h-1T(x,y;) | Ay,
Xy Yo f (%o:Yo) k(" ki”
X, +h/2 y, +k© /2 f(x, +h/2,y, +k@/2) k{® 2k
0 X, +h/2 y, +k{® /2 f(x, +h/2,y, +k/2) k{® 2kl
X, +h y, +k{? f (x0 +hy, + kéo)) k® k{©
AY, = (K@ + 2k + 2k +k )/ 6
X, =% +h |y, =y, +Ay, | f(x,y,) k® k&
x +hi2 |y +k®/2 | f(x+h/2,y, +k®/2) k® 2k®
L wniz [y k072 | tlenjz,y,+k02) |k 2k
X, +h y, + ki fx +h,y, +k®) k) k®
Ay, = (kO + 2k + 2k +kP)/ 6
2 [ % =x+h [y, =y, +dy,

Ta 1H.

Ilpuknao:
Po3B’s3atu 3a meTomom Pynre-Kytra 3agauy Komri y' =2x* +2y .

Axmo y(0)=1 na Bigpizky [0, 0.6] (a=0; b=0,6) 3 kpoxom h=0,2. TIpoBoauMO
o0uMCcIeHHs 3TinHO 3 Tabauero 1 1 pe3yapTaT 3aHOCUMO 110 TaONIuIli 2

Tabauis 2.Pe3ynprat 00UHCIEHHS 33 CXEMOIO

I X; Yi f(Xin) k:h'f(Xin) Ay,
0 1 2 0,4 0,4

0 0,1 1,2 2,42 0,484 0,968
0,1 1,242 2,504 0,5008 1,0016
0,2 1,5008 3,0816 0,61632 0,61632

AY, = (0,4 +0,968 +1,0016 + 0,61632)/ 6 — 0,49765

0,2 1,49765 3,0753 0,61506 0,4

1 0,3 1,80518 3,79036 0,75807 0,968
0,3 1,87669 3,93337 0,78667 1,0016
0,4 2,28432 4,88865 0,97773 0,61632

Ay, = (0,61506 +1,51614 +1,57335 + 0,97773)/ 6 — 0,78038

0,4 2,27803 4,87606 0,97521 0,97521

5 0,5 2,76564 6,03127 1,20625 2,41251
0,5 2,88116 6,26232 1,25246 2,50493
0,6 3,53049 7,78099 1,5562 1,5562

Ay, = (0,97521+ 2,41251+ 2,50493 +l,5562)/6 =1,24147
3 106  3,5195 | | |
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Bapianmu indugidyasbHux 3a80aHb

Po3p’a3atu 3anauy Komi metonom Pynre-Kyrra.
JlaHo:

y' =

D-y
2+ X

1-sin(C-x+y)+

y(0)=0:C=1+04-K:D=1+0.8-N
Binpizok [0,1]; h=0,2.

A

3. MIPABIUJIA O®OPMJIEHHA KYPCOBOI POBOTH

3BIT Ma€ MICTUTHU: TUTYJIbHHI JUCT, 3MICT, YMOBHU 3aBJaHb, PIIICHHS,
BHCHOBKH, CIIHCOK JITEPATYPH.

3BIiT Mae OyTu HaapyKoBaHO 14 po3mipoM mpudry.

Turynpauid TUCT oopmisieThes 3a qormomoror WordArt i ioro edekris
(Jomatoxk 1).

VY KkypcoBiii poO0OTI TOBUHHI OyTH MPUBEACHI TEKCT MPOrpPaMu, CKPIHIIOTH
JIOKYMEHTIB 13 300pa)KEHHSIM BBEJEHUX (POPMYI 1 OTPUMAHUX PE3YIbTATIB.
®opMynu MOBUHHI CYHPOBOIKYBATHUCS MOSICHIOIOUUM TEKCTOM.

Chnucok niTepaTypu TOBUHEH MICTUTH TMEpeJiK JTepaTypu, sKa
BUKOPHUCTOBYBAJIach MPU BUKOHAHHI POOOTH.

3MICT pOOOTH CKIAJAETHCS MICIS OTJISIAY BCIX CTOPIHOK B PEXKUMI MaKETy
Ta iX HyMeparlii i po3TaloByEThCS HA 2-1 CTOPIHII.

PobGoTa mpeacraBiseTbes Ha Kadeapy (cekperapro s peecTpariii) He
Mi3Hie / AHIB 0 cecli B HaApyKoBaHOMY BUTJIsAL o KypcoBoi poboTH
nonaerbes 30BHIMHIN Hociit (CD-R), mo micTuth mporpamMHuii daitn i
(aiiii TOKYMEHTIB, B IKUX PEaJli30BaHO PO3B’sI3aHHS OCTABJIEHOT 3a/1ayi.
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Hopatox 1.
MIHICTEPCTBO OCBITU I HAYKU, MOJIOJI TA CIIOPTY YKPAIHU

JEPKABHUH BUIIIMIA HABUYAJIbHUAM 3AKJIAJL

«HAIIIOHAJIbHUAY TTPHUYHUHA YHIBEPCUTET»

Kagheopa II3KC HI'Y

yocoea 0000Ta

3 IUCHUIUIHYA:

s

BapianT: Ne
Buxkonas:

CT. TP.
1116

[Hudp:

[lepeBipus:

[HinponeTpoBChbk
P


http://www.docu-track.com/buy/
http://www.docu-track.com/buy/

CIIUCOK JITEPATYPH

. baxeno B. A. Indopmartuka. Komm’rorepna Ttexnika. Komm’roTepHi
texnouorii: [linpyunuk. 3-te Bun. / B. A. baxenos, I1. I1. Jlisynos, A. C.
Pesnikos Ta iH. — K.: Kapasena, 2011. — 592 c.

. HesixonoB B. I1. MathCAD 2001: yueGnsiit kypc / B. II. [psikoHOB. —
CIIG.: ITurep, 2001. — 624 c.

. M36aukos, 0. C. Madopmarmonnsie cuctemsl , 2-¢ u3n / 0. C. M306aukos,
B. H. Iletpos. - CII6.: [Tutep, 2006. — 656 c.

. Kanazwoba, C. II. MetoauuHi pekoMeHAaIlli 10 BUKOHAHHS J1aDOpaTOPHUX
pobit y cepenosumti Mathcad / C. I1. Kaunazio0a, M. O. Anekcees, JI. M.
Koporenko, I1. I'. Arodpies, O. C. lllesmnosa. — JI. : HI'Y, 2008. - 44 c.

. Kanmsio6a C. II. Delphi. ba3pr nanHbsix w npuinoxkeHus. D¢ GeKTUBHBIH
camoyuutenb / C. I1. Kaunsro06a, B. H. I'pomos.- CI16.: TuaCodrIl, 576 c.

. Jlyx’snoBa B. B. Komm’rorepuuii anamiz nmanux . mocionuk / B. B.
Jlyk’siHoBa. — K. : Axanmewmis, 2003. — 344 c.

. Spmym O. B. Indopmaruka i komm'rorepHa TexHika: HaBu.mocionuk / O.
B. Spmymi, M. M. Pensko. - K.: Buma ocsita, 2006. - 359 c.
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AnekceeB Muxaiino OnekcaHIpoBUY
Kanazwoa Cepriit [laBmoBuu
XoJoxa Onena JleonigisHa

IleBuoBa Onbra CepriiBHa

MATEPIAJ/IN METO/IUYHOI' O SABE3INIEUEHHS
J10 BAKOHAHHSA KYPCOBOI po0oTH
3 IUCHUILTIHM «O0YHCII0BAJIbHA TEXHIKA Ta AJITOPUTMIYHI MOBH»

JUISL CTYJICHTIB HATIPSMY
6.050701 EnekTpoTexHika Ta eIeKTPOTEXHOOT11

JpyKyeThcst B pefakiliiiniii 00po0ili aBTOpiB

[Tigmucano 10 ApyKy . ®opmatr 30x42/4.
[Namip ocernuit. Puzorpadis. YMoBH. npyk. apk . 1,5 .

OO6m-Bun. apk. 1,5. Tupax 50 mpum. 3am. No .

Hepxasuuii BH3 «HanionanbHuii ripHu4uil yHiBEpCUTET»

49005. m. JlainponeTpoBchk, npoct. K.Mapkca, 19.
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