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A.MMOMOB.
MAPLE JA MATEMATUK MACAJIAJIAPHU EUMIII

YCJIYBUH KYJIVIAHMA
HAMAHT AH, HAMJY, 2011, 84-6eT

Ymly ycnybuii KynnaHMa MaTeMaTHK MacajaiapHu Maple marematwk JnacTypw-
cucreMacu €praMmia equinra OarunuIaHraH Ba ojui YKyB ropTiapuHuHr 5480100-«Amanuit
mareMaTHka Ba wuHpopmaruka», 5460100 «Maremaruka», 5521900 «Mudopmarnka Ba
axbopotnap TexHojiorusicn», 5140900 «KacO Tabmumu» WyHamunuiapy xamaa S5SA480103
«AManuii  MaTeMatuka Ba  ax0opoTiap  TEXHOJOTHSICH»  MYTaXacCHCIUKIAPH  YUyH
MYyIDKa/UTaHTaH. Xo3upru mnadtnma Maple mactypu Epmamuaa  dieMeHTap Ba  OJUU
MaTeMaTHKaHUHT JesApiu Oapya MacallalapuHM €YMII MYMKHH. YciyOuil KyjutaHmanaH
aHaTUTUK Ba auddepeHuan reoMeTpusi, MaTeMaTUK aHainu3, anredpa, auddepeHmman
TEHTJIaMaap, XHCOONall ycyliapu, KOMIbIOTep Tpadukacu kabu ¢danmapga amanuii Ba
naboparopus  Japciapujua  XucoOiamra — JoMp — MacajlajJapHd  €UMILNJA,  KOMIIBIOTEp
TEXHOJIOTUSUIAPH ACOCHIa MHTEPAKTHB JApCiiap TAIIKIII 3TAIA (O aaTaHUIT MyMKHUH.

TakpuzunJap:

HUoparumos P.,
Ham/lY Matematuka xadenpacu npodeccopu,

Xomxuodoen B.,
HamMIIN Onwuii MaTemaTrka kadeapacu Myaup, mpodeccop

Vkys kymnanma HamJTY Amanuit maTematuka Ba AT kapeapacunnnr 26.08.20011 jarnu
MaKJIMCcHIa KYpuO YMKWIrad Ba (oiflananuinra TaBcus sTuirad, np.Nel.

Vkys kymranma HamJ[Y yKyB du3HMKa-MaTeMaTHKa (DAaKyJIbTCTHHHUHI  HIIMHIL
keHramuHuHar 28.08.2011  garm Maxuucuia KypuO 4YHKWIraH Ba (oiganaHuIIra TaBCHUS
sTriITaH, mp.Nel.

Vkys kymnanva Ham/[Y YKyB ycay6mii KeHTaIIHHHT Jlaru MaxJIncuzaa
KYpuO YMKWIraH Ba QoijaiaHuIIra TaBcus 3Tuirat, np.Nel.



Kupuwm. Maple-crynedTniapsap JacTypuil TH3UM.

Maple-0y kommbproTepaa aHAIMTHK Ba COHJIM XucoOmamniapHu Oaxkapysun, 2000 man
KYIPOK KOMaHJAJApHU VY3 uWYMra ojJraH Ba anreOpa, TreoMeTpusi, MaTeMaTHK aHalu3,
muddepeHIran TeHriiaManap, IMCKpeT MareMaTuka, (pu3rKa, CTaTUCTUKA, MaTeMaTHK (QU3MKa
MacaJlaJJapuHU JTacTyp Ty3MaclaH €4Yulll MMKOHMATHHU OepyBUM MaTeMaTHK THU3UM (CUCTEMA)-
naketaup. AuTuin MymkuHkd, Maple Oy rokopuaa caHa® YTuiraH coxaiapAurd MaTEeMaTHK
MacajiaJjapHyd €40 OepyBYM KaTTa KaubKynasTopaup. Maple takomwmiamub O00pMOKIa, X03UP
yHuHT Maple 9.5, Maple 11-Bepcusiapu KeHT TapKaJraH.

Maple-cumBoiin  Ba connu  xucoOnmanuiapHu Te3 Ba dddexktuB Oakapuin ydyH
MYIDKaJJIaHTaH Xamja »dJeKTPOH XYXoKariaapHu Taiépnam Ba TpaduK BU3yaJUTAIITHUPHIL,
MHTEPAKTHB BOCHUTAJIapHra 3ra OYiaraH KOMIBIOTEp MAaTEeMAaTUKACUHUHI €TaKYM TH3UMJIApUIaH
oupuaup. Maple tu3umumgan xaxonmard 300maH OPTHK SHT KaTTa yHHBEPCHTETNIapAa YKYB
KapaéHuga doitmananmiMokIa Ba Mypakkad (u3MK kapaCHIapHHU, THU3UMIIAPHH Ba
KypuJiMalapHU MoJie/Ulallia KeHI KYJUIaHUIMOKAa. XO03Upru KyHaa ¢dakat xucoOra OJHMHIaH,
ymoy Tu3uMIaH (oiiataHyBUMIAPHUHT COHU 1 MITH 1aH OPTHK.

Maple sapocunman Mathematika, MATLAB, Mathcad Ba Oomka TU3UMIAp CHMBOJLIN
XHCcOoOMapHu aManra omupumaa ¢oigananmokaanap. Maple tnsumunn Kanaganuar Waterloo
Maple Inc pupmacu sipatran Ba y y30K AaBOM 3TTaH PUBOXKIAHUII Ba CHHOBJAAH YTUII JaBPUHU
Oocub yrran. Anbarra, Maple Tu3uMu Xamu Kyda KyapaTid dMac, y alpuM coxaiapia
Oomkaiap Kabu OKCaMOK/1a.

V3uHuHr kMMl MaTeMaTHK XucoOnapra HyHanTHpMIraHIMrMra Kapamaciaad Maple
TU3UMH CTYACHTIAp, YKUTYBUMAp, acMHUpaHTIap, WIMUN XOJMMJAp Ba IIYHUHTAEK MakTal
VKyBUMIJIapH YUYH XaM 3apypaup. Maple TH3UMH MaTeMaTHKaHH YPraHUIa HTHTEPAKTHB BOCHTA
Oynu® Xu3MaT KWIMIIM MYyMKAH. Maple THU3UMUHHHT HMHTEPAaKTUB HUMKOHHUSTIAPH
Tools>Assistants, Tools>Tutors Mmentocuna sxoitamrad. Yuunr Calculus>Single-Variable,
Calculus>Multi-Variable, Calculus>Linear Algebra Oymumiapu Oopku, yiaap Epaamuma Oup
y3rapyBumiIu, Kyn y3rapyBuwin (yHKOusuiap, auddepeHnuan TeHriama, YH3UKIH anredpara
OMJl KYNrMHA MacalajlapHu MHTEPAaKTUB ycynja Tanabanapra ypratuin MyMKuH. JKymmaaaH,
XOCWJIaHU TEOMETPUK MabHOCH EpAaMuja TYIIYHTHPHII MYMKUH: (QYHKIHS, HyKTa OepHIIaa,
KOMIIBIOTEp KECYBUH YTKA3a[qM, YHHHT JIMMUT XOJaTH ypuHMa Oynaau. Exu, aHMK MHTerpannu
UHTETpal HUFUHAWMHUHT JTUMHATH cuaTHIa aHuKIamaa QyHKIUSHE TaHIall, HyKTajdap COHM Ba
yIapHU TYypiu XWJ YCyJUIApUHU TaHIam, omMmabon TakpuOuil ycymnapaad ¢oiiaanaHuil
UMKOHHUATIApH MaBxyd. Komanna Oepuirad HHTErpail MHFUHIMHIHT KAIIMAaTH Ba HHTETPATHUHT
aHUK Kaiimatu kenu0® umkanu. Kommbrotepcns Oy umiHU (akaT yu3uKiIu (YHKIUSIIAp yYyH
Oaxapum MyMkuH xonoc. Kanuanuk doiimanu Ba Kynaii umkonust. [llyaunr yuyn, Maple-
CTyJeHTIIapBap AaCTypPHil TH3UM.

DOUKPUMHM3HUHT TACAUFH CH(PATHAA HKKHUTA MHCOJI KYPCAaTUMM3:
1) AHMK uHTerpaJHu PuMaH HMFUHIMCHHHUHT JUMHUTH CH(ATHAA AHUKIALI
>Calculus>Single-Variable>Approximate Integration; (MeHt0 opkaiu KoMaHaa Oepuiir)
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Maple Command

Actual Integral =

Animate |

Colar |

Compare | Cloze |

|Appr0ximatelnt[sin[:-:], 0..Pi, 'partition' = 10, 'method' = =impson, 'output' =

'plot');

2) Maple 1a Teckapu MAaTPUIIAHH YTANMA ITAI TOMUII:

> MatrixInverse( C );
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I.Maple na 3j1eMeHTap MaTeMAaTHKA MacaJaJapUHU €Y LI
§1.1.Maple oliHaCHHUHT Ty3WJIMILIH.

Maple xoMmproTepra ypHaTHITaHJaH CYHT, YHA CTaHAAPT 2 iy OMIaH MINTa TYIIUPHII
mymkuH: 1) Windows OT uuHr 6011 MmeHtocu opkanu €ku 2) Wi cronuaa sspaTiiirad €piimk
opkanu. buz Maple 9.5 Bepcust Ounan unutaimMus.

Maple oitnacu Windows OT HUHT cTaHmapT oliHacura yxmari 0Yiu0, OfHaHUHT HOMH CaTpH,
MEHIO CaTpH, KypoJuiap MaHeIH, UM MaiI0H, X0JIaT caTpH, TUHEIKa Ba Yrupuil TudTiapuaaH
ndopar:

AcocHil MEHIO ITyHKTJIapHu:

File(®aiin)- daitnnap Ounan nouiaianrad cTaHaapT KOMaHaanap, MacaiaH, (hailJiHyA cakJiall,
OYUII, STHTUCHHU SPATHIL Ba X0Ka30, TYIUIaMU1aH HOOpaT.

Edit(ITpaBka)- daiyurapau TaxpupI0oBYH CTaHIAPT KOMaHaIap, MacalaH, HycXaJlall,
@XpaTuirad MaTH KUCMHUHU Oydepra oiuil, KOMaHAaH!u OeKOp KUJIMII Ba XOKa30, TYTIaMHIaH
nobopar.

View (Bun)- ofiHaHU KYPUHUILIUHA Y3rapTHPYBYM CTAHIAPT KOMaHIAIap TYIUIaMHUIaH noopar.
Insert (BctaBka)- oiiHara MaTHJIM, KOMaHAalIu MailoHIap, rpa@UKIapHu KYHHII yIyH
MYJDKaJIaHTaH KOMaHajIap TyIuiaMuaan noopar.

Format (@opmar)- Xys;oKkaTHi Oe3alll yudyH HILIATHIaJuraH KOMaHaanap TYIuiaMiIas noopar.
Options (ITapameTpsl)- MabIyMOTHH PKOAHTa KUPUTHII Ba YUKAPUII OWIaH OOFIMK KOMaHIaIap
TymiaMugad uoopar.

Windows (OkHO)- 6up U9y OWHAAaH UKKWHYM UITYH OMHAra YTHUI Y9yH MYJKaJUIaHTaH
KOMaHanap TymiaMuaad uoopar.

Help (CnpaBka)- Maple xakuaa 6aTadcrir MabJIyMOTIApHHU Y3 UUUTA OJIA]IH.

Maple na unutam mynokat (ceccusi) Tap3uga onud 6opunaau: ¢oiigananysuu Maple ra
9KpaHJa KOMaHAa Ouian Mypoxaart Kuiaau, Maple ynu Kaiita unna0 skpaHia KOMaH a1aH
KEeWHHTH caTpra xaBo0d KaiiTapaau (Kyiuaaru pacmra kapaur). lllyHra acoacH, Ulrau Maiion
HIAPTIU PaBUINIA Y4 KUCMTa OYIMHAIN:

1)Kupuruim (koMania) MaidqoHH-KoMaHaaaapaan noopar. Komangamap
>command(pl,p2,...); (€ku ;) KYpUHUIITA dTa, KU3WI PAHTIIU, Yanra TEKUCIaHTaH;

2)Yukapuin (;kaBoO ) MaiinoHu- Maple HUHT KUPUTHIITaH KOMaHara >kaBoouian uoopar
0ynun0, ananuTuk ndoaa, COHIM KUUMaT, TyIuiaM, rpaduk 0OBbEKT, XaTOJIMK XaKuJaaru xadapaax
ubopat OYIuI MyMKHH Ba KK panr/jia. JKaBoO KOMaHaaH KeMUHTU caTpra YuKapuiaim,
MapKasra TeKHCIaHTaH OyIaau;

3)MaTH (KOMeHTapusi) MalAOHU- oiilaTaHyBYl TOMOHUIAH KUPUTUIIAJUTAH UXTUEPUIA
MaTHJaH n0opaT Ba y MabJIyMOTHH KaiTa MIIIAIITa TAbCUP dTMANIM, BA YHUHT MOXUSTHHH
TYIIYHTUPUII YU9yH HIUIATUIAAH, Ba KOPA PaHTIIH.

MartH Ba KOMaHJa MaiiJloHUra yTui Kyposutap naHenunaru (€xu Insert (BcraBka) meHrocuaaru
ylapra Moc KOMaHjanap OpKaiu )
TyrMajapHu OOCHUII OpKaJld Oa’kapuiiau. T

[>
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Tonmmpuk 1.1.
1. Maple Hu umra TyIIMpUHT.
2. Maple nmra TymrasaaH CYHT OMpUHYM caTp KOMaHa catpu Oyinanu. YHU MaTH
Maiiionura aitnanTupuHr. by carpaa “Amanuit um Nel” 1e6 MaB3y HOMUHHM KUPUTHHT.
Enter Tyrmacunu 6ocu0 siuru carpra yTuHr Ba “baxxapau HamlY ®M dakynsreru 305
rypyx tanabacu cryneHt OnumoB 3adap” ne6 €3unr. Enter Tyrmacunu 6ocub sHTH
caTpra yTUHT
3. “Kabyn kunau nor. A.MMmomoB” ne6 é3unr Ba Enter
TyrMacuHU 00CHO SHTH caTpra YTHHT.
4. Xocun Oynran ¢aitnnu 1uck, ¢uemkana cakiaanr. bynunr yuyn File>Save as
koMaHacuau 0epu6 daitnra : amunmus AT 1 1ed Hom 6epub caknad kyituar. Enter
TyrMacuHu 00CHO SHTH caTpra YTHHT.
5. Keitunru carpaa “Amanuii tonumpuk AT 1 ¢aiinu @ammiusa AT 17 Hom 6unan
cakyiaHras ae6 €3uHr. (Yitnad kypuHr 0y HUMara Kepak).
6. Keiinaru carpnapaa Oy TONMIIMPUKIAH CYHT KOMaHAaIap Ba YIAPHUHT HATHKaJIapy

Eé3MIIaau.



§1.2.Maple consap Ba apupmeTnk amannap

Acocuii MaTeMaTHK y3rapmacjap Ba apudpmMeTuxk amasiap.

Acocuit MaTeMaTuK y3rapmaciap Kyiugarmiapaup: Pi- 0y m conn, [-MaBxym OHpIIHK i,
infinity-oo, Gamma —Jiinep y3rapmacu, false-€nroH, true-poct. Apudmeruk amamiap
oenrunapu: +-KYIuil, -adiupuil, *-xkynantupwi, /-0yaur, -napaxara Kytapuil, !-hakropual.
Conumtupuii 6eﬂrHJ1apH: <,>>=,<=,<> = ( KHYHUK, KaTTa, KaTTa Ba TEHT, KNYMK Ba TCHT, TCHT

sMac, TEHT).

Mmacaljiad, 1602 *10 *°

ByTyH, paunoHaJ Ba KOMILIEKC COHJIap.

Maple na connap Tabuunii paBuIna MaTeMaTukaaaru kabu OyTyH (integer), pamuoHan,
xakukui (real) Ba kommuieke (complex) Oynumm MyMKUH. YJIapHUHT MabHOIApU Oup Xuj, Gakart
€3UINII KOoMJaJIlapura aHUK UTOAT KWJIHII Kepak. Parrionan conmap y4 Xui KYypuHHIIIA
TacBUpJaHaau: 1)oaauii Kacp KYpUHHINKIATH pallioHal COH, MacaiaH: 28/70; 2)yHuu Kacp
kypurnmugaru (float) panuonan con: 2.3457; 3)napaxa KYypUIIMIIUAATH PAMOHA COH,

coH 1.602*107(-19) xypunHuIIa E3MITATN.

Paryonan coHHu TakpuOuil YHIM Kacp KYpUHUILA OJUII y4yH OUpop OyTyH COHHU
VHJIM HyKTa OWJIaH HOJIb COHMHU KYIINO €3UI1I Kepak.

Hlapmau kenuwys: Maple 0a scasob ,10Kopuoda KypeaHumuzoex, KOMAHOAO0aH KeuuHau
campoa kypcamunaou. Komnaxkm é3uw yuyn scasoonu 6uz komanoa énuda \\ beneuoan Ketiun
Kypcamamu3s, macanawn, >a+b; \\a+b .

Komanna catpu >1.2+3.4,

2KaBob catpu 3.6

Komanna catpu >Sin(Pi/6);

’KaBob catpu s

Kenumysra acocan | >sin(Pi/6.0); \\ 0.500000000

Maple na rpek andasutuaad xam (oiinananun MyMKUH. ByHUHT yuyH caTpaa rpek
xap(pUHUHT HOMU €3usaau, KaTTa XapQuapHu €3UI yUyH IpeK XapUHUHT HoMHAa 6o Xapd
karTa Kuianb é3unau kepak.MacanaH,

a -alpha p -beta ¥ -gamma s -delta
g-epsilon (-zeta n-eta 0-teta
1-ita K-kappa K-Kappa A-lambda
p-mu v-nu E-Xi 0-omikron
T-pi p-rho >-Sigma o-sigma
T-tau v-uosilon @-phi x-chi
y-psi ®-0mega I'-Gamma Q-Omega

I'pex xapdaapunu €3u1 y4yH 3KpaH/ia MaXxCyC MEHIO MaBXy/.




Tonmmpuk Nel.2.

Tect eynra Mucosuiap KeITUPaMHU3.

1. Hisoblang /23 — 8+/7 + /23 + 8+/7 (m: 96-6-28) .XK-p: A)7 B)6 C)8 D)9
> a:=sqrt(23-8*sqrt (7)) +sqrt(23+8*sqrt (7)) ;\\a=8

2. Hisoblang (v3 + 242 + V3 - 242 + v/2) 7 4+/2 (M:V-07) JK-p: A)0.5 B)%C)O.B D)g

>b:=(sqrt (3+2*sqrt(2) ) +sqrt (3-
2*sqrt (2))+sqrt(2))/ (4*sqrt(2));\\0.75

§1.3. KomanjgajapHUHI KYPUHUIIU BA YJIApPHHU 0aKapTUPHII YCYJLJIAPH.

Maplena komangamap HOMJIM Ba HoMcH3 O0ynaau. Homin komana Kyiuaaruda 0yinauu:
>command(pl,p2,...); €km  >command(pl,p2,...): , TbHU KOMaH/Ja HOMJIaH Ba KaBcjap
u4Kia TapaMeTpiapiad uoopar Ba UKKU HyKTa €KU HyKTa Beprysib OujiaH TyrajuiaHau.
Komanna apupmeruk ndoma 6yacarnHa yHUHT Maxcyc HOMH OyiManu. Arap KOMaH7a HyKTa
Bepryib (;) OWiaH TyrajaiaHca YHUHT HaTHXKACH SKpaHTa YUKApUIaau, KKK HYKTa () Ounan
TyraJulaHca KOMaHAa OakapuiiaIy HaTHKACH IKPaHTa YHKapHIMaiIu.

Komanganap ukku xui ycyn ounan 6axapTUPUIUIITNT MYMKHH:

1-ycyn-myepu ycyn. Komanoa mepunaou, éxu . éunaou éa Enter 6ocunaou.

2-yeyn-cmapm ycyn. Mgpooa mepunaou ea ; kyuuiud Enter 6ocunaou, scasod ycmuoa
CUYKOHYA YHe myamacu 60cuaud ughooa KOoHmekcm MeHICUOar Kepakiu KOMAH0d MauiaHaou.
(Kanmaii axoin6 uMKOHHSAT!).

[Tponient % cUMBOIM OJIMHTHA KOMaH/a HATH)KaCUHU YaKUPHII YIYH MIUIATHIIAAA Ba
KOMaHAanap E3UIIHU KUCKaPTUPUII YUyH HIIJIATHIAIN, MacallaH,
>1+2: >%+3; \\ 6

V3rapysunra kuitMaT GEpHIl yuyH := HIIIATHIAIH.

Maple wmra Tymrad ornepatuB XOTHpaaa YHHHT OMpopTa XaM KOMaHAacu Oyimaiinu,
ylap WIall JaBOMHJIA OTepaTHUB XOoTupara yakupuiaauiap. Komanganap onepatuB xotupara
yakupuinmura kapad yu typra OynunHagu. 1) Maple wumra Tymrad aBToMaTvK paBUIIA UINTa
Tymmpuinagurannap, 2) readlib(command) komannacu opkaiau yakupuiIagurasiap, 3) maxcyc
nakernap (package) maH wakupwiyBuM Komanpamap. Package maketra Tterumuin Oapua
KoMaHaanapuu yakupum >with(package) komanmacu €pmaMuaa, makeTra TETHIUTH OUpOp
command naHu yakupuii 3ca  >package[command](options) komaHmacu €paamuaa aMmaira
omupuianay, Oy epaa Ba OyHIaH KeWHUH options cy3u KOMaHIaHUHT MapaMeTIapyuHu OUIAUPAIH.
[Takernapra wmucon cudaruga linalg-unm3ukim anrebpa MacajnalapuHu €4MIl, geometri-
IUIAaHUMETPHUsT MacalajapuHu edunl, geom3d-cTepeoMeTpus MacajaiapuHu euuil, student-
CTYJEHTJIapra MacajlajapHU MHTEPAKTHB (MYJIOKAT) Tap3uJa aHAJIWTUK KYpUHHILIA Kaaam Oa
KaJaM OpaJUK HATIKATAPHU HAMOWHWII KWITaH XOJJa €YUIl HMKOHHUSTIAPUHH OepyBUH
MaKeTJIAPHU KENTHPUII MyMKHH.



Cranpapt pyHKuusiap.

Maple na crangapt QyHKUMSITADHUHT alpUMIIApUHH PYHXATUHHA KEATHPaAMU3:

N dbynkums | Maple na N byHKIUS Maple na

1 . exp(x) 12 COSecx cosec(x)

2 Inx In(x) 13 arcsinx arcsin(x)

3 Igx 1g10(x) 14 arccosx arcos(x)

4 log , X log[a](x) 15 arctgx arctg(x)

5 Jx sgrt(x) 16 arcctgx arcctg(x)

6 |X| abs(x) 17 shx sh(x)

7 sinx sin(x) 18 chx ch(x)

8 COSX cos(x) 19 thx th(x)

9 tgx tg(x) 20 cthx cth(x)

10 | ctgx ctg(x) 21 5 (x) -Jlupax GpyHKIHACH Dirac(x)

11 | secx sec(X) 22 6 (x) -XeBucan GyHKIUACH Heaviside(x)
Maple ra kyma karra MHUKIOpAAa Maxcyc (GyHKmusuiap XaMm KupuTwirad. Yaap beccens,
DlinepHUHr 0eta-, raMmma-QyHKIHIApH, XaTOJNUKIAP UHTETrpalid, SJUIMITUK HHTErpajuiap, Xxap
XU OPTOTOHAI KYymXamiap Ba XoKazo. OJiep conum e=2.718281828.... exp(Xx) opkaiu

Kyiinaaruda xucodmanaau: exp(l).

Tonmmmupuk Nel.3.

1. MaTnnu pexxumaa Amanuii Tonmupuk Ne2 ne0 €3uHr.
2. a = cos( 12—7[(Iog ,0.25 +log . 2)) HU xucoOmanr.\\(t.10-2-58;x:0;1;-1,0.5;-0.5)
8

Komanmanu 1-ty¥pu ycyn Ounan OaxapaMus:
> a:=cos(12*Pi* (log[2] (0.25)+1log[0.25] (2))/5) ;\\a==1.

V4 3z 5z i
3.sin “ (=) + cos * (=) + sin “(—) + cos ‘ (—) moaaHK XUCOOTAHT.
8 8 8 8
Komanganu cmapT ycyin (YHrar# xaaBain KOHTEKCT MEHIO )OMIaH Oakapammus:

>b:=(sin(Pi/8) ) *2+ (cos (3*Pi/8)) "2+ (sin (5*Pi/8) ) *2+ (cos (7*Pi/8) )"
2;

Approximate ]
Complex Maps ]
2 Canversions ]
el o ® o} @3 0 el 0 .
b= SNe =P, +CSe —=p. +SNe —p. +CSe —p_ Integer Functions k
8 28 X8 X 8
e o e o e ] e o] Plats »
> R3 := evalf[5]( sin(1/8*Pi)*2+cos(3/8*Pi)*2

+sin (3/8*Pi) *2+cos (1/8*Pi)*2 ) ; \\R3:=2.0000

Komangauu TY¥pu ycyn OuiiaH TEKIIUPUO KYpaMus:

> simplify (b); \\2
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§1.4. MaTtemaTuk ndoaajapHu IAKJIMHUA aaMamTupuil. Tectiaap eynm.

A¥ipuM KyT ydpaiiiurad KOMaHianap Ba yjapra JIoup MUcoJiiap KeITUPaMu3.

Komangnma

ManHocu

HapaMeTpJ'IaHI/IHF MabHOCHU

1 | expand(eq)

Kascnapau oun0 &inin

eq-ucdona

2 | factor(eq)

Kynxannu kynaityBuriiapra
AXKPATHIILL

3 | normal(eq)

Kacpau Hopman kypunuiira
KEJITUPHUIIT

4 | collect(eq, var)

Vxmarm XaTIapHu

var-ysrapyBuu

udoaanapHu JapaxaiapruHu
nacauTUpUIIL

uXgamJiani

5 | simplify(eq {,option}) | Udonanapuu option-mapameTp
COJLTANIAII THPHIIT

6 | combine(eq, param) HapaxxanapHu param=trig,
OMpIAIITUPUII EKH param=power,
TPUTOHOMETPHK

7 | radnormal(eq)

Nnmu3, napaxanu
udoganapuu
CO QI TUPUIIT

8 | convert(eq,param)

Wdona param turum
udoara anManITHPUIAIA

param- Tum napameTp
param=sincos, param=tan,
param=vector, param=string,
param=termin

9 | subs(g(x)=t, f)

f(X) ma g(x)=t nco
Y3rapyBUYMHM aIMAIITHPHIIT

1. KaBcnapau oumn6 €iimii.

Tonmumpuk 1.4.

>eq:=(X+1)*(X-1)*(x"2-x+1)*( x 2+x+1); \\eq := a"b+an4-2*a"3-2*a2+a+1 >expand(eq);

\\x"6-1

2. Kynxanuu kynainTyBumnapra axparum (99-10-7)
>p:=a*5+a*4-2*a*3-2*a*2+a+l; \\

>p:=factor (a*5+a*4-2*a*3-2*a*2+a+1) ;\\ p:=(a-1)" (a+1)°
3. Kacpuu HOpMa kypuHuiira kenrupu (96-3-74)

> q:=(x"3+2*x"2+x) / (x+1) *2;

> normal (%) ;

\\ x

4. Udbonmanapuu coaaialmITHPHUILT
> simplify((a*~3-b”*3)/(a*2+a*b+b”*2)) ;

normal (y/x+1/x"2) ;

VVYV VYV

expand ( (a+b) * (a*2-a*b+b"2)) ;

collect (x*2+43*x"2+4*x+4*x+y,x) ;
simplify (2*a/sqrt(a*2) ,assume (a<0)) ;
combine ( (x*(1/2))*x~(3/2)) ;

\\gi=(xP+2x% + x)/(x +1)°

\\a-b
\\a’+b°®
A\ (yx +1)7x?
\\4x® +8x+y
\\-2
\\ax®

5. Mppanunonan udonanapan panmoHaAIaITHPUO COAIANAITHPHIL
> f:=((sqrt(x)+1)/ (x*sqrt (x) +x+sqrt(x))) * (x*2-sqrt(x)) ;

11




o ey ot A
. X(312)+ X+'J;-

> g:=subs (sqrt(x)=a,x*2=a"4,x*(3/2)=a*3,x=a"2,f);

_ @+ @ t-an)

> R2 := simplify( (a+l)*(a*~4-a)/(a*3+a*2+a), 'assume=real' );

R2:=a~2-1

OnauHry y3rapyBunra Kautub x-1 »kaBoOHU oJlaMu3.

6. Tpuronomerpuk udogagapHu coaAATAITHPULI

> simplify (cos(x)*2+sin(x)*2); \\1

> expand (cos (x+y)) ; \ \ cos(x)cos(y)-sin(x)sin(y)

> expand (cos (2*x)) ; \\ 2cos “(x) -1

> expand (sin(2*x)) ; \\ 2sin(x)cos(x)

> combine (4*cos (x)*3) ; \\ cos(3x)+3cos(x)

> combine (8*sin (x)*4) ; \\ 3+cos(4x)-4cos(2x)

> expand(cos (5*x)) ; \\ 16 cos °(x) — 20 cos °(x) + 5 cos( X)
>combine(4*sin(x)"3,trig); \\-sin(3x)+3sin(x)

Unaus, napaxanu udopanapHu coaanaiTHPUILI
a:=sqgrt (3+sgrt (3)+ (10+6*sqgrt (3)) " (1/3)):
al:=radnormal (a) ;\\a1::1+\/§
>b:i=(m"2-(2+m™4) / (m*2-1))/ ((m"*2+2) / (m-1)) :
bl:=simplify(b);\\bl:=-1/(m+1).
> c:=(a”(3/2)-b"(3/2))/(a”~(1/2)-b"(1/2)) -
a”(3/2)+b"(3/2))/(a~(1/2)+b"(1/2));

—~ O Vv ©o Vv Vv N

LB @) @) (12)
c:= -
ARV AR AR
> cl:=simplify(c); \\cli= 2+/a~b
> a:=8*sqrt (2) :b:=4*sqrt(2) :
> cl:=simplify(c); \\cl:=16

10. > a:=(sqrt (192)-sqrt (108) +sqrt (243)/3) ;\\a =543 (99-6-36)

§1.5.Conaap ycruaa 6ab3u 6up amasiap.

Maple na connapjan sIH'H COHJIAp XOCHJI KHJIaJUraH aMmasiap MaBxy/l.

XaKUKUH COHJIAP yCTHAA KYHHAAaru aMmauiap MaBxKy/l:
frac(expr)- expr upogaHUHT Kacp KUICMHUHU XUCOOJIAIII,
trunc(expr)- expr ndogaHuHT OYTYH KHCMUHH XHCOOJIAII,
round(expr)- expr udoaaHu SXITUTIALL.

Kommuiekce connap z=x+iy ycruaa Kydiuaara aMmajiap MaBxKy/1:

Re(z)- Z —coHMHUHT XaKUKHi KHCMHUHH XHCOOJIaIII,
Im(z)-z- coHMHUHAT MaBXyM KUCMUHU XHCOOIaIL,
conjugate(z)-z — COHMHUHT KyIIMacu Xuco0al,
polar(z)-z — COHMHUHT TPUTOHOMETPHK KYPUHUIITUHA XHUCOOIAIIT
evalc(Re(z)), evalc(Im(z)), -z — coHHUHT XaKHKHiT Ba MaBXyM KHCMHUHHU XUCOOJIAIIL

12
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Tonmmumpuk 1.5.

1. a=57/13 con Gepwiran. YHUHT OyTyH X Bay Kacp KUCMHUHH TOIHMHT. X+y=a
SKAHJIUTUHU TEKIINUPUO KYPHHT.

>a=57/13,; \57/13

>X:=trunc(a);

\\ 4
5
>y:=frac(a); \ —
13
57
>X+Y; \ —
13
2-3i .
2.7 = +1i° KOMIUIEKC COH OepuiraH. YHHUHT XaKUKUH , MAaBXYM Ba KOMILIEKC
1+ 4i

KS/I_HMaCI/I W HU TOIIMHI Ba w + z = 2 Re( Z) OKaHJIUMI'MHA TCKIIUPUHT.
>72:=(2-3*1)/(1+4*1)+1"6:

>Re(2); Im(2); w-2
17
g
17
>W:=conjugate(z); Wwe 21,
17 17
>Z+W; |
17
3.2=-1-i3 KOMIUIEKC COH OepuiiraH. Y HUHT MOJYJIM, apryMEHTUHU XUCOOJIaHT Ba
z'  HM TOIMHI.
>z:=-1-1*sqrt(3):
>readlib(polar):polar(z); \\ polar (2,- E;z)
3

>evalc(z"4);
§1.6.Maple n1a pyHKUMATAPHN AHUKJIALIL.
Oyuknusnap Maple na 4 xun ycynna 6epunanu:l) := xuilMat OepuIl onepaTopu

épnamuna;?) f:=(x1,x2,...) - >f(x1,x2,...) pyHkunonan onepatop paamMmuaa;
3)unapply(expr,x1,x2,...) komangacu €épaamuna; 4)piceewise(sl,fl,s2,12,...) komannacu

épnamua.

Mucoinap.1.

>f:=sin(x)+cos(x); \\ f:=sin(x)+cos(x)
SXI=m; |\ [

4
>f; \ V2
Maple ma 6apua xucobmanuiap CHMBOJULINA KYPUHUIIAA OO OOpHiaau, IhHU HATHKa1a
WIIA3IIAp, UPPAIlMOHATl KOHCTAHTAIAp e, 7 Ba XOKa30Jiap UINTHPOK ATaau. HaTmwkaHu YHIH
kypunuiiga onum yayn evalf(f, €) komangacu
unuaTuiaay, Oy epaa f-kuitmatu xucobnanaérran udoja, e-aHUKIHK.

t

Mucommap.2. f = xe
>Ti=x*exp(-t):
>evalf(f,0.0000000001); \\0.735788824

ndonanu x=2, t=1 garu KuiMaTu Kydugarnda xucooianau:

13
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Mucon 3. >f:=(X,y)->sin(x+y); \\f:=sin(x+

>f(n/2,0); \1
Mucon 3. >f:=unapply(x*2+y~2,X,y); W= (x y)y >x"+y?
>f(7,5); \74

Mucon 4. Maple na
[f,(x), x<a,

f,(x),a, <x<a,

f(x) =

kabu pyHKIMsIap KyHHu1ard KOMaH1a OpKaJld Oepritain:
>piecewise(x<al,fl,al<x<a2,f2,...,x>an,{2);
Macanas,
[0, x< 0
f(x):lx, 0<-xand x-1<0
{.sin( X), x>1

byHKIMS Kylingaruya 6epunaiu:
>f:=piecewise(x<0,0,0<=x and x<1,x, x>=1, sin(X);

Tonmmpukiaap 1.6.

1.f =1-x*-y® (QyHKUMSIHU aHUKJIAHT Ba KyTO KOOpAMHATAIAP CHCTEMACH
X=pC0s @,y=psin ¢ TaYTUHT. XOCWI OYran npoIaHu CONTAIAITHPUHT:

>f.=sqrt(1-x"2-y"2); W= y1-x -y

>f:=subs({x=rho*cos(phi),y=rho*sin(phi)},f); \ f = \/1— plcos(p)’ — p’sin( )’

>f:=simplify(%); Wf=y1-p°

[x, x < -1

2

| o
2. f(x)={-x", —1-x<0and x-1< 0(QYHKIUSIHN Ty3UO Ba YHTA X HH KYIIIIHT.

[— X, x>1
>f:= piecewise(x<-1, X, -1<x and x<1, -x"2, x>=1,-x);
>%+x: simplify(%);
Harwxka Kyitnnarnya 6ymumm kepak: f(x)+x .
3. p=x"+4x*+2x - 4 KYNXaJHU KYIaiTyBUNIIApTa QKPATHHT.
>factor(x"3+4*x"\2+2*x-4); \(x + 2)(x* +2x+ 2)

1+ sin 2Xx + cos 2x

4 Udponanu copianaliTUPUHT .
1+ sin 2x — cos 2x

>f:=(1+sin(2*x) +cos(2*x))/(1+sin(2*x)-c0s(2*X)):
>convert(f,tan);

1+sin 2x + cos 2x 1
>f=normal(%); \\ =
1+ sin 2x — cos 2x tan( x)

5.1 oganu coamanamTupyHr 3(sin * x + cos * x) — 2(sin ° x + cos ° x) .
>g:=3*(sin(x)"4+cos(x)"4)- 2*(sin(x)"6+cos(x)"6):
>g:=combine(g,trig); \\ 3sin( x)* + 3cos( x)* - 2sin( x)° + cos( x)° =1
sin 56 sin 124 — sin 34 cos 236
cos 28 cos 88 + cos 178 sin 208

6. Uponanu copnanamrupunr(97-3-54)
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> a:=(sin(56) *sin(124) -

sin(34) *cos (236) )/ (cos (28) *sin (88) +sin (178) *cos (242)) ;
_sin (56) sin (124 ) - sin (34) cos (236 )
B cos (28) sin (88) + sin (178 ) cos (242 )

> al:=evalf(a); \\al=-1.113543764

cos( @ + B)+ 2sin asin S

7. Uponanu copnanamtupunr(96-1-57)
sin(a + f)— 2sin o cos f

> b:=(cos (alphatbeta)+2*sin(alpha) *sin(beta) )/ (sin(alpha+beta) -
2*cos (beta) *sin (alpha)) ;

cos (a + b)+ 2sin (a) sin (b)

sin (a + b)-2cos(b) sin (a)

> combine (%) ; \\ctg(-a+4)
cos 18 cos 28 + cos 108 sin 208
sin 18 sin 78 + sin 108 sin 1688
sin a + cos S

\/Ecos( 7l4d—-a)

10.> b:=1/(3-sqrt(8))-2*sqrt(2)+6:simplify (b) ; \\9 (96-6-50)

8. Udponanu comnanamtupunr(967-10-54)

9. Udpomanu cogmanamrupunr(01-11-24)

1.7. TonmmpuxkJjap Ba caBoJiap

1. Xucobnanr: (-1+i)°.
2. XucoOmanr: e '? .
Vs

3. AHUK KHIMaTHHU XUCOOJIAHr: arctg 3 — arcsin —— .
5

4.®opmynanu E3MHT: o (k) = ak® + k.
5. p=x"-4x®+5x -2 KYyIXaJHH KYIaiTyBUUIapra aKpaTuHT.

6. Mdomanu coptanaITHPUHT: sin * 3x — sin * 2x — sin 5xsin x
> c:=(sin(3*x))*2-(sin(2*x) ) *2-sin(5*x) *sin(x) :simplify(c) ;\\O0
7. > e:=(3-sqrt(5))/(3+sqrt(5))+(3+sqrt(5))/(3-sqrt(5));
e:= S I\/; £ 3 I\/;
3+ «\/; 3- '\/;

> simplify (e) ; \\7 (96-7-24)

8. > a:=(sin(3*Pi/2-
2*alpha)+cos (Pi/2+alpha) *sin(alpha))/ (sin(3*Pi/2+alpha)) ;

-cos (2 a) - sin (a)2
a.= -

cos (a)

> simplify(a) ; \ \cos(alpha) (05-120-23)
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CasoJuiap
1. Maple numa Ba y HUMa MaKca/11a MIILUTATHIIAIH?
2. Maple oitHacuHUHT acocHii 3JIeMEHTIapHUHN OalH YTHHT.
3. Maple oiiHacHHUHT KUCMIIApPUHHM Ba YIAPHUHT Ba3u(atapuHu TYyIIYHTHPHHT.
4.Komanna catpuiaH MaTHJIM caTpra Ba TeCKapucura Kanjai ytuiaaau.?
5. Maple 6uan uutain ceancu KaHaai pexuma oaxapuiaam.?
6. Maple MeHIOCMHUHT acoCHUil ayHKTJIAPUHU aUTHHT.
7. Maple naru ¢daiinura Kanaai kKeHranTMma oepriaau.?
8. Maple na kanmaii acocuii MaTeMaTHK KOHCTaHTaJIap MaBKy/l.?
9. Maple na pannonan conap KaHaai KypuHHUIILIapaa TACBUPIaHAIN.?
10. Maple na pannoHan COHHHHT TaKpUOWI KMAMATH KaHIai XOCHJI KHJIHMHAIN.?
11. Maple ma komanmagap KaHmail CMMBOJLIAp OWJIaH TyrajulaHaan?
12.KucMm nporpammanap 6u0iaroTeKacuaaH KOMaHaanap KaHaail YJaKupuiiaam?
13.factor, expand, normal, simplify, combine, convert, radnormal xomanganapau MmabHOCH .?
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II. Maple na rpajpuxaap sicaui.

N Komannanap I'padpurn ynsmnaguran GyHKIUS

1 | plot(f(x),x=a..b, y=c..d, parametrs) f(x),x=a..b, y=c..d

2 | plot([y=y(t),x=x(t),t=a..b], parametrs) y=y(t),x=x(t),t=a..b

3 | implicitplot(F(x,y)=0, x=x1..x2, y=y1..y2) F(x,y)=0, x=x1..x2, y=y1..y2

4 | implicitplot(F(x,y)=0,G(x,y)=0, x=x1..X2, F(x,y)=0,G(x,y)=0, x=x1..x2,
y=yl..y2) y=yl..y2)

5 | inequals({fl1(x,y)>cl,...,fn(x,y)>cn}, x=x1...x2, fl(x,y)>cl,...,fn(x,y)>cn
y=y1..y2, options).

6 | plot3d(f(x,y), x=x1...x2, y=yl...y2, options) f(x,y), x=x1...x2, y=yl...y2

7 | plot3d([x(u,v), y(u,v), z(u,v)], u=ul..u2, v=vi1..v2) | x(u,v), y(u,v), z(u,v), u=ul..u2,

v=vl1..v2

8 | implicitplot3d(F(x,y,z)=c, x=x1..x2, y=y1..y2, F(x,y,z)=c, x=x1..x2, y=y1..y2,
z=21..22); z=21..22

9 | spacecurve([x(t),y(t),z(t)],t=t1..t2) X(t),y(t),z(t)],t=t1..t2

10 | animate ,animate3d AHuMaIus spaTui

§2.1.Akku ya4oBiau rpadgukiap
Maple na omkop, napaMeTpuK, OLIKOpMac KypuHuUIlga Gepuirad Oup Ba UKKU
Y3rapyBUmIN QYHKUUSUTAPHUHT TpaduKIapyu HUXOATAA YUPOUIH YM3UIT MyMKHH. f(X)
omKOppyHKIUIHN OX YKUHUHT a < x < b kecMmacuga Ba Oy YKUHMHT ¢ < y < d KecMacuja

rpadurunm unsum yayH plot(f(x),x=a..b, y=c..d, parametrs) koManaacu unutaTwiIagm, Oy epaa
parametrs-racBUpHU OOIIKAPHII YUyH UILIATHIAUraH mapaMmeTpiap. Yiap Kyiuaaruiapian

nbopar:

Ne | mapamerp MabHOCH

1 | title="text” TacBupra HoM Oepuill, HOM JIOTUHYA OYJiica mpobescu3
2 | coords=polar Kyt6 xoopauHatiapura yruni, €3uimMaca JIeKapr K.c.
3 | axessNORMAL -ommuii ykiaap \\ Koopamnara yxiapunu Gepuin

axes=BOXED
axes=FRAME
axes=NONE

-IIKaJaau yKIap
-VKJIapHUHT OOIIM KyHu Jar Oypuakia
-YKy1ap HyK

4 | asaling=CONSTRINED -VKiapra oup xwi1 macmTad Oepuin
asaling=UNCONSTRINED - YKyap maciTaOu oifHa YryamMura Moc
5 | style=LINE -UM3HKJIap OUJIaH YUKAPUIII
style=POINT -HyKTajap OMJIaH YMBapHIl
6 | numpoints=n (n=49 Gepuamaca) | -xpcoOJaHaIUTraH HyKTaJIap COHU
7 | color=panr HOmU (yellow,...) -4M3HKJIapra paHr 6epull
8 | xticmarks=nx, yticmarks=ny Ox Ba Oy ykiapaa HyKTajgap COHHMHU OepuI
9 | thickness=n, n=1,2,... -UH3UK KQUIMHJIUTHHU OepHUIIl
10 | linestyle=n (n=1-y3nykcus ) -YM3HUK TUIIHHU OCpUII, Y3IYKCH3, TYHKTHP
11 | symbol=s (BOX, CROSS, - HyKTaHH OepajiuraH CUMBOJI TUITUHU OEpHIII
CIRCLE, POINT, DIAMOND)
12 | font=[f,style, size] MatH mpud T Tunuau 6epui, f-mpudrt Homu: TIMES,
COURIER, HELVITICA, SYMBOL,; style- mpudt ctmm:
BOLD, ITALIC, UNDERLINE; size-mpudt yauamu
13 | Labels=[tx,ty] Oxra tx, Oy raty ne6 é3umra pyxcat Oepwuiil
14 | discont=true Yekcu3 y3WIMIIIAPHU TaCBUPJIAILITa pyXxcaT OepuI

Plot xomannacu €épnamuaa y=f(x) ¢yHkuusa napamerpuk Kypunuiga x=x(t),y=y(t) Gepuica
XaM rpaUruHu YU3UIT MyMKHH:
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plot([y=y(t),x=x(t),t=a..b], parametrs).
Tonumpuk 2.1.1.

1. y =sin x/x ¢ynkuus rpapuru -4n , 41 opanuKIa YU3UICHH.
>plot(sin(x)/x, x=-4*Pi..4*Pi, labels=[x,y], labelfont=[TIMES, ITALIC, 12]);

AVAS IRV

2.y = x/(x* —1) yHKIMS TpadUrd YU3UICHH.
> plot(x/(x"2-1),x=-3..3,y=-3..3,color=magenta);

w

[ui]

-2 11

2 3

=

3

A N T A o ™~ |

i
w

3. x =sin 2t,y = cos 3t
> plot([sin(2*t),cos(3*t),t=0..2*Pi], axes=BOXED, color=blue);
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4. p =1+ cos ¢ QyHKUUSA TpAQUTH YU3UIICUH.

> plot(1+cos(x), x=0..2*Pi, title="Cardioida",

coords=polar, color=coral, thickness=2);

5. y=In(3x-1) y=3x/2-1In2 QyHKUUS rpaQuru YU3UICUH.
> plot([In(3*x-1), 3*x/2-In(2)], x=0..6,
scaling=CONSTRAINED, color=[violet,gold],

linestyle=[1,2], thickness=[3,2]);

Omkopmac kypuHnIIIa Oepuirad GyHKIusi rpapuruHy YM3HII

F (x,y) = 0 oIIKOpMac KypuHHIIa Oepriirad pyHKIMs rpaUruHu 4u3mil yuyH plots

nakerugad impliciplot komaHgacu uIIaTHIAIN:
>implicitplot(F(x,y)=0, x=x1..x2, y=y1..y2).

TacBupra komeHTapuiiap oepuin

plots makeruma textplot([xo,yo,’text’], options) komaHacH €plaMmuia TaCBUpAA
X0,y0 KOOpAMHATAIN HYKTaJaH Oo1ad "text’ KoMeHTapuiCHHU YUKApUIIaIH.
burra TacBupaa Oup Heva rpapKHH YMKAPUILI

Bab3an OutTa rpadukaa 6up Heua rpaduk 0ObEKTIIAPHU KOMITAIITHPUIL 3apyp OYmaau.
Macaian,

> e:={x"2+y*2-10=0,x*y*3-y-4=0}:

with (plots) :implicitplot(e,x=-10..10,y=-10..10);
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bynpaii rpadukiiap 4nu3mil TEeHIIaManap CUCTEMACHHH €UHIIIa Kepak Oymaau.

Sna plot komaHgacu OwnaH yu3niran rpadukka textplot komanmgacu OWIIaH sSIPATUITaH
€3yBHU KYIIUII Kepak OVIIcHH. Y Xola KOMaHJaIapHUHT HaTKajdapu Y3rpyBuMiIapra
Oepmiiaan, cyHr plots makeTnHuHT KoMaHacu display opKanu SKpaHTa YHKapUIIaIu:

>p:=plot(...): t:=textplot(...):

> with(plots): display([p.,t], options);

Tenrcuznukaap OujiaH OepuJIraH COXaHM YU3HII
f,(x,y)>c,, f,(x,y)>cC,., f (X,y)>c, TEHIICU3IMKIAP OMsIaH OEpUITraH COXAHU YU3ULI

yuyH plots makerunan inequal kOMaHIACHHM MIILIATUII KEPAK:
inequals({fl1(x,y)>cl,...,fn(x,y)>cn}, x=x1...x2, y=yl..y2, options).

— optionsfeasible=(color=red) — nuku coxara paur 6epuiir;,

— optionsexcluded=(color=yellow) — Tamku coxara panr oepwii;

— optionsopen(color=blue, thickness=2) — coxaHuHT OYHK YerapacHHU YH3UFH YIYH PaHT Ba

YM3UK KAJTHHIATHHA OCpPHIIL;

--optionsclosed(color=green,thickness=3) — coxaHuWHT ENUK YerapacHHH YU3UFH YIYH PaHT Ba

YM3UK KATHMHIATHHA OepuII;

Tonmmpuk 2.1.2.

2

1.2 L s runepoosa Yu3UICHH.
4 2
> with(plots):
> implicitplot(x"2/4-y"2/2=16, x=-20..20, y=-16..16,
color=green, thickness=2);

X
2. Actpomaa x = 4cos *t,y = 2sin “t,0<t<2r, BA —+ Y _ 1 sumwmc Gutta rpadukIa
16 4

yuswicuH. Ynsmanapra Astroida Ba Ellips 1e6 Hommap 6epuicuH.
> with(plots):

> eq:=x"2/16+y"2/4=1:

> el:=implicitplot(eq, x=-4..4, y=-2..2,
scaling=CONSTRAINED, color=green, thickness=3):

> as:=plot([4*cos(t)"3,2*sin(t)"3, t=0..2*Pi],
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color=blue, scaling=CONSTRAINED, thickness=2):
> egl:=convert(eq,string):
> t1:=textplot([1.5,2.5,eql], font=[TIMES, ITALIC, 10], align=RIGHT):
> t2:=textplot([0.2,2.5,"Ellips:"], font=[TIMES, BOLD,10], alignh=RIGHT):
> t3:=textplot([1.8,0.4,Astroida], font=[TIMES, BOLD,10], align=LEFT):
> display([as,el t1,t2,t3]);
3. x+y>0, x-y<=1, y=2 cO0Xa YHU3WICHH .
> with(plots):
inequal ({x+y>0, x-y<=1, y=2}, x=-3..3, y=-3..3,
optionsfeasible=(color=red),
optionsopen=(color=blue, thickness=2),
optionsclosed=(color=green, thickness=3),
optionsexcluded=(color=yellow) ) ;

o
ImmTrT T T T Trrrrrr1rriTim

-3 -2

2 3
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§2.2. CuptHu ym3uL. OMIKOp KYpHUHUIIAA OePHITaH CHPTHH YH3HUII
z=f(x,y) omkop KypuHHIIIa Oepuirad CUpTHH un3ui yayH plot3d(f(x,y), x=x1...x2, y=yl...y2,
options) koMaHaacu unuitatwiaay. [lapamerpiapHuHr MabHOIApH KyHUIarnya:

Neo | TTapamerp HOMU MabHOCH

1 | x=x1...x2, y=yl...y2 | rpaduk ynzunaérrad coxa

2 | light=[angl1, angl2, (angll, angl2)-uykTanunr chepuk KoopaHHATAIAPH, Oy HYKTa1aH

cl, c2, c3] panriapu (cl, c2, ¢3) ra TeHr O6yiran EpyrianuK HypH TOBJIaHATU

3 | style=opt yu3MaHuHT ctiiuHn 6epaan, POINT —aykra yuyn, LINE — un3uk
yuyH, HIDDEN — uusuknapu yuupwirad typ yuyn, PATCH —
tynaupyBur, WIREFRAME — uusuknapu kypuHMac TYpHU
yukapuil, CONTOUR — CuptHuHT y3rapmac KuiimMaTiapy coXacH,
PATCHCONTOUR —tynaupyBun Ba CUpTHUHT y3rapmac
KMIMaTIapy COXaCMHH OepHIIl.

4 | shading=opt TYIAMPYBYMHUHT UHTCHCUBIIMK (QYHKIUSACUHH Oepaan, YHHUHT
KMIMaTu oflaTAa XYZ ra TeHT

5 | NONE OysuIMaran CUpTHH OepuIl

[Hapamerpyin KYpUHHIIAA OCPUJITaH CAPTHH YH3HII

[Tapamerpiu x=x(u,v), y=y(u,v), z=z(u,v) KypuHulga Oepuiran CHpTHU YU3UII YUYyH KyWHaaru
KOMaH/1a MaBxky/I:
plot3d([x(u,v), y(u,v), z(u,v)], u=ul..u2, v=vl..v2);

Oumkopmac KYpUHHIIAA OePUJITaH CUPTHU YM3HUII

Omkopmac F(x,y,z)=c xypuHuImIIa Oepriiran CUPTHH YU3HUII YIyH plot makeTura Kapainiu

KyHH1ara KoMaH1a MaBxy/:

implicitplot3d(F(x,y,z)=c, x=x1..X2, y=y1..y2, z=z1..22);

®a30BUil YU3UKIAPHU YU3HII

dazoBwuii x=x(t), y-Y(t), z-z(t), t1<= t<=t2, yu3uKIaApHK YU3HII y4yH plot MmakeTHra Kapamuiu

KyHH1ara KoMaH1a MaBxy/:

> spacecurve([x(t),y(t),z(t)],t=t1..t2);

AHuManus

Maple ga animate ( uxkku ymgoBin) animate3d (yu ym4oBiu ) KoMaHaanapu €paamuaa
TaCBUPJIAPHH XapaKaTIAHTUPUIIT MYMKUH. AHUMAIUSHY SIPATUII KOMaHJaTapPHUHT KOHTEKCT
MEHFOJIApH OPKAJIH aMaJira OIIUPUIIa IH.
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Tonmmupuk 2.2.

1. z=xsin 2y +ycos 3x, z=+/x"+y’ =7 ,(X,y) e [z, 7] cupmiap rpapuKIapy YU3UHT.
> plot3d({x*sin(2*y)+y*cos(3*x), sqrt(x"2+y"2)-7},

x=-Pi..Pi, y=-Pi..Pi, grid=[30,30], axes=FRAMED,

color=x+y);

1 0.2 0.3
2.2 = 2 2 + 2 2 + 2 2
X" +y (x+1.2)" + (y-1.5) (x-0.9)"+(y+1.1)

KUAMATIIN YU3UKIapy OWIIaH TaCBUPIPHCHUH.

> plot3d(1/(x"2+y"2)+0.2/((x+1.2)"2+(y-1.5)"2)+

0.3/((x-0.9)"2+(y+1.1)"2), x=-2..2, y=-2..2.5,

view=[-2..2, -2..2.5, 0..6], grid=[60,60],

shading=NONE, light=[100,30,1,1,1], axes=NONE,

orientation=[65,20], style=PATCHCONTOUR);

3. ATOMHHMHT 3J€KTpOH OynyT (hopMacy YM3UWICHH. DIEKTPOH OYyIyT popMacu UKKU IapameTp
OunaH aHuKIaHaau: l-opOuTa THIM, M-3JIEKTPOHHUHT MarHUT MOMEHTH. m=( /1a 3JIEKTPOH

n

—(x* -1)" Ounan anuknanany. [lapamerpnu

CUPTHHUHT rpaduru y3rapmac

Oynyt 1-typ Jlexxanap kynxamu P (x) =

2" n! dx
X0J1a Oepuirad cupT rpaMruHyU sScam Kepak:

21 +1
1/ P (cos( ¢)
4

X(@,9) =Y (¢)sin pcos ¢, y(@,9) =Y (p)sin pcos 0, z(0,p) =Y (p)cos ¢ .

AsBanura 1:=3 ne6 onuin kepax.

> [:=3:

> P:=(x,n)->1/(2"n*n!)*diff((x"2-1)"n,x$n);

>Y:=(phi)->abs(sgrt((2*1+1)/(4*Pi))*

subs(x=cos(phi),P(x,1)));

> X0:=Y(phi)*sin(phi)*cos(theta);

> Y0:=Y (phi)*sin(phi)*sin(theta);

> Z0:=Y (phi)*cos(phi);

> plot3d([X0,Y0,Z0],phi=0..Pi,theta=0..2*Pi,

scaling=CONSTRAINED, title="3OnekrponHoe o01ako");

4. x*+y*+z2° =4 cupT rpadUru YU3UICHH.

> with(plots): implicitplot3d(x"2+y"2+z/2=4,

X=-2..2, y=-2..2, z=-2..2, scaling=CONSTRAINED);

5. x=sin(t), y=cos(t), z=exp(t) UU3HK SCAJCHH.

> with(plots):

> spacecurve([sin(t),cos(t),exp(t)], t=1..5,

color=blue, thickness=2, axes=BOXED);

6. XapakariaHaéTraH OOBbEKT YU3HIICHH.

> animate3d(cos(t*x)*sin(t*y), x=-Pi..Pi, y=-Pi..Pi, t=1..2);

Cyur, Animation>Continuous KoMaHaacu1aH (HponIaTaHIICHH.

2.3.I'pauKIapHU UHTEPAKTHUB YCYJI1a YH3HILI

Tools>Assistants>Curve Fitting komanaciau Oepcak ymoy gapya 9uKaiu:

Y(p)=
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2.4. Tonmumpukaap
1. bupunuu typ beccens pynkuusicu J(n,x) rpadguru -20<x<20 opanukia
yusmicud, n=0,1,...6. ®dynkmus BesselJ(n,X) komanna OuinaH yaKkupuiiau.

3. burra pacmaa y=x+2arcctg(X) 4u3uk, accumMnroTanapu Y=X, y=X+27 Yu3UICHH.

4. Mébuyc cupTy YM3UICHH;

x=(5+ucos(v/2))cosv,y=(5+ucos(v/2))sinv,z=usin(v/2),vel[0,27],uel[-11].

Casosiap
1. Texucnukaa Ba hazona rpadukiap KaHaail KoMaHganap OpKaiu YU3UIAIH.

2. Kymmmua rpaduk naket KaHjai HOMJIaHa/u.

3.0mkopMmac ¢yHKIuUs Tpadurd KaHaaid KoMaH1a OMiaH YM3UIIaIu.
4. display, animate, animate3d komanganapu Bazudacu HUMA.

5. Tenrcuznuknap Omian 6epuiral coxa KaHaa

qu3niaau.

6. da30BUil UN3KK KaHIall KOMaHIa OWIaH YA3UIIaIi.
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I11. Connm TeHr;1ama Ba TEHrCH3JINKJIAPHU €YHIIL

N | koman/a KOMaH/1a MabHOCH

1 | roots (Pn(x)) Pn (x) =0 xynxamau TeHTJIaMa

2 | solve(eq,x) eq(x)=0 , yuuBepcan KOMaHIa

3 |solve({eql, eq2,...},{x1,x2,...}) eq (X, X,)=0i=1..,n, TEHr-p CHCTEMAacH
4 | fsolve(eq,x) eq(x)=0 TeHrnamMaHu TAKPUOWI CUUMU

5 | rsolve(eq,x) eq(X)=0 peKKypeHT TCHIJIaMaH! €YUMH

6 | fsolve({eql, eq2,...},{x1,x2,...}) eq (X ,.v X, )=0i=1..,n,T.C. TAKp-i €UUII

7 | _EnvAllSolution:=true : solve(eq,{x}) | eq(x)=0 ,rpuronomeTpuK TeHrIaMa Oapya eUUMHU
8 | _EnvExplicit:=true : solve(eq,{X,y,z}) | eq . (x,.. x,) =0 i =1 ...,n ,TpPaHIEHAEHT TEHI-p

§3.1.Coniin TeHIJIaMAJIAPHH €YU
Maple na TeHrnamaiapHu €YUl Y9yH YHUBEpcal KoMaHa MaBxy: solve(eq,x), Oy epna eq-
TEHIJIaMa, X-TeHTJIaMa SYIIIUIIH J03UuM OyiraH y3rapysuw, fsolve(eq,X)- eq-renrinamanu x ra
HUcOaTaH TaKpUOUi evain.

Kynxannap yauyn roots (Pn (x) ) koManaa MaBxy,xaBo0 [[rl,ml1],...,[rn,mn]]
KYpHUHHUILAA YUKATU, Oy ep/a ri-|uiau3,mi-yHuHT Kappacu. solve(eq,X) KoMaHaacu
TEHTJIAMaHUHT 0apya eyuMIIapUHU TOMAH. ¥ : =solve (eq,X) KOMaHIacu I BEKTOpTra
WIIN3IIAPHUHT KHAMaTIIapuHu Oepaiu.

Mumucon 1.

> p:=2*x"*3+11*x*24+12*x-9:roots (p) ; \\[[0.5],[-3,2]]

> solve (p=0, {x}) ;\\{x=1/2}, {x=-3},{ x=-3}

> r:=solve (p=0, {x}) ;r:= {x=1/2}, {x=-3},{ x=-3}

> plot(p,x=-4..4,labels=[x,y],labelfont=[TIMES, ITALIC,12]);

350
300
¥ 2s0
200
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CoHIH TeHIJIAMAJTAPDHMHT CHCTEeMAJIAPMHHM eYMII.
Tenrnamanap cucreMacu ymoy KoMaHaajzap
solve({eql, eq2,...},{x1, x2,...}), fsolve({eql, eq2,...},{x1, x2,...})
Ounan eunnanu, Oy epaa OupuHuM GUrypaiu KaBciaapja TeHIiIaManap pyixaru, MKKHHYA
burypanm KaBciuapaa y3rapyBumiIap pynxatu oepuirad. Arap KeWMHYAIUK, e9UMIap yCTHIa
6upop amaap 6axapull kepak Oyica solve komanzacura Oupop HoM name OepHIll Kepak,
CYHI HOMHHU KaOyJ KWJIMII yYyH assign(name) koMangacuuu Oepui kepak. [llyngan cyHr
e4rMIIap YCTHa UXTUEPUI MyMKHH OYJraH aMayslapHu Oa)kapuIll MyMKHH.
bu3 kyitnna 2 60012 YTriraguran rpaduK 9U3HIN OllepaTopiiapu
plot(p,x=-4..4,labels=[x,y] ,labelfont=[TIMES,ITALIC,12]) ;
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with (plots) :implicitplot(e,x=-10..10,y=-10..10);
OaH KyprasMaduiIMk ydyH bompanaHguk.

Mucod. 1. Yu3ukiu TeHriaMaiap CUCTEMAaCUHU €4MIII.
> sl:={2*x+y=6,x+2*y=6}:s0lve(sl, {x,y}) \\{y=2,x=2}
> with(plots) :implicitplot(sl,x=-10..10,y=-10..10);

10

Mucoin 2 .TeHrnaManap CUCTEMAaCHHU €4uil. {x° —y’ —1=10,xy°y — 4 = 0} .
> e:={x"3-y*2-1=0,x*y*3-y-4=0}; \\{x’-y’-1=0,x"y-4=0}
> s:=fsolve (e, {x,y}); \\ s={x=1.502039049,y=1.545568601}
> with(plots) :implicitplot(e,x=-10..10,y=-10..10) ;

Mucon 3. Yu3HKIM TeHTJIaManap CHCTEMaCHHU SUHUIIL.
> sl:={z=3,x-2z=0,x+y+2*z=12}:solve(sl, {x,y,2z}) ;\\{z=3,x=3,y=3}
> display (implicitplot3d(sl,x=-10..10,y=-10..10,z=-10..10)) ;
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Mucou 4. f(X)=exp(X)-10x-2=0 TeHrIamMaHu CUMIIL
> fsolve( exp(x)-10*x-2,x );
-0.1104575676

> plot({ exp(x),10*x+2} ,x=-4..4,y=-4..4,colour=[green,red]) ;

1
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Mucon 5. Kynxapmnm TeHIJIaMaHM eYNl.

> eq := x"5-7*x*3+4*x72-5=0; \\x°-7x'+4x*-5=0

> fsolve({eq}, {x}) ;\\{x=-2.8608..},{x=-0.7521..},{x=2.3857..}
> plot({ x*5, 7*x*3-4*x"2+45} ,x=-4..4,y=-
10..10,colour=[green,red]) ;

104
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TenrnamanapHu TaKpuOui e4nin

Tenrnamanapau TakpuOuii eunnr yayH fsolve(eq,x) komaHa UIUIATHIIATN. Y HUHT
napamerpiapu solve(eq,X) KOMaHIaCHHUHT TTapaMeTpliapyura yXIiarl.
>x:=fsolve(cos(X)=x,X); \\x:=0.7390851332 (10 ta yHIM pakam OwIaH).

> r:=solve (4*x+0.8%exp (x)-7.4561=0,x) ;\\ x:=1.200000971
>x:=fsolve (4*x+0.8%exp (x)-7.4561=0,x) ;\\ x:=1.200000971
>y:=fsolve (y*3-2.8%exp(y)+2.5713=0,y) ;\\ y:=-0.08545049502
>q:=solve (y*3-2.8%exp (y)+2.5713=0, {y}) ;\\ 0:=-0.08545049502

PexkkypeHT Ba (pyHKIIMOHAJ TEHIVIAMAJAPHU €YHIIL.
rsolve(eq,f) komaHaa peKKypeHT €q TeHTJIaMaHu OyTYyH TUIUIK f GyHKIIMATAa HUCOATaH e4a/In.
Arap f(n) renrnama yuyn 6upop Oonutanruy mapt Oepusica XyCycuil eduM Keauo 4uKau.

Macanas,
>eq:=2*f(n)=3*f(n-1)-f(n-2); \\Eq:=2f(n)=3f(n-1)-f(n-2)
> rsolve({eq,f(1)=0,f(2)=1},f); \2 - 4(%)”

Tenrnamanapuu edyBuYu yHUBepcall komaHjaa solve(eq,f) pyHKIIMOHAT TeHIIIaMaTapHU XaM
eda onagu. Macamas,

>F:= solve(f(x)"2-3*f(x)+2*x,f); \\F:=proc(x)RootOf(_Z"2-3*Z+2*x) end

Eunm omkopmac kypunumiaa xocwi 0yinau. Maple OyHaail KypuHHIIIArd TeHTIaMmanap
Ousan XaM unuiait onaau. bByHUHT yuyH QyHKIIMOHAT TEHTTIaMaHU convert KOMaH1acu
OpKaJly aJIMalITUpUIIra XapakaT KWinil kepak. Macanas,

>f:=convert(F(x),radical); \f o= %+ % 9 -8x.

TPUTrOHOMETPHUK TEHIJIAMAJIAPHH €4 HUIIL

YuuBepcan komanjaa solve(eq,x) OunaH TPUTOHOMETPHK TEHIJIaMallapHHU XaM €YUl MyMKHH.
by xonna [0,27] kecmanaru 6o eunM Kenmuo Yukaau. bapyua equMiiapHu OJUIT YAyH
_EnvAllSolution:=true kymmmua komannanu 6epur kepak. MacanaH,

1) solve(sin(x)=cos(x),X); \7z /4
2)>_EnvAllSolution:=true :solve(sin(x)=cos(x),x); \rzi4472_2z~
3) > _EnvAllSolution:=true :solve(sin(2*x)/(tg(x)-1)=0,x);\\0
Maple na Z~ cumBonu OyTyH TUIUIM y3rapMacHu ounaupanu. OpaTuil xonaa

IOKOPHU/IATH €UUM X:=mt/4+7tn é3yBHU OUIIUPAIH.

TpaHueHAeHT TeHIJIaMaJap Ba YJIAPHUHT CHCTEeMAJIAPMHM €YML,
TpaHIIEHACHT TEHTJIaMalapHU €YUIIJIa €9UMHHU OLIKOP KYPUHUILIA OJIHII YIYyH solve
KpMaHaacuaaH aBBan _EnvExplicit:=true komanaacuHu Oepul Kepak.
l-ycyn. >egs:={x"2+y*2=1,x-y=0}:

>r:=solve(eqgs, {x,y}) ;\\r:={y=RootOf (2*_2Z*2-1,label= L1l) , x=
RootOf (2* Z~2-1,label= Ll)}

> rl:=convert(r,radical) ;\\r1-= {y = \/2_/2,x = \/2—/2}
2-ycyn.> EnvExplicit:=true:
> s:=solve(eqgs, {x,y});\\ s={y = \/Elz,x = \/;/2},{y = —\/Elz,x = —«/?/2}
Tonmmpuxk 2.1.

1. CUCTEMAHU €YUHT X — y =1,X" +xy = 2.
>eq:={x"2-y"2=1, x"2+x*y=2}:
> EnvExplicit:=true:

>s:=solve(eq,{X,y}); \\s :={x= 2 s, y = £\/g},{x -2\, y = -3\/5}
3 3 3 3
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2. x” = cos( x) TEHIJIAMaHH Oap4a eYNMIIAPUHU TOIIMHT.
>x:=fsolve(x"*2=c0s(x),X); \\x=0,8241323123/

3. f(x)? - 2f(x)= x TEHIVIAMAHU CUUHT.
>F:=solve(f(x)"2-2*f(x)=x,f); \\F:=proc(x)RootOf(_Z"2-2*Z-x) end
>f:=convert(F(x), radical); Wofm1+e4iex

4. 5sinx+12c0sx=13 TeHrIaMmaHu 6apya e4YMMIapUHH TOIHHT.

> EnvAllSolution:=true :
>solve(5*sin(x)+12*cos(x)=13,x);  \\ arctan( i) +27_7~.
12

5.> f:=exp(x)+2*x-4=0;\\ f(X):=exp(x)+2x-4=0
> r:=fsolve (f, {x}) ;\\ r={x=0.8408414954
6.> e:={x*3-y*2-1=0, x*y*3-y-4=0}; \\e:={x"3-y"2-1=0,xy"3-y-4=0}
> s:=fsolve (e, {x,y}); \\ s:={x=1.502039049,y=1.545568601}
7. >eq:={exp (x*y)=x*2-y+1, (x+0.5) *2+y*2=1}:
> sl:=fsolve(eq, {x,y}); \\sl:={y=0.9804510724, x=-0.6967630417}
8.> egs:={sin(x+1)+y+2=0,cos (y-1)+x-2=0}:
> r:=fsolve(eqgs, {x,y}) ; \\rn={x=2.754100085,y=-1.425079132}

§3.2.CoHJIM TEHTCH3JIMKJIAP BA YIAPHUHI CHCTEMAJAPHHH €YML
Coaa TeHrcu3JIMKJIAPHU €YU

YHuBepcai solve koMaHAacu TEHICU3JIMKIApHU €YML YUyH XaM “uuiaTuiaad. Euum
Yy3rapyBUMHUHI MHTEpBAJIAPU KYPUHUIIUAA OepuiIaau:

Ne | Maple na eunm kypunuim MabHOCH
1 RealRange(-c0,0pen(a)) X e (—0,a)
2 RealRange(-,a) xe(-w,a]
3 RealRange(Open(a),x) x e (a,o)
4 RealRange(a,») x e la,®)
5 RealRange(Open(a), Open(b)) x e (a,b)

6 RealRange(a,b) x e [a,b]

7 a<x,x<b x e (a,b)

8 a<=x,x<=b x e [a,b]
Muconl.

>s:=solve(sqrt(x+3)<sqrt(x-1)+sqrt(x-2),x):
>convert(s,radical); \\Re alRange (Open (3\/2),00) =( 3\/Z),oo)
3 3

Mucosn 2. Arap TEHT'CHU3JIHK CUMIIHIIN Kepak Oyiran y3rapysun {} KaBciaap uuura omHca
€4MM MHTEpBaJ KYpUHHUIIAA TacCBUpJiaHaau. Macanas,
>solve(1-1/2*In(x)>2,{x}); W0 <x x <e™}
TeHrcuzankaap cCMCTEMACUHYU eYHIIT

VYHuBepcai solve koMaHAacu TEHI'CU3JIMKIIAp CUCTEMACHHU €YMII YUYH XaM
unuaTiiIa . EuuM y3rapyBUMHUHT MHTEpBAJUIApU KYpUHUIIKIA OepHIiaau:
>solve({x+y)>=2, x-2*y<=1x-y>=0,x-2*y>=1}{x,y}); \{x=1+2y,1/3<=y}

Tonmupuk 4.1.
Mucon 1. TeHICU3JIMKHH €YMHT: 13 x° — 25 x* — x* —129 x + 270 > 0
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> solve (13*x73-25*x72-x74-129*x+270>0, {x}) ;\\{-3<x<2}, {5<x<9}

(2x+3)

Mucon 2. TEHTCU3IUKHN €YUHT: e <1.

> solve (exp (2*x+2)<1, {x}) ; \\{x<-1}
§3.3. TeHrnamajapHu HHTEPAKTHUB YCYJ/1a €41

Ed calculus 1 - Newton's Method > |
File Help
Plot vearircdomas Enter function information
Function: fix) = [x"5-4*=< 2+
Initial point: = = |1
keration=: n= |10
EE spproximate Walues
E e, walue ‘I
45 : o, 1
= . 1, l1l.s00000000
2 : =, 1.77Z2649573
. ' S, 1l.T7T7ESS5544
D_IIIIIIIII#IIIIIII rrrrrrrrri 4’ 1.7728365557
41 1 1.5 25 S5, 1l.T77Z25655535
2: 3 s, 1l.772855557
= 7, l. 772865555
S, 1l.T77E2S5SS55557
2, 1l.7728555553
10, 1.77=2365557 vI
Zolor I Close I
Flaple Cormmand
I}Jewtonsﬂethod(x“3—4*xhz+?, 1, idterations=10_, 'output'='plot']) > ;I
i calculus 1 - Newton's Method x|
File Help
Plot Ywindomw Enter function information
Function: fx) = |x"5-4*x"2+7
Initial point: = = |2
heration=: n= |10
] Approximate Walues
4: k, walue AI
] o, =
29 1, 1.750000000
7 =2, 1.T7TF2T027=273
-1 S, l.772565552
D_ 4, 1.7725565555
1 S5, 1l.772565557
-1 S5, l1l.7725565555
‘2: 7, l.772865557
S, 1l.7725565555
9, 1l.772565557
10, 1.772Z5585555 vI
Calar I Clo=se I
Maple Cornmand
I]\Temtons}[ethndl:x"3—4*x"2+?, 2, iterartions=10, 'ocutputc'='plaot'] > ;I

by epna f(X)=0 tenrnama HetoTon ycynu Ounan eunsiMoraa. HproToH yeynuaa
& (&) =0 ednM ymly urepanusiap EpaamMuia XucoOmaHaau:

3
k

k+1 k f(x") 2} CF(xX)f(x°)>o0.

E=1lm x*,x"t=x" - —, ,‘f—xk
k= o fr(x")

< i{q‘f -x°
q

Mynokot napuacuna f(x)=0 TeHraama, utepanusiap COHU, OONUIAHFUY UTEPAIUS X~ JIAPHH

KUPHUTWIAJUTaH MaiJIOHIap Ba UTepalusiiap yuyH MaiioHnap MaBxya. Axoiino
UMKOHUSTIIN, TE3KOP HHTEPAKTHUB caxuda.

3.4. TonmuupuKIap Ba caBoJjIap
irl6

1.z = (2e
KYPUHUIIN, MOYJIH, ADTYMEHTH TOTIHJICHH.
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2. f(x,y)= (M)2 ¢byHKUMAHU OCPUHT, YHUHT KUHMATIApUHU yIIOY

arctg (x —y)
x=1y=0;x=(1+ \/g)/z, y=(@1- \/g)/z HYyKTajap/aa XucoOJIaHT.

3. f(x,y) = w
(xy)

KoMaHaacuaaH Goiigananu0 XucoOIaHr.
4. CucTeMaHuHT O0apya eYMMH aHAJTMTHK KYPUHUIIAA TOHICHH:

GbyHKUMSHUHT GuitMaTUHU X=a, y=1/a HyKTaaa subs

x° - 5xy +6y2 =O,x2+ y2 =10 .

5. TpUrOHOMETPHUK TEHIJIAMAHHHT Oapya eYMMIIAPH TOIMIICHH: sin * x —cos * x =1/2.

6. TeHrIIaMaHUHT XyCYCHUI €4MMH TOIMJICHH: e* = 2(1— x)°.

7. TEHICHU3IIUK €UMIICHH: 2In 2 X —In x < 1.

8.f(x)=e""+2x-48=0,a =0.1k, 8 =1+ 0.01k,k € N.

9.f(x)=x"+4x- B =0,8=1+0.01k,k € N.

10.ax’ - y*-1=0,xy’ - y-4=0,0 =1+ 0.5k, k =0,...,5.

11.e” = x> - y+a,(x+05)° +y  =k,x.0,y>0,0a =1+0.1m,k =0.6 + 0.1m,m = 0,...,5.

12.ax’-y*-1=0,xy’-y-4=0,a =1+ 0.5k,k = 0,...,5.

13.tg(xy + k) = x*,ax” +2y° =1,x>0,y >0, = 0.5+ 0.1m,k = 0.1m,m = 0,...,5.
CasoJiap

. Maple na ynkumsapau 6epuin ycyauHu OaéH dTHHT.

. Maple na xakukuii ndoganapuu 0axonaul yuyH KaHJail amaniap MaBxy/l.

. evalf komanacuHy Ba3u(pacuHU TYLIYHTUPHHT.

. evalc koMaHaacuHU Ba3sU(pacUHU TYIIYHTUPUHT.

. solve xoMaHgacuHU BasU(paCUHU TYIIYHTUPHHT.

. Tenrynamanap Ba peKKypeHT TeHIVIaMaJlapHU €YUl YUyH KaHAai KOMaH/ja HIUIATHIIa/IH.

. Tenrnamanapau 6apya ednMIIAPHHN aHUK XOCWIJI KHJIHII YIYyH solve KoMaHIacuIaH OJIIuH
KaHJal KOMaHJajlapHu €3I Kepak.

8. Tenrcuznukiap Kanjaai komanaa ounan ednsanu. JKaBoOja nHTepBayIap KaHaai
Oepurnanu.

NN AW

3
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IV. bup y3rapyBuniu pyHKuUMssHMHT AuddepeHnnal Ba HHTerpajg Xucoon

Maple na muMuT, XOCHIIa, HHTETPAJ Ba sTHA 0ab3u aMaJUTApHU OaXKAPHII YUyH UKKU XUJT
KOMaH/ia MaBXy/l: OMpua KOMaH1a 1apXxoi Oaxapuiaay Ba dKpaHra HaTH>XKa YuKapuiaiu,
WKKUHYHCHA 3ca amall OakapriIMaiu Ba SKpaHTa KOMaHIaHWHT Y31 YuKapwiaay, 0y Maple
épramua YKyBUMra YKUIIN Y9yH KyJal XyXOoKaT sipaTyulll MMKOHUSATHHU Oepaju Ba YHU
Oa)kapWJIMIIM KEUUKTUPWITaH KOMaH1a €KUM MHEpT KomaHjaa Aevinnaau. Mkkana komanja oup
xui €3unaam, pakaTruHa HHEPT KoMaHaa oomr xapd Ounan €3unmaay.

Aman Hapxon baxapunumm Matemarux
HOMH Oaxkapuiiauran KEUUKTUPHITaH MabHOCHU

KOMaHJIa KOMaHJa
JIUMHT limit(f(x), x=a, par) Limit(f(x), x=a, par) lim f(x)
xocuia diff(f(x),x) Diff(f(x),x) of (x)

OX

HHTErpal int(f(x), x) Int(f(x), X) [ f(x)dx
aHUK int(f(x), x=a..b) Int(f(x), x=a..b) b
WHTETpal J' f (x)dx

§4.1.JlumMuTaapHHA XHCOOJIAL

limit(f(x), x=a, par) komMaHgacu1a TaONMA paBUIIIAa KyWHIard mapaMerpiaap MaBxya: left-uan
JUMUT, right-YHT TumuT, real- y3rapyBun XaKuKuid, complex-y3rapyBun KOMIUIEKC.
Mucoiunap.

sin 2 X

1. > Limit(sin(2*x)/x,x=0); \\' i

x—>0 X
> limit(sin(2*x)/x,x=0); \2

sin 2x

>Limit(sin(2*x)/x,x=0)= limit(sin(2*x)/x,x=0); \\lim
x—>0 X
Oxupru €3yBHUHT KyJNalJIuru KYpUHUO TypHOIH.

7. > Limit(x*(Pi/2+arctan(x)),x=-infinity)= limit(x*(Pi/2+arctan(x)), x=-infinity);

\\ lim x(£+ arctan( x)) = -1.
2

3. > Limit(1/(1+exp(1/x)),x=0,left)= limit(1/(1+exp(1/x)),x=0,left);
1

\\ lim =
x> 0-1 4 el/x
>Limit(1/(1+exp(1/x)),x=0,right)= limit(1/(1+exp(1/x)), x=0,right);
\\ lim 11” =0
x> 0+ ]+ e

Tonumpuk 4.1.

. X 2
1. lim (1- x)tg — = — JIMMHT XMCOOJIAHCHH.

x> 1 2 T
> Limit(arctan(1/(1-x)),x=1,left)= limit(arctan(1/(1-x)), x=1, left);
X 2
W\iim (- x)tg —= —
x>1 2 T

32



. 1 Vs . 1 V4
2. lim arctg — lim = — — JUMHTIAp XUCOOIAHCHH.
x— 1- 1- X 2 x—> 1+1 — ¥ 2

> Limit(arctan(1/(1-x)),x=1,right)= limit(arctan(1/(1-x)),x=1, right);

. Vs . 1 V4
\\ lim arctg = — lim =-—.
x— 1- 1—- X 2 x=> 1+1 — X 2

§4.2. XocuiaHu xucooJiam
Mucodnap.

1. > Diff(sin(x"2),x)=diff(sin(x"2),x); \\isin( x%) = 2cos( x*)x

OX
2. > Diff(cos(2*x)"2,x$4)=diff(cos(2*x)"2,x$4);
W
oX
>simplify(%): w2

OX

4

cos( 2x)2 = —128 sin( 2x)2 + 128 cos( 2x)2

4

cos( 2x)° = 256 cos( 2x)° — 128

4

4

> combine(%); e
ox

cos( 2x)2 =128 cos( 4x)

4

Muddepennnan oneparop D(f)

Maple na nuddepenuan onearop xam mapxya: D(f), Oy epna f- aprymentu kypcatunmaran
bynakuus. Macanas,

>D(sin); \\cos

>D(sin) (Pi): eval(%); \-1
>f:=x->In(x"2)+exp(3*x):

>D(f); \x - 2 £+ 3¢ Y

X
Tonmmupuk 4.2.
1. f(x)=sin>2x—-cos >2x, f'(x)="7?

> Diff(sin(2*x)"3-cos(2*x)"3,x)= diff(sin(2*x)"3-cos(2*x)"3,x);

\\i(sin( 2x)3 — cos( 2x)3) = 6 sin( 2x)2 cos( 2x) — 6 cos( 2x)2 sin( 2x)
oX

2 (e (x?-1) =2

' 24

00X
> Diff(exp(x)*(x"2-1),x$24)= diff(exp(x)*(x"2-1),x$24):

> collect(%,exp(X)); e
oX

3. y=sin®x/(2+sin x), y'(z/12)=2 y"(z)="?
> y:=sin(x)"2/(2+sin(x)): d2:=diff(y,x$2):
> x:=Pi; d2y(x)=d2; W\x =7 d2y(z)=1

(e (x?-1)) =e" (x> +48 x +551)

24

>x:=Pi/2:d2y(x)=d2: \Wx i % d2y( 2) _ ?5

§4.3.MHTerpaniam

Muconnap.1.
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>Int((1+cos(x))"2, x=0..Pi)= int((1+cos(x))"2, x=0..Pi); \ [ @+ cos( x)) Zdx = i;z
g 2

int(f, X, continuous)-koMaHaa MHTErpajIall COXaCHAard Y3WINII HyKTaJapuHu XUcoora
OJIMaNIu.

Arap x=0..+infinity 6yyica xocMac HHTETpauIap XucoOIaHaIH.

Wuterpannu connu xucobnam yayH evalf(int(f, x=x1..x2), e) — e-aHUKJINK, KOMaHa
UILIATHIIA]IH.

2. 1(a) = Je’a*dx =2a>0(a<0,1(a) > ).

> Int(exp(-a*x),x=0..+infinity)= int(exp(-a*x),x=0..+infinity);
Definite integration: Can't determine if the integral is convergent. Need to know the sign of --
> a .Will now try indefinite integration and then take limits.

e ™ -1

+0
_[efaxdx = lim -
0

X— o a
> assume(a>0);
1

> Int(exp(-a*x),x=0..+infinity)=int(exp(-a*x),x=0..+infinity); W\ fe *dx ==
o a

HNuTerpasiam ycyJuIapuH ypraTuii

Maple na uHTErpaam ycyurapuan ypraraauran student Maxcyc makeT MaBxKyJ, YHMHT
épaaMusia yCyJITHUHT Xap Oup KaaaMu HHTEPAaKTUB X0J11a HaMoWuII 3tunaau. bynnait
ycyiapra 0ynakiad nHTerpajulanl inparts Ba y3rapyBUMHHU alIMAIITHPULI yCYIIIapu
changevar xupanau:

intparts(Int(f, x), u) Ba changevar(h(x)=t, Int(f, x), t). Oxupru HaTHxa

value(%) xomanacu 6unan Xxocws1 KuauHaau. student makerura Mmypoxaat andarra
with(student) komangacu OuilaH amanra omMpuiIaad. bup Heua MuCOI Kypamus.

TonmmumpukJaap 4.3.

1. AHMKMac UHTEerpajiap XucoOIaHCHH:
3x‘ + 4
a)J'cos X €os 2x cos 3xdx , b)J‘ﬁdx .
X" (x" +1)
> Int(cos(X)*cos(2*x)*cos(3*x),x)= int(cos(x)*cos(2*x)*cos(3*x), X);
1 1

. . 1 1
\\jcos X COS 2XCOS 3XdX = —sin 2X + —sin 4x + —sin 6x + —x /
8 16 24 4

> INt((3*XM+4) /(X 2* (X" 2+1)"3),X)= int((3*X4+4)/(x"2*(x 2+1)"3),X);
3x* + 4 1 57 25 x 7 X

\\J'ﬁdx = —-4——- —arctan( x) - — . - o
Xx“(x"+1) X 8 8 x"+1 4 (x  +1)

72

2.[

> assume (a>0); assume (b>0);
> Int(sin(x)*cos(x)/(a"2*cos(x)2+b"2*sin(x)"2),
x=0..Pi/2)=int(sin(x)*cos(x)/(a""2*cos(x)"2+b"2*sin(x)"2),x=0..Pi/2);

sin x cos xdx In(b) —In( a)
= ,a>0,b >0 , HHTErpad XHUCOOJAHCHH.

2 2 2 . 2 2
(a”cos " x+b"sin " x) —a +b
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+o0

1-e¢ ™ 1
3. I—de = —In(a+1),a > -1, HHTErpal XUCOOJIAHCHUH.
X 2

0 Xe
> restart; assume(a>-1);
> Int((1-exp(-a*x"2))/(x*exp(x"2)),
x=0..+infinity)=int((1-exp(-a*x"2))/(x*exp(x"2)), x=0..+infinity);

"% cos x
4, J' dx = 0.3229229811 13732 HMHTErpaj XUCOOIAHCHH.
. X
> Int(cos(X)/x, Xx=Pi/6..Pi/4)=evalf(int(cos(x)/x, x=Pi/6..Pi/4), 15);
5. J(x) = st sin xdx = —x° cos( x) + 3x° sin( x) + 6x cos( x) — 6sin( x)

WHTEerpas 0yakiiad HHTErpaUIaHCHH.
> restart; with(student): J=Int(x"*3*sin(x),x); \J (x) = [ x* sin xdx

> J=intparts(Int(x"3*sin(x),x),x"3); \J (x) = —x* cos( x) — [- 3x? cos( x)dx

> intparts(%,x"2);  \\J(x) = —x° cos( x) + 3x”sin( x) + J'chos( x) dx

> value(%); \J(x) = —=x> cos( x) + 3x 7 sin( x) + 6x cos( x) — 6 sin( x)

6.3 = J' ;dx = 2 HMHTErpa tg Xy y3rapyBUMHH aIMAIITHPHII EpIaMuia
7,1+ cos( x) 2

XUCOOJIaHCHUH.

> J=Int(1/(1+cos(x), X =-Pi/2..Pi/2); W1 - | ! dt

(1 + cos( 2 arctan( t)))(1+ tz)

-1

> value(%); \\J=2

§4.4.®yHKUMAHM TeKIIMPHIIT
iscont(f,x=x1..x2), discont(f,x), singular(f,x)
OYHKUMSHYA TEKIIUPHUIIAA aBBAJIO YHUHT aHUKJIAHUIL COXAaCUHU TonuI Kepak. CYHT
Y3JIIYKCU3JIMK COXACUHU TOITHUII KCPAK.

@OYHKIUSHUHT Y3JYKCU3JIUTH Ba Y3WIHII HYKTAJIapu

Kyiingaru kxomanaanap MaBxy/:
iscont(f,x=x1..x2)- pynkmwms [x1..x2] kecMa/ia Y3TyKCH3IUTHHYI TEKIINPAIH, )KaBoo- true (xa) ,
false (iiyk) kypuHMIIA YUKAIH, KyMiagaH, Xx=-infinity..+infinity, sbHu OyTyH coHnap ykuna
TEKITHPHUIIAIH.
discont(f,x) — byukuusHUHT 1- Ba 2-Typ y3WJIMII HYKTalTapUHHU aHUKJIAIII,
singular(f,x) - GyHKUUSHUHT 2-Typ Y3WIHII HyKTAIAPUHHN aHUKJIAIII.
by komannanap cranaapt 6ubiamnorekanan readlib(name), 6y epaa name-ury KomaHianapial
OMPUHUHT HOMH, KOMaHJacH OpKaiu dakupuiaaau. by xonnga eunmiap tynnam (set) KypuHUIIAa
YHUKaJM, OATUI TEHICU3INKIap €plaMu/ia )kaBoO OJIUII yYyH convert KoMaHaacu €paaMuia
HIaKJ y3rapTUpULI KEPaK.

Tonmmupuk 4.1.
1.y =" HyHKUMSHUHT Y3UIHII HYKTaJapy TOMUICHH.
> readlib(iscont): readlib(discont):
> iscont(exp(1/(x+3)),x=-infinity..+infinity); \\false
> discont(exp(1/(x+3)),X); \\x=-3

X

2. y=1g (GYHKUMSHUHT Y3WIUII HYKTalapy TOTHUIICHH.

2-X
> readlib(singular):
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> iscont(tan(x/(2-x)),x=-infinity..infinity); \\false

> singular(tan(x/(2-x)),x); W{x = 2},4[)( _, r_N+1) | .
L -2+2_Nz+7x|

3KcheMyMnap. (I)yHRIII/IﬂHI/IHF JHI' KaTTa Ba JHI' KHYUK KHﬁMaTJ’IapH

extrema(f,{cond},x,’s’) - f(X)- sxcTpemymra Tekmmpmiaéran Gpynkuus, {cond}-y3rapyBuura
KYWWITaH YapTiiap, X-y3rapyBud, ’s’-3KCTpeMasl HyKTaJlapHU KaOyi KuiaJuran y3rapyBuu. Arap
{} 6ynca sxkcTpemym OyTyH COHIAp YKUAA KUIUPHIATH.

> readlib(extrema):

> extrema(arctan(x)-In(1+x"2)/2,{},x,’x0’);x0; \\{1 2L In( 2)} (3KCcTpeMa KuiiMar)
4 2

{x =1} (PKCcTpeMan HyKTa)

Adcycku Oy HyKTagaru KuiiMat MakcuMyM €KM MUHUMYMMH Oy epJia aHuKIMac.
Bynunr yuyn ukkuta maximize(f,x,x=x1..x2), minimize(f, x, x=x1..x2) komananapu
unaTUiIaau. Arap yarapyBunjaan keifus, 'infinity’ éku x=-infinity..+infinity ne6 Oepuica
Macayia OyTyH COHJIap YKuaa eumiaan. Mucodn,
> maximize(exp(-x"2),{x}); \\1
By koMaHaapHUHT KaMYMJIMTH ITYHAAKH, yIap SKCTpeMall HyKTaaa GyHKIUS KHHMaTHHA
Oepaau, yHUHT XapakTepu (max €k min) Hu Oepmaiinu. [IIyHUHT yayH, S9KCTpEMyMHHUHT
xapakTepu (max €Ky min) , SKCTpeMas HyKTaJapHHU OJIHII Y9yH aBBaJo,
> extrema(f,{},x,’s’);s;
KOMaHJJaCHHU OEpHI KepaK Ba IIyHJaH KelnHruHa maximize(f,x); minimize(f,x) komangamapHu
Oepui kepak. Tonmirad HyKTajga max €Ku min SKaHJIMTMHA OMITUIL Y9YH MOC paBHILIa
f"(x,) <0 (max) éku f"(x,) >0 (mMin) MWAPTHH TCKIIUPHUII KEPaK.

Arap maximize Ba minimize koMaHaanapuaa location onuuscHA 6epcak xam
9KCTpeMall HyKTa XaM (yHKIMs KHHMaTH YUKAIU:

V2

2

-1
) —1t
4

. ) 1 _
> minimize(x"4-x"2, X, location); \\—1,4[(x = - ﬁ), —1], [(x =
4 2 4 J

L
Tommmpuk 4.1.2.

— 5, 1
1. y= O.5(x2 —0.5)arcsin x + 0.25 7 V1 - x? - —ax’ > max (min)
12

> readlib(extrema):
> y:=(x"2-1/2)*arcsin(x)/2+x*sqrt(1-x"2)/4- Pi*x"2/12:

> extrema(y. £ xs)s W0, - ﬁl [t ‘”’{X ) EH
| 24 16 J L 2

> readlib(maximize):readlib(minimize):

> ymax:=maximize(y,{x}); \\ymax:=0

> ymin:=minimize(y,{x}); Wymn == -2z + K
24 16

2. f(x) = x"In x > maxmin),  x e [1,2]

> f:=x"2*In(x):

> maximize(f,{x},{x=1..2}); \\iIn(2)

> minimize(f,{x},{x=1..2}):simplify(%); \\-o05e™"
3oy =x /(4-x") > extr , f"(x) =2

> restart:y:=x"3/(4-x"2): readlib(extrema):
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readlib(maximize): readlib(minimize):

> extrema(y,{},x,'s"):s: \{-34/3,34/3.3 {{x = 0} {x = 243}, {x = ~2+/3}}

> d2:=diff(y,x$2): x:=0: d2y(x):=d2; \\d2y(0):=0

> X:=2*sqrt(3):d2y(x):=d2; \d2y(2+/3 = - i\/g)
4

> X:=-2*sqrt(3):d2y(x):=d2; \d2y(-2+/3 := i\/g)
4

DYHKIMAHUA YMYMUH X0/1/1a TeKIHPH LI

1. AHMKJIaHUII cOXAacu. AHUKIIAHHII COXAaCH (PYHKIUS Y3TYKCU3IHKKA TEKIIUPUITrad
AHUMKJIaHAIH.

2.DyHKIMSA Y3JIYKCU3IIUTH Ba Y3WINILI HyKTajlapy Kyiuaarndya TeKILpUIaau:

> iscont(f, x=-infinity..infinity);

> d1:=discont(f,x); .\\ 1-Typ y3unum HyKTacu

> d2:=singular(f,x);\\ 2-Typ y3wmin HykTacu

3.AcumnToTtanap. Yekcus y3uiauill HyKTaJJapUHUHT abliiccanapy UEPTUKAl aCCUMIITOTaHU
Oepanu, 1eMaK BEpTHKaAJI aCCUMIITOTA KyHuaaruia TONMIaIN:

> yr:=d2;

OrMma accumnToTasap QyHKIUSIHA YEKCU3IUKIArd XapakTKpuHU 6epaan. OFMa accuMIToTasiap
y = kx + b,k = lim (f(x)/x),b = lim (f(x) - kx) Kypunuiga Tomuiaau. Kapama-kapmm (-o0)

yuyJard acCMOToTaIap X->00 1e0 XOCHJI KUIMHAIU:
> KL1:=limit(f(x)/x, x=+infinity);
> b1:=limit(f(x)-k1*x, x=+infinity);
> k2:=limit(f(x)/x, x=-infinity);
> b2:=limit(f(x)-k2*x, x=-infinity);
YHJAaH CYHI aCCUMIITOTAJIap
> yn:=k1*x+b1;
ne0 XOCHIT KWIIMHA/IH.

4.9xcTpemymiap. Yiap Kyiuaaru cxema Oyiinua TeKIupuiam:
> extrema(f(x), {}, x, ’s’);
>s;
> fmax:=maximize(f(x), x);
> fmin:=minimize(f(x), x);

I'paduxk scam

OyHKws rpaguruHu scaml GYHKIUSHA TSKITHPHUIIIA YHT OXUPTH ITAIl XHUCOOIaHAIH.
['padukna accumnroTanap MyHKTUP YU3HUK OWJIaH YU3UJIHILIN, SKCTPEMYM HYKTanap XapakTepu
OwtaH OeNTHUIIaHUIIN KepakK.

Tommmupuk 4.2.3.
1. f(x) = x" I(1+ x)* QyHKIHS TYIIA TEKITUPHICHH.
> f:=xM/(1+x)"3:  \\ dyHKMsHE Oepuin
> readlib(iscont): readlib(discont): \\ GpyHKIMS y3IYKCH3TUTUHN TEKITHPHUIIT
readlib(singular):
> iscont(f, x=-infinity..infinity); \\false \\énron
> discont(f,x); \\ y3wmumn nykramapu — \{-1}
> xr:=convert(%, +°); \\ y3uiuin HyKTanapuHu TYTUIaMIaH COHTa aiJIaHTUPHIIT

\\xr:=—1
> Kk1:=limit(f/x, x=+infinity); \\ accumnroranapuu tormum \\k1 :=1
> b1:=limit(f-k1*x, x=+infinity); \\bl :=-3
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> k2:=limit(f/x, x=-infinity); \\k2 :=1

> b2:=limit(f-k2*x, x=-infinity); \\b2 :=-3

> y=k1*x+bl; \\ orma accumnroTa \\y=x-3

> readlib(extrema): readlib(maximize): \\ DkcrpemymimapH# TOMHUIIT
readlib(minimize):

> extrema(f,{},x,'s");s; \\{— 2%6 0} {{x = -4}, {x=0}}
27
> fmax:=maximize(f {x}{x=-infinity..-23); W 1 -~
27

> fmin:=minimize(f,{x},{x=-1/2..infinity}); \ f min =0
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2.y =arctg(x °) (QYHKIUSAHUHT rpadUri YU3UICHH, ACCHMITOTACH KyPUJICHH, SKCTPEMYM

HyKTaJapH TOIIMJICHH.
> restart: y:=arctan(x"2):

> iscont(y, x=-infinity..infinity); \\true
> k1:=limit(y/x, x=-infinity); \\k1:=0
> k2:=limit(y/x, x=+infinity); \\k2:=0
> b1:=limit(y-k1*x, x=-infinity); \b1:= &
2

> b2:=limit(y-k1*x, x=+infinity); b2 = &

2
> yhi=b1; \yh = z

2
> extrema(y,{}.x,'s);s; {0} {{x=0}}

> ymax:=maximize(y,{x}); ymin:=minimize(y,{x}); \\ymax:= ymin :=0

> with(plots): yy:=convert(y,string):

> pl:=plot(y,x=-5..5, linestyle=1, thickness=3,
color=BLACK):

> p2:=plot(yh,x=-5..5, linestyle=1,thickness=1):
> tl:=textplot([0.2,1.7," AcumnToTa:"],
font=[TIMES, BOLD, 10], align=RIGHT):

> t2:=textplot([3.1,1.7,"y=Pi/2"],
font=[TIMES, ITALIC, 10], align=RIGHT):

> t3:=textplot([0.1,-0.2,"min:(0,0)"],
align=RIGHT):

> t4:=textplot([2,1,yy], font=[TIMES, ITALIC,
10], align=RIGHT):

> display([p1,p2,t1,t2,t3,t4]);

] AcyoorroTa: RS

11 arctan(x*2)

e
| g
[
[
=S

0.23min 00
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§4.5.MHTepaKTUB yCyiap
a) MHTerpaJJIApHU TAKPUOHUii Xucodam

E{ﬂ Calculus 1 - Approximate Integration £
File Help
— Plat Wincon — Ertet & function, interval, and nunber of subintervals
11 ) = | sinx)
. /f -““‘\ a= 0 b=|Pi
053
I:I.EE ~ Rietriann Sums
0.47 ) upper () lower () random
It ) midpoint ) right
0.2
] - Mewton-Cotes Formulae —_7Right Rigtnahn sum
I:I_IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
£ 05 1 18 2 25 3 Trapezoidal Rule ) Simpson's Rule
¥ ) Simpson's 348 Rule (7) Bode's Rule
Area (Approximate Integral) = | 1. 883523538 @ Newton-Cotes Formula with order =
Actual Integral = | 2.

Animate

Colar Compare Cloze
[ cor |

Maple Cotrtnand

ApproximateInt(sin(x), 0..Pi, 'partition' = 10, 'method' = trapezoid, 'output' = 'plot']);
Eﬂ Calculus 1 - Approximate Integration £
File Help
— Plat Wincon — Enter & function, interval, and number of subirteryvals
11 ) = | sinx)
. 7 h“'\ a= 0 k=|Pi
08,
I:I.EE ~ Rietriann Sums
0.47 ) upper () lower () random
It ) midpoint ) right
0.2
] - Mewton-Cotes Formulae
I:I_IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
£ 05 1 18 2 25 3 () Trapezoidal Rule ) Simpson's Rule
¥ Simpson's 348 Rule (7) Bode's Rule
Ares (Approximate Integral) = | 2.000003014 | Mensier-Eates Famms it aiesr =
Actual Integral = | 2.

i |
Actual walue of integral |

Comr |

Close

Maple Cormmand

ApproximateIntisin(=), 0..P1, 'partition' =

10,

'method' = simpson[3/8],

‘output' =

'plot');
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Fd Calculus 1 - Approximate Integration x|
File Help

Pliot Winclos Erter a function, interval, and number of subintetvals
17 =) = |3incx)
3 / \ a=|0 b= IPi
083 n= |1 i
05 Riemann Sums
0,45  upper O lower € random
. O oleft O midpoint ¢ right
0,29
E Mewwton-Caotes Formulae
I:I_IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
1 05 1 15 2 25 3 ™ Trapezoidal Rule ' Simpson's Rule
k3 . Sirnpson's 38 Rule " EBode's Rule
Area (Approximate Integral) = [2 000006754 ™ Mewton-Cotes Formula with arder = |5
Actual Integral = |2,
Anirmate | Colar | Compare | Close |
Maple Command
|Appruximatelntisin|:xj , 0..Pi, 'partition' = 10, 'method' = simpson, 'output' = 'plot'):

Calculus 1 - Approximate Integration x|
File Help
Pliot Windowy Erter a function, interval, and number of subintervals
17 fix) = |zin(=)
] 74 XK a=|0 b= IPl
083 7[ \ n=io
o -EE Rietann Sumns
El,f-lz © upper O lower 0 random
] et 1 midpoint € right
021
E Mewtan-Cotes Fartnulae
D_IIIIIIIIIIIIIIIIIIIIIIIIIIIII
1 05 1 15 2 25 3 " Trapezoidal Rule " Simpson's Rule
¥ " Simpzon's 358 Rule i o
Area (Approximate Integral) = (20082458405 ™ mMewton-Cotes Formula with arder = |5

Actual Integral = (2.

Display Animate | Colaor | Compare | Close |

Maple Comtmand

|ApprnximateInt(sin|:x], 0..Pi, 'partition' = 10, 'method' = midpoint, 'output' = 'plot'):

M3ox. Pacmnapna anuk uHTTErpan tpamnemnus, Cummncon, Cumrncon 3/8, bone ycynnapu 6unan
xucoOanraH. 3anacna siHa Typiau taptubnu Hetoron-Kotec dopmynanapu, Typnu xuin Puman
UHTErpal HUFUHAWIApU TypuOIu.

4.6. Tonmumpukaap
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2
X —2x+1
1. lm(—) =2

2
x> XT —4X+ 2

1 _ 1
2. lim (———) =2 lm (——)" =7
><~>0—1+2 Xx—> 0+ 1+2

3.0—5(In x) = 2.f(X)-,
ox

1

4.y = 5 (DYHKUMSHHEHT y3HITHII HyBTanapu TOMMIICHH.
1 _ e X - X
5. f(x) = xsin x+cos x — x* /4 (yHKIUA dSKCTpemymiaapu [-1,1] kecMaga TEKIIUPHUIICHH.
x*(x-1) y
6.y = ——— (QyHKUUS TYIUK TEKIIUPUICUH.
X+1

7.y = x’ = 3x" + 2 (GyHKIHSA rpaduru IKCTPEMyMIAPHUHT KOOPIHHAKATIAPU KYPCATUIHO
YU3UIICHH.
— 6)dx

= j = ? aHMKMAacC MHTErpaJl XUCOOJaHCHUH.
x*+6x’+8

™ sin( ax ) cos( bx )dx

9.J(a,b) = j =2a>0,b>0,(a>b,a=b,a<b) HHTETpAI XHCOOJIAHCHH.
o X
0.2 . x?
sin( 3x)e .
10. 3 = J —————dx = ? WHTErpaJl TAKPUOUIA XHUCOOIIAHCHH.
0.1 X
zl2
11. 3 = | x° cos( x)dx = ?, HMHTerpai Oyyakiad WHTErpagaml ycyau OuiaH XuCoOJaHCHH.
0
12
dx o
12,5 = I ,tg (x /2) = t , UHTETpaJ Y3rapyBUMHH aIMAIITHPHO XUCOOTaHCHH.

5 5—4sin x + 3cos X

Casosiap
1.Japxon 6akapunaaurad Ba OMKapUIUIIN KEYUKTUPWITaH KOMaHanap HUMa,
2. Jlumut KaHmail komaHaa épaamMuaa Xucoomanaau, Kauaa mapaMmerpiapu 6op.
3.Xocuna KaHiai koMaHaa épaaMuia XucooIaHaau.
4. OyHKIUS Y3ITYKCU3IUTH KaHIal KOMaH 1a EpaMuIa TeKITUPHIIAIH.
5. OYHKIMSIHUHT 3KCTPEMYM HyKTanapu (X,y) Ba YHIArd max Ba min KuimaTiap Kaniai
KOMaHaJlap KeTMa-KeTIUTH €pJlaMuia aHUKJIaHAIH.
6. maximize, minimize, extrema koMaHIaJapy blaHIali KaMUYUIHKIIapra 57ra.
7. Maple na GpyHKIMSHN TEKITUPUIITHUHT YMYMHIA CXEMACHHU TYIyHTHPHHT.
8.MuTerpannam koMmaHaanapu (aHUK Ba TaKpHUOUN XMCOOIOBYH) HU TYIIYHTHUPUHT.
9.I1apameTpaan OOFIMK MHTETPAJIHU XUcoOIalllja napamMmeTpiapra YeKjaaHuIap Kanaai
KoMaHaanap épaamuaa Oepuiaam.
10. student makeTn HUMara MyJKaJIaHTaH.
11. bynakna® uHTerpamiam KOMaHJaCHHH TYIIYHTHPUHT.
12. V3rapyBunnm aaMaTHpHO HHTErpaIIaIl KOMAHIACHHHI TYIIYHTHPHHT.
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V. Ynsukiau anaredpa

Umsukm anreOpa MacajallapyuHu edull Komanganapu linalg makerura sxoiamras.
[ysaunr yuyn um 6omiamniaan apan witn(linalg) komangacuau 6epuill Kepak.

§5.1.BekTopJiap ajaredpacu

Acocuii KOMaHOaJIapHH XaJBajiga KECJITUpaMus.

AMan HoMH MareMaTuk amain Komanna kypuHumu
BekTopuu xX=[x1,x2,...,xn] x:=vector([x1,x2,...,xn])
oepuii convert(vector, list)
convert(list, vector)

BekropnapHu Kymuin a+b evalm(a+b);

aa + b matadd(a,b,alpha,beta).
Ckassip Kynaitma (a,b) dotprod(a,b)
Bekrop xymaiitma [a,b] crossprod(a,b)
BekTopHHHT HOpMacH ”a” _Jaz s a? norm(a_,Z)
Bupnuk BexTop ! normalize(a)

a

=]
Bekropiap opacuaaru Oypuak (a,b) angle(a,b)

@ = arccos

2l

Bekropmapaur 6azucu al,...,an basis([al,a2,...,an])

BEKTOPJIAPHHUT

Oasucu
I'pam LImuth al,...,an GramSchmidt([al,a2,...,an])
OpPTOTOHAJIIAIII TH PHIIT BEKTOPJIAPHU

OPTOTOHAJLTAINTHPHIIL
Muconap.

a,b)

1.a=[2,1,3,2], b=[1,2,-2,1] , (ab)=?, ¢ = arccos =2 =2

[2lb|

>with (Student[LinearAlgebral) :
\a:=[2,1,3,2] b:=[1,2,-2,1]

>a:=([2,1,3,2]); b:=([1,2,-2,1]);

> dotprod(a,b);
> phi=angle(a,b);

\\0

|\ PR
2

2. a=[2,-2,1], b=[2,3,6], c=[a,b=?, (a,c)=?

> restart; with (Student[LinearAlgebra]) :
\a:=[2,-2,1], b:=[2,3,6]
\\¢:=[-15,-10,10]

> a:=([2,-2,1]); b:=([2,3,6]);
> c:=crossprod(a,b);
> dotprod(a,c);

3. a=[2,-2,1], ||a|| =.Ja] +..a’ =2

\\0

> restart; with (Student[LinearAlgebra]) :

> a:=vector([1,2,3,4,5,6]): norm(a,2);

\WEE

4. x1=[1,2,2,-1], x2=[1,1,-5,3], x3=[3,2,8,7], x4=[0,1,7,-4], x5=[2,1,1,-10],
basucu tonwicun, 'pann MuaT ycynu OunaH opTOroHauIalITUPUHT.
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> restart; with (Student[LinearAlgebra]) :

> al:=vector([1,2,2,-1]): a2:=vector([1,1,-5,3]): a3:=vector([3,2,8,7]): a4:=vector([0,1,7,-4]):
ab:=vector([2,1,12,-10]):

> g:=basis([al,a2,a3,a4,a5]); \\g:=[al, a2, a3, a5]

>GramSchmidt(g); \[[1,2,2,-1], [2,3,-3,2], [81,-93, 327, 549]/65, [1663, -923, -71, -355]/724]

§5.2. MaTpunaJiap ajaredpacu

Aman HOMH MaremaTuk aman Komanna kypunuim
Marpuiiany aHuKJIam A=[a,] >A=
matrix(n, m, [[all,al2,...,aln],
[a21,a22,...,a2m],...,
[anl,an2,...,anm]])
JlvorHan MaTpUIlaHU AaHUKJTAIIT fat o o o] | >J=diag(al,a2,a3,a4)
| 0 a2 O 0 |
32| |
lo 0o a3 o0 |
i_ 0 0 0 a4J|
Marpuranu reepauust KW | A =[a ] a, = f(i, j) >Ti=(1,))->xMN*yN:
>A:=matrix(n,m,f)
Catpnap conu m >rowdim(a);
Ycrynnap conn n >coldim(A):
MarpunanapHu Ky A+B evalm(A+B);
aA + BB matadd(A,B,alpha,beta).
MarpunanapHu KymadTHPHII C=AB evalm(A&*B);
multiply(A,B);
JlerepMHHAHT | A | >det(A);
MatpuIiaHuHT U3K >trace(A);
Z a'ii
MarpuiiaHuHT MUHOPH A naH i-catp, j-ycTyH >minor(A,i,));
HH YYUPUIIT
Teckapu marpuna A*B=E,B*A=E >evalm(1/A)
>inverse(A);
>evalm(A”(-1));
Tpancno3uusIan AT >transpose(A);
MarpuianuHT XoccalapuHu >definite(A,param)
AHMKJTAII A>0 param:= 'positive_def’,
A>=0 'positive_semidef’, 'negative_def’,
A<0 'negative_semidef'
A<=0
MarpuianuHar A*A" = E AT *A =g |>orthog(A);
OPTOTOHAJTMTUHU aHUKJIAIII
MartpuiianuHT qapaxacu A" >evalm(A”™n);
MartpHIaHuHT SKCIIOHEHTACH e? >exponential(A);
Mucomnap.1.
r1 2 37
> Amatrix([[L231[-3.-2-10]);  Wa=|-3 -2 -1|
] ]
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[1 0 0]
2.> J:=diag(1,2,3); \J = I 0 2 0 I
[0 0 3]
3. > =, j)->xNirynN; Wfo= G, j)->x'y’
[ Xy Xy Xy ]
> A:=matrix(2,3,f); \A = I x‘y x'y? o xty’? I
L J

4. > A:=matrix([[1,0],[0,-1]]):

> Be=matrix([[-5.1], [7.41): Wa=|  °le-| ° '
o -1 777 4

> v:=vector([2,4]); W\ =[2 4]
> multiply(A,v); \[2 -4]
> multiply(A,B): \\{‘5 1}
-7 -4
[-4 1]
> matadd(A,B); \\
L7 3
> C:=matrix([[1,1],[2,3]]):
[5 31
> evalm(2+3*C); \\
Le 11J
[4 0 517
5.> A:=matrix([[4,0,5],[0,1,-6],[3,0,4]]); Wa={0 1 -5
|3 0 4|
> det(A); \\1
> minor(A,3,2); \\{2 56}
> det(%); \\-24
> trace(A); \\-9
(4 0 57
6. .> A:=matrix([[4,0,5],[0,1,-6],[3,0,4]]); WA={0 1 -5
|3 0 4|
[ 4 0 -5]
> inverse(A); \\ I—18 1 24I
|-3 0 4|
[1 0 0]
> multiply(A,%); \\Io 1 0:
[0 0 1]
(4 0o 3]
> transpose(A); \\:o 1 o:
|5 -6 4]
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2. > Ar=matrix([[2,1],[1,3]]); \A = L J
1 3
> definite(A,'positive _def’); \\true
> Bemmatrix([[1/2, *sqrt3)2L.[1#sqrt(3)2.-12]]);  We —| -2 Vo 2]
N3z —1/2)
> orthog(B); \\true
b
3. > T:=matrix([[5*a,2*b],[-2*b,5*a]]); W 0t %
L— 2b SaJ

|— (5a) b (5a) _. b —|
> exponential(T); \/h cos(2b) e sin( 2b)
|- e“sin( 2b) e cos( 2b) |

[25a% - 4b? 20ab |
> evalm(T"2); \\| ? , . |
| - 20 ab 25a” — 4b |

Tonmmumpuk 5.2.

[4 3] [- 28 93 | [7 3]

LA:ZL? 5J1B::L38 —126J’C::L2 1J’

(AB)C, det(A), Det(B), Det(C), Det[(AB)C]=".
>with (Student[LinearAlgebral]) :restart;

> A:=matrix([[4,3].[7,5]]):

> B:=matrix([[-28,93],[38,-126]]):

> C:=matrix([[7,3],[2,1]]):

> F:=evalm(A&*B&*C); \\r :_r 0}
0 1

> Det(A)=det(A); Det(B)=det(B); Det(C)=det(C);
Det(F)=det(F); \\ Det(A):=-1 Det(B):=-6 Det(C):=1 Det(F):=6

[2 5 7]
2. A::IG 3 4 I det( A), A7\, AT det( M ,,) =2
|5 -2 -3]
> A:=matrix([[2,5,7].,[6,3,4].[5,-2,-3]));
> Det(A)=det(A); \\Det(a):=-1
2 6 51
> transpose(A); \\I 5 3 - 2:
|7 4 -3
[ 1 -1 1]
> inverse(A); \\I—ss 41 —34I
| 27 -29 24 |
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[8 -4 5 5 9]
Il -3 -5 0 —7I
3Aa=17 -5 1 4 1 |, rank(A)=?
Is -1 3 2 5 I
i J

> A:=matrix([[8,-4,5,5,9], [1,-3,-5,0,-7], [7,-5,1,4,1], [3,-1,3,2,5]]):
> r(A)=rank(A); \\rank(A)=3
3 -11 .

4.T::L1 lJ,e =2

> exponential ([[3,-1], [L,1]]): \\|r2e: e
L e 0 ]
[5 1 4]
5. A::I3 3 2 I PA) =A°-18A ° + 4A =72
|6 2 10|
> A:=matrix([[5,1,4],[3,3,2].[6,2,10]]):
[64 0 0]
> P(A)=evalm(A"3-18*A"2+64*A); \\P(A) :=: 0 64 O :
[0 0 64]

§5.3.MaTprIaHMHT X0C COH Ba XOC BEKTOPJIapu

Aman HOMH Marematuk aman Komanja kypununm
MarpHuaHHHT XOC COHJIApH AX = AX, A = ? eigenvalues(A)
MarpuasuHr Xoc BEKTOpIapH AX = AX,x = ? eigenvectors(A)
MartpuiiaHuHT XapaKTePUCTHK P, (1) = det( 1E — A) charpoly(A,lambda).
TEHTJIAMACH
MarpuiiaHiHT MEHUMAJ KYTIXaJn minpoly(A,lambda).
Marpunanunr XKopnan popmacu jordan(A)
MarpunaauHr yaoypyax [aycc ycynu Ounan gausselim(A)
KYpUHHIILIAPU by amanucus ffgausselim(A)
Kopnan ycynuna gaussjord(A)

XapakTepUCTUK MaTpHIIa B:= AE — A charmat(A,lambda).
Mucoinap.1.

s -1 17
A::}—l 5 —1I, AX = AX, A =2, x=72.

|1 -1 3|

with (Student[LinearAlgebral]) :
> A:=matrix([[3,1,1],[1,3,1],[1,1,3]]):

> eigenvectors(A); \[5,1,{[1,-1,-1]}], [2,1,{[1,1,0]}], [2,1,{[1,0,1]}],
ABHH, A, = 5,%x, = [1,-1,-1], 4, =2,x, =[11,0], 1, =0,x, =[1,0,-1].
2.U :F ’ Z_H,zz?,x:?

LZ + i 7 J
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> U:=matrix([[3,2-1],[2+1,7]]):

> eigenvectors(U); \\[8,1,{[3— l| AL [24.4[-2 + 1 A1} .«
5 5
[3 —i 0]
3. A= : i 3 OI, AX = AX, A =2, x=?2,P(1)=?.,d(4) =7 J(A) = jordan (A)=7.

o 0 4]
> A:=matrix([[3,-1,0],[l,3,0],[0,0,4]]):
> eigenvectors(A);
> P(lambda):=charpoly(A,lambda);
> d(lambda):=minpoly(A,lambda);
> jordan(A);
[3 1 1 5] 3 1 17

4. A= : 1 3 15 : ,B = I 1 3 1 : , . Marpunanapaunr XKopaan, ['aycc-yuOypuak KYypHHUIIH,

|1 1 3 5] |1 1 3]
XapaKTEPUCTUK MAaTPULIACH TOIWIICHH.
> with(linalg):
> A := array( [I3,1,1,5],I1,3,1,5],I1,1,3,5]1]1 )=
> J:=gaussjord(A, 'r');

61 0 0 1y
é a
Ji=¢€y 1 0 i
e u
é a
60 0 1 10
> G:=gausselim(3) ;
é3 1 1 50
é a
é a
&y 8 2 04
G:=¢8 3 3 30
é a
é a
° 5 50
oo
© 2 25
e u

> B:=array( [I[3,1,1],[1,3,1],[1,1,3]]1 );

> F(B) :=charmat (B, lambda) ;

w
'

[y

[y

@: ™ D O D D D
-
w
AN
oocooo oo

F(B) =

[y
'
[y
w

§5.4.Yn3uKIH TeHIJIaMaJap cucreMacd. MaTpHIa/Iu TEHIIAMAJIAPHHA €YML

AMan HOMU MareMaTuk aman Komanna kypuHnmm
Uu3HUKIN CHCTEMaH! SUUII AX =b,x = A 'b >solve({l1x=Db1,...,Inx-
bn}{x1,....xn});
YU3UKJIN CUCTEMAHU €YHIII AX =b,x = A 'b >linsolve(A,b);
MartpuiiaBuii TeHTIaMaHU AX =B,X = A'B >linsolve(A,B);




[S3e870101

MaTpHuIlaHuHT SIIPOCUHU AX = 0,x = A 'O >kernel(A);
TOITHIIT

(2x -3y +5z+7t=1
MI/ICOJ‘IJ‘Iap 1. J 4x -6y + 2z + 3t YU3UKJIM CUCTEMA CUUJICUH.
LZX—Sy—llz—lSt =1
> e(:={2*X-3*y+5*z+7*t=1, 4*X-6*y+2*7+3*t=2, 2*x-3*y-11*z-15*t=1}:
1

> s:=solve(eq,{Xx,y,z}); \\{z = - Et, y=Y,X= iy - —t- i}.
8 2 16 2

>subs{y=1,t=1}8); Wz - - & yoyx- ot y-1t-1
8 16

8. AX=B, X=2, A:[; ﬂs:[: :}

> A:=matrix([[1,2],[3,4]]):
> B:=matrix([[3,5],[5,9])):

> X:=linsolve(A,B); \P L B J .
2 3

1 07

4, A::IO 2 71I,

|1 3 -1
> A:=matrix([[1,1,0],[0,2,-1],[1,3,-1]]):

r(A) =rank (A)=?,d(A)=n-r(A)=".

> r(A):=rank(A); \\r(A)=2
> d(A):=rowdim(A)-r(A); \d(A)=1
> k(A):=kernel(A); \\k(A):={[-1,1,2]}

§5.5. YKUTHIIIa HHTEPaKTHB ycyJLiap

Auaredpa daHuaaH aMaJuii JapcaapHU TAIIKWI 3THIIA MAaTeMATHK CHCTEMAJTAPHUHT
HHTEPAKTHB HMKOHUATIApUAAH (oiiraiaHuI

X03Upru natnaa rapciaapHy TAIIKWI 3TUIIIA UHTEPAaKTUB-KYpra3mMaial ycyiulapJaH KeHT
doitnanannnamokaa. bynaa tanaba smmranu, kypaau, ypranaau. Arap Oy skapa€Hra KOMIbIOTEp
TEXHOJIOTUSUIIAPH XaM TaJl0MK 3TUIICA TAPCHUHT K03UO0AINTH siHa ommaau. bus mucon cudatuaa
Anrebpa, Xucobmna ycysuiapu dhaniapuaa YU3UKIN TeHTIaManap cucteMacuau ['ayce ycynu
OunaH eyui TeMacMHU Maple MaTemMaTuk cucteMacH €pilaMuia MHTEPaKTHB yCyIia TallKul
STUIITHY KypuO ynKkamu3. ABBajo, 1apc OoImaa Kuckada Ha3apuil MabiiymoT Oepuiaau, ['ayce
YCYJIIMHUHT Ma3MyHH, aXxaMUATH, TaAOUKIapu ounb Oepuiaiu.

Cyur, Maple marematuk cucteMacu MEHIOCHIaH KyiHIard KOMaHIaH! Oepammu3:
Tools>Tutors>Linear Algebra>Solving linear System. Hatmxana ymdy Mysokar gapvacu
yukaau, yaaad ['ayccHuHr iykorum ycynuau (Gaussian Elimination) rannaiimms:

Linear Solve Tutor X

Gaussian Elimination | Gauss Jordan Elimination |

Cancel |
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Fx Matrix Builder §d]| F= Gaussian Elimination

File Help Eliminstion Steps

Matrix view

—_
—_ G -
o =
o o
_ W
_ ) -
) = -
L) ) I |

Reduce the matix to row-echelon form by applying
the three elemeniary row operalions.

Muttiply
Matri

ultiply row 1 hd by 1 Apply |
3

Add

Add [0 fimes row |1 ¥ torow |2 0w Apply

Swap

Swwap rows |1 - and 2 - Apply |
5 vI v [ Square THieplay Close | Hint I Undao | Skip | Next | GChange the matrix | Cancel

=

Sl ===
Slelol=1=
= IE R EE
Slelslel=

=

N30x. Maple MmaTemaTuk cucremMacu €pamMuia siHa )Ky1a Ky MaB3yjapra oujl
MHTEPAKTHB JApCIIapHH TAIIKWUII STUII MyMKHH: TpaduKIIap scalll, MaTpHIaiap spaTHI, O Tui
Qg depeHIran TeHrIaMaJIapHUHT TaxJIWIH, ONITUMH3AIIHS Macajlaliapy, GyHKIUSITAPHUHT
CYINEPIIO3UIIHMSICH, KOHUK KHCMIIAp, TUMHTIIAP, TYFPH YH3UKIAP, YUK TCHICH3JIUKIIAp,
KYIXauiap Ba YJIapHUHT WIU3JIapH, dJIEMEHTap Ba paliMoHall GyHKIuUsIap, 1-y3rapyBunim Ba
KYT yrapyBUrin QyHKIUUIAp YCTHAA aMalljiap Ba ajJMaIITHPUILIAP, YN3UKIN adreOpaHiHT
TypJIM Macajajlapy Ba X0Ka3o0.

Marpuia KUpUTWIrad yHUHT YCTUAA KYHHIATry dJIEMEHTap alMalTHpUILIap Oakapamus
(Reduce the matrix to row-echelon form by applying the three elementary row operations):

1-catpuu 1/3 ra kynaiitupamus (Multiply row 1 by 1/3)

1-catpuu -1 ra kynaitupu6 2 carpra kymammus (Add -1 times row 1 to row 2)

1-catpuu -1 ra kynaiitupu6 3 carpra kymamu3z (Add -1 times row 1 to row 3)

2 —cartpuu 3/8 ra kynaiitupamuz (Multiply row 2 by 3/8)

2 —carpuu 3/2 ra xynaiitupamus (Multiply row 3 by 3/2) 2-catpHu -1
ra kynatupu6 3 carpra kymamus (Add -1 times row 2 to row 3)

Hatmxkana Oepuiran YM3MKIM TEHTIamMalap CUCTEMACHHH Y3rapTUPHII dTaIIapUHU
KyWHJarnya KeTMa-KeTauKaa KypaMus:
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E=] Gaussian Elimination |

Elimination Steps

1 115
31 1|5 1§§§
1315|4143 1!l5
1 1 3|5 11 3|5

Reduce the matrix to rove-gchelon farm by applying
the three glemantary row operations.
Multiphy ko 1 by 143

eluattipaly
hLItiply row |1 - I by 153
Acdd
Addd 0 times row |1 vl 1o row IE vI Apply |
Swap
Sweap rows |1 YI and |2 VI Apply |
Hint | Undo | SKip | Mext | Change the matrix | Cancel |
>
Elimination Steps
1 1 i
1 1 1] & 1 - < 2
3 3 5 3 3 3
o 8 2|10 | .0 2 2110
34 3 2 B8 10
o = &= (14
1 31 5 = 3 5
Rultiply Fow 1 by 123 =
Add -3 Hmes row 1 o rovwe 2
Add -1 Hmes row 1 o row 3 :I
MLy
MU tiply row |1 vI by [1r= Apply I
Acicd
Acd |—1 tirmes rowe |1 ~ I to rowe |3 -~ I
Swvap
Suwrap roves |1 VI and |2 VI Apply I
Hint I undao | SKip | rMext | Change the matrix | Cancel |
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x|
Linear System of Equations Zolve
[ 1 1 1 5 | rone sohelon j“
E E E Form.
o 1 1 i) X convert to
il £ cquations
o0 o 12|12 -
4 4
1 1 5 . Equations
X 4+ =X 4+ =X = = d
THg2 738 3
1 5 Solve x[3]
X4+ =X ==
2T 48 T
Exg _ 15 Solve x[2]
4
Solwe ®[1]
Salution
Close | Change the matrix | Zancel |

|
Linear System of Equations Solve
1 1 5 couations =1
M rgeta’mTg
; = soMvie xf3]
X =X = =2 >
2 =1 3 < SO 2] J
XS =1 =
1 1 i _
Xy - =X - =Xy — = Equations
T3 379~ 3 a |
X =1 Solve x[3] |
Xo = -
& Solve x[2] I
Solve x[1] |
Solution I

Close | Change the matrix I Cancel |
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[ solve the system of equations in Row-Echelon Form |

Linear System of Equations Salve
solve xfF ;I
4 3 4
solve xf2)
Xo = 1 * X = 1
soMvo xI1]
Xy = 1 Xy = 1 -

Equations |

Solve x[3]

Solve ®[2]

Solwe x[1]

Solution

Zlose | Change the matrix | Cancel |

Hlynnan cyHr sHa Matpuianu y3raptupu6 (Chang the matrix) sHru MUCOJ €YHII MyMKHH.

ManI/IIIaHI/IHI‘ XO0C COHJIAPDHHUHI' HHTEPAKTHUB YCyJi/ia aHUKJIalll

X03Wpru nanTaa JapciiapHy TALIKWJI ATHUILJIA HHTEPAKTUB-KYpra3Maln yCyJulapiaH KeHT
dorinananuimMokaa. bynaa tanaba smuranu, Kypamu, ypranaau. Arap Oy xapa€Hra KOMIBIOTED
TeXHOJIOFI/IﬂJIapI/I XaM TaI[6I/IK 9THUJICA IIapCHI/IHl" )K03H6aHI/IFI/I sSAHaA OoIIaau. BI/I3 MHUCOJI CHq)aTHHa
Anrebpa, Xucobmam ycymnapu (Gannapuia MaTpUIATApHUHT XOC COHJIAPUHU TOTHII TEMACUHU
Maple maremaTuk cuctemacu €piaMuia MHTEPAKTUB yCYIlJla TAIIKKWII ATUILIHU KYpUO YUKaMu3.
ABBasto, napc 6ommaa Kiuckada Ha3apuil MabIyMOT OepHiia, XOC COHIAPHUHT Ma3MyHH,
axamusITH, TaaOuKIapu ound Gepuiiaau.

Cyur, Maple maremaTuk cucTeMacH MEHIOCHIaH KyHHIard KOMaHIaH! Oepammus:

Tools>Tutors>Linear Algebra> EigenvaluesTutor.
€ku yrmoy KOMaHIaHu OepamMus:

Student[LinearAlgebra] [EigenvaluesTutor] () ;

Harmwxana ymly MynokaTt gapyacu YMKaIu.
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£ Find the Eigenvalues x|

5 2 0 1 0 0
M=| 3 1 -5 |.d=| 0 1 0
11 4 -4 0 0 1

Cancel |

Calculate M-t*Id tyrmacunu 60ccak XapakTEepUCTUK MAaTPHUIA TY3UIAJIH:

- Calculate M-t*1d x|

5 2 0 1 0 O [
M—id=| 3 1 -5 (—f 0 1 O
11 4 -4 0o 0 1
5—¢t 2 0
= 3 1—¢ -5 |
11 4 -4t =~

Baclk I Zancel

Take the determinant of M-t*Id Tyrmacuam 60ccak XapakTepUCTHUK TEHTTIaMa XUCOOIaHaIH.
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F=] The Characteristic Polynomial

5.t 2 0 -
der[M—xld):der 3 1-t -5

1M1 4 -4t

—-6+5t+2t2¢7 -

The determinant of (M-Y1d) is also called the characteristic polynomial. The eigenvaluas are the roots of the
characieristic polynomial.

Solve for eigenvalues

Back | Cancel |

Solve for eigenvals Tyrmacunu 60ccak XapakTepUCTUK TEHIJIaMa XOC COHJIapra HucOaTaHn
eUMIIaIN:

-] solve For eigenvalues

Solving the equation-6 + 5f -4+ 2t _t3—_0 —

gives the eigenvalues

f=1,-2,3 -

Return Eigenvalues I

Eaclk I Cancel |

x|

Return Eigenvals Tyrmacunu 6occak xoc connap Maple olfHacura ynkapuiay.

5.6. TonmupukIap
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1. a=(2,2,3),b=(31,5,1) BekTopaap Oepwiras. (a,b) BekTOpiIap opacuaaru Oypuak
TOTIHJICHH.

2. Yura Bekropaap 6epuiaran: a=(2,-3, 1), b=(-3, 1,2), ¢=(1,2,3) . [[a,b],c] [a,[b,c]] BekTOp
KIIIaUTMaJIap TONUJICHH.

3. a, =(213-1), a, =(7,43-3), a, = (11,-6,0), a, = (5,3,0,4) . lactnab ynapuu 6a3uc
SKaHJIUTUHU TeKIupuHT. CYHTr ['pamm-IIMunt npoueaypacunu Kyaiad 0y KucMm (a3oHUHT
OpPTOTrOHAJI OA3MCHUHU TOTIHHT.

4. Marpumnanap Oepuiras:

[5 7 -3 —4] [1 2 3 4]
I7 6 -4 75I IZ 3 4 5:
A = , B =
le 4 -3 -—2]| l1 3 5 7/
|L8 5 -6 —1J| |L2 4 6 sJ
Tonmunr: AB, BA, det(A), Det(B).
[5 7 -3 —4]
|7 6 -4 —5|
5.Marpuna A = | | OepuiraH.
le 4 -3 -2
|L8 5 -6 71J|
Tonuur: det( A), A", M, , A’

[5 7 -3 —4]
| |

6. A= I Z j B : ) z | MaTpPULIAHUHT PAHTMHU TONMHI. YHU y4Oyn4ak KYpUHHUIITA
5 s 6 1
KEJITUPHHT.
[6 7 -3 -4
| 7 6 -4 -5 |
7. A= I s 4 5 , I MaTPULIAHUHT CIIEKTPUHU TOIUHT, XapaKTEPUCTUK KYIXaJUHHU TOIIHHT.
|L8 5 -6 - 1J|
[5 7 -3 —4]
8. A= i ; j B ;1 ) 2 i marpuiia Oepuiras. e”, det( e *) , XoC COH Ba BeKTOpJap, A

|
8 5 -6 -1]
MaTpUIAaHHUHT AAPOCHU TOIMUIICUH.
3 -4 0o 2]
| |

4 -5 -2 4
9.u = I MaTtpuiia 6epuiirad. YHUHT X0C COH Ba BekTopiapu, XKopaan HopMai

“lo o 3 -2
|L0 o 2 - 1J|
(I)OpMaCI/I, XapPaKTCPUCTHUK Ba SHI' KWYHK KS’/HXEI,Z[I/I TOIINJICUH.
10. MatpumaBwmii TenTiama AX=B,
2 -3] [1 -3 0
A=I3 2 —4I,B=:10 2 7
2 -1 o0 | |10 7 8

11.Tenrnamanap cuctemMacu €4HICHH.
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[24.21+a 2.42 3.35 ] [ 30.24
A:} 2.31 31.49 + « 1.52 I b:l4o.95—ﬁ:,g:10"‘,a:o.zk,ﬁ:o.zk,k:o,...,s.
| 3.49 4.85 28.72 + a | | 4281 |
12. Xoc coHy1ap TONMJICHH.
[24.21+ a 2.42 3.35 ]
a)A:I 2.31 31.49 + « 1.52 I,a =02k, f =0.2k k =0,...,5.
| 3.49 485  28.72+a |

k 1 1

CaBoaiap
. Uusukim anredpa Macananapu Maple na kaiicu naket/ia sKoiiaras.
. Bextop Ba marpunianap Maple na xkanmaii komanganap Epaamuia KAPUTHIIAIM.
. 2 Ta KaHJ1all koMaHaa épJaMuia BEKTopiaap (MaTpuuaiap) Kymuiaim.
. BexropiiapHuHT KaHJal KynanTManapy Ba KaHJal KoOMaHjanap €paaMuaa KynauTupuiaaam.
. Bekropaunr Hopmacu Maple na Kannaii xucobaaHay.
. Mkkura BexTopnap opacunaru oypyakinap Maple na kanmaii xucoOmaHaau.
. Bexropnapuusr 0azucnapu Ba opToroHan 06a3uc KaHaai TOMUIaIN.
. 2 Ta KaHJall KoMaH1a €plamMuia MaTPULIAJIAPHUHT KYNaTMacu TOIUIIAIH.
. MaTpHuLaHUHT IeTepMUHAHTH, MUHOPH, U3H, anredpaunk TyiaaupyBuncu Maple na tomunamy.
10. KBagpar marpunianusr aedexta HuMa, y Maple na kanpait ronmnam.
11. Teckapu matpuna Maple na kannaii xucodaaHay.
12. Matpuiiaa1Hr Xoc COHHU, BEKTOPH, CIIEKTpU HUMa. Yiap KaHJail Tonuiaau.
13. MarpuiianuHr Maxcyc opManapy Ba yHu 11y Gopmaiapra oiaub kenysun Maple na
KOMaH/1aJJapHHU AWTHHT.
14. CaTpuniaHuHr 41pocu HUMa, YHHU KaHJIall KOMaH1a €pJaMuaa TONWIAIN.
15. MarpunaBuii TenriaaManapau Maple na Hu kangait komanaa equd Oepaiu.

O 01N DN K W~
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V1. Opanii nuddpepennuan renrnamanap (OAT)
§6.1. 04T uu anaauTuk ycyaaa equin.OAT HuHr ymymuii equmu

Maple na OJIT vy ananuTHK ycyiaaa eauin yayH dsolve(eq,var,options) koMaHaacu
UIUIaTIIAIM, Oy ep/ia eq-TeHriaMa, var-HobMaryM QyHKIUS, options-rapaMerpiap.
[TapameTpiap O[T HM euninl yCyIMHU KYpCAaTUIIM MyMKHUH, MacajlaH, CYKyT CakJjaIl
MPUHIIMITATA ACOCAaH, aHAIMTHK €YUM OJIUII yuyH type=exact mapamerpu Oepmnaau. OAT na
xpcunanu Oepui yuyH diff komanmgacu unuatwiaad. Macanas, y” + y = x TEHTJIaMacu
diff(y(x),x$2)+y(x)=x xypunuurga é3wiaau. OAT HUHT yMyMUil €4UMH y3rapMac COHJIAPHU ¥3
WU4Mra ojajid, MacallaH, IOKOpHIard TeHIJlaMa UKKUTa Y3rapMacHH Y3 WYUra ojaju.
V3rapmacimap Maple na Cl1, C2 kypuHumia GearuiaHaim.

Masbaymku, yn3ukim O[T 6up xuncaun (YHT ToMOH 0) Ba Oup sxuHCIN OynMaraH (YHT
tomoH () AMac) kypunuiga 6ymanu. bup xuHcIu OyaMaran TeHrjIaMa e4uMHu MOC OHUp KHHCITU
TEHTJIAMAaHUHT YMYMUI €4UMHU Ba OMp KUHCIM OYIMaraH TEHITIAMAHUHT XyCYCHH eunMiiapu
nuruHIMcuaaH noopat 6ynaau. Maple na OJIT HUHT edynMU aHA TYHAAH KYPUHUIIIIA
YUKapUJIaay, SbHU Y3rapMaciapHU Y3 HUKUra ojral KUCM OUp KUHCIU TEHITIAMAHUHT YMYMHUA
ednMu Oynaam, Ba y3rapMac COH UIITHPOK ATMAraH KUCMU OUp KUHCIH OyIMaran
TEHTJIAMaHUHT XYCYCHU e4rMH OYnasu.

dsolve komannacu Gepran eunM xucoOnanMmaiiiuran ¢popmaraa Oepunaau. Eunm ounan
KeNa)kak/1a uIianl y4yH, Macajad rpaduk YU3uIl yuyH, YHUHT YHT ToMOHUHH rhs(%) komaHaa
OuJiaH aXXpaTHIL Kepak.

Mucomnap. 1. y'+ ycos x = sin xcos x TEHIJIaMa €YUJICHH.
> restart;
> de:=diff(y(x),x)+y(x)*cos(x)=sin(x)*cos(x);

0 .
\de = (— y(x)) + y(x)cos( x) = sin( x)* cos( x)
ox

> dsolve(de,y(x)); \y(x)=sin(x)-1+e""* c1.
SIbHM TEHTIIaMaHUHT €4MMH MaTeMaTHK THIIJA YOy KYpUHUIITa Jra:
y(x)=Ce" ™ Lsin( x) - 1.
2. y"—2y'+y=sin x+e * TEHIVIAaMaHHUHT yMyMPIfI €4UMU TOITUJICHH.
> restart;
> deq:=diff(y(x),x$2)-2*diff(y(x),x)+y(x) =sin(x)+exp(-X);
2

B G ,
Wdeq = (—5 y(x)) = 2(—y(x)) + y(x) = sin( x) + e
oX ox

> dsolve(deq,y(x)); \y(x) = _C1le* + _C2e*x + icos( X) + Leem
2 4

3. y"+k’y = sin( gx) TEHIIAMaHWHT YMyMHU €9UMHU q = k,q # k XOJUIAp YIyH TOMUICHH.

2

> restart; de:=diff(y(x),x$2)+k"2*y(x)=sin(q*x);\\de := ( 0 —y(x)) + ky(x) = sin( qx)
OX
> dsolve(deq,y(x));\\
y(x) = i(_icos( k +q)x . icos( k — q)x)sin( )
k 2 k +q 2 k —q

1 1sin(k-q)x 1sin(k+qg)x .
- —(— - — )cos( kx) + _ C1lsin( kx) + _ C 2 cos( kx)
k 2 k —q 2 k +q
Pe3onanc xonatnaru eunm (q=k) HE Tomammus:
> (:=k: dsolve(de,y(x)); \

1 cos( kx)?sin( kx) 1 1 ) 1 _
— — —(— —cos( kx)sin) kx) + —kx)cos) kx) + _ C1sin( kx) + _ C 2 cos( kx)
2 k k 2 2

y(x) = -
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@dyHgaMeHTAaJ (0a31C) eYnMJIap CUCTEMACH

dsolve komangacu O/IT HHHT 6a3uC eYUMIIAp CUCTEMACHHM XaM TOIHUIIIA MIIUTIATHIIAIH.

YHUHT y4yH napamerpiap 6ynumuaa output=basis 1e6 kypcatui kepak . MacanaH,

y“ + 2y +y=0 OIT Hunr 6a3uc e4umiIap CUCTEMACHHU TOMAMIUK.

4 2

o
S Y(X) +2——y(x)+y(x)=0
oX ox

> dsolve(de, y(x), output=Dbasis); \\[cos(x), sin(x), xcos(X), xsin(x)]

0

> de:=diff(y(x),x$4)+2*diff(y(x),x$2)+y(X)=0; \\de := (

Kouu éxku yerapa macajlany e4H 1l

dsolve komannacu épnamuaa Komm €k yerapa MacajgaHy XaM €4uIll MyMKHH. ByHUHT yuyH
OnmuIanFuy €KM Yerapa mapTiiapHi KyIuMya paBumiia Oepui kepak. Kymumua maptiapaa
xocwia quddepennuan oneparop D Ounan 6epunaau. MacanaH, y”(0) = 2 mapTt

(D @@ 2)(y)(0) = 2 KypuHHIIAa, y'(0) =0 MapT D(y)(1) =0 Kypunumga, y " (0) =k
mapT (D @@ n)(y)(0) = k KYpUHUIIIA E3UIHUIIN KEpPak.

Mucomnap 1. y* + y" = 2cos x,y(0) = -2,y’(0) =1,y"(0) = 0, y"(0) = 0 Komu macanacu
CUHJICUH.

> de:=diff(y(x),x$4)+diff(y(x),x$2)=2*cos(x);
> cond:=y(0)=-2, D(y)(0)=1, (D@@2)(y)(0)=0,

(D@@3)(y)(0)=0; Wde = (—y(x) + (——
oX oX

> dsolve({de,cond},y(x));  Wy(x) = —2cos( x) — xsin( x) + x

2

0

y(x)) = 2cos( x)

2.y® Ly 2x—z,y(0)=0,y(Z) =0 yerapa Macaja eunICHH.
2

2

0

> restart; de:=diff(y(x),x$2)+y(x)=2*x-Pi; \\de := ( y(x)) + y(x) = 2x -7z

ax’
> cond:=y(0)=0,y(Pi/2)=0; W\cond := y(0)=0,y(>)=0
2
> dsolve({de,cond},y(x)); \\
y(x) =2Xx -7 + m cos( x)

Euum rpaduruam 4M3ui yayH TeHIIamMa [MIHT TOMOHUHH aXpaTHO OJIUII Kepak:
> y1:=rhs(%):plot(y1,x=-10..20,thickness=2);

OAT cucremacu

dsolve xomannacu €épnamuaa LN cucremMacuHu XaM e4uill MyMKUH. BYHUHT y4yH yHU
dsolve({sys},{x(t),y(t),...}), xypunumaa €3u6 onum kepak, sys-O[T nap cucremacy,
X(t),y(t) ,...-HOBMaTyM QYHKIHSIIAP CUCTEMACH.

Mucomnnap 1.

{x’:—4x—2y+ : , Yy =6x+3y-— .

e -1 e -1

> sys:=diff(x(t),t)=-4*x(t)-2*y(t)+2/(exp(t)-1),
diff(y(t),t)=6*x(t)+3*y(t)-3/(exp(t)-1):
> dsolve({sys},{x(t),y(1)}); \\
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{x(t)=-3_cC1+4C1_e"P-2c2 _+2c2_e""+2e (e’ -1),

t

{y(t)=6_c1-6C1_e" " +4c2_+3Cc2_e""” -3¢ m(e' -1)

OJAT uu karop épaammuaa TakpuoOMii evun
dsolve xomannacu épnamuaa O[T eunmunu Takpubuii ycynaa kartop €paaMua TOMUII
MyMKUH. BynuHr yuyn dsolve komangacuaa output=series Ba Order:=n napameTrpiapHu
KUpUTHUII Kepak . bummanruya kuitmatiap y(0)=yl, D(y)(0)=y2, (D@@2)(y)(0)=y3 u xokazo
Kypunuiga 6epwianu. Eunman kynxaara aitnantupum yayH convert(%,polynom)
KOMaHAacuHU Oepuil kepak. EuMMHUHT rpaduk KYpUHUIIAA YUKAPHIL YUyH TEHTJIaMa YHT
ToroHUHT ths(%) KOMaHAacH OMIIaH aXXpaTUO OJIUII KEpaK.
Mucomnap 1. y' = y + xe *, y(0) = 0 Komm MacalacCHHUHT TaKpuOUH €4rMU S-Iapakain KYTxas

KYpUHMIIIA OJTUHCHH.
> restart; Order:=5:
> dsolve({diff(y(x),x)=y(X)+x*exp(y(x)), y(0)=0}, y(x), type=series);

1 1 1

\\y(x) ==x 4 =x+=x"+ O(x )

2 6 6
2.y'® -y (0 =e “cosx y©0 =1 y'(0 =0 Kommu macanacHHuHT TaKpuOuii eunmu 4-
TapTUOIM KaTOp YYPUHUILIA TONUIICHH.
> restart; Order:=4: de:=diff(y(x),x$2)-y(x)"3=exp(-x)*cos(x):
> f:=dsolve(de,y(x),series);

1 3 1 2 1 2 1 3 4
\ f(x) = y(x)+D(y)(0)x+(;y(0) +;)x +(;y(0) D(y)(O)—g)x +0(x")

3.y"(x) = y'(x) =3(2 - x)sin( x), y(0) =1,y'(0) =1, y"(0) = 1 Komu MacasacuHUHT TaKpuOui
ednMu 6 TapTHOIM KYIXaa KYPUHUIIIIA TOTHIICHH.

> restart; Order:=6:

> de:=diff(y(x),x$3)-diff(y(x),x)= 3*(2-x"2)*sin(x);

3

d 0 2\
\\de = (—y(x)) - (—y(x)) = 3(2 - x")sin( x)
0 ox

> cond:=y(0)=1, D(y)(0)=1, (D@@2)(y)(0)=1;
\\cond:=y(0)=1, D(y)(0)=1, D(2)(y)(0)=1
> dsolve({de,cond},y(x)); Wy (x) = 2= cos( x) — —x? cos( x) + Bxsin( x) ~12 + e + o "
2 2 4 4
> y1:=rhs(%):
> dsolve({de,cond},y(x), series);\\y(x) =1+ x + Lestes s Lho (x%)
2 6 24 120
AHUK Ba TakpuOUil eyuM rpauruHy YUKApHUII YUyH KyHUAard KOMaH alapHu Oepulll Kepak:
> convert(%,polynom): y2:=rhs(%):
> pl:=plot(yl,x=-3..3,thickness=2,color=black):
> p2:=plot(y2,x=-3..3, linestyle=3,thickness=2, color=blue):
> with(plots): display(p1,p2);

§6.2. O/IT Hu coHJIH yCYyJI1a e4n Il

dsolve komannacu OIT Hu TakpuOUil euuIll yuyH XaM MIUTaTUIa M, (hakaTrhHa mapaMeTpiap
caduna type=numeric 1e6 KypcaTulll Kepak, YHIaH TallKapu options OVIMMEIA COHIHN yCyIUIap
TYpUHH XaM KypcaTui kepak: dsolve(eq, vars, type=numeric, options). Ky¥ungaru connu
ycyIiap UILTATAIAITN MyMKHH:

method=rkf45- 4-5-taptu6mu Pynre-Kyrra ycynu,

method=dverk78-,7-8-raptubnu Pynre-Kyrra ycyinmu,
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mtthod=classical-,3-4-taptu6nu xknaccuk Pynre-Kyrra ycynu,
method=gear- I"'upHuHr OHMp KagamiIn yCyJiu,
method=mgear- ['mpHUHT Ky Kajamiid yCyJiu.
OT aunar eunmunu rpaduk ycynanaa eani yayH odeplot(dd, [x,y(x)], x=x1..x2), koMaH1acu
unuiatwiaay, 0y epaa dd:=dsolve({eq,cond}, y(x), numeric).

Tonmupuk 6.2.

1.y"— xsin( y) =sin 2x,y(0) = 0,y'(0) = 1 Komu Macanacu COHIIM Ba 6-1apaxany KaTop

KYpUHHUIIIA TOTHIICHH.

> restart; Ordev=6:

> eq:=diff(y(x),x$2)-x*sin(y(x))=sin(2*x):

> cond:=y(0)=0, D(y)(0)=1:

> de:=dsolve({eq,cond},y(x),numeric); \\de:=proc(rkf45_x)...end
> de(0.5);

> with(plots):

> odeplot(de,[X,y(x)],-10..10,thickness=2);

> dsolve({eq, cond}, y(x), series);

> convert(%, polynom):p:=rhs(%):

> pl:=odeplot(de,[X,y(x)],-2..3, thickness=2, color=black):

> p2:=plot(p,x=-2..3,thickness=2,linestyle=3, color=blue): display(p1,p2);
2.x'(t) = 2y(t)sin( t) — x(t) —t, y'(t) = x(t), x(0) =1, y(0) = 2 OJT cucremacu rpapuk ycymnua
CUNJICUH.

> restart; cond:=x(0)=1,y(0)=2:

> sys:=diff(x(t),t)=2*y(t)*sin(t)-x(t)-t, diff(y(t),t)=x(t):

> F:=dsolve({sys,cond},[x(t),y(t)],numeric):

> with(plots):

> pl:=odeplot(F,[t,x(t)],-3..7, color=black, thickness=2,linestyle=3):

> p2:=odeplot(F,[t,y(t)],-3..7,color=green, thickness=2):

> p3:=textplot([3.5,8,"x(t)"], font=[TIMES, ITALIC, 12]):

> p4:=textplot([5,13,"y(t)"], font=[TIMES, ITALIC, 12]):

> display(p1,p2,p3,p4);

§6.3. O/ITHH euniia HHTEPAKTUB yCyJLIap.

Tools>Assistants>ODE analizer komannacu épaamuaa OJT yayn Kommm €ku yerapa
MacaJlaHWHU UHTEPAKTUB yCYIJla aHAIUTUK EKU COHJIA €4HIIl MyMKHUH.
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e ——

Differential Equations Conditions Farameters
L) + y(x) =2x—7 _ y(0)=0 i n
x
i Edit ] [ Edit | | Edit |
h Salve Humerizally ” Solve Symbalically | Help || Quit |

6.4. TonmupukIap
1. y"-2y' -3y =xe""sin x OAT HUHT yMYMHI €4MMH TOIHIICHH.

2. y"+y"=1-6x"e " OAT HuHr (yHIaMacHTaAJl €4MMIIAp CUCTEMACH TOIMJICHH.

3. y" -y =1tgx,y(0) =3,y'(0) = -1, y"(0) =1 Komu Macanacu e4rICHH.

4, x"+5x" +2y' +y=0,3x"+5x+y' +3y=0,x(0)=1,x'(0) = 0,y(0) =1 OJT nap cucremacu
CUUJICHH.

5. y"+y=y*y(0)=2a,y'(0) = a noun3uk OJIT eunmu 6-mapaxkaraua Katop KypHHHUIIIA
TOIUJICHH.

6. y’' =sin( xy), y(0) =1 Komm macanacu e4MMUHUHT TpadUTH YU3UIICHH.

7.y"=xy' —y?, y(0)=1,y'(0) = 2 Koy MacaJCHHUHT €4UMH 6-apakarada KaTop KypHHHIIIA
TOITHJICHH.

8. y"—xy'+y®=0,y(0)=1,y'(0) = -4 -1.5, 3 xecmaga Ko MacaqacCHHUHT TaKpuOuii
e4nMUHUHT rpadury ynswicul .( Deplot komannacu épnamuna).

9. x'=3x-vy, y' =x-y O[Tnap cucremacu ednMUHUHT (Pa30BUIl MOPTpPeTH OUp Heua

OOlIUTaHFUY [IAPTIAP YUYH YU3UJICHH.
Casosiap

1. O/IT xanmait komaHa EpaamMuIa SUHIaIn 2.

2. OAT na GouuraHFud Ba yerapa mapTtiap KaHaad KoManaa épaaMuaa equinanm ?.

3. dsolve komanaacuma KaHaail napamerp GyHIaMEHTAT €YUMIIap CUCTEMAaCHHU aHUKJIAII YIyH
XU3MaT Kuiaau ?.

4. dsolve koMaH1acua KaH1ai mapamMeTp €YMMHU KaTop KYPUHUIIIA OJIMINTa XHU3MaT KUjiaau 7.
5. OAT eunmunu rpaduk ycynaa ONUIN Y9yH AacTiad KaHaaid KoMaHAalapHU KUPUTHII Kepak ?.
6. dsolve komanaacuIa KaHAal mapaMeTp €YMMHHU COHJIM YCYJIAa OJUIT YIyH XU3MaT KHJIaau 7.
7. OAT eunmunu OUpOp HYKTaJa KaHJai OJIMII MyMKHH ?.

8. dsolve komaHacua KaH1ai mapaMeTp TaKpuOUil edMMHH rpaduK ycyiaa YUKapHUIl yUyH
XU3MaT Kuiaau ?.

9. OJT eunmHU TpaduK yCynaa OMUII YIyH KaH/Iai MaKeT Xu3MaT KHJIau.

10. odeplot Ba Deplot koMmanaanapuHUHT Gapku HUMaza ? .

11. OAT nap cucremacu €YMMIUTAPUHUHT ()30BHUI MOPTPETH KaHAal XOCHI KUITHHAIH 7.
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VII. Kyn y3rapysunim QyHKUUSSHUHT JuddepeHnnan Ba HHTErpaj xucooun

§7.1. Kyn y3rapyBuniin pyHKUMAHUHT 1 pepeHIual xucodun
Kym y3rapyBunnu ¢pyHkuussHUHT nuddepeHiman Ba HHTErpail Xucoouaa Oup y3rapyBUmId
¢ynkuusHUHT Auddepennnan Ba HHTErpai XucoOuaarn KoMaHianapra yxman KoManaanap
Ownan i o6 6opuiaam, pakaTruHa KoMaHaIapaa OymmuMya mapaMerpiaap Oepriaim.
Xycycuil Xocuianap.
diff(f,x1$n1,x2%$n2,..., xm$nm), Oy epaa x1,..., xm —y3rapyBumiap, x,$n ,- x,-y3rapyBuu

2

Oyitnua, "i -xocunanu 6unaupany. Macanas, xocuna diff(f,x,y)-kypununina é3unaam.

oXxoy

Tonmmpuk 1.1.
1. f =arctg (x/y),of Iox =72 0f oy =2

2. f=(x—-y)(x+y)o ' flox'oy' =2i+ j=2
§7.2. Kyn y3rapyBuniiu QyHKUMSHUHT HHTErPaJ Xucoou

Maple na student makerura Kapamuid UKKH Ba Y4 Kappaid HHTETpaUIapHU XUCOOIaiuraH
Maxcyc KomaHjaanap 6op:

Doubleint(f(x, y), D)- D coxaga HMKKH Kappaiu HHTETPaIHH XHcoOam (MHEPT KOMaH/Ia),
Tripleint(f(x, y, z),x,V, z, V)- V coxaaa y4 kappajy UHTEIpaIHK XucoOal (MHEpT KOMaH/Ia).
D coxa kyiiugaru popmarnapaan oupuaa Oepunaau:

a) x=x1..x2, y=yl..y2-1yprOypuak crangapT coxa,

0) x=f1(y)..f2(y), y=yl..y2, Oy epna fl(y), f2(y) — coxanu yanjas Ba YHIJjaH yerapaioBuu
YH3UKJIAP,

B) x=x1.x2, y=gl(x)..g2(x) , Oy epna gl(y), g2(y) — coxaHu IOKOPHJaH Ba KyillaaH
YerapaioBYH YU3HKIAp.

TaKpOpI/Iﬁ HHI'CTpaJIHU XI/ICO6J18.IH Y4yH int KOMaHJaCHu KCTMaA-KCT HIIJIaTHJIaan: MacaJlaH,
2 1

[y [x *y’dx WHTErpan; Kylnmarnya E3unaiu:
> int(int(x"2*y"3, x=0..1), y=0..2);  \\(4/3)
Muconap.

2 2

4 y 3
14
1. J’ dy I y dx (= —”) WHTErpaJl XUCOOJIaHCHH.
X" +y 3
2

> Int(Int(y"3/(x"2+y"2),x=0..y),y=2..4)=

int(int(y"3/(x"2+y"2), x=0..y),y=2..4);

2. H sin( x + 2y(dxdy (=2/3),y =0,y =x,x+ y = /2 HHTErpaj XucoOJIaHCHH.
PaBmanku, D = {(x,y):y<x <z/2,-y,0<y< z/2}. llynunr yuyHs,

> restart: with(student):

> J:=Doubleint(sin(x+2*y), x=y..Pi/2-y, y=0..Pi/2);\\1 := [ [sin( x +2y)dxdy
> J:=value(%); \J:=2/3
3. jdx de j (4 + z)dz (= 40 /3) WHTETPaAT XUCOOJIIAHCHH.

> J:=Tripleint(4+z, y=x"2..1,x=-1..1, z=0..2); \J == [ ] ] 4+ 2)dxdydz

0 -1x?

63



> J:=value(%);
§7.3. BekTopaap aHaau3mu

Bekropnap ananu3uHuMHT acocuid koMannanapu linalg makeruna sxounariras.

of of of
grad(f,[x,y,z],c)- byHkius rpaiueHTHHE XUCIOMANT: gradf(x vy, 2) = (—,—,—) ,

oX 0y 0z
=0 (nexapT KoopauHaTaiap cuctemacuaa), c=coords=cylindrical, c=coords=spherical.

ot o't o't

laplacian(f,[x,y,z],c)-Jlannac oneparopunu xucobnan, Af(x, y,z) = ——+ ——+ ——.
00X oy 0z
. . of of of
diverge(F,[X,Y,z],C)-muBepreHuusau xucoonan, divix, y,2) = —+ —+ — .
ox o0y 0z

oF, OF, oF  oF, OF,  0F,
curl(F,[x,y,z],c)-poropuu xucobmari, rotF(x, vy, 2) = [( - ) ( - ) ( - N
oy oz oz OX oy oy

jacobian(F,[X,y,z])- sskoOnanuu xucobmarii,

[oF, ~ 0F, oF

i ox oX oX

]
\
|
| oF, OF, aF |

J =
{ oy oy oy }
oF,  OF, oF |

|
L 0z 0z 0z

Tonmmmpuk 7.3.
l.u=arctg (x/y),G = gradu (x,y) =2cos(Ox,G)=272cos(0y,G)=220uloq="2q = [1,1]/
> restart: with(linalg):
> u:=arctan(y/x): g:=simplify(grad(u, [X, ¥]));
> alpha:=simplify(angle(g, [1, 0]));
> beta:=simplify(angle(g, [0, 1]));
> simplify(cos(alpha)*2+cos(beta)"2);
> g:=vector([1,1]);e:=normalize(q);
> udq:=simplify(dotprod(g,e));

2. E(x,y,z)=[x"yz,xy “z,xyz °], divF =2, rotF =2 .
> F:=vector([x"2*y*z, x*y"2*z, x*y*z2]);

> divF:=diverge(F, [X, v, z]);

> rotF:=curl(F, [x, v, z]);

3. Au=0,u=x"+axy S,a="?.
> U=xXA3+a*xryn2:

> Delta(u):=laplacian(u, [x,y]);
> a=solve(%=0,3);

4.u=("+e")ir,r=x*+y> +z°,:Au-k?=0=2k =const .

> u:=(exp(-k*r)+exp(k*r))/r:

> Delta(u):=simplify(laplacian(u, [r, theta, i],
coords=spherical));

> simplify(%-k~2*u);
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5.v=[x,y/x],J = Jacobian (v) = ?
> v:=vector([X, y/x]): jacobian(v, [X, ¥]);
> det(%);
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§7.4.KaTopiap Ba kynairmajaap
b
Sum(expr, n=a..b)- yexnu éku uekcus durunau 3 S (n) HU Xucobnam (b=infinity),
7 b
Product(P(n),n=a..b)- uekmu éxun yekcus kynaidtMa [ S(n) HU XUcoOIamL

1. Ymymuii xamm a, = 1/((3n - 2)(3n + 1)) Oyiran KATOPHUHT XyCYCHIA Ba TYJIUK WAFUHINCH
TOIIUJICUH.

1
© (3n - 2)(3n +1)

> restart: a[n]:=1/((3*n-2)*(3*n+1)); \ @

> S[N]:=Sum(a[n], n=1..N)=sum(a[n], n=1..N);
N 1 1 1 1

W\s, = - _= -
§1(3n—2)(3n+1) 3 3N +1+3

> S:=limit(ths(S[N]), N=+infinity); \\s := =
3
Z.i(_l)n+1nzxn:?

> Sum((-1)M(n+1)*n"2*x"n, n=1..infinity)= sum((-1)*(n+1)*n"2*xn, n=1..infinity);

? (-x +1)
\\ —l n+1 2 n _ X
nzzl( b (x+1)°
2@+ x)"
3. =7
E’l (n +1)n!

> Sum((1+x)"n/((n+1)*n!), n=0..infinity)=
” n (x+1) -x-1
sum((1+x)"/((n+1)*nt), n=0..infinity); \y S1X_ & @-e )

a1 (N +1)n! X +1

4i cla-x)"=2
> Shm(binomial(n,4)*(1-x)"n, n=1..infinity)=

4

sum(binomial(n,4)*(1-x)"n, n=1..infinity); \\i Cla- ) - (- sX)
n=1 X
5 ﬁ nz -1 o
ne N+ 1

> Product((n"3-1)/(n"3+1),n=2..infinity)=

n®-1

product((n"3-1)/(n"3+1), n=2..infinity); \[T -

2
N +1 3

@yHKuMAHH Aapaskanu Ba Teilsiop kaTopura éium

series(f(x), x=a, n)- ¢pyHKUUSIHK a HyKTa aTpoduaa Karopra EHuIL:
f(x)=C,+C,(x-a)+..+0((x-2a)"),
taylor(f(x), x=a, n)- pyukiusiau a Hykta atpoduaa Telnop KaTopura Elni
f(x)= f(a)+ f'(a)(x—a)/l.. +O((x—-a)") ,
convert(%,polynom)-karopHu Kynxaa KYpHHUILITA YTHPHILL,
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mtaylor(f(x), [x1,...,xn],n)- kY y3rapyBumnu ¢pyakmus f(x1,x2,...,xn) au (al,a2,...,an) HyKTa
atpoduma Telmop Karopura Elui.

readlib(mtaylor)- mtaylor(f(x), [x1,...,xn],n) KoMaHacu koiIanrad OUOIMOTEKAra MyPOXIKAT
KHJTHIIL.

Tonmupuk 4.2.

1. f(x)=e "+Vx+1,x=0

> f(x)=series(exp(-x)*sqrt(x+1), x=0, 5); Wf(x)=1- Lot Bl P o (x7)
2 8

2 L
2. OyHKIMA erf (x) = —Ie" dt,x = 0 Ba yHUHT

Tetinop karopura éinnmMacu rpadukaapu OUTTa pacMaa YU3HICHH.
taylor(erf(x),x,8): p:=convert(%,polynom);
> plot({erf(x),p},x=-2..2,thickness=[2,2],
linestyle=[1,3], color=[red,green]);
3. f(x,y) =sin( x* + y*) (x,y) = (0,0), byukuus Teitaop KaTopura 6-gapaxkarada EHUICHH.
> readlib(mtaylor): f=mtaylor(sin(x"2+y”2), [x=0,y=0], 7);
1, 1, , 1 , 1

Wi, y)=x"+y? - =x"—=yix' - =y'x> - =y°.
6 2 2 6

§7.5.AuTerpan aaMamITHpUILIAP
Maple na inttrans nmakeTuaa TypJau XWI HHTETPal aIMAIITHPHUIILIAP JKOMJIAIITaH.

Ne

Tyrpu Oypbe o ) fourier(f(x),x,k)
AIMAIITHPULIN F(k)=[f(x)e™
Teckapu Oypbe o ) invfourier(F(Kk),k,x)
ATMAIITHPUIIH f(x) = —IF(k)e'XdX
TY¥pu cunyc Oypbe fouriersin(f(x),x,k)
AJIMAII THPUTITH F (k)= I f (x) sin( kx)dx
TECKapy CHHYC fouriersin(F(k),k,x)
Dypbe amMaIITHPUIITH f(x)=,|— j F (k) sin( kx)dk
TYFPU KOCHHYC fouriercos(f(x),x,k)
®dypbe anMaTHPULIN F(k) = I f (x) cos( kx)dx
TeCKapu KOCUHYC fouriercos(F(k),k,x)
Dypbe anMaTUPUIIT f(x) = j F (k) cos( kx)dk
Ty¥rpu Jlamnac - laplace(f(x),x,p)
AIIMAII THPHIIH F(p)= [ f(x)e "dx
Teckapu Jlarmmac o invlaplace(F(p),p,x)
aJIMAIITUPUIIN f(x)=—[F(p)e"dp

Tonmmpuk 7.5.1.
1 f(x)= e as 0,F(f)p)=2
> restart:with(inttrans): assume(a>0):

a

PR

> fourier(exp(-a*abs(x)),x,k); \\2
k® +a
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2. F(k) = a>0,F '(k)t)= f(t)="?

k?-a?’
> invfourier(1/(k"2-a"2),k,x); \

1 I (Heaviside (x) — Heaviside (—x))( _el e"a'x)

4 a

(1,x > 0.
Heaviside (x) =4
[0, x < 0.

Teckapu Dypbe aTMaIITUPHUIIA KOMIIAKTPOK OYaau:
> convert(%,trig); \\

1 I (Heaviside (x) — Heaviside (—x))sin ax
T2 a
3. f(x)=e “sinbx,a>0,F (f)p)=2F (f)p)=2
> f:=exp(-a*x)*sin(b*x):
> fouriercos(f,x,k);

1 k+b 1 b -k

ﬁ(zaz +(k + b)? +;a2 +(b-k)?

Jr

> fouriersin(f,x,k);

\/;a( ! + !

1 a’+(-k)° a2+(b+k)2)

2 Jr

Tonmmmpuk 7. 5.2.

1. f(x) = cos axshbx Jlamiac anMamITUPUINY TOTHIICHH.
> restart:with(inttrans):
> F(p)=laplace(cos(a*x)*sinh(b*x), X, p);
1 p-b 1 p+b

F(p)::_ 2 2 2 2
2(p-b) " +a 2(p+b)" +a

2.E(p)=1/(p>+2ap)a>0 -pyHKIMS Y9yH Teckapu Jlamiac anMamTHpUIIT TOMUICHH.
> assume(a>0): invlaplace(1/(p"2+2*a*p),p,x):

-2a-x

> combine(%,trig); WS I
2 a
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§7.6.InTepakTHB ycyaaa MacaJjajap e4uin

WnoBaga MHTpAKTUB yCyiaa KyN Y3rapyBUMIN GYHKUIMSIIAP YIyH OMp KaHYa Macaiagap e4uo
KYpCaTHJIraH.

Ed mMultivariatecalculus - Tavlor&pproximation x|
File Help

Enter a function and initial point

T, vl = Isin(x+-:.-:]

[ = e 1=1 o o 1
Cirder: IT-'

i

™ - N

— | = -

= - N

[+ cConstrained

Tavylor Polynomial

The Tawylor polynomial for sin(x+y)l of order
Y about the point [=x, ¥] = [0, 0] i=s:

1/ALE0%x~ 541/ 2d%m~d* g+l A lEF 3%y B+l LE2F 2%
Sl A2 AT Al AL 20% e 5=l e F - L A2 R Ry —
1% x*y2-1 /0%y 34=+v

Animate | Coalar | Clo=se I

haple Command

aylordpproximation| sini(x+vw), [, ¥] = [0, 0], 7, ourcput = plot,
scaling = constrained) ;
7.7. TonmupuKIap
+y 87

1. f(x,y) = arcrg =7.

1-xy ’8xi8yj
2.f(x,y,2) = y2+4zz—4yz —2X2 —2xy — extr , 2x2+3y2+622 =1

3. f(x,y,2)=X+y+z—>max , x+y<2,2z<1,
e-1 e-x-1 X+y+e

4. [ dx dy =7

J; J[; J; (x—e)(x+y-—e))

5. f(x,y,z)=xy —z>,gradf =2 1=(11).

In(z-x-y)dz

6.
T.u= cos(ax +hby -wt) , a,b:? KaHJal XoJIJa TEeHIIaMaHU KaHOATJIAaHTHUPAIH:
1 0°u
AU ==
c” ot

1 1
8.— -Jlamac TeHrIaMacuHu cepuk , In — -Jlarmiac TeHrIaMacHHU ITWIHHIPHK KOOPJIWHATAIAP
r r

cucTeMacu/ia KaHOATIaHTUPHIIN UCOOTIIAHCHH.

[ o“""F ]

9.F = (rcos ¢sin @,rsin gsin 6,rcos 0),dF = Lﬁ = ? $IkoOu MaTpUIlacH TOMUJICHH.
ox“ oy’ oz J
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N 1
100y ———  _ 5 -9,
%n(n+1)(n+2) "

1. 3 n(n+1)x" =2

n=1

12. f(x) = arcsin( x), f(X) = ¢, +C X+ .. +C,x" +0(x")=2x,=0.

X +
13. f(x,y) = arcrg = Cp FCpXFCy Y+ FC X  +tCpy  +O0(x +y')=2
1-xy
(6,0 < x < 2, o
14. 1 (x) =4 byukuusau 4 gasp 6unan [0,4] kecMana 6 Ta xaaraua éiunr. butra
[3x,2< x< 4

rpadukaa xaMm QYHKIUSHAHT, XaM EMMIMaHUHT TpadUTMHU YU3UHT.
15. £ (x) =e ™ ,F(f)(p) =72

sin t 1-cos 2t
16-f(t)=t—,L(f)(p)=?, g(t):t—e L(g)(p) =7

17.06pa3 GepunraH, OpUrHAI TOMWICHH. F (p) = 21 - , f(x) = 2. Opurnan QyHKIus
(p-1)°(p" +1)

rpadury XxaM 9n3HJICHH.

18. 1 (x) = [~ X, L(1)(p) = 2
0 X

CasoJsiap
1. Maple na xycycuit xocunanap KaHiai XxucoOimaHaan ?
2. kku Ba y4u kappaiu uarerpauiap Maple na xkannait xucobnananu ?
3. ITaker simplex HuMara mypkaianrad. Oaauii maximmize , minimize KOMaHIaJTapUHUHT
simplex makeTUHUHT IIyHAai KoMaHanapuaad ¢papku Huma?
4. Oyukuus rpaadeHTd HUMa Ba 'y Maple na kangai xucoOmanaan ?
5. @yHKIMS TUBEPTEHIUSICH Ba POTOPUHH KaHAai GyHKIMsUIap Xxucobnaiau ?
6. Maple na inFuHaM Ba KynaliTMa KaHAai Xucooianaay ?
7. Maple na kanmaii komanganap GyHKIHsUIApHH JapaXkaad Katopiapra éiaam?
8. Maple na xoc nporneaypanap KaHaai Ty3uaau?
9. Maple na kanmaii KHTErpaT AIMANITHPHIIUIAPHU XHCOOTAIT MyMKHH?
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V1. Xycycnii xocunann quddepennuan renraamanu Maple na eunmr.
1. Yn3ukian ukkuH4d TapTadan XXAT sapHuHr ymymuid e4umn.
XXAT Tyrpucuga acocuil TynryH4yajaap

No Yuzuxym 2-taptudmn | XXAT kypuaumm boumanruy Yerapa
XXAT mapt mapT

1 YMyMuil KypuHHUIL au, +2bu  +cu  + - up =h(xy)

du,+eu + f=g Coxara xapab

2 ITapabonuk u =au, + f u(x,0) =@ (x) u(0,t) = g,(t),
muddepeHman U(Lt) = g, (1)
TEHIJIaMa ’ i

3 I'nnep6omuk u,=au, + f u(x,0) = ¢ (x) u(0,t) = g, (1),
AupPepeninan u (x,0) = ¢(x) uL,t) = g,(t)
TEHTJlama

4 OIIMIITUK Uy + U, + - U =h(xy)
maddepentman du +eu +f =g Coxara Kapa6
TEHIJIaMa § Y

[MapaGonuk quddepeHian TeHrIaMaHuHr yMyMU# edaumMuan Tormir (u = x°t?)

> PDE1l := diff(u(x,t),t)-diff(u(x,t),x,x)-2*t*x*3+6*x*t*2=0;
® 6 e 2 0 3 )
PDE1 ::Q—U(x,t)+-g u(x, )7 - 2tx + 6xt =0
+ 2 +
g LA g e TX o
> pdsolve (PDE1,u) ;
¢l 2 u g
_ 3.2 el _ d _ (Y]
(u(x,t)= _F1 (x) _F2 () + x~ t") &where g i _FL(x)= _c; _F1 (x), — _F2 ()= ¢, _F2 (1), a
el dx’ dt i a
al ?0

DmunTuk auddepeHnuan TeHrIaMaHiar YMyMHER edauMuad Tonum (u = x°y ‘)
> pde2:=diff (u(x,y) ,x,x)+diff (u(x,y) ,y,y) -6*x*y*4-12*x*3*y*2=0;

2 2

| 6 =g o 4 3 2
pde2 := ¢ u(x,y)*+g u(x,y)™ -6xy -12x "y =0
- 2 -

e Tx g ¢ TV g

> pdsolve (pde2,u) ;

u(x,y)= _Fl(y-Ix)+ _R(y+ Ix)+ ><3y4

I'unep6onuk auddepeHnnan TeHrIaMaHrnHT YMyMHN equMuHA Tormumt (u = x°t*)

> pde3:=diff (W(x,t),t,t)-diff (W(x,t),x,x)+12*x 3*£A2-6*x*t~4=0;

2 2

€ 9 O ® 9 0 4 3.2
pde3 = € W(x,t)*-g W(x, )" -6xt + 12x t =90
2 - 2 -
e Tt g e TX o

> pdsolve (pde3,W) ;

W, )= FL(x+ )+ F2(t-x)-x>t*
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2. XXAT napHuHT rpaduK ycysia euul

MI1. T'unep6onuk muddepeHnman TeHriama
a) Ot runep6ouk auddepeHIran TeHIIaMaHi SUUIIT

>PDE := diff(u(x,t),t)=-diff(u(x,t), x);

PDE = - H- [ < t
= atu(x, ) = —(ax u(x, )J

>IBC := {u(x,0)=sin(2*Pi*x) ,u(0,t)=-sin(2*Pi*t)};
IBC = {u(x,0)=sin(2=xx),u(0,t)=-sin(2=nt)}
>pds := pdsolve (PDE, IBC,numeric,time=t,range=0..1);

pds = module () export plot , plot3d , animate , value , settings ; ... end module

>pl:=pds:-plot (t=0,numpoints=50) :
pP2:=pds:-plot(t=1/8,numpoints=50,color=blue) :
p3:=pds:-plot(t=1/4,numpoints=50,color=green) :

plots[display] ({pl,p2,p3});

1_

0.5

-0.57

=11

XaToaukHUHT rpaduru( aHUK €4MM MabIyM):
>esol := sin(2*Pi* (x-t)) ;//auukK eumm

p2:=pds:-plot(u-esol, t=1/8,numpoints=50,color=blue) :
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p3:=pds:-plot(u-esol, t=3/8,numpoints=50,color=green) :

plots[display] ({p2,p3});

0.002 7

0.001 1

—0.001 1

-0.002 -

2.ITapabonuk TeHrnama

>PDE := diff(u(x,t),t)=1/10*diff(u(x,t),x,x);

poe = Luo )= [ ugn
= atu(x, ) = 10 (6x2 u(x, )J
>IBC := {u(x,0)=1, u(0,t)=0, D[1] (u) (1,t)=0};

IBC = {u(x,O):1,u(0,t)=0,D1(u)(1,t):0}
>pds := pdsolve (PDE, IBC,numeric) ;

pds = module () export plot, plot3d , animate , value , settings ;

» pl := pds:-plot(t=0):
» p2 := pds:-plot(t=1/10):
p3 := pds:-plot(t=1/2):
p4 := pds:-plot(t=1):
PS5 := pds:-plot(t=2):
plots[display] ({pl,p2,p3,p4,pP5},
title= Heat profile at t=0,0.1,0.5,1,2");
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. end module



Heat profile at t=0,0.1,05,1,2

DBj
DE:
DA:

DEj

#

>pds:-value (t=1,output=listprocedure) ;

[x = (proc (x) ... endproc ),t=1.,u(x,t)= (proc (x) ..

>uval := rhs(op(3,%));

uval = proc (x) ... end proc

> fsolve (uval (x)=1/2,x=0..1); \\ 0.2978753742

>pds:-plot3d(t=0..1,x=0..1,axes=boxed,
120,40], color=[0,0,ul);
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8.3. TonmupukJIap Ba caBoJuiap.
1. 2-taptubmu XX/ T HUHT KAHOHUK KYPUHUIIN KaHJail ?.
2. [Mapabomuk AT HUHT KAaHOHWK KYPUHUIIHU Ba aCOCUI Macanajap KaHaai Kyinmamm ?.
3. l'unep6onuk T HUHT KaHOHUK KYPUHHUIIN Ba aCOCHI Macananap KaHaa Kyiuiaaau ?.
4. OnmunTuk JIT HUHT KaHOHUK KYPUHUILIN Ba aCOCUN Macanajap KaHaai Kyiumanum ?.
5. 2-taptubnu XX/ T napHUHT acocuil e4ulll yCyJUTapUHU Al THHT.
6. XX T napHuHT TakpuOMii SYUITHUHT YSKJIM aiimpMarap ycyluiapu HUMaaaH uoopar ?.
Juddepennnan Tenrinamanap 0yiinya Maple 1acTypuHUHT KEHT KYJIAHWIUIIHN YIIOY
kuToOa 6epunran: ['onockokos JI.I1. YpaBHeHue matemaTnyeckoi Gu3uku. Y 4eOHUK
A7st By30B ¢ npuMenenneM cuctembl Maple. —CII6.: ITurep, 2004.
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HnoBanap. Maple oifinacuaa HHTepaKTHB XHCOOIALIIAPTa MUCOJLIAP

|. Bup y3rapyBunnm GyHKIHS TaXJIHITH

A) OyHK1USA rpaduru

ElcCalculus 1 - Curve Analysis
File Help

Plot WWindow

.
Liirrrrprrrrrrrin

INNENENENENET

'
[n3)
1

Display |

Maple Cormmand

Enter @ continuous function and an interval

a = [-2*F b= |2%Pi
Determing whers the function is ...
£ Maximum O Minimum

' Increasing ) Decressing

' Concave Up ' Concave Down

[Determine concave down intervals |7

Calculate

Calor | Close |

FunctionChart (x*cos(x)l, x =

-Z2%Pi..E%P1i);

b) Xocunanusr rpadguru
FdCalculus 1 - Derivative

File Help

Plot Wincow

—y

[ I |

¥
5 2 25 3

[}

'
—_
N O T O

Maple Command

Enter & function and an interval

f(x) =
a=|[0

b= [P

fix1= Icus(xj-x*sin(xj

Dizplay Caolor | Close |

IDerivativePlDttx*cas [x), 'wiew'=[0.

. 3,14, -3.35 ..

1.11:

B) Xocuna onumm kongacu
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f=iCalculus 1 - Step-by-Step Differentiation Tutor

File Rule Definition  Apply Rule  Understood Rules  Help
Enter a function
Function Ix*sin(xj “Yariakle Ix
Problem Status Messages
complete solution is
i[X‘SIFI [)(}} displayed
dx
— (ix> sin(x) + x(isin [x}> Hirts
olx dx
. . Hirit Apply Hint
=sin(x) +x(ism[x}> 4| 4|
dx Differentistion Rules
= sin(x) + xcos(x)
Canstant Canstant Multiple
Iclettity
Sum Difference
Povwver Product
Cuotient Chain Rule
Integral Rewvrite
Exponetitial Matural Logarithim
=trigy= LI =hyperbalic= LI
=arctrig= LI =arc-hyperbolic= LI
Start All Steps Final Answer | Close |
I') Teckapu yHKLIHS XOCUIacu
Elcalculus 1 - Tnverse X|
File Help
Flat Winciows Erter a function and an interval
2E>’\ () = [
ITTTTTTTT IIIIn_IIIIIII TTTTT a=|-2°Pi Ll il
o4 EFD 2 M
f" : }{
R
- -5

Display Colar | Close |

Maple Command

InwversePlotisinix), = = -6.28 .. 6.28);

J)JIumuTHN XHrcoOmant
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i Calculus 1 - Step-by-Step Limit Tutor

File Rule Definition  Apply Rule  Understood Rules  Help
Erter & function
Function |=*cos(=*ng=) Wariakle |x
at |0 Direction "'I
Problem Status Meszages
- complete solution is
lim xcos (x}In(x) displayed
X0
= limIn(x}xlim cos[x) Linte
x—0 x—0
= lim —xlim cos(x) Hirt Apply Hirt |
X_’_D X__’D Lirviit Rules
= —lim xlim cos(Xx)
=0
Constant Constant Multiple I
lcdemtity
Sum Difference
Paovwer Praocduct
cwotient I'Hopital's Rule
Factor Divide by zero
Change Rewerite
Exponential Matural Logarithim
=trigg= LI =hyperbolic= LI
=arctrig= LI =arc-hyperbolic= LI
Start | Al Steps Final Answer | Close |

E)KecyBuu Ba ypunma

EicCalculus 1 - Tangent and Secant (Newton Quotient)

File Help

Plot Window

Erter a function and poirt of tangency

()

Slopes of Secant Lines

167 bz x changes from 4 to 0 by Z/5, the =zlopes of the (B
] successive secant lines joining 0 to X are:
121 4_
4 3.60
8: 3.20
] 2. 80
] 2. 40
47 z.
] 1.&0 b
b 1.z0
. 500 i
-4 - 2 4 J
- Slope of Tangent Line
h.
Display Anirmate | Caolar | Cloze |
Maple Command
0, 'showderivative'=true, 'wiew'=[-4. .. 4., -1.15 .. 1l6.4], 'h'=[4, 18/5,

egtonJuotient(x~Z-1,
1 2, BfL, BS5, 445,

6/5, 14/5, 12/5,

z/al,

"output'='plot');
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ElCalculus 1 - Tangent

File Help
Pl WWincdos Erter a function and a point of tangency

251 ) = [expix) atx =1

20
E Tangernt Line

151

107 Slope: fexp1)
. Equation:  [x*exp(1)

a7

mrrrrTT T T T T T T T T TT1TT1TTI
2 a 2 4 Calor | Cloze |

Maple Command

I’Fangenttexpi:-:]; 1, 'wiew'=[-3 .. 5, .301le-1 .. 27.7], 'output'='plot');

E) XaKMHH XHCOOJIaII

£ Calculus 1 - Volume of Revolution x|
File Help
Pt Wincio Erter & function and an interval

(=) = [1+co=(x)

a=|0 b

YWalume of the Salid

-

2
Jm(1+4 cl:::s[x)}2 dx
0

=14.54367020

Azxiz of Revolution

0 vertical axis

Dizplay Calar |

Waple Command

= %;’rcos [2) sin [2) + 37+ 2asin [2)

Cloze |

IVDlu.meDfRevolut.inn(l+cos(le , 0..2, 'axis'='horizontal', 'output'='

plot');

Il. K¥yn y3rapyBumin ¢pyHKIUS yIyH MUCOILIAp

A)CupTHH anmpoKCUMALIHSICH
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EiMultivariate Calculus - ApproximateInt x|
File Help

Options

f= |3+2*sin(x+',-']

]
N

W Constrained

Partitior; [ IS_ , IS_ ]

ethod:
* Midpoirt  Lower

P

;

2
2R

&

.
.
.

s

e Upper " Random
Values Coordinate System;

¥ Rectanguiar  Pol
Approximate Value I118.43 ek i

Actuzl Value I113-43 Dizplay I Animate | Colar | Cloze

Maple Cormmand

pproximatelht| 34+Z%sini(x+vl, x =0 .. 2%Pi, v = 0 .. 2%Pi, method =
idpoint, coordinates = cartesian, partition = [5, 5], output = plot,
scaling = constrained);

=i Multivariatecalculus - CrossSection
File Help

Options

Expression: Ix“2+y“2

f¢ = |4 s
P -F R
r |z = o . faz

Plane Equation(=):

|z = |o.32
¥ of Planes: IS
Animate | Colar | Close
Maple Command
Crossiection| x*24+y2, = = 0 .. 32, = = -4 .. 4, ¥y = -4 .. 4, output =

lot, planes = 5):

B)MyHanum 6yiiraa xocHia
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B Multivariatecalculus - DirectionalDerivative x|
File Help

Options

f= I2+aru:tan(x*[\,f+2)j
Pairt:
[ 1=r)s . fs 1

Direction:

[ |3 ] |4 ]
# of Frames: |1D

[Enter the desired number of frarmes for an animation
WY

r Ix = I . I
= -
Walues r I2 = I - I

¥ cConstrained

Display I Arimate | Color | Cloze

Actual Walue I

Maple Command

irecticnalberiwvatiwe([ Z4+arctan(x¥(v+2)), [®, ¥] = [.5, .51, [3, 4],
output = plot, scaling = constrained);

B)['paguent

MultivariateCalculus - Gradient x|
File Help

[ f v 1=1 J2, 11 ]

[Erter the point(s) of the gradient to be evaluated

iy

i
=l i
F - -

¥ Constrained

Display I Graclient Field Plot | Color | Close

Maple Cormmand

Gradient| =x~37(x"~2+¥~2+1), [®, ¥] = [2, 1], output = plot, scaling =
constrained)
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I') ®ynxnusau Teitnop karopura ERuI

i Calculus 1 - Taylor Approximation X|
File Help
Enter & function and initial point
Plot YWincdow
i) = |=inlx) %= |0
Crrder = |7
1
7 Taylor Palynotmial
D.E: The Tavylor approximation for sin(x) of order 7 about
] the point 0 is:
IIIIIIIIIm_IIIIIIIII
-4 I 2 4 zin(x] = x-l/6%x~34+1/120%x~5-1,/5040%x~7

M- 606600067 *~34+,. 833333333 3e-2%x~5-, 19841 26984e-3¥
L}

Calculate |
Animate | Caolor | Close |

aylorApproximation(sini(=x), 0, 'wiew'=[-4 .. 4, -1.15 .. 1.18], 'order'=7,
'output'='plot');

Magle Catmmand

Ed mMultivariatecalculus - Tavlor&pproximation x|
File Help

Enter a function and initial point

T v = Isin(x+-:.-:]

[ = e 1=1 o o 1

Cirder: IT-'
i
|« | -
v = .
= | -

[+ cConstrained

Tavylor Polynomial

The Tawylor polynomial for sin(x+y)l of order
Y about the point [=x, ¥] = [0, 0] i=s:

1/ALE0%x~ 541/ 2d%m~d* g+l A lEF 3%y B+l LE2F 2%
Sl A2 AT Al AL 20% e 5=l e F - L A2 R Ry —
1% x*y2-1 /0%y 34=+v

Display A nimate | Calar | Clo=e I

haple Command

aylordpproximation| sini(x+vw), [, ¥] = [0, 0], 7, ourcput = plot,
scaling = constrained) ;
Anabuéraap
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1.4. UdbomanapHu MaTeMaTUK aJIMAIITHPHIILIAP.
1.5.Congnap ycruaa 6an3u 6up amaJiap.
1.6. Maple na QyHKIMSUIIApHU AaHUKJTATIT
1.7. TonmmpuxJjap Ba caBoJiap
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Il. Maple na rpadukaap sicanr.
2.1.Mkxu YI40BAM rpaKUKIap
2.2. Y4 yimaoBau rpadukiIap
2.3. I'paduKIapHA HHTEPAKTUB YCYJ/IAa YH3HILL.
2.4. TonmupuKJIap Ba caBoJLIap
111. Maple 1a conin TeHr1aMa Ba TEHICH3JIMKJIAPHH eYHIIL.
3.1.Connn TeHrIaMaaapHy €YHIIL.
3.2.COHJIM TEHI CU3JIMKJIAPHU SUHIII.
3.3. TeHrnamanapHu MHTEPAKTUB ycyiia eunin. Hpl0ToH ycynu
3.4.AManuii TOMUKMPHUKIAP Ba caBosuIap.
1V. bup V3rapyBunjin @yHkuussHuHr auddepeHunans Ba MHTErpaj Xucoou
4.1.JIuMUTIAPHHA XHCOOIAIIT
4.2. XocwIaHu Xuco0Jiarl
4.3 OYHKIMSIHA TEKITHPUILL
4.4 MaTerpamian
4.5. MlurerpanapHy HHTEPAKTHUB YCYIIIa XMCOOIalll.
4.6. TonmMpuKIap Ba caBoJLIap
V. Unsukam ajareopa
5.1.Bekropaap ainredopacu
5.2. Marpuianap aaredpacu
5.3.MaTpHIaHIHT XOC COH Ba XOC BEKTOPJAapU
5.4.Ynsukian TeHrIaMaiap cucreMac. MaTpuiaad TeHIIaMaJapHy €YHIIL.
5. 5.YATC macananapuiy HHTEPAKTUB YCYJIJ1a CUHUIIIL.
5. 6. Tonmupukaap Ba caBojiap
VI. Opamii iuddepennman renraamaaap (OJT)
6.1.0T Hu aHAJIMTUK YCVYJIJIa €YHUIIT
6.2. OAT HM COHIU YCYIIAA €UHIII
6.3. O[T HM UHTEpPaKTHUB yCYIJIa €UHIL
6. 4. TommupuKJap Ba caBoJuiap
VII. K¥n V3rapyBunan GyHKUUSAHUHT A depeHuaJ Ba HHTEerpaJ Xucoon
7. 1. K¥u y3rapysumin dyHKIUIHUHT tuddepernman xucobdu
7. 2. Ky y3rapyBumin (YHKIUSHUHT HHTErPal XUCOOU
7. 3. BekTopaap aHAIM3U
7. 4.Katopiap Ba KynaiTMagap
7.5 MaTerpai aaMalITUpUIILIap
7. 6. InTEepakTuB yCcyiaa Macanajiap e4uIil
7. 7. Tonmupukaap Ba caBojjiap
VIII. Xycycnii xocunanu nupdepennuan renraamanap (XXIAT)
8. 1. XX/IT Hu aHaNUTHK yCyIaa SUHIT
8. 2. XX/IT Hu connu ycynaa equin
8. 3. TommmpuKJIap Ba caBoJuiap
HNiosanap. UnTepakTuB ycyJiapra 10Mp MUCOJLJIAp

NMOMOB AJJAIITAJIN
MAPLE JA MATEMATHUK MACAJIAJIAPHU EYUI

YCJIYBUH KYJIJIAHMA
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