OcHoBbl padoTsl B MathCAD

BBenenue

JlaGopaTtopnast pabota Nel. 3nakomcTBO ¢ Matkazg

JlaGopatopHas padota Ne2. [Toctpoenue rpaduxoB B Matkaz
JlabopaTtopnas pabota Ne3. [leficTBust Hax MatpuiaMmu B Martkaz
JlaGopatopHas pabota Ned. Pemienue anredpanueckux ypaBHeHui B MaTkan
Pexomennyemas nureparypa

BBEJEHUE

Jns pemieHust 3aqad  KOMIIBIOTEPHOTO MOJIETUPOBAHMS HCIOJIB3YIOTCS Pa3JInUHbIC
nporpaMMHeie cpesnctBa. OIHUM U3 HUX siBisieTcs MaTkal.

Markan - MaTeMaTHuYecKHil makeT, T.e. MAaKeT NpOorpaMM Ui MaTeMaTHYeCKUX
BblunciaeHnii. Kpome MaTkaga cymiecTBYIOT M ApyTrHe MaTeMAaTUYECKUE MAKEThl, HaIpUMeEp,
MATIJIAB, MATEMATUKA u ap., onHako MaTkag — caMblii pacIpOCTpaHEHHBIN.

Paccmotpena pabota B Bepcusix Matkan-13, MaTkan-14.

JIABOPATOPHAS PABOTA Nel. BHAKOMCTBO C MATKA /]

Haiinure Ha pabodyem cTose apibik MaTka, MIETKHUTE MBIIIBIO U BOMIUTE B TTAKET.

OOparure BHMMaHHE Ha TO, YTO Bcs pabora B MaTkaja JOJDKHA TNPOBOAMUTHCS HA
JATUHCKOM (aHTJIMMCKOM) aihaBuUTE.

i athcad - [Untitled:

ﬂlm File Edit Miew Insert Format Tools  Symbolics  Window  Help

Puc.1 OxHa nocne 3anycka

[Tocne 3amycka NOSBISAETCS OKHO C ABYMs 00JaCcTsIMH, MOKa3aHHOE Ha pHC. 1.

HwxHioro 06s1acTh MBI 1TOKa TporaTh He OyaeM. B BepxHel, pacnoioxKeHb! JBe CTPOKH C
TUTIOBBIMHU JJIEMEHTaMH HHTep(deiica. BepxHsas crpoka — 3aronoBok okHa. OHa oToOpakaeT
Ha3BaHUE 3arpy»KEHHOI'0 UM BBOJAUMOTO C KJIaBUaTypbl JOKYMeHTa. Eciu y TOKyMeHTa ellie HeT
WMEHH, TaM TosiBisieTcst Haanuck Untitled (6e3 HazBaHus).

Hmxe pacnonokeHo rimaBHOe MEHIO. PacCMOTpUM M pacKpOeM €ro OILHUU.

Omuuu File (¢daiin),Edit (pegaktupoBaHue) TUIUYHBI 119 BceX npuiokeHnd Windows,
MO3TOMY HX paccMaTpUBaTh HE OyIeM.



[lynkr View (BUI) COIEpKUT psii MyHKTOB, NMEPBBIM U3 KOTOPHIX - toolbars (manenu
UHCTpYMeHTOB). Packpoem ero (Puc.2) u paccMOTpUM HEKOTOpbIE ero noAnyHkTel. OOpaiieHue
K nepsoMy - Standart BbI3bIBa€T Ha SKpaH CTaHAAPTHYIO MaHEIb. JTa MaHEJb BO MHOIOM
UJICHTUYHA COOTBETCTBYIOILUM IMaHeNsAM JIpyrux npuioxeHnit Windows, OqHako, TaM umeercs
omuusi f(X), ¢ TOMOIIBIO KOTOPOH BBI3BIBAIOTCA BCTpOeHHBIE (yHKIMM Markana. Mer
pPaccMOTPHUM €€ HECKOJIBKO TO3/THEE.

Kpatko paccmoTpum Hekoropble apyrue nyHkThl. Formatting ((popmaruposanue)
aHAJIOTUYEH COOTBETCTBYIOIIMM ITyHKTaM MeEHIO Jpyrux npuioxeHud. Crpokoit Math
(MaTemaTuKa) BBI3BIBAE€TCA MaTeMarhyeckas nanenb. OHa COACPKUT KHONKH, AyOIHpYIOIIUe
cienyroue nyHKTel MeHio: Calculator (xanekyinsatop), Graph (rpaduxa), Matrix (MaTpuibl),
Calculus (Bbruncnenusi), Boolean (byneBbl ¢ynkuuun), Greek (I'peueckuii), Programming
(ITporpammupoBanue), Symbolic (CumBonbHble Bbruucienus). Ilynkt Graph (rpaduka)
BbI3bIBacT TaHenb [ padukwm, myHkT Matrix (MaTpunbl) oOecreuWBacT OIEpaIllUU  HaJl
MaTpuliamMy, ¢ nomouisto nyHkra Calculus (Beruncnenus) npousBogsrcs auddepeHuupoBatue,
UHTETPUPOBAHUE, CYMMHUPOBAHUE U IIpou3BeneHue, nyHKT Boolean (byneBbl pyHkunn) BBOAUT
OyneBbl ¢yHkuuu, nyHKT Greek (I'peueckuif) BBOAMT rpedyeckuil anadaBUT, MYHKT
Programming (IIporpammupoBaHue) BbI3bIBAET MaHEIb IPOrpaMMUpPOBaHUA, MyHKT Symbolic
(CuMmBOJIbHBIE BBIYMCICHMS) J€IA€T BO3MOXKHBIM pEIIEHHE HEKOTOPBIX 3a7ady B CHMBOJBHOM
(anamutueckoM) Buge. Co BCeMHM ASTHUMHM MAaHENSIMH HHCTPYMEHTOB MbI CTOJIKHEMCS TpU
peLICHUH KOHKPETHBIX 3a]1ad.

Standard
Farmakting
Math
Confrals
Resources

Debug

Calculator
Graph
Makrizx
Evaluation
Calculus
Boolean
Prograrming
Greek
Symbolic
Maodifier

Cuskomn Charackers

Puc.2 Meunrw “Toolbars”

Bce nanenu MoryT nepeaBUraTbcst OOBIYHBIM CIIOCOOOM IO KPaHy.
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Puc. 3 Menro Martkaz ¢ BLI3BaHHBIMHU OIIIMSIMU



OcranbHbIe MyHKTH MEHIO View MBI He paccMaTpuBaeM. MBI He pacCMaTpUBaeM TaKKe U
JIpYyTUe MEHIO.

AndasuT cucteMbl MaTkaja COAEPKUT: CTPOUYHBIC U MPOMHCHBIE JATUHCKHE U TPEUECKUE
OykBbI; apabckue mudpsl ot 0 10 9; CHCTEMHBIE TIEpEMEHHBIE; OTIePaTOPhbl; UMEHA BCTPOSHHBIX
GyHKIUI; CHEeN3HaKW, CTPOYHbIE W TMPOMHCHbIE OYKBbl KUPWLIHMIBI (MIpu paboTe cC
pycudUIUPOBAaHHBIMU JTOKYMEHTAMU); YKPYIHEHHBIC DSJIEMEHTHI S3bIKA: THIBI JJTAHHBIX,
orepaTopsl, GYHKIIUH MOJIH30BATENS M YIPABISAIONUE CTPYKTYphl. K THIaM JaHHBIX OTHOCATCS
YHUCJIOBBIE KOHCTAHThI, OOBIYHBIC U CUCTEMHBIC TIEPEMEHHBIE, MAaCCUBBI (BEKTOPHI U MATPHUIIbI) U
naHHbIe (HaNIoBOTO THIIA.

Yncsi0Bble KOHCTAHTBI 337JAI0TCS C TIOMOIIIBIO apaOCKUX 1P, AECITUIHON TOUKH (a HE
3amsToi) u 3Haka - (MuHyc). Hanpumep: 123 - nenouucrneHHas IecsiTUYHas KOHcTaHTa; 12.3 -
JeCATUYHAsI KOHCTaHTa ¢ ApoOHOM vacTeio; 12.3 * 10"5 - necsTudHasi KOHCTaHTa C MaHTHUCCOM
(12.3) u mopsiaxom 5.

3HaK yMHOXXCHHS * MPU BBHIBOJIE YKCIIa HA SKPAaH MEHSETCS Ha MPUBBIYHYIO MaTeMaTHKaM
TOUKY, a OTepalysi BO3BEJICHUS B CTENEHb (C MPUMEHEHHEM CIIel3HaKa ") oToOpaxaercs myTeM
MPEACTABJICHUS TOPSKAa B BHJE HAJCTPOYHOTO d3JieMeHTa. J[Mama3oH BO3MOXKHBIX 3HAYEHUU
JECATUYHBIX YHCEN JIEKHUT B IMpeAesax OT 107" 1o 10°°7 (370 MAIUMHHBIA HONb W MAIIHHHAS
OECKOHEYHOCTB ).

BonbmIMHCTBO BBIYMCIEHUH CHCTEMa BBIMOJIHSIET KAaK C JACHCTBUTEIBHBIMH, TaK U C
KOMILJIEKCHBIMU YUCJIaMH, KOTOPBbIE OOBIYHO TPEICTABIIAIOTCS B aIreOpandeckoM BUJIE:

Z =ReZ+1* ImZ

W

Z =ReZ+j* ImZ

3neck ReZ - meiicTBUTEIbHAS YacTh KOMINICKCHOrO uncia Z, ImZ - ero MHAMas 4acThb, a
CHUMBOJIBI 1 WU j 00O3HAYalOT MHUMYIO €IMHHILY, T. €. KOpeHb KBajpatHblii u3 -1. Takoe
MPEACTABICHUE XapakTepHO W g cucTeMbl MaTkaj (3a HMCKIIOYEHHEM TOro, 4YTO 3HakK
paBEHCTBa HE €CTh 3HAaK mpucBamBaHms). Mrtak, ecmm ReZ = 2, a ImZ = 3, 10 KOMIIIEKCHas
YHCIIOBasl KOHCTaHTa B cUcTeMe MaTkas 10JbKHA OBITh 3a1aHa B Buje 2+ i* 3 wmm 2+ j* 3.

OpmHako cucTemMa He BCerJa 3HAeT, KaKOW CUMBOJI IPUMEHUTH 711 0003HAYCHHSI MHUMOU
eauHANBL. [lo3TOMY, TIepes HMCIOJIb30BaHMEM JIFOOBIX OMepaIiii ¢ KOMIUIEKCHBIMU YUCIIAMH,
MOJIE3HO BHAyaje OMPENeIUTh 1 WIM | KaK MHUMYIO €IMHHUIY (T. €. MPUCBOUTH UM 3HAUCHUE
KBaJIpaTHOT'O KOPHs U3 -1).

Nmena mnepeMeHHbIX (MaeHTHGUKATOPBI) B cucteMe MaTkag MOTYyT HMETh
MPAKTHYECKH JIFOOYIO IIUHY, ¥ B HUX MOTYT BXOJAUTH JIFOObIC JTATUHCKHUE U IpeuecKkue OyKBHI, a
take mudpel. OgHAKO HAYMHATHCS OHM MOTYT TOJIBKO ¢ OyKBBI, Hampumep: X, xl, alpha, X,
coordinate. Kpome Toro, maeHTUUKATOp HE MOJDKEH cojaepkaTh mpodenoB. CTpouyHble U
NnponucHble OyKBbl B MMeHax pasziaudawrcsa! VMms He MOMKHO cOBHagaTh C MMEHAMH
BCTPOCHHBIX (PYHKLHUH.

Jlnsa nabopa + U — HCMONB3YIOTCSI COOTBETCTBYIONINE KIABUIIM KJIaBUATyphl. JleneHue
HaOupaeTcs KJIaBUIIeH /.

[Toce Bxoma B MaTtkaja Ha dKpaHe TOSBISICTCS KPAaCHBIM KPECTHUK, KOTOPBIA 0003HAYaeT
MECTO, T1Ie OyJeT MPOU3BOIUTHCS 3aMUCh. ET0 MOKHO TIepeMeIarh 1o 3KpaHy MBIIIBIO.

[Ipu BBOJE MHOOOTO CMMBOJIA HA MECTE KPECTHKA IMOSBIACTCS paMKa - mabioH. Jlrodoe
BBe/lecHHOe BbIpa:keHue (¢opmysa, ypaBHeHHEe M T.II.) JOJKHO 3aNUCHIBATHCS BHYTPH
oaHoro maodJsona. [Ipu mepexome K CileAyOIIed 3amycy TMEpBBIA MaONOH ucuezaer. Ecmu
MOJIBECTH Kypcop K 3amucu 0e3 mradioHa W HaXkaTh Ha KJIABUIILY MBIIIH, ITAOJOH MOSBUTCS
CHOBA.

Y nanenue 3anuceit B Markazie MOKHO MPOU3BOIUTH HECKOJIBKUMH CIIOCO0aMHU:

1. Jns ynaneHuss OHOTO WJIM HECKOJBKUX BBIPAKEHUH OJHOBPEMEHHO MOXHO,

Ha)KaB JICBYI0 KHOIKY MBI, OOBECTH BCE YyAalsieMble BBIPAKECHUS
MyHKTUPOM, U 3aTeM HaxaThb del uiu backspace.



2. Jns yaaneHuss OgHOTO BBIPAXKEHHSI MOXKHO, MOJBEAS KypcoOp K BBIPaXKEHUIO,
aKTUBU3UPOBATh €ro U, MEPEABUHYB YTOJOK B KpaliHee MpaBO€ BBIPAXKECHHUE,
HaxkaTh del.

3. Jns ynaneHuss OTHOTO BBIPAKEHUSI MOXKHO TaKXke, MOJBEIsS K HEMY Kypcop,
AKTUBU3UPOBATH €r0, a 3aTEM BBIJEIUTh HYKHBIN TEKCT U HaxaThb del.

3amaua 1.

Bonnure B Matkan.

[Tonepememnaiite kypcop (KpacHbIi KpecTWK) MO SKpaHy. BBemute m000i CHUMBOIL
[TostBUTCS paMka - mabioH. HaxaB Ha KJIaBUITY MBIIIH, BBIAEIUTE YYaCTOK C pAMKOH, HAXKMHUTE
KHONIKY BpIpe3ats (KHOMKA C HO)KHHMIIAMU Ha IaHeIu UHCTpyMeHTOB). [1la0noH ncuesHer.

BriBenuTe maHenw MHCTPYMEHTOB. [lJis 3TOro Ha)aB MBIIIBIO KHOMKY KOMaHIbl View
(BUI), BBIBEIUTE MOAMEHIO C psjoM noakoMmana. Eciau okono xHomok ¢ Hagnucsimu Toolbar
(uHCTpyMeHTanbHas maHens), Mathpallete (MaTtemaTtnueckas manens) u Formatbar (manens
(opMaTHUpOBaHUs) HE CTOUT rajlouKa, HAKMHUTE Ha HUX U ATUM BBIBEJUTE HA DKpaH 3TU MaHEIH.

OcBoiiTe nepeMelieHre nanenen no 3KpaHy U UX npeoOpa3oBaHUE B CTPOKU MEHIO.

3agaua 2. JjeMeHTapHbIe BbIUNCIAeHUs1 B MaTkaj.

Bce ¢dopmyssl B MaTkaag HAOMPAKTCH TOJBKO B JATHHCKOM ajdaBuTe, MOITOMY,
npe:kae 4YeM HAYNHATH PadoTy, NepeKJIIYNTeCh HA AHTVINHCKUH S3BIK.

BriBenuTe nokasaHHyo Ha puc. 4 MaTeMaTHUECKYIO MTaHeNb (€CJIM OHA HE BbIBE/ICHA)
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Puc.4. Marematnueckas maneab MaTkaza.
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Puc.5. [Tanens kanbKynsTopa.

Haxxmute KHOTMKY C m300pakeHHEeM KanbKynsropa. [losBurcs moka3zaHHas Ha puc. 5
naHenab KanbKynsTopa. Ha Helt uMeeTcss psin KHOMOK, Takux Kak n! (daxtopuan n),
TPUTOHOMETpHYECKHX (YHKIHUH (tan, sin, cos ), sorapudmos (In, log ) , a Taxke nudpsl ¥ 3HAKH
=, +, -, X, := ( IPUCBOCHUS).

Caenyer pa3iu4aTh KHONKH := (IIPUCBOCHUE) U = (PABHO).

31ech ke HaxOmsTcsh KHOMKH X°, X', CIy)Kalllie T BO3BEICHHS B CTENCHb, KHOMKH
BBIUMCJICHUS KOPHS, HAXOKICHUSI MOYJIS.

Apudmernueckue nedcTBug B Markage MOXKHO COBEpINATh, BBOJS 3HAKM Olepaunuii ¢
KJIABHATYPBI MJIH C TTAHENN KaJbKyJIATOpa. 3HAK YMHOKEHHsI B MaTkaje - Touka, HO Habupaercs
OH Ha KJIaBUaType 3HakoM *. J/leneHune HaOupaeTcs KIaBUIIEH /.



Ecnu B mporecce pelieHus 3aa4yd IPOUMCXOAUT HapyllleHHWe rpaMMaTtuku Markazaa, To
BCE COZIepKaHue 1a0JI0Ha OKPALIMBAETCS B KPACHBIN IIBET U MOSABISETCS Pa3bsiCHEHUE OLIMOKH.

A) Boruuciants 4! (pakropuas yuciaa yersipe).

Haxwmewm kHomky «n!». Ha skpaHe, B TOM MecTe, I'ZIe PaclOJIOKEH KPECTHK, MOSBUTCS
11a0JI0H: NPSIMOYTOJIbHAS paMKa, BHYTPU KOTOPOW DPACIIOJIONKEH YEPHBIM MPSIMOYTOJBHHUK CO
3HakoM «!». IlonBens Kypcop K 3TOMy HpPSIMOYTOJIBHHMKY, BBEJEM MBIIIBIO WIHA C KJIaBUATYpPBI
yuciio 4 ¥ HaKMEM KHOMKY « = » Ha KJIaBMAaType WIM Ha IaHeJIM BbIUMCICHUNH. MIrHOBEHHO
BBICBETUTCS OTBET. UepHas TOUKA PSIIOM C OTBETOM CIYXKUT JUUIsl BCTABKU PA3MEPHOCTH, ITOKA MBI
€10 HE M0JIb3yEeMCH.

b) Boruncaurs Jorapugm HaTypajibHbIH OT 25.

AHAJIIOTUYHO TPEIBIIyIIeMy, HaKMEM Ha TMaHeNId KaJbKyJATopa KHONKY «Iln», BHYTpH
HOSIBUBIIMXCSI KHOIIOK BCTABUM YHUCIIO 25 U, HAXaB «=», [IOJYy4YUM OTBET.

AHAJIOTUYHO BBIYHCISAIOTCS Sin, cos, tg mo0oro yria B pajWaHax, JIeCITUYHBIA
norapudm log, Momynp yncna.

B) BbIuncauThb e,

HaxxMeM Ha [aHeTH KalbKy/IsSTOp KHONKY «e'». B IOABHBIIEMCS 4epHOM
IPSIMOYTOJIBHUKE BEPXHETO MHJIEKCa HabepeM YHCIIO 25, HAXKMEM «=».

Bonabmyo pons B HaGope umces UIpaer pacnoJoxeHue yroaka (Ha skpane — oH
roayooro usera). Hanpumep (cM. puc.6), eciin yrojaok pacmnoJio:keH, Kak MOKa3aHo B JIeBOM
YacTH PHCYHKa, TO J0ble 3HAKU omnepanui (cjo)keHWe, BbIYUTAHHE M T.I.) OyayT
A00aBIATHCA K IOKA3aTEII0 CTENEHH, €CIH Ke YroJIOK PACHOJIOKEH, KaK IOKa3aHO B
NPaBoii YaCTH PUCYHKA, TO OHU OYAYT 100aBJIATHCH KO BCeMY BBIPAKEHHIO.

RE RE

Puc.6. BnusiHue pacrnoyioskeHus yrojika Ha BBIYUCIEHUS B Matka.

I) BouruucanTh 1Ba BHIPAKEHUSA:
&' +./47+56° +sin(0.6)
" +/47 +56° +5sin(0.6)

Bripaxenusi oTauyaroTcs TeM, YTO B IMEPBOM CiIydae KOpPEHb H3BIIEKACTCS W3 TPEX
CJIaraeMbIX, a BO BTOPOM CIIy4ae TOJIbKO U3 yucna 47.

Jlnst Habopa 1mepBoro BhIpaKeHHs HabepeM e'’, Kak 9TO OBUTO OOBSICHEHO B MPEIBIIYIIEM
npuMepe U, T0OMBIIKCH TOTO, YTOOBI YTOJOK OOHUMAN BCIO CTEeNeHb, HaxxMeM +. [Tocne aToro

Ha)KMEM KHOTIKY \f KaJIbKYJISITOpa, BBEAEM 4ucio 47 , moObeMcs, YTOObl YTOIOK «OOHHMA»

TOJIBKO YKCIIO 47 U MPOA0IHKUM Habop BeIpakeHus. J{is Habopa 566 HabepeM cHauana 56, 3arem
HaXXMEM Ha MaHEIU KAJIBKYJIATOP KHOIKY X 11 BBeIeM IIOKa3aTellb CTENCHH 6.

[Ipu HaGope BTOPOTro BHIpAKEHHUS YTOJIOK IMOCJE BBOAA yucia 47 HOMHKEH «OOHUMAThHY
Kak uucio 47, Tak u kopeHb. OcTanbHON HAOOp HE OTIUYAETCS OT MEPBOTO MPUMEPA.

) Boruucants apods

5--6/+4

82

[Tpu pemenun 3afaud 3HAK MOAYJS BBOAMUTCS C MAHETU KaJbKyJNATOpa, a Ipodb — C
KHOTIKH KJIAaBUATYPbI / (HIOKHUH MTPABBIA YTOJI KJIaBHATYPHI).

5--6+4

————=16.469

Boruucienue pyHknuii B MarTkaz.



Bce Bprumcnenns B Markaq MOKHO MPOW3BOJANTH, HAOHWpas WX Ha KJIABHAType, WIU C
IIOMOIIIBI0O OKHA BCTPOEHHBIX (yHKuMii. [IpocThie BbIpa)KeHUs TUMA BBIYUCICHUS (YHKIMU
HaOMpAIOTCsl HEMOCPEACTBEHHO HA SKPaHe.

3agaua 3. BeruncanTs B MaTkage GyHknuio Y = 4X° +5x +3 ma x=1,2,.....10.

x:=1,2..5 y(x) = 4% + 5%+ 8

y(x) =
17
34
g9

)
i

133

X
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Puc.7. Beruncienne MHOTrOWICHA.

Pemenue. CHavaina (puc.7) HaOupaeTcs 1uana3oH 3HAYCHUH X:

x:=1,2..10.

3nech:

1) ucnonb3yeTcsi 3HAK MPUCBOSHUS «:=» , @ HE 3HAK « =» ,

2) HabupaeTcsi mepBOe 3HAYEHHUE X, 3aTe€M dYepe3 3alsITyl0 BTOPOE €ro 3HaueHHe, YyeM
3a/1aeTCs IIar BRIYUCICHUH, ¥, HAKOHEI], TOCJIeTHEE 3HAUCHHUE.

JABe Toukn Mexay 2 u 10 HaOuparoTcss HakaTHeM KJIABHIIM ¢ pycckoi Oyksoii 7K
KJIABHATYPbI WM KHONKY M..N NaHeJIH MAaTPUIIbI.

3areM, ONSTh-TaKM Yepe3 3HAK MPUCBOCHMs, HaOupaeTcs: BblpaxkeHue aus y. [lpuuem
cienyet HabupaTh y (X), a He IPOCTO Y.

Matkaz BBIIOJTHSET KOMaH/bl CJI€Ba HAIPaBO M cBepXy BHU3. [loATOMY BbIpaskeHUE IS
y(X) TOJKHO OBITH PACIIONIOKEHO CIPaBa U HECKOJIBKO HUKE BBIPAKEHUS «X 1=

[Tocne storo cnegyer HaOpaTh «X =» (paBHO, a HE MPUCBOUTH) U MOSBUTCS CTOJIOEI] CO
BCEMHU 3HAUYCHUSAMH X. Tak ke mocie Haxatus «y(X) =» (y(X) paBHO) TOSIBISETCS CTOJIOEI

BBIUMCJICHHBIX 3HadeHHi y(x). [locTpoeHune auama3oHa M3MEHEHHs] apryMeHTa X Ha3bIBaeTCs
PAHXMPOBKOMN.

3anaua 4. Berancouts Gyskmmo Y = 3x* —7x° +4x* —9x+2 mmax =0,0.5,1,1.5.....3

OO0paTtuTe BHUMaHWe, Ha WU3JIUIIHEE KOJIWYECTBO JMAHHBIX MJI DPAHKUPOBKH X.
HeoO0XxomuMbIMu TaHHBIMHU, KOTOPBIE M CJIEIYET BBOIUTD, SBISIOTCS: IEPBOE 3HAUCHHE, BTOPOE
3HAUEHHUE Yepe3 3alATylo, MOCIeHEee 3HAYeHHE MOCIe TBOCTOYMS, BBOAMMOIO, KaK YyKa3aHO
BBIIIIC.

3agaua 5. BeruucnuTs QyHKIMIO JBYX HepeMEeHHbIX Z =3X° +4y” +8z = 3x2 +4y2 + 8

1ist 3Hadenuid x = 1,1.5,2.0,....5 u gy 3vavennit y = 0,0.5,1.0,....5

IMosicHenmne. 3amaua pemiaeTcs aHaJIOIMYHO HpeaplnymuM. CHadajga HPOU3BOJUTCS
paH)XKUpOBKa O0EMX HE3aBUCHUMBIX INEPEMEHHBIX X W y. 3aTeM HaOHpaeTcs BbIPAXKEHUE IS
byHkuun «z(X,y):=». [locae 3Toro HabUpaeTcst «X =» , Ky =» U «Z(X,y) =».

JIABOPATOPHAS PABOTA Ne2. IOCTPOEHUE I'PA®UKOB B MATKA/]

OpHMM U3 MHOTHX JOCTOMHCTB MaTKaj sIBISIETCS JIETKOCTh TTOCTPOSHUS TPadUKOB.
[Tanens rpadWKOB BBI3BIBACTCS HAXAaTHEM KHOMKH C HW300pakeHHeM TpadukoB Ha
Marematuueckoit nmanenu (Puc.1).
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Puc.1.I1anens rpadukon

Ha nanenu rpadukoB pacnoyioKeHbl A€BATh KHOMOK ¢ U300paKEHUEM PA3IMYHBIX TUIIOB
rpa¢ukoB (Ha3BaHHE TPaPUKOB KaKJOW KHOIKU BBICBEUHMBACTCS MPHU MOABOJAE K HEH Kypcopa U
oxxunanuu B TeueHue 3-5 cexynn): X-Y Plot - rpadguxu B nexkaproBbeix koopauHatax, Polar Plot
- TpaUKH B MOJSAPHBIX KoopauHaTax, 3D Bar Chart - cronbukoBsie tuarpammsl, Surface Plot
- TpexmepHsbIil rpaduk, Cunter Plot - xapra nunuil ypoBHs (n3onunuii), Vector Field Plot -
BekTopHOe moje, 3D Scatter Plot - TpexmepHblii ToueuHslii rpapuk. CHauana Hac Oyzer
MHTEPECOBATh JIeBasi BEpXHssA KHONKa X-Y TpadukoB B AeKapToBOil cucreme koopauHat (Ilo-
anrmiicku X-Y Plot).

3agava 1. Beraucnuts QyHKIHIO y(x) = 4x* + 5% + 8 u3 maboparopHoii pa6otsl Nel, HO
pelleHre noay4duTh B Buje rpaduka (Puc.2.).

x:=0,001.5 0 T
jf
2 100~ /” 7
V(x) =4 + 5x+ 8§ Y0
501 / .
.-'-‘-'j-'
.,-o-'"#
Eld I 1
0 2 4 4]
X
Puc.2. TToctpoenue rpaduka
JInst 3TOTO HYXKHO:
1) HaOpaTh, KaK ¥ B MPOILILIA pa3, yCIOBHE 3a1a9n
2) NPOBECTH DPAHXHMPOBKY X, HaOpaB Ipenenbl €ro M3MEHEHHUs X, HalpuMep X:=

0,0.01,5. 3mecy MBI 3aany IMIar U3MEHEHUsI X TOpa3 0 MEHbIIE, YEM B MPEAbIAYIIEM pa3iele.
UeMm MeHbIIIE AT U3MEHEHHUS apryMEeHTa, TeM OoJiee TIa kUM NOoTydaeTcs rpaduxk.

3) BBI3BAaB IaHENIb TpadUKOB, HaKaTh Ha KHOMKY C HM300paKEHUEM JIEKapTOBBIX
rpa¢ukoB. [TosBATCS 1Ba BIOKEHHBIX JPYyT B IpyTra KBaJapara, BHYTPU KOTOPBIX €CTh HECKOJIBKO
TOYEK.

4) CHayvasa Hy’>KHO TOJBECTH Kypcop K CpeiHel TOUKe OCH adcuucc U HabpaTh TaMm
apryMeHT X.

5) 3areM creayeT MOJIBECTH Kypcop K CpelHel TOYKe OKOJO OCH y M HabpaTh Tam
HaMEHOBaHME (PYHKIMU B BUJIE Y (X).

0) [IlenkHeM HECKOJBKO pa3 MbIIbIO BHE rpaduka. Ha skpane mosBUTCSA Tpaduk
napaboJIbI.

ITomecTum Kypcop BHYTph rpaduka M IIEIKHEM JIeBOM KiaBumiedl mbimu. [losBUTCS
OKHO, MOKa3aHHOoe Ha puc.3. OHO cOoCTOMT U3 Tpex cTpaHull. Ha puc. 3 mpeacrtaBieHa nepBas
CTpaHuLa.



5 Axes | Traces | Labels || Defaulks
[ ]Enable secondary ¥ axis
] Primary ¥ Axis | Secondary ¥ Axis
=B
[JLog scale [JLog scale
izrid lines || izrid lines ||
Mumbered Mumbered
Auto scale Auto scale
Shove markers [l [ show markers [l
Auto grid Auto grid
Mumber of grids: Murnber of grids:
Aois Skyle
) Boxed [ ]Equal scales
(%) Crossed
O Mone
o] Come ]

Puc.3. TlepBas cTpaHuna okHa GOpMHUPOBaHUS TPaPUKOB.

B neBoM HmxHEM yriy cTpaHullbl umerorcs Touku Boxed (xopob6ouka), Crossed(ocn),
None(uer). HaxxaB Ha mepBy10 TOUKY, BBEIEM B rpaduK OCH KOOPAUHAT.

Ha nepBoii cTpanunie numerorcs ctpoku X-Axes (och X) u Primary Y-Axes (miepBast och
V), a moa HUMU psAA HAAMMCEH, JIeBas 4acTh KOTOPHIX OTHOCHUTCS K OcH X, a MpaBasi — K OCH Y
Log Scale (norapudmuueckass 1mkaga) BBOIUT JOrapupmuyeckuit macmrad s
cootBercTByMOIIeH ocH; Grid lines ( ceTka) — ee HaxxaTHe BBOIUT CeTKy Ha rpaduk; Numbered(
oun¢poBka) — onudposka cetku; Auto scale ( aBromarnyeckas oundponka); Show markers (
1oKa3 MapkepoB); Auto grid ( aBTomaTnveckoe pa3OMEeHNE CETKN).

Hannune nagnuceit Enable secondary Y-Axes (BO3MOXXHOCTb BTOpoi ocu V) H
Secondary YAxes (Bropas och Y) JaeT BO3MOXXHOCTh (POPMHPOBATH TPAPHUKH Pa3ITUIHOTO
MaciiTaba A pa3NIudHbIX QyHKIUN

Ha puc.4 npencraBiena BTopast CTpaHHUIIA TOTO )K€ OKHA.
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Puc.4. Bropas crpanuima okHa ¢oopMupoBanus rpaduka

N3 ee neBoro cronbua (trace (cien) 1, trace 2 u T.71.) ClIeIyeT, 4YTO HA OJHOM rpaduke
MO>KHO HAaHOCHUTH J10 16 pa3nu4HbIX QyHKIUH.

BBoast coOTBETCTBYIOIIME 3HAYEHUS B OCTaJbHBIC CTOJOLBI, MOXXHO HW3MEHSTH BUJ
(crumoriHas TMHUS, TYHKTHP, TOYKH), LIBET, TOJIIUHY H T.J. K&KI0HU QYyHKIUH.

Ha Tpetbeit crpanune okHa 3amaercs 3aronoBok (Title), mecTto ero pacmosnoxxeHus
Above(cBepxy), Belove (cuu3y), HaumeHoBanus oceii (Axis Labels) .

BriOpaB Te wnm mHbIe TpeOoBaHusa K rpaduky, Haxmem OK #m moidydnM KemaeMblid

rpaduxk.

3amomHUB Tpadbl ABYX CTpaHUI], KaKk IOKa3aHO Ha pHC. puc.3,4, momydyuMm rpaduk,
IIOKa3aHHBIN Ha puc.5.

3anaua 2. MI3MeHUTh Ha IOCTPOCHHBIX paHee rpadukax:
A) TOJIIIMHY JIMHUHU

b) 3aMEHUTH CIUIOLIHYIO JUHUIO ITyHKTHPOM
B) WU3MEHHTD BT rpadka Ha 3eJCHBII
I IPOM3BECTH HAaHECEHUE OCel KOOpANHAT, oLU(POBKY oceit

) Pacnonoxwuts Hax rpadukom 3aronoBok « BBIYMCIIEHUE ®YHKLN».

7

rd

0

2 4

X

Puc.5 I'paduk hyHKIMM C OCIMH U CETKOM.



Kak y>xe roBopmioch, Ha 0OJTHOM rpa)uKke MOXHO CTPOUTH 10 16 pa3IUUHBIX KPUBBIX.
[TocTponm Ha TOM ke Tpaduke emie U KPUBYIO 3a1aun 2 1adopatopHoit padoTher Nel.

Jl1s sToro:
1) IIPOBEEM PAHKUPOBKY apryMEHTa X
2) HabepeM 00e pyHKIHH
3) BBEJIEM TIEPBYIO (DYHKIINIO, KaK OBLIO OMUCAHO BHIIIE
4) 3aTeM
x:=0,0.01.5  yI(x) = 4x + 5x+ 8 VAR =3 — T + 45 42

moABEACM KYPCOp K 3allMCH Ha OCH Y U HAXMCEM KIIABUILY «3alsATas» KilaBUATYPbI. HOI[
3aMUChI0 y(X) TOSBUTCS MapKep, B KOTOPBIN BBEIEM MMS BTOpoi (GyHKIMH. Pe3ybpraT nmpuBeaeH
Ha puc.6.

15007
vi(x) 10007 :
N
v2(x) ]
e« s w e 00T "l
oAt
0 p 3 §

Puc.6. ITocTpoenue 1ByX KpUBBIX Ha OHOM rpaduke.

3anaua 3. MI3MeHUTh Ha IOCTPOCHHBIX paHee rpadukax:
A) TOJIIIMHY JIMHUHU

b) 3aMEHUTD CIUIOLIHYIO JUHUIO ITyHKTHPOM
B) WU3MEHHTD IBET rpaka Ha 3eTCHBII
I IPOM3BECTU HAaHECEHHE OCel KOOpAMHAT, OLU(POBKY Oceil

) pacmnonoxuth Haj rpaduxom 3aroioBok « BBIYMCIIEHUE ©@YHKIN»

3anaua 4. [TocTpouTh CaMOCTOSTEIHHO TPAPUK IBYX (YHKIHIA:
y(x) = 2sin*(x)

2(x) = 5cos*(x)

B npeenax 0<=x <= 20

I'padpuxu B nossipubix koopaunarax(Polar Plot).

x=0,005..2n
y(x) = sin(x) 10
(%)

z(X) = cos(x) — 1%

210

240 300
270
()

Puc.7 ®urypa Jlucaxy B NOIAPHBIX KOOpAUHATAX.



Takue rpaduku 3aar0TCsI Ha)KaTUEM KHOMKHU C U300pakeHHeM rpaduka B MOJSAPHBIX
koopauHatax. O003HaUYeHHE MEPEMEHHBIX HE HM3MeHsercsa. Ha puc. 7 mpuBeAeHO MOCTpOEHUE
¢burypsl JIncaxy B MONSIPHBIX KOOPAUHATAX.

3anaua 5. [Toctpouts camocrosiTenbHO Gurypy Jlucaxy.

TpexmepHble rpadpuxu.
B Markag MOXHO CTpPOWTH pa3iMyHbIE TPEXMEpHbIE TpadUKU: MOBEPXHOCTH, YPOBHEH,
CTOJIOMKOBBIE UAarpaMMbl U T. 1. [Iji npuMepa NocTpouM Irpaduk NOBEPXHOCTH, ONUCHIBAEMON

dyHKImMei z = 55X +25y° ma 0<= x <=40, 0<=y <=50.

l. [Ipexxne Bcero, Hy»XHO OIpPENEIUTh Y37bl, B KOTOPHIX OYIET BBIYUCIATHCS
GyHKUUsA. 3anuiem:
1:=0..40 j:=0..50

[Tocne sToii 3amucu QyHKIMs OyAET BBIYUCIATHCSA B TOUYKax ¢ kKoopauHatamu i=0, j=0:
1=0, j=1 u 1.1

2. Hy>xHO yCTaHOBHTH CBSI3b aPI'YMEHTOB X U Y C y3J1aMU. MBI 3anuiieM

Xi=l yj=j

3. 3anuiem camy (QyHKITUIO Z(X, y) = 55x* +25y?

4, OnpenenymM MaTpUIly OpAMHAT, IO KOTOPBIM OyI€T CTPOUTHCS rpaduK:

Mi,j=z(xi,y]).

5. [Tocie sToro BhI30BeM rpaduik MOBEPXHOCTH C MaHENH rpaUKOB U MOCTAaBUM B
HIDKHEM mpaBoM yrimy M. 3arem, BeIigs u3 rpaduka, menkHeM Kypcopom. ['paduk Oynmer
TIOCTPOCH.

Ha puc .8 nokazano noctpoeHue 3Toro rpaguka.

i=0_ 40 =050 x =i yj = ]

404

Puc.8. [IpoctpancTBenHslil rpaguk B Matkan.

BBenss kypcop BHyTpp Trpaduka, W MIEJKHYB MBIIIBIO, Mbl CHOBa BBI30BEM
TPEXCTPAHUYHOE OKHO, B KOTOPOM MOYKHO YCTaHOBUTH BCE IMapaMeTphl rpaduka.

Ha ctpanune Viev (Bun) ycranasiuBaercst Tun rpaguka: Display as — mokasbiBaTh B
BuJe (MOBEPXHOCTH, JMHHHM YpPOBHEH, CTOIOMKOBOM IuarpaMMbl), TUI oced AXis (B BHue
HETOCPEICTBEHHO OCEeM, B BUJIE TJIOCKOCTEH, OTCYTCTBUE Oceil), moka3 3aaHero miaHa (Back



Planes): nokaseiBate (Show), 3amonasate nBetom noBepxHOCcTh (Fill Color) u xpomky(Edge
Color) u yrou, noj KOTOPbIM MOKa3bIBAIOTCS. OCH KOOPANHAT.

B 3aBucuMocTH 0T BEIOpaHHOTO THTA TpaduKa MEHSETCSI HA0Op HaIIMHICeH Ha OCTATbHBIX
ctpanuuax. Hanpumep, ans rpaduka Surface Plot (rpaduk nosepxHoctH) Ha crpanuue Color
and Lines (1iBet u tuHuM) HaHeceHbl Haanucu: Shading( 3aTeHenue).

Ha ctpanune Axis(ocn) HaHECEHBI T€ K€, UTO U JUIs CIydast IVIOCKUX IpaMKOB HAMNCH,
HO Temnepb yxke ans Tpex oceil: Gird Lines — HaHeceHue ceTku koopauHaT, Numbered —
oun(ppoBKa COOTBETCTBYIOLIEH ocu, Autoscale- aBromarnueckas pasMmerka ocei, Shove
Markers — nokasatb METKH 1O ocaM, Autogird - aBTOMaTHYECKHI MOKa3 CETKU KOOpJUHAT,
Numbers of Grids - orudpoBka ceTku.

3apaua 6. [Toctpouts rpaduk ¢yHKIMHU, TPUBEJCHHOMN B TEKCTE, BEIOPAB 3€JIE€HBIN IIBET
IIOBEPXHOCTH, PO3OBBIA IBET 3aJHEr0 IIIaHa, YroJl MpeiacTaBieHus 45 TpanycoB u
our(ppoBaHHbIE OCH.

[MoctpouTts 1uis TOM ke QYyHKIMU TpaduK YPOBHEH U CTOIOUKOBYIO JHATPaAMMY.
3agaua 7. TToctpouts rpadguk GyHKImn Z = 3X° —4y> qua 0 <=x <=3, 0<=y <=4.

JABOPATOPHASI PABOTA Ne3. JEHCTBHUSI HAJI MATPUIIAMH B
MATKAZ.

ITousitue o BcTpoeHHbIX pyHknusix Martkan.

bonbummHCTBO 3amay B Markaja pelaroTcsi ¢ MOMOILIBIO TaK Ha3bIBAEMBIX BCTPOEHHBIX
(GYHKLHUH, T.€. C TOMOIIBIO 3apaHee COCTABICHHBIX MPOTPAMM pEIICHHUS TON UM HHOW 3ajjauu.

Kaxxnas takas mporpamma uMeeT CBOE UMs, [0 KOTOPOMY OHa BbI3bIBaeTcs. MmMs MoxxHO
HaOupaTh ¢ KJIaBHATYphl, HO MOKHO M BbI3bIBaTh ¢ oMolIbl0 kKHONKHU f(x). HaxkaB 3Ty KHOIKY,
MBI BbI30BeM maHenb Insert Function (BcTaBuTh (QyHKIMIO), B KOTOPOW HMMEETCS JBa IIOJIS:
Function Category (tun ¢pysukuun) u Function Name (umst ¢pynxuun). Beibpas tun u ums, u
HakaB kHOTIKY OK, MbI BeI30BeM ganHyto (yHkimio (Puc.1).

Function Marme

Function Categary

comples z.

P~ = |
Bessel [=5| acosh =
Cornples Murnbers acot
| Curve Fitting and Sroothing acoth

Debugging arsc

Differential Equation Salving acsch
| Expression Type A

File Access Ajsc [
Cirn e —mcles -
acos(z)

Returns the angle (in radians) whose cosine is z. Principal value for

=) i

J I Insert ‘ I Cancel

Puc.1.ITanens BeI30Ba (yHKIIMH

[TycTh, HanmpumMep, HY>KHO HalTH cUHYC umciia 45. Bei3BaB maHenb BCTaBKU (DYHKIIHH,
BbIOEpeM Kareropuio Trigonometric u Ha3BaHue sin, HaxxMeMm OK. Ha skpane nmosiButcs mabiaox
CO CJIOBOM Sin BHYTpPH W CKOOKaMu. BcraBuB B CKOOKHM umucio 45, HaxMeM «=». [lomyuum



sin(45)=0.851. MoxHO ObUTO OBl HAOPATH JIEBYIO YACTh HAa KJIABHATYPE W, ITOCJIC HAKATHUS 3HAKA
=, TIOJY4YUTh TOT K€ OTBET.

AHAJIOTUYHO UCTIONB3YIOTCA U IPYTHE BCTPOCHHBIE (DyHKIIMKA Matka.

B Martkaa mMaccuBbl MOTYT 3allMCBIBATHCS B BUJE BEKTOPOB (OJJHOMEpPHBIE MAacCHBBI), B
BUJIE MaTpull (ABYMEpPHbIE MACCHBBI) U B BHUJIE TAaOAUL. MBI pacCMOTPUM IOKa TOJBKO 3aIUCh

MaTpHIl ¥ BEKTOpOB. Jlns NecTBUI Hal HUMU MMeeTcs maHedb Matrix (MaTpuiia), moka3aHHast
Ha puc. 2.

Ed
B e B
ﬁﬁ H<> HT T

i Exd Bu

Puc.2. [Tanens Matpuil

=k

EH

Jl71s BBOIa MaTpPHUIl U BEKTOPOB HAKMEM KHOIIKY MaHEIH MaTPHII Y BBI30BEM 3THUM
OKHO BBOJa Insetrt Matrix (BBECTH MaTpHILy), ITOKa3aHHOE Ha puUC.3.

CTpat: IE—
K.onoHok: I'l— Brrasute |
Haanute |
OTreHa |

Puc.3. OxHO BBOJIa MaTpull U BEKTOPOB.

AL

Puc.4. [l1a6non BekTopa.

[Ipu BBOZE BekTOopa B rpade columns (cTonOLBI) cledyeT MpocTaBuTh 1, a B rpade
rows(CTpOKH) MPOCTaBUTh pa3mep BekTopa. [losBuTcs madiioH, noka3aHHbIN Ha puc. 4.

Hwxe mpencTaBineHo TpU MATHUIEMEHTHBIX MacCHUBa-BeKTOpa: /[Ba U3 HUX — YUCIIEHHBIE,
TpeTUil — OyKBEHHBIN, YETBEPTHIA COCTOUT U3 BBIPAXKECHUH.

IIpu 3agaHuM OYKBEHHBIX MAacCUBOB M MAacCCHUBOB — BBIPDOKEHHH HE00XO0AUMO
NpeBapUTENFHO MPHCBANBATh UM YHCJICHHBIC 3HAYCHHS (32 KaXIoW OyKBOW B KOMITBIOTEpPE
JOJDKHO CTOsITh 4Mcio). Ilocne 3amaHus BbIpaXEHUH BEKTOpa MOXKHO, 3allMCaB €ro uUMs |
MIOCTaBUB 3HAK =, MMOJyYUTh €r0 3HAa4YeHHE. PUCYHOK JIMIIHUIN pa3 WILTIOCTPUpPYET, 9To MaTkaza
pas3yn4aer CTPOYHbIEC U 3arjlaBHbIE OYKBBI.



Han BekTopamu orpeneneHsl MOKa3aHHbIE HA PUC.S.. ONEPALNU CI0KEHUS U BHIYMTAHUSA,
TPAHCIIOHUPOBAHUS, YMHOXKCHHS 110 MAaTEMATHYECKUM IIPABWJIAaM YMHOXCHMsI MaTpull. 3HaK
TPaHCTIOHUPOBAHHS CIIEyeT BBOIUTH ¢ TTaHe n Matrix (MaTpua).

[TopsaKoBBI HOMEp 37eMeHTa, KOTOPbIH SBIISETCS €ro apecoM, Ha3bIBAETCSI MHJEKCOM.

Hwxuss rpanuna uHAekcauuu 3agaercd 3HadeHueM cucteMHol nepemeHHod ORIGIN,
KOTOpasi MOXKET MpUHUMaTh 3HadeHue O win 1.

[ 2-x )
01 (0 a) >
3-x%
1 1 b .
Wo=| 5-
vi=|2 WVo=| 4 wi=|c¢ A CTF
A 3 £
3 9 d X —X
4) \ 16 ) e Lox
(2 (o1 [0
147 2 ' 4 )
3 vevol 6 wl=l14 147 -2 —1.646x 10" 7)
w=| 8 W= 2 -
12
10 _ 10 5
1.646x 10 20 | W w=-164x 10
\23) | 7 | N

W - w=—164x 10

Puc.5. 3anuch BekTopoB B Matkas.

Mms maccuBa yBSI3aHO C MMEHaMH HHJEKCHUPOBAHHBIX II€PEMEHHBIX, 3HAUYEHUSIMU
KOTOPBIX SIBJISIFOTCS 3JIEMEHTHI MaccuBa. {1 3TOro JoCTaToOuHO B BUJE MOACTPOYHOIO MHIEKCA
yKa3aTh MHJEKC 3eMeHTa. Hanpumep, eciau TpeTtuil U3 MpeacTaBIeHHBIX MAaCCUBOB UMEET MM
V, 10 ero anementamu npu ORIGIN=0 Oynyt nnaekcupoBanHbie nepeMmeHHsie: vo=0 Vi=b ,w3=
d, Wa=x.

[Ipu 3ananun ORIGIN=1, nonyuum: vi =0, Vi=a, wi=c, W4=x3 — Xxs.

3agaya 1. BBectu Bce BEKTOpHl pHC.5 M IPOU3BECTH HAJ HUMHU BCE JEHCTBHS,
IIPOBEJCHHBIE HA PUCYHKE. Marpuipsl B Markazne BBOIATCS TaK K€, KAK U BEKTOPBI, HO YHCIIO
CTOJIOIIOB B HUX OOJbIlE €AMHUIBI. DJIEMEHTAaMHM MATPHIbI MOTYT OBITh TaKKe 4Hcia, OyKBBI,
BbIpaxkeHUsl. Kak M B ciyyae BEKTOpOB, OYKBEHHbBIE AJIEMEHTHl U 3JEMEHTHI — BBIPAKEHUS
JOJDKHBI  OBITH TpEeABAPUTENHHO OmpeseneHsl yucieHHo. Ha puc.6 mokasaHbl pas3indHbIe
CrocoObl BBOIA MaTpPHIL.

a=3 b=1 c=5 d=9 ~7 f=0 x=2
Al SN
2 30
1 20 (10 20 | % x x
1 43| 12 21 (2P
W = v2 = A A = T -5 + 10
l\.:l ﬁ.-'l I'\.q-llfl x X
1 - =X
L3 S+x J



Puc.6. Beoa matpuir.

3anaua 2. Bectu Bce MaTpullbl, MPUBEACHHBIC HA PUC.0.

ONEeMEHTBl MaTpull SBJSIOTCS WHICKCUPOBAHHBIMM IIE€PEMEHHBIMHM, MMEHA KOTOPBIX
COBIIAJAIOT C UMEHAMHU MaTpuLl. [l KaXX10M MHIEKCUPOBAHHOW MEPEMEHHON YKa3bIBAIOTCS JBA
MHJIEKCa: OJIUH - JUIsl HOMepa CTPOKH, JPYyroi - s HoMmepa ctonbua. Hampumep, s MaTpuiis!
W cpennuii snemeHT oOo3Havaerca kak Wi,1 a mocinequuit kak W22. (Muaekcsl Habuparorcs
yepe3 3amsaryto). Ha puc.7 moka3aHo W3MEHEHHME HHJEKCAllMM NpU pa3IMYHBIX 3HAUYEHUSX

nepemenHoit ORIGIN.(HabupaeTcst 00s13aTeIbHO 3arJIaBHEIMU OyKBaMH).

QRIGIN=0

1 3 8)
P=| 9 11 21 _ _
| P, =11 P,
7 10 45
QRIGIN=1
(13 8)
P=|9 1121 Py =1 Pyq=7
L7 10 45)

Puc.7. Ponb nepemennoit ORIGIN

B Markan onpeneneHs Caeayomue IeHCTBHS Hal BEKTOPAMU U MATPHULIAMM:

A) CIIO)KCHUE — BBIYUTAHHE,

B) CKaJIIPHOE ¥ BEKTOPHOE YMHO)KEHUE,
I oOpaiienue,

) TPaHCIIOHUPOBAHME,

E) COpPTHPOBKA,

K)  BblaeneHue cToiOLOB.

OHH BBINIOHSAIOTCS C UCITOJb30BaHUEM CIICAYIOIIUX KHOIIOK IMaHCJIN Matrix:

b o
f KHOITKAa UHACKCAIIUN 3JICMCHTOB ManI/II_II:I,
va
KHOIIKa 06pameHH$1 ManI/II_U:I,
B
L]
KHOIIKa CKaJ'IﬂpHOFO HpOI/IBBGI[eHI/Iﬂ BGKTOpOB H ManI/IH
H T
KHOIIKa TPAHCIIOHUPOBAHUS MaTPUIILI,
-l =9
axy
KHOIIKa BeKTOpHOFO HpOI/ISBeI[eHI/IH I[By'X BCKTOpOB
)
KHOIIKA CJIOKCHUIA BCKTOpOB
H{ >
KHOIIKa BBIACIICHUSA CTOJ'I6IIa ManI/IIII)I
| ]

KHOIIKA BBIYUCIICHUA JCTCPMHUHAHTA MATPHUILIbI.

Ha puc.8 npuBenens! Bce 3TH AEMCTBYSI HaJl MaTpULIAMU, IPUBEIECHHBIMU Ha puc.6.



3anaua.3: [IpousBecTu Haa MaTpUllaMH BCE ICUCTBUS, TTOKa3aHHbBIE HA PHC.8.

(11 22 (=5 -18)
1.'1+v2=_ 16 24 vl-v2<| -8 —18 (21 15 5 )
L9 17) L1 s ) vl-V=|39 25 20
L 69 47 25)
(2 -3 0.667) (10286 —2.143 -39
wl—|4 14 0286 wolo| 275 -05 -105
s 2 2 ) . —3.821 0.78¢ 15 J

[ —=177.524 928.762 1‘5"1_23!3“*I

3 3
W =] 641714 24« 100 1181
L —11.492 111401 48.762 )

Puc.8. [leiicTBust Hag MaTpuLaMu

3agaya.4: Beectu 1Be mpousBosibHbIe MaTpullbl. [lepemHoxuTh. Hanpumep:

(1 2)

(12 3) (22 281
A= I B=|3 4 APR= |
w45 6) | L 49 64

W5 6

[IpoBepbTe Ha OymMare NpaBUIBHOCTH IPOU3BEACHHBIX BBIIIE JEHCTBUI

(56 87 231 350 160 277 \
(12 39 '
] — ] ] 3
A-lé6 7 8 B=12 23 43 AB=| 1.14x 10 755 887
[ | L 90 09 56 ) [ 3 3 3
V9 11 13 ) \ 1.806 x 10° 1.153 x 10° 1.408 x 10/

Puc.9. Ilpumep BoinonHeHus 3a1a4u 4
OOparieHne 1 BBIYUCICHUE ONIPEIEINUTEINSE BO3MOXHO TOJIBKO AJIS1 KBQAPATHBIX MATPHIL.

3apaua S.. Beeaure nmpou3BOJIbHYIO KBaJpaTHYI MaTpully, Halaute oOpaTHyro eil u
BBIUHCIIUTE ONPEEIIUTENb, UCIIOJIb3YS TOKAa3aHHBIE BHIIIE KHOIIKM BCTPOEHHBIX OIEPAaTOPOB.

(12 3) (-1.083 —0.5 0.583 ) 14 7)
-1
C=|45 4 C =| 0667 1 -0.667 =25
MRS
.7 8 9) L 025 -05 025 ) .34 9)
lc| =-12

Puc.10. ITpumep BbInoNHEHUS 33241 S.



Kak wu3BecTHO, yMHOKEHHE MAaTpHUIBI Ha OOpaTHYIO [aeT EIMHUYHYI0 MAaTpHILy.
[IpoBepum, npaBUILHO 1 OBLIO MPOBEIEHO OOpaleHHE

(1.0 0)
C-C_1= 010
00 1)

3agaya 6. Halitu ckangpHOe U BEKTOPHOE TMPOM3BEACHMSI JBYX 3aJaHHBIX
TPEX3JIEMEHTHBIX BEKTOPOB: [IpoBepuTh Ha Oymare MpaBUIIBHOCTH BEIYUCICHUH.

; 1 x_ll . 1 \.II i 6 '\l
vEi=| 2 vy = 4 VKX vy =| —6 VEVY = 36 t.-'xT-vy =36
L3 L9 ) L2

Puc.11. Ilpumep BoInosnHEHNUs 3a1a4H 6.

[IpoBepuM MpaBUIBHOCTH CKAISAPHOIO YMHOXKEHUS, TIEPEMHOXKUB VX' M VY . [lomyunmu
TaKxke 36.

[Ipu paccMoTpeHnr MaTpul] OOJBIIMX Pa3MEpPOB yIOOHO BBLACIATH WX CTOJOLBI. MBI
Oy/1IeM HCIOIBb30BaTh €r0 B MOAYJISAX 2 U 3 TIPH PELICHUH CIOKHBIX 3a7a4.

3anaua 7. Vcnionb3yst KHOMKY BBIJCICHHSI CTOJIOIIOB, BBIJCIIUTE CTOJOIBI IPOU3BOJILHON
MAaTpHULBL, HAIIPUMED:

S ()
A=|6 7 8 A |4
L9 11 13 11 )

Puc.12. [Ipumep BhINOJHEHUS 3aa4H 7.

B Martkane nMeercst OOJBINIOE KOJIMYECTBO BCTPOSHHBIX (PYHKIMW IS JEHCTBUN HA
MaTpullaMU U BeKTopaMu. PaccMOTpUM HEKOTOpBIE U3 HUX.

Brruucnenne MakCMMaJbHOTO YW MHUHHMMAIBHOTO 3JIEMEHTOB MATPHUIIBI WM BEKTOpa
NPOU3BOJUTCS C TIOMOIIBIO BCTPOEeHHBIX pyHKIMi Max(A )u Min(A).

3agaua 8 . BpluucauTh MakCUMaJbHBII W MHHUMAJIbHBIA 3JIEMEHT MPOU3BOJIBHOU
MaTpHIIbl, HAPUMED:

(12 3)
C=1 454 max (C) = 9 min(C) =1
.78 9)

Puc13. Beruucienne MakKCHMaJIbHOTO 1 MUHUMAJILHOTO DJIEMEHTA MaTpulbl.

OnpeneneHre KOJMMYECTBA CTOJOIOB W CTPOK B MaTpuile YIOOHO IS TPOBEPKHU
JNIEUCTBUUA HAJ] MHOTOMEPHBIMH MaTpullaMu M BekTopamMu. OHO MPOU3ZBOAMUTCSA C IMOMOUIBIO



BCTpoeHHBIX (QyHKIuH Cols(A)- uucino crondmoB marpunbl A u Rows(A)- Yucno crpok
MaTpHIbl A.

3agaua 9. OnpenenuTs YUCIIO CTPOK U CTOJIOLIOB B MPOU3BOJIBHOM MaTpulle, HapuMep

(12 3‘|

clas 4 rows(C) =3 cols(C) = 3

A
.7 89)

Puc.13. Ilpumep BoinosnHeHHS 3a0a4u 9.

Enunnynas matpuna pasmepom N dopmupyercs BctpoeHHor (ynkuueii Idenfity(N), a
CJIEJ] MATPHUIIBI — BCTPOCHHOH (pyHKIHEH . tr(A):

(12 3) 1000 0)
C=1454 tr(C) = 15 01000
W78 9/ identity(3)=| 0 0 1 0 0
00010

L0000 1)

Puc.14. ®opmupoBaHre eMUHUYHON MATPUIIBI U BEIUMCIICHHE Cle/la MaTPHULIbI.

I'paduku MAaTPUYHBIX U BEKTOPHBIX 3aBUCHMOCTEH.

B Markane BO3MOXXHO MOCTpOEHHE TpadUKOB IO JaHHBIM, 3alTUCAHHBIM B BEKTOPHON H
maTpuuHoil Qopme. Ha puc.15 mnokasaHo mocTpoeHHe IByMEpHOro rpaduka IO JaHHBIM
BEKTOPOB VX H VY, a Ha pUC.16. — TIOCTPOCHUE TPEXMEPHOTO TpaduKa Mo 33aJaHHBIM B MAaTPHIIC
apryMeHTaM U BEKTOpY (YHKLUH.

.- F19
1) L]

VK= 2 vy i=| 4
\3) \9)J
107
'-,'}’ j'_
I I
1 2 3

VX

Puc.15. IToctpoenne AByMepHOTro rpaduka Mo BEKTOPHBIM JTaHHBIM.

3amaHpl JByMepHas MaTpulla apryMEHTOB S M BEKTOp 3HAYEHUH (QYHKUUU 3TUX
aprymeHToB Y.IlokazaHo moctpoenue rpaduka.



S= Y=
0 1 0

0 2.9289-105 1.4645-106 0 110
1 2.9289-105 85355106 1 107
2 17071-108 1.4645-108 2 110
3 17071-106 8.5355-108 3 104
4 0 5106 - 101
5 2-108 5106 5 107
5 1-108 0 B 105
7 1108 1107 ; :Ez
8 1-108 [RLE

|:_ 53: o _ S:: I .Y:I

Puc.16.TpexmepHblii rpaduK TaHHBIX, 3aIICAHHBIX B BEKTOPHOH (hopMme.

Onepanum Hag MATPHLIAMH B aHAJIMTHYECKOH (CHMBOJILHOM) (popme.

CucteMbl KOMIBIOTEPHOH aireOpbl CHA0XKAIOTCA CHELMAIbHBIM POLECCOPOM  JUIS
BBITIOJIHEHHSI AHAJIUTUYECKUX (CHMBOJIBHBIX) BBIYHMCICHHUH. Ero OCHOBOH sBiseTcss sapo,
XpaHsllee BCIO COBOKYIMHOCTh (opMyJ U (POPMYJIBHBIX MPpeoOpa3zoBaHUi, ¢ OMOLIbIO KOTOPBIX
IPOM3BOJIATCS aHAINTHYECKUE BBIYMCICHUS. YeM Oombiie 3Tux (GOopMys B sSApE, TEM HAACKHEH
paboTa CMMBOJIBHOTO MpOLIECCOpa U TEM BEpOSTHEE, YTO MOCTaBJIEHHAas 3ajada OyJeT pelleHa,
pa3yMeeTcsi, €ClIi TaKOe PelIeHUE CYIIECTBYET B MPUHIUIE (UTO OBIBAET TAJEKO HE BCETTIA).

SAnpo cumBosbHOrO mporeccopa MaTkaa - HECKOJBKO YINPOLICHHBIM BapuaHT sapa
W3BECTHOM CHCTEMBI CUMBOJIbEHOIM MaTematuku Maple V ¢dupmer Waterloo Maple Software , y
koTopoii MathSoft (pa3pabotunk MaTkana) npuoOpena JMLIEH3UI0O Ha €ro IMpUMEHEHHE,
Onaromaps yemy Matkaj cTajl CHCTEMOW CUMBOJIBHOM MaTeMaTHKH.

BBenenne B cuctemy MaTkaa CHUMBOJBHBIX BBIYMCICHUH NpUAAeT €l KaueCTBEHHO
HOBBIE BO3MOXXHOCTH. CHMBOJIbHBIC BBIUYUCIICHHS BBITOTHSIOTCS, B KOHEYHOM CUETE, CTOJb K
IPOCTO JUIS [TOJIb30BATENs, KaK, CKaXKeM, BEIYMCIICHHE KBaIpaTa X.

Omneparnyu, oTHOCAIIHECS K padoTe CHMBOJIBHOTO MPOILIECCOPA, COACPKATCSA B TIOJMEHIO
no3uiu Symbolic (CuMBoMKa) T1aBHOTO MEHIO.

UroObl CHMBOJIBHBIEC OTIEPALMU BBIMOJHSIIACH, TPOIECCOPY HEOOXOAMMO YKaszaTh, HAT
KaKUM BBIPQXXEHHUEM 3TH ONepaliy JTOJKHbI IPOU3BOJUTHCSA, T € HaJ0 BBIACIUTH BBIPaKEHHE.
Jnist psima omeparii cieayeT He TOJIBKO YKa3aTh BBIPAXKEHHE, K KOTOPOMY OHU OTHOCSTCS, HO H
HAaMETUTh MNEPEMEHHYIO, OTHOCHUTEIBHO KOTOPOIl BBINOJHSAETCS Ta WM HHAas CHUMBOJIbHas
orepanusi.

Camo BbIpaK€HHE B TaKOM Cllyyae HE BBLAEISETCS, BEb U TaK SCHO, YTO €CIU MapKep
BBOJIa BBIACISET NMEPEMEHHYIO KaKOTO-JIMOO BBIPAXKECHHS, TO ITO BBIPAKECHHE YK€ OTMEUCHO
HaJIMYMEM B HEM BBIJIENIIEMON IEPEMEHHOM

CuMBOIIBHBIE OTEpalii pa3OUTHI Ha MATh XapaKTEPHBIX pa3ZesioB. JTO OINEpaluu C
BBID@KEHUSIMH, OINEpallMd C TEepEeMEHHbIMM, OIEepalud ¢ MaTpHLlaMu, OIepaluu
npeoOpa3oBaHusi, CTWIIb HBOIONHH. [IepBbIME HIAyT HanboJee YacTo MCIOIb3yEeMbIe OTepaIiu
OHM MOTYT BBINOJHATBCA C BBIPRKEHUSMH, COJEpPXKALIMMHU KOMIUICKCHBIE 4YHCIa WIH
MUMEIOIIMMH PEIICHUS B KOMIUIEKCHOM BH/IE

B nanHoii naGopaTtopHoil paboTe MbI PacCCMOTPUM TOJBKO ONEpalldu ¢ MaTpulamu. B
JanpHermeM Oy IyT pacCMOTPEHBI U IPYTHE CUMBOJIBHBIE OMIEPAITUH.

CuMBONIBHBIN Tpolieccop cucTeMbl MaTkaja oOecrneyrBaeT MpPOBEJICHHE B CUMBOJIBHOM
BUAEC TpeX HambojJee pachpOCTPAaHEHHBIX MATPUYHBIX OIEpalyii TPAHCIIOHHPOBAHUS U
oOpalleHnss MaTpHll, a TAK)KE BBIYMCICHUS UX AETEPMUHAHTA.

[Ipu CUMBOJBHBIX BBIYUCICHHSX, MPEKIE BCEro, CIEIyeT BhI3BATh MaHEIh CUMBOJIBHBIX

BBIYMCIICHHI Ha)KaTUEM KHOIIKH ] Ha MaTEMaTHYCCKOM ITaHCIIH.
ITocne aToro MOsSIBUTCS MaHEIbh CUMBOJILHBIX BbI‘lHCHCHHﬁ, INOKa3aHHag Ha pUcC. 17



Symbuolic X

— " Modifiers
float complex assume
solve simplify  substitute
factar expand coeffs
collect Seres parfrac
fourier laplace frans

imdfourier invlaplace imeErans
L L [M] —
explicit

Puc.17. Ilanenb CUMBOJILHBIX BBIYUCIEHUN

JIJisi CUMBOJIBHBIX OTIepaIfii HaJl MAaTPUIIAMK HaM TIOHATOOUTCS TOJBKO TIPEITOCIICIHSIS
CTpOKa 3TOr0 OKHA, C TOMOIIBI0O KHOMOK KOTOPOH M MPOU3BOIATCS TPAHCIOHHPOBAHUE,
oOpallieHrue MaTpUIbl U HaX0XK/IEHUE €€ ONPEIEIUTENS.

3agaua 10. Hcmons3ys KHOINKH TaHEIW CHUMBOJIBHBIX BBIYUCIICHUH,

MIPOBECTU

AHAJIUTUYCCKOC TPAHCIIOHUPOBAHUC U o6pa1ueHHe HpOI/ISBOHLHOI\/'I MaTpulbl, HAITPUMEP:

ORIGIN=1 2 3) . \ \
N 2o (15 1) (—64 16 12
A = | - 1 2
s oalsl2as ATl a1 s |A] — 28
g8 4) _ 28
L3 9 4 .38 -6 -8
1 3 5 7 9) (1 11 31 65 8
11 13 15 17 20 313 35 90 56
C-=| 31 35 37 56 76 ct 5 15 37 32 37
A
65 90 32 21 98 7 17 56 21 47
\ 8 56 37 47 89) .9 20 76 98 89
Puc.18. IlpuMep cUMBOJIBHOTO PEIIEHUS MAaTPUYHBIX 3aa4.
JIABOPATOPHASA PABOTA Ne4d. PEHIEHUE AJITEBPAMYECKHUX

YPABHEHHI B MATEMATHUYECKOM ITAKETE «Matkany.

AnreOpanyeckue ypaBHeHUST B Markaae pemamTcss Kak YHCICHHBIMU,

TaK H

aHAJIUTUYECKUMU MeToZlaMU. B nanHo# 1abopaTropHoit paboTte OyIyT paccMOTpeHbl 00a MeToa

YuciieHHOEe pelieHne CHCTeMbl JIHHEHBIX aJredpandecKux ypaBHeHHI .

[Ipy 4KMCIIEHHOM pELICHUH CUCTEM JIMHEMHBIX YPAaBHEHWMM HCIIOIb3YETCS CIELUaIbHBINA
BBIYMCIIUTEILHBIN OJIOK, OTKPBIBAEMBIN CITyKEOHBIM CIIOBOM - nupekTuBor Given. biok nmeer
CIIEAYIOILYIO CTPYKTYPY:

3aiaHue HAYAJIbHBIX NPUOJIMKEHU I

Given

YpaBHenust

OrpannunTe/bHBbIC YCI0BHS BbIpaxkeHus ¢ pyHkuuei find



3agaua 1. [IycTh Hal0 pemIUTh CUCTEMY

3x+8y-9z=12

5x-9y+27=34

8x-6y+5z=98.

Jl1s 3T0r0 He0OXOAMMO COBEPIINUTD CIEAYIONINE ACHCTBUS:

1) Hab6pate HauanpHbIe MPUOIIKEHUS — MPOU3BOIIbHBIEC yncna X:=1 y:=1 z:=1

2) Habpartsb ¢ x1aBuatypsl AMPEKTUBY given (J1aHO)

3) HabGpatp cuctemy ypaBHEHU#, 00s3aTelbHO 3alMChiBas 3HAK YMHOXEHMS,
npyudYeM 3HaK = HYXXHO HaOWpaTh He Ha apu(METHYECKOW IMaHEeNd , a Ha TaHEeNIH JIOTHUKH ,

_<E )

KOTOpasi BEIBOAMTCS HA SKPAH KHOMKOM =~ —  MaTeMaTU4eCKOM MaHEeNH.

4) Habpats Beipaxenue otvet:= find(x,y,z)

5) HabGpats otvet =

ITocse sToro OyneT mosydeH OTBET B BUJE BEKTOpPA — CTONIOIA.

BwmecTo ciioBa otvet MOKHO MCTIONB30BaTh 000K HaOOp OYyKB U (P, HAUMHAIOIIUNCS C
OykBbl. DTOT HabOp 00O3HayaeT uMs, KoTopoe Bbl mpucBauBaere BekTOpy oTBeTOB. Ha puc.l
MOKA3aHO PEUIEHUE 3TOW CUCTEMBI

=1 v =1 z=1

given
3+ By —9z=12

SX—9y + 2z= 34

8x — 6y + 5z= 9§ .\
(11457

otvet =| 3913
otvet = find(x.v.z2) L 5964

Puc.1. Pemmenne cuctemMbl TUHEHHBIX YPaBHEHUH B PEIIArOIIEM OJIOKE.
3amaya 1. Pemnre npuBeIeHHYIO BBIILIE CUCTEMY.

3agaya 2. Pemmre €aMOCTOATENBHO NPUBEACHHBIE HUXKE CHUCTEMBI JIMHEHHBIX
anreOpanyecKux ypaBHEHUH.
A) 5x+6y-9z+2v-7Tw=90
3x-4y+5z-3v+4w=12
9x+y +3z-2v +9w=51
Tx+2y-8z+v +10w=32
6x+5y-4z+3v-2w= 87
b) 4.5x+7.9y-2.1v+6.75w+7.9u= 43
5.6x+7.2y+9.8z+3.9v+3.4w+8.3u=12.54
5.6x+98.5y+43.7z+67.85v+4.9w+21.5u = 54.98
65.75x+54.32y-78.322-565.9v+32w+78.54u = 55.5
54.2x+76.45y+32.237+ 45.71v+43.43w+ u = 65.21
8.9x+9.8y-5.62+6.5v-4.5w+2.1u=0
[Tomo6HBIM 00pa30M MOXKHO peliaTh WU HETUHEWHble ypaBHeHUs. OIHAKO OHU UMEIOT
HECKOJIbKO KOpHEH. 3aJaBIIKiCh HayalbHBIMU MPUOIMKEHUSIMU, Mbl Hal{JleM B JIydllleM cllydae
OJIUH KOpEHb, OMWKAWIIMKA K HavyaJbHOMY MNPHOMMKEHHI0. TakuM CIocoOOM HMMEET CMBICI
UCKaTh KOPHM TPAHCLEHICHTHBIX YpaBHEHHH, HMeEIolIue, KaK H3BECTHO, OECKOHEYHOE
KOJINYECTBO KOPHEM.



3agauya 3. HaiiTu KopeHb TPaHCLEHACHTHOTO YpaBHEHUSI.

X sin(x)+ cos(x) =25,

onmxaimmit x=1.

HaOupaem 3amady omucaHHBIM BBIIIIE CIOCOOOM W HaxoAuM 3HaueHue X. OJIHAKO
MOJTYYUTh PelIeHUE MPU HadaabHOM puOmmkeHuu 10 HaMm He ynacTcsl.

Martkan TMO3BOJISIET pemaTh CHUCTEMBI JIMHEHHBIX anreOpamdecKux ypaBHCHHU B
MaTpuyHoii hopme. PerieHrie MO>KHO OJTYUYUTH IBYMSI CIOCOOAMH.

1 cnoco0.

Kak m3BecTHO, cucTeMa TUHEWHBIX alreOpandecKuX ypaBHEHHH B MaTpUYHOH (opme
UMEET BUJL:

AX=B rue

A — xBagpaTHast MaTpuLa K03 (PUIHEHTOB,

X — BEKTOP — CTOJIOCI] HEU3BECTHBIX,

B — BexTop — cTonber; CBOOOJHBIX YIEHOB CUCTEMBI.

Pemenune cucremsl B MaTpuaHOH Gopme: X= A'B.

Pemmm B MaTpuuHoO#i popme cuctemy

IIx+12y+31z=9

4x+52y+69z =5

Tx+86y+93z=7

st aTOTO (CM. PHCYHOK 2):

1) Hab6epem ORIGIN:=1. Kak roBOpHIOCH BBIIIE, 3TO 03HAYAET, YTO CUET FIEMEHTOB
OyJeT MPOU3BOUTHCS HE OT HYJIS, a C €AMHULIBI.

2) Brenem matpuiy A.

3) Brenewm Bektop — cronber B.

4) HaGop  BelpakeHuss st X JKENATEIbHO  BBINOJNHSATH,  HCIIONB3YS
COOTBETCTBYIOIIYIO KHOMKY MarpuyHOW manenu. [locie storo Habepem X= W cpa3y MOITyYUM
BEKTOp OTBETA.

1 12 31 (0 |f 7.604
A=|4 52 69 B—| & X—-’-'L_I-B K=| -1.016
7 8693 L 7) L 0435 )

Puc.2.Pemenue cructeMbl THHEHHBIX YpaBHEHHU B MAaTPUUHOM opme.

2 crocod
B03MO0XHO MOJIy4YeHHs] PELICHHsT MAaTPUYHOIO YPAaBHEHHMS C IOMOLIBIO CIELUAIBHOU
¢byukiun Isolve, kak moka3zaHo Ha puc. 3.



OFIGIN:=1

(1 12 31) 9
A=|4 352 69 BE=|8
\7 86 93 7

X =lzolvei A B)

[ 7694
X=|-1016
\ 0435 )
Puc.3.Pemienne cucTeMbl JIMHEHHBIX anreOpamveckux ypaBHEHMH C  HCIOJIb30BaHUEM
BCTpoeHHOU PyHKINH Isolve

3anaua 4. Pemuts Bapuantel A, b 3amaun 2 B MaTpuuHO# (hOpMe CaMOCTOSTEIBHO.

YuciieHHOe pelieHre HeJIMHEHHBIX ajiredpan4ecKux ypaBHeHHUH.

B Markan xopHu anreOpanyecKuxX ypaBHEHHH M CHCTEM OIPEIENAIOTCS C MOMOIIBIO
CJIEIYIOUINX BCTPOECHHBIX (DYHKIMIL:

1) @DyHKkuA root (expr, var) BbIYHCISET ACHCTBUTEIBHOE 3HAUECHUE NEPEMEHHOM
var, TIpid KOTOPOM BBIPa)KCHHE €XPr PABHO HYJIO, T.€. OHA BBIYMCISAET OAWH ACUCTBUTEIbHBIN
KOpeHb YypaBHeHUs. [Ipm 3ToM HeoOXoAMMO 3anaTh €ro HavajibHOe mpuommwkeHue. Hinke
NPUBEJECH MPUMEP MCIOIb30BaHUSA ITON (YHKIMU IJI HaXOXKICHUS IEHCTBUTEIBHOIO KOPHS
ypaBHeHus X~ +2x+1 = 0.

Camo ypaBHeHHe He HaOupaeTcs!

x=2

i \
ro::ut{f + 2x+ 1.r~:_.| =-0.979
Puc.4. HaxoxaeHue olHOro KOpHS OJIMHOMA.

2) ®yHkums polyroots (v) mo3BosseT BHIYUCIATh Bce KOpHU NoanHOMa. Hanpuwmep,
JUlsl pelieHust ypaBHeHMsI 8x2 +2x +3 =0 nHaOupaem WM CUMTHIBAEM M3 TaOnULbl (QyHKUIUN
(xnomka f(x)) ¢yHkuO polyroots U B ckoOKax 3amoOJHSEM BEKTOpP, BCTaBIsAs KOIPPHUIIMCHTHI
ypaBHeHHs. HaknmaeM KilaBUIy = U TIOJTy4aeM OTBET:

3\

0 —0125 - 05991 )
polyroots 2 = .

| o)) L0125 + 0599

5, I'\ -"I.-’I

Puc.5. Beruncnenue kopHe#t ¢ momoirsio pyHkimu Polyroots.

Crnenyer oOpaTuThb BHMMaHHE, Ha TO, YTO MEPBBIM 3JIEMEHT BEKTOPAa COOTBETCTBYET
ko3 pUIMeHTy ypaBHEHHUS MMPU CBOOOTHOM HJICHE.

3amgaya 5. Berurciuth B MaTka i KOpHH NPUBEICHHOTO BBIIIE YPABHEHHUS.

3amaya 6.BeruncinTh Bce KOPHU MHOTOYJICHOB
A) 5x5+6x3+8x2+2x=0



b) 5x4+8x3+3x2+9x+8=0
B) 4x4+8x-3=0

Pemenne anredpanyeckux ypaBHeHMil B aHAJIMTHYECKOH (CHMBOJILHOI) (hopme.

Martkan mnpeaocTaBisieT BO3MOXKHOCTh pEIICHHs aireOpandecKux ypaBHEHUH B
CUMBOJIbHOH (aHanuTHyeckoi) ¢opme. I[IperMylnecTBOM CHMBOJIBHOTO pEIIEHUs SBISETCS
BO3MOXXHOCTh PEIICHHS YPaBHEHWH ¢ OyKBEHHBIMH 3Ha4eHUsMHU KodddumnmeHntos. [Ipasna,
Oonee WIM MEHee CJOXKHBbIE YpaBHEHUS CHMBOJIBHO B Markajg He pemaroTcs, HO3TOMY
IPUXOJUTCS 00paIaThCs K YMCIAEHHBIM METO1aM.

Pemenue cucrem JIMHEHBIX YPABHEHUI

CHUMBOJIbHOE pellIeHUE JIMHEHHBIX CHUCTEM alreOpanyecKux ypaBHEHHUM MPOU3BOAUTCS C
nomoInbo AByx onepanuii: Solve (Pemuts) u Isolve.Huxe, Ha puc. puc.6-10 nokazano pemieHue
CUCTEM JIUHEHHBIX YPaBHEHHUM Pa3IMUHBIMA METOIaMHU.

3agaua 7. Cucrema nMHEHHBIX anreOpandecKuX ypaBHEHMH 3ajaHa MaTpuuei M
K02(pPHUIIMEHTOB ¥ BEKTOPOM V MpaBbIX yacTeil. HaliTi aHanuTiHaeckoe pemeHue.
CHavasia BBOJMM MAaTpHILy U BEKTOP.

(03 02 66 -1.1Y S T
| 45 18 03 6.5 | 0.1
| 73 97 100 41| V=1 o0 ‘
\ 81 -27 87 89 | 1x 102
\ )

A) Pemenue ¢ ucnonp3zoBanueM BCTpoeHHOU QyHKIMU Isolve. DyHKIMS HaOMpaeTcs
C KJIaBHATyphl UJIM M3 OKHA BCTPOEHHBIX PpyHKIui. CTpenka HaOMpaeTcs ¢ MaHelId CUMBOJIBHBIX
[S11(S17178

( —3.0371585052105628203
~2.0752573457871181164
7450060200508098335805

. 1.0516188005033060007

lsalve(M,v) —

Puc.6. CumBOIIBHOE pElIeHHE CHCTEMBI JTMHEHHBIX YPAaBHEHUH C MCIIOJIB30BAHUEM BCTPOCHHOM
bynkun Isolve.

b) Pemenue ¢ ucnons3oBanuem omneparopa solve
.I."" 1.1,"\]
% solve, w.xv.z
M- -V — (=3.937 29075 7450 1831
y float. 4
-I_\ 7 f_l

Puc.7. CuMBOJIBHOE PEILIEHUE CUCTEMbI IMHEWUHBIX YPAaBHEHUH C 3aIaHHON TOYHOCTBIO.

3necr momumo ormeparopa Isolve ucrnons3oBan omeparop float (turaBaromiasi Touka) u
3a/laHa TOYHOCTh pelieHus — 4 3HaKa.
Omnepatopsl solve u float HaGMparoTCs MOCIEIOBATEIBHO.



B) Pemenue B ckanspHoii hopme

R

{ 03w+ 02x+66y-1lz=1 )
’ 45w—-18x-03v+65z=01 solve , w,x.v.z

\ 73w+ 07x+ 100y — 4122 001 float 4 — (=3.937 —2.975 7450 1952)
\81w-27x+87y+80z=1x10 )

Puc.8. CumBoOsIBbHOE pelieHre CUCTEMbI IMHEHHBIX YPaBHEHUM B CKaIsIpHOU (opMme.

I Pemienue ¢ co3nanuem peraromniero 010ka U AMPeKTUBHI given. JlupekTrBa given
u onieparop Find HaGuparoTcs ¢ ki1aBuaTypsl

Given

3I-x1+4-x2+4-x3+ 64+ Bx5=21

5-x1+7-x2+ 8 53— Txd-0x5=34
0.x1+12-x2+ 0. 53+ 8xd+ 4x5=41
13- %1+ 3-x24+ 19 - x3+ 18x4+ 5= 141

23-x1+13-x2+ 9 23+ 8xd+ 1S=24]

(30065 )
2539
58955
10156
4366
2530
~15189
5078
23741
10156 )

Find(x1.x2 x3.x4. x5 —

Puc.9. CumBonbHOE perieHne CUCTEMbI JTUHEMHBIX YpaBHEHUH C MCHOJIb30BAaHUEM JTUPEKTHUBBI

given

) Pemenne cucreMsl ¢ OyKBEHHBIMU KOAPUITUEHTAMH



iven

al -x+bl-y+cl-z=4dl

a2 -x+b2-y+c2-z=4d2

-

ad-x+b2-y+c2-z=4d3

(—d3) + d2
(—a3) +al
—{—a2)-c2-dl + a2-d3-cl + c2-al-d? — c2-al-d3 + c2-dl-a3 — d2-a3-cl]
[(—a3) + a2]-(bl-c2 — c1-b2)
—[(—al)-b2-d2 — bl-a2-d3 + bl-a3-d2 + al-d3-b2 — dl-a3-b2 + d1-b2-a2]
' bl-a2-c2 — bl-a3-c2 + cl-a3-b2 — cl-b2-a2

Find(x v.2) =

Puc.10. CumBoNBHOE pelieHNEe CUCTEMBI IMHEWHBIX YPAaBHEHUM, 3aIaHHBIX B OYKBEHHOM
dopme.

3agaua 8. PemuTh npuBeeHHYIO BBIIIE CHCTEMY BCEMH PACCMOTPEHHBIMU CIIOCOOaMHU.
3agaua 9.Peminth caMOCTOSTENBHO MPUBEICHHYIO HUKE CUCTEMY
3-xl+4-x2+ 4 123+ 6xd=21
5-x1+ 7-x2+ 8- -x3-Tx4=34
0-x1+12-x2+9-x3+ 8x4=41

13- %1+ 3-x2+ 1933+ 18x4=141

CuMBOJIbBHOE pelieHHe HeJIMHEeHBIX aredpandecKuX ypaBHeHU

3agaya 10. Pemnth npuBeIeHHbIE HUXKE YPaBHEHUS
1 Pemenne ypaBHEHHs YETBEPTOH CTENEHH C YUCICHHBIMH KOX(QQHIMEHTaAMH C

HCITIOJIb30BAHUCM OIICpaTOpa solve

(—1.1260186005688105923— 75600604283657036689 |

(—1.1260186005688105923+ 7569960428365793668%
J20268526723547725804 1.313385940028353732¢
20268526723547725894 1.3133850400283537322 |

3:fL + 5:-:3 + 7% +0x+ 10solve . x —

2 Pemenune kBaapaTHOTO ypaBHEHUS ¢ OYKBEHHBIMHU KO3 puimeHTamu



R

Loy + (0242 ¢

[
=4

a-¥ +b-x+c=0s0lve.x — _

1

1 . 2 )
Ly =l —4.a-¢) |
- a

]

3 Pemienne KBagpaTHOro ypaBHEHHs C OyKBEHHBIMHU

KodpduuueHTaMu ¢
dbopMHpOBaHHEM pelIaroero 0oka

¥

7 y
X +y =1

Giver

[

Mla 1) = Find(x,y) —

td | =

|

L) eae] 2 s ad]

2

Ho yxe kyOn4eckoe ypaBHeHHe ¢ OyKBeHHbIMHM KO3 (puumeHTamm He pemiaercs!
3agaya 11. Pemuth npuBeIeHHbIE HUXKE YPAaBHEHHUS CAMOCTOATEIBHO
Dx"+x+1=0
2)3x% +2x7 +5x+6=0
Nax +bhx’ +d =0



