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BBEAEHUE

OpHoii u3 ocHoBHBIX oOnacteil mpumenenus [IK gBnsioTcs maTemaruueckue u
Hay4YHO-TE€XHUUYECKHE pacueTbl. CII0XKHbIE BBIUUCIUTENbHBIE 3a]1a4l, BOZHUKAIOIIHNE
IIPU MOJAEIIUPOBAHUU TEXHUYECKUX YCTPOMCTB U MPOLIECCOB, MOKHO Pa30OUTh Ha Pl
AIIEMEHTAPHBIX: BBIYUCIEHUWE MHTETPAJIOB, pEIICHHE YypaBHEHWH, pelieHue
¢ depeHurnanbHbIX YpaBHEHUH U T. 1.

MathCAD — 3To MoIllHast ¥ B TO K€ BpeMs MPOCTas yYHUBEpcajabHas cpelaa Jyis
pelIeHMs 3a7a9 B PA3IMYHBIX OTPACIIAX HAYKH M TEXHUKH, (DMHAHCOB U YKOHOMUKH,
(U3HKU U aCTPOHOMHH, MATEMATHKH U CTATHCTHKH.

MathCAD ocTaercsi eJMHCTBEHHONW CUCTEMOI, B KOTOPOIl OIMCAHHUE PEIICHHS
MaTEeMaTUYECKUX 3a]1a4 3aJ]a€TCs C MOMOIIbIO TPUBBIUHBIX MaTEMATHUYECKUX (GOPMYII
Y 3HAKOB.

MathCAD 1o3BoJisieT BBINOJMHATh KaK YHCICHHBIC, TaK W aHAJIUTHYECCKHE
(CUMBOJIbHBIE) BBIYUCIICHHS, IPU OTOM TOYHOCTb, C KOTOpPOM OTOOpa)kaeTcs
pe3yNbTaT, 3aJaeTCsl MOJIb30BaTEIeM, UMEET YpPE3BbIYAHO YTOOHBIH MaTeMaTHKO-
OPUECHTHPOBAHHBIN MHTEPdENC U MPEeKpacHbIe CPEACTBA HAYYHOU rpaduKy.

B coctas MathCAD BXomsT HECKOJBKO HMHTEIPHPOBAHHBIX MEKIY COOOM
KOMITOHEHTOB:

— MOIIHBII TEKCTOBBIM peJaKkToOp, IMO3BOJSIOMIUNA BBOJIUTh, PENAKTUPOBATH U
dbopMaTUpoBaTh KaK TEKCT, TAK U MaTEMaTUYECKUE BbIPAKEHNUS,

— BBIUMCIUTENBHBIA TPOLECCOpP, YMEIOMIMI MPOBOJUTH PAaCUeThl IO BBEACHHBIM
dbopMyam, UCTIONB3YST BCTPOCHHBIEC YUCICHHBIE METO/IbI;

— CHUMBOJIbHBIN MPOIIECCOP, MO3BOJSIONIUN MPOBOJAUTH AHATUTHUUECKHE BHIYUCIICHUS
U SIBJISIOMIUICS, (DAKTHYECKH, CHCTEMON UCKYCCTBEHHOTO HHTEIIJICKTA;

- Habop mabJIOHOB, KOTOPBIA YCKOPSET BBOJ MCXOJHBIX JIAHHBIX M OOCCIIEYHBACT
yno0HYI0 1 3P (HEKTUBHYIO CUCTEMY BBOJIA;

— OrPOMHOE XPAaHWIHUIIE CIPAaBOYHOW HHQPOpPMAIMM, KAaK MATEeMAaTHYECKOW, TaK U
WHXXEHEPHOH, O(pOPMIICHHOM B KaueCTBE MHTEPAKTHUBHOM AJICKTPOHHON KHUTH.
Jlist ocBoeHWsT OCHOBHBIX mpueMoB pabotrel B MathCAD Bemomasitorcs 5

1abopaToOpHBIX PaboT:

1. Ocnossl padotsl ¢ MathCAD;

[TocTpoenue rpaduxos;

Bekropa u matpuusr;

Pemenue ypaBHeHnii;

SR NYNEN

. CUMBOJIbHBIC BBIUMCIICHHUS.

JlaGopaTopHble PabOTHI pacCYMTAaHBl HAa BBHINIOJHCHHE B PYCH(PUIIMPOBAHHOU
Bepcuu nporpammbl MathCAD 12, HO uX MOXXHO BBIINOJHATH, M B 0OoJiee pPaHHHX
BEPCUSIX MTPOTPAMMBL.



JIABOPATOPHAS PABOTA Nel. OCHOBBI PABOTBI C MATHCAD

TEOPETUYECKHUE CBEAEHUSA

OCHOBHOE OKHO MPWJIOKEHUS HUMEET Ty K€ CTPYKTYpY, YTO U OOJBIIMHCTBO
npwiokeHnii Windows. CBepxXy BHHM3 pacloyiaraloTcs 3arojoBOK OKHAa, CTpOKa
MEHIO, TIaHeJIM MHCTPYMEHTOB (CTaHAapTHas U (opMaTUpPOBaHUS) U pabOUUi JIUCT,
win paboyas 06sacTh, JoOKymMmeHTa. HOBBII JTOKYMEHT co37aeTcsi aBTOMAaTUYECKHU MPU
3armycke MathCAD. ®aiiner nokymentoB B MathCAD umerot pacmmpenue .mcd.

BoNbIIMHCTBO KOMaH/T MOKHO BBITIOJTHUTH KaK C MMOMOIIBI0 MEHIO (BEPXHETO MU
KOHTEKCTHOTI'0), TaK U MaHelIeil HHCTPYMEHTOB WJIM KJIABHATYPBHI.

[*" Mathcad - [Bez HazpaHHA: 1]
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Pucynok 1.1 — OcHOBHOE OKHO

[Tanenp Math (MaTemarnka) npegHa3HavyeHa JjIs BBI30BA Ha dKpaH eIle JAEBSATH
MaHeJe, ¢ TOMOIIBIO KOTOPBIX MPOUCXOAUT BCTABKA MATEMATUYECKUX OIEpalvui B
TOKyMEHTB.  UTOOBI  BBI3BaTh  KaKylo-ITHOO W3  HHUX, HYXHO HaXaTh
COOTBETCTBYIOIIYIO KHONIKY Ha MaHeJiM MaTeMaTuKa.

Mo T EeErda T e o

Pucynok 1.2 — ITanens Math



B okne penaxtupoBanus ¢popmupyercs gokymeHt MathCAD. Hoserit tokymeHT
nonyyaer ums Untitled (be3 Ha3zBanus) u mopsakoBblii HOMep. OJHOBPEMEHHO
OTKPBITO MOXET OBITh O BOCBMH JIOKYMEHTOB.

JIOKyMEHT COCTOUT M3 TpeX BHUIOB oOmactei: (HOPMYJIbHBIX, TEKCTOBBIX U
rpaduueckux. PacronoxeHue HETEKCTOBBIX OJIOKOB B  JIOKYMEHTE HUMEET
[IPUHLUITHAIBHOE 3HAYECHHUE. Ob6nactu IIPOCMATPUBAIOTCS CUCTEMOHN,
MHTEPIPETUPYIOTCSA U UCHIONHAOTCA. [Ipocmomp udem cneea Hanpaso u ceepxy GHU3.

s 6600a mexkcmoso2o KoMmenmapusi Hy’*KHO BBIIIOJHUTH KoMaHay Text Region
(TexctoBast obnacth) W3 MyHKTa MeHIO Insert wiM HaxkaTh KIABUIIY C JBOWHOM
KaBbIYKOH (), WJIM HaXaTh Ha KHOIKY TEKCTa Ha MaHeJd UHCTPYMEHTOB. TekcToBas
00J1aCTh CIYKUT JIJIsl pa3MeIeHus: TeKcTa Mexay GopmyiaMu U rpaduKamH.

[Ipu 5TOM B MecTe BBOJA MOSBISETCS KypCcOp B BHJI€ BEPTUKAJIBHOIO HITpUXa, HA
MECTO KOTOPOTO BBOJSTCS CUMBOJIBI Te€KCTa. BHYTpHU TekcTa Kypcop nepeMeniaercs
KJIaBUIIaMU TepeMellleHus Kypcopa. Ilepexon Ha HOBYIO CTPOKY MPOU3BOJIUTCS
Ha)kaTheM Ha KkiaBuiry Enter. JInsi okoHYaHUS BBOJA HY)KHO IIEIKHYTh MBIIIBIO BHE

TEKCTOBOU 00JIACTH.
s 6600a (popmynvl HY)KHO YCTaHOBUTH YKa3aTedb MBIIIM B CBOOOJHOM MECTE

OKHa PCAAKTUPOBAHHNA U HICIKHYTbH JIeBOM KHONKOM MbImu. IlosBurcs BHU3UP B BHUIC
KpaCHOTI'0O KpCCTUKa. On YKa3bIBA€T MCCTO, C KOTOPOTO HAYNHACTCA Ha60p (bOpMy.HBI.

Koncranrsl u NMEPEMEHHDBIC

KoHcTranTamMmu Ha3bIBalOTCS NMOMMEHOBAHHBIE OOBEKTHI, XpPaHAILIME HEKOTOPHIE
3HAY€HUs, KOTOPbIE HE MOTYT ObITh U3MEHEHBI.

B MathCAD npumeHsroTcs TeCATHYHbIE, BOCBMEPUYHbBIC U HIECTHAIIATCPH YHBIC
YHUCJIOBbIE KOHCTaHTHI. JleCSATHYHbIE KOHCTAHTHI MOTYT OBITh IIEJIOYUCICHHBIMU,
BEIICCTBEHHBIMH, 3aJaHHBIMH C (PUKCUPOBAHHOW TOYKOW, W BEIECTBEHHBIMH,
3a/IaHHBIMU B BHJI€ MAHTUCCHI U TTOPSIAKA.

B MathCAD conepxutcst ocoOblii BHI KOHCTAHT - pa3MepHbie. [loMuMo cBoero
YUCJIOBOTO 3HAYEHHS OHU XapaKTEPHU3YIOTCS €II€ M YKa3aHHEM Ha TO, K KaKOu
dusznueckoi BeIMYMHE OHU OTHOCATCS. J[JIs 9TOTO yKa3aHHs MCIOJIB3YETCS] CHUMBOJI
ymHoxkeHuss. B cumcreme MathCAD 3amaHbl  clieAylomue OCHOBHBIC —THIIBI
dusznuecknx BenuuuH: time (Bpems), length (mmmHa), mass (Macca) u charge (3apsin).
[Tpu HEOOXOUMOCTH X MOKHO U3MEHUTH Ha JAPYyTHE.

[lepemeHHBIC SABISIOTCS MMOMMEHOBAHHBIMU OOBEKTaMH, KOTOPBIM IPHUCBOEHO
HEKOTOpPOE 3HAUYEHHUE, KOTOPOE MOMKET M3MEHIThCA IO XOJY BBINOJIHEHUS
nporpaMmMbl. TUIl TIEPEMEHHOM OMpeaenseTca €€ 3HAYEHUEM; MEPEMEHHBIE MOTYT
OBITh YHCIIOBBIMH, CTPOKOBBIMH, CHMBOJIBHBIMH ¥ T. J. lIMeHa KOHCTaHT,
MIEPEMEHHBIX U UHBIX O0BEKTOB HA3bIBAIOT UJICHTU(PUKATOPAMH.

Nmst mepemenHo#t HasbiBaeTcs wuaeHTHduKaTopoM. MathCAD paznuvaer B
UAeHTU(UKATOPAX CHMBOJIBI BEPXHETO W HIDKHETO peructpoB. Hampumep: ABC u
AbC nmMmeHa pa3HbIX IEPEMEHHBIX.



Wnentuduraropsr MathCAD n0mkHBI HAUMHATECS ¢ OYKBBI U MOTYT COJIEPKATh
CJIEIYIOIINE CUMBOJIBI:
— JIaTUHCKHE OYKBBI JTIOOOT0 PETUCTPA;
- apa6ckue nudpst ot 0 10 9;
- CHMBOJ noguepkuBanus (), cuMBoJI nporeHT (%) u cumBo (.);
- OyKBBI rpedeckoro andabuta (HabuparoTcs ¢ ucnosb3zoBanrem kiasuiu Ctrl wnu
MPUMEHSETCS MAJIUTPa IPeYECKuX OYKB).

OmnpeneseHue nepeMeHHbIX

[lepeMeHHBIE TOMKHBI OBITH MPEABAPUTEITHHO OMPECIICHBI MOIB30BATENEM, T. €.
UM HEOOXOIMMO XOTS OBl OJHAXKIbl MPUCBOUTH 3HaueHHE. B kauecTBe omeparopa
NPUCBaWBaHUs HCIOJB3YyEeTCSl 3HAK =, TOTJAa KaK 3HaK = OTBEACH JMJs BBIBOJA
3HA4YeHMs] KOHCTaHTHl WM TepeMeHHOU. [lompiTka MCTOIB30BaTh HEONPEACICHHYIO
MEPEMEHHYIO BEJIET K BBIBOJIY COOOIIEHUS 00 OIIHOKE.

B MathCAD pasnuuator: JIoKaJIbHbIC U TII00aJIbHbIC TICPEMECHHBIC.

JlokanpHBIE IEPEMEHHBIC BBOISTCS:

NMs_niepeMeHHOU : BBIpAXKEHUE

Ha »skpane:

Nmsi_nepeMeHHOM = BBIpAXKEHHUE
I'mobanbHBIE IICPEMCHHBIC BBOJAATCS .
Nmsi_nmepeMeHHOM ~ BhIpaXKECHUE

Ha skpane:

Nmsi_nepeMeHHOM = BbIpaKEHUE

Ecnau mepeMeHHOlN mpucBaMBaeTCs HayajdbHOE 3HAYCHUE C IMOMOIIBIO OTepaTopa
=, TaKkoe NPUCBAMBAaHUE HA3bIBACTCS JIOKAIbHBIM. Jl0 3TOro mnpucBauBaHUA
IepeMEHHAs HEe OIpeIe/icHa U e Helb3sg ncnoiab3oBath. MathCAD uunrtaer paboumii
JOKYMEHT CJIeBa HANpaBO M CBEpPXY BHU3, MO3TOMY ONPEAEIUB NEPEMEHHYIO, €€
MOHO MCIOJIb30BATh B BBIUMCIICHUSX BE3J/I€ MPABEE U HUXKE PABEHCTBA, B KOTOPOM
oHa ompezaeneHa. OIHAKO C MOMOIIbI 3HAaKa = (TPU TOPU3OHTAIBHBIE YEPTOUYKH)
MOXHO 00€eCneYuTh ra00albHOE MPUCBAMBAHUE, T. €. OHO MOXET MPOU3BOJUTHCS B
mo0oM MecTe nokyMeHTa. K mpumepy, eciim nepeMeHHON MPUCBOSHO TaKUM 00pa3oM
3HAQYeHUE B CaMOM KOHIE JOKYMEHTa, TO OHa OyJeT UMETh 3TO kK€ 3HAUYCHHE U B

Ha4daJIC JOKYMCHTA.

Hanpumep:



BBox ¢ knaBuarypsl | Bung Ha kpane

local:137 local := 137 j10KaJbHOE OIpeesIeHUE IepeMEHHOM local;
global~987.23 global = 987.23 rio0anbHOE oONpeaeieHUEe MEPEMEHHOM
global.

[lepeMeHHBIE MOTYT HMCIOJB30BATHCS B MAaTEMaTHUYECKUX BBIPAKEHUSIX, OBITh
apryMeHTaMu (yHKIIHI UM ONIEPAHIOM OIMEPaTOPOB.

[lepeMeHnHBIE MOTYT OBITH M pa3MEpPHBIMHU, T. €. XapaKTEPU30BATHCS HE TOJBKO
CBOMM 3HA4YCHHEM, HO M yKa3aHHWEM (PU3UYECKON BEIMYUHBI, 3HAUEHHUE KOTOPOH OHU
xpaHsaT. llpoBeaeHne pacdyeToB ¢ pa3MEpHBIMH BEJIMYMHAMU W TEPEMEHHBIMU
0COOEHHO YZ00HO MPU PEIICHUH PA3TUYHBIX (PU3UUECKUX 3a7a4.

IIpexonpeneneHHble NepeMeHHbIe

[IpenonpeneneHnple (CUCTEMHBIE) TMEPEMEHHbIE — OCOOBIE IEepEeMEHHBIE,
KOTOPBHIM M3HAYAJIBHO CUCTEMON MPUCBOCHBI HAYaJIbHbBIC 3HAUCHHUS.

Tabmuma 1.1 — Ipenonpenenénnbpie nepeMeHHbIC

[TepemenHas BBonx Haznauenne 3HaueHue
110 YMOJTYaHUIO
T Ctrl + Shift+p | Yucno & 3.14159
e e OcHoBaHME HaTypaJIbHOTO 2.718
jorapudma
0 Ctrl + Shift + z | CucremHas 0€CKOHEYHOCTD 10%
| W | 1i wu 1j MHuuMas equHuLA
% [TponenT 0.01
TOL [TorpemHOCTh YMCIIEHHBIX 0.001
METOJI0B
ORIGIN Hwxuss rpaHuna 0
MHIAEKCAIlMd MaCCUBOB

Oneparopsl

Onepamopst - SIEMEHTHI 53bIKa, C TOMOIIBI0 KOTOPBIX MOXHO CO3/1aBaTh
MaTeMaTHYeCKue BbIpaxkeHus. K  HUM, Hampumep, OTHOCSTCS  CHMBOJIBI
apu(METHICCKUX M  JIOTHYSCKUX  OINepaluii, 3HAKH BBIYUCICHUS CYMM,
MMPOU3BEICHUM, TPOU3BOJHON U UHTETpajia v T. [I.

Omnepatopsl, 0003HAYAIONINE OCHOBHBIC apU(PMETHICCKHUE TEHCTBUS, BBOIATCS C
nanesm Calculator (Kampkynsatop, Apudmernka).

BbrauciaurensHbie OnepaTopbl BCTABIISAIOTCS B JOKYMEHTBI IIPH ITOMOIIY TTaHEIIH
unctpymerntoB Calculus (Marananmms). [Ipu HaxkaTuu 11000 U3 KHOIIOK B JOKYMEHTE
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MOSIBJISIETCSI CHUMBOJI COOTBETCTBYIOIIETO MAaTEMAaTUYECKOTO JNEUCTBUS, CHAOKCHHBIN
HECKOJIbKUMH MECTO3aIOTHUTCIISIMH. KommuecTBo u pacmoIoXKeHHe
MECTO3AMOHATENICH OMpeAeNsIeTCs] TUIOM ONepaTopa U B TOYHOCTH COOTBETCTBYET
WX OOLIETIPUHATON MaTEMaTUUECKOM 3aIUCH.

PesynpTaToM ACHCTBUS JIOTMYECKHMX, WM OYJICBBIX, OMNEPATOPOB SIBISIFOTCS
TONBKO yHcia | (eciu JOTHYecKoe BBIPAKECHHE, 3alMCAHHOE C WX MOMOIIBIO,
UCTUHHO) Wiu 0 (eclid TOTUYeCKOe BBIPAXKEHUE JI0KHO).

BerauciurensHble  OmepaTopbl  CTPYNITMPOBAaHBI  Ha
(Beruucnenus):

- UYucnennsiit BeiBoJ (Evaluate Numerically) =

- CumBonbHbBIN (aHamuTHUeckuii) BeiBO (Evaluate Symbolically) —

- Ilpucsausanue (Definition) =

nadenau  Evaluation

- TI'mo6anbHoe npucBauBanue (Global Definition) =

Tabnuua 1.2 — Oneparopbl

Omnepartop KnaBuia HasnaueHnwue oneparopa
X:=Y XY JlokasibHOE TIprcBaMBaHue X 3HaA4YeHUs Y
X =Y X~Y I'mo6anbHoe npucBanBanue X 3HaueHus Y
X= X= BriBoa 3HaueHus X
X+Y X+Y Crnoxenue X c Y
X-Y X-Y Brerauranue u3 X 3HadyeHus Y
XY X*Y VMmHoxeHue X Ha Y
X XlZ JNenenne X Ha Z
z
X =Y Ctrl +/ JluneitHoe nenenue
P Ctrl + Shift + + | JIpo6s (cMemIaHHBINH HOMED)
c
z" Z W Bo3sBeenue Z B CTeeHb W
Jz z\ Brruncnenue kBapaTHOTO KOPHS U3 Z
n! n! Brruncnenue gakropuana
B, B[n BBox HmxHEr0 MHAEKCA N
Anm Aln,m BBox 1BOMHOT0O HM>KHETO MHJIIEKCA
A" ACtrl+6 n BBoj BepxHero unjaekca (JJisi BEKTOPOB)

PanxupoBaHHbIe (IUCKPETHDIE) IEPEMEHHbIE

PanxupoBanHas nepemMeHHas — NepeMeHHas, KOTOpasi MIPUHUMAET Pl 3HAUCHHI

IIpHU KaXXKI0M €€ UCIIOJIb30BaHHUMU.

Jlnst ompeneneHusi paH>XKUPOBAHHOW TIEPEMEHHOW OOIIET0 BUIA HCIIONb3YeTCs

BBIPAYKCHHUE:

Nms_nepemeHHoM := HayarbHOe 3HavyeHue, HayaribHoe 3HadeHue + war ..
KOHEYHOe_3HayeHue.




Ecnmu mar paBen 1, Torma paHXHpPOBaHHYIO TMEPEMEHHYIO MOXKHO 3a]aBaTh
CJIEIYIOIIMM 00pa3oM:

MMH_HepeMeHHOVI .= Ha4valibHO€_3Ha4eHue.. KoHe4YHOe 3Ha4deHune.

JIro6oe BBIpaKEHUE C PAHKUPOBAHHBIMH TIEPEMEHHBIMH ITOCJIC 3HAKa PaBEHCTBA
(=) co3naet TabNMILy BHIBOJIA.
Omnpenenenune GpyHKuui

OYHKIUS — BBIPAKEHUE, COTJACHO KOTOPOMY TPOBOASTCS HEKOTOpHIE
BBIUMCIICHUS C €r0 ApTyMEHTaMHU, U ONPENIEIAETCS €ro YUCIOBOE 3HaYEHUE.

@Oyukiuu B nakere MathCAD wmoryt ObITh BCTPOCHHBIC W OINPE/ICICHHBIC
I10JIb30BATENIEM.

B MathCAD wumeeTcs MHOXECTBO BCTpPOSHHbIX (GyHKIMHA. Jls WX BBOAA

HUCIIOJIB3YCTCA KOMaHIa MCHIO BcraBka — CDyHKI_[I/ISI WMJIX KHOIIKa Ha IIaHCIIN

HUHCTPYMCHTOB ﬁﬂ B AUAJIOTOBOM OKHC HYXHO BBI6paTB KaTeFOpI/IIO u

COOTBETCTBYIOIIYIO (DYHKIIHIO.

lNomecTHTh hyHELHID El

K.aTeropua Hraa

Moatop KpHEoi v Craamuean ~

Momck lzolve
MpeofpazosaHue Fypee b awinnize

FacnpegeneHue BepoarHocTi tiner
b inimize

PewesHue OudepeHuMansHe: polyroots
Cyyabitee Hucna root
CopTupoBka

T ey v e =

Findfwarl, varZ, ...]

BosepalasT sHaveHuA varl, var?, | KOTOPRIE PELIAKT CHCTErYy
ypaeHeHWH B Bnoke Solve, BosepawaeT ckanap, ecod ecTe TONEKD
OMH APFYMEHT, MHAYE BEKTOR OTBETOE.

@ [ oK ] [ Beraeuts ] [ OTraeHa
Pucynok 1.3 — @yHkuun

Dyukyusi noiv3oeamens BHAYalle JTOJDKHA OBITh ONpENeicHa, a 3aTeM K HEH
MOXKET OBITh MNPOHU3BEACHO oOparicHue. DYHKIMSA IOJb30BATENI OIMpPEaCseTCs
CIICAYIOIHUM 00pa3oM:

Nmsa_dyHkumn(MepemeHHan1, NepemeHHasn2, ...) := BolpaxeHune

3anmaercsa umsi PyHKIINHU, B CKOOKaX yKa3bIBae€TCs CIHCOK apryMEHTOB (DYHKIIUU -
3TO MEPEYCHb MCTOIB3YyEeMbIX B BBIPAKEHUU MEPEMEHHBIX, PA3ACISICMBIX 3aMSTHIMH.
3areM 3amuUChHIBAaeTCS 3HAK TMPUCBAWBAHUA, CIIpaBa OT KOTOPOTO 3alMCHIBACTCS
BEIpaKeHHE. BhIpakeHne - 3To m000€ apuMeTHUYeCKOe BBIpAXKEHUE, COJEpKAIIee
JIOCTYITHBIE CHCTEME OmepaTopbl W (PYHKIMHW C OlNepaHAaMHd U apryMEHTaMH,
YKa3aHHBIMH B CITHCKE apTyMEHTOB.
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[Tpumepsl 3a1anns QYHKIMI OJHOM U IBYX EPEMEHHBIX:

f(x):= 10 - exp(x)

mult(x, y) := x*y

OOpaienue K QyHKIIMU OCYUIECTBISETCS N0 €€ UMEHH C MOJCTaHOBKOM Ha MECTO
apryMeHTOB KOHCTaHT, MIEPEMEHHBIX, OMPEEICHHBIX 10 oOpamieHus K QyHKIuu, U
BBIPAKCHUU.

Hanpumep:

f(3), sin(1), mult(2,3).

[ Mathcad - [bea HazgaHMA: 2]

O-2d &Y g MY = 20O e | @
“ | Arial “|10 » B I U |%|§§ =g-=
I .Y
OnpeneneHHe NEpEMEHHELX M e =
a=5 NOKANLHOR ONPefenaHie NepemaHHal ml A [ == [F
B
b=3 rnofiansHoe onpefeneHUe NepemMeHHON EN g™
a+b=28 BLIYHCNEHWE
BCTPOEHHAA NEPEMEHHARA
% = 31416 : :
OnpefeneHHe JHCKPETHEX NEpEMEHHELX
=135 NEpEMEHHAA X NPUHUMEET ¥ =2 .25 4  [lepemeHHan ¥ NPUHUMAEET +
_ Habop zHaqeHdi 0T 1 go 5 _ Habop 2HaveHWR 0T 2 god ¢
¥= (war pagen 1) y= warom 0.5
1 2 Ona egona vy 2,25 ;4
2 2.5 Mna oTobpaxenuA sHadveHri
3 3 MEREMEHHOA HyXHO HabpaTe y=
4 3.3
L5 1
CnpefeneHde byHKUMA
cos(h) =-099 McnonkzoBaHne BCTROEHHEIX QIyHELMA
fix,.y) = }{2 + yz Onpegensire gyHKUMK NoNkz0eaTena f
fi3.4) =25 BelMMCEHHA © MCNONEZ0EAHHEM SYHELUMK T
W
£ >
HastnTe F1 AnA cnpagkH, ALUTO CTpaHHua 1

Pucynok 1.4 — Onpenenenrie mepeMeHHbBIX U (DYHKITHIA

dopMaTHPOBaHKE Pe3yJbTAaTOB

Croco6, xkoropeiv MathCAD  BeIBogWT 4wmciia, Ha3bpIBaeTcs (opMaToM
pesynbrata. @opMar pe3yiabTaTa MOXKET OBITh YCTAHOBJICH JUIsl BCETO JTOKYMEHTa
(rmoGanbpHBIA (popMaT) WK JUTSl OTASITBHOTO pe3yibTaTa (JOKaIbHBINA (hopmar).
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Do pMaT peayabsTara E‘

YcTaHoekM akpaHa Brison rogynsii Jonyck,
P OpHET HOMEPE

Fopriar

[ il e Hucno aecATiuHeR MecT |3

[ecariyHoe y4cno

HayuHo [] Dokasars koHesHbe H

TesHHKa

Tons [] Nokasare 3kcnoHerTsl &
TERHMYECKOM BOpRaTE

4

NokazareneHer nopor |3

4

I ok ][ OrrteHa ][ Crnpaexa ]

Pucynok 1.5 — ®opmat HOMepa

['nmob6anbHbil opmat ycraHaBiuBaeTcss KoManioi meHto ®opmar—Pesynprat. B
JMAJIOTOBOM OKHE, TOSIBIISIIOLIEMCS TTOCIIe BBIOOpA 3TOM KOMaH/Ibl, YCTAHABIMNBAETCS
BBIBOJIUMAsi TOYHOCTb YKCJIA, JMAMAa30H MOKa3aTelsl CTENEeHH (€CIH BBIBOJ YHCEN
HYy’)keH B (opme ¢ miaBaromiei 3amsToi) ¥ TOYyHOCTh Hynd. [locne BHeceHus
TpeOyeMbIX U3BMEHEHUH HY>KHO HaxkaTh KHOTIKY OK.

st yctaHoBku (opmaTta OTACIBHOTO YUCIA HYKHO: IIEJIKHYTh MBIIIBIO Ha

BBIPAXCHUHU, PEC3YJIbTAT KOTOPOI'O HYIKHO Hepe(l)OpMaTI/IpOBaTB; BbI3BATb KOMAHOY
(1)OpMaTI/IpOBaHI/I$I " IIPOJACIIaTh BBIICOIINCAHHBIC }ICﬁCTBI/ISI.

IHocTpoenue rpadpuxon
Jliist moctpoeHus rpaduka UCroib3yeTcss komanaa MeHio BeraBka— 1 paduku.
Jlist co3aaHust IEKapTOBOTO rpaduka:
1. YcTaHOBHTH BU3HP B ITyCTOM MecTe pabodero JOKyMEHTa;
2. BroiOpate xomanay BcraBka = I'paduk = X-Y rpaduk, unm Haxathb

koMOuHanuio kinaBumn Shift + @, WM MWETKHYTh KHOIKY % nanenu ['paduxmu.
[TossBUTCS 11a0JIOH JIeKapTOBOTO TpaduKa;

Pucynok 1.6 — Iloctpoenue

3. BBenmute B cpeHel MeTKe 1101 OChI0 X MEPBYIO HE3aBUCHMYIO IIEPEMEHHYIO,
yepes 3arsaTyro — BTOpyro u Tak 10 10, manpumep: x1, x2, ...;
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4. Beaute B CpeaHEH MeETKE clieBa OT BEPTUKaIbHOM OCHU Y TIEPBYIO
HE3aBUCUMYIO NIEPEMEHHYI0, Yepe3 3aIsiTyl0 — BTOPYIO U T. 1., Hampumep: yl(x1),
y2(x2), ..., WIH COOTBETCTBYIOUIUE BbIPAKEHNUS;

5. lenkuwute 3a npenenamu o6aacTu rpaduka, yToObl HAYATH €0 MOCTPOCHHUE.

MO>XHO NOCTPOUTH HECKOJBKO 3aBUCUMOCTEN Ha oaHOM rpaduke. [ns 3roro
HY>)KHO BBECTH COOTBETCTBYIOLIME (PYHKIMU Yy BEPTUKAJIbHOW OCHU (OCHM OpAMHAT).
Yto0OsI pazaenuTs onucanus (pyHKIUN, BBOAUTh UX HY’KHO Yepe3 3aIsTyIo.

[Mpumep. @parment padouero nokymenta MathCAD

f(X) := X+ sin(X)

(%) :

x-sin(X) -10

_10 —

X

Pucynok 1.7 — ITpumep noctpoeHus
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3AJIAHMS K IABOPATOPHOM PABOTE Ne 1

3aganue Ne 1

BrerunuciauTh 3Ha4eHHUE apI/I(i)MeTI/I‘-IeCKOFO BBIPAXKCHUA

Bapuant Beipaxxenue Bapuant Beipaxxenue
1 1E+1 2 1£+2E
4 9 V)
3 33_4 4 5.4
4 5 /721
S) E—i 6 §-2.4
3 12 6
7 ﬂ—2.5 8 ?;l+1
5 11 3
9 1+21 10 5gg
5 9 3 17
11 8£1 12 1+41
2 14 5
13 i—ﬂ 14 §-1.8
35 5 9
15 g-1.8 16 E_§
9 3 9

3amanmne Ne 2

Boeruncnuts 3HaueHne apuMETUUECKOTO BBIPAKEHUS:

Bap Bripaxenue Bap Bripaxxenue
WaH WaH
T T
1 3 5
13. —1-1.2 B=3—-|5—
oseo gl [as-3l)s] (RRTRRANCEPVRER B
1 ( 5 + 71 _278 9 6 15 6 15
10.3—8) (3—3]-56 1 1) IJ 7
2 3 6 0.5——-+025—— |+ 025—— |- —
? ( 3 5 6) 13
3 i05 46-2) O.4+8-[5—0.8-5J—5+21
3 Te H07eg 0.05 8 2
3 T 1'5.2 + 0 +5.7 4 7 > 2~9O
25-— 4.6+2- —-0.125 1--8—189-2.6+—||-34—
3 3 7 8 3 5




3 . 3 .1
(5+O'425_0'005)T0'1 6,+5, 3109419548 35442402
. — + 2-005 ¢ 3 2. 3715
L3t L3° 62 '
305+ 433 26+35 > _0.16 0.5.(11+4.1j
75 20
1 (17 |
1=+ - +0.6-0.005||-1.7 1 2 2
(5 [40 )) 413475 [4.5-1—6.75]- 14.022+03-096
+ +0.25 3 3 11
7 5 1 .23 5 8
FARERLER 345 (31-03 r5. lj 22 [02—3j.16
6 3 30 L 37773773 ")
3) 3 (0216
1.88+2—|-— +0.56 |+ 0.5
a2 (G 0ss) amone [12-2) 56
. +J3.2+0.
13 26 .
P 0625-13:20 [7.043,2 45| 10 5 2
189 415 —12+08 0,505 2-0.002
0.125+025+1 2 +2.5 ¢.4- 1275\E
16 17 12.5
11 5730 + —+19(-05| 12 +0.5- 2+—1
€0-22+23:046+1.6 \20 5 17+62j 5754 1
18 85 17 2
15 4 2 375+ 11+[15 3 ) (—J—
03275-2 >+ * |+12% £0.07 2 7 49) 147
13 [ ( 88 33] 9) 14 1
0416 > 2:3 4|3 13|+ 522 -1
(G-0.416 >6.05+1.92 5 [ j [ 5 36J
4625-13. 9J—9 +2551255675 <1 7 .11 .1
26) 4 68 3242 1o -
r 16 12 18 24 31 52
1—0.375)+()_125+ 5—7J+().358—1.4796+1 19 (13 .13 5 2 14
2 6 12 YR S P PRIy A2 ety
84 \"42 28 24) 727 39

3aganue Ne 3

Beruncnuth 3HaueHue apudmeTrueckoro BoIpakeHus. Pe3ynbTaT BeIBEmHUTE C 6

3HaKaMH MOCJIE 3aIISATOH.

BapuanT | 3Hauenus Beipaxxenue
IIEPEMEHHBIX
1 ;figgé h_\/c+x2-(0035(x)—c)+51/sin X+1Iny
c=0.512 C+y
X =-6.251 34z o
2 a=0.827 b=—— +igx % — sinx —a+-—
7 = 25.001 cos“x +1 3x
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x = 3.251
y =3.325
z = 0.466

he sin z +cos 2X
2X° +1gX

+3/3x+2y

x = 0.622
y = 3.325
z=5541

_(cosx—siny)®

J19(2)

+In?(x-y-z)

X =17.421
b =10.365
z=0.828

1+ sin®x , In*x+b
== cosi X+
z? x*

k

X = 2.444
y = 0.869
z =-0.166

1+sin®x
2

2 1

e +3 a

g=X

x = 0.335
y =0.025
z = 32.005

3 1 2
t:yx+1+\/\x\Tey—zx_sm (y)

y+ 2% /(e¥)

X =3.258
r=4.005
z =-0.666

X

. 3
p:e 2+ /rnzx5 B r’+1

z+3 cos’(r-2)+1

x = 0.100
y = -8.750
2 =0.765

y=£(1+ y)-«/sinz(Z)—y;Xj

10

X =1.542
a=3.261
Z =8.005

2
X 1 .
r:—a+—-sm22—ln 2X
e 3

11

a5 = 1.426
a=-1.220
p = 3.500

5
—sin? -
a-p a’-1

w=p% +

12

X =-4.500
y =0.750
z =0.845

—3-tgy-In(x* +z)\
e +1 \

\/

13

a=3.741
x =0.825
z=5.160

3 inz —
iq 3/a , sinz—-tg2x

V= 3 X
5+a e

14

x =0.400
a=2.875
f=-0.475

.2 - 2
sin“ x+1 _ sin f<+ f
d=""""+cos®x+e* -

x4 cos’ a

15

t=0.750
a=0.845
m=2.5

ma+t

e (am)—e'

+ 2 3
s ma, . -2+a’—m’-Int
t

f =

16




16

x=-15.24
a=5.642
b =20.001

u=(1+x%)-x+

X

e a

2x2 45 b-cosx’

3aganue Ne 4

OHpeI[eJ'II/ITB PAaHXXUPOBAHHBIC IIECPCMCHHBLIC X, Y, U Z, IIOKA3aTb WX 3HAYCHUS B

TabuIax BBIBOIA.

OHpeI[eJ'H/ITB M0 3aJaHHOMY BLIPAXXCHUIO CI)YHKI_[I/IIO ITOJIB30BaTCIIsl, BBIYUCIIUTH

3HA4YCHUA (1)YHKLII/II/I 1 ICPEMCHHBIX X, Y, U Z U TIOKA34aTh UX B Ta6J'II/II_[e BBIBO/JIA.

BapuanTt PamxxupoBanHnas nepemeHHast Beipaxxenue

x=3,39.5

1 y=5,46.1 %3 —9x% +1
z=5.10
X=4,4.9.6

2 y=3,14.-2 5x3 — x2+3
z=6.11
x=5,59.7

3 y=-7,-8.6..-13 %2 — 10X + 2
z=17.12
X=6,6.9.8

4 y=8,7.4.4 x2 —4sin(x)
z=-8..-4
X=7,79.9

5 y=8,73.5 cos 2x — 0.4x3 +1
z=9.15
x=28,8.9.10

6 y=9,7.8.5 (x+1)*+x-2
z=10.15
x=3,35.6 1

7 y=6,53.2 In()—4
z=6..10 X
x=5,56.8

8 y=4,23.0 2-X—sinx
z=28.13
x=3,35..8 1

9 y=975.-4 — -3
z=-9.4 X
X=2,25.7 y X

10 y=8,6.5.1 cos(— j . sin(j
2=6.12 100 10

17




x =8, 8.3..10

11 y =10,7.5..3 sin( j—4
7=1.5 X+25
Xx=7,75.95

12 y= 9,886 X2 —3x+10
z2=22.27
x=8,8.9.10

13 y=21.8..-0.2 34+ x2—12
z=-1.5
x=2,25.6

14 y =10,6.8..1 x2 —2c0s( x)
z=-3.5
x =8, 8.5.10

15 y=6,43.1 &«-0.5°+15x
z=10..25
x=1,15.5

16 y=28,6.8.1 x2 —2sin(x)
z2=-2.4

3aganue Ne 5

Onpenenuts GyHknuo f(X), BEIUUCIUTH €€ 3HAYeHUE NMpu X = 2,9 U MOCTPOUTH
Tabnuiy 3HaueHuid pyHkuum s x [2; 12] ¢ marom 1. IToctpouts rpaduk GyHKITUN.

Bapu Bap
AR OyHKIMA H:H OyHKIUSA
8(x-1) I
N2€+2
1 (x+2)’ 2 €x+4¢
5x 3X
3 — 4 2—
X“+3 X“+3
3_
5 X 273x+54 5 _((+4E_X_3
X
5X 2
7 o A 8 (24—1)
X +2 X
2 2
9 (x+2j 10 2x° +1
X—2 x?+3
11 €«+18*2 12 ex-1g2¢L

18




2
X —6X+9 52
13 — 14
«-1° x> +3
15 (( 4\—X—3 16 ﬂ
e «+1°

3aganue Ne 6

Ha onHom rpaduxe noctpoiite rpaduku QpyHKIIHIA:
1. sinx

2. sin 2x

3. 2sinx

4. sinx*

KOHTPOJIBHBIE BOITPOCHI

1. HazoBuTe ocHOBHBIE 3JIeMeHThI HHTEepdeiica mporpammsl MathCAD.
2. C moMoIIpio Kakoro onepaTopa MO>KHO BBIYHCIUTD BhIpaKeHHE?

3. HazoBuTe npaBuia 3anucu UMEH ePEMEHHBIX.

4. Kak BCTaBHTh TEKCTOBYIO 00s1acTh B fokymeHT MathCAD?

5.Yem otTanyaeTcs TJIO0AIbHOE M JIOKAJBHOE OIIPpCACIICHUC HCpGMCHHBIX? C
IIOMOIIIBIO KaAKUX OIICPATOPOB Ol'IpCILGJIHI-OTCH?

6. Kak u3meHutb popmat pe3ynpraTa s BCETo TOKYMEHTA?
7. Kak n3MeHHTh (hopMaT pe3ysabTaTa JUisl OTACITHLHOTO BBIPaKCHUS?

8. Kakue cuctemHbie (mpepomnpeseneHHbie) nepeMeHHble Bam m3BectHBI? Kak
y3HaTh WX 3HaueHue? Kak u3BMEHUTh UX 3HaYCHUE?

9. Kakue Buasl pyuknuii B MathCAD Bam u3BecTHBI?
10. Kak BcTaBUTH BCTpOCHHYIO (QYHKIHIO B JoKyMeHT MathCAD?
11. Kak co3marh GyHKIHIO TTOJIH30BATEIIS?

12. Kak ompenenutsh AUCKPETHBIC TIEPEMEHHbBIE ¢ TIPOU3BOJIBHBIM marom? Kaxoii
mar mo yMOJYaHHIO?

13. Kak BrIBeCTH 3HAYCHHUS TUCKPETHON IEPEMEHHOM?

14. Kak noctpouTts rpaduk?
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JIABOPATOPHASA PABOTA Ne 2. IOCTPOEHUE I'PA®UKOB

TEOPETHYECKASA YACTD

B MathCAD BcTpoeHO HECKOJBKO Pa3IMYHBIX THIIOB IPa(HKOB, KOTOPHIE MOYXKHO
pa30uTh Ha ABE OOJBIINE TPYIIIHI.

Leymepnvie epaduxu:

e X-Y (mexaptoBslii) rpaduk (X-Y Plot);

e nosspHbsii rpaduk (Polar Plot).

Tpexmepuvie cpaguxu:

e rpaduk TpexmepHoil mosepxHoctu (Surface Plot);

e rpaduk auHuil yposHs (Contour Plot);

e TpexmMmepHas ructorpamma (3D Bar Plot);

e TpexMmepHoe MHOecTBO Touek (3D Scatter Plot);

e Bekropuoe nose (Vector Field Plot).

Jlenenue rpaKOB Ha TUITBI HECKOJIBKO YCJIOBHO, T. K., YIPaBIIsIsl YCTAHOBKAMH
MHOTOUYHUCIICHHBIX MapamMeTpOB, MOXKHO CO3/1aBaTh KOMOWHAIIMH THIIOB IrpaduKoB, a
TaKKe HOBBIC THIBI (HampuMep, IByYMEpHAasi TUCTOIPpaMMa pacTpeeNIeHUs SBISETCS
Pa3HOBUIHOCTHIO MpocTOro X-Y rpaduka).

JUis mocTpoeHus rpauKOB MCHOB3YIOTCS 11a0N0HBI. VX nepedeHb coaepkurcs
B KomaHzae MeHI0 BctaBka—['paduxu. bonbmmHCTBO mapaMeTpoB rpaduuecKkoro
nporeccopa, HEOOXOAUMBIX JIsl MOCTPOEHUS I'padUKOB, MO YMOJYAHUIO 33JaeTCs
aBToMatudecku. IloaToMy asii HadaJbHOTO NHOCTPOEHHUS TOTO WJIM HHOTO BHUIA
J0CTAaTOYHO 3a4aTh Tull rpaduka. B moamento Graph comepuTcs COUCOK U3 CeMU
OCHOBHBIX THUIIOB I'pa()uKOB.

Tabmuma 2.2 — Tunsl rpadukoB

X-Y Plot I'paduk B 1ekapToBOi CHCTEME KOOPIMHAT

Polar Plot I'paduk B MOJISIPHBIX KOOPAUHATAX

Surfase Plot TpexmepHslii rpaduk

Contour Plot KouTypHbIil rpaduk TpeXMEpHON MOBEPXHOCTH

3D Scatter Plot I'padux B Buae Touek (puryp) B TpEeXMEpPHOM
IPOCTPAHCTBE

3D Bar Chart I'padbux 11t w300pakeHHWs B BHAE COBOKYITHOCTHU
CTOJIOUKOB B TPEXMEPHOM IIPOCTPAHCTBE (TUCTOrpaMMa)

Vector Field Plot ['paduk BEKTOPHOTO MOJIST HA TUIOCKOCTH

MathCAD NpEACTaBIseT  TMOJIb30BATENI0  Pa3HOOOpa3HbIe cpeacrTna
dopmatupoBanusi rpaduka - W3MEHEHWE TOJIIMHBI W I[BETA JIMHWM, BHJIAa OCEH
KOOPAWHAT, KOOPJAUHATHBIE CETKH, TEKCTOBbIE KOMMEHTapUu U Jip. st Toro 4To0bl
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U3MEHUTh BUJ U300paKEHHUs, HYXKHO ILIECIKHYTh IBAXKIbl IO MOJIO Tpaduka u
YCTaHOBUTH TpeOyeMbI€ MapaMeTpbl B OKHAX HACTPOMKH.

I'padpuixu moOoro BHAA, KAk JHOObIE OOBEKTHI JOKYMEHTA, MOYKHO BBIIEIATH,
3aHOCUTh B Oydep oOMeHa, BbI3bIBATH UX OTTYlIa U MEPEHOCUTH B J1000E HOBOE
MECTO AOKYMEHTa. X MOKHO U IPOCTO MEPETacCKUBATh C MECTa HA MECTO KYpCOPOM
MBIIIIM, a TAKXKE PACTATUBATH MO TOPU3OHTAIM, MO BEPTHKAIM W MO JAUArOHAIH,
LEIUISSCH 32 CTIeMANIbHbIE MapKEPbl BbIIEIEHHbBIX IPAPUKOB KYpPCOPOM MBIIIIH.

llopsook Oeticmauti npu nocmpoenuu Bcex rpadukoB onuHakoB. [locne BeIOOpa
mabyioHa TMOCTpoeHus Trpaduka B padoyeM JOKYMEHTE OTKpPbIBAe€TCS IIOJIE
NOCTPOCHMsI Tpaduka C MOMEYEHHBIMH JUIsl BBOJA TO3UIMSAMHU, KOTOpBIE HYKHO
3aMOJIHUTH AJIs ONpeiesieHus rpaduka.

Korpa rpaduk ompezaeneH (3amoiaHeHbl BCE€ MOMEUYEHHBIE TO3MIMH), TO MJIs
NOCTPOCHHSI TpaduKka MPU aBTOMATUYECKOM pEXKUME BBIYUCICHUN JI0CTaTOYHO
IIEJIKHYTh MBIIIBIO BHE OIS rpaduka.

3anoiHeHue madaoHa ISl pPa3HbIX THUIOB rpad) MKOB UMEET CBOM OCOOCHHOCTH.

MOXXHO HA4YepPTUTh HECKOIbKO KPUBLIX HA OOHOM W TOM e udeprexe. UToObl
NpeICTaBUTh TpadUyuecKr HECKOIbKO BBIPAKEHHH MO OCH OpJUHAT OTHOCHUTEIBHO
OJTHOTO BBIPAXKEHHUS 10 OCH a0CLKCC, BBEIUTE MEPBOE BBIPAXKEHUE MO OCU OpJMHAT,
COMpOBOX1aeMoe 3amnsiTol. HemocpeacTBEHHO MO/ MEPBBIM BBIPAKEHUEM TMOSBUTCS
mycroe noje. Beenure Tyaa BTopoe BbIpa)K€HHE, COIIPOBOXKAAEMOE IPYron 3amsToM,
4TOOBI OJTYYUTH IYCTOE NOJIE, U T. 1.

YroObl MOCTPOUTH HECKOJBKO HE3aBUCHUMBIX KpPUBBIX Ha OJIHOM YEpTexKe,
BBEIUTE J1Ba WM Oo0Jiee BBIPAKEHUS, OTAENSIEMbIX 3allSITHIMU IO OCH abcuuce, U TO
’Ke camoe BbIpakeHue 1o ocu opauHaT. MathCAD cornacyeT BblpakeHHsI IOMApHO -
IepBOE BBIPAKEHUE MO0 OCU a0CLUCC C MEPBBIM BBIPAKEHUEM 110 OCU OPAUHAT, BTOPOE
CO BTOPBIM U T. J1. 3aT€M pUCYeTCs rpapuK Kax a0 mapsl.

MoHo nocTpouts 10 16 ¢yHKIUI MO OCH OpAMHAT B 3aBUCUMOCTH OT OJIHOTO
apryMeHTa no ocu abciucc. OHaKO ecly JIJIs KaXJI0W KPUBOW HCIIOJB3YETCSl CBOM
apryMeHT, TO MOKHO 0TOOPa3uTh TOIBKO 710 10 rpaduKoB.

TouyHo Tak e MOXXHO MOCTPOUTH HECKOJBKO I'pa)MKOB HAa OJAHOM U TOM K€
yepTexe B IMOJSIPHBIX KOOPJAWMHATAX, MCIOJIB3Ysl ATy K€ TEXHOJOTHIO 3aIOJHEHUS
maboHa rpaduka.

dopMmaTpoBaHue rpauKoB

UtoOBI UBMEHHUTH hopmam epaguka, HEOOXOAUMO ABAXKBI METKHYTh MBIIIBIO B
obnacTu rpaduka.

Ecmm ctpoum rpadmk B 1€KapTOBOM CHCTEME KOOPAWHAT, TO TOSBUTCS
Cenyroliee IUaIoroBoe OKHO it (opmaTupoBanus Tpaduka (pa3HbIE THIIBI
rpaKOB MMEIOT pa3HBbId BUJ JHAJIOTOBBIX OKOH, HO AHAJOTHUYHYIO TEXHOJIOTHIO
dbopmaTupoBaHus).
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dopmaTtupoBaHue ocu rpaduka MOMXKHO TaKXe MPOU3BECTH, BHIMIOJIHUB HAa HEM
JIBOMHOM IIEITYOK.

MopmaTHposanme Buibpannoro X-Y [ pathura E|

DK X-Y | Tpacckposka || MeTkM | CTanaapT

[&kn. eTopranyro ¥ oce:

MNagHaA ock ¥ | BTopkqHas ok ¥

OCb-%

[ ] norapmm, macwrat [ ] Norapudm, macwTab
[ nurem ceren B [ mvHem cemien R
HyMEPOEaHHEIE HyMEpoEaHHEIE
AETOMacLLTab AETOMacLLTab
[]BeE. Mapkeps [ 1BeiE, Mapreps
AETOCETKS AETOCETKA

K.on-go ceTok: K.on-go ceTok:

CTHAE OCH

(:! Crpaq. ofn, |:| PagHEIE MacwT

{(*) NepeceyeHme

I.’:! HeTt

o [Come

Pucynok 2.1 — ®opmatupoBanue rpaduka

B MathCAD mo3kHO JieaTh ClIeayroline HaaIHuCH Ha YepTeKe:

® 3aroJIOBOK BBIIIE WJIH HIDKE TpaduKa;

e Ha3BaHWU OCEM, YTOOBI OMMKCATh, YTO OTI0KEHO Ha KaXKIOH OCH;

® MEHAa KPUBBIX, HIICHTU(DUIINPYIOUTUX OTACIbHBIC TPAPUKH;

® [IEPEMEHHBIC - BEIPAKEHUS, ONIPENEISAIONINE KOOPANHATHI.

MO>XHO UCTIOJIB30BaTh 3THU HAJIIMCH BCE BMECTE WU B JIH000M KOMOUHAITIH.

st Toro 9T00BI 00b6a8UmMb 3a2010860K K TpaduKy B IHUAJOTOBOM OKHE IS
dopmatupoBanusi Tpaduka, ciemyeTr MEIKHYTh mo 3akimanke Labels (Metku) u
HarmeyaTtath 3aroioBok rpaduka B mone Title (Haspanme). Ilometuts wmecTo
pa3MenieHus 3aroiioBka: kHomka Above (BBepxy) wim Below (Buusy) u
yIocToBepuThes, uTo ¢axkok Show Title (BeiBoguTs) oTMeueH.

YroOsl HaammcaTh OJHY WM 00€ ocu rpaduka, HEOOXOIMMO yKa3aTh Ha3BAaHUE
ocell B rosie MeTkH ocen.

MosxHO TocTpouTh 10 16 pasHbix rpadgukos. Kaxmomy rpadguky cOOTBETCTBYyET
CTpOKa B TMPOKPYUYUBAIOIIEMCS CIIUCKE, KOTOPBIA OTKPOETCS, €CIM B JUAJIOTOBOM
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OKHE I (popMaTUpOBaHUs rpadpuka meakHyTh o Bkuajake Traces (Tpaccuposka).
Ha 5T0i1 BKI1aike MOKHO U3MEHUTH MapaMeTphl: THI, IBET, TONIIUHY JINHUU.
[To mepe mnosinenus: HOBbIX TrpadukoB MathCAD craBuT B COOTBETCTBHUE

KaXXI0OMY OJIHY U3 3TUX CTPOK.

HocTpoenue rpadpuka pynkuuun y = f( x)

ITpumep 1

f(X) = X+ sin(x) g(x) :=xsin(x)

Pucynox 2.2 — IIpumep moctpoenus y = f( X)

ITocTpoeHue KPpUBOIL, 32IaHHON MApaAMeTPUYECKH

[TocTpoeHne KpuBOM, 3aJaHHON MAPAMETPUUECKH, OCYLIECTBIAECTCS aHAIOTHYHO.
OTnuuue CcOCTOMT B TOM, YTO B TO3ULUU apryMeHTa W (YHKIUHM BBOMISTCS
BBIPQYKEHUS WM UMEHA COOTBETCTBYIOMIUX (DYHKITHA.

[Tpumep 2
2 \‘ 2
t t1-t
X(t) = y(t) = ——
1412 14 t2 t:=0,0.1..10
5
O /——x
y () ™
—_— 3,
)
-5 \
-10
0 0.2 0.4 0.6 0.8

x(t)
Pucynok 2.3 — IIpumep noctpoeHus
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I'paduxu B mosisipHoOi cucTeMe KOOPAUHAT

B nonspHO#l cucteMe KOOpAMHAT Kak/las TOYKa 3aJaeTcsl YrioM (p U MOJIYJEeM
paauyca-BekTopa r(¢). I'padpuk pyHKUIMHU OOBIYHO CTPOUTCS B BUAE JIMHUH, KOTOPYIO
OMMCHIBAET KOHEI| PaJNyCa-BeKTOpa MNpU H3MEHEHHH YIiia (@ B ONpPEIEICHHBIX
npenenax, vame Bcero oT 0 mo 2m. Omnnus [lonspueie koopauuatel (Polar Plot)
BBIBOJIUT IIAOJIOH TakuX rpaukoB B popMe OKPYNKHOCTH C IAOJIOHAMU JAHHBIX.

[lepen mocTpoeHueM Takux rpauKoOB HAJO 3aJaTh 3HAUEHUS MEPEMEHHOU ( U

bynkuuo r(¢).
ITpumep 3

a:=10 m:=4
MY

(|)1=—7'E,—Tt+i..7't o | |
120 r¢ :=a-cosfmd

150

r(p) 180

210

270
d
Pucynok 2.4 — IIpumep noctpoerwst (o)

I'paduxu noBepxHocrei

Tpexmepnsie, wm 3D-rpaduku, oToOpaxaroT GyHKIUNA ABYX MEPEMEHHBIX BUA
Z(X,Y).

[Ipy moctpoeHuu TpexMepHbIX TpadukoB B paHHuX Bepcusx MathCAD
MMOBEPXHOCTH HY>KHO OBIJIO ONIPEIETUTh MAaTEMATHIECKH.

Teneps npumensitor pyuakiuo MathCAD CreateMesh.

Oynukius CreateMesh(F (wmu G, wm 1, £2, £3), x0, x1, y0, y1, xgrid, ygrid,
fmap) - co3maer ceTKy Ha MOBEPXHOCTH, OIpeaecHHON QyHKIuei F.
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X0, x1, y0, yl — nuana3oH W3MEHEHUs MepeMeHHBIX; Xgrid, ygrid — pasmepsr
ceTKH nepeMeHHbIX; fmap — pyHkus oroOpakeHusl.

Oynkius CreateMesh 1o yMonuaHuIO cO3/1a€T CETKY Ha IOBEPXHOCTU C
JMana30HOM U3MEHEHUS MEPEMEHHBIX OT —5 110 S U ¢ ceTkoil 20x20 Touek.

[Tpumep 4. (IlocTpoenne rpapukoB MOBEPXHOCTU ABYMs ClIOCOOAMM)

1 cnoco6
: ’ 2 2
f(x,y) ==sin X +y" 2 cnocob
i:=0.20 j==0..20
2 2
X = -15+i-0.15 A1’;gx,y) = sin( X +y
yj=-15+ j-0.15 MM := CreateMesh(f,-1.5,1.5,-1.5,1.5, 20, 20)
MT. .:=f x,y.‘\
|

MT MM

Pucynok 2.5 — JIBa crmoco0a mocTpoeHus: MOBEPXHOCTH

Hepenko moBepXHOCTHM W NPOCTPAHCTBEHHBIE KPUBBIE MPEACTABIISIIOT B BUIE
TOUYEK, KPYKOUKOB WM HHBIX Quryp. Takoii rpaduk co3maercs oneparueii BeraBka
— I'padux — 3D ToueuHslid, mpuyeM MOBEPXHOCTH 33/1a€TCA MAPAMETPUIECKU — C
nomonibio Tpex matpul (X, Y, Z).

Jlist onpeneneHust UCXOHBIX JaHHBIX JIJIST TAKOTO BUJA TPadUKOB UCIIOIB3YETCS
dbynkmus CreateSpace.

®dynknus CreateSpace (F, tO, t1, tgrid, fmap) - Bo3BpamaeT BIOKEHHBIN MacCHB
TPEX BEKTOPOB, MPEACTABISIOIMNX X, Y, U Z - KOOPAWHATBHI HPOCTPAHCTBEHHOU
KpuBOH, onpenenenron ¢pyukmueit F. t0 n t1 — nuama3oH n3MeHEHUs EPEMEHHOM,
tgrid — pa3mep ceTku nepeMeHHOM, fmap — yHKIHS 0TOOpaKCHHS.
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Eme oauH BUI IpencTaBlI€HUs MOBEPXHOCTU - gekmopHoe npedcmasnerue. OHO
3a/1aeTcsid IMOCTPOEHUEM KOPOTKHX CTpesloyeK - BEKTOpoB. CTpenku oOpaiieHsl
OCTPUEM B CTOPOHY HApacTaHMs BHICOTHI TOBEPXHOCTH, & TUNIOTHOCTh PACIIOJIOKEHUS
CTPEJIOK 3aBUCUT OT CKOPOCTH 3TOr0 HApaCTAHHUS.

Jlns ero moctpoeHus wucnonb3dyercs 1mabdnon Vector Field Plot (rpaduxk
BEKTOPHOTO MOJISl HA TUVIOCKOCTH). B m1abioH HeoO0XoAMMO BHECTH UMsI MaTpHIIbl M.

[Tpumep 5. IlocTpoenue ToueuHoro rpadpuka 1ByMs criocod0amu

1 cnocob 2.cnocob
cos(t)
t:=0..100 /E«(t) = sin(t)
xt::cosfl\ Y ::sin(l\ Z ::1 \ ! )
K 5) \ 5) S M := CreateSpace(F, 0,20, 100)

204 204

(xy,2) M

Pucynok 2.6 — JIBa cmoco0a mocTpoeHus: TOYSHHOro rpaduka

ITocTpoenue nepecekarUXcs GpUryp

OcoObIii MHTEpeC MpeAcTaBiIsieT co00H BO3MOXKHOCTh TOCTPOCHHSI HA OIHOM
rpaduke psna pasHbIX (UTYp WIH TOBEPXHOCTEH C aBTOMATHYECKAM YYE€TOM HX
B3aMMHOTO TmepecedeHus. Jlms 93Toro Hajgo pa3fenbHO 3a7aTh  MaTpPHIIBI
COOTBETCTBYIOIIMX TOBEPXHOCTEM W Tocie BheIBojga ImabmoHa 3D-rpaduka
MEPEUYUCTUTh ATU MATPHIIBI MOJ HUM C HUCIOJIB30BAaHUEM B KAYECTBE DPa3/ICIUTEIS
3aIsATON.
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X:=0..20

fl(x,y) = —sin, x2 + yz‘\

M1 = fl(

X,y

y :=0..20

x— 10 y—lO\

vs 5 )

f2(x,y) = x2 + y2 -5

(x—lO y—10\

= f2 )
5 5 )

M1, M2

Pucynok 2.7 — Iloctpoenue nepecekaronuxcst Guryp

3AJTAHUSA K JIABOPATOPHOM PABOTE Ne 2

3aganme Ne 1

[TocTpoiite rpaduku GyHKITUH.

Bapuant DOyHKIUSA OJTHOU [losspHas cucrema DyHKIHSA IBYX
IIEPEMECHHOM KOOpJIMHAT IIEPEMEHHBIX
3 2 1 x=t" =37 ‘
1 y=—+—F+— s - z=sm(£)cos(lj
x> x* x y=t'—6-arctg€_ y x
-~ 1
x =4cos” z=—
_ 3.2 4l 3 —
- X
~ exp(—3x) x=sh€ -t
=h€x r———° = =X y—=xV
3 y = \/; y:ch(;l Z=Xy—Xy
2 _ x=t
4 i Vx ~ z= exp(— i]
1—x y=t+2arctg€_ y
. %2 x=2-€cos€ rcos€r _ z=425x-exp €t + 6t
X+l y:2-6sin(:+sin$t::
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~ ~ x213+3t+1 3+ 3
6 y=sin€ -4cos€_ , Z:xz yz
y=t =3t+1 Xty
3t
SRS 2 2
7 y:xz.tge/ 3t2 Z=]I1(+ x2+y2/
SR
3 x=t-exp
8 y= “/;\ p(’\ z=In|rg| =
cos € _ y=t-exp€r_ y
cos€ —sin € x=3t+1 ~
9 y=<—: 3 Z:]n‘2+y2
cos€ +sin € _ y==t+2t -
~ - x=t+exp€r_
= {+x? - =x"
10 y=+x* arecos € V=2t exp €2 z=x
t
x=—3
- t+
[ 3 = b
11 y=nNX ardg(’, y_2tz+31 2= g€
¢+3°
- - x=m V2 X+
12 vy =sin € arcsin € ( - N
y=tJt* +1 Y
2 — - h
X2 =1 x = 6cos€ -3cos €s 1 -
= = : < =_]n 2+ 2
13 4 g€ y = 6sin € -3sin € _ z ¢y -
x=tt +1
~ ~ X2+y2
14 y=x-cos€ _In€_ 1+ 1+ =22
_ | D x* -y
4
x=2cos
15 y=I exp(c/’ y=3sin(i z=x2y4_x3y3+x4yz
~ ~ ~ ~ 1_ X,
16 y=exp€ (g€ -x_ y=al€+cos@Q _ z=2 Jxy

3aganue Ne 2

Oto0pa3uth rpad)MUecKu IEepeceueHUe MOBESPXHOCTEH

«+y°

fux,y)=— "= mu

10

X— o
f2(X,y):=5COS(3yj. Martpuipl a7ii TIOCTPOCHHS TOBEPXHOCTEH 3a1aTh C

nomoipio Gynkiuu CreateMesh.
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© N Ok o

KOHTPOIJIbHbIE BOMNMPOCHI

Kaxk noctpouts rpaduk?

Kak noctpouts HECKOJIBKO rpa)uKOB B OJJHOM cHCTEME KOOPAHHAT?
Kax noctpouts nexaptoBbiii rpadux?

Kax ordopmaTupoBarh nocTpoeHHbIN Tpaduk?

Kax noctpouts rpaduk KpuBoii, 3a1aHHON apaMeTpUuecKu ?

Kaxk noctpouts rpaduk B NOJSIPHON cUCTEME KOOPAUHAT?

Kax noctpouts rpadpuk noBepxHocTH?

Jlnis gero ucnonb3ytores Gpynakuuu CreateMesh, CreateSpace?
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JIABOPATOPHAS PABOTA Ne 3. BEKTOPBI U MATPHUIIbI

TEOPETHYECKASA YACTD

3agaun nuHEHHON anreOpsl, pemaembie B MathCAD, MOXHO YCIIOBHO pa3ieiiuTh
Ha JBa Kjacca. [lepBrlii - 3TO MpocTeillne MaTpuyHble ONepalii, KOTOPbIe CBOJAATCA
K OIpENeICHHbIM apu(PMETHYECKUM JCHCTBUSAM HaJ AJeMeHTaMu MaTpuibl. OHH
peanu3oBaHbl B BHJI€ OMNEPATOPOB M HECKOJIbKHUX cHelupUYEcKuX (QyHKIIHH,
MpeIHa3HAYCHHBIX ISl CO3JaHusl, 00bEIMHEHUS, COPTUPOBKH, MOJYyYEHUSI OCHOBHBIX
CBOICTB MaTpull U T. A. BTopoil kiacc - 310 GoJiee CIOXKHBIE NEUCTBUS, KOTOPbIE
peanu3yoT aNrOpUTMbl  BBIYMCIUTEIBHOM JMHEHHOW anredpbl, Takue Kak
BBIUMCIICHUE OIpeaenuTeNel W oOpallleHue MaTpull, BBIYUCICHUE COOCTBEHHBIX
BEKTOPOB U COOCTBEHHBIX 3HAUYCHHM, PEIICHHE CHUCTEM JIMHEWHBIX ajreOopanyecKux
YPaBHEHHMU U pazuyHble MATPUYHBIC PA3I0KECHHUS .

[IpocTeitmue omneparuu MaTpudHOi anreOpbl peanu3oBansl B MathCAD B Buje
OIepaToOpOB, MPUYEM HUX 3aMUCh MAKCUMAJIbHO MPUOIMKEHa K MaTeMaTUYeCKOMY
3HAYEHHUIO.

Co3nanue MmaTpun

Nmeetcs aBa criocoba co3aaTh MaTpuILy.

1-1 cnoco6. Vicnonb3oBaHre KOMaH/Ibl CO3/JaHUSI MACCHUBOB!

e Bocnonb3oBaTbcsi kKoMaH0M BeraBka — Marpuna;

e Hakatue xiasum Ctrl+M;

e BBIOOpP MNUKTOTPAaMMBl C H300paKeHHEM IabJioHa MaTPHUIlBIl Ha TaHETu

WHCTPYMEHTOB MaTpHuIbI.

B nnanoroBoM OKHE yKa3aThb pa3MEPHOCTb MATPHUIbI, T. €. KOJUYECTBO €€ CTPOK
m (Rows) u cronboB n (Columns).

JI1s BEKTOPOB OJWH W3 3THX MapaMeTpoB AOJKeH ObITh paBeH 1. Ilpy m = 1
MOJIYYMM BEKTOp-CcTONOCI, a TP N = 1- BEKTOP-CTPOKY.

Jlanee Ha 3KpaHE TOSBUTCS IMAOJIOH \1 1 8 l), B KOTOpBIM HYXKHO BBECTH
3HAYEHHUSI JIIEMEHTOB MacCHUBA.

OOpammatecst K OTIETBHBIM JJIEMEHTaM BEKTOpa MJIU MATPHUIBI MOYKHO HCIIONIB3Ys
HIWKHUM WHIEKC. s 3JIeMeHTa MaTpullbl YKa3bIBalOTCs J1Ba MHAECKCA, OOWUH - JJIA
HOMEpa CTPOKH, APYroi - ik HoMepa cToola.

UToObI BBECTH HUKHUN UHAECKC, HY’KHO Ha)KaTh KJIaBUIIY [ MOCIe UMEHU BEKTOpa

e
VLT MATPHITBl WM BBEIOpAaTh KOMaHIy ' Ha maHenu MaTpuIsl.

2-11 cnoco6. Vicnionib30BaHNe paHKUPOBAHHOW MIEPEMEHHOM.
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PanmxupoBaHHas nepeMeHHasi UCIIONIb3YETCs sl ONpEeeIeHs HHAeKca (Homepa)
JJIEMEHTAa MacCHBa.

Hanpumep:
1) Co3nmatpe mMaTpuiy B, cocTosiyro u3 2 CTpoK U 3 cTOJIOIOB.

ORIGIN := 1 3agagum Ha4vanbHbIN MHOEKC MaccuBa paBHbIM 1
MWW
i=1.2 KonnyecTtBo CTpok
j=1.3 KornmnyectBo cTonbuos
L 3OnemMeHTbl MaTpuLbl pacCcYMTLIBAOTCS
B. .=1+] _
i,] no 3agaHHon dopmyre
234
s-(2°%4)
\345)
2) Co3aath BEKTOP S, COCTOSIIMIA U3 3 2JIEMEHTOB
ORIGIN =1 3agagum HavanbHbIM MHOEKC MaccuBa paBHbIM 1
VWA
i=1.3 KonnyecTBo 3rieMeHTOB BeKTOpa

%
A%}:zi2 1
S=|4

\9)

Komanasbl nanesu uHCTPyMeHTOB MaTpuubl

Ta6muma 3.1— Komaaas! 11 MaTpuiisl

Kuonk Haznauenue
a
HH Coznanue MaTpULbI
v OOparHas MaTpuna
|2 Onpenenuresib MaTPULIbI
MT TpaHCIIOHHPOBAaHKE MATPHIIBI
p Brinenenue cronbma MaTpHIisl

Onepartopsl AJ1s pad0ThI ¢ MACCUBAMHU

O6o03HaueHus: AJist BEKTOPOB - V, Juist MaTpull - M U JJ1s1 CKaJIsipHBIX BEJIMYUH - Z.
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Tabmuna 3.2 — HasgaueHue komauyg

Omneparop Bson Hasnayenue oneparopa
V1+V2 V1+V2 Cnoxenue aByx BekTopoB V1 u V2
V1-V2 V1-V2 Brrunranue nByx BekTopoB V1 u V2

M M CmeHa 3Haka y BHI\;MGHTOB MaTpHULbI
V-z V-z Brrunranue u3 Bexkropa V ckanspa z

z*V, V*z z*V, V*z YMHOX€EHUE BEKTOpa V Ha cKalsp Z

z*M, M*z z*M, M*z YMHOXk€eEHME MaTpullbl M Ha ckausp Z
V1*V2 VI*V2 YMHOXeHHEe IBYyX BeKTopoB V1 u V2

M*V M*V YMHOXkeHUE MaTpulbl M Ha BekTop V
MI1*M2 MI1*M2 YMHOXkeHUE ABYyX Matpul M1 u M2
\L V/z Jenenue Bexropa V Ha ckajsp Z
JA
M
— M/z [enenune marpurpl M Ha ckassip Z
z
M" M”"n Bo3Benenue marpuiisl M B CTENIEHB 7

dparment qoxkymenta MathCAD:

DewncrtBna ¢ maTpuuamm

ORIGIN:=1 3agaoum

HayanbHbIN MHOEKC MaccuBa paBHbIM 1

123 143
A=|456 Al =258 IA| =12
M
3809 369
2 4 6 -025 05 -025 1
2A=|8 10 12 ATlol a5 0 05 AV |4
\6 16 18) \ 1417 -0.167 -0.25 ) \3)
100
Aa =010

\0 0 1)
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DOyHKUMHU A5 pa00THI C BEKTOPAMHU M MaTPHLIAMH.

Hexoropeie u3 Hux (V m0oKeH OBITH BEKTOPOM, A MOXET OBITh BEKTOPOM JHOO
MaTpuLei):

length(V) -Bo3Bpaimaet 4nciIo IEMEHTOB B BEKTOPE V;

last(V) - Bo3BpaliaeT HHACKC MOCJICIHErO DIEMEHTa,;

max(A) - Bo3BpalaeT MaKCUMaJIbHBIN 110 3HAUCHUIO DJICMEHT;

min(A) - Bo3BpaliacT MUHUMAJIbHBIN 110 3HAYCHHUIO DJICMEHT.

Marpuynble pyHKIIUH

J1iist pa®oTHI ¢ MAaTPUIIAMH TAK)KE CYIIECTBYET PSi BCTPOCHHBIX () YHKITUHA:

augment(M1, M2) - oObenuHseT B oaHy MaTpuibl M1 u M2, umeromue
OJIMHAKOBOE YKCIIO CTPOK;

identity(n) - co3maeT enMHUYHYIO KBaJApaTHYIO MaTpuily pasmepoM Nxn, (N —
pa3zMep MaTpUIbI(UHICIIO));

stack(MI, M2) - o0wveaunsier aBe marpuiel M1 u M2, nMeronue OJUHAKOBOE
YHCIIO CTONOIOB, caxkast M1 nag M2;

diag(V) - co3maer nuMaroHaJdbHYIO MATPHIy, SJEMEHT TIJIABHOH JgHaroHain
KOTOPOM - BEKTOp V;

cols(M) - Bo3Bpaliaet 4Kcio CTOJIOIOB MAaTPHUIILI M;

rows(M) - Bo3BpalIllaeT YMCIIO CTPOK MaTPHUIILI M;

rank(M) -Bo3Bpaiiaer panr MaTpuisl M;

tr(M) - BosBpamiaer ciea (CymMMy JMAaroHajdbHBIX JJIEMEHTOB) KBaJpaTHOM
MaTpulbl M;

mean(M) - Bo3BpaiaeT cpeHee 3HaYCHUE DIIEMEHTOB MaccuBa M;

median(M) - Bo3BpaiaeT MeIuaHy JIEMEHTOB MaccuBa M;

eigenvals(M) - Bo3Bpam@aeT BEKTOp, DSJIEMEHTAMH KOTOPOIO  SIBJISIOTCS
cobcTBeHHbIe 3HaYeHuss MaTpuilbl M (M momkHa ObITH KBaApaTHON MaTPHUIIEH.);
submatrix(M,ir,jr,ic,jc) - Bo3BpallaeT IOAMACCHUB, COCTOSIIMA M3 BCEX

AJIEMEHTOB, KOTOPBIE COACPKATCS B CTPOKAX C ir 10 jr U CTOJIOMaxX ¢ ic 1Mo j¢ MaccHuBa
M.
CuMBOJIbHBIE BBIYHCTEHUS

Bce marpuuHble W BEKTOPHBIE OIEPATOPBI JIOIYCTHUMO MCIIOJIb30BATh KaK B
YUCJICHHBIX, TaK W B CHMBOJIBHBIX pacuerax. MoOIlb CUMBOJIBHBIX OIEpalun
3aKIJIFOYAETCS] B BO3MOXKHOCTH ITPOBOJUTH UX HE TOJIBKO HAJl KOHKPETHBIMHU YHCIIAMU,
HO Y HaJl IEPEMEHHBIMU.

®parment nokymenta MathCAD:
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a b c u v w a+u b+v c+w
+ —

d f g Xy z d+x f+y g+ 2z

a b c u v w a—-u b-v c—w
— —

d f g Xy z d-x f—-y g-=z

a b c a+k b+k c+ Kk
+ k—
(dfg) (d+k f+ k g+kj
3AJJAHUSA K JABOPATOPHOM PABOTE Ne 3

1. BBecTu B JIOKYMEHT Ha3BaHUE JIa0OpAaTOpHOW pabOThl, BApUAHT 3aJaHUS U
(baMuIMIo CTyIeHTa
2. Coznparp kBagpatHble Matpullbl A, B, D, pazmepom (5,5,4 cOOTBETCTBEHHO)
HEPBBIM CIIOCOOOM
3. HccnenoBarh cineayroliue CBOMCTBA MaTpull Ha IpUMepe IpeoOpa3oBaHUs
3aJIaHHbIX MAaCCHUBOB:
® TPaHCMOHWPOBAHHASI MATPHIIA CYMMBI ABYX MaTpHI[ paBHA CyMMe
TpaHCIOHHpOBaHHBIX Matpuil (A+B) =AT+B";

¢ TpPAHCIIOHHUPOBAHHAA MAaTpulla IIPOU3BCACHUS ABYX MATPHUILL paBHA CYMMC

IMPOU3BCACHNUTIO TPAHCIIOHUPOBAHHBIX MATPUII, B3ITHIX B O6paTHOM IMOPAAKE:
T_pT T.

(A*B)'=B™*AT;

e [IpH TPAHCITIOHWPOBAHHUHU KBAJIPATHON MATPHUIIBI ONPEIAETUTENb HE
—_InTI-
mensieres : [D|=|D|[;

® IIPOM3BEIACHUE KBAAPATHOW MATPUIIBI HA COOTBETCTBYIOIIYIO €1

KBaJPATHYIO AACT €AUMHUYHYIO MATpUILy (3JIEMEHTHI TJIABHOW TMArOHaIu
. 1_

¢IMHUYHON MaTpHUIIbI paBHBI 1, a Bce octanbabie — 0) D*D=E.

4. Jlns matpui A,B HaiiTi oOpaTHBIC MATPHIIHI.

5. Haiitu onpenenurenu matpui A,B.

6. Jus matpuiibl A yBeNIMUYUTh 3HAYCHHS 3JIeMEHTOB B No pas, rie Ne - Homep
BapHaHTA.

/. Jns matpuubl B yBenuunuTh 3HaY€HUs 3I€MEHTOB Ha Ne.

8. Cozmatp Bektop C BTOpPBIM CIOCOOOM, KOJHMYECTBO DJIEMEHTOB KOTOPOTO
paBHO 6.

9. Ilpumenuts k wMmatpumam A, B, D BcTpoeHHBIE MaTpuyHBIC (QYHKIUU
(BCEBO3MOXKHBIC) U3 MPUBEICHHBIX B MyHKTe “DyHKIMA 17151 paboTHI. . ...”

10. IMpumenuTs K BekTopy C BCTPOCHHBIE BEKTOPHBIE (DYHKITUH.

11. ITpuMeHUTH KO BCEM MaTpHIlaM M BEKTOPY 0OIIHNE BCTPOCHHBIC (DYHKITHH.

12. CoxpaHUTh TOKYMEHT.
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SAEE A .

KOHTPOJIBHBIE BOITPOCHI

Kak co3nate MaTpully, BEKTOp - CTPOKY, BEKTOP - CTOI0€e1?

Kaxkue onepartopsl ecTh A pabOThI ¢ MaTpuLaMu?

[lepeuncnure KOMaHIbl MAHETU UHCTPYMEHTOB MaTpHIIbL.

Kax BcTaBUTh MaTpuuHbie PyHKIUU?

Kax BbINOTHATH BBIYMCIICHUS, €CIIM MaTpHUlla 3aJaHa B CHMBOJIBHOM BUjie?
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JABOPATOPHAS PABOTA Ne 4. PEIIEHUE YPABHEHUM

TEOPETHYECKASA YACTD

OrpoMHOE KOJIMYECTBO 3aJad BBIYMCIWTEIBHOM MAaTEMaTHKH CBA3aHO C
pEIICHUEM HEJIMHEHHBIX anreOpandyeckux ypaBHEHUM, a TakKe CHUCTEM TaKHX
ypaBHeHuil. IIpu 3TOM HEOOXOOMMOCTh pEIICHHs HEIMHEHHBIX YpaBHEHUU
BO3HHMKAET 3a4acTyl0 Ha MPOMEXYTOUYHBIX Ilarax, MpU peanu3auuud (pparMeHTOB
0ojiee CIIOKHBIX aJITOPUTMOB (K MpUMEpY, OpH pacyeTrax AuddepeHIranbHbIX
YPaBHEHHM MPHU MOMOILM PA3HOCTHBIX CXEM H T. I1.).

YuciaeHHoe pelieHUe HeJTUHHEHHOr0 YPaBHEHUsI

Anroput™m npubamxkeHHoro peuieHus ypaBHeHus f(x)=0 coctouT u3 IByX
ATaNoB:

1. HaxoXJIeHHS MPOMEKYTKA, COJAEPKAIEro KOPeHb YpaBHEHUS (UM HaYalbHBIX

npUOTMKEHUH 17151 KOpHS);

2. TOJy4YeHUs: TMPUOJIMKEHHOTO PEelICHUsl C 3aJaHHOW TOYHOCTBIO C IMOMOIIBIO

dyHKIIMH T00t.

Eciu mocme wmuorux wuteparmii  MathCAD  He HaxOguT MOIXOISIIErO

, .
NPHOJIMKCHHUS, TO TIOSBUTCS COOOIIECHUE |Eantc:n:unwerge to & solution. (oTCyTCTBYET
CXOJUMOCTD).

MNpumep 1. PeweHne ypaBHeHUs ¢ nomMmolbio dyHkumm ROOT

f(x) = 2-In(x) — 12( +1 3apaem pyHkuumo f(x)

CTtpoum rpacdvik un
0 f T 5 5 4 & Haxo4uM HadarbHoe
() npuGrmkeHne

X:= 0.7

root(f(x¥),X) = 0.728

Ota ommOKa MOKET ObITh BbI3BaHa CIEAYIOIIUMU MPUYUHAMMU:
® YpPaBHEHHE HE UMEET KOPHEH;
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® KOpHHU ypaBHEHHsI PACIIOIIOKEHBI 1aJE€KO OT HAYaJIbHOI'O MPUOIHKEHMUS,
® BBIPAKEHHE MUMEET KOMIUIEKCHBI KOPEHb, HO HaYaJIbHOE NMPHUOIUKEHUE ObLIO
BELIECTBEHHBIM.

YToOBl yCTAaHOBUTH MPUYMHY OIMIMOKH, uccuenyite rpadpuk f(x). OH momoxer
BBISICHUTH Halmuue KopHed ypaBHeHus f(x) = 0 u, ecau OHM €CTh, TO ONPEAEIUTD
NpUONM3UTENbHO MX 3HadYeHus. YeM TodHee BHIOpPAHO HayaldbHOE MPUOTUKEHUE
KOpHs, TeM ObICTpee OyIeT root CXOUThCA.

HaxoxneHue KopHe# MoJJMHOMA

JUist HAXOJKICHHS. KOPHEH BBIPOKEHHS, HMEIONIEr0 BUI Vo+ViX+... VoaX™h +Vox",
Jy4lle UCMOJIb30BaTh (YHKIMIO polyroots, Hexenu root. B ornuume ot QpyHKIMH
root, GpyHkIMs polyroots He TpeOyeT HaYaJIbHOTO MPUOIMKEHHS U BO3BpAIlaeT cpa3y
BCE KOPHH, KaK BEILIECTBEHHbIE, TAK U KOMILJIEKCHBIE.

Oynkuus  Polyroots(v) - BosBpamaer KOpHH IOJWHOMa CTCICHH M.
Koaddummentsl monmHoMa HaxoJsTcs B BeKTope Vv jiuHbl n + 1. BosBpamaer
BEKTOD JJIMHBI N, COCTOSIIINI U3 KOPHEH MOJMHOMA.

MNpumep 2. HaxoxaeHwe KopHeW NonMHoma

3
0.75- X" —8:X+ 5
[nsa cosngaHus BekTopa Vv:
1. lNocTaBbTe Kypcop Ha NEPEMEHHYIO X B BblpaXXeHUN

5 0.75~X3 —8X+5
_8 2. BeinonHute komaHgy CumBonbl —
V= KoadchcdmumeHTbl nonnHoma

3. BeinonHute komaHay lMpaBka — Bbipe3aTb
4. HanevaTaunTte v:= 1 BbIMONHUTE KOMaHAY
NMpaBka —» BctaButhb
—3.542

polyroots(v) = | 0.651
2.892

Peumrenue cucrem ypaBHeHMH

Pewenue cucmem ypagnenuu mampudunslm Memooom

PaccmoTpum cuctemy n JIMHEHHBIX anreOpandyecKux YpaBHEHHI OTHOCHTEIIBHO N
HEU3BECTHBIX X1, X2, ..., X!
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(@, % + X, + ...+ 3, X, =by,

<

(A Xy + X, + .+ 3, X, =D

n:

Cucrema MTUHEHHBIX YpaBHEHUI MOKET OBITH 3amycaHa B MAaTPUYHOM BUJIE:

Ax =D,
re:
) _ X, | b, |
Q;  Qp ap,
a, a a X, b,
A |8 B2 |y b=
_anl an2 ann _
| Xp | b, |

Ecnu det A # 0 To cucTeMa WM KBUBAJIEHTHOE €l MaTpUYHOE YpaBHEHHUE UMEET
€MHCTBEHHOE pEIICHUE.

Pewenue cucmem ypasnenuii ¢ nomowvro gpynxkyuu Lsolve

CucTemMbl TMHEWHBIX YpaBHEHUH YI00HO pemiaTh ¢ moMomibio GyHKIuu Isolve.
Oynknus Isolve(A, b) - Bo3BpalaeT BEKTOp peleHus X TaKou, 4To AX = b.
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MNpumep 3. PelleHne cnucteMbl ypaBHEHUN

X, +2X, +3X; +4X, =30
—X;+2X,-3X%X;+4x, =10

X, —X; +X, =3

X, + X, + X3 +X, =10

3anuwem B MaTpun4HOM Bumae:

1 2 3 4 30
-1 2 -3 4 10
A:: b::
AW 0O 1 -1 1 3
1 1 1 1 10
|A| = -4
1
-1 2
X:=A b X =
e 3
4
X := Isolve(A,Db)
V%%
1
2
X =
3
4

Pemenne cucrembl ypaBHeHuid Mmetoaom I'aycca

Metop ['aycca, ero eme Ha3pIBatOT METOAOM | 'ayCCOBBIX UCKITOYEHHM, COCTOUT B
TOM, 4YTO CHUCTEMY YpaBHEHUW MPUBOIAT TMOCIEIOBATEIbHBIM HCKIIOYEHUEM
HEU3BECTHBIX K SKBUBAJIICHTHOW CUCTEME C TPEYTrOJIbHOM MATPHUILICH.

B matpuuHO#M 3amucu 3TO O3HayaeT, 4To cHavaia (mpsiMoil xoa metona ['aycca)
AJIEMEHTAapHBIMU ONEpalusIMU HaJ CTPOKAaMU MPUBOIAT PACLIIMPEHHYIO MAaTpUILy
CUCTEMBI K CTyNEeHYaTOMy BHAY, a 3areM (oOpartHbiii xom meroma ['aycca) sty
CTYNEHYATYI0 MAaTPHUIly MpeoOpasyroT TaK, 4TOOBI B IEPBBIX N CTOJIOIAX MOTYyYUIACh
enuHnuHas wMatpuina. [locmemuuit, (n + 1) cronbem 3TOW MaTpPUIBI COACPIKUT
pEILIECHUE CUCTEMBI.

B MathCAD mnpsimoii u o0paTHbIii X016l MeTOoaa ['aycca BBITOJHSAET (YHKITUS
rref(A).
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Mpumep 4. PelleHve cuctembl ypaBHeHUr meToaom [Taycca

X, +2X, +3%;,+4x, =30

1 2 3 4 30
- X, +2X%X,—3X;+4X%, =1
! 2= 3% =10 A -1 2 -3 4 0 10
X; = X3+ X, =3 MT 0 1 -1 w3
X, + X, + X3+ X, =10 11 1 1 10
ORIGIN := 1
MNVWWWWWA
dopmMupoBaHVe pacLMPEHHON MaTpULbl CUCTEMBbI:
1 2 3 430
Al := augment(A,b) Al — -1 2 3410
0 1 -11 3
1 1 1 110
MpuBeaeHve pacumpeHHON MaTpuLbl K CTyneH4aToMy Buay
(Mpamon 1 oBpaTHbIn Xoabl MeToda Maycca
10001
— 01002
A2 = rref(Al) AD —
00103
00014
1
X := submatrix(A2,1,4,5,5) 2 Mposepka:
A X
3 0
4 0
AX—-Db =
0
0

Pemenue cucrem ypapHenui ¢ nomoumbio ynknuii Find niaun Minner

Jlis pelmieHust CHCTEMbI ypaBHEHHH ¢ momoinpio (Gyuknun Find mHeobxomumo
BBITIOJIHUTH CIIEYIOIICE:

1. 3agaTh HayambHOE NPUONMIKEHUE [IJI1 BCEX HEU3BECTHBIX, BXOJSIIUX B
cucremy ypaBHeHmit. MathCAD pemraer cucreMy ¢ TIOMOIIBIO HTEPAIIMOHHBIX
METO/IOB;

2. Haneuaratp kmoueBoe cioBo Given. Ono ykaseiBaeT MathCAD, uro mamee
CIENYET CUCTEMA YPABHEHHI;

3. BBeauTe ypaBHeHHMS W HepaBeHCTBA B JIF0O0M mopsiake. Mcmonesyiite [Ctrl]=
JUIS TIeYaTH CUMBOJIa =. MeEXy JICBBIMH M IIPaBBIMH YacTSIMH HEPAaBEHCTB MOIKET
CTOSITBH JIIOOOM M3 CUMBOJIOB <, >, > M <,

4. Bpenute 1000€  BBIpaKeHHE, KOTOpoe BiiIouaeT (Qynkmuioo  Find,
HanpuMmep: X:= Find(x, y).
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KiroueBoe ciioBo Given, ypaBHEHHUS 1 HEPABEHCTBA, KOTOPBIE CIACAYIOT 32 HUM, U
Kakoe - Ju00 BeIpakeHWe, cojaepkamiee (ynkmuio Find, Ha3bpBawT 6JI0KOM
peleHus1 ypaBHECHHUIA.

Npumep 5. PelleHre cuctemMbl ypaBHEHUA C NOMOLLLIO dyHKumKM Find

X1:=0 XxX2:=0 Xx3:=0 X4 =0 HauanbHble npubnmxeHns
Given
X1+ 2X2 + 3x3 + 4x4 = 30
—X1 4+ 2.X2 - 3-X3 + 4x4 = 10
X2 -X3+ x4 =3
X1+ X2+ X3+ x4 =10

Find(x1,x2,x3,x4) =

A W N

GOyukiust Minner oyenp moxoxa Ha QyHknuioo Find (ucmonmb3yeT TOT ke
anroput™). Ecim B pesynbTate NOMCKAa HE MOXET OBITh MOJYYEHO NallbHeuIIee
YTOYHEHUE TEKYyIIero NpUOMmKeHHus K perieHuro, Minner BosBpamaer 231o
npubmmkenne. Oynkius Find B 3ToM ciydae Bo3BpalaeT cooOmienrne 00 ommnoke.
[paBuna ucnonp3oBanus GyHkuuu Minner takue xe, kak u ¢pynkipn Find.

®dynknus Minerr(x1, X2, . . .) - Bo3BpamaeT NpuOIMKEHHOE PEIICHHE CHCTEMBI
ypaBHeHHA. YKCII0 apryMeHTOB JI0JKHO OBITh PABHO YHCITY HEU3BECTHBIX.

CuMBO/IbHOE pelieHre ypaBHeHU

HmeroTcst HeKOTOphIE 3a1a4u, s KOTOPIX Bo3MoskHOCTH MathCAD 1mo3BosioT
HaXOJUTh PELICHUSI B CHMBOJIbHOM (QHAJIUTUYECKOM) BUJIE.

Pemenne ypaBHEHHII B CHMBOJIBHOM BHJI€ IIO3BOJIAET HAWTH TOYHBIE WU
MPUOMKCHHBIC KOPHU YPaBHEHUS :

® CCJIM peliaeMoe ypaBHEHUE UMEET MapaMeTp, TO PEIICHHUE B CHMBOJIBHOM BHJIE
MO’KET BBIPa3UTh HMCKOMBIA KOPEHb HEIMOCPEJCTBEHHO uepe3 mapametp. IlosTomy
BMECTO TOT'O YTOOBI pelllaTh ypaBHEHHUE MJIS KaKJIOTO HOBOI'O 3HAYEHMS IapameTpa,
MO>KHO MPOCTO 3aMEHSATh €r0 3HAYE€HHUE B HAMJJIEHHOM CHMBOJILHOM PEIICHUH;

¢ CCJIM HY)KHO HaWTHU BCE KOMIIJICKCHbBIC KOPHH IIOJIMHOMA CO CTCIICHBIO MCHBIIC
N paBHOﬁ 4, CHUMBOJIBHOC PCIICHHUC OACT MX TOYHBIC 3HAYCHHA B OJHOM BCKTOPC
HWJIN B aHAJIUTHYICCKOM HJIN I_II/I(I)pOBOM BUIC.
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Komanna CumBoabl — IlepeMenHble — BbIYMCJINTH IO3BOJISIET PELIUTH
YPAaBHEHHE OTHOCUTEIBHO HEKOTOPOU INEPEMEHHOM M BBIPA3UTh €ro KOPHHU Yepes
OCTAJIBHBIE MIAPAMETPBI YPABHEHHUS.

Ymoowvl pewiums ypasHenue cumeonbHo, He0OX00UMO:

1. HanewyataTh BbIpaxeHHE (IJI1 BBOJA 3HAKa PABEHCTBA HCIOJIb3YWUTE
koMOuHanuto kiasuin Ctrl + =);

2. BpI1enuTh MEepeMEHHYI0, OTHOCUTEIBbHO KOTOPOH HYKHO PEUIUTh ypaBHEHUE,
IIEJIKHYB Ha HEW MBIIIBIO;

3. Beibpatb nyHkT MeHt0 CuMBoJIbl — [lepeMenHbie — BbIYuciuTs.

Her HeoOxoauMocTu mpupaBHUBaTH BbIpakeHue Hymwo. Ecim MathCAD we
HAXOJMT 3HAKA PABEHCTBA, OH MPEANoiaraer, Yro TpeOyeTcsl IPUPABHITH BhIPAXKEHUE
HYJIIO.

Ymobvl pewumsv cucmemy VpaGHeHUll 6 CUMBOJILHOM 8ude, HeoOX00UMO
8LINOJIHUMb ClledyIouee:

1. HaneuaTats kiaroueBoe ciaoBo Given;

2. Hamewatats ypaBHeHHs B Jo0oM mopsanke Hmwke cioBa  Given.
Y 1ocToBephTECH, YTO JIJIsl BBOJA 3HaKa = ucnojin3yercs Ctrl + =;

3. HanewaTaTs ¢pyHkiuto Find, coOTBETCTBYIOIIYIO CHCTEME YpaBHEHUIA;

4. Haxatp Ctrl + .(kmaBumra CTRL, compoBokmaemasi toukoit). MathCAD
O0TOOPAa3UT CUMBOJIBHBIN 3HAK PABEHCTBA —;

5. lllenxkuyTh MbIb0 Ha GyHKIUK Find.

[Mpumep 6. PeleHne cuctembl ypaBHEHWUN B CUMBOSIbHOM BUAOE

Given
X+ 2my=a

4x+y=Db 2-mb-a
-1+ 8m
—(—4-a+Db)
|_ -1+ 8n J

Find(x,y) —>
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3AJIAHUS K IABOPATOPHOM PABOTE Ne 4

3aganue Ne 1

[Toctpouts rpadpux ¢yHkiuu f(x) U OPUOIUZUTENHHO OMPEACIUTH OJUH U3
KopHel ypaBHeHHs. Pemuth ypaBHeHue f(x) = 0 ¢ mOMOIIBI0 BCTPOCHHON (PYyHKIIMHU

MathCAD root.

Bapuant f(x) Bapuant f(x)
Xt x3—x 0.25x3 +x -2
1 B 2 -
X€ I),l_ xe p 2
X 1 2

3 3+ sin(3.6x) 4 arecos o -«
Xe Dll: Xe l,3:

. arccos x—-/1—0.3x° 6 3x-4Inx-5
X e D,l: Xe t,4:
1-0.4x2 — arcsin x el —e =2

7 B 8 B
S Dvl_ Xe b,l_
3x-14+e* —e™” J1-Xx—tg x

9 _ 10 ~
xe §3_ X e D,l_
J2x? +1.2—cos x —1 1-x+sinx—In(1+x)

11 3 12 _
xe p1_ X e I),Z_
cos(zj—Zsin(l)+l x> —x—0.2

13 X X) X 14 B
X € I’Z: Xe I,2_
0.1x2 — xIn x sin(ﬂx)+0.84eX

15 B 16 5.2
Xel,2_ Xel—2,l:

43




3aganue Ne 2

Jlist moarmHOMa g(X) BBIIOJHUTG CIAEAYIOIIHUE TEUCTBUS:

1. ¢ nomompto komauasl CumBobl — Ko3dgduuuenTsl moaumHoma cos3narh
BeKTOp V, conepxkaiinii Ko3QPUIUEHTHI MOJIMHOMA;

2. peuuTh ypaBHeHue g(x) = 0 ¢ momoibio GyHKIMHU polyroots;

3. pelITh ypaBHEHUE CHUMBOJIBHO, UCHOJB3ys KoMmaHay CuMBOJIBI —>
IlepemenHble —> BBIYHCIUTD.

BapuanTt g(x) Bapuant g(x)
1 x*-2x3 + x%- 12x + 20 2 x*+ x*- 17x% - 45x - 100
3 X'+ 6x° + x*- 4x - 60 4 x* - 53+ x*- 15x + 50
5 x* - 14x° - 40x - 75 6 x* - 4x3- 2x%- 20x + 25
7 X' -x® +x%- 11x + 10 8 X'+ 5x3+ 7x2+ 7x - 20
9 x*-x% - 29x% - 71x -140 10 x* - 7x3+ 7x* - 5x + 100
11 X'+ 7x%+ 9x° + 13x - 30 12 x* + 10x> +36x° +70x+ 75
13 x* + 3x%- 23x?- 55x - 150 14 x* + 9%° + 31x% + 59x+ 60
15 x* - 6x°+ 4x% + 10x + 75 16 15x*-6 x*+4x* -12 x-10

3aganue Ne 3

PemmmTh cucteMy JTMHEMHBIX YPaBHECHUM:

1. MaTpUuYHBIM CITOCOOOM M MCTIOJNIB3Ys (QYHKIHIO Isolve;
2. meronoM ["aycca;

3. ucmonw3ys ¢pynkmuio Find.
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CucreMa JTUHEWHBIX

CucremMa TUHEUHBIX

Bapuaunt . Bapuaut .
YpaBHECHHUH YpaBHECHUH
2X) + Xy +2X3 +3%, =8 2%, + X, —5X; + X, = —4
1 3x, +3x3 =6 5 X, —3X, —6X, =7
2X; — X, +3x, =4 2X, — X3 +2X, =2
X, +2X, — X +2X, =4 X, +4X, = TX; +6X, = =2
Xp 2%y +3Xg + 4%, =22 X, +2X, + 3%, + 4%, = 26
2X, +3X, + X5 + 2%, =17 2X +3X, +4X; + X, =34
3 4
X; + X, + X3 —X, =8 3% +4X, + X3 +2X, = 26
X, — 2X5 —3X, =7 4%, + X, + 2%, +3X, = 26
9%, +10x, — 7%, — X, = 23 2%, —8X, —3%X; — 2%, =18
5 7%, — X, —5X, =37 6 X, —2X, +3X; — 2X, = 28
S5X, —2X; + X, = 22 X, + X +X, =10
4%, + X, + 2%, +3X, = 26 11x, + X, + 2%, =21
6x, — X, +10x, — X, =158 2X, — X, +4X; + X, = 66
; 2%, + X, +10%, +7x, =128 g 2X, —6X; + X, = —63
3% —2X, = 2% — X, =7 8%, —3X, +6X, —5%, =146
X, —12X, + 2%, — X, =17 2%, — 1X, +6X; — X, =80
X, —2X, +6X; +X, =88 2%, — 3%, — 2%, =16
9 5, +2x, —3x, =88 10 2%, — X, +13%; +4x, = 213
X, —3X, + 77X, +2x, =181 X + X, + 2%, + X, =72
3X, = X, +5X; +2X, =99 X, —12X%, — 5%, = —159
X, —2X, —8X, =7 TX +TX, = TX,—2X, =5
1 X, +4X, — 7%, +6x, =8 12 3%, +4X, +5X%, +8x, =60
X, + X, —5%X; + X, =-10 2X, +2X, +2X; + X, = 27
2X — X, +2X, =7 2% — 2%, — X, = -1
2X, +2X, + 6%, + X, =15 6x, —9X, +5%, + X, =124
— X, +2%X;+ X, =18 X, —5X; — X, =54
13 2 3 4 14 2 3 4
4%, —3X, + X, —5X, =37 5%, —5X, +2X; +4x, =83
3X, —5X, + X, — X, =30 3X, — 9X, + X, +6X, =45
4x, —5X, + TX; +5x, =165 Xy +2X, +2X; +4x, =30
15 2%, + X, —3%; — X, = 15 16 — X, +2X,-3X,+4x, =10

9x, +4x,—x, =194
X, — X, —2X; — 3%, = -19

X, = X3+ X, =3
X, +9X%, +X; +X, =10
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3aganue Ne 4

[IpeoOpa3oBaTh HENWHEHHBIC YypaBHEHUs cucTeMbl K BHAy f1(X)=y
f2 (y)=x. Iloctpouth uX TpapuKd ¥ ONPEIACIUTh HAYAIbHOE NPUOIIMIKCHUE

peneHus.

Pemmte cucTeMy HETMHEHHBIX YpaBHEHUH ¢ momonibio Gyrkiuu Minerr.

u

CucreMa HEJTUHEHUHBIX

Cucrema HEJTUHEUHBIX

sin(y —1)+x=13

Bapuant Bapuant
YpaBHEHUH YpaBHEHUU
sinx + 2y =2 siny + x =-0,4
1 3 2 -
\
\cos((—ljx:o,? 2y—cos(+1/:0
sin(x+05)-y=1 sin(x+2)-y=15
3 9 - 4 -
\cos(—ij:O cos-2 +x=05
cosx+y=15 cos(x+05)—-y=2
5 6
~
2x—sin((—0,5/=1 siny —2x=1
e ~~ -
cos(+0,5/+y=0,8 cos(x—2)+y=0
7 3 8 <
) ™~
\smy—2x:1,6 \sin((+0,5/—x:1
(sin(x -1) =13y (cos(x + 05) +y =1
9 4 - 10 9 -
\x—sin((+1/:0,8 ksin((+0,5/—x:1
rcos(x+0,5)+y=1 fsin(x)—2y=1
11 ) 12 .
(siny —2x=2 (cos(y +05) - x=2
—sin(x+1)+y=08 2y —sin(x-05)=1
13 14

cos(y)+x=15
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15

sin(x)-2y =1
16
sin(y -1)+x=13

x?+y?=25

x*-1=0

3aganue Ne 5

CHUMBOJIBHO PCUINTH CUCTCMBI ypaBHeHHﬁ.

2y-mwz=a
{3x+47zy:a 17-7=b
2X+y=b 3y4x=¢

KOHTPOJIBHBIE BOITPOCHI

1.Kak MOXHO pemuTh HenuHeiHoe ypaBHenue B MathCAD?
2.Kax HaiiTu HayanpHOE NMPUOIMKEHNE KOPHS YypaBHEHUA?

3.Jst wero ucnoan3yercs pyukuus polyroots?

4. Kak MOHO PEIIUTh CUCTEMY JIUHEHUHBIX YpaBHEHUH ?
5.Kak MOHO pelnTh CUCTEMY HEIMHENHBIX YPaBHEHU?

47



JIABOPATOPHAS PABOTA Ne 5. CUMBOJIBHBIE BBIYUCJIEHUA

TEOPETHYECKASA YACTD

CHUMBOJIbHBIE ONEpally MOKHO BBIIOJHATH IBYMSI CIIOCOOAaMH:

e HenocpeacTBEHHO B KOMAaHIHOM peXuUME (MCHOJB3ys ONepaldd KOMAaH]IbI
MeHI0 CHMBOJIBI);

e C nomoluIp0 onepaTopoB CUMBOJIBHOTO MPeoOpa3oBaHus (MCIONb3Ys MATUTPY

UHCTPYMEHTOB CUMBOJIBI ﬂ)

BbigeseHue BoIpaKeHUH 1151 CHMBOJIbHBIX BHIYMCJICHU A

YT0oOBI CUMBOJIBHBIE ONIEPAIIUU BBITIOIHSIIMCH, POIIECCOPY HEOOXOIMMO yKa3aTh,
HAJ| KaKUM BBIPQKEHHEM OJTH ONEpALMU JOJDKHBI IPOU3BOJIUTHCS, T. €. HAAO
BBIAECJIUTH BbIpaxkeHue. Ui psia onepanuil caeayeT He TOIbKO YKa3aTh BbIpaKEHHUE,
K KOTOPOMY OHHM OTHOCSITCA, HO U HAMETUTh MEPEMEHHYI0, OTHOCUTEIBHO KOTOPOM
BBINIOJIHSIETCSL T UJIM MHASI CUMBOJIbHAS onepanus. Camo BbIpaKEHHE B TAKOM CIIy4dae
HE BBIJEISETCS.

Takum o00pa3om, naJisi BBIIOJIHEHHS OINEpPalMid C CHUMBOJIBHBIM IPOIIECCOPOM
HY)KHO BBIJEINUTH OOBEKT (LI€JI0€ BBIPAKEHUE WM €r0 4acTh) CUHUMH CIUIOIIHBIMU
JIMHUSAMU.

CuMBOJIbHBIE ONEpalMy pa30UThl Ha MATh XapaKTepHBIX paznenoB. IlepBbimMu
UAyT Haubojiee 4YacTo HCIMosIb3yeMble omnepauud. OHM MOTYT BBIIOJHIATBCS C
BBIPAKCHUAMH, COAEPKAIIMMU KOMIUIEKCHBIE YHUCIa WIM MMEIOIIHUMU DPELICHUS B
KOMILIEKCHOM BHJIE.

CuMBOJIbHBIE ONIEPALIMHA

Onepauuu C 8blOeIeHHbIMU BbIPAINCEHUAMU

Ecn B mOKyMEHTE €CTh BBIJCJIICHHOE BBIPQXKEHHE, TO C HUM MOKHO BBITIOJHSTH
pa3TUYHbBIC OTIEPAIUH, IPECTABICHHBIC HUKE.

PacueTnl - mpeoOpa3oBaTh BBIPAXKEHUE C BBHIOOPOM BHJIa MPEoOpa3oBaHUM U3
MOIMEHIO:

e CumBonmdeckue [Shift] + F9 - BBEIIOJHUTHE CHMBOJIBHOE IpeoOpa3OBaHHE
BBIJICIICHHOTO BBIPAKCHHUS;

e C muaBapIiel 3amsiToON... - BBIYUCIHUTH BBIICTICHHOE BBIPAKCHHUE B
BEIIIECTBEHHBIX YUCIAX;

o KOMIIJIEKCHBIE — BBITIOJIHATH BBIYUCIICHUS B KOMIIJIEKCHOM BHJIE;

YHOpocTuTh - YIOPOCTUTH BBIIETICHHOE BBIPAKEHUE C BBIMOJHEHUEM TaKHUX
omepainuii, Kak COKpalleHHWe TOJO00OHBIX CJlaraeMblX, MPUBEICHUE K OOIIeMy
3HAMEHATEIT0, UCTIOTh30BAHNE OCHOBHBIX TPUTOHOMETPUYECKUX TOXKIECCTB U T .;
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Pa3BepHyTb - packpbITh BeIpakenue (Hamnpumep, s (X +Y) (X - Y) nonyyaem
X2- Y9

@akTOp - pPA3NOKUTh YHUCIO WIM BBIPAKEHUE HA MHOXHUTENIW (HAIpUMED,
X?-Y? qact (X +Y) (X - Y));

IlopoOHbIe - coOparh cnaraemble, MOJOOHBIE BBIIEIEHHOMY BBIPAXKEHHUIO,
KOTOPOE MOKET OBbITh OTJEIBHON NepeMEHHON Uiu (DYHKIIMEH CO CBOUM apryMEHTOM
(pe3ynbTaToM OyneT BbIpAXKEHHE, MOJIMHOMHUAIBLHOE OTHOCHTENIBHO BBIOPAHHOTO
BBIPAKEHU );

Koa¢ppuuuentsl Iloamnoma - no 3agaHHoi nepeMeHHON HalTH KO3 QUIIMEHTHI
NOJIMHOMA, AaNNpPOKCUMHUPYIOIIETO BBIPAKEHUE, B KOTOPOM JTa IEpEMEHHas
UCITOJIb30BAHA.

Onepauuu C 8blOCNCHHbIMU nepemeHHbIMU

Jns psiga omepauuii HaJO 3HATh, OTHOCUTEIBHO KAaKOW MEPEMEHHOW OHU
BBITIOJIHSIFOTCSI. B 9TOM ciiydae HE0OXOAMMO BBIJECIUTh MEPEMEHHYIO, YCTAHOBUB Ha
Hel mapkep BBoja. Ilocie 3TOro CTaHOBATCS JOCTYHNHBIMU CIEAYIOLIUE OMNEpaluu
koMaHbl MeHI0O CuMmBoJIbI — Ilepemennblie:

BbIYHMCINTL - HAWTU 3HAYECHUS BBIJCICHHOM TMEPEMEHHOW, NPU KOTOPBIX
cojepKallee €€ BbIpaXXE€HUE CTAHOBUTCS PaBHBIM HYJIIO;

3amMeHa - 3aMEHHUTH YKa3aHHYIO NIEPEMEHHYIO COIep)KUMBIM Oydepa oOMeHa;

Nuddepenumnanbl -  nuddepeHHpoBaTh  BBIpAXKEHHE,  COJEpKallee
BBIJICJICHHYI0 TIEPEMEHHYI0, IO OTOM TNIEPEMEHHOM (OCTaJbHBIE TIEPEMEHHBIE
paccMaTpUBaIOTCS KaK KOHCTAHTHI);

HNuTerpanus - MHTETpUPOBATh BCE BBIPAKEHHUE, COJEPIKALLECE NEPEMEHHYIO, 110
ATOU MEPEMEHHOM;

Pa310kuTh HA COCTABJAIOLIME... - HAUNTH HECKOJBKO YJIECHOB pPAa3JIOKECHUS
BBIpXKEHUS B psifi Tenopa OTHOCUTEIBHO BbIICJIEHHON ITEPEMEHHOM;

IIpeoOopa3zoBanue B YacTuunble J01M - pa3ioXuTh Ha dJIEMEHTapHBIC IpoOHU
BBIp@KEHUE, KOTOPOE pPACCMATPUBAETCS KaK palMOHAIbHAS JPOOb OTHOCHTEIBHO
BBIJICJIEHHOW TIEPEMEHHOM.

Onepauuu C 8blOeIeHHbIMU mampuyamu

Onepauuu ¢ BBIACJICHHBIMA MAaTpPULIAMU TPEACTABIEHbl KOMAHAOW MEHIO
CumBosibl — MarTpunpl, KOTOpass UMEET CBOE€ MOJIMEHI0 CO CIEAYIONIMMU
ONepaALUSIMU:

TpancnoHupoBaHMe - OJYYUTh TPAHCIIOHUPOBAHHYIO MATPUILY;

HNuBepTUpOBaHuUe - CO37aTh OOPATHYIO MATPHILY;

Omnpenenuresb - BEIYUCIUTH I€TEPMUHAHT (OMPEIEIUTENb) MATPUILIBL.

Onepayuu npeobpazosanus

B nosunnu KonBepTHpoBaTh colepKUTCS pas3zen onepanuil npeodpazoBaHuUs
CO CJIEYIOIIUMH BO3MOKHOCTSIMU:
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@dypbe - BBIIOJHUTH MpsMOe mpeoOpa3oBaHue Dypbe OTHOCHTEIBHO
BBLJICJIEHHOMN ITIEPEMEHHOMN;

®dypbe OOpaTHOe - BBHIIOJIHUTHL oOOpaTHoe mpeoOpazoBaHue Dypne
OTHOCUTEJILHO BBIJCIICHHON IIEPEMEHHOM;

Jlannaca - BBINOJHUTH MpsMoe mnpeoOpasoBanue Jlammaca OTHOCUTENBHO
BbIJICJICHHOM NIEpeMEeHHOMU (pe3ynbTar - (PYHKIMS IEPEMEHHOH S);

Jlamnaca QOOpatHoe - BBINOJHUTH oOOpaTHOe mpeoOpazoBanue Jlarmiaca
OTHOCHUTEJIBHO BBIJICJICHHON MepEeMEHHOM (pe3ynbTaT - PYyHKIUS TEPEMEHHOM t);

Z - BBINOJHUTH MpsMoe Z - TOpeoOpa3oBaHUE BBIPAKEHUS OTHOCHUTEIBHO
BBIJICJIEHHOM MepeMeHHOH (pe3ybTaT - GyHKIUS IEPEMEHHOH Z);

OOpaTHoe Z - BBINOJAHUTH OOpaTHOEe Z - mnpeoOpa3oBaHHE OTHOCHTEIbHO
BBIJICJIEHHOM MepeMeHHOH (pe3yabTaT - GyHKUUS IEPEMEHHOM 1) .

CTnib npeacraBieHus pe3yJabTATOB BbIYM CJICHUH

CTHAb BRIYHCAE HHA

MokazaTe Wark BEMUSIEHMA
(%) ek ancn. BCTapka CTOOk
() BepTHkansHo, B3 ECTaBKH CTROK

() [ opm=soHTanEHD

[ | Mokasats koMMEHTapHM

[ ] Pacuet Ha mecTe

Pucynok 5.1 — Ctuiib BeIUKCIICHUN
Ha HarnsgHOCTh BBIYMCIICHHM BIMAET CTWIb MPEACTABICHHUS HUX PE3yJIbTaTOB.

Cnenyronias KoMaH/ia MO3BOJISIET 3aaTh TOT WU UHOU CTWIb: CUMBOJIBI —> CTHIb
BbpluucieHum...

CuMmBOJIIbHbIE BblYUCcrieHusa

. v
3.14159265359 1
i.32
d—cos(x)2 —> —2-cos(X)-sin(x) i i—> 55
dx

i=1

j sin(2-x) dx — ;-Cos(z-x)

cos(4-X) expand,x —> 8-cos.(x)4 — 8-cos.(x)2 + 1
cos(4-X)
8-cos.(x)4 — 8-cos.(x)2 + 1

/3.01 simplify — 1.7349351572897472412
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3AJIAHUS K IABOPATOPHOM PABOTE Ne 5

3agnanue Ne 1. Mcnons3ys onepamutro CumBossl — Pacuetst — C mmaBaromen
3aITOM. . ., IIPEICTABBTE:

1) 4KCcIIo T B CEMH MO3HUIUAX;
2) uncio 12,345667 B Tpex MO3HIIHSIX.

3apanme Ne 2. BeiBeguTe cieayroliye yncia B KOMIUIEKCHON (popme, UCTIonb3ys
onepauuto CumBoisl — Pacuetst — KommiekcHele:

1) V-7,

1+%i
2) e *;
3) JJIs1 BBIpa)KeHI/ISI 2) IIOCJICAOBATCIIbHO BBIIIOJIHUTC OHepaHI/II/I PaC‘IeTBI —>
KOMHJICKCHBIC nu CI/IMBOJ’IBI —> prOCTI/ITB.

3aganue Ne 3. I nonuHOMa g(X) BBITIOJHUTD CIAEAYIOLINUE TEHCTBUS:
1) pa3nokuTh HA MHOXKHUTEIIH, UCTIOJIB3Ys onepaiuio CuMBOIIBI — DakTop;
2) MO/ICTaBbTE BBIPAKECHUE X =y + Z B g(X), UCTIONB3Ys omnepainto CUMBOJIBI —>

[Tepemennbie — 3amMeHa (TpeIBApUTEIHHO CKOMMMPOBAB MOACTABISIEMOE BBIPAKCHHUEC
B Oydep oOMeHa, BbIICINB €ro U HaxkaB komOuHanuto kinasuii Ctrl + C);

3) ucnonb3ys onepario CUMBOJIBI —> PaclivpuTh, pa3aokKHUTe MO CTEIICHAM
BBIpaKCHHE, TTOJTyUYCHHOE B 2);

4)ucnionb3ys oneparuto CumBosbl — [1o100HbIC, CBEPHUTE BBIpaXKCHHUE,
MOJIy4eHHOE B 3), 10 IEPEMEHHON Z.

Bapuant g(x) Bapuant g(x)

1. x*- 263 + x2- 12x + 20 2. x*+x3- 17x? - 45x - 100
3. x*+ 6x3 + X2 - 4x - 60 4. x* - 53+ x%- 15x + 50
5. x* - 14x2- 40x - 75 6. x* - 4x%- 2x2- 20x + 25
7. x* -x3 +x%- 11x + 10 8. X+ 53+ %%+ 7x - 20
9, x*-x3 - 29x% - 71x - 140 10. x*- 73+ 7% - 5x + 100
11. X'+ 7x%+ 9x% + 13x - 30 12. x*+10x° + 36x° + 70x + 75
13. x* + 3x%- 23x?- 55x - 150 14. x*+ 9x° + 31x? + 59x + 60
15. x* - 6x°+ 4x% + 10x + 75 16. 15x*- 6 X*+4x?* -12 x - 10
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3aganme Ne 4. Paznoxxure BbIpakKeHHUs Ha 3JEMEHTapHbIE IpoOU HCIONb3Ys
onepauuto CumBoisl — [lepemennbie — KoHBEpTUPOBATH B YaCTUYHBIE JIOJIH:

2 2 _

gy OX°-x+L, g 2
X® =X ¢ +X+1 &+1
X+1 2 _

3) - 2) 5x 4§;+16 )
x€&-1_ ¢ -x+1°€-3°

3aganue Ne 5. PazyioxuTe BeIpaKE€HHUS B PSJI C 3aIaHHOM TOYHOCTBIO, UCIIOIB3Ys
orneparuio CumBoiibl —> [lepemenHbie —> Pa3ioxurs. . .:

1) In(1+Xx), xo=0, nopsaoK pa3ioxeHus 6;

2)  sin (X)%, xo = 0, IOPSIOK Pa3IOKEHHS 6.

3aganue Ne 6. Haiitu mepBooOpasHyto aHAIMTHYECKU 3aaaHHON pynkumuu f(X)
UCToib3yst kKomanay CumBoiisl — [lepemennbie — MHTerpamms.

Baganme Ne 7. OmnpenenuTh CHMBOJBHOE 3HAYCHHE TIEPBOM HM  BTOPOK
npousBoaubix  f(X), wucmons3ys komanay CumBonsl —> IlepemenHble —>
HNuddepennmans.

BapuanTsl 3aganuit Ne 6 u Ne 7

Bapuant f(x) Bapuan f(x) Bapuant f(x)
T
1 1 6 x2arctg| X 11 €x+3 3inx
tg 2x+1 3
, COS X . 2 6ing > COS 3X
2X+5 ¢ SIneX (-cos3x
; 1 ; ctg 2x 3 1
x-/x3 +4 sin® 2x 1+ X + X
4 _sinx_ 9 €«+135inx | 14 L+x
1+ sin X 2 2+ X
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) 5x -+ x|
5 xlg(x+ 10 Xx+xlgx | 15 1+e

—X

3aganue Ne 8.

1. Tpancnonupyiite Matpuily M ¢ nomouibio onepaunu CuMBOJIbI —> MaTpuilsl

— TpaHcnioHMpOBaHUE.
1 ab
X 2 c
> 3 d)

1y
2. UnBepTupyiite MaTpuily (X 2) ¢ nomomibo onepauuu CUMBOJIBI —>

Marpunel — MHBEepTHpOBaHUE.

1

2

a b
3. Beruncnure onpeaeanuTesb MaTPHUILhI X 2 Cl¢ IIOMOIIIBIO OII€paLluu
x* 3 d

CumBosibl — Matpuibl — OnpenenuTens.

3apanue Ne 9. Beruuciute npeessl.

\/1+2x 3 . 41-x-3
2. lim
\/_ 2 x> -8 2+\/_

X - X —x+1-1
3. lim 2 1. 4. lim :

x—>1 |nx X —1 In x
3aganue Ne 10. Haitnure cymmy psina.

0 6 0

1. : 2.

;9n2+12n—5 ,129n2 12n-5
3ananme Ne 11. Haliute npou3BOAHYIO U YIPOCTUTE BhIPAXKECHUE.
1y= 4x +1 N 1 arctg 4x+1

7 16x2+8x+3 2 J2

’ 2
2.y:i 2X—x? + In VB =X

Xx—-1 Xx—-1
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3aganme Ne 12. Berunciure HeonpeeIeHHbIE HHTETPAJIBI.

1. j3x+4 e**dx. 2. j4x—2 cos 2xdXx.

3apanme Ne 13. Berunciure onpeeaeHHble HHTETPAJIbI.

0 0
1. _[(x2+5x+6)0052xdx. 2. _[ X* —4 cos3xdx.
—2 -2

54



CIIMCOK NCITOJIB3OBAHHBIX UCTOYHHUKOB

1. Odunmansueiii caiit MathCAD [Onekrponnsiii pecype]/ MathCAD, 2014. —
Pesxxum noctyna http://mathcad.com.ua/— lata nocryma : 10.03.2014.

2. Padora B MathCAD: meronuveckne yKka3aHus W 3aJlaHUs JJIsl BBITIOJHEHUS
1a0bopaToOpHBIX paboT MO JUCHUIUIUHE «MaTeMaTH4eCcKue METOAbl U
Moaenu B pacu€rax Ha OBM» mns CTYJCHTOB CIELHAIBHOCTEU
"Ilpombiniiennast  teriosnepretuka'/ B.JI. BpoBkun, B.A. Bexuuk. —
Huenponerposck: HMetAY, 2000. — 75 c.

3. OcBauBaem MathCAD: yueOHOe mocoOHue Jisi CTYIEHTOB BBICIIMX y4YCOHBIX
3aBefieHU,  oOywaromuxcs 1o  HampaBieHuto — «MHbopmartnka u
BBIYMCIIUTEIbHAS] TEXHUKA» IS TEXHUYECKUX CIEIHATbHOCTEH /

E. T'. Kpymens, A. 3. ITanpunos — Boarorpan: BI'TY, 2006. — 183 c.

55



	УДК 004.42(075.8)
	ББК 32.97-018.2я7
	П 30
	ЛАБОРАТОРНАЯ РАБОТА №1. Основы работы с MathCAD
	ТЕОРЕТИЧЕСКИЕ СВЕДЕНИЯ
	Константы и переменные
	Определение переменных
	Предопределенные переменные
	Операторы
	Ранжированные (дискретные) переменные
	Определение функций
	Форматирование результатов
	Построение графиков

	ЗАДАНИЯ К ЛАБОРАТОРНОЙ РАБОТЕ № 1
	Задание № 1
	Задание № 2
	Задание № 3
	Задание № 4
	Задание № 5
	Задание № 6

	КОНТРОЛЬНЫЕ ВОПРОСЫ

	ЛАБОРАТОРНАЯ РАБОТА № 2.  ПОСТРОЕНИЕ ГРАФИКОВ
	ТЕОРЕТИЧЕСКАЯ ЧАСТЬ
	Форматирование графиков
	Построение графика функции y = f( x)
	Построение кривой, заданной параметрически
	Графики в полярной системе координат
	Графики поверхностей
	Построение пересекающихся фигур

	ЗАДАНИЯ К ЛАБОРАТОРНОЙ РАБОТЕ № 2
	Задание № 1
	Задание № 2

	КОНТРОЛЬНЫЕ ВОПРОСЫ

	ЛАБОРАТОРНАЯ РАБОТА № 3. ВЕКТОРЫ И МАТРИЦЫ
	ТЕОРЕТИЧЕСКАЯ ЧАСТЬ
	Создание матриц
	Команды панели инструментов Матрицы
	Операторы для работы с массивами
	Функции для работы с векторами и матрицами.
	Матричные функции
	Символьные вычисления

	ЗАДАНИЯ К ЛАБОРАТОРНОЙ РАБОТЕ № 3
	КОНТРОЛЬНЫЕ ВОПРОСЫ

	ЛАБОРАТОРНАЯ РАБОТА № 4. РЕШЕНИЕ УРАВНЕНИЙ
	ТЕОРЕТИЧЕСКАЯ ЧАСТЬ
	Численное решение нелинейного уравнения
	Нахождение корней полинома
	Решение систем уравнений
	Решение систем уравнений матричным методом
	Решение систем уравнений с помощью функции Lsolve
	Решение системы уравнений методом Гаусса
	Решение систем уравнений с помощью функций  Find или Minner
	Символьное решение уравнений


	ЗАДАНИЯ К ЛАБОРАТОРНОЙ РАБОТЕ № 4
	Задание № 1
	Задание № 2
	Задание № 3
	Задание № 4
	Задание № 5

	КОНТРОЛЬНЫЕ ВОПРОСЫ

	ЛАБОРАТОРНАЯ РАБОТА № 5. СИМВОЛЬНЫЕ ВЫЧИСЛЕНИЯ
	ТЕОРЕТИЧЕСКАЯ ЧАСТЬ
	Выделение выражений для символьных вычислений
	Символьные операции
	Операции с выделенными выражениями
	Операции с выделенными переменными
	Операции с выделенными матрицами
	Операции преобразования

	Стиль представления результатов вычислений

	ЗАДАНИЯ К ЛАБОРАТОРНОЙ РАБОТЕ № 5

	СПИСОК ИСПОЛЬЗОВАННЫХ ИСТОЧНИКОВ



