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AHHOTAIIUA [Ipeonoscen memod nocmpoenus Matlab/Simulink modenu eenepamopa snekmpoxapouozpaguueckoco cueHaia Ha
OCHOB€ aHAU3A YACMOMHO20 CREeKMPA U QOPMUPOBAHUS. COOMBEMCMEYIOUWUX KOMNOHEHN, Pealu3VIOUUX CYnepRo3uyuio CUSHANIO8
HEeOOX00UMbIX 2apMOHUYECKUX cocmasgisiowux. Llenvto pabome s611emcs cunmes mako2o OIOKA ¢ UMEHAEMbIMU NApamMempami,
KOMOpbLil  6bl  MO2 UCHONb306AMbCSL 6 KAYECMee UCMOYHUKA CUSHANA NPU  UMUMAYUOHHOM MOOETUPOSAHUU  PA3IUYHBIX
Kapouono2uieckux cucmem. B xooe pabomer Ovinu noyuensvi peuenus, no380IA0WUe 2eHEPUPOSAMb KAPOUOZPAPUUECKUL CUSHAT
Hauboiee uACMO GCMPEHAIOWUXC NAMOA02UL, MOOCIUPOSAMb BAPUADCIBHOCHL CEPOCUHO20 pUmmd U GuusHue Hauboiee
PACIPOCMPAHERHBIX NOMEX.

Knroueevle cnosa: umumayuonnoe modenuposanue;, Matlab,; snexkmpoxapouocuenan; ouckpemuoe npeobpazosanue ®dypve;
8apUAbELHOCIb CEPOCUHO20 PUMMA.

MATLAB ECG SIGNAL GENERATOR MODEL BASED ON FREQUENCY
TRANSFORMATION

M. SHYSHKIN ', 0. BUTOVA ', L. FETIUKHINA', O. AKHIIEZER *, O. DUNAIEVSKA*

! Department of Industrial and Biomedical Electronics
2 Department of Computer Mathematics and Data Analysis
National Technical University «Kharkiv Polytechnic Institutey, Kharkiv, UKRAINE

ABSTRACT Electrocardiographical analysis remains an important component of the cardiovascular pathologies diagnostics.
There are a number of various methods cardio-signal processing and analysis. It is beneficial to use artificial cardio-signals
in addition to traditional ones. It makes it possible to set time and level parameters to simulate a broad spectrum of the
normal and pathological cardiovascular conditions. This article provides the review of the existing cardio-signal simulation
models. It is demonstrated that is expedient to use dynamic models that allow generation of the artificial cardio-signals with
certain features to prove the effectiveness of the cardio-signal processing methods. The imitational electrocardiographical
signal generator model that uses Fourier transform spectral component coefficients has been suggested. The described below
model has been created using Matlab/Simulink. It was determined that for the most cases it is possible to shape the imitational
signal using the first fifty harmonics by utilizing a signal superposition of the mandatory harmonic components. The results of
the simulation shown below proved the concept. Matlab model allows to obtain an artificial ECG signal as well as to simulate
heart rate pathological conditions, heart rate variability and impact of the most common distortions. Further improvement of
the imitational model is possible in the area of extending functionality as a result of changing time and level parameters of
certain ECG fragments as well as the most frequently observed pathological conditions.

Keywords: simulation modeling; Matlab, an electrocardiogram; discrete Fourier transform; heart rate variability.

Beenenne 9THX METOMIOB IeIeco00pa3sHO  HCTIONB30BaTh  Kak
peanbHBbIE, TaK u CHUHTE3UPOBAHHbIE OKT.
Onektpokapauorpamma (OKI') sBnsercs cambiM  HMcmonb3oBanwe — cuHTeTHYeckux  curHamoB  OKIT

pacrpoCTpaHEHHbIM METOJIOM JUArHOCTHKW MaTOJOTUM

cepauna. Curnansl OKIT HecranmoHapHBl 1O CBOeH
IpUpOJE, 4TO 00yCIIOBIUBAET ux
He/IeTePMUHUPOBAHHOCTh, Pa3HOOOpa3ne, N3MEHINBOCTD,
HeTIpeJICKa3yeMoCTh u TIOJIBEP’)KEHHOCTh

MHOTOYHCICHHBIM BUAaM INOMeX. V3BECTHO MHOXKECTBO
QITOPUTMOB IJIsI aHAIM3a, W3MEpPeHHs, (QWIbTpauuu u
CKaTHsl 3TUX CHUTHAJIOB. BONBIIMHCTBO METONOB TPYIHO
MPOBEPUTh, TOCKONBKY peanbHble curHamel  OKI
HCKaKAIOTCSl pa3sHBIMM THUIIAMM IIyMoB. J[ns mpoepku

mo3BoJsieT MMUTHpoBaTh mapamerpsl OKI' u mmpoxwmii
JIMana3oH pas3MYHbIX [ATOJIOTUH, a TakXKe CpPaBHUTH
pa3IMYHbIC METOIbI 00Pa0OTKK CUTHANIOB. B cpaBHEHMU C
peanbubiMu curHanamu OKIT 9T0 1aeT BO3MOMKHOCTH
MIPUMEHSTH ¥ OICHUBATH METOBI JINOO HA PEaTHCTUIHOM
u OecirymaoM OKI', Miin Ha MCKaXCHHBIX CUTHANIAX. JTO
MTO3BOJIUT BpadyaM CPaBHUBATh M OICHHUBATH Pa3JINYHEIC
METOIBl M BBIOPATh T€, KOTOPHIE HAWIYYIINM O0Opa3oM
COOTBETCTBYIOT UX TPeOOBaHUIM.
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ean padoThI

Lenpto gaHHOW pabOTBI  SIBISETCSA  CHHTE3
reHepaTopa  JIEKTpoKapauorpaduyeckoro  CUrHana
Cpe€acTBaMn TIMaK€Ta MUMHUTAIUOHHOTO MOACIMPOBAHUA
Matlab/Simulink, B OCHOBE  KOTOPOTO  JIEXKHT
npeobpa3oBanne Dypbe UICATEHOW KPUBOH CHHYCOBOTO
putma OKT'.

Crnioco0b1 MoieTupoBaHusi HcKyccTBeHHO DK

I[Ipn  mocTpoeHHHM  3JIEKTPOKApANOIOTUIECKUX
cucteM pacmo3HaBaHus W aHammza OKI[  moryr
HCIIOJIB30BATECS CUHTETHYECKHUE MOJIEIN OKC,
MPUHAUISKAINME K PasHBIM  KjlaccaM  ITaTOJOTHH.
CymecTByeT pa3iu4Hble TOAXOABl K IOCTPOCHHUIO
MoJierneit reHepanun uckycctBeHHbIx DKI'. Kak npasuio,
B OCHOBe Marematndeckux wmozenet OKI nexwur
OIMCaHWEe BPEMEHHOW WM 4YacTOTHOH oOnactu c
HCIIOJIb30BaHUEM Pa3InYHBIX METOJIOB.

VYcnosHO MaTeMaTH4ecKue MOJIETIH
TeHepHpOBaHUs UCKyccTBeHHOM OKI' MOXHO pa3nenuTb
CJITYIOIIIM 00pa3oM:

1. Mogenu, co3JaHHBIE 1O  H3BECTHBIM
THUIWYHBIM OTKJIOHEHHSIM MOP(OJIOTHYECKUX NPH3HAKOB
3NeKTpoKapanorpaMM. Amnmpokcumanus dmeMeHToB DKI
OCYIIECTBIISICTCS OMMHOMHAIBHBIME QyHKIMsIME [1, 2],
JUHEHHBIMH ¥ KBaJIpaTHYHbIMH  QyHKIHMAMH [3-5].
[TomoOHBIE MOZIENH ONHCHIBAIOT CTATUCTUYECKYIO MOJIEIb
OKI', koTopas pasleneHa Ha YYacTKM M OCHOBHBIE
CEeTMEHTHI B Jr000M MOMEHT BpeMeHH. Yarie Bcero
OMUCHIBACTCS Kbl cermeHT win 3yoen DK [6], Ho He

BCerga OTOro JOCTaTOYHO JUII  ONHCaHHS  BCeEX
ocoboennocteli  OKI'-curHama, dYTro HE TO3BOJIAET
mozenupoBath mposBieHuss Ha OKI[  HeKoTophIX
MAaTOIOTMYECKUX COCTOSIHUH CepAEYHO-COCYAUCTON
CHCTEMBL.

Bomee peamuctrunyio QopMy KapAHOCHTHAIA
00ECIICYMBAIOT MOJICIIH, B KOTOPBIX OTACIbHBIC 3JICMEHTHI
amnMpoOKCUMHUPYIOTCS  T'ayCCOBCKUMH  (QyHKIMsAMH. B
pabotax [7-9] paccMOTpEHBI BapUaHTHI OMHCAHUA U
annpokcumanun JKI'-curnana ¢ npuMeHEHUEM rayccoBa
HUMITYJIbCa U KyCOYHO-3aJaHHO# pyHKIMu. OIHAKO, TAKOES
MaTeMaTHIeCKOe MOJICITHPOBAHUEC UMEECT OTPAHUYCHUS, B
CIIly HEBO3MOXXHOCTH  MOJICIIMPOBAHUS  CEpACYHBIX
[UKJIOB B YCIIOBHUSX ICHCTBUS BHYTPCHHUX W BHEIITHHUX
BosmymeHnid. B [10] mpemroskeHa Moaens ¢ 3a1aHHBIMH

aMITUIATYJHO-BPEMEHHBIMHU XapaKTEePUCTUKAMH
nHpopMaTHBHEIX  (parmenTtoB.  basoBas  momens
dbopMHupyeTcss 1O  ITAJOHY, KOTOPBIA OMHCHIBACTCS
CYMMOH  HECUMMETPUYHBIX  TayCCOBBIX  (DYHKIIMH,
MOJICTUPYSI MOCTIEeI0BATEIBHOCTH HCKYCCTBEHHBIX
KapAUOLMKIIOB.

2. Monenu, OCHOBaHHEBIE Ha MeToaax

MaTtemaTtuueckoro npeacrasieHus OKI' kak HenmHeNHHON
JMHAMHYecKor cuctembl. [lomoOHas cucrema ommvcana B

[11].

3. Mopgenn Ha OCHOBE CHCTEM YpaBHEHHIA,
MOJEIHUPYIOIINX 3JIEKTPUUIECKYI0 AaKTUBHOCTb CEpIIa,
T.H. AUHAMUYECKHE MOJEIH.

HO[[O6HI)I€ CHUCTEMbI TO3BOJIAIOT MOACINPOBATH
curian OKI' B 0ZHOMEpHBIX M ABYMEPHBIX IIOCKOCTSX.
[MocTpoeHre No OJHOMEPHOMY CHTHANy ero ¢a3oBoi
mIockocTu paccMoTpeno B [12]. IlpumeHneHue Takoro
MOJX0Ja TIO3BOJISIET aHAIM3MPOBATh KaK aMIUIUTYIHBIC,
TaK ¥ CKOPOCTHBIE apaMeTps! Mo0bIX anemeHToB OKI, n
OOHapykUTh B HHX OTKJIOHEHHS II0 CPAaBHEHHIO C
TpanuroHHBIM aHanm3oM DKC Bo BpeMeHHOH 001acTH.

B pmanpHelimieM 3TO MOMyYMIO pa3BHTHE B
UHTEPIOINMOHHBIX  Mozensx OKI, omnmcaHHBIX B
pabotax [13, 14]. B ocHOBe 3THX pabOT JIEKHUT MOAEITH
(dopmupoBaHUS Mop¢omoruu PQORST-xommnekca,
onucaHHas B pabotax [15, 16] u ocHOBaHHasi Ha cHCTEME
TpeX TMpOCTHIX AU(QPepeHIHaANbHBIX YypaBHeHUid. Ona
TeHEPUPYET TPACKTOPUIO B TPEXMEPHOM IIPOCTPAHCTBE.
Takas Maremaruueckas MOJENb JIaeT BO3MOYKHOCTB
TeHEpUPOBATh CHUTHAIBI  PEAINCTUYHOW (OpPMBI ¢
pPaBHOMEPHBIM  HM3MEHEHHEM  IPOJOJDKUTEIBHOCTEN
mukitoB OKI', omHaKoO HEe yYUTHIBAET, YTO NMPH N3MEHEHHN
YaCTOTHl ~ CEPACYHBIX  COKpAICHHH  MPOHCXOMAST
HCOAWHAKOBBIE  W3MEHEHHA OOJacTH  OIpenesieHHs
otnenbHBIX pparmenToB OKI'.

B [17] paccmotpena mozmens Ha ocHOBe Dypbe-
aHanu3a (a3oBOW IUIOCKOCTH, MOJYYEHHOW H3 JBYX
CHHXPOHHU3UPOBAHHBIX KapAnocurHaioB. B pabore [18]
MMPpEAJIOKEH METOJ OITMCaHuA L[HHaMPI‘IeCKOﬁ CHCTEMBbI
KapJMOCUI'HaJa IyTeM  IIOCTPOCHHUS  TPEXMEPHOIo
($a30BOro  MpOCTpaHCTBA W  ypaBHEHHWH, KOTOpbIE
OIMCHIBAIOT TPACKTOPHIO JABWKEHUS TOYEK B ITOM
MIPOCTPAHCTBE.

B nmanpHeimeM gapyrme aBTOpBI B KadecTBE
MaTeMaTH4ecKOd MOJIETH HCIONb30BAIN JTUHAMHYECKHE
MOJIETTH HA OCHOBE Pa3JINYHBIX MAaTEMaTHIECKUX METO0B
[19, 20]. B stom cmyuae kpuBas DKI' mpencraBisier
co00if TpaeKTopuio, ompenenieMyr auddepeHIInaIoM
YpaBHEHUS, CBSI3aHHOTO c COOTBETCTBYIOIIECH
JIUHAMHWYECKON CUCTEMOH.

B craree [21] HCHONB3yIOTCS OUATHOCTHYECKH
3HAQUYUMBIE YHCJICHHbIE M TEOMETPHYECKHE IapaMeTphl,
JIOCTaTOYHbIE Al TOro, uToObl reHepupyembiii OKI
cUrHaj OBUI WMHTEPIPETUPOBAH KaK OWOMEIUIIMHCKHNA
CHUTHAJ C BA&XHBIMHU JHAarHOCTHYECKHMH HHTEpBaJlaMU
(ORS, OT, PR).

BonpmmHcTBO PaccMOTPEHHBIX Mozenen
nckycctBeHHBIX JKI'-curHamoB mpencTaBiser coOoi
pe3ynbTaT MaTeMaTHYECKOTO MOJEIHPOBAHMSA, B OCHOBE
KOTOpPOI'o JICKAT PpasHbBIC MOAXOAbl MW IIPCACTABIICHUA
KapIMOCHIHAJIa WIIN €ro CerMeHToB. B psne ciy4aes, s
pcanusanu TaKHUuX MHOFOd)aKTOpHBIX noaxo10B
UCTIONIB3YIOTCS Pa3IMYHbIE CPEIbl NMPOrPaMMHUPOBAHUS U
MaKEThbl NPUKIIAAHBIX IIPpOrpaMM.

Hampumep, nmns cuHTe3a
JIUHaMUYecKol wmoxenu B [18]
TIPOTPaMMHBIN KOMILJIEKC c HCIIOJIb30BaHUEM
npodeccHoHaNbHON MHTErPUPOBaHHON cpezpl
pa3paboTku mporpamMMHOro obecneueHus Microsoft

KapMOCHUTHaIA
Obu1  paszpaboTaH
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Visual Studio 2010 w s3bIKa TPOTPAMMHUPOBAHUS
Microsoft C#.

B [22] mpousBeneHO CpaBHEHHE MOJEITHPOBAHUS
OKTI'-curnana Ha ocHoBe Oasuca Dypbe u Yomma B
nakere MNPUKIagHBIX 1mporpamm  Mathcad.  Bwun
paccuMTaHbl CreKTpanbHble Koddduuuentsr Dypbe u
Yonma ¥ crenaH BBIBOJ, YTO pealn3alis ajJrOPUTMOB
aHanmza Ha  Oasmce  Yomma  sBusercs — Ooiee
MEPCIIEKTUBHBIM JUI  MCCJICIOBaHUS BapualOellbHOCTH
cepaeunoro purma (BCP),

B pabGore [23] mpencraBnena mporpaMMa u
MPOrpaMMHO-AINIAPAaTHEI KOMIUIEKC Ha OCHOBE CpEIbl
nporpammupoBaHusi  LabVIEW, KOTOpBI TIO3BOJSET

reaepupoBate OKI' B  HOpMEe ¢ BO3MOXHOCTBIO
perymmpoBartb JIarHOCTHYECKHE mapamMeTpsl
Mopdooruu PQORST-xommekca u HaJIO)KEHUE
HECKOTOPLIX HIYMOB U ITIOMEX.

B [24] Matlab MOJIEIb peanusyer

MaTeMaTnieckre (PYHKIUH C YYETOM IICHXOJOTMYECKUX
JIAHHBIX W TPE/ICTAaBISIET AJITOPUTM, KOTOPBIH TeHEpUpyeT
peanuctuyHble cuHTeTnueckue curHansl OKI.  [ns
npeodpazoBanus currana OKI B 9acToTHyr0 o0OnacTs
HCIIONIB3yeTCS METO | Y OJIIIa.

IIpencrasnennas nuHamudeckas monens ECGSYN
B [25], xoTopas peaJM3oBaHa C HCHOJH30BAHUEM
MIPOTPaMMHOTO OOECHEYEHUs] C OTKPBITHIM HCXOIHBIM
kogoM B Matlab, Cu, Java, TOYHO BOCIPOHM3BOIHT
OCHOBHBIE 0COOEHHOCTH ANEKTPOKAPIUOT PAMMBI
yenoBeka, Bkimouas BCP wuntepBanst RR u Q7-
WHTEPBAbI.

[Mporpamma mnakera Matlab [26] cnocobHa
TCHEPUPOBATh CHHTETUUECKHE DIIEKTPOKAPIUOIPaMMBbl B
teyenne 10 cekyHa. [asi 3Toro BBOAMTCS 3HAYEHUE
CEep/ICYHOr0 PUTMA (B MUHYTY), T.€. 4aCTOTa CEPICUHBIX
COKpallleHWH, ¥ J>KellaeMOe ITMKOBOE HamlpsDKeHHe B
MIUMBOIbTaX. OmHAKO, Takas IMporpaMMma MOXKET OBITh
WCIIONIb30BaHa UL TOCTPOCHUSI TOJIBKO CTaHJApTHOTO
OKT -curnana.

K uMHTanMOHHOMY MOJEIMPOBAHUIO, KpOME
MHTEPIOJSIIMOHHBIX Mozened [13, 14], taxxke MOXHO
OTHECTH Mojelb 00paboTku curnaga DKI mist aHanmza
pECIIMpaTOpHON  CHHYCAapUTMHHM, pPEalU30BaHHOH B
Matlab/Simulink  [27]. Iloka3aHo, 4YTO BO3MOXKHA
obpadorka currana OKI' B Simulink ¢ ucnonp3oBaHmeM
n3mepurensHoit Kaptel HUMUSOFT AD512 ¢ BeiObopkoi
yactoTsl 1 k['1, T.e. 6e3 crnennasbHOrO MOIEIMPOBAHMS
KapanocurHana. Mozenbs Mo3BoJseT oOHapyXuTh (RS-
KOMIUIEKC, a Taike BhUmciser mapamerpsl BCP Bo
BPEMEHHOW U YaCTOTHOH 00IacTAX.

YcoBepieHCTBOBAaHHAS ~JAMHAMHUYECKas MOJEIhb
cepama, umutupytomiast OKI' B ycnoBHAX BHYTPEHHUX U
BHEIIHUX BO3MYILEHHH TMpENCTaBiIeHa B HCCICIOBAaHHU

[28].

Cucremartuzanus pe3yIbTaTOB 0030pa
moaenupoBanusi DKI' curHana naeT OCHOBaHUE CUMTATh,
YTO CYILLECTBYIOIINE MareMaTH4ecKue MOJeINH

MO3BOJISIIOT CUHTE3UPOBATh KAPAMOCUTHAI PEATMCTUYHOM
¢dopmbl «uaeanuzuposanHoity OKI'. Cremyer oTMeTHTs,
YTO HE BCE MOJEIHM MMEIOT BO3MOKHOCTH MOZEIMPOBAThH

KapIHOCHTHAI c ANEKTPOKAPIUOTrpAhUICCKUMU
MpPU3HAKAMHU CEPICYHBIX MATOJNIOTHH M B  YCJIOBHUSIX
JIeMCTBHS BHYTPEHHUX M BHELIHUX BO3MYIICHUII.

B naHHOH craTtbe mpesularaeTcs UCIOJIb30BaTh
MaTeMaTH4ECKyIO MO/IETb, OCHOBaHHYIO Ha
TPaJULIUOHHOM npeodpa3oBaHUU Dypoe, npu
MMHTAIOHHOM MO/ICIIMPOBAHUM AJIEKTPOKApIUOTpPaMM
peamuctuyHOl Popmel B makere Matlab/Simulink.

Peanuzanus uMuTannoHHoi Moaean redeparopa JKI'

CuHTe3 WMHTAIMOHHOW MOJENH TeHeparopa
UIEKTPOKAPIUOTPaUIECKOTO0  CHTHalma  COCTOSUI B
BBINTOJTHEHUH HECKOJIBKHUX ITOCIIEOBATENbHBIX 3a1a4.

IlepBoil 3amayeil ABIAIOCH MOJyYeHHE YUCI0BOM
MOCJIeI0BATETLHOCTH BpeMeHHBIX BBIOOPOK
ugeaabHoii JKI' ¢ 3amanHOll nuckpermsamued. Jlns
peUICHUA 3TOM 3aJa4u HCIIOJIB30BAJIMChH JaHHBIC
OTKPBITBIX Kapauorpaduyeckux Oubmuorek PhysioNet
[29]. TlomoXuTEeNbHBIM MOMEHTOM  HMCIOJIb30BAHUS
JaHHOW  0a3bl  ABISUIOCH  OOJNBIIOE  KOJIMYECTBO
KapIuorpamm, TIPEICTaBICHHBIX B
CHUCTEeMaTH3MpoBaHHOM  Bupe. OmHako,  peaibHOE
UCTIONB30BAaHNE JTUX MJAaHHBIX 0e3 NpenBapUTEIbHON
00paboTkm, OBUTO BeckMa 3aTPYOHHUTENBHO. OJTO
00yCIIOBIICHO, B TMEPBYIO oOYepedb, W30BITOYHBIM LIS
CHHTE3a reHeparopa 00BEMOM JAHHBIX u
HeO6X0}II/IMOCTI)IO BBIZACJIICHUSA K3 BCCro MacCuBa JIMIIb
OJTHOTO U3 MOAXOSIIMX JJsi (POPMUPOBAHUS HIEaTbHON
KpUBOW KapIUOLUKIIA.

AJBTepHATUBHBIM  pELIEHMEM JTOH  3ajauu
SBISIACh  OolMdpoBka  rpaduueckux  GailmoB ¢
n300pakeHHeM Kapauolukia. B 3Tom cimydae Her
HEOOXOANMOCTH MIpeIBapUTENBHON 00paboTKH

BpeMeHHBIX BbIOOpok OKI' u mpuBeseHus nepuona
JMUCKPETU3ali K YAOOHOMY U HCIONb30BaHUS (256,
512, 1024 Be1OopKkH 32 IEPHOA KapAUOIHUKIIA).
OmmdpoBka MPOBOAMIACE C ITOMOIIBIO yTHIHTHI
GraphToDigit. Vntepdheiic yTHIHTBI € 3arpy>KEHHBIM
n300pakeHreM KapIMOCUTHANA IPeCTaBIeH Ha pHc. 1.

G ee SeEaal-i i T X §

1 ek i

Puc. 1 — Hnmepgeiic GraphToDigit c
oyugposannou IKI

Takum oOpazoMm, OBUIM TONydeHBI MAaCCHBEI
BPEMEHHBIX BBIOOpOK 1 256, 512 m 1024 Ttouek 3a
KapAHOUHTEPBAIL.
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W3BectHO, uTO TIpeobpa3oBanne Oypbe MO3BOISIET
MPEACTaBUTh  HENpPEpbIBHYIO  (yHKIMIO  (curHan),
ompenenenHyto Ha otpeske {0, T} B Bume cymmsl
0ECKOHEYHOI0 quciaa (becxoneyHOTO psna)
TPUTOHOMETPUYECKMX  (QYHKUMH  (CHHycOMI /WM
KOCHHYCOUJ) C OIpeAeNEHHBIMU aMIUIUTyIaMd |
(azamu, TaKke paccMarpuBaeMbIx Ha oTpeske {0, T}.

BrlpakeHne 11 JUCKPETHOTO TpeoOpa3oBaHuUs
®ypbe BBIMISIINT CIEIYIOMNM 00pa3oM:

flx) = % + Zl,ffl ay cos(2n§x) + by sin(Zn?x)] (1)

rae N — KOJIMYECTBO OTCUYCTOB (BBIOOPOK); k —
HOMEp  TPUTOHOMETpUYecKoH  (yHKuuM  (HOMeEp
rapMoHukn); T — OTpe3ok, rae (yHKuus ompeseneHa
(IMMTENPHOCTE  CHWTHANA), a, by —  aMIDIATYIBI
KOCHHYCHOH W  CHHYCHOH  COCTaBISIFOINUX  k-Oif
TapMOHHKH.

Takum ob6pa3om, ciemyromen 3amgadeil SBISIOCH
HAaXO0XKJIeHHe KOI(PPUINEHTOB ax U bi cieKTpaJbHBIX
KOMIIOHEHTOB Dyphe o0pa3a curnaua JKI'.

JanHble npeBapuTeIbHOTO BBIYHCIICHHS
BBIMOJTHSUTHCH C UCTIOJIb30BaHueM cpensl MathCad.

WcXOQHBIMU JaHHBIMH JUIS  BBIYUCIICHUH OBUTH
npussatel:  nepuox OKIT  curmama T=1c. (310
COOTBETCTBYET  YacTOTE  CEpJACYHBIX  COKpalleHHH
60 yn./MuH.); 9rcio BEIOOPOK 3a mepuoa N = 1024,

Takum oOpaszom, dactota HailikBrcra mpu Takux
HCXOJHBIX TAaHHBIX OYZET COCTaBIISATh:

fu=—=512Tu.

2+T

B pesyinprare BEYHCICHUI OBUIM MOJyYeHBI IBa
MaccuBa K03((HUIMEHTOB, TPE/ICTaBICHHBIX B Tabnuue 1.

Tabauma 1 — MaccuBbl KOOPOHUIUECHTOB @y, by

b= & =
0 0.099
-1.824-10-3 -0.122
0.041 -0.021
-0.053 0.069
-5.831:10-3 -0.062
0.038 0.069
0.012 -0.07
-0.065 0.027
0.067 0.027
-0.038 -0.052
5.96°10-3 0.059
0.023 -0.053
-0.047 0.03
0.053 5.395-10-4
-0.039 -0.028

IIpoBepka momydeHHBIX KO3(D(UIIMEHTOB IyTeM
BOCCTAHOBJICHUsI MCXOAHOW BpemeHHO# BbIOOpkH OKI'
MoKas3ajla HJEHTUYHOCTh MCXONHON (peanbHOM) H
CHHTE3MPOBAaHHOMN KPUBBIX (pHC. 2).

%

signal,

N VAR

~0269,

o, T|.T L
i—z—
NN

Puc. 2 — Buo ucxoonoii u cunmesupogannotil 6 Mathcad
cuenanog OKI”

OneHky BKJIaJa KakIOH ©3 TapMOHHYECKUX
COCTaBJISIFOIUX MOXKHO BBITIONHUTH, MPOAHATH3HPOBAB
rpaduK pacrpeNneieHusl CIEeKTpa, MPEICTaBICHHOTO Ha
puc. 3.

0.15,
0122,
0.1 A

0.0%

E

0.061

0.03

1524107

20 40 60
0, k o

Puc. 3 — Cnexmpanvnoiii cocmag IKI”

Pe3ynbraThl OLIEHKH TOKAa3ajiH, YTO HAMOOJIBIINI
Bkiax B OKI' curHam BHocaT mnepBble 50 rapMOHHK.
CrnenoBaTenpHO, MpH  peanu3alddl  HMHUTAMOHHOM
Mozenu reseparopa OKI' MOXKHO OrpaHHUUTHCS MEPBBIMU
30-50 rapMOHHUKaMH.

3aKIIOUUTENBHBI  3Tall  CcOCTOSNI B CHHTe3e
HMMHUTANMOHHOH Moneau reneparopa JKI' curnaia,
peaTM30BaHHOM ¢ TOMOIIEI0 Onbmotrek Matlab/Simulink,
KOoTopast BKJIIOYaeT B ce0s Habop mapauresbHO
COCAMHEHHBIX OJOKOB, MO3BOJIIOMINX T'CHEPHPOBAThH
CHUTHAJIBI CHHYCOHMIATBHOW W KOCHHYCOMIAIBHOW (HOPMBI
C 33JaHHBIM{ aMIUIMTYJaMH ¥ OANHAKOBOW 9aCTOTOH JUIs
KXol mapbl CHHYC-KOCHHYC. DTO JaeT BO3MOXXHOCTb
(GOopMHpPOBATE HMHTAIMOHHBIA CHTHAA KaXIOr0 U3
cnaraeMbIx psia @ypwe cornacHo (1).

Ha puc. 4 npencrasinen BHewHuit Buj Simulink
MOJIENIH TaKOT0 €IMHIUYHOTIO TeHepaTopa FapMOHUKH.

Ha Bxoab! ai, 1 by nonarorcsi koadduimeHTsr u3
MaccuBOB corjacHo Tabumue 1. 3HayeHHWe YacTOTHI
nojaercss Ha BXxox Freq kak mpousBeneHHe 0a30BOH
4acTOThI, PABHON MepHOAY KapJUOCUTHANa C HOMEPOM
TapMOHHUKH.
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bk Sin
—» Freq
SinWave +
ax N,
»| Magn Add Harm_k
G4 | =
Freq — Freq

CosWave

Puc. 4 — I'enepamop cucnana eapmonuxu

Ha puc. 5 mpexacraBneH ¢parmMedT peann3amuu
MMHUTAIlMOHHON MOJENN TeHepaTopa: IOAKIIYEHHE
CAVMHUYHBIX TCHEPATOPOB JJIA TPEX APMOHUK CUI'HAJIa U
L[a.m;Heﬁmee CYMMUPOBAHHUE IMMOJTYUCHHBIX CUT'HAJIOB.

Fenz FT_Harm k3
bi(5) bk

ak(5) sk Hamk

eq

a5

[

Puc. 5 — @paemenm peanuzayuu umumayuonno mooenu

eeHepamopa
IIpu BBITTOJTHCHUH MMUTAMOHHOTO
MOJICTHPOBaHUS OBUTM  TPOAHATH3UPOBAHBI  (POPMEI

reaepupyemoro OKI-curnama mns 10, 20, 30, 40 u 50
NIepBBIX FAPMOHUK. Pe3ynbTaThl mpeacTaBieHsl Ha puc. 6.

! \ \ \ i T
i w’\ ) fﬂ ‘ - |
: = ] E l : :

Treoss |

Puc. 6 — Pe3ynomamsi umumayuonH020 MOOeIUPOBAHUSL
0714 pA3IUYHO20 KOIUYECMBA 2APMOHUK.

Pe3ynbTaThl MMHUTallMOHHOTO  MOJEIHPOBAHUS
MoKa3alld, 4YTO Ui TeHepanuud kadecTBeHHoro OKI
curHajia Heo0xoaumMo MuHUMYM 40 TapMOHUK CHUTHAJIA.

C UCIIOB30BaHUEM peann3oBaHHOMN
MMUTAIMOHHON Momenu rerepaTopa DK curHana Oputn
momy4yersl kpuBele OKI' ¢ W3MEHEHHEM YacTOTHI
CepAEYHOT0 pPUTMA, a TaKXKe 3allyMJIEHHOTO CHTrHaja.
Buj naHHBIX CUTHAJIOB MPEJCTABIIEH HA PUCYHKE 7.

Puc. 7 — Cuenan c evixooa umumayuonrou mooeau IKI ¢
UBMEHEHUEeM YACTOMbL CEPOCUHbIX COKPAWEHU U
nomexoul «Oenbiil uym»

Hanbuelimee YCOBEPIIEHCTBOBAaHHE
MMHTAIlMOHHOW MOJIETM BO3MOXXHO B  HAIPABICHUH
pacmupeHuss (QYHKIHOHANBHOCTH 3a CYET pealn3alui
BO3MOKHOCTH WM3MEHEHHS BPEMCHHBIX M aMIUTUTYIHBIX
xapakTepucTuk otaensHbIX 3yormoB OKIT [30], a Taxxke
(dhopmHupoBaHUs CUTHAJIOB Hauboee 4acTo
BCTPEYAIOIIUXCS ATONOTHM.

BriBoaBI

Cucremaru3zanus pe3yapTaToB 0030pa
mozaenupoBanuss OKI' curnana mo3Bonisier cuuTaTh, 4YTO
Oomee MHGOPMATHBHBIMH  SBISIFOTCS  TMHAMHYECKHE
Mozmemn  uckycctBeHHBIX  OKI,  KoToprle  maroT
BO3MOXXHOCTh MOJICTUPOBATh KapAMOCUTHAT JUIS Pa3sHbIX
ClyyacB HApyIIEHWS CEpAEYHOr0 pHUTMA U IIpH
Pa3IMYHBIX YPOBHAX 3alIyMJICHHOCTH M THUIAX ITOMEX.

[TokazaHO BO3MOXXHOCTH CHHTE3a B  Cpele
MojenupoBanus Matlab/Simulink iMuTalOHHON MozeH
reHepaTopa  JJIEKTPOKapAHOTrpauueckoro  CUrHaia,
no3Bossitorielt  gopmupoBare OKI'  curHamer ¢
Pa3IMYHBIMH XapaKTepPUCTUKAMU.

Anann3 cnekrpansHoro cocrasa OKI' mokasain,
yT0 3HaYMMbIMH s opmupoBanus OKI'  curnama
SIBJISIFOTCS iepBble 50 rapMOHUK.

IIpencraBnenHas MMHTAIMOHHAS MOJIETh
MO3BOJISIET TEHEpUpoBaTh HCKyccTBeHHYI0 OKI ¢
3aJaHHBIMM TIapaMeTpaMy JJIsl HEKOTOpPOro Kiacca
MATOJIOTHH M MOXKET OBbITh HCIOJIb30BaHA KaK MCTOYHUK
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upravlenia i informatiki, 2011, 5, 61-72.
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