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1. Octave Kak HAY4YHBbIH KAJIbKYJIATOP
[Tocne Be13oBa Octave u3 cpeapl Windows Ha SKpaHe BO3HMKaeT M300paKeHUE Tak
Ha3bIBaeMoro "komaHjaHoro okHa" cpeasl Octave (puc. 1).

& Octave
©adn Mpaska  Chnages Okeo Toweus  Hoscem

[P |

iy [[] rewuas nerwn: :ptncons mystemiz
=

Cetave waa configured for "ig86-wid-mingwdan.

DRNATL NepeseHHs.

manstp 7] »> |

Wasrmuducsrop Tun Pasmeproem  3nnusrne Caciicran

DN B TOHEHHE G KOHEHD

anetp [

ForeHamoe oseo | PESERTCR | DodyMERTEMA |

Puc. 1.

OT0 OKHO sBIseTCS OCHOBHbIM B OcCtave. B HeM MHOSBIAIOTCS CUMBOJIBI KOMaHI,
KOTOpble HAOWparoTCs IMOJIb30BATENEM Ha KJIaBUAType JUCIUIEs, OTOOpa)KaroTCs
pe3ynbTaThl BBIMOJHEHUS OSTHUX KOMAaHJ, TEKCT MCHOJHAEMONW TMpOrpaMMbl U
uHpopmanus 00 omrOKax BBIITOIHEHUS MPOrPaMMBbl, PACTIO3HAHHBIX CUCTEMOI.

[Tpuznakom Toro, uro Octave roroBa K BOCHPHUSATHIO W BBINOJHEHUIO OYEPEIHOU
KOMAaH/Ibl, SIBJII€TCS BOZHUKHOBEHUE B MOCIEIHEN CTPOKE TEKCTOBOI'O MOJISl OKHA 3HAKA
MpUTJalIeHus »', mocie KOTOPOro pacloyiokKeHa MUraronias BEpTUKaabHas 4epTa.

BBox umcen ¢ KiIaBHaTypbl OCYLIECTBISETCS MO OOLIMM MpaBHJIaM, IPUHSTBHIM AJIs
A3BIKOB IPOIPAMMHUPOBAHHUSI BBICOKOI'O YPOBHSI:

0 omoeneHus OPOOHOU YAcmu YUCAA UCROIb3YEMCA 0eCAMUUHAA MOYKA;

yucaa nocie cumeona «e» o3nauaiom cmenens 10.

Ecnu, HanpuMmep, BBECTH B KOMaHIHOM okHe Octave CTpoky

1.20357651e-17

TO TIOCJIE HAXKATUA KJIABUIIN <Enter> B 3TOM OKHE IMOSIBUTCS 3aIIUCh:

r'\_ KomangHoe okHO l = | =] ﬁ A
KoMaHAHoE okHE B
>> 1.20357651e-17 -
ans = 1.2036e-017
==
4 W b =

Puc. 2.

B apudmernueckux BoIpakeHUsX A3blka Octave MCHONB3YIOTCS CIEAYIONIME 3HAKU
apu(pMeTHUYECKUX ONepaLnil:



+ - CJIOKEHUE,

- - BBIYUTAHHUE,

* - YMHOXEHUE;

| - nenenue cieBa HaIPaBo;
\ - IeneHue crpaBa HaJIEBO;
- BO3BEJICHUE B CTEIICHb.

f |
{_ Komanaroe okHo = | B [

KoMaHaHDE OkHO

=5 |
[

By 4542 & P 23— FoTAFN 0
ans = 113.75
>

4 L1 b

Puc. 3.

Hcnonp3oBanne Octave B peXUME KaNbKyJIATOpPA MOXKET IPOUCXOIUTH ITyTEM
MPOCTOM 3allUCH B KOMAaHJHYI0 CTPOKY TOCJIEJOBATENbHOCTH apU(PMETUUECKUX
JEUCTBUI C YUCIIAMH, TO €CTh OOBIYHOTO apU(PMETUUECKOTO BBIPAKEHHUSI, HATIPUMED:

4.5"2*7.23 - 3.14*10.4

Ecnu mocne BBOJa ¢ KIIaBUATypbl 3TOW MOCIEAOBATEIBHOCTH Ha)KaTh KJIABUIILY
<Enter>, B KOMaHAHOM OKHE€ BO3HHUKHET pE3yJbTaT BBINOJHEHHUS B BHJE,
IPEICTAaBICHHOM Ha puC. 1.6, T. €. Ha 3KpaH O] UMEHEM CUCTEMHOM IEPEMEHHON ans
BBIBOJIUTCS PE3YJIbTAT IEUCTBUSA MOCIETHETO BHIMOJIHEHHOTO OMEepaTopa.

Boo01e BbIBO MPOMEKYTOYHOM HHPOPMALIMU B KOMAaHAHOE OKHO NMOAYMHACTCSH
TAKHM NPABUJIAM:

- €CJIM 3aMKCh ONEepaToOpa HE 3aKAHYMBAETCS CUMBOJIOM ';', pe3ybTaT JEUCTBUS 3TOTO
omepaTopa cpasy ke BBIBOJUTCS B KOMaHIHOE OKHO;

- €CIIM ONepaTop 3aKaHYMBAECTCS CHUMBOJIOM ';', pe3ysbTaT 3TOr0 JACHCTBUS HE
0TOOpaXKaeTcsi B KOMaHIHOM OKHE;

- €ClId OmepaTop HE COJEPKUT 3HAaKa MpUCBauBaHUs (=), T. €. SIBJISETCS MPOCTO
3aIMCBhI0 HEKOTOPOM IOCIEAOBATEIBHOCTH JECWCTBUM HAJl YWCIAMHU M NIEPEMEHHBIMH,
3HAYEHHE pe3yJibTaTa MPUCBAUBACTCS CHEUUAIBHON CUCTEMHON NEPEMEHHOM IO UMEHU
ans;

- MOJIy4EHHOE 3HAYEHHME NEPEMEHHOM ans MOYKHO HCIOJb30BaTh B CIEAYIOIIUX
orepaTopax BBIYUCIEHUW, MPUMEHSSI 3TO UM ans; IPU ATOM CJEAYET MOMHHUTh, 4YTO
3HAYECHHE CHUCTEMHOW IIEPEMEHHOM ans H3MEHSETCS II0CIe JEUCTBHUS OYEPETHOTO
oreparopa 0e3 3HaKa MPUCBAUBAHUS;

[IycTh HYXHO BBIYMCIUTH BbIpakeHue (25+17)*7. DTo MOXHO cAenarh TakuM
oOpazoMm. ChHavaynia HabupaeM mocieAoBaTeabHOCTh 25+17 u Haxumaem <Enter>.
[Tomyyaem Ha »5kpaHe pe3yabraT B Bujae ans = 42. Tenepp 3anuceiBaeM
nocieaoBaTebHOCTh ans™*7 u HaxkuMaem <Enter>. Ilomyuaem ans = 294 (puc. 1.7).
UtoObl MpeAoTBpaTUTh BBIBEJECHUE MPOMEKYTOYHOrO pe3yibTaTa aeuctBus 25+17,
JIOCTaTOYHO TOCJE 3alKiCHU 3TOM MOCieNoBaTeNbHOCTU 100aBuTh cuMBoa ' ; '. Torma
OyZeM UMeTh pe3ysbTaThl B BUJIE, IPEICTABICHHOM Ha puc. 1.4
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1 KomargHoe okHo

KomMaHaHDE OKHE
»> 25+17;
>> ans*7
ans = 2954
>> |

i e

Puc. 4.

Hanpumep, ecnu BBeCTH B KOMAaHAHOE OKHO CTpoKy 'x = 25 + 17', Ha sKkpaHe

MOSIBUTCS 3aMMCh (pHC. 5):

-
{_ Komargroe okHo

KoMaHgHoE okHO
>> x =25 + 17
x= 42

>>

Puc. 5.

Cucrema Octave MMeET HECKOJIbKO HMEH IICPCMCHHBIX, KOTOPBLIC HCIIOJb3YIOTCA

caMOi CHCTEMOM M BXOSAT B COCTAaB 3ape3e€pPBUPOBAHHBIX: 1, ] - MHUMAas €IUHHUIIA
(xopeHb KBaapaTHBIA U3 -1); pi — uncio; inf - 0003HaYCHIE MATUHHOW OCCKOHEYHOCTH;

Na- o0o3HaueHHE HEOMPEEICHHOTO Pe3yJibTara; eps - MOTPEIIHOCTh ONepaluid HaJl

YHCJIaMU C IJIaBaOIIEH 3aIIsITOM.
BBoa ¢ kinaBuaTypbl 3HaUCHUSI KOMIUIEKCHOTO YKCJIa OCYIIECTBIIACTCS MyTEM 3aIlNCH

B KOMaHJITHOE€ OKHO CTPOKH BUJA!
<UMS KOMIUIEKC. IepeeM.> = <JIeUCTBUT. YacTh> + <i WK > *<MHHMas 4acTbh>

r":\_', KomaHgHoe okHO E@ﬁ1
KoMaHoHOE OKHO | x
>> x =1 + i*2 2
x = 1 + 2i

>y = -3 + 43

y = -3 + 41

=

Puc. 6.

[Ipocrelimme neucTBUST C KOMIUIEKCHBIMU YHCJIAMHU - CJIIOKEHUE, BBIYMTAHUE,
YMHOKEHHUE, JICJIEHUE U BO3BEIACHHE B CTENEHb - OCYIIECTBISAKOTCA MNPU MOMOIIU
OOBIYHBIX apu(PMETHUECKUX 3HAKOB +, -, *, /, \ 1 * COOTBETCTBEHHO.



- . 0
"\"\. KomaHgHoe okHO i e S

KoMaHaHoS okHO B X
>»> x = 1+421; y = -3+41; *
>> X4y

ans = -2 + 6i

>> X-y

ans = 4 - 2i

>> X*y

ans = -11 - 2i

>> X/y

ans = 0.20000 - 0.400001

>> X\Y

ans = 1 + 2i

>> XY

ans = 1.0616e-003 - 1.0927e-0041

Puc. 7.

[IpakTryeckn Bce DJEMEHTapHbIE MaTeMaTW4yecKue (YHKIHUU BBIYHCISIOTCS TPH
KOMILJICKCHBIX 3HAYEHHUSX apryMEHTa U IOJIy4aloT B Pe3yJbTaTe dTOT0 KOMILIEKCHBIE
3HA4YEHUs Pe3yNbTaTa.

bnaronapst atomy, Hampumep, (QyHKIUS Sqrt BBIYUCISET, B OTIMYHE OT APYTUX
S3BIKOB MTPOrPAaMMHPOBAHHUS, KBAJIPATHBI KOPEHb M3 OTPHUIATEIBHOTO apryMeHTa, a
¢yHknus abs mNpU  KOMIUIEKCHOM 3HAYEHUW apryMEHTa BBIYUCIIIET MOJIYJb
KOMILUIEKCHOTO YHCIIa.

B Octave ecTb HECKOJIBKO AOMOJMHUTENBHBIX (DYHKIHI, paCCUUTAHHBIX TOJBKO Ha
KOMILICKCHBI apTyMEHT:

real(Z) - BeimensieT AEHCTBUTEIBHYIO YaCTh KOMILIEKCHOTO apryMeHTa Z;

Imag(Z) - BbIIEAsCT MHIMYIO 9acTh KOMIICKCHOTO apryMEHTa,

angle(Z) - BeruucisgeT 3HaYeHHE apryMeHTa KOMILICKCHOTrO 4ucia Z (B paadaHax B
Jana3oHe oT -1 J10 7 );

conj(Z) - BeIgaeT YKCI0, KOMIICKCHO COMPSKEHHOE OTHOCUTEIILHO Z.

i T o
IE 4 Komanarce oo | B S

i —
KOHﬂHJ-‘IDE QKHO =3
>> real (x) -

ans = 1

1 >> imag(x)
ans = 2

i'>> angle (x)

§ans = 1.1071
*» conj(x)
ans = 1 - 2i

Puc. 8.

2. IIpocTbie MATPUYHO-BEKTOPHbIE ONlePALMU

Octave - cucrema, creuuagbHO MpeIHA3HAYCHHAs! JJIsl OCYILECTBICHHS CIOKHBIX
BBIYMCIICHU € BEKTOpamu, maTpuiamMu u nonuHomamu. Ilog Bektopom B Octave
IMOHMMAETCSI OAHOMEPHBIA MAacCCHUB YMCEN, a O] MAaTPULIEH - ABYMEpPHBIN MaccuB. [lpu
TOM MO YMOJYAaHMIO MPEAINOaraeTcs, YyTo Jrobas 3aJaHHas IMEpPeMEHHAas SBIISETCS
BEKTOPOM WM Marpuued. Hanpumep, oTaenpHOE 3aJaHHOE YHCIO CUCTEMA
BOCIIPUHUMAET Kak matpuily pazmepom (1*1), a BekTop-cTpoky u3 N 3J€MEHTOB - Kak
Matpuity pazmepoM (1*N).



HavanpHble 3HaueHHMsT BEKTOPOB MOXKHO 3aJaBaTh C KIABHATypbl IIyTEM

ITO2JICMCHTHOI'O BBOJA. I[J'ISI 9TOT0 B CTPOKC CICAYCT CHavadlla YKa3aTb MM:A BCKTOPA,

IIOTOM IIOCTAaBUTL 3HAK IIPHCBAWBAHUA "= ', 3aTCM, - OTKPBIBAOIIYIO KBAaJPATHYIO

CKO6Ky, a 3a HEH BBECTHU 3a/IaHHBIC 3HAYCHHUA OJJICMCHTOB BCKTOpA, OTACIIAA HX
Hp06eHaMI/I WIM 3aIsThIMUA. 3aKaHYMBaCTCS

KBaJPaTHON CKOOKH.
BekTop-cTpoKy MOKHO €C0O3/1aTh BBITIOJITHCHHEM KOMAaH/IbI

CTPOKa 3aIllhuChbIO SaKpI)IBaIOIHeﬁ

’
{", KomaHgHoe okHO = | =

KoNaHAHOS OKHO B x
> x=[1 3 2] -
=

1 3 2
>> x=[1, 3, 2]
=

1 3 2
] ([ b

Puc. 9.

kotopele cozmator Bextop V= [1.2.3]. Bexropsi-cTpokn opueHTHpOBaHBI MO

ropu3oHTandu. B 06paTHOM cilydae, BEKTOPBI-CTOJOIEI OPUEHTHPOBAHBI M0 BEPTUKAIU H
CO3JAK0TCS CIECAYIOIIEH KOMAaHI0N

e =) (S = @ mien
HOFGHAHCE 0RHO Mx " m.m Sl
=> E=[1

»> x=[1; 3; 2] i
x = 5
1 X
3
2
3 |

== |

Puc. 10.

IJIe CUMBOJI «;» O3HA4aeT MepeHOC Ha cienyroy cTtpoky. Kpome toro, Enter moxer

OBITh KCIOJIB30BaH JJIsi WMHIWKAIIMK Cleayromeil cTtpoku. Tora 3TH ABE KOMaH/IbI
SKBUBAJICHTBI U CO3JAI0T OJMH BEKTOP

1

v-|2]

3
BeKTOpBI MOTYT OBITH CO34aHbI C IIOMOIIBIO OIICPATOPA ABOCTOUYHUC (), KaK



£ KomangHoe okHo [ B i
KoMaHAHOE OKHO B X
>> x = 0:1:10 &
X el .

Columns 1 through 6:
0 1 2 3 4 5

Columns 7 through 11:

6 7 8 9 10
Puc. 11.

KOTOpasi CO3/1a€T BEKTOP C emeHTamu oT 1 1o 10
U= [0, 1.2,3.4.5.6.7.8.9, 1{]] _

Komanbr

=
i Komargnos oktio [E=nRen X

Honana-oe osro M| =

>xoR= Q0201

0.00000 0.,20000 0.40000 0,€0000 0.80000 1.0000

== % = 0:2:10
==

Puc. 12.

co3natoT BeKTOpbl 0T 0 10 1 1 o1 0 10 10 ¢ mrarom 0.2 1 2 COOTBETCTBEHHO
v=[0,0.2,0.4,0.6,0.8,1]

v=[0.2.4.6.8.10]

Takum 00pa3om, CTPYKTYpPHI, CBSI3aHHBIE C OMEPATOPOM «:» (OPMHUPYIOT BEKTOPHI.
OOt BUI KoMaHas! X = a:h:b, rae a — HavanbHOE 3HaYCHHE, b — KOHEYHOE 3HAYCHHE,
h — mar. CTOMTh OTMETHTH, YTO BBHIOpAB HAYaJIbHOE 3HAYCHHE a W IIar h KOHEYHOEe
3Ha4YeHue He Oynet nocturuyto. [Ipumep

7 P 5
{_', KomangHoe okHo | = | = i&]

>
-

5]

KomManaHoe okHo
>»> x = 0:2:9

Puc. 13.

JlaHHass KOMaHaa CO3JacT BEKTOP v=[0,2,4,6,.8] Koneunoe 3mauenne b=9 He
OyzeT co3JaHo B ATOM Ciydae, MOCKOJbKY cTapToBoe 3HaueHue a=0 u mar h=2 He
copasMepeH co 3HadeHweMm D=9. Eciaum miar He ykasaH, TO IpEIIoOJaraercs, 4ro OH
paseH 1. Hanpumep, komanna



#
{_ KomaHaHoe okHo ==

KomaHaHoe okHo B =

>> x = 0:4 ES|

Puc. 14.

Cospact sexrop v = [0.1.2,3.4].

Martpuipl Takxke MpOCTO I'eHEepUupoBaTh. B MaTpHile uMeeTcs ONPEAEICHHOE YUCIIO0

ctpok N u cronbuoB M. Takasa matpuma OyaeT uMeTb pasMepHOCTb N XM, Hanpumep
3x3 MaTpuna

1 3 2
A=|5 6 7
3 1

MOJKET OBIThH CO31aHa OIICPaTOPOM <«;»

3 F" || Komanguoe okno = | =
J\_" KomangHoe okHO ﬂléj K - | |
- o x KOMaHAHOE OKHD B =
OMaHOHOE OKHO B~ s> A=[1 3 2
== A=f1. 3 2 567 8 311 |[= [
_ 567
= (llls 3 11 ¥
s
1 3 Z
5 6 7 1 3 2
8 3 1 5 ) 7
o, 8 3 1
£ — i
* m ¥ Lttt
Puc. 15.

WY C TIOMOIIIBI0 KJIaBHUIK Enter.

OOpaienre k J000OMYy dJIEMEHTY 3ajaHHOW Marpuibl B Octave ocymiecTBIseTcs
myTeM yka3aHus (B CKOOKax, 4depe3 3alsTyi0) IMOCJIe UMEHH MAaTPHIIBI JIBYX IEJBIX
MOJIOKUTETBHBIX YHCET, KOTOPHIE OMPEAETSIOT COOTBETCTBEHHO HOMEpa CTPOKH H
cTOJIOIa MAaTPHIIbI, HAa TIEPECEUCHUH KOTOPBIX paciojioxeH 3Tot snemeHT: A(l,]), rae i —
0003Ha4YaeT HOMEp CTPOKHU, ] — 0003HAUYaeT HOMep CToJO1IA. YTOObI MOMYyYUTh AOCTYII

KO BTOPOM CTPOKE M TpPEThEeMy CTOJIOIy HCmojib3yeTcss komaHaa A(2,3), koropas
BO3BPATUT JIEMEHT 7.

r(_’, Komanasoe ockHo l E i = |_£hJ1

Komananos osno | x ||
>> x=A(2,3) |
x = 7 -

>> | —

Puc. 16.

10



Ecnu HyXHO, HA000POT, YCTAHOBUTH HA 3TO MECTO HEKOTOPOE YUCIIO, HAIIPUMED, T,
TO 3TO MOKHO CJI€TIaTh TaK:

e =)
KOMEHAHOE OKHD B *

»> A(2,3)=pi
A:

1.0000 3.0000 2.0000
5.0000 6.0000
8.0000 3.0000 1.0000

ad
e
i
=
=2

=

Puc. 17.

UtoOBl CcO31aTh BEKTOP, COCTOSIIIMI M3 3JEMEHTOB BTOPOW CTPOKM MAaTpULBl A,
ITOCTYNAKOT TAK:

1 1
) Kewarance oo ol 1 S |
HOMEHOHOE OKHO | x
1= B(2,:)
ans =

5.0000 6.0000 3.1416

==

Puc. 18.

ITycTh HYXHO CO37aTh BEKTOp Y1, COCTOSINUIA M3 DIEMEHTOB TPETHErO CTOJIOLA
rociiefHer Matpuilpl A. Jljist 3TOro npou3BeAeM TaKUE IEUCTBUS:

22 us o mas -

r{; KoMaHAHOE OKHO =h Iﬁ
KoMarnHoe okHo | <
> B(:,3)
1dIls =
2.0000
3.1416
1.0000
> A
4 m b
Puc. 19. Puc.

HomyctuM, yTo HEOOX0aMMO W3 MaTpuilbl A oOpa3zoBath Marpuiy B pasmepom
(2%2), KOoTOpasi COCTOMT W3 JJIEMEHTOB JIEBOI'O HIKHEro yria marpuisl A. Torga
NENAr0T TAK:

11



i =

{_ Komangroe okro

KomMaHaHoe okHo B x

>»> B = A(2:3,1:2)

Puc. 20. Puc.

AHaJIOTMYHO MOKHO BCTaBUTh MaTpully B B BEpXHIOIO cepeAHy MaTpHULbI A

r_ ]
{_ Komangsos okHo == |

KomMaHIHoE OkHO
>> A(l1:2,2:3)=B
A =

m
y X

o
oo
ol oy

Puc. 21. Puc.

Ecnu BepxHel rpaHuled U3MEHEHUS HOMEPOB JJIEMEHTOB MaTPHUIbl SIBISIETCSA €€
pa3Mep B 9TOM HM3MEpPEHHH, BMECTO HETO MOXKHO HCIIOJIb30BaTh CIIy)keOHOe citoBo end.

Hanpumep:

|3

r
§_ Komangroe okHo

KoMaHAHoe okHo B X

>>» % = A(3,2:end)

Puc. 22. Puc.

Takast KOMaHJa HM3BJICKACT 3HAYCHHUSA M3 TpeTbeﬁ CTPOKHM M Ha4YHHasiA CO 2 n a0

TOCIIEHEr0 (TPEThero) CTONOIA i pUCcBanBacT ux Bexktopy X = [2.3],

B kauecTtBe mocimeaHero mpuMepa, pacCMOTPUM, ONEPaTOp TPAHCTIOHUPOBAHUS <« »,
KOTOPBIH TIEPEBOJUT CTPOKHM B CTOJOIBI M HA0OOPOT, CTONONBI B CTPOKH. B 3TOM
npuMepe KOMaH 1a
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foas
A, Kowagsoe okHo |
KomMaHgHoe okHo E X
>» A *

als =

Puc. 23.

3anuchIBaeT MEPBYIO CTPOKY MATPHUIlbl A 3alMChIBAET NMEPBBIM CTOJIOIIOM, BTOPYIO
CTPOKY — BTOPBIM CTOJIOLIAM U T.]I.

CTouTh OTMETUTh BAXKHBIK KOMMEHTapuil O GYHKUMU TpaHCHOHHpOBaHusi. B
YaCTHOCTH, KOTJIa TPAHCIHOHUPYETCS BEKTOP KOMIUIEKCHBIX YHCE C IOMOUIBIO
orneparopa «’», TO NMPOUCXOJUT KOMIUIEKCHOE COmpsbKeHue uucen. Ecnu mpoBecTn
TPAHCIIOHUPOBAHUE C TMOMOUIBIO ONEPATOpa IMOAIEMEHTHOIO «.’», TO KOMILIEKCHOIO
CONPSKEHUS HE TPOUCXOIUT.

i Komamguos orHo |£I$J 4, Komanasoe okHo | = | &'1
Komangroe orrio I % KOMEHAHOE CKHD E 2
>> % = [3+421; 1; 8]; = »>> % = [3+21i7y 1; B8]y *
= R - >> ®. !

ans = ans =

3 - 2i I -0i 8 — 0i 0 . 1+ 01 8 + 01
] T ’ ST T }
Puc. 24.

B kawecTtBe mocienHero mpuMepa  MaHUMYJSIUNA — BEKTOpaMH/MaTPUIIAMH,

pPacCMOTPUM  CIEAYIOUIANA BEKTOp X = 1235-21. 9ror BEKTOP COAECPKUT
MOJIOKUTENIBHBIC M OTpHUIIATENIbHBIC 3JIeMeHTHI. Clienyrommue KOMaHAbl MOTYT OBITh
BEChbMa MOJIE3HBIMU JIJI1 MAHUNYJIMPOBAHUS TAKUMH BEKTOPAMH Y ONIPEICIICHUS] TPAHUIL
3HAUYCHUM

"\_ KomangHnoe okHO l = | = ﬂ—hr
KoMaHaAHDS oKHO B x
X = =123 5 =213 =
>> yl=(x>0)

ML =

0 1 1 1 0

> y2=(x>0) .*x
yZ =

>> y3=(x>0) .*3

Puc. 25.
DT KOMaH/IbI TIOJIy4al0T BEKTOPBI
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y,=[01110]
y2=[02350]

y3=[03330]

I{&HHLIC KOMaHIbI OIIPpCACIIAAIOT OYCHDb y,HO6HBIﬁ CII0Cc00 6I)ICTpOFO IIOMCKa B
BCKTOpax U MAaTpulax IIpU JJOTHUICCKUX OIICPAUAX.

3. ®opMupOBaHHE BEKTOPOB U MATPHII

Octave uMeeT HECKOJIbKO (PYHKITUN, KOTOPBIE MO3BOJISIOT ()OPMHUPOBATH BEKTOPHI U
MaTpPHIBI HEKOTOPOTO OMpeaesieHHOTo Bruaa. K Takum QyHKITUSIM OTHOCSATCS:

zeros(M, N) - cozmaer marpuiry pazmepom (M*N) ¢ HyJIEBBIMH JJIEMEHTAMH,
HaIpumep:

- | ~
{_;. KomaHgHoe okHe B P S

KoMaHaHoE oKHO B X
>> zeros(3,5) -
dans =

0 a 0 a 0
]
0 8] 0 ] 0

[==)
)
(=)
()

> -

Puc. 26.

ones(M,N) - cosmaer Marpuity pasmepoM (M*N) ¢ eIMHUYHBIMH DJIEMEHTAMU,
HaIpumep:

4 KomaHaroe okHo lﬂlﬂ—h,'
KoMaHAHOE OKHO | x
>> ones(3,5) 2

dals =

H
i
=
i
-

Puc. 27.

eye(M,N) - co3maeT enuHHYHYI0 MaTpuily pazmepom (M*N), T. €. ¢ enMHHUIIAMH TIO
TJIABHOM JUArOHAIM U OCTAJIbHBIMH HYJIEBBIMU 3JIEMEHTAMU, HAIIPUMED:
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{_ KomaHaHoe okHo Iﬂ‘ﬁj

KoMaHaHDE oKHO B x
>> eye(3,5) #*
ans =

Diagonal Matrix

(]

]
L]
]

1
0
0 0 1 0 0

=
[
L]
]

== =

Puc. 28. Puc.

rand(M,N) - cozmaeT maTpuity pazmepoMm (M*N) u3 cilydaliHbIX YUCEII, paBHOMEPHO
pacnpeaeneHHbix B quanazone ot 0 1o 1, Hanpumep:

7
4 KomaHaHoe okHo

KomMaHaHoS okAo |
»» rand(3,5) |
ans = [

0.416976 0.354577 0.418407 0.180551 0.936486
0.027515 0.809526 0.750254 0.206007 0.258911
0.555665 0.€77600 0.929452 0.798473 0.393528

>> |

m

Puc. 29. Puc.

randn(M,N) - cosmaer wmatpuily pasmepom (M*N) u3 ciay4allHbIX 4HCEN,
pacmpeesieHHbIX TI0 HOpMaJbHOMY (TayCCOBOMY) 3aKOHY C HYJIEBBIM MaTEMaTHYECKUM
OKUJIaHUEM U CTaHJIAPTHBIM (CPEIHEKBAIPATUYHBIM) OTKIIOHEHUEM, PABHBIM EAMHHUIIE,

.304785

Harpumep:
r‘\_: Eomanaror oo la|@ﬁ
.Kuvﬁnunar:om:- Ex
(7> randn(3,5) =
ans =
0.6%9971e -0.439399 0.949180 0.024280 0.83048¢
0.416567 -0.840398 -0.217846 -1.021412 -0.611629
1

0.255216@ 1271848 =S1.7380H% 1.527525

s

Puc. 30. Puc.

Oyukuus  zeros(1,N) dopmupyer (co3maer) BEKTOP-CTpoKy u3 N HYJEBBIX
asieMeHTOB. AHasiornuHo zeros(N,1) co3maer Bektop-ctosnber u3 N Hynel. BekTopsl,
3HaYEHUS HJIEMEHTOB KOTOPBIX  SIBJIIOTCS CIIy4alilHBIMH ~ PaBHOMEPHO
pacrpeneieHHbIMU, hopMuUpyroTcs TakuM oopaszom: rand(1,N) - mjst BekTopa-cTpOKU 1

rand(M,1) - s BekTOpa-cTOI01IA.

15



4. JleiicTBMS HA/Il BEKTOPAMHU H MAaTPHLIAMHU

bynem pasnu4yars 1Be rpyIIibl I€UCTBUI HAal BEKTOPAMHU:

a) eekmopHvle AEUCTBUS - T. €. TaKUE, KOTOPBIE MPEAYCMOTPEHBI BEKTOPHBIM
UCYMCIICHHEM B MaTEMaTHUKE;

0) Oelicmsus no npeoOpPaAzO6aHUI0 INeMeHmO8 - ITO JIEUCTBUSA, KOTOpHIE
npeoOpa3yloT 3JIEMEHThl BEKTOpa, HO HE SBISIOTCA ONEpalMsIMH, pa3pelIeHHBIMU
MAaTEMaTUKOM.

BekTopHbIe 1eiCTBHS HaJl BEKTOPAMHU

Cnoorcenue 6ekmopos. Kak HM3BECTHO, CYMMHPOBATHCS MOTYT TOJIBKO BEKTOPBI
OJIMHAKOBOro TUMNA (T. €. TaKWE, KOTOPBIE SIBIIAIOTCA WM BEKTOPAMU-CTPOKAMH, WJIU
BEKTOPaMH-CTOJIOIaMH ), UMEIOIIKE OJMHAKOBYIO JJIMHY (T. €. OIMHAKOBOE KOJHYECTBO
anemMeHTOB). Eciin X 1 Y - HIMEHHO Takue BEKTOPBI, TO UX CYMMY Z MOKHO MOJYYHUTb,

BBeId KoMaHay Z = X + Y, Hanpumep:
rL Komananoe okHo | = | = &J |

KoMaHAaHoE oKHO | X
>> x=[12 31 y =145 6]1; #
> V=X +Y

v:

Puc. 31.

AHaIOTUYHO C TMOMOIIBIO apU(PMETHUECKOTO 3HAKA ' - ' OCYIIECTBIIACTCS 8blYUMAHUE
8eKMOpPOs, UMEIOIINX OJMHAKOBYIO CTPYKTYpY (Z = X - Y).
Ymnoowcenue eexmopa na uucno ocymectsisiercss B Octave ¢ NOMOIIbIO 3HaKa

J—r p—r

apudmerrueckoro yMHoxkenus ' * ' rakum oopazom: £ = X+ ymmZ = v +X e -
HEKOTOPOE JCHCTBUTEIHLHOE YHCIIO.

'L_ KomangHoe okHO lﬂlﬂ—hj
KoMaHAHDE OKHO | X
>> VvV = 2*%X o
V s o

2 4 [

>> | o

i am r
Puc. 32.

Ymnoorcenue 06yx 6ekmopog OINpPEAECICHO B MaTeMaTHKE TOJIBKO JJii BEKTOPOB
OJIMHAKOBOTO pa3Mmepa (IJIMHBI) U JHIIb TOT/A, KOTJa OJUH U3 BEKTOPOB-MHOKUTENIEH
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CTpOKa, a BTOpoii - cTonben. MHaue rosops, ecmu Bektopsl X u ¥ sensmorcs crpokamu,
TO MAaTeMAaTHYECKOE CMBICT HMEIOT JHIIL JBE (DOPMBI YMHOMKEHHS 3TUX BEKTOPOB:

—_ —_

— —

—
U=X+:vy y V=X+Y¥_ Tlpu sroM B mepBoM ciydac pe3yabTaToM OyIeT
KBaJpaTHas MaTpHlla, a BO BTOpoM - yucio. B MatLAB yMHOXeHHE BEKTOpPOB
OCYIIECTBIISICTCS TMPUMEHEHHEM OOBIYHOTO 3HaKa YMHOXeHus ' * ', KOTOphId
3aMHUCBIBAETCS MEXTY MHOKHUTEISIMU-BEKTOPAMH.

’L KomangHoe okHo | =o)X
KoMaHaHoE okHo B X
> x = [1 2 31 v = 1[4 5 &]: =

>> v = X'*y
Vo=

8 10 12
12 15 18
>> v o= xFy'

Puc. 33.

Kpome »stux onepamuit B MatLAB mnpenycMOTpeHO HECKOIBKO —OIEpanuii
MOAJIEMEHTHOTO TMPeoOpa30BaHusi, OCYIIECTBISEMBIX C MOMOIIBI 3HAKOB OOBIYHBIX
apuMeTHYECKUX NEUCTBUN. Dmu onepayuu npuMeHsomcs K 6eKmopam 0OUHAKOBO20
muna u pasmepa. Pezynbmamom ux ecms 6eKmop moeo e muna u pamepa.

Jlobasnenue (OTHMMaHuE) 4Yuciaa K (M3) KaXIOMYy DJJEMEHTa  BEKTopa.
OcyriecTBisieTcs ¢ momolibio 3Haka '+ ' (' - ).

Ilosnemenmuoe ymuodcenue exmopog. IIpoBOIUTCS C MOMOIIBIO COBOKYITHOCTH
3HAKOB ' .* ', KOTOpasi 3alMUCHIBACTCS MEXJIy MMEHAMH MEPEMHOKaeMbIX BEKTOpPOB. B
pe3yJabTare MojaydaeTcsi BEKTOP, KaK/bIi 3JIEMEHT KOTOPOTO SIBISIETCA MPOU3BEACHUEM
COOTBETCTBYIOIINX 3JIEMEHTOB BEKTOPOB - ""COMHOXUTENEH".

Ilosnemenmuoe Oenenue 6ekmopos. OCYIIECTBISAETCS C MOMOILIBIO COBOKYIHOCTH
3HakoB '/ '. Pe3ynbTaT - BEKTOp, KaXAbIA DJIEMEHT KOTOPOTO SIBJISIETCS YAaCTHBIM OT
JICJIEHUs] COOTBETCTBYIOIIETO AJIEMEHTa IIEPBOrO BEKTOpa HA COOTBETCTBYHOUIUI
AJIEMEHT BTOPOTO BEKTOPA.

lloanemenmnuoe Oenenue 6ekmopog 6 obpamuom nHanpasnenuu. OCyUECTBISETCA C
MIOMOIIBI0 COBOKYIHOCTH 3HakoB '\ '. B pesynbrare moiydaroT BEKTOpP, KaXKIbIi
AJIEMEHT KOTOPOTO SIBISIETCS YAaCTHBIM OT JIEJIEHUS COOTBETCTBYIOIIETO AJIEMEHTa
BTOPOT'0 BEKTOpPA Ha COOTBETCTBYIOILIUM 3JIEMEHT MEPBOTO BEKTOPA.

Ilosnemenmnoe 6ozgedenue ¢ cmenensb. OCyIIECTBIAETCS C TOMOIIBIO COBOKYITHOCTH
3HakoB ' . Pe3ymbTrar - BEKTOp, KaXIbIA BJIEMEHT KOTOPOIrO SIBJISIETCA
COOTBETCTBYIOIIUM 3JIEMEHTOM TMEPBOrO0 BEKTOpPA, BO3BEACHHBIM B CTEIECHb, BEJIMYMHA
KOTOPOM paBHSETCA 3HAYEHUIO COOTBETCTBYIOIIETO 3JIEMEHTAa BTOPOrO BEKTOpA.
[Tpumepsr:
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F\_ KomaHgHoe okHo

KoMaHaHoe oKHO

> x=[12345]; y=1[-2140 5];
>> X+2

ans =

>> X./Y
ans =

-0.50000 2.00000 0.75000 Inf 1.00000

> XAy
ans =

-2.00000 0.50000 1.33333 0.00000 1.00000

>> XY
ans =

1 2 81 1 3125

Puc. 34.

Briieykazanabie omnepanu TMO3BOJSIOT OYEHb MPOCTO BBIYUCIATH (a 3aTeM -
CTPOUTH TpaduKU) CIOXKHBIE MaTeMaTHYECKHE (PYHKIHMH, HE HCMOJB3Yys MPU STOM
oTIepaTOpPHI IIUKIIA, T. €. OCYIIECTBIISATh MOCTPOSHHE IPa)UKOB B PSKUME KaJIbKYJISITOPA.
Jlns »TOro JIOCTaTOYHO 3aJaTh 3HAYCHHME apryMmMeHTa Kak apudMeTHYECKYIO
MPOTPECCUIO, a MOTOM 3aMKCcaTh HY>KHYIO (PYHKIIMIO, UCIIOJIB3YS 3HAKU MOAJIEMEHTHOTO
npeoOpa3oBaHus BEKTOpOB. Hanpumep, MycTh HYKHO BHIYMCIUTh 3HAYCHUS (DYHKITUU:

y= ae™sin(x)
npu 3HadyeHusAx aprymenta x oT 0 mo 10 ¢ marom 1. BelunciieHue mMaccuBa 3Ha4YCHUMN
ATON (PYHKIIMM B YKa3aHHBIX YCIOBUSIX MOYXHO OCYILECTBUTH C MOMOIIBIO JIMIIb JABYX
MPOCTBIX OTIEPATOPOB:

A KoMaHn0e oKD

Kowvarignae ako

>>a=3; h=0.5; g=10:10
»» y = a*exp({-h*x).*sin(x)
V=

0.00000 1.53113 1.00354 0.09446 -0.30727 -0.23614 -0.04173 0.05852 0.0543¢ 0.01373 -0.01100

Puc. 35.

Kpome atoro, B Octave onpeneneHsl Onepanuu no31eMeHmuo20 YMHONCEHUS MATPULL
OJIMHAKOBOTO pa3Mepa (COBOKYMHOCTBIO 3HAKOB ' .* ', 3amuchIBaeMON MEXKIy MMEHAMM
MIEPEMHOXKACMBIX MaTpuIl), nosiemenmnoco Oenenuss (coBokynmHoctu '/ ' wm '\,
NO3JIeMEeHMHO20 80368e0eHusi 8 cmenenb (COBOKYMHOCTh "' ), KOorja KaxKJblil 2JIEMEHT
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NEPBOM MAaTpULBl BO3BOJIUTCA B CTENEHb, PAaBHYK) 3HAYEHUIO COOTBETCTBYIOILLETO
AJIEMEHTA BTOPOM MATPULIBI.

K MarpuyHblM JEHCTBHAM HaJ MaTPHUIAMH OTHOCST TAaKUE OIEpalld, KOTOPBIE
UCIIOJIB3YIOTCSI B MATPUYHOM HCUYUCIICHUM B MAaTEMATUKE U HE IIPOTUBOPEYAT EMY.

ba3oBble aeiicTBUsI ¢ MATPULAMM - CIIOKEHHME, BBIYMTAHHE, TPAHCIIOHUPOBAHUE,
YMHOXXE€HHE MAaTpHULbl HAa YHCIO, YMHOXXEHUME MAaTpUIbl HAa MATpHUILY, BO3BEICHHE
MaTpULbl B LEIYIO CTENEHb - OCYLIECTBISIIOTCS B A3blke Octave ¢ IOMOIIBIO OOBIYHBIX
3HAaKOB apudmMmeTnueckux omepanuil. [Ipum ucnonb3oBaHUM 3TUX ONEpPALUN BANHCHO
NOMHUMb YCIIOBHSL, IPU KOTOPBIX 3THU OIEPALIMH SBIIIIOTCS BO3MOKHBIMU:

NPU CIOHCEHUU UTU 8bIYUMAHUU MAMPUYBL OOAHCHBL UMEMb OOUHAKOBbLE PASMEPDL,

npU  YMHONCEHUU Mampuy KOIUYeCmeo Cmoabyo8 nepeou Mampuybl OOAHCHO
co6nadams ¢ KOIUYECMeoM CMPOK GMOPOU MAMPUYb.

£ KomangHos okHo |£|—E:—hj ZZSEZA )
KomaHaHoe okHo B * 5 10 15 20 25
=g A = [1 2 3 4 5; 6 ? 8 9 ll]; “a 30 35 40 45 55
> B=[0-1-2 -3 -4; 56 7 8 9]
>> DA+B >> BB
ans = ans =
30 35 40 45 50
1 1 1 1 1 35 40 45 50 55
11 13 15 17 20 40 45 50 55 60
45 50 55 &0 €5
55 61 &7 73 79
>> A-B
ans = = AFR!
4ans =
1 3 5 7 9 _40 115
1 1 1 1 2 -94 299 i
Puc. 36.

5. Jloruyeckue onepanuu, HUKJIbI 1 UTEPALMHU

OcHOBHBIE CTpOMTENbHBIE OJOKM JIIOOOM MpOrpaMMbl, HAMUCAaHHOW Ha S3bIKE
Octave/Octave win Ha APYyroMm si3bIKe MPOTPaMMHUPOBaHUS — 3TO omepaTtopsl for u if.
OHu QopMUPYIOT KapKac JJi BBINOJHEHUS CIOXKHBINA onepauuil. J[aHHb maparpad
choKkycupoBaH Ha UCIHOJIb30BAaHMM 3TUX JIBYX JIOTHUYECKMX CTPYKTYp B
IPOrpPAMMHUPOBAHHH.

JUis WIUTIOCTpaliMy UCIOJIb30BaHus LUKIa for, paccMOTPUM HECKOJBKO HECIIOKHBIX
nporpamMMm. HauHeMmM KOHCTpyupOBaHHE IMKJIOB, KOTOPbIE PEKYPCHUBHO CYMMHUPYIOT
yucia. O6umii popMat TakuX HUKIIOB:

#_ KomanaHoe ckHo - | =l

KoMaHaHOE oKHO

>> a=0;

>> for j = 1:5
a=a+J;

end

> a

a; = 15

= -

‘ T . "

Puc. 37.
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[TocnenHsst mporpaMMa Ha4MHAETCS MHUIMAIM3AUMEN HYJIEM NEPEMEHHOU a. 3aTem
IMPOUCXOJIUT MPOXOJ IMITh pa3 Tejno Iukia for, T.e. CYETYMK ] TOCJIEIOBATEIHHO
npuHuMaeT 3HadyeHus 1, 2, 3, 4 u 5. B nukie 3HaueHue nepeMeHHONW a OOHOBIISETCS
nyTeM npubaBieHUs Tekymiero 3HadeHus j. T.0. HauumHasg CO CTapTOBOIO 3HAYCHUS
paBHOro 0, oKa3bpIBaeTCs, YTO MEPEMEHHAs a MOCJIeI0BATeIbHO MPUOOPETACT 3HAUCHUS
1 (j=1), 3 (j=2), 6 (j=3), 10 (j=4) u 15 (j=5).

[To-ymoyluaHue yBeJIWYECHHE TMEPEeMEHHOM ]| Tmpoucxoaut Ha oauH. OJHAKo
MHKPEMEHT MOXeET ObITh n3MeHeH. [IporpamMma

i KomanpHoe ckHo =HEE

(o8
;3

HoMaHoHoS oKHO
>> a=0; A
2> Eorj = 1i2:8

a=a+ J;

end

Puc. 38.
nmogo0Ha mpenpaymieii. OMHaKo B MOCICIHEM cllydae Iar HHKPEMEHTa U3MEHEH Ha 2.
T.O. HaunHas co 3HaueHus a=0, nepeMeHHas a nmpuooperaeT 3HaueHus 1 (j=4), 4 (j=3)
u 9 (J=5). B 6onee obmem ciydae nuki for MOKeT OBITh MHUIIMAIU3UPOBAH BEKTOPOM-
CTPOKOM.
Omnepatop if peanuzoBan MOAOOHBIM oOpazom. OOmmit dopmar s omeparopa
JIOTUYECKOTO MePeXo/ia CIe Ty
if (noecuueckoe svipasicenue)
(8vipadicenue OJisl BINOIHEHUS)
elseif (nocuueckoe svipasicenue)
(8vipadicenue OJisl BbINOIHEHUS)
elseif (nocuueckoe svipasicenue)
(8vipadicenue OJisl BbINOIHEHUS)
else
(8vipadicenue OJisl BbINOIHEHUS)
end
Ecnu (nocuueckoe gvipasicenue) iBNSETCS UCTUHHBIM, TO BBITIOJIHSETCS (8blpadsiceHue
051 8bINOJHEHUsl), €CJIA JIO)KHO, TO TPOMCXOMUT Ha cleayromyro BeTrBb elseif
(nocuueckoe gvipascenue) v T.1. Ecinu Bce MpeapIIyIne JJOTHIeCKUe ONepaTop JOKHBI,
TO BBITIOJHSETCS TIOCIICTHEE (8blpadiceHue OJisl BbINOJIHEHUS).
B xadecTBe ycrnoBuUs UCTIONIB3YIOTCS BEIPAKCHUS THTIA:
<uMs NepeMeHHOM | > <omepanus cpaBHEHUS™> <UMS IEPEMEHHONW2>
Onepayuu cpasnenus 6 azvike Octave MOTYT OBITh TAKUMHU:
< - MEHBIIIE;
> - QOJIBIIIE;
<= - MCHbIIIC UM PABHO;
>= - QOJIBIIIE WJIK PABHO;
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= = - paBHO;

~ = - HC PaBHO.
Hampumep:
r".,‘_, KomaHgHoe okHD l = i (=] )
KoMaHgHoe okHo [ x
> a = 3; *
x> af & » 3
d = 10;
2 B s
d = 15;
end
>>d
d = 10 2
4 it b
Puc. 39.

6. Bb13oB QpyHKIHIT

O6mmas popma ucnons3oBanus pyHkuuu B Octave TakoBa:

<ums pezyromama> = <ums Qynxyuu>(<nepeuenv apeyMeHmos uiu ux 3Ha4eHut>).
B s3pike Octave mnpemyCMOTpPEHBI HEKOTOpBIE AJIEMEHTapHbIE apu(MeTHUYECKUE

GyHKUIUU.

sin(Vv) - cuHyC KaXkJI0ro 3JIeMEHTa BeKTopa V;

C0S(V) — KOCHHYC Ka)KJI0T0 3JIEMEHTa BEKTOpa V;

tan(v) — TaHreHC KaX10T0 JIeMEHTa BEKTOpa V;

atan(v) - apkranresc (B nuamna3one ot -1/2 K +1 /2);

exp(V) - PKCIIOHEHTA Ka)/I0T0 3JIEMEHTa BEKTOpa V;

log(V) - HaTypanbHBIi TorapudM KaXa0ro 3JIeMeHTa BEKTopa V;

log10(V) - necsaTuuHbIi Joraprud™M Kaxa0ro JIeMEHTa BEKTOpa V;

sqrt(v) - kBaJpaTHBIN KOPEHb KAXKIO0T0 3JIEMEHTa BEKTOpa V;

abs(V) - MOyJIb KaXI0T0 dJIEMEHTa BEKTOpa V.

7. IlocTpoenune rpaguxos

BriBoa rpadgukoB B cucteme Octave - HACTOJIBKO MPOCTas U yI00Has onepaius, 4To
€€ MOXKHO MCIOJIb30BaTh JaXke B pexuMe KaibKynsropa. OCHOBHOW (yHKIMEH,
obecrieunBaroleil mocTpoeHne rpaukoB Ha dKpaHe AUCIIes, sBisercs GpyHkuus plot.
Oomras popma obpartienns Kk Heit TakoBa: plot(x1, y1, s1, X2, y2,...).

3necy X1, yl - 3amaHHbIE BEKTOPBI, AJIEMEHTAMHU KOTOPBIX SBIISIIOTCSI MAaCCHUBBI
3HaueHuit aprymenTa (x1) u ¢pynknuu (yl), oTBeuaromue nepBoii KpuBoil rpaduka; x2,
y2 - MaccuBBl 3HAUEHUU aprymeHTa u (yHKIHUA BTOpPOW KpuBoi u T.a. [lpm s3ToMm
MPEANOIAraeTcsi, 4YTo 3HAYEHUs apTyMEHTa OTKJIaJbIBAIOTCS BIO0JIb TOPU3OHTAIBHOU
ocu rpaduka, a 3HaYeHUS (PYHKITUU - BAOTIh BEPTUKAIHLHOM OCH.

[TpuBenem npumep. I1ycTh HyXHO BhIBeCTH Irpaduk GyHKIIMU
y = 3sin(x +n/3) Ha mpomexxkyTKke OT -3 10 +37 ¢ marom 7t /100.

Cnauana Haio c)OPMHUPOBATH MACCUB 3HAYEHUH apryMeHTa X:
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X = -3*pi : pi/100 : 3*pi,

MIOTOM BBIYHMCIIMTH MAaCCUB COOTBETCTBYIOIIMX 3HAUEHUN PyHKIIUU:Y = 3*sin(x+pi/3)

U, HaKOHEll, TOCTPOUTh Trpaduk 3aBUCUMOCTH Yy(Xx). B KomaHmHOM OkHe
MOCJIEIOBATEIBHOCTD ONepalfii OyAeT BHIMISICTh TaK:

>> x = -3*pi : pi/100 : 3*pi;
>>y = 3*sin(x + pi/3);
>> plot(x, y)

4, Figurs 1 [

Goiin TMpaska  Mowmows

I+ Z- q-t BrrammbTewer Ly Ood KoopawMar  HDOpAMHATHER c2Tk3 n

Puc. 40.
8. Meroanuyeckune MaTepuaibl

Meroanuyeckue ykazaHusi AJsl CTYA€HTOB 110 MOATOTOBKeE K JIA0OpPaTOPHBIM
padoram

JlaGopaTopHasi pab6ora — HEOOJBIIOW HAy4YHBIA OTYET, 0OOOUIAIOIIHIA
NPOBEICHHYI0  CTYyJACHTOM pPaboOTy, KOTOPYIO TPEACTABISIIOT IS 3alllUThI
npenogaBarento. K maGoparopHbiM paboTam MNpeabsBIsSETCs psAl  TpeOoBaHUM,
OCHOBHBIM M3 KOTOPBIX SIBJISIETCSI HCUEPIIBIBAIONIEE OINHMCAHUE BCEW MPOJICIaHHOU
paboThI, TO3BOJISIONIEE CYAUTh O TOJYYCHHBIX PE3yJbTaTaX, CTETEHH BBITIOJHEHUS
3aJlaHuii U TPOQPECCUOHAIBHON TTOJITOTOBKE CTYJEHTOB.

B otuér mo maGopaTopHO# paboTe IOMKHBI OBITh BKJIIOYEHBI CJIEAYIONINE
MTyHKTHI:
. TUTYJIBHBIH JIUCT;
. LIeJIb pabOTHI;
. KpaTKHU€ TEOPETUUECKUE CBEICHHUS;
. OMTMCAHME DKCIIEPUMEHTAIBLHON YCTAaHOBKU M METOJAUKU SKCIIEPUMEHTA,
. DKCIIEPUMEHTAJIbHBIC PE3YyJIbTAThI;
. @HAJIU3 PE3yNbTATOB PA0OTHI;
. BBIBOJIBI.

~No ok, wWwN
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JlabopaTopHasi padora Ne 1
IIpencrasiieHue CHTHAJIOB BO BPEeMEHH C OMOLIBIO A3bIKA
nporpammuposanus Octave
Heanr pabGorbl: M3yueHHE OCHOBHBIX KOHCTPYKLHH, HPUHIMIOB padbOThl H
GyHKIMI s13p1Ka porpammupoBanus Octave.

KpaTkue Teopernmueckue cBeaenusi: Octave TpeaCTaBISICT WHTEPAKTHUBHBIN
KOMaHJHbIN uHTepdelc s pemeHus JTUHEHWHBIX M HEIMHEWHBIX MaTeMaTHYeCKUX
3a/1a4, a TaKXKe MPOBEICHHUS APYTUX YMCICHHBIX dKcrepuMeHToB. Kpome Toro, Octave
MOXHO HCIIOJIB30BaTh JUIsi TakeTHOWM oOpabotku. 3k Octave omepupyer
apu(pMETUKON BEMICCTBEHHBIX M KOMIUICEKCHBIX CKaJISIPOB UM MATPHUIl, HMEET
pactMpeHusi JUIsl PeIeHUs JIMHCWHBIX aareOpanvecKux 3aaad, HaXOXKICHHS KOpHeH
CUCTEM HEIMHEHHBIX anredpandeckux ypaBHEHUM, pabOThl C MOJIMHOMAMH, PEHICHUS
pa3IMYHBIX mudhepeHIMATEHBIX ypaBHEHUH, WHTETPUPOBAHUS CUCTEM
mubdepeHnunanbubix W AuQdepeHIuanbHO-AIreOpanyeckux YpaBHEHHUM TEPBOTO
MOpsIIKa, MHTETPUPOBAHMS (QYHKIIMHA HAa KOHCYHBIX W OCCKOHEYHBIX MHTEpBANIaX. DTOT
CIIUCOK MOXXHO JIETKO pAaCIIUPUTh, HCHONIB3YysA s3blk Octave (WM HCIONB3YS
JTUHAMUYECKHU 3arpy’kaeMble MOIYIH, CO3/IaHHbIe Ha si3bikax C, C++, @opTpad u 1p.).

3aiaHue HA BbINOJIHEHHE Pa0OTHI.

3aganme 1. Bpluuciaure ykazaHHOE apU(PMETHUYECKOE BBIPAXKEHHUE. Y KaXKUTE
MIOCJEA0OBATEIPHOCTh HaXaTus KiaBuil. CpaBHUTE TOJYYEHHBIM peE3yJlbTaT C
IIPUBEICHHBIM OTBETOM.

(1.2l L 5,25)13.5 + 0111
e 27

0,02

(21-1,25): 25

2 .5
2625-_.2_
3 14

4.

[3l+4,3?5) 198

12 9
0134 + 0,05

gl _411_2 ,6

6 14 15 7
4 7 1

[58— - 56—) : 0,8+2—--0,225
15 24 9

8,75-0.,6

5

6.
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https://ru.wikipedia.org/wiki/%D0%A1%D0%B8_(%D1%8F%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%A1%2B%2B
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%80%D1%82%D1%80%D0%B0%D0%BD

3ananme 2. [IpoBenuTe BRIUMCICHUS MO 3aJaHHON (DOpMyJie MpH 33aJaHHBIX 3HAYEHUSIX
napamMeTpoB. YKaKuUTE€ HEOOXOJUMYIO IOCIeI0BAaTEeIbHOCTh JelcTBUil. CpaBHUTE
IIOJIyYE€HHBIN PE3YyJIbTAT C IPUBEICHHBIM OTBETOM.

1 3m™ +32n" :m: a}m=—E. n=;g£; 6)m=22-10"", n= l X
5 8 31
OTBET: a)23.27: ©0)26,938.
2.4 4—!35in2£ cosa a}f:l,?-l[]}ﬁ a=18": ﬁ}f:E, c:r=£ )
3 2 21 5
OTBET: a)l.5633e+008; ©)5. 0651e-002.

3 |adb ayasis b=08 webi® 6)asd 0L b=l asr-.
Atea 1

OTBET: a)l.0498e+000; 6) 1. 2429¢-001.

3a2.[68-(a—b
(a ];a]az-’-l,l}-l{]",b:ﬁ;

4, 4a+b)

6) a =sin S?H, bh=—g12"

OTBET: a)2.9464e+000; 6) 4. 9445e+000.

3
o %cus% sing ; a)c=1g2,38, azi;; 5]{*:3"]‘3, a =65,

OTBET: a)3.4657e-004; 6) 2. 2120e-002.

3
6. B e IS, e A= =k
16,3sina@sin2a 13
OTBET: a)1.1265e-002:  6) 7. 6324e+001.
3 o
7. Ssin3s 20530 o) S o3, @ =447 6)S =5, a= 1.
e 25 12

OTBET: a)5.4283e-001; 6) 8. 9703e-018+ 1. 4650e-0011.

8. lg(1+sina)+ In(1—sin g)

% El}-{.!‘=3TH.. PF=83"; 06) cx=§mﬁ=]6°.
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3ananme 3. Berunciure 3nadenust pynkuu f(x) Ha otpeske[a; b] ¢ marom h. Briectn
rpaduk ¢pyHkuu f(X) Ha FKpaH.

Bapuaur f(x) a b h
l Xz 1 ? I 3: I 052
1+0,25vx
2 ¥ — 0,3x 2,05 3,05 0,1
V14 2x
3 2e™™ 0 1,6 0,16
2r+x°
4 cos x> -1 0 0,1
v1=3x
J J1+ 4x sin mx 0,1 0,8 0,07
5% 1,4 24 0,1
I +x°
7 e X +x% =1 0,25 2,25 0,2
8 (e+x)sin(fr\/x—l) 1,8 2,8 0,1
9 3 0,1 0,9 0,08
V34 2x - rng
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JlabopaTtopnas paGora Ne 2
IIpencrasiieHue AMCKPETHBIX BO BpeMEHN OCHOBHBIX CHTHAJIOB

Iear padGorbl: [lpencraBieHue W 3ajaHue C  MOMONIBIO  (YHKIUH  s3bIKa
nporpaMmMmupoBaHusi Octave OCHOBHBIX CHTHAJIOB: JIeJIbTa-UMIYJbC, (DYHKIUS
XeBucaiga, rapMOHUYECKUN CUTHAIL.

KpaTkue Teopernyeckue cBemaeHusi: [Ienpra-GyHkmus (i O-QyHKIUA, O-(yHKITUS
Jlupaka, IUpakoBCKas JejbTa, CAWHUYHAS WUMIYJIbCHAss (PyHKIHSI) — 0000mEHHAs
GyHKIIAS, KOTOpash TMO3BOJIAET 3amucaTh TOUYEYHOE BO3JACHCTBHE, a TaKKe
MIPOCTPAHCTBEHHYIO TUIOTHOCTh (PM3MUECKUX BEIMYWH (Macca, 3apsij, WHTEHCUBHOCTH
WMCTOYHHUKA TeIla, CHUJIa U T. I1.), COCPEIOTOYECHHON MIN MPUIOKEHHOW B OJTHON TOUKE.

5(t)

dyukiusa Xepucaiaa (equHIYHAS CTyneHYaTas QyHKIUS , GYHKIUSA STHHAIHOTO
CKauKa, BKJIFOYEHHAs €IMHUIA ) —KyCOYHO-TIOCTOSTHHAST (DYHKIUS, paBHAs HYJIO IS
OTpULIATEIbHBIX 3HAYEHUN apryMeHTa U eIMHMIIE — JUIsl TOJOXKUTENbHBIX. B Hyne 3Ta
(GyHKUHMS, BOOOIIE rOBOpsA, HE ONpPEAeNeHa, OJHAKO €€ OOBIYHO AOONPENEISIOT B 3TOU
TOYKE HEKOTOPBIM YHUCJIOM, YTOOBI 00NacTh ompeaeneHus (QyHKIHMH coAepkaja BCe
TOYKM JIEWCTBUTENIbHOM oOcH. Yaie BCero HEBaXXHO, KakOoe 3HaueHue (QYHKIUS
MPUHUMAET B HyJe, MO3TOMY MOTYT MCHOJb30BAThCS PA3NMYHBIE ONPEIEICHUS
¢ynkumu Xepucaiaa, y1o0HbIE TI0 TEM WA UHBIM COOOpaKeHHsIM, Harnpumep[1]

0, =<0

=11 230

, x©=0.
["apMoOHMYEeCKUl CUTHAT — H3TO TapMOHUYECKHE KOJeOaHUs, CO BpPEMEHEM

pacIpOCTPaHSIONIMECS B IPOCTPAHCTBE, KOTOpPHIE HECYT B ceOe HMH(BOPMAIUIO WIH
KAKUEe-TO JAHHBIE M ONMCHIBAIOTCS YPABHEHUEM:
y = Acos(wt + o)
rae A — aMIUIMTYy/1a CUTHAJA,
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https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D0%BE%D0%B1%D1%89%D1%91%D0%BD%D0%BD%D0%B0%D1%8F_%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D0%BE%D0%B1%D1%89%D1%91%D0%BD%D0%BD%D0%B0%D1%8F_%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D0%BE%D0%B1%D1%89%D1%91%D0%BD%D0%BD%D0%B0%D1%8F_%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D1%83%D1%81%D0%BE%D1%87%D0%BD%D0%BE-%D0%BF%D0%BE%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%BD%D0%B0%D1%8F_%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A4%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D1%8F_%D0%A5%D0%B5%D0%B2%D0%B8%D1%81%D0%B0%D0%B9%D0%B4%D0%B0#cite_note-1
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D1%80%D0%BC%D0%BE%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%BA%D0%BE%D0%BB%D0%B5%D0%B1%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%90%D0%BC%D0%BF%D0%BB%D0%B8%D1%82%D1%83%D0%B4%D0%B0

@ = Wt + Yo — (asza rapMOHHIECKOTO CHTHANA;

I — BpeMs;

(W — IUKJIMYECKas 4acToTa CUTHAIA,

Tem He MEHee, YacTO UCIOJIB3YIOT KOMIUICKCHYIO 3amuch curnana[l]:

y = Aexplj(wl + wo)]
N EINNTERER G
T~ (D&(L(L J)(Lé)

-1 1 ! & 1 1

0 5 10 15 20 25 30

o
¢

3anaHue HA BBINOJIHEHHE PA0OTHI.

3aganue 1. Heo6xonumo Hanmcars Octave koa, yToObl CreHEpUpOBATH CIEAYIOLIHMA
JUCKPETHBIN BO BpeMeHu curHai jaimuHod N: x[n]=1/2sin(on),n=0...N—1 rne N=8000
and o=mn/20.

3areM HE0OX0IMMO BbIBECTH Ipaduk (yHKIMHM Ha 3KpaH. CUTHaJI X OYEHb JJIMHHBIM,
MIO3TOMY HEOOXOJIMMO BBIBECTHU TOJIbKO nepBbie 200 0TCYETOB.

3aganue 2. Heo6xoanmo Hammcats OCtave ko, 9TOOBI CreHepUPOBATh TUCKPETHBIN BO
BPEMEHHU CUTHAJI MPSAMOYTObHOU (opMbl, IIMHOW N 1M 4acTOTOM Kak B 3agaHuu 1 (T.e.
YUCJIO MEPUOAOB JOJDKHO COBIAnaTh). IIpsMoyronbHas BOJHA [OJDKHA HPUHUMATH
3HaueHus oT 1 o -1: 1 gns mepBeix 20 orcueToB, 3ateM -1 st 20 OTCUETOB W T.1.
3aTeM HeoOXOAMMO BBIBECTH rpaduk (GyHKUMU Ha dKpaH. CUrHan X O4YeHb JJIMHHBIH,
MO3TOMY HEOOXOJIMMO BBIBECTHU TOJIbKO nepBbie 200 0TCYETOB.

3aganme 3. HeoOxonumo Hanmcats Octave ko, 4ToObl CreHEPUPOBATH IUCKPETHBIN BO
BPEMEHU CHUTHAJ TPEyroyibHOW (hopmbl, nauHOM N U yacToTOW Kak B 3amanuu 1 (T.e.
YHUCIIO MEpUOJIOB JODKHO COBHaAaTh). TpeyrojpHas BOJIHA JOJDKHA JIMHEHHO
yBenuuuBaThes oT -1 1o 0.9 mns mepBeix 20 oTCYEeTOB, 3aTeM cHUXkaTbes oT 1 go -0.9
st caenyronux 20 0TCUeToB U T. 1.

3areM HE0OXOIMMO BBIBECTH Tpaduk (QyHKIMU Ha 3KkpaH. CUrHAT X OYEHb IJIMHHBIMH,
MO3TOMY HEOOXOJIMMO BBIBECTH Ha 3KpaH TOJbKO nepsbie 200 0TCueToB.

Pe3ynbraTom paboThl JOJIKHBI ObITH CIIETYIONIET0 BUa rpaduku

50

Heo0xoaumbie pyHKImii:

150
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https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%80%D0%BC%D1%83%D0%BB%D0%B0_%D0%AD%D0%B9%D0%BB%D0%B5%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%80%D0%BC%D1%83%D0%BB%D0%B0_%D0%AD%D0%B9%D0%BB%D0%B5%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%80%D0%BC%D1%83%D0%BB%D0%B0_%D0%AD%D0%B9%D0%BB%D0%B5%D1%80%D0%B0

SiN(Z) - BBIUKCIISET CHHYC OT 3HAYCHUI DJIEMEHTOB MacCcuBa Z;

square(t) — remepupyeT NpSIMOYTOJBHBIA CHTHaNI ¢ mepuogoM 27 IS 3HAYCHHIA
BPEMCHHM, 3aJaHHBIX BXOJHBIM BeKTOpoM t. DyHkmms square(t) paboTaeT aHAIIOTHYHO
¢GyHKIHKE sin(t), HO BMECTO CHHYCOHJAJIBLHOTO CHTHAja TEHEPHUPYET MPAMOYTOIbHBIN
CUTHAJ C MMKOBBIMHU 3HAYCHUSIMHU *1.

sawtooth(t) - renepupyer mmiI000pasHbIi CHUTHAA C mHepuoaoM 2T IS 3HAYCHUI
BPEMCHHM, 3aJaHHBIX BXOJHBIM BekTOopoMm t. Dynkuus sawtooth(t) paboraere
aHAJIOTMYHO Sin(t), HO BMECTO CHHYCOMIAJIbHOIO CUT'HAJIa T€HEPHPYET MUI000pa3HbIH,
MUHHUMYMBI 1 MAKCUMYMBbI KOTOPOI'O paBHBI -1 ¥ 1 COOTBETCTBEHHO.

stem(y) — BeIBOIUT rpadvik BEKTOpA Y Ha JKpaH.

JlabopaTtopnasi paGora Ne 3
CxansipHoe npousBeeHne curianos. Koppeassuus
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Heap pa6orbi: C momoipl0 (YHKIMHU KOPPENSLUU HAWUTH TOJOKEHUE 3aJaHHOTrO
OTpBIBKA B CAMOM CHUTHAJIE.

KpaTkue Teopernyeckue cBeeHHA:

Yacto BO3HMKAeET 3ajaua OOHapy>KEHHUs OJHOTO CUTHaja B apyrom. Hampumep,
MOKET OBITh M3BECTHO, YTO HEKOTOPOE BHEIIHEE COOBITHE TE€HEPUPYET B JaTUUKE
CUTHaj omnpeznesneHHo ¢opMbl. OnHako COOBITUS MOTYT MPUXOAUTH IOYTH
OJIHOBPEMEHHO, & CUTHAJbI OT HUX — NepeKpbIBaThCcs. Kpome Toro, Ha BbIXOAE JaTUHKA
MOXET MPUCYTCTBOBATH IIIyM, 3aTPYAHSIOIINNA HAX0XICHHE HYKHBIX CUTHAIOB. [[ns
HaJEKHOTO OOHApPYKEHHsSI TaKHMX CHUTHAJOB MPUMEHSIETCS METOJ KOppesuuu
(correlation).

[IycTh paTyMK TEeHEpUpyeT CHUrHal X[n], ¥ Mbl XOTUM OOHApyXHUTb B HEM
MOCJIEIOBATENbHOCTh  g[N] HEKOTOPOM KOHEYHOM [UMHBL. Jlmd mnoucka 3ToH
TIOCJICIOBATEIPHOCTH BBIUUCIISIOTCS CKAJISIPHBIC MPOU3BeIeHUs curHainoB X[n] u g[n-k]
g pa3nuuHbiX k. To ecTh MbI Kak Obl IBITaEMCSl «IPUIIOKHUTHY» UCKOMBIM CUTHAN BO
BCEX BO3MOXHBIX ITOJIOXKEHUAX K CUTHALY C JAaTYAKA U HAUTH UX CTEIIEHb ITOX0KECTU»
(cxansipHO€ POU3BENICHUE) I KaXA0r0 MOJoXKeHUs. TakuM 00pa3oM, Ha BbIXO/IE MbI
nojyyaeM curHai y[k], mokaspIBaroluii, HACKOJIBKO CUTHAJ € JlaTYMKa X[n] B HO3ULIHUU
k moxox Ha uckoMblii curHan g[n]. dopmyna BBIYUCIECHHS KOPPESALUU TAaKOBa:

vkl =Y glil-afi —k].

= 371ech CyMMHPOBAHUE MOKHO MPOBOJUTH B KOHEUYHBIX
npejaenax, T.e. TOJBKO JJIS TeX 1, Il KOTOPBIX MCKOMBIM CUTHAM g[1] OTJIMYECH OT HYJIS.
beckoHeuHble TIpenensl CyMMHUPOBAHUS, KAK U B YPABHEHHUM CBEPTKH, 3aMMCHIBAIOTCS
Uit OOTHOCTH (YTOOBI MOKHO OBUIO MPOBOJIUTH KOPPEJSILIMIO C CUTHAIOM JIHOOOU
JUTHHBI).

CwmbIcn curHasia y[n] B TOM, YTO €ro BEJIMYMHBI JJIs1 Ka)XXJIOr0 N MOKAa3bIBAIOT,
HACKOJILKO BXOJIHOM CHUTHAJ B IIO3WIIMM N IOXO0XX HAa HMCKOMBIM curHai. Ecim BO
BXOJHOM CHUTHaJIe MPUCYTCTBYET TOJIBKO IIYyM, TO M 3HAYCHUS KOPPEIALMH OymyT
IITyMOM HeOOJIbII0N aMIIuTyapl. HO Kak TOJIBKO B ITyMe BXOJHOTO CHUTHAJIA MOSBUTCS
dbopma, 1moxoskasi Ha UCKOMBIM CUTHAJ, TaK 3HAYCHUE KOPPEISAINH B 3TOM TOYKE CTAaHET

BBICOKHM.

3ajaHne HA BbINIOJIHEHUE PA0OTHI.

Jlns 3amaHHOM YHCIIOBOM ITOCIIEIOBATEIBHOCTH OOJBIION IHTEIHLHOCTH g u
KOPOTKOTO (hparmMeHTa X | B3STOTO B MPOU3BOJILHOM MECTE g. [Ipudem IIUTENBHOCTH x
MHOT'O MEHBIIIE, YEM g. Heobxoammo ¢ momMoIpio onepanuu KOppemsiiui 00HAPYKUTh

Mecto B ¥, u3 KoTOpoii OblIa B3sTa MocheaoBaTebHOCTh X . ['paduk xoppensiuu Y
BBIBECTH Ha DKpaH.

Heo0xoaumbie pyHKImii:
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load umsadgaiins.mat - Bo3Bpamaer Bce mnepemeHnele u3 MAT-¢aitna B pabouee
npoctpancTBo Octave.

p=zeros(1,N) — cozmaeT BekTOp 3anaHHON AIUHBI N.

[y, 1] = max(x) - Bo3BpamacT HauOOJBIIHI JIESMEHT M3 MacchBa X M COXpaHSCT B
nepeMeHHOW Y. Bo3Bpaiaer BEKTOP-CTPOKY WHAEKCOB | 3THUX 3JIEMEHTOB B JTaHHOM
cToJioIe.

N = norm(V, p) - BIYKCIIIET P-HOPMY BEKTOpA V.

' — onepanus TPaHCIIOHUPOBAHMS.

X*y"' - onepanus CKaIIpHOTO POU3BEAECHUS BEKTOPOB X U Y.

[Muxn for ... end — HEOOXOMUM IIJIsl TIPOXOXKACHUST BCErO 33JaHHOTO BEKTOPA g u
BBIUMCIICHUST KOPPEISIUU (parMeHTa g ¢ BEKTOPOM X. Pe3ynbTaT BBIYHCICHHS

coxpansercs B Bektope P, coznanHoM (yHKIMEH Zeros.
[Tpubau3uTeNbHBIN X0 paOOTHI CJICTYIOIIHIA:

54> p=zeros(:~ - D
pctave :55> fop 1=0:% ____

n=norm{jingle{l+izv «+i))*norn{snippet);
if nt=0

plitl)=Cjingledl+i:z « +i)*snippet’ d/n;
end

>
> end
octave:56} [maxv.maxil=max(p)
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JlabopaTtopnas paGora Ne 4
JAunckperHoe nmpeodpaszoBanue @ypbe

Hean padorel: M3yueHue cieKTpoB pa3iuyHbIX IUCKPETHBIX CUTHAJIOB C MOMOIIBIO
¢bynkuuu fft. OnpenenuTs BIUSHUE IIUTEIBHOCTA CUTHAIOB U TUIIA OKOHHOM (PYHKITUU
Ha CBOMCTBA AUCKPETHBIX CIIEKTPOB.

Kparkue Teoperuveckue cBeleHUS:

MHorue curHaiasl yA0OHO aHAJIU3UPOBATh, PACKIAJbIBasi HMX Ha CHHYCOUJIbI
(rapmonuku). Tomy ecTh HeCKoOJIbKO NpuunH. Hanpumep, nono6HbIM 00pa3om paboTtaet
yesnoBeueckoe yxo. OHO pacKIafpIBacT 3BYK Ha OTAEJIbHBIE KOJEOAHMS pPa3IMYHBIX
gacToT. KpoMe TOro, CHHYCOUIBI SBISIFOTCACCOOCTBEHHBIMUA (DYHKITUSIMIY» JIMHEHHBIX
CUCTEeM(T.K. OHH TIPOXOSAT Yepe3 JUHEHUHBIC CUCTEMBbI, HE U3MEHSS (POPMBI, & U3MEHSIOT
ok Gasy u amruidtyay). Emie ogHa mpuunHa B TOM, 4uTO Teopema KoTenbHHKOBa
dbopMynupyeTcsi B TEPMUHAX CIIEKTpa CUTHAJA.

[IpeoOpazoBanne @Dyppe — 3TO paziokKeHUE (YHKIUNH Ha CUHYCOUIBI(1anee
KOCHHYCHBbIE (YHKIIMM MBI TOXKE€ HA3bIBA€M CHHYCOMJIAMH, T.K. OHU OTJIMYAIOTCS
OT«HACTOSIIINX» CHUHYCOMUJl TOJbKO ¢pazoi). CyIllecTByeT HECKOJBKO BHUJOB
npeobpazoBanus Dypbe.

1. Henepuoanyeckuii HENPEpPbIBHBIA CUTHAII MOXKHO Pa3J0KHUTh B uHTErpan dypee.

2. Ilepuonnueckuii HEMPEPBIBHBIA CUTHAT MOHO Pa3JiOKUTh B OCCKOHEUHBIN psif
dDypse.

3. Henepuoanueckuii JUCKPETHBIM CUTHAJI MOYKHO Pa3JIoKUTh B MHTErpan dypee.

4. Ilepnonnuecknii JUCKPETHBIM CUTHA MOKHO Pa3JIOKUTh B KOHEYHBIN pax Dypbe.

KomneloTep cnocoben paboTath TONBKO C OTPAaHUYECHHBIM OOBEMOM JAHHBIX,
CJIEIOBATENbHO, pPEAJbHO OH CIOCOOEH BBIYUCIATH TOJIBKO TOCIEIHUM  BUJ
npeodpazoBanus Pypwe. PaccMoTpuMm ero noapobdHee.

ITycth auckpertHslii curHan x[n] umeet nepuod N Touek. B 3Tom ciydae ero MOXHO
NPEICTaBUTh B BHJIE KOHEUHOTO psfa (T.e. JUHEHHON KOMOMHAIIMU) JUCKPETHBIX
cunycousi. Paznoxenue curHasa Ha CHHYCOHUJIBI(T.C. TOJy4eHHUE KOI(PPHUIIUEHTOR)
Ha3bIBaeTCA MPAMBIM MpeodpazoBanremM Pypbe. OOpaTHBIN MPOIECC— CUHTE3 CUTHAJA
0 CUHYCOMIaM— Ha3bIBaeTCsi 00OpaTHBIM MpeoOpa3zoBanueM Dypobe.

ITycte x[n], n=0,...,N-1 — ucXoaHbIi KOMIUIEKCHBIM CHUTHAJ, cocTOSUNA u3 N
KoMIuieKCcHbIX yucen. O6o3Hauum X[k], k=0,...N-1 — ero KOMIJIEKCHBIN CIIEKTp, TAKKE
cocroAmMid 13 N KOMIUIEKCHBIX uuces. Torjga crnpaBenivBbl Cleaytoniue (GpopmMyIibl
psIMOTO U 00paTHOTO TIpeobpazoBanuii Dyphe:

N-l
X[k]= z-‘f[n] . g Fki2EN)
r=0

N

Ecnu no 3tuM Qopmynam paszinoKuTh B CHEKTP ACHCTBUTEIbHBIA CUTHAIN, TO MEPBBIC
N/2+1 xoMIuiekCHbIX KO3 UIIMEHTOB CIeKTpa OyayT COBNajaTh (C TOYHOCTHIO O
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HOPMHPYIONTUX MHOXHUTEEH) CO CIEeKTPOM«OOBIYHOTO» aecTBuTenbHOrO JII1D,
IPE/ICTaBIICHHBIM B«KOMIUJIEKCHOM» BHJIE€, @ OCTaJIbHbIe KOA(P(GUIHUEHTHI OyAyT HUX
CUMMETPHUYHBIM OTPAKEHUEM OTHOCHUTENIBHO IMOJOBUHBI YaCTOThl JUCKpEeTU3aluu. J{is
KOCHUHYCHBIX KOA((OUIIMEHTOB OTPAKEHUE YETHOE, a JJIsl CHHYCHBIX — HEYETHOE.

3ajanne HA BbINOJIHEHUE PA0OTHI.

Jlns  curHanoB, copMHpOBaHHBIX B JjgaboparopHoil pabore 2, HEOOXOIUMO C
noMonIpio GyHKIuK fft BEIMHCINTE UX KOMITIEKCHBIA criekTp. [IpuBecTr rpaduku mist
aMIUTUTYIHOTO (¢ moMoIipio GyHKIUA abs) W (a30BOrO CHEKTPOB (C TMOMOIIBIO
¢ynkuu angle).

Pe3ynbratom paGoThl TOMKHBI OBITH CIEIYIOIIETO BUIA TpaduKu

Heo0xogumblie QyHKImii:

Y = fft(X) - BbuncnsgeT a1 MaccuBa JaHHBIX X JMCKpETHOE mpeodpazoBanue Dypbe.
Y — KOMIUJIEKCHBIN CIIEKTp CUTHaNA X.

fftshift(Y) - meperpynmupoBsiBaeT BbIXOJHBIC MaccuBbl (yHkimi fft Y, pasmemnias
HYJIEBYIO 4aCTOTY B LICHTPE CIIEKTpa.

abs(Y) - Bo3BpaliaeT MaccuB MOJyJICH KOMILJICKCHBIX 37eMeHTOB Y. Takum oOpasom,
dopmupyercss AUX curnana.

angle(Y) - Bo3BpamaeTr MacCHB 3HAUCHUH apryMEHTOB I 3JeMeHTOB Y. Takum
obpazom, popmupyercss DUX curnana.
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JlabopaTtopHast paGora Ne 5
IIpoexTUpOBaHMEe IMCKPETHHIX BO BpeMeHHU (PUILTPOB

Heas padorwl: V3yueHue pa3nuuHbiX THUNOB (GUIBTPOB. M3ydeHue cpencts
NOJIy4eHHUs] KOA(P(GUIMEHTOB JTUCKPETHBIX (UIBTPOB MJisi 3aJlaHHBIX IMapaMeTpOB
CUTHAJIA.

Kparkue Teopernyeckue cBeAeHUS:

HudpoBoit GHIBTp — B IESKTPOHUKE TI000H (GUIBTP, 00padaThIBarOmnid ITU(POBOI
CUTHAJI C IIEJIbIO BBIJICIICHHS W/WIIW TIOJIaBJICHUS OTMPEEIEHHBIX YacTOT 3TOTO CHTHAJA.
B oTimmume ot miudpoBoro, aHAIOTOBBIN GUIBTP UMEET JCNIO C aHAJOTOBBIM CHTHAJIOM,
€ro CBOWCTBA HEIUCKPETHBI, COOTBETCTBEHHO IepeaaTodyHas (YHKIHS 3aBUCUT OT
BHYTPEHHHUX CBOMCTB COCTABJISIFOIIMX €0 3JIEMEHTOB.

OuIbTp C KOHEYHOM HMMIYJIbCHOM XapaKTepUCTUKOW (HEPEKYPCUBHBIN GUIBTP,
KUX-punptp) — oO0AMH U3 BHUAOB DOJICKTPOHHBIX (UIBTPOB, XapaKTEPHOU
OCOOEHHOCTBIO KOTOPOTO SBJISIETCSI OTPAHUYEHHOCTh IO BPEMEHH €ro HMITYJIbCHON
XapaKTEPUCTUKU (C KaKOro-TO MOMEHTa BpPEMEHHM OHA CTAHOBUTCA TOYHO PaBHOU
HYJI10). 3HaMEHATENb MepeaTOYHON QYHKIIUU TaKoro PriibTpa — HEeKasi KOHCTaHTa.

OuibTp ¢ OECKOHEYHOW HMITYJIbCHOM XapaKTEPUCTUKON (PEeKypCUBHBIN (GUIIBTD,
BUX-punbtp) — 21EKTpOHHBIN (GUIBTP, UCHONB3YIONIMN OJWH WIM 00JIe€ CBOUX
BBIXOJIOB B KaU€CTBE BXO/1a, TO €CTh 00pazyeT 00paTHyIO CB3b.OCHOBHBIM CBOHCTBOM
TakuxX (UIBTPOB SIBISAETCS TO, YTO UX UMITYJIbCHAS MEPEXOqHAS XapaKTEPUCTUKA UMEET
OCCKOHEUHYI0 JJIMHY BO BpPEMEHHOW 00yacTu, a mepenaroyHass (QyHKUUS UMeEeT
JIpOOHO-palMoHaIbHBIN BUA. Takue (QUIbTphl MOTYT OBITh KaK aHAJOTOBBIMH, TaK U
MG poBbLIMH.

3aganue Ha BbINoJIHeHHWe padoTrbl. C momomipio ¢Gyukuuu filter npoussectn
¢unbTpanmio curHanoB. K curnamam, copMupoBaHHBIX B JIaOOpaTopHOU paboTe 2,
100aBUTh TayCCOBCKHMU IIyM C MOMOIIBIO GyHKIMU randn. MomHoCTh myMa JA0JDKHA
obTh paBHa 0.25, 0.125, 0.05 u 0.025. 3areM MONYYUBIIUICS 3alTyMJICHHBIA CUTHAJ
IPOIMYCTUTh 4epe3 (GUIbTP HUKHUX YacTOT. [ 9TOro ompeaenutb HauOOJBIIYIO
BEPXHIOI0 YaCTOTY IIOJE3HOTO CHUTHAJIa W TMOJYy4YuTh KOd(DuimeHTsl GuinpTpa s
JAHHOW BEpXHEW I'PaHUYHOMN YaCTOTHI.
PesynbTaTom paboThl JOKHBI OBITH CIETYIONIETO BUA TPaPUKH
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Heo0xogumblie QyHKImMi:

X = randn(m, n) - ¢gopmupyer MaccuB pazMepa m X N, 3JIEMEHTAMH KOTOPOTO
ABJISIIOTCS  CIy4YallHble BEJIIMYMHBI, PACHpElENICHHbIE [0 HOPMAJbHOMY 3aKOHY C
MaTeMaTUYeCKUM oxugaHueM (0 U cpeHEKBAIPATUYECKUM OTKIOHEHHEM 1.

[b,a] = butter(n, Wn) - npousBogut cuHte3 muckperHoro ¢puibTpa barrepBopra n-ro
nopsiaka, umeroniero AYX ¢unbTpa HIXKHUX 4aCTOT U HOPMHUPOBAHHYIO YacCTOTY Cpe3a
Whn.

freqz(b, a,...) - BBIBOOUT B TEKYyIIEM IpapUUYeCKOM OKHE TrpauMKH aMILTUTYyIHO-
YacCTOTHOM M (pa304aCTOTHOM XapaKTEPUCTHUK.

Y = filter(b,a,X) - dunsTpyeT curHai, 3agaHHBI B BHAE OJHOMEPHOIO MaccuBa X,
UCTIONB3Ys NUCKPETHBIA PUIbTp ¢ Kodpduiimentamu b,a.
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