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Kyu 6unum Ba ajonataa. Kum ax6opoTtra arajivk Kujica,
y AyHETA drajvK KUJIaJIu.
Antup Temyp bunn I'etite

CY3 BOIIHU

Ymby VyKyB Ky/ulaHMa MaTeMaTHK Macajgamapuu Maple wmarematuk
JACTypHU-CUCTEMAcH €paMujia equiira OaruuIaHral Ba OJIMA YKYB FOPTIAPHHUHT
5480100-«Amanuii matemaTtnka Ba uH(popmaruka», 5460100 «Marematukay,
5521900 «Hudopmatuka Ba axboporiap TtexHodorusicuy», 5140900 «Kach
TabIMMKY» WyHanunuiapu xamaa SA480103 «Amanuii MmaTemaTruka Ba axoopoTtiap
TEXHOJIOTHACH) MYTAaXaCCUCIHUKIAPU YUYyH MYJDKAJUIAHTaH. XO3UPTH IanuTaa
Maple mactypu épmamuma sjaeMeHTap Ba OJHM MaTEeMAaTHKAHWUHT Jespiu Oapdya
MacajalapyuHu €YUl MyMKHH.

Kuto6aa ymby gapcivkiiapra MOHaH]T U OJU0 OOpUIIraH:

1. Manzon b.M. Maple V Power Edition. M.: ®ununs, 1998.
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Waterloo Maple Inc. 2001.
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6. CnemwxkkoB O.A. Marematuka Ha kKoMmbroTepe: Maple 8.- M.: COJIOH-

IIpecc, 2003.-176 c.

BupvHYM, MUKKUHYY, YIUHYH, ONTHHYN KuToOiapaa Maple aunr comna
TYIIYHTUPHUILIAPUAAH TOPTUO, MAaTEMAaTUKAHUHT TYPJIM COXaJlapura
KYJUTaHWIMIUIapu Oepuirad. TYpTuHYH, OemnHYM KuToOmapaa sca Maple Huur
MaTeMaTrka (GU3MK TeHTJIaMaJapuHH €UUIITa JOUP Ky/1a KeHT TaJ0uKIapH
OepwuuIraH.

Takpuzunaap: ¢.-m. pannapu Hom3oau, mpoddeccop U6parumos P.,
TexHUKa (haHJapyu HOM3O/IU, JOIIeHT MaxMymoB 3.

Vkys kymmanma HamJIY Amamnmii matematnka Ba AT KadeapacHHHHT
26.09.20011 pgarm Maxkiucuaa KypuO yukwiraH Ba (oijganaHuInra TaBCHUS
stuaras, np.Nel.

SJ’KyB kymanMa HamlV ykyB duszuka-matemaruka GpaKyIbTETUHUHT UMUK
keHramuHuHr 28.09.2011 narm maxummcuna KypuO dukWirad Ba (oiimanaHuIira
TaBcus dtuiarat, np.Nel.

Vkys kymmanva Ham/IY VKyB yciay6mii GymuMuHHHT Jaru
MaKJIMCUAa KYpuO YMKUIraH Ba oiiladaHuIlIra TaBCcus dTHITaH, mp.Nel.



Kupum. Maple-ctynenTnapsap aactypuii TH3UM.

Maple-0y xommbiOTep/a aHAIMTHK Ba COHJIM XHCOOJAILIapHH Oa)kapyBuH,
2000 maH KYyOpoK KOMaHJAJIapHU V3 HYWra OJIfaH Ba ajredpa, reoMeTpus,
MaTeMaTuK aHanu3, AuddepeHuan TeHraamanap, IMCKpeT MareMaTuka, Gusuka,
CTaTUCTHKA, MaTeMaTHuK ¢u3MKa MacalajlapuHu JacTyp Ty3MaclaH €uull
UMKOHUSTUHM O€pyBUM MAaTeMAaTHK THU3UM (CHUCTEeMa)-akeTaup. AMTuil
MyMKUHKH, Maple Oy okopuaa caHa® YTuUITaH coXajapJWrd MaTeMaTHK
MacajajapHd e4u0 OepyBuM KarTa KaubKyistopamp. Maple takommmrammo
oopmoka, xo3up yauar Maple 9.5, Maple 11-Bepcusutapu KeHr TapKaJiraH.

Maple-cumBo:mu Ba conimn xucoOmanuiapau Te3 Ba 3G (HeKkTuB Oaskapuil yayH
MYJDKaJUIAaHTaH —~ XaMJla d3JIEKTPOH  XYX»OKaTiIapHH Tail€épmamn  Ba  rpaduk
BU3yaJUTAIITUPULI, HWHTEPAKTUB BOCUTajapura »s3ra OyiaraH KOMIIBIOTEP
MaTEMaTUKaCUHUHI €TaKud TU3UMIapuiaH Oupuaup. Maple Tu3uMugan
xaxoHgarn 300maH OpTHK OHI KaTTa yHHUBEpPCUTETNIapJa YKyB kapaCHHIa
doiinarianuIMOKIa Ba Mypakkad (UMK Kapa€HIApHW, TH3UMIAPHU Ba
KypWwIMaJlapHU MOJIeJUTallIla KEHI KYJUTAHUIMOKIA.  XO3Upru KyHaa Qakar
XucoOra OJMHTaH, yily Tu3uM/iaH (hoigalaHyBUYMIapHUHT COHU | MITH JJaH OPTHK.

Maple sapocuman Mathematika, MATLAB, Mathcad Ba Gomka TH3UMIIap
CUMBOJIIM XUCOOJIapHU amalira ommpuiaa porgananmoxganap. Maple Tu3umMuHu
Kanamanunr Waterloo Maple Inc ¢upmacu sipatran Ba y y30K JaBOM 3TraH
PUBOKJIAHUII Ba CHHOBJIaH YTUIN JaBpUHU O0cuO ytraH. Anbarra, Maple tuzumu
XaJIu KyJla KyIpaTiu sMac, y alpuM coxayiapja Oomkaiap Kabu oKCaMoK/a.

V3uruHr  oKMumi - MaTeMaTMK — XucoGmapra  iyHaITHPUITaHINTUra
KapamacgaH Maple TH3uMU CTyaeHTHap, YKUTYBUMAp, aclUpaHTiap, WIMUN
XOJIMMJIap Ba HIYHUHTAEK MakTad YKyBUMJIapH YUyH XaM 3apypaup. Maple tuzumu
MaTeMaTHKaHU YpraHuliga WHTEPAKTUB BOCUTA OYJINO XU3MAT KUJIUIIH MYMKHH.
Maple TH3UMHHHUHT WHTEPAKTUB UMKOHHUsATIapH T00Is>Assistants, Tools>Tutors
MmeHrocuaa okoimamrad. Yuuar Calculus>Single-Variable, Calculus>Multi-
Variable, Calculus>Linear Algebra oOymummapu Oopku, ymap €Epmamuma Owup
y3rapyBUWIIH, KT Y3rapyBuwim QyHKIusuap, nud@epeHiman TeHriamMma, Yu3uKin
anredpara ouj KyNTHWHA MacalajlapHi MHTEPAKTUB yCyJiaa Tanabamapra ypraTull
MyMKUH. JKymianaH, XOCHJIaHM TE€OMETPUK MabHOCH EpJaMujia TYIIYHTHPHII
MyMKUH: (YHKIHS, HYKTa O€pWiajyd, KOMIBIOTEp KECyBYM YTKa3aJu, YHHUHT
JUMUT XO0J1aTH YpHHMA OYynamyu. EKu, aHUK MHTErpagHu MHTErpan HUFUHIAWHUHT
JuMUTU cudartuia aHukamga QyHKIUSHU TaHjall, HyKTajJap COHM Ba YJIAapHHU
TypJId XWI YCYJJIApUHU TaHJall, oMMa0on TakpuOuil ycyiapaaH QoiigaiaHui
UMKOHHUSTIIapU MaBxya. KomaHnna Oepuiarad uHTETpain WHFUHINHUHT KUHMaTH Ba
WHTETPAJHUHT aHUK KaiimaTu kenud uumkaau. KommberoTepcus Oy uinHu (akar
YM3UKIM  QYHKUUSIIAp y4yH Oaxkapuill MyMKHH xoJioc. Kanuwanuk Qoiinanu Ba
Kysaii uMkoHUAT. [llynunr yayn, Maple-crynenTnapsap nactypuii TH3HM.

DOUKPUMU3HMHT TACAUFU CH(PATHAA HKKHUTA MHCOJI KYPCATUMM3:

1) AHMK MHTerpajaHu PuMaH WMFUHIUCUHMHT JUMUTH cM(aTUIa AHUKJIALI
>Calculus>Single-Variable>Approximate Integration; (MeHIO OpKa KOMaHa
Oepwuin)
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I.Maple na anementap MaTeMaTuka MacajJajJapuHu e4HIIl
§1.1.Maple oiiHaCHHMHT TY3WJIMIIH.

Maple komnproTepra ypHaTuiaraHaaH CYHT, YHU CTaHIapT 2 Uy OuiaH
umra tymmpuil MyMkuH: 1) Windows OT Husr 601 meHtocu opkainu €xku 2) Ui
CTOJIMIA ApaTHiran Epauk opkaiu. buz Maple 9.5 Bepcus Ounan uIUTaiMu3.
Maple oitnacu Windows OT HuHT cTanAapT oliHacura yxmaim 0yauo, OiMHaHUHT
HOMH CaTpH, MEHIO caTpu, KypoJuiap MaHeNlu, UIIYU MaiiIoH, XoJlaT caTpH,
JUHEeWKa Ba YTUpUIl TUTIapuaaH noopar:

Acocuil MEHIO TyHKTJIapu:

File(®aiin)- ¢aimnap Owian uiuiaiiiurad cCTaHaapT KOMaHIajap, MacaJaH,

daitiHu cakyall, OYuII, SHTUCHHU SAPATHII Ba X0Ka30, TYTIaMHIaH HOopar.

Edit(ITpaBka)- ¢aitiiapau TaxpupiioBUU CTaHAApT KOMaH ajaap, MacajaH,

HycCXajall, aKpaTWiraH MaTH KUCMUHH Oydepra oJuiil, KOMaHJaHUu OEKOp KHUIIUII

Ba X0Ka30, TYIJIaMuaH uoopar.

View (Bun)- oiiHaHU KYPUHUIIMHA Y3rapTHPYBUYH CTAHIAPT KOMaHaIap

TYIUIaMHUIaH u0opar.

Insert (BcTaBka)- oifHara MaTHIM, KOMaHIAJIM MaIoHIap, TpaduKIapHA KYWHIII

y4yH MYIDKaJUIaHTaH KOMaHJiajaap TyIiaMuaad uoopar.

Format (®opmart)- XykkaTHu Oe3all yayH HIUIATHIIAAUTaH KOMaHaaaap

TYIUIaMHUIaH ubopar.

Options (ITapameTpsl)- MabIIyMOTHH SKOAHTa KUPUTHII Ba YUKAPUIIT OWIIaH

OOFJIMK KOMaHJajaap TYIiaMuaaH noopar.

Windows (OxHo)- Oup uirau oiHa aH MKKHHYH WITYW OWHATa YTUII yIyH

MV IDKaJJIaHTaH KoMaHanap TyIrjiaMuiad uoopar.

Help (CnpaBka)- Maple xakuaa 6aradcuin MabIyMOTIIAPHU Y3 HUUTa OJIaIH.
Maple na unnam Mynokat (ceccus) Tap3uaa oaud Oopuiianu: dhoigananyBuu

Maple ra skpania komanaa Owian MypoxkaaT Kuiaau, Maple yHu kaita unuiad

PKpaHJia KOMaHaaH KeHUHTH caTpra :kaBo0 Kaiitapaau (KyHugara pacmra

kapanr). lllyHnra acoacH, uirim MaifIoH MIAPTIM PABUIIAA Y4 KUCMTa OYITUHAIN:
1)Kuputui (koMan1a) Mai1oHM-KoMaHanapaad uoopar. Komangamap

>command(pl,p2,...); (€xu ;) KypuUHHUIITA 3Ta, KU3WI PAHTJIU, Yalra TEKUCIIaHTaH,
2)Yukapum (xaBo0O ) MaimoHu- Maple HUHT KUPUTHITaH KOMaHara

»)aBoOuaan udopar 6ynuob, aHanuTuk udoaa, COHIM KUitmMaT, Ty1iam, rpaduk

00BEKT, XaTOJMK XaKuJaru xabapaan uoopat OYIUIIM MyMKHH Ba KYK paHT/Ia.

’aBob koMaHa1aH KEWHMHTH caTpra YMKapuiIaan, MapKasra TeKUCIIaHTaH OyIau;
3)MaTH (KOMeHTapus) MaiiIoHU- ol JalaHyBYH TOMOHUIAH KUPUTHIIaIUTaH

UXTUEPUNA MAaTHJAH HOOpaT Ba y MabJIyMOTHHU KailTa UILLJIAIIra TabCUpP 3TMaIH,

Ba YHUHT MOXUSITUHU TYITYHTHPHUII YUyH UILIATUIAIN, BA KOPA PAHTJIH.

MaTH Ba KOMaHJa MailJJOHWra yTUI KypoJsutap nanenuaaru (€xku Insert (BcraBka)

MEHIOCHJIAry yJlapra MOC KOMaHanap OpKaiH )

TyrMajapHu OOCHII OpKaslu OaXKapHuiIaau.

T [>
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Tonmmmpuk 1.1.
1. Maple M HIITa TYIIUPHHT.

2. Maple umra Tymrannan CyHr OMpUHYM caTp KOMaHAa caTpu Oynaau. YHU
MaTH MaiJJOHUTra ailaHTUpUHT. by catpaa “Amanuii um Nel” ne® maB3y
HOMHMHHU KUPUTHHT. Enter TyrMmacunun 60cu6 siHTH caTpra YTHHT Ba
“baxxapan HamlY ®M ¢paxynereru 305 rypyx Ttanabacu cryaeHt OauMoB
3adap” neb6 €3unr. Enter ryrMmacunu 60cu0 sIHTH caTpra YTUHT

3. “Kabyn xunam not. A.lmomoB” ne6 €3unr Ba Enter Tyrmacunu 6ocu6

SIHTH caTpra yTUHT.

4. Xocun 6ynran Qaitiau quck, drenikana cakiaanr. byaunr yayn File>Save
as koMaHgacuuu 6epu0 ¢aiinra : Gamumus AT 1 ne6 vHom 6epud cakiiad
kyiuHr. Enter tyrmacunu 6ocu6 stHTU caTpra YTHHT.

5. Keiiunru carpaa “Amanuii tommupuk AT 1 daitnu @amunus AT 17 Hom
6uian cakaHran ae6 é3unr. (Yitnab kypuHr 6y HIMara Kepax).

6. Keiinnru carpnapaa Oy TONMMPUKAAH CYHT KOMaHAAJIap Ba yJIapHUHT
HaTKajJapy E3umaiu.



§1.2.Maple connap Ba apudpmeTuxk amasniap

Acocuii MaTeMaTHK y3rapMacjap Ba apup)pMeTHK amaJiiap.
Acocuii MaTeMaTHK y3rapmaciap Kyiugaruiapaup: Pi- Oy © conn, I-
MaBXyM OUpiHK 1, infinity-oo, Gamma —3O¥nep y3rapmacu, false-€nron, true-pocr.
Apudmeruk amasiap Oenruiapu: +-KyIui, -alupui, *-kymantTupui, /-0y,
A-napakara kyTapuii, !-hakropuan. COMUIITUPHUII OeNTrIapu: <,>>=,<=<>= (
KUYMK, KaTTa, KaTTa Ba TCHT, KWYUK Ba TEHT, TEHT AMac, TEHT).

ByTyH, paniuoHaJj Ba KOMILUIEKC COHJIAP.

Maple na connap Tabuunii paBHIIa MaTeMaTuKaaaru kabu OytyH (integer),
pauumonain, xakukuii (real) Ba komriekc (complex) Oyauimyu MyMKUH. Y JIapHUHT
MabHOJapu Oup Xuj, (pakaT E3UTUIN KOUJANapUTa aHUK UTOAT KUITUII Kepak.
Parronast consap y4 Xui1 KypUHHIIAA TacBUpIaHaau: 1)oaani kacp
KYPUHUIIKAATH paliioHal CoH, Macajian: 28/70; 2)yHiu Kacp KYpUHUIIHIATH
(float) parmonan con: 2.3457; 3)aapaka KYpUIIMIIKAATH PAIIMOHAT COH, MacallaH,
1,602%10 ™ con 1.602*%107(-19) kypunHIIIa E3UTATH.

Pannonan coHHM TakpuOUi YHIIM Kacp KYPUHUIIAA OJIMILI Y9yH OUpOp
OyTyH COHHHU VHJIM HYKTa OUJIaH HOJIb COHMHU KYIIHUO E3UII Kepak.

Llapmnu kenuwrys: Maple oa scaeob ,10Kopuda Kypeanumusoex,
KOMAaHOAo0aH xKetuneu campoa xKypcamunaou. Komnaxm é3uw yuyn sx#asoonu ou3z

komanoa énuoa \\ beneudan xeuun Kypcamamus, macaian, >a+b; \\ a+b .

Komanna catpu >1.2+3.4;

’KaBoO catpu 3.6

Komanga catpu >Sin(Pi/6);

’KaBob catpu 7

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

Maple na rpek andaButuaan xam QoiinanaHuil MyMKUH. ByHUHT yuyH
carpia rpek XappuHUHT HOMH E€3WIaH, KaTTa Xap(daapHu E3UII yayH IpeK
xappuHUHT HOMUA 6011 Xapd kaTTa Kuinb €3miam kepak.Macainas,

o -alpha 3 -beta y -gamma o -delta
g-epsilon (-zeta n-eta 0-teta

1-ita K-kappa K-Kappa A-lambda
p-mu v-nu E-xi o-omikron
T-pi p-rho X-Sigma o-sigma
T-tau v-uosilon @-phi x-chi
y-psi ®-0mega I'-Gamma Q-Omega

I'pex xapbaapuau €3UlI YUyH SKpaH]ia MaXxCyC MEHIO MaBxKYy/I.




Tonmmpux Nel.2.

Tect eumira MUCOJIJIap KCIITUPAMMA3.

1. Hisoblang 2387 ++/23+847 (m: 96-6-28) JK-p: A)7 B)6 C)8 D)9
> a:=sqrt(23-8*sqrt (7)) +sqrt(23+8*sqgrt (7)) ;\\c=8

2. Hisoblang (v3+2v2 +/3-2v2 ++/2)/4v2 (M:V-07) XK-p: A)0.5 B)%C)O.?S D)g

>b:=(sqrt(3+2*sqrt (2) ) +sqrt (3-2*sqrt(2))+sqrt(2))/ (4*sqrt(2)) ;\\0.75
§1.3. KomanaajJapHUMHI KYPHHUIIK Ba YJIAPHHU 02:KapTUPHII YCYJ/UIAPH.

Maplena komanaanap Homsiu Ba Homcu3 0ynaau. Homim komania
Kyhunaruda 6ynamu: >command(pl,p2,...); €ku  >command(pl,p2,...):,
SHHU KOMaHJ1a HOMJIaH Ba KaBcjap W4M/a mapaMeTpiapaad Hoopat Ba UKKU HyKTa
€KUM HyKTa Bepryib Omnan tyrajuianaan. Komanna apudpmeruk udonaa 6yicarnna
YHHUHT Maxcyc HOMH OYynMmaiinu. Arap KOMaH/a HyKTa BepryJib (;) Omian
TyraJUTaHCa YHUHT HATHXKACH SKpPaHTra YUKApUIaIv, UKKU HyKTa (:) Onian
TyrajylaHca KOMaH/1a Oakapuiia i HaTHKACH SKpaHTa YUKAPHIMaNIH.

Komananap UKKU XU yCyJl OMIaH OaXap TUPUIIUIIA MyMKHH:

1-yeyn-myepu ycyn. Komanoa mepunaou; éxu : ésunaou ea Enter bocunaou.

2-ycyn-cmapm ycyn. Mgpooa mepunaou ea ; Kyuuiub Enter 6bocunaou,
24CABOO YCMUOA CUYKOHYA YHE myamacu 60cuiud ughooa KoHmexcm MeHo CUOaH
kepaxau komarnoa maunanaou. (Kanpai axxonnd UMKOHHAT!).

[IpotieHT % CUMBOJIM OJIIMHTY KOMaH/a HATH)KACHHHU YaKUPHUII YIYH
UIUTATUIIAIN Ba KOMaHaMap €3UITHN KUCKAPTUPHUII YUYH UIIJIATUIAd, MacajaH,
>1+2: >%+3; \ 6

V3rapysunra KuifMar GepHII yayH ;= HILTATHIIAIN.

Maple umra Tymray onepaTuB XOTHpaa YHHHT OHPOPTa XaM KOMaHJIACH
OynMaiimu, ynap WIOUTAIl JaBOMHAA OIEpaTHB XOTUpara YaKupuiIaguiap.
Komannanap onepaTvB XoTHpara YaKHpHIUIIATA Kapad yd Typra OynmuHamu. 1)
Maple wmra Ttymrad aBTOMaTHK paBUIAA HWINTa TYIIUPHIATUTAHIAp, 2)
readlib(command) komangacu opkaiu YaKMpHIIaauraHiaap, 3) Maxcyc IaKeTiap
(package) manm wakupuiayBuM KoMaHpjanap. Package makerra terunum Oapua
KoMaHjanapau yakupuin >with(package) KOMaHAacu ¢EpaamMuja, Mmakerra
Terunud Oupop command maHW yakupuin 5ca  >package[command](options)
KOMaHJacu €pJamMuaa amaira omupwiagy, Oy epaa Ba OyHAaH KeWWH options
CY3u KOMaHJIaHWHT TapameTyiapuuu Ownnupanu. [lakernmapra mmcon cudarumga
linalg-um3ukyu ~ anrebpa  MacanajapuHM  €UMIN,  geometri-IIaHuMETPHUs
MacananapuHud eumin, geom3d-cTepeomeTpus MacaganapuHu euwml, student-
CTyIEHTJapra MacajajJlapHd HMHTEpaKTUB (MYJOKaT) Tap3ujaa aHAJIMTUK
KYpUHHIIAA KaaaM 0a KaJaM OpajiK HaTbKajJapHA HAMOWHIN KWJITaH XOJIa
SUUII IMKOHHUSTIAPUHUA OCPYBYH MAKETIAPHA KEITHPHUII MyMKUH.



Maple na crangapT QyHKIUSTIAPHUHT alpUMIIAPUHU PYUXAaTUHU KEJITUPaAMU3:

Cranpaprt pyHkuusiap.

N dbynkums | Maple ma N byHKIUS Maple na

1 e* exp(x) 12 COSecx cosec(x)

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

3 lgx 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 O(X) -Aupax pyHKUHSACH Dirac(x)

11 | secx sec(X) 22 6(x) -XeBucaiin GyHKIHACH Heaviside(x)
Maple ra >xyma kaTTta MHKIOpJAa Maxcyc (YHKIUsJIAp XaM KUPUTHITaH. Yiap
beccenp, OinepHuHr OeTta-, TaMMma-QYHKUOUSIApH, XaTOJMKIAP HHTETPalIH,

AJUIMITUK UHTETPAIIAP, Xap XUJ OPTOTrOHAN KYMXAJIAp Ba XO0Ka30. DWIEp COHU
e=2.718281828.... exp(x) opkaiu Kyimaaruda xucoonanaau: exp(1l).

Tonmmpux Nel.3.

1. Maranu pexxumaa Amanuii Tonmmpuk No2 1e0 €3uHr.
2. a= cos(lZT” (log, 0.25+log s 2)) HU XucoOmanr.\\(1.10-2-58;%x:0;1;-1;0.5;-0.5)

Komannanu 1-ty¥pu ycyn Ounan 6akapamus:
> a: =cos(12*Pi*(log[2] (0. 25)+log[0 251 (2))/5) ;\\a:=1.

3.sin ( ) +cos* ( )+S|n ( )+cos (—) udogaHu XucoOIaHT.

KOMaHI[aHI/I CMapT ycyn (yHrz[arH aJ[BaJl KOHTEKCT MEHIO)OuIaH Oaxapamus:

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

Approximate ]
Complex Maps ]
2 2 2 1 & 2 Conversions ]
b= smge p_ + COS(?E p_ + Slﬂ(i;:e p_ + COS(?e8 pO Irteger Functions: ]
2 2 2 e” g Plots >
> 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

KoMannanu Ty¥pu ycyn OuiaH TeKIMpuO Kypamus:

> simplify(b); \\2
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§1.4. MaremaTtuk ndoaajapHu AKIHHA aaMamTupuu. Tectaap equu.

A¥ipuM KyTI yupaluran KoMaHjaanap Ba yjapra JOUp MUCOJIIAP KEITHPAMU3.

KENTHPHII

Komanna MasHOCH [TapameTpiiaHuHT MabHOCH
expand(eq) Kascanapau 0un6 &inm eq-udona
factor(eq) KynxanHu kynaiiTyBaumnapra
@KPATHII
normal(eq) KacpHu Hopmas KyprHHILIra

collect(eq, var)

Vxmramr XaJlapHA UX4aMJIant

var-y3rapyBuu

simplify(eq {,option})

Wdonamapan cogmanamTrpuin

option-mapameTp

OO OB W N

combine(eq, param)

[JapakanapHu OnpIamTupu EKu
TPUTOHOMETPHK H(oJaTapHH
JlapakaapyHU acai THPHII

param=trig,
param=power,

radnormal(eq)

Wnnus, napaxanu udoaanapHu
COAAIAII TUPUILL

8 | convert(eq,param)

Wdona param tumm udonara
aIMaIITHPHIAIH

param- tum mapameTp
param=sincos, param=tan,
param=vector, param=string,
param=termin

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

f(x) ma g(X)=t nco
y3rapyBUMHM AIMaIITHPHIII

1. KaBciapuu ouu6 Eitumi.

Tonmupuk 1.4.

>eq:=(X+1)*(x-1)*(x"2-x+1)*( x"2+x+1); \\eq := a"b+a"4-2*a"3-2*a"2+a+1

>expand(eq);

\\x"6-1

2. Kynxannu kynaitysumnapra axparumn (99-10-7)
>p:=a*5+a*4-2*a*3-2*a*2+a+1l; \\

>p:=factor (a*5+a*4-2*a*3-2*a*2+a+l) ;\\ p:=(a-1)° (a+1)°
3. Kacpuu Hopmai kypunuiira kenrupuii (96-3-74)

> q:=(x"3+2*x72+x) / (x+1) *2;

normal (%) ;

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

g9 VVYV VVVEeYV

\\ x

. Upomamapuu commanamTupuIi
simplify((a*3-b*3)/(a*2+a*b+b*2)) ;
expand ( (a+b) * (a*2-a*b+b"2)) ;

collect (x*243*x"2+4*x+4*x+y,X) ;
simplify (2*a/sqrt(a*2) ,assume (a<0)) ;
combine ( (x*(1/2))*x~(3/2)) ;
Uppanmonan udoganapHu panoHALIAIITAPUO COATATAITHPHUII

\\ g:= (¢ +2x° + X) /(x+1)?

\\a-b
\\a’+b’
\\ (yx+1)/x?
\\4x% +8x+y
\\-2
\\ 4x°

> f:=((sqrt(x)+1)/ (x*sqrt (x) +x+sqrt(x))) * (x*2-sqrt(x)) ;

o (D) P-4

NMERI

> g:=subs(sqrt(x)=a,x*2=a"4,x" (3/2)=a*3,x=a"2,f);
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_@+1)@"-a)

a~3+a-?+a~

> R2 := simplify( (a+l)* (a*4-a)/(a”~3+a*2+a), 'assume=real' );
2
R2:=a~"-1

OnnuHry y3rapyBuura Kautuo x-1 >kaBoOHU OJlaMu3.

6. TpuronomeTpuk udomagapHu COITATAMTAPHUIIT

> 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)) ; \\ 16c0s’(x) —20cos’*(x) + 5c0s(X)
>combine(4*sin(x)"3,trig); \\-sin(3x)+3sin(x)

7. Wnaus, napaxanu udoganapHu CoaaaaanITHPHUIL
> a:=sqrt(3+sqrt (3)+ (10+6*sqrt (3)) " (1/3)):
> al::radnormal(a);\\alb1+v§
8.>b:=(m"*"2-(2+m"4) / (m*2-1))/ ((m*2+2) / (m-1)) :
> bl:=simplify(b);\\bl:=-1/(m+1).
9.> 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));

IPCERY RN CRINNCE

VPN e

> cl:=simplify(c); \\ cl:=2Ja+b
> a:=8*sqrt(2) :b:=4*sqgrt (2) :
> cl:=simplify(c); \\cl:=16

10. > a:=(sqrt (192)-sqrt (108) +sqrt (243) /3);\\a=5J3 (99-6-36)

§1.5.Connap ycruga 6abp3u OuUp amaJiap.
Maple na coHnapaaH sIHTH COHJIAP XOCHIT KAJIauTraH aMmasiiap MaBxKy/l.
XaKMKUil COHJIAP YCTHAA KYHHIArd aMaJliiap MaBiKy/1:
frac(expr)- expr ndogaHuHT Kacp KHCMHHHM XHUCOOIAII,
trunc(expr)- expr upogaHuHr OYTYH KUICMUHHU XHUCOOJIAII,
round(expr)- expr udogaHu SIXIUTIALL.
Komiuiekc consap z=x-+iy ycTtuaa Kyuuaaru aMajujiap MaBxKy[A:
Re(z)- Z —COHMHUHT XaKUKHH KUCMHHH XUCOOJIAII,
IM(z)-z- coHMHUHT MaBXyM KUCMHHHU XHUCOOIAII,
conjugate(z)-z — COHMHMHT KYIIMacu XHcoOJIaIll,
polar(z)-z — COHUHUHT TPUTOHOMETPHUK KYPUHHUIIIMHHA XHUCOOJIAIII
evalc(Re(z)), evalc(Im(z)), -z — cOHHUHT XaKUKHI1 Ba MaBXyM KUCMHHH XHCOOJIALII.
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Tonmmmpuk 1.5.

1. a=57/13 con OGepwiran. YHUHT OyTYH X Bay Kacp KMCMUHH TOIMHT. X+Yy=a
OKAHJIUTUHU TEKIIUPUO KYPUHT.

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

>x:=trunc(a);

\\ 4

5
>y:=frac(a); \\ =
y (a) 1
57
SX+Y; \\ =—
y 13

2-31 . o
2. 1= 14 4i +1 KOMIIJICKC COH 6epI/IJ'IFaH. yHI/IHF XaKUKHH , MaBXYM Ba
+ 41

KOMIUIEKC KYIIIMacu W HU TOTIMHT Ba W+ Z = 2Re(z) PKaHJIMTWHHU TEKIIUPHHT.
>7:=(2-3*D)/(1+4*1)+1"6:

>Re(2); Im(2); \\ —f—;
-
17

>W:=conjugate(z); \\ =—%—%I
>7+W; \\ —%

3.7=-1-i3 KOMILIEKC COH Oepuiran. Y HUHT MOIYJIH, apryMEHTHHH
XHUCOOJIAHT Ba z*  HM TOIIMHT.

>z:=-1-1*sqrt(3):
>readlib(polar):polar(z); \\' polar (2,—%;;)

>evalc(z™);
§1.6.Maple na pyHKIUSATAPHA AaHUKJIALLL

Oynkuusnap Maple na 4 xun ycynna 6epunaau:1) ;= kuiiMar Oepuiin
oneparopu &pnamuna;2) f:=(x1,x2,...) - >f(x1,x2,...) byHKIMOHAT OnIEpaTOp
épaamuna,
3)unapply(expr,x1,x2,...) komanmacu épaamua; 4)piceewise(sl,f1,s2,12,...)
KOMaHJacu €paaMuaa.

Mucosnap.1.
>f:=sin(x)+cos(X); \\ f:=sin(x)+cos(x)
SXIZT; Wx=2
4
>f: \ V2

13



Maple na Gapua xucobnanuiap CMMBOJULIN KYpUHUIIIIA OO Gopuianu, ssbHU
HaTIXKa/a WIAU3JIap, HppalroHal KOHCTAHTaIap e,z Ba X0Ka30Jiap UIITUPOK
stanu. Hatmwkanu Yrau kypunuiiga onum yays evalf(f, &) komanmgacu
uiaTuiany, 0y epaa f-kuiimat xucodnanaérran udosa, e-aHUKIIUK.
Mucomnap.2. f =xe™" udomanu x=2, t=1 garu KuiimMaTi Kyiugarmnda
XucoOaHaIu:

>f.=x*exp(-t):

>evalf(f,0.0000000001); \\0.735788824
Mucon 3. >f:=(X,y)->sin(x+y); \\f:=sin(x+y)
>f(11/2,0); \\1

Mucoun 3. >f:=unapply(x*2+y”2,X,y); \f = (x,y)-> X" +y?
>f(7,5); \\74

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

f (x),x>a,

kaOu pyHKUMsIIap KyHuIaru KoMmaHaa opKaiu Oepuiaau:
>piecewise(x<al,fl,al<x<a2,f2,...,x>an,f2);
Macainas,

0, x<0

f(x)=<x, 0<—xand x-1<0

sin( x),x>1
byHKIUA Kylinaaruda oepuiaau:
>f.=piecewise(x<0,0,0<=x and x<1,x, x>=1, sin(x);

TonmmpukJap 1.6.

1. f =J1-x* —y? (QyHKIUSHK aHUKJIAHT Ba KyTO KOOpAMHATAIAP CUCTEMAacH
X = pCosp,y = psing Ta yTuHT. X0Ccw]I Oyirad udoaanu coaaaaaliTHPUHT:

>fr=sqri(1-x2-y"2); Wf =y1-x*—y?
>f:=subs({x=rho*cos(phi),y=rho*sin(phi)},f): \\ f =1— p2 cos(¢)® — p? sin( p)°

>f:=simplify(%); \f =1-p?
X, Xx<-1

2. f(x)=1-%x%, -1-x<0and x-1<0QyHKIUSIHA Ty3uO Ba YHTa X HU KYIIUHT.
—-X, x=1

>f:= piecewise(x<-1, X, -1<x and x<1, -x"2, x>=1,-X);

>0%+x: simplify(%);

Hatwmxka kyiingarnga 0y kepak: f(X)+X .

3. p=x®+4x® +2x—4 KYNXaJIHU KYIalTyBUMIapTra ayKpaTHHT.
>factor(x"3+4*x"2+2*x-4); W\ (x+2)(x* +2x+2)
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1+sin 2x + cos 2x
1+sin 2X — oS 2X
>T.=(1+sin(2*x)+cos(2*x))/(1+sin(2*x)-cos(2*X)):
>convert(f,tan);

>f=normal(%);

4 Vibonmanu commanamTHPUHT

\1+sin 2x+cos2x 1

1+sin 2x—cos2x  tan(Xx)
5.Udonann commamamTupuHr 3(sin® x +cos’ x) —2(sin® x +cos’® x) .
>0:=3*(sin(xX)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 56sin 124 —sin 34 cos 236
c0s 28c0s 88 + cos178sin 208

6. Udonanu comnanamtupunr(97-3-54)

> 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)
" c0s(28) sin(88) + sin(178) cos(242)

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

cos(a + B) + 2sin asin B

sin(a + ) —2sin acos S

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

7. Uponanu commanamtupunr(96-1-57)

_ cos(a + b) + 25sin(a) sin(b)
~sin(a + b) - 2 cos(b) sin(a)

b:

> combine (%) ; \\ctg(-a+/4)
cos18cos 28 + cos108sin 208
sin 18sin 78 + sin 108sin 1688
sin a + cos S

ﬁcos(n/4—a)

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

8. Udbomanu cognanamrupunr(967-10-54)

9. Uponanu connanamtupunr(01-11-24)

1.7. TommupukKJIap Ba caBoJLiap

1. Xucobmanr: (—1+i)°.
2. Xucobmnanr: e”'?,

3. AHUK KMIAMaTHU XMCOOJIaHT: arctg3—arcsin ?5 .

4. ®opmynanu E3uHT: (k) = ok? + K*.
5. p=x®—4x® +5x—2 KYIIXaaHu KynaiTyBYMIapra aXXpaTHHT.

6. Mdomanu comaanamTHPUHT: sin® 3x —sin® 2x —sin5xsinx
> c:=(sin(3*x))*2-(sin(2*x))*2-sin(5*x) *sin(x) : simplify (c) ; \\0
/. > e:=(3-sqrt(5))/ (3+sqrt(5))+(3+sqrt(5))/ (3-sqrt(5)) ;
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e 3-45 3+45
3+N@- 3—V§

> 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)

CasoJiap
1. Maple Hrma Ba y HMMa MaKcaJiia HILIaTHIa I ?
2. Maple oitHacCHHUHT acocHii 3JIEMEHTIApUHA OaéH STHHT.
3. Maple oitHacHHUHT KUCMIIAPUHHM Ba YJIAPHUHT BasH(alapHHHA TYITyHTHPHUHT.
4 KoMaH/1a caTpu/iaH MaTHJIM caTpra Ba TeCKapucHura Kaujaan yTumaam.?
5. Maple 6utan uimiamn ceaHcu KaHaal pekuMaa Oakapuiiaiam.?
6. Maple MeHIOCHHUHT acOCHI ayHKTIApUHU alTHHT.
7. Maple naru ¢aitnura kangaii KeHraiTMa oepunaan.?
8. Maple nga xanmaii acocuii MaTeMaTHK KOHCTaHTaIap MaBxKy/l.”?
9. Maple na parriona conap KaHaai KypuHHIILIIApIa TaCBUPJIaHAIN.?
10. Maple na parmonan COHHUHT TaKpUOWA KMIMATH KaHIal XOCHIT KHJIUHAIH. ?
11. Maple na xomanmanap KaHaai ciMBOJUIAp OWJIaH TyrajulaHagu?
12.Kucm nporpammanap 6ubimorekacuian KoMaHaanap KaHaai yakupuiaim?
13.factor, expand, normal, simplify, combine, convert, radnormal komanganapau
MabHOCH .7
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I1. Maple na rpaguxiaap sicam.

N Komannanap I'padpurn ynsmnaguran GyHKIUAS

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=y1.y2) y=y1.y2)

5 | inequals({fl(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=vl..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=z1..22

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

10 | animate ,animate3d AHuManMs SpaTUIl

§2.1.Uxku ya4oBiau rpadgukiiap
Maple na omkop, napameTpUK, OLIKOpMac KypuHHUIga Oepuiarad Oup Ba
WKKH Y3rapyBUWIN QYHKIUSUTAPHUHAT TpadUKIapu HUXOATIA YAPOHINA TH3HIIT
myMkuH. f(X) omkopdyHknusaun Ox YKHHUHT a < x <b kecmacuna Ba Oy
YKuHHHT ¢ <y <d kecmacuza rpaduruau unsum yayH plot(f(x),x=a..b, y=c..d,

parametrs) komaHacH UIUIATHIAAM, Oy epaa parametrs-TacBUpHH OOIITKAPHUIIT
yUyH UIUIATAJIAUTaH TapameTpiap. Yiap Kyiuaaruiapaad uoopar:

Ne | mapamerp MabHOCH

1 | title="text” TacBupra HoM Oepuill, HOM JOTHHYA OYIica mpolescus3

2 | coords=polar Kyt6 xoopauHatiapura ytuiil, E3uimaca JeKapT K.c.

3 | axessNORMAL -ommuii ykiaap \\ KoopanHara ykiapunu Gepuii
axes=BOXED -IIKaJIaIu YKIap
axes=FRAME -VKIapHUHT O0IM Kyiu yan Oypyakia
axes=NONE -VKJ1ap WyK

4 | asaling=CONSTRINED -VKiaapra 6up xwi1 maciTad oepuii
asaling=UNCONSTRINED - YKy1ap Macitabu oifHa YIIyamura Moc

5 | style=LINE -UM3HKJIap OUIaH YUKAPUIIL
style=POINT -HyKTaJap OWJIaH YMBapHIIl

6 | numpoints=n (n=49 Gepuamaca) | -xucoOJaHaIUTaH HyKTaJap COHU

7 | color=panr Homu (yellow,...) -YU3UKJIapra paHr Oepul

8 | xticmarks=nx, yticmarks=ny Ox Ba Oy yKJap/Ja HyKTaJap COHUHHU OepHUIII

9 | thickness=n, n=1,2,... -UW3HK KUTMHIUTUHU OepUIIl

10 | linestyle=n (n=1-y3nykcu3s ) -YU3UK TUITMHU OCPHII, Y3ITYKCH3, ITYHKTHP

11 | symbol=s (BOX, CROSS, - HyKTaHu OepaJuraH CUMBOJ TUIIUHU OEpUII
CIRCLE, POINT, DIAMOND)

12 | font=[f,style, size] MatH mwpud T TunuHu 6epumt, f-mpudr Homu: TIMES,

COURIER, HELVITICA, SYMBOL; style- mpudt cTumm:
BOLD, ITALIC, UNDERLINE; size-mpudt ymuamu
13 | Labels=[tx,ty] Oxra tx, Oy raty ne6 é3umra pyxcar Oepwui
14 | discont=true Yekcns y3WIHILIAPHU TaCBUPJIAIITA PyXcaT OepHII
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Plot xomannacu épnamuaa y=f(x) QyHKUMSA mapaMeTpuK KYpUHULIAA
x=x(t),y=y(t) 6epuica xam rpa@uUruHu YM3UII MyMKHUH:
plot([y=y(t),x=x(t),t=a..b], parametrs).

Tonmmpuk 2.1.1.

1. y=sinx/x dyukuus rpadburu -4 , 41 opavKaa YN3HICHH.
>plot(sin(x)/x, x=-4*Pi..4*Pi, labels=[x,y], labelfont=[TIMES, ITALIC, 12]);

VR IRV

2. y=x/(x* -1) ¢byHKIMs rpadUrd YN3HIICHH.
> plot(x/(x*2-1),x=-3..3,y=-3..3,color=magenta);

37

2]

i

3. Xx=sin2t,y = cos3t
> plot([sin(2*t),cos(3*t),t=0..2*Pi], axes=BOXED, color=blue);
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4. p=1+cosp GyHKIUA rpapUrd YU3UICHH.

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

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

5. y=InBx-1) y=3x/2-1In2 dyHKIusa rpadura YU3UJICHH.
> plot([In(3*x-1), 3*x/2-In(2)], x=0..6,
scaling=CONSTRAINED, color=[violet,gold],
linestyle=[1,2], thickness=[3,2]);

Omxkopmac kypuHuIAa Oepwirad GyHKuusi rpapMruHu YU3UII

F(x,y) =0 omkopmac Kypunuiiga 6epuiarad QyHkius rpa@uruiy 93Ul ya9yH

plots makerunan impliciplot komMmaHgacH UILTATUIATN:
>implicitplot(F(x,y)=0, x=x1..x2, y=y1..y2).

TacBupra komeHTapuiijap oepuiu

plots maxeruna textplot([xo,yo,’text’], options) komaHgacu €paamMua TaCBUpIa
X0,y0 KOOpAMHATAIIA HyKTajaH 6onuiad 'text’ KOMeHTapuiCUHA YUKAPUJIIAITIH.
burra TacBupaa oup Hevya rpa@UKHU YUKAPUIL

baw3an 6utta rpadukna 6up Heua rpaduk 0ObEKTIAPHH KOWTAIITUPHILL 3apypP

oynanu. Macanas,
> 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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10

bynnait rpaduxiap yn3uin TeHraManap CUCTEMACUHH €UUIIia Kepak Oyaaau.

Sna plot komanmacu Ouiian ynM3mwiIrad rpadukka textplot komangacu Ounax
ApaTWIrad €3yBHH KYIIUII Kepak OYICHH. Y X0Ja KOMaHAaJIapHUHT HAaTHKaJapH
Vy3rpyBumnapra oepunaau, cyHr plots maketuHuHr komangacu display opkanu
DKpaHTa YNKapUIIaIu:

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

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

Tenrcuzaukaap Onjiadn OepUITaH COXaHM YM3HII

f,(x,y)>c,, f,(%Yy)>C,,.., f, (X, y) >c, TCHIICU3IUKIAp OMIaH OepuiIraH COXaHH
yu3ull yuyH plots maketuaan inequal KOMaHJIACHMHM MILIATHIN KEPAK:

inequals({fl1(x,y)>cl,...,fn(x,y)>cn}, x=x1...x2, y=yl..y2, options).
— optionsfeasible=(color=red) — wuku coxara paHr oepui;
— optionsexcluded=(color=yellow) — tamku coxara paHr OepHiir;
— optionsopen(color=blue, thickness=2) — coxaHuHT OYMK YerapacuH! YU3HFU
Y4yH paHT Ba YM3UK KAJTMHJIUTUHU OCPHIIL;
--optionsclosed(color=green,thickness=3) — coxaHuHTr MUK YeTapaCHHH YHU3UFH
Y49yH paHT Ba YU3UK KAJTWHJIUTUHUA OCPHIIL;

Tonmmmpuk 2.1.2.

2
1. % - y? =16 rurnep00Jia YN3UJICHUH.

> with(plots):
> implicitplot(x*2/4-y2/2=16, x=-20..20, y=-16..16,
color=green, thickness=2);
2
2. Actpouga x= 4c0s’t, y = 2sin’t,0<t <2x, Ba I_G + yT =1 yuric ourra

rpadukaa unsuiacud. Yuszmanapra Astroida Ba Ellips 1e6 Homtap 6GepusicuH.
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> 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],
color=blue, scaling=CONSTRAINED, thickness=2):
> eql:=convert(eq,string):
> tl:=textplot([1.5,2.5,eql], font=[TIMES, ITALIC, 10], aligh=RIGHT):
> t2:=textplot([0.2,2.5,"Ellips:"], font=[TIMES, BOLD,10], align=RIGHT):
> t3:=textplot([1.8,0.4,Astroida], font=[ TIMES, BOLD,10], align=LEFT):
> display([as,el,t1,t2,t3]);
3. xty>0, x-y<=1, y=2 COXa YHU3UJICHUH .
> 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 1T TrTrrrrr1rrrim

-3 -2 -1

2 3

P

tu

21



§2.2. CuptHu ym3ni. OIKOpP KYPHUHUIIA OepPUJITraH CUPTHH YU3HII
z=1(x,y) omkop KypuHuiga 6epuirad CMpTHU uyn3uil yuyH plot3d(f(x,y),
x=x1...x2, y=yl...y2, options) komanaacu unuiatTuiaau. [lapamerprapHunr

MabHOJIAapU KYﬁHHaFanI

No | ITapamerp HoMuU MasbHocHu

1 | x=x1...x2,y=yl...y2 | rpaduk un3unaérran coxa

2 | light=[angl1, angl2, (angll, angl2)-aykranunr chepuk KOOpAHHATAIAPH, Oy HYKTa aH

cl, c2, c3] panrnapu (cl, ¢2, ¢3) ra Tenr Oynran EpyFiIuK HypH TOBIAHAIH

3 | style=opt yu3MaHuHT cTuianHu 0epaau, POINT —nykra yuyn, LINE — uu3uk
yuyH, HIDDEN — uun3uxnapu yuupuiaras typ yuyH, PATCH —
tynaupyBur, WIREFRAME — uusukiapu kypuHMac TYpHU
yukapuil, CONTOUR — CupTtHuHT y3rapmac KuiMatiapu cOXacH,
PATCHCONTOUR —tynaupyBun Ba CUPTHHUHT y3rapmac
KHIIMaTJIapy COXAaCUHH OCpHIIL.

4 | shading=opt TYJIIUPYBYMHUHT UHTCHCUBIUK (DYHKIMSICUHU Oepaau, yHUHT
KUHUMATH oJlaT/ia XyZ ra TeHT

5 | NONE OysiiMaran CUpTHU OepuIl

IMapaMeTpsu KYpuHUIIAA OePUITAH CUPTHH YM3UIIT

[Mapamerpnu x=x(u,v), y=y(u,v), z=z(u,v) KYpUHHIIIa OSpUITaH CUPTHUA YU3HUII
y4yH KyHUJard KOMaHaa MaBxy/I:
plot3d([x(u,v), y(u,v), z(u,v)], u=ul..u2, v=vl1..v2);

Omxkopmac KYprMHUILA OePUITaH CHPTHH YM3HIII

Omkopmac F(X,y,z)=C xypuHuIga Oepuirad CMPTHU Yn3uil yayH plot makerura
Kapalum Ky#HuIara KOMaHaa MaBxy/1:
implicitplot3d(F(x,y,z)=c, x=x1..x2, y=y1..y2, z=z1..z2);

®a30BUil YN3HKJIAPHHU YU3HIL

dazoBuit x=x(t), y-y(t), z-z(t), t1<= t<=t2, yM3UKIapHA YU3HII YIyH plot
HaKeTHra Kapalliid KyHuaard KoMaH1a MaBxy/I:
> spacecurve([x(t),y(t),z(t)],t=t1..t2);

AHUMANUA

Maple ma animate ( ukku yadosan) animate3d (yu ya40BiIM ) KOMaHAaIapH
épaaMuaa TaCBUPJIAPHU XapaKaTJaHTUPHII MYMKAH. AHUMAIMSHA SPATHUIII
KOMaH/IaJJApHUHT KOHTEKCT MEHIOJIApU OPKAJIU aMaJira OIMPHIIaIH.
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Tonmmupuxk 2.2.

1. z=xsin2y+ycos3x, z=+Xx*+y* -7, (X,Y) €[z, 7] cupTiap rpaduKIapy YU3HHT.
> plot3d({x*sin(2*y)+y*cos(3*x), sqrt(x 2+y"2)-7},
x=-P1..Pi, y=-Pi..Pi, grid=[30,30], axes=FRAMED,
color=x+y);
1 0.2 0.3
2. 2= 2 2 T 2 2 T 2 2
X“+y° (x+1.2)°+(y-15° (x-0.9)°+(y+1.1
y3rapmac KHAMaTiau YU3UKJIapy OUIaH TaCBUPJIPHCHH.
> 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. ATOMHUHT 3JIeKTpOH OyiIyT hopMacH YM3WICUH. DIEKTPOH OyiyT hopmacu
WKKHU TTapaMeTp OWIaH aHuKIaHaau: |-opourta TUIu, m-3JeKTPOHHUHT MarHuT
MomeHTH. m=0 1a 35ekTpoH OynyT 1-Typ Jlexxannp kynxanu
1 d°

2"n! dx"

rpaUIruHM sicail Kepak:

Y(p) = ,/2'4—;1 P(cos@)

X(6,p) =Y (p)sinpcosy, y(@,9) =Y (p)sinpcosd, z(60,9) =Y (p)cosey .
AsBanura |:=3 ne0 onui kepax.

> |:=3:

> P:=(x,n)->1/(2"n*nN)*diff((x"2-1)"n,x$n);
>Y:=(phi)->abs(sqrt((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,Y0,20],phi=0..Pi,theta=0..2*Pi,
scaling=CONSTRAINED, title="3nexkrponHoe 06y1ako");
4. x* +y*+12° =4 cupT rpaduru YU3NUICHH.

> 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) YN3UK SICAJICHH.

> with(plots):

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

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

6. XapakarinaHaéTrad O0BEKT YU3UIICUH.

> animate3d(cos(t*x)*sin(t*y), x=-Pi..Pi, y=-Pi..Pi, t=1..2);
Cynr, Animation>Continuous komaHjacuaaH (Hoi1araHuICHH.

CUPTHUHT Tpaduru

P(x) = (x* =1)" OwiaH aHukjaHaau. [lapamerpiii Xona Oepuirad CUpT

23



2.3.I'paduxnapHu HHTEPAKTUB yCYJAa YM3HII

Tools>Assistants>Curve Fitting komangacuau 6epcak yuly jaapyda 4uKau:

4 Curve Fitting Assistant

Enter data point=s below

Independsnt “alues (x1 Dependent “alues (1)

Io -1

i Io

|2 £

£ Is

|2 |15l

Currert Page [1 [ previcus page | Mest Page |
cloar | cancel | Heto | Fit Curve |

OyHKIMS KUMMAaTIIapy JKaJIBAJId Ba YHU UHTEPIIOJISIMIIALI YCYJIUHU OepamMus3:

F Curve Fitting Assistant

]

“ertical range: I-QJS .. |79is Defautt |

Plot Paoirts |

~Palynormial Interpolation

124 ~Rational Interpolation

Select the degres of the denominstor: |

u]

T

_ra|
;e |

—Splines

Select the degree of the spline: |

p—

Least Square:

Erter an expression in x Ia*x +h

Plot

1 2 3 4
-é: [ Thiele Interpolation

Plot

piecewviselx = 102,-1+50051 % 2 x = 312 -50051 -4051 *aH 1 B T2 0 = 5295051 +S651 =+ 205502 o0 = 702,21 01 7-524051 #4500 T2 -TEST 151 +4 208051 #x-526051 *2)

Done | Edit Paint=

Help | Cancel |

2.4. Tonmupukaap

1. Bupunum typ beccens pynkiusacu J(n,X) rpadurn -20<x<20 opanukaa
yuswicud, n=0,1,...6. ®yukuus BesselJ(n,X) komaHa OuIaH YaKUPUITATH.
3. butra pacmaa y=x+2arcctg(X) uusuk, accuMmnToTanapu y=X, y=X+2m Yu3UJICHH.

4. MéOuyc cupTH YU3UIICHH;

x=(5+ucosfv/2))cosv,y = (5+ucosv/2))sinv,z =usin(v/2),v e[0,27],u e[-1]].

CasoJiap

1. Texucnuknaa Ba ¢azona rpaduxiap KaHaai KomMaHaazap OpKajaId YU3HIAIN.

2. Kymmumua rpaduk maket KaHjaal HOMJIaHAIH.

3.0mkopmac GhyHKIusS rpaduru KaHaal komMaHaa OuaH YU3UIa Iu.
4. display, animate, animate3d komananapu Basudacu HuUMa.

5. Tenrcuznuknap Ounan 6epuiral coxa KaHaa Yiu3uiau.
6. ®a30BUil YN3KK KaHAal KOMaHAa OMIIaH YM3UIIa IH.
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I11. Conn TeHr1amMa Ba TEHICU3THKJIAPHU €YML

N | komanzaa KOMaH/1a MabHOCH

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

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

3 | solve({eql, eq2,...},{x1, x2,...}) eq; (X, X,)=0,i=1,...,n, TeHr-p cucremacu
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; (Xy,-,X,)=0,i=1,...,n, T.c. TaKp-il eunI

7 | _EnvAllSolution:=true : solve(eq,{x}) | eq(x)=0 ,rpuronomeTpuk TeHrIaMa Oap4a eUUMH
8 | _EnvExplicit:=true : solve(eq.{x,y,z}) | eq;(X;,..,X,)=0,i=1,...,n ,TpaHIEHAEHT TeHT-P

§3.1.Conitu TeHIJIaMaJIapHU €qdHUIIl
Maple na TeHrnamanapHu €4MIll y4yH YHUBEpCAJl KOMaHJa MaBxy: solve(eq,x),
Oy epaa eq-TeHrjaama, X-TeHIJIaMa UMJIUIIN JIO3UM OYJIraH y3rapyBud,
fsolve(eq,x)- eq-Tenrinamanu X ra HUCOAaTaH TAKPHOWH cUaIH.

Kynxannap yuyn roots (Pn (x) ) KOMaH/1a MaBXYy/1,’kaBo0
[[r],m1],...,[rn,mn]] kypuHUIIAQ YUKATU, Oy €pJa ri-Uiau3,mi-yHUHT KappacHu.
solve(eq,X) kKoMaHaCH TCHIJIAMAHUHT Oapua eUMMIIAPUHU TOTA]IH.
r:=solve (€(0,X) KOMaHJaCH I BEKTOPTa WIIN3JIAPHUHT KHHMATIApUHK Oepaiu.

Mucon 1.

> p:=2*x"3+11*x*2+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]);
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CoHJIN TEHTJIAMAJIAPHUHT CUCTEMAJIAPUHU €YHIIL.
Tenrnamanap cucremacu ymoy KoMaHaaiap
solve({eql, eq2,...},{x1, x2,...}), fsolve({eql, eq2,...},{x1, x2,...})

Ownan eunsiaau, Oy epja OupuHyu GUrypajiv Kapciap/a TeHriamaaap pynxaru,
UKKUHYY (HUTYypalid KaBchap/a y3rapyBuniap pyixaru oepunran. Arap
KeMUHYAIMK, e4uMIIap ycTHaa Oupop amasuiap Oaxkapuin kepak oyica solve
KoMaHacura Oupop HoM Name OepuIr Kepak, CYHT HOMHU KaOyJl KWJIHII YIyH
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assign(name) komannacuuu Oepui kepak. lllynnan cyHr eunmiap ycrtuaa
UXTUEPUN MYMKHUH OYJIraH aMaJlJIapHU OakapHIll MyMKHH.
bus kyitnaa 2 6061a yTunagurad rpaguk YU3UII oriepaTopapu

plot(p,x=-4. .4 ,labels=[x,y],labelfont=[TIMES,ITALIC,12]) ;
with (plots) :implicitplot(e,x=-10..10,y=-10..10) ;

OaH KyprasManmiauk yuyH QorpmanaHpuk.
Mucon. 1. Un3ukiu TeHriaMaiap CUICTEMaCUHU SUMIIL.

> sl:={2*x+y=6,x+2*y=6}:so0lve(sl, {x,y}) \\{y=2,x=2}

> with(plots) :implicitplot(sl,x=-10..10,y=-10..10);

L
[m]
1
m
U e e T T
L

o
]
!

Mucon 2 . Tenrnamanap cucreMacuau eduil. {x° —y> -1=0,xy’y—4=0}.
> e:={x*"3-y*2-1=0,x*y*3-y-4=0}; \\{x3 — y2 -1=0, xy3y_4 =0}
> s:=fsolve(e, {x,y}); \\ s={x=1.502039049,y=1.545568601}
> with(plots) :implicitplot(e,x=-10..10,y=-10..10) ;

Mucou 3. Uu3ukiin TeHriaMmanap CUCTEMACUHU €UHIIL.
> sl:={z=3,x-z=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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Mucon 4. f(xX)=exp(x)-10x-2=0 TeHrnamMaH# €YHuIIL.
> fsolve( exp(x)-10*x-2,x );
-0.1104575676

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

A
s
T T T T /II_,I,I% T T T T T T T T T 1
-4 -2 41 2 4
: b3
2_
=

Mmucon 5. Kynxannmu TeHIJIaMaHM euMil.

> eq := X"5-T*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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TenrmamasapHu TAKpUOMIA e4r I

TenrnamanapHu TakpuOuii eunin yayH fsolve(eq,X) komaHaa UIILTATHIIAIN.
YHuHT napamerpiapu solve(eq,X) KOMaHAACHHUHT MapaMeTpiapura yXIrail.
>x:=fsolve(cos(X)=x,X); \\x:=0.7390851332 (10 Ta yHiIn pakam OujaH).
> 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}) ; \\ q:=-0.08545049502

PekkypeHT Ba (pyHKUMOHAJI TEHIJIAMAJAPHH €4HIIL.
rsolve(eq,f) komaHma peKKypeHT eq TeHriamaHu OyTyH Tuiuiv f pyHkuusara
HucOaraH edanu. Arap f(n) TeHriama yuyH Oupop OoliaHFuy mapt oepusica

Xycycuil edum kenub yukaau. 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); W24y

TenrnamanapHu euyBYM YHHUBepcall koMaHja solve(eq,f) Gynkuronan
TEHIrJIaMallapHu XaM eda oJjiagu. Macanas,

>F:= solve(f(x)"2-3*f(x)+2*x,f); \\F:=proc(x)RootOf(_Z"2-3*Z+2*x) end
Eunm omrkopmac kypunuiiga xocusa 6yinau. Maple Oynaai KypuHHIgaru
TEHIJIamMasiap OWJIaH Xam MIUIai oyiagu. ByHUHT yuyH (pyHKIIMOHAI
TEeHIJIaMaHH convert KOMaHIacu OPKaJIM AIMAIITUPUIITA XapaKaT KU
Kepak. Macanas,

>f.=convert(F(x),radical); \f = §+%\/9—8x.

TpuroHoMeTpUK TEHIJIAMAJAPHHA €YMIIL.

YHuBepcan komanza solve(eq,X) OMIaH TPUTOHOMETPUK TEHTJIaMaJapHH XaM
eunin MyMKuH. by xonma [0,21] kecMmanary 6o edum keauod unkaau. bapua
eunmiiapuu onuil yayH  EnvAllSolution:=true kymmMua komaHgaHu OepuIl
Kepak. Macasas,

1) solve(sin(x)=cos(x),X); \z/4
2)>_EnvAllSolution:=true :solve(sin(x)=cos(x),X); \rz/ld+rx_zZ~
3) > _EnvAllSolution:=true :solve(sin(2*x)/(tg(x)-1)=0,x);\\0

Maple na _Z~ cumBonu OyTyH TUIUIH y3rapMacHu Omnaupaau. OgaTvii Xoaa
IOKOPHUIard eunuM X:=m/4+nn é3yBHU OMIITUPAIN.

TpaHueHaeHT TeHIJIaMaJap Ba YJIAPHUHI CHCTEMAJIAPUHM €YML,
TpaHIeHIEHT TeHIJIaMajlapHU €YHuIIa €YMMHHU OIIKOP KYPUHUIIAA OJIUII YIyH
solve kpmanmacunan aBBan _EnvExplicit:=true komangacuau OepuIn Kepax.
1-ycyn. >eqgs:={x*2+y”*2=1,x-y=0}:

>r:=solve(eqgs, {x,y}) ;\\r:={y=RootOf (2* Z*2-1,label= Ll) ,x=
RootOf (2* 2Z*2-1,label= L1)}
> rl:=convert(r,radical) ;\\rl= {y = \/2—/2,X = \/2—/2}
2-ycyn.> EnvExplicit:=true:
> s:=solve(eqgs, {x,y}) ;\\ s={y=2/2,x=v2/23{y=-212,x=-/2/2}
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Tommupux 2.1.

1. CucreMaHu €UUHT 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\/5 y= %ﬁ},{x = —2\/5, y= —%\/5}

2. x? =cos(x) TeHrIIaMaH#u Oap4a eYrMMIIApPUHH TOTIMHT .
>x:=fsolve(x"*2=cos(x),x); \\x=0,8241323123/

3. f(x)* —2f(X) = x TEHIJIaMaHU CYHMHT.

>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); W\ f=1+41+x

4. 5sinx+12c0sx=13 TeHriamanu O6apya CUUMIIAPUHU TOITUHT.

> EnvAllSolution:=true :
>solve(5*sin(x)+12*cos(x)=13,x);  \\ arctan( %) +2r_Z~.

5.> f:=exp (x)+2*x-4=0;\\ f(X):=exp(x)+2x-4=0
> r:=fsolve (£, {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 (eqs, {x,y}) ; \\rn={x=2.754100085,y=-1.425079132}

§3.2.CoHJIM TEHICH3/IMKJ/IAP Ba YIAPHUHT CUCTEMAJIAPUHHA  €YMIIL
Coaza TEHICU3JIMKIAPHU e4YHII

YHuBepcan solve koMaHIacH TEHICU3IIMKIAPHU €YU YUYH XaM
unuiatuiaaan. EuuM y3rapyBUMHUHT MHTEpBAIIAPHU KYpUHUIIUAA OepuIaau:

Ne | Maple na euum kypuHHIIH MabHOCH

1 RealRange(-c0,0pen(a)) X € (-0, a)
2 | RealRange(-x,a) x € (—,a]
3 | RealRange(Open(a),) x € (a,o0)
4 RealRange(a,o) X e [a, oo)

5 RealRange(Open(a), Open(b)) x € (a,b)

6 RealRange(a,b) x €[a,b]

7 a<x,x<b x € (a,b)

8 a<=x,x<=b x €[a,b]
Muconl.

>s:=solve(sqrt(x+3)<sgrt(x-1)+sqrt(x-2),x):

29



>convert(s,radical); \\RealRange (Open(gx/ﬂ),oo) =( %Jﬁ),oo)

Mucona 2. Arap TEHICH3JIMK CUMIUINN Kepak Oyiaran y3rapysuu {} KaBciap
WYura oJIMHCA €YUM MHTEPBaJ KYpUHUIIAA TacBUpJIaHaau. MacanaH,
>solve(1-1/2*In(x)>2,{x}); W\{0<x x<e?@}
TeHrcu3anKIap CUCTEMACUHHU €YHIII
YHuBepcan solve KoMaHIacu TEHICU3IUKIIAD CUCTEMAaCHHU €UHUII YUyH XaM
unuIaTuiaan. EauM y3rapyBUMHUHT WMHTEpBAIAPY KYPUHUIIMIA OCprITaIu:
>solve({x+y)>=2, x-2*y<=1 x-y>=0,x-2*y>=1} {x,y}); \\{{x=1+2y,1/3<=y}
Tonmmpuxk 4.1.

Mucon 1. TeHrcu3aukHu euuHr: 13x° —25x° — x* —129x+270>0

> solve (13*x73-25*x"2-x74-129*x+270>0, {x}) ;\\{-3<x<2}, {5<x<9}
Mucon 2. Tenrcusaukau euunr: e <1,

> solve (exp (2*x+2)<1, {x}) ; \\{x<-1}

§3.3. TeHriamajapHu HHTEPAKTHUB yCYJ/1a e4HIIl

F calculus 1 - Newton's MMethod
File Help

Plot Winclonwe: Enter function information
Function: fix) = |x"3-4%"2+7

Initial point: = = |1
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by epna f(x)=0 Tenrnama HerotoH ycynu Omnan edmMokaa. HeroToH ycynuma
& (&) =0 eunm ymly urepanusiap EpaamMuaa XucooOaanaIu:
k k

‘- ff,(xk) e < gale - F FO 0 0.

(x*) q
Mynokot napuacuna f(X)=0 tenrnama, utepanusiiap COHU, OONUTAHFAY
utepanys x° JJApHU KUPUTHIIAIUTaH MaiIOHIap Ba UTEpalusiap YIyH
MaiiJIoHJap MaBkyJ. AKONNO UMKOHUSITIIN, TE3KOP UHTEPAKTUB caxuda.

¢ = lim x*, x4t =x
—®©

3.4. TommupukIap Ba caBoJjjiap
1. z=(2e"'®)° KOMIUIEKC COH OepriIraH. YHHUHT XaKUKHIA, MABXyM KHCMJIAPH,
areOpank KYpHHUIIN, MOAYJIH, apTYMEHTH TOTIHJICHH.
2. f(x,y)= (w)2 GYHKIUSHA OSpPUHT, YHUHT KUMMATIApUHU yIIOY
arctg(x—vy)
x=1y=0x=01++3)/2, y=@1-+3)/2 HyKTaJlapJia XMCOOJIaHT.

3,,2 2,,3
3. f(x,y)= % byHKIUAHUHT puiMaTUHU X=a, y=1/a HyKTaza subs
Xy

KoMaHaacuaaH GoiganaHnud XUCOOaHT.

4. CucteMaHUHT Oapya €e4MMH AHAJIMTUK KYPUHHUIIAA TOMHIICUH:

x> —5xy+6y? =0,x* +y? =10.

5. TpUroHOMETPHK TEHIJIaMaHUHT 0apya eurMIIapy TOITUIICHH:

sin* x—cos* x=1/2.

6. TeHrIaMaHHWHT XyCyCHUI €YUMHU TOIHIICHH: e = 2(1—X)°.

7. TeHrcusauk euusicuH: 2In* x—Inx <1.

8. f(X) =™ +2x—48=0,a =0.1k, =1+ 0.01k,k € N.

9.f(x)=x>+4x—B=0,8=1+0.0k,k € N.

10.ax® —y* -1=0,xy° —y—4=0,a =1+0.5k,k =0,...,5.

11.eY =x* —y+a,(x+0.5)* + y* =k,x.0,y > 0, =1+ 0.Im,k = 0.6+ 0.Im,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.Im,m= 0,..., 5.
CasoJsiap

. Maple na pynxumstapau 6epuin ycyimHu 0aéH STHHT.

. Maple na xakukwmii ndomanapau 6axonam yq9yH KaHaai amamiap MaBxy/I.
. evalf komaniacuuu Ba3u(acuHU TYUIYHTUPHUHT.

. evalc komanacuHy Ba3u(acHHU TYITyHTUPHUHT.

. solve koMaHAacUHY Ba3u(PacHHU TYITyHTUPHUHT.

. Tenrnamanap Ba peKKypeHT TEHIJIaMaJlapHU €YUl yUyH KaHAal KoMaHa
UILTATHIIAIN.

7. Tenrnamanapau 6apya eunMJIApPUHU aHUK XOCHJI KUITUII Y4yH solve
KOMaH/IaCHUIaH OJIIMH KaHJall KOMaHIajdapHu €31 Kepak.
8.Tenrcusnukiap Kangai komanaa ounan edriany. XKaBooma nHTEpBaLIap
KaH1ail Oepriaau.

OOl WN -
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IV. bup y3rapyBumn/iu pyHKUMSHUHT Ju(PepeHnnal Ba HHTErpaj Xucoou

Maple ga numMuT, XOCHIa, UHTETpall Ba sHA 0ab3u aMallIapHU OaXKapHuIil
YUyH UKKH XHJI KOMaHJla MaBxy/1: Oupuaa komMaHaa 1apxoi Oaxkapuiaay Ba
HKpaHTa HATH)Ka YMKApUIIaau, MKKHHYUCHIA 3ca aMall OakapuiaMaiau Ba SKpaHra
KOMaHJaHUHT 31 dyukapuiaaau, 0y Maple épnamuaa YKyBUura YKuIm yqayH
KyJai XyXoKat apaTyuill UMKOHUSATHHU Oepain Ba YHU OasKapUIIUIIH
KEUMKTUPUJITaH KOMaH/1a €KU MHEPT KoMaHaa nevmnanu. Mkkana komanzaa oup
XU €3mnany, hakaTTiHa HHEPT KoMaHaa 0o xapd Ounan €3umaau.

Aman Hapxon baxapunuimm Matemaruk
HOMU OaXkapuTauran KCYMKTHPUITaH MabHOCH

KOMaHJIa KOMaHJa
JTUMHT limit(f(x), x=a, par) Limit(f(x), x=a, par) lim f(x)
XO0CHIIa diff(f(x),x) Diff(f(x),x) of (x)

OX

HHTErpal int(f(x), x) Int(f(x), X) J’ f (x)dx
AHMK int(f(x), x=a..b) Int(f(x), x=a..b) b
UHTEerpai _[ f (x)dx

§4.1.JIumMuTIapHU XUCOOIAIT

limit(f(x), x=a, par) koMaHnacuga TaOunii paBulAa Kyiuaara napameTpiap
MaBxya: left-uan aumut, right-yHur ntumur, real- y3rapyBum Xakukuid, complex-
y3rapyB4u KOMILUIEKC.

Mucominap.
1.> Limit(Sin(Z*X)/X,XZO); \\ Iximo SlnXZX
> limit(sin(2*x)/x,x=0); W2
sin 2x _

2.

>Limit(sin(2*x)/x,x=0)= limit(sin(2*x)/x,x=0); \\IximO "

Oxupru €3yBHUHT KylalJIuru KYpuHUO TypuOIu.
7. > Limit(x*(Pi/2+arctan(x)),x=-infinity)= limit(x*(Pi/2+arctan(x)), x=-

infinity); \ x(%+arctan( X)) = -1.
3. > Limit(1/(1+exp(1/x)),x=0,left)= limit(1/(1+exp(1/x)),x=0,left);
\\ lim 11/ =1
x> 0-1 4 g/
>Limit(1/(1+exp(1/x)),x=0,right)= limit(1/(1+exp(1/x)), x=0,right);
\\' lim —=0
x—> 0+] 4%
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Tonmmpuk 4.1.
1. Iiml(l— X)tg % = 2 JIUMUT XMCOOJAHCHH.
X—> /4
> Limit(arctan(1/(1-x)),x=1,left)="limit(arctan(1/(1-x)), x=1, left);

. 2
W\ lim (1= x)tg 2 = =
im (L= x)tg = = —

. 1 V4 . 1 V4
2. lim arctg— == im ——=-= JguMHTIIap XUCOOJIAHCHH.
Xx— 1- 1—X 2 x> 1+]1—X 2
> Limit(arctan(1/(1-x)),x=1,right)= limit(arctan(1/(1-x)),x=1, right);
. 1 V4 . 1 T
\\ lim arctg — == im —=-=.
x— 1~ 1—Xx 2 x> 1+1—X 2

§4.2. XocuyiaHu xucooaam
Mucomnnap.

1. > Diff(sin(x"2),x)=diff(sin(x"2),x); \\%sin( x?) = 2cos(x*)x
2. > Diff(cos(2*x)"2,x$4)=diff(cos(2*x)"2,x$4);
\\;(—4003(2x)2 = —128sin( 2x)* +128 cos(2x)?

>simplify(%); \\;%COS(ZX)Z = 256 cos(2x)* —128

4
> combine(%); \\;—4005(2x)2 =128¢0s(4x)
X

Nuddepenmman oneparop D(T)

Maple na nuddepenmman onearop xam maxya: D(f), Oy epna f- aprymentn
KkypcatmiMaran Gyukius. Macainas,

>D(sin); \\cos

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

>D(f); \\x—>2§+3e(3x)

Tonmmupuxk 4.2.
1. f(x)=sin®2x—cos’2x, f'(x)=?
> Diff(sin(2*x)"3-cos(2*x)"3,x)= diff(sin(2*x)"3-cos(2*x)"3,X);
\\% (sin( 2x)* — cos(2x)*®) = 6sin( 2x)* cos(2x) — 6.cos(2x)? sin( 2x)

2. ;(2:4 e* (x> -1) =2

> Diff(exp(x)*(x"2-1),x$24)= diff(exp(x)*(x"2-1),x$24):
624
8X24
3. y=sin®x/(2+sinx), y"(z/2)=?, y"(x) =?

> collect(%,exp(x)); \\ (e*(x* —1)) = e*(x* + 48x +551)
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> y:=sin(x)"2/(2+sin(x)): d2:=diff(y,x$2):
> X:=Pi; d2y(x)=d2; \x =7 d2y(r) =1

>x:=Pi/2;d2y(x)=d2; W=7 d2u(?) - 35

§4.3.AHTerpasniam

Mucomnap.1.
>Int((1+cos(x))"2, x=0..Pi)= int((1+cos(x))"2, x=0..P1i); \\T (1+cos(x))*dx = g;z
0

int(f, X, continuous)-koMaH a HMHTErpajlIall COXaCUIArd Y3WIHII HYKTaJapHHH
XyucoOra oJIMaiIu.

Arap x=0..+infinity 6ynca xocMac UHTErpajiap XxucoOJaHaIu.

Nurerpanuu connu xucobmaam yuayH evalf(int(f, x=x1..x2), e) — e-aHUKJIUK,
KOMaH/1a UIUTaTHIIa TN,

2. I(a)=Te“"‘xdx=?,a>0(a<0,I(a)—>oo).

> 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.
R e —
0

X—> 0 a

> assume(a>0);

> Int(exp(-a*x),x=0..+infinity)=int(exp(-a*x),x=0..+infinity); \\ j e ¥dx =§
0

HNHuTerpaniam yCcyJsIapMHU YPraTuil

Maple ga unTerpaam ycyinapuHu ypraraaurad student Maxcyc maket
MaB3KyJ, YHMHT €pJlaMu/ia YCYJTHUHT Xap Oup KajgaMu UHTEPAKTUB XOJ1a
HamoMu 3tunanu. bynnait ycynnapra 6ynakina0 uHTerpajuiam inparts Ba
y3rapyBUMHU aJMaIITHPHUIN yCyJuiapu changevar kupau:

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

value(%) xomanmacu Ounad XoCwiI KWnHaau. student makeTura MypoxaaT
anbarra with(student) komangacu OunaH amasra omupuiaau. bup Heda mucon
Kypamus.

Tommupuxaap 4.3.

1. AHMKMacC uHTerpajjiap XUcoOJIaHCHH:
3x* +4 y
X2(x?+1)°
> Int(cos(x)*cos(2*x)*cos(3*x),x)= int(cos(X)*cos(2*x)*cos(3*x), X);

a)fcos X COS 2X cos 3xdx, b)f

34



\\_[cos X COS 2xc053xdx:lsin 2X +isin 4x+isin 6x+1x/

> INL((3*XMA+A) (XA2* (X 2+1)A3) )= INt((3*XP+4)/(X2*(x2+1)73),X):

4
\\J’#d :_41—Earctan(x)—§ x _T_X
X2 (x* +1)° 8 8 x*+1 4(x +1)?
72 H
| J- : S|n2xcos>2<d?< __ In(b)z— In(za) >0,b>0 , HHTErpat XUCOOIAHCHH.
o (@*cos® x+b*sin?x) —a’+b

> 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);

3. .[ 4dx— In(a+1) a > -1, HHTerpaJl XHUCOOJAHCHUH.
0

> restart, assume(a>-1);
> Int((1-exp(-a*x"2))/(x*exp(x2)),
x=0..+infinity)=int((1-exp(-a*x"2))/(x*exp(x"2)), x=0..+infinity);

4, _f %dx 0.322922981113732 wWHTErpajl XUCOOJAHCHH.
> Int(cos(x)/x, x=Pi/6..Pi/4)=evalf(int(cos(x)/x, x=Pi/6..Pi/4), 15);
5 J(X)= IXS sin xdx = —x? cos(Xx) + 3x? sin( x) + 6x cos(x) —6sin( x)

UHTEerpain 0ynakiaad UHTErpaJlJIaHCUH.
> restart; with(student): J=Int(x*3*sin(x),x); \J(x) = j x® sin xdx

> J=intparts(Int(x*3*sin(x),x),x"*3); \WJ (x) = —x° cos(x) — [ - 3x* cos(x)dx
> intparts(%,x2);  \\J(x) = —x® cos(x) +3x° sin( x) + j6x cos(x)dx
> value(%); \\ J(x) = —x® cos(x) + 3x7 sin(x) + 6x cos(x) — 6sin(x)

rl2

1 X

6.J= dx =2 uHTETpaJI tg— =t Y3rapyBUMHU aJIMAIITUPUIL
_7-!,21+cos(x) p g 2 y3rapy p

Epmamua XMUCoOJaHCHH.

> J=Int(1/(1+cos(X)), x =-Pi/2..Pi/2); \J _J'

1+ cos(2 arctan( t)))(1+t? )
> value(%); \\J=2

§4.4.OyHKUMAHM TEKITHPHUIIT
iscont(f,x=x1..x2), discont(f,x), singular(f,x)
CDyHKLII/ISIHI/I TCKIONWPHUIILJAa aBBAJI0O YHHUHI aHUKJIAHWUII COXACUHH TOIITHII
Kepak. CYHT y31yKCHU3JIMK COXaCUHU TONUII KEpaK.
DOYyHKUMAHUHT Y3JIYKCH3JIUIY Ba Y3UJIHII HYKTAJIapH

Kyiingarn komaHanap MaBxyu:
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iscont(f,x=x1..x2)- ¢pynkmus [x1..x2] kecMaia y3IIyKCU3TUTUHHA TEKITHPA]IH,

*KaBoO- true (xa) , false (iyk) xkypuHUIIIA YMKAIH, KyMJIadaH, X=-

infinity..+infinity, spHu OyTYH coHIap VKU TEKIIUPHIAIM.

discont(f,x) — pyHkuMSHHUHT 1- Ba 2-Typ Y3WIMII HYKTaJapuHA aHUKJIAII,

singular(f,X) - pyHKIMSHUHT 2-TYp Y3WIUII HyKTaJTapUHU aHHKJIAIIL.

by xomannanap cranmapt oudnuorekanan readlib(name), 6y epma name-mry

KOMaHJaJ1ap/iad OMPUHUHT HOMHU, KOMaHacu OpKaIM Yakupuiaau. by xonaa

eunmIap tymiam ( Set) KypuHuIaa YuKaaIu, O Iui TEHICU3JIUKIAp EpaaMuia

’KaBoO OJIMII YUyH CONVErt komanaacu €paamMuia Maki y3rapTUPUI Kepak.
Tonmmumpuk 4.1.

1. y=¢""" QyHKIUSHUHT Y3UIHUII HYKTaJapy TOMUJICHH.

> readlib(iscont): readlib(discont):

> iscont(exp(1/(x+3)),x=-infinity..+infinity); \\false

> discont(exp(1/(x+3)),x); \\x=-3

2. y=tg ZL GYHKUUSHUHT Y3WIUIT HYKTaJlapy TOMUJICUH.
- X

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

> singular(tan(x/(2-x)),X): \\{x=2},{x=2 7(2_N+1) }

-24+2 Nr+nx

Ircrpemymiiap. @yHKUMSAHUHT 3HI KATTA BA JHI KWYUK KUIMATJIapu

extrema(f, {cond},x,’s’) - f(X)- akcTpemymra tekmmpmiaéran ¢pynknus, {cond}-
y3rapyBuura Kyuuiran yapriaap, X-y3rapyBuH, 'S’ -3KCTpeMall HyKTalapHU KaOy
KWJIaauraH y3rapyBun. Arap {} Oyica skcTtpeMyM OyTyH COHJIap YKHaa
KUAIUPUITA]TIH.

> readlib(extrema):

> extrema(arctan(x)-In(1+x"2)/2,{},x,’x0”);x0; \\ {% - % In( 2)} (9KCTpeMalt KuiiMar)

{x=1} (9KcTpeMan HyKTa)
Adcycku Oy HyKTazaru KuiiMaT MakCUMyM €K MUHUMYMMH Oy ep/ia aHuKdMac.
Bynunr yayn ukkuta maximize(f,x,x=x1..x2), minimize(f, x, x=x1..x2)
KOMaHJajapu unuiatTuiaaau. Arap y3rapyBuuaaH keiuH, ’infinity’ €xu X=-
infinity..+infinity me6 Oepuiica Macana OyTyH coHyap YKuaa eunaaad. Mucod,
> maximize(exp(-x~2),{x}); \\1
By KoMaH aapHUHT KaMYHJIUTH IYHAKH, YiIap SKCTpeMal HyKTana GyHKIHs
KUAMaTHHU Oepaliy, YHUHT Xapaktepu (Max éxu min) au 6epmaiiau. [lyaunr
y4yH, 3KCTPEMYMHUHT XapakTepu (max €ku min) , sKcTpeMall HyKTaJIapHH OJTUIII
y4yH aBBaJo,
> extrema(f,{},x,’s’);s;
KOMaH/JaCHHU OepHIll Kepak Ba myHaaH keidunruaa maximize(f,x); minimize(f,x)
KOMaHJaJIapHu OepuIll Kepak. Tormwirad HyKTana max ki Min SKaHIUTHHA
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Ounmm yayH moc pasumiga f’(x,) <0 (max) €ku f"(x,) >0 (Min) maptHu
TEKIIMPHII KEPAK.

Arap maximize Ba minimize komannanapua location omusicuan 6epcax
XaM JKCTpeMas HyKTa XaM (DYHKIHSI KHAMATH YUKA/IH:

2
2

-1 V2, -1
)17]1[()(: )!T]}

> minimize(x"4-x"2, X, location); \\%,{[(x = >

Tonmmupuk 4.1.2.

1. y=0.5(x* —0.5)arcsin x+0.257v1— x? —ézzx2 — max (min)

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

> extrema(y,{}x,'s");s; \\{0’—2%” * 1£§} {{X =0} {X ) %}}

> readlib(maximize):readlib(minimize):

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

> ymin:=minimize(y,{x}): \\y min ;:_2_147”@
2. f(x) = x? Inx — max(min),x [1,2]

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

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

> minimize(f,{x},{x=1..2}):simplify(%); \\-05e™
3.y=x}/(4—x*) > extr, f"(xX)=?

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

readlib(maximize): readlib(minimize):

> extrema(y,{}.x,'s");s; \W-33,3/3} {{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(2V/3:= —%\/5)
> X:=-2*sqrt(3):d2y(x):=d2; \d2y(-2+/3:= %\/5)

DOYHKIUUAHUA YMYMHI X0/11a TEKIIHPHUIL

1. AHUKIaHUII COXACH. AHUKJIAHUII cOXacu (QYHKIUS Y3ITyKCU3ITUKKA
TEKIIUPUITay aHUKJIaHA U,

2.DyHKIMS Y3JIyKCU3IUTH Ba Y3WINII HYKTalapy KyHuJaruda TeKIHpUiIaIn:
> iscont(f, x=-infinity..infinity);

> d1:=discont(f,x); .\ 1-typ y3unmm HykTacu

> d2:=singular(f,x);\\ 2-typ y3unum HykTacu

3.AcumnToTtanap. Yekcus y3uaull HyKTaTapuHUHT adblyccanapyu nepTUKall
acCUMITOTaHU Oepajiy, IeMaK BEpTUKaAJI ACCUMIITOTA KyHuAarunya TOMUIaau:
> yr:=d2;
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Orma accumnToTanap PyHKITUSIHNA YEKCU3IUKAATd XapakTKpuHu 6epaau. Orma
accumIrorainap y = kx+b,k = lim (f (x)/x),b = lim (f (x) —kx) KypHuHUIIJA TOMHIAIN.

Kapama-kapim (-00) yugaru accmnroraigap X->00 10 XOCHJ KUITMHAH:
> k1:=limit(f(x)/x, x=+infinity);
> b1:=limit(f(x)-k1*x, x=+infinity);
> k2:=limit(f(x)/x, x=-infinity);
> p2:=limit(f(x)-k2*x, x=-infinity);
YHJAH CYHI aCCUMIITOTajap
> yn:=k1*x+b1;
ne0 XOCHIT KWINHAIH.

4.OxcTpemymiap. Yiap Kyluaarua cxema Oyinya TeKIUpuiaIu:
> extrema(f(x), {}, X, ’s’);
>s:
> fmax:=maximize(f(x), x);
> fmin:=minimize(f(x), x);

I'pa¢uk sicam

Oynkuus rpauruHy sicaml GyHKIUSHU TEKIIUPUIIIA SHT OXUPTH 3Tall
xucobnanaau. ['padukna accumnroTanap MyHKTUP YM3UK OWJIaH YU3UJIMILN,
HKCTPEMYM HYKTaJIap XapaKTepu OniIaH OeNrujiaHuIIN Kepak.

Tommupuk 4.2.3.
1. f(x)=x"/(1+x)* QYyHKIHS TYIa TEKITHPHUICHH.
> f:=xM/(1+x)"3:  \\ pyHKIMSIHN OepHII
> readlib(iscont): readlib(discont): \\ pyHKIHS Y3TyKCU3IUTHHA TSKITUPHIILT
readlib(singular):
> iscont(f, x=-infinity..infinity); \\false \\éxron
> discont(f,x); \\ y3uwaum aykramapu  \\{-1}
> xr:=convert(%, +°); \\ y3unuin HyKTagapuHu TYIUIaMIaH COHTa ailIaH THPHIII

\\xr:=—1
> k1:=limit(f/x, x=+infinity); \\ accumnrortanapau Tomum \\k1 :=1
> b1:=limit(f-k1*x, x=+infinity); \\bl :=-3
> k2:=limit(f/x, x=-infinity); \\k2 :=1
> b2:=limit(f-k2*x, x=-infinity); \\b2 :=-3
> y=k1*x+bl;\\ orma accummTora \\y=x-3

> readlib(extrema): readlib(maximize): \\ 3OxcTpemymiapH# TOMHUII
readlib(minimize):

> extrema(f,{}.,x,'s");s; \\{% 0} {x=-4}{x=0}}

_ —256
Y
> fmin:=minimize(f,{x}{x=-1/2..infinity}); \\ f min=0

> fmax:=maximize(f, {x},{x=-infinity..-2}); \\ f
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2. y=arctg(xX’) (QYHKUUSHUHT Tpauru YN3UICHH, ACCHMITOTACH KyPUJICHH,

DKCTPEMYM HYKTaJIapu TOIMMJICHUH.
> 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 ::%

> p2:=limit(y-k1*x, x=+infinity); \\b2 ::%

> yh:=b1; \\ yh ::%

> 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," AcumnroTa:"],
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([pl,p2,t1,t2,t3,t4]);

] AcyoorroTa: RS

11 arctan(x*2)
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§4.5.AHTepaKkTHB yCyiap
a) MHTErpaJIapHU TAKPUOMHA XHCO01a11I

E{ﬂ Calculus 1 - Approximate Integration £
File Help
— Plat Wincon — Ertet & function, interval, and nunber of subintervals
11 ) = | sinx)
. /f -““‘\ a=|0 k=|pi
053
EI.EE ~ Rigtriann Sums
0.47 ) upper () lower () random
It ) midpoint ) right
0.2
] - Mewton-Cotes Formulae Right Ristnatin surm
I:I_IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
# 05 1 158 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.

Maple Cotrtnand

ApproximateInt(sin(x), 0..Pi, 'partition' = 10, 'method' = trapezoid, 'output' = 'plot']);

E{ﬂ Calculus 1 - Approximate Integration £
File  Help
— Plat Wincon — Ertet & function, interval, and nunber of subintervals
17 ) = | sinx)
. ] -‘“\ a= 0 b=|Pi
06}
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.

oreem [ciosn
Actual value of integral | ﬂ] Compare

Maple Cormmand

ApproximateInt(sin(x), 0..Pi, 'partition' = 10, 'method' = simpson[3/8], 'output' = 'plot');
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= Calculus 1 - Approximate Integration

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 0000067 54 = Mewton-Cotes Fortmula with order = |5
Actual Integral = |2,
: Anirmate | Colar | Compare | Close |
Maple Command
|Appruximatelntisin|:xj , 0..Pi, 'partition' = 10, 'method' = simpson, 'output' = 'plot'):

Calculus 1 - Approximate Integration

File Help
Pliot Windowy Erter a function, interval, and number of subintervals
17 fix) = |zin(=)
] 74 % a=[n b=|pi
083 7[ \ n=[io
0 B Riemann Sums
El,f-lz © upper O lower O random
] ottt 0 midpoint O right
021
] Meswvton-Caotes Formulae
D_IIIIIIIIIIIIIIIIIIIIIIIIIIIII
1 05 1 15 2 25 3 " Trapezoidal Rule " Simpson's Rule
¥ " Simpzon's 358 Rule = g
Area (Approximate Integral) = (20082458405 ™ mMewton-Cotes Formula with arder = |5

2.

Actual Integral =

Display Aritnate | Colar | Campare | Close |

Maple Comtmand

|ApprnximateInt[sin|:xJ, 0..Pi, 'partition' = 10, 'method' = midpoint, 'output' = 'plot'):

M3ox. Pacmiapna anuk unTTerpan tpamneuus, Cummncon, Cumncon 3/8, boe
ycyJiapu OuiaH XxucoOJianrad. 3anac/a ssHa Typiau taptudan Hetoton-Korec
dbopmynanapu, Typiau Xuia PuMman uHTerpa HMFUHIWIAPU TYypHUOIH.
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4.6. Tommupuxaap

X2 =2x+1
1. lim(————5) =2.
Hw(xz —4x+2)
= X —9
2. xh_T) (1 ) = ’x 0+ (1+21/X) '

3.—5(In x) = ?.f(X)-,
OX

4.y= GYHKUMSHUHT Y3UIUIT HYBTaJlapy TOMUJICUH.

1 _ ex/(l—x)
5. f(X) = xsinx+cosx—x*/4 pynkuus sxkcrpemymiapi [-1,1] kecmana
TeKIHI/IpI/IJ'ICI/IH.

x*(x-1) o
6.y= a1l GYHKIUS TYIUK TEKITUPUICHH.
+

7.y=x>-3x* +2 QyHKIMS rpapuru SKCTPEMYMIAPHUHT KOOPIHHAUATIAPU
KypcaTiInO YM3UJICUH.

8.J = I ﬂ =? aHUKMAaC UHTETpaJl XUCOOJIaHCHUH.
x* +6x°+8
“Fsin( ax) cos(bx)dx
9.J(a,b) = I =?,a>0,b>0,(a>b,a=h,a<b) uHTErpas XMCOOTAHCHH.
X
J'de ? UHTETrpall TAKpUOUM XUCOOTaHCHH.

72
11. J = jx3 cos(x)dx =?, mHTEerpan 6ynakaad MHTerpaiail ycyiau Ouian
0

XHUCOOJIAaHCHH.
7l2
dx
12.J = ,tg(x/2) =t , mATETpaN Y3rapyBUMHU aIMaIITHPUO
! 5—4sin x +3cos X 9(x/2) pait ysrapy P

XMCOOJTAaHCHUH.

CasoJiap
1.JlapxoJ OackapuiaWraH Ba OMKapHIJIMIITN KSYUKTUPUIITaH KOMaH1ajap HAMa,
2.JlumuT KaHmai komanja €paamua XxucoOaHaau, Kauaal napamerpiaapu 0op.
3.Xocwia KaHiaai koMmaHaa €paaMuaa XucoOaaHau.
4. OyHKIMS Y3TyKCU3JINTY KaHJIald KOMaH a €piaMu/ia TEKIUPUITaIH.
5. OyHKUMSIHUHT KCTPEMYM HyKTajapu (X,y) Ba YHIaru max Ba min KuiMatiap
KaHJIall KOMaH1ajaap KeTMa-KeTIuTu EpaaMuia aHuKJIaHAIH.
6. maximize, minimize, extrema xkomaHmagapH blaHaail KaMYMIAKIAPra ra.
7. Maple na pyHKIMAHN TEKITUPUIITHUHT YMYMHH CXEMAaCHHU TYITYHTHPHHT.
8.UuTterpainam koMmaHaaIapyu (aHUK Ba TAKpUOUN XMCOOIOBUN) HU TYITYHTHPUHT.
9.ITapameTrpaan OOFIUMK MHTETPATHA XUCOOJIAIIIA TTapaMeTpiiapra YeKJIaHUuIILIap
KaHJIail KoMaH1anap épaamuaa Oepuiaiu.
10. student makeTn HUMara MyJDKaJlJIaHTaH.
11. bynaknab uHTerpajuianl KOMaHJ IaCUHU TYIITYHTUPHHT.
12. Y3rapyBunHM aJIMaITHPHO MHTErPAILIAL KOMAHACHHH TYLIYHTHPHHT.
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V. Uusukan ajaredpa

Ym3uku anredpa MacaiaapiHu eduin komanaanapu linalg maxerura

xoinamrad. [llyauar yays wim 6onuranyian aBean Witn(linalg) xkomanmacuan

Oepuill Kepax.

§5.1.BekTopaap aiaredpacu

Acocuii KOMaHIaJIapHH JKaABaJlJld KCITHPAMU3.

Aman HOMH MaremaTuk aman Komanpna kypunuim
BekTopHu xX=[x1,x2,...,xn] x:=vector([x1,x2,...,xn])
oepwuii convert(vector, list)
convert(list, vector)

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

ca+ fo matadd(a,b,alpha,beta).
Ckassip Kynaiitma (a,b) dotprod(a,b)
BekTop kynaitma [a,b] crossprod(a,b)
BexTopHuHT HOpMacu ”a” a’+ a norm(a,2)
Bupnuk BexTop normalize(a)

a

Ja]

Bekropnap opacunaru Oypuak angle(a,b
prap opacuiaru 6yp (parccos'”' gle(a,b)

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

BEKTOPJIAPHUT

6asucu
I'pam HImuth al,...,an GramSchmidt([al,a2,...,an])
OpPTOTOHAJIIAII TH PHIIT BEKTOPJIAPHU

OpPTOTOHAJUTAIITUPHUIIL
Mucoinap.

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

)—7

> with (Student[LinearAlgebra]l) :

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

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

\\0
V/
\\Q) = E

2.a=[2,-2,1], b=[2,3,6], c=[a,b=?, (a,c)=7
> restart; with (Student[LinearAlgebral]) :

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

> c:=crossprod(a,b);
> dotprod(a,c);

Wa:=[2,1,3,2] b:=[1,2,-2,1]

\a:=[2,-2,1], b:=[2,3,6]
\\c:=[-15,-10,10]
\\0

3.a=[2,-2,1], |a]| = yal +..a; ="

> restart; with (Student[LinearAlgebral]) :
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> a:=vector([1,2,3,4,5,6]): norm(a,2); \\V/o1

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],

bazucu Tormunicun, I'pana HIMuar ycynu Oviiad OopTOrOHAJIAIITHPHHT .

> restart; with (Student[LinearAlgebral]) :

> al:=vector([1,2,2,-1]): a2:=vector([1,1,-5,3]): a3:=vector([3,2,8,7]):
ad:=vector([0,1,7,-4]): a5:=vector([2,1,12,-10]):

> g:=basis([al,a2,a3,a4,a5]); \\g:=[a1, 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. MarpuuaJap ajareopacu

Aman "HOMHU

Marematuk aman

Komanna kypunumm

Marpuiiany aHuKJIaIn A= [aij] >A:=
matrix(n, m, [[al1,al2,...,aln],
[a21,a22,...,a2m],...,
[anl,an2,...,anm]])
JlvorHan MaTpUIlaHW aHUKJTAIIT al 0 0 O >J:=diag(al,a2,a3,a4)
j 0 a2 0 O
10 0 a3 0
0O 0 0 a4

Martpuiianu renepanusi KHInIn

A=[aij],aij = f(l, J)

>f:=(1,))->xNi*yN:
>A:=matrix(n,m,f)

Catpnap coHm m >rowdim(a);
Ycrynnap conn n >coldim(A):
MarpunanapHu Ky A+B evalm(A+B);
oA+ B matadd(A,B,alpha,beta).
MarpunanapHu KymaiTHPHII C=AB evalm(A&*B);
multiply(A,B);
JleTepMHUHAHT A >det(A);
MarpuiianuHr u3n Z a, >trace(A);
MartpuiiaHiHT MHHOPH A naH i-catp, J-ycTyH >minor(A,i,j);
HH YYUPUIIT
Teckapu matpuna A*B=E,B*A=E >evalm(1/A)

>inverse(A);
>evalm(A(-1));

TpaHcmo3uIusIanI AT >transpose(A);

MarpuiasuHT XoccamapuHu >definite(A,param)

AHMKJTAII A>0 param:= 'positive_def’,
A>=0 'positive_semidef', 'negative_def",
A<0 'negative_semidef'
A<=0

Marpunanusr
OPTOTrOHAJUTUTUHU aHHUKJIAII

A*A" =E,A" *A=E

>orthog(A);

MarpunanuHr gapaxacu
MarpunaHuHr SKCHOHEHTACH

An
eA

>evalm(A™n);
>exponential(A);
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Mucosnap.1.

1 2 3
> Ar=matrix([[1,2,3],[-3,-2,-1]]); W\A=|-3 -2 1]

1 0 0
2.> J:=diag(1,2,3); =0 2 0]
0 0 3
3. > f:=(i, j)->xNi*yN; \f=(@,j)->xy!
xy xy®oxy?
> A:=matrix(2,3,f); \WA=|x?y x?y? x°y°

4. > A:=matrix([[1,0],[0,-1]]):
> B:=matrix([[-5,1], [7.4]]): \\A::Ll) O]B;:F 1}

-1 7 4
> v:=vector([2,4]); \W=[2 4]
> multiply(A,v); \[2 —4]
. -5 1
> multiply(A,B); \\L7 _4}
> matadd(A,B); \\{_74 ﬂ
> Cr=matrix([[1,1],[2,3]]):
> evalm(2+3*C); \\{5 3}
6 11
4 0 5
5.> A:=matrix([[4,0,5],[0,1,-6],[3,0,4]]); \\A:{O 1 —6}
3 0 4
> det(A); \\1
> minor(A,3,2); \\{4 5}
0 -6
> det(%); \\-24
> trace(A); \\-9
4 0 5
6. .> A:=matrix([[4,0,5],[0,1,-6],[3,0,4]]); \A={0 1 -6
e
4 0 -5
> inverse(A); \\ {18 1 24]
-3 0 4
1 00
> multiply(A,%); \{0 1 0]
0 01
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4 0 3
> transpose(A); \jo 1 ©

5 -6 4
2. > A:i=matrix([[2,1],[1,3]]); \\A::E ﬂ
> definite(A,'positive def'); \true
> B=matrix([[1/2, 1*sqrt(3)/2],[ 1¥sqrt(3)/2,-L/2]]);  \B:=| =2 V312
V312 —1/2
> orthog(B); \\true
3. > T:=matrix([[5*a,2*b],[-2*b,5*a]]); \T = {_SZab ;lfj

(5a) (58) o
> exponential(T); [e cos(2b)  e™ sin( 2b)}

—e®sin(2b) e® cos(2b)
2 2
> evalm(T"2): \\[2561 —4b 20ab }

—20ab  25a’ —4b?

Tonmmupuk 5.2,

4 3 -28 93 7 3
1.A= , B= , C= ,
{7 5} {38 —126} {2 J

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

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

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

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

> F:=evalm(A&*B&*C); \\F::[é ﬂ

> 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=6 3 4}, det(A),A™, A", det(M,,) =?
5 -2 -3
> A:=matrix([[2,5,7],[6,3,4],[5,-2,-3]]);
> Det(A)=det(A); \\Det(a):=-1
2 6 5
> transpose(A); \|[5 3 -2
7 4 -3
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1 -1 1
> inverse(A); \\|-38 41 -34

27 -29 24
8 -4 5 5 9]
1 -3 -5 0 -7

3.A=|7 -5 1 4 , rank(A)="?
3 -1 2

> 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);

4.T::{3 - ] el =7
1 1

\\rank(A)=3

> exponential ([[3,-1],[1,1]1); \\ﬁf

51 4

5. A=3 3 2|, P(A)=A’-18A° +64A="

6 2 10

> A:=matrix([[5,1,4],[3,3,2],[6,2,10]]):

> P(A)=evalm(A3-18*Ar2+64*A);

64 0 O

\P(A)=| 0 64 0

0 0 o4

§5.3.MaTpHIIaHMHT X0C COH BAa XOC BEKTOPJIApH

Aman "HOMHU

MaremaTuk amain

Komanja kypuHUIIM

MartpuiaHuHT XOC COHJIapU

AX =X, A ="

eigenvalues(A)

MartpuIiaHuHT X0C BEKTOpJIapu

AX=AX,x="7

eigenvectors(A)

MartpuIiaHuHT XapaKTepPUCTHK
TEHIJIaMacu

P, (4) = det(AE — A)

charpoly(A,lambda).

MarpuaHiHI MUHUMAJT KYTIXaIH

minpoly(A,lambda).

Matpunanunr XKopnan opmacu

jordan(A)

Martpunanusr y4uoypuax
KYpUHULLIApU

["aycc ycynu Ounan
bynum amanucns
Kopnan ycynuna

gausselim(A)
ffgausselim(A)
gaussjord(A)

XapakTeprUCTUK MaTpHIa

B=AE-A

charmat(A,lambda).

Mucosnap. 1.
3 -1 1

A=[-1 5 -1|, AX=Ax,A=?2,x="7.

1 -1 3

with (Student[LinearAlgebral]) :
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> 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]}],
abHU, A, =5,% =[1-1-1], 4,=2,x,=[110], A =0,x =[10,-1].

2.U { 3 2_'] A=2X="?

2+1 7

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

> eigenvectors(U); \\ [8,1,{[% —% LA 2002+ 1 1]} .
3 -1 0

3. A=|i 3 0| Ax=Ax,1=2,x=2,P(1)=7.,d(1) =2,J(A) = jordan(A) ="?.
0 0 4

> A:=matrix([[3,-1,0],[1,3,0],[0,0,4]]):
> eigenvectors(A);

> P(lambda):=charpoly(A,lambda);

> d(lambda):=minpoly(A,lambda);

> jordan(A);
3115 311

4. A=|1 3 15|,B=|1 3 1|,.Marpunanapuunr XKopzaas, ['aycc-yudypuax
11 35 113

KYPUHHILHN, XapaKTEPUCTUK MATPULIACH TOITUIICHH.

> with(linalg):

> A := array( [[3111115] ’ [1131115] ’ [1111315]] );
> J:=gaussjord(A, 'r');

61 0 0 1y
e u
Ji=¢p 1 0 1u
€ u
e u
€0 0 1 10

> G:=gausselim(Aa) ;

é3 1 1 50
é u
e u
o 8 2 1o
G=¢ 3 3 30
é u
é . gU
go o 2 24
é 2 2{

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

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

w
1
[N
[N

F(B) :=

D: (D> D>D>D>D>(D:
= =
. —_
(NN
w
[NEN
w
OCC\CNCONC
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§5.4.Un3uKau TeHramMmaaap cucreMacd. MaTpuuajJu TeHIJIaMaJapHU eYHIIL.

Aman HOMH MaremaTuk aman Komanna kypunuimm

UM3UKIU CUCTEMaHU €YU Ax=b,x=A"b >solve({l1x=bl,...,Inx-
bn},{x1,...,xn});

UM3HKJIM CHCTEMaH! YU Ax=h,x=A"b >linsolve(A,b);

MarpunaBuii TeHr1aMaHu AX =B, X =A"'B >linsolve(A,B);

SUnII

MarpuianuHr SApOCHHU Ax=0,x=A"0 >kernel(A);

TOIUIII

2Xx—-3y+5z+7t=1
Mucostap 1. {4x—6y+2z+3t YU3UKJIA CUCTEMA €YUJICHH.
2x—3y—-11z-15t =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}:
11 3 1

— _ oo oo 3. 1.1
> s:=solve(eq,{x,y,z}); \\{z = SLy=yx=2y- -}

>subs({y=1,t=1},9); \\{z= —%, y=Yy,X= %, y=1t=1

8. AX=B, X=?, A=F 2},3{3 5]
3 4 5 9

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

> X:=linsolve(A,B): WX = [‘21 ‘ﬂ
11 0

4. A=|0 2 -1/, r(A)=rank(A)=?,d(A)=n-r(A)="7.
1 3 -1

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

> 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 MHTEPAKTHB yCyJLIap

Auredpa (aHuaaH aMaJanil JapCJAPpHU TAIIKWI dTHIIAA MATEMATHK
CUCTEMAJIAPHUHT MHTEPAKTUB UMKOHUSITJIApUAaH doiiaasaHuIn

XO03Upru nantaa aapciaapHy TAIIKWIT STUILIA THTEPAKTUB-Kypra3maiu
ycyJutap/iaH KeHr ¢oigarannaMokaa. bynaa tanaba smuraau, Kypaau, YypraHaimn.
Arap Oy xapaéHra KOMIBIOTEp TEXHOJOTHSTIAPH XaM TaJ0WK ITHIICA JTAPCHUHT
xo3ubanuru sina omaau. bus mucon cudaruga Anredpa, Xucobnam ycymiapu
daHnapua YM3UKJIA TEHTJIaMalIap cCUcTeMacuHu ['aycc ycynu OuiaH eqwui
TeMacuHu Maple MmaTeMaTuk cuctemMacu €paaMmuia MHTEPAaKTUB yCyiia TallKKII
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ATHUILIHU Kypub unkamMu3. ABBaJIo, 1apc Oomuaa KUCKaya Ha3apuil MabJIyMOT
oepwnany, ['aycc yCyIMHHHT Ma3MyHH, aXaMHSITH, TaAOUKIapu 09n0 Oepriiaam.
Cyur, Maple MmaTemaTuk cucTeMacu MEHIOCHIaH KyWHard KOMaHIaHu OepamMu3:
Tools>Tutors>Linear Algebra>Solving linear System. Hatmxxana ymoy Mytokat
JapyacH yukaau, yaaan [ayccaunr nykorum yeynunu (Gaussian Elimination)

TaHJIAMU3;

Linear Solve Tutor

Gaussian Elimination

Cancel |

x|

Gauss Jordan Elimination |

A Matrix Builder 3

File Help

Matrix view

—_———.
_

- =
w =

o o
—_—

Matrix

=

Sl ===
BEREEE
=l E = IERIE
Sl=l=l=]=

=

I™ Souare

Fs

Close |

Fl Gaussian Elimination

Eliminztion Steps

|

- = w
- W =
W = -
(S RS R |

Reduce the malrix to row-echelen form by applying
the three slementary row oparations.

Multiply

Multiply rove m by l1— Apply |
Add

Add ID— times row m o rowe m Apply
Swwap

Suap rows |1 - and 2 - Apply |

Hint I Undo | Mext | Change the matrix | Cancel

SKip |

N3ox. Maple maTemaTuk cuctemacu EpaaMua siHa Kyaa Ky MaB3yJiapra
OUJl MHTEPAKTUB JAAPCIAPHU TALIKUJ 3TUII MyMKHH: rpadukiap scar,
MaTpuLajgap paTuil, oaaui AuddepeHnnan TeHrIaMaJapHUHT Tax M|,
ONTUMU3ALIKA Macanajgapy, QyHKIUSIIApHUHT CyepIIO3UUSCH, KOHUK KUCMIIap,
JUMUTIAP, TYFPU YU3UKJIIAP, YU3UKIN TEHICU3IUKIAP, KYTXaajaap Ba yIapHUHT
WIIM3TIapU, JIEMEHTAp Ba parroHai QyHkuusiap, 1-y3rapyBumin Ba Kyn
yrapyBumiIM (pyHKUMSIAP YCTHIa aMalljiap Ba aIMallTHPUILLIAP, YH3HKIN
areOpaHuHT TYpJIU Macaiajapy Ba X0Kaso0.

Martpuiia KUpUTHITad YHUHT YCTHAA KyHUAaryd 3JIeMeHTap ajIMallTHPHIILIAP
oaxapamu3 (Reduce the matrix to row-echelon form by applying the three

elementary row operations):

1-carpuu 1/3 ra xymaritupamus (Multiply row 1 by 1/3)

1-catpuu -1 ra xynaiitupu6 2 carpra kymamu3 (Add -1 times row 1 to row 2)
1-carpuu -1 ra xymantupu6 3 carpra kymamu3 (Add -1 times row 1 to row 3)
2 —catphuu 3/8 ra kynaiitupamuz  (Multiply row 2 by 3/8)

2 —catpuu 3/2 ra xynaittupamuz (Multiply row 3 by 3/2)

2-catpuu -1 ra kynaiitupu0 3 carpra kymamu3 (Add -1 times row 2 to row 3)
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HaTmKaz[a 6CpPIJIFaH UU3UKJIN TCHINIaMaJIap CUCTCMAaCHUHU S'IBFapTI/IpI/IH_I
9TalllIapuHHA KYﬁHHaFan KCTMa-KCTIINKIA K}”/paMm:

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
MLty Fo m by 153
A
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 |

Ed Gaussian Elimination =|

Elimination Steps

1 1 i)
1 1 1] & 1 - < 2
3 3 3 3 3 3
o8 zfw|-|o% 20
3 3 3 2 8 10
o0 = =2 | 1=
1 31 5 = 3 5
Rultiply Fow 1 by 123 =
Add -3 trmes rowve 1 Eo rovw 2
Add -1 tmes row 1 o row 3 :I
MLy
MU tiply row |1 - I by [1r= Apply I
Ao
Add |—1 tirmes rowe |1 al I to rovee |3 - I
Swvap
Suwrap roves |1 - I and |2 - I Apply I
Hint I undao | SKip | rMext | Change the matrix | Cancel |
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E] Solve the system of equations in Row-Echelon Form |

Linear System of Equations Zolve
[ 1 1 1 g | row echalon :“‘
2 3| 3 form.
o 1 1 k=) . convert io
il £ cquations
o o 15|15 [
4 | 4
X +x + Ly =2 . Equations
3 3
X+ X _g Solve x[3]
15 15 Solve x[2]
—XS = =
4 4
Solve ®[1]
Salution

Close | Change the matrix | Zancel |

- solve the system of equations in Row-Echelon Form |

Linear System of Equations Sl
x4+ %XQ 4 %XS _ % egquaticns [
1 5 solve X[ 3]

X ey == >
: 4 4 < solve xf2) J
XS — 1 —
1 1 ] -
X1+ SX + X3 =2 Equations

1+ 5% +ox =4 q |
% =1 Solve x[3] |

Xy =1 .

N soive x(2] |

Solve x[1] I

Solution I

Close | Change the matrix I Cancel |
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Fd solve the system of equations in Row-Echelon Formn |

Linear System of Equations Salve
solve xfF ;I
4 3 4
solve xf2)
Xo = 1 ! X5 =
soMvo xI1]
Xy = 1 Xy = 1 -

Equations |

Solve x[3]

Solve ®[2]

Solwe x[1]

Solution
Zlose | Change the matrix | Cancel |

lynnan cyHr sitHa MaTpuiianu y3raptupu6 (Chang the matrix) saru Mucos egwuin
MYMKHH.

MaTpUMUIAHHUHT XOC COHJIAPDHUHT MHTEPAKTHUB YCYJJIa aHUKJIALI

XO03Upru nantaa AapciaapHy TAIIKWIT STULLIA UHTEPAKTUB-Kypra3malu
ycyJulap/ial KeHr ¢oigananuaMokia. bynaa tanaba smuranu, Kypaau, ypraHaim.
Arap Oy xapaéHra KOMIBIOTEp TEXHOJOTUSIIAPH XaM TaJO0UK ATHIICA TAPCHUHT
»03ubanuru siHa omaau. bus mucon cudaruga Anredpa, Xucobnain ycyuiapu
dannapuia MaTpUITAIAPHUHAT XOC COHJIAPUHU TOTHII TeMacuHu Maple maTemaTuk
cucreMacu €paamMua MHTEPaAKTUB yCYJa TAlIKWI STULTHU KYpUO YUKaMus3.
ABBaJio, 1apc 0omuaa KucKaya Hazapuil MabJIyMOT Oepuiiaau, XOC COHJIAPHUHT
Ma3MyHH, aXaMUATH, TaAOUKIapu 0Un0 OeprItain.

Cyur, Maple maTemaTHK cUcTeMacH MEHIOCHIaH KyHHIaru KOMaHIaHu OepaMu3:

Tools>Tutors>Linear Algebra> EigenvaluesTutor.
¢kM ymoy KoMaHIaHu OepaMu3.

Student[LinearAlgebra] [EigenvaluesTutor] () ;

Hatmwxkana ymoy MyJoKkat 1apyacu YUKaIu.
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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*ld Tyrmacuam 60ccak XapaKTEPUCTHK MaTpPHIA Ty3HJIaIU:

Calculate M-E*1Id =
x|

5 2 0 1 0 O [
A —ild = 3 1 -5 |—f 0 1 0
11 4 -4 0 0 1
5—¢t 2 0
= 3 1—¢ -5 |
11 4 -4t =~

Baclk I Zancel I

Take the determinant of M-t*1d Tyrmacunn 60ccak XapakTepHCTHK TEHIJIaMa

XucoOIaHaIu.
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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 -
i

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 60occak XapaKTepHCTHK TEHIJIaMa XOC COHJIapra
HUCOATaH eUnJIaIN:

F--d solve for eigenvalues

x|

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

gives the eigenvalues

f=1,-2,3 -

Return Eigenvalues I

Bacl: I Cancel |

Return Eigenvals tyrmacunu 6occak xoc conap Maple oliHacura ynkapuiazim.
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5.6. Tonmmuupukaap
1. a=(1223),b=(3151) Bekropsap 6epunrad. (a,b) BeKkTOpyap opacujaru Oypuak
TOTIMJICHH.
2. Yuta Bektopiap oepwiran: a=(2,-3, 1), b=(-3, 1,2), c=(1,2,3) . [[a,b],c]
[a,[b,c]] BekTOp KITMaTMAaNIAp TOMHMIICHH.
3. a=(13-1), a,=(743-3), a, =(11-6,0), a, =(53,0,4). lactnal ynapau
6a3uc skannuruan TeKmupuHr. CYHr ['pamm-11IMunr nporenypacunu Kynnabd Oy
KUCM (Da30HUHT OPTOTOHAT Oa3UCUHU TOIHHT.
4. Matpunanap Oepuiras:

5 7 -3 -4 1 2 3 4
7 6 -4 -5 2 3 45
A= B=
6 4 -3 -2 1 357
8 5 -6 -1 2 4 6 8
Tonunr: AB, BA, det(A), Det(B).
5 7 -3 —4
76 -4 -5
5.Matpuna A= 5 4 3 _2 OepuIraH.
8 5 -6 -1
TonwmHr: det(A), A, M, A.
[5 7 -3 -4]
6. A= ; i _g _2 MaTPUIIAHUHT PAHTHHH TOMMHT. YHH y4OymyaK KYypUHUIITA
8 5 -6 1]
KEeNTUPUHT.
5 7 -3 -4
7 6 -4 -5
7. A= 6 4 _3 _o| MATPULAHMHT CIIEKTPHHH TONHHI, XapaKTEPUCTHK
8 5 -6 1]
KYIIXaIUHU TOTIUHT.
5 7 -3 -4
7 6 -4 -5 R R
8. A= 6 4 _3 _p| MaTPHIA Oepwiras. e, det(e”), Xxoc CoH Ba BeKTOpIsap, A
8 5 -6 1]
MaTpPULIAHUHT SIPOCH TOUIICHH.
3 -4 0 2
4 -5 -2 4
9.U-= 0 o0 3 _o|MaTpuua Oepuirad. YHUHT XOC COH Ba BEKTOPJIAPH,
0O 0 2 -1

XKopnan nHopmain popmacu, XapakTepUCTUK Ba SHT KMUUK KYTIXad TOMUJICHH.
10. MatpuuaBuii Tenrnama AX=B,
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1 2 -3 1 -3 0
A=|3 2 -4|,B=|10 2 7]|.
2 -1 0 10 7 8
11.Tenrnamanap cucreMacu €4uJICHH.

2421+« 242 3.35 30.24
A=l 231 3149+« 152 |, b=|40.95-4|,=10"a =02k B =02k k=0,..,5.
3.49 4.85 2872+« 42.81
12. Xoc coHJIap TOMUWICHH.
2421+« 2.42 3.35
a)A= 2.31 3149 + « 1.52 ,a =0.2k, p =0.2k, k =0,...,5.
3.49 4.85 2872+«
k 1 1
B) A=[1 k 1|k>=1
1 1 kK
k 1 1 1
1 k 11
c) A= k>=1
1 1 k 1
1 1 1 k
CaBoJuiap

1. Ynsukim anredpa macananapu Maple na kakicu makeTna »omamraH.

2. BekTop Ba matpuniasiap Maple na xanmait komanganap épaamuia KUPUTHIAIH.
3. 2 Ta KaHaall KoMaH1a épaaMuia BEKTopiiap (MaTpuuanap) Kyiaam.

4. BekTopJIapHUHT KaHAal KylalWTManapy Ba KaHIal KoMaHaanap €paamMuaa
KYTTAUTUPUIIAJIN.

5. Bekropuunr Hopmacu Maple na kannait xucobaHaau.

6. UkkuTa BekTOpaap opacuaaru oypuakiaap Maple na kanmait xucobnaHaau.

7. BektopaapHUHT 6a3ucaapu Ba OpToroHan 6a3uc KaHaai TOmUIagu.

8. 2 Ta KaHJ1ail KoOMaHJa €pAamMua MaTPULIAJIAPHUHT KYMalTMacu TOMUIaIH.

9. MarpuLaHuHT AeTePMUHAHTH, MUHODPH, W3H, aireopaunk TyinaupyBurca Maple
J1a TOMUIaIH.

10. KBagpar maTtpuiianuur aedexti Huma, y Maple na kanmaii Tonumnamu.

11. Teckapu matpunia Maple na kannai xucoOaaHaIH.

12. MaTpullaHMHT XOC COHHU, BEKTOPH, CIIEKTPU HUMA. YJIap KaHJ1ail TOMUJIAIH.
13. MaTpunianuar Maxcyc (popmanapu Ba yHu 11y popmanapra ojaud KeiayBud
Maple na komannanapHu alTHHT.

14. CaTpullaHMHT SIPOCHU HUMA, YHU KaHJail komaHaa €épaamMuiia TOMUIaIu.

15. MatpunaBuii TeHriaamanapad Maple na vu kangai koMaHaa euud Oepau.
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V1. Onnnii nudgdepennuan renraamanap (OAT)
§6.1.0AT nm ananutuk ycyaaa eduin. OAT auur ymymuii eunmn

Maple na O/IT Hu ananuTUK ycyiaaa eunin yayH dsolve(eq,var,options)
KOMaHJIacu UIIaTUiIaau, Oy epja €g-TeHriaMa, var-HobMaiyMm QyHKIus, options-
napamerpraap. [lapamerpnap O T Hu eunir yCyJIuHN KypcaTUIIN MyMKHH,
MacallaH, CyKyT Cakjanl IPUHIUIIATA aCOCaH, AaHAJIMTUK €YUM OJIMII YUyH
type=exact nmapamerpu 6epunaan. OAT na xpcunanu oepuir yays diff komangacu
unuiaTiaaa. Macanas, y”+y = x Teariaamacu diff(y(x),x$2)+y(x)=x xypuHuIIIa
ésnnaau. OT HUHT yMyMuUil €4MMU y3rapMac COHJIApHU y3 UUHra OJIaju,
MacajiaH, FOKOPUJIard TEHIJIaMa UKKUTa Y3rapMacHH Y3 WUWra OJaju.
V3rapmacnap Maple na_C1, C2 xypunnmiia GearuiaHamm.

Masbiaymku, unzukiau OT Oup sxuncnu (YHr TomoH () Ba Oup KMHCIN
oynmaran (YaHr ToMmoH 0 smac) kypunuiga 6ynaau. bup sxkuncou 6yiamaran
TEHIJIaMa €4MMU MOC OUp KUHCIIH TEHIJIaMaHUHT YMyMUN €4UMH Ba OUp KUHCIIH
OYnMaraH TeHrJIaMaHUHT XyCYCUN eyuMiIapyu HUFUHIUCUIAH noopat Oyiaau.
Maple na O/IT HUHT eurMHM aHA IIYHAaH KYPUHHIIAA YAKAPUIAIH, STHHU
y3rapMaciiapHu ¥3 Uuura oJiraH KUCM OUp JKMHCIIM TEHTJIAMaHUHT YMYMUI €4UMU
Oynanau, Ba y3rapMac COH UIITUPOK dTMAraH KUCMU OUp KUHCIU OYJIMaran
TEHIJIAMAHUHT XyCYCUH e4rMH OYiaau.

dsolve komanmacu Oepran eqnmM xucoOaaHMaiaurad Gpopmatiaa Gepriaim.
EuuMm Ounan kenaxkakja MIUIAII Y9yH, MacaiaH rpaduk Yu3uill y4yH, YHUHT YHT
tomonuHu rhs(%) xomana OvIaH aKpaTHII Kepax.

Mucosap. 1. y'+ ycosx =sinxcosx TEHIJIama €YUJICUH.
> restart;
> de:=diff(y(x),x)+y(x)*cos(x)=sin(x)*cos(x);

\\de = (% y(x)) + y(x) cos(x) = sin( x) * cos(x)

> dsolve(de,y(x)); \\y(x) =sin(x) —1+e" 1.

S'bHU TEHTJIaMaHUHT €YMMH MaTEMAaTHUK TUJIa YOy KYPUHUIITA dra:
y(x) = C,e"*"™ 4 sin(x) —1.

2. y"-2y'+y=sinx+e* TEHTJTaMaHUHT YMyMUN €4UMHU TOITHJICHH.

> restart;
> deq:=diff(y(x),x$2)-2*diff(y(x),x)+y(x) =sin(x)+exp(-x);

\\deq = 8—22 y(X)) — 2(2 y(x)) + y(x) =sin( x) + e
194 OX
> dsolve(deq,y(x)); \\y(x)=_Cle* +_C2e*x+ %cos(x) + %e”)

3. y"+k?y=sin(gx) TeHIJITaMaHUHT YMyMHU# eduMH ¢ =K,q = Kk X0Ju1ap ydyH
TONMJICUH.

> restart; de:=diff(y(x),x$2)+k"2*y(x)=sin(g*x);\\de := (aax—z2 y(x)) + k?y(x) = sin( gx)
> dsolve(deq,y(x));\\
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y(x) = %(_% cosﬁk + Q)X +1 cos(k —q)x
+q 2 k-g
1 1sin(k—qg)x 1sin(k+q)x
2T kCq 2 kg
Pe3onanc xonaraaru eunm (Q=K) Hu Tonamus:
> :=k: dsolve(de,y(x)); \\
y(x) = 1 cos(kx)k sin( kx) ki

)sin( kx) —

)cos(kx) + _ Clsin( kx) + _C2cos(kx)

(- % cos(kx)sin) kx) + % kx) cos)kx) + _ Clsin( kx) + _C2cos(kx)

dyHgamenTas (0a3uc) e4umiIap CUCTEMAaCH

dsolve komanmacu O/IT HUHT 6a3uc eunMIIap CUCTEMACHHU XaM TOIHIIIA
UIUTATUIIAAU. Y HUHT YYyH napaMmeTpiap 0ynumua output=basis 1e0 kypcaTuii
kepak . Macanan, y® +2y’+y=0 OJIT Hunr 6a3uc eynmiiap CUCTEMACHHH
TOIANIHK.

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

\\de —( - y(x))+2§—2 y()+y(x) =0
> dsolve(de, y(x), output=basis); \\[cos(X), sin(x), xcos(x), Xsin(x)]

Koum éxku yerapa macajianm equin

dsolve komanmacu épaamuaa Ko éku yerapa MacajiaHu XaM €UHII MyMKHH.
ByHuHT yuyH OinuIanFud €Ky yerapa mapTIapHy KyIiuMYa paBHIaa OepuIi
kepak. Kymumua maptiapaa xocwia nuddepennnan oneparop D Ounan
oepwianu. Macanas, y”(0) =2 mapt (D@@2)(y)(0) =2 kypunuiiga, y'(0)=0
mapT D(y)) =0 kypunummma, y™(0)=k mapt (D@@n)(y)(0)=k KypuHHIIIA
E3UIINILU KEPaK.
Mucomap 1. y® +y” =2cosx, y(0) =2, y'(0) =1, y"(0) =0, y"(0) = 0 Komu macanacu
CUMJICHH.
> 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,

4 2
(D@@3)(y)(0)=0; Wde = (2 7 y00) + (5 ¥() = 2605(3
> dsolve({de,cond},y(x));  \\y(x) =—-2cos(x) — xsin(x) + x

2. y® +y=2x-7,y(0)=0, y(%) =0 yerapa mMacajia CUHJICHH.
2
> restart; de:=diff(y(x),x$2)+y(x)=2*x-Pi; \\de:= (;(—2 y(X)) +y(X) =2x—7x

> cond:=y(0)=0,y(Pi/2)=0; \\cond := y(0) =0, y(%) =0
> dsolve({de,cond},y(x)); \\

y(X) = 2X — 7 + 7 cos(X)
EuuM rpaduruay yu3ui ydyH TEHIJIaMa IIHT TOMOHUHH aKpaTUO OJIHUII Kepak:
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> y1:=rhs(%):plot(y1,x=-10..20,thickness=2);
OAT cucremacu

dsolve komanmacu épmamuna LN cuCTeMacHHU XaM €UMII MyMKHH. BYHHHT yayH
yau dsolve({sys}{x(t),y(t),...}), kypunuma €3u6 o kepax, Sys-OAT map
cucremacu,  X(t),y(t) ,...-HObMaTyM QYHKIHSIIAP CHCTEMACH.

Mumucosutap 1.

{x’:—4x—2y+ 2 T y’:6x+3y—[i
e

el — -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(®O)}); \\
{x(t)=-3_Cl1+4C1_e™ -2C2 +2C2 e +2e™In(e' -1),
{y(t)=6_C1-6C1_e™ +4C2 +3C2_ e —3e™In(e' -1)

OIT uu KaTop épaamMmuaa TAKpUOU evduIl
dsolve komangacu épaamuna OJT edumMuHN TaKpUOW ycyiaa Karop EpraMuia
Tonuin MyMKUH. byHuHT yuyH dsolve kxomanmacuma output=series sa Order:=n
napameTpiiapHu KUpUTHII Kepak . bunutanruy kuiimatnap y(0)=yl, D(y)(0)=y2,
(D@@2)(y)(0)=y3 u xokazo kypunuiiaa oepuwiaau. Eunman xkymnxaara
aitmanTupuin yuyH convert(%,polynom) komangacuuu 6epuiil kepak. EAuMHUHT
rpaduK KypUHHIIAA YMKAPHUIIT yUyH TeHr1amMa YHT TouoHuHT rhs(%) komanmacu
OwiaH axxpatu® OJIUII Kepak.
Mucomnap 1. y' =y +xe*, y(0) = 0 Komu macanacuHUHT TaKpuOui equmu 5-
Japa)kaiau KyIxajJ KypUHULIAA OJIMHCHUH.
> restart; Order:=5:
> dsolve({diff(y(x),x)=y(xX)+x*exp(y(x)), y(0)=0}, y(x), type=series);
1. 1. 1,
\y(x) = X XX +0(x )

2. y'(X)-y? (X) =e* cosx,y(0)=1,y'(0)= 0 Kommm MacamacHHUHT TaKpUOWA e4nMH 4-
TapTUOJIM KAaTOP YYPHUHHMIIIA TOTHIICHH.

> restart; Order:=4: de:=diff(y(x),x$2)-y(x)"*3=exp(-X)*cos(x):

> f:=dsolve(de,y(x),series);

W £ (%) = y(x) + D(Y)(O)x + (% y(0)° +%)x2 n (% y(0)2D(y)(0) —%)x3 +O(x")

3. y"(X) - y'(x) = 3(2—x*)sin(x), y(0) =1, y'(0) =1, y"(0) =1 Ko MacanacHHHHT
TaKpuOui edrmMu 6 TapTHOIN KYTIXaa KYPUHUIIIA TOMUICHH.

> restart; Order:=6:

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

\\de = (% y(x)) — (6% y(x)) = 3(2 - x?)sin( x)
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> 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) = %cos(x) -gxz cos(X) + 6xsin( ) —12 +%ex +%ex
> y1:=rhs(%):

: . _ E 2 l 3 l 4 i 5 6
> dsolve({de,cond},y(x), series);\\y(x) =1+ x + X X Ao X X o(x®)
AHUK Ba TaKpuOMii e4rM rpaUruHU YUKAPUII YUyH KyHHIard KOMaHIalapHH
OepuIll 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(pl,p2);

§6.2. OAT Hu coHIM yCyJI1a edHIn

dsolve komanmacu O/IT HU TakpUOUIA SUUIIT YUYH XaM HIUIATHIaN, paKaTTuHA
napameTpiap caduaa type=numeric 1e0 kypcaTui Kepak, yHIaH Tamkapu options
OYyIMMuUIa COHIM yCyJuiap TYPHHU XaM KypcaTuin kepak: dsolve(eq, vars,
type=numeric, options). Kyi#inaaru coniu ycysuiap HIUIATHINAIIA MyMKHH:
method=rkf45- 4-5-raptubau Pynre-Kyrra ycynmu,
method=dverk78-,7-8-raptudmu Pynre-Kyrra ycynu,
mtthod=classical-,3-4-taptu6mnu knaccuk Pynre-Kyrra ycynm,
method=gear- I'upHUHT OMp KagaMIId yCYIIH,
method=mgear- 'upHUHT KyIT KagaMJIH yCYJIH.

OJIT munr eunmunm rpaduk ycynaa eunmn yayH odeplot(dd, [x,y(X)], x=x1..x2),
KoMaHacu unuiatuiaaau, 0y epaa dd:=dsolve({eq,cond}, y(x), numeric).

Tonmmumpuk 6.2.

1. y"—xsin(y) =sin2x, y(0) = 0, y'(0) =1 Kommu macanacu coHi Ba 6-1apakain KaTop
KYpUHUIIA TOITUJICHH.

> 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 OAT cucremacu rpaduxk
yCyJiga €4YUJICHUH.
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> 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]):

> p4d:.=textplot([5,13,"y(t)"], font=[TIMES, ITALIC, 12]):

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

§6.3. O/ATHu eunI1a HHTEPAKTHUB yCyJJap.
Tools>Assistants>ODE analizer komannacu épnamuna OJT yayn Komm éxu
yerapa MacajJaHWHA UHTEPAKTUB YCyJIJa AaHATUTHK EKU COHJIM €YUII MyMKHH.

F°7 ODE Assista R

Differential Equations Conditions Farameters

By +y(x) =2x-r y(0)=0

[ Eait | | Eait | [ Eait |

| Salve Mumerically ” Solve Symbalically | Help || Quit

6.4. Tonmupukaap
1. y"—2y' -3y =xe™sinx OJIT HUHT yMyMUH €UUMHU TOIHIICHH.
2. y"+y"=1-6x’¢* O[T HuHr pyHIamMacHTaa eYUMIIap CHCTEMACH TOITHUJICHH.
3. y"—y' =tgx y(0) =3,y'(0) = -1, y"(0) =1 Komm macaiacu ¢4uICHH.
4, X"+5xX' +2y'+y=0, 3X"+5x+y' +3y=0,x(0) =1, x'(0) =0, y(0) =1 OAT nap
CHUCTEMAaCH €YHJICUH.
5. y"+y=y?%y(0)=2a,y'(0) =a nHounsuk OJIT eunmu 6-mapakaraua KaTop
KYpUHUIIA TOITUJICHH.
6. y’ =sin(xy), y(0) =1 Komu Macajlack €4MMUHUHT TpaQuIry YU3UICHH.
7. y"=xy'—y? y(0)=1y'(0) = 2 Ko MacaJICHHHHT €4UMH 6-Tapa)karaya Katop
KYPUHUIIIA TOMUJICHH.
8. y'—xy'+y*=0,y(0)=1y'(0) =4 -1.5, 3 kecmaza Komu macaracuHUHT
Takpu6mii eaumunaunHr rpaduru unswicun .( Deplot komanmacu épaamuna).
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9. X'=3x-vy, y=x-y O[Tnap cucremacu eunMuHUHT (Ha30BUil OPTpeTH OUp

Heya OONUIaHFUY MIAPTIIAp YUyH YU3UIICHH.
Casosiap

1. OAT xanmait komaHaa épaamMuga CUUIagm ?.

2. OAT na GomnmtanFud Ba yerapa maptiap KaHaai koMaHaa EpaaMusa eqriaay ?.
3. dsolve komanmacuna Kanaai mapamerp GpyHmaaMeHTal euuMIIap CUCTEMACHHU
aHUKJIAII YIyH XU3MaT KUJIaau ?.

4. dsolve xomanmacuaa KaHaai mapaMeTp CUMMHHU KaTop KYPHHHUIIAA OJIHIITA
XU3MaT KUjIamgy ?.

5. OAT eunmunM rpaduK yCyIiaa OJUII YIyH 1acTiaad KaHaal KOMaH alapHu
KUPUTHUII Kepak ?.

6. dsolve komangacuIa KaHaal mapamMeTp eYMMHU COHJIM YCYIIJIa OJTHIN YUyH
XA3MaT KAIaau ?.

7. OJAT eunmuHN OUPOP HYKTaAa KaHJal OJIMII MYMKHH ?.

8. dsolve komanmacua KaHaal mapamMeTp TakKpuOUi euuMHH rpaduK ycyiaa
YUKAPUII YIyH XU3MaT KUiajau ?.

9. OAT eunmum rpaduk ycyaaa oW YIyH KaHal MaKkeT XU3MaT KT Iu.

10. odeplot Ba Deplot komanmanapuHuHT Gapku HIMATA ? .

11. OAT nap cucremacu e4UMUTIAPUHUHT (H30BUI MOPTPETH KaH1a XOCHI
KWJINHAOA ?.
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VIl. Kyn y3rapyBuuin GyHKuusiHMHT JuddepeHunan Ba MHTErpaJi
Xucoou

§7.1. Kyn y3rapyBumnjim pyHKUMSHUHT Juddepenuuan xucodon
Ky y3rapyBuninn GyHKIusHUHT 1uddepeHnmai Ba HHTErpall xucoouaa oup
V3rapyBumiIn GyHKIUSHUHT TuddepeHiinan Ba HHTErpajl Xucoouaaru
KOMaHaJiapra yXIiiain KoMaHaaizap Ouias uin oaud 6opuiiaau, GpakatruHa
KOMaHjiajap/ia oymumMya napamerpiaap Oepuiiaiu.

Xycycuii Xxocuianap.
diff(f,x1$n1,x2$n2,..., xm$nm), Oy epma x1,..., xm —y3rapyBumiap, X,$n,- x, -
2

y3rapyBuu 6yitnua, "i-xocunanu 6ungupanu. Macanas, §xafy xocuna diff(f,x,y)-

KYPUHHILIJA E3WIIANIHN.

Tonmmpuk 1.1.
1. f =arctg(x/y),of Iox=2,0f [oy =?
2. f=(x=y)/(x+y),0" flox'oy’ =2i+j=2

§7.2. Kyn y3rapyBumn/jiu yHKUMSIHUHT HHTETPaJI XUCoOn

Maple na student makeTura Kapanui HKKU Ba y4 Kappaid HHTETpaIapHU
XUCOOMaiuran Mmaxcyc komasaanap 0op:

Doubleint(f(x, y), D)- D coxana WKKH KappaJd HHTETPATHA XUCOOIaIl (MHEPT
KOMaHza),

Tripleint(f(x, y, 2),X,Y, zZ, V)- V coxana y4 KappaJid HHTETPaJIHA XHCOOJIaIII
(MHEpT KOMaH[a).

D coxa xyiungaru hopmatiapaad oupuia Gepuiaau:

a) x=x1..x2, y=yl..y2-1ypTOypuak craniapT coxa,

0) x=f1(y)..f2(y), y=y1..y2, 6y epna fl(y), f2(y) — coxaHu yanjgaH Ba YHrIaH
yerapaJioBYM YU3HKIIAp,

B) x=x1..x2, y=gl(x)..g2(x) , 6y epna gl(y), g2(y) — coxaHu I0OKOpUJaH Ba
KyHUIaH derapaloBYH YU3UKJIap.

Takpopuii HHrerpaJHA XMCOOJIAIl YUyH int KOMaHJaCH KeTMa-KeT WILTATHIa/IHN:

2 1
Macalia, '[dy j x’y®dx mHTErpan Kyiumaaruua E3umaim:
0 0
> int(int(x*2*y"3, x=0..1), y=0..2);  \\(4/3)
Mucomnnap.
4 y 3
1. Jdy| Y dx (= 14—7[) MHTErpaJl XUCOOTAHCHH.
> o X +Y 3
> 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. ﬂsin(x +2y(dxdy(=2/3),y =0,y = X,X+ Yy = 7/ 2 UHTErpai XucoOJIaHCHH.
D
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PaBimanku, D={(x,y):y<x<z/2,-y,0<y<7z/2}. IlyHuHr yuyH,
> restart: with(student):

ml2ml2-y
> J:=Doubleint(sin(x+2*y), x=y..Pi/2-y, y=0..Pi/2);\J = [ [sin(x+2y)dxdy
y

0

> J:=value(%); \J:=2/3

1 1 2
3. _[dx_[dyj (4+ z)dz (= 40/3) uHTETpaa XUCOOJAHCHH.
0

-1 x2

211
> J:=Tripleint(4+z, y=x"2..1,x=-1..1, z=0..2); \J = IH(4+ 7)dxdydz
0 -1x2

> J:=value(%);
§7.3. BekTopaap anaamn3u

BekTopiiap aHajau3uHUHT acocuid komanaanapu linalg makerua sxoinamras.
grad(f,[x,y,z],c)- yukius rpagueHTHHE XUcaOIan: gradf(x, y,2) = (?,%,?) ,

X z
C=0 (mekapT KoopaAWHaTanIap cucreMmacuaa), C=coords=cylindrical,
c=coords=spherical.

2 2 2
laplacian(f,[X,y,z],c)-Jlanac onepaTopunn xucobmnai, Af(x, y,2) = g I + gy: + 2 I :
X z
: . of of of
diverge(F,[X,y,z],C)-nuBeprenmusau xucoobmar, divi(x, v, 2) :&+5+5 :
oF, OF, oF oF, OF, oF
curl(F,[x,y,z],c)-poro coOmarm, rotF(x, y,z) =[(—% - —%), (—* - —2), (— - —=
(F.[x.y,z],c)-poroprn xucobnau (X ¥.2) [(8y aZ)(8Z 8x)(6'y ay)]

jacobian(F,[x,y,z])- sxoOuanuu XxucoOaril,

oF, OF, oF,
oXx OXx  OX
oF, oF, OF,
o oy oy
oF, oF, OF,

| oz 0z 0z |

Tommmpuk, 7.3.
1. u=arctg(x/y),G = gradu(x, y) = ?,cos(Ox,G) = ?,cosOy,G) = ?,0u/éq = ?,q =[1.1]/
> restart: with(linalg):
> u:=arctan(y/x): g:=simplify(grad(u, [x, y]));
> alpha:=simplify(angle(g, [1, 0]));
> peta:=simplify(angle(g, [0, 1]));
> simplify(cos(alpha)*2+cos(beta)"2);
> q:=vector([1,1]);e:=normalize(q);
> udg:=simplify(dotprod(g,e));

2. F(x,Y,2) =[x*yz,xy?*z,xyz’],divF =2, rotF = 2.
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> Fi=vector([x"2*y*z, x*y"2*z, x*y*z"2]);
> divF:=diverge(F, [x, v, ]);
> rotF:=curl(F, [x, Y, z]);

3. Au=0,u=x*+axy’*,a="2.

> U:=x"3+a*x*ryn2:

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

4, u=@€"+e")/r,r=yx*+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);

5. v=[x,y/x],J = Jacobiar(v) =?

> v:=vector([x, y/x]): jacobian(v, [, ¥]);
> det(%);
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§7.4.Katopaap Ba kynaiitmasap

b
Sum(expr, n=a..b)- yexmu éku uekcus HuFuHAN Y S(n) Hu xucobmam (b=infinity),

n=a

b
Product(P(n),n=a..b)- uexnu éxu yexcus xynaittva [ [S(n) Hu Xucobmamr.

1. Ymymuit xamu a, =1/((3n—2)(3n+1)) OYAraH KATOPHUHT XyCYCHl Ba TYITUK
WHUFUHAUCU TOMHIICHH.

1
(3n—2)(3n +1)

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

> S[N]:=Sum(a[n], n=1..N)=sum(a[n], n=1..N);
Ns, =3+ 11
~ (Bn-2)(3n+1) 33N +1

1
+_
3

> S:=limit(rhs(S[N]), N=+infinity); \s ::%

2. i(_l)m—anXn )
> Sum((-1)M(n+1)*n2*x n, n=1..infinity)= sum((-1)*(n+1)*n"2*x"n,

n=1..infinity); \\i(_]_)nﬂann _ X((x_xffl)
n=1 +

3 i(l+x)n 9

"~ (n+Dn!
> Sum((1+x)*n/((n+1)*n!), n=0..infinity)=

sum((L+x)*n/((n+1)*n!), n=0..infinity): \\Z ((i: ){))n' e(x+1)§j__:1e_x_l)

4.3°Cl1-x)" =2
> Sium(binomial(n 4)*(1-x)n, n=1..infinity)=

sum(binomial(n,4)*(1-x)"n, n=1..infinity); \\ZC a-x¢=4= X)
X
n®-1
> 1_[n +1 =7
> Product((n”3-1)/(n"3+1),n=2..infinity)=
product((n"3-1)/(n\3+1), n=2..infinity); \\Hn3 1.2
+

DOyHKuMsAHU Japaxaian Ba Teilsiop Karopura éimnu

series(f(x), x=a, n)- dyHKUMIHU a HyKTa aTpoduaa Karopra EHUII:
f(x)=C,+C,(x—a)+...+O((x—a)"),
taylor(f(x), x=a, n)- dbysukuusaHu a Hykta atpoduaa Telaop KaTopura ERuii
f(x) = f(a)+ f'(@)(x—a)/1+...+ O((x—a)") ,
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convert(%,polynom)-karopHu KyTxa KypUHHIITA YTUPHULI,
mtaylor(f(x), [x1,...,xn],n)- k¥ y3rapyBuman ¢pyakius f(x1,x2,...,
(al,a2,...,an) nykra atpoduaa Telaop KaTopura ENHuIiL.
readlib(mtaylor)- mtaylor(f(x), [x1,...,xn],n) KOMaHaCH >KOMIAIITaH
OubMoTeKara MypoXxKaT KUJIHIIL.

Tonmmmpuk 4.2.

1. f(x)=e*Jx+1,x=0

> f(x)-series(exp( x)*sqrt(x+1), x=0, 5);

W00 = 1, 13 , 79

1——x——x +—x*——x"+0(x%)
2 8 48 384

XN) HU

ije‘tz dt,x =0 Ba yHUHT

Vg

Teinop karopura éimnmacu rpadukiiapyu OUTTa pacMa YU3UJICHH.
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), byukims Teitmop kaTopura 6-m1apakarada
CUHUJICUH.

> readlib(mtaylor): f=mtaylor(sin(x*2+y”2), [x=0,y=0], 7);

2. Oyakums erf (x) =

1 1 1 1
WX y)=x2+y? —=x®—Zy*x* —Zy*x* -2 y°.
(x,y) L 5 Y 5

§7.5.UHTerpa aJiMamITupuuLIap

Maple ma inttrans makeTuaa Typiau XU HHTErpasl aJIMAIITHPHUIILIAP YKOUJIAIITaH.

Ne

Tyrpu Oypne
aIMalITUPULIN

F(k) = Tf (x)e " dx

—00

fourier(f(x),x,k)

Teckapu Pypbe
aIMalITUPULIN

f(x)=— jF(k)e'kde

invfourier(F(Kk),k,x)

Tyrpu cunyc Oypee
aNMaIITHPULIN

F(k) = \f j f (x)sin( kx)dx

fouriersin(f(x),x,k)

TECKApU CUHYC
dypbe anMaTUPULLN

f(x) = \/; [ F(k)sin( kxydk

fouriersin(F(k),k,x)

TYFPU KOCUHYC
dypbe anMaITUpULLIN

Fk) = \Eff (x) cos(kx)dx

fouriercos(f(x),x,k)

o TeCKapy KOCHHYC () = \/z TF(k)cos(kx)dk fouriercos(F(k),k,x)
ypbe alIMaIITHPUIITH 7d
Ty¥pu Jlammac o laplace(f(x),x,p)

AJIMallITUPHUIIN

F(p) = j f (x)e Pdx

0

Teckapu Jlammac
aIMalITUPULIN

(9= [F(plemcp

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

> fourier(exp(-a*abs(x)),x,k); \2—2 .
ke +a
2. F(k):ﬁ,a>O,F‘1(k)(t): f(t)="2

> invfourier(1/(k"2-a"2),k,x); \\
_ 1 I (Heaviside (x) — Heaviside (—x))(—e"™ +e™*™)
4 a

. 1, x>0.
Heaviside (x) = {O <0
,X<0.

Teckapu @ypbe anMalITUPUIITN KOMIIAKTPOK OY1au:
> convert(%,trig); \\
1 I(Heaviside (x) — Heaviside (—x)) sin ax
2 a

3. f(x)=e™sinbx,a>0,F,(f)(p)=2F(f)(p)=?
> f:=exp(-a*x)*sin(b*x):
> fouriercos(f,x,k);
1 k+b L1 b-k
528 +(k+b)’ 2% +(b-k)’
N

)

> fouriersin(f,x,k);
1 1
a2+ (k)  a’+(b+k)’
Jr

J2a( )

1
2

Tommumpuk 7. 5.2.

1. f (x) = cosaxshbx Jlamiac aqMamTHPUIINA TOMHICHH.

> restart:with(inttrans):

> F(p)=laplace(cos(a*x)*sinh(b*x), X, p);

1 p-b 1 p+b
(P ':E(p—b)z +a’ 2(p+b)?+a’

2. F(p) =1/(p® + 2ap),a > 0-pyHKIMS YIyH Teckapu Jlariac anMamTHpUIIH
TOTMUJICHH.

> assume(a>0): invlaplace(1/(p”"2+2*a*p),p,X):

—2a-X
> combine(%,trig); \\%1_e
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§7.6.AuTepakTUB ycy1a Macajajaap eqnin

WnoBaga UHTPAKTUB yCyJiJia KYII Y3rapyBUMiIN GyHKIUATIAP YUyH OUp KaH4a
Macajanap e4ud KypcaTHiIraH.

FEd nultivariatecalculus - Tavlor&pproximation
Fil2 Healp

Enter a function and initial paoint

) = |sinGeey)

[ = ar 1=1 o .o 1
Circler: IT-'

iy

=] Y —

v = N

=l a——

[+ Constrained

Tarylor Polynormial

The Taywlor polynomial for sin(x+y) of order
7 about the point [=, ¥] = [0, O] i=:

1A120% x5+l 24% A%+l A1 2* 3 g2+l 12%x 2%
S+l AZ AT F Al AL E0 g -l AR F RS- L A EE R 2y —
lA2* ¥y E-1l A a¥*y~ 3+y

Animate | Colar | Clo=se I

I’l’a}*lurﬂppruximation( sinix+¥), [, ¥] = [0, 0], 7, output = plot,
=

haple Command

caling = constrained) ;

7.7. Tommupukaap
Xx+y 0" f
1-xy ox'oy’
2. T(x,y,2) =y* +4z° —4yz—2x7—2xy > extr , 2x*+3y® +6z°> =1
3. f(X,y,2)=x+y+z—>max, x+y<2,z<1.

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

e-1 e—x-1 X+y+e

In(z—-x—-y)dz
4, }[dx _([ dy .E x0Ty _9) =7 .

5. f(x,y,z)=xy—z°,gradf =2,1 = (11) .

6.
7.u = cos(ax+ by - wt) , a,b=? Kanmait xoIga TEHIIIaAMaHH KAaHOATIAHTHPAIH:
2
_lou_,
c® ot?

1 1
8.~ -Jlamnac Tenrinamacunu cepuk , In = -Jlamiac TeHrIaMacuHUA HWJIUHAPUK
r r

KoopauHaTajlap CUCTEMAaCcHJa KaHOATIIaHTUPUIIIN MCOOTIAHCHH.
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aa+ﬂ+y F

9.F =(rcosgsin 8,rsin ¢sin 8,rcos9),dF =| ————
(rcose % ) {axaayﬂazy

} =? SlkoOu MaTpuiiacu

TOIINMJICHUH.

N 1
—_—_— = :9
10 anl n(n+1)(n+2) Sw=7
11. Ew n(n+1)x" =?

n=1
12. f(x) = arcsin( x), f (X) =C, +C,X+....+Cx* +O(x*) =2,%, =0.

13. f(x,y)= arcrg X*y _ Coo + CioX+CorY +oe+CoX2 4+ Coe Y +O(X +y7) =2
O<x<2
14. f(x) = 3% 2<x (byHKuI/I;IHI/I 4 nasp Ounan [0,4] kecMana 6 Ta Xaaraya EMUHT.

burra rpagukna xam QyHKUUSHUHT, XaM €EWUIIMAaHUHT Tpa)UriHU YH3UHT .
15. f(x) =e ™ E(f)(p) =?

sint 1-cos 2t

16. fO=="L(N(p) =7, g) = e, L(g)(p) ="

17.06pa3 6epunran, OpurHay TOMUIJICHH. F(p) = L f (x) =?. Opuraan

(p-D*(p*+1)’

GyHKUMS rpaduru XaM YU3UJICHH.

18.1(x) = jl SO, L()(p) =2

Casosiap
1. Maple na xycycuit xocunanap KaHiaai XucoOaaHaau ?
2. Mxku Ba yu kappaym unterpaiap Maple na kanmaii xucooianaau ?
3. [Taket simplex HuMara mypkamuranrad. Oaauii maximmize , minimize
KOMaHaJJapUHUHT simplex MakeTHHUHT IIyHIali KoMaHAanapuaa Gapkyu HuMa?
4, ®yHKIMS rpaaueHTH HuMa Ba 'y Maple na kannai xucoOaanaau ?
5. OyHKIMS TUBEPTEeHIUSICH Ba POTOPUHM KaHIal (yHKIMsUIap Xxucobmaiinu ?
6. Maple na iinruHam Ba KynaiTMa KaHaai XHUCoOJIaHaau ?
7. Maple na xkanmaii komanaanap GyHKIUIApHU dapaxkaind Katopiapra éiaan?
8. Maple na xoc mporiexypanap KaHaai Ty3unan?
9. Maple na kanmai MHTErpal aIMaIITHPHIIUIAPHA XMCOO AT MyMKHH ?
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VIII. Xycycwnii xocunanu nudpdepennuan renriaamann Maple na euun.
1. Yn3ukau uxkundy TapTuoau XXAT sapHuHr ymyMuii edaumMu.
XXAT Tyrpucuaa acocui TyuryH4aJjaap

Ne | Ynzukinm 2- XXAT xypunuum | bounanruy Yerapa
tapTrOau XX/ T mapT mapT

1 Ymymuid au, +2bu, +cu, + |- ur =h(x,y)
KYpHHHUII du, +eu, +f =g Coxara Kapab

2 | Ilapa6onuk u =au, +f u(x,0) = p(x) u(0,t) =g, (t),
nuddepenpman u(Lt) =g,(t)
TEHIrJaMa

3 | l'unepGonuk u, =au, + f u(x,0) = ¢(x) u(0,t) = g,(t),
nuddepeHnua U, (x,0) = $(x) u@€,t)=g,(t)
TEHTJIamMa

4 DIITUTITUK U, +U, + - ur =h(xy)
nuddepenmman du, +eu, +f =g Coxara Kapa0
TEHTJIaMa

[Mapabonuk muddepeHuan TeHrIaMaHiAT YMyMANR eduMUHE Toruml (U = x°t?)
> PDEl1l := diff(u(x,t),t)-diff(u(x,t), x,x)-
2*%t*x"3+6*x*t*2=0;

. 2 =
® 0 & 0
pDEl;zgiu(x,t)i -G 1 u(x,t)i 2tx3+6xt%=0
g f g & TX
> pdsolve (PDE1l,u) ;
€1 a2 d iy
U 9 = _F1) _F2(0) + x*t?) &where§ | — _F1)=_c; F1(), — _F2(t) = _c; _F2(t) {
e “u

OnnunTuk guddepeHiran TeHrIaMaHuHT YMYyMUR eduMuae Torui (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;

& g2 0 e ¢? o} A -
pmz:g waw:+g ZMKWE-ny-lzxy =0
e Tx g e Ty

> pdsolve (pde2,u) ;
ux,y) = _Fl(y-1x)+ F2(y+1x)+ x3 y4

['unepOonuk nuddepeHnman TeHrIaMaHuHT YMyMUE eauMuaE Toruir (u = x°t*)
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> pde3:=diff (W(x,t) ,t,t)-diff(W(x,t) ,x,x)+12*x*3*t"*2-
6*x*t4=0;
® q2 0 @ q? o
pde3:=§ﬂ_W(x,t)?-9 1 W(x,t)?-6xt4+12x3t2:0
€ 2 = ¢ 2 +
e Tt g & Tx o

> pdsolve (pde3,W) ;
W(x f) = Fl(x+1t)+ F2t-x) -x°t*

2. XXAT napuunr rpaduk ycynaa equnr

MI. T'unepbonuk quddepennnan TeHriama
a) Onuii tunep6ovK audGepeHnran TeHriIaMaHu CUuIIl

>PDE := diff(u(x,t),t)=-diff(u(x,t), x);
0 0
PDE = A u(x, t) = _(ax u(x, t))

>IBC := {u(x,0)=sin(2*Pi*x) ,u(0,t)=-sin(2*Pi*t)};

IBC = {u(x,0)=sin(27nx),u(0,t)=-sin(2rt)}

>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) :
p2:=pds:-plot(t=1/8,numpoints=50,color=blue) :
p3:=pds:-plot(t=1/4,numpoints=50,color=green) :
plots[display] ({pl,p2,p3});
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0.5

-0.51

_‘I-
XaToMMKHUHT rpaduru( aHUK €9UM MabIyM):

>esol := sin(2*Pi* (x-t));//anux eunm
p2:=pds:-plot(u-esol, t=1/8,numpoints=50,color=blue) :
p3:=pds:-plot(u-esol, t=3/8,numpoints=50,color=green) :

plots[display] ({p2,p3})

0.002 7

0.0m /m /
0 0.2 4 0. . 1
1 P
—0.001 -
—0.002-
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2.ITapabonuk TeHr1amMa

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

2

-0 _1(o°
PDE r-atu(xt)-lo(axzu(xt)]

>IBC := {u(x,0)=1, u(0,t)=0, D[1] (u) (1,t)=0};
IBC = {u(x,0)=1,u(0,t)=0,D,(u)(1,t)=0}

>pds := pdsolve (PDE, IBC,numeric) ;

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

> 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] ({p1,p2,p3,p4,pP5},

title= Heat profile at t=0,0.1,0.5,1,2");
Heat profile at t=0,01,05,1,2

III.E:
D.Ej
III.4:

III.E:

%
>pds:-value (t=1,output=listprocedure) ;
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[x=(proc(x) ... end proc), t=1., u(x, t)=(proc(x) ... end proc)]

>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,
orientation=[-120,40], color=[0,0,u]);

8.3. TommumpuxJap Ba caBoJuiap.
1. 2-taptubmm XX/JIT HUHT KAaHOHWK KYPUHHIIN KaHIai ?.
2. ITapabonuk AT HUHT KaHOHUK KYPUHUIIIM Ba aCOCUNA Macajanap KaHaau
Kynnaau ?.
3. l'unep6osuk JIT HUHT KAHOHUK KYPUHUIIM Ba aCOCHI Macaiajnap KaHaan
Kynnaau ?.
4. Onnuntuk AT HUHT KAaHOHUK KYPUHUIIM Ba aCOCUN Macaiajiap KaHaai
KyAunmamgm ?.
5. 2-taptubmm XX/ T mapHUHT acocHil €UuIll yCyJUIapuHU alTHHT.
6. XX AT napHuHT TaKprOUii CUUTITHUHT YEKIIM alupMaap ycyJuiapu
HHUMa aH uoopar ?.
Juddepennnan renraamanap 6yiinda Maple nacTyprHUHT KEHT
KymaHumiy ymoy kutooaa oepunran: ['omockokos [.I1. YpaBuenue
MaTeMaTu4ecKor (U3HKU. YUeOHUK JJisi BYy30B C IPUMEHEHUEM CUCTEMBbI
Maple. —CII6.: ITutep, 2004.
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Hnosanap. Maple oiiHacuia MHTEPaAKTHB XHCOOJIALILJIAPTa MHCOJLJIAP

|. Bup y3rapyBuriiv GyHKIMS TaXJIUIH

A) OyHKIMSA Tpaduru
Calculus 1 - Curve Analysis x|
File Help
Plat wWincawy Enter & cantinuous function and an interval

(=) = |3
a = |-2*Pi b= |2*Ri

Determine where the function is ...

& Maximum  Minimum

g

.
IEEENINEN NN NN |

8 Increasing [ Decreasing

 Concave Up € Concave Down

[Determine concave down intervals |

I NN

&

[(FNEN NI NN NENANET ]

Calculate
Display | Calar | Close |

Maple Comrmand

FunctionChart(x*cos(x), ¥ = -2%Pi..2%Pi);

b) Xocunanunr rpadpuru
EiCalculus 1 - Derivative

File Help

Plot Window Enter a function and an interval

17
i ¥ R
I AT, 5 2 25 3 6= 12

|:| I T T T T 5 T I I O AN a=|0 b=|Fi

_15

2]
] 'ix) = Icus(xj-x*sin(xj

_35

Dizplay Caolor | Close |

Maple Command

IDerivativePlDttx*casix]; 'giew'=[0. .. 3.14, -3.35 .. 1l.]i:

B) Xocuna onuin konaacu
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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
Problet Status Messages
complete solution is
i[xsm [J’(}} displaved
dx
_Id ; d ai :
= |—X)sIN|X) + X —SIN| X Hirt=
olx dx
. d o Hirit | Appaly Hint |
=sin(x) + x| —=sin(x)
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 Final Answer Close

I') Teckapu dyHKIHS XOCHIacH

ElcCalculus 1 - Inverse x|
File Help
Plot indow Erter a function and an interval
23 100 = [IE)
ITTTTTTTT IIIIn_IIIIIII TTTTT a=_2*Pi h=2*PI
o4 En 2 M
:’f ] X
R
Colar | Close |
Maple Command
InwversePlotisinix), = = -6.28 .. 6.28);
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J1)JIumuTHHE XpcoOIamI

Eicalculus 1 - Step-by-Step Limit Tutor

File Rule Definition  Apply Rule  Understood Rules  Help
Enter & function
Function |=*cos(x=n0x) Wariahle |x
at |0 Direction "'I
Problem Status Meszages
- i complete solution is
lim xcos (X} In(x) displayed
X0
= limIn(x}xlim cos[x) Hirte
x—0 x—0
= lim —xlim cos(x) Hirt Apply Hirt |
X_”_D X__”D Lirviit Rules
= —lim xlim cos(Xx)
x 0 x0
=0
Constant Constant Multiple I
lcdemtity
Sum Difference
Paovwer Praocduct
cwotient I'Hopital's Rule
Factor Divide by zero
Change Rewrite
Exponential Matural Logarithim
=trig= LI =hyperbolic= LI
=arctrig= LI =arc-hyperbolic= LI
Start | Firnal Answer | Close |

E)KecyBuu Ba ypunma

File Help

Plot Wincdowy
flx) =

Slopes of Secant Lines

Erter a function and point of tangency

121

. a0
.20
. 80
.40

.60

[l e ST ST S R S N Y

(3]
]

. 800

@ Slope of Tangent Line

Animste |

Dizplay

Maple Comtnand

k= ¥ changes from 4 to 0 by 2/5, the slopes of the (=)
b successive secant lines joining 0 to X are:

ID,—
Color |

Cloze |

egtonuotient(x~2-1, 0, 'showderivatiwve'=true,
1675, 1445, 1245, 2, &/5, &6/5, 475, 2/5],

'giew'=[-4. .. 4.,
'gutput'='plat']);

-1.18 .. 1a.

4], 'h'=[4, 13/5,
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ElCalculus 1 - Tangent

File Help
Plot Window Enter a function and a paint of tangency
25 () = Jexpix) atx=|t
204
E Tangent Line
154
104 Slope: fexp(1)
] Equation: [x*exp(1)
a7
mrrrrri rT1T T TT 1T T TTTTI

-2 a 2 4 : Di%ﬁlay Color |

Maple Comrmandd

Close |

I’rangent[exp[:-:], 1, 'wiew'=[-3 .. &, .30le-1 .. 27.7], 'output'='plot');

E) XaxMHn Xxucobman

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

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

a=|0 b=|2

YWalume of the Salid

2
J=(1+ cr:::s[x)}2 dx
0

= %;’rcos [2) sin [2) + 37+ 2asin [2)

=14.54367090

Axiz of Revolution

0 vertical axis

Dizplay Calar | Close |

Waple Command

IVUlumeUfRevolut,ion(l+cos (1, 0..2, 'axis'='horizontal', 'output'='plot'):

Il. Ky y3rapyBumim GyHKIMS y9yH MUCOJLIAp
A)CHpTHU anmpoKCUMAaIUACH
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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);

tivariatecalculus - CrossSection
File Help

Options

Expression: Ix"2+\_.-"‘2

f< = |4 e
v = |4 e
r | = o - |32

Plane Equation(=):

|z = Jo.32
¥ of Planes: IS
Anirmate | Calor | Close
Maple Cormmand
Crossiection| x~24+vy~2, =z =0 .. 32, x = -4 .. 4, v = -4 .. 4, output =

lot, planes = 5]

B)Wynamim 6yitnya xocuia
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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)I'panuent

MultivariateCalculus - Gradient x|
File Help

Options

[ | v 1= Ji2, 11 ]

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

gy

-«
=l Y -
|z = | -

[+ Constrained

Display I Graclient Field Plot | Color | Close

Maple Cormmand

Gradient| =x~37(x"~2+¥y~2+1), [®, ¥] = [£, 1], output = plot, scaling =
constrained)
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I') ®ynxkuusauau Telinop Karopura Ednm

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 |

I’Faylnrﬂpprnximatiun(sin(x], 0, 'view'=[-4 .. 4, -1.15 .. 1.18], 'order'=7,
1

Magle Catmmand

output'='plot');

Ed mMultivariatecalculus - TayvlorApproximation x|
Fil2 Helg

Enter a function and initial point

oyl = Isin(x+yj

[ = e 1=1 o o ]

Circler: IT-'
i
(ll
(ll ™
i

[+ Constrained

Tavylor Polynormial

The Taylor polynomial for sin(x+y) of order
7 about the point [=, ¥] = [0, O] i=:

1/1Z20%~ 541 2%~ d¥ g4l fl 2% SH o241 12w ~2F
3+l A Z2a% vy Al Al Z0% -l AR S -l A2 2wy —
l/2* ¥y 2-1/ 6%y~ S++y

Animate | Colar | Clo=se I

aylorApproximation| sini(x+¥), [, ¥] = [0, 0], 7, output = plot,
scaling = constrained) ;

haple Command
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> with(linalg):
> f1:=unapply (x*2+y*2-1,x,y);

fl=XYy)® x2+y2—1

> f£2:=unapply (x*2-y,x,y) ;
f2:=(x,y)® XZ-Y

> f:=unapply (<<x"2+y”2-1>, <x"2-y>>,x,y);
fi=(xy)® rtable(1..2,1..1,{(1, 1) =x* +y®- 1, (2, 1) =x* - y}, datatype= anything, subtype = Matrix,

storage = rectangular, order = Fortran_order)

> £(1,1);

[E=N

MD:D>D>D~
o
e { e el enid

> J:=unapply (<<2*x |2*y>, <2*x | -1>>,x,y);
J=(xy)® rtable(1..2,1..2,{(2,2) =-1, (2, 1) =2, (1, 1) = 2, (1, 2) = 2 y}, datatype = anything,

subtype = Matrix, storage = rectangular, order = Fortran_order)

> J(x,y);
é2x 2ya
é u
é u
&2x 15
> G(—l) :=inverse (J(X,Y)) ’
é 1 y U
é u
x2x(1+2y)  x(L+2y)yg
G(_]_) ::g H
g 1 10
§ T+2y 1+2y g

> G:=unapply (<<1/x/ (1+2*y) /2 | y/x/(1+2*y)>, <1/ (1l+2*y) |-
1/ (142*y)>>,x,y) ;

G:=(xy)® rableg1..2,1..2
e

_ y _ 1 1 _ 1 U _ .
1,29)=~* (1 1)=——__ _ (2,)=——,(2,2)=- 2 , datatype = anything,
(1.2 x(1+2y)( ) 2x(l+2y)( ) 1+2y( ) 1+2y? P yihing

—_)——

subtype = Matrix, storage = rectangular, order = Fortran_orderg
a

> G(x,y);
e_ 1 y _u
é a
§2x(1+2y) x(1+2y)@
¢ u
e 1 10
S 1+2y 1+2yH
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> G(1,1);

D:D>D>D>MD>D>D
[N

(oSl
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