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JIABOPATOPHAS PABOTA 3. PABOTA C ITPA®OUKAMMU.

3.1. Heasb: nuzydyenue komana noctpoenus rpapukos B nakere MATLAB.

3.2. IlopsioK BBINOJTHEHUSI Pa00ThI

1. M3yunte TeopeTHUECKYIO YacTb. BbINOMHUTE 3a1aHKs, COOTBETCTBYIOIIME HOMepY Baiero
BAapUAaHTA, U IPOJAEMOHCTPUPYUTE UX MPENOAABATEIIIO.

2. Odopmure oTUeT MO JTA0OPATOPHOM PaboTe, KOTOPHIN TOKEH COACPKATh:

® TUTYJIbHBIN JIUCT;

e 11eJ1b paboTHI;

® 33/IaHUE U UCXOJIHBIC JaHHBIC BAPUAHTA;
e MpoTOKOJ ceanca padbotesl B MATLAB.

3.3. MeTonnueckne peKOMeHIalUH

B nakere MATLAB umMmeroTcsi IMPOKHUE BO3MOKHOCTHU IO MOCTPOCHUIO U PEAAKTUPOBAHUIO
JIBYMEPHBIX U TPEXMEpHBIX IpadukoB. ['paduyeckuili 0ObEKT UMEET MHOXXECTBO CBOMCTB. boib-
IIMHCTBO KOMaHJ BBICOKOYPOBHEBOH TIpaMKu, aBTOMAaTHYECKH YCTaHABIMBAIOT CBOWCTBA Tpadu-
YEeCKMX OOBEKTOB M 00€CHeurBalOT BOCHPOM3BEACHUE Ipa)UKOB B HYKHOH CHCTEME KOOPJAMHAT,
MaJUTPE LIBETOB U MacIuTade.

Ocob6enHoctu rpaduku cuctemsl MATLAB:

— Iloctpoenue rpaduka GyHKUUN OJHON IEPEMEHHOM;

— CT0710110BBIE TUArpaMMBl;

— IlocTpoeHune TpexMepHBIX rpauKoB;

— Bpamienue rpagukoB MbIIIbIO;

— KoHTekcTHOE MeHI0 TpauKoB;

— Ynpasnenue GopMaToM rpaguKoB.

['padrueckuii 00bEKT IMEET MHOXKECTBO CBOMCTB. BOIBIIMHCTBO KOMaH]I IOCTPOEHUS rpadu-
KOB aBTOMAaTHYECKH YCTaHABJIMBAIOT 3TU CBOMCTBA M 00ECIIEUNBAIOT BOCIPOM3BEACHUE rpaduka B
HY>KHOH cucTeMe KOOpAWHAT, HAJIUTPE LIBETOB, MacllITadbe U T.J.

M3y4nm HEKOTOpbIE KOMaHAbI IIOCTPOEHUS IByMEPHBIX IPa(UKOB.

3.3.1. IlocTpoeHne AByMEpPHBIX TPa(PUKOB

3.3.1.1. [locTpoenne rpapMKoB OTpPe3KAMH NMPSAMBbIX

@OyHKIMU OAHOM NMEPEMEHHOM )(X) HaXOAAT IIMPOKOE MPUMEHEHHE B MPAKTUKE MaTeMaTHye-
CKHX U JIPYyTHX PACUETOB, a TAKKE B TEXHUKE KOMIIBIOTEPHOIO MaTEMaTHYECKOTO MOJEINPOBAHHUS.
Jist oToOpakeHHsT TaKuX (PYHKIUN HCIONB3YIOTCS TpaduKH B JEKapTOBOH (IIPSIMOYTOJIBHOM) CHUC-
Teme KoopauHat. IIpu 3ToM 0OBIYHO CTPOSATCS J1BE OCH — FOpH30HTalbHas X M BepTUKajibHas Y, U
3aJaf0TCs KOOPIMHATHI X U ), ONPEACISIONINE Y3JI0BbIe TOYKH (DYHKIUH )(X). DTH TOYKU COCTUHS-
IOTCSL IpYT € JAPYTOM OTpE3KaMH MpPSIMbIX, T.€. IPU MOCTPOCHUM IpaduKa OCYLIECTBISETCS JUHEH-
Hasi MHTEPHOJIALMS JUIsl IpoMexXyTouHbIX Touek. [lockonbky MATLAB — mMatpuuHas cucrema, co-
BOKYITHOCTB TOYEK V(X) 3a71aeTcsi BeKTopamMu X U ¥ OJJMHAKOBOT'O pa3mepa.

Komanpga plot ciayxur s noctpoeHus rpadukoB (GyHKIMN B JEeKapTOBOM cHcTeMe KOOPIU-
HaT. OTa KOMaHJa UMEET Psi/i IapaMeTPOB, PACCMATPUBAEMBIX HIKE.

1) plot (X, Y) — ctpout rpaduk ¢yHKuuu y(x), KOOPAWHATHI TOYEK (X, ¥) KOTOpOH OepyTcs u3
BEKTOPOB O uHaKoBoro pazmepa Y u X. Ecnu X unu Y — maTpuna, To CTpOUTCs ceMelcTBO rpadu-
KOB [0 JJaHHBIM, COJIEP>KalMCS B CTPOKaX MaTpPHILIbI.

2) plot (Y) — cTtpout rpaduk y(i), rae 3HaueHus y 0epyTcsa U3 BekTopa Y, a i MpencTaBiseT co-
0011 MHJEKC COOTBETCTBYIOIIETO AJIEMEHTA;

3) plot(X, Y, S) — ananmornyna komanzae plot(X, Y), Ho Tun auUHUK rpaduKa MOXKHO 3a/1aBaTh C
MTOMOLUIBIO CTPOKOBOM KOHCTAHTHI .

3Ha4YeHUSIMU KOHCTAHTHI S MOTYT OBITh CJIEAYIOIINE CUMBOJIBI.
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IBeT JMHUUK
Y — Kenrsiit R — KpacHsliit G — 3enensiii
M — ®uoneToBsli K — YepHnslii B — Cunnit
C —T'ony6oit W — benblit

Tun Toukn Tun JuHuu
.— Touka V — TpeyroapHuk (BHU3) - — CninomrHas
O — OKpY>XKHOCTh " — TpeyronbHuK (BBEPX) : — JIBOITHOM MyHKTHD
X — Kpecr < — TpeyroapHuK (B1€BO) -. — IITpux-nmyHKTHP
+ — Ilimroc > — TpeyronpHuk (BrpaBo) | -- — llItpuxoBas
* — 3Be3iouka P — [IatuyronbHuK
S — KBagpar H — ITlectuyronbHuk
D — Pom6
Ilpumep:

>> x=[0:0.5:10];

>> y=[sin(x); cos(x)];

>> plot(x, y(1, :), 'm+-', x, y(2, ), 'r*-)

['paduku QyHKIMI sin(x) 1 cos(x) MpUBEACHBI HA PUCYHKE 2.

3.3.1.2. I'paduxu B jJorapupmuyeckom Macurade

Jns moctpoeHus rpadukoB (YHKIUH CO 3HAYCHUSMHU X U y, U3MEHSIONIMMHCSA B IIMPOKHX
npejenax, HepeaKo UCIONb3YoTCs Jlorapudmudeckue mactadbl. PaccMOTpUM KOMaHbl, KOTOpBIE
WCTIOJNB3YIOTCS B TAKHUX CITydasX.

— loglog(...) — cuHTaKCHC KOMaH/Ibl AaHATOTMYEH paHee PacCMOTPEHHOMY sl pyHKIuH plot(...).
Jlorapudmuueckuit MaciTad HCHOIb3YyeTCs sl KOOPAUHATHBIX ocell X u V.

Ilpumep.

>> x=[0:1:10];

>> loglog(x,exp(x))

>> grid on

I'paduk pynkuuu exp(x) B TorapupmMuueckoM MaciiTade mpuBeaeH Ha PUCYHKE 3.
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File Edit Wiew Insert Tools Deskbop Window Help » Fie Edit Wew Insert Tools Desktop ‘Window Help ~
DEE h a0 | €08 O D& k RaOe /€ 0B 50

1

0&r q
06 q
0.4+ B
nz2r B
ot 4
a2t 4
o4t i
NG+ J

08t 1

-1

L L L L L 1 n
0 1 2 E 4 ) 5} 7 8 9 10

PucyHok 2 — I'paduku dpyHKumit sin(x) u Pucynok 3 — I'padux QpyHKIME exp(x) B J0ra-
cos(x) B I€KapTOBOIi CHCTEME pupmHuyeckoM maciTade
KOOPJMHAT
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3.3.1.3. I'pa¢uku B nmoayaorapupmMmuyeckom Mmacmrade

B HekoTOphIX cilydasx MPeaNOYTUTENIEH MOoJTyJorapuMuueckuii Macmrad rpadukoB, Korja
10 OJTHOM OcH 3ajaercs JiorapuMuieckuit MaciTad, a mo Apyroi — TMHEHHBIN.

s moctpoeHusi rpadukoB (QyHKIUH B TMOMyJI0orapuMUUECKOM MaciiTade HCIONIb3yIOTCS
CJIEYIOIINE KOMaH/bI:

1) semilogx(...) — crpout rpaduk ¢pyHkmuu B norapudmudeckom macmrade (ocHoBanue 10) mo
ocu X ¥ IMHEWHOM IO OCH Y,

2) semilogy (...) — crtpout rpaduk QyHKIMH B HorapudMUIeCKOM MacmTade mo ocu Y U Jin-
HEWHOM I10 ocu X.

Ilpumep.

>> x=[0:1:10];

>> semilogy(x,exp(x))

>> grid on

I'padux GyHKIMHN exp(x) B momynorapuMUIecKOM MacTabe MpUBECH Ha PUCYHKE 4.

3.3.1.4. CTo.10110BbIE AUATPAMMBI

CronOuoBsle quarpaMMbl IIAPOKO UCIOIB3YIOTCS B 00pabOTKE JaHHBIX, CBSI3aHHBIX C (DUHAH-
caMM M SKOHOMHKOM, a TaKKe€ B MaTeMaTHUECKUX UccienoBaHuAX. Hike npeacraBieHbl KOMaH bl
JUISL IOCTPOEHUSI TAKUX IUAarpaMM:

1) bar (X, Y) — cTrpouT cTonO1oBbIi rpaduk 3J€MEHTOB BeKTOpa Y (WM TPYIIbl CTOIOLOB AJIs
MaTpulsl Y) co cnenudukanueil nonoxeHus cToia01oB, 3aJaHHON 3HaUEHUSIMH 3JIEMEHTOB BEKTOpPa
X, KOTOpbIE TOJIKHBI MOHOTOHHO BO3PACTaTh;

2) bar (Y) — crpout rpadguk 3HaAUCHUH IEMEHTOB MATPHIIBI Y TaK K€, KaK YKa3aHO BBIIIC, TPU
3TOM (haKTHUECKU UCTIONB3yeTCs BeKkTop X =[1: m];

3) bar (Y,WIDTH) unu BAR(Y,WIDTH) — xomMaH/1a aHaJOTHYHA paHEe PACCMOTPEHHBIM, HO CO
cnenu¢ukanueit mupunel cronomnoB (mpu WIDTH > 1 cTonOIsl B 0JHON U TOM K€ MO3UIUU TIepe-
kpbiBatotcs). [To ymomuanwuro 3agano WIDTH = 0.8.

Ilpumep.

>> bar(rand(4,6))

I'paduk npeacraBieH Ha PUCYHKE 5.

CymecTByIOT M IpyTHe THIBI ABYMEPHBIX Tpa(uKoOB: rpad)MKu ¢ 30HAMU MOTPEIIHOCTH, Tpa-
(UK TUCKPETHBIX OTCUETOB (YHKIMHU, 'paUKU B MOISIPHON cHCTEME KOOPAMHAT, YIIOBbIE THCTO-
rpaMMBbl, TpadUKH BEKTOPOB, rpadMK MPOEKIHH BEKTOPOB Ha IUIOCKOCTh, KOHTYpHBIE TpaduKu U
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Pucynok 4 — I'paduk Qynkuuu exp(x) B momdyo- Pucynok 5 — Cron6GroBas
rapuMUIECKOM auarpaMmma
Maciirabe
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3.3.1.5. Knaccnuyeckasi ructorpaMmma

Knaccuueckast eucmoepamma xapakrepusyeT 4uciia NonagaHuii 3Ha4eHUi JIEMEHTOB BEKTOpa
Y B M unHTEpBaNoOB C MpeACTaBICHUEM TUX YKCET B BUJE CTOJOIOBOM ArarpaMmbl. [ icTorpaMMel
CTPOSIT CIEAYIOLUE KOMaH IbI:

1) N = hist(Y) — Bo3BparaeT BeKTOp uncen nomaaanuii 1y 10 uHTEpBaIOB, BHIOMPACMBIX aB-
tomatnuecku. Ecinu Y — maTpuna, To BBIAAETCS MAacCUB JAHHBIX O YMCIIE NONAJaHUM Ul KaXKA0ro
H3 €€ CTOJIOIOB;

2) N = hist(Y, M) — aHa;mornuyHa pacCMOTPEHHOM BBIIIIE KOMaH 1€, HO UCIIOJIb3yeTCsl M WHTEepBa-
70B (M — ckaisp);

3) N = hist(Y, X) — Bo3BpaIaeT uncia rnomnajaHuii 3JI€MEHTOB BEKTOpa Y B MHTEPBAJIbI, ICHTPHI
KOTOPBIX 3aJ]aHbl AJIEMEHTaMH BeKTopa X;

4) [N, X] = HIST(...) — BO3BpaIaeT 4ncia rnonajaHuii B HHTEPBAJIBI U JaHHBIC O IIEHTPaxX UHTEP-
BaJIOB.

Ilpumep noctpoenus ructorpammsl 1151 1000 cydaidHbIX Ynced:

>>x=-5:0.5:5

>> y=randn(1000, 1)

>> hist(y, x)

['mcrorpamma npezcTaBiieHa Ha PUCYHKE 6.

3.3.1.6 JlecTHM4YHBIE TPaPUKH

Jlecmuuunvie epaguxy BU3yallbHO TIPEICTABIAIOT COOON CTYNIEHBKU C OrHOaromiei, mpeacTaB-
neHHo ¢yHkmen y(x). Takue rpaduku UCMONB3YIOTCS, HAIPUMED, ISl OTOOPaKEHHUsT POIECCOB
KBaHTOBaHUs (PyHKUMHU )(X), IPEICTaBICHHON pAIOM CBOUX OTCYeTOB. IIpu 3TOM B mpomexyTkax
MeXIy OTCueTaMU 3HaueHHUs (PYHKIWU CUYUTAIOTCS MOCTOSHHBIMU U PAaBHBIMH BEJIHUMHE MOCIIEIHE-
ro orcuera. [[ns moctpoeHus nectHuuHbIX rpagukoB B cucteme MATLAB ucnonbsyrores cie-
NyIoIIe KOMaH/bl:

1) stairs(Y) — cTpouT necTHUYHBIN rpaduK Mo JaHHBIM BEeKTOpa Y;

2) stairs(X, Y) — cTtpout necTHUYHBINA TpaduK MO JAHHBIM BEKTOpa Y ¢ KOOpAMHATAMU X Tepe-
XOJIOB OT CTYNIEHBKHU K CTYNEHbKE, 3a/laHHbIMU 3HAUEHUSIMU 3JIEMEHTOB BEKTOpa X;

3) stairs(..., S) — aHaJlorM4Ha MO ACHCTBHUIO BBHIMICONMUCAHHBIM KOMaHIaM, HO CTPOUT Tpadux
JUHUSIMH, CTUJIb KOTOPBIX 33J1a€TCsl CTPOKaMu S.

IIpumep OCTPOEHUSI IECCTHUIHOTO Trpaduka:

>>x=[0:0.25:10]

>> stairs(x, x.*3)

JlectHuuHBII rpaduK MpeacTaBlieH HA PUCYHKE 7.
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Pucynok 6 — I'mcrorpamma Pucynok 7 — JlecTHu4HBIH rpaduk
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3.3.1.7. Kpyrossble nuarpaMmmbl

Komanapl mocTpoeHust kpy208ulx ouazpamm:

1) pie(X) — cTpouT KpyroByI0 AMarpamMmy 1o AaHHBIM HOpMaau3oBaHHOTO BekTopa X/SUM(KX),
SUM(X) — cymma aneMeHToB BekTopa, eciii SUM(X) < 1.0, To 3HaueHus: B X HEMOCPEACTBEHHO OII-
PEeAENSIOT IIONIAa/lb CEKTOPOB;

2) pie(X, EXPLODE) — cTpOuT KpyTrOBYIO IHMarpamMmy, y KOTOPOM OTPBIB CEKTOPOB OT LIEHTpa 3a-
naetcst BektopoM EXPLODE, KoTOpbIil 10JIKEH UMETH TOT XK€ pa3Mep, UTO U BEKTOP JTAaHHBIX X.

Ilpumep NOCTPOCHHS KPYrOBOM AUArpamMMBbl, TI€ TPETUM U IIECTON CEKTOpa OTAEIEHBI OT OC-
TaJbHBIX:

>>x=[1510 15 20];

>> pie(x, [050100])

KpyroBas nauarpaMma mpectaBieHa Ha pUCYHKE 8.
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Pucynok 8 — Kpyrosas auarpamma

3.3.2. IlocTpoeHne TpexMepHBIX rPpa(PuKOB

3.3.2.1 IloaroroBKa JaHHBIX VISl MOCTPOEHHUSI TPEXMEPHbIX rPauKoB

TpexmepHbIe MOBEPXHOCTH OOBIYHO OMHUCHIBAIOTCA (DYHKIIMEH MBYX MEepeMeHHbIX z(x, )). Cre-
nuduKa MOCTPOSHHS TPEXMEPHBIX rpaukoB TpeOyeT He MPOCTO 3aJ4aHus psijia 3HAYCHUN X U ), TO
ecth BekTOpoB X u Y. OHa TpeOyet onpeneneHus s X U Y 1ByMEpHBIX MacCUBOB — MaTpwil. JlJis
CO37IaHUsI TAKMX MAaCCUBOB CITYXHUT QyHKIHs meshgrid.

B ocHoBHOM (dyHKIIMA meshgrid ucmonap3yercs COBMECTHO ¢ (DYHKITUSIMU TIOCTpOEHUs Tpadu-
KOB TPEXMEPHBIX MoBepxHocTel. DyHKuMs meshgrid 3amuceiBaeTcs B cneayomux Gopmax:

1) [X,Y] = meshgrid(x) — ananornuna [X,Y] = meshgrid(x, x);

2) [X, Y, Z] = meshgrid(x, y, z) — BO3BpaIaeT TpeXMepHbIE MACCUBBI, HCIIOJIb3yEMbIE ISl BbI-
quCIIeHUsT (QYHKIIUN TpeX MePEeMEHHBIX U TOCTPOCHUS TPEXMEPHBIX TPa(HKOB;

3) [X, Y] = meshgrid(x, y) — mpeoOpa3yeT 001acTh, 3aIaHHYI0 BEKTOPaMH X U V, B MACCUBHI X 1
Y, xoTopble MOTYT OBITh MCIOJIL30BAHBI IS BbIUUCICHHS (DYHKIUHU JIBYX MEPEMEHHBIX U MOCTpPOe-
HUS TpeXMepHBIX rpadukoB. CTPOKH BBIXOJHOTO MaccHBa X SIBISIOTCS KOMHSIMH BEKTOpa X; a
CTONOLBI ¥ — KOMUSIMU BEKTOpA ).

Ilpumep.
>> [x, y] = meshgrid(1:4, 14:17)
X =

1 2 3 4

1 2 3 4

1 2 3 4

1 2 3 4
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y =
14 14 14 14
15 15 15 15
16 16 16 16
17 17 17 17
Oynkuus ndgrid saBIseTCS MHOTOMEPHBIM aHanoroM GyHKIuu meshgrid:
1) [X1, X2, X3,...] = ndgrid(x1, x2, x3....) — mpeobpa3yeT 001acTh, 3aJaHHYIO0 BEKTOpamu x1, x2,
x3... B MaccuBsl X1, X2, X3..., KOTOpble MOTYT OBITH HCIIOJIB30BAHBI JJIsl BEIYUCICHUS (DyHKIMIA He-

CKOJIbKMX MEPEeMEHHBIX U MHOTOMEPHON MHTEPHOJSAINH, i-1 Pa3MEPHOCTh BBIXOJHOTO MaccuBa X;
SIBJISIETCSI KOITUEW BEKTOPA X;;

2) [X1, X2 ....] = ndgrid(x) — anamoruuna [X1, X2....] = ndgrid(x, x, ...).

3.3.2.2 TpexmepHbIe IOBEPXHOCTH

Komanga plot3(...) sBrisercs aHamorom koMmassl plot(...), HO OTHOCHUTCS K (YHKIIMH OBYX Tie-
peMeHHbIX z(X, ¥). OHa CTPOUT aKCOHOMETPUYECKOE M300paKeHUE TPEXMEPHBIX MOBEPXHOCTEH U
Mpe/ICTaBJIeHa CIASAYIOUIMMH BapUaHTaMHU:

1) plot3(x, y, z) — CTpOUT MaccHB TOYEK, MPEICTABICHHBIX BEKTOPaMH X, } U Z, COSAUHSS HX
OTpE3KaMHU MPSMBIX;

2) plot3(X, Y, Z) — ctpout Touku ¢ KoopauHaTamu X(i,:), Y(i,:) u Z(i,:) u COEANUHSIET UX OTPE3-
KaMu OpsMbIX, X, Y 1 Z — Tpu MaTpULibl OIMHAKOBOI'O pa3sMepa.

Ilpumep.

>> [x, y]= ndgrid(-4:.25:4, -4:.25:4);

>>z2=X."2+y."2;

>> plot3(x,y,z)

[TocTpoennslii rpaduk NpuBeAeH Ha pUCYHKE 9.

3.3.2.3 Ceruarnble rpadpuxku

Haubonee npeacTaBUTEN,HBIMHA M HATJISITHBIMU SIBJISIIOTCSI C€TYAThIE TPadUKU MOBEPXHOCTEH €
3aIaHHON WM QyHKIIMOHATBHOW OKpackoil. IMEroTcst Takre KOMaHIbI:

1) mesh(X, Y, Z, C) — BeIBOAUT B rpadudecKoe OKHO CEeTYaTYI0 MOBEPXHOCTh Z(X, Y) ¢ nBeTamu
y3JI0B TOBEPXHOCTH, 3aJJaHHBIMU MaccuBoM C;

2) mesh(X, Y, Z) — ananor npeamecTBytomed komanasl npu C = Z, uCHoiab3yercss (yHKIHO-
HaJbHasI OKpacKa, Py KOTOPOH I[BET 3a/1a€TCSI BRICOTOM TTOBEPXHOCTH.

Bo3moskHBI Takke BapuaHThl KoMaHAsl mesh(x, y, Z), mesh(x, y, Z, C), mesh(Z) u mesh(Z,C).

Ipumep.

>> [x1, x2] = ndgrid(-2:.5:2, -2:.5:2);

>>z = x1.*exp(-x1.A2-x2.72);

>> mesh(z)

[Toctpoennslii rpadguk npuseneH Ha pucyHke 10.

3.3.2.4. 3akpacka 00beMHBIX MHOIOYT 0JIbHHKOB

Jlns1 3aKpacku MHOTOYTOJIBHUKOB, OTIPEICTICHHBIX B MMPOCTPAHCTBE, CIyXUT KomaHa fill3:

1) fill3(X, Y, Z, C) — cTpout 3aKpallleHHbIi MHOTOYTOJIBHUK B IIPOCTPAHCTBE C JIAHHBIMU BEP-
LIWH, XpaHsAIUMUcA B BekTopax X, Y u Z, v uBeToMm, 3aaaHHbIM nanutpoi C;

2) fill3(X1,Y1, 721, C1, X2, Y2, Z2, C2,...) — Ipyroii BapuaHT MOCTPOCHUS HECKOJIbKUX 3aKpalleH-
HBIX MHOTOYTOJIBHUKOB B TTPOCTPAHCTBE.

Ipumep.

>>x=[1234];
>>y=[3524];
>>z=[5735];

>>c=[15710];
>> fill3(x,y,z,c)



JlaGopaTopHbIii NpaKTUKYM N0 Jucuuniune «IIporpamvMupoBanne H BbIYHCIUTEIbHbIC METObI», 4 ceMecTp,
2010-2011 y4eOHBbIii rox

[TocTpoennslii rpaduk npruBeaeH Ha pucynke 11.
OOBeMHBIC KPYTOBBIC THArPaAMMBbI CTPOSITCSI KOMaHI0M pie3:
pie3(...) — mocTpoeHue TpexMepHOW KpyTroBOi JrUarpaMMBbl, aHaJIOTHYHa KOMaHe pie(...).
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Pucynok 9 — I'paduk moBepXHOCTH, Pucynok 10 — Certyartslii rpaduk
MOCTPOEHHOM JTUHUSIMU

3.3.2.5. IlocTpoenne nMINHAPA U chepbl

Jlnst moctpoeHust UIMHAPA U cPepbl B BUJIE TPEXMEPHOU (PUTYpPHI ¢ TOMOIIBbIO KoMaH surf (X,
Y, Z) unm surfl (X,Y,Z) cmy>kaT KOMaH/bI:

1) [X,Y,Z]=cylinder(R,N) — cozmaeT maccuBsl X, ¥ u Z, ONUCHIBAIOIINE HUIUHAPUIECKYIO TIO-
BEPXHOCTh C PAINyCOM R U YUCJIOM Y3JIOBBIX TOYEK NN JIJIsl TOCJIEIYIOMIErO MOCTPOCHUS IIMJIMHPA C
nomotpio ¢pyukumu surf(X, Y, Z);

2) [X,Y,Z]=cylinder(R) u [X,Y,Z]=cylinder — momo6usI mpeamecTBytomen Gpynkuu aiss N=20 u
R=[11];

3) [X,Y,Z]=sphere(N) — renepupyet matpuubl X, ¥ u Z pazmepa (N+1)x(N+1) nns moctpoeHus
cepsr;

4) [X,Y,Z]=sphere — ananoru4na npemmecTBytomniet pyakuuu npu N = 20.

Ipumep.

>> [x, Y, z] = cylinder(20, 50);

>> surf(x,y,z,x)

[TocTpoeHHbIN TMJIMHAP MPUBEAEH HA PUCYHKE 12.
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3.3.2.6. IlocTtpoenue 00beMHBIX GUTYP € MOMOIIBIO IVIOCKUX TPEYTroJbHUKOB

K uucny crenuanbHbIX BUAOB IpaUKU OTHOCUTCS IOCTPOECHUE 0OBEMHBIX (PUTYp € MTOMOIIBIO
IUTIOCKUX TPEyroJbHHUKOB. {151 mocTpoeHus: Takux Guryp B BHJE Kapkaca (0e3 OKpacku U oTooOpa-
KEHUSI TTOCKOCTEN ) HCTIONb3YIOTCSI KOMaH/IbI:

1) trimesh(TRI, X, Y, Z, C) — mocTpoeHne 00BEMHON KapKacHOW (DUTYpBI C TPEYTOJIbHHUKAMU,
cneun(puIMpoBaHHBIMUA MaTpuLei moBepxHoctu TRI, kaxnas cTpoka KOTOPOH CONEPIKUT TPU dJIe-
MEHTa U 3aJlaeT OJIHy TPEYTOJbHYIO IpaHb MyTEeM yKa3aHHs MHJEKCOB, 10 KOTOPHIM KOOPAWHATHI
BEIOHMpAIOTCs U3 BEeKTOpoB X, Y, Z, iBeTa pebep 3amarorcs BekTopom C;

2) trimesh(TRI, X, Y, Z) — mocTpoeHue, aHaorugHoe mpexamecTByromemy npu C = Z, T. €. ¢
LIBETOM pebdep, 3aBUCALINM OT 3HAYCHUI BBICOTHI.

Ilpumep mocTpoeHUs! CIy4aiiHOW 00BEMHOM (HUTYpBI, TapaMEeTPhl KOTOPOH 3aal0TCs ¢ TIOMO-
UIbI0 TeHepaTopa CIy4yaiHbIX YHUCEN:

>>x =rand(1,30);

>>vy =rand(1,30);

>> 7 = sin(x.*y);

>> tri = delaunay(x,y);

>> trimesh(tri,x,y,z)

[Toctpoennas ¢purypa npuBeeHa Ha pucyHke 13.

<) [Fgure Enimifrs]
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Pucynok 13 — O6beMHas purypa

3.3. PenakTupoBanue rpagukos

Jlis mepekstoueHus B peXUM pelakTUpoBaHus rpaduka Hy>KHO LIETKHYTh Ha KHomke Edit Plot
(PepakTpoBaTth rpaduK) ¢ n300pakeHNEM Kypcopa-cTpenku. B aToM pexume rpadukoM MOXKHO
yIOPaBIATh C MOMOIIBI0 KOHTEKCTHOI'O MEHIO, BBI3BIBAEMOT'O IETYKOM IPAaBOM KHOMKH MBIIIH.
I'paduku B makete MATLAB cTposiTcsl 1OCTaTOYHO MPOCTO, TaK KaK MHOTHE CBOMCTBA IpadUKOB
YCTaHOBJIEHBI 110 yMOIUaHuio. K Takum cBOMCTBaM OTHOCSITCSI BBIBOJI WJIM CKPBITUE KOOPIUHATHBIX
ocel, MOJI0KEeHNE UX LIEHTpa, LIBET JUHUHU rpaduka, ee ToNIMHa U T. 1. CBOHCTBa U BUJ rpad)uKoB
MO>XHO MEHSTh B IIMPOKHMX MpEJesax C MOMOIIbI0 MapamMeTpoB KoMmaH[ rpaduku. OgHaKo 3TOT
nyTh TpeOyeT XOpOILIEro 3HAHUS JeTajel s3plka MPOrpaMMHUPOBAHMS M JECKPUNITOPHON rpaduku
MATLAB. ®opmarupoBanue rpaguKoB cTano 0ojee CTPOrHM M YJOOHBIM: UCTIOIB3YIOTCS KOMaH-
el Figure Properties (cBonctsa ¢urypbl) u Axis Properties (cBolicTBa ocelt) co BceMu HE00XO M-
MBIMU HacTpOHKaMH.

[Tockonbky rpadpuka MATLAB obecnieunBaeT moydeHHe IBETHBIX H300pakeHUH, B HEW €CTh
P KOMaHJ JUId YIIPABICHUS L[BETOM U Pa3IMYHBIMU CBETOBBIMH 3 dextamu. Cpeau HUX BakKHOE
MECTO 3aHMMaeT YCTaHOBKa HanuTpbl 1BeToB. [lanutpa nBeroB RGB 3anaercs marpuneit MAP u3
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TPEX CTOJIOIOB, ONPEACTAIONINX 3HAUCHUS MHTEHCUBHOCTH KpacHoro (red), 3eeHoro (green) u cu-
Hero (blue) nBeToB. MIX MHTEHCUBHOCTH 3adaeTcsl B OTHOcUTENbHBIX enuHuiax ot 0.0 mo 1.0. Ha-
npumep, [0 0 0] 3agaeT gyepHslit uBeT, [1 1 1] — Gensrit uBer, [0 0 1] — cunuii user. [lpu u3meHeHNN
MHTEHCUBHOCTHU 1LIBETOB B YKa3aHHBIX MpeleiaxX BO3MOXKHO 3aJaHue Jroboro mnpeta. Takum oOpa-
30M, LIBET COOTBETCTBYET obuenpunsTomy ¢popmary RGB.

PaccmoTpum KOMaHIbI peakTUpOBaHUS Tpaduka:

1) title('string') — ycTaHOBKa Ha JABYMEPHBIX U TPEXMEPHBIX Tpadukax TUTYIHHOW HAJIUCH,
3a/IaHHOU CTPOKOBOM KOHCTAHTOU 'string’,

2) xlabel('String'), ylabel('String'), zlabel('String') — koMaHBI ycTaHOBKH HAJMKCEH BO3JE Ocei
X,y ¥z

3) text(X,Y, 'string') — moGaBisieT B AByMepHBIN rpaduK TEKCT, 3aJaHHBII CTPOKOBOM KOHCTaH-
TOU 'string’, Tak 4TO HAYaJIO TEKCTA PACIOJIOKEHO B TOUke ¢ koopauHatamu (X, Y), eciiu X u Y 3a-
JaHBbI KaK OJJHOMEPHBIE MACCUBBI, TO HAJMTUCh TTOMENIaeTcsl BO Bce mo3utuu [x(7), y(i)];

4) text(X,Y, Z, 'string') — moGaBisieT B TpeXMEPHBINA rpaduK TEKCT;

5) gtext('string') — 3amaet BEIBOAMMBINA Ha rpaduK TEKCT B BHJIE CTPOKOBOW KOHCTAHTHI 'string’
¥ BBIBOJUT Ha TpaduK IepeMelacMblii MBIIIBI0 MapKep B BHIE KPECTHKA; YCTAHOBUB Mapkep B
HY>KHOE MECTO, TOCTATOYHO MIEIKHYTh JTF000N KHOMKOM MBIIIH JIsl BBIBOAA TEKCTA;

6) gtext(C) — mo3BoJs€T aHAJOTHYHBIM 00pa30OM pPa3MECTUTh MHOTOCTPOYHYIO HAAMHUCH U3
MacCHBa CTPOKOBBIX NepeMeHHbIX C;

7) legend(stringl, string2, strings,...) — mo6aBJIsIeT K TeKyIeMy rpaguKy JISTCHIy B BUJE CTPOK,
yKa3aHHBIX B CITUCKE NTapaMeTpoOB;

8) legend (M) — pa3meriaer jgereHay, UCOIb3Ys NaHHBIE U3 MAaTPUIIBI M;

9) legend OFF — ycTpaHsieT paHee BBIBEACHHYIO JIETEHY;

10) axis([XMIN XMAX YMIN YMAX]) — ycTaHOBKa AMara3oHOB KOOPAUHAT IO OCSIM X U y AJs
TEKYIIETO IByMEPHOTO TpaduKa;

11) axis([XMIN XMAX YMIN YMAX ZMIN ZMAX]) — ycTaHOBKa AMana30HOB KOOPAUHAT O OCSAM
X, ¥ ¥ Z TEKYIIIETO TPEXMEPHOTO rpadukKa;

12) axis auto — ycTaHOBKa apaMeTpOB OCEHl 10 YMOITYAHUIO;

13) grid on — mo0GaBmnsieT ceTKy K TeKyliemy rpaduky;

14) grid off — oTkirOUaET CETKY;

15) zoom — mepekiioYaeT COCTOSHUE PeXMMa HHTEPAKTUBHOTO M3MEHEHHUSI MaciiTada sl Te-
Kymero rpaduka;

16) zoom (FACTOR) — ycTaHaBiauBaeT MacmTad B cooTBeTcTBHH ¢ K03 dunnentrom FACTOR,

17) zoom on — BKJIIOYAET PEXUM MHTEPAKTUBHOTO M3MEHEHMsI MacluTaba Ui TEeKYIIEero rpa-
¢buka;

18) zoom off — BbIKIIOYaET peXUM HWHTEPAKTUBHOTO M3MEHEHMs MaciiTada ajsl TEKYIIEero
rpaduka;

19) colormap('default') — ycranaBnuBaeT maauTpy Mo yMOJYaHHIO, IPU KOTOPOU pacrpeaere-
HUE 1IBETOB COOTBETCTBYET Pajyre;

20) colormap(MAP) — ycranaBnuBaet nanutpy RGB, 3anannyio matpuneit MAP;

21) shading flat — 3aaeT okpacky sueek UM rpaHeil B 3aBUCUMOCTHU OT TEKYIIHUX JaHHBIX;

22) shading interp — 3agaeTt okpacKy ¢ OMIMHEHHON MHTEPIIONALNEH [IBETOB;

23) shading faceted — paBHOMepHas packpacka ss4eeK NOBEPXHOCTH (IIPUHSATA 10 YMOIYAHUIO).

IIpumep ycTaHOBKU TUTYJIHHOM HAAMKUCH U HAAMHUCEH MO OCSIM TpaduKOB:

>> [X,Y]=meshgrid([-2 : 0.1 : 2]);

>> Z=cos(X)./(X.A2+Y.72+0.2);

>> surfl(X,Y,2)

>> colorbar

>> colormap(gray)



>> shading interp
>> xlabel('Axis X')
>> ylabel('Axis Y')
>> zlabel('Axis Z')
>> title('Graphic')

[TocTpoennas ¢purypa co BCeMH HAANMCSIMU MPUBEICHA HA pUCYHKE 14.
Ilpumep pazMmelrieHus HANKUCH O] KpUBOM rpaduka B mozuuuu (-5, 0.7):
>> x=[-10:0.1:10];
>> plot(x, cos(x).”3)
>> text(-5,0.7, 'Graphic cos(x)"3')
[TocTpoenHslii rpaduk ¢ HAAMUCHIO TPUBEICH HA pUCYHKE 15.

) 'Figlres - Hglre

Axis £

File Edit Yiew Insert Tools Debug Desktop Window Help
S IDECES R EIE =

Graphic
L

HDB &0

Sli=ilF3

¥ A X

) [Figure
File Edit Wew Insert Tools Desktop Window Help

DEES K QRa0®|E 0B 50O

JlaGopaTopHbIii NpaKTUKYM N0 Jucuuniune «IIporpamvMupoBanne H BbIYHCIUTEIbHbIC METObI», 4 ceMecTp,
2010-2011 y4eOHBbIii rox

1 1
0.9 08t

Graphic cns(x)3

0.3 0B
0.7 04
0.6 02k
0.5 ol
02+
04+
06

0.8

Pucynok 14 — I'paduk ¢ Hagnucsamu

3.4. 3aganua:

3ananme 1.

a) Tloctpouts rpaduk QyHKIMH, UCTONB3ysl kKomaHay plot. CaMocTosITENbHO 3a7aTh MIar u
ana3oH U3MEHEHUs apryMeHTa.

Bapuanmu 3a0anuii

Pucynok 15 — I'paduk ¢ HaAmmHUCHIO B OMIpe-
JIETIEHHOW MO3ULUN

Bapuant DyHKUMSA Bapuant Dynknus 1 Bapuant Dynknus 1
1 y=x2—4 2 y=x4+9 3 y=)c3—2x2
4 y—x2+5 5 y=x4—10 6 y=x?’+4x2
7 y=x 8 y=x4+9x3 9 y=x4+2x3+3
10 y=1-x" 11 y=x"-3x 12 y=2x"—6x"+3
13 y=x2—6x 14 y=)c4—3x3+4x2 15 y=x5—2x2
16 y=x2+ Tx 17 y=x4+ 5% — 2x 18 y=)cs+4x2
19 y=x+7 20 y=x"+2x" 21 y=x"—3x
22 y=x-2 23 y=x"—4x° 24 y=x+4x*
25 y=x3—3x 26 y=x4—3x3+4x2—4 27 y=xS—2x4
28 y=x"+5x 29 y=x4+2x3—6x2+3 30 y=x"+4x

0) IlocTpouTh KPUBYIO 110 33IaHHOMY TapaMETPUYECKOMY TPEICTABICHUIO (TTapaMeTpUIECcKoe
MPEACTaBICHUE KPUBOM / Ha TUIOCKOCTH C KOOpAWHATAMHU X,y — 3TO ABE GyHKIMH X = X(f),

y = y(t), onpeieIeHHbIC HA OJTHOM M TOM K€ YHCIIOBOM MHOXKECTBE) (KoMaHza plot).

10
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Bapuanmu 3a0anuii

Bapuant Kpusas
1 OKpyXHOCTb pazuyca » C IEHTPOM B Hayajle KOOpAHMHAT: X =rcos(f), y =rsin(t),
tel0,2x).
2 Dmnce ¢ GOJIBIION M MAJIOW MOTYOCSIMH, PABHBIMH COOTBETCTBEHHO 7, M ¥, W pacIio-
J0KEHHBIMHU NApaJIJIENIbHO OCAM KOOPAUHAT: X =7, cos(t), y =r,sin(¢t), t €[0,27).
r<nr r=>r
3 Vmurka Ilackamsa:  x=acos’t+bcost, y=acostsint+bsint, a>0,b>0,
t €[0,2r) . Paccmotpers citydau, korna b>2a, a<b<2a, a>b.
b>2a a<b<2a a>b
4 x=t-sin(t),y=1-cos(t), te[-m,x] u t €[0,27].
tel0,27] tel-n,r]
5 Kapanouna: x =acost(l+cost), y=asint(l+cost), a>0, te[0,2x).

11




JlaGopaTopHbIii NpaKTUKYM N0 Jucuuniune «IIporpamvMupoBanne H BbIYHCIUTEIbHbIC METObI», 4 ceMecTp,
2010-2011 y4eOHBbIii rox

500

Bapu- Kpusas
aHT
6 Onumuknonna: x =(a+b)cost—acos((a+b)t/a), x=(a+b)sint—asin((a+b)t/a),
a>0,b>0.PaccMOTpeTh CemyroIIue Cliydau: eciu b/ a ecTh 1e0e TMOJI0KHUTEIBHOS
gucno, ¢t €[0,27); ecmu b/a=p/q,THe p U g — NOJOKUTEIBHBIC TICIIbIC B3aUMHO
npocTeie yncna, ¢ €[0,2qr).
b/a ectb uenoe nonoxu- ecmm b/a=pl/q,a<b, ecmw b/a=pl/q,a>b,r
TenbHOe uucno, ¢ €[0,27) e p U g — HOJIOXKH- P U g — IOJIOKUTCIIbHBIC 1
TEJIbHBIC TENTbIC B3AUMHO  JIbI€ B3aUMHO TPOCTHIC YHC]
MPOCTHIE YKCIIA, te[0,2qr).
t€[0,2gr).
7 Actponpa: x=hcos’t, y=bsin’t, t €[0,27).
8 HMucconna: x =at’> /(1+t>), y=at’ I(1+1t), te(-0,0), a>0.
9 Crpodomma: x =a(t> —=1)/(t* +1), y=at(t’ =1)/(t> +1), t € (—0,0), a>0.

400
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0

-100

-200
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-400

-500.
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Bapu- Kpusasn
aHT
10 Konxouna Hwuxomena: x=a+/cost, y=atgt+lsint, te(-xn/2,7/2) — mnpasas
BeTBb, t€(mw/2,37w/2) — neBas BetBb, a>0, [>0. Paccmorpers ciydau, Korma
l<a,l>a, [=a.
[<a [>a l=a
11 OKpy>XHOCTh pajuyca » ¢ IIEHTPOM B Hadaje KOOpauHAT: X =rcos(?), y=rsin(t),
t€[0,27).
12 Onuric ¢ OONBIION W MaJoH MOTYOCSMH, PaBHBIMH COOTBETCTBEHHO 7, M 7, W PacHo-
JIOKEHHBIMU MapajlIeIbHO OCSIM KOOPAMHAT: X =7, cos(?), y =r,sin(t), t €[0,27).
r<r r>nr
13 Viutka ackans: x =acos’t+bcost, y=acostsint+bsint, a>0,b>0, t<[0.27).
Paccmotpets ciyyau, koraa b >2a, a<b<2a, a>b.
b>2a a<b<2a a>b
14 x=t—sin(t),y=1—-cos(t), te[-m,x]u te[0,27].

18 1 18
16 B 16
14 - 14
12 4 12
1 4 1
0.8 4 08
06 ] 06
04 ] 04
0.2 1 02
% I p 3 s 5 G -

7

tel0,2r] tel-n, x|

13
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Bapu-
aHT

Kpusasn

20 o 20

a0

60

80

100

15 Kapanouna: x =acost(l+cost), y=asint(l+cost), a>0, t[0,2x).

16 DOULMKIONAA:

x=(a+b)cost—acos((a+b)t/a),
a>0,b>0. PaccmoTpeTs creayronie ciaydan: e b/ a ecTh 1eJI0e MOJT0KUTEIBHOE

npoctelie uncia, t €[0,2qgr) .

“so 100 50

o

50

100

150

b/a ectb 1ET0E TTOJIOKU-
TeIIbHOE unciio, ¢ €[0,27)

yucio, t €[0,2z); ecnu b/a=p/q,rae p U g — NOJOXKUTEIbHBIC LIEJble B3aUMHO

~150 100 50 [ 50 100 150

ecu b/a=pl/q,a<b,
rae p ¥ g — MOJIOKH-
TEJIbHBIC 1ICJIbIC B3AUMHO

NPOCTHIC YKCIIa,
t€[0,2gr).

x=(a+b)sint—asin((a +b)t/a),

“150 100 50 0 50 100 150

ecu b/a=pl/q,a>b,r]
P ¥ ¢ — TIOJIOXUTEIBHBIC T

JIbIe B3aMMHO TIPOCTHIC YHCT]
t€[0,2gr).

17 Actpoupa: x=hcos’t, y=bsin’t, t €[0,27).

500

400

300

200

100

0

-100

-200

-300

-400

-500
0

18 Hucconna: x =at’ /(1+t%), y=at’ [(1+1t*), te(~0,0), a>0.
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Bapu- Kpusasn
aHT
19 Crpodomma: x =a(t> =) /(t* +1), y=at(t’ =1)/(t> +1), t € (—0,0), a>0.
500
400
300
100
0
-200
-300
-400
20 Konxouna Hwukomena: x=a+/cost, y=atgt+Isint, te(-xn/2,7/2) — mnpasas
BeTBb, t€(m/2,37/2) — nesas BetBb, a >0, />0. PaccMoTpers ciydau, Korga
[<a,l>a, [=a.
[<a [>a l=a
21 OKpyXHOCTb pajlyca r € LEHTPOM B Haudaje KOOpAMHAT: X =rcos(f), y=rsin(t),
tel0,2r).
22 Onuunc ¢ 00IbIIONH U MaJIoN MOJIYyOCSIMH, PAaBHBIMU COOTBETCTBEHHO 7, U ¥, U pacIo-
JI0’KEHHBIMHU IIapaJuIEIbHO OCSAM KOOPAUHAT: X =17, cos(?), y =r,sin(t) , t €[0,27).
r<nr r>r
23 Viutka Iackans: x=acos’t+bcost, y=acostsint+bsint, a>0,b>0, te[027).

Paccmotperts ciyuan, korna b > 2a, a<b<2a, a>b.

TS0 20 0 20 40 60 80 100 120 140 50 o 50 100 150 200 250

b>2a a<b<2a a>b
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Bapu- Kpusasn
aHT

24 x=t—sin(t),y=1-cos(?), te[-m, 7] u t €[0,27].

tel0,2r] tel-n, ]

25 Kapanouna: x =acost(l+cost), y=asint(l+cost), a>0, t[0,2x).

26 Onunukiaonna: x =(a+b)cost—acos((a+b)t/a), x=(a+b)sint—asin((a+b)t/a),
a>0,b>0. PaccmoTpeTs creayroniie ciaydan: e b/ a ecTh 1eJI0e MOJTOKUTETBHOE
gucno, ¢t €[0,27); ecmu b/a=p/q,tne p U g — NONOKUTEIbHBIC ENbIE B3aHMHO
npocTelie uncia, t €[0,2qg ).

b/a ectb nenoe nonoxu- ecnu b/a=pl/q, a<b, ecmu b/a=pl/q, a>b,1]
TeNbHOE Yncio, ¢ €[0,27) rne p U q — NOJ0XKH- p U ¢ — IOJIOKUTEIILHBIE 1
TEJBbHBIC TICJIBIC B3AUMHO  JIBIC B3aUMHO MPOCTHIC YUC)
MIPOCTHIE YHCIIA, t€[0,2gr).
t€[0,2gr).
27 Actpoupa: x=hcos’t, y=bsin’t, t €[0,27).

16
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Bapu- Kpusasn
aHT
28 HMucconna: x =at” /(1+t>), y=at’ I(1+1t*), te(-0,0), a>0.
29 Crpodomma: x =a(t> —1)/(t* +1), y=at(t’ =1)/(t> +1), t € (—0,0), a>0.
500 T T T T T T T T T
400 H
200 4
100 B
00 ]
20 ]
0 ]
-400 H
%o 40 =0 20 10 0 10 20 30 40 50
30 Konxouna Hwukomena: x=a+/cost, y=atgt+Isint, te(-xn/2,7/2) — mnpasas
BeTBb, t€(m/2,37/2) — nesas BetBb, a >0, />0. PaccMoTpers ciydau, Koraa
l<a,l>a, [=a.
[<a [>a l=a

3ananme 2. [locTpouTh CTOIOLOBYIO U KPYTOBYIO AMArpaMMbl, KIIACCHUYECKYI0 TUCTOTPaMMy U
JI€CTHUYHBIN TpaduK.

3ananme 3. IlocTpouth rpaduKu TPEXMEPHBIX MOBEPXHOCTEH, UCTIONB3Ys GyHKUUU plot3 u
mesh.

Bapu- | ®yukunus 1 DOyHkuusa 2 Bapu- | ®ynkuusn 1 DOyHkuusa 2
aHT aHT
1 z=y —x z=cos(y)” — cos(x)’ 2 2=y +x° z=sin’(y) + cos’(x)
3 z=x —y2 z= cosz(y) — cos”(x) 4 z=x -y z= cos(y)4 — cos(x)’
5 z=x"+)" z=cos’(y) + cos’(x) 6 2=y —x° z=cos"(y) — cos’(x)
7 z= y3 +x z=cos(y)" + cos(x) 3 8 z=)"+x° z= cos(y)4 — sin(x)"
9 z=x—y z=cos(y)” + cos’(x) 10 [z=x"—)° z=cos'(y) —sin(x)
11 |z=y —x z=cos"(y) — cos(x)’ 12 |z=)"—x° z = sin(y)" — cos(x)”
13 |z= y4 +x' z=cos(x)” — cos(y)2 14 |z=y'+x' z= sin4(y) — cos'(x)
15 |z=x"—)" z=cos(y)” — sin(x)” 16 |z=x"—)’ z = sin(y)’ + cos(x)’
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17 =y z= cosz(y) — sin’(x) 18 |z=y —x' z=cos(y)’ + sin(x)’
19 \/7 \/7 z = sin(y)" — cos(x)” 20 =3 |y| 3 |x| z=cos (y) + sin’(x)
21 _ \/7 \/7 z = sin’(y) — cos™(x) 22 =3 | x| 43 | y| z=sin(y)’ + cos(x)’
23 _3 | x| 3 | y| z=cos(y)’ + cos(x)’ 24 |z=y +x z=sin’(y) + cos’(x)
25 |z= y8 x° z=cos (y) + cos (x) 26 |z=x"—y z=cos(y)" + sin’(x)
27 | z=x- y z=cos(y)’ + sin(x)” 28 | z= y9 —x z = sin’(y) + cos(x)’
29 [z=)"_x" z=cos (y) + sin’(x) 30 [z=y"—x" z = sin’(y) — cos(x)’

3ananme 4. IlocTpouTh pa3nuyHble TpEXMEpPHbIE IPAGUKH, UCHIOB3YSI CAEAYIOIINE KOMaH/Ib:
fill3, pie3, trimesh, sphere, cylinder.
3ananme 5. Ilepeiitu B pekuM peaakTHpPOBaHUs rpadUKOB M MpopadOTaTh BCE KOMAHIBI pe-
JAKTUPOBAHUSA ISl pa3IMYHBIX IPa(UKOB.
3.5. IIpumepHbIil nepevyeHb BONPOCOB Ha 3aIuTe PadoThl
1. Ilepeuncnure OCHOBHbIE KOMaH bl HOCTPOCHUS ABYMEPHBIX IPaQUKOB OTPE3KAMH MPSIMBIX.

O 0 O\ L bW

KOB.

10. HazoBuTe KOMaH (bl peIaKTUPOBaHUS I'PaUKOB.
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. [lepeuncnanre KOMaHIBI TOCTPOCHUS IBYMEPHBIX TPa(UKOB B JIOTapu(HhMUIECKOM MacIITade.
. HazoBuTE KOMaH/bl HOCTPOEHHUS CTOJIOIOBBIX U KPYTOBBIX JUATrPAMM.

. HazoBuTe KOMaH/IpI TOCTPOCHHUS TUCTOTPAMMBI M IECCTHUYHOTO rpaduka.

. Ilepeuncanre KOMaH bl TOCTPOCHUS TPEXMEPHBIX TPa(PUKOB.
. HazoBuTe KOMaH/1bl NOATOTOBKY IAHHBIX JJI TOCTPOCHUS TPEXMEPHBIX IPAPHUKOB.
. Ilepeuncanre KOMaH bl MOCTPOCHUS LIUIUHIIPA U CEPHI.
. HazoBuTe KOMaH/IBI IOCTPOCHHUS CETYATHIX TPAPHUKOB.

. [lepeunicnure KOMaHIbl MOCTPOEHUSI OOBEMHBIX (PUIYp C MOMOIIBIO MJIOCKUX TPEYTrOJIbHU-



