JIABOPATOPHAS PABOTA 3

MeTtoab! onpee/ieHus: ANMPOKCUMHUPYIOLIEro CIeKTPa CUrHaja(2 1)

Henn U coaepiKaHue: W3Y4YUTh METOJUKY ONIPEIEIICHUS
anMpOKCUMUPYIOLIETO CHEKTpa CUTHala, MPUOOPECTH HABBIKM MOCTPOECHMS TAKUX
MoJieJIel B cucTeMe KoMnbroTepHoid Marematuku MATLAB.

OpranusannonHasi popma 3aHATHIA: penIeHue MPOoOJIEMHBIX 3a/1a4, pa30op
KOHKPETHBIX CUTyalui

Bonpocel asi  o0cyxaeHuss Ha J1a00paTOPHOM 3aHATHHM: 3a]a4a
OINIPEJENICHNS allPOKCUMHUPYIOLIEro CIEKTPa METOJOM HAaWMEHBIINX KBAaJIpaToB;
IOCTPOEHUE CTPYKTYPHOW CXEMbI BUPTYaJIbHOI'O T'€HEpaTopa CUCTEMbI 0a3MCHBIX

(GyHKUMIA; METOJ paBHBIX IUIOLIA/IEH; OJIOYHO-UMITYJIbCHAS alllIPOKCHUMAITHS.

Teopernyeckoe 060CHOBaHUE

[TycTh HenpepbIBHBIM cUrHa X (t) 3a7aH Ha HEKOTOPOM UHTEPBAJIC H3MECHCHUS
aprymenta [0,T]. BoiOupaercsa HekoTopas cuctema (yHkuuili S = {s;(t)}r_,,
3aJIaHHBIX HA TOM »JK€ HWHTEpBaje W3MEHEHUs aprymMenta. M3 Teopun
aNmpOKCUMAIlMK  HM3BECTHO, YTO CHTHAT MOXET ObITh MPEJCTaBICH Ha

OIpEJEICHHOM UHTEPBAaJIE U3MEHEHHS apryMEHTa 0000LIEHHBIM TOJTMHOMOM

X, = Z X (k) s, (D). (3.1)
k=0

Cucremy ko3¢ ¢uineHToB X (k) 0OBIMHO HA3bIBAIOT AMMPOKCHMHUPYIOIIHM
noyimHOMUATBHBIM criekTpoM (AIIC) curnana x(t).
Memoo naumenbuIUX KEAOPAM 06
3amava onpenecHHsl anmmpOKCUMHUPYIONIETO CIEKTPa METOJI0M HAaUMEHBIIINX
KBaJpaToB  (POPMYIHpPYETCS CICAYIOIHAM O00pa3oM: ONPEACIIUTh CHUCTEMY
BenmunH X (k), munummsupyromyio Hopmy ||S ()] dyskimm ommbku B(t) =
xq(t) — x(t).

B kauecTBe HOpMBI OLIMOKK OYyJ1IEM KCIIOIB30BAThH YCIOBUE



T

%f r(t) % (t)dt = min, (3.2)
0
riae 1(t) — BecoBast (YyHKIIHSL.
Bekrop AIIC X = {X(k)}}_, curnana HaxoauTcs 0o popmyJie:
X=W=1-Q (3.3)

rac 3JICMCHTBI OIICPAINMOHHBIX MATPHUI W nun BCKTOpa Q BBIYUCJIAIOTCA

CJIETYIOITUM 00pa3oM:

Wy = [ r@s s 0,
0

T (3.4)
g = f F(OSi1 (Ox(D)dt,

0
ij=1..,n+1

Anmaparypa W Marepuaiabl. J[ns BBINOJHEHHs J1A0OpAaTOpPHOU pPadOTHI
HE00XO0JMMO UCIIONIB30BaTh CIAEAYIONIEE: allllapaTHOE 00eceYeHre: IEPCOHATbHBIN
xkoMmibroTep MDT750/175930K/ 4 D8192D42133; mynsTumeaua-npoekrop Epson;
MarHMTHO-MapKepHas JOCKa W MporpaMMHOe OO€CleueHue: OINepaluoOHHYIO
cuctemy Windows 7 wu Bbeime; Microsoft Office, cucremy KoOMIbIOTEpHOI
matematuku MATLAB R2011b u Boiie.

VYkazanuss nmo TexHuke Oe3omacHOCTH. CTyACHTHI JIOJKHBI CJIEAOBATH
OOIIETIPUHATON TEXHUKE O€30MacHOCTH [JJIsl MOJb30BaTeslell MepCOHAbHBIX
KOMITbIOTEPOB. He crenyer camocTosTeNbHO MPOU3BOAUTH PEMOHT TEXHUYECKHX
CPEICTB, YCTaHOBKY M yJajJe€HHE NporpamMmHoro ooOecnedyeHus. B ciyuae
oOHapy>KeHHsI HEUCIIPABHOCTEN HEOOXOAUMO COOOIIUTH 00 ATOM aIMHUHUCTPATOPY
KOMITBIOTEPHOTO Kiiacca (00CIyKHBarOIIeMy IEPCOHAITY JIa0OpaTOpUn).

MeToauka U NOPSIIOK BHINOJHEHUSI pa00ThI
Hayuutbcst uCHonb30BaTh METOJ, HAUMEHBIIMX KBaJIpaTOB, BBIMOJHUB

IPUBCACHHBLIC IIPHUMCPHI.



Ipumep 3.1.HeoO6xoaumo anmpoKCHUMHUPOBATh METOJOM HAMMEHbBIIUX
kBajgpatoB curHanx(t) = cosmt? na untepsane[0,1]. B kauecTBe Ga3HCHBIX
(GYHKIMI B34Th CTENIEHHbIE (PYHKIIMH S5-TO MOPSIIKA.

CTpyKTypHBIE CXeMbI ompezenenust kodpdunuentoB no Gopmynam 3.3-3.4

Mpe/ICTaBICHBI HA pUCyHKax 3.1u 3.2.
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Pucynok 3.1. CtpykTypHas cxema onpeeneHus: KodpOUinmeHToB

anIpOKCUMUPYIOIIETO MOJIUHOMA

PaccmoTpum noapoGHee 070K, 3a7ar01ue CUrHai u 6aszucHble pyHkuuu. Ha

pucynke 3.2 noka3zan 010k X(t).
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Pucynox 3.2. biok, reHepupyOmuii anmpoOKCUMHUPYEMBbIA CUTHAT



M cTOYHHKOM SIBIIIETCS T€HEPATOp JIMHEMHO BO3pacTaromero curtaina Ramp,
KOTOPBIN B JAHHOM CJTy4ae aCCOLIMUPYETCSI CO BPEMEHEM t.

JHanee, Ha pucyHke 3.2 BHUJHO, KaK C IMOMOIIbIO OJIOKOB MaTeMaTHYEeCKUX
omnepaiuii (BO3BEJCHUE B CTENEHb, YMHOXKEHHE HA KOHCTAHTY, MpPeoOpa3oBaHUE
BXOJIHOTO CHTHaja C TMOMOIIbIO TPUTOHOMETPUYHON (YHKIMH), HA BBIXOE
noJiy4aeM 3aJaHHbIi curHan x(t). s HarjasgHOCTH mepe]] BHIXOJOM MOIKIIOUEH
«BUPTYaTbHBIA ocuiuiorpad» (Scope), Ha KOTOPOM B TMPOIIECCE MOJICTUPOBAHMS
orobpaxkaercs curnan x(t) = cos wt?. O6muii BUI OKHA GJIOKa Scope ¢ ero

MaHeJIbI0 HHCTPYMEHTOB H300pakeH Ha pucyHke 3.3

Time offset. 0

Pucynox 3.3. [lanens HHCTpYMEHTOB BUPTYalbHOTO ocimuiorpada u rpadux

CUTHAaJa, BEIBEJICHHBIN Ha ocuusuiorpad

brnok S(t), npencraBneHHbIi Ha pUCYHKE 3.1, TeHEpUpPYeT cUCTeMy O0a3MCHBIX

4
byukmii s (t) = {tk}k=0, €ro CTpyKTypHas cXeMa MokKa3aHa Ha pUCyHke 3.4,
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Pucynok 3.4. CTpykTypHas cxemMa BUPTYaJIbHOTO T€HEpaTopa CHCTEMBbI Oa3UCHBIX

byHKIUI

[TockonbKy cuctema 60a3uCcHbIX QYHKIHUA UMEET YIOOHBIN SISl MOIETMPOBAHUS
BUJI, MOKHO 13 TiepBoil (yHkimu $(t) = 1 ¢ moMoIIb0 HHTErpupoBaHus (OJI0K
Integrator) mosyuuTs cienyromue. bioku ymHoxkeHus Ha koHcTtanty Gain, Gainl,
Gain2 HeoOXOAMMBI JJIs HOPMUPOBAHUS CTENEHHBIX (DYHKITHIA.

[TosryueHHble (YHKUMM BBIBOJSATCS Ha BBIXOJ JTOM TMOJCUCTEMBI M HA
BUPTYyaJIbHbIM ocuuiuiorpad. M3oOpaxeHuss 0a3ucHbIX (YHKIMI [MOKa3aHbl Ha

pucyske 3.5.
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Pucynok 3.5. Cucrema 6a3ucHbIx GpyHKINN

OcHoBy cxembl coctaBiisieT nojcxema Analysis MNK, koTopast B pa3BepHyTOM
BUJIE PUBEJICHA Ha pUCYHKE 3.0.

Bupryansasie unaukaropsl Scope u Display, moka3zaHHble Ha 3TOU MOACXEME,
HE  SBISIOTCS  00s3aTeIbHBIMH I omlpeaeicHus  Kod(PUIMeHToB
anmMPOKCUMHUPYIOIIETO TOJMHOMA, a MpeAHa3HAYEHBI 11T KOHTPOJIS MPaBUILHOCTH

MMOCTPOEHHUS CTPYKTYPHOM CXEMBI B MPOLIECCE OTJIAAKH BUPTYaJIbHON MOJIEIIH.
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Pucynok 3.6. Pacdet k03¢ duIIMEeHTOB 110 METOAY HAMMEHBIINUX KBAJPaTOB
JlononHuM cxemy pacuera Ko3((UUHUEHTOB OJIOKaMU AJii BOCCTAaHOBJICHUS

curnaina. Cxema IIpUMCT CJ'ICIIYIOHII/H?I BUA:
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Pucynok 3.7 — BocctaHoBlieHHE cUTHaNA [0 HAWJEHHOMY CIIEKTPY



P C3YyJIbTAThI paGOTBI MOJCIIN  BBIBOAATCA HA OSKpaH BHPTYAJIbHOTIO

ocmunorpada, 1 n300paxeHsl Ha pUCyHKE 3.8.
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Pucynok 3.8. Mcxoanslii curnan x(t) = cos wt? u ero annpoKCUMAIHs [0 METOLY

HAMMCHBIINX KBAAPAaTOB

MoaupuuupoBaHHbINA METO] PABHBIX IJIOLIAJAEH

Meton  paBHBIX [UIOWIAnENd  sABJSIETCS  Oojiee  MNPOCTHIM — METOJIOM
anmpoKCUMaIlUH, OCHOBAHHBIN Ha OTpEeICTICHUN kod(pdunreHToB
anIMpOKCUMUPYIOIIETO MOJIUMHOMA, UCXO/IS U3 YCIIOBHS PABEHCTBA HYJIIO MHTETPAJIOB
GyHKIUH OIMOKY anMmpoOKCUMaIlMY Ha HEKOTOPOU CHUCTEME UHTEPBAJIOB M3MEHEHHUS
apryMeHTa.

CyTh MOAMGUIIMPOBAHHOTO METOJA PAaBHBIX IUIOMIAJICH 3aKIIOYaeTCs B
cienytomieM. MHTepBan u3MeHeHus aprymeHTta t paszOuBaercs Ha (n+1) He
00s3aTeIbHO paBHBIX 4YacTel (momuHTepBanioB). Ha pucynke 3.9 mpeacrtaBieHb
BO3MOXXHBIE THIIBI CHUCTEM TMOJMHTEPBAJIOB. YpPaBHEHHE aIlMPOKCUMUPYIOIIEH

KpUBOM NOI0MpaeTCs TaK, YTOObI IJIOLIAAN, OTPaHUYMBAEMbIE alIITPOKCUMUPYEMOM



U anmnpoKCUMUpYIouie (yHKIUSMU, ObUIM PaBHBI MEXAY COOOM Al KaXKIOTo
y4acTKa B OTJECIBHOCTH. DTO MPUBOAUT K CHUCTEME JIMHEHHBIX anreOpanvecKux

ypaBHEHUH, pelieHue KOTOPOH ONpeessieT annpoOKCUMHUPYIOTUN CIEKTP.
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Pucynok 3.9. Cuctembl MOAMHTEPBAJIOB AJIS1 METOa PABHBIX TUIOMIAICH

VYcnoBusi paBeHCTBA YKa3aHHBIX IUIOWIAAEH (MHTErpajoB) JUisi HEKOTOPOU

CHUCTEMBI JIMHEMHO-HE3aBUCUMBIX IIOJUHTCPBAJIOB UMCCT BU/I:

t

j r () Z X(K)s, () = x(6) | dt = 0. (3.5)
k=0

tm
iT 1 .
Hanpumep, npu BEIOOpE CUCTEMBI TOJUHTEPBAJIOB BU/1a [0, m] ,i=1,..,n+

1,marpuiia W 1 BekTop Q BBIUMCIAIOTCS IO (hOpMYyIaM:



iT

n+1
Wij = j T(t)S]’_l(t)dt,
0
iT
n+1
ai= | roxod,
0
Lj=1,..,n+1.

IMpumep 3.2.PaccmoTpum peanuzamnuio MoIA(PUIIMPOBAHHOTO METO/1a PABHBIX
TUIOLIAIEN B cpene MATLAB/Simulink. Monens, OIUCHIBAIOLIAS

MOIM(UIIMPOBAHHBIN METO/ PaBHBIX IUIOIIAEH, MpeAcTaBieHa Ha pucynke3.10.
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Pucynok 3.10. CtpyktypHas cxema peanusainui MOAU(GUIIMPOBAHHOTO METO 1A

PAaBHBIX TUIOIIAAEH

OCHOBHO YacThIO CXEeMBI sIBisieTcsl 0ok aHaynm3a (Analysis). Ero BxomHbie
mapamMeTphbl — HENpephIBHBIA curHan x(t) u cucrema 6asucHeix S(t). Ha BhIxone
HAXOJIUTCS IUCIUIEH, Ha KOTOPOM OTOOpakaeTcsl MOy4eHHbI criekTp. PaccMoTpum
npuMep W3 Tpenbaymero  moapasaena. Heobxomumo  ompenenuTh

anmpoKcUMUpYyromuii cnexktp Gyukmun Ha uarepsaie [0,1]. UntepBan pazouBaercs

(3.6)



Ha 1s11h moauaTepBaiios [0; 0,2], [0,2; 0,4], [0,4; 0,6], [0,6; 0,8], [0,8; 1]. ba3ucHsbie
dynkuum nmeror Bux Sy (t) = t¢, k = 0, n.

Paccmorpum monmpoOHee 050k, 3amaroruii 6asucHbie (QyHKIMH. biok S(t)
reHepupyeT cucteMy 6asucHEIX Qynkiwmit S, (t) = t¥, k = 0,n, ero cTpykrypHas

cxeMa nmokasaHa Ha pucynke 3.11.
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Pucynok 3.11. CtpykTypHas cxema BUPTYaIbHOTO TeHEpaTOpa CUCTEMBI 0a3UCHBIX

byHKIII

[Tockosbky cuctema 6a3uCHBIX (PYHKIIUM UMEET YA0OHBIN 111 MOICIUPOBAHUS
BUJI, MOKHO 13 TiepBoil pyHkimu S(t) = 1 ¢ moMoIIb0 HHTErpupoBaHus (OJIOK
Integrator) mosyuuTh cienyromue. bioku ymHoxkeHus Ha koHcTtanty Gain, Gainl,
Gain2 HeoOXOAMMBI JJIs HOPMUPOBAHUS CTENEHHBIX (DYHKITHIA.

[lepen Tem, kak MmepelTH K OMUCAHUIO IEHTPAIBHOTO OJI0Ka Mojenu Analysis,
HEOOXOJAMMO OTMETUTh, YTO B TIOJCUCTEMAaX 3TOro OJOKa HCIOIb3yEeTCs
KOHCTPYKIIUS, KOTOPYIO MOHO MCIOJIb30BaTh KaK IPH pacueTe BekTopa Q, Tak u
IIPU pacuere BEKTOPOB-CTONONOB MATpUllbl W. OOLIUM SIBIISIETCSI MHTETPUPOBAHUE
GyHKIIMM HA OTHUX U T€X )K€ MHTEpBaiax. Takum 00pa3oM, JJis OJTydeHHs BEKTOpa
Q He06X0IMMO IPOUHTErPHPOBAThH HA 3aaHHON CHCTEME MOJMHTEPBAIOB CHUIHAJ

X(t), a ans mosydeHust ctoaomoB Matpuilel W — 0asucHble (YHKIMH, HA TOW XKe



CUCTEME MOJUHTEPBAIOB. DTO MO3BOJISET AJI BBITOIHEHUS YKA3aHHBIX OINEparyii
WCIIONB30BaTh OJHY M Ty K€ IOJCHCTEMY, CTPYKTypHas CXeMa KOTOpOU

npejcTaBiieHa Ha pucyHke 3.12.
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Pucynok 3.12. biiok uaterpupoBanusi yHKIIMU HA CUCTEME TIOJIMHTEPBAJIOB

Ha Bxoa sToro 0yoka mocrymaeT CUTHall — WUHTerpupyemast ¢pyHkius. [[Ba
JIPYTUX — CUTHAJI, HYJIEBOW CUTHAJI U TEHEPATOP JIMHEWHO BO3pacTarouied GyHKIHH
(B JaHHOM cy4ae OH ONHKCHIBaeT Bpems t) sBist0oTCA BcroMorareiabHbIMU. [loka
apryMeHT t HaXxoauTCs B Mpejenax 3alaHHOTO TMOAMHTEpPBalia, MEPEKII0YaTENb
Switch mogaer Ha mHTerpatop curHan X(t). Ho kak Toibko Bpemsi BBIXOAMT 3a
npenesbl OoIMHTEpBaia, CUTHA MEePEKIIouaeTcs Ha HYJEBOW U, TaKUM 00pa3oM,
OombIie HEe BAMSET Ha 3HayeHue uHTerpana. Tak kak MATLAB opuentupoBaHn B
MEepBYI0 o4epeb Ha 00pabOTKy MAacCHUBOB JIAHHBIX, TO UMEET CMBIC] 3a/1aBaTh B
napameTpax 00Ky Switch He OJIMH MOAMHTEPBAJ, & BEKTOP, COCTOSIINNA U3 BCEX
ISTH TOAWHTEPBAIOB, TOT/Aa Ha BBIXOAE TaKXKe IMOJIYYHUM BEKTOp 3HAUYCHUH
uHTerpania. OnpenesaeHne CHCTEMbI TOIMHTEPBATIOB C TOMOIIIBIO TapaMeTPOB OJI0Ka

Switch nmokaszano Ha pucynke 3.13.



E Function Block Parameters: Switch Iﬁ

Switch

Pass through input 1 when input 2 satisfies the selected criterion;
otherwise, pass through input 3. The inputs are numbered top to
bottom (or left to right). The input 1 pass-through criteria are input 2
greater than or equal, greater than, or not equal to the threshold. The
first and third input ports are data ports, and the second input port is the
control port.

Main | Signal Attributes |

Criteria for passing first input: [uz == Threshold -

Threshold:
[0.2 0.4 0.6 0.8 1]
Enable zero-crossing detection
Sample time (-1 for inherited):
-1

m

-

|| cancel || mHelp || Apply
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Pucynok 3.13. OkHO HacTpoiiku mapaMmeTpoB Os10ka Switch

Teneps paccMOTPHUM CTPYKTYpHYIO cxeMy 0sioka Analysis.
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Pucynok 3.14. CtpykTypHas cxema 6s10ka Analysis



Ha Bxon Omoka momaercs curHan X(t) m cucrema OasucHbIX pyHkmuid S(t).
Ioxacuctema Subsystem MHTErpupyeT CMTHAI M IOJAeT Ha BBIXOJ BekTop Q, a
noacuctembl Subsystem 1 — 5 — BekTtopwl-cronOmbl marpuniel W. biok
MatrixConcatenate o0benuHseT cTonONIB B MaTpuily. Jlanee pa3memieHbl OJIOKH
pacdera oOpaTHON MaTpPHUIILI B YMHOKEHHUSI MaTpHIl. B UTore Ha BBIXO/E MOIydaeM
CHTHAJI alMpPOKCHMHUPYIOMIETO CHEKTPa, KOTOPBIA MOSBISETCS HA dKpaHE TUCTLIES

MO caMoro BbIcokoro ypoBHs (pucyHok 3.10). Ha pucynke 3.15 npuBeneHo

S3HAYCHHUC CIICKTpPa q)yHKHI/II/I, pacCMaTpuBaCcMOro B Ka4CCTBC IIpUMEpa.
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Pucynox 3.15. 3naueHue anmpoKCHMHUPYIOMIETO CIIEKTpa

MokHO paccMOTpeTh 00paTHYIO 337jauy — HOCTPOEHUE CUTHAJIA 110 3aJJaHHOMY
CHEKTPY B cUcTeMe 0a3uCHBIX (QyHKIWH. /I HArTIsSAHOCTH KCIOJIb3YeM CIIEKTP,
NOJyYEHHBI BBILIE, HA OCHOBE €r0 MOCTPOUM amlMpOKCUMAIMI0 U CPABHUM €€ C
peasibHbIM CUTHAJIOM.

basucHble (yHKIMM YMHOXAKOTCS Ha COOTBETCTBYIOIIME KOA(h(DUIIMEHTHI
CHEKTPa, CYMMHUPYIOTCSI U BBIBOJSTCS Ha BUPTYyalbHbIN ocimuiiorpad. Ha stoT xe
ocuwiuiorpadg mojaeTcs 3aJaHHbId curHan. JlomonHeHHas cxeMa pacuera
K03 PHUIIEeHTOB OJIOKaMHU JJIsl BOCCTAHOBJICHHS CUTHAJA MTPE/ICTaBIIeHAa HA PUCYHKE

3.16. I'paduku curHama u ero anmpoKCUMAIINU MPEACTaBIeHbI HAa pUcyHKe 3.17.
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Pucynox 3.16. CTpykTypHasi cxema CUHTe3a CUTHaJIa

B mMozaenu ObLT paccMOTpEH cllydai, Korja KOJUYeCTBO 0a3UCHBIX (YyHKIIUI
PaBHSJIOCh KOJIMYECTBY ToAWHTEpBaioB. Ho »53T0 HeoOs3arenbHo. MOXHO
YBEJIMYUTh TOYHOCTh BBIYUCICHUU 3a CYET OOJbIIEro 4ucia MOJUHTEPBAJIOB.
OpnHako, B 3TOM MO/ HEOOXOAMMO OJIOK pacyeTa 0OpaTHOW MaTPHIIbI 3aMEHUTh
Ha OJIOK BBIYMCIICHHUSI TCEBIO0 OOpaTHOM MaTpuibl. DTOT OJIOK MOXHO HaWTH B

nonoanutensHou ondnuoreke Simulink — DSP (DigitalSignalProcessing) Blockset.
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Pucynok 3.17. I'paduk curnasna u ero anmnpoKcuMaIus

Byo4yHO-uUMINYJILCHASI ANIMPOKCUMAIIUS

Opnnolt U3 Hanbojee pacnpOCTPaHEHHBIX W YJIOOHBIX JII NMPUMEHEHHS B
3alayaXx O0O0paOOTKM W MOJCIHUPOBAHUS CUTHAJIOB JUHAMUYECKUX CHCTEM
OKa3bIBaeTcd Oa3ucHas cucTemMa OJIOYHO-UMMYJIbCHBIX (QyHKUUUA. Paccmorpum
OJI0YHO-UMITYJIbCHYIO alIMPOKCUMAINIO M HEKOTOPbIE HE0OXOIUMBIE OTIEpAIl HaJl
CHEKTPAMH.

ITycts orpesok [0, T] pa3dour Ha m paBHBIX Yacreil, guuHoi h = T/m. Ha
pemietke aprymenta {ih}it 3amaercs cucremMa 0a3uCHBIX QyHKITHI

vi(t) =0a(t—({i—1)h) —o(t —ih). (3.7)

3necy i = 1,...,m; v;(t) — npsAMOyToibHbIE OJIOYHO-UMITYJIbCHBIE (QYHKIINH;

o(t) — GyHKIHS €MTMHUYHOTO CKaYyKa:

0,ecint <0,

a(t) = {1, ecaut = 0. (3.8)



Anmpokcumalus CUTHajla IO cHUcTeMe OJOYHO-UMIYJIbCHBIX —(YHKIUN

omnpenaensiercs o popmynam (3.3)—(3.4) kak

%) = ) Xo(Dvi(t), (3.9)
i=1
rac
ih
1
Xo)) = 7 J x(t)dt. (3.10)

(i-1h
Ecau k OG70YHO-UMITYJIBCHBIM Oa3UCHBIM (YHKIUAM JO0OABUTh KYCOUYHO-

JMHENHbIE PYHKIUU:

wi(t) = (% +1— zi) (D), (3.11)

TO alIIpOKCUMalusl CUIrHajia o CUCTCMC JIOKAJIbHO-UMITYJIbCHBIX 0a3nCHBIX

GyHKIMNA TEpBOro MOpsIKa CYIIECTBEHHO YIYYIIUTCS U OyAET ONPEeAessIThCs 0

dbopmyie:

xa(®) = ) (Xo@vi(®) + X; Owi(D). (3.12)
i=1

IMpumep 3.3.PaccmoTpuM peanuszanuio MeETOJa anmpoKCUMAaIuu OJIOYHO-
UMIOYICHBIMA ~ (QYHKIMSMH HYJIEBOTO U TEPBOTO TOPSIKOB B  Cpele
MATLAB/Simulink. B xauecTse npumepa ucnons3yem curtan x(t) = cos wt? na
unatepane  [0,1], m = 10. CrpykrypHas cxema  aHajW3a  CHUTHaia
paccMaTpuBaEeMbIM METOJIOM TIpe/ICTaBlieHa Ha pucyHke 3.18.

Hasnauenue 6710K0B cieayroniee:

— BF renepupyet cuctemy 0a3HCHBIX (QyHKLUNA;

— X (t) renepupyer aHAJIU3UPYEMbIH CUTHAT;

— X, X1 pacCUuTBIBAIOT 3JIEMEHTHI CIEKTPA.
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Pucynox 3.18. CTpykTypHas cxema aHajiu3a CUTHaNIa OJIOYHO-UMITYJILCHBIM

Ha pucynkax 3.19, 3.20 mpencrtaBieHbl CTPYKTYPHBIE CXEMBI MOJEIIEH,
TeHEPUPYIOLUX OJIOYHO-UMITYJIbCHBIE Oa3ucHbIe (PYHKIIMH HYJIEBOTO M TEPBOTO
HOPSKOB.

Ha pucynkax 3.21, 3.22 npeacraBieHbl cXeMbl 1Jis1 pacuera K03QpPUIUEHTOB

METOJIOM

OJIOYHO-UMITYJIbCHOTO U allMPOKCUMHUPYIOIIETO UMITYJILCHOTO CIIEKTPOB.
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Pucynok 3.19. CtpykTypHas cxema, TeHepHpyoIIasi 0J109YHO-UMITYTLCHBIC

GyHKIUY HYJIEBOTO MOPSIKA, U TpaduK OJIOYHO-UMITYIBCHBIX (DYHKIIHIMA

W 1ab3_3/BF (e
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Pucynok 3.20. CtpykTypHas cxema, reHepupyolas 0J104YHO-UMITYJIbCHBIE

GyHKIIUA TIEPBOTO TOPSJIKA, U TPAPUK KYCOUHO-TUHEHHBIX (DYHKITHIA
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Pucynox 3.21. Pacuer koa(ppuiiueHToB 6JI04HO-UMITYIILCHOTO CIIEKTpa

File Edit View Simulation Format Tools Help
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Pucynok 3.22. Pacuet k03 PHUIIHEHTOB anpOKCUMHUPYIOLIET0 UMITYJICHOTO

CIEKTpa



JlonmomauM cxemy pacuera Kod()PUIMEHTOB OJIOKaMH MJii BOCCTAHOBIICHUS
currana. Ha Bxox cxemsl mojjatoTcst 0a3ucHbIe PYHKITUU U CIIEKTP aHATTU3UPYEMOTO
CUTHaJa, Ha BBIXOJl — alllPOKCHMAIIAS CUTHAJIA TI0O COOTBETCTBYIOIIEMY METOIY H

UCXOJHBIN curHai. Cxema NpuMeT CIAEAYIOIIHA BUI:
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Pucynox 3.23. CTpykTypHasi cxema CUHTe3a curHasa o metony bU®

Ha BupTyanbHbIil ocuuiiorpad MoaarOTCd UCXOJHBIA M BOCCTAHOBJICHHBIN
curHanibl. OHM TpeAcTaBieHbl Ha pUCyHKe 3.24 s 000OMX METOJIOB
COOTBETCTBEHHO.

W3 rpadukoB BUIHO, YTO JaKe MPU HEOOJIBIIIOM YHUCIIE MOJUHTEPBAIOB (M)
MOJIYy4Ya€eTCsl IOBOJBLHO TOYHAS alllPOKCUMAIUs CUTHAIA.

To4YHOCTH MOYKHO TOBBIIIATH, Pa30MBasi UHTEPBAI OMPEACIICHUS CUTHAJIA Ha

OoJIbIIIEe KOJIMYECTBO IIOIUMHTCPBAJIOB.
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Pucynok 3.24. Pe3ynbpTaThl anmpokcuMaiuu curaaial2]

Anmaparypa W Marepuajibl. J[Isg BBIOJHECHHUS J1a0OpaTOPHOW pPabOTHI
HE00XO0IMMO UCTIOIH30BATh CIIEIYIOIIEE: alllapaTHOE 00eCIeYeHUE: MePCOHATbHBIN
koMmiibroTep MDT750/175930K/ 4 D8192D42133; mynasTumeua-npoektop Epson;
MarHUTHO-MapKepHas JOCKa W TMporpaMMHOE OO€CIeueHHe: OIepariOHHYO
cuctemy Windows 7 wu Bbeime; Microsoft Office, cucremy KOMIBIOTEpHOI
MateMatnku MATLAB R2011b u Bri1tIC.

Ykazanuss no TexHuke Oe30macHOCTH. CTyAEHTHI JOJKHBI CJI€IOBaTh
OOIIETPUHATON TEXHUKE OE30MacCHOCTH JJisi TIOJIb30BATEICH IMEePCOHATBHBIX
KOMITBIOTEpOB. He ciiemyeT caMoCTOsATENhbHO MPOU3BOAUTE PEMOHT TEXHUYECKHUX
CPEICTB, YCTaHOBKY U YJaJeHHE TMpOTrpaMMHOro oOecriedeHusi. B ciydae
oOHapy>KeHHsI HEMCIPABHOCTEW HEOOXOIUMO COOOUTUTH 00 3TOM aIMUHUCTPATOPY
KOMITBIOTEPHOT0 Kjiacca (00CIyKuBaroIeMy nepcoHaty JabopaTopun).

MeToauka u NOpsi/IOK BbINOJTHEHUSI Pa0OThI
BrITiotHATE TIpeyIoKEHHBIC 3a/laHus, MPEABAPUTEIIBHO O3HAKOMHUBIIHUCH C

TeopeTnueckor yacthio. [lapamerpnl curHaioB npuseaeHsl B Taduie 3.1. Homep



BapUaHTa COOTBETCTBYET HOMEpPY, MOJ KOTOPBIM CTYACHT 3aliCaH B CITHCKE
TPYIIIBL

Bamanue 3.1.HeoOXoammMo ammpoKCHMHUPOBATh METOJOM HAMMEHBIIHX
kBazpatoB curHai x(t) = A * func(B) +C wna wunrepsane[0,1]. B kauectBe
0a3UCHBIX (DYHKIMIA B3STh CTEIEHHBIE (DYHKIMH 5-TO MOPSIKA.

Bananue 3.2.Heo0X0aUMO anmpoOKCHMHPOBATH METOJOM PaBHBIX ILIOIIAAEH
curHan x(t) = A x func(B) +C wna wunrepBane[0,1]. B xadecTBe 0a3uMCHBIX
(GYHKIMI B3STh CTENEHHbIE QYHKIMH 5-T0 TOPSIKA.

3apanme 3.3.HeoOxoaumo anmpoKCUMUPOBATh METOAOM aNIpPOKCUMAalUU
0JI0YHO-MMITYJIECHBIMU (PYHKIHUSAMHE HYJIEBOTO M TIEPBOTO MOPSAKOB CUrHAN X (t) =

A * func(B) +C ua uatepnane[0,1].

Tabmuma 3.1. [TapameTpsl 3amaun

Ne func A B C
Bap-Ta

1. cos 1 nt? 2t
2. sin 0.5 it t
3. tg 0.2 wt?

4. sin 1 nt3 t?

5. cos 0.1 Tt 2t

2

6. tg 0.6 nt3 t
7. sin 1 2rt 2t
8. cos 0.9 nt? t
9, tg 0.7 3nt 0
10. sin 1 3r t?

Conep:xkanue oTuera u ero ¢popma

[ToaroToBHTE OTYET, B KOTOPOM TMPHUBEINUTE TEXHOJOTHUIO BBIMOTHCHUS
3aJlaHUM.

OtueT 1o J1abopaTopHO PadOTE TOKEH CONEPIKATh:

1) wHa3BaHue pabOTHI;

2) uenb 1a00paTOPHOI paboTHI;

3) GopMyIHUPOBKY 3aIaHUs U TEXHOJOTHIO €r0 BHIMOIHCHHS,

4) OTBEeTHI HA KOHTPOJIbHBIC BOIIPOCHI;

5) npunoxenue — Gaiipl BHITOJIHEHHBIX 3aaHHA.



Bomnpocs! 14 3amuThl padoThl
1. Kakue  OCHOBHBIE = METOJABl  HWCIONB3YIOTCA I ONpeIeieHUs
anMpPOKCUMUPYIOLIETO CIEKTpa CUTHaja?
2.B dyem 3akmroyaeTcss CyThb METOJIa HAaMMEHBIIMX KBaJgpaToB st
OTIpEJICICHHS alpPOKCUMHUPYIOIIEro CIIEeKTpa?
3. B dem 3akimioyaeTcst CyTh METOAA PaBHBIX IUIOIMIANCH IJiA OMpeNeiaeHHs
anmpOKCUMUPYIOIIErO CIIEeKTpa?

4. B ueM 3aKki1t04aeTCs CyTh METO/a OJI0YHO-UMITYJICHOM armpOKCHMAIINN?



