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BCTYI1

MaremaTuyHe mporpamMHe 3a0e3IleueHHs — 11 CIeIiaai3oBaHl KOMIT FOTEpHI
nporpamMu abo CUCTEMHU, MPU3HAUEHI I PO3B’sI3aHHA MaTeMaTU4YHUX 3aja4d. Bonu
JT03BOJISIFOTH TTPOBOJAUTH CKJIQIHI OOUYHMCIICHHS, MOJICIIFOBAHHS Ta CUMYJIALIIT, aHATI3 Ta
Bi3yasizallisi JaHuX, mo0y/noBy TpadikiB, CUMBOJIbHI MEPETBOPEHHS, CTATUCTUYHHIMA
aHaJIi3 Ta 1HII MaTeMaTHYHI OIeparrii.

Y cydacHOMy CBITI 1H(QOpPMAIIfHUX TEXHOJOTIM MaTeMaTW4YHE MPOrpaMHe
3a0€3MeUeHHs BIAIrpae KI0UYOBY pOjb Y HayIll, TEXHII1, EKOHOMIII, OCBITI Ta 6araTbox
1HIMX cdepax AiIbHOCTI. 3 PO3BUTKOM KOMIT FOTEPHUX CUCTEM 3’ SBHIIUCS MOTYKHI
IHCTPYMEHTH, SIKI 3HAYHO PO3IIMPUIM MOXIJIMBOCTI PO3B’SI3aHHS  CKJIQJHUX
MaTeMaTUYHUX 3aJiay, aHalli3y BEJIMKUX OOCATIB JaHUX, MOOYJIOBU MaTeMAaTUYHUX
MOJIeNIeH peaJIbHUX MPOILIECIB 1 IXHBOI Bizyasizarlii.

Huciumutina «MarematnuHe mnporpaMmHe 3a0e3nedeHHs» CHpsMOoBaHa Ha
dbopMmyBaHHS y 3100yBayiB OCBITH KOMIIETEHTHOCTEHN 111010 BUKOPUCTAHHS CYyYacCHHUX
IpPOrpaMHUX 3aco0iB Juisi OOYUCIIEHb, CHMBOJBHOI MAaTE€MAaTHUKH, CTATUCTUYHOIO
aHaI3y Ta MOJIeIIOBaHHSA. BUBUCHHS I1i€1 AUCITUILTIHK JO3BOJISE HE JIUIIIEC OMMaHyBaTH
IpaKTHUYHI HABUYKH POOOTH 3 TAKUMH CHCTeMaMH, sk Maxima, SageMath ta Scilab,
ajie ¥ PO3BUHYTH BMIHHS 3aCTOCOBYBAaTH iX y mpodeciiiHiii Ta HaAyKOBO-IOCIHIIHIN
ISJIBHOCTI.

3aCBO€EHHS KypCy CHPHATHME ITABUIIEHHIO €()EKTHUBHOCTI MaTeMaTHIHUX
PO3paxyHKiB, ONTHUMI3AIlli MPOIIECIB MPUUHSTTS PIlIEHb, aBTOMATH3aIlli 1H)KEHEPHUX
3aja4, a TaKOXX MiATOTOBII SKICHOI HAYKOBOi Ta TEXHIYHOI MOKyMeHTalli. Takum
YMHOM, BUBUYCHHS JHUCIHIUIIHA € BaXKJIUBOIO CKJIAJ0BOIO TpodeciitHoi miaroToBKH
(axiBLIB, Kl MPALIOBATUMYTh y Taly3sX, A€ HEOOXIJHO MOEAHYBaTH MaT€MAaTH4HI
METO/M Ta 1H(OpMaLiliHI TEXHOJIOT].

MeTo10 BHUBYEHHS HaBUalbHOI JUCIHUIUIIHU «MartemaTuyHe MporpamMmHe
3a0€3IMEUCHHs» € 3aCBOEHHS CHCTEMAaTUYHUX 3HaHb, yMIHb 1 HaBUYOK II0JI0
BUKOPUCTAHHS CIHEI[ali30BAHOTO MPOTPAMHOI0 3a0e3MeUeHHsl MJisi PO3B’sI3aHHS
OPUKJIAJAHUX 1 MaTeMaTUYHUX 3a/a4, MOJICTIOBaHHS NPOLECIB, aHali3y JdaHUX,
Bi3yamizailii pe3yibTaTiB Ta aBTOMaTH3aIii OOYHMCIIOBAIBHUX TPOLEAYP Y
npodeciitHiil AisUTBHOCTI.

OcHoBHI (hyHKITIT MATEMaTUIHOTO MMPOTPAMHOTO 3a0€3TICUCHHS

— 4ucIOBl OOYMCIICHHS (HANpUKIIAL, pPO3B’SI3aHHS PIBHSIHb, 1HTErPyBaHHS,

nudepeHIlitoBaHHs ),

— CHMBOJIbHA MaTemMaTHhka (po0oTa 3 popMyamu, HAPUKIIAA y CUCTEMaX TUITY

Maxima, SageMath a6o Scilab);

— cTaTuCcTUYHUM aHami3 (0OpoOKa TaHUX, CTATUCTUYHI TECTH);

— moOymoBa rpadikiB i Bizyamizaris;

— MOJIEJIIOBAHHSI MPOIIECIB 1 CUMYJISIIII.

OTxe, 7151 CTYJIEHTIB CUCTEMH KOMIT I0TEPHOI MaTeMaTHKHU — 1€ 3py4HUi 3aci0
pO3B’sI3yBaHHS BCUISKMX 3aJa4, MOB’S3aHUX 13 CHMBOJBHUMHU TMEPETBOPEHHAMHU
(MaTeMaTUYHHMM aHalli3, BUIIIA MaTeMaTHKa, JIiHIHHA airedpa 1 aHaJITHYHA TeOMeTPIs
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TOIIO), a TAKOX 3aci0 pO3B’SA3yBaHHS 3a/1a4 MOJICTIOBAHHS CTAaTUYHUX (OMUCYBaHUX
anreOpaiyHUMH  PIBHAHHSIMH) 1 JWHAMIYHHX (OMUCYyBaHUX JudepeHIliaTbHIMA
PIBHSIHHSIMU ) CHCTEM.

OCHOBHUMU 3aBJaHHSIMH BHUBYCHHS AUCITUILTIHN «MaTeMaTUYHE TTPOTpaMHe
3a0€e3MeUYeHHS €:

O3HalOMJIEHHS 3 BUJaMU MaTeMaTUYHOT'O IPOTrPAMHOTI0 3a0€31eUEHHs, HOTro
KJIacU(IKaLI€I0 Ta MOXJIMBOCTSAMHU 3aCTOCYBAaHHS B PI3HUX Tally3siX HayKH,
TEXHIKU U OCBITH;

dopMyBaHHS HAaBUYOK pOOOTH 3 TMONYJSAPHUMH MaTeMaTHYHUMU
IPOrpaMHUMU CUCTEMAMU;

OMaHyBaHHS IHCTPYMEHTIB Bi3yaii3alii MaTeMaTUYHUX JaHUX Ta
pe3ynbTaTiB  00uYMCIeHb, BKIIOYAOYM TOOYyAOBY rpadikiB, giarpam,
aHIMAaIllH;

HaOyTM HABUYKM 13 3aCTOCYBaHHS MAaTE€MaTUYHOIO IPOrPAMHOIO
3a0e3neyeHHs] 70 pO3B’sA3aHHS KOHKPETHHX MPHUKIAJHUX HAYyKOBO-
TEXHIYHUX 3a/1a4 MAaTEeMaTUKU;

HABUUTHCS OOMpaTU MOTPiOHE MporpamMHe 3a0e3MedeHHs JJisl PO3B’sI3aHHS
KOHKPETHHUX MaTEMaTUYHHUX 3a/1a4.

VY pe3ynbTaTi BUBUCHHS HABYAJIbHOI JUCIUIUIIHA CTYACHT MOBUHEH HaOyTH
TaKUX IPOTPAMHUX KOMIIETEHTHOCTEM:

3/1aTHICTh 3aCTOCOBYBATH 3HAHHS Y NMPAKTUYHUX CUTYAIlIsIX;

3IaTHICTh YYUTHCS 1 OBOJIOIIBATH CYYaCHUMU 3HAHHIMU;

3JIaTHICTh JI0 MOIIYKY, 0OpOOKH Ta aHami3y 1H(POpMAIlii 3 PI3HUX JKEPE;
3/IaTHICTb 3aCTOCOBYBATH CIEI[iali30BaHl MOBH IPOrpaMyBaHHS Ta MaKEeTH
MPUKJIAAHUX [IPOrpam;

3/1aTHICTh BUKOPUCTOBYBATH OOUUCITIOBAIBHI IHCTPYMEHTH ISl YUCETBHUX 1
CUMBOJIbHUX PO3PaxyHKIB.

VY pe3ynbTaTi BUBYEHHS HABYAJIbHOI AUCHMIUIIHU CTYAEHT MOBUHEH HalyTu
TaKHX [IPOTrPaMHUX PE3yJIbTaTIB HABUAHHS:

pO3yMITH (PyHIaMEHTaJbHYy MaTeMaTHKy Ha piBHI, HEOOXIAHOMY IS
JOCSITHEHHSI 1HIIUX BUMOT OCBITHBOI MPOTpaMu;

MaTH HaBUYKM BUKOPHUCTAHHS CIICIIali30BAaHUX MPOTrpaMHUX 3aco0iB
KOMIT FOTEpHOT Ta MPUKIAAHOI MaTeMaTUKH 1 BUKOPUCTOBYBAaTH 1HTEPHET-
pecypen,

YMITH MPAIOBATH 31 CIIEIIATBHOIO JIITEPATyPOI0 1HO3EMHOIO MOBOIO;
pO3B’sA3yBaTH 3a7a4i MPUAATHUMH MaTEMaTHIYHUMHU METOJIaMH, TIEPEBIPATH
YMOBH BUKOHaHHSI MATEMAaTUYHUX TBEP/KEHb, KOPEKTHO MEPEHOCUTH YMOBHU
Ta TBEP/PKEHHS Ha HOBI Kjach OO ’€KTIB, 3HAXOJAUTH ¥ aHalli3yBaTu
BIJIMMOBIAHOCTI MK IIOCTABJICHOIO 3a7a4€l0 i BIIOMUMHU MOJIENSIMU,
BIJIIITYKOBYBaTH TMOTPIOHY HAYyKOBO-TEXHIUHY 1H(MOpMAIII0O Yy HayKOBIii
JiTeparypi, 0a3ax JaHUX Ta IHIIUX JPKepenax iHdopmariii;

pO3B’A3yBaTH OCHOBHI MaTeMaTH4HI 3a7a4l aHali3y JIaHUX; 3aCTOCOBYBATH
0a30B1 3arajibHi MaTeMaTU4yHl MOJENl JUIs cneuu(piyHUX CUTyallld, Matu



HABUYKH YIIPABITIHHS 1H(GOPMAIIIETO, 1 3ACTOCYBAHHS KOMIT IOTEPHUX 3aC001B
CTaTHUCTUYHOTO aHATI3y JaHUX.

Kypc «Matematnune mporpaMHe 3a0e3neueHHs» € JIOTIYHUM MPOJOBKEHHIM
KypciB: «/luckpeTHa matemaTuka» 1 «JliHiitHa anreOpa. HaOyTi 3HaHHS pU BUBYEHHI
Kypcy «MaremMatuyHe mnporpamHe 3a0e3leyeHHs» HEOOXIHI s MOJANbIIOro
IPOXOKEHHS « BUpOOHUYOT TPAKTUKI.



1. JIabopaTopHa po6oTa. CHMBOJIbHI IEPETBOPEHHA Y CHCTEMi KOMIT'I0TEPHOI
anreopu Maxima

Merta: 3aCBOITH MOXKJIMBOCTI pOOOTH CUCTEMHU KOMII I0TepHOI anreObpu Maxima
710 BUKOHAHHSI CHMBOJILHUX 1 UACTIOBUX OOYHCIICHb.

TeopeTuyHi BiIOMOCTI Ta METOANYHI peKOMeH ALl

Maxima — KJIaCUYHHMI NPUKIaJ MaTEMaTUYHOIO MPOTPAMHOI0 3abe3nedyeHHs,
SIK€ BUKOPHUCTOBYETHCS ISl CHMBOJIBHOI MAaTEMAaTHUKH, aHAJITHYHUX PO3PaxyHKIB i
HaBYAJIbHUX IIJICH.

Maxima — e cuctema KOMIT FOTEpHOI alireOpu, sika Mpu3HayeHa Jisi BAKOHAHHS
CUMBOJIBHUX 1 YUCJIOBUX 00uncieHb. BoHa qo3Bosse:

— BUKOHYBaTHU aHATITHYHI OOYHMCIICHHS (coporeHHs BHPA3iB,

nuepeHITiIOBaHHS, IHTETPyBaHHS, PO3KIA Y Ps);

— pO3B’A3yBaTH PIBHSHHS 1 CUCTEMU PIBHSHb;

— BHKOHYBATH JIii 3 MAaTPHUISIMHU Ta BEKTOPAMH,

— OyayBatu rpadiku QyHKIIIH;

— 3MIACHIOBATH YMCIIOBI OOYHCICHHS 3 BUCOKOIO TOYHICTIO.

[Ticns 3amycky Maxima 3’sIBASIETBCS BIKHO MPOTPaMH, /1€ y BEPXHIN YacTUHI
BiKHa 1HTep(elicy BKa3aHO, sIKa 3aBaHTa)keHa Bepcis (auB. puc. 1.1).

W weMaxima 23.05.1 (Windows 11 (36ipka 22631), 64-Gitosa sepcia) [ file-1wxmx ] = (] x

®aiin  Peparyeanna [epernsg  Komipka Maxima Pienanna  Matpuua  Awaniz Cnpowenns  Crncok  Kpecnewns  OBuucnenna  [floeigka
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padik napameTpuyHoT GyHKLT
Toukw 3aronceok giarpamu
Bice Kontyp

Hasea rpadika  Konip niwir

3aN0BHEHHA KONBOPOM Citka

TounicTe

Yeniwno sGepexeHo.

Pucynok 1.1 — I'padiunmii inTepdeiic wxMaxima

Ocob6nuBocTi:
1) Maxima € 0e3KOIITOBHUM IIPOrPAMHUM 3a0€3ME€YEHHSIM 3 BIIKPUTUM KOJIOM;



2) Maxima 0a3yeThcsi Ha cuctemMi Macsyma, OJHIM 13 TEpPIIUX CHUCTEM
CUMBOJIBHOI ~MaTtemaTuku po3poOneHoi Massachusetts Institute of
Technology (MIT);

3) Maxima mae 3pyuHy rpadgiuny 000J0HKY wxMaxima, sika crupoiye poOoTy
3aBASIKA 3pYYHOMY 1HTEpQeiicy, a TakoX € MOMKIMBICTh MpallOBaTH B
pEeXKUMI KOMaHTHOTO PSIZIKa;

4) Maxima ga€e MOXJIMBICTh BUPILIYBAaTH IIMPOKUHN KJac 3a1a4.

[Ticnst BBeIeHHS KOXKHIM KOMaH1 HajaeTbes nopsiakoBuid Homep (%o1l), (%i12) 1

Tak npami. TyT Jitepa «i» — IIeé CKOPOYEHHS BiJl aHIIiHchbKkoro input. Pe3ymbpTaTn
00YHCIIeHh MAIOTh BIAMOBITHO nopsiakoBuit Homep (%01), (%02) 1 Tak namni (I4B. puC.
1.2). Tyt mitepa «o» — 11e€ CKOPOUCHHS BiJ aHTJIIHCHKOTO output.

M wxMaxima 23.05.1 (Windows 11 (36ipka 22631), 64-Gitoea sepcia) [ file-1axmx ]

Taiin  Pegaryeanna  [Mepernag  Kowmipka Maxima  Pienadns  Matpuuys  Ananizs Cnpowge

3
1

m = | e
[peLLk NiTepK x
a By & & I B 1 2+3;
A v I mp o 1 v p 3y 5
Wow
rae s =neEaoywynq

Pucynok 1.2 — Pe3ynbpTati BUBOY KOMaHAN

OCHOBHI TPUHITUTIN POOOTH.

— BBEJCHHS KOMaH] 3[1HCHIOEThCS uepe3 inTepdeiic wxMaxima;

— KOKHa KOMaHJ1a 3aBEPIIYETHCS KPAMKOK 3 KOMOIO «;»;

— y Maxima 3Hak $ y KiHIII psiJika O3Havae, 1o Tpeba BUKOHATH KOMaHy, ajie
HE BUBOJUTH PE3yJIbTaT HA €KpaH;

— MOYKHA ITUCAaTH KOMEHTapi B OTOYCHHI /*  * /;

— YHCEJIbHUK 1 3HAMEHHHUK 3BHUYAMHHMX JPOOIB PO3IUISETHCS 3a TOTOMOTOIO
CUMBOJY / (TIpsIMUiA crietn);

— 1 OTPUMaHHS KOHKPETHOTO YHCIIOBOTO 3HAYEHHS BHKOPHUCTOBYETHCS
onepartop numer (auB. puc. 1.3);

— BUKOHAHHS KOMaH/U MIATBEPIKY€EThbCs HaTUCKaHHAM kiasim Shift 1 Enter
JU1s 11 0OpOOKH Ta BUBEJICHHS PE3yiIbTaTy.

2/3;

2
3

2/3,numer:

0.6666666666666666

Pucynoxk 1.3 — BukopucrtanHs oneparopa numer
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Opniero 13 myxe HeOaraTbox pedei, ki € HecTaHTapTHUMHU y wxMaxima € Te,
mo AaHi a1 Maxima y mporpami BIOPSAKOBAHO 3a KOMIPKaMH, SIKi OOYHUCITIOIOTHCS
(TobTo HaacuimarThes 10 Maxima) nuine Ha 3amuT KopucTyBada. [Ipu oOuucineHHi
KOMIPKM yCl KOMaHAM y Hid, 1 Jumie y Hid, 0O0YMCIIOIOThCS makeTHo. [liaxing
wxMaxima 10 HaJCWIaHHS KOMAaHJ Ha BUKOHAHHSI MOXE CIIOYaTKy BHIATHCS
HE3BUYHMUM. BTiM, BiH 3HAYHO CHPOLLY€E POOOTY 13 BEIMKUMH JTIOKyMEHTaMU (y SKHX
KOPHUCTYBa4, 3BUYANHO X, HE € X04Ye, 1100 ImporpamMa aBTOMaTUYHO BMHUKaJla ITOBHE
nepeoOUNCIICHHS YChOT0 IOKYMEHTA Y BIATIOBIIb HA OY/Ib-IKy HE3HAaUHYy 3MiHY). Kpim
TOTO, TAKUH MIIX1J € Iy»Ke 3pyIHUM JJIs1 yCYBaHHS YCIX HEJIOMIKIB.

Y Maxima € Kigbka BOYJAOBaHMX MaTeMaTHYHUX KOHCTAHT, SKI MOXKHA
BUKOPUCTOBYBATH y BUpa3ax 1 OOYMCICHHIX. Y Cl creliaibHl CUMBOJIU MOYNHAIOTHCS
3 %. Y tabmumi 1.1 HaBemeHO OCHOBHI CTali (KOHCTaHTH), IO MATPUMYIOTHCS

CHUCTCMOIO:

Tabmuuga 1.1 — OCHOBHI YHCIOB1 Ta MAaTEMATUYHI KOHCTAHTA B Maxima

HazsBa ITo3HaueHHs ITpuknas BUKOPUCTaHHS
Yucao o Spi float (%pi);

Yucmno e e exp(l);, float(%e);
VsaBHa ouHAL 1 $172;

[Tiroc HECKIHYEHHICTD inf 1/inf;

MiHyc HECKIHUEHHICTh minf 1/minf;

3onore yncno (=~ 1.618) | sphi float (Sphi);

Crana Eitnepa— | sgamma float (5Sgamma) ;
MackepoHni

Y Maxima miATpUMYIOThCSI BCl OCHOBHI apudmerwuHi omeparii, K 1 B
OUIBIIOCTI MOB MPOTPaMyBaHHS Ta MaTEMAaTUYHUX cucTeM. Y Tabnuii 1.2 HaBeaeHO
OCHOBHI 0a30Bi orepartii.

Tabmuns 1.2 — ba3zosi apudmernyni onepariii B Maxima

Omnepariis [To3HaueHHs [Tpuknan Pe3ynprar
JlonaBaHHs + 2 + 3; 5
BinHiMaHHS - 7 - 4; 3
MHoOxeHHs * 6 * 5; 30
Jlinenus / 8 / 2; 4
ITimHecenHs o N abo ** 2°3; abo | 8
CTEIICHS 2*%*3;

Ocraua Bix aiieHas | mod mod (7, 3); 1
[inouncenpHe quotient quotient (7, 2
IJIEHHS 3) 7

YHapHUi MIHYC - -5 + 2; -3
daxkTopian ! 5'; 120
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Y Maxima € BenuMKa KUIBKICTh BOYJIOBAaHMX MaTEeMaTHYHUX (YHKINHN, sKi
MOJIUISIOTHCS HAa KiJTbKa OCHOBHUX Tpym (auB. Tabmmmi 1.3—1.7).

Tabomung 1.3 - A

udmMeTnyHi QyHKIII

Hassa Qynkiii [Tpuknan Omnuc

abs (x) abs (=9); Moynb (abcoOTHE 3HAUCHHS)

floor (x) floor(3.7); OxpyrieHHs BHU3

ceiling (x) ceiling(3.1); OKpyTJICHHS BrOPY

round (x) round(2.6) ; OKkpyrieHHs 10 HaHOIMKYOTo
1JIOTO

mod (%, y) mod (7, 3) ; Ocraya Bij JiJICHHS

min(a,b,...)

min(3,7,2);

MiHIMaJIbHE 3HAUYEHHSA

max (a,b, ...)

max (3,7,2);

MaxkcumanbHe 3Ha4YCHHS

Tabmnug 1.4 —-T

UTOHOMETPHYHI (PYHKITIT

Haspa dynkmii [Tpuknan Omnuc
sin (x) sin (%pi/2); Cunyc
cos (X) cos (0) ; Kocunyc
tan (x) tan (%pi/4); TaHreHc
sec (x) sec(0); Cekanc
csc (x) csc(%pi/2); Kocekanc
cot (x) cot (%pi/4); Koraunrenc
asin (x) asin(1l); ApKcuHYC
acos (x) acos (0) ; ApKKOCHHYC
atan (x) atan(1l); ApKTaHrese
Tabmmis 1.5 — ExcrioneHTa Ta orapudmivni GyHKIIT
HasBa dynkmii [Tpukian Onuc
exp (x) exp (1) ; Excrionenra e*
log (x) log (10); Hatypanbuuii jorapudm
1ogl10 (%) logl0(100) ; JlecaTkoBuii jorapudm
sgrt (x) sqrt (9) ; KBaapaTHuii KOpiHb
nthroot (x,n) nthroot (8, 3); KopiHb n-ro creneHs

Tabmuns 1.6 — Cratuctuyni dyHKIT (JU1s1 CIUCKIB)

Hassa dynkiii [Tpuknan Omnuc

mean(...) mean ([2, 4, ©6]); CepeiHe 3HAYCHHSI

median(...) median([1, 5, 7, 9]); Meniana

variance(...) |variance([2,3,41]1); Jlucniepcis

std(...) std([2,3,4]1); CrangapTHE BiAXUICHHS
Tabmauusg 1.7 — I kopucHi GyHKLIL

HasBa dynkuii [Tpukian Onmc

factorial (n)

factorial (5);

daxkropian n!

gamma (x)

gamma (5) ;

["amma-yHKITIS

sign (x)

sign (-7);

3nak yucia (—1,0,1)

unit step (x)

unit step(-2);

OnuHMYHA cTyTIeHeBa (DYHKITIS
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Y Maxima € 6araTo KOMaH]1 JJis IEPETBOPECHHS anreOpaiyHuX BUpa3iB, TOOTO
JUTSL CIIPOIIEHHS, PO3KJIaJIaHHS, TIEPETBOPEHHS BHUPA3y B KaHOHIYHY ab0 3pydHY

bopwmy.
Komannma expand (expr) mnpusHadeHa sl PO3KPUTTS AY>KOK, PO3KJIAJaHHS
no0yTKiB (muB. puc. 1.4).

expand((x + 1)73);

3 2
¥ +3% +3x+1

Pucynok 1.4 — Bukopuctanust komaHau expand (expr)

Komanga factor (expr) npusHadeHa Jyisl pO3KJIaJaHHs HA MHOKHUKHY (JIUB.
puc. 1.5).
factor(x*2 - 1);
(x—=1) (x+1)

Pucynok 1.5 — Bukopucranus komanau factor (expr)

Komanga ratsimp (expr) mpu3zHaueHa JJis CHPOIICHHS JAPOOiB, 3BEICHHS
npo0iB, CKOpOUEHHS Apo0iB (1uB. puc. 1.6).
ratsimp((xr2 - 1)/(x - 1)):

W+

Pucynoxk 1.6 — Bukopucranus koMaHau ratsimp (expr)

Komanga fullratsimp (expr) NIpU3HAYEHA IS CIPOIICHHS BHpa3iB 13
KOPEHSMHU Ta CTeneHsIMuB (1uB. puc. 1.7).

fullratsimp((x~2 - yA2)/(x - y)):
Y+X

Pucynoxk 1.7 — Bukopucranusg koManau fullratsimp (expr)

KomManga radcan (expr) npusHadeHa ISl 3araJilbHOr0 CKOPOYEHHS CKJIQHUX
BUpa3iB (IuB. puc. 1.8).
radcan(sqrt(x*2));

g

Pucynok 1.8 — Bukopucranusa koMmanau radcan (expr)

3a moTpeOu MOKHA BUKOPHUCTOBYBATH 1 1HIIT KOMaHIM:

— KoMaHJa rat (expr) TMpU3HAYEHA i1 TIEPETBOPEHHS PaIliOHATHLHUX
BUpPA3iB JI0 TaK 3BaHOT KAHOHIYHOI (popmu;

— KoMaHJa logexpand (expr) Opu3HaueHa JJIsl PO3KIIalaHHs Jorapudmis,
3aCTOCYBaHHS JOrapu(MiuHUX TOTOKHOCTEH;
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— KoMaHfa logcontract (expr) MNpU3HAYEHA JUIsl 3rOPTaHHS JIOTapupMiB
710 OAHIET PyHKIIT,

— KoMmaHAa radcan (expr) NOpuU3HAYeHa HJisi NMEPETBOPEHHS BUPA3iB, fAKI
MICTSTh JlorapudMidHi, TOKa3HUKOBI Ta CTENEHEB1 (DYHKIIIT,

— KomaHaa trig(expr) npuU3HAYEHA Ui 3arajbHOrO  CIPOIIECHHS
TPUTOHOMETPUYHUX BUPA3IB;

— KOMaHJa trigsimp (expr) [IpU3HAYECHA IS CIIPOILIEHHS
TPUTOHOMETPHUYHHUX BUPA3IB,;
— KOMAaHa trigexpand (expr) IIpU3HaYeHa  JUIL  PO3KIaJaHHSI

TPUTOHOMETPUYHHUX BUPa3iB 3a (OpMyJIaMu;
— KoMaHa trigreduce (expr) NpU3HAYEHA IS IEPETBOPEHHS TOOYTKIB
TPUTOHOMETPUYHUX (YHKIIA HAa CyMU;
— KOMaHJa ratsubst (expr) NpU3HA4YeHA IS MiJACTAHOBKH 3HAYCHHS Y
BUpa3, 3 MOJAIBIIUM CIPOIIECHHSIM;
— KoMmaHja subst (expr) NpuU3HAYeHA JJIs 3aMiHU MABUPA3iB Y GOpMYIIi;
— KoMmaHma collectterms (expr) mpu3HadeHa JJsi 30MpaHHS MOMIOHUX
YJICHIB 3a 3MIHHOIO;
— KoMaHmapartfrac (expr, x) DpU3HAYCHA IS IEPETBOPEHHS JPOOOBO-
panioHanbHOI (PYHKIIT HA CyMYy eJIeMEHTapHHUX ApoOiB.
Hanpuxnan, (muB. puc. 1.9):
expr: (xA2 - 1)/(x - 1);
ratsimp(expr);

Z
¥ =1

x="1
X+

Pucynoxk 1.9 — [Ipuknan Bukopuctanusa QyHKIIT TEpeTBOPCHHS

Bu Moxxere koMOiHyBaTH KiJIbKa KOMaH [, Harpukiaaz (auB. puc. 1.10):
factor(ratsimp((x*3 - x)/(x"2 - 1)));
X

Pucynok 1.10 — Ilpuknan koMOiHyBaHHS KUTBKOX KOMAaH]I

Omxe, Maxima — TMOTyXHHUH 1 OE3KOIITOBHHWI IHCTPYMEHT MJii HaBYaHHS,
HAyYKOBUX PO3PaxXyHKIB 1 MojentoBaHHS. Moro 3pydyHO BHKOPHCTOBYBATU IS
AHATITUYHUX OOYUCIICHh Ta CHMBOJIBHOI MaTEMAaTHUKH.

3aBaaHHA 10 J1a00PATOPHOI podOTH

1. O6uucnutu y CKA Maxima:
(7-6,35):6,5+9,9

) (1.2:36+1,2:025-1)

169"
‘24
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2) ((Z - —) 1,25 + ) (0,358 — 0,108) - 1,6 — .

9 72
(o 5:1,25+2: 1§—%) 3
(1 5+ ) 187
4) ((27—08)2— +0 125> .21 40,43,
(5,2—1,4): 2
2311437 5 (23+45)-0375
) 25+o431'7_ 2,75—1%
(1375+9¢ ) 12 (68-33)52 1
(103 —gt )g (33—31)-56 e
. (2+0 142 ) (3+o, 1——) 2,52
) 7

(05-3+0,25-3):(0.25-) =

1
3= +25 4—6 2— 0,05
) 252 ) (=2 _457)
2,5— 3— 4,6+2- -—0,125

0,4+ 5 0,8 ) 5.2%

(1%8 (89 2,6: ))34%

A _43). E
((45—+075)).5 .34 +03001

- 90.

10) +2.

2. Ctoputu BUNAAKOBUN HaOip manmx 3 50 uywcen 3a momomororo (GyHKIIIT
makelist (random (100), i, 1, 50). OOUMCIUTH CEpEIHE 3HAUYCHHS
BUOIpKU, MEJIIaHy, TUCIIEPCit0, CTAHJAPTHE BIAXUICHHS. 3pOOUTH BUCHOBKHU.

3. Po3knactu 1po6oBo-paiioHaIbHy (PYHKIIIIO HA CYMY €JI€MEHTapHUX JIPOOiB y
CKA Maxima:
2_
1) x“=5

(x2—-4x+5)(x249)"
x+1

x(x4+6x2+8)

2)
) x2(362+4)2
4)
5)

3x3+2x%+1
x(x+])2(x2+4)
x*-1
(x2+9xx3+x2)

6) x3+2x%24+3x+4
x4;x3+2x2'
3x“+4x-1

7) (x2+44x429)2"

x3-x—-1

8) x(x-1)2(x2+4)"

x*-1
9 (x2+16)(x3+x2)
5
10) (x+4)(x2+4x+20)"
4. Copoctutu Bupa3 y CKA Maxima:
v+l 1

1) xVx+x+Vx  x2—/x
14



) (=) + o+ @) )0

x+1
x2—4x+3

2x 3 X
3) 2 1~ "5 2z
x3—-3x 3 x3—x3

4) (Va+vb) -ab a+9b+6\/_

coffof]

5) x- ‘/W x+4
6) (1+\/—_\/1+x) _ (1 \/— \/1+x)2
Vitx  1+Vx Vitx 1-Vx
1 +1
7) (vawm + Va- «/_ <1 + \’ 1>
1 1
8) )';_11 x2+x4 X + 1

xX4+x2 x2 +1

-1
9) (1+x+;vc2 Lo 1—x+x2) (5 — 2x2).

2x+x2 2x—x2

2a

(1+a)3\/1+a .

10)

IIuTaHHA 18 CAMOKOHTPOJII0

1. HaBenmiTh mopsiiok BUKOHAHHS omepariii y Maxima.

2. Ilepepaxyiite apudpmernyni onepaii y Maxima.

3. HaBeniTs sIK 3a/1a10ThCSI OCHOBHI MaTeMaTU4HI KOHCTaHTH y Maxima.
4. HapeniTh npUKIaau CTAaTUCTUYHUX PYyHKIIH y Maxima.

5. OxapakrepusyiiTe ciocoou 3aBJaHHsI TPUTOHOMETPUUHUX (PYHKIIIH.
6. Yu moxHa 3amatu cBoro PpyHkItiro y Maxima?

7. HaBenith QpyHKIII1 A1 3aBIaHHS €KCTIOHEHTH Ta Jiorapudmy.

8. Oxapaktepu3syiTe QyHKIIIT MepeTBOPEHHs airedpaiyHux BUpasiB y Maxima.
9. Yu mokHa KOMOIHYBaTH KUJTbKa KOMaH/ IPY IEPETBOPEHHI BUPa3iB?
10.HaBenith ciocoOu CTBOPEHHS BUITAIKOBUX CITHCKIB.
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2. JIaGopaTtopHa podoTa. 3aCTOCYBAHHSI CHCTEMH KOMII’KOTEPHOI ajaredpu
Maxima 10 po3B’si3aHHA 32/1a4 aHAJI3Y

MeTta: 3acBOITH MOXJIMBOCTI CHCTEMH KOMII IOTepHOI anrebpu Maxima 1o
PO3B’sI3aHHS PIBHSHb, HEPIBHOCTEH, CHCTEM Ta 3a/1a4 MaTEMaTUYHOTO aHai3y.

TeopeTuuHi BiToMOCTi Ta MeTOANYHI peKOMeHaaNil
Y Maxima po3B’si3yBaHHS PIBHSHB 1 HEPIBHOCTEH 3IHCHIOETHCS 32 IOTTOMOTOI0
creniaJgbHuX KOMaHI.

Komanna
solve (piBHSHHS, 3M1HHA) ;

PO3B’sI3y€ 3aj7iaHe PIBHSHHS B aHAJITUYHOMY BUIJIsAL. [i MOXKHA 3acTOCOBYBATH 1 JJIst
pPO3B’sI3aHHS MapaMETPUYHUX 1 TPUTOHOMETPUYHUX PiBHAHb. Hanpuknan (IuB. puc.
2.1):

solve(2:x - 4 = 0, x);

[x=2]

solve(xA2 - 5-x + 6 =0, x);

(k=3 x=2]

solve(ax + b =0, x);

Pucynok 2.1 — Ilpukianyu BUKOPUCTaHHS KOMaHIU SOlve

VY Maxima € 6arato J10JaTKOBUX MAKETIB, SIKI PO3LMIUPIOIOTH 1i MOXKIIUBOCTI —
uist poboTH 3 TpadikamMu, PIBHSHHAMH, HEPIBHOCTSIMH, CTATUCTUKOIO, MATPHIISIMHU,
Teopiero yucen Ta Jorikor. Hanmpuknan, komanga 1oad (" solve rat ineqg");
y Maxima 3aBaHTaxXye€ JOJIaTKOBHI MaKeT, IKUM JI03BOJIsiE€ PO3B’SI3yBaTH palllOHANIbHI
HEPIBHOCTI — TOOTO HEPIBHOCTI, Y SKUX € APOOH, YMCEIHHUK 1 3HAMEHHUK, BUPA3U 3
3MIHHMMH B 3HAMEHHHKY TOIIO (AUB. puC. 2.2).

load("solve_rat_ineq");
solve_rat_ineq(7-x+2<-x-3);

C/maxima-5.47.0/share/maxima/5.47.0/share/solve_rat_ineg/solve_rat_ineg.mac

)

Pucynok 2.2 — IIpukiagy BUKOpUCTaHHA MOyl solve rat ineqg
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Komu e motpi6HO? 3BHMUaiiHa KoMaHAa solve (...) HE 3aBXKIU KOPEKTHO
IpaIioe 3 parioHAIbHUMH HepiBHOCTAMH. Hampukian, BoHa MOXe:

— HE BpaxOBYBaTH TOUYKH, JI¢ BUpa3 HE BU3HAUYCHHIA;

— JlaBaTH HETIOBHUM PO3B’A30K.

ITicns 3aBaHTaXXeHHA MakeTy solve rat ineq, Maxima mnpaBUIBHO
BpPaxoBY€ 3HAKH YUCEJbHUKA 1 3HAMEHHUKA, T4 3HAXOJUTh yCl IHTEPBAJU, HA SKUX
BUKOHY€TbCA HepiBHICTE. Komanma load("solve rat ineg") akruBye
MOJIMBICTh TOYHOI'O PO3B’SI3yBaHHS palllOHAJbHUX HepiBHOCTeH y Maxima. Lle
KOPHUCHO JJIsl HAaBYAJIbHMX 1 aHATITHYHMX 3a1a4 3 O/13.

AHaJOTIYyHO MO’KHA TMOKPAIIUTH BUXIJHUN pe3ylbTaT MpU PO3B’SA3aHHS
nudepeHIianbHuX — piBHAHb. Moxayns contrib ode  npusHadeHWil  and
PO3B’s3yBaHHS 3BUYAHUX AU(EpeHITIaTbHIX PIBHSIHB (IUB. puc. 2.3).

load("contrib_ode™);
contrib_ode('diff(y,x) = y*2, y, x):

C:/maxima-5.47.0/share/maxima/5.47.0/share/contrib/diffequations/contrib_ode.mac

1
- (—J =x+%cC
y
Pucynok 2.3 — [Ipuxiiagy BUKOpHCTaHHA MOyl contrib ode

CucreMHu piBHSHb TEX MOXHA PO3B’A3yBaTH 3a JOIOMOIO0 KOMaHIH (AUB. pUC.

2.4):
solve ([piBHsuHa 1, piBugHua 2], [x, y]);
SDIVE{[K ty= 5, % - y= 1]: [x, Y]}:
[[x=3.,y=2]]
Pucynox 2.4 — ITpuknaau po3B’si3aHHS CUCTEMU
VY tabnuii 2.1 HaBeeHO OCHOBHI aJlbTEPHATUBHI KOMAH/IH.
Tabmuis 2.1 — AnpTepHaTHBHI KOMaHau B Maxima
Komanma [Tpu3HaveHHS
algsys(...) Po3B’si3yBaHHs cucTeM aireOpaidyHUX PIBHSIHB
(moTy>XHiIIe)
find root(...) YucenbHe po3B’si3aHHs HA IHTEpBAJIl
to_poly solve(...) [TokpaieHe CHMBOJIbHE PO3B’ sI3aHHS
Sx BHCHOBOK, fKIIO Tpeba 3HAWTH TOYHI PO3B’S3KM — TO TOAI Tpeda

BUKOPUCTOBYBATH KOoMaHAy solve. SKiio moTpiOHI HaOMMKEeH1 3HaUY€HHS — Tpeba
obepHyTH pe3yabTary float (...).
Y Maxima sl 3HaXOKEHHS TpaHMIl (PYHKIII BUKOPHCTOBYETHCS KOMaHIa
(muB. puc. 2.5):
limit (expr, x, a)
ne
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— expr — QyHKIIA, TPAaHUITIO SKOT IIyKaEMO;
— X — 3MIHHA;
— a — TOYKa, J0 KOl IpsAMYy€ 3MiHHA.

limit(sin(5-x)/x, x, 0);
5

Pucynox 2.5 — 3HaxomkeHHs TpaHuill QyHKITI

Iatepdeiic wxMaxima MIATpUMY€E OpYyrHil BapiaHT OOYHUCIIEHHS TpaHMUIII

(yHKLI{, BAKOPUCTOBYIOUM MEHIO AHaIII3 — 3HAUTH TPaHULIO (IUB. pHC. 2.6).
Ananiz  Cnpowenns  Cnwncok  Kpecnenna OB

IHTErpYEBaTH...
[HTerpyeanHa 3a Piwem...
33aMIHUTK SMIHHY IHTEMPYBaHHA...

Te came, | 0BYNCAWTH PESYNBTAT...

Andreperuirzeath..,

3HAATH rpaHKLHD..

SHAATH MIHIMYM...

ANpoKcKMaLIa pRaomM »
OBEuncAnTI Cymy...

OByncanTH 4oByToK. ..

Mepeteopernda Nannaca...

OEepHeHe nepeteopeqHa fannaca..
HalBinelunid cninsHWA AlABHKE...

HalimeHLUE CninBHE KpaTHE...

Pucynok 2.6 — Mento AHaii3 — 3HalTH TPAHUITIO

3’SIBUTHCS BIKHO, sIKE TpeOa 3amoBHUTH (JIUB. PHC. 2.7) 1 110 HATUCKAHHIO KHOTIKH

«"apazm» wxMaxima BUBe/Ie pe3yIbTaT aHAJIOTTYHUHN 10 PUCYHKY 2.5.
lpaHvus x

Bupaz:  sin{5%x)/x

3MiHHE: X

Touka: 0O Special

Hanpamok:  both sides e

|| Taylor series

Pucynok 2.7 — Bikno «I"panutisi»

Maxima miaTpuMye 0OUUCIICHHS] OTHOCTOPOHHIX TpaHuIlb (IUB. puc. 2.8):
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limof(x) eKBiBaJIeHTHO KoMmaHai: 1imit (f(x), x, a, minus);
xXxX—->a—

lirrJerf(x) eKBiBaJIeHTHO KoMaHi: 1imit (f(x), x, a, plus);
xX—a

limit(1/x, x, 0, minus);

— o0

limit(1/x, x, 0, plus);

oo

Pucynox 2.8 — 3Haxo/)KeHHSI OTHOCTOPOHHIX TPaHUIlb QyHKIIIT

J11s HeCKIHYEHHOCTI aHAJIOT19HO (1IuB. puc. 2.9):
lim f(x) exBiBanentHo komanmi: 1imit (f(x), x, minf);

X—>—00

lirp f(x) exBiBanenTHO KoMaHmi: 1imit (f(x), x, inf);
X—>4+00

limit((1 + 1/x)*x, x, inf);
Yoe

Pucynok 2.9 — 3naxo/xeHHs rpaHulll PYHKIIi HA HECKIHUEHHOCTI]

SAximo Maxima He MO)Ke 00UHUCIIUTH TPAHUITI0, TO BOHA 3auimae 1imit (.. .)
0e3 o0uunciaeHHs. Y TaKOMY BUITIAJIKy Tpeba cripoOyBaTH CIIPOCTUTH BUPA3, HAIPUKJIIA],
ratsimp (...), a00 BUKOPUCTATH KOMAaHIYy JJIsi OOYHUCIEHHS OJHOCTOPOHHBOI
TpaHuIll, a00 3aJaTy MapaMeTPpu SIBHO, HAIIPUKJIIAJ, assume (x>0) .

Y Maxima noxigHy (¢yHKIIi MOXKHa 3HAWTH 3a JOIMOMOIOK KOMaHIW (JIMB.
puc. 2.10):

diff (expr, x, n)
ne
— expr — QyHKIIs, MOXIAHY Ky Tpeba 00UUCINTH;
— X — 3MiHHA, 3a SKOI0 OepeThCs MOXiTHa;
— N — NOPSAOK HOX1JHOI.
diff(exp(x)-x, x, 2);

X X
X Y%e +2 %e
Pucynok 2.10 — 3HaxopKeHHs ApYTOi MOX1IHOT (yHKIIIT

YacTUHHY TOXIJIHY TAaKOX MOXHa 3HAWTH, BUKOpPUCTaBIM KomaHay diff,
BKa3aBIIM 4Yepe3 KOMY KOXXKHY 3MIHHY 1 MOPSJOK MOXIJHOI MO Iiii 3MiHHIN (JIMB.
puc. 2.11).

diff(xA5-yA3,%,2,y,3);

3
120 x

Pucynok 2.11 — 3HaxoKeHHs] YaCTUHHOI MOX11HO1T (DYHKIII1

19



[aTepdeiic wxMaxima miATpUMY€E APYyTUNA BapiaHT OOYMCIEHHS TOXITHOT

¢byHKI1i{, BUKOpUCTOBYIOUN MeHI0 AHami3 — JludepentitoBatu (quB. puc. 2.12).
Ananiz  CnpowenHa  Cnwcok  Kpecnenna OB

[HTErpYBaTH...
|HTerpyeanHa 3a Piwem...
3aMIHMTK IMIHHY IHTEMDYEBaHHA. ..

Te came, | oBYNCAWTY PEIYAETAT...

AudepeHuirneaTi...

3HATY FrpaHULD..

3HAATH MiIHIMYM...

AnpokcumMania prRacm ]
OBYNCANTI CyMY...

DBuncnuT AoByToK. .

Mepeteopennn Mannaca...

Pucynox 2.12 — Mento Anaini3 — [ludepeniiitoBatu

3’ABUTHCS BIKHO, sIK€ Tpeba 3alOBHUTH 1 MO HATHCKAHHIO KHOMKH «l apas3m»
wxMaxima BuBee pe3yabTat (IuB. puc. 2.13).

MpogudepeHuiroeaTy n

Bupaz: x*sinix 2]

3MIHHE X

Mopagok: 1

Command Description

diff (x*sin(x* 2),%,1);

lapazg Cracyeatu

diff(esin(x42),x,1);

o2 2 2
sin(x J+2x cos(x )

Pucynok 2.13 — Bikno «IIpoaudepenuiroBati»

HeBusnauenuii iHTerpais MoKHa 3HAMTH KOMaHJI010:
integrate (expr, x);
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a BU3HAYCHUH 1HTETpajl KOMaHI0K0 (IUB. puc. 2.14):
integrate (expr, x, a, b);
ne
— expr — QyHKIIis, IHTEerpall Bij sSKOi Tpeba 00UnCInTH;
— X — 3MiHHA, 3a SIKOI0 OOYHCITIOETHCS IHTETpa;
— a, b —MexiiHTerpyBaHHS.
integrate(sqrt(1 - x"2), x, 0, 1):

m

4
Pucynok 2.14 — 3HaxopkeHHs] BU3BHAUYEHOTO 1HTerpasna

Sxkmo Maxima He MOXe 3HaWTH 1HTerpaj, TO BOHA 3aJIMIIAE
integrate (...) 0e3o0uucieHHs. [{s 4ucI0BOrO pe3ynbTaTy MiCisa BU3HAYEHOTO
1HTErpagy MOXHa BUKOpUCTATH KoMaHay float (integrate(...)).

3aBaaHHA 10 J1a00PATOPHOI podOTH
1. 3HaiiTi po3B’sI30K piBHAHHS B aHanmiTuuHOMY BUTIIsAA y CKA Maxima:

DI _Ito03; (1+4)1g3+1g2 =1g(27 - 3%).

xb—4 x+3
a -
) —+——=5 3logs 2 + 2 — x = logs (3% — 527%).

24 5
3) = AL 3);_5+4 =0; +/logzx?—4logeVv3x =1.

x . x2+
4) x* — - ° =14 log,_,3—1log,_,2—0,5=0.

x4-7
1 1 1

5) o G s 12 lg5+1g(x+10) =1—1g(2x — 1) + 1g(21x — 20).
6) 2 4 X2 X0 L X709 108,182 — 21og, V5 — x = log, (11 — x) + 1.

5a 4a 3a
7) ia + Siza + Siaa 8; logsvx —9 —logs 10 + logs vV2x —1 = 0.
8) s5t=as=5 lg(x + 1,5) = —lgx.

x-1  x+1 x-3 x+3 15’
10) (x—1D?2-3)+2x—1)(x*+2) =3;
2. 3HalTH PO3B’S30K CUCTEMM pIBHSHb B aHamiTHdyHOMY BUDIial y CKA

Maxima:

x—1  x+1 x+2 x-2’
1 1 1
9) X-2  x+2 _ x—-4  x+4 28 52(logs 2+x) _ 9 — gx+logs?2
— 2_
0’2510g2 Vx+3-0,5log,(x“-9) — /2(7 _ X)

2x+y+z=6,
1) 3x+2y+z=7,
(x=13+@+2)32+(=z-3)3=7.
%) {x“+6xzyz+y4 = 136,
x3y + xy3 = 30.
3){ x3 +y3 =19,
(xy+8)(x+y) =2.
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{x3 + x3y3 +y3 =17,
4)

x+xy+y=5.

5){( ) =12,
(xy)2+xy—6
{+ +—_14
x+y—3

8x+;=3y,

x
6) {v

7)
y+§=3x2.
{x2+y2—x—y=102,
xy +x+y=69.
{xy+§= 2(x% + y?),

xy—§=x2+y2.

o0

)

9

{\/x2+5+\/y2—5=5,
x? +y?% =13.

3. O6uucnutu rpanuii y CKA Maxima:

. X . 2n+1
1) hm(l B x) tg_' n1—1>r-|poo 3n2+4n+5’

. xV5xZ+VoxB+1
2) lim arctg— lim - :
x—->1-0 x xX—+00 x5+Vx
sin 3x
3) lim arctg— —.
x—-1+0 x—0 — Sin 5x

6Xx } 5n2+43n+1
4) lim - gn+3n+1

S EETvEEE— 1 .
x>0 2—e¥—cos4x’ xo+o0 n2+46n
In(x2+1) ) 5n%4+3n+1
5) lim REHD, -y, SmAsntl
x—0 51n2x x—>+400 N2+6n
6) lim *X—cos2x lim VxZ+2-5x2
x—>0 sin2x ' xo4o00 x—Vx*—x+1
7) lim sin 7x (x+6)x"'1
x—>0 3x2 ’ x—>+00 \X—2
In(x? +1) . n(n+36)

)

8) lim

x>0 sin2x no+oo 4n2+41°

; x+381x8-1 . sin?2x
9) lim —————; lim——.
x—>+00 Xx+4Vx> x—0 x sin 2x

4x 4x
. 1-2x . e**—cos2x
10) lim ( ) ¢ lim ——,
x—0

x—+00 \3—-2x sin 8x

4. OGuucnuTu mepury, Apyry 1 Tpetio moxigHy ¢yskmii y CKA Maxima.
O6uncIUTH HAOIMKEHO NEPITy MOXIAHY Y 3aJaH1i TOYIIi:

7 3 2
1) Bill q)yHKL[i'l' f(x) — 45x+12x°+x

5§4+x 10
2) Bix ¢yskmii f(x) = \/_ y TouIl x, = —5.

y Touli x, = —20.

22



3) Bin ¢pyrxkuii f(x) = (—3x3 + 5x) sin 5x? y Touni x, = 2.
4) Bix ¢pyskmii f(x) = ln( ) y Touri x, = —1.

5) Bix gynkuii f(x) = 4x - arctg x> y Touni x, = —.
6) Bix pyuxuii f(x) = x~**% + x> — ¢3* y touni x, = 13.

7) Bin dpyskmii f(x) = ctg( ) y Toull X, = 16.
8) Bin q)yHKHU f(x) — e3sinx—7cosx y TouIi X = l-
arctg4x

12
9) Big dyskmii f(x) = il
10) Binx pynxkuii f(x) = logs (18 arcsin x2) y Touni x, = —4.

y TouIll Xy = —5.

5. O6uucnutu HabaMKeHo Bu3HaueHui inTerpan y CKA Maxima:
1) Bin dpynxuii f(x) = e3** na npomixkxy [0; 5].

2) Big ¢pyskuii f(x) = cos 9x? na npomixky [0; 3].

3) Bin ¢yskuii f(x) = sin 4x? ma mpomixkky [0; 2].

4) Bix ¢pyskuii f(x) = ﬁ Ha ipoMmikky [0; 1].

5) Bix ¢pyuxkuii f(x) = — i
6) Bix dynkuii f(x) =
7) Bin ¢pynxkuii f(x) = e Ciox? Ha rpomixky [0; 9].
8) Binm pynkuii f(x) =
9) Binx ¢pyukii f(x) =

10) Bix dysxmii f(x) =

Ha ipoMikKy [0; 4].

% ma npomixkky [0; 7].

— 7 Ha IPOMIXKKY [0; 8].
cos 2x

Ha ipomikky [0; 1].

Z na npomixkky [0; 2].

6. 3HaiiTK 3HAYeHHS 1HTerpaia (HEeBU3HAYEHOTO, BU3HAYEHOT0, HEBJIACHOIO) Y
CKA Maxima:

1) a)[cosxcos2xcos3xdx; b)[?xcosxdx; c) f:ooj—;.

3x%+4 cosx +00 sin x cos xdx
2) a) f 2(x2+1)3 ; b) f” X ©) fO - x
. +o0 dx
3) a) [ x3sinxdx; b)f " rcoss ol o=
2x2
4) )fx4j6;§+8 x; b) fzx cosx dx; c) f+°°1 ¢ dx.
. +coo arctg 4x
5) a) ftg x dx; b) fO 5—4sinx+3 cos x’ C)f x2 dx.
sinx cos x ) +oo In(x2+1)
6) ) J‘coszxsmz ) fOZ (cos? x+sin? x)? ) fl x dx.
. +oo
7) )fcos ——= b f:x3 sinxdx; c) [, e **dx.
2xd +oo d
) a) [ b)[InPxdy; o[,
3x—1 9 1 —
9 a)f 2‘+9 b [ esdn o ff T e xdx,
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10)

T
dx ) 3 X ) +oo x3+41
a) f\/1+x+\/x—1’ b) fg sinZ x dx; ©) fl x* dx

IluTaHHs 1J151 CAMOKOHTPOJTIO

1. Hapenith komanay y CKA Maxima a1 po3B’s3aHHSI PIBHSIHB 1 iX CHUCTEM.
OxapakTepu3yure X MOXKIUBOCTI.

2. Yu moxauBo y CKA Maxima po3B’si3yBaTu HEPIBHOCTI?

Po3kaxiTe mpo 0coOJMBOCTI 3HAXO/KEHHSI PO3B’SA3KIB JU(EepeHLIaTbHUX

piBHsiHb Yy CKA Maxima.

Hagenite komanay y CKA Maxima a1 004MCIIeHHS TPaHUIlb.

Hagenite komanay y CKA Maxima i1 004HCIICHHS TTOX1THUX.

Hagenite komanay y CKA Maxima i1 004HCIICHHS IHTETpaiB.

OxapakTepu3yiite MOXIHMBOCTI iHTepdeiicy wxMaxima ajis oO0uncIeHHs

TPaHUIlb, TTOX1AHUX 1 IHTErPAITIB.

W

NS s
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3. JIaGopaTtopHa podoTa. 3aCTOCYBAaHHS CHCTEMHU KOMII’OTEPHOI ajredopu
Maxima 10 po3B’si3aHHA 32124 JIHIHOI aJredpu

Meta: 3acBoitu MoxJHMBOCTI po6otTn CKA Maxima g0 po3B’si3aHHS 3a1a4
JiHIAHOT anredpu, GyHKIIT 1711 poOOTH 3 MAaTPUIISIMU, MATPUYHI orepailiii Ta poOoTy 3
MacCHBaMH.

TeopeTuuHi BiToMoCTi Ta MeTOANMYHI peKOMeHaalii
Y CKA Maxima € BOymoBaHi 3aco0u 1Ji1 poOOTH 3 MAaTPHUIIMU Ta BEKTOPAMH,
AK1 JI03BOJIIFOTh BUKOHYBATH SIK 0a30B1 omepallii, Tak 1 JiHIHHY anreOpy (BU3HAUHHKHU,
oOepHEH1 MaTpuIll, BJIAcCHI 3HaueHHs). JlJisi CTBOpEHHS MATpHIll 3 €JIeMEHTaMu, SIK1
3aJaHl 'y BUINISIAL cnucky list, y Maxima BHKOPUCTOBYETHCS (YHKIIS
matrix (list) (aus. puc. 3.1):

matrix([-5,2],[1,-4]);

Pucynok 3.1 — Ilpuknan dopmu BUKIUKY GyHKIIT matrix ()

BexkTop 3amaeTbes sk cnucok (auB. puc. 3.2):
v:[1, 2, 3]

[1,2,3]
Pucynok 3.2 — 3aBnanus Bektopy y CKA Maxima

Hexaii 3agano nBi matpuiii A 1 B. ba3oBi onepariii Haj MaTpUIISIMU HACTYITHI:

1) A+ B — nonaBaHHS;

2) A — B — BiiHIMaHHS;

3) A. B — maTpuyHe MHOXXEHHS (JUB. puc. 3.3);

4) k * A — MHOKCHHS YHClia Ha MaTpHIo (auB. puc. 3.3);

5) AM — 1 — obuuncneHHs: 00epHEHOI MaTPHUIIl A0 MATPHUIll A;

6) dyHkIis invert (A) — apyruit cnocid odunciaeHHs: 00epHEHOT MaTPHIIL 110
matputli A (muB. puc. 3.4);

7) pyHKLisA transpose (A) — TpaHCIOHYBaHHS MaTpull 4;

8) dynkuis determinant (A) — oOUYUCIECHHS BUBHAYHUKA MATPHUIIi A;

9) ¢ynkuis eigenvalues (A) — oOYUCIEHHS BJIACHUX 3HAYeHb MaTpuil A
(muB. puc. 3.5);

10) @yskuigs minor (A) — oOUYHUCIEHHS MIHOpPY MaTpulll 4;

11) ¢ynkuiga rank (A) —oOuucieHHs paHry MaTpuii 4;

12) @yskuia submatrix () BHUKOPHUCTOBYETHCSA [JIsi CTBOPEHHS HOBOI
MaTpHUIIl 3 ICHYI0YO1, BUWIyYarOUl BKa3aH1 PSIIKU Ta CTOBIIILI;

13) @yskuis echelon () mneperBoproe MaTpuilo y (opmy psakiB, IO
CTYHIHYACTO 3MEHIIYIOThCSI, MOII0HO 10 MeToy ["ayca.
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[[To6 BUKOPUCTOBYBAaTH PO3IIMPEHY JiHIAHY anredpy, Tpeda MiAKIIOYUTH
Moayib load("linearalgebra"). lIlo6 oTpumartu y BiAINOBiII HAONMKEHI
3HAYCHHsI, BUKOPUCTOBYMUTE KOMaHay float (...).

A : matrix([1, 2], [3, 4]);

1 2

3 4

B : matrix([2, 0], [1, 3]);
2 0

1 3

A.B:
4 6

10 12
5-A:

5 10
15 20

Pucynok 3.3 — MarpuyHe MHOKE€HHS 1 MHOXXEHHS YMCJIa HA MaTPUIIO

AAA_T;

Pucynok 3.4 — OOuucienss 00epHeHOi MaTpuLl

eigenvalues(A);

_(JEE—SJ d§?+5][
~—|

2

1,1]

Pucynok 3.5 — OGunciieHHs BIaCHUX 3HAYCHb MaTPHIIL
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Y CKA Maxima € Tpu TUITy JaHUX: CIIUCKU, MHOKUHU T4 MAaCHBH.

Crucok — 11e BIOPSIIKOBaHA CYKYITHICTh JOBUIBHUX OO’€KTIB, Y TOMY YHCIII,
MOKJIMBO, 1 camux crhuckiB. Crucok moxe OyTtu myctum. LIo6 cTBOpuUTH CHHCOK,
HEOOXITHO uepe3 KOMYy IepepaxyBaTh BCl OO’€KTHM y KBaapaTHUX ayxkax. Jlo
€JIEMEHTIB CIIUCKY MOKHA 3BEPTATUCA MICJIsI HOr0 CTBOPEHHS, BKA3aBILIH Y KBAJIpaTHUX
Ty’KKax MoTo MOpsAKOBHUIM HOMED (IIUB. puc. 3.6):

n:[2,4,6,1,3,5]:
[2,4,6,1,3,5]
n[6];

5

Pucynok 3.6 — I[Ipuknan ciucKy Ta 3BEpTaHHs 10 €JIEMEHTA CIIUCKY

Cnucok MOXHa CTBOPIOBATH 3a JIOTIOMOT010 (DYHKITII:
makelist (form,i,a,b),

ne form — COUCOK, SKUM 3aJI€XKUTh BIJl MapaMeTpy i (HaJeXUTh HUIMM YHClaM); 1 —
1HJIEKC; a Ta b — Jiana3oH 3MiHU napameTpy I(auB. puc. 3.7).

L:makelist(i~~2,i,1,5);

[1,4,9,16,25]

Pucynox 3.7 — Ilpuxmnan dpopmu Bukiuky GyHkiii makelist ()

Jlo enemMeHTiB MaCUBY MOYKHA 3BEPTATHUCS TICISI HOTO CTBOPEHHSI, BKA3aBIIH Y
KBaIpATHUX AY)KKaX HOTO TOPSIKOBHI HOMED €JIEMEHTA, SKUH Ha3UBAETHCS 1HICKCOM.
MacuB — 1 BHIOPSOKOBaHA TMOCTIJOBHICT, BEIWYWH. SIKIIO BHHHUKAE
HEOOX1THICTh BUKOPUCTOBYBATH 1HACKCOBAHY 3MiHHY X [ k], HE BU3HAYAIOYH X, TO X

Oyne macuBoM y Maxima. MacuB MO>kKHa CTBOPIOBATH 3a JOIIOMOTOI0 (DYHKITI:
array (name,n, k),

Je name — IM’s MacuBy; 1, k (HajexaTh LUIUM YUCIaM) — PO3MIPHICTh MacHUBY.
array(a,1,1);

d

a[0,0]:-1:a[0,1]:3:a[1,0]:5:a[1,1]:-2;
-1

-2

a[1,0]:
5

Pucynoxk 3.8 — [Ipukinan hopmu BUkiuky QyHKIii array ()
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Jlo eleMeHTIB MacuBY MO>KHA 3BEPTATUCS MICIs Oro CTBOPEHHS, BKa3aBIlHU Y
KBaJIpATHUX JTy>KKaX HOTO TOPSIKOBHI HOMED €JIEMEHTA, SKUH HA3WBAETHCS 1HIEKCOM
(muB. puc. 3.8).

VY neskux BHUIAJKAaX MOTPIOHO MAacUB MEPETBOPUTH Y CIHCOK, I IbOTO
BUKOPUCTOBY€EThCS PyHKUIA 1istarray () (aus. puc. 3.9):

listarray(a);
[-1,3,5,-2]

Pucynok 3.9 — Ilpukian dopmu Bukiauky ¢pyHkuii listarray ()

YMoBHI onepaTopu.
Y Maxima yMOBHI ONIEpaTOpH J03BOJISIOTh BUKOHYBATH Pi3HI A1l 3aJIEKHO BiJ
BUKOHAHHSI TIEBHOI YMOBU. BOHU BUKOPUCTOBYIOTHCS SIK y BUPA3ax, Tak 1y BUBHAUCHHI

byHKIIIH.

OcHoBHa (hopMa YMOBHOTO OTIepaTopa:
if cond 1 then expr 1 else expr 0.

Sxmo ymoBa cond 1 BUKOHY€TBCSI, TO BUKOHY€ETBCS BUpPa3 expr 1, IHAKIIE —
BUKOHY€TbcA Bupa3 expr 0. [Jaker Maxima Hagae 3MOTy BUKOPHCTATH P13H1 (POPMH
orieparopa i f, HampuKiIan:

if cond 1 then expr 1 elseif cond 2 then expr 2 elseif
a ... else expr__O B

SIK1110 BUKOHY€TBCSI yMOBa cond_ 1, TO BUKOHY€ETBCS BUpa3 expr 1, IHAKIIE —
nepeBipsieTbesi yMoBa cond 2, 1 AKIIO BOHA BUKOHYETbCS — BUKOHYETBCS BHUPA3
expr 2, Tomo. Ko *K0oHa 3 yMOB HE BUKOHY€ThCS — BUKOHYEThCS BUpa3 expr 0.

AnbTepHaTHBHI BUPa3H expr 1, expr 2, .., eXpr n — JIOBIIbHI BUpa3u
Maxima (30kpema Bkj1ajieHi onepatopu i f). YMoBu — [iiicHO a00 MOTEHIIIIMHO JIOT14H1
BHUpa3M, 110 3BOJATHCA 0 3HaueHb true abo false. Cnoci0O iHTEpmpeTalii yMOB
3aJIeKUTh BIJl 3HAYEHHA IMpanopus prederror. Akmo prederror=true,
BUBOJIUTHCSI TIOMUJIKA, SIKIIO 3HAYEHHS SKOTOCH 13 BUpPA3iB cond 1, ..., cond n,
BIIpI3HSAEThCS Bi true abo false. Skmo prederror=false 1 3HaYCHHS
AKOroch 13 BupasiB cond 1, ..., cond n, BIIPI3HAETHCS BiX true abo false,
pe3ynbTaT o0uKciieHHs 1 f — yMOBHUI BUpA3.

Omneparopu nukiy.

JUiss BUKOHAHHS ITepaliii BHKOPUCTOBYEThCS omeparop for. MoxyTh
BUKOPUCTOBYBATUCS TpPHU BapiaHTH WOTr0 BUKIMKY, IIO BIAPI3HAIOTHCS YMOBOIO
3aKIHUYCHHS ITUKITY:

— for variable: init_value step increment thru limit do body;

— for variable: init_value step increment while condition do body;

— for variable: init_value step increment unless condition do body.

Tyr variable — 3MiHHa HMKIy; init value — NOYaTKOBE 3HAYCHHS;
increment — Kpok (TUHOBO JOpiBHIOE 1); 1imit — KiHLEBE 3HAYEHHS 3MIHHOI
UKITy; body - onepaTopu Tijla IUKIY.
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KitouoBi crnoBa thru, while, unless BKa3ylOTh Ha cHoci0 3aBepIICHHS
ITUKITY:

— 3a JJOCSITHEHHS 3MIHHOIO UKy 3HAa4eHHs 1imit;

— IIOKH BUKOHYETBLCS yMOBa condition;

— TMOKH He Oyje JocsrHyTa ymoBa condition.

[Tapamerpn init value, increment, limit, 1 body MOXyTb OyTH
JNOBUIbHUMHU BUpa3zaMu. KOHTpoJpHAa 3MiHHA MO 3aBEepIIEHHI IUKIY Mae OyTH
J0JIaTHOIO (MPU LIbOMY IOYATKOBE 3HAUYECHHS MoOke OyTu 1 Big eMHUM). Bupasu
limit, increment, ymoBHM 3aBepiieHHS (condition) o0OUYMCTIOIOTHCS Ha
KOKHOMY KPOIIl ITUKITY, TOMY IXHSI CKJIQJIHICTh BIUIMBA€ HAa YaC BUKOHAHHS ITUKITY.

[Tpr HOpMaNBHOMY 3aBEpIICHHI UKy BEJIWYHHA, 10 TOBEPTAETHCS — done
(muB. puc. 3.10). IlpumycoBuil BUXIT 13 LMKy 3AIHCHIOETBCA 3a JOMOMOTOIO
oreparopa return, 110 MOXKE MOBEPTATH JIOBUIbHE 3HAUCHHS.

5:0% for i:1 while i <= 10 do s: s+i:

done

5
55

Pucynok 3.10 — [Ipuxnag nukny y CKA Maxima

KoHTposnbHa 3MiHHA ITUKITY — JIOKaJIbHA YCEPEIUHI ITUKITY, TOMY 11 3M1HA Y ITUKJI1
HE BIUIMBA€ HA KOHTEKCT (HABITh NMPH HASBHOCTI 032 IMKJIOM 3MIHHOI 3 TIEIO X
Ha3BOIO).

Hampuknaz, Tpeba Hamucatu mporpaMmy 3a JOMOMOTOI0 OMepaTopiB MUKITY, sKa

6yne po3knanati GyHkIio 5" ¥ y psax Maknopena 1o 7 nopsaaky (mms. puc. 3.11):
series: 1%

term: exp(sin(x))$

for p:1 unless p = 7do (
term: diff (term, x)/p.
series: series + subst (x=0, term)-x*p

)5
series:
7 i) 5 4 2
X X X X ¥
- - - + +x+1
a0 240 15 8 2

Pucynok 3.11 — [Ipuxnaza po3knaganus QyHKii y psa MakiopeHa 3a 101oMOTror0
ONepaTopy LUKITY

To i1 xe camuii pe3yiabTaT MOXHa OTPUMATH, BUKOPHUCTOBYIOUM BOYOBaHY
KOMaHay taylor, sika aBToMatndHo Oynaye pspa Teinopa (Makimopena) 1t 0y 1b-aKoi
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¢dynkii. Bona 103Bosie mEpeBipUTH pe3yabTaT PyYHOTO AITOPUTMY, SIKM HATTCAHO
yepes UK (auB. puc. 3.12):
taylor(exp(sin(x}), x, 0, 7);
2 4 5 6 7

T+x+ X - - + +
8 15 240 90
Pucynok 3.12 — [Ipuxnan po3knaganusa QyHkuii y psg Makiopena yepe3 BOy10BaHy
KoOMaHay taylor

Takum 4YMHOM, cucCTeMa KOMII'IOTEpHOi anredpu Maxima € epeKTUBHUM
3acO00M /11 HaBYaHHS Ta MNPAKTUYHOIO PpO3B’A3aHHS 3a/4ad JiHIAHOI anredpw,
JT03BOJISIFOYM TIOETHYBATH aHAJITUYHI OOYMCIIEHHS 3 HAOUHICTIO Ta aBTOMATH3AIlI€I0
IIPOIIECIB.

3aBiaaHHs 10 J1a00pPaTOPHOIL podOTH
1. JIsst MmaTpulb

5 16—n h-—4 —-10 —n —-h+9
A=(—2 —h+n n+3>,B=<11 h 17—n>,
4 2h—n 7 18 n -2
Je n — HOMep BapiaHTy, h — octanHs 1udpa HOMEpy Bamioi rpymu, 3HaiTH y CKA

Maxima: 1) AB; 2) BA; 3) nA — hB; 4) detA ta detB; 5) A~! Ta B~1; 6) panr matpuni
A, cnin Matpuii B, BiacHi 3HaueHHs matpullb A Ta B; 7) mpuBectn maTpuiro A 1o
TPUKYTHOTO BUTIISIAY, MaTpuliio B 1o XKopaanosoi ¢opmu.

2. Po3B’s3atu maTpuune piBHAHHSI AX = B Tppoma cniocodamu y CKA Maxima
(metogom ["ayca, MmaTpuyHuUM MeTO0M Ta 3a hopmynamu Kpamepa):

5 16—n h-—4 —-10 —n —-h+9
A=(—2 —h+n n+3>, B=(11 h 17—n>,
4 2h—n 7 18 n -2
JIe N — HOMEp BapiaHTy, h — ocTaHHS IUdpa HOMEPY BaIloi IPYIIH.

3. 3uaiitu cymy psagy y CKA Maxima, BUKOPUCTOBYIOUYH CITUCKHU:
10 1
) Xi=o
i!
2) L—_lo 2i+1
3) L__10(21 + 1).
4) Ol,ﬂﬂﬂk—10k—15
5) Y2 kl misk =2,k =3.
6) Yt Ocosz(m').

7 ¥t 0(21 - 1).
8) Li= 0:-1
9 l=1(5l —1).
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10)  3%,sin? (%)

4. Po3B’s13aTu 3a7a4y, BUKOPUCTOBYI0oUM crircku Ta MacuBu CKA Maxima:

1) Buectu 3nauenHs ¢ynxmii f(x) = x% cos3x,x € [0; 2] 3 marom h =
0,2m.

2) 3HaiiTu cCyMy €JIeMEHTIB MaTpulll 4 X 4.

3) Y noBUIBHOMY CIUCKY, SIKU MIiCTUTH 10 €IeMEHTIB, 3aMIHUTH BC1 €JIEMEHTH
MeHiI S Ha 0.

4) 3naiiT 7OOYyTOK MIHIMAJIFHUX €JIEMEHTIB KO)KHOTO CTOBOIIS MaTpHIll 4 X 4.

5) YV noBUTBHOMY CIIUCKY, SIKUM MICTUTB 10 eleMEeHTIB, 3aMIHUTH BC1 €JIEMEHTH
ounpii 3 Ha 1.

6) Y IOBUIBHOMY CIHCKY, SIKHMH MICTUTH 10 eJeMeHTIB, 3HAUTH HAaWMEHIIIHA.

7) Busectu 3madenHs ¢ynkuii f(x) = vxsin2x,x € [0;7] 3 marom h =
0,1m.

8) Y MOBUTILHOMY CIMCKY, SIKMHM MICTUTH 15 eleMeHTIB, 3HAUTH HANOIBIITHIA.

I[uTanHs 1J1s1 CAMOKOHTPOJIIO

1. Oxapaxkrepusyiite moxiuBocTi CKA Maxima /ij1st MaTpUYHUX OOYUCIICHbD.
2. Sxi Bu 3HaeTe 6a30Bi onepailii Hal MaTPUIIMU?

3. Ins doro moTpiOHO mMiAKIIOYATH MOAyJib linearalgebra y CKA
Maxima?

Uu MoxxHa 006epHEeHY MaTpuiio oounciantu HabmmxkeHo y CKA Maxima?
Axi tunu nanux € y CKA Maxima?

Oxapaktepusyiitre QyHkiiito makelist ().

J1y1st 9or0 BUKOPUCTOBYEThCS PyHKINS array () y CKA Maxima?
Poskaxite ipo ymoBHi onepatopu y CKA Maxima.

PozkaxiTe npo oneparopu uukiny y CKA Maxima.

WX NN bh
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4. JlabopaTtopHa podota. Bizyasizauia 1BoBUMipHOI Ta TpUBUMIPHOI rpadikm y
cUCTeMi KoMII’l0TepHoi anredopu Maxima

Meta: 3acBoitm MoxiauBocTi pob6otn CKA Maxima g0 Bi3yamizaiis
JTBOBUMIpHOT Ta TpuBUMipHOi rpadiku y CKA Maxima.

TeopeTuuHi BiToMoCTi Ta MeTOANMYHI peKOMeHaail
Jiist moOy1oBU IBOMipHHX TpadikiB y CHCTEMI KOMIT FOTEpHOI anredpu Maxima
MO>KHA BUKOPHUCTOBY€ETbCA (pyHKLIA (AUB. puc. 4.1, 4.2):
plot2d([list functions], [x, a, bl, [y, ¢, 4d]),
Je mepmui aprymMeHT list functions — chnucok (QyHKHIH, rpagik, Ipyrui i
TPETiil — OOMEXEHHS MO OCSAM KOOPAMHAT (SIKIIO0 HE BKAa3aTH JaHHI OOMEXEHHS, TO
rpadik GyHKIii Oyae noOya0BaHUI AaBTOMATHYHO).

2-3

1], lve =5, 51):

Lra]

plot2d([=x*2, sin(x)], [=, -2 -%pi,

Lra]

Pucynox 4.1 — Ilpuxmnan dopmu Bukiuky pynkiii plot2d () y CKA Maxima

2] Gnuplot (window id : 0) — O ot

D@e|eza@aald ?

6.98703, 4.36709

Pucynok 4.2 — Pe3ynbrar BuBony ¢yHkuii plot2d ()
Jist mobynoBu rpadikiB Gynkiii y CKA Maxima MoxHa BUKOPUCTATH MEHIO
Kpecnenns — JIBoBumipHuii rpadik. Ilicns BUKOHaHHS AaHOT KOMaHAU 3’ SIBUTHCA

BIKHO 3 ()OpPMOI0, SIKy HEOOXITHO 3alIOBHUTH. Y I[bOMY BUIAIKY Tpadiku OYIyrOThCS
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aBTOMATUYHO PI3HUMH KOJIbOPAMHU. 3a JOMOMOTrOH KHONKH J{0JaTKOBO MOKHA
BUOpaTH B sSKOMY BUIIISIAI 3amaHa ¢yHKisS (rpadik mapameTpudHoi QyHKIT abo
rpadik auckpetHoi ¢yskiii). Huxkde moxkHa HamamtyBaTH (opmar i mapameTpu
Bi10OpakaHHs rpadiky QyHkiii (auB. puc. 4.3, 4.4).

JecenmipHui rpadik >

Bupaz(u): |E Jogatkoeo
3MiHHE: |x Big: |—5 Ao |3 [ norapudmiuna wkana
3MiHHE: |3«’ Bia: |C' Ao |0 [ norapugmiuxa weana

Uncno Touow: | 10 —
Dopmar: | 86ysosaHii -
Mapamerpu: | ~|
Daiin: | =]

lapazg | Cracyeati |

Pucynok 4.3 — BikHo 3 popMmoro a1 moOyaoBu rpadikiB

wexplotZd([x"*2, sin{x)], [%,-5,51}%

25 T T T T T
: W2
: sin(x)
20 | .
15 |- i
10 =
5 - —
0k ____'.'.'.-.—“___._._.__.__ T = T T -
5 I I i I I
-4 2 0 2 4

X

Pucynox 4.4 — Pe3ynbrar BuBoay ¢yHkiii plot2d () depe3 MEHIO
Kpecnenns — JIBoBumipHuii rpadik

YV CKA Maxima mMo)xHa OynyBaTd JiHIi y HOJSPHIA CUCTEMI KOOPAMHAT 3a
noromoror (yHKIIi draw2d (), ska MICTHTBCSA y OiOmoreni draw. s mporo
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CIIoYaTKy Tpebda J0JaTKOBO 3aBaHTAXHUTH IF0 010110TeKy oneparopoM load (draw)
(muB. puc. 4.5, 4.6).

load(draw) 5

draw2d (user preamble="set grid polar"™, nticks=500,
color=blues, =xzrange=[-2, 2], vrange=[-2, 2],
polar (2 -sin(3 ‘phi), phi, 0, 2 -%pi)):;

[gri2d (polar)]

Pucynok 4.5 — IIpuknan ¢opmu Buxnuky ¢pyHkuii draw2d () y CKA Maxima

2] gnuplot graph — O >
& E & Options ~ & Grid ¥ 1

2

1.5t

0.5 f

-0.5

-1.5 |

-2

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

219700, 1.27634

Pucynox 4.6 — Pesynbrat BuBOAY QyHKIIT draw2d ().

Y CKA Maxima moxHa OyayBatu rpadiku (QyHKIIH, K1 3aJaHO HESIBHO 3a
gonomororo  ¢yHkmii implicit plot (), #Aka MicTHUTbCs Yy Oibmioremi
implicit plot. g nporo cmodatky Tpeda JOJATKOBO 3aBAHTAKUTH IO
016imo0teky oneparopoM load (implicit plot).
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st moOynoBu TpuBUMIpHUX TpadikiB GyHKITIH BUKOPUCTOBYETHCS (PYHKITIS
plot3d(function, [x, a, bl, [y, c, dl),
e mepiuii apryment function — gysxiis f(x, y), rpadik skoi Tpeda modyaysaru,
APYTUl 1 TPETii — 0OMEKEHHS 10 OCSIM KOOpAUHAT (1uB. puc. 4.7, 4.8).
(2:22) plot3d(=x-yv~2, [x, -5, 5], [v. -5, 51}:

Pucynox 4.7 — Ilpuxnan dopmu Bukiuky pyskiii plot3d () y CKA Maxima

Z] Gnuplot (window id : 0) — O X

g @aaly ?

xFy~2

view: 60.0000, 30.0000 scale: 1.00000, 1.00000
Pucynok 4.8 — Pesynbprar BuBOAY (pyHKIii plot3d ()

3aBaanHs 10 J1a00pPaTOPHOI podOTH
1. TloGynyBatu rpadiku ¢GyHKIIIH, BUKOPUCTOBYIOUM OCHOBHI OMINT (DyHKIIIT
plot2d () y nekapToBiii CHCTEMI KOOPJAMHAT:

5
1) a)y=(xeT)2; b)y=sinx+%sin2x+%sin3x.
4
2)a)y=Yx(3—-x)2—-x; b)y= (E) .
20x2 In?
Day=gom Dy="—
4) a)y =8x%(x2—1)3b) y =§—arccos

2x
; , 1+x2°
x>—8 1-x
=— =ar :
5)a)y =-—~ b)y=arccos—;
_ (x-5)3. x

6) )y = by =i

35



_ x3-2x%-x+2, _ x%x?-1
7) a)y_Ta b)y_ 2%x2-1 °
8) )y =—5— by=@?-2e
1+x2 1- 6
Nay=ro  Dy=hgi+o
x2+2x-3 1

10) ay=
X

2. TloGynyBatu rpadiku QYHKIINA, 3aJaHUX Yy M[apaMeTpUYHii cucTemi
KOOPAMHAT:

1) x = gcos3 t,y = zsin3 t,t €[0;2m].

) x=t3-2,y=t—2,t €[0;10].

3) x=5 (cost + ln(tgg)),y = 5sint,t € [0; 2m].

4) x = 2(t —sint),y = 2(1 — cost),t € [0; 2m].

5) x =t — Sth,y = 2cht,t € [0;15].

6) x = (t? — 2)sint + 2tcost,y = (t? — 2) cost — 2tsint,t € [0; ).

7) x =3(sht —t),y =3(cht —1),t € [0;21].

8) x =cos3t,y =sindt,t € [O;g].

9) x =2t3(1 —t?),y = tv7,t € [0;12].

10) x=2t%y= t(i— tz),t e [0; 20].

3. [loOynyBaTu rpadiku GyHKIIM, 3a1aHUX HESBHO:

1) x?y? +sinx = 1.

2) x’y +y%2 =2,

3) 4x? + 7y%? — 10x + 20y = 8.

4) xIny +y3 =+/2.

5) xe¥ +2xy =e.

6) 3x2 —y? —x+2y = 4.

7) x°y3 — cos2x = 8.

8) —x* +3y? —xy+6y=1.

9) (x2+ y?)(xy + 3x2) = 1.

10) x%y? +tgy = 1.

4. ITo6ynyBatu rpadiku GyHKIIIH, 3a1aHUX Y TOJSPHINA CUCTEM]1 KOOPIMHAT:

1) p = 5sin? 2¢.

—ex; b)y= % + 2 arctg x.

2) p = 7 cos? .
3) p = 2(1 + sin? ¢).
4) p = 4sin2¢.
5) p =9cos50p.
6) p =4(1+ cos ).
7) p = 3cos3¢.
8) p = 8cos4op.
9) p = 7sin5¢.

10) p = 2sin4e.
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5. [ToGynyBaTy moBepxHi, BAKOPUCTOBYIOYU OCHOBHI1 omIlii pyHKIi plot3d ()
y IEKapTOBIf CHCTEM1 KOOPIMHAT:

1) z = 2x% + 9y2.

2) z=3— (x2? +y2).

3) z=4—x2

2

=
4) z = =

5) z = 2x? — 3y?2.
6) z =12 + x? + 2y2.

7) z = 2x?% — 3.
2
8) Z=4x2+y?+1.
x2
9) Z—?—6.

10) z=6x?%—y2

IMuTaHHs 1J151 CAMOKOHTPOJIIO

1. Sxi pynkuii go3BossA0Th N00OYyA0BH rpadiku pynkuii y CKA Maxima?

2. YV gKkux cucteMax KoopauHaT MokHa nmoOyaysatu rpadik ¢ynkmii y CKA
Maxima?

Jlnst goro nmotpiOHa 6i6mioTeka draw? Sk ii makmounTu?

Uu mosxHa OyyBatu rpadiky QyHKINNA y TONSPHINA cHCTeM] KOOpAUHAT?
Sx mobynyBaTu rpadik ¢yHKIII, 3a1aHO1 HEIBHO?

Pozkaxite ipo ocobnuBocTi modynoBu nosepxui y CKA Maxima.

SNk W
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5. JlabopaTopHa podoTa. 3aCTOCYBaAHHSI CUCTEMH KOMII’IOTEPHOI ainredpu
Maxima 10 cTATUCTHYHMX 33/1a4 y Teopil iiMoBipHOCTEil

Mera: 03HallOMJIEHHS 3 BUKOPUCTaHHAM MokiuBocTed poootn CKA Maxima
JUISl CTATUCTHUYHOI'O aHaJli3y JIaHWX, BUBUYEHHS OCHOBHHMX XapaKTEPUCTHK BHOIPKH,
noOyZ0Ba po3MOALTIB 1 BUKOPUCTAHHS MOJIeIel y 3a7ja4ax Teopli KMOBIPHOCTEH.

Y Maxima € MOXJIMBOCTI JIsl 0OpOOKH CTATUCTHYHUX JaHUX, XOUa BOHU HE TaKl
PO3BHHEHI, K y cheriaaizopanux makerax Tunmy R a6o Python (NumPy/Pandas).
[Ipore cucrema no3BOJIsiE PO3B’sA3yBaTH OaraTo 0a30BUX 1 MNPUKIAJHUX 3a]ad
CTaTUCTHUKHU.

TeopeTuuHi BiToMOCTi Ta MeTOANMYHI peKOMeHaaNil

CKA Maxima MoXxe HacTyITHE:

1. Omucosa cratuctuka. CKA Maxima Moxe 009ncITioBaTH:

— cepenHe apudMeTHIHE, HANPUKIAL, (IUB. puc. 5.1):

mean([1,2,3,4,5]);
3
Pucynok 5.1 — Pe3ynbrar BuBoay QyHKLii mean ()

— MeJllaHy, Hanpukiai, (IuB. puc. 5.2):
median([1,2,3,4,5])

3
Pucynok 5.2 — PesynbpTar BUBOaY (pyHKIIIi median ()

— JTUCTIEPCIIO 1 CTaHJApPTHE BIIXUJICHHS, HAPUKIa, (IUB. puc. 5.3):
variance([1,2,3,4,5]);

5td{[1;2;314J5]);
variance([1,2,3,4,5])

2

Pucynok 5.3 — Pe3ynbrar BuBoay ¢yHkuil variance () 1 std ()

— MIHIMYM 1 MAaKCUMYM, HalpUKJIaJ, (I4B. puc. 5.4):
Imin([1,2,3,4,5]):

Imax([1,2,3.4,5]):
1

5
Pucynok 5.4 — Pe3ynbrar BuBoy QpyHKUIM 1min () 1 1max ()

2. Po6ora 3 BunaakoBumu BenmunHamu. CKA Maxima nmiarpumye reHepaiito

BUITQIKOBUX YUCEN 1 00UMCIIEHHS UMOBIPHOCTEH:
— Bumnaakose yucio Big 0 1o 1, Hanpuknaa, random (1.0);
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— Bunazakose 11ise yncio Big 0 go 100, Hanpuknan, random (100) ;

— MHOXHMHA BUIAJIKOBUX yncel (Habip BUOipkM), Hanpukiaa, 20 BUMaAKOBUX
yucen Bix 0 10 99 (nuB. puc. 5.5):
makelist(random(100), i, 1, 20);

[67,29,85,34,24,27,253,70,88,61,53,7,78,44,3,74,31,28,12,30]

Pucynok 5.5 — Pesynbsrar BuBoay QyHkiii makelist (random())

3. I7IMOBipHiCHi posmomimn. CKA Maxima MoOXe MpamroBaTH 3 JACIKUMU
KJIACHYHUMU PO3IOALIaMU:
— O1HOMIaJIbHUM PO3MOLI, HAIPUKJIIAL, KUTbKICTh KOMOIHALM 3 5 110 2 (AUB. puC.
5.6):
binomial(5,2);
10
Pucynok 5.6 — Pe3ynbrar BuBoay ¢yHkuii binomial ()

— WMOBIPHOCTI AJI1 JUCKPETHUX po3noAutB uepe3 (opmynu (bepnyini,
O1HOMIaJbHUM, TEOMETPUUHUI);
— ISl HEMEePEePBHUX PO3IO/ILIIB MOKHA BUKOPUCTOBYBATH 1HTETpAIA (PYHKITIH
T'YCTHHU.
4. Kopeunsiiisi Ta perpecisi:
— KOoBapialis Ta KopeJilisi BOX BUOIPOK, HaNpUKIiIad, (quB. puc. 5.7):
covariance([1,2,3],[2,4,6]):

pearson_correlation([1,2,3],[2,4,6]);
covariance([1,2,3],[2.4,6])

pearson_correlation([1,2,3],[2,4,6])

Pucynox 5.7 — Pesynbrar BuBony GyHKIiH covariance () i
pearson correlation()

— IpocTa JiHIAHA perpecis d4epe3 lsquares estimates (<maui>,
[3MinHi], <momesib>, <HeszajiexHa 3MiHHA>) (3HAXOAUTH KOeDIMiEHTH
piBHsiHHS perpecii y = ax + b). llle Ttpeba 3aBanTaxkutn mnaker lsquares
KOMaH/1010:

load ("lsquares")

5. Bizyamizamis cratuctuku. Yepe3z draw MokHA OyTyBaTH:

— Jilarpamu po3nojiny (ricTorpamm);

— TOYKHM BUOIPKH JIJIS aHATI3Y perpecii.

Hanpuknan, moGyaoBa BumaakoBoi BUOIpku (uB. puc. 5.8):
load ("draw") $
data : makelist (random(100), i, 1, 20)$
draw2d (

points (data)
) 7
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[ Gnuplot window 0 = a X
Ha @& 0O ;
i e H RN c N !‘

F

S0 +

80

70

60 -

40 -

20

0 L L L L L I ; I I I

20.5409, 28.7493

Pucynok 5.8 — IloOynoBa BUnaaKoBoi BUOIPKHU

Otxe, y Maxima MOXHa po3B’sI3yBaTH TaKi CTATUCTUYHI 3aa4i:

1) oGuucieHHs cepeIHbOro, MeAlaHu, JUCIIePCii, CTAHIAPTHOTO BiIXWICHHS;
2) reHeparlisi BUIIaJKOBUX BUOIPOK 1 MOJICITIOBAHHS €KCIICPUMEHTIB;

3) poOoTa 3 KITaCHYHUMHU HMOBIPHICHUMHU PO3MOILIAMU;

4) xoapiallisi, KOpeJslLis, MpocTa JIiHIIHA perpecis;

5) Bi3yasmi3anisi JaHUX Yepe3 TOUKH Ta FiCTOrpamu.

3aBaaHHsA 10 J1a00pPaTOPHOI podOTH

1. 3renepyBatu BUIAAKOBY BHUOIPKY BHIIaJKOBHX BeJlW4YuH, 00’emom 100
eJeMEeHTIB (1T unciia). 3HaUIITh:

— CEepelHE 3HAUYCHHS,

— MeJiaHy;

— MOAy;

— JIHCHEPCIIO;

— CTaHJAapTHE BIIXUJICHHS.

2. 3renepyiite 1000 BUMagKOBHX 3HA4Y€Hb 3 OIHOMIAIBLHOTO PO3MOILTY 3
napamerpamu n = 10,p = 0,3. OOGUUCHIT, BIJIHOCHY YacTOTy TIOSBU KOXKHOTO
3HAYEHHA. 3HAW1Th KIMOBIPHICTH TOTO, 1110 BUIIAIKOBA 3MiHHA MEHLIE 200 T0PIBHIOE 3.
BukopucroByiite KOMaHIU binomial pdf (k,n,p) abo
binomial cdf (k,n,p) mcng load ("distrib").

3. 3ajaHi eKCIepUMEHTANIbHI JaHi:

data: [[1,2], [2,3], [3,5], [4,4], [5,6]];
3HalaiTh pIBHAHHA mpsiMoi perpecii: y = ax + b. IloOyayiite rpadik maHux i
perpeciitHoi mpsiMoi.

4. Y xopoO11l JeXUTh 5 4EpBOHUX, 3 CUHIX 1 2 3€JIEHUX KYyJIbKU. BUTATYIOTH 2
KyJdbKA O€3 MOBEpHEHHs. 3HANAITh MMOBIPHICTH TOTO, MO0 OOMABI OyIyTh OJHOIO
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kopopy. Mogemoiite nieii mporec 1000 pa3iB 1 MOpIBHANTE KCIIEPUMEHTAIBHUMN Ta
TEOPETUYHUH PE3YIIbTAT.

IIuTaHHA 1 CAMOKOHTPOJIIO

1.
2.
3.

Sk oGuncnuTH cepeane apudmernyne 3acobamu CKA Maxima?

Sk obuncautu meaiany Bubipku 3acodamu CKA Maxima?

SAx oOuucauTH nOUCHepciio 1 CTaHJapTHE BiaxuijeHHs 3acobamu CKA
Maxima?

Ska dyHKIII0 JOMOMOXKE 3HaWTH MiHIMYM 1 MakcumyMm y CKA Maxima?

. Slka QyHKIis MOXke 3reHepyBaTH MHOXHMHY BumaakoBux uucen y CKA

Maxima?

Uu moxna y CKA Maxima oO4yHuciOBaTd WMOBIPHICHI PO3MOALIN?
Oxapaktepusyiire moxiuBocti CKA.

Sk obuncauTH KOopesiiio Ta perpecito 3acobamu CKA Maxima?
OxapakTepu3yiTe MOMIMBOCTI Bi3yadizamis JaHUX dYepe3 TOYKH Ta
ricrorpamu y CKA Maxima.
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6. JIabopaTopHa pooora. Peasizaiisi 004uCII0BAHUX METOAIB y CHCTEMI
KOMII'I0TepHOi ajnredopu Maxima

Meta: 3acBoitu MoxiauBocTi poootu CKA Maxima 10 HamucaHHs BJIaCHUX
ITOPUTMIB JJI YUCEIBHUX Ta aHATITUYHUX PO3PAXYHKIB.

TeopeTuuHi BiToMOCTi Ta MeTOANYHI peKOMeHaaNil
Y CKA Maxima Mo>kHa peaizoByBaT 00YMCITIOBAIbHI METOAM — 1 1€ OHA 3 Ti
CWIBHUX CTOpiH. BOHa HE OOMEXYEThCSA JIHMIIIE CUMBOJIBHUMHU TIEPETBOPEHHSIMHU:
Maxima MICTUTh HOBHOLIIHHY MOBY MpOrpaMyBaHHs (CX0y Ha Lisp), 10 J03BOJISIE
MUCATH BJIACHI aITOPUTMH JIJIsl YUCETbHUX Ta aHATITUYHUX PO3PAXYHKIB.
MoskHa peanizoByBaTH:
1. 4ducenbHI METOAM aHATI3Y:
— wmetoa HeroToHa (17151 KOpEeH1B PIBHSHB);
— METOJ AUXOTOMII;
— METOJI CIYHHX;
— yYucelbHE IHTerpyBaHHa (MeToa Tpaneuiid, CiMIcoHa Tomo);
— 4ucelibHe AU epeHIIIFOBaHHS;
2. MeToaM JIHINHO1 anreOpu:
— T'aycoBe BUKIIFOUEHHS;
— LU-, QR-po3kna;
— METOJ ITepaIliii 1)1 CHCTEM PiBHSHB;
3. METOIM CTAaTUCTUKH Ta Teopii UMOBIPHOCTEH:
— ouiHkKa napamerpis (Meroa moMenTtiB, MHK);
— MonTte-Kapno MozaentoBaHHs;
— TeHeparlisi BUMIaJJKOBUX BUOIPOK;
4. omTuUMI3aIliiHl aJTOPUTMHU:
— TpajleHTHUH CITYCK;
— JIHIAHE NpOorpaMyBaHH;
— 3amadl 3 OOMEKEHHIMHU.

Mo:xHa BUAUIMTH TaKl IHCTpYMEHTH Maxima JJis [ibOoro:

— MKW Ta yMOBHI onieparopu (for, while, if-then-else);

— ¢ynkmii kopuctyBava (f (x) := ... abo define);

— TIaKEeTH 3 TOTOBUMHU METOJIaMH, HAIPUKJIaJ, numericalio (YuTaHHs/3amuc
yucea 1 MacuBiB), lsquares (MeToa HaWMEHIIMX KBaJApaTiB), stats
(cratuctuka), draw (Bi3yasizallisi pe3yJibTaTiB);

— 4ucenbHl QyHKNIl, Hanpukiaaa, £ind root (momyk KOpeHs Ha IHTepBal),
quad gags (4ucenbHe IHTETpyBaHH:A), rk (ducenbHe po3s’s3aHHA OY
MetonoMm Pynre—Kyrra).

Ipuxaan. Peanizysatu meron HeroToHa 1 piBHsHHES x5 — x — 2 = 0,

/* —-= orojyiomyeMo byHKuin 1 11 moximHy --- */
f(x) (= x*"3 - x - 2;
df (x) := diff(f(x), x); /* abo df (x) := 3*x*2 - 1; */



/* —--- peasiszanis HeoTOHa (BUMKIMKaeMO udepes apply) --- */

newton (fun, dfun, x0, eps, maxiter) := block(
[x : x0, iter : 0, fx, dfx],
while abs (apply (fun, [x])) > eps and iter < maxiter do (
fx : apply(fun, [x]),

dfx : apply(dfun, [x]),
if abs(dfx) < 1.0e-12 then (print ("Derivative ~ 0 at

x=", x), return(['error, derivative zerol)),
x : x - fx/dfx,
iter : iter + 1

)

if iter >= maxiter then (print("Max iterations reached"),

return([x, iter])),
return([x, iter])
) S
f lambda : lambda ([t], t°3 - t = 2);

df lambda : lambda([t], 3*t"2 - 1);

newton (f lambda, df lambda, 1.5, le-6, 100);
PesynbTaT — nuB. puc. 6.1:
f lambda : lambda([t], tA3 - t - 2);
df_lambda : lambda([t], 3-tA2 - 1);

newton(f_lambda, df lambda, 1.5, 1e-6, 100);
Iamhda([t] It3 —i- 2}

|mﬂhda“tL312_1J

[1.5213798059647863,2]
Pucynok 6.1 — Peynbrar poboTu nporpamu 3a MmeTo1oM HbloTOHA 171 PIBHSHHS

3aBaaHHA 10 J1a00PATOPHOI podOTH
1. O3HailoMTech 3 MPUKIAIaMH peari3allii IesIKuX 00UHNCIIOBAIbHIX METO/IIB 3
nigpyunuka:  YwukaproB €. A.  [ligpydyHUK-TOBITHUK 13  CHCTEMH
KOMIT F0TepHO1 anredpu Maxima, Po3ain 8, crop. 159-177.
2. PeamizyiiTe HaOJMKEHUI METOJ y CUCTEMI KOMII FOTEPHOI aiiredpu Maxima
JUIS 33JTAaHOTO PIBHSHHS:
1) x” —5x + 1 = 0 (MeTo/ AiJeHHS HABMiN);
2) 3x3 —vx + 1 = 0 (MeTox mpocTuX itepamiii);
3) x* — x3 — 9 = 0 (MoaudikoBanuii merox HeloToHa);
4) 5x7 —vVx3 + 1 = 0 (MeTox Xopx);
5) 6x° + 11x — 7 = 0 (MeToz JijeHHs HABIIIN);
6) 9x* —Vx? + 1 = 0 (MeTOx MPOCTHX iTepartiii);
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7) 7x3 + 6x + 1 = 0 (Moaudikosanuii metox HeioTOHA);
8) 6x2 —Vx2%2+ 9 = 0 (MeTox X0opxn);
9) 4x° — 2x3 + 3 = 0 (MeTox KineHHs HaBIIiN);
10) 3x° — Vx?2 + 11 = 0 (MeToa NpocTUX iTepaliii).
3. Peanizyiite HaOMMKEHUN METO y CUCTEM1 KOMIT IOTepHO1 anreOpu Maxima
JUIS 33JTAaHOTO 1HTEerpaia;
D [ 01 cos(5x?) dx (MeTox cepeaHiX NPAMOKYTHHKIB);
2) | 01 sin(11x?) dx (MeToa NIpAMOKYTHHKIB);
3) f : ln i dx (MeTon Tpamerii);
4) f In ( ) dx (meron CiMIicoHa);
5) f 0 cos(x? + 1) dx (MeTox cepeHiX NPAMOKYTHHKIB);

6) f °In % dx (MeToa MPSIMOKYTHHUKIB);

7) f sin ( ) dx (MeTox Tpanenii);
8) f ln— dx (meton CiMrcoHa);
9) f Ccos ( ) dx (MeToJ cepeHiX MPSIMOKYTHHUKIB);

10) f In —=dx (MeTo NIPSIMOKYTHHKIB).

\/_

IIuTaHHA 1 CAMOKOHTPOJIIO

OxapakTepu3yiTe MeTOJ] AJIEHHS HaBIILI.
OxapaktepusyiTe METO ] NPOCTUX ITEepalliil.
Oxapakrepusyiire moaudikoBanuii Mmeroa HproTona.
OxapakTepu3yite METOJ] XOP/I.

OxapakTepu3yiTe METOJ] CEpeIHIX MPSIMOKYTHHKIB.
OxapaktepusyiiTe MeTo ] NPSIMOKYTHHUKIB.
OxapakTepuzyiTe MeTo 1 Tpamnerii.
Oxapaktepusyiire metoj CiMIicoHa.

PN B WD =
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7. JlabopaTtopHa podoTa. CUMBOJIbHI IEPETBOPEHHS Y CHCTEMI KOMII’IOTEPHOI
anreopu SageMath

Merta: 3acBOiTM MOXJIMBOCTI POOOTH CHCTEMH KOMIT IOTEPHOI anreopu
SageMath 10 cHUMBOJBHHMX TEPETBOPEHb, TAKUX SK CIPOIICHHS, PO3KJIAJIaHHS,
IHTErpyBaHHs, TU(EPEHITIFOBAHHS.

TeopeTnuHi BiToMoCTi Ta MeTOANMYHI peKOMeHaail

SageMath — 1¢ TOTYyXHMII TpUKIAZ MATEMaTHYHOTO MPOrPaMHOTO
3a0€3MeUeHHs] 3arajlbHOr0 NPU3HAYEHHS, SKUH MOENHYE MOXIHMBOCTI 0araTboXx
OKPEMHUX CHCTEM B OJJHOMY CEPEAOBHILII.

Sage — 11e 6€3KOIITOBHE 1 BUILHO PO3MOBCIO)KYBAaHE MaTEMaTUYHE IPOrPAMHE
3a0€3IMeUeHHs] 3 BIJKPUTHUMH BHUXIJHUMHU KOJIOM IS JOCIIJAHHUIILKOI pOOOTH Ta
HAaBUYaHHS Yy PI3HUX O00JacCTAX BKIIOYAIOUM alreOpy, T€OMETpir0, TEOpir 4YHCe,
Kpunrorpadiro, YuceabH1 00UnCcIeHHs Ta 6arato iHmoro. Ak Mozens po3poOku Sage,
Tak 1 yMOBU HOTO pO3IMOBCIOJPKEHHS Ta BUKOPUCTAaHHS OOpaHi BIJAMOBIIHO 0
MPUHIIUIIB BIJKPUTOI Ta CHUIBHOT pOOOTH: MU 30MpaEMO MalIMHY, a HE BUHAXOAUMO
koseco. OHI€I0 3 OCHOBHHUX IIJIel Sage € CTBOPEHHS JOCTYITHO1, O€3KOITOBHOI Ta
BiIKpUTOi anpTepHaTHBH Maple, Matematica Ta MATLAB. Ii romosma iges —
00’eAHATH MOXJIMBOCTI 0aratbox yXe ICHYIOUHMX MAaTeMaTUYHHUX MAKETIB y €AUHOMY
3py4yHOMY CEPEIOBUIII, 30epiratoun 0€3KOMTOBHUMN 1 BIAKPUTUNA TOCTYII.

VY Sage € BnacHe cHUMBOJBHE SApPO, MPOTE Sage BUCTYNAE IEPEBAXKHO SK
IHTErpaTop PI3HUX CHUCTEM 3 €IuHUM TpadiynuM web-intepdeiicom — Jupyter
Notebook (auB. puc. 7.1).

~ Jupyter Qut || Logout

Files Running Clusters

Select items to perform actions on them. Upload | New - &

Jo -~ & Name < | Last Modified File size

[J [0 Sage [ekineka cekyHa Tomy

Pucynok 7.1 — Web-iutepdeiic Jupyter Notebook

OCHOBHI XapaKTEePUCTUKHU:
1. Bimkputuii koa: SageMath nommproeTses mia ginensiero GPL, Tox koxeH
MO€ BUBYATH, 3MIHIOBATH 1 TIOIIUPIOBATH ii;
2. iHTerpalis 3 IHIIMMH CUCTEMaMH — BOHA TOEIHYE NECATKH Oi107I10TeK 1
MaKeTiB, 30KpeMa:
— Maxima (cumMBOJIbHA anTedpa);
— GAP (teopis rpyn);
— PARI/GP (uucnosa Teopis);
— SymPy (Python-6i6mioTeka st CHMBOJIBHOT MAaTEMaTHKH );
— NumPy, SciPy, Matplotlib (naykoBi o0uncnenns i rpadika);
— R (cTatucruka);
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3. MOBa TpPOrpaMyBaHHS —
J0JIATKOBUMH MaTEMaTUYHIUMH MOKITUBOCTSIMU;

BUKOPUCTOBYE cUHTakcuc Python,

4. miATpUMYE Pi3HI TUITU OOYHCIICHB:

— CHUMBOJIbHI TIEPETBOPEHHS (CHPOILEHHS, PO3KJIaIaHHS,

nudepeHIiIOBaHHS );

— YHCEeJIbHI 00YHCIECHHS 3 JOBIIBHOIO TOYHICTIO;

— PO3B’sI3yBaHHS PIBHSHb 1 CUCTEM;
— JIHINAHY anre0py, aHali3, CTATUCTUKY;
— Teopito rpadiB, KOMOTHATOPUKY;

— nudepeHianbHi piBHIHHS;

— mnoOynoBy 2D Ta 3D rpadikis.

Y CKA SageMath € Benukuii HaOip BOYJOBaHMX YUCIOBUX 1 MaTeMaTUYHHUX
KOHCTAHT, SKI MOXHa BHUKOPHCTOBYBaTH 0€3 JOJATKOBOTO IMIOPTy. BoHH MaioTh
BHUCOKY TOYHICTh 1 MOXYTh OpaTW ydacTh SIK y UYHCJIOBHUX, TaK 1 B CHMBOJBHHX

OOYMCJICHHSX.

ajjc 3

IHTErpyBaHHs,

VY Tabmumi 7.1 HaBemeHO ©0a30B1 YMCIOBI KOHCTAHTH, IO MIATPUMYIOTHCS

cucremoro SageMath:

Tabaunsg 7.1 — ba3oBi uncioBi KoHCTaHTH Y SageMath

KoncranTa | 3HaueHHSA Omnuc
pi m ~ 3.141592653 |Yuciow
e e =~ 2.718281828 | Yucno e. OcHOBa  HaTypaJlbHOTO
jorapudma
T abo 1 V=1 VaBHA OqUHUALL
00 00 HeckinueHHICTE
NaN - «Not-a-Number», HeBU3HaueHE 3HAYEHHS
sqrt (2) ~ 1.414213562 KBaapaTHuii KOPiHb 3 JBOX
sgrt (3) ~ 1.732050807 KBanpaTHmii KOpiHb 3 TPHOX
logZ2 ~ 0.6931471806 In 2
1oglO0 ~ 2.302585093 In10
V Tabmumi 7.2 HaBeIeHO MaTEeMaTH4HI Ta CIEIllaJbHl KOHCTAaHTH, IO

HIATPUMYIOThCS cucTeMoro SageMath:

Tabnunsg 7.2 — MaremaTtrnuHi Ta crieliajgbHi KOHCTaHTH y SageMath

Koncranra [Tpubnu3He 3HaYeHHS Onuc
EULER GAMMA abo ~ 0.5772156649 Koncranra Ennepa—
euler gamma Mackeposi

golden ratio abo

~ 1.6180339887

30510T€ BITHOILIEHHSA

phi
Catalan ~ 0.9159655941 Kouncranra Kartanana
Khinchin ~ 2.6854520010 Koncranra Xinunua
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twinprime constant

~ 0.6601618158 Koncranra moaBiiiHUX

MPOCTUX YUCEII

zeta (n)

OyHKIIis Pimana,
Halpukian, zeta (3)
~ 1.202056903

degree

180 pajiaHax

Onuu rpagyc y

rad

180 Onun paniaH y

rpajaycax

VYci 111 KOHCTaHTH MOXKYTh OYTU CUMBOJBHUMH 200 YUCJIOBUMHU 3 JIOBUIBHOIO
TOYHICTI0. MOKHA BKa3aTH TOYHICTh OOYMCIICHB, HAITPUKJIIA],

pi.n(100)

# 100 BHakliB NOicJg KOMMU

V¥ SageMath TpuronomeTpuuHi QyHKIIii 3a7al0ThCSl TAK CaMo, SIK Y MaTeMaTHIII,
TIIBKKM B CMHTakcuci Python, mpudoMy BOHM MOXXYTh INMpaIIOBAaTH 1 3 YUCJIaMU, 1 3
CUMBOJIBHUMHU BUpa3zamu. Y Tabnuii 7.3 HaBelIeHO OCHOBHI TPUTOHOMETPHUYHI
byHKIIT, 110 MATPUMYIOThCA cucTeMoro SageMath:

Tabmuns 7.3 — OcHoBHI TpuroHoMmerpuyHi dhyHKIii y SageMath

DOyHKITIS Ormc

sin (x) CHUHYC

cos (x) KOCHHYC
tan (x) TaHI'€HC

cot (x) KOTAHI'€HC
sec (x) CEKaHC

csc (x) KOCEKaHC
asin (x) APKCUHYC
acos (x) ApPKKOCHHYC
atan (x) ApKTaHI'€HC
acot (x) ApKKOTAaHICHC
asec (x) ApKCEKaHC
acsc (x) ApPKKOCEKaHC

VY tabauii 7.4 HaBeneHO rinepOoiuHi GYHKIT, M0 TIATPUMYIOTHCS CHCTEMOIO

SageMath:
Tabmuus 7.4 — 'inep6oniuni dyHkuii y SageMath

DyHKITISA Omnuc
sinh (x) rinepOOIIYHUNA CHHYC
cosh (x) rinepOo0IIYHUNA KOCUHYC
tanh (x) rinepOo0IiYHUNA TAHT€HC
coth (x) rinepOoIiYHUNA KOTAaHTE€HC
asinh (x) apKCUHYC TinepOooiyHui
acosh (x) apPKKOCHHYC TiepOoiaHui

47



atanh (x) apKTaHreHC rinepOomiuHui
acoth (x) APKKOTAHT'€HC rnepOoaiYHuil

Y SageMath aprymMeHTH TPUTOHOMETPHYHUX (YHKIH 3a 3aMOBYYBAHHSIM
3a/1al0ThCs B pajiiaHax.

Apudmernuni oneparopu y Sage:

1) + (momaBaHHs);

2) — (BiAHIMAHHS);

3) * (MHOXEHHS);

4) / (minmeHHs);

5) // (mineHHS HAILIO);

6) % (ocTtaya BiJg JUJICHHSA),

7) ~ (miIHECEHHS J0 CTEMEHIO);

8) ** (miIHECEHHS JI0 CTENEHIO);

9) - (yHapHuUil MiHYC).

[Ipukian BUKOpUCTaHHS (IUB. pUc. 7.2):
In [16]: sin{pi/2)+cos(pi)

Out[16]: @

In [17]: tan{pi/4).n()
Out[17]: 1.P@EEEE0EBE0088
Pucynok 7.2 — Tpuronomerpuuni oouncnenns y CKA SageMath

Onepatop NpUCBOEHHS: =

In [16]: =

In [17]: a==b

Out[1l7]: False

In [18]: a !'= b
Out[18]: True

In [19]: a == b
Out[19]: True
Pucynok 7.3 — [Ipukiiagu nopiBHSHHS
Omneparopu nopiBHAHHA (AUB. pHC. 7.3):

— == (piBHIcTb). [lepeBipsie, un qBa 3HAYECHHS PIBHI;
— !=(uepiBHicTb). [lepeBipsie, un 1Ba 3HAUEHHS HE PiBHI;
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— <= (MeHme abo nopiBHIO€). [lepeBipsie, yn ofHE 3HAUEHHS MEHIIE abo
JOPIBHIOE THIIOMY;

— >= (Oupie abo gopiBHIOE). IlepeBipsie, yu ojHE 3HAYECHHS OuIbIIE adO0
JOPIBHIOE THIIIOMY;

— < (menme). [lepeBipsie, un ogHE 3HAYCHHS MEHIIIE 3a 1HIIIC;

— > (6imwme). [lepeBipsie, un ogHe 3HAYCHHS OUIBINE 32 1HIIIE.

Yacto  BUKOPUCTOBYETBCS ~ MeTOA 1 () (amasmor  ¢dyHKHiE = —
numerical approx). lleit MeTon npuiiMae HEOOOB AI3KOB1 apryMEHTH prec, oo
BH3HAYA€ KUIbKICTH OITIB TOYHOCTI, 1 digits, [0 BH3HAYAE KUIBKICTh JECATKOBHX
G p TOUHOCTI. 3a 3aMOBYYBAHHIM 3aCTOCOBY€ETHCS 53 61T TOYHOCTI (AMB. pHC. 7.4).

In [1]: exp(l)

Outf[l]: e

In [2]: n(exp(1))
Out[2]: 2.71828182845905

In [4]: exp(l).numerical approx()

Out[4]: 2.71828182845905

In [5]: n{exp(l), digits=10)

Out[5]: 2.718281828

In [6]: n(exp(l), prec=100)
Out[6]: 2.7182818284590452353602874714

Pucynok 7.4 — Ilpukiaau oO4KCIICHb 3 HAMEepe/l 3a1aHOK0 TOUHICTIO

Sxmio y BuUpas3i mpUCYTHS OUIbIIe HDK OJHA 3MIHHA, TO Sage BUMarae
OTOJIOIIEHHS BCIX iX CHMBOJBHMMH 3MIHHUMH — var ('x,y') abo (x,y) =
var ('x,y").

VY Sage € Oarato komaHa IJIsi TIEPETBOPEHHS anreOpaiyHUX BHUpa3iB, fKi
JO3BOJISIIOTh ~ CIIPOIYBaTH, pO3KIANaTH, pO3B’SA3yBaTH Ta IHIIAM  YUHOM
MaHIIyJII0BaTh BUpazamMu. OCb OCHOBHI 3 HHX:

— Qyskuia sympify () crnpomrye BUpa3 pi3HUMU MeTOAaMH (0€3 pO3KPUTTS
JTYKOK);

— IS PO3KPUTTS Jy>KOK BUKOPUCTOBYEThCS (DyHKINIA expand () ;

— dyukiisg factor () po3kianae BUpa3 Ha MHOKHUKH;

— @yHkuis simplify full () BUKOHye IIOBHE CHpOILEHHA BHUpasy 3
BUKOPHCTAHHSM KIJIbKOX METO/IIB CIIPOIIICHHS;

— (QyHkuisg simplify trig () copollye TPUTOHOMETPUYHI BUPa3H;
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— (QyHkuig simplify rational () copollye paunioHaabHI BUPa3U;

— ¢yskUig simplify log () copolnye norapugmidHi BUPasH;

— (¢yHKLig canonicalize radical () cmpoulye BUpasu 3 paAuKalaMy;

— ¢yHKIiA expand trig () po3KpuBaE AyXKKH y TPUTOHOMETPUYHMX
BHpAa3ax;

— QyHkuis log expand () pO3KpuUBaE IyKKH Yy BHpPa3ax, AKI MICTATb
Jorapudpmu;

— ¢yHkuiga partial fraction () posknagae paunioHaJbHUR 1api0 Ha
poCTi ApoOH.

{1 koMaHa1 1O3BOJISAIOTH MPALIOBATH 3 PI3HUMU BUAaMU alreOpaiyHUX BUPa3iB,
CHPOLIYIOYH, PO3KJIAJAI0YM Ta MAaHIMYJIIOYM HUMHU IS JOCSTHEHHSI MOTPIOHOIO
pe3ysbTaTy, HalpUKJIa, TUB. puc. 7.5-7.6:

In [3@]: expr8 = (x*2 - 1)"2/(x + 1)n4
expr8.simplify rational()

out[3e]: (x22 - 2%x + 1)/(x*2 + 2%x + 1)
Pucynok 7.5 — Ilpukiasn cripoiiieHHs parjioHaIbHUX BUPa3iB

In [45]: exprl3 = 7/(x*3 - 1)
exprl3.partial fraction()

out[as]: -7/3%(x + 2)/(x*2 + x + 1) + 7/3/(x - 1)

Pucynox 7.6 — Ilpukmnan po3kiagaHHs pamioHaILHOTO ApoOy HA IPOCTI APOOH

3aBaaHHA 10 J1a00PATOPHOI podOTH

1. O6uncnutu y CKA SageMath 3 TouHicTIO 10 15 3HaKIB MICIIsSI KOMU:
(7-6,35):6,5+9,9

11) (1,2:36+1,2:0,25_1%):%.

57 ; 19
12) ((5 - E) :1,25 + E) (0,358 — 0,108) 1,6 — -2
13) (05:1,25+4215-2)3

(1,5+%):18§

1
14) <w + 0,125) 224043,

3
(5,2-14):=
3 1 1
231143 5 (23+4,5) 0,375

15) 2,5+0,433 7 2,75-13
(1375+95) 12 (68-33)52 1
16) (103-83)-2 T (33-32)-56 —27%
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%+0,1+1—15) ( +0 1——) 2,52
—.

0,5-3+0,25-3):(0,25-)—

31+25 46- 2= 0,05
18) :.5,2 +57).
2,5— 3— 4,6+27 ;—0,125

0,4+8 508)52—

17) E

19) - 90.

4
<1§8 8,9-2,6:2 )34—
(5——-=—. 0,3:0,01

(4 +o75) _+ +_

2. Po3kiactu z[p06OBo—pau10Haany (GYHKIIIIO Ha CyMY €JIeMEHTapHUX JIPOOIB y
CKA SageMath:

20)

x%-5
1) (x2—4jc_-{5)(x2+9)°
X
12) x(x4-1|-6x2+8)'
13) x2(x2+4)%"
3x3+2x%+1
14) x(x+112(x2+4)'
x*—1
RANCTeo)
x°+2x“+3x+4
16) x4-2|-x3+2x2 )
3x“+4x—1
17) (x2+43Lx+29)2'
x3-x-1
18) x(x—l)j(x2+4)'
x*—1
19) (x2+16)(x3+x2)’
5
20) (x+4)(x2+4x+20)"
3. Copoctutu Bupa3 y CKA SageMath:
11 Vx+1 1
) x\Vx+x+Vx " x2- \/_
\/_+\/_
D (-4 + G+ ) 7)

2x 3 x3 x+1
13) 2 15 2y gxt3
x3-3x 3 x3—x3

(Va+vb)’—4b _a+9b+6vab

14) (a—bk(JE+3Jz>.
15) x:— \/i x+4
16) (%—E%) (— V_w)

17) (x/E+«1/m T < \/7>
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18)

19) 5 - 222).

20)

IIuTaHHA 1 CAMOKOHTPOJIIO

OxapakTepusyiite cucteMmy KoMIT I0TepHo1 anredpu SageMath.

Sxi Bu 3naeTe 6a30B1 4KciioBl KOHCTaHTH y SageMath?

Sxi Bu 3naeTe MmaTeMaTH4HI Ta criemiayibHI KOHCTaHTH y SageMath?

3 SIKOT TOYHICTIO MOXHA TIPOBOJUTH O0YHCIIIOBaHHA y SageMath?

VY axux omuHUISIX OEpyThCs apryMEHTH TPUTOHOMETPHYHUX (DYHKIIIH 3a

3aMOBYYyBaHHsM y SageMath?

Konu 3pyuno BukopuctoByBat QpyHkuit0 numerical_approx()?

Sk oroJionyroThCsl CHMBOJIbHI 3MiHH1 y SageMath?

8. Oxapakrepu3yiiTe KOMaHIU sl IEPETBOPEHHS alreOpaiuHuX BUpPa3iB, SIKi
JO3BOJISIIOTH CITPOIIYBaTH, pO3KIaIaTh 1 po3B’si3yBatu y SageMath?

SNk

N
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8. JlaGopaTopHna podora. PoGora 3 rpadikoro y cucremMi KoMII’OTEPHOI ajredopu
SageMath

Merta: 3acBOiTM MOXJIMBOCTI POOOTH CHCTEMH KOMIT IOTEPHOI anreopu
SageMath 1o noOynoBu rpadikiB y JeKapTOBid, MapaMeTPUUHii 1 OJIAPHINA CUCTEMI
KOOPJIMHAT, a TAKOXK MOBEPXOHb Y TIPOCTOPI.

TeopeTnuHi BiToMoCTi Ta MeTOANMYHI peKOMeHaail

Y SageMath noOynoBa rpadikiB y AeKapTOBId, MapaMeTpUUHIi Ta MOJISAPHIN
cuUcTeMax poOUTHCS pI3HUMU (QYHKLISIMH, ajie BC1 BOHU NIATPUMYIOTb SIK YHCJIOBI, TaK
1 CHMBOJIbH1 BUpa3H.

SageMath Mae ayxe MHUPOKI MOXKIMBOCTI AJiA MOOYIOoBU rpadikiB — Bij
npoctux 2D-kpuBux 10 ckinaaaux 3D-noBepxonb. CucreMa IHTErpye IHCTPyMEHTH Ha
ocHoBi Matplotlib, Jmol, Three.js Ta iHmHMX Bi3yanizamiiHUX O010J10TEK, TOMY
HIATPUMYE 1 HAYKOBY, 1 HABYAJIbHY Irpadiky.

1. lexapToBa cucreMa KOOpPAMHAT. BUKOPUCTOBY€EThCS (DyHKIIIS:

plot (f, (x, xmin, xmax), optilions...)
ne £ —Bupa3s abo QyHKIIA Big x; (X, xXmin, xmax) —3MiHHA 1Jlana3oH No0ya0BH
(muB. puc. 8.1).
x = var('x")
plot(sin(x), (x, -2*pi, 2*pi), color='blue', thickness=2)
1.0

0.5 1

_10 -

Pucynok 8.1 — Ilpuknan 2D-rpadiku y nexaprosiit CK

MoxHa OyayBaTH KiJibKa (DYHKIIIHA pa3oM:

pl = plot(sin(x), (x, -pi, pi), color='red')
p2 = plot(cos(x), (x, -pi, pi), color='green')
pl + p2

PesynpTaT 300paskeHo Ha puc. 8.2:
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0.5 7

101
Pucynok 8.2 — Ilpuknan 7Box rpadikiB Ha OJHOMY PUCYHKY
2. [TapameTpu4Ha cuCTeMa KOOPAUHAT. BUKOpHUCTOBYETHCS QyHKILIIS:
parametric plot ((x expr, y expr), (t, tmin, tmax),
options...)
Je (X _expr, Yy exXpr) — BHPA3H I KOOpAWHAT X 1 Y depe3 mapametp t; (t,
tmin, tmax) — miama3oH nmapaMmeTtpa (auB. puc. 8.3).
t = var('t')
parametric plot ((2* (cos(t)) "3, 2* (sin(t))"3), (t, 0,
2*pil), color='purple')
2.0

Pucynok 8.3 — Actpoina
binbm cknagna kpusa (cniipasib Apximesna, 1uB. puc. 8.4):
parametric plot ((t*cos(t), t*sin(t)), (t, 0, 6*pi),
color="'orange')

10 1

T T T T T T
-15 =10 =5 5 10 15

~10 4

-15 -

Pucynok 8.4 — Cripanp Apximena
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3. Iloasipua cucrema koopaunart. SageMath moxe aBoma cmocobamu
noOy1yBaTH JIHIIO Yy MOJSIPHIA CHCTEM1 KOOPAUHAT — MOJISIPHY KPUBY MOXKHA 3a7aTh
napamMeTpUYIHO:

x=r(0)cosf,y =r(0)sinb,
abo Bukopucrartu polar plot 3 sage.plot.polar plot (y ctapux Bepcisx SageMath (= no
9.0). ¥V HoBimux Bepcisx ¢yHKiis polar plot ctana 10oCTynHa HanmpsiMy 3 TOJIOBHOTO
npocropy iMeH SageMath (0e3 iMnopTy 3 MiAMOTYIB).

Hanpuknaz (nuB. puc. 8.5):
theta = var('theta')

r = 2*sin(4*theta)
parametric plot ((r*cos(theta), r*sin(theta)), (theta, 0,
2*pi), color='magenta')

Pucynok 8.5 — IlonsipHa poza

A6o 3 BOynoBanuMm polar plot. Pesynbrar Oyzae Toi xke, 110 1 Ha puc. 8.5:
theta = var('theta')
polar plot(2*sin(4*theta), (theta, 0, 2*pi),
color="magenta')

Jlo/1aTKOB1 MOXKIMBOCTI rpadikiB:

— TOBIIWHA JiHII: thickness=2;

— Komip: color="red';

— JI0JIaTH CITKY: gridlines=True;

— NiANucaTH ocl: axes labels=['x', 'y'];
— eKcrmopT y ¢aii: .save ('name.png').

4. Kinbka rpagikiB pazom. ['padiku mMoxxHa nomaBaTu omeparopoM +, 00
NOpiBHIOBAaTH pi3HiI QyHKLIT (AuB. pHc. 8.6):
pl = plot(x"2, (x, -5, 5), color='red'")
p2 = plot(-2*x+3, (x, -5, 5), color='green')
pl + p2
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Pucynok 8.6 — Kinbka rpadikiB pazom

5. IlodynoBa moBepxonb y 3D. SageMath miaTpumye sk cTaTU4Hi, TakK 1
iHTepakTuBHI 3D-rpadiku. OyHKIT ABOX 3MIHHHUX:
plot3d(f, (x, xmin, xmax), (y, ymin, ymax))
Hanpuknan, nus. puc. 8.7
X, v =var('x y'")
plot3d(sin(sqgrt (x"2 + y*2))/(sqgrt(x*2 + y*2)), (x, -5, 5),
(v, =5, 5))

in/x2+y?2

S
Pucynok 8.7 — IToBepxHs pEY

[TapameTpuuHi MOBEpXHi:
parametric plot3d((X(u,v), Y(u,v), Z(u,v)), (u, umin,
umax), (v, vmin, vmax))
Hanpuknan, nus. puc. 8.8
u, v = var('u v'")
parametric plot3d((cos(u)*sin(v), sin(u)*sin(v), cos(v)),
(u, 0, 2*pi), (v, 0, pi))
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1.8 1.0

Pucynok 8.8 — IloBepxHs, sika 3aJjaHa MapaMeTPUIHO

[TomsipHi Ta MIIHAPWYHI (OpPMHU: MOXKHA BUKOPHUCTOBYBATH TapaMeTpUUYHE
3amgaHHsg yepe3 r, theta, z.

OTxe, nepesaru noOya0BH rpadiki y SageMath taki:

— enuHui cuaTakcuc 1ig 2D Ta 3D;

— MOXJIMBICTh TMpAIIOBAaTH OJIHOYACHO 3 YHCIOBUMH Ta CHUMBOJIBHUMH
BUpAa3aMH;

— MATPUMKA CKJIAJHHUX ApaMETPUIHUX 1 MOJSpHUX (Popm;

— gerka iHterpamis 3 Python-6i0miorekamu nns Bizyamizauii (Matplotlib,
Plotly).

3aBaaHHsA 10 J1a00PATOPHOIL podOTH

1. [oObynyBatu rpadiku (yHKIIN y gexkapToBiii cuctemi koopauHat 'y CKA
SageMath (cmoyaTky mo oJHOMY, a MOTIM JBa rpadika Ha OJHOMY PUCYHKY PI3HOTO
KOJIbOPY):

5
1) a)yz(xsz)z; b)y=sinx+%sin2x+%sin3x.

2)a)y=1x(3—x)2—x; b)y= (i—j)f

20x2 _ In?x

Day=c_5 by=

x .

4) a)y =8x2(x?2—-1)3b)y = g — arccos 11’;2.
5_ a2
5)a)y = xx—48; b) y = arccos Lzz.
_ (x-5)% _ X
6) a) y= (x=7)?%’ b) y= Inx’
_ x3-2x%-x+2, _ x%x?-1
7) a)y _79 b)y - 2%2-1 °
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x3

x2-1’

8) a)y = b)y = (x? — 2)e %~

1+x2 1-x 6
Nay=romy  Dy=h|Zl+
2 _ 1
10) a)y=x+ix 3—65; b)y=)2—c+2arctgx.

2. TloGynyBatu rpadiku QyHKUINA, 3aJaHUX Yy M[apaMeTPUYHI cucTemi
koopauHat y CKA SageMath:

1) x =§cos3t,y =zsin3t,t € [0; 2m].

) x=t3-2,y=t—2,t €[0;10].

3) x = 5(cost+ln(tg§)),y = 5sint,t € [0; 2m].
4) x = 2(t —sint),y = 2(1 — cost),t € [0; 2m].
5) x =t - 5 =2cht,t € [0;15].

6) x = (t? — 2)sint + 2tcost,y = (t? — 2) cost — 2tsint,t € [0; ).
7) x =3(sht —t),y =3(cht —1),t € [0;21].

8) x =cos3t,y =sindt,t € [O;%].
9) x = 2t3(1 — t?),y = t\/7,t € [0;12].
10) x=2t%y=t(;—t?),t €[0;20]

3. [lo6ynyBatu rpadiku QyHKIIH, 3a1aHUX y TOJSAPHINA CUCTEMI KOOPAUHAT y
CKA SageMath:
1) p = 5sin? 2¢.

2) p = 7 cos? .
3) p = 2(1 + sin? ).
4) p = 4sin2¢.
5) p = 9cos5¢.
6) p =4(1+ cos ).
7) p = 3cos3p.
8) p = 8cos4p.
9) p = 7sin5¢.

10) p = 2sin4e.
4. IToOymyBaTH MOBEPXH1, BAKOPHUCTOBYIOUH OCHOBHI oImiii PyHKIii plot3d ()
y nekapToBiii cuctemi koopaunat y CKA SageMath:
1) z = 2x% + 9y2.
2) z=3— (x2 +y2).
3) z=4—x2
2

.
4) z = =

5) z = 2x% — 3y?2.
6) z =12 + x? + 2y2.

7) z = 2x?% — 3.
2
8) Z=4x2+y?+1.
x2
9) Z—?—6.
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10) z=6x?%—y2

5. IloGynyBaTu moBepxHi, 3a7aHi mapametpuyHo, y CKA SageMath:
X =1u,

1) HnomHHa{ y=v, ,jgeu,veER

z = 2u + 3v.
X = UCOSV,

2) Ilapab6osoin obepTaHHs {y =usinv, neu = 0,v € [0; 2m].
z = u?.
x = coshvcosv,
3) OpHOMOPOKHUHHUIA Tiepbooin{y = coshvsinv,, nieu € R, v € [0; 2x].
z = sinhu.
x = (7+ 3cosu)cosv,
4) Topyy = (7 + 3cosu) sinv,, ae u, v € [0; 2m].

Z=rsinu.
X = 2sinucosv,

5) Cdepa {y = 2sinusinv,, ne u,v € [0; 2x].
Z=2cosuU.
X = (1 +Zcosg) cosu,
2 2

6) MobGiycoBa cMyra | y = (1 + gcos g) sinu,, ae u € [0; 2], v € [-1; 1].

v . u
Z =-sin—.
27 2
X = UCOSV,
7) Konyc {y =usinv,, geu = 0,v € [0; 2m].

z ="7u.
x =4cosu,

8) Lmminap {y = 4sinu,, teu € [0; 2w],v € R.

zZ = .
X = U,

9) TI'imepOomiuaMi Hapa60ﬂ0'1'z[{ y=v, ,neuve€ElR

7z =u® — v2
X =1u,

10) TloBepxHs CHHYCOINaTBLHOTO TpeOCHs { y=v, ,aeu,v € R
Z =sinu-cosv.

I[uTaHHsa 1151 CAMOKOHTPOJTIO

OxapakTepusyiite MoxiauBocTi no0ynoBu rpadikis y CKA SageMath.
Po3kaxith npo cuHTakcuc pyHkiii plot().

Po3zkaxiTh npo cuHTakcuc PpyHkIi parametric_plot().

Poskaxits npo cunrakcuc QyHkiii polar plot().

Poskaxits npo cunTakcuc ¢pynkiii plot3d().

Poskaxite npo cuHTakcuc GyHkiii parametric_plot3d().

Sk 3MIHUTH TANUCHU Oceil Ha rpadiky?

Sx moxHa nokpamutu opopmiienHs rpadikie y CKA SageMath?

Uu moxHa Oy TyBaTH Kijibka rpadikiB ogHoYacHO? SKio Tak, sk?

WX B W=
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9. JIabopaTopHa podoTa. UncenbHi 00UMCIeHHS y CUCTeMI KOMIT’I0TePHOI
aareopu Scilab

Merta: o3HaliOMIIEHHS 3 BAKOpUCTaHHSAM MoxuBocTelt podotu CKA Scilab ms
YUCEJIIbHUX 00UYNCIICHb.

TeopeTuuHi BiToMOCTi Ta MeTOANYHI peKOMeHaaNil
Scilab — 1e BiNBHO TOMMPIOBAHA CHCTEMa KOMIT FOTEPHOI MaTEMAaTHUKH

(computer algebra system, CAS) Ta TeXHIYHUX OOUYHUCIIEHb, IKY MOYKHA PO3IJISIAATH SIK
ananor MATLAB i3 Bigkputum komgom. IaTepdeiic Scilab mae moBomi mpocTwii
BUIISI. BiKHO MICTUTBH MEHIO, TaHENIb IHCTPYMEHTIB 1 KOHCOJIb 3 3HAKOM 3aIPOILIEHHS
--> (muB. puc. 9.1). Beig komanyg y Scilab BukoHyIOTh 3 KiaBiaTypu. HatucHeHHs
knaBimm Enter 3actaBisie cucTeMy BHKOHAaTH KOMaHAY 1 BUBECTH pe3ynbTar. Bona
OpIEHTOBaHA HacaMIlepe/ Ha YKCeNIbHI OOUUCIIEHHs, ajle Ma€ i MeBH1 MOXKIJIMBOCTI JIS
CUMBOJIbHOT MaTeMAaTHKH uYepe3 MiAKIIOYEeHHS 30BHIIIHIX MaKeTiB (HAmpUKIa,
SciMax uu iHTepdeiic 1o Maxima). Paiin 30epiraerbes 3 po3mMpeHHsM «sod». Cin
3a3HAYUTH, 10 MOMKIMBOCTI 30€peKeHHsI BChOrO TEKCTY cecli komaHaa «30epertu

CCPCAOBHILCH HE JJa€.
B Korcons Scilab 2025.1.0 - m] X

®aiin  3miHn  Kepyeanwnn [Mporpamun Joeigka

ZE|léd00| v a2« =Te

Nepernag daiinis ? A X Mepernag sMiHHUX ? AKX

E |:'|J_lsers'n,-\dmin'|D0cumen15'\ v| 3 Hasea 3Ha... Tun Bug... MaM...
=
Hazsa KoMasHOoa Sanycry:
E Documents SaBaHTamEHHA NOYAaTKOBODD CepenoEMma
- [E5) My Music
i ; -z JHypHan komang ?AX
+t| My P?CTJ.IFES ~TT_dRES.T UguoIT_dngies = [0.5.3, ~127]
+E| My Videos _axes.data_bounds = [-0.2, -0.2, 0;

grid; |

+t| PowerShell
- 12/08/2025 11:01:04 — [/

- [E5) ViberDownloads

h Zoom

----- h HacTpotosaHi wabinorn Office Mogaya HoBMH EE.]
& Scilab 2025. 1.0 has ... B

X

Scilab 2025.1.0 has
been released

The main new features available to the
users are:

« Mew browser style uicontrol
based on JCEF (See dedicated
post)

« Mew discrete/qualitative
colormaps: flag, prism, turbo, ...

Aa |k 0 Y « New features for

tahla i ime: inin_adduar:

Pucynok 9.1 — Inrepdeiic Scilab

OcHosHi moxuBocTi CKA Scilab:

1. yncenbH1 OOYUCIICHHS:

— JiHIMHA anrebpa (MaTpulll, BEKTOPH, PO3B’SI3aHHS CUCTEM PIBHSIHbB, BJIACHI
3HAYCHHS/BEKTOPH);

— HEJIHIMHA ONTUMI3AIlis Ta PIBHIHHS;

— JnudepeHLianbHl PIBHSIHHS;
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— CTaTHCTUYHI OOYHCIICHHS,

— 00po0Oka curHaiiB Ta 300paxeHsb;

2. rpadika Ta Bizyami3anis:

— 2D 1a 3D rpadiku;

— aHiMaIlii Ta IHTEpPaKTUBHI MOOY/I0BY;

— BI3yasi3auis JaHuX 13 (ailiiiB 1 CEHCOPIB;

3. MOJIETTIOBAHHS Ta CUMYJISIIis

— Xcos (quB. puc. 9.2) — ananor Simulink, 103BoJIsIE CTBOPIOBaTH OJIOK-CXEMHU
JUTSL MOJICTTFOBAHHS TMHAMIYHUX CHUCTEM;

— MATPUMKA MOJISITIOBAHHS Y PeaIbHOMY 4Yaci (depe3 creriaibHi MOIy);

4 cUMBOJIbHA MaTEMaTHKAa!

— 0a30B0 BifcyTHs (Scilab — 11e OuTbIIe PO YKCENIbHI METOJIN), ajie MOXKHA
IKITIYUTH: SciMax — MOJTlyJib, sSIKMM 1HTerpye cuctemy Maxima.

B8 Untitled - Xcos = O
®aitn  3minnt Mepernag  MogentosanHa @opmar  Incrpymentn  Josigka

CEGEE SR e ar@ag Te

Untitled - Xcos ?
| Nepernsa nanitpu - Xcos = O X
Manitpn  Tepernag

El&%»|Qaq,| Q
ManiTpu

e )

- 4 HenepepsHi AWHaMiqHI cMcTeMM :‘ Z +

- 4 PospmBuM

M JIMCKPETHI AMHAMIYHI CUCTEMK

- 4 Bu3Ha4eHHsA TabnmuHmx 3HaYeHD ANDBLK BIGSOM f

- 4 Obpofka nogii -

- 4 MaTemaTiqHi onepaul h 4

- Onepawi Haa MaTPULEAMK > |

- 4 ENeKTpuKa - .

- # Line > ¥ scALED

- 4 TopT i nigcucTema —

- 4 BU3HEYEHHA Nepexoais Yepes Hy b CM5COPE SCALE_CMSCOPE

- 4 MaplupyTH3awa curHanis

Obpofika curHanie

: HEEBHLnﬁ
1 decim

- 4 TIpUMITEM ---(;2

- 4 TpucTpol peecTpauil

-~ @ [bHepena cirHanis COMNST_m CONVERT

-~ # TepMoriapasniuni Gnowkm

- 4 [Mpuknaaw Bnokis

- i DYHKLI, BH3HIYeH KOPHCT yBaqen ”ﬁ ﬂ

Pucynox 9.2 — Inrepdeiic Xcos

VY Scilab BBeneHHsI KOMaHA Ma€ KiJibKa 0COOJIUBOCTEM, K1 BIPI3HSIIOTH HOTO Bij
IHIIIUX CUCTEM KOMIT IOTEPHOI MAaTEMAaTHKHU:
— KOMaHJIM MOKHa BBOJHUTHU IMAKETOM (JEKUIbKa KOMaHJ B OJHOMY DSIKY),
PO3IISAIOYH X KOMOIO «,» 200 KParKoI 3 KOMOIO «;»;
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AKIIIO KOMaH/1a 3aKIHUYETBCS «;», TO PE3yJIbTaT HE BUBOIUTHCS;

AKIIO «;» HEMA€, Pe3yNbTaT BiI0OPAKAETHCS Y KOHCOJII;

OJTHOPSAJIKOBUIN KOMEHTAp IOYMHAETHCS 3 //;

0araTops/IKOBI KOMEHTap1 MUIIYThCA MK /* Ta */;

JUTsl BU3HAYEHHS 3MIHHOI Tpeba HaOpaTu 1M’ 3MIHHOI, 3HAK «=» 1 3HAYECHHS
3MiHHOI. [IJI1 OYMCTKY 3HA4YEHHS 3MIHHOT MO>KHA BUKOHATH KOMaHAy clear

name, ¢ name — iM sl 3MIHHOI.
Hanpuknan, nus. puc. 9.3:

——> /f Kinexa EoOMaHOD B OOHOMY DAOEY

o]
wmn

35.

2, =z =y + 10

Pucynok 9.3 — BukoHaHHSI KOMaH[ TAKETOM

VY Scilab € Habip BOygOBaHUX CUCTEMHHUX KOHCTAHT (ITOYMHAIOTHCS 3 CUMBOIY
%), K1 MO’KHAa BUKOPUCTOBYBATH 0€3 J0JJaTKOBOTO BU3HAYCHHS. BOHM CTOCYIOThCS SIK
MaTeMaTUYHUX 3HAYCHb, TaK 1 CHCTEMHHX MNapaMmeTpiB CEepPEeJOBUINA 1 HABEICHI Y
tabmui 9.1.

Tabmuis 9.1 — BOygoBaHi cUCTEMH1 KOHCTaHTH

KoHcranTa 3Ha4YeHHs [Ipu3HaueHHs

$pi vis Uwucno mi

e e OcHoBa HaTypaJIbHUX
jorapudmis

%1 V=1 VaBHA OqUHHALI

snan Not-a-Number | PesynbTar HEKOPEKTHUX
00YHCIIeHb, HATTPUKJIA], %, g

$inf o0 HeckinueHHICTh

seps 2.220D— 16 | Mamunuuit ENICHIIOH abo
YMOBHHUIM HyJIb (Me€Xa TOYHOCTI
double)

St true JloriuHe «iCTUHA

St false JloriuyHe «XuOHMUII»

Hanpuknan, nus. puc. 9.4:
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-=> %eps

Feps =

2.220D0-16

"Environment saved."

——>» %inf

%inf =

Inf

Pucynok 9.4 — Ilpuknanu neskux BOyIOBaHUX CUCTEMHHX KOHCTaHT

Y  rtabnuri

9.2 HaBemeHO eJEMEHTapHI MaTeMaTW4Hl (QyHKIII],

HiATPUMYIOTHCS cucTeMoro Scilab:

Tabnuis 9.2 — Enementapui MarematuyHi GyHkii y Scilab

1o

DyHKIIIs Omnnc

sin (x) Cunyc

cos (x) Kocunyc

tan (x) TaHrenc

cotg (x) Kotanrenc

asin (x) ApKCHHYC

acos (x) ApPKKOCHHYC

atan (x) ApKTaHIreHC

exp (x) Excrnonenra e*

sgrt (x) Kopinb kBajpaTHuii 3 x

round (x) OxpyrieHHs

log (x) HatypanpHuii jorapudm 3 yucnia x
1ogl0 (%) JlecsTKoBMI JTorapudM 3 YKCIIa X
log2 (x) Jlorapudm 3a 0CHOBOO 2 BiJ YUCHA X
abs (x) MoayJib yucina x

sinh (x) Cunyc rinepO0oiyHui

cosh (x) Kocunyc rinep6oiiyHui

tanh (x) TanreHc rinepOoiYHUAM

Hanpuknan, nus. puc. 9.5:
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-—> X = Fpi/f3;

-—=> yl = zin(x) + co=(x):

-—» y2 = loglO ({100} + sgrt(le);

-—> disp("sintco=:", vl):
"sintcos:"
1.3660254

-—» disp("loglO+sgrt:™, v2):
"loglO+sgrt:"™

Pucynok 9.5 — Ilpukinanu 3 pyHKIissMU

VY Scilab ¢ynkiii, BuzHaueHi kopuctyBauem (user-defined functions) — 1e
CIoCi0 CTBOPUTH BJIACHI KOMaH/H, K1 MOKHa 0araTopa3oBO BUKIWUKATH 3 PI3HUMH
apryMeHtamu. Bonu gyxke cxoxi Ha ¢yHknii y MATLAB abo y woBax
IpOrpaMyBaHHs, ajie MalOTh CBOI OCOOJIMBOCTI CHHTAKCHCY.

3araJibHUi CUHTAKCHUC:
function [BuxizmHli 3MiHHI] = iM’'g QyHKUII (BXigHl 3MIHHI)

// Tino byHkLil
endfunction

— BXIJIHI_3MIHHI — CIIUCOK MapaMeTpiB, SIK1 Mepeae KOpUCTyBay;

— BUXIJTHI 3MiHHI — 3Ha4eHHS, K1 QyHKIlIS oBepTae (Moxe OyTu omHe abo

KUIbKA);

— 1imeHa QYyHKIIIA HEe TOBUHHI 30iraTucs 3 iMeHaMH BOYTOBAaHUX KOMAaHI;

— MOYKHa CTBOPIOBATH aHOHIMHI (pyHKIIIT (03 30epekeHHs B OKpeMoMmy (haiii)

a00 30epiratu ix y (aityiax 3 po3IMIUPEHHSM .SCI.

Posrnsaaemo npuknaaum.

@DyHKIIS 3 OJHUM apTyMEHTOM 1 OJTHUM PE3yJIbTATOM:
function y = square (x)

y = x"2;
endfunction

// BUKIMK QYHKILI
res = square (5)

Pesynbrar nus. puc. 9.6:
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-—> res = sguare(is)
res =

25.
Pucynok 9.6 — Pesynbrar pobotu QyHKIIi1 3 OJHUM apryMEHTOM

OyHKIIS 3 KUTbKOMa apryMEHTaMU 1 KiJIbKOMa pe3yJIbTaTaMu:
function [summa, diff] = sum and diff(a, b)
summa = a + b;
diff = a - b;
endfunction

[s, d] = sum and diff (7, 3)

Pesynbrar gus. puc. 9.10:
--> [s, d] = sum and diff(7, 3)

Pucynox 9.10 — Pesynbrat po6otr QPyHKI 3 KiTbKOMa apryMeHTaMu

®yHK11A 0€3 apryMEHTIB:

function msg = hello ()
msg = "llpmeiT, Scilab!";
endfunction

disp (hello());

Pesynbrar nus. puc. 9.11:
——> disp(hello()) :

"MpueiT, Scilab!"™

Pucynok 9.11 — PesynbTat podoTu (yHKIIIi 03 apryMeHTiB

OynKIisg 411 o0uuciaeHHs GakTopiana:

function f = factorial sc(n)
f =1;
for k = 1:n
f =£f * k;
end
endfunction

disp(factorial sc(5))
Pesynbrar nus. puc. 9.12:

65



-—-» disp(factorial sc(5))

120.

Pucynok 9.12 — Pe3ynbTaT podoTu (yHKIIII 17151 00unciienHs ¢akTopiaia

VY Scilab xomanga de £ £ — 11e ckopodyeHuit cnocid MBUAKO CTBOPUTH (YHKIIIIO,
BU3HAUYEHY KOpUCTyBadeMm, 0e3 okpeMoro @aiity 1 0e3 IMOBHOIO CHHTAKCHUCY.
3arajabHUN CUHTaKCHUC:

deff ('BuxigHi 3MiHHI = im’'a QyHKU1I (BXigHl 3MiHHL) ',
'TiJI0 QYHKLIL')
— TEpIINi apTyMEHT — PSAAOK, SKUH MICTUTD 3ar0JIOBOK (PYHKITIT;
— JIpyruii apryMeHT — psJOK 3 BHpa3oM a0o0 KUIbKOMa KOMAaHJaMH Tijia
GyHKIIT;
— SIKIIO T110 PYHKIIIT CKIATAETHCA 3 KITBKOX KOMaH I, X PO3AUISIOTH KPAIKOK0
3 KOMOIO «;».

Hamnpuknaz, HanucaTu QyHKIIi10, 32 JJOTIOMOTOI0 SIKOi MOYKHA OOUYHMCIIUTH TUIOILY
TPUKyTHHUKA 3a popmyioro ['epoHa:
deff ('s=G(a,b,c) ', 'p=(a+tb+c)/2;S=sqrt (p* (p-a) * (p-b) * (p-
c))');

PesynbTaT nus. puc. 9.13:
——> G(3,4,5)

ans =

a.

Pucynok 9.13 — PesynbpTat podoTu QyHKIIT 1711 00OUMCIICHHS IO TPUKYTHUKA 3a
dbopmyo. ['epona

3anam’staiite, mo deff BU3HAYae aHOHIMHY (PYHKIIiO, siKka 30epiraerbcsi B

nam’siTi Ha 9ac poOOTH cecii.
VY Scilab ans po3B’si3aHHs anreOpaidHOrO PIBHAHHS ICHY€ KOMaH/IA:
r = roots (p)

7 P — BEKTOp KOoe(]illi€eHTIB MHOTOUYICHA, TOYMHAIOYN 3 HAMCTApPIIIOro CTEICHS, & —
BEKTOP YCiX KOPEHIB (AIMCHUX 1 KOMIUIEKCHUX).
Hanpuxnan, 3Haiitu  kopHi piBHsHHS x3 —2x —7 = 0. KoediuienTu
muorouwrena: [1,0, —2, —7], roxi aus. puc. 9.14:
——>p=[10 -2 -7];

-=> r = roots(p)

[3x]1 double]

H
I

89 + 0.1
94 + 1.3508515i
94 - 1.3508515i

Pucynok 9.14 — 3HaxopkeHHsS] KOPEHIB are0paiuHoro piBHAHHS
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Alle KoMaHJa roots (p) HE MiIXOIWUTH I TPAHCICHACHTHUX 1 HEMMHIHHUX

PIBHSIHB Ta 1X CUCTEM. Y I[bOMY BHUIIQJIKy BHKOPHUCTOBYETHCS KOMaH/Ia:
x = fsolve (x0, £)

ne x 0 — ToYaTKoBe HAOIMKEHHS KOpeHsl (Moske OyTH 9uciio ado BekTop), £ — hyHKIIis,
siIKa TIoBepTace 3HaueHHs piBHAHHSA f(x) = 0, x — 3HalIEHUIH KOPIHb.

Hanpukian, po3s’sikeMO CUCTEMY:

x2+y2—4=
{ e*+y—-1=

deff('F = sys(X)', 'F(l1) = X(1)~"
exp (X (1)) + X(2) - 1")

)

0

0.
2
// TlouaTkoBe HaADJIMXEeHHS

X0 = [1; 171;

// Buximk fsolve

sol = fsolve (X0, sys)
disp(sol)
PesynbTaT nus. puc. 9.15:
--> disp(=sol)
-1.2162641
0.8373678

Pucynok 9.15 — 3HaxomxeHHs pO3B 3Ky CUCTEMHU

[TouatkoBe HAOIMKEHHS KPUTHUYHO BaXKJIMBE — BIJl HHOTO 3aJICKUTh, UM 3HANIE
METOJI KOPiHb 1 KM caMe (0COOJIMBO, SIKIIO KOPEHIB KUJIbKA). K10 (yHKIIIS ITOraHo
HOBOJUTHCS, MOXKHA:

— moOymyBatu rpadik, MO0 OMIHUTH, JIe 3HAXOAUTHCSI KOPiHb;

— BHUKOPHCTATH KUIbKa PI3HUX OYATKOBUX HAOIMKEHbD.

VY Scilab yucenbHe IHTErpyBaHHS BUKOPHCTOBYETHCS, KOJIM HEMOXKIMBO (200
CKJIaJIHO) 3HAWTH 1HTerpan a”HamiTuyHo. CucTemMa Mae Kiibka BOYJAOBaHUX (PYHKIIIM
JUTSI IIbOTO, TOJIOBHA 3 SIKUX:

integrate ('Bupas', 'sSMiHHA', HIWKHA MeXa, BEPXHA Mexa)

Axmo Scilab moxe 3HAWTH aHAMITUYHUN peE3ysbTaT — OTPUMAETE TOYHUH
1HTerpaj. SKio Hi — BUKOPUCTAE YUCEIbHUN METOI. MeXi MOXHA 3aJ]aBaTy YUCIaMU
a6o $inf / -%inf. Hanpuxkman:
integrate('sin(x)', 'x', 0, %pi)

PesynbraT nus. puc. 9.16:

ans =

5
A

Pucynok 9.16 — Pe3ynbrar 3HaX0/1K€HHsI BA3HAYEHOTO 1HTEerpasia
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Y Scilab inttrap — me (QyHKIS YHCENBHOTO IHTETPYBAHHS METOJIOM
Tpaneriii. BoHa miaxoauTh, KoM MHA BXKE MaeMO TabJIW4H1 3Ha4eHHs QyHKIIIT (TOOTO
He (QopMyiy, a MacuB TOYOK). TOH ke caMuid 1HTerpain fon sinx dx po3B’spKeMO
YUCEIBHUM METOJIOM TpPAIeIiii:

// MacuB TOUYOK
x = 0:%p1/10:%p1i;
y = sin(x);

// UucejsibHe 1HTerpyBaHHS METOIOM Tpamneiin
S = inttrap(x, vy);
disp(S);

PesynbTaT nus. puc. 9.17:
——> di=sp(5):

1.59835235

Pucynok 9.17 — Pe3ynbpTaT 3HaX0/[)KEHHSI BU3HAYEHOTO 1HTerpaia METOI0M Tparerii
IIle € pynkuis intg (), Ska BUKOHYE JIUIIE YUCEITBbHUNA PO3PAXyHOK.

Otxe, CKA Scilab Mae Taki mepeBaru Ta HEJIOTIKH.

[Imrocu:

— OE3KOIITOBHICTh Ta BIAKPUTUHN KO/

— J100pa miATpUMKa MAaTPUYHUX 1 YUCEIIbHUX METO/IIB;

— Xcos 7151 MOJIeTIIoBaHHs 6€3 MporpaMmyBaHHS;

— KpocrmnaThOpMEHICTb.

Minycu:

— MEHILA NomyJspHICTh MOpiBHAHO 3 MATLAB — meH11e npukiaiiB 1 FOTOBUX
010110TEK;

— CHUMBOJIbHI OOYHCIIEHHS MOTPEOYIOTh OKPEMOTO BCTAHOBJICHHS;

— 1iHTepdeiic 1HOII MEHII 3pYUHUH, HIXK Y KOMEPIIIHHUX aHAJIOT1B.

3aBaaHHA 10 J1a00PATOPHOI podOTH
1. 3a monmomorozo oneparopa de £ £ cTBOpUTH PYHKITIFO 1 OOUUCITUTH 11 SHAUCHHS
y 3a7aHii TOYIIL:

1) f(X) _ey \/| —x2-7y— 120| x=5,y=7.

In3x

2) f(x) = sin(xy) -log,(x* + y? +5),x = =2,y = —1.
3_
3) fG) =ch(x—y) [N x=1y=8.
4) f(x) — ex2+y8 -tg (COS (x3+2—x—8)),x - _3.}7 —
— 4_1
5) f(x)=cos(%)-ln InZ ,Xx=-5y=—1.

6) f(x) = ctg (|2

fu—




7) f(x)—sh( ) log,(10x2 + 10y?),x = 2,y = 9.

8) f(x) =ch(x3—1y3)- |ln#§2 X = —1,y=5.
9) f(x) =e >~ .tg (sm( )) =3,y=11.
10) f(x) = ctg(|g|) : x2‘9x =5 x = -5,y =5.

2. O6paru 3 reoMmetrpii abo crepeomeTpii HOBUIBHY (OpMYJy 1 HamucaTH
dbyHKIIiI0, SIKa peantizye 00UUCIeHHS 32 00paHor0 (HOPMYIIO0.

3. Po3w’s3atu piBHsHHa CKA Scilab:
1) e* —3x=0.
x2
2) sinx — Vi 0.
3) Inx +x2 -3 =0.
4) tgx —x3 = 0.
5) cosx — |x| = 0.
6) e * —cosx = 0.
7) Inx —sinx = 0,x > 0.
8) e — 5 = 0.
9) sin?x — 0.5x = 0.
10) xe*—4=0.

4. OOUYMCIUTU YUCEIbHO BU3HAYECHHMH I1HTErpaj, BUKOPUCTOBYIOUYHM (DYHKIIIT
integrate, intgiinttrap. [lopiBHsiiTe OTpuMaH1 pe3yJIbTaTH:

T

1) a)J2xcosxdx; b) f+oo ax

2) a) fn%cosxdx; b) f+oo smxcosxdx-
2 +00 dx

3) a) f 1+cosx ) f 14x2°

+o0 1—g~ 2%

dx.

+ oo arctg 4x
d

4) a)f x® cos x dx; b) [

5) a) fO 5—4sinx+3 cos x’ b) f
6) a) J-OE sinx cosx dx; b) f+001n(x +1)d

(cos? x+sin? x)2

7)  a) f:x3 sin x dx; b)f e Xdx.
8 a) [ Indxdx b) [ 7

x2+4°

9) )fgji;z ;b [T e Vxdx.

1) a) ff % dx: b) J; 7 dx

sin? x
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ITuTaHHA 18 CAMOKOHTPOJIIO

1.

nalb N

P W

OxapakTepu3yiTe MOXKIMBOCTI CHCTEMH KOMII IOTEpHOI anredpu Scilab.

Uu moxkHa BUKOHYBaTH y Scilab cuMBOIbHI 00YUCIIEHHS?

Sk 3agaroThest BOyI0BaHI CUCTEMHI KOHCTaHTH y Scilab?

HaBenith npukiiagym CHHTaKCUCY €IEMEHTapHUX MATeMATHUYHUX (YHKIINA y
Scilab.

Jlns goro notpiden Xcos?

Po3zkaxiTe po 0coOMMBOCTI BBEIeHHST KOMaH T y Scilab.

Oxapaxkrepusyiite pi3Hi cnocobu cTBopeHHs (yHKIii y Scilab.

Slka KOMaHJ1a MIOXOAUTh Uil PO3B’A3aHHS TPAHCLEHACHTHUX 1 HETIHIMHUX
PIBHSIHB Ta iX cuctem?

Axi ¢pyHkiii Bu 3HaeTe 115 yMcenbHOTO IHTETpyBaHHs y Scilab?
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10. JIabopaTopHa pobora. I'padika y cucremi komn’roTepHoi aiaredpu Scilab

Merta: 3acBOiTH MOXJIMBOCTI poboTH 3 rpadikoro y Scilab 10 po3B’s3yBaHHsS
3a/1a4 Bizyasizali QpyHKIIiH.

TeopeTuuHi BiToMOCTi Ta MeTOANYHI peKOMeHaaNil

Scilab mae nocuth po3BuHEHI 3aco0u 11 MOOY10BHU TpadikiB QYHKIIIH, KPUBUX
1 TOBEPXOHB, IO JO3BOJISIIOTH POOUTH SIK IIBUAKI HAOYHI Bi3yaii3aiii, Tak 1 JOCHUTH
CKJIaAHy rpadiky A HAyKOBUX ITyOmiKalliil.

1. I'padiku pyHKLIT OJTHIET 3MIHHOT MOKHA TOOYyBaTH KOMaHO0

plot(x, v),

ne x — MacuB aoOcmuc, y — ¢yHKOiA. Hanpukman, moOyayemo QyHKIO y =
cos(sinx),x € [0; 2m].
x = 0:0.1:2*%pi;
y = cos(sin(x));
plot(x, vy);

xlabel ("X") ;

ylabel ("Y");

title ("function y = cos(sin(x))");
PesynbraT nus. puc. 10.1:

function y = cos(sin(x))
1

0.95 o ./ !

04 - / I,f

06 | /

0.55 ) h_/

0.5 T T T T T T T T T T T T T
o 05 1 15 2 25 3 A5 4 45 5 55 & 65

Pucynox 10.1 — Pe3ynbrar podotu ¢pyskuii plot (x, V)

Piznuist 3 MATLAB y Tomy, mo Scilab po3ainsie moOyaoBy rpadika ta ioro
opopmiieHHss. ToMy, Bce, IO CTOCYEThCS IIIMUCIB Ta 3arojIOBKiB, 3aJa€ThCs
OKpeMUMHM KoMaHAaMu (x1abel, ylabel, title, legend).

VY Scilab € me onaa komanga plot2d (), Ka TeX MaTIOE TBOBUMIpPHI Tpadiky.
O6uaBi koManu plot () 1 plot2d () mamoroTs 2D-rpadiku, ane BOHU 3’ IBUINCA
B PI3HMI 4Yac 1 MpaIolTh TPOXHU MO-pi3HOMY. Plot () cydwacHima 1 mpocTila
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KOMaH/a, ska OyJia CTBOpEHa JUIsl 3PYyYHOCTI, cxoka Ha komanny y MATLAB.
ABToMatnyHO Bu3Havae macmrad i ¢opmar. [ligxoauTs I MIBHIKOTO BUBOIY
KpUBUX 0€3 JEeTaqbHOro HajalTyBaHHSI. Plot2d () OUIbII «CTapHuil» Ta THYYKHN
IHCTpYMEHT (3ajuIIMBCs 3 paHHIX Bepciii Scilab). Mae OGararo mapamerpiB uis
KEepyBaHHsI MacmITadoM, MapKepaMH, OCSIMH. BHUKOPHCTOBYETBCS, KOJU MOTPIOHO
TOYHO HaJAIITYBATH BUTJIA rpadika B MOMEHT MOOY10BU, 2 HE OKPEMUMHU KOMaHIaMH
xlabel, title Tompo:

x = 0:0.1:2*%p1i;
plot2d(x, cos(sin(x)), style=color ("green"))
PesynbraT nus. puc. 10.2:

14

085 4

Pucynok 10.2 — PesynbsTat pobotu pyskuii plot2d ()

2. I'padik y napametrpuyHiit popmi:
t = 0:0.1:10*%p1;
X =t .* cos(t);
y =t .*¥ sin(t);
plot(x, vy);
PesynbraT nus. puc. 10.3:

25 o

20 4

V1 7 = \\\\\
\\K // //

-30 T T __Ii_ T T T T T T T T
30 28 -23 -15 A0 A 0 5 10 15 20 2\ 3 3\ 4

Pucynok 10.3 — I'padix y mapamerpuuHiii popmi

3. I'padix y momsgpHMX KOOpJMHATaX OYIyeThCS 3a JIOMOMOTOK (PYHKITIT
polarplot (theta, r).
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theta = 0:0.01:2*%p1i;

r = 1 4+ sin(theta);

polarplot (theta, r);
PesynbraT nus. puc. 10.4:

240 300

270

Pucynok 10.4 — I'padik y noJsspHUX KOOpAMHATAX

4. ITosepxHi Ta 3D rpadiku. ¥ Scilab € komanna BinoOpakeHHs PYyHKINT Z =

f(x,y) y Burismi citku abo MOBEpXHi:
plot3d(x, vy, z)

Hanpuknan:
x = -2:0.2:2;
y = =2:0.2:2;
[X, Y] = ndgrid(x, V)
Z = sin(X) .* cos(Y);
plot3d(x, vy, Z);

PesynsTaT nus. puc. 10.5:

Pucynok 10.5 — PesynbpTat pobotu pynkuii plot3d ()
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€ me ¢pynkmii gusg 3D rpadikm, Taki sk: surf (x, y, 2z) — IJaJKa 3aIHBKa
NMOBepXHi, mesh (x, y, z) —KapkacHa MOJE/b 0€3 3aJIMBKH.
X = =2:0.2:2;
y = =2:0.2:2;
[X, Y] = ndgrid(x, V)
Z = sin(X) .* cos(Y);
surf(x, vy, 2);
PesynbraT nus. puc. 10.6:

X = =2:0.2:2;

y = =2:0.2:2;

[X, Y] = ndgrid(x, V)
Z = sin (X) * cos(Y);

mesh (x, vy, Z);
PesynbTaT nus. puc. 10.7:

o
I OSSN,
RO S
S RS SOSK T
RSN
N 17
" 7

Pucynox 10.7 — Pe3ynbrar podotu QpyHkiii mesh ()

V¥V Scilab ricrorpamu Ta Kpyrosi jaiarpamMud MokHa OyayBaTth BOYJOBaHUMH
KOMaHJIaMH, 1 11€ pOOUTHCS TOCUTH MIPOCTO.

1. Ticrorpama. BukopuctoByeThcsi koMaHaa histplot abo hist3d (mis
3D). Hanpuxnan:
// DaHi
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data = grand (1, 100, "uin"™, 0, 10); // 100 BMIAIKOBUX UMCEJ
Big O mo 10

// ToBymoBa ricTorpammu

histplot (10, data); // 10 cToBmumMkKis

xlabel ("3Hauenuua") ;

ylabel ("UacToTa") ;

title ("T'icTorpama BUNAOKOBUX umcen") ;
PesynbraT nus. puc. 10.8:

[icTorpama BMNaakoBNX YACEN
022 -

024

018 o

016 o

014 +

0.1z 4

Yacrora

008 4

006 4

0.4

o0z 4

3HaueHHA

Pucynok 10.8 — I'ictorpama BUNIaAKOBUX YKCET

2. Kpyrosa niarpama. Scilab mae dyHkiio pie () :
// IaHi
values = [40, 25, 15, 20];
labels — ["A", "B", "C", "D"] ;

// Tobymoea KpyroBol miarpamm, values — UMCIIOB1 SHAUYEHHSA
cexTopir, labels - nianmMcu CeKTOP1B.
pie(values, labels);
title ("Kpyrora miarpama');
Pesynbrat aus. puc. 10.9:

Kpyroea piarpama

B

Pucynok 10.9 — Kpyrosa niarpama y Scilab
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OTtxe, Scilab Mae mUpoKi MOKIMBOCTI JJ1 MOOYT0BU TpaiKiB — BiJl MTPOCTUX
2D-kpuBux 1 OaraTocepiiHHUX giarpaM 10 CKiIagHux 3D-TOBEpXOHH Ta KOHTYPHHUX
kapT. Cucrema MiATPUMYE TiCTOTpamH, KPyroBi JdiarpaMu, a TaKOX aHIMalilo Ta
IHTEpaKTUBHE MacluTaOyBaHHS. s Biyamizaiii AOCTYyIHI YHMCIEHHI NapaMeTpu
HaJAIITyBaHHA KOJIbOPIB, MapKepiB, MIANUCIB Ta CTWIIB JiHIA, L0 J03BOJIAE
CTBOPIOBaTH SK HayKoBl rpadikd, Tak 1 HAOYHI UIIOCTpallii JJis HaBYaHHS Ta
MIpEe3CHTAITIH.

3aBaaHHs 10 J1a00PATOPHOI podOTH
1. ITobyayBaTtu rpadiku (QyHKIIH, BUKOPUCTOBYIOUM OCHOBHI ONIli (hyHKIIIHI
plot () iplot2d ( ) Yy JeKapToBiit CI/ICTeMi Koopz[HHaT'

1) a)y—(2 e b)y—smx+ Lsin2x + - 51n3x

2)a)y=3xB3-x)2—-x; by= (x+1).

x—1
20x2 In? x

D ay=g 55 Dy="
4) a)y = 8x2(x* — 1)3b)y ==

5) a)y = 2, b) y = arccos 132

0y =L = by =

7))y = # by =201

8) a)y=— b)y=(@?-2e .

9) a)y =%; b)y = ln|1+x +

10) a)y= x2+ix_3 — ealc; b))y = E + 2 arctg x.

2. IloGynyBatu rpadiku QyHKUINA, 33aJaHUX Yy M[apaMeTPUYHI cucTemi
KOOpAMHAT:

1) x =§cos3t,y =zsin3t,t € [0; 2m].

) x=t3-2,y=t—2,t €[0;10].

3) x = 5(cost+ln(tg§)),y= 5sint,t € [0; 2m].
4) x = 2(t —sint),y = 2(1 — cost),t € [0; 2m].
5) x = t—Sth y = 2cht,t € [0;15].

6) x = (t? —2)sint+2tcost,y= (t? —2)cost — 2tsint,t € [0; ).
7) x =3(sht —t),y =3(cht —1),t € [0;21].

8) x =cos3t,y =sin3t,t € [O;%].
9) x = 2t3(1 —t?),y = tJ7,t € [0;12].
10) x=2t2,y=tG—t2),tE[0;20].

3. [lobynyBaTu rpadiku GyHKIIHN, 3a1aHUX Y MOJSPHIN cUCTEM1 KOOpAUHAT:
1) p = 5sin? 2¢.
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2) p = 7 cos? .
3) p = 2(1 + sin? ).

4) p = 4sin2¢.
5) p =9cos50p.
6) p =4(1 + cos ).
7) p = 3cos3p.
8) p = 8cos4p.
9) p = 7sin5¢.

10) p = 2sin4e.

4. IToO6ynyBaTi MOBEPXHIi, BAKOPUCTOBYIOUM OCHOBHI oMl PyHKIIi plot 3d ()
y I€KapTOBIA CUCTEM1 KOOPAUHAT:

1) z = x?sin(2x + 2y).

2) z =sinx + cosy + e~ @+,

3) z = e~ @),

4) z = e " -sinx.

5) z = e’ * COS Y.

6) z =sinx - cosy.

7) 7 = e(sinx+cosy).

8) z = e 010 +¥M gin  [x2 + y2.

9) z=e"* -cos(x? + y?).

10) 7 = eCosxsiny.

5. Tlix vac omwuryBanHs 50 y4HIB MIKOJM 3 SACyBaju, SKi (PYyKTH BOHH
HaANOUIBIIIE JIFOOIIATE: 10;TyKO — 14; 6anan — 10; anenscuH — §; rpyma — 12; BuUHOTpa —
6. [ToOyxyiite ricTorpamy, o Bi1oOpa)kae KUIbKICTh YUYHIB, SIKl BIJJIAIOTh IIEpeBary
koxHOMY GpykTy. [loOymyiTe KpyroBy miarpamy, 100 IOKa3aTH BiJICOTKOBHIA
PO3MO/IUT CUMITATIH 10 PPYKTIB.

ITuTaHHA 1 CAMOKOHTPOJIIO

1. Oxapakrepusyiite MoxIuBOCTI Bizyanizariidynkimiit y CKA Scilab.

2. Po3kaxiTe mmpo crmocobu nmodynoBu aBoMipHuX TpadikiB ¢yHkiin y CKA
Scilab.

3. Yu € okpema QyHKUisA A1 moOyaoBu rpadika QyHKUII y mapaMeTpUydHIMi
cuctemi koopauHat y CKA Scilab?

4. Yu e moxnuBicth y CKA Scilab OyayBatu QyHkii, ikl 3a7aH1 HESIBHO?

. TlosicHITh 0cOOMMBOCTI MOOYJOBHU TricTorpam Ta Kpyrobux giarpam y CKA
Scilab.

)}
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