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1. HEJIb PABOTBI.

1.1. m3yuenue ¢pynkuit MATLAB Simulink amist aHanmm3a criekTpa CHTHAJIOB;
1.2. uccnenoBanue npeoOpa3oBaHUs CICKTPa CUTHAJIOB MPH MPOXOXKICHUH YepPe3 aHaJIoro-
BbIe (ODMITBTPBI.

2. KPATKMUE ITOSICHEHUS K JIABOPATOPHOM PABOTE

2.1. AHaymm3 cnekTpa curianoB meroaoMm (1P (bBI1dD)
2.1.1. IuckperHoe npeodopa3oBanue Dypbe
Huckpernoe npeodpazopanue dypwe (AI1D), nmmoctpupyemoe puc. 1, COOTBETCTBYET BBI-
O0opkaM HemnmpepbIBHOTO NMpeodpa3zoBanus Dypbe (Wi crekrpa) X(j-®) TUCKPETHOH IMOCIENO-
BAaTCJIbHOCTHU X(I’l) KOHEYHOU JJINHBI N], BBIYMUCJICHHBIM Ha JUCKPETHLIX PABHOCTOAMIUMX YaCTOTax
o= k-Aw:
N, -1 —ioy-n-T
NP [x(m)]=X(j- o)), _, = X x(n)-e (1)
n=0
rae Ao=wy/N — mar IUCKpeTH3aluu Mo 4acToTe; N — YHCIIO BBIUMCISIEMBIX YaCTOTHBIX BbI-
6opok JII1®D B monoce gactot {0 — w,}, B 00mem cirydae He paBHoe Nj; k=0, 1... N—1 — HOMep 4a-
CTOTHOM BBIOOPKHU.

A
| X(jo)|, | X(jo,)]
i

A , \/,
SERHRIE A HRIEC 'R Rt it SRR i) N ®

2

—
|

-
Aw

(]

N-1

Puc. 1. luckpernzanus cursaiga B 4aCTOTHOM o0nactu

Bri0op miara guckpeTH3amMy MO YacTOTe ONPEACISETCS BO3MOXXHOCTHIO BOCCTAHOBIICHUS
curHasa x(n) U ero HempepoIBHOTO criekTpa X(j- ) mo JAI1D.
BoccranoBneHne curHana mo AUCKPETU3UPOBAHHOMY IO YaCTOTE CHEKTPY OCYIIECTBIISACTCS
¢ noMo1bo oopatHoro AP (O/I1D):
N-1 .
OINON[X(j o)) =xp () =L Y X(j o) -6 2)
k=0
Curnan xp(n) nepuogudeH ¢ nepuogom N: x,(n) =x,(n—1-N), 1= 0, £1, .. u cBsi3aH ¢ cur-

HaJIoM X(N) COOTHOIICHHEM X, (n) = ZX(D —1-N).
i
[Ipeo6paszosanus AP — OLIID (1), (2) npencraBiasioT Kak B BUAE (PYHKIMHU JTUCKPETHOU
4acTOThI MWk, TAK U HOMEpPa 4aCTOTHOU BbIOOpKH k:



N-1 . 0.

Dy [x(n)]=X(k) = D x(n)- eI 0 N1 (3)
n=0
N-1 2T n
OMI®y [X (k)] = x(n) =L > Xk)-e' N n=0,1..N—1. 4)
k=0

Bsruncierne OJII® u JII® tpebyer N* onepammii ymaoxenus 1 N-(N—1) omeparuii ciio-
KCHUS KOMIUICKCHBIX YHCEII.

O6a npeobpa3oBaHuUs UCTIOIB3YIOT €IUHBIN BHIYUCIUTEIIbHBIA aITOPUTM, OCHOBAHHBIA Ha UX
JIOCTAaTOYHO MPOCTON B3aUMOCBSI3H:

OO [X(0)]= L [x @0 ], (5)

rae * — onepanus KOMIZIEKCHOTO COMPSIKEHUSI.

Ipu N > N; xp(n) = x(n), n =0, 1.. N — 1, 1.e. curnan x,(n) Ha unrepsane 0...N-1 Touno
COBIAJAET C UCXOAHBIM CUTHAJIOM X(n), 1onojiHeHHbIM (N — N|) HyJIeBBIMU OTCUETAMU U SIBJISETCS
MEPUOIMYECKUM €T0 MPOJOJKEHUEM 3a TIpeaesiaMu 3Toro uHTepBana (puc. 2). OAIID, Beruucse-
Moe Ha uHTepBaie 0...N—1, obecrieunBaeT B JaHHOM CIyyae TOYHOE BOCCTAHOBIIEHUE CUTHAMA X(n)
o ero JI1D.

IIpu N <N; (Ao = ©y/N > ©, /N|) uMeeT MeCTo NepeKphITHE IEPUOIN3UPOBAHHBIX C MTEPUO-
noM N nocnenoBaTeabHOCTEH X(n) (SIBJIEHHE HAJNOKEHHUs BO BPDEMEHHOHN 00JIaCTH), TaK 4TO Xp(n) #
x(n) mpu n = 0.. N;—1 (puc. 3). DT0 UCKIIIOYAET BO3MOKHOCTh TOYHOI'O BOCCTAHOBJICHUS CUTHAJa
10 €T0 TUCKPETU3UPOBAHHOMY CIEKTPY.

A xp(n), x(n)
NU]
— 13— 1111
-N 2-10 1 2 N n
N & 1 N-1
Puc. 2. Curnan, coorserctBytomuit OAII® npu N > N,
Ax,(n)
-~ - - -
- - /"/ -~
\ - -
!
-N 0 n
N N-1 2N

Puc. 3. Curnan, coorserctByrommi O/I1D mpu N<N;
2.1.2. Ananusarop cnexkrtpa Ha ocHose 11D
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B ocHoBe aHanmu3aTopoB cnekTpa, ucnonbdytommx AP, nexur 6a3oBas CTPyKTypa, MpH-
BeZieHHast Ha puc. 4. OHa peanu3yer 0a30BbIe ONEpally aHAIW3aTopa CIEKTpa — B3BEIIMBAHUE U
Borunciienne JI1®. Ee Beixomgom siBnsiercs BekTop 1D BxomHOM B 0011EeM ciiydae HE OrpaHUYECH-
HOM 10 ATTMHE MOCIEI0BAaTeIbHOCTH X(N), YCEUeHHOM BecOBOM QyHKIMeH w(n) KOHEUHON ATUHBI N:

~ > e —jopnT N1 —j2T ke
MO [X(m)]=X(k) = " x(m)w(n)e 1= Y R(nye TN ©)

n=0 n=0

k=0,1, ...N-1.
3neck X(n)=x(n)-w(n) — npeobpaszyemas BXoaHas nocienoarenbHocTh AI1D; o=k -o,/N

i fi=k-f;/N — gactoTsl aHanu3a, HazbiBaeMble Takke OuHamu JAIID: 1 Oun paBeH mary quckpe-
TU3AIMH CUTHaJIA B 4acTOTHOH obnactu fy/N. Ananmuzarop umeer N pasHeCeHHBIX O YacToTe Ha |
oun (fy/N) kaHaoB aHaNM3a C IEHTPAIbHBIMU YacToTaMu o (fi), mpu 3Tom 3navenus k=0,1,...N—1
COOTBETCTBYIOT HOMEpYy KaHalla, HOMepy OHHa WM HOMepy dYacToTHOW BbIOOpKH JIID

X(jJ-or)=X(k). BecoBast ¢pyHKIUS NpeACTaBIsSET OKHO, Yepe3 KOTOpPOe HAONIOAETCsl BXOIHON
CUTHAJI, JUTMHOU ee ompenensercs BpeMs anannza T,=N-T, wim BpeMst HaOII0ICHNUS CUTHAJIA.

(0) X(j-0)
X(1) XD
x(n) X(n) ’ NI Dy ’
X > [x0)] :
X(N-1) X(j-(N-1))

w(n)N

Puc. 4. CtpykTypHas cxema aHanu3aTopa crekTpa Ha ocHose 11D

YMHOKEHUIO WM B3BEIIMBAHUIO BO BPEMEHHON 00JIACTU COOTBETCTBYET CBEPTKA B YAaCTOT-
HOH, moaTomy Bbraucisemoe [AIID dakrudyecku sBnsSeTCS TUCKPETU3UPOBAHHON CBEPTKOW HMCTHH-
HOTO CIIEKTpa aHAIM3UpyeMoro currana X(j-®) ¢ YaCTOTHOH XapaKTEPUCTHKOHN (CIIEKTpOM) BeCo-
Boi pyHkIMu W(j-0):

)N((j-(ok) :X(j-(o)"‘W(j-co)|m:(Dk , Tle * — CUMBOJI CBEPTKH, T.€. COICPKHUT CHCTEMaTHUE-

CKYI0 (METOMYECKYIO) MOrPelHOCTh aHaau3a. OHa ABJSICTCS CIICACTBHEM OrpaHHUCHHs CHTHAJIa
0 JUTUTEIILHOCTH, UCKAXKAOIIETO PE3yJIbTAThl CIIEKTPAIHHOTO aHAIH3A.

Ha3nauyeHnue crnienMaJbHBIX BeCOBBIX (PYHKIMI MM OKOH — CIUTAKMBAHHUE WA OcjalJie-
HUE BBI3IBAEMOTO BPEMECHHBIM yCEUCHHEM BIIMSHUS WK 3(h(ekTa pa3phIBOB CUTHAJIA HA KPasX.

2.1.3. MacmradupoBaHue pe3y/JbTaTOB aHaau3a cnekTpa no AId

JanpHeiimast 00paboTka BeIXOAHBIX HaHHBIX /11D ocymiecTBiseTcs ¢ y4eTOM U3MEPSIEMBIX
WM OLEHUBAEMBIX C MOMOIIBIO [I1® crniekTpanbHBIX XapaKTEPUCTHUK, 3aBUCSIIUX OT BUAA aHAJIM-
3UpPYEMBIX CUTHAJIOB.

J1si NmepHoOAMYeCKHX CHTHAJIOB Xy(n) ¢ mepuomoM N-T, OLIEHMBAIOT aAMIUIATYIbI
A (op)u da3sl @(oy )rapmonuk ¢ yactorod k-fy/N mnmm ux cpegHue 3a mepuoj; MOLIHOCTH

2
[Am (@] /2.
JJ1s1 1eTepMUHHUPOBAHHBIX CHTHAJIOB KOHEYHO# AJIUTEJIbHOCTH X(N) (HETIEPUOANIECCKUX )
OIICHUBAIOT:



e  CIEKTPaIbHYIO TNIOTHOCTh X(j-®) pasmepHOCThIO [B/I'T], ompeaenseMyio ee MoIyieM
| X(j-®) | m aprymeHToM @(®), T.€. AMIUTUTYAHBIM U (Pa30BbIM CIIEKTPaMH U BBIYHCIISIC-
MYIO Ha 4aCTOTaxX aHaiun3a o=y win ounax JAI1d;

® DHEPreTHYECKUH CHEKTp WIM CHEKTPAIbHYIO IUIOTHOCTH 3Hepruu Sy(m) ( |X(j-c0)|2)

pasmepHOCTbI0 [B-¢/'11], MOKa3BIBAIOIIYIO PACIIPEACICHHE SHEPTHH CUTHANA [0 YaCTO-
T€ ¥ TaK)K€ BBIYHUCIISIEMYIO Ha TUCKPETHBIX YaCTOTaX M.

[Tpu peanu3zanuu KOHKPETHBIX JITOPUTMOB CIEKTPAIBLHOTO aHAIM3a Pa3UYHBIX CHUTHAIOB
BaYKHOE 3HAUCHME MMEET NMPaBUIbHOE MAaCIITAOMpPOBaHMe Pe3yJIbTATOB AHAJIM3A U y4eTa UxX pas-
MEpHOCTH [5].

N-1
Ecmu TI® onpenensiercs BoipaxkeHneM X(j- oy ) = Z x(n)-e
n=0
BAaHUC BBIIIOJIHACTCA CICAYIOIMUMU HUKE YKa3aHHBIMHA crocodamu.
Jl1s1 BelecTBeHHOI0 MepHOANYeCKOro cCuruana xp(n) ¢ nepuogom N-T, u yacroramu

_'.0) n-T
PO 1o mactrabupo-

rapmonuk k-f;/N, coBnagatontumu ¢ 6uHamu 11D,

®  AMIUIUTYZbl TADMOHUK ONPEAEISAIOTCS Kak A, (®y ) = % . |X( ] 0K)

o Qazsi— g(o) = arctg Xy (j- 01 )/ Xpe (- @11,
2
®  CpeIHHE MOITHOCTH KakK 2-%-X(j-(ok)‘ .

Jlns 1eTepMHUHMPOBAHHOIO CUTHAJIa KOHEUHOH anurenbHocTH N-T, aHamoruuneiM o0Opa-
30M HaxoJATCs aMILIUTYAbI, a3kl U MOLTHOCTH K-i1 4aCTOTHOM BBIOOPKU CHEKTpa CUTHAJA, a CIeK-
TpajbHas IVIOTHOCTh CUTHAJIA HA 4acToTaxX my onpenensercs Kak T, X(j-wk). Jpyrue cnekrpaibHbie
XapaKTEePUCTUKHU TaKOro curHana cea3ansl ¢ ero 1P cooTHoeHusIMu:

o S, (K)=|T,X(j-o)|* — creKTpanbHas MIOTHOCTh YHEPIHH HA YACTOTE Wi

o Pu(k) =(Ty/N)-|X(j oy)]* — crieKTpaibHas IIOTHOCTb MOIIHOCTH Ha YaCTOTE i

N-1 N-1
J x = N-ITH . ZSX (k), Py :N-;Tﬂ' ZPX (k) — momHast »Heprus W CpeAHsAs MOIIHOCTDH
k=0 k=0

CHUI'HaJ1a.

2.2. ®yuxkuoum Simulink n1s BbINOJTHEHNSI AHAJIU3A CIIEKTPAa CUTHAJIOB

B mporpamme Simulink MoxHO mipon3BoauTh aHanu3 criektpa meroaoM JIIID (auckpeTHo-
ro npeoOpaszoBanusi ®ypse). [Ipu 3TOM BO3ZMOKHO aHAIU3UPOBATH CHEKTPHI TOJbKO HeNmepHOIH-
YeCKHUX CUTHAJIOB 110 KOHEYHBIM Ha0OpaM OTCYETOB.

Jlns aHanu3a CIEKTpa MEpUOJMYECKUX CHUTHAJIOB 0Oosee Iesiecoo0pa3HO HCIONIb30BaTh
¢byukmun kmaccudeckoro s3eika MATLAB. Opnako B 3TOM ciiydae MOJCIMPOBAHUE CIIEKTpa
HanoMuHaeT padoty B mporpamme Mathcad. B nanHoit 1abopaTtopHoil paboTe aHanu3 ceKkTpa me-
PHOMUYECKUX CUTHAJIOB HE PAacCMaTPHBAETCS, NOCKOJIBKY ObLI MOAPOOHO pPaccMOTPEH B J1abdopa-
TOpHOIi padoTe Ne2 «CrniekTpaibHbIi aHan3 B makeTe mporpamm Mathcady.

Pa6ota B mporpamme MATLAB ocymiecTBIs€TCsl ¢ TOMOIIBIO CUMYJISITOpa pabOThI BUPTY-
asnpHoro mpuoopa Simulink. 3amyck nakera Simulink MOXXHO TPOM3BECTH M3 KOMAaHIHOI'O OKHA

MATLAB, Ha)xaB TUKTOIpaMMy B MaHEIM MHCTPYMEHTOB U OTKPHIB HOBYIO MOJIENb (TIHK-

[

TOTpaMma ).



ITpu 3amycke Simulink oTkpeiBatoTcs ABa OKHa: Imyctoe okHO untitled (oxHO 17151 co3ganus
650Kk—quarpaMmel Mozienu) U okHo Library Simulink (6u6nmoteka) ¢ nepedHeM OCHOBHBIX pasie-
JIOB OMOJINOTEKH.

B otkpeiBmieecs okHo untitled HeoOxoanMo 100aBUTH OJIOKHM, MOAEIHPYIOMINE PabOTy HC-
TOYHHKOB CUTHAJIOB, U3MEPUTEIIHHBIX TPUOOPOB U aHATOTOBBIX CUCTEM.

JIns n3MeHeHus: mapaMeTpoB 0JI0KOB HEOOXOAMMO BBIMIOJIHUTH JBOMHOHM HIETYOK HA MUK-
Torpammy 0OJioka. [Ipu 3TOM TOIKHO OTKPBITHCSI OKHO HacTpoliku napamerpoB Block Parameters.

2.2.1 Co3nanue mogean ¢puibTpa
Jl11a mpoBeieHNs CIEKTPaIbHOTO aHallu3a aHaoroBoro GpuibTpa TpeOyeTcsl COCTaBUTh Clie-

IYIOIIYI0 CTPYKTYPHYIO cXeMy (MOJeIib), puc. S.

butter

oooo
B Fb—b \

Signal =3in
Genearator Analog
Filtar Design
.
Fower Spectral Fower Spectral
Cren=ity1 Crensity

Puc. 5. CtpykTypHas cxema 11 IpOBEIEHHs CIIEKTPaIbHOTO aHanu3a GuibTpa

Monens ananoroBoro ¢uibTpa (B AaHHOM pabote uccinenyercs GuibTp barTepBopra) BbI-
TIISIAT TakK, Kak MOKa3aHo Ha pUC. 6, U CO3J]aeTCsl C MOMOIIBIO CIETYIOIUX OJIOKOB:
e aHanoroBwld puiIbTp ¢ equHUYHBIM ycuieHrneM Analog Filter Design
(DSP blockset/Filtering/Filter Design/Analog Filter Design), puc. 7;
e ycwmrenb Gain (Simulink/Math/Gain), puc. 8.

butter

o N|

3in

Analog
Filter Cresign

Puc. 6. Monens ¢punstpa barrepopra B mporpamme MATLAB



y Sources
# User-Defined Functions
+- W Aerospace Blockset
+- Wl COMA Reference Blockset
+- W Communications Blockset
B Control System Toolbox
B D3P Blackset
#+| DSP Sinks
| DSP Sources
+- 3| Estimation
- 21 Filkering
| Adaptive Fiters
] Filter Designs
] Multirate Filkers
+- 23| Math Functions
+-- 3 Platform Specific /0
y Quantizers
+ y Signal Management
2 signal Operations
# Statistics
] Transforms

builier

E.-’-‘-.nalu:ug Filter D ezign

FOATo

IR DF2T

Orlap
Add

Ouerlap
f=- "]

Dvigital Filker Dresign

Dvigital Filker

Filter Aealization Wizard

Owverlap-tdd FFT Filker

Overlap-Sawve FFT Filker

Puc. 7. Pacnonoxenne 6moka Analog Filter Design

= T Simulink:
y Conkinuaous
y Discontinuities
y Discrete
23 Look-Up Tables
2 Math Operations
- Maodel Yerification
2 Model-Wide Utilities
2 Ports & Subsystems
2 Signal Attributes
y Signal Riouting
2 sSinks
y Sources
3 User-Defined Functions
+- W Aerospace Blockset
+- Tl COMA Reference Blockset
+- Tl Communications Blockset
B Control System Toolbox

bitwize
AND
'FFFF'

[i]

vl
_\—gu

Belu)
Tru)

>

AND

[ =
=

Bitwize Logical Operator

Combinatonial Logic

Complex to
b agnitude-dingle

Complex to Real-lmag

Dot Product

éGain

Logical Operator

b agnitude-dingle to
Comples

Puc. 8. Pacnonoxenue 610ka ycunurens Gain

HcxonHble maHHBIE HeO6XOI[I/IMBIC JJIs1 CHHTE3a aHaJIOrOBOI'O (I)I/IJ'ILTpaZ

BHJ alllIPOKCUMAILINY;
nopsiok GuibTpa N;

MyJIbCAIIMU B TOJI0CE MpOMycKanus / 3arpaxkaeHus (He TpeOyetcst mis GuabTpoB bat-

TEPBOPTA);
koddurmeHt ycunenus K.



Ncxonnbie maHHbIe 3amatorcs B Onmoke mapametpoB ¢uibTpa Block Parameters: Analog
Filter Design (puc. 9), rue:

e Design method — By anmpokcumanuu;
¢ Filter order — nmopsaox ¢puibTpa.

Koaddurment ycunenus 3agaetcs otaenbHo B Onoke mapameTtpoB ycunutens Block Pa-
rameters: Gain (puc. 10).

Block Parameters: Analog Filter Design =

Analog Filker Design [mask] [link]

Deszign one of zeveral standard analog filkers, implemented in state-zpace
form.

Parameters

Dezign method: | Buttenworth

=l
Filker tupe: | Lowpass j
Filter order:
|2

FPazzband edge frequency [rads/sec):
130

0k | Cancel Help |

Puc. 9. biok napamerpoB Analog Filter Design

Block Parameters: Gain =

Gain

Element-wize gain [y = K. "u] or matrix gain [y = £7uor y = u*K).

Parameters

Gain:

10

Multiplication: |Element-wise[K.“u] ﬂ
[ e Show additional parammeters «----------

] | Cancel | Help | |

Puc. 10. OxHo HacTpoiiku napameTpoB O10ka Gain

2.2.2. baok Power Spectral Density (anaau3aTop cnekTpa)

J1s mpocMOTpa CHEKTPAJIbHOW IUIOTHOCTH CUTHANA HCHOJB3YIOT aHAJIN3aTOpbl CIEKTpa
Power Spectral Density (Simulink Extras/Additional Sinks/Power Spectral Density), puc.11.



Power Spectral Density

+- W] SimMechanics

+- W] SimPowerSystems Power Spectral Density(phase)

+- W Asrospace Blockset ~ ; i
+- @l COMA Reference Blockset | Aut Corelator 1 T HE e P
# Wl Communications Blockset Aweraging Power S pectral 05r r\ {\ ‘-
B Contral System Toolbox Densiy }
+| | DSP Blockset 0 \ \ .
¥ §| Dials & Gauges Blockset Averaging Spectrum \
+- W@ Embedded Target For Motorola MPCS Analyzer ey : ; : ; 3 : \._
+- W@ Embedded Target For TIC6000 DSP Cross Conelatar -0.6 -0.4 -0.2 ] 0.2 0.4 0.6
+ W Fixed-Point Blocksst Time (secs)
+- @ Fuzzy Logic Toolbox Floating Bar Plat Fower Spectral Density
B MPC Blocks o[ : ! ;
+- I NCD Blockset
+- W] MNeural Metwark Blocksst wer Spectral Density g
B Real-Time Windows Target Ir
+- | Real-Time Workshop Spectium Analyzer ost /\
B Report Generator | . . 75 1 .
+- \@ 5-function demas 50 100 150 200 250 300

Frequency (rads/sec)

= N Sirnulink Extras

g Additional Discrete jggg :

2] additional Linear % 5000 +

#] Additional Sinks 8000

2 Flip Flops . -10000

g Linearization : I : I

2] Transformations = o s - = -

Frequency (rads/sec)
B stateflow hdl i ’
a) 6)

Puc. 11. Pacionoxenne 6;10ka Power Spectral Density (a) u pe3ynbpTarsl ananusa criekrpa (0)

B oxne nactpoiiku Block Parameters: Power Spectral Density, puc. 12, 3agatorcs cie-

AYIOHIUEC MMapaMCTPhl aHAJIN3aTopa CIICKTpa:

e Length of buffer — nnmuna 6ydepa (mo ymonuanuto 128);
e  Number of points for fft — uncio ananu3MpyemMbIx Touek (110 yMoyaHuto 512);
e Plot after how many points— xoiM4ecTBO TouYeK, OCa€ KOTOPOro MPOU3BOJIUTCS TO-

cTpoenue rpaduka (1Mo ymoadaHuio 64);
e Sample time — nepuo AMCKPETU3ALINN.

N
Bce mapameTpsl, KpoMe nepruosia JUCKPETH3ANU, JOJDKHBI OBITh KpaTHBI 2, T11e N — menoe

qucCJo.

Block Parameters: Averaging Power Spectral Density
Aweraging Power Spectral Denzity [mask] [link]
Plotz the averaged PSD of the input.

Parameters
Lenath of buffer:

X

g

Mumber of points for ff:

512

Plat after how mary paoints:

B4

Sample time:

|0.0001

(1] | Cancel Help

Puc. 12. OxHo HacTpoiiku napameTpoB 6s0ka Power Spectral Density
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PesynbTarhl ananmsa criekTpa, BeimoHseMoro 61okoM Power Spectral Density, npencras-
JSIOTCS B Tpex okHax (puc. 11.6):

e uccienyemsiii curaan (Time history);

e ammutyAHbli criekTp (Power Spectral Density);

e (azosrrii cnektp (Power Spectral Density (phase)).

UT0OBI MPOCMOTPETh CHEKTP CHUTHAJIA HYKHO 3aIyCTHTh paOOTy MOJEIH. DTO MOXKHO CJe-
JaTh, BeI3BaB MeHIO Simulation 1 HaxaB komanay Start, m16o HaxkaB coueranue knasum Ctrl + T

WJI K€ LIEJIKHYB IIUKTOrpaMMmy P _ Start simulation.

2.2.3 bJaok Signal Generator (reHepaTop CHrHaJIOB)
J1Jis 3a1aHust TApMOHUYECKOTO CUTHANA, UCTIONb3yeTcs 6ok Signal Generator
(Simulink/ Sources/Signal Generator), puc. 13.
= gl Simulink A
# Continuous
m Discontinuities
y Discrete

L=
# Look-Up Tables Pulze Generator

Il

P Math Operations
2 Madel Yerification
2] Model-wide Utilities
2| Ports & Subsystems
# Signal Attribukes
# Signal Routing

Ramp

R andom Mumber

Repeating Sequence

2] Sinks
y Sources ooon :
#+| User-Defined Functions e =ignal Generator
+- W Aerospace Blockset
+- Wl COMA Reference Blackset E Sl | Signal Builder
+-- W] Communications Blockset
B Control System Toolbox ﬁU Sine W ave
+- Nl D3P Blockset
+- W Dials & Gauges Blockset I Step
+- | Embedded Target For Makarala MPCS
+-- | Embedded Target For TI CA000 DSP M Uriforrn Brandon Nurber
+- Wl Fixed-Point Blockset

+ E_l Fuzzy Logic Toolbax

—

Puc. 13. Pacnionoskenue 6110ka Signal Generator

B okne HacTpoiiku 61oka Signal Generator 3a1atoTcs CIIEIyIOIINE TaPaMETPBI:

e Wave form — ¢popma curnana:

sine— CHHYCOUJAJIbHBIA CUTHAIT,

square — IpsIMOYTOJIBHBIN CUTHAJT,

saw tooth — nuI000pa3HbIil curHa;

random — ciry4aliHbIi curHai (1rym);

e Amplitude u Frequency — aMriuTy/1a ¥ 4aCTOTa CUTHANA;

e  Units — enunnna uzmepenus yactotsl (Hertz — I'episl winu rad/sec — pajg/cex).
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Block Parameters: Signal Generator ¢l

Signal Generator

Cutput wanious wave forms.

Parameters

Wave form; | square -

Amplitude; [0S
s

10 gawtooth

randarm

Frequency:
o

Urits: | Hertz ﬂ

[v Interpret vector parameters az 1-0

] | Cancel Help |

Puc. 14. OxHo HacTpoiiku napametpoB Oyoka Signal Generator

2.2.4 baok Sum (cymmarop)

Jlist co3nanust 0oJiee CIIOKHBIX CUTHAJIOB UcToyib3yeTcs: cymmarop (Simulink/ Math Oper-
ations/Sum), puc. 15. biiok Sum BEINOIHAET CyMMUPOBaHNE BXOIHBIX CUTHAJIOB. [Ipumep ncnosns-
30BaHMsI CyMMAaTopa JUIsl CJI0XKEHHUs ABYX BXOJHBIX CUTHAJIOB IIOKa3aH Ha puc. 16.

— El S||T|L|I||'|k -A. |-||—||-| (A= LA] P g e [ g [ LY LB ) -A-
y Conkinuaus
#+| Discontinuities % b atrix G i
y Discrete
2+ Look-Up Tables min G E
2| Math Operations
P2 Model verification Plu) Palynomial
3] Model-wide Utilities iF)=a
2+ Parts & Subsystems w Product
#2| signal Attributes
% g:i::l Rauting :qm? Real-imag to Complex
y aources
# User-Defined Functions &= Relational Operator
+-- W] Aerospace Blocksst
¥ EJ CDmMA Reference Blockset Reshape
+- T Communications Blockset
% CDntrIUI Skﬁ,.;stem Toolbox faor Frounding Function
+ D3P Blockset
¥ EJ Dials & Gauges Blockset R )
+-- lgh| Embedded Target For Motorola MPCS — Sian
+- B Embedded Target for T1 Ca000 DSP
+-- T Fired-Point: Elockset 1 Slider Gain
¥ EJ Fuzzy Logic Toolboo
B MPC Elocks @ éSum
o W NCD Blocksst
E2) BB eural Network Blockset jludl sin Trigonometric Function )
4 * w

Puc. 15. Pacnionoxenue 0i10xka Sum
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oooo

oD
Signal I:l
Generatar
Scope
oooo
Lol
Signal
Generator

Puc. 16. [Ipumep ncnosib30BaHUs CyMMATOpa JJIsl CII0KEHUS IBYX CUTHAJIOB

CyMMarop MOXeT UCIOJIb30BaThCs B IBYX PEXKUMaX:

e (CrnoxeHue BXOAHBIX CUTHAJIOB (B TOM YHCIIE C pa3HbIMU 3HAKaMH);

e CymMHpOBaHHUE 3JIEMEHTOB BEKTOPA, MOCTYMAIOIIUX Ha BX0J OJI0Ka.

OKHO HacTpOWKH mapamMeTpoB Osioka Sum n3o0pakeHo Ha puc. 18. BBoms 3Ha4eHuUs B mosie

List of sings (criucok 3HaKOB), MOYKHO YNIPaBJIATh pexXUMaMu paboThl O10ka Sum.

3HaueHusl MOTYT 3a/1aBaThCs OJTHUM U3 TPEX CHOCOOOB:

® B BHUJE IOCIENOBATEIBHOCTH 3HAKOB «+» U «—», MPUYEM UYUCIIO 3HAKOB ONpEIEIsAeT
YHCIIO BXOJIOB OJIOKA, a CaMU 3HAKU — MOJISIPHOCTU COOTBETCTBYIOIIMX BXOJHBIX CUTHA-
70B. ITpu GOIBIIOM KOJIMYECTBE CIAraéMbIX MX IEIECO00pa3HO pa3duTh HA HECKOJIBKO
IpyMIl, OTAENSASA OAHY TPYIILy OT APYroi CUMBOJIOM | (Hampumep: + + | —+);

® B BHJE LIEJION MOJOKUTEIHHON KOHCTaHTHI (Oosbiie 1), 3HaueHue KOTOpOH paBHO YUCITY
BXOJI0B 0JIOKa, a BCE BXO/Ibl CUUTAIOTCS MOJIOKHUTEIbHBIMU (HAIpUMEp, BBOJL KOHCTAHTHI
4 aHanmoOTUYeH BBOJY «CIHCKa 3HAKOB» B popme + + + +).

e  BBOJ 3HAUYEHUU | 03HAYAET BBIYMCIIEHUE CYMMBI 3JIEMEHTOB BXOJHOTO BEKTOPA (B 3TOM
ciydae BHYTpHU OJI0Ka BHIBOJUTCS CUMBOJ ?).

Block Parameters: Sum ]

Sum

Add or zubtract inputz. Specify one of the fallowing:
a) string containing + or - for each input port, | for spacer between portz

[2.0. ++|-++]
b] zzalar »=1. A walue > 1 zumz all inputs; 1 sums elements of a zingle
input wectar

Parameters

lcon shape: | round j
Lizt af signs: rectangular

round
||++
[ e Show additional parameters --------------

] | Cancel Help

Puc. 17. OxHO HacTpoiKu mapamMeTpoB OJ0ka Sum

JIBa npyrux napameTpa HacTpOMKHU OJ0Ka UMEIOT CIEIYIOLIHA CMBICI:

e packpeiBatommiica crmcok Icon shape (dhopma 3Hauka) mo3BoJsieT BBIOpaTh hopmy
6s10ka: round (OKpY>KHOCTh) WK rectangular (MpsMOyTOTHHUK);

e ¢naxoxk Show additional parameters (1oxa3aTb JONOJHUTENIbHBIE NTAPAMETPHI) AET
BO3MOXHOCTh 331aTh HEOOXOJMMOCTh «YCEUEHHUS» pe3yJibTaTa CJIOXKEHHUS, €ClId OH
IIPEBBINIACT JUATa30H, YCTAHOBICHHBIN IS [IEJIOYNCICHHBIX 3HAYCHUH.
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2.3. Pe:xxnMbl Moie/IMpOBaHus cucteM B nporpamme Simulink (menro Simulation)

[TocpencTBoM 3THX KOMaHa BXOAIMX B MeHIO Simulation (MmonenupoBanue), puc. 18, pas-
paboOTUUK NOITydaeT BO3MOXKHOCTh HE TOJBKO JMHAMUYECKU YIIPABIIATh CEAHCOM MOJICINPOBAHMUS,
HO Y U3MEHATh MHOTHE BaKHEHILINE TapaMeTpbl MOJIENH, TAKUE, HAIPUMED, KaK CIIOCO0 U3MEHEHUS
MO/JIEIIBHOTO BPEMEHH, aJITOPUTM pacueTa U (popMat MpeaCTaBICHUs Pe3yIbTaTOB MOIEIMPOBAHUS.

¥ Signal * g@

File Edit Wiew Simulation Format Tools  Help
O =2 ] & Skart Chrl+T oimal

Simulation parameters,..  Cerl+E

Mechanical environment. ..

v Mormal
ooC
s Accelerator
External
i e bR
Generator
100%% oded

Puc. 18. Menro Simulation

OneMeHTH! ynpaBieHHs Ha Bkiaake Solver okHa Simulation Parameters (mapamerps mMo-
JeTUpoBaHus), puc. 19, cobpaHbl B TpH IPYTIIIHIL.

Simulation time (uHTEpBa) MOJIENUPOBaHUS) — BEIOOp MHTEPBAJIa MOJICIMPOBAHUS TOCPE-
CTBOM yKa3aHHUs HadalibHOTO (Start time) u KoHeyHoro (Stop time) 3HaYeHUIT MOACIIBHOTO BpeMe-
HHU.

Simulation Parameters: Signal E]

Solver

Wu:urkspacel;"l:l| Diagnu:ustiu:s| .ﬁ.dvanced| Heal-TimeWDrkshap|
Simulation tirme:

Start tire: | 0.0 Stop birme: | 0.1

Salver options
Tvpe: | Fised-ztep ﬂ | oded [Runge-futta) ﬂ

Fized step size; | 1e-4 Maode: |&uto -

Output options

[

Ok ‘ Eancel‘ Help |

Puc. 19. OkHO yCTaHOBKM NTapaMeTPOB MOJEINPOBAHUS
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Solver options (mapameTpsl pacdyeTa) — BBIOOP METO/A peasin3aiui (pacyeTa) MOJICIIH.

Output options (mapameTpsl BbIBO/Ia) — NapaMeTPhl BbIBO/IA BHIXOJHBIX NapaMeTPOB MOJie-
JUPYEMOM CUCTEMBI (TIPY MOICTUPOBAHHUH C TIEPEMEHHBIM IIIaroM).

ITon BEIOOpOM MeTOJa peanu3ali MOJEIU UMeeTcs B BUy cienymoulee. mes cTpykTypy
HCCIIEyeMON CUCTEMBI B BHJIE OJIOK—IHMArpamMMsbl, pa3paboTuuK MOKET BHIOpATh METO/ OTOOpaxe-
HUA Xoza MojenupoBaHus. C MOMOIIBIO IBYX packKiajblBaromuxcsa cnuckos Type (Tum) cuctema
MOJKET OBITh pealn30BaHa B CIEAYIONMX hopMax:

®  C JIUCKPETHBIMU COCTOSIHUSIMHM U JAUCKPETHBIM BPEMEHEM Iepexo/ia U3 OAHOI0 COCTOs-

HUS B IPYTOE;

®  C IMCKPETHBIMU COCTOSIHUSIMH U HETIPEPHIBHBIM BPEMEHEM IIEPEX0/1a;

®  C HEMPEPBHIBHBIMU COCTOSIHUSIMHU U JUCKPETHBIM BPEMEHEM IIEPEX0/I0B;

®  C HEMPEPBHIBHBIMU COCTOSIHUSIMU M HEMPEPHIBHBIM BPEMEHEM MEPEXO0I0B.

[TepBrrit ciucok (cieBa) MO3BOJISIET BBIOPATh CIOCO0 M3MEHEHHS MOJICITEHOTO BPEMEHH:

e Variable — step (mepeMeHHBIH 111ar) — MOJIEIMPOBAHUE C IEPEMEHHBIM IIaroM;

e Fixed — step (¢hukcupoBaHHbII1 11ar) — MOAECTUPOBaHNUE C (PUKCUPOBAHHBIM ILIArOM.

Bropoii ciricok (cmpaBa) mo3BOJIIET BEIOpaTh METO/ pacdyeTa HOBOTO COCTOSHUSI CHCTEMEI.
[epBbrit BapuaHT (discrete) oOecrieunBaeT pacueT AUCKPETHBIX COCTOSIHUN cucTeMbl. OcTallbHbIE
MYHKTHI CIIUCKA 00ECTIeYNBAIOT BHIOOP METO/a pacyeTa HOBOTO COCTOSIHHSA Uil HETPEPHIBHBIX CH-
cTeM. ODTU MeToAbl pa3nuyarorcs s nepemeHHoro (Variable — step) u s guxkcupoBaHHOrO
(Fixed — step) mrara BpeMeHHM, HO OCHOBAaHBI Ha €IMHOW METOJHMKE — pPEHICHHE OOBIKHOBEHHBIX
muddepeHIManbHBIX YpaBHeHUI(0de).

Hwxe nByx packpsiBatonmxcsi cnuckoB Type HaxoauTcst mojie, Ha3BaHUE KOTOPOTO HM3Me-
HSIETCSI B 3aBUCUMOCTH OT BBIOPAHHOT'O CIIOCO0A M3MEHEHHSI MOJIEIIBHOTO BPEMEHH.

[TapameTpsl ApyTUX BKIAJA0K HUCIIOIB3YETCS MO0 YMOTYAHHIO.

3. TIPOI'PAMMHOE OBECIIEYHEHUE

[Tpu BeIMOMTHEHNM JTAOOpaTOpHON paboThl Hcnob3yercs nporpamma MATLAB Bepcun 6.0
Y BBIIIIE.

4. TIPOTPAMMA JJABOPATOPHOI PABOTEI

4.1 M3y4uth METOABI MOJICTUPOBAHUS ONITUMAJIHHBIX aHAIOTOBBIX (DUIBTPOB B MAKETE MPO-
rpamm MATLAB.

4.2 Nsyuntsb pyskuit MATLAB Simulink g aHanu3a crieKTpa CUTHAJIOB.

4.3 HccrnenoBaTh U3MEHEHHE CIIEKTpA CUTHAJIOB MPHU MX MPOXOXKICHUH Yepe3 aHAJIOTOBBIC

(GUIBTPBHL.

5. KOHTPOJIBHBIE BOITPOCHI

5.1. Breipaxxenue s Beruucienus JIID. YcnoBue HEeHCKaKEHHOTO BOCCTAHOBJICHUSI CUT-
Hazna no ero AIID.

5.2. Beraucnenne ob6parnoro D (OAIID). Beruucnenune OAIID ¢ ucmonb3oBaHuEM
AIID.

5.3. Amnammsarop criektpa o metoay JAII®. Mcnons3oBanue BECOBBIX (HYHKITHIA.

5.4. Kakum o0Opa3oM MpoW3BOAUTCS MACIITAOMPOBAHUE aMIUIMTYJAHOTO CIEKTpa MpU aHa-
mm3e metogoM JI1D.

5.5. Kakum o6pa3om 3amaeTcs nepruoa JUCKpeTu3amuu 0JIoka aHanu3aTopa criekrpa Power
Spectral Density.
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5.6.

5.7.
5.8.
5.9.

6.

Kakne pesynbraThl OoTOOpa)karoTcsi B OKHe aHanm3aropa crektpa Power Spectral
Density.

Kakum o6paszom 3amaercst puibtp barrepBopra B 6;10ke Analog Filter Design.

Kak 3agate nHTEpBaJl BpEMEHU MOACIMPOBaHUs B IporpaMMe Simulink.

Kakue 65oku nporpammbsl Simulink ucnonb3yroTcst i co3aHusi FrapMOHUYECKHX
CUTHAJIOB, CTYTIEHYAThIX BO3CHCTBUM, IPSIMOYTOJIbHBIX U TPEYTOJIBHBIX UMITYJIbCOB.

TIOPSAJIOK BBITIOJTHEHU S TABOPATOPHOM PABOTEI

6.1 Coznats Monenb ¢puiibTpa B nporpamMMe Simulink.
[ToArOTOBUTE W BBECTH B MPOTpaMMy HCXOJHBbIC MaHHBIC puiabTpa (m. 2.2.1) B COOTBET-
CTBHMHM C 3aJJaHHBIM BapHaHTOM (110 HOMEPY KOMIIbIOTEpa): anmpokcumanus — no barrep-
BOPTY; yactota cpesa F.; koo duuuent ycunenns Ko;

Bapuant 1 2 3 4 5 6
F. 100 I'g 200 I' 300 I'n 400 I' 500 I'n 600 I'n
Ko 10 20 30 40 50 60

6.2 IlonaTth Ha BXOA (PMIIBTpa CUTHAI C YHUBEPCAIBHOTO reHeparopa (m. 2.2.3).

6.3 K BpIxo/1aM reHeparopa u GpuibTpa MOAKIIOYUTE aHAIM3aTOPHI criekTpa Power Spectral
Density (m. 2.2.2).

6.4 BBITIOJIHUTD aHAJIN3 U3MEHEHHUS CTIEKTPa CUTHATIOB GUIBLTPOM IS 4 (DOpM CUTHAIIOB:

cunycouaansueiii curran (SIN) ¢ yacroroit Fx=F; (1. 2.2.3);

npsimoyronbHbiil curHan (SQUARE)c wacrotoit Fx=F, (m. 2.2.3);

tpeyronbHbiid curHan (SAWTOOTH) ¢ Fx=F, (m. 2.2.3);

cunycouaansHeiii curHan (SIN) ¢ wacroroit Fx=F, u mrym (RANDOM) B nonoce ua-

ctoT a0 Fur=2-F.. Curnan ¢ mymom mopaercss Ha BXOJ uepe3 cymmarop Sum(m.
2.2.4).

6.5 IIpu MozenupoBaHUM ClEAyeT BBIOpATh Cieayolue mapameTpsl B pasziene Simulation
parameters (m. 2.3): nepeMeHHbIN 1mIar o Bpemenu (Variable step); anroputm moaenu-
poBanusi — Domain Prince 45; Bpems moaenupoBanus — Stop time=10 / Fx (10 nepuo-
JIOB BXOJIHOT'O CUTHAJIA).

Jns ananuzatopoB cnekTpa (Power Spectral Density) nomonnuTensHO ykas3aTh napa-
MeTp neproaa auckpernzanuu Sample time=1 / (10-Fx) nepuona BxogHoro curHana (.
2.2.2).
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