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BCTYTI

MakeTn nporpam, WO BUKOPUCTOBYHOTLCA B cepeposuLli Windows 2000
(i BULLE) € NpefCTaBHMKAMU HOBOIO MOKOMIHHA NPOrpaMHNX NMPOAYKTIB, LU0 ic-
TOTHO PO3BWHYNN AOCTOIHCTBA M YCYHYNN Hefo/iKK MonepeaHix Bepciii npo-
rpam, siki NiATPUMYIOTLCA onepaliinHoto cuctemoro Windows.

MakeT npuknagHnx nporpam MathCad € yHiBepcasbHOK CUCTEMOLO, MPUCTO-
COBaHOI0 10 poboTK 3 hopmynamu, Yncnamu, Tekctamu i rpadikamun. MathCad go-
3BO/ISIE 3aCTOCOBYBATM NMPU NMPOBELEHHI PO3PaxyHKIB MaTeMaTUyHI (DOPMY/A B iX-
HbOMY 3BUYHOMY BWAI i BMPILLYBaTW NPaKTUYHO OYab-IKYy MaTemMaTuyHy 3afadvy
abo B CMMBO/ILHOMY, ab0 B umncenibHoMy BUrsai. Moxnmnsocti MathCad edekTu-
BHO BMKOPWCTOBYHOTLCA B PI3HMX rasly3sax Bif NPOBeAEHHS eKOHOMIYHUX (Byxrasi-
TePCbKNX) PO3PaxyHKiB [0 NPOEKTYBaHHS eNEKTPUYHMX CXEM.

Y [aHoMy HaB4a/lbHOMY NMOCIOHWKY BMKNAZeHI KOPOTKI 3BeAeHHS Teope-
TUYHOrO XapaKTepy i Po3rnaHyTi 3afadi, WO HainvacTile 3ycTpivatoTbCs B iH-
YXEHEpHil NpakTuLi, PO3B'A3aHHA AKUX peani3yeTbCs 3 BUKOPUCTAHHAM MaKeTy
MathCad.



1 3AIAJIbHI MONTOXXEHHA MAKETA MathCad.
MPOCTI APUDOMETUNYHHI PO3PAXYHKWN

1.1 3aranbHi NonoXxeHHs 3BefleHHA Naketa MathCad

Mporpama MathCad € yHiBepcasibHOK MaTeMaTMyYHOK CUCTEMOHO, LLLO [0-
3BONSE 3iCHIOBATU 6Yab-AKi 06UMNCNEHHS B IXHbOMY 3BUYHOMY anrebpaiuHo-
My BUrnadi. BoHa MiCTUTb TEKCTOBUIA, OPMYNbHUIA | rpadiiuHniA pegakTopw,
LLi/IKOM CyMiCHi 3 onepauinHoto cuctemoro Windows.

3anyck MathCad 3pgiiicHIOETbCA 3@ [OMOMOrOK TO/IOBHOIO  MEHHO
Windows abo 6yfb-IKUM iHLUMM CMOCO60M, L0 [03BOMSIE aKTUBYBATK AaHWUI
nporpaMHuin NPoAyKT. BikHO nakeTy (puc. 1) MiCTUTb psAOK 3arofioBka (Hasga
nporpamu i im's gokymeHTa) (1), psSaoK MeHH, Lo Kepye (2). YMoBMMOCH, WO
HyMmepaLisi psAKiB BUKOHaHa 3BepXy BHM3, a NO3WLI Y psAKy — 3MiBa Hanpaso.
OCHOBHI MYHKTW MeHIO Ay6NHoHTLCA NiKTorpamMmamum (KHoOMKamm) KepyeaHHS (3,
4- pAgoK).

Onuii rosoBHOro MeHto (puc. 1):

File / daiin — poborTa 3 harinamu (2-1);

Edit / BunpaBneHHA — peaaryBaHHs (2-2);

View / Bua — 3miHa By 3MicTy po60o4oro IoKyMeHTa i naHenemn kepyBaHHs (2-3);
Insert / BcTaBKa — BCTaBKa Pi3HUX 0BG'EKTIB i TEKCTY Y BIAKPUTUIA AOKYMEHT
(2-4);

Format / ®opmaTyBaHHA — MICTUTb KOMaHAW (hOpMaTyBaHHSA BiKPUTOrO [0-
KyMeHTa (2-5);

Math / MaTemaTtunka — KepyBaHHS MpoLecoM obuncneHb (2-6);

Symbolics / CumBonu — B16ip onepaui ans aHaniTMYHUX Po3paxyHKiB (2-7);
Window / BikHO — KepyBaHHS BikHamu (2-8);

Help / JoBigKa — BUKIVK LOBIAKOBOT cuctemu (2-9).

TpeTiin pAAOK Yy BikHI Nporpamy — KHOMKY LWab/Io0HIB MaTeMaTUUYHMX 3Ha-
KIiB — Manitp, AKi MOXHa nepeMiLLlyBaTu:

Calculator Toolbar/ MaHesb IHCTPYMEHTIB apuPMeTUUHUX onepadin (3-1);
Grath Toolbar / NaHenb IHCTPYMeHTIB rpadikis (3-2);

Vector and Matrix Toolbar / MNaHesib IHCTPYMEHTIB BEKTOPIB i MaTpULb
(3-3);

Evaluation Toolbar/ NaHenb iIHCTPYMEHTIB AesAKUX 3HaKIB (3-4);

Calculus Toolbar/ NaHenb iIHCTPYMeHTIB MaTemMaTnUyHOro aHanisy (3-5);
Boolean Toolbar/ NaHenb iIHCTPYMEHTIB MaTeMaTUYHOI /10TiKN (3-6);
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Programming Toolbar/ NaHenb iHCTPYMeHTIB nporpamyBaHHs (3-7);
Greek symbol Toolbar/ NaHenb cMmBoiB rpeLbKoro andgasity (3-8);
Symbolic Keyword Toolbar / MNMaHenb cumBonivyHMX onepatopis (3-9).

LLLo6 nepeHecTV CMMBO/ MaNTPU B MiCLLe, MO3HAYEHE KypCOpPOM, MOTpPi6-
HO KnauHyTW Nno obpaHii nanitpi, po3KpUTK 1i i KnayHyTK No 06paHoMy 3HaKy.
Kpim BuLe3ragaHoro, fJaHui psaok MiCTUTb MIKTOrpaMun KepyBaHHSA LWpngTamm
| MOSTOXKEHHAM TEKCTY B TEKCTOBI 06/1aCTi.

UeTBepTuii psAoK — NaHesb iIHCTPYMEHTIB, WO BK/IKOYAE Kifibka rpyn nik-
Torpam.

MepLa rpyna — onepawii 3 hainnamu:
New / HoBwii (4-1);
Open / Bigkputu (4-2);
Save / 36epertu (4-3);
Print / OpykyBatu (4-4),
Print Preview / NonepeaHiv nepernsag (4-5);
Check Spelling / MNepesipka opdorpadii (4-6).

[pyra rpyna — pefaryBaHHs:

Cut / Bupizatu (nepeHectu B 6ydep) (4-7);
Copy / KonitoBaTu (B 6ytep) (4-8);
Paste / BctaBuTK (MepeHecTn BMICT Oydepa Ha MicLe BcTaBkn) (4-9);
Undo (Redo) / CkacyBaHHs (IoBTOp) ocTaHHbLOI onepadii (4-10, 11);
Align Across (Align Down) / IikTorpamu BUpiBHIOBaHHSA 6/10KiB (4-12, 13).

Lani nayTb:

Insert Function / BctaBKa (hyHKL,i (3i CMCKY B AianloroBoMy BikHi) - (4-14);
Insert Unit / BctaBKa po3mipHUX 04uHNUB (4-15);

Calculate / O6uuncnnTn BUAiNeHe BUpaxkeHHS (4-16);

Insert Giperlink / BctaBka rineprnocunaHs (4-17);

Insert Component / BctaBka KOMMNOHeHTIB (4-18);

Zoom / MacwTab ekpaHa (4-19);

Resource Center / LieHTp HaBYaHHA (4-20);

Help / Jonomora (4-21).

BHUW3y ekpaHa po3TalloBaHuiA psAoK CTaHy NporpaMu.

[osigkosa cuctema MathCad Bk/tovae: cnnvBaroyy nifkasky npuv 3ynuHLi
MOKaXXUMKa Ha KOXKHI 3 nikTorpam; posain Resource Center / LIeHTp HaBYaH-
HA (4 20) — AOBIAHWNK 3 MaTeMaTUYHMX PO3PaxyHKIB i3 NPUKNagammn 3acTocyBaH-
HA | camoBuMTENb; PO34ian gonomoru Help / [lonomora (4-21) — HagaHHA 4oro-
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MOoru 3 ycix posginis nporpamu. Kom6iHauis knasiw Shift+F1 npn nokax4umky,
YCTaHOB/IEHOMY Ha AO0C/iAKYBaHOMY efleMeHTI, [03BONAE BIAKPUTU KOHTEKCTHY
[OBiAKY NPO HLOTO.

BapTo BpaxysaTu, L0 NOCNILOBHICTb Bi0OpaXKyBaHMX Ha eKpaHi MiKTor-
pam MoXke 6yT1 3MiHEHa KOPUCTYBayeM 3a CBOIM PO3CYLOM.

:f Mathcad Professional - [Untitled:1]

IQ File Edit “iew Insert Faormat Math Symbolics  Window Help ;Iilil
|| [ == 12 <2 53 ap [ | [oma [aial o =B zu|====:
|D-FEHSRY|S BB|> = [": (wmp =& o =@ 2|
: ]
[Symbalic _______HllGresk M| CETE |
— (e Modifiers o g v & £ Add Line = sin cos tan In log [EE e b
float complex  assume no8 v ok AN M it athenwise i =T f?ﬁ MY M men
solve simplify  substitute ¥ £ o ™ p a for wehile g% & () »F x| ¥ e B
factor expand coeffs T oKX ¥ ow hreak continue m 7 8 9 /
collect serias parfrac & BT A E Z return an error 17 4 5 B %
fourier laplace rans He I K A M - 1 2 3 + i o
invfourier invlaplace irwatrans N = OTII F = = o — = I; ﬁ ﬁ
W oms o | T Y & X ¥R =
Tm Tm m

—+a at sa-

Boolean x|

o1 o

Press F1 for help. [auTD NUM [Page 1

PucyHok 1 — BikHo nporpamu MathCad Professional 2001

1.2 MNpocTi apupmMeTUYHI 064MNCNEHHSA

KnauaHHsa y 6yab-aKOMy MiCLi LOKYMEHTa BUK/IMKAE MOSBY Kypcopy Y
(hopMIi XPecTuKa, L0 BKa3ye Micle BBeAeHHA BUpasy. [ BU3HAYEHHSA 3MiHHOI
nicns BBeAEHHS ii IMEHI CTaBUTLCA CMMBO/T := (ONepaTop NPUCBOIOBAHHSA) | BKa-
3YETbCA 3HAYEHHS, WO NPUCBOETLCA. J1IBOPYY Bif onepaTopa NpuCBOKOBaHHSA
MOXXE CTOATW IM'A MPOCTOT 3MiHHOI (X), IHAEKCOBaHOI 3MiHHOT (X; un X;;), maT-
puLLi (M), nepemiHHOI 3 BepxHiM iHaekcoM (X') um dyHKuii F(X, Y, 2).

ApPryMeHToM (PYHKLIA MOXYTb 6YTU CKansipu, BEKTOpPWU, MaTpuui. IMeHa
(hYHKLUIiI, 3aaHi KOpUCTyBayeM, BapTo HabupaTn CKPi3b OAHUM LLUPUQTOM. IMeHa
BOY/J0BAHUX PYHKLi He YyTTeBi 40 WPUMTIB. X MOXHA BAPYKOBYBATU U BU-
6upatK 3i cnUcky — KHorka (4-14) f(x) (Insert Function / BctaBka hyHKUT).



Y AKOCTi AeCATKOBOT KOMU BUKOPUCTOBYETLCA Kpanka. Pe3ynbtaT o6umc-
NeHHS BUBOAWTLCA HA eKpaH nicnis Habopy CMMBONY =.

KomaHga Math - Automatic Calculation / MatemaTuka - ABTOMaTWUy-
He 00YMCNEeHHA BKIHOYAE / BUKMOYAE aBTOMATUYHUI PEXUM OOUUCTIEHHS pe-
3ynbTaTy nicns Habopy 3Haka PiBHOCTI. [py BiAKNHOUYEHOMY PeXXMMi aBTOMaTU-
YHOro 06YMCNEHHS ANA nepepaxyBaHHA NMOTPIOHO HATUCHYTW Knasiwy F9. MMe-
pepvBaHHA 064YMCNEHb 3L4IACHIOETLCA KHONKOK ESC umn KnauaHHA no 3Haky pi-
BHAHHSA, ab0 MOBTOPHE HAaTUCKaHHA Knasiwwi F9 NpofoBXNTb 06UNCNEHHS.

Mpy BUSIBNEHHI MOMWKM BapTO NEPENnTM [0 PYYHOr0 peXxnmy i neper-
NAHYTU NonepeHi BMpasu, Lo MOXYTb 6yTW i NpuynHO. N8 BUAAIEHHSA BU-
pasy, Tabnuui, rpadika Ta iH. He06XiAHO cnoYaTKy BUAIIMTL 06’EKT, a MoTiMm,
nicna NosiBM pamKn HaBKOJI0 06°€KTA, BUKOPUCTOBYBATY OMLiK0 KOHTEKCTHOIO
MeHt0 — Cut / BupisaTn ab6o onuito MeHto Edit — Delete / PegaryBaTtu - Buga-
nntun. KonitoBaHHA 06’ekTa B 6y(hep 06MiHY Bifj0yBa€TbCA aHAIOTIYHO 3 BUKO-
pucTtaHHaM onuii Copy / KoniitoBaTw.

Oneparopu, Undpn, 3HakM BUOMParOTLCA 3 BIAMOBIAHUX naniTp (nikTor-
pam) pagka 3-9 (puc. 1) abo BBOAATLCA 3 KnasiaTypu. Buxig 3-nig 3Haka ornepa-
TOpa 34INCHIOETLCA NepeMiLLEHHAM KYpCcopy 3a 06/1acTb LpOro ornepartopa abo
HaTUCKaHHAM Knasiwi Enter. IMeHa 3MIHHMX MOBMHHI OYTW BU3HAYeHI paHille
onepartopa (yHKLUiT. Bupas, Lo MiCTUTb 3HaK :=, BM/IMBAE Ha JOKYMEHT HKYE i
npasopyu Bia cebe. KomaHaa Edit - Select All / BunpasrneHHs - Buginntu Bce
4M NPOTAraHHS Kypcopy MpW HATUCHYTIN NiBiiA KHoMui MaHinynaTtopa "mua"
yepe3 AOKYMEHT [ae MOX/MBICTb Nepernsgy BuAineHux obnacTtei, Wo He mno-
BUHHI MepeTUHaTUCA.

Bu3HaueHi 3MiHHI (SKi MatoTb MPUIAHATI 3HAYEHHS 32 YMOBYaHHAM) MOX-
Ha nepeBm3HaunT Math — Options / MaTemaTunka — NapameTpu.

3a YMOBYaHHAM YCTaHOB/IEHI:

o0 - HECKIHUYEHHICTb, HabyBae 3HaueHHs 10°°7;

€ - uncno e, HabyBae 3HauYeHHs 2,71828182845905;

T - YMCNO T, HabyBae 3HaveHHs 3,14159265358979;

| - yiBHa 0ANHMLSA, HabyBae 3Ha4YeHHs Li;

j - yiBHa oAnHWLSA, HabyBaE 3HaYeHHS 1j;

% - BIiACOTOK, HabyBae 3HauyeHHs 0,01 (Hanpuknag, 20 - 30% = 6);

TOL - npunyctuma norpiwHicTb 064MCneHb, Npuiivae 3HaveHHs 0,001;

ORIGIN - 3aBfjaHHs iHAEKCY 1-ro enemeHTa mMatpuui (BekTopa), nNpuia-
Mae 3HayeHHs 0.



MNMpuknag 1
Po3paxyBaTu 3Ha4YEHHS apUPMETUYHOIO BMpasy B Touui X = 3 (BUL LOKY-
meHTa B MathCad).

X = 3

\/ZX— coth (x)3-cos (‘x~sin (xz) - In(x)‘) = -0.559
e

NMnTaHHA 0Ns CaMOKOHTPO/IO

1 HaBepgiTb fekinbKa cnoco6is 3aBaaHHsA (yHKLin B MathCad.
2 Cnocobu peparysaHHs 3anucis B MathCad.

3 3aBfaHHs / 3HATTA PEXMMY aBTOMATUYHOIO 06UNC/IEHHS.

4 Opyk nokymeHTie B MathCad.

2 TABY/TFOBAHHS ®YHKLLIY. POPMATYBAHHS PE3Y/IbTATIB.
MOBY/OBA MPA®GIKIB ®YHKL|IA

2.1 TabynoBaHHA yHKL,iV

[na o6uncneHHs 3HavYeHb PYHKLIT B eSKOMY Aiana3oHi 3MiHW aprymeH-
TY CNOYaTKy HEO6XiAHO BU3HAYUTU LiEi ANCKPETHUIA apryMeHT.

Hanpuknag, skwo notpibHo TabyntoBatn PyHKUito y(t): = sin(t) - cos(t)
npwn 3MiHi aprymeHTy t B iHTepBani [-2; 2] i3 kpokoM 0,5, HeobXiHO BMKOHATM
Taki gil:

1 3apgatu fianasoH 3mMiHW 3MIHHOT Y BUTNALI:

t=-2,-15.2

ae -2 - nisa Mexa iHTepsany; -1,5 - cyma niBol MeXi iHTepBaly i KPOKy
3MiHW 3MIHHOT [-2 + 0,5 = -1,5]; .. - onepaTtop, L0 BCTAHOB/IHOETLCA 3a AOMNOMO-
roto nikrorpamu Vector and Matrix Toolbar - Range Variable / Onepauii 3
BeKTOpamu i matpuuammn / lianasoH 3MiHHOT (KHOMKa J ); 2 - NnpaBa Mexa
IHTepBany.
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2 3agaty hyHKuUito y(t): = sin (t) — cos (t).

3 YBectu t = (Ha ekpaH 6y/e BMBefeHa Tabnnusa 3HaYeHb t).

4 Ygectny (t) = (Ha ekpaH 6yae B/BefieHa TabnunLA 3HayeHb Y (t)).

Tabnmui 3HayeHb, WO MicTATb Big 1 A0 10 paakiB AaHMX, BUBOASATLCS Ha
eKpaH MOBHICTIO. Y Tabnuusax 3 KifbKicTo psakiB Ginblie 10 Ha ekpaH BMBO-
AATbCA TiNbKU nepui 10 pagkis. 414 nepernagy iHWKUX 3Ha4eHb HeObXigHO nic-
Nsi BUAINEHHS Tabnuui CKOpUCTaTUCA NIHINKOK NPOKPYyYyBaHHS. Burnsag aoky-

mMeHTa MathCad:

t= -2 ,-15 . 2
y(t) = sin (t) - cos (t)
t = y (1) =

-2 -0.493
-15 -1.068

-1 -1.382
05 -1.357

0.5 -0.398
1 0.301
15 0.927
2 1.325

2.2 dopmaTyBaHHS pe3ysibTaTiB

[nsa Toro, wo6 yctaHOBMTU (hopMaT BUBOAY AaHMX, HEOOXIAHO:

1 Buginutu Tabnuuto, KnauHyBLUIK MO Hill MULLELO.

2 BubpaTtn nyHKT MeHt0 Format — Result / ®@opmar - PesynbTtar. Onuii
LIbOro BiKHA [03BOMAKOTL BCTAHOBUTU Ki/IbKICTb [ECATKOBUX 3HaKIiB Y BMBefe-
HUX uncnax (Number of decimal places), MeXi BUKOPUCTaHHSA €KCMOHEHLiHO-

ro 3o06paxxeHHs uncen (Exponential threshold) i gp.
3 3a 3amoBuyBaHHAM ana Exponential threshold / Mopir nokasHuka

NpUMacTbes 3HauveHHs 3. Lle o3Hauvae, Wo Tinbky yncna, 6inbLi un pisHi 102,

BiJOOPaXatOTLCSA B €KCMOHEHLIIHOMY BUTNSAI.
Mpw 3MiHi hopmaTy BUCHOBKY Pe3y/bTaTiB 3MIHKOETLCA Ti/IbKM TX 30BHILLIHIl

BArNAA. BHYTpiLWHE 306paxkeHHs umicen MathCad 3aBXamy Mae NOBHY TOUHICTb.

11



2.3 MobypgoBa rpadgikis yHKLi Yy AeKapTOBil CUCTEMI KOOPANHAT

MathCad Hazsae MOXNMBOCTI NOGYL0BU ABOBUMIPHMX TpagikiB y Aekap-
TOBMX | MOMAPHUX KOOPAMHATAX, NiHINA PiBHA, 300paXKeHHSA NMOBEPXHI, a TaKoX
no6ynoBm paay iHWKUX TPUBUMIPHUX rpadikKis.

TOUKN, 3 AKUX CKNaAaeTbCA rpaik, BU3HAYaOTLCA OUCKPETHUMW apry-
meHTamu: MathCad HaHOoCWTbL Ha rpadik OfHY TOUKY 419 KOXHOI0 3HaYeHHs
ANCKPETHOIO apryMeHTy.

[na Toro, wWo6 nobyaysat ABOMIpHUIA rpadik Y AeKapTOoBI CUCTEMI KO-
opavHaT PYHKUIT y(t), HeOOXiAHO:

1 KnayHyTn muiero Hwxkye (npasiwe) cdopmynu ans y(t) i Bubpatu
Graph Toolbar - X-Y Plot / N'pagik - X-Y 3a/1eXKHICTb: KHOMKa @ abo Bu-

KopucTaTh onepauiiHe MeHto Insert - Grath - X-Y Plot/BcTaBka - IM'padik -
X-Y 3an1exHicTb). Ha ekpaH 6yae BuBeeHWI WabioH rpagika (puc. 2).

PucyHok 2 — LL1abnoH 3agaBaHHs napamMeTpiB Ans nobyaosm rpadika

2 Y noni BBefleHHA Nif BiCCHO abcumc NOTPIGHO BBECTM IM'A 3MIHHOI t,
MOCTaBMBLUW, TaKUM YMHOM, Y BIAMOBIAHICTb A0 LIET OCI 3MIHHY t.

3 KnayHyTv B noni HaBnpoTu cepefmHM OCi OpAMHaT | BBECTW IM'A (DyH-
KUiT 3 000B'A3KOBOKO BKa3iBKOK ii aprymeHTy Yy(t). MMons, Wo 3aiMwatoTbCs
NpU3HaYeHMN /19 BBEAEHHA MEX Ha 0CAX (MakCMMasibHOro i MiHiMasibHOro
3HayeHb, L0 BigKNafarTbCA Ha OCi). AKLIO 3a/IMWKMTK TX NopoxxHiMK, MathCad
aBTOMAaTUYHO 3aMOBHUTB X 3a YMOBYaHHAM npu nobyaosi rpadika.

4 Tlicna KnauaHHs nosa rpagikom BigdyBaeTbCA MPOLEC MOro Nodyaosu.
Mig iM'am yHKUIT y (t) 3'aBNSETLCA 3pa30K KPecneHHs NiHil. MoagiiHe KnauaH-
HA MO BIKHY rpagika 4yv BMkopuctaHHa Format - Graph - X-Y Plot / ®opwmar -
Mpadik - X-Y 3a/1eXHICTb [03BO/MAE MPOBECTU (HOPMATYBaHHA 30BHILLHLOIO
BUTNIAAY rpadika.

[ianorose BIKHO (popmMaTyBaHHA rpagika Mae 4oTUpW BKNagku. Po3rns-
Hemo ABi 3 HuX (puc. 3, 4).
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Cknag Bknagku X-Y Axes (puc. 3):
Log scale — ycTaHOBKa florapu@mivyHoro mMacutaoy;
Grid lines — ycTaHOBKa /liHiin MacLUTabHOT CiTKK;
Numbered — ycTaHOBKa LMMPPOBUX JaHUX MO OCAX;
Auto scale — aBToMaT1YHe 3aBAaHHA MacLUTaby ocel;
Show markers — HaHeCeHHs puUCOoK;
Auto grid — aBTOMaTM4Ha yCTaHOBKa MacLUTabHUX NiHIA;
Number of grids — ycTaHOBKa uncna MacLUTabHUX NiHIi;
Boxed — pamka HaBKO/0 rpagika;
Crossed — nepeciyHi oci;
None — BiCYTHICTb OCEel;
Equal Scales — piBHi MacLuTabw.

Formatting Currently Selected X-Y Plot | x|
HT Anes |Trau:es| Lal:uelsl Defaultsl
-
[ LogScale
Gl V¥ Giid Lines
V¥ Mumbered v Mumbered
V¥ Autoscale v Autozcale
V¥ Show Markers V¥ Show Markers
™ Auto Grid ™ Auto Grid
Mumber of Grids: Mumber of Grids:
F F
Ames Style
" Boged
¥ Crossed ¥ Egual Scales
" None
(] I OtraeHa | [ EHEHMTE: | Cnpaeka |

PucyHok 3 — BikHO (hopmaTyBaHHA rpadikis. Bknagka X-Y Axes

Mitkn To4yok (Symbol), Tun ninii (Line), konip (Color), TOBWMWHY
(Weight) i tin niniT (Type) rpaika mMoXKHa 3MiHKOBaTW, BUKOPUCTOBYHOUM
BKaaKy Traces BikHa (popmatyBaHHsA rpagika (puc. 4).

Ha ofHOMY p1CYHKY MOXHa nobyayBaTu Aekinbka rpaqikis. Y cepefHii
KBagpar no BepTMKasi BNUCYHOTbCA Yepe3 KOMU BCi iMeHa (hyHKLi abo TXHi Bu-
3Ha4YeHHs. AHa/IOriYHO B CEPeaHiin KBaapaT Mo ropu3oHTasbHIN OCi 3aHOCATLCS
apryMeHTu QyHKUiT (Y4 aprymeHT, AKLWO BiH o4unH). Ana nobynosu rpadika He-
00XiHO KnaLHyT1 M1LLEID 3a Moro Mexxamu (abo HaTUCHYTY Knasiwy F9).
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Formatting Currently Selected ¥-Y Plot |

%Y dwes  Traces | Lal:uelsl Defaultsl
Legend Label Swmbal  Line  Color Twpe  afeight
Nane i
trace 2 hone dot bk lines 1
trace 3 nome dash bk linez 1
trace 4 nome dadot  mag  lines 1
trace 5 nome z0olid cya  lines 1
trace B nome dot brn linez 1 ;I
Itrace'l Innne j Isn:ulin:l j II:qu j Ipnints j |4 j
[T Hide &rguments ¥ Hide Legend
] OTrena | [l pHrEHHTE | Cripaek.a

PucyHok 4 — BikHo chbopmaTyBaHHA rpadikis. Bknagka Traces

BuginveLum none rpagika NyHKTUPHOKO NiHie0 (KnauHyBLmM 611 HbOro i
MPOTArHYBLUWM MULLY, BIANYCTUTK KNasillly), MOXHa MOTIM NepeMiCTUTK Ha HbO-
ro Kypcop, JOMOrTICA MOsBU "AONOHbKK" i, KNaLHYBLUW, NepeMillati noae no
poboyomy BikHY. [ Toro, Wwo6 po3taryeatu (3BYXXyBaTu) Mexi rpagika, not-
PIGHO 3aX0NUTK KYPCOPOM HEOOXiHY CTOPOHY i NepeMiCTUTK Ti.

Onepauii KonitoBaHHA, BUAaeHHA rpadikis BigOyBalOTbCA aHaOrNyHO
Aism 3 iHWKumKn o6’ektamn MathCad i onucaHi paHiwe. ®yHKUiT nobyaoBn He-
06XiHO BM3HAYaTu BuLLe (NiBOPYY) Bif MiCLA UBEEHHSA MaKeTa.

Mpuknag 2
Mo6ynysatu rpadikv (yHKLN
y (x) = 3 - cos (x%) i f(t) = 2-sin (2-t)

Ha Bigpi3Ky [0; mt] 3 KDOKOM 3MiHN aprymeHTy /64,

Bug gokymeHTa MathCad HaBefjeHWin Ha pUCYHKY 5.

TOuHICTb BigoOpaXKeHHs rpadika PYHKLUIT 3a1eXWTb Bif KPOKY 3MiHU ap-
FYMEHTY: Y/AM MeHLLe KPOK, TUM BifbLl "rnagkum™ 6yae rpagik.
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y(x) =3 - cos(xz) f(t) == 2-sin(2-1)

4"/\/

0 063 126 -188 251 314

X, t

PucyHok 5 — PesynbTaT nobyaosu rpadikis iyHKLii y 3aaHoMy fiana3oHi
3MiHM aprymMeHTY B leKapTOBIil CUCTEMI KoopanHaT

2.4 TobypgoBa rpadgikiB y nonsipHin CUCTeMi KoopanHat

Y NONSAPHINA CUCTEMI KOOPAUHAT KOXKHA TOYKa 3afaeTbes Kytom W i [0B-
YKWHO0 pagiyca-BekTopa R(w). Mepen nobyanosoto rpadgika HeobXigHO BUOpaTK
oro ¢hopmat Format - Graph - Polar Plot / ®opmar - 'padik - IMonsapHuii
rpadik. Onuii 4ianorosoro BikHa, WO 3aar0Th Bi06paXKeHHs padiyca-BeKTopa
(Radial) i noro kyta (Angular), aHanoriuHi BuLLeonMcaHOMY BUMaaKy Aekap-
TOBMX KoopAanHaT. MoxknmBe obpamneHHs rpadika okpy»HicTio (Perimeter).
KomaHga Insert - Graph - Polar Plot / BctaBka - MNonspHuii rpadgik a6o

KHOIMKa @ nanitpy iHcTpymeHTiB Graph Toolbar BuBoaguTh LWaboH, WO Mae
(hopmy OKpy>xHOCTI. [ani Ha wabnoHi rpadika Tpeba Bkasatu iM's aprymeHTy,
IM'A PYHKUIT, MeXi 3MiHW JOBXMHU R(W).

Mopsaaok nobyaosu rpadika B NOSPHIA CUCTEMI KOOPAMHAT:

1 BubpaTn Micue ana nobynosu rpadika.

2 OfHMUM 3 BULLEONMCAHUX CMOCco6iB BMOpaTU MNONAPHUIA  rpadik.
MathCad BmBefe Ha ekpaH Lab/ioH 3 YOTUPMA MONAMU 4/1 BBOAY.

3 Bwuue obnacTi rpagika BusHauntn Kyt W i pyHkuito R(w).

4 Tlone BHW3Y LWIAG/IOHY NPU3HaYeHe 4/19 BBOAY aprymeHTy PyHKUIT R —w.

5 lMone BBoAy NiBOPYY MOBWMHHE MICTUTM BMpa3 1A pafiyc-BeKTopa
R (w).
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6 [lBa nons BBefeHHA NpaBopy4 MPU3HAYeHi 415 BEPXHBOTO | HUXKHbLOIO
rpaHNYHUX 3HayeHb pagiyca. MathCad 3anoBHIOE LI NMoNs 3a yMOBYaHHAM. AK-
LLLO MOTPIOGHO, MOXHA 3MIHIOBATU Lii MeXi.

LLlo6 nobyaysaTun Aekinbka rpadikis ana pisHMx supasis R(w), wo Bia-
MoBifalOTb OAHOMY apryMeHTy W, 3anuncytoTb MepLUnii 3 BUPasiB, CYrnpPoBOLXKY-
HOUM MOro KOMOK. Y Mnoni BBOAY, L0 3'ABNSAETLCA HMXKYE, 3arMuCyoTb HacTyn-
HWIA BMpa3. Mpy Heo6XigHOCTI NPOLIEC NOBTOPHOOTh.

MNpuknag 3
MobypysaTtn rpagik yHKUiT
R(w)=2:(1+cos(w))

Ha Biapi3Ky [0; 2 ] i3 KpokoMm 3miHK aprymeHTy 0,01.
Bug fokymeHta MathCad HaBefieHUIA Ha PUCYHKY 6.

w:=0,0.0L.2.n  RWw) :=2-(1 +cogw))

90
120 T 60

150 | 30

R
W 180! : : : : {0
0 14 28 A2
210 | 330
240 - 300
270
w

PUCYHOK 6 — Pe3ynbTaT nobyaosu rpadika goyHKUIT B 3agaHOMy fiana3oHi
3MiHM aprymMeHTY B NONAPHINA cucTeMi KoopanHaT
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2.5 Nobypaosa rpadika QyHKUIT ABOX 3MIHHNX

[na nobynosu rpagika yHKLUIT 4BOX 3MiHHUX HEOOXiAHO:

1 BunsHaumTK camy (iyHKLItO.

2 3anucaTy KiHUEBi TOUKM Ans 3MiHU 060X 3MiHHUX.

3 YKa3zaTu KifbKiCTb TOHOK PO36UBKM M0 060X OCAX.

4 Y 3araJlbHOMYy BUINSA4I 3a4aTh TOYKK, Y AKX Oyde obumcriroBaTucs
3HaYeHHS (PYHKLUIT.

5 BuW3HaUNTV MaTPULIO 3HAYEHb PYHKLT.

6 [Ans nobynosu rpadika 3actocysatu Graf Toolbar - Suface Plot / IH-

CTPYMeHTU rpadikis - ["'pagik NoBepxHi @
7 Y WwabnoHi, Lo 3'aB1BCA, BKasaTy IM' MaTpULLi 3Ha4eHb PYHKLIT.

MNpuknag 4

Ana gyHkuii f(x,y) = cos (x) + sin (y) y gianasoHi 3MiHn X € [0; 2] i
y € [0; 2] 3a gonomoroto naketa MathCad nobygysatu rpadik.

1 3apasaHHA QyHKUIT T (X,y): = cos (X) + sin (y).

2 3anuc KiHLeBMX TOYOK Bigpiska no oci x: xlow: = 0 xhigh: = 2.

3 3agaBaHHA KiNIbKOCTI TOYOK PO36MBKM MO OCi abcuumc, ypaxoByroUm Ki-
HUI Bigpi3ka: xn: = 20.

4 3aBOaHHA KiHLUEBMX TOYOK Bifpiska no oci opauHat: ylow: =0,
yhigh: = 2.

5 3anuc KinbKOCTI TOYOK PO36MBKKM MO OCI Y, ypaxoByroUun KiHUI Bigpi3-
Ka: yn:=20.

6 3agaBaHHA AianasoHy 3MiHM iHAeKey i: i: =0..xn - 1.

7 3afaBaHHA QoOpMynn A1 OOUYMCNEHHS  3HAYeHHS  3MIHHOT  X:
xind;: = xlow + i-(xhigh - xlow) / (xn - 1).

8 3agaBaHHS fAiana3oHy 3MiHKM iHAeKcy j: J: = 0..yn - 1.

O 3agaBaHHs opMynn AN OBYMCNEHHSA  3HAYEHHA  3MIHHOT V-
yind;: = ylow + j-(yhigh - ylow) / (yn - 1).

10 3agaBaHHA MaTPULI 3HayYeHb yHKUIT: M;;: = f (xind;, yind,).

11 Tobynosa rpagika.

Bug gokymeHTta MathCad HaBefeHWin Ha PUCYHKY 7.
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f(x,y) := cos(x) + sin(y)
xlow:=0 xhigh:=2.-n ylow:=0 vyhigh:=2-n

xn = 20 yn := 20
i=0.xn-1 j=0.yn-1
xind; := xlow + i- (Xh(lg:: )](_I)OW) yind; := ylow + j- (yh(lt;:]/:—_}il)OW)

M;j j = f(xindi,yindj)

PucyHoK 7 — Pe3ynbTaT BUKOHaHHA Npuknaay 4

MWTaHHA ANs CAMOKOHTPO/HO

1 3apgatn B MathCad giana3oH 3miHM 3MiHHOT Z B iHTepBani [ -12 ; 4 ] i3

Kpokom 0,005.
2 Bif 4oro 3anexuTb TOYHICTb BigobpaxkeHHs ('rnagkicTb') rpadgika qy-

HKLIT?
3 AKMM YMHOM 3aJa€TbCA MOJSIOXKEHHSA TOYOK Y NOMAPHIN CUCTEMiI KOOp-

AMHaT?
4 Ak B MathCad 3MiHUTY 30BHILLHIIA BUrNag rpagiky?

5 Ak B MathCad nobyaysatu fekinbka rpagikis Ha 04HOMY PUCYHKY?
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3 BEKTOPU | MATPULII

MpsAMOKyTHa Tabnuusa 3 m psaAKIB i N CTOBMUIB, CKNafeHa 3 BUPasiB ajy, Ae
I =1..m, a k =1..n, HA3MBAETLCA MATPULLEIO PO3MIPY mx n. Bupasm a; — eneme-
HTW maTpuui. MoNoXeHHs enemeHTa B TabnuLi XapaKTepu3yeTbCst NOABIMHUM
IHAEKCOM: Meplini iHAEKC O3Ha4yae HOMepP PALKa, APYTWMid — HOMep CTOBMUS.
EnemeHTamy maTpuui €, SK NpaBuio, Ynicna, ane iHodi M iHWi maTeMaTUyHi
00’€KTU, HaNPUKag: BEKTOPM | HaBiTb MaTpuLi.

OCHOBHI onepauii 3 MaTpULAMU:

[onaBaHHS ﬂ , BIAHIMaHHS j , AINEHHSA ﬂ , CKa/iipHe MHOXKEHHSA ﬂ
BUbMpatoTbca Ha naHeni Calculator Toolbar / ApUMETUYHI IHCTPYMEHTH
ab0 BBOAATLCA 3 BUKOPUCTAHHAM KnaBiaTypu;

M| - nowyk BM3Ha4YHMKa MaTpuLi, BUGMpaeTbCca Ha naHeni Vector and
Matrix Toolbar — Determinant / BeKTopHI i MaTpu4Hi onepauii - O6uuc-

NeHHSA BM3Ha4yHMKa (KHoMKa ﬂ);
M' - TpaHCNOHyBaHHs MaTpuLi, BUGMpaeTbca Ha naHeni Vector and
Matrix Toolbar - Matrix Transpose / BeKTOpHI i maTpuyHi onepauyii - Tpa-

HCMOHYBaHHA MaTpuui (KHOMKa ﬂ);
M™ - nowyk mMaTpuLji, 06epHeHOi 40 MaTpuLi M, BUBMPAETLCS Ha NaHen
Vector and Matrix Toolbar — Inverse / BeKTopHi i MaTpu4Hi onepauii - 1H-

Bepcifa (KHomnka ﬂ).
onuc Aaiin 3 MaTpuLAMK:
1 3aBgaHHA MaTpuui abo BeKTOpa 34INCHIOE MYHKT MeH View -

Toolbars — Matrix / Bug - MNaHeni iHCTpyMeHTIB - MaTpuus (KHonka ﬂ )

abo crosiydyeHHaM knasiw Ctrl + M, abo BUKOPUCTOBYHOUM MIKTOrpamy ﬂ Ha
naHeni Matrix or Vector / BeKTOpHi 1 MaTpuyHi onepawii. Y BikHi, WO 3'1BK-
nocd, 3a4aroTb KifbKicTb pagkis (Rows) i ctoenuis (Columns), micna 4oro Ha
eKpaH BMBOAMTLCA LWAabMoH MaTpULL. AKTUBYHOUN NIBOK KHOMKOK MULLI NO3U-
LT BBOAY, 3amnOBHIOKOTL 1X. Hanpuknag:

01 3 5
M==|24 6 8
7 9 11 10

BekTop MoXe 6yTu 3aaHnii paaKoM abo CTOBMLEM.
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2 [Ans 064McneHHs BU3HAYHMKA MaTpuLi HeobXiAHO BiAKPUTM NiKTOrpa-
My Vector and Matrix Toolbar / BeKTOpHi 1 MaTpu4Hi onepauii, Bu6paTu

KHOMKY ﬂ; y WabsoHi, WO 3'9BMBCA, 3a4aTh iM'a MaTPUYHOT 3MIHHOT (Hanpu-
Knag, M1), Bupa3 M1 oXonuTu CMHBOKO HaMiBPaMKOK, HATUCHYTU 3HAK PIBHOC-
Ti. Hanpuknag;

1 2 3
ML:=|7 0 9 M1 = 48
4 5 6

3 [ns ofiepXKaHHsi TPAHCMOHOBAHOT MaTpULLi HeoGXifHO BUGPATK 3 Mani-

TPWU KHOMKY ﬂ Yci iHWi ait aHanoriyHi go n. 2. Hanpuknag:

02 7
01 3 5 T 14 9
79 11 10 5 8 10

4 Ons nowyky 3BOPOTHOI MaTpuui HeobXigHO 3agaTh iM's MaTPUYHOI

3MiHHOT | BMOGpaTK 3 NaNiTPU KHOMKY ﬂ Pesynbtatom 6yge matpuud, obepHe-
Ha o matpuui M1.

12 3 0938 0062 0375
ML=|7 0 9 M1 =] _0125 -0125 0.5
45 6 0729 0063 -0.292

5 [Ana obuncneHHsa gobyTky matpuui Ha X (nig X MaeTbca Ha yBasi umc-
No, CTOBMeLb Y/ MaTpuLA) HEOOXIAHO NiCNA ABHOMO 3afaBaHHA MaTpuLi Habpa-
TW 3HaK MHOXEHHS, cam efieMeHT X Ta 3HaK PiBHOCTI:

1 2 3 5 10 15
70 9|5=[3 0 45
4 5 6 20 25 30
6 [Ana obuncneHHs cymu (pisHWLI) MaTpuUb OLHAKOBOIo Po3Mipy Heob-

XiAHO BM3HAUMTW MaTPULLKO, MOTIM HabpaTh 3HaK + 4n — , BU3HAYUTU HACTYyM-
HWI JoAaHOK (Bif'€MHUK), HabpaTy 3HaK PiBHOCTI:

20



1 2 3 -1 1 0 0 3 3
70 9]+ 2 -461|=|9 -4 15
4 5 6 8 7 5 12 12 11

3amiCTb IBHOIO BUNISAY MaTPULL MOXE BUKOPUCTOBYBATMCA (3a4aBaTuncs)
IM' MaTPUYHOT 3MIHHOI:

12 3 -1 1 0 0 3 3
ML :=|7 0 9 M2 =] 2 -4 6 ML +M2 =| 9 -4 15
4 5 6 8 7 5 12 12 11

3.1 MaTpuyHa hopma po3B’si3aHHS CUCTEMU NiHINHUX PIBHAHb

[aHo cuctemy NiHiMHUX PiBHAHD:

81 Xt Kyt Xy =hy
8y Xy t8y) Xy ot 8y Xy =Dy

MOTpI6HO 3HANTW 1T pO3B’si3aHHs X1, X2, ..., Xn.

MMpefcTaBMMO faHy cUCTEMY PIBHAHb Y MaTpuyHOMY BUrniagi (A X = B),
ae A - matpuua koeqiuieHTiB, X - MaTpuusa (BEKTOP) 3MIHHMX, B - matpuus
(BEKTOP) BifIbHUX Y/EHIB:

3a ymoBUM He BMPOMKeHHS maTpuui A (det A # 0), gaHa cuctema Moxe
OyTV Nerko BupiLleHa, NMOMHOXMBLUW JiBY | NPaBy Y4aCTWHW MATPUYHOrO piB-
HAHHA A X = B Ha MaTpuuto, 06epHeHy [0 A:

A-X-Al=B.A"
A-At.X=B-At
1-X=B-A"
X=B-A™
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MNMpuknag 5

3HaTN PO3B’A3aHHA CUCTEMM NTIHIAHUX PIBHSAHD:

3-x1+4-x2 =180
4-x1+5-x2+x3=255
2-x1+3-x2+3-x3=200

[N uboro Heob6XigHO BMKOHATM Taki i

1 3apgaTv, BUKOPUCTOBYHOUN SIKMIN-HEOY[b 3 MepepaxoBaHMX BULLE Cro-
c06iB, MaTpULIO KoeilieHTiB A. Y AaHOMY BUNaAKY 4mcno pagkis — (Rows) 3 i
ymcno ctosnuis — (Columns) 3). YBeCTu YNCNOBI 3HaYEHHSA KOeiLiEHTIB:

340

A=|4 51

2 33
180
2 AHa/IOryHoO 334aTh MaTpULLIO BiJIbHUX YneHiB B: | 255
200

3 O6YMCAUTU YMCNOBE 3HAYEHHS BU3HAYHWKa MaTpuui. AKWO BIH Bif-
MiHHWIA Bif HYNsi, NPOAOBXWUTW PO3B’A3aHHSA, B IHLLIOMY BMNAAKY BKasaTu, LLO
cucTema piBHAHb HE Ma€ PO3B’A3KIB:

|A| = -4

4 O64YncnnTK MaTpuLto, 06epHeHY Ao MaTpuui A:

3 3 1
ATlo| 25 225 075
_05 025 025

5 3agatu hopmyny 418 064YMCNEHHA MaTpULi 3MIHHUX MHOXeHHSM 06e-
PHEHOT MaTpuLLi A™ Ha MaTpULIO BiNbHWX YneHiB. OfepxaTu Bifnosiab, o6umc-
JINBLUM YMCNOBI 3HAYEHHS MaTPULLI 3MIHHUX:

25
Xx=Alp X = | 26.25
23.75
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[MepeBipka:

180
A-X =| 255
200

TaK1UM YAHOM, OTpUMann BekTop B.
BWCHOBOK: 3Haii[leHO BipHE PO3B’A3aHHS CUCTEMUN PiBHSIHb.

MUTaHHA ANsi CAMOKOHTPOJTHO

1 flka i3 naHenen iIHCTPYMEHTIB BUKOPUCTOBYETbCA B MathCad gns npo-
BeIEHHS apUMETUYHINX ornepaLiii 3 MaTpULAMA?

2 flka i3 naHenen iHCTPYMeHTIB BUKOPUCTOBYIOTbCA B MathCad anisi no-
LUYKY BU3HAYHMKA MaTpuLi, MaTpuLi 06epHeHOT 40 HafaHOi MaTpuLi, TpaHCro-
HyBaHHA MaTpuLLi?

3 Ak B MathCad 3ailicHATU 3aBfaHHsA MaTpuLi abo BeKTopa?

4 MeToA NOoLyKY PO3B’A3aHHA CUCTEMU NIHIMHUX PIBHSHb MaTPUYHUM
croco6om.

4 IHTEPNONALIA dYHKLLIN

BinbLIiCTb YMCeNbHUX METOAIB 6a3YETHCA Ha 3aMiHi CKNaAHIWMX 06’ EKTIB
npocTilwmmn. Hain3py4yHILLIO ANS BUKOPUCTaHHSA Ha MpakTULi QyHKLiE € an-
reépaiuHmin 6aratouneH. [ns moro 3afaBaHHs NOTPIOHO 3HATU TifIbKM CKIHYEHY
KiIbKICTb KOe(iLieHTIB. YuncenbHi 3Ha4eHHA GaratousieHa /Ierko 3Haxo4AThbCs,
A0ro AOCUTL NPOCTO ANEPEHL|iHOBATK, IHTErpyBaTh Ta iH.

YacTo BMHMKaeE Taka 3afgaya. Bigomi 3HayeHHs geakoi yHKuii fB (n + 1)
B PI3HMX TOYKAX Xo, X1, ..., Xn, 384aHI Y BUrNAAI Tabnmui (tabn. 1).

Tabnmus 1
X Xo X1 . Xn
Y Yo Y1 = Yn
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LLi gaHi MoXyTb 6yT OTpUMaHi B pe3ynbTaTi eKcrepuMeHTy abo 3Halige-
Hi monepefHbLO 3a A0MOMOIOK A0CTaTHLO CKMagHUX 064YmMcneHb. MoTpibHO BK-
pilmMTK Npobnemy HabnMXEHOro BifHOBMEHHSA (anpokcumauii) gyHkuii f B go-
Bi/IbHIN TouUi X (puc. 8).

[nsa uboro Ha (n + 1) Toukax 6yaytoTb anrebpaiuHnii GaratouneH cTyne-

HA N:

P (X)=ap+a; -X+a, -X>+...+a, -x".

o O
o
y T ©)
OOO O O ] ]
o

X

PucyHok 8 — IMpadik doyHKLiT, 3agaHoi Tabnuueto 1

BiH mae Ha3By iHTepnonsayinHoro. Toukun Xx; (i = 0...n) Ha3MBalOTb By3/a-
MW iHTepnonauii. Anpokcumauis QyHkuii f 3a goopmynoto F(x) = Ph(X) Ha3uBa-
ETbCA IHTEpnonauieto PyHKUIT. BukopucTtosytoumn P, (X), MOXHa NporHosysartu
3HayeHHs yHKUIT T B 6yab-aKil TouULi X MK 3agaHuMK Toukamu X; (i = 0...n).
IHTepnonAuisa 3a hopMynoro

F(X)~ P (X)=ag +a; -X+a, - x> +...+a, -X"

npu N = 1 Ha3MBaETLCA NIHIHOK, NpY N = 2 — NapaboiyHo, NpN N = 3 — Ky-
6iuHotO (punc. 9a; 96; 98 BIAMOBIAHO).

Y BUNafKy MiHIAHOT iHTEpnonAUii CycigHi TOUKN 3’€HYIOTLCA Bifpi3Ka-
MU NPAMKX, NP NapaboniyvHii Ta KyBGiuHin — napabonivyHmMm i Ky6iYHUM cnnaii-
Hamun. CniainHoOM Ha3uBarThb (DYHKLiHO0, fKa Pa3oM 3 [eKifibKoMa CBOTMW MoXif-
HVMMW HerepepBHa No BCbOMY 3a3JaHoMYy Bifpi3Ky [Xo; Xn], @ HA KOXXHOMY YacT-
KOBOMY BIifPI3KY [Xi; Xi+1] € AeSKMM anrebpaiyH1UM MHOrousieHoM. Makcumarb-
HWUIA MO BCIM YaCTKOBMM Bifpi3kam CTyMNiHb MHOIOY/IEHIB Ma€ Ha3By CTYMNEHHO
CrNarHy , a pPisHMUA MK CTyneHeM CnainHy i NOpsAKOM HalbinbLIOT Henepe-
PBHOT MOXiAHOT Ha BifPI3KY [Xo;Xn] — AeDEKTOM CrinanHy.
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PucyHok 9 — Mpuknaam iHTepnonsuii (yHKL i

[ani po3rnsHemMo AOKNaAHiLle BUNaaKM NiHIAHOT Ta Ky6iuHOI iHTepnonsuin

4.1 NidinHa iHTepnonauis

Hexaii 3agaHi koopanHaty Touok: [4; 4], [2; 2], [1; 3], [3; 5]. BusHaummo
BEKTOPOM VX abcumcm 3a3Ha4eHNX TOUOK (MOBUHHI MTK MO 3pOCTaHHI0), a Bek-

Topom VY — BiANoBiAHI iM opAnHaTW.

VX = VY

E- NGO R O

LLL06 nporHo3yBaTy 3Ha4YeHHS QYHKLUIT, HanpuKnagd, y Toukax 2,51 1,2, go-
cutb Habpatn Linterp (VX, VY, 2,5) =, ogep>Xv1Mo Bignosigb: 3.

AHanoriyHo: Linterp (VX, VY, 1,2) = 2,8.
MoxxHa TakoX nobyaysatu rpaik iHTeprnonAuiinHoT Kpueoi (y BUMNAAKY

NIHIRHOT iHTepnonAUil ue namaHa nixia) (puc. 10).
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VX:=

A WO DN -

3

2
VY =

4

5

linterd VX, VY, 1.5) = 2.5 linterd VX, VY, 2.5) = 3 linterd VX,VY,3.5) = 4.5

6__

linterp (VX , VY ,X) 3T
BB=8

PucyHok 10 — JliHiiiHa iHTepnonsyis

4.2 Ky6ivHa (cniaiH) iHTepnonsauis

Ky6iyHa iHTepnonsuis NpoBoAMTL KPUBY Yepe3 3afaHi TOUKN TakuM Y-
HOM, L0 nepLui i Apyri NoxXigHi KpMBOT HeNepepBHi B KOXHIW Toui, Lo 3a6e3-
neyye rNafkicTb iIHTEPNONALINHOT KPUBOT.

Y Ky6iuHii iHTeprnonsayii BUKOPUCTOBYOTLCSA BOYA0BaHI (PYyHKLUIT cspline
i interp. Mepwa (cspline) HeobxigHa ANs 06YMCNEHHS KOeiLieHTIB crnnaiHa,
LLLO 3arnaM’'ATOBYKOTLCA Y BeKTOpi, Hanpuknag: VS: = cspline (VX, VY). Bektop
VS MicTUTb Apyri NoxigHi iIHTepnonAuinHoT KPUBOI B PO3INAHYTMX TOYKax. 3a
Aaoromoror apyroi yHKuUiT (interp) 6e3nocepeaHb0 BU3HAYAETLCSH (PYHKLiS,
wo iHtepnontoe: f(x): = interp (VS, VX, VY, X). To6T0, Ky6iYHWIA CNNainH iH-
TEpPnonHE 3HaUYeHHA, NPeACcTaB/eHi y BekTopax gaHux VX i VY.

1 3agmamo napw 3HadeHb [1; 3], [7; 25] [12; 15] [3; 6] [8; 21] ana iHTep-
nonauii y surnagi agpox sektopis VX i VY (3HayYeHHSA aprymeHTy i 3HaYeHHS
(PYHKL,IT NOBMHHI TN B NOPSAAKY 3POCTaHHA aprymeHTy):
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1 3

3 6

VX = | 7 VY = | 25
8 21

12 12

2 3afamo BeKTop KoediLieHTiB cnnariHa: VS: = cspline (VX, VY).

3 BusHaummo hyHKuUit0, wWwo iHTeprnontoe: F(x): = interp (VS, VX, VY, X).

4 [N ofiep>KaHHA IHTepPnobOBaHMX 3Ha4YeHb MpU X = 2 HeobXiAHO Ha-
6patun: F(2) =, nicns yoro 6yae Ha ekpaH BMBeAEHWI pe3ynbTaTt 2,191,

1 3
3 6
VX =| 7 VY = | 25 x:=0,0.01 ..13
8 21
12 12

VS = cspline (VX ,VY)  F(x) = interp (VS ,VX ,VY ,x)  F(2)=2191

30T
281
261
241
221
20
181
ooo 167
F(x) 141
______ 121
10
8

T T T T T T T T T
- _‘_ﬂ---

=

677
41
2_

VX, X

PucyHok 11 — Ky6iyHa iHTepnonayis gaHunx
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[ns rpaiyHoro BuBoAy PYHKLUIT, LLO iHTEPNOMOE, HEOOXIAHO BKasaTu fja-
MasoH 3MiHM 3MIHHOT X — Bifl NOYaTKy A0 KiHUA IHTEpBa/ly, Ha AKOMY HeobXigHO
MPOBECTW IHTEPMONALiIO, & TAKOX KPOK 3MiHN apryMeHTy, AOCTaTHil Ans nobyaosu
rpadika. Y Hawomy Bunagky (puc. 11) obpaHuin iHTepsan [0; 13], kpok 0,01.

[NMnTaHHA 0Na CaMOKOHTPO/IH

1 Aka iHTepnonALisn Ha3MBaETbCA NiHINHOM, NapabonivHO, KY6iUHOK?

2 OYHKLIA NOLWYKY NiHINHOT iHTepnonauil B MathCad, 11 aprymeHTH.

3 OYHKUis NOLWYKY KybivHoT iHTeprionayii B8 MathCad, Ti aprymeHTu.

4 OYHKUiIA nowyKy KoedilieHTIB crnariHa B BUMNaaKy Ky6iyHOI iHTepno-
nauii 8 MathCad, i aprymeHTw.

5 OBYNCJIEHHA OTMNEPATOPIB

5.1 Onepatopu 064MCNEHHA CyMU | JOBYTKY

OnepaTop MigCcymMoBYBaHHS 06UMC/IIOE CYyMY BMpasiB 3a BCiMa 3HAYeHHS-
MU iHAekcy. Onepatop JO6YTKY Npautoe aHaoriyHM YMHOM — 06UYMC/IHOE [0-
OYTOK BMpa3iB 3a BCiMa 3HaYeHHAMM IHOEKCY.

[nsa 3agaBaHHA onepatopa NifCYMOBYBaHHA B pO60YOMY [OKYMEHTI re-
PEMICTITb Kypcop Ha Oyfb-sKe BifilbHe MicLe, MOTiM CKOpUCTaUTeCH MaHento
iHcTpyMeHTiB Calculus Toolbar — Summation / Onepatopu MaTemMaTUYHOro

aHanisy - lNigcymoByBaHHSA (KHOMKa ﬂ)
3'ABNAETLCA CUMMBO/ NiACYMOBYBAHHSA 3 YOTYPMa NOPOXHIMU MONSAMU:

1
Z '
1=1
Y HWKHbOMY MO/ NiBOPYY Bif 3HaKa = BBEAITb iM'A 3MIHHOT. LIa 3MiHHa —
IHAEKC nigcymMoBYyBaHHA. BoHa BM3HaueHa TiflbKM ANs onepaTtopa MigcymMoBy-
BaHHS. [103a ornepaTopoM MOXKe ICHyBaTK iHLIA 3MiHHA 3 TUM Xe IM'aAM. Y nofi
npaBopyY Bif, 3HaKa = BBefiTb Oyab-AKe YMCO, YN Byab-aKuiA B1pa3, Lo Haby-
Ba€ L|I/IOr0 3HAYeHHA. Y NoJi Hag 3HaKOM CyMW BBEAITb Lisie Yncio um byab-
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AKWIA BMpa3, WO HabyBae LiNIOro 3HayeHHs. Y noni, Wo 3aMWnaocs, BBeLiTb
BMpasu, SKi NOTpebyoThb MigcyMOBYBaHHS. 3BMYaiiHO, Liei BUpa3 6yae BKIKOYa-
TW THAEKC MiACYMOBYBaHHS. FAKLIO BiH Mae Kifbka YNeHiB, BUKOPWUCTOBYITE

anocTpod *, o6 CTBOPMTM Napy KPYrinmx Ay>KOK HaBKO/O MONS.

AHaNOriyHO CTBOPIOETLCS OMepaTop A06YTKY. NS LbOro HaTUCHITb Kna-
Biwi Ctrl + Shift + 3 (a6o Calculus Toolbar - Iterated Product / OnepaTtopwu

MaTeMaTMU4YHOro aHasisy - [l06yTOK, KHOMKa ﬂ) | 3aMOBHITb NOAS, AK onuca-
HO BuLe. Hk4ye HaBefeHi AeaKi NPUKIaayM BUKOPUCTaHHSA OMepaTopis Cymu i
N06YTKY. X MOXXHa BUKOPUCTOBYBATU K 6Y/ab-AKUiA iHLIWIA Bupas3 LLLo6 o6umc-
NNTK KPaTHY CyMy, NOTPIGHO MOMICTUTK APYrWil onepaTop CymMu B Mosie Bupa-
YKEHH$ MEePLLOro oneparopa Cymu.

Mpuknapg 6

n=1.40  x,:=sin(01 nx)

20 10 40

z n = 210 Z xp = 6.314 Z Xp-n = -126.275

n=1 n=1 n=20

20 19 5 10 .
H (n+1)=5109 x 10 Z Z n™ =137 x 10
n=20 n=0m=20

Mpn BUKOPUCTaHHI 3a3Ha4YeHuX OnepaTopiB iHAEKC MigCyMOBYBaHHS Mo-
BUHEH BYTW WiMM | 3mMiHIOBaTUCS 3 Kpokom 1. MathCad f03B0/s€ 3acTOCOBYBa-
TW y3ara/lbHEHHSI UMX OnepaTopiB, SIKi MOXYTb BUKOPUCTOBYBaTU 6Yyab-KWIA
AVCKPETHUIA aprymeHT Yy AKOCTI IHAeKCY NifCyMOBYBaHHSA. [ns 3aCTOCYBaHHA
LMX onepaTopis CNoYaTKy HeO6XiAHO BU3HAUUTU AUCKPETHUIN apryMeHT.

Hanpuknag, 3HangeMo cymy Ans AUCKPETHOro aprymeHTy i, L0 3MiHt0-
€TbCA B AianasoHi Big 1 ao 3 i3 kpokom 0,5, To6Tocymy =1+15+2+25+ 3.
YCTaHOB/OEMO KypCOp Ha BiflbHOMY Micli, BukopuctoByemo Shift + $ (abo
Calculus Toolbar - Range Variable Summation / Onepatopn maTtemaTunu-

. : )>
HOro aHanisy - MifcymoByBaHHS! MO AUCKPETHOMY apryMeHTY, KHOMKa J).
3'IBUTbCS 3HAK NiJiCYMOBYBaHHS 3 MONSMM Z ", 9K BKa3yBasocs, AUCKPETHUN
apryMeHT, L0 BUKOPUCTOBYETLCS Y LibOMY OMepaTopi, MOBUHEH 6YTU BU3HauYe-

HWIA 3a3aanerigb. Moganbui AT aHanoriyHi onvucaHnM BuLLe. PesynbtaTt obunc-
neHHsi B MathCad nokasaHuin HUXYe.

29



MNMpuknag 7
i=1,12 .3 k=10,2.10

Yy Q-2 Zk2=220
k

5.2 O64nCNeHHs NoxXigHMUX

Onepartop MOXIAHOT MPWU3HAYEHUIA O/1F MOLUYKY 4YMCENIbHOrO 3HaYeHHS
noXigHOT PYHKLUIT B 3adaHil Touui. Hanpuknag, Wwo6 3HaiTK NoxigHy QyHKUiT
y(X) = X3 Mo X y TouLi X = 2 , Tpe6a BUKOHATU HACTYMHi Ail:

1 Bwu3sHauTe TOUKY, Y SIKili HEOOXiAHO 3HANTK NOXiAHY.

HabepiTb X + Shift + : noTim 2, oiep>Xumo X : = 2.
2 KnayHiTb HMX4e BM3HaYeHHs X . [1oTiM BMOepiTb 3 NaHeni iHCTpyMeH-

TiB Calculus Toolbar nikrorpamy ﬂ

3'ABNAETLCA OMnepaTop NoxigHoI 3 ABOMA MONAMMN: d_.

3 KnauHiTb Ha noni B 3HaMeHHUKY i HabepiTb X. Ll,éj|M'H 3MIHHOT, MO SAKil
BUKOHYETLCA ANdepeHLiFoBaHHS.

4 KnauHiTb Ha noni npasopyd Big d / dx i Ha6epiTb X°. Lie — Bupa3s, skuii
NoTPIOGHO AndepeHLitoBaTy.

5 HaTuCHITb 3HaK =, o6 NobaunTn pesynbTar:

X = 2

d—x3 =12
dx

HaBefemo e Kinbka NpuKNagie AugepeHLuitoBaHHA 3a [LOMOMOroH
MathCad.

Mpuknag 8

3HainTun:

1) n’ATy NoxXigHy QyHKLii X° B TouLi X = 2,

2) pe3ynbTaT MHOXeEHHS M’ATOi MOXiAgHOT MYHKLiT X° B Touui X = 2 Ta 10,
3) nepLuy NoXigHy No 3MiHHIN Y hYHKLiT X°-y B Toukax X = 2 Ta'y = 10.
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X:=2 y =10

d 5 _ d,5)10 =800 Lx’y=-32
X =80 (dxxj dy

HeobxigHO nam’aTartu, WO pe3ynbTaT AndepeHLitoBaHHA B JaHOMY BUNa-
AKY € He (PYHKLiS, a YACNo — 3HAYEHHS MOXiAHOT B 3a3HAYEHIN ToYLi 3MIHHOT
AuepeHLitoBaHHs. TOMy noxifHa Bia X° He € BUp@KeHHS 3-X%, a 3HaUeHHs BU-
paxkeHHs 3-X%, 06umMCneHe B TouLj X = 2.

5.3 MoxiaHi 6isibLw BUCOKOro (N-ro) Nopsigky

Y MathCad icHye MOXXIMBICTb 06YMCNEHHST NOXiAHOT N-ro nopaaky. Ha-
NpUKNag, Wo6 3HaTU TPETIo MOXigHY MYHKLIT y(X) = X° No X y Touui X = 2,
Tpe6a BUKOHATU HACTYNHI Aii:

1 BwusHauTe TOUKY, Y AKiiA HEO6XiAHO 0BUNCAUTI NOXIAHY. X:= 2.

2 KnauHiTb H/KYe BU3HAYEHHS X.

Ha naHeni Calculus Toolbar Bn6epiTb KHOMKY ﬂ 3’ABUTbCA OnepaTtop
MOXiAHOT 3 [ABOMa MONAMMW B 3HAMEHHWKY, OLHUM Y UYMCE/IbHUKY i Lie OAHUM
npaBopyy:

3 KnauHiTb Ha noni BHW3Y i HabepiTb X. Lle iM's 3MiHHOT, M0 AKiWA 34ilc-
HIOETbCA AndepeHLitoBaHHA. OTPUMAEMO:
d [ |

dx"

4 KnauHiTb Ha Noni BULLE Ta NpaBopyY nonepeaHbLOro nons i Habepits 3.
Opep>xnmo:
d3
dx’
3BepHITb yBary, Lo nose B YMCe/lbHUKY aBTOMaTUYHO Bigobpaxae 0y/b-
KU NOPALOK, HABPaHW Y 3HAMEHHMKY.
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KnauHiTb Ha noni npasopyd Big d / dx i HabepiTb X°. Lle Bupa3, Akuii He-
06XigHO AndepeHLitoBaTh. HaTUCHITL 3HaK =, W06 No6aunTy pesynbTar:

d’ o o
& =3.2261

— 3HAYEHHS TPETLOI NOXiAHOT 3aaHOT (YHKLIT B 3afaHiii TouLi.
Mpn n = 1 uel onepaTop AaE TOW e pe3ynbTar, Wo i onepatop noxig-
HOT, onuncaHui Bule. Mpu n =0 - 06epTae 3Ha4YEHHS PYHKLT.

5.4 O64YnCNeHHs iHTerpasis

OnepaTtop iHTerpyBaHHs B MathCad npusHaueHuin 4ns ofepXxaHHs ynce-
NBHOTO 3HAYEHHS IHTErpyBaHHS.

Hanpuknag, BuU3HadeHui iHTerpan dyHkuii y = sin(x?) sig 0 4o 7 / 4 mo-
e 6yTn 06UMCNeHnIA Y TaKuia croci6:

1 [MepeMicTiTb Kypcop Ha BifibHe Mmicue i BuGepiTb Ha naHeni Calculus

b - -
Toolbar KHomnky B 3a8uTbCS 3HAK iHTerpana 3 NOPOXHIMU NonsMK Ans BU-
pasy, LU0 iHTErpyeTbCs, MeX iHTErpyBaHHs Ta 3MiHHOT iHTErpyBaHHS:

ldl

2 KnauyHiTb Ha noni BHU3Y i HabepiTb 3Ha4eHHs niBoi Mexi 0. KnauHiTb
Ha BepXHbOMY MO 1 3HaYeHHs Npasoi Mexi 7t / 4. OTPUMaEMO:

nda
0

3 KnauHiTb Ha noni MK 3Hakom iHTerpana i d. 3anuwite dopmyny
sin(x). Lle — B1pa3, iknii Tpeba iHTerpysaTu.

4 KnauHiTb Ha noni nicna d i HabepiThb X. Lie — 3MiHHA iHTerpyBaHHs.

MoTim yBeAiTb 3HaK = [ANA OfepXaHHSA YMCeNbHOro pesynbTaTy iHTerpy-
BaHHS.

Pe3ynbTar:
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4
J sin (x2) dx = 0.157

MUTaHHA A1si CAMOKOHTPOJTHO

1 fAka 3 naHenen iHCTpyMeHTiB MathCad BUMKOPUCTOBYETLCA 4151 064MC-
NKOBaHHA onepaTopa niLcyMOBYBaHHS, onepatopa L06YyTKy?

2 fka 3 naHenen iHcTpymeHTiB MathCad BMKOPUCTOBYETLCS NSt 06UMC-
NKOBaHHA MOXiAHWX, IHTerpanis?

6 MOLUYK EKCTPEMYMIB MAOKNX ®YHKLIN

3HaTU eKCTpeMyM (YHKLIT, BMKOPUCTOBYHOUM CheLiasibHi onepaTopu
nporpamm MathCad, MOXKHa Tinbku Yy BUNaAKy PYHKUiM, WO MakTb KiHUEBE
4MCNO EKCTPEMYMIB | He MatOTb HECKIHYEHHUX PO3PUBIB.

Ana PYHKUIRA, Lo MatoTb HECKIHYEHHE YMCIO0 eKCTPEMYMIB (3BUYANHO Le
(OYHKLIT, 4O CKNMady SKMUX BXOAATb TPUTOHOMETPUYHI (PYHKLT), NOTPibHO 3asa-
TW IHTEPBa/1 NOLUYKY eKCTpeMymy. [ns 3py4HOCTI 6axxaHo nobyayBaTun rpadik
(YHKUIT | BU3HAUMTM NOTPIGHMIA fiana3oH 3MiHWM NePeMIHHOT, Ha SSKOMY (YHK-
LIiS Ma€ EKCTPEMYM.

[na nowyKy MakCUMyMmiB i MiHIMyMiB 6yab-IKUX anredpaiyHmx BupasiB
M0 OAHIV UM feKiNbKOM 3MiHHUM BUKOPUCTOBYHOTLCA (DYHKLIT BUrNALY:

P: = Minimize (< iM’a PYHKLUIT >,< CMIMCOK 3MIHHUX >),
P: = Maximize (< iM’a PyHKLUIT >,< CMIUCOK 3MIHHUX >),

Ae P - iM'a 3MIHHOT 419 064MCNeHHA pe3y nbTaTy.

Lli Bupa3n moxHa Habpatu 3 KnasiaTypu abo BMGpatun 3a LOMOMOrow Ai-
afloroBOro BikHa onepaiiHoro meHto Insert - Function - Function Category
(Solving) - Function Name (Minimize, Maximize) / BctaBka - ®yHKLUIA -
Karteropia dyHKuii (Po3B’a3aHHA) - Ha3ea (yHKUiT (Minimize, Maximize)

abo aHanoriyHo, BUKOpUCTOBYHOUM NikTorpamy Insert Function )
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LLi  pyHKUIT MOXYTb BMKOPUCTOBYBATUCHA [L/1A MOLIYKY €KCTPeMasibHUX
3HayeHb BMPas3iB Bif OAHIEI UM AEKIIbKOX 3MIHHUX. Y SIKOCTI pPO3B’s3aHHS BKa-
3aHi (DYHKLUIT MoBepTat0Tb 3HAYEHHS TOYOK.

Mpuknag 9

3HaTW 3HAUEHHS 3MIHHIX X Ta Y, Npu SKuX (yHKuis f(x,y) = X°+ y* + 3
HabyBa€ MiHIMa/IbHOr0 3Ha4YeHHS.

MocnigoBHICTb Ail:

1 3agatvt yHKLito f(X,y):= X*+ y* + 3.

2 3ajaTtn noyaTkoBi 3HAYEHHS 3MIHHUX 1 MOLYKY eKCTpeMyMy X: = 1
y: = 1. NoyaTKoBI 3HaYeHHSA BMOMPaIOTL abo 3 (hisMYHMX MipKyBaHb, abo 3 Bu-
KOPUCTaHHAM rpadikis QyHKLT.

3 3agatv (hyHKUit0 nowyKy MiHIMymy P: = Minimize (f, X, y).

4 Ofep>XMMO 3HaYeHHS 3MIHHWUX, NPU AKX YHKLIS foCArae MiHIMymy:

aex=1iy=0.
Bug gokymeHTta B MathCad:

f(x,y)::(x—1)2+y2+3 X =1 y=1

P = minimize (f,x,y)

- (o)

Mpuknag 10

3HaliTV MakCUMasbHe 3HaueHHst yHKuii z(x) =| x - 5| -| x| -| 7x + 3] .

MocnigoBHICTb Aili:

1 3agav pyHKuito z(X): = | x -5 - x| -| 7x + 3] .

2 3afatn No4aTKoBe HabNMXKEHHS apryMeHTY A5 NOLLYKY PO3B’A3aHHS:

x:=0.

3 3anucatu hyHKLiO nowyKy Makcumymy P: = Maximize (z, ).

4 OpepXXatu 3Ha4YeHHS 3MIHHOT X, NPY AKOMY (PYHKL IS LOCArae MiHIMYyMY:
P =-0,429.

5 O64YMCAMTU 3HaYeHHS DYHKLIT B Wi Touui z (P) = 5.
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6 [ns nepeBipKn 3HaAEMO nepLuy NoxiAHy AaHoi PYHKLIT B TOYLi eKCT-
peMymy:

4 ,p) =0

dx
Bug nokymeHTa B MathCad:
z(x) = |x-5] - |x|] - |7T-x+ 3|

Xx:= 0 P := Maximize (z,X)

P = —0429 z(P) =5
d
—z(P) =0
dx (P)
Mpuknag 11

3HaiiTV MiHiManbHe 3HaueHHs QYHKLIT f (X, y) = x>+ y? npu xe[-10, 10] i
ye[10, 20].

MocnigoBHICTb Ail:

1 3agatv yHKuio f(X, y): = X2+ Y2

2 3alaTy MoYaTKoBi HabAVMXKEHHA apryMeHTY A4/ MOLUYKY PO3B’A3aHHS
x:=1;y: =1

3 3anucaTy K1rYoBe C/I0BO A4/1 noyaTKy 610Ky po3B’s3aHHa Given.

4 3apatn 06MEeXeHHS 418 3MIHHUX:

x=-10x<10;
y=>10y < 20.

5 3agatv hyHKUito nowyky MiHimymy P: = Minimize (f, x, y).
6 Opfep>xatyt 3HaUYEHHS 3MIHHUX, NPU AKUX PYHKLIA focArae MiHIMyMY:

o [-2662x107 %
10

Takum YnHom, X =0 iy = 10.

7 O6uMcnnT 3HaYeHHs PYHKUIT B Liin Touui: T (0; 10) = 100.
Bug pokymeHta B MathCad mae Burnsag;
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f(x,y) = x? 4 y2 x=1 y:=1
given
x> -10 x <10 y > 10 y < 20

P := Minimize (f,x,y)

o _ | -2662 x 10 -1
10

f(0,10) = 100

Tpeba 3a3HaunTW, WO y npuknadi 11 ¢hakTMYHO 3HaAEHO HE EKCTPEMYM
(hYHKLLIT, a HaliMeHLLIe 3HaYeHHs1 YHKUIT Y 3aaaHiin obnacTi. Lisa obnactb 3ana-
eTbca y Solve Block, o nounHaeTbca 3 KAo4voBoro cnosa Given. BoHa mMoxe
BK/IKOYATW PIBHOCTI i HEPIBHOCTI, 3ara/ibHOK KinbKicTio Ao 200. ¥ Solve Block
MOXHa BMKOPUCTOBYBATW 3HaKM BiHOLLEHHSA <, <, >, >, = | He MO)XKHa 3HaK #.

NMnTaHHA 0N1s CAaMOKOHTPOI

1 Y akomy BMNagKy, BUKOPUCTOBYHOUM cnewianbHi onepatopu MathCad,
MOX/IMBO 3HAWTN eKCTPEMYM (DYHKLLIT?

2 Aki gpyHKuiT MathCad BMKOPUCTOBYETLCA A1 MOLLUYKY EKCTPEMYMIB, X
aprymeHTun?

3 Y AKX BMNafgKax 4ns Mnowyky ekCcTpeMyMy (YyHKLUIT BUKOPUCTOBYHOTb
610K po3B’a3aHHA (Solve Block)?
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7 PO3B’ASAHHA PIBHAHb | CUCTEM PIBHAHDb
7.1 Po3B’A3aHHA PiBHAHb

[ns NowyKy po3B’A3aHHA OAHOr0 PIBHAHHA 3 OAHWM HEBILOMUM Y
MathCad BMKOPUCTOBYETLCA (DYHKLIA root, BUK/IMK SKOT BUKOHYETLCS 3 BUKO-
puctaHHAM niktorpamu Insert Function - Function Category (Solving) -
Function Name (root) / BcTtaBka QyHKuUii - Kateropia ®QyHKuii
(Po3B’s13aHHSA) - Ha3Ba pyHKUIT (root) abo Habopom i3 KnasiaTypu. 3arasbHa
(hopma 3anucy: root(f(x), x).

TyT nepwnii enemeHT — yHKUiA f(X) (piBHAHHSA, PO3B’S3aHHS SKOro NoT-
Pi6HO 3HaTK) BU3HAYAETLCS abo paHille B pO604OMY [AOKYMEHTI, ab0 3aaETh-
ca 6e3nocepeHbO BCepeauHi onepatopa root. Apyruii efemeHT X — iM'a 3MiH-
HOI, O BMKOPUCTOBYETLCA B PIBHAHHI (3MiIHHA, Bapitooumn AKy BifbOyBaeThbCH
MOLIYK po3B’A3aHHSA). LLiin 3MiHHIA nepef BUKOPUCTaHHAM (DYHKLUiT root Heob-
XiIHO NpVBNacHUTK AKechb (y 3arasibHOMY BUNaAKY [OBI/IbHE) YMCMN0BE 3HAYEH-
HA. MathCad BMKOPWUCTOBYE MOro SIK MOYaTKOBE HaOMMXKEHHS NPW MOLIYKY KO-
PEHA PIBHAHHA, pe3ynbTaToM € HalbIKUMA 3 PO3B’A3KiB. TOMY NpU BUKOPWC-
TaHHI yHKLUIT root 6axkaHa nonepeaHs nobyaosa rpadika f(x) ana BU3Ha4YeHHN
MOYaTKOBUX HABMKEHD.

PO3r1SIHEMO PO3B’A3aHHS PiBHAHHSA €° = X.

BukoHaemo Taki fil:

1 BwusHaummo BMpa3, L0 MNOBUHEH BYTW 3BEPHEHWNIA B HY b, TOOTO MepeT-
BOPUMO BUXifHE PiBHAHHS y BUrAag X° - € = 0. JliBa YaCTUHa LibOro BUpasy i €
yHkuieto f(X) pna dyHKUIT root.

2 TMob6yayemo rpadik hyHKLii y(X) = x*-e*. 3a /ioro 4OMNOMOroK BU3Ha-
4YMMO MOYATKOBI HABNMXKEHHSA 415 MOLUYKY PO3B’A3KIB — TOYKM 3 abcumcammn 2
Ta o.

3 TMo3HaunMmo 3MiHHI X1 i X2 K KOpeHi PIBHAHHA, OTPMMaHI 3 BUKOPUC-
TaHHAM (OYHKUiT root.

4 OpepXXMMo 3Ha4YeHHS KOPeHiB PiBHAHHA MO 4Yep3i 415 KOXKHOro 3 Ha-
ONMKEHD.

5 lMepeBipnMO OTpMMaHi PO3B’A3aHHA — 00MABa KOpPeHsi 06epTatoTh 3a-
AaHe PiBHAHHSA B HY/b. TaKMM YMHOM, 3HANAEHO BipHI PO3B’A3aHHS.

Pe3ynbTaTt NpeacTaB/eHNiAi Ha PUCYHKY 12.

[Mpy BUKOPUCTaHHI (yHKLIT root BapTo MaTu Ha yBasi:
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- 3MiHHI NPUBNACHIOETHCA NMOYATKOBE 3HAYeHHs (nepLue HabVKEHHS)
[10 MOYaTKy BUKOPUCTaHHA (DYHKLIT root;

- 19 BUPa3y 3 eKiNbKoMa KopeHsaMu, Hanpuknag x* - 1 = 0, noyaTkose
Ha6MYKEHHS | BU3HAYaE KOPiHb, WO 6yae 3HalaeHWIA;

- (OYHKLUiS root 103BONSIE 3HAXOAMTU K AIMCHI, TaK i KOMMNEKCHI KOPEeHi;

- 3afa4a po3B’A3aHHA PiBHAHHA BUAY f(X) = g(X) eksiBasieHTHa 3afadi
nowyky kopeHsa Bupasy f (x) — g (x) = 0 .[And uboro yHKLiA root Moxe 6yTu
BMKOpUCTaHa B Takuii cnoci6: root (f (X) — g (X), X).

3 X 127
y(x) = x" —e 10+
8 -
6__
4 -
2 -
y(x) :

1.857
4.536

X:=2 X1 := root (y(x),Xx) X1
X:=5 X2 := root (y(x),X) X2

y(X1) = 2005 x 107>  y(X2) = —8439 x 10 °

PucyHok 12— P03B’s13aHHS PIBHAHHA 3 BUKOPUCTaHHAM oyHKLUIT root

7.2 TloWwyK KOpeHiB rnosiiHoma
[lns NoLYyKy KOpeHiB nosiHoma
Pn(X) = ApX, + - +AX, + AXy + A

e(heKTUBHILLIE BUKOPUCTOBYBATU (DYHKLLiIHO polyroots, BUK/IMK AKOT 3[iNCHIOETb-
cs NoAI6HO (hyHKUiT root. Ha BiagMiHY Bif PYHKUIT root hyHKLiA polyroots He
BUMarae 3afjaBaHHA Mo4aTKOBUX Hab/vkeHb. Kpim Toro, ¢yHkuis polyroots
0bepTae B AKOCTI PO3B’A3aHHA BiApa3y BCi KOPEHI, Y TOMY YMCAI | KOMMEKCHI.
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3aranbHui Burnag qyHkuii: polyroots(v), fe v € BEKTOPOM KOediLieHTIB
noniHOMa pPo3mipHicTIo (N+1):

Ha pucyHky 13 npuBegeHuUiA Npukiag BUKOPUCTaHHS (yHKLIT polyroots

1151 MOLLYKY KOpeHiB noniHoma X° —10-x + 2-x°. Mpacik Ta npoBezeHa nepe-
BipKa NiATBEPMKYHOTb HAasBHICTb Ta BiPHICTb 3HANAEHNX TPbOX KOPEHIB.

20T

[

x3-10 -x+2 %5 b\/ 5
20+
5 X
10 -3.258
Vo= 0 resh := polyroots (V) resh = | 0.201
. 3.057
5358 x 10 0
X := resh x>~ 10-x+2=| 5358 x 10" 1
5358 x 10 10

PUcyHOK 13 — noLuyK KOpPeHiB noaiHoMa 3 BUKOPUCTaHHAM oyHKLIT polyroots
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7.3 Po3B’A3aHHA CUCTEMU PIBHAHDb

[na po3B’s3aHHA CUCTEM PiBHAHb 3 BUKOpPUCTaHHAM nporpamun MathCad
Heob6Xi[lHO BUKOHATW TaKi Al

1 3agatv No4vaTKoBi HAGMMXKEHHS 415 BCIX HEBILOMMX, WO BXOAATb [0
cuctemm piBHAHb (MathCad BMKOPUCTOBYE AN15t NOLIYKY PO3B’S3KIB iTepaLiiiHi
MeToAM, TOBTO Ha OCHOBI NMOYATKOBOIr0 HabMVXKEeHHS BYAYETLCA NOCNILOBHICTb,
LLJO0 CXOAMTLCA [0 O4YiKYyBaHOI0 PO3B’A3aHHS).

2 Habpatn kntoyoBse cnoso Given.

3 BBecTu piBHAHHSA | HEPIBHOCTI B OY/b-AKOMY MOPSAAKY HUXYe K/1H40BO-
ro cnosa Given. YNeBHUTUCA, LLIO MK NTIBUMU | NpaBUMK YaCTUHaMM PIBHSAHb €
cumBon = (bynesa piBHICTb). [/19 MOro Habopy MOXKHa BUKOPUCTATW CMOSTyHYEeHHS
knasiw Ctrl + = ab6o nikrorpamy Boolean Toolbar - Equal to / MNaHenb iH-

CTPYMeHTIB 6yneBo - byneBa piBHICTb (KHOMKa ﬂ). Mix niBumu 1 npasummu
YaCTMHaMMN HEPIBHOCTEN MOXKE CTOSTU KOXEH i3 CUMBOSIB: <, >, < a60 ..

YBecTu Bupas, Wwo BkYae qyHKuUito Find. Mpu Habopi cnosa Find mo-
YKHa BUKOPUCTOBYBATU LUPUMT OYab-AKOro po3mMipy, AOBINIbHUIA CTWU/b, BEMUKI
masi nitepu.

Find (z1, z2, z3, ...) — obepTae po3B’si3aHHS CUCTEMM PIBHSAHb; YMC/IO
aprymMeHTiB NMOBMHHe AOPIBHIOBATU KifIbKOCTI HEBIJOMMX.

AKWo ¢yHKUia Find mae TinbkM OAMH aprymMeHT, TO BOHa ob6eprae
PO3B’A3aHHA PIBHAHHA, PO3TALLOBAHOI0 MXK KNHOYOBUM cnoBoM Given i yHK-
uieto Find.

Akwo PyHKuis Find mae 6inblle 0AHOro aprymMeHTy, TO BOHa obeprae-
pO3B’A3aHHA Yy BUrNadi Bektopa. Hanpuknag, Find (z1, z2) noBepTae BeKTOp,
LLLO0 MICTUTb 3HaYeHHs z1 Ta z2 i € PO3B’A3aHHAM CUCTEMMW PIBHSAHD.

Kntouose cnoBo Given, pIiBHAHHA | HepiBHOCTI, WO 3anucyroTb Micns
HbOro, Ta AKNN-HeOYAb BMpa3, WO MICTUTbL (yHKUi0 Find, HasuBatoTLCA 6/10-
KOM PO3B’A3aHHSA pPiBHAHb. MiXK KitovoBum cnosoM Given i pyHKuieto Find (y
6noui po3B’A3aHHA PIBHAHb) MOXYTb 3aCTOCOBYBATMUCA BMPasy TOYHO BM3HAYe-
Horo Tuny. Hwxk4ye npueedeHUA CNNCOK UMX BUPasiB. BMKOPUCTAHHA iHLIMX
BMpa3iB He JonycKaeTbCA. [aHi BMpa3u 4acTo Ha3MBaKTLCA 0OMEXEHHAMU. Ye-
pe3 X i y no3HayeHi AiMCHI CKanspHi BMpasu, a Yepes z i w — Byab-Ki CKansipHi
BUpasw.

- W = z (3HaK = 3afaeTbCs cnonyyeHHsM Knasiw Ctrl + = — 6ynesa pis-
HiCTb) NoBepTae 1, AKLLO onepaHAW PiBHI; iHaKLwe — O;

- X >y (3HaK > 3aa€TbCA KNaBiLlew >) — Oi/ibLUe HiXK;

- X <V (3HaK < 3aja€TbCA KNaBiLlet <) - MEHLLE HiX;
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- X >y (3HaK > 3a4a€eTbCA cnonyyeHHsam Knasiw Ctrl + 0) — 6inblie abo
NOPIBHIOE;

- X £y (3HaK < 3a7a€eTbCa crnonydeHHam Knasiw Ctrl + 9) — meHLle abo
[OPIBHIOE.

Taki BMpasv HenpunycTUMi BcepeanHi 6/10Ky po3B’A3aHHA PIBHAHb:

- 0OMeXeHHs1 31 3HaKOM # (3HaK # 33[a€ETbCsA CMOSTYYEHHAM K/aBiLll
Ctrl + 3) — He AOpPIBHIOE;

- QVUCKPETHUIN apryMeHT abo AMCKPETHE BMpasy, L0 MICTATb AUCKPETHWI
aprymMeHT y 6yab-siKin hopmi;

- HepiBHOCTI BUMNAQy a< b <c.

®PyHKuis Find MoXke MICTATK ABa apryMeHTU: X 1y Ta 0b6epTaty BignoBigb
y BUINS4I BEKTOPa 3 IBOMa KOMMOHEHTaMMK.

LLlo po6uTtu, konm Mathcad He MOXKe 3HaNTV PO3B’A3aHHA?

AKLLO B pe3y/bTaTi PO3B’A3aHHA CUCTEMU PIBHAHb Ha AKOMY-Hebydb eTani
iTepauiri He MoxXke 6yTW 3HaleHe BiNnbLL NPUAHATHE HabNMXKEHHS [0 LLYKaHOro
PO3B’A3aHHA B MOPIBHAHHI 3 MOMepeHiM eTarnoMm, TO MOLUYK PO3B’A3aHHA Npu-
NUHSAETBCA, a (PyHKUis Find nosigomnsge npo nomunky: No solution was
found / Po3B’s13aHHSA He 3HaleHe.

AKLLO NpY MOLWYKY 3YCTPIYatOThCA TPYAHOLLI, TO KOPUCHO BUBECTU, SK
MOKasaHo BULLE, Ti UM iHWI rpadikK, MoB'A3aHi 3 MowykoMm. AHani3 rpadika
MOXeE MOMIerwnT MNOWyK 0651acTi, y SAKi MOXe 3HaxXxoAauTUCA LUyKaHe
PO3B’A3aHHS, | 4ONOMOXe BMOpaTy NpuaaTHe noyaTkose HabMMXKEHHS,

IHOZI KOPUCHO LUYKaHe PIBHAHHA B 06/1aCTi KOPEHS 3aMiHUTW MONTHOMOM
Teinopa.

Akwo Mathcad Bce 04HO He MOXe 3HaNTW PO3B’A3aHHSA CUCTEMM PIBHSAHb i3
3a[1aHOK0 TOYHICTIO, MOXHa 3aMiHUTU (yHKUito Find Ha yHkuito Minerr.
P03B’A3aHHA, 3HaeHe TakuM YMHOM, Byae MaTh HalMeHLLE 3 YCiX MOX/IMBUX
3HAYeHHS NOXMOKM.

MUTaHHA ANsi CAMOKOHTPO/HO

1 Aka 3 hyHKUin MathCad BMKOPUCTOBYETLCA A/1A MOLIYKY PO3B’SA3aHHSA
OZHOr0 PIBHAHHSA 3 OAHUM HEBILOMUM, TI aprymeHT?

2 LLlo Take iHTepnonAuiinHMIA NoNiHOM, AOro 3anuc y 3araibHoOMYy BUi?

3 Aka 3 dyHKuUii MathCad BMKOPUCTOBYETLCS /11 NOLYKY KOPEHIB Mno-
NniHoMma, Ti aprymeHTn?

4 OCo6/IMBOCTI MOLLYKY PO3B’A3aHHA CUCTEMM PIBHAHb 3 BUKOPUCTAHHAM
nporpamn MathCad?
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8 PO3B’A3AHHSA 3BUYANHNX ANPEPEHLIIA/IBHMX PIBHAHb

3BnyaitHe andepeHLUianbHe PiBHAHHA — AndepeHLianibHe PIBHAHHS, Y SIKO-
MY HEBIAOMUM € (PYHKLIA O4HIET 3MIHHOI.

Pe3ynbTatom po3B’sA3aHHA AMMEPEHLIaNIbHOTO PIBHAHHA € (YHKLUIA, WO Y
3a/1eXKHOCTI Bif Crocoby po3B’A3aHHSA MOXe MaTu BUrNsAg Tabnuui (9K y Bunag-
Ky BUKOpUCTaHHA MeToay PyHre-KyTTa) abo hopmynu.

AK BIJOMO 3 KypCy AnepeHLia/ibHUX PIBHAHB, /LLe HeBeMKa KiflbKiCTb
TUNIB PIBHAHb MEPLLOro MOPSAKY AONYCKatTb 3BEAEHHA PO3B’A3aHHA [0 3BU-
YainHOT onepauii iHTerpyBaHHs. LLle piawe BAAETLCS OfepXaTu PO3B’si3aHHS B
efleMeHTapHUX (YHKUiAX. TOMYy BeMKe 3Ha4YeHHS MaltoTb 4YMCeNlbHI MEeToau
PO3B’A3aHHA AndepeHLiaibHUX PIBHSAHb, WO A03BO/MATL OAepXKaTu Tabnuuto
3HayeHb (DYHKLIT B HEOOXIiAHMX TOYKaX.

Y MathCad icHye 13 BOYfoBaHMX (PYHKLiA A5 PO3B’S3aHHA 3BMYAHNX
AndepeHLiabHUX PiBHAHDL | CUCTEM 3BUYaHMX AMtepeHLiaNlbHUX PIBHSHb Pi3-
HOro MOpPAAKY Pi3HUMK MeTogamun. PosrngHemo oaHy 3 Hux: rkfixed — ska pea-
nisye metog PyHre-KytTa 4-ro nopsgky 3 ikCoBaHMM KPOKOM iHTErpyBaHHS.
Lleli MeTog Ma€e TOUHICTb mopsaky h°, ge h - Kpok iHTerpyBaHHs.

3arasibHuin BUI, PYHKLUIT:

Z: = rkfixed (y, X1, x2, npoints, D),

[ie Y - BEKTOP MOYaTKOBMX 3HAYEHb LLIYKAHNX PO3B’A3KIB;

X1 - 3Ha4YeHHSA TOYKM MoYaTKy Bifpi3Ka IHTErpyBaHHS;

X2 - 3HAYeHHS TOUKM KiHLUA Bifpi3Ka iHTerpyBaHHs;

NpoInts - YXCNO KPOKIB IHTErPYBaHHS;

D - (hyHKLiA-BEKTOP NPaBUX YaCTUH PiBHSAHb.

Buknuk yHkuii rkfixed 3aiiicHIOETbCSA 3 onepauiitHOro MeHto Insert -

Function -Differential Equation Solving — rkfixed / BctaBka - ®yHKUISA -
Po3B’A3aHHA gudepeHuianibHUX piBHAHB - rkfixed abo 3 BUKOpUCTaHHAM mi-

KTorpamu Insert Function / BctaBka q)yHKLq,iT(ﬂ).
Po3rnsaHeMo Kifbka MpUKNagiB 3anucy 3sMYaniHOro AmdgepeHLianbHOro
piBHAHHA B nakeTi MathCad.

Mpuknag 12

[aHe piBHAHHSA 1 3afaHi rpaHUYHI YMOBW.

y"+3y=0,y(0)=1y'(0)=0.
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3anuwemo BekTop D. Yucno psALKiB UbOro BEKTOpa LOPIBHIOE MOPAAKY
PIBHAHHSA, PaKTUYHO MU 3aMUCYEMO PIBHAHHSA K CUCTEMY:

{y’= y’
yU — _3y .

[Mo3Haunmo

Opep>xnmo:

D:{ Y1 }
—-3-¥o -

[MoyaTKOoBI YMOBW 3annUCYOTLCA Y BUMNALIL:

3HaYNTb.

Mpuknag 13

[laHe piBHAHHSA | 33faHi NOYaTKOBI YMOBMW:

y"+3y=x%+3,y(0)=1,y'(0)=0

D 2 Y1
X +3-3-yg |’

MOYaTKOBI YMOBM 3aMnnCyOTbCS TaK camo, sIK Y NMonepeaHboMY npuKnagi.

Y ubOMy BUNAAKY

MNMpuknag 14

[aHe piBHAHHSA | 33aHi NOYaTKOBI YMOBMW:
y'+2-y"+sinX)-y'—x-y =13,
y(0)=1y'(0)=0, y"(0) = -1
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Y1
Y ubomy BUNagky D = Yo ,
13-2-y, —sin(X)-y; +X-Yg
1

NoYaTKOBi YMOBM: y=[0]
-1

dyHkuia rkfixed obepTae pe3ynbTaT Yy BUTNA4I MaTpuli, Aka CKNafacTbCs
3p + 1cToBnuiB i n psAAKiIB, e P — KifbKiCTb PiBHAHb CUCTEMI abo NOPsAOK pi-
BHSAHHSA, N - KiNbKICTb KPOKiB IHTErpYBaHHSA, i Ma€ BUTNAL;

0 1 2
0 | X0 | y(x0) | y'(x0)

1 | x1 | y(x1) y'(x1)

2 | x2 | yx2) | Y(X2)

TyT NepLunin CToBNeLb — e 3Ha4YeHHS apryMeHTY, WO 3aaeTbCs KOPUCTY-
BayeMm, ApYruin CToBneub — OpAUHATK LWyKaHOT (yHKUIT y(X), iHWIi cToBNUi —
3HaYeHHS OpAMHAT NOXIAHUX WYKaHOT YHKUIT: y'(X), y''(X) i T.4.

MNMpuknag 15
3HanTN Po3B’si3aHHS ANQEPEHLiaIbHOrO PIBHAHHA Y = -y’ + 2 - y npK
HacTynHux novatkosmx ymosax: y (0) =1,y (0) = 3.

Po3B’s3aHHS

1
y= {3} - BEKTOP NOYaTKOBUX YMOB,
x1 =0, X2 = 2 - Ha UbOMY BIPI3KY LUYKAEMO PO3B’A3aHHS,

npoints = 400 - YACNO KPOKIB IHTErpyBaHHS,

Y1

D(x,y){
-Y1+2-Yp

j| - BEKTOP MpaBnX YaCTUH.
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MpumiTKa. HKHIR iHaekc y MathCad moyKHa nocTtaBuTK 3a J0MOMOroH
HaTMUCKaHHA Knasiwi [, abo 3a gonomoroto naHeni iHCTpymeHTiB Vector and
Matrix Toolbar — Subscript / BeKTOpHi i MaTpu4Hi onepauii - H/KHIN iH-

NeKC .

Pe3ynbTaT onucaHux fin y cepegosuili MathCad:

o

1
D(x,y) := (

Z = rkfixed(y,0,2,400,D
—Y1+ 2'Y0J y )

OfepXXunmo Tabnuuto, y Akiin nepunii ctosrnelpb — 400 TOYOK iHTepBany iH-
TerpysaHHs [0;2], ApYruil — 3HaYEeHHA LWYKaHOT PYHKLIT B LIUX TOYKaX, TPETIN —
3HaYeHHs nepLloi NoxiaHol. Tomy Lo Tabnuus AyXe A0Bra, Ha eKkpaHi npeacTa-
BNAETLCA Ti hparMeHT (puc. 14). Llinkom nepernsHyT 3MicT Tabnuui MoXKHa 3a
A0MNOMOrOHO NiHINOK NPOKPYYYBaHHS.

Byayemo rpagik (yHKLIT po3B’A3aHHA, 4e Mo oci abcumuc BigKnagarTb
TOUKM HYNbOBOTO CTOBMLSA MaTpuLi Z=° (BepxHiii iHAekc HabMpaeTbCs 3a Ao-

[ - - Rl
MoMOroto naHeni iHcTpymeHTiB Vector and Matrix Toolbar kHonka ﬂ), no

<1>

oci opauHat — Z~". Lle 1 € rpadhik hyHKUiT HabMKeHOro po3B’sa3aHHA andepe-

HLIa/IbHOT O PIBHAHHSA (puc. 15).

MUTaHHA ANst CAMOKOHTPOJTHO

1 ¢dka 3 (yHKuin MathCad, WO BWKOPUCTOBYKOTLCA ANA MOLUYKY
PO3B’sA3aHHSA AndepeHLiaibHNX PIBHAHDL, peanidye MeTog PyHre-KytTa 4-ro no-
PALAKY 3 (DiIKCOBaHMM KPOKOM IHTErpyBaHHA?

3 Y sakomy urnsagi yHkuis rkfixed obepTae pesynbtar nowyKy
PO3B’s3aHHSA An(epeHLiaIbHUX PIBHAHL?

4 MeToAVKa 3aBlaHHA BeKTOP-(hYHKLIT NpaBMX YacTuH AuepeHuianbHo-
ro PiBHAHHA?
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0 1 2 <
24| n1z2] 1385] 2e28)
26| 0125 1389] 2027~
26| 013 1384] 2026] ¢
27 n13s] 1.309] 2825] ¢
28| 014 1413] 2825) ¢
29| 0145] 1.428] 2924]
30| 015 1.443] 2024] ¢

2731 0.155] 1.457] 2.924] ¢
32| 0.18[ 1472 2.824] ¢
33| 0165 1.486] 2824] -
34| 017] 1501] 2825] ¢
35| 0175 1516] 2825 ¢
36| 018) 163| 2626) ¢
37| 0185 1545] 2826) -
38| 019 1.56] 2827 ¢
39| 0195 1574] 2028~}

PucyHok 14 — dparmeHT Tabmui YncenbHrX po3s’sa3KiB AndepeHLianbHoro
PIBHAHHS

157
11.25T
2V 751

3.75T

0 04 08 12 16 2
0
PucyHok 15 — M'paddik pyHKLUiT HabIM>XKEHOro po3B’A3aHHA
AndpepeHLiaibHOro PiBHAHHA
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9 CTATUCTUNYHA OBPOBKA OAHOMIPHOI' O BUTTAAKOBOI'O

MACUBY

BiflbLWiCTb KOHTPO/IbOBaHMX MapaMeTpiB BUPO6IB BiAHOCATLCA A0 HOpMa-

NbHO PO3MOAINEHMX BUNAAKOBUX BEMMUMH: PO3MipU [eTanei, Bara BU/IMBKIB,
MPOLEHTHWUIA BMICT XiMiYHMX €/IeMEHTIB Y Cr/laBax, eNeKTPOEMHICTb i onip ene-

KTPOTEXHIYHMX BUPOOIB i T. 4.

Mpu cNpaBHOMY YCTaTKyBaHHI i1 NpaBWIbHO BiAperynboBaHOMY TEXHO/O-

riyHoMy MpoLeci Po3no/in KOHTPO/IbOBAHOIO NapameTpy NOBUHHUIA BYTU HOp-
Ma/lbHUM, a A0ro cepefiHe 3HaYEHHS! NOBUHHE 30iraTnCs 3i 3HAUEHHSIM, 3ajaHUM

y TEXHIYHIA AoKyMeHTauil. MOXMBI BigXWNEHHA Bif i€l BUMOru i nepenoda-

yyBaHi NMPUYMHN UUX BIAXWNEHb NepepaxoBaHi B Tabniuui 2.

Tabnus 2

No [MopyLleHHA

MNpnunHa

3afjaHUM TEXHIYHOK JOKYMEHTALLIED

1 |Po3nogin KOHTPO/bOBAHOIO MnapamMeTpajHenpasuibHO Bigperyns0BaHNiA
6/M3bKUIA [0 HOPMAJTLHOTO, asle BUGIPKO-TeXHO/OriYHWIA npouec. MoTpib-
Be cepedHE He 306iraeTbCa 3i 3HAYEHHSIM,He PerystoBaHHS

€TbCA BI,EI1 HOPMaJIbHOIo

2 |Po3nogin KoHTponboBaHOro napameTtpalCepiio3Hi HeCcrpaBHOCTI B ycTaT-
O[IHOMOZaNbHWIA, ane CUIbHO BiApPi3HS-|KyBaHHI. MOTpibeH peMoHT

3 |Po3noain 6aratoMofasnbHuWi HeskicHa BMbipKa, JaHi B3ATI 3
PI3HUX TeHepasibHUX CYKYMHOC-
Teld. MoBTOPUTIN BUBIPKY

LL1o6 BCTaHOBMTU, UM Mae MicLe OAHE 3 MepepaxoBaHUX MopyLLeHb, Pob-
NATb CTATUCTUYHWUIA KOHTPO/b MapameTpa, WO Hac LikaBWTb. [ns UbOro po6-
NSATb N BANAAKOBUX MOro BMMIpIB: X1, X2, ..., Xn (B16ipKa 06’emy n). 3a BMOGIp-

KOO 3HaX0AATb HACTYMHI YNC/IOBI XapaKTEPUCTUKM:

1
- MaTeMaTuyYHe oUiKyBaHHs: X :HZ Xi |
i

C 1 -y
- pvcnepcito: D = FZ (Xi — X ) ,

- cepeHbOKBaJpaTUYHE BigXuneHHs: o =vD"

. 1 1 —
- acumetpito: Sk = —— =)’ (xi - X ) ,
G

11 —,t
- eKcuec: Ex = FZ X;—x | -3,

)"
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OfHomopa/IbHICTL abo 6araToMoAa/IbHOCTbL BUOIPKOBOrO PO3MOLiNY BU-
3HaYalTb 3 BMAY rictorpamu. bBansbKiCTb 3aKOHY PO3MOAINY 4O HOPMa/bHOrO
BM3HAYal0Th 3a 3HAYeHHAMW acuUMeTpil i ekcuecy. MOpiBHAHHSA BUOIPKOBOro

—_

CEepPeaHbOro X 3i 3Ha4eHHSIM KOHTPO/IbOBAHOrO napameTpa, 3a4aHoro B TEXHiY-
Hili AOKYMeHTaUii, 403BO/ISE BCTAHOBUTK, Y NPaBU/IbHO BifperyboBaHWn Tex-
HO/IOTIYHMIA NpoLec.

MNpuknapg 16
BukoprcTOBYHOUM CTAaTUCTUYHI AaHi (Tab/. 3) BUKOHATU 3a3HaueHi HKYe
3aB[aHHS.

Tabnmusa 3

1.67 241 0.79 1.41 2.50 2.29 2.58 1.32
3.75 [194 0.95 3.48 2.39 1.17 1.92 1.04
213 |1.58 2.18 2.30 3.03 1.50 2.53 1.91
1.31 |3.62 1.49 1.98 2.14 3.35 2.89 2.51
231 |2.34 1.00 2.03 0.64 2.67 0.09 1.78
324 191 1.20 1.61 2.35 1.73 2.93 2.32
284 |1.29 2.28 2.54 1.85 2.40 2.22 2.90
237 |2.68 2.00 2.70 2.33 2.86 0.36 1.98
2.53 10.80 2.89 0.73 1.01 1.85 2.05 1.16
1.76 |2.78 2.43 1.85 1.21 1.53 1.54 2.43

1 CtBOpuTW (haitn BUXIAHUX AaHUX Mif BAacHUM iM'AM (Hanpukniag,
fio_2.dat).

2 [lns cBOET BUBIPKM oaepykaTu Taki AaHi: 06'eM BMOIPKKX N, MateMaTuyHe
OYiKyBaHHA mean, po3Max BMOIPKM R = xmin —xmax, cepeaHbOKBagpaTUyHe
BiAXWNEHHS 0, acMMeTpIto SK, ekcuec EX. 3a 3Ha4YeHHAMM acCUMETPIT i eKcLecy
 BUAYy rictorpamu 3p06UTK BUCHOBOK, UM 3HAYHO BifpI3HAETLCA PO3MOAiN BU-
NafKOBOI BE/MYNHN Bif HOPMa/IbHOI.

3 lMobyaysatn rictorpamy, 06paBLUM YMUCNO YACTKOBWUX IHTepBaniB,LLO
paopisHioe 10. Big3HauMTK, YM 3a0BO/bHAE TicTOrpama 3afaHuM 4o Hei BUMO-
ram. FAKLLO0 He 3340BOJIbHAE, 3MEHLUNTW, HACKINIbKW Lie MPUNYCTNUMO, YMUC/O0 Yac-
TKOBWX IHTEpBaIiB.

4 3HaliTN MMOBIPHICTb B/YYEHHS BUMaAKOBOT BE/IMYMHM B 3afaHMI Mpo-
MiDKOK: P (2,1 <X <3,2)=".

5 BBaXkarouu, LLLO TEXHOOTYHMIA NPOLLEC BifperynboBaHWii NpPaBusiLHO, a
pgonyck ctaHoBuTb 10% Bif 3Ha4YeHHS KOHTPO/IbOBAHOIO MapamMeTpa, 3HaulTu
BUNYCK NPUAATHOT NPOAYKLUIT Y BIACOTKaXx.
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Po3B’A3aHHSA

1 3acobamu pefiakTopa BIOKHOT CTBOPHOEMO (hait faHux dan.dat.

2 Po3paxoByeMO Taki 3HayeHHs: 00'eM BMOIPKM N, MaTtemMaTUyHe OYiKy-
BaHHA mean, po3max BMOIpKM R = xmin — xmax, CpefHbOKBajpaTUyHe BigXu-
NeHHsA 0, acumeTpito SK, ekcuec EX TaKUM YMHOM:

ORIGIN:=1
ii=1..80
&:= READ ("dan.dat™)
xmax:= max(§) xmin:= min(§) xmax = 3.75xmin = 0.09
&= sort(&) n:=length({) n=80 R:= xmax — xmin
mean:= mean(§) mean = 2.03
disp:= var(E)-% disp = 0.574
0.= ,/disp 0=0.758
Mg:= %j n (0, —meany’ Hai= %-Zn:(oi —mean)’
Ski= % Sk =-0.173
Ex:= [M_j -3 Ex = -0.288
O

3a 3Ha4YeHHsAMKM acUMETPIT i eKcuecy 1 BUrnsAy ricrorpaMmm pobumo Bu-
CHOBOK, Y1 3Ha4YHO BIAPI3HAETLCA PO3NOAIN BMNAAKOBOI BESIMYMHN Bif HOpMa-
NbHOrO.

3 byayemo rictorpamy, 3afasLUn YMC/I0 YaCTKOBUX IHTEPBa/IIB TaKMM, LLLO
nopisHtoe 10.

m:=10 h:= % h=0.366
j=1.m k=1.m-1
Xi:= Xmin + (gj (2-]-1)
f:=hist(x, &)

BucoTa cTOBMLIB JOPIBHIOE KifIbKOCTI TOYOK, LLO NoTpanuan Ao BiAnosi-
[AHOr0 YacTKOBOro iHTepBasy. flaHa rictorpama (puc. 16) BMMoram, nporoHo-
BaHWM [0 ricTorpam, He 3a[0BOJIbHSE.
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o 05 1 15 2 25 3

=
PucyHok 16 — [MicTorpama gnsg umcna yacTkosmx iHTepsanis 10

3MEHLLYEMO YMCNO YaCTKOBUX IHTepBaniB Ao 7 i 6yayemo HOBY rictorpa-
my (puc. 17).

[aHa rictorpama BiAnoBigae BMMoram Ao rictorpam. Ymcno 4acTKoBMX
IHTepBaniB 3MeHLIYBaTW Aasli He MOXKHa.

25 I

/\

o \

R e

PucyHok 17 — IicTorpama a4 uncna 4acTKOBUX IHTepBasliB 7

4 IMOBIPHICTb B/y4eHHS1 BUNAAKOBOT BEIMUYMHN B NPOMIKOK (&, b) po3pa-
XOBYETbLCA 3a (hOPMY/IOH:

Pa<X<b)=F (b)-F(a),

ae F (X) — qoyHKUist po3noginy BUMnaaKoBOi BENYMHM.
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3HayeHHsA PYHKLIT pO3MoAiny 3HaxXo4MMO 3a AONOMOrow BoyaoBaHol qy-
HKUIT pnorm (X, mean, o).

pnorm (3.2, mean, o) — pnorm (2.1, mean, o) = 0.402;
P(2,1<X<32)=F(3,2)-F(2,1)=0,402.

5 OCKiNbKN TEXHOMOMYHWIA NPOLIEC BiAperynboBaHUin NpaBuIbLHO, BMGIp-

KOBe CepeAHE X MOXHa MPUIAHATK 3a 3HAYEHHS NapameTpa, 3a[aHoro B TeXHIY-
Hil JOKymeHTauii. [ecATMBIACOTKOBE BigXM/IEHHA 3HAX0AUMMO 3a (POPMYOHD

— . o o~ o
8=01-x=01-2,03. lani 064NCNOETLCS MOBIPHICTb PQX—X‘ < 5)= ZF(;)

0 := 0.1-mean 0 =0.203

2-pnorm(i, mean,c) =0.02
()

Ofep>XyeMo BIANOBiAb: BMXIiA NPUAATHOT NPOAYKLIT NpY 3agaHoOMy fony-

CKYy 01X ctaHoBMUTH 0,02-100% = 2% Bif yCi€l NpoayKuiT.

IMnTaHHA 4159 CaMOKOHTPOJIO

1 [aliTe BU3HAUYEHHSA NOHATTAM: 06’eM BMOIPKM, MaTeMaTUYHE OYiKyBaH-
HA, po3Max BUOGIPKW, cepeAHbOKBaApaTUYHE BIAXMIIEHHS, aCUMETPIS, eKCLiecC.

2 LUWlo Take TeopeTMyHa W emnipuyHa LWiNbHICTL HOPMasIbLHOIO
po3snoginy?

3 Aki BuMoru o nobyayBaHHA rictorpam?

4 FK 064YNCNTN AMOBIPHOCTI BIYYEHHS BMMNaAKOBOI BEIMYMHM A0 3afa-
HOr0 NPOMIXKY.

5 AK 064YMCUTN NMOBIPHICTb BiAXWNEHHS BUNAAKOBOI BENNYMHW Bif Ma-
TEMaTUYHOI 0 OYiKyBaHHS He BifnbLue, HDK Ha 3aJaHy Be/IMUMHY.
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10 MPOrHO3 HA MIACTABI JTIHINHOT PEIPECIT. TOYHICTb
MPOrHO3Y. TICHOTA NIHIHOIO 3B’A3KY

PiBHAHHSA NiHINHOT perpecii y = bp+byX 3HaxoaATb 3a BUOIPKOK MeTOA0M
HaliMeHLWX KBagpaTiB. Ha puc. 19 ue noxmna npsma, 306paxeHa CyLuifibHOK
NiHieto. ToYHa NiHiHA 3a1eXHICTb MK X N Y: Y = Bo+BiX + € (€ - BUNagKoBuiA
4neH) HesigoMa. MoXkKHa TiNIbKK 3aTBepKyBaTH, L0 BOHA 3 IMOBIPHICTIO Y PO3-
TallloBaHa B A0Bipuili 061acTi, 06MeXeHOoi NiHigMu rinepbosnu.

PucyHok 18 — [loBipya 06nacTb

IMOBIpHICTb Y Ha3MBaETLCA PiBHEM A0BipW. 3a3Buyai 6epyTb y = 0,95 abo
y =0,99 (95%, 99%). ToyHa niHia perpecii y = Bo+ Bix + € 306paxeHa Ha
puc. 18 NyHKTUPHOT NpAMOoi. NporHo3 B y Touui X po6asiTb MO PIBHAHHIO Y =
botb;X. TOUHe 3Ha4YeHHs1 NPOrHO3y MOXe 3 IMOBIPHICTIO » BiAnoBigaTn 6yab-
AKii Touui gosipyoro iHTepsany PQ (puc.19).

Y Haibinbw HeCnpuATIMBOMY BMNALKY TOYHWUIA MPOrHO3 MOTpan/se Ha
Kpail foBipyoi 06/1acTi. Y LuboMy BUMaAKy abCconoTHa NOXMbKa NPorHo3sy aopi-
BHIOE HaNiBLUMPWHI J0BIpYOro iHTepsaly 5 = MP = MQ. BigHocHa noxmbka
MPOrHO3y Y BiACOTKaxX 06UNCHOETLCA 3a (DOPMY/IOH:

OTT norp. = -100%.

nporHosa
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PUCyHOK 19 — 3Haxo>KeHHs Ha NIBLUMPUHA A0BIPYOro iHTepsay

Mpuknag 17
BrKOpYCTOBYOUM CTATUCTUYHI faHi (Tabsl. 4) BUKOHATU 3a3HaYeHi HKYe
3aBAaHHs.

Tabnmusa 4

Ne X Y

1 7,89 8,9
2 14,41 4,3
3 6,01 10,2
4 9,17 4,9
5 6,78 8,3
6 8,91 7,8
7 6,17 13,1
8 10,11 4,9
9 5,98 13,3
10 6,10 10,7
11 5,90 13,7
12 8,13 5,6
13 9,01 4,7
14 6,00 11,1
15 6,13 10,8

1 3HanTK KoeqiLlieHT Kopenauil i OLiHUTK 3a HUM TICHOTY NiHIAHOIO
3B'A3KY.

2 Mobypaysatu rpadikn niHii perpecii 3 80%, 95% i 99% posipymmmn 06-
NnacTamu.
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3 HaHecTu Bpy4HY Ha MiHit0 perpecii LeHTP Po3CcitoBaHHS.

4 3HainTy 3a rpadikoM NPOrHo3 y TouLi, Lo BiAMNOBI4aE LEHTPY Po3cito-
BaHHA [/19 BCiX TPbOX 3Ha4YeHb piBHA AoBipn (80%, 95%, 99%), a TakoX Mnpo-
FHO3 Y O6yAb-AKii fOBINbHI TouL 3 06/1aCTi NPOrHO3iB.

5 3HanTK 3a rpatikoM HaniBLMPUHY A0BIPYOro iHTepBany 5;/ y Toull,

L0 BIAMOBIAAE LIEHTPY PO3CIOBaHHA ANS BCIX TPbOX 3Ha4YeHb PIBHA A0BIpW

(80%, 95%, 99%): 980 095 oc.

6 OuiHMTM MakcMMa/ibHY BIZHOCHY MOMWJIKY NpPOrHosy (y BiACOTKax)
ANA BCIX TPbOX 3HayeHb piBHA pAosipn (80%, 95%, 99%) 3a dopmynoto

o
Y 1.100% (57/ ( Ynportosy 3HAXOAMMO 32 KPECNIEHHSIM).

Ynportosa

7 3pobuT BUCHOBOK MPO B3aEMO3B'A30K PIBHA [OBipM Y i BiAHOCHOT
MOXMOKM NPOrHO3Yy.

Po3B’A3aHHS

1 3acobamn pegakTopa BNOKHOT CTBOPHEMO (hailim gaHMx dan_X.dat i
dan_y.dat.

2 [o MathCad 3aBaHTaXKyeMo Ui AaHi. BoHn 6yayTb NpeacTaBneHi y Ta-
KOMY BUT A4

ORIGIN =1 N

=15 i:=1.N
X := READ("dan_x.dat")
T 1 2 3 4 5 6 7 8 9 10

X =

1| 7.89(14.41| 6.01| 9.17| 6.78| 8.91| 6.17|10.11| 5.98 6.1

yij := READ("dan_y.dat")

yT: 1 2 3 4 5 6 7 8 9 | 10
1| 89| 4.3|10.2( 49| 83| 7.8/13.1| 4.9(13.3|10.7

Byayemo KopensuiriHe none (pwc. 20).
3 BUrNA4Yy KOpensuiiHoro nons MoXHa NpunycTUTy, WO 3a/1eXHICTb MiXK
X iy iCHYe. N5 BU3HAYEHHS TICHOTW NIiHIAHOIO 3B'A3KY 3HAXOAUMO KOeqiLieHT

kopensiji: COMT(X,y) = —0.808 s
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PucyHok 20 — KopensiuiiiHe none

KoeiuieHT kopenauii gna 3MiHHMX X 1 Y pgopiBHtoe -0,808. OckKinibku
0,6<|-0,808|<0,9, po6bUMO BUCHOBOK, L0 MIHINHWIA 3B'A30K MK LMW 3MIHHUMW
[OCTaTHiiA.

3a MeToOM HalMeHLUMX KBafpaTiB 3HaXoAuMo KoedilieHTU mogeni
y = bo+ byX:

b0 := interceptx,y) b0 = 17.818

bl := slope(x,y) bl =-1.157

yri == b0+ bl X;

3HaxoAMMo KOOPAMHATY LeHTPa po3CcitoBaHHS i1 061acTb MPOrHO3iB.
CepefiHe 3Ha4YeHHs akTopa X:

Xmean:= mean(X) Xmean= 7.78
CepefHe 3HayYeHHs (akTopa Y:
Ymean:= mean(y) Ymean= 8.82

CepeaHi 3HaueHHst (Mean) Aal0Tb KOOPAMHATM LIEHTPA PO3CiHOBaHHS
(x, y)=(7.78,8.82).

Po3paxoByeMO 3Ha4YeHHS Ancnepcii:
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N
S2 = ( j Z (v — y1i)? S2 = 3.88

O6nacTb NPOrHo3iB 3a4acTbes y BUrAa4i Xmin < X < Xmax, ge MiHima-
NbHe 1 MaKcUManbHe 3HaYeHHS 3HaX0AMMO B TaKuid cnocio:

Xmin= mir{x) Xmin=5.9 Xmax:= maxx) Xmax= 14.41

O6nacTb MPOrHo3iB 3adacTbcs iHTepBasioMm (Xmin; Xmax), y AaHoMy
npuknagi (5,9; 14,41).

Byayemo rpadikun niHiinHoi perpecii 3 80%, 95%i 99% aosipuvMu obnac-
TAMWN.

Opepkumo Tpu rpadikn. PesynbTaT BUKOHaHHA 3aBdaHHs B MathCad
MPeLCTaBeHNI HKYE.

PiBeHb foBipu y = 80% (puc. 21)

o = 020 t = qt{l—(%j,N—Z}

_ 2
Bim tf32 (L)+ N(x. Xmean )
Z (Xk—Xmean )2
k =1

yleft j == yri—- 9 yright j .= yri+ 0
PiBeHb goBipun y = 95% (puc. 22).

a = 0.05 t = qt{l—(%j,N —2}

— Xmean ) 2

(
Z (xk - Xmean )2

yleftj .= yri— 9 yrightj .= yri+ 9
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PiBeHb foBipun y = 99% (puc. 23).

a := 0.01 t:= qt{l — (%j,N - 2:|

(xi - Xmean)2

§i=1t-/S2- (%)+ -

(% - Xmean)2

) k =1
yleft; .= yri- 9 yrightj :== yri+ 0
15066 2°
10
yri
yleft; 0
(Y X
yright;
(Y X
-10
°
—12.233-9g
4 6 8 10 12 14 16
5.9, % 14.41,
PucyHok 23

MyHKTW 3aBaHHs 3-6 BUKOHYHOTHCS BPYUHY.

[NMnTaHHA 0N1s CAaMOKOHTPO/IIO
1 [JaiiTe BU3HAYEHHS MOHATTAM: KOpensuiiiHe nose, 061acTb NPOrHo3is,

MPOrHo3, foBipya 06nacTb, AOBIPYMIA iHTepBasl, pPiBeHb [OBIPW, HaniBLUMPUHA
A0BIpYOro iHTepBany, abCcoNtoTHa i BiIHOCHA NOrPILLHOCTI NPOrHo3y, Koeqili-

EHT KOpenaLil, TICHOTa NiHINHOro 3B'A3KY.
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2 FK 3HaTK rpadik il piBHAHHA NiHINHOT perpecii 1 goBipyoT 06nacTi npu
3a/laHoOMy piBHi goBipn 7 ?

3 AK 3HalTK 3a rpaikom NPOrHo3 BiAryKy y Npu 3a4aHoMy 3HaYeHHi ¢a-
KTOpa X?

4 7K 3HaTK 3a rpad)ikoMm MakcvMasibHY abCcooTHY NOXMOKY MPOrHO3y?

5 AK 3p06UTK PO3paxyHOK MaKCUMaIbHOT BIZJHOCHOI MOXMOKMN MPOrHO3Yy Y
BiACOTKax?

6 AK OUiHUTK TICHOTY NiHIKHOIO 3B'A3KY 3a 3HAYEHHSIM KoedilieHTa Ko-
pensayii?
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Jogatok A

INprknaan po3B’sa3aHHA 3aBAaHb

MNMpuknag 1

ns yHKuii f (X) = 3 + sin (4 + x°) 3a gonomoroto naketa MathCad no-
oynysatu rpagik. IHTepBas 3MiHM 3MIHHOT X Migibpaty TakuM YMHOM, LL06 Ha
LbOMY iHTepBani (oyHKUiA Mana TifIbKNU [ABa eKCTpeMymy (OAMH MakCUMyM |
OAUH MiHIMYM). OBUUCNNTM KOOPAMHATK YOTUPLOX TOYOK, LLLO NeXaTb Ha rpa-
(iKY (YHKLUIT: KOOpAnHATK noyaTky i KiHus iHTepsany nobyaosu rpadika, a Ta-
KOX NPUG/IN3HI KOOPAMHATM TOYOK EKCTPEMYMY.

BrKOHaHHS 3aBAaHHA

1 BusHauaemo focnimkysany dyHKuito: T (X): = 3 + sin (4 + x).

2 [na nobynosu rpadika QyHKLT:

2.1 YKaszaTu nonepegHin gianasoH 3MiHW 3MiHHOT X (-5;5) i3 KpPOKOM 3Mi-
HU aprymeHTy 0,1 (auB. TabyntoBaHHA (YHKUiT). Ha naHeni iHCTPYMEHTIB

Graph / N'pachikum Bn6paTtn X-Y Plot / [lekapToB rpadik @

2.2 B oTpymaHomy LwabsioHi nig Bicclo abcumuc 3adatn iM's aprymeHTty
(OYHKLIT - X, NOPYY 3 BICCIO OpPAMHAT 3anncyemMo iM'a fOCNiLKyBaHOT yHKUIT (3
060B’'A3K0OBOIO BKa3iBKOK aprymeHTty) — y(x). Migibpatn macwtab no oci abe-
LMC, KNauHyBLUW MO HilA ABIYi MULLKOMO, Y AialoroBOMY BiKHI, L0 3'BUIOCA,
3HATK npanopelb Auto Grig i B moni Number of Grids BBeCTn un1csio B giana-
30Hi Big 2 fo 99 (y HawwomMy BMNagKy onTuMaibHUM BUsBMnocs yucno 10).

2.3 3a rpadikom, WO OTpUManu, BUGpaTv oNTUMa/bHUIA AianasoH 3MiHK
aprymeHTty (L0 MICTUTb ABI TOUKM EKCTPeMyMYy): KOOpAMHaTa no4vartky iHTep-
Ba/ly nobynosu rpadika 0,6, a noro KiHua 2,4. 3a rpagikom (YHKLiT 3HaNTW Ha-
6/1MKeHi KoopamHaTtn abeumc Touku MiHimymy 0,8 i makcumymy 2,0.

2.4 OpanHaTN TOYOK EKCTPeMyMY (PYHKLIT Ha 06paHOMY Bifpi3Ky 3HaXoO-
AVMO B TakMWii croci6: nepemiCTUBLUM Kypcop Ha BislbHe Micue imcta (Huxye
abo npasopyy) BBogumo: f(0,6) = , nosToptotoun it y sunagky f(0,8), f(2),
f(2,4) 064MCNOEMO 3HAYEHHSA PYHKLIT B 3afaHNX TOYKaX.

2.5 TakMM YMHOM, KOOPAMHATM TOYOK MIHIMYMY i MakCUMyMy (OYHKLUii
Ha obpaHomy iHTepBani [0,6; 2,4], BignosigHo, [0,8; 2,003] i [2,0; 3,989], nova-
TKY | KiHU# iHTepBany [0,6; 2,061] i [2,4; 2,671].

Pe3ynbTaT BUKOHaHHS 3aBAaHHA B MathCad npeacTaBneHnin Ha pucyHKy A. L.
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f(x)

4..

2--

£ = 3 + sinl4 + )
x=-5,-49.5

f(x)

6 48-36-24-12 0 12 24 36 48 6

X

x:=0.6,0.61..2.4

0.5 07 09 11 1:.3 15 17 1:.9 21 23 25

X

f(0.6) = 2.061

f(0.8) = 2.003

(
(
f(2) = 3.989
f

2.4) = 2.671

PucyHok A.1 — Pe3ynbTaT BUKOHaHHA npuknagy 1

Mpuknag 2

Y BunafKy yHKUiT 3 npukKniagy 1 BUKOHATW:

1 [Ana Touok [x1; y1], [x2; y2], [x3; y3], [x4; y4], 3HaingeHnx y npvkna-
ai 1, nobyayBaTn NiHiNHY iHTepnonauito. Mobyaysat Ha OLHOMY PUCYHKY
rpadik yHKUiT Ta iHTEPNONALIAHWIA rpadik. Y Toukax MaKCUMasibHOI po36iX-

HOCTI rpadikis 3HanTK BiGHOCHY NOXMOKY 3a (hOPMYNOHO:

‘yTOHH —ynpm6 ‘

BigH. nox. = Y o
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2 [Ans Touok [x1; y1], [x2; y2], [X3; y3)] [x4; y4], 3HailieHnx y npukna-
ai A.l, nobyaysaTtu Kyb6iuHy iHTeprnonsauito. Mobynysaty Ha OAHOMY PUCYHKY
rpadik hyHKUIT Ta iHTepnonAUiinHMIA rpadik. Y TOUYKax MakCUMasibHOI po36iXx-
HOCTI rpadikis 3HaTK BIAHOCHY MOXMNOKY.

3 Bif3HaunTK JOCTOTHCTBA | HELOJTIKM KOXXHOM0 3 METO/iIB anpoKcumadlii.

BrKOHaHHS 3aBAaHHA

Touku, 3HaiaeHi B npuknaai 1: [0,6; 2,061], [0,8; 2,003], [2,0; 3,989],
[2,4; 2,671].

1 3agaemo yHkuito f (X) =3 + sin (4 + X2) i1 gianasoH 3MiHN apryMeHTy
[0,6; 2,4] i3 kpokom 0,001.

1.1 Ans no6yaoBw NiHINHOT iIHTepnonaLuil Ana 3aaaHnx TOYOK:

1.1.2 3apaemo BeKTOp AaHux: X.

1.1.3 3a4aemo BeKTOp faHux: Y.

1.1.4 3afaemMo (PYHKLit0 po3B’A3aHHs, 3anucaslum F(x): = linterp (X, Y, X).

1.1.5 bygyemo rpaik y fekapToBiii cucteMi koopauHart. bins oci opau-
HaT nepenivyyemo iMeHa PYHKLi (3 060B'A3KOBOKO BKA3iBKOKO apryMeHTy), rpa-
(iKM AKX NOTPIGHO NobyaysaTn. bing oci abcumc BKa3yeMo iMeHa aprymeHTiB.

1.1 [Ans o64ncneHHs BiAHOCHOT NOXMOKN NiHIAHOT iIHTepnonsauit:

1.1.1 3a rpagikom npuban3HO 3HaXOAMMO, L0 TOYKa MaKCUMasIbHOT Po-
36IKHOCTI rpadiikiB (PYyHKUIT i NIHINHOT iHTEpRoONAUIl Mae KoOpAWHaTy no oci
abcuunc 1,2.

[na 06uncneHHs BIAHOCHOT NOXNOKM 3a4amo (hopMyny:

Ot_Pogresh := |f(1.2) - F(1.2)] %

1.2.3 Ans 06YMCNEHHA 3Ha4yeHHs BIAHOCHOI MOXWMOKM  BBOAMMO
Ot_Pogresh =. BoHa cknagae 18,274%.
Pe3ynbTaT BUKOHaHHS 3aBAjaHHsA NPeACTaBEHNIA Ha PUCYHKY A.2.

2 [na nobynosun Ky6ivHOI IHTepNoNALit:

2.1 3afaeMo BeKTOpU gaHnx X n Y.

2.2 3afaeMo hopMyny Ans 064UMCNeHHs KoeilieHTiB Ky6i4YHOro crinainHa,
3agasLum vs: = cspline (X, Y) I hyHKUit0 po3B’a3aHHsA F(X): = interp (vs, X, Y, X).

2.3 byanyemo rpaik B feKapToBiii cuctemi KoopamHat. bing oci opguHat
nepenivyeMo imeHa (yHKUil (3 060B'A3KOBOIO BKa3iBKOKO aprymeHTy), rpadiku
SKMUX NOTPI6HO NobyaysaTu. bing oci abcumc BKa3yeMO iMeHa apryMeHTiB.
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2.4 TpnbnnsHo 3a rpaikoM 3HaxXoAMMO, L0 TOYKa MaKCMMaslbHOI po3-
BIXXHOCTI rpaiikiB (YHKLIT I KyBIYHOT IHTEPMONALIT Mae KOOpAUHATY Nno oci ab-
cumc 1,5.

f9 =3 +sild+2) x:=0.6,0.601.2.4

0.6 2.061
0.8 2.003
X:= 5 Y = 3.989 F(X) := linter{X,Y ,X)
2.4 2.671
457
100
Ot P h=|fl1.2) —F(1.2)| ——
_Pogresh=[f(1.2) - F(1.2) f(1.2

Ot_Pogresh= 18.274

PucyHok A.2 — JliHilHa iHTepnonsuis

2.5 BiHOCHY NOXMBKY 06YMCIHOEMO 3a (POPMYIIOHO:
Ot Pogresh = |f(1.5) - F(15 )|f_

Pe3ynbTaTt 064MCNEHHS BiAHOCHOT NOXNOKN 16,616%.

Po3B’a3aHHA 3aBaaHHA B MathCad HaBefileHO Ha puCyHKY A.3.

3 BuicHOBOK. CyTb 6YAb-AKOro MeToAy iHTepnonauil nonsrae B po3omsLi
Bifpi3Ka, Ha AKOMY [OCMIMKYETbCA (DYHKLiS, Ha n Bigpi3kiB. Ha KOXHIN 3
OTPUMaHUX AINAHOK 06YMCIOTLCA 3HAYEHHS PYHKLIT | ByayeTbCcs KpYBa, WO
3'efHye KiHLi Bifpi3KiB. Y BUNafgKy NiHINHOT iHTEpNoONsALiT Takol KPUBOK €
npama, a y Bunafky KybiuHoi — napabona.

NiHiHa iHTepnionsuis gossonse nobyaysatu "rpyoy" iHTepnonsuito, a
Ky6iuHa — BifbLL TOYHY, TOMY L0 KybiYHa iHTepnonauis He TiSIbKM MICTUTb Y
co6i hopmyny NiHINHOT iHTepnonauii P (X) =y + q-Ay,, ane A0 Hel A0AaETbCA 1
YTOYHEHHS:
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1
P(x) = y+q- Ay, + 10D

(g- (g=1)-(g—-2
Q(g -A2y0+q (9 ()S(q ),AsyO_

Ot_Pogresh

fx) = 3 +sin(4+x2) x:= 06.0.601 . 24

0.6 2.061
2.003
" o 0.8 v -
2 3.989
2.4 2.671

vs := cspline (X,Y)

F(x) := interp (vs ,X,Y ,X)
45T
4__
35T
f(x)
Foo 0
25 T
2__
L5 0.5 1 1‘.5 2 2‘.5
X
100
f(1.5)-F(15 )| —— - 16.
| ( ) ( )| f(1_5) Ot_Pogresh 16.616

Mpy BMKOHaHHI 3aBAaHHA 6y nobynosaHi "rpy6i” iHTepnonayii, Tomy
LLL0 B3ATI YCbOr0 YOTUPU BY3NU, LLO He 3abe3rneyye BUCOKOro CTYMEHK TOYHOC-
Ti. B3arani uncno iHTepnonsuiin He obmexeHe, i 1Oro NOTPIGHO BMOMPATK TaK,
i3HMLA ANy, Byna NOCTIHO 3 33/JaHOK0 TOUHICTIO. Y PO3r/AHY-
I MOXMOKKM, OTPpUMaHI i Ana NiHinHOT iHTepnonauii [18,274%] i
16,616%], jocuTb BMUCOKI. Xoua Yy BUNafKy KyOi4yHOI iHTepnons-

06 KiHueBa p
TOMY MpUKNag
AN Ky6iyHOT [

PucyHok A.3 — KybiyHa iHTepnonayis

LT, SK i O4iKyBasi0CA, BIAHOCHA MOXMOKa HMKYa.
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Mpuknag 3

1 Ana dyHkuii f (x) i3 3aBgaHHs 1 i 10 niHiAHOT iHTepnonauii (npuknag
A.2) 3HaTK NoXigHy QYHKUIT I noxigHy iHTepnonauii. Ha ogHOMY MatOHKY
nobyaysaTtu ixHi rpagikv. Y TouLi MakCUMasibHOI PO3BIXHOCTI rpagikis 064m-
CNATWK BIZHOCHY MOXWNOKY.

2 Ans dyHkuii T (X) i3 npuknagy A.1 i T Ky6ivHoT iHTepnonsayii (npuknag,
A.2 ) 3HaiTK NoxigHy (YHKUIT i noxigHy iHTepnonauii. Ha ogHOMY MaJilOHKY
nobyaysaTtu ixXHi rpagikv. Y TouLi MakCUMasibHOI po36iXHOCTI rpagikis 064m-
C/IMTY BIAHOCHY NOXUOKY.
NIHIRHOT | KY6IYHOT iHTeprnonALiii. 3HalTK BiAHOCHY NOXMOKY, 00YMOB/EHY 3a-
MiHOH 334,aHOT PYHKLIT HA KOXeH BUA, HaBIMXKEHOT.

4 3BecTu B OAHY Tabnumuto BCi 3HalaeHi NoXnbky npuknaay A.l, noxia-
HOT i iHTerpana.

5 Ha nigcTaBi Tabnmui 3p06UTK BUCHOBOK MPO NPUMYCTUMICTb 3aCTOCY-
BaHHSA anpoKcumaLlii Npy IHTerpyBaHHi i AnudepeHLitoBaHHI.

1 TocnifoBHICTb Aiil ANs BUKOHAHHS NYHKTY 1 npuknagy:
1.1 3apaemo PyHKLit0:

£(x) = 3 + sinl4 + x2)

1.2 3apaemo onepatop NoxigHoi.
1.2.1 3anoBHKEMO LLAG/OH, WO 3'ABUBCH:

S_X(S + sin(4 + xz))

1.3 Opep>Xyemo aHaniTUUHY hopmMyny noxigHoi. Ans uboro:

1.3.1 Y wabnoHi 3 n. 1.2.1 go6reaeMocs NosiBM CUHLOT HaniBpaMKu, Lo
MOBHICTHO OXOM/KOE CTBOPEHMIA 3anmc npaBopyy. Y mMeHto Symbolics / CumBo-
nun Bnbupaemo nyHKT Simplify / Cnpoctutn. Y pesynbtati HkYe (abo npaso-
pyd4, B 3aneXHOCTI Bif ymoBYaHb MathCad) onepatopa noxigHoi 3'ABUTbCA (ho-
pMy/a noxifAHoi.

1.3.2 OpepxkaHa (hopmyna noxigHoT € CUMBOJIbHUM pe3ynbTaTtoM 064mnc-
NeHHsa (Habopom CMMBONIB), TOMY, WO6 NepeTBOpUTY Ty (yHKLItO, npuenac-
HIOEMO (pyHKUiT df (X) 3HAYEHHA OTPUMAHOI0 CUMBOJIbHOIO BUMNIAAY MOXIAHOT:

df (x) := 2-003(4 + xz)-x..
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1.4 LUlo6 3agatn noxigHy yHKUIT NiHiRHOT iHTepnonauii d(x):
1.4.1 3afaemMO BEKTOpPU BUXIAHWX AaHMX i, MorepefHbO NigpaxysasLUy
3HAYEHHS NOXIAHOT (PYHKLIT B TOUKAX IHTEpPoNALit

df (0.6) = -0.414 df (2) = -0.582
df (0.8) = -0.116 df (2.4) = -4.533
1.4.2 lMo3HauMMo  (hyHKUiO  MOXIiAHOT  iHTepronAuii,  3a4aBLuu

d(x): = linterp (X, Y, X).

1.4.3 byayemo rpadik noxigHot QyHKLIT i rpadik 1T NiHiMHOI iHTepnons-
Lii. 3a rpadikom 3HaxoAmMmo, L0 TOYKa MakCUMaslbHOI PO36XXHOCTI Mae npuno-
NIN3HY KOOPAMHATY Mo oci abcumc 1,6.

1.4.5 3agaemo topmyny ans 064MUCneHHs BIAHOCHOT NOXNOKN:

Ot_Pogresh = |df(1.6)—dF(1.6)|-%

PesynbTat 06uncneHHs cknagae 107,074%.
Pe3ynbTaT BUKOHaHHS 3aBaaHHs B MathCad npefcTaBneHuin Ha pucyHKy A.4.

2 TlocnifoBHICTD Aiil 4N BUKOHAHHA NYHKTY 2 3aBAaHHS:

2.1 BukoHyeMo gii, onuncaHi B nyHkTax 1.1 - 1.3, 1.4.1 npuknagy 3.

2.2 Opfepxyemo KoediieHT KybiuHoro crinarny vs: = csplinc (X, Y).

2.3 3agaemo thopmyny Ky6iuHoT iHTepnionauii dF (x): = interp (vs, X, Y, X).

2.4 3a rpaikoM 3HaxoAMMO, L0 TOYKa MaKCUMa/lbHOT pO36IXKHOCTI Mae
nprbnn3Hy KoopanHaTy no oci abeuuc 1,6.

BigHocHa noxubka Yy BMNAAKYy 3acTOCyBaHHA KyOiYHOI iHTeprionsuii
cknana 69,034 %.

PesynbTat BUKOHaHHS 3aBAaHHA B MathCad HaBeaeHWI Ha pucyHKy A.5.

3 TocnigoBHICTb Aiil NpU BUKOHAHHI MYHKTY 3 3aBAaHHs:

3.1 3anucyemo goyHKuito T (X): =3 +sin (4 + x2).

3.2 3ajaeM0 BEKTOPW BUXIAHUX faHuX X:= 1Y:=,

3.3 3anuncyemo yHKUito NiHinHOT iHTepnonauii FI (x):= linterp (X,Y,x),
KoedhillieHTa Ky6iuHoro cnnaiHy vs: = cspline (X, Y) i Ky6iuHOI iHTepnonauit
Fk (x): = interp (vs, X, Y, X).

3.4 O6uncnoemo Bm3HadeHwuin iHTerpan f (x), 4ns uboro:
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F(x) = 3 + sin(4 + x?) %(3 +sin(4+ %)) 2-cos (4 + x2)-x

df (x) := 2-003(4 + xz)-x

0.6 \ df(0.6) = —0.414 -0.414
" 0.8 | df(0.8) = -0.116 V —0.116
2 | df(2) = -0.582 —0.582
24 ) df(2.4) = -4533 —4.533

dF (x) := linterp (X,Y ,X)

4__

1757

0545075 I 125--15.-475... 9 225 25

PucyHok A.4 — [inthepeHuitoBaHHA oyHKLUIT

3.4.1 Ha naHeni iHcTpymeHTiB Calculus Toolbar / Onepatopu maTe-
MaTU4HoOro aHanisy smbupaemo Definite Integral / BusHaueHWn iHTerpan

b
KHOMMKa M

3.4.2 3anoBHIOEMO LLAGMOH BU3HAYEHOro iHTerpana i HaTUCKaEMO Kna-
BilWY =. Pe3ynbTar iHTerpyeaHHs 5,418.

3.5 AHaNoriyHo 064MCnOeEMO BM3HaueHi iHTerpanu ansa gyHkuin FI (X) i
FK(X). BusHaueHi iHTerpanu gopisHwo0Th 5,541 i 5,786, BiANOBIAHO.

3.6 3agaemo opMynu AN 3HAXOMKEHHS BiAHOCHUX MOrPiLUHOCTEN i
064YMCHOEMO TX.

Pe3ynbTaTt BUKOHaHHSA 3aBaaHHs B MathCad HaBefieHWIn Ha pUCYHKY A.6.
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f(x) = 3 + sin(4 + Xz) d_(3 + sin(4 + xz)) 2-cos(4 + xz)-x

dx

df (x) := 2-cos(4 + xz)-x

0.6 df (0.6) = —0.414 -0.414

0.8 df (0.8) = -0.116 v -0.116
X=1, df (2) = —0.582 | _o582
vs := cspline (X,Y) dF(x) := interp(vs,X,Y ,X)

100
Ot_Pogresh := |df(1.6) — dF(1.6)] - ——
_Pogresh i~ [df(16) - dF(16)| 17

Ot_Pogresh = 69.034

= N w EEN
1 1 1 ]

125 15 1.75 “\

X

PucyHok A.5 — Ky6iuHa iHTepnonsuis

4 Tabnuuga noxmbok yHKLIT, noxigHoT i iHTerpana (taén. A.1):

Tabmys A.1
IHTepnonsuis Moxubka, %
P . PyHKLUiA MoxigHa IHTerpan
NiHinHa 18,274 107,074 2,27
Ky6iyHa 16,616 69,034 6,792
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f(x) == 3 + sin(4 + x2)

0.6 2.061
2.003

_ 0.8 Y o
2 3.989
2.4 2.671

FI(x) = linterp (X, Y ,X)
vs := cspline (X,Y) Fk(x) := interp(vs,X,Y,Xx)

2.4 2.4 2.4
J f(x) dx = 5.418 J FI(x) dx = 5.541 J Fk(x) dx = 5.786
0.5 0.5 0.5

1
Ot_Pogresh_Fl := |5.418 - 5.541 | % Ot_Pogresh_FI = 2.27

Ot Pogresh Fk := |5.418 — 5.786 | ._512108 Ot Pogresh_Fk = 6.792

PucyHOK A.6 — Pe3ynbTaT BUKOHAHHS 3aBAaHHA

5 BUCHOBOK. AK Bif3Ha4yanocs paHille, y X04i BUKOHaHHA 3aBAaHb BUKO-
PUCTOBYBa/IUCA TPYOI IHTEPMONALIT, OCKIIbKN OyNn B3ATI YCbOro 4 By3nu, [o-
CUTb BIJOKPEM/IEHI OAMH Bif, OAHOI0 MO OCi abcuuc, Wo He 3abe3neyye BUCOKO-
ro CTyneHs TOYHOCTI. Y NPaKTUYHIN JIANbHOCTI YACNO IHTEPNONALiA He obme-
YKEHO, i 1i0ro NoTPi6HO BMGMpATY TaK, LLO6 KiHLeBa pisHuua ANy, 6yna nocTii-
HOK 3 3a4aHOK TOYHiCTH. ToMy MoXMbKa ANna MiHIAHOT iHTeprnonsauil —
18,274% i ona Ky6iyHoT — 16,616% AocuTb BUCOKa. Bifg Ky6iUYHOIT iHTEpnonauii
OYiKYETLCS MeHLIa BiAHOCHa NOXMOKa Npv AOTPUMaHHI BUMOT A0 iHTepnonsLil
(yHKUiT. Te )X MOXXHa ckasaTu i NP0 3acTOCyBaHHA IHTEPMNONALUIT NPU IHTErpy-
BaHHI | AndepeHLitoBaHHI.

IMpuknag 4

1 Ona yHKuiT fi(X), WO Mae KiHLEBE YMCN0 eKCTPEMYMIB, 3HAWTH Lii eK-
CTpemymu; NobyaysaTh rpaik QyHKLUIT, L0 MICTUTb BCi 3HaNAEHI EKCTPEMYMN.

2 And qyHKUiT f(X), WO Mae HeCKIHYeHHe YMC/O eKCTPEMYMIB, 3HaNTK [Ba
eKcTpeMyMu; Nobyaysatu rpadik QyHKLUIT, LLO MICTUTb 3HaAEHI EKCTPEMYMU.

3 Mobyaysatn Ha 04HOMY PUCYHKY rpadiku dyHKuin f1(X), fo(X) i rpadi-
KN TXHIX nepwmnx noxigHux. poaHanidyBaTi B3a€MO3YMOB/IEHICTL rpadikis
(OYHKUIT | NOXIAHWX.
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X
B0) =41 f(x)=e"0.

1+x%

1 MocnifoBHICTb Aiil NPy BUKOHAHHI NYHKTY 1:
1.1 3agaeMo (PyHKUit0

f(x) =

1+ x*

1.2 Bbyayemo rpadik QyHKUiT.

1.3 3a rpadikom 3HaxoAMMO, LU0 MOYaTKOBE 3HAYEHHS 3MIHHOI X [N
MOLLYKY TOUYOK eKCTPEMYMY BMOMPAEMO PIBHMM -2, TOMY HMXKYe rpadika 3aaa-
EMO X: = -2.

1.4 3apaeMo (hyHKLI0 MOLWYKY MIHIMYMY:

P_min: = Minimize (f, x).

1.5 O6YMCNIOEMO 3HAYEHHS abcumcy TOUKKM MiHIMymy: P = -0,76 i 3Ha-
yeHHs QyHKUiT f(X) y ui Touui: f (-0,76) = -0,57.

1.6 3agaemo (hyHKLi0 MowyKy Makcumymy: P_max: = Maximize (f, x).

1.7 O64YMCNOEMO 3HaUYeHHS abcumcn ToUKM Mmakecumymy P: = 0,76 i 3Ha-
veHHs yHKuiT f(X) y uin Touyi f (0,76) = 0,57.

PesynbTar BUKOHaHHS 3aBAaHHA B MathCad npeacTaBnieHnin Ha pUcyHKyY A.7.

2 Y BUNAAKYy (yHKUIT, WO Mae HECKIHYEHHE YMC/I0 eKCTpPeMyMiB, NOTpi6-
HO 3aaTuh IHTEPBa/I 3MIHN aprymeHTy, Ha AKOMY (DYHKLiIS Ma€e CKIHYEHHe Yi1Co
TOUOK eKCTpeMyMy (OANH MaKCUMYM i OAMH MiHIMYM). [1ns 3py4HOCTI HaliKpalle
nobyaysatu rpadik yHKUIT i BU3HAUUTK LLYKAHWIA Aiana3oH 3MiHW apryMeHTY.

MocnigoBHICTb Al AN BAKOHAHHA NYHKTY 2 3aBAaHHsA:

2.1 3apmaemo yHkuUito T (X): =.

2.2 bynyemo rpagik yHKLUT.

3a rpaikoM BMAHO, WO ANS MOLUYKY SIOKAIbHUX eKCTPEMYMIB (YHKLUIT
NOTPIOGHO 3a4aTK iHTePBa 3MiHM 3MIHHOT X, KM AOPIBHIOE, HanpuKknag, [-5; 2],
TOMY HVKYe rpadika BBOAMMO MOYaTKOBE HAGMVKEHHS ANS MOLLYKY eKCTpemy-
MiB X: = -2. [1oTiM 3anncyemMo Kn4voBe €1oBo Given A5 BU3HAYEHHS MOYaTKy
610Ky po3B’A3aHHA (Npu Habopi cnoea Given MOXXHa BUKOPUCTOBYBaTW 6Y/b-
AKUIA LIPUAT, NPONKUCHI | Mani niTepun); i 06MeXeHHs 3a 3MIHHOK X (Zianas3oH
3MiHW), BUKOPUCTOBYHOUM MaHesb iIHCTpyMeHTIB Boolean Toolbar / MaHenb iH-
CTPYMEHTIB 6yneBo: X > -5 1 X< 2.
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P_min := minimize (f,Xx)
P_min = -0.76
P_max := maximize (f,x)
P _max = 0.76
f(P_min) = -0.57
f(P_max) = 0.57

PucyHok A.7 — TToLYK TOYOK MakcumyMy Ta MiHIMyMy (OyHKLIT, L0 MaE
CKIHYEHHE YMCNO EKCTPEMYMIB

2.3 AHanoriyHo nyHkTtam 1.4-1.7 npuknagy 3 BM3HA4aEMO abcuucu To-
YOK NIOKa/IbHUX MIHIMYMY | MakCUMyMy PYHKLIIT.
Pe3ynbTaT BUKOHaHHA 3aBaaHHsA B MathCad npeficTtaBneHuin Ha pucyHky A.8.

3 TopsfokK il AN BAKOHAHHA NYHKTY 3 3aBAaHHSA:

3.1 3apaemo yHkuii f1 (x) i f2 (x).

3.2 byayemo rpaiky 3afaHux (YHKLiNA i IXHIX NOXigHKX.

Pe3ynbTaT BUKOHaHHA 3aBaaHHA B MathCad npefcTasneHnii Ha pucyHky A.9.

Ha nigcrtasi oTprmaHunx rpadikis pobrvMo BUCHOBOK, LLO DYHKLUIA i Ti Mo-
XifiHa B3aEMOOOYMOB/IEHI, TOOTO MOXiAHA BKa3ye HarpsAMOK 3MIHU (PYHKLIT, a B
TOYKaX, [ie BOHa [OPIBHIOE HYNIO, — EKCTPEMYMU (PYHKLIT.
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F(x) = 1+cos (x)
5__
f(x)
5 4 9 0 2 4
X
X = -2
given
X <2 X2 -5
P_min = Minimize (f,x) P_min = -3142
P_max = Maximize (f,x) P_max =0
f(Pmn ) =1
f(Pmax ) = 4113

PucyHok A.8 — ToLLyK TOYOK MakcumymMmy i MiHIMyMy qoyHKLUIT, Lo Mae
HECKIHYEHHE YMC/IO EKCTPEMYMIB, 3 0OMEXKEHHAM Aiana3oHy 3MiHV apryMeH Ty

MNpuknag 5
Bupiwmnty cuctemy piBHAHb 3 ToYHicTiO 0,00001.
Cuctemn anrebpaivHmnx piBHsHb Yy MathCad MokHa BupilLyBaTu, BUKO-

PUCTOBYHOUM CreLiasibHi 6/10KU, L0 BUPILLYHOTD.
1 3agaeMo noYvaTKoBi HAGMVXKEHHS A1 3MIHHUX | TOUHICTb:

X:=0,y: =2, TOL: =1-10".

2 3anucyemo Kno4oBe cnoo Given.
3 3anuncyemo CUCTEMY PIBHSHD.
4 3apaeMo (hyHKLiKO NowwykKy po3s’asaHHA Find (X, y) i nicna Habopy

CUMBONY = 0fepPXKYEMO BifnoBifb:

0.331441665257368 j

find (x, =
(x.y) (—0.662858829250469

MpoBOAMMO NepPEBIPKY NPaBWIbLHOCTI 3HAAEHOTO PO3B’A3aHHS.
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1+x4
45T
f1(x) Iy AT A
/ \ / \ / \
4 1 (x) / \ORST oy \
X / v/ \ // \
_______ | £l )
I R RV Y/ B
- \ K T / ;
T T S s A AN -
s ' - '\ ," \I /,f
o 4l -
X

PucyHok A.9 — Mobyaosa rpadikis gyHKLIN i rpadikiB TXHIX NOXigHMX

Pe3ynbTaT po3B’si3aHHs 3aBAaHHA B MathCad mae Takuii BUrnsig;

X:=0 y:i=2

giver

x7-\/4-x2 — y2 =0
x—y+\/4-x2—y2: 1

0.331441665257368 j

find(x,y) =
x.9) (—0.662858829250469

X := 0.331441665257368

y := —0.662858829250469
X — y+\/4-x2 — y2 =1
x7-\/4-x2 — y2 — 2504 x 107 °
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MNpuknag 6

3HaliTN TOYKM NepeTUHaHHS OKPYXXHOCTI X° + y? = 6 i mpaAmoi X +y = 1
(cmcTema ABOX PIBHSAHL i3 IBOMA HEBIAOMUMM).

3 MEeTOH CMpPOLLEHHS NPOLIECY MOLUYKY PO3B’A3aHHA Croyatky nobyno-
BaHi rpadiky (YHKUIA (PIBHAHHA OKPY)KHOCTI 3afjaHe mMapamMeTpuyHO -
y(t)=a-sint) un x(t)=a-cos(t),Xx—1 — piBHsHHS npsmMor), NoTiM npo-
BefeHi BignoBigHi obuncneHHd. Ha pucyHky A.10 3HalifeHuid TinbKu OAWH
PO3B’A30K. [1pyruii po3B’s30K PEKOMEHIYEMO 3HaUTX CaMOCTIlHO.

[ns KoHTponto:

x2 =-1.1581y2 =2,158.

5__
ol
Jesin) RN
1-X 5 3\ 3l 1-/3 5
._3——
_5——
\/6-cos(t) ,x
X = 2 y = _1
Given
x2+yP=6
X+y=1
x1 .
( j = Find (x,Y)
yl
MepeBipKa: X1 = 2.158 yl = —1.158

PucyHok A.10 — P03B’A3aHHS CUCTEMMU PIBHSAHb 3 BUKOPUC T AHHAM
QyHKUIT Find
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MNMpuknag 7

[na 3agaHnx y Tabnuui A.2 andepeHuianbHUX piBHAHBL (CrioyaTtky 3 npa-
BOO 4acTuHow Buay fl, notim i3 npaBoto yacTvHOw Buay f2) 3HaTK
PO3B’A3aHHA Ha BIAPI3KY [X,, Xk] | N06yayBaTV rpadiky po3B’A3KiB.

Tabnmus A.2
IiBa [MpaBsi YacCTUHW [MoyaTKoBi YMOBW IHTEepBan
YyacTuHa fl f2 Y (Xn) y' (Xk) Xn Xk
y + 9y 0 5 (X + 2)° 0 3 0 5

CKopuctaemocst 4514 noLuyKy HabnnmxeHOro po3s’asky AmndepeHLUianbHO-
ro piBHAHHA MeToAoM PyHre-KytTa 4-ro nopsgky 3 pikCoBaHMM KPOKOM IHTer-
pyBaHHA (yHKuia rkfixed).

1 [Ona po3s’A3aHHA AM(EepPeHLialbHOr0 PIBHAHHA 3 MPAaBOK YaCTMHOK
Buay f1 BUKOHYEMO HaCTynmnHe:

0
1.1 3a4aeMo BEKTOp MOYaTKOBUX YMOB: ¥ = {3}

1.2 3a4aeMO 3HauYeHHS TOYOK MOYaTKy i KiHUSA iHTerpyBaHHs: x1: = 0,
s ?Ll.S 3a/jaEMO YmMC/Io KPOKIB iHTerpyeaHHs: npoints: = 400.

1.4 3apaeMo hyHKLito-BeKTop npaBmx YacTuH: D(X,Y) = L g-lyo}'

1.5 3agaemo hyHKLi0 ANs PO3B’A3aHHA AM(ePeHLia/IbHOro PIBHAHHS:

Z: = rkfixed (y, x1, x2, npoint, D).

Byayemo rpadik yHKUiT po3B’A3aHHA, Ae Mo oci abcuuc BiAKnagaeMo
TOUKW HYNbOBOTO CTOBMLS MaTpuLli Z=%

<1>

, N0 OCi opAnHaT — cToBnus Z~.

2 [na nowyky po3s’sa3aHHA AUepeHLUiasibHOro PiBHAHHA 3 NPaBoko Yac-
TUHOIO BUAY T2 BUKOHYEMO HaCTymMHe:

2.1 3aaeMO BEKTOP-(DYHKLIHO NMPaBUX YaCTUH:

— yi
D(x.y):= {5-(x+2)2 —9-yo}'

2.2 3afaeMO (DYHKLIO ANS NOLIYKY PO3B’A3aHHS AMepeHLiaibHOro pis-
HAHHA: Z: = rkfixed (y, X1, X2, npoint, D).

2.3 byayemo rpadik ghyHKLUiT pO3B’A3aHHS, e Mo oci abcumc BiAKNagaEmMo
TOUKM HYNLOBOrO CTOBMLUA MaTpuLi Z=°, no oci opamHat — Z1<%.

Pe3ynbTaT aiin B MathCad npeactasneHuin Ha pucyHky A.11.
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0
y = ( ) X1 :=0 X2 := 5 npoints := 400

3
D(x.y) == Y1 Z = rkfixed (y,x1,x2,npoints , D)
~9-yy
0 0
0 0 0 0
1| 0013 T 555
2 [ 0025 > 5575
3 | 0038 e 515 .
2 005 3 0.149
5 | 0063 5 0.186 1+ /\ /\
6 | 0075 B —=
Z<0> = [7 | 0088 Z<1> _ = i Z<1> — : =3\/=4 =5
8 01 8 0.296 a4
9 [ 0113 g T
10 | 0125 10 0.366 2=
11 | 0137 11 0.401
12| 015 12 0.435 72
13 | 0163 = 58
14| 0175 4 0,501
15 | 0188 e St53
Y1
DY) = 2 | Z == rkfixed(y,x1,x2,npoints, D)
—9-Yp + 5:(X + 2)
0 0
0 0 5 .
1| 0013 553
2 | 0025 5T o081
3 | 0038 o138
4| 005 4| 0175
5 | 0063 5 | 0226
6 | 0075 o381
Z<0> = [ 7] oo0ss Z<1> = 7 0338
8 01 8 | 0398
9| o113 9 [ 0461
10 | 0125 10 | 0527
11| 0137 T 559
12| 015 12 | 0668
13 | 0163 13| 0742
14| 0175 TR BTG
15 | 0.188 15 | 0898

PucyHok A.11 — P03B’A3aHHS 3BUYaitHX andepeHLiaibHAX PiBHSAHD i
nobyzosa rpadikis po3B’A3Kis
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TOfIB.

Mpuknag 8

IHTerpyBaHHsA OYHKLIT, AKY 3aiaH0 Tab/mueto, 3a JOMOMOIO PI3HUX Me-

®YHKLiA 33aHa 3a JONOMOrot0 BEKTOpa Y
9

h:=0.25
16
y:=| 25 L ) o :
36 KinbKicTb iHTepBaniB iHTerpyeaHHs: m := length(y) — 1
m=4
49
1. IHTerpyBaHHs 3a METOOM Tparewii:

h

i=0.m-1 = (E)Z (Yi+ yir1) | = 26.5

|
2. IHTerpyeaHHs 3a metogoM napabon (CimncoHa):

i=13.m-1 j=2,4.m-2

~(h

= (gj.(yo + Ym + 4.2 yi+ Z'Z yjj | = 26.333
i j

3. IHTerpyBaHHs 3a 3aMiHO Y(X) NiHIAHOK IHTEPNONALIED

i:=0.m tj:=1-h
_ .
I ::Jm linterp(t,y,X) dx =265
0
4. IHTerpyBaHHs 3a 3aMiHO0 Y(X) Ky6i4HOO (CnaiiH) iHTeprnonsyieto:
s := cspline(t,y)
h
| = Jm interp(s,t,y,X) dx | = 26.5
0
5.MNpsAme iHTerpyBaHHA (419 KOHTPO/IO):
7
| = h-J x2 dx
3 | = 26.333
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Jonatok b
IHOAVBIAYAJIbHI 3ABAAHHA
1 Mpagik PyHKLUIT. TabynoBaHHA QyHKUIT

3aBfaHHA: 3HaNTWN 3HaYeHHs1 PYHKUIT (Tabn. b.1) y ABOX AOBINIbHUX TOY-
Kax. Mo6yaysatun rpadik Liel (yHKUIT Ha 40BINbHOMY Biapi3ky. Ogep)xaTtn Tab-
NNLIO 3HaYeHb PYHKLIT Ha LbOMY BifPi3Ky 3 A0BI/IbHAM KPOKOM.

Tabnmua b.1

No PyHKUIA Y (X) = No PyHKUIA Y (X) =
1 3 - cos () 14 Ln (4 - cos X)
2 SN+ 4) 15 2,5 + cos (X)
3 goosX 16 sin 2x + cos® 2x
4 2+In (3 +sin x) 17 gfos@*x)
5 3+sin (4 +x%) 18 2 - sin (2Vx)
6 In (5 - cos x) 19 e(1+3in)2()
7 e SN () 20 In(3+sin)2()

. X
8 1,5 + cos (1 + 2x) 21 esmE
9 In (4 + sin (2x)) 22 In(3-cos x?)

X 2

10 2 + cos (X) 23 2 - sin 5y
11 3sin (€%) 24 sin 3x + cos( X +5)
12 1,1 + cos (&%) 25 2 +sin X
13 2 + sin (x°) 26 sin(2x+2)-1
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2 P0o3B’A3aHHA PIBHAHDb | CUCTEM

3aBaHHA:

1 3HaiTV KOpiHb PIBHAHHA (Tabn. b.2) ymcenbHO i, SKWO Lie MOX/IUBO,
aHa/liTMYHO. Pe3ynbTaTy NOPIBHATU. BUKOHATW NepeBipKy.

2 3HalTW ymcenbHO KopeHi noniHoma (Tabn. b.2). BUKoHaTn nepe.ipKy.

3 3HalTU uncenbHe PO3B’A3aHHA CUCTEMW i3 3afaHOK TOuHICTO 10-5
(tabn. b.3). BMKoOHaTU MepeBipKy.

Tabmuys b.2
Ne PiBHAHHS MNoniHOM
1 2 3
1 eX+x=0 X°-12x-4=0
2 sin x—i:O x3-24x+11=0
1 3
3 oS X - =0 X°+2x-7=0
X+ 2
4 s K+ L= x3-21x+7=0
X+ 2
5 X = @—X+20 x*-5x+1=0
cos X2-x =0 x3-12x +5=0
e-X_-2x =0 X*+3x-4x-1=0
1
8 cos x- —~—=0.5 x*>- 9x*+20x - 11=0
X+ 3
1 3
9 COS X — — =05 X-12x+5=0
X“+3
10 5.C0S X — X = COS 2 X X+ 6x°+6x—7=0
11 x2-cos x3=0 X*-3x°=x+2=0
12 eX+2sin x=0 x*-10x+4x+9=0
13 sin X - L =3X x*+x-1=0
X-5
1 3 2
14 cos x—- =0 X*-3x°-4x+1=0
X
15 5¢0S X — X = C0S X X -34x°+4x+1=0
16 4/2|x|+ x3=0 X°-27x-17=0
17 In( X)+ ~+/x =0 x'-23+2x%-2x+1=0
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MpofoB>KeHHA Tabnmui b.2

1 2 3
18 3% -21 +8x3=0x x*-3x°+3x°-3x+2=0
4
19 4-x-—-=0 x*-3x°+5x°-3x +8=0
X
20 24X - x-05=0 x*- 4x3+8x%-4x + 16 =0
21 X —4JX +3=0 X - P+ AxP-4x+3=0
1
22 2%+ 082 -5 =0 X' - 4+ 12x% - 4x + 27 =0
X
23 | xr+¥® 15 -0 X*- 63+ 18x2- 6x + 81 = 0
X
24 2a/x - x-05=0 X" - 5x%+ 10x°- 5x + 24 = 0
25 19"1:3 x*- 5x%+ 15x%- 5X + 54 = 0
X" +
Tabmus B.3
No Cucrtema No Cuctema
1 2 1 2
. x?-y®= 1 x2+y®=0
x2+y=0 x2-y=0
, x%+cos x=12 5 x2-cos x-2=9
X?+y=0 x?+y3=9
; y —tgx 16 x2-y3=2
X+y®= x> +y=0
A x2+yd= 17 X2 +cos x=12
x?—y=0 Xx2+y=0
: 15y 13|n X+2) 5 1’5y:1’3|n(x+2)
2y=1,3(x-1,3)*
1,3
6 1,5y=1,3In( x+2) 19 y=32x
y=2tg (x+1,3) 3
2y=13(x-1,3)
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MpopoB>KeHHs Tabmui b.3

1 1 2
- 1,23 2y=13(x-13)*
7 3% 20 y=2tg (x+1,3)
y= 2arctg (x+1,3)
2 2
g y 21 X“+y =16
3x+1= y-3x-1=0
x3+y=9 x2+y?=
9 y= 2 +Yy° =16
y=3X+5 y=3x+5
2 3
10 x3+y=9 23 X“+y°=16
y=3,5x-5 y=3x+5
3
x3 - X"+ y=16
11 v 24 y
y—-3,5x+5=0 y-3x=5
x2—y ¥ x?+cos x=12
12 25
y=35x-5 x2+y=0
2
X = X“+cos x=12
13 {x +y oS X 26 2
y=35%x-5 Xx“+y=0
3 P0o3B’s13aHHSA CUCTEMM NiHINHMX anrebpaivyHnX PiBHAHb
3aBiaHHA:

1 3anucatn cuctemy NiHiNHMX anrebpaiyHnx piBHAHL (Tabn. b.4) y mat-
pUYHOMY BUIIAAl A- X = B.

2 3HalTK BM3HAYHMK maTpuui cuctemm A = detA i 3po6UTN BUCHOBOK
Mpo ICHYyBaHHSA PO3B’A3aHHS.

3 Bupiwntun cuctemy gsomMa criocobamu:

a) y MaTpuuHii opmi: X = A*-B;

6) 3 BUKOPUCTaHHAM (hYHKLIT PO3B’A3aHHSA CUCTEM NiHIMHMX anrebpaiy-
HUX piBHAHb Isolve (A, B).

4 BuKoHaTV rnepesipKy NpaBuIbHOCTI PO3B’A3aHHS.
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Tabmus b.4

No

Cuctema

1

2

0,005x; +0,004x +0,150x3 = 0,057

—0,090x1 —0,033, +0,0067x3 —0,098x4 =—0,098
0150%; +0,0335 +0,050x3 +0x4 =0183
2857x1 +0100kp —0,300x3 +0,025,4 =—0,041

0,010 x; + 0,008 x, + 0,200 x5 + 0,050 x, = 0.186

- 0,080 x, +0,013x5 — 0,050 x4, = -0,126

0,250 x; + 0,067 x, + 0,067 x5 + 0,069 x, = 0,646
0,057 x; + 0,150x, —0,267 x5 + 0,050, =0,0086

0,015x; +0,012x, +0,250x3 +0,100x, = 0,388
—0,070x; —0,033x, +0,020x5 —0,075x, = —0,084
0,350x4 +0,100x, +0,075 X3 +0,110x4 =1,357
0,0086x; + 0,200x, —0,233x3 +0,075x, = 0,149

0,020, +0,016X, +0,300x5 +0,150x,, = 0,662

—0,060x; +0,067x, +0,027x5 — 0,100, = 0,029
0,450x; +0,133X, +0,080 X3 +0,139x, = 2,312
0,011x; + 0,250x, —0,200x3 +0,100x, = 0,379

0,030%; +0,024X, +0,400x5 +0,250x,, =1,427
—0,040%, +0,133X, +0,040x5 +0,150x, = 0,465
0,650%, +0,200X, +0,086 X3 +0,179X4 = 4,940
0,017x; + 0,350x, —0133x5 +0,150x, =1111

0,035x, +0,028x, +0,450x5 +0,300x, =1,918

—0,030%; +0,167x, +0,047x3 +0,175x, = 0,788
0,750x; +0,233x, +0,088 x5 +0,195x, = 6,611
0,020x; + 0,400x, —0,100x3 +0175x, =1,613

0,040, +0,032x, +0,500x5 +0,350x, = 2,481
—0,020x +0,200x, +0,053X5 +0,200x,, =1,182
0,850%, +0,267x, +0,089 X5 +0,208x, = 8,520
0,023%; + 0,450x, —0,067x3 +0,200x, = 2,205
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MpopoB>KeHHA Tabnmui b.4

0,045x; +0,036X, +0,550x5 + 0,400, = 3117
—0,010x +0,233x, +0,060x5 +0,225x,, = 1,646
0,950%; +0,300x, +0,090 X5 +0,220x, =10,664

0,026x; + 0,500X, —0,033x5 +0,225x, = 2,888

10

0,050%; +0,040x, +0,600x3 +0,450x,, = 3,825
0,267X, +0,067x3 +0,250x,, = 2,181
1,050%, +0,333x, +0,091 X3 +0,230x, =13,045

0,029, + 0,550x, +0,250x, = 3,661

11

0,055xq +0,044x5 +0,065x3 + 0,500X4 = 4,605
0,010%7 +0,300x7 +0,073x3 +0,275X4 = 2,785
1150x1 +0,367xy +0,092 X3 +0,240x4 =15,662
0,031xq + 0,600 +0,033x3 +0,750x4 = 4,524

12

0,060%q +0,048x5 +0,700X3 +0,550x4 = 5,458
0,020%; +0,333x5 +0,080x3 + 0,300X4 = 3,460
1,250xq +0,400X5 +0,092 X3 +0,248x4 =18,515
0,034%7 + 0,650 +0,0673 +0,300X4 = 5,478

13

0,065 +0,052X5 +0,750x3 + 0,600, = 6,383
0,030%7 +0,367x5 +0,087x3 +0,325x,4 = 4,205
1,350xq +0,433X5 +0,093 X3 + 0,256, = 21,603
0,037xq + 0,700 +0,100x3 + 0,325%4 = 6,522

14

(0,070x7 +0,056x2 +0,800x3 +0,650%4 = 7,380

0,040%; +0,400%5 +0,093x3 + 0,350, =5,021
1,450xq +0,467x +0,093 X3 +0,264%4 = 24,926

0,040%7 +0,750x7 +0,133x3 +0,350X4 = 7,657

15

0,075x1 +0,060x7 + 0,850x3 +0,700x4 = 8,450
0,050%7 + 0,433 +0,100x3 + 0,375x4 = 5,906
1550%7 +0,500x5 + 0,094 X3 +0,248x4 = 28,484
0,043x1 + 0,800x5 +0,167x3 +0,375x4 = 8,882
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MpogoB>keHHA Tabnmui b.4

16

0,080xq +0,064Xy +0,900x3 +0,750x, = 9,592
0,060xq +0,467X5 +0,107x3 +0,400x4 = 6,862
1,650%) +0,533x, + 0,094 x3 +0,277x4 = 32,278
0,046xq + 0,850x +0,200x3 +0,400x4 =10,198

17

0,085x; +0,068x> + 0,950x3 + 0,800x4 =10,806
0,070xq +0,500x5 +0,113x3 +0,425x4 = 7,888
1,750%1 +0,567x» + 0,094 x3 +0,283x4 = 36,306
0,049x1 + 0,900x2 +0,233x3 +0,425%4 =11,604

18

0,090%7 +0,072x5 +1,000x3 + 0,850x4 =12,093
0,080 +0,533X5 +0,120x3 + 0,450, = 8,985
1,850%q +0,600x + 0,095 X3 + 0,289, = 40,569
0,051xq + 0,950x5 +0,267x3 +0,450x4 =13101

19

0,095 +0,076x7 +1,050x3 +0,900x,4 =13,452
0,090%) +0,567x +0,127x3 +0,475%4 =10,152
1,950%q +0,633%7 + 0,095 X3 +0,294x4 = 45,067
0,054%7 +1,000x, +0,300x3 +0,475x, =14,688

20

0,100xq +0,080x5 +1,100x3 +0,950x4 =14,883
0,100xq +0,600x5 +0,133x3 + 0,500, =11,389
2,050%1 +0,667x7 + 0,095 X3 +0,300x4 = 49,799
0,057%1 +1,050x5 +0,333x3 + 0,500x, = 16,365

3aBAaHHA:

1 3HaiTK 3Ha4YeHHs nepLuoi noxigHot GyHKuiT f () (Tabn. b.5) y Touui X.
2 3HalTK aHaNiTUYHe BMPaXKEHHS (SIKLLO Le MOXK/IMBO) Ans NOXifgHoi no-

4 O6YMCNEHHA NOXIAHMX | IHTerpanis

PAAKY N LIET PYHKLIT.

3 3HaliTV BU3HaueHWI iHTerpan diyHKUii f (X) Ha Bigpisky [a, b] (Tabn. B.6).
4 3HANTN HEBU3HAYEHWI IHTerpa (AKLLO Lie MOX/IMBO) i€l (hyHKUT.
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Tabmus B.5

No f(x) = X=| n= Ne f(x) = X=| n=
1 -x? 2 | 3 9 X 2 | 4
¢ x2-1
2 sin 2x 5 2 10 x 89X 1 3
3 g3x 8 | 4 11 In3x | 3 | 4
4 Jx 2 12 J2x+3 4 3
x2 2X+3
5 1 7 6 13 i 7 5 3
6 x?sin 2x 3 2 14 sirfx 6 3
7 X2 cobHx 1 3 15 cos’ X 7 3
-1
8 X7 9 4 16 coS' X 8 3
xX+1
Tabnmusa b.6
No f(X) a | b | Ne f(X) a b
1 2 3 4 1 2 3 4
X+1 .
1 W 1 6 10 N14sirgx 0 4
2 ' +DX 2 |5 11| X3° | 2 | 6
X 1
3 T 2 | 5|12 — | 1|3
1
4 tgx 11 1B S 1|1
2X+3 1
5 T2 D 0 4 | 14 o 2 2 3
1
6 1-six 4 6 15 Sir12(2X+Z) 15 | 2,7
3 1
7 (3—X) 2 | 3|16 1 3
1+cox
1
8 A—= W x/x 1|5 |17 1 1| 3
X 1-+sinx
1
A A4
g | YXHXTH2 | 5 | 3| g > | 2 | 4
X 1+ x
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MpopoB>KeHHsA Tabnmui b.6

1 2 3 4 1 2 3 4
2 3
19 X +3 2 | 3| 23 X 7| 8
X -1 x8_2
2x+1_5x—1 5 1
20| £ 7 | 2|1 24 4 | 5
10% XV +1
V1+ X% +41- X2 1
21 3| -1 |2 2 3
J1-x* > Xy X2 =1
22 (2% +3%)? 1|2 | 26 tgx -1 1

5 MNowyK eKCcTpeMymiB PyHKLIT
3aBlaHHs:

1 3HaNTV eKCTpPeMYMU i 3HAUYEHHSA PYHKLIT B TOUKaX ekcTpemymy. Mepe.i-
PUTW 3HAYEHHS MOXIAHOT B TOUKaX eKcTpemymy. MobyaysaT Ha OAHOMY pUCY-
HKY rpadikym gyHKUiT i T noxigHOT Ha BIAPI3KY, WO MICTUTb EKCTPeMyMM
(tabn. B.7).

2 Onsa hyHKUIT, L0 Mae HECKIHYEHHY KiNbKiCTb eKCTPEMYMIB, 3HAUTK TX Ha
3afaHnX Bigpiskax. BukopucTtoByBatM Npu  LbOMY BUpIlIaIbHUA  BNOK
(tabn. B.8). Nobynysatu rpadik.

Tabnmua 6.7

No DyHKUiA No DYHKUIA

1| 33+ 4)2 - 2x-8 6 33/(x-1)x
A5 6%/6x2

2 1-Vx* -2x ! D T

(x+2)2 +8

3 | 123/(x+2)%2 —8x-16 | 8 | 2x-2-3%(x-1)?
4 23/6(x-2)° 9 2 +3/8X(x+2)

X2 +8

3/ _ 2
5 8x-16 —12 3/(x +4)* 10 3Y6(x-4)

X2 —4x+12
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MpopoB>KeHHs Tabumui b.7

1 2 1 2
123/6(x-1)°
11 (X2 ) 12 | 34/(x-2)2 - 2x+ 4
(x+1)“+8
33/6(x+1)°
12 | 9if(x+1)? -6x-6 | 13 - 3B Oerd)
(x+3)°+8
13 1-3/(x-2)% -1 14 3(x+2)? -1
14 3/(x+4)x 15 3/(x+4)(x—4)
3 _12)2 3 Y
1 63/6(x —3) 16 33/6(x-5)
(x-1)2+8 (x-3)2+8
Tabnmus 6.8
No PYHKLIA B;ﬂﬁ" No PyHKLUIA B;ﬂﬁ"
1 2 3 1 2 3
4
3 _ 2 _ _ . 2 —X-— -1 2
1| 4/2(x-2)2(8-x)-1 | [0;6] | 11 (x+2)? [-1; 2]
4
2 4"X_‘;? [1;4] | 12 3/2x%(x-3) [-1; 6]
2
3 xe+ 10 16 4 | 13 | 2EXETED ) g
X X2—2x+2
2
4 oK -x-05 | 4|15 |1-N20-D6E-0| g
2 , 4 X .
5 | 1+3/2(x-1)2(x-7) |[-L;5]| 16 L [-4: 2]
2
6 K- 4/X +3 [19] | 17 8+i—X2 [-4; -1]
10 x
7 2 C [0:3] | 18 | 1+3/2x°(x-6) | [-24]
2X(2x+3)
8 | —2+3 2(5- -3;3] | 19 ST 2,1
2+3/2(x+1)2(5-x) | [3; 3] iyt [-2; 1]
2
o | 2xt+il s 24| 20 | - 2053 o 1508
X X“+2x+5
2
10 22()(+3)—1 [3;3]| 14 | x-4/x+2+55 |[-17]
X —2X+5
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6 IHTepnonAyisa yHKUIT CTyneHeBMMM BMpasamm

3aBAaHHA:

1 BukoHaTtu NiHiHY i Ky6iuHYy iHTepnonsuito 3a Tabnuuamm gaHmx (Tabn.
6.9). Mobyaysatu rpagiki. HaHeCcTn Ha HUX 3afaHi TOUKMN.

2 Posknactu yHkuito f (x) (Tabn. 6.10) y pag Telinopa nopsiAKy N HaBKoO-
N0 TOYKM Xo. Mobyaysatn rpadik. HaHecTn 3agaHi TOUKW. MMOPIBHATU Pi3HI BU-
AN HabNMXKEeHHS (YHKLT.

Tabnmua 6.9

Ne KoopanHaTt To4oK

1 2 3 4 5 6

. X 0,8 0,9 1 1,5
Y 2,5 2,22 2 1,333

2 X 0,8 0,9 1 1,5 2
Y -0,223 -0,105 0 0,405 0,693

3 X 0,8 0,9 1 1,5 2
Y 0,928 0,965 1 1,145 1,26

4 X 1 1,5 2 2,5 3
Y 0,707 0,924 1 0,924 0,707

5 X 4,5 3) 55 6
Y 2 1,2 0,833 0,629 0,5

6 X 1 15 2 2,5 3
Y 0,25 0,333 0,4 0,455 0,5

7 X 0,8 0,9 1 1,5 2
Y 0,527 0,445 0,368 0,105 0,018
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MpopoB>KeHHs Tabnmui b.9

2 3 4 5 6 7
X 0,8 0,9 1 1,5 2
Y 1,17 1,216 1,26 1,442 1,587
9 X 0,8 0,9 2,5 3
Y 3,75 3,333 2 1,5
10 X 0,8 0,9 1 1,5 2
Y 0,247 0,482 0,693 1,504 2,079
11 X 1 1,5 2 2,5 3
Y 0,368 0,223 0,135 0,082 0,05
12 X 0,8 0,9 1 1,5 2
Y -0,14 -0,07 0 0,27 0,462
13 X 1,2 1,5 2,2 2,3
Y 0,667 1 2,75 3,286
14 X 0 0,5 1 1,5 2
Y 1 1,125 2 4,375 9
15 X 1 1,5 2 2,5 3
Y 0,707 0,583 1 0,383 0,77
16 X 0,5 0,7 0,8 1,3 1,8
Y -3 -2,44 -2,2 -1,076 0,053
17 X 0 0,5 1 1,5 2
Y -0,736 -0,963 -1 -1,047 -1,437
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MpogoB>KeHHsA Tabnmui 5.9

1 2 3 4 5 6 7
18 X 1,2 1,7 2 2,5 3
Y -4,64 -4,017 -4 -3,953 -3,693
19 X 0,1 0,5 1 15 2
Y -2,262 -1,097 -1 -0,881 -0,266
20 X 0 0,5 1 1,5 2
Y 0,708 0,98 1 0,98 0,708
21 X 0 0,5 1 1,5 2
Y -0,736 -1,463 -3 -5,547 -9,437
22 X -0,9 -0,5 1 1,5
Y -0,995 0,864 1,386 2,083
23 X 0,5 1 3 3,5
Y -1,255 -0,292 0 -0,292 -1,255
24 X -3 -2,5 -2 -1,5 -1
Y 14,987 11,228 7,963 5,19 2,9
Tabmuys B.10
Ne | DyHKUIAT(X) | X, | n | Ne DyHKUIA T(X) Xo
1 2 3 | 4 2 3
X 3—X
2 In x 1 | 4 x3+1 1
3 3/x 1|3 cos Zx 2
. VN T
4 sin =—x 2 | 4 X ——)sin x =
4 ( 4 ) 4
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MpopoB>KeHHA Tabnmui b.10

1 2 3 1401 2 3|4
X
9 e 5 | 3|17 X2 — 2gx-1 115
X“=-5x+6
10 X 2 | 4|18 x2-dx—-(x-2)In(x-1)|2 |4
3+ X
11 a—x° 1 |3[19] x2-2x-(x-1)Inx 1|4
12 3/2x 1 [ 4]20] sin?(x—-1)—x2+2x 1|5
13 s 2 3|21 ~x2-2ex-t 115
X
14 In(2x?) 1 [ 422 x2-2x+1+2In(x+1) 4
15 X 2 | 3|23 |sin?2(x-2)-x2+4x-4 ]2 |5
16 [ cos 2(x-1)-x%2| 1 | 4 |24 X2-2x-2ex2 2|5

3aBaHHA:

[Ona  3agaHnx 'y Tabnuui

7 UncenbHe po3B’si3aHHSA 3BUYaliHUX AndiepeHLia/ibHMX PiBHSIHb

5.11 audepeHUiaibHUX pPIBHAHbL 3HANTK

pO3B’sA3aHHSA Ha Bifpi3Ky [xn, xK] cnoyaTky 3 npasoto YacTuHO Bugy f1, notim
i3 MpaBoto YacTuHo Buay 2. MobyayBaTun rpaikmn po3s’s3Kis.

Tabnmusa b.11

. Mpa.i yacTUHU rlouarkosi IHTepBan

Ne | J1iBI YaCTUHU yMOBU
f1 f2 y(©) | YO | xn | X«

1 2 3 4 5 6 7
1 y'+xy 0| 1-x2sin x 1 0 |1
2 | y'+6y+8y |0| 6x2+3cos x -1 0o |-1] 3
3 y”+Z 0| (1-2x)e* 0o | 1 |o]| 3
4 y'+3y’ 0 eXcos 2X 0 -1 10 S5
5 y'+9y 0 5(x +2)2 0 3 0 5
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MpogoB>keHHA Tabnmui b.11

1 2 3 4 5 6 7 8
6 y'-3y'+2y |0 (3x + 7)e?x 0 3|0 2
7 y'+4y 0 X2+ x-1 3 0 [3] 10
8 y'+9y 0| cos 4x+1 -3 0 |-3] 3
9 y'+3y+2y 0 (2x +5)e?x 2 0 -2 2
10 | y'-6y+8y |0 4x2sin X -2 0 |2 -1
11 y'-y’ 0] (16 -2x)e~* 0 2 | 3] 6
12 y'+4y 0 5x2-1 0 -2 0 9
13| y™-9y+18y [0 4(1-x)e 4 0 |[4] 5
14 y'+4y O |x-x2+2cos x | -4 0 |-4]| 4
15 y'+6y 0 eX+2c0os X 0 4 0 5
16 y'+7r2y 0 32+ 2x 1 0 [1] 6
17 | y"-3y+2y | 0| (12 -16 x)e* -1 0 2 3
18 y'+y’ 0| 3x2+2/x +1 0 1 0| 5
19 y'+5y 0| (20 x +14 )e?x 0 1|0 1
20 y'+16 'y 0 XCOS X + 2 0 3 0 6
21 y'+y 0 1+ cos 3x 0 3|10 7
22 y'-3y’ 0] (20 x+14)e2x | 3 0 |0 1
23| y"-6y+8y | 0| 12 x2-6x -3 0 |05] 15
24 | y"-3y+2y | 0| 49 - 24 x? 2 0 | 3| 4
25 y'+y 0 3x2+x-4 -2 0 2 7
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8 CTaTUcTMUHa 06po6Ka OAHOMIPHOI0 BUMAAKOBOro MacuBy

3aBAaHHA:

[nd 3agaHnx fani CTaTUCTUYHUX SaHUX:

1) cTBOpPUTK (haiin BUXIAHWMX AaHKX Nifd BNaCHUM iM'sim (Hanpuknag,
fio_2.dat);

2) Ha nigcTasi (anny lab2.mcd ctBopuTY thaiin 3BITY Mo NabopaTopHiii
po6orTi - fio_2.mcd;

3) O4ns CBOET BUBIPKM 0aepxKaTu HacTYMHi AaHi: 06’eM BUGIpKK n, maTeMa-
TUYHE OYiKyBaHHSA mean, po3max B1Bipkn R=xmin-xmax, cepeHbOKBagpaTNy-
He BigXuneHHs g, acumeTpito SK, ekcuec EX. 3a 3Ha4YeHHAMN acUMeTPIT i eKc-
Lecy 1 Bugy rictorpamu 3pobmTy BUCHOBOK, UM 3HAYHO BiAPI3HAETHCSA pO3MOoaiN
BUMNAAKOBOI BENNYMHM Bif HOPMa/IbHOTO;

4) nobyaysatu rictorpamy, BU6pasLUM YACNO 4YaCTKOBUX iHTEPBasIiB PiB-
HUM 10. BusHaumTK, Yn 3a40BOJbHSAE FicTOrpaMa npornoHOBaHUM [0 HET BUMO-
ram. FKL0 He 380BOJIbHAE, 3MEHLUNTW, HACKI/IbKK Le NPUMyCTUMO, YMC/O Yac-
TKOBUX IHTepBanis.;

5) 3HalTN MMOBIPHICTb BIyYeHHS BUMAAKOBOI BENMUYMHM B 3afaHniA Npo-
MIXKOK;

6) BBaXXaKOUK, LLIO TEXHOOTIYHMIA NPOLEC BifperynboBaHuin NpasusiLHoO, a
A0nycK ctaHoBUTb 10% Bif 3HAYEHHA KOHTPO/IbOBAHOIO napameTpa, 3HaiTu
BUMYCK NPUAATHOI NpoayKLuii B %.

BapiaHT 1
1.67 241079 141|250 (229|258 |1.32
3.75 1194 1095|348 239|117 |192|1.04
2.13 | 158 |2.18 | 2.30 | 3.03 | 1.50 | 2.53 | 1.91
1.31 |3.62 149198 |2.14 (335|289 |251
2.31 |2.34 |1.00 |2.03 |0.64 |2.67 |0.09 |1.78
324 {191 (120|161 235|173 293|232
2.84 |1.29 |2.28 |2.54 | 1.85 | 2.40 | 2.22 | 2.90
2.37 |2.68 |2.00 | 2.70 | 2.33 | 2.86 | 0.36 | 1.98
253 /1080|289 |0.73 101 185|205 1.16
176 | 2.78 1243 |1.85|1.21 |153 154 243 |P(0.93<X<152)="?
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BapiaHT 2

2.46

1.70

2.44

0.82

1.50

2.53

2.32

2.61

1.35

3.78

1.97

0.98

3.51

2.42

1.20

1.95

1.07

2.16

1.61

221

2.33

3.06

1.53

2.56

1.94

1.34

3.63

1.52

2.01

2.17

3.38

2.92

2.54

2.34

2.37

1.03

2.06

0.67

2.70

1.12

1.81

3.27

1.94

1.23

1.64

2.38

1.76

2.96

2.35

2.87

1.32

2.31

2.57

1.88

2.43

1.88

2.93

2.40

2.71

2.03

2.76

2.36

2.89

0.39

2.01

2.56

0.83

2.92

0.76

1.04

1.88

2.08

1.19

1.79

2.81

2.46

1.88

1.24

1.56

1.57

BapiaHT 3

1.60

2.49

1.73

2.47

0.85

1.53

2.56

2.35

2.64

1.38

3.81

2.00

1.01

3.54

2.45

1.23

1.98

1.10

2.19

1.64

2.24

2.36

3.09

1.56

2.59

1.97

1.37

3.68

1.55

2.04

2.20

341

2.95

2.57

2.37

2.40

1.06

2.09

0.70

2.73

0.45

1.84

3.30

1.97

1.26

1.67

2.41

1.79

2.99

2.38

2.90

1.35

2.34

2.60

1.91

2.46

2.28

2.96

2.43

2.74

2.06

2.76

2.39

2.92

0.42

2.04

2.959

0.86

2.95

0.79

1.07

1.91

2.11

1.22

1.82

2.84

2.49

1.91

1.27

1.59

BapiaHT 4

1.62

1.63

2.52

1.76

2.50

0.88

1.56

2.59

2.38

2.67

1.14

3.84

2.03

1.04

3.597

2.48

1.86

2.01

1.13

2.22

1.67

2.27

2.38

3.12

1.59

2.62

2.00

1.40

3.71

1.58

2.07

2.23

3.44

2.98

2.60

2.40

2.43

1.09

212

0.73

2.76

0.18

1.87

3.32

2.00

1.29

1.70

244

1.82

3.02

241

2.93

1.38

2.37

2.63

1.94

2.49

2.31

2.99

2.46

2.77

2.09

2.79

242

2.95

0.45

2.07

2.62

0.89

2.98

0.82

1.10

1.94

2.14

1.25

1.83

2.87

2.52

1.94

1.30
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P (0.90 < X < 1.56) = ?



BapiaHT 5

3.31

1.15

1.43

2.27

2.47

1.58

2.18

3.20

2.85

2.27

1.63

1.95

1.96

2.85

2.09

2.83

1.21

1.89

2.92

2.71

3.00

1.74

4.17

2.36

1.37

3.90

2.81

1.59

2.34

1.46

2.55

2.00

2.60

2.78

3.45

1.92

2.95

2.33

1.73

4.04

1.91

2.40

2.56

3.77

3.31

2.93

2.73

2.76

1.42

2.45

1.06

3.09

0.31

2.20

3.66

2.33

1.62

2.03

2.77

2.15

3.35

2.74

3.26

1.71

2.70

2.96

2.27

2.82

2.64

3.32

2.79

3.10

2.42

3.12

2.75

3.28

0.78

2.40

2.95

1.22

BapiaHT 6

2.46

1.70

2.44

0.82

1.50

2.53

2.32

2.61

1.35

3.78

1.97

0.98

3.51

2.42

1.20

1.95

1.07

2.16

1.61

2.21

2.33

3.06

1.53

2.56

1.94

1.34

3.63

1.52

2.01

2.17

3.38

2.92

2.54

2.34

2.37

1.03

2.06

0.67

2.70

1.12

3.24

1.91

1.20

1.61

2.35

1.73

2.93

2.32

2.84

1.29

2.28

2.54

1.85

2.40

2.22

2.90

2.37

2.68

2.00

2.70

2.33

2.86

0.36

1.98

2.53

0.80

2.89

0.73

1.01

1.85

2.05

1.16

1.76

2.78

2.43

1.85

1.21

1.53

1.54

P(0.89<X<157)="?

243 |P(1.08<X<168)=?

BapiaHT 7

1.67

2.41

0.79

1.41

2.50

2.29

2.58

1.32

3.75

1.94

0.95

3.48

2.39

1.17

1.92

1.04

2.13

1.58

2.18

2.30

3.03

1.50

2.53

1.91

1.31

3.62

1.49

1.98

2.14

3.35

2.89

2.51

2.31

2.34

1.00

2.03

0.64

2.67

0.09

1.78

1.81

3.27

1.94

1.23

1.64

2.38

1.76

2.96

2.35

2.87

1.32

2.31

2.57

1.88

2.43

1.88

2.93

2.40

2.71

2.03

2.76

2.36

2.89

0.39

2.01

2.56

0.83

2.92

0.76

1.04

1.88

2.08

1.19

1.79

2.81

2.46

1.88

1.24

1.56

1.57

P (1.07 < X < 1.69) = ?
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BapiaHT 8

1.62

1.63

2.52

1.76

2.50

0.88

1.56

2.99

2.38

2.67

1.14

3.84

2.03

1.04

3.57

2.48

1.86

2.01

1.13

2.22

1.67

2.27

2.38

3.12

1.59

2.62

2.00

1.40

3.71

1.58

2.07

2.23

3.44

2.98

2.60

2.40

2.43

1.09

2.12

0.73

0.45

1.84

3.30

1.97

1.26

1.67

241

1.79

2.99

2.38

2.90

1.35

2.34

2.60

1.91

2.46

2.28

2.96

2.43

2.74

2.06

2.76

2.39

2.92

0.42

2.04

2.59

0.86

2.95

0.79

1.07

1.91

2.11

1.22

1.82

2.84

2.49

1.91

1.27

1.59

BapiaHT 9

1.60

2.49

1.73

2.47

0.85

1.53

2.56

2.35

2.64

1.38

3.81

2.00

1.01

3.54

2.45

1.23

1.98

1.10

2.19

1.64

2.24

2.36

3.09

1.56

2.59

1.97

1.37

3.68

1.55

2.04

2.20

3.41

2.95

2.57

2.37

2.40

1.06

2.09

0.70

2.73

2.76

0.18

1.87

3.32

2.00

1.29

1.70

2.44

1.82

3.02

241

2.93

1.38

2.37

2.63

1.94

2.49

2.31

2.99

2.46

2.77

2.09

2.79

2.42

2.95

0.45

2.07

2.62

0.89

2.98

0.82

1.10

1.94

2.14

1.25

1.83

2.87

2.52

1.94

1.30

BapiaHT 10

P(1.06<X<170)="?

P(L.05<X<171)="?

1.43

2.03

3.05

2.70

2.13

1.48

1.80

1.81

2.70

1.94

3.63

1.06

1.74

2.77

2.56

2.85

1.59

3.08

2.21

1.22

3.75

2.66

1.44

3.19

1.81

2.40

1.85

2.45

2.57

3.30

1.77

2.80

3.18

1.58

2.89

1.76

2.25

241

3.62

2.13

1.95

0.45

2.07

2.62

0.89

2.98

0.82

1.10

1.94

2.14

1.25

1.83

2.87

2.52

1.94

1.30

1.62

1.03

2.77

2.15

2.35

2.74

3.26

1.71

2.70

2.96

2.27

1.82

2.64

3.32

2.79

3.10

2.42

1.12

2.75

1.28

0.78

2.40

2.95

1.22

P(L04<X<1.72)=?
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BapiaHT 11

2.46

1.70

1.43

2.27

2.47

1.58

2.32

2.61

1.35

3.78

1.63

1.95

1.96

2.85

1.20

1.95

1.07

2.16

1.87

3.32

2.00

1.29

1.53

2.56

1.94

1.34

241

2.93

1.38

2.37

3.38

2.92

2.54

2.34

2.99

2.46

2.77

2.09

2.70

1.12

3.24

1.91

2.07

2.62

0.89

2.98

2.93

2.32

2.84

1.29

1.25

1.83

2.87

2.52

2.22

2.90

2.37

2.68

2.77

2.15

3.35

2.74

0.36

1.98

2.53

0.80

2.27

2.82

2.64

3.32

2.05

1.16

1.76

2.78

2.75

3.28

0.78

2.40

1.54

2.43

BapiaHT 12

3.31

1.15

244

0.82

1.50

2.53

2.18

3.20

2.85

2.27

1.97

0.98

3.51

2.42

2.09

2.83

2.76

0.18

1.61

2.21

2.33

3.06

1.70

2.44

1.82

3.02

3.63

1.52

2.01

2.17

2.63

1.94

2.49

2.31

2.37

1.03

2.06

0.67

2.79

242

2.95

0.45

1.20

1.61

2.35

1.73

0.82

1.10

1.94

2.14

2.28

2.54

1.85

2.40

1.94

1.30

1.62

2.03

2.00

2.70

2.33

2.86

3.26

1.71

2.70

2.96

2.89

0.73

1.01

1.85

2.79

3.10

2.42

3.12

2.43

1.85

1.21

1.53

2.95

1.22

BapiaHT 13

P(1.23<X<1.83)="?

P(122<X<184)="?

1.60

2.49

0.79

141

2.50

2.29

2.56

2.35

2.64

1.38

0.95

3.48

2.39

1.17

2.45

1.23

1.98

1.10

2.18

2.30

3.03

1.50

3.09

1.56

2.59

1.97

1.49

1.98

2.14

3.35

2.20

3.41

2.95

2.57

1.00

2.03

0.64

2.67

0.70

2.73

2.76

0.18

1.94

1.23

1.64

2.38

1.70

2.44

1.82

3.02

1.32

2.31

2.57

1.88

2.63

1.94

2.49

2.31

2.71

2.03

2.76

2.36

2.79

2.42

2.95

0.45

0.83

2.92

0.76

1.04

0.82

1.10

1.94

2.14

2.81

2.46

1.88

1.24

1.94

1.30

P(121<X<1.85)="?
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BapiaHT 14

0.67

241

1.73

2.47

0.85

1.53

1.58

1.32

0.75

1.94

3.81

2.00

1.01

3.54

1.92

1.04

2.13

1.58

2.19

1.64

2.24

2.36

2.53

1.91

1.31

3.62

1.37

3.68

1.55

2.04

2.89

2.51

2.31

0.34

2.37

2.40

1.06

2.09

0.09

1.78

1.81

2.27

1.87

3.32

2.00

1.29

1.76

2.96

2.35

2.87

2.41

2.93

1.38

2.37

2.43

1.88

2.93

2.40

2.99

2.46

1.77

2.09

2.89

0.39

2.01

2.56

2.07

2.62

0.89

2.98

1.88

2.08

1.19

1.79

1.25

1.83

2.87

2.52

1.56

1.57

BapiaHT 15

1.62

1.63

2.52

1.76

2.50

0.88

1.56

2.59

2.38

2.67

3.14

3.84

2.03

1.04

3.57

2.48

2.86

2.01

3.13

2.22

1.67

2.27

2.38

3.12

1.59

2.62

2.00

1.40

3.71

1.58

2.07

2.23

0.42

2.04

2.59

0.86

2.95

0.79

1.07

1.91

2.11

3.22

1.82

2.84

2.49

291

3.27

1.59

1.76

2.50

1.88

3.08

2.47

2.99

1.44

2.43

2.69

2.00

2.55

2.37

3.05

2.52

1.83

2.15

2.85

3.48

3.01

0.51

2.13

2.68

0.95

3.04

0.88

1.16

2.00

3.20

1.31

1.91

2.93

2.58

P(1.20<X<1.86)="

P(119<X<187)=?

9 MporHo3 Ha nigctasi NiHINHOT perpecii. TOYHICTb NPOrHO3Y.

3aBaaHHA:

TicHOTa NiHIAHOIO 3B’A3KY

BukopucToByroum faHi 3i CBOro iHAMBIAYanbHOr0 3aBAaHHS:
1) 3HanWTK KoediuieHT KopenAuii i OUiHUTK 3a HUM TICHOTY NiHIAHOIO
3B'A3KY;

2) nobyaysaTu rpaiku niHii perpecii 3 80%, 95% i 99% aosipunMm 06-
nacTamu;
3) HaHEeCTV BPYYHY Ha NiHIt0 perpecii LeHTP po3CitOBaHHS;
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4) 3HalTV 3a rpagiikom NPoOrHo3 y Touui, WO BiANoBigae LEHTPY po3cito-
BaHHA A1 BCIX TPbOX 3HauyeHb piBHA Aosipn (80%, 95%, 99%), a TakoXX npo-
rHO3 y BYy/b-AKilA AOBINbHIM TOULi 3 06/1aCTi NPOrHO3IB;

5) 3HainTK 3a rpagikoM HaniBLUMPUHY AOBIPYOro iHTepBany 57, y Touuj,
L0 BIAMOBIAAE LEHTPY PO3CItOBaHHA 418 BCIX TPbOX 3HA4YeHb PIBHA AOBIpU
(80%, 95%, 99%): 080, Ogs, Ogg;

6) OUIHUTU MakCUMabHY BIZHOCHY MOMW/KY MPOrHo3y (y BiACOTKax)
O/1f BCIX TPbOX 3HauyeHb piBHA foBipn (80%, 95%, 99%) 3a (opmysow

Sy

:100% (O i Yoporosy 3HAXOAMMO 32 KPEC/IEHHSAM);
YnporHosa

7) 3po6UTU BMCHOBOK MPO B3aEMO3B'A30K PIBHS JOBIpM ) i BifHOCHOI
MOXMOKM NPOrHO3Y.

BapiaHT 1

doHpoBiLAaYa 1 piBeHb PeHTabenbHOCTI M0 METU3HOMY 3aBOJY 3a PiK
XapaKTepu3yrTbCA TaKUMU JaHUMU:

dakTop MokasHuK
Ne 3aBoAy - - -
doHpoBIgOaYa, rpH PiBeHb peHTabenbHOCTI, %
1 1,24 39,4
2 0,63 23,2
3 1,18 37,2
4 1,12 35,1
5 0,44 20,0
6 1,19 37,9
7 0,48 20,1
8 0,65 23,4
9 0,26 13,4
10 0,75 24,8
11 1,03 32,2
12 0,89 30,2
13 0,16 10,3
14 0,67 23,7
15 0,90 31,3
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BapiaHT 2

®oHAOBIAAAYA 11 piBEHb peHTabenbHOCTi N0 BaroHOPEMOHTHOMY 3aBOY
3a PiK XapaKTepu3yoTbCs TakMK AaHUMMK:

Ne 3aB0f1y dakTop Moka3HuK
) doHpoBigAaYa, MPH PiBeHb peHTabenbLHOCTI, %
1 38,9 10,7
2 33,3 11,3
3 37,7 12,2
4 31,1 12,4
5 29,4 10,9
6 37,2 11,3
7 35,6 11,1
8 34,1 14,0
9 0,26 6,8
10 22,8 7,1
11 21,7 8,9
12 26, 4,2
13 23,3 7,4
14 24,5 11,4
15 29,9 4,8

BapiaHT 3

doHaoBigAa4a i piBEHb PEHTABeNIbHOCTI M0 METa/IOPEMOHTHUX LEexax
3aBO/iB 0611aCTi 3a PiK XapaKTepu3yoTbCA TaKUMWN JaHUMU:

Ne 3aB0z1y quKTop _ [MoKa3HUK .
B doHpaoBIgaaYa, TPH PiBeHb peHTabesIbHOCTI, %
1 5,46 27,6
2 5,53 24,9
3 7,05 32,1
4 7,29 37,1
5 7,40 36,9
6 7,10 33,4
7 6,25 31,3
8 8,64 39,3
9 5,18 24,8
10 1,81 20,0
11 2,30 25,5
12 5,53 26,4
13 2,22 20,3
14 3,54 29,1
15 3,23 21,7
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BapiaHT 4

doHpoBigga4a M piBeHb peHTabenbHOCTI Mo Xxnibo3aBogax 06nacTi 3a
PiK XapaKTepu3yrTbCA TaKMMU JaHUMU:

Ne 3aBogy d)gKTop _ MoKa3HWK _

B doHoBIfAaYa, TPH PiBeHb peHTabennbHOCTI, %

1 20,1 12,2

2 64,2 17,6

3 61,1 17,5

4 13,3 10,3

5 10,8 12,8

6 17,2 13,1

7 34,1 16,9

8 32,3 14,4

9 27,8 16,0

10 24,2 16,4

11 55,5 18,3

12 17,1 10,8

13 11,1 10,0

14 25,5 14,0

15 31,1 16,1
BapiaHT 5

doHpoBiaaaua i1 piBeHb peHTabenbHOCTI Mo cTaHuisx TO o6nacTi 3a pik
XapaKTepu3yrTbCA TaKUMU JaHUMMU:

Ne 3aB0gy d)gKTop _ MoKasHWK _
) doHfoBIALaYa, TPH PiBeHb peHTabenbHOCTI, %

1 1,25 9,2

2 2,32 14,7
3 1,71 10,3
4 1,64 10,0
5 1,38 9,9
6 1,18 9,1
7 1,44 9,8
8 1,17 6,4
9 1,72 13,0
10 2,21 11,8
11 1,64 13,2
12 1,73 11,4
13 1,17 8,1
14 1,39 9,0
15 1,07 11,1
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BapiaHT 6

doHAOBIAAaYA I piBEHb PEHTaBeNbHOCTI MO MIOAOKOHCEPBHIX 3aBOAAX
0671aCTi 3a PiK XapaKTepu3yTbCs TaKUMN AaHUMMU:

Ne 3aB0/1y dakTop [MoKa3HWK
) doHpaosiggava, rpH PiBeHb peHTabesIbHOCTI, %
1 1,08 20,1
2 1,05 12,9
3 0,99 18,0
4 1,02 11,7
5 0,98 17,9
6 1,04 16,8
7 1,03 15,6
8 1,10 14,3
9 1,03 18,1
10 0,89 17,8
11 0,78 13,0
12 0.99 14,2
13 1,43 24,2
14 1,03 20,0
15 1,05 19,3
BapiaHT 7

doHgoBIAfaYa M piBeHb peHTabenbHOCTI Mo xNnibo3aBogax 06n1acTi 3a
PiK XapaKTepu3yTbCA TaKUMU AaHUMK:

Ne 3aBogy dakTop lNokasHuK
) doHpaoBigaaYa, rpH PiBeHb peHTabesIbHoCTI, %
1 33,4 12,3
2 29,1 14,7
3 25,3 10,9
4 27,1 16,1
5 43,3 22,3
6 47,2 21,1
7 49,3 24,3
8 35,7 13,3
9 45.8 27,6
10 43,4 28,3
11 42,1 25,1
12 40,1 20,2
13 33,3 13,7
14 41,2 19,9
15 34,0 14,2
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BapiaHT 8

Y T1abnuui HaBefeHi AaHi NPo NUTOMY Bary MexaHi3oBaHUX PoGIT i Npo-
AYKTMBHICTb MpaLi Mo N1o400BoYeBMX 3aBodax 06/1acTi 3a pik:

PakTop MoKasHWK
Ne 3aBozly MuToMa Bara o
MexaHi30BaHuX pobiT, % poay paui, rp
L 84 4300
2 83 4150
3 67 3000
4 63 3420
> 69 3300
6 70 4300
! 3 3420
8 81 4100
9 7 3700
10 72 3500
11 80 4000
12 85 4450
13 83 4270
14 70 3300
15 87 4500
BapiaHT 9

Y Tabnuui HaBefeHi AaHi Npo NUTOMY Bary MpoCTOIB YCTaTKyBaHHA i
piBHI peHTabenbHOCTI MO MO/I0K03aBo4ax 061acTi 3a pik:

dakTop [MoKa3HUK
Ne 3aBoAy MuToma Bara NpPocToiB PiBeHb peHTabeNIbHOCTI,
yCTaTKyBaHHSA, % %
1 18,1 9,5
2 7,8 19,4
3 7,4 8,7
4 6,4 18,3
5 7,8 16,4
6 17,1 8,8
7 10,2 17,8
8 14,1 13,7
9 20,0 7,0
10 16,7 10,2
11 16,0 10,4
12 20,4 7,3
13 16,2 10,7
14 16,0 14,0
15 20,1 7,3
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BapiaHT 10

Y Tabnuui HaBeaeHi AaHi NPo piBeHb TEXHIYHOT NIATOTOBKM POGITHUKIB
i piBHI 3ap06ITHOI NNaTK NO LYKPOBUX 3aBofax 061acTi 3a piK:

dakTop MoKasHWK
Ne 3aBopy MuToma Bara pob6iTHMKIB 3 | 3apobiTHa nnarta 3a MicsLb,

TEXHIYHOK NIAroTOBKO, % rpH
1 40 142,20
2 33 152,33
3 37 154,20
4 39 149,95
5 37 154,37
6 41 149,80
7 49 170,11
8 38 168,33
9 55 193,30
10 43 172,72
11 56 189,39
12 47 187,01
13 44 173,40
14 55 187,87
15 54 184,20

BapiaHT 11

doHaoBiaAaYa i piBeHb peHTabenbHOCTI MO 3aBOJax MeTaneBuX BUPO-
0iB 3a PiK XapaKTepu3yoTbCA TaKUMWN JaHUMWU:

Ne 3aBogy CDQKTop ' lNokasHuK .
B doHpoBIaaaYa, TPH PiBeHb peHTabenbHOCTI, %

1 20,0 2,0
2 12,8 1,8

3 9,2 1,1
4 5,3 3,5
5 18,6 10,1
6 10,8 3,3
7 28,7 24,2
8 13,8 1,9
9 28,6 20,8
10 22,9 19,2
11 14,0 3,4
12 13,0 2,7
13 12,8 1,4
14 25,0 20,1
15 13,8 7,8
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BapiaHT 12

®oHAOoBIAAAYA i1 PiBEHb PEHTAOENbHOCTI MO BAarOHOPEMOHTHUX 3aBOAAX
3a PiK XapaKTepu3ytoTbCs TaKUMIU JaHMN:

Ne 3aB0/1y CDgKTop _ MoKa3HuK _
) doHfoBIaLaYa, TPH PiBeHb peHTabensHOCTI, %
1 80,0 20,0
2 87,2 37,5
3 90,8 43,4
4 94,7 45,6
5 81,4 23,4
6 89,2 25,0
7 71,3 17,2
8 86,2 33,3
9 71,4 15,0
10 77,7 18,7
11 86,0 24,8
12 87,0 34,5
13 87,2 33,1
14 75,0 19,2
15 86,2 31,8

BapiaHT 13

Y 1abnuui HaBefeHi AaHi MPO NUTOMY Bary B TOBapoO0OIry CroXMBYOI
Koonepawil npoAyKuii BNacCHOro BUPOOHMLUTBA 1 PiBHI peHTabenbHOCTI nianpu-
EMCTB 06N1acTi 3a piK:

No dakTop [MoKa3HUK
i AFIDVIF;M cTBa MuToma Bara npoAayKuii BnacHoro| PiBeHb peHTabenbHOCTI,

BMPOGHMLTBA, % %

1 25,2 9,5

2 58,2 94

3 42,2 8,7

4 46,8 8,3

5 60,5 6,4

6 66,1 8,8

7 26,5 7,8

8 59,9 13,7

9 43,2 7,0

10 47,8 6,7

11 61,8 10,4

12 68,1 7,3

13 32,0 8,9

14 60,2 9,4

15 44,2 7,3
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BapiaHT 14

Y Tabnuui HaBefdeHi AaHi NpPo BiAHOCHWIA piBeHb BUTPAT 06Iry il piBHi
peHTabelbHOCTI MO MarasuHax NPOMMUC/IOBINX TOBaPIB 3a PiK:

daKTop [MoKasHWK
Ne marasnHy BigHocHWIA piBeHb BUTpPaT | PiBeHb peHTabenbHOCTI,

06iry, % %

1 7,89 8,9

2 14,41 4,3

3 6,01 10,2

4 9,17 4,9

5 6,78 8,3

6 8,91 7,8

7 6,17 13,1

8 10,11 4,9

9 5,98 13,3

10 6,10 10,7

11 5,90 13,7

12 8,13 5,6

13 9,01 4,7

14 6,00 11,1

15 6,13 10,8

BapiaHT 15

Y Tabnuui HaBefeHi faHi Npo NUTOMY Bary mexaHi3oBaHUX pobiT i npo-
AYKTVBHICTb MpaLi Mo N1o400B0oYeBMX 3aBodax 06/1acTi 3a pik:

No dakTop [MoKa3HUK
N [MnTOMa Bara MexaHi3oBaHUX MPOAYKTUBHICTb
3aBofy : :

pobiT, % npawj, rpH

1 84 4300

2 83 4150

3 67 3000

4 63 3420

5 69 3300

6 70 4300

7 73 3420

8 81 4100

9 77 3700

10 72 3500

11 80 4000

12 85 4450

13 83 4270

14 70 3300

15 87 4500
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