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1. IOACHUTEJIBHASA 3AIINCKA

1.1. Ilenp u 3a1a9n JUCIMILTMHBI

Llens nucumrumHBL: (OPMUPOBAHNE HABBIKOB aBTOMATH3AIlMM BBIYHCICHUI B 3a1adax
uHpOpPMATHU3ALUU TYMaHUTAPHOU Cepsl;

Hay4YUTb

CTYACHTOB

HCIIOJIB30BAaTh  JJIA

pemieHusi npodeccuoHaNbHBIX 33434

Maremarudeckue nporpammusie naketsl — MATLAB, MathCAD.

3amaun:

— (dopmupoBanue y

CTYJICHTOB

IIPEACTABICHUN O

IIPOTPaMMHBIX  IIPOJYKTax

NpeaAHa3HAYCHHBIX AJId PCIICHHUA MAaTCMATUYCCKUX 3a1a4;
- BBIpa6OTKa YMeHI/Iﬁ IMPUMCHATH MAaTEMATUYCCKUEC IMAKCThI JJIA pCHICHUSA 3a1a4;

— BBIpa0OTKa

YMEHHI  MEpPEeBOAUTH

IIporpaMMHpPOBaHHUA MAaTEMaTHYECCKOI'O IIaKETa,

— Hay4uTh

CTYACHTOB UCIIOJIB30BaTh

AJIrOpruTMbI

MAaTEMaTHYCCKHUEC

PEIICHHUA 3aJa4 Ha SA3BIK

MakeTbl U  CPEACTBa

[MporpaMmMupOBaHus 1JIs o0eryeHus u YCKOPCHUS pacuCTOB.

1.2. ®opmupyeMbie KOMIIETCHIINN, COOTHECEHHBIC C TUTAHUPYEMBIMH PE3YJIbTaTaMU
00y4YeHus 1O TUCIUIIINHE

Kommerenius
(ko u
HAaUMEHOBAHHUE)

MunukaTopbl KOMIIETEHIUN
(ko1 1 HAaMEHOBaHUE)

Pesysnbrarel 00y4eHus

TIK-5 Criocoben
MO/ICJIUPOBATh
IIPUKJIaIHBIC
(6uzHEC) TpOoIIeCCH U
MpeIMeTHYI0 00J1acTh

IK-5.1.

3HAeT CTPYKTYPY U COCTaB paboT 1o
aHAJIM3Y TPEIMETHBIX 00JIacTel U
MOACINPOBAHUIO MPUKITATHBIX
(6usnec) mporeccoB HHHOPMAITMOHHBIN
CHUCTEMHEI.

3HaTh:

- uHTep(eiic MporpaMMHBIX ITAKETOB;

- BCTPOCHHBIE (QYHKIINH JUIsI pabOTHI ¢
MaTpHUIIAMHU U BEKTOpaMu;

- BCTPOCHHBIE (YHKIIMHU IS PeIICHHUs ypaBHEHUI
U CUCTEM ypaBHEHUM;

- BCTPOCHHBIE (QYHKIIMHU IS peIIeHHs 3a1a4
MaTEMaTHYECKOTO aHaIIN3a;

- BCTPOCHHBIE CTaTHCTHYECKNE (DYHKIIUH;

- CpEe/ICTBA OCTPOCHNUS TPAPHUKOB U
MIOBEPXHOCTEH;

- BCTPOEHHBIN S3BIK IPOrpamm;

- OCHOBHBIE aJITOPUTMBI PEILIEHUS YPaBHEHHH;
- METObI CHMBOJIBHOT'O BBIYHCIICHHS.

IK-5.2.

VYmMmeer MMPOBOAUTH aHAJIU3 IMTPEIMETHBIX
obmacreil, MOJIETMPOBATh IPUKJIIAIHBIC
(6usnec) nporecchl UHPOPMAITUOHHBII
CHUCTEMHEI.

VYMmeTs:

- IPOM3BOIUTH apU(PMETHICCKUE BEIUNCIICHUS,
- BBITIOJTHATH ajredpandecKue mpeodpa3oBaHus;
- BEIYUCIIATH MPEJIEINbl, IPOM3BOIHBIC, HHTETPAJIbI
U CYMMBEI;

- CTPOUTH TPaUKH ()YHKITHIA;

- YUCJICHHO pemaTh AU dpepeHnnanbHble
YpaBHEHUS;

- BBIUUCIISATh YUCIIOBBIE XapaKTEPUCTUKH
CIIy4aliHbIX BEJIMYUH;

- pelarh 3aJjaud MaTeMaTUYeCKON CTaTUCTUKH.

TIK-5.3. Bnageet HaBBIKaMH aHAJIH3a
MIPEeIMETHBIX 00JIacTeH,
MOJIEMPOBAHUS ITPHUKIIAJAHBIX (OM3HEC)
IIPOIIeCCOB HH(OPMAITMOHHBIH
CHCTEMEL.

Bnaners:

- MpUeMaMH MMPOTPAMMUPOBAHISI B CPEIax
M3Y4aeMbIX MMaKEeTOB;

- METO/IaMHU TTOCTPOCHHUS MaTEMATHUECKUX
Moeneit HHPOPMAIMOHHBIX TIPOIECCOB U
CHCTEM.




1.3. MecTo TUCHMILIMHBI B CTPYKTYpe 00pa30BaTeIbHOM MPOrpaMMbl

Huctunmmaa b1.B.01 «ABromaTusamusi BBIYHCICHHH B 3agadax HH(poOpMaTH3aIuu
TyMaHUTapHOH cdepb» SABISETCS JIUCUUIUIMHOW 4YacTd, (OpMUPYEMOM ydaCTHUKAMU
o0Opa3oBaTeNbHBIX OTHOIICHHH, Onoka bl y4eOHOro miaHa MO HAMPaBICHUIO TOATOTOBKHU
«[Ipuknagaas uHGOpMATHKAY.

JUis  OCBOGHMSI JMCUUIUIMHBI ~ HEOOXOMUMBI  3HAHMS, YMEHHS U  BIAJCHUA,
chopMUPOBaHHBIC B XOJC M3YUEHUS CICAYIOUUX TUCHUILIAH (Moayiei): "Jlunelinas anredpa u

aHaniutTuyeckas reomerpus”, "Maremarnueckuii ananus", "I[IporpammupoBanue’.

B pesynmpraTe OCBOCHHS AWCHMILIUHBI (OPMUPYIOTCS 3HAHUS, YMEHUS WM BIAJICHUSA,
HEOOXOMUMBIC JUIS HW3YYEHHS CIEAYIOUMX TUCHUIUIMH: "MeToipl aHalv3a MNpeAMETHBIX
obnacreit”, "HccrmemoBanue omnepanmvii ¥ METOABI ONTHUMHU3AIMH , 'MeETONbl TPUHATHS

petieHus".



CtpyKTypa JUCLUIUIUHBI 1151 O4YHOU (hOpMBI 00yUeHUS

2. CTPYKTYPA JUCHHUIIJIMHBI

OO6mast TpyA0EMKOCTh JUCIUTLINHBI COCTaBiseT 6 3.e., 216 1., B TOM 4ncie KOHTakTHas paboTa
obOydJaronuxcs ¢ npenoaaBateneM 84 4., caMmocTosTenbHas paboTa odydarommxces 132 u.

Dopmbl TEKYIIETo KOHTPOJIS
Ne Jlekuu | I13 | CPC YCIIEBACMOCTH, .
Pa3nen nucuumninHbl/TeMbl dbopMa IpoMeKyTOUHOM aTTeCTalluK
Cemectp 2
1. | 1. O6mue mpeacTaBIeHUsS O 4 2 10 | Omnpoc.
CUCTEMaX  KOMIIBIOTEPHOU
MAaTEMATUKHU. [Taker
MathCAD
2. | 1.1. OcHOBHbBIE TOHATHS U 0 4 10 | Omnpoc.
koman 1 MathCAD 3amuTa MpakTHYECKUX padboT
3. | 1.2. Komauner paboTel € 0 4 10 | Ompoc.
daitnamu. OyHKIUU 3amuTa nNpakTUYeCKuX padorT.
M0JIb30BATEIS
4. | 1.3. Co3nanue rpaduxoB 0 8 10 | Omnpoc.
3ammTa NpakTHYECKUX padoT.
5. | 1.4. Beruucnenue 0 4 12 Ompoc.
POM3BOJIHBIX ¥ MHTETPAIOB 3amyTa NpakTHYECKUX padoT.
6. | 1.5. Pemenue ypaBHeHMH U 0 8 12 | Ompoc.
cucTeM YpaBHEHUH B 3amuTa NpakTUYeCKuX padorT.
MathCAD
7. | 1.6. CumBOIBHBIC 0 8 12 | Omnpoc.
Bbruncienust B MathCAD 3anuTa NpakTUYeCKuX padorT.
8. | 1.7. IIlporpammupoBanue B 0 10 12 | Ompoc.
Mathcad 3ammTa MpakTUYECKUX padoT.
9. | UtoroBoe 3ausiTue. 3auer 4 0 3auer
HNUTOI'O no 2-my cemecTpy 4 52 88
Cemectp 3
1. |2. Cucrema MATLAB. 4 4 8 Omnpoc.
2.1. 3HaKOMCTBO, peIIeHUE
MPOCTEUIINX 3a/1a4
2. | 2.2. Tloctpoenue rpapukoB 0 4 8 Omnpoc. 3amura NpakKTHYECKUX
B cucreMe MATLAB pabot
3. | 2.3. Bexropa u marpuusl B 0 4 8 Onpoc. 3amura MOpPaKTUYECKUX
cucteme MATLAB pabot
4. | 2.4. Pemenue ypaBHEHHH B 0 6 10 | Ompoc. 3anmTa MpakTUYECKUX
cucteme MATLAB pabot
5. | 2.5. IIporpammupoBanue B 0 6 10 | Ompoc. 3ammra TPAKTHYIESCKHX
cucreMme MATLAB pabot
6. | 3auer c oneHkoi 3a4er ¢ ONeHKOU
HUTOI'O no 3-my cemecTpy 4 24 44
BCET'O 8 76 132 > 216




3. COAEP) KAHUE JTUCHHUITJIMHBI

1. OBLLME ITPEJICTABJIEHUS O CUCTEMAX KOMITBIOTEPHO MATEMATHKU.
ITAKET MATHCAD

Opnolt u3 ocHOBHBIX oOnactel mpumenenus 1K sBnsioTcs MaTemaruyeckue U HaAy4HO-
TeXHUYecKHue pacueThl. CII0KHbIE BBIUMCIIUTENBHBIE 331a4M, BO3HUKAIOIINE IIPU MOAEIUPOBAHUN
TEXHUUYECKUX YCTPOMCTB M IPOLECCOB, MOXKHO pa3OUTh Ha psiji AJIEMEHTApHBIX: BBIYUCIECHUE
MHTEIPaJioB, pellieHne YpaBHEHUH, perienue quddepeHuaibHbIX ypaBHEeHUH U T. 1.

MathCAD — 510 MoIHas U B TO e BpeMs [IPOCTast YHUBEPCaAIbHAS Cpea s PEIIeHHUs
3aJa4 B PA3NUYHBIX OTPACHsIX HAYKW M TEXHHMKH, (UHAHCOB M SKOHOMHUKH, (GHU3UKH H
ACTPOHOMHH, MATEMATUKHU U CTATUCTHUKH.

MathCAD ocraeTcst €IWHCTBEHHOW CHUCTEMOH, B KOTOpPOW OINHCAHHE pPEIICHUS
MaTeMaTHYECKUX 3a]a4 337aeTCs C MOMOILBIO IPUBBIUHBIX MaTEMaTUYECKUX (POPMYII U 3HAKOB.

MathCAD 103BoJIsIeT BBIIOTHATh KaK YHCICHHBIC, TAK U AHATUTUYECKUE (CHMBOJILHBIC)
BBIUUCIICHUS, TPU OSTOM TOYHOCTh, C KOTOPOM OTOOpakaeTcsi pe3yibTar, 3aJaercs
MOJIb30BATEIEM, UMEET YPE3BBIYAHO YAOOHBIM MaTeMaTHKO-OPHEHTHPOBAHHBIM WHTEpQEiic u
IPEKpacHbIe CPECTBA HAYYHOU TpauKH.

B cocraB MathCAD BX0sT HECKOJIBKO HHTETPUPOBAHHBIX MEXK/Y COOOH KOMITOHEHTOB:

- MOIIHBIM TEKCTOBBIM PpENAKTOp, IO3BOJISIIOIIMKA BBOAMUTH, PpENAKTUPOBATH MU
(dopMaTUpOBaTh KaK TEKCT, TAK 1 MATEMAaTUUECKUE BBIPAKEHUS;

- BBIYUCJIMTEIBHBIA IIPOLECCOP, YMEIOIMUN MPOBOAUTh pacueTbl II0 BBEICHHBIM
(dbopMynaM, UCIOIb3YsI BCTPOCHHBIE YNCIIEHHBIE METO/IbI;

- CHUMBOJIBHBIM IIPOLIECCOpP, MO3BOJIAIOIIMN NPOBOJUTH AHAIUTHYECKUE BBIYMCICHUSA U
SIBJISTFOITUHCS, (DAaKTUYECKH, CUCTEMOM UCKYCCTBEHHOTO MHTEIICKTA;

- Habop mAalIOHOB, KOTOPBIM YCKOpSieT BBOJ MCXOJHBIX JaHHBIX M OOecredynBaeT
y00HYI0 U 3QPEKTUBHYIO CUCTEMY BBOJA;

- OrPOMHOE€ XpaHWJIMILE CIPaBOYHON HH(OpMaAIMKM, Kak MaTeMaTH4ecKoH, Tak U
WHXEHEPHOU, O()OPMIICHHOI B KaU€CTBE MHTEPAKTUBHON AJIEKTPOHHON KHUTH.

Tema 1.1. OcHoBHEbIe moHaTHs U koMauasl MathCAD.

Tema  1.2. Komannsl pabotsl ¢ daitnamu. OyHKIUH 10JIb30BATENS.
Tema  1.3. Co3ganwue rpaduxos.

Tema  1.4. BoruucrneHnue npou3BOJHBIX U MHTETPAJIOB.

Tema  1.5. Pemenue ypaBHeHuii u cucrem ypasHeHuid B MathCAD.
Tema  1.6. CumBonbHble Beruucienus B MathCAD.

Tema  1.7. IIporpammuposanue 8 MathCAD.

2. CUCTEMA MATLAB

Cuctema Matlab (Matrix Laboratory — wmartpuunas mnaGopatopusi)  pa3paboTaHa
komranueit MathWork. OTo MomiHas BbYHCTUTENbHAs CHUCTEMa, MpEJHA3HAYCHHAs IS
pelIeHHs IMUPOKOTO KPyra MaTeMaTHYeCKNX, HMHXKEHEPHBIX W SKOHOMUYECKHX 3ajad. PaboTas B
cpene Matlab(ML), monb3oBatens, Jake HE SIBIAIOLIUICS HMPOrPaMMHUCTOM, MOXET JIETKO U
OBICTPO pemnIaTh BHIYUCIUTEIBHBIE 33]a9l B PA3IMYHBIX O0JIACTSX HAYKH W TEXHUKH (JIMHEWHas
anreOpa, Teopus ympasleHHs, oOpaboTka curHajgoB u T.m.). IIpocras komaHaHas cpena
II03BOJISICT BBOJUTH BRIpAKEHNUS B (hopme, OIM3KOM K €CTECTBEHHOW MaTeMaTHIECKOHN 3alnCH.

B mnauGonbiuelt cTemeHM cuUCTeMa OPHEHTUPOBAaHA HA BBINOJHEHHE WHKCHEPHBIX
pacueToB. MareMaTHUECKHH amnmapaT ONTHMH3UPOBAH ISl BBIYMCICHHWH, NPOBOJMMBIX C
MaTpHUIlAMUA U KOMIUIEKCHBIMHU unciaMu. Matlab coepKUT MHOKECTBO BCTPOCHHBIX (DYHKIIHIA,

7



HEOOXOUMBIX WHXXEHEPY W HAYyYHOMY DPAOOTHHKY /JIsi BBIMOJHEHUS CIIOXKHBIX YHUCICHHBIX
pacyeToB, a TAKXKE MOJICITMPOBAHUS TIOBEJICHHUS TEXHUICCKUX CUCTEM U (PU3NYCCKHUX IPOIIECCOB.
Mournas rpaduueckas cucremMa Matlab mo3BosisieT BU3yalu3upoBaTh MPEJCTABICHUE TAHHBIX,
YTO JIeNlaeT BO3MOXKHBIM rpaduyeckuii aHanu3 pe3ynbraToB. Bcee (yHKIMOHANBHBIC
BO3MOXXHOCTH 00BEMHEHBI YJOOHBIM MOJIb30BaTEILCKUM HHTEP(EHCoM.

BosbIMM TTFOCOM CHCTEMBI SIBJISIETCSI €€ OTKPBITOCTh M pacIIupsieMocTh. B Hell Moryt
OBITh HANMCaHbl MPOTPAMMBI JIJIs MHOTOKPATHOTO HCIHOJb30BaHuA. [loyib30BaTeNlb MOKET HE
TOJNBKO  WCIIOJIb30BaTh  HMMeEIonMecs  (QYHKIMH, HO W CO3JaBaTh  COOCTBCHHBIC
cnenuanu3upoBannbie GyHknuu. Ilaker mo3BosnseT paboTaTh ¢ NporpaMMaMH, HAITMCAHHBIMU Ha
s3pikax DopTtpaH u Cu. BOJBIIMHCTBO CHEMUATM3UPOBAHHBIX (YHKIMIA XpaHITCS B BUJIC
TEKCTOBBIX (hailyioB ¢ pacmmpeHrneM m (m-gaiios). @aitbl MOTYT OBITH CO3JIaHBI B PEIAKTOPE
cpeapl Matlab 1m0 BO BHEUIHEM pPENAKTOPE, COBMECTUMOM IO KOJHPOBKE C BCTPOCHHBIM
penaktopoM. Co3gaHHBIE IMOJB30BaTEIeM M-(aiasl MOTYT HCHOJIB30BAThCA TaK JK€, KaKk H
BCcTpoeHHbIe B Matlab pyHkimu.

[Tomumo pabotel ¢ mporpammamu ((HYHKIHMSIMHU), BBIYACICHUS MOXKHO BBIOJHSITH B
PEKUME «KAIBKYJIATOpPa», T.€. MOJIydaTh Pe3yJbTaT Cpa3y IMOCJIEC BBOAA OUYEPEAHON KOMAHJBI.
Jnist perieHust CienuaibHbIX 331a4 ¢ moMombio ML pa3zpaboTaHbl MaKkeThl C TOTOTHUTEIbHBIMA
byHkuusaMu, KoTopbie Ha3biBatoTcs Toolboxes. [IpeaycMoTpeHa BO3MOKHOCTh HHTETPUPOBAHUS
cucremsl ML ¢ Microsoft Word u Microsoft Excel.

Tema 2.1. Cucrema MATLAB. 3HakoMCTBO, pelieHuEe IPOCTEUIITNX 3a/a4.
Tema 2.2. IToctpoenue rpadukoB B cucteme MATLAB.

Tema 2.3. BexTopa u marpuist B cucteme MATLAB.

Tema 2.4. Pemenne ypaBuenuii B cucteme MATLAB.

Tema 2.5. [IporpammupoBanue B cucreme MATLAB.

4. OBPA3OBATEJIBHBIE TEXHOJIOT'MHN

Ne
HaumeHnoBanue Buabl yuedHbIX
n/ . Oo0pa3oBare/ibHbIE TEXHOJIOTHHI
I pasznena 3aHATHI
1.|/006mme Jleknus. BBogHas nekuus ¢ NnpuMEHEHUEM MIPOEKTOpa
IIPEJICTaBICHHUS 0
cucTemMax
KOMIIBIOTEPHOMI [IpakTnueckas 3aHsTHs c HCIIOJIb30BAaHNUEM
matematuku.  [laker|pabota cnenuanmsupoanHoro [10 — MATHCAD.
MATHCAD
CamocrositenbHast |[logrotToBka K 3aHSATHSM C HCIHOJb30BaHUEM
pabora ObC wu cneumammsupoBanHoro [IO0 -
MATHCAD.
2.|Cuctema MATLAB  |Jlekmus. Jlexuus-Buszyanusanus c [IPUMEHEHUEM
MIPOEKTOpa
[TpakTrueckas 3aHATHS c HACTIOJTb30BAaHUEM
pabora cneunanusuposannoro [10 — MATLAB.
CamocrositenbHast  (IlogrotoBka K 3aHATHSM C HCIOJIb30BaHUEM
paborta ObC wu cneumanmusupoBanHoro [0 -
MATLAB.




5. OHEHKA INTAHUPYEMBIX PE3YJIbTATOB OBYUYEHUS

5.1. Cucrema oLieHUBaHUSA

®opMa KOHTPOJIA Cpok OTYETHOCTH Makc. KoJIM4ecTBO OaJIJIOB
3a oiHy Bcero
paboty
Texynui KOHTPOJIb:

- 3aIMTa IPAKTHYECKUX padoT 2,3,4,5,6 uenemm 12 6annos 60 GayioB
[TpomexxyTouHas aTTecTalus 7 venens 40 6annos
(3aueT, FK3aMeH)

Htoro 3a cemecTp (AUCLUILIUHY) 100 6amnoB

[TonoxxutenbHbIE OLIEHKU BBICTABISIETCS OOydaromiemycs, HaOpaBiieMy He MmeHee S50
0aUIOB B pe3ysibTaTe CyMMHPOBAHUS OaJJIOB, TOJMYYCHHBIX MPH TEKyIEM KOHTPOJE U
POMEKYTOUHOU aTTtectanuu. [1oaydeHHbI COBOKYIHBIA pe3yibrar (Makcumym 100 Gaiios)
KOHBEPTHPYETCS B TPAIAULIHUOHHYIO MKy OICHOK M B IIKANy OLIGHOK EBpPOMEHCKONW CHCTEMBI
nepenoca u HakoreHus kpeauTtoB (European Credit Transfer System; mamee — ECTS) B
COOTBETCTBUH C TaOIHIICH:

[IIxana oleHKH OCBOEHHUS Kypca

100-6amtpHas e p— [Ixana
IIKaza ECTS
95— 100 A
8394 OTJIIMYHO B

68 — 82 XOpOIIIO 3a4TEHO C

56 — 67 D

50 _55 YIIOBJICTBOPUTEIILHO E

20— 49 FX
0-19 HEY/IOBJICTBOPUTEIILHO HE 324TEHO F

5.2. Kputepun BbICTaBJICHHUS OLIEHKHU 110 AUCIUTLTHHE

Banusl/ Ounenka mo Kpurtepun oneHkn pe3yibTaToB 00y4eHHUs 110
IIxana AUCIHUTIIIHHE AUCIUTIIHHE
ECTS
100-83/ «OTITUIHOY/ BrictaBnsiercst o0ydaromemMycs, €Clii OH TITyOOKO W IPOYHO
AB «3a4TeHO YCBOMJI TEOPETUYECKHI U MPAKTUICCKUI MaTepUall, MOKET
(oTH4HO)»/ MIPOJIEMOHCTPUPOBATH 3TO HA 3aHATHUSIX U B XOJI€
«3a4TEHO MPOMEKYTOUHON aTTeCTallHH.

OO0yuaromuiicsi HICUEPITBIBAIOIIE U JIOTHIECKUA CTPOMHO
u3JaraeT yueOHbI MaTepuall, yMeeT yBSI3bIBaTh TEOPHUIO C
MPAKTUKOH, CIIPABIISIETCS C pEIIEHUEeM 3a7ad
npogeccuoHaTbHON HANPaBIEHHOCTH BHICOKOTO YPOBHS
CIIO’)KHOCTH, TIPaBHIILHO 00OCHOBBIBAET MTPHHSTHIC PEIICHUSI.
CB0060IHO OpHUEHTHpYETCs B yUeOHOH U MpodeccuoHaTbHON
JTuTepaType.

OneHka o JUCHUIUIMHE BBICTABIISAIOTCS 00YJarOIEMyCs C
y4€TOM PE3YJIBTATOB TEKYILEH U IPOMEKYTOUHON
aTTECTALlUN.

Kowmnerenmu, 3akpena€¢HHble 32 AUCIUIIIMHOM,
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c(hOpMUPOBAHBI HA YPOBHE — «BBICOKUI».

82-68/

«XOpOII0Y/
«324TEHO
(xoporto)y»/
«3a4TEHOY

BeicTaBnsiercs oOyuaromemycs, €Cii OH 3HaeT
TEOPETHUYECKUH U MPAKTUYECKUN MaTepHUall, IPaMOTHO U 110
CYLIECTBY M3JIaraeT €ro Ha 3aHATHSAX U B XOZC
IIPOMEKYTOYHOM aTTECTAllUU, HE OIIYCKasl CYILIECTBEHHBIX
HETOYHOCTEH.

OOyuaronuiicsi IpaBUIBHO IPUMEHSET TEOPETHUECKHE
IIOJIO’KEHHUS IIPY PEIICHNUN IPAKTUYECKUX 3a1a4
npoeCCHOHATLHON HANPaBIEHHOCTH Pa3HOTO YPOBHS
CJIO’KHOCTH, BJIa/IeeT HEOOXOJUMBIMHU U1 TOI'0 HABBIKAMU
U OIpUEMaMU.

JlocTaTOYHO XOpOILIO OPUEHTUPYETCS B yUEOHOM U
npogeccuOHaIbHOMN JINTEpaType.

OneHka no JUCHUILIMHE BBICTABISAIOTCS 00y4daroeMycst ¢
Y4€TOM pE3yJIbTaTOB TEKYLIEH U IPOMEKYTOUHON
aTTeCTaluu.

Komnerenuuy, 3akpeni€HHuble 3a AUCUUTIIMHOM,
c(OPMHPOBAHBI HA YPOBHE — «XOPOIIUI).

67-50/
D,E

«YIOBIIETBOPH-
TEIbHOY/
«3a4TEHO
(ynoBneTBopu-
TEJBHO)»/
«3aUTEHO»

BericTaBisiercs 00y4aromemMycsi, €CiIi OH 3HaeT Ha 0a30BOM
YPOBHE TEOPETUUYECKUI U PAKTUYECKUI MaTepuall,
JIOITyCKAET OTAEIbHBIE OMMOKH MPH €T0 U3JI0KECHUHU Ha
3aHATHAX U B XOJI€ IPOMEKYTOYHOU aTTECTALINH.
OOyyaromuiics UCIBITHIBAET ONPEICIEHHbIE 3aTPYAHEHUS B
IIPUMEHEHUH TEOPETUYECKUX TIOJIOKEHUH NPU PELICHUH
MPaKTUYECKHX 33714 Npo(hecCHOHABbHON HallpaBI€HHOCTH
CTaHJJAPTHOT'O YPOBHS CIIOKHOCTH, BJIaIeeT HEOOXOJUMBIMU
JUIs 3TOr0 0a30BBIMM HAaBBIKAMU U IPUEMaMHU.
JIeMOHCTpUpYET TOCTATOUYHBIN YPOBEHBb 3HAHUS yUeOHOM
JIUTEPATYypPHI 110 TUCLHUIIIVHE.

OneHka no JUCHUILIMHE BBICTABIISIOTCS 00ydaromeMycs ¢
y4€TOM PE3YJIBTATOB TEKYIIEH U IPOMEKYTOUHON
aTTeCTaluu.

Komnerenuu, 3akpeni€HHble 3a AUCUUTIIMHOM,
c(OpPMHUPOBAHBI HA YPOBHE — «JIOCTATOYHBIN).

49-0/
F.FX

«HEYJIOBJICTBOPUT
eJILHOY/
HE 3aYTEHO

BricTaBnsiercs o0y4aromemMycsi, €Ciii OH He 3HaeT Ha
6a30BOM ypOBHE TEOPETUYECKHI U MPAKTUUECKUI
Marepua, T0MycKaeT TpyObie OMMOKH MPU €ro U3JI0KEHUN
HAa 3aHATUSAX U B XOJI€ IPOMEKYTOYHON aTTECTALINH.
OOyyaromuiics UCIIBITHIBAET CEPhE3HBIE 3aTPYIHEHUS B
MIPUMEHEHUH TEOPETUUECKUX TOJI0KEHUH NPU PELICHUH
MPaKTUYECKHX 3a7a4 MpodeccnoHanbHON HaNpaBIeHHOCTH
CTaHJIapTHOI'O YPOBHS CJI0)KHOCTH, HE BJIa/I€ET
HE0OXOIMMBIMHU ISl 5TOTO HaBbIKAMU U TIpUEMaMHU.
JleMoHCTpHpYeT (pparMeHTapHbIe 3HaHUS YIeOHOH
JIUTEPATYypPHI 110 TUCLHUIIIMHE.

OneHka no JUCHUILIMHE BBICTABIISIOTCS 00ydaroiemMycs ¢
y4€TOM PE3YJIBTATOB TEKYILEH U IPOMEKYTOUHOU
aTTECTALlUN.

KomnereHuu Ha ypoBHE «I0CTaTOYHBINY, 3aKPETIIEHHBIE
3a AMCUUIUINHON, HE COPMHUPOBAHBI.
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Texkyuuii KOHTPOJIb
[Tpu orleHMBAaHUM YCTHOT'O OMPOCA YIUTHIBAIOTCS:
- CTETICHb PACKPBITHSI COJIEPIKAHMSI MaTepUaa;
- HW3JI0XKEHHEe Marepuasia (TPaMOTHOCTh pPEYH, TOYHOCTh HCIIOJIb30BAHUS TEPMHUHOJIOTUU U
CHUMBOJIMKH, JIOTHYECKasl TOCIIEI0BATEIbHOCTh H3JIOKEHHS MaTeprala);
- 3HaHWE TEOPUM W3YYCHHBIX BOMPOCOB, CHOPMHPOBAHHOCTH U YCTOMUMBOCTH HCIIOIH3YEMBIX
IIPU OTBETE YMCHUN M HAaBBIKOB.
Kputepuu onieHUBaHHUSI CIICIYIOIIHE.
OTIMYHO — CTYIEHT criocoOeH 0000IIMTh MaTepHall, CAelaTb COOCTBCHHBIC BBIBOIBI, BEIPA3UTh
CBOC MHEHUE, MPUBECTU WLTIOCTPUPYIOIINE TPUMEPHI.
Xopomio — OTBETHI CTyIIEHTa MpPaBHJIbHBIC, HO HEMOJHbIE. He MpUBEICHBI MILTIOCTPUPYIOIINE
npuMepsbl, 00001ar0IIee MHEHHUE CTYICHTa HEJJOCTATOYHO YETKO BBIPAXKEHO.
VY IOBJIETBOPUTEILHO — OTBETHI MPABUIIbHBIE B OCHOBHBIX MOMEHTaX, HET HJUTFOCTPHPYIOIIMX
MIPUMEPOB, OTCYTCTBYET COOCTBEHHOE MHEHHUE CTYACHTA, €CTh OITHOKH B ICTAJISX.
HeynoBiaeTBOpUTEIIBHO - B OTBETaX CTY/ACHTA CYIIECCTBCHHBIC OIIMOKH B OCHOBHBIX aCIEKTax
TEMBI.

[Tpu olleHUBaHHUHM 3aIUTHI TPAKTHYECKOW PAOOThI yUUTHIBACTCS:
- TIOJIHOTA BBITIOJTHEHHOW pa0OTHI (3a/laHUe BBITOJHEHO HE TMOJHOCTHIO W/WIIH JIOMYIIEHBI JBE H
OoJiee omMOKHM WIIM TPH U O0jiee HETOYHOCTH) — 1-5 6aiios,
- 000CHOBAaHHOCTH COJICP)KaHHS W BBIBOJOB DPAOOTHI (3a/laHWE BBIMIOJHEHO MOJHOCTHIO, HO
000CHOBaHHUE COJIEP>KaHUs U BBIBOJIOB HEIOCTATOUHBI, HO pacCyAeHus BepHbl) — 6-10 6amios;
- paboTa BBIMIOJIHEHA MTOJTHOCTHIO, B PACCYKICHHUSIX M 000CHOBAHWU HET MPOOEIIOB WM ONIHOOK,
BO3MO>KHA O/1HA HeTOYHOCTH -10-12 GayuioB.
IIpomexyTOoUYHASI ATTECTALMSA

[Tpu mpoBeaeHNH MPOMEKYTOYHON aTTECTAIlMH CTYJCHT J0JDKEH OTBETHTH Ha 2 BOMpOCca
TEOPETUIECKOTO XapaKTepa.

[Tpu orleHMBaHUM OTBETA HA BOMIPOC TEOPETUUYECKOTO XapaKTepa yUUTHIBACTCS:
- TEOPETUIECKOE COJIeP)KaHNE HE OCBOCHO, 3HAHUE MaTepualia HOCUT (PparMeHTAPHBINA XapakTep,
HaJIn4yue TpyobIx omuoOok B otBeTe (1-5 6anioB);
- TEOPETHYECKOE COJCpPIKAHUE OCBOCHO YACTHYHO, JOMYIICHO HE 00Jee TBYX-TPEX HEI0YETOB
(6-10 6amnoB);
- TEOPETHUYECKOE COJCpP)KAaHUE OCBOCHO TOYTH IOJIHOCTHIO, JIOMYIICHO HEe 0oJiee OHOTO-IBYX
HEJ0YETOB, HO 00YYJaOIIUKACs CMOT ObI MX UCIPAaBUTh caMocTosTeNnbHO (11-15 Ganos);
- TEOPETHUYECKOE COJICP)KAHUE OCBOCHO IMOJHOCTBHIO, OTBET MOCTPOCH O COOCTBEHHOMY IUIAHY
(16-20 6amoB).

5.3. OLICHO‘IHBIC cpeacTBa (MaTepI/IaHLI) AJI TCKYHICTO KOHTPOJIA YCIICBACMOCTH,
HpOMe)KYTO‘—IHOI\/'I arrecranun O6yanOH1HXCH IO JUCHUIIIINHE

KOHTpOJ'II)HI)Ie BOIPOCHI I TCKYUICTO0 KOHTPOJA MPEACTABICHBI B MCTOAWMYCCKUX
YKa3aHUAX MO BBINTOJIHCHUTO IPAKTHYCCKUX pa60T

KoHTposbHBIE BONPOCH! K 3aUETy
HazoBute ocHOBHBIE A51eMeHThI nHTEpdeiica mporpamMmmbel MathCAD.
C moMo1IIbI0 KaKOro OIepaTopa MOXKHO BBIYUCIUTH BhIpa)KEHUE?
HazoBuTe npaBuia 3aniucy UMEH NEPEMEHHBIX.
Kak BcTaBUTh TEKCTOBYIO 0051acTh B JIokyMeHT MathCAD?
Yem oTaugaeTcs TJIO0IBPHOE U JIOKAJTLHOE omnpeseneHne nepeMeHHbIx? C moMOIIbIo
KaKHX OIEpaTOpPOB OIPENEISIFOTCS?
6. Kak u3menuts popmat pe3yaprara st BCETO JOKyMEeHTa?
7. Kak u3MeHuTh (hopMaT pe3ysabTara sl OTIEIbHOTO BBIPAKEHUs?

agkrownE
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8. Kakue cucremusle (nmpenonpeaenaeHuble) nepeMeHnsie Bam u3BectHbl? Kak y3Hath nx
3HaueHne? Kak u3MeHuTh ux 3HaueHue?

9. Kaxkue Buasl pynaknuii B MathCAD Bawm u3BecTHbI?

10. Kak BcTaBUTH BCTpOeHHYIO (QyHKIHIO B TOKyMeHT MathCAD?

11. Kak co3nath GyHKIUIO MOIb30BATEISA?

12. Kak onpeaenuts JUCKPETHBIE IIEPEMEHHBIE ¢ IPOU3BOJIbHBIM H1aroM? Kakoil mar mo
YMOJIYaHUIO?

13. Kak BbIBECTH 3HaYEHUS JTUCKPETHON NIEPEMEHHOM?

14. Kaxk noctpouts rpapuk?

15. Kak noctpouTb HECKOJIBKO rpa)KoB B OJHOM cuCTeEME KOOpAUHAT?

16. Kak moctpouTs aeKapToBbIii rpaduk?

17. Kak oropMaTupoBaTh HOCTPOSHHBIN rpaduk?

18. Kak moctpouTts rpaduk KpUBOH, 3alaHHON TapaMEeTPHUECKHU?

19. Kak noctpouts rpauk B NOISIPHON cUCTEME KOOPAUHAT?

20. Kak moctpouTs rpaduk moBepxHOCTH?

21. Kak co3aare MaTpHily, BEKTOp - CTPOKY, BEKTOp - cTojaben?

22. Kakwue orepatopsl €CTh Ui padOThI ¢ MATPHUIIAMU?

23. TlepeuncnuTe KOMaH/bI MAHEIH UHCTPYMEHTOB "Matpuisr".

24. Kak BcTaBUTh MaTpu4Hble QyHKITHUH?

25. Kak BBINOJHATH BRIYUCICHMS], €CJIM MAaTpULIA 331aHa B CHMBOJILHOM BUje?

26. Kak MOXHO pemuTh HennHelHoe ypaBHeHue B MathCAD?

27. Kak HaliTh HayanbHOE MPUOJIMKEHIE KOPHS ypaBHEHUS?

28. Kak MOXHO pemuTh CUCTEMY JTMHEWHBIX YpaBHEHHIT?

29. Kak MOKHO pelIiTh CUCTEMY HETHMHEHHBIX YpaBHEHUN?

KOHTpOJ’IBHHC BOIIPOCHI K 3a4€Ty C OLICHKOH.

KakoBo HazHaueHue cuctemsl Matlab?
B kakux pexxumax MOXKET BBINOJIHATbCA paboTa B cucteme ML?
B Buze kakux QaiioB xpaHUTCs OONBIIMHCTBO KOMaH M GpyHKIMI cuctembl ML?
Onummre CTpyKTypy OKkHa paboueit cpeast ML.
Yro saBisieTcs 2IeMEHTapHON €AVMHULIEN JaHHBIX A3bIka ML?
Kak 3anuceiBaroTcst neficTBUTeNbHbIE yncia B ML?
KakuMu komMaHIaMM MOXHO MOJIYYHUTh MH(POPMALMIO O JAHHBIX, XPaHSIIUXCS B
paboueM mpocTpaHcTBe?

8. Kaxue popmaTsl BbIBOAA YMCIOBBIX JaHHBIX B ML BbI 3HaeTe?

9. Kak u3meHnTh (opMat BEIBOAA PE3YyIbTaTOB BEIUKCICHUST B ML?

10. Kak B cuctreme ML ormpenensercst TUIl IEpEMEHHBIX ?

11. Ha3zoBute npaBuiia COCTaBJI€HUSI UMEH IEPEMEHHBIX.

12. Kakue OCHOBHBIE CUCTEMHBIE ITEPEMEHHBIE CYIECTBYIOT B ML?

13. Kakwue omnepanuu cymecTByroT B ML?

14. HazoBute onepauuu ML B nopsjike yObIBaHUS IPHOPHUTETA.

15. Kak mpenacraBistoTcss BEKTOpa U MaTpulibl B ML?

16. Kakumu komannamu popMupyroTcst ocooble MaTpHIIbI?

17. Jlns 4ero MCIoJyib3yIOTCS CUMBOJIBI IBOETOUYME (:), TOYKA C 3aIsATOM (;) MHOroToune
(..), [, O, %?

18. Kakwue hyHKIMH UCTIONB3YIOTCS Ut 00pabOTKH BEKTOPOB M MaTPHIL?

19. Kakue koMaHAbl HUCHONB3YIOTCS IS MOCTPOEHHs TpapukoB (QYHKIUH OJHOMN
nepeMeHHoi? B uem ux paznuuus’?

20. Kakue KOMaHABI MCIONB3YIOTCS M TOCTpPOeHHS TpaduKoB (YHKIMH JBYX
nepeMeHHbIX? B ueM ux paznuuus?

21. KakoB mopsiIoK IeicTBUiA Aiis mocTpoeHus rpaduka Gpynkuuu Buga y = f(X)?

NoabkowhE
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23.
24.
25.

13

KakoB nopsiiok neicTBuii 1151 TOCTpoeHus rpaduka Gynkimu Buga z = f(X,y)?

Kak mocTpouTh HECKOJIBKO rpaduKOB B OJHUX KOOPAMHATHBIX OCSX?

Kak MOKHO yIpaBJiATh BHCITHUM BHIOM Ipaduka?

KakuM 00pa3oM MOKHO BBIBECTH HECKOJBKO Ipa(MKOB B PasHBIX KOOPAMHATHBIX

0CSAX B OTHOM OKHE?

26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.

Kakwue cpenctpa npenocrasiser cuctema ML amst noctpoenus auarpamm?

Kak 3amaercs nonmuHom?

Yrto Takoe M-haiiabr?

Kakue Buib1 M-¢aitnios Bel 3HaeTe? Yem oHM OTIHYAIOTCS?

KaxoBbl mpaBwiia 3anucu KoMmaH B M-gaiinax?

Kak coznmate m-daiin?

Kak Be13b1Baercs (aitsn-nporpamma B ML?

KakoBa ctpykrypa daiina-pynkmun 8 ML?

Kaxk Bb3bIBaetcs ¢ain-pynkuus 8 ML?

Kak onncath QyHKIIUIO C HECKOIBKUMH BXOJIHBIMHU M BBIXOJIHBIMHU TTapaMeTpaMu’?
Kakoii koMaH70i MOKHO BBECTH JaHHbBIE C KIaBHaTypbl B ML?

Kakoii koMaH0i MOYKHO BBIBECTH JIaHHbIE HA MOHUTOpP B ML?

Kakue oneparopsl nukia cymecTsyroT B ML?

Kaxkue onepatopsl UCIIONB3YIOTCS JIJIs1 OpraHU3aluy BeTBIeHui B ML?

Jlnist yero ucmosb3yroTes pyHKuu menu u eval?

J1J1s 9ero ucrosb3yroTcst KOMaHAbl break, return u exit?

Kakue koMaH/IbI HCTIONIB3YIOTCS AJI OpraHu3anuu auaigora B ML?

ITouemy B cucreme ML BMECTO LMKIOB PEKOMEHAYETCS MCIOJIb30BaTh

COOTBCTCTBYIOIINEC BEKTOPHBIC U MATPUYIHBIC onepauHH?
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6. YYEBHO-METO/IMYECKOE U UH®OPMALIMOHHOE OBECIIEYEHUE
TACIHATITAHBI

6.1. Crnucok UCTOYHUKOB U JIUTEPATYPbI

OcHoBHas TUTEparypa
[TnoxornukoB, K. 0O.bBa3oBeie pa3gensl MareMaTHKA Ui OakalaBpOB B cpejie
MATLAB [Daextponnsiii pecypc] / K. D. IlmoxornukoB. - M.: Uudpa-M; By3oBckuii
Vuebnuk; Znanium.com, 2014. - 571 c. http://znanium.com/catalog.php?bookinfo=496199
KommprorepHas marematuka: YdeOnoe mnocooue/K.B.TutoB - M.: HI[ PHUOP, HUI]
HNH®PA-M, 2016. - 261 c. http://znanium.com/catalog.php?bookinfo=523231
KpacaBun, A. B. KomnbsroTepHbIii TpakTHKYM B cpezie matlab : yuebHoe mocobue 11t By30B /
A. B. Kpacasumn, f. B. XKXymarynos. — 2-e uzn. — Mocksa : M3natensctBo FOpaiit, 2019.
— 277 c. URL: https://biblio-online.ru/bcode/442328.

JlononHuTEenpHAS IUTEPATYpA

Tumoxun, A. H. MonenupoBanue cucreMm yrpaBieHus ¢ npumeHennem MatLab: yue0.
nocobue / A.H. Tumoxun, FO.Jl. Pymsunes; mox pen. A.H. Tumoxuna. — Mockaa:
NH®PA-M, 2019. — 256 c. https://new.znanium.com/catalog/product/1004245.
Cratuctuyeckue MeETOoJbl 00pabOTKM HKCIEPUMEHTAJIbHBIX JaHHBIX C HCIOJIb30BAHUEM
nakera MathCad: Yuebnoe noco6ue/®.U.Kapmanos, B.A.OctpeiikoBckuii - M.: KYPC,
HUI] UH®PA-M, 2015. - 208 c. http://znanium.com/catalog.php?bookinfo=508241
PsaGenbkuii, B. C. BBegeHne B BbIUMCIUTENbHYIO MaTeMaTUKy [DIeKTpoHHBIN pecypce] / B.
C. PsaGenpkmii. - 3-e wu3g., ucnp. m jgom. - M.:. OU3MATIIUT, 2008. - 288 c.
http://znanium.com/catalog.php?bookinfo=544692.

lanmymkua, H. E.  BblcOKOypoBHEBbIE ~ METOABI  IPOrpaMMHUpOBaHusA.  S3BIK
nporpamMupoBanuss MatLab. Yacte 1: ywue6nux / H.E. Tanymkun. - PocroB n//L:
WUznatenscteo OOV, 2011. - 182 ¢ - Tekcr : osnekrponHsdi. - URL:
https://new.znanium.com/catalog/product/550402.

. Pemenne 3aaa4 BBIYHCITUTEIILHOM MaTCMaTHKHU C HUCITIOJIB30BaHHEM A3bIKa

nporpamMupoBanus nakera MathCad / Tpommnal .B. - Hosocu6.: HI'TY, 2009. - 86 c.
http://znanium.com/catalog.php?bookinfo=546391

3amusnsak, B. E. Teopuss u mpakThka 1O BBIYMCIUTENBHONM MaTeMaTHKE [DIEKTPOHHBIN
pecypc]: yue6. nocobue / B. E. 3anusnsk, I'. U. lllenanosckas. - Kpacnosipck : Cub. denep.
yH-T, 2012. - 174 c. http://znanium.com/catalog.php?bookinfo=441232

6.2. Ilepeuens pecypcoB HHGOPMALMOHHO-TEIEKOMMYHUKAIMOHHON ceT «HTepHeT»

OdunnanbHbIN cauT MathCAD [>nexTpoHHbBIiI pecypc]. -
https://www.ptc.com/en/products/mathcad. - 3arm. ¢ skpana. - fI3. anra.

Mathcad Express — 6ecruiaTHbIi MaTeMaTHYECKUI PeIaKTop [MeKTPOHHBIN pecypc]. -
https://habrahabr.ru/company/nerepetitor/blog/247999. . - 3aru. ¢ skpaHa.

Odunmansherit caiit MATLab [anekrponHsIii pecypce]. - https://www.mathworks.com. -
3aru1. ¢ sKpaHa. - S3. aHri.

Llentp kommerennuit MathWorks [aektporHsIii pecypce]. - http://matlab.ru. . - 3arm. ¢
JKpaHa.



http://znanium.com/catalog.php?bookinfo=496199
http://znanium.com/catalog.php?bookinfo=523231
https://biblio-online.ru/bcode/442328
http://znanium.com/catalog.php?bookinfo=508241
http://znanium.com/catalog.php?bookinfo=544692
http://znanium.com/catalog.php?bookinfo=546391
https://www.ptc.com/en/products/mathcad
https://habrahabr.ru/company/nerepetitor/blog/247999
https://www.mathworks.com/
http://matlab.ru/
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6.3. [Ipodeccuonanpuble 0a3bl JaHHBIX U HH(POPMAITMOHHO-CIIPABOYHBIE CHCTEMBI

Ne i/t

HaumenoBanue

1

MesxnyHapoaHble pedeparuBHbie HaykoMeTpuueckue bJl, moctymHbie B pamMkax
HalMoHAJILHOU moanucky B 2019 r.

Web of Science

Scopus

[Ipodeccuonansubie moHOTEKCTOBBIE b]l, TOCTYHBIC B paMKaX HAIlMOHATLHOM
nonamucku B 2019 r.

Kypuaner Cambridge University Press

ProQuest Dissertation & Theses Global

SAGE Journals

XKypuansr Taylor and Francis

[TpodeccrnonanbHbie MOMHOTEKCTOBBIC B/]
JSTOR
W3manus 1o o0IIeCTBEHHBIM U T'yMAaHUTAPHBIM HAyKaM
Onekrponnas oubarorexka Grebennikon.ru

KOMHI)IOTepHI)IG CIIPaBOYHBIC IIPABOBLIC CUCTCMbI
Koncynprant ITmtoc,
I'apanT
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7. MATEPUAJIBHO-TEXHUYECKOE OBECIHHEYEHUME JUCHUIIIMHBI

Jlnist MaTepHaIbHO-TEXHUUECKOTO 00ECIeYCHHUS TUCIUTLUTUHBI UCTIOIB3YFOTCS: JICKITHOHHBIH
KJacc C BHJCO IMPOCKTOPOM U KOMIIBIOTEPHBIH Kjacc, OO0OpYIOBaHHBIH COBPEMEHHBIMHU
HePCOHATLHBIMA KOMIIBIOTEPAMH ISl KaXKIOTO CTYAEHTa, 00O0pPYJIOBAaHHOTO B CBOIO OYEpE/b
COBPEMCHHBIM MNPOTPAMMHBIM OOECIICUCHHEM: Ha KOMIIbIOTEpE O/DKHA OBbITh YCTaHOBJICHA
aKTyaJibHas Bepcusl onepainnonHoi cuctemsl Windows kommanun Microsoft, mpukiaaHoi maket
nporpamm Microsoft Office Bepcun e ke 2007, makerst MathCAD, MATLAB.

Jlabopatopust |1 koMIbIOTEP Windows 7 68526624 0e3 natThl

nH(OpMAaTUKH |TIpenoaaBaTes, Microsoft office 2010 Pro 49420326 08.12.2011

—ayn. Ne 202 |12 kommeiotepoB  |Mozilla Firefox CBOOOTHBIHN TOCTYT |CBOOOMHBINH JOCTYIT
o0yyarormuxcs,
MapkepHas jgocka, |Mathcad Education - University [2696062 26.10.2012
TPOEKTOP edition

JlaGopatopus |1 xommbpioTep Windows 7 68526624 0e3 matel

uH(pOpMATHKH |IpernoaBaTers, Microsoft office 2010 Pro 49420326 08.12.2011

—ayn. Ne 203 |12 xommeiotepoB  |Mozilla Firefox CBOOOIHBIN JOCTYM |CBOOOHBIN TOCTYIT
o0ydaroIuxcs, Matlab 647526 0e3 naTel
mapkepHas gocka, |Mathcad Education - University (2696062 26.10.2012
MPOEKTOP edition

Kaspersky Endpoint Security ~ (1894141205092525 |05.12.2014

8. OBECIIEYEHHUE OBPA3OBATEJIBHOI'O NIPOLUECCA IS JINL C
OI'PAHUYEHHBIMU BO3MOKHOCTAMMU 310POBbS

B nepeuenr nucuumumH (MoAayseil) oOpa3oBaTeNbHOM MporpaMMbl  J0OaBISIOTCS
agantauuoHHsle Monayiau. CocTaB M NEpeyYeHb aAaNTalUOHHBIX MOZYJEH OIpenenseTcs
00pa30BaTeNbHOI OpraHu3aleil CaMOCTOSITENbHO, UCX00s U3 KOHMUHSEHMA 00VHaAloOUuxcs ¢
OB3 u ux nozonoeuii.

[Tpu HEeoOxoauMoOcTH pabouasi MporpaMMa JUCHUIUIMHBI MOXKET ObITh aAalTHPOBAaHA IS
oOecrieyeHns 00pa3oBaTeIbHOIO IMpolecca JHIAaM C OTrPaHUYEHHBIMH BO3MOKHOCTSAMHU
3/10pOBbs, B TOM 4YHCJI€ Ul JUCTAaHIIMOHHOTO oOyuyeHus. s 3TOro OT cTylneHTa Tpedyercs
NpPEeJCTaBUTh 3aKIIOUEHHE TCUXOJoro-Menuko-neaarornuyeckoil komuccuu (IIMIIK) u muunoe
3asiBJICHUE (3asBJICHUE 3aKOHHOTO MTPEICTaBUTES).

B 3akmouenuu [IMIIK nomkHO ObITh YKa3aHO:

- pexomeHayemas ydeOHas Harpy3ka Ha oOywaromierocst (KOJIMYECTBO ITHEH B HEEINIo,
4acoB B JICHb);

- 000py0BaHNE TEXHUYECKUX YCIOBUH (TP HEOOXOJMMOCTH);

- COTIPOBOXKJICHHE U (MJIM) IPUCYTCTBHE POJUTENEH (3aKOHHBIX MIPECTaBUTENEH ) BO BpeMs
yaeOHoro mnporiecca (Mpu HeoOXO0UMOCTH);

- OpraHu3alusi IICHXOJOrO-TNeJarorn4eckoro  COMpPOBOXJIEHHE oOydaromierocs ¢
YKa3aHHUEM CIEIHAIMCTOB U JOIYCTUMON Harpy3Ku (KOJIMYECTBA YAaCOB B HEJIENIO).

g ocymiecTBiIeHUs MPOLEAYp TEKYIIEro KOHTPOJII YCIEBAEMOCTH M IPOMEXYTOUHOM
aTTecTallid OO0yYaromMxcsi NMpU HEOOXOIUMOCTH MOTYT OBITh CO3/JaHbl (DOHABI OIEHOYHBIX
CPEICTB, AaJallTUPOBAHHBIE JUIS JIML C OrPAaHUYEHHBIMM BO3MOXHOCTSIMH 3[0pOBbS U
MO3BOJIAIONINE OLIEHUTh JOCTHMKEHHE HMMHU 3allJJaHUPOBAaHHBIX B OCHOBHOM 00pazoBaTeNbHOMN
nporpaMMe pe3ysibTaTOB OOY4YeHHS M YpPOBEHb C(OPMHUPOBAHHOCTH BCEX KOMIIETEHIIHH,
3as1BJICHHBIX B 00pa30BaTEeIbHON MTPOTrpamMMme.

®opma NpOBENEHUS TEKyIled M MTOrOBOM aTTecTaluu Ul JIML C OrPaHUYEHHBIMH
BO3MOXHOCTSIMHM 3JI0pPOBbsI YCTAHABJIMBAETCS C Y4ETOM HHAMBUAYAIBHBIX MCUXO()U3UYECKUX
ocobeHHocTel (YCTHO, MUCbMEHHO (Ha Oymare, Ha KOMITbIOTEpE), B (hOpMe TECTUPOBAHUSA U T.I1.).
[Tpu HeoOXOAMMOCTH CTYAEHTY HpPEAOCTaBIISAETCS AONOIHUTENBHOE BpEMs Ul IOATOTOBKU
OTBETA Ha 3a4€TE WM DK3aMEHE.
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9. METOAUYECKHUE MATEPHUAJIbI

9.1. IInaHbl MPaKTUYECKUX 3aHATHHA

Tembl y4eOHOW JMCHMIUIMHBI MPETyCMAaTPUBAIOT MPOBEICHUE NPAKTUYECKUX padoT,
KOTOpbIE CIyXaT KaK IeJsM TEKYIIEero M IPOMEKYTOUYHOIO0 KOHTPOJS 3a IOJArOTOBKOH
CTYJEHTOB, TaK U LIEJIIM IOJyYEHUS NPAKTUUECKUX HABBIKOB IPUMEHEHUSI METOA0B BbIPAOOTKU
pELICHUH, 3aKperuieHUs M3Yy4eHHOro MaTepuaya, pa3BUTUs yMEHUI, NPHOOpETeHUs OIbITa
peleHnss KOHKPETHBIX MpOo0JieM, BEACHUS JAUCKYCCUH, apryMEHTAIlMH W 3aIlUThl BBIOPAHHOTO
pewenus. [lomomp B 3TOM OKa3bIBAIOT 3aJaHMs JUIsl IPAKTUYECKUX pPabOT, BblIaBacMble
IpernojaBaTesieM Ha KaXJJI0M 3aHATUH, 33JaHMsl Ha CaMOCTOSITENbHYIO IOATOTOBKY, IEPEUYEHb
BONPOCOB /Il TOATOTOBKM K SK3aMEHY M KOHTPOJIbHBIE JOMAllHHWE 3aJaHus Ui
CaMOCTOSITENIbHON PabOTHI CTYJCHTOB.

Heablo npakTUYecKuX paboT SBISETCA 3aKpeIyICHHME TEOpEeTHYEeCKOro Marepuana Hu
IpUOOpETEeHNE MPAKTUYECKUX HABBIKOB HCIIOJIB30BAHUS METOAOB IPUMEHEHUSI I1aKETOB
KOMITbIOTEPHON MaTeMaTHUKU B NPO(ECCHOHANBHON AEATeNbHOCTH, HNPUMEHSTh HABBIKU JUIs
OpUHATHS HanOosnee >PPEKTHBHBIX PEUICHUH B YCIOBHUSX OBICTPO MEHSIOUICHCS PEaTbHOCTH,
JUIs OBICTPOM alanTallMy K U3MEHSIOIIUMCS YCIOBHSM J€SITEIbHOCTH.

Temaruka npakTHYecKuX paboT COOTBETCTBYET MpOrpamMme Kypca.

OcHoBuble ToHaTHd ¥ koManasl MathCAD.
Komanas! 1 pyHkuuu paboTsl ¢ aitiiamu.
Co3nanue rpadukos.
Boruncnenue npou3BoAHBIX U UHTETPAJIOB.
Pemenue ypaBHenuii u cucrem ypaBuenuit B MathCAD.
CumBosbHbIe Berurcienus B MathCAD.
[TporpammupoBanue B MathCAD.
3nakomctBO ¢ MATLAB, pemenue npocreiiux 3aaad.
[Toctpoenue rpadukoB B cucteme MATLAB.
10 BexTopa u matpuis! B cucteme MATLAB.
11. Pemenue ypaBHeHwuii B cuctreme MATLAB.
12. TIporpammupoBanue B cuctreme MATLAB.
Mertoanyeckre yKazaHusi K TPAKTHUYECKUM paboTaM TPUBEACHBI B OTIECIBHOM
JIOKYMEHTE.

CoNoO~WNE

9.2. Meroanueckrue peKOMEHIAINH 110 TIOJITOTOBKE MUCHbMEHHBIX padoT
[TucemenHBIe PaObOTHI YIEOHBIM IJIAHOM HE TIPETYCMOTPEHBI.
9.3. Meroauueckre yKa3zaHus JIs 00yJarONUXCsl 0 OCBOCHHIO JTUCIIATLITHBI

VYcrmentHoe OCBOCHHE JUCHUIUIMHBI  CTYJEHTOM  ONPENENseTCs, HECKOJIbKUMU
dakTopaMu: MoCeleHrne ayTMTOPHBIX 3aHATUH, TIOJrOTOBKA U BBIMOTHEHHUE JOMAITHUX 3a/1aHUH,
CBOEBPEMEHHOE BBITIOJIHCHHE 3aIUTAHUPOBAHHBIX (JOPM OTUETHOCTH.

CaMocTtosiTennbHasi paboTa CTYICHTOB HampaBieHa Ha 3aKpEIUICHHE TMOTyYEeHHBIX
HABBIKOB U JIJISl IPHOOPETEHHS HOBBIX TEOPETUUECKUX U (DAKTUUECKUX 3HAHWH, BBIIOITHIETCS B
YUTATBFHOM 3aJie OMOTMOTEKH U B JIOMAIIIHUX YCIOBUSX, TOAKPETUISETCS Y4eOHO-METOAMYECKUM
1 uH(pOpMAIMOHHBIM OOecnieueHreM (Yy4eOHUKH, y4eOHO-METOIMUECKHE TTOCOOMS, KOHCIIEKTHI
JIEKITUH).

CamocrosiTenbHass paboTa BBIIONHSAETCS CTyJIEHTaMH C wucnojb3oBanueM [IK B
JOMAIITHUX YCJIOBUAX, JHOO B OHONMOTEKE HWHCTUTYTAa MO CHCNHAIBHBIM 3aJaHUsIM B
COOTBETCTBUM  C  METOJUYECKHMMH  MaTepuajamMH,  BbIIAHHBIMH  IpErnojaBaTesieM.
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CamocrosTenbHas paboTa BKIIOYAET OTPaOOTKY HABBIKOB aHAJIHM3a CUTYallMH, CO3aHUE MOJIEIN
CUTyalluu, KOTOpas HCIOJb3yeTCsl B JAHHOM KOHKPETHOM MeEToJleé BbhIOOpa HamIydmieit
IBTEPHATHBBI, U PELICHUE 33]]auH, TAK)KE K CAMOCTOSTENIbHONU paboTe OTHOCHUTCS TOATOTOBKA K
1abopaTopHBIM paboTaM, MOATOTOBKA IO TEMaM MPOIMYIIEHHbIX 3aHITHH.

Haumnass ¢ mepBoro 3aHsATHS, NpenojaBaTrelb OOBSBIAET CTYIACHTAaM TEMY
CIENYIOLIEr0 3aHATUS M CHOUCOK JuTepaTypbl. CTyAeHT JIOJDKEH O3HAaKOMHUTHCS C
IPEUIOKEHHBIMI MCTOYHMKAMHM, B TaKOM Cly4yae OH Ha CJIEIYIOIIEM 3aHSITUU OyIeT TOTOB K
BOCIIPUATHIO HOBOI'O Marepuania.

CTyneHt Juist CaMOCTOSITENFHO paboThI JOJDKEH UMETh MPOrpamMMy Kypca, BOTIPOCH K
3K3aMEHY, CIMCOK OCHOBHOM U JOTIOJHUTEIBHOU JTUTEPATYPHI 110 KYpCY.

[locne kakgoro 3aHATHs, MEpPEeA CIEAYIOUIUM, CTYACHT JOJDKEH O3HAKOMUTHCA C
MPOWIEHHBIM MaTepuanoM. [Ipy BOSHUKHOBEHUH BOIIPOCOB MJIM HEMOHMMAaHUS, CTYJEHT JOJIKEH
U3YYUTh PEKOMEHIOBAaHHYIO U JOIOJIHUTENIBHYIO JIUTEPATYPY IO KYpCYy.
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IMPUJIOKEHUSA

IMTPMJIOXKEHHUE 1
[Ipunoxenue 1. AHHOTAUMS TUCHUILIAHBI

Huctummaa b1.B.01 «ABTromaTu3aiius BBIYHCICHUN B 3agadyax WHGOpMaTU3ANUN
ryMaHUTapHOH cdepb» sBiIgeTCS JUCUMIUIMHOM 4acTu, (OpMUpYyeMOH ydacTHHKaMHu
o0Opa3oBaTeNbHBIX OTHOIIEHUH, Onoka Bl y4eOHOro miana mo HampaBICHHUIO TOATOTOBKH
«[Ipuxknagnas uHdopmarukay. ucuuniamnHa peanusyercs Ha (akynbrere MHPOpMannmoHHBIX
cuCTeM M 0e30macHOCTH Kadenpoil ”HOOPMAIIMOHHBIX TEXHOJIOTUH B CUCTEM.

llenp  OUCHUIUIMHBL:  HAY4YUTh  CTYJCHTOB  HCIONB30BAaTh IS PELICHUS
npodeccHoHaIbHBIX 3a/1au MaTeMaTHueckue nporpammusbie maketsl — MATLAB, MathCAD.
3amaun:

— (QopmupoBaHue y CTYOEHTOB TPEJACTABICHHA O TPOTPAMMHBIX MPOIYKTaxX
MpeIHA3HAYCHHBIX JUIS PEIICHUS MaTEMaTHICCKHX 33]1a4;

— BbIpa0OTKA YMEHUN NIPUMEHATh MaTeMaTHUECKUEe MAKEThI sl pEIICHUs 3a/1a4;

— BbIpa0OTKAa yMEHUN TMEpPEeBOJUTh AITOPUTMBI  pEHIeHHS 33Jady Ha  S3bIK
MPOrpaMMHUPOBAHUS MaTEMaTHYECKOTO MAaKeTa,

— Hay4uTh CTYJACHTOB WCIIOJIb30BaTh MAaTEMaTUYCCKUE TIMAKeTBl M  CPEACTBA
IPOrPaMMHUPOBAHUS JUIs OOJIETYeHUsSI M YCKOPEHHUS PacueToB.

JucuuiuinHa HarpaBieHa Ha JOPMUPOBAHUE CIICTYIOIINX KOMIICTCHIIUNI:

[IK-5 CnocobGen MoxaenupoBaTh MpHKIaIHbIE (OM3HEC) NPONECCHl U TMPEAMETHYIO
00J1aCTh.

B pe3ynbrate 0cBOCHUS NUCIUTUTHHBI 00yYaIONTHIACS TOJKECH:

3HaTh:

- HHTEpQEIC MPOrPaMMHBIX ITAKETOB;

- BCTPOCHHbIE PYHKIMHU I pabOThI C MATPUIIAMH B BEKTOPaMHU;

- BCTPOCHHBIE (PYHKIIMH JUTS PEIICHUS YPaBHEHUH U CHCTEM ypaBHEHUH;

- BCTPOCHHBIE (PYHKIIMH I PEIIeHHUs 3a]]a4 MaTEMaTHUYECKOTr0 aHalln3a;

- BCTPOCHHBIE CTaTUCTHUYCCKHE (DYHKIIHNH;

- Cpe/ICcTBA MOCTPOCHUS TPA(PUKOB U MOBEPXHOCTEH;

- BCTPOCHHBIH SI3BIK TIPOTPaMM;

- OCHOBHBIE aJITOPUTMBI PELICHUS YPaBHEHHI;

- METOJIbl CHMBOJILHOTO BBIYHCIICHHUS.

YMmeTb

- MPOU3BOJIUTH ApU(PMETHUSCKUE BHIYUCIICHHUS,

- BBITIOJIHATH anredpandeckue npeoOpa3zoBaHus;

- BBIYHCIIATE TIPEJIEITBI, IPOU3BOIHBIC, HHTETPATB M CYMMBI,

- CTpPOUTH IpaduKku GYHKLUH;

- YUCJIEHHO pemiath quddepeHnnanbHble ypaBHEHUS;

- BBIYHCIISATH YHCIIOBBIE XapaKTEPUCTUKH CITyYailHBIX BEJIMYUH;

- pelIaTh 3aJa4i MaTeMaTHIeCKON CTATHCTUKH.

Bnanets

- MpUEMaMH IMPOTPAMMHPOBAHUS B CpelaX N3yIaeMbIX ITaKeTOB;

- METOJaMU TOCTPOCHHSI MaTEeMaTHYEeCKHX Mojelel MH()OPMAIMOHHBIX MPOIECCOB U
CUCTEM.

PaGoueit mporpammoii mpeaycMOTPEHBI CIETYIOIINE BUIBI KOHTPOJIS: TEKYIUNH KOHTPOIb
yCIIeBaeMOCTH B (hopMe OIpoca, 3allUThl MPAKTHISCKHX PadOoT, MPOMEKYTOYHAS aTTeCTaIUs B
dbopMme 3adera Bo 2-M ceMecTpe, 3a4eTa ¢ OLIEHKOH B 3-M cemecTpe.

OO6miast TpyJO0EMKOCTh OCBOCHHS TUCIHUIIMHBI COCTaBIsAeT 6 3adyeTHBIC eIWHUIBI, 216
Jaca.
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IMTPUJIOXXEHUE 2

YTBEPXJIEHO

[Iporokon 3acenanus
Kadeapsl MH(POPMAIIMOHHBIX
TexHoJiorni u cucteMm PITY
Nel2 ot 08.06.2020

JIUCT UBMEHEHUI

B pa0oueil mporpaMme AUCHUILUIMHBI «ABTPMATH3aLUs BEIUMCICHUH B 3a1a4ax HHPOpPMATU3aLUH
rymMaHuTapoHoi cheps» no HampasieHuto noarotoBku 09.03.03 «llpuknaanas nHpopMaTUKa»
Ha 2020/2021 yuebHblit TOL

1. O0pa3oBaresibHbIE TEXHOJIOTUH (K 11.4)

B nepuoa BpeMEHHOTro NPUOCTAHOBIECHMS IMOCELIEHUS OO0YyYaroUIMMUCSA MOMEUICHUN U
tepputopun PITY mig opranusanum ydyeOHOro Impoiecca ¢ HPUMEHEHHUEM AIIEKTPOHHOIO
o0y4yeHMsI W JAUCTAaHLIMOHHBIX OOpa30BaTEIbHBIX TEXHOJOTHH MOTyT OBITh MCIIOJb30BaHbI
clleiyIole 00pa3oBaTeIbHbIE TEXHOJIOTHN!

— BUJCO-JIEKIINH;

- OHHaﬁH-HGKHHH B PCKUMC pCaJIbHOTO BPEMCHH,

— JIEKTPOHHbIC Y4eOHUKH, yueOHbIe T0COOUs, HayUHbIC U3AHUS B 3JEKTPOHHOM BUJIE U
JIOCTYT K MHBIM 3JIEKTPOHHBIM 00pa30BaTEIbHBIM PECYpCaM;

— CUCTEMBI IS SJIEKTPOHHOI'O TECTUPOBAHUS;

— KOHCYJIbTalluU C UCITOJIb30BAHUEM TCIICKOMMYHUKAIITMOHHBIX CPEACTB.

2. O0HOBJIEHA peKOMeH/1yeMasi JJuTepaTypa.

OcHoBHas:

1. Kpacasun, A. B. KomneiorepHslii IpakTUKyM B cpejie matlab : yuebHoe mocobue st
By30B / A. B. Kpacasum, f1. B. XKymarynos. — 2-e uzg. — Mocksa : M3narensctBo HOpaiir,
2020. — 277 c. — URL: https://urait.ru/bcode/455824

2. Mawmonosa, T. E. MHdopmarmonHsle TexHOI0rHU. JITabopaTOpHBIN NPakTUKYM : ydeOHOe
nocoowue utst By30B / T. E. MamonoBa. — Mocksa : M3natensctBo FOpaiit, 2020. — 176 ¢/
— URL.: https://urait.ru/bcode/451399

3. Jamunrep, B. A. Madpopmarnka n MareMaThka. PerieHre ypaBHEHUH M ONTHMH3AIUS B
Mathcad u Maple : yueOHUK 1 pakTUKyM A7s By30B / B. A. Jlanunrep,

C. 1. CHMOHXEHKOB. — 2-€ U311, uctp. u qoi. — Mocksa : M3aarensctBo IOpaiit, 2020. —
155 c. — URL: https://urait.ru/bcode/452058

JlonosHUTENbHAS

1. 3umun, B. [1. Madopmatuka. JlabopatopHsliit mpaktukyM B 2 4. Hacts 1 : yueObHOe nocobue
quis By3oB / B. I1. 3umun. — 2-e u3a., ucrp. u non. — MockBa : U3natensctBo FOpaiir,
2020. — 124 c. — URL: https://urait.ru/bcode/451451
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3. llepeuenn coBpeMeHHBIX NMpodeccnoHaNbHbIX 0a3 JaHHbIX (B/]) 1 nHGopManHoOHHO-
cnpaBouHbIX cuctem (UCC) (k m. 6.2)

Tabauya 1

Ne Hanmenosanue
n/a

1 | Mexnynapoansie pedeparuBHbie HaykomeTpuueckue b/, moctymHbie B paMkax
HarMoHaJILHOU moanucku B 2020 r.

Web of Science

Scopus

2 | [IpoeccronanbHbie TOTHOTEKCTOBBIE b/l, JOCTYITHBIE B paMKaX HAIlMOHAJTLHOU
nonamucku B 2020 .

Kypuaner Cambridge University Press

ProQuest Dissertation & Theses Global

SAGE Journals

XKypuaner Taylor and Francis

3 | KomnbroTepHbie CripaBOYHBIE TPABOBBIE CUCTEMBI
Koncynprant ITmtoc,
I'apanT

4. llepeyenn nporpammuoro odecnevenus (I10) (x n.7)

- OJ15 IeKYUlL:
Tabnuya 2
Neni/mm Haumenosanue 110 Crioco0 pacnpocTpaHeHHs
1 Microsoft Office 2010 Pro JINIIEH3NOHHOE
2 Windows 10 JIUIICH3UOHHO®
3 Kaspersky Endpoint Security JIUIEH3HOHHOE
4 Zoom JIMIIEH3UOHHOE
- 0151 NPAKMUYeCKUX 3AHAMULL:
Tabruya 3
Hanmenosanue 110 Crioco6 pacpocTpaHeHus
Windows XP JIUIICH3UOHHOE
Microsoft office 2010 Pro JINIIEH3UOHHOE
Microsoft SQL Server 2008 JUIICH3UOHHOE
Mozilla Firefox CBOOOIHBIN TOCTYI
Kaspersky Endpoint Security JIMIIEH3HOHHOE
Zoom JIMIICH3UOHHOE
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BBICIIIETO 00pa30BaHuUs
"PoccuiicKkuii rocy1apcTBeHHbI TYMAHUTAPHBIN YHUBepcHTeT"
(®IrvoOYy BO "PITY")

MHCTUTYT UHO®OPMALIMOHHBIX HAVK U TEXHOJIOT U BE3OITACHOCTH
OAKVIIBTET UTHOOPMAILIMOHHBIX CUCTEM U BE3OITACHOCTU KA®E]JIPA

MHO®OPMAIIMOHHBIX TEXHOJIOI' M1 U CUCTEM

ABTOMATUM3AIIMS BBIYUCJIEHUM B 3AJTAUAX
WHO®OPMATU3AIIMU TYMAHUTAPHOMN COEPHI

Metoanyeckue yka3zaHus K IPaKTHYECKUM paboTam
Hanpasnenue noarorosku 09.03.03 IIpuknannas napopmaruka
Hanpasnennocts (mpoduis): [Ipukinannas nadpopmaTtuka B 'yMaHUTapHOU cdepe

VYpoBeHb KBaTU(UKAIIMK BBIITyCKHUKA OaKanaBp
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ABTOMATH3aLUs BHIYUCICHUN B 3aJa4ax HHpopMaTH3alui T'YMAaHUTAPHOI

cepnl
MeTtonudeckue yka3zaHus K IPaKTHYECKUM paboTam
CocraButens: Poranos A.A., K.T.H., JIOII.

OrtBeTcTBeHHBIN peaaktop: Poranos A.A., K.T.H., J01I.

YTBEPXIEHO
[IpoTokon 3acenanus

kadeapsl THHOPMAITMOHHBIX TEXHOJIOTHH U cuctem PITY
Ne 1 or 30 aBrycra 2019r.



Cuctema MathCAD. O6wue cBeaeHus

OnHo#t U3 ocHOBHBIX oOnacteil mpumenenus 1K sBistoTCS MareMaTudeckue u
Hay4YHO-TEXHUYECKHE pacyeTbl. CI0KHbIE BBIYMCIHUTEIbHBIE 3a/1a4l, BO3HUKAIOIINE
IpU MOJEIUPOBAHUU TEXHUUYECKUX YCTPOMCTB M MPOILIECCOB, MOKHO Pa30UTh Ha sl
AJIEMEHTAPHBIX: BBIUHUCICHUE HHTETPAJIOB, pEIICHUE YPABHEHMI, pELIEHUE
nuddepeHIranbHbIX YPaBHEHUN U T. 1.

MathCAD — 3T0 MoOIIHas U B TO K€ BpeMs MpOCTas YHUBEpCalbHasl cpena Ui
pelIeHUs 3a7]a4 B PA3IMYHBIX OTPACAX HAyKW M TEXHUKH, (UHAHCOB U SKOHOMHUKH,
(U3UKY U aCTPOHOMUU, MATEMATUKU U CTATUCTUKH.

MathCAD octaeTcs €IMHCTBEHHOW CHCTEMOM, B KOTOPOW OIMHCAHHE pEelIeHUS
MaTEeMaTHYECKHX 3a]a4 33Ja€TCS C MOMOIIBIO MPUBBIUHBIX MaTeMaTHUYECKUX (HOPMYIT
Y 3HaKOB.

MathCAD mno3BoJIIET BBINOJHATH KaK YHCICHHBIE, TaK M aHAJIIMTHYCCKHUE
(CUMBOJIbHBIC) BBIYUCIEHHUS, IMPU 3TOM TOYHOCTb, C KOTOpPOWM OTOOpaxkaercs
pe3ynbTaT, 3aJaeTcs MOJb30BaTelieM, UMEET UYpe3BbIYaiiHO YJIOOHBIH MaTeMaTHUKO-
OpUEHTHPOBAHHBINA HHTEp(DEc U MpeKpacHbIe CPeICTBA HAYYHOU IpaduKH.

B cocraB MathCAD BXOZST HECKOJBKO HHTETPUPOBAHHBIX MEXAYy COOOM
KOMIIOHEHTOB:

— MOIIHBIA TEKCTOBBIM PEAAKTOP, MO3BOJSAIOIIMN BBOIWThb, PEIAKTUPOBATH H
(dbopmaTHpOBaTh KaK TEKCT, TAK U MATEMATUUECKUE BBIPAKEHUS;

— BBIYHCIUTEIBHBIA IIPOLIECCOP, YMEIOIMNUM INPOBOAUTH PACUETHI 110 BBEICHHBIM
dbopMynaM, UCTIOB3Ys BCTPOCHHbBIE YUCIICHHBIE METO/IBL;

— CHMBOJIBHBIN MPOLECCOP, TO3BOJIIONIMN MPOBOAUTH aHATUTUYECKUE BBIYNCIICHUS
U SIBJISIOIIUKCS, (PAKTUYECKU, CUCTEMOM UCKYCCTBEHHOTO MHTEIIEKTA;

— Habop 1ma0JI0HOB, KOTOPBIM YCKOPSIET BBOJ HCXOJHBIX TAaHHBIX U OOECeUnBaET
yn00HYy10 U 3G (HEKTUBHYIO CUCTEMY BBOJIA;

— OrpPOMHO€ XpaHWIHWIIE CIPaBOYHON MHPOpMAIMU, KaK MaTeMaTU4YECKOH, Tak U
WHXXEHEpHOH, 0()OPMIICHHOM B KaU€CTBE MHTEPAKTUBHOMN AJIEKTPOHHON KHUTH.
Jns ocBoeHUsI OCHOBHBIX mpuemMoB padorel B MathCAD BeITIOTHSIOTCS 5

MPAKTUYECKHUX PadoT:

1. OcHuoBsl pabotsl ¢ MathCAD;

2. Iloctpoenue rpadpukos;

3. Bexropa u Matpuisi;

4. PelieHue ypaBHEHHUII;

5. CuUMBOJIbHBIE BBIUYNCIICHHUS.



MNMpakTuyeckasn pabora 1. OCHOBbI PABOTbl C MATHCAD

O6wue cBegeHun

OCHOBHOE OKHO MPHJIOKEHHUS HUMEET Ty XK€ CTPYKTYpY, 4TO M OOJBIIMHCTBO
npunoxeHuit Windows. CBepxXy BHM3 pacrojararoTcsi 3arojloBOK OKHA, CTpOKa
MEHIO, TTaHEeJI MHCTPYMEHTOB (CTaHgapTHas ¥ (opMaTHpOBaHUs) U pabouuil JIHUCT,
i pabodast 061acTb, JokyMeHTa. HOBBIN JOKYMEHT co371aeTcsi aBTOMAaTUUECKH TIPH
3armycke MathCAD. ®aiinsl nokymentoB B MathCAD umerot pacmupenue .med.

BoabmrHCTBO KOMaHI MOXKHO BBITIOJHUTH KaK C TIOMOIIbIO MEHIO (BEPXHEro WM

KOHTEKCTHOT0), TaK U MaHeJel HHCTPYMEHTOB WJIU KJIaBUATYPHI.

™ Mathcad - [be3 HazsaHHA: 1]

i_ﬁ daiin  PeaakTHpoeate  OTofpawedde Boraeka  DopMmaT  MHCTRYMEHTE! CHMEONEl OkHo  Cnpaeka
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Maremaruka.

B okne penakrupoBanust popmupyetcs nokyment MathCAD. HoBblit 1oKymMeHT
nonyuaeT ums Untitled (be3 Ha3zBanusa) u mopsinkoBblii HOMep. OTHOBPEMEHHO

[Tanens Math (Maremartrka) mpenHa3HadYeHa i BHI30BA Ha
AKpaH elle NIeBSATU MaHesel, ¢ MOMOIIbI0 KOTOPBIX MPOUCXOAUT
BCTaBKa MAaTeMaTHUYeCKUX oOmepanuid B JOKYMEHTbhl. YTOObI
BbI3BAaTh KAKYIO-JIMOO M3 HUX, HY’)KHO HaKaTh COOTBETCTBYIOILYIO KHONIKY Ha MaHEH

OTKPBITO MOXKCET OBIThH 10 BOCbMH JOKYMCHTOB.




JIOKyMEHT COCTOUT M3 TpeX BHUAOB oOjacTeil: (OPMYJbHBIX, TEKCTOBBIX U
rpadpuueckux. PacnonokeHne HETEKCTOBBIX OJIOKOB B JOKYMEHTE HMEET
IIPUHLIHANHNAIBHOE 3HAYECHUE. Obnactu IIPOCMATPUBAOTCS CUCTEMOM,
UHTEPIPETUPYIOTCS U UCTIOJHAIOTCS. [Ipocmomp udem ciesa Hanpago u c8epxy GHU3.

s 8600a mexcmogoeo KoMmeHmapus HY>KHO BBIMIOJHUTH KoMaHay Text Region
(TexcToBast 00slacTh) M3 MyHKTa MEHIO Insert Wiaum HaxaTh KJIABHILY C JBOWHOW
KaBbIYKOM (), MJIM HaXaTh HA KHOIKY TEKCTa Ha MaHEJM UHCTPYMEHTOB. TeKcToBas
00JIaCTh CIYKUT JJIs pa3MeIleHUs TeKCTa MeX 1y popMmynamMu U rpadukamu.

[Tpu 5ToM B MecTe BBOJA MOSIBISIETCS KYPCOP B BHJI€ BEPTHKAIBHOIO IITPHXA, HA
MECTO KOTOPOTO BBOMSTCS CHMMBOJIBI TeKCTa. BHYTpH TekcTa Kypcop mepeMeriaeTcs
KJIaBUIIAMH TIepeMeleHusT Kypcopa. Ilepexoq Ha HOBYIO CTPOKY MPOH3BOIAMTCS
HakatheM Ha kiaBuiry Enter. J[7s okoHUaHUS BBOJIA HY)KHO IISJIIKHYTh MBIIIBIO BHE
TEKCTOBOU 00JIACTH.

s 6600a ¢hopmynvt HY)KHO YCTAaHOBHTH yKa3aTellb MBIIIM B CBOOOTHOM MeCTe

OKHA PEJIaKTUPOBAHHUA U IIEJIKHYTh JIEBOM KHOMKOW MbIu. [losBUTCS BU3Up B BUjIE
KpacHOTo Kpectuka. OH yKa3bIBaeT MECTO, C KOTOPOTO HauMHAeTcst Habop (GopMyJIbl.

KoHcTaHThI M IMMEPEMECHHBIC

KoHcTaHTaMu Ha3bIBAIOTCSI TIOMMEHOBAHHBIC OOBEKTHI, XPAHANIUE HEKOTOPHIC
3HAYCHHUS, KOTOPHIC HE MOTYT OBITh U3MECHCHBI.

B MathCAD npumensitotrcst AecsiTHUHbIe, BOCBMEPUYHBIE U IECTHAAIIATEPUYHBIE
YUCJIOBbIE KOHCTAHTHI. JleCATHYHBIE KOHCTAaHThI MOTYT OBITh IIE€JIOYHMCICHHBIMH,
BCIIIECTBCHHBIMU, 33JJaHHBIMH C (UKCHPOBAHHOW TOYKOW, W BEIICCTBEHHBIMH,
3aJJaHHBIMU B BUJI€ MAHTHUCCHI U TIOPSIAKA.

B MathCAD coaepxutcst 0coObIil BU] KOHCTAHT - pa3MmepHbie. [lomumo cBoero
YUCJIOBOTO 3HAYEHMS OHHU XapAaKTEPU3YIOTCA €UI€ M YKa3aHHEM Ha TO, K Kakou
(bu3MYecKol BeIMYMHE OHM OTHOCATCA. st 3TOro ykazaHusi MCHOJIb3YeTCS CUMBOJ
ymHoxkenusi. B cucreme MathCAD 3aganbel  ciieqyroniye OCHOBHBIC —THITBI
bu3nueckux BenuuuH: time (Bpemsi), length (aymua), mass (macca) u charge (3apsin).
[Ipu HEOOXOIUMOCTH UX MOYKHO U3MEHUTD Ha JPYyTHE.

[lepemeHHbIE SBISAIOTCS MOWMEHOBAHHBIMU OOBEKTAMHU, KOTOPBIM MPUCBOEHO
HEKOTOPOE 3HA4YE€HUE, KOTOPOE MOXKET M3MEHATHCS IO XOJAY BBINOJHEHUS
porpaMMbl. THI NEPEMEHHOW OMNPENEISIETCA €€ 3HAYEHUEM; MEPEMEHHBIE MOTYT
OBITb YWCJIOBBIMH, CTPOKOBBIMH, CHUMBOJIbHBIMH H T. 1. VMeHa KOHCTaHT,
NEPEMEHHBIX U UHBIX 00BEKTOB HA3bIBAIOT UJECHTU(HUKATOPAMHU.

Nmst mepemeHHOM HaszbiBaeTcss uaeHtudgukatopom. MathCAD pasznmuuaer B
uaeHTU(UKATOpaX CHUMBOJIBI BEPXHETO M HMXKHETo peructpoB. Hampumep: ABC wu
AbC nmeHa pa3HbIX IEPEMECHHBIX.

Unentuduxatopst MathCAD nomxHBl HAUMHATBCS ¢ OYKBBI M1 MOTYT COAEPKATh
CIEAYIOIINE CUMBOJIBI:



— JaTHHCKHE OYKBHI JIFOOOTO PETHCTPA;

— apabckue udpst ot 0 10 9;

— CHUMBOJ nojguepkuBanus (), cCMMBOJI IpotieHT (%) u cuMBolI (.);

— OyKBBI Tpeueckoro ajndaBurta (HabuparoTcs ¢ ucrnosib3oBanueM kiapuiy Ctrl wim
IPUMEHSIETCS TTAJTUTpa Ipeueckux OyKB).

Omnpenenenue nepeMeHHbIX

[lepemenHble TOMKHBI OBITH MPEIBAPUTEIHLHO OMPEEIICHBI MMOJIb30BATENEM, T. €.
UM HEOOXOJMMO XOTsI Obl OJHAXIbI NMPHCBOMTH 3HaueHHe. B kauecTBe omepaTopa
NpUCBAaBaHMs HUCIOJNb3YeTCsl 3HAK =, TOTJa KaK 3HAK = OTBEAEH IS BBIBOJA
3HAYEHUs1 KOHCTAHTHI WM NepeMeHHOH. [lombITka HCroab30BaTh HEOIPEAEICHHYIO
MEPEMEHHYIO BEIET K BBIBOAY COOOIIEHUS 00 OIuoOKe.

B MathCAD pa3znuuatot: JOKanbHbIE U TT100aTbHbIE TIEPEMEHHBIE.

JlokasbHbIE TepeMEeHHbIE BBOSATCS:

Mmsa_nepemeHHON : BblpaxeHue

Ha s>kpane:

Mmsa_nepemMeHHON := BblpaxeHue
['noGanbHbIE IEpEMEHHBIC BBOISTCS:
Mmsa_nepeMeHHON ~ BblpaxeHne

Ha sxpane:

MIma_nepeMeHHOUN = BblpaXkeHne

Ecnau nmepeMeHHON NpUCBAaWBAETCA HAYAIBHOE 3HAYECHHE C MOMOIIBIO OllepaTropa
=, Takoe IIPUCBAMBAHUE HA3BIBACTCA JIOKAIBHBIM. Jl0 3TOro mnpucBauBaHUsA
IIEpEMEHHAasl HE ONpE/eNIeHa U ee Henb3s ucnonb3oBaTb. MathCAD uutaet pabounii
JOKYMEHT CJIEBA HAIPAaBO M CBEPXY BHHU3, IOITOMY OIPEIEIUB IIEPEMEHHYIO, €€
MOKHO HCIIOJIb30BaTh B BBIUMCIIEHUSAX BE3JI€ MPABEE U HUKE PABEHCTBA, B KOTOPOM
oHa omnpeneneHa. OQHAKO ¢ NOMOIIBIO 3HAKA = (TPU TOPU30HTAIbHBIE YEPTOUKH)
MOKHO 00€CnedMTh riI00anbHOE MPUCBAaUBAaHUE, T. €. OHO MOYKET MPOU3BOJUTHCS B
moboM Mecte fokymeHTa. K npumepy, eciiu nepeMeHHOM PUCBOEHO TaKuM 00pa3om
3HAYEHHE B CAMOM KOHIIE JOKYMEHTA, TO OHa OyAET MMETh 3TO K€ 3HAUCHHE W B

HavaJIC JOKYMCHTA.

Hanpumep:
BBox ¢ knaBuatypel  Bun Ha okpane
local:137 local := 137 n0KanbHOE ONpeIeIeHue NEPEMEHHOM local;
global~987.23 global = 987.23 rnobanpHOE oOmNpeseNeHHe IEepEeMEHHOM

global.



[TepeMeHHBIE MOTYT HCIIOJIb30BAaThCS B MAaTEMaTHYCCKUX BBIPAXKCHUSX, OBITH
apryMeHTaMu (yHKITUH WA OTIepaHI0OM OIepaTopoB.

[TepemeHHBIE MOTYT OBITh W Pa3MEPHBIMH, T. €. XapaKTEPHU30BaThCS HE TOJIBKO
CBOMM 3HAYCHHEM, HO U YKa3aHueM (DU3MYCCKOW BEIIMYMHBI, 3HAUCHUEC KOTOPOH OHH
xpaHsT. [IpoBefieHHE pacyeTOB C pa3MEPHBIMU BEIMYMHAMU UM TIEPEMCHHBIMH
0COOEHHO YZI00HO TIPH PEIICHUH PA3TMYHBIX (PU3NYECKUX 3a71a4.

IIpexonpeneieHHbIE NepeMeHHbIE

[Ipenomnpenenennbie (CUCTEMHBIE) TIEPEMEHHbIE — OCOObIE MEpPEMEHHBIE,
KOTOPBIM U3HAYaJIbHO CUCTEMON MPUCBOCHBI HAYAIbHbIE 3HAUCHUS.

Ilepemennas Bron Hasnauenne 3HayeHue
10 YMOJTYaHHIO

n Ctrl + Shift+p | Yucno & 3.14159

e e OcHOBaHME HATypajJbHOrO 2.718
norapudma

0 Ctrl + Shift + z | Cucremnast 66CKOHEUHOCTh 10°”

1 WIIH | 11 umm 1] MHuMast enrHALA
% [Tpouent 0.01
TOL [TorpemtHOCTh YUCHEHHBIX 0.001
METOJIOB
ORIGIN Huxusas rpaHuia 0

MHJEKCallud MacCUBOB

Omneparopsl

Onepamopuvl - BIEMEHTHI fA3bIKa, C TIOMOINBIO KOTOPBIX MOXKHO CO3/1aBaTh
MaTemMaTHueckue BblpakeHus. K  HuUM, Hampumep, OTHOCSTCS  CHMBOJIBI
apuMeTHyecKux W  JIOTHYECKHX  ONepaluid, 3HAKH BBIUHUCICHHUS  CyMM,
IPOU3BEICHUH, MPOU3BOIHON M HHTETrpaia u T. 1.

Omnepartopbl, 0003HAYAIONINE OCHOBHBIE apU(pMETHUYECKHE IEHCTBUS, BBOIITCS C
nanenu Calculator (Kanbkynsarop, Apudmernxa).

BrruncnuTenbHbIE OnepaTopsl BCTABISIOTCS B JOKYMEHTHI MPY MTOMOIIHM TTaHET!
unctpymenToB Calculus (Marananu3). [Ipu Haxkatuu J1Ir000M M3 KHOTIOK B JIOKYMEHTE
MOSIBJIIETCS. CUMBOJI COOTBETCTBYIOIIETO MaTEMAaTHUECKOTO JEHCTBUS, CHAOKEHHBIN
HECKOJIbKUMU MECTO3aMOIHUTEISIMHU. KonnuecTtso U pacmojoXeHue
MECTO3aMOJHUTENEH ONpeAeNseTcss TUIIOM OlepaTopa U B TOYHOCTH COOTBETCTBYET
UX OOIIEPUHATON MaTeMaTHIECKON 3aIHCH.



Pesynbrarom medcTBHUSI JOTHYECKUX, WM OYJEBBIX, OIMEPATOPOB SBISIOTCS
TOJNBKO uyMcaa 1 (ecid JOTrMYecKoe BBIPAXKEHHE, 3allMCAHHOE C HMX MOMOIIBIO,
UCTUHHO) Ui 0 (eciid TIOTUYECKOE BhIPaKEHHUE JI0KHO).

BrluucnutenbHble  omepaTtopbl  CIPYNIUPOBAHbBI  Ha
(Beruucienus):

nmaneau  Evaluation

— UYwucnennsii BeIBOA (Evaluate Numerically) =

— CumBosbHbIN (aHanuTH4eckuil) BeIBOA (Evaluate Symbolically) —
— IIpucBauBanue (Definition) :=

— I'mob6ansnoe mpucauBanue (Global Definition) =.

Onepatop Knasuma Hasnauenne oneparopa
X:=Y X:Y JlokanpHOE npucBanBanue X 3HadeHus Y
X=Y X~Y I'moGanpHOE MpucBanBaHue X 3HaYeHUS Y
X = X = BriBoj 3HaueHus X
X+Y X+Y Cnoxenue X c Y
X-Y X-Y Bprunranne u3 X 3Hauenus Y
X-Y X*Y YmHoxenue X Ha ¥

X X/Z Henenue X Ha Z

Y4
X+Y Ctrl +/ Jluneitnoe neneHue

nJ Ctrl + Shift + + |JIpoOb (cMeIIaHHBIH HOMED)

C

z" zNw Bo3BeneHnue z B cTeneHp w

Jz z\ Briuucnenue kBaJipaTHOTO KOPHS U3 Z

n! n! Brruncnenne dakropuaa

B, B[n BBoa HUKHETr0 MHIEKCA 1
Apm A[n,m BBo1 1BOIHOTO HU)KHETO MHIAEKCA
A ACtrl + 6 n BBon BepxHero nnjekca (1151 BEKTOPOB)

PankupoBaHHbIe (IMCKPETHbIE) IepeMEHHbIe

PamwxupoBaHHas nepeMeHHasi — IepeMeHHasi, KotTopasi IPUHUMAET Psijl 3HAUCHUM
U KaXI0M €€ UCIIOJIb30BaHUU.

Jnst ompeneneHus paHXUPOBAHHOM IMEPEMEHHON O0OIero BUAa HUCIOJIb3YETCs
BBIPAXKEHUE:

MMsi_nepemeHHON := HaYanbHOe 3HayeHue, HavyanbHoe 3HayeHue + war ..
KOHEeYHOe 3HayeHue.

Ecnmu mar paBeH 1, Torga paHXHpPOBAaHHYIO MEPEMEHHYIO MOXKHO 3a/J1aBaTh
CIEAYIOIIUM 00pa3oMm:

NIMma_nepemMeHHON ;= Ha4yanbHOE 3Ha4eHMUeE.. KOHEYHOE 3HaveHue.



JIro6oe BeIpaKeHWE C PaHKUPOBAHHBIMU MEPEMEHHBIMHU TOCJIE 3HAKA PABEHCTBA
(=) co3nmaet Tabauily BIBOJA.
Omnpenenenue GpyHKUuin

@yHKIMS — BBIPAXKEHHUE, COIJACHO KOTOPOMY MIPOBOJASTCA HEKOTOpbIC
BBIYMCJIEHUS C €r0 apTyMEHTAMU U ONPENEISAETCS €r0 YUCIOBOE 3HAUCHHE.

Oynkunu B makere MathCAD MoryT ObITh BCTPOEHHBIE M OIpEAeSICHHbIC
II0JIb30BATENIEM.

B MathCAD wumeercs MHOXECTBO BCTpOEHHBIX (yHkuumid. g ux BBoaa
UCIIONB3YyeTCsl KOMaHaa MeHI0 BcraBka — @yHKIMSA WM KHOIIKA HA NAHEIU

UHCTPYMEHTOB 7 B aumanorosom OkHe HY)KHO BbIOpaTh Kateroputo wu

COOTBETCTBYIOIIYIO (DYHKIIHIO.

lNMomecTHTh hyHKLHI E|

KaTeropus Hraa

Maatiop KpHeoil u Craakueats
Mouck lgolve
MNpeoSpazogaHue FPypee b amimize

PacnpeneneHe BepoarHocTi tiner
tinimize

PeweHue JuddepeHuMancHe palyraots
CyyaiHee Hucna root
CopTHpoek. 7

T et et e =

Find[warl, war2, ...)

BozepawasT sHaueHuA varl, varZ, ... KOTOPEIE PELUAKT CHOTERY
ypaeHeHME B Bnoke Solve. Bosepallaet cranap, ecid ecTe TONEED
OOHH SPTYMEHT, HHAYE EEKTOR OTEETOE.

@ I ak. ] [ BrTaeuTs ] [ OTtieHa ]

Dynxyusi nonvzosamens BHaYaje MOJDKHA OBITh OINpENEICHa, a 3aTeM K Hei
MOXKET OBITh TpoHu3BeleHO oOpamieHne. DyHKIHS TOJBE30BaTEIS OINPEICIACTCS
CJIEIYIONTUM 00pa3oM:

Nmsa_dyHkumn(lNepemenHasn1, NepemeHHasn?, ...) := BoipaxeHue

3anmaercs uMs PyHKIMH, B CKOOKaX yKa3bIBa€TCsl CIIUCOK apryMEHTOB (PYHKIIUH -
ATO MEPEYEHDb MCIIOIb3YEMBIX B BBIPAKCHUU NEPEMEHHBIX, Pa3JEIsI€MbIX 3aIATHIMU.
3aTeM 3aluChIBacTCA 3HAK IIPUCBAaWBAaHMS, CIpaBa OT KOTOPOIO 3alMCBIBACTCS
BeIpaXkeHHe. BripakeHue - 310 1000€ apupMeTHUEecKOe BBIpaXKEHUE, COZIEpIKalllee
JOCTYMHbIE CHUCTEME OIeparopbl W (YHKUMH C ONepaHAaMH M apryMEHTaMmu,
YKAa3aHHBIMM B CITUCKE apTyMEHTOB.

[Tpumeps! 3anannsa QyHKIUN OJHOM U ABYX MEPEMEHHBIX:

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

mult(x, y) := x*y



Ob6pamenue Kk GyHKIIUA OCYIIECTBIISECTCS 10 €€ UMEHHU C MOJACTAHOBKOM Ha MECTO
apTryMEHTOB KOHCTaHT, IEPEMEHHBIX, OMPEEICHHbIX 10 oOpaiieHus K QpyHKIuUU, U
BbIpakeHu. Hammpumep:

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

[7" Mathcad - [Bea nazsanua:2]

:_E darn  PegakTvpogate  OTobpawedwe Bcraska @opMaT  MHCTPYMEHTEL CHMBONEL OkHO  CNpaska
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A
DnpenensHue NepemeHHEeLx
a=73 nNokankHoe onpefefeHue NepeMeHHORA
b=3 rnobaneHoe onpedeneHue NepeMeHHof
a+h=8 EEIMHCNEHHE
ECTPOEHHAA NEpEMEHHEA
7= 31416 B P
DnpeneneHie QUCKDETHEIX NENeMEeHHEIN
w=1.3 NENEMEHHAA X MPHHUMEET  y:=2,25. 4  [lepeMedHas y npuHuMasT e
_ Habop zHa4eHWA oT 1 no 5 _ Habop zHaveHWi oT 2 Ao d ¢
s (Wwar paged 1) _ warom 0.5
1 2 Ona eeoga vy 225 4
2 2.5 Ona oTobpaskeHuA SHaYEHKMA
2 3 nepemMeHHOA Hy:®kHo Habpate y=
4 2.9
L 2] 4
Dnpenenedue dyHKUWA
cos(h) = -099 Mcnonkz0eaHe BCTROEHHEN ByHELMA
2 2
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dopMaTUpPOBaAHUE Pe3yabTATOB

Croco6, koropeim MathCAD BbIBOAMT 4mcia, Ha3biBaeTcs (QopmMaToM
pesynpraTa. @opMaT pesysibTraTa MOXKET OBbITh YCTAaHOBJIEH ISl BCETO JOKYMEHTa
(rmoGanbHBIN popMaT) WK IS OTACIBHOTO pe3ysbTaTa (JJOKalIbHbIN popMar).

.- So—— x| I'moOanbHbIl  Qopmar  ycTaHaBIMBAECTCS
YCTaHOERH 3 KpaHa Brieog Mogyned Honyck KOMaHHOH MCHIO ®OpMaT_)P63yHBTaT' B

P oprdaT HorEpa

Popraar

AUAJIOTOBOM  OKHE, TIIOABJIAIOIICMCA  ITOCJIIC
YHucno gecATHYHEIR MecT |3 BBI60pa 3TOI>1 KOMaHHBI’ YCTaHaBJII/IBaeTC}I
ECATHYHOE YN0
?a'ﬁ'”HD [ oxasare kore-roie v BBIBOANMas TOYHOCTH qucilia, Aralta3oH
ﬂi"j_lH:Ka [ NokasaTe 3aKCNOHEHTE B
TR G ITOKa3aTcad CTCIICHU (CCHI/I BBIBO/] YU CCJI HYKCH
B ¢dopMe C TIIaBalOMICH 3amsAToi) U TOYHOCTH

4

MNokazarensHel nopor |3

L3

Ok l[ OTrdeHa H Crpaeka ]

10



nyns. [locne BHeceHus TpeOyemMbIX H3MEHEHUI HY)XKHO HakaTb KHONKY OK.

Jlna ycraHoBku (opMara OTAEIBHOTO 4YHCIAa HYXKHO: HICIKHYTh MBIIIBIO Ha
BBIPXKEHUH, PE3yJIbTaT KOTOPOTO HYKHO mepedopMaTUpOBaTh; BBI3BATH KOMAHIY
(opMaTupOBaHUs U NPOAEIATh BBILICONUCAHHBIE JEHCTBUS.

IMocTpoenue rpagpuxkos

Jlnst mocTpoenus rpaduka UCrosb3yeTcs Komanaa MmeHio Berapka— 1 paduku.
Jlist co3manmst 1ekapToBOro rpaduka:

1. YcTaHOBUTH BU3HP B IYCTOM MecTe pabo4yero JOKyMEHTa;

2. BeiOpats xomanay BcraBka = I'paduxk = X-Y rpadux, wnm HaxaTb

KoMOuHaruoo kinaBum Shift + (@, WM METKHYTh KHOMKY @ nanenu ['paduxku.
[TostBUTCS 11a0JI0H 1eKapTOBOTO rpaduKa;

3. Bseaure B cpeaHeil METKE MO OChI0 X NEPBYIO HE3aBUCUMYIO IEPEMEHHYIO,
4yepes 3aITyro — BTOpyo U Tak 10 10, Hanpumep: x1, x2, ...;

4. Bpeagute B cpegHENd MeETKE cjeBa OT BEPTUKAIbHOM ocu Y TMEpBYIO
HE3aBUCUMYIO TIEPEMEHHYI0, Yepe3 3aliaTyl0 — BTOpPYIO U T. 1., Hampumep: yl(x1),
y2(x2), ..., WIK COOTBETCTBYIOIINE BhIPAKECHNUS;

5. Ulenkuute 3a npeaenamu obnactu rpaduka, 4T0ObI HAYATh €r0 MOCTPOEHUE.

MOXHO TIOCTPOUTH HECKOJBKO 3aBUCUMOCTEH Ha ogHOM rpaduke. s 3Toro
HY’)KHO BBECTHM COOTBETCTBYIOLIME (PYHKIMU Y BEPTHKAIBLHOM OCH (OCH OpJUHAT).
UtoOsl pa3nenuTh onucaHus GyHKIUNA, BBOJUTh UX HYKHO Y€pe3 3aIsTYIO.

[Tpumep. ®parment padouero nokymenta MathCAD

1"



3apgagum  dyHKUMo nonb3osaTens f

f(x) = x + sin(x)

)
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f(x) ! '
H -
x-sin(x) ~1P
_____ ;
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MNMpakTnyeckasn paborta 1.1

3amanue Ne 1

Brruuciants 3HaueHue apupMETHIECKOTO BIPAKCHUS

Bapuant Bripaxxenune Bapuant Bripaxxenue
1 ll+l 2 11+21
4 9 7 5
X 34 ) 5.4
4 5 7 21
5 1—3 6 é-2.4
3 12 6
7 425 3 L
5 11 3
9 Lol 10 2.0
5 9 3 17
11 811 12 1+4l
2 14 5 2
13 i—ﬂ 14 é-1.8
35 9
15 g-1.8 16 2.8
9 39
3aganmne Ne 2
Boruucnauts 3HaueHue apu@METHIECKOTO BhIPAKEHUS:
Bap Bripaxenue Bap Bripaxenue
WaH WaH
T T
1 3 5
(13'7“96)'1'2 (6'8_35)56 1 (1+0.1+1j+(1+o.1—1j-2.52
1 ( 3 + 1 —276 5 6 15 6 15
10.3—8)- (3—3)56 ( 1 1) ( 1) 7
0.5——+025—— |+ 025—— |- —
2) 9 300 3+ 5 6) 13
1 1 S) 5.1
3-425 4.6-2- 0.05 0.4+8- 5—0.8-§ —5725
3 352 57| | 4 190
25-1 4612! L0125 (17-8—(8.9—2.6+2D-342
3 3 7 8 3 5

13




3 . 3 .1
(5+o.425-o.005j70.1 62 +5— 3 004195540 35442422
5 — + 2-005 3 2, 15
1,1 L33 62
30545433 26+3 22 _0.16 0.5-(11+4.1j
75 20
1 (17 i
1=+ - 4+0.6-0005||-1.7 2 2
(5 (40 D 47T (4.5-1—6.75} 14 .022403-096
+ +025 3 3 11
7 5 1 23 5 8 +
s 3713, 3345 (31-03 e lj 22 (02—3}16
63 30 7 3 38)773 “T40)
3) 3 (0216
1.88+2 > |- = +0.56 |+ 0.5
( 25) o, (0'15 j 0.128=3.2+0.86 (lg_ij 36
=32+
13 26 : 2+0.86
P 062513220 [77.04312 )45 10 5 2
1879 415 S12408 0505 2-0.002
0.125+025+1 +2.5 " (3.4-1275)-1° s
| Go3523] 01466 16+(5+1.9j-0.5 12 05| 24—
TeeT L) RatT L 5-[17+62j 575+~
18 85 17 2
15 4) .2 375410 4 15+ 3 PRI
0.3275- (2+ j 122 |+0.07 ) 2 7 29) 147
13 88 33 9 14
(13-0.416)+6.05+1.92 24304 (31—13}—( —jg
TOAD)FOATL 574 18 36) 65
4625-3.9 1.9 19 5:125:675]+1°] 7 11 .1 31,97
18 26) 4 64 I, LS, T I A L | R
s |7 m_— 6 12 718 24/ 3152 5%6) 113
( —0.375) 0125{—) +(0358-14796:1 19 ( 13 .13 5) 2 14
2 6 12 S5— 2+ |+l ———
84 742 28 24) 27 39

3aganue Ne 3

BrraucianTs 3HaueHHe apudMETUYECKOTO BhIpaKeHUs. Pe3ynbTaT BhIBEIUTE C 6
3HAKaMU ITOCJIE 3aIIATOM.

Bapuant | 3naueHus Beipaxenue
MIEPEMEHHBIX
x =3.981 \/c+x2-(coss(x)—c)+§/sinx+lny
1 y=1.625 h=
c=0.512 ¢ty

14



x=-6.251
a=0.827
z=25.001

X

x4z ) : o
b=—""""tigx? —fsinx —a+

cos’x +1 3y 2

x=3.251
y=3.325
z=0.466

h = Sinz+cos2x +M

2x° + tgx

x=0.622
y=3.325
z=135.541

_(cosx—siny)’

J1g(2)

+In*(x-y-z)

x=17.421
b=10.365
z=10.828

L+sin’ x ,  Im*x+b
= tcos x+ 4
z x

k

x=2.444
3 =0.869
z=-0.166

2 1 | l+sin'x

' _€a+3‘_ a’

g:

x=0.335
y=0.025
z=132.005

3x )
z  —SIn
(=y 4 e - )

y+z/(e")

x=3.258
r=4.005
z=-0.666

o 3
e -2 . r-+1
pP= + Sll’lzx5 _

z+3 cos(r—2)+1

x=0.100
y=-8.750
z=0.765

3
y=[(1+y)-m_y;x)

10

x=1.542
a=3.261
z=8.005

x2 1 . 5
e

11

k=1.426
a=-1.220
p=3.500

kS

a—p k-1

12

x=-4.500
y=0.750
z=0.845

= —3-tgy-ln(x4+z)‘
B e +1 ‘

13

a=23.741
x=0.825
z=15.160

3 .
a sinz—1g2x
a - xg

Vztg
5+a3 e

14

x = 0.400
a=2.875
f=-0.475

1 +cos® x+e' ! - 5
* cos” a

_Sin2x+1

d

15



t=0.750 ma+t t
e (am)—e
a=0.845 /= + SR
15 m=2.5 s ML na? V2+a —‘m —lnt‘
t
x=-15.24 x
16 a=75.642 u=(1+x) x+ i - 3
b=20.001 2x°+5 b-cosx
3aganune Ne 4

OnpenenuTs paH)KUPOBAHHBIC TIEPEMEHHBIE X, Y, U Z, TTOKa3aTh X 3HAYCHUS B
TaOJIMIIaX BBIBOJA.

Onpenenuts MO 33aJaHHOMY BBIPAKECHUIO (DYHKIIMIO IOJIH30BaTENs, BHIYMCIIHTH
3HAYCHUS (PYHKITUU IS IEPEMEHHBIX X, Y, M Z U TTOKa3aTh UX B TaOJIHIIE BHIBOIA.

BapI/IaHT PaH)KI/IPOBaHHa}I nepeMeHHas BBIpa)KCHI/Ie

x=3,39.5

1 y=15,4.6.1 2% —9x% +1
z=15..10
x=4409..6

2 y=3,14.-2 5y —x% +3
z=6..11
x=5,59.7

3 y=-7,-8.6..-13 2 —10x+2
z="17.12
Xx=6,609.8

4 y=28,74.4 x? —4sin(x)
z=-8.-4
x=7,79.9

5 y=87.3.5 cos2x —0.4x> +1
z=09..15
x =38, 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 ln(j—4
z=06..10 X
x=5,56.8

8 y=4,23.0 2-x—sinx
z=28..13
x=3,35.8 1

9 y=9,75..-4 — =3
z=-9.4 X

16



x=2,25.7

10 y=8,6.5.1 cos(— x} : sin(xj
2=6.12 100 10
x =28, 8.3..10 5

11 y=10,7.5..3 sin( j—4
z=1.5 X+ 25
x=17,7.5.9.5

12 y=9,8.8..6 2 =3x+10
z=22.27
x=28,8.9..10

13 y=2,1.8..-0.2 P12
z=-1.5
x=2,2.5.6

14 y=10,6.8..1 x> —2cos(x)
z=-3..5
x=8,8.5..10

15 y=6,43.1 (x—0.5) +1.5x
z=10.25
x=1,1.5..5

16 y=8,6.8.1 x* —2sin(x)
z=-2.4

3aganune Ne 5

Onpenenuts yHkuuio f(X), BEIUUCIUTE €€ 3HAYeHHue NpHu X = 2,9 U MOCTPOUTH
Tabnuiy 3HadeHnit PyHkimu 1 X [2; 12] ¢ marom 1. [Toctpouts rpaduk hyHKIMH.

Bap Bap
haH OyHKIUA HaH OyHKUUA
T T
8(x—-1)
1 2 2(x+2)
(x12) (2x+4)e
5 3
3 - 4 2-*
x“+3 x“+3
3
5 X 273X + 54 6 _ (x n 4)e_x_3
X
5 2
7 - 8 (2 ¥ lj
x“+2 X

17




2 2
5 x+2 10 2)2 +1
x—1 x°+3
11 (x+1)e**? 12 (2x —1)e*
2 2
13 x6x:—9 14 Sx
(x-1) x*+3
3x-2
-x-3 A
15 (x+4)e 16 (x+1)

3aganue Ne 6

Ha ognom rpaduke noctpoiite rpaduku GyHKITUNI:
1. sinx

2. sin 2x

3. 2sinx

4. sin x>

KoHTponbHble BONpOCHI

1. HazoBuTe OCHOBHBIE 3JIeMeHTHI HHTepderica mporpammbel MathCAD.
2. C 1OMOIIBIO0 KAaKOT'O OIIEPATOPA MOKHO BBIUUCIUTh BBIpAKEHHE?

3. HazoBuTe npaBuia 3anucu UMEH IEPEMEHHBIX.

4. Kak BCTaBUTH TEKCTOBYIO 001acTh B TIokyMeHT MathCAD?

5.Yem otTimuaeTcs TIIOOAIBLHOE M JIOKAJIHHOE OIIPCACIICHUC HepeMCHHBIX? C
IMOMOIIBIO KAKUX OIICPATOPOB OHpC,IICJI}IIOTCH?

6. Kak usmenuts opmat pesynbrarta Ajs BCero J0KyMeHTa?
7. Kak u3meHuTs popmat pesynpraTta A OTACIBHOTO BhIPAKCHUS?

8. Kakue cucremuble (mpemomnpeneiicHHbIe) nepeMeHHble Bam u3BecTHbI? Kak
y3HaTh UX 3HaueHue? Kak u3MeHUTh ux 3HaueHue?

9. Kakue Bunbl pynknuii B MathCAD Bam n3BectHbI?
10. Kak BcTaBUTh BCTPOCHHYIO (QYHKIHIO B JoKyMeHT MathCAD?
11. Kak co3naTh GyHKIIHIO MOIB30BATENS?

12. Kak onpeaenuTs AUCKPETHBIE IEPEMEHHBIE C TTPOM3BOJIBHBIM aroM? Kakoii
IIar o yMOJYaHUIO?

13. Kak BbIBECTH 3HAUYEHHUS TUCKPETHON IEPEMEHHON?

14. Kaxk moctpouts rpaduk?

18



MNpakTu4yeckasn pa6ora 1.2. NIOCTPOEHUE NTPA®UKOB

O6wue cBegeHun

B MathCAD BcTpoeHO HECKOJIBKO Pa3iINyHbIX TUIIOB IPa@uKOB, KOTOPHIE MOKHO
pa30uTh Ha ABE OOJBIINE TPYIIIIHI.

eymepuvie epaghuxu:

e X-Y (mexaproBbiit) rpadguk (X-Y Plot);

e noysipHbii rpaduk (Polar Plot).

Tpexmepuvie epagpuxu:

e rpaduk TpexmepHoi moBepxHocTH (Surface Plot);

e rpaduk munuit yposHs (Contour Plot);

e TpexmepHas rucrorpamma (3D Bar Plot);

e TpexMmepHoe MHOXKecTBO Touek (3D Scatter Plot);

e BekropHoe noje (Vector Field Plot).

Jlenenue rpadMKoOB Ha THUIBI HECKOJBKO YCIOBHO, T. K., YIIPABISs YCTaHOBKaMHU
MHOTOYHCIICHHBIX MapaMeTPOB, MOXKHO CO37aBaTh KOMOMHAIIMKM TUIIOB IpauUKOB, a
TaK)kKe HOBBIC TUIIBI (HApUMEpP, IByMEpHasi TUCTOTpaMMa pacipe/iesICHUs SBIISIeTCs
Pa3HOBUIHOCTHIO MpocToro X-Y rpaduka).

Jliisa mocTpoeHus rpaduKoOB HCIONB3YIOTCS mabaoHbl. VX mepedeHb CoaepKUTCs
B KomaHne MeHio BcraBka—I'paduku. BonblimHCTBO mapameTpoB Tpaduyueckoro
npoleccopa, HeoOOXOIUMBIX JUIsl MOCTPOEHUS TpadUKOB, MO YMOJIYAHUIO 3aJlaeTcs
aBromatudecku. [loaTomMy I HayaldbHOrO TOCTPOEHUS TOTO WM WHOTO BHJA
J0CTAaTOYHO 3aAaTh Tl rpadguka. B mogmento Graph conmepkurcs CIHUCOK U3 CEMH
OCHOBHBIX THIIOB Irpa()UKOB.

X-Y Plot I'paduk B nekapToBOM cCHCTEME KOOPIMHAT

Polar Plot I'paduk B MOJSIPHBIX KOOpAMHATAX

Surfase Plot TpexmepHblii rpadux

Contour Plot KonTypHblii rpaduk TpeXxMepHOH MOBEPXHOCTHU

3D Scatter Plot I'papuk B Buge Touek (¢duryp) B TpPEeXMEPHOM
POCTPAHCTBE

3D Bar Chart I'paduk 1 u3zo0pakeHUssT B BUJE COBOKYITHOCTH
CTOJIOMKOB B TPEXMEPHOM MPOCTPAHCTBE (THCTOrpaMma)

Vector Field Plot I'paduk BEKTOPHOTO MOJIS HA IIIOCKOCTU

MathCAD  mnpencraBiseT — MONB30BAaTEN0  pa3HOOOpasHbIE  CpeIcTBa
dbopmatupoBanus Tpaduka - M3MEHEHHE TOJIIMHBI W I[BETA JIMHWK, BHAA OCEU
KOOpAWHAT, KOOPAMHATHBIC CETKH, TEKCTOBbIE KOMMEHTapuu U Ap. st Toro 4ToOBI
W3MEHUTh BUJ W300pKCHHs, HYXHO WICTKHYTh JBAXKIbI MO MO0 Tpaduka u
YCTaHOBUTH TpeOyeMbI€ MapaMeTPhl B OKHAX HACTPOUKH.
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I'paduku mroboro Buaa, Kak JTOObIE OOBEKTHI JTOKYMEHTA, MOYXHO BBIJCISITH,
3aHOCUTH B Oydep oOMeHa, BBI3BIBATH MX OTTyla M MEPEHOCUTH B J1I000E HOBOE
MECTO JOKyMeHTa. X MOXHO M MPOCTO MEPETACKUBATh C MECTA Ha MECTO KypCOPOM
MBIIIY, a TAaKKE pacTIATUBATh [0 TOPU3OHTAIM, [0 BEPTUKAIM W IO JUArOHAIH,
LETUISASACH 3a CIIeHUaIbHbIE MapKEPhl BBIIECIECHHBIX I'pa)uKOB KYpCOPOM MBIIIH.

Tlopsidox Oeticmeuti npu nocmpoenuu Bcex rpadukxoB omuaakoB. [locme BeIOOpa
mabjoHa mocTpoeHus rpaduka B pabodyeM JOKYMEHTE OTKPBIBAE€TCSA TIOJe
IOCTPOEHHUsI IpauKka C MOMEUYEHHBIMU JUIsI BBOJA IMO3ULUSMHU, KOTOpBIE HYXHO
3aIlOJIHUTH JJIs ONpeiesieHus rpaduka.

Korna rpaguk ompeneneH (3amojiHEHbl BCE NMOMEUEHHBIE MMO3ULUHU), TO JUIS
MOCTPOCHUS TpauKa MPH aBTOMATHYECKOM PEXKHME BBIYUCIEHUN JOCTATOYHO
HIEJIKHYTh MBIIIBIO BHE TIOJIS Tpaduka.

3anonHeHye maloHa A Pa3sHbIX TUIIOB Ipa)uKOB UMEET CBOU OCOOEHHOCTH.

MOKHO Ha4YepTUTh HECKOILKO KPUBBIX HA OOHOM W TOM ke ueprexe. YToObl
MpeICTaBUTh IpauuecKkd HECKOJbKO BBIPAXEHHUHM MO OCH OpJUHAT OTHOCHTEIHHO
OJTHOTO BBIP@XKEHHUA MO OCU abCLHUCC, BBEAUTE MEPBOE BBHIPAKEHUE 110 OCH OpJUHAT,
CONPOBOKIaeMoe 3ansaTou. HemocpeacTBeHHO 1Mo MEepBBIM BBIPAXKEHUEM NOSIBUTCS
nycroe noJyie. Beeaure Tyaa BTopoe BBIpaKEHUE, COMPOBOKIAAEMOE JIPYION 3alsATOM,
YTOOBI OJYYUTh IIyCTOE IOJIE, U T. 1.

Y1oObl MOCTPOUTH HECKOJBKO HE3aBUCHUMBIX KpPHUBBIX Ha OJHOM YEpTEKe,
BBEJIMTE JIBa WA 00Jiee BBIPAKEHUS, OTAEIAEMBIX 3aIATBIMU IO OCH adcUuce, U TO
e camoe BbIpakeHue 1o ocu opauHat. MathCAD cornacyeT BbIpakeHUs MOMAPHO -
IIEPBOE BBIPAXKEHHE 110 OCU aOCLUCC C MEPBBIM BBIPAXKEHUEM IO OCH OPJIMHAT, BTOPOE
CO BTOPBIM U T. /1. 3aT€M pHUCYETCs rpapuK KaXKa0u mapsbl.

MosxHo nocTpouTh A0 16 QyHKUIMN MO OCH OpJUHAT B 3aBUCUMOCTH OT OJIHOTO
apryMmenTa mo ocu abcuucc. OgHaKo eciu A KaKJ0W KPUBOM UCHOIb3yeTCsl CBOU
apryMeHT, TO MOKHO 0TOOpa3uTh TOJIbKO 10 10 rpaduxos.

TouyHO Tak k€ MOXHO IMOCTPOUTh HECKOJIBKO Tpa)MKOB HAa OJHOM U TOM XK€
YyepTeke B MOJSIPHBIX KOOPAMWHATAX, MCIOJB3YA 3Ty K€ TEXHOJOTHIO 3arOJHEHHS
mabiona rpaduka.

dopMmaTupoBaHue rpaguKoB

UToObl UIBMEHUTH popmam epaghuka, HEOOXOAUMO JBAXK/IBI IIECJIKHYTh MBIIIBIO B
obsactu rpaduxa.

Ecimu crtpouM rpaduk B [eKapTOBOW CHCTEME KOOpPIAMHAT, TO MOSIBUTCS
ClIeyIollee UajioroBoe OKHO s QopmaTHpoBaHUs Tpaduka (pa3Hble THUIIBI
rpa@uKoOB MMEIOT PAa3HBIM BHUJ JAHAIOTOBBIX OKOH, HO QHAJIOTMYHYIO TEXHOJOTHUIO
dhopmaTupoBaHus).

dopMmatupoBaHue ocu rpaduka MOKHO TaKKe MPOU3BECTH, BBHINOIHUB Ha HEH
JIBOMHOU IIEITYOK.
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MopmaTHporanmue Buibpansoro X-Y [ pathuua

QK X-Y | Tpacckposka || MeTkw | CTanaapT

[]Bkn, BTopMYAYD ¥ Ock

| MnaEHaA otk Y | BTopHyHan ock

k-

[ ] norapmdm, macwrat [ ] norapmdm. macwrat
[ miHemt cemien B [ Mirewt cemien 0
HyMepoEaHHEIE HyMepoBEaHHEIE
AETOMACWTA6 AETOMACWT A6

[ Bee. mapkepe [ 1Bee. mapkepe
ABETOCETES ABETOCETES

Kon-go ceTok: Kon-go ceTok:

_THNE OCH

(D orpan, ofn. [ PaEHEE MacwT
{E} MepeceyeHHe

E'::F HeTt

B MathCAD moxHO fenath cleayromre HamuCcu Ha YepTeKe:

® 3aroJIOBOK BBIIIE WM HIDKE Tpaduka;

e Ha3BaHWS OCEH, YTOOKI OIMCATh, YTO OTJIIOKEHO HA KaXKJOU OCH;

® MEHA KPUBBIX, WACHTU(PUIUPYIOIIUX OT/EIbHbIE rpaduKH;

® [IepEMEHHBIE - BBIPAXKEHHUS, ONPEACIIAIONINEe KOOPAUHATHI.

MO0>kXHO MCIOJIB30BATh ATH HAIMKUCH BCE BMECTE WM B JIIO0O0H KOMOMHAIUY.

st Toro 4ToOBI dobasums 3a201080Kk K TpaduKy B IHATOTOBOM OKHE IS
dbopmatupoBanus rpaduka, ciaeayeT IMIETKHYTh Mo 3akiaake Labels (Merku) u
HarmeyaTaTh 3arojioBok Tpadumka B mone Title (HasBanme). I[lomeruts mecTo
pa3MmelneHusi 3arojioBka: kHomka Above (Beepxy) wmm Below (BHu3y) wu
yI0CTOBEpUThCS, uTO (hiaxxok Show Title (BriBoguTh) oTMeUeH.

UtoObl HaANMCaTh OJHY WM 00€ OCcH Trpaduka, HEOOXOAUMO yKa3aTh Ha3BaHHE
ocelt B rmose MeTku ocen.

MoskHO nocTpouTh A0 16 paszubix rpadukon. KaxaoMy rpaduky cOOTBETCTBYET
CTpOKa B MPOKPYUYMBAIOIMIEMCSI CIUCKE, KOTOPBI OTKPOETCS, €CIM B JUATOTOBOM
okHe /Ui hopMaThpoBaHud rpaduka MEIKHYTh 1o Bkiaake Traces (TpaccupoBka).
Ha »T0if BKJIaIKe MOKHO U3MEHHUTH MMAPAMETPHI: THII, IBET, TOJIIUHY JTUHUU.

[lo mepe mnosiBnenus HoBbIX rpadukoB MathCAD cTaBUT B COOTBETCTBHE
KOKJIOMY OJHY U3 3THX CTPOK.
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ITocTpoenne rpadpuka pynkuun y = f( x)
ITpumep 1

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

f(x)

g(x)

ITocTpoenue KpUBOIL, 32JaHHON MApAMETPUYECKH
[TocTpoeHue KpUBOM, 3aJaHHON MapaMETPUUYECKH, OCYIIECTBISAETCS AHAIOTUYHO.
OTnuure COCTOMT B TOM, YTO B TO3UIMH apryMeHTa W (YHKIIMM BBOISATCA

BBIPpAXXCHUA UJIKM UMCHA COOTBCTCTBYIOIIHUX (bYHKHI/Iﬁ

[Tpumep 2
2 2
t t-\1 -t
X(t) = y(t) == u
1+t 1+ {2 t:=0,0.1..10
5
0
0]
-5

~10
0.2 0.4 0.6 0.8

x(t)
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I'pagyku B MOJIAPHON cCTEMe KOOPAUHAT

B monspHo#t cucTteMe KOOpAMHAT KaXKJaas TOYKa 3a7aeTcs YIJIOM (@ U MOIYJIeM
panuyca-sektopa 1(¢). ['paduk GyHKIIMN OOBIYHO CTPOUTCS B BUJE JIMHUHU, KOTOPYIO
ONMUCHIBAET KOHEIl paJuyca-BEKTOpa MNpU HM3MEHEHUU YIrjia (@ B OINPEIEIICHHBIX
npeaenax, ydame Bcero ot 0 go 2m. Onuus [lonspubie koopaunathl (Polar Plot)
BBIBOJUT IIA0JIOH TakuX rpadukoB B (pOpMe OKPYKHOCTHU € IIA0JTOHAMU JaHHBIX.

[lepen mocTpoeHneM Takux rpadvMKOB HAIO 3a/1aTh 3HAUYCHUS MEPEMEHHOU (0 H
by ().

[Ipumep 3
a:= 10 = 4

T
¢:=-m,-n+ —

20" " (0) = a-cos (m-¢)

r(¢) 180

210

270

I'padyku noBepxHocTen

Tpexwmepnsbie, i 3D-rpaduku, oToOpakaroT GYyHKIIUU IBYX MEPEMEHHBIX BUIA
Z(X,Y).

[Ipu moctpoennn TpexMmepHbIX TrpadukoB B panHux Bepcusix MathCAD
MOBEPXHOCTh HY>KHO OBLIO OMpPENEIUTh MAaTEMAaTHIECKH.

Tenepp npumenstotr pynkuuo MathCAD CreateMesh.

Oynkuus CreateMesh(F (unmu G, wm 1, £2, £3), x0, x1, y0, y1, xgrid, ygrid,
fmap) - cozmaer ceTKy Ha MOBEPXHOCTH, ONpenesieHHoi ¢pynkiuei F.

x0, x1, y0, yl — nuanazon usmeHeHus nepeMmeHHbIx; xgrid, ygrid — pa3mepsl
CETKH MepeMEeHHbIX; fmap — QyHKIIHUS 0TOOpaKeHUSI.
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Oynkuus CreateMesh 1o yMomuyaHHIO CO3[a€T CETKY Ha MOBEPXHOCTU C
JMana30HOM U3MEHEHUS MEPEMEHHBIX OT —5 10 5 U ¢ ceTkou 20x20 Toyek.
[Tpumep 4. (IToctpoenue rpadKOB MOBEPXHOCTH JBYMS CIIOCOOAMM )

1 cnocob
f(x,y) := sin (x2 + yz) 2 cnocob
i:=0..20 j:=10..20
=-15+10.15 ff '—'(2+ 2)
x=-1 1-0. Mx,y) =sin\x" +y
yj =-1.5+ j-0.15 MM := CreateMesh (f,—-1.5,1.5,-1.5,1.5,20,20)

MT MM

Hepenko mOBEpXHOCTH W MPOCTPAHCTBEHHBIE KPUBBIE MPEACTABISIOT B BUJE
TOYEK, KPY>KOUKOB WK MHBIX (uryp. Takoi rpadux cozmaercs onepaiueit BeraBka
— I'padpuk — 3D ToueuHslil, mpuyeM MOBEPXHOCTH 3a7a€TCS MapaMETPUUECKU — C
noMouisto Tpex Marpuil (X, Y, Z).

Jlnia ompezeneHuss UCXOAHBIX JAaHHBIX JUIsI TAKOTO BUAA IPpa)UKOB HCHOJIBb3YETCS
dbyukmusa CreateSpace.

Odynkums CreateSpace (F, t0, t1, tgrid, fmap) - Bo3BpalaeT BIOKEHHBIA MAacCCUB
TpeX BEKTOPOB, MPEICTABIAIOMIUX X, Y, U Z - KOOPAMWHATHI MPOCTPAHCTBEHHOM
KpuBOii, onpenenennoit pynkmueit F. t0 u t1 — auana3oH u3MeHeHUs MEPEMEHHOM,
tgrid — pa3mep ceTku nepemMeHHou, fmap — hyHKIUsS 0TOOpaKeHHUS.

Eme oaun BuA npeAcTaBiIeHUs MOBEPXHOCTH - gekmopHoe npedcmasieHue. OHO
3a/laeTcad IMOCTPOCHHUEM KOPOTKUX CTpeloyeKk - BeKTOpoB. CTpenku oOpalleHbl
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OCTpPHEM B CTOPOHY HAapacTaHHs BBICOTHI MOBEPXHOCTHU, & TIOTHOCTh PACIIOJIOKECHUS
CTPEJIOK 3aBUCUT OT CKOPOCTHU 3TOTO HapacTaHUs.
Jlnsa ero moctpoenus wucmnonb3yercss madion Vector Field Plot ( rpadux
BEKTOPHOI'O TIOJISl HA TUIOCKOCTH). B 111261100 HE00X01MMO BHECTH UMS MaTpHUIIBI M.
[Tpumep 5. I[locTpoenue Toueunoro rpaduka AByMsi criocodamMu

1 cnocob 2 cnoceb
cos (t)
t:=0..100 E(t) = sin(t)
t [t t t
Xt =COoS| — yt =Ssm| — Zt =
5 5 5 M := CreateSpace (F,0,20, 100)

204 204

(x.y,2) M

IHocTpoenue nepecekaromuxcst Gpuryp

OcoObIii MHTEpEC MPEACTaBISIET COOOW BO3MOXKHOCTH IMOCTPOCHHUS HA OJHOM
rpaduke psjaa pasHbIX (UTYp WU TOBEPXHOCTEM C aBTOMAaTHYECKUM YYETOM UX
B3aUMHOro nmnepecedyeHus. s 53Toro HaAO pa3lelibHO 3aAaTh  MaTPHULbI
COOTBETCTBYIOIIMX MOBEpPXHOCTE H Tocie BbIBoAa ImrabioHa 3D-rpaduka
MEPEUYHCINTh 3TU MAaTpPULBl O] HUM C HCIOJIb30BAHUEM B Kay€CTBE Pa3JEIUTEII
3aIATOM.
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x:=0.20

fl(x,y) = —sin (X2 + y2)

y :=0..20

2(x,y) = X2 + y2 -5

M1 , M2

3agaHusa K npakTuyeckomn pabore 1.2

3aganmne Ne 1

[TocTpoiite rpaduky GyHKIIHIA.

Bapuant OyHKIUS OJTHOU Kpusas, 3anannas OyHKIUA IBYX
P MIEPEMEHHOU mapaMeTPUIECKHA IIEPEMEHHBIX
3 2 1 X = 13 -3z Cx ¥y
1 y=—F+—F+— \ z =sin| — |cos| —
X x X y=t—6-arctg(t) y X
1
x =4cos’(t) z=
2 _ 3.2, 4/.3
y \/; \/x—+\/x— y::4Sln2(l) arctg(i}
exp(—3x) x =sh(t)-t
=In(3x)+———= =X y-—x1°
3 y n( x) \/; y:ch(t)—l Z=Xy—Xxy
x2 _\/; x=t B _i
4 Y= 1—x y =t+2arctg(t) z—exp( yJ
5 ~ x2 x=2- (3 cos(t)+ cos(3t)) z=425x- exp(— t)+ 6t
P+ y=2- (3 sin(t)+ sin(3t))
. x=1 +3t+1 x3+y3
6 = -4 =
y sm(x) cos(x) b=t 341 z e
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3¢

x:
1 3
7 y=x"-1g(x) ;l; Zzln(x+w/x2+y2)
Y=1_,
1+¢
x x =1-exp(t) (xj
= =In| tg| —
B 4 cos(x) y=t'exp(—t) i y
_cos(x)—sin(x) x=3t+1 (s
? cos(x)+sin(x) y=t +2t z—ln(x +y)
10 —(1+x2)arccos(x) x=t+expl-) _
Y= y:2t+exp(—2t) =X
-t
t+3
I y =\/x3arctg(x) 22 43 z = (1+1g(x))’
Py
—1 2
12 y = sin(x)- arcsin(x) * n(t+\/t_) s=XFY
y=tNt* +1 x=y
Cx-1 x = 6cos(t)-3cos(2¢) ~ .
13 r= lg(x) y=6sin(t)—3sm(2t) Z——ln(x Ty )
x=tt? +1 .
14 y = x-cos(x)-In(x) » (l+ /1+t2J z:iziiz
t
15 :1n(\/ex ‘Xi) xzzCOS(t) Z:)C2 4—x3 3+x4 2
Y P y:3sin(t) Y Y Y
_ 3 _
16| r=exple) ligl)-) el i) By L
y=51" -1 1+ /xy

3aganue Ne 2

OtoOpasuth rpaduyecKku IMepecedyecHue MOBEPXHOCTEH

S(x,y):=

(x+y)

10

2

nu

X— .
f2(x,y) ,-=5c0s( 3y j Martpuiipl 18 TOCTPOEHUsI TOBEPXHOCTEH 3a1aTh C

nomouisio pyakuuu CreateMesh.
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KoHTponbHble BONpoChI

Kaxk nmoctpouts rpaduk?

Kak moctpouTh HECKOIBKO TpauKOB B OJTHOM CHCTEME KOOPAUHAT?
Kak moctpouts nexkaptoBbliii rpadux?

Kak oropmatrupoBath moCTpOeHHBIHN rpapuk?

Kak noctpouts rpaguk KpuBoii, 3a1aHHON apaMeTpuIeCcKu?

Kak moctpouts rpaduk B mosipHON CUCTEME KOOPIUHAT?

Kak noctpouts rpaguk nosepxHoctu?

XN

Jlnis gero ucnonb3yrotes pyukuuu CreateMesh, CreateSpace?

MNMpakTu4yeckasn pabota 1.3. BEKTOPbI U MATPULIbI

O6wue cBegeHun

3agaun TuHEHHOU anreOpsl, pemaembie B MathCAD, MOXHO YCIOBHO pa3/ieiiuTh
Ha J1Ba Kjacca. [IepBbIii - 3TO IPOCTENIIIME MATPUYHBIE ONIEPALIUU, KOTOPBIE CBOASATCS
K ONpEIEICHHBIM apu(METUYECKUM JACUCTBUAM HaJ dJIeMEHTaMH MaTpuibl. OHH
peann3oBaHbl B BHJE ONEPATOPOB U HECKOJBbKUX cHenuduueckux QyHKIUH,
peIHa3HAYeHHBIX ISl CO3[IaHusl, 00bEIMHEHHS], COPTUPOBKHU, MOJTYyYEHHS OCHOBHBIX
CBOWCTB MaTpull U T. A. BTopol kiacc - 310 0oJiee CIOXKHBIE EUCTBUSA, KOTOPHIC
peaNu3yloT AJTOPUTMBI  BBIYMCIUTENIBHOM JIMHEWHOM aiureOpbl, Takhe Kak
BBIUMCJICHUE OIpEeAeTuTeNed U oOpalleHHe MaTpHull, BBIUKCICHHE COOCTBEHHBIX
BEKTOPOB M COOCTBEHHBIX 3HAYEHUH, PEUICHUE CHCTEM JMHEHHBIX ainre0pandyecKux
YPAaBHEHHU U pa3IU4YHbIE MATPUYHBIC PA3JIOKEHUS.

[Ipocreiimue onepanuy MaTpudHON anreOpsl peanu3oBanbl B MathCAD B Buze
ONEepaTopoOB, NPUYEM HX 3aIUCh MAKCUMAJIbHO NPHOJIMKEHA K MaTeMaTHYECKOMY
3HaueHU0. Kaxnaplii omneparop BBIPAXKAETCS COOTBETCTBYIOLIIMM  CHMBOJIOM.
HexoTopbie omepannu NpPUMEHMMBI TOJBKO K KBaapaTHbIM marpuuaM N X N,
HEKOTOpPbIE  JIONYCKAIOTCSI TOJBKO JUII  BEKTOPOB  (HAampuMeEp, CKAIAPHOE
IIPOU3BEJECHUE), a JApyTrHe, HECMOTPS Ha OJMHAKOBOE HAIUCaHUE, IO0-Pa3HOMY
JNENUCTBYIOT HA BEKTOPBI U MATPHIIBI.

Co3nanue MaTpun

Nmeercs aBa criocoda co31aTh MATPHILY.

1-1i cnoco6. Vicnonb30BaHNEe KOMaHAbl CO3/JaHUSI MACCHUBOB:
e Bocnonb3oBaTbes koMaHaoM BeraBka — Marpuna;
e Haxartue knapuin Ctrl+M;
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e BHIOOpP MNHUKTOTPAMMBI C H300paK€HHEM Ia0JOHAa MAaTPHIBI Ha MaHENU
UHCTPYMEHTOB MaTpHIIbI.

B nnanoroBoM okHe yKa3aTh pa3MEpHOCTb MAaTpPHIIbL, T. €. KOJMYECTBO €€ CTPOK
m (Rows) u cton6moB n (Columns).

JUis BEKTOPOB OAMH W3 3TUX IapaMETPOB JOJKEH ObITh paBeH 1. Ilpm m = 1
[OJyYUM BEKTOP-CTOJIOEL, a IPU h = 1- BEKTOP-CTPOKY.

i

Jlanee Ha SKpaHe TMOSBUTCS INAGNOH * * * */ B KOTOpHIi HY)XHO BBECTH
3HAYEHHUS DJIEMEHTOB MacCCHUBA.

OOpammarbes K OTEIbHBIM 3JIEMEHTAM BEKTOpA MIJIM MAaTPUIbl MOXKHO HUCIIOJIb3YS
HIDKHUNA MHJEKCe. [[st anmeMeHTa MaTpullbl YKa3blBalOTCS JBa MHAEKCA, OJUH - AJIs
HOMEpA CTPOKH, APYTOH - 11 HOMEPA CTOJIONA.

YrtoObl BBECTH HIDKHUN MHACKC, HY’>KHO HaXKaTh KJIABUITY [ TIOCTIEe IMEHH BEKTOpa

=

]

HJIX MaTPHUILbI UJIN BI)I6paTB KOMaHIy Ha I1aHCJIN ManI/IHBI.

2-1i cnoco6. Vlcionb30BaHUE PaHKUPOBAHHOW MTEPEMEHHOI.

PamxupoBanHas nepeMeHHast HCIOJb3YyeTCs ISl ONpeieJICHUsI MHeKca (HoMepa)
AJIEMEHTA MACCUBA.

Hanpuwmep:

1) Co3nats maTpuiry B, cocTosiyto u3 2 CTpok u 3 CTOJOIIOB.

ORIGIN := 1 3ajaavm  HavanbHbIM MHAEKC MaccuBa paBHbIM 1
MV

i=1.2 KonuuectBo cTpokK

ji=1.3 KonuuyectBo crton6uos

~ 3neMmeHTbl MaTpULbl PACCUUTLIBAIOTCS
B =i+ no 3afaHHoit hopmyne

2 3 4
B:
345

2) Coznatb BEKTOp S, COCTOSIIUMN U3 3 3JIEMEHTOB

ORIGIN := 1 3agagum HavanbHbI MHOEKC MacCcuBa paBHbIM 1
MV

i=1.3 KonnyecTtBo anemMeHTOB BEKTOpa

M

1
S=|4
9
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Komanabl manem uHCTpyMeHTOB MaTpuusl

Knonk Haznauenue
[?1 q Coznanue MaTpUIlbI
v OOparHas MaTpuLa
| OnpenenuTensb MaTPUIIbI
MT TpaHncioHUpOBaHUE MATPHUIIbI
p Brinenenue cTonb1iia MaTpHIls]

OmnepaTtopsl 115 padoThI ¢ MACCUBAMU

O0603HaueHUs: 1JIs1 BEKTOPOB - V, JUIsl MaTpHIl - M M IS CKaJISIPHBIX BEIUYHH - Z.

Omneparop Bron Hasnauenue oneparopa
V1+V2 V1+V2 Cnoxenue aByX BeKTopoB V1 u V2
V1-V2 V1-V2 Brrunranue aByx BektopoB V1 n V2

M M CMeHa 3HaKa y 3J1€EMEHTOB MaTpULIbI
M
V-z V-z Brrunranue u3 Bekropa V ckanspa z

z*V, V*z z*V, V*z YMHOXEHHE BEKTOpa V Ha CKAJIAp Z

z*M, M*z z*M, M*z YMHOXEeHHE MaTpulbl M Ha cKaJsip z
V1*V2 VI*V2 YMHOXeEHHE IByX BEKTOPOB V1 n V2

M*V M*V YmHOxkeHne marpunbsl M Ha BexTop V
M1*M2 M1*M2 YMmuoxeHue aByx marpun M1 u M2
4 V/z Jlenenue BexTopa V Ha CKaJsp Z
z
M
— M/z Jenenne marpuiel M Ha CKaJsIp z
z
M M"n Bossenenne marpuisl M B CTENEHB 71

®parment nokymenta MathCAD:
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dencrtBua c matpuuamm

ORIGIN:= 1 3agagum HayanbHbIM MHOEKC MaccmBa paBHbIM 1
AAA A A A AAAA

123 143
A=|456 AT=]2 58 |A| =12
3809 369
2 4 6 2025 05 025 I
2A=|8 10 12 Aol Zis 0 os A1y
6 16 18 1417 ~0.167 —0.25 3
100
AAa =010
001

@OyHKINH 1J151 padoThI ¢ BEKTOPAMM M MAaTPHIIAMM.

HexoTopsie u3 HUX (V 10KEH OBITh BEKTOPOM, A MOXET OBITh BEKTOPOM JIHOO
MaTpuILei):

length(V) -Bo3Bpataet 4ucio MeMEHTOB B BEKTOPE V;

last(V) - Bo3BparaeT HHIEKC MOCIEIHETO IIEMEHTA,

max(A) - Bo3BpaIiaeT MakCUMaJIbHBIN TI0 3HAYECHUIO DJIEMEHT;

min(A) - Bo3BpamiaeT MUHUMAIBHBIN 110 3HAYCHHUIO dJICMEHT.

MarpuyHbie QYyHKIUH

Jl71st paboThI ¢ MATPHUIIAMH TAKKE CYIIECTBYET PSJT BCTPOCHHBIX ()yHKITHIA:

augment(M1, M2) - oOweaunser B oaHy Matpuiibl M1 u M2, umeromue
OJIMHAKOBOE YHUCJIO CTPOK;

identity(n) - co3maeT eAMHUYHYIO KBaJpaTHYIO MaTpHIly pazMepoM nxn, (n —
pazMep MaTpuLbI(YUCIIO));

stack(MI, M2) - ob6benunsier nBe Matpuilel M1 u M2, umMmerorue oJnHAKOBOE
YHCJIO0 CTOJOIIOB, caxkast M1 nag M2;

diag(V) - co3maeT auaroHaJbHYH MaTpPHILy, JJIEMEHT TJaBHOW JWaroHaiu
KOTOPOM - BEKTOp V;

cols(M) - Bo3BpaIaer 4ruciio CTOIOIOB MaTPUIlbl M;

rows(M) - BO3BpalllaeT 4uciio CTPOK MaTpulbl M;

rank(M) -Bo3BparaeT paHr MaTpuIs M;

tr(M) - Bo3Bpamiaer cnej (CyMMY JIUaroHajlbHBIX 3JEMEHTOB) KBaJpaTHOU
Marpunsl M;
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mean(M) - Bo3BpalllaeT cpeHee 3HaUYeHUE FIEMEHTOB MaccuBa M;
median(M) - Bo3BpaliaetT MeiMany 3JIEMEHTOB MaccuBa M;

eigenvals(M) - BO3Bpamaer BEKTOp, JJIEMEHTAMU KOTOPOIO  SIBISIOTCA
coOcTBeHHBIC 3HaUCHUS MaTpuIlbl M (M noikHA OBITh KBaJAPaTHON MATPHIICH. );
submatrix(M,ir,jr,ic,jc) - BO3BpallaeT IOJMACCHUB, COCTOSIIIUA U3 BCEX

AIIEMEHTOB, KOTOPBIE COJIEPXKATCS B CTPOKAX C ir MO jr ¥ CTONOLAX € ic MO j¢ MaccuBa
M.

CuMBOJIbHBIE BHIYHCIEHUS

Bce maTtpuuHble M BEKTOpPHBIE OINEpPaTOPhl JOMYCTHUMO HCIOJIb30BaTh Kak B
YUCJICHHBIX, TaK W B CHUMBOJIbHBIX pacueTax. MoIllb CHMBOJIBHBIX OIEpaIuii
3aKJIF0YAETCS B BOBMOXKHOCTH MPOBOJAUTH UX HE TOJIBKO HaJl KOHKPETHBIMHU YHCJIaMH,
HO ¥ HaJ| IEPEMEHHBIMH.

®parmenT gokymenta MathCAD:

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 uv w a—-ub-v c—w
- —

d f g Xy z d-x f-y g-z

a b c a+k b+k c+k
+k—>
d f g d+k f+k g+k
3agaHusA K npakTuyeckon paborte 1.3

1. BBecTtu B JOKYMEHT Ha3BaHUE JIaDOpaTOpHOW paOOTHI, BApUAHT 3aJaHUS U
dbamunmio cTyeHTa
2. Coznarb kBagpatHsie MaTpullbl A, B, D, pazmepom (5,5,4 COOTBETCTBEHHO)
MEPBBIM CIOCOOOM
3. HccnenoBarh cieAyrolue CBOICTBA MaTpHULl Ha MpUMEpPE MpeoOpa3oBaHMs
3aJJaHHBIX MaCCHBOB:
® TPaHCIOHUPOBAHHAS MATPULIA CYMMBI IBYX MaTpHUILl paBHAa CyMMe
TPaHCHIOHHPOBAHHEIX MaTpull (A+B)'=A"+B';

¢ TPAaHCIIOHUPOBAHHAA MaTpHlla IIPOU3BCIACHUA IBYX MAaTPHIl paBHA CYMMC
IMPOU3BCACHHUIO TPAHCIIOHUPOBAHHBIX MATPUIL, B3ATLIX B 06paTHOM MopsAaKeE:
(A*B)'=B"™*A";
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® TIpU TPAHCIIOHUPOBAHUU KBAJPATHON MATPHIIBI OTIPEACTUTEND HE
T
mensiercs : [D|=|D |;

® IIPOM3BEIACHUE KBAIPATHOM MATPHUILIBI HA COOTBETCTBYIOLIYIO €1
KBaIPAaTHYIO JA€T €IMHUYHYIO0 MaTpULy (3JIEMEHTHI [NIABHOM MaroHaIn
eIMHUYHON MaTPHILI paBHHI 1, a Bee octanbhble — 0) D*D'=E.

4. Jlna matpui] A,B HaiiT oOpaTHbIE MAaTPUIIHI.

5. Haiitu onpeaenurenu matpun A,B.

6. Jliga matpuubl A yBeIMUYWTH 3HA4YEHMs 3JIeMEHTOB B Ne pas, rae Ne - Homep
BApUAHTA.

7. Jlig Matpuubl B yBenu4nTh 3Ha4EHMSI DJIEMEHTOB Ha Ne.

8. Cosmarp BekTOop C BTOpPHIM CIOCOOOM, KOJUYECTBO 3JIEMEHTOB KOTOPOIO
paBHO 6.

9. Ilpumenuts k Matpumam A, B, D BcTpoeHHble MaTpuuHbIE (QYHKIHH
(BCEBO3MOKHBIC) U3 MPUBEICHHBIX B MyHKTE “OYHKIUU 175 pabOTHI.....”

10. IlpumeHuTs Kk BekTOpy C BCTPOEHHBIE BEKTOPHBIE (DYHKIIUU.

11. IlpuMeHNTH KO BCEM MATpHULIaM U BEKTOPY OOLIME BCTPOCHHbIE (DYHKIUH.

12. CoxpaHUTh TOKYMEHT.

KoHTponbHble BONpoOChI

Kaxk co3nath MaTpuily, BEKTOP - CTPOKY, BEKTOP - CTOI0EI?

Kakue onepartopsl ecThb A1 pabOThl ¢ MaTpuLaMu?

ITepeuncnure koMaH/Abl NAaHETU UHCTPYMEHTOB MaTpuIsl.

Kak BcTaBuTh MaTpuuHble (pyHKINN?

Kak BBINIOJIHATE BBIUMCIIEHUS, €CJIM MAaTPUILIA 33]laHa B CHUMBOJIbHOM BH/JIE?

Nk W=

MpakTnuyeckas pa6orta 1.4. PELUEHUE YPABHEHUNA

O6wue cBegeHun

OrpomMHOe KOJMYECTBO 3aJa4 BBIUUCIUTEIFHOM MaTEMaTHKH CBSI3aHO C
pelIeHHeM HEeJIMHEHHBIX anreOpandyeckux ypaBHEHHMH, a TaKkKe CHUCTeM TaKhX
ypaBHeHuid. Ilpu 3TOM HEOOXOIUMOCTh pEIICHUS HEJIWHEHHBIX ypaBHEHHA
BO3HMKAET 3a4acTyl0 Ha MPOMEXKYTOUHBIX INarax, MpH pealu3alnud (parMeHTOB
0ojiee CIOXHBIX aNTOPUTMOB (K MpuMepy, Npu pacyerax auddepeHnanibHbIX
ypaBHEHHI IIPY TIOMOIIU PA3HOCTHBIX CXEM U T. II.).

Yuc/ieHHOE peleHue HeJIMHENHOT0 YPaBHEeHUS

Anroput™M TIpUOIMKEHHOTO pemreHus ypaBHeHus f(x)=0 coctouT u3 ABYX
ATArOoB:
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1. HaxoXkAeHUs MPOMEXKYTKA, COJIEPHKAIIETO KOPEHb YpaBHEHHUS (MU HAaYaJIbHBIX
MPUOJIVDKEHUN TSI KOPHS);

2. mosy4eHus: NpUOIMKEHHOTO PEHIEHHUs] C 3aJaHHOW TOYHOCTBIO C IOMOUIBIO
(dbyHKIIUHU TOOt.

Ecim mocme wmuormx wurepanuii MathCAD He HaxoauT mNOAXOISAIIETO

, .
NPUOIMKEHUS, TO TOSBUTCS COOOIIECHHE |':a”t'3':'”"-“3'9'3 t':'*E'S'Z'I'-“":'”-| (oTcyTCTBYET
CXOJIUMOCTb).

MNpumep 1. PelleHne ypaBHeHUs ¢ noMoLubio dyHKLUKMM ROOT

f(x) == 2-In(x) — % 41 3agaem dyHKuMIO f(X)

-
Ctpoum rpacuk un
0 1 2 3 4 5 HaxoaMM HavarnbHoe
f(x) npuénmxeHne
4
i
X
x:= 0.7

root (f(x),x) = 0.728

Ota ommbKa MOXKET ObITh BHI3BaHA CIEAYIOIIMMH MPUIUHAMU:

® YpPaBHEHHUE HE UMEET KOPHEW;

® KOPHHM ypaBHEHHUS PACIOJIOKEHBI JAIEKO OT HAYaJIbHOTO MPUOINKCHHUS,;

® BBHIpAXCHHE HUMEET KOMIUIEKCHBII KOpEHb, HO HauaJdbHOE MpUOIMKEHUE OBbLIO

BEIICCTBCHHBIM.

UToOBl yCTAaHOBHUTH MPUYUHY OIIMOKHU, uccienyite rpadpuk f(x). OH momoxer
BBISICHUTh Hallmuue KopHedl ypaBHeHus f(x) = 0 u, eciau OoHH €CTh, TO ONPEACIUTD
npuOIM3UTENBHO WX 3HaueHus. YeMm ToyHee BHIOpAHO HaydalbHOE MPUOIMKEHHUE
KOpHsI, TeM ObICTpee OYIET root CXOIUTHCS.

Haxoxaenue KoOpHeH MoJMHOMA

JI1sl HAXOX/ICHUS KOPHEH BBIPAXKEHHUS, HMEIOIIEro B Vo+vix+... v x" +v,x",
Jy4llle HCTONb30BaTh (QYHKIHMIO polyroots, Hexenu root. B ornmuue oT GyHKINH
root, pyHKIuUS polyroots He TpeOyeT HauaIbHOTO MPUOIMKEHHS U BO3BPAILAET CPa3y
BCE€ KOPHH, KaK BELLIECTBEHHbIE, TAK U KOMIIJIEKCHBIE.
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Oynkuus  Polyroots(v) - Bo3Bpamaer KOpPHM TOJHWHOMA CTENEHU M.
Koaddunmentsl monvuHoma HaxoasTcs B BeKkTope v JiuHbl n + 1. Bosppamiaer
BEKTOD JUIMHBI N, COCTOSAIINN U3 KOPHEH ITOJIMHOMA.

Mpumep 2. HaxoxxoeHue KopHen nonnMHoma

0.75-x3 —8X+5
[lna cospgaHna BekTopa V.
1. NocTaBbTe Kypcop Ha NEPEMEHHYIO X B BbIpa)KeHUN
5 0.75-x3 —8X+5
-3 2. BeinonHute komaHgy CumBosnbl —
V= KoadpcpuumeHTbl nonnHoma
3. BeinonHunte komaHay lMpaBka — Bbipesatb
4. HanevaTaunTte v:= 1 BbINOMHUTE KOMaHAY

NpaBka —» BctaBUTH
—3.542

polyrootyv) = | 0.651
2.892

Pemienne cucrem ypaBHeHU M

Pewenue cucmem ypasrenui MampuyHvimM Memooom

PaccmoTpumM cucteMy n IMHEHHBIX alreOpandyeckux ypaBHEHH OTHOCHUTEIBHO N
HEU3BECTHBIX X1, X2, ..., Xp!

a; X, + apx, +...+a,x, =b,

Ay X, +apXy +...+ay,x, =b,,

a,x,+a,x,+..+a,x, =b,.

Cucrema TMHEHHBIX YpaBHEHUI MOKET OBITh 3allMCaHa B MAaTPUYHOM BHUJIE:

Ax =b,
rae:
~ _ X b,
a; 4y a,
X b
ay A4y a, 2 2
A= , oX= , b=
_anl an2 ann _ b
_xn _ L n_]
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Ecnu det A # 0 To cucTeMa WM KBUBAJIIEHTHOE €l MAaTpUYHOE YpaBHEHUE UMEET
€IMHCTBEHHOE pPEIIICHUE.

Pewenue cucmem ypasnenuii ¢ nomowwbto @pynxkyuu Lsolve

CucTeMbl TMHEHHBIX ypaBHEHUH YJ00HO pemarh ¢ MOMOIIbI0 GyHKIHH Isolve.
Oynkuus Isolve(A, b) - Bo3Bpaiaet BEKTOp peleHus X Takou, uto Ax = b.

Mpumep 3. PelweHne cuctembl ypaBHEHUN

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

X,—x;+x,=3

X, +x,+x;+x, =10

3anuwem B MaTpU4HOM BUOE:

1 2 3 4 30
-1 2 =3 4 10
A = b :=
A 0 1 -1 1 3
1 1 1 1 10
|A| = -4
1
-1 2
x=A b X =
3
4
X = Isolve(A,b)
1
X =

FE VS )

Pewenue cucmemvl ypasnenuii memooom I aycca

Meron I'aycca, ero eme Ha3pIBalOT METOAOM ['ayCcCOBBIX MCKIHOUYEHUM, COCTOUT B
TOM, YTO CHUCTEMY YPAaBHEHUM MPHUBOAAT IOCIEHOBATEIBHBIM HCKIIOYEHUEM
HEU3BECTHBIX K DKBUBAJIECHTHOW CUCTEME C TPEYTOJbHON MaTPHULIEH.

B maTtpuuHo#l 3amucu 3TO 03Ha4aeT, yTo cHaudaja (mpsiMoi xona Mmeroza ['aycca)
AJIEMEHTAPHBIMU OIEpalUsIMU HaJ CTPOKAMH MPUBOMAAT PACHIMPEHHYIO MaTpULY
CUCTEMBI K CTylneH4YaToMy BHUAY, a 3aTeM (oOpatHbli xon Merona [aycca) oty
CTYTICHUATYIO0 MaTPHUIly MPeoOpa3yroT TakK, 9YTOOBI B MEPBBIX N CTOJOIAX MOJYYHIIACH
enunnyHas Matpuna. [locmemuuit, (n + 1) cronber; ATOW MaTPHUIBI COACPKHUT
pELIEHNUE CUCTEMBI.
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B MathCAD mpsimoii n oOpaTHbIil X0Abl MeTofa ['aycca BBHINOMHSAET (PYHKIIHS
rref(A).

Mpumep 4. PelweHne cuctemMbl ypaBHeHU meTtogom [Faycca

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

[a—
o
W
i
W
o

-x,+2x,-3x;+4x,=10

|
—_
[\S)

|
w
~
k.
(e}

X, =X +x, =3 A= b=

(e}
—_
|
—_
—_—
(98]

X, +x,+x;+x,=10
ORIGIN =1
dopmMmmnpoBaHme paclMpeHHON MaTpuLibl CUCTEMBI:

1 2 3

Al := augment(A,Db) Al -1
o 1 -1 1 3

1 1 1

[\S)

|
[U8)
~ ~
—_ (98]
S S

—_
—_
(e

MpuBeaeHue pacluMpeHHO MaTpuLbl K CTyneH4yaTomy Buay
(npsimon n o6paTHbIN Xoabl MeToha [aycca

1 0 0 01
A2 = rref(Al) A - 01002
0010 3
00 01 4
1
x := submatrix(A2,1,4,5,5) < = 2 MNposepka:
3 0
4 0
Ax—-b =
0
0

Pewenue cucmem ypasnenuti ¢ nomowwvio gpynxyuti Find unu Minner

Jlna pemieHusi cUCTeMbl ypaBHEHHHM ¢ momoribio gyHkiuu Find Heobxommmo
BBIIIOJIHATD CIEAYIOIIEE:

1.3anaTe HavambHOE TPUONMIKEHHE JJIsi BCEX HEM3BECTHBIX, BXOJAIIUX B

cuctemy ypaBHeHud. MathCAD pemaer cucreMy C TMOMOIIbIO HUTEPAIIMOHHBIX
METOJIOB;

2. HameuataTh kmoueBoe cinoBo Given. OHo ykaseiBaeT MathCAD, uto nanee
CIEeAyeT CUCTEMA YPAaBHECHUM;
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3. BBenurte ypaBHeHUs u HepaBeHCTBaA B oboM mopsake. Mcnonp3yiite [Ctrl]=
JUTSL TIeYaTd CUMBOJA =. MeXIy JIEBBIMH M TPAaBBIMH YACTSMU HEPABEHCTB MOXKET
CTOSITh JTF0O0OH U3 CUMBOJIOB <, >, > U <;

4. Beenutre mr000e  BBIpaXKeHHE, KOTOpoe BKIOUaeT ¢yHkuuio Find,
Hanpumep: X:= Find(x, y).

KiroueBoe ciioBo Given, ypaBHEHHsI 1 HEPABEHCTBA, KOTOPBIE CAEAYIOT 32 HUM, U
Kakoe - JuO0 BbIpaKeHHUe, cojepkainiee GYHKIUIO Find, Ha3bIBalOT O0JOKOM
pelieHus] YpaBHCHUH.

Mpumep 5. PelweHne cuctembl ypaBHEHUN C NOMOLLLID dyHKkumn Find

x=0 x2:=0 x3:=0 x4 :=0 HauyanbHble npubnmxeHns

Given

x1+ 2x2 + 3x3 + 4x4 = 30

—x1+2x2-3x3+4x4 =10
x2-x3+x4=3
xl+x2+x3+x4=10

—_—

Find(x1,x2,x3,x4) =

AWM

Oyukuusa Minner odeHb moxoxa Ha ¢yHKIUIO Find (UCHONB3yeT TOT Ke
anroput™m). Ecnu B pesyibTare MouMcKa HE MOXKET OBbITh MOJYyYEHO JajbHEMIIee
YTOYHEHHE TEKYyIIero NpHOMMKEHUs K pelleHuto, Minner BO3BpAIaeT 3TO
npuomkeHue. Oynkus Find B ’ToM ciydae BO3BpallaeT coodiieHne 06 ommuoke.
[TpaBuiia ucnonps3oBanus GQyHKUuU Minner Takue xke, Kak U pyHkuuu Find.

®yukuus Minerr(x1, x2, . . .) - BO3BpalaeT NpuOINKEHHOE PEIEHUE CUCTEMBI
ypaBHEeHUU. UUCIIO apTyMEHTOB JOJKHO OBITH PABHO YMCITY HEU3BECTHBIX.

CumesonbHoe peuteHue ypasHeHuu

HmeroTcst HEeKOTOphIe 3a4auu, A KOTOpbIX Bo3MoxHOCTH MathCAD mo3BossitoT
HaXOAMTb PEIICHUS B CHMBOJIBHOM (QHAJIUTUYECKOM) BHJIE.

Pemenne ypaBHEHMH B CHMBOJBHOM BHJE IIO3BOJISET HAWTU TOYHBIE WIH
npUOIKEHHbIE KOPHU YPABHEHHUS:

¢ CCJIM peIacMoOC YpaBHCHHC UMCCT IIapaMCTp, TO pCHICHUC B CUMBOJIbBHOM BHU/IC
MOJKCT BBIPA3UTH HCKOMBIN KOPCHb HCIOCPCACTBCHHO YCPC3 IIapaMCTp. HOC—)TOMy
BMECTO TOT'O YTOOBI peuiaTtb YpaBHCHHUC I KaXX/I0TO HOBOI'O 3HAYCHH:A ITapaMeTpa,
MOJKHO IIPOCTO 3aMCHSATH €TI0 3HAYCHUC B HaﬁﬂeHHOM CUMBOJIbHOM PCIICHUU,
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¢ CCJIM HY’KHO HAWTHU BCE KOMILJICKCHbBIC KOpHHU IMOJIMHOMA CO CTCIICHBIO MCHLIIC
nIIn paBHOﬁ 4, CUMBOJIBHOC PCHICHUC AAaCT MX TOYHBLIC 3HAYCHHA B OJHOM BCKTOPC
WX B aHAJIUTHYCCKOM HJIN I_II/I(i)pOBOM BUAC.

Komanna CumBoabl — IlepemenHble — BbIYMCJINTH TO3BOJISET PEIIMTH
YpPAaBHEHUE OTHOCUTEIBHO HEKOTOPOW NEPEMEHHOW M BBIPA3UTh €r0 KOPHHU 4Yepe3
OCTaJbHbIC TAPaMETPbl YpaBHEHUSI.

Umobwbl pewuumsb ypasHeHue CUMBoIbHO, He0OX0OUMO:

1. Hameyatath BbIpakeHuWe (71 BBOJA 3HAaKa PABEHCTBA MCIOJIb3YWTE
koMmOuHaIuro kinapum Ctrl + =);

2. Belaenuth NMEpEMEHHYI0, OTHOCUTEIBHO KOTOPOU HYXKHO PEIIUTh YPaBHEHHUE,
IIEIKHYB Ha HEH MBIIIBIO;

3. BoiOpatb myHkT MeHI0 CumBobl — [lepemenHbie — BhIuncinuTh.

Her HeoOxoaumocTn mnpupaBHUBaTH BblpaxkeHue Hymo. Ecoiu MathCAD He
HAXOIWT 3HaKa PaBEHCTBA, OH MpPEJIOoJIaraeT, 4YTo TpeOyeTcsl MPUPaBHAThH BRIPAXKECHHE
HYJIIO.

Ymobvt pewums cucmemy YpaeHeHUU 6 CUMBOJIbHOM 6ude, HeoOX00UMO
8LINOIHUMb CedyIowee:

1. Haneuarats KiroueBoe ciaoBo Given;

2. Hanewararb ypaBHeHUs B J000M mopsiiake Hmwke cioBa  Given.
VY nocroBepbTech, 4TO Uil BBOJA 3HaKa = ucnoisizyercs Ctrl + =;

3. Hanewarate ¢ynkuuio Find, COOTBETCTBYIOIIYIO CUCTEME YPaBHEHUIA;

4. Haxare Ctrl + .(xmaBuma CTRL, compoBoxmaemas Ttoukoi). MathCAD
O0TOOPA3UT CUMBOJIbHBIN 3HAK PABEHCTBA —;

5. lenkHyTh MbIIbIO Ha PyHKIMK Find.

[Mpumep 6. PelueHne cuctembl ypaBHEHUN B CUMBOJSIbHOM BUae

Given
X+ 2my=a

4x+y=Db 2-mb —a
-1+ 8mn
—(—4-a+b)

-1+ 8mn

Find(x,y) —
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3aaaHusa K npakTuyeckon pabore 1.4

3aganue Ne 1

[Toctpouts tpaduk ¢yHkuuu f(X) U NPUOIUZUTENTHHO ONPEACTUTh OIUH U3
KopHel ypaBHeHus. Pemnth ypaBHeHue f(x) = 0 ¢ MOMOIIBIO BCTPOCHHON (DYHKITHH

MathCAD root.
Bapuant fx) Bapuant 1x)
e —x—x 0.25x> +x—2

1 2
xelo1] x 0, 2]

1 2
X 1-x

3 3+ sin(3.6x) 4 arccosl+x L
xe[O, 1] xe[2, 3]

5 arccos x—m ] 3x—4nx—5
xe[0,1] xel2, 4]

- m —arcsin x q ef et _2
xe[O,l] xe[O,l]
Br-ldvet—e Nox—tgx

) 10
xe[l,?)] xe[O,l]
\/2x2+1.2—c0sx—1 l-x+sinx—In(l+x)

11 1
xel0,1] xel0,2]
cos(zj - 2sin(1) + 1 S —x—02

13 X X X 14
xell,2] xel1,2]
0.1x> —xlnx Sin(mj +0.84¢"

15 16 5.2
xell,2] ceboad]
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3aganue Ne 2

Jlnst nonuHOMa g(X) BBIIIOJIHUTD CIAEAYIOIINE TEHCTBHUS:
1. ¢ momompto komanasl CumBoabI — Ko3dpuumeHTsl moaumHOMA CO34aTh

BeKTOp V, coaepkamuii KodQPUIIMEHTHI MOTMHOMA;

2. pemuth ypaBHeHHE g(X) = 0 ¢ moMoIIpio0 QyHKINH polyroots;
ucnoyib3dyst komanay CuMBOJBI —>

3. pemmuTh

YpPpaBHCHUC CHMBOJIBHO,

IIepemenHbie — BbIYUCINUTS.

Bapuant g(x) Bapuant g(x)
1 xt-2x7 +xP- 12x + 20 2 x*+x7 - 17x - 45x - 100
3 x*+6x7 +x°- 4x - 60 4 x* =587+ x7- 15x + 50
5 x*-14x*- 40x - 75 6 x*-4x’ - 2x*-20x + 25
7 X oxX X - 11+ 10 8 x50+ 7x%+ Tx - 20
9 x*-x? - 29x%- 71x -140 10 x*- 7+ 7x* - 5x + 100
11 X'+ 707+ 9%+ 13x - 30 12 x*+ 10x +36x° +70x+ 75
13 x*+3x7 - 23x%- 55x - 150 14 x4 9%’ + 31x° + 59x+ 60
15 x*- 6x7+ 4x* + 10x + 75 16 15x*-6 X’ +4x° -12 x-10

3aganue Ne 3

PemmTs cucTeMy TMHENWHBIX YPAaBHEHUN:
1. MaTpU4YHBIM CIOCOOOM U HCTIONB3Ys GyHKIHIO Isolve;
2. metonoMm ["aycca;

3. ucnons3ys ¢pyakuio Find.
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CucremMa JJMHEUHBIX

CucremMa JJMHEUHBIX

Bapuant . Bapuant .
YpPaBHCHUMU ypaBHEHUU
2x) + Xy +2x; +3x, =8 2x,+x, = 5x,+x, =4
3x, +3x; =6 x, —3x, —6x, =-7
1 2
2x, —x, +3x, =4 2x, = x;+2x, =2
X +2x, —x; +2x, =4 X +4x, = Tx;+6x, =2
Xp 12X +3x; +4x, =22 X, +2x, +3x, + 4x, = 26
2x; +3x, + x5 +2x, =17 2x, +3x, +4x, +x, =34
3 4
xl+x2+x3—x4:8 3x1+4x2+x3+2x4:26
x, —2x; =3x, =7 4x, +x, +2x, +3x, = 26
9x, +10x, = 7x; —x, = 23 2x, —8x, = 3x; —2x, =18
Tx,—x;—5x, =37 X, —2x, +3x; —2x, =28
5 6
S5x, = 2x;+x, =22 X, +x;+x, =10
4x, +x, +2x;,+3x, =26 I1x, +x; +2x, = 21
6x, —x, +10x; —x, =158 2x, —x, +4x; +x, = 66
” 2x,+x, +10x; +7x, =128 g 2x, —6x; +x, =63
3x,—2x, = 2x;—x, =7 8x, —3x, +6x;, —5x, =146
x, —12x, +2x; —x, =17 2x, = Tx, +6x; —x, = 80
X, —2x, +6x, +x, =88 2x,—3x,—2x, =16
9 5x, +2x;—-3x, =88 10 2x,—x, +13x; +4x, =213
Tx, —=3x, +7x; +2x, =181 3x, +x, +2x,+x, =72
3x, —7x, +5x; +2x, =99 x, —12x; = 5x, =159
X, —2x,—8x, =7 Tx, +7x, = 7x;—2x, =5
x, +4x, =Tx; +6x, = -8 3x, +4x, +5x; +8x, = 60
11 12
x +x,—-5x,+x, =-10 2x,+2x, +2x; +x, =27
2x, —x,+2x, =17 2x, —2x,—x, =1
2x, +2x, +6x;+x, =15 6x, —9x, +5x; + x, =124
—X, +2x;+x, =18 Tx, —5x, —x, =54
13 2 3 4 14 2 3 4
4x, —3x, +x,—5x, =37 5x,—5x, +2x; +4x, =83
3x, —5x, +x; —x, =30 3x,—9x, +x; +6x, =45
4x,— 5%, +7x;, +5x, =165 X +2x,+2x;+4x, =30
15 2x,+x,—3x;—x, =—15 16 —-x,+2x,-3x;,+4x,=10

Ox, +4x;, —x, =194

X, =X, —2x,—3x, =-19
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3aganue Ne 4

[IpeoGpa3oBarh HeNUHEHHBIE ypaBHEHUs cucTeMbl K Bugy fl(x)=y

u

f2 (y)=x. Iloctpouth ux rpaduKkd | ONPEACIUTh HauyadbHOE MPHUOIMKECHHE

peuICHU:.

PemmmTh cucteMy HeTMHEMHBIX ypaBHEHHUM ¢ moMoIbio GyHKIUU Minerr.

Bapuant Cucrema HeJmHueP“IHLIX Bapuant Cucrema HeJmHueP“IHLIX
YpaBHEHUU YpaBHEHUU
sinx+2y =2 siny+x=-04
1 2
\cos(y—l)+x =0,7 2y—c0s(x+1):0
sin(x+0,5)-y=1 sin(x+2)-y=15
3 4
\cos(y—2)+x=0 cos(y—2)+x:0,5
cosx+y=15 cos(x+05)—y=2
5 6
2x—sin(y—0,5):1 siny —2x =1
(cos(x+0,5)+y:0,8 rcos(x—2)+y=O
7 8 X
(siny —2x =16 \Sin(y + 0,5) -x=1
rsin(x—1)=1,3—y cos(x+0,5)+y=1
9 10 .
(X — sin(y + 1) =0,8 \sin(y + 0,5) —-x=1
cos(x+0,5)+y=1 sin(x) -2y =1
11 12 9
(siny —2x =12 (cos(y+05)—-x=2
—-sin(x+1)+y =08 2y —sin(x—-05) =1
13 14
sin(y-1)+x=13 cos(y)+x=15
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sin(x)—-2y =1
15 16 x> -1=0
sin(y—1)+x=13

3aganue Ne 5

CHUMBOJIBHO PEIIUTh CUCTEMbI YpaBHEHUM.

2y—rmz=a
3x+t4dry=a o —
2x+y=b 3y+x=c

KoHTponbHblIe BONpoOChI

1.Kak MoxHO pemuTh HenuHelHoe ypaBHeHue B MathCAD?
2.Kak HaifTu HayaJibHOE MPUOIMKEHUE KOPHS YpPaBHEHUS?
3.J1is uero ucnonb3yercs GyHKUUs polyroots?

4.Kak MOYKHO PEIIUTh CUCTEMY JIMHEWHBIX YPABHEHNUN?
5.Kak MOXHO pelmnTh CUCTEMY HEJIMHEWHBIX YPABHEHU?

MNMpakTnyeckasn pad6ota 1.5. CUMBOJIbHbIE BbIMUCJIEHUA

O6wue cBeageHus
CHUMBOJILHBIE OIIcpanr MOKHO BBIIIOJIHATD ABYMA CHOCO6aMI/IZ
L] HGHOCpeI[CTBeHHO B KOMAaHIHOM pemHMe (I/ICHOHBSYH onepauHH KOMAH/bI

MeHi0 CUMBOJIBI);
e C MoMoIIbIO ONEepaTOpOB CUMBOJILHOTO MPpeoOpa3oBaHus (MCIONIb3Ysl MATUTPY

MHCTPYMEHTOB CHMBOJIBI ﬂ).

Boigenenure BbIpameHUH 11 CUMBOJIbLHBIX BbIYUC/ICHUM

UT0OBI CUMBOJIbHBIE OTIEPALIMH BBIMOJIHSIINCH, TPOILECCOPY HEOOXOANUMO YKa3aTh,
HaJl KaKuM BBIPAXEHHMEM OTH ONEpaluM JOJDKHBI IPOU3BOAUTHCS, T. €. HAAO
BBIJICJINTH BhIpakeHue. s psaga onepannii ciie1yeT He TOJBKO yKa3aTh BhIPaXKEHHUE,
K KOTOPOMY OHH OTHOCATCSI, HO U HAMETUTh MEPEMEHHYI, OTHOCUTEIIBHO KOTOPOM
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BBINOJIHSETCS Ta WM UHASI CUMBOJIbHAA onepanua. CaMo BBIPaXXECHHUE B TAKOM CIIydae
HE BBIIENSAETCS.

Takum o00pa3oM, [Jisi BBIMNOJHEHHUS OMNEpaluid C CHUMBOJIBHBIM MPOIECCOPOM
HY>KHO BBIJICIUTH OOBEKT (1I€JI0€ BhIpAXKEHUE WJIM €ro YacTh) CHHUMH CIUIOUTHBIMH
JIMHUSIMM.

CuMBOJIBHBIE Omepaluu pa3OUThl Ha MSITh XapaKTEepHbIX pa3aenoB. llepBbiMu
UayT Haubojiee YacTo UCIOdb3yeMble omnepanuu. OHU MOTYT BBITIOJTHSATHCS C
BBIPOKCHUSMH, COAECPKALIMMHU KOMIUIEKCHBIE YHMCJIa WIM UMEIOLIMMHU PELICHUS B
KOMIIJIEKCHOM BHJIE.

CuMBOJIbHBIE ONlepPaAlIMHA

Onepauuu C 8bIOC/ICHHbIMU 6bIPAINCEHUAMU

Eciau B IOKyMEHTE €CTh BBIJICJICHHOE BBIPAXKEHUE, TO C HUM MOKHO BBITIOJHATH
pa3JIMuHbIC ONEpaIvu, IPEJCTABICHHBIC HIXKE.

Pacuerbl - mpeoOpa3oBaTh BbIpaX€HUE C BHIOOPOM BHUJA MpeoOpa3oBaHUN U3
NOJAMEHIO:

e Cumposmueckue [Shift] + F9 - BeINMOTHUTH CHUMBOJIBHOE MpeoOpa3oBaHUe
BBIJICJIEHHOTO BBIPAXKEHHUS;

e C 1uaBaromied 3amsTON... - BBIUYMCIUTH BBIJECJICHHOE BBIPAXKECHHE B
BEILIECTBEHHBIX YHCIIAX;

e KomrmekcHbie — BHIOTHUTD BHIYUCICHUS] B KOMILIEKCHOM BH/IE;

YHOpocTuTh - YOPOCTUTH BBIJIEICHHOE BBIPAXKEHHE C BBIMOJIHEHUEM TaKUX
orepanuid, Kak COKpalleHHe TMOJOOHBIX CcJlaraéMbIX, IpUBEJIECHUE K O00IIemMy
3HAMEHATEIII0, UCIIOJIb30BAHUE OCHOBHBIX TPUTOHOMETPUYECKHUX TOKIAECTB U T 11.;

Pa3BepHyTh - packpbiTh BeipaxkeHue (Hanpumep, 1ist (X + Y) (X - Y) nonyuaem
X-Y?;

dakTop - pPa3’IOXKUTh YKHCIO WM BBIPAKEHHWE HA MHOXKUTEIM (Harpumep,
X?-Y? mact (X +Y) (X-Y));

IMogoOHble - coOparh ciiaraeMble, MOJOOHBIE BBIACICHHOMY BBIPAKEHHUIO,
KOTOPOE MOXET OBITh OT/IEJIbHOM MEPEMEHHON UM PYHKIIHEN CO CBOUM apTryMEHTOM
(pe3ynbTaToM OyJET BbIpaXKEHUE, MOJIMHOMHUAIBLHOE OTHOCUTEIHHO BBIOPAHHOTO
BBIPAKECHUA);

Koy dpunuents [loamHoma - 1o 3a1aHHON TIepeMEeHHON HAUTH KOA(PhUITMEHTBI
MOJIMHOMA, AaNMpPOKCUMHUPYIOIIETO BbIpAXEHHWE, B KOTOPOM JTa MEpEMEHHas
UCIIOJIb30BaHa.

Onepauuu C 8bIOC/ICHHbIMU nepemeHHbiMuU

Jns pspa omepauuii HaAO 3HATh, OTHOCHUTEJIBHO KAKOM NIEPEMEHHOW OHU
BBITIOJIHAIOTCS. B 3TOM cilydae HE0OXOIUMO BBIJCIUTH MEPEMEHHYIO, YCTAHOBUB Ha
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Hell mapkep BBoja. [lociie 3TOro CTaHOBATCS AOCTYNMHBIMH CIEAYIOIIUE ONEpauu
koMmaH bl MeHI0 CumMBoJIbI — Ilepemennbie:

BbIYMCAUTL - HAWTU 3HAYEHHUS BBIACICHHOW MEPEMEHHOM, MPHU KOTOPBIX
cojepKalllee €€ BbIpaXKCHUE CTAHOBUTCS PaBHBIM HYIIIO;

3amMeHa - 3aMEHUTH YKa3aHHYIO IEPEMEHHYIO COAEPKUMBIM Oydepa oOMeHa;

Audpdepenumnanst -  auddepeHupoBaTh  BBIpAXKEHHE,  COJEpIKaIlee
BBIJICTICHHYIO TIEPEMEHHYI0, IO JTOM TMepeMEeHHON (OCTajdbHbIE MEPEMEHHbIE
paccMaTpUBalOTCA KaK KOHCTAHTBHI);

HNHTerpanms - UHTErPUPOBATH BCE BBIPAXKEHUE, COJIEpIKAIlee MEPEMEHHYIO, T10
3TOU MEPEMEHHOM;

Pa3jioxxuTh Ha COCTABJISIOIIUE... - HAWTH HECKOJBKO YWICHOB Pa3jI0XKCHUS
BBIpa)KE€HUSA B psijl Telsiopa OTHOCUTENBHO BBIJICICHHON TEPEMEHHOMT;

IIpeoopa3zoBanue B Yactuunbie [Josm - pa3noXuTh Ha dJIEMEHTapHBIE TpoOH
BBIp@XKEHHE, KOTOPOE paccMaTpPUBAETCS KaK palldoHalibHas JIpoOb OTHOCUTEILHO
BBIJICJICHHOM MTEPEMEHHOM.

Onepauuu C 8bI0C/ICHHbIMU mampuyamu

Onepanuu ¢ BBIJCICHHBIMM MaTpULAMU TPEJICTABIECHbl KOMaHAOW MEHIO
CumBoJibI — Martpuubl, KOTOpas HUMEET CBO€ IOJMEHIO CO CJIEAYIOIHUMHU
oTepalusIMHU:

TpancnoHMpoBaHHe - TOJIYYUTh TPAHCIIOHUPOBAHHYIO MAaTPHILY;

HNuBepTHpOBaHHUe - CO31aTh OOpPaTHYIO MaTpPHUILY;

OnpeneanTesapb - BHIYUCIUTD E€TEPMUHAHT (OMPEACIUTENH) MAaTPHUIIBI.

Onepayuu npeobpazosanus

B no3unuun KoHBepTHpPOBATH COIAEPKUTCS paslieNl onepanuid mpeoOpa3oBaHUs
CO CIEAYIOIHUMH BO3MOKHOCTSAMH:

dypbe - BBINOJHUTH TMpsMoe MpeoOpazoBaHue @Dypbe OTHOCHUTEIHHO
BBIJICJICHHOMN MMEPEMEHHOM;

®dypbe OOpaTHOe - BHIIOJIHUTHL oOpaTHOe TpeobOpazoBanue Dypwe
OTHOCHUTEJILHO BBIJICIECHHOW MNEPEMEHHOM;

Jlanjiaca - BBIIOHUTH MpsIMOE MpeoOpa3zoBaHue Jlammaca OTHOCUTENBHO
BBIJICJICHHON MTepEMEHHOM (pe3yabTar - (PYHKIUS IEPEMEHHOM §);

Jlansmaca OOpaTrHoe - BBINOJTHUTH OOpaTHOe mpeoOpa3zoBanue Jlammaca

OTHOCHUTEJILHO BBIJICJICHHOW NMepEMEHHOM (pe3ybTaT - PYHKIUs TEepeMEHHOM t);

Z. - BBINONHUTH TOpsiMoe Z - TpeoOpa3oBaHUE BBIPAKEHUS OTHOCUTEIHHO
BBIJICJICHHOM MTepEMEHHOM (pe3ynbTat - QYHKIUS IEPEMEHHON Z);

OOpaTHoe Z - BBHIIOIHUTH O0paTHOe Z - MpeoOpa3oBaHHE OTHOCHUTEIBHO
BBIJICTIEHHON MTEpEMEHHOM (pe3ybTart - (YHKIUS IEPEMEHHOM n) .
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Ctuib npeacraBjJacHus Pe3yjabTaToB BbIYMCJIEHUH

CTHAb BRIMHCAE HHA .
Ha HarJsiiHOCThb BBIUHUCJIICHUHU

O e BJIIMACT CTUJIb MIPCACTABIICHUA  HUX

() BepTUkansHo, B85 ECTAEKH CTROK pE3yJIbTATOB. CJICILYIOHla}I KOMaH/Z1a

MoKasaTE Wark BMMCIEHME

() [ opuHsOHTaNEHD MO3BOJIAET 3aJlaTh TOT WJIA WHOU
CTWIb: CHuMBOJIBI - Crniab
[] Mokazare korreHT 2pHH .
(] Eover va mecre Boiuucienui...
CVIMBOJ'IbeIe BbIMNCI1EHN4A
V-3
T
3.14159265359 1
.2
1-3
10
d 2 . .
ECOS (x) — —2-cos (x)-sin (x) Z 1—> 55
X

i=1

-1
J sin (2-x) dx — T'COS (2-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

301 simplify — 1.7349351572897472412

3agaHuA K npakTuyeckomn pabote 1.5

3apanme Ne 1. Mcnons3ys onepaunto CumBoiibl — Pacuerst — C miaBaronieit
3aIIITOM. . ., IPEACTABBTE:

1) yncno m B ceMH MO3UIUSX;

2)uncno 12,345667 B Tpex MO3ULIUSIX.

3amanue Ne 2. BoiBeauTe clieqyronye 4rcia B KOMIUIEKCHON opme, UCronb3ys
onepanuio CumBoJibl — Pacuetsl — KoMriekcHbIe:

V-7,

.
i

2) e1+4 ;
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3) nus BbIpaK€HUsI 2) MOCIEAOBATENIbHO BBHINOIHUTE omnepanuu Pacuetst —
Komnnekcusie 1 CUMBOJIBI — YTIPOCTHUT.

3apanme Ne 3. /[ nonuHOMa g(X) BBITOJIHUTH CIAEAYIOIINE IEHCTBUS:
1) pa3nokuTh HA MHOXUTENH, UCTIONB3Ys onepanuto CuMmBoiiel — dakTop;
2) NOJICTaBbTE BhIpAXEHUE X =y + Z B g(X), UCMOJb3Ys onepanuto CUMBOJIBI —>

[lepemennbie — 3ameHa (TpeaBApPUTEIHLHO CKOMTUPOBAB MOICTABISIEMOE BRIPAKEHUE
B Oydep oOMeHa, BbIACIUB ero 1 HaxkaB komOuHaruto kinasuil Ctrl + C);

3) ucnonn3ys onepanuio CUMBOIBI — PacmiupuTs, pa3ioxkuTe Mo CTEneHsIM
BBIpA)KEHUE, TTOJYYEHHOE B 2);

4) ucnionb3ys onepanuto CuMBossl — [1o00HBIE, CBEpHUTE BBIpayKEHUE,
MOJIy4Y€HHOE B 3), 10 IEPEMEHHON Z.

Bapuant g(x) Bapuant 2(x)
1. x*- 207 + X7 12x + 20 2. x*+x7 - 17x° - 45x - 100
3. X+ 6x + X% - 4x - 60 4, -5+ X% - 15x + 50
5. x*-14x*- 40x - 75 6. x*-4x’ - 2x*- 20x + 25
7. X o+ 11x+ 10 8. X'+ 50+ 7+ Tx - 20
9. x*-x’ - 29x°- 71x - 140 10. x*- 7%+ 7x° - 5x + 100
11. x*+ 70+ 9% + 13x - 30 12. x*+10x + 36x7+ 70x + 75
13. x*+3x7-23x7- 55x - 150 14. x*+9x7+ 31x° + 59x + 60
15. x*-6x'+ 4x° + 10x + 75 16. 15x*- 6 X’ +4x* -12x - 10

3ananme Ne 4. Paznoxxure BbIpaKeHHUS Ha d3JEMEHTapHbIE IpoOU HCHOIB3Ys
onepaiuto CumBoiibl — [lepemenubie — KoHBEpTUPOBATh B YaCTUYHBIE JOJIU:

6x>—x+1 3x2 -2
1) ———; 2 ;
) X —x ) (x2+x+1Xx+1)
x+1 5x2 —4x+16
3) R 4 .
XX — (xz—x+1) (x—3)
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3aganme Ne 5. Paznoxxute BbIpaKE€HUsS B Psijl C 3aJaHHOM TOYHOCTBIO, UCIIOJIb3YS
onepaunto CuMBossl — [lepeMeHnHbIe — Pa3noxurs. . .:

1) In(1+x), xo=0, nopsamok pa3ioxeHus 6;

2) sin (x)%, xo =0, HOPSIOK Pa3IOKEHHUs 6.

3amanue Ne 6. Haiitu nepBooOpa3Hyl0 aHAIUTUUECKU 3aJlaHHOW (QyHKUIHH f(X)
ucnons3ys komany CumBonsl — Ilepemennsie — MHTErpanusi.

3aganme Ne 7. Onpenenutrb CHUMBOJIIBHOE 3HAUYE€HHE TMEPBOM U BTOPOM

MPOU3BOAHBIX  f(x), wWcHoab3ys KomaHay CumBoiasl —> IlepemenHble —>
Huddepenuuans.
Bapuanrtsl 3aganuit Ne 6 u Ne 7
Bapuant f(x) Bapuan f(x) Bapuant f(x)
T
1 B 6 x*arctg * 11 (2x+3)Sinx
tg2x+1 3
COS X 5 cos 3x
2 — 7 Yo7 12
v+ 5 e’ sin3x (1= cos3x)
1 ctg 2x 1
3 S 8 oA 13 —
xx° +4 sin® 2x 1+ x+x?
sinx . 1+x
4 P 9 (x+1)sinx | 14
1+ sinx 2+Xx
2
5 x lg(x4 10 Sx+xlgx | 15 l+e

3aganue Ne 8.

1. Tpancnonupyiite marpuity M ¢ nomoisto onepanuun CUMBOIBI — MaTpuibl
— TpaHCIIOHUpOBaHHUE.
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Ly
2. UuBepTupyiiTe MaTpuiy Lx 2} ¢ moMoupo onepanuu CUMBOJIBI —>

Martpuiusl — MuBepTUpOBaHUE.

1 b

a
3. Beruuciaure OIIPCACINUTCIIb MATPHUIIBI X 2 C IOMOIIBIO OIICpaln
3

2
X

c
d
CumBousibl — Matpuisl — OnpenenuTens.

3amanue Ne 9. Boruuciaure npeaensl.

VI+2x - 3 . NI-x-3

1. lim 2. lim

x> 4 \/_ o) X -8 2_,_\/7

2 2

- : -x+1-1
3. lim > 1. 4. lim Al )
x =1 111;x x—1 111;x

3amanue Ne 10. Haitnute cymmy psna.

w i 24
1. 2.
Z9n2+12n 5 Z9n2—12n—5

n=l1 n=2

3aganme Ne 11. Halinute npou3BOAHYIO U YIIPOCTUTE BhIPA’KEHUE.
4x+1 1 4x+1

1. v= + arct .
Yo 18x43 2 08T

2 3 1++/2x—x?

2. y=——~2x—x" +In .

x—1 x—1
3aganme Ne 12. Beruucnure HeonpeaeaeHHbIE HHTETPAIbI.

1. I(3x+4)e3xdx. 2. I(4x—2)cos2xdx.

3aganme Ne 13. Beruucnure onpeaeaeHHbIC UHTErPaIbl.

0

1. i (x* + 5x + 6) cos 2xdXx. 2. I (x2 — 4)COS 3xdx.

-2
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HA3ZHAYEHME MATLAB

Cucrema Matlab (Matrix Laboratory — matpuunas jgabopatopus)
pa3paborana kommnanueir MathWork. DTo MoIHas BBIYHCIUTEILHAS
cUCTeMa, NMpeIHA3HAYCHHAS JIJIS PEIICHUS IMUPOKOTO Kpyra MaTeMaTH-
YEeCKNX, MH)KEHEPHBIX 1 SKOHOMUYECKUX 3aj1ad.

Paboras B cpene Matlab(ML), mosib30BaTeNb, AaKe HE SBJISIOIIAN-
Csl POrpPaMMHCTOM, MOXET JIETKO U OBICTPO pelllaTh BHIYMCIUTEIbHbIE
3a/laud B Pa3IMYHBIX OOJIACTAX HAYKH M TEXHUKH (JMHEWHas anredpa,
TeopHus ynpaBieHUs, 00pad0TKa CUTHAJIOB U T.II.). [IpocTas koMaHTHAS
cpezaa Mmo3BOJIsIeT BBOAUTH BBIpaXKeHUs B (popMe, OJIM3KON K ecTeCTBEH-
HOH MaTeMaTHU4ECKOU 3aMKCH.

B nanOonpireii creneHn crucreMa OpUEHTHPOBAHA Ha BBITOJIHEHHUE
WH)KEHEPHBIX pacueToB. MaremMaTndeckuil ammapaT ONTHMH3UPOBaH
JUTS BBIYMCIICHUH, MPOBOJMMBIX C MATPUIIAMH M KOMIUIEKCHBIMH YHC-
mamMu. Matlab comep>XUT MHOXKECTBO BCTPOCHHBIX (DYHKITHH, HE0OXO-
JVMBIX WH)KEHEPY M HAYYHOMY PaOOTHHKY JUISI BHITIOJHEHHS CIIOKHBIX
YHCJICHHBIX PACcUeTOB, a TaKKe MOJEIHUPOBAHMS TOBEACHHS TEXHHYE-
CKUX CHUCTEM W (pu3MUecKux mpoiieccoB. MomrHas rpadudeckast CUCTe-
Ma Matlab mo3BosIeT BU3yaTW3UPOBATh IMPEACTABICHNE MAHHBIX, YTO
JieTiaeT BO3MOXHBIM rpaduueckuii aHaiamus pe3ynsTaTtoB. Bee pyHnknmo-
HaJbHBIE BO3MOXXHOCTH OOBEIWHEHBI YIOOHBIM II0JH30BATEIHCKIM
uHTepdEeiicoMm.

BonbmmM TITIOCOM CHCTEMBI SIBIISIETCS €€ OTKPBITOCTh M PaCIIH-
pseMocTh. B He#t MOryT OBITH HaNHMCaHBI MMPOrPAMMBI JJISI MHOTOKpPAT-
HOTO WCTONb30BaHus. [lomp30BaTens MOKET HE TOJBKO HCIIONH30BAThH
uMmeronyecss QyHKIMH, HO U CO3/1aBaTh COOCTBEHHBIE CIECIUAIN3UPO-
BaHHbIe (yHKIMY. [lakeT mo3Bonsier paboTaTh C MporpaMMaMu, HaIlu-
caHHBIMH Ha si3b1Kkax Doprpan u Cu. BONBIIMHCTBO CieNUaTH3UPOBaH-
HBIX (DYHKIUI XpaHATCS B BUJIE TEKCTOBBIX (aJIOB ¢ paclIupeHueM m
(m-daiinos). Paiinsl MOTYT OBITH CO3IAHBI B pelakTope cpeanl Matlab
00 BO BHEIIHEM PEJAaKTOPE, COBMECTUMOM IO KOJMPOBKE C BCTPOCH-
HBIM pemaktopoM. Co3maHHBIE TONB30BaTeNeM m-(paiiasl MOTYT HC-
MOJIb30BAThCS TaK K€, KaK U BCTpOoeHHbIe B Matlab ¢pyHkium.

ITomumo pabotel ¢ mporpammaMu ((GYHKUUSMH), BBIYHCICHUS
MOKHO BBIIOJHATH B pEKUME ~ KaJbKyJIsITOpa’’, T.€. OIy4YaTh Pe3yJib-
TaT cpa3y Moclie BBOJIA OYePEeHOW KOMaH bl JIJisl penieHus criennalb-
HBIX 3a]a4 ¢ moMo1bio ML pa3paboTaHbl HakeThl ¢ JOTOTHUTEILHBIMH
(GyHKIISIME, KOTOpBIE Ha3biBatoTcsa Toolboxes.

[IpenycMoTpeHa BO3MOXKHOCTb MHTETpUpOBaHUs cuctemMbl ML ¢
Microsoft Word u Microsoft Excel.
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UHTEP®ENC MATLAB 6.5

[Mocne 3amycka nporpammbel Matlab Ha 3KkpaH BBIBOJUTCS OCHOB-
HOE OKHO paboueit cpemnpl ML, koTropoe HasbIBaeTcs «pabouuit
crom» (puc. 1).

) MATLAB
Fle Edii View Web Window Help

D& W | 7 | Curent Directory: [ CWMATLABER  wwork -] .|

= stacks >

Hame [sice [ Bytes[class [

LaunchPad_ workspase | |

| | commana istory | Cument Directary L

Puc. 1

OTO OKHO COAEPIKHUT:

® CTPOKY 3aroJioBKa;

® CTPOKY IJIaBHOI'O MCHIO, B KOTOpOﬁ HaxXoaATCsA IMYHKTbI MCHIO
File (®aiin), Edit (PemaxrtupoBanue), View (Bun), Web, Window
(OkHo), Help (CripaBka).
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® MAaHCJIb HMHCTPYMCHTOB C KHOIIKaMH, IO3BOJIAIOIIMMU BBIIOJI-
HUTHb HEKOTOpBIE HanOoiee pacHpOCTpaHEHHBIE ONEpaluH, KOTOpPbIE
MOKHO BBIOpaTh M 4epe3 MeHI0. Psmom pacronoxxeHo okHO Current
Directory, IO3BOJISIIONIEE YCTAHOBHUTH TEKYIIYIO MATKY;

¢ TpU BHYTPEHHHUX OKHA:

» cnpaBa camoe Oonbloe U BaxxHoe OkHO — Command Window
(KOMaHIHOE OKHO), TAE OTOOpaKkalTCcs BBOJMMBIC IIOJIb30BaTEIEM
JaHHBIC, KOMaH/Ibl 1 PE3YJIbTAThbl UX BBIIIOJIHCHUS, a TAKIKE COO6HICHI/I$I
00 ommnoOKax;

» cueBa BBEpXy OKHO ¢ Bkiankamu Workspace (pabouee mpo-
CTPAHCTBO), TO3BOJISIOIIEE MTOTYIUTh JOCTYII K COACPKUMOMY padoueit
obmactu, u Launch Pad, ciayxamee Ui MPOCMOTpPa COIEPKUMOTO
nanku ML (HanpuMep, 4TOObI IPOCMOTPETh IEMOHCTPALIMOHHbBIC TPH-
MepBI WIH BRI3BATh help);

» cneBa BHH3Y OkHO ¢ Bkiaakamu Command History (uctopus
KOMaHI[), MMPpEAHA3HAYCHHOC IJId MMPOCMOTPAa U MMOBTOPHOI'O0 BbI3OBA pa-
Hee BBEJICHHBIX KOMaHH, U okHO Current Directory (TeKyllas Imarka),
CITy)KaIee JUisl yCTaHOBKH TeKYIIETro KaTajora;

® CTPOKY COCTOSIHUS, TJI€ OTOOPaXKAIOTCST COOOIICHUS CHCTEMBL.

B npaBom yriry Kaxmoro okHa JIBe KHOMKU: X — 3aKPHITh; (-’ — 0T-
KpenuTh 0T pabodero croia. Jis Bo3BpalleHus B MPEKHEES COCTOSHHE
HEe00X0IMMO BEIOpATh MyHKTHI MEHIO: View, Desktop Layout, Default.

Bce ucnonb3yemble B TEKyIEM CEaHCE PadOThl MEPEMEHHBIC Xpa-
HATCS B TIaMATH KOMIIbIOTEpa B 00acTH, Ha3bpiBaeMoit Workspace (pa-
Oouee mpocTpaHcTBO). I1oMHEIN IepedeHb 3aJaHHBIX TEPEMEHHBIX OTO-
Opaxaercs B okHe Workspace. 3aech CONep UTCS TIOIHBIN CITUCOK Tie-
PEMEHHBIX M WX pa3Mepbl, HO He 3HAueHUS IMEePEeMEHHBIX. J[BoitHOM
HICJYOK MO0 MMEHH TEePEMEHHON BBI3BIBAET OTKPHITHE OKHA Array
Editor, xoTopoe MOXHO HUCIOJb30BATh ISl PEAAKTUPOBAHUS OTICIb-
HBIX JIEMEHTOB BEKTOPOB U MATPHII.

PerynupoBath pa3Mepbl OKOH MOXKHO C TIOMOIIIBIO MBIIIIH.

OcHoOBHBIE KOMaHBI IIaBHOro MeHio ML

Pabota ¢ mento B ML momo6OHa paborte ¢ MeHIo niporpamm Micro-
soft Office. MHOrHe 3MeMEHTH MEHI0O MMEIOT Ui OBICTPOTO BBI30Ba
KOMaHJi TOpsAYMe KJIABHUIIN (MX MOXXHO BHUJETh CIIPaBa OT KOMAaHJBI,
Hanpumep, Copy—Ctrl+C u T.11.).

PaccMoTpuM coCTaB M HA3HAYCHHE HEKOTOPBIX KOMAaH]T MEHIO.
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Paboma c ¢paitnamu. Ilyaxr mMeHio File cOmepXuT cliemyromue
KOMaHIBI (pHC. 2):

WA TLAH New — m-file — mo3BonseT co3aarb

Edit Wiew web Window Help HOBBIN m-(aiin B pegakrope ML;

Mews 4 I Open — IIO3BOJISICT OTKPBITH

open... Chr+0 UMEIOIIMIACS m-(aii;

Close Current Directory Chrl+we II Save Workspace — TI03BOJISET CO-

Irnport Diata. .. XpaHUTb NEPEMCHHBIC pa60qero Ipo-

Save \Workspace As... Chrl+5 i CTpPaHCTRBA;

Set Path... Set Path — mo3BONISET YCTAaHOBUTH

Preferences... IIyThb, yKa3LIBa}OHII/II71 PacCIiOJIOKEHNE
m-hanos;

Preferences — no3Boisier oTobpa-
P —— JKaTh JWAJIOrOBO€ OKHO, B KOTOPOM
2 ). BiMabinz7 Lhinteg.m MOXKHO HACTPOHMTh pa3M4yHbIC Iapa-
30, TNaEMIsbin271ip4.m METPBI CUCTEMBI.
4Di... TNABYMISbYZ7 1Yp2.m B okue myHkra meHto File oto-
OpaxaroTcss MMEHa YeThIpeX TOCIeN-
HUX (HalIoB, K KOTOPBIM oOOpalmaics

Puc. 2 MOJIL30BATEb.

Bce ¢aiinbl, koropble OyayT
co31aHbl cTyieHToM B ML, M0/KHBI XPAHUTHCS B MpeIHA3HAYEH-
HO#l IS 3TOro mamke, rjae pa3pelieHo coxpaHeHue (aiiioB: Ha
aucke C: (C:\USERS\<nanka>) winm Ha cepBepe (N:\<mamka>).
Bcerna ecTh BO3MOXKHOCTH YCTaHOBHTH HYJ)KHBIM KaTajlor B KaueCTBE
TEKyIIero. JTO MOXKHO CJIeNIaTh C IOMOIILI0 MyHKTa MeHI0 File, Set
Path wmn B okae Current Directory (Texymuii katanor).

Komanna Exif mo3BONSIET BBIUTU U3 CUCTEMBI.

Peoakmuposanue. Ilyakr meHto Edit cOmepXWUT TpaaWIMOHHBIE
koMaHbl: Undo u Redo (oTMeHa TOCIIEHETO ASHCTBHUSA U OTKa3 OT OT-
MEHBI COOTBETCTBEHHO), Cut (BbIpe3ats GpparMment), Copy (KOIHUPOBATH),
Paste (BcraButh), Delete (ynamuts), Select All (Bb1nenuTh Bee).

Ucnone3ys komanawsl Clear Command Window, Clear Command
History, Clear Workspace, MOXHO OYHCTUTH COJIEPKHUMOE KOMaHIHOTO
OKHA, OKHA HCTOPUH KOMaH[I B pabodee MpOoCTPaHCTBO COOTBETCTBEHHO.

Ynpaenenue xongueypauueii pabouezo cmona. IlyHKT MeHIO
View (puc. 3) mo3BoiisieT Ipu HEOOXOAMMOCTH YIPABISATh KOH(HUTYpa-
ueil padodero crona (HaIMYMEM OKOH MOXXHO YIPaBISATh, CTABS WM
yOupasi raJlouKH OKOJIO BRIOpaHHBIX KOMaH MEHIO).

Exit MATLAE Chrl4+G i
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web  wWindow

La I Defaule ATLAR
Undock Workspace Command Yindow Only L
i Simple n
Cammand Yindow '
) Shart Hiskary
ommand History )
. Tall Hiskary
Current Directary .
Five Panel
Warkspace
Launch Pad
Help
wiorkspace view Ophions  #
Current Directory Filker — »
Puc. 3

Paboma c oxnamu. 1lynkr mento Window coyxut miist paboTsI ¢
OKHAaMH CHCTEMBI. 3/1eChb OTOOpakaroTcs KOMaHIbl, COOTBETCTBYIOLIHE
OKHaM W Iporpammam, KOTOpPbI€ B JJaHHBIH MOMEHT OTKpBITHL. Bb6op
OJTHOW M3 3TUX KOMaH/| TIO3BOJISIET CJIeNIaTh aKTUBHBIM TpeOyeMoe OKHO
WM KOJ] IPOTPaMMBI B peakTope m-(haiios.

[Tynkt meHto Help npenocraBisieT JOCTYI K CIPaBOYHOM cHCTEMeE
nporpamMmel Matlab.

Komanonoe okno Command Window. IT0 OKHO IpeJHa3HAuYEHO
Ul BBOJIA YHUCET, IEPEMEHHBIX, BEIPAKEHUH M KOMaH[. 3/1eCh K€ BbI-
BOJATCS pe3yJIbTaThl paOdOTHI B cooOmmeHus 00 ommoOkax. O TOTOBHOCTH
CHUCTEMBI K BBOJY CBHJIETEJIBCTBYET 3HAK >>, KOTOPBIA paclonaraercs
B TEKCTOBOM I10JI€ KOMaH/IHOTO OKHa (B KOMaHAHOI cTpoke). [[ist BbI-
NIOJIHEHHUsI BBEICHHOW KOMAaHIBI CleAyeT HaxaTb kinaBuiry <Enter>.
[Toka ona He HakaTa, BBOJAUMOE BBIPAKCHHUE MOXKET OBITh OTPEIaKTH-
poBaHO wiH yaaneHo. [IpocMoTp conepKuMOro OKHa MOXKHO OCYLIECT-
BUTb, WCIOJNB3YSl MOJOCHI MPOKPYTKH, a Tarke kiasumm <PgUp>,
<PgDown>, <Ctrl+Home>, <Ctrl+End>, <Home>, <End>.

Knapuum ynpasnenus T u 4 B ML MMeIOT COBCeM Ipyroe Ha3Ha-
YeHHe, YeM B TEKCTOBBIX pejakTopax. Mcronp3oBaHHEe 3THUX KIaBHII
MO3BOJIAET OTOOPa3uTh B KOMaHJHON CTpPOKE paHee BBEACHHBIE C Kila-
BUATypbl KOMaHAbI U BBIPAXKEHUS UL UX ITOBTOPHOI'O MCIOJIb30BAHMUS.
3T0 BO3MOXKHO ITOTOMY, YTO BCE BBIIIOJHEHHBIE KOMAH/Ibl COXPAHSIOTCS
B CHEIHUAIbHOW o0jacTH mamMsaTd. UTOOBI CTEpeTh COICPKUMOE KO-
MaHIHOTO OKHA, JOCTaTOYHO HAOpaTh U BBIOJIHUTH KOMaHLy clc.
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Pabouas oonacme Workspace. B ML Bce nepeMeHHBIE, HCIONb-
3yeMble B TEKYILEM CeaHce PabOThl, XpaHITCS B 00JIACTH, HAa3bIBAEMON
paboueii obmacTpio M pabounM MpocTpaHcTBOM. [lonmHBIN mepeueHb
UCTIOJIb3YEMBIX TIepEeMEHHBIX oToOpaxaercst B okHe Workspace, tne
MOYKHO BHJIETH CIIMCOK TEKYLIMX MEPEMEHHBIX U MX pa3Mepbl. JTa HH-
(dopmanus mpejcTaBieHa B BHJE TAOIHIBI, COCTOSIICH U3 CIIETYOIIUX
CcTONONOB: Name — yka3blBaeTCs WUMs MNEepeMeHHOU, Size — 0TOOpa-
JKaeTcs pa3Mep MepeMEeHHOM, Bytes — 0ToOpakaeTcs KOIUYEeCTBO BbIe-
neHHou mamsth, Class — THIT TepeMEHHOM.

OxHo Workspace uMmeer naHenb WHCTPYMEHTOB, BKIIOHYAIOIIYIO
KOMaH/bI IJ1s1 OTKPBITHs (aiiyioB ¢ TaHHBIMH, CO3AHHS, COXPAHEHHUS U
yAaneHus NepeMeHHbIX. Eciau ABaXapl IIENKHYTh IO CTPOKE, COOTBET-
CTBYIOIIIEH KakoW-M1O0 mepeMeHHOH, nHpopMaIust 0 Heill 0ToOpa3uTCs
B OkHe Array Editor.

Hcemopua komano. Oxkno Command History — 3necy otoOpaxa-
I0TCsI JaTa U BpeMs ceaHca paboTsl B ML, a Taxke comepkuTcs nepe-
YeHb KOMaH]l, BBEJICHHBIX B TEUEHUE TEKYLIETo ceaHca. MIx MOKHO 3a-
HOBO BBIIIOJIHUTD, JABaX/Ibl IICIKHYB 110 KOMaHje. MOKHO BBINOJHHUTD
HOJPs HECKOJIBKO KOMaH/, HAXOSIIIUXCS B 3TOM OKHe. J[is aToro Ha-
JIO BBIJICTUTH KOMAaHbI C TIOMOIIBIO MBIIIH, YACPKUBasI HAKATON Kiia-
Bumry <Shift>, a 3atem Haxats <Enter>. Ecnu ke HyXHbIe KOMaHIIbI
pacriojaratoTcs He OIS, TO UX HalO BBIICIUTbH, yICPKUBaAs KIaBU-
ury <Ctrl>. Jins MOBTOPHOTO HCIOJNB30BaHHUS KOMAaHI MOXKHO TaKkKe
BOCITIOJNIb30BATHCS CTPEIKaMH T, MoMeIast 7TH KOMaHAbl B KOMaHTHYIO
cTpoky. Ilpu HaxkaTuu NMpaBoi KIABHILKM MBIILIK Ha KaKOH-THOO0 KOMaH-
Jie B 3TOM OKHE OTOOpa)kaeTcsi KOHTEKCTHOE MEHIO, COoZeprkaliee Ko-
MaH/Ibl KOTUpOoBaHus B Oy(dep oOMeHa BhIeNeHHOW KOMaH[bI, €€ yia-
JIeHus1, co3AaHusl m-(aina u T.11.

BBIYNCJIEHUSA

Oco0eHHOCTH BB0/Ja KOMAaH/ M JAaHHBIX

Komanns! BBozsTcst B okHe Command Window B KOMaHIHOM CTPO-
Ke TIOC)Ie TIPUTJIAIICHUS CHCTeMBl >>. JIJIs BBITIOJIHCHUS BBEICHHOMN
KOMaHJIbI HaJ0 HaxkaTh kiaBuiny <Enter>. J[ns XpaHEHUS! BBINOJHEH-
HBIX KOMaH] MPEIyCMOTPEH KolbleBoi Oydep. s mpocMoTpa U BHI-
O0opa TpeBIAYNMX KOMAaHJ HWCIIONB3YIOTCS KIIABHIIN YIPABICHUS:
T u 4. Bce BbINoIHEHHbBIE KOMAH/IBI MOKHO BUAETh B okHe Command
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History. JloOyro mpeaplayiyt0o KOMaHay MOXKHO BBI3BAaTh JJIS UCIIOJ-
HEHWSI, IBAXKIBI MIETKHYB 110 €€ 0TOOPaXEHHUIO B STOM OKHE.

B ML crpounple ¥ mponucHble OYKBBI Pa3lInYaOTCA. JTO HAI0
YUUTHIBAaTh MpH 3anucu Komas[. [IpuHATO 0003HaUaTh BCE BEKTOPHI U
MaTpuUbl NponucHbIMU (OonbpmMMu) OykBamH, (QYHKOHH — CTPOU-
HbIMM (MaJICHBKHMH ).

Ecnu komanga npu Habope He MOMEINAETCsl B CTPOKY, TO B KOHIIE
CTPOKH CTaBSITCS TPU TOYKH (...) 0e3 MpoOenoB, 3aTeM HaKUMAETCS
<Enter> u ganpire HabOp MPOIOKAETCS C HOBOW CTPOKH.

Pe3ysbTar BBINOIHEHUS KaXKIOW KOMaH/IbI Cpa3y O0TOOpaxkaeTcs Ha
skpaHe. Eciiu B KOHIIe cTPOKH (T0cje KOMaHAbI) CTOUT TOYKA € 3a-
NATOMH, TO pe3yJbTaT He OyAeT BbIBeleH Ha 3KpaH. [Ipu xemaHuu
MOJKHO BBOJIUTH HECKOJIbKO KOMAaH] B OHOM CTpPOKE, pazfenss Ux To4-
KOM C 3amsToH.

[pocreiimmii cnocod padoTel B ML — 3TO peskuM NMPSIMbIX BbI-
yucaeHnd (pexkuM KajabKyJaaATopa). KoMaHIbl BBIMOTHSIOTCS Cpasy
Mocjie UX BBOJA, a PE3yJbTaT BBIBOAWUTCS Cpa3y IOCIE BBITOJHEHHS
KOMaH/JIbl.

Hampumep, BBOANM KOMaHAY:

>>sin(0.5)

Haxumaem <Enter>

ITomyyaem otrBer:

ans =

0.4794

BBoaum komaHzy:

>> 372-(5+4)/2+6*3

Haxumaem <Enter> u nosyyaeM OTBET:

ans =

22.5000

ML BpIYuCHSIET BBIPAKEHUE, IOMEUIAET €r0 B CIIELUATIBHYIO Iepe-
MEHHYIO ans U BBIBOAUT MOIYUYEHHOE 3HAUCHUE B OTAEIBHOM CTPOKE.

Texymuii ceanc pabOTHI MoOdb30BaTeNs ¢ cucremoir Matlab HazbI-
BAaIOT ceccuell.

JueMeHTHI JaHHBIX B ML

Bce nannbie B ML nHTEpIpeTHpYOTCS KaK MaccuBbl. MaccuB — 3TO
YHOPSIIOYEHHBIH HAa0Op OJHOPOAHBIX JAHHBIX. DJIEMEHTaMH MaccrBa
MOTYT OBITH LieJIbIe, BEIICCTBEHHBIC, KOMIUICKCHBIE YHCIAa H CHMBOJIBL.
Kaxxaplii MaccuB MMeET UMsSI U XapaKTEepHU3YyeTCsl YUCIOM H3MEPEHUH U
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KOJIMYECTBOM BJIEMEHTOB O KaXIOMY M3MepeHHI0. JOCTYIl K 3JIeMEHTY
MaccHBa OCYIIECTBIISIETCS YKa3aHHEM HMEHHM M MHAeKcoB. Hymepamus
3IIEMEHTOB HAUYMHAETCS C SIMHUILIBI 110 KOKIOMY H3MEPECHUIO.

OcHoBHO# 3neMeHT AaHHbIX B ML — marpuna. Uucna u BeKTOpHI
paccMaTpUBarOTCsl Kak BBIPOKAEHHBIE MaTpuibl. Hampumep, uncno —
9TO MaTpuua pasmMepoM 1x1. BeKTOpbI — 3TO MaTpHLbl C OAHUM CTOJIO-
LIOM HJIM C OJTHOW CTPOKO.

Yucna 8 ML MOryT OBITH LENBIMH, BEHIECTBEHHBIMH, KOMILJIEKC-
HeiMU. Llensie uncna BBomsATCA B OOBIYHOHM (opme. BeriecTBenHbie
YHCIIa MOTYT 3aIIChIBATHCS B €CTECTBEHHOH (opMme ¢ PpukcupoBaHHOM
TOUKOM (2.5) n B sKcioHeHUMansHOH (3.4e-3). [Ipu BBome Mexay uud-
paMu 4uclia He A0y CKAroTCs IPOOETbI.

@opMaThl PEACTABJIEHUS Pe3yIbTATOB BbIYHCIEHH

Bun pe3ynpTaToB BEIYMCIIEHH 3aBUCUT OT YCTAHOBJIEHHOTO (hopma-
Ta BbIBoja. [lonb30oBaTenb MOXKET 3a[aBaTh Pa3IHYHbIe POpPMATHl Mpe/-
crapnenus uncel. [lo ymoagaHuro ycraHoBieH dhopmar short (4 yughpot
nocje 0ecamuyHoll mo4Ku) — KpaTkoe IpeCcTaBIeHIe Yrcia.

YcraHoBUTE ApYyroil popMaT MOXKHO, €CId BBIOpaTh MYHKT MEHIO
File, Preferences, Numeric format (popmar uucna), OK. 1ot dopmar
OyIeT MCTOIBh30BATHCS IS BBIBOJIA PE3YJBTATOB BCEX MOCIETYIOIINX
BBIYHCIICHUH, TIOKa He OyaeT u3MeHeH (puc. 4).

-} Preferences glilgl

Command Window Preferences

Text display

Editor/Dehugger
Help Murmeric format:

i It
Current Directary Nurneric display: IUn
Warkspace

Array Editor Spaces pertab:

GUIDE

Figure Copy Template Display

" Echoon
[ Wirap lines

W Lirnit ratric cid202081 L cishey colurmns

¥ Enable upto (100 tah completions

Command session scroll buffer size
L

Min Ias
i !

Ok Cancel Help

Puc. 4
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Hexoropsie ¢opmartsr: long (14 uudp) — AIMHHOE TpenCcTaBICHHE
guciia ¢ (QUKCUPOBAHHON TOUYKOH, short e (YEThIpe 3HAYAIMX MHQPHI
MaHTHCCHI ¥ TPH 3HaKa MOPSIJIKA) — KPaTKOE MPEJICTABIICHUE YHCIIA B OKC-
NOHEHIUANBEHOH (opMme, long e — ITMHHOE NPEICTaBICHUE YHCIIA B OKC-
NOHEHIHMaNbHOH (opme, long g —BeIOMpaeT HamboJee ynadyHoe Mpen-
cTaBieHue Uil 4ducna, bank (2 mudpbl mocie NECATHYHOW TOYKH) —
NpeACTaBIeHUE IS ICHEKHBIX CYMM H T.1I.

VYnpaBnars GpopMaToM MOKHO HE TOJIBKO C IOMOIIBIO MEHIO. DTO-
rO K€ pe3yibTaTa MOXKHO AOCTHYb, €CIIM BBECTH B KOMAHIHYIO CTPOKY
KOMaHTy: format <gpopmam>.

Hampumep,

>> format long

>>7/8

ans =
0.87500000000000

>> format long g

>>7/8
ans =

0.875
>> format long e
>>7/8
ans =

8.750000000000000e-001

st monmydernnst naopMarmu 060 Bcex ¢opMatax HE0OXOIUMO
BBECTH B KOMaH/IHYIO CTPOKY KoMaHy: help format.

ITepemennbie B ML

B ML, xak u B Apyrux s3blKax INPOrpaMMUPOBAaHUS, CYILECTBYET
BO3MOXKHOCTh paboThl ¢ mepeMeHHbIMH. Jli00as mepemMeHHas A0 WC-
M0JIb30BaHMs B opMyax IoJDKHA OBITH ompeneneHa. [ns storo Hago
MPUCBOUTH €i1 3HaueHne. THNbI MepeMeHHBbIX 3apaHee He 00bABJIA-
ores. Tun onpeaesisiercs 3HA4YeHUEM, KOTOpoe NIpUCBauBaeTcs mme-
peMeHHOIl. B kauecTBe omeparopa MpHCBaWBaHUSA UCHOIb3YETCs 3HAK
paBeHCTBA(=):

>>n=5
n =

5
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>>k=0.5
k=
0.5000

[To Tumy mepeMeHHBIE MOTYT OBITH YMCIIOBBIMH (L€JIbIe, BEIIECT-
BEHHbIE, KOMIIJICKCHBIE) MJI CUMBOJIbHBIMHU.

IIpaBuna coctaBiaeHUS HICHTH(HHUKATOPOB TaKue ke, Kak u B SIBY
(maumHaercst ¢ OyKBBI U MOXKET COJEPIKaTh JH0ObIe KOMOMHAMHU (D,
OyKB, CHMBOJIa TTOTYEPKUBAHUS, HACHTUDHUIUPYIOTCS NepBbie 63 cuM-
BOJIa, HEJb3s1 MCIOJIb30BaTh CIEHUAIbHbIE CUMBOJIBI M MPOOENbl, UMs
MEPEMEHHON JTOJDKHO OBITh YHHKaJbHBIM M HE COBMAJAaTh C WMEHAMH
¢yukuuit). Ciaenyer NOMHHUTDb, YTO CTPOYHBbIE M MPOMUCHbIE OYKBBI
pazauyaiores (Abc u abc — pa3HbIe UIMEHA).

CyecTByIOT BCTPOEHHbIE CHCTEMHbIe IlepeMeHHbIe, KOTOpbIe
MOJKHO HCIIOJIb30BaTh, HE 3a/1aBas 3HaueHus. OHU IPU HEOOXOINUMOCTH
MOTYT OBITh IIE€PEONPEENICHB], T.€. UM MOXXHO HPUCBOUTH APYTHE 3Ha-
YEeHUs1, HO TOT/1a 3HAUCHHUS, 3alaHHbIE [10 YMOJIYAHUIO, OyIyT YTECPsHbIL:

e pi—uncno n(n=3.141592653589793);

® ¢&ps — NOTPEIHOCTh ONEpali Haj YUCIaMU C MJIaBarollel Tou-
KOW; OYEeHb MaJieHbKOE 3HaueHue, paBHOE 2.2*] 0%, Eé HCIIOJIb3YIOT,
KOTJa HaJl0 UCKITIOYHTH Aeenue Ha 0 (Hanpumep, x/(y+eps));

® ans — pe3yibTaT MOCIEAHEW KOMAaHJIbl, €CIIM B HEM HET omepa-
uuu npucBauBanus. Hampumep, ecnu HaOpanu komanny 41/75 u He
OIIpeNeNIWIIN, KaKOM IepeMEeHON PHCBOUThH PE3yJIbTaT, Ha IKPaHEe OTO-
Opazutcs ans = 0.5467;

e nan — s 0003HAYEHUS HEOIPEAECIEHHOCTH PE3yIbTaTa;

e i, j — MHHMAas e,Z[I/IHI/I]_[a(\/—_l ), WCIOJIb3yeMasi ISl 3aJaHus
MHUMOW YacTH KOMIUIEKCHOTO dYHCIA. 3ajaTh KOMIUIEKCHBIE drclia
MOXXHO Tak: z = 3+4i.

Bce aTH mepemMeHHBIE MOXKHO HCIOJB30BaTh B MaTEMAaTUYECKHX
BEIPAKCHHSX.

B ML Bce nepemeHHbIE 3aHUMAIOT ONPEIEIEHHOE MECTO B MAMSATH,
Ha3bIBaEMOU pabOY¥M IIPOCTPAHCTBOM cUCTeMbl — Workspace.

ML 3amomuHaeT 3HA4YCHHSI BCEX IMEPEMEHHBIX, HMCIOJIb3yEeMbBIX B
Tekymen ceccuu. s TOro 4ToOBl y3HATH, KaKue NepeMeHHbIEe OBLTH
3aJIeWCTBOBAHEI, HCIOIB3YETCS KOMaHaa who. UToOBI TIOMydnuTh OoJiee
MONPOOHYI0 WH(POPMAIMIO O IMEPEMEHHBIX: pPa3Mephl, Pa3MEPHOCTH,
MOJKHO HCIIONIb30BaTh KOMaHIy whos. DTy WH(OPMAIUI0 MOXKHO YBH-
IeTh U B okHe Workspace.
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Hns ynaneHus: U3 mamsTH BceX NEPEMEHHBIX HCIOIB3YETCsl KO-
MaHna clear.

BribopouHoe ynaneHue nepeMeHHBIX MOXKHO CJ/IeaTh, IPUMEHUB
komauny Clear cnenytonum odpasom: Clear a b.

[locne 3aBepuienus: ceccun ML Bce mepemeHHble pabouero mpo-
CTpaHCTBA, ONpE/ICIICHHbIE B TEKYIIEM ceaHce paboThl, OyIyT MOTeps-
HBL. [Ipr HEOOXOAMMOCTH MOKHO COXPAaHUTh 3HAUCHUS MEPEMEHHBIX B
¢aiine. Jns 3Toro HyXHO BBIOpaTh MyHKT MeHIO File, Save Workspace
As, nanee B 1MalOTOBOM OKHE 3a/1aTh UM (hailyia A1l COXpaHEHUs 1aH-
HBIX. Pe3ynbTaTsl OyIyT coxpaHeHbl B OMHApHOM aiisie ¢ pacuInpeHu-
eM mat. J{7s1 BOCCTAaHOBJICHUS 3HAYCHUI MEPEMEHHBIX B CICAYIOLIEM
ceance paboTHl HEOOXOauMO BBIOpaTh File, Open, umsn gaiina. B pe-
3yJIbTaTe BCE MEPEMEHHBIC CTaHYT JIOCTYITHBI.

Hpyroii cnoco0 coXpaHEHUS U BOCCTAaHOBIICHHS MIEPEMEHHBIX pa-
0odero nNpocTpaHcTBa — HAOpaTh KOMaHIbL:

Save <umsa gpatina.mat> n Load <ums ¢patina.mat> COOTBETCTBEHHO.

Bcro ceccuro (Bce, 4TO 0TOOpaXKaeTcss B KOMaHHOM OKHE) MOYKHO
COXPaHUTh M IOMECTHUTh B TEKCTOBBIN aiin. J[ns 3Toro HeoOXoauMo
BBITIOTHATH CIISAYIONTYI0 KOMaHIY:

diary <ums>.txt

Orta KOMaH/ia HAYMHAET 3alUCh CECCUM B TeKCTOBbIN (haiin. [1o ko-
MaHze diary off 3armmce npekpamaercs. Komanaa diary on Bo300HOBMS-
€T 3aIlHCh.

3AJAHUE BEKTOPOB 1 MATPHUIL

Cnoco0bl 3a1aHMSI BEKTOPOB

Bektop — 3T0 0oJlHOMEpHBIN MaccuB JaHHbIX. BekTop B ML — 310
MaTpHIla U3 OJHOTO CTOJOMA WK OAHOU CTPOKU. COOTBETCTBEHHO BEK-
TOP MOXKET OBITh BEKTOPOM-CTOJIOIIOM HIIH BEKTOPOM-CTPOKOM.

g 3amaHus BEKTOpa MOXHO BOCIIONB30BATHCS OJTHUM M3 TpUBE-
JIEHHBIX HUXKE CTIOCO00B.

1. MoxHO 3a/1aTh 3HaYEHHUS BEKTOPA MOJIEMEHTHO:

<umsa nep.>=[<snauenuel> <snauenue2> ....<sHauenueN>|

Hanpuwmep,

>>P=[3 57 12]
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3HaveHUsl IEMEHTOB 3alMCBIBAIOTCA Yepe3 MpoOes WK depes 3a-
IATYIO.
B pe3syinbraTte BBIOJHEHHS 3TOM KOMAH]Ibl CO3AAETCS BEKTOP-CTPO-
Ka:
P=
35 7 12

Ecnu npu 3amaHum BEKTOpa 3HA4YEHHS €r0o dJIEMEHTOB pa3ieiuTh
TOYKOH C 3aIsITOH, TO MOJy9UM BEKTOP-CTOJIOEI:

<<A=[1; 2; 3]
A=

1

2

3

2. Ecam niieMeHTHI BEKTOpa SIBISIOTCS apH(PMETHIESCKOW TIporpec-
cueH, TO MOXKHO 33J1aTh BEKTOP TaK:

<umsa nep.>=<uau. 3HaAYEHUE>:<UIAZ>:<KOHeUHOoe 3HaueHue>
Hamnpuwmep,

>>X=0:0.5: pi

B pesynbraTe Oyzaer chopMrUpoBaH BEKTOP CO 3HAUCHHUSIMHU:

X:
0 0.5000 1.0000 1.5000 2.0000 2.5000 3.0000

[ar momkeH ObITH OobIe HyINsA. ECiii OH paBeH equHHMIIE, TO €To
MO>XHO HE YKa3bIBaTh:

>>X=1:10
X:
1 2 3 4 5 6 7 8 9 10

YroObl M3MEHUTH POPMY BEKTOpPA, HAJIO 3amucaTh X' — TOTAA BEK-
TOp oToOpa3utcs B Buae crondua. Takas omepauusi Ha3pIBaeTCs TPaHC-
MIOHUPOBAHUEM.

Hampumep,

>>X=1:1:5

X= 1 2 3 4 5

>> X!
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ans =

AW N —

5

3. Taxxe st popMupoBaHUS apUPMETHIECKON MTPOTPECCHHA MOXK-
HO WCIIOIK30BaTh GyHKIHIO linspace:

linspace (<nau. 3nauenue>,<KoH. 3HaUeHUE>,<KO1. 3HAYECHUIL>)

Hampumep,
>>B=linspace(0,pi,5)
B=
0 0.7854 1.5708 2.3562 3.1416

4. BekTop MOHO 33/1aTh TaKke MyTEM O00BCTUHCHHS HECKOJIBKHX
BEKTOPOB.
Hanpuwmep,
>>A=[12 3]; B=[4 5 6]; C=[7 8 9]; D=[A B C]
D=
1 2 3 4 5 6 7 8 9

Jns  onpeneneHWs JUIMHBI BEKTOpa TNpeAHa3HadeHa (yHKIUS
length:
>> |=length(D)
1:
9

Jnst TocTyna K 3JIeMEHTY BEKTOpa HEOOXO0ANMO yKa3aTh €ro UMs
B KpPYyTJbIX CKOOKax HoMmep aneMeHTa. Hampumep, D(3). s oGpare-
HUSL K TIOCTIeIHEMY 3JIEMEHTY BEKTOpa MOXHO 3amucath: D(length(D))
i D(end).

3ananue MaTpun

[Ipu 3amanun MaTpuL JaHHBIE CTPOK 3aIIMCHIBAIOTCS Yepe3 mpoles
WIM 4epe3 3arsTyio. DJEMEHTHl Pa3HBIX CTPOK DPa3JeNsIOTCS 3HAKOM
TOYKA C 3amATOM (;) WM 3alUCHIBAIOTCS C HOBOM cTpoku. B ML matpu-
1a XpaHUTCS B MIOPSIKE CICAOBAHMSA IO CTOJIOLAM.

3amaguM MaTpHILY:
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>>A=[123;456;789]

A:
1 2 3
4 5 6
7 8 9

NN
>>A=[12 3
456
789]

A=
1 2 3
4 5 6
7 8 9

OO0parieHne K dJIeMEHTY MaTpHIbl: <uMs> (<HHAEKCHL>), HalpH-
Mmep, 4(2,3).

OMNEPALIUM

B ML MOXHO HE TOJBKO BBIIOJHITH OOLIYHBIC apI/Iq)MeTI/I‘{CCKI/Ie
OIr€panun HaJl YucCjIaMHu U BBIYUCIIATE 3HAYCHUSA (I)yHKLII/Iﬁ, HO U IIPOU3-
BOOUTH OII€palii Ha/l BEKTOpaMU U MaTpUllaMU.

Apupmernyeckue onepauuu (AO)

K apudpmernueckum onepauusim B ML otHocsATCs: cnoxenue (+),
BeuuTanue (-), ymHoxxenue (*), nenenme (/), obpatHoe nenenue (\),
BO3BEJICHHE B CTENEHb ("), TpaHCHIOHUpOBaHUE ().

IIpuopurersr AO:

® BO3BE/ICHHE B CTEIICHb, TPAHCIIOHUPOBAHUE;

® YMHOXEHHE, JCICHIE;

® CIIO)KEHUE, BHIYUTAHUE.

Bce apudmeTrndeckue omepanydyd SBISIOTCS “MaTpPHYHBIMH® |
OCYIIECTBIISIOTCS 10 MPaBHJIaM JTMHEHHON anreOpol.

IIpu HeoOX0AUMOCTH MO3JIEMEHTHOT0 BBHINOJIHEHUS ONepauuii
HA/l MATPUIIAMHU U BEKTOPaMH Iepe] 3HAKAMM omepanmii *, *, /, \
cJielyeT CTABUTHh TOUYKY:

>> X=[12 3 4];
>> X2
ans =

1 4 9 16
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B nmanHOM ciydae KaXIblii 3JIEMEHT MCXOJIHOTO BEKTOpa BO3BO-
JIUTCSl B KBajpaT. BeinmogHenue koMaHbl X » 2 HEBO3MOXKHO, TaK Kak
3TO IPOTUBOPEUHUT MPaBUIaM MaTPUIHOM anreOphl.

TpaHcrioHHpoOBaHHE TOKE OBIBACT C TOUKOM, TOTJa AJsl KOMILIEKC-
HBIX YHCENI OHO BBITOIHAETCS 0€3 KOMILIEKCHOTO COTIPSKSHHUS.

[Ipu BBIMOIHEHUM apU(PMETHYESCKUX OIEpaliii C MAaTpUIIaMH He-
00X0IMMO YYHUTHIBATH UX Pa3MEPHOCTbD.

Kaxpnoit apudmernyeckoii oneparuun B ML cooTBeTcTByeT ompe-
neneHHas ¢yHkuua. Hampumep, plus(x,y) — CIOKEHHE MacCHBOB,
times(x,y) — TIODJIEMEHTHOE YMHOXKCHUE MAaCCHBOB, mtimes(X,y) — Mar-
PUYHOE YMHOKEHHUE U T.1.:

>>2+3
ans =

5
>> plus(2,3)
ans =

5
>>X=[1234];
>>Y=[5678];
>> times(X,Y)
ans =

5 12 21 32
>> X *Y
ans =

5 12 21 32

Brimonnenne apugMeTHUECKUX Onepanuid ¢ MaTpulaMd Oyner
OPOoOHO PACCMOTPEHO Jalnee.

Onepauuu OTHOIIEHUS

K omepanmsm otHomeHuss B ML oTHOCSITCSA: paBHO (= =), HE paB-
HO (~ =), MeHbIIe (<), MEHBIIIC WJIM paBHO (<=), Oombmie (>), Oompire
WIN PaBHO (>=).

Ornepaiiiyl OTHOIICHUS HCIOJIB3YIOTCS Ml TOSJIEMEHTHOTO CpaB-
HEHHsI BYX OIEpaHIoB (YHCeN, MAaTPHIl, BEKTOPOB OJUHAKOBOTO pa3-
Mepa). PesynpTaToM omepanuyd OTHOIICHHS MOXET OBITh COOTBETCT-
BCHHO UYHCJO, MaTpHIla WM BEKTOpP, COCTOSIINE U3 JJICMEHTOB,
0003HAYaIOMINX «MCTHHA» WIH «JI10Kb». B ML 310 1 1 0 cooTBeTCT-
BEHHO:
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>>A=[103;-25-6];
>>B=[8-9 1;722];

>> A>B
ans =
0 1 1
0 1 0

B pesynbrate momydmnu Marpuiy, KaKIbIH 3JIEMEHT KOTOpPOH
HMEeT 3HAUCHHUE KUCTUHA HIIH JIOKb):

>>x=1; y=2; z=3;
>> ((xty)=z)Hy<z)Hx<=y)
ans =

3

Jlornueckue onepauuu

B ML cyniectByeT BO3MOXKHOCTD IPEACTABICHUS JIOTUYECKUX BbI-
paKEHUH C MOMOIIBIO JIOTHYECKUX ONEpPaTOpOB M JIOTUYECKHUX OIepa-
nuii. Jloruueckue omnepanuyu npeaHa3HAYeHbI T BBITOTHEHUS T103JIe-
MCHTHBIX JJOTHYECCKUX onepauHﬁ Haa BEKTOpaMU U MaTpullaMu OJWHa-
KOBBIX pa3MmepoB. K JIOTHUECKMM omepanusM OTHOCSATCS JIOTHYECKOe
U (&), noruaeckoe NJIHU (]), noruyeckoe HE (~).

Bwmecro nornyeckux omneparnuii MOXKHO TOJIB30BAThCS JIOTHYECKU-
MH orrepaTopamu (pyHKIMSMEU) and, or, not COOTBETCTBEHHO. Jlornye-
CKHE OIIepaTOphbl ONpeesIeHbl HaJl MATPHUIIAMH OJHMHAKOBON pa3MepHO-
CTH U BBIMOJIHAIOTCS HAJl KOKIBIM U3 3JICMCHTOB.

B noruueckux BBIPRKEHUSIX UCTIONB3YIOTCS JIOTHUECKUE OTIepaIiiy
" OTi€panu OTHOIICHUA.

IMpuopurer onepaumii B ML

TIpuopuTer onepauuii onpenenseT NOPsAOK JEHCTBUI B BbIpaXke-
HuM. Ero MOXHO U3MEHSATH C OMOIIBIO KPYIJIBIX CKOOOK. [lanee mpen-
CTaBJICHBI OTIEPAITNH B MOPSIKE YOBIBAHUS IPUOPUTETA:

1) noruueckas onepauusa HE (~);

2) TpancriorupoBanue(.’, *),B03BeICHUE B CTEMEHB(.", );

3) yHapHslit rittoc (+), yHapHBIH MHHYC (-);

4) ymHoxenue u nenenue(.*, ./, .\, *,/,\);

5) cnoxeHue U BeIUUTaHue (+, -);

6) ormeparu OTHOIICHUS (<, >, <=, >=, ==, ~=);
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7) noruueckas onepanus U(&);
8) mormueckast oneparust MJIH(|).

SJIEMEHTAPHBIE @ YHKIIUU

B ML cymectByer 00JbIIOe KOTMYECTBO IEMEHTAPHBIX MaTeMa-
TUYECKUX (DYHKIUI JJIsl BHIMOJIHCHUS JACUCTBUN C YHCIAMH: TPUTOHO-
METPHUYECKHE, CTEICHHBIC, JIOTapUPMUICCKUE, SKCIOHCHIUAIBHBIC H
dbynknun okpyriaeHus. Kaxnas GyHkmms o01amaeT IMEHEM B CITUCKOM
apryMEHTOB, KOTOpbIC 3a/Ial0TCS B KPYTJBIX CKOOKaxX M, €CI WX He-
CKOJTBKO, TIEPEUUCIISIOTCS Yepe3 3aIsaTyIO.

CyliecTByIOT BCTPOCHHBIC TPUTOHOMETPUYECKHE W THUIIEPOOITHYE-
ckue ynkmuu: sin(x), cos(x), tan(x), cot(x), asin(x), acos(x), atan(x),
acot(x), sinh(x) u T.1. ApryMeHThl 3THX (PYHKIMHA MOTYT 3a/JaBaThCs B
pammaHax W rpagycax (B CIEOyIONIUX BepcusiX, HaunHas ¢ Bepcuu 7.0). Y
(GyHKIMH B TpaLyCHOM Mepe TIocie Ha3BaHus Jo0aBisieTcs OykBa d. sin(x)
— apryMeHT B paJinaHax, a sind(x) — apryMeHT B rpaycax.

HekoTopsie yacTo ncnoib3yemple MaTeMaTHIeCKne (QyHKITHH:

e exp(x) —3KCIOHEHTA YKCIa X;
log(x) — HaTypanbHbIA J0rapudm;
log10(x) — necaTnuHBIN NOrapudMm;
sqrt(x) — KBaApaTHBINA KOPEHB;
abs(x) — abcoII0THOE 3HAYCHUE X;
real(z) — BemeCTBeHHAsI YaCTh KOMILIEKCHOTO YHUCIIA;
imag(z) — MHIMOH 4acTh KOMIUIEKCHOTO YHCJIa;
mod(x, ¥) — OCTaTOK OT IEIOYHUCICHHOTO JICICHUS;
round(x) — OKpyTJIeHHE 1O OJIKAMILIEro Leoro.

Jlnist paboThI ¢ JaTaMU MOXKHO BOCIIOJIB30BAThCS (DYHKIUSIMH:

e calendar — BRIBOJMT KaJICHIAPh HA TEKYIHA MECSIL;

e date — BBIBOJUT TEKYIIYIO JIaTy.

Bce anmeMeHTapHBIC (YHKIMH, MPUBEACHHBIC BBIIIE, MOKHO IPH-
MEHATh K BEKTOpaM M MarpuimaM. Ecrmu BBeaeH Bektop X, TO, 3a/1aB
¢yskmuro  Y=sin(X), moxy4uM BEKTOp, dJIEMEHTaMH KOTOPOTrO OymyT
3HAYEHUS CHHYCOB DJIEMEHTOB HCXOJTHOTO BEKTOpA:

>>X=[1234],
>>Y=sin(X)
Y =
0.8415 0.9093 0.1411 -0.7568
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Undopmanuto o modoii Gpyrxnun ML MOKHO MOJYYHUTh, BBIIOJ-
HUB KOMaHy: help <ums QpyHKIHR>.

OCOBBIE MATPHIIBI

B ML M0HO HE TOJBKO 3a7aBaThb MaTPUIbl CBOUMHU 3HAYEHUSIMHU
wi GOopMUPOBaATh UX MO (HOPMyJiaM, HO MOXKHO C IOMOIIBIO CIICIH-
aNBHBIX (DYHKIHH MTOTy9aTh 0COOBIE MATPHUIIBI:

1. MaTpuna ciydyaiHbIX YUCEN:

rand(n, m) — GopMHpYeT MATPHUILy U3 1 CTPOK M M CTOJIOIIOB, 3a-
MOJIHEHHYIO CIIyYalHbIMU PaBHOMEPHO pPAacCMpeAe/ICHHBIMU YUCIAMH B
unrepsaie ot 0 go 1.

rand(n) — GOpMUPYET KBaJPATHYIO MAaTPHUILY CITyYaHHBIX YHCEIN.

>>A=rand(3)

A=
0.9501 0.4860 0.4565
0.2311 0.8913 0.0185
0.6068 0.7621 0.8214

MoxHO 3afaBaTh pa3Mep MaTpUllbl, UCHOJB3YysS BEKTOP U3 JABYX
AJIEMEHTOB, PaBHBIX YHCIY CTPOK U cToOI0B. Hampumep,

>> B=rand([3 4])

B=
0.9501 0.4860 0.4565 0.4447
0.2311 0.8913 0.0185 0.6154
0.6068 0.7621 0.8214 0.7919

Ecimu Hago CreHepupoBaTb MATpHUIy TaKOI'O K€ pasMCpa, Kak U
CYHICCTBYOIIIAsA MaTpula, To HCO6XO,Z[I/IMO BBIITIOJIHUTH KOMaHy

>> rand(size(A))
ans =
0.4103 0.3529 0.1389
0.8936 0.8132 0.2028
0.0579 0.0099 0.1987
size(A) — (yHKOMs, BO3Bpamiammas pasMep MaTpUIBl A B BHIE
BEKTOpA.

2. Maruueckuii KkBagpat (MaTpuLa, y KOTOPOH CyMMBI 3JIEMEHTOB
B CTPOKaX, CTOJOIAX W AMArOHAISIX OJUHAKOBBI) — magic(n,m):
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>> magic(3)

ans =
8 1 6
3 5 7
4 9 2
3. Enuanynaas Matpuma — eye(n,m):
>>eye(3)
ans =
1 0 O
0 1 0
0 0 1

4. Marpuna u3 0 — zeros(n,m):

>> zeros(3)
ans =

0
0
0 0 O

5. Matpuma u3 1 — ones(n,m):

o O
S O

>> ones(3)
ans =

6. luaronanpHas MaTpuia. YToObl MOMYyYNUTh THArOHAIBHYIO MaT-
pUILy, HEOOXOUMO 33JaTh BEKTOP, KOJUYECTBO JIEMEHTOB KOTOPOTO
OTIPEIICINT Pa3MEPHOCTh MATPHIIBL. 3HAYCHHUS BEKTOPA PACIIOIOKATCS
Ha TJIaBHOM JWaroHaju:

>>V=[12345];
>> diag(V)
ans =

SO OO~
S OO NO
SO WO o
S O OO
wn OO OO
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7. BLII[CJ'ICHI/Ie AvaroHajii u3 MaTpulbl:

>> diag(A)

ans =
0.9501
0.8913
0.8214

Pesynprar — BEKTOP-CTONOEI, COCTOSIIUI W3 DJIEMEHTOB, PacIo-
JIO)KEHHBIX Ha TJIaBHOU JuaroHaliu. J%030580%071 CJIOBaMH, IpHU HCIIOJIb-
30BaHUU ATON (DYHKIUH, €CITH ITapaMeTPOM SIBIIIETCS MaTpUIla, Pe3yIib-
TaToM OYyJIeT BEKTOp, a €CIIH MapaMeTp — BEKTOpP, pPe3yNbTaT — MaTpH-
1a.

s yBenuueHust ObICTPOJCHCTBUS PabOTHI MPOrpaMMbl OBIBAaET
MOJIE3HO 3apaHee 3a/aTh Pa3MEPHOCTh MATPHIBI, JJIS JTOTO CO3JaTh
MaTpHIly ¢ HyJEBBEIMH JJIEMEHTaMH — zeros(n,m), a 3aTeM 3aroHATh e
3HAUCHUSMU.

OIIEPAIIMU C BEKTOPAMU U MATPULIAMU

B ML omepanuu ¢ BeKTOpaMyd W MaTpUIIAMU TTOAPA3EIAIOTCS Ha
IIBa THUTIA: NOYIEMEHMHblEe NPeodpA308aHUsS U MAMPUUHbLE (8EKMOP-
Hble) onepayuu, KOTOPHIE COOTBETCTBYIOT IIPaBWIaM JIMHEHHOM aire6-

pHL

BeinosHenne onepanmii ¢ BeKTOpaMu

B ML MOXXHO BBIIOJNHSITH ITO3JIEMEHTHEIE TPe0Opa30BaHUs BEKTO-
POB € MOMOIIBIO apupMeTHIeCKUX onepauuil. Credyem nomHumy, 4mo
onepayuu NO3NEMEHMHO20 NPeoOPA308aHUSL BO3MONCHbL MOALKO HAO
gekmopamu 00Ho20 pazmepa u cmpykmypsi. CI0KEHUE W BBIYUTAHHUE
BEKTOPOB NPOU3BOJAUTCA BCEraa nodjaeMeHTHo. [losneMeHTHbIE omnepa-
U 0003HaYar0TCs 100aBIeHHEM TOYKH Tepe]] 3HaKoM orepanuu. Ha-
npumep,

>>A=[257];
>>B=[1 2 3];
>>C=A.*B
C:

2 10 21
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Kaxnpiii sneMeHT BekTOpa A YMHOXKAeTCsl Ha OJMH COOTBETCT-
BYIOIIIUI €My 2JIeMEHT BekTopa B, u Takum o0pazam monydaercsl Kax-
IbIiA anemMeHT BekTopa C.

OmnepaTopsl O3IEMEHTHOTO JICJICHUS U BO3BEJCHUS B CTCIICHb 3a-
MACHIBAIOTCS COOTBETCTBEHHO Kak (./), (\1).

BekTopHOE MCUHCIIEHHE TPEIyCMaTPUBAET CICAYIONIUE ONepaluu
HaJl BEKTOPAMHU: CJIIOKCHHUE U BBIYMUTAHUE BEKTOPOB OJHOTO pa3Mepa U
THUIA, TPAHCIOHHPOBAHHE BEKTOPOB, YMHOXCHUE BEKTOPa HA BEKTOP
(Ipu YCJIOBHH, YTO OHU OJHOTO pa3Mepa W OJUH U3 HUX SIBISCTCS BEK-
TOP-CTOJIOIIOM, a IPYrol — BEKTOP-CTPOKOM MK HA000pOT).

B cooTBeTCTBUM C MpaBUIaMU BEKTOPHOTO UCUHMCIICHUS, €CITH TEp-
BBII BEKTOP — CTPOKA, & BTOPOU — CTONOEII, TO PE3yJIbTAT YMHOKEHHS —
YHCIIO:

>>A=[12 3];
>>B=[1;2;3];
>>A*B
ans—=

44

Ecnu nepBbIit BekTOp — cTONOEL, 8 BTOPOH — CTPOKA, TO pe3ybTaT
YMHOXXEHHS — KBaJpaTHas MaTpHLa:

>>B*A

ans=

2 6 10
4 12 20
6 18 30

Hns 00o3Ha4YeHUsT omepaluy TPAHCIIOHUPOBAHMS BEKTOPOB MpH-
MEHSIETCS anocTpod:

>>A=[12 3];

>>B=A’

ITpu TpaHCIOHMPOBAHUU BEKTOP-CTPOKaA Ipeodpasyercs B cToI0ew

1 Ha00OpOT.
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Boinonenue onepaum‘fl ¢ MaTpuuamMu

Omnepanyu ¢ MaTPUIIAMH, KaK U ¢ BEKTOPAMHU, MOTYT BBITOTHITHCS
MOBJICMEHTHO, @ MOTYT — I10 MIPaBHJIaM MaTPUYHO anreOphl.

Tpancnonuposanue mampuywpl. Otniepais 0003HAYACTCSI CHMBO-
siom anoctpod ('):

>>A=[123;456;789]

1 2 3
4 5 6
7 8 9
>> B=A'
B=
1 4 7
2 5 8
3 6 9

Cnosicenue u evluumanue mampuuy. Pa3Mep MaTpul O0JDKCH
OBITh OJVHAKOBBIM. HpI/I BBIIIOJTHCHHUHU JTUX onepaunﬁ MMPpOU3BOAUTCA
MMO3JIEMCHTHOC CJIOKCHUC U BBIYUTAHHUC!

>>A=[123;456;789]

1 2 3

4 5 6

7 8 9
>>B=[147,258;360]
B =

1 4 7

2 5 8

3 6 0
>> (C=A+B
C —

2 6 10

6 10 14

10 14 9
>>D=A-B
D=

0 2 -4

2 0 -2

4 2 9
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Ymuoorcenue mampuy. llpu ymuHoxxeHun A*B OIDKHO BBINOJ-
HATHCS YCJIOBHE: YHCIIO CTOJOIOB MaTPHUIBI A pPaBHO YHCITY CTPOK MaT-
puis B:

A(n, m) * B(m, k) — C(n, k)

DIeMEHTHI Pe3yIbTUPYIOMEH MAaTPHIIBl BBRIYHCISIOTCS TIO MPaBU-
Jy: KaXIbIA 3JIEMEHT CTPOKH MaTpULbl A YMHOKA€TCsl Ha COOTBETCT-
BYIOIIHIA 3JIEMEHT CTOJIOIa MaTpuIbl B, 3aTeM mpon3BeneHus CKIaIbl-
BAIOTCS U MOIYYAETCS OJTUH DJIEMEHT MaTpHIlsl C:

>>A=[123;456;789]

1 2 3

4 5 6

7 8 9
>>B=[147;258;360]
B=

1 4 7

2 5 8

3.6 0
>> C=A*B

14 32 23

32 77 68

50 122 113

Matpuiry MOKHO yMHOXAaTh Ha 4HCIO. B pesynpraTe moimydum
MaTpHIy, B KOTOPOH KaXKIbIi 3JIEMEHT IIOJIy4aeTCs] YMHOXKEHHEM Jie-
MEHTa HCXOAHON MaTPHIIBI Ha 3TO YHCIIO:

>>A=[123;456;789];

>C=A*2
C=
2 4 6
8§ 10 12
14 16 18

Ecmm Hamo, 4ToOBl ACHCTBUS TPOM3BOIMINCEH ITOJIEMEHTHO, TO
mepe1 3HAaKOM OIepaIiyl CTaBUTCS TOUKA.

Co3naguM Be MATpHUIBl: OJHY €IUHUYHYIO, BTOpyro A=[1 2 3;
456;789]:
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>>A=[123;456;789]

1 2 3

4 5 6

7 8 9
>> E=eye(3)
E =

1 0 O

0 1 0

0 0 1
>>B=A*E
B=

1 2 3

4 5 6

7 8 9

Marpuna B moirydeHa B pe3ysIbTaTe MATPUIHOTO YMHOXKEHHUS Mat-
pun A u E:

>>(C=A *E
C=
1 0 O
0 5 0
0 0 9

Marpuna C nonydeHa B pe3yibTaTe MO3JEMEHTHOI'O YMHOKCHHS
MaTpul A u E.
[Tycts 3amans! aABe MaTpuibl C 1 D 0IUHAKOBOTO pa3Mepa:

>>(C=[123;456;789];
>>D=[234;123;456];
>> Y=C.*D
Y:

2 6 12

4 10 18

28 40 54

enenue (npasoe u neeoe). B ML umerorcs 1Be pasHOBUIHOCTH
orepauuu AejeHus MaTpuil: npasoe (/) u nesoe (\). B cnydae ¢ uncna-
Mmu 2/3 B ML TpakTyeTcs Kak pe3ysbTaT AelieHus 2 Ha 3;

2\ 3 coomeemcmeyem pezynomamy oenenus 3 Ha 2.
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C BexkTOpaMu M MaTpuuamu — uHaue. Ilycte A — maTtpuna, a X —
BeKTOp. A * X =B u X * A = B — pa3Hbie ypaBHEHMUS.

Jna pemenus ypaBHenus X * A = B wucnonb3yeTcst 00bIYHOE Jie-
JICHHE:

X=B/A=B*4"

Huns pemienns ypaBHeHus 4 * X = B ucnons3yercsi oOpaTHoe Jie-
JICHUE:

X=A\B=4"%*B

Omnepauysi 00paTHOro AEJICHUS MCHOJb3YETCS AJIS PEeIIeHHs CHC-
TEMBI JINHEWHBIX ypaBHeHU. Hanpumep:

2x; +3x, =11
3X1*4X2:8

A — maTpuna ko3 pUIHEHTOB JIEBOH YacTH.
B — BexTOp mpaBbIX YacTe.
Pemraercs ypaBHenue Buga A*X=B:

>> A=[2 3;3 4],
>>B=[118 |;
>> X=A\B'
X =
4.0000
1.0000

J1s TpoBepKU MOKHO BBIITOJIHUTH YMHOXKeHHEe A*X:

>> A*X

ans =
11.0000
8.0000

B pesynbraTe mony4yuian BEKTOP MPaBbIX 4acTel, 4TO JOKa3bIBaeT
MPAaBIIIFHOCTH HAWIEHHOTO PEIIeHISL.

CrnennajbHbie QYHKIUAM A1 MATPHI

B ML cymiectByeT MHOKECTBO CIEHUATBHBIX (QYHKIUHA JIMHEHHON
anreOpsl. [IpuBeieM HEKOTOPBIC U3 HUX:

det(A4) — BEIYHCISIET ONPEACTUTEND (IETCPMUHAHT) MATPHULIBL.

inv(A) — BIYHMCIIAET MHBEPCHYIO (OOpaTHYIO) MaTpHILy.
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Obpammoti 11 KBapaTHOHN HEBBIPOKICHHOM (KOT/1a AETEPMUHAHT
HE paBeH HyIIo) MAaTpHIBI A Ha3bBaeTcs MaTpuna A, koTopas mpu
YMHOXKEHHH Ha MaTPHIly A crpaBa ¥ cjeBa JaéT eIMHUYHYIO MaTPHILY.
B HazpiBaetcst 00paTHOM A, ecnu Boinonusercss AB=BA=E (equHu4Has
MaTpUIa).

eig(4) — onpenencHue COOCTBEHHBIX YMCEl (XapaKTEPUCTHUCCKUX
qrcen);

norm(A, 1) — HOpMa MaTpHLBl — HAUOOJIBIIAs CyMMa MOJYJIEH 3i1e-
MEHTOB CTOJIOLIOB;

norm(A, inf) — HanboIBIIAsI CYMMa MOJIYJICH 2JIEMEHTOB CTPOK;

trace(A) — cnen MaTpuLbl (CyMMa 3JIEMEHTOB TJIaBHOHM TUAarOHaIN).

JEVCTBUS C JIEMEHTAMM MATPHIIBI

OOpareHre K 3JIEMEHTY OCYLIECTBIIIETCS 3aJaHNEeM UMEHH, 3a KO-
TOPBIM B KPYIJIBIX CKOOKax uepe3 3allSITyI0 YKa3bIBAIOTCS MHICKCHI —
HOMepa cTpoku u croibua. Ecim ykaszate A(2,1), To BbiOepeTcs de-
MEHT BTOPOH CTPOKH MIEPBOTO CTOJOIA.

MOXHO BBIACIUTH YacThb MATPUIBI. OTO JEJACTCA C ITOMOIUBIO
CHMBOJIa 1BoeTouHE ().

Ilycts 3amana MaTpuna:

>> A=[123;456;789]

A=
1 2 3
4 5 6
7 8 9

Ecnu gBoeToune CTOMT BMECTO HOMEpa CTPOKH WM CTOJ0Ia, TO
COOTBETCTBEHHO BBIJEISIOTCS CTONOEI WIIN CTPOKA.
[Tomyuum 3-# cronben MaTpuibl A:

>>B=A(:,3)
B=
3
6
9
ITonyuum 3-10 cTpoKy MaTpuubl A:
>> X=A(3,:)
X =
7 8 9
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HOJIy‘{I/IM BCKTOp—CTOJ’I6eLI 13 BCCX DJICMCHTOB MaTpHUIIbI:

>> C=A(:)
C=

O ANWOoO LNk~ —

Wunexcom B ML mooicem 6vimsb we moabko 4ucio, HO U 8eKmop.
DTOT BEKTOP-UHAEKC YAOOHO 33aBaTh C TIOMOIIBIO JBOCTOUHSI.

st mocTymia K dJIeMEeHTaM IMOCHIeTHEH CTPOKH WM CTOJIONA MOXK-
HO HCITO/IL30BaTh B KAYECTBE UHJEKCA end.

ITonyuum matpuiy C, COCTOSILYIO U3 3IEMEHTOB MaTpUIbl A, Ha-
YHHAs CO BTOPOTO CTOJIOMA:

>> C=A(:, 2:end)

C=

2 3

5 6

8 9
IToMeHsieM MecTaMu IEPBYIO U MOCIEAHIO CTPOKH MATPULBL A:
>> D=A(1,:);
>> A(1,:)=A(end,:);
>> A(end,:)=D;
>> A
A=

7 8 9

4 5 6

1 2 3

ITonyuum Bektop C, COCTOSIIMM U3 3JIEMEHTOB IEPBBIX TPEX BJIe-
MEHTOB 2-T'0 CTOJI0IIa MATPHUIIBI A.
IlycTe 3anana maTpuua:

>>A=[123;456;789;101]
A=
1 2 3
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4 5 6

7 8 9

1 0 1
3amnuiem:
>> C=A(1:3,2)
C=

2

5

8

[lepBblit MHACKC MpeAcTaBisieT cO00 BEKTOP M3 TPeX DIIEMEHTOB
[1:3], pesynbTar — BekTop-cTonber C.
Beigenum u3 matpuisl 4 kBaapatHyto marpuily C pasmepom 2x2:

>>(C=A(3:4,2:3)

Ionyuum
C=
&8 9
0 1
Briaenum nepBble BE CTPOKH MaTPULIbI A:
>>C=A(1:2,)
C=
1 2 3
4 5 6

MOo>KHO 3aMEHUTH OJMH (PparMEeHT MATPHIIBI IPYTHM.
ITycte nmeem matpuity A =[1 2 3;4 5 6; 7 8 9] u 3amagum MaTpu-
iy C:
>> (C=[2030;10 15]
C=
20 30
10 15

3aMeHuM TpaBblil BepxHHUA yron marpunbl A marpunein C. s
3TOrO 3alUIIEM:
>> A(1:2,1:2)=C

N3menennas matpuna A
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A=

20 30 3
10 15 6
7 &8 9

[Tomensiem Mectamu 1-10 ¥ 3-10 CTPOKH MaTpHUIIbI A:
Hcnone3yeMm [Tt 3TOT0 BO3MOKHOCTD 33JaHHs HHJIEKCa BEKTOPOM.

>>A=[123;456;789];
s aToro 3anumem:

>> A([13],)=A([3 11,)
[lonyyenHas maTpuua:
A=

— A
SR
w0

Ob6pamenne A([1 3], :) o3HaUaeT MepPBYIO U TPETHIO CTPOKU Mart-
putst; A([3 1], ;) — aHaTIOTHYHO TPETHIO U MIEPBYIO CTPOKH.

Wnnekcanus nBoeToYreM ymnpormaer (popMUpOBaHHWE MaTpHIl TIO
ompeJieieHHOMY 3akoHy. [lycTe HeoOxoauMo chOpMHUPOBATH MATPHUILY
pazMepoM 5%5, B KOTOPOW 3JIEMEHThI MEPBON U TOCIEIHEH CTPOK U
MEPBOTO U TIOCJIEAHETO CTOJIONOB paBHbI enuHuIle. OcTalbHBIE dJ1eMeH-
THI MaTPHILbI PaBHbI HYJIIO.

CHavana co3faguM MaTpully U3 HyJel pasmepoM 5x5. 3atem 3a-
MOJIHKUM HEPBYIO U MOCIEIHIO CTPOKH U NEPBBIA U MOCIECAHUIN CTOJIO-
bl TUHULIAMH

>>7(1:5,1:5)=0;

>>7(1, )=1;
>>7(end, :)=1;
>>7(:, 1);)=1;
>>7(:, end)=1
B pesynbpraTe nomyunm marpuiy Z:
7 =
1 1 1 1 1
1 0 0 0 1
1 0 0 0 1
1 0 0 0 1
1 1 1 1 1
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WJIK JIy4d1ie:

>>7([1 end], :)=1;
>>7(:,[1 end])=1

MoO03KHO BBIIIOJIHHUTD O6’B€I[I/IHGHI/IG MaTpui:

> 110 rOPHU30HTAIH

>>X=[1 2;3 4];

>>Y=[5 6;7 8];
>>7=[X,Y]
1 2 5 6
3 4 7 8
» 10 X | Beprukamm
>>7=[X,Y] Y
1 2
3 4
5 6
7 8

Pa3mMepbl MaTpuIl JOIKHBI OBITH COTIIACOBAHBL.
Jo6aBum cTpoKy K MaTpuile A:

>>A=[123;456;789];

3amamuMm BekTop B:

>>B=[555];

3anumieM:

>> A=[A;B]

[Tonyyum HOBYIO MaTpuIly pazmMepom 4x3:
A=

N3 b —
W 0 L N
WO O\ W

VY aanum u3 MaTpuiibl 2-10 U 3-10 CTPOKU:
>> A2:3, )]

1 2 3
55 5
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Y namum u3 MaTpuiisl 2 cToioerr

>> A, 2)=]
A=
1 3
55

MoxHo YAQJIUTB 3JIEMCHT U3 MaTpPUIIbI.
A(3)=[] — ynanenue 3-ro sneMeHTa MaTPHUIIBI.

>>A=[123;456;789]

A=
1 2 3
4 5 6
7 8 9
>> AG)=(]

Pesynbrar — BeKTOp 4, COCTOALIMIA U3 3JIEMEHTOB MATPHIIBI B TIO-
psIKe cIeIOBaHUA 1o cToaOmaM Oe3 amemenTa A(3,1):

A=
1 4 2 5 8 3 6 9

Crenaem mMaTpuily HyJIEBOH pa3MEpHOCTH
>>A=[];
y,Z[aJ'IeHI/IC ManI/ILILI H3 1lIaMiaATHnu

>>clear A

®YHKIUU, UCITIOJB3YEMBIE JIUIS1 PABOTbBI
C BEKTOPAMU N MATPUIIAMHU

Panee MBI mO3HAKOMUIHMCH C QYHKIMAMH JUIS CO3JIAaHHS BEKTOPOB
u Marpuil. B makere Matlab umerorcs QyHKIMUM, TpemOCTaBISIO-
e BO3MOXKHOCTh IIOCTPOYHOH WM ITOCTOJOIOBOH 0OpabOTKH
3IIEMEHTOB MaTPUIBl. ITO (DYHKIINH, TIO3BOJISIONINE BBIYUCIHTE CYMMY
mub0 TPOW3BENEHHE HIIEMEHTOB, OTCOPTHPOBATh JaHHBIC, HAUTH
MaKCHMaJbHOE ¥ MHHHMAaJbHBIE 3HAYEHHWS DIIEMEHTOB BEKTOpa WITH
MaTpHIIbI.

IIycte umeem BexkTop X

>>X=[923415617];
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Paccmotpum HekoTOpBIC (QYHKITHH.
Cymma Inemenmoe 6eKkmopa:
>> sum(X)

ans =
47

Hpouzeedenue Jjlemenmoes éekmopa:

>> prod(X)
ans =
136080

MakcumanvHoe 3HaueHue 6eKkmopa:

>> max(X)
ans =
15

Maxkcumanvnoe 3nauenue 6eKkmopa u e2o Homep:
>> [m,k]=max(X)
m=
15
k=
5

Munumanvhoe 3nauenue geKmopa:

>> min(X)
ans =
1

MunumansHoe 3HaueHue 6eKMopa u e2o Homep:
>> [m,k]=min(X)
m=
1
k=
7

Cpeonee apugpmemuueckoe I1eMeHN 08 6eKMOPA:

>> mean(X)
ans =
5.8750
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Copmupoeka J/1eMenmoe 6eKmopa no eospacmanuu:

>> sort(X)
ans =
1 2 3 4 6 7 9 15

JJist cCOpTHPOBKH 3JI€MEHTOB BEKTOpa MO YOBIBAHWUIO MOKHO BOC-
MOJIL30BAThCS TOH ke (PyHKIIMEH:
>> X = -sort(-X)
X =
5 9 7 6 4 3 2 1

Pazeopom eexmopa na 90°
>>10t90(X)

Ota ¢GyHKUMS Pa3BOpAauMBaET BEKTOP IPOTUB YaCOBOM CTPENKH.
B pe3ynbrare nomydaem BeKTOp-cToI0er;

ans =
15

— N Wk N0

Bce 3111 hyHKIMY MOXKHO MPUMEHHTH K BEKTOPY, HE3aBHCHMO OT TO-
T0, CTOJI0EIl 3TO WX CTpoKa. IJIsl MaTpuIl HCHIONB3YIOTCA Te ke (DYHKINH,
KOTOpBIE BBIIOJIHSIOT T€ XK€ ACHCTBUSA B KKIOM CTOJIOIE MAaTPHLIBL.
ITycte umeem matpuny 4

>> A=[123:456:789]:

Paccmotpum HEKOTOpBIE (QYHKITHH.
Cymma 3nemeHmog 6 cmondyax mampuybl:
>> sum(A)
ans =
12 15 18
WJIN MOXKHO 3aITHCaTh:
>> sum(A,1)
ans =
12 15 18
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I[Jlﬂ MOJIy4YCHUA CYMMBI 3JICMCHTOB B CTPOKAX MaTpuUllbl BBEACM

KOMaHJly

>> sum(A,2)
ans =

6

15

24

I[J'IH TIOJIYYCHUS CYMMBI BCEX DJIEMCHTOB MaTpUIIbl BBEAEM KOMaHIYy

>>sum(sum(A))
ans =

45
Ilpouseedenue rnemenmos mampuybl Ho CMoaOUaAM:
>> prod(A)
ans =
28 80 162
Ilpou3seedenue Inemenmos mampuysbl HO CHIPOKAM:

>> prod(A'")
ans =
6 120 504
IIpousBenenue uncen ot 1 go 4

>> prod(1:4)
ans =
24

B ¢byHKIMAX 1S BBIYMUCIEHUS CYMMBI W TPOW3BEACHUS (SUm u

prod) SIEMEHTOB MaTpULBl PE3YJIBTATOM OYyJeT BEKTOP-CTPOKa, YHCIIO
3JIEMEHTOB KOTOPOW PaBHO YMCIY CTOJIOIIOB MaTpPHUIIBI.

Ectp (1)YHKLII/II/I, KOTOpPBIC BBIAAKOT HanOoJbIIce U HAUMEHBb-

mIec 3Ha4YCHHUA B CTOJ'I6IIaX MaTpulIibl. Pe3y'J'H>TaT — BCKTOP-CTPOKa.

MaxcumanbvHoe 3HaueHue 6 Kaxcoom cmoioye:

>> max(A)
ans =

7 8 9
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MakcumansHoe 3nauenue 6 Kaxcooi cmpoke:

>>max(A')
ans =
3 6 9

Haumenvwee 3nauenue:

>>min(A)
ans =

1 2 3
>>min(A'")
ans =

1 4 7

Mo:kHO HE TOJBKO HAaliTU MHUHUMAJILHOE U MaKCHUMaJIbHOE 3Haue-
HHS, HO ¥ TIO3HIIAM STHX JJICMCHTOB:

>> [m,k]=min(A)
Pesynbrar — nBa BEeKTOpa, OJUH — M3 MUHUMAJIBHOTO MM MaKCH-

MaJBHOTO 3HAYeHWH B CTONOIAX MAaTPHIBI, a BTOPOW — U3 TO3UIHI
3THX 3JIEMEHTOB B COOTBETCTBYIOIIEM CTOJIOLE:

m=

3 3 3

Cpeodnee apugpmemuueckoe 6 cmoaoyax. Pe3ynptar — BEKTOp-
CTpOKa U3 CpEAHUX apu(METHIECKUX B KAKIOM CTOJIOIIE:

>> mean(A)
ans =

4 5 6
>>mean(A")
ans =

2 5 8
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Copmuposka. CopTUpOBKa 3JIEMEHTOB Ka)IO0ro CTOJI0LA MO BO3-
pacTaHuIO:

>>s0rt(A)
CopTHupoBKa 3JIEMEHTOB KaXI0H CTPOKH 110 BO3PACTAHHMIO:
>>sort(A,2)

Pazeopom mampuyot na 90°
Ota ¢yHKUMS pa3BopaunBaeT Marpuuy Ha 90° mpoTuB yacoBoOi
CTpEJIKU:

>>rot90(A)
ans =
3 6 9
2 5 8
1 4 7

*’3epkanvhoe’’ omobdparicenue mampuybl OMHOCUMENbHO 6€p-
MUKaIbHOU ocu:

>> fliplr(A)
ans =
3 2 1
6 5 4
9 8 7

*’3epkanvhoe’’ omoopasicenue MAmMpuUbl OMHOCUMETIbHO 20PU-
30HMANbHOIL OCU:

>> flipud(A)
ans =
7 8 9
4 5 6
1 2 3

JEWCTBHUS C IOJIUHOMAMHU (MHOTOUJIEHAMU)

B ML npenycmotpens! pyHKUMU 1t paboThl ¢ monuHoMamu. C
MOMOIIBIO 3TUX (PYHKOMHA MOYKHO BBIYHCIHMTH 3HAYEHHE ITOJIMHOMA,
HAWTH €ro KOPHH, BHIMOJHUTD ONEPallii YMHOKCHHUS U JENICHUS MOJH-
HOMOB U T.1.

[TonmHOM (MHOTOUIEH) — 3TO BBIpAKCHUE BHIA

P(x)=ax"+ax""+.... +tax+a,
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B cucreme Matlab momuHOM 3ama€rcst 1 XpaHHUTCS B BHJIE BEKTOPA,
AJIEMEHTAMH KOTOPOTO SIBIISTFOTCS KO3 GUITUESHTHI MTOJTMHOMA:

P=la;a; ...a, a,+]

Uncno 3meMEeHTOB BEKTOpa JIOJDKHO OBITh Ha E€AWHUIYYy OOJIbINe
CTelleHH MoJuHOMa. Eciii B MONMHOME OTCYTCTBYET CllaraeMoe, COOT-
BETCTBYIOIIlee KaKOK-IIMOO CTENEHH X, TO B 3TOM CJIy4ae B BEKTOpPE B
KadecTBe 3HAUYCHUS KOd(DPHUITMEHTA 3aITUCHIBACTCS HOJIb.

Hampumep, mycTh 3aaH MOTHHOM 2x° +x°-3x+5. Bextop k03(du-
[IUEHTOB TOJMHOMA OyIeT

p=[21-35]

Jlnst BBIYKMCTICHUST 3HAYCHUSI TTOJIMHOMA TIPU HEKOTOPOM 3HAYCHHUU
aprymMeHra npeaHasHaueHa GyHkums polyval(p,x), Tie p — BEKTOp KO-
3¢ UIMCHTOB MOJIMHOMA; X — 3HAYCHHUE apryMEHTa, IPU KOTOPOM Ha-
IO TIOCYUTATh 3HAYCHHE TTOJITMHOMA.

>>P=[21-35];
>> Y=polyval(P,1)
Y =

5

B pesynbTare GyeT BBIYHCICHO 3HAYECHHE MOTHHOMA 2x° +x°-3x+5
mpu x=1.

B kadecTBe apryMeHTa X MOXET OBITh yKa3aH BEKTOp HMJIM MaTpH-
na. B pesynprare momydurcsi BEKTOp WIM MaTpHLia TOrO e pa3Mmepa,
4YTO U apTyMCHT:

>>P=[21-35];
>> X=1:5;
>>Y=polyval(P,X)
Y =
5 19 59 137 265

ONeMEHTHl BeKTOopa Y — 3HAYEHUS MOJIMHOMA, BBHIYMCICHHBIC IS
Ka)XJIOro 3JIeMeHTa BekTopa X.

BBIYHMCIUTh KOPHU MOJUHOMA MOYKHO C ITOMOIIBIO (DYHKIIMHU 700LS.
Uucno KopHel onpeensieTcs] CTENEeHbIO TOJUHOMA!

>>P=[21-35];

>> roots(P)

ans =

-1.9388
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0.7194 + 0.8786i
0.7194 - 0.87861

B nanHOM cryuae HaliieHbl TPU KOPHS, U3 KOTOPBIX OJIMH BEIIECT-
BEHHBIN U JIBa KOMIUICKCHBIX.

UToOBI BRIYUCIUTH MMPOU3BOJHYIO OT MOJIMHOMA, CIIEAYET HCIIONb-
30BaTh QYHKIHIO polyder. Pe3ympTaTroM 3TON (DYHKIHU SBISETCS BEK-
TOP, 3JEMEHTBI KOTOPOTO MPEICTABIAIOT CO00M KO3 (UIIUSHTHI MOJH-
HOMa-TIPOU3BOIHOM OT HCXOTHOTO TTOJMHOMA!

>>P=[21-35];
>> polyder(P)
ans =

6 2 -3

JIy1s BEITIOTHEHUST YMHOXKEHUS M JIEIICHUS] TIOTMHOMOB TPE/IHA3HA-
4eHbl QYHKIUH conv U deconyv:

Z=conv(P1,P2),

rae Pl, P2 — IOAMHOMBI, 3aJaHHBIE BEKTOPaMU; Z — PE3yIbTUPYIOLIHIA
BEKTOp KOA((UIIMCHTOB MOJUHOMA, MOJIYYCHHOTO B pe3yibTare mepe-
MHO>KE€HHUSI TOJIMHOMOB, 3aJJaHHbIX BekTOopamu Pl, P2.

[R1, R2]=deconv(P1,P2)

Pesynbrar paboter aToi (pyHKIIMU — ABa BekTOopa R/, R2, e R,
R2 — BekTopbsl KO3((UIHMEHTOB MOJIMHOMA-4YacTHOIO M MOJMHOMA-
OCTaTKa, IMOJIyYEHHOTO B pe3yJibTaTe NCNICHHSA MOJIMHOMOB, 33JaHHBIX
BekTtopamu PI,P2.

T'PADUKA

Cucrema ML o6nagaeT MOIIHBIMU IpadUISCKUMH BO3MOXKHOCTSI-
Mu. BwiBon rpaduueckoit nHpopmanun ML ocymiecTBisieT B OTAEIb-
HOE OKHO, KOTOpOE CO3[1aeTCs aBTOMATHUYECKH, KOTJa HCIOIb3yeTCs
Kakas-m0o rpadudeckas GyHkus. s odhopMIIeHHS 1 peIaKTHPOBa-
HUSI TpaMKOB MPEAYCMOTPEHBI ClICIUaNbHbIe KOMaH/bI.

IHocTpoenne npocreiimux rpagukos

MoskHO rpadudecKu 0ToOpa3uTh 3HaYeHHe BeKTopa Y.
Oto nenaercs komaunoit Plot(Y). Ilo ocu X B 3TOM cilydae OTKIIa-
IIBIBAIOTCS TOJIEKO HOMeEpa daeMeHToB. Hampumep,
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>>Y=[1371286];
>> plot(Y)

B pesynbraTe OyneT momydeH rpaduk, H300paXeHHbII Ha pHC. 5

<) |Figure No. 1
File Edit View Insert Tools Window Help

= = = N A R I
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B0

70

B0

50

40

a0

20

Puc. 5

Uto06b! OCTPOUTH TpaduK KakoW-mOo (PYHKIIMU Ha OMpeieseH-
HOM HHTCPBAJIC X C OTMCTKAMU IIO0 OCHU )(, Hago0 IMOJYYUTb BCKTOp U3
3HAYCHHWH apryMeHTa, IOTOM IOJYYHTh BEKTOp 3HauYeHUH (YHKIHH, a
3aTeM rpauIecku 0ToOpa3uTh ero komanmoi Plot(X,Y).

Bynem crpouts rpaduk ¢hynknuu sin(x) Ha yuactke ot 0 g0 27.

[TomyuyrmM BeKTOp 3HAYCHUI apryMeHTa:

>>X = linspace (0, 2*pi, 100);

>>Y = sin(X);

[Homyunm BexkTop u3 100 sneMeHTOB. DIEeMEHTHI BeKTOpa Y mpen-
CTaBIISIIOT 3HAYCHUS CHHYCOB JIEMEHTOB BEKTOpa X.

>>Plot(X, Y)

Moxno 106aBuTh K rpaduky (puc. 6) cetky. st 3Toro Hago Boc-
M0JIb30BATHCSI KOMAHIOH grid on.
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Komanna grid on Brimovaer ceTky, a koMaHza grid off oTkmoyaer

CETKY.
MoxHo m00aBuTh oOmiee Ha3BaHMe Tpauka KOMaHIOU
title(<3aeonogox>)

HasBaHus oceil 3agat0Tcsi KOMaHIaMMU:
xlabel(<uazeanue ocu x>); ylabel(<naszsamnue ocu y>)

Komanna text(<koopounama x>,<xoopounama y>, <mexcm>)
BBIBOJTUT TEKCT, HAuWHAS C TMO3WIUH, 33JaHHON KOOPJAMHATAMHU
XnY.

3azono60k, Hazeanue ocu X, HA36aHUEe OCU Y — NApPAMEmMpsbl CIpPO-
K08020 muna (3anucbl8aromcest 6 anocmpoghax).

Hampumep,

>> text(-1, 0.5, 'hhhhh')

g ykazaHus 1BeTa, THITA JMHUNA U Mapkepa B KoMmauze Plot Hamo
JIOTIACATh TapameTp:

Plot(x, y, ‘<mun mapkepa, ob6o3nauenue yeema u mun auHui>")

OTOT ILOHOJ’IHHTCHLHI)Iﬁ napamMeTp MOXCT NPUHUMATDL CICAYIOLINEC
SHAYCHU:
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Tun nuaun IBer iunuu | Tun Mapkepa

Crutonraasi(-) Kpacssrii (r) | Touxa (.)
[ Tpux(--) Kenteit (y) | Ilmoc (+)
[MyuxTup(:) 3enenstii (g) | Kpyxoxk (0)

[ rpux-myuaktup(-.) | Cunwmii (b) Kpectuk (x)

l'omy6oii (¢) | 3Be3mouxa (*)

PozoBeiit (m) | KBazapar (s)

Yepnsrii (k) | Pomo6 (d)

Bemnsrii (n) TpeyronpHUK ¢ Bepil. BHU3 (V)
TpeyromsHuK C Beprl. BBepX ()

Hampumep,

plot(x, y, *r-")

[lopsimox ykazanust arpuOyToB mHpuBeneH Bblme. Ecnn ykaszan
TOJIBKO IBET, TO I'paMK CTPOUTCS CILIOLIHOW JIMHUEW 3alaHHOTO LIBe-
ta. Ecnu yka3aH cMMBOJI, ONpEeAEISIIOIINM THII MapKepa, HO HEe yKa3aH
CHUMBOJI IJISl TUIIA JIMHUHM, TO Ha Tpaduke 0TOOpaxaroTcsi TOIBKO Map-
KEphl, HE COCTUHEHHBIC NUHUAMH. [10 yMONYaHWIO LBET MOCTPOCHHS
CUHMIA.

Komannoit plot MoxxHO Ha rpadyiKke OTMETHTH KaKylo-IMOO TOUKY,
yKa3aB KOOPIMHATHI, TUIl U IBET MapKepa, €cii @ U b — KOOPANHATEI
TOYKH:

plot(a, b, ‘*g’)

B ogHMX 0CSIX MOXKHO IIOCTPOUTH JIF000€ KOJUIECTBO rpadukos. B
KoMaHze plot JUIs 3TOTO MOXKHO TIOCIIEOBATEIbHO yKa3aTh Mapbl BEK-
TOPOB W aTpuOyTHI IS KeJaeMoro KoimuectBa rpadukoB. B sTom
ciIydae ¢ IMOMOIIbI0 KOMaHIbl legend Ha TpaduKe MOKHO Pa3MECTHThH
nereHny ¢ uHpopManuel o JMHUSAX. APTyMEHTHl KOMaHbl TEKCTOBBIE.
Wx 9ncino v mopsaoK COOTBETCTBYIOT JIMHUAM rpaduka. B cremyromem
npruMepe B OHUX OCSAX CTPOATCS TpH rpaduka (puc. 7):

>> x=linspace(0,2*pi,100);

>> y=sin(x);

>> plot(x,y,*g',x,cos(x),'r--',x,2*y,'+b")

>>]egend('sin(x)','cos(x)',"2sin(x)’)
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Puc. 7

st mocienoBaTenbHOTO MOCTPOCHHUS TPaUKOB B OJTHUX OCSX Ha-
JI0 YCTaHOBHThH PEXKUM COXpaHEHHUs TeKyIero rpaduka — hold on. Ko-
MaHza hold off cHIMaeT coxpaHeHHe.

>> x=linspace(0,2*pi, 100);

>> 7=c08(X);

>> y=sin(x);

>> plot(x,y)

>> hold on;

>> plot(x,z)

>> hold off;

I'paduk, 3agaBaemblii 3HaYEHUAMH BEeKTOpa Z, OyJeT HaIOXEeH Ha
rpaduk, oToOpakaromuii 3HadeHus: BekTopa Y (puc. 8). Ecau He wnc-
MOJIb30BaTh KOMaHIy hold on, TO TIpU BBIBOJE KAXKABIN CIICAYIOLIUI
rpaduk OyaeT BBIBEJCH B TOM K€ TpagUuecKoM OKHE BMECTO IpEe.Ibl-
mymero. UtoOsl HOBBIM TpauK HE HAKIAABIBAJICA Ha TMPEABIIYIINH,
HeoOXoauMo HaOpaTh Komanay hold off.
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Bce rpadudeckue okHa aBTOMAaTHYECKHW HYMEPYIOTCS, HaYMHAs C
Nel. ITo yMouaHuIO BCe IOCTPOCHUS CHAYasIa IIPOBOJSTCS B 3TOM OK-
He. MiMeeTcs BO3MOXHOCTh IIPH HEOOXOJAUMOCTH OTKPHITH HOBOE OKHO,
B KOTOPOM OYJyT MPOU3BOJUTHCS rpaduuecKie nocTpoeHus. Jist ato-
ro Hajgo HaOpaTh KOMaHmy figure. Ilpyu 3TOM HE MPOU3OUIET HaJIOXKe-
HHUE Ha MpexHee Tpaduieckoe H300paKeHUe, a OTKPOETCS HOBOE OKHO
CO CJIEIYIOIIUM HOMEPOM.

MoxxHO mOCTpouTh TpadUK C HUCHOJIb30BaHHEM (DYHKIUHU
ezplot (<cumsonvhoe svipadicenue™>, <unmepean=>).

OyHKHg paboTaeT C CHMBOJBHBIM BBIPRKEHUEM, 3a/alOLIIM
dbopmyy GyHKIIUH, KOTOpas 3aKIF0YAETCS B allOCTPOQHI.

Ilycts TpebyeTcss MOCTPOUTh (YHKIMIO X +x+] HA HHTepBane
oT -2 710 2, Toraa

>> ezplot('x"2+x+1', [-2 2]) (puc. 9).
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Puc. 9
BbiBoa Hecko0IbKMX IPAQUKOB B 0THOM OKHeE

I'paduueckoe OKHO MOXXHO pa3[eluTh Ha HECKOJIILKO 4YacTel U B
Ka)XIIOW M3 HUX BBIBECTH T'paQUKH Pa3IHYHBIX QYHKIHHA. DTa BO3MOXK-
HOCTb Peaju3yercss KOMaHI0M:

subplot(m, n, p),

TIie M, n YKa3bIBalOT, HA CKOJBKO YacTell JEIUTCS OKHO MO BEPTUKAIH
(m) m ropuzoHTaNM (1), @ p — HOMEP MOJOKHA, B KOTOPOM OyJeT OTo-
Opaxartbes rpaduk (HyMepalus clieBa HalpaBo M cBepxy BHU3). P=1, 2,
3,4mpum, n=>2

1 2
3 4

Uto65!I mocTpouTh Tpadk BO BECh dKpaH, HEOOXOAUMO 3a7aTh KO-
Mauay: Subplot(l, 1, 1).

Paznmenum skpaH Ha deTsipe dacTH. B okHax 1 u 2 BbIBeneM rpa-
¢k QyHKIHN cos(X) U Sin(x) COOTBETCTBEHHO.

>>x =-2:0.01: 2;

>>f1 = sin(x);

>>subplot(2, 2, 1);

>>plot(x, f1);

>>title('sin(x) ');

>>y2 = cos(X);

>>subplot(2, 2, 2);

>>plot(x, y2);

>>title('cos(x) ');
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Pesynprar n3zobpaxen Ha puc. 10.
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—]

Puc. 10

Paznenum skpan Ha aBe yactu 1o BepTukaiy (puc. 11):

>>subplot(2,1,1)
>>plot(x,y2)
>>title('cos(x) ");
>>subplot(2,1,2)
>>plot(x,f1)
>>title('sin(x) ');

iew Insert Tools ‘Window Help

Dedas| »aAa 2/ ®9 0

Puc. 11
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MOoXHO yTpaBiAThH OCSAMH, KOTOpBIE pacloyiararoTcsi Ha dKpaHe.
Hx MoxHO yOpath ¢ SKpaHa:

axis off — yopats ¢ 3KpaHa;
axis on — BEpHYTh Ha SKPaH.

MOXHO yCTaHOBHTH CBOI1 MaciuTab 1o ocsM:

aXis([xmin Xmax ymin Ymax])a
A€ Xmin, Xmax — MHUHHMAJIBHOC U MAKCHMAJIBbHOC 3HAYCHHA IIO OCH X,
Ymins> Vmax — MUHUMAJIbHOC 1 MaKCUMAJIbHOC 3HAYCHUS 110 OCH ).

Ecmu I’panI/IK TpeXMCpHBIﬁ, TO KOMaHAa 6yz[eT HMETH BU!

aXiS([Xmin Xmax Ymin ymax Zmin Zmax])-

axis ('i j') — IeHTp KOOpAWHAT OYIET PaCIIOIOKECH
B JICBOM BEPXHEM YTIIIy SKpaHa

axis (‘xy’) — 0OBIYHOE PACTIONIOKEHUE OCEH

axis (‘square’) — rpaduk 6yneT 3aHUMATH 00JIaCTh C OJJUHAKOBEIMHU
JMana3oHaMH 3HAYCHUH 110 OCSIM X U ).

axis (‘equal’) — oMMHAKOBBIN MacIITad IO 00EUM OCSIM.

axis (‘auto’) — yCTaHaBIMBACT MACIITA0 110 YMOTIAHHIO.

JAunarpamMmsl

JuarpaMMbl MO3BOJISIFOT MPEACTABUTH BEKTOPHBIE W MaTPUYHBIC
JaHHbIe B OoJyiee HArmsAHOM BHIE. g mocTpoenus cToaOukoBoil aua-
TpaMMBI UCTTONIB3yeTcst PYHKITHS bar(<eexmop™> ).

Ilyctp umeem BekTop Y. IlocTponM CTONOMKOBYIO IuarpamMmy
(puc. 12):

>>Y=[2537];
>> bar(Y)

Kaxkmprit a7eMeHT mpeacTaBisIeTcsl B BUAE CTOJIOIA, BRICOTa KOTO-
poOro MpoIoplUOHaIbHA €ro 3HaueHuto. Ha ocu x — HOMepa 3jIeMeH-
TOB.
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Puc. 12

3amamuM aBa Bektopa: X v Y. OHU JODKHBI OBITH OJHOMN JJTHHEI:

>>Y=[2537];
>>X=[8 104 1];
>>bar(X,Y)

B sToM ciydae mo ocu y OTKJIaAbIBAIOTCS 3HAYEHHS BEKTOpa Y,
a 110 OCH X — He HOMepa 3JIEMEHTOB, a 3HaueHUs BekTopa x (puc. 13).

- [E5]x]

DEEdS MA A, BP0

Puc. 13

49
97



B kauectBe aprymenTta (YyHKIUH bar MOXHO 3aJaTh MATPHILY
(puc. 14):

>>A=[123;456;789];
>> bar(A)

Emﬁ

DEE& A A, 220

Puc. 14

Uto66l 0TOOpa3uTh (PYHKIWIO B BUAE AMArpaMMBbl, HY>KHO IIOITY-
YUTh JBa BEKTOpa (BEKTOp 3HAUCHMS apTyMEHTa M BEKTOpP 3HAYCHU
(GYHKIINN) ¥ IPUMEHUTH K HUM KoMaHy bar (puc. 15):

>>X=0:0.1: 5;
>>Y=exp(x);
>>bar(X, Y)

File Edit View Insert Tools MWindow Help

DEeEd& MA 2/, 220
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Puc. 15
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Hns monyuenus oObeMHOW auarpaMmel (puc. 16) ucmonbssyercs
KoMaHza bar3:

>>A=[123;456;789];
>> bar3(A)

<} Figure No. 1 E@@

File Edit View Insert Tools Window Help

D& kAA/, 20D

Puc. 16

[pu ucnonb3oBannu GyHKIMU barh(A) NOTyYUM JUarpamMmy c To-
PHU30HTAJILHO PACTIONIOKEHHBIMU CTOIOLIAMH.

Hcnonb3oBanue KpyroBod QuarpaMMbl MOXKHO IOKa3aTh Ha MPH-
Mepe OIpeeNieHns A0 (B IPOLEHTAaX) KaXI0r0 JIEMEHTa BEKTOpa OT
00I1Ie# CyMMBI 3JIEMEHTOB.

KpyroBele gmarpamMmbl  CTPOATCSL C  TIOMOIIBIO  (PYHKIHMH
pie(<eexmop>):

>>X=[3 8 10]
>>pie(X)

[locTpoeHne CeKTOpOB BeleTcs, HAUYMHAs OT BEPTHKAJIBHOU OCH,
MPOTHB 4acoBoOil cTpenku (puc. 17).

UToOBI BBIICTUTH KaKOW-THOO CEKTOP, HEOOXOAMMO CO3IaTh IO-
MOJTHUTENBHO BekTop U3 0 1 1 Takoro ke pasMepa, 4To M BEKTOp, CO-
Jepxamuii ganaeie. Hammume 1 mokassiBaeT, 4TO HAJ0 OTENUTH CEK-
TOp C TaKWM K€ HOMEpPOM, 4TO u B 3TOoM BekTope Y. IlycTs 3amansl n1Ba
BekTopa: X u Y.

>>X=[16 8 3 1 4];
>>Y=[01001];
>>pie(X, Y)
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Puc. 17

Enununa B BexkTope Y mnokaspiBaeT, YTO BTOPOM U MOCIEAHUIN CEK-
TOpa JOJDKHBI OBITH OTACIICHBI (puc. 18).

) Figure No. 1 [E

File Edit Miew Insert Tooks Window Help
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13%

0%

Puc. 18

MOXHO MOCTPOHUTh OOBEMHYIO AMarpaMMy, MPUMEHHUB (YHKIHIO
pie3(<eexmopa>):

>>pie3(X, Y)

Pesynbrar nzobpaxken Ha puc. 19.
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Puc. 19

IocTpoenue rpadpukoB B NOJISAPHBIX KOOPIAMHATAX

[NonsipHast cucrema KOOpPIWMHAT COCTOMT M3 3aJaHHON (uKcHpo-
BaHHOH TOukH O, HAa3bIBAEMOH MOJIOCOM, KOHIICHTPUYECKUX OKPYKHO-
CTEl ¢ UEHTPOM B IOJIOCE U JIydel, BBIXOASIIUX U3 TOUKU O, ONHH U3
KoTOpbIX OX — nojsipHasi oCh.

Pacnionosxenue mo0oii Touku M B ONSPHBIX KOOPAMHATAX MOXKHO
3a7aTh TOJOXKUTEIHFHBIM YUCIIOM p=|OM)|, paBHBIM PacCTOSIHHIO OT II0-
JIFOCa 10 TOYKH, ¥ YHUCIIOM (0, PaBHBIM Benn4yuHe yria XOM (ToyspHbIi
Yro); p ¥ ¢ Ha3bIBAIOT MOJSPHBIMH KOOPJAUHATAMH TOYKUA M, U TOUKY
ob6oznauatotr M(p, ¢). ns hopmupoBanus rpaduka B MOIIPHBIX KOOP-
JIUHATax UCHojb3yercsa GpyHkius polar(p, p, s), TaAe @ — MACCHB TOJISP-
HBIX YIJIOB, p — MAacCHB 3HA4YCHHUI MOJSAPHBIX PaJnyCOB TOYEK, 0Opa-
3YIOIIKX IpaduKy, S — CTPOKA, COCTOSIIAS U3 TPEX CUMBOJIOB, KOTOPBIE
OTIPEIETISTIOT IBET JIMHUH, THIT MapKepa M THTI JINHUH.

[lycte Tpebyercst mocTpouTh rpaduk GYHKUUH 7(p)=5c0s(2-79).
Ilpu mocTpoeHMH B MOJIAPHBIX KOOpAMHATaX OyaeM H3MEHATh apry-
MeHT ot 0 10 27 (puc. 20).

Heobxommmo chopMupoBaTh MacCHBBI 3HAYEHUH TOJSPHOTO YIIia
(¢ ¥ IONSPHOTO paauyca » (ApryMEHTOM SIBIISICTCSI YTOJ):
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>> f1=0:0.01:2%pi;
>> r=5%cos(2-7*fi);
>> polar(fi, r);

MOoXHO TaKkxe YKa3aThb TUIT 1 IBET HHHHﬁ, TOTrJa

>>{i=0:pi/200:2*pi;
>> 1=5*c0s(2-7*fi);
>> polar(fi, r,'r*-');’

X

File Edit WYiew Insert Tools Window Help
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Puc. 20

Jis mocTpoeHus TPAaeKTOPWHU NBIKEHHSI TOYKH Ha TUIOCKOCTH
(aHuMmanusi) mpexycMoTpeHa (QYHKLUUS comet, a Uil IMOCTPOCHUS
TPACKTOPHH JBWKCHUS TOYKA B TPEXMEPHOM IPOCTPAHCTBE — (PYHK-
st comet3. ITO MPOCTOH crIOoco0 co37aTh aHUMUPOBAHHOE H300paxKe-
HUE.

N300pazuM ABMKEHUE TOYKH IO TPACKTOPHH, 3aJaHHOHN Iapamer-
puuecku (puc. 21):

>> t=0:0.005:2*pi;
>> x=cos(5*t).*(t+5);
>> y=sin(5%t).*(t+5);
>> comet(X,y)
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Puc. 21

IlocTpoMM TpaekTOpHUIO JBMXKEHHUSI TOYKM B IIPOCTPAHCTBE

(puc. 22):
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Jis Gonee CIIOKHOM aHMMAIMM MOXHO HCIIOJIB30BaTh KOMaHJIbI
getframe n movieview. Komanna getframe 3aXBaThiBacT aKTUBHOE OKHO
M300pakeHusl B OMH KaJp PUIIbMa, a KOMaHJa movieview BOCIPOH3-
BOOUT pPE3yJIbTaT B OTACJIBHOM OKHC. HpI/IBeILCHHI)Ie HMXKE KOMaHAbI
BOCTIPOHM3BOIAT KAAPHI C BUOPUPYIOMIEH CTPYHOM:

>>x=0:0.01:1;

>>for n=0:50

>>plot(x,sin(n*pi/5)*sin(pi*x)),axis([0,1,-2,2])

>>m(n+1)=getframe;

>>end

>>movieview(m)

B npuBeieHHOM BBIIIIC TIPUMEPE JJIsi OPraHU3aIUH UK HCIIOJb-
3yeTcst onepatop for, pabota KOTOPOro OyeT onucaHa Jjaiee.

TpexmepHast rpadpuka

I'paduk mOBEpXHOCTH (TpEeXMEpHBIN rpaduk) — 3TO TpadwuK, I1MO-
JIOKEHUE TOYKH B KOTOPOM OIPENENseTcsl 3HAYCHUSIMH TpeX KOOpAH-
Hat. TpexMepHbIM aHanoroM QyHKIMH plot sBusiercss QyHKIMS plot3,
KOTOpas O3BOJISIET CO3/1aBaTh TPEXMEPHbIe THHUHU. Eciin ecTh TpH Bek-
TOpa X, ¥, Z, 3aJal0LINX KOOPJMHATH TOYEK B TPEXMEPHOM MPOCTPAHCT-
B€, TO MPH BBHIMOJHEHUN (QYHKIUH plot3(x,y,z), TOCTPOUTCI Tpexmep-
Hasl TMHUS Ha TIOCKOCTH.

Ilyctp Tpebyercss mocTpouth TpaduK JUHUH, 3aJaHHOH (opMmy-
JaMu

x=2sin(¢t+1/2),

y=2cos(t+n/2),

z=t, TAe t IpUHAICKUT Auana3ony [0, 87|
>> t=0:pi/100:8*pi;

>> x=2*sin(t+pi/2);

>> y=2*cos(t+pi/2);

>> 7=t;

>> plot3(x.y,z);

>> axis square;

>> grid on

[Moctpounack BuHTOBas JUHUA (criupaib) (puc. 23).
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Puc. 23

Oyukuus plot3, Tak e Kak u plot, MOXKET UMETH JIOTIOTHUTEIbHBIH
apryMeHT, 3aal0LMi TapaMeTpbl JIMHUM (THII JIMHUH, LBET U TUI Map-
kepa). Hanpumep, plot3(x,y,z, ‘¢*’).

MOo’KHO TaK)Ke HCIIOJIb30BaTh KOMaHAy ezplot3:

>> ezplot3('cos(2*pi*t)','sin(2*pi*t)",'t',[-2,2])

Jis  BeluepUYMBAHHS KapKaCHBIX IIOBEPXHOCTEH B Tpexmep-
HOM TMIPOCTPAHCTBE CYIIECTBYIOT JIBE€ OCHOBHbIE (YHKIUU: mesh
u surf.

Komanna mesh(Z) cTpout mpo3padHyto CETYaTyrO MOBEPXHOCTb, a
KoMaHna surf(Z) — 3aTeHeHHY10, T1e Z — MaTpHIla, 3HAYeHNS SJIEMEHTOB
KOTOPOH OMNpPEAETSIOT COOTBETCTBYIOIIUE KOOPAMHATHI Ha Tpaduke.
ITocTpouM npo3padHyro NOBEPXHOCTh ISl €AMHUYHONW MAaTpPULbL, 3a]aB
KOMAH/IbI:

>>7=eye(8);

>>mesh(Z)

Pesynbrar nokasan Ha puc. 24.
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ITo riaBHOM nUaroHanu pacroyoKeHb! “NUKK~ — €AUHUIIBL.
AHaJNOrM4HoO, 3a7jaB KOMaHy
>>surf(Z)

MOJTyYUM 3aTEeHEHHYIO IIOBEPXHOCTH (pHC. 25).

7 |Figure No. 1 @@E
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Puc. 25
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JlJ1s mocTpoeHus: B TPEXMEPHOM TPOCTPAHCTBE (PYHKIIMU OT JOBYX
mepeMeHHBIX Z(X, Y) Heo0X0oauMo cHadaja ¢ IOMOIIBIO BEKTOPOB X U ¥
3a/aTh MPSIMOYTOJIBHYIO CETKY, KOTOpas OyJeT HCIIOIh30BaTHCS Kak
OCHOBAHHE JJIs IIOCTPOCHUS TPEXMEPHOU MOBEpXHOCTH. [1Jis 3TOrO Ha-
JI0 BOCTIONB30BaThcs (PyHKIMEH meshgrid, KOTopas CO3aeT 3Ty CETKY
W3 TOYEK B MPSMOYTOJIBHON 00JIACTH C 33J]aHHBIMU UHTEpBajiaMu. J{na-
Ma30HBI 3HAYCHUHN TI0 OCSIM X U ) 33JaF0TCS BEKTOPAMU X U ) COOTBETCT-
BeHHO. MiIMeHa BEKTOPOB U MaTPHI] MOTYT Pa3IldaThCsl.

[MycTs 3HaYCHUS IO OCSIM X U ¥ 3aJIaHBl BEKTOPAMH X U V:

>>x=[12 3];

>>y=[456];

Cdhopmupyem marpuiisl X 1 Y ¢ momonipto GyHKIUU meshgrid:
>> [X,Y ]=meshgrid (x,y)

X:
1 2 3
1 2 3
1 2 3
Y:
4 4 4
5 55
6 6 6

Ha ocHoBe BexkTOpOB x U ¥ GOPMHUPYIOTCS IB€ MaTPHIIbI, B KOTO-
pBI€ 3alMChIBAIOTCS KOOPAWHATHI Y3JI0B CETKH. Marpuua X conepKuT
OJIMHAKOBBIE CTPOKH, B KOTOPBIX 3aJaHbl KoopauHaTel X. Matpuna Y
COIEP)KUT OIMHAKOBBIE CTOJIOLBI, B KOTOPBIX 3aJaHbl KOOPIMHATHI Y.
Hanoxenue marpui X u Y m03BOJNAET MOSYYHUTH NAPHI (X; U J;), A1 KO-
TOPBIX B JajbHEHIIEM BBIUUCISETCS 3HadeHUE (QYHKUMHU Z. 3HAUCHUS
GyHKLIMHM B y37aX CETKM 3allCBIBAIOTCS B MATpULly Z, Pa3MEpPHOCTb
KOTOpPOH paBHA pa3MEPHOCTH MaTpull X u Y.

2 2

IMoctpoum rpadguk GYHKIUH, KOTOpas UMeeT Bug z=2%x-e¢ * 7
Ha 33J]aHHOM HUHTEpBAJie X OT -2 10 2 U OT y OT -4 10 4 c 1marom, paB-
HeIM 0,1.

3amaguM JBa BEKTOPA X U ), UCIIOIB3YS 3aIHCh

>>x =-2:0.1: 2;

>>y =-4:0.1:4;

Jlanee BBI3BIBACTCS] KOMaH1a

>>[X, Y ]=meshgrid(x, y);
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3HavueHUs] BEKTOPOB MOXXHO YKa3aThb NPSAMO BHYTPH KOMAaH[Ibl
meshgrid(-2:0.1:2,-4:0.1:4). Ecin 06a BekTOpa OTMHAKOBBIE, TO MOKHO
3anucath: [X, Y]= meshgrid(x).

Co3pmaérea npsimoyrojibHas cetka ¢ marom 0,1, KoTopas HCHONb-
3yeTcs Al IOCTPOCHUSI TpeXMEpHOH mosepxHocTH. Kakaomy 3Haue-
HUIO X CTAaBUTCSl B COOTBETCTBUE Kax1oe 3HaueHue y. [y kaxxnoil na-
pbl x; y; (B y31ax ceTkH) OyAeT BbIYMCIEHO 3HaueHue (QyHKuuu Z.
B pesynbprare copmupyercs MaTpula U3 BBIYUCICHHBIX 3HAYCHUI
¢ynkuun. [Tocne 3TOoro MOXHO BBI3BaTh KOMaHIY Ul BBIBOAA H300pa-
’KEHHS Ha dKpaH.

Hxe npuBesieH puMep MOCTPOeHHs rpadrka ¢ UCIIOIb30BaHUEM
¢bynkuuu plot3 (puc. 26):

>>x=-2:0.1:2;
>>y=-4:0.1:4;
>>[X, Y]=meshgrid(x, y);
>>7=2*X *exp(-X. 2 - Y.N2);
>>plot3(X, Y, Z)
>>orid
<) Figure No. 1 ([[=1[E3
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Puc. 26

Bonee HarnmsaHbie TpadUKU MOTYYArOTCS ¢ UCIOIb30BaHUEM (PYHK-
uu mesh (puc. 27).

>>mesh(X,Y,Z)
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JluHUM Ha pa3HBIX y4acTKax rpaduka OKpalleHbl B pa3HbIe I[BETA.
OTH 1BETa COOTBETCTBYIOT 3HaueHWsM QyHKOuH. [lo ymomuanuio oT-
TEHKH KPaCHOTO LIBETa COOTBETCTBYIOT OONBIINM 3HAUYECHHUSIM (DyHKINH,
a CHHETO — MEHBIIINM.

MoxHO caenats “npo3pavyHoil’” KapKacHYyIO MOBEPXHOCTh, OTOOpa-
3MB €€ CKpBIThIE YacTH, IPUMEHUB KOMaHny hidden off. Otmena — hid-
den on.

Ecnu ucnons3oBarsk GpyHkuuio meshz(X,Y,7Z), T0 Oyaer BUIHO OC-
HOBaHHE, Ha KOTOPOM IIOCTPOCH TpaduK.

IlIpumep nocmpoenusa ceepot. 1lycth HEOOXOIUMO HAYEPTHUTH
MOBEPXHOCTh, KOTOpasi HE MOXKET OBITh MpPEACTaBlIEeHa BBIpaKEHHEM
z=f( x,y), Hanpumep chepy x'+y’+z’=1. B 3TOM ciydae mapameTpbl
MOBEPXHOCTH MOXKHO 33JaTh, UCIIOJNIB3Ys MOAXOISIIYI0 KOOPIUHATHYIO
cHCTeMy, Hanpumep, cheprudecKkue KOOpAUHATl. MOKHO B3sTh B Kaue-
CTBE MapaMeTpOB BEPTUKAJIBHYIO KOOPAMHATY Z U MOJAPHYIO KOOPIH-
Haty O Ha TUIOCKOCTH X-).

Ecnu 7 0o603HauaeT paccTosiHME A0 OCH z, TO TOTIZA BBIPaKCHHE

ans  chepel  craHoBMTCS 0 +z°=1, wm 7 =\1-z*, orciona

x=v1-22 cos, y=\/1—z2 sinQ .
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[ToctpoeHue chepudeckoll MOBEPXHOCTH MOXHO BBITIOJHHTH KO-
MaH/IaM{

>>[z,t]=meshgrid(-1: 0.1: 1, (0:0.1:2)*pi);

e T

Bexrop 3nauenuii Z Bexrop 3nauenuii £ ot 0 1o 2
>>x=sqrt(1-z.”2).*cos(t);

>>y=sqrt(1-z.2).*sin(t);

>>surf(x,y,z)

>>axis square

Pesynbrar npusenex Ha puc. 28.
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Bce tpexmepHble rpaduKu, KOTOpbIE MBI CTPOMJIM, MOKHO OBLIO
BUZETH TOJIBKO M3 OJHOH TOYKH 0030pa, T.. MO3HULUH, C KOTOPOH MBI
BUJIMM TpexMmepHoe n3o0paxeHne. B ML M0oxHO W3MEHSTh TOYKY 00-
30pa. JTa TouKa XapaKkTepu3yeTcs AByMs IapaMeTpaMu: a3UMyToM (Az)
u yriaoM Bo3sbleHus (El). Azumym omnpenenser yroi moBOpoTa BO-
KpyT OCH Zz W OTCUHTBIBAETCSI OT OCH, IPOTUBOIOJOKHOH y, B HAIIPaB-
JICHUH TIPOTHUB YaCOBOW CTPEIIKU. Y201 6036biuieHuss — 3TO YTOJI MEKAY
OTPE3KOM, HampaBJCHHBIM W3 Hadala KOOpPIMHAT B TOUKY 0030pa, H
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IIOCKOCTBI0  xy. Touky o0030pa MOXHO MEHSATh IMPOTPAMMHO,
ucnons3ys (yHKIuo view (Az,El) wunm Oonee MPOCTO, HWCHONB3YS
CHENUATbHYI0 KHOTKY Ha TMaHeld WHCTPYMEHTOB IpaduuecKkoro OKHa
Figure — Rotate 3D.

INPOI'PAMMMWPOBAHMUE

Cucrema ML mpenocTaBisieT IMOJIB30BATENIO0 JUIS PELICHHS pas-
JUYHBIX 3a/1a4 MOIIHBIN S3BIK MPOTPAMMHUPOBAHUS BBICOKOTO YPOBHS,
MOHSITHBIM HempoQecCHOHAILHBIM MporpaMmuctaM. Jlo cux mop Bce
BBIYMCIICHUS M ONEPALMU MBI IPOU3BOAUIN B PEXKUME MPSMBIX BBIUHUC-
nenuit. J{na a¢dexruBHON pabOTBI ¢ OONBITMMH HaOOpaMu KOMAaHI
9TOr0 HeAocTaTouHo. ['opa3mo sydmre ObUTO OBl 3amucaTh 3TOT HAOOp
KOMaHJI B BUJIE€ MPOTPaMMbl M COXPaHUTHb ee Ha jaucke. IIporpamma
MPEJICTaBIIIET COOON IOCIIEAOBATEILHOCTh KOMaHJl, 3aliCaHHBIX
Ha s361ke ML (TIporpaMMHBIA KOA), M COXpaHSETCs Ha IHUCKE B BHIE
m-aiina.

Co3path m-gaiin MOXKHO C MOMOILIBIO JIFOOOr0 TEKCTOBOTO pelak-
Topa, HO B ML mpeaycMoTpeH COOCTBEHHBIH BCTPOCHHBIH pPEIaKTop
EDITOR, xoTOpBIi IMeeT yIOOHBIE CPEACTBA IS CO3MAHUS U OTJIAIKH
nporpamMM. HanmucaHHBIM TEKCT MPOrpaMMBbl CTYACHTHI JOJDKHBI COXPa-
HATH B (paiiyie Ha J¥CKe, Ky/a pa3pelieHa 3amich, 3a/1aB eMy UMs (Ums
daiina u uma Kamanoza He O00NHCHBL COOEPIHCAMb PYCCKUX OVKB).
Orot daiin Oyxer uMeTh paciipenue .m. YToObl BONTH B TEKCTOBBIM
penakTop, HaJlo BHIOpaTh MyHKT MeHIo File, New, m-file. B penaktope
m-(ailloB MOXHO HE TOJIBKO HabpaTh TEKCT MpOTpaMMbl, HO M 3aIryc-
TUTH €€ Ha BhIMOJIHeHHE. /111 coXpaHeHHs TPOrpaMMbl Ha JIUCKE HAJIO
BBIOpaTh MyHKT MeHIO File, Save as, <ums m-gaiina>.

m-(aitsiel MOTYT OBITH ABYX BUIOB: (aili-porpamMma, wim Script-
daiun (Script m-File), n paiin-pyuxuus (Function m-File).

DalpI-IporpaMMbl Ha3bIBAIOT Script-(hailnamMu, Wik CleHaApHSIMU.
OHU COCTOST U3 MOCIEAOBATEIILHOCTH KOMaH ] M HE UMEIOT BXOJHBIX U
BBIXOJIHBIX rapameTpoB. OHU OOBIYHO UCIIONB3YIOTCS JUISi aBTOMATH3a-
LMY BBITIOJIHEHMST OOJBIIOr0 HaOopa koMauia. Bei3oB Script-daiina
OCYIIECTBISAECTCS MPOCTO YKa3aHUEM €r0 UMEHH.

B ¢aitnax-pyskiusax omnuceiBaoTCs (QYHKIWH, OTpeAeseMble
nojb3oBatesieM. OHH MOTYT UMETh BXOJIHBIC M BBIXOJHBIC 3HAYCHUS.
Oo6parienue k aniny-(yHKIMHA OCYIIECTBIISCTCS YKa3aHUEM UMECHH U B
KPYTJIBIX CKOOKax CIHCKa IMapaMeTpoB.
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OIIEPATOPBI A3BIKA

[Iporpamma MoxeT mMeTb kKomMMmeHTapun. CumBon % O3HaAdaerT,
4TO Jajee CieAyeT MOsCHAIOUNN TeKCT. Bce KOMMEHTapiuu HaYMHAIOT-
cs ¢ 9Toro 3Haka. KoMMeHTapuii He SBISETCS MCHOIHAEMBIM OIEpaTo-
pom.

BbIBOg KOMMEHTapHeB Ha SKpaH HpPH BBITIOJIHEHHH MPOTrPaMMbl
obecrieunBaet oneparop echo on. OTMEHSET BBIBOJ KOMMEHTApUEB Ha
9KpaH omneparop echo off. OnepaTop pause IPHOCTAaHABINBAET BBINOJI-
HEHHE MTPOTPaMMBbI M OXKHJIAET HAXKATHUS JIFOOOH KITaBUIIN JUTS TPOJIOTI-
xenust. OnepaTtop pause(n) co3gaeT naysy B 71 CEKyHII.

OmepaTopamMu sI3bIKa MOKHO TIOJB30BATHCS KaK HPH CO3MaHHH
NpOTpaMM, TaK ¥ B PEXKHUME MPSIMBIX BEIYUCICHUH.

OmnepaTopsbl BBOa/BbIBOJA

HuTepakTBHOE B3aUMOAEHCTBHE MOJIB30BATENs C NPOrpaMMOK
peanusyeTcs ¢ MoMoIbio GYHKUUH input u display.

Omepatop input(<mexcm>) obecrieunBacT BBOJ MAHHBIX C KiIa-
BHATypbl. TEKCT, yKa3aHHBIM B KadyeCcTBE IapaMeTpa, 3aKIHYAcTCs B
anoctpodbl. OH oToOpakaeTcsi Ha 3kpaHe npu BBojae. OOpaieHHe K
3TON (YHKIIMH UMEET BUJ

<umsi nepemeHHOU>= input(<mexcm>)

b

Hampumep, npu BBITOIIHEHUN KOMaHIBI X=input(‘66. x= ') Ha JK-
paH BBIBOJUTCA TEKCT '66. X=" U1 0KMJAETCS BBOJ JIAHHBIX C KJIABUATY-
pBl. BBeZIeHHOE NaHHOE MPHUCBaNBaETCs IEPEMEHHOM X.

[Ipu HAOOpe B KOMAaHIHOM OKHE

>> r=input('BBemure pamuyc ');
Ha 5KpaHC€ IMOJIy4YUuM
<<Bsenure paguyc>>

Hanee oxumaercs BBOJ 3HAUCHUS IEPEMEHHOM 7.
Ecnu B TEKCT BBIBOAMMO# CTPOKH BBECTH CUMBOJBIL '| 12”, TO Kypcop
OyIeT mepeMerieH Ha CIeAYIONIYI0 CTPOKY:
>> r=input('Beeaure \n paguyc ');
<<Baenaute
panuyc>>
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Omneparop display(<napamemp>) wmm disp(<napamemp>) BBIBO-
TTUT 3HaYEHHE TTePEeMEHHON MJIM KOHCTAHTHI.

disp(A) BbIBemeT MaTpuily A, MpUYeM BBIBOJSTCS TOJNBKO 3HaYe-
HUS 3JICMEHTOB, a TEKCT ‘A=", BBIBOJUTKLCS HE OY/JIET.

disp(‘IIpuBet’) — Ha 3KkpaHe OyaeT BeiBeleHO CiIoBO «lIpuBeT.

OnepaTopsl HMKJIA H YCJIOBHBIE OMEPATOPLI

S3pik ML uMeeT crienuanbHble YOPaBISIOIINE KOHCTPYKLHHU, KO-
TOpBIE NMO3BOJIAIOT 33/1aBaTh MOCIEI0BATEIFHOCTh BHIITOJIHEHUS! KOMaHI
B IIporpaMMax. Takue KOHCTPYKLUH Ha3bIBAIOTCS ONEPaTOpaMu yrpas-
JICHUS ¥ 33JJa0TCS C IOMOILBIO KIIIOUYEBBIX CJIOB. DTO ONEPaTOPBhl LIUKJIA
for u while, ycloBHBII oriepaTop if ¥ oneparop nepekiodeHus (BbI0o-
pa) switch...case. CHHTaKCUC W BBITIONHSEMBIE JACHCTBHS STHX OIepa-
TOPOB AHAJIOTUYHBI COOTBETCTBYIOLIUM OIEPATOPaM H3BECTHBIX A3bI-
KOB TporpamMmupoBanus. OOJacTe AEUCTBUS KaXKIOW KOHCTPYKIHH
orpannuuBaercsi cioBoM end. MATLAB nomyckaeT BIIOKEHHOCTB OIle-
paTopoB.

Onepamop yukna ¢ napamempom TO3BOJSIET ONMCHIBATH JEHUCT-
BUA, KOTOPBIC BBIITOJIHAKOTCA q)HKCHpOBaHHOC KOJIMYECTBO pas:

for <napamemp yuxna>=<HauanvHoe 3HAYeHUe™> . <ulae>: <KOHeYHOe
3Havenue>
<onepamopwi>
end

J1st  TOCpOYHOTO TIpephIBaHUS ITMKIIA WCIOIB3YETCS OIepaTop
breatk.

Ecmu mar m3aMeHeHus mapaMeTpa IUKJIAa paBeH CIUHHIE, TO €ro
MOXHO HC YKa3bIBaTb. HapaMeTpLI OHKJIa, UX Ha4YaJJbHOC M KOHCYHOC
3HAYEHUS U IIIar U3MEHEHUSI MOTYT OBITh IEJIOT0 M BEIIICCTBCHHOTO THIIA.

Hanpumep, TpeGyercst BBIYHCTHTh 3HAYECHHS y=x" IS BCEX X Ha
otpeske ot 1 g0 10 ¢ marom paBHbIM 3:

>>for x=1:3:10
y=x"2
end
Pe3ynbTar BBIMOIHEHUS TAHHOTO OIlepaTopa:
y=
1
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y =
16
y =
49
y =
100
Wnu BeuncauM 3HadyeHus y Uil BceX x Ha orpeske oT 0,1 mo 1
¢ marom pasHbIM 0,5:

>> for x=0.1:0.5:1
y=x"2
end

B pesynbraTe noayunin

y=
0.0100
y=
0.3600
Besne, rae Bo3moxxHO, B ML cienyeT MCHojib30BaTh HE IUKIIBI,
a BEeKTOPHBIC U MaTPHYHBIE OITepaIiiy (Tak Kak 3To ObIcTpee).
Ilycth TpebGyeTrcsi cCOCTaBUTH BEKTOP U3 ISTH HEUETHBIX YHMCEN Ha-
TypansHOro psiga. B ML pemats 3Ty 3agaqy MOKHO TpeMs CIIOCOOaMHu:
IlepBeIii cOCOO — MCIONTB30BATh ONMEPATOP LUK

>> fori1=1:5
x(1)=2%i-1
end

Ha skpane nomyunm

X =

1
X =

1 3
X =

1 3 5
X =

1 3 5 7
X =
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OtoT cnocod o4yeHb Hed()(HEKTUBEH MO0 BPEMEHH, TaK KaK HaMsATh
HE BBIZEIETCS Cpa3y IO/ BECh MACCHB, a TIPH KaXX/J0H NTEepaLiH IIUKIA
3aHOBO CO3J]a€TCSl BEKTOP X C Pa3MEPHOCTHIO Ha €IWHUILY OOJIbIIEH,
YeM Ha NpeAbIAyIIeM Ilare, 4ro M NPUBOAMT K OONBIIMM 3aTpaTaM
BpeMEeHH. JTO NOKa3bIBAET paclevyaTka pe3ybTaToB.

Bropoii criocod — chopmupoBaTh BeKTOp U3 Hyned x=zeros(1,5),
a MIOTOM 3aIOJTHUTh €T0 3HAYEHUSMU:

>> x=zeros(1,5)

X =
0O 0 0 0 o

>> for 1=1:5
x(1)=2%i-1
end

B pe3ynbTaTte nonyyum

X =

1 0 0 0 O
X =

1 3 0 0 O
X =

1 3 5 0 0
X =

1 3 5 7 0
X =

1 3 5 7 9

B nanHOM ciyuae MBI 3apaHee ONpeAerin pa3Mep BEeKTopa, B KO-
TOPBIM 3aIHMCHIBAIOTCS PE3YNbTaThl pabOTHl LHKIA. DTOT CrOcod He-
CKOJIBKO OBICTpEE IIePBOTO.

Tpetnii cmocod — MOKHO CPOPMHUPOBATH JABA BEKTOPA:

BEKTOp i=1:5 1 BeKTOp Xx=2*]-1

>>i=1:5

i=

1 2 3 4 5
>> x=2%i-1

X =

1 3 5 7 9

B JaHHOM CJiy4ya€ IPUMECHAIOTCA BEKTOPHLIC OII€palilui BMECTO
HCIIOJIb30BAHMA IIUKIIOB, U 3TOT CII0CO0 caMbIit 6BICTpLIfI.
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YroObl MOBBICUTE 3PQPEKTUBHOCTL PabOTHl HMPOrPaMMBI, CIEIyeT
UMETHh B BHUIY CIEIYIOIIee MPaBHIIO: BE3[E, TJI€ BOZMOXKHO, 3aMEHSIThH
(parMeHTHI IPOrpaMMbl, COACpKAIIUE LUKILI for U while, Ha MaTpUd-
HBIE OTEpaly WM MaTpuyHble QPyHKIHH. DTO OOBACHIECTCS TEM, YTO
CKOPOCTb BBITIONIHEHHUS MAaTPUYHBIX U BEKTOPHBIX ONEPAaLlMil BhILIE.

Ecnm Hemb3st 000UTHCH 0€3 IMKIIOB, TO MOYKHO 3aCTaBUTh UX BBIMOJ-
HATBHCSI OBICTpEE, €CM CIIeIOBaTh MPABHJLY: CO3/1aBaTh 3apaHee KaKIblIi
MAacCHB, B KOTOPBII TpeOyeTcs 3auchIBaTh Pe3ybTaT padoThl HUKIA.

Onepamop yukna c npedycioguem TO3BOISLET 3alPOrPaMMHUPO-
BaTh LUKJI, B KOTOPOM KOJHMYECTBO MOBTOPEHHI 3aBUCHUT OT BBITIOJHE-
HUSI HEKOTOPOTO YCIIOBHSL:

while <nozuueckoe vipadicenue, 3a0aroujee yCosue nPOOOINHCEHU YUKILA™
<onepamopuvi>
end
CchopmupyeM BEKTOp HEUETHBIX YUCET:
>>x=zeros(1, 5)
>>1=1;
>> while i<=5
x(1)=2%i-1;
i=i+1;
end
B pesynberaTe nmosryduM BEKTOp
X =

1 3 5 7 9

Kak BuauM, Takoil croco0 MOJy4YeHHS IOCIICIOBATEIBHOCTH HE-
YETHBIX YUCENl TOXXE BO3MOXEH, HO OH TaKXKe SBISETCS HEdPPEKTHB-
HBIM, T. €. MEJJICHHBIM.

Haiitn HanbomsIee uncio, hakropuan kotoporo< 150:

>>echo on
% HaxoXaeHre HauOOJIBILIEr0 YHCIIa, (haKTopra, KOTOpOro MeHsie 150
>>1=1;
=1,
while <150
i=i+1;
f=f*1;
end
disp(i-1)
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Ha DKpaHC IMOJIYy4YUM
5

WJIH MOKHO BOCTIOJIB30BAaThCS BCTPOSHHON (DyHKITHEH:
>> =1,
while prod(1:1)<150
i=it+1;
end;
disp(i-1)
Ha HKpaHe NOoJIy4YuM
5

Ycnoenwiit onepamop 1o3BosiseT OPraHN30BaTh BETBJIEHUA B IMIPO-
rpaMMe ¥ UMEeeT CIEAYIONIYI0 CHHTAKCHIECKYI0 KOHCTPYKIIHIO:

if (<noeuueckoe evipasicenuel>)
<onepamopuvi>

[elseif (<noeuueckoe svipascenue>)
<onepamopbi>

elseif (<noeuueckoe gvipaxcenue3>)
<onepamopuvi>

o]

else

<onepamopwvi>]

end

B 3Toif KOHCTpYKIMH MOKET OBITh NPOW3BOJIBHOE KOJIUYECTBO
BIIOYKEHHIA BETBEH elseif, MM KX MOXET He OBITh BOBCE.

[lycTts HEOOXOAMMO TO BBEIEHHOW C KIIABHATYPHI TeMIlEpaType
BO3/1yXa 0XapaKTEpPU30BaTh NOroay. Beenem cieyomuii TeKCT:

>> t=input('BBein TEMIEPATYPY")
if (t<0)

s='Mopo3'

elseif and(t>0,t<=10)
s='X0I0JHO'

elseif and(t>10,t<=20)

s="Teruio’

else

s="KapKo'

end
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B PE3YyJIbTATC BBIIIOJIHCHUA 3TUX KOMAaH/ IIOJIYYUM Ha 3KPAaHC

BBEM TeMIIEpaTypy (Hanpumep, BBenu -4) -4
t=
-4
S =
MOpO3

Jlormyeckoe BeIpaXKeHHE MOXKET OBITH 3aIMCaHO M B TaKou (opme:
(t0)&(t<=10)

Onepamop nepexnouenus (évioopa). Ecnmm HEoOXOAMMO CIeNaTh
MHO>XECTBEHHBIA BHIOOP, MOKHO BOCITOJIB30BATHCSI OMEPATOPOM TIepe-
KIIFOUEHU S, CHHTAKCUYECKast KOHCTPYKIIUS KOTOPOTO IIPUBEICHA HIKE:

Switch <knrouegoe gvipasiceHue>

Case { <cnucox snauenuiil}
<onepamopwvi>

Case {<cnucoxk snavenuti2>}
<onepamopbi>

[Otherwise
<onepamopwi>]

End

CHayayia BBIYMCIISIETCS 3HAYEHHUE KIIIOUEBOTO BBIpaKEHMS. 3aTeM
9TO 3HAUYEHHE HIIETCA B CIIMCKax 3HaueHUU. Eciiy coBmajieHue Haiine-
HO, TO BBITIOJHSIOTCS OIEPAaTOPhl COOTBETCTBYIOIIETO0 OJOKa, B MpO-
TUBHOM CIIy4ae BBIMOJHAIOTCS ONEPATOPhI, CTOSAIINE MOCIIE KIIOYEBOTO
clioBa otherwise.

[TycTh HEOOXOAMMO TI0 BBEJICHHOMY C KJIaBHATypPbl HOMEpPY Mecslia
BBIBECTU Ha3BaHUE BpeMeHH roja. Huxe npuBeaeHbl KOMaHIbI, O3BO-
JIAIOUIME PEUINTh 3TY 3a7a4y:

>>n=input('BBeAn HOMEp MecAna : ')
switch n
case {1,2,12}
disp('3uma’)
case {3,4,5}
disp('BecHa’)
case {6,7,8}
disp('nero")
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case {9,10,11}
disp(‘ocens')
otherwise
disp(‘omuoka')
end
Ha skpane nomyunm:
BBeIU HOMeEp Mecsana : 11
n=
11
OCeHb

BCTPOEHHBIE ®YHKIIMU EVAL 1 MENU

@ynkuun eval. B ML umeercss BO3MOXHOCTh C(HOPMUPOBATH TPE-
OyeMyr0 KOMaHJy B BHJE CTPOKUA CHMBOJIOB, a 3aTE€M BBITIOJHHTH €€,
KaK OOBIYHYIO0 KOMaHIy, HaOpaHHYI0 B KOMaHIHOM OKHe. J[is aToro
npeAHa3HaueHa BCTpoeHHas QpyHKIus eval.

Mertop 3a1aHusl KOMaH] B BUJI€ TEKCTOBBIX CTPOK U MX BBIMOJIHE-
HUS C TIOMOIIbIO DSTOW (YHKIHH WCIONB3YyeTCS TP HAIHMCAHUH
m-(haiyioB, TaKk KaK TaKOH METO/] IT03BOJIAET Pealli30BbIBaTh OoJiee (-
(heKTUBHBIC AJITOPUTMEBI PEIICHUS 3a]1ay.

Oyukusa eval (<mexcm™>) TpenHa3HadYCHA IS BBITIOJHEHUS KO-
MaH/Ibl, 33TAHHOM TEKCTOM, KaK KoMaHael ML.

Hanpumep, eval (‘2*2+3’) BolBoguT Ha 3KpaH 7. ApryMeHTOM
(YHKIIMH MOKET OBITh TAaKXKE CTPOKOBasi IepeMeHHasl.

Komanma eval (‘<ums ckpunr-¢aiiiaa>’) BBI3OBET BBHITOTHECHHE
OIIepaTopoOB, HAXOASIIMXCS B (aiiyie ¢ COOTBETCTBYIOIIUM HMEHEM.

@ynkuun menu. Jta GyHKIVS TpeAHA3HAYCHA IS BHIBOJA HA JK-
paH OKHA C BHIMAJAONINM MEHIO, KOTOPOE UMEET 3ar0JI0BOK M KHOIIKH
C Ha3BaHUSMU MYHKTOB MeHI0. KonndyecTBO KHOTIOK, paBHOE KOJINYECT-
BY IYHKTOB MEHIO, OMPEIENISICTCS KOJIUYSCTBOM MapaMeTpoB (DYyHKIIUU
menu:

k=menu(‘<saconoeox memnt>’,’<uaze. nynxkma 1>,...,’<Ha3zs.
nyHkma n>’)

Homep BBIOpaHHOW KHONKH SIBISACTCS PE3yJbTaTOM (QYHKIHH
menu.

IIpuwmep. Ilycts He0OX0ANMO MOCTPOUTH IpaduK GYHKLIUHN HA
3agaHHOM HHTEpBae oT 0 10 2pi, IBETOM, BEIOPAHHBIM M3 MEHIO.
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Hanmmewm script-daiin:

k=menu ('uBet','kpacHbIii', '3eIeHBIN',' CHHHIA')

color=['r'
1!

g
b'];
t=0:0.1:2%pi;
s=sin(t);
plot(t,s,color(k))

[Ipu BEIMONHEHWHU 3TOTO CKpHUNT-(haiina GyHKIHS meny BHIBOAUT

LEET

EpacHBIH

ZENeHBIH

CHHIA

Puc. 29

Ha 3KpaH OKHO, H300paKeHHOE Ha puc. 29.

[Ipu HaxxaTu Ha OJHY W3 KHOIIOK C Ha-
3BaHMEM IIBETa HOMEp STOW KHOIIKH CTaHO-
BUTCS PE3yJIbTATOM (YHKIUH menu W Toma-
JlaeT B epeMeHnyo k. Bektop-cronben color
COJIEPXKUT aTpUOYTHI IBETA JJISl MTOCTPOCHUS
rpapuka. [lo HOMepy k HyXHBIH aTpUOyT
BBIOMpAETCsl U3 MaccuBa color U yKa3bIBaeTCs
B KoMmaHje plot. B pesynbrare, BEIOpaB HyX-
HBI TYHKT MEHIO, MONydnuM Tpaduk (PyHK-
LUK, TOCTPOCHHBII BEIOPAHHBIM IIBETOM.

s opraHuW3aliu MHOTOKPAaTHOTO BBI-
0opa W BBIMIONHEHUS] HYXHBIX IEHCTBUI C

MOMOIIIBIO MEHIO MOXKHO HCIOJIb30BaTh UK While n QyHKIHUIO eval.
Jlyisg 3TOr0 KOMaH/IbI, pealiu3yIoniue HeoOXOoqUMbIe JAeUCTBUS, 0(hOpM-
JSIOTCS B BUJAE CKPUNT-(AWIOB: JUIS KKAOTO MYyHKTa MEHIO — CBOH
ckpunt-(hain. 3ateM HE0OXOAMMO 3aJaTh CUMBOJIBHYIO MaTpHILy, Ha-
npumep D, cocToAllyl0 W3 Ha3BaHMK (alIoB, COOTBETCTBYIOIINX
MyHKTaM MeHIo (3amganuii). CTPOKM CHMBOJBHOHW MaTPHUIBI JOJKHBI
MMETh OIMHAKOBYIO unHy. KomaHna refurn obecrieunBaeT BO3BpaT U3
GbyHKIMM WM cKpUNT-(Qaiia B TOYKY BbI30Ba. B maHHOM mpumepe
MOJKHO TaK)Ke HCIIOJIb30BaTh KOMaHny break, KoTopas mpeaHa3HaueHa
IUISL JOCPOYHOTO TIPEPBIBaHUS ITUKIA. 1Ipenmoroxum, 9To0 HeoOX0IMMO
BBITIOJIHUTG 110 BEIOOPY TPH 3a/1aHus B JIFOOOM IMOPSIKE:

D=[‘f1 ’
‘f‘z 9
IB 1
‘return‘];
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n=1;

while n<4

n=menu(‘mMeHr0’, ‘'myHKT!’, "mmyHKT2’, "MyHKT3’, "BBIXO]")
eval(D(n,:))

end

Kaxnast ctpoka cHMBOJIIBHOM MaTpuiel D CONEPKUT UMS OJHOTO
n3 (ailyioB, pealu3yIOMX COOTBETCTBYIOUIMH IMYHKT MEHI0. B n-ii
CTPOKE MaTpHUIbl HAXOAWTCA Ha3BaHue (aiija, BBIIONHAIOLIEIO A-U
myHKT MeHio. OOpamenvne D(n,:) TO3BONAET H3BIEYb W3 MaTPHUIIBI
D n-10 cTpOKy, cojiepaliyto Ha3BaHue (aiina. B pesynbrare BbINOI-
HEHHSI KOMaH[bl meny B 1 3alACBIBACTCS HOMEP BBIOPAHHOT'O ITyHKTA
MeHto. /{751 BeImosHeHUs (ailyl-mporpaMMbl JOCTATOYHO B KOMaHIHOM
CTpOKE yKazaTb WUMs 3Toro ckpunta. OyHKOus eval ¢ mapaMeTpom
D(n,:) 3amycKaeT COOTBETCTBYIOIINH CKPUNT-(haii i BBIIIOTHEHUSI.

CO3JAHME U UCITIOJIb30BAHUE m-®PANJIOB

D¢ heKTUBHBIM CIIOCOOOM BBIMOTHEHHUS KOMaHI B ML sBisiercst
npuMeHeHue m-daiiaoB. TekcToBbIH (aitn, coaeprkaiiuii HAOOp MHCT-
pykuuii Ha s3piKe cucteMbl ML, HazpiBaeTcs m-daiinom. MHCTpyKIMHU
BBITOJTHSIOTCS MOCIIEIOBATEIFHO OT Hadasla 10 KoHna gaiina. Cymiect-
BYET BO3MOXKHOCTH JIOCPOYHOTO BBIXOAAa M3 m-(aiia, g 3TOro uc-
noJb3yeTcs onepaTop return. [Ipn He0OXOAUMMOCTH TpepBaTh PaboTy ¢
ML ucnone3yercs onepaTop exit.

Kaxk y»xe roBopuiioch, m-aiinbl OBIBAIOT IBYX BHIOB: Script m-gaiin
u function m-daiin.

Script-gaiinsi

Daipl-IporpaMMel (MX Ha3bIBAIOT CKPUITAMH HMJIM CLIEHAPHUSIMM)
ABJISIFOTCSL CaMbIM TIPOCTBIM THIIOM m-(aitiioB. Script-aiin cocTout u3
MOCIIE0BATEIbHOCTH KOMaH, HE COAEP)KUT 3aroJIOBKa, a TAKKe BXOJ-
HBIX M BBIXOJIHBIX MapaMeTpoB. Bce 0OBEKTHI, HCIOIB3yeMble BHYTPH
script-haiina, cuntarorcs rinodansHeiMU. Ecnii B pabouem npocTpaHCT-
BE€ €CTh JJaHHbIE, TO BHYTpPH script-hailia MX MOKHO HCIIONB30BATH, a
[0 OKOHYaHWHU €r0 BBHIIIOJHEHUS UCIIOJIB30BAaTh JaHHBIE, CO3JAHHBIE C
ero nomoupto. Takue ¢aiibl UCIONB3YIOTCA Ul aBTOMAaTU3alH BbI-
MOJHEHUs 0OJBIIOro Habopa HHCTPYKLUHA.

B onHOI cTpoke mporpaMMbl MOXKHO pa3MeIlaTh HECKOJBKO OIle-
paTopoB, TOTAa OHU PA3IENIAIOTCS MO0 3amsaTol, IM00 TOUKOM C 3ams-
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Toi. Ecnu onepaTop IIMHHBIA U HE yMEIIaeTca Ha OJHOU CTPOKE, TO B
KOHIIE CTPOKH CTaBATCS TPH TOYKH WM JANbIIE Ha JIPYrod CTPOKE Mpo-
JoJkaeTcst Habop ATOro oreparopa.

Jns BoImonHeHus ¢aina-mporpaMMbl JIOCTaTOYHO B KOMAaHIHOW
CTpOKE yKazaTb UMs 3TOro ckpunrta. Ilepen 3amyckom mporpammsl Ha
BBITIOJTHEHNE HEOOXOIUMO YCTaHOBHUTH CBOW KaTaJlOT B KaueCTBE TEKY-
nrero. 3amyck ¢aiina Ha BBIMOJTHEHUE MOKHO OCYIIECTBHUTH ABYMS CIIO-
cobaMu: U3 OKHA pelakTopa U U3 KOMaHIHOTO OKHa.

Jia 3armycka mporpaMMbl Ha BEITIOJTHEHHE U3 OKHA PEIaKTOpa HaI0
BBIOpaTh MyHKT MeHIO Debug, Run wiy HaxaTh QYHKIMOHAILHYIO Kila-
BUlly 5, Wim BEIOpaTh COOTBETCTBYIONIYIO MHUKTOTpaMMY Ha HaHEIH
WHCTPYMEHTOB. BEBITIOJIHUTE TporpamMMy, YK€ COXpaHEHHYIO Ha JHCKE,
MOJKHO M3 KOMaHHOro okHa ML, npocTo HabpaB ums (aiina 6e3 pac-
IIUPEHUS.

Co3magum script-¢aiisi, B KOTOPBIA MOMECTHM TEKCT IPOTPaMMBI,
TTO3BOJISFOIIEN BEIYUCIUTD JIIMHY OKPY>KHOCTH T10 BEJTMUYHHE €€ Pajiyca.

B TexcToBOM peaakTope HabepeM CIEAYIOMINN TEKCT:

% BpIuncnenne AIuHbl OKPYKHOCTH
r=input (‘BBeaure panuyc oKpyKHOCTH )
1=2*pi*r;

disp(‘Anuna OKpy>KHOCTH paBHA’)

disp(l)

CoxpaHuM ero Ha JUCKe ¢ UMeHeM d/ okr B cBoell mamke. 3aTem
BBI30BEM €0 JIJISl BBITIOJNIHEHUS, YKa3aB B okHe Command Window B
KOMaHIHOU cTpoke ums daiina dl_okr .

>>dl_okr
ITomyuum Ha sKpane:
Brenute paguyc okpyxHOCTH 12
r=
12
Jn1Ha OKpy>XKHOCTH paBHA
75.3982

Dailnbl-QyHKIMA

Cucrema ML mo3BojsieT onucaTh CBOM TOJH30BATEIbCKUE (HYHK-
MU U O6paHIaTI>C§I K HUM, KaK K BCTPOCHHbIM. B oTinune ot script-
¢aiina ¢daitn-QyHKIMS UMeeT BXOTHBIC MapaMeTpbl U MOXET Iepena-
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BaTh PE3YJIbTaT B BUJE BBIXOAHBIX MapamMeTpoB. Dailibl-QyHKINM Yac-
TO NPUMEHSIOT IIPY PEIIEHUH 3a/1a4 BBIYHCIUTEILHON MATEMATHKH.
MoxHO co3faBath (Gain-QyHKIHIO ¢ JIFOOBIM KOJIHYECTBOM BXOJI-
HBIX W BBIXOJIHBIX MapameTpoB. Daiin-pyHKIHs Bceraa COCTOUT U3 3a-
TOJIOBKa U Tela (QyHKIHH.
3aronoBok QyHKIIHU:

Sfunction[<cnucok ewix. napamempog>]=<ums @yuryuu>(<cnucok
6X. napamempoe=)

3aroioBoK (pyHKIOMM BKIIOYACT KIIOYEBOE CJIOBO function, uMs
(GbyHKIMH, BXOJHBIE U BBIXOMHBIE TTapaMeTphl. [lociie 3aronoBka 3amm-
CBIBAIOTCS ONEPATOPHI, pean3yIONIHe ANTOPUTM IMOCTABICHHON 3aja-
yr, OHU COCTABIISAIOT TEJIO (PYHKIIUY.

Ecnmn ¢yHKOMST COMEPKUT TONBKO OAMH BBIXOIHOW HapaMeTp, TO
KBaJIpaTHbIE CKOOKU He HY>KHBI, & €CJI HECKOJIBKO, TO OHH YKa3bIBAIOT-
sl yepes 3amaTyro B KBaJpaTHBIX CKOOKax, oOpa3ys BekTop. [lepemen-
HBIM M3 CIHMCKa BBIXOJHBIX NApaMETPOB INPHUCBAUBAIOTCS 3HAYEHUS,
BEIYMCIIEHHBIE B GyHKIMHA. CIIICOK BXOIHBIX ITAPaMETPOB YKa3bIBAETCS
gepe3 3aIsTyi0 B KPYIVIBIX CKOOKax mocie WMeHd ¢GyHKoud. KMwms
m-daiina, B KOTOPOM COXpaHseTcs TEKCT (YHKLUH, TOJDKHO COBIAaTh
c umeneM ¢yHkmn. M GyHKIMM He HECET pe3ynbTaTa.

[Tpu BbI30BE aiina-QyHKINM HYKHO yKa3aTh ee UMS H CIIUCOK (hak-
THUYECKUX MMapaMeTpoB. DTO MOXHO OCYIIECTBUTH JIMOO B KOMAaHIHOM
pexuMe, Moo n3 Ipyrux GaisioB-nporpaMm win QaiioB-QyHKIHUH.

Buiz06 (akmusuzayus) gaviia-gynkyuu ¢ OJHAM BBIXOIHBIM Mapa-
METPOM MOXKET UMETh BUJ

<ums yHryuu>(<Cnucok 6X0OHbIX PAKMUUeCcKUx napamempos™>)

1 MOXKET HCIIOJIB30BATHCA B OII€paTOpax IpucCBanBaHUA UJIN B BbIpaxKe-
HUN:

<umsi nepemeHHOU>=<ums QyHKyuu>(<CnuUcok 6Xo0HbIX paxmuue-
CKUX Napamempos>)

BBIXOIHBIX TapaMeTpoB MOXKET OBITH CTOJBKO, CKOJIBKO HEOOXOANMO,
TOTJa X CIIMCOK NEPEUUCIIIETCS Yepes 3aIITy 0 B KBaJIPAaTHBIX CKOOKAX:

function[<zl, z2,...,.zn>]=<umsa @ynxyuu>(< cnucox 6xoO0HbIX napa-
Mempog >)

<onepamopul, 6 pe3yivmame KOMOPHIX 8bIXOOHBIE NAPAMEMPbL NO-
JYUaOm 3Ha4eHus>
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Buvizeams Takyro pyHKIUIO MOXKHO Tak:
1, y2,....yn]=<umsa @ynxkyuu>(<cnucox ex. paxm. napamempos>>)

Bce nepemenHnsle, uconb3yeMble BHYTpH (aiia-QpyHKIMH, a Tak-
K€ BXOJHBIC M BBIXOJHBIC MapaMeTphl SBISIFOTCS JOKaIbHbIMH. OHH
JOCTYTIHBI TOJIBKO BHYTPH (DYHKIIHH.

Hanumewm ¢aiin-¢pyHKIuI0, MO3BOJISIONIYIO BBIYUCIUTE (GaKTOpUa
nr000ro yucia.

He Oynem ncnosnp3oBaTh omeparop LHKIJIA, a UCIOJIB3YyeM (DyHK-
o prod(1:n). B pemakrope HabepeM CIICTYIOIIII TEKCT:

% Haxoxcoenue gaxmopuana 106020 yucia
function f=factorial(x)
f=prod(l:x);

Coxpanum (aitn Ha AMCKE ¢ UMeHeM factorial. DTotr (dain mony-
yuT pacuuperue .m. Oo6paTuMcs K QyHKIMK JUTS BRIYKCICHUS (BaKTO-
puana yucna 5:

>> factorial(5)
ans =

120
unu
>> f=factorial(5)
f=

120

Omauyusn aiina-pynkyuu om script-¢haiina:

1. ®daiin-pyHKIMS UMEET BXOJHBIE W BBIXOJHBIE IMApaMeTpbl, a
script-Gaiin — HeT.

2. Bce mepemeHHble, HCHOJb3yeMble BHYTpH (Qaiina-QpyHKIUH,
JoKanbHBL Daii-porpaMma paboTaeT C IMepeMEHHBIMH padodero
NPOCTPAHCTBA, T.€. B sScript-(haiiie MOKHO HCIIONB30BaTh III00aNIbHbIC
JIAHHBIC.

3. ®yHKuMS nepesa BHIIOIHEHHEM KOMIHIUpyetcs. Script-aitn
HE KOMITWJIMPYETCSl LIEIMKOM, a BBIIIOJIHSETCS B pPEXKUMeE HHTEpIIpeTa-
LUH.
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4. Wwms ¢aiina, B KOTOpOM 3anucana (GyHKIMs, JOJDKHO COBIIAIATh
¢ UMeHeM (YHKIIIH, a UMsI Script-(haiiina MOKeT ObITh JTFOOBIM.

IIporpamma OyAeT BBIIONHATHCA OBICTpEE, €CIIM BMECTO SCript-
¢aiina ncnonb3oBaTh (aii-QyHKIHIO (B Cllydyae, €CJIH 3TO BO3MOXKHO).

NCHOJb30BAHUE ®ANJIOB-@YHKIIUN

Qaiinpl-QyHkIMy mupoko ucnonbdyiorcs B ML. Ilonb3oBatens
MOXeET C MX [OMOIIbIO ONUCHIBATh CBOM (DYHKLHU UII MHOIOKPATHOTO
BBITIOTHEHUS, TaK)Ke C MX MOMOIIBIO MOTYT PEHIaThCsl CIEAYIONINe 3a-
Jauu:

1) moctpoenue rpaduka GpyHKINI;

2) YUCIICHHOE MHTETPUPOBAHNC;

3) HaxoXKJeHHEe KOpHEW TPaHCIIeHIEHTHOTO YPaBHEHHUS,

4) NOMCK 3KCTPEMYMOB (DyHKIINY;

5) pemenne cucteM auddepeHaTbHBIX YPaBHEHNH.

IMocTpoenne rpadpuka

I'paduk HyHKIMK HA 33JAHHOM OTpPE3KE, CHMBOJIBHOE BhIPOKEHHE
(popmya) koToOpo#t 3amucaHo B (aityie-PyHKIIMHA, MOXKHO HOCTPOUTH,
UCTIOJIB3YsI KOMaHIy

fplot ( fun, interval),

rae fun — uMs QYHKIIMH WIH CUMBOIIFHOE BEIpaXXeHHe, 3aaaroree Gop-
MYJy BBIYHCIICHUS; interval — OTpe30K, KOTOPBIH 3a]1aeTCsl BEKTOPOM U3
JBYX 3HaYCHUH: HAYaJIbHOTO U KOHEYHOTO 3HAUEHHsSI OTpe3Ka.

B KauecTBe mpuMepa MOCTPOMM rpaduk (yHKIHM x*-/ HAa OTpe3Ke
ot 0 o 7. s $pyskumu x*-/ HanumeM Qaitn-gpyHkimo. B TekcroBoM
penakTope HabepeM cle Ty IO TEKCT:

function f=func(x)
f=x."2-1;
Coxpanum ero B (aiie c uMeHeM func.m.
s moctpoenus rpaduka (puc. 30) BBINOIHIM KOMaHIY
>> fplot(‘func',[0 pi])

Wnu ucnons3dyem BMECTO MMEHU (PYHKIMH CHMBOJBLHOE BBIpaXKe-
HUe
>> fplot('sin(x)',[0 pi])
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<) Figure No. 1

File Edit %iew Insert Tools Window Help

DxE&S M AA/s 2250

Puc. 30

Buviuucnenue unmezpaia

CaMbIM TIPOCTBIM YHCJICHHBIM METOJIOM HaXOXJICHHUS ONpeielieH-
HBIX HMHTETPAIOB SIBIIIETCS METOX TpalelHid, KOTOPBI pearn30BaH
byHKIMeN trapz (X, y), TA€ X U y — BEeKTOPbI, 3aJIal0I1e 3HAYCHUS ap-
rymMeHTa U QyHKIMH B Tpejesiax MHTErpupoBaHus. Jis ee MCmonp30-
BaHUS HEe TpeOyercs odopMIIeHHE TTOIBIHTErPANBHON (QYHKINH B Kade-
ctBe (aitna-pyHKImm.

T
Borurciaum uHTErpa Isin(x)dx :
0
>> x=0:pi/100:pi;
>> y=sin(x);
>> z=trapz(x,y);
Z =

1.9998

[Momyunnu npubIKeHHOE 3HA4YEHHE WHTErpaja. YBEIWYHB IIIar
uHTerpupoBanus 1o pi/1000, momyunm Oonee ToUHOE 3HAUCHHE — 2.
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Bonee Tounsie meronel peanu3oBaHbl B GyHKUMAX quad, quads,
quadl.

OyHKIMA quad OCHOBaHA Ha KBajparypHou Gopmyse CUMIICOHA, a
¢byHKUMS quad] npenHazHayeHa AN BHIYMCIICHHUS MHTErpana mo Oojee
TouHbIM (opmynam ['aycca—JleliOanma. DyHKIMS quadS peanuzyer
metoxa Hetotona—Koteca Bocemoro mopsiaka. Bee Tpu QyHKINH UMEIOT
OJIMHAKOBBIA HAOOP MapaMeTpOB:

[i, n]=quad(fun, a, b, tol, trace),

rae fun — uMs Qaina-pyHKIUN WIK CUMBOJIBHOE BRIPAKCHHE, ONpelie-
JISIOIIEe TOBIHTErPANbHYI0 (QYHKINIO (OHO JAOJDKHO OBITH 3aKITIOYEHO
B anoctpodsl); a, b — mpenensl UHTETPUPOBAHUS; t0/ — TIOTPEITHOCTD
BBIYHMCIICHUH; trace — MIPU3HAK; €CIIM €ro 3HaYCHHE PABHO €IWHHIIE, TO
OpU BBIIONHEHHH (YHKUUH CTPOUTCS TpauK MOABIHTETPAIbHON
¢yukun (puc. 31), ecnu Hymo, To He crpourcs. [locienHue nBa
napameTpa SBISIIOTCS HeoOs3aTeNbHBIMU; [ — 3HAUCHHWE HHTErpaa;
1 — KOJMYECTBO 3HaYCHUH (YHKLUHUH, KOTOPOE MOTPeOOBaIOCh BBIYKC-
JIUTH AJIs1 HAXOXKICHUS 3HAYCHUS HHTETpaja.

>> [1, nJ=quad8(‘func', 0, pi, 1e-8, 1)
i=

7.1938
n =

33

T=IEY
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[Ipn ucnonb30BaHUM 3TUX YHCICHHBIX METOJOB 3aJarcs Tpe-
OyeMasi TOYHOCTh BBIUMCICHHWH, a mIar moAOMpaeTcss aBTOMAaTH-
yeckd (B oTiIHYMe OT (QYHKUUH frapz). [lo yMomYaHWIO TOYHOCTB
paBHa 10°°,

OyHKIMSI MOXKET OBITh 337]aHa CUMBOJILHBIM BBIPQKEHHEM:

>> [i,n]=quad8('sin(x)', 0, pi, le-8, 0)

i=

2.0000
n=

33

Takoii e pe3yJIbTaT MOJIyYrM, €CIIH HE YKaKeM J[Ba HE00sI3aTe b
HBIX MapameTpa:
>> [1i, n]=quad8('sin(x)', 0, pi )
j=
2.0000
n=

33

Tot ke MHTErpas MOKHO BBIYUCIUTE C UCIIOIb30BaHUEM (DYHKIIMH
quadl:
>> [1, n]=quadl('sin(x)',0,pi, 1e-8,0)
i=
2.0000
n =

48

J1st mOoCTHIKEHUST OJHOM M TOW e TOYHOCTH MOHAIOOMIIOCH pas-
JUYHOE KOJMYECTBO BBIYHCICHHH. MOXXHO TpHU BhI30BE (PYHKIHUU HE
yKa3blBaTh BBIXOJHOW mapaMeTp #n. Torma KoOMmaHaa OOpamieHHs K
(dhyHKIIMH OyIeT TaKoii:

>> i=quadlI('sin(x)', 0, pi, 1e-8, 0)

i=

2.0000

B 3TOM Cily4ae He MCHONB3yeTCsl KOJTMYECTBO 3HAUCHUI (YHKIINH,
KOTOpO€ MOTPeOOBaNIOCh BEIYMCINTD ISl HAXOXKICHHS 3HAYCHUS] MHTE-
rpaia.
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Pewenue mpancuyenoeHmuwlx ypagHeHuil

Junst pemiennst ypaBHeHHH B f(x)=0 (HaxoxneHus Hyned QyHK-
uuH f(x)) npenHasHadeHa (GYHKUUS fzero, KOTOpas HaXOOUT MpPUOIH-
JKEHHOE 3HAa4Ye€HHUE KOPHS ypaBHEHUs 10 3alaHHOMY HayalbHOMY MpH-
ommkennto. OyHKIMS fzero HAXOJUT 3HAYEHUE apryMeHTa, MpU KOTO-
poM (hyHKITUS 00paIaeTcs: B HOJb:

fzero(fun, x0, tol, trace),

rae fun — uMsa (aiin-GyHKUMN I CHMBOJIBHOE BEIpakeHHE ((popmy-
7a), 3aKTI0YEHHBIE B anlocTpodbl; x() — HaYaJIbHOE 3HAUYEHHE X, OT KOTO-
poro HauyHETCS Tpollecc; fo/ — MOTPENIHOCTh BBIYUCIICHUH; trace — pu-
3HAK; €CIM 3HAYeHHWE CIUHMLA, TO TpadUK CTPOUTCS, €CIH HYJb,
TO HE CTPOWTCS; tol W trace SBIAIOTCA HEOOA3aTEIBHBIMH ITTapamMeTpa-
MH.

Ecnu kopHe#l HeCKONbKO, TO, 3aaBasi pa3jIMuHble HaualbHbIC 3HA-
YeHHsI, MO’KHO HAlTH pa3iMyHble KOPHU.

Hampumep, moctpoum rpaduk dysakmmm sin(x)/(x*2) Ha oTpeske
[-10 1] (puc. 32):

>> s='sin(x)/(x*2)'
>>fplot(s, [-10 1])

=T
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IIpu pa3mUUHBIX HAYATIBHBIX 3HAUCHHSX TOJNyYacM pa3InvHbIC
KOpHU:

>> fzero(s, -7)
ans =

-6.2832
>> fzero(s, -4)
ans =

-3.1416

Haxoscoenue munumyma gynkyuu Ha 3a0aHHOM Ompe3Ke

Brruncnenne J0kanbHOTO MUHMMYyMa (DYHKIHMH OJHOH TepeMeH-
HOH Ha 3a/IaHHOM OTpPEe3Ke BBINONHACT QYHKIMS fininbnd. 1lpn ucnons-
30BaHUM (YHKIMU TIOMCKAa MHUHHUMYyMa PEKOMEHIYETCS TPEIBAPUTEIh-
HO TOCTPOUTH Tpaduk ucciaenyeMolt pyHKIHMU, YTOOBI TOUHEE OIpe/e-
JUTH OTPE3KH TOMCKAa MUHIMYMa:

[x, y] = fminbnd(fun, a, b),

rae fun — uMsi QyHKINK WIM CUMBOJIFHOE BEIpakeHue (popmyna), 3a-
KIIIOYEHHOE B anocTpo(dsl; @, b — rpaHUIbl OTpe3Ka, Ha KOTOPOM HIIET-
CSl MUHUMYM.

Pe3ynbTar — BEKTOp, COCTOSIIUI U3 ABYX 3HAUCHUMN: X — apI'yYMEHT
¢GyHKIMM (BBIYMCIEHHOE 3HAYCHHE), TIPU KOTOPOM JOCTHTACTCs MUHH-
MyM; ) — 3HaueHue (yHKIHUU B TOUKE MUHUMYMa;

I puwmep. Jusg pyaxoun sin(x)/(x*2) HAWTH JTOKaTbHBIA MUHU-
MyM Ha otpe3ke [-10 1], BeiBecTH 3HaUeHNE (YHKIMH B 3TOH TOUKE U
MOCTPOUTH TpaduK:

>> [x,y|=fminbnd('sin(x)/(x*2)',-10,1)

X =

-4.4934

y =
-0.1086

Ecnu X0TUM NONYy4UTh TOJIBKO 3HAYCHHUE apIyMEHTA, IPH KOTOPOM
¢yHkuus OyneT MMeTh MHUHHUMAajbHOE 3HAaueHHe, TO oOpalieHHue K
¢byHKUMHN OyIeT TaKUM:

>> fminbnd('sin(x)/(x*2)',-10,1)

ans =

-4.4934

WITH
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>> x=fminbnd('sin(x)/(x*2)',-10,1)
X =
-4.4934
>> ezplot('sin(x)/(x*2)',-10,1)
>> orid on

I'paduk mpuBenen Ha puc. 33

<) |Figure No. 1 E@E‘

File Edit Yiew Insert Tools Window Help
D& XA A/ BP0
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Puc. 33

Jns HaxoXIeHWs JIOKaJbHOTO MaKCMMyMa HE IpegyCMOTPEHO
creunaibHON GyHKUMH. MOXHO HAWTH MaKCUMYM, HCHIOJB3Ys fininbnd
Ui GYHKLUH, UMEIoLIel 0OpaTHBIN 3HAK.

Pewenue cucmem oughpepenyuanvnvix ypasnenuii

Cucrema ML mMeeT BCTpOEHHBIE CPENICTBA JIJIs PEIICHHsI OOBIKHO-
BEHHBIX IuQpepeHnnanbHeiX ypaBHeHuil (YY) mroboro mopsaka win
cucreM Y. luddepeHunansHpiM ypaBHEHHEM 71-TO MOPsIIKA Ha3bIBa-
ercsi cooTHomenune Buma F(¢, y, y',..., y")=0. HauBbiciumii mOpsIOK
MPOU3BOJAHON MCKOMOW (YHKUMH B JaHHOM ypaBHEHUHM Ha3bIBaeTCA
nopsinkoM and¢epeHnnansHoro ypasHeHus. Pemenuem /1Y srsercs
Takas (yHKIUS, KOTOpast TIPH MOJICTAHOBKE B HET0 00pamiaer ero B pa-
BEHCTBO. B ciydae cucremsl quddepeHImanbHbIX YpaBHEHHH 1-TO T10-
psKa peleHneM SBISOTCS # QyHKUUHA. [Ipu Mcrons30BaHUM YHCIICH-
HBIX METOZOB pEUIeHHs UCKOMbIE (DYHKIIMU BBIPA)KAIOTCS HE aHAJMTH-
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4ecKH, a B TaOIMYHOM BHUJe (B BUJe HaOopa 3HAUEHUH B ONpeeIEHHBIX
toukax). Camoe mpoctroe 1Y — 310 ypaBHeHWe 1-ro mopsiaka, paspe-
IIICHHOE OTHOCHUTEJIBHO MPOU3BOAHONH. OHO uMeeT Bux y '=f(t, y). 1Y u
CHCTEMBI 2-TO MOpsAKA U BBIIIE MOXKHO CBECTH K CHCTeMaM 1-To mo-
psnka. Tak, s TOro 4ToObl CBECTH K CHCTEMe 1-ro mopsiika ypaBHe-
Hue y ' ’=f(t, y, y’), Hy’KHO UCIIOJIb30BaTh 3aMeHy: 1=y U =)y . B pe-
3yJIbTaTe 3aMEHbI OyZieM UMETh CUCTEMY

»n'=y
»'=ft,y1,y,)

B ML umeercst nemnslii psig BCTPOSHHBIX (DYHKIHHN, MTpeTHA3HAYCH-
HBIX JUIS pelIeHHs CcHUcTeM IUu(QepeHInalbHbBIX ypaBHEHUH. ITO
¢byukuun ode23, ode45, odell3. B HUX pealu30BaHbl pa3MvHbBIC Me-
Tombl pemeHUs oObIkHOBeHHBIX J[Y. Hambonee wacto HCMONB3YIOT
¢byHKIMN ode23 W ode45, B ocHOBE pabOTHI KOTOPBIX JIEKUT METOJ
Pynre—Kyrra. [{ns cucrem ypaBHeHui 2-ro U 3-ro HOPSIAKOB HUCHOJb-
3y10T pyHKIHMIO ode23, a 11t cucteM 4-ro U 5-Tro MOPAIKOB — (QYHKIHIO
ode45. Obpamenne K (yHKINH, HAXOAALIEH pemieHne cucteMsl /Y,
UMeeT BT

[t, v]= <ums ecmpoennou ¢ynxyuu>(fun, interval, y0 ),

rae fun — umst m-aiina, B KOTOPOM BBIYUCISIFOTCS IPaBble YacTU CHC-
temel J1VY; interval — BeKTOp, ONMpPENENAIOMUI OTPE30K, HA KOTOPOM
uIeTcs peuieHue; y0 — CKausp WM BEKTOP-CTONOel, B KOTOPOM 3aja-
I0TCS Ha4aJIbHbIE YCIIOBUSI; { — BEKTOP-CTOJI0EL, COAep KaNN 3HAUCHHS
HEe3aBHCHUMOW TIepeMeHHON Ha 3aJJaHHOM HHTepBasie (OOBIYHO 3TO Bpe-
M f); y — MaTpuna pemeHnid. KonnuectBo cTon0noB B HEl paBHO IO-
panky cuctembl JIY. Kaxnpiit cronber coaepXUT 3HaYeHNs OJJHON HC-
KOMOW (DYHKIIMW Ha 3aJJaHHOM OTpe3ke. Kaknas cTpoka COOTBETCTBYET
OIIpeNIeIEHHOMY 3Hau€HHIO /.

IIpumep. Uveem 1Y 2-ro nopsinka y’’+4y’+5y=0, onuceiBaro-
IIee ABM)KEHHE TOYKH B 3aBUCHMOCTH OT BpeMeHH. Tpelyercs ero pe-
Tk Ha otpeske [0,5] ¢ HagansabME yeroBusmu y(0)=3 u y’(0)=-5.

Brinonaum 3amMeny: y,=y 1 y,=y’, noay4umM cuctemy JVY:

n'=y;
Vo'==5y; -4y,

mpu y1(0)=3 u ,(0)=-5 (Torma y, OymeT 00O3HAYATh KOOPIMHATHI
TOYKH, a ), — €€ CKOPOCTH).
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CocTaBuM (aitn-QyHKINIO TSI BRIYUCIEHHS TPaBbIX yacTel cuc-
tembl JIY. Ota QyHKIMSA TOMKHA UMETh JIBA BXOJHBIX ITapaMeTpa: Ie-
PEMEHHYIO ¢, BEKTOP ) ¢ KOJMYECTBOM JJIEMEHTOB, PABHBIM YHCITY He-
W3BECTHBIX CHUCTEMBI, U OJWH BBIXOJHOW mMapamerp (BEKTOp MpaBbIX
JacTei CHCTEMB):

function F=mydif(t,y)

F=[y(2); -5%y(1)-4*9(2)];

Coxpanum ¢aitl ¢ uMeHeM mydif B KaTajore, pa3peimieHHOM JIst
3anucu. OOpatumcs k GpyHkuuu ode4s:

>>[t,y]=ode45('mydif, [0 5],[3;-5])

B pesynprate OyayT MOITy4eHBI BEKTOP-CTOJOEI] ¢ — BEKTOP 3HAYeE-
HHUI apryMeHTa (B HalleM IIpUMEpe 3TO BpeMs) M MaTpuua y U3 IBYX
ctonbmoB. [lepBerii cromben comepkuT 3HadeHus (YHKIUH y;, T.€. ca-
MOW MCKOMOM (PYHKITMH TPH KaKIOM 3HAYEHWH £, & BTOPOH CTONOeI —
3Ha4YeHUs! (QYHKIUH ),, T.€. IEPBOH MPOM3BOJHON HCKOMON (DYyHKIIWH.
Y Hac B mepBoM cTosoLe OyayT MoJlydaThCs 3HAYEHUs] KOOPAUHAT TOY-
KM, @ BO BTOPOM — 3Ha4€HHE CKOPOCTH €€ ABWXKEHUS B KOKIbI MOMEHT
BPEMEHH .

Oto0pa3um rpaduk pemrennst 1Y u rpaduk mponsBoaHoi (puc. 34):

>>plot(t,y(:, 1), ', t, y (¢, 2),'’k--")
>> xlabel('t");
>> ylabel('y")
<) Figure No. 1 Q@gl
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IMPAKTMYECKAS PABOTA Ne 2.1

3HAKOMCTBO C HAKETOM MATLAB,
PEHNIEHUE ITIPOCTENIINX 3AJAY B CUCTEME MATLAB

Llenv pabomsr — TIO3HAKOMHUTHECS C HWHTEPAKTHUBHBIM IAKETOM
Matlab 6.5, nmpenHa3zHAYCHHBIM IS PEIICHUS IIMPOKOTO Kpyra MHXKE-
HCPHBIX W MATEMATUYCCKUX 3a/jad, HAYUUTHCA 3alaBaTb BCKTOPLI U
MaTpUIIbI, BBITIOMHATH Pa3IMYHbIC JEHCTBUS C HUMH, HCIIOJIB30BaTh
BCTpOeHHBIE (DYHKIMH IS MX 00pabOTKH, a TakKe M3YYHTh CPENCTBA
rpaguuecKoro 0TOOpaKEeHHsI pe3yIbTaTOB pacuyeTa U OCBOUTH CO3/IaHUE
CKpHIIT-(paiiios.

ITocTaHoBKka 3agaun

1. Boruucnenue 3HaueHui GyHKIUH Ha 3aJaHHOM OTpeE3Ke.

2. BolnonHeHne JelCTBUI C BEKTOpaMH.

3. ®opMupoOBaHUE U BHITIOTHEHUE NCUCTBUS C MaTPHUIIAMHU.

4. Iloctpoenue TpadukoB QYyHKIUI OHON IEPEMEHHON Ha 3a/1aH-
HOM OTpE3KE.

5. Illoctpoenne rpaduka PyHKINN ABYX TEPEMEHHBIX.

6. Coznmanue ckpunT-daiina.

ITo pe3ympTaTaM paOOTHI HOMDKEH OBITH COCTABIEH OTYET, COJIEP-
KAl TEKCThl MHIMBUAYAIbHBIX 3aJaHuid, KoMaHasl ML ans perie-
HUS 3a1a4, TeKCT script-aia, a Takke rpaduuecKkoe mpeacTaBlIeHHe
pe3ysbTaToB PaboTHI.

HNuapuBuayajibHbIe 3adaHUs

3ananmne Nel. Beruncnuth N 3HaueHUH (yHKIMHA HA 33IaHHOM OT-
peske. Ha skpaH BbIBECTH 3HaUEHUS apryMeHTa U 3HAYCHUS (PYHKIIHH.

Bapuanmu
OyHKIHA OTtpe3ok KommgectBo pazonennii
. p(x)= SmxCOsS¥ [027] N=10
x+1
2. p(x)=In(x+1ne +e ©  [-0.2,4] N=9
3. y(x) = x’tg-Jarcsin x [0,0.3] N=7
86
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4. y(x)=xsinx + x> [0,1] N=10
5. y(x):;x [0,3] N=8

14—

Vv1+x

sin x cos x
6. y(x)z% [r37]  N=8
7. y(x)=ctgx® +1)-(sin2x+cos2x) [-1,1]  N=7

1

8. y(x) =1oe. x? +1)sin [-1,1]  N=10

0g2( ) 2 +1
9. y(x)= ‘x3 422 - 3‘sinnx [22]  N=7
10. y(x) = sinx+1 [-2.2] N=9

\/| | cosx+2
X

3ananme Ne2. /{5t 3a1aHHBIX BEKTOPOB ¢ U b IUTMHOMN 1 (3HAYCHHS
AJIEMEHTOB BEKTOPOB M WX JIMHY CTYAEHT 3a/1aeT CaM) BBITIOIHUTH
peoOpa3oBaHus U BEIUMCICHUS B COOTBETCTBUU C BAPUAHTOM.

Bapuanmur

1. B BexTOpe a »neMeHThl ¢ HoMepaMu OT #n/ 10 n2 yABOUTH, a B
BEKTOpE b 3aMEHUTH UX CPEIHUM apU(PMETHIECKIM.

2. OOpa3oBaTh HOBBIH BEKTOp C=[d1,ds,...,du,b1,b2,...,b,], onpene-
JINTh €r0 MaKCHMAaJIbHBIA U MUHUMAJILHBIA 3JIEMEHTHI U ITOMEHSITHh KX
MECTaMH.

3. OO6pazoBaTh BEKTOD € =[ad1,d2,d3,b4,bs,...,b,] 1 yIOPSAOIUTE €TO
0 BO3PACTaHUIO U YOBIBAHUIO.

4. OOpa3oBaThb BEKTOp ¢ =[a3,d,...,adn,b1,b2,b3] W TIepecTaBUTH
3JIEMEHTBI BEKTOpa ¢ B 00paTHOM mopszake. Pe3ysbrar 3amucaTh B HO-
BBIH BEKTOP.

5. Tloxy4uTth BEKTOp X, COAEPKAIIMI y/IBOCHHBIC 3HAYCHHS dJie-
MEHTOB BEKTOpa d, W BEKTOP V, COIEpKalluid YTpPOEHHBIE 3HAYEHUS
3JIEMEHTOB BeKTOpa b. OnpenenuTh cpeHee apu(MeTHIeCKOe KaXKI0TO
BEKTODA.
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6. Boraucnuth cpennee apupMeTHUECKOE 3JIEMEHTOB IBYX BEKTO-
pOB. 3aMEHUTh MHHUMAJIbHBII 3JEMEHT IEPBOTO BEKTOpa Ha MaKCH-
MaJIbHBINA 3JIEMEHT BTOPOTO.

7. Tlomy4uTh /1Ba HOBBIX BEKTOpA, COCTOAILIUX W3 DJIEMEHTOB HUC-
XOJHBIX BEKTOPOB, HAUMHasi ¢ HoMepa n/ 10 Homepa n2. Haiitu cymmy
MUHUMAJIBHBIX 3JIEMEHTOB HOBBIX BEKTOPOB.

8. 3amMeHMTh HyJeM MHHHUMAJbHBII 3JIEMEHT BEKTOpa @ U MaKCH-
MaJIbHBIN 3JIEMEHT BEKTOpa b.

9. BbluuciuTh NMPOM3BENEHHE HIIEMEHTOB BEKTOPOB C HOMEPAMHU
ot nl no n2. HaiiTh MUHMMaNbHBIE 3HAYEHHUS BEKTOPOB M 3aMEHHUTH
MOCIIEIHNE 3JIEMEHTHI BEKTOPOB UX MUHUMYMaMH.

10. O6pazoBaTh BEKTOp ¢ =[d,,d3,d4,b3,bs,...,b,]. DIAEMEHTHI C HO-
MepaMu OT n/ 10 n2 3aMEHHTH CPEeIHUM apU(PMETHUECKHM 3THX die-
MEHTOB.

3apanue Ne3. Ilpy momomm BCTpOEHHBIX (YHKUMH IS 3aloJHe-
HUSl CTAHZAPTHBIX MATPUl], WHAEKCAIMH IBOETOYHEM M, BO3MOXKHO,
o0beIMHEHNs], TIOBOPOTAa WM TPAHCIIOHHUPOBAHUS MOJIYYHUTH CIIEIyIO-
mue Matpuisl. [IpuMeHUTh QYHKIUH 00paOOTKM JaHHBIX U TI03JIe-
MEHTHBIE ONepalvy AJsl HAXOXKICHUS 3a1aHHBIX BEJINYHH.

Bapuanmu

1 0 0 4 0 0]

01 0040

00100 4 6
1 A= 5 2 9133 3 m =max ;aij

222333

2 2 2 3 3 3]

2 2 -1 -1 2 2]

2 2 -1 -1 2 2

2 2 -1 -1 2 2 6 .6
2 A= s = a

22 -1 -1 22 Z;jz_l‘f‘

2 2 -1 -1 2 2

12 2 -1 -1 2 2]
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3apnanue Ned. Iloctpouts rpaduku nByX (GYHKUMH Ha 3aAaHHOM
oTpeske. BeiecTn rpadukm:

* B pa3HBIX OKHAaX,

* B OJHOM OKHE B OJTHUX OCSIX,

* B OJHOM OKHE B Pa3HBIX OCSX.

Hcnonp30BaTh pa3nuyHbIe IBETA, CTWIIH, TOAMKCH, JereHay. Ha-
HECTH CETKY.

Bapuanmut

OyHkIWM f OyHKIUA g AprymeHr x
1. f(x)=sinx; g(x) =sin® x; Xe [— 2n,3rc]
2. f(x) =sinx?; g(x)= cosx’; xe [— n,n]
3. f(x)=x>+2x7 +1; g(x)=(x-1% xe[-11]
4. f(x)=Inx; g(x)=xlnx; x€[0.2,10]
5. f(x)=|2x3; g(x):|2x5; xXe [— 0.5,0.5]
6. f(x)= x%; g(x)= x> xe [— 1,1]
7. f(x)=arcsinx g(x)=arccosx; xe [— 1,1]
8. f(x)=cosx f(x)=cos2x; xe[-11]
9. f(x)= Sii al 2(x) = e ¥ cos x; xe[-0,01, 2n]
10. f(x)=x* fx)=x"; xelo.1,1]

Iloctpouts rpaduk KycodHO-3aJaHHON (PYHKINH, OTOOpA3UTh
BCTBU PAa3HBIMU LBETAMU U MapKEPaMH.

Bapuanmut

-1, -3<x<-1
1 f(x)=9 x, —-l<x<l
e, 1<x<3
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Jx,  0<x<l

f(x)= L, 1<x<3

(x—4)?, 3<x<5

Inx, 1<x<5

f(x)= x/5, 5<x<9

fx)=

f(x)=

fx)=

Jf(x)=

fx)=

9¢**, 9<x<I12

sinx, —2n<x<0
_x3’ 0<x<l1

COS TIX, 1<x<3r

arcsinx—1, 0<x<1

o
o8 l<x<—
2

2
T
COSs X, 5<x£n

X,

|x|, -2<x<l1
sinEx, I<x<2
2

2-x)°, 2<x<3

(x-1)?, -2<x<1
cos%x, 1<x<3

1-e*%, 3<x<8

e’, —-2<x<-1

[

—, -1<x<1

ex

—X

e, I<x<2
92
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et —2<x<—1

9 f(x)= x*,  —l<x<l
(2-x)°, l<x<2

leogzx, 1I€x<2

10 f(x)={ /2, 2<x<3
x*[2, 3<x<35

3aganue NeS. [loctpouts rpaduk QyHKINN ABYX ITEPEMEHHBIX.

Bapuanmu
OyHKIUA Z AprymeHr x
. z(x,y)=sinx-e Y xe[0,2x]
- gin? 1

. z(x,y)=sin"(x—-2y)e xXe [O,27t]

. z(x,y) =sin2(x—2y)e_‘y‘ xe[O,n]
2.2

. Z(x’y):% xe[_ 2’2]
x“+y +1

. z(x,y) = Sy xe [0.1,5]
X

. z(x,y) = (Sin x% + cos yz)xy Xe [— 1,1]

. z(x, y) =arctan(x + y)(arccosx +arcsiny) x € [— 1,1]
- 2(6, ) = 1+ x)(3 - x)(4 - ) xe[0,3]
cz(x,y) = e (x> + y*)sin(xy) xe [— 2,2]

X

|y|+1

10 z(x, y) = (y* —3)sin xe[-2m2x]
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ApryMmeHr y
ye [0,1]

ye[10]

yel-11]

yel-11]

yel-nn]

yel-1]]
yel-1]]

yel0.4]
yel-33]

yel[-33]



3aganue Ne6. Hanucars ckpunt-aiin s pereHus cieryronmx
3ajad.

Bapuanmeut

1. Ilo 3amaHHOMY BEKTOpPY OINPENEIUTH HOMEP €ro 3JIEMEHTa C
HanOOJBITUM OTKJIOHEHUEM OT CPEIHEro apu(METHYECKOTO BCEX dJie-
MEHTOB BEKTOPOB.

2. Haiitu cpemHee apupMeTHUECKOE JIEMEHTOB 3aJaHHOTO BEK-
TOpa U 3aMEHUTh NEPBBIN JJIEMEHT STUM 3HAYCHUEM.

3. BBMHCINT, MaKCHUMaJIbHOE 3HAYCHHE CPEIU DJIEMEHTOB TJIAB-
HOUW JUaroHaJv 3aJaHHOM MaTpHULIbIL.

4. IlepecTaBUTbh HEPBBIM cTONIOEL KBaIpPaTHONW MaTPHULBI CO CTPO-
KOM, I7I€ HAaXOAUTCSl HAUMEHBIINMI 3JIEMEHT.

5. ChoxuTh BCE dJIEMEHTHI 33IaHHON MaTPHIIBI, KPOME JIEMEHTOB
TJIaBHOM JUaroHau.

6. 3aMEHUTb MAaKCHUMAJIbHBII 3JEMEHT BEKTOpa CpPEAHUM 3Haue-
HUEM BCEX €r0 AJIEMEHTOB.

7. 3aMEHHTH DJIEMEHT MATPUIIEI ¢ UHAeKcamu 1,1 mpou3BeaecHuEM
BCEX DJIEMEHTOB MAaTPHIIBIL.

8. 3aMeHUTHh MOCIEOHUI AIEMEHT BEKTOpa MaKCUMAJbHBIM 3Jie-
MEHTOM.

9. HaiiTu 3HaYeHne U HOMEpP MAaKCUMaJbHOTO 3ieMeHTa. [ padu-
YECKH OTOOPAa3HUTh AIIEMEHTHI 33JJaHHOTO BEKTOpPa CHHUMH MapKepaMu,
a MAaKCHMAaJIbHBIM 3JIEMEHT — KPACHBIM.

10. YopsimounTh 3J€MEHTH BEKTOpa IO yOBIBAHWIO, 3aTE€M I10-
CJICJTHUIA 3JIEMEHT 3aMCHHUTH CPEIHUM apU(PMETHUSCKUM BCEX DJICMCH-
TOB BEKTOpa

MHNPAKTUYECKAS PABOTA Ne 2.2

PEHIEHUE TUIIOBbLIX BBIYNCJIMTEJIBHBIX
3AIAY B CUCTEME MATLAB

Ileny pabomer — HAyINTHCS UCIIOIB30BATh BCTPOCHHBIC (DYHKIIHH,
peanu3ylonue pa3IniyHble YUCICHHBIE METOJbl PEIICHHS, a TaKKe
CpeAcTBa OTOOpakeHHsI pe3yJIbTaTOB pacyera; OCBOUTH co3faHue Qaii-
JIOB-CIleHapueB M (PaimoB-QyHKITHA.
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ITocTanoBka 3agaau

Brruncnenne kopHel NoanHOMa.

PewieHue cuctemMbl TMHEHHBIX YPaBHEHUM.

Brruncnenne 10kaabHOT0 MUHIMYMa M MakcUMyMa (pyHKIIWH.
Brruncnenue onpeaeneHHOro HHTErpaia.

Pemenne TpaHCIIEHIEHTHOTO YpaBHEHMSL.

COFJ‘IaCHO BapUaHTy MHIMBHIYaJIbHOTO 3alaHus TpeOyeTcs Hamu-
caTh MATh IpOorpamm, coOIr0Aas MpUBeIeHHBIE HIDKE YKa3aHUS:

e JUISI K&XJIOTO MYHKTA 3aJIaHHs CO3JIaTh CBOU cKpunm-ghaiin,

e Hanwucarh (aiii-cueHapuii (script-¢ain), B KOTOPOM I0JIb30Ba-
TesbCKui nHTepdeiic opopmileH B BUE MEHIO. BBIOpaHHBIN MyHKT Me-
HIO ONpeneNseT BbINONHEeHHe (aiiia, COOTBETCTBYIOIIErO MyHKTY WH-
JUBUAYaIBHOTO 3amaHus. [Ipu HanmucaHWM mporpamMMsbl Ui peanu3a-
UM MEHIO MCIOJIb30BaTb GCIMPOEHHYIO DYHKYulo menu(), onepamop
yukaa ¢ npedyciosuem while u ¢hynxyuro eval(),

e ypaBHEHMA M (PYHKUMHU [UIA BBIIONHEHUS IyHKTOB Ne 3—5 omnu-
cath B BUe (haiaoB-QyHKITHI;

e st myHKTa Nel mpu BBIYMCIEHUH KOpPHEH MOJIMHOMA MOCTPO-
UTh TpaduK MOJIMHOMa M OTOOpa3uUTh Ha HEM HalJCHHBIC JCHCTBH-
TeJbHBIE KOpHU. BBO Tpanun noctpoenus rpadurka 10mKeH OCyIIecT-
BIISITHCS C KIIABUATYPBI;

e it myHKTa N2 TIpw pemieHuN CUCTEMBI JTMHCHHBIX yPaBHCHHM
OCYIIIECTBUTH MPOBEPKY MOITYUEHHOTO PEIICHUS;

e Juis myHKTa Ne3 Tpu MOMCKE MakCMMyMa M MUHUMyMa (yHK-
UM TOCTPOUTH TpaduK 3aaHHON (QYHKIMM B 3aJaHHBIX TPaHULAX H
0TOOpa3uTh Ha HEM IIOJIyY€HHbIE SKCTPEMYMBI MapKepaMu Ppa3HOTO
I[BETA;

e s myHKTa Ne4 mpw BRIYMCIEHHM MHTETpajia MOCTPOUTH Tpa-
¢GUK MOABIHTETpaIbHOM (YHKIWH, TPaHUIBl Tpaduka BBOJUTH C Kia-
BUATYPbl U 3aKPacHUTh IUIOLIA/b, OTPAaHUYECHHYIO (YHKIHEH Ha 3a1aH-
HOM OTpE3KE;

e s myHKTa No5 TpuW pemieHHH TPaHCIEHJEHTHOTO ypaBHEHHS
MNOCTPOUTH rpaduK PYHKIUH B TPaHUIAX, 3aJaHHBIX MOJH30BATEIEM B
¢opme nmumanora, ¥ O0TOOpa3UTh Ha HEM 3HAYCHHWE KOPHS YypaBHEHHS
LIBETOM, OTJMYHBIM OT L{BETa rpaduka;

e Ha Bcex rpadukax JOJDKHBI ObITh BBIBEJICHBI 3aI0JIOBKH, Ha3Ba-
HUS Ocell koopauHaT. Bee rpaduku TOJDKHBI pacroyiaraTbCs B OAHOM
rpaduecKoM OKHE.

N
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IIpn HanucaHuM MporpaMm o0s3aTeIbHO:

® JCHOJb30BAaTb KOMMCHTApUU, COACPIKAIIUC HA3HAYCHUC IIPO-
Ir'paMMBI U OITMCAaHUE €€ IICPEMEHHBIX

e BBIBOJ PE3YyJILTATOB COIIPOBOXKAATH MOSICHUTEIBHBIM TEKCTOM.
ITo pesynmpTaTaM pabOTHI AOJKEH OBITH COCTABIEH OTYET, COAEP-
JKaIUA TEKCT MHIUBUAYAILHOTO 3aJ[aHHs, TEKCThI SCript-QailioB u

(aiioB-QyHKIHH, a Takxke Tpaduieckoe MpeCTaBICHHE PE3yIbTaTOB
paboTHI.

BapI/IaHTbI HHIUBUIYAJIbHBIX 3a)1am1171

Bapuanm 1
1. BBIYHCIUTH KOPHU MOJUHOMA
f(x)= x2 4+ 6e015%

2. HaiiTu pemienne cucteMsl JMHEWHBIX YpaBHEHUN

5.4x, % 1L8x, ~3x3= 7
4,5X1 - 2,8)(72 + 6,7X3 = 2,6

5,1x;3,7x, ~ L4x3 =—0,14

3. HaiiTi 3Ha4eHue JOKaTbHOTO MUHUMYMa M MakCUMyMma (yHK-
181201

£(x) =V x=1(sin(2x) + 3x?)

1£x<25

4. BbMHUCIUTH 3HAYEHUE ONPEACIICHHOTO HHTETpaia

1,6
dx

0.8V x?+1
5. PewmuTs TpaHCLUEHIEHTHOE YpaBHEHUE

x-lg(x)-1,2=0
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Bapuanm 2
1. BpluMcanTh KOpPHH MOJMHOMA
X +0,1x% +0,4x 1,2
2. Haiitu pemenue cucTeMbl IMHEHHBIX YPaBHEHUH
3,8x,+6,7x,-1,2x,=5,2
6,4x,+1,3x,-2,7x,=3,8
2,4x,-4,5x,+3,5x,=-0,6
3. Haiftu 3HaUeHHe TOKATFHOTO MUHAMYMa U MaKCUMyMa (DyHKITUH
f (x)= Jx (sin(x)—kcos(x))
2<x<3

4. BBIYHCINTH 3HAYCHHEC OIIPEACICHHOI'O UHTCTpajia

2,7

J- dx
1,2 \Ixz + 3,3

5. PewmnTs TpaHCLEHIEHTHOE YpaBHEHUE

x*—4sin10x =0

Bapuanm 3
1. BplYMCANTH KOPHU MOJUHOMA.
5 2
Ox +x —2x -1

2. Haiitu penieHue cucTEMBbI JINHEWHBIX YpPaBHEHUM

4)&‘3)@*2)@ :9
2x+5x,-3x:=4
S5x+6x,-2x,=18

3. Haiitu 3HaueHNe JTOKATLHOTO MUHUMYMa U MaKCUMyMa (OYHKIUH

f(x)=e % *x2-0,5cosx
0<x<m/2
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4. BBIYHCINTH 3HAYCHHUEC OIIPEACICHHOI'O UHTCTpajia
2

I dx
1A2x2 413

5. PewmnTs TpaHCLEHIEHTHOE YpaBHEHUE
lg2+x)+2x-3=0

Bapuanm 4

1. BprunucianTh KOpHHA MOTUHOMA.

ot —x-1

2. HaiiTu pemienne cucteMsl JMHEWHBIX YpaBHEHUN
5,92x,-1,24x,-1.84x,=2,44
2,72x,-9,71x,+2,43x,=2,4
1,76x,-3,12x,+9,38x,=193

3. Haiitu 3HaYeHNe JTOKATbHOTO MUHUMYMa U MaKCUMyMa (OYHKIIUH

f(x)=2x"+4x-1
0<x<0,5
4. BBMHCITUTEL 3HAYEHUE ONPEACIICHHOTO HHTETpaia

1,2
dx

02V x?+1
5. PewmuTs TpaHCLIEHIEHTHOE YpaBHEHUE

cosx—x+1=0
Bapuanm 5

1. BpIUKCAUTH KOPHU MTOJTMHOMA

P —01x? +1,5x—1,5
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2. HaiiTu pemenne cucteMsl JMHEWHBIX YpaBHEHUI
2,7x,+0,9x,-1,5x,=3,5
4,5x,-2,8x,+6,7x,=2,6
5,1x,+3,7x,-1,4x,=—0,14

3. Haiitu 3HaueHHe JTOKAIbHOTO MUHUMYMa U MakKCUMyMa (DyHKIUH
f(x)=0,5sinx—0,2cosx
0<x<m/3

4. BpluncnuTh 3HaUEHUE ONPEACICHHOIO HHTETpaja
1]4 dx

08V 2x2 +3

5. PewmuTs TpaHCLEHIEHTHOE YpaBHEHUE

o HVl+e™ —2=0

Bapuanm 6

1. HaiiTu KOpHU NOJUHOMA.

xt 42} —x—1

2. Haiitu penieHre cUCTeMbI JIMHEMHBIX ypaBHEHUM
3x1+t2x:+ x3=5
2x1 +3X2+X3 =1
2X1+.7C2+3X3:1 1

3. Haifru 3HaueHne JTOKAIFHOTO MUHUMYMa M MakCUMyMa (DyHKIIUH
)
f(x)=e"sinx

n/2<x<m

4. BBMHCITUTEL 3HAYEHUE ONPEACIICHHOTO HHTETpaia

1,2
dx

0!4 V2 +0,5x>
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5. Pemmuth TPAHCHCHACHTHOC YPABHCHUC

2Inx—1 405 =0
X

Bapuanm 7

1. BBIYHCIUTH KOPHU MOJUHOMA

x> +2x% —x+11

2. Haiitu penieHre cUCTEMbI JIMHEMHBIX ypaBHEHUM
Xitx,t2x;=—1

2X1 7X2+2X3 =—4
4X1 +X, +4X3 = —2
3. Haifru 3HaueHne JJOKAIFHOTO MUHUMYMa M MaKCUMyMa (DyHKIIUH
— . 2
S (¥)=2sinx’—x
1<x<3
4. BpruucnuTh 3HaUEHHE OMPEACICHHOTO HHTETpaja

1,2
dx

0{1 V2 +0,5x>

5. Pemmutsh TPaHCHCHACHTHOC YPABHCHUC

x+1gx-0,5=0

Bapuanm 8
1. BplYMCINTH KOPHH MOJUHOMA
3
5x"+x—-4
2. HaiiTu pemeHne cucTeMsl JMHEWHBIX YpaBHEHUN
Sxi+8xy—x3=—7
X1+2XZ+3X3 =1
2x1—3x,72x:=9
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3. Haiitu 3HaueHe JTOKATLHOTO MUHUMYMa U MaKCUMyMa (DyHKIUH

f(x)=~/x+1(sin2x +35?)
1<x<2.5
4. BpraucauTh 3HaUCHUE ONPECICHHOTO HHTETpasa

1,4

.[ x2 cos xdx
0,6

5. Pemmuth TPAaHCHCHACHTHOC YPABHCHUC

¢'—e*—2=0

Bapuanm 9

1. Beruuciauth KOPpHHU MMOJIMHOMA

x> —9x

2. Haiitu penieHre cUCTEMBbI JINHEWHBIX YpPaBHEHUM
IOX1+XZ+X3:12
2x4+10x,+x5=13
2X1+2X2_IOX3 =14

3. HaiiTu 3HaY€HHME JIOKAIEHOTO MUHUMYMA M MAKCUMyMa (DyHKLIUK
Yy

f(x)=x%+6e%5

0 <x<1

4. BbMHUCIUTE 3HAYEHUE ONPEACIICHHOTO HHTETpaia

1 2
J- cos(x”) .
04 x+1

5. Pemmuth TPAHCHCHACHTHOC YPABHCHUC

2 .
x —sinS5x=0
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Bapuanm 10

1. BpIUKCIUTH KOPHU MMOIMHOMA

x* —0,lx% +0,4x — 1,5

2. Haiitu penieHue cucTeMbl JINHEWHBIX YPaBHEHUM
2,7x,+0,9x,-1,5x,=3,5
4,5x,-2,.8x,+6,7x,=2,6
51x,+3,7x,-1,4x,=—0,14

3. Haiftu 3Ha4eHre TOKATFHOTO MUHAMYMa U MaKCUMyMa (DyHKITUH

f(x)=ex>-0,5cosx
0,5<x<1,5

4. BpMHUCIUT 3HAYEHUE ONPEACIICHHOIO UHTErpaia
2,4

j (x + 1)sin xdx
1,6

5. PewuTs TpaHCLEHIEHTHOE YpaBHEHUE

1.8x% —sin10x=0

INPAKTHUYECKAS PABOTA Ne 2.3
ITPOI'PAMMMWPOBAHUE B CUCTEME MATLAB

Ilenv padbomuvr — 0CBOUTH omepaTopsl A3blka ML, HaydnThcs wuc-
MI0JIb30BATh UX VIS PELICHUS CUTYAL[MOHHBIX 3a/1a4.

ITocTanoBka 3agaun

Harmucars ckpunt-aiin 11 perenus 3aga4n n3 o0J1acTé MaTeMa-
TUKU WK QU3UKH.
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BapI/IaHTbI HHIUBUTYAJIBHBIX 3agaHui

Bapuanm 1. B renuorneHTpuIecKoi CUCTEME OTCYeTa 3eMIISl JIBH-
JKeTCsl TI0 OKPYXKHOCTH paauyca R;=1,496:10% kM (nepuon o6pamenmus
T1=3,156- 10’ ¢). Koopaunatel 3eMiu onuChIBalOTCS 3aBUCUMOCTSIMU

X5(H)=R, cos[zTnt+(p0], Y5(t)=R, sin(?ct+(p0], ¢y =0-
1 1

JlyHa, B cBOIO ouepellb JBUKETCA BOKPYT 3EMIIM MO OKPY>KHOCTH
pammycom R,=3,844-10° kv (mepron obpautenns 7,=2,36-10° ¢). Koop-
JuHaThl JIyHBI B TEOLEHTPUYECKON CHCTEME KOOPAMHAT:

2 (2
X', (1)=R COS(T—nt} Y, ()= R sm(T—ntJ :

2 2

IHoctpouts opoutsl 3emiu 1 JIyHBI B TeIMOIEHTPHYECKON CHCTEME
koopauHat. [IpomonenupoBars, Kak W3MEHHTCS KapTHHA TPH JAPYTHX
3HaYeHUsIX R, u 15, HarpuMep npu R2=3,844-107 kM, 1,=2,36-10° c.

Bapuanm 2. llony4nTs aMIDIUTYAHO-4aCTOTHYIO W (pa3odacToT-
Hyto xapaktepuctukd (AUX m OUX) uudpoBoro pexypcuBHOTO
¢unsTpa N-ro nopsaxa:

A2 a)
A((D) — 121 122 :
B+ Bj,
o() = arctg{ A By — 4,8y, }
Ay By + A4, By,

N . N . . N .
TRC A, =3 a;cos(kwT,)> A, =Y apsin(kol,)> By =3 b;cos(inT,):
k=0 k=0 i=1
N . .
By, = > b;sin(ioT,)> 4 H b; — BecoBble KO3(hGHULIUEHTH (HUIBTPA,
i=1

T; —nepuon  auckpermsauuu. Ilpunsate T,; =0,00lc, N=2,
oT; —u3meHaTs 0T 0 10 T
3HaveHus BeCOBBIX KO3()(HUIIMEHTOB BBOIUTD C KJIIABUATYPHL:

ap=1; a;=-2,208; a,=1,208; b,=-0,848; b,=0,36.
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Bapuanm 3. B ynbTpa3ByKoBOM Je()e€KTOCKOIE TOMCKOBBIN 3Jie-
MEHT (HM3JIyJaTeNb YIbTPa3ByKOBBIX UMITYJIbCOB U MMPHEMHHK OTPa’KeH-
HBIX CUTHAJIOB) COBEPIIAET IBIKEHUE U3 OJTHOTO KPAaWHETo IMOJI0KEHUS
B JIPyTO€ U OCTaHABJIMBAETCS.

MareMaTtuyeckas MOAEIb 3aKOHA U3MEHEHUS YCKOPCHUS:

2 sin(nti), 0<t<t, ,
b
g(n= 0, Iy <t<ty,
. t—t
—gmsm(nt _;l ), 1, <t
k" n

[Tomy4nTs BRIpaskeHUsS JJs 3aKOHOB WM3MEHEHHs] CKOPOCTH V() u
myta S(f) 1 moctpouts 3aBUcUMoOcTH g(f), V(¢), S(f) Mg ciemyromumx
UCXOJTHBIX JaHHBIX:

t,=0l¢; 1,=09¢; t, =10 ¢; g,,=10m/c-

Bapuanm 4. IlocTpouTh TPaeKTOPHUIO CIIyCKa KOCMUYECKOTO all-
rapara B TPEXMEPHOM IPOCTPAHCTBE.
3aKOHBI NU3MEHEHUS COCTABIIAIONIUX YCKOPEHHUS:

t
gx()=gxm COS(TC?)’

k

t
gy(t) =&ym COS(“?);

k

t
g =gm cos(rct—).

k

IlyTem ABOWHOTO MHTETPUPOBAHUS TONYYUTH 3aKOHBI M3MEHEHUS
KoopawHAT x(1), y(¢) u A(t) Ans CIeAyONINX HadalbHBIX yCIIOBHIA:

x(0) = y(0) = 0; h(0) = 250 KM;
Ve(0)=V,(0)=8/V2 kmle;  v,(0)=0.

HcxonHble naHHbIE:

Em=8&m=g Sm=-42 g=98 M/c2; ty = 5 MUH; IIar U3MeHe-
HUS BpeMeHHu Af =3 c.

Bocnonb3oBatbes onepatopom plot3, MECTOTIONOKEHUE YKa3bIBATh
3eneHor 3Be3M0UKkoi. C MOMOIIBI0 OTMEepaTopoOB /ine TOKa3aTh MPOEK-
OUH TOYCK ITOJIOXKCHUS KOCMHUYCCKOI'O annapaTa Ha FOpI/ISOHTa.HI)HYIO n
BEPTUKATIBHYIO TUIOCKOCTH.
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Bapuanm 5. [1ocTpoUTE TpaeKTOPHUIO CTapTYIOIIEH pPaKeThl B TPEX-
MEpPHOM HPOCTPAHCTBE. 3aKOHBI N3MEHEHHSI KOOPINHAT:

t2
x(t) =xg +axl?,
y(@)=yp, npu 0 <¢<10;

2
hit)=a,; —,
®) o

t2
x(0)=x(10) +a, -,

/2
y(O)=yo tay 5

2
h(t)=a,, % + h(10)

npu 10 < ¢ <50,

tae xo=5kM; yo=5kM; a,=20m/c?; a,=10M/c?; a, =40m/c?;
— 2. —
a, =20m/c*; a;, =03a,,.
Bocmnonb3oBatecst  onepatopoM plot3, MeCTONONOXKEHHUE PpaKeThl
YKa3bIBaTh KPACHOM 3Be3M04uK0i. C IOMOIIBIO OIIEpaTOpOB [ine oKa3aTh

IIPOEKLIMN TOYEK IOJIOKEHUS JIETATEIbHOTO anmnapara Ha FOPU30HTalb-
HYIO U BepTUKaJIbHYIO M1ockocTu. lllar uamenenus spemenu At =1 c.

Bapuanm 6. 300pa3uth WHTEPPEPEHIIMOHHYIO KApTHHY, IOJTY-
YUBUIYIOCS TPU OCBELICHUM OPAHXXEBBHIM CBETOM C JJMHOW BOJIHEI
A = 0,6 MKM TUTOCKOH TUTACTHHBI C PHYKaTBIMU K HEW MJIOCKOBBITYKJIIBI-
MH JIMH3aMU C PAJANYCOM KPUBHU3HBI BHITYKION OBEPXHOCTH R = 5 M.

PasHoctb (a3 uHTEPEPHPYIOIIUX BOIH: () = 277;’; ? ., THe r— pac-
CTOSHME O UEHTPAa HHTEP(EpPEHIMOHHOH KapTuHbL 7 =0+0,4-107 M
(mar mmerernst Ar = 0,5-10% m). Spkocts 1(r) = 2[1+ cos(o(r))].

[octpouts rpaduk 3aBucuMocTH /() B IEKapTOBOH W MOJSPHON
cucteMax KoopauHart. [ MonmenupoBaHus WHTEPHEPEHIIMOHHOMN Kap-

THHBI OTPAHUYUTE Fyp, o =7-10° M u IIOCTPOUTh MaTpPHIly 3HAYCHUUI

¢a3pl F' 1 MIHTEHCUBHOCTH OTPa)keHHOTo cBeTa [ pazmepom 60x60.

153



2 2
ity
v AR
rZie KOOPAUHATBL X; U J; U3MEHSIOTCS TaK:

I N & n . T
x; = max .;__ ‘max o= max ;_ 'max N=60.
iT=°N 2 Ty /T
IMoctpouts rpadvk 3aBUCUMOCTH HHTCHCHBHOCTH OTPaXKCHHOI'O
CBETa OT KOOPJIMHAT M KapTy JUHWHA OJHOTO ypaBHEHHUS (KOMaHIOM
Contour).

Bapuanm 7. BuopuT™bl denoBeka NpeACTaBIsIOT COOOH CHHYCOU-
Ibl, BBIXOJSINNE U3 HYJISI B I€Hb POXKICHUS YEJIOBEKa U MMEIOIIUeE Iie-
PHOMBI: UHTEUICKTYaIbHBIA — 33 JHS, SMOIMOHAIBHEBIN — 28 nHeH, (u-
3UYECKU — 23 IHA.

Ilo BBeneHHOH naTe POXKICHUS Y€JIOBEKAa MOCTPOUTH Ipad)uKu €ro
OMOPUTMOB Ha TEKYIIM Mecsl (WM yKa3aHHBINA). Beiienuts Ha HeM
TEKyIIMH AeHb (WM YKa3aHHBIH).

Bapuanm 8. Koneco 31eKTpoB03a, ABUAKYLIETOCS CO CKOPOCTBIO
v=10m/c, umeer pamuyc R=1m. Heobxomumo paccuurats U TO-

CTPOUTH TPACKTOPHIO TOYKH, Jiexamlell Ha paccTosHuu r=0,5M oT
ocu kojnieca. CUuTaTh, 4TO B HAYaJIbHBI MOMEHT BpEMEHH TOYKAa HaXo-
IWIach B CaMOM HIDKHEM IMOJIokeHHH. KnHemarnueckue ypaBHEHUS
JBUKECHUS TOYKU:

.ovt vt
x(t)=Vvt—rsin—, t)=R—rcos—.
(0 R y(®) 2
ITocTpouts rpaduk Ha uHTEepBaNe ¢ =0+2 c. YKka3aTrh Ha rpaduke

THOJIOKEHUS] TOUKH B MOMeHTHI ¢ =0,4¢ u ¢, =0,8 ¢c. MI300pa3uth Bek-

TOpa CKOPOCTH JBMKCHUS TOYKHU JIJIsI MOMEHTOB ¢ H 1.

Bapuanm 9. OcymecTBUTh TAPMOHUICCKUN CHHTE3 IMHII000pa3HO-
T0 CHTHAJA o MepBBIM 3, 6 u 15 rapMoHHUKaMm:

_1\i+l
(0 = g(ll,)sin(%c}i) -

Hnst aToro cymmupoBath 3, 6 u 15 cUHycOMAANbHBIX CUTHAJIOB
COOTBETCTBEHHO. llocTpouTh TpaduKé MOMyYEeHHBIX CHUTHAIOB IIPH
7=50,t=0~+T.
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Bapuanm 10. B MOMEHT mNpeoJoNieHHUs CaMOJIETOM 3BYKOBOTO
Oaprepa umcmo Maxa cCTaHOBUTCS paBHBIM enuHuIe. OyHKIMS, onpe-
nensromas gucio Maxa:

2
M(v,H)= |5 1+o,2(1j
a

rIie V — CKOpOCTh ToJieTa camolieTa; H — BpIcoTa ToeTa; KodppHuireH-
THI: @ = 1222,5; b=6,875-107; ¢ =10,3048; d=-52656; e=0,286.

Honyuuts rpaduku 3aBucumoctun M(V) st H=500; 1000; 2000;
5000; moka3atk ypoBeHb M=1, COOTBETCTBYIOLINI JOCTHKEHUIO CKO-
pocCTH 3BYyKa.

U3 ycnoBust M(V,H)=1 NOIy4YnTh 3aBHCUMOCTHh CKOPOCTH IIPEOI0-
JICHHsI 3BYKOBOTO Oapbepa V oT BbicoThl H. Jljis atoro, uamenss H B
nuamnaszone ot 0 10 2,5:10%, pemars ypasuenne M(V,H)—1=0. Ilpu
pelLlIeHNH ypaBHEHMs niepenaBaTh / B (DyHKIHIO, ONMCHIBAIOLIYIO IIpa-
BYIO YacTh YpaBHEHHs, Kak riiobaipHOe naHHOe (koMauuoit global H).
[Moctpouts rpaduk 3aBucumoctu V(H), nmpu kotopom M(v,H) = 1.

(s ceemenns: npu H =0, v ~1200 km/4; 1pH Hz2,5-104,
v =150 km/9).

ITo pe3ynbTaraM paOOTHI HOJDKEH OBITH COCTABIEH OTYET, COJIEP-
KA TEKCT WHIUBHIYaTbHOTO 3aJIaHHsI, TEKCThl Script-hailioB u
¢aiioB-QpyHKINH, a Takke rpaduueckoe NPeACTaBICHHE PE3yIbTaTOB
paboTHL.

KOHTpOJ’I])HbIe BOIIPOCHI

1. KakoBo HazHaueHue cucreMbl Matlab?
2. B kakux pexxumax MOKET BBITIONHATHCS paboTa B cucteme ML?
3. B Buje kakux (aijoB XpaHUTCS OOJNBIIMHCTBO KOMaH U (hYHK-
U cucteMsl ML?
4. OmnwumuTte CTPYKTypy OKHa pabodeit cpenst ML.
Jlst uero B ML HCHONB3YIOT KIABUILH yIPABIeHHs | 1 42
Yto siBnsieTcs 3JIeMEHTapHOW eNMHUIEH JaHHBIX si3bika ML?
Kak 3anucreiBarorcs neficTBuTeabHbIe uncia B ML ?
Kakumy koMaHIaMu MOXHO TONYYHTh HH(OpMAIMIO O JaH-
HBIX, XPAaHALINXCS B paboyeM MpoCTpaHCTBe?

W
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9. Kaxkue ¢opmaThl BBIBOAA YUCIOBBIX JaHHBIX B ML BbI 3HaeTe?

10. Kak m3mMeHuUTH popMaT BEIBOJIA PE3YIBTATOB BhIAMCIeHns B ML?

11. Kak B cucreme ML ompenensieTcs TUI IEPEMEHHBIX ?

12. Ha3oBuTe npaBuia cOCTaBIEHUS UMEH NEPEMEHHBIX.

13. Kakue oCHOBHBIE CHCTEMHBIE IEPEMEHHBIE CYIIECTBYIOT B ML?

14. Kakue omneparuu cymecTByoT B ML?

15. HazoBure onepanuu ML B nopsiake yObIBaHUS IPHOPUTETA.

16. Kak mpencraBistoTcss BEKTopa U MaTpunbsl B ML?

17.Kak 3anuchIBalOTCS U Ye€M PazIMYaroTCd MaTPUYHbIC U T03JIe-
MEHTHBIE onieparwu B ML?

18. HazoBure criocoOb! 3aganust BeKTopos B ML.

19. Kak oOpaTtuThCs K 2JIEMEHTaM BEKTOPOB M MATPHIL?

20. Jl1st uero ucronb3yercs Gyukuus length()?

21.Kak 00paTHThCS K IOCICIHEMY JIEMEHTY BeKTOpa?

22. Kakumu koMaHaaMu GopMHUPYIOTCs 0COOBIE MaTPUIIBI?

23. Iy 9ero MCIoIb3yIOTCS CHMBOJIBI TBOSTOUHE (:),TOUKA C 3aIlsi-
TOH (;) 1 MHOTOTOUME (...)?7

24. lns gero ucnonb3yrwres [ ], ()?

25.Kakne (QyHKIHH UCTONB3YIOTCA UIT OOpabOTKH BEKTOPOB U
MaTpuir?

26.Kakue KOMaHIBI HCIONB3YIOTCS Ui TOCTPOSHHS TpadukoB
(GyHKIIMH OTHOM nepeMeHHo? B uem nx pazmmans?

27.Kakue KOMaHIBI WCIONB3YIOTCS JUI TOCTPOSHHS TpadukoB
(GyHKUIUM OBYX MepeMeHHbIX? B yeM ux pazmuuus?

28. KakoB moOpsiIoK OeHCTBUM Uil TOCTpOeHHs rpaduka QyHKINN
Buna y = f(x)?

29. KakoB nopsoK JeWCTBHUHA sl IOCTpOeHUs rpaduka QyHKIHN
Buna z = fix,y)?

30. Kak mocTpouTh HECKOJIBKO Tpad)uKOB B OJHUX KOOPAUHATHBIX
ocsx?

31. Kak MOHO ympaBisiTh BHEITHUM BHIOM rpaduka?

32. KakuM 00pa3oM MOXKHO BBIBECTH HECKOJIBKO IpauKoB B paz-
HBIX KOOPIWHATHBIX OCSIX B OJJHOM OKHe?

33. Kakue cpencrtsa mpenocTaBisier cucreMa ML st mocTpoeHust
nuarpamMmm?

34. Kak 3agaeTcs MOIUHOM?

35.Yemy paBHO YHCIIO 3JIEMEHTOB B BEKTOPE, OIPEIENISIONIEM T10-
JuHOM?

36.Yro Takoe m-paitinr?
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37. Kakue Buzbl m-(aiinos Bel 3HaeTe? UeM OHU OTIIMYArOTCS?

38. KakoBnI IIpaBmIIa 3aIIMCH KOMaH B m-(paiinax?

39. Kaxk co3nath m-daiin?

40. Kak Bre13biBaeTcs ¢aitn-nporpamma B ML?

41.KaxkoBa ctpykrypa daitna-pysaxaun B ML?

42. Kak Bo13biBaetcs ¢aiin-gpynkmus B ML?

43.Kak onucath QyHKIUIO C HECKOJIHKHMMHU BXOJHBIMH M BBIXOJ-
HBIMH IIapameTpamu’?

44. Kakoit KoMaHJJ0 MOYKHO BBECTH JIaHHBIE C KJIaBUaTypsl B ML?

45. Kakoit koMmaHI0# MOKHO BBIBECTH JIaHHBIE HA MOHUTOpP B ML?

46. Kakue onepatopsl IMKJIA cyniecTBy0T B ML?

47.Kakue onepatopsl UCIOJIB3YOTCS 111 OPraHU3alii BETBICHUI
B ML?

48. Jlns dero ucnonb3yrTcs QyHKIUU menu v eval?

49. JIns yero UCnomb3yloTcs KOMaHbl break, return u exit?

50. Kakue xoMaHIIbl MCIONB3YIOTCA NJI OpraHU3allMu Juajiora B
ML?

51.Yro o3Havaer 3HaK %?

52.1louemy B cucteme ML BMECTO LUKIOB PEKOMEHAYETCS HC-
MOJIb30BaTh COOTBETCTBYIOIINE BEKTOPHBIE U MATPUYHBIE OTIEPAIIHH?

53. Harmummre mporpamMmy BbuucieHusi kocuryca 101 3HadeHus
aprymenTa ot 0 1o 10 1ByMs pa3HBIMHU CIIOCOOAMH.

157



	
	МУ практ раб АВЗИГС
	Титул АВЗИГС

	Матлаб для общей методички
	НАЗНАЧЕНИЕ MATLAB
	ИНТЕРФЕЙС MATLAB 6.5
	ВЫЧИСЛЕНИЯ
	ЗАДАНИЕ ВЕКТОРОВ И МАТРИЦ
	ОПЕРАЦИИ
	ЭЛЕМЕНТАРНЫЕ ФУНКЦИИ
	ОСОБЫЕ МАТРИЦЫ
	ОПЕРАЦИИ С ВЕКТОРАМИ И МАТРИЦАМИ
	ДЕЙСТВИЯ С ЭЛЕМЕНТАМИ МАТРИЦЫ
	ФУНКЦИИ, ИСПОЛЬЗУЕМЫЕ ДЛЯ РАБОТЫС ВЕКТОРАМИ И МАТРИЦАМИ
	ДЕЙСТВИЯ С ПОЛИНОМАМИ (МНОГОЧЛЕНАМИ)
	ГРАФИКА
	ПРОГРАММИРОВАНИЕ
	ОПЕРАТОРЫ ЯЗЫКА
	ВСТРОЕННЫЕ ФУНКЦИИ EVAL И MENU
	СОЗДАНИЕ И ИСПОЛЬЗОВАНИЕ m-ФАЙЛОВ
	ИСПОЛЬЗОВАНИЕ ФАЙЛОВ-ФУНКЦИЙ
	ЛАБОРАТОРНАЯ РАБОТА №1
	ЛАБОРАТОРНАЯ РАБОТА №2
	ЛАБОРАТОРНАЯ РАБОТА №3
	Библиографический список
	О Г Л А В Л Е Н И Е





