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BCTYII

Pimenns GaraTboX NPHUKIAAHUX 3a4a4 3BOJUTHCA [0 BHUPILICHHS
anreOpaiyHux 1 AUQEpEeHINaATEHUX PiBHIHL a00 CHCTEM. BINTBIIICTE piBHAHB
i CHCTeM pIiBHSHb BUPIIIUTH aHAJTITHYHO HEMOXIHUBO. Y LBbOMY BHUMAIKY
3aCTOCOBYIOTBCS UHCENIbHI METOJM PILLICHHS PiBHSAHB 1 CHCTEM PiBHSHb.

JlaHHI METOAWYHI BKA3iBKU JO3BOJUTH MO3HAHOMMTHCS 3 METOJAMH
BHPIIIEHHSI CHCTEM aireOpaidyHuX DPiBHSAHB, AM(epeHIiaTbHUX PIBHAHD i
cucreM audepeHIiabHUX PIBHSIHb 3aC00aMHU KOMIT'FOTEPHOI MaTEeMaTUKH
(makeramu MATH-CAD).

IIpomemMoHCTpOBaHI CcIOCOOM BHUPIMIEHHS CHCTEM airedpaidyHux
piBH:HB 3a gonomorolo makera MATHCAD.

HaBeneni mnpukmagu po3B'a3aHHS 3BUYAHHHX An(epeHLiaTIbHUX
PIBHSHB i CHCTEM 3BHYAMHHMX IU(epeHIliaTbHIUX PIBHIHBL 32 TOTOMOTOIO
nakeTiB MATHCAD a takox MOXJIHBICTh TOOY10BH TpadikiB OTPIMAHNAX
PpIIlIEHB.



MIATOTOBKA IO NPOBEJEHHS JABOPATOPHOI
POBOTH TA O®OPMJIEHHS 3BITY

JlaboparopHa poOoTa  BKJIIOYAE  CaMOCTIHHE  ONpALIOBAHHS
TEOPETHYHOTO MaTepiany, BUBYEHHS TOKYMEHTAIlii 3 TPOrpaMHHX 3ac00iB,
METOJMK TPOBEJCHHS PO3PaxyHKiB, MpPOTrpaMyBaHHS 1 MOJICIIOBAHHS,
00poOKy ¥ inTepmperalito pe3ynbraTiB. [Ipu npoBeneHHi 1ab0paTOpHOTO
MPaKTUKyMy HE0OXiTHO:

- MIrOTYBaTHCS JIO  €KCIPEC-ONHMTYBAHHS 3  TEOPETUYHOTO
MaTepiaily, HeOOXiHOro JUIS BUKOHAHHS POOOTH (1100 OTpUMATH AOMYCK
10 1a00paTOpHOI pOOOTH);

- MIATOTYBaTH i 0OPMUTH IIIaH BUKOHAHHS JTabopaTopHOi poOOTH;

- micisg BUKOHAHHA J1labopaTopHOi pPOOOTH TMPOBECTH HEOOXiIHI
PO3paxyHKH i 0OPMHTH 3BIT, SIKMil TIOBUHEH MICTHTH:

1) TturynbHuit apkym (aus. Jomgatok A);

2) wmery poboTH;

3) ormuc cnoBamu;

4) HeoOXimHI pO3paxyHKH;

5) TekcT po3pobiIeHOT Iporpamu;

6) OCHOBHI pe3yJIbTATH MOJICITIOBAHHS;

7) CTHCIIi BUCHOBKH IO POOOTI, B SIKHX:

- BKAas3ary, L0 AOCIiAKyBaloCh;

- BKa3aTH METOAWKY (UH METOJ) TOCIIKEHHS;

- BKa3aTu 0COOJUBOCTI aJITOPUTMY POOOTH;

- BHU3HAYMTH Xapakrep podory;

- BIBHAYMTH MOIIOHICTH 1 BIAMIHHICT PE3yJIbTATIB MOICTIOBAHHS
BiJl TCOPETUYHUX JaHHX;

- 3/1aTH 3BIT 3 BUKOHaHOI J1a0OpaTopHOi poOOTH Ta BiANOBICTH Ha
3alrTaHHs BUKJIagada (OTPUMATH 3alliK 32 BUKOHAHY POOOTY).



1 JABOPATOPHA POBOTA Ne 1 «CKAJISIPHI I
MATPHUYHI OITEPAIIIL. TPA®IKH I TABJIMII 3HAYEHD
®YHKIIHA »

Meta po0OTH: TO3HAWOMHUTHCA 3 WPOTPAMOIO IHXXCHEPHHX 1
HaykoBux oOumncnenb MathCad. HaBuuTHcs BBOAUTH i BAKOHYBAaTH 0a30Bi
MaTeMaTH4Hi onepartii.

3aBnanns 1: Bukopuctanua MathCad sik cynep-kajabKyJjasTopa.

VY ronoBHii poboyoi 061acTi MOXKHA BBOAUTH apu(METHUHI BUPa3H,
BHUKOPHUCTOBYIOUH CTaHJApPTHI 3HAKU MaTeMaTH4HuX onepauiil. Hanpukmnan,
crpoOyiiTe BBECTH TaKi BUPa3H, OOUNCIIOBAHHS SIKMX BiTOYBa€THCS Bipas3y
MicJisl BBEICHHS 3HAKY =

2+5=
7*3.54=
-12.5/8.324=

3BepHITh yBary, mo Ipo0doBa YaCTUHA BiJOKPEMIIFOETHCS BiJl LLJIOT 32
JIOTIOMOT'OI0 TOYKH, a He KOMH. Tak caMo He HamaranTecs MEepeHecTH JaHi
TIpUKIIaAN 3 BikHa Opay3epa B pobouy obiacts MathCad meromom "Copy -
Paste", Tak Ak cuMBOJM OyIyTh iIHTEpHPETOBaHI MPOrpamolo, K TEKCTOBA
BcTaBKa (KOMeHTap). 30epexiTh JOKYMEHT B (paiii B BaIll KaTaJIoT.

3MiHITE OHE 31 3HA4YCHh B OyIb-IKOMYy Tpukiani. Pesymerar
3MIHUTBCS ~ TPU BUXOAI Kypcopa 3 mons Bupasy. /s BBeneHHs
CHCIlaIbHUX MaTeMaTHYHUX 3HAKiB, HANpUKIAQA, 3HAKy KOPEHs,
BHKOPHCTOBYETHCS CIIEllialbHa TTaHeb iHCTpyMeHTiB. [lepekonaiirecs, mo
BOHA akTWBOBaHA: MeHIO mporpamu View — Toolbars — Calculator.
CrpobyiiTe 00YMCIUTH KBaapaTHUH KopiHb 3 7.36, 2.76 B crymeni 1.13,
MOayJb -3.42, pakTopiain 8.

I[Ipu poboTi 3 HIIHCHUMH dYHCIAMH, PE3yIbTaT BUBOAUTHCT 3
(iKCOBaHOIO KINBKICTIO 3HAKIB MiCHsl JIECATKOBOI Komu. LI KinbKicTh
BCTaHOBIOEThCS B maHedni Format — Result — Number of decimal
places. 3MiHITh TOUHICTH BUBEIEHHS PE3YNIbTATIB PO3PAXyHKIB 0 5 3HAKIB
ICJISE KOMHU.



3aBnanHd 2: BukopucTtaHHs 3MiHHHMX.

YV mporpami MathCad MokHa BUKOPHUCTOBYBATH 3MiHHI. IM'sT 3MiHHOT
3aJa€ThCSl JIiITEpaMH, MICHsA SKHX MOXYTh ciigyBaTu uu¢pu. [IpaBuibHi
iMeHa 3MiHHHX: a, bl, cc. HenpaBunbae: 1d. MathCad He pobuts pizHumi
MDK IMEHaMH 3MIHHUX 1 (QyHKIi#H. SKmo crmodyatky BHU3HAYUTH (YHKITITO
f(x), a moTim 3MiHHY f, BUABUTHCS HEMOKIMBO BUKOPHCTOBYBATH (PYHKIIIIO
f(x) B po3paxyHkax ae-HeOyIb Mmicyis BU3HAUCHHs 3MiHHOI f. IMeHa 3MiHHUX
qyTInBi A0 perictpy. Cro4aTKy BBOAMTHCS iM'a 3MiHHO{, MOTiM cuMBoa ":"
(abo 3HAK =), MOTIM uncio abo Bupas. CHHIN KyTOYOK TOKa3ye MOTOYHUN
omepaHja BHUpa3y, BiH Moxe OyTH po3mupeHui kiasimero "[Ipooin".
OronoumieHUMH 3MiHHHUMH MOXKHa KOPUCTYBAaTHUCSl NpH apUPMETHUIHUX
OOYHCJIEHHSX. = 1€ ONeparop MNPHUBJIACHEHHS, = 1€ KOMaHza
"O6uncautn". BukoHaliTe HACTYITHUHN TPUKIIAI:

a:=>

b:=2.73
(atb)/a=
c:=(a—b)*3.51
c=

p:=n*h?

p=

Tyt Oynma BHKOpHCTaHa BH3HAa4YeHa KOHCTaHTa T - wmcio Ili. st
BBEJICHHS CUMBOJIY BUKOPUCTOBYHTE TIaHENb MaTEMAaTUIHUX CUMBOJIB 200
koMOiHariro kinasim Ctrl-P.

[IpaBuio BUAMMOCTI: 3HAYEHHS 3MIHHOI € TpaBimie i HWK4Ye il
BU3HAYCHHS. SIKIIO TIepeMicTHUTH 3a JIOMOMOTOI Kypcopy BHUpa3, IO
BHUKOPUCTOBY€E 3MiHHY, JiBille a0o BuUIIEe BUpa3zy, B SKOMY 3HAuCHHS
3MIHHOT 3aJ]a€ThCS OIMEpaTopoM :=, depe3 Iie 3’SIBUThCS IOMHIIKA B
obumncnenni. I'mobaapHI 3MIHHI TOCTYITHI CKpi3h HAa poOOYOMY apKyIi i
BBOJISITHCS 3HAKOM =, HaNpuKiaz, BBeaeMo N=100:

o6 HammcaTH TEKCTOBHH KOMEHTap HEOOXiJHO BBECTH 3HAaK
MTO/IBIHHOT Jamku ", MOTIM BBOIUTH TeKCT. [Ipu mocsrHEHHI KiHIS psaka
BiZI0OyBa€eThCS aBTOMaTHYHE IIEPCHECCHHS HA HACTYMHY. TeKCToBa 00JIaCTbh,
sk 1 Oyab-sika iHIIA, MOXKe OyTH IepeMillieHa Ha poOoYoMy apKyini abo



ckomiiioBana B Oydep. Mapkepu TEKCTOBOI 00IAcCTi  J0O3BOJIAIOTH
3MIHIOBATH ii po3MipH.

3aBnannsa 3: MaTpu4Hi onepamii.

3MiHHOI MOXKe OyTH TIPHCBOEHO 3HA4YCHHS MATpPHI (BEKTOpP-
CTOBICIb — 1€ MATPHIIS 3 OJHUM CTOBIMIEM). [ IIbOTO BUKOPUCTOBYEMO
MaITPy BEKTOPiB 1 MaTpulb a00 KoMOiHaito kiasinr Ctrl-m.

A:=TyTt HatucHits Ctrl-m

Y BikHI, MmO 3’SBHJIOCS BKaXITh KUIBKICTh PSAKIB 1 CTOBIIIB
MaTpuli. Hampuknaza, cTBOpiTh MaTpuuio po3MipoMm 3x3 1 3amOBHITH ii
OyIb-SIKUMH YUCIIaMU (TaK caMO MOXHa BHKOPHUCTOBYBATH paHillle 3ajaHi
3MiHHI). Psamkw 1 cTOBmIiI MaTpuIli iHIEKCYIOThCS TmoumHaroum 3 0.
Buxnmkaty MOBUIPHUE €IEMEHT MaTpPHIll MOKHA, 3aJIaBIIA WOTO 1HIEKCH.
Hanpuknaz, Bupas:

Ago=

BUKITUKAE JIIBUH BEPXHIl eJIeMEHT MaTpHILi.

3 MaTpUIIMH MOKHA BUKOHATH BCI IOIYCTUMI OTepariii: 004ncInTi
0o0epHEeHY MAaTPUIlI0, MIEPEMHOXKHUTH MATPHII, CKIACTH 1 BIgHATH. MOXHa
TaKOX TPAHCIIOHYBAaTH MaTPHILIIO:

06(3}1)H6Ha MaTpHLs

A=

TpaHcroHOBaHA MaTpULA
A'=

Omnepatiss TpaHCIIOHYBaHHS BHOHMpPAEThCS 3 TMANITPH MATPUIHUX
orepariii.

MoskHa BHpPIMIUTA CHCTEMY JIHIMHMX pIBHAHP MAaTPHUYHUM
cnocobom. Ha momatok no marpuii A po3mipoM 3x3 3amaliTe MaTpHIlO-
croineub B posmipom 3x1. BekTop pimieHb OTpUMaeTe HACTYIHOIO
oTeparli€ro:

X =A""*B

X=

Jnst mBomipHOT MaTpuIli A MOKHA BUKJIMKATH i OKPEMHUH CTOBIICIIb.
Hanpuknan, Bupas:
A<l>:

Buknnue nepmmii (cepeHiii) CTOBIEb MaTPHULI.



Komanna:
|Al=

O0uHCITIOE BU3HAYHUK MAaTPHIII.
Hna Bextopa B (abo ogHOro 3i cTOBHIIB Marpumi A) Moxe OyTH
00YHCIICHHSI CyMa eJIeMEHTIB:

2B=
ZA<1>:

MoxHa 00UHCINTH CKATSAPHUN 1 BEKTOPHHIA JOOYTOK BEKTOPIB:

Cranspruil 006ymox
AP*B=

Bexmopnuti 0o6ymox
BxA<”=

1.1 KonTpoJibHe 3aBIaHHS

OO6umcnuTi apuMETHYHUNA BUpa3, IO 3aJaHWA BHKIAmadeM, 3
BKa3aHOIO TOYHICTIO (KUJIBKICTIO 3HAKIB MICIS IECSITKOBOI TOUYKH).

Bupimutn  KkBajgpaTHe piBHSHHS, LIO 3aJaHe  BHKJIAJauyeM.
KoeoinienTn BU3Ha4nTH, SIK 3MiHHI, pO3paxyBaTH JUCKPUMIHAHT i 0OuaBa
KOpEHS 32 BiIOMUMHU (HOpMyJIaMHu.

BukoHatu MaTpuuHi ornepailii, 3aJjaHi BUKJIaaueM.

1.2 KoHTpOabHi NUTAHHSA

3a ZOIOMOTOI0 SIKOTO OIlepaTOpa MOXKHA OOUUCIUTH BUpPa3?

SIk BcTaBUTH TEeKCTOBY 001acTh y JokyMeHT Mathcad?

Sk 3MiHHTH QopMaT YKcen Al BChbOTO JJOKyMeHTa?

SIK BU3HAUMTH TUCKPETHI 3MiHHI 3 ITOBUTBHMM KpokoM? Skuil Kpok
3a 3aMOBYYBaHHIM?

SIK TmeperisHyTH BMICT MAacUBY, BH3HA4EHOIO dYepe3 AUCKPETHHUH
apryMmeHT?

3aBpannsa 1. O0uucinT 3a1a0nii apuMETHIHNHN BUpPa3 3 BKA3aHOIO
TOYHICTIO (KUTHKICTIO 3HAKIB ITCIIS JECATKOBOT TOUKH)



10

1:
7 -2
[3‘1—\/179j :0.25
+12.5-0.64
37 .0.0925
100
3 3HAKH
2:
> 2
3 3
(,/(JE—EJ -2 J
3 3HAKH
2.3+5:6.25)-7
3 54.[g4.8 g (237 )7 _20384:13
7 8.0.0125+6.9
4 3gaku
4:
( 5 1\
42-3+3.3:0.03):
-2
[925;{130 _0.6} y 6 15 .
: (34:0.625—0.84:0.8):0.03
3HAKIB
5:
(0.6)" —(0.1)"
(3:2°) (1 5)3+[ 1j1
: . 3
2 3HAKU
6:
5617 — 4592 1
5 2.20+4\/1_o 'gm

42.015+45: 2
7 773

4 3gakn

7
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272 4+5°

—+4.75
(05)° -5(-2)" + @)

5 3HaKiB

11
3% :10+0.175:0.35 ( —j 14

11 51 1
1.75-1--.>= 5_* .
17 56 (05 j 3

J(63+1.7) ~4.63.17

8: 5 3HaKiB

2 3HAKH
(3.4-1.275).2° s
10: 17 o520+ =22
5-(17+62j 5_75+1
18 \ 85 17 2
2 3HAKH

3aBpanna 2: Po3B’s3atm  kBajgpatHe piBHAHHA. KoedimienTn
BU3HAUUTH, SK 3MiHHI, PO3paxyBaTH IUCKPUMIHAHT i 00OWABa KOpEHsS
¢dbopmynamu

1: 3x* -15x+0=0 6: 3x* +0x+0=0

5x?+80x-180=0 7x* +7x-1092=0

5x? +200x —-1125=0 10x? +4902x +5940 =0
2: 7x* —91x+252=0 7 3x? —27x+42=0

4x* +104x +640=0 2x* —32x+78=0

13x* +273x-9126 =0 18x° +972x +4410=0
3: 4x* —44x+96=0 8: 6x* —48x+0=0

7x? —56x —588=0 3x* —30x-168=0

10x? —200x —5250=0 15x% —150x —21285=0
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4: 55 —-30x+0=0
6x* —102x+360=0
19x% + 494x —3648=0

9: 4x* —32x+28=0
4x* —84x+432=0
11x* - 231x—6512=0

5: 6x° —60x+144=0
5x? —5x—1050=0
9x? +720x +13959=0

10: 5x* —=35x+0=0
6x? +48x—-54=0
12x? +252x +15552 =0

3aBnannsa 3: BukoHnatn MaTpuyHi onepariii, 0 3a/1aHi BUKIaga4yeM

2 1 -1 2 -3 4
A=|1 2 3|;B=1 0 -2

-1 3 2 3 1 -1
1) 3HaiiTi BH3HAYHHKH 000X
MaTpPHUIb

2) Orpumatu Bektopu Al — lid
cToBIens Matpulli A, B1 — 2#
croBmeLp Marpuui B

3) Otpumaru marpuirio A2=5*A,
B2=B’

4) OtpuMat#H  TPAHCIIOHOBaHY
Matpuiio A 1 oOepHeHY
Marpuio B

5) Ilynktu 1) i 4) po3paxyBaTu
BpPYYHY Y 3BITI

1 2 2 1 4 6
A=2 1 -1};.B=|2 -1 -7|.
31 4 -2 5 2
1) 3uaiitu BU3HAYHUKU 000x
MaTpHIb
2) Orpumaru Bektopu Al — 1it

croBneup Mmarpuui A, Bl — 2ii
cToBIeLb MaTpuli B

3) Otpumarn  Matpuiro A2=5*A,
B2=B’

4) OtpumMatu TPAHCIIOHOBaHY
Marpumo A 1 obepHeHy
Marpuio B

S)lynxktn 1) i 4) pospaxyBaTu

BPYUYHY Y 3BiTi

2 8 O 5 3 2

.A=[0 0 -6|.;B=-1 2 4

1 -4 2 7 3 6

1) 3HaiiTH BU3HAYHMKH 000X
MaTpHUIb

2) Orpumatu Bektopu Al — li
cToBIens Matpumi A, Bl — 2#
CTOBIEITh MaTpuili B

3) Otpumaru marpuiio A2=5*A,

7 30 1 4 6
A=1 -1 0; B=|2 -1 -7
2 0 3 -2 5 -2
1) 3uaiitu BH3HAYHHUKHU 000X
MaTpHIb
2) Orpumaru Bektopu Al — 1t

cToBrens Matpuii A, Bl — 2ii
CTOBIIEITH MaTpwIli B
3) Otpumatn  MaTtpuio  A2=5*A,
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B2=B’

4) OTpuMatd  TPaHCIOHOBAHY
MaTpulio A 1 oOepHeHY
Matpuio B

S)[Iynktu 1) i 4) po3paxysatu

BPY4YHY Y 3BiTi

B2=B?

4) Orpumaru TPaHCIIOHOBaHY
MaTpuiro A 1 oOepHeHy
Martpuuio B

S)Iynktn 1) i 4) pospaxyBaTu

BPYUHY Y 3BiTi

3 4 5 -1 0 2
A=16 7 8;B=-3 -4 0
2 1 10 2 1 -3
1) 3HaiiTh  BHU3HAYHHMKH 000X
MaTpullb

2) Orpumatu Bektopu Al — li
CTOBHEIL MaTpuIli A, Bl — 2it
CTOBITEIh MaTpulli B

3) Orpumaru Matpuio A2=5*A,
B2=B?

4) Otpumatd  TPAHCIOHOBaHY
Matpumo A 1 oOepHeHY
marpuio B

S)Iyaxtu 1) i 4) pospaxysaru

BpPYYHY Y 3BITi

2 3 - 1 0 -
A=|0 3 2|,B=|1 3 2
1 0 4 4 5 0
1) BnaiiTi ~ BU3HAYHUKH 000X
MaTpHIb
2) Orpumaru Bektopu Al — 1it

cToBmens Marpumi A, Bl — 2i
CTOBIeNb MaTpuli B

3) Otpumarun marpumio A2=5%A,
B2=B’

4) Otpumaru TPaHCIIOHOBaHY
matpumo A 1 obepHeHY
Martpuuo B

S)ysxtrn 1) i

BPYUHY y 3BITi

4) pospaxyBaTH

1 -3 0 1 1 1
A=2 -1 3|;B=2 -1 3
0 1 -1 2 0 0
1) 3HaiiTh  BHU3HAYHHMKH 000X
MaTpHIlb

2) Otpumatu Bektopu Al — i
cTOBHEIL MaTpuIli A, Bl — 2i
CTOBITEIh MaTpuIli B

3) Otpumaru matpuiro A2=5%A,
B2=B?

4) Otpumatd  TPAHCIOHOBAaHY
MaTpuml0 A i oOepHeHY

1 0 2 2 7 1
A=10 -1 3|; B=|13 2 -4
4 0 5 1 -3 5
1) 3HaiiTh  BU3HAYHUKK 000X
MaTpHILb
2) Orpumatu Bektopu Al — li

croBmels Matpuii A, Bl — 2it
cToBIELb MaTpulli B

3) Orpumatn MaTpumpw A2=5%A,
B2=B?

4) Otpumatu TPaHCTIOHOBaHY
MaTpuiro A 1 o0epHeHy
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Matpuio B

S)yuaxktr 1) i 4) po3paxyBatu
BpPYYHY Y 3BITI

Matpuiio B
S)Ilyaktm 1) 1 4) pospaxyBaru

BpPYYHY Y 3BITI

1 2 2 1 4 6

A=2 1 -1;B=|2 -1 -7
31 4 -2 5 -2

1) 3HaiiTH BU3HAYHUKH 000X
MaTpullb

2) Orpumartu Bektopu Al — 1it
cToBMeIs MaTpuIli A, Bl — 2i1
CTOBITEIh MaTpulli B

3) Ortpumatu matpuiro A2=5%A,
B2=B?

4) OtpumMaTH  TPAaHCIIOHOBaHY
MaTpumio A 1 oOepHeHY
Matpuio B

S)Iyaxtr 1) i 4) pospaxyBaru

BpPYYHY Y 3BITI

12 2 1 4 6
A=12 1 -1;B=|2 -1 -7
31 4 -2 5 =2
1) 3uaiitTu  BU3HAYHUKH 000X
MaTPHIb
2) Orpumaru Bekropu Al — 1lit

cToBmens Matpuii A, Bl — 2i
CTOBIeNb MaTpuli B

3) Orpumarn wmatpumpo  A2=5*A,
B2=B?

4) Orpumaru TPaHCIIOHOBaHY
MaTpuiro A 1 oOepHeHy
MaTpuio B

S)lyakt 1) 1 4) pospaxyBaTu

BPYYHY Y 3BITi

2 JABOPATOPHA POBOTA Ne 2 «(I)YHK]_!JIT. I'PADIKH I
TABJIMIII 3BHAYEHDb ®YHKIIH »

Meta po6oTHM: HABYMTHCS NPAIIOBATH 3 (QYHKIISIMA B TpOrpami
MathCad.

3aBpaanns 1: ®yHkuii.

Y MathCad BusHaueHo psn BOynoBaHMX (YHKIH, HampUKIan,
TPUTOHOMETPHYHi, JorapudmMu i T.m. TakoX MOKHA BU3HAUYWUTH BIIACHY
¢dbyHKIi0 Bix oxHiel abo OinmbIne 3MIHHUX, SKa 337a€ThCSA Y BUTILAM: iM'A
(dhyHKIii (cCOK 3MIHHUX Yepe3 KoMy): = Bupa3. Bumora mo iMmeH GyHKITIH
TakKe X, sK 1 10 iMeH 3MiHHuX. Hampuknan, Bu3HauTe HACTYIHI QyHKIIT:
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y(x):=2x*+5x-3
f (x,z):=x’cos(z)

s(x,z,w):zx*sin(ZW)

3HadeHHS (PyHKIT OOUHCITIOIOTHCS TICHS IMiICTAHOBKH KOHKPETHHX
3HAa4YCHb 200 33JJaHMX 3MIHHUX:

y(5.3)=
x:=-1.6
f(x,-0.2)=
z:=-13.1
w:=1.2
s(x,z,w)

s (X,z,w) =

Takoxk, MOXKHA OTPUMATH TaOJIMIIO 3HAYEHb QYHKIIT I IEKIIBKOX
3HAa4YeHb 3MIHHOI, 3aHECEHUX /10 CITUCKY:

A = cmeopims i 3anosHimo mampuyro-cmoeneysb posmipom 3x1

y (A)=

B pesynbraTi Mae OyTH oTprMaHa MaTpHUIsl 3Ha4eHb PYHKIIT y (X).

3aBnanng 2: TaOynoBanHsa pyHKUii i modynoBa rpagikis.
[ToOynyBaTH Tabauiio 3Ha4eHb QYHKIIT MOKHA BOMA cIIOCOOaMH:

1. 3apmatu iHTEpBaN 3MiHH apryMeHTy B (OpMari X:=MO0YaTKOBE
3HAa4YeHHS [, TOYATKOBE 3HAYCHHSATKPOK] .. KIHIIeBe 3HAUYEHHS B
OyXKKax BKa3aHO HEOOOB’SI3KOBUH mapaMmeTp, SKIIO HOro
HEMae, KpOK, M0 3aMOBYIOBaHHIO, AopiBHIoe 1. Ilicas goro
MOKHAa BHU3HAYATH (YHKIIIO BiA IBOTO  apryMeHrTy,

HaNPHUKIAN:
x:=0,0.1..55
f(x) :=x*sin(x?)
f(x) =
2. [JlBokpamka ".." BBOIUTBCS CUMBOJIOM Kparka 3 komoto ";" abo

KHOMKOIO  apudmeruunoi mamitpu. OcTaHHS  KOMaHza
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BHUBOJAWTH TaOJNHINIO 3HAYeHb (DYHKIIT IS 33JaHOTO JTiara3oHy
apTyMCHTIB.
Temep wMoxna moOynmyBatu  rpadik.  Ckopucraemocs
rpagiuHOI0 MaNiTPOIO, PO3KPUBILY SIKy BHOepeMo X-y rpadik.
VY mo3utii Mapkepa oci X BKaXiTh 3MiHHY X, B ITO3HUIIIi Mapkepa
oci y Bkaxkemo ¢QyHnknio f(x). binpmie Mo)kHa HIYOTO HE
BBOJIUTH, MIPOCTO KJIAIIHYTH MHIIKOIO mo3a rpadikom. ['padik
Oyzne moOynoBaHuii. MoKHA TakoX SIBHO BKa3aTH MEXi 3MiHU
3MiHHOl 1 (yHKIii, BiAMOBIMHO, B TpaBid 1 JiBid TO3MUIT
MapKepa 1Mo oci X 1 BEpXHBOI 1 HIKHBOT MO3HLIT MapKepa 1o
ociy.
[MoppifiHWH KIIIK MUIIKOIO 1O Tpadiky BHKIHKAE MEHIO
HACTPOMKH, 7l MOXKHAa 3MIHUTH 0arato MOTO XapaKTEePHCTHUK.
OpHOuyacHO MOKHa MOOyZAyBaTH A0 16 KpHMBHX i3 3arajlbHUM
apryMeHTOM, BKa3yroum QYHKIII dYepe3 KkKoMy. MoxkHa i
apryMeHTH BKa3yBaTH yepe3 KOMY.
Bu3znauuTy 3MiHy WIOro iHAEKCY 1 MOOyJyBaTd TaOIHIIO
3HauYeHb (QYHKLII y BUMIAAI BEKTOP-CTOBIII. 30Kpema, s
ToTIepeIHBO1 3a/1a4i:

i:=0..15

X;:=i/10
yi=x%sin (7 )

y:
OcTtaHHs KOMaHJa BUBOIUTH TaOIMIIO 3HAUCHb (DYHKIIII.
Le BaxximBo 3HaTH! Y Mathcad npuitasaTo, mo iHAEeKC MacuBy
BigpaxoByeTbess Bifg 0. [louaTkoBuii iHAEKC BHU3HAYAETHCS
cucremuoro 3minao0 ORIGIN = 0.
JlocTym mo eneMeHTiB MacuBY BiIOYBaeThCS 3a I1HIEKCOM,
HaIPHUKIAN:

Yo=
y1=
Yo=
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9. Bubip cnocoby nmoOynoBu (yHKIIi HE HACTIIBKU Ba)KIIMBUH,
ONMHAK TIpW OOYHCICHHI 3HAYCHHS (QYHKII SK eJIEeMEHTY
MaCHBY CIIPOLIYETHCS MPOLEAYpa 3BEPHEHHS JO HOTO OKPEMHX
3HAYEHb.

10. JInms 7BOBUMIpPHOTO MAacHBY 3BEpPHEHHS OyayeThes Tak: M [i, j a
BUXOIUTH Mi, ]

11. Tak camMo0 iCHye€ MOXJIMBICTh MIBHUAKOTO TOOYIOBH rpadika
¢ynkuii. s mporo B mo3umii Mapkepa oci X BKa3ylOTb
apryMeHT (YHKIIii, a B MO3HIIiI Mapkepa oci y - dhyHKIio (a6o
KilbKa QYHKUiH depe3 komy). IloOyayiiTe TakuM YHHOM B
onmHIN TuIOCKOCTI Tpadiku (yHKIIH sin(x), cos(x) 1 sin(2x).
3BepHITH yBary Ha Te, IO SKIIO 3MiHHA X paHille BKe
BU3HAYaNacs B JaHOMY JIOKYMEHTi, TO BaMm JIOBEJCTHCS
BUKOPUCTOBYBAaTH B SIKOCTI apryMeHTy (QYHKLiH 3MiHHY 3
IHIIAM iM'sIM.

3aBnanns 3: [lodynoBa rpadika 3a/esKHOCTI M0 TOYKAM.

YacTo noBonuThea OymyBatu rpadik AesKiil 3al1eXHOCTI 10 3aJaHuX
TOYKax maHmX. [l 1mporo cami gaHi MOTpiOHO BBECTH B MAaTPHIIO-
cToBIelb. Hanpukiiaa, BUKOHANWTE HACTYIIHI il

i: = 0..9 3a60anns dianazony indexcié 6ekmopy OaHux

F: = mym cmeopimv mampuyro-cmoeneys posmipom 10x1

Tenep MoxHa oOyayBatu rpadik 3aj1exHOCTi. Buknnure muommny
X-y rpadika, B Mo3uIlii Mapkepa TOpH30HTAIIbHIN OCi BKaXiTh iHAEKC i, a B
MO3UIlil Mapkepa BepTHKaNbHOI oci - Fi. BuknukaB MeHI0 BIacTHBOCTEH
rpadika, crpoOyiiTe 3MIHUTH CTWUJIb BiIOOpaKEHHS JAaHUX: TOYKH Pi3HOTO
pO3Mipy, TOYKH 3'€JJHaHI CYIIILHOFO JIIHIEF0, CTOBMII 1 T.II.

S0 1o oci X MOTPiOHO BiAKIIACTH HE HOMEP BUMIPSIHOTO 3HAYEHHS,
a 1HIII 3Ha4YeHHs, TO IX TaK caMO MOTPIOHO BBECTH Yy BHUTJISNI MaTpHIIi-
croBnusg X TOTO X PO3Mipy, a B MO3HULII Mapkepa TOPH3OHTaJbHIA OCi
BKa3aTH, BIAMOBIIHO, Xi.

3aBnanns 4: @yHkuii Bix 1BOX 3MiHHHX.
JIBOBUMIpHUI MacHB BiJIOBiJla€ 3HAYCHHIO (PYHKIIIi TBOX 3MIHHHX,
HAIPUKIIALI;

f(x,y) = x>y?
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i:=0..10
j>=0..10
Xii=-5+1
Yii=-5+]

o0y IyeEMO TBOMIPHY MaTPHIIIO
Mij: = f (i, yi)

M=

B sxocTi enmHOTrO apryMeHTy ABOMIpHOTO rpadika BKazyeMo iM's
MaTpuIli M.

I'padix GyHKIIT TBOX 3MIHHAX TaKUM K€ YHHOM MOXKHA TIOOYIyBaTH
y BUTJISIAL KapTH 130J1iHIH (JIiHIM 01HAKOBOTO 3HAYeHHS (QyHKIIT).

3aBaanns 5: I'padik B nosipHux KoopauHATAX.
[MoOGynyemo monsipHuii rpadik, BHOpaBIIM B SIKOCTI KPHBOI,
HaNpHUKIaJ, CHipab:
0:=0,0.1..4%n

p (¢): = ¢ +cos (¢)

[t BBEIGHHSI CUMBOJIB p 1 () BUKOPHCTOBYEMO HAJIITPy I'PELBKHUX
cumBoniB. [loOyayiite rpadik 1iei ¢GyHKI], BUKIMKABIIH BiANIOBITHY
IUIOIMHY Ha nayiTpi rpagikiB. @yHKIiI0 p(@) NOTPiOHO BKAa3aTH B MO3MIIIi
Mapkepa 37iBa Bi rpadika, a apryMeHT (¢ — 3HU3Y

3aBaannd 6: Ilo0ynoBa CTOBNYMKOBMX Jiarpamu.

Jliis moOyTOBM CTOBITYMKOBOI AiarpaMy HEOOXITHO 3a7aTH MATPUILO
3Ha4YeHb, HAMpHKIAA, po3mipoMm 3x3. [loOyayiTe CTOBHYMKOBY miarpamy
CaMOCTIHHO, BWKJIMKABIIM BIAMOBIMHY IUIOIIMHY Ha NaliTpi Tpadikis.
KoskHa KoOHKa MaTpUIll CTBOPIOE PsiI 3HAYEHb.

2.1 KoHTpoJibHe 3aBIaHHS

OtpumaiiTe TabnaWLIO 3HA4YeHb 1 NOOyAyHTe Tpadiku 3agaHuX
(hyHKIIIH B TEKapTOBHUX 1 MOJSIPHAX KOOPAMHATAX;

OtpumaiiTe TaOIUIIO 3HAUYCHb 1 TOOyAy#Te Tpadiku QYHKIINA ABOX
3MiHHHX.
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2.2 KoHTpoJbHi nUTaHHS

Sx mobynyBaTH rpadiku: MOBEPXHi; MOISPHIM; TeKapTOBUN?
Sk moOymyBatu Kinbka rpadikiB B OfHIH cUCTEMi KOOpIUHAT?
Sk 3minuTH MaciuTad rpadika?

Sl BU3HAYUTH KOOPAWHATY TOYKH Ha Tpadiky?

Sk moOyyBatu ricrorpamy?

3apapanns 1: Orpumaiite TaOnuio 3HayeHb 1 moOymyiite rpadik
(yHKIIT B 1€KapTOBUX 1 MOJIIPHUX KOOPIWHATAX

4-sin(4a—7;j
3 5y
ctgz(Za—zﬁj—tgz(2a+2ﬂj

a €[0..360°] 3 kpoxom 5°

2:  [sin? [a —§7zJ+cos‘2 [a +§ﬁj
2 2

a €[0..360°] 3 kpokom 5°

1

3cos’ (a +270°) —sin® (a — 270°)
3sin® (a —90°) —cos’ (« +90°)

a €[0..360°] 3 kpoxom 5°

€coS2c — cosb6ar + cos10a — cosldo
sin2a +sin 6« +sin10a +sinlda

ae [O..360°] 3 KPOKOM 5°

5:

sin(2x—n)cos(x—3n)+sin(2x—%rzjcos(x+%]




20

a €[0..360°] 3 kpokom 5°

(1+th05)2 —t9*2a
1+t92cx

—sinda -1

a €[0..360°] 3 kpoxom 5°

sint| Z—g |+sin| a ==~
) 2 2
7,
costl a+=rx |+cos| a—=7x
2 2

a €[0..360°] 3 kpoxom 5°

8: \/(l—thZa)(ctQZZa—l)

ae [O..360°] 3 KPOKOM 5°

tgz(Za—Zj—l
9:

th(Za—Sﬂ)ﬂ
4

a €[0..360°] 3 kpokom 5°

cos*(a—r)

cos’|a——_rx |[+sin*| a+ 7
2 2

a €[0..360°] 3 kpoxom 5°

10:

3aBnanHsa 2: oTpuMaiiTe TaONWIIO 3HAYEHb i MOOyayiTe rpadiku
(hyHKITIH TBOX 3MIHHUX, HA 3aIaHIl CITITI
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z=2cos(X+Yy)+ycos(x—y)

x€[0..8] 3 xpoxom 0,1, y €[0..4] 3 kpokom 0,1

z:s.in(x2 +y2)

xe[-15..15], ye[-1,5..1,5] 3 kpokom 0,1

X+Yy
1-xy

z =arctg

x€[0..8], ye[0..4] 3 kpoxom 0,2

z=e"sin(y)

Xe [O..8] , ye [O..4] 3 kpokom 0,1

- 2+%° ~ e* ‘ 3(y)2+cos(£+yj
§x+05 X' -5 3
20
Xe[O..lO] 3 kpokoM 0,5, yE[O..?ﬂ:l 3 KPOKOM

/3

z =sin(x)sin(3y)

Xe [—72'..71'] , Ye [—71'..72'] 3 kpokom 0,1

X2_y2
1=— =
0.1+/x* +y?

xe[-0,9.31], ye[-0,9..31] 3 kpokom 0,1

Z=Xsin2y + ycos3x

Xe [—72'..71'] , Ye [—71'..72'] 3 kpokom 0,1
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9: Z=\/W

x€[0..8] 3 xpoxom 0,2, y [0..6] 3 kpokom 0,1

10: | z=x>+3x’y -5xy* - y°
xe[-6..6] 3 xpoxom 0,2, ye[-6.6] 3 Kpokom
0,2

3 JABOPATOPHA POBOTA Ne 3 «PO3B’A30K PIBHSAHDb»

Meta poGoTHu: HaBUMTHCS PO3B'SI3yBaTH PIBHIHHSA 3acO0aMU MakKeTa
MathCad.

3aBaanns 1: YuceabHe po3B’si3yBaHHS PiBHSAHD.

Bararo piBHSHHS 1 cHCTEM piBHSHb HE MAalOTh aAHATITHYHHUX
po3B’s3kiB. B mepmy dWepry 1me  BiTHOCHTBCS O  OUTBIIOCTI
TPaHCIICHJACHTHHUX piBHSAHB. JIOBEZICHO TakoX, IO HE MOXXHA TOOYayBaTu
dopMyily, mo siKii MOXHa Oyja0 O BHUPIIIUTH JOBUIbHE ajreOpaiuHe
piBHSAHHS cTymeHs Bume uyerBeproi. OnxHak Taki piBHSAHHA MOXYTb
BHPINIYBaTHCS YHCETPHIMH METOJAMH i3 33JaHOI0 TOYHICTIO (He Oinmblie
3HAYCHHS 3aJ1aHOTO CUCTeMHOT 3MiHHOT TOL).

Jns nadinpoctimmx piBasHb Buay f(x) = 0 po3s’szanns B Mathcad
3HAXOMUTHCS 3a Jomomoror (yHKmii root B dopmari root(f(x1l, x2,
...),x1,a,b). ®yHKIisg root moBepTae 3HAYEHHS 3MIHHOI X1, 10 HAJIEGKUTH
BiZpi3Ky [a, b], npu sikomy Bupas uu QyHkuis f(x) nparae no 0. O6uaBa
aprymeHTd 1€l QyHkuii moBuHHI OyTH ckanspamu. DyHKIlS MOBepTae
ckamsp. f(x1, x2, ..) - ¢yHKIOiS, BU3HAYEHA e-HEOyabr B pobodoMy
JIOKYMEHTI, a00 Bupa3i. Bupa3 nmoBHHEH MOBEpTaTH CKAISAPHI 3HAYCHHS. X |
- iM's 3MIHHOI, SIKE BHKOPHCTOBYEThCS y Bupasi. Llieto 3MiHHOIO Tiepen
BUKOPHUCTaHHSIM (YHKIIT root HEOOXiHO NMPHUBIACHUTH YHCIOBE 3HAYCHHS.
Mathcad BUKOpPHCTOBYE HOTO SIK MOYATKOBE HAOJMKEHHS TMPH IOIIYKY
KOpeHs. a, b - HeoOOB'SI3KOBI, AKIIO BUKOPUCTOBYETHCS, TO MOBHHHI OyTH
niicHUMH YuciaMu, npudomy a < b. HaOmkeHi 3HaueHHS KOpPEHiB
(TmoyaTkOBI HAOMMKEHHS) MOKYTh OYTH:
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1. Bimomi 3 dizuvHOTO 3MICTY 3a71a4i.

Bigomi 3 pimeHHS aHAIOTIYHOI 3a1a4i MPH 1HIITNX BUXITHAX TaHUX.

2. 3HaiineHo rpadiyHUM CIIOCOOOM.

Haii0inpm nommpenuit rpadivauii crocid BU3HAUEHHS MMOYATKOBHX
HaOmmwKkeHb. bepyun mo yBarwu, mo AiiicHi kopeHi piBHAHHS f(X) = 0 - 11
TOUYKHM TiepeTuHy rpadika pyHkuii f(x) 3 Biccio abcuuc, T0CUTh MO0y yBaTH
rpagik QyHkuii f(x) i mo3HaunTn Touku mepetuny f(x) 3 Biccro Ox, abo
no3Ha4uTH Ha oci OX BiApi3KH, 10 MICTATH O OAHOMY KOpeH!o. [1o0ynoBy
rpa¢ikiB 4acTO BIAETHCS CHIHHO CIIPOCTUTH, 3aMiHUBIIU piBHAHHS f(X) = 0
piBHOCHIIBHEM KoMy piBHsSHHAM: f1(X) = f2(x), me ¢pynkuii f1(x) i 2(x) -
Oinbin mpocti, Hik ¢yHkuis f(x). Toxni, noOyayBaBmu rpadiku GyHKUOild y
= f1(x) i1 y = f2(x), mrykaHi KOpeHi OJep>KUMO K aOCITUCH TOUOK IEPETHHY
ux rpadikis.

Ipuknan: 3HaliTH KOpiHb piBHAHHA X * log (x) = 1.

Hozo 3pyuniwe nepemeopumu na euenno log(x) =1/ X i
nosnauumu 06 Gpynxyii: Y1=1/X, Yy.=log(X). ITo6yoyime
epaghixu  yux  Gyukyiti Ha 0OHIU  niowuHi. Bonu
nepemuHaomsbcs (a 3Ha4umv - NOPIGHIOIOMbCS) HA GIOPI3KY
x€ [2; 3].

Tepenuwims pisnanns y eu2naoi X * 10g(x)-1 = 0 i suatdime
YUCEIbHO KOPIHb BUXIOH020 PIBHAHHS KOMAHOO0IO!
root(x*log(x) -1, x, 2,3) =

IIlo poduTu npu BiacyTHOCTI 30ikHOCTI QyHKIIT root.

Sxmio micnst 6ararbox itepamiii Mathcad He 3HAX0AUTH HAOTMIKEHHS,
0 TiAXOIUTH, TO 3'SIBUTHCS MOBLAOMIIEHHS (BiACYTHICTH 301KHOCTI). Lls
MOMMJIKA MOXe OYTH BUKJIMKaHa HACTYITHUMHU IPUYNHAMU:

1. PiBHSHHS HE Ma€ KOpPEHiB.

2. KopeHi piBHSHHA pO3TalllOBaHi JajeKo BiJ] IOYaTKOBOTO
HaAOJKEHHS.

3. Bupa3 Mae nokaibHI max i min Mi>k MOYaTKOBUM HaOJIMKEHHSM i
KOPEHSIMH.

4. Bupa3s Mae po3puBU MiX TIOYaTKOBUMHU HAOIMKEHHSIM 1 KOPEHSIMHU.

5. Bupa3 Mae KOMIUIEKCHUI KOpiHb, @ TOYaTKOBE HAOIMKEHHS OyII0
JIHACHUM.

[IIo6 BCTaHOBUTH MPUYMHY IOMIUIKH, NOCTimiTh rpadik f(x). Bin
JOTIOMOKE 3'SICYyBaTH HasBHICTh KOpeHiB piBHAHHS f(X) = 0 i, SKIIO BOHH €,
TO BHU3HAYUTH MPHONM3HO IXHI 3HaueHHS. YuM TouHime BuOpaHO
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[IOYaTKOBE HAONMKEHHS KOPEHA, THM IIBHAIIe Oyne root 30irarucs.
Pexomenmarii mo BUKOPUCTaHHIO (QYHKITIT root:

1. JInst 3MiHE TOYHOCTI, 3 SIKUM (PYHKIIiS rOOt IIyKae KOPiHb, HOTPIOHO
3MIHATH 3HadeHHs cucreMHOol 3MiHHOI TOL. SIkmo 3HaueHHs
TOL 306inpmryerbest, GyHKITIA root Oyae 30iraTucs IBUAIIE, ajie
BiAMOBiAs, Oyme MeHm To4yHOowo. Skmo 3Hauenas TOL
3MEHIIY€EThCSI, TO PYHKIisS root Oyze 30iraTucs MoBiNbHILIE, ale
BinnoBiap Oyxae Oinbin TouHoO. 1106 3MinuTH 3HAaueHHs TOL B
MEeBHIM  TOYIli  pPOOOYOTO  TOKyMEHTa, BUKOPUCTOBYWTE
Bu3HaueHHs Buay TOL:=0.001. {o06 3minuTu 3HaueHHs TOL
JUIS  yChOTO POOOYOro JOKYMEHTa, BHOEPITH KOMAaHIY
Marematnka ==> Ilapamerpn ==> 3MiHHI ==> JlOITyCK
30ixHOCTI (TOL).

2. SIkmo mBa KOpeHsI pO3TalloBaHi ONHM3BKO OAWH BiJl OJHOTO, CIiJl
smeHmUTH TOL, o6 po3pi3HUTH iX.

3. Sxmo dbyskmig f(X) mae manuii Haxuil OJU3BKO NMTYKAHOTO KOPEHS,
¢yHkuis root (f(x), X) MOXe CXOAMTHUCS OO 3HAYCHHS I, IO
3HAXOJIUTHCSI BiJI KOPSHS IOCUTH JANIEKO. Y TaKUX BHITAJKAX IS
3HaXOKCHHS OiTBII TOYHOTO 3HAYEHHS KOPEHS HEOOXiTHO
sMeHIIUTH 3HadeHHs TOL. [nmwmii BapianT momsArae B 3aMiHi
piBusHHS f(x) = 0 Ha g(x) = 0, xe g(x) = f(x) / (df(x)/dx)/.

4. lns BupaxkeHHs f(X) 3 BIIJOMUM KOpPEHEM a TIOMIYK JIOJaTKOBUX
KopeHiB f(X) ekBiBaJIeHTHUI NONIYKYy KOpeHiB piBHSIHHA h(x) = f
X)/(X-a). TlomiOHu# TPUHOM KOPUCHUN IS 3HAXOKEHHS
KOPEHiB, PO3TAIlIOBAHUX ONW3bKO OIWH A0 omHOTO. IIpocrimie
IIyKatd KopiHb Bupasy h(x), HDK mykaTw iHIIWHA KOPiHbB
piBasHHS f(X)=0, BUOMpao4H pi3Hi MOYATKOBI HAOIMIKEHHSI.

3aBnanHd 2: 3HaAXO0AKeHHsSI KOPEeHIB MOJiHOMA.

JI1s1 3HAXOUKEHHs KOPEHiB BUPa3y, IO Ma€ BUTIIAL VhXn + ... + voX?
+ ViX + Vo, Kpame BHKOpHCTOBYBatu (yHKHit0 polyroots, Hixk root. Ha
BimMiHy Bin ¢(yHKIii root, QyHKmis polyroots He BHMarae Mmo4aTKOBOTO
HaOIMDKEHHS 1 TTOBEPTAE Biipa3y BCl KOPEHi, K JIMCHI, TaK 1 KOMIUIEKCHI.

Mpuknan: 3HaiiTH Kopewi mominoma 0.15x° — X3 + 2.17x? + 1.3x —
2.1

BreniTe maHuii MoJIiHOM B po00dy 001acTh

[locraBTe Kypcop HaBIPOTH 3MiHHOI X 1 BHUOEpiITh KOMaHY:

CumBonu => KoedilienTn moniHoMma.
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Byne crBopena warpums-cTOBIENb 3 5 pAAKIB, IO 3’ €THYE
KoeirmieHTH.

Bupixre ii, oronocite 3MiHHY

V.=

1 HagaiTe it MaTpuirio koedimienTis. Jlani malte KoMaHTy:

r: = polyroots (v),

sIKa CTBOPUTH BEKTOpP KOPEHIB MOJIHOMA - TPH JIIHCHUX 1 IBa YSBHHUX
KOPEHSL.

IToGymyiiTe Tpadix mojaiHOMa Ha MINIAHIN, IO MICTHTH AiHCHI KOpeHi
1 BKaXITh 1X TIOJIOKCHHS TOYKaMu Ha rpadiky.

3aBnannd 3: Po3B’sA3aHHSA CHCTeM PiBHSIHB.

MathCAD pmae MOXITHBICTH BUPIIIYBaTH TaKOX 1 CUCTEMHU PiBHSHb.
MakcuManbHe YHCIO PiBHAHB 1 3MiHHMX JopiBHioe 50. PesynbpraTtom
PO3B'sI3aHHS cucTeMH Oyzie YUCeIbHE 3HAaU€HHS KOPEHs], 110 IIYKAEThCS.

Jna BupimeHHs cucTeMH piBHAHD HEOOXiTHO BUKOHATH HACTYITHE:

1. 3ajaTi MOYATKOBE HAOJIMKCHHS JUIS BCIX BXIJHUX HEBIJIOMHX Y
cucremi piBHsHb. Mathcad Bupimye cucTeMy 3a JIOOMOTOIO
ITepariitHIX METOIIB.

2. HappykyBaru kirouose cinoBo Given. BoHo Bkazye Mathcad, mo
Jlauti iie cucTeMa piBHSIHb.

3. Bsenite piBHIHHA 1 HeEpiBHOCTI B OyIb-SKOMY MOPSAKY.
Buxopucrosyiite [Ctrl] = ana apyky cumBomy =. Mix JiBuMH i
NpaBUMH YaCTHHAMHU HEPIBHOCTEH MOXKE CTOSTH OyAb-sKui i3
CHMBOIIB <>, <1 2>,

4. Beemitb Oynp-sxuii BHpa3, sSkud BKIodae ¢yHkmito Find,
Hanpuknaa: a:= Find (x, y). @ynknis Find(z1, z2, ...) noBeprae
TOYHE PIIIEHHS CHCTEMH pIiBHAHb. YMCIO apryMeHTiB Mae
nopiBHIOBaTH yuciia HeBinomux. Kirtouose cioBo Given, piBHSHHS
1 HEpIBHOCTI, SIKi CJIAYIOTh 32 HUM, 1 OyAb-sSIKUH BHpa3, 10 MICTUTb
¢yskuito Find, Ha3uBaroTh 6JI0KOM pillIeHHS PiBHSHB.

HacrymHi BUpa3u HenpuITyCTHMI BeepeuHi 00Ky pillleHHS:
1. OOMexeHHS 31 3HAKOM #.
2. JluckpeTHHi apryMeHT YW BHpa3, IO MICTHTh JMCKPETHHIM
apryMeHT y Oyap-sKiil gpopmi.
3. HepiBrocTi Bumy a <b <c.

broku pimeHHst piBHSHb HE MOXYTh OyTH BKIIaJIcHI OJHA B OJHY,

KO)KEeH OJIOK MO’K€ MaTH TiIbKH OJIHE KJIrouoBe ciaoBo Given i iM's GyHKii
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Find. ®ynkmis, skxa 3aBepirye ONOK pHINICHHS PiBHAHb, MOXE OyTH
BHKOPHCTaHA aHAJIOTIYHO OyIb-sAKbIN iHmMNA (yHKII. MokHa 3po0HUTH 3
HEI0 HACTYIHI TPH Aii:

1. Mo)xHa BHMBECTH 3HAaWACHHUN PpO3B'A30K, HAAPYKYBABIIM BUPA3
Buny: Find(varl, var2,..)=.

2. BuzHaunTu 3MiHHY 3a goromororo ¢yukmii Find:

a: = Find (X) - ckausp,

var: = Find (varl, var2, ...) - BekTop.

Le 3pydHO 3po0OHTH, AKIIO NOTPIOHO BUKOPHUCTOBYBATH pIIIEHHS
CHCTEMH PIiBHSHB B IHIIOMY Micli po604Oro JOKyMEHTa.

1. Busnauwutn inmy ¢ynkuito 3a gomomororo Find f(a, b, ¢, ...): =

Find (XY, z, ...).
2. g xoHCTpYKIisl 3py4Ha Aisi 6araTopa3oBOTO PIlIEHHS CHCTEMH
plBHHHB 11 p13HI/IX 3HAYCHb [OCAKUX napaMeTplB a, b C, .oy SIK1

0e3nocepeIHbO BXOIATH B CUCTEMY PiBHSHb.

IloBigomnenns npo mommiky "No solution was found" (po3B's30kx He

3HAN/ICHO) MPH PO3B'A3KY PiBHSHB 3'SIBISETHCS, KOJH:

1. TlocrasieHa 3agaya MOXKE HE MaTH PillIEHHS.

2. Jlng piBHSHHA, IO HE MAa€ JIWCHUX PO3B’S3KH, SK IOYATKOBE
HAOJIM)KEHHS B3STE NiHiCHE YMCIIO 1 HaBIIAKHU.

3. B nmpoueci momyky pilleHHS TOCHiZOBHICTb HAOJIMKEHb
HOTpanuia B TOYKY JIOKAJIbHOTO MiHIMyMy HEB's3kd. sl momyky
ITyKaHOTO pilIeHHs TOTPiOHO 3a1aTH Pi3HI MOYATKOBI HAOIIKEHHS.

4. MoxMBO, TOCTaBJIeHa 3ajaua He Moxe OyTu po3p’si3aHa 3
3aaHoro TouHicTio. CripoOyiite 30inpmuTH 3HaueHHs TOL.

Mpukaan 1 imoctpye po3Bs3ok cucremu piBHsHb B MathCAD:
3a1aeMO OYaTKOB1 HAOIMIKEHHS:
x1:=0x2:=0x3:=0
Given
100*x1 + 6 * x2-2*x3 = 100 3Hak = BBOOUTLCSI 3a
moriomoroto [Ctrl] =
6*x1 + 200*x2-10*x3 = 600
x1 + 2*x2 + 100*x3 = 500
Find (x1, x2, x3) =
Ipukaax 2 UTFOCTPyE PO3B’SI30K CHCTEMH PIBHSHB B CHMBOJHLHOMY
BUTJISI:
Given
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x +2*n*y =a
4*x+y=b
Find (x,y) —
TyT 3HaK — 03HaYa€ CUMBOJIBHUI PO3B'A30K.

3aBaanns 4: PilleHHs1 MATPUYHUX PiBHSAHb.
PosrnsiHeMo cuctemy n JiHIHHUX anreOpaidyHUX PIBHAHB IMOJO N
HEBIJOMUX X1, X2, ..., Xn.
a11X1 + A12X2 + ... + AunXn = by,
Xy + apXe ... + anXn = by
AnXy + an2X2 + ... + annXn = bn
BimnoBinHo g0 TpaBHiia MHOKEHHS MaTpPHUIb PO3TJISIHYTa CHUCTEMa
JiHIHHUX PIBHSAHb MOKEe OyTH 3amycaHa B MATPUYHOMY BUTJIISI:
AX =B,

Ie A - KBaJjpaTHa MaTpHIA KOeQillieHTiB PiBHAHB, X - MAaTPHUIIS HEBIIOMHUX,
B - MaTpuns He3anexHHUX mapaMeTpiB. MaTpuilsl A Ha3UBAETHCSI MATPUIICIO
CHCTEMH; MaTpPHUII-CTOBICIb B Ha3WBaeTbcs MaTpPUIICI0 MPaBOi YaCTHHU
a0 TpOCTO TPaBOI0 YACTUHOKO CHUCTeMH. Marpuus-croBnens X
HAa3UBA€ETHCS PO3BSI3KOM CHCTEMH.

Sxmro matpuns A - HeocobimBa, To0TO det A # 0 To cuctema, abo
eKBiBaJICHTHE ili MaTpuuHE DiBHSHHSI, Mae enuHe pimeHHs. Crpasni, 3a
ymoBu det A # 0 icHye 3BopoTHa Marpuns A-1. IlomMHOXUMBIIH 00MABI
YaCTWHY PIBHAHHS Ha MaTpHIo A-1 omepXxumo:

A-1AX =A-1B

X=A-1B

Lls ¢opmyna pmae pinieHHss MaTPUYHOTO PIBHSHHS 1 BOHO €IMHE.
CucrteMu NiHIMHUX PIBHSHBb 3pYYHO BHPIIIYBAaTH 3a AOHNOMOIOI0 (QYHKIIT
Isolve (A, B).

JL1st BUpIIIEHHST CHCTEMH 3 TPHOX JIIHIMHUX PiBHAHB MOTPiOHO:
3amaty MaTpHIIO A - MATPUIIO CHCTEMU

3anati MaTpuio B - MaTpuIo-CTOBMEIb MPaBiii YacTHHI
[TepeBipuTH, Y1 HE TOPIBHIOE BU3HAYHUK MATPHUIll A HYJIIO
|Al=
SIK1mIo Hi, TO OTPUMATH BEKTOP PillICHb:

X:=A'B
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A6o0 3a gonomororo ¢yHKIII Isolve:
X: = lsolve (A, B)
Ha6anxeHi po3B'a3Ku.
Oynkuis Minerr gyxe cxoxa Ha ¢yHkuiro Find (BukopuctoBye Toit
Ke anroputM). SIKIMO B pe3yibTaTi MOITyKy HE MOKe OyTH OTPHUMAaHO
MOJIANTbIIIE YTOYHEHHS MOTOYHOTO HAOIMKEHHS 10 po3B’s3anus, Minerr
noBeprae 1ie HaOmwkeHHsa. DyHkuis Find B mpomy Bumanmky moBepTae
MOB1IOMJICHHS PO MOMMIKY. [IpaBuia Bukopuctanss GyHKUil Minerr Taki
X, gK 1 pynkuii Find.
Minerr (z1, z2,...)

[ToBeprac HaOmMMKEHWH PO3B'A30K CHUCTEMH pIBHSAHb. YuCIio
apryMeHTIB Ma€ [OpiBHIOBaTH 4ucCily HeBigomux. Skmo Minerr
BHKOPHUCTOBYETHCSI B OJIOIII pPO3B'SI30K PIBHAHD, HEOOXITHO 3aBXKIU
BKJIIOYATH JIOJIATKOBY MEPEBIPKY TOCTOBIPHOCTI pE3yIbTaTiB.

CuMBOJILHUH PO3B'SI30K PiBHSHB.

VYV Mathcad MoXHA IIBAAKO 1 TOYHO 3HAWTH YHCEIbHE 3HAYCHHS
KOpEHs 3a JonoMoror (yHKIII root. Ajie € Jeski 3aBHaHHs, JUIS SIKUX
MosknuBocTi Mathcad 103BONSIOTE 3HAXOOUTH PIICHHS B CHUMBOJBLHOMY
(anamiTiuHOMY) BUIJsiAi. PimieHHS piBHSHP B CHUMBOJBHOMY BUTJISII
JIO3BOJISIE 3HAWTH TOYHI a00 HAOIMKEHI KOpeHi PiBHSIHHSA:

1. Skmo piBHSHHS Mae€ MapaMeTp, TO PIBHSAHHSI B CHMBOJBHOMY
BUJ1I MOXXE BUPA3UTH LIYKaHUH KOpiHb Oe3MOocepesHbO 4epe3 Hapamerp.
Tomy 3amicTe TOro, MO0 PO3B'I3yBaTH PIBHSAHHA I KOKHOTO HOBOTO
3HAYEHHS I[apaMeTpa, MOXHa TMPOCTO 3aMIHATH WOro 3HAYCHHS B
3HaHICHOMY CUMBOJIBHOMY BHPIILICHHI.

2. Slxmio moTpiOHO 3HAWTH BCI KOMIUICKCHI KOpPEHI IMoJiHOMa 3i
CTYIICHEM MEHIIE YM pPIBHUM 4, CHMBOJBHE pIilIEHHS JacTh iX TOYHI
3HAYEHHS B OJHOMY BEKTOpi B aHAJNITHYHOMY 4YM LU(PPOBOMY BHUIJISIL.
Komanma CumBomm ==> 3MiHHI ==> OOYHCIUTH JO3BOJSE PO3B’SA3aTH
PIBHSHHS TIOAO JEAKOi 3MIHHOI 1 BHUpPa3UTH HOTO KOpEHI depe3 iHIIi
napametpu piBHSHHS. [1[00 BUpIINTH PIBHSHHS CUMBOJIBHO, HEOOXIIHO:

* HampykyBatm Bupas (@i BBEOGHHS 3HaKy  piBHOCTI
BHUKOPHUCTOBYHTe KoMOiHamiro kiasim [Ctrl]=).

* Bunminutu 3MiHHY, MO0 SKOI MOTPIOHO BUPINIMTH PIBHSHHS,
KJIAIHYBIIY HA Hill MHLICIO.
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* BubOparu nmyskr meHto CumBonn ==> 3MiHHI ==> OOYHCIUTH.
Hemae HeoOXimHOCTI mpupiBHIOBaTH BUpa3 mo HyIs. Skmo MathCAD me
3HAaXOJUTh 3HAKY PIBHOCTi, BiH mependayae, 10 MOTPIOHO MPHUPIBHITH
BHpa3 10 HYJL.

3. 1llo0 BuUpIATH CHCTEMY pIBHSHb y CHMBOJBHOMY BHTJISII,
HEOOXiTHO BUKOHATH HACTYITHE:

* HappykyBaru xmouoBe cioBo Given.

* HagpykyBaru piBHSHHS B OyAb-KOMY MOPSAAKY HMXKYE CIIOBa
Given. llepexonaiitecsi, M0 Ui BBEIEHHS 3HAKy = BUKOPHUCTOBYETHCS
[Ctrl] =.

* HapgpykyBaru ¢ynkuito Find, mo Bignosigae cuctemi piBHAHB.

* Hatucuytu [Ctrl]. (Knaima CTRL, cynmpoBOmIKYy€EThCS TOYKOIO).
Mathcad Bino6pa3uTh CHMBONBHUHN 3HAK PIBHOCTI —.

* Knaunytn mumero Ha ¢ynxkuii Find.

3.1 KonTpoJibHe 3aB1aHHSA

1. YucensHo BUpimmMTH HenmiHiiHe piBHAHHSA. [loOynyBatu rpadik
(hyHKIIT 1 3HAWTH 11 KOPIHE HA BKA3aHOMY IPOMIXKKY;

2. Buxonaru 3amani gii 11 MoJIiHOMA;

3. Posp’s3aTH cucteMy JNiHIHHUX PiBHSHD;

4. Posp’s3aTu cUCTEMY HEJIHINHHUX PiBHSHB;

3.2 KoHTpOJIbHI MUTAHHA
Ha3BiTh criocoOu 3HaXOMKEHHS IT0YaTKOBOrO HAOIMIKEHHS.
V sxux unaakax MathCAD e Moxe 3HAlTH KOPiHb PIBHAHHS?
SIka cucteMHa 3MiHHA BIAIIOBIAA€ 34 TOYHICTH OOYKUCIIEHE?
SIK 3MIHHUTH TOYHICTB, 3 KOO (DYHKIIIS root IIyKa€e KOPiHb?
OnuuriTe CTpYKTypy OJIOKY pillleHHs PiBHSHb.
Sxuit 3HAaK pPIBHOCTI BUKOPUCTOBYETHCS B OJIOII PO3B'SI30K?
SIkoro KOMOIHAIII€0 KIIABIIT BCTABIIAETHCSA B IOKYMEHT?

7. Onwuiite ciocoOu BukopucTanus ¢yHkiii Find.

8. Sk BupimyBatm wMarpuuHi piBHAHHA? HasBiTh cnocoOu
BUPIMIECHHS MAaTPUYHUX PIBHSIHB.

3aBmannss 1: UwucenbHO poO3B’s3aTH  HENiHIHHE  PIBHSHHSL.
[MoGynyBaTtu rpadik GyHKII] 1 3HAHTH 11 KOPIHb HA BKa3aHOMY MPOMDKKY

oL E
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y(x)=sin(1.2x* +0.5x'°), 60 | y(x)=2-x") —3.x*0,
xe(1,2] xe[0,1]
y(x)=sin(In(x))+cos(x), 7 y(x):xz-ln(l.sx)_1X3 |

+X
Xe[2,3] xe[1.2]

_ xsin(1.2x+0.2) —cos(2.1x - 0.1) 8: 5 ¥t
y()= sin(2.3x+1.1) - x-cos(x* ~3.1) y(x)=2.2x +X'In[2+ Xj’
xe[01] x€[0.1,0.3]

2 _ sin(1.2-x) 9: 21
y(X) X (X+1.8) , y(X)=3— nz(X)_XIn(X)Y
xe[12] X
Xe[2,3]
y(x)=x*+2-x* —x-sin(1.1-x), |10

Xe [—2,—0.5]

y(x)=1+x? -tan(l— xz),
x€[0.5,1.5]

3apnanns 2. s nosginoMa g(X) BUKOHATH HACTYIIHI Jii:

1. ToOynysatu BekTop V, 10 MiCTHTh KOS(DII[IEHTH MMOJTHOMA;

2. Posp’s3atu piBHaHHS ¢(X)=0 3a qormomororo ¢yHkIii Polyroots;
3. Po3e’szatu piBasiHAS §(X)=0 B cCHMBOIIBHII (opMi.

Tabauust 3.1: Bapiantu

Ne 9(x) Ne 9(x)

1] x*=2x +x* —12x+ 20 90 | x"+x*-17x* —45x-100
20| X" +6x*+x*—4x-60 10: | x* —5x® + x* —15x +50
3| x*—14x® —40x-75 110 | x* —4x3 —2x* —20x+25
4 | x*—=x*+x*-11x+10 120 | x* +5x°3 +7x* +7x—20
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S| x*—x¥-29x* -17x-140 | 13: | x* —7x®+7x* —5x+100
6: | x*+7x*+9x*+13x—-30 140 | x* +10x3 +36x* + 70x+ 75
70| x*+3x3—23x* —=55x—150 | 151 | x* +9x° +31x* +59x + 60
8 | x*-6x+4x*+10x+75 | 16: | x* —7x®+4x-15

3aBaannd 3. Po3B’s13aTu cucTeMy JIiHIKHUX PiBHSIHB:
1. 3a monomororo dynkuii Find,;

2. Matpuunum crocoOom;

3. 3a momomororo dyHkiii Isolve.

No | cucmema ninitinux pieusns | Ne cucmema THIIHUX PIBHAHD
10| (2% + X, +2X, +3%, =8 9 2X, + X, —=5X, + X, = —4
3%, +3%X, =6 X, —3X, —6Xx, =7
3X, — X, +3%, =4 2X, — X3 +2X, =2
X, +2X, =X +2X, =4 X, +4X, —TX;, +6X, =-2
2: X, + 2X, + 3%, +4x, =22 10: | (% +2x, +3%, +4x, =26
2%, +3X, + X, + 2%, =17 2%, +3X, +4X, + X, =34
X, + X, + X —X, =8 3X, +4X, + X, +2X, =26
X, — 2%, —3X, =—7 4X, + X, +2X; +3X, =26
30| (9% +10x, — 7%, —X, =23 11: | [2x, —8x, —3x, —2x, =18
7%, — X, —5%, =37 X, — 2X, + 3%, —2X, =28
SX, —2X; + X, =22 X, + X% +X, =10
4%, + X, + 2X; +3X, = 26 11+ X, + X, +2Xx, =21
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6X, — X, +10x, — X, =158 120 | (2% — X, +4X, + X, =66
2%, +2X, +10X%, + 7%, =128 2%, —6X; + X, =—63

X —2X, = 2%, =X, =7 8x, —3X, + 6%, —5x, =146
X, —12X, + 2%, — X, =17 2%, —TX, + 6%, —3x, =80
X, — 2X, +6X, + X, =88 13: | (2%, —3x,—2x, =-16

5x, +2x, —3%, =88 2%, — X, +13x, +4x, =213
7% —3X, + 7%, + 2%, =181 X + X, + 2%, + X, =72
3% —7X, +5X, +2x, =99 X, —12x, —5x, =—-159

X, — 2X, —8X, =—7 14: | (Tx, + 7%, —T% —2X, =5
X, +4X, = 7%, +6X, =8 3X, +4X, +5X; +8x, =60
X, + X, =5%, + X, =-10 2X, +2X, + 2%, + X, =27
2X =X, +2X%, =7 2X, — 2%, — X, =-1

2%, +2X, +6X%; + X, =15 15: 6x, —9%, +5x; + X, =124
—X, + 2%, + X, =18 7%, —5%; —X, =54

4x, —3X, + X, —5%, =37 5%, —5X, + 2%, +4x, =83
3%, —5X%, +X; — X, =30 3%, —9X, + X; +6x, =45
4%, —5X, +7X, +5x, =165 | 161 | [x —2x, +x, =12

2%, + X, =3%; — X, =-15 —2X, + X, +4x, =6

9x, +4x, — X, =194 X, —3X, + X, +6X, =18

X, — X, —2X; —3X, =-19 =3%, +3X, +7x, =21

3aBnannsa 4. IlepeTBopuTH HENiHINHI pIBHIHHSA CHCTEMH IO
BHUIUIALY: fl(x)zy i fz(y)zx. [loOynyBati rpadikv i BH3HAYUTH

MOYaTKOBUI HaOMWKEHHH po3B’s30K. Po3B’s3aTH cHUCTeMy HETiHIHHHX
PIiBHSHB 3a onoMororo GyHkiii Minerr.
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sm -2y=1

Ne cucmema HeniHitHUuxX Ne cucmema HeniHIUHUX PIBHAHb
PDIBHAHb

| (sin(x)+2y=2 9 sin(y)+x=-0.4
cos(y—1)+x=0.7 2y —cos(x+1)=0

2: | (sin(x+0.5)-y=1 1001 (sin(x+2)-y=15
cos(y—2)+x=0 cos(y—2)+x=0.5

30 | [cos(x)+y=15 17| fcos(x+0.5)-y=2
2x—sin(y-05)= sin(y)-2x=1

4| [cos(x+0.5)+y=0.8 1201 (cos(x-2)+y=0
sin(y)-2x=1.6 sin(y+0.5)-x=1

5 | [sin(x-1)=13-y 13| (cos(x+0.5)+y=1
x—sin(y+1)=0.8 sin(y+0.5)—-x=1

6. | [cos(x+0.5)+y=1 1451 (sin(x)-2y =1
sin(y)-2x=2 cos(y+0.5)-x=2

7| [=sin(x+1)+y=038 1501 (2y-sin(x-0.5)=1
sin(y-1)+x=1.3 cos(y)+x=15

8: { 16: { i

cosy 1+x 1.3
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4 JABOPATOPHA POBOTA Ne 4 «CUMBOJIBHI
OBYUCJIEHH»

Merta poGoTH: HABUUTHCS BHKOHYBATH CHUMBOJBHI OOYMCIICHHS
3acobamu nmakera MathCad.

CucreMr KOMITIOTEPHOI aireOpn 3a0e3MmeuyIoThCS  CIeIliaTbHIM
MIPOIIECOPOM TSI BUKOHAHHS AHAIITUYHUX (CHMBOJIBHHX) OOYHCIIIOBAHbD.
Moro ocHOBOW € sapo, mo 36epirac BCIO CYKyNHiCTH (opMyT i
(hopMyITBEHUX TIEPETBOPEHB, 33 TOIIOMOTOI0 KX BiAOYBalOTHCS aHATITHYHI
oOuncnenss. Ynm Oinpiie 1ux Gpopmy B sapi, THM OibIn HafiHA podoTa
CHMBOJIFHOTO TIpOLIECOpa 1 TUM BiporijHilIe, MO MOCTaBJcHa 3a1a4a Oyae
BHUpIllIeHa, AKIIO TaKe PilIeHHS iCHye B NpuHUHMII (10 OyBae AajeKko He
3aBXK]IN).

Snpo cumBompHOTO Tporecopa cucremu MathCAD — memio
CIPOLICHUWH BapiaHT SApa BiAOMOI CHUCTEMH CHMBOJIBHOI MaTEeMaTHUKU
Maple V ¢ipmun Waterloo Maple Software, y skiii ¢ipma MathSoft
(po3poburk MathCAD) mnpumbana JileHsito Ha WOro 3acTOCYBaHHS,
3apaskd oMy MathCAD crana (nmoumnatoun 3 Bepcii 3.0) cucremoro
CUMBOJIEHOI ~ MaTeMaTHKH. CHMBONBHI ~ OOYHMCIICHHS  BUKOHYIOTHCS
HACTUTBKH X MPOCTO (I KOPUCTyBada), SIK 00YMCICHHS KBaapaTa X.

CuMBOJIBHI OTIepallii MO)KHA BUKOHYBATH IBOMa CIIOCOOaMHU:

1. besnmocepenHb0 B KOMaHAHOMY pEXHMi (BHKOPHCTOBYIOUH
oreparlii MmeHto CHMBOIIN);

2. 3a JOTIOMOTOI0  OIEpPaTOpiB  CHUMBOJIGHOTO  IIEPETBOPCHHS
(BHKOPHCTOBYIOUM MANITPY IHCTpYMeHTIB CHMBOIIH).

PosrmstHemo nepimii crocio.

Buainennst Bupa3siB 11l CHMBOJIbHUX 004K C/IeHb

o6 cuMBoONBHI omepaiii BUKOHYBAJIUCS, MPOIECOPY HEOOXiIHO
BKa3aTH, HaJ SKAM BHUPa30M IIi Omepallii MOBUHHI BHUKOHYBaTHCh, TOOTO
Tpeba BuminuTu Bupa3. Jns psmy omepamiii Tpeba He TIIBKM BKa3aTH
BUpa3, [0 SKOTO BOHHM HaleXaTh, a ¥ BKa3aTH 3MiHHY, LIOAO SKOI
BUKOHYETBCS Ta YW iHIIA CHUMBOJBHA omepauis. Cam BUpa3 B TakoMy
BUMNAAKYy HE BHIUIAETbCA. TakuM YMHOM, AJISl BUKOHAHHS omepamii 3
CUMBOJIBHUM TIPOIICCOPOM MOTPIOHO BHIIIUTH 00'ekT (Iinmii BHpa3 adbo
HOro YacTrHa) CHHIMH CYIUTBHUMH JIiHISIMH.
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CuMBoONBHI orepamii po30UTI Ha II'STh XapakTepHUX PO3JILTIB.
[lepmmmu  #iAyTh HAWOLIBII YAacTO BHUKOPHUCTOBYBaHI omeparlii. Bom
MOXXYTh BUKOHYBATHCS 3 BHpPa3aMH, IO MICTATh KOMIUICKCHI YMCIa YH
MalOTh PO3B'I30K B KOMIUIEKCHOMY BHTJISI.

CuMBOJIBbHI onepailii 3 BUaiJIeHUMU BUPa3aMu.

SIKI10 B JOKYMEHTI € BUIUICHUH BUpa3, TO 3 HUM MOYKHA BUKOHYBaTH
pi3Hi oneparii, IpeACTaBIeHI HIKYE:

Po3paxynku

MIEPETBOPUTH BHPA3 3 BHOOPOM BHIY NMEPETBOPEHb 3 MiIMEHIO.

CumsoJiuHi [Shift] F9

BUKOHATH CUMBOIILHE IIEPETBOPEHHS BUIICHOTO BUPA3y;

3 IaBaK4010 KOMOK ...

00UYMCIUTH BUAUICHUN BUpa3 B MIHCHUX YHCTIaX;

KomniekcHi

BUKOHATH OOYHMCIIEHHS B KOMIUIEKCHOMY BHTIISI;

Cnpocturtu

CIPOCTHTH BUJIIJICHUN BHpAa3 3 BUKOHAHHSIM TaKUX OMEpaLid, sK
CKOPOYCHHS TMONIOHMX, TPUBEJACHHS JIO CHUIBHOTO 3HaMEHHUKA,
BUKOPHCTaHHS OCHOBHHMX TPUTOHOMETPUYHHX TOTOKHOCTEH 1 T 1 .;

Posmmpuru

PO3KpHUTHU BUPA3;

DaxkTop

PO3KJIaCTH YKCII0 a00 BUpa3 Ha MHOKHUKH;

IMonioni

3ibpatu nomaHKu, MOAIOHI O BUAUIEHOTO BUpa3y, SKE MOXe OyTH
OKPEMOIO 3MIHHOIO 91 (PYHKITIEIO 31 CBOIM apryMeHTOM (Pe3yIbTaToM Oyie
BUPA3, MOJIIHOMIANBHUH BiTHOCHO 0OpaHOTO BHUPa3y);

Koediuientu IMoninoma

o 3aJ[aHii 3MiHHIN 3HAWTH KOe(illi€eHTH TOJIHOMA, IO AIPOKCHUMYE
BUpa3, B AKOMY Iis 3MiHHA BUKOPUCTAHA.

CuMBoJILHI onepaitii 3 BuijieHuM# 3MiHHUMU.

Hdnsa psagy omepanid Tpeba 3HATH, MIOAO SKOI 3MIHHOI BOHHU
BUKOHYIOThCS. B 1hoMy BHNAAKy HEOOXigHO BHAUINTA 3MIiHHY,
BCTAaHOBUBIIY Ha Hill Mapkep BBeACHHs. [1icist 1[bOro CTalOTh TOCTYITHUMHU
HACTYIIHI olepauii miaMeHto 3MiHHi:

O6uucanTu

3HAWTH 3HAYEHHS BUIUICHOI 3MIHHOT, IIPU SKUX BHpa3, MO i1 MICTUTH
CTa€ PiIBHUM HYIIIO;
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3amina

3aMIHUTH 3a3HaueHy 3MIHHY BMicTOM Oydepa oOMiHy;

Audepenuiaan

MUQEpeHIiIOBaTH BUpa3, IO MICTHTh BH[UICHY 3MiHHY, IO I
3MIiHHIA (1HII 3MIHHI PO3TIAAAIOTHCS K KOHCTAHTH);

InTerpanis

IHTETpyBaTH BeCh BUPA3, 0 MICTUTh 3MiHHY, IO LIl 3MiHHIH;

Po3kyiacTd Ha CKJIAIOBI ...

3HAWTH KiTbKAa WICHIB PO3KJIANaHHA BUpa3y B psan Teimopa mono
BHUILIEHOT 3MIHHOT;

IleperBopenns B YacTkoBi YacTkn

PO3KIIaCTH Ha €JIEMEHTapHI APOOW BHUpPA3M, IO PO3TIAAAETHCS SIK
patioHaATBHHH NIpib M010 BUALIEHOT 3MIHHOI.

Onepauii 3 BUIJIEHUMH MATPULSIMHU.

Ormepariii 3 BHAUICHAMHA MATPHUISIMH TIPEICTaBICHI IO3HINIEIO
miaMeHto Matpuili, sika Ma€e CBOE ITiIMEHIO 3 HACTYITHUMU OTIEPAIlisIMH:

TpaHcioHyBaHHS

OTPUMATH TPAHCIIOHOBAHY MATPUIIIO;

InBepTyBaHHS

CTBOPHUTH 00E€pHEHY MaTpHIIIO;

Bu3zHauHuk

OOYHCITUTH JEeTePMiHAHT (BU3HAYHUK ) MATPHIL.

Pesynpratn  CHMBOJNIBHHMX ~ omepamid 3  MaTpPHISIMH  4acTo
BUSIBJISIIOTHCS. HAJIMIPHO TPOMI3JIKMMU 1 TOMY MOTAHO JOCTYIIHI JJIsl OTJISITY.

Onepanii nepeTBoOpeHHs.
Y nozunii [lepeTBOpeHHsT MICTUTBCS PO3ILI OTepallii epeTBOPEHHS,
IO CTBOPIOE MiAMEHIO 3 HACTYITHUMHU MOXKJIHMBOCTSAMHU:

dDyp'e

BUKOHATH MpsiMe nepeTBopeHHs Dyp'e 11010 BUALICHIH 3MIHHOT;

®yp'e 3BopoTHE

BHKOHATH 3BOPOTHE MepeTBOpeHH Dyp'e 010 BUAUICHOT 3MIHHOT;

Jlaniaca

BUKOHATH IpsAME MepeTBopeHHs Jlamnaca moo BHIIEHOT 3MiHHOT
(pe3ynbTaT - PYHKITiS 3MIHHOI S);

Jlaniaca 3BopoTHe
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BUKOHATH 3BOPOTHE mepeTBopeHHs Jlarulaca miomo BUILIEHOT
3MIHHOI (pe3yNbTaT - QYHKITiS 3MIHHOI t);

z

BUKOHAaTH MpsMe Z-TEepeTBOPEHHS BUPa3y BIIHOCHO BHUAIICHOI
3MIiHHOI (pe3yNbTaT - GYHKITIS 3MIHHOI Z);

3BopoTHe Z

BUKOHAaTH 3BOPOTHE Z-TIEPETBOPEHHS IIOJAO0 BHIICHHOI 3MiHHOI
(pe3ynbTar - QyHKLISA 3MiHHOT n).

CTuib npeacTaBjieHHs pe3yJbTAaTiB 004HCIeHb

Ha HnaounicTh oOuYMCIIEHb BIUIMBa€ CTHIb MNPEACTABICHHS IXHIX
pesyabraTiB. HacTynHa koMaHzaa 103BOJIs€ 3a4aTH TOW UM 1HIIUHI CTHIIB:

Ctunb O0uyMC/IeHb ... — 33JaTH BUCHOBOK pe3yJIbTaTy CHMBOJIBHOL
orieparlii T OCHOBHAM BHPAa30M, TIOPYH 3 HUM a00 3aMiCTh HLOTO.
Ipukiaanu:

CumBonmbHa omepariss  Po3paxynkm 3a0esmedye  poboTy 3
MaTeMaTHYHIMH BHpa3aMH, IO MIiCTATh BOyZOBaHI B cucTeMy (QYHKIII i
NpEACTAaBICHUMH B PI3HOMY BHUIJISALI: TOJIHOMiaJIbHOMY, JApiOHO-
pauioHaJbHOMY, Y BUTJISAL CyM 1 10OYTKiB, MOXIAHUX 1 IHTErpatiB i T. 1.
Omepariss mparae 3poOWTH BCi MOXJIMBI YHCENbHI OOYHCIICHHS 1
MPEJCTaBUTH BUPa3H B HAWOUIBII MPOCTOMY BUIIIAAI. BoHa MoxximBa Han
MaTpPHUILSIMU 3 CUMBOJILHUMH ejieMeHTamu. [1oXiiHi 1 BU3HaYeHi iHTerpay,
CUMBOJIBHI 3HaUEHHS SIKUX OOYHCIIOIOTHCS, IIOBUHHI OyTH Tpe/CTaBIeHi B
CBOT# MpHUpoOIHii Gopmi.

BBenith Bupa3s: cyma 1o n (n 3miHweTbes Big 1 mo 5) n!/(n+2)! *
1/n2*(x—2)” . 3Hak X '"cyma" BBOOWTHCS 3a JOMOMOIOI0 TMATiTPH
AHAMITHYHUX OOYHCIICHb. JSIKIO paHilie TMPUBIACHUTH KOHKPETHE
3HA4YEHHS 3MiHHOI X, TO 3HaYE€HHS BHPa3y MOXKHA OOYHMCIMTH YHCEIBHO 32
JOTIOMOT010 3HaKy =. BUKOpUCTOBYIiTE 3HAK CUMBOJIBHOTO OOYHMCICHHS —,
100 MEePETBOPUTH CYMY B ITOJIIHOM.

Toil ke pe3yJIbTaT MOKHA OTPUMATH, PO3LIMPUBIIN KypCOp Ha BECh
BUpa3 1 BHKIMKaBIIM KomaHay MeHoo Symbolics-> Evaluate->
Symbolycaly

Crpo0OytiTe 3poOWTH 1HIII MPUKIATH CHMBOJIEHAX O0YHCIICHB:

CTIPOLICHHS apU(PMETHIHOTO BHpa3y

171/2 _

57/4 N

iHTerpanu
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jab (x— 2)2dx N

_fO‘” e dx —

MOX1IH1
d/dx sin(x* ) *cos(x) —

d*/dx? (3x3 - 2x) / (x2 + 3x-5) N

MIJICTAaHOBKA 3HAYEHHS
X:=8

y® —3xy+x® —

Oco0nMBO CJi BiA3HAYUTH MOKJIMBICTh BHKOHAHHS YHCEIbHUX
OOYHCIICHh 3 MMABHIICHOIO TOYHICTIO — 20 3HakiB micns komu. Jlims
MEepPexo/ly B TaKUH PEKUM OOYMCICHb MOTPIOHO YUCIIOBI KOHCTAHTH B
00’exkTax, 110 OOYMCIIOIOTLCS, 3aJaBaTH 3 OOOB'I3KOBOIO BKa31BKOIO
necsitkoBoro apoOy, Hampuknan 10.0 am 3.0, a ve 10 a6o 3. L1 o3Haka €
BKa3iBKOIO Ha MMPOBEIEHHS 00YNCIICHb TaKOTO THITY.

CrpoOyiite 3p00UTH iHIII MPUKIIATH CUMBOJIEHUX OOYUCIICHB!

00YHCITUTH BHpa3 3 TOYHICTIO 25 3HAKIB MiCIs KOMA

exp (2000)

pO3LIMPTE Kypcop Ha BECh BHUpPa3 1 BUKOPUCTOBYHTE KOMAaHIY
Symbolics-> Evaluate-> Floating Point

V BiKHI, 110 3’IBHUJIOCSI BCTAHOBITH HEOOX1HE YMCIIO 3HAKIB

Otpumatiite yucio «t 3 Tounictio 100 3HaKiB

Onepauis "expand" (po3MMPHUTH) PO3KPUBAE BUpa3 Ha CKianosi. L,
SIK 1 1HIIT TOAIOHI orepartii, BBOASATHCA 32 JOTIOMOTOIO CIEI[iaIbHOT TTaHeTi:

(x+ y)3 expand —
(x—y)*(x+y) expand —
tan(3*x)+cos(5* x) expand —

Onmnepartis "factor" HaBmaku, po3kianae BUpa3 HAa MHOKHHKH:
2 2
x° —y* factor —
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Onmneparris "series" po3kianae QyHKIir0 B psa Teitnopa:
po3kiactu GyHKImiIO sin(2x+y) B psax Teimopa mo 3MiHHOT X i
BHBECTH IEPIIIi 5 T0IaHKIB
sin(2*x+y) series, x, 5 —
Onmneparris "assume" — BBaKaTH, 110 BAKOHYETHCS JJOJJATKOBA YMOBA:

cripo0a aHATITHYHO BUPIIIATH BUpa3
NE

HE MPUBOAUTE JI0 YCIIiXY, OCKUIBKY pillieHb MOke OyTH 1Ba: + X

aHATITHYHE PIIEHHS MOXJIMBO, SKIIO BKa3aTH, 10 x>0

Jx? assume, x>0 —
Takox, AOCTymHi 1 iHOI omepauii CHMBOJIBHOIO IEPETBOPEHHS
HAMaraeThbCs

BupaziB anreOpu. Hampuxmanm, omeparmis "Simplify"
MaKCHUMAaJIbHO CIIPOCTHUTH 33JJaHUH BHpa3.

OOuncieHHS TPaHULIb.

OO6uncnuTy rparuito QyHKII sin(x)/x npu X — 0

. sin(x
im 3N 4
x—0 X

OOuncnutn rpaHunio QyHKOil tan(x) mpu X — @/2 mpaBopyd i

JTiBOpYY
lim tan(x) — —oo

T
x>
2

lim tan(x) — oo

a
X—>=
2

4.1 KonTpoabHe 3aBJaHHS
1. BuxopucroByroun Bci moctynHi B MathCad ¢ynkuii cnipoctuTn

TaKWuil BUpas;

2. BupimuTy 3amadi TpaHUIli B CHMBOJILHOMY BHTJISIII,

3. Orpumaru po3kian ¢yHkuii B psag Teiopa (3, 5 1 7 eneMeHTiB
psiay) B OKONHMLAX 3agaHoi Touku. [ToOynyBaTu Ha onHil muommHi Tpadiku

camoi (yHKIIT 1 pe3yNbTaTiB po3KIaiaHHs, IIOPIBHATH TOYHICTH;
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4. OTpuMaTd B CUMBOJBHOMY BWIJISIIII TOXiJMHI 1 iHTErpan 3aJaHux
ynxuii;

5. Otpumatu B CHMBOJBHOMY BHUIJISJI YaCTKOBI MOXiTHI 3aJlaHUX
dynkuii;

4.2 KoHTpPOIBHi MUTAHHSA

1. Skuii 3HAaK BUKOPUCTOBYETHCS JUIsI CHMBOJBHOTO pillIEHHS
BHpa)KeHHs?

2. Sk BUBeCTH KOHKPETHE YHUCIIO 3 33JaHOI0 KIIbKICTIO 3HAKIB MiCs
Komu?

3. Sk 3amaroThCs TpaHUIl IPABOPYY 1 JiBOPYI?

4. Sk 3amatv CHpOIICHHS BHPa3y, IO MICTHTh JEKUIbKA 3MIHHUX,
1010 OJTHIET 3 HUX?

5. B sgxux Bumagkax moTpiOHO KOHKPETH3YBATH Mialla30H 3HA4YCHBb
3MIiHHO]?

BpaxoByroun o0nacTe JIOMyCTUMHX  3HAa4€Hb, MaKCHMaJbHO
CIPOCTHTH HACTYIHI BUpPa3HW, BHKOPHCTOBYIOUH CHMBOJBHI OOYHCICHHS
Mathcad (dynxmii simplify, assume, substitute, expand, factor ta ix
KOMOiHarrii)

x3—1‘ X
1 x+1 x*+1
(x+1)2—x (1 1)
(x—1)2+x X
, N, m vz
5 4m’n? ~ o _A/mn
4mn-m*-4n> 4 1 4| ‘'m-2n
mn n®> m?
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2 2 2 2
3 m_x\/x +a '\/x ~a
J a2 | Ix2+a?

X2

|X_1| N

—2X- [x +|+2x 4} |x 2|
+1

\/7 ’2_

la+2vb +2 \J2a-10%8a%07 + 253>
6.

a/2a ++/2ab —5a3/b —5%/b°

J3x¥% —B5x¥3 4 5x¥3 _ 3%
J3X+104/3 - X7 4+ 25x%° 1—2xt 4 X2

7

L2 (2xe | axex ( 16-8x  16+8x j“
X \4+2x+x2 4-2x+x> ) 4=-2x+x* 4+2x+ x>

\J16z°+z%-8

9. -
(2z- z)(4z3 —27%+ z)

-(2*-1)

2X+5442X+1 Y X +B—a2x+1

10. -
IXA5+A2X 1 —2x+5—d2x+1

11 VX=X/X+3+4 3 1
. ’/2—(x—3)]/3—\/3x+x2 +x -9 Vx+x-3
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12 \/x+4«/x—4 +\/x—4\/x—4
l—§+g
X X

OO0umcIuTH 3a7aHi TpaHWIll, BUKOPHCTOBYIOUH CHMBOJBHI 00
a

. X
lim
x—» | X
BHKOPHCTOBYIOUHM paBuio Jlomitans

,a>0 uncnenns Mathcad. IToBTOpHO O0OYHMCIIOIOYN BpYYHY,

2

. sin3x . X
L.a) lim . 7. a) me—x
ax _ Hbx - X _ 2
6) lim&—° 0) lime” —x
x>0 sin X
2. a) limX=2 8. a liminX
x-1 |n X X—0 X
6) lim=—25InX 6) lim—X X
H% €0S3X x-0 8In X — X
. e . (1 1
3.a) lim— 9.a) lim| ——
) X—>—o0 X3 ) x—»O(X e* _1]
. 1 1
0) Ilng( : ——zj T _arctgx
-0\ Xsinx X 6) lim 2
X—00 1
In(1+2j
X
4. a) limxInx 10. a) limx*
x—0 x—0
. X—arctgx b
0) lim—75— 6) limx-
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5. a) 1@Inx—«/§ 11, ) jim L= C0SX
x—0 2)(2
H 2x
0) leirgl—e ctgx 6)
6. ) lim<—1 12.0) imMX 250
x—=0 gjn 2X x—0 X
1 . e
6) lime* + xx 6) lim—
x—0 X—0 ¥

Posknanite ¢yHkmiro B psix Teiyiopa B OKOMI BKa3aHOI TOYKH,
noOyayBaTH Ha OfHIN miomuHi rpadik ¢yHKii i rpadik po3kiary

1. f(x)=sin’x, x=2=
(x)=sin®x, x 2

2. f(x)=cos’x, x=% 8. f(x)=(x+3) In(x+1), x=0
3. 9. f(x)=sinx-e*, x=x
f(x,y)=In(1+x+y), (12)

4. 10. f(x):(x+3)2In(x+1), x=0

f(x):ln(x2 +3x+2), x=1

11. f(x)—* x=3

5 f(x)=3, x=2 _
12+ x—x2’

22427

_3foa_ __ 2
6. f(x)=24-x, x=-3 12. (2) 2 +3

3HalifiTe mepuly, ApYyry Ta TpeTio (SKIIO I MOXKJIHMBO) ITOXigHi
(dbyHKIiN, a Takoxk iHTerpan, 3rigHO BapiaHTy. OOYHWCIEHHS Mepmoi
MOX1THOT TMOBTOPUTH BpPYYHY, NPEACTABUTH y TMHCHMOBOMY BUTJISIII MpPH
31a4l.
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1. y=cos(Inx) 7. r=6,/cos2y
y:(1+tg)2 y:ex—efx
2
_1+sin2y 8 t .t
1-sin2y Y=

y =arccos(2")

y =1+ x*arctgx

3r =cosz(z—zj
4 2

9. s=+/1+cos*t?

y=xInx—x
y =c0s% /X
4. y=gueals 10. y =Insin 2X+14
y=x’In*x "
) X
y=acos’ —
a
; gsin’ x 11. y=Inintg(x)
Ly=

J1+1gx

J1+X?

y =+/1—cos X

arctgx
VX2 +1

y:
6. y=
y X+1

y=x"+1

12. y =€~ sin3x
y — Zsinx
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5 IABOPATOPHA POBOTA Ne 5 «kEJIEMEHTH
ITPOI'PAMYBAHHSA Y MATHCAD»

MeTa po60TH: HABUYUTHCS BUKOPHCTOBYBATH €IIEMEHTH
nporpamyBanHs B MathCad.

MathCAD — me cucrema, Opi€eHTOBaHa Ha KOPHCTyBada, SIKHi He
3000B's13aHUH 3HATH aOCOJIOTHO HIYOTO MpO MporpamyBaHHS. TBopii
MathCAD cmovaTky mocTaBWiIu Iepen co0o0 Taky 3amady, IMo0 JaTh
MOXJIMBICTh mpodecioHasiaM-MaTeMaTukaM, ¢i3ukaM 1  IHXeHepam
CaMOCTIHHO TMPOBOJUTH CKJIagHI PpO3paxyHKH, HE 3BEPTAlOUMCh 32
JOTIOMOT010 10 Iporpamictam. He3Baxaroun Ha 3A1MCHEHHS LUX 3aJyMiB,
3'sicyBaJtocs, mo 30BciM 0e3 mporpamysanas MathCAD cepiio3no BTpadae
B CBOIl CHIIi, B OCHOBHOMY, Yepe3 HEBJIOBOJICHHS KOPUCTYBAviB, 3HAHOMHUX
3 TEXHIKOIO CTBOPEHHS NPOrpaM 1 Oakarounx 31iHCHUTH CBOI PO3paxyHKHU B
3BUYHOMY ISl ce0e MpOrpaMicTChKi CTHIIL.

Ocranni Bepcii MathCAD maroTe HE myXe MOTYXHy, aje JOCHTH
eJIETaHTHY BJIACHY MOBY. 3 0OIHOTO OOKY, BiH /Ia€ MOXKJIMBICTh IIPOTPaMiCTy
e(eKTHBHO 3aCTOCOBYBATH MpPOTrpaMHUil Koa B nokymeHtax MathCAD. 3
IHIIOTO, MPOCTOTA 1 IHTYITUBHICTH MOBH MIPOTPaMyBaHHS JJO3BOJISIE IIBUIKO
oMy HaBumTuCcs. Hapemiri, mporpamHi MOIysi BCepeluHi ITOKyMEHTa
MathCAD noeanyoTs B co0i 1 BijocoOJIeHICTh (TOMY X JIETKO BiApi3HUTH
BiJ iHIIUX POPMYI), i IPOCTOTY CMHUCIIOBOTO CIIPUHHATTS. He3Bakaroun Ha
HEBEIIMKE YHCIIO orepaTopiB, MoBa mporpamyBaHHs MathCAD mo3Bosse
BUPILIYBaTH HAHPI3HOMAHITHIII, B TOMY YHCII 1 JOCUTb CKJIaJHi, 3aBIaHHS
i € CepiO3HOIO MiIMOTOTO JIJIsl PO3PaXyHKIB.

Cryninyacri i po3puBHi pyHkuii i Bupasu

OyHKIil, M0 BUKOPHUCTAaHI B pO3paxyHKax HE 3aBXKAU OyBaroTh
HemepepBHUMHU. YacTo mpH pi3HUX 3HAYCHHAX AapryMeHTy (QyHKUis
ONUCYETHCS PI3HHUMHU BHpaszamMH. byBaroTh (yHKHii cTymiHUacti abo 3
pospuBoM. [Ipu obumcnenHi noxigHux abo iHTErpaiiB BiX Takux (QYHKLIH,
iX moBomMThCS OpaTH IO 4YacTHHAX. YMOBHHHM OIepaTtop I03BOJISIE
3amucaTy Taki GYHKINT y BUTIISAI OJTHOTO BHUPaA3y.

Y MathCAD icHye Tpu criocoOu BBEJICHHS YMOB:

1. 3a monomororo GyHKIIT ymoBH Iif;
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2. 3a jomoMororo orepatopa if 3 maneni nporpamyBaHHS;

3. 3 BUKOPHCTAHHIM OYJICBUX OIEPATOPIB.

OyHKIIS yMOBH MaroTh Takuii Burimsm: if  (nociune  supas,
sucnoenosantsl, eucnosenosannsn2). IlepeBipseTbesi 3HAYCHHS JIOTIYHOTO
BUpa3y. SIKIO BOHO ICTMHHE - BHKOHYETHCS BHCIIOBIIIOBaHHSA!, SKIIO
MTOMHJIKOBO - BHCJIOBJTIOBaHHS2.

Bukopucrtanus ¢QyHKLIT yMOBH: SIKIIO X HE BiJEMHUH, OOYHCIMTH
KOPiHb KBaJIpaTHHUM 3 X, iHAKIIE - KOPiHb 3 X

fl (x): = if (x>0, Vx, Vx)

f1(16) =
1 (-256) =

BKJIag€HAa yMOBa:
2 (x): = if (x <0, "negative", if (x> 0, "positive", “zero"))

2 (-12.45) =
2 (18.3) =
3 (0) =

MIPHUKJIA]] CXOINHKOBOT (pyHKITIi:
£3 (x): = if (x<5, x-x%/2, if (x>15,7¢™'° ] 16, sin (x)))

noOyayiiTe rpadik miei ¢pyHkmii Ha iHTepBani aprymenris Bix 0 qo 20.

Jist yMOBHOTO omepaTopa CKJIAAa€Tbcs 3 ABOX YAaCTHH: CHOYATKY
TIepeBipsETHCS YMOBa, 3allMcaHa MpaBopyd Bija omepatopa if, 1 AKIIo BOHO
BipHO, BHKOHY€THCS BHUpa3, 3amMcaHWil 37iBa Bixg omeparopa. [1lo6
BUKOPHUCTOBYBaTH oreparop if 3 maHeni mporpamyBaHHs, CIiJ: 3amucaTu
iM'st BHCJIOBIIOBaHHS 1 omeparop npucBoeHHsa (f4(x):=), Ha maHeni
nporpamyBanHs Bubpatu nynkt Add Line crinbku pas, ckisibku yMOB Oyie
BBOJMTHUCS, B BIJIIOBIIHOMY ITOJIi BBEICHHS BBECTH BHUpa3, MICIsS YOTO
BUOpaTH MyHKT if Ha maHesni mporpaMyBaHHs 1 BBECTH YMOBY, NIPH sIKiii Ma€e
oOumcmioBaTuCs BiAMOBiMHUI BuUpa3. OcCTaHHIA BHpa3, SK IPABHUIIO,
BHU3HAYAEThCS AJIS BHUIAIKY, SKIIO HE BHUKOHYETbCA MXOAHE 3 DaHille
BBEJICHHX yMOB. Iliciasi HBOTO CIHiI J0oAaTH KJIIOYOBE cJOBO Otherwise
(iHakuIe) 3 maHesi NporpaMyBaHHs.

[ToOymyiite rpadik GyHKIii Ha iHTepBai apryMeHTiB Big -20 mo 20
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x? —5x+16if x <-4
f4(x)=|2x* + 4x - 6if x =10
-5x? + 2x - 1 otherwise

BuzHaunTi QyHKITO 3 OLIBII CKIIATHAM YMOBOIO MOKHA HACTYITHUM
YMHOM: BCTaHOBITH KypcOp B OJIHE 3 IOJIB YMOBH i BuOpatu myHKT if Ha
maHeni mporpamyBaHHS. BcTaHOBiITE Kypcop B TO3HUIIIO 37TiBa BiX
oneparopa if i Ha maneni nporpamyBanHs BuOepite nyHkT Add Line. Byne
JI0JIaHa MOXITUBICTh BU3HAYMTH ITiyMOBH Ui JaHol ymoBH. Hampuknan,
HacTymHa QYHKLIS Ja€ KOMEHTap Mpo TeMIepaTypy:

if x<0

"very cold” if x<-20
"cold" otherwise
f5(x):=|if x>0

"very hot" if x>30
"hot" if x>25 A x <30
"warm" otherwise

"zero" otherwise
nepesipre podoty wiel pyHKmii

f5 (-15) =

5 (-25) =

5 (18) =

5 (27) =

f5(32) =

5 (0) =

Bukopucranns goriuamx (OyJeBHX) OIEpaTopiB  IMOJISATaE B
MHOKEHHI JIOZIaHKIB 33JJaHOTO BUPa3y Ha BiJIIOBIIHU JIOTIYHUIA OmIepaTop.
Bynesi omeparopu MoxyTh moBepTraTH Juime 0 (Km0 yMoBa He
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BHKOHY€EThCS) abo 1 (AKImIO ymMOBa BHKOHYEThCS). B maTemarnaHomy
BHpaXCHHI MHOXKEHHS HA JIOTIYHHUH OTIepaTop BiAMOBIAHO 3BEpTa€E BHpa3 B
0 abo He 3MiHIOE Hioro. Hampuknaa, HacTynHa QyHKUis 3BepTaeThes B 0
BCEpEeMHI IHTepBaly 3HAYeHb apryMmeHTiB X€[-5; 8] i obumcmoeThes
BCIOJIM, 32 MEXaMHU aHOTO 1HTepBay:

f6 (X): = (X2-5x +4) * (x <-5V x> 8)

6 (-15.1) =
6 (-4.5) =
6 (0) =

6 (6.2) =
6 (9.5) =

3Hak A - moriyHa omepartis [, V - moriuna omeparnis ABO, @ -
Bukiodae ABO, — - noriuda omepartisst HE, = - joriuna omepartis ogHO, # -
He popiBHIOE. [1o0ymyiiTe Tpadik miel GpyHKIii.

Omnepartopy HuKIy

HaiiBaxmBimmM iHCTPYMEHTOM HPOTpaMyBaHHS € OepaTop IUKIY.
VY nokymenti MathCad BuKOpUCTaHHS AWCKPETHOI 3MIHHOT (HANpUKIA,
i:=0..10) Be € NMUKIOM, OCKIIbKHA BUPA3 OOUYHCITIOETHCS IIUKIIIYHO JUTS BCiX
3HAa4YeHb JUCKPETHOI 3MIHHOI. SIKIO NWKIIYHO MOTPIOHO OOYHCIIOBATH
KiIbKa BUpPa3iB, TO UK MOTPIOHO OpraHi3oOBYBaTH, K mporpamy. llanens
IporpaMyBaHHS MPONOHYE J1Ba omeparopa uukiy: for i while. Onepatop
for BUKOPUCTOBYIOTh, KOJIM YHCJIO BUKOHAHb IMKIY BiIOMO. SIKIO MK
MOBHHEH 3aBEpIIMTHCS TMpPU BUKOHAHHI JIESKOI YMOBH 1 1€l MOMEHT
3a3JlaJIeTiIb He BiIOMHH, BHKOPUCTOBYIiTe orneparop while.

1. Oneparop while:

Hukn while BUKOHYETBCS 10 THUX Mip, TOKH 3aJIMIIAE€THCS ICTHHHUM
ymoBa 1ukiy. 11106 1ukn He cTaB HECKIHYECHHUM, JECh BCEpEAMHI HBOTO
MTOBUHHI BUKOHYBATHCS Jii, IO POONSATH YMOBY LUKy XHOHOM. SIKIIO
mporpamMa yBiWIIUIa B HECKIHYCHHWM IIUKI, i1 MOTPiOHO 3yNUHUTH
HaTuckaHHsIM kiasimn ESC.

I[lo6 3ammcaTy LUK, CTBOPITH 00NACTh MTPOTPaMH, YCTAHOBITH
KypCop B BUIbHY ITO3HIIIIO MPaBOPYY BiJl BEPTUKAIBHOI PHCKH, BHOCPITH
ikoHKy while Ha maHeni mporpamyBaHHs. 3'SIBUTHCS BiAMOBIIHUHA M1a0JI0OH 3
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nBoma Micisamu BBeneHHs. [IpaBopydu Big while BBeniTh yMOBa IUKIY, B
TI0JI€, IO 3aJTUIIIIIOCS BBEIIITH BUPA3, IKHH O0UHCITIOETHCS ITAKITIYHO.

VY HacTymHOMY TNPHKIAAiI CTBOPIOETHCS MAacUB 3HaueHb (QyHKUIT v,
obuncieHoi s auckpeTHoi 3MiHHOI j. IloTiM mporpamu t 3HaXomuThH 1
[IOBEPTAE HOMEP 1 3HAYEHHS IIEPIIOrO €JIEMEHTa BEKTOpY, SKHH CTa€
Oinpmie 1.8.

j:==0..10

v =i+t

01|126|1442| 1587 | 1.71| 1.817| 1.913

j<0
k«1.8

t:=|while |v;|<k
J<j+l

m t:[l.ssﬂJ

2. Onepatop j «<— 0 - e omepaTrop MPUCBOEHHS 3HAUYEHHS JIOKAITBLHOL
3MiHHOT j. JIoKkayibHICTh I1i€l 3MIHHOI O3HAuYa€, MO BOHA ICHYE 1 MOXe
BHKOPHCTOBYBATUCS TUIBKH ycepelauHi mporpamu. lle He Ta 3MmiHHa, ska
BHKOPHCTaHA JIJIsl OOUMCIIeHHS TaOHIli 3HaYeHb (pyHKIIII.

3. Hactynmauii mpukian AeMOHCTpye TaOymoBaHHA (QYHKIIi sin(x)
st aprymenTiB Bix 0.0 go 10.0 3 kpokowm 0.1 3a qonomoroto mukity for.
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k<0
for x€0.0,0.1..10.0
Yo < X
z= Y:: «sin(x)
K<« k+1
Y
0 1
0 0 0
1 0.1 0.1
2 0.2 0.199
3 0.3 0.296
4 0.4 0.389
5 05 0.479
6 0.6 0.565
Z" = 7 0.7 0.644
8 0.8 0.717
9 0.9 0.783
10 1 0.841
11 11 0.891
12 1.2 0.932
13 13 0.964
14 14 0.985
15 15
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5.1 KonTpoJibHe 3aBIaHHA

1. Bgenmith Bupa3 i moOynyite rpadik CXOAWMHKOBOI (QYHKII, IO
3aJaHa BUKJIaadeM, 3a JOMOMOrorw (yHKii Ta omeparopa if;

2. 3a [IOMOMOroK NpOorpaMH CTBOPITH MacHB 3Ha4eHb (QYHKLIi
sin(x) m1 X Bim 0.0 mo 11mw/3 3 kpokom 0.1 i 3a AOMOMOTOI0 IPYTOi
MIPOrpaMu MOPaXyWTe, CKUTBKH BiH MICTHTD JOJATHIX 3HAYEHb;

3. 3a J0moMOror NporpaMH CTBOPITH MacHB 3HAaYeHb (YHKIIT
sin(Vx)-x3 s x Bix 0.0 o 137/4 3 kpokom 0.1 i 3a momomMororw Apyroi
MPOTpaMH 3HAWIITE HOMEp 1 3HAYCHHSI MAKCUMAIILHOTO €JIEeMEHTa MACHBY;

5.2 KoHTpoJILHI NUTAHHSA

1. ki icayroTs cioco6u B MathCad Bu3HaunTH yMOBHUH BHpa3?

2. SIxi noriuHi onepauii MOKHa BUKOPHCTOBYBAaTH NPH BU3HAUCHHS
yMOBHU?

3. Ski omepaTopu LMKy BUKOpPHCTOBYIOThCA B MathCad i B sikux
BHITaAKaXx?

4. o Take HECKIHUCHHUH LUK 1 K HOr0 YHUKHYTH?

5. o Take mokanapHI 3MiHHI?

6 IABOPATOPHA POBOTA Ne 6 «<OBPOBKA
EKCIIEPUMEHTAJIbBHUX JTAHUX»

Merta po0OTH: HABYUTHCS BUKOPHCTOBYBATH MOKJIMBOCTI MaKeTa
MathCad aist 06poOKHM eKCTIepUMEHTAIbHIX JTaHUX.

O0uik po3mipHoCcTeii 00YHCTIOBAHUX BEJTMYHH

Y MathCad moxnuBi oOYMCIEHHS 3 ypaxyBaHHSM pa3MipHOCTEH
BUKOPUCTOBYBaHUX BeldWuuH. OJUHUII BUMIPY HE € 000B’S3KOBHMH, aye
MOKYTh JIOTIOMOTTH CIIPOCTUTH BBEACHHS 1 MOJAHHS JaHUX, MOJETIIYIOTh
MOINYK 1 BUSBJICHHS TOMMJIOK TPU BBEACHHI CKIAJHUX 1 TPOMI3IKUX
tdhopmyi. IIpucBOEHHS YHCTy PO3MIPHOCTI €KBIBAJIEHTHO HOTO MHOXECHHIO
Ha PO3MIpHICTh. BHYTpIlIHIA anrOpUTM MHOXXHTH YHUCIO Ha TEPEIOBHI
KOe(QIIliEHT, IO BiAMNOBIAA€ BIHMCAHOK PO3MIPHOCTI, 1 BCi OOYMCICHHS
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BHKOHYIOTHCSI 3 0€3p03MipHUMHU YHCIAMH, BiJIIIOBIIHUMHU CHCTEMi OJTUHUIIH
CL
ITepen mowyatkoM poOOTH 3 PO3MIPHUMH OJWHHISAMH IOTPIOHO
BCTAaHOBUTU CHCTEMY OAMHHIG, B sKiii Bu Oynere mpamoBatu. BuGepe
myHKT MeHI0O Tools — Worksheet Options — Unit System. VY BikHi, 1m0
BiIKpWJIOCST ~ BHUOEpITh HEOOXiAHY BaM CHCTEMY OAHMHHWIb 1 HATUCHITH
kaonky OK. fkmo BuOpatu myHkT NONe, To po3MipHOCTI BEIHYHH B
po3paxyHKax BpaxoByBaTHci He OyayTb. Llo0 mo3HauuTH poO3MipHICTH
BEIMYMHM, 1 YHCIIOBE 3HAYEHHS IIOBUHHO OYTH TIOMHOKCHE Ha
pO3MipHicTb. PO3MipHICTP MOXKHA BCTaBUTH, BHUKOPWUCTOBYIOUHM ITyHKT
MeHio Insert — Unit. Y maneni, mo Bixkpuiacs BHOepiTh MOTpiOHY
PO3MIpHICTB JJII BBEACHOI (Di3UIHOT BETUIMHH. HATIPUKIIAT:
IlopaxyBaru Bara Tina macoro 52.5 Kr
mass: = 52.5 * kg
g =
p:=mass*g
p =
3BEpHITH yBary, 0 MPUCKOPEHHS BUTBHOTO MAAiHHS € € OHIEI0 3
Bu3HaueHnX B MathCad 3MiHHUX 1 BBOJUTH HOTO 3HAYEHHS HE MOTPIOHO.
Tak camo cif 3ayBakuTH, 10 OYKBOIO M ITO3HAYAIOTHCA METPH 1, SIKIIO BU
MO3HAYMIM MAacy 3MIHHOT M, TO CTaHEThCsl TEepPeBH3HAYCHHS 3MiHHOI. B
TaKOMY BHMAJKy, MOJaJbllieé BUKOPUCTAHHS OJWHHMII JOBXHHH m (MeTp)
Oyze crpuiimMaTucsl MPOTrpaMoro, sIK MHOXKEHHS Ha 3MiHHY m. Te >k came
BiIOYyBa€ThCSA 1 3 IHIMIMMH ONWHUISAMH 1 3yMOBICHUMH KOHCTAHTAMH.
MathCad mnonepespxkae Nmpo BUHUKHECHHS Takoi KOH(MIIIKTHOI cuTyaili,
MIJIKPECITIOIYH 1M'sl 3MIHHOI XBHIIACTOKO 3CJICHOO JIIHIEIO, SKIIO Ie iM's
BH3HAYEHO, K KOHCTaHTa abo oxumHULs AoBXuHHU. Hampuknan, sk6u matu
Oupimy Bary (CWiIM TSDKIHHA, IO JIIOTh Ha TIJI0) BH BHUKOPHCTOBYBAIU
3minHy F, MathCad monepenuB 6u Bac, mo F BH3Ha4YeHa SK OXWHHLS
eNeKTpUIHO1 eMKOCTi (apan).
Y mnomnepenpoMy mpukiaani Bara obumcieHa B Hprotona (N).
Honatite Gpopmyiry aist OOUUCICHHST KIHETHYHOI €Heprii Toro * Tija, mo
pyxaeTbcs 31 MBHAKICTIO 80 KM / TOA:

[TopaxyBaTu KIHETHIHY CHEPTIIO
v:=80*km/hr
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E:=mass*v2/2
E=

VY npomy mpukiani Oyid BUKOPUCTaHI MOXiTHI OJUHHMIN: KITOMETp i
romuay. ¥ MathCad Bu3HaYeHi mpaBuia MepepaxyHKy TaKUX OJWHHID B
ocHOBHI. Tak camMoO MOXKHa BKa3aTH, B SKHX OJMHHISX BU Oaxkaere
OTpPHMAaTH pe3yNbTaT. Y MOoNepeHbOMY MPHKIaAi KiHeTH4Ha eHeprig Oyna
nopaxoaHa B jxoysix (J). LLlo6 BuciaoBuTH 1i, HanmpuKiIaja, B Kajlopisx, B
PAAKY BUBEACHHS pe3yJIbTaTy MpaBOPyd BiJl 3HAKY PIBHO MpaBillle MO3HUIIIT,
B SIKIl 3'BISETbCA pE3yNbTAaT PO3PaxyHKY, BKaXiTh Ha3By HEOOXiTHOT
po3mipHocTi cal (kanopii). Takum jxe YUHOM MOYKHA BBOJIUTH CBOi OJWHUII
BUMIpY, NONEPEIHBO 3B'13aBIIM iX GopMyio0 3 ocHOBHMMHU. Hampuknaz,
MopaxyiTe eHeprito KBaHTa CBiTJIa B €B (eTIeKTpOH-BOIbTAX):

[lopaxyBatu eHepriio KBaHTa:

BBOJMMO BU3HAUCHHS €JIEKTPOH-BOJIBTA:
eV:=1.6*10-19*J

BBOAMMO TocTiiiHy [lnanka (Bona B MathCad ne Bu3Hauena):
h:=6.62*10-34*J*s

JIOBJKMHA XBUJII B HAHOMETPAX:
A: =280 * nm

E:=h*c/A

TYT C - IUBUJKICTh CBiTNIa y BakyyMi. Lle mependavuena KoHCTaHTa.
Jaii motpibHO BKa3aTH, IO €Hepris 00UMCITIOETHCS B €B.
E=_*eV

Hoctyn a0 ¢aiijaiB naHux

Yacto OyBae HEOOXigHO OpraHi3yBaTH OOMIH JaHUMH MIDX
porpaMoro MaTeMatndHux obunciens MathCad Ta iHmmMu nporpamamu,
SKi TEHEpYIOTh NIaHi, aje¢ He BMIIOTh iX po3paxoByBaTH. A0O, HaIPUKIA,
HeoOxigHo 3a gomomororo MathCad o0poOutu naHi, OTpuMaHi B
eKCIIEpUMEHTI 1 30epiraroThcs y BUTISAAL ¢aily Ha TUCKY. Y CHHCKY
moctymaux QyHKIiH MathCad B po3aim File Access (moctym mo daitiis)
MICTHTBCS (QYHKIIT Uil 3UMTYBaHHS 1 3amucy AaHUX B (ailiim Ha IUCKY.
BinpmicTs 3 HUX MpU3HAUYEHi Ui POOOTH 3 AaHUMHU 3 3BYKOBHUX (ailmiB i
(hatimiB 300pakeHb i 3 HUMU, IPU HEOOXiMHOCTI, BH MOXeTe po3idpaTucs
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CaMOCTifHO, BHUKOPHCTOBYIOUM KHUTY a00 BOyJOBaHY JOKYMEHTAIIIO.
OkpeMo po3TIITHEMO YOTHPH HAHOUIBII YacTO BUKOPUCTOBYBaHI (PYHKITI1:
1. WRITEPRN ( "file') — 3anucye uucnosi nani B ¢aitn. Tyt
psanok "file" micTuTh MOBHUE NULAX 1 iM's (aiiny, B skuil OyoyTh 3amucaHi
nmaHi. SIkmo Takuii daitn Bxke icHye, BiH Oye Iepelnrcannii, a cTapi JaHi B
HbOMY OyAyTh BTpAY€Hi.
3amucaru B (ailn oJHOBUMIpHUIA MacKuB 3Ha4YeHb PyHKIIT sin(x)

i:=0..100
X1: = 2*1/100*1
y: = sin(x)

WRITEPRN ( "G: \ WherelsMyFile \
sinusData.dat"): =y

2. Y 3amaHomy Micui OyJie CTBOPEHUI TEKCTOBHUH (aiisl, B IKOMY Yy
BHIJIA/I TIOPSIIKOBOTO CIHCKY 30epiraroThcsi 3HaueHHS (yHKIII cHUHYyca.
Hactymuuit npukiag neMoHCTpye 3amuc B (paill ABOMIpHOTO MacHuBY, B
SIKOMY TEpHIMH CTOBMENb MICTHTh 3HAUCHHS apryMeHTy, a IpyTrud —
BIJIMIOBi/IHE 3HAYCHHS CHHYCA.

3anmcaTy B (paiin MacuB 3HaYeHb apryMeHTy 1 QpyHKIIi sin (X)

i: =0..100
Xi:=2*m /100 * i
Yio: =X

Yii: =sin(x)

WRITEPRN (  "G: '\  WherelsMyFile \
sinusData.dat"): = Y

3. READPRN ( "file™) — 3untye umcnori nani 3 ¢aiiny. Paiin 3
JTaHUMHU (OJHOBUMIPHMMH a00 JBOMIPHWMHE) MTOBHHEH OyTH 3alHCaHU B
TOMY BUTJISIII, SK 1 B TONepenHbOMy TNpHKmani. HactymHa komanzaa
3aBaHTAXYE JaHi 3 paHilie 3amucanoro Gainy B MacuB Z:

3aBaHTaXWUTH 3 (ailly MacuB 3HaUEHBb apryMEHTY 1 QyHKIIT sin(X)

Z: = READPRN ( "G: \ WherelsMyFile \

sinusData.dat™)
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7=

4. APPENDPRN ( "file') — mana ¢yHkiis gomucye aaHi B yxke
icuytounii daitn. Bora mie moxiono ¢yskrii WRITEPRN 3a BunATKOM
TOTO, III0 BOHA HE CTUPAE JaHi, IO BXKE MICTITHCS B daiire.

5. READFILE("file’, ™"type", [colwidth], [rows], [cols],
[emptyfill]) — mama ¢yukiis 3'sBumacs B ocramHix Bepcisx MathCad i
JO3BOJISIE 3aBaHTAXyBaTH JaHi 3 (aimiB B pizHOMY (dopmaTi. AprymeHT
"file" - e nwwAx i iM's Qaiiny 3 nanumu, "type" - tun daitny nanux. Tyt B
Jankax moTpiOHO BOHMCATH OJHE 3 HACTYIHUX KIIOUYOBHX CIIB:

¢ "delimited" — TexcTOBi (paiiny, MO MiCTATH KOJIOHKHU JaHUX 3 Oyb-
SIKAM PO3IUTEHAKOM MI>K HUMHU;

¢ "Fixed" — tabnuii 3 GpikcOBaHOIO IMMPUHOIO KOJIOHKH;

e "Excel" — ¢aitnu ¢popmaty Excel.

a1 mapamerpu QyHkuii € HeoO60B’ s3koBUMH. [colwidth] — mupuHa
KOJIOHKM (KUIBKICTh CHMBOJIB) Il TaOMUIb 3 (DIKCOBAHOK HIMPUHOKO
KOJIOHKH. 3a/Ia€ThCsl YHCIO 3YUTYBAIBHUX TO3WINHA JaHWX, SKIIO BCi
KOJIOHKHM DIBHOI IMUPWUHH, a00 BEKTOp 3HAUYECHb, SKIIO KOJOHKH MaroTh
pizHy mmpuHy. [Rows] — 3a1a€ThCsl OTHUM YUCIIOM - HOMEP PSJIKa, 3 SIKOTO
MOTPIOHO TTOYWHATH 3YHUTYBATH JIaHi, 200 BEKTOp 3 JIBOX YUCENl - HOMEPHU
PAAKIB, 3 SIKOTO TO SIKUi OyAyTh umrtaTucs Aadi. be3 mporo mapamerpa
Oynyth uutatucs Bci psaku ganux. [Cols] — Ti cami, mo 1 s
MOMEPEHBOr0  MapamMeTpa, ajue ais KOoJNOoHOK aganHux. [Emptyfill] —
BKa3y€eThCs, YAM 3aIOBHIOBATH 3HAYEHHS MATPHIN JaHWX, AKIIO B (haiimi
BIJICYTHE BIJIIIOBIIHE YHCJIO.

[lepeBiputH nit0 ocTaHHBOI (PYHKILIT BU MOKETE CAMOCTIHHO.

AnpoxkcuManisi 10CTiIKYBAHUX JAHUX

ITpu oOpoOmi eKcepuMEHTaIbHUX JAaHUX, SK MPaBHJIO, BHHUKAE
3aBJaHHS ANpPOKCHMAIl pe3yiabTaTiB EKCHEPUMEHTY aHaJIOTi4HOIO
3asexHicTIO Yy =f(X), fAKy MOXHa BHUKOPHCTOBYBAaTH B HACTYITHUX
po3paxyHKax. ICHye Tpu MOXKIIMBOCTI allpOKCHMAITii JOCBIUCHUX JaHHX:

1. Inrepmousimis:

Amnpokxcumytoda GyHKINS y=f(X) Ma€e MPOXOAWTH HYepe3 BCi TOUKH,
oo  JOCHKYIOThCs. Takuii  cmocid — ampokcuMallii  Ha3HBa€ThCS
THTEPITOIIAIIETO. OyHKii MathCad JI03BOJISIFOTH BUKOHYBaTH
IHTEPIOAIIF0 (PYHKITISIMH Pi3HOTO CTYIICHS TJIAKOCTI.
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Jliniiina inTepnonsuis
[Ipu nmiHIHHIA 1HTEPIIONAII] anmpoKCUMyIoda QYHKITIS 3'€THY€E TOYKH,
IO  JOCHIDKYIOTBCSA  BiApiskamu  mpsMmux  JiiHiA.  [ns  mwsoro

BUKOPUCTOBY€TbcA BOynmoBaHa ¢yHkmist linterp(x,y,t), e X — BEKTOp
3HA4YEHb apTyMEHTY, IO AOCIIKIYIOTECS, Y — BEKTOP IOCBIJUEHUX 3HAYCHD
¢yHKIii, t — 3HAYEHHA AapryMeHTy, 0pU SKOMY OOYHCIIOETHCA

iHTeprooloye 3HaueHHd QyHKUii. Hampuknaza, € necaTs 3Ha4eHb CHIN

CTpyMy (B MiKpoamIiepax), 3aMipsilOTh AJsl AECATH 3HaYeHb HAmpyru (B

BOJIbTAX):

BEKTOp 3HaYEHb CTPYMY (BBOAUTHCS SIK MaTPUIIA):
:=(012141821222427293.1)"™* puA

BEKTOp 3HaYCHb HANPYTIHU:
U:=(15212932374149566.475™V

arpOKCUMYBATH 3HAYCHHS HAMPYTd METOAOM JIIHIHHOI 1HTEePITONIAIII IS
3Ha4Y€HHs cTpyMmy I
[=2.52*pA:

linterp (I, U, 2.52 * pA) =

HactynHuii npukian JeMOHCTPYE IHTEPHOJSIIIO Ui MHOXHHHU
TOYOK JIaHUX:
:=(012141821222427293.1)" pA

U:=(1521293.2374149566475)" V
linterp (I, U, 2.52 - pA)=5.133V

11: =(0.250.921.73.213.35)"- pA
Ul:=linterp(l,U,11)
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Ky0iuna cniiaiin-iHTepnonsiuist

Haifuacrimie excriepiMeHTalIbHI TOUYKU JaHUX O0a)XaHOo 3’€IHyBaTu He
JaMaHoi, a TJaAKol KpuBow. Meron KyOiuHOI crulaiiH-iHTepHoJIsii
JI03BOJISIE MTPOBOJUTH uepe3 0e3Jid TOYOK KPHUBY TaKUM YMHOM, IO Y BCiX
Toukax ii mepmi i Apyri moxigHi HemepepBHi. Ll kKpuBa CTBOpIOETHCH
MOCTIZIOBHAM PSIOM KyOIYHHX TIOJIHOMIB, IO TPOXOIATH HYepe3 TpH
cycimHi Toukd. s 1BOTO BHKOPHCTOBYETHCS BOyIOBaHa (YyHKIIis
interp(vs,X,Y,t), Ie Vs — BEKTOp APYTUX MOXiJHUX, CTBOPEHHUN OJHIEIO 3
Tphox (yHKIiH Ispline (X,Y), pspline (X,Y) abo cspline (X,), X — BexTOp
JOCHIDKYBaHUX 3HA4YeHb apryMeHTy (MOBMHHI OyTH poO3TalloBaHi B
MOPSIAKY 3pOcTaHHs), Y — BEKTOp JAOCBIIYEHUX 3Ha4YeHb (YHKLIi, t —
3HAYEHHS apryMeHTy, IIpH SKOMY OOYMCIIOETbCA iHTEpHoJsLiiiHe
3HadeHHa QyHKII. CrmaitH-iHTepIIONSIsS peali3oBaHa JeMo CKIIATHIIIE,
HiX JiHIHHA iHTepnonsnis. Crno4yaTky noTpiOHO OOYUCIUTH BEKTOP VS!

* ynkuis Ispline(X,Y) cTBOproe BekTOop KOe(]ili€HTIB KPUBOI, sKa
HaOIIKAETHCS 0 IPSAMOT JTiHIT B TPAHUYHUX TOYKAX;

* ¢ynkuisa pspline(X,Y) crBoproe BekTOp Koe(illieHTiB KPUBOi, fKa
HaOIMKAE€THCS 1O KBaAPATUYHOT MapadoI B TPAHUYHUX TOYKAX;

* ¢pyukiisa cspline(X,Y) cTBoproe BeKTOp Koe]iIlieHTIB KPHBOI, sKa
HaOKaeThCS 0 KyOidHOT Mapabosv B rpaHUYHUX TOYKAX.
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Hwkue mnoka3aHWil NpUKIaN 3acTOCYBaHHS TMEPIIOrO CIOCO0Y
KyOiuHOI CIUTafH-IHTEPIOMNAIl 1A JaHUX 3 IOMEPETHBOTO TIPUKIIATY.
CaMOCTiifHO CITpOOYHTE 3aCTOCYBATH 1HIII METOIH.

;=0 12 14 18 21 22 24 27 29 3.1)"- pA
U:=(152129 3237 414956 64 75" V
11(t):=interp (Ispline(l, U),U,1,t)

410
310"

210"

LT 1] —t
e 1x10

ol

—1x107"

_6
—2x10
o

B-cnnaiin inTepnossiuis

B-cnnaiin iHTepmonsAnis Bigpi3HAETHCS BiA MONEpEeNHIX NPUKIALIIB
THUM, 110 3IIMBAHHS OKPEMUX CIUIAiHIB IPOBOJUTHCS HE B TOUKAX AAHUX, &
B TOYKAaX, KOOPJMHATH SIKUX 3aJIal0Thcs KopucTyBadeM. [lJiss BH3HAYCHHS
KoeilieHTIB CIUTaliHIB BUKOPUCTOBYEThCs (QyHKUis bspline (X,Y,XX,n),
ne X - BEKTOp 3HA4eHb apTyMEHTy, II0 JOCIIKYIOThCS (TIOBUHHI OyTH
pOo3TaIoBaHi B MOPSIKY 3pOCTaHHA), Y - BEKTOP 3HAYCHb (QYHKIIi, III0
JNOCHIJDKYIOTbCS, XX - BEKTOp 3HAueHb apryMeHTy, IMpU SKHX
OOYHCITIOIOTHCS THTEPIIONIo0YE 3HaYeHHsT (QYHKIIT, N - TOPAJOK MOJIIHOMIB
crutaitH-iHTeprnoimii (1, 2 abo 3). Posamip BekTopy XX MOBHHEH OyTH Ha
(n-1) meHmie, HiX po3Mip BekTopa X, MEpIIUi eIeMEHT BekTopa XX
noBuHeH OyTH MeHme abo OpiBHIOE MEpLUIOMY eJIeMEHTY BekTopa X,
ocTaHHIH eneMeHT BekTopa XX moBHHEH OyTu Oiible abo JOpPiBHIOBATH
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OCTAaHHROMY €JeMEHTy BekTopa X. Hwkye mokazaHuili npuKIa
3acTOCyBaHHs B-cIiaitH iHTepITOSIIiil AT JaHUX 3 MTOTIEPEIHIX TIPUKIIAIIB.

I:=(O 121418 21222427 29 3.1)T
U:=(1.5 21293237 414956 6.4 7.5)T

UU:=(1.0 2.0 3.0 40 5.0 6.0 7.0 8.0)'

I1(t):=interp(bspline(U,1,UU,3), U,1t)

10
5
: !
see
1t}
-5
- 10
0 2 4 £ ) 10
,t
Perpecis

®dyHKIIIi perpecii CTBOPIOIOTh KPHBiI 3 MIHIMAIBHUM BiIXUJICHHIM
Bijl HAssBHOTO HAaOOpy AaHuX. L{i GyHKIIIT pO3Pi3HAIOTHCS TUIIOM KPUBOI SKY
BOHM BHKOPHCTOBYIOTH INOO ampokcuMyBaTth naHi. Ha BimMmiHy Bin
IHTEepITONALl, alPOKCHUMYIOYi KpHBI HE OOOB'SI3KOBO MOBUHHI MPOXOIUTH
gepe3 TOUKU JTaHHX.

Y MathCad perpecis 3 BHKOPUCTaHHSM OJHOTO IOJIIHOMA
peaiizyeThcst KOMOiHami€ro BOy1oBaHUX (BYHKIIIHA perpecii i iHTepIosILii.

YY (t): = interp(regress (X, Y, n), X, Y, t),
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ne X — BEKTOp 3HA4YCHb apryMEHTY, €JIEMEHTH SKOro pa3TalloBaHi B
MOPSIAKY 3pocTaHHSA, Y — BEKTOp 3Ha4deHb (QYHKIII TOTO X po3Mipy, t —
3HAYEHHS apryMeHTy, IPU IKOMY OOUYHMCIIIOETHCS IHTEPIOIO0Ya QYHKIIS,
N — CTYIiHb APOKCUMYIOUOT0 NOJTiHOMA (MOXKe OyTH Oy ab-SIKHii).

Perpecis 3 BUKOpHUCTaHHAM ACKITBLKOX BIAPI3KIB ITOJIHOMA TaK CaMo
peanizyeThes KoMOiHaIiero GYHKITINA perpecii Ta iIHTepITOIISIIii.

interp(s, X, y, t) i s: =loess(x, y, span),

ITapametp span 3azmae CTymiHb 3IVIaJKyBaHHsS JaHUX. BiH Bu3Hauae
PO3Mip Bipi3KiB MOJTIHOMIB, 3 IKHX 3IIUBAETHCS allpOKCUMYIo4a KpuBa. Ha
npaktuni cnig Bubupatu 0.2 <span <2. [Ipu span = 2 anpokxcumyroua
KpHBa Maike TOYHO OINHCY€E Oyab-IKUH Habip JaHUX.

Hwxue nokazanuii mpuKiIax BUKOPUCTAHHS (YHKIIIH perpecii.

Y:=(-1.2 -0.6 —0.1 0.15 0.9 1.6 1.3 0.8 0.2 —0.4)T
X=(-5-3-10134689)

N:=4 cneninp nojxiHOMa

L:=2 xapakTepHUCTHKa JOBKWHH BiZIPi3KiB MOJIIHOMA
Yreg(x):zinterp(bspline(X,Y,N),X,Y,x)
Yloess(x):=interp(bspline(X,Y,L),X,Y.x)

xmin:=min (X) xmax:=max ( X)

X max—Xmin

X:=Xmin,Xxmin+
50

Xmax
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Tregx) ¢
¥loess )
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E

VY3arajbHeHa perpecis

Y ToMy BHIQJKy, KOJM 3aKOH 3MIiHM BHMIPIOBAHOT BEIUYWMHH
BigoMuii 1 TOTpPiIOHO migiOpaTH #oro koedillieHTH, aje caMa
anpokcuMyroya (yHKIIs Taka, 10 BUKOPUCTOBYBATH (YHKLII crieniaabHOl
perpecii HemoxiuBo, MathCad mponoHye BUKOpHCTOBYBaTH IBi (hYHKIIiT
perpecii 3aragpHOTO BUTIAAy: linfit i genfit.

Sxuio nepeabavyBaHa 3aJIeXKHICTh ABIISIE COOOIO JTIHIHHY KOMOITHALIII0
JIEKITBKOX (YHKITIH

y=a,f, (x)+a,f, (x)+..+a,f, (X)
i moTpiOHO TinmbkM WimiOpatm KoedimieHTH 1MX  QYHKLOIH, TO

BHKOPUCTOBYETHCS PyHKIIs linfit. Hanmpukiaz:
y=a,sin(2x)+a,cos(3x)

linfit (x, y, F) moBeprae BekTOp, 110 MiCTUTH Ha0ip KOe]ilie€HTIB MpH
dynkuisx fi(x), y(x)- Bekrop 3aanux 3HaueHb QyHKUIi IPH 3HAYCHHSX

apryMEeHTy, IO MIiCTAThCS y BeKTOpi X, F - BekTop (yHKIIH, 10 BXOAATH B
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NiHIHY KOMOIHAII0 y(x). Hwxye HaBeneHO NPUKIIAL BUKOPHCTAHHS
¢bynkmii linfit:
Y::(6.2 5147 6.15 6.9 6.3 49 28 0.2 —0.4)T

X:=(-1023578091113)"

X4

F(x):=| cos(X) | mabip dyHKIi#, 1110 BXOAATH B TiHIHHY KOMOIHAIIifO.
1

@yHKIi{ MOXKHA 3MIHATH

~2,655x10°
f(x):=F(x) -S S=|  0.684
5.728

koediieaTn QyHKITiH
Y:=(0.205131.91.81.10.80.60.2)7

JiHIHA KOMOiHamis QyHKIIH
xmin:=min(X) xmax:=max(X)

Xmax-xmin

X:=Xmin,xmin+ .Xmax
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xox

Hns noBinbHOT (yHKWIT 3 HEBiZoMHMH KoedilieHTaMHu MOTPiOHO
BUKOpHUCTOBYBaTH (yHkiro genfit (x,y,C,F). Hampuknan:

y=2sin(a,x)+3cos(a,Xx)

genfit (x, y, C, F) moBeprae BekTop, 10 MICTUTh N MIApaMETPiB, HAMKPAIIIUM
YHHOM allpOKCUMYIOYH JIaHi X BEKTOPIB X 1 y 3amaHoi ¢yHkiiero f(x). TyT
(X) - dynkris, sika moBeprae (n + 1) -MipHHUiT BEKTOP, 1110 MICTUTH (YHKIIiO
f(x) 1 1 wacTKOBiI MOXigHiI IIOMO HEBigOMUX mapameTpiB; C - N-mipHUHA
BEKTOp TOYAaTKOBHX 3HA4YeHb /Ui N HEBiAOMHX mapameTpiB. Hipkue
HaBeJICHO MPUKJIa/ BUKOpHUCcTaHHA QyHKIii genfit:

f(x,a,b,c):=(at+b-x)-e X:=(0123456789)"

f(x,a,b,c):=(atb-X)-e 3ampomoHOBaHa (YHKIIiSi CHMBOJIbHE O0UHCICHHS

TMOXITHUX 32 Koe(ilieHTaMu
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if(x,a,b,c) —e °
da

X2
c

64

if(x,a,b,c) —e ¢
db

2
if(X,a,b,C)—>X e -2(a+b-x)
dc c

15) a
k=120| b
1.4 o

MOYATKOBE HAOJIMKCHHS
3ampornoHoBaHa (QyHKIs, 1
1i moximHi

K:=genfit(X,Y k,FF)
0.012

0.802

25.205

BEKTOP 3HAWIEHUX

K=

napamerpiB QyHKIIT
xmin:=min(X)

xmax:=max(X)
F(x):=FF(x,K),

X = Xmin, Xxmin+
50

FF(x.k)=

IyKaHa (QyHKIIisT
Xmax-xmin
— .. XMaX

XZ
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*ee
Fix)

6.1. KonTposabHe 3aBa1aHHsA

1. Po3p’sikiTh i3uuHy 3a7a4y 3 ypaxyBaHHSIM PO3MIPHOCTEH JaHUX;
2. O0poOka naHmx;

3. [HTepnoNsAIis TaHX;

6.2 KouTpoJbHi nuTaHHs

1. Sk BHCIIOBHTH 3HAYCHHS PO3PaXyHKOBO BEIMYHMHU B 33JaHUX
OJIMHHULISX BUMIpY?

2. SIk 3miiiCHUTH 3amucC Pe3yIbTaTiB PO3paxyHKiB B (haiin qaHux?

3. Sk 3aBantaxutu B MathCad ¢aiin gaanx?

4. Illo Take ampokcumairis?

5. Illo Take KycKOBO-JiHiliHa IHTEPIONALis?

6. llo Take ky0OiuHa CIITAH-1HTEPITOISALLis?

7. lllo Take perpecisn?

8. Po3B’skiTh TpUBEACHI HWXKYE 3alavi, BUKOPUCTOBYIOUH
po3mipHicTs. [ToOyayBaTu rpadiku, BkazaHi B 3aBIaHHI

1. BinbHe naaiHHA TiNa npownuio | 7.3apsi BUIITA€E 3 TapMaTH 3
OCTaHHI S=30M 3a yac | MOYATKOBOK LIBHUIKICTIO




66

7=0,5¢c. 3 saxoi Bucotu H
naznano tino? Orpumaiite rpadik
3MiHU BUCOTH KYJIBKH BiJ] Hacy.

Vv, =1000 m/c mix kyTom

a =30° 1o TOpHU30HTY.
Ckinbku yacy t 3apsin
3HAX0AUThcA y noBiTpi? Ha
AKy BUCOTY H migHiMeTbCs?
Ha skiit Bincrani L Bix
rapMaTH BIIaJie Ha 3eMJII0?
[ToGynyBaTH TPAEKTOPIiIO
PyXy 3apAny

2. Ha moxwiny IUIOMIMHY MiCIs
MOYaTKOBOT'O TOIITOBXY 3HU3Y
BBEpPX BKauyeThCsl KyJibka. Ha
Bigcrani |=30cm Big modaTky
HUIsIXy BiH moOyBaB JBidi: yepe3
t,=1ci t,=2c mcng moyarky
PyXy. Baaxaroun pyx
PIBHONIPUCKOPEHNUM,  BH3HAUTE
NOYaTKOBY MIBHAKICTH V, 1
MPUCKOPEHHS a KYJIBKU.
[ToGynyBaTu rpagik 3MiH
KOOPJIMHATH KYJIbKH BiJ yacy

8. Ilix kytom o =60° mo
TOPHU30HTY KHHYTO TiJ0 3
II0YaTKOBOIO IIIBUIKICTIO

Vv, =20 m/c. Yepes sxuii gac t
BOHO OyJie pyXaTucs mijg
kyToMm [ =45° 1o
ropusonty? [loOynyBaTu
TPAEKTOPIIO PYXY 3apsmdy.

3. Tino nanae 3 Bucotu 100 m
0e3 moyaTKoBOi MIBUIKOCTI. 3a
SKH{ 9ac TiJ0 MPOXOAMUTH
MIEPIIHN i OCTaHHIN METp CBOTO
nuiaxy? SIKui MIsx MpoXoauTh
TiJIO 3a MepuIy CEKyHIy CBOTO
pyxy? 3a ocrannto? [loOymyBatu
rpadik 3MiH KOOpIUHATH TiJIa Bif
qacy

9. [IBa O6pycka, 1o
JOTHKAIOTHCS KOB3AIOTh 110
HOXMIIIN JoImi

Maca nepuoro 6pycka
m, = 2Kr, Maca JIpyroro

m, =3 kr. KoediwieHT TepTs
MK OpYCKOM Ta JOLIKOIO
nopisHioe K, =0.1 ms
Opycka 1,1 k, =0.2 ns
Opycka 2. Kyt noxwiy 1omku
JIOpiBHIOE & =45°.
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BusHaunTu npuckopeHHs a 3
SKHM PyXaroTbcsl OPYCKH 1
cuity F 3 sIKOI0 BOHU THCHYTh
onuH Ha oxHoro. [loOyxyBatu
rpadiku 3MiH KOOpJUHAT
OpyckiB y vaci

4. 3 AKUM TIPOMDKKOM dacy
BiJIipBAJIUCS Bil KapHU3Y Jaxy
JIBI KparwIi, KMo 4epe3 2¢ micis
MMOYATKy MamiHHA APYrol Kparuii
BiICTaHL MDK HHMH CTajia
nopiBaroBatu 25M. IloOyayBatn
rpadik 3aJeKHOCTI KOOPIHHAT
000X Kpareib BiJl 9acy

10. Ti70 KHHYIH i KyTOM
a =60° 10 ropu3oHTy 31
mBHaKicTIO V, = 20 M/c.

Bu3HaunTH KIHETHYHY
eHeprito Tina uepes lc micius
MOYaTKy pyxy. Maca Tina 2
kr, g =10m/c?. Onopom

MIOBITPS 3HEXTYBATH.
[ToOymyBaTH TpaeKTOPitO

PyXy Tina
5. JlBa Tina KUHYTI BepTHKaiIbHO | 11. [Toxumna TUIOIINHA
BBEpX 3 OJHI€l 1 TOI X TOYKM 3 | yTBOpoe Ky «a=60° 3
OJTHAKOBOIO [IOYAaTKOBOIO | TOPU30HTOM.  B370BXk  He
MIBUIKICTIO V,=19,6 M/c 3 | BBEpX IOYMHAE pyX TiIO 3
npomixkkom wacy ~ 7=0,5c¢. | HOYaTKOBOIO IIBHJIKICTEO

UYepe3 saxwii wac t micias Kujka
JPYToro Tina i Ha sikii Bucoti h
o0uzmBa  Tima  3ycTpiHyTbCA?
[ToOymyBaT rpadiku
3aJIe)KHOCTI KOOpAWHAT 000X TiJ
BiJl 4acy.

V, =4 wm/c. BusHauutu uepes

SIKMI 9ac 7 TiJI0 MOBEPHETHCS

y MIOYaTKOBY TOUKY.
Koedimienr Tteprs  p=1.
[ToOymyBaTH rpadix
3aJIE€KHOCTI IIBHAKOCTI Tija

BiJT 4acy

6. JIMKHUK CITyCKa€eTHC 3 Tip
nosxkuHOIO S, =60 Mm3a t =15c,
a MOTiM IpoixaB 1o
TOPU30HTAJIBbHIN AIISHLI 11e

S, =30M /10 MOBHOI 3yNUHKH.

3HaMJITh IBUIKICTD V,

12. Kparni Bogu
BIIPUBAIOTHCS Bi IaXy
OynuHKy 3 inTepBanom 0,3 c.
BusnaunTu BigcTaHb MK
KparwisamMu gepes 1,5 ¢ micmst
TOTO, sIK BiJ Aaxy BiJipBajacs
nepma kparwist. [Ipuckopenns
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JDKHUKA y KiHLI CITycKa i BinbHOTO MafinHa ¢ =10wm/c%
IIPUCKOPEHHA a, Ha [ToOymyBaTu rpadiku
TOPU3OHTANBHIN UISHITL. 3aJIe)KHOCTI BiJICTaHi Bl Kparo
[To6yayBatu Tpadik 3aneKHOCTI | Jaxy Bijl 4acy s KOXKHOI 3
IIBUJIKOCTI Bij acy. Kparnels.

9. CTBOpHTH TEKCTOBUH JOKYMEHT, B SIKHH 3aHECTH 3HAYCHHS
apryMeHTy X 1 JBOX (QYHKIIH yl(x) i y2(x). [icnst 3axiH4eHHS
CTBOPEHHSI, JIOJATH 3HAYCHHS (QYHKIII Ui Jiama3oHy apryMeHTy Xx2.

IMmopTyBaTH HaHi 3 TEKCTOBOTO JoKyMmeHTa B Tabmmmi Microsoft Excell,
iMrmopTyBaté naHi 3 orpuMmanoi Tabmuui B cepenosuine MathCad i

30epertu  ix y BiAMOBiNHI 3MiHHI a =X, Z(a) = yl(x), ZZ(a): y2(X).

[ToOynyBaTu rpadiku GpyHKIINH Zl(a) i ZZ(a)

x1e10+270° x1le0-+90°
yl=2sin*(x) yl=sinx/2
1. 7.
y2=3cos(X) y2=cos(\/§)
X2 € 210+ 400° X2 €110 +360°
x1e 0+180° x1e0+90°
L yl=sin(x)/2 g yl=1-sin3x
' y2 =cos(4x) " y2=tg?x
X2 180+ 270° x2 €180+ 270°
x1e5+90° xLe 0+90°
3 yl=sin(2x) 9 yl=1-ctg3x
' y2=cos®(x) " y2=cos? X
x2 €90 +180° x2 €180+ 270°
xle 45 +90° x1€90+180°
A y1=sin(\/ﬂ) 10, Y1=1+19%X
y2=cos(x—7z) y2 =Cc0s X —sin X
2 <90 +.270° x2 € 200 = 360
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xle 25+110° x1e0-+180°
1=sin?(x X
5. g (x) 11 yl:ag[gj
y2:cos(\/ﬂ) '

y2 =CO0S X +Sin X
x2 €110+ 360°

x2 €180 +360°
x1e0+180° xLe0+90°
— 3/ i
6. yl=</sinx 1 y1=sin(x+%)
y2:cos(\/ﬂ) '

x2 €180+ 360°

y2=cos’(x)-1
x2 €90 +180°

10. Bam HeoOximHO oOpatu 20 MOBUTPHHX 3HA4YECHb, PIBHOMIPHO
po3TamryBaTy B 3aJaHOMY Jiana30Hi apryMeHTIB X 1 3HAHTH BiAMOBiAHI M

3Ha4YeHHS (QyHKII y(x). Jnst oTpuMaHuX 3Ha4YeHb MOOymyBatu rpadik

(yHKIif, BUKOPHUCTOBYIOYM METOJ KYCKOBO-JTIHIHHUAX IHTEpPIOIAIIH,
KyOI4HOI CIIIaifH-iHTepIoALii 1 METOAOM perpecii MOJiHOMOM 3a/1aHOTO

MOPSIIKY.
xe0-+90° . xe10+270°
1. . .
y=cos(\/5) y = 2sin*(x)
5 xe0+90° o x e 0+180°
"y =1+sin3x "y =sin(x)/2
xe0+90° xe5+90°
. 9.
y=1-ctg3x y =sin(2x)
A xe90+180° X e45+90°
. 10.
y =1+1g°x y=sin(\/ﬁ)
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Xxe0+180° 1 X e 25+110°
5. " v =sin®
y=ctg(§j y =sin®(x)
5
x e 0=+90° x € 0+180°

12.
> Y=sin(x+%j y=cos(\/§)

7 IABOPATOPHA POBOTA Ne 7 «PO3B’SAI3YBAHHSA
AN®EPEHIIA/IBHUX PIBHAHDb»

Meta po6oTH: HaBYMTHUCS BHUpIlIyBaTH Au(epeHiaibHi PiBHAHHS 1
cucreMu audepeHmiansHIX piBHIHD 3acobamu maketa MathCad.

YucenbHuii po3B’A30K au(epeHIiaJbLHUX PiBHAHbD.

MaremMaTn4HO PO3B’S30K IU(EPEHLIANBHOIO DPIBHSIHHS € JIOCHUTh
TpynomicTkuM 3apmaHasM. Cimig mam'statu, mo MathCad B ocHOBHOMY
BUKOPUCTOBYETBCSL JIJISl YUCEIBHOTO, a HE aHAJITUYHOTO PO3B’S3yBaHHS
mudepeHIlialbHIX PIBHAHD 1 CHCTEM JuQepeHIlialbHuX piBHAHB. Jls
IIBOTO YacTO MOTPiOHI JOMATKOBI CIPOIIEHHS 3a/1adi 3 00Ky KOpHUCTyBada.
Posrnsinemo BukopuctanHs ¢yskuii Odesolve, 1mo 103BONSE YHUCENBEHO
BupimyBati 1ud. piBHsHHSA. Lg ¢QyHKUOiS BUKOPUCTOBYE OibLIICTH
3aknmaneanx B MathCad anroputmiB po3B’si3ky aud. piBHSHB, a B
KOHTEKCTHOM MCHI) € MOXIIHUBICTh BHOOPY KOHKPETHOTO CIIOCOOY
PO3B'A3aHHS.

Buxopucranus byHKIiT Odesolve BHUMarae 3armcy
00YHCITIOBATTLHOTO OJIOKY, IO CKJIATAETHCS 3 TPHOX YACTHH:

1. Kmouose caoso Given;

2. [ludepenuianbHe piBHSHHS a00 cucTeMa IudepeHmianbHuX
PIBHSHB 1 TIOYATKOBI a00 TpaHWUYHI YMOBH A HUX. [ BHpIMeHHS AH.
PIBHSHHS MOPSIKY N TOTPIOHO BU3HAYUTH N TPAHUYHUX 200 MOYATKOBUX
YMOB;
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3. ®ymukmis Odesolve (x,xk,n), me x — iM's 3MiHHOi, MIOAO SIKOI
BHUPINTYEThCS PiBHAHHA, XKk — KiHEmb I1HTEpBaJly IHTETPYBaHHA, N —
BHYTpIIHIA mapaMeTpa (HEOOOB'SI3KOBHIA), IO BU3HAYAE€ YHUCIO KPOKiB
IHTEerpyBaHHS, SIKUM BUKOPHCTOBYETHCS NPH IHTEpHOJALil pimeHHs. 3a
3amoBuyBaHHsIM, MathCad BukopucTtoBye n = 1000;

Kpim 3a3HaueHnx eneMeHTiB, BcepearHi 00YHCIIOBAIBLHOTO OJIOKY HE
MOBHHHO OYyTH IHIIMX MaTeMaTWYHUX BHpPa3iB (BUHSATOK CTaHOBHTH
TEKCTOBa 00JIACTh).

Ilpukman: pimenHs audepeHiiaIbHOro PIBHAHHSA 3 IMOYaTKOBUMH
yMoBaMH - 3anaua Korri:

Given

X

y”(X)+2x-y'(x)-x* - y(x)= _° coS(2X) mu. piBHAHHS

- 1+sin(x)
»(0)=-5 '(0)=3 »"(0)=0 IPaHNYHI YMOBU
y:=0desolve(x,4) x:=0,001..3 THTepBaJ IHTETPYBaHHS

i

P

2
d—:{}":x]l /
i -5

-10



72

CumBoin noximHoi "mTpux" BBOOUTHCS KoMmOiHamiero knasim Ctrl +
F7.

@yukuis Odesolve moBeprae pimieHHs aud. PiBHAHHA y BUIISIL
¢yHKLUIT, a HE y BUITSIAI MAacuBy, TOMY 31 3HaWICHUM pIIICHHAM MOXKHA
BUKOHYBAaTH BCi omepamii, BHW3HAYeHi miui1 (QyHKIIH, a Tak camo
BUKOPUCTOBYBAaTH SIK  KOPUCTYBallbKy  (YHKIII0O B  THOJAJbIIUX
pO3paxyHKax.

@ynkuis Odesolve wmoxe BupimyBatu aud. piBHSHHSI SK 3
MOYaTKOBUMH yYMOBAaMU, 3aJ]aHUMHU HA IMOYATKy iHTEpBally iHTErpyBaHH:,
TaKk i 3 TPaHUYHUMH YMOBaMH, 33JaHUMH B JBOX TOYKaX. 3 HUX OJHA
00O0B'A3KOBO Ha MMOYATKY iHTEpBally, a iHIIA - Y JOBIILHOMY HOTO Mici.

Pimnenns qud. piBHAHHA i3 cTyniHYacToI0 QyHKII€IO.

Sxmo nud. piBHAHHSA 3MIHIOE CBili BHIJIAJ B PI3HUX Jiala3oHax
3MIHM apryMeHTy, HOro MOKHa 3afaTd 3a JOIOMOIOI0 YMOBHOI'O
omeparopa ((paxTyHO, BHpIIIyeETbca nABa nau(. pPIBHAHHS HaA PI3HUX
migJiana3oHax 3aaHoro Jiana3oHy o0nacTi BU3HaYeHHs). PimieHHs Takoro
. piBHSAHHS JEMOHCTPYETHCS B HACTYITHOMY NPHUKJIAI:

Given

y”(x)+2x* -if(x<2,y’(x).y (x))- x21+1:if (x<2,0,cos(x))

»(0)=0 »'(0)=1
y:=Odesolve(x,10) x:=0,0001..6
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wo o0 \

Po3B’s130k cucTeM 3BHYAHHUX AUG. PIBHAHD.

Oynkmis Odesolve Moke BHKOPHCTOBYBATHUCS TaK CaMO JUIs
BHpilIEHHsT cucTteM J1ud. piBHAHB. llpukimag Takoro BUKOpHUCTaHHS
MOKa3aHUM HIDKYE:

Given

2(t)+y'(t)-L2x(t)y(t)=e"
L5y'(t) +2'(t)x(t) =0
2'()x'(t)+2y(t)-
x(0)=1 x(0)=-1 Z() 10
(0)=

y'(t)=cos(1.2t)
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X
y |:=Odesolve| | y |,t,—6
z z
t:=-6,-5.99..0
0
10
)
¥t g
z(t)
- 10
T -4 -2 0

I'pannuni ymoBu 3amani B Touri t=0, kiHIleBa TOYKa IHTEpBAILY
iHTerpyBanHs t=-6, oTke, iHTepBaN iHTerpyBaHHs - Bij -6 g0 0. Skmo
rpadik OyayeTscss JUIsi 3HA4YeHb, IO BHXOIATH 32 MEXi IHTEpBaIy
inTerpyBanns, MathCad ekctpanomiooTs (GyHKIIT 32 Mexi iHTepBany. Lle
O3Ha4yae, MO0 pe3yJbTaT, CeKCTPalloJNbOBAaHUM 3a MeXi iHTepBaiy
IHTerpyBaHHS, LIBHJIIE 3a BCE HENPABIONOAIOHMI. VY 3aBHaHHAX 3
MOYaTKOBUMH YMOBAaMHU B CHCTEMY B SIKOCTI OOMEKEHHS TaK CaMo MOXKe
BKJIFOUATHCS alireOpaiuHe piBHSIHHS.

braox Given — Odesolve Bupimye cucremy au¢. piBHSIHb 3
ITOYaTKOBUMH YMOBAMH i OTPUMY€E MacHB 3Ha4eHb (YHKIII 1 i1 moXimHOi.
Jlani mpoBOIUTHCS CIUIAHH-IHTEPIIOJALS MAacHBY JIaHUX i, TAKUM YHHOM,
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BHXOJIAITh ITyKaHi QYHKIIT 1 X MOXi/IHI, SKi MOTIM MOKHA AuQEpeHIIiIOBaTH
Ta iIHTETpyBaTH.

Po3p’si3yBanHst audepeHIiaJbHAX PiBHAHBL 31  3MiHHMUMH
napamMeTpamu.

Oynknis Odesolve Moke BUKOPHCTOBYBATHCS AJISl BUPILIEHHS AUQ.
PiBHSHD 31 3MiHHMMH napameTpaMu. J[JIsi IbOro MOTPiOHO 3a JONOMOTOIO
¢dyukmii Odesolve cTBOpUTH HE3alleXKHY BiJ MmapameTpa Il KOPUCTyBada
¢yHkuito. Yucno 3MIHHMX MapaMeTpiB KOPHCTYBalbKoi (YHKLIT MOxe
Oyt Oynp-skuM. Takuil MpUHOM TO3BOJISIE JOCHIIKYBAaTH NMapaMeTpHYHy
3QJIEXKHICTh PO3B’s3Ky nud. piBHAHHI. HacTymHuit mpukiIamx IeMOHCTPYE
moOy/IoBy CciMeicTBa KpHBHX - pillleHb A¥(]. pIBHAHHSA I Pi3HUX 3HAYCHD
napamerpa:

Given

y”(x)+2x* -if(x<2,y’(x).y(x))- x21+1:if (x<2,0,cos(x))

»(0)=0 )'(0)=1
y:=Odesolve(x,10) x:=0,0001..6
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-10
Dil,t)
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D4t
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Inmi  ¢ynknii, sfIKi BHKOPHCTOBYIOTHCSI NpPH PO3B’sI3yBaHHI
audepeHniaJbLHAX PiBHAHB.

Oynknis Odesolve o0'ennye B €quHUN ONOK 1 BUKOPUCTOBYE BCi
kpamri (GyHKOil uist BUpimeHHS aud. piBHSAHB, HaNpalbOBaHI Ha NaHUI
MomeHT 1 BkimrodeHi B MathCad. Ilpu Bupimenni cucremu aud. piBHSIHB
MOXXHa BHUOpaTH OJUH 3 JOCTYNHUX METOMAIB BUpimeHHs. [jis 1boro
noTpiOHO BcTaHOBUTH Kypcop Ha cioBi Odesolve i HaTHCHYTH mpaBy
knaBimy "mumi". Y maHemi, NMpencTaBisiEThCs BHOIP METOAY pillleHHS:
Fixed — pimenHs 3 ¢ikcoBaHMM KpOKOM 3a goromororo ¢yHkuii rkfixed;
Adaptive — po3B’s30K 31 3MiHHUM KpokoMm ¢yHKuieto Rkadapt; Radau —
piteHHs1 >xopcTkoi cuctemu QyHkmiero Radau. ¥V 14-it Bepcii MathCad
momaHi nmeski HOBI (yHKmii: Adams — 0Ga3yeThcs Ha MeTomi Amamca i
MpU3HAYeHa Uil BHUpIIIEHHS HEeKOopcTKux cucrteM; BDF — BukopucrtoBye
(dopMynu 3BOpOTHOTO Iu(EpeHIiIOBaHHS 1 MpU3HAdYeHa IJisi pO3B’sI3aHHS
)operkux cucteM; AdamsBDF — ribpuana.

®dopma 3BepHeHHS 10 IuX (YHKIIH omHakoBa. PosrisHemo ix
BUKOpHUCTaHHs Ha npukiaai ¢pynkuii rkfixed:

rkfixed (y, x1, x2,m,D)
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I€ Y — BEKTOp IOYAaTKOBHX YMOB po3MipHOCTi n. TyT n — mopsaok oud.
piBHSHHS a00 YWCIO PIBHAHB B cHUCTeMi, X1 1 X2 — Mexi iHTepBary
3HAa4eHb, Ha SKOMY pO3B’SI3YIOTbCS PIBHAHHS a00 cHUcCTeMa pPiBHSHb.
[ToyaTkoBi yMOBH, 3a/1aHi B BEKTOp1 Y — 1€ 3HAYE€HHS pO3B’A3KY B TouLi X1.
m — YHCJIO TOYOK, HE PaxyrouyH IOYaTKOBO, B SIKMX LIyKa€TbCs HAOIIKEHE
pileHHs. 3a JIOOMOTOI0 ILOTO ApTyMEHTY 3HAXOIUTHCS YUCIO PSJIKIB
(m+1) B MaTpuIli, 110 MiJUISTa€ MTOBSPHEHHIO B IKOCTI PillICHHS.

Oynknii  rfixed 1 Radau gns  Bupimenns gud. piBHSIHDB
BHUKOPHCTOBYIOTh MeTo/ PyHre-Kyra 4 nopsiaky, Akuif He € HAMIIBUIIINM,
ale Maibke 3aBXIOM fae OakaHmid pesynbraT. Dynkuis rfixed mykae
pilleHHs 3 MOCTIHHMM KpokoM, a QyHKUis Radau mepeBipsie, K MIBHAKO
3MIHIOETBCS ~ HAONIDKEHe pillleHHs 1 BIANOBIAHO  aJamnTye KpOK
inTerpyBanHsa. lle m03BOJsS€ MIABUINMTH TOYHICTH 1 CKOPOTHUTH dHac
BUpILLIEHHS, BUKOPHCTOBYIOUM OIbII TpyOy CITKy TaM, A€ pillleHHs
3MIHIOETBCS CJIa00 1 OUTBII MpiOHY CITKY TaM, 1 PIMICHHS 3MIiHIOETHCS
mBUAKO0. HacTymHwmit mpuKkiag 1eMOHCTpY€E BUKOpUCTaHHS GyHKIi rfixed:

y'+3-y-cos(x)=0

n=50 y,=2
D(x.y):=-3-y,+cos(x)
Z:=rkfixed(y,0,15,n,D)

i=0..n x;=Z, Yi=Z,,
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IIpu BupimenHi aud. piBHAHHS MEPIIOTO MOPSAKY 3'SBISETHCA OJHA
JIOBUJIbHA KOHCTaHTA, TOMY IMOTPiOHO CTAaBUTH OJHY MOYaTKOBY yMOBY YO0.
Hani BBoauThcs QyHKUis nBOX 3MiHHMX D(X,y), fika MICTUTH BEKTOp
Mepmux MOXiMHUX BiA HeBimoMUX (QYHKHiA. Y pasi HemiHiitHOTO Mudd.
piBHSHHS, MOTPIOHO BHPIMIMTH #oro anreOpaiyHO BiTHOCHO MOXiAHOT
BUIIOTO TOPAAKY (B CHMBOJBHOMY BHWIVISAI) 1 MiJCTaBUTH pe3yJbTaT
pimmenHs B ¢pyHKIito D(X,y). B pe3ynbrari po3B’ 3Ky BUXOINUTh MATPUII Z,
B TIEPIIOMY CTOBIIIl SKOT MICTATHCS KOOPJAWHATH TOYOK, B SKHX OTPHMAaHO
pilleHHs, a B J[ApPYromMy CTOBMLI - BJIacHe 3HA4YeHHS (yHKUIi, II0
mrykaerbesl. HacTynmHui mpukinaz JeMOHCTpYE pO3B 30K Oud. piBHSIHHS
YEeTBEPTOTO MOPSIIIKY:

y"+2xxy"+y -sin(x)=0

x1:=10 x2:=12 n:=200

IPaHUYHI YMOBH nepIi NoxinHi
0 y(O) =0 y ABHOMY BUTTIA1
l ! 0 :1 '
y = yl/( ) yl y1 =y
21 y'(0)=2 :
3 y///(o) — 3 D(X’y):: y2 y2 - ym
Y, Y, =Y

-2X - yz-sin(x)«ym Y,
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Z:=Bulstroer(y,0,15,n,D)

i:=0.n x;:=Z" y=z"  yi=z?  ym=z®  ym=z%

a0

¥i 40
Vi
yy A

3ayBakUMO, 10 cucTema 3 n AuQ. piBHAHb MOKe OyTH IepeTBOpeHa
B au(. piBHSHHS MOPSAKY N LIISIXOM 3aMiHM 3MiHHMX. Hagaemo cryneHTam
MOXJIMBICTh CaMOCTIHfHO po3iOpaTucs, SK BHKOPHCTOBYIOTHCS OITHUCaHI
Bumie GpyHKIIT A7 po3B’A3yBaHHS CHCTEM AW(). PiBHSHb.

7.1 KoHTpoJibHe 3aBIaHHA

1. Bupimuru 3agane audepeHIiagbHe PIBHAHHS 3 TMOYaTKOBHUMU
ymoBamu. [ToOynyBatu rpadik 3HaiineHoT QyHKIIT;

2. BupimmTu cucremy nudepeHIialbHIX PIBHSIHD 3 MOYaTKOBUMH
ymoBamH. [ToOynyBatu rpadiku 3HaIeHUX QYHKITIH;

3. Bupimmtn audepeHniagbHe PIBHSAHHS, SKE 3aJICKHUTh Bif
napametpy. [loOyayBatu cimericTBO rpadikiB HOTO po3B’SI3KY AJS PiI3HOTO
3HAYEHHS NapaMeTpa;

7.2 KoHTpoOJbHI NUTaAHHSA

1. Ha3ssiTh ciocoOM 3HAXOKEHHS [I0YaTKOBOTIO HAOIMIKEHHS.

2. Y sxux Bunagkax MathCAD He Moke 3HaAWTH KOPiHb PiBHSIHHA?
3. Slka cucteMHa 3MiHHA BIAIOBIIA€ 32 TOYHICTH OOYMCIECHD?
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4. Sk 3MIHUTH TOYHICTB, 3 IKOXO (PYHKIIiS OO0t ITyKa€e KOPiHb?

5. Onumrite cTpyKTYpy OJI0KY PiIlICHHSI piBHSHB.

6. Sxumil 3HaK PIBHOCTI BHKOPHUCTOBYETHCS B OJIOLI PO3B'SI30K?
SKkoro KOMOIHAIIIEFO KIIABIIll BCTABISETHCS B JOKYMEHT?

7. Onumrite criocoou BuKopucTanas GyHkIii Find.

8. Sk BupimyBatm wMarpuuHi piBHAHHA? Ha3BiTh cnocoOu
PO3B’sI3aHHS MaTPUYHUX PiBHSHB.

Po3p’s3atn  nmudepeHuianbHe PiBHSAHHA BUKOPHCTOBYIOUM (PYHKIIT
Odesolve, rkfix i Rkadapt

1: y’!(eX +1)+ y’zo . ylr+9y:36ezx
¥(0)=2.(0)=2 Y(0)-2.y(0)-6
2: y2 +(yr)2 —2yy”:O’ 7 y"+6y,‘t‘9y=los|nx,
Y(0)=1.y(0)-1 4(0)-y/(0)-0
3 (1+x°)y"—2xy' =2(1+ xz)z, _y"+y=4xcosx,

y(0)=2,y'(0)=0 > y(0)=0, y'(0)=1

4 W =(y) =y, Y-y =-5e7*(sinx+cosx),
¥(0)=1y'(0)=1 " y(0)=-4,y(0)=5
y"+xsiny=0 10:
o

y(0)=7.'(0)=0.y"(0)=0

Po3B’s13atu 3amany cuctemy Aud. piBHSHb Ha 3aaHOMY iHTEpBaJIi.
[NobynyBaTu rpadiku mrykanoi GyHKIIII.

Lo x"(t)+3-y(t)=2'(t)-cos(t) 6  x'(t)+y(t)=e"
2x'(t)-z'(t)=e" 2x'(t)+y'(t)-z'(t)=1

V(1) x(t)-2(t)~3=0 y(t)+ 2(t)-10
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4. X'(t)+y"(t)=cos(t) 9. X(t)-y"(t)=e"cos(t)
Z'(t)-x"(t)=1 y'(t)—=2'(t)+x(t)=e" -sin(t)
X(t)+y'(t)+2(t)=0 X'(t)-y'(t)+z(t)=e"
x(0)=0 x(0)=0
X'(0)=0 x'(0)=0
¥(0)=0 v(0)=0
y(0)=0 v(9)=0
2(0)=0 2(0)=0

S xX'(t)=x'(t)+y(t)=z*(t) 10 x"(t)-x'(t)+z'(t)=cos’(t)
y'(t)-y'(t)+z(t)=1-x*(t) y'(t)—y'(t)+x(t)=sin?(t)
Z'(t)+y'(t)-x'(t)= Z'(t)+y'(t)+x'(t)=0
x(0)=0 x(0)=0
x'(0)=0 x'(0)=0
¥(0)=0 ¥(0)=0
y'(0)=0 y'(0)=0
2(0)=0 2(0)=0

Po3p’si3atn  nud. piBHAHHS, WO 3aJ€XKUTH BiJg Hapamerpa.
[loGynyBat momuHy rpadikiB HIykKaHOi (QYHKUil UIs Pi3HUX 3HAa4YCHb
napaMeTpa

Looa-x'(t)+x(t)-x'(t)-1=0 6.  x"(t)+x'(t)=x(t)-cos(-a-t)
x(0)=0 x(9)=0
x'(0)=1
x'(0)=0
2. x'(t)+a-x'(t)-cos(t)=0 7. x"(t)+a-x(t)=¢e"
x(0)=0 x(0)=0
x'(0)=1 x'(0)=1
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3. X'(t)+x(t)=a 8. x'(t)+a-x(t)=a-sin(a-t)
x(0)=0 x(0)=0
x'(0)=1 x'(0)=1

4 X () + -2 =1 9 x'(t)+a-x(t)=cos*(t)

X(t) x(0)=0
x(0)=0 x'(0)=1
x'(0)=1

8 IABOPATOPHA POBOTA Ne 8 «kEJIEMEHTH
MATEMATHYHOI CTATUCTHUKN»

Mera po0OTH: HAaBYUTHCS BUKOPUCTOBYBAaTH  I1HCTPYMEHTH
MaTeMaTH4YHOI cTaTUCTUKH naketa MathCad.

P03paxyll01c OCHOBHHUX CTATUCTUYHHUX XAPAKTCPUCTHUK.

Mathcad mae Benukwmii HaOip (yHKIIH MaTEMaTHYHO! CTATHCTHUK, IO
JO3BOJISTIOTH  OOYMCITIOBATH XapaKTEPUCTHKH BHOIPKH JaHWX: CepeHi
BCJIMUUHY, JUCIEPCito, KoedilieHTH Kopensmii 1 iHmi KoedilieHTHy,
O0YHCIIOBATH IIIIBHOCTI WMOBIPHOCTI, (YHKIiI HMOBIpHOCTI, KBaHTHIIL
WMOBipHOCTI 11t 17 pi3HUX BUAIB PO3MOILTY BHITAIKOBHX BeawdnH. Kpim
TOTO, B HBOMY € T€HEPaTOPH BHIAJIKOBUX YHCEII, SIKI BIAMOBINAIOTH yciM 17
BUIIB  PO3MOAUICHHS, 1IN0  JO3BOJSIIOTH ©(EKTUBHO  BHUKOHYBAaTU
MoJenoBaHHs MeTogoM MonTe-Kapio.

MathCad wmictute 16 pi3HEX QYHKIIA 09 OMIHKH ITapaMeTpiB
BUOIPKH JaHUX:

* mean (A) - moBepTae cepeiHE 3HAYCHHS €IEMEHTIB MacuBy A;



84

* hmean (A) - moBepTae cepeqHe TapMOHIlHE 3HAYEHHS €JIEMCEHTIB
MacuBy A;

* gmean (A) - moBepTae cepeHe reOMETPUYHE 3HAYCHHS CIEMCHTIB
MacuBy A;

* var (A) - moBepTae IUCIEPCIIO EIEMEHTIB MAaCHBY A;

* Var (A) - noBepTae He3MillIEHY JAUCIIEPCIIO EIEMEHTIB MacuBy A;

* stdev (A) - moBepTae cepeHe KBaApaTHUHE BiIXHUICHHS EIIEMEHTIB
MacuBy A;

» Stdev (A) - moBeprac He3MillleHe CepelHE KBaJpaTHUIHE
BiJIXWJICHHS €JIE€MEHTIB MacHBY A;

» median (A) - noBepTae MeaiaHy MacuBy A, siKa JUIHTh TiCTOrpamy
ITITFHOCTI HMOBIPHOCTEH Ha JBI PiBHI YaCTHHH,

* mode (A) - mnoBeprae Momy wmacuBy A (HaAWOLIBII YacCTO
3yCTpiYa€ThCsl 3HAYCHHS BUOIPKH JJaHUX);

* skew (A) - moBepTae KoedillieHT acHMMeTpii MacuBy A (CTEIiHb
ACHMETPUYHOCTI TiCTOTpaMH MIIIFHOCTI WMOBIPHOCTI IMOAO OCI, IO
MIPOXOJUTH Yepes ii IeHTp Barn);

* kurt (A) - moBepTae ekcuec MacuBy A (CTyMiHb 3IJIaIKEHOI
IIUTBHOCTI HMOBIPHOCTI B OKOJIMIII TOJIOBHOTO MaKCUMYMY );

* stderr (A, B) - moBeprae craHmapTHy NOMIJIKY MpH JiHIHHIHA
perpecii macusiB A i B;

» ever (A, B) - moBeprae koBapiallito €IeMEHTIB IBOX MAacHBiB, A i
B;

* corr (A, B) - noBeprae xoedilieHT Kopensilii JBoX MacuBiB, A i B;
* hist (int, y) - ¢dyHKIIiS TOOY0OBH TiCTOTpaMH MacuBy A;
* histogram (n, y) - GyHKITiS TOOYIOBH TiCTOTpaMU MacuBy A.

Dopmynu 1 pPO3paxyHKy AaHUX MOKa3HUKIB HABOAATHCS HUXKYE:
ORIGIN:=1

X:=(21 15 11 29 36 23 42 11 17 9)T BEKTOP JIAHUX
n:=rows(X) n=10

1
—- > X,=214 cepenHe apupMETHIHE
n =

mean(X)=21.4
m:=mean(X)



85

gmean(X)=18.921 "/H X, =18.921 cepenHe reoMeTpHYHE
i=1

1 &1 :
gmean(X)=16.79 —XZ ;216.79 cepelHE TapMOHIuHE
n G X

JUCTIEpCis 1< 2 . .
= > (X,-m) =112.84
var(X)=112.84  n ;( -m) SMIHETA O

Var(X)=125.378 il . Z(Xi -m)2 =125.378 HE3MIIICHA OIliHKa
n-1 9=

CepelHE KBaIpaTHIHE:

stdev(X)=10.623 var( X ) =10.623 3MILIIEHA OLIIHKA

Stdev(X)=11.197 Va r( X ) =11.197 HE3MiIlIeHA OIiHKa

median (X) =19 Meriata

mode(X)=11 Moj1a
kurt(X)=-0.48 excrec
skew(X)=0.771 acumerpist

Bci HaBeneni Bume (yHKIT MOXYTh OyTH BHKOPHCTaHI TaKk caMo
UIE poOOTH 3 JBOBUMIpHUMH MatpuisiMu. [lpm mpomy craTUCTHYHI
3HAYCHHSI PO3PAXOBYIOTHCS I BCIX €JIEMEHTIB Marpuili. Tak camo I
¢yHKUii MOXHa BHKOPHCTOBYBaTH JJsl PO3PaxyHKYy CTaTHCTHYHHX
XapaKTePUCTUK KITBKOX CYKYITHOCTEH JaHWX: HANpuKiIaa, Tak mean
(A.B.M,a,b,c), ne A, B - BekTOpH 3HaueHb, M - IBOBHMipHA MaTpHII, &, b,
C - okpemi uncina. [Topsaok Bka3iBKM MacHBiB JaHUX HE MA€ 3HAYCHHS.

Y MathCad € Tpu QyHKIIi A7 CTATHCTUYHOI OIIHKH 3B'SI3KY JIBOX
CYKYITHOCTEH JTaHUX:

* stderr (A,B) - moBeprae craHmapTHYy MOMHIKY TpH JIiHIHHOT
perpecii macusiB A i B;

* cvar (A, B) - moBepTae xoBapiarrito eJ1eMeHTIB MacuBiB A i B;

« corr (A, B) - moBeprae koedirieHT Kopemsiii MacuBiB A i B;



86
@yHKLil po3noaisy iMoOBipHOCTEHH.

Y MathCad € BOynoBani ¢yHkuii s ominku 17 BHAIB po3monity
BUMAaAKOBUX BenuuuH. Lli pyHKIIT 103BONAIOTH pO3paxoByBaTH LIUBHICTH
WMOBIpHOCTI, (YHKIIiIFO PpO3IMOAITY, KBAaHTHIbL HMOBIPHOCTi, TE€HEPYIOTh
BEKTOP BHIIQJKOBHX YHCEN, PO3MOJIICHHX 3a JIOTOMOTOI0 OJHOTO 3 17
BUAIB po3nofiniB. OyHKIIT po3pi3HAIOTECS 3a MEPLIOI0 JITEPOIO iMeHi, a
OCHOBHA YaCTHHA - 11€ Ha3Ba PO3MOILTY:

d*(x,param) - mIiIBbHICTh HMOBIPHOCTI;
p*(X,param) - GpyHKLis pO3MOLTY;

* q*(P,param) - KBaHTHJIb PO3IMOILTY;

* r*(M,param) - BekTOp 3 M He3aJeKHUX BETWYHH, PO3IMOAIIEHUX 3a
00paHNM 3aKOHY;

TYT X - 3HAUEHHS BHUITaJKOBOi BENWYNHH, P - 3HaueHHS IIMOBIpHOCTI,
param - cucok mapaMeTpiB posnoginy. [1{o6 BukoprcTOoBYBaTH Ii QyHKIIIT
JUIS. KOHKPETHUX PO3IOJIiNIB, 3aMiCTh 31pOYKH MOTPIOHO MiJCTaBUTH HAa3BY
KOHKPETHOTO PO3TOIIITY:

* * norm(x,W,0) - HOpMaibHWi posnoxin. [lapamerpm: p -
MaTeMaTHYHe OYiKyBaHHS, G - CEpeIHE KBAIPATHYHE BIIXUICHHS;

* * B(x,s1,82) - 6era-posmoxin. 0 <x <1, mapamerpu sl i s2> 0;

* * binom(k,n,p) - GiHomianeHuiA po3nofin. k, n - mini napamerpu 0
<k <n. 0 <p <1 - IMOBIPHICTH YCIiXy OJUHUIHOTO BUIIPOOYBAHHS;

 * cauchy(x,l,s) - posmozin Komri. | - mapameTp poskmaganss, s>0 -
napaMeTrp Macuraoy;

» * chisq(x,d) - 2 (xi-xkBazapar) - posmoain. d> 0 - YKCIO CTYICHIB
cB00OIH;

e * exp(X,r) - eKCHOHeHIaJbHUil po3moxin. r> 0 - TOKa3HHK
CKCIIOHCHTH;

* * F(x,d1,d2) - posmomin ®Pimepa. dl, d2> 0 - gucna cTymneHiB
cB00OIH;

* *y(k,p) - ramma-poznozin. p> 0 - mapamerp hopmu;

« * geom(k,p) - reomerpuunuii posmoain. 0<p<l - HMOBIpHiCTH
YCHiXy OJMHUYHOTO BUTIPOOyBaHH:, k> 0 - misre 9ucio;

» * hypergeom(k,a,b,n) — rimepreomerpuunwmii posmoin. a, b, n - mixi
YHCIIa;
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* * lnorm(x,|,0) - morapudmiuyHe HOpMallbHE PO3MOAUICHHS. [ -
HaTypalbHUN JTOTapu(M MaTEeMAaTHIHOTO OYiKyBaHHs, 6> 0 - HATypanbHHIH
JorapudM cCepeJHbOr0 KBaIPATUIHOTO BIIXUICHHS;

* * logis(x,l,s) - morapupmiunmii posmoxmin. 1 - mMaTemaruuHe
odiKyBaHHS, s> ( - mapamMeTp MacmTady;

* * nbinom(k,n,p) - Big'emuuit GiHoMiampHMI posmoair. N> 0 - mime
yucino, 0 <p <I;

* * norm (X,|l,0) - HOpPMalbHUH pO3MOALI. W - MaTeMaTH4YHE
odiKyBaHHS, 6> () - cCepeTHbOKBAIPATUIHE BiIXUICHHS;

* * pois(k,A) - posmonin I[Tyaccona. A> 0 - mapamerp;

* *{(x,d) - posnozin Crerogenta. d> 0 - uncno cremneHeit Boi;

* *unif(x,a,b) - piBHoMipHuii po3monin. a <b - rpanuil iHTepBaNy;

» *weibull(x,s) - posmozin Beitbymna. s> 0 - mapameTp;

Hmwxuye HaBemeHo mpwkiIanm moOymoBH TpadikiB  IIUTBHOCTI
WMOBIpHOCTI 1 YHKIOII pO3MOAUTY HOPMAIBHOTO 1 JIOTapU(PMIYHO
HOPMAaJILHOTO PO3IIOJILTIB:

HIUIbHICTh KMOBIPHOCTI (hyHKIIIS PO3MOALTY
p1(x):=dnorm(x,0,1) W1(x):=pnorm(x,0,1)
p2(x):=dnorm(x,0,1) W2(x):=plnorm(x,0,1)
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I'enepaTopn BUNIAIKOBHUX YHCEJI.

Jnst kokHOTO 3 BUINE TepepaxoBaHux po3nozainiB B MathCad e
byHKIs TeHeparopa BumaakoBux uuced. Haimpocrima - rnd(N) -
TIOBEPTAE OHE BUMAJIKOBE YHCIIO, SIKE JIGKUTH B iHTepBami Big 0 o N. [Hmmi
(GYHKILIT CTBOPIOIOTH BEKTOP YHMCENl, PO3MOAIJICHUX 38 0OpaHUM 3aKOHOM. Y
HaBeIEHOMY MpHUKJIaAi IOKa3aHO CTBOPEHHS MacuUBY pO3MIpOM 5x5
HOPMQJIBHO PO3MOIIJICHUX BHITAJKOBHX YHCE:

®dopMyBaHHS MACUBY BUIIAJIKOBHX YHCEI
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M:=5 =2 =05 N:=5

k:=0..N-1

m“> =morm (M,p,cs )
0.55 2.05 1.795 2257 2214
0921 2.385 1.663 2.37 1.762

o=| 2103 2153 1934 1992 1.652
1.692 2.006 2509 2.139 3.524
1401 1.618 2.09 2.081 1.857

mean ((0) =1.949  cepenne

stdev ( a)) = 0.537 cepeHE KBaJgpaTUIHE

median (w) = 2.006  meniana

ITob6ynoBa ricrorpamm.

Y MathCad e aBi ¢pyHkIii 1yis mo0OyI0BY TicTOrpaMu:

* histogram(n,data). n - wuwucno iHTepBagiB TiCTOrpaMu, Ha SKi
po30MBaeThHCS Aiama3oH BUMAAKOBHX 3HadyeHb data. Ll yHkmis moBeprae
IBA CTOBIIIi, B TEPIIOMY MICTATBCS CEPEIUHHI TOYKH IHTEpPBANiB, a B

IpyroMy - 4acTOTH HOTPAIUISIHHS
IaHuX B iHTepBaiM. Hmkue
HABOJHUTHCS TPHKIAA TIO0YI0BU
ricrorpamu,

(opMyBaHHS MacUBY BUITaJIKOBHX YHCEI

M:=25 N:=25 d:=5
k:=0..N-1 o=
o ==rchisq(M.d)

mean (©)=5.014 cepenne
stdev(w)=2.94 cepenne kBagpaTHyHe
median (a)) =4.412 meniana

0 1 2

0 8.441 | 8.009 | 1.491
1 1.527 | 8.068 | 5.433
2 3.21| 3.554 | 3.385
3 2.528 | 3.189 | 8.072
4 0.25| 3.604 | 6.828
5 4374 | 7.189 | 2.043
6 5.07 | 6.087 | 4.521
7 10.623 | 2.034
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mo0ya0Ba ricTorpaMu
n:=20 hh:=histogram(n,»)

150 T | |

100F [ ] -
el _I
n —

S0 .

I:|I:I 5 10 15 20
e

* hist(n,data). n — moxe OyTH BEKTOPOM CEpeIMHH IHTEPBAJiB

(MOXKHA 3a7aTH 1HTEpBaIH Pi3HOI MIMPHHU), a00 YUCIIO THTEPBAJIiB MacCHBY
nanux data. Hmkue npuBoguTbess mpukiIan MoOyJOBU TicTorpamu 3a
JIOTIOMOTOO i€ PYHKIIIT;

(bopMyBaHHSI MaCHBY BUTIAJIKOBHX YUCEI

K:=1000 A:=10
o:=rpois(K,\)

0O |1|2|3 |4 |5 |6 |7]|8]29
819|114 7| 13| 11| 13 6|10

G)T:

mean(w)=10.012  cepexnne
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stdev(w)=3.157 CepeiHe KBaJAPaTHIHE
median (w)=10 MeiaHa

o0y ioBa ricrorpaMu
n:=20

mx:=max (o)=23
mn:=min (w)=1
i:=1..20

. mx-mn .
Int.:=———-1+mn
n

h1:=hist(int,w)
h2:=hist(n,0)

210° — 210° . . .
1.5:10%F .

Wy Lw10%F 1
o n-

500 1

DU 5w 15 2o 25

int;

Po3paxyHok AoBipuoro inTepBaiy.

Sk mpukmam, po3TIITHEMO PO3PAaxXyHOK JIOBIPUOTO IHTEPBAILY
MaTeMaTHYHOTro OdYiKyBaHHs it Manoi BuOipkn K 3 10 umcen. s
pO3paxyHKy  BUKOPHUCTOBYeTbcs — posmomin — Crteiogenta. KBantuib
pO3MOIiTy BU3HAYAE IMIMPUHY JOBIPYOTO iHTEpBaly, BiH MOKa3ye, CKITBKU
3HAYCHb CEPEIHHOTOKBAJPATUYHOIO BIAXWICHHS TpeOa BiIKIACTH BIIBO 1
BIIPaBO BiJ cepeaHBOTr0 apu(pMEeTHYHOro 3HayeHHs. JloBipya HMOBIpHICTBH
nopiBHIOE 99%:

MAacHB BHUIaJKOBUX YHCEI
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Ki=(22.1 234 208 216 227 231 240 208 211 23.2)T

n:=rows(K)=10
Kav:=mean(K)=22.28
conf:=0.99
t:=qt(conf,n)=2.764
di:=t - stdev(K)=3.05

Kleft:=Kav-di
Kleft:=19.23

19.23<K<25.33

cepesiHE 3HAYCHHS
JOBIpUMii iHTEpBa

KBaHTIIb po3noiny CTeIoeHTa
BIIXWJICHHSI BiJ] CEPEIHBOTO apu()hMETHYHOTO

Kright:=Kav+di
Kright:=25.33

TOBIPYHIA IHTEPBAT

8.1 KoHTpoJibHE 3aBAaHHS

OTpuUMaTH MacHB BHUITaJIKOBUX YHUCEII 3TiHO i3 3aJIaHUM HapaMeTpoOM
(posmoin i #oro mapaMeTpn).

Po3paxyBaTi OCHOBHI CTaTHCTHYHI XapaKTEPUCTHKH OTPUMAHOIO
MAaCHBY BUIIaJIKOBUX YHCEIL.

[loOynmyBaTu TicTorpamy OTPUMAaHOTO MAacCHBY BHITaJKOBHUX YHCEJ,
po3paxyBaTy AOBIpUYHUH iHTEPBAI IS CEPEAHHOTO 3HAUCHHS.
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Honartok A
Ipukaan opopmiieHHSI TUTYJIbHOI CTOPIHKHU

MiHicTepCcTBO OCBITH 1 HAYKH YKpaiHu
3anopi3bKuil HALlIOHANBHUH TEXHIYHUI YHIBEpCUTET

Kadenpa MiHE

JIABOPATOPHA POBOTA

3 ITUCLAIUTIHA

»~MATEMATUYHI ITAKETU ITPUKIIAAHUX [TPOI'PAM*

(Tema po6oTH)

Bukonas:

CTYyIEeHT __ Kypcy, rpyna PT-

(Imiiamy, [pizBumie)

IIpuiinsas:

(mocana)

(Imimiamm, [pizBumre)

20 p.




