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1. HEJIb PABOTBI

1.1. m3yunts  ocobennoctu  cuHTe3a  BUX-pmmbTpoB  MeTogoM — OWIMHEHHOTO
npeoOpa3zoBanus B nakere nporpamm MATLAB;

1.2. cunTte3 mudpororo GuiIbTpa METOIOM OUITMHEHHOTO TIPEOOpaA30BAHUS;

1.3. uccnenoBaHue XapakKTePUCTUK CUHTE3UPOBAHHOTO ITU(GPOBOTo GUIbTpa.

2. KPATKME ITOSICHEHUS K TIABOPATOPHOU PABOTE

2.1. MeToa OunHeiiHOT0 peodpa3oBaHus

MeTton OunuHeitHOro Mpeodpa3oBaHNs OTHOCUTCS K aHAJMTHYECKMM MeT0JaM pacueTa.

ITo merony 6unuHelHOTO NpeodpazoBaHus cuHTe3upyemomy LD cTaBuUTCS B COOTBETCTBUE
HEKOTOPBI aHajoroBeiid GuisTp-niporoTrn (APII ) ¢ nepenarounoii pynkuueit H(s) n gacToTHOU
xapakrepuctukoir H(j-(2), oqHO3HAUHO CBA3aHHBIMU C nepeaatouHoi pynkuuenr H(z) u yactoTHOM
xapakrepuctukoit H(j-o) L®:

ADIT Ao ADIT 1
s=f(z) Q=f(w)
H(S) z=f"1 (s) H(Z) H(J ’ Q) w=f"! Q) H(J ’ (D)
%

CBs13b 5Ta onpesenseTcs: npsmMoit s=f(z) u 06patHoit z=f(s) mpeobpasyomuMI QyHKIHIME
Y COOTBETCTBYIOIIUMHU UM TIpHU S=j-Q U 7=¢ T peo0pa30BaHUIMHU YaCTOT

Q=f(»), ®=f"(Q) aHanoroBoro 1 HHUPPOBOro GUIHTPOB.

C momomipio 3TUX TNpeoOpazoBaHuil ompeaensioTcss TpeboBanus Kk A®PII, mo KoTOpbIM
XOpOIIO pa3pa0OTaHHBIMH METOJAMHU CHHTE3UpyeTcsi ero mnepemarouHas ¢Gyskmus H(s),
npeobpa3yemas 3aTeM B UCKOMYIO nepenaTounyio ¢pynkuuto L{D H(z).

bununeiinoe npeoOpa3oBaHue, KOTOPOE ONPEAEIAETCS CIEIYIOIUM 00pa3oM:

s=f(z)=2/T)[(1-z"")/(1+z "] (1)
Mo3KHO Tak)ke HAUTH 00paTHOE COOTHOIIICHUE
z'=[(2-s-T)/(2+s-T)] )

W3 cBOMCTB mporneaypsl Nepexoja Ha OCHOBE OMJIMHEHHOro npeoOpa3oBaHUs CIEAYET, UYTO
MHHUMast OCb S-IUIOCKOCTH OTOOpakaeTcsl B €MHUYHYIO OKPY>KHOCTh B Z-IUIOCKOCTH (T11e |z|=1)

Im[s] Jm([z]

% 'i:t- ;

Re[z]

Puc. 2. CpoticTBa niporieIypsl Iepexo/ia Ha OCHOBE OWIIMHEHHOTO MpeoOpa3oBaHMs

bunmneiiHoe npeoOpa3oBaHue — OHO3HAYHAS (PYHKIHUSA. DTO O3HAYAET, YTO KaXKIOW TOUKE B
Z-TIJIOCKOCTH COOTBETCTBYET TOYHO OJIHA TOYKA B S-IJIOCKOCTH M HaobopoT. M3 sToro cBoiicTBa
OJIHO3HAYHOCTH CJIEAYET, YTO OTCYTCTBYeT 3((eKT HATO0KeHUS] CIeKTPOB IpU OUIMHEHHON
nporeype OTOOpaxeHusl.

MeTtoauka pacdera MUGPOBBIX QHIETPOB HA OCHOBE METOa OUIMHEHHOTO MTPeoOpa30BaHUS
BKJIIOYAET B ce0sl HaXOXKJCHHUE MOIXoAsMIel nepenaTounoil gynkuuu H(s) ananorooro ¢puibTpa u
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MpUMEHEHHE K Hel OWIMHEHHOTro mpeoOpa3oBaHMs I MONMyYeHUs nepenatoynoil ¢pukuuu H(z)
TpeOyemoro uudpoBoro GuabTpa

H(z) = H(s) |s:(2/T)(l—z'1 V(1427 ©)

[Tpu 3ToM npeoOpazoBaHNH OyAyT COXPAHATHCA M YaCTOTHBIE XapaKTEPUCTHKH, M CBOWCTBA
YCTOWYMBOCTU aHANOroBoro ¢uiabTpa. OQHAKO 3TO HE O3HAYAET, YTO YACTOTHBIE XapaKTEPUCTUKU
aHaJIOroBOTO M LU(POBOro GUiIbTpa UACHTUYHBI, OIMHAKOBA TOJIBKO UX «(popmay. Hampumep, ecnu
aMIUIUTYIHO-4YaCTOTHAs XapaKTePUCTHKA aHAJIOTOBOT0 (PUIBTpa MOHOTOHHO cniagaet mpu 0 <Q< oo,
TO COOTBETCTBYIOUIMI HU(pOBOH (HUIBTP, MOTYUYEHHBIH C MOMOIIBIO cooTHouieHus (3), Oyaer
obmanate MoHOTOHHO criafaromeil AUX npu 0 <w< oo,. To ecTh, ecmn AUX ananoroBoro GpuiabTpa
nmeer k moavemMoB u cmanoB mpu 0 << oo, TO U aMIUIUTYJHO-YAaCTOTHAs XapaKTepUCTUKA
COOTBETCTBYIOIIETro IuppoBoro ¢puiabTpa OyaeT obaagate k mogpemMamMu U CriaiaMu.

B pesynpraTe mepexoma kK HOpMHUpOBaHHBIM udacTtoTaM [[® uyactoTHBIE mMpeoOpa3oBaHUs
MIPUHUMAIOT BH]T

1 s o
-1 0" Q)

2 o-T
Q=—-tg(—— 4
T g( 5 ) 4
Xapakrtep aedhopmalii 9acToT Ipu OUITMHEHHOM ITpeoOpa30BaHUU MTOKa3aH Ha puc. 3.
A A
P
H(jA)

Q

Puc. 3. IlpeobpazoBanue AUX ananorooro ®HY B AUX uupposoro ®HY

Jnst  obecniedeHus paBeHCTBA . =1pag/c HeoOXoaumo AehOopMHPOBATH YaCTOTY

a”anorosoro ®HY — npororuna: Q_ = % . tg(g) .

bununeliHoe mpeoOpa3oBaHue oOOecCIeYMBACT MPOCTYIO MpPOIEIypy Iepexona OT
aHAJIOTOBBIX K IM(POBEIM (GWIBTpaM H COXPAHSET BUJA YACTOTHBIX XapaKTEPUCTHK MpHU
npeoOpa3oBaHUU. DTO O03HAYAeT, YTO IIUPOKOMOJOCHBIE aHAJIOTOBble (GUIBTPBI C KPYTOH
MEPEXOTHON 00JaCThI0 OTOOPaKAIOTCS B IIUPOKOMOJOCHBIE IU(poBble PUILTPhl 0e3 IpdekTa
HAJIO3KeHHsI. B 9TOM 3aKilto4yaercsi OCHOBHOE IMPEHMYIIECTBO ITOrO METOAA IO CPABHEHHUIO C
METOJIOM WHBAapUAHTHOCTH WMIIYJbCHOW  XapakTepucTuku. HegocraTkom — OMIMHEHHOTO
peoOpa3oBaHus SBISETCSA TO, YTO HEIMHEWHOCTh COOTHOIICHUS MEXAY HU(GPOBON 4acTOTOH M U
AQHAJIOTOBOM YacTOTOM (2 MPHUBOJUT K HMCKAKEHHI0 YACTOTHBIX XAPAKTEPHUCTHK aHAJIOTOBBIX
¢wieTpoB. Kpome Toro, mpu dSTOM TpeoOpa3oBaHUM He COXPaHSieTCsl HMIYJIbCHasl
XapaKTepPUCTHKA.

2.2. llopsinok cunTe3a PP mo aHa10roBoMy npoToTHILY
Bo3MoxkHbI 1Ba MeTo1a poekTupoBanus [P 1o aHamoroBomy npoTOTHITY.
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B mepBom wmetone pacuer ananoroBoro ¢uibrpa-nporotuna (A®II) HaumHaeTcs ¢
HAXO0XJIEHHUS COOTBETCTBYIOILEIO aHAIOroBOro (unprpa-nmpororuna Hu3kux yactor (ADPIIHY). B
JaJIbHENIIIEM UCIIOJIb3YETCS OAXOAIIEE AHATOr0BOEe YaCTOTHOE NMpeodpa3oBaHme i 1€peBoia
3TOr0 MPOTOTHMA HU3KUX YacToT B TpeOyembii A®II. Hakonen, Ha ocHOBe mpoueRypbl
0TOOpa’KeHHs] STOT AHAIOTOBBIK (MIBTP TMpeoOpaszyeTcs B kernaeMblid mudposoit BUX-punbtp
(punpTp ¢ OECKOHEYHOH  MMIYJBCHOM  XapaKTEPUCTHKOW), KOTOPBIH  YAOBJIETBOPSET
IpeIbsBIeHHBIM TpeOoBaHUsAM. [10IHOCTBIO 3T Mpolieypa pacyeTa [oKa3aHa Ha puc. 3.a.

Meton OujauHeiiHOro mnpeodpa3oBaHus (M3-32 HEJIMHEHHOTO COOTHOUICHHS] MEXIY
uu(poBON YaCTOTOM ® MU aHAJOTOBOM 4YacTOTOM ()) JAaeT XOpOIIME Pe3yJbTaThl TOJIBKO IJIA TEX
YAaCTOTHBIX XapaKTEPUCTHK aHAJIOrOBOIO (PUIIbTPA, KOTOPHIE NPEICTABISAIOT COOOW CTyNeHYarTo-
oOpa3nyro (QpyHKIHIO. ITO O3HAYAET, YTO Mpoleaypa oTrodpaxenus (puc. 3.a) He obecrieunBaeT
XOPOIIMX METOAOB pacyeTa (UIbTPOB BEPXHHUX YaCTOT, 3arpa)<IaloLIMX W HEKOTOPbIX THUIIOB
MIOJIOCOBBIX (PUIIBTPOB.

Pacuer HopMHUpOBaHHOTO
aHaJIoroBOro (hUIBTpa
HHU3KUX 9acTOT (C 4acTo-
toit Q=1 pan/c), ynosie-
TBOPSIIOIIETO 331aHHBIM
TEXHHYECKUM TpeOoBa-
HUAM.

Pacuer HopMHUpOBaHHOTO
aHaJIoroBOro (hUIIBTPa
HHU3KUX 9acTOT (C 4acTo-
toit Q=1 pan/c), ynosie-
TBOPSIOIIETO 331aHHBIM
TEXHHYECKUM TpeOoBa-
HUAM.

A®ITHY

A®ITHY

AHajIoroBoe 4acToTHOE
npeoOpazoBaHue IS TIe-
pesoga ADITHY B coot-
BETCTBYIOIIUM aHAIOTO-
BB (PUIBTP-IPOTOTUI
(ADID).

BununeitHoe npeobpazo-
Banne ADITHY B mudpo-
BOW (DUIIBTP-TIPOTOTHT
H3KuX gactoT (LIPITHY).

ADII

LIOITHY

Bununeitnoe mpeobpazo-
Banue A®II B rudposoii
(GbUIBTp, YAOBIETBOPSIIO-
HIMH TPETBABICHHBIM TPE-

Ludposoe yacToTHOE Mpe-
obpaszosanue [[OITHY B
D, ynosneTBopstomMii
NpeabBICHHBIM TpeOOBa-

OOBaHUAM.
v o
a)

HUAM.
v
6)

Puc. 3. IIpouenypsl pacuera mudpoBbIX GUILTPOB

JUisi CKITIOUEHUS] 3TUX HEIOCTAaTKOB MCIOJB3YETCsl APYTod MOAXOA K pacueTy HU(pPOBBIX
BUX-dpunstpos. Takoit cnoco6 nzobpaxken Ha puc. 3.6. B aTom ciiyuae nmpoueaypa oToopakeHus
BCErJla MMEET JIeJI0 C HOPMUPOBAHHBIM HHU(POBBIM MPOTOTUIIOM HHU3KUX 4acTOT. JlaHHBIA TOIXO01
COCTOMT B HAXOXJIEHUHU MOAXOJSAIIET0 HOPMUPOBAHHOTO aHAJIOTOBOTO (MIbTPA-IPOTOTUIIA HUZKHUX
4acTOT. AHAJOTOBBIM MPOTOTUN OTOOpaxkaercs B LU(POBOM (PUIABTP-MPOTOTUN HU3KUX YaCTOT
(IHPITHY). Hakoner, ucnosib3yercss u(ppoBOe YACTOTHOEe TMpeodpa3oBaHMe /I MEepexoa OT
u(POBOro MPOTOTUNA HU3KHX YAaCTOT K OKOHYATEIHHOMY BapHaHTY, T.. HUPPOBOMY (QHIBTPY C



NoAXOJAIINMHA  XapaKTCPUCTHUKAMHU B IIOJIOCE TIPONYCKAHUA W II0JIOCEC 3aJACpKMBAHUA U
YAOBJICTBOPAOUICMY MPEABbABICHHBIM TpC6OBaHI/I$IM.

2.3. Cunre3 anajoroporo ®HY-npororuna (APITHY)

Cunre3 A®ITHY BritouaeT BBIOOp anmpoKCUMUpYIOIEH (QyHKIUHU, ONpPEIeICHUE MOopsIKa
¢bunpTpa m, 3HA4YEHUH HyJIEH So; M IOJIOCOB Sp M IEpefaTOYHOM (YHKLUUH IO 3aJaHHBIM
TpaHUYHBIM YacToTaM .= 1, ; 1 J0omycKamM Ha MOTPEIIHOCTH anpoKCcUuManu 01, 0z ( Ap, As ).

Hynu u nmomoca cunresnposanHoro AGIIHY nmonHOCThIO ONpEAensoT ero nepeaaTouyHyro
¢ynxmmto H(s):

ml
[T(s=s0i)

H(s)=C-E—— (5)
H(S_Spi)

i=1

rae C — HOpMHUPYIOIIMI MHOXKHUTENb; M| — YUCJIO KOHEYHBIX HyJeH (m; < m).

Cnenyer ormetutb, uto nomtoca APITHY sBastoTCs BEUIECTBEHHBIMU WJIM KOMILIEKCHO-
COMPSKEHHBIMU YHCJIaMU (CO 3HAKOM MHUHYC TE€pe]] PeaJbHOW YacThlO), @ KOHEUHbIE HYJIU YUCTO
MHHUMBIMH.

Cunre3 A®ITHY 3akmnrodaercs B allpOKCHUMALMK €r0 3aJaHHOW maeanusupoBaHHoW UX ¢
MOMOIIBI0 COOTBETCTBYIOMIMX anmpoKcuMUpyromux ¢yHkiuil. TunuyHbsie rpaduky 4acTOTHBIX
xapakTepucTuk HopManuzoBaHHoro ADIIHY ¢ monmHOMHMaNbHONW M APOOHON aNMPOKCUMALIUSIMHU
MIPUBEJICHBI Ha puc. 4.

JIJi1 4aCTOTHBIX XapaKTEPUCTUK C PAaBHOBOJHOBBIMHU IMyJIbCAllMSIMM Ha rpadukax yKa3aHbl
COOTBETCTBYIOIIUE UM YaCTOTBI HYJIEH U IIOTIOCOB €2y, C20; [1D.

®uabTp barrepBopra.

Anmnpokcumanus APITHY BbarrepBopra umeeT TONbKO Moiroca U odecrieunBaeT Haubosee
rnaakyro AYX.

[Mopsimox ¢unbTpa barTepBopra ompenensercs Mo 3agaHHOMY ocialieHuio As Ha
HEKOTOpoM yactote (3.

2
n = &A; =) 6)
2-1g(2,)

®uabTp Yedbimena 1.

Anmpokcumanusg APIIHY Yebobimea 1 Takke MMEET TOJBKO MOJKOCAa M 00€CIEYUBAECT
HauOosiee OBICTPBIM Hepexoa U3 MOJOCHl MPOIMYCKaHWs K TOJO0CEe 3arpa)<I€HUs MpH 3aJaHHbIX
HCKaKEHUSX B M0JIOCE MPOITY CKaHMUSL.

ITopsnox ¢unprpa YeObimeBa 1 omnpenensercs mo 3aJaHHOMY oOclabieHH0o Az Ha
HEKOTOpoOi yacToTe (23 ¥ MyJIbCAllUU B MIOJIOCE MPOIYCKAHUS €.

_ lg(gtyg? D)

1g(Q, +yQ2-1)

(7)
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Puc. 4. I'paduky 4aCTOTHBIX XapaKTepUCTUK HopManu3oBaHHoro A@ITHY,
COOTBETCTBYIOIIUE PA3IMYHBIM AMIIPOKCUMHUPYIOIUM (YHKLIUAM

®OuabTp YebObimeBa 2 (MHBEPCHBII).
Anmnpokcumanus ADIIHY YeOrsieBa 2 (MHBEpCHAs) UMEET HE TOJIBKO MOJIOCA, HO U HYJH
u obOecrieyrBaeT Hanboee OBICTPHII Mepexo/] U3 MOJIOCH MPOMYCKAHUS K MOJIOCE 3arpa)IeHUs MPH
3aJIaHHBIX UCKAXXEHMSIX B MIOJIOCE 3arpaskICHUSI.
[Topsimox ¢unbTpa YeOblmeBa 2 Takke ONpeAeNseTcs MO 3aJaHHOMY OCialieHu0 Az Ha
HEKOTOpOii yacTote (23 ¥ MyJIbCALUU B MOJIOCE MPOMYCKaHUs (BbIpaKeHUE 7).

2.4. Ilepexon ot A®ITHY k P 3axanHOro Tuna
AHanoroBeiii GuibTp-miporoTunt HU3KkUX dacToT (ADIIHY) npeobpasyercs k Tpedyemomy
a”anoroBomy ¢mibTpy-nporotuny (ADII) ¢ moMoIbIo ClIeAYIOUINX YaCTOTHBIX TPeoOpa3oBaHuil:

A®ITHY-APHY: s — Qi (puIbTp HU3KUX YACTOT);

u

Q
A®ITHY-APBY: s — — (PuabTp BBICOKHX YACTOT);
s

2400

AQIMHY-ATI®: s > — "Y1 (on0c0B0it Puabip);
S(Qu - Ql)
s(€2y -Q))
2 +0,0

), — BepXHsis yacToTa cpesa, (2] — HIKHSS 9acToTa cpesa.

[Tonmyuennsiii A®II npeobpasyercss B Tpebyemblii LD ¢ mnomompio OuiIMHEHHOTO
npeobpazoBanus (1, 3).

ADPITHY-APD: s —»> (pexeKTOpHBIN QUILTP).



A®ITHY moxet 6bITh peodpazoBad B LIOITHY nmyrem OmnmnueitHoro nmpeodpaszoBanust (1,
3). [lanee BBINOJHSAIOTCS YaCTOTHBIE MTPpeoOpa3oBaHus Ui onydeHus Tpedyemoro LID:

| g sin(M-T)
HOMHY-IOHY: 7~ > ———, a= o: fw T
l-a-z sin(=—"-T)
| 7 Tia cos([ oul T)
HOMHY-UPBY: 2 »>-————, a=— o fw ]
l+o-z We T
cos( 5 T)
| Z—Z _[21;(1-1(]_2—1 _I_% COS([O)H;_(Dl]'T)
HOMHY-LIP: z ' + NI <. o= ,
Q.Z_z — 2 O("kJ.Z_l _|_1 COS([wu _0‘)1] T)
k+1 k+1 2
k—ctg(2ezol gy g2 ).
. — i—a] 77! +% COS(Lu ~or, T)
HOMHY-L[PD: z ' +g . ik o= 2 ,
ﬂ.z_z _ 2'70°J.Z_1 +1 COS([CO +(Dl] T)
1+k Lk+1 2

k=t 1) g2

M, — BEPXHSs 4acTOTa cpe3a, M) — HUKHSS YacToTa cpe3a, My — LeHTpaibHas yactora [1d u
P®, o, —yacrora cpeza HPITHY, T — nepuoa nucKpeTU3alum.

2.5. ®ynuknun Simulink aas npoexktupoBanus undposbix bUX—-¢puiabTpoB MeToaoM
OMJIMHEHHOr0 Npeodpa3oBaHus

Pabora B mnporpamme MATLAB ocymecTBiasieTcs € MOMOIIBIO CHUMYJIATOpa paboThI

BUpTyanbHOro npuodopa Simulink. 3amyck makera Simulink MoXHO Tpou3BecTH M3 KOMaHIHOTO

okHa MATLAB, HaxaB neHTarpammy B MaHEIW UHCTPYMEHTOB U OTKPBIB HOBYIO MOJEINb

(mukTOTpaMmMa ).

[Ipu 3amycke Simulink oTkpriBatoTCs ABa okHa: mycroe okHO untitled (okHO 1u1st co3nanus
O6nmok—auarpaMmel Mojzenu) W okHo Library Simulink (6u0nmoreka) ¢ mepedyHeM OCHOBHBIX
pa3nesoB OMOIMOTEKH.

B otkpeiBieecss okHo untitled Heo6xonnMo n006aBUTH OJOKH, MOJEIUpPYIOLIME PAabOTY
HCTOYHUKOB CUTHAJIOB, U3MEPUTENIbHBIX TPUOOPOB U AHAJIOTOBBIX CHCTEM.

Jlis M3MEHEHusT mapaMeTpoB O0JIOKOB HEOOXOJMMO BBIMOJHUTH JBOMHOM IIETYOK Ha
nuKkrorpammy Osoka. Ilpu 3TOM JOMKHO OTKPBITBCS OKHO HacTpoiiku mnapameTpoB Block
Parameters.

2.5.1. Co3nanue monean puiabTpa
Jus  monenupoBanus pabotel mudpoBoro dumbtpa (LIP) cocTaBuM  ClemyIONIYIO
CTPYKTYpPHYIO cXeMy (MOJEIb), puc. 5.

FrATaol

T e

Signal Fero-Order zain
Generator Hald Crigital
Filter Design Seope

Puc. 5. CtpykrypHas cxema Juis MOJAeIupoBaHust paboThl tuppoBoro GpuibTpa
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Mopnens mudpoBoro ¢puiabTpa co3gaercs ¢ nomompto 601oka Digital Filter Design, puc. 6
(DSP Blockset/Filtering/Filter Design/ Digital Filter Design).

+ E Communications Blockset || [t _ _
W Control System Toolbos | Analog Fiter Desian
= El D3P Blockset FOATol
#3| DSP Sinks W ‘Digital Filter Design
#3| DSP Sources :
IR GF2T
+-- 23| Estimation ‘E’ Digital Filter
= 2] Filtering
E Adaptive Filters Filter R ealization Wizard

# Filter Designs
] Mulkirate Fikers
+-- 3| Math Functions

¥ y Platform Specific I/
# Quantizers - Owerlap-Sawve FFT Filter

Duetiap Owerlap-Add FFT Filter

2. Fed Sianal Mananement

Puc. 6. Pacnonoxenue 61oka Digital Filter Design

Ncxonnwie mannbie 1[® 3amarorcs B Onmoke mapametpoB ¢mibrpa Block Parameteters:
Digital Filter Design (puc. 7).

J Block Parameters: Digital Filter Design = |
File Edit Analysis Targets ‘Window Help
s EHER |-« |22 0 &R RIS RD £ [T~ B bd k| W7
D&
— Current Filker |nfamaation — Magnitude Fesponze
Magnitude Response in dB
o T T T T T T
Structure: Direct form || transpozed
R i HEE H S s e S
Order: 8 % H |
Sections: 1 % 4 : - : - - - -
Sble:  Yes B oo [N ]
Source:  Designed = H | H 1 H | | | |
6T I I I I I I
1] 0s 1 12 1.4 16 1.8
Freguency (kHz)
—Filter Topee — FilkerOpder—— Frequency Specifications — Magnitude Specifications
Filter T Filker Oird F Specificat M agnitude S pecificat
" Lowpass € Specify order: [ Units: IHz 'I riits: IdB 'I
" Highpass N I—
& Bandpass * Minimum arder Fs: 4000
" Bandstop — Options Fstapl:  [&n dstapl: g
| Differentiatar A . . I—
— Desian Method There are no optional parameters FpassT: 100 Apass. 1
BB | |i— Design Method —— | s design method. _ _
—ill &g lm Fpass2: 120 Aztop: |gg
—% Fstop2:
@ " FIR IEquirippIe 'l g 180
“tﬁ [esign Filter |

Puc. 7. bnok napamerpoB Digital Filter Design

B 650kxe napameTpoB 1M(ppoBoro GpuiIbTpa 3JI€MEHThl HACTPOUKU COOpaHbl B 6 IpyIIIL:

e Current Filter Information — oroOpaxaercs kparkas wuHpopManUs O
cuHTe3upyemMoMm 1mudpoBoMm ¢mibtpe (mopsimok — Order, yCTOWYHMBOCTE —
Stable/Unstable, konudectBo 6510k0B — Sections, Tun cTpykrypsl ¢punbtpa — Filter
structure);

e Filter Type —3agaetcs Tun ¢punbTpa:
e Lowpass — ®HY;



Highpass — ®BY;
Bandpass — nonocosoii ¢puisTp [1D;
Bandstop — pexxekTopHblil puinbTp PO;
Differentiator — nuddepenunaTopsr;
a TaKk)Ke Ipyrue THUIbI (PUIbTPOB;
e Design Method — 3agaeTcsa Bu annmpoKCHUMAaIUN:
e IIR — BUX-punbTpsr:
e Butterworth — ¢puisTp barrepBopTa;
e Chebyshev Type I — ¢punstp Yebsiiena 1 pona;
e Chebyshev Type II — punbTp Yebblmena 2 poaa;
Elliptic — ¢punbtp snmmuntuyeckuii (3onorapesa-Kayaspa);
¢ FIR — KUX-unbTpsl (ONucaHue pexUMOB pacdeTra MPUBEICHO B METOIMUYECKUX
yKa3aHUsIX K jaboparopHoii pabore Ne7 «lIpoextupoBanue mudpooro KNX-
¢unbTpa B makete nporpamm MATLABY):
e Filter Order — 3anmaerca nopsuok ¢uiasTpa-npororuna (Specify order) wmm
BBICTABISIETCS  (DIKOK pacdyera MHHHMAIBHOTO TOpPSAIKa (HIBTPA-MPOTOTHIIA
(Minimum order);

e Frequency Specifications — 3amarorcs yacToTHbIE mapaMeTpel  (UIBTPa
(KOIMMYeCTBO MapaMeTpOB MOXKET U3MEHSATHCS B 3aBUCHMOCTH OT BBIOPAHHOTO THIIA
¢buibTpa):

e Units — egununsl usmepenust yactorel (Hz — I'm, Normalized (0 to 1) —
HOPMaJIM30BaHHBIN QUIBTP (B OTHOCUTENIBHBIX €IMHHIIAX )}

e Fs—uacrora qUCKpeTHU3AIINH;

o Fstopl — HKHAS YacTOTa MOJOCHI 3arpa)kAeHUs (Ha KOTOpPOil oOecrieunBaeTcs
3aryxanue Astopl, nb);

e Fpassl — HIDKHsS 9acTOTa IMOJIOCH TIPOITYCKaHMs (Ha KOTOPOM oOecreunBaeTcs
3aryxaHue Apass, 1b);

o Fpass2 — BepXHsa 4acTOTa MOJIOCHI IPOMyCKaHUs (HA KOTOPOH oOecrieunBaeTcs
3aTyxaHue Apass, 1b);

e Fstop2 — BepxHss 4acTOTa IMOJOCH 3arpakaAeHHs (Ha KOTOPOM oOecreunBaeTcs
3atyxaHue Astop2, 1b);

e Magnitude Specifications — 3amarorcst koappurreHTsI 3aTyxanus GUILTPa:

e Units — equannel m3mepenns kodd¢unuenrta 3atyxanus (dB — nb, Squared —
OTHOCHUTEJIbHBIE €TUHUIIbI);

e Apass, Epass — ko3 duiineHTsI 3aTyXaHus B MOJIOCE MPOIMTYCKAHUS;

e Astop, Estop — kordduiiueHTs! 3aTyXaHus B MOJIOCE 3arpaskIcHUsL.

Jlns  ynpaBieHUs TapamMeTpamMM OTOOpakeHUsl pe3ysibTaToB pacueTa, IpaduKoB U

BBIMIOJIHEHMSI HaJl HUMM pa3iuyuHbIX AeiicTBuil 6ok mapamerpoB Digital Filter Design nmeer
NaHeslb HHCTPYMEHTOB, COJIEPIKAIIly 0 MUKTOTPaMMBbI CO CIEAYIOIUMHU Ha3HAYCHUAMU:

CO3/1aTh HOBBIN OJIOK HAacCTpoiikK napameTpoB LD;
OTKPBITh OJIOK HACTPOUKH mapameTpoB L[D;

COXpaHUTh HACTPOUWKHU OyioKa mapameTpoB L[D;

neyaTb COACPKUMOI'0 OKHaA,

e I O &

OKHO JJId IPEABAPUTEIILHOTO IIPOCMOTpaA MEPET IMM€IATEI0 COACPKUMOI'0 OKHA 3§
10



OTMEHHTH ITOCJIeAHES TCUCTBUE;

BEPHYTbCS Ha IlIar Ha3aj;
YBEJIMUYEHUE COACPKUMOTO OKHA;

YMCHBIICHUC COACPKUMOT'O OKHA,

(F® W 2 5

BbIBOJ B oTAenbHOM okHe Filter Visualization Tool mapameTpoB CUHTE3UPOBAHHOTO
¢dbuneTpa.

Oxno Filter Visualization Tool no3sosisieT Bu3yanbHO NPOCMOTPETh TaKUE IapaMeTphbl
¢dbunpTpa, Kak:

b AUYX punbtpa;

]

OYX ¢Punbrpa;

El

OJTHOBPEMEHHO B 01HOM OKkHe U AUX u ®UX PunbTpa;

MMITYJIbCHAs! XapaKTEePUCTUKA;

=

peakius GuiIbTpa Ha CTyIeHYaToe BO3/eicTBUE (MIEPEeX0JHAs XapaKTepUCTHKA);

=
EEE

KapTHHA HYJIEW U MOIIOCOB (PUIIbTpa HA KOMIUIEKCHON Z-TNIOCKOCTH;

T

3HaueHue KodpduimeHToB mnepeaarouHoit ¢ynkiuuun ¢unbrpa (Numerator —
ko3 unmenTs! uncnutens, Denominator — ko3¢ UIEHTH 3HAMEHATEIS).

2.5.2 baok Gain (ycnjmnreb)

[Tockonbky 6mok Digital Filter Design no3BossieT pacCUUTHIBATH TOIBKO HOPMUPOBAHHBIC
GWIBTPBI, T.. C EOUHUYHBIM YCHWJIEHHEM B TIOJOCE MPOMYCKaHUS, TO Ui TOJXYYCHHUS
KOX(Q(QUIMEHTOB Mepefaud, ONIMYAIIUXCA OT E€IUHULBL, HEOOXOAUMO HCIHOJIb30BATh
JOTIOTHUTENBHBIN 050K yeunutens Gain (Simulink/ Math/ Gain), puc. 8.

7

= Nghl Sirnulink "~ —
. b itwiize o )
#+| Continuous AMD Bibwize Logical Operatar
# Discontinuities FFFF
2] Discrete [i ii] Cornbinatarial Logic
| Look-Up Tables
# Math Operations 1l Comples to
- Maodel Yerification Ty Magnitude-Angle
- Model-Wide Utilities
T Complex to Reald
] Ports & Subsystems Teiu) armplex o Rieakimag
# Signal Attributes
# Signal Routing - Dot Product
] Sirks ;
| Sources > éGain
# User-Defined Functions

+- Wl Aerospace Blockset
+- Nl COMA Reference Blockset

+- W Communications Blockset e Magnitude-Angle to
W Control System Toolbox . Cornples

AND Logical Operator

Puc. 8. Pactionoxeunne 0ioxa Gain

Koadduuument ycunenust 3amaercs B OkHe HacTpoiiku mapamerpoB Block Parameters:
Gain (puc. 9).

11



Block Parameters: Gain 3¢
[Fain

Element-wize gain [w = K.*u] or matrix gain [y = K or p = u'k).

Parameters

[Fair;

10

Multiplicatian: |Element-wise[K.“u] ﬂ
| Show additional parameters -

k. | Cancel Help |

Puc. 9. OxHo HacTpoliku mapameTpoB Osioka Gain

2.5.3 buok Signal Generator (yHMBepcaJbHbII TeHEPATOP CUTHAJIOB)
Jns Toro, 4troObl MOAAaTh HA BXOA (HUIBTpAa CHUTHAN, HCHOJb3YIOTCS YHHUBEPCAIbHBIN
reneparop curHaioB Signal Generator (Simulink/ Sources/Signal Generator), puc. 10.

= W simulink all = A
y Conbinuous
(1 Inl
# Discontinuities
#| Discrete

Pulze Generator

2 Look-Up Tables
2| Math Operations

P Madel Verification _/ Ramp
oooo

#| Model-wide Lklities

2+ Parts & Subsystems

23| Signal Attributes

y Signal Rouking

] Sirks

2| Sources

2+ User-Defined Functions
+- N Aerospace Blockset
+- i COMA Reference Blackset E st Signal Builder
+- B Communications Blockset

W Cantral System Toolbo:

+- Nl D3P Blockset

A
W
+- i Dials & Gauges Blockset Step

Randarm Murmber

Repeating Sequence

[ls) Signal Generatar

Sine Wave

+.- 1| Embedded Target For Makarala MPCS
+-- W Embedded Target For TI CA000 DSP
+- Nl Fixed-Point Blockset

Puc. 10. Pacnionoxenue 610ka Signal Generator

[Jriform R andom Mumber

B oxue Hactpoiiku (puc. 11) 6;oka Signal Generator 3a1ar0Tcst CIeAyIONIUE TAPAMETPHI:
e Wave form — ¢opma curnana:

sine— CHHYCOMJaJIbHBIN CUTHAIT,

square — IpsIMOYTOJIbHBIN CUTHAJI,

saw tooth — muooOpa3HbIi CUTHAT,

random — ciy4aliHbIN cUrHAT (1IyMm);

e Amplitude u Frequency — ammiuTy1a ¥ 4acToTa CUTHaNA;

e Units — eqununa uzmepenus yactotsl (Hertz — ['epuisl unu rad/sec — pan/cex).

12



Block Parameters: Signal Generator
Signal Generator

Cutput vanious wave forms,

Parameters

Wwiave form; | square

Amplitude;  [FNE
square

10 gawtooth

randarm

Frequency:

100

Uriits; | Hertz

[v Interpret vector parameters az 1-D

] | Cancel |

Help

<]

Puc. 11. OxHo HacTpoiiku napamerpos 6soka Signal Generator

2.5.4 baok Zero-Order Hold (ycTpoiicTBO BbIOOpKH-XpaHeHus, Y BX)

UtoO6s1 Ha Bxoa L{® monmate mudpoBoit curnai, ucnonb3dyercs YBX, koTopoe nmpeodbpasyet
AHAJIOTOBBINM CUTHAJ ¢ BbIXoAa reHeparopa (Signal Generator) B AMCKpETHBIE OTCUETHI CUTHANA. B
kadectBe YBX wncnonsiyercs 050k Zero-Order Hold (Simulink/ Discrete/ Zero-Order Hold),

puc. 12.
= Wl Sirnwlink. ~
# Continuous
m Discontinuities
m Discrete
% Look-Up Tables
#] Math Operations
#1| Model Verification
21| Model-wide Utilities
# Parts & Subsystems
# signal Atkributes
m Signal Routing
2 Sinks
g Sources
% User-Defined Functions
+- W Aerospace Blockset
+- Tl COMA Reference Blocksst
+- T Communications Elockset
W Contral System Toolbo
+/- W DSP Blockset
+/- W] Dials & Gauges Blockset
+- W Embedded Target For Mokorala MPCS
+- W] Ermbedded Target For TI CE000 DSP

+|- Wl Fixed-Point Blockset
L e ey |

z+0.5

(z1)
=z0 5)

Digcrete Transfer Fon

Digcrete Zero-Pale

Digcrete Filker

Digcrete State-Space

Digcrete-Time Intearatar

Firgt-Order Hald

b ernnm
Drrag this icon into a model

it D elay

Zera-Order Hald

Puc 12. Pacnonoxenue 0oka Zero-Order Hold

B oxne HacTpoiiku 6110ka Zero-Order Hold 3anaetcs nepuon auckpernsanuu Sample time

(puc. 13).
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Block Parameters: Zero-Order Hold =
Zero-Order Hold
Zera-order hold.

Parameters
S ample time [-1 for inherited]:

1144000

k. | Cancel Help

Puc 13. Oxno HacTpoiiku napameTpoB Ooka Zero-Order Hold

B npumepe, nokazanHoMm Ha puc. 13, mepuoj JUCKpeTH3aluy ONpeesseTcs o TpedyemMoi
yactote auckperuszanuu, T.€. 4000 I'm. Crnemyer NOMHUTB, YTO YacTOTa AMCKPETHU3ALINH,
BbicTaBiieHHass B Onoke Zero-Order Hold, momkna ObiTh paBHA yacTtoTe AuMcKperuzanuu Fs,
yKa3aHHOU npu pacyete nmudpoBoro Guibtpa (m. 2.5.1).

2.5.5 baok Step
brok Step (Simulink/ Sources/ Step), puc. 14.a, ucnonb3yercst il BOCHPOU3BEIACHUS
CTyNEHYATOr0 BO3/CHCTBHSL.

= El Sirmulink s lLI FIONT W IR SPECE 7.
M Continuous
¥ Discontinuities From File
m Discrete

] Look-Up Tables

%] Math Operations
| Model verification
3] Model-wide Utiities
| Ports & Subsystems
3 signal Attributes

=
| signal Routi Step time:

Graund Block Parameters: Step |

—Step

I
Output & step.

Pulse Generatar

— Parameters

m Sources

] User-Defined Functions
+- W Aerospace Blockset
+- i COMB Reference Blockset
B Communications Blockset Final walue:
B Control System Toolbox L] PEPE il Generator I.I
& D5P Blockset

W Dials & Gauges Blockset ) ; Sample time:
k=l 11
B Embedded Target for Motarola MPCS E 21211 Signal Builder ID

Fiandaom Mumber Iitial value:

|D

Fiepeating Sequence

T

B Embedded Target for TI C6000 DSP
B Fixed-Point Blockset
El Fuzzy Logic Toolbox

Sine Wave

[¥ Interpret vector parameters as 1-D

F-F [ ][

[¥ Enable zero crossing detection

8| MPC Blacks i
+- N NCD Blockset
- I Newral Network Blacksst I M Uniform Randarn Murber || 0K I Cancel | Help | Lpply |
< ? v
a) 0)

Puc. 14. Pacnionoxxenue 6110ka Step (a) 1 OKHO HACTPOWKHU ero napamerpos (0)

IIpy OTKpHITMM OKHA HACTPOWKM MapaMmeTpoB curHaia, puc 14.0, B rpade Step time
3amaeTcs BpeMs Haudana CTylneH4YaToro BosneiictBus, B rpadax Initial value u Final value —
HayvaJbHOE M KOHEYHOE 3HAUYEHUS aMIUTUTYbl CTYIIEHUaTOro Bo3AeicTBus, B rpade Sample time —
MepHOJ, JUCKPETHU3AlMM BBIXOJHOTO CUTHaja (€Clid MEpPUOJl paBeH HYJI0, TO CUTHAJ CUUTAETCA
HENPEPbIBHBIM).

YroObl HAWTH OTKIMK (HUIbTpAa HA E€AMHUYHOE CTYNEHYATOE BO3ACUCTBHE (MePexXOoaHYI0
XapPaKTEPUCTHUKY ), HY’KHO COCTaBUTh CIIEAYIOIIYIO CTPYKTYPHYIO cxemy (puc. 15).

14



FDATaal

| FJ_LLHT—H:l

Step Zero-Order Fain -
Filtar Design Srope

Puc. 15. CtpykTypHas cxema Jjsl OnpeAeseHUs NEPEeX0aHON XapaKTepUCTHKH PUIbTpa

2.5.6 buaok Scope (ocunsuiorpady)
JlJis BU3yaJIbHOTO MPOCMOTPA CUTHAJIOB MCIIONB3YIOT OJIOKH, KOTOpPBIE IPU MOJEIUPOBAHUU
UTPalOT pojb CMOTPOBBIX OKOH; K HMM Tarkke oTHocuTcs 0ok Scope(ocimiorpad) (Simulink
/Sinks/ Scope), puc. 16.
=1 g sirnwlink S
y Continuous
y Discontinuities
y Discrete
# Look-Up Tables

Digplay

Floating Scope

#1| Math Operations Cutt
2| Model verification

# Model-wide Utilities 'S cape
# Parts & Subsystemns

¥ signal Attributes

Stop Simulation
y Signal Routing F

wH O [ Dm

*+| Sinks
# Sources Teminater Drag this ical
¥ User-Defined Functions

+- W Aerospace Blockset untitled. mat| To File

+- T COMA Reference Blocksst

+- W Communications Blackset simout | To'Woarkspace

W& Cortrol System Toolbox
Puc. 16. Pacnionoxxenue 610ka Scope

bnok Scope uMeer oIuMH BXOJ U IO3BOJSET B IpOLECCe MOJEIUPOBaHMUs HaOII0NaTh
MHTEpECYIOUIMe TOib30BaTeNs mpouecchl. OCHOBHBIM HapaMeTpoM ocIuiorpada sBiseTcs
KOJINYECTBO BXOAOB (T.€. KOJIMYECTBO OTOOPAXKAEMBIX CHUTHAJIOB, OJHOBPEMEHHO B OKHE MOXET
oroOpaxkatbes 10 30 curHamoB). B 3aBHCMMOCTH OT KOJIMYECTBA CHUTHAJIOB OCLMILIOrpad MOXET
HUMETh HECKOJIBKO KPAHOB. DKpaH ocluiuiorpada ¢ IByMs BXOJaMM BBIMJISIUT TaK, KaK I1OKa3aHO

Ha puc. 17 (IMKTOrpamMMa BBITISANT TaKk  =°°P¢ ),
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rScnpe E]@ﬁ
SBE LLL ARE B L F

oo 0.02 003 0.04 005 006 ooz 0.03 0.09

Time offset: 0

Puc. 17. Dxpan ocimumnorpada Scope ¢ 1ByMsi BXoJaMu

Haxxatne nukTorpamMmbl
(Scope parameters), puc. 18.

B rpade Number of axes 3amactcs xoimdecTBo BX0ja0B ociuniorpada, Time range —
BEPXHUI Tpeaen BpeMeHH, oToOpaxkaemoro Ha ocu abcumce, Tick labels — otoOpaxkenue oceit
koopaunat (all — Bce ocu, none — HeT ocelt, bottom axis only — ToapKO ropu3zoHTaNIBHAS OCH).
Pexomennyercs HCTIONB30BATD HAaCTPOMKH, BBICTABIECHHBIE 10 YMOJIYaHUIO.

‘Scope” parameters g o .

General | Ciata history | Tip: try right clicking on axes

MPUBOJIUT K TMOSIBJICHUIO OKHA HACTPOMKH MapaMeTpoB Scope

fres

Murmber of azes; | 1 [ floating zcope

Tirme range: | auta

Tick labels: |I:u:|ttn:-n'| avis anly j

i all
Sampling | none

Im bi'ulmln a3 oy

] | Eancel| Help | Apply

Puc. 18. OxHo HacTpoiiku nmapaMmeTpoB OJi0ka Scope

2.6. Pe:xkxnMbl MoieIMpOBaHus cucTeM B nporpamme Simulink (menro Simulation)

He cmotps Ha TO, uTo MeHI0 Simulation (MoaenupoBaHHE) COAECPKUT BCEr0 HECKOJIBKO
koMaH/ (puc. 19), UMEHHO OHU UTPAOT OCHOBHYIO POJIb MPH MPOBENECHUN HCCIEAOBAHUN MOJEIH.
[TocpencTBOM 3TUX KOMaHJ pPa3pabOTUUK IOJy4aeT BO3MOXKHOCTh HE TOJBKO JAMHAMHUYECKU
yIOPaBIsATh CEAHCOM MOJEIMPOBAHMS, HO U M3MEHSATh MHOTME Ba)KHEHIIME MapaMeTpbl MOJEIH,
Takue, HallpuMep, Kak Croco0 M3MEHEHHs MOJEIbHOTO BPEMEHH, aJrOpUTM pacuera U ¢opmar
IIPEICTABIEHMSI PE3YJIHTaTOB MOJAEIUPOBAHMSI.
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W Signal * M=1%

File Edit Wiew | Simulation Format Tools  Help

0= H é Skart Chrl+T J—
Simulation parameters,..  Chr4+E

Mechanical environment., ..

v Mormal
ooC
e Accelerator
Exkernal
Si Qe e
Generator
100%% oded

Puc. 19. Meunro Simulation

PaCCMOTpI/IM nonpo6Hee cpeacrtBa YyIIpaBJICHUST MOJICIIBIO W IIapaMCTpaMH CCaHCa

MOJCIMPOBaHNA,

KOTOpBIE TIPENOCTaBisieT uccienoBaTento okHO Simulation Parameters

(mapametpbl MoJieMpoBaHus), puc. 20. DIeMeHThl yIpaBieHus Ha BKiajgke Solver coOpaHsl B Tpu

TPYIIIIBL.

Simulation time (uHTepBaJ MOJeNUpPOBaHMs) — BBIOOP HHTEpBaIa MOJCIUPOBAHMS
MOCPEJICTBOM YKa3aHUsl HayaslbHOTO (Start time) 1 koHeuHOTrO (Stop time) 3HaYEHUIT MOIETBLHOTO

BpPCMCHU.

Simulation Parameters: Signal

ME X

Solver

Sirnmulation time:
Start tirme: | 0.0 Staop tirme: | 0.1

Salver options

WDrkspaceI.-"El| Diagnnstics| .ﬁ.dvanced| Heal-TimeWDrkshnp|

Type: |Fi:-:ed-step ﬂ | oded [Runge-Futta)

[

Fixed step size: | 1e-4

Output ophions

[

Mode: |Auto -

—

(] | Cancel

Help |

Puc. 20. OKHO yCTaHOBKM ITapaMeTPOB MOJEINPOBAHUS

Solver options (mapameTpsl pacdyeTa) — BBIOOpP METO/A pealin3aiui (pacyeTra) MOICIH.

Output options (mapameTpbl BBIBOAA) — TMapaMeTpbl BBIBOAA BBIXOJHBIX MapaMETPOB
MOJICIIUPYEMO CUCTEMBI (TIPH MOJICTUPOBAHUY C IEPEMEHHBIM IIArOM).

[Ton BEIOOpPOM MeTOMa peanu3alii MOJICITM UMEETCsS B BUIy cienyromee. imest cTpykTypy

UCCIIEyeMOH CHCTEMBbl B BHUJAE OJIOK—IHArpaMMBI,

pa3paboTUMK MOXKET BBIOPATH METON

otoOpakeHHst X0/1a MojearpoBanus. C TOMOIIBIO BYX packiaapiBatommxcs cruckoB Type (Twum)
CUCTEMa MOXKET OBITh PeaTu30BaHa B CICAYIOIMUX GopMax:
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® C JUCKPETHBIMH COCTOSHHUSIMH U JHUCKPETHBIM BpPEMEHEM Iepexoja U3 OJHOr0
COCTOSIHUS B JIPYTOE;

®  C IUCKPETHBIMU COCTOSIHUSIMU M HETIPEPHIBHBIM BPEMEHEM Tepexo/1a;

®  C HEMPEPHIBHBIMU COCTOSIHUSMHU U JTUCKPETHBIM BPEMEHEM MEPEXOJIOB;

®  C HEMPEPHIBHBIMU COCTOSIHUSMHU U HEMPEPHIBHBIM BPEMEHEM MEPEX0/I0B.

[TepBsIii ciucok (cieBa) MO3BOJISIET BEIOPATH CIIOCO0 M3MEHEHHUST MOJICTIHHOTO BPEMEHHU:

e Variable — step (nepemMeHHBII 11aT') — MOJACIIUPOBAHUE C TIEPEMEHHBIM I11ar0OM;

e Fixed — step (dbuKcupoBaHHBIH II1aT) — MOJETUPOBAHNE C (PUKCHPOBAHHBIM IIIarOM.

Bropoii cnircok (cmpaBa) mo3BoJie€T BHIOpaTh METOJ pacuera HOBOTO COCTOSHUSI CHCTEMBI.
[lepBrrii BapuanT (discrete) obecreunBaeT pacdeT AUCKPETHBIX COCTOSIHUN cUCTeMbl. OcTalbHbIC
MyHKTBI CIKCKa 00ecreynBaloT BhIOOp MeTo/a pacueTa HOBOTO COCTOSHHS Ml HEMpPepBIBHBIX
cUCTeM. DTH METOJbI pa3iauyaroTcs A nepemenHoro (Variable — step) u s pukcupoBaHHOTO
(Fixed — step) mara BpeMeHHU, HO OCHOBaHbI Ha €IMHOW METOJIMKE — pelIeHHE OOBIKHOBEHHBIX
middepeHnaIbHbIX ypaBHeHUH(0de).

Huxe nByx packpsiBaromuxcs cnuckoB Type HaxoauTcs mosie, Ha3BaHHE KOTOPOTO
M3MEHSETCS B 3aBUCHMOCTH OT BBIOPAaHHOTO CHOcO0a W3MEHEHHs] MOJIEIBHOTO BpPEMEHHU
(pekoMeHayeTcst OCTaBUTh MapaMeTPhl IO YMOIYAHHUIO).

[TapameTpsl pyTUX BKIAJAO0K TAKKE MOYKHO HCIIOJIB30BATh 110 YMOJTYaHUIO.

3. IPOTPAMMHOE OBECIIEUEHUE

[Tpu BeImoOHEHNU Ta00paTOpHOI paboTh! Hcmonb3yercs nporpamma MATLAB Bepcun 6.0
U BBILIE.

4. IPOTPAMMA JIABOPATOPHOI PABOTBI

4.1 U3yuntb  ocobenHoct  cuHTe3a  bUX-punaptpa  MeromoM — OMIMHEHHOTO
npeoOpa3zoBanus B nakere nporpamm MATLAB.

4.2 Bpmonuuth cuHte3 BbUX-punpTpa, mpoaHaqu3upoBaTh PAclONOKEHHE IOJIIOCOB U
HyJel QuibTpa Ha KOMIUIEKCHOW Z-TUIOCKOCTH, pacCcyUTarh KOA(PPHUIIMESHTHI
nepenatouHoit pyukuuu LD, mpoeputh coorBeTcTBHe AUX 3a1aHHBIM TPEOOBAHUSIM.

4.3 HaiiTu nepexoHy0 XapaKTepUCTHKY (DUIbTpa.

4.4 Haiitu OTKIMKM (UIBTPa Ha TApPMOHUYECKHE CHUTHAJBI B II0JIOCE MPOIYCKaHUS U
I0JI0CE 3a/IeP’KUBAHUS, OLICHUTH U30MpaTeNIbHBIE CBOWCTBA (PHIIBTPA.

5. KOHTPOJIBHBIE BOITPOCBI

5.1. UYro Takoe UMITyJIbCHAs XapaKTepUCTHKA U niepeaaTrouHast Gpyukims L{D?

5.2. Yto takoe nmopsaok 1P u kak ckazpiBaeTCs €ro 3HaYCHUE NpH peanu3anuu GuibTpa’?

5.3. UYro Takoe HyJIHU U MoJitoca nepenatoyHor pynkuuu L{D?

5.4. Kak onpenenuth ycTtoluuBoCcTh LD 110 3HAYEHUSAM €r0 HYJIEH U MOIIOCOB?

5.5. UYro rtakoe OwnuHeiHas mpeoOpasyromas ¢ynkuua? Kak mpeoOpas3yloTcst 4acTOTHI
aHAJIOTOBOTO M MG POBOTO PUIHTPOB MPU OMIIMHEHHOM MTpeoOpa3oBaHUM?

5.6. Kak omnpexpenstoTcst TpeOOBaHHS K aHAJIOrOBOMY (UIBTPY-IPOTOTHIy B METOJE
OWJIMHEHOTO MpeoOpa3oBaHus?

5.7. KakoBbl 0COOEHHOCTH aNMpPOKCUMHUPYIOUINX (YHKLIUH, UCHOIB3YyEMbIX MPU CHHTE3€
[®d? Kak 3aBucuT mopsgok cuHresupyemoro LD or BHaa anmpoOKCHMHPYROUIEH
byHxmn?

5.8. Kakuwe mapamerpsl ¢uiabTpa MO3BOJSIET BHU3yaIbHO mpocMoTpeTrh okHO Filter
Visualization Tool 6;10xa mapamerpoB Digital Filter Design?

5.9. Jlns gero ucnonb3yetcs 610k Gain npu MmoaenupoBanun padotsr [[D?
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5.10. KaxoBo Ha3zHaueHue 0noka Zero-Order Hold npu monenuposanuu padotst L{D?

5.11. Kakum obpazom 3amaetcs nepuoa auckperusauuu 0noka Zero-Order Hold u yemy
OH JIOJIKEH OBITh paBeH?

5.12. Kakue napameTpsl HEOOXOIUMO YCTaHOBHUTb, YTOOBI HA BbIXO/E OsIoKa Step mosy4nTh
HETPEPBIBHOEC/IUCKPETHOE CTYIIEHYaTOE BO3ICHCTBUE?

6. [TIOPAJ1OK BBITIOJIHEHW A IABOPATOPHOI'O 3AJIAHUA

6.1 Cosznare monens ¢puibtpa (m. 2.5.1) B mporpamme Simulink.
[ToaroToBUTH M BBECTH B MPOrpaMMy HMCXOJHbIE AaHHbIE (M. 2.5.1) B COOTBETCTBHHU C
3alaHHbIM BapHaHTOM (110 HOMEpPY KOMIIbIOTEpA), HEOOXOIUMBbIE Uil CHUHTE3a
uupposoro ®HY: annpokcumanus — no Yedbimeny 1 (m. 2.7.2); yactora cpesa F;
koo Punment ycunenus KO; mopsnok ¢punbrpa-npototuna N=2, myibcaliiv B 1MOJIOCE
nponyckanusi — 11b.

Bapuant 1 2 3 4 5 6
F. 100 I'g 200 I'g 300 I'g 400 I'g 500 I'g 600 I'n
KO0 10 20 30 40 50 60

YacToTy qucKpeTH3aly yCTaHOBUTh paBHOU 16 kI,

6.2 IlpowsBectu cuHTe3 QuiIbTpa. IIpocMOTpeTr W NpoaHATM3UPOBATH CIIEIYIONINE
napameTpsl (UIBTPa: PACIOJIOKEHHE TOJIOCOB M HyJNeH (uiabTpa Ha Z-IUIOCKOCTH,
ko3 purmenTs! nepeaaTounon pyukmmu, AUX.

6.3 CpaBHHTbH pe3yJbTaThl pacuera GUIbTpa ¢ MapaMeTpamH, MOJYYCHHBIMH NPH CUHTE3€
anajgornyHoro I[® B mporpamme Mathcad (maGopatopnas pabGora  Ne5
«IIpoexktupoBanue nUGHpPoBOro QGuIbTpa METOAOM OMIMHEWHOrO NpeoOpa3oBaHUS B
nakete nporpamMm Mathcady).

6.4 Ilomars Ha Bxon LI® enunHumyHOe cryrneHuyaToe Bo3aeiicTBUE (M. 2.5.5) ¥ BBIUKUCIUTH
MEPEXO/IHYIO XapaKTEPUCTUKY CUCTEMBI.

CpaBHUTH TOJYYEHHBIE pE3yJbTaThl C JAHHBIMH, T[IOJIyYEHHBIMH TIPH CHHTE3E
a"aiornyHoro [{® B nporpamme Mathcad.

6.5 Ilonate Ha Bxox LI® rapmonuueckuit curnan (m. 2.5.3) ¢ yacroroit Fx paBHol yacrtoTe
cpeza ¢uinbtpa F, m emuamunor ammuutyaou. [loctpouths rpaduku BXOgHOTO U
BBIXOHOTO curHasia. OueHuTh n30upaTesibHble CBOWCTBA (PUIbTpA.

CpaBHUTBH pe3ysbTaThl C JAaHHBIMHU, MOJYYEHHBIMH MpPH MOJEIHUPOBAHUU CUCTEMBI B
nporpamme Mathcad.

6.6 IloBTOPUTH 1.6.5 1JIsI rapMOHMYECKOT0 CUTHaNa ¢ yactotod Fx=2-F..

6.7 IlopToputh myHKTHI 6.1 — 6.6 ans uudpoBoro monocoBoro ¢Gunstpa (I[1D) ¢
annpokcuManueit barrepsopra 2 nopsiaka: LeHTpallbHask YaCTOTa MOJIOCHI MPOITYCKAHUS
F; xoadpduument ycunenus KO, nonoca nponyckanust AF=0.1-F..

Bapuant 1 2 3 4 5 6
F. 100 I'g 200 I'm 300 I'm 400 I'g 500 I'n 600 I'n
KO0 10 20 30 40 50 60

YacTtoTy AMCKpEeTU3aluy yCTaHOBUTH paBHOM 16 kI'1I.

6.8 IlopToputh myHkTbl 6.1 — 6.6 18 nudpoBoro pexekropHoro ¢uiabtpa (PP) c
annpoxkcumManeil batrepBopTa 2 mopsiika: LHEeHTpajdbHas 4acTOTa MOJOCHl 3arpakICHUS

F.; koappumment ycunenus K0, momoca 3arpaxaerns AF=0.1-F.
Bapuant 1 2 3 4 5 6
F. 100 I'n 200 I'o 300 I'g 400 I'g 500 I'g 600 I'n
KO0 10 20 30 40 50 60

YacToTy qucKpeTHU3alyy yCcTaHOBUTh paBHOU 16 kI,
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