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MY kJIP 1

HcciienoBanve MaTeMaTU4eCKUX MOJAeJIel CJ0KHBbIX
MH(POPMAIMOHHBIX CHCTEM

Hccneoosanue ceolicme mamemamuueckux mMooenei UHGOPMAYUOHHBIX CUCTEM,
CO30AHHBIX C NOMOWBIO CUCHEM KOMNbIOMEePHOU mamemamurku (naxkem Scilab).

1.1 Teopernueckas 4yacThb

MathCAD pabotaer ¢ nokymeHTamMu. C TOYKH 3pEHUS MOJB30BATENs, JOKYMEHT - 3TO YUCTHIN
auct Oymaru, Ha KOTOPOM MOKHO pa3MellaTh OJIOKM TpeX OCHOBHBIX THIIOB: MaTeMaTHYECKHE
BBIPA)KEHUS, TEKCTOBBIE (pparMeHTHI U rpaduuecKue 00JIacTH.

PacnonoxeHnne HETEKCTOBBIX OJIOKOB B JIOKyMEHTE MMEET NMPUHIMIIHAIBHOE 3HAYCHHE - CIIeBa
HaIpaBoO U CBEPXY BHHU3.

1.1. MareMaTuueckue BEIPaXEHUS

K oCHOBHBIM 37IeMeHTaM MaTeMaTH4eckux BeipakeHUt MathCAD oTHOCATCS TUIIBI JAHHBIX,
orepaTopsl, GYHKIIUU U YIPABISIOUIUE CTPYKTYPHI.

Omnepartopsl

Omneparops! - snemenTel MathCAD, ¢ moMoIip0 KOTOPBIX MOXKHO CO3/1aBaTh MaTeMaTHYECKUe
BbIpaxkeHUsl. K HUM, Hampumep, OTHOCSTCS CUMBOJIBI apU(PMETHUECKUX OIEpaluii, 3HaKU BbIUYMCICHUS
CyMM, POU3BEACHUH, MPOU3BOIHON U UHTErpayia U T.1.

OrniepaTop omnpenenser:

JIEHCTBHE, KOTOPOE JOJIKHO BBIMOJIHATHCA MPU HATUYUM TE€X UM UHBIX 3HAYECHUHN ONEPAH]IOB;

CKOJIBKO, TJI€ U KaKH€ ONepaH/Ibl I0JKHBI ObITh BBE/IEHBI B OIIEPATOP.

Omnepann - YMCIIO WK BhIpaK€HUE, Ha KOTOpoe AeHcTBYyeT onepaTop. Hanpumep, B BoipaxeHuu S!
+ 3 yncno 3 u BelpakeHue 5! - onepaHibl oneparopa + (IUII0C), a YUCIIo 5 orepaH/]l oreparopa
¢daxtopuan (!). I[locne yka3zaHHs OmepaHIOB ONEPATOPHl CTAHOBATCS HCIOJHAEMBIMU IO JOKYMEHTY
6soxkamu. B Ilpunosxenun 2 gaHHOro ocoOust MPUBEAEH CIUCOK HanOoJiee 4acTo UCIOJIb3yEeMBbIX
OIIEPATOPOB.

Tunol 1aHHBIX

K Tunam JaHHBIX OTHOCSATCS YMCIIOBbIE KOHCTAHTBI, OOBIYHBIE M CHUCTEMHBIE MNEPEMEHHBIE,
MacCHBBI (BEKTOPHI M MaTPHIIbl) U JaHHBIE (haiiJIOBOTO THIIA.

KoHcTanTaMM Ha3bIBAlOT MOMMEHOBAHHBIE OOBEKTHI, XPAHSAIINE HEKOTOPbIE 3HAYEHHUs, KOTOpbIE
HE MOTYT ObITb HU3MeHEeHbl. llepeMeHHBbIE SBISAIOTCS TMOMMEHOBAHHBIMU OOBEKTAMH, HMEIOIIUMU
HEKOTOPOE 3HAYEHHE, KOTOPOE MOXKET U3MEHATHCS 110 XOAY BBIIIOJHEHUS IPOrpaMMbl. THI IepeMEHHON
OTpesieIIIeTCs €€ 3HAU€HUEM; IIEPEMEHHbIE MOT'YT ObITh YHCIOBBIMHU, CTPOKOBBIMU, CHMBOJIBHBIMU U T. 1.
HimeHa KOHCTaHT, IEPEMEHHBIX U MHBIX O0OBEKTOB HA3bIBAIOT WAECHTHU(HKaTOpaMu. MneHTudukarops! B
MathCAD npenctaBisroT co00it HaOOp JJATHHCKUX WIIA TPEUECKUX OYKB U U QD.

B MathCAD conepxutcst HeOoJbIIast Tpymma 0COObIX 00bEKTOB, KOTOPBHIE HENB3s1 OTHECTH HU K
KJIaCCy KOHCTaHT, HU K KJIACCy NEPEMEHHBIX, 3HAUEHUS KOTOPBIX OIPENEJIEHBl cpa3y IOCiE 3alyckKa
nporpaMMmel. VMIX mpaBWiIbHEE CUMTATh CUCTEMHBIMU IEPEMEHHBIMM, MMEIOIIMMHU IPEIONPEICIICHHbIE
cucteMoi HayanbHble 3HaueHus (cM. [lpunoxenue 1). M3MeHeHue 3Hau€HUN CHCTEMHBIX MMEPEMEHHBIX
MpPOM3BOAT BO BKIAAKe BcTpoeHHBIE TepemMeHHBbIE auaioroBoro okHa Math Options KomaHbI
Mamemamuka = Onyuu.

OObIuHBIE IEPEMEHHBIE OTIIMYAIOTCSA OT CUCTEMHBIX TEM, YTO OHH JIOJIKHBI OBITh NIPEBAPUTENHLHO
orpezieNieHbl MOJIb30BaTeNEeM, T. €. UM HE0OX0IUMO XOTs Obl OHAXKIbI IPUCBOUTH 3HAUeHUE. B kadyecTBe
orepaTopa MpUCBaUBaHUS HCIIOJIB3YETCS 3HAK =, TOTAA KaK 3HAK = OTBEJEH JUIsl BBIBOJA 3HAYEHUS
KOHCTAaHTBI WJIK IEPEMEHHOI.

Ecnn nepeMeHHOI NpucBanBaeTCsl HaualbHOE 3HAaYEHHUE C MOMOIIBIO ONEpaTopa :=, BbI3bIBAETCS
Ha)kaTHeM KJIaBUIIM : (IBOETOYME) Ha KJaBUAType, TaKOe MpUCBaMBaHUE Ha3bIBaeTcs JOKaJIbHBIM. [0
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ATOTO MPUCBAUBAHUS MIEPEMEHHAsI HE ONPE/ICIICHA U €€ HeNb3s UCIO0JIb30BaTh. OJHAKO C TOMOIIBIO 3HAKA
(kaBuUIIA ~ Ha KJIABUATYPE) MOXKHO 0OecTieunTh riaobdansHoe npucBanBanue (cMm. [Ipumep 1 Pucynka 1).

:" M athcad Professzional - [Maremaruueckue eupaxenun] _ O]

@ Faiin MNpaeka Bug Bcoraska “Popmar | Marerarka Cumeonsr OkHo 7 - |=] =]
MNokitep 1. DnpenenseHue NepeMMeHHER il
a=2 - NOKaNEHOE ONpEeENEHKE a+hb=3 - BbIMHCNEHKE
b=1 - rnoSaneHoe onpedensHUye e=2713 - EETPOEHHAA NEpErdEHHAR
Opuimep 2. OnpeneneHUde gyHKLMEA
zin[b] = 0.241 - BCTPOEHHAA PYHELMA BOSERATINS SHadeHue sin(1]=0.841 = = = —= =

pra(x, y] = 2-xwya - ONPEAEnEHME $YHELLMK N0NeS0ESTENA pro.

f,
SAECE K M Y - APFYMEHTE! PYHELMM Pro. & - NapareTp fx xf =fy xly

prc{j, 32) =64 - BEMHCAEHME SYHE LMK Pro +
HDHMED 3 OI'IDEJJ.EJ'IEHHE HHMEAONEZO0BaHIME AMCERpEeTHOMND SpryMedTa
z=2,25. 4 -nNepereHHaA 2 NPMHHMAET HIBO0p SHAYEHHE z = - 407 OTOSPSKEHHA SHaYSHMEA
or 2 ao 4 ¢ waror 0.5, gnA BE00a HEOAROOMED MEPEMEHHON 2 HEOSHOOHMO
HadpaTe 2: 2,254 2 HaBpaTe 2 =
i=0.3 25
. - 3pect war paeeH 1, sanuce ynpocTrnace!
j=0.2 3
. o1 2
g - MCNONES0EAHME QMCKPETHOMD ApryrEHT 3 15
o 407 NPHMCEDEHMA SHEYEHME 3 NEFEHT ak1 BERTORS 1 2 3
g, = + [HAM METEHUEY, 007 BEOAA HeoBxoaHmo Hatpats| 4 q=
' agnAeekTopa cli:i" 2 23 4
5 = O0A MATpHUE Qi i+ 34 5
- BEOQ YMCNOBRE SHIYEHUE B TatnMuy,
Hatepure s [i:3.5.7.8
5
% 31=5 - MPOCHOTP COAEMHMMOre 1 30SMeEHTa BEKTOPS &
-
4 I I .3
Pucynok 1.

MathCAD npounThIBaeT Bech JOKYMEHT IBaXK/Ibl ClIeBa HAlpaBO M CBepXy BHH3. llpu mepBom
IIPOXO/I€ BHIIOJHSAIOTCS BCE JEHCTBUS, MPEANMCAHHbIE JIOKAJIbHBIM OIIEPaTOpPOM NpucBauBaHus (), a npu
BTOPOM - TIPOU3BOIATCS JCHCTBHS, MPEIIHMCAaHHBIC JOKAIbHBIM OIEPAaTOPOM NpHUCBauBaHus (=), U
0TOOpa)xkaroTCsl BCE HEOOXOAUMBIE PE3YJIbTAaThl BHIYMCIECHUH (=).
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CymiecTBYIOT TaKXe >KHPHBIA 3HaK paBeHCTBa = (koMmOuHamwms kiaBum Ctrl + =), KOTOpPBIA
UCIIOJIb3YETCSI, HAllpUMep, KaKk oneparop MpUOIMKEHHOTO paBEHCTBA MPU PELICHUU CHCTEM ypaBHEHUH,
U CUMBOJIbHBIN 3HAK paBeHCTBA —> (KoMOuHanus kinasumn Ctrl + ).

JluckpeTHbIe apryMeHThI - 0COOBIN Kilacc MepeMeHHbIX, KoTopblid B makete MathCAD 3auacTyro
3aMEHSIET YNPABISAIOLIME CTPYKTYpbI, Ha3blBa€Mble LIUKJIAMU (OJHAKO IOJIHOILICHHOM Takas 3aMeHa He
SBJISICTCS). DTH TIEPEMEHHBIC UMEIOT sl (PUKCUPOBAHHBIX 3HAYCHUH, MO0 1erounciaeHHbx (1 crnocol),
1100 B BHUJE YHUCEN C OMPEACICHHBIM LIarOM, MEHSIOIUXCSA OT HAYaIbHOTO 3HAYEHUS /10 KOHEYHOTro (2
croco0).

Name := Nbegin .. Nend,

rae Name - uMs nepeMeHHoi, Nbegin - ee HauanbHOe 3HaueHue, Nend - KOHEYHOE 3HAYCHHUE, .. -
CUMBOIJI, yKa3bIBAIOINI Ha U3MEHEHHE IEPEMEHHOMN B 3a/IaHHBIX Ipejienax (BBOAUTCA KiaBuiiei ;). Ecnu
Nbegin < Nend, To mar nepemenHoii 0yzaer pasen +1, unaue -1.

Name := Nbegin, (Nbegin + Step) .. Nend

3neck Step - 3aJaHHBIN IIar U3MEHEHUS MEPEeMEHHON (OH JOJHKCH OBITh MOJOXHUTEIBHBIM, €CITH
Nbegin < Nend, wim oTpuniateIbHbIM B 0OpaTHOM cllydae).

JlMcKpeTHbIE apryMeHTBhl 3HAYUTENbHO paciuupsioT Bo3MoxHOocTH MathCAD, no3Bomss
BBITMOJIHATH MHOTOKPATHBIE BBIUMCIICHUS WIH [UKIIBI C IOBTOPSIOMIMMUCS BBIYUCICHUSAMH, (POPMUPOBATH
BekTOopbl U Matpullsl (IIpumep 3 Pucynka 1).

MaccuB - uMmeromas yHHMKaJIbHOE HMS COBOKYIMHOCTh KOHEUHOTO YHCIA YHUCIOBBIX WU
CHMBOJIBHBIX JJIEMEHTOB, YIMOPSAOYCHHBIX HEKOTOPHIM 00pa3oM M MMEIOIIUX ONpeeieHHbIe aapeca. B
nakere MathCAD wucnonb3ytoTcs MacCUBBI IBYX HauOoJsee paclpOoCTPaHEHHBIX THIIOB:
® OJHOMEpHbIE (BEKTOPHI);

e JIByMEpHbIE (MATPHUIIbI).

IIopsiAKOBBIM HOMEp 3JIEMEHTA, KOTOPBIA SABISECTCA €ro aapecoM, HAa3bIBACTCS WHACKCOM.
WHaexchl MOTYT UMETh TOJIBKO IeOYHCcIeHHbIe 3HaueHUsl. OHM MOTYT HAUMHATHCS C HYJS WU €IUHULIBI,
B COOTBETCTBHH O 3HaueHUeM cucteMHoi nepemeHHoi ORIGIN (cMm. [punoxenue 1).

BekTopsl U MaTpuIel MOXKHO 3a71aBaTh PAa3IUYHBIMU CIIOCO0AMU:

1. ¢ mnomMompo  KOMaHAbI Bcmaska = Mampuua, v xomOunarmu kiasui Ctrl + M,
WM memdkoM Ha kHonke [ na”enu Matpuiia, 3aIoJIHUB MacCUB ITYCTBIX MOJICH IS HE
CITHIITKOM OOJBIIIHX MaCCHBOB;

2. C HCIIOJIb30BaHUEM JAMCKPETHOTO apryMEHTa, KOI'/1a UIMEETCsl HEKOTOopast sBHasi 3aBUCUMOCTb JUIS
BBIYHCIICHUSI AIEMEHTOB uepe3 ux uHiaekcel ([pumep 3 Pucynka 1).

DOyHKIUUHA

@yHKIMSA - BBIPAXKEHHE, COMNIACHO KOTOPOMY IIPOBOASATCS HEKOTOpBIE BBIUHCIECHHS C
apryMeHTaMU U OIPEeNEeNseTCsl €ro YMCIOBOE 3HaUEHUE.

Crnenyer o0co00 OTMETUTh pasHHMIy MeEXAYy apryMeHTaMH U TnapamerpamMu (yHKIIHH.
[lepemennble, yKka3aHHbIE B CKOOKaxX IMOC/ie MMEHHM (DYHKIUH, SBISIOTCS €€ apryMEHTaMHU U 3aMEHSI0TCS
OpU BbIYUCIEHUM (YHKIMM 3HA4eHUSMU M3 CcKoOOk. [lepeMeHHbIe B MpaBOW 4YacTH ONpeleseHHs
(GyHKLMHU, HE yKa3aHHble CKOOKax B JIEBOM YacTH, SABJISIOTCS MapaMeTpaMu M JOJDKHBI 337aBaThCs J10
omnpenencuus pynkimu (cM. [Ipumep 2 Pucynka 1).

['maBHBIM NpU3HAKOM (DYHKIMM SBIISICTCA BO3BpAT 3HAUYEHUS, T.€. (PYHKIMS B OTBET HA OOpalieHue
K HEll 110 MMEHU C YKa3aHHUEM €€ apI'yMEHTOB JI0J)KHA BO3BPaTUTh CBOE 3HAUYEHUE.

Oynkuuun B nakere MathCAD wmoryr ObiTh BeTpoeHHble (cM. Ilpunokenuwe 3), T. e.
3a07aroBpeMEHHO BBEJICHHBIE Pa3padOTYNKaMU, H ONIPEIEIICHHbIE MT0Ib30BaTEIEM.

Cnoco0bl BCTABKY BCTPOEHHOM QyHKIIUM:

1. BoiOpate nyHKT MeHIO Bcmaeka = @ynkyus.
2. Haxars komOunaanumro kinasum Ctrl + E.
3. IllenknyTh Ha KHOTIKe 18|

TexkcToBble (parMeHThl MPEICTABISIOT COOOM KYCKH TEKCTa, KOTOpbIE MOJIb30BaTENIb XOTEN Obl
BUJIETH B CBOEM JIokyMeHTe. CyIeCTBYIOT JIBa BUAA TEKCTOBBIX ()parMEHTOB:
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1. TekcroBas oOnacTh mTpeAHA3HAUYCHA TSI HEOONBIIUX KYCKOB TEKCTa -  IOJIIHCEH,
KOMMEHTapueB U T. 1. Berapnsercs ¢ moMompio koManasl Bemaeka = Tekcmoean pezuon
WM KoMOuHarmu kiaBui Shift + ' (1BoiiHas KaBbIUKa);

2. TEKCTOBBIHM a03all MPUMEHSETCS B TOM CIy4ae, eIl He0OX0IUMO padoTaTh ¢ ad3anaMu Win
cTpanuiiamMu. BeraBisiercs ¢ moMolpio komOuHaiuu kiaasumn Shift + Enter.

1.3. I'padgmuueckme obrnacru

['padmyeckue obnactu AENATCS HAa TPU OCHOBHBIX THIMA - JABYMEpHbIE TpaduKu, TpeXMepHbIE
rpaduKd U UMIOPTUPOBAaHHBIE Tpaduueckue oOpasbl. JByMepHBIE UM TpeXMEpHBIE TPapHUKH CTPOATCS
camuM MathCAD Ha ocHOBaHMHM 00pabOTaHHBIX JAHHBIX.

Jist co3nanus 1eKapToBOro rpaduka:

1. VYcraHoBUTH BU3UP B IyCTOM MeCTE pabOYero JOKyMEHTA.

2. BriOpats komanny Bemaeka = I'pagpux = X-Y rpaduk, nim HaxxaTs KoMOMHanuio kiaasum Shift +
(@, WY METKHYTh KHOIKY TaHeI! g I'paduku. [TossBUTCS m1a6510H 1eKapTOBOro rpaduka.

3. BBemuTe B cpeiHel METKE TIOJT OCBIO X MEPBYIO HE3aBUCUMYIO IIEPEMEHHYIO, Yepe3 3aIsITyIO -
BTOpYIO U Tak 10 10, nanpumep x1, x2, ...

4. BeauTe B CpeHEM METKE ClIeBa OT BEPTUKAIBHON OCH Y MEPBYIO HE3aBUCUMYIO MIEPEMEHHYIO0, Uepe3
3aIATyIoO - BTOPYIO U T. 1., Haripumep yl(x1), y2(x2), ..., W1 COOTBETCTBYIOIINE BHIPAKCHHUSI.

5. Illenkuwure 3a mpeaenaMu o0nacT rpaduka, 9To OB HAYATh €ro MOCTPOCHHE.

Tpexmepubie, uin 3D-rpadguku, otoOpakaroT GyHKINH ABYX nepeMeHHbiX Buga Z(X, Y). [Ipu
MOCTPOCHUH TpeXMEpHBIX rpadukoB B paHHuX Bepcusix MathCAD moBepxHOCTh HYXHO OBLIO
onpeaenuts Martematuuecku (Pucynok 2, cmoco6 2). Temepr mnpumensitor ¢yukiuto MathCAD
CreateMesh.

CreateMesh(F (uau G, unu fy, f5, f3), X0, X1, y0, y1, xgrid, ygrid, fmap)

Coznaer ceTky Ha moBepxHOCTH, ompeaeneHHou ¢yukmuert F. X0, x1, y0, yl - nguamazon
U3MCHEHHsI TepeMeHHBIX, Xgrid, ygrid - pa3mepsl ceTku mepeMeHHbIX, fmap - QyHKIHS OTOOpaXKeHUsI.
Bce nmapamertpsl, 3a uckinouenueM F, - dakynbratuBabie. @ynkuus CreateMesh o ymonuanuio cozmaet
CETKY Ha IOBEPXHOCTH C JIMalla30HOM U3MEHEHHUsI IEPEMEHHBIX OT -5 10 5 u ¢ ceTtkoit 20%20 Touexk.

[Tpumep ucnonb3oBanus QyHkiuu CreateMesh mms mocrpoenuss 3D-rpadukoB TpUBEICH Ha
Pucynxke 2, cnoco0 1. Ha Pucynke 2 moctpoeHa oHa U Ta e MOBEPXHOCTb Pa3HbIMU CHOCOOAaMH, C
pasHbIM (hOpMaTUPOBAHUEM, ITPHUEM HU300PAKEHBI TOBEPXHOCTU U O] HUMHU T€ K€ MOBEPXHOCTH B BHJIE
KOHTYpHOTO rpaduka. Takoe MocTpoeHue CriocoOHO MPUAATh PUCYHKY OOJIBIITYIO HATJISTHOCTb.
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Hepenko nmoBepXHOCTH M IPOCTPAHCTBEHHBIE KPUBBIE MPEICTABIISIIOT B BUAE TOYEK, KPYKOUKOB
wii uHbIX Quryp. Takoit rpaduk coznaercs onepanueii Becmaska = I'pagpuk 3D Toueunwuii, npuuem
MOBEPXHOCTH 33/1a€TCsl MapaMeTpUUecKH - ¢ moMoInbio Tpex marpul (X, Y, Z) (cMm. Pucynok 3, croco6
2), a HE O/IHOM KakK B mpuMepe Ha Pucynke 2.

=" Mathcad Professional - [3D Toueunme rpaduku] =] E3
@ Garin MNpaeka Buva EBcraeka FPopmar Maremarikca Cueeoner Okdo 7 - |5|i|
1 cnocofh 2 cnocof N il
cos(t)
Fo = | sinct) t=0.100
t no=rcos| = | wp=sin| — | z ==
I = CreateSpacecF 0,20,100) 5 5 5

I (X521 -
KN _>l_I

Pucynok 3.

Jns ompeneneHus MCXOOHBIX JAaHHBIX IS TaKOro BUAA TIpadUKOB HCMONb3yeTcs (YHKIUS
CreateSpace (cMm. Pucynox 3, crioco6 1).

CreateSpace (F , t0, t1, tgrid, fmap)

Bo3sBpaiiaer BIOXXEHHBI MAacCHMB TpPeX BEKTOPOB, MPEACTABISIONIMX X-, Y-, U Z-KOOPJUHATHI
MPOCTPAHCTBEHHOU KpUBOH, ompeneneHHoil gpynkuuen F. to u t; - nuamnazoH W3MEHEHHs MEPEMEHHOMH,
tgrid - pasmep cerku nepemeHHol, fmap - pyHkiws oToOpakenus. Bee mapameTpsl, 3a uckimoueHueMm F, -
dakynbTaTUBHBIC.

ITocTpoenne nepecexarwmmxcst Guryp

OcoOblif mHTEpec MpeAcTaBiseT cOOO0H BO3MOMKHOCTH TOCTPOEHHUS HAa OJHOM Tpaduke psa
pa3HBIX (PUTYp WM TTOBEPXHOCTEH C aBTOMATHYECKUM YYETOM MX B3aUMHOTO mepecedeHus. st aToro
HAJ0 pa3/ielbHO 3a7aTh MAaTPHIBI COOTBETCTBYIOIIMX IMOBEPXHOCTEH W MoOcie BbIBoja ImabmoHa 3D-
rpaguka MepednciuTh ITH MATPHUIBI MOJ HUM C HCIOJIH30BAHMEM B KAaueCTBE PA3JIEIHUTEINS 3arsiTou

(Pucynox 4).
. Mathcad Professional - [nepeceyenne nosepxtoctei] _ (O] =]

@ Paiin lNpaeka Bun Beoraeka Fopear  Marematkka Cumgonel OkHo 2 _|ﬁ||£|

fl(x,v) = —sin(x2 + yg) filx.v) = £t yg -5 x=10.20 yo=0.20 j

-10 y-10 -10 y-10
1\,'11w;=f‘.1(x Y—j 1\,'12}{J,;=f2(x Y—j

3 5 3 3

M1, 02, M2

e o

PucyHnok 4.




Co3nanne aHUMAUMOHHOIO KJIMIA

e MathCAD umeer Bcrpoennyto nepemennyto FRAME, ube eiMHCTBEHHOE Ha3HAUYCHUE -
yIpaBieHUe aHUMaIUSIMU:

e Cozpaiite 00beKT, ueil Buf 3aBucut or FRAME.

e VOemuTech, YTO YCTAHOBJCH PEXHUM aBTOMarudyeckoro pacuera (Mamemamuka =
Aemomamuueckoe Bviuucnenue).

e Bribepure Buo = Anumayua 1711 BbI30Ba OJHOUMEHHOTO THAIIOTOBOTO OKHA.

e 3aKIIOYUTE B BBIACISAIOUINHA MyHKTUPHBIN MPSMOYTOJIbHHUK YacTh paboyero TOKyMeHTa,
KOTOPYIO HY)KHO aHUMHUPOBATb.

e VYcraHosute HWxkHUE U BepxHUe rpanuliel FRAME (nons Ot: u o).

e B mone CkopocTh BBEANTE 3HAUCHUE CKOPOCTU BOCTIPOU3BEICHUS (KaapOB/

CEK). ®

1.2 TlpakTudeckast 9acTh. 3agaHus

Ynpascnenue 1. Berauciuts:

00 =
-10| = 10! =.

ITO U BCE OCTAILHBIC 3aJaHusA CHa6,I[I/ITB KOMMCHTApUAMH, UCIIOJIb3Y KOMaHAY Bcemaexka =
Texcmoesan oonacme.

Ynpasrcuenue 2. Onpenenuts nepemennsie: a ;= 3.4, b :=6.22, ¢ = 0.149 (npuuem nepeMEHHYIO C -
00aJIbHO A)KEHMUSL:
I bHO) U BBIPAXKEHUS 3ab+ 37

e
II 2 +pate i-.:-

' a
I = g FME ppg =

e BrpiuuciuTh BbIpaXeHUs.
e C noMomupto KoMaHael Popmam =>Pesynomam =>Popmam yucen =>Yucno 3nakos
U3MEHHUTh TOYHOCTh OTOOPa)KEHUS Pe3yIbTaTOB BBIYMCICHUS TTI00AJIBHO.
Ynpasicnenue 3. BoiBecTn Ha DKpaH 3HaYEHHE CUCTEMHON KOHCTAHTHI T M YCTAHOBUTH MAaKCHMaJIbHBIN
dbopmar ee 0TOOpaKEHUS JIOKAIBHO.
Ynpasicnenue _.5BBIH0J'IHI/ITB CJIEIYIOIINE ONEPALMH C KOMIUIEKCHBIMHU YHCIIAMU:

2 E=-342i | Z{= Re (Z) = Im(Z)= arg(z)=
= = 2Z = Z1:=1+2i Z2:=3+4i
Z21+422= Zlicx 1. 107, 0.4 2
Z: ]_[(Hl) J; X2 lgix + Didx Jjﬁﬂg—hzdx dixj disiﬂ:xj
5 i it1 2 X . x
Ynpascnenue 6. Onpenenuts Bextopsl d, S u R uepes IugscjfclpeJr HbI aprymeHT i. OToOpa3uthb

rpadpuueckn TabmuuHo 3amaHHble QyHkuumu Si(di) u Ri(di), ucnonbsys
koMaHny Bcmaseka =Ipagux =>X-Y 3asucumocms. UYtoO661 0HOpMHUTH

E, Ef; 3&3 ‘34 rpadMiK, HEOOXOMMO BBITOJIHUTE CJIEYFOLINE KOMAH/IbL:

1t 1 [ 59 3.9 [lenkHyTh JIeBOM KJIaBHIIEH MBIIH Ha rpaduke, YTOOBI BBIICTUTH

2115 | 7 4.5 ero. 3aTeM MICJIKHYTh MPAaBOW KIABUIICH MBIIIK, TPH 3TOM MOSBUTCS

i ;5 i:g ?g KOHTEKCTHOE MEHIO B KOTOPOM HEOOXOJUMO BBHIOpATh KOMAaHIY
®opmar

(mosiBuTCst TManioroBoe okHO “Formatting Currently Selected X-Y Plot”).
Hanectu nunuu cetku Ha rpaduk (Ocu X-Y =Bcnom. ntunuu) v oTo0pa3uth nereuny (Cneo
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OtdopmarupoBaTh TpauK Tak, YTOObI B KXKAOH y3110Boi Touke rpaduka ¢pynkuuu Si(di) cTosm
3HaK Buaa &127; (Cneo =>Cumeon =hox), a rpadpuk Gpynkumu Ri(di) oToOpa3uTh B BHIE TUCTOTPAMMBI

(Cneo =Tun =bar).
Ynpasxcuenue 7. Tloctpouts nexaptroBel (X-Y 3aBucumocts) u  mosspusie  (ITomspHbie
Koopaunatsl) rpaduku cneayromux QyHKIUi:
A0 = cosie) - st
¥l = 1.5 costod® -1
Flon = cos(od.
Jy1st 3TOr0 HEOOXOIMMO OMPENIEIUTh a KaK TMCKPETHBIN apryMeHT Ha uHtepBae ot 0 10 27 ¢
marom 7t/30.
Omnpenenuts 1o rpaduky X-Y 3aBUCHMOCTh KOOPAMHATHI JIFO00M U3 TOYEK MepeceueHust
rpadukoB Y(a ) u P(a ), s 3TOoro Heo6XoaMmo:

e Briienuts rpaguk 1 BEIOpaTh U3 KOHTEKCTHOIO MeHI0O MaciuTal (MOsBUTCS JMAJIOTOBOE OKHO
“X-Y Zoom”) nuisi yBeIMUEHHs YyacTu Tpaduka B 00JaCTH TOUKH [TEPEeCceUCHUsI.

e Ha yeprexe BbIACINUTH NYHKTUPHBIM MIPSIMOYTOJIbHUKOM OKPECTHOCTh TOUYKH IIE€PECEUEHUs
rpadukoB Y(a ) u P(a ), KOTOpyro HY>)KHO YBEIIUYHTb.
Haxxatb kHONIKY Macwimaé+, 4roObl nepepucoBarh rpaux.
Uto0bI cenaTh 3TO N300pakeHne MOCTOSTHHBIM, BeIOpaTh OK.
Bo16path 3 KoHTEKCTHOrO MeHI0 TpaccrupoBka (mosiBUTCs Auanorosoe okHo “X-Y Trace”).
BHyTpu yepTeka HaXkaTh KHOIIKY MBILIHM U IEPEMECTUTh YKa3aTellb MBI Ha TOUKY, YbH
KOOpJMHAThI HY)KHO YBUJIETb.

e Briopars Copy X (uwau Copy Y), Ha cBOOOIHOM TOJIe JOKyMeHTa Habpath Xper = (uau Yper

:=) ¥ BBIOpaTh MyHKT MeHIo Ilpaeéka => Bcmaska.

Bbruncnuts 3Hauenus Gynkimid X(a ) u Y(a ) npu a =/ 2.

Ynpasicnenue 8. Vicionssys komanny Bemaseka =>Mampuya co3nats Matpuny Q pazmepom 6 *
6, 3aTI0JHUTH €€ TPOU3BOIBHO U OTOOPA3UTh rpadpuiyecKku ¢ TOMOIIBI0 KOMaHaAbl Bemaska =1 paghux
=Ilogepxnocmu.

Ynpasicnenue 9. Iloctpouts rpaduk nosepxHoctu (IloBepxHOCTH) U KapTy JIUHUN YPOBHS
(KoutypHbIit) U1 yHKINK ABYX EpEMEHHBIX

Xiho0: =f cos (o) -sin (o)

JIBYMsI CIIOcOOaMH:
1. C momomsio ¢pyukimu CreateMesh (ceTka pasmepom 40 * 40, nuanason usmenenus { ot -5 10
5a-ot0mo27).

2. 3aJaB MOBEPXHOCTh MaTeMaTUYECKH, JJIsl ITOTO:

Onpenenuth QyHkimio X(t,a )

3ajars Ha ocsx mepeMenHbix [ u A 1o 41 Touke

i:=0..40 j:=0..40

TSl IEPEMEHHOM tj CO 3HAYEHUSIMU, U3MEHSIOIUMHUCS OT -5 110 5 ¢ marom 0.25: t; :=-
54+0.25i, auig nmepeMeHHoM a4- ot 0 10 27 ¢ marom p /20: aj:= m/20%].

Onpenemnts matpuiy Mij := X(t;,8;) n oro6pasuts ee rpapuaeckm.

C nomorksio koMan sl @opMaT KOHTEKCTHOTO MEHIO BbI3BaTh JUalioroBoe okHo “@opmar 3-D
rpaduka’” U U3MEHUTD:

® XapakTepUCTUKHU npocMmoTpa (Oouee =>Buo =>Bpawenue, Haxnon),

e [[BETA U JINHUH MOBEPXHOCTH (Brewnuii Buo =>Cesoiicmea nunuu, Ceoiicmea 3anusKku),

e mapamerpsl oceil (Ocn),

e BuJ 3aronoBka rpapuka (Hazanue).

Ynpasicnenue 10. Oto6pa3uth rpaduuecky nepecedeHne MoBepxXHOCTEN

+ 32 -
fl(x,}rj;:% fE(J:,yj::ﬁ-cu{xE‘F]
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Martpuiisl st TOCTPOCHUSI TIOBEPXHOCTEH 3a/1aTh ¢ moMonisio GyHaknun CreateMesh, 3HaueHHS
(baky/IbTaTUBHBIX MapaMETPOB HE YKa3bIBaTh. BBIMOIHUTH OJHOTOHHYIO 3aJUBKY JUISl IMOBEPXHOCTEH,
BBIOpPAaB M3 KOHTEKCTHOro MeHI0 KomaHay Popmar. Takke M3 KOHTEKCTHOTO MEHIO BBIOpaTh 3(pdeKTsl
Tyman, OcBenienue, [lepcnekTuna.

Ynpasicnenue 11. Vicnons3ys nepemennyro FRAME u xkomanny Buo = Anumayua, co3natsb
aHMMAaLMOHHBIE KJIUIIBI C IOMOILBIO JAHHBIX NMpUBEIEHHbIX B Tabnuue 1.
Tabauua 1. Bapuantsl ynpa:xxaenus: 11

Ne IlepemenHbIe 1

x:=0, 0.1,.. 30 or 0 mo T'padux
f (x) :=x+FRAME 20 llonsipusle KoopmamHaTH

i:=0..FRAME+1 or 0 mo 3D ToueuHmnt rpadmk
gi:=0.5 i cos (i) 50 TpPaHUIBl Ha OCSIX
hi:=i sin (i) Min Max
ki:=2 i x - 50 50
y - 50 50
z 0 50
B MeTke nisi BBOAA MaTPUIIE
yxaxmure (g, h, k)

i:=0..20 j:= 0..20 T'padux [oBepxHoOCTH
f(x,y):= B MeTke IJjisi BEOZA MaTPWMILEI
sin (x2+y2) +FRAME) ykaxure M
xi:=-1.540.15 i
yj:=-1.540.15 j
Mi,j:=f (xi,y3j)

r:=FRAME; = 6 T'paduxlloBepxHoCTN

n:=0..20; m:=0..20 (rpaHMIEl HA BCeX OCSX
V,:=2nn/r+l ycTaHoBUTE OoT -11 mo 11)

B MeTke nnss BBOAA MaTPMILE
yxaxmure (x, y, z)

Wp:=2mm/r+1
Xmn : = (R+xrCos (vy) ) Cos (wy)
Vmn : = (R+rCos (v,) ) Sin (wy)
Zun :=rSin (vy,)

KOHTPOIJIBHBIE BOIIPOCHI!
C noMoIIBI0 KaKOTO OIepaTopa MOXKHO BBIYMCIUTH BhIpaXKeHUE?
Kak BcTaBUTH TEKCTOBYIO 00s1acTh B TokymenT Mathcad?
3. UeM orimuaercs ria00anbHOE U JIOKaJIbHOE ompeeneHre nepeMeHHbIXx? C IOMOIIbI0 KaKuX
OTIepPaTOPOB ONPEACTITIOTCS?
Kak n3meHuTh hopmaT gmcen Uit BCero J0KyMeHTa?
Kak n3meHuTh hopMaT urces st OTASIEHOTO BBIPAKEHUS?
Kakwue cucremusle (mpenonpeneneHnsie) nepeMmennsie Bam u3Bectuol? Kak y3Hats nx
3HaueHune? Kak n3MeHuTh UX 3HaUeHue?
Kakwue Buap! pynkuuit B Mathcad Bam u3BecTHbI?
Kaxk BcTaBUTh BCTpOCHHYIO yHKIMIO B TokyMeHT Mathcad?
C noMoIIBI0 KaKHUX OMEepaToOpOB MOXKHO BBIYMCIUTH UHTETPANIbI, IPOU3BOIHBIE, CYMMBI U
Mpou3BeIeHus?
10. Kak onpenenuts AUCKPETHBIE IEPEMEHHbIE ¢ POU3BOILHBIM H1arom? Kakoit mar mo
YMOJIYaHUIO?
11. Kak onpeaenuTs HHIEKCUPOBAHHYIO IEPEMEHHYIO?
12. Kakue Buasl MaccuBoB B Mathcad Bam n3BecTHBI?

™

o ok

© oo N

13. Kakas cuctemMHasi mepeMeHHas OnpeieseT HUKHIO TPAaHUILy MHACKCAIIUU SJIEMEHTOB
maccuba?



14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
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Onwumute crocoObl co3nanus maccuBos B Mathcad.

Kak npocMoTpeTh coepkUMoe MaccuBa, ONPEAESIEHHOTO Yepe3 IUCKPETHBINA apryMeHT?
Kak moctpouTts rpauku: TOBEPXHOCTH; MOJISIPHBII; T1EKapPTOBBII?

Kak moctpouth HECKOIBKO IpauKOB B OJTHOM CUCTEME KOOPIUHAT?

Kak m3menuts macmrab rpapuka?

Kak ompenenuts KoopiuHaTy TOYKH Ha rpaduke?

Kak moctpouts rucrorpammy?

Kakue QyHKIMH NCTIONB3YIOTCS AJIsE TOCTPOCHUS TPEXMEPHBIX TPaPUKOB?

Kak co3znarte anumanuro B Mathcad?

Kakoe pacmmpenue UMeIOT CoXpaHeHHBIE (ailsibl aHUMAaLi?
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